
Êàðïàòñüêi ìàòåìàòè÷íi Carpathian Mathematial

ïóáëiêàöi¨. Ò.2, �2 Publiations. V.2, �2

ÓÄÊ 517.956.4

Êîïèòêî Á.I., Ìèëüî Î.ß., Öàïîâñüêà Æ.ß.

ÏÀ�ÀÁÎËI×ÍÀ ÇÀÄÀ×À ÑÏ�ßÆÅÍÍß IÇ ÇÀ�ÀËÜÍÈÌÈ

Ê�ÀÉÎÂÎÞ ÓÌÎÂÎÞ ÒÀ ÓÌÎÂÎÞ ÑÏ�ßÆÅÍÍß ÒÈÏÓ

ÂÅÍÒÖÅËß

Êîïèòêî Á.I., Ìèëüî Î.ß., ÖàïîâñüêàÆ.ß. Ïàðàáîëi÷íà çàäà÷à ñïðÿæåííÿ iç çàãàëüíèìè

êðàéîâîþ óìîâîþ òà óìîâîþ ñïðÿæåííÿ òèïó Âåíòöåëÿ // Êàðïàòñüêi ìàòåìàòè÷íi ïóá-

ëiêàöi¨. � 2010. � Ò.2, �2. � C. 55�73.

Ó ñòàòòi ðîçãëÿäà¹òüñÿ ïèòàííÿ ïðî iñíóâàííÿ ó êëàñi �åëüäåðà ðîçâ'ÿçêó ïî÷àòêîâî-

êðàéîâî¨ çàäà÷i äëÿ ëiíiéíîãî ïàðàáîëi÷íîãî ðiâíÿííÿ äðóãîãî ïîðÿäêó ç ðîçðèâíèìè êî-

å�iöi¹íòàìè ç êðàéîâîþ óìîâîþ òà óìîâîþ ñïðÿæåííÿ, ÿêi, ÿê i ðiâíÿííÿ â îáëàñòi, âè-

çíà÷àþòüñÿ ëiíiéíèìè ïàðàáîëi÷íèìè îïåðàòîðàìè äðóãîãî ïîðÿäêó.

Ó öié ïðàöi çà äîïîìîãîþ ìåòîäó ïàðàáîëi÷íèõ ïîòåíöiàëiâ äîñëiäæó¹òüñÿ ïèòàííÿ

ïðî êëàñè÷íó ðîçâ'ÿçíiñòü ó êëàñi �åëüäåðà ïàðàáîëi÷íî¨ çàäà÷i ñïðÿæåííÿ ç ïðèïóùåí-

íÿì, ùî íà âíóòðiøíié i çîâíiøíié ìåæi îáëàñòi ç êëàñó �åëüäåðà H2+λ
çàäàíi óìîâà

ñïðÿæåííÿ òà êðàéîâà óìîâà òèïó Âåíòöåëÿ. Çàóâàæèìî, ùî çàäà÷i ç êðàéîâèì îïåðà-

òîðîì äðóãîãî ïîðÿäêó åëiïòè÷íîãî òà ïàðàáîëi÷íîãî òèïiâ äëÿ ïàðàáîëi÷íèõ ðiâíÿíü

äðóãîãî ïîðÿäêó âèíèêàþòü â òåîði¨ âèïàäêîâèõ ïðîöåñiâ ïðè âèâ÷åííi çàäà÷i ïðî "ñêëå-

þâàííÿ"äè�óçiéíèõ ïðîöåñiâ [3, 8℄.

Ó òàêié ïîñòàíîâöi ñ�îðìóëüîâàíà íàìè çàäà÷à âèâ÷à¹òüñÿ óïåðøå. �àíiøå ïîäiáíi

çàäà÷i âèâ÷àëèñÿ ìåòîäîì ïîòåíöiàëó â ðîáîòàõ [10℄ � [13℄. Â [1℄ i [15℄ ïî÷àòêîâî-êðàéîâà

çàäà÷à Âåíòöåëÿ âèâ÷àëàñÿ çà äîïîìîãîþ iíøèõ ìåòîäiâ, à â ìîíîãðà�iÿõ [4, 5, 7℄ äëÿ

ïàðàáîëi÷íèõ êðàéîâèõ çàäà÷ ðîçãîðíóòî çàãàëüíó òåîðiþ.

1 Îñíîâíi ïîçíà÷åííÿ òà äåÿêi îçíà÷åííÿ

Íåõàé R
n
, n > 2, � n-âèìiðíèé åâêëiäiâ ïðîñòið; R

n+1
T = R

n × (0, T ), T > 0 � �iê-

ñîâàíå; R
n
T = R

n−1 × (0, T ); x = (x1, . . . , xn−1, xn) = (x′, xn) � òî÷êà â R
n
;
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x′ = (x1, . . . , xn−1) � òî÷êà â R
n−1

; (x, t) = (x′, xn, t) � òî÷êà â R
n+1
T ; (x′, t) � òî÷êà

â R
n
T ; (x, y) =

n
∑

i=1

xiyi; |x|2 = (x, x) =
n
∑

i=1

x2i ; |x′|2 = (x′, x′) =
n−1
∑

i=1

x2i .

�îçãëÿíåìî â R
n
îáìåæåíó îáëàñòü D ç ãëàäêîþ ìåæåþ S. Ïðèïóñòèìî, ùî D ðîç-

äiëåíà íà äâi îáëàñòi D1 i D2 ïîâåðõíåþ S1, ïðè÷îìó S ∩ S1 = ∅. Íåõàé ïðè öüî-

ìó D1 � ïiäîáëàñòü ç ìåæåþ S1, à D2 � ïiäîáëàñòü ç ìåæåþ S2 = S ∪ S1. ×åðåç

ν(x) = (ν1(x), . . . , νn(x)) òà ν(1)(x) = (ν
(1)
1 (x), . . . , ν

(1)
n (x)) ïîçíà÷àòèìåìî îäèíè÷íi âå-

êòîðè âíóòðiøíiõ íîðìàëåé ïî âiäíîøåííþ äî îáëàñòi D2 â òî÷êàõ x ∈ S òà x ∈ S1

âiäïîâiäíî. Ïîêëàäåìî Dm = Dm ∪ Sm, Ωm = Dm × (0, T ), Σm = Sm × [0, T ], m = 1, 2,

D = D ∪ S, Σ = S × [0, T ].

Ââåäåìî ïîçíà÷åííÿ äëÿ îïåðàòîðiâ äè�åðåíöiþâàííÿ: Dr
t i D

p
x � ñèìâîëè ÷àñòèííî¨

ïîõiäíî¨ ïî t ç ïîðÿäêîì r i áóäü-ÿêî¨ ÷àñòèííî¨ ïîõiäíî¨ ïî x ç ïîðÿäêîì p âiäïîâiäíî,

äå r, p � öiëi íåâiä'¹ìíi ÷èñëà; Dt ≡ ∂
∂t
; Di ≡ ∂

∂xi
; Dij ≡ ∂2

∂xi∂xj
, i, j = 1, . . . , n; ∇ =

(D1, . . . , Dn), δi òà δ
(1)
i (i = 1, . . . , n) � òàíãåíöiàëüíèé äè�åðåíöiàëüíèé îïåðàòîð íà

S òà S1 âiäïîâiäíî, òîáòî δi =
n
∑

k=1

τikDk, äå τik = δki − νiνk, δ
(1)
i =

n
∑

k=1

τ
(1)
ik Dk, äå τ

(1)
ik =

δki − ν
(1)
i ν

(1)
k , δki � ñèìâîë Êðîíåêåðà. Âèêîðèñòîâóâàòèìåìî âèçíà÷åíi â [6℄ ïðîñòîðè

�åëüäåðà H l+λ,(l+λ)/2(R n+1
T ), H l+λ,(l+λ)/2(Σm), H

l+λ(Rn) (l = 0, 1, 2; m = 1, 2; λ ∈ (0, 1)

� �iêñîâàíå) òà êëàñ ïîâåðõîíü H2+λ
. Ïiäìíîæèíó �óíêöié ç H l+λ,(l+λ)/2(B), ÿêi (ó

âèïàäêó l = 2 ðàçîì ç ïîõiäíîþ ïî t) ïåðåòâîðþþòüñÿ â íóëü ïðè t = 0 ïîçíà÷àòèìåìî

÷åðåç H
◦

l+λ,(l+λ)/2(B), à ÷åðåç ||w||Hl+λ(B) òà ||w||Hl+λ,(l+λ)/2(B) ïîçíà÷àòèìåìî íîðìó �óí-

êöi¨ w â H l+λ(B) òà H l+λ,(l+λ)/2(B), äå B � îäíà ç ìíîæèí R
n
òà R

n+1
T àáî Σm, m = 1, 2,

âiäïîâiäíî. Âñþäè íèæ÷å C, òà c � äîäàòíi ñòàëi, ÿêi íå çàëåæàòü âiä (x, t), êîíêðåòíi

âåëè÷èíè ÿêèõ íàñ öiêàâèòè íå áóäóòü.

2 Ïàðàáîëi÷íi ïîòåíöiàëè

�îçãëÿíåìî ó øàði R
n+1
T äâà ðiâíîìiðíî ïàðàáîëi÷íi îïåðàòîðè äðóãîãî ïîðÿäêó ç

îáìåæåíèìè êîå�iöi¹íòàìè âèãëÿäó

Lsu ≡
n

∑

i,j=1

a
(s)
ij (x, t)Diju+

n
∑

i=1

a
(s)
i (x, t)Diu+ a

(s)
0 (x, t)u−Dtu, s = 1, 2. (1)

Ïðèïóñêàòèìåìî, ùî êîå�iöi¹íòè îïåðàòîðiâ L1 i L2 âèçíà÷åíi â R
n+1
T i âèêîíàíi

óìîâè:

(A1)

n
∑

i,j=1

a
(s)
ij (x, t)ξiξj ≥ δ0s|ξ|2, a(s)ij = a

(s)
ji , δ0s > 0, s = 1, 2, ∀(x, t) ∈ R

n+1
T , ∀ξ ∈ R

n
;

(A2) a
(s)
ij , a

(s)
i , a

(s)
0 ∈ Hλ,λ/2(R n+1

T ) , s = 1, 2, i, j = 1, . . . , n.

