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Iñíóâàííÿ â ïðîñòîði øâèäêî

ñïàäíèõ ôóíêöié òà âëàñòèâîñòi

ðîçâ'ÿçêó ðiâíÿííÿ ç ÷àñòèííèìè

ïîõiäíèìè ïåðøîãî ïîðÿäêó ç

êâàäðàòè÷íîþ íåëiíiéíiñòþ

The paper deals with the problem of existing solution to the �rst order
partial di�erential equation with quadratic nonlinearity. There are found
conditions on existing solutions to Cauchy problem for the equation
mentioned above in the space of quickly decreasing functions.

Ó äàíié ñòàòòi ðîçãëÿäà¹òüñÿ çàäà÷à ïðî iñíóâàííÿ ðîçâ'ÿçêó äèôåðåí-
öiàëüíîãî ðiâíÿííÿ ç ÷àñòèííèìè ïîõiäíèìè ïåðøîãî ïîðÿäêó ç êâàä-
ðàòè÷íîþ íåëiíiéíiñòþ. Îòðèìàíî óìîâè iñíóâàííÿ ðîçâ'ÿçêó çàäà÷i
Êîøi äëÿ äàíîãî ðiâíÿííÿ â ïðîñòîði øâèäêî ñïàäíèõ ôóíêöié.

1 Âñòóï

Ïðè ïîáóäîâi [1] àñèìïòîòè÷íèõ áàãàòîôàçîâèõ ñîëiòîíîïîäiáíèõ
ðîçâ'ÿçêiâ çàäà÷i Êîøi äëÿ ñèíãóëÿðíî çáóðåíîãî ðiâíÿííÿ Êîðòåâåãà-
äå Ôðiçà çi çìiííèìè êîåôiöi¹íòàìè âèíèêà¹ çàäà÷à ïðî iñíóâàííÿ ó
ïðîñòîði øâèäêî ñïàäíèõ ôóíêöié ðîçâ'ÿçêiâ ðiâíÿííÿ ïåðøîãî ïîðÿä-
êó çi çìiííèìè êîåôiöi¹íòàìè âèãëÿäó

a(x, t)ut+uux+a(x, t)b(x, t)
∂

∂ t

(
1

b(x, t)

)
u+ b(x, t)

∂

∂ x

(
1

b(x, t)

)
u2 = 0,

(1)
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ÿêå âèçíà÷à¹ ãîëîâíèé ÷ëåí ðåãóëÿðíî¨ ÷àñòèíè øóêàíî¨ àñèìïòîòèêè.
Àíàëîãi÷íó çàäà÷ó, ùî ïîâ'ÿçàíà ç âèçíà÷åííÿì ãîëîâíîãî ÷ëå-

íà ðåãóëÿðíî¨ ÷àñòèíè àñèìïòîòèêè îäíîôàçîâîãî ñîëiòîíîïîäiáíîãî
ðîçâ'ÿçêó ñèíãóëÿðíî çáóðåíîãî ðiâíÿííÿ Êîðòåâåãà-äå Ôðiçà çi çìií-
íèìè êîåôiöi¹íòàìè, ðîçãëÿíóòî â [2, 3]. Çàóâàæèìî, ùî ó öüîìó âèïàä-
êó ãîëîâíèé ÷ëåí ðåãóëÿðíî¨ ÷àñòèíè ÷àñòèíè àñèìïòîòèêè âèçíà÷àâñÿ
ç ðiâíÿííÿ Õîïôà.

Ó äàíié ñòàòòi âèâ÷à¹òüñÿ ïèòàííÿ ïðî iñíóâàííÿ ðîçâ'ÿçêiâ çàäà÷i
Êîøi äëÿ ðiâíÿííÿ (1) ó ïðîñòîði øâèäêî ñïàäíèõ ôóíêöié.

