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IÄÅÍÒÈÔIÊÀÖIß ÌÎËÎÄØÎÃÎ ÊÎÅÔIÖI�ÍÒÀ
ÏÀÐÀÁÎËI×ÍÎÃÎ ÐIÂÍßÍÍß Â ÎÁËÀÑÒI

Ç ÂIËÜÍÎÞ ÌÅÆÅÞ

Âñòàíîâëåíî óìîâè îäíîçíà÷íî¨ ðîçâ'ÿçíîñòi îáåðíåíî¨ çàäà÷i âèçíà÷åííÿ ìîëîäøîãî
êîåôiöi¹íòà ç äâîìà íåâiäîìèìè, çàëåæíèìè âiä ÷àñó, ïàðàìåòðàìè â îäíîâèìiðíîìó ïàðàáî-
ëi÷íîìó ðiâíÿííi ç iíòåãðàëüíèìè óìîâàìè ïåðåâèçíà÷åííÿ â îáëàñòi ç íåâiäîìîþ äiëÿíêîþ
ìåæi.

The conditions of unique solvability of the inverse problem of �nding the minor coe�cient with
two unknown time-dependent parameters in a one-dimensional parabolic equation with integral
overdetermination conditions in a free boundary domain are established.

Âñòóï. Çàâäÿêè ñâî¹ìó ïðàêòè÷íîìó çà-
ñòîñóâàííþ ó ÷èñëåííèõ ãàëóçÿõ íàóêè êîå-
ôiöi¹íòíi îáåðíåíi çàäà÷i çàéíÿëè âàãîìå ìi-
ñöå ñåðåä iíøèõ çàäà÷ äëÿ ðiâíÿíü iç ÷àñòèí-
íèìè ïîõiäíèìè. Ñüîãîäíi îáåðíåíi çàäà÷i, â
ÿêèõ äî íåâiäîìèõ íàëåæèòü îäèí àáî äå-
êiëüêà êîåôiöi¹íòiâ ðiâíÿííÿ, â îáëàñòÿõ ç
âiäîìèìè ìåæàìè äîñòàòíüî ïîâíî âèâ÷åíi.
Â [1] çíàéäåíî óìîâè ëîêàëüíîãî çà ÷àñîì
iñíóâàííÿ, ¹äèíîñòi òà íåïåðåðâíî¨ çàëåæíî-
ñòi âiä âèõiäíèõ äàíèõ ðîçâ'ÿçêó îáåðíåíî¨
çàäà÷i äëÿ ðiâíÿííÿ

ut = uxx + p(t)ux, (x, t) ∈ (0, 1)× (0, T ),

ç íåâiäîìèì êîåôiöi¹íòîì p(t) òà óìîâîþ ïå-
ðåâèçíà÷åííÿ

m(t) =

b(t)∫
0

u(x, t)dx, t ∈ [0, T ],

äå 0 < b(t) < 1, t ∈ [0, T ], � çàäàíà ôóíêöiÿ.
Äîñëiäæåííÿ òàêî¨ çàäà÷i ç óìîâîþ ïåðåâè-
çíà÷åííÿ

ux(0, t) + p(t)u(0, t) = g(t), t > 0,

ïðîäîâæåíî â [2, 3]. Â [2] âñòàíîâëåíî óìîâè
ãëîáàëüíîãî iñíóâàííÿ ðîçâ'ÿçêó îáåðíåíî¨
çàäà÷i, à â [3] îòðèìàíî óìîâè ëîêàëüíîãî
iñíóâàííÿ ðîçâ'ÿçêó, à òàêîæ óìîâè, çà ÿêèõ
çàäà÷à íå ìîæå ìàòè ãëîáàëüíîãî ðîçâ'ÿçêó.

Ó [4, 5] äîñëiäæåíî îáåðíåíi çàäà÷i âè-
çíà÷åííÿ êîåôiöi¹íòiâ (a(t), b(t)), (a(t), c(t)),
i (a0(t), a1(t)) ó ïàðàáîëi÷íèõ ðiâíÿííÿõ

ut = a(t)uxx + b(t)ux + c(x, t)u+ f(x, t),

ut = a(t)uxx + b(x, t)ux + c(t)u+ f(x, t),

ut = (a0(t) + xa1(t))uxx + b(x, t)ux + c(x, t)u+

+f(x, t), (x, t) ∈ (0, h)× (0, T ).

Ïðè ðîçãëÿäi öèõ çàäà÷ äëÿ âèçíà÷åííÿ íå-
âiäîìèõ ïàðàìåòðiâ áóëè âèêîðèñòàíi iíòå-
ãðàëüíi òåïëîâi ìîìåíòè.

Ïîðÿä iç îáåðíåíèìè, â òåîði¨ ðiâíÿíü iç
÷àñòèííèìè ïîõiäíèìè âàæëèâå ìiñöå çà-
éìàþòü çàäà÷i ç âiëüíèìè ìåæàìè. Çàìiíîþ
çìiííèõ çàäà÷i ç âiëüíèìè ìåæàìè ìîæíà
çâåñòè äî êîåôiöi¹íòíèõ îáåðíåíèõ çàäà÷ â
îáëàñòÿõ ç âiäîìèìè ìåæàìè. Òàêèé ïiäõiä
äîçâîëÿ¹ çàñòîñóâàòè äî öèõ çàäà÷ ìåòîäè-
êó, ðîçðîáëåíó äëÿ äîñëiäæåííÿ îáåðíåíèõ
çàäà÷. Â [6, 7] çíàéäåíî óìîâè îäíîçíà÷íî¨
ðîçâ'ÿçíîñòi îáåðíåíèõ çàäà÷ äëÿ îäíîâè-
ìiðíèõ ïàðàáîëi÷íèõ ðiâíÿíü ç íåâiäîìèì,
çàëåæíèì âiä ÷àñó, ñòàðøèì êîåôiöi¹íòîì â
îáëàñòi, ÷àñòèíà àáî âñÿ ìåæà ÿêî¨ ¹ íåâi-
äîìîþ. Â [8, 9] äîñëiäæåíî îáåðíåíi çàäà÷i
âèçíà÷åííÿ çàëåæíîãî âiä ÷àñó êîåôiöi¹íòà
ïðè ïåðøié ïîõiäíié çà ïðîñòîðîâîþ çìií-
íîþ íåâiäîìî¨ ôóíêöi¨ ó ïàðàáîëi÷íîìó ðiâ-
íÿííi â îáëàñòi, ÷àñòèíà àáî âñÿ ìåæà ÿêî¨ ¹
íåâiäîìîþ.
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Ó öié ðîáîòi ðîçãëÿäà¹òüñÿ îáåðíåíà
çàäà÷à âèçíà÷åííÿ ìîëîäøîãî êîåôiöi¹í-
òà îäíîâèìiðíîãî ïàðàáîëi÷íîãî ðiâíÿííÿ,
ÿêèé ìà¹ âèãëÿä ëiíiéíî¨ ôóíêöi¨ çà ïðî-
ñòîðîâîþ çìiííîþ ç äâîìà íåâiäîìèìè, çà-
ëåæíèìè âiä ÷àñó, ïàðàìåòðàìè, â îáëàñòi ç
íåâiäîìîþ äiëÿíêîþ ìåæi.
1. Ôîðìóëþâàííÿ çàäà÷i. Â îáëà-

