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ÊÎÅÔIÖI�ÍÒÀÌÈ
Äëÿ îäíîãî êëàñó ïàðàáîëi÷íèõ ðiâíÿíü çi çðîñòàþ÷èìè çà çìiííîþ x ∈ Rn ïðè |x| → ∞

êîåôiöi¹íòàìè òà îïåðàòîðîì Áåññåëÿ çà çìiííîþ y ∈ R äîâåäåíi òåîðåìè ïðî çîáðàæåííÿ
ó âèãëÿäi iíòåãðàëiâ Ïóàññîíà ðîçâ'ÿçêiâ çàäà÷i Êîøi òà âèçíà÷åíèõ ó âiäêðèòîìó ïiâøàði
ðîçâ'ÿçêiâ çi ñïåöiàëüíèõ âàãîâèõ Lp-ïðîñòîðiâ.

For a class of parabolic equations with growing coe�cients on a variable x ∈ Rn as |x| → ∞
and with Bessel operator with respect to variable y ∈ R theorems of representation as Poisson
integrals of solutions of the Cauchy problem and of solutions, determined in an open half-sphere,
from special weight Lp-spaces are proved.

Äàíà ñòàòòÿ ¹ áåçïîñåðåäíiì ïðîäîâæåí-
íÿì ïðàöü [1, 2]. Ó íié äîâîäÿòüñÿ òåîðåìè
ïðî çîáðàæåííÿ ó âèãëÿäi iíòåãðàëiâ Ïóàñ-
ñîíà ðîçâ'ÿçêiâ çàäà÷i Êîøi òà ðîçâ'ÿçêiâ,
âèçíà÷åíèõ ó âiäêðèòîìó ïiâøàði, äëÿ ðiâ-
íÿíü, ÿêi ðîçãëÿäàëèñÿ â [1, 2]. Ðåçóëüòàòè,
ÿêi òóò íàâîäÿòüñÿ, àíàëîãi÷íi ðåçóëüòàòàì
iç [3] äëÿ ïàðàáîëi÷íèõ ñèñòåì ç îïåðàòî-
ðîì Áåññåëÿ òà îáìåæåíèìè êîåôiöi¹íòàìè.
Ó âèïàäêó n = 1 âîíè äîâåäåíi â [4]. Ó ñòàòòi
âèêîðèñòîâóþòüñÿ ïîçíà÷åííÿ òà îçíà÷åííÿ
ç [2].

1. Ðîçãëÿíåìî ðiâíÿííÿ

(Lu)(t,X) ≡
(
∂t −

n∑

j,l=1

ajl∂xj
∂xl

)
u(t,X)−

−
n∑

j=1

∂xj
(xju(t,X))−Byu(t,X) = 0,

(t,X) ∈ Π, (1)

äå X ≡ (x, y), x ∈ Rn, y > 0; ajl ∈ R, ïðè-
÷îìó ìàòðèöÿ A ≡ (ajl)

n
j,l=1 ñèìåòðè÷íà é

äîäàòíî âèçíà÷åíà; By � îïåðàòîð Áåññåëÿ
ïîðÿäêó ν ≥ 0; Π ≡ (0, T ]× Rn+1

+ .
Íåõàé G(t,X; τ, Ξ), t > τ , {X, Ξ} ⊂ Rn+1

+ ,
Ξ ≡ (ξ, η), � ôóíäàìåíòàëüíèé ðîçâ'ÿçîê çà-
äà÷i Êîøi (ÔÐÇÊ) äëÿ ðiâíÿííÿ (1), ÿêèé

çíàéäåíèé â [1]. Äëÿ íüîãî ñïðàâäæóþòüñÿ,
çîêðåìà, 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)/2×
×E(t− τ, X, Ξ)Êĉ1,ĉ2(t− τ,X, Ξ), t > τ,

{X, Ξ} ⊂ Rn+1
+ , {k, m} ⊂ Zn

+, {l, r} ⊂ Z+,
(2)

äå âèêîðèñòàíi ïîçíà÷åííÿ ç [2].
ÔÐÇÊ G ïîðîäæó¹ iíòåãðàëè Ïóàññîíà

âiäïîâiäíî ôóíêöi¨ ϕ òà óçàãàëüíåíî¨ ìiðè
µ çà ôîðìóëàìè

u(t,X) =

∫

Rn+1
+

G(t,X; 0, Ξ)

{
ϕ(Ξ)dλ(Ξ), (3)
dµ(Ξ), (4)

(t,X) ∈ Π.

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

i µ ∈ Mk(0,a). Òîäi ïðàâèëüíi òàêi òâåðäæå-
ííÿ:

1) ðîçâ'ÿçîê u ðiâíÿííÿ (1), ÿêèé çàäî-
âîëüíÿ¹ óìîâè

∂yu(t,X)|y=0 = 0, t ∈ (0, T ], x ∈ Rn, (5)

∃C > 0 ∀t ∈ (0, T ] : ‖u(t, ·)‖k(t,a)
p ≤ C, (6p)

Íàóêîâèé âiñíèê ×åðíiâåöüêîãî óíiâåðñèòåòó. 2007. Âèïóñê 336 � 337. Ìàòåìàòèêà. 7



ïðè 1 ≤ p < ∞
lim
t→0

‖u(t, ·)− ϕ‖k(t,a)
p = 0, (7)

à ïðè p = ∞

∀η ∈ L
−k(T,a)
1 : lim

t→0

∫

Rn+1
+

η(X)u(t,X)dλ(X) =

=

∫

Rn+1
+

η(X)ϕ(X)dλ(X), (8)

çîáðàæó¹òüñÿ ó âèãëÿäi (3);
2) äëÿ ðîçâ'ÿçêó u ðiâíÿííÿ (1), äëÿ ÿêî-

ãî âèêîíóþòüñÿ óìîâà (5), íåðiâíiñòü (61)
i ñïiââiäíîøåííÿ

∀η ∈ C
−k(T,a)
0 : lim

t→0

∫

Rn+1
+

η(X)u(t,X)dλ(X) =

=

∫

Rn+1
+

η(X)dµ(X), (9)

ïðàâèëüíå çîáðàæåííÿ (4).
Äîâåäåííÿ. 1) Íåõàé u � ðîçâ'ÿçîê ðiâ-

íÿííÿ (1), ÿêèé çàäîâîëüíÿ¹ óìîâè (5), (6p),
(7) àáî (8); QR ≡ (0, T ] × CR, CR ≡ KR ×
(0, R], KR ≡ {x ∈ Rn

∣∣∣ |x| ≤ R}, R > 0; θ

� ôóíêöiÿ ç ïðîñòîðó C∞([0,∞)) òàêà, ùî
θ = 1 íà [0, 1/2], θ = 0 íà [3/4,∞) i θ′ ≤ 0;
(t,X) � ôiêñîâàíà òî÷êà ç QR/4, äå R � çà-
äàíå ÷èñëî.