Óìîâè (A1), (A2) çàáåçïå÷óþòü iñíóâàííÿ çâè÷àéíîãî �óíäàìåíòàëüíîãî ðîçâ'ÿçêó

(�.ð.) Gs(x, t; ξ, τ) (0 ≤ τ < t ≤ T , x, ξ ∈ R
n
) äëÿ îïåðàòîðà Ls, s = 1, 2 [6℄:

Gs(x, t; ξ, τ) = G
(ξ,τ)
0s (x, t; ξ, τ) +G1s(x, t; ξ, τ), s = 1, 2, (2)
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äå

G
(ξ,τ)
0s (x, t; ξ, τ) = G

(ξ,τ)
0s (x′ − ξ′, xn − ξn, t− τ) = (2

√
π)−n(detAs(ξ, τ))

−1/2(t− τ)−n/2×

exp

{

− (A−1
s (ξ, τ)(x− ξ), x− ξ)

4(t− τ)

}

, s = 1, 2, t > τ, (3)

As(ξ, τ) =
(

a
(s)
ij (ξ, τ)

)n

i,j=1
, A−1

s (ξ, τ) =
(

aij(s)(ξ, τ)
)n

i,j=1
� ìàòðèöÿ, îáåðíåíà äî ìàòðèöi

As(ξ, τ), G1s � iíòåãðàëüíèé ÷ëåí, ÿêèé ìà¹ áiëüø "ñëàáêó" îñîáëèâiñòü, íiæ G
(ξ,τ)
0s ç (3)

ïðè t→ τ + 0 i Gs ≡ 0 , ÿêùî t ≤ τ . Äî òîãî æ iñíóþòü òàêi äîäàòíi ñòàëi C i c, ùî äëÿ

�óíêöié Gs i G1s ïðè 0 ≤ τ < t ≤ T , x, ξ ∈ R
n
, 2r + p ≤ 2, ñïðàâåäëèâi îöiíêè

|Dr
tD

p
xGs(x, t; ξ, τ)| ≤ C(t− τ)−(n+2r+p)/2 exp

{

−c |x− ξ|2
t− τ

}

, (4)

|Dr
tD

p
xG1s(x, t; ξ, τ)| ≤ C(t− τ)−(n+2r+p−λ)/2 exp

{

−c |x− ξ|2
t− τ

}

. (5)

�îçãëÿíåìî ïàðàáîëi÷íi ïîòåíöiàëè ïðîñòîãî øàðó:

u(1)s (x, t) =

t
∫

0

dτ

∫

S1

Gs(x, t; ξ, τ)Vs(ξ, τ)dσξ, (x, t) ∈ R
n+1
T , s = 1, 2, (6)

u
(0)
2 (x, t) =

t
∫

0

dτ

∫

S

G2(x, t; ξ, τ)V0(ξ, τ)dσξ, (x, t) ∈ R
n+1
T , (7)

äå Vs, s = 1, 2, òà V0 � çàäàíi âiäïîâiäíî íà Σ1 òà Σ îáìåæåíi âèìiðíi �óíêöi¨. ßê

íàñëiäîê ç îöiíîê (4), (5), �óíêöi¨ u
(1)
s , u

(0)
2 íåïåðåðâíi â R

n+1
T , çàäîâîëüíÿþòü ðiâíÿííÿ

Lsu
(1)
s = 0, s = 1, 2, â R

n+1
T \Σ1, Lsu

(0)
2 = 0, â R

n+1
T \Σ i ïî÷àòêîâó óìîâó u

(1)
s (x, 0) = 0,

u
(0)
2 (x, 0) = 0.

Íåõàé äëÿ (x, t) ∈ Σ1 òà (x, t) ∈ Σ âèçíà÷åíi âåêòîðè êîíîðìàëåé N (s)(x, t) =

(N
(s)
1 (x, t), . . . , N

(s)
n (x, t)),N

(s)
i (x, t) =

n
∑

j=1

a
(s)
ij (x, t)ν

(1)
j (x), i = 1, . . . , n, s = 1, 2, òàN(x, t) =

(N1(x, t), . . . , Nn(x, t)), Ni(x, t) =
n
∑

j=1

a
(2)
ij (x, t)νj(x), i = 1, . . . , n. ßêùî Vs ∈ H

◦

λ,λ/2(Σ1),

s = 1, 2, V0 ∈ H
◦

λ,λ/2(Σ), òî u
(1)
s ∈ H

◦

1+λ,(1+λ)/2(Ωs), s = 1, 2, u
(0)
2 ∈ H

◦

1+λ,(1+λ)/2(Ω2) (äèâ.

[2℄, [6℄, [14℄) i äëÿ êîíîðìàëüíî¨ ïîõiäíî¨ �óíêöié u
(1)
s , s = 1, 2, òà u

(0)
2 ïðàâèëüíà �îðìóëà

ñòðèáêà ([6, ñ. 459℄)

∂u
(1)
s (x, t)

∂N (s)(x, t)
=

t
∫

0

dτ

∫

S1

∂Gs(x, t; ξ, τ)

∂N (s)(x, t)
Vs(ξ, τ)dσξ + (−1)s−11

2
Vs(x, t), (x, t) ∈ Σ1, (8)

∂u
(0)
2 (x, t)

∂N(x, t)
=

t
∫

0

dτ

∫

S

∂G2(x, t; ξ, τ)

∂N(x, t)
V0(ξ, τ)dσξ −

1

2
V0(x, t), (x, t) ∈ Σ. (9)
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Iñíóâàííÿ iíòåãðàëó ó ïðàâié ÷àñòèíi (8) âèïëèâà¹ ç íåðiâíîñòi (0 ≤ τ < t ≤ T ,

x, ξ ∈ S1)
∣

∣

∣

∣

∂Gs(x, t; ξ, τ)

∂N (s)(x, t)

∣

∣

∣

∣

≤ C(t− τ)−(n+1−λ)/2 exp

{

−c |x− ξ|2
t− τ

}

, (10)

ÿêà ¹ âiðíîþ i äëÿ ÿäðà

∂G2(x,t;ξ,τ)
∂N(x,t)

ó �îðìóëi (9) ïðè 0 ≤ τ < t ≤ T , x, ξ ∈ S.

Çà äîïîìîãîþ �.ð. Gs, s = 1, 2, ç (2) âèçíà÷àþòü ùå äâà ïàðàáîëi÷íi ïîòåíöiàëè,

ÿêi çàñòîñîâóþòü ïðè ðîçâ'ÿçàííi çàäà÷i Êîøi äëÿ çàãàëüíîãî ïàðàáîëi÷íîãî ðiâíÿííÿ

äðóãîãî ïîðÿäêó. Öå � ïîòåíöiàë Ïóàññîíà

u(2)s (x, t) =

∫

Rn

Gs(x, t; ξ, 0)ϕs(ξ)dξ, (x, t) ∈ R
n+1
T , s = 1, 2, (11)

i îá'¹ìíèé ïîòåíöiàë

u(3)s (x, t) =

t
∫

0

dτ

∫

Rn

Gs(x, t; ξ, τ)fs(ξ, τ)dξ, (x, t) ∈ R
n+1
T , s = 1, 2, (12)

äå ϕs(ξ) i fs(ξ, τ), s = 1, 2 � çàäàíi �óíêöi¨. ßêùî ïðèïóñòèòè, ùî ϕs � îáìåæåíà i

íåïåðåðâíà â R
n
, à fs ∈ Hλ,λ/2(R n+1

T ), òî âiäîìî (äèâ. [6, ãë. IV, � 14℄), ùî �óíêöi¨ u
(2)
s ,

u
(3)
s , s = 1, 2, íåïåðåðâíi â R n+1

T , òà çàäîâîëüíÿþòü ðiâíÿííÿ Lsu
(2)
s = 0, Lsu

(3)
s = −fs, s =

1, 2, â R
n+1
T i ïî÷àòêîâi óìîâè u

(2)
s (x, 0) = ϕs(x), u

(3)
s (x, 0) = 0, x ∈ R

n
, s = 1, 2. Äî òîãî

æ u
(2)
s ∈ H2+λ,(2+λ)/2(R n+1

T ), à ó âèïàäêó, êîëè ϕs ∈ H2+λ(Rn), i u
(3)
s ∈ H2+λ,(2+λ)/2(R n+1

T ).

3 �åãóëÿðèçàòîð ïåðøî¨ êðàéîâî¨ çàäà÷i

Âèçíà÷èìî êðàéîâi îïåðàòîðè Es, s = 0, 1, 2, ÿêi ïîòiì âèêîðèñòà¹ìî â ÿêîñòi ðåãóëÿ-

ðèçàòîðiâ ñèñòåìè iíòåãðàëüíèõ ðiâíÿíü Âîëüòåððè, åêâiâàëåíòíî¨ äî ñ�îðìóëüîâàíî¨

ó ï. 4 ïî÷àòêîâî-êðàéîâî¨ çàäà÷i. Çàóâàæèìî, ùî êîíñòðóêöiÿ öèõ îïåðàòîðiâ ïîâíi-

ñòþ çáiãà¹òüñÿ ç êîíñòðóêöi¹þ iíòåãðî-äè�åðåíöiàëüíîãî îïåðàòîðà E , ÿêèé âïåðøå áóâ

ââåäåíèé ó ðîáîòàõ [2, 14℄. Îïèøåìî ñòðóêòóðó îïåðàòîðà E0, ÿêèé ïîâ'ÿçàíèé ç îïåðà-

òîðîì L2 òà ïîòåíöiàëîì u
(0)
2 . Ïðèïóñòèìî ñïî÷àòêó, ùî S = R

n−1
, à îòæå, Σ = R

n
T .

�îçãëÿíåìî â R
n
T ïàðàáîëi÷íèé îïåðàòîð íàñòóïíîãî âèãëÿäó:

L′

2 =

n−1
∑

i,j=1

h
(2)
ij (x′, t)Dij −Dt, (13)

äå h
(2)
ij = a

(2)
ij − a

(2)
in a

(2)
nj

(

a
(2)
nn

)

−1

, i, j = 1, . . . , n− 1.

