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Îá óñòîé÷èâîñòè ïî ìàëûì ïàðàìåòðàì ðåøåíèÿ

ñìåøàííîé çàäà÷è äëÿ íåëèíåéíîãî

ïñåâäîãèïåðáîëè÷åñêîãî óðàâíåíèÿ

c⃝ Ò. Ê. Þëäàøåâ1

Àííîòàöèÿ. Â äàííîé ðàáîòå äîêàçûâàþòñÿ òåîðåìû îá óñòîé÷èâîñòè ïî ìàëûì ïàðàìåòðàì
îáîáùåííîãî ðåøåíèÿ ñìåøàííîé çàäà÷è äëÿ íåëèíåéíîãî ïñåâäîãèïåðáîëè÷åñêîãî óðàâíåíèÿ
ïÿòîãî ïîðÿäêà.

Êëþ÷åâûå ñëîâà: íåëèíåéíîå óðàâíåíèå, óñòîé÷èâîñòü ðåøåíèÿ, ìàëûå ïàðàìåòðû, ñ÷åò-
íàÿ ñèñòåìà íåëèíåéíûõ èíòåãðàëüíûõ óðàâíåíèé.

1. Ââåäåíèå

Ñìåøàííûå çàäà÷è â òåîðèè óïðóãîñòè âîçíèêàþò ïðè ðàñ÷åòå ðàçëè÷íûõ äåòàëåé ìàøèí
è ýëåìåíòîâ êîíñòðóêöèé, íàõîäÿùèõñÿ âî âçàèìîäåéñòâèè, ïðè ðàñ÷åòå ôóíäàìåíòîâ è
îñíîâàíèé ñîîðóæåíèé. Ñìåøàííûìè çàäà÷àìè òàêæå ÿâëÿþòñÿ ìíîãèå çàäà÷è êîíöåí-
òðàöèè íàïðÿæåíèé â îêðåñòíîñòè âñåâîçìîæíûõ òðåùèí, èíîðîäíûõ âêëþ÷åíèé, ïîä-
êðåïëÿþùèõ ñòðèíãåðîâ è íàêëàäîê. Ìíîãî ñìåøàííûõ çàäà÷ è â ãèäðîäèíàìèêå. Ýòî è
íåëèíåéíûå çàäà÷è òåîðèè êðûëà è ãëèññèðîâàíèÿ, òåîðèÿ ñòðóéíûõ òå÷åíèé, òåîðèè êà÷-
êè êîðàáëÿ è óäàðà òåë î ïîâåðõíîñòü æèäêîñòè, ôèëüòðàöèè, òåîðèè âçðûâà, ðÿä çàäà÷
ãèäðîóïðóãîñòè [1].

Ïðåäñòàâëÿþò áîëüøîé èíòåðåñ ñ òî÷êè çðåíèÿ ôèçè÷åñêèõ ïðèëîæåíèé äèôôåðåí-
öèàëüíûå óðàâíåíèÿ â ÷àñòíûõ ïðîèçâîäíûõ áîëåå âûñîêèõ ïîðÿäêîâ. Èçó÷åíèå ìíîãèõ
çàäà÷ ãàçîâîé äèíàìèêè, òåîðèè óïðóãîñòè, òåîðèè ïëàñòèí è îáîëî÷åê ïðèâîäèò ê ðàñ-
ñìîòðåíèþ äèôôåðåíöèàëüíûõ óðàâíåíèé â ÷àñòíûõ ïðîèçâîäíûõ áîëåå âûñîêèõ ïîðÿä-
êîâ [2]. Äèôôåðåíöèàëüíûõ óðàâíåíèé â ÷àñòíûõ ïðîèçâîäíûõ áîëåå âûñîêèõ ïîðÿäêîâ
íåîáõîäèìî ðåøàòü è ïðè ïîñòðîåíèè èíâàðèàíòíûõ ðåøåíèé äèôôåðåíöèàëüíûõ óðàâ-
íåíèé ñ èñïîëüçîâàíèåì âûñøåé ñèììåòðèè è çàêîíîâ ñîõðàíåíèÿ.