Ñêîðèñòà¹ìîñÿ òàêîþ ôîðìóëîþ Ãðiíà-
Îñòðîãðàäñüêîãî, íàâåäåíîþ â [1]:

t1∫

t0

dτ

∫

CR

(vLu− uL∗v)(τ, Ξ)dλ(Ξ) =

=

∫

CR

(vu)(τ, Ξ)dλ(Ξ)
∣∣∣
t1

τ=t0
−

−
n∑

j=1

t1∫

t0

dτ

∫

SR

R∫

0

(
n∑

l=1

ajl(v∂ξl
u− u∂ξl

v)+

+ξjvu
)
(τ, Ξ)η2ν+1µjdSξdη −

t1∫

t0

dτ

∫

KR

η2ν+1×

×(v∂ηu− u∂ηv)(τ, Ξ)dξ
∣∣∣
R

η=0
, (10)

äå t0 < t1, SR � ìåæà êóëi KR, (µ1, . . . , µn) �
îðò çîâíiøíüî¨ íîðìàëi äî SR, L � äèôåðåí-
öiàëüíèé âèðàç iç (1), à

L∗ ≡ −∂τ −
n∑

j,l=1

ajl∂ξj
∂ξl

+
n∑

j=1

ξj∂ξj
−Bη.

Ó ôîðìóëi (10) ïîêëàäåìî çàìiñòü t0,
t1, u(τ, Ξ) i v(τ, Ξ) âiäïîâiäíî h, t − ε,
u(τ, Ξ) i θR(Ξ)G∗(τ, Ξ; t,X), äå θR(Ξ) ≡
θ(|ξ|/R)θ(η/R), R ≥ R, 0 < h < t/2, 0 <
ε < t/2, u � âçÿòèé íàìè ðîçâ'ÿçîê ðiâíÿííÿ
(1), à G∗ � ÔÐÇÊ äëÿ ñïðÿæåíîãî ðiâíÿí-
íÿ L∗v = 0. Âèêîðèñòàâøè âëàñòèâiñòü íîð-
ìàëüíîñòi ÔÐÇÊ G [1] i âëàñòèâîñòi ôóíêöi¨
θR, îäåðæèìî

∫

Rn+1
+

G(t,X; t− ε, Ξ)θR(Ξ)u(t− ε, Ξ)dλ(Ξ) =

=

∫

Rn+1
+

G(t,X; h, Ξ)θR(Ξ)u(h, Ξ)dλ(Ξ)−
t−ε∫

h

dτ×

×
∫

C3R/4\CR/2

L∗(θR(Ξ)G∗(τ, Ξ, t, X))u(τ, Ξ)dλ(Ξ).

Ïiñëÿ ïåðåõîäó â öié ðiâíîñòi äî ãðàíèöi ïðè
ε → 0 òà âèêîðèñòàííÿ âëàñòèâîñòåé ÔÐÇÊ
ïðèéäåìî äî ðiâíîñòi

u(t,X) =

∫

Rn+1
+

G(t,X; h, Ξ)θR(Ξ)u(h, Ξ)dλ(Ξ)−

−
t∫

h

dτ

∫

C3R/4\CR/2

L∗(θR(Ξ)G∗(τ, Ξ, t, X))u(τ, Ξ)dλ(Ξ) ≡

≡ I
(R)
1 − I

(R)
2 . (11)

Ïåðåéäåìî òåïåð â (11) äî ãðàíèöi ïðè
R → ∞. Äîâåäåìî, ùî ïðè öüîìó I

(R)
1 ïðÿ-

ìó¹ äî

I1 ≡
∫

Rn+1
+

G(t,X; h, Ξ)u(h, Ξ)dλ(Ξ).
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Çà äîïîìîãîþ îöiíêè (2) òà íåðiâíîñòi
(47) ç [2] ìà¹ìî

|I1− I
(R)
1 | ≤ C

∫

Rn+1
+ \CR/2

β(t−h)(E(t−h,X, Ξ)×

×Φ1(h, Ξ))Êĉ1/2,ĉ2/2(t− h,X, Ξ) exp{−ĉ1×
×|x− e−(t−h)ξ|2/(2α(t− h))− ĉ2×

×(y−η)2/(2(t−h))}(|u(h, Ξ)|Φ−1(h, Ξ))dλ(Ξ).
(12)

Âèêîðèñòîâóâàòèìåìî íåðiâíîñòi

E(t− h,X, Ξ)Φ1(h, Ξ) ≤ Φ1(t, X) ≤ A,

0 < h < t ≤ T, X ∈ CR/4, Ξ ∈ Rn+1
+ ; (13)

|x−e−(t−h)ξ|2 ≥ e−2(t−h)||ξ|−et−h|x||2 ≥ e−2t×

×(|ξ| − et|x|)2 ≥ e−2t
(R

2
− eT R

4

)2

≥ e−2t R
2

16
,

0 < h < t ≤ T, x ∈ KR/4, ξ ∈ Rn \KR/2; (14)

(y − η)2 ≥ (|η| − |y|)2 ≥
(R

2
− R

4

)2

≥ R2

16
,

y ∈ [0, R/4], η ∈ [R/2,∞), (15)

äå A > 0, R � äîñèòü âåëèêå ÷èñëî, R � ôi-
êñîâàíå ÷èñëî, ïðè÷îìó 0 < R < e−T R. Íå-
ðiâíiñòü (13) âèïëèâà¹ iç íåðiâíîñòi (8) iç [2].

Ç (12) � (15) îäåðæó¹ìî, ùî

|I1 − I
(R)
1 | ≤ CAKĉ(t, R)

∫

Rn+1
+

β(t− h)×

×Êĉ1/2,ĉ2/2(t−h,X, Ξ)(|u(h, Ξ)|Φ−1(h, Ξ))dλ(Ξ),
(16)

äå Kĉ(t, R) äîðiâíþ¹ exp{−ĉe−2tR2/(32α(t))}
àáî exp{−ĉR2/(32t)}, ĉ ≡ min(ĉ1, ĉ2).

