
ÓÄÊ 517.956.4

c⃝2015 ð. Â.À. Ëiòîâ÷åíêî, Î.Á. Âàñüêî

×åðíiâåöüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Þðiÿ Ôåäüêîâè÷à

Áóêîâèíñüêèé äåðæàâíèé ôiíàíñîâî-åêîíîìi÷íèé óíiâåðñèòåò

ËÎÊÀËIÇÀÖIß ÃËÀÄÊÈÕ ÐÎÇÂ'ßÇÊIÂ ÂÈÐÎÄÆÅÍÈÕ
ÏÀÐÀÁÎËI×ÍÈÕ ÑÈÑÒÅÌ

Äîñëiäæåíî âëàñòèâiñòü ëîêàëüíîãî ïîñèëåííÿ çáiæíîñòi ðîçâ'ÿçêó çàäà÷i Êîøi ïðè t → +0
äî ñâîãî ãðàíè÷íîãî çíà÷åííÿ äëÿ âèðîäæåíèõ ïàðàáîëi÷íèõ ñèñòåì êëàñó SEt−→

2b
.

For degenerate parabolic systems of the class SEt−→
2b
, we investigate the property of local

improvement of the convergence of the Cauchy problem solution to its limiting value when t → +0.

Âñòóï. Âèðîäæåíi ïàðàáîëi÷íi ðiâíÿí-
íÿ òèïó Êîëìîãîðîâà çíàéøëè ñâî¹ çàñòî-
ñóâàííÿ ó ìàòåìàòè÷íîìó ìîäåëþâàííi áà-
ãàòüîõ ðåàëüíèõ ïðîöåñiâ. Âèâ÷åííþ êëàñè-
÷íîãî ðiâíÿííÿ äèôóçi¨ ç iíåðöi¹þ Êîëìîãî-
ðîâà [1](

∂t − x1∂x2 − a2∂2x1

)
u (t; x1, x2) = 0

òà éîãî ðiçíîìàíiòíèõ óçàãàëüíåíü ïðèñâÿ-
÷åíî áàãàòî ïðàöü (äèâ. îãëÿä ó [2]).

Äîñëiäæåííÿ ñèñòåì âèðîäæåíèõ ïàðàáî-
ëi÷íèõ ðiâíÿíü òèïó Êîëìîãîðîâà ðîçïî÷à-
òî âiäíîñíî íåäàâíî [3�5]. Ó öèõ ïðàöÿõ ç'ÿ-
ñîâó¹òüñÿ ïèòàííÿ ïîáóäîâè òà äîñëiäæåí-
íÿ îñíîâíèõ âëàñòèâîñòåé ôóíäàìåíòàëüíî¨
ìàòðèöi ðîçâ'ÿçêiâ çàäà÷i Êîøi (ÔÌÐÇÊ)
äëÿ ñèñòåì ç ïàðàáîëi÷íîþ çà Ïåòðîâñüêèì
ãîëîâíîþ ÷àñòèíîþ òà êîåôiöi¹íòàìè, íå çà-
ëåæíèìè âiä ïðîñòîðîâî¨ çìiííî¨.

Ó ðîáîòi [6] îçíà÷åíî íîâèé êëàñ SEt−→
2b
âè-

ðîäæåíèõ ïàðàáîëi÷íèõ ñèñòåì òèïó Êîëìî-
ãîðîâà âåêòîðíîãî ïîðÿäêó, ÿêèé îõîïëþ¹
ñèñòåìè, ðîçãëÿíóòi â [3�5]. Äëÿ òàêèõ ñè-
ñòåì ïîáóäîâàíî ÔÌÐÇÊ òà äîñëiäæåíî ¨¨
âëàñòèâîñòi â ðàìêàõ ïðîñòîðiâ òèïó S Ãåëü-
ôàíäà i Øèëîâà [7].

Êîðåêòíó ðîçâ'ÿçíiñòü çàäà÷i Êîøi äëÿ
ñèñòåì ç êëàñó SEt−→

2b
ó âèïàäêó, êîëè ïî÷à-

òêîâi äàíi ¹ óçàãàëüíåíèìè ôóíêöiÿìè òèïó
ðîçïîäiëiâ Ãåëüôàíäà i Øèëîâà âñòàíîâëåíî
ó [8].

