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116 Â. Â. ÌÀÐÈÍÅÖÜ, Î. Þ. ÏÈÒÜÎÂÊÀ

ÓÄÊ 517.946

Â. Â. Ìàðèíåöü (ÄÂÍÇ ¾Óæãîðîäñüêèé íàö. óí-ò¿),
Î. Þ. Ïèòüîâêà (Ìóêà÷iâñüêèé äåðæ. óí-ò)

ÄÎÑËIÄÆÅÍÍß ÊÐÀÉÎÂÎ� ÇÀÄÀ×I ÄËß ÍÅËIÍIÉÍÎÃÎ
ÕÂÈËÜÎÂÎÃÎ ÐIÂÍßÍÍß Ç ÐÎÇÐÈÂÍÎÞ ÏÐÀÂÎÞ
×ÀÑÒÈÍÎÞ

We established the sufficient conditions of existence and uniqueness of regular or irregular solution
of boundary–value problem for non–linear wave equation with discontinuous right part in domain
with complicated structure.

Âñòàíîâëþþòüñÿ äîñòàòíi óìîâè iñíóâàííÿ òà ¹äèíîñòi ðåãóëÿðíîãî àáî iððåãóëÿðíîãî ðîçâ'ÿç-
êó êðàéîâî¨ çàäà÷i äëÿ íåëiíiéíîãî õâèëüîâîãî ðiâíÿííÿ ç ðîçðèâíîþ ïðàâîþ ÷àñòèíîþ â
îáëàñòi çi ñêëàäíîþ ñòðóêòóðîþ êðàþ.

Äàíà ðîáîòà ¹ ïðîäîâæåííÿì äîñëiäæåíü, ïðèâåäåíèõ â ñòàòòÿõ [1, 2].
Ðîçãëÿíåìî â R

2 îáëàñòü D = D1 ∪D2 ∪D3, äå

D1 = {(x, y)|x ∈ (x0, x1], y ∈ (y0, y1]} , x0 < x1 < x2,

D2 = {(x, y)|x ∈ [x0, x1], y ∈ (y1, g1(x))} , y0 < y1 < y2,

D3 = {(x, y)|x ∈ (x1, x2], y ∈ (g2(x), y1]} ,

à y = gr(x) ⇔ x = kr(y), r = 1, 2 � "âiëüíi" êðèâi, ïðè÷îìó g′r(x) > 0 ,
g1(xr−1) = yr, g2(xr) = yr−1.

Ïîçíà÷èìî ÷åðåç D∗ := D \E1 ∪ E2, E1 = {(x, y)| x ∈ [x0, x1], y = y1},
E2 = {(x, y)| y ∈ [y0, y1], x = x1}

Äîñëiäèìî çàäà÷ó: â ïðîñòîði ôóíêöié C∗(D) := C(1.1)(D∗) ∩ C(D) çíàéòè
ðîçâ'ÿçîê ðiâíÿííÿ

L(1.1)u(x, y) = f(x, y, u(x, y)) := f [u(x, y)],

L(1.1)u(x, y) := uxy(x, y) + a1(x, y)ux(x, y) + a2(x, y)uy(x, y),
(1)

ÿêèé çàäîâîëüíÿ¹ óìîâè

u(x0, y) = ψ(y), y ∈ [y0, y1], u(x, y0) = ϕ(x), x ∈ [x0, x1], (2)

u(x, g1(x)) = ω1(x), x ∈ [x0, x1], (3)

u(x, g2(x)) = ω2(x), x ∈ [x1, x2], (4)

ψ(y0) = ϕ(x0), ψ(y1) = ω1(x0), ϕ(x1) = ω2(x1), (5)

à ïðàâà ÷àñòèíà ðiâíÿííÿ (1) f [u(x, y)] = fs[us(x, y)], (x, y) ∈ Ds, s = 1, 2, 3, äå
fs[us(x, y)] ∈ C(Bs), fs : Bs → R, Bs ⊂ R

3, ΠpxOyBs = Ds, s = 1, 2, 3, ïðè÷îìó

u2(x, y1) = u1(x, y1), x ∈ [x0, x1], (6)

Íàóê. âiñíèê Óæãîðîä óí-òó, 2018, âèï. �1 (32)
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u3(x1, y) = u1(x1, y), y ∈ [y0, y1]. (7)