Íåõàé H2(x
′, t; ξ′, τ) (0 ≤ τ < t ≤ T , x′, ξ′ ∈ R

n−1
) � �.ð. äëÿ îïåðàòîðà L′

2, i íåõàé

�óíêöiÿ ψ çàäàíà â R
n
T . Ïîçíà÷èìî ((x′, t) ∈ R

n
T )

E0(x′, t)ψ =
2√
π







∂

∂t

t
∫

0

(t− τ)−1/2dτ

∫

Rn−1

H2(x
′, t̂; ξ′, τ)ψ(ξ′, τ)dξ′







∣

∣

∣

∣

∣

∣

t̂=t

. (14)
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Ëåìà 3.1. ([2℄, [14℄). Îïåðàòîð E0 ¹ ëiíiéíèì îáìåæåíèì îïåðàòîðîì, ùî âiäîáðàæà¹

ïðîñòið H
◦

1+λ,(1+λ)/2(R n
T ) íà ïðîñòið H

◦

λ,λ/2(R n
T ). Ïðè öüîìó iñíó¹ îáåðíåíèé îïåðàòîð

E−1
0 : H

◦

λ,λ/2(R n
T ) → H

◦

1+λ,(1+λ)/2(R n
T ).

Çàóâàæåííÿ 3.1. Âèêîðèñòîâóþ÷è ñõåìó äîâåäåííÿ ëåìè 3.1, ìè âñòàíîâëþ¹ìî òàêîæ,

ùî îïåðàòîð E0 âiäîáðàæà¹ ïðîñòið H
◦

2+λ,(2+λ)/2(R n
T ) íà ïðîñòið H

◦

1+λ,(1+λ)/2(R n
T ) i ïðè

öüîìó iñíó¹ îáåðíåíèé îïåðàòîð E−1
0 : H

◦

1+λ,(1+λ)/2(R n
T ) → H

◦

2+λ,(2+λ)/2(R n
T ).

Çàóâàæèìî, ùî E0 � ðåãóëÿðèçàòîð ó âèïàäêó ïåðøî¨ êðàéîâî¨ çàäà÷i (ìîäåëüíî¨)

(äèâ. [2, 10, 14℄), à ñàìå:

E0(x′, t)u(0)2 = (A2(x
′, t)ν(x′), ν(x′))

−1/2
V0(x

′, t)+

t
∫

0

dτ

∫

Rn−1

K20(x
′, t; ξ′, τ)V0(ξ

′, τ)dξ′, ∀V0 ∈ H
◦

λ,λ/2(R n
T ), (15)

äî òîãî æ äëÿ ÿäðà K20 ñïðàâåäëèâà îöiíêà (10), ó ïðàâié ÷àñòèíi ÿêî¨ âèðàç |x − ξ|2
òðåáà çàìiíèòè íà âèðàç |x′ − ξ′|2.

�îçãëÿíåìî òåïåð âèïàäîê, êîëè ìåæà S îáëàñòi D � åëåìåíòàðíà ïîâåðõíÿ, òîáòî

S = {x ∈ R
n|xn = F (x′)}, äå �óíêöiÿ F çàäîâîëüíÿ¹ óìîâó

F ∈ H2+λ(Rn−1). (16)

Íàäàëi ïîçíà÷àòèìåìî çíà÷åííÿ áóäü-ÿêî¨ �óíêöi¨ v(x, t) íà Σ = S × [0, T ] ÷åðåç

v(x′, t). Òîäi ðåãóëÿðèçàòîð E0 ìîæíà âèçíà÷èòè ðiâíiñòþ (14), â ÿêié ÿäðî

H2(x
′, t; ξ′, τ) = H2(x, t; ξ, τ)|xn=F (x′),ξn=F (ξ′)

¹ �.ð. îïåðàòîðà (13) ç êîå�iöi¹íòàìè

¯̃h
(2)
ij = ¯̃a

(2)
ij − ¯̃a

(2)
in
¯̃a
(2)
nj

(

¯̃a(2)nn

)−1
, (17)

äå ã
(2)
ij = ã

(2)
ji = a

(2)
ij , i, j = 1, . . . , n − 1, ã

(2)
in = ã

(2)
ni = a

(2)
in −

n−1
∑

k=1

a
(2)
ik Fk, i = 1, . . . , n − 1,

ã
(2)
nn = a

(2)
nn − 2

n−1
∑

k=1

a
(2)
knFk +

n−1
∑

k,l=1

a
(2)
kl FkFl, Fk = ∂F

∂xk
, k = 1, . . . , n− 1.

Ùî ñòîñó¹òüñÿ äi¨ îïåðàòîðà E0 íà ïîòåíöiàë u(0)2 , òî ¨¨ ðåçóëüòàò âèçíà÷à¹òüñÿ ðiâíiñ-

òþ (15).

Ïåðåõîäèìî äî çàãàëüíîãî âèïàäêó. Ïðèïóñòèìî, ùî ìåæà S îáëàñòi D � áóäü-ÿêà

îáìåæåíà ãiïåðïîâåðõíÿ çàãàëüíîãî âèãëÿäó ç êëàñó H2+λ
. Íàãàäà¹ìî, (äèâ. [2, 6℄), ùî

S íàçèâàþòü ïîâåðõíåþ êëàñó H2+λ
, ÿêùî êîæíà ¨¨ òî÷êà x0 ìà¹ îêië Ox0

òàêèé, ùî

ìíîæèíà S∩Ox0
îïèñó¹òüñÿ â ëîêàëüíié (ìiñöåâié) ñèñòåìi êîîðäèíàò {y} = {y1, . . . , yn},

çâ'ÿçàíié ç òî÷êîþ x0, ðiâíÿííÿì

yn = Fx0(y′), y′ ∈ Bx0 , Fx0 ∈ H2+λ(Bx0),
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äå Bx0 = {y′ ∈ R
n−1 | |y′| < d}, äî òîãî æ ñòàëà d > 0 íå çàëåæèòü âiä òî÷êè x0, i

ñêií÷åííîþ áóäå âåëè÷èíà sup

x∈S
||Fx(y)||H2+λ(Bx)

.

Ïîêëàäåìî Dε =

{

x ∈ D | inf
x0∈S

|x− x0| < ε

}

, (ε > 0), i íåõàé µ � áóäü-ÿêå ìàëå

äîäàòíå ÷èñëî (0 < µ < d/2). Òîäi (äèâ. [9℄) iñíó¹ òàêà ñêií÷åííà ìíîæèíà �iêñîâàíèõ

òî÷îê

{

x(m) ∈ S
}

,m = 1, . . . , N , ùî îáëàñòiD(m)
j , j = 1, 2, â ëîêàëüíié ñèñòåìi êîîðäèíàò

{y}, çâ'ÿçàíié ç òî÷êîþ x(m)
, çàïèñóþòü ó âèãëÿäi

D(m)
j = {y ∈ R

n | |y′| < jµ, |yn − Fx(m)(y′)| < jµ}, j = 1, 2,

i âîíè âîëîäiþòü âëàñòèâîñòÿìè:

1) iñíó¹ òàêå ÷èñëî ε = ε(µ), ùî Dε ⊂ ∪
m
D(m)

1 ;

2) iñíó¹ òàêå öiëå ÷èñëî N0 (ÿêå íå çàëåæèòü âiä µ), ùî ïåðåòèí áóäü-ÿêèõ N0 + 1

îáëàñòåé D(m)
2 ïîðîæíié.

Ââåäåìî �ðîçáèòòÿ îäèíèöi�, ùî ïiäïîðÿäêîâàíå ïîêðèòòþ ∪
m
D(m)

2 �ìåæåâî¨ ñìóãè�

Dε, à ñàìå ñèñòåìó �óíêöié

{

ω(m) ∈ C∞(Rn)
}

ç íàñòóïíèìè âëàñòèâîñòÿìè:

0 ≤ ω(m) ≤ 1, ω(m) = 1 ïðè x ∈ D(m)
1 , 0 ïðè x ∈ R

n\D(m)
2 ,

supp(ω(m)) ⊂ D(m)
2 ,

N
∑

m=1

ω(m)(x) = 1, ÿêùî x ∈ Dε, (18)

i íåõàé

α(m) = ω(m)

[

N
∑

m=1

(

ω(m)
)2

]−1

, S
(m)
j = D(m)

j ∩ S, j = 1, 2. (19)

Íåõàé {y, t} � ìiñöåâà ñèñòåìà êîîðäèíàò â òî÷öi x(m)
. Êîîðäèíàòè {x} i {y} çâ'ÿçàíi

ñïiââiäíîøåííÿì

Y = C(m)(X −X(m)),

äå C(m)
� îðòîãîíàëüíà ìàòðèöÿ, X i Y � ñòîâïöi ç êîîðäèíàò x1, . . . , xn i y1, . . . , yn

âiäïîâiäíî. Ïîçíà÷èìî ÷åðåç S
(m)

2,0 ïðîåêöiþ S
(m)

2 íà ïëîùèíó yn = 0. Ìiæ òî÷êàìè

y ∈ S
(m)

2 i y′ ∈ S
(m)

2,0 iñíó¹ âçà¹ìíîîäíîçíà÷íà âiäïîâiäíiñòü. Ïðèïóñêà¹ìî, ùî S
(m)

2 â

ëîêàëüíié ñèñòåìi êîîðäèíàò {y} ç ïî÷àòêîì â òî÷öi x(m)
çàäà¹òüñÿ ðiâíÿííÿì

yn = Fx(m)(y′) = F (m)(y′), y′ ∈ S
(m)

2,0 , (20)

äå F (m)
� �óíêöiÿ ç êëàñó H2+λ(S

(m)

2,0 ).