ñòi ΩT = {(x, t) : 0 < x < h(t),
0 < t < T}, äå h = h(t) � íåâiäîìà ôóí-
êöiÿ, ðîçãëÿäà¹ìî îáåðíåíó çàäà÷ó âèçíà-
÷åííÿ êîåôiöi¹íòiâ b1(t), b2(t) ïàðàáîëi÷íîãî
ðiâíÿííÿ

ut = a(x, t)uxx + (b1(t)x+ b2(t))ux + c(x, t)u+

+f(x, t), (x, t) ∈ ΩT , (1)

ç ïî÷àòêîâîþ óìîâîþ

u(x, 0) = φ(x), x ∈ [0, h(0)], (2)

êðàéîâèìè óìîâàìè

u(0, t) = µ1(t), u(h(t), t) = µ2(t),

t ∈ [0, T ], (3)

òà óìîâàìè ïåðåâèçíà÷åííÿ

h(t)∫
0

u(x, t)dx = µ3(t),

h(t)∫
0

xu(x, t)dx = µ4(t),

h(t)∫
0

x2u(x, t)dx = µ5(t), t ∈ [0, T ]. (4)

Óâiâøè íîâó çìiííó y =
x

h(t)
çàäà÷ó

(1)�(4) çâîäèìî äî îáåðíåíî¨ çàäà÷i ç íåâi-
äîìèìè (h(t), b1(t), b2(t), v(y, t)), äå v(y, t) =
= u(yh(t), t), â îáëàñòi ç âiäîìîþ ìåæåþ
QT = {(y, t) : 0 < y < 1, 0 < t < T} :

vt =
a(yh(t), t)

h2(t)
vyy +

(
yh(t)b1(t) + b2(t)

h(t)
+

+
yh′(t)

h(t)

)
vy + c(yh(t), t)v+

+f(yh(t), t), (y, t) ∈ QT , (5)

v(y, 0) = φ(yh(0)), y ∈ [0, 1], (6)

v(0, t) = µ1(t), v(1, t) = µ2(t), t ∈ [0, T ], (7)

h(t)

1∫
0

v(y, t)dy = µ3(t), t ∈ [0, T ], (8)

h2(t)

1∫
0

y v(y, t)dy = µ4(t), t ∈ [0, T ], (9)

h3(t)

1∫
0

y2v(y, t)dy = µ5(t), t ∈ [0, T ]. (10)

2. Iñíóâàííÿ ðîçâ'ÿçêó çàäà÷i (5)�
(10).
Òåîðåìà 1. Ïðèïóñòèìî, ùî âèêîíóþ-

òüñÿ óìîâè:

1) a ∈ C1,0([0,∞) × [0, T ]), φ ∈ C2[0, h0],
c, f ∈ Hα,0([0,∞) × [0, T ]), α ∈ (0, 1),
µi ∈ C1[0, T ], i = 1, 5;

2) 0 < a0 ≤ a(x, t) ≤ a1, c(x, t) ≤ 0,
f(x, t) ≥ 0, (x, t) ∈ [0,∞) × [0, T ],
φ(x) ≥ φ0 > 0, x ∈ [0,∞), φ′(x) > 0,
x ∈ [0, h0], φ′(h0 − x) − φ′(x) > 0,
(h0 − x)φ′(x) − xφ′(h0 − x) > 0,

x ∈
[
0,
h0
2

)
, µi(t) > 0, i = 1, 5,

t ∈ [0, T ], äå h0 = h(0) > 0 ¹ ðîçâ'ÿç-

êîì ðiâíÿííÿ

h(0)∫
0

φ(x)dx = µ4(0);

3) óìîâè óçãîäæåííÿ íóëüîâîãî òà ïåð-
øîãî ïîðÿäêiâ.

Òîäi ìîæíà âêàçàòè òàêå ÷èñëî T0,
0 < T0 ≤ T , ÿêå âèçíà÷à¹òüñÿ âèõiäíè-
ìè äàíèìè, ùî iñíó¹ ðîçâ'ÿçîê (h, b1, b2, v) ∈
C1[0, T0] × (C[0, T0])

2 × C2,1(QT0
), h(t) > 0,

t ∈ [0, T0], çàäà÷i (5)�(10).
Äîâåäåííÿ. Äîâåäåííÿ iñíóâàííÿ

ðîçâ'ÿçêó çàäà÷i (5)�(10) áàçó¹òüñÿ íà
çàñòîñóâàííi òåîðåìè Øàóäåðà ïðî íåðóõî-
ìó òî÷êó öiëêîì íåïåðåðâíîãî îïåðàòîðà.
Ñïî÷àòêó âñòàíîâèìî îöiíêè ôóíêöi¨, ùî
çàäà¹ íåâiäîìó ÷àñòèíó ìåæi îáëàñòi. Ç
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óìîâè (8) îäåðæó¹ìî ðiâíÿííÿ

h(t) =
µ3(t)

1∫
0

v(y, t)dy

, t ∈ [0, T ]. (11)

Âèêîðèñòîâóþ÷è ïðèíöèï ìàêñèìóìó [10]
äëÿ ðîçâ'ÿçêó ïðÿìî¨ çàäà÷i (5)�(7), îòðèìó-
¹ìî

v(y, t) ≥M0 > 0, (y, t) ∈ QT .

Òîäi äëÿ ðîçâ'ÿçêiâ ðiâíÿííÿ (11) ñïðàâå-
äëèâà îöiíêà

h(t) ≤ 1

M0

max
[0,T ]

µ3(t) ≡ H1 <∞, t ∈ [0, T ].