Â îáëàñòè D ðàññìàòðèâàåòñÿ íåëèíåéíîå ïñåâäîãèïåðáîëè÷åñêîå óðàâíåíèå

∂ 2

∂ t2

(
u(t, x) − ν

∂ 2u(t, x)

∂ x2

)
+ µ

∂ 5u(t, x)

∂ t ∂ x4
+
∂ 4u(t, x)

∂ x4
= f (t, x, u(t, x)) (1.1)

ñ íà÷àëüíûìè

u(t, x)|t=0 = φ1(x),
∂

∂ t
u(t, x)|t=0 = φ2(x) (1.2)

è ãðàíè÷íûìè óñëîâèÿìè

u(t, x)|x=0 = uxx(t, x)|x=0 = u(t, x)|x=l = uxx(t, x)|x=l = 0, (1.3)

ãäå f (t, x, u) ∈ C (D × R) , φj(x) ∈ C4(Dl) , φj(x)|x=0 = φ′′
j (x)|x=0 = φj(x)|x=l = φ′′

j (x)|x=l =
0 , j = 1, 2 , D ≡ DT × Dl , DT ≡ [0, T ] , Dl ≡ [0, l] , 0 < T < ∞ , 0 < l < ∞ , 0 < ν, µ �
ìàëûå ïàðàìåòðû.

1 Äîöåíò êàôåäðû âûñøåé ìàòåìàòèêè, Ñèáèðñêèé ãîñóäàðñòâåííûé àýðîêîñìè÷åñêèé óíèâåðñèòåò
èìåíè àêàäåìèêà Ì. Ô. Ðåøåòíåâà, ã. Êðàñíîÿðñê; tursunbay@rambler.ru.
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Ñëåäóåò îòìåòèòü, ÷òî èçó÷åíèþ ðàçíîãî òèïà ëèíåéíûõ è íåëèíåéíûõ äèôôåðåíöè-
àëüíûõ óðàâíåíèé â ÷àñòíûõ ïðîèçâîäíûõ è èõ ñèñòåì ïîñâÿùåíû ìíîãî ðàáîò è ïðè ýòîì
ïðèìåíåíû ðàçíûå ìåòîäû (ñì., íàïð. [3] - [8]).

Â äàííîé ðàáîòå èçó÷àþòñÿ âîïðîñû óñòîé÷èâîñòè ïî ìàëûì ïàðàìåòðàì ðåøåíèÿ ñìå-
øàííîé çàäà÷è (9)-(11). Ïðè ýòîì ïðèìåíÿåòñÿ ìåòîä ðàçäåëåíèÿ ïåðåìåííûõ, îñíîâàííûé
íà ïîèñêå ðåøåíèÿ ñìåøàííîé çàäà÷è (9)-(11) â âèäå ðÿäà Ôóðüå [9]

u(t, x) =
∞∑
i=1

ai(t) bi(x), (1.4)

ãäå bi(x) =

√
2

l
sinλix, λi =

iπ

l
.

Îáùèå âîïðîñû îáîáùåííîé ðàçðåøèìîñòè ñìåøàííîé çàäà÷è (9)-(11) ðàññìàòðèâàëèñü
ðàíåå â [10], [11].

Ìíîæåñòâî
{
a(t) = (ai(t)) |ai(t) ∈ C [0, T ] , i = 1, 2, 3, . . .

}
ââåäåíèåì íîðìû

∥a(t)∥B2(T ) =

[
∞∑
i=1

max
t∈DT

|ai(t)|2
]1

2

ñòàíîâèòñÿ áàíàõîâûì ïðîñòðàíñòâîì è åãî îáîçíà÷àþò òàê B2(T ) .
Äëÿ êàæäîãî a(t) ∈ B2(T ) îïðåäåëÿåòñÿ îïåðàòîð

Qa(t) = u(t, x) =
∞∑
i=1

ai(t)bi(x).

×åðåç E2(D) îáîçíà÷àåòñÿ ìíîæåñòâî çíà÷åíèé ýòîãî îïåðàòîðà. Î÷åâèäíî, ÷òî
Q : B2(T ) → E2(D) è E2(D) ⊂ L2(D) .