ßêùî p = 1, òî ç (16) çðàçó âèïëèâà¹, ùî
ïðè ôiêñîâàíîìó h

|I1 − I
(R)
1 | ≤ CAβ(t− h)‖u(h, ·)‖k(h,a)

1 ×
×Kĉ(t, R) → 0, R →∞.

ßêùî 1 < p < ∞, òî çà äîïîìîãîþ íåðiâíî-
ñòi Ãåëüäåðà òà ðiâíîñòi (9) ç [2] îäåðæó¹ìî

|I1 − I
(R)
1 | ≤ CAKĉ(t, R)(β(t− h))1/p×

×‖u(h, ·)‖k(h,a)
p

(∫

Rn+1
+

β(t−h)Êp′ĉ1/2,p′ĉ2/2(t−h,X, Ξ)×

×dλ(Ξ)
)1/p′

= CA(β(t− h))1/p‖u(h, ·)‖k(h,a)
p ×

×Kĉ(t, R) → 0, R →∞,

ïðè ôiêñîâàíîìó h. Äëÿ p = ∞ ïðè ôiêñî-
âàíîìó h ìà¹ìî

|I1 − I
(R)
1 | ≤ CA‖u(h, ·)‖k(h,a)

∞ Kĉ(t, R) → 0,

R →∞.

Òåïåð äîâåäåìî, ùî I
(R)
2 → 0, R → ∞.

Äëÿ öüîãî çàóâàæèìî, ùî

L∗(θRG∗) = θRL∗G∗ −
n∑

j,l=1

ajl(∂ξj
∂ξl

θRG∗+

+2∂ξj
θR∂ξl

G∗) +
n∑

j=1

ξj∂ξj
θRG∗ − (BηθR)G∗−

−2∂ηθR∂ηG
∗. (17)

Îñêiëüêè ïðè τ < t L∗G∗(τ, Ξ; t,X) = 0, òî
ïåðøèé äîäàíîê iç (17) äîðiâíþ¹ íóëåâi, i íà
ïiäñòàâi âëàñòèâîñòåé ôóíêöi¨ θR âåñü âèðàç
äîðiâíþ¹ íóëþ â Rn+1

+ \(C3R/4\CR/2), ïðè÷î-
ìó ∂ηθR(Ξ) = 0 i BηθR(Ξ) = 0 ïðè |η| < R/2.
Âèêîðèñòîâóþ÷è òå, ùî äëÿ Ξ ∈ C3R/4 \CR/2

|∂ξj
θR(Ξ)| ≤ C/R, |∂ξj

∂ξl
θR(Ξ)| ≤ C/R2,

|∂ηθR(Ξ)| ≤ C/R, |BηθR(Ξ)| ≤ C/R2,

íîðìàëüíiñòü ÔÐÇÊ òà îöiíêè (2), ïðè R ≥
1 îäåðæó¹ìî

|L∗(θR(Ξ)G∗(τ, Ξ; t,X))| ≤ Cβ(t− τ)×
×((α(t− τ))−1/2 + (t− τ)−1/2)E(t− τ, X, Ξ)×

×Êĉ1,ĉ2(t− τ, X, Ξ).

Çà äîïîìîãîþ öi¹¨ îöiíêè òàê ñàìî, ÿê i âèùå
äëÿ I1 − I

(R)
1 , âñòàíîâëþ¹ìî, ùî

∣∣∣
∫

C3R/4\CR/2

L∗(θR(Ξ)G∗(τ, Ξ; t, X))u(τ, Ξ)dλ(Ξ)
∣∣∣ ≤

≤ C‖u(τ, ·)‖k(τ,a)
p Kĉ(t− τ, R)(β(t− τ))λ×
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×((α(t− τ))−1/2 + (t− τ)−1/2),

äå λ = 1/p ïðè 1 ≤ p < ∞ i λ = 0 ïðè
p = ∞. Çâiäñè, âèêîðèñòîâóþ÷è îöiíêó (6p)
i òå, ùî äëÿ äåÿêîãî δ > 0 ñïðàâäæóþòüñÿ
íåðiâíîñòi t ≤ α(t) ≤ 2t, t ∈ (0, δ), à òàêîæ
ùî Kĉ(t− τ, R)(β(t− τ))λ ≤ CKĉ/2(t− τ, R),
0 ≤ τ < t, R ≥ 1, îäåðæó¹ìî

|I(R)
2 | ≤ CKĉ/2(t, R) → 0, R →∞.

Îòæå, ïiñëÿ ïåðåõîäó â (11) äî ãðàíèöi
ïðè R →∞ ìàòèìåìî

u(t,X) =

∫

Rn+1
+

G(t,X; h, Ξ)u(h, Ξ)dλ(Ξ). (18)

Ó ðiâíîñòi (18) ïåðåéäåìî äî ãðàíèöi ïðè
h → 0, âèêîðèñòîâóþ÷è ïðè öüîìó íåðiâ-
íiñòü

|∆0
hG| ≡ |G(t,X; h, Ξ)−G(t,X; 0, Ξ)| ≤

≤ Ch(1 + |x|)β(t)((α(t))−1 + t−1)E(t,X, Ξ)×
×Êĉ0,ĉ2/2(t,X, Ξ), ĉ0 ∈ (0, ĉ1/2), (19)

ÿêà ïðàâèëüíà äëÿ äîâiëüíî¨ ôiêñîâàíî¨ òî-
÷êè (t,X) ∈ Π, áóäü-ÿêî¨ òî÷êè Ξ ∈ Rn+1

+ i
äîñèòü ìàëîãî h > 0.

Äîâåäåìî íåðiâíiñòü (19). Ìà¹ìî

|∆0
hG| = |h∂τG(t,X; τ, Ξ)|τ=θh|, 0 < θ < 1.

