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ВИЗНАЧЕННЯ СТАРШОГО КОЕФІЦІЄНТА У ПАРАБОЛІЧНОМУ РІВНЯННІ 
 

Âñòàíîâëåíî óìîâè ³ñíóâàííÿ ðîçâ’ÿçêó îáåðíåíî¿ çàäà÷³ âèçíà÷åííÿ ñòàðøîãî 
êîåô³ö³ºíòà ó âèãëÿä³ êâàäðàòè÷íî¿ çà ïðîñòîðîâîþ çì³ííîþ ôóíêö³¿ ç òðüî-
ìà íåâ³äîìèìè ïàðàìåòðàìè, ùî çàëåæàòü â³ä ÷àñó. Îêðåìî âèçíà÷åíî óìîâè 
ºäèíîñò³ ðîçâ’ÿçêó ö³º¿ çàäà÷³. 

 
Ïèòàííÿ ïîâíîãî âèçíà÷åííÿ ñòàðøîãî êîåô³ö³ºíòà, òîáòî êîåô³ö³ºíòà, 

ùî çàëåæèòü â³ä óñ³õ íåçàëåæíèõ çì³ííèõ, çàëèøàºòüñÿ â³äêðèòèì. Ïåðø³ 
êðîêè ùîäî âèð³øåííÿ ö³º¿ ïðîáëåìè áóëè çàïðîïîíîâàí³ ó [7], äå ñòàðøèé 
êîåô³ö³ºíò øóêàëè ó âèãëÿä³ äîáóòêó äâîõ ôóíêö³é, îäíà ç ÿêèõ çàëåæàëà 
â³ä ÷àñó, à ³íøà – â³ä ïðîñòîðîâî¿ çì³ííî¿, ïðè÷îìó çàëåæí³ñòü â³ä x  áóëà 
â³äîìà. Ó ïðàö³ [3] ðîçãëÿíóòî ìîæëèâ³ñòü âèçíà÷åííÿ îáîõ ìíîæíèê³â 

0 ( )a x  é 1( )a t  ó ñòàðøîìó êîåô³ö³ºíò³. Ó [4] âèâ÷àëàñü îáåðíåíà çàäà÷à âè-

çíà÷åííÿ ñòàðøîãî êîåô³ö³ºíòà, ÿêèé ìàâ âèãëÿä ë³í³éíî¿ çà çì³ííîþ x  
ôóíêö³¿ ç äâîìà íåâ³äîìèìè ïàðàìåòðàìè, ÿê³ çàëåæàëè â³ä ÷àñó, êîëè îäíà 
ç óìîâ ïåðåâèçíà÷åííÿ áóëà ³íòåãðàëüíîþ. 

Ó ö³é ðîáîò³ äîñë³äæóºòüñÿ çàäà÷à âèçíà÷åííÿ ñòàðøîãî êîåô³ö³ºíòà â 
ïàðàáîë³÷íîìó ð³âíÿíí³, ÿêèé ìàº âèãëÿä êâàäðàòè÷íî¿ çà ïðîñòîðîâîþ 
çì³ííîþ ôóíêö³¿ ç òðüîìà íåâ³äîìèìè ïàðàìåòðàìè, ùî çàëåæàòü â³ä ÷àñó. 

Â îáëàñò³ ( , ) : 0 ,  0TQ x t x h t T= < < < <{ }  ðîçãëÿíåìî ïàðàáîë³÷íå ð³â-
íÿííÿ 

 2( ) ( ) ( ) ( , ) ( , )t xxu a t x b t x c t u x t f x t= + + +( )  (1) 

ç íåâ³äîìèìè êîåô³ö³ºíòàìè ( ), ( ), ( )a t b t c t , ïî÷àòêîâîþ óìîâîþ  

 ( ,0) ( ),       0u x x x h= ϕ ≤ ≤ , (2) 

êðàéîâèìè óìîâàìè òà óìîâàìè ïåðåâèçíà÷åííÿ  

 1 2(0, ) ( ),     ( , ) ( ),      0x xu t t u h t t t T= ν = ν ≤ ≤ , (3) 

 1 2 3
0

(0, ) ( ),    ( , ) ( ),    ( , ) ( ),    0
h

u t t u h t t u x t dx t t T= µ = µ = µ ≤ ≤∫ . (4) 