Çàóâàæèìî, ùî óìîâè (5) ¹ óìîâàìè óçãîäæåíîñòi êðàéîâèõ óìîâ (2)�(4), à
(6), (7) � óìîâè íåïåðåðâíîñòi ðîçâ'ÿçêó çàäà÷i (1)�(5), ÿêùî âií iñíó¹. Ïðàâà
÷àñòèíà ðiâíÿííÿ (1) f [u(x, y)] âñþäè íåïåðåðâíà ôóíêöiÿ â îáëàñòi B,
B := B1 ∪B2 ∪B3, çà âèêëþ÷åííÿì õàðàêòåðèñòèê ðiâíÿííÿ (1) y = y1, x = x1,
âçäîâæ ÿêèõ âîíà ìîæå ìàòè ñêií÷åíi ðîçðèâè. Î÷åâèäíî, ÿêùî iñíó¹ ðîçâ'ÿçîê
çàäà÷i (1)�(7) u(x, y), òî u(x, y) = us(x, y), (x, y) ∈ Ds, s = 1, 2, 3, äå u1(x, y)
¹ ðîçâ'ÿçêîì çàäà÷i Ãóðñà (1), (2), (5) ïðè (x, y) ∈ D1, u2(x, y) � çàäà÷i Äàðáó
(1), (3), (5), (6), (x, y) ∈ D2, à u3(x, y) � çàäà÷i Äàðáó (1), (4), (5), (7), ïðè
(x, y) ∈ D3.

Íàäàëi ââàæàòèìåìî, ùî a1(x, y) ∈ C(1.0)(D), a2(x, y) ∈ C(0.1)(D),
ψ(y) ∈ C1[y0, y1], ϕ(x) ∈ C1[x0, x1], ωr(x, y) ∈ C1[xr−1, xr], r = 1, 2, ïðè÷îìó

a1x(x, y) = a2y(x, y). (8)

Ñïðàâåäëèâà íàñòóïíà

Ëåìà 1. ßêùî fs[us(x, y)] ∈ C(Bs) i âèêîíó¹òüñÿ óìîâà (8), òî êðàéîâà
çàäà÷à (1)�(7) åêâiâàëåíòíà ñèñòåìi iíòåãðàëüíèõ ðiâíÿíü âèãëÿäó

us(x, y) = γs(x, y) + ǫsT1,sF1[u1(ξ, η)] + TsFs[us(ξ, η)], (x, y) ∈ Ds, s = 1, 2, 3, (9)

äå ǫ1 = 0, ǫ2 = ǫ3 = 1, à

Fs[us(x, y)] := fs[us(x, y)] + [a2y(x, y) + a1(x, y)a2(x, y)] us(x, y),

T1F1[u1(ξ, η)] :=

x
∫

x0

y
∫

y0

K(x, y; ξ, η)F1[u1(ξ, η)]dηdξ, (x, y) ∈ D1,

γ1(x, y) := ψ(y) exp





x0
∫

x

a2(ξ, y)dξ



+

x
∫

x0

K(x, y; ξ, y0) [ϕ
′(ξ) + a2(ξ, y0)ϕ(ξ)] dξ,

T2F2[u2(ξ, η)] :=

x
∫

k1(y)

y
∫

y1

K(x, y; ξ, η)F2[u2(ξ, η)]dηdξ, (x, y) ∈ D2,

γ2(x, y) := ω1(k1(y)) exp

(

k1(y)
∫

x

a2(ξ, y)dξ

)

+

+
x
∫

k1(y)

K(x, y; ξ, y0) [ϕ
′(ξ) + a2(ξ, y0)ϕ(ξ)] dξ,

T1,2F1[u1(ξ, η)] :=

x
∫

k1(y)

y1
∫

y0

K(x, y; ξ, η)F [u1(ξ, η)]dηdξ,

T3F3[u3(ξ, η)] :=

y
∫

g2(x)

x
∫

x1

K(x, y; ξ, η)F3[u3(ξ, η)]dξdη, (x, y) ∈ D3,

Íàóê. âiñíèê Óæãîðîä óí-òó, 2018, âèï. �1 (32)