Âèçíà÷èìî òåïåð çà äîïîìîãîþ �îðìóëè (17) �óíêöi¨ h̄
(2,m)
ij (y′, t), (y′, t) ∈ S

(m)

2,0 ×[0, T ],

i, j = 1, . . . , n − 1, m = 1, . . . , N , ó ïðàâié ÷àñòèíi ÿêî¨ çàìiñòü

¯̃a
(2)
ij , i, j = 1, . . . , n,

òðåáà ïîêëàñòè

¯̃
â
(2,m)
ij , äå â

(2,m)
ij � åëåìåíòè ìàòðèöi Â

(m)
2 (y′, t) = C(m)A

(m)
2 (y′, t)(C(m))T ,

A
(m)
2 (y′, t) = A2(x(y), t). Ó ñâîþ ÷åðãó, âèêîðèñòîâóþ÷è �óíêöi¨ h̄

(2,m)
ij (y′, t) òà �îðìóëó
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(13), âèçíà÷èìî â îáëàñòi S
(m)
2,0 × (0, T ] ðiâíîìiðíî ïàðàáîëi÷íèé îïåðàòîð L

′(m)
2 . Ïðîäîâ-

æèìî êîå�iöi¹íòè öüîãî îïåðàòîðà íà R
n,(m)

T = R
n−1,(m)×[0, T ] çi çáåðåæåííÿì âëàñòèâîñ-

òåé (À1), (À2) i ïîçíà÷èìî ÷åðåç H(m)

2 (y′, t; η′, τ) (0 ≤ τ < t ≤ T , y′, η′ ∈ R
n−1,(m)

) �.ð.

äëÿ L
′(m)
2 .

Íàðåøòi âèçíà÷èìî �óíêöi¨

H(m)
2 (x, t; ξ, τ) ≡ H(m)

2 (y′(x), t; η′(ξ), τ), 0 ≤ τ < t ≤ T, x, ξ ∈ S
(m)

2 ,

H2(x, t; ξ, τ) =

N
∑

m=1

ω(m)(x)α(m)(ξ)H(m)
2 (x, t; ξ, τ)¯̂ν(m)

n (η′(ξ)), 0 ≤ τ < t ≤ T, x, ξ ∈ S,

äå ν̂(m)(y) = C(m)ν(m)(y), ν(m)(y) = ν(x(y)) i, ïðèïóñêàþ÷è, ùî ψ ∈ H
◦

l+λ,(l+λ)/2(Σ),

l = 1, 2, ïîêëàäåìî ïðè (x, t) ∈ Σ

E (m)
0 ψ =

2√
π
×







∂

∂t

t
∫

0

(t− τ)−
1
2dτ

∫

S

ω(m)(x)α(m)(ξ)H(m)
2 (x, t̂; ξ, τ)¯̂ν(m)

n (η′(ξ))ψ(ξ, τ)dσξ







∣

∣

∣

∣

∣

∣

t̂=t

,

E0(x, t)ψ =
2√
π







∂

∂t

t
∫

0

(t− τ)−
1
2dτ

∫

S

H2(x, t̂; ξ, τ)ψ(ξ, τ)dσξ







∣

∣

∣

∣

∣

∣

t̂=t

=

N
∑

m=1

E (m)
0 (x, t)ψ. (21)

Ïîáóäîâó îïåðàòîðà E0 çàâåðøåíî. Ó �îðìóëi (21) iíòåãðî-äè�åðåíöiàëüíi îïåðàòîðè

E (m)
0 , m = 1, . . . , N , íàçèâàòèìåìî ëîêàëüíèìè ðåãóëÿðèçàòîðàìè. �õ âëàñòèâîñòi ìîæíà

îïèñàòè çà äîïîìîãîþ òâåðäæåíü, ùî íàëåæàòü äî ëåìè 3.1 òà çàóâàæåííÿ 3.1. Ç öèõ

âëàñòèâîñòåé áåçïîñåðåäíüî âèïëèâà¹ íàñòóïíå òâåðäæåííÿ.

Ëåìà 3.2. Îïåðàòîð E0, âèçíà÷åíèé çà �îðìóëîþ (21), ¹ ëiíiéíèì îáìåæåíèì îïåðà-

òîðîì, ùî âiäîáðàæà¹ ïðîñòið H
◦

l+λ,(l+λ)/2(Σ) íà ïðîñòið H
◦

l−1+λ,(l−1+λ)/2(Σ) , l = 1, 2.

Ïðè öüîìó ðiâíÿííÿ E0ψ = 0 ìà¹ â ïðîñòîði H
◦

l+λ,(l+λ)/2(Σ) ëèøå òðèâiàëüíèé ðîçâ'ÿçîê

ψ = 0.

Ïîäi¹ìî îïåðàòîðîì E0 íà ïîòåíöiàë u(0)2 ç (7). Âðàõîâóþ÷è ïðè öüîìó ñïiââiäíîøåí-

íÿ (15), ∀V0 ∈ H
◦

λ,λ/2(Σ) îäåðæèìî

E0(x, t)u(0)2 = (A2(x, t)ν(x), ν(x))
−1/2 V0(x, t) +

t
∫

0

dτ

∫

S

K20(x, t; ξ, τ)V0(ξ, τ)dσξ, (22)

äî òîãî æ, äëÿ ÿäðà K20(x, t; ξ, τ) â êîæíié îáëàñòi âèãëÿäó 0 ≤ τ < t ≤ T , x, ξ ∈ S,

ñïðàâåäëèâà îöiíêà (10).

Êðiì ðåãóëÿðèçàòîðà E0, ìè áóäåìî âèêîðèñòîâóâàòè òàêîæ ïîáóäîâàíi çà àíàëîãi÷-

íîþ ñõåìîþ ãðàíè÷íi îïåðàòîðè Es, s = 1, 2, ÿêi ïîâ'ÿçàíi ç ïîâåðõíåþ S1, îïåðàòîðàìè

Ls, s = 1, 2, òà ïîòåíöiàëàìè u
(1)
s , s = 1, 2, ç (6).
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4 Ïîñòàíîâêà ïàðàáîëi÷íî¨ ïî÷àòêîâî-êðàéîâî¨ çàäà÷i ç óìîâîþ

ñïðÿæåííÿ òèïó Âåíòöåëÿ òà ¨¨ ðîçâ'ÿçàííÿ

�îçãëÿíåìî çàäà÷ó ñïðÿæåííÿ

Lsus(x, t) = −fs(x, t), (x, t) ∈ Ωs, s = 1, 2, (23)

us(x, 0) = ϕs(x), x ∈ Ds, s = 1, 2, (24)

L3u(x, t) ≡ u1(x, t)− u2(x, t) = z(x, t), (x, t) ∈ Σ1\S1, (25)

L4u(x, t) ≡
n

∑

i,j=1

β
(1)
ij (x, t)δ

(1)
i δ

(1)
j u2 + (β(1)(x, t),∇u2) + β

(1)
0 (x, t)u2 −Dtu2−

(α(x, t),∇u1) + α0(x, t)u1 = θ(x, t), (x, t) ∈ Σ1\S1, (26)

L5u(x, t) ≡
n

∑

i,j=1

βij(x, t)δiδju2 + (β(x, t),∇u2) + β0(x, t)u2 −Dtu2 = ψ(x, t),

(x, t) ∈ Σ\S, (27)

äå u(x, t) = (u1, u2), α(x, t) = (α1(x, t), . . . , αn(x, t)), β
(1)(x, t) = (β

(1)
1 (x, t), . . . , β

(1)
n (x, t)),

β(x, t) = (β1(x, t), . . . , βn(x, t)).

Ïðèïóñêà¹ìî, ùî êîå�iöi¹íòè îïåðàòîðiâ L1 i L2 çàäîâîëüíÿþòü óìîâè (À1), (À2) ç

ï.2, à êîå�iöi¹íòè îïåðàòîðiâ òèïó Âåíòöåëÿ L4 i L5 çàäîâîëüíÿþòü íàñòóïíi óìîâè:

(B1)

n
∑

i,j=1

β
(1)
ij (x, t)ξiξj ≥ µ01|ξ|2, β(1)

ij = β
(1)
ji , µ01 > 0, ∀ (x, t) ∈ Σ1, ∀ ξ ∈ R

n
, ξ ⊥ ν(1)(x);

n
∑

i,j=1

βij(x, t)ξiξj ≥ µ0|ξ|2, βij = βji, µ0 > 0, ∀ (x, t) ∈ Σ, ∀ ξ ∈ R
n
, ξ ⊥ ν(x);

(B2) β
(1)
ij , β

(1)
i , αi, β

(1)
0 , α0 ∈ Hλ,λ/2(Σ1) , βij , βi, β0 ∈ Hλ,λ/2(Σ), i, j = 1, . . . , n,

(β(1), ν(1)) ≥ 0, (α, ν(1)) ≥ 0, (β, ν) ≥ 0.

Ùî ñòîñó¹òüñÿ ïîâåðõîíü S i S1 òà ïðàâèõ ÷àñòèí ðiâíîñòåé (23)�(27), òî áóäåìî

ââàæàòè, ùî

S, S1 ∈ H2+λ, ρ(S, S1) ≥ d0 > 0, (28)

fs ∈ Hλ,λ/2(R n+1
T ), ϕs ∈ H2+λ(Rn), s = 1, 2,

z ∈ H2+λ,(2+λ)/2(Σ1), θ ∈ Hλ,λ/2(Σ1), ψ ∈ H2+λ,(2+λ)/2(Σ), (29)

i âèêîíàíi óìîâè óçãîäæåííÿ

ϕ1(x)− ϕ2(x) = z(x, 0), x ∈ S1,
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n
∑

i,j=1

β
(1)
ij (x, 0)δ

(1)
i δ

(1)
j ϕ2 + (β(1)(x, 0),∇ϕ2)− (α(x, 0),∇ϕ1) + β

(1)
0 (x, 0)ϕ2+

α0(x, 0)ϕ1 −
n

∑

i,j=1

a
(s)
ij (x, 0)Dijϕs −

n
∑

i=1

a
(s)
i (x, 0)Diϕs − a

(s)
0 (x, 0)ϕs − fs =

θ(x, 0) + (s− 1)Dtz(x, t)|t=0, x ∈ S1, s = 1, 2,

n
∑

i,j=1

βij(x, 0)δiδjϕ2 + (β(x, 0),∇ϕ2) + β0(x, 0)ϕ2 −
n

∑

i,j=1

a
(2)
ij (x, 0)Dijϕ2−

n
∑

i=1

a
(2)
i (x, 0)Diϕ2 − a

(2)
0 (x, 0)ϕ2 − f2 = ψ(x, 0), x ∈ S. (30)

Îñíîâíèì ðåçóëüòàòîì ñòàòòi ¹ íàñòóïíå òâåðäæåííÿ.

