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ÇÀÄÀ×I Â ÍÅÎÁÌÅÆÅÍIÉ ÎÁËÀÑÒI ÄËß ÎÄÍÎÃÎ ÍÅËIÍIÉÍÎÃÎ

ÅÂÎËÞÖIÉÍÎÃÎ ÐIÂÍßÍÍß Ï'ßÒÎÃÎ ÏÎÐßÄÊÓ
Ïðàöÿ ïðèñâÿ÷åíà äîñëiäæåííþ ïåðøî¨ ìiøàíî¨ çàäà÷i äëÿ ñèëüíî íåëiíiéíîãî ðiâíÿííÿ

ï'ÿòîãî ïîðÿäêó â íåîáìåæåíié îáëàñòi. Ðîçãëÿíóòå ðiâíÿííÿ óçàãàëüíþ¹ ðiâíÿííÿ êîëèâàíü
áàëêè, ùî âèâ÷à¹òüñÿ â òåîði¨ ïðóæíîñòi. Îòðèìàíî óìîâè iñíóâàííÿ óçàãàëüíåíîãî ðîçâ'ÿçêó
â ïðîñòîðàõ ëîêàëüíî iíòåãðîâíèõ ôóíêöié.

The paper is devoted to investigation of the �rst mixed problem for strongly nonlinear
equation of the �fth order in unbounded domain. Described equation generalizes the equation of
beam vibrations, which is studied in elasticity theory. The conditions of the existence of generalized
solution in the spaces of local integrable functions have been obtained.

Ó öié ïðàöi äîñëiäæåíî ïåðøó ìiøàíó çà-
äà÷ó â íåîáìåæåíié îáëàñòi äëÿ íåëiíiéíîãî
ðiâíÿííÿ

utt +
n∑

i,j=1

(
aij(x, t)

∣∣utxixj

∣∣p2−2
utxixj

)
xixj

−

−
n∑

i=1

(
ai(x, t) |utxi

|p1−2 utxi

)
xi

+ d(x, t)ut +

+
∑

|α|=|β|≤2

(−1)|α|Dβ (bαβ(x)Dαu) +

+
∑

1≤|α|≤2

cα(x, t)Dαu + g(x, ut) = f(x, t), (1)

Dα =
∂|α|

∂x1
α1 · · · ∂xn

αn
, α = (α1, ..., αn) , αi ∈

N ∪ {0} , i = 1, ..., n , |α| = α1 + ... + αn .
Êîåôiöi¹íòè òà ïðàâà ÷àñòèíà ðiâíÿííÿ (1)
¹ äiéñíîçíà÷íèìè ôóíêöiÿìè.

Ó ïðàöi [1] äîñëiäæåíî iñíóâàííÿ ñëàá-
êèõ ðîçâ'ÿçêiâ ìiøàíèõ çàäà÷ â îáìåæåíié
îáëàñòi äëÿ äåÿêî¨ ñèñòåìè ëiíiéíèõ ðiâíÿíü
ç ÷àñòèííèìè ïîõiäíèìè, îäíà ç íåâiäîìèõ
ôóíêöié ó ÿêié îïèñó¹ âåðòèêàëüíå çìiùåí-
íÿ áàëêè. Âiäïîâiäíå ðiâíÿííÿ òàêî¨ ñèñòåìè
utt +autxxxx +buxxxx = f ¹ ÷àñòèííèì âèïàä-
êîì ðiâíÿííÿ âèãëÿäó (1) çà óìîâ n = 1 ,
p2 = 2 , ai = 0 , i = 1, ..., n , d = 0 , bαβ = 0 ,
0 ≤ |α| = |β| ≤ 1 , cα = 0 , 1 ≤ |α| ≤ 2 ,

g = 0 . Ðiâíÿííÿ (1) óçàãàëüíþ¹ ìîäåëü êî-
ëèâàííÿ áàëêè ó ñåðåäîâèùi ç îïîðîì (äèâ.
[1] òà ïîäàíó òàì áiáëiîãðàôiþ). Çàçíà÷èìî,
ùî ìiøàíà çàäà÷à â îáìåæåíié îáëàñòi äëÿ
ðiâíÿííÿ (1) çà óìîâè p1 > 1 , p2 > 1 âèâ÷å-
íà ó ïðàöi [2]. Äëÿ äîñëiäæåííÿ êëàñiâ êîðå-
êòíîñòi óçàãàëüíåíîãî ðîçâ'ÿçêó âèêîðèñòà-
íî ìåòîä Ãàëüîðêiíà òà ìåòîä ìîíîòîííîñòi.

Ó öié ïðàöi äîñëiäæåíî ìiøàíó çàäà÷ó â
íåîáìåæåíié îáëàñòi äëÿ ðiâíÿííÿ ï'ÿòîãî
ïîðÿäêó (1), äåÿêi êîåôiöi¹íòè ó ÿêîìó ìî-
æóòü ñòåïåíåâèì ÷èíîì çðîñòàòè ïðè |x| →
∞ . Îòðèìàíî óìîâè iñíóâàííÿ óçàãàëüíåíî-
ãî ðîçâ'ÿçêó áåç îáìåæåíü íà ïîâåäiíêó ïðè
|x| → ∞ ðîçâ'ÿçêó, ïðàâî¨ ÷àñòèíè ðiâíÿííÿ
òà ïî÷àòêîâèõ äàíèõ. Ïðè öüîìó ïðèïóñêà-
¹ìî, ùî p2 > 2 , p1 > 2 .

Çàçíà÷èìî, ùî îòðèìàíi óìîâè iñíóâàí-
íÿ ðîçâ'ÿçêó ïðîäîâæóþòü ðåçóëüòàòè ïðàöi
[3], â ÿêié ðîçãëÿíóòî ìiøàíó çàäà÷ó äëÿ ðiâ-
íÿííÿ âèãëÿäó (1) çà óìîâ p2 = 2 , p1 = 2 , òà
ðåçóëüòàòè ïðàöi [4], â ÿêié àíàëîãi÷íà çàäà-
÷à âèâ÷åíà äëÿ ðiâíÿííÿ âèãëÿäó (1) â ïðè-
ïóùåííi p2 = 2 , 1 < p1 < 2 .

Â îáëàñòi QT = Ω × (0, T ) , Ω ⊂ Rn ,
0 < T < ∞ ðîçãëÿäà¹ìî äëÿ ðiâíÿííÿ (1)
ìiøàíó çàäà÷ó ç ïî÷àòêîâèìè óìîâàìè

u|t=0 = u0(x), (2)

ut|t=0 = u1(x) (3)
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òà êðàéîâèìè óìîâàìè

u|ST
= 0,

∂u

∂ν

∣∣∣∣
ST

= 0, (4)

äå ST = ∂Ω × (0, T ) � ái÷íà ïîâåðõíÿ îáëà-
ñòi QT , ν � îäèíè÷íèé âåêòîð çîâíiøíüî¨
íîðìàëi äî ïîâåðõíi ∂Ω .