118 Â. Â. ÌÀÐÈÍÅÖÜ, Î. Þ. ÏÈÒÜÎÂÊÀ

γ3(x, y) := ω2(x) exp

(

g2(x)
∫

y

a1(x, η)dη

)

+

+
y
∫

g2(x)

K(x, y; x0, η) [ψ
′(η) + a1(x0, η)ψ(η)] dη,

T1,3F1[u1(ξ, η)] :=

y
∫

g2(x)

x1
∫

x0

K(x, y; ξ, η)F1[u1(ξ, η)]dξdη,

K(x, y; ξ, η) := exp





η
∫

y

a1(ξ, τ)dτ +

ξ
∫

x

a2(ζ, y)dζ



 .

Iç óìîâ (6), (7) âèïëèâà¹, ùî

u2x(x, y1) = u1x(x, y1), x ∈ [x0, x1] i u3y(x1, y) = u1y(x1, y), y ∈ [y0, y1], à

u2y(x, y1)− u1y(x, y1) = [ρ1 + δ1(x)] exp

(

x0
∫

x

a2(ξ, y1)dξ

)

, x ∈ [x0, x1],

u3x(x1, y)− u1x(x1, y) = [ρ2 + δ2(y)] exp

(

y0
∫

y

a1(x1, η)dη

)

, y ∈ [y0, y1],
(10)

äå

ρ2 := ω
′

2(x1)− ϕ′(x1) + g′2(x1)

{

a1(x1, y0)ω2(x1)− [ψ′(y0) + a1(x0, y0)ψ(y0)]×

× exp





x0
∫

x1

a2(ξ, y0)dξ



−

x1
∫

x0

F1(ξ, y0, ϕ(ξ)) exp





ξ
∫

x1

a2(τ, y0)dτ



 dξ

}

,

ρ1 := −ψ′(y1) + k
′

1(y1)

{

ω
′

1(x0) + a2(x0, y1)ω1(x0)− [ϕ′(x0) + a2(x0, y0)ϕ(x0)]×

× exp





y0
∫

y1

a1(x0, η)dη



−

y1
∫

y0

F1(x0, η, ψ(η)) exp





η
∫

y1

a1(x0, τ)dτ



 dη

}

,

δ1(x) :=

x
∫

x0

exp





ξ
∫

x0

a2(τ, y1)dτ



 [f2[u2(ξ, y1)]− f1[u1(ξ, y1)]] dξ, x ∈ [x0, x1],

δ2(y) :=

y
∫

y0

[f3[u3(x1, η)]− f1[u1(x1, η)]] exp





η
∫

y0

a1(x1, τ)dτ



 dη, y ∈ [y0, y1].

Iç óìîâ (10) âèïëèâà¹ ñïðàâåäëèâiñòü

Ëåìà 2. Íåõàé âèêîíóþòüñÿ óìîâè ëåìè 1 i êðàéîâà çàäà÷à (1)�(7) ìà¹
ðîçâ'ÿçîê u(x, y). Òîäi âií íàëåæàòèìå ïðîñòîðîâi C(1.1)(D)∩C(D) (áóäå ðåãó-
ëÿðíèì), ÿêùî f [u(x, y)] ∈ C(B) i ρ1 = ρ2 = 0.

Ó ñóïðîòèâíîìó âèïàäêó âèêîíóþòüñÿ ðiâíîñòi (10) i ðîçâ'ÿçîê çàäà÷i (1)�
(7) áóäå iððåãóëÿðíèì.

Íàóê. âiñíèê Óæãîðîä óí-òó, 2018, âèï. �1 (32)



ÄÎÑËIÄÆÅÍÍß ÊÐÀÉÎÂÎ� ÇÀÄÀ×I ÄËß ÍÅËIÍIÉÍÎÃÎ ÐIÂÍßÍÍß. . . 119

Âñòàíîâèìî äîñòàòíi óìîâè iñíóâàííÿ òà ¹äèíîñòi ðîçâ'ÿçêó çàäà÷i (1)�(7).
Ç öi¹þ ìåòîþ ââåäåìî â ðîçãëÿä ïðîñòið ôóíêöié C1(Bs).

