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Îöåíêà À.Çèãìóíäà äëÿ îäíîãî êëàññà ïîâåðõíîñòíûõñèíãóëÿðíûõ èíòåãðàëîâÝ. Ã. ÕàëèëîâÀííîòàöèÿ. Äîêàçàíà îöåíêà À.Çèãìóíäà äëÿ ïðîèçâîäíîé àêóñòè÷åñêîãî ïîòåíöèàëàäâîéíîãî ñëîÿ.Êëþ÷åâûå ñëîâà: îöåíêà À.Çèãìóíäà, ïðîèçâîäíàÿ àêóñòè÷åñêîãî ïîòåíöèàëà äâîéíîãîñëîÿ, ïîâåðõíîñòíûé ñèíãóëÿðíûé èíòåãðàë.2000 Mathematics Subject Classi�cations: 35J05, 45E05, 31B10Èçâåñòíî, ÷òî êðàåâûå çàäà÷è Äèðèõëå è Íåéìàíà äëÿ óðàâíåíèÿ Ãåëüìãîëüöà èäð. (ñì. [1]) ïðèâîäÿòñÿ ê ñèíãóëÿðíîìó èíòåãðàëüíîìó óðàâíåíèþ, çàâèñÿùåìó îòíîðìàëüíîé ïðîèçâîäíîé àêóñòè÷åñêîãî ïîòåíöèàëà äâîéíîãî ñëîÿ

Wk,ρ(x) =

∫

S

∂Φk(x, y)

∂~n(y)
ρ(y)dSy, x ∈ S, (1)ãäå S ⊂ R

3 - ïîâåðõíîñòü Ëÿïóíîâà, ~n(y)- âíåøíÿÿ åäèíè÷íàÿ íîðìàëü â òî÷êå y ∈ S,
Φk(x, y) =

exp(ik|x−y|)
4π|x−y| , x 6= y - ôóíäàìåíòàëüíîå ðåøåíèå óðàâíåíèÿ Ãåëüìãîëüöà, k -âîëíîâîå ÷èñëî, ïðè÷åì Imk ≥ 0, à ρ(y)- íåïðåðûâíî äèôôåðåíöèðóåìàÿ ôóíêöèÿ íà

S. Ïîýòîìó âîçíèêàåò èíòåðåñ ê èçó÷åíèþ íåêîòîðûõ îñíîâíûõ ñâîéñòâ îïåðàòîðà
(Aρ) (x) = gradWk,ρ (x), x ∈ S, â îáîáùåííûõ ïðîñòðàíñòâàõ Ãåëüäåðà. À äëÿýòîãî, êàê èçâåñòíî, ñíà÷àëà íàäî äîêàçàòü îöåíêó òèïà À.Çèãìóíäà äëÿ ïðîèçâîäíîéàêóñòè÷åñêîãî ïîòåíöèàëà äâîéíîãî ñëîÿ, ê ÷åìó ïîñâÿùåíà íàñòîÿùàÿ ðàáîòà.Äëÿ íåïðåðûâíîé íà S âåêòîðíîé ôóíêöèè ϕ (x) ââîäèì ìîäóëü íåïðåðûâíîñòèâèäà ω (ϕ, δ) = δ sup

τ≥δ

ω (ϕ, τ)
τ , δ > 0, ãäå ω̄(ϕ, τ) = max

|x− y| ≤ δ
x, y ∈ S

|ϕ (x)− ϕ (y) |.Ïîñòðîåííûå Ãþíòåðîì (ñì.[2]) êîíòðïðèìåðû ïîêàçûâàþò, ÷òî äëÿ ïîòåíöèàëàäâîéíîãî ñëîÿ ñ íåïðåðûâíîé ïëîòíîñòüþ ïðîèçâîäíûå, âîîáùå ãîâîðÿ, íå ñóùåñòâóþò.Îäíàêî â ðàáîòå [3] ïîêàçàíî, ÷òî åñëè S- ïîâåðõíîñòü Ëÿïóíîâà, à ρ(x)- íåïðåðûâíîäèôôåðåíöèðóåìàÿ ôóíêöèÿ íà S è ∫ diamS
0

ω(gradρ, t)
t dt < +∞, òî àêóñòè÷åñêèéïîòåíöèàë äâîéíîãî ñëîÿ Wk,ρ(x) èìååò íà S íåïðåðûâíóþ ïðîèçâîäíóþ è äàíàôîðìóëà äëÿ âû÷èñëåíèÿ ïðîèçâîäíîé àêóñòè÷åñêîãî ïîòåíöèàëà äâîéíîãî ñëîÿ.http://www.jcam.azvs.az 11 c© 2011 JCAM All rights reserved.