Òåîðåìà. Íåõàé êîå�iöi¹íòè îïåðàòîðiâ Ls, s = 1, 2, i L4, L5 çàäîâîëüíÿþòü óìîâè

(À1), (À2) i (Â1), (Â2) âiäïîâiäíî, à äëÿ ïîâåðõîíü S i S1 òà �óíêöié fs, ϕs, s = 1, 2,

z, θ, ψ ç (23)�(27) âèêîíàíi óìîâè (28), (29). Òîäi ïðè âèêîíàííi óìîâ óçãîäæåííÿ (30)

çàäà÷à (23)�(27) ìà¹ ¹äèíèé ðîçâ'ÿçîê

us ∈ H2+λ,(2+λ)/2(Ωs), s = 1, 2, (31)

äëÿ ÿêîãî ñïðàâåäëèâà îöiíêà

2
∑

s=1

‖us‖H2+λ,(2+λ)/2(Ωs)
≤ C

[

2
∑

s=1

‖fs‖Hλ,λ/2(R n+1
T )+

2
∑

s=1

‖ϕs‖H2+λ(Rn) + ‖z‖H2+λ,(2+λ)/2(Σ1) + ‖θ‖Hλ,λ/2(Σ1) + ‖ψ‖H2+λ,(2+λ)/2(Σ)

]

. (32)

Äîâåäåííÿ. Áóäåìî øóêàòè ðîçâ'ÿçîê çàäà÷i (23)�(27) ó âèãëÿäi

us(x, t) =

3
∑

m=0

u(m)
s (x, t), (x, t) ∈ Ωs, s = 1, 2, (33)

äå u
(0)
1 ≡ 0, à �óíêöi¨ u

(0)
2 , u

(1)
s , u

(2)
s , u

(3)
s , s = 1, 2, âèçíà÷åíi çà �îðìóëàìè (6), (7), (11),

(12). Ó çîáðàæåííi (33) íåâiäîìèìè ¹ �óíêöi¨ Vm, m = 0, 1, 2, ùî âõîäÿòü äî ïîòåíöiàëiâ

ïðîñòîãî øàðó u
(0)
2 , u

(1)
s , s = 1, 2. Ç âëàñòèâîñòåé ïîòåíöiàëiâ, îïèñàíèõ â ï. 2, âèïëèâà¹,

ùî äëÿ ðîçâ'ÿçàííÿ çàäà÷i íàì òðåáà ïiäiáðàòè Vm, m = 0, 1, 2, ó òàêèé ñïîñiá, ùîá äëÿ

u(x, t) âèêîíóâàëèñÿ óìîâè ñïðÿæåííÿ (25), (26), êðàéîâà óìîâà (27), à ïðè âèêîíàííi

óìîâ óçãîäæåííÿ (30), áóëè ïðàâèëüíèìè óìîâà (31) òà íåðiâíiñòü (32).

Ïðèïóñòèìî a priori, ùî Vm, m = 0, 1, 2, çàäîâîëüíÿþòü óìîâè

V0 ∈ H
◦

λ,λ/2(Σ), Vs ∈ H
◦

λ,λ/2(Σ1), s = 1, 2, (34)
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i çàéìåìîñÿ ñïî÷àòêó âèâ÷åííÿì êðàéîâî¨ óìîâè (27). Ç öi¹þ ìåòîþ ïåðåòâîðèìî ðiâ-

íiñòü (27), âèäiëèâøè â íié ó âèðàçàõ, ùî ìiñòÿòü ïîõiäíi ïåðøîãî ïîðÿäêó çà ïðîñòî-

ðîâèìè çìiííèìè, îêðåìî òàíãåíöiàëüíó i êîíîðìàëüíó ñêëàäîâi. Òàêå ïåðåòâîðåííÿ

ëåãêî çäiéñíèòè, ÿêùî ñêîðèñòàòèñÿ ñïiââiäíîøåííÿì

(β(x, t),∇u2) =
n

∑

i=1

βi(x, t)δ̃iu1 + γ(x, t)
∂u2(x, t)

∂N(x, t)
,

äå δ̃i = Di − νi
(N,ν)

n
∑

k=1

NkDk, i = 1, . . . , n, � äîòè÷íèé äè�åðåíöiàëüíèé îïåðàòîð íà S,

γ(x, t) =
(β(x, t), ν(x))

(N(x, t), ν(x))
.

Òîäi óìîâó (27) ìîæíà çàïèñàòè ó âèãëÿäi ((x, t) ∈ Σ\S):

L̃5u(x, t) ≡
n

∑

i,j=1

βij(x, t)δiδju2 +

n
∑

i=1

βi(x, t)δ̃iu2 + β0(x, t)u2 −Dtu2 = ψ0(x, t) (35)

àáî

L̃5u(x, t) ≡
n

∑

k,l=1

β̃kl(x, t)Dklu2 +
n

∑

k=1

β̃k(x, t)Dku2 + β0(x, t)u2 −Dtu2 = ψ0(x, t), (36)

äå

β̃kl(x, t) =
n

∑

i,j=1

βij(x, t)τik(x)τjl(x), k, l = 1, . . . , n,

β̃k(x, t) = βk(x, t)− γ(x, t)Nk(x, t)−
n

∑

i,j=1

βij(x, t)δi(νj(x)νk(x)),

ψ0(x, t) = ψ(x, t)− γ(x, t)
∂u2(x, t)

∂N(x, t)
. (37)

ßê áà÷èìî, äî ïðàâî¨ ÷àñòèíè ðiâíÿíü (35), (36), òîáòî äî �óíêöi¨ ψ0, âõîäèòü ïîõi-

äíà âçäîâæ êîíîðìàëi âiä øóêàíî¨ �óíêöié u2, ÿêó ìîæíà ðîçêðèòè, âèêîðèñòîâóþ÷è

çîáðàæåííÿ (33). Ïðè öüîìó ïîõiäíà

∂u
(0)
2 (x,t)

∂N(x,t)
âèçíà÷à¹òüñÿ çà äîïîìîãîþ �îðìóëè (9),

à äëÿ

∂u
(1)
2 (x,t)

∂N(x,t)
ìà¹ ìiñöå ñïiââiäíîøåííÿ

∂u
(1)
2 (x, t)

∂N(x, t)
=

t
∫

0

dτ

∫

S1

∂G2(x, t; ξ, τ)

∂N(x, t)
V2(ξ, τ)dσξ, (x, t) ∈ Σ, (38)

ïðè÷îìó äëÿ ÿäðà

∂G2(x,t;ξ,τ)
∂N(x,t)

, âðàõîâóþ÷è (28), ëåãêî îòðèìàòè îöiíêó (0 ≤ τ < t ≤ T ,

(x, t) ∈ Σ, (ξ, τ) ∈ Σ1)

∣

∣

∣

∣

∂G2(x, t; ξ, τ)

∂N(x, t)

∣

∣

∣

∣

≤ C exp

{

−|x− ξ|2
t− τ

}

(39)
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ç äåÿêîþ ñòàëîþ C, ÿêà çàëåæèòü âiä d0. Îöiíêà (39) ãàðàíòó¹ íàì iñíóâàííÿ iíòåãðàëà

â ïðàâié ÷àñòèíi (38).

�îçãëÿíåìî (36) ÿê àâòîíîìíå ïàðàáîëi÷íå ðiâíÿííÿ íà Σ\S. Ó öüîìó ðiâíÿííi, ÿê

âèïëèâà¹ ç óìîâ òåîðåìè, óìîâè (34), �îðìóë (37) òà âëàñòèâîñòåé ïîòåíöiàëiâ (äèâ.

ï. 2), éîãî êîå�iöi¹íòè β̃kl, β̃k, k, l = 1, 2, . . . , n, β0 òà ïðàâà ÷àñòèíà ψ0 íàëåæàòü äî

êëàñó Hλ,λ/2(Σ). Âiäîìî (äèâ. [1, 2, 9, 14℄), ùî äëÿ ðîçâ'ÿçêó u2 öüîãî ðiâíÿííÿ, ÿêèé

çàäîâîëüíÿ¹ ïî÷àòêîâó óìîâó

u2(x, 0) = ϕ2(x), x ∈ S, (40)

ñïðàâåäëèâà íåðiâíiñòü

‖u2‖H2+λ,(2+λ)/2(Σ) ≤ C
[

‖ψ0‖Hλ,λ/2(Σ) + ‖ϕ2‖H2+λ(S)

]

. (41)

Çíàéäåìî òåïåð iíòåãðàëüíå çîáðàæåííÿ ðîçâ'ÿçêó çàäà÷i Êîøi äëÿ ðiâíÿííÿ (36).

Ç öi¹þ ìåòîþ äëÿ îïåðàòîðà L̃5 ïîáóäó¹ìî �.ð., ÿêèé íàäàëi ïîçíà÷àòèìåìî ÷åðåç

Γ(x, t; ξ, τ) (0 ≤ τ < t ≤ T , x, ξ ∈ S). Íàñàìïåðåä âiäçíà÷èìî, ùî iäåÿ, íà ÿêié áàçó¹òüñÿ

ïîáóäîâà �.ð. Γ ¹ ïîäiáíîþ äî iäå¨, çà äîïîìîãîþ ÿêî¨ áóëî çäiéñíåíî êîíñòðóêöiþ ðå-

ãóëÿðèçàòîðà E0 (äèâ. ï. 2). Âiäçíà÷èìî òàêîæ, ùî �óíêöiþ Γ òà ¨¨ ïîõiäíi çà çìiííèìè

x i t ìîæíà îöiíþâàòè çà äîïîìîãîþ íåðiâíîñòåé (4) òà (5), çàìiíþþ÷è â ¨õ ïðàâèõ

÷àñòèíàõ ðîçìiðíiñòü ïðîñòîðó n íà n− 1.