Î ï ð å ä å ë å í è å 1.1. Åñëè ôóíêöèÿ u(t, x) ∈ E2(D) äëÿ ëþáîãî F (t, x) ∈
W

(2)
2 (D) óäîâëåòâîðÿåò ñëåäóþùåìó èíòåãðàëüíîìó òîæäåñòâó

T∫
0

l∫
0

{
u(t, y)

[
∂ 2

∂ t2
F (t, y) − ν

∂ 4

∂ t2∂ y2
F (t, y) − µ

∂ 5

∂ t∂ y4
F (t, y) +

∂ 4

∂ y4
F (t, y)

]
−

−f (t, y, u(t, y))F (t, y)
}
dydt =

=

l∫
0

φ1(y)

[
∂

∂ t
F (t, y) − ν

∂ 3

∂ t ∂ y2
F (t, y) + µ

∂ 4

∂ y4
F (t, y)

]
t=0

dy−

−
l∫

0

φ2(y)

[
F (t, y) − ν

∂ 2

∂ y2
F (t, y)

]
t=0

dy,

òî îíà íàçûâàåòñÿ îáîáùåííûì ðåøåíèåì ñìåøàííîé çàäà÷è (9)-(11).
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Ò å î ð å ì à 1.1. Ïóñòü âûïîëíÿþòñÿ ñëåäóþùèå óñëîâèÿ:
1. λ4iµ

2 − 4λ2i ν − 4 < 0 ;

2.
T∫
0

∥f (t, x, u) ∥L2(Dl)
dt ≤ ∆ <∞ ,

3. f (t, x, u) ∈ Lip
{
L(t, x)|u

}
, 0 <

l∫
0

∥L(t, y) ∥L2(Dl)
dy <∞ ;

4. ∥W (t, ν, µ) ∥B2(T ) <∞ .
Òîãäà ñìåøàííàÿ çàäà÷à (9)-(11) èìååò åäèíñòâåííîå îáîáùåííîå ðåøåíèå â îáëàñòè

D è ýòî ðåøåíèå ìîæíî ïðåäñòàâèòü â ñëåäóþùåì âèäå:

u(t, x, ν, µ) =
∞∑
i=1

[
Wi(t, ν, µ) +

t∫
0

l∫
0

f (s, y,Qa(s, ν, µ)) bi(y)Gi(t, s, ν, µ)dyds
]
bi(x), (1.5)

ai(t, ν, µ) îïðåäåëÿåòñÿ êàê ðåøåíèå ñëåäóþùåé ñ÷åòíîé ñèñòåìû íåëèíåéíûõ èíòå-
ãðàëüíûõ óðàâíåíèé (ÑÑÍÈÓ):

ai(t, ν, µ) = Wi(t, ν, µ) +

t∫
0

l∫
0

f (s, y,Qa(s, ν, µ))Gi(t, s, ν, µ)bi(y)dyds, (1.6)

ãäå

Wi(t, ν, µ) = exp
{
−1

2
ω1i(ν, µ)t

}
×

×
[
φ1i cosω2i(ν, µ)

t

2
+

2

ω2i(ν, µ)

(
φ2i +

φ1i

2
ω1i(ν, µ)

)
sinω2i(ν, µ)

t

2

]
,

Gi(t, s, ν, µ) =
2 exp

{
−ω1i(ν, µ)

t− s

2

}
sinω2i(ν, µ)

t− s

2

ω0i(ν)
[
ω2i(ν, µ) + ω1i(ν, µ) sinω2i(ν, µ)s

] , ω0i(ν) = 1 + λ2i ν,

ω1i(ν, µ) =
λ4iµ

ω0i(ν)
, ω2i(ν, µ) =

λ2i
√

4ω0i(ν) − λ4iµ
2

ω0i(ν)
, φji =

l∫
0

φj(y)bi(y)dy, j = 1, 2.

Äîêàçàòåëüñòâî ýòîé òåîðåìû ïðèâåäåíî â [10]. Ïîýòîìó åãî çäåñü ïðèâîäèòü íå áóäåì.

2. Îñíîâíûå ðåçóëüòàòû

Ñíà÷àëà èçó÷àåì óñòîé÷èâîñòü ðåøåíèÿ ñìåøàííîé çàäà÷è (9)-(11) ïî ïåðâîìó ìàëîìó
ïàðàìåòðó ν .