Âèõîäÿ÷è ç ô³çè÷íèõ ì³ðêóâàíü, ð³âíÿííÿ òåïëîïðîâ³äíîñò³ (1) áóäå êî-

ðåêòíèì, ÿêùî 2( ) ( ) ( ) 0  ( , ) Ta t x b t x c t x t Q+ + > ∀ ∈ . Öÿ óìîâà áóäå âèêîíó-

âàòèñü, çîêðåìà, ó âèïàäêó, êîëè 
( )

( ) 0,    0,
2 ( )
b t

a t h t T
a t

> − > ∀ ∈ [ ] , ³ çíà÷åííÿ 

ñòàðøîãî êîåô³ö³ºíòà íà ê³íöÿõ â³äð³çêà 0,h[ ]  º á³ëüøèìè â³ä íóëÿ, òîáòî 
2( ) 0,  ( ) ( ) ( ) 0 0,c t a t h b t h c t t T> + + > ∀ ∈ [ ] .  

Îòæå, ï³ä ðîçâ’ÿçêîì çàäà÷³ (1)–(4) ðîçóì³ºìî íàá³ð ôóíêö³é ( ), ( )a t b t( , 

( ), ( , )c t u x t )  ç êëàñó 2 2 2 2 ,1 20, 0, 0, ( )TH T H T H T H Qγ/ γ/ γ/ + γ + γ/× × ×[ ] [ ] [ ] , 0 1< γ < , 

ÿê³ çàäîâîëüíÿþòü ð³âíÿííÿ (1), óìîâè (2)–(4), ³ ( ) 0 0,a t t T> ∀ ∈ [ ] , ( )
2 ( )
b t
a t

− >  

h> , ( ) 0c t > , 2( ) ( ) ( ) 0 0,a t h b t h c t t T+ + > ∀ ∈ [ ] .  
Òåîðåìà 1 Íåõàé âèêîíóþòüñÿ óìîâè:  

 (i) 2 1 2 1 , 20, ,  , 0, ,   1,2,   1,2,3,   ( )i j TH h H T i j f H Q+ γ + γ/ + γ γ/ϕ ∈ ν µ ∈ = = ∈[ ] [ ] ; 

 (ii) 1 2 3
0

( ) (0, ) 0,    ( ) ( , ) 0,    ( ) ( , ) 0
h

t f t t f h t t f x t dx′ ′ ′µ − > µ − ≥ µ − <∫ , 
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 1 2 2 2 1( ) ( ) ( ) 0,       ( ) ( ) 0t t h t t tµ − µ + ν > ν − ν ≥ , 

 21 2
1 2 2 3

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

t t
t h t h t t h

h
µ − µ

ν + ≤ ν − µ + µ > , 

 2 1 3( ) ( ) 2 ( ) 0,    0, ,    ( ) 0,    0,h t h t t t T x x h′′µ + µ − µ > ∈ ϕ > ∈[ ] [ ] ; 

 (iii) 1 2 3 1 2
0

(0) (0),   (0) ( ),   (0) ( ) ,   (0) (0),   (0) ( )
h

h x dx h′ ′µ = ϕ µ = ϕ µ = ϕ ν = ϕ ν = ϕ∫ . 

Òîä³ ³ñíóº ðîçâ’ÿçîê çàäà÷³ (1)–(4) ïðè 00, ,  0,x h t t∈ ∈[ ] [ ] , 00 t T< ≤ , äå 

÷èñëî 0t  âèçíà÷àºòüñÿ âèõ³äíèìè äàíèìè. 

Ä î â å ä å í í ÿ. Ïðèïóñêàþ÷è, ùî ( ), ( ), ( ), ( , )a t b t c t u x t( )  – ðîçâ’ÿçîê 

çàäà÷³ (1)–(4), ïîêëàäåìî â ð³âíÿíí³ (1) ñïî÷àòêó 0x = , à ïîò³ì x h=  ³, 
âðàõîâóþ÷è ïåðø³ äâ³ óìîâè ç (4), ïðèéäåìî äî ñï³ââ³äíîøåíü  

 1( ) ( ) (0, ) (0, )xxt c t u t f t′µ = + , (5) 

 2
2 ( ) ( ) ( ) ( ) ( , ) ( , )xxt a t h b t h c t u h t f h t′µ = + + +( ) . (6) 