Çàñòîñîâóþ÷è ïðèíöèï ìàêñèìóìó äëÿ
ðîçâ'ÿçêó çàäà÷i (5)�(7), îäåðæó¹ìî

v(y, t) ≤M1 <∞, (y, t) ∈ QT .

Òîäi äëÿ h(t) ñïðàâåäëèâà îöiíêà

h(t) ≥ 1

M1

min
[0,T ]

µ3(t) ≡ H0 > 0, t ∈ [0, T ].

Òàêèì ÷èíîì,

0 < M0 ≤ v(y, t) ≤M1 <∞, (y, t) ∈ QT ,

0 < H0 ≤ h(t) ≤ H1 <∞, t ∈ [0, T ], (12)

äå ÷èñëà M0,M1 âèçíà÷àþòüñÿ âèõiäíèìè
äàíèìè.

Çâåäåìî çàäà÷ó äî ñèñòåìè ðiâíÿíü. Ââå-
äåìî íîâó ôóíêöiþ

ṽ(y, t) = v(y, t)− φ(yh0)− y(µ2(t)− µ2(0))+

+(y − 1)(µ1(t)− µ1(0)).

Äëÿ ôóíêöi¨ ṽ(y, t) îäåðæó¹ìî çàäà÷ó

ṽt =
a(yh(t), t)

h2(t)
ṽyy +

(
yh(t)b1(t) + b2(t)

h(t)
+

+
yh′(t)

h(t)

)
(ṽy + d(y, t)) + c(yh(t), t) ṽ+

+F (y, t), (y, t) ∈ QT ,

ṽ(y, 0) = 0, y ∈ [0, 1],

ṽ(0, t) = ṽ(1, t) = 0, t ∈ [0, T ], (13)

äå

d(y, t) = h0φ
′(yh0) + µ2(t)− µ2(0)− µ1(t)+

+µ1(0),

F (y, t) = h20
a(yh(t), t)

h2(t)
φ′′(yh0) + c(yh(t), t)×

×
(
φ(yh0) + y(µ2(t)− µ2(0)) + (1− y)(µ1(t)−

−µ1(0))
)
+ f(yh(t), t)− yµ′

2(t) + µ′
1(t)(y − 1).

Çà äîïîìîãîþ ôóíêöi¨ Ãðiíà G1(y, t, η, τ)
ïåðøî¨ êðàéîâî¨ çàäà÷i äëÿ ðiâíÿííÿ

ṽt =
a(yh(t), t)

h2(t)
ṽyy + c(yh(t), t) ṽ

çàäà÷ó (13) çâîäèìî äî ðiâíÿííÿ

ṽ(y, t) =

t∫
0

1∫
0

G1(y, t, η, τ)

(
(ṽη(η, τ)+

+d(η, τ))
ηh(τ)b1(τ) + b2(τ) + ηh′(τ)

h(τ)
+

+F (η, τ)

)
dηdτ. (14)

Ïîçíà÷èìî w(y, t) = vy(y, t), p(t) = h′(t).
Ïîäàìî (14) ó âèãëÿäi

v(y, t) = φ(yh0) + (1− y)(µ1(t)− µ1(0))+

+y(µ2(t)− µ2(0)) +

t∫
0

1∫
0

G1(y, t, η, τ)×

×
(
ηh(τ)b1(τ) + b2(τ) + ηp(τ)

h(τ)
w(η, τ)+

+F (η, τ)

)
dηdτ, (y, t) ∈ QT . (15)

Ïðîäèôåðåíöiþâàâøè (15) çà çìiííîþ y,
îäåðæó¹ìî

w(y, t) = h0φ
′(yh0) + µ2(t)− µ2(0)− µ1(t)+

+µ1(0) +

t∫
0

1∫
0

G1y(y, t, η, τ)

(
F (η, τ)+

+
ηh(τ)b1(τ) + b2(τ) + ηp(τ)

h(τ)
w(η, τ)

)
dηdτ,
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(y, t) ∈ QT . (16)

Ïðîäèôåðåíöiþâàâøè (8)�(10) çà çìiííîþ t
i âèêîðèñòàâøè (5), îäåðæó¹ìî

b1(t) =

[
(h(t)µ3(t)− 2µ4(t))a(0, t)w(0, t)+

+

1∫
0

(h(t)ax(yh(t), t)(h(t)y
2(h(t)µ1(t)−

− µ3(t)) + y(2µ4(t)− h2(t)µ1(t)) + h(t)×
× µ3(t)− 2µ4(t)) + a(yh(t), t)(2µ4(t)−
− h2(t)µ1(t) + 2yh(t)(h(t)µ1(t)− µ3(t))))×

× w(y, t)dy − h2(t)

1∫
0

(c(yh(t), t)v(y, t)+

+ f(yh(t), t))(h(t)y2(h(t)µ1(t)− µ3(t))+

+ y(2µ4(t)− h2(t)µ1(t)) + h(t)µ3(t)−
− 2µ4(t))dy + (h(t)µ3(t)− 2µ4(t))h(t)×
× µ′

3(t) + µ′
4(t)(2µ4(t)− h2(t)µ1(t))+

+ µ′
5(t)(h(t)µ1(t)− µ3(t))

](
2h(t)µ3(t)×

× µ4(t)− 4µ2
4(t)− h2(t)µ2

3(t) + 3(µ3(t)−
− h(t)µ1(t))µ5(t) + 2h2(t)µ1(t)µ4(t)

)−1
,

t ∈ [0, T ], (17)

b2(t) =

[
(3µ5(t)− 2h(t)µ4(t))a(0, t)w(0, t)+

+

1∫
0

(h(t)ax(yh(t), t)(h(t)y
2(2µ4(t)− h(t)×

× µ3(t)) + y(h2(t)µ3(t)− 3µ5(t)) + 3µ5(t)−
− h(t)µ4(t)) + a(yh(t), t)(h2(t)µ3(t) + 2h(t)×
× y(2µ4(t)− h(t)µ3(t))− 3µ5(t)))w(y, t)dy−

− h2(t)

1∫
0

(c(yh(t), t)v(y, t) + f(yh(t), t))×

× (h(t)y2(2µ4(t)− h(t)µ3(t)) + (h2(t)µ3(t)−

− 3µ5(t))y − h(t)µ4(t) + 3µ5(t)))dy + µ′
3(t)×

× (3µ5(t)− 2h(t)µ4(t))h(t) + (h2(t)µ3(t)−

− 3µ5(t))µ
′
4(t) + µ′

5(t)(2µ4(t)− h(t)µ3(t))