12 Ý. Ã. ÕàëèëîâÒåîðåìà. Ïóñòü S- ïîâåðõíîñòü Ëÿïóíîâà ñ ïîêàçàòåëåì 0 < α ≤ 1, ρ(x)-íåïðåðûâíî äèôôåðåíöèðóåìàÿ ôóíêöèÿ íà S è ∫ diamS
0

ω(gradρ, t)
t dt < +∞. Òîãäààêóñòè÷åñêèé ïîòåíöèàë äâîéíîãî ñëîÿ èìååò íåïðåðûâíóþ ïðîèçâîäíóþ, ïðè÷åìñïðàâåäëèâà ñëåäóþùàÿ îöåíêà:

ω (gradWk,ρ, h) ≤ Mρ

(

hα + ω (gradρ, h) +
∫ h
o

ω(gradρ,t)
t dt+ h

∫ diamS
h

ω(gradρ,t)
t2 dt

) ïðè
0 < α < 1,
ω (gradWk,ρ, h) ≤ Mρ

(

h |lnh |+ ω (gradρ, h) +
∫ h
o

ω(gradρ,t)
t dt+ h

∫ diamS
h

ω(gradρ,t)
t2

dt
)ïðè α = 1,ãäå Mρ- ïîëîæèòåëüíàÿ ïîñòîÿííàÿ, çàâèñÿùàÿ ëèøü îò S, k è ρ.Äîêàçàòåëüñòâî. Â ðàáîòå [3] äîêàçàíî, ÷òî àêóñòè÷åñêèé ïîòåíöèàë äâîéíîãîñëîÿ èìååò íåïðåðûâíóþ ïðîèçâîäíóþ, ïðè÷åì

gradWk,ρ(x) =

∫

S
gradx

(

∂ (Φk(x, y)− Φ0(x, y))

∂~n(y)

)

ρ(y)dSy−

− 3

4π

∫

S

(−→xy, ~n(y)) −→xy
|x− y|5

(ρ(y)− ρ(x)) dSy +
1

4π

∫

S

ρ(y)− ρ(x)

|x− y|3
~n(y)dSy, x ∈ S. (2)Ñëàãàåìûå â ðàâåíñòâå (2) îáîçíà÷èì ÷åðåç L (x), F (x) è G (x), ñîîòâåòñòâåííî.Âîçüìåì ëþáûå òî÷êè x′, x′′ ∈ S òàêèå, ÷òîáû âåëè÷èíà h = |x′ − x′′| áûëàäîñòàòî÷íî ìàëîé. Òîãäà

gradWk, ρ(x
′)− gradWk, ρ(x

′′) =

=
[

L
(

x′
)

− L
(

x′′
)]

+
[

F
(

x′
)

− F
(

x′′
)]

+
[

G
(

x′
)

−G
(

x′′
)]

. (3)Òàê êàê èíòåãðàëû L(x) è F (x) ÿâëÿþòñÿ ñëàáî ñèíãóëÿðíûìè, òî íåòðóäíîäîêàçàòü, ÷òî
∣

∣L
(

x′
)

− L
(

x′′
)∣

∣ ≤ M∗h |lnh | ‖ρ‖∞ (4)è
∣

∣F
(

x′
)

− F
(

x′′
)∣

∣ ≤M (h ‖ρ‖∞ + hα ‖gradρ‖∞) ïðè 0 < α < 1,
∣

∣F
(

x′
)

− F
(

x′′
)∣

∣ ≤M (h ‖ρ‖∞ + h |lnh | ‖gradρ‖∞) ïðè α = 1. (5)Òåïåðü îöåíèì âûðàæåíèå G (x′) − G (x′′). Î÷åâèäíî, ÷òî ñóùåñòâóþò òî÷êè ỹ′ =
= x′ + θ′ (y − x′) è ỹ′′ = x′′ + θ′′ (y − x′′) òàêèå, ÷òî ρ(y) − ρ(x′) = (gradρ(ỹ′),

−→
x′y) è

ρ(y) − ρ(x′′) = (gradρ(ỹ′′),
−−→
x′′y). Òîãäà âûðàæåíèå G (x′) −G (x′′) ìîæíî ïðåäñòàâèòüâ ñëåäóþùåì âèäå:

G
(

x′
)

−G
(

x′′
)

=
1

4π

∫

S\Sd(x′)

(

ρ(y)− ρ(x′)

|x′ − y|3
− ρ(y)− ρ(x′′)

|x′′ − y|3
)

~n(y)dSy+

∗Çäåñü è äàëåå ÷åðåç M îáîçíà÷åíû ïîëîæèòåëüíûå ïîñòîÿííûå, ðàçíûå â ðàçëè÷íûõ íåðàâåíñòâàõ.



