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ЗАДАЧА БЕЗ ПОЧАТКОВИХ УМОВ ДЛЯ НЕЛІНІЙНОГО 
УЛЬТРАПАРАБОЛІЧНОГО РІВНЯННЯ З ВИРОДЖЕННЯМ 
 

Ðîçãëÿíóòî çì³øàíó çàäà÷ó äëÿ íåë³í³éíîãî âèðîäæåíîãî óëüòðàïàðàáîë³÷íî-
ãî ð³âíÿííÿ äðóãîãî ïîðÿäêó. Äîñë³äæåíî ³ñíóâàííÿ óçàãàëüíåíèõ ðîçâ’ÿçê³â ö³-
º¿ çàäà÷³ â îáìåæåí³é îáëàñò³, à òàêîæ ñëàáêèõ ðîçâ’ÿçê³â (ó ñåíñ³ ãðàíèö³ ïî-
ñë³äîâíîñòåé) çàäà÷³ áåç ïî÷àòêîâèõ óìîâ äëÿ öüîãî ð³âíÿííÿ. 

 
1. Âñòóï. Ó ö³é ïðàö³ ðîçãëÿíóòî çì³øàí³ çàäà÷³ äëÿ óëüòðàïàðàáîë³÷-

íîãî ð³âíÿííÿ äðóãîãî ïîðÿäêó, ÿêå ì³ñòèòü âèðîäæåííÿ. Çíàéäåíî óìîâè, 
çà ÿêèõ ³ñíóº ðîçâ’ÿçîê çì³øàíî¿ çàäà÷³ äëÿ öüîãî ð³âíÿííÿ òà óìîâè ñëàá-
êî¿ ðîçâ’ÿçíîñò³ çàäà÷³ áåç ïî÷àòêîâèõ óìîâ äëÿ âêàçàíîãî ð³âíÿííÿ. Ïîíÿò-
òÿ ñèëüíîãî òà ñëàáêîãî ðîçâ’ÿçêó çàäà÷³ áåç ïî÷àòêîâèõ óìîâ ââåäåíî ïî-
ä³áíî, ÿê ó ïðàö³ [17], ÿêà ñòîñóºòüñÿ ã³ïåðáîë³÷íèõ îïåðàòîð³â. 

Çàóâàæèìî, ùî çàäà÷³ äëÿ ð³âíÿíü óëüòðàïàðàáîë³÷íîãî òèïó âèíèêà-
þòü ïðè éìîâ³ðí³ñíîìó îïèñóâàíí³ ïðîöåñ³â äèôóç³¿ ç ³íåðö³ºþ, â åêîíîì³ö³, 
ô³íàíñàõ òîùî [3, 15, 16, 18]. Ïèòàííÿ ïðî ðîçâ’ÿçí³ñòü çàäà÷³ Êîø³ òà ïîáó-
äîâó ôóíäàìåíòàëüíî¿ ñèñòåìè ðîçâ’ÿçê³â äëÿ óëüòðàïàðàáîë³÷íèõ ð³âíÿíü 
ðîçãëÿäàëèñü ó [3–6, 15, 16, 18–20], à ðîçâ’ÿçí³ñòü çì³øàíèõ çàäà÷ ³ çàäà÷ 
áåç ïî÷àòêîâèõ óìîâ – ó [1, 8, 9, 12–14, 21]. Íà â³äì³íó â³ä ïðàöü [1, 8, 9], äå 
äîñë³äæåíî ³ñíóâàííÿ òà ºäèí³ñòü ðîçâ’ÿçê³â êðàéîâèõ çàäà÷ äëÿ ð³âíÿíü ç 
ìîíîòîííîþ ãîëîâíîþ ÷àñòèíîþ, ó ö³é ïðàö³ äîñë³äæåíî ³ñíóâàííÿ ðîçâ’ÿç-
ê³â ð³âíÿííÿ ç îïåðàòîðîì â ãîëîâí³é ÷àñòèí³, ÿêèé íå º ìîíîòîííèì.  

2. Çàäà÷à ç ïî÷àòêîâîþ óìîâîþ. Håõàé nΩ ⊂   – îáìåæåíà îáëàñòü ç 
ìåæåþ ∂Ω ; 0y < + ∞ , 0(0, )D y= Ω × , 0(0, ) (0, )G y T= × ; ( , )TQ D T= × − ∞ , 

0, (0, )TQ D T= × , 0,0 ;  (0, )T Q Dτ< < + ∞ = × τ , 0,(0, ,  TT D Q tττ ∈ = = τ] { } ; 

2C∂Ω ⊂ , 0, 0(0, ) (0, )T y TΣ = ∂Ω × × , 0(0, ) ( , )T y TΣ = ∂Ω × × − ∞ .  

Â îáëàñò³ 0 TQ ,  ðîçãëÿíåìî çì³øàíó çàäà÷ó  

 2

1

( , , ) ( , , ) ( , , )
i i

n
p

t y i x x
i

u x y t u a x y t u u f x y t−

=

− λ − =∑( ) , (1) 

 
0,

0( , , ) 0,      ( , ) (0, ),      0
T

u x y t x t T u
Σ

= ∈ Ω × = , (2) 

 0( , ,0) ( , )u x y u x y= . (3) 

Ñòîñîâíî êîåô³ö³ºíò³â ( , , ),  1, ,ia x y t i n=  , òà ( , , )x y tλ  ð³âíÿííÿ (1) 
ïðèïóñêàòèìåìî âèêîíàííÿ óìîâ: 

(A) 0( ),  ( , , ) 0i T ia L Q a x y t a∞∈ ≥ >  ìàéæå äëÿ âñ³õ ( , , ) ,  1, ,Tx y t Q i n∈ =  ; 

(L) ( ),  ( )T y TC Q L Q∞λ ∈ λ ∈  ìàéæå äëÿ âñ³õ ( , , ) Tx y t Q∈ ; 

(P) 2 p< < + ∞ . 
Áóäåìî ðîçãëÿäàòè òàê³ ïðîñòîðè: 
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Òâåðäæåííÿ. Íåõàé 
0,

( 2) 2 1
0: ( ),  0,  ( , , ) 0

T

pS v v v H D v v x y t−
Σ

= ∈ = ={ / , 

( , ) (0, )x t T∈ Ω × }  ³ ôóíêö³ÿ 
1

2 2

1

( ) ( )
i

pn
p

x
iD

M v v v dx dy−

=

 =  
 ∑∫

/

.  

Òîä³: 

(³) ôóíêö³ÿ ( ) 0M v ≥  íà S  ³ ( ) ( )M v M vλ = λ  äëÿ äîâ³ëüíîãî ÷èñëà 1λ∈ ;  

(³³) âèêîíóþòüñÿ âêëàäåííÿ ( )sS L D⊂ , äå 2 s p< ≤ ; 

(³³³) ìíîæèíà : ,  ( ) 1v v S M v∈ ≤{ }  â³äíîñíî êîìïàêòíà â ( )sL D .  

 Ä î â å ä å í í ÿ.  Çàóâàæèìî, ùî ( ) 0M v ≥  ³  
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( ) ( ) ( )
i

pn
p p

x
iD

M v v v dx dy M v−

=

 λ = λ = λ 
 ∑∫

/

.  