Äàíà ðîáîòà ¹ ïðîäîâæåííÿì äîñëiäæåíü,
ïðîâåäåíèõ ó [7,8]; ó íié ç'ÿñîâó¹òüñÿ ïèòàí-
íÿ ïðî ìîæëèâiñòü ïîñèëåííÿ çáiæíîñòi ïðè

t→ +0 ðîçâ'ÿçêó çàäà÷i Êîøi äëÿ òàêèõ ñè-
ñòåì äî ñâîãî óçàãàëüíåíîãî ãðàíè÷íîãî çíà-
÷åííÿ f íà òèõ îáëàñòÿõ çìiíè ïðîñòîðîâî¨
çìiííî¨, äå f = 0.
1. Äîïîìiæíi âiäîìîñòi. Íåõàé N�

ìíîæèíà âñiõ íàòóðàëüíèõ ÷èñåë; Nm :=
= {1; . . . ;m}; Rm � äiéñíèé ïðîñòið ðîçìið-
íîñòi m ≥ 1; R := R1, Zm

+ �ìíîæèíà âñiõ
m-âèìiðíèõ ìóëüòèiíäåêñiâ, Z+ := Z1

+; i�
óÿâíà îäèíèöÿ; (·, ·)� ñêàëÿðíèé äîáóòîê ó
ïðîñòîði Rm; ∥x∥ := (x, x)

1
2 äëÿ x ∈ Rm;

|x + iy| := (x2 + y2)
1
2 , ÿêùî {x, y} ⊂ R;

zl := zl11 . . . z
lm
m , |z|l := |z1|l1 . . . |zm|lm , ÿêùî

z := (z1; . . . ; zm) ∈ Rm, l := (l1; . . . ; lm) ∈
Zm

+ ;
−→γ := (γ1; . . . ; γm) - m-âèìiðíèé âåêòîð,

−→
1 := (1; . . . ; 1); çàïèñ −→αf

−→
β , äå f�äå-

ÿêå âiäíîøåííÿ, îçíà÷à¹, ùî öå âiäíîøåí-
íÿ âèêîíó¹òüñÿ äëÿ âñiõ âiäïîâiäíèõ êîîð-
äèíàò âåêòîðiâ −→α i

−→
β , ïðè öüîìó, ÿêùî q :=

= (q1; . . . ; qm) ∈ Zm
+ , {−→α ,−→γ } ⊂ Rm, òî qq

−→γ :=

= qq1γ11 . . . qqmγm
m ; |−→α |

−→γ
+ := |α1|γ1+. . .+|αm|γm ,

|−→α |+ := |−→α |
−→
1
+ � ñêàëÿðíi âåëè÷èíè (ÿêùî

−→α �ìóëüòèiíäåêñ àáî ïðîñòîðîâà çìiííà, òî
çàìiñòü −→α ïèñàòèìåìî α).

Ïðèïóñòèìî, ùî n-âèìiðíà ïðîñòîðîâà
çìiííà x ñêëàäà¹òüñÿ ç n1-âèìiðíî¨ çìií-
íî¨ x1 := (x11; . . . ; x1n1), n2-âèìiðíî¨ çìií-
íî¨ x2 := (x21; . . . ;x2n2), n3-âèìiðíî¨ çìiííî¨
x3 := (x31; . . . ;x3n3), òîáòî x := (x1;x2; x3),
äå n1, n2 i n3 � òàêi íàòóðàëüíi ÷èñëà, ùî
n3 ≤ n2 ≤ n1 i n = n1 + n2 + n3; n0 := n− n1.
Ó çâ'ÿçêó ç öèì, ìóëüòèiíäåêñ k ∈ Zn

+ çà-
ïèñóâàòèìåìî ó âèãëÿäi k := (k1; k2; k3), äå
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kj := (kj1; . . . ; kjnj
), j ∈ N3.

ßêùî x = (x1; x2; x3) i xj := (xj1; . . . ;xjnj
)

� òî÷êè âiäïîâiäíî ç Rn i Rnj , j ∈ N3, òî

x′j := (xj1; . . . ; xjn3), x
′′
j := (xj(n3+1); . . . ;xjn2),

x′′′1 := (x1(n2+1); . . . ; x1n1), x̂1 := (x11; . . . ;x1n2);

öi ïîçíà÷åííÿ áóäåìî âèêîðèñòîâóâàòè i äëÿ
iíøèõ ïîäiáíèõ òî÷îê òà âåêòîðiâ.

