
Ìåòîä ðåøåíèÿ âòîðîãî ïðàêòè÷åñêîãî çàäàíèÿ

Ðàññìîòðèì çàäà÷ó
∂u

∂t
+ u

∂u

∂x
= 0, 0 < x ≤ 1, (1)

u(x, 0) =
4

π
arctg(x− 2) + 2, (2)

u(0, t) =

(
2− 4

π
arctg 2

)
e−t. (3)

Ââåäåì ðàçíîñòíóþ ñåòêó

ω =

{
xi = ihx, i = 0, . . . , N, hx =

1

N
; tj = jτ

}
,

ãäå N � ÷èñëî óçëîâ âäîëü îñè x, τ � øàã ïî âðåìåíè.
Ïåðåïèøåì óðàâíåíèå (1):

∂u

∂t
+

∂

∂x

u2

2
= 0 (4)

Ââåäåì ñåòî÷íóþ ôóíêöèþ yij = ũ (xi, tj). Ðàçíîñòíàÿ àïïðîêñèìàöèÿ óðàâ-
íåíèÿ (4) â òî÷êå

(
xi + 1

2hx, tj + τ
2

)
âûãëÿäèò ñëåäóþùèì îáðàçîì:

ŷi − yi + ŷi+1 − yi+1

2τ
+

y2
i+1 − y2

i + ŷ2
i+1 − ŷ2

i

4hx
= 0. (5)

à äëÿ ãðàíè÷íûõ è íà÷àëüíûõ óñëîâèé:

yi0 =
4

π
arctg (xi − 2) + 2, (6)

y0j =

(
2− 4

π
arctg 2

)
e−tj . (7)

Ïîëó÷åííóþ ðàçíîñòíóþ çàäà÷ó (5)-(7) áóäåì ðåøàòü ïðè ïîìîùè ñõåìû
áåãóùåãî ñ÷åòà. Ïóñòü èçâåñòíî çíà÷åíèå ñåòî÷íîé ôóíêöèè äëÿ íåêîòîðîãî
tj, âû÷èñëèì çíà÷åíèå ôóíêöèè äëÿ tj+1. Âûïèñûâàÿ óðàâíåíèå (5) ïðè i = 0

è ó÷èòûâàÿ, ÷òî y0j+1 èçâåñòíî èç (7), ïîëó÷èì êâàäðàòíîå óðàâíåíèå äëÿ
îïðåäåëåíèÿ y1j+1. Áóäåì ðåøàòü äàííîå óðàâíåíèå èòåðàöèîííûì ìåòîäîì
(ïðåäïîëîæèì, ÷òî ìû íå ìîæåì àíàëèòè÷åñêè ðåøèòü ýòî óðàâíåíèå).

f (ŷ1) =
1

4hx
ŷ2

1 +
1

2τ
ŷ1 +

ŷ0 − y0 − y1

2τ
+

y2
1 − y2

0 − ŷ2
0

4hx
= 0
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Ðèñ. 1: Ðåçóëüòàòû ðåøåíèÿ çàäà÷è (1)-(3)

Ïóñòü èçâåñòíî íåêîòîðîå ïðèáëèæåíèå ŷ
(s)
1 ê êîðíþ ŷ1, òîãäà óðàâíåíèå ïðè-

ìåò âèä f
(
ŷ

(s)
1 + ∆ŷ

(s)
1

)
= 0, ãäå ∆ŷ1 = ŷ1 − ŷ

(s)
1 . Ðàñêëàäûâàÿ â ðÿä äàííîå

óðàâíåíèå è ëèíåàðèçóÿ åãî, ïîëó÷èì:

f ′
(
ŷ

(s)
1

)
∆ŷ

(s)
1 = −f

(
ŷ

(s)
1

)
.

Ñëåäîâàòåëüíî,

ŷ
(s+1)
1 = ŷ

(s)
1 −

f
(
ŷ

(s)
1

)

f ′
(
ŷ

(s)
1

) .

Ïðîöåññ îñòàíàâëèâàåòñÿ ïî äîñòèæåíèè çàäàííîé òî÷íîñòè ε:
∣∣∣∣∆ŷ

(s)
1

∣∣∣∣ < ε.
Ïîñëåäîâàòåëüíî âû÷èñëÿÿ ŷ1, ŷ2, . . . ŷN , ïîëó÷èì çíà÷åíèå ôóíêöèè äëÿ

tj+1.
Ðåçóëüòàòû ðàñ÷åòîâ ïðèâåäåíû íà ðèñóíêå.
Âûáîð øàãîâ hx è τ îñóùåñòâëÿåòñÿ ñ ó÷åòîì óñëîâèé óñòîé÷èâîñòè èñ-

ïîëüçóåìûõ ìåòîäîâ (ñì., íàïðèìåð, Í.Í. Êàëèòêèí "×èñëåííûå ìåòîäû").
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