Âèêîðèñòîâóþ÷è òðåòþ ç óìîâ (4), ïðî³íòåãðóºìî (1) çà x  ó ìåæàõ â³ä 
0  äî h :  

 2
3 2 2 3( ) ( ) ( ) 2 ( ) 2 ( )t a t h t h t t′µ = ν − µ + µ +( )  

 2 2 1 2 1
0

( ) ( ) ( ) ( ) ( ) ( ) ) ( , )
h

b t h t t t c t t t f x t dx+ ν − µ + µ + ν − ν + ∫( ) ( ) . (7) 

Äëÿ òîãî ùîá âèêîðèñòàòè ôóíêö³þ ¥ð³íà äëÿ çîáðàæåííÿ ðîçâ’ÿçêó ïðÿìî¿ 
çàäà÷³, ïîäàìî ð³âíÿííÿ (1) ó âèãëÿä³  

 2( , ) ( ) ( ) ( ) ( , )t xxu x t a t y b t y c t u x t= + + +( )  

 ( ) ( ) ( ) ( ) ( , ) ( , )xxx y x y a t b t u x t f x t+ − + + +( ) , (8) 

äå y  – äåÿêà ô³êñîâàíà òî÷êà ç ïðîì³æêó 0,h[ ] . 
Ôóíêö³ÿ ¥ð³íà äðóãî¿ êðàéîâî¿ çàäà÷³ äëÿ ð³âíÿííÿ òåïëîïðîâ³äíîñò³  

 2( , ) ( ) ( ) ( ) ( , )t xxu x t a t y b t y c t u x t= + +( )  
ìàº âèãëÿä  

 
( )2

2

21( , , , ) exp
4 ( , , )2 ( , , )

n
y

n

x nh
G x t

Q y tQ y t

=+∞

=−∞

− ξ +  ξ τ = − +  τ π τ 
∑  

 
( )22

exp
4 ( , , )

x nh
Q y t

+ ξ +  + − τ 
, (9) 

äå  

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

Q y t y a d y b d c d
τ τ τ

τ = σ σ + σ σ + σ σ∫ ∫ ∫ . (10) 

Äëÿ çíàõîäæåííÿ ðîçâ’ÿçêó ïðÿìî¿ çàäà÷³ (8), (2), (3) çàïèøåìî ³íòåã-
ðî-äèôåðåíö³àëüíå ð³âíÿííÿ  

 0 2
0 0

( , ) ( , ) ( ) ( ) ( ) ( ) ( , ) ( , , , )
t h

yu x t u x t y y a b u G x t d dξξ= + ξ − ξ + τ + τ ξ τ ξ τ ξ τ∫ ∫ ( ) , (11) 

äå  

 0 2 2
0 0 0

( , ) ( ) ( , , ,0) ( , ) ( , , , )
h t h

y yu x t G x t d f G x t d d= ϕ ξ ξ ξ + ξ τ ξ τ ξ τ −∫ ∫ ∫  

 2
1 2

0

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

ya y b y c G x t d− ν τ τ + τ + τ τ τ +∫ ( )  
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 2
2 2

0

( ) ( ) ( ) ( ) ( , , , )
t

ya y b y c G x t h d+ ν τ τ + τ + τ τ τ∫ ( ) . (12) 

Ïðîäèôåðåíö³þâàâøè (11) äâ³÷³ çà x  ³ ïîêëàâøè y x= , îòðèìàºìî  

 0
0 0

( , ) ( , ) ( ) ( ) ( ) ( )
t h

xx xxu x t u x t x x a b= + ξ − ξ + τ + τ ×∫ ∫ ( )  

 ( )2( , ) , , ,y

y x
u G x t d dξξ ξξ =

× ξ τ ξ τ ξ τ( ) , (13) 

äå ïîõ³äíà 0 ( , )xxu x t  ìàº òàêèé âèãëÿä:  

 0 2 2
0 0 0

( , ) ( ) ( , , , 0) ( , ) ( , , , )
h t h

x x
xxu x t G x t d f G x t d dξ ξ

′′= ϕ ξ ξ ξ + ξ τ ξ τ ξ τ −∫ ∫ ∫  

 1 2 2 2
0 0

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

x xG x t d G x t h d′ ′− ν τ τ τ + ν τ τ τ∫ ∫ . (14) 

Ñï³ââ³äíîøåííÿ (14) îòðèìóºìî, âèêîðèñòîâóþ÷è ôîðìóëó ³íòåãðóâàííÿ 
÷àñòèíàìè, âëàñòèâîñò³ ôóíêö³¿ ¥ð³íà òà óìîâè óçãîäæåííÿ (óìîâè (³³³) òåî-
ðåìè). 