Îçíà÷åííÿ 1. Áóäåìî ãîâîðèòè, ùî Fs[us(x, y)] ∈ C1(Bs), ÿêùî ôóíêöiÿ
Fs[us(x, y)] çàäîâîëüíÿ¹ íàñòóïíi óìîâè [3]:

1) Fs[us(x, y)] ∈ C(Bs),

2) â ïðîñòîði ôóíêöié C(Bs,1), Bs,1 ⊂ R
4, ÏðxOyBs,1 = Ds, s = 1, 2, 3, iñíó¹

òàêà ôóíêöiÿ Hs(x, y, us(x, y); vs(x, y)) := Hs[us(x, y); vs(x, y)], ùî

(a) Hs[us(x, y);us(x, y)] ≡ Fs[us(x, y)],

(b) äëÿ äîâiëüíî¨ ïàðè íåïåðåðâíèõ ôóíêöié us(x, y), vs(x, y) ∈ Bs,1, ÿêi
çàäîâîëüíÿþòü óìîâó us(x, y) ≥ vs(x, y), (x, y) ∈ Ds, â îáëàñòi Bs,1

âèêîíó¹òüñÿ íåðiâíiñòü

Hs[us(x, y); vs(x, y)] ≥ Hs[vs(x, y);us(x, y)], (11)

3) ôóíêöiÿ Hs[us(x, y); vs(x, y)] â îáëàñòi Bs,1 çàäîâîëüíÿ¹ óìîâó Ëiïøèöÿ,
òîáòî, äëÿ äîâiëüíèõ äâîõ ïàð íåïåðåðâíèõ â Ds ôóíêöié us,r(x, y),
vs,r(x, y), r = 1, 2, âèêîíó¹òüñÿ óìîâà

|Hs[us,1(x, y); us,2(x, y)]−Hs[vs,1(x, y); vs,2(x, y)]| ≤ Ls(|ws,1(x, y)|+|ws,2(x, y)|),

äå ws,r(x, y) := us,r(x, y) − vs,r(x, y), r = 1, 2, äå Ls � ñòàëà Ëiïøèöÿ,
s = 1, 2, 3.

Çàóâàæèìî, ùî ÿêùî ôóíêöiÿ Fs[us(x, y)] ∈ C(Bs) i ìà¹ îáìåæåíó ÷àñòèí-
íó ïîõiäíó ïåðøîãî ïîðÿäêó ïî us(x, y), òî âîíà çàâæäè íàëåæèòü ïðîñòîðîâi
C1(Bs), s = 1, 2, 3. Çâîðîòí¹ òâåðäæåííÿ íå ñïðàâåäëèâå.

Íåõàé zs,p(x, y), vs,p(x, y) ∈ C(Ds) íàëåæàòü îáëàñòi Bs,1 äëÿ âñiõ s = 1, 2, 3
òà p ∈ N0 := {0} ∪ N.

Ââåäåìî ïîçíà÷åííÿ:

ws,p(x, y) := zs,p(x, y)− vs,p(x, y), (x, y) ∈ Ds, s = 1, 2, 3, p ∈ N0,

f p
s (x, y) := Hs[zs,p(x, y); vs,p(x, y)],

fs,p(x, y) := Hs[vs,p(x, y); zs,p+1(x, y)],

f ∗

s,p(x, y) := Hs[vs,p(x, y); zs,p(x, y)],

αs,p(x, y) := zs,p(x, y)− γs(x, y)− ǫsT1,sf
p
1 (ξ, η)− Tsf

p
s (ξ, η),

βs,p(x, y) := vs,p(x, y)− γs(x, y)− ǫsT1,sf
∗

1,p(ξ, η)− Tsf
∗

s,p(ξ, η),
(12)

z∗s,p(x, y) := zs,p(x, y)− qs,p(x, y)ws,p(x, y),

v∗s,p(x, y) := vs,p(x, y) + cs,p(x, y)ws,p(x, y),

(x, y) ∈ Ds, s = 1, 2, 3,

F p
s (x, y) := H[z∗s,p(x, y); v

∗

s,p(x, y)], Fs,p(x, y) := H[v∗s,p(x, y); zs,p+1(x, y)],

Rp
s(x, y) := γs(x, y) + ǫsT1,sF

p
1 (ξ, η) + TsF

p
s (ξ, η),
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Rs,p(x, y) := γs(x, y) + ǫsT1,sF1,p(ξ, η) + TsFs,p(ξ, η),