Îòæå, ñïî÷àòêó ðîçãëÿäà¹òüñÿ âèïàäîê, êîëè S = R
n−1

. Ó öüîìó âèïàäêó δi = Di,

δ̃i = Di, i = 1, . . . , n− 1, δ̃n = 0, à òîìó ðiâíÿííÿ (36) ïåðåòâîðþ¹òüñÿ â ëiíiéíå ïàðàáî-

ëi÷íå ðiâíÿííÿ äðóãîãî ïîðÿäêó ç ãåëüäåðîâèìè êîå�iöi¹íòàìè, ùî ðîçãëÿäàþòüñÿ íà

Σ = R
n
T , âèãëÿäó:

L̃5ū ≡
n−1
∑

k,l=1

β̄kl(x
′, t)Dklū2 +

n−1
∑

k=1

¯̃βk(x
′, t)Dkū2 + β̄0(x

′, t)ū2 −Dtū2 = ψ̄0(x
′, t), (42)

äå

¯̃βk(x
′, t) = β̄k(x

′, t)− β̄n(x
′, t)

ā
(2)
in (x

′, t)

ā
(2)
nn(x′, t)

, ψ̄0(x
′, t) = ψ̄(x′, t)− β̄n(x

′, t)

ā
(2)
nn(x′, t)

· ∂ū2(x
′, t)

∂N̄ (x′, t)
.

Iñíóâàííÿ �.ð. Γ äëÿ îïåðàòîðà L̃5 çàáåçïå÷óþòü óìîâè (Â1), (Â2).

Íàñòóïíèé êðîê � öå ïðèïóùåííÿ ïðî òå, ùî S � åëåìåíòàðíà ïîâåðõíÿ ç êëàñó

H2+λ
, òîáòî S = {x ∈ R

n|xn = F (x′)}, äå �óíêöiÿ F (x′) çàäîâîëüíÿ¹ óìîâó (16). Äàíèé

âèïàäîê, ÿêèé äåòàëüíî âèâ÷åíèé â ðîáîòi [10℄, ìîæíà çâåñòè äî ïîïåðåäíüîãî, ÿêùî

âèêîðèñòàòè òàê çâàíå ðîçïðÿìëþþ÷å ïåðåòâîðåííÿ êîîðäèíàò [9℄:

(x, t) → (z, t), zi = xi, i = 1, . . . , n− 1, zn = xn − F (x′),

ÿêå ìåæó S ïåðåâîäèòü ó ãiïåðïëîùèíó S̄ = {z ∈ R
n|zn = 0}. Òóò ìè çàóâàæèìî ëèøå,

ùî â ðîçãëÿäóâàíîìó âèïàäêó ïàðàáîëi÷íå ðiâíÿííÿ âiäíîñíî �óíêöi¨

ū2(x
′, t) = u2(x

′, F (x′), t),
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ÿêîìó âiäïîâiäà¹ øóêàíèé �.ð. Γ̄(x′, t; ξ′, τ) (0 ≤ τ < t ≤ T , x′, ξ′ ∈ R
n−1

), áåçïîñåðåäíüî

ìîæíà îòðèìàòè ç ðiâíÿííÿ (36), ïiäñòàâëÿþ÷è òàì Dnū2 = 0, Dknū2 = 0, k = 1, . . . , n,
¯̃βkl(x

′, t) = β̃kl(x
′, F (x′), t), k = 1, . . . , n − 1, ¯̃βk(x

′, t) = β̃k(x
′, F (x′), t), k = 1, . . . , n,

β̄0(x
′, t) = β0(x

′, F (x′), t), ψ̄0(x
′, t) = ψ0(x

′, F (x′), t):

L̃5ū ≡
n−1
∑

k,l=1

¯̃
βkl(x

′, t)Dklū2 +

n−1
∑

k=1

¯̃
βk(x

′, t)Dkū2 + β̄0(x
′, t)ū2 −Dtū2 = ψ̄0(x

′, t), (43)

äå êîå�iöi¹íòè

¯̃βkl(x
′, t), ¯̃βk(x

′, t) òà β̄0(x
′, t) âèçíà÷åíi �îðìóëàìè (37), i ìàòðèöÿ

¯̃Bn−1(x
′, t)) =

(

¯̃
βkl(x

′, t)
)n−1

k,l=1

� íåâiä'¹ìíî âèçíà÷åíà, ñèìåòðè÷íà òà ðiâíîìiðíî íåâèðîäæåíà, òîáòî äëÿ ¨¨ êîå�i-

öi¹íòiâ âèêîíàíà óìîâà (Â1).

Âèêîðèñòà¹ìî ðiâíÿííÿ (43) äëÿ ïîáóäîâè �.ð. ðiâíÿííÿ

L̃5u = 0, (x, t) ∈ S × (0, T ), (44)

äå L̃5u âèçíà÷à¹òüñÿ ëiâîþ ÷àñòèíîþ ðiâíÿííÿ (35) àáî (36).

Ç öi¹þ ìåòîþ ââåäåìî äî ðîçãëÿäó �óíêöi¨

P̄0(x
′, t; ξ′, τ) = P̄

(ξ′,τ)
0 (x′ − ξ′, t− τ) = (2

√
π)−(n−1)(det ¯̃Bn−1(ξ

′, τ))−1/2(t− τ)−(n−1)/2×

exp















−

(

(

¯̃Bn−1(ξ
′, τ)

)

−1

(x′ − ξ′), x′ − ξ′
)

4(t− τ)















, 0 ≤ τ < t ≤ T, x′, ξ′ ∈ R
n−1,

Γ̄0(x
′, t; ξ′, τ) = Γ̄

(ξ′,τ)
0 (x′−ξ′, t−τ) = P̄0(x

′, t; ξ′, τ)ν̄n(ξ
′), 0 ≤ τ < t ≤ T, x′, ξ′ ∈ R

n−1.

Òîäi

P0(x, t; ξ, τ) = P
(ξ,τ)
0 (x′ − ξ′, t− τ) = (2

√
π)−(n−1)(det B̃n−1(ξ, τ))

−1/2(t− τ)−(n−1)/2×

exp















−

(

(

B̃n−1(ξ, τ)
)

−1

(x′ − ξ′), x′ − ξ′
)

4(t− τ)















, 0 ≤ τ < t ≤ T, x, ξ ∈ S,

Γ0(x, t; ξ, τ) = Γ
(ξ,τ)
0 (x′ − ξ′, t− τ) = P0(x, t; ξ, τ)νn(ξ), 0 ≤ τ < t ≤ T, x, ξ ∈ S.

Âiäçíà÷èìî, ùî �óíêöiÿ P̄0(x
′, t; ξ′, τ) � �.ð. ðiâíÿííÿ

n−1
∑

k,l=1

¯̃
βkl(ξ

′, τ)Dklū2(x
′, t)−Dtū2(x

′, t) = 0, (x′, t) ∈ R
n
T ,
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iç çàìîðîæåíèìè ó òî÷öi (ξ′, τ) ∈ R
n
T êîå�iöi¹íòàìè. Ôóíêöiþ Γ0 ïðèéìà¹ìî çà ãîëîâíó

÷àñòèíó �.ð. ðiâíÿííÿ (44), à �.ð. Γ öüîãî ðiâíÿííÿ áóäó¹ìî ç âèêîðèñòàííÿì ìåòîäó

Ëåâi [6, ãë. IV, � 11℄.

Íàðåøòi, ðîçãëÿäàþ÷è çàãàëüíèé âèïàäîê ãiïåðïîâåðõíi S ∈ H2+λ
, çàóâàæèìî, ùî

ïðè ïîáóäîâi �.ð. Γ òðåáà âèêîðèñòàòè àòëàñ ìíîãîâèäó S, ùî ïîáóäîâàíèé çà äîïîìî-

ãîþ ðîçáèòòÿ îäèíèöi (18). Ó öüîìó âèïàäêó ðiâíÿííÿ (36) ó ìiñöåâié ñèñòåìi êîîðèíàò

{y, t} â òî÷öi x(m)
çàïèøåìî ó âèãëÿäi:

L̃5,(m)u
(m) ≡

n
∑

k,l=1

˜̂
β
(m)
kl (y, t)Dklu

(m)
2 +

n
∑

k=1

˜̂
β
(m)
k (y, t)Dku

(m)
2 + β

(m)
0 (y, t)u

(m)
2 −

Dtu
(m)
2 = ψ

(m)
0 (y, t), (y, t) ∈ S × (0, T ], (45)

äå u
(m)
2 (y, t) = u2(x(y), t), β̂

(m)
kl (y, t), k, l = 1, . . . , n, � åëåìåíòè ìàòðèöi

B̂(m)(y, t) = C(m)B(m)(y, t)(C(m))T , B(m)(y, t) = B(x(y), t) = (βij(x(y), t))
n
i,j=1 ,

β̂
(m)
k (y, t), k = 1, . . . , n, � êîîðäèíàòè âåêòîðà

β̂(m)(y, t) = C(m)β(m)(y, t), β(m)(y, t) = β(x(y), t),

β
(m)
0 (y, t) = β0(x(y), t), ψ

(m)
0 (y, t) = ψ0(x(y), t) = ψ(m)(y, t) − γ(m)(y, t)

∂u
(m)
2 (y,t)

∂N̂(m)(y,t)
,

ψ(m)(y, t) = ψ(x(y), t), γ(m)(y, t) = γ(x(y), t) = (β̂(m)(y,t),ν̂(m)(y))

(N̂(m)(y,t),ν̂(m)(y))
, N̂ (m)(y, t) = C(m)N (m)(y, t),

N (m)(y, t) = N(x(y), t) � âåêòîð êîíîðìàëi, âiäíåñåíèé äî ìàòðèöi Â
(m)
2 (y, t).

