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Íà Ω̄ = [0, T ] × [0, ω] ðàññìàòðèâàåòñÿ ïîëóïåðèîäè÷åñêàÿ êðàåâàÿ çà-
äà÷à äëÿ ëèíåéíîãî ãèïåðáîëè÷åñêîãî óðàâíåíèÿ ñ äâóìÿ íåçàâèñèìûìè
ïåðåìåííûìè

∂2u

∂x∂t
= A(x, t)

∂u

∂x
+ B(x, t)

∂u

∂t
+ C(x, t)u + f(x, t), (1)

u(0, t) = ψ(t), t ∈ [0, T ], (2)
∫ T

0

[
P2(x, τ)

∂u

∂x
+ P1(x, τ)

∂u

∂τ
+ P0(x, τ)u(x, τ)

]
dτ = φ(x), x ∈ [0, ω], (3)

ãäå ôóíêöèè A(x, t), B(x, t), C(x, t), f(x, t), Pi(x, t), i = 0, 1, 2 íåïðåðûâíû
íà Ω̄, ôóíêöèÿ ψ(t) íåïðåðûâíî äèôôåðåíöèðóåìà íà [0, T ] è ôóíêöèÿ
φ(x) íåïðåðûâíà íà [0, ω].

Ïóñòü C(Ω) -ïðîñòðàíñòâî íåïðåðûâíûõ íà ôóíêöèé u : Ω → R. Äëÿ
ôóíêöèè ïðè ôèêñèðîâàííîì ââåäåì íîðìó ‖u‖C = max

Ω
|u(x, t)|.

Ðåøåíèåì çàäà÷è (1)-(3) íàçûâàåòñÿ ôóíêöèÿ u(x, t) ∈ C(Ω) êîòîðàÿ
èìååò ÷àñòíûå ïðîèçâîäíûå ∂u

∂x
∈ C(Ω),

∂u

∂t
∈ C(Ω),

∂2u

∂x∂t
∈ C(Ω), óäîâëå-

òâîðÿåò óðàâíåíèþ (1) è êðàåâûì óñëîâèÿì (2),(3).
Â ðàáîòàõ [1-2] áûëè ïîëó÷åíû äîñòàòî÷íûå óñëîâèÿ îäíîçíà÷íîé ðàç-

ðåøèìîñòè èññëåäóåìîé çàäà÷è äëÿ ñèñòåì ãèïåðáîëè÷åñêèõ óðàâíåíèé ñ
èíòåãðàëüíûìè êðàåâûìè óñëîâèÿìè. Â èíòåãðàëüíîì óñëîâèè (3) ïðèñóò-
ñòâîâàëè òàê æå çíà÷åíèÿ èñêîìîé ôóíêöèè íà õàðàêòåðèñòèêàõ t = 0, t =
T. Íà îñíîâå ìåòîäà ïàðàìåòðèçàöèè è êîððåêòíîé ðàçðåøèìîñòè êðàåâîé
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çàäà÷è ñ äàííûìè íà õàðàêòåðèñòèêàõ äëÿ ñèñòåì ãèïåðáîëè÷åñêèõ óðàâ-
íåíèé è êîððåêòíîé ðàçðåøèìîñòè ñåìåéñòâà äâóõòî÷å÷íûõ êðàåâûõ çà-
äà÷ äëÿ ñèñòåì îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé óñòàíîâëåíû
íåîáõîäèìûå è äîñòàòî÷íûå óñëîâèÿ êîððåêòíîé ðàçðåøèìîñòè íåëîêàëü-
íîé êðàåâîé çàäà÷è ñ äàííûìè íà õàðàêòåðèñòèêàõ äëÿ ñèñòåì ãèïåðáîëè-
÷åñêèõ óðàâíåíèé.

Â íàñòîÿùåì ñîîáùåíèé íà îñíîâå ìåòîäà ìîäèôèêàöèè ëîìàíûõ Ýé-
ëåðà [3] ïîñòðîåí àëãîðèòì íàõîæäåíèÿ ïðèáëèæåííîãî ðåøåíèÿ, ïîëó÷å-
íû ïðèçíàêè îäíîçíà÷íîé ðàçðåøèìîñòè êðàåâîé çàäà÷è (1)-(3) è óñòàíîâ-
ëåíû îöåíêè îáåñïå÷èâàþùèå ñõîäèìîñòü ìîäèôèêàöèè ìåòîäà ëîìàíûõ
Ýéëåðà ê ðåøåíèþ èñõîäíîé çàäà÷è.

Ñ ïîìîùüþ çàìåíû v(x, t) =
∂u(x, t)

∂x
, w(x, t) =

∂u(x, t)
∂t

çàäà÷ó (1)-(3)
ñâåäåì ê ñëåäóþùåé ýêâèâàëåíòíîé çàäà÷å:

∂v(x, t)
∂t

= A(x, t)v + B(x, t)w + C(x, t)u + f(x, t), (4)

u(x, t) = ψ(t) +
∫ x

0
v(ξ, t)dξ, w(x, t) = ψ̇(t) +

∫ x

0
vt(ξ, t)dξ, t ∈ [0, T ], (5)

∫ T

0

[
P2(x, τ)v(x, τ) + P1(x, τ)w(x, τ) + P0(x, τ)u(x, τ)

]
dτ = φ(x), (6)

Äëÿ íàõîæäåíèÿ ðåøåíèÿ çàäà÷è (4)-(6) èñïîëüçóåì ìîäèôèêàöèþ ìå-
òîäà ëîìàíûõ Ýéëåðà. Ðàçîáüåì îòðåçîê [0.ω] ñ øàãîì h > 0 íà N ÷àñòåé,
Nh = ω è íà êàæäîì øàãå ðåøàåì íåëîêàëüíûå êðàåâûå çàäà÷è äëÿ ñè-
ñòåì îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé.