Ò å î ð å ì à 2.1. Ïóñòü âûïîëíÿþòñÿ óñëîâèÿ òåîðåìû 1.1. è

1)
∑∞

i=1 |φ1i|
[ω1i(ν1, µ)

ω2i(ν1, µ)
+

λ4iµ
2√

4 − λ4iµ
2
+
ω1i(ν1, µ)√

4 − λ4iµ
2
+

λ6iµ

ω2i(ν2, µ)
+
ω1i(ν2, µ)

ω2i(ν2, µ)
· λ4iµ

2√
4 − λ4iµ

2

]
<

∞ ;

2)
∑∞

i=1 |φ2i|
[ 1

ω2i(ν1, µ)
+

1√
4 − λ4iµ

2
+

1

ω2i(ν2, µ)
· λ4iµ

2√
4 − λ4iµ

2

]
<∞ ;

3)
∑∞

i=1

(
λ6iµ

ω0i(ν2)τ 20
+
λ2i
τ0

)
T∫
0

|fi(u, ν1)| dt <∞ , ãäå fi(u, ν1) =
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=
l∫
0

f (s, y,Qa(s, ν1, µ)) bi(y)dy , τ0 = inf [0; ν] |ω2i(ν, µ) + ω1i(ν, µ) sinω2i(ν, µ)t| .

Òîãäà äëÿ ïðîèçâîëüíûõ ν1, ν2 ∈ [0; ν] ñïðàâåäëèâà îöåíêà:

|u(t, x, ν1, µ) − u(t, x, ν2, µ)| ≤ A|ν1 − ν2|, 0 < A = const. (2.1)

Ä î ê à ç à ò å ë ü ñ ò â î. Äëÿ ðàçíîñòè a(t, ν1, µ) − a(t, ν2, µ) èç ÑÑÍÈÓ (1.6) èìååì
îöåíêó

∥a(t, ν1, µ) − a(t, ν2, µ)∥B2(T ) ≤
∞∑
i=1

max
t∈DT

∣∣∣∣exp
{
−ω1i(ν1, µ)

t

2

}
− exp

{
−ω1i(ν2, µ)

t

2

}∣∣∣∣×
×
∣∣∣∣φ1i cosω2i(ν1, µ)

t

2
+

2

ω2i(ν1, µ)

(
φ2i +

φ1i

2
ω1i(ν1, µ)

)
sinω2i(ν1, µ)

t

2

∣∣∣∣+
+

∞∑
i=1

max
t∈DT

∣∣∣∣exp
{
−ω1i(ν2, µ)

t

2

}∣∣∣∣ {|φ1i| ·
∣∣∣∣cosω2i(ν1, µ)

t

2
− cosω2i(ν2, µ)

t

2

∣∣∣∣+
+

∣∣∣∣ 2

ω2i(ν1, µ)
− 2

ω2i(ν2, µ)

∣∣∣∣ · ∣∣∣φ2i +
φ1i

2
ω1i(ν1, µ)

∣∣∣ · ∣∣∣∣sinω2i(ν1, µ)
t

2

∣∣∣∣+
+

2

|ω2i(ν2, µ)|

[ |φ1i|
2

|ω1i(ν1, µ) − ω1i(ν2, µ)| ·
∣∣∣∣sinω2i(ν1, µ)

t

2

∣∣∣∣+
+

∣∣∣∣sinω2i(ν1, µ)
t

2
− sinω2i(ν2, µ)

t

2

∣∣∣∣ · ∣∣∣φ2i +
φ1i

2
ω1i(ν2, µ)

∣∣∣]}+

+
∞∑
i=1

max
t∈DT

t∫
0

l∫
0

∣∣∣Gi

(
t, s, ν1, µ

)
−Gi

(
t, s, ν2, µ

)∣∣∣ |f (s, y,Qa(s, ν1, µ))| |bi(y)|dyds+

+
∞∑
i=1

max
t∈DT

t∫
0

l∫
0

∣∣∣Gi

(
t, s, ν2, µ

)∣∣∣ · ∣∣∣f(s, y,Qa(s, ν1, µ)
)
−

−f
(
s, y,Qa(s, ν2, µ)

)∣∣∣ · ∣∣∣bi(y)
∣∣∣dyds, (2.2)

ãäå

Gi(t, s, ν1, µ) −Gi(t, s, ν2, µ) = 2

(
exp
{
−ω1i(ν1, µ)

t− s

2

}
− exp

{
−ω1i(ν2, µ)

t− s

2

})
×

×
sinω2i(ν1, µ)

t− s

2

ω0i(ν1)
[
ω2i(ν1, µ) + ω1i(ν1, µ) sinω2i(ν1, µ)s

] + 2 exp
{
−ω1i(ν2, µ)

t− s

2

}
×

×
{(

sinω2i(ν1, µ)
t− s

2
− sinω2i(ν2, µ)

t− s

2

) 1

ω0i(ν1)
[
ω2i(ν1, µ) + ω1i(ν1, µ) sinω2i(ν1, µ)s

]+

+ sinω2i(ν2, µ)
t− s

2

[( 1

ω0i(ν1)
− 1

ω0i(ν2)

