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ПРО ОЦІНКИ СПАДАННЯ ЗА ЧАСОМ РОЗВ’ЯЗКІВ  
ДРУГОЇ ЗМІШАНОЇ ЗАДАЧІ ДЛЯ ОДНОГО  
КВАЗІЛІНІЙНОГО ПАРАБОЛІЧНОГО РІВНЯННЯ 
 

Îòðèìàíî óìîâè ³ñíóâàííÿ ãëîáàëüíîãî ðîçâ’ÿçêó äðóãî¿ çì³øàíî¿ çàäà÷³ äëÿ 
îäíîãî êâàç³ë³í³éíîãî ïàðàáîë³÷íîãî ð³âíÿííÿ â íåîáìåæåí³é îáëàñò³. Âñòà-
íîâëåíî îö³íêè ñïàäàííÿ ðîçâ’ÿçê³â, ÿê³ çàëåæàòü â³ä ãåîìåòð³¿ îáëàñò³. 

 
Àñèìïòîòè÷íà ïîâåä³íêà ðîçâ’ÿçê³â ïðè → +∞t  ð³çíèõ çì³øàíèõ çàäà÷ 

äëÿ ïàðàáîë³÷íèõ ð³âíÿíü â íåîáìåæåíèõ îáëàñòÿõ ðîçãëÿäàëàñü â ðîáîòàõ 
[2, 3, 5, 6, 8] (äèâ. òàêîæ á³áë³îãðàô³þ â íèõ). Ó öèõ ðîáîòàõ äëÿ øèðîêîãî 
êëàñó îáëàñòåé, ùî îïèñóþòüñÿ â òåðì³íàõ ³çîïåðèìåòðè÷íîñò³, áóëà âèä³-
ëåíà ãåîìåòðè÷íà õàðàêòåðèñòèêà îáëàñò³, ÿêà âèçíà÷àº ìàêñèìàëüíó 
øâèäê³ñòü ñïàäàííÿ ðîçâ’ÿçê³â ïðè → +∞t . 

Ôîðìóëþâàííÿ çàäà÷³ òà îñíîâíèé ðåçóëüòàò. Íåõàé Ω ⊂ ≥ ,  2n n , – 
íåîáìåæåíà îáëàñòü ç äîñòàòíüî ãëàäêîþ ìåæåþ Γ  ³ Σ = Γ × ∞(0, ) , =Q  

= Ω × ∞(0, ) . Ðîçãëÿíåìî â Q  çì³øàíó çàäà÷ó 
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1, ,i n=  , º òèïó Êàðàòåîäîð³, òîáòî äëÿ ìàéæå âñ³õ ∈( , )x t Q  ôóíêö³¿ 

ξ → ξ η → η( , , ),  ( , , )ia x t g x t  íåïåðåðâí³ ³ ∀ξ ∈ n , ∀η ∈   ôóíêö³¿ ( , )x t →  

( , , ),  ( , ) ( , , )ia x t x t g x t→ ξ → η  âèì³ðí³. Áóäåìî ïðèïóñêàòè âèêîíàííÿ òàêèõ 
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 −ξ ≤ ξ = 1( , , ) ,         1, ,p
ia x t M i n , (6) 

 
αα∗ ∗ ∗ η − η ≤ η + η η − η α > > 

 
( , , ) ( , , ) ,     0,      0g x t g x t K K , (7) 

 ≡( , ,0) 0g x t . (8) 

Îïèøåìî îáëàñò³, â ÿêèõ ðîçãëÿäàºòüñÿ çàäà÷à (1)–(3). Ðîçãëÿíåìî 
ôóíêö³þ −= ∂ Ω =1( ) inf mes ( ) : mes ,  n nl v G G v G{  – äîâ³ëüíà â³äêðèòà ï³ä-

