
ÓÄÊ 517.956.4
c©2006 ð. Ò.Ì.Áàëàáóøåíêî, Ñ.Ä.Iâàñèøåí, Â.Ï.Ëàâðåí÷óê,

Ë.Ì.Ìåëüíè÷óê
×åðíiâåöüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Þðiÿ Ôåäüêîâè÷à, ×åðíiâöi
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Äîâåäåíi òåîðåìè ïðî ðîçâ'ÿçíiñòü ó ñïåöiàëüíèõ âàãîâèõ Lp-ïðîñòîðàõ çàäà÷i Êîøi
äëÿ îäíîãî êëàñó ïàðàáîëi÷íèõ ðiâíÿíü çi çðîñòàþ÷èìè çà çìiííîþ x ∈ Rn ïðè |x| → ∞
êîåôiöi¹íòàìè òà îïåðàòîðîì Áåññåëÿ çà çìiííîþ t ∈ R.

Theorems on a resolvability in special weight Lp-spaces of the Cauchy problem for one class
of parabolic equations with growing coe�cients on a variable x ∈ Rn as |x| → ∞ and with Bessel
operator on a variable y ∈ R are proved.

Ó ïîïåðåäíié ñòàòòi [1] äëÿ äåÿêèõ ïàðà-
áîëi÷íèõ ðiâíÿíü äðóãîãî ïîðÿäêó ç îïåðà-
òîðîì Áåññåëÿ i çðîñòàþ÷èìè êîåôiöi¹íòàìè
ïîáóäîâàíèé òà äîñëiäæåíèé ôóíäàìåíòàëü-
íèé ðîçâ'ÿçîê çàäà÷i Êîøi (ÔÐÇÊ). Ó äàíié
ñòàòòi îçíà÷àþòüñÿ ñiì'¨ ñïåöiàëüíèõ áàíà-
õîâèõ ïðîñòîðiâ L

k(t,a)
p i L

k(t,a),P
p , t ∈ [0, T ],

p ∈ [1,∞], ôóíêöié, ÿêi øâèäêî çðîñòàþòü
ç ðîñòîì ïðîñòîðîâèõ çìiííèõ. Íàëåæíiñòþ
äî öèõ ïðîñòîðiâ õàðàêòåðèçó¹òüñÿ åâîëþöiÿ
â ÷àñi t ðîçâ'ÿçêiâ ðîçãëÿäóâàíèõ ðiâíÿíü.
Äîâîäÿòüñÿ òåîðåìè ïðî ðîçâ'ÿçíiñòü çàäà÷i
Êîøi äëÿ ðiâíÿíü ç [1] ó ïðîñòîðàõ L

k(t,a)
p i

L
k(t,a),P
p , t ∈ [0, T ], p ∈ [1,∞]. Àíàëîãi÷íi òåî-

ðåìè äëÿ âèïàäêó n = 1 äîâåäåíi â ïðàöi [2]
îäíîãî ç àâòîðiâ.

1. Ðîçãëÿíåìî ðiâíÿííÿ

∂tu(t,X) =
n∑

j,l=1

ajl∂xj
∂xl

u(t,X)+

+
n∑

j=1

∂xj
(xju(t,X)) + Byu(t, X), (1)

∂tv(t,X) =
n∑

j=1

(
∂2

xj
+ 2bj(xj)∂xj

+

+
(1

2
−x2

j

4
+b2

j(xj)+b′j(xj)
))

v(t,X)+Byv(t,X),

(2)

t > 0, X ∈ Rn+1,

äå X ≡ (x, y), x ≡ (x1, . . . , xn) ∈ Rn,
y ∈ R; ajl ∈ R, ïðè÷îìó ìàòðèöÿ A ≡
(ajl)

n
j,l=1 ñèìåòðè÷íà é äîäàòíî âèçíà÷åíà;

bj, j ∈ {1, . . . , n}, � íåïåðåðâíî äèôåðåí-
öiéîâíi ôóíêöi¨ â Rn, b′j � ïîõiäíà âiä bj;
By ≡ ∂2

y +((2ν +1)/y)∂y � îïåðàòîð Áåññåëÿ,
ν ≥ 0, y > 0; Rn+1 ≡ {X ∈ Rn+1

∣∣∣y > 0}.
Ó ïðàöi [1] çíàéäåíi ÿâíi ôîðìóëè äëÿ

ÔÐÇÊ G i Z âiäïîâiäíî äëÿ ðiâíÿíü (1) i
(2). Ç öèõ ôîðìóë âèâîäÿòüñÿ îöiíêè

|∂k
x∂l

y∂
m
ξ ∂r

ηG(t, X; τ, Ξ)| ≤ Cklmrβ(t− τ)×

×(α(t−τ))−(|k|+|m|)/2(t−τ)−(l+r)/2E(t−τ, X, Ξ)×
×Êĉ1,ĉ2(t− τ, X, Ξ), t > τ, {X, Ξ} ⊂ Rn+1

+ ,

{k, m} ⊂ Zn
+, {l, r} ⊂ Z+, (3)

â ÿêèõ Ξ ≡ (ξ, η), α(t) ≡ 1 − e−2t, β(t) ≡
(α(t))−n/2t−ν−1,

E(t,X, Ξ) ≡ exp{−c1|x− e−tξ|2/α(t)−
−c2(y − η)2/t},

Êĉ1,ĉ2(t,X, Ξ) ≡ exp{−ĉ1|x− e−tξ|2/α(t)}×
×T η

y [exp{−ĉ2y
2/t}],

c1 > 0, ĉ1 > 0, c2 ∈ (0, 1/4), ĉ2 ≡ 1
4
− c2,

T η
y � îïåðàòîð óçàãàëüíåíîãî çñóâó, âëàñòè-

âîñòi ÿêîãî äîñëiäæåíi â [3]. Äëÿ ôóíêöi¨ Z
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ïðàâèëüíà ôîðìóëà

Z(t,X; τ, Ξ) = exp{
n∑

j=1

(−Pj(xj) + Pj(ξj)+

+(x2
j − ξ2

j )/4)}G(t,X; τ, Ξ),

t > τ, {X, Ξ} ⊂ Rn+1
+ , (4)

äå G � ÔÐÇÊ äëÿ ðiâíÿííÿ (1), â ÿêîìó
ajl = δjl, {j, l} ⊂ {1, . . . , n} (δjl � ñèìâîë Êðî-
íåêåðà), Pj � ïåðâiñíà ôóíêöi¨ bj.

Íàâåäåìî îçíà÷åííÿ ïîòðiáíèõ íîðì i
ïðîñòîðiâ.

