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Krizsan Livia, 2008

B Késleltetett argumentumu differencialegyenletek

Késleltett argumentumu differencialegyenlet :
y'(xX)=f (X, y(X), y(X=1)) (T > 0 konstans)

Példa: y'(X)==X—2Yy(X)+ y(X—3);

m Lépések modszere

A p(x) fiiggvényt kezdeti fiiggvénynek nevezziik, ha:
Pp(X)=Yy(X), Xg—T= X=X

= @[X_] 1= X+3;3
X0 =0; =3;
shl = Show[Plot[e[X], {X, X0 -z, X0}, AspectRatio -» Automatic,
PlotRange » {{x0-t-0.2, x0+2%t+0.2}, {-0.2, 5}}, PlotStyle -> {Hue[0.3]}1],
Graphics[{PointSize[Large], Red, Point[{-t, ¢[-T]}]}],
Graphics[{PointSize[Large], Red, Point[{x0, ¢[ X0]}1}11]
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Jeloljiik («)—gal a kovetkezo egyenletrendszert:
VX)) =X yX),y(X=1) (r>0Kkonstans)
QD(X)=Y(X), Xo—T= X=Xp
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Lépések modszerével belathato,
hogy a (%) probléma megoldasa tobb k.é.p. megoldasara vezetodik vissza.

Keressiik (x) megoldasat az [Xy, Xo + (N + 1)7] intervallumon!
Legyen X € [Xg, Xo+ 7] 2 X =T €[Xg =7, Xl @ Y (X = 7) = (X — 7)

1. K.é.p.:
y' (X) = f (Xs y (X)a "4 (X - T))
y (Xo) = ¢ (Xp)

Tfh. 3! y (X) := ¢1(X) megoldasa 1. K.é.p.—nak [Xg, Xg + 7] —n.

Inf4:= @1[X_1 =
yIX] /.
NDSolve[{y " [X] == X-2%xY[X] +@[X-3], Y[X0] == o[ X001}, Yy [X], {X, XO, xO+<c}][[1]];
sh2 = Show[shl, Plot[e;[X], {X, X0, X0 + t}, AspectRatio » Automatic,
PlotRange » {{x0-t-0.2, x0+2%xt+0.2}, {-0.2, 5}}, PlotStyle -> {Hue[0.91}],
Graphics[{PointSize[Large], Red, Point[{x0O+t, ¢1[X0O+t]}]1}11]
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LegyenX € [Xg + T, X+ 27] 2 X =T € [Xp, X + 7] D2 YX=7) = o1 (X = 7T)

2.K.é.p.:
y'(x) = f (X, y(X), @1 (X—1))
Y&Xo+T1)= @1 (X + 7)

Tfh. 3! y(X) := ¢, (X) megoldasa 2. K.é.p.—nak [Xy + 7, X9 + 27] —n.
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ne]:= @2[X_1 =
z[X] /- NDSolve[{z"[X] ==X-2%Z[X] +1[X-3], Zz[XO0+t] == o1 [X0+ ]},
Z[X], {X, X0+t, xX0+2%t}][[1]];
sh3 = Show[sh2, Plot[¢,[X], {X, XO+t, XO+2 % t}, AspectRatio -» Automatic,
PlotStyle -> {Hue[0.5]}, PlotRange » {{x0-7-0.2, x0+2xt+0.2}, {-0.2, 5}}1,
Graphics[{PointSize[Large], Red, Point[{xX0+2x T, ¢2[X0+2%x1t]1}]}11]
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LegyenX € [Xo + (N =17, Xo+NT] 2 X =7 € [Xe+ (N=2)7, Xg + (N =1D7,] 2 YX=1)
= o1 (X=1)

n.K.é.p.:
y'x) = f(X, y(X), @n_1 (X=1)
YXo+ (N=1D7) = o1 (Xg + (N=1)7)

Tfh. 3! y(X) := ¢, (X) megoldasa n. K.é.p.—nak [Xg + (n—=1)7, Xo + nt] —n.

A lépések modszerével minden korlatos intervallumon megadhato (x)—nak egy y (X) megoldasa,

feltéve hogy egyértelmiien léteznek a fellépé K.€.p.—k megoldasai az adott intervallumokon.
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ingl:= Animate[For[i = 1; ¢[X_] = X+ 3; sh = Show[Plot[¢[X], {X, XO -, X0},

PlotStyle -> {Hue[0.1]}, PlotRange -> {{x0-t-0.2, x0+10%*t+0.2}, {-0.2, 30}}1,
Graphics[{PointSize[Large], Red, Point[{x0-t, ¢[X0-t]}]1}1,
Graphics[{PointSize[Large], Red, Point[{x0, ¢[x0]1}1}1]1, i <n+1, i++,

@[X_] =2z[X] /- NDSolve[{z"[X] =X-2%Z[X] +o[X-3], Zz[XO+ (i -1) t] = @[XO+ (i -1) ]},
Z[X], {X, X0+ (i-1) t, XO+ 08 %xt}][[1]]; sh =Show[sh, Plot[e[X],

