
ÓÄÊ 517.956.4

c©2002 ð. Î.Ã. Âîçíÿê
Òåðíîïiëüñüêà àêàäåìiÿ íàðîäíîãî ãîñïîäàðñòâà, Òåðíîïiëü

ÏÐÎ ÂËÀÑÒÈÂIÑÒÜ ËÎÊÀËIÇÀÖI�I ÐÎÇÂ'ßÇÊIÂ ÇÀÄÀ×I ÊÎØI ÄËß
ÎÄÍÎÃÎ ÊËÀÑÓ ÂÈÐÎÄÆÅÍÈÕ ÐIÂÍßÍÜ Ó ÏÐÎÑÒÎÐÀÕ

ÓÇÀÃÀËÜÍÅÍÈÕ ÔÓÍÊÖIÉ
Íàâåäåíà âëàñòèâiñòü ëîêàëiçàöi�� ðîçâ'ÿçêiâ çàäà÷i Êîøi äëÿ âèðîäæåíèõ ðiâíÿíü òèïó

Êîëìîãîðîâà ç −→2b-ïàðàáîëi÷íîþ ÷àñòèíîþ çà îñíîâíîþ ãðóïîþ çìiííèõ ó ïðîñòîðàõ óçàãàëü-
íåíèõ ôóíêöié.

The property of the localization of the solutions of the Cauchy problem for degenerate
parabolic equations of the Kolmogorov type with −→2b-parabolic part for basic group of variables
in spaces of generalized functions is presented.

Íåùîäàâíî Ñ.Ä. Åéäåëüìàí i Ñ.Ä. Iâà-
ñèøåí îçíà÷èëè i ïî÷àëè äîñëiäæåííÿ íî-
âîãî êëàñó ðiâíÿíü � âèðîäæåíèõ ðiâíÿíü
òèïó Êîëìîãîðîâà ç −→2b-ïàðàáîëi÷íîþ ÷àñòè-
íîþ çà îñíîâíîþ ãðóïîþ çìiííèõ. Äëÿ ðiâ-
íÿíü ç öüîãî êëàñó ó âèïàäêó íå çàëåæíèõ
âiä ïðîñòîðîâèõ çìiííèõ êîåôiöicíòiâ ó ïðà-
öÿõ [2�5] ïîáóäîâàíèé i äîñëiäæåíèé ôóí-
äàìåíòàëüíèé ðîçâ'ÿçîê, äîâåäåíi òåîðåìè
ïðî êîðåêòíó ðîçâ'ÿçíiñòü çàäà÷i Êîøi òà ií-
òåãðàëüíå çîáðàæåííÿ ðîçâ'ÿçêiâ, ó ïðàöi [6]
íàâîäèòüñÿ òåîðåìà ïðî îäíîçíà÷íó ðîçâ'ÿ-
çíiñòü çàäà÷i Êîøi ç ïî÷àòêîâèìè äàíèìè
ç ïðîñòîðó

(
S

1/
−→
2b

1/~q

)′
óçàãàëüíåíèõ ôóíêöié.

Ó äàíié ñòàòòi äëÿ òàêèõ ðiâíÿíü íàâîäèòü-
ñÿ âëàñòèâiñòü ëîêàëiçàöi�� ðîçâ'ÿçêiâ çàäà-
÷i Êîøi ó âèïàäêó, êîëè ïî÷àòêîâi äàíi íà-
ëåæàòü äî ïðîñòîðó

(
S

1/
−→
2b

1/~q

)′
óçàãàëüíåíèõ

ôóíêöié. Âèêëàäåíi òóò ðåçóëüòàòè àíàëîãi-
÷íi äî ðåçóëüòàòiâ iç [1] äëÿ âèðîäæåíèõ ïà-
ðàáîëi÷íèõ ðiâíÿíü, ÿêi óçàãàëüíþþòü êëà-
ñè÷íå ðiâíÿííÿ äèôóçi�� ç iíåðöicþ À.Ì. Êîë-
ìîãîðîâà.