Íåõàé a1, a2 i T � ôiêñîâàíi ÷èñëà òàêi, ùî
aj > 0, j ∈ {1, 2}, 0 < T < min(1

2
ln c1+a1

a1
, c2

a2
);

Π ≡ (0, T ]× Rn+1
+ ;

k1(t, a1) ≡ c1a1e
2t

c1 − a1e2tα(t)
, k2(t, a2) ≡ c2a2

c2 − a2t
,

Φr(t,X) ≡ exp{r(k1(t, a1)|x|2 + k2(t, a2)y
2)},

r ∈ {−1, 1}, t ≥ 0, X ∈ Rn+1
+ . (5)

Íåõàé u(t,X), (t,X) ∈ Π, � çàäàíà êîì-
ïëåêñíîçíà÷íà ôóíêöiÿ, âèìiðíà çà Ëåáåãîì
ïðè êîæíîìó t ∈ [0, T ]. Äëÿ t ∈ [0, T ] i
1 ≤ p ≤ ∞ îçíà÷èìî íîðìè

‖u(t, ·)‖k(t,a)
p ≡ ‖u(t, ·)Φ−1(t, ·)‖Lp(Rn+1

+ ,λ) ,

‖u(t, ·)‖k(t,a),P
p ≡

∥∥∥∥∥u(t,X)×

× exp

{
n∑

j=1

Pj(xj)− |x|2
4

}
Φ−1(t,X)

∥∥∥∥∥
Lp(Rn+1

+ ,λ)

,

äå k(t, a) ≡ (k1(t, a1), k2(t, a2)), Lp(Rn+1
+ , λ) �

Lp-ïðîñòið ôóíêöié ϕ: Rn+1
+ → C âiäíîñíî

ìiðè λ, ïîâ'ÿçàíî¨ ç ìiðîþ Ëåáåãà ðiâíiñòþ

λ(A) =

∫

A

y2ν+1dxdy. (6)

Çàóâàæèìî ïðè öüîìó, ùî äëÿ 1 ≤ p < ∞

‖ϕ‖Lp(Rn+1
+ ,λ) =

( ∫

Rn+1
+

|ϕ(X)|pdλ(X)

)1/p

=

=

( ∫

Rn+1
+

|ϕ(x, y)|py2ν+1dxdy

)1/p

.

Ïîçíà÷èìî ÷åðåç L
k(t,a)
p i L

k(t,a),P
p ïðîñòî-

ðè âñiõ âèìiðíèõ çà Ëåáåãîì êîìïëåêñíî-
çíà÷íèõ ôóíêöié ϕ(X), X ∈ Rn+1

+ , äëÿ
ÿêèõ ñêií÷åííi âiäïîâiäíî íîðìè ‖ϕ‖k(t,a)

p i
‖ϕ‖k(t,a),P

p .
Íåõàé B � σ-àëãåáðà áîðåëüîâèõ ìíîæèí

ïiâïðîñòîðó Rn+1
+ , a M � ñóêóïíiñòü óñiõ çëi-

÷åííî àäèòèâíèõ ôóíêöié ν: B → C (óçà-
ãàëüíåíèõ áîðåëüîâèõ ìið), ÿêi ìàþòü ñêií-
÷åííó ïîâíó âàðiàöiþ |ν|(Rn+1

+ ). ßêùî äëÿ ν
ââåñòè íîðìó çà ôîðìóëîþ ‖ν‖ ≡ |ν|(Rn+1

+ ),
òî M ñòàíå áàíàõîâèì ïðîñòîðîì, ÿêèé ìî-
æíà îòîòîæíèòè ç ïðîñòîðîì, ñïðÿæåíèì äî
ïðîñòîðó C0(Rn+1

+ ) óñiõ òàêèõ íåïåðåðâíèõ
ôóíêöié ϕ(X), X ∈ Rn+1

+ , ùî |ϕ(X)| → 0
ïðè |X| → ∞, ç ðiâíîìiðíîþ íîðìîþ. ×åðåç
Mk(0,a) ïîçíà÷èìî ñóêóïíiñòü óñiõ óçàãàëü-
íåíèõ áîðåëüîâèõ ìið µ: B → C òàêèõ, ùî
ôóíêöiÿ

ν(A) =

∫

A

Φ−1(0, X)dµ(X), A ∈ Bn+1,

íàëåæèòü äî ïðîñòîðó M . Ïðè öüîìó äëÿ
äîâiëüíî¨ µ ∈ Mk(0,a)

‖µ‖k(0,a) ≡
∫

Rn+1
+

Φ−1(0, X)d|µ|(X) < ∞.

Âèêîðèñòîâóâàòèìåìî ùå òàêi ïðîñòîðè:
Mk(0,a),P � ñóêóïíiñòü óñiõ óçàãàëüíåíèõ

áîðåëüîâèõ ìið µ: B → C òàêèõ, ùî

‖µ‖k(0,a),P ≡
∫

Rn+1
+

exp

{
n∑

j=1

Pj(xj)− |x|2
4

}
×

×Φ−1(0, X)d|µ|(X) < ∞;

L
−k(T,a)
1 i L

−k(T,a),−P
1 � ìíîæèíè âñiõ âè-

ìiðíèõ çà Ëåáåãîì êîìïëåêñíîçíà÷íèõ ôóí-
êöié η(X), X ∈ Rn+1

+ , äëÿ ÿêèõ ñêií÷åííi âiä-
ïîâiäíî íîðìè

‖η‖−k(T,a)
1 ≡ ‖η(X)Φ1(T,X)‖L1(Rn+1

+ ,λ) i
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∥∥∥∥∥η(X) exp

{
−

n∑
j=1

Pj(xj) +
|x|2
4

}
×

×Φ1(T, X)

∥∥∥∥∥
L1(Rn+1

+ ,λ)

;

C
−k(T,a)
0 i C

−k(T,a),−P
0 � ïðîñòîðè íåïåðåðâ-

íèõ êîìïëåêñíîçíà÷íèõ ôóíêöié η(X), X ∈
Rn+1

+ , òàêèõ, ùî ïðè |X| → ∞ âiäïîâiäíî
Φ1(T, X)|η(X)| → 0 i

exp

{
−

n∑
j=1

Pj(xj) +
|x|2
4

}
Φ1(T, X)|η(X)| → 0.

Çàóâàæèìî, ùî ôóíêöi¨ (5) ìàþòü òàêi
âëàñòèâîñòi:

kj(t− τ, kj(τ, aj)) = kj(t, aj), j ∈ {1, 2}, (7)

E(t− τ, X, Ξ)Φ1(τ, Ξ) ≤ Φ1(t,X), (8)

0 ≤ τ < t ≤ T, {X, Ξ} ⊂ Rn+1
+ .

Ðiâíîñòi (7) ïåðåâiðÿþòüñÿ áåçïîñåðåäíüî,
äîâåäåííÿ (8) çâîäèòüñÿ äî äîâåäåííÿ íåðiâ-
íîñòåé

−c1
(x− e−(t−τ)ξ)2

α(t− τ)
+ k1(τ, a1)ξ

2 ≤ k1(t, a1)x
2,

−c2
(y − η)2

t− τ
+ k2(τ, a2)η

2 ≤ k2(t, a2)y
2,

0 ≤ τ < t ≤ T, {x, y, ξ, η} ⊂ R.