α∗

s,p(x, y) := zs,p(x, y)−Rp
s(x, y),

β∗

s,p(x, y) := vs,p(x, y)−Rs,p(x, y),
(13)

äå qs,p(x, y), cs,p(x, y) ¹ äîâiëüíèìè ç ïðîñòîðó C(Ds) íåâiä'¹ìíèìè ôóíêöiÿìè,
ÿêi çàäîâîëüíÿþòü óìîâè

0 ≤ qs,p(x, y) ≤ 0, 5, 0 ≤ cs,p(x, y) ≤ 0, 5 (14)

äëÿ âñiõ p ∈ N0 òà (x, y) ∈ Ds, s = 1, 2, 3.
Ïîáóäó¹ìî ïîñëiäîâíîñòi ôóíêöié {zs,p(x, y)} òà {vs,p(x, y)} çãiäíî ôîðìóë

[4,5]
zs,p+1(x, y) = Rp

s(x, y), vs,p+1(x, y) = Rs,p(x, y),

(x, y) ∈ Ds, s = 1, 2, 3,
(15)

äå çà íóëüîâå íàáëèæåííÿ zs,0(x, y), vs,0(x, y) ∈ Bs,1 âèáèðà¹ìî äîâiëüíi ç ïðî-
ñòîðó C(Ds) ôóíêöi¨, ÿêi ïðè (x, y) ∈ Ds çàäîâîëüíÿþòü óìîâè

ws,0(x, y) ≥ 0, αs,0(x, y) ≥ 0, βs,0(x, y) ≤ 0, (x, y) ∈ Ds. (16)

Îçíà÷åííÿ 2. Ôóíêöi¨ zs,0(x, y), vs,0(x, y) ∈ C(Ds), s = 1, 2, 3, ÿêi íàëå-
æàòü îáëàñòi Bs,1 i çàäîâîëüíÿþòü óìîâè (16), íàçèâàþòüñÿ ôóíêöiÿìè ïî-
ðiâíÿííÿ êðàéîâî¨ çàäà÷i (1)�(7).

Çàóâàæèìî, ùî â ñèëó óìîâè Fs[us(x, y)] ∈ C(Bs) ôóíêöi¨ ïîðiâíÿííÿ çàäà÷i
(1)�(7) âçàãàëi êàæó÷è iñíóþòü (äèâ. [6]).

Âiäìiòèìî, ùî â ñèëó (14), (16) ÿêùî vs,0(x, y), zs,0(x, y) ∈ Bs,1, òî i v∗s,0(x, y),
z∗s,0(x, y) ∈ Bs,1, à iç âèêîíàííÿ óìîâ (16) âèïëèâà¹, ùî α∗

s,0(x, y) ≥ 0,
β∗

s,0(x, y) ≤ 0.
Iç (12), (13) òà (15) ìà¹ìî

Zs,p(x, y)− Zs,p+1(x, y) = α∗

s,p(x, y), Vs,p(x, y)− Vs,p+1(x, y) = β∗

s,p(x, y), (17)

ws,p+1(x, y) = ǫsT1,s(F
p
1 (ξ, η)− F1,p(ξ, η)) + Ts(F

p
s (ξ, η)− Fs,p(ξ, η)), (18)

αs,p+1(x, y) = ǫsT1,s(F
p
1 (ξ, η)− f

p+1
1 (ξ, η)) + Ts(F

p
s (ξ, η)− f p+1

s (ξ, η)),

βs,p+1(x, y) = ǫsT1,s(F1,p(ξ, η)− f ∗

1,p+1(ξ, η)) + Ts(Fs,p(ξ, η)− f ∗

s,p+1(ξ, η)),
(19)

α∗

s,p+1(x, y)− αs,p+1(x, y) =

= ǫsT1,s(f
p+1
1 (ξ, η)− F

p+1
1 (ξ, η)) + Ts(f

p+1
s (ξ, η)− F p+1

s (ξ, η)),

β∗

s,p+1(x, y)− βs,p+1(x, y) =

= ǫsT1,s(f
∗

1,p+1(ξ, η)− F1,p+1(ξ, η)) + Ts(f
∗

s,p+1(ξ, η)− Fs,p+1(ξ, η)),

(20)

vs,p(x, y)− zs,p+1(x, y) = βs,p(x, y)+

+ǫsT1,s(f
∗

1,p(ξ, η)− F
p
1 (ξ, η)) + Ts(f

∗

s,p(ξ, η)− F p
s (ξ, η)),

zs,p(x, y)− vs,p+1(x, y) = αs,p(x, y)+

+ǫsT1,s(f
p
1 (ξ, η)− F1,p(ξ, η)) + Ts(f

p
s (ξ, η)− Fs,p(ξ, η)),

p ∈ N0, (x, y) ∈ Ds, s = 1, 2, 3.