Êðiì öüîãî, ïîçíà÷èìî ÷åðåç

Πm
M := {(t, ξ)| t ∈M, ξ ∈ Rm}

i íåõàé
−→
2b := (2b1; . . . ; 2bn1),

−→α ∗ := (
−→
1 −−→

1 /
−→
2b;

̂−→
1 −−→

1 /
−→
2b; (

−→
1 −−→

1 /
−→
2b)′),

−→
β ∗ := (

−→
1 /

−→
2b;

−̂→
1 /

−→
2b; (

−→
1 /

−→
2b)′).

Ïðè äîâiëüíî ôiêñîâàíèõ T > 0, m ∈ N
òà âåêòîði

−→
2b ðîçãëÿíåìî ñèñòåìó ðiâíÿíü(

∂t −
n2∑
j=1

x1j∂x2j
−

n3∑
j=1

x2j∂x3j

)
u(t; x) =

= A(t; ∂x1)u(t;x), (t;x) ∈ Πn
(0;T ], (1)

ç êëàñó SEt−→
2b
[6], ó ÿêié u := col(u1; . . . ;um),

a

A(t; ∂x1) :=

(
alj0 (t)

∑
|k1/
−→
2b|+=1

ak1(i∂x1)
k1+

+
∑

|k1/
−→
2b|+<1

aljk1(t)(i∂x1)
k1

)m

l,j=1

� ìàòðè÷íèé äèôåðåíöiàëüíèé âèðàç, êîå-
ôiöi¹íòè ÿêîãî íåïåðåðâíi íà [0;T ] êîìïëåê-
ñíîçíà÷íi ôóíêöi¨ òàêi, ùî âiäïîâiäíèé äè-
ôåðåíöiàëüíèé âèðàç

∂t − A(t; ∂x1)

¹
−→
2b-ïàðàáîëi÷íèì íà ìíîæèíi Πn1

(0;T ] [2].
Ó ïðàöi [6] äëÿ ñèñòåìè (1) ïîáóäîâàíà

ÔÌÐÇÊ G òà äîñëiäæåíî ¨¨ îñíîâíi âëà-
ñòèâîñòi. Çîêðåìà, âñòàíîâëåíî íåñêií÷åííó
äèôåðåíöiéîâíiñòü ìàòðèöi G çà ïðîñòîðî-
âèìè çìiííèìè òà iñíóâàííÿ äîäàòíèõ ñòà-
ëèõ A,B, c i δ òàêèõ, ùî äëÿ âñiõ {q, l} ⊂

Zn
+, {x, ξ} ⊂ Rn, t ∈ (τ ;T ] òà τ ∈ [0;T ) âè-

êîíó¹òüñÿ îöiíêà∣∣∂qx∂lξG(t, x; τ, ξ)∣∣ ≤ cA|q|+qq
−→
β∗
B|l|+ll

−→
β∗×

×(t− τ)
−
∣∣(l1+q1+

−→
1 )/
−→
2b

∣∣
+
−
∣∣( ̂−→

1 +
−→
1 /
−→
2b
)
·
(
l2+q2+

−̂→
1
)∣∣

+

×(t− τ)
−
∣∣(−→2 +

−→
1 /
−→
2b
)′
·
(
l3+q3+

−→
1 ′
)∣∣

+×

×exp

{
−δ

(
n1∑
j=1

(
(t− τ)

− 1
2bj |x1j − ξ1j|

) 2bj
2bj−1+

+

n2∑
j=1

(
(t−τ)−1−

1
2bj |x2j−ξ2j+(t−τ)x1j|

) 2bj
2bj−1+

+

n3∑
j=1

(
(t− τ)

−2− 1
2bj |x3j − ξ3j + (t− τ)x2j+

+ (t− τ)2x1j/2|
) 2bj

2bj−1

)}
. (2)

Öi âëàñòèâîñòi ìàòðèöi G äîçâîëèëè ó [8]
ðîçãëÿíóòè çàäà÷ó Êîøi äëÿ ñèñòåìè (1) ç
ïî÷àòêîâîþ óìîâîþ

u(t; ·)|t=0 = f, f ∈ (S
−→
β
−→α )
′, (3)