Ïåðøà ç öèõ íåðiâíîñòåé äîâåäåíà â [4], à
äðóãà � â [5, c. 41 � 42].

Äàëi êîðèñòóâàòèìåìîñÿ ðiâíîñòÿìè
∫

Rn+1
+

β(t)Êĉ1,ĉ2(t,X, Ξ)dλ(Ξ) = Ĉent, (9)

∫

Rn+1
+

β(t)Êĉ1,ĉ2(t,X, Ξ)dλ(X) = Ĉ, (10)

t > 0, {X, Ξ} ⊂ Rn+1
+ ,

ÿêi âèïëèâàþòü ç òàêèõ ðiâíîñòåé:
∫

Rn

exp{−ĉ1|x− e−tξ|2/α(t)}dξ =

= πn/2(α(t)/ĉ1)
n/2ent,∫

Rn

exp{−ĉ1|x−e−tξ|2/α(t)}dx=πn/2(α(t)/ĉ1)
n/2,

∞∫

0

T η
y [exp{−ĉ2y

2/t}]η2ν+1dη =

=

∞∫

0

T y
η [exp{−ĉ2η

2/t}]η2ν+1dη =

=

∞∫

0

T y
η [exp{−ĉ2η

2/t}]y2ν+1dy = ĉ1t
ν+1. (11)

Ïåðøi äâi ðiâíîñòi ç (11) îäåðæóþòüñÿ,
ÿêùî â iíòåãðàëàõ ïåðåéòè âiäïîâiäíî âiä
çìiííèõ ξ i x äî z çà ôîðìóëîþ x − e−tξ =
(α(t)/ĉ1)

1/2z. Äîâåäåííÿ ðåøòè ðiâíîñòåé íà-
âåäåíå â [2, 3].

2. Ñôîðìóëþ¹ìî òåîðåìè ïðî êîðåêòíó
ðîçâ'ÿçíiñòü çàäà÷i Êîøi äëÿ ðiâíÿíü (1) i
(2).

Òåîðåìà 1. Äëÿ äîâiëüíî¨ ôóíêöi¨ ϕ ∈
L

k(0,a)
p , 1 ≤ p ≤ ∞, òà óçàãàëüíåíî¨ ìiðè

µ ∈ Mk(0,a) ôîðìóëè

u(t,X) ≡ Y [ϕ](t,X) ≡

≡
∫

Rn+1
+

G(t, X; 0, Ξ)ϕ(Ξ)dλ(Ξ), (12)

u0(t, X) ≡ Y0[µ](t, X) ≡

≡
∫

Rn+1
+

G(t, X; 0, Ξ)dµ(Ξ), (13)

(t,X) ∈ Π,

âèçíà÷àþòü ¹äèíi ðîçâ'ÿçêè ðiâíÿííÿ (1) â
Π, ÿêi çàäîâîëüíÿþòü óìîâó

∂yu(t,X)|y=0 = 0, t ∈ (0, T ], x ∈ Rn, (14)

i ìàþòü òàêi âëàñòèâîñòi: iñíó¹ ñòàëà
C > 0, ÿêà íå çàëåæèòü âiä ϕ òà µ i òàêà,
ùî äëÿ áóäü-ÿêîãî t ∈ (0, T ]

‖u(t, ·)‖k(t,a)
p ≤ C‖ϕ‖k(0,a)

p , (15)
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‖u0(t, ·)‖k(t,a)
1 ≤ C‖µ‖k(0,a); (16)

ïðè 1 ≤ p < ∞
lim
t→0

‖u(t, ·)− ϕ‖k(t,a)
p = 0, (17)

à ïðè p = ∞ i äëÿ ôóíêöi¨ (13) u(t, ·) → ϕ,
u0(t, ·) → µ, êîëè t → 0, ñëàáêî, òîáòî äëÿ
äîâiëüíèõ η âiäïîâiäíî iç ïðîñòîðiâ L

−k(T,a)
1

i C
−k(T,a)
0 ïðàâèëüíi ñïiââiäíîøåííÿ

lim
t→0

∫

Rn+1
+

η(X)u(t,X)dλ(X) =

=

∫

Rn+1
+

η(X)ϕ(X)dλ(X), (18)

lim
t→0

∫

Rn+1
+

η(X)u0(t,X)dλ(X) =

=

∫

Rn+1
+

η(X)dµ(X). (19)

Òåîðåìà 2. Íåõàé ϕ ∈ L
k(0,a),P
p , 1 ≤ p ≤

∞, i µ ∈ Mk(0,a),P . Òîäi ôóíêöi¨

v(t,X) ≡
∫

Rn+1
+

Z(t,X; 0, Ξ)ϕ(Ξ)dλ(Ξ), (20)

v0(t,X) ≡
∫

Rn+1
+

Z(t,X; 0, Ξ)dµ(Ξ), (21)

(t,X) ∈ Π,

¹ ¹äèíèìè ðîçâ'ÿçêàìè ðiâíÿííÿ (2) â Π, ÿêi
çàäîâîëüíÿþòü óìîâó (14) òà óìîâè: äëÿ
áóäü-ÿêîãî t ∈ (0, T ] ñïðàâäæóþòüñÿ îöií-
êè

‖v(t, ·)‖k(t,a),P
p ≤ C‖ϕ‖k(0,a),P

p ,

‖v0(t, ·)‖k(t,a),P
1 ≤ C‖µ‖k(0,a),P ;

ïðè 1 ≤ p < ∞
lim
t→0

‖v(t, ·)− ϕ‖k(t,a),P
p = 0,

à ïðè p = ∞ äëÿ v i v0 ïðàâèëüíi ñïiââiäíî-
øåííÿ

lim
t→0

∫

Rn+1
+

η(X)v(t,X)dλ(X) =

=

∫

Rn+1
+

η(X)ϕ(X)dλ(X),

lim
t→0

∫

Rn+1
+

η(X)v0(t,X)dλ(X) =

=

∫

Rn+1
+

η(X)dµ(X),

â ÿêèõ η � äîâiëüíà ôóíêöiÿ âiäïîâiäíî iç
ïðîñòîðiâ L

−k(T,a),−P
1 i C

−k(T,a),−P
0 .

Iíòåãðàëè iç (12), (20) òà (13), (21) íàçè-
âàòèìåìî iíòåãðàëàìè Ïóàññîíà âiäïîâiäíî
ôóíêöi¨ ϕ òà óçàãàëüíåíî¨ ìiðè µ.