2 Îñíîâíi ïîçíà÷åííÿ

Ó ïîäàëüøîìó âèêîðèñòîâó¹òüñÿ ïðîñòið øâèäêî ñïàäíèõ ôóíêöié
S(R), òîáòî ïðîñòið òàêèõ íåñêií÷åííî äèôåðåíöiéîâíèõ íà ìíîæèíi
R ôóíêöié, ùî äëÿ äîâiëüíèõ öiëèõ ÷èñåë m,n ≥ 0 âèêîíó¹òüñÿ óìîâà
[6]

sup
x∈R

∣∣∣∣xm d n

dx n
u(x)

∣∣∣∣ < +∞.

×åðåç C∞(0, T ;S) ïîçíà÷èìî ïðîñòið íåñêií÷åííî äèôåðåíöiéîâíèõ
íà ìíîæèíi R × [0;T ] ôóíêöié u(x, t), äëÿ ÿêèõ ïðè äîâiëüíèõ öiëèõ
m, k > 0 âèêîíó¹òüñÿ óìîâà

+∞∫
−∞

(
Dm
x D

k
t u
)2
dx+

+∞∫
−∞

(
1 + x2

)m (
Dk
t u
)2
dx <∞.

3 Iñíóâàííÿ ðîçâ'ÿçêó ðiâíÿííÿ (1)

Äëÿ îòðèìàííÿ óìîâ iñíóâàííÿ ðîçâ'ÿçêó ðiâíÿííÿ (1) â ïðîñòîði
øâèäêî ñïàäíèõ ôóíêöié ñêîðèñòà¹ìîñÿ ìåòîäîì õàðàêòåðèñòèê.

Ó ïîäàëüøîìó ðîçãëÿäàþòüñÿ âèïàäêè, êîëè a(x, t) = a1(x)a2(t),
b(x, t) = b(x) òà a(x, t) = a1(x)a2(t), b(x, t) = b(t), (x, t) ∈ R× [0;T ].

Ó ïåðøîìó âèïàäêó ñèñòåìà õàðàêòåðèñòèê äëÿ ðiâíÿííÿ (1) çàïè-
ñó¹òüñÿ ó âèãëÿäi

d t

a1(x)a2(t)
=
dx

u
=

b(x)du

b′(x)u2
,
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i ìà¹ äâà ïåðøèõ iíòåãðàëè

ϕ(x, u) = c1, ψ(x, t, u) = c2, (2)

äå

ϕ(x, u) =
u

b(x)
, (3)

ψ(x, t, u) =
u

b(x)

t∫
0

dη

a2(η)
−

x∫
0

a1(ξ)

b(ξ)
dξ. (4)

Òîäi çàãàëüíèé ðîçâ'ÿçîê ðiâíÿííÿ (1) ìîæíà çàïèñàòè ó íåÿâíîìó
âèãëÿäi òàêèì ÷èíîì

Φ (ϕ(x, u), ψ(x, t, u)) = 0. (5)

Òóò Φ(ϕ,ψ) ∈ C∞(Ξ;R) � òàêà ôóíêöiÿ, ùî ïîâíà ïîõiäíà çà çìiííîþ
u âiä ôóíêöi¨ â ëiâié ÷àñòèíi (5), òîáòî âèðàç

1

b(x)

Φφ + Φψ

t∫
0

dη

a2(η)


íå äîðiâíþ¹ íóëåâi äëÿ âñiõ (x, t, u) ç ìíîæèíè G1 çíà÷åíü çìií-
íèõ (x, t, u), ïðè ÿêèõ âèçíà÷åíî âiäîáðàæåííÿ (x, t, u) → (ϕ,ψ), äå
ϕ = ϕ(x, u), ψ = ψ(x, t, u). Êðiì òîãî, ïðèïóñêà¹òüñÿ, ùî äëÿ ôóíêöi¨
Φ(ϕ,ψ) iñíó¹ õî÷à á îäíà òî÷êà (ϕ0, ψ0) ∈ Ξ, äëÿ ÿêî¨ Φ(ϕ0, ψ0) = 0.