) 1

ω2i(ν1, µ) + ω1i(ν1, µ) sinω2i(ν1, µ)s
+

1

ω0i(ν2)
×

×
( 1

ω2i(ν1, µ) + ω1i(ν1, µ) sinω2i(ν1, µ)s
− 1

ω2i(ν2, µ) + ω1i(ν2, µ) sinω2i(ν2, µ)s

)]}
.
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Çäåñü ìû âîñïîëüçóåìñÿ ñëåäóþùèìè îöåíêàìè:∣∣∣∣ 1

ω0i(ν1)
− 1

ω0i(ν2)

∣∣∣∣ ≤ α 1i |ν1 − ν2|, α 1i = λ2i ; (2.3)

|ω1i(ν1, µ) − ω1i(ν2, µ)| ≤ α 2i |ν1 − ν2|, α 2i = λ6iµ; (2.4)∣∣∣∣ 2

ω2i(ν1, µ)
− 2

ω2i(ν2, µ)

∣∣∣∣ ≤
∣∣∣∣∣∣

ν2∫
ν1

[ 2

ω2i(ν, µ)

]′
ν
dν

∣∣∣∣∣∣ ≤ α 3i |ν1 − ν2|, α 3i =
1√

4 − λ4iµ
2
; (2.5)

∣∣∣exp
{
−ω1i(ν1, µ)t

}
− exp

{
−ω1i(ν2, µ)t

}∣∣∣ ≤
∣∣∣∣∣∣

ν2∫
ν1

[
exp
{
−ω1i(ν, µ)t

}]′
ν
dν

∣∣∣∣∣∣ ≤ |ν1 − ν2|; (2.6)

∣∣∣∣cosω2i(ν1, µ)
t

2
− cosω2i(ν2, µ)

t

2

∣∣∣∣ ≤
∣∣∣∣∣∣

ν2∫
ν1

[
cosω2i(ν, µ)

t

2

]′
ν
dν

∣∣∣∣∣∣ ≤ α 4i |ν1 − ν2|, (2.7)

ãäå α 4i =
λ4iµ

2T

2
√

4 − λ4iµ
2
;

∣∣∣∣ sinω2i(ν1, µ)
t

2
− sinω2i(ν2, µ)

t

2

∣∣∣∣ ≤
∣∣∣∣∣∣

ν2∫
ν1

[
sinω2i(ν, µ)

t

2

]′
ν
dν

∣∣∣∣∣∣ ≤ α 4i |ν1 − ν2|; (2.8)

|ω2i(ν1, µ) − ω2i(ν2, µ)| ≤

∣∣∣∣∣∣
ν2∫

ν1

[
ω2i(ν, µ)

]′
ν
dν

∣∣∣∣∣∣ ≤ 2

T
α 4i |ν1 − ν2|; (2.9)

∣∣∣ 1

ω2i(ν1, µ) + ω1i(ν1, µ) sinω2i(ν1, µ)s
−

− 1

ω2i(ν2, µ) + ω1i(ν2, µ) sinω2i(ν2, µ)s

∣∣∣ ≤ α 5i |ν1 − ν2|, (2.10)

ãäå α 5i =
Tα 2i + 2α 4i

Tτ 20
.

Òîãäà, â ñèëó óñëîâèé òåîðåìû, ñ ó÷åòîì îöåíîê (2.3)-(2.10) èç (2.2) èìååì

∥a(t, ν1, µ) − a(t, ν2, µ)∥B2(T ) ≤ A0(ν1, ν2, µ) |ν1 − ν2|+

+M1

∞∑
i=1

max
t∈DT

t∫
0

l∫
0

L(s, y)
( ∞∑

j=1

∣∣∣aj(s, ν1, µ) − aj(s, ν2, µ)
∣∣∣ · |bj(y)|

)
· |bi(y)|dyds ≤

≤ A0(ν1, ν2, µ) |ν1 − ν2| +M1M
2
2 l

1

2

t∫
0

∥L(s, x)∥L2(Dl)
∥a(s, ν1, µ) − a(s, ν2, µ)∥B2(T ) ds, (2.11)