(21)
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Ïðèéìàþ÷è äî óâàãè óìîâè (11), (14) òà (16), iç (17)�(21) ìåòîäîì ìàòåìà-
òè÷íî¨ iíäóêöi¨ ïåðåêîíó¹ìîñÿ, ùî ÿêùî íà êîæíîìó êðîöi iòåðàöi¨ (15) ôóíêöi¨
qs,p(x, y), cs,p(x, y) âèáèðàòè òàêèì ÷èíîì, ùîá âèêîíóâàëèñü íåðiâíîñòi

zs,p(x, y)− zs,p+1(x, y)− qs,p(x, y)ws,p(x, y) ≥ 0,

vs,p(x, y)− vs,p+1(x, y) + cs,p(x, y)ws,p(x, y) ≤ 0,

(x, y) ∈ Ds, s = 1, 2, 3.

(22)

òî ïîñëiäîâíîñòi ôóíêöié {zs,p(x, y)} òà {vs,p(x, y)}, ïîáóäîâàíi çãiäíî çàêîíó
(15), (22), çàäîâîëüíÿòèìóòü â îáëàñòi Bs,1 óìîâè

vs,p(x, y) ≤ vs,p+1(x, y) ≤ zs,p+1(x, y) ≤ Zs,p(x, y),

αs,p(x, y) ≥ 0, βs,p(x, y) ≤ 0
(23)

äëÿ âñiõ p ∈ N0 òà (x, y) ∈ Ds, s = 1, 2, 3.

Ëåìà 3. Íåõàé Fs[us(x, y)] ∈ C1(Bs) i â îáëàñòi Bs,1 iñíóþòü ôóíêöi¨ ïî-
ðiâíÿííÿ çàäà÷i (1)�(7) zs,0(x, y), vs,0(x, y), (x, y) ∈ Ds, s = 1, 2, 3.

Òîäi ÿêùî âèêîíóþòüñÿ óìîâè ëåìè 1, òî ìíîæèíà ôóíêöié qs,p(x, y),
cs,p(x, y), ÿêi çàäîâîëüíÿþòü óìîâè (14), (22) íåïîðîæíÿ.

Äîâåäåííÿ. Äiéñíî, ïîêëàäåìî íà êîæíîìó êðîöi iòåðàöi¨ (15), (16)

qs,p(x, y) =

{

αs,p(x, y)ρ
−1
s,p(x, y), ïðè ws,p(x, y) 6= 0,

0, ïðè ws,p(x, y) = 0,

cs,p(x, y) =







−βs,p(x, y)ρ
−1
s,p(x, y), ïðè ws,p(x, y) 6= 0,

0, ïðè ws,p(x, y) = 0,

ρs,p(x, y) := αs,p(x, y)− βs,p(x, y) + ws,p(x, y), (x, y) ∈ Ds, p ∈ N0.

Î÷åâèäíî, ùî âèáðàíi òàêèì ÷èíîì ôóíêöi¨ qs,p(x, y) òà cs,p(x, y) â ñèëó (23)
çàäîâîëüíÿþòü óìîâè (14), à ïðèéìàþ÷è äî óâàãè (17) ìà¹ìî

zs,p(x, y)− zs,p+1(x, y)− qs,p(x, y)ws,p(x, y) = α∗

s,p(x, y)−

−αs,p(x, y)ρ
−1
s,p(x, y)ws,p(x, y) ≥ α∗

s,p(x, y)
(

1− ws,p(x,y)

ρs,p(x,y)

)

≥ 0,

vs,p(x, y)− vs,p+1(x, y) + cs,p(x, y)ws,p(x, y) ≤ β∗

s,p(x, y)
(

1− ws,p(x,y)