Iç òåîðåì 1 i 2 âèïëèâà¹, ùî ðîçâ'ÿçêè (12)
i (13) ïðè êîæíîìó ôiêñîâàíîìó t ∈ (0, T ]

íàëåæàòü âiäïîâiäíî äî ïðîñòîðiâ L
k(t,a)
p i

L
k(t,a)
1 , à ðîçâ'ÿçêè (20) i (21) � âiäïîâiäíî

äî ïðîñòîðiâ L
k(t,a),P
p i L

k(t,a),P
1 .

Îñêiëüêè ÔÐÇÊ Z äëÿ ðiâíÿííÿ (2) i G
äëÿ ðiâíÿííÿ (1) ó ÷àñòèííîìó âèïàäêó ïî-
â'ÿçàíi ìiæ ñîáîþ ôîðìóëîþ (4), òî äîñèòü
äîâåñòè òiëüêè òåîðåìó 1.

Ó íàñòóïíèõ ïóíêòàõ äîâîäÿòüñÿ ëåìè, ç
ÿêèõ âèïëèâà¹, ùî ôîðìóëàìè (12) i (13) âè-
çíà÷àþòüñÿ ðîçâ'ÿçêè ðiâíÿííÿ (1), ÿêi ìà-
þòü óêàçàíi â òåîðåìi 1 âëàñòèâîñòi. �äè-
íiñòü ðîçâ'ÿçêiâ ¹ íàñëiäêîì òåîðåìè ïðî ií-
òåãðàëüíå çîáðàæåííÿ ðîçâ'ÿçêiâ çàäà÷i Êî-
øi, ÿêà áóäå äîâåäåíà â íàñòóïíié ñòàòòi. Ó
öié ñòàòòi áóäå òàêîæ óñòàíîâëåíà òåîðåìà,
â ïåâíîìó ðîçóìiííi îáåðíåíà äî òåîðåìè 1.

3. Íàâåäåìî âëàñòèâîñòi iíòåãðàëà Ïóàñ-
ñîíà (12) ôóíêöié ç ïðîñòîðiâ L

k(0,a)
p , 1 ≤ p ≤

∞.
Ëåìà 1. ßêùî ϕ ∈ L

k(0,a)
p , 1 ≤ p ≤ ∞, òî

äëÿ ôóíêöi¨ (12) ïðàâèëüíà íåðiâíiñòü

∃C > 0 ∀t ∈ (0, T ] :
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‖u(t, ·)‖k(t,a)
p ≤ C‖ϕ‖k(0,a)

p . (22)

Äîâåäåííÿ. Íåõàé ñïî÷àòêó p = ∞. Çà
äîïîìîãîþ (3), (8) i (9) ìà¹ìî

|u(t,X)| ≤ C

∫

Rn+1
+

β(t)(E(t,X, Ξ)Φ1(0, Ξ))×

×Êĉ1,ĉ2(t,X, Ξ)(|ϕ(Ξ)|Φ−1(0, Ξ))dλ(Ξ) ≤
≤ CenT‖ϕ‖k(0,a)

∞ Φ1(t,X), (t,X) ∈ Π,

çâiäêè âèïëèâà¹ îöiíêà (22) äëÿ p = ∞.
Ðîçãëÿíåìî âèïàäîê, êîëè 1 < p < ∞.

Âèêîðèñòîâóþ÷è îöiíêè (3) i (8), à òàêîæ
íåðiâíiñòü Ãåëüäåðà äëÿ iíòåãðàëà âiäíîñíî
ìiðè λ ç (6), îäåðæó¹ìî

|u(t,X)| ≤ CΦ1(t,X)

( ∫

Rn+1
+

|ϕ(Ξ)|pΦ−p(0, Ξ)×

×β(t)Êpĉ1/2,pĉ2/2(t,X, Ξ)dλ(Ξ)

)1/p( ∫

Rn+1
+

β(t)×

×Êp′ĉ1/2,p′ĉ2/2(t, X, Ξ)dλ(Ξ)

)1/p′

, (t, x) ∈ Π,

äå ÷èñëî p′ òàêå, ùî 1/p + 1/p′ = 1. Çâiäñè
çà äîïîìîãîþ ðiâíîñòåé (9) i (10) ìà¹ìî

‖u(t, ·)‖k(t,a)
p ≤ C

( ∫

Rn+1
+

( ∫

Rn+1
+

|ϕ(Ξ)|pΦ−p(0, Ξ)×

×β(t)Êpĉ1/2,pĉ2/2(t,X, Ξ)dλ(Ξ)
)
dλ(Ξ)

)1/p

=

= C

( ∫

Rn+1
+

|ϕ(Ξ)|pΦ−p(0, Ξ)
( ∫

Rn+1
+

β(t)×

×Êpĉ1/2,pĉ2/2(t,X, Ξ)dλ(X)
)
dλ(Ξ)

)1/p

=

= C‖ϕ‖k(0,a)
p , t ∈ (0, T ].

ßêùî p = 1, òî íà ïiäñòàâi íåðiâíîñòåé
(3) i (8) îäåðæó¹ìî

|u(t,X)| ≤ C

∫

Rn+1
+

β(t)(E(t, X, Ξ)Φ1(0, Ξ))×

×Êĉ1,ĉ2(t,X, Ξ)(|ϕ(Ξ)|Φ−1(0, Ξ))dλ(Ξ) ≤
≤ CΦ1(t,X)

∫

Rn+1
+

β(t)Êĉ1,ĉ2(t,X, Ξ)×

×(|ϕ(Ξ)|Φ−1(0, Ξ))dλ(Ξ), (t,X) ∈ Π,

çâiäêè ç óðàõóâàííÿì ðiâíîñòi (10) âèïëèâà¹
îöiíêà

‖u(t, ·)‖k(t,a)
1 ≤ C

∫

Rn+1
+

|ϕ(Ξ)|Φ−1(0, Ξ)×

×
( ∫

Rn+1
+

β(t)Êĉ1,ĉ2(t,X, Ξ)dλ(X)

)
dλ(Ξ) =

= C‖ϕ‖k(0,a)
1 , t ∈ (0, T ].

Çàóâàæåííÿ. Âèêîðèñòîâóþ÷è âëàñòè-
âîñòi ÔÐÇÊ, ëåãêî äîâîäèòüñÿ, ùî äëÿ áóäü-
ÿêî¨ ôóíêöi¨ ϕ ∈ L

k(0,a)
p , 1 ≤ p ≤ ∞, ôóíêöiÿ

(12) ¹ ðîçâ'ÿçêîì ðiâíÿííÿ (1) â Π, ÿêèé çà-
äîâîëüíÿ¹ óìîâó (14).

Ç'ÿñó¹ìî, â ÿêîìó ñåíñi ôóíêöiÿ (12) çà-
äîâîëüíÿ¹ ïî÷àòêîâó óìîâó.