]
×

×
(
2h(t)µ3(t)µ4(t)− h2(t)µ2

3(t)− 4µ2
4(t)+

+ 2h2(t)µ1(t)µ4(t) + 3(µ3(t)− h(t)µ1(t))×

×µ5(t)
)−1

, t ∈ [0, T ], (18)

p(t) =

[
(3µ3(t)µ5(t)− 3h(t)µ2(t)µ5(t)−

− h3(t)µ2(t)µ3(t) + 4h2(t)µ2(t)µ4(t)−

− 4µ2
4(t))

a(0, t)

h(t)
w(0, t) + (h2(t)µ2

3(t)−

− 2h(t)µ3(t)µ4(t)− 2h2(t)µ1(t)µ4(t)+

+ 4µ2
4(t)− 3(µ3(t)− h(t)µ1(t))µ5(t))×

× a(h(t), t)

h(t)
w(1, t) +

1∫
0

(ax(yh(t), t)×

× (h2(t)y2(2(µ1(t)− µ2(t))µ4(t)− µ2
3(t)+

+ 2h(t)µ2(t)µ3(t)− h2(t)µ1(t)µ2(t))+

+ yh(t)(2µ3(t)µ4(t) + 3(µ2(t)− µ1(t))×
× µ5(t)− h2(t)µ2(t)µ3(t)− 2h(t)µ2(t)×
× µ4(t) + h3(t)µ1(t)µ2(t)) + 3µ3(t)µ5(t)−
− 3h(t)µ2(t)µ5(t)− h3(t)µ2(t)µ3(t)−
− 4µ2

4(t) + 4h2(t)µ2(t)µ4(t)) + a(yh(t), t)×
× (2yh(t)(2µ4(t)(µ1(t)− µ2(t))− µ2

3(t)+

+ 2h(t)µ2(t)µ3(t)− h2(t)µ1(t)µ2(t))+

+ 3µ5(t)(µ2(t)− µ1(t))− h2(t)µ2(t)µ3(t)−
− 2h(t)µ2(t)µ4(t) + h3(t)µ1(t)µ2(t)+

+ 2µ3(t)µ4(t)))w(y, t)dy − h(t)

1∫
0

(v(y, t)×

× c(yh(t), t) + f(yh(t), t))(h2(t)y2(2µ4(t)×
× (µ1(t)− µ2(t)) + 2h(t)µ2(t)µ3(t)−
− µ2

3(t)− h2(t)µ1(t)µ2(t)) + yh(t)(2µ3(t)×
× µ4(t) + 3µ5(t)(µ2(t)− µ1(t))− h2(t)×
× µ2(t)µ3(t)− 2h(t)µ2(t)µ4(t) + h3(t)×
× µ1(t)µ2(t))− 3h(t)µ2(t)µ5(t) + 3µ3(t)×
× µ5(t)− h3(t)µ2(t)µ3(t)− 4µ2

4(t)+
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+ 4h2(t)µ2(t)µ4(t))dy + (3µ3(t)µ5(t)−
− 4µ2

4(t)− 3h(t)µ2(t)µ5(t) + 4h2(t)µ2(t)×
× µ4(t)− h3(t)µ2(t)µ3(t))µ

′
3(t) + µ′

4(t)×
× (3(µ2(t)− µ1(t))µ5(t)− h2(t)µ2(t)µ3(t)−
− 2h(t)µ2(t)µ4(t) + h3(t)µ1(t)µ2(t)+

+ 2µ3(t)µ4(t)) + µ′
5(t)(2(µ1(t)− µ2(t))×

× µ4(t) + 2h(t)µ2(t)µ3(t)− h2(t)µ1(t)×

× µ2(t)− µ2
3(t))

](
µ2(t)(2h(t)µ3(t)µ4(t)−

− h2(t)µ2
3(t)− 4µ2

4(t) + 2h2(t)µ1(t)µ4(t)+

+ 3(µ3(t)− h(t)µ1(t))µ5(t))
)−1

,

t ∈ [0, T ]. (19)

Îòæå, çàäà÷ó (5)�(10) çâåäåíî
äî ñèñòåìè iíòåãðàëüíèõ ðiâíÿíü
(11), (15)�(19) âiäíîñíî íåâiäîìèõ
(h(t), v(y, t), w(y, t), b1(t), b2(t), p(t)). Çàäà-÷à
(5)�(10) òà ñèñòåìà ðiâíÿíü (11), (15)�(19)
¹ åêâiâàëåíòíèìè ó òàêîìó ñåíñi: ÿêùî
(h, b1, b2, v) ∈ C1[0, T ]× (C[0, T ])2 × C2,1(QT )
¹ ðîçâ'ÿçêîì çàäà÷i (5)�(10), òî
(h, v, w, b1, b2, p) ∈ C[0, T ] × (C(QT ))

2 ×
(C[0, T ])3 ¹ ðîçâ'ÿçêîì ñèñòåìè ðiâíÿíü (11),
(15)�(19). Ïîêàæåìî, ùî ïðàâèëüíèì ¹ i
îáåðíåíå òâåðäæåííÿ.

Íåõàé (h(t), v(y, t), w(y, t), b1(t), b2(t), p(t))
¹ íåïåðåðâíèì ðîçâ'ÿçêîì ñèñòåìè ðiâíÿíü
(11), (15)�(19). Ïðîäèôåðåíöiþ¹ìî (15) çà
çìiííîþ y. Ïðàâi ÷àñòèíè îòðèìàíî¨ ðiâíî-
ñòi òà ðiâíîñòi (16) ñïiâïàäàþòü, òîìó ìîæå-
ìî çðîáèòè âèñíîâîê, ùî w(y, t) = vy(y, t).
Îòæå, ôóíêöiÿ v ∈ C2,1(QT ) çàäîâîëüíÿ¹
ðiâíÿííÿ

vt =
a(yh(t), t)

h2(t)
vyy +

(
y(h(t)b1(t) + p(t))

h(t)
+

+
b2(t)

h(t)

)
vy + c(yh(t), t)v + f(yh(t), t),

(y, t) ∈ QT , (20)