Ó ñòàòòi âèêîðèñòîâóâàòèìåìî ïîçíà÷åí-
íÿ ç [6].

Ðîçãëÿíåìî ðiâíÿííÿ âèãëÿäó

∂t −

3∑

l=2

nl∑
j=1

x(l−1)j∂xlj
−

∑

‖~m1‖≤1

a~m1(t)∂
~m1
x1


×

×u(t, x) = 0, (t, x) ∈ Π(0,T ], (1)

äå êîåôiöicíòè a~m1 : [0, T ] → C, ‖~m1‖ ≤ 1,
íåïåðåðâíi é òàêi, ùî âèêîíócòüñÿ óìîâà −→2b-
ïàðàáîëi÷íîñòi çà îñíîâíîþ ãðóïîþ çìiííèõ
t, x1 [3].

Çàäàìî ïî÷àòêîâó óìîâó

u (t, ·) |t=0 = ϕ , ϕ ∈ (S
~β
1/~q)

′. (2)

Ïiä ðîçâ'ÿçêîì çàäà÷i Êîøi (1), (2) ðîçó-
ìiòèìåìî ôóíêöiþ u (t, x), (t, x) ∈ Π(0,T ], ÿêà
äèôåðåíöiéîâíà îäèí ðàç çà t, x2 i x3 òà 2bj

ðàçiâ çà x1j, j ∈ N1, çàäîâîëüíÿc ðiâíÿííÿ
(1) i óìîâó (2) ó òàêîìó ðîçóìiííi:

∀ f ∈ S
1/
−→
2b

1/~q : 〈u (t, ·) , f〉 →
t→0+

〈ϕ, f〉 .

Íàâåäåìî òåîðåìó ïðî âëàñòèâîñòi ëîêà-
ëiçàöi�� ðîçâ'ÿçêiâ çàäà÷i (1), (2) ó âèïàäêó,
êîëè ϕ ∈

(
S

~β
1/~q

)′
, äå βlj > l−1

q′−1
+ q′

2bj(q′−1)
,

j ∈ Nl, l ∈ N0.
ßê çàóâàæóâàëîñÿ [6], ïðîñòið S

~β
1/~q ç βlj >

1, j ∈ Nl, l ∈ N0, ìiñòèòü ôiíiòíi ôóíêöi��,
òîìó äëÿ óçàãàëüíåíèõ ôóíêöié ϕ i ψ ç ïðî-
ñòîðó

(
S

~β
1/~q

)′
ìîæíà ââåñòè ïîíÿòòÿ ðiâíîñòi

öèõ ôóíêöié â äåÿêié îáëàñòi Ω ∈ Rn, à ñàìå
ϕ = ψ â Ω, ÿêùî 〈ϕ− ψ, f〉 = 0 äëÿ áóäü-ÿêî��
ôóíêöi�� f ∈ S

~β
1/~q ç íîñicì suppf ⊂ Ω.

Îñêiëüêè S
1/
−→
2b

1/~q ⊂ S
~β
1/~q, βlj > 1, j ∈ Nl, l ∈
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N0, òî
(

S
~β
1/~q

)′
⊂

(
S

1/
−→
2b

1/~q

)′
i äëÿ ϕ ∈

(
S

~β
1/~q

)′

çãiäíî ç òåîðåìîþ ç [6] iñíóc cäèíèé ðîçâ'ÿ-
çîê u çàäà÷i (1), (2), ÿêèé âèçíà÷àcòüñÿ ôîð-
ìóëîþ
u (t, x) = 〈ϕ,Z (t, x; 0, ·)〉 , (t, x) ∈ Π(0,T ]. (3)

Âèâ÷èìî âëàñòèâîñòi ëîêàëiçàöi�� öüîãî
ðîçâ'ÿçêó.