Ïðèïóñêà¹ìî, ùî Ω � íåîáìåæåíà
îáëàñòü ç ìåæåþ ∂Ω êëàñó C1 , ïðè÷îìó
ΩR = Ω ∩ {x ∈ Rn : |x| < R} � îáëàñòü
äëÿ äîâiëüíîãî R > 1 ç ðåãóëÿðíîþ çà
Êàëüäåðîíîì [5, c. 45] ìåæåþ ∂ΩR . Ïîçíà-
÷èìî Qτ = Ω × (0, τ) , QR

τ = ΩR × (0, τ) ,
Ωτ = QT ∩ {t| t = τ} äëÿ äîâiëüíèõ
τ ∈ [0, T ] , R > 1 , ∂ΩR = ΓR

1 ∪ ΓR
2 ,

ΓR
1 = ∂Ω ∩ ∂ΩR , ΓR

2 = ∂ΩR\ΓR
1 .

Âèêîðèñòîâó¹ìî íàäàëi òàêi ôóíêöiéíi
ïðîñòîðè:

H2
0,ΓR

1
(ΩR)=

{
u∈H2(ΩR): u|ΓR

1
= 0,

∂u

∂ν

∣∣∣∣
ΓR

1

=0
}

,

H2
0,loc(Ω)=

{
u : u ∈ H2

0,ΓR
1

(
ΩR

) ∀R > 1
}

,

W 1,p1

0,ΓR
1
(ΩR) =

{
u ∈ W 1,p1(ΩR) : u|ΓR

1
= 0

}
,

W 1,p1

0,loc(Ω) =
{

u : u ∈ W 1,p1

0,ΓR
1
(ΩR)∀R > 1

}
,

W 2,p2

0,ΓR
1
(ΩR)=

{
u∈W 2,p2(ΩR):u|ΓR

1
=0,

∂u

∂ν

∣∣∣∣
ΓR

1

= 0

}
,

W 2,p2

0,loc(Ω) =
{

u : u ∈ W 2,p2

0,ΓR
1
(ΩR)∀R > 1

}
,

Lr
loc

(
Ω

)
=

{
u:u∈Lr(ΩR)∀R > 1

}
, r ∈ (1, +∞].

Âñþäè äàëi p′ = p/(p − 1) , p′l = pl/(pl −
1) , l = 1, 2 , ÷åðåç V ∗ ïîçíà÷åíî ïðîñòið,
ñïðÿæåíèé äî ôóíêöiéíîãî ïðîñòîðó V .

Ñòîñîâíî êîåôiöi¹íòiâ, ïðàâî¨ ÷àñòèíè
ðiâíÿííÿ (1) òà ïî÷àòêîâèõ äàíèõ ïðèïóñêà-
¹ìî âèêîíàííÿ íàâåäåíèõ íèæ÷å óìîâ.

(À2) a2 ≤ aij(x, t) ≤ a2Rα2 äëÿ äîâiëü-
íèõ R > 1 , (x, t) ∈ QR

T , äå a2 > 0 , a2 > 0 ,
α2 ∈ [0; 1− (p1 − p2)n

p1p2

) , i = 1, ..., n ; ôóíêöi¨
aij,xixj

, aij,t íàëåæàòü äî ïðîñòîðó L∞
(
QT

)
,

i, j = 1, ..., n .

(À1) a1 ≤ ai(x, t) ≤ a1Rα1 äëÿ äîâiëüíèõ
R > 1 , (x, t) ∈ QR

T , äå a1 > 0 , a1 > 0 ,
i = 1, ..., n , α1 ∈ [0; 1) ; ôóíêöi¨ ai,xi

, ai,t

íàëåæàòü äî ïðîñòîðó L∞
(
QT

)
, i = 1, ..., n .

(D) Ôóíêöiÿ d ∈ L∞
(
(0, T ) ; L∞loc(Ω)

)
,

d(x, t) ≥ d0 äëÿ ìàéæå âñiõ (x, t) ∈ QT , äå
d0 � ñòàëà.

(B2) max
|α|=|β|=2

esssup
x∈ΩR

|bαβ(x)| ≤ b2R
κ2 äëÿ

äîâiëüíîãî R > 1 , äå b2 > 0 ,
κ2 ∈ [0; 1 − (p1p2 − p1 − p2)n

p1p2

) , ïðè÷îìó
∑

|α|=|β|=2

bαβξαξβ ≥ b0,2

∑
|α|=2

|ξα|2 äëÿ äîâiëü-

íèõ äiéñíèõ ÷èñåë ξα , |α| = 2 òà äëÿ ìàéæå
âñiõ x ∈ Ω , b0,2 > 0 ; ôóíêöi¨ bαβ,xixj

( |α| =
|β| = 2; i, j = 1, ..., n ) íàëåæàòü äî ïðîñòî-
ðó L∞(Ω) ; bαβ(x) = bβα(x) äëÿ ìàéæå âñiõ
x ∈ Ω , |α| = |β| = 2 .

(B1) max
|α|=|β|=1

esssup
x∈ΩR

|bαβ(x)| ≤ b1R
κ1 äëÿ

äîâiëüíîãî R > 1 , äå b1 > 0 , κ1 ∈
[0; 1− (p1 − 2)n

2p1

) , ïðè÷îìó
∑

|α|=|β|=1

bαβξαξβ ≥

b0,1

∑
|α|=1

|ξα|2 äëÿ äîâiëüíèõ äiéñíèõ ÷èñåë

ξα , |α|=1 òà äëÿ ìàéæå âñiõ x ∈ Ω , b0,1 > 0 ;
ôóíêöi¨ bαβ,xi

( |α|=|β|=1; i = 1, ..., n ) íàëå-
æàòü äî ïðîñòîðó L∞(Ω) ; bαβ(x) = bβα(x)
äëÿ ìàéæå âñiõ x ∈ Ω , |α|=|β|=1 .

(B0) Ôóíêöiÿ b00 íàëåæèòü äî ïðîñòîðó
L∞(Ω) .

(C)Ôóíêöi¨ cα , cα,t íàëåæàòü äî ïðîñòî-
ðó L∞ (QT ) , 1 ≤ |α| ≤ 2 .