äå S
−→
β
−→α � âåêòîðíèé àíàëîã ïðîñòîðó S

−→
β
−→α Ãåëü-

ôàíäà i Øèëîâà, òà âñòàíîâèòè êîðåêòíó
ðîçâ'ÿçíiñòü öi¹¨ çàäà÷i â òàêîìó âèãëÿäi: íå-

õàé ïî÷àòêîâà ôóíêöiÿ f ∈ (S
−→
β∗
−→
α∗)
′, òîäi äëÿ

çàäà÷i Êîøi (1), (3) iñíó¹ ¹äèíèé íåïåðåðâ-
íî çàëåæíèé âiä ïî÷àòêîâèõ äàíèõ ðîçâ'ÿ-
çîê, ÿêèé ¹ íåïåðåðâíî äèôåðåíöiéîâíèì çà
t, íåñêií÷åííî äèôåðåíöiéîâíèì çà x, çàäî-
âîëüíÿ¹ ðiâíÿííÿ (1) ó çâè÷àéíîìó ðîçóìií-
íi, à ïî÷àòêîâó óìîâó (3) ó ñåíñi ñëàáêî¨ çái-

æíîñòi ó ïðîñòîði (S
−→
β∗
−→
α∗)
′, ïðè öüîìó, çîáðà-

æó¹òüñÿ ôîðìóëîþ

u(t; x) =< f,G(t, x; 0, ·) >, (t; x) ∈ Πn
(0;T ].

2. Îñíîâíèé ðåçóëüòàò. Ïåðåäóñiì äî-
âåäåìî òàêå äîïîìiæíå òâåðäæåííÿ.
Ëåìà. Iñíóþòü äîäàòíi ñòàëi c0, A0, B0

i δ0 òàêi, ùî äëÿ âñiõ {k, q} ⊂ Zn
+, {x, ξ} ⊂

Rn, xlj ̸= ξlj, j ∈ Nnl
, l ∈ N3, i t ∈ (0; 1)

âèêîíó¹òüñÿ îöiíêà∣∣∂qx∂kξG (t, x; 0, ξ)
∣∣ ≤ c0t

nA
|q|+
0 B

|k|+
0 qqkk×
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×

(
n1∏
j=1

|x1j − ξ1j|
−

2bjm1j(k,q)

2bj−1

)
×

×

(
n2∏
j=1

|x2j − ξ2j + tx1j|
−

2bjm2j(k,q)

2bj−1

)
×

×

 n3∏
j=1

∣∣∣∣x3j − ξ3j + tx2j +
t2x1j
2

∣∣∣∣−
2bjm3j(k,q)

2bj−1

×

× exp

−δ0

 n1∑
j=1

(
|x1j − ξ1j|
t1/(2bj)

) 2bj
2bj−1

+

+

n2∑
j=1

(
|x2j − ξ2j + tx1j|

t1+1/(2bj)

) 2bj
2bj−1

+

+

n3∑
j=1

(
|x3j − ξ3j + tx2j + 2−1t2x1j|

t2+1/(2bj)

) 2bj
2bj−1

 ,

ïðè m(k, q) = (m1(k, q),m2(k, q),m3(k, q)) ∈
Zn

+ òàêîìó, ùî

m1j(k, q) = 2bj+

[(
1− 1

2bj

)
(k1j + q1j + 1)

]
,

j ∈ Nn1 ,

m2j(k, q) = 1 +

[
2bj − 1

2bj + 1
+

+

(
1− 1

2bj

)
(k2j + q2j + 1)

]
, j ∈ Nn2 , (4)

m3j(k, q) = 1 +

[
2bj − 1

4bj + 1
+

+

(
1− 1

2bj

)
(k3j + q3j + 1)

]
, j ∈ Nn3

(òóò [·] � öiëà ÷àñòèíà ÷èñëà).
Äîâåäåííÿ. Îñêiëüêè

e−p ≤ m!

pm
, p > 0 (∀m ∈ Z+),

òî

t
− 1

2bj
(k1j+q1j+1)

k
1

2bj
k1j

1j q
1

2bj
q1j

1j ×

× exp

−δ
(
|x1j − ξ1j|
t1/(2bj)

) 2bj
2bj−1

 ≤
(
2

δ

)m1j

×

×t
m1j

2bj−1
−

k1j+q1j+1

2bj k
1

2bj
k1j

1j q
1

2bj
q1j

1j m1j!×

× |x1j − ξ1j|
−

2bjm1j
2bj−1 exp

−δ
2

(
|x1j − ξ1j|
t1/(2bj)