Ìà¹ ìiñöå òâåðäæåííÿ.
Òåîðåìà 1. Íåõàé âèêîíóþòüñÿ óìîâè:

10. êîåôiöi¹íòè ðiâíÿííÿ (1) ¹ íåñêií÷åííî äèôåðåíöiéîâíèìè i çàäî-
âîëüíÿþòü óìîâó a(x, t) = a1(x)a2(t), b(x, t) = b(x), (x, t) ∈ R× [0;T ],
ïðè÷îìó ôóíêöiÿ a1(x) îáìåæåíà äëÿ âñiõ x ∈ R, à äëÿ ôóíêöi¨ b(x)
âèêîíó¹òüñÿ íåðiâíiñòü b(x) ≥ c1 äëÿ äåÿêîãî c1 > 0 ;
20. iñíóþòü òàêi ñòàëi Kn, Mn > 0, n ∈ N, ùî äëÿ âñiõ x ∈ R âèêî-
íóþòüñÿ íåðiâíîñòi∣∣∣∣ dndxn b(x)

∣∣∣∣ ≤ Kn,

∣∣∣∣ dndxn a1(x)

∣∣∣∣ ≤Mn;

30. iñíóþòü òàêi ñòàëi c2 > 0, c3 ≥ 0, ùî äëÿ âñiõ x ∈ R âèêîíó¹òüñÿ
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íåðiâíiñòü ∣∣∣∣∣∣
x∫

x0

a1(η)

b(η)
dη

∣∣∣∣∣∣ ≥ |c2x+ c3| ;

40. ôóíêöiÿ Φ(ξ, η) â (5) íàëåæèòü ïðîñòîðó C∞(PrOξΞ;S), äå PrOξΞ
� ïðîåêöiÿ ìíîæèíè Ξ ⊂ R2 íà âiñü Oξ;
50. ðiâíÿííÿ (5) ìà¹ îáìåæåíèé ðîçâ'ÿçîê u(x, t) ∈ C(1)(R× [0;T ]) ;
60. iñíó¹ òàêà ñòàëà C > 0, ùî ïîâíà ïîõiäíà çà çìiííîþ u âiä ôóíê-
öi¨ â ëiâié ÷àñòèíi (5) çàäîâîëüíÿ¹ äëÿ âñiõ (x, t, u) ∈ G1 íåðiâíiñòü∣∣∣∣∣∣ ddu Φ

 u

b(x)
,
u

b(x)

t∫
0

dη

a2(η)
−

x∫
0

a1(η)

b(η)
dη

∣∣∣∣∣∣ ≥ C.
Òîäi ïîõiäíi ux(x, t), ut(x, t) íàëåæàòü ïðîñòîðó C∞(0, T ;S).
Äîâåäåííÿ. Ïðîäèôåðåíöiþâàâøè ñïiââiäíîøåííÿ (5) çà çìiííèìè x,
t, îòðèìà¹ìî

∂u

∂x
=

Φϕ
b′(x)

b(x)
u+ Φψ

a1(x) +
b′(x)

b(x)
u

t∫
0

dη

a2(η)

× (6)

×

Φϕ + Φψ

t∫
0

dη

a2(η)

−1 ,
∂u

∂t
= −Φψ

u

a2(t)

Φϕ + Φψ

t∫
0

dη

a2(η)

−1 . (7)

Ç óìîâ òåîðåìè 1 òà (6), (7) âèïëèâà¹, ùî ïðè êîæíîìó t ∈ [0;T ]
ïîõiäíi ux(x, t), ut(x, t) íàëåæàòü ïðîñòîðó øâèäêî ñïàäíèõ çà çìiííîþ
x ôóíêöié.

Àíàëîãi÷íî áåçïîñåðåäíiìè îá÷èñëåííÿìè ïîõiäíèõ ñòàðøîãî ïî-
ðÿäêó ìîæíà ïîêàçàòè, ùî ñòàðøi ïîõiäíi çà çìiííèìè x, t âiä ôóíêöi¨
u(x, t) ïðè êîæíîìó t ∈ [0;T ] íàëåæàòü ïðîñòîðó øâèäêî ñïàäíèõ çà
çìiííîþ x ôóíêöié. Öå îçíà÷à¹, ùî ïîõiäíi ux(x, t), ut(x, t) íàëåæàòü
ïðîñòîðó C∞(0, T ;S).