(G) Ôóíêöiÿ g(x, η) � âèìiðíà çà x äëÿ
âñiõ η , íåïåðåðâíà çà η äëÿ ìàéæå âñiõ x ∈
Ω , ïðè÷îìó äëÿ äîâiëüíèõ ξ, η ∈ R òà äëÿ
ìàéæå âñiõ x ∈ Ω :

(g(x, ξ)− g(x, η)) (ξ − η) ≥ g0 |ξ − η|p ,

|g(x, η)| ≤ g1 |η|p−1 ,

äå g0 , g1 � äîäàòíi ñòàëi, p > 2 ; ôóíêöiÿ gξ

� íåïåðåðâíà çà ξ äëÿ ìàéæå âñiõ x ∈ Ω .
(F) f ∈ Lp′((0, T ); Lp′

loc(Ω)) .
(U) u0 ∈ H2

0,loc(Ω) ; u1 ∈ L2
loc(Ω) .

(P) 2 < p2 < p1 < p , ÿêùî n = 1, 2 ;
2 < p2 < p1 < p , n < min

{
(1 −
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α2)
p1p2

p1 − p2

, (1 − κ2)
p1p2

p1p2 − p1 − p2

, (2 −

κ2)
2p2

p2 − 2
, (1− κ1)

2p1

p1 − 2

}
, ÿêùî n ≥ 3 .

Îçíà÷åííÿ. Óçàãàëüíåíèì ðîçâ'ÿçêîì
çàäà÷i (1)�(4) â îáëàñòi QT íàçèâà¹ìî ôóíê-
öiþ u ∈ C([0, T ]; H2

0,loc(Ω)) òàêó, ùî ut ∈
C

(
[0, T ]; L2

loc

(
Ω

)) ∩ Lp2

(
(0, T ); W 2,p2

0,loc(Ω)
)
∩

Lp1

(
(0, T ); W 1,p1

0,loc(Ω)
)
∩ Lp

(
(0, T ) ; Lp

loc

(
Ω

))
,

ÿêà çàäîâîëüíÿ¹ óìîâó (2) òà iíòåãðàëüíó
òîòîæíiñòü
∫

Qτ

[
−utvt+

n∑
i,j=1

aij(x, t)|utxixj
|p2−2utxixj

vxixj
+

+
n∑

i=1

ai(x, t)|utxi
|p1−2utxi

vxi

]
dxdt +

+

∫

Qτ

[ ∑

|α|=|β|≤2

bαβ(x)DαuDβv − f(x, t)v +

+
∑

1≤|α|≤2

cα(x, t)Dαuv
]
dxdt +

+

∫

Qτ

d(x, t)utvdxdt +

∫

Qτ

g(x, ut)vdxdt +

+

∫

Ω

[ut(x, τ)v(x, τ)−u1(x)v(x, 0)] dx=0 (5)

äëÿ äîâiëüíîãî τ ∈ (0, T ] i äëÿ äîâiëüíî¨
ôóíêöi¨ v ∈ C1([0, T ]; C∞

0 (Ω)) .

Òåîðåìà. Íåõàé âèêîíóþòüñÿ óìîâè
(À2), (À1), (D), (B2), (B1), (B0), (C),
(G), (F), (U), (P). Òîäi iñíó¹ óçàãàëüíå-
íèé ðîçâ'ÿçîê u çàäà÷i (1)�(4) â QT .

Ä î â å ä å í í ÿ. Âèáåðåìî ïîñëiäîâ-
íiñòü îáëàñòåé

{
Ωk

}
, k = 2, 3, ... Ïîçíà÷èìî

Sk
T =∂Ωk × (0, T ) . Ðîçãëÿíåìî â îáìåæåíié

îáëàñòi Qk
T äîïîìiæíó çàäà÷ó:

utt +
n∑

i,j=1

(
aij(x, t)

∣∣utxixj

∣∣p2−2
utxixj

)
xixj

−

−
n∑

i=1

(
ai(x, t) |utxi

|p1−2 utxi

)
xi

+ d(x, t)ut +

+
∑

|α|=|β|≤2

(−1)|α|Dβ (bαβ(x)Dαu) +

+
∑

1≤|α|≤2

cα(x, t)Dαu+g(x, ut)=fk,k(x, t), (6)

u(x, 0) = uk,k
0 (x), (7)

ut(x, 0) = uk,k
1 (x), x ∈ Ωk, (8)

u|Sk
T

= 0,
∂u

∂ν

∣∣∣∣
Sk

T

= 0, (9)

äå fk,k(x, t)=

{
fk(x, t), |x| ≤ k,

0, |x| > k,
, uk,k

0 (x) =

uk
0(x)χk(x) , uk,k

1 (x) = uk
1(x)χk(x) , ïðè÷îìó

χk∈C4(Rn) , χk(x)=

{
1, |x| ≤ k − 1,

0, |x| > k,
, 0 ≤

χk(x) ≤ 1 . Ïîñëiäîâíîñòi {fk}, {uk
0}, {uk

1}
òàêi, ùî fk ∈ C1([0, T ]; C1

0(Ω)) , uk
0 ∈

C4
0(Ω), uk

1 ∈ C2
0(Ω) i fk → f â

Lp′((0, T ); Lp′
loc(Ω)) , uk

0→ u0 â H2
0,loc(Ω), uk

1→
u1 â L2

loc(Ω) ïðè k →∞.
Íà ïiäñòàâi [2, ñ. 68, òåîð. 2] ìîæíà

ñòâåðäæóâàòè: iñíó¹ ¹äèíèé óçàãàëüíåíèé
ðîçâ'ÿçîê uk çàäà÷i (6)�(9) â îáëàñòi Qk

T

òàêèé, ùî uk ∈ C([0, T ]; H2
0 (Ωk)) , uk

t ∈
C

(
[0, T ]; L2

(
Ωk

)) ∩ Lp2

(
(0, T ); W 2,p2

0 (Ωk)
)
∩

Lp1

(
(0, T ); W 1,p1

0 (Ωk)
)
∩ Lp

(
Qk

T

)
, uk

tt ∈
L∞

(
(0, T ); L2(Ωk)

) ∩ L2
(
(0, T ) ; H2

0

(
Ωk

))
.

Ðîçãëÿíåìî ïîñëiäîâíiñòü çàäà÷ âèãëÿäó
(6)�(9) äëÿ k=2 , k=3 ,... òà ïðîäîâæèìî uk

íóëåì íà QT\Qk
T . Íåõàé R>1 , τ ∈ (0, T ] �

äîâiëüíi ÷èñëà, k>R . Ðîçãëÿíåìî ôóíêöiþ
[6]

ϕR(x) =

{
R2−|x|2

R
, |x| ≤ R,

0, |x| > R.