Ëåìà 2. Íåõàé ϕ ∈ L
k(0,a)
p , 1 ≤ p ≤ ∞.

Òîäi äëÿ ôóíêöi¨ (12) ïðàâèëüíi òâåðäæåí-
íÿ (17) i (18).

Äîâåäåííÿ. Íåõàé 1 ≤ p < ∞. Òðåáà
äîâåñòè, ùî

∀ε > 0 ∃δ > 0 ∀t ∈ (0, δ) :

‖Y [ϕ](t, ·)− ϕ‖k(t,a)
p < ε. (23)

Äëÿ R > 0 îçíà÷èìî ôóíêöiþ ϕ(R)(X),
X ∈ Rn+1

+ , çà äîïîìîãîþ ðiâíîñòåé

ϕ(R)(X) ≡
{

ϕ(X), X ∈ CR,
0, X ∈ Rn+1

+ \ CR,
(24)

äå CR ≡ {X ∈ Rn+1
∣∣∣ |x| ≤ R, y ∈ (0, R]}.

Ìà¹ìî
‖Y [ϕ](t, ·)−ϕ‖k(t,a)

p ≤ ‖Y [ϕ−ϕ(R)](t, ·)‖k(t,a)
p +
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+‖Y [ϕ(R)](t, ·)− ϕ(R)‖k(t,a)
p + ‖ϕ− ϕ(R)‖k(t,a)

p ,

t ∈ (0, T ]. (25)

Ç ëåìè 1 âèïëèâà¹ íåðiâíiñòü

‖Y [ϕ− ϕ(R)](t, ·)‖k(t,a)
p ≤ C‖ϕ− ϕ(R)‖k(0,a)

p ,

t ∈ (0, T ],

âèêîðèñòîâóþ÷è ÿêó òà íåðiâíîñòi (25) i
‖ϕ‖k(t,a)

p ≤ ‖ϕ‖k(0,a)
p , t ∈ (0, T ], îäåðæó¹ìî

‖Y [ϕ](t, ·)−ϕ‖k(t,a)
p ≤ (C +1)‖ϕ−ϕ(R)‖k(0,a)

p +

+‖Y [ϕ(R)](t, ·)− ϕ(R)‖k(t,a)
p , t ∈ (0, T ].

Íåõàé ε > 0 çàäàíå. Âèáåðåìî R > 0 òàê,
ùîá

‖ϕ− ϕ(R)‖k(0,a)
p =

( ∫

Rn+1
+ \CR

|ϕ(X)|p×

×Φ−p(0, X)dλ(X)

)1/p

<
ε

2(C + 1)
.

Îñêiëüêè ‖g(t, ·)‖k(t,a)
p ≤ ‖g(t, ·)‖Lp(Rn+1

+ ,λ),
òî äëÿ äîâåäåííÿ (23) äîñèòü äîâåñòè, ùî

∃δ > 0 ∀t ∈ (0, δ) : I1/p ≡ ‖Y [ϕ(R)](t, ·)−

−ϕ(R)‖Lp(Rn+1
+ ,λ) <

ε

2
. (26)

Çàïèøåìî I ó âèãëÿäi I = I1 + I2, äå

I1 ≡
∫

Rn+1
+ \C2R

∣∣∣∣∣∣

∫

CR

G(t,X; 0, Ξ)ϕ(R)(Ξ)dλ(Ξ)

∣∣∣∣∣∣

p

dλ(X),

I2 ≡
∫

C2R

∣∣∣∣∣∣

∫

CR

G(t,X; 0, Ξ)ϕ(R)(Ξ)dλ(Ξ)

∣∣∣∣∣∣

p

dλ(X).

Ïðè p = 1 çà äîïîìîãîþ (3), (10) i òîãî,
ùî äëÿ äîâiëüíèõ t ≥ 0, X ∈ Rn+1

+ \ C2R i
Ξ ∈ CR âèêîíó¹òüñÿ ïðèíàéìíi îäíà ç íåðiâ-
íîñòåé

|x−e−tξ|2 ≥ | |x|−e−t|ξ| |2 ≥ | |x|−|ξ| |2 ≥ R2,

|y − η|2 ≥ | |y| − |η| |2 ≥ R2, (27)

îäåðæó¹ìî

I1 ≤ C

∫

Rn+1
+ \C2R

(∫

CR

β(t)E(t,X, Ξ)Êĉ1,ĉ2(t,X, Ξ)×

×|ϕ(R)(Ξ)|dλ(Ξ)

)
dλ(X)≤CK(t, R)

∫

Rn+1
+

|ϕ(R)(Ξ)|×

×
( ∫

Rn+1
+

β(t)Êĉ1,ĉ2(t,X, Ξ)dλ(X)

)
dλ(Ξ) ≤

≤ C‖ϕ(R)‖L1(Rn+1
+ ,λ)K(t, R), t ∈ (0, T ],

(28)
äå K(t, R) äîðiâíþ¹ exp{−c1R

2/α(t)} àáî
exp{−c2R

2/t}.
Íåõàé p > 1. Íà ïiäñòàâi (3), (9), (27) i íå-

ðiâíîñòi Ãåëüäåðà äëÿ X ∈ Rn+1
+ \C2R ìà¹ìî

∣∣∣∣∣∣

∫

CR

G(t,X; 0, Ξ)ϕ(R)(Ξ)dλ(Ξ)

∣∣∣∣∣∣
≤ CK(t, R)×

×
(∫

CR

|ϕ(Ξ)|pβ(t)Êpĉ1,pĉ2(t,X, Ξ)dλ(Ξ)

)1/p

×

×
(∫

CR

β(t)Êp′ĉ1,p′ĉ2(t, X, Ξ)dλ(Ξ)

)1/p′

≤

≤ CK(t, R)

(∫

CR

|ϕ(Ξ)|pβ(t)×

×Êpĉ1,pĉ2(t,X, Ξ)dλ(Ξ)

)1/p

,

çâiäêè çà äîïîìîãîþ (10) îäåðæó¹ìî

I1 ≤ C‖ϕ(R)|Lp(Rn+1
+ ,λ)(K(t, R))p, t ∈ (0, T ].