) 2bj
2bj−1

 ,

m1j ∈ Z+, j ∈ Nn1 ,

t
−
(
1+ 1

2bj

)
(k2j+q2j+1)

k
1

2bj
k2j

2j q
1

2bj
q2j

2j ×

× exp

−δ
(
|x2j − ξ2j + tx1j|

t1+1/(2bj)

) 2bj
2bj−1

 ≤

≤
(
2

δ

)m2j

t
2bj+1

2bj−1
m2j−

2bj+1

2bj
(k2j+q2j+1)

k
1

2bj
k2j

2j q
1

2bj
q2j

2j ×

×m2j! |x2j − ξ2j + tx1j|
−

2bjm2j
2bj−1 ×

× exp

−δ
2

(
|x2j − ξ2j + tx1j|

t1+1/(2bj)

) 2bj
2bj−1

 ,

m2j ∈ Z+, j ∈ Nn2 ,

t
−
(
2+ 1

2bj

)
(k3j+q3j+1)

k
1

2bj
k3j

3j q
1

2bj
q3j

3j ×

× exp

−δ


∣∣∣x3j − ξ3j + tx2j +

t2x1j

2

∣∣∣
t2+1/(2bj)


2bj

2bj−1

 ≤

≤
(
2

δ

)m3j

t
4bj+1

2bj−1
m3j−

4bj+1

2bj
(k3j+q3j+1)

k
1

2bj
k3j

3j ×

×q
1

2bj
q3j

3j m3j!

∣∣∣∣x3j − ξ3j + tx2j +
t2x1j
2

∣∣∣∣−
2bjm3j
2bj−1

×

× exp

−δ
2


∣∣∣x3j − ξ3j + tx2j +

t2x1j

2

∣∣∣
t2+1/(2bj)


2bj

2bj−1

 ,

m3j ∈ Z+, j ∈ Nn3 .

Ðîçãëÿíåìî òåïåð íåðiâíîñòi

m1j

2bj + 1
− k1j + q1j + 1

2bj
≥ 1, j ∈ Nn1 ,

2bj + 1

2bj − 1
m2j −

2bj + 1

2bj
(k2j + q2j + 1) ≥ 1, (5)

j ∈ Nn2 ,
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4bj + 1

2bj − 1
m3j −

4bj + 1

2bj
(k3j + q3j + 1) ≥ 1,

j ∈ Nn3 .

Î÷åâèäíî, ùî êîìïîíåíòè âåêòîðàm (k, q) iç
Zn

+, ÿêi âèçíà÷àþòüñÿ ðiâíîñòÿìè (4), ¹ íà-
òóðàëüíèìè ðîç'ÿçêàìè íåðiâíîñòåé (5).

Çàçíà÷èìî äàëi, ùî äëÿ âñiõ {α, a, b, c} ⊂
(0;+∞)

([a+ αb+ αc] + 1)! ≤ (([a] + 4) + [αb] +

+ [αc])! =
(([a] + 4) + [αb] + [αc])!

([a] + 4)! ([αb] + [αc])!
×

×([αb] + [αc])!

[αb]! [αc]!
([a] + 4)! [αb]! [αc]! ≤

≤ ([a] + 4)!2(a+4+2(αb+αc)) (αb)αb (αc)αc .

Óðàõóâàâøè âñå öå, áåçïîñåðåäíüî ç îöií-
êè (2) ïðè {k, q} ⊂ Zn

+ i âiäïîâiäíîìó m ∈
Zn

+ iç êîìïîíåíòàìè (4), ïðèõîäèìî äî òâåð-
äæåííÿ âèõiäíî¨ ëåìè.