ìíîæèíà â Ω} . Íåõàé äîäàòíà ôóíêö³ÿ >( ),  0g v v , íåïåðåðâíà, ìîíîòîííî 

íåñïàäíà ³ íåõàé ³ñíóº òàêå ε > ε ≤0 00,  1 n/ , ùî ôóíêö³ÿ −ε01 ( )v g v/  ìîíî-
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òîííî íåñïàäíà ³ ≥ ∀ >( ) ( )  0l v g v v . Ïîçíà÷èìî 
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³ íåõàé íåïåðåðâíà ôóíêö³ÿ >( ),  0w t t , º îáåðíåíîþ äî 1( )P v . Áóäåìî ïðè-

ïóñêàòè, ùî ³ñíóº òàêå > 0æ , ùî ôóíêö³ÿ → ( )t t w tæ/  ìîíîòîííî íåñïàäíà. 

Ñêàæåìî, ùî îáëàñòü Ω  çàäîâîëüíÿº óìîâó À, ÿêùî ³ñíóþòü ôóíêö³¿ 
( ),  ( )g v w t , ÿê³ çàäîâîëüíÿþòü ïåðåðàõîâàí³ âèùå óìîâè. 

Ìåòà çàïðîïîíîâàíî¿ ðîáîòè – çíàéòè óìîâè ðîçâ’ÿçíîñò³ çàäà÷³ (1)–(3) 
³ äîñë³äèòè ïîâåä³íêó ðîçâ’ÿçêó ïðè → ∞t  çàëåæíî â³ä ãåîìåòð³¿ ìåæ³ Γ . 

Ó âèïàäêó 1( , , ) ,  1,  0q
ig x t u u u q−= −λ ≥ λ ≥  çàäà÷ó (1)–(3) äîñë³äæåíî â 

ðîáîò³ [6]. 

Ïîçíà÷åííÿ. Íåõàé Ω  – çàäàíà îáëàñòü â n . Íîðìó â ïðîñòîð³ 

Ω( )pL , ≤ ≤ ∞1 p , ïîçíà÷àºìî ÷åðåç Ω⋅ = ⋅ ,p p  ³ ïîêëàäåìî òàêîæ ⋅ = ⋅ 2 . 

Ïîçíà÷èìî ÷åðåç V  ïîïîâíåííÿ çà íîðìîþ = ∇ + 2pv v v  ìíîæèíè ôóíê-

ö³é ³ç êëàñó 1
0 ( )nC , íåïåðåðâíî äèôåðåíö³éîâíèõ ç êîìïàêòíèì íîñ³ºì â 

n . Ïîêëàäåìî = Ω2 ( )H L . Ïðîñò³ð V  âêëàäåíèé â H  ³ ù³ëüíèé â íüîìó, 

ïðè÷îìó âêëàäåííÿ íåïåðåðâíå. Íåõàé ∗H  ³ ∗V  ïîçíà÷àþòü ïðîñòîðè, 

ñïðÿæåí³ äî H  ³ V . Îòîòîæíþþ÷è çà òåîðåìîþ Ð³ññà H  ³ ∗H , ïðèõîäèìî 

äî âêëþ÷åíü ∗⊂ ⊂V H V . ×åðåç ⋅ ⋅,  ïîçíà÷èìî ñêàëÿðíèé äîáóòîê ì³æ ∗V  

³ V . Îçíà÷èìî îïåðàòîðè ∗→( ) :A t V V  ³ ( )∞ ∗Ω →( ) :G t V L V  çà äîïîìî-
ãîþ ð³âíîñòåé 
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vA t u v a x t u dx a t u v u v V
x

, 

 ( ) , ( , , )G t u v g x t u v dx
Ω

= ∫   äëÿ ∞∈ Ω ∈ ( ),  u V L v V  

³ äëÿ ìàéæå âñ³õ > 0t . ×åðåç ′u  ïîçíà÷àºìî ïîõ³äíó çà çì³ííîþ t  â 
∗ ∗ ∗=D D0, ; ( 0, );T V L T V( ) ( )] [ ] [ . 