Ëåãêî ïåðåâiðèòè ïðàâèëüíiñòü îöiíîê

R− |x| ≤ ϕR(x) ≤ 2(R− |x|),
∣∣(ϕγ

R(x))xi

∣∣ ≤ 2γϕγ−1
R (x),

∣∣∣(ϕγ
R(x))xixj

∣∣∣ ≤ 6γ2ϕγ−2
R (x). (10)
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Ðîçãëÿíåìî iíòåãðàëüíó ðiâíiñòü (5) äëÿ
ôóíêöié uk , fk , ïîêëàâøè v = uk

t ϕ
γ
R , äå

÷èñëî γ > 2 áóäå óòî÷íåíå ïiçíiøå. Âèêî-
ðèñòîâóþ÷è óìîâè òåîðåìè, îäåðæèìî

∫

QR
τ

uk
ttu

k
t ϕ

γ
R(x)dxdt +

∫

QR
τ

n∑
i,j=1

(
aij(x, t)×

×
∣∣∣uk

txixj

∣∣∣
p2−2

uk
txixj

)
xixj

uk
t ϕ

γ
R(x)dxdt−

−
∫

QR
τ

n∑
i=1

(
ai(x, t)

∣∣uk
txi

∣∣p1−2
uk

txi

)
xi

uk
t ϕ

γ
R(x)×

×dxdt +

∫

QR
τ

d(x, t)(uk
t )

2ϕγ
R(x)dxdt +

+

∫

QR
τ

∑

|α|=|β|≤2

bαβ(x)DαukDβ
(
uk

t ϕ
γ
R(x)

)
dxdt+

∫

QR
τ

∑

1≤|α|≤2

cα(x, t)Dαukuk
t ϕ

γ
R(x)dxdt +

+

∫

QR
τ

[
g(x, uk

t )−fk(x, t)
]
uk

t ϕ
γ
R(x)dxdt=0. (11)

Ç âðàõóâàííÿì óìîâ òåîðåìè ïðîâåäåìî
ïåðåòâîðåííÿ òà îöiíêè iíòåãðàëiâ ðiâíîñòi
(11). Çîêðåìà, îòðèìà¹ìî∫

QR
τ

uk
ttu

k
t ϕ

γ
R(x)dxdt =

1

2

∫

ΩR

∣∣uk
t (x, τ)

∣∣2 dx−

− 1

2

∫

ΩR

∣∣uk
1(x)

∣∣2 dx,

∫

QR
τ

n∑
i,j=1

(
aij(x, t)

∣∣∣uk
txixj

∣∣∣
p2−2

uk
txixj

)
xixj

uk
t ϕ

γ
R(x)×

×dxdt =

∫

QR
τ

n∑
i,j=1

aij(x, t)
∣∣∣uk

txixj

∣∣∣
p2

ϕγ
R(x)×

×dxdt +

∫

QR
τ

n∑
i,j=1

aij(x, t)
∣∣∣uk

txixj

∣∣∣
p2−2

uk
txixj

uk
txj
×

×ϕγ
R,xi

(x)dxdt +

∫

QR
τ

n∑
i,j=1

aij(x, t)
∣∣∣uk

txixj

∣∣∣
p2−2

×

×uk
txixj

uk
t ϕ

γ
R,xixj

(x)dxdt = I1 + I2 + I3.

Âðàõîâóþ÷è óìîâó (À2) òà âèêîðèñòîâó-
þ÷è íåðiâíiñòü Ãåëüäåðà, âiäïîâiäíî îäåð-
æèìî

I1 ≥ a2

∫

QR
τ

n∑
i=1

∣∣uk
txixi

∣∣p2
ϕγ

R(x)dxdt;

I2 ≤ δ1C1(a
2, γ, n)

∫

QR
τ

n∑
i=1

∣∣uk
txixi

∣∣p2
ϕγ

R(x)dxdt +

δ1C2(a
2, γ, n)

∫

QR
τ

n∑
i=1

∣∣uk
txi

∣∣p1
ϕγ

R(x)dxdt +

+ C3(a
2, γ, δ1, n, T )Rγ+n+(α2−1)r1 ,

äå r1 =
p1p2

p1 − p2

, òîáòî 1

p1

+
1

p′2
+

1

r1

= 1 ,

γ ≥ p1p2

p1 − p2

, δ1 > 0 � äîâiëüíå ÷èñëî, C1 ,
C2 , C3 � äîäàòíi ñòàëi. Äàëi îòðèìà¹ìî

I3 ≤ δ2C4(a
2, γ, n)

∫

QR
τ

n∑
i=1

∣∣uk
txixi

∣∣p2
ϕγ

R(x)dxdt +

δ2C5(a
2, γ, n)

∫

QR
τ

∣∣uk
t

∣∣q1
ϕγ

R(x)× dxdt +

+ C6(a
2, γ, δ2, n, T )Rγ+n+(α2−2)r2 ,

äå q1 ∈ (p2; p] , δ2 > 0 � äîâiëüíi ÷èñëà,
r2 =

q1p2

q1 − p2

, òîáòî 1

q1

+
1

p′2
+

1

r2

= 1 ,

γ ≥ q1p2

q1 − p2

, C4 > 0 , C5 > 0 , C6 > 0 .
Âðàõîâóþ÷è î÷åâèäíó íåðiâíiñòü

∣∣uk
t

∣∣q1 ≤∣∣uk
t

∣∣p2 +
∣∣uk

t

∣∣p ≤
∣∣uk

t

∣∣2 + 2
∣∣uk

t

∣∣p , ïðîäîâæèìî
îöiíêó:

I3 ≤ δ2C4(a
2, γ, n)

∫

QR
τ

n∑
i=1

∣∣uk
txixi

∣∣p2
ϕγ

R(x)dxdt +

+ δ2C5(a
2, γ, n)

∫

QR
τ

∣∣uk
t

∣∣2 ϕγ
R(x)dxdt +
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+ δ2C7(a
2, γ, n)

∫

QR
τ

∣∣uk
t

∣∣p ϕγ
R(x)dxdt +

+ C6(a
2, γ, δ2, n, T )Rγ+n+(α2−2)r2 , C7 > 0.

Ïåðåòâîðèìî òåïåð

−
∫

QR
τ

n∑
i=1

(
ai(x, t)

∣∣uk
txi

∣∣p1−2
uk

txi

)
xi

uk
t ϕ

γ
R(x)dxdt=

∫

QR
τ

n∑
i=1

ai(x, t)
∣∣uk

txi

∣∣p1
ϕγ

R(x)dxdt+

+

∫

QR
τ

n∑
i=1

ai(x, t)
∣∣uk

txi

∣∣p1−2
uk

txi
uk

t ϕ
γ
R,xi

(x)dxdt =

= I4 + I5.

