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Áåç ïðîäîëæåíèé äàííûõ âî ìíîæåñòâå êëàññè÷åñêèõ ðåøåíèé óñòàíîâëåíû äîñòà-
òî÷íûå óñëîâèÿ äëÿ îäíîçíà÷íîé âåçäå ðàçðåøèìîñòè ëèíåéíîé ñìåøàííîé çàäà÷è ñ
çàâèñÿùèìè îò âðåìåíè ïåðâûìè êîñûìè ïðîèçâîäíûìè, íàïðàâëåííûìè âäîëü õà-
ðàêòåðèñòèê óðàâíåíèÿ

utt(x, t)− a2uxx(x, t) = f(x, t), a > 0, Q̇n =]0, d[×]0, dn+1[, (1)

u(x, t)|t=0 = ϕ(x), ut(x, t)|t=0 = ψ(x), x ∈]0, d[, (2)

[αi(t)ut(x, t) + βi(t)ux(x, t) + γi(t)u(x, t)]|x=d̂i
= µi(t),

t ∈]0, dn+1[, i = 1, 2, n = 1, 3, . . . , (3)

ãäå αi, βi, γi � ôóíêöèè ïåðåìåííîé t, aαi(t) = (−1)i+1βi(t), γi(t) 6= 0, t ∈ [0, dn+1],

d̂i = (i − 1)d � êîíöû ñòðóíû è èñõîäíûå äàííûå f, ϕ, ψ, µ1, µ2 � ôóíêöèè ñâîèõ
ïåðåìåííûõ x è t.

Ìíîæåñòâî Qn = [0, d]×[0, dn+1] äåëèòñÿ íà ïðÿìîóãîëüíèêè Gk = [0, d]×[dk, dk+1],
ãäå dk = (k − 1)d/(2a), k = 1, n, è ðàçáèâàåòñÿ õàðàêòåðèñòèêàìè óðàâíåíèÿ (1) íà
òðåóãîëüíèêè

∆3k−2 = {{x, t} : x > atk, x+ atk < d, x ∈]0, d[}, tk = t− dk,

∆3k−1 = {{x, t} : x 6 atk, x ∈ [0, d/2]},
∆3k = {{x, t} : x+ atk > d, x ∈ [d/2, d]}, t ∈ [dk, dk+1], k = 1, 2, . . . , n.

Ïóñòü Ck(Ω) � ìíîæåñòâî k ðàç íåïðåðûâíî äèôôåðåíöèðóåìûõ ôóíêöèé íà Ω ⊂
⊂ R2.
Òåîðåìà. Ïóñòü â ãðàíè÷íîì ðåæèìå êîýôôèöèåíòû αi, βi, γi ∈ Cn−k+2[dk, dk+1],

k = 1, n, aαi(t) = (−1)i+1βi(t), γi(t) 6= 0, t ∈ [0, dn+1], i = 1, 2, âûïîëíÿþòñÿ
óñëîâèÿ ãëàäêîñòè

ϕ ∈ Cn+1[0, d], ∈ Cn[0, d], f ∈ Cn−k(Gk), µi ∈ Cn−k+2[dk, dk+1], i = 1, 2,

∫t
dk

f(|d− |d− x− (−1)
p

a(t− τ)||, τ) dτ ∈ Cn−k+1(Gk), p = 0, 1,

βi(t)ϕ
′′′(d̂i − (−1)iatk), βi(t)

′′(d̂i − (−1)iatk),

βi(t)
d2

dt2

(∫t
f(d̂i − (−1)ia(t− τ), τ) dτ

)
∈ Cn−k[dk, dk+1], i = 1, 2, k = 1, n,

dk

è ñîãëàñîâàíèÿ ãðàíè÷íûõ ðåæèìîâ (3) ñ íà÷àëüíûìè óñëîâèÿìè (2) è óðàâíåíèåì (1)
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l∑
j=0

l!

j!(l − j)!
{β(l−j)

i (0)[aK ′j(d̂i) + (−1)i+1Kj+1(d̂i)] + aγ
(l−j)
i (0)Kj(d̂i)} = aµ

(l)
i (0),

n∑
j=0

(n+ 1)!

j! (n− j + 1)!
{β(n−j+1)

i (0)[aK ′j(d̂i) + (−1)i+1Kj+1(d̂i)] + aγ
(n−j+1)
i (0)Kj(d̂i)}+

+
√
a2 + 1 βi(0)

∂

∂~νi

( (n−1)/2∑
m=0

a2m ∂n−1f(d̂i, 0)