{X, XO+ (i-1) t, XO+ 1 *t}, PlotRange -> {{x0-t-0.2, x0+10%*t+0.2}, {-0.2, 30}},

PlotStyle -> {Hue[i *0.2+0.11}], Graphics|[

{PointSize[Large], Red, Point[{xO+ 1 *t, o[XO+ 1 xt]}]}11]1; Show[sh], {n, O, 10, 1}]

n —{3 DIAFIE=]
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m Megjegyzés
Alépések mddszere mikodik az
y'x) = f(x, y(x), y(Xx = 1) (t > 0Kkonstans)

esetben is.
Példa :
ormrinesfifrleehron o4
' =yX + X==]|y'|xX- - X), xel|l--, -
y y y 5 y 3 y 3" 3
1
Tudjuk: y(x) =1, —lsxs—E

Megoldas :

no= Clear[i, n, X0, t, ¢, r, sh, X, z]

o= N=2; x0=-1/2;t=1/2; r=8;
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1= For[i =1; ¢[X_] = 1; sh = Show[Plot[¢[X], {X, XO-t, X0},

PlotStyle -> {Hue[0.1]}, PlotRange -> {{x0-t-0.2, xO+nxt+0.2}, {-0.2, r}}l,
Graphics[{PointSize[Large], Red, Point[{x0-t, ¢[X0-t]}]1}],
Graphics[{PointSize[Large], Red, Point[{x0, ¢[x01}1}]1]1, i <n+1,

1++, [X_] = z[X] /- NDSolve[{z"[X] == z[X] +o[X-1/2] " [x-1/2] z[X],
Z[XO+ (1 -1) t] = @[XO0+ (1 -1) ]}, Z[X], {X, XO+ (i -1) T, XO+ W *xT}][[1]];
sh = Show[sh, Plot[¢[X], {X, XO+ (i -1) t, XO+ i *t}, PlotRange ->
{{x0-7-0.2, x0+n*t+0.2}, {-0.2, r}}, PlotStyle -> {Hue[i x0.2+0.1]}],
Graphics[{PointSize[Large], Red, Point[{xXO+ i xt, @[XO+ 1 %xt]}]}11]

in[12]:= Show[sh]
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B Differencialegyenletek megoldasainak kozelitése Euler -
modszerrel

Adott az
X' = f, x(®)
X(tp) = X

k.é.p.

X(t) = Xo + f f(s, x(s))ds

to

megoldassal.
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m Euler-moédszer

Otlet : Egy adott [a, b] intervallumon
szakaszonként kozelitsiik a megoldast linearis fiiggvénnyel!
Legyen Vt rogzitett.
tp:=a Xo(1) := X,
t; =1y + Vt X1 (1) := Xo + Vt f(ty, Xp)
=t +Vt Xy(t) := X3 + Vt f(t;, Xp)

te :=t_1 + Vt X () := X1 + Vt f(tk—la Xk-1)

Példal :
X' (t) = cos(t)
X(0)=0
3= Clear[mo, x, t, a, b, £, x0, plt, t0, X, dt, i]
4= a=0; b=2Pi; F[x_, t_ ] =Cos[t]; xO =0; t0 =0;
In[15:= MO[t_] = xX[t] /. NDSolve[{x"[t] = F[X, €], X[tO] == X0}, X[t], {t, &, b}][[1]];

6= plt = Plot[mo[t], {t, a, b}, AspectRatio » 1/ 2, PlotStyle » {Thickness[0.005], Hue[0]}]
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7= Manipulate[X[n_] := X[n-1] +dt (F[x, t] /. X[t] » X[n-1]) /. t>a+ (n-1) dt;
X[0] := x0; Show[Graphics[Line[Table[{a+ i *dt, X[i]}, {i, 0, b/dt}111,
plt, Axes -» True, AspectRatio » 1/ 2], {{dt, Pi /2, "1épéskoz'"}, Pi /2, Pi/8}]

lépéskoz {]

1.0
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Példa2 :
X' (t) = = x(t)
x(0)=1
npe;= Clear[mo, x, t, a, b, ¥, x0, plt, t0, X, dt]
o= a=0; b=2; f[x_, t ] =-x[t]; X0 =1; t0=0;
inoj= mo[t_] = X[t] /- NDSolve[{x"[t] == F[Xx, t], xX[tO] == X0}, xX[t], {t, a, b}1[[1]];

1= plt = Plot[mo[t], {t, a, b}, AspectRatio » Automatic,
AxesOrigin » {0, 0}, PlotStyle » {Thickness[0.005], Hue[0]}]
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in22):= Manipulate[X[n_] := X[n-1] +dt+ (F[X, t] /. X[t] » X[n-1]) /. t>a+ (n-1) dt;
X[0] :-= x0; Show[Graphics[Line[Table[{a+ 1 xdt, X[i1]}, {i, 0, b/dt}]]]1, plt, Axes - True,
AspectRatio -» Automatic, AxesOrigin -» {0, 0}], {{dt, 1, "1épéskdz"}, 1, 1/ 8}]
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