Àíàëîãi÷íî äî ïðîâåäåíèõ âèùå îöiíîê, äëÿ
I4 , I5 îòðèìà¹ìî:

I4 ≥ a1

∫

QR
τ

n∑
i=1

∣∣uk
txi

∣∣p1
ϕγ

R(x)dxdt;

I5 ≤ δ3C8(a
1, γ, n)

∫

QR
τ

n∑
i=1

∣∣uk
txi

∣∣p1
ϕγ

R(x)dxdt +

+δ3C9(a
1, γ, n)

∫

QR
τ

∣∣uk
t

∣∣2 ϕγ
R(x)dxdt +

+ δ3C11(a
1, γ, n)

∫

QR
τ

∣∣uk
t

∣∣p ϕγ
R(x)dxdt+

+C10(a
1, γ, δ3, n, T )Rγ+n+(α2−1)r3 ,

äå r3 =
q2p1

q2 − p1

, òîáòî 1

q2

+
1

p′1
+

1

r3

= 1 , q2 ∈
(p1; p] , δ3 > 0 � äîâiëüíi ÷èñëà, γ ≥ q2p1

q2 − p1

,
C8 , C9 , C10 , C11 � äîäàòíi ñòàëi.

Ïåðåòâîðèìî íàñòóïíi iíòåãðàëè ðiâíîñòi
(11). Çîêðåìà, îòðèìà¹ìî

∫

QR
τ

∑

|α|=|β|=2

bαβ Dαuk Dβ
(
uk

t ϕ
γ
R

)
dxdt =

=

∫

QR
τ

∑

|α|=|β|=2

bαβ Dαuk Dβuk
t ϕγ

R dxdt +

+

∫

QR
τ

∑

|α|=|β|=2

∑

|σ|=1, σ<β

(
β
σ

)
bαβ Dαuk Dσuk

t ×

×Dβ−σ ϕγ
R dxdt +

∫

QR
τ

∑

|α|=|β|=2

bαβ Dαuk uk
t Dβ×

×ϕγ
Rdxdt = I6 + I7 + I8,

äå
(

β
σ

)
� êîåôiöi¹íòè áiíîìà Íüþòîíà.

Âðàõîâóþ÷è óìîâó (B2), ìà¹ìî

I6 ≥ b0,2

2

∫

ΩR

∑

|α|=2

∣∣Dαuk
∣∣2 ϕγ

Rdx−

− 1

2

∫

ΩR

∑

|α|=|β|=2

bαβ(x)Dαuk
0D

βuk
0ϕ

γ
Rdx.

Äëÿ îáãðóíòóâàííÿ îöiíîê iíòåãðàëiâ I7 ,
I8 âèêîðèñòà¹ìî íàñòóïíi ðiâíiñòü

uk(x, t) = uk(x, 0) +

t∫

0

uk(x, τ)dτ

òà íåðiâíiñòü

(a+b)α ≤ 2α−1(aα +bα), a > 0, b > 0, α > 1,

ç ÿêèõ, çîêðåìà, îäåðæó¹ìî
∫

ΩR

n∑
i=1

∣∣uk
xixi

∣∣α ϕγ
R(x)dx ≤ M(α, n)×

×
( ∫

ΩR

n∑
i=1

∣∣uk
0,xixi

∣∣α ϕγ
R(x)dx +

+

∫

ΩR

n∑
i=1

∣∣∣∣∣∣

t∫

0

uk
txixi

(x, τ)dτ

∣∣∣∣∣∣

α

ϕγ
R(x)dx

)
≤

≤ M(α, n)

∫

ΩR

n∑
i=1

∣∣uk
0,xixi

∣∣α ϕγ
R(x)dx+M(α, n)×

×T α

∫

ΩR

n∑
i=1

∣∣uk
txixi

∣∣α ϕγ
R(x)dx,M(α, n) > 0.
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Âèêîðèñòîâóþ÷è îñòàííþ íåðiâíiñòü,
ìîæíà îòðèìàòè

I7 ≤ C12(b2, p2, n, γ)T p2δ4

∫

QR
τ

n∑
i=1

∣∣uk
txixi

∣∣p2 ×

×ϕγ
R(x)dxdt + C12(b2, p2, n, γ)Tδ4×

×
∫

ΩR

n∑
i=1

∣∣uk
0,xixi

∣∣p2
ϕγ

R(x)dx + δ4

∫

QR
τ

n∑
i=1

∣∣uk
txi

∣∣p1 ×

×ϕγ
R(x)dxdt +

+ C13(b2, p1, p2, n, γ, T, δ4)R
γ+n+(κ2−1)r4 ,

r4 =
p1p2

p1p2 − p1 − p2

, òîáòî 1

p1

+
1

p2

+
1

r4

= 1 ,

γ ≥ p1p2

p1p2 − p1 − p2

, δ4 > 0 � äîâiëüíå ÷èñëî,
C12 , C13 � äîäàòíi ñòàëi;

I8 ≤ C14(b2, p2, n, γ)T p2δ5

∫

QR
τ

n∑
i=1

∣∣uk
txixi

∣∣p2 ×

×ϕγ
R(x)dxdt + C14(b2, p2, n, γ)Tδ5×

×
∫

ΩR

n∑
i=1

∣∣uk
0,xixi

∣∣p2
ϕγ

R(x)dx+ δ5

∫

QR
τ

∣∣uk
t

∣∣2 ϕγ
R(x)×

×dxdt + C15(b2, p2, n, γ, T, δ5)R
γ+n+(κ2−2)r5 ,

r5 =
2p2

p2 − 2
, òîáòî 1

p2

+
1

2
+

1

r5

= 1 , γ ≥
2p2

p2 − 2
, δ5 > 0 � äîâiëüíå ÷èñëî, C14 , C15 �

äîäàòíi ñòàëi.
Êðiì òîãî, îäåðæèìî

−
∫

QR
τ

∑

|α|=|β|=1

bαβ Dαuk Dβ
(
uk

t ϕ
γ
R

)
dxdt =

∫

QR
τ

∑

|α|=|β|=1

bαβ Dαuk Dβuk
t ϕγ

R dxdt +

+

∫

QR
τ

∑

|α|=|β|=1

bαβ Dαuk uk
t Dβ ϕγ

R dxdt=I9 + I10;

I9 ≥ b0,1

2

∫

ΩR

∑

|α|=1

∣∣Dαuk
∣∣2 ϕγ

Rdx−

−1

2

∫

ΩR

∑

|α|=|β|=1

bαβ(x)Dαuk
0D

βuk
0ϕ

γ
Rdx;