∂x2m∂tn−1−2m

)
+

+ an+1βi(0)[aϕ(n+2)(d̂i) + (−1)i+1ψ(n+1)(d̂i)] +

+ aγi(0)Kn+1(d̂i) = aµi
(n+1)(0), l = 0, n, i = 1, 2, n = 1, 3, 5, . . . ,

ãäå ∂(
∑

)/∂~νi � çíà÷åíèÿ ïðîèçâîäíûõ ïî âåêòîðàì ~νi = {a, (−1)i+1} îò óêàçàííûõ

ñóìì ÷àñòíûõ ïðîèçâîäíûõ ïîðÿäêà n − 1 ôóíêöèè f ïðè x = d̂i è t = 0. Òîãäà â
Qn äëÿ çàäà÷è (1)�(3) ñóùåñòâóåò åäèíñòâåííîå è óñòîé÷èâîå êëàññè÷åñêîå ðåøåíèå
u ∈ C2(Qn) :

u3k−2(x, t) =
ϕk(x+ atk) + ϕk(x− atk)

2
+

1

2a

x+atk∫
x−atk

ψk(ν) dν +
1

2a

t∫
dk

x+a(t−τ)∫
x−a(t−τ)

f(s, τ) ds dτ,

u3k−1(x, t) =
ϕk(x+ atk)− ϕk(atk − x)

2
+

1

2a

x+atk∫
atk−x

ψk(ν) dν +
1

2a

t∫
dk

x+a(t−τ)∫
x−a(t−τ)

f(|s|, τ) ds dτ +

+

{
aγ1

(
t− x

a

)}−1{
aµ1

(
t− x

a

)
− β1

(
t− x

a

)
[aϕ′k(atk − x) + ψk(atk − x)]−

−β1

(
t− x

a

) t∫−x/a
dk

f(a(t− τ)− x, τ) dτ

}
− 1

a

t∫−x/a
dk

a(t∫−τ)−x

0

f(s, τ) ds dτ ,

u3k(x, t) =
ϕk(x− atk)− ϕk(2d− x− atk)

2
+

1

2a

2d−∫x−atk
x−atk

ψk(ν) dν +

+
1

2a

∫t
dk

d−x∫+a(t−τ)

d−x−a(t−τ)

f(d− |s|, τ) ds dτ +

{
aγ2

(
t− d− x

a

)}−1

×

×
{
aµ2

(
t− d− x

a

)
− β2

(
t− d− x

a

)
[aϕ′k(2d− x− atk)− ψk(2d− x− atk)] +

+ β2

(
t− d− x

a

) t−(∫d−x)/a

dk

f(2d− x− a(t− τ), τ) dτ

}
−

−1

a

t−(∫d−x)/a

dk

a(t−∫τ)−d+x

0

f(d− s, τ) ds dτ , k = 1, n, n = 1, 3, 5, . . . ,
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ϕk(x) = u3k−5+i(x, t)|t=dk , k(x) = (u3k−5+i)
′
t(x, t)|t=dk , x ∈ [(d/2)(i− 1), (d/2)i],

i = 1, 2, k = 2, n; ϕ1(x) = ϕ(x), ψ1(x) = ψ(x), x ∈ [0, d].

Â óñëîâèÿõ ñîãëàñîâàíèÿ èñïîëüçóþòñÿ ôóíêöèè K0(x) = ϕ(x), K1(x) = ψ(x) è

Kq(x) =

(q−2)/2∑
m=0

a2m ∂q−2f(x, t)

∂x2m∂tq−2−2m

∣∣∣∣
t=0

+ aqϕ(q)(x), q � ÷åòíîå, q > 2,

Kq(x) =

(q−3)/2∑
m=0

a2m ∂q−2f(x, t)

∂x2m∂tq−2−2m

∣∣∣∣
t=0

+ aq−1ψ(q−1)(x), q � íå÷åòíîå, q > 3.

Çàìå÷àíèÿ. Ýòà òåîðåìà âåðíà è ïðè ÷åòíûõ n = 2, 4, . . . , åñëè ãëàäêîñòü

ϕ ∈ Cn+2[0, d], ∈ Cn+1[0, d], f ∈ Cn−k+1(Gk), k = 1, n,

ò.å. íà åäèíèöó âûøå, ÷åì óêàçàíî â åå ôîðìóëèðîâêå, è âûïîëíÿþòñÿ îñòàëüíûå
äîñòàòî÷íûå òðåáîâàíèÿ ãëàäêîñòè è óñëîâèÿ ñîãëàñîâàíèÿ ïðè ýòèõ æå n = 2, 4, . . .
Äàííàÿ òåîðåìà ïðè αi ≡ βi ≡ 0 äàåò êëàññè÷åñêîå ðåøåíèå è äîñòàòî÷íûå óñëîâèÿ
êîððåêòíîñòè ïåðâîé ñìåøàííîé çàäà÷è äëÿ óðàâíåíèÿ (1) ïðè íà÷àëüíûõ óñëîâèÿõ
(2) è ãðàíè÷íûõ ðåæèìàõ

u(d̂i, t) = µi(t)/γi(t), t ∈]0, dn+1[, i = 1, 2,

âî ìíîæåñòâàõ Q̇n, n = 1, 3, . . .

ãäå u3k−m � ñóæåíèÿ u íà ∆3k−m, m = 0, 1, 2, è ðåêóððåíòíûå íà÷àëüíûå äàííûå