Ïîêëàäåìî ( 2) 2( ) pv v v−β = / . Íåõàé 
1m m

v S
∞

= ∈{ } . Òîä³ ( )mvβ  îáìåæåíà 

â 
0,

def
1

0 2( ),  0,  ( , , ) 0,  ( , ) (0, ) ( )}
T

v v H D v v x y t x t T W D
Σ

: ∈ = = ∈ Ω × ≡{ . Ïðîñò³ð 

2 ( ) ( )qW D L D⊂  ïðè 
2( 1)

1
n

q
n

+
≤

−
 (àáî q  – äîâ³ëüíå ñê³í÷åííå ÷èñëî ïðè 1n = ). 

Çâ³äñè îòðèìóºìî, ùî 

 
1
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q

qp
m m

D

v v dx dy−  = 
 ∫ ( )

/
/  

 
1 (2 ) ( 2)

2 2
q pq p

pq pq
m m

D D

v dx dy v dx dy
⋅

   = = < ∞   
   ∫ ∫

/ / /
/ / . 

Òîìó 2 ( )pq
mv L D∈ /  ³, êð³ì òîãî, mv v→  ñëàáêî â 2 ( )pqL D/ . Îñê³ëüêè âêëà-

äåííÿ 2
2( ) ( )W LΩ ⊂ Ω  º êîìïàêòíèì, ( )v Sβ ∈ , òî çà òåîðåìîþ 5.1 [11, ñ. 70] 

( )mvβ → χ  ñèëüíî â 2 ( )L D  ³ ìàéæå âñþäè. Îñê³ëüêè ( )λ → β λ  – ìîíîòîííå, 

òî 1( )mv −→ β χ  ìàéæå âñþäè, à, îòæå, ³ â 2 ( )pqL D/ . Òîìó 1( ) v−β χ = .  Îòæå, 

mv v→  ñëàáêî â 2 ( )pqL D/  ³ ìàéæå âñþäè.  

Çã³äíî ç òåîðåìîþ ªãîðîâà äëÿ âñ³õ 0ε >  ³ñíóº òàêà ìíîæèíà E D⊂ , 
ùî mesE < ε  ³ çá³æí³ñòü mv v→  ð³âíîì³ðíà â \D E . Òîä³ äëÿ 2 /2s pq< <  

 
\

s s s
m m m

D E D E

v v dxdy v v dxdy v v dxdy− = − + −∫ ∫ ∫ . (4) 

Îñê³ëüêè  
2 ( )

2 1
s pq

s pq
m m

E E

v v dx dy v v dx dy −θ − ≤ − ⋅ ε 
 ∫ ∫

/
/ ,  

äå 2s
pq

θ = , òî ç (4) âèïëèâàº, ùî s
m

D

v v dx dy− < ε∫ . Òîìó mv v→  ñèëüíî 

â ( )sL D ,  äå 
2
pq

s < . Âèáåðåìî s p≤ . Òîä³ òâåðäæåííÿ äîâåäåíî. ◊ 

Çàóâàæåííÿ. Íà ï³äñòàâ³ òâåðäæåííÿ 1 îòðèìóºìî, ùî âèêîíóþòüñÿ 
âñ³ óìîâè òåîðåìè 12.1 ç [11] ïðî çàì³íó ïðîñòîðó.  

Îçíà÷åííÿ 1. Óçàãàëüíåíèì ðîçâ’ÿçêîì çàäà÷³ (1)–(3) íàçâåìî ôóíêö³þ 

0, 1 0,( ),  ( )T t Tu W Q u V Q∗∈ ∈ , ÿêà äëÿ äîâ³ëüíî¿ ôóíêö³¿ 1 0,( )Tv W Q∈  çàäîâîëü-

íÿº ð³âí³ñòü  
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0,0

, ( , , )

T

T

t y
Q

u v dt x y t u v+ − λ +∫ ∫  
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1

( , , ) ( , , ) 0
i i

n
p

i x x
i

a x y t u u v f x y t v dx dydt−

=

+ − =∑  (5) 

³ ïî÷àòêîâó óìîâó (3). Òóò ,⋅ ⋅  – ñêàëÿðíèé äîáóòîê â 1 0,( )TV Q∗ . 

Äîâåäåìî ³ñíóâàííÿ óçàãàëüíåíîãî ðîçâ’ÿçêó çàäà÷³ (1)–(3).  
Òåîðåìà 1. Íåõàé âèêîíóþòüñÿ óìîâè (A), (L), (P), êð³ì òîãî, , yf f ∈  

2 2 2
0, 0, 0 0 0( ),  ( ),  , ( ),  ( , , ) 0T iy T yL Q a L Q u u L D f x y t∈ ∈ ∈ =  äëÿ ( , ) (0, )x t T∈ Ω × . 

 Òîä³ ³ñíóº óçàãàëüíåíèé ðîçâ’ÿçîê çàäà÷³ (1)–(3).  

Ä î â å ä å í í ÿ. Íåõàé 1
k

k
∞

=ϕ{ }  – îðòîãîíàëüíà áàçà ïðîñòîðó 0 ( )rH Ω , 

îðòîíîðìîâàíà â 2 ( )L Ω , äå 
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∂ ∂
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íóâàëîñÿ, ìîæíà âèáðàòè 
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2
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. Òîä³ 
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−∂ ϕ

∈ Ω
∂ ∂
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Íåõàé 
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(2 1)
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2
m s
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− π

ψ = , 1m ≥ , 
2 2
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1

x
nx x

∂ ∂∆ = + +
∂ ∂

 . Ïîçíà÷èìî 
,

, 1
k m

k m
∞

=ϕ ={ }  

, 1( ) ( )k m
k mx y ∞

== ϕ ψ{ } . Î÷åâèäíî, ùî, îñê³ëüêè ,
0 00, ; ( )k m p rL y Hϕ ∈ Ω( ) , òî 

2

00, ; ( )
i j

p pL y Lx x
∂ ϕ ∈ Ω∂ ∂ ( ) . 

Ðîçãëÿíåìî ôóíêö³¿ ,

, 1

( , , ) ( ) ( , ),  1,2,
N

N N k s
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k s

u x y t c t x y N
=

= ϕ =∑  , äå ( )N
ksc t  

º ðîçâ’ÿçêîì çàäà÷³ 

 
2, , ,

1

( , , ) ( , , )
i i

n pN k s N k s N N k s
t y i x x

iD

u x y t u a x y t u u dx dy

τ

−

=

 ϕ − λ ϕ + ϕ =  ∑∫  

 ,( , , ) k s

D

f x y t dx dy

τ

= ϕ∫ , (6) 

 0(0) ,        , 1, ,N N
ks ksc u k s N= ∈ { } , (7) 

 ,
0 0 0 0 ( )

, 1

( , ) ( , ),    lim 0
N

N N k s N
ks W DNk s

u x y u x y u u
→∞=

= ϕ − =∑ . 