Ïîçíà÷èìî ( , ) ( , )xxu x t w x t≡ . Ïîêëàâøè â (11) y x= , çâåäåìî çàäà÷ó 

(1)–(3) çíàõîäæåííÿ ôóíêö³¿ ( , )u x t  äî ðîçâ’ÿçóâàííÿ ñèñòåìè ð³âíÿíü (11), 
(13) ñòîñîâíî ( , ), ( , )u x t w x t .  

ßêùî âèêîíóþòüñÿ óìîâè òåîðåìè, òî ìîæíà ïîêàçàòè, ùî ( ) 0a t >  íà 

äåÿêîìó ïðîì³æêó 10, t[ ] , à ð³âíîñò³ (5)–(7) íà öüîìó ïðîì³æêó çâîäÿòüñÿ äî 
òàêîãî âèãëÿäó:  

 1( ) (0, )
( )

(0, )
t f t

c t
w t

′µ −
= , (15) 

 3
2 1 3 0

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

h

a t f x t dx t
h t h t t

 ′= − µ +µ + µ − µ 
∫  

 2 1 1 2
2 1

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

( , ) (0, )
t f h t t f t t t

t t
w h t w t h

′ ′µ − µ − µ − µ + ν − ν + + 
 

 

 2
1 2

( ) ( , )
( ) ( )

( , )
t f h t

t t
w h t h

′µ − 
+ µ − µ 


( ) , (16) 

 2
3 2

2 2 1 0

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

h

b t t f x t dx a t h t
h t t t

 ′= µ − − ν −ν − µ + µ  ∫ (  

 2 3 2 12 ( ) 2 ( ) ( ) ( ) ( )h t t c t t t − µ + µ − ν − ν 


) ( ) . (17) 

Ç (13) îö³íèìî ( , )w x t  çíèçó, âèêîðèñòîâóþ÷è óìîâè (³³) òåîðåìè. Ïðè 

äîñèòü ìàëîìó 1 1,  0t t T< ≤ , ³íòåãðàëè â³ä 0  äî 1t  ïðÿìóâàòèìóòü äî íóëÿ. 

Òîáòî ìîæíà âèáðàòè òàêå 1t  ç ïðîì³æêó 0,T[ ] , ùî áóäå âèêîíóâàòèñü íå-
ð³âí³ñòü  

 2 2
0 0 0

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

h t h
x xG x t d f G x t d dξ ξ

′′ϕ ξ ξ ξ + ξ τ ξ τ ξ τ −∫ ∫ ∫  
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 1 2 2 2
0 0

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

x xG x t d G x t h d′ ′− ν τ τ τ + ν τ τ τ +∫ ∫  

 2
0 0

( ) ( ) ( ) ( ) ( , ) ( , , , ) 0
t h

y

y x
y y a b u G x t d dξξ =

+ ξ − ξ + τ + τ ξ τ ξ τ ξ τ ≥∫ ∫ ( ) , 

 10, ,   0,t t x h∈ ∈[ ] [ ] . 

Òîä³ îòðèìóºìî, ùî  

 2
0

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

h
xw x t G x t d′′≥ ϕ ξ ξ ξ ≥∫  

 1 1
0,

1 min ( ) 0,     0, ,     0,
2 h

x C t t x h′′≥ ϕ = > ∈ ∈
[ ]

[ ] [ ] . (18) 

Âðàõîâóþ÷è óìîâè (³³) òåîðåìè òà ð³âíîñò³ (15)–(17), ìàºìî, ùî ( ) 0a t > , 

1( ) 0,  0,c t t t> ∈ [ ] .  
Äîñë³äèìî ñèñòåìó ð³âíÿíü (11), (13), (15)–(17), çàñòîñîâóþ÷è òåîðåìó 