òà óìîâè (6), (7) äëÿ äîâiëüíèõ íåïåðåðâíèõ
íà [0, T ] ôóíêöié b1(t), b2(t), h(t), p(t). Ç ðiâ-
íîñòi (11) âèïëèâà¹ óìîâà (8). Ïîäàìî (17)�
(19) ó âèãëÿäi

b1(t)(h(t)µ2(t)− µ3(t)) + b2(t)(µ2(t)− µ1(t))+

+p(t)µ2(t) =

1∫
0

ax(yh(t), t)vy(y, t)dy + µ′
3(t)−

−h(t)
1∫

0

(c(yh(t), t)v(y, t) + f(yh(t), t))dy+

+
a(0, t)vy(0, t)− a(h(t), t)vy(1, t)

h(t)
, (21)

b1(t)(h
2(t)µ2(t)− 2µ4(t))+

+b2(t)(h(t)µ2(t)− µ3(t)) + p(t)h(t)µ2(t) =

= −a(h(t), t)vy(1, t) +
1∫

0

(yh(t)ax(yh(t), t)+

+a(yh(t), t))vy(y, t)dy − h2(t)

1∫
0

y(v(y, t)×

×c(yh(t), t) + f(yh(t), t))dy + µ′
4(t), (22)

b1(t)(h
3(t)µ2(t)− 3µ5(t))+

+b2(t)(h
2(t)µ2(t)− 2µ4(t)) + p(t)h2(t)µ2(t) =

= −h(t)a(h(t), t)vy(1, t) + h(t)

1∫
0

yvy(y, t)×

×(yh(t)ax(yh(t), t) + 2a(yh(t), t))dy−

−h3(t)
1∫

0

y2(c(yh(t), t)v(y, t)+

+f(yh(t), t))dy + µ′
5(t). (23)

Ïðèïóùåííÿ òåîðåìè äîçâîëÿþòü íàì ïðî-
äèôåðåíöiþâàòè (11) çà t. Âèêîðèñòàâøè
òå, ùî ôóíêöiÿ v(y, t) çàäîâîëüíÿ¹ ðiâíÿí-
íÿ (20), òà âiäíÿâøè âiä îòðèìàíî¨ ðiâíîñòi
(21), îäåðæèìî

(h′(t)− p(t))
µ3(t)

h(t)
= 0.

Çâiäñè ðîáèìî âèñíîâîê, ùî p(t) = h′(t),
h ∈ C1[0, T ] i ôóíêöiÿ v(y, t) çàäîâîëüíÿ¹
ðiâíÿííÿ (5). Çâåäåìî (22), (23) äî âèãëÿäó

2h′(t)h(t)

1∫
0

yv(y, t)dy+h2(t)

1∫
0

y

(
f(yh(t), t)+
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+c(yh(t), t)v(y, t) +
a(yh(t), t)

h2(t)
vyy(y, t)+

+
yh(t)b1(t) + b2(t) + yh′(t)

h(t)
vy(y, t)

)
dy =

= µ′
4(t),

3h′(t)h2(t)

1∫
0

y2v(y, t)dy+h3(t)

1∫
0

y2
(
v(y, t)×

×c(yh(t), t)+f(yh(t), t)+ a(yh(t), t)

h2(t)
vyy(y, t)+

+
yh(t)b1(t) + b2(t) + yh′(t)

h(t)
vy(y, t)

)
dy =

= µ′
5(t).

Âèêîðèñòàâøè ðiâíÿííÿ (5) òà ïðîiíòåãðó-
âàâøè âiä 0 äî t, îäåðæó¹ìî óìîâè (9), (10).

Îòæå, åêâiâàëåíòíiñòü çàäà÷i (5)�(10) òà
ñèñòåìè ðiâíÿíü (11), (15)�(19) ó âèùå çà-
çíà÷åíîìó ñåíñi äîâåäåíî.

Ïîäàìî çíàìåííèê ó (17)�(19) ó âèãëÿäi

2h(t)µ3(t)µ4(t)− h2(t)µ2
3(t)− 4µ2

4(t)+

+2h2(t)µ1(t)µ4(t)+3(µ3(t)−h(t)µ1(t))µ5(t) =

=
h4(t)

2

[ 1∫
0

(1− y)(1− 2y)w(y, t)dy×

×
1∫

0

y(1− y)w(y, t)dy +

1∫
0

(1− y)w(y, t)dy×

×
1∫

0

y(1− y)(2y − 1)w(y, t)dy

]
.

Çãiäíî ç ïðèïóùåííÿìè òåîðåìè ç (16) ìî-
æåìî çðîáèòè âèñíîâîê ïðî iñíóâàííÿ òàêî-
ãî ÷èñëà t1, 0 < t1 ≤ T , ùî

w(y, t) ≥ h0
2
min
[0,1]

φ′(yh0) > 0, (y, t) ∈ Qt1 .

Òîäi

1∫
0

(1− y)w(y, t)dy > 0, t ∈ [0, t1],

1∫
0

y(1− y)w(y, t)dy > 0, t ∈ [0, t1].

Ïîäàìî âèðàçè

1∫
0

(1 − y)(1 − 2y)w(y, t)dy,

1∫
0

y(1− y)(2y − 1)w(y, t)dy ó âèãëÿäi

1∫
0

(1− y)(1− 2y)w(y, t)dy =

1
2∫

0

(1− 2y)×

×((1− y)w(y, t)− yw(1− y, t))dy, (24)

1∫
0

y(1− y)(2y − 1)w(y, t)dy =

1
2∫

0

y(1− y)×

×(1− 2y)(w(1− y, t)− w(y, t))dy. (25).

Ïiäñòàâèìî (16) â (24). Âñi äîäàíêè, êðiì
ïåðøîãî, ïðè t → 0 ïðÿìóþòü äî íóëÿ. Òî-
äi ìîæåìî ââàæàòè, ùî iñíó¹ òàêå ÷èñëî
t2, 0 < t2 ≤ T , ùî

1∫
0

(1− y)(1− 2y)w(y, t)dy ≥ h0
2

1
2∫

0

(1− 2y)×

×((1− y)φ′(yh0)− yφ′(h0(1− y)))dy > 0,

t ∈ [0, t2].

Ïiäñòàâèâøè (16) â (25), ìîæåìî çðîáèòè
âèñíîâîê ïðî iñíóâàííÿ òàêîãî ÷èñëà t3,
0 < t3 ≤ T , ùî

1∫
0

y(1− y)(2y− 1)w(y, t)dy ≥ h0
2

1
2∫

0

y(1− y)×

×(1− 2y)(φ′(h0(1− y))− φ′(yh0))dy > 0,

t ∈ [0, t3].