Îöåíêà À.Çèãìóíäà äëÿ îäíîãî êëàññà ïîâåðõíîñòíûõ ñèíãóëÿðíûõ èíòåãðàëîâ 13
+

1

4π

∫

Sh/2(x′)

[

(gradρ(ỹ′)− gradρ(x′),
−→
x′y)

|x′ − y|3
+

(gradρ(x′),
−→
x′y)

|x′ − y|3
(~n(y)− ~n(x′))

]

~n(y)dSy−

− 1

4π

∫

Sh/2(x′′)

[

(gradρ(x′′),
−−→
x′′y)

|x′′ − y|3
(~n(y)− ~n(x′′)) +

(gradρ(ỹ′′)− gradρ(x′′),
−−→
x′′y)

|x′′ − y|3

]

~n(y)dSy−

− 1

4π

∫

Sh/2(x′)

[

(gradρ(ỹ′′)− gradρ(x′′),
−−→
x′′y)

|x′′ − y|3
+

(gradρ(x′′),
−−→
x′′y)

|x′′ − y|3
(~n(y)− ~n(x′′))

]

dSy+

+
1

4π

∫

Sh/2(x′′)

[

(gradρ(x′),
−→
x′y)

|x′ − y|3
(~n(y)− ~n(x′)) +

(gradρ(ỹ′)− gradρ(x′),
−→
x′y)

|x′ − y|3

]

dSy+

+
1

4π

∫

Sd(x′)\(Sh/2(x′)
⋃

Sh/2(x′′))
{ (gradρ(ỹ′)−gradρ(x′′),

−→
x′y)·

(

1

|x′ − y|3
− 1

|x′′ − y|3
)

·~n(y)+

+
1

|x′′ − y|3
[

(gradρ(ỹ′)− gradρ(ỹ′′),
−→
x′y) + (gradρ(ỹ′)− gradρ(x′),

−−→
x′x′′)

]

~n(y)+

+
n (y)− n (x′)

|x′ − y|3
(

gradρ
(

x′′
)

− gradρ
(

x′
)

, x′y
)

+ (gradρ(x′′),
−−→
x′′y) (~n(y)− ~n(x′′))×

×
(

1

|x′ − y|3
− 1

|x′′ − y|3
)

+ ((gradρ(x′)− gradρ(x′′),
−→
x′y)+

+(gradρ(x′′),
−−→
x′x′′))

~n(y)− ~n(x′′)

|x′ − y|3
}

dSy+

+
1

4π

∫

Sd(x′)

(gradρ(x′),
−→
x′y)

|x′ − y|3
(

~n(x′)− ~n(x′′)
)

dSy+

+
n (x′)

4π

∫

Sd(x′)\(Sh/2(x′)
⋃

Sh/2(x′′))

(gradρ (x′′)− gradρ (x′) , x′y)

|x′ − y|3
dSy+

+
1

4π

∫

Sd(x′)\(Sh/2(x′)
⋃

Sh/2(x′′))

(gradρ(x′),
−→
x′y)

|x′ − y|3
(~n(x′′)− ~n(x′)) dSy+

+
~n(x′′)

4π

∫

Sd(x′)

[

(gradρ(x′),
−→
x′y)

|x′ − y|3
− (gradρ(x′′),

−−→
x′′y)

|x′′ − y|3

]

dSy,ãäå d- ðàäèóñ ñòàíäàðòíîé ñôåðû äëÿ S, à Sd(x) = { y ∈ S : |y − x| < d }.



14 Ý. Ã. ÕàëèëîâÑëàãàåìûå â ïîñëåäíåì ðàâåíñòâå îáîçíà÷èì ÷åðåç Gi(x
′, x′′), i = 1, 10, ñîîòâåò-ñòâåííî. Î÷åâèäíî, ÷òî

∣

∣G1(x
′, x′′)

∣

∣ ≤M h ‖ρ‖∞ ,

∣

∣G2(x
′, x′′)

∣

∣ ≤M

(
∫ h

0

ω(gradρ, t)

t
dt+ hα ‖gradρ‖∞

)è
∣

∣G3(x
′, x′′)

∣

∣ ≤M

(∫ h

0

ω(gradρ, t)

t
dt+ hα ‖gradρ‖∞

)

.Êðîìå òîãî, ïðèíèìàÿ âî âíèìàíèå h/2 ≤ |y − x′′| ≤ 3h/2, ∀ y ∈ Sh/2(x
′), èìååì:

∣

∣G4(x
′, x′′)

∣

∣ ≤M
ω (gradρ, 3h/2) + (3h/2)α

(3h/2)2
mesSh/2

(

x′
)

≤M (hα + ω (gradρ, h)) .Ó÷èòûâàÿ, ÷òî h/2 ≤ |y − x′| ≤ 3h/2, ∀ y ∈ Sh/2(x
′′), íàõîäèì

∣

∣G5(x
′, x′′)

∣

∣ ≤M (hα + ω (gradρ, h)) .Òàê êàê ñóùåñòâóåò òî÷êà x̃ = x′ + θ̃ (x′′ − x′) òàêàÿ, ÷òî ρ(x′′)− ρ(x′) = (gradρ(x̃),−−→
x′x′′), òî (gradρ(x̃),

−−→
x′x′′) = ρ(x′′) − ρ(x′) = (ρ (y