|
Harilike diferentsiaalvorrandite ligikaudne
lahendamine

Vaatame Cauchy Ulesannet

{u’(x) = f(x, u),

u(xo) = Uo,

kus Xxp ja up on etteantud suurused ning x € R.

1/8



Harilike diferentsiaalvorrandite ligikaudne
lahendamine

Vaatame Cauchy Ulesannet
u'(x) = f(x,u),
u(xo) = Uo,

kus Xp ja ug on etteantud suurused ning x € R. Ligikaudsel
lahendamisel fikseeritakse mingid sélmed xp < x4 < Xo < X3 < ...ja
otsitakse Ulesande lahendi u lahisvaartusi nendes sdlmedes, st arve
uq, Us, Us, ... nii, et u; = u(x;).



Olgu vork Uhtlane, st x; — x;_1 = h,i=1,2,....



Olgu vork Uhtlane, st x; — x;_1 = h,i=1,2,....
Euleri meetod

Uir1 = U + hf(x;, up).
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Olgu vork Uhtlane, st x; — x;_1 = h,i=1,2,....
Euleri meetod

Uipt = Ui + hf(x;, up).

Meetodi viga saab hinnata u;.1 — u(x;1) = O(h?).
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Olgu vork Uhtlane, st x; — x;_1 = h,i=1,2,....
Euleri meetod

Uipt = Ui + hf(x;, up).

Meetodi viga saab hinnata u;.1 — u(x;1) = O(h?).

Teoreem
Kui funktsiooni f esimest jdrku osatuletised on tokestatud, siis Euleri
meetodiga arvutatud uy, Us, . . ., Ui, korral rahuldab u;, ¢ hinnangut

Uit — U(Xi1)| < Cimaxee(xg .1 1U" (X)|h

igai=0,1,... korral, kus C; = eX(X+1=%) ja K on funktsioonist f séltuv
konstant.

v




Trapetsvalemi meetod

12. loeng
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Trapetsvalemi meetod

U,’+1 = Uj +

2

f(x;, ui) +

12. loeng

2

f(Xi1, Uigt1)

22.04.2014
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Trapetsvalemi meetod

h h
Uit = Ui+ 510X, Ui) + 5F(Xi1, Ui)

Meetod on teist jarku, kuna tema lokaalne viga on hinnatav suurusega
Ch3.
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Ch.
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Keskpunkti meetod

Ui+1 = Ui—1 —|— 2hf(X,, U/)
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Keskpunkti meetod

Ui+1 = Ui—1 —|— 2hf(X,, U/)

Meetodi lokaalne viga on O(h®).
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Keskpunkti meetod

Ui+1 = Ui—1 —|— 2hf(X,, U/)

Meetodi lokaalne viga on O(h®).
Runge-Kutta meetod
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Keskpunkti meetod

Ui+1 = Ui—1 —|— 2hf(X,, U/)

Meetodi lokaalne viga on O(h®).
Runge-Kutta meetod

Uir1 = U + ¢ hf(X;, uj) + chf (X; + ah, u; + Bhf(x;, up))

kus ¢y, Co, a ja B on konstandid.
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Keskpunkti meetod

Uip1 = Uji—1 + 2hf(X,', U,').
Meetodi lokaalne viga on O(h®).
Runge-Kutta meetod
Uip1 = Uj + c1hf(X;, u;) + cahf (X + ah, u; + Bhf(x;, uj))

kus ¢y, Co, a ja B on konstandid.
Kuici =c = % ja o = g =1, siis saame prognoosi-korrektsiooni
meetodi.
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Uurime Runge-Kutta meetodi viga. Selleks



Uurime Runge-Kutta meetodi viga. Selleks

U(Xip1)—Ujp1 = U(Xiy1)—Ui—crhf(X;, up)—cohf (X; + ah, up + Bhf(x;, up)) -



Uurime Runge-Kutta meetodi viga. Selleks
U(Xip1)—Ujp1 = U(Xiy1)—Ui—crhf(X;, up)—cohf (X; + ah, up + Bhf(x;, up)) -

Kui u; = u(x;), siis
U(Xip1) — Uip1 =

= U(Xj+1) — u(x;) — c1hf(x;, ui) — cohf (X; + ah, uj + Bhf(X;, uj)) -



Uurime Runge-Kutta meetodi viga. Selleks
U(Xip1)—Ujp1 = U(Xiy1)—Ui—crhf(X;, up)—cohf (X; + ah, up + Bhf(x;, up)) -

Kui u; = u(x;), siis
U(Xiy1) = Uip1 =
= U(Xj41) — u(x;) — cihf(x;, u;) — cahf (X; + ah, uj + Bhf(x;, u;)) .
Siis
U(Xiy1) — Uit =



Uurime Runge-Kutta meetodi viga. Selleks

U(Xip1)—Ujp1 = U(Xiy1)—Ui—crhf(X;, up)—cohf (X; + ah, up + Bhf(x;, up)) -

Kui u; = u(x;), siis
U(Xip1) — Uip1 =

= U(Xj+1) — u(x;) — c1hf(x;, ui) — cohf (X; + ah, uj + Bhf(X;, uj)) -

Siis
U(Xiy1) — Uit =

h2
= u(x;) + hf + ?(fx + f,f) + O(h®)—

—u(x;) — c1hf — cohlf + ahfy + Bhff, + O(K?)] =
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Uurime Runge-Kutta meetodi viga. Selleks
U(Xip1)—Ujp1 = U(Xiy1)—Ui—crhf(X;, up)—cohf (X; + ah, up + Bhf(x;, up)) -

Kui u; = u(x;), siis
U(Xip1) — Uip1 =
= U(Xj41) — u(x;) — cihf(x;, u;) — cahf (X; + ah, uj + Bhf(x;, u;)) .
Siis
U(Xiy1) — Uit =

h2
= u(x;) + hf + f(fx + f,f) + O(h®)—

—u(x;) — c1hf — cohlf + ahfy + Bhff, + O(K?)] =

= h[1 —C — Cg]f+ h? [(; — CgOé) fe + (; — Cgﬂ) ffu:| + O(h3).



Kui kehtib
co=1-c¢,
1
R (Y
siis on tegu Il jarku Runge-Kutta meetodiga.
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k—jarku Runge-Kutta meetod
U1 = Ui+ F +coFa + ... + ok Fy,

kus
Fy = hf(x;, uj),

Fa = hf(x; + aoh, uj + 21 F1),
F3 = hf(X; + ash, uj + B31 F1 + Ba2F2),

Fk = hf(x; + axh, Ui + Br1 F1 + BreFo + ... 4 bk k—1 Fk—1).
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Adams-Bashforthi meetod
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Adams-Bashforthi meetod

K
Uipr = Ui+ Y vk (Xicj, Ui j).

j=0
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Adams-Bashforthi meetod

K
Uipr = Ui+ Y vk (Xicj, Ui j).

j=0

Adams-Moultoni meetod
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Adams-Bashforthi meetod

K
Uipr = Ui+ Y vk (Xicj, Ui j).

j=0
Adams-Moultoni meetod
k
Uip1 = Ui + Z’Yﬁ,jf(xi—m Ui ji1)-
j=0

8/8