Òåîðåìà. ßêùî óçàãàëüíåíà ôóíêöiÿ
ϕ ∈

(
S

~β
1/~q

)′
, ~β ≡ (β11, ..., β1n1 , β21, ..., β2n2 ,

β31, ..., β3n3), äå βlj > l−1
q′−1

+ q′
2bj(q′−1)

, j ∈ Nl,
l ∈ N0, çáiãàcòüñÿ â îáëàñòi Ω ∈ Rn ç íå-
ïåðåðâíîþ ôóíêöicþ ψ, òî äëÿ äîâiëüíîãî
êîìïàêòà K ⊂ Ω u (t, x) →

t→0+
ψ (x) ðiâíîìið-

íî ùîäî x ∈ K.
Äîâåäåííÿ. Äîâåäåííÿ ñïî÷àòêó íàâå-

äåìî äëÿ âèïàäêó, êîëè ψ = 0 â Ω.
Íåõàé K ′ � êîìïàêò â Rn òàêèé, ùî K ⊂

K ′ ⊂ Ω. Ðîçãëÿíåìî ôóíêöiþ θ ∈ S
~β
1/~q òàêó,

ùî supp θ ⊂ Ω i θ = 1 íà K ′. Îñêiëüêè ôóí-
êöi�� θ (·) Z (t, x; 0, ·) i (1− θ (·)) Z (t, x; 0, ·)
ïðè êîæíèõ ôiêñîâàíèõ t ∈ (0, T ] i x ∈ Rn

íàëåæàòü äî ïðîñòîðó S
~β
1/~q, òî çãiäíî ç ôîð-

ìóëîþ (3) i ëiíiéíiñòþ ôóíêöiîíàëà ϕ ìàcìî
u (t, x) = 〈ϕ, θ (·) Z (t, x; 0, ·)〉+

+ 〈ϕ, (1− θ (·)) Z (t, x; 0, ·)〉 , (t, x) ∈ Π(0,T ].
(4)

Âðàõîâóþ÷è òå, ùî óçàãàëüíåíà ôóí-
êöiÿ ϕ äîðiâíþc íóëþ â îáëàñòi Ω, à
supp (θ (·) Z (t, x; 0, ·)) ⊂ Ω, ç ðiâíîñòi (4)
i ëiíiéíîñòi ôóíêöiîíàëà ϕ îäåðæócìî
ôîðìóëó

u (t, x) = t
〈
ϕ, t−1 (1− θ (·)) Z (t, x; 0, ·)〉 ,

(t, x) ∈ Π(0,T ].

Äëÿ äîâåäåííÿ òâåðäæåííÿ òåî-
ðåìè ó ðîçãëÿäóâàíîìó âèïàäêó äî-
ñèòü âñòàíîâèòè, ùî ôóíêöi�� gt,x (ξ) ≡
t−1 (1− θ (ξ)) Z (t, x; 0, ξ), ξ ∈ Rn, îáìåæåíi
ó ïðîñòîði S

−→
β

1/−→q ðiâíîìiðíî ùîäî t ∈ (0, γ)

i x ∈ K, ÿêùî γ äîñèòü ìàëå, òîáòî∣∣∣ξ~k∂~s
ξgt,x (ξ)

∣∣∣ ≤ C ~A
~k ~B~s~k

~k/~q~s~s~β,

ξ ∈ Rn,
{
~k,~s

}
⊂ Zn

+, (5)

äå C > 0 i
{

~A, ~B
}
∈ Rn

+ íå çàëåæàòü âiä
ïàðàìåòðiâ t i x, ÿêi çìiíþþòüñÿ âèùåçàçíà-
÷åíèì ñïîñîáîì. Îñêiëüêè gt,x (ξ) = 0 äëÿ
ξ ∈ K ′, òî îöiíêó (5) äîñèòü âñòàíîâèòè äëÿ
ξ ∈ Rn\K ′.

Âèêîðèñòîâóþ÷è ôîðìóëó äèôåðåíöiþ-
âàííÿ äîáóòêó äâîõ ôóíêöié, ìàcìî
∣∣∣ξ~k∂~s

ξgt,x (ξ)
∣∣∣ = t−1

∣∣∣∣ξ
~k
∑

~r≤~s

C~r
~s∂

~r
ξ (1− θ (ξ))×

×∂~s−~r
ξ Z (t, x; 0, ξ)

∣∣∣∣ ≤ G′
t,x (ξ) + G′′

t,x (ξ) ,

äå

G′
t,x (ξ) ≡ t−1

∑

~r≤~s

C~r
~s

∣∣∣ξ~k∂~r
ξθ (ξ)

∣∣∣×

× ∣∣∂~s−~r
ξ Z (t, x; 0, ξ)

∣∣,
G′′

t,x (ξ) ≡ t−1
∣∣∣ξ~k∂~s

ξZ (t, x; 0, ξ)
∣∣∣ .