ãäå

A0(ν1, ν2, µ) =
∞∑
i=1

{
|φ1i|

[
1 +

ω1i(ν1, µ)

ω2i(ν1, µ)
+ α 4i + α 3i

ω1i(ν1, µ)

2
+

α 2i

ω2i(ν2, µ)
+
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+α 4i
ω1i(ν2, µ)

ω2i(ν2, µ)

]
+ |φ2i|

[ 2

ω2i(ν1, µ)
+ α 3i +

2α 4i

ω2i(ν2, µ)

]}
+

+M1

∞∑
i=1

max
t∈DT

t∫
0

l∫
0

∣∣∣f(s, y, ∞∑
j=1

aj(s, ν1, µ)bj(y)
)∣∣∣ · ∣∣∣bi(y)

∣∣∣dyds,
M1 =

∥∥∥∥2 + 2α 4i

ω0(ν1)τ0

∥∥∥∥
l2

+

∥∥∥∥2α1

τ0

∥∥∥∥
l2

+

∥∥∥∥ 2α 5i

ω0(ν2)

∥∥∥∥
l2

.

Ïðèìåíÿÿ ê (2.11) íåðàâåíñòâà Ãðîíóîëëà-Áåëëìàíà, ïîëó÷àåì

∥a(t, ν1, µ) − a(t, ν2, µ)∥B2(T ) ≤ A1(ν1, ν2, µ) |ν1 − ν2|, (2.12)

ãäå

A1 = A0(ν1, ν2, µ) exp

M1M
2
2 l

1
2

T∫
0

∥L(t, x)∥L2(Dl)
dt

 .

Ó÷òåì, ÷òî

|u(t, x, ν1, µ) − u(t, x, ν2, µ)| ≤
∞∑
i=1

|ai(t, ν1, µ) − ai(t, ν2, µ)| · |bi(x)| ≤

≤ ∥a(t, ν1, µ) − a(t, ν2, µ)∥B2(T ) · ∥b(x)∥B2(l)
.

Òîãäà èç (1.5) ñîãëàñíî (2.12) ñëåäóåò (2.1), åñëè ïîëîæèì A = A1M2 .
Ä î ê à ç à ò å ë ü ñ ò â î ç à ê î í ÷ å í î.

Òåïåðü áóäåì èçó÷àòü íåïðåðûâíóþ çàâèñèìîñòü ðåøåíèÿ ñìåøàííîé çàäà÷è (9)-(11)
ïî âòîðîìó ìàëîìó ïàðàìåòðó µ .

Ò å î ð å ì à 2.2. Ïóñòü âûïîëíÿþòñÿ óñëîâèÿ òåîðåìû 1.1. è

1)
∑∞

i=1 |φ1i|
[ω1i(ν, µ1)

ω2i(ν, µ1)
+

λ6i (µ1 + µ2)

ω0i(ν)(
√
ρ1 +

√
ρ2)

+
λ2iω0i(ν)(µ1 + µ2)ω1i(ν, µ1)

ρ1
√
ρ2 + ρ2

√
ρ1

+

+
λ4i

ω0i(ν)ω2i(ν, µ2)
+

λ6iT (µ1 + µ2)

ω0i(ν)(
√
ρ1 +

√
ρ2)

· ω1i(ν, µ2)

ω2i(ν, µ2)

]
<∞ , ãäå ρj = 4 − λ4iµ

2
j , j = 1, 2 ;

2)
∑∞

i=1 |φ2i|
[ 1

ω2i(ν, µ1)
+
λ6iω0i(ν)(µ1 + µ2)

ρ1
√
ρ2 + ρ2

√
ρ1

+
λ6iT (µ1 + µ2)

ω0i(ν)(
√
ρ1 +

√
ρ2)

· ω1i(ν, µ2)

ω2i(ν, µ2)

]
<∞ ;

3)
∑∞

i=1

λ4i
ω0i(ν)τ 20

T∫
0

∣∣∣fi(u, µ1

)∣∣∣ dt <∞ , ãäå fi(u, µ1) =

=
l∫
0

f (s, y,Qa(s, ν, µ1)) bi(y)dy , τ 0 = inf [0;µ] |ω2i(ν, µ) + ω1i(ν, µ) sinω2i(ν, µ)t| .