Îçíà÷åííÿ. Ñëàáêèì ðîçâ’ÿçêîì çàäà÷³ (1)–(3) íàçâåìî ôóíêö³þ ( , )u x t  

òàêó, ùî (0, ; ),  (0, ; ( )),  (0, ; )  0p pu L T V u L T L u L T V T
′∞ ∞ ∗′∈ ∈ Ω ∈ ∀ >  :p′ =  

1
0 0: /( 1), 2 , (0) , ( ) ( )p p p u u u L L∞= − < < ∞ = ∈ Ω Ω , ³ ( )u t  çàäîâîëüíÿº òàêå 

ð³âíÿííÿ:  

 ′ + =( ) ( ) ( ) ( ) ( )u t A t u t G t u t  â ∗ ∗D 0, ;T V( )] [ . (9) 

Òåîðåìà 1. Íåõàé Ω  çàäîâîëüíÿº óìîâó À ³ âèêîíóþòüñÿ óìîâè (4)–(8). 
Òîä³ ³ñíóþòü äîäàòí³ êîíñòàíòè ,δ ν  òàê³, ùî, ÿêùî  
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Íàäàë³ ë³òåðîþ c  áóäåìî ïîçíà÷àòè ð³çí³ äîäàòí³ ñòàë³. 
Äîïîì³æí³ òâåðäæåííÿ. Ðîçãëÿíåìî çàäà÷ó 

 0( ) ( ) ( ) ( ),       (0)u t A t u t f t u u′ + = = , (12) 

äå 1(0, ; ( ) ( ))pf L T L L
′ ∞∈ Ω Ω  – çàäàíà ôóíêö³ÿ, 1 2

0 ( ) ( )u L L∈ Ω Ω , 2p > , 

: /( 1),  0p p p T′ = − > . 

Òåîðåìà 2. Äëÿ ðîçâ’ÿçêó u  çàäà÷³ (12) ñïðàâäæóºòüñÿ îö³íêà 
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 + γ τ τ τ 
 ∫( )

/
/ / , (13) 

äå 1/( 2)pγ > −  – äîâ³ëüíå ÷èñëî. 

Ä î â å ä å í í ÿ.  Íåõàé γ=v t u , äå γ > 0  – äîâ³ëüíå ÷èñëî. Òîä³  

 1( ) ( ) ( ) ( ) ( ),       (0) 0v t t A t u t t v t t f t vγ − γ′ + = γ + = . (14) 

Ïîçíà÷èìî 
0

( ) : ( , ) ,  ( ) sup mes ( )k k k
s t

A t x v x t k a t A s
≤ ≤

= ∈ Ω > ={ } , ≥ 0k , ≥ 0t , 

ζ = −(sgn )max ,0v v k{ } . Ïîìíîæèìî îáèäâ³ ÷àñòèíè ð³âíÿííÿ (14) íà ζ . 

Òîä³, âðàõîâóþ÷è ð³âí³ñòü −γ∇ = ∇ζu t  íà ( )kA t , îäåðæèìî 
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Ïîçíà÷èìî ( ) : ( )kB v x v x k= ∈ Ω >{ } . Ó ðîáîò³ [5] äîâåäåíî íåð³âí³ñòü  
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v x k dx cP B v v dx v V− ≤ ∇ ∀ ∈∫ ∫( ) . (16) 

Äëÿ ôóíêö³¿ ( )tζ  ³ç (16) âèïëèâàº íåð³âí³ñòü  
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A t A t

t dx cP A t t dx k pζ ≤ ∇ζ ≥ ≥∫ ∫ . (17) 

Çà äîïîìîãîþ íåð³âíîñò³ (17) ìàºìî  

 1/
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A t

v dx v t t c v t P A t′ ′ζ ≤ ζ ≤ ∇ζ ≤∫ ( )  
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k k pc v t A t P A t