Òåîðåìó 1 äîâåäåíî.
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Ðîçãëÿíåìî òåïåð âèïàäîê, êîëè b(x, t) = b(t), (x, t) ∈ R×[0;T ]. Òîäi
çàãàëüíèé ðîçâ'ÿçîê ðiâíÿííÿ (1) ìîæíà çàïèñàòè ó íåÿâíîìó âèãëÿäi
òàêèì ÷èíîì

Ψ (ϕ(t, u), ψ(x, t, u)) = 0, (8)

äå

ϕ(t, u) =
u

b(t)
, (9)

ψ(x, t, u) =
u

b(t)

t∫
0

b(η)

a2(η)
dη −

x∫
0

a1(η) dη, (10)

ôóíêöiÿ Ψ(ϕ,ψ) ∈ C∞(Ξ;R) � òàêà, ùî ïîâíà ïîõiäíà çà çìiííîþ u
âiä ôóíêöi¨ â ëiâié ÷àñòèíi (8), òîáòî âèðàç

1

b(t)

Ψϕ + Ψψ

t∫
0

b(η)

a2(η)
dη


íå äîðiâíþ¹ íóëåâi äëÿ âñiõ (x, t, u) ç ìíîæèíè G2 çíà÷åíü çìií-
íèõ (x, t, u), ïðè ÿêèõ âèçíà÷åíî âiäîáðàæåííÿ (x, t, u) → (ϕ,ψ), äå
ϕ = ϕ(t, u), ψ = ψ(x, t, u) ç (9), (10). Êðiì òîãî, ïðèïóñêà¹òüñÿ, ùî
äëÿ ôóíêöi¨ Ψ(ϕ,ψ) iñíó¹ õî÷à á îäíà òî÷êà (ϕ0, ψ0) ∈ Ξ, äëÿ ÿêî¨
Ψ(ϕ0, ψ0) = 0.

Ìà¹ ìiñöå òâåðäæåííÿ.

Òåîðåìà 2. Íåõàé âèêîíóþòüñÿ óìîâè:
10. êîåôiöi¹íòè ðiâíÿííÿ (1) ¹ íåñêií÷åííî äèôåðåíöiéîâíèìè i çàäî-
âîëüíÿþòü óìîâó a(x, t) = a1(x)a2(t), b(x, t) = b(t), (x, t) ∈ R × [0;T ],
ïðè÷îìó b(t) 6= 0, t ∈ [0;T ] ;
20. ôóíêöiÿ a1(x) îáìåæåíà äëÿ âñiõ x ∈ R, çàäîâîëüíÿ¹ óìîâó 20

òåîðåìè 1 òà äëÿ íå¨ iñíóþòü òàêi ñòàëi c1 > 0, c2 ≥ 0, ùî äëÿ âñiõ
x ∈ R âèêîíó¹òüñÿ íåðiâíiñòü∣∣∣∣∣∣

x∫
0

a1(η) dη

∣∣∣∣∣∣ ≥ |c1x+ c2| ;

30. âèêîíó¹òüñÿ óìîâà 40 òåîðåìè 1 ;
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40. iñíó¹ òàêà ñòàëà C > 0, ùî ïîâíà ïîõiäíà çà çìiííîþ u âiä ôóíê-
öi¨ â ëiâié ÷àñòèíi (8) çàäîâîëüíÿ¹ äëÿ âñiõ (x, t, u) ∈ G2 íåðiâíiñòü∣∣∣∣∣∣ ddu Ψ

 u

b(t)
,
u

b(t)

t∫
0

b(η)

a2(η)
dη −

x∫
0

a1(η) dη

∣∣∣∣∣∣ ≥ C.
Òîäi ïîõiäíi ut(x, t), ux(x, t) íàëåæàòü ïðîñòîðó C∞(0, T ;S).
Äîâåäåííÿ. Ïðîäèôåðåíöiþâàâøè ñïiââiäíîøåííÿ (8) çà çìiííèìè x,
t îòðèìà¹ìî