Òàêèì ÷èíîì,

2h(t)µ3(t)µ4(t) + 3(µ3(t)− h(t)µ1(t))µ5(t)−

−h2(t)µ2
3(t)− 4µ2

4(t) + 2h2(t)µ1(t)µ4(t) ≥
≥ C0 > 0, t ∈ [0, t4],
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t4 = min{t1, t2, t3}. (26)

Âñòàíîâèìî îöiíêè ðîçâ'ÿçêiâ ñèñòåìè
ðiâíÿíü (11), (15)�(19).

Ïîçíà÷èìî W (t) = max
y∈[0,1]

|w(y, t)|. Ç (17)�

(19), âðàõîâóþ÷è (12), (26), îäåðæó¹ìî

|b1(t)| ≤ C1+C2W (t), |b2(t)| ≤ C3+C4W (t),

|p(t)| ≤ C5 + C6W (t) t ∈ [0, t4]. (27)

Âèêîðèñòîâóþ÷è (12), (27) òà îöiíêè ôóí-
êöi¨ Ãðiíà [10], ç (16) îòðèìó¹ìî

W (t) ≤ C7+C8

t∫
0

W (τ) +W 2(τ)√
t− τ

dτ, t ∈ [0, t4].

Ìåòîä ðîçâ'ÿçóâàííÿ îñòàííüî¨ íåðiâíîñòi
ïîäàíî â [11]. Çâiäñè îòðèìó¹ìî îöiíêó

W (t) ≤M2 <∞, t ∈ [0, t5],

äå t5, 0 < t5 ≤ t4, âèçíà÷à¹òüñÿ ñòàëèìè
C7, C8. Òîäi

|b1(t)| ≤ C1 + C2M2 ≡ B1,

|b2(t)| ≤ C3 + C4M2 ≡ B2,

|p(t)| ≤ C5 + C6M2 ≡ B3, t ∈ [0, t5].

Ïîäàìî ñèñòåìó ðiâíÿíü (11), (15)�(19) ó
âèãëÿäi îïåðàòîðíîãî ðiâíÿííÿ

ω = Pω,

äå ω = (h(t), v(y, t), w(y, t), b1(t), b2(t), p(t)), à
îïåðàòîð P âèçíà÷à¹òüñÿ ïðàâèìè ÷àñòèíà-
ìè ðiâíÿíü (11), (15)�(19).

Âiçüìåìî äîâiëüíi (h, v, w, b1, b2, p), äëÿ
ÿêèõ ñïðàâåäëèâi âèùå âñòàíîâëåíi îöiíêè.
Îöiíèìî ïðàâó ÷àñòèíó ðiâíÿííÿ (16):

|P3w| ≤ C9 + C10

√
t.

Âèáèðàþ÷è ÷èñëî t6, 0 < t6 ≤ T, òàê, ùîá
âèêîíóâàëàñü íåðiâíiñòü C9 + C10

√
t6 ≤ M2,

îòðèìà¹ìî

|P3w| ≤M2, (y, t) ∈ [0, 1]× [0, t6].

Ïîçíà÷èìî N = {(h, v, w, b1, b2, p) ∈
C[0, T0] × (C(QT0

))2 × (C[0, T0])
3 :

H0 ≤ h(t) ≤ H1, M0 ≤ v(y, t) ≤ M1,

|w(y, t)| ≤ M2, |b1(t)| ≤ B1, |b2(t)| ≤ B2,
|p(t)| ≤ B3}, äå T0 = min{t5, t6}. Î÷åâèäíî,
ùî ìíîæèíà N çàäîâîëüíÿ¹ óìîâè òåîðåìè
Øàóäåðà, à îïåðàòîð P ïåðåâîäèòü N â
ñåáå. Òå, ùî îïåðàòîð P öiëêîì íåïåðåðâíèé
íà N , äîâîäèòüñÿ ÿê â [12].

Îòæå, çà òåîðåìîþ Øàóäåðà ïðî íåðó-
õîìó òî÷êó öiëêîì íåïåðåðâíîãî îïåðàòîðà
iñíó¹ ðîçâ'ÿçîê ñèñòåìè ðiâíÿíü (11), (15)�
(19) i, âiäïîâiäíî, ðîçâ'ÿçîê çàäà÷i (5)�(10)
ïðè (y, t) ∈ QT0

.
3. �äèíiñòü ðîçâ'ÿçêó çàäà÷i (5)�

(10).
Òåîðåìà 2. Íåõàé âèêîíóþòüñÿ óìîâè:

a ∈ C2,0([0,∞)× [0, T ]), a(x, t) > 0, (x, t) ∈

∈ [0,∞)× [0, T ], c, f ∈ C1,0([0,∞)× [0, T ]),

µi(t) > 0, i = 2, 3, t ∈ [0, T ], φ(x) ≥ φ0 > 0,

x ∈ [0,∞), (h0 − x)φ′(x)− xφ′(h0 − x) > 0,

φ′(h0−x)−φ′(x) > 0, x ∈
[
0,
h0
2

)
, φ′(x) > 0,

x ∈ [0, h0].

Òîäi ìîæíà âêàçàòè òàêå ÷èñëî t4,
0 < t4 ≤ T , ÿêå âèçíà÷à¹òüñÿ âèõiäíè-
ìè äàíèìè, ùî çàäà÷à (5)�(10) íå ìîæå
ìàòè äâîõ ðiçíèõ ðîçâ'ÿçêiâ (h, b1, b2, v) ∈
C1[0, t4] × (C[0, t4])

2 × C2,1(Qt4), h(t) > 0,
t ∈ [0, t4].
Äîâåäåííÿ. Ïðèïóñòèìî, ùî

(hi(t), b1i(t), b2i(t), vi(y, t)), i = 1, 2, � äâà
ðîçâ'ÿçêè çàäà÷i (5)�(10). Ïîçíà÷èìî

b2i(t)

hi(t)
= qi(t),

h′i(t)

hi(t)
= si(t), i = 1, 2,

r(t) = b11(t)− b12(t), q(t) = q1(t)− q2(t),

s(t) = s1(t)− s2(t), v(y, t) = v1(y, t)− v2(y, t).