′
∞≤ ∇ζ . (18) 

Òàê ñàìî îö³íþºìî äðóãèé ³íòåãðàë ó ïðàâ³é ÷àñòèí³ ð³âíîñò³ (15). ²ç (15), 
âðàõîâóþ÷è (4), (18), îòðèìóºìî 

 2 (2 ) (2 )/ 1/1 ( ) ( ) ( ) (mes ( ))
2

pp p p p
kp p

d t t t c t t A t
dt

′γ − γ − ζ + µ ∇ζ ≤ ∇ζ × 
 

 

 1/ ( 2) 1 2 /(mes ( )) ( ) ( )p p p p
kP A t t v t t f t

′γ − − γ
∞ ∞

 × γ + 
 

( ) / . (19) 

Çàñòîñóºìî äî ïðàâî¿ ÷àñòèíè (19) íåð³âí³ñòü Þíãà 
′ ′− ′≤ ε + ε // /p p p pab a p b p , 



28 

1,  1/ 1/ 1,  0,  , 0p p p a b′> + = ε > ≥ , ³ âèáåðåìî ε  äîñòàòíüî ìàëèì. Òîä³ 
îäåðæèìî 

 2 (2 ) /1 ( ) ( ) ( )(mes ( )) (mes ( ))
2

pp p p
k kp

d t ct t c A t P A t
dt

′γ −ζ + ∇ζ ≤ γ ×( )  

 2( ) ( )p pt v t t f t
′ ′δ γ

∞ ∞× +( ) , (20) 

äå 
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1
p

p
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γ − ′δ = −  
. Çàóâàæèìî, ùî 2 2( ) ( ) mes ( )ht h k A tζ ≥ −  ïðè h k> >  

0> . Òîä³, ³íòåãðóþ÷è íåð³âí³ñòü (20) çà t , îòðèìóºìî 

 2 / 2
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( ) ( ) ( ) ( ( )) ( ) ( )
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p pp p
h k kh k a t ca t P a t v f d

′ ′′ δ γ
∞ ∞

 − ≤ τ τ + τ τ τ 
 ∫( ) . (21) 

Çàñòîñóºìî äî (21) íàñòóïíó ëåìó [1]. 

Ëåìà 1. Íåõàé ϕ  – íåâ³ä’ºìíà é ìîíîòîííî íåçðîñòàþ÷à ôóíêö³ÿ íà 

∞0 ,k[ )  òàêà, ùî 

 −α β θϕ ≤ − ϕ ϕ > > 0( ) ( ) ( ) ( ( )) ,        h C h k k P k h k k( ) , 

äå α β θ  , , ,  C  – äîäàòí³ ñòàë³, P  – íåâ³ä’ºìíà ìîíîòîííî íåñïàäíà ôóíê-

ö³ÿ íà ∞0,[ )  òàêà, ùî ε∃ε > ∀λ ∈ ∀ξ ≥ λξ ≤ λ ξ0  0,1 ,   0   ( ) ( )P P( ]  ³ µ =  

/(1 ) 0= α − β − εθ < . Òîä³ ϕ + =0( ) 0k d , äå 

 α α −µ β− θ= ϕ ϕ1
0 02 ( ( )) ( ( ))d C k P k( ) . (22) 

 Çàñòîñóâàâøè ëåìó 1 äî (21) (äëÿ ( ) ( )kk a tϕ = , α = 2 , β = 1 , ′θ = /p p , 

ε = ε0p , 2

0

( ) ( )
t

p pC c v f d
′ ′δ γ

∞ ∞
 = τ τ + τ τ τ 
 ∫ ), îòðèìàºìî 

0
( ) 0k da t+ = , ³ òîìó 

0 0( )   0v t k d k∞ ≤ + ∀ > . Òîä³, âðàõîâóþ÷è (22), îäåðæèìî äëÿ âñ³õ > 0k  
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Çàñòîñóâàâøè ëåìó Á³õàð³ [4] äî (23), îòðèìàºìî 
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Ç îãëÿäó íà íåð³âí³ñòü ×åáèøåâà ìàºìî ( )ka t s≤ , äå 1
1

0
: sup ( )

t
s k v−

≤τ≤
= τ . 