Çà òåîðåìîþ Êàðàòåîäîð³ [7, ñ. 54] ³ñíóº àáñîëþòíî íåïåðåðâíèé íà 

0 00, ,  Tτ τ <[ ] , ðîçâ’ÿçîê çàäà÷³ (6), (7). Ç îö³íîê, îäåðæàíèõ íèæ÷å, âèïëè-

âàòèìå, ùî 0 Tτ = . Ââåäåìî ïîçíà÷åííÿ 

  
0, 0,

1 1ess sup ( , , ) ,       max ess sup ( , , )
T T

y iy
iQ Q

x y t a a x y tλ = λ = . 

Äîìíîæèìî (6) íà ( )N t
ksc t e− α , äå ñòàëà 1 2α = λ + , ï³äñóìóºìî çà s  ³ k , 

ïðî³íòåãðóºìî çà t  ïî ïðîì³æêó 0, τ[ ] : 

 

0,

2 2

1

( , , ) ( , , ) ( )
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n pN N N N N N
t y i x

iQ

u u x y t u u a x y t u u

τ

−
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 − λ + − ∑∫  

 ( , , ) 0N tf x y t u e dx dydt− α− =
. (8) 
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Ïåðåòâîðèìî òà îö³íèìî êîæíèé äîäàíîê îòðèìàíî¿ ð³âíîñò³: 
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N N t N
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Q D
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=

≡ ≥∑∫  
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( 2) 2 20
2

1

4
i

n pN N t
x

iQ
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u u e dx dydt

p
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− − α

=

≥ ∑∫ ( )( )
/

, 

 

0, 0,
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4

1( , , ) ( , , )
2
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I f x y t u e dx dydt f x y t u e dx dydt

τ τ

− α − α ≡ ≤ +
 ∫ ∫ . 

Çâ³äñè òà ç (8) îäåðæèìî íåð³âí³ñòü  

 2 2

0

( ) ( ,0, )( )N N t

D

u e dx dy x t u e dx dt

τ

τ
− ατ − α

Ω

+ λ +∫ ∫ ∫  
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=
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2 1 2 2
0( 1 )( ) ( )N t N

Q D

f u e dx dydt u dx dy

τ

− α≤ + λ + − α +∫ ∫[ ] . (9) 

Âðàõóºìî âèá³ð α . Òîä³ ç (9) âèïëèâàº îö³íêà 

 2 2

0
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D

u e dx dy x t u e dx dt

τ

τ
− ατ − α

Ω

+ λ +∫ ∫ ∫  

 

0
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1
i

n pN N N t
x

iQ

u u u e dx dydt
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+ + ≤ 
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0, 0

2 2
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Q D

M f dx dydt u dx dy T
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≤ + τ ∈ 

 
∫ ∫ ] , (10) 

ó ÿê³é ñòàëà 1M  íå çàëåæèòü â³ä N .  

Îñê³ëüêè 
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0,

2

1

( , , ) ( , , )
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,τ
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Ïåðåòâîðèìî òà îö³íèìî êîæíèé ç äîäàíê³â ö³º¿ ð³âíîñò³ îêðåìî:  
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0,

2

7
1

( , , )
i i

n pN N N t
i x x yy

iQ

I a x y t u u u e dx dydt

τ

− − α

=

≡ − =∑∫  
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iQ
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τ

−

=
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1

( )
2 i

n pN N t
x
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0, 0,

2 2
8

1( , , ) ( , , )
2

N t N t
yy y y

Q Q

I f x y t u e dx dydt u f x y t e dx dydt

τ τ

− α − α ≡ ≥ − +
 ∫ ∫ . 

Ç ð³âíîñò³ (11) íà ï³äñòàâ³ îö³íîê ³íòåãðàë³â 5 8I I−  îòðèìàºìî íåð³âí³ñòü  

 

0,

22 1 2
0

1

( ) (2 ( 1) ) ( )
i

n pN N N t
y x y

iD Q

u e dx dy a p a u u e dx dydt

τ τ

−− ατ − α

=

+ − − δ ≤∑∫ ∫  

 

0,

2 1 2( 1 )( )N t
y y

Q

f u e dx dydt 
 
 

τ

− α≤ + λ + − α +∫  

 

0 0

1 22 2
0

1

( ) ( )
2 i

T

n pN N N t
y x

iD Q

au dxdy u u e dxdydt

,

− − α

=

+ +
δ ∑∫ ∫ . (12) 

Âðàõóºìî âèãëÿä α  ³ çàñòîñóºìî (10). Ìàòèìåìî îö³íêó  

 

0 0

22 2 2

1

( ) ( ) ( )
i

n pN N N N
y x y y

iD Q Q

u dx dy u u dx dydt u dx dydt

τ ,τ ,τ

−

=

 
+ + ≤ 

 
∑∫ ∫ ∫  

 

0

2 2
2

T

y
Q

M f f dx dydt 
 
 

,

≤ + + ∫  

 2 2
0 0( ) ( ) ,        (0,y

D

u u dx dy T+ + τ ∈∫ ][ ] , (13) 

ó ÿê³é ñòàëà 2M  íå çàëåæèòü â³ä N .  
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Îñê³ëüêè  

 

0, 0,

2 22( 2) 2 2

,
0

4

i

T T

x
p pN N N N

y y
Q Q

p
u u dx dydt u u d dx dydt

− −
ξ

   = ξ ≤   
   ∫ ∫ ∫

/( )  

 

0,

2 2 2
,

0

( )
4

i

T

x
pN N

i y
Q

p
x u u d dx dydt

−
ξ≤ ξ ≤∫ ∫  

 

0,

2 22 2

1

(mes ) ( )
4 i

T

n pN N
x y

iQ

p
u u dx dydt

−

=

≤ Ω < ∞∑∫ , 

äå 1 2 1 1 1( , , , , , , , , )i i n nu u x x x x x xξ − + − ξ≡ ξ ( ) , òî 
( 2) 2 2

0,( )
pN N

y Tu u L Q
−

∈( )
/

.  

 Íåõàé NP  – îðòîãîíàëüíèé ïðîåêòîð â 2 ( )L D  íà 1,1 ,, , N Nϕ ϕ{ } :  

 
2

1

( , , ) ( , , ) ( , , )
i i

n pN N N N
N t N y i x x

i

P u P x y t u a x y t u u f x y t
−

=

 = λ + + ∈ 
 ∑( )  

 2
0, 1 0, 1 0,( ) ( ) ( )T T TL Q V Q V Q∗ ∗∈ + ⊂ . (14) 

Öåé îïåðàòîð º îáìåæåíèì ó ïðîñòîðàõ 2 2( ); ( )L D L D( ) , 1 1( ); ( )V D V D∗ ∗( ) , 

1 1( ); ( )V D V D( ) . 

Çàóâàæèìî, ùî ïðîñò³ð 1 0,( )TV Q∗  áàíàõîâèé, 1 0,( )t Tu V Q∗∈  ³ 1 0,( )TV Q∗ =  

; ( )p rL G H
′ −= Ω( ) . 