Âèêîðèñòîâóþ÷è íîðìàëüíiñòü ÔÐÇÊ G i òå,
ùî G∗ çàäîâîëüíÿ¹ ðiâíÿííÿ L∗v = 0 òà óìî-
âó ∂ηG

∗|η=0 = 0, çà äîïîìîãîþ îöiíîê (2)
îäåðæó¹ìî

|∂τG(t,X; τ, Ξ)| = |∂τG
∗(τ, Ξ; t,X)| =

= |(L∗ + ∂τ )G
∗(τ, Ξ; t,X)| ≤

C(1 + |ξ|)β(t− τ)((α(t− τ))−1 + (t− τ)−1)×
×E(t− τ,X, Ξ)Êĉ1,ĉ2/2(t− τ, X, Ξ),

çâiäêè, ÿêùî ñêîðèñòàòèñÿ íåðiâíîñòÿìè

|ξ| ≤ et−τ (|x− e−(t−τ)ξ|+ |x|) ≤
≤ eT (|x− e−(t−τ)ξ|+ |x|),

|x− e−(t−τ)ξ|Êĉ1,ĉ2/2(t− τ, X, Ξ) ≤

≤ C(α(t− τ))1/2Êĉ1/2,ĉ2/2(t− τ,X, Ξ),

âèïëèâà¹ îöiíêà

|∂τG(t,X; τ, Ξ)| ≤ C(1+|x|)β(t−τ)((α(t−τ))−1+

+(t− τ)−1)E(t− τ, X, Ξ)Êĉ1/2,ĉ2/2(t− τ,X, Ξ).

Òîäi

|∆0
hG| ≤ Ch(1 + |x|)β(t)((α(t))−1 + t−1)×

×E(t− θh, X, Ξ)Êĉ1/2,ĉ2/2(t− θh, X, Ξ) ≤
≤ Ch(1 + |x|)β(t)((α(t))−1 + t−1)×

× exp{−(c1 + ĉ1/2)|x− e−(t−θh)ξ|2/α(t)−
−c2(y − η)2/t}T η

y [exp{−(ĉ2/2)y2/t}], (20)

ÿêùî ââàæàòè, ùî 0 < h < t/2, áî äëÿ òàêèõ
h t/2 < t− θh < t i α(t)/2 < α(t− θh) < α(t).
Îñêiëüêè

|x−e−(t−θh)ξ|2 = e2θh|(x−e−tξ)−(1−e−θh)x|2 ≥
≥ |(x− e−tξ)− (1− e−θh)x|2

òà iñíóþòü ñòàëi M > 0 i ĉ0 ∈ (0, ĉ1/2) òàêi,
ùî äëÿ âñiõ {u, v} ⊂ Rn, |v| ≤ 1,

exp{−(c1+ĉ1/2)|u−v|2} ≤ M exp{−(c1+ĉ0)|u|2},
òî

exp{−(c1 + ĉ1/2)|x− e−(t−θh)ξ|2/α(t)} ≤

≤ exp{−(c1 + ĉ1/2)|(x− e−tξ)/
√

α(t)−
−(1− e−θh)x/

√
α(t)|2} ≤ M exp{−(c1 + ĉ0)×

×|x− e−tξ|2/α(t)},
ÿêùî h áðàòè òàêèì, ùîá (1 −
e−θh)|x|/

√
α(t) ≤ 1. Âðàõîâóþ÷è öå, iç

íåðiâíîñòi (20) âèïëèâà¹ íåðiâíiñòü (19).
Âèêîðèñòîâóþ÷è íåðiâíîñòi (2), (19) òà

àíàëîãi÷íó (8) iç [2] íåðiâíiñòü

E(t, X, Ξ)Φ1(h, Ξ) ≤ Φ1(t + h,X), (21)

ìà¹ìî

|∆h| ≡
∣∣∣

∫

Rn+1
+

G(t,X; h, Ξ)u(h, Ξ)dλ(Ξ)−
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−
∫

Rn+1
+

G(t,X; 0, Ξ)ϕ(Ξ)dλ(Ξ)
∣∣∣ ≤

≤
∫

Rn+1
+

|∆0
hG(t,X; h, Ξ)| |u(h, Ξ)|dλ(Ξ)+

+

∫

Rn+1
+

|G(t,X; 0, Ξ)| |u(h, Ξ)− ϕ(Ξ)|dλ(Ξ) ≤

≤ Ch(1+|x|)β(t)((α(t))−1+t−1)

∫

Rn+1
+

(E(t,X, Ξ)×

×Φ1(h, Ξ))Êĉ0,ĉ2/2(t,X, Ξ)(|u(h, Ξ)|×

×Φ−1(h, Ξ))dλ(Ξ) + Cβ(t)

∫

Rn+1
+

(E(t,X, Ξ)×

×Φ1(h, Ξ))Êĉ1,ĉ2(t,X, Ξ)(|u(h, Ξ)− ϕ(Ξ)|×
×Φ−1(h, Ξ))dλ(Ξ) ≤ Cβ(t)(h(1 + |x|)×

×((α(t))−1+t−1)J
(h)
1 +J

(h)
2 )Φ1(t+h,X), (22)

äå

J
(h)
1 ≡

∫

Rn+1
+

Êĉ0,ĉ2/2(t,X, Ξ)(|u(h, Ξ)|×

×Φ−1(h, Ξ))dλ(Ξ),

J
(h)
2 ≡

∫

Rn+1
+

Êĉ1,ĉ2(t,X, Ξ)(|u(h, Ξ)− ϕ(Ξ)|×

×Φ−1(h, Ξ))dλ(Ξ).

Äëÿ p = 1 ìà¹ìî

J
(h)
1 ≤ ‖u(h, ·)‖k(h,a)

1 , J
(h)
2 ≤ ‖u(h, ·)− ϕ‖k(h,a)

1 ,
(23)

à äëÿ 1 < p < ∞ çà äîïîìîãîþ íåðiâíîñòi
Ãåëüäåðà òà ðiâíîñòi (9) iç [2] îäåðæó¹ìî

J
(h)
1 ≤

( ∫

Rn+1
+

β(t)Êp′ĉ0,p′ĉ2/2(t,X, Ξ)dλ(Ξ)
)1/p′

×

×(β(t))−1/p′‖u(h, ·)‖k(h,a)
p ≤

≤ C(β(t))−1/p′‖u(h, ·)‖k(h,a)
p ,

J
(h)
2 ≤

( ∫

Rn+1
+

β(t)Êp′ĉ1,p′ĉ2(t,X, Ξ)dλ(Ξ)
)1/p′

×

×(β(t))−1/p′‖u(h, ·)−ϕ‖k(h,a)
p ≤ C(β(t))−1/p′×

×‖u(h, ·)− ϕ‖k(h,a)
p . (24)