Îöiíèìî îñòàííi âèðàçè.
Îñêiëüêè θ ∈ S

~β
1/~q, òî

∣∣∣ξ~k∂~r
ξθ (ξ)

∣∣∣ ≤ C̄ ~A
~k ~̄B

~r
~k

~k/~q~r~r~β,

ξ ∈ Rn,
{
~k, ~r

}
⊂ Zn

+ (6)

ç äåÿêèìè ñòàëèìè C̄ > 0,
{

~A, ~̄B
}
∈ Rn

+.
Ðîçãëÿíåìî ôóíêöiþ

Z0 (t, 0, ξ + iη) ≡
≡ t−M~0

(
F−1 [Q (t, 0, ·)]) (t, 0, ξ + iη) ,

t ∈ (0, T ] , {ξ, η} ⊂ Rn. (7)

äå Q � ôóíêöiÿ ç [3]. Ìàcìî

Z (t, x; 0, ξ) = Z0 (t, 0, ξt,x) (8)

äå ξt,x ≡
(
ξ11
t,x, ..., ξ

1n1
t,x , ξ21

t,x, ..., ξ
2n2
t,x , ξ31

t,x, ..., ξ
3n3
t,x

)
,

ξlj
t,x ≡ (xlj (t)− ξlj) t

−(l−1)− 1
2bj , j ∈ Nl, l ∈ N0.

Çãiäíî ç ðåçóëüòàòàìè ç [3] ôóíêöiÿ (7),
ÿê ôóíêöiÿ ξ+iη, ïðè êîæíîìó ôiêñîâàíîìó
t ∈ (0, T ] c öiëîþ ôóíêöicþ, ÿêà ìàc îöiíêó

|Z0 (t, 0, ξ + iη)| ≤
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≤ Ct−M~0 exp {−c0ρ (1, ξ, 0) + c1ρ (1, η, 0)} ,

t ∈ (0, T ] , {ξ, η} ⊂ Rn,

äå C > 0, c0 > 0 i c1 > 0 � äåÿêi ñòàëi. Çâiäñè
ôóíêöiÿ Z0 (t, 0, ·) ïðè êîæíîìó ôiêñîâàíî-
ìó t ∈ (0, T ] íàëåæèòü äî ïðîñòîðó S

1/
−→
2b

1/~q ,
òîìó ïðàâèëüíi íåðiâíîñòi

∣∣∂~s
ξZ0 (t, 0, ξ)

∣∣ ≤ =

C
~=
B

~s

~s~s/
−→
2b×

×t−M~0 exp {−c2ρ (1, ξ, 0)} ,

t ∈ (0, T ] , ξ ∈ Rn, ~s ∈ Zn
+, (9)

ç äåÿêèìè ñòàëèìè
=

C > 0, c2 > 0, ~=
B ∈ Rn

+.
Íà ïiäñòàâi ôîðìóëè (8) i íåðiâíîñòåé (9)

îäåðæócìî îöiíêè

∣∣∂~s
ξZ (t, x; 0, ξ)

∣∣ ≤ =

C
~=
B

~s

~s~s/
−→
2b×

×t−M~s exp {−c3ρ (t, x, ξ)} ,

t ∈ (0, T ] , {x, ξ} ⊂ Rn, ~s ∈ Zn
+, (10)

äå ¯̄C > 0, c3 > 0, ~̄̄
B ∈ Rn

+.
Âèêîðèñòàcìî äàëi íåðiâíiñòü

ρ (t, x, ξ) ≥ c4d
q′′

tq′−1
,

x ∈ K, ξ ∈ Rn\K ′, t ∈ (0, γ) , (11)

äå c4 > 0, d � âiäñòàíü ìiæ ìåæàìè êîì-
ïàêòiâ K i K ′, à γ � äîñèòü ìàëå ÷èñëî ç
(0, T ]. Äîâåäåííÿ íåðiâíîñòi (11) àíàëîãi÷íå
äîâåäåííþ âiäïîâiäíî�� íåðiâíîñòi ç [3].

