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Out[2]=

In[3]:=
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Out[4]=

Soustavy diferencialnich
rovnic

Postup pfi ziskavani pfesného nebo pfiblizného feSeni soustav diferencialnich rovnic je stejny

jako u jednotlivych rovnic. Nasledujici pfiklad homogenni soustavy linearnich rovnic je z textu

skript. Mathematica vytesi i nehomogenni linearni soustavu (nékdy se specialni funkci nebo s

integralem v zavislosti na pravé strané.

DSolve[{y'[x] = -7Ty[x] + z[x], z'[x] ==-2y[x] - 5z[x]},
{y[x], z[x]}, x]

6

{y(x) > c2 €70 sin(x) + ¢; €7®* (cos(x) — sin(x)),

2(x) > 2 €% (sin(x) + cos(x)) — 2 ¢ e ®* sin(x)}}

DSolve[{y'[x] == -7y[x] + z[x], z'[x] = -2y[x] - 5z[x]},
{y, 2z}, %]

6

{{y > ({x} > c2 €7 sin(x) + ¢1 7 (cos(x) - sin(x))),

7- ({x} — ¢y € 0% (sin(x) + cos(x)) — 2 c; e 0% sin(x))}}

DSolve[{y'[x] == -7 y[x] + z[x] + Sin[x],
z'[x] =-2y[x] - 5z[x]}, {y[x], z[x]}, x]

1
{{ Y(x) = ¢ € 0% sin(x) + ¢; € % (cos(x) — sin(x)) + — (35in2.0 = 6052 +5)
|
(cos(x) — sin(x)) — E) sin(x) (3 sin(2 x) + 9 cos(2 x) — 10),

6

1
2(x) » =2 ¢1 e ¥ sin(x) + ¢2 €78 F (sin(x) + cos(x)) — ” sin(x)

1
(35in(2.) =6 0520 +5) = — (sin(x) + Cos() (3 in(2 ) +9 cos(2 ) - 10)}}

Jak bylo uvedeno v obecné Casti této kapitoly, v geometrickém pfistupu (mozné lépe feCeno, ve
fyzikalnim pfistupu) se berou funkce y,z jako dvé funkce urcujici parametrické zadani kfivky. Pak
je 1épe zménit oznaceni a psat x[t],y[t] jako pfislusné funkce a t jako parametr (Cas). Je-li
soustava homogenni (tj. autonomni), probiha feSeni danym bodem stejné (neméni se s Casem).
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Nejdfive nakreslime smérové pole, pak jedno feSeni a vioZime ho do pole.

"= 1 ode = Dsolve[{x'[t] = -3x[t] + y[t], y'[t] = -2x[t]},

{x[t], y[t]}, t]

Outl7l= {fx®) > cxe (@ -D—cre? (e -2), yt) > cre>" 2e' = 1)-2c1 e (' - D}

In[28]:=
"1zl pole = StreamPlot[{-3x+y, -2x}, {x, -4, 4}, {y, -4, 4}]

t )/

Out[28]= o- el el P o

—4 ) 0 2 4

In[13]:=
x1[t_] = x[t] /. ode[[1]]

yl[t_] = y[t] /. ode[[1]]

Out[13]=
i) el @ —1)—c e (e -2)

Out[14]=

e Qe -1)=-2cie? (@ -1)
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In[19]:=

Out[19]=

Out[20]=

In[37]:=

Out[37]=

x2[t_] =x1[t] /. {C[1] » 1, C[2] - 3}
y2[t_] =yl[t] /. {C[1] » 1, C[2] > 3}

3e (@ -1)—e 2 (e -2)

3¢ e —1)-2e 2 (e - 1)

traj = ParametricPlot[{x2[t], y2[t]}, {t, -1.5, 2},
PlotStyle » {Red, Thickness[.01]}]
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In[32]:=
Show[pole, traj]
4 L
2 L
Out[32]= oF

V pfipadé, Ze soustava neni homogenni, pribéh kfivek se s asem méni.
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In[52]:=

Out[52]=

In[53]:=

Out[53]=

rov =
DSolve[{x'[t] == -3 x[t] + y[t],
y'[t] = -2x[t] +20Sin[10t]}, {x[t], y[t]}, t]

{{(xo > c1 () -2)+cr e (' - -
S5e (e = 1) ((101 &' — 104) sin(10 £) + (1040 — 505 ') cos(10 £))
1313 ’
5S¢ (e —2) ((101 €' — 52) sin(10 1) + (520 — 505 ') cos(10 1))
1313 ’
Y1) > -2cie (@ -D+cre?'2e —1)-
57 (2e —1)((101 &' — 104) sin(10 £) + (1040 — 505 ") cos(10 1)) .
1313
10e™ (' — 1) (101 &' — 52) sin(10 ) + (520 — 505 &') cos(10 £))
1313 }}

FullSimplify[%]

245sin(10¢7)  75cos(10¢)

1313 1313
15sin(107) 2675 cos(101) }}

1313 1313

{{xo > e (e -D-ci (¢ -2)) -

yt) > e 2 (ca2e —1)=2¢; (e = 1)+
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In[55]:=
"1 Manipulate [VectorPlot[{-3x+y, -2x+20Sin[10¢]},

{xl _41 4}/ {YI _41 4}]! {tl _11 1}]
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Uké&Zeme nyni smérova pole homogennich soustav s riznymi stabilitami feSeni okolo
stacionarniho bodu 0. Soustava x’=ax+by, y'=cx+dy ma pfi riznych volbach koeficientl a,b,c,d
riznou stabilitu.

In[2]:=
e StreamPIOt[{_x_YI X}, {xl _51 5}/ {YI _51 5}]

spirala (as.stabilni)

In[5]:=
ol StreamPlot[{-3x+5y, -5x+5y}, {x, -5, 5}, {y, -5, 5}]
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spiréla (nestabilni)

StreamPlot[{x+y, 2x-2vy}, {x, -5, 5}, {y, -5, 5}]
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] StreamPlot[{x+5y, -5x
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M0zZeme vSechny uvedené pfipady shrnout do animace.

In[10]:=
1o Manipulate|
m = {{a, b}, {c, d}};
Show|[StreamPlot[{ax + by, c¢x + dy}, {x, -5, 5},
{y, -5, 5}, ImageSize -» {400, 400}]],
{{a, 1, "a"}, -5, 5, Appearance - "Labeled"},
{{b, 1, "b"}, -5, 5, Appearance -» "Labeled"},
{{c, 2, "c"}, -5, 5, Appearance - "Labeled"},
{{d, -2, "d"}, -5, 5, Appearance -» "Labeled"}]
a 8 1
b G 1
[4 G 2
d g 3
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