Ç (22) � (24) íà ïiäñòàâi (6p) i (7) äëÿ ôi-
êñîâàíî¨ òî÷êè (t,X) ∈ Π i 1 ≤ p < ∞ âè-
ïëèâà¹ ñïiââiäíîøåííÿ

lim
h→0

∫

Rn+1
+

G(t,X; h, Ξ)u(h, Ξ)dλ(Ξ) =

=

∫

Rn+1
+

G(t,X; 0, Ξ)ϕ(Ξ)dλ(Ξ), (25)

ÿêå ç óðàõóâàííÿì (18) ïðèâîäèòü äî ôîð-
ìóëè (3) äëÿ çàäàíîãî ðîçâ'ÿçêó. Ñïiââiä-
íîøåííÿ (25) ¹ ïðàâèëüíèì i äëÿ p = ∞.
Ñïðàâäi, ðîçãëÿíåìî ðiçíèöþ

∆h =

∫

Rn+1
+

∆0
hG(t,X; h, Ξ)u(h, Ξ)dλ(Ξ)+

+
( ∫

Rn+1
+

G(t,X; 0, Ξ)u(h, Ξ)dλ(Ξ)−
∫

Rn+1
+

G(t,X; 0, Ξ)×

×ϕ(Ξ)dλ(Ξ)
)
≡ L

(h)
1 + L

(h)
2 . (26)

Òàê ñàìî, ÿê ó (22), ìà¹ìî

|L(h)
1 | ≤ Cβ(t)((α(t))−1 + t−1)h(1 + |x|)×

×Φ1(t + h,X)J
(h)
1 . (27)

Íà ïiäñòàâi óìîâè (6∞) îäåðæó¹ìî

J
(h)
1 ≤ C(β(t))−1‖u(h, ·)‖k(h,a)

∞ ≤ C(β(t))−1,

h > 0.

Çâiäñè òà iç (27) âèïëèâà¹ ñïiââiäíîøåííÿ

lim
h→0

L
(h)
1 = 0. (28)

Îñêiëüêè ïðè 0 < t ≤ T0 <

min

(
1

2
ln

c1 + k1(T, a1)

k1(T, a1)
,

c2

k2(T, a2)

)
, T0 ≤ T ,

ôóíêöiÿ
η(Ξ) ≡ G(t,X; 0, Ξ), Ξ ∈ Rn+1

+ , (29)
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âíàñëiäîê îöiíêè (2) òà íåðiâíîñòi (21), â
ÿêié h çàìiíåíî íà T , çàäîâîëüíÿ¹ íåðiâíiñòü

|η(Ξ)|Φ1(T, Ξ) ≤ Cβ(t)Êĉ1,ĉ2(t,X, Ξ)×
×Φ1(T, X) (30)

é, îòæå, η ∈ L
−k(T,a)
1 , òî íà ïiäñòàâi óìî-

âè (8) ïðè 0 < t ≤ T0 îäåðæó¹ìî, ùî
lim
h→0

L
(h)
2 = 0. Çâiäñè òà iç (26), (28) âèïëè-

âà¹ ñïiââiäíîøåííÿ (25) äëÿ äîâiëüíî¨ òî÷êè
(t,X) ∈ (0, T0] × Rn+1

+ i p = ∞, à òîäi çà
äîïîìîãîþ (18) îäåðæó¹ìî ôîðìóëó (3) äëÿ
(t,X) ∈ (0, T0]× Rn+1

+ .
Ùîá ïåðåêîíàòèñÿ ó ïðàâèëüíîñòi öi¹¨

ôîðìóëè äëÿ áóäü-ÿêî¨ òî÷êè (t,X) ∈ Π,
ñêîðèñòà¹ìîñÿ ôîðìóëàìè (18) ïðè h ≤ T0,
(3) äëÿ t = h i ôîðìóëîþ çãîðòêè äëÿ ÔÐÇÊ
G.

2) ßêùî ðîçâ'ÿçîê ðiâíÿííÿ (1) çàäîâîëü-
íÿ¹ óìîâó (61), òî, ÿê âñòàíîâëåíî ïðè äî-
âåäåííi ïåðøî¨ ÷àñòèíè òåîðåìè, äëÿ íüîãî
ïðàâèëüíà ôîðìóëà (18). Ïåðåéäåìî â íié
äî ãðàíèöi ïðè h → 0. Äëÿ öüîãî ðîçãëÿíå-
ìî ðiçíèöþ
∫

Rn+1
+

G(t,X; h, Ξ)u(h, Ξ)dλ(Ξ)−
∫

Rn+1
+

G(t,X; 0, Ξ)×

×dµ(Ξ) =

∫

Rn+1
+

∆0
hG(t,X; h, Ξ)u(h, Ξ)dλ(Ξ)+

+
(∫

Rn+1
+

G(t,X; 0, Ξ)u(h, Ξ)dλ(Ξ)−

−
∫

Rn+1
+

G(t,X; 0, Ξ)dµ(Ξ)
)
≡ K

(h)
1 + K

(h)
2 . (31)

Äëÿ K
(h)
1 ñïðàâäæó¹òüñÿ íåðiâíiñòü (27),

à äëÿ J
(h)
1 � íåðiâíiñòü (23). Çâiäñè íà ïiä-

ñòàâi óìîâè (61) îäåðæó¹ìî, ùî

lim
h→0

K
(h)
1 = 0. (32)

Ç íåðiâíîñòi (30) âèïëèâà¹, ùî ïðè 0 <
t ≤ T0 ôóíêöiÿ (29) íàëåæèòü äî ïðîñòî-
ðó C

−k(T,a)
0 . Òîìó çãiäíî ç óìîâîþ (9) ïðà-

âèëüíå ñïiââiäíîøåííÿ lim
h→0

K
(h)
2 = 0, ç ÿêî-

ãî òà iç (31), (32) i (18) âèïëèâà¹ ïðàâèëü-
íiñòü ôîðìóëè (4) äëÿ (t,X) ∈ (0, T0]×Rn+1

+ .
Öÿ ôîðìóëà ïðàâèëüíà äëÿ áóäü-ÿêî¨ òî÷êè
(t,X) ∈ Π. Öå âèïëèâà¹ iç ôîðìóë (18), (4)
äëÿ t ≤ T0 i ôîðìóëè çãîðòêè äëÿ ÔÐÇÊ G.

2. Ç òåîðåìè 1 âèïëèâà¹ ¹äèíiñòü ðîçâ'ÿç-
êiâ çàäà÷i Êîøi, ùî çàâåðøó¹ äîâåäåííÿ òå-
îðåìè 1 iç [2]. Íàâåäåìî òåîðåìó, â ïåâíîìó
ðîçóìiííi îáåðíåíó äî öi¹¨ òåîðåìè.