∂u

∂x
= Ψψ a1(x) b(t)

Ψϕ + Ψψ

t∫
0

b(η)

a2(η)
dη

−1 , (11)

∂u

∂t
=

Ψϕ
b′(t)

b(t)
u+ Ψψ

b′(t)
b(t)

u

t∫
0

b(η)

a2(η)
dη − b(t)

a2(t)

× (12)

×

Ψϕ + Ψψ

t∫
0

b(ξ)

a2(ξ)
dξ

−1 ,
çâiäêè, âðàõîâóþ÷è óìîâè òåîðåìè 2, îòðèìó¹ìî, ùî ïðè êîæíîìó t ∈
[0;T ] ïîõiäíi ux(x, t), ut(x, t) íàëåæàòü ïðîñòîðó øâèäêî ñïàäíèõ çà
çìiííîþ x ôóíêöié.

Àíàëîãi÷íî ïîêàçó¹òüñÿ, ùî ñòàðøi ïîõiäíi çà çìiííèìè x, t ôóíêöi¨
u(x, t) ïðè êîæíîìó t ∈ [0;T ] íàëåæàòü ïðîñòîðó øâèäêî ñïàäíèõ çà
çìiííîþ x ôóíêöié, òîáòî ux(x, t), ut(x, t) ∈ C∞(0, T ;S).

4 Iñíóâàííÿ ðîçâ'ÿçêó çàäà÷i Êîøi äëÿ ðiâ-
íÿííÿ (1)

Ðîçãëÿíåìî òåïåð çàäà÷ó Êîøi äëÿ ðiâíÿííÿ (1) ó âèïàäêó a(x, t) =
a1(x)a2(t), b(x, t) = b(x) ç ïî÷àòêîâîþ óìîâîþ

u(x, 0) = g0(x), x ∈ R, (13)

äå ïðèïóñêà¹òüñÿ, ùî ôóíêöiÿ g0(x) ∈ C∞(R).
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Ðîçâ'ÿçîê çàäà÷i Êîøi (1), (13) íåÿâíèì ÷èíîì âèçíà÷à¹òüñÿ iç
ñïiââiäíîøåííÿ

u(x, t) = b(x)G

f
u(x, t)

b(x)

t∫
0

dη

a2(η)
−

x∫
0

a1(η)

b(η)
dη

 , (14)

äå G(ξ) = g0(ξ)/b(ξ), a ôóíêöiÿ f = f(y) ¹ îáåðíåíîþ äî ôóíêöi¨

y = y(x) = −
x∫

0

a1(η)

b(η)
dη. (15)

Ìà¹ ìiñöå òâåðäæåííÿ.
Òåîðåìà 3. Íåõàé âèêîíóþòüñÿ ïðèïóùåííÿ:

10. âèêîíóþòüñÿ óìîâè 10 � 30 òåîðåìè 1 ;
20. ôóíêöi¨ b′(x), g0(x) íàëåæèòü ïðîñòîðó S(R);
30. ôóíêöiÿ f = f(y), ÿêà ¹ îáåðíåíîþ äî ôóíêöi¨ y = y(x), ùî âèçíà-
÷åíà ôîðìóëîþ (15), äëÿ äåÿêèõ äiéñíèõ ñòàëèõ c1, c2, äå c1 6= 0,
çàäîâîëüíÿ¹ íåðiâíiñòü |f(y)| ≥ |c1y + c2|;
40. ôóíêöiÿ f = f(y) ¹ íåñêií÷åííî äèôåðåíöiéîâíîþ i ¨¨ ïîõiäíi ïðè
êîæíîìó y ∈ R çàäîâîëüíÿþòü íåðiâíîñòi∣∣∣f (k)(y)