(29)

Îöiíèìî I2. Íåõàé ϕ
(R)
h � ñåðåäíÿ ôóíêöiÿ

äëÿ ϕ(R). Íà ïiäñòàâi âëàñòèâîñòi ñåðåäíiõ
ôóíêöié

‖ϕ(R) − ϕ
(R)
h ‖Lp(Rn+1

+ ,λ) → 0, h → 0. (30)
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Îñêiëüêè ϕ
(R)
h � íåñêií÷åííî äèôåðåíöi-

éîâíà ôiíiòíà ôóíêöiÿ, òî ç âëàñòèâîñòåé
ÔÐÇÊ âèïëèâà¹, ùî ïðè ôiêñîâàíîìó h > 0
ðiâíîìiðíî ùîäî òî÷îê X ∈ C2R, äëÿ ÿêèõ
y ∈ [ε,R], ε > 0,
∣∣∣∣∣∣∣

∫

Rn+1
+

G(t,X; 0, Ξ)ϕ
(R)
h (Ξ)dλ(Ξ)− ϕ

(R)
h (X)

∣∣∣∣∣∣∣
→ 0,

t → 0. (31)

Ìà¹ìî

I
1/p
2 ≤

(∫

C2R

∣∣∣
∫

Rn+1
+

G(t,X; 0, Ξ)(ϕ(R)(Ξ)−

−ϕ
(R)
h (Ξ))dλ(Ξ)

∣∣∣
p

dλ(X)

)1/p

+

+

(∫

C2R

∣∣∣
∫

Rn+1
+

G(t,X; 0, Ξ)ϕ
(R)
h (Ξ)dλ(Ξ)−

−ϕ
(R)
h (X)

∣∣∣
p

dλ(X)

)1/p

+
(∫

C2R

|ϕ(R)
h (X)−

−ϕ(R)(X)|pdλ(X)
)1/p

.

Ïîâòîðèâøè äëÿ ïåðøîãî äîäàíêà îöií-
êè, àíàëîãi÷íi íàâåäåíèì ïðè äîâåäåííi ëå-
ìè 1, òà âèêîðèñòàâøè ñïiââiäíîøåííÿ (30)
i (31), îäåðæèìî, ùî

∃δ2 > 0 ∀t ∈ (0, δ2) : I2 <
1

2

(ε

2

)p

. (32)

Ç íåðiâíîñòåé (28) i (29) âèïëèâà¹, ùî

∃δ1 > 0 ∀t ∈ (0, δ1) : I1 <
1

2

(ε

2

)p

,

à çâiäñè òà ç (32) îäåðæó¹ìî

∀t ∈ (0, δ), δ ≡ min(δ1, δ2) : I <
(ε

2

)p

i, îòæå, íåðiâíiñòü (26).
Äîâåäåìî ñïiââiäíîøåííÿ (18). Ñïî÷àòêó

âiäçíà÷èìî, ùî iíòåãðàëè iç (18) ìàþòü çìiñò

äëÿ äîâiëüíèõ ϕ ∈ L
k(0,a)
∞ , η ∈ L

−k(T,a)
1 i t ∈

(0, T ], áî çãiäíî ç ëåìîþ 1 ‖u(t, ·)‖k(t,a)
∞ < ∞,

t ∈ (0, T ], ÿêùî ϕ ∈ L
k(0,a)
∞ . Ñïðàâäi, îñêiëü-

êè ki(0, ai) ≤ ki(t, ai) ≤ ki(T, ai), t ∈ (0, T ],
i ∈ {1, 2}, òî
∣∣∣∣∣∣∣

∫

Rn+1
+

η(X)u(t,X)dλ(X)

∣∣∣∣∣∣∣
≤

∫

Rn+1
+

(|η(X)|Φ1(T, X))×

×(|u(t,X)|Φ−1(t,X))dλ(X) ≤ ‖η‖−k(T,a)
1 ×

×‖u(t, ·)‖k(t,a)
∞ < ∞,

∣∣∣∣∣∣∣

∫

Rn+1
+

η(X)ϕ(X)dλ(X)

∣∣∣∣∣∣∣
≤

∫

Rn+1
+

(|η(X)|Φ1(T, X))×

×(|ϕ(X)|Φ−1(0, X))dλ(X) ≤ ‖η‖−k(T,a)
1 ×

×‖ϕ‖k(0,a)
∞ < ∞.

Íà ïiäñòàâi (12) äëÿ äîâåäåííÿ (18) äî-
ñèòü óñòàíîâèòè, ùî

W (t) ≡
∫

Rn+1
+

(w(t, Ξ)−η(Ξ))ϕ(Ξ)dλ(Ξ) → 0, t → 0,

äå

w(t, Ξ) ≡
∫

Rn+1
+

G(t,X; 0, Ξ)η(X)dλ(X). (33)

Âðàõîâóþ÷è íåðiâíiñòü

|W (t)| ≤ ‖ϕ‖k(0,a)
∞

∫

Rn+1
+

|w(t, Ξ)−η(Ξ)|Φ1(0, Ξ)dλ(Ξ),

äîñèòü äîâåñòè, ùî
∫

Rn+1
+

|w(t, Ξ)− η(Ξ)|Φ1(0, Ξ)dλ(Ξ) → 0, t → 0.

(34)
Îñêiëüêè ki(0, ai) < ki(T, ai), òî

∃γ > 0 ∀t ∈ [0, γ) : ki(T, ai) ≥ gi(t) ≥ ki(0, ai),

i ∈ {1, 2},
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äå
g1(t) ≡ − c1k1(T, a1)e

2t

c1 + k1(T, a1)e2tα(t)
,

g2(t) ≡ c2k2(T, a2)

c2 + k2(T, a2)t
.

Òîìó çàìiñòü (34) äîñèòü äîâåñòè òâåðäæåí-
íÿ

∀ε > 0 ∃δ ∈ (0, γ) ∀t ∈ (0, δ) :

‖w(t, ·)− η‖−g(t)
1 < ε, (35)

äå

‖v(t, ·)‖−g(t)
1 ≡ ‖v(t, X)Ψ1(t,X)‖L1(Rn+1

+ ,λ),

Ψr(t,X) ≡ exp{r(g1(t)|x|2 + g2(t)y
2)},

r ∈ {−1, 1}.
Äîâåäåííÿ (35) àíàëîãi÷íå äîâåäåííþ

(23). Òàê ñàìî, ÿê i òàì, ââåäåìî äëÿ R > 0
ôóíêöiþ η(R) çà äîïîìîãîþ ðiâíîñòåé (24), â
ÿêèõ ϕ òðåáà çàìiíèòè íà η. Äëÿ t ∈ (0, γ)
ìà¹ìî

‖w(t, ·)− η‖−g(t)
1 ≤

∥∥∥
∫

Rn+1
+

G(t,X; 0, ·)(η − η(R))(X)dλ(X)
∥∥∥
−g(t)

1
+

+
∥∥∥

∫

Rn+1
+

G(t,X; 0, ·)η(R)(X)dλ(X)−η(R)
∥∥∥
−g(t)

1
+

+‖η − η(R)‖−g(t)
1 ≡ J1 + J2 + J3. (36)

Îöiíèìî J1. Çà äîïîìîãîþ îöiíêè (3) ìà-
¹ìî

∣∣∣
∫

Rn+1
+

G(t,X; 0, Ξ)(η − η(R))(X)dλ(X)
∣∣∣ ≤

≤ C

∫

Rn+1
+

β(t)(E(t, X, Ξ)Φ−1(T, Ξ))Êĉ1,ĉ2(t,X, Ξ)×

×(|(η − η(R))(X)|Φ1(T, X))dλ(X) ≤

≤ CΨ−1(t, Ξ)