Òåîðåìà 2. Íåõàé u � ðîçâ'ÿçîê ðiâíÿí-
íÿ (1) â Π, ÿêèé çàäîâîëüíÿ¹ óìîâó (5) òà
óìîâó

∃C > 0 ∃p ∈ [1,∞] ∀t ∈ (0, T ] :

‖u(t, ·)‖k(t,a)
p ≤ C. (33)

Òîäi ïðè 1 < p ≤ ∞ iñíó¹ ¹äèíà ôóíêöiÿ
ϕ ∈ L

k(0,a)
p , à ïðè p = 1 � ¹äèíà óçàãàëüíåíà

ìiðà µ ∈ Mk(0,a) òàêi, ùî ðîçâ'ÿçîê u çîáðà-
æó¹òüñÿ âiäïîâiäíî ó âèãëÿäi (3) i (4).

Äîâåäåííÿ. Íåõàé ñïî÷àòêó 1 < p ≤ ∞.
Ç óìîâè (33) âèïëèâà¹, ùî ïîñëiäîâíiñòü

{u(1/m,X)Φ−1(1/m,X), X ∈ Rn+1
+ ,m ≥ 1},

(34)
îáìåæåíà â ïðîñòîði Lp(Rn+1

+ , λ). Öåé ïðî-
ñòið içîìåòðè÷íèé ïðîñòîðó, ñïðÿæåíîìó äî
Lp′(Rn+1

+ , λ). Çãiäíî ç òåîðåìîþ ïðî ñëàáêó
êîìïàêòíiñòü îáìåæåíî¨ ìíîæèíè â ñïðÿ-
æåíîìó ïðîñòîði ïîñëiäîâíiñòü (34) ñëàáêî
êîìïàêòíà â Lp(Rn+1

+ , λ). Îòæå, iñíó¹ ¨¨ ïiä-
ïîñëiäîâíiñòü

{u(1/m(r), X)Φ−1(1/m(r), X), X ∈ Rn+1
+ ,

r ≥ 1}, (35)

ÿêà ñëàáêî çáiãà¹òüñÿ äî äåÿêî¨ ôóíêöi¨ ψ ∈
Lp(Rn+1

+ , λ), òîáòî äëÿ áóäü-ÿêî¨ ôóíêöi¨ η ∈
Lp′(Rn+1

+ , λ)

lim
r→∞

∫

Rn+1
+

η(Ξ)Φ−1(1/m(r), Ξ)u(1/m(r), Ξ)×

×dλ(Ξ) =

∫

Rn+1
+

η(Ξ)ψ(Ξ)dλ(Ξ). (36)
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Ïîêëàäåìî ϕ(Ξ) ≡ ψ(Ξ)Φ1(0, Ξ), Ξ ∈ Rn+1
+ .

Òîäi ϕ ∈ L
k(0,a)
p i ñïiââiäíîøåííÿ (36) çàïè-

ñó¹òüñÿ ó âèãëÿäi

∀η ∈ Lp′(Rn+1
+ , λ) : lim

r→∞

∫

Rn+1
+

η(Ξ)×

×Φ−1(1/m(r), Ξ)u(1/m(r), Ξ)dλ(Ξ) =

=

∫

Rn+1
+

η(Ξ)Φ−1(0, Ξ)ϕ(Ξ)dλ(Ξ). (37)

Âiçüìåìî ôiêñîâàíó òî÷êó (t,X) ∈ Π i
ðîçãëÿíåìî ôóíêöiþ

η(Ξ) ≡ G∗(0, Ξ; t,X)Φ1(0, Ξ), Ξ ∈ Rn+1
+ . (38)

Ç îöiíêè

|η(Ξ)| ≤ Cβ(t)Êĉ1,ĉ2(t,X, Ξ)Φ1(t,X),

Ξ ∈ Rn+1
+ , (39)

ÿêà îäåðæó¹òüñÿ çà äîïîìîãîþ âëàñòèâîñòi
íîðìàëüíîñòi ÔÐÇÊ G, îöiíêè (2) òà íåðiâ-
íîñòi (8) ç [2], âèïëèâà¹, ùî η ∈ Lp′(Rn+1

+ , λ).
Òîìó íà ïiäñòàâi âëàñòèâîñòi íîðìàëüíîñòi
G òà ðiâíîñòi (37) ìà¹ìî

lim
r→∞

∫

Rn+1
+

G(t,X; 0, Ξ)Φ−1(1/m(r), Ξ)Φ1(0, Ξ)×

×u(1/m(r), Ξ)dλ(Ξ) =

=

∫

Rn+1
+

G(t,X; 0, Ξ)ϕ(Ξ)dλ(Ξ). (40)

Ìîæíà ïðèïóñêàòè, ùî 1/m(r) ≤ t/2, r ≥
1. Çãiäíî ç ôîðìóëîþ (18)

u(t,X) =

∫

Rn+1
+

G(t,X; 1/m(r), Ξ)×

×u(1/m(r), Ξ)dλ(Ξ). (41)

Íà ïiäñòàâi öi¹¨ ðiâíîñòi ìà¹ìî

u(t, X)−
∫

Rn+1
+

G(t,X; 0, Ξ)ϕ(Ξ)dλ(Ξ) =

=

∫

Rn+1
+

∆0
1/m(r)G(t,X; 1/m(r), Ξ)u(1/m(r), Ξ)×

×dλ(Ξ)+

∫

Rn+1
+

G(t, X; 0, Ξ)(1−Φ−1(1/m(r), Ξ)×

×Φ1(0, Ξ))u(1/m(r), Ξ)dλ(Ξ)+

+
( ∫

Rn+1
+

G(t,X; 0, Ξ)Φ−1(1/m(r), Ξ)Φ1(0, Ξ)×

×u(1/m(r), Ξ)dλ(Ξ)−
∫

Rn+1
+

G(t,X; 0, Ξ)ϕ(Ξ)×

×dλ(Ξ)
)
≡

3∑
j=1

P
(r)
j , r ≥ 1. (42)

Ùîá îäåðæàòè çîáðàæåííÿ (3), äîñèòü
äîâåñòè, ùî

lim
r→∞

P
(r)
j = 0, j ∈ {1, 2, 3}. (43)

Çi ñïiââiäíîøåííÿ (40) âèïëèâà¹ (43) äëÿ
j = 3.