ρs,p(x,y)

)

≤ 0,

(x, y) ∈ Ds, s = 1, 2, 3, p ∈ N0,

i ëåìà 3 äîâåäåíà.
Òàêèì ÷èíîì íàìè äîâåäåíà íàñòóïíà

Òåîðåìà 1. Íåõàé ôóíêöi¨ Fs[ us(x, y) ] ∈ C1( Bs ), a1(x, y) ∈ C(1.0)(D),
a2(x, y) ∈ C(0.1)(D) i âèêîíó¹òüñÿ óìîâà (8), à â îáëàñòi Bs,1 iñíóþòü ôóíêöi¨
ïîðiâíÿííÿ êðàéîâî¨ çàäà÷i (1) � (7) zs,0(x, y), vs,0(x, y) ∈ C(Ds), s = 1, 2, 3.

Òîäi äëÿ ôóíêöié zs,p(x, y), vs,p(x, y), ïîáóäîâàíèõ çãiäíî ôîðìóë (15), (16),
äå qs,p(x, y), cs,p(x, y) ∈ C(Ds), s = 1, 2, 3 çàäîâîëüíÿþòü â îáëàñòi Bs,1 óìîâè
(14), (22), ñïðàâåäëèâi íåðiâíîñòi (23) äëÿ âñiõ p ∈ N0 òà (x, y) ∈ D̄s, s = 1, 2, 3.
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Ââiâøè ïîçíà÷åííÿ

max
s

sup
Ds

ws,0(x, y) = d, max
s,p

sup
Ds

(1− qs,p(x, y)− cs,p(x, y)) ≤ q,

max
s
Ls = l, max

{

1, sup
D

(y − y0 + x− x0)

}

= γ,

max
s

sup
Ds

K(x, y; ξ, η) ≤ 0, 5K, s = 1, 2, 3,

òà ïîâòîðþþ÷è ìiðêóâàííÿ, ïðèâåäåíi â ðîáîòi [1], ïåðåêîíó¹ìîñü ó ñïðàâåäëè-
âîñòi íàñòóïíî¨ òåîðåìè

Òåîðåìà 2. Íåõàé âèêîíóþòüñÿ óìîâè òåîðåìè 1.
Òîäi ïîñëiäîâíîñòi ôóíêöié {zs,p(x, y)} òà {vs,p(x, y)}, ïîáóäîâàíi çãiäíî çà-

êîíó (14), (15), (16), (22):

1) çáiãàþòüñÿ ðiâíîìiðíî äî ¹äèíîãî íåïåðåðâíîãî ðîçâ'ÿçêó âiäïîâiäíîãî ií-
òåãðàëüíîãî ðiâíÿííÿ (12) ïðè (x, y) ∈ Ds, s = 1, 2, 3,

2) ìàþòü ìiñöå îöiíêè

ws,p(x, y) ≤
1

p!
[lKqγ(x− x0 + y − y0)]

p
d, (x, y) ∈ Ds, s = 1, 2, 3,

3) â îáëàñòi Bs,1 ìàþòü ìiñöå íåðiâíîñòi

vs,p(x, y) ≤ vs,p+1(x, y) ≤ us(x, y) ≤ zs,p+1(x, y) ≤ zs,p(x, y)

äëÿ âñiõ p ∈ N0, (x, y) ∈ Ds, s = 1, 2, 3, äå us(x, y) � ¹äèíèé ðîçâ'ÿçîê
ñèñòåìè iíòåãðàëüíèõ ðiâíÿíü (9),

4) çáiæíiñòü iòåðàöiéíîãî ìåòîäó (14), (15), (16), (22) íå ïîâiëüíiøà çái-
æíîñòi ìåòîäó (15), êîëè qs,p(x, y) = cs,p(x, y) ≡ 0 i Fs,p(x, y) ≡ fs,p(x, y).