Òîãäà äëÿ µ1, µ2 ∈ [0; µ] ñïðàâåäëèâà îöåíêà:

|u(t, x, ν, µ1) − u(t, x, ν, µ2)| ≤ B|µ1 − µ2|, 0 < B = const. (2.13)

Ä î ê à ç à ò å ë ü ñ ò â î. Èñïîëüçóåì ñëåäóþùèå îöåíêè:

|ω1i(ν, µ1) − ω1i(ν, µ2)| ≤ β 1i |µ1 − µ2|, β 1i =
λ4i

ω0i(ν)
; (2.14)

∣∣∣∣ 2

ω2i(ν, µ1)
− 2

ω2i(ν, µ2)

∣∣∣∣ ≤ β 2i |µ1 − µ2|, β 2i =
λ6iω0i(ν)(µ1 + µ2)

ρ1
√
ρ2 + ρ2

√
ρ1

; (2.15)
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∣∣∣exp
{
−ω1i(ν, µ1)t

}
− exp

{
−ω1i(ν, µ2)t

}∣∣∣ ≤
∣∣∣∣∣∣

µ2∫
µ1

[
exp
{
−ω1i(ν, µ)t

}]′
µ
dµ

∣∣∣∣∣∣ ≤ |µ1 − µ2|; (2.16)

∣∣∣∣cosω2i(ν, µ1)
t

2
− cosω2i(ν, µ2)

t

2

∣∣∣∣ ≤ λ2iT

2ω0i(ν)

∣∣∣∣∣∣
µ2∫

µ1

dρ

2
√
ρ

∣∣∣∣∣∣ ≤ β 3i |µ1 − µ2|, (2.17)

ãäå β 3i =
λ6iT (µ1 + µ2)

2ω0i(ν)(
√
ρ1 +

√
ρ2)

, ρ = 4 − λ4iµ
2 ;

∣∣∣∣sinω2i(ν, µ1)
t

2
− sinω2i(ν, µ2)

t

2

∣∣∣∣ ≤ β 3i |µ1 − µ2|; (2.18)

∣∣∣ 1

ω2i(ν, µ1) + ω1i(ν, µ1) sinω2i(ν, µ1)s
−

− 1

ω2i(ν, µ2) + ω1i(ν, µ2) sinω2i(ν, µ2)s

∣∣∣ ≤ β 4i |µ1 − µ2|, (2.19)

ãäå β 4i =
Tβ 1i + 2β 3i

Tτ 20
.

Â ñèëó îöåíîê (2.14)-(2.19), àíàëîãè÷íî äîêàçàòåëüñòâà ïðåäûäóùåé òåîðåìû èìååì

∥a(t, ν, µ1) − a(t, ν, µ2)∥B2(T ) ≤ B0(ν, µ1, µ2) |µ1 − µ2|+

+M1M
2
2 l

1

2

t∫
0

∥L(s, x)∥L2(Dl)
∥a(s, ν, µ1) − a(s, ν, µ2)∥B2(T ) ds, (2.20)

ãäå

B0(ν, µ1, µ2) =
∞∑
i=1

{
|φ1i|

[
1 +

ω1i(ν, µ1)

ω2i(ν, µ1)
+ β 3i + β 2i

ω1i(ν, µ1)

2
+

β 1i

ω2i(ν, µ2)
+

+β 3i
ω1i(ν, µ2)

ω2i(ν, µ2)

]
+ |φ2i|

[ 2

ω2i(ν, µ1)
+ β 2i +

2β 3i

ω2i(ν, µ2)

]}
+

+M0

∞∑
i=1

max
t∈DT

t∫
0

l∫
0

∣∣∣f(s, y, ∞∑
j=1

aj(s, ν, µ1)bj(y)
)∣∣∣ · ∣∣∣bi(y)

∣∣∣dyds,
M0 =

∥∥∥∥2 + 2β 3

ω0(ν)τ 0

∥∥∥∥
l2

+

∥∥∥∥ β 4

ω0(ν)

∥∥∥∥
l2

.