Ôóíêöi¨ r(t), q(t), s(t), v(y, t) çàäîâîëüíÿþòü
ðiâíÿííÿ

vt =
a(yh1(t), t)

h21(t)
vyy + (y(b11(t) + s1(t))+

+q1(t))vy + c(yh1(t), t)v+

(
a(yh1(t), t)

h21(t)
−

−a(yh2(t), t)
h22(t)

)
v2yy + (y(r(t) + s(t))+
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+q(t))v2y + (c(yh1(t), t)− c(yh2(t), t))v2+

+f(yh1(t), t)− f(yh2(t), t), (y, t) ∈ QT , (28)

òà óìîâè

v(y, 0) = 0, y ∈ [0, 1], (29)

v(0, t) = v(1, t) = 0, t ∈ [0, T ], (30)
1∫

0

v(y, t)dy = µ3(t)

(
1

h1(t)
− 1

h2(t)

)
,

1∫
0

yv(y, t)dy = µ4(t)

(
1

h21(t)
− 1

h22(t)

)
,

1∫
0

y2v(y, t)dy = µ5(t)

(
1

h31(t)
− 1

h32(t)

)
,

t ∈ [0, T ]. (31)

Çà äîïîìîãîþ ôóíêöi¨ Ãðiíà G∗
1(y, t, η, τ)

ïåðøî¨ êðàéîâî¨ çàäà÷i äëÿ ðiâíÿííÿ

vt =
a(yh1(t), t)

h21(t)
vyy + (y(b11(t) + s1(t))+

+q1(t))vy + c(yh1(t), t)v

ç óðàõóâàííÿì óìîâ (29), (30) ôóíêöiþ
v(y, t) ïîäàìî ó âèãëÿäi

v(y, t) =

t∫
0

1∫
0

G∗
1(y, t, η, τ)

[(
a(ηh1(τ), τ)

h21(τ)
−

−a(ηh2(τ), τ)
h22(τ)

)
v2ηη(η, τ) + (η(r(τ) + s(τ))+

+q(τ))v2η(η, τ)+(c(ηh1(τ), τ)−c(ηh2(τ), τ))×

×v2(η, τ) + f(ηh1(τ), τ)− f(ηh2(τ), τ)

]
dηdτ,

(y, t) ∈ QT . (32)

Îñêiëüêè äëÿ b1i(t), b2i(t), h′i(t), i = 1, 2,
ñïðàâäæóþòüñÿ ðiâíîñòi, àíàëîãi÷íi äî (17)�
(19), òî çâiäñè îòðèìó¹ìî

s(t)µ2(t) + q(t)(µ2(t)− µ1(t)) + r(t)

(
µ2(t)−

− µ3(t)

h1(t)

)
=

(
1

h1(t)
− 1

h2(t)

)(
b12(t)µ3(t)+

+ µ′
3(t) +

1∫
0

ax(yh2(t), t)v2y(y, t)dy

)
+

+ (a(0, t)v2y(0, t)− a(h2(t), t)v2y(1, t))×

×
(

1

h21(t)
− 1

h22(t)

)
− v2y(1, t)

h21(t)
(a(h1(t), t)−

− a(h2(t), t)) +
1

h1(t)

1∫
0

((ax(yh1(t), t)−

− ax(yh2(t), t))v2y(y, t) + ax(yh1(t), t)×

× vy(y, t))dy −
1∫

0

(c(yh1(t), t)v(y, t)+

+ (c(yh1(t), t)− c(yh2(t), t))v2(y, t)+

+ f(yh1(t), t)− f(yh2(t), t))dy + a(0, t)×

×vy(0, t)
h21(t)

−a(h1(t), t)
vy(1, t)

h21(t)
, t ∈ [0, T ], (33)

q(t)(h1(t)µ1(t)− µ3(t)) + r(t)

(
µ3(t)−

− 2µ4(t)

h1(t)

)
=

(
1

h1(t)
− 1

h2(t)

)(
µ′
4(t)+

+

1∫
0

v2y(y, t)(h2(t)(y − 1)ax(yh2(t), t)+

+ a(yh2(t), t))dy − a(0, t)v2y(0, t)+

+ 2b12(t)µ4(t)

)
+

( 1∫
0

(1− y)(v2(y, t)×

× c(yh2(t), t) + f(yh2(t), t))dy +
1

h1(t)
×

×
1∫

0

(y − 1)ax(yh2(t), t)v2y(y, t)dy−

− q2(t)µ1(t)

)
(h1(t)− h2(t))− a(0, t)×

× vy(0, t)

h1(t)
+

1

h1(t)

1∫
0

(h1(t)ax(yh1(t), t)×

× (y − 1) + a(yh1(t), t))vy(y, t)dy +
1

h1(t)
×

×
1∫

0

(h1(t)(ax(yh1(t), t)− ax(yh2(t), t))×

× (y − 1) + a(yh1(t), t)− a(yh2(t), t))×
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× v2y(y, t)dy + h1(t)

1∫
0

(1− y)(c(yh1(t), t)×

× v(y, t) + (c(yh1(t), t)− c(yh2(t), t))×
× v2(y, t) + f(yh1(t), t)− f(yh2(t), t))dy,

t ∈ [0, T ], (34)

r(t) =

[
(h2(t)µ3(t)− 2µ4(t))a(0, t)v2y(0, t)+

+

1∫
0

v2y(y, t)(h2(t)ax(yh2(t), t)(h2(t)y
2×

× (h2(t)µ1(t)− µ3(t)) + y(2µ4(t)− h22(t)×
× µ1(t)) + h2(t)µ3(t)− 2µ4(t)) + (2µ4(t)−
− h22(t)µ1(t) + 2yh2(t)(h2(t)µ1(t)− µ3(t)))×

× a(yh2(t), t))dy − h22(t)

1∫
0

(c(yh2(t), t)×

× v2(y, t) + f(yh2(t), t))(h2(t)y
2(h2(t)×

× µ1(t)− µ3(t)) + y(2µ4(t)− h22(t)µ1(t))+

+ h2(t)µ3(t)− 2µ4(t))dy + (h2(t)µ3(t)−
− 2µ4(t))h2(t)µ

′
3(t) + µ′

4(t)(2µ4(t)− h22(t)×

× µ1(t)) + µ′
5(t)(h2(t)µ1(t)− µ3(t))

]
×

× ((h1(t)− h2(t))(3µ1(t)µ5(t)− 2µ3(t)×
× µ4(t)) + (h21(t)− h22(t))(µ

2
3(t)− 2µ1(t)×

× µ4(t)))
(
(2h1(t)µ3(t)µ4(t)− 4µ2

4(t)−
− h21(t)µ

2
3(t) + 3(µ3(t)− h1(t)µ1(t))µ5(t)+

+ 2h21(t)µ1(t)µ4(t))(2h2(t)µ3(t)µ4(t)−
− 4µ2

4(t)− h22(t)µ
2
3(t) + 3(µ3(t)− h2(t)×

× µ1(t))µ5(t) + 2h22(t)µ1(t)µ4(t))
)−1

+

+

[
(h1(t)− h2(t))(µ1(t)µ

′
5(t)− 2µ′

3(t)µ4(t)+

+ µ3(t)a(0, t)v2y(0, t)) + (h21(t)− h22(t))×
× (µ3(t)µ

′
3(t)− µ1(t)µ

′
4(t)) + (h1(t)µ3(t)−

− 2µ4(t))a(0, t)vy(0, t) + h21(t)