Ëåìó äîâåäåíî.
Ïðàâèëüíå íàñòóïíå òâåðäæåííÿ.
Òåîðåìà. Íåõàé óçàãàëüíåíà ôóíêöiÿ

f ∈
(
S
−→
β
−→α ∗

)′

⊂
(
S
−→
β ∗
−→α ∗

)′

ïðè
−→
β >

−→
1 íà ìíî-

æèíi Q ⊂ Rn äîðiâíþ¹ íóëåâi, à u (t;x) =
= ⟨f,G (t, x; 0, ·)⟩ � âiäïîâiäíèé ðîçâ'ÿçîê çà-
äà÷i Êîøi (1), (3). Òîäi ∂qxu (t;x), q ∈ Zn

+,
çáiãà¹òüñÿ äî íóëÿ ïðè t → +0 ðiâíîìiðíî
ñòîñîâíî çìiííî¨ x íà êîæíié êîìïàêòíié
ìíîæèíi K ⊂ Q.
Äîâåäåííÿ. Íåõàé K ⊂ K1 ⊂ Q, äå K1 �

äåÿêà êîìïàêòíà ìíîæèíà ç Rn òàêà, ùî

∀x ∈ K ∀ξ ∈ Rn\K1 : |xlj − ξlj| ≥ alj > 0,

j ∈ Nnl
, l ∈ N3.

Ïîáóäó¹ìî ôiíiòíó ôóíêöiþ η0 ∈ S
−→
β
−→α ∗ ç íî-

ñi¹ì â Q òàê, ùîá η0 = 1 íà K1. Òîäi, îñêiëü-
êè ó ïðîñòîðàõ òèïó S âèçíà÷åía îïåðàöiÿ
ìíîæåííÿ, à åëåìåíòè ìàòðè÷íî¨ ôóíêöi¨

∂qxG (t, x; 0, ·) íàëåæàòü äî ïðîñòîðó S
−→
β ∗
−→α ∗ ïðè

x ∈ Rn, t ∈ (0;T ], òî åëåìåíòè ìàòðèöü
η0(·)∂qxG(t, x; 0, ·) i (1− η0(·))∂qxG(t, x; 0, ·) íà-
ëåæàòü äî S

−→
β
−→α ∗ ïðè çàçíà÷åíèõ t òà x.

Îòæå,

∂qxu (t; x) = ⟨f, η0(·)∂qxG (t, x; 0, ·)⟩+

+ ⟨f, η1(·)∂qxG (t, x; 0, ·)⟩ , (t;x) ∈ Πn
(0;T ],

äå η1(·) := 1− η0(·). Óðàõóâàâøè òå, ùî óçà-
ãàëüíåíà ôóíêöiÿ f äîðiâíþ¹ íóëþ íà Q, à
supp (η0(·)∂qxG (t, x; 0, ·)) ⊂ Q, ç ïîïåðåäíüî¨
ðiâíîñòi îäåðæó¹ìî, ùî

∂qxu (t;x) = tn
⟨
f, t−nη1(·)∂qxG (t, x; 0, ·)

⟩
,

ïðè (t;x) ∈ Πn
(0;T ].

Äëÿ äîâåäåííÿ òåîðåìè äîñèòü óñòàíîâè-
òè ðiâíîìiðíó îáìåæåíiñòü ñòîñîâíî çìiííèõ
t, 0 < t << 1, x ∈ K i ξ ∈ Rn ñóêóïíî-
ñòi ôóíêöié ωt,x(ξ) := t−nη1(ξ)∂

q
xG (t, x; 0, ξ)

ó ïðîñòîði S
−→
β
−→α ∗ , òîáòî âñòàíîâèòè îöiíêó∣∣∂kξωt,x(ξ)

∣∣ ≤ cA|k|+k
−→
β ke−δ|ξ|

−→
1 /−→α ∗
+ , k ∈ Zn

+ (6)

(òóò âåëè÷èíè c, A i δ íå çàëåæàòü âiä t, x,
ξ i k). Àëå, îñêiëüêè ωt,x(ξ) = 0 äëÿ ξ ∈ K1,
òî îöiíêó (6) äîñèòü óñòàíîâèòè ëèøå äëÿ
ξ ∈ Rn\K1.