∫

Rn+1
+

β(t)Êĉ1,ĉ2(t,X, Ξ)×

×(|(η − η(R))(X)|Φ1(T, X))dλ(X). (37)

Òóò âèêîðèñòàíà íåðiâíiñòü

E(t,X, Ξ)Φ1(T,X) ≤ Ψ−1(t, Ξ),

t > 0, {X, Ξ} ⊂ Rn+1
+ , (38)

ÿêà äîâîäèòüñÿ òàê ñàìî, ÿê (8).
Iç (37) çà äîïîìîãîþ (9) âèïëèâà¹, ùî

J1 ≤ C‖η − η(R)‖−k(T,a)
1 , t ∈ (0, γ). (39)

Îñêiëüêè gi(t) ≤ ki(T, ai), t ∈ (0, γ), i ∈
{1, 2}, òî J3 ≤ ‖η − η(R)‖−k(T,a)

1 , t ∈ (0, γ),
òîìó J1 + J3 ≤ (C + 1)‖η − η(R)‖−k(T,a)

1 , t ∈
(0, γ). Âðàõîâóþ÷è òå, ùî

‖η−η(R)‖−k(T,a)
1 =

∫

Rn+1
+ \CR

|η(X)|Φ1(T, X)dλ(X) → 0,

R →∞,

ìà¹ìî

J1 + J3 → 0, R →∞, t ∈ (0, γ). (40)

Ðîçãëÿíåìî âèðàç J2. Çàïèøåìî éîãî ó
âèãëÿäi

J2 =

∫

Rn+1
+ \C2R

∣∣∣
∫

Rn+1
+

G(t,X; 0, Ξ)η(R)(X)dλ(X)
∣∣∣×

×Ψ1(t, Ξ)dλ(Ξ) +

∫

C2R

∣∣∣
∫

Rn+1
+

G(t,X; 0, Ξ)×

×η(R)(X)dλ(X)− η(R)(Ξ)
∣∣∣Ψ1(t, Ξ)dλ(Ξ) ≡

≡ J ′2 + J ′′2 .

Òàê ñàìî, ÿê ó âèïàäêó íåðiâíîñòi (39),
äîâîäèòüñÿ, ùî

∥∥∥
∫

Rn+1
+

G(t,X; 0, Ξ)η(R)(X)dλ(X)
∥∥∥
−g(t)

1
≤

≤ C‖η(R)‖−k(T,a)
1 ,

çâiäêè âèïëèâà¹, ùî

J ′2 → 0, R →∞, t ∈ (0, γ). (41)
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Äëÿ J ′′2 ìà¹ìî

J ′′2 ≤ C

∫

C2R

∣∣∣
∫

Rn+1
+

G(t,X; 0, Ξ)η(R)(X)dλ(X)−

−η(R)(Ξ)
∣∣∣dλ(Ξ).

Ïðîâiâøè äëÿ îñòàííüîãî iíòåãðàëà ìiðêó-
âàííÿ, àíàëîãi÷íi âèùåïðîâåäåíèì äëÿ I2,
îäåðæèìî J ′′2 → 0 ïðè t → 0, R > 0, çâiäêè
òà iç ñïiââiäíîøåíü (36), (40), (41) âèïëèâà¹
òâåðäæåííÿ (35).

4. Âëàñòèâîñòi iíòåãðàëà Ïóàññîíà óçà-
ãàëüíåíèõ ìið îïèñóþòüñÿ â íàñòóïíié ëåìi.

Ëåìà 3. Íåõàé µ ∈ Mk(0,a). Òîäi ôóíêöiÿ
(13) ¹ ðîçâ'ÿçêîì ðiâíÿííÿ (1) â Π, äëÿ ÿêîãî
âèêîíóþòüñÿ óìîâà (14), îöiíêà (16) i ñïiâ-
âiäíîøåííÿ (19).

Äîâåäåííÿ. Âèêîðèñòîâóþ÷è íåðiâíîñòi
(3) i (8), îäåðæó¹ìî

|u0(t, X)| ≤ C

∫

Rn+1
+

β(t)(E(t,X, Ξ)Φ1(0, Ξ))×

×Êĉ1,ĉ2(t,X, Ξ)Φ−1(0, Ξ)d|µ|(Ξ) ≤ CΦ1(t,X)×

×
∫

Rn+1
+

β(t)Êĉ1,ĉ2(t,X, Ξ)Φ−1(0, Ξ)d|µ|(Ξ),

(t,X) ∈ Π,

çâiäêè çà äîïîìîãîþ ðiâíîñòi (10) âèïëèâà¹
îöiíêà (16).

Òå, ùî u0 ¹ ðîçâ'ÿçêîì ðiâíÿííÿ (1), ÿêèé
çàäîâîëüíÿ¹ óìîâó (14), âèïëèâà¹ iç âëàñòè-
âîñòåé ÔÐÇÊ.

Äîâåäåìî ñïiââiäíîøåííÿ (19). Íà ïiäñòà-
âi îöiíêè (11) iíòåãðàëè ç (19) ìàþòü ñåíñ
äëÿ áóäü-ÿêèõ η ∈ C

−k(T,a)
0 , µ ∈ Mk(0,a) i

(0, T ]. Âèêîðèñòîâóþ÷è ôîðìóëó (13), îäåð-
æó¹ìî
∣∣∣

∫

Rn+1
+

η(X)u0(t,X)dλ(X)−
∫

Rn+1
+

η(X)dµ(X)
∣∣∣ ≤

≤ ‖w(t, ·)− η‖−k(0,a)
∞ ‖µ‖k(0,a),

äå w � ôóíêöiÿ iç (33). Òîìó äîñèòü äîâåñòè,
ùî

‖w(t, ·)− η‖−g(t)
∞ → 0, t → 0, (42)

äå âåêòîð-ôóíêöiÿ g ≡ (g1, g2) òà ñàìà, ùî â
ï. 3.

Íåõàé R > 0 i θR � ôóíêöiÿ ç C∞(Rn+1
+ )

òàêà, ùî 0 ≤ θR ≤ 1 â Rn+1
+ , θR = 1 â CR/2 i

θR = 0 â Rn+1
+ \ CR. Ïîêëàäåìî η(R) ≡ θRη.