I10 ≤ C16(b1, p1, n, γ)T p1δ6

∫

QR
τ

n∑
i=1

∣∣uk
txi

∣∣p1
ϕγ

R(x)×

×dxdt+C16(b1, p1, n, γ)Tδ6

∫

ΩR

n∑
i=1

∣∣uk
0,xi

∣∣p1
ϕγ

R(x)×

×dx + δ6

∫

QR
τ

∣∣uk
t

∣∣2 ϕγ
R(x)dxdt +

+ C17(b1, p1, n, γ, T, δ6)R
γ+n+(κ1−1)r6 ,

r6 =
2p1

p1 − 2
, òîáòî 1

p1

+
1

2
+

1

r6

= 1 , γ ≥
2p1

p1 − 2
, δ6 > 0 � äîâiëüíå ÷èñëî, C16 , C17 �

äîäàòíi ñòàëi;
∫

QR
τ

d(x, t)
∣∣uk

t

∣∣2 ϕγ
Rdxdt≥− |d0|

∫

QR
τ

∣∣uk
t

∣∣2 ϕγ
Rdxdt;

∫

QR
τ

b00(x)ukuk
t ϕ

γ
Rdxdt=

∫

QR
τ

b00(x)




t∫

0

uk
τ (x, τ)dτ


×

×uk
t ϕ

γ
R dxdt ≤ b0T

∫

QR
τ

∣∣uk
t

∣∣2 ϕγ
Rdxdt,

b0= esssup
x∈Ω

|b00(x)| .
Çàâåðøèìî îöiíþâàííÿ iíòåãðàëiâ ðiâíîñ-

òi (11):
∫

QR
τ

∑

|α|=2

cα(x, t)Dαukuk
t ϕ

γ
Rdxdt ≤ c2n

2
×

×
∫

QR
τ

∑

|α|=2

∣∣Dαuk
∣∣2 ϕγ

Rdxdt+
c2

2

∫

QR
τ

∣∣uk
t (x)

∣∣2 ϕγ
Rdxdt,

c2 = max
|α|=2

esssup
(x,t)∈QT

|cα(x, t)| ;
∫

QR
τ

∑

|α|=1

cα(x, t)Dαukuk
t ϕ

γ
Rdxdt ≤ c1n

2
×
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×
∫

QR
τ

∑

|α|=1

∣∣Dαuk
∣∣2 ϕγ

Rdxdt+
c1

2

∫

QR
τ

∣∣uk
t (x)

∣∣2 ϕγ
Rdxdt,

c1 = max
|α|=1

esssup
(x,t)∈QT

|cα(x, t)| ;
∫

QR
τ

g(x, uk
t )u

k
t ϕ

γ
Rdxdt ≥ g0

∫

QR
τ

∣∣uk
t

∣∣p ϕγ
Rdxdt;

∫

QR
τ

fkuk
t ϕ

γ
Rdxdt ≤ δ7

∫

QR
τ

∣∣uk
t

∣∣p ϕγ
Rdxdt+

+C18

∫

QR
τ

∣∣fk
∣∣p′ ϕγ

Rdxdt,

δ7 � äîâiëüíà äîäàòíà ñòàëà, C18 � äåÿêà
äîäàòíà ñòàëà, ùî çàëåæèòü âiä p , δ7 .

Âðàõîâóþ÷è íàâåäåíi âèùå îöiíêè iíòå-
ãðàëiâ ðiâíîñòi (11) òà ïîñëiäîâíî âèáèðàþ-
÷è íàëåæíèì ÷èíîì äîñòàòíüî ìàëi äîäàòíi
ñòàëi δ1, ..., δ7 , ìîæíà îòðèìàòè ïiñëÿ âiäïî-
âiäíèõ ïåðåïîçíà÷åíü, ùî
∫

ΩR

∣∣uk
t (x, τ)

∣∣2 ϕγ
Rdx +

∫

ΩR

∑

|α|=2

∣∣Dαuk(x, τ)
∣∣2×

×ϕγ
Rdx +

∫

ΩR

∑

|α|=1

∣∣Dαuk(x, τ)
∣∣2ϕγ

Rdx +

+

∫

QR
τ

n∑
i=1

∣∣uk
txixi

∣∣p2
ϕγ

Rdxdt +

∫

QR
τ

n∑
i=1

∣∣uk
txi

∣∣p1 ×

×ϕγ
Rdxdt +

∫

QR
τ

∣∣uk
t

∣∣p ϕγ
Rdxdt ≤

≤ C19

∫

QR
τ

∣∣uk
t

∣∣2 ϕγ
Rdxdt + C20

∫

QR
τ

∑

|α|=2

∣∣Dαuk
∣∣2×

×ϕγ
Rdxdt + C21

∫

QR
τ

∑

|α|=1

∣∣Dαuk
∣∣2ϕγ

Rdxdt +

+ C22

∫

ΩR

∣∣uk
0

∣∣2 ϕγ
Rdx+C23

2∑
i=1

∫

ΩR

∑

|α|=|β|=i

bαβ(x)×

×Dαuk
0D

βuk
0dx + C24

∫

ΩR

n∑
i=1

∣∣uk
0,xixi

∣∣p2
ϕγ

Rdx +

+C25

∫

ΩR

n∑
i=1

∣∣uk
0,xi

∣∣p1
ϕγ

Rdx + C26

∫

ΩR

∣∣uk
1

∣∣2 ϕγ
Rdx+

+ C27

∫

QR
τ

∣∣fk
∣∣p′ ϕγ

Rdxdt +

+ C28R
γ+n+(α2−1)

p1p2
p1−p2 + C29R

γ+n+(α2−2)
q1p2

q1−p2 +

+C30R
γ+n+(α1−1)

q2p1
q2−p1 +

+ C31R
γ+n+(κ2−1)

p1p2
p1p2−p1−p2 + C32×

×R
γ+n+(κ2−2)

2p2
p2−2 + C33R

γ+n+(κ1−1)
2p1

p1−2 , (12)
ïðè÷îìó äîäàòíi ñòàëi C19 � C33 íå çàëå-
æàòü âiä R .