Áóäåìî ïðèïóñêàòè, ùî 1/( 2)pγ > − . Òîä³ δ > −1 . ²ç (24) âèïëèâàº  
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Çâ³äñè îòðèìóºìî  
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pp p pc P s s t f d
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 ∫ , (25) 

äå 2
1( ) ( )pP s s P s−= . Ïîêëàäåìî â (25) 

2
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ps w t u −= ( ) . Òîä³ 

 
[ ]

2 ( 2)/(2 2) 1/(2 2)
0 011 1

0,
( ) ( ) sup ( ) ( )

p p p p

t
u t w t u c u c u t
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∞ ≤ γ τ + γ ×( )  

 
1/2/2

2 2
0 1

0

( )
tp

p pw t u f d
′

′− γ
∞

  × τ τ τ      ∫( ) . (26) 

Çàñòîñóâàâøè äî îñòàííüîãî ÷ëåíà â (26) íåð³âí³ñòü Þíãà ç ïîêàçíèêàìè 
2/ ,  /( 1)p′ ′β = β = β β − , îòðèìàºìî (13). ◊ 

Îö³íêà ðîçâ’ÿçê³â.  

Ä î â å ä å í í ÿ  òåîðåìè 1. Âèêîðèñòàºìî ìåòîä çð³çàííÿ. Äëÿ çàäà-

íî¿ äîäàòíî¿ ôóíêö³¿ ∈ +∞0, )m C([ )  îçíà÷èìî îïåðàòîð mS  íà ∞loc (0, ; )pL V : 

 = − ∈ ∞loc( ) min max ( , ),  ( ) ,  ( ) ,      (0, ; )p
mS v v x t m t m t v L V{ }{ } . 

Íàäàë³ ïðèïóñêàºìî, ùî < ≤ ∀ ≥0 ( )   0m t m t , äå = constm . Ðîçãëÿíåìî 
«àïðîêñèìóþ÷ó» çàäà÷ó 

 ′ + = = 0( ) ( ) ( ) ( ) ( ( )),      (0)m m m m mu t A t u t G t S u t u u . (27) 

Çàñòîñîâóþ÷è ìåòîä Ôàåäî – Ãàëüîðê³íà, ïîêàæåìî, ùî äëÿ âñ³õ ∈ Ω2
0 ( )u L  

³ ( )m t  çàäà÷à (27) ìàº ºäèíèé ãëîáàëüíèé ðîçâ’ÿçîê ∈ ∞loc (0, ; )p
mu L V , 

0, ;mu C H∈ ∞[ )( ) . Íåõàé 1 2, ,w w{ }  – ïîâíà â V  ñèñòåìà ë³í³éíî íåçàëåæ-

íèõ ôóíêö³é ç êîìïàêòíèì íîñ³ºì â n  ³ íåõàé kV  – ë³í³éíà îáîëîíêà ìíî-

æèíè 1, , kw w{ } . Äëÿ êîæíîãî ∈ k  îçíà÷èìî íàáëèæåíèé ðîçâ’ÿçîê mku  

çàäà÷³ (27) òàêèì ÷èíîì:  

 ∈( )mk ku t V , 

 ( )( )′ + = ∀ ∈( , ) ( ; ( ), ) , , ( ( )) ,    mk k mk k m mk k k ku v a t u t v g x t S u t v v V , (28) 

 = 0(0)mk ku u , (29) 