Äëÿ t ∈ (0, γ) ìà¹ìî

‖w(t, ·)− η‖−g(t)
∞ ≤

∥∥∥
∫

Rn+1
+

G(t, X; 0, ·)(η−

−η(R))(X)dλ(X)
∥∥∥
−g(t)

∞
+

∥∥∥
∫

Rn+1
+

G(t,X; 0, ·)×

×η(R))(X)dλ(X)− η(R)(·)
∥∥∥
−g(t)

∞
+ ‖η(R)−

−η‖−g(t)
∞ ≡ L1 + L2 + L3. (43)

Òàê ñàìî, ÿê ïðè äîâåäåííi íåðiâíîñòåé
(37), çà äîïîìîãîþ ðiâíîñòi (10) îäåðæó¹ìî

∣∣∣
∫

Rn+1
+

G(t, X; 0, ·)(η − η(R))(X)dλ(X)
∣∣∣ ≤

≤ C‖η − η(R)‖−k(T,a)
∞ Ψ−1(t, Ξ),

çâiäêè âèïëèâà¹, ùî L1 ≤ C‖η− η(R)‖−k(T,a)
∞ ,

t ∈ (0, γ).
Íà ïiäñòàâi íåðiâíîñòåé

gi(t) ≤ ki(t, ai), t ∈ (0, γ), i ∈ {1, 2},
ìà¹ìî

L3 ≤ ‖η − η(R)‖−k(T,a)
∞ , t ∈ (0, γ),

òîìó

L1 +L3 ≤ (C +1)‖η−η(R)‖−k(T,a)
∞ , t ∈ (0, γ).

Îñêiëüêè

‖η−η(R)‖−k(T,a)
∞ ≤ sup

X∈Rn+1
+ \CR/2

(|η(X)|Φ1(T, X)) → 0,

R →∞,

òî

L1 + L3 → 0, R →∞, t ∈ (0, γ). (44)
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Äàëi ìà¹ìî

L2 ≤ sup
Ξ∈Rn+1

+ \C2R

(∣∣∣
∫

Rn+1
+

G(t,X; 0, Ξ)η(R)(X)dλ(X)
∣∣∣×

×Ψ1(t, Ξ)
)

+ exp{(g1(T ) + g2(T ))R2}×

× sup
Ξ∈C2R

∣∣∣
∫

Rn+1
+

G(t,X; 0, Ξ)η(R)(X)dλ(X)−

−η(R)(Ξ)
∣∣∣ ≡ L′2 + L′′2. (45)

Çà äîïîìîãîþ íåðiâíîñòåé (3), (27), (38) i
ðiâíîñòi (10) îäåðæó¹ìî

L′2 ≤ sup
Ξ∈Rn+1

+ \C2R

(
C

∫

Rn+1
+

β(t)Êĉ1,ĉ2(t,X, Ξ)(E(t,X, Ξ)×

×Φ−1(T, X))(|η(R)(X)|Φ1(T, X))dλ(X)×
×Ψ1(t, Ξ)

)
≤ C‖η‖−k(T,a)

∞ K̂(t, R)×

×
∫

Rn+1
+

β(t)Êĉ1/2,ĉ2/2(t,X, Ξ)dλ(X) = C‖η‖−k(T,a)
∞ ×

×K̂(t, R) → 0, t → 0, (46)

äå K̂(T,R) äîðiâíþ¹ exp{−ĉ1R
2/(2α(t))} àáî

exp{−ĉ2R
2/(2t)}. Òóò âèêîðèñòàíà íåðiâ-

íiñòü

Êĉ1,ĉ2(t,X, Ξ) ≤ Êĉ1/2,ĉ2/2(t,X, Ξ)×
× exp{−ĉ1|x−e−tξ|2/(2α(t))−ĉ2(y−η)2/(2t)},

(47)
ÿêà ñïðàâäæó¹òüñÿ íà ïiäñòàâi íåðiâíîñòi
(32) ç [1].

Îñêiëüêè ϕ(R) � íåïåðåðâíà é îáìåæåíà
ôóíêöiÿ, òî çãiäíî ç âëàñòèâîñòÿìè ÔÐÇÊ
äëÿ ðiâíÿííÿ, ñïðÿæåíîãî äî ðiâíÿííÿ (1),
ìà¹ìî

L′′2 → 0, t → 0, R > 0. (48)

Çi ñïiââiäíîøåíü (43) � (46) i (48) âèïëè-
âà¹ ïîòðiáíå ñïiââiäíîøåííÿ (42).

ÑÏÈÑÎÊ ËIÒÅÐÀÒÓÐÈ
1. Áàëàáóøåíêî Ò.Ì., Iâàñèøåí Ñ.Ä., Ëàâðåí÷óê

Â.Ï., Ìåëüíè÷óê Ë.Ì. Ôóíäàìåíòàëüíèé ðîçâ'ÿçîê

çàäà÷i Êîøi äëÿ äåÿêèõ ïàðàáîëi÷íèõ ðiâíÿíü ç îïå-
ðàòîðîì Áåññåëÿ i çðîñòàþ÷èìè êîåôiöi¹íòàìè //
Íàóê. âiñíèê ×åðíiâåöüêîãî óí-òó: Çá. íàóê. ïð. Âèï.
288. Ìàòåìàòèêà.� ×åðíiâöi: Ðóòà, 2006. � Ñ. 5 � 11.

2. Èâàñèøèí Ë.Ì. Èíòåãðàëüíîå ïðåäñòàâëåíèå
è ìíîæåñòâà íà÷àëüíûõ çíà÷åíèé ðåøåíèé ïàðàáî-
ëè÷åñêèõ óðàâíåíèé ñ îïåðàòîðîì Áåññåëÿ è ðàñòó-
ùèìè êîýôôèöèåíòàìè.� ×åðíîâöû, 1992.� 62 ñ.�
Äåï. â ÓêðÈÍÒÝÈ 26.10.92, � 1731�Óê92.

3. Ëåâèòàí Á.Ì. Ðàçëîæåíèå ïî ôóíêöèÿì Áåñ-
ñåëÿ â ðÿäû è èíòåãðàëû Ôóðüå // Óñïåõè ìàò.
íàóê.� 1951.� 6, �2.� Ñ.102�143.

4. Âèëü÷àê Â.Â., Èâàñèøåí Ñ.Ä. Î çàäà÷å Êîøè
äëÿ íåêîòîðûõ ïàðàáîëè÷åñêèõ óðàâíåíèé ñ ðàñòó-
ùèìè êîýôôèöèåíòàìè.� ×åðíîâèö. óí-ò.� ×åðíî-
âû, 1991.� 45 ñ.� Äåï. â ÓêðÍÈÈÍÒÈ 9.08.91, �
1130�Óê91.

5. Ýéäåëüìàí Ñ.Ä. Ïàðàáîëè÷åñêèå ñèñòåìû.�
Ì.: Íàóêà, 1964.� 443 ñ.

Ñòàòòÿ íàäiéøëà äî ðåäêîëåãi�� 10.03.2006

16 Íàóêîâèé âiñíèê ×åðíiâåöüêîãî óíiâåðñèòåòó. 2006. Âèïóñê 314-315. Ìàòåìàòèêà.