Çãiäíî ôîðìóëè Ëåéáíiöà äèôåðåíöiþ-
âàííÿ äîáóòêó ôóíêöié ìà¹ìî∣∣∂kξωt,x(ξ)

∣∣ ≤
≤ t−n

|k|+∑
|l|+=0

C l
k

∣∣∂lξη1(ξ)∣∣ ∣∣∂k−lξ ∂qxG (t, x; 0, ξ)
∣∣ =

= t−n
{∣∣∂kξ ∂qxG (t, x; 0, ξ)

∣∣+
+

|k|+∑
|l|+=0

C l
k

∣∣∂k−lξ η0(ξ)
∣∣ ∣∣∂lξ∂qxG (t, x; 0, ξ)

∣∣}.
Çâàæèâøè òåïåð íà òâåðäæåííÿ ïîïåðåäíüî¨

ëåìè òà íàëåæíiñòü η0 äî S
−→
β
−→α ∗ , äëÿ t ∈ (0; 1),

{k, q} ⊂ Zn
+, x ∈ K i ξ ∈ Rn\K1 îäåðæèìî∣∣∂kξωt,x(ξ)

∣∣ ≤ c0A
|q|+
0 qq

{
B
|k|+
0 kk×

×

(
n1∏
j=1

|x1j − ξ1j|
−

2bjm1j(k,q)

2bj−1

)
×

×

(
n2∏
j=1

|x2j − ξ2j + tx1j|
−

2bjm2j(k,q)

2bj−1

)
×
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×

 n3∏
j=1

∣∣∣∣x3j − ξ3j + tx2j +
t2x1j
2

∣∣∣∣−
2bjm3j(k,q)

2bj−1

+

+c1

|k|+∑
|l|+=0

2|k|+B
|k−l|+
1 (k − l)β(k−l) e−δ1|ξ|

−→
1 /α∗

+ ×

×B|l|+0 ll

(
n1∏
j=1

|x1j − ξ1j|
−

2bjm1j(l,q)

2bj−1

)
× (7)

×

(
n2∏
j=1

|x2j − ξ2j + tx1j|
−

2bjm2j(l,q)

2bj−1

)
×

×

 n3∏
j=1

∣∣∣∣x3j − ξ3j + tx2j +
t2x1j
2

∣∣∣∣−
2bjm3j(l,q)

2bj−1


× exp

−δ0

 n1∑
j=1

(
|x1j − ξ1j|
t1/(2bj)

) 2bj
2bj−1

+

+

n2∑
j=1

(
|x2j − ξ2j + tx1j|

t1+1/(2bj)

) 2bj
2bj−1

+

+

n3∑
j=1


∣∣∣x3j − ξ3j + tx2j +

t2x1j

2

∣∣∣
t2+1/(2bj)


2bj

2bj−1


 .

Äàëi, îñêiëüêè x ∈ K, òî iñíó¹ òàêèé âåê-
òîð r = (r1, r2, r3) ∈ Rn ç äîäàòíèìè êîì-
ïîíåíòàìè, ùî äëÿ âñiõ x ∈ K âèêîíóþòüñÿ
òàêi íåðiâíîñòi:

|xlj| ≤ rlj, j ∈ Nnl
, l ∈ N3.

Òîäi äëÿ x ∈ K, ξ ∈ Rn\K1 i t ∈ (0; r0), r0 :=

= min

{
min
j∈Nn2

{
a2j
2r2j

}
, min
j∈Nn3

{
a3j

2(r2j+r3j)

}
, 1

}
,

|x1j − ξ1j| ≥ a1j > 0, j ∈ Nn1 ,

|x2j − ξ2j + tx1j| ≥ |x2j − ξ2j| − t |x1j| ≥

≥ |x2j − ξ2j| − tr2j ≥
a2j
2
> 0, j ∈ Nn2 ,∣∣∣∣x3j − ξ3j + tx2j +
t2x1j
2

∣∣∣∣ ≥
≥ |x3j − ξ3j| − t

(
|x2j|+

t|x1j|
2

)
≥

≥ |x3j − ξ3j|−t (r2j + r3j) ≥
a3j
2
> 0, j ∈ Nn3 .

Êðiì öüîãî, äëÿ çàçíà÷åíèõ x, ξ i t

|x1j − ξ1j| ≥ |ξ1j| − r1j, j ∈ Nn1 ,

|x2j − ξ2j + tx1j| ≥ |ξ2j|−(r1j + r2j) , j ∈ Nn2 ,∣∣x3j − ξ3j + tx2j + 2−1t2x1j
∣∣ ≥

≥ |ξ3j| − (r1j + r2j + r3j) , j ∈ Nn3 .

Çâiäñè òà ç íåðiâíîñòi (7), óðàõóâàâøè
ñòðóêòóðó (4) êîìïîíåíò âåêòîðà m(k, q),
îäåðæó¹ìî îöiíêó (6).

Òåîðåìó äîâåäåíî.
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