äå ÷åðåç ⋅ ⋅( , )  ïîçíà÷åíî ñêàëÿðíèé äîáóòîê â Ω2 ( )L  ³ 0ku  ó (29) º îðòî-

ãîíàëüíîþ ïðîåêö³ºþ â H  ôóíêö³¿ 0u  íà kV . Ïîêëàâøè â (28) = ( )k mkv u t  ³ 

çàñòîñóâàâøè ëåìó ¥ðîíóîëëà, îòðèìàºìî àïð³îðíó îö³íêó 

 
22

0
0

( ) exp      
t

p
mk mk p

u t u d c u cm t kα+ ∇ τ ≤ ∀ ∈∫ ( ) . (30) 

Àíàëîã³÷íèì ñïîñîáîì, ÿê ïðè äîâåäåíí³ òåîðåìè 3.1 ó [7, ñ. 226], âèâîäèìî 

 
+∞

γ

−∞

τ χ τ τ ≤ ∀ ∈ < γ <∫ 
22

0,
1( ) ( ) ( ) ( )      ,     0
4T mkF t u t d c T k[ ][ ] , (31) 

äå χ 0, ( )T t[ ]  – õàðàêòåðèñòè÷íà ôóíêö³ÿ 0,T[ ]  ³ ϕ τ( )F [ ]  – ïåðåòâîðåííÿ Ôó-
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ð’º ôóíêö³¿ ϕ( )t  çà çì³ííîþ t . Îö³íêè (30), (31) ³ òåîðåìà 2.2 ç [7, ñ. 220] äî-

çâîëÿþòü ñòâåðäæóâàòè, ùî ³ñíóþòü ôóíêö³ÿ ∈ (0, ; )p
mu L T V , ∈mu  

∞∈ (0, ; )L T H  ³ ï³äïîñë³äîâí³ñòü ′mku  òàê³, ùî ′ → mmku u  ñëàáêî â (0, ; )pL T V , 

′ → mmku u  ∗ -ñëàáêî â ∞ Ω2(0, ; ( ))L T L  ³ ñèëüíî â ′ ′Ω → ∞2 2(0, ; ( )),  L T L k , äå 

′Ω  – áóäü-ÿêà îáìåæåíà ï³äîáëàñòü îáëàñò³ Ω . Ö³ ðåçóëüòàòè ïðî çá³æ-
í³ñòü äàþòü ìîæëèâ³ñòü ç âèêîðèñòàííÿì ìåòîäó ìîíîòîííîñò³ ïåðåéòè äî 
ãðàíèö³ â (28), (29) ³ îòðèìàòè ³ñíóâàííÿ ãëîáàëüíîãî ðîçâ’ÿçêó çàäà÷³ (27).  

ªäèí³ñòü ðîçâ’ÿçêó äîâîäèìî çà äîïîìîãîþ ëåìè ¥ðîíóîëëà. 

 Ðîçãëÿíåìî ðîçâ’ÿçîê çàäà÷³ (27) ç [ ]
1

2
0 0 1

( ) 1
p

m t m w t u
−

− = + 
 

( ) , äå 

÷èñëî >0 0m  âèáåðåìî íèæ÷å. Äëÿ çàäà÷³ (12), âèêîðèñòîâóþ÷è ìåòîäè 

ðîáîòè [1] ïðè äîâåäåíí³ îö³íîê â 1( )L Ω , îòðèìóºìî íåð³âí³ñòü 

 01 11
0

( ) ( )
t

u t u f d≤ + τ τ∫ . (32) 

Çàñòîñîâóþ÷è íåð³âí³ñòü (32) äî çàäà÷³ (27), ä³ñòàíåìî 

 01 11
0

( ) ( ) ( )
t

m mu t u c m u dα≤ + τ τ τ∫ . (33) 

Çàñòîñóºìî äî (33) ëåìó ¥ðîíóîëëà. Òîä³ îòðèìàºìî 

 01 1
( ) exp ( ( ))mu t u cM t≤ , (34) 

äå 
0

( ) ( )
t

M t m dα= τ τ∫ . 