Äîâåäåìî (43) äëÿ j = 2. Çà äîïîìîãîþ
íåðiâíîñòi Ãåëüäåðà òà îöiíêè (33) ìà¹ìî

|P (r)
2 | ≤ ‖u(1/m(r), ·)‖k(1/m(r),a)

p

( ∫

Rn+1
+

Fr(Ξ)×

×dλ(Ξ)
)1/p′

≤ C
( ∫

Rn+1
+

Fr(Ξ)dλ(Ξ)
)1/p′

, (44)

äå Fr(Ξ) ≡ |G(t,X; 0, Ξ)|p′ |Φ1(1/m(r), Ξ) −
Φ1(0, Ξ)|p′ , Ξ ∈ Rn+1

+ , r ≥ 1.
Âèâ÷èìî âëàñòèâîñòi ôóíêöié Fr, r ≥ 1. Ç

îöiíêè (2) òà íåðiâíîñòi (8) iç [2] âèïëèâàþòü
íåðiâíîñòi

(Fr(Ξ))1/p′ ≤ Cβ(t)E(t,X, Ξ)Êĉ1,ĉ2(t,X, Ξ)×
×(Φ1(1/m(r), Ξ) + Φ1(0, Ξ)) ≤ Cβ(t)×

×(Φ1(t+1/m(r), X)+Φ1(t,X))Êĉ1,ĉ2(t,X, Ξ),

Ξ ∈ Rn+1
+ , r ≥ r0,

äå ÷èñëî r0 âçÿòî äîñèòü âåëèêèì. Îñêiëüêè

Φ1(t+1/m(r), X) ≤ Φ1(t+1/m(r0), X), r ≥ r0,
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òî

(Fr(Ξ))1/p′ ≤ Cβ(t)(Φ1(t + 1/m(r0), X)+

+Φ1(t,X))Êĉ1,ĉ2(t,X, Ξ), Ξ ∈ Rn+1
+ , r ≥ r0,

çâiäêè âèïëèâà¹ iñíóâàííÿ ó ïîñëiäîâíîñòi
{Fr, r ≥ r0} iíòåãðîâíî¨ ìàæîðàíòè. À âðà-
õóâàâøè òå, ùî äëÿ êîæíîãî Ξ ∈ Rn+1

+

lim
r→∞

Fr(Ξ) = 0, íà ïiäñòàâi òåîðåìè Ëåáå-
ãà ïðî ìàæîðàíòíó çáiæíiñòü îäåðæèìî, ùî
lim
r→∞

∫
Rn+1

+

Fr(Ξ)dλ(Ξ) = 0. Çâiäñè òà iç (44) âè-

ïëèâà¹ (43) äëÿ j = 2.
Äîâåäåìî, íàðåøòi, ñïiââiäíîøåííÿ (43)

äëÿ j = 1. Òàê ñàìî, ÿê ó (22) i (24), ç óðà-
õóâàííÿì óìîâè (33) ìà¹ìî

|P (r)
1 | ≤ (C/m(r))(β(t))1−1/p′((α(t))−1 + t−1)×

×(1 + |x|)Φ1(t + 1/m(r0), X)×
×‖u(1/m(r), ·)‖k(1/m(r),a)

p ≤ (C/m(r))(β(t))1/p×
×((α(t))−1+t−1)(1+|x|)Φ1(t+1/m(r0), X) → 0,

r →∞.

Íåõàé òåïåð p = 1. Ç óìîâè (33) âèïëèâà¹,
ùî ïîñëiäîâíiñòü (34) îáìåæåíà â ïðîñòî-
ði L1(Rn+1

+ , λ). Öåé ïðîñòið íå ¹ ñïðÿæåíèì
äî æîäíîãî iíøîãî áàíàõîâîãî ïðîñòîðó, àëå
âií âêëàäà¹òüñÿ ó ïðîñòið M âñiõ ñêií÷åííèõ
óçàãàëüíåíèõ ìið, âèçíà÷åíèõ íà σ-àëãåáði B
áîðåëüîâèõ ìíîæèí ïiâïðîñòîðó Rn+1

+ . Ïðî-
ñòið M içîìåòðè÷íèé ïðîñòîðó, ñïðÿæåíîìó
äî ïðîñòîðó C0(Rn+1

+ ) íåïåðåðâíèõ ó Rn+1
+

ôóíêöié, ÿêi ïðÿìóþòü äî íóëÿ íà íåñêií-
÷åííîñòi. Ç îáìåæåíîñòi â L1(Rn+1

+ , λ) ïîñëi-
äîâíîñòi (34) âèïëèâà¹ îáìåæåíiñòü âiäïî-
âiäíî¨ ïîñëiäîâíîñòi óçàãàëüíåíèõ ìið â M i,
îòæå, ñëàáêà êîìïàêòíiñòü îñòàííüî¨. Òîìó
iñíóþòü ïiäïîñëiäîâíiñòü (35) òà óçàãàëüíå-
íà ìiðà ν ∈ M òàêi, ùî

∀η ∈ C0(Rn+1
+ ) : lim

r→∞

∫

Rn+1
+

η(Ξ)Φ−1(1/m(r), Ξ)×

×u(1/m(r), Ξ)dλ(Ξ) =

∫

Rn+1
+

η(Ξ)dν(Ξ). (45)

Äëÿ îáìåæåíèõ ìíîæèí A ∈ B ïîêëàäå-
ìî

µ(A) ≡
∫

A

Φ1(0, X)dν(X)

i òîäi ∫

A

Φ−1(0, X)dµ(X) = ν(A).

ßêùî A � íåîáìåæåíà ìíîæèíà iç B, òî ðîç-
ãëÿíåìî ìîíîòîííî íåñïàäíó ïîñëiäîâíiñòü
îáìåæåíèõ ìíîæèí Ak ∈ B, k ≥ 1, òàêó, ùî
∞⋃

k=1

Ak = A, i ïîêëàäåìî

∫

A

Φ−1(0, X)dµ(X) ≡ lim
k→∞

∫

Ak

Φ−1(0, X)dµ(X) =

= lim
k→∞

ν(Ak) = ν(A).

Òàê âèçíà÷åíà ôóíêöiÿ µ íàëåæèòü äî ïðî-
ñòîðó Mk(0,a) i ðiâíiñòü (45) çàïèñó¹òüñÿ ó âè-
ãëÿäi

∀η ∈ C0(Rn+1
+ ) : lim

r→∞

∫

Rn+1
+

η(Ξ)Φ−1(1/m(r), Ξ)×

×u(1/m(r), Ξ)dλ(Ξ) =

∫

Rn+1
+

η(Ξ)Φ−1(0, Ξ)dµ(Ξ).