Ç íåðiâíîñòåé (10) i (11) âèïëèâàþòü îöií-
êè ∣∣∂~s

ξZ (t, x; 0, ξ)
∣∣ ≤

≤ =

C
~=
B

~s

~s~s/
−→
2bt−M~s exp

{
−adq′′

tq′−1

}
,

x ∈ K, ξ ∈ Rn\K ′, t ∈ (0, γ) , a > 0, ~s ∈ Zn
+.
(12)

Çà äîïîìîãîþ îöiíîê (6) i (12) ìàcìî

G′
t,x (ξ) ≤ t−1

∑

~r≤~s

C~r
~s C̄

~A
~k ~̄B

~r
~k

~k/~q~r~r~β
=

C
~=
B

~s−~r

×

× (~s− ~r)(~s−~r)/
−→
2b t−M~s exp

{
−adq′′

tq′−1

}
=

= C̄
=

C ~A
~k~k

~k/~q
∑

~r≤~s

C~r
~s
~̄B

~r~=
B

~s−~r

~r~r~β×

×(~s− ~r)(~s−~r)/
−→
2bt−1−M~s exp

{
−adq′′

tq′−1

}
≤

≤ C̄
=

C ~A
~k~k

~k/~q
∑

~r≤~s

C~r
~s
~̄B

~r~=
B

~s−~r

~r~r~β×

×(~s− ~r)(~s−~r)/
−→
2b

3∏

l=1

nl∏
j=1

L(slj−rlj), (13)

äå

L(plj) ≡ sup
t>0

(
t
− 1

n
− qlj

2bj exp

{
− adq′′

ntq′−1

})
,

qlj ≡ ((l − 1) 2bj + 1) (plj + 1) , j ∈ Nl, l ∈ N0.

Áåçïîñåðåäíiì îá÷èñëåííÿì çíàõîäèìî,
ùî

L(plj) =




(
qlj

2bj
+ 1

n

)
n

a (q′ − 1) dq′′




(
qlj
2bj

+ 1
n

)
1

q′−1

×

× exp

{
−

(
qlj

2bj

+
1

n

)
1

q′ − 1

}
=

=




(
qlj

2bj(q′−1)
+ 1

n(q′−1)

)
n

aedq′′




qlj

2bj(q′−1)
+ 1

n(q′−1)

.

Íåõàé ÷èñëî ε > 0 òàêå, ùî l − 1

q′ − 1
+

q′

2bj (q′ − 1)
+ ε < βlj, j ∈ Nl, l ∈ N0. Äëÿ

òèõ plj, äëÿ ÿêèõ εplj > alj +
1

n (q′ − 1)
, äå

alj =
l − 1

q′ − 1
+

1

2bj (q′ − 1)
, j ∈ Nl, l ∈ N0,

ìàcìî
qlj

2bj (q′ − 1)
+

1

n (q′ − 1)
< (alj + ε) plj

i, çâiäñè

L(plj) ≤ D̄
plj

lj p
(alj+ε)plj

lj ,
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D̄lj ≡
(

(alj + ε) n

aedq′′

)alj+ε

.

ßêùî εplj ≤ alj +
1

n (q′ − 1)
, òî

qlj

2bj (q′ − 1)
= alj (plj + 1) ≤

≤ alj

(
1

ε

(
alj +

1

n (q′ − 1)

)
+ 1

)

i

L(plj) ≤ =

C lj

=

D
plj

lj ≤ =

C lj

=

D
plj

lj p
(alj+ε)plj

lj ,

äå
=

Dlj ≡
((

alj

(
1

ε

(
alj +

1

n(q′ − 1)

)
+ 1

)
+

+
1

n(q′ − 1)

)
n

(
aedq′′

)−1)alj

,

=

C lj ≡
=

D
1+ 1

nalj(q′−1)

lj .