ßêùî ïîçíà÷èìî

y(τ) =

∫

ΩR

[ ∣∣uk
t (x, τ)

∣∣2 +
∑

|α|=2

∣∣Dαuk
t (x, τ)

∣∣2 +

+
∑

|α|=1

∣∣Dαuk
t (x, τ)

∣∣2
]
ϕγ

Rdx

òà âèêîðèñòà¹ìî ëåìó Ãðîíóîëà, òî îäåðæè-
ìî

∫

ΩR

[ ∣∣uk
t (x, τ)

∣∣2 +
∑

|α|=2

∣∣Dαuk(x, τ)
∣∣2+

+
∑

|α|=1

∣∣Dαuk(x, τ)
∣∣2

]
ϕγ

Rdx +

+

∫

QR
τ

n∑
i=1

[ ∣∣uk
txixi

∣∣p2
+

n∑
i=1

∣∣uk
txi

∣∣p1
+

∣∣uk
t

∣∣p
]
×

×ϕγ
Rdxdt ≤ C34

∫

ΩR

∣∣uk
0

∣∣2ϕγ
Rdx+

+C35

2∑
i=1

∫

ΩR

∑

|α|=|β|=i

bαβ(x)Dαuk
0D

βuk
0ϕ

γ
Rdx+

+ C36

∫

ΩR

n∑
i=1

∣∣uk
0,xixi

∣∣p2
ϕγ

Rdx +

+C37

∫

ΩR

n∑
i=1

∣∣uk
0,xi

∣∣p1
ϕγ

Rdx + C38

∫

ΩR

∣∣uk
1

∣∣2 ϕγ
Rdx+
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+C39

∫

QR
τ

∣∣fk
∣∣p′ ϕγ

Rdxdt +

+ C40R
γ+n+(α2−1)

p1p2
p1−p2 + C41R

γ+n+(α2−2)
q1p2

q1−p2 +

+C42R
γ+n+(α1−1)

q2p1
q2−p1 +

+ C43R
γ+n+(κ2−1)

p1p2
p1p2−p1−p2 +

+C44R
γ+n+(κ2−2)

2p2
p2−2 + C45R

γ+n+(κ1−1)
2p1

p1−2 ,

äîäàòíi ñòàëi C34 � C45 íå çàëåæàòü âiä R .
Âðàõîâóþ÷è (10), óìîâè òåîðåìè òà íàëå-

æíèì ÷èíîì âèáèðàþ÷è ÷èñëî q1 ∈ (p2; p]
äîñòàòíüî áëèçüêèì äî p2 , à ÷èñëî q2 ∈
(p1; p] äîñòàòíüî áëèçüêèì äî p1 , ç îñòàí-
íüî¨ íåðiâíîñòi äëÿ äîâiëüíîãî R0 > 1 òà
äîñòàòíüî âåëèêîãî R > R0 îòðèìà¹ìî

∫

ΩR0

[ ∣∣uk
t (x, τ)

∣∣2 +
∑

|α|=2

∣∣Dαuk(x, τ)
∣∣2+

+
∑

|α|=1

∣∣Dαuk(x, τ)
∣∣2

]
dx +

+

∫

Q
R0
τ

n∑
i=1

[ ∣∣uk
txixi

∣∣p2
+

n∑
i=1

∣∣uk
txi

∣∣p1
+

+
∣∣uk

t

∣∣p
]
dxdt ≤ C46, (13)

τ ∈ (0, T ] � äîâiëüíå ÷èñëî, äîäàòíà ñòàëà
C46 íå çàëåæèòü âiä R0 . Áåðó÷è äî óâàãè
äîâiëüíiñòü R0 , ç íåðiâíîñòi (13) ðîáèìî âè-
ñíîâîê ïðî iñíóâàííÿ äåÿêî¨ ïiäïîñëiäîâíî-
ñòi {ukn} ïîñëiäîâíîñòi {uk} òàêî¨, ùî

ukn → u ∗ � ñëàáêî â L∞((0, T ); H2
0,loc(Ω)),

ukn
t → ut ∗ � ñëàáêî â L∞((0, T ); L2

loc(Ω)),

ukn
t → ut ñëàáêî â Lp2((0, T ); W 2,p2

0,loc(Ω)),

ukn
t → ut ñëàáêî â Lp1((0, T ); W 1,p1

0,loc(Ω))),

ukn
t → ut ñëàáêî â Lp((0, T ); Lp

loc(Ω))

ïðè kn → ∞ . Ç öèõ íåðiâíîñòåé îäåðæèìî
(ïåðåõîäÿ÷è ïðè ïîòðåái äî ïiäïîñëiäîâíî-
ñòåé):

∣∣∣ukn
txixj

∣∣∣
p2−2

ukn
txixj

→ χ2 ñëàáêî â
(
Lp2((0, T ); W 2,p2

0,loc(Ω))
)∗

, i, j = 1, ..., n,

∣∣ukn
txi

∣∣p1−2
ukn

txi
→ χ1 ñëàáêî â

(
Lp1((0, T ); W 1,p1

0,loc(Ω))
)∗

, i = 1, ..., n,

g(x, ukn
t ) → χ0 ñëàáêî â

(
Lp((0; T ); Lp

loc(Ω))
)∗

ïðè kn → ∞ . Âèêîðèñòîâóþ÷è [7, ñ. 20,
ëåìà 1.2], ìà¹ìî u ∈ C([0, T ]; H2

0,loc(Ω)) .
Ìiðêóþ÷è ïîäiáíî äî [7, c. 234, çà-
óâ. 6.2], ç ðiâíÿííÿ (1) ðîáèìî âèñíî-
âîê, çîêðåìà, ùî utt ∈ V ∗ , äå V =
Lp2

(
(0, T ); W 2,p2

0,loc(Ω)
)∩Lp1

(
(0, T ); W 1,p1

0,loc(Ω)
)∩

Lp
(
(0, T ); Lp

loc(Ω)
)
. Íà ïiäñòàâi ïðàâèëüíî-

ñòi îñòàííüîãî âêëþ÷åííÿ îäåðæèìî ut ∈
C ([0, T ]; L2

loc (Ω)) [7, ñ.20, ëåìà 1.2]. Îñêiëü-
êè ukn(·, 0) → u(·, 0) ñëàáêî â H2

0 (Ω),
ukn

0 → u0 ñèëüíî â H2
0 (Ω) , òî u(x , 0) =

u0(x) , x ∈ Ω . Êðiì òîãî, àíàëîãi÷íî äî [7,
ñ.236] ïîêàçó¹ìî, ùî ut(x , 0) = u1(x) .