Ïðèìåíÿÿ ê (2.20) íåðàâåíñòâà Ãðîíóîëëà-Áåëëìàíà, ïîëó÷àåì

∥a(t, ν, µ1) − a(t, ν, µ2)∥B2(T ) ≤ B1(ν, µ1, µ2) |µ1 − µ2|, (2.21)

ãäå

B1 = B0(ν, µ1, µ2) exp

M1M
2
2 l

1

2

T∫
0

∥L(t, x)∥L2(Dl)
dt

 .

Ñ ó÷åòîì

|u(t, x, ν, µ1) − u(t, x, ν, µ2)| ≤
∞∑
i=1

|ai(t, ν, µ1) − ai(t, ν, µ2)| · |bi(x)| ≤
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≤ ∥a(t, ν, µ1) − a(t, ν, µ2)∥B2(T ) ∥b(x)∥B2(l)

èç (2.21) ïîëó÷àåì (2.13), åñëè ïîëîæèì B = B1M2 .
Ä î ê à ç à ò å ë ü ñ ò â î ç à ê î í ÷ å í î.

3. Ñëåäñòâèå

Ñ ë å ä ñ ò â è å 3.1. Ïóñòü âûïîëíÿþòñÿ óñëîâèÿ òåîðåì 2.1. è 2.2. Òîãäà äëÿ
ν1, ν2 ∈ [0; ν] , µ1, µ2 ∈ [0; µ] ñïðàâåäëèâà îöåíêà:

|u(t, x, ν1, µ1) − u(t, x, ν2, µ2)| ≤ C
(
|ν1 − ν2| + |µ1 − µ2|

)
,

ãäå C = max{A;B} .
Ä î ê à ç à ò å ë ü ñ ò â î. Äåéñòâèòåëüíî, èç (2.1) è (2.13) èìååì

|u(t, x, ν1, µ1) − u(t, x, ν2, µ2)| ≤ |u(t, x, ν1, µ1) − u(t, x, ν2, µ1)|+

+|u(t, x, ν2, µ1) − u(t, x, ν2, µ2)| ≤ A |ν1 − ν2| +B |µ1 − µ2| ≤ C
(
|ν1 − ν2| + |µ1 − µ2|

)
.

Ä î ê à ç à ò å ë ü ñ ò â î ç à ê î í ÷ å í î.

Ñ ë å ä ñ ò â è å 3.2. Ïóñòü âûïîëíÿþòñÿ óñëîâèÿ òåîðåìû 2.1. Òîãäà äëÿ ν ∈
[0; ν0] , ν + h ∈ (0; ν0) , h, ν0 = const ñïðàâåäëèâà îöåíêà:∣∣∣∣u(t, x, ν + h, µ) − u(t, x, ν, µ)

h

∣∣∣∣ ≤ A.

Ä î ê à ç à ò å ë ü ñ ò â î. Äåéñòâèòåëüíî, â ñèëó òåîðåìû 2.1. èìååì∣∣∣∣u(t, x, ν + h, µ) − u(t, x, ν, µ)

h

∣∣∣∣ ≤ ∞∑
i=1

∣∣∣∣ai(t, ν + h, µ) − ai(t, ν, µ)

h

∣∣∣∣ · |bi(x)| ≤

≤M2

∥∥∥∥ai(t, ν + h, µ) − ai(t, ν, µ)

h

∥∥∥∥
B2(T )

≤ A1M2
|ν + h− ν|

h
= A.

Ä î ê à ç à ò å ë ü ñ ò â î ç à ê î í ÷ å í î.
Àíàëîãè÷íî ìîæíî äîêàçàòü, ÷òî èìååò ìåñòî

Ñ ë å ä ñ ò â è å 3.3. Ïóñòü âûïîëíÿþòñÿ óñëîâèÿ òåîðåìû 2.2. Òîãäà äëÿ µ ∈
[0; µ0] , µ+ h ∈ (0; µ0) , h, µ0 = const ñïðàâåäëèâà îöåíêà:∣∣∣∣u(t, x, ν, µ+ h) − u(t, x, ν, µ)

h

∣∣∣∣ ≤ B.
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On stability the solution by small parameters for nonlinear

pseudohyperbolic equation of the �fth order

c⃝ T. K. Yuldashev2

Abstract. In this article it is proved the theorems about the stability the solutions by small
parameters for nonlinear partial pseudohyperbolic di�erential equations of the �fth order.

Key Words: nonlinear equation, stability the solution, small parameters, countable system of
nonlinear equations.
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