Äàëi ïåðåêîíó¹ìîñÿ ó òîìó, ùî çà óìîâè, êîëè (y, t) ∈ S̄
(m)
2 × [0, T ], ðiâíÿííÿ (45)

âiäíîñíî �óíêöi¨

u
(m)
2 (y, t)

∣

∣

∣

y∈S̄
(m)
2

= u
(m)
2 (y′, F (m)(y′), t) = ū

(m)
2 (y′, t),

äå F (m)(y′) âèçíà÷åíà �îðìóëîþ (20), ïðèéìà¹ âèãëÿä

L̃5,(m)ū
(m) ≡

n−1
∑

k,l=1

¯̂̃
β
(m)
kl (y′, t)Dklū

(m)
2 +

n−1
∑

k=1

¯̂̃
β
(m)
k (y′, t)Dkū

(m)
2 + β̄

(m)
0 (y′, t)ū

(m)
2 −

Dtū
(m)
2 = ψ̄

(m)
0 (y′, t), (y′, t) ∈ S

(m)
2,0 × (0, T ]. (46)

Ó ðiâíÿííi (46) β̄
(m)
0 (y′, t) = β

(m)
0 (y′, F (m)(y′), t), à

¯̂̃
β
(m)
kl (y′, t) =

˜̂
β
(m)
kl (y′, F (m)(y′), t),

¯̂̃
β
(m)
k (y′, t) =

˜̂
β
(m)
k (y′, F (m)(y′), t), k, l = 1, . . . , n − 1, âèçíà÷àþòüñÿ ç ðiâíîñòåé (37), ÿêi

âiäíåñåíi äî ìiñöåâî¨ ñèñòåìè êîîðäèíàò {y, t}.
ßê i â ó âèïàäêó åëåìåíòàðíî¨ ïîâåðõíi âèçíà÷èìî �óíêöiþ

Γ̂m(y, t; η, τ) =
¯̂
Pm(y

′, t; η′, τ)¯̂ν(m)
n (η′), 0 ≤ τ < t ≤ T, y′, η′ ∈ S̄

(m)
2,0 ,

äå �óíêöiÿ

¯̂
Pm(y

′, t; η′, τ) � �.ð. ðiâíîìiðíî ïàðàáîëi÷íîãî ðiâíÿííÿ çi ñòàëèìè êîå�i-

öi¹íòàìè

n−1
∑

k,l=1

¯̂̃
β
(m)
kl (η′, τ)Dklū

(m)
2 (y′, t)−Dtū

(m)
2 (y′, t) = 0.
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Äàëi ïîâåðòà¹ìîñÿ äî êîîðäèíàò {x, t} i çàïèñó¹ìî �óíêöiþ Γ̂m(y, t; η, τ) ó öèõ çìií-

íèõ:

Γm(x, t; ξ, τ) = Pm(x, t; ξ, τ)ν̂
(m)
n (η(ξ)). (47)

Íàðåøòi âèçíà÷èìî �óíêöiþ

Γ0(x, t; ξ, τ) =

N
∑

m=1

ω(m)(x)Γm(x, t; ξ, τ)α
(m)(ξ),

äå N � ÷èñëî �iêñîâàíèõ òî÷îê x(1), . . . , x(N)
íà ïîâåðõíi S, â ÿêèõ çàäàþòüñÿ ëîêàëüíi

êîîðäèíàòè, à �óíêöi¨ ω(m)
, α(m)

, Γm âèçíà÷åíi çà äîïîìîãîþ ñïiââiäíîøåíü (18), (19)

òà (47) âiäïîâiäíî.

Ïîáóäîâàíó òàêèì ÷èíîì �óíêöiþ Γ0 ââàæà¹ìî ãîëîâíîþ ÷àñòèíîþ �.ð. Γ ðiâíÿí-

íÿ (36), ÿêèé, ÿê i â ïîïåðåäíüîìó âèïàäêó, øóêà¹ìî ìåòîäîì Ëåâi. Ïîáóäîâó �.ð. Γ

ðiâíÿííÿ (36) çàâåðøåíî.

Âèêîðèñòîâóþ÷è �.ð. Γ, ¹äèíèé ðîçâ'ÿçîê çàäà÷i (36), (40) ìîæíà ïðåäñòàâèòè ó

âèãëÿäi

u2(x, t) =

∫

S

Γ(x, t; ξ, 0)ϕ2(ξ)dσξ −
t

∫

0

dτ

∫

S

Γ(x, t; ξ, τ)ψ0(ξ, τ)dσξ, (x, t) ∈ Σ. (48)

Îòæå, ìà¹ìî äâà âèðàçè äëÿ çíà÷åíü �óíêöi¨ u2 íà Σ: ñïiââiäíîøåííÿ (33), äå òðåáà

ïîêëàñòè s = 2, (x, t) ∈ Σ, òà ñïiââiäíîøåííÿ (48). ßêùî ïðèðiâíÿòè ìiæ ñîáîþ ¨õ ïðàâi

÷àñòèíè, âðàõîâóþ÷è ïðè öüîìó (7), (9), (37) òà (38), òî çíàéäåìî ïåðøå ðiâíÿííÿ, ùî

ïîâ'ÿçó¹ íåâiäîìi �óíêöi¨ Vm, m = 0, 1, 2:

t
∫

0

dτ

∫

S(0)

G0(x, t; ξ, τ)V0(ξ, τ)dσξ +

2
∑

l=0

t
∫

0

dτ

∫

S(l)

K0l(x, t; ξ, τ)Vl(ξ, τ)dσξ = Φ0(x, t),

(x, t) ∈ Σ(0), (49)

äå Σ(0) = S(0) × [0, T ], S(0) = S, S(1) = S(2) = S1,

G0(x, t; ξ, τ) ≡ G2(x, t; ξ, τ), K01(x, t; ξ, τ) ≡ 0,

K00(x, t; ξ, τ) =
1

2
γ(ξ, τ)Γ(x, t; ξ, τ)−

t
∫

τ

ds

∫

S

Γ(x, t; η, s)γ(η, s)
∂G2(η, s; ξ, τ)

∂N(η, s)
dση,

K02(x, t; ξ, τ) = G2(x, t; ξ, τ)−
t

∫

τ

ds

∫

S

Γ(x, t; η, s)γ(η, s)
∂G2(η, s; ξ, τ)

∂N(η, s)
dση,

Φ0(x, t) =

∫

S

Γ(x, t; ξ, 0)ϕ2(ξ)dσξ −
3

∑

j=2

u
(j)
2 (x, t)−
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t
∫

0

dτ

∫

S

Γ(x, t; ξ, τ)

[

ψ(ξ, τ)− γ(ξ, τ)
3

∑

j=2

∂u
(j)
2 (ξ, τ)

∂N(ξ, τ)

]

dσξ. (50)

Äðóãå i òðåò¹ ðiâíÿííÿ äëÿ Vm, m = 0, 1, 2, îòðèìà¹ìî ç óìîâè ñïðÿæåííÿ (26). ßê

i ó âèïàäêó êðàéîâî¨ óìîâè, ïåðåòâîðèìî ðiâíiñòü (26), âèäiëèâøè â íié ó âèðàçàõ, ùî

ìiñòÿòü ïîõiäíi ïåðøîãî ïîðÿäêó çà ïðîñòîðîâèìè çìiííèìè, îêðåìî òàíãåíöiàëüíó i

êîíîðìàëüíó ñêëàäîâi çà äîïîìîãîþ ñïiââiäíîøåíü:

(β(1),∇u2) =
n

∑

i=1

β
(1)
i (x, t)δ̃

(2)
i u2 + γ2(x, t)

∂u2(x, t)

∂N (2)(x, t)
,

(α,∇u1) =
n

∑

i=1

αi(x, t)δ̃
(1)
i u1 + γ1(x, t)

∂u1(x, t)

∂N (1)(x, t)
, (51)

äå δ̃
(s)
i = Di − ν

(1)
i

(N(s),ν(1))

n
∑

k=1

N
(s)
k Dk, i = 1, . . . , n, s = 1, 2, � äîòè÷íi äè�åðåíöiàëüíi

îïåðàòîðè íà S1,

γ1(x, t) =
(α(x, t), ν(1)(x))

(N (1)(x, t), ν(1)(x))
, γ2(x, t) =

(β(1)(x, t), ν(1)(x))

(N (2)(x, t), ν(1)(x))
.

Âðàõîâóþ÷è (51) òà (25), óìîâó ñïðÿæåííÿ (26) ìîæíà ïåðåïèñàòè ó âèãëÿäi:

L̃4u(x, t) ≡
n

∑

i,j=1

β
(1)
ij (x, t)δ

(1)
i δ

(1)
j u2 +

n
∑

i=1

β
(1)
i (x, t)δ̃

(2)
i u2 −

n
∑

i=1

αi(x, t)δ̃
(1)
i u2+

β̃
(1)
0 (x, t)u2 −Dtu2 = θ̃(x, t), (x, t) ∈ Σ1\S1, (52)

àáî

L̃4u(x, t) ≡
n

∑

k,l=1

β̃
(1)
kl (x, t)Dklu2 +

n
∑

k=1

β̃
(1)
k (x, t)Dku2 + β̃

(1)
0 (x, t)u2 −Dtu2 = θ̃(x, t), (53)

äå

β̃
(1)
kl (x, t) =

n
∑

i,j=1

β
(1)
ij (x, t)τ

(1)
ik (x)τ

(1)
jl (x), k, l = 1, . . . , n,

β̃
(1)
0 (x, t) = β

(1)
0 (x, t) + α0(x, t),

β̃
(1)
k (x, t) = β

(1)
k (x, t)−αk(x, t)+

2
∑

s=1

(−1)s−1γs(x, t)N
(s)
k (x, t)−

n
∑

i,j=1

β
(1)
ij (x, t)δi(ν

(1)
j (x)ν

(1)
k (x)),

θ̃(x, t) = θ0(x, t) +

2
∑

s=1

(−1)s−1γs(x, t)
∂us(x, t)

∂N (s)(x, t)
,

θ0(x, t) = θ(x, t)− α0(x, t)z(x, t) +

n
∑

i=1

αi(x, t)δ̃
(1)
i (x, t)z(x, t). (54)
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Ìiðêóþ÷è ÿê i ó âèïàäêó êðàéîâî¨ óìîâè, ðîçãëÿäàòèìåìî (52) àáî (53) ÿê àâòîíîìíå

ïàðàáîëi÷íå ðiâíÿííÿ íà Σ1\S1. Ó öüîìó ðiâíÿííi, ÿê âèïëèâà¹ ç óìîâ òåîðåìè, óìîâè

(34), �îðìóë (54) òà âëàñòèâîñòåé ïîòåíöiàëiâ (äèâ. ï. 2), éîãî êîå�iöi¹íòè òà ïðàâà

÷àñòèíà íàëåæàòü äî êëàñó Hλ,λ/2
. Òîäi äëÿ ðîçâ'ÿçêó u2 öüîãî ðiâíÿííÿ, ÿêèé çàäîâîëü-

íÿ¹ ïî÷àòêîâó óìîâó

u2(x, 0) = ϕ2(x), x ∈ S1, (55)

ñïðàâåäëèâà íåðiâíiñòü

‖u2‖H2+λ,(2+λ)/2(Σ1) ≤ C
[

‖θ̃‖Hλ,λ/2(Σ1) + ‖ϕ2‖H2+λ(S1)

]

. (56)

�îçâ'ÿçîê çàäà÷i (53), (55) ìîæíà ïðåäñòàâèòè ó âèãëÿäi

u2(x, t) =

∫

S1

Γ1(x, t; ξ, 0)ϕ2(ξ)dσξ −
t

∫

0

dτ

∫

S1

Γ1(x, t; ξ, τ)θ̃(ξ, τ)dσξ, (x, t) ∈ Σ1, (57)

äå Γ1(x, t; ξ, τ) � �.ð. îïåðàòîðà L̃4, iñíóâàííÿ ÿêîãî çàáåçïå÷óþòü óìîâè òåîðåìè.