Çàñòîñóâàâøè íåð³âí³ñòü (13) äî çàäà÷³ (27), ä³ñòàíåìî 

 
[ ]

2
0 11

0,
( ) ( ) sup ( )

p
m m

t
w t u u t c u

−
∞ ≤ γ τ +( )  

 
21/ 2 /

0 1
( ) ( )

pp pc t w t u J t
′ −− γ+ γ ( ) , (35) 

äå 
1/

2 (1 )

0

( ) ( )
pt

pJ t m d
′

′γ +α = τ τ τ 
 ∫ . 

Îñê³ëüêè / ( )t w tæ  – ìîíîòîííî íåñïàäíà ôóíêö³ÿ, òî ïðè 2
1

p
p

+ αγ ≥
−

æ  

ìàºìî 

 [ ]
( )/

21 / 2 / 1/
0 0 1

( ) ( 1) 1 ( ( ))
p p

pp p pJ t m t w t u M t
− +α

′ ′−+ α γ  ≤ + + 
 

( ) . 

Çâ³äñè, âèêîðèñòîâóþ÷è íåð³âí³ñòü [ ] 2
0 0 1

( ) 1
p

M t m t w t u
−α

−α  ≥ + 
 

( ) , îòðèìó-

ºìî 

 [ ]
1

22 / 1/
0 0 1

( ) ( 1) 1 ( )
pp pJ t m t t w t u M t

−
′ −γ −  ≤ + + 

 
( ) . (36) 

Íåõàé 0( ) : ( )L t m M t−α= . Òîä³ ç (35), âèêîðèñòàâøè (34), (36), îäåðæèìî 

ïðè ≥ 1t  

 
2 1

0 0 0 01 1
( ) exp ( )

p
mw t u u t c u cm L cL t m

− α +α
∞ ≤ +( ) ( ) . (37) 
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Îñê³ëüêè ôóíêö³ÿ / ( )t w tæ  ìîíîòîííî íåñïàäíà, òî 
2

0 1

p
w t u

− ≥( )  

2
0 1

/( 1) 1
p

t t w t u
−≥ + +( )

æ
[ ][ ] . Òîä³ ç (37) ïðè ≥ 1t  âèïëèâàº 

 
2 1

0 0 0 01 1
1 ( ) exp ( ) ( )

p
mw t u u t c u cm L t cL t m

− α +α
∞+ ≤ +( ) ( )[ ] . (38) 

 Ðîçãëÿíåìî ôóíêö³þ 1
1 0( ) expf x a x x a dx+α α= − + ( ) , äå 0 1, , 0a a d > , 

α > 0 . Ñïðàâäæóºòüñÿ òàêà ëåìà. 

 Ëåìà 2. Íåõàé âèêîíóºòüñÿ óìîâà 

 
1/

0
1 1

1 exp
1 (1 ) (1 )

da
a a

αα    < −   + α + α + α   
. (39) 

Òîä³ 0( ) 0f x < , äå 0
0

1

(1 )
exp

(1 )

a dx
a

+ α  =  α + α 
. 

 Ä î â å ä å í í ÿ. ²ç óìîâè (39) âèïëèâàº íåð³âí³ñòü 0
1

1
(1 )

x
a

α <
+ α

. Âè-

êîðèñòîâóþ÷è äâ³÷³ öþ íåð³âí³ñòü, ìàºìî 

0 0 0 0( ) /(1 ) exp ( ) 0f x x a dxα< − α + α + < .  ◊ 

 Çàñòîñóºìî ëåìó 2 äî íåð³âíîñò³ (38), ïîêëàäàþ÷è 1 ( )a cL t= , 0 0 1
a c u= , 

( )d cL t= . Óìîâà (39) áóäå ð³âíîñèëüíà íåð³âíîñò³ 0 1
( ) ( )  0u L t c t

α < α ∀ ≥ . 