Òàêèì ÷èíîì, äëÿ áóäü-ÿêèõ plj ≥ 0 ïðà-
âèëüíà îöiíêà

L(plj) ≤ CljD
plj

lj p
(alj+ε)plj

lj , (14)

äå Clj ≡ max
{

1,
=

C lj

}
, Dlj ≡ max

{
D̄lj,

=

C lj

}
.

Ïîêëàäåìî

C0 ≡
3∏

l=1

nl∏
j=1

Clj,

~D ≡ (D11, ..., D1n1 , D21, ..., D2n2 , D31, ..., D3n3) ,

~aε ≡
(

a11 + ε, ..., a1n1 + ε, a21 + ε, ...,

a2n2 + ε, a31 + ε, ..., a3n3 + ε

)

i

~p ≡ (p11, ..., p1n1 , p21, ..., p2n2 , p31, ..., p3n3) .

Òîäi ç îöiíêè (14) âèïëèâàc, ùî
3∏

l=1

nl∏
j=1

L(plj) ≤ C0
~D~p~p~p~aε . (15)

Çà äîïîìîãîþ îöiíîê (13) i (15) ìàcìî

G′
t,x (ξ) ≤ C ~A

~k~k
~k/~q

∑

~r≤~s

C~r
~s
~̄B

~r~=
B

~s−~r

~D~s−~r~r~r~β×

× (~s− ~r)(~s−~r)/
−→
2b (~s− r̄)(~s−~r)~aε ,

C ≡ C̄
=

C C0. (16)

Îñêiëüêè

alj + ε +
1

2bj

=
l − 1

q′ − 1
+

q′

2bj (q′ − 1)
+ ε,

j ∈ Nl, l ∈ N0, à
l − 1

q′ − 1
+

q′

2bj (q′ − 1)
+ ε < βlj, j ∈ Nl, l ∈ N0,

òî

~r~r~β (~s− ~r)(~s−~r)/
−→
2b (~s− ~r)(~s−~r)~aε ≤

≤ ~r~r~β (~s− ~r)(~s−~r)~β ≤ ~s~s~β.

Äàëi ìàcìî, ùî
∑

~r≤~s

C~r
~s
~̄B

~r~=
B

~s−~r

~D~s−~r =
∑

~r≤~s

C~r
~s
~̄B

~r ~̄D
~s−~r ≤

≤ ~̃B
~s ∑

~r≤~s

C~r
~s = ~̃B

~s

· 2|~s| = ~B~s,

äå D̄lj ≡ =

BljDlj, B̃lj ≡ max
{
B̄lj, D̄lj, 1

}
,

Blj ≡ 2B̃lj. Òîìó ç íåðiâíîñòi (16) îäåðæócìî
ïîòðiáíó îöiíêó

G′
t,x (ξ) ≤ C ~A

~k ~B~s~k
~k/~q~s~s~β,

ξ ∈ Rn\K ′, t ∈ (0, γ) , x ∈ K,
{
~k,~s

}
⊂ Zn

+.

Òàêà ñàìà îöiíêà ïðàâèëüíà äëÿ G′′
t,x.

Ñïðàâäi, çãiäíî ç îöiíêàìè (10) i (11) ìàcìî

G′′
t,x (ξ) ≤ =

C
~=
B

~s

~s~s/
−→
2b

∣∣∣ξ~k
∣∣∣ exp

{
−c3

2
ρ (t, x, ξ)

}
×

×t−1−M~s exp

{
− adq′′

2tq′−1

}
≤

≤ =

C
~=
B

~s

~s~s/
−→
2b

3∏

l=1

nl∏
j=1

L
(slj)
1 M

(~k)
t,x (ξ) , (17)
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äå L
(slj)
1 � âèðàç, ÿêèé âiäðiçíÿcòüñÿ âiä

L(slj) òiëüêè òèì, ùî ó íüîìó a çàìiíåíî íà
a
2
, à M

(~k)
t,x (ξ) ≡

∣∣∣ξ~k
∣∣∣ exp

{
−c3

2
ρ (t, x, ξ)

}
.