Øàóäåðà. Ñïî÷àòêó âñòàíîâèìî àïð³îðí³ îö³íêè ðîçâ’ÿçê³â ö³º¿ ñèñòåìè. 
Âñòàíîâèìî îö³íêè çâåðõó äëÿ ( ), ( ), ( )a t b t c t . Ñïèðàþ÷èñü íà (18), ç³ 

ñï³ââ³äíîøåíü (15)–(17) ìàºìî  

 
1

0,
2

1

max ( ) (0, )
( )

T
t f t

c t C
C

′µ −
≤ ≡

( )
[ ]

, (19) 

 3
0,2 1 3 00,

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

h

T
T

a t f x t dx t
h t h t t

  ′≤ − µ +  µ + µ − µ   
∫( ) [ ]

[ ]

 

 
2

0, 1 2
2 2 1

0, 0,1

max ( ) ( , )
( ) ( )

max ( ) max ( )
T

T T

t f h t
t t

t C t
C h

′µ − µ − µ + ν + ν + + 
 

( )
[ ]

[ ] [ ]
 

 
2

0,
1 2 1

0, 1

max ( ) ( , )
max ( ) ( )

T

T

t f h t
t t A

C h

′µ − 
+ µ − µ ≡



( )
( ) [ ]

[ ]
, (20) 

 3 1
0,2 2 1 00,

1( ) max ( ) ( , )
min ( ) ( ) ( )

h

T
T

b t t f x t dx B
h t t t

 ′≤ µ − ≡ ν − µ + µ  
∫( ) [ ]

[ ]

. (21) 

Âèêîðèñòîâóþ÷è ÿâíèé âèãëÿä ôóíêö³¿ ¥ð³íà, ç (14) àíàëîã³÷íî, ÿê ó [6], 
îòðèìàºìî  

 0 3 4
0

( , )
( , , )

t

xx
du x t C C

Q x t
τ≤ +

τ∫ . (22) 

Äëÿ îö³íêè ( , )w x t  íåîáõ³äíî îö³íèòè ³íòåãðàë  

 2
0 0

( ) ( ) ( ) ( ) ( , ) ( , , , )
t h

y
xx y x

I x x a b u G x t d dξξ =
= ξ − + ξ τ + τ ξ τ ξ τ ξ τ∫ ∫ ( ) . (23) 

Îá÷èñëèìî äðóãó ïîõ³äíó â³ä ôóíêö³¿ ¥ð³íà 2 ( , , , )yG x t ξ τ :  

 2 3 2
1( , , , )

2 ( , , )
y
xxG x t

Q y t
ξ τ = ×

π τ/
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2 2( 2 ) ( 2 )1 exp

2 4 ( , , ) 4 ( , , )
n

x nh x nh
Q y t Q y t

+∞

=−∞

− ξ + − ξ +    × − + − +    τ τ   
∑  

 
2 2( 2 ) ( 2 )1 exp

2 2 ( , , ) 4 ( , , )
x nh x nh

Q y t Q y t
+ ξ + + ξ +    + + −   τ τ   

. (24) 

Ïîçíà÷àþ÷è  

 
0,

( ) max ( , )
x h

U t w x t
∈

=
[ ]

 (25) 

³ âðàõîâóþ÷è ðåçóëüòàòè, îòðèìàí³ â [6], îòðèìàºìî, ùî  

 5 6
0 0

( )
( )

( , , )

t t
U

I C U d C d
Q x t

τ≤ τ τ + τ
τ∫ ∫ . 

Òîä³, âèêîðèñòîâóþ÷è (22), ìîæåìî çàïèñàòè  

 3 4 5 6
0 0 0

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

t t t
U

U t C C d C U d C d
Q x t Q x t

τ≤ + τ + τ τ + τ
τ τ∫ ∫ ∫ . (26) 

Âðàõîâóþ÷è (15), ìàòèìåìî, ùî  

 
71 1

[0, ]

( ) (0, ) ( ) ( ) ( ) ( )
1

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

c t w t c t U t c t U t
Ct f t t f t

= ≤ =′ ′µ − µ −( )
. 