Àëãîðèòì íàõîæäåíèÿ ðåøåíèÿ êðàåâîé çàäà÷è (4)-(6).
Äëÿ íà÷àëüíîãî ïðèáëèæåíèÿ ôóíêöèè îïðåäåëèì v(0)(t), v̇(0)(t), u(0)(t), w(0)(t)

ðàâåíñòâàìè: v(0)(t) = 0, v̇(0)(t) = 0, u(0)(t) = ψ(t), w(0)(t) = ψ(t).
Øàã-1. Ðåøàÿ íåëîêàëüíóþ êðàåâóþ çàäà÷ó

dv(1)

∂t
= A(0, t)v(1) + B(0, t)ψ̇(t) + C(0, t)ψ(t) + f(0, t),

∫ T

0

[
P2(0, τ)v(1)(τ) + P1(0, τ)ψ̇(τ) + P0(0, τ)ψ(τ)

]
dτ = φ(0)
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íàõîäèì ôóíêöèþ v(1)(t).
Øàã-2. Íàéäåííóþ ôóíêöèÿ v(1)(t) ïîäñòàâëÿÿ â ïðàâóþ ÷àñòü (5)

íàõîäèì ôóíêöèè u(1)(t) = ψ(t) + hv(1)(t), w(1)(t) = ψ̇(t) + hv̇(1)(t).
Ôóíêöèþ v(2)(t) íàéäåì ðåøàÿ íåëîêàëüíóþ êðàåâóþ çàäà÷ó

dv(2)

∂t
= A(h, t)v(2) +B(h, t)(ψ̇(t)+hv̇(1)(t))+C(h, t)(ψ(t)+hv(1)(t))+f(h, t),

∫ T

0

[
P2(h, τ)v(2)(τ)+P1(h, τ)(ψ̇(τ)+v̇(1)(τ))+P0(h, τ)(ψ(τ)+hv(1)(τ))

]
dτ = φ(h).

Íà i− îì øàãå àëãîðèòìà ñ÷èòàÿ èçâåñòíûìè v(i−1)(t), v̇(i−1)(t), i = 1, N + 1
ôóíêöèþ v(i)(t) íàõîäèì ðåøàÿ íåëîêàëüíóþ êðàåâóþ çàäà÷ó

dv(i)

∂t
= A((i− 1)h, t)v(i) + B((i− 1)h, t)

(
ψ̇(t) + h

i−1∑

j=0

v̇(j)(t)
)
+

+C((i− 1)h, t)
(
ψ(t) + h

i−1∑

j=0

v(j)(t))
)

+ f((i− 1)h, t), (7)

∫ T

0

[
P2((i− 1)h, τ)v(i)(τ) + P1((i− 1)h, τ)

(
ψ̇(τ) +

i−1∑

j=0

v̇(j)(t)
)
+

+P0((i− 1)h, τ)
(
ψ(τ) + h

i−1∑

j=0

v(j)(t)
)]

dτ = φ((i− 1)h). (8)

Òåîðåìà.Ïóñòü âûïîëíÿåòñÿ íåðàâåíñòâî
∣∣∣
∫ T
0 P2(x, τ) exp

( ∫ τ
0 A(x, τ1)dτ1

)
dτ

∣∣∣ ≥
δ > 0 äëÿ âñåõ x ∈ [0, ω]. Òîãäà äëÿ ëþáîãî h > 0 : Nh = ω íåëîêàëüíàÿ
êðàåâàÿ çàäà÷à äëÿ ñèñòåìû ëèíåéíûõ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ
óðàâíåíèé (7),(8) èìååò åäèíñòâåííîå ðåøåíèå {v(i)(t)}, i = 1, N + 1.

Ïî íàéäåííûì ôóíêöèÿì v(i)(t), i = 1, N + 1 íà Ω ñòðîÿòñÿ ôóíêöèè:

Uh(x, t) = ψ(t) + h
i−1∑
j=0

v(j)(t) + v(i)(t)(x− (i− 1)h), x ∈ [(i− 1)h, ih),

Wh(x, t) = ψ̇(t) + h
i−1∑
j=0

v̇(j)(t) + v̇(i)(t)(x− (i− 1)h), x ∈ [(i− 1)h, ih),

Vh(x, t) = v(i+1)(t)
x− (i− 1)h

h
+v(i)(t)

ih− x

h
, x ∈ [(i−1)h, ih), i = 1, N.

3



Ñèñòåìà òðîåê {Uh(x, t),Wh(x, t), Vh(x, t)} ÿâëÿåòñÿ ïðèáëèæåííûì ðå-
øåíèåì çàäà÷è (4)-(6), ïîñòðîåííûì ïðè ïîìîùè ìîäèôèêàöèè ìåòîäà ëî-
ìàíûõ Ýéëåðà.
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