Îñê³ëüêè 
( 2) 2 2

0,( )
i

pN N
x Tu u L Q

−
∈( )/

, òî 

0,

( 2) 2 2
0,( ),         

T

p pN N N
T

Q

u u L Q u dx dydt
−

∈ < ∞∫
/

,  

à òîìó 0,( )N p
Tu L Q∈ . Ç îö³íîê (10), (13), (14) âèïëèâàþòü òàê³ çá³æíîñò³ äå-

ÿêî¿ ï³äïîñë³äîâíîñò³ ïîñë³äîâíîñò³ 1
N

Nu
∞

={ }  (çà ÿêîþ çáåðåæåìî òå æ ñàìå 
ïîçíà÷åííÿ): 

 Nu u→   ∗ -ñëàáêî â 2(0, ); ( )L T L D∞( ) , 

 Nu u→   ñëàáêî â 0,( )p
TL Q , 

 
( 2) 2pN Nu u

−
→ χ

/
 ñëàáêî â 2 (0, ; )L T S , 

 N
y yu u→  ∗ -ñëàáêî â 2(0, ); ( )L T L D∞( ) , 

 N
t tu u→  ñëàáêî â 1 0,( )TV Q∗ . (15) 

Ïîêëàäåìî 
0,

( 2) 2 1
0: ( ), 0,  ( , , ) 0, ( , ) (0, )

T

pS v v v H D v v x y t x t T−
Σ

= ∈ = = ∈Ω ×/{ } , 

1
2 2

1

( ) ( )
i

pn
p

x
iD

M v v v dx dy−

=

 =  
 ∑∫

/

. Òîä³, çã³äíî ç òâåðäæåííÿì, ( ) 0M v ≥  íà S , 

( ) ( )M v M vλ = λ  äëÿ äîâ³ëüíîãî ÷èñëà 1λ ∈   òà, çîêðåìà, ( )pS L D⊂ ⊂  

00, ; ( )( )p rL y H
′ −⊂ Ω , ìíîæèíà : ,  ( ) 1v v S M v∈ ≤{ }  â³äíîñíî êîìïàêòíà â 

( )pL D . Êð³ì òîãî, 2 2

10 0

( ) ( )
i

T T n
pN p

x
iD

M u dt v v dx dydt C−

=

= <∑∫ ∫ ∫[ ]  òà tu ∈  

1 0,( ) ; ( )p r
TV Q L G H

′∗ −∈ ⊂ Ω( ) . Òîä³ çà òåîðåìîþ 12.1 ç [11]  

 Nu u→  ñèëüíî â 0,( )p
TL Q  ³ ìàéæå âñþäè. (16) 
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Íåõàé 0; ( )p rv L G H∈ Ω( ) . Îö³íèìî ôóíêö³îíàë  

 

0,

21( , )
1

T

pN N
x

Q

a u v u u vdx dy
p

−
= − ∆ ≤

− ∫  

 
0,

0,

2

( )
( )

1
1 p

p T
T

pN
x L Q

L Q
u u v

p ′

−
≤ ∆ ≤

−
 

 
00,

1

( ; ( ))( )
p rp

T

pN
L G HL Q

C u v′
−

Ω≤ . 

Òîä³ ( , ) ( ( ), )a u v g u v= , äå 
0 0,( ; ( )) ( )

( ) p r p
T

N N

L G H L Q
g u C u

Ω
≤ . Îòæå, ( )Ng u  îá-

ìåæåíà â 0; ( )p rL G H Ω( ) , Nu u→  ñèëüíî â 0,( )p
TL Q  ³ ìàéæå âñþäè. Òîä³ çà 

ëåìîþ 1.3 ç [11] ( ) ( )Ng u g u→  ñëàáêî â 0; ( )p rL G H Ω( ) . Îñê³ëüêè Nu  îáìå-

æåíà íà S  ³ âèêîíóºòüñÿ çá³æí³ñòü (16), òî çà ëåìîþ 1.3 ç [11]  

 
( 2) 2 ( 2) 2p pN Nu u u u

− −→
/ /   ñëàáêî â 2

0,( )TL Q , 

 
( 2) 2 ( 2) 2

i i

p pN N
x xu u u u

− −→ ( )( )
/ /  ñëàáêî â 2

0,( )TL Q . (17) 

 Ç (16) âèïëèâàº, ùî Nu u→  ñëàáêî â 1,2 2
00, ; ((0; ) )W y L T × Ω( ) . Òîä³ u∈ 

2
00, ; ((0, ) )C y L T∈ × Ω( ) , 2

0( , , ) (0, )u x y t L T∈ × Ω( ) ³  

0, 0,

lim ( , , ) ( , , )

T T

N
y y

N
Q Q

x y t u vdx dydt x y t u vdx dydt
→∞

λ = λ∫ ∫  

äëÿ äîâ³ëüíèõ 0,( )Tv W Q∈ . Ïðî³íòåãðóâàâøè öþ ð³âí³ñòü ÷àñòèíàìè òà âè-

êîðèñòàâøè îäåðæàí³ çá³æíîñò³, çíàõîäèìî, ùî 0( , , ) 0u x y t = . Àíàëîã³÷íî 

äîâîäèìî, ùî 0( , ,0) ( , )u x y u x y= .  

Ïîêàæåìî, ùî u  – ðîçâ’ÿçîê çàäà÷³ (1)–(3). Ç (6) îòðèìàºìî ð³âí³ñòü 

 00 0

0,

2

1

( , , ) ( , , )
i i

T

n p NN NN N N N
t y i x x

iQ

u v x y t u v a x y t u u v dx dydt
−

=

 − λ + =  
∑∫  

 0

0,

( , , )

T

N

Q

f x y t v dx dydt= ∫ , (18) 

ÿêà âèêîíóºòüñÿ äëÿ âñ³õ 
0

00 ,

, 1

( ) ( , )
N

NN s k
sk

s k

v z t x y
=

= ϕ∑ , 0 0,N
skz C T∈ [ ]( ) .  

Çàóâàæèìî, ùî ìíîæèíà ôóíêö³é 0
0 1

N
Nu
∞

={ }  âèãëÿäó 

0
0 ,

,
, 1

( ) ( , )
N

N s k
s k

s k

z t x y
=

ϕ∑ , äå ,
, 1( , )s k

s kx y
∞

=ϕ{ } , 

îçíà÷åíà íà ïî÷àòêó äîâåäåííÿ, º ù³ëüíîþ â 1 0,( )TW Q . Êð³ì òîãî,  

 0

0,

2

1

( , , )
i i

T

n p NN N
i x x

iQ

a x y t u u v dxdydt
−

=

=∑∫  

 0

0,

( 2) 2 ( 2) 2

1

2 ( , , )
2 i i

T

n p p NN N N
i x x

iQ

a x y t u u u v dx dydt
p

− −

=

= →
− ∑∫ ( )

/ /
 

 0

0,

2

1

( , , )
i i

T

n
Np

i x x
iQ

a x y t u u v dx dydt−

=

→ ∑∫ . 

Ó òîòîæíîñò³ (18) ïåðåéäåìî äî ãðàíèö³ çà âèáðàíîþ âèùå ïîñë³äîâí³ñòþ. 
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Îòðèìàºìî ð³âí³ñòü  

 

0,0

, ( , , )

T

T

t y y
Q

u v dt x y t u v+ λ +∫ ∫  

 02

1

( , , )
i i

n
Np

i x x
i

a x y t u u v dx dydt dx dydt−

=

+ =∑  

 

0,

( , , )

TQ

f x y t vdx dydt= ∫ , (19) 

ÿêà º ïðàâèëüíîþ äëÿ âñ³õ 1 0,( )Tv W Q∈ . Òåîðåìó äîâåäåíî. ◊ 

3. Çàäà÷à áåç ïî÷àòêîâèõ óìîâ. Íåõàé òåïåð îáëàñòü º íåîáìåæåíîþ 
çà ÷àñîâîþ çì³ííîþ. Ïîçíà÷èìî ¿¿ 0(0, ) ( ;TQ y T= Ω × × − ∞ ] . Ðîçãëÿäàòèìåìî 

ïðîñòîðè 
 

1loc ,( ) : ( )T t TW Q v v W Q= ∈{  äëÿ äîâ³ëüíîãî 1t T< } , 

 
11,loc 1 ,( ) : ( )T t TW Q v v W Q= ∈{  äëÿ äîâ³ëüíîãî 1t T< } , 

 
1

2
2,loc 1 ,( ) : ( , ; ) ( )p

T t TV Q v v L t T H L Q= ∈ {  äëÿ äîâ³ëüíîãî 1t T< } . 

Íåõàé 2 1
00, ; ( )H L y H−= Ω( ) .  

Îçíà÷åííÿ 2. Ôóíêö³þ u , ÿêà â ïðîñòîð³ 2,loc ( ) ( ; ];TV Q C T H− ∞ ( )  º ãðà-

íèöåþ ïîñë³äîâíîñò³ ôóíêö³é 1
k

ku ∞
={ }  òàêèõ, ùî äëÿ êîæíîãî k ∈   ôóíê-

ö³ÿ 
1 ,( )k
t Tu W Q∈  çàäîâîëüíÿº ð³âíÿííÿ  

 
2

1 ,1 2

, ( , , )

t t

t
k k
t y

t Q

u v dt x y t u v+ − λ +∫ ∫  

 
2

1

1 ( ) ( )
1

n pk k
i

i

a x y t u u v dx dydt
p

−

=

+ , , − ∆ =− ∑  

 

,1 2

( , , )

t t

k

Q

f x y t v dx dydt= ∫   (20) 

äëÿ êîæíîãî 2 (0, ; ),  supp supp kv L T H v u∗∈ ⊂ , ³ äîâ³ëüíèõ 1 2, ( , )t t T∈ − ∞ , äå 

ïîñë³äîâí³ñòü 1
k

kf ∞
={ }  çá³ãàºòüñÿ ó ïðîñòîð³ loc ( , ; ( )p pL T L D

′ ′− ∞ ]( )  äî ôóíêö³¿ f , 

íàçâåìî ñëàáêèì ðîçâ’ÿçêîì çàäà÷³ áåç ïî÷àòêîâèõ óìîâ (1), (2).  
Òåîðåìà 2. Íåõàé âèêîíóþòüñÿ óìîâè òåîðåìè 1 äëÿ êîæíî¿ îáìåæå-

íî¿ ï³äîáëàñò³ îáëàñò³ TQ , ( , , ) ( , )i ia x y t a y t≡ . Òîä³ ³ñíóº ñëàáêèé ðîçâ’ÿçîê 
çàäà÷³ (1), (2).  

Ä î â å ä å í í ÿ. Ðîçãëÿíåìî ïîñë³äîâí³ñòü ôóíêö³é 1
k

kf ∞
={ } , çá³æíó 

äî f  ó ïðîñòîð³ loc ( , ; ( )p pL T L D
′ ′− ∞ ]( ) , òàêèõ, ùî 2 2

loc, ( , ; ( )
i

k k
yf f L T L D∈ − ∞ ]( )  i 

0( , , ) 0kf x y t =  äëÿ âñ³õ íàòóðàëüíèõ k.  Ââåäåìî ôóíêö³þ 

 ,( , , ) ( ), ( , , ) ,
( , , )

0, ( , , ) ,

k
k T k T

T k

f x y t t x y t Q
F x y t

x y t Q
−

−

 ξ ∈
= 

∈
 

äå 1 1, 1,
( ),  0 ( ) 1,  ( )

0, ,

t T k
C t t

t T k

≥ − +ξ ∈ ≤ ξ ≤ ξ =  ≤ −
  k ∈  . Çàçíà÷èìî, ùî kF →  

f→  ó ïðîñòîð³ loc ( , ; ( )p pL T L D
′ ′− ∞( )]  ïðè k → ∞ . 

Ðîçãëÿíåìî â îáëàñò³ ,T k TQ −  çàäà÷ó äëÿ ð³âíÿííÿ (1) ç êðàéîâèìè óìî-

âàìè (2) ³ ç ïî÷àòêîâîþ óìîâîþ ( , , ) 0u x y T k− = . 
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Ó òåîðåì³ 1 äîâåäåíî ³ñíóâàííÿ ðîçâ’ÿçêó ku  ö³º¿ çàäà÷³. Ïðîäîâæèìî 

êîæíó ç ôóíêö³é ku  íóëåì â îáëàñòü T kQ −  i çáåðåæåìî äëÿ íå¿ òå ñàìå ïî-

çíà÷åííÿ. Î÷åâèäíî, ùî ôóíêö³ÿ ku  çàäîâîëüíÿº ð³âí³ñòü  

 
2

1 ,1 2

2

1

, ( , , ) ( , )
i i

t t

t n pk k k k
t y i x x

it Q

u v dt x y t u v a y t u u v dx dydt
−

=

 + − λ + =  
∑∫ ∫  

 

,1 2

( , , )

t t

k

Q

F x y t vdx dydt= ∫  (21) 

äëÿ âñ³õ 1,loc 1 2( ),  supp supp ,  k
Tv W Q v u t t T∈ ⊂ < ≤ . Òàêà æ ð³âí³ñòü âèêî-

íóºòüñÿ äëÿ ôóíêö³¿ mu . Òîä³ ð³çíèöÿ ,k m k mu u u= −  çàäîâîëüíÿòèìå ð³â-
í³ñòü  

 
2

1 ,1 2

2, ,

1

, ( , , ) ( , )
i

t t

t n pk m k m k k
t y i x

it Q

u v dt x y t u v a y t u u
−

=

 + − λ + − 
∑∫ ∫  

 
2

i i

pm m
x xu u v dx dydt

− − =  
 

  

,1 2

( , , ) ( , , )

t t

k m

Q

F x y t F x y t vdxdydt= −∫ ( )  (22) 

äëÿ âñ³õ ,
1,loc 1 2( ),  supp supp ,  k m

Tv W Q v u t t T∈ ∈ < ≤ . 

Âèáåðåìî ôóíêö³þ 1( )tθ , t ∈   [2, ñ. 24], òàêó, ùî 1
1 1( ),  ( ) 0C tθ ∈ θ ≥  

íà 1 1,  0 ( ) 1;  ( ) 0t t≤ θ ≤ θ = , ÿêùî 1( , 1 ,  ( ) exp 1 ( 1)t t t∈ − ∞ − θ = − +/] { } , ÿêùî 

1( 1, 1 2 ,  ( ) exp 2t t∈ − − θ ≥ −/ ] { } , ÿêùî 1( 1 2,0),  ( ) 1t t∈ − θ =/ , ÿêùî 0, )t ∈ + ∞[ . 

Çàçíà÷èìî, ùî 1 1sup ( ) ( )t t C−θ θ ≤æ


, äå 0 1,  C< <æ  – ñòàëà, ÿêà çàëåæèòü 

ò³ëüêè â³ä æ .  

Ïîçíà÷èìî 1
1( ) ,  0

t t
t

− θ = θ δ > δ 
. Çàóâàæèìî, ùî ñêàëÿðíèé äîáóòîê â 

H  âèçíà÷àºòüñÿ ñï³ââ³äíîøåííÿì 

 
0

1

0

( , ) ,( )
y

H xu v u v dy−= − ∆∫ ( ) ,  

äå 1( )x v v−− ∆ =   – ðîçâ’ÿçîê çàäà÷³ ,  0xv v v− ∆ = =   íà ∂Ω  (îòæå, 1
0 ( )v H∈ Ω ), 

à 1, ( ) ( )x xu v u vdx−

Ω

− ∆ = − ∆∫( )  – ñêàëÿðíèé äîáóòîê ì³æ 
1( )H− Ω  ³ 1

0 ( )H Ω . Äî-

âåäåìî ôóíäàìåíòàëüí³ñòü ïîñë³äîâíîñò³ 1
k

ku ∞
={ }  ó ïðîñòîðàõ ( , ;C T H− ∞( )] , 

2 loc ( )TV Q, . Âèáåðåìî â ð³âíîñò³ (22) ôóíêö³þ 1 ,( ) ( )k m t
xv u t e− − α= − ∆ θ , 1t − δ  

òà ζ  â³äïîâ³äíî çàì³ñòü 1t  ³ 2t , äå ζ  – äîâ³ëüíå ÷èñëî ç ïðîì³æêó 1 2,t t[ ] . 
Ìàòèìåìî  

 

1

, , , ,

( , )

, ( ) ( , , ) , ( )k m k m k m k m t
t H y H

t

u u t x y t u u t e dt− α

−δ ζ

 θ − λ θ +  ∫ ( ) ( )  

 

,1

2

1

1 ( , )
1

t

n pk k
i

iQ

a y t u u
p

−δ ζ

−

=

 + −− 
∑∫  

 
2 , ( )

pm m k m tu u u t e dx dydt
− − α− θ =  
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1

,

( , )

( , , ) ( , , ) , ( )k m k m t
H

t

F x y t F x y t u t e dt− α

−δ ζ

= − θ∫ ( )( ) . (23) 

Âèáåðåìî 1 1,  T k t T m t− < − δ − < − δ . Òîä³ 0k mF F− ≡  ïðè 1 2,t t t∈ − δ[ ] . 
Ïåðåòâîðèìî òà îö³íèìî êîæíèé äîäàíîê ð³âíîñò³ (23): 

 

1

2, , ,
1

( , )

( , ) ( )k m k m t k m
t H H

t

I u u t e dt u e− α − αζ

−δ ζ

≡ θ = −∫  

 

1 1

2 2, ,

( , ) ( , )

1 ( ) ( )
2 2

k m t k m t

H H
t t

u t e dt u t e dt− α − α

−δ ζ −δ ζ

α′− θ + θ∫ ∫ , 

 

,1

, 1 ,
2 ( , , ) ( ) ( )

t

k m k m t
y x

Q

I x y t u u t e dx dydt

−δ ζ

− − α≡ λ − ∆ θ ≥∫  

 

1

2 2,

( , )

( )
2

k m t

H
t

u t e dt− α

−δ ζ

λ≥ − θ +∫  

 

1

1

( )

( ,0, ) ( ) ( )k m k m t
x

t

x t u u e t dx dt, − , − α

−δ,ζ Ω

+ λ − ∆ θ∫ ∫ , 

äå 2 ess sup ( , , )
T

y
Q

x y tλ = λ .  

Âðàõóâàâøè, ùî 2
, ,

( )

k m k m

H L D
u u≤ , îäåðæóºìî îö³íêó  

 

1

2,
1

( , )

1 ( )
2

k m t

H
t

I u t e dt− α

−δ ζ

′≡ θ ≤∫  

 

,1

, 2 ( 2)1
1 1 1( )

t

pk m t p

Q

u t e dx dydt C
p

−δ ζ

− α − −δ
≤ θ + δ δ∫ /[ ] , 

äå 1 0δ > , 1 1( , )C C n p= . Âðàõîâóþ÷è óìîâó (A), ìàòèìåìî  

 

,1

2 2 ,
3

1

1 ( , ) ( )
1

t

n p pk k m m k m t
i

iQ

I a y t u u u u u t e dx dydt
p

 
 
 
 

−δ ζ

− − −α

=

≡ − θ ≥
− ∑∫  

 

,1

,0

1

( )
1

t

n pk m t

iQ

a
u t e dx dydt

p
−δ ζ

− α

=

≥ θ
− ∑∫ . 

Ï³ñëÿ öèõ ïåðåòâîðåíü îòðèìàºìî íåð³âí³ñòü  

 

1

2, , 1 ,

( , )

1 ( ,0, ) ( ) ( )
2

k m k m k m t
xH

t

u e x t u u e t dxdt− ζα − − α

−δ ζ Ω

+ λ − ∆ θ +∫ ∫  

 

1

2 2 01

( )
2 2 1

k m t

t

a
u e dt

p p
, − α

−δ,ζ

− δα λ   + − + + ×   −   ∫  

 

( )1

2 ( 2)
1 1( )

t

pk m t p

Q

u t e dx dydt C

−δ,ζ

, − α − −× θ ≤ δδ∫ /[ ] . (24) 

Âèáåðåìî 0
1 1

1

a
p

p
 δ = − − 

. Íåõàé 0ε >  – äîâ³ëüíå ô³êñîâàíå ÷èñëî. 

Âèáåðåìî δ  òàêèì, ùîá ïðàâà ÷àñòèíà íåð³âíîñò³ (24) áóëà ìåíøà â³ä ε.  
Òîä³ äëÿ äîâ³ëüíîãî ô³êñîâàíîãî 1t , 1t T<  ïîñë³äîâí³ñòü 1

k
ku ∞

={ }  º ôóíäà-

ìåíòàëüíîþ ó ïðîñòîðàõ 1, ;C t T H( )[ ]  òà 
12 ,( )t TV Q , 2 1

loc , ; ( )L T H−− ∞ ∂Ω( ) . 

Çâ³äñè îäåðæóºìî çá³æíîñò³ 
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 ku u→  â ( , ; ,         kC T H u u− ∞ →( )]  â 2,loc ( )TV Q . 

Çà îçíà÷åííÿì 2, u  º ñëàáêèì ðîçâ’ÿçêîì çàäà÷³ (1), (2).  
Òåîðåìó äîâåäåíî. ◊ 
Òåîðåìà 3. Íåõàé âèêîíóþòüñÿ óìîâè (A), (L), (P) â îáëàñò³ TQ . Òîä³ 

çàäà÷à (1), (2) íå ìîæå ìàòè á³ëüøå îäíîãî ñëàáêîãî ðîçâ’ÿçêó.  
Ä î â å ä å í í ÿ. Íåõàé ³ñíóº äâà ñëàáê³ ðîçâ’ÿçêè 1u  ³ 2u  çàäà÷³ (1), 

(2). Çà îçíà÷åííÿì ñëàáêîãî ðîçâ’ÿçêó ³ñíóþòü ïîñë³äîâíîñò³ 1,  
k

ku ∞
= ={ }   

1,2= , ÿê³ çá³ãàþòüñÿ äî u  ó ïðîñòîð³ 2,loc ( ) ( , ;TV Q C T H− ∞ ]( ) ïðè k → ∞ . 

Òîä³ ¿õ ð³çíèöÿ 1 2
k k ku u u= −  çàäîâîëüíÿº ð³âí³ñòü  

 

1 ,1

2, ( ) ( , , ) ( , , )( )

t

k k t k k k
t y y

t Q

u u e t dt x y t u u x y t u

−δ ζ

ζ
− α

−δ

θ + λ + λ +∫ ∫  

 
2 2

1 1 2 2
1

1 ( , ) ( )
1

n p pk k k k k
i

i

a y t u u u u u
p

 
 
 
 

− −

=
+ − − ∆ −

− ∑  

 1 2( , , ) ( , , ) ( ) 0k k k tf x y t f x y t u t e dxdydt− α− − θ =
( ) . (25) 

Àíàëîã³÷íî, ÿê ç (24), îòðèìóºìî ð³âí³ñòü 

 

1

2 1

( , )

1 ( ,0, ) ( ) ( )
2

k k k t
xH

t

u e x t u u e t dxdt− ζα − − α

−δ ζ Ω

+ λ − ∆ θ +∫ ∫   

 

1

2 2

( , )
2 2

k t

t

u e dt− α

−δ ζ

 α λ + − +  ∫  

 

( , )1

01 1 ( )
1

t

pk t

Q

a
u t e dx dydt

p p p
−δ ζ

− α− δ  + + − θ ≤ −  ∫  

 

,1

2 ( 2)
1 1 1 2( ) ( )

t

p k k p t

Q

C f f t e dx dydt

−δ ζ

− − − α≤ δδ + − θ∫/[ ] . (26) 

Íåõàé 0t  – äîâ³ëüíå ô³êñîâàíå ç ïðîì³æêó ( , )T− ∞  ³ 1 0t t< . Çà íåð³â-

í³ñòþ òðèêóòíèêà  

 
, , ,1 1 1

2 1 2 1( ) ( ) ( )p p p
t t t

k k k k

L Q L Q L Q
f f f f f f′ ′ ′

−δ ζ −δ ζ −δ ζ
− ≤ − + − . 

Çàô³êñóºìî 0ε >  òà âèáåðåìî δ  ç óìîâè 12 ( 2) 2
1 1 8pC − −δδ < ε/ /[ ] . Îñê³ëüêè 

êîæíà ç ïîñë³äîâíîñòåé k
kf ∞

={ }  , 1,2= , º çá³æíîþ äî ôóíêö³¿ f  ó ïðîñòî-

ð³ loc ( , ); ( )p pL T L D
′ ′− ∞( ) , òî ³ñíóº òàêå íàòóðàëüíå 0 ( )k ε , ùî äëÿ âñ³õ 0k k>  

1

,1

2

( )
1 ,       1,2
2 8p

t

p
k

L Q
f f ′

−δ ζ

′
 ε− < = 
 

/

  .  

Òîä³ ç (26) îòðèìóºìî, ùî 
0

2 1 , ;

k k

C t T H
u u− < ε

( )[ ]
. Îñê³ëüêè 

0 0 0
2 1 2 2 2 1, ; , ; , ;

k k k
C t T H C t T H C t T H

u u u u u u− ≤ − + − +[ ] [ ] [ ]( ) ( ) ( )
 

0
1 1 , ;

k

C t T H
u u+ −

[ ]( )
 

³ 
0 , ;

0k

C t T H
u u− →

[ ]( )  , 1,2= , ïðè k → ∞ , òî ³ñíóº òàêå íàòóðàëüíå 1k ≥  

0k≥ , ùî äëÿ âñ³õ 1k k>  âèêîíóºòüñÿ îö³íêà 
02 1 , ;

3
C t T H

u u− ≤ ε( )[ ] . Îñê³ëü-

êè 0t  ³ ε  äîâ³ëüí³, òî 2 1u u=  ìàéæå âñþäè â TQ .  
Òåîðåìó äîâåäåíî. ◊  



 18 

 
Äîñë³äæåííÿ ÷àñòêîâî ï³äòðèìàí³ ´ðàíòîì ÍÀÍ Óêðà¿íè äëÿ ìîëîäèõ â÷åíèõ 
(íîìåð äåðæðåºñòðàö³¿ 0107U007278) òà ´ðàíòîì Ïðåçèäåíòà Óêðà¿íè äëÿ 
ï³äòðèìêè íàóêîâèõ äîñë³äæåíü ìîëîäèõ â÷åíèõ (Ðîçïîðÿäæåííÿ Ïðåçèäåíòà 
Óêðà¿íè â³ä 26.06.08 ¹ 207/2008-ðï, íàêàç ÌÎÍ â³ä 17.07.08 ¹ 660). 

 
 1. Áàðàáàø Ã. Ì., Ëàâðåíþê Ñ. Ï., Ïðîöàõ Í. Ï. Ì³øàíà çàäà÷à äëÿ íàï³âë³í³éíîãî 

óëüòðàïàðàáîë³÷íîãî ð³âíÿííÿ // Ìàò. ìåòîäè òà ô³ç.-ìåõ. ïîëÿ. – 2002. – 45, 
¹ 4. – Ñ. 27–34. 

 2. Áîêàëî Í. Ì. Î çàäà÷å áåç íà÷àëüíûõ óñëîâèé äëÿ íåêîòîðûõ êëàññîâ íåëèíåé-
íûõ ïàðàáîëè÷åñêèõ óðàâíåíèé // Òð. ñåìèíàðà èì. È. Ã. Ïåòðîâñêîãî. – Ìîñê-
âà: Èçä-âî Ìîñê. óí-òà. – 1989. – Âûï. 14. – Ñ. 3–44. 

 3. Ãåí÷åâ Ò. Ã. Îá óëüòðàïàðàáîëè÷åñêèõ óðàâíåíèÿõ // Äîêë. ÀÍ ÑÑÑÐ. – 1963. – 
151, ¹ 2. – C. 265–268.  

 4. Ãîðîäåöêèé Â. Â., Æèòàðþê È. Â. Ñòàáèëèçàöèÿ ðåøåíèé çàäà÷è Êîøè äëÿ îä-
íîãî êëàññà âûðîæäàþùèõñÿ ïàðàáîëè÷åñêèõ óðàâíåíèé â ïðîñòðàíñòâàõ îáîá-
ùåííûõ ôóíêöèé // Íåëèíåéíûå ãðàíè÷íûå çàäà÷è. – 1993. – Âûï. 5. – C. 31–36. 

 5. Äðîíü Â. Ñ., ²âàñèøåí Ñ. Ä. Âëàñòèâîñò³ ôóíäàìåíòàëüíèõ ðîçâ’ÿçê³â ³ òåîðåìè 
ºäèíîñò³ ðîçâ’ÿçê³â çàäà÷³ Êîø³ äëÿ îäíîãî êëàñó óëüòðàïàðàáîë³÷íèõ ð³âíÿíü 
// Óêð. ìàò. æóðí. – 1998. – 50, ¹ 11. – C. 1482–1496. 

 6. Èâàñèøåí Ñ. Ä., Ýéäåëüìàí Ñ. Ä. Îá èíòåãðàëüíîì ïðåäñòàâëåíèè ðåøåíèé 

âûðîæäåííûõ óðàâíåíèé òèïà Êîëìîãîðîâà ñ 2b
→

-ïàðàáîëè÷åñêîé ÷àñòüþ ïî 
îñíîâíîé ãðóïïå ïåðåìåííûõ // Äèôåðåíö. óðàâíåíèÿ. – 2000. – 36, ¹ 5. – 
Ñ. 647–655. 

 7. Êîääèíãòîí Ý. À., Ëåâèíñîí Í. Òåîðèÿ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâ-
íåíèé. – Ìîñêâà: Èçä-âî èíîñòð. ëèò., 1958. – 474 ñ. 

 8. Ëàâðåíþê Ñ. Ï., Ïðîöàõ Í. Ï. Çàäà÷à Ôóð’º äëÿ óëüòðàïàðàáîë³÷íîãî ð³âíÿííÿ 
// Íåëèíåéíûå ãðàíè÷íûå çàäà÷è. – 2002. – Âûï. 12. – C. 128–139. 

 9. Ëàâðåíþê Ñ. Ï., Ïðîöàõ Í. Ï. Ì³øàíà çàäà÷à äëÿ íåë³í³éíîãî óëüòðàïàðàáîë³÷-
íîãî ð³âíÿííÿ, ÿêå óçàãàëüíþº ð³âíÿííÿ äèôóç³¿ ç ³íåðö³ºþ// Óêð. ìàò. æóðí. 
2006. – 58, ¹ 9. – Ñ. 1192–1210. 

 10. Ëàäûæåíñêàÿ Î. À. Êðàåâûå çàäà÷è ìàòåìàòè÷åñêîé ôèçèêè. – Ìîñêâà: Íàóêà, 
1973. – 407 ñ. 

 11. Ëèîíñ Æ.-Ë. Håêîòîðûå ìåòîäû ðåøåíèÿ íåëèíåéíûõ êðàåâûõ çàäà÷. – Ìîñêâà: 
Ìèð, 1972. – 587 ñ.  

 12. Îðëîâà Ñ. À. Î ïåðâîé êðàåâîé çàäà÷å äëÿ ïðÿìî è îáðàòíî óëüòðàïàðàáîëè÷åñ-
êîãî óðàâíåíèÿ // Ñèá. ìàò. æóðí. – 1990. – 31, ¹ 6. – C. 211–215. 

 13. Ïðîöàõ Í. Ï. Ì³øàíà çàäà÷à äëÿ íåë³í³éíîãî óëüòðàïàðàáîë³÷íîãî ð³âíÿííÿ // 
Íàóê. â³ñí. ×åðí³â. óí-òó. Ñåð. Ìàòåìàòèêà. – 2002. – Âèï. 134. – C. 97–103. 

 14. Òåðñåíîâ Ñ. À. Î êðàåâûõ çàäà÷àõ äëÿ îäíîãî êëàññà óëüòðàïàðàáîëè÷åñêèõ óðàâ-
íåíèé è èõ ïðèëîæåíèÿ // Ìàò. ñá. – 1987. – 133(175). – ¹ 4 (8). – C. 539–555. 

 15. Eidelman S. D., Ivasyshen S. D., Kochubei A. N. Analytic methods in the theory of 
differential and pseudo-differential equations of parabolic type. – Basel: Birkhäu-
ser, 2004. – 390 p. – (Ser. Operator Theory: Adv. and Appl. – Vol. 152.) 

 16. Lanconelli E., Pascucci A., Polidoro S. Linear and nonlinear ultraparabolic equa-
tions of Kolmogorov type arising in diffusion theory and in finance // Nonlinear 
problems in mathematical physics and related topics II. (In honour of Prof. O. A. 
Ladyzhenskaya.) – New York: Kluwer Acad. Publ. (Int. Math. Ser., N.Y. 2). – 2002. 
– P. 243–265.  

 17. Lax P. D., Phillips R. S. Local boundary conditions for dissipative symmetric linear 
differential operators // Comm. Pure and Appl. Math. – 1960. – 13. – P. 427–455.  

 18. Polidoro S. On the regularity of solutions to a nonlinear ultraparabolic equation 
arising in mathematical finance // Nonlinear Analysis. – 2001. – 47. – P. 491–502.  

 19. Ragusa M. A. On weak solutions of ultraparabolic equations // Nonlinear Analysis. 
– 2001. – 47. – P. 503–511.  

 20. Schonbek M. E., Suli E. Decay of the total variation and Hardy norms of solutions 
to parabolic conservation laws // Nonlinear Analysis. – 2001. – 45. – P. 515–528.  

 21. Suvorov S. G. Nonlinear ultraparabolic equations in general domains // Íåëèíåé-
íûå ãðàíè÷íûå çàäà÷è. – 1997. – Âûï. 7. – C. 180–188. 

 
 
 
 



 19 

 
ЗАДАЧА БЕЗ НАЧАЛЬНЫХ УСЛОВИЙ ДЛЯ НЕЛИНЕЙНОГО 
УЛЬТРАПАРАБОЛИЧЕСКОГО УРАВНЕНИЯ С ВЫРОЖДЕНИЕМ 
 
Ðàññìîòðåíà ñìåøàííàÿ çàäà÷à äëÿ íåëèíåéíîãî âûðîæäåííîãî óëüòðàïàðàáîëè-
÷åñêîãî óðàâíåíèÿ âòîðîãî ïîðÿäêà. Èññëåäîâàíû ñóùåñòâîâàíèå è åäèíñòâåí-
íîñòü îáîáùåííûõ ðåøåíèé çàäà÷è â îãðàíè÷åííîé îáëàñòè, à òàêæå ñëàáûõ ðå-
øåíèé (â ñìûñëå ïðåäåëà ïîñëåäîâàòåëüíîñòè) çàäà÷è áåç íà÷àëüíûõ óñëîâèé äëÿ 
òàêîãî óðàâíåíèÿ. 
 
PROBLEM WITHOUT INITIAL CONDITIONS FOR NONLINEAR ULTRAPARABOLIC 
EQUATION WITH DEGENERATION 
 
The mixed problem for nonlinear degenerated ultraparabolic equation of the second 
order is considered. The existence and uniqueness of generalized solution in a bounded 
domain for the problem is investigated. Weak solvability (in the sense of sequences) for 
the problem without initial conditions for this equation is obtained. 
 
²í-ò ïðèêë. ïðîáëåì ìåõàí³êè ³ ìàòåìàòèêè Îäåðæàíî 
³ì. ß. Ñ. Ï³äñòðèãà÷à ÍÀÍ Óêðà¿íè, Ëüâ³â 18.04.07 
 