Ïîêàæåìî, ùî χ2 =
∣∣utxixj

∣∣p2−2
utxixj

,
χ1 = |utxi

|p1−2 utxi
, χ0 = g(x, ut) . Çàóâàæè-

ìî, ùî ç îòðèìàíèõ âèùå çáiæíîñòåé âèïëè-
âà¹ [7, c. 70, òåîðåìà 5.1]:

ukn
t → ut ñèëüíî â L2((0, T ); L2

loc(Ω)), (14)

ukn → u ñèëüíî â L2((0, T ); H2
0,loc(Ω)). (15)

Â îáëàñòi QR
τ ðîçãëÿíåìî ðiçíèöþ ul − um ,

l, m ∈ N , R > R0 òà ïîçíà÷èìî wl,m = ul −
um , f l,m = f l − fm , ul,m

0 = ul
0 − um

0 , ul,m
1 =

ul
1 − um

1 . Ìiðêóþ÷è àíàëîãi÷íî äî òîãî, ÿê
îòðèìàíî (12), ìîæíà îäåðæàòè∫

Q
R0
τ

[
n∑

i=1

∣∣∣wl,m
txixi

∣∣∣
p2

+
n∑

i=1

∣∣∣wl,m
txi

∣∣∣
p1

+
∣∣∣wl,m

t

∣∣∣
p
]
×

×dxdt ≤ C47

(
R

R−R0

)γ [ ∫

QR
τ

∣∣∣wl,m
t

∣∣∣
2

+

∑

|α|=2

∣∣Dαwl,m
∣∣2

]
dxdt + C48

(
R

R−R0

)γ

Rn−β +

+

(
R

R−R0

)γ (
C49

∫

ΩR

∣∣∣ul,m
0

∣∣∣
2

dx+

+C50

2∑
i=1

∫

ΩR

∑

|α|=|β|=i

bαβ(x)Dαul,m
0 Dβul,m

0 dx +
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+ C51

∫

ΩR

n∑
i=1

∣∣∣ul,m
0,xixi

∣∣∣
p2

dx +

+C52

∫

ΩR

n∑
i=1

∣∣∣ul,m
0,xi

∣∣∣
p1

dx + C53×

×
∫

ΩR

∣∣∣ul,m
1

∣∣∣
2

dx + C54

∫

QR
τ

∣∣f l,m
∣∣p′ dxdt

)
, (16)

äå β = min
{

(1 − α2)
p1p2

p1 − p2

, (1 −

κ2)
p1p2

p1p2 − p1 − p2

, (2 − κ2)
2p2

p2 − 2
, (1 −

κ1)
2p1

p1 − 2

}
, äîäàòíi ñòàëi C47 � C54 íå

çàëåæàòü âiä R .
Íåõàé ε > 0 � äîâiëüíå ÿê çàâãîäíî ìàëå

÷èñëî. Î÷åâèäíî, ùî lim
R→+∞

(
R

R−R0

)γ

= 1. Îñ-
êiëüêè ïîñëiäîâíiñòü {uk} ôóíäàìåíòàëü-
íà ó ïðîñòîði L2((0, T ); H2

0,loc(Ω)) , à ïîñëi-
äîâíiñòü {uk

t } ôóíäàìåíòàëüíà ó ïðîñòîði
L2((0, T ); L2

loc(Ω)) , ùî âèïëèâà¹ çi çáiæíîñ-
òåé (14), (15), òî iñíó¹ òàêå R1 > R0, ùî

C47

(
R1

R1 −R0

)γ [ ∫

Q
R1
τ

∣∣∣wl,m
t

∣∣∣
2

+

+
∑

|α|=2

∣∣Dαwl,m
∣∣2

]
dxdt<

ε

3
.

Çàçíà÷èìî, ùî ç óìîâè (P) âèïëèâà¹ iñíó-
âàííÿ òàêîãî R2 > R0 , ùî

C48

(
R2

R2 −R0

)γ

Rn−β<
ε

3
.

Ïîçíà÷èìî òåïåð R3 = max{R1, R2} . Âè-
êîðèñòîâóþ÷è ôóíäàìåíòàëüíîñòi ïîñëiäîâ-
íîñòåé {fk}, {uk

0} i {uk
1} ó âiäïîâiäíèõ

ôóíêöiéíèõ ïðîñòîðàõ òà çàñòîñîâóþ÷è íå-
ðiâíiñòü òðèêóòíèêà, ìîæåìî âèáðàòè òàêå
k0 ∈ N , k0 > [R3] + 1, ùî äëÿ âñiõ l, m > k0(

R3

R3 −R0

)γ (
C49

∫

ΩR3

∣∣∣ul,m
0

∣∣∣
2

dx + C50×

×
2∑

i=1

∫

ΩR3

∑

|α|=|β|=i

bαβ(x)Dαul,m
0 Dβul,m

0 dx +

+ C51

∫

ΩR3

n∑
i=1

∣∣∣ul,m
0,xixi

∣∣∣
p2

dx +

+C52

∫

ΩR2

n∑
i=1

∣∣∣ul,m
0,xi

∣∣∣
p1

dx + C53×

×
∫

ΩR3

∣∣∣ul,m
1

∣∣∣
2

dx + C54

∫

Q
R3
τ

∣∣f l,m
∣∣p′ dxdt

)
<

ε

3
.

Òàêèì ÷èíîì, ç íåðiâíîñòi (16) âèïëèâà¹:
äëÿ äîâiëüíîãî ôiêñîâàíîãî R0 > 1 òà äî-
âiëüíîãî ÿê çàâãîäíî ìàëîãî ε > 0 iñíó¹ òà-
êå k0(ε) ∈ N , ùî∫

Q
R0
τ

[ n∑
i=1

∣∣∣wl,m
txixi

∣∣∣
p2

+
n∑

i=1

∣∣∣wl,m
txi

∣∣∣
p1

+
∣∣∣wl,m

t

∣∣∣
p ]

dxdt< ε

äëÿ äîâiëüíèõ l, m > k0, τ ∈ [0, T ] . Âðàõîâó-
þ÷è äîâiëüíiñòü R0 , îäåðæèìî, ùî {uk

t } �
ôóíäàìåíòàëüíà ïîñëiäîâíiñòü â ïðîñòîði
C

(
[0, T ]; L2

loc

(
Ω

)) ∩ Lp2

(
(0, T ); W 2,p2

0,loc(Ω)
)
∩

Lp1

(
(0, T ); W 1,p1

0,loc(Ω)
)
(Ω)∩Lp

(
(0, T ) ; Lp

loc

(
Ω

))
.

Çâiäñè âèïëèâà¹, ùî χ2=
∣∣utxixj

∣∣p2−2
utxixj

,
χ1 = |utxi

|p1−2 utxi
, χ0 = g(x, ut) . Îòæå, u

çàäîâîëüíÿ¹ iíòåãðàëüíó òîòîæíiñòü (5).
Êðiì òîãî, ôóíêöiÿ u çàäîâîëüíÿ¹ óìîâó
(2), òîáòî u ¹ óçàãàëüíåíèì ðîçâ'ÿçêîì
çàäà÷i (1)�(4). Òåîðåìó äîâåäåíî.
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