Íàñëiäîê 1. Íåõàé âèêîíóþòüñÿ óìîâè òåîðåìè 2.
Òîäi â ïðîñòîði ôóíêöié C∗(D) iñíó¹ ¹äèíèé iððåãóëÿðíèé ðîçâ'ÿçîê çàäà÷i

(1)�(7).
ßêùî æ ïðàâà ÷àñòèíà ðiâíÿííÿ (1) f [u(x, y)] ∈ C(B) i âèêîíóþòüñÿ óìîâè

ρk = 0, k = 1, 2, òî ðîçâ'ÿçîê êðàéîâî¨ çàäà÷i (1)�(7) áóäå ðåãóëÿðíèì (íàëå-
æàòèìå ïðîñòîðîâi C(1.1)(D) ∩ C(D)).

Íàñëiäîê 2. Íåõàé ψ(y) = ϕ(x) = 0, (x, y) ∈ D1, ωr(x) = 0, x ∈ [xr−1, xr],
r = 1, 2 i Fs[us(x, y)] ∈ C1(Bs), ïðè÷îìó Fs[us(x, y)] ≡ Hs[us(x, y); 0].

Òîäi ÿêùî Fs[0] ≤ (≥)0 â Bs, òî ðîçâ'ÿçîê êðàéîâî¨ çàäà÷i (1)�(7) ïðè
(x, y) ∈ D çàäîâîëüíÿ¹ íåðiâíîñòi

u(x, y) ≤ (≥)0, (x, y) ∈ D.

Ñïèñîê âèêîðèñòàíî¨ ëiòåðàòóðè
1. Marynets V. V. and Marynets K. V. On Goursat�Darboux boundary�value problem for

systems of non�linear di�erential equations of hyperbolic type // Miskolc Mathematical Notes.
� 2013. � V.14, No.3. � P. 1009�1020.

Íàóê. âiñíèê Óæãîðîä óí-òó, 2018, âèï. �1 (32)



ÄÎÑËIÄÆÅÍÍß ÊÐÀÉÎÂÎ� ÇÀÄÀ×I ÄËß ÍÅËIÍIÉÍÎÃÎ ÐIÂÍßÍÍß. . . 123

2. Marynets V. V., Marynets K. V., Pytovka O.Yu.On one constructive method of the boundary�
value problem investigation for the di�erential equations of the hyperbolic type// Íàóê. âiñíèê
Óæãîðîä.óí�òó. Ñåð. ìàòåì. i iíôîðì. � 2015. � Âèï.2(27). � Ñ. 76�85.

3. Ìàðèíåöü Â. Â., Ïèòüîâêà Î.Þ. Ïðî îäèí ïiäõiä äîñëiäæåííÿ êðàéîâèõ çàäà÷ äëÿ íåëi-
íiéíèõ ðiâíÿíü ãiïåðáîëi÷íîãî òèïó â îáëàñòi iç ñêëàäíîþ ñòðóêòóðîþ êðàþ // Ìàòåìàòè-
÷íå òà êîìï'þòåðíå ìîäåëþâàííÿ. Ñåðiÿ: Ôiçèêî-ìàòåì. íàóêè: Çáiðíèê íàóêîâèõ ïðàöü
IÊ iì.Â.Ì.Ãëóøêîâà ÍÀÍÓ. � 2017. Âèïóñê 15. � Ñ. 113�119.

4. Êðàñíîñåëüñêèé Ì.À., Âàéíèêêî Ã.Ì., Çàáðåéêî Ï.Ï., Ðóòèöêèé ß.Á., Ñòåöåíêî Â.ß.
Ïðèáëèæåííîå ðåøåíèå îïåðàòîðíûõ óðàâíåíèé. � Ì.:Íàóêà, 1969. � 456 ñ.

5. Êóðïåëü Í.Ñ., Øóâàð Á.À. Äâóñòîðîííèå îïåðàòîðíûå íåðàâåíñòâà è èõ ïðèìåíåíèÿ.�
Êèåâ: Íàóê.äóìêà, 1980. � 268 ñ.

6. Ìàðèíåöü Â. Â. Ïðî îäèí êîíñòðóêòèâíèé ìåòîä äîñëiäæåííÿ êðàéîâî¨ çàäà÷i Äàðáó�
Ãóðñà // Íàóê. âiñíèê Óæãîðîä.óí�òó. Ñåð. ìàòåì. i iíôîðì. � 2016. � Âèï.2(29). �
Ñ. 72�80.

Îäåðæàíî 11.02.2018

Íàóê. âiñíèê Óæãîðîä óí-òó, 2018, âèï. �1 (32)