(46)
Ç îöiíêè (39) âèïëèâà¹, ùî ôóíêöiÿ (38)

íàëåæèòü äî ïðîñòîðó C0(Rn+1
+ ) äëÿ äîâiëü-

íî ôiêñîâàíî¨ òî÷êè (t,X) ∈ Π. Òîìó íà ïiä-
ñòàâi (46) îäåðæó¹ìî, ùî

lim
r→∞

∫

Rn+1
+

G(t,X; 0, Ξ)Φ−1(1/m(r), Ξ)Φ1(0, Ξ)×

×u(1/m(r), Ξ)dλ(Ξ) =

∫

Rn+1
+

G(t,X; 0, Ξ)dµ(Ξ).

(47)
Äàëüøi ìiðêóâàííÿ òàêi ñàìi, ÿê ó âèïàä-

êó p > 1: çà äîïîìîãîþ (41) çàïèñó¹òüñÿ ðiâ-
íiñòü

u(t,X)−
∫

Rn+1
+

G(t,X; 0, Ξ)dµ(Ξ) =
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= P
(r)
1 + P

(r)
2 + P̃

(r)
3 , r ≥ 1, (48)

äå P
(r)
j , j ∈ {1, 2} òi ñàìi, ùî é â (42), à

P̃
(r)
3 ≡

∫

Rn+1
+

G(t,X; 0, Ξ)Φ−1(1/m(r), Ξ)Φ1(0, Ξ)×

×u(1/m(r), Ξ)dλ(Ξ)−
∫

Rn+1
+

G(t,X; 0, Ξ)dµ(Ξ);

ïîòiì äîâîäèòüñÿ ñïiââiäíîøåííÿ (43) äëÿ
j ∈ {1, 2}. Îñêiëüêè çãiäíî ç (47) lim

r→∞
P̃

(r)
3 =

0, òî iç (48) âèïëèâà¹ çîáðàæåííÿ (4).
Îòæå, äîâåäåíî iñíóâàííÿ ôóíêöi¨ ϕ ∈

L
k(0,a)
p ïðè 1 < p ≤ ∞ òà óçàãàëüíåíî¨ ìi-

ðè µ ∈ Mk(0,a) ïðè p = 1 òàêèõ, ùî çàäà-
íèé ðîçâ'ÿçîê ðiâíÿííÿ (1), ÿêèé çàäîâîëü-
íÿ¹ óìîâè (5) i (33), ¹ iíòåãðàëîì Ïóàññîíà
âiäïîâiäíî ôóíêöi¨ ϕ òà óçàãàëüíåíî¨ ìiðè µ.
�äèíiñòü ôóíêöi¨ ϕ òà óçàãàëüíåíî¨ ìiðè µ
áåçïîñåðåäíüî âèïëèâà¹ ç òåîðåìè 1 ñòàòòi
[2].

Íàñëiäîê. Ç òåîðåìè 2 òà òåîðåìè 1 iç [2]
âèïëèâà¹, ùî ïðîñòîðè L

k(0,a)
p , 1 < p ≤ ∞,

i Mk(0,a) ¹ ìíîæèíàìè ïî÷àòêîâèõ çíà÷åíü
ðîçâ'ÿçêiâ ðiâíÿííÿ (1), ÿêi çàäîâîëüíÿþòü
óìîâó (5), òîäi é òiëüêè òîäi, êîëè ðîçâ'ÿçêè
çàäîâîëüíÿþòü óìîâó (33) âiäïîâiäíî ç 1 <
p ≤ ∞ i p = 1. Öÿ óìîâà ¹ íåîáõiäíîþ òà
äîñòàòíüîþ äëÿ çîáðàæóâàíîñòi ðîçâ'ÿçêiâ ó
âèãëÿäi (3) àáî (4).

3. Òåîðåìè, àíàëîãi÷íi âèùåäîâåäåíèì
òåîðåìàì äëÿ ðiâíÿííÿ (1), ïðàâèëüíi òàêîæ
äëÿ ðiâíÿííÿ (2) iç [2], òîáòî ðiâíÿííÿ

∂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),

(t,X) ∈ Π, (49)

â ÿêîìó bj, j ∈ {1, . . . , n}, � íåïåðåðâíî äè-
ôåðåíöiéîâíi ôóíêöi¨ â R, b′j � ¨õíi ïîõiäíi.

ÔÐÇÊ Z äëÿ ðiâíÿííÿ (49) âèçíà÷à¹òüñÿ
ôîðìóëîþ (4) iç [2], à âiäïîâiäíi iíòåãðàëè

Ïóàññîíà � ôîðìóëàìè

v(t,X) =

∫

Rn+1
+

Z(t,X; 0, Ξ)×

×
{

ϕ(Ξ)dλ(Ξ)
dµ(Ξ),

(t,X) ∈ Π.
(50)
(51)

Äëÿ ðiâíÿííÿ (49) íàâåäåìî òiëüêè òåî-
ðåìó, àíàëîãi÷íó òåîðåìi 2.

Òåîðåìà 3. ßêùî v � ðîçâ'ÿçîê ðiâíÿííÿ
(49), ÿêèé çàäîâîëüíÿ¹ óìîâó (5) òà óìîâó

∃C > 0 ∃p ∈ [1,∞] ∀t ∈ (0, T ] :

‖v(t, ·)‖k(t,a),P
p ≤ C,

òî ïðè 1 < p ≤ ∞ iñíó¹ ¹äèíà ôóíêöiÿ
ϕ ∈ L

k(0,a),P
p , à ïðè p = 1 � ¹äèíà óçàãàëü-

íåíà ìiðà µ ∈ Mk(0,a),P òàêi, ùî ðîçâ'ÿçîê
v çîáðàæó¹òüñÿ âiäïîâiäíî ó âèãëÿäi (50) i
(51).

Ç öi¹¨ òåîðåìè òà ç òåîðåìè 2 iç [2] âèïëè-
âàþòü äëÿ ïðîñòîðiâ L

k(0,a),P
p i Mk(0,a),P òâåð-

äæåííÿ, àíàëîãi÷íi íàâåäåíèì ó íàñëiäêó ç
ï. 2.
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