ßê i â ïîïåðåäíüîìó âèïàäêó, ìà¹ìî äâà âèðàçè äëÿ çíà÷åíü �óíêöi¨ u2 íà Σ1:

ñïiââiäíîøåííÿ (33), äå òðåáà ïîêëàñòè s = 2, (x, t) ∈ Σ1, òà ñïiââiäíîøåííÿ (57). Ïðè-

ðiâíþþ÷è ìiæ ñîáîþ ¨õ ïðàâi ÷àñòèíè, âðàõîâóþ÷è ïðè öüîìó (6)�(8), çíàõîäèìî äðóãå

ðiâíÿííÿ, ùî ïîâ'ÿçó¹ íåâiäîìi �óíêöi¨ Vm, m = 0, 1, 2. Òðåò¹ ðiâíÿííÿ äëÿ Vm îòðè-

ìà¹ìî, âèêîðèñòîâóþ÷è (57) òà óìîâó ñïðÿæåííÿ (25). Òîäi ñèñòåìà ðiâíÿíü âiäíîñíî

íåâiäîìèõ ùiëüíîñòåé Vm, m = 0, 1, 2, ìàòèìå âèãëÿä:

t
∫

0

dτ

∫

S(m)

Gm(x, t; ξ, τ)Vm(ξ, τ)dσξ +
2

∑

l=0

t
∫

0

dτ

∫

S(l)

Kml(x, t; ξ, τ)Vl(ξ, τ)dσξ = Φm(x, t),

(x, t) ∈ Σ(m), m = 0, 1, 2, (58)

äå Σ(m) = S(m) × [0, T ], m = 0, 1, 2.

K10(x, t; ξ, τ) =

t
∫

τ

ds

∫

S1

Γ1(x, t; η, s)γ2(η, s)
∂G2(η, s; ξ, τ)

∂N (2)(η, s)
dση,

K20(x, t; ξ, τ) = K10(x, t; ξ, τ) +G2(x, t; ξ, τ),

Kml(x, t; ξ, τ) = (−1)l−11

2
γl(ξ, τ)Γ1(x, t; ξ, τ)+

t
∫

τ

ds

∫

S1

Γ1(x, t; η, s)γl(η, s)
∂Gl(η, s; ξ, τ)

∂N (l)(η, s)
dση, m, l = 1, 2,

Φm(x, t) =

∫

S1

Γ1(x, t; ξ, 0)ϕ2(ξ)dσξ −
3

∑

l=2

u(l)m (x, t) + zm(x, t)−
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t
∫

0

dτ

∫

S1

Γ1(x, t; ξ, τ)

[

θ0(ξ, τ) +
2

∑

i=1

3
∑

j=2

(−1)i−1γi(ξ, τ)
∂u

(j)
i (ξ, τ)

∂N (i)(ξ, τ)

]

dσξ, m = 1, 2,

z1(x, t) ≡ z(x, t), z2(x, t) ≡ 0, (59)

à K0m, S
(m)

, m = 0, 1, 2, Φ0 âèçíà÷àþòü çà �îðìóëàìè (50).

Ïðè öüîìó äëÿ ÿäåð Kml, m, l = 0, 1, 2, ç (50) òà (59) ¹ ïðàâèëüíîþ íåðiâíiñòü (4), â

ÿêié çàìiñòü n, r i p òðåáà ïîêëàñòè âiäïîâiäíî n−1, 0 i 0, à äëÿ �óíêöié Φm, m = 0, 1, 2,

ÿê âèïëèâà¹ ç ïðèïóùåíü òåîðåìè, óìîâ óçãîäæåííÿ (30) òà âëàñòèâîñòåé ïîòåíöiàëiâ,

âèêîíó¹òüñÿ óìîâà

Φm ∈ H
◦

2+λ,(2+λ)/2(Σ(m)), m = 0, 1, 2.

Ñèñòåìà ðiâíÿíü (58) ¹ ñèñòåìîþ iíòåãðàëüíèõ ðiâíÿíü Âîëüòåððè I ðîäó. Íà ïiäñòàâi

(22), ëåìè 3.2 òà óìîâ òåîðåìè ïåðåêîíó¹ìîñÿ â òîìó, ùî ïiñëÿ çàñòîñóâàííÿ îïåðàòîðà

Em, m = 0, 1, 2, äî âiäïîâiäíîãî ðiâíÿííÿ ñèñòåìè (58) îñòàííÿ çàìiíþ¹òüñÿ åêâiâàëåíò-

íîþ ñèñòåìîþ iíòåãðàëüíèõ ðiâíÿíü Âîëüòåððè II ðîäó âèãëÿäó ((x, t) ∈ Σ(m), m =

0, 1, 2):

Vm(x, t) +
2

∑

l=0

t
∫

0

dτ

∫

S(l)

Rml(x, t; ξ, τ)Vl(ξ, τ)dσξ = Ψm(x, t), m = 0, 1, 2, (60)

äå

Ψm(x, t) =
(

Am(x, t)ν
(m)(x), ν(m)(x)

)−1/2 Em(x, t)Φm,

A0(x, t) ≡ A2(x, t), ν(0)(x) = ν(x), ν(1)(x) = ν(2)(x),

äî òîãî æ EmΦm ∈ H
◦

1+λ,(1+λ)/2(Σ(m)), Φm ∈ H
◦

λ,λ/2(Σ(m)), à äëÿ ÿäåð Rml, m, l = 0, 1, 2,

ñïðàâåäëèâà íåðiâíiñòü (10).

�îçâ'ÿçóþ÷è ñèñòåìó ðiâíÿíü (60) ìåòîäîì ïîñëiäîâíèõ íàáëèæåíü çíàõîäèìî Vm,

m = 0, 1, 2. Êðiì öüîãî, äîâîäèìî, ùî äëÿ Vm, m = 0, 1, 2, âèêîíó¹òüñÿ óìîâà (34).

Äëÿ çàâåðøåííÿ äîâåäåííÿ òåîðåìè, çàëèøèëîñÿ ïåðåâiðèòè âèêîíàííÿ óìîâè (31),

îöiíêè (32) òà îá ðóíòóâàòè ¹äèíiñòü ïîáóäîâàíîãî ðîçâ'ÿçêó çàäà÷i (23)�(27). Äëÿ öüîãî

äîñòàòíüî çàóâàæèòè, ùî êîæíó ç ïîáóäîâàíèõ çà �îðìóëàìè (33), (60) �óíêöié us,

s = 1, 2, ìîæíà ðîçãëÿäàòè ÿê ðîçâ'ÿçîê íàñòóïíî¨ ïàðàáîëi÷íî¨ ïåðøî¨ êðàéîâî¨ çàäà÷i:

Lsus(x, t) = −fs(x, t), (x, t) ∈ Ωs, s = 1, 2,

us(x, 0) = ϕs(x), x ∈ Ds, s = 1, 2,

us(x, t) = v1(x, t) + (2− s)z(x, t), (x, t) ∈ Σ1, s = 1, 2,

u2(x, t) = v(x, t), (x, t) ∈ Σ, (61)

ïðè âèêîíàííi óìîâ óçãîäæåííÿ

ϕs(x) = v1(x, 0) + (2− s)z(x, 0), x ∈ S1, s = 1, 2,
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ϕ2(x) = v(x, 0), x ∈ S,

∂us(x, t)

∂t

∣

∣

∣

∣

t=0

=
∂v1(x, t)

∂t

∣

∣

∣

∣

t=0

+ (2− s)
∂z(x, t)

∂t

∣

∣

∣

∣

t=0

, x ∈ S1, s = 1, 2,

∂u2(x, t)

∂t

∣

∣

∣

∣

t=0

=
∂v(x, t)

∂t

∣

∣

∣

∣

t=0

, x ∈ S, (62)

äå �óíêöi¨ v1 ∈ H2+λ,(2+λ)/2(Σ1) òà v ∈ H2+λ,(2+λ)/2(Σ) âèçíà÷åíi çà äîïîìîãîþ ñïiââiäíî-

øåíü (57) i (48) âiäïîâiäíî. Òîäi (äèâ. [6℄) óìîâè òåîðåìè ðàçîì ç óìîâàìè (30), îöiíêàìè

(56) òà (41) ãàðàíòóþòü íàì iñíóâàííÿ ¹äèíîãî ðîçâ'ÿçêó çàäà÷i (61), (62), ùî íàëåæèòü

äî êëàñó (31), i äëÿ ÿêîãî ñïðàâåäëèâà îöiíêà (32). Òåîðåìà äîâåäåíà.
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Â ñòàòüå ðàññìàòðûâàåòñÿ âîïðîñ î ñóùåñòâîâàíèè â êëàññå �åëüäåðà ðåøåíèÿ íà÷àëü-

íî-êðàåâîé çàäà÷è äëÿ ëèíåéíîãî ïàðàáîëè÷åñêîãî óðàâíåíèÿ âòîðîãî ïîðÿäêà ñ ðàçðûâ-

íûìè êîý��èöèåíòàìè ñ êðàåâûì óñëîâèåì è óñëîâèåì ñîïðÿæåíèÿ, êîòîðûå, êàê è óðàâ-

íåíèå â îáëàñòè, îïðåäåëÿþòñÿ ëèíåéíûìè ïàðàáîëè÷åñêèìè îïåðàòîðàìè âòîðîãî ïîðÿä-

êà.