1∫
0

(h1(t)y
2×

× (µ3(t)− h1(t)µ1(t)) + y(h21(t)µ1(t)−

− 2µ4(t))− h1(t)µ3(t) + 2µ4(t))(c(yh1(t), t)×
× v(y, t) + (c(yh1(t), t)− c(yh2(t), t))×
× v2(y, t) + f(yh1(t), t)− f(yh2(t), t))dy+

+

1∫
0

(2µ4(t)(1− y)(h21(t)− h22(t)) + µ3(t)×

× (y2 − 1)(h31(t)− h32(t)) + µ1(t)y(1− y)×
× (h41(t)− h42(t)))(c(yh2(t), t)v2(y, t)+

+ f(yh2(t), t))dy +

1∫
0

(a(yh1(t), t)(2µ4(t)−

− h21(t)µ1(t) + 2yh1(t)(h1(t)µ1(t)− µ3(t)))+

+ h1(t)ax(yh1(t), t)(h1(t)y
2(h1(t)µ1(t)−

− µ3(t)) + y(2µ4(t)− h21(t)µ1(t))− 2µ4(t)+

+ h1(t)µ3(t)))vy(y, t)dy +

1∫
0

((a(yh1(t), t)−

− a(yh2(t), t))(2µ4(t)− h21(t)µ1(t) + 2y×
× h1(t)(h1(t)µ1(t)− µ3(t))) + h1(t)(h1(t)×
× y2(h1(t)µ1(t)− µ3(t)) + y(2µ4(t)−
− h21(t)µ1(t)) + h1(t)µ3(t)− 2µ4(t))×
× (ax(yh1(t), t)− ax(yh2(t), t)) + 2(h1(t)−
− h2(t))(µ4(t)(y − 1)ax(yh2(t), t)− yµ3(t)×
× a(yh2(t), t)) + (h21(t)− h22(t))(µ3(t)×
× (1− y2)ax(yh2(t), t) + (2y − 1)µ1(t)×
× a(yh2(t), t)) + (h31(t)− h32(t))µ1(t)(y

2−

− y)ax(yh2(t), t))v2y(y, t)dy

](
2h1(t)µ3(t)×

× µ4(t)− 4µ2
4(t)− h21(t)µ

2
3(t) + 3(µ3(t)−

− h1(t)µ1(t))µ5(t) + 2h21(t)µ1(t)µ4(t)
)−1

,

t ∈ [0, T ], (35)

Çãiäíî ç (26) ìà¹ìî

2hi(t)µ3(t)µ4(t) + 3(µ3(t)− hi(t)µ1(t))µ5(t)−
−h2i (t)µ2

3(t)− 4µ2
4(t) + 2h2i (t)µ1(t)µ4(t) ≥

≥ C0 > 0, t ∈ [0, t4], i = 1, 2.

Ïðîäèôåðåíöiþâàâøè (32) çà çìiííîþ y,
îäåðæó¹ìî

vy(y, t) =

t∫
0

1∫
0

G∗
1y(y, t, η, τ)

[(
a(ηh1(τ), τ)

h21(τ)
−
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−a(ηh2(τ), τ)
h22(τ)

)
v2ηη(η, τ) + (η(r(τ) + s(τ))+

+q(τ))v2η(η, τ)+(c(ηh1(τ), τ)−c(ηh2(τ), τ))×

×v2(η, τ) + f(ηh1(τ), τ)− f(ηh2(τ), τ)

]
dηdτ,

(y, t) ∈ QT . (36)

Âèðàçèìî hi(t) ÷åðåç si(t)

hi(t) = hi(0) exp

 t∫
0

si(τ)dτ

 , i = 1, 2,

äå h1(0) = h2(0) = h0. Çâiäñè, âèêîðèñòîâó-
þ÷è ðiâíiñòü

ex − ey = (x− y)

1∫
0

ey+τ(x−y)dτ,

îòðèìó¹ìî

1

h1(t)
− 1

h2(t)
= − 1

h0

t∫
0

s(τ)dτ×

×
1∫

0

exp

−
t∫

0

(σs(τ) + s2(τ))dτ

 dσ. (37)

Àíàëîãi÷íî (37) ìîæåìî âèêîðè-
ñòàòè äëÿ çîáðàæåííÿ ðiçíèöü
1

h21(t)
− 1

h22(t)
, h1(t) − h2(t), h

2
1(t) − h22(t),

h31(t)− h32(t), h
4
1(t)− h42(t).

Ïðèïóùåííÿ òåîðåìè çàáåçïå÷óþòü ïðà-
âèëüíiñòü ðiâíîñòi

f(yh1(t), t)− f(yh2(t), t) = y(h1(t)− h2(t))×

×
1∫

0

fx(y(h2(t) + σ(h1(t)− h2(t))), t)dσ, (38)

ùî ñïðàâåäëèâà i äëÿ a(yhi(t), t),
ax(yhi(t), t), c(yhi(t), t), i = 1, 2.

Âèêîðèñòàâøè (37), (38) i ïiäñòàâèâøè
(32), (36) â (33)�(35), îäåðæèìî ñèñòå-
ìó îäíîðiäíèõ iíòåãðàëüíèõ ðiâíÿíü Âîëü-
òåððà äðóãîãî ðîäó âiäíîñíî íåâiäîìèõ
s(t), q(t), r(t) ç ÿäðàìè, ùî ìàþòü iíòå-
ãðîâíi îñîáëèâîñòi. Çâiäñè îòðèìó¹ìî, ùî

s(t) = 0, q(t) = 0, r(t) = 0, t ∈
[0, t4]. Òîìó s1(t) = s2(t), q1(t) = q2(t),
b11(t) = b12(t), t ∈ [0, t4]. Îòæå,
h1(t) = h2(t), b21(t) = b22(t), t ∈ [0, t4]. Âðà-
õîâóþ÷è öå â çàäà÷i (28)�(30), çíàõîäèìî,
ùî v1(y, t) = v2(y, t), (y, t) ∈ Qt4 .
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