∣∣∣ ≤ (Mk|y|+Nk)
lk ,

äå Mk, Nk � äåÿêi äiéñíi äîäàòíi ñòàëi, lk � íàòóðàëüíi ÷èñëà, k ∈ N;
50. iñíó¹ òàêà ñòàëà C > 0, ùî äëÿ âñiõ (x, t, u) ∈ R × [0;T ] × U ìà¹
ìiñöå íåðiâíiñòü ∣∣∣∣∣∣dG(f(z))

dz

t∫
0

dη

a2(η)
− 1

∣∣∣∣∣∣ ≥ C,
äå

z = z(x, t) =
u

b(x)

t∫
0

dη

a2(η)
−

x∫
0

a1(η)

b(η)
dη, (16)

ìíîæèíà U = {u ∈ R : u = u(x, t), (x, t) ∈ R× [0;T ]}.
Òîäi ïîõiäíi ux(x, t), ut(x, t) íàëåæàòü ïðîñòîðó C∞(0, T ;S).
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Äîâåäåííÿ. Ïðîäèôåðåíöiþâàâøè ñïiââiäíîøåííÿ (14) çà çìiííèìè
x, t, çíàõîäèìî:

∂u

∂x
=

a1(x)
dG(f(z))

dz
− b′(x)G(f(z)) +

b′(x)

b(x)
u

t∫
0

dη

a2(η)

× (17)

×

1− dG(f(z))

dz

t∫
0

dη

a2(η)

−1 ,
∂u

∂t
=
dG(f(z))

dz
u

b(x)a2(t)

1− dG(f(z))

dz

t∫
0

dη

a2(η)

−1 , (18)

äå z = z(x, t) ç (16).
Âðàõîâóþ÷è óìîâè òåîðåìè 3, çîêðåìà, âëàñòèâîñòi ôóíêöié g0(x),

f(y), ç (17), (18) îòðèìó¹ìî, ùî ïîõiäíi ux(x, t), ut(x, t) ïðè êîæíîìó
t ∈ [0;T ] íàëåæàòü ïðîñòîðó øâèäêî ñïàäíèõ ùîäî çìiííî¨ x ôóíêöié.

Àíàëîãi÷íî, çàïèñàâøè âèðàçè äëÿ ïîõiäíèõ âèùèõ ïîðÿäêiâ, îò-
ðèìó¹ìî, ùî ôóíêöi¨ ∂ n+mu/(∂xn ∂tm), äå n, m � òàêi äîâiëüíi öiëi
íåâiä'¹ìíi ÷èñëà, ùî n+m > 0, ïðè êîæíîìó t ∈ [0;T ] íàëåæàòü ïðî-
ñòîðó øâèäêî ñïàäíèõ ùîäî çìiííî¨ x ôóíêöié.

Òåîðåìó 3 äîâåäåíî.
Ðîçãëÿíåìî òåïåð çàäà÷ó Êîøi äëÿ ðiâíÿííÿ (1) ó âèïàäêó a(x, t) =

a1(x)a2(t), b(x, t) = b(t) ç ïî÷àòêîâîþ óìîâîþ (13). Ðîçâ'ÿçîê çàäà÷i
Êîøi (1), (13) âèçíà÷à¹òüñÿ íåÿâíèì ÷èíîì iç ñïiââiäíîøåííÿ

u = F

f
 u

b(t)

t∫
0

b(η)

a2(η)
dη −

x∫
0

a1(η) dη

 , t

 , (19)

äå F (ξ, t) = g0(ξ)/b(t), a ôóíêöiÿ f = f(y) ¹ îáåðíåíîþ äî ôóíêöi¨

y = y(x) = −
x∫

0

a1(η)dη. (20)

Ìà¹ ìiñöå òâåðäæåííÿ.
Òåîðåìà 4. Íåõàé ìàþòü ìiñöå ïðèïóùåííÿ:

10. âèêîíóþòüñÿ óìîâè 10 � 40 òåîðåìè 2;
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20. ôóíêöiÿ g0(x) íàëåæèòü ïðîñòîðó S(R) ;
30. ôóíêöiÿ f = f(y), ÿêà ¹ îáåðíåíîþ äî ôóíêöi¨ y = y(x), ùî âèçíà-
÷åíà ôîðìóëîþ (20), äëÿ äåÿêèõ äiéñíèõ ñòàëèõ c1, c2, äå c1 6= 0,
çàäîâîëüíÿ¹ íåðiâíiñòü |f(y)| ≥ |c1y + c2|;
40. ôóíêöiÿ f = f(y) ¹ íåñêií÷åííî äèôåðåíöiéîâíîþ i ¨¨ ïîõiäíi ïðè
êîæíîìó y ∈ R çàäîâîëüíÿþòü íåðiâíîñòi∣∣∣f (k)(y)

∣∣∣ ≤ (Mk|y|+Nk)
lk ,

äå Mk, Nk � äåÿêi äiéñíi äîäàòíi ñòàëi, lk � íàòóðàëüíi ÷èñëà, k ∈ N;
50. iñíó¹ òàêà ñòàëà C > 0, ùî äëÿ âñiõ (x, t, u) ∈ R × [0;T ] × U ìà¹
ìiñöå íåðiâíiñòü∣∣∣∣∣∣ 1

b(t)

∂F (f(z), t)

∂z

t∫
0

b(η)

a2(η)
dη − 1

∣∣∣∣∣∣ ≥ C,
äå

z = z(x, t) =
u

b(t)

t∫
0

b(η)

a2(η)
dη −

x∫
0

a1(η)dη, (21)

ìíîæèíà U = {u ∈ R : u = u(x, t), (x, t) ∈ R× [0;T ]}.
Òîäi ïîõiäíi ux(x, t), ut(x, t) íàëåæàòü ïðîñòîðó C∞(0, T ;S).
Äîâåäåííÿ. Ïðîäèôåðåíöiþâàâøè ñïiââiäíîøåííÿ (19) çà çìiííèìè
x, t, çíàõîäèìî:

∂u

∂ x
= −a1(x)

∂F (f(z), t)

∂z
× (22)

×

1− 1

b(t)

∂F (f(z), t)

∂z

t∫
0

b(η)

a2(η)
dη

−1 ,
∂u

∂ t
= u

(
u

a2(t)
− b′(t)

b2(t)

)
∂F (f(z), t)

∂z
× (23)

×

1− 1

b(t)

∂F (f(z), t)

∂z

t∫
0

b(η)

a2(η)
dη

−1 ,
äå z = z(x, t) ç (21).
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Âðàõîâóþ÷è óìîâè òåîðåìè 4, çîêðåìà, âëàñòèâîñòi ôóíêöié g0(x),
f(y), ç (22), (23) îòðèìó¹ìî, ùî ïîõiäíi ux(x, t), ut(x, t) ïðè êîæíîìó
t ∈ [0;T ] íàëåæàòü ïðîñòîðó øâèäêî ñïàäíèõ ùîäî çìiííî¨ x ôóíêöié.

Àíàëîãi÷íî, çàïèñàâøè âèðàçè äëÿ ïîõiäíèõ âèùèõ ïîðÿäêiâ, îò-
ðèìó¹ìî, ùî ôóíêöi¨ ∂ n+mu/(∂xn ∂tm), äå n, m � òàêi äîâiëüíi öiëi
íåâiä'¹ìíi ÷èñëà, ùî n+m > 0, ïðè êîæíîìó t ∈ [0;T ] íàëåæàòü ïðî-
ñòîðó øâèäêî ñïàäíèõ ùîäî çìiííî¨ x ôóíêöié.

Òåîðåìó 4 äîâåäåíî.

5 Âèñíîâêè

Ó äàíié ñòàòòi îòðèìàíî óìîâè iñíóâàííÿ â ïðîñòîði øâèäêî ñïàäíèõ
ôóíêöié ðîçâ'ÿçêó ðiâíÿííÿ ç ÷àñòèííèìè ïîõiäíèìè ïåðøîãî ïîðÿäêó
çi çìiííèìè êîåôiöi¹íòàìè òà êâàäðàòè÷íîþ íåëiíiéíiñòþ.
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