Îöiíèìî M
(~k)
t,x (ξ) äëÿ t ∈ (0, γ), x ∈ K

i ξ ∈ Rn, ÿêùî γ < 1. Îñêiëüêè K � êîì-
ïàêò â Rn, òî iñíóc ÷èñëî R > 0 òàêå, ùî
äëÿ áóäü-ÿêèõ x ∈ K ïðàâèëüíi íåðiâíîñòi
|xl| ≤ R, l ∈ N0. Çà äîïîìîãîþ íåðiâíîñòåé
(a + b)qj ≤ 2qj−1 (aqj + bqj) , (a + b + c)qj ≤
3qj−1 (aqj + bqj + cqj) , a ≥ 0, b ≥ 0, c ≥ 0, òàê
ñàìî, ÿê ó [1], îäåðæócìî

ρ (t, x, ξ) ≥ c5ρ (1, ξ, 0)−
(
1 + 2q′′ + 3q′′

)
Rq′′ ,

çâiäêè ìàcìî

M
(~k)
t,x (ξ) ≤ E

∣∣∣ξ~k
∣∣∣ exp {−δρ (1, ξ, 0)} =

= E

3∏

l=1

nl∏
j=1

(
|ξlj|klj exp {−δ |ξlj|qj}

)
≤

≤ E

3∏

l=1

nl∏
j=1

M(klj),

äå E ≡ exp
{c3

2

(
1 + 2q′′ + 3q′′

)
Rq′′

}
, δ ≡

c3c5

2
,M(klj) ≡ sup

r≥0

(
rklj exp {−δrqj}) .

Îñêiëüêè M(klj) =

(
klj

δqje

)klj/qj

=

A
klj

j k
klj/qj

lj , Aj ≡
(

1

δqje

)1/qj

, òî

M
(~k)
t,x (ξ) ≤ E ~A

~k~k
~k/~q. (18)

Iç îöiíîê (17), (18), à òàêîæ îöiíêè (15)
äëÿ

3∏
l=1

nl∏
j=1

L
(slj)
1 âèïëèâàc ïîòðiáíà îöiíêà

äëÿ G′′
t,x i, çâiäñè îöiíêà (5). Òàêèì ÷èíîì,

òâåðäæåííÿ òåîðåìè äîâåäåíî ó âèïàäêó, êî-
ëè ψ = 0 â Ω.

Ðîçãëÿíåìî òåïåð çàãàëüíèé âèïàäîê.
Íåõàé θ � âèêîðèñòîâóâàíà âèùå ôóíêöiÿ.
Îñêiëüêè ϕ − ψ = 0 â Ω, òî θ (ϕ− ψ) = 0
â Ω, (1− θ) ϕ = 0 íà K ′ i íà ïiäñòàâi

äîâåäåíîãî 〈θ (ϕ− ψ) , Z (t, x; 0, ·)〉 →
t→0+

0,
〈(1− θ) ϕ,Z (t, x; 0, ·)〉 →

t→0+
0 ðiâíîìið-

íî ùîäî x ∈ K. Àëå u (t, x) =
〈ϕ,Z (t, x; 0, ·)〉 = 〈θ (ϕ− ψ) , Z (t, x; 0, ·)〉 +
〈(1− θ) ϕ,Z (t, x; 0, ·)〉 +
〈θψ, Z (t, x; 0, ·)〉 , à 〈θψ, Z (t, x; 0, ·)〉 =∫

Rn

Z (t, x; 0, ξ) (θψ) (ξ) dξ →
t→0+

(θψ) (x) ðiâ-

íîìiðíî ùîäî x ∈ K, òîìó íà ïiäñòàâi
òîãî, ùî θψ = ψ íà K, îäåðæócìî, ùî
u (t, x) →

t→0+
ψ (x) ðiâíîìiðíî ùîäî x ∈ K.
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