Ïðèïóñòèìî, ùî öÿ íåð³âí³ñòü âèïëèâàº ç óìîâè (10). Òîä³ ç (38) ïðè 0m =  

0 0 1
exp /(1 ) (1 )/x c u c= = + α + α α[ ]  îòðèìóºìî 

2
0 01

1 ( )   1
p

mw t u u t m t
−

∞+ < ∀ ≥( )[ ] .  

Îòæå, ( ) ( ) 1mu t m t t∞ < ∀ ≥ , ³ òîìó ( ( , )) ( , ) 1m m mS u x t u x t t= ∀ ≥ . 

 Ðîçãëÿíåìî òåïåð âèïàäîê, êîëè > 0t . Äëÿ çàäà÷³ (12), âèêîðèñòîâóþ÷è 
ïðèíöèï ïîð³âíÿííÿ ðîçâ’ÿçê³â, îòðèìóºìî íåð³âí³ñòü 

 0
0

( ) ( )
t

mu t u f d∞∞ ∞≤ + τ τ∫ . (40) 

Çàñòîñóâàâøè íåð³âí³ñòü (40) äî çàäà÷³ (27), ä³ñòàíåìî 

 0
0

( ) ( ) ( )
t

m mu t u c m u dα
∞ ∞∞≤ + τ τ τ∫ . (41) 

Çàñòîñóºìî äî (41) ëåìó ¥ðîíóîëëà. Òîä³ îòðèìàºìî 

 0 0( ) exp ( )mu t u cm L tα
∞ ∞≤ ( ) . (42) 

Îñê³ëüêè 0 0 1
m c u=  ³ âèêîíóºòüñÿ óìîâà (10), òî ³ç (42) âèïëèâàº  

 0( )           0mu t c u t∞ ∞≤ ∀ ≥ . (43) 

Íåõàé 0u  çàäîâîëüíÿº äîäàòêîâó óìîâó 0 (1)c u m∞ <  ç ôîðìóëþâàííÿ òåî-

ðåìè 1. Òîä³ ç (43) ìàºìî ( ) (1)mu t m∞ < . Çâ³äñè, îñê³ëüêè ôóíêö³ÿ ( )m t  º 

ìîíîòîííî íåçðîñòàþ÷îþ, âèïëèâàº ( ) ( ) 1,mu t m t t∞ < ∀ ≤  òîìó ( ( , ))m mS u x t =  

( , ) 1mu x t t= ∀ ≤ . 

 ²ç (27) âèïëèâàº, ùî ôóíêö³ÿ ( )mu t  çàäîâîëüíÿº ð³âíÿííÿ (9) ³ äëÿ íå¿ 

ñïðàâäæóºòüñÿ îö³íêà (11). ◊ 
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ОБ ОЦЕНКАХ УБЫВАНИЯ РЕШЕНИЙ ПО ВРЕМЕНИ  
ВТОРОЙ СМЕШАННОЙ ЗАДАЧИ ДЛЯ ОДНОГО КВАЗИЛИНЕЙНОГО 
ПАРАБОЛИЧЕСКОГО УРАВНЕНИЯ 
 
Ïîëó÷åíû óñëîâèÿ ñóùåñòâîâàíèÿ ãëîáàëüíîãî ðåøåíèÿ âòîðîé ñìåøàííîé çàäà÷è 
äëÿ îäíîãî êâàçèëèíåéíîãî ïàðàáîëè÷åñêîãî óðàâíåíèÿ â íåîãðàíè÷åííîé îáëàñòè. 
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òè. 
 
ON TIME DECAY ESTIMATES OF SOLUTIONS TO SECOND 
MIXED PROBLEM FOR ONE 
QUASI-LINEAR PARABOLIC EQUATION  
 
The conditions of existence of global solution to the second mixed problem for one qua-
si-linear parabolic equation in the unbounded domain are obtained. The decay estimates 
of solution which depend on the geometry of domain are established. 
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