Îñê³ëüêè ( , , )Q x t τ  – êâàäðàòíèé òðè÷ëåí ç ³íòåãðàëüíèìè êîåô³ö³ºíòàìè, 

ÿêèé íà â³äð³çêó 0,h[ ]  äîñÿãàº ì³í³ìàëüíîãî çíà÷åííÿ íà éîãî ïðàâîìó ê³íö³ 
(öå âèïëèâàº ç óìîâè (³³³) òåîðåìè), òî, ïîçíà÷àþ÷è  

 ( , ) ( , , )q t Q h tτ = τ , 

ç (26) îòðèìàºìî  

 
( )3 4 5 6

0 0 0

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

t t t
U q t U

U t C C d C d C d
q t q t q t

τ τ τ≤ + τ + τ + τ ≤
τ τ τ∫ ∫ ∫  

 24
3 5 6

7 0 0 0

( )( ) ( ) ( )

( , ) ( , ) ( , )

t t tC TUC c U U
C d C d C d

C q t q t q t

ττ τ τ≤ + τ + τ + τ ≤
τ τ τ∫ ∫ ∫  

 
2

3 8 9
0 0

( ) ( )

( , ) ( , )

t t
U U

C C d C d
q t q t

τ τ≤ + τ + τ
τ τ∫ ∫ . 

Òîä³  

 

2

3 10
0

1
2

( )
1 1( )
2 2 ( , )

t U
U t C C d

q t

τ +
+ ≤ + + τ

τ∫
( )

. (27) 

Íåð³âí³ñòü, àíàëîã³÷íà (27), äîñë³äæåíà â [2], çâ³äêè îòðèìóºìî îö³íêó  

 11 0( ) ,        ( , ) 0, 0,U t C x t h t≤ < ∞ ∈ ×[ ] [ ] , (28) 

äå 0 10,t t∈ [ ]  ³ âèçíà÷àºòüñÿ âèõ³äíèìè äàíèìè çàäà÷³.  

Âèêîðèñòîâóþ÷è (28), âñòàíîâèìî îö³íêè ôóíêö³é ( ), ( )a t c t  çíèçó:  

 
1

0,
0 0

12

min ( ) (0, )
( ) ,       0,

T
t f t

c t C t t
C

′µ −
≥ ≡ ∈

( )
[ ] [ ] , (29) 

 
2

2

3
0,2 1 3 00,

1( ) min ( ) ( , )
max ( ) ( ) 2 ( )

h

t
t

a t t f x t dx
h t h t t

  ′≥ µ − + µ + µ − µ  
∫( ) [ ]

[ ]
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 2

2 2

2
0, 1 2

2 2 1
0, 0,12

min ( ) ( , )
( ) ( )

max ( ) min ( )
t

t t

t f h t
t t

t C t
C h

′µ −
µ − µ + ν − ν + + 

 

( )
[ ]

[ ] [ ]
 

 2

2

2
0,

1 2 0 0
0, 12

min ( ) ( , )
min ( ) ( ) 0,   0,

t

t

t f h t
t t A t t

C h

′µ − 
+ µ − µ ≡ > ∈



( )
( ) [ ]

[ ]
[ ] . (30) 

Òîä³ ç (11) âèïëèâàº îö³íêà  

 13( , ) ,     ( , ) Tu x t C x t Q≤ < ∞ ∈ . (31) 

Ðîçãëÿíåìî ìíîæèíó  

 
0 00 0( ), ( ), ( ), ( , ), ( , ) 0, 0, :t tN a t b t c t u x t w x t C t C t C Q C Q= ∈ × × ×{( ) ( ) ( )[ ] [ ]  

 0 1 1 0 2( ) ,    ( ) ,    ( )A a t A b t B C c t C≤ ≤ ≤ ≤ ≤ , 

 13 12( , ) ,     ( , )u x t C w x t C≤ ≤ } . 

Çàïèøåìî ñèñòåìó (11), (13), (15)–(17) ó òàêîìó âèãëÿä³:  

 1( ) ( , , , , )( )a t P a b c u w t= , 

 2( ) ( , , , , )( )b t P a b c u w t= , 

 3( ) ( , , , , )( )c t P a b c u w t= , 

 4( , ) ( , , , , )( , )u x t P a b c u w x t= , 

 5( , ) ( , , , , )( , )w x t P a b c u w x t= . 

²ç îö³íîê (18)–(21) òà (32)–(34) âèïëèâàº, ùî îïåðàòîð 1 2 3 4( , , ,P P P P P= , 

5 )P  ïåðåâîäèòü ìíîæèíó N  â ñåáå, ³ N  çàäîâîëüíÿº óìîâè òåîðåìè Øàó-
äåðà. 

Çà ì³ðêóâàííÿìè, ùî ïðîâîäèëèñü â ïðàöÿõ [1, 4], ìîæíà ïîêàçàòè, ùî 
îïåðàòîðè iP  º ö³ëêîì íåïåðåðâíèìè. Òîä³ çà òåîðåìîþ Øàóäåðà ðîçâ’ÿçîê 

ñèñòåìè (11), (13), (15)–(17) ³ñíóº. ²ç óìîâ òåîðåìè 1 âèïëèâàº, ùî ( ), ( )a t b t , 
2

0( ) 0,c t H tγ∈ / [ ] , 
0

, 2( , ) tw x t H Qγ γ∈ / ( ) , òîä³ 
0

2 ,1 2( , ) tu x t H Q+ γ + γ∈ / ( ) . Òåîðåìó 

äîâåäåíî. ◊ 
Âñòàíîâèìî ºäèí³ñòü ðîçâ’ÿçêó çàäà÷³ (1)–(4). 
Òåîðåìà 2. Ïðèïóñòèìî, ùî âèêîíóþòüñÿ óìîâè:  

(i) 1
1 2, 0,C Tµ µ ∈ [ ] ; 

(ii) 1 2 2 1 3( ) (0, ) 0,  ( ) ( , ) 0,  ( ) ( ) 2 ( ) 0,  0,t f t t f h t h t h t t t T′ ′µ − ≠ µ − ≠ µ + µ − µ ≠ ∈ [ ] . 
Òîä³ ðîçâ’ÿçîê çàäà÷³ (1)–(4) ºäèíèé ïðè 0,x h∈ [ ] , 0,t T∈ [ ] .  

Ä î â å ä å í í ÿ. Íåõàé ( ), ( ), ( ), ( , ) ,  1, 2i i i ia t b t c t u x t i =( ) , – äâà ðîç-
â’ÿçêè çàäà÷³ (1)–(4). Äëÿ ¿õ ð³çíèö³  

 1 2 1 2( , ) ( , ) ( , ),      ( ) ( ) ( )x t u x t u x t t a t a tν = − = − , 

 1 2 1 2( ) ( ) ( ),              ( ) ( ) ( )m t b t b t n t c t c t= − = −  

îòðèìóºìî çàäà÷ó  

 2
1 1 1( , ) ( ) ( ) ( ) ( , )t xxx t a t x b t x c t x tν = + + ν +( )  

 2
2 ( , ) ( ) ( ) ( ) ,       ( , ) Tu x t t x m t x n t x t Q+ + + ∈( ) , (32) 

 ( ,0) 0,            0,x x hν = ∈ [ ] , (33) 
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 (0, ) ( , ) 0,        0,x xt h t t Tν = ν = ∈ [ ] , (34) 

 
0

(0, ) ( , ) 0,          ( , ) 0,        0,
h

t h t x t dx t Tν = ν = ν = ∈∫ [ ] . (35) 

Ïîçíà÷èìî ÷åðåç ( , , , )G x t ξ τ  ôóíêö³þ ¥ð³íà çàäà÷³ (32)–(34). Ïîäàìî ðîç-
â’ÿçîê ó âèãëÿä³ 

 2
2

0 0

( , ) ( ) ( ) ( ) ( , , , )
t h

x t m c u G x t d dξξν = τ ξ + τ ξ + τ ξ τ ξ τ∫ ∫ ( ) . (36) 

Ïîêëàäåìî â ð³âíÿíí³ (32) ñïî÷àòêó 0x = , ïîò³ì x h= . Âðàõîâóþ÷è óìîâè 
(34), (35), îòðèìàºìî  

 2( ) (0, )xxn t u t =  

 2
1 2

0 0

( ) ( ) ( ) ( ) (0, ) (0, , , )
t h

xxc t m c u t G t d dξξ= − τ ξ + τ ξ + τ ξ ξ τ ξ τ∫ ∫ ( ) . (37) 

 2 2
2 1 1( ) ( ) ( ) ( , ) ( ) ( )xxt h m t h n t u h t a t h b t h+ + = − + +( ) (  

 2
1 2

0 0

( ) ( ) ( ) ( ) ( , ) ( , , , )
t h

xxc t m c u h t G h t d dξξ+ τ ξ + τ ξ + τ ξ τ ξ τ∫ ∫) ( ) . (38) 

Ïðî³íòåãðóºìî (32) çà x  â³ä 0  äî h  ³ ñêîðèñòàºìîñü (35):  

 2
2 2 2

0

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

xt h u h t hu h t u x t dx − + + 
 ∫  

 2 2 2( ) ( , ) ( , ) (0, ) 0xm t hu h t u h t u t+ − + =( ) . (39) 

Âðàõîâóþ÷è, ùî 2 ( , )u x t  º ðîçâ’ÿçêîì çàäà÷³ (1)–(4), îá÷èñëèìî âèçíà÷-
íèê ñèñòåìè (37)–(39):  

 2
2 2 2 2 2( , ) (0, ) ( , ) ( , ) (0, )xx xx xu h t u t h hu h t u h t u t


− + −


( )  

 2
2 2 2

0

( , ) 2 ( , ) ( , )
h

xh h u h t hu h t u x t dx
 

− − + = 
 

∫  

 2 1
2

2 2 2 2

( ) ( , ) ( ) (0, )

( ) ( ) ( ) ( )

h t f h t t f t

c t a t h b t h c t

′ ′µ − µ −
= ×

+ +

( )( )

( )
 

 2 1 3( ) ( ) 2 ( ) 0,       0,h t h t t t T× µ + µ − µ ≠ ∈ [ ]( ) . 

Ç óìîâè (ii) òåîðåìè 2 âèïëèâàº, ùî çíàéäåíèé âèçíà÷íèê â³äì³ííèé â³ä 
íóëÿ, òîìó (37)–(39) ìîæíà çâåñòè äî ñèñòåìè îäíîð³äíèõ ³íòåãðàëüíèõ ð³â-
íÿíü Âîëüòåððà äðóãîãî ðîäó  

 11 12 13
0

( ) ( , ) ( ) ( , ) ( ) ( , ) ( )
t

t R t R t m R t n d= τ τ + τ τ + τ τ τ∫ ( ) , 

 21 22 23
0

( ) ( , ) ( ) ( , ) ( ) ( , ) ( )
t

m t R t R t m R t n d= τ τ + τ τ + τ τ τ∫ ( ) , 

 31 32 33
0

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

n t R t R t m R t n d t T= τ τ + τ τ + τ τ τ ∈∫ [ ]( ) , (40) 
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äå ,  , 1,2,3ijR i j = , – ÿäðà ç ³íòåãðîâíèìè îñîáëèâîñòÿìè. Îòæå, ðîçâ’ÿçîê 

( ), ( ), ( )t m t n t( )  ñèñòåìè (40) – òðèâ³àëüíèé [5]. Òîä³ ( , ) 0v x t = . 

Òåîðåìó äîâåäåíî. ◊ 
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ОПРЕДЕЛЕНИЕ СТАРШЕГО КОЭФФИЦИЕНТА 
В ПАРАБОЛИЧЕСКОМ УРАВНЕНИИ  
 
Óñòàíîâëåíû óñëîâèÿ ñóùåñòâîâàíèÿ ðåøåíèÿ îáðàòíîé çàäà÷è îïðåäåëåíèÿ 
ñòàðøåãî êîýôôèöèåíòà â âèäå êâàäðàòè÷åñêîé ïî ïðîñòðàíñòâåííîé ïåðåìåííîé 
ôóíêöèè ñ òðåìÿ íåèçâåñòíûìè ïàðàìåòðàìè, çàâèñÿùèìè îò âðåìåíè. Îòäåëü-
íî îïðåäåëåíû óñëîâèÿ åäèíñòâåííîñòè ðåøåíèÿ ýòîé çàäà÷è.  
 
DETERMINATION OF LEADING COEFFICIENT  
IN PARABOLIC EQUATION  
 
Application of Schauder fixed-point theorem permitted to establish the existence con-
ditions of the solution for inverse problem for parabolic equation for determination of 
leading coefficient in the form of quadratic function of the space variable with three 
unknown parameters depending on the time variable. The conditions of existence and 
uniqueness for solution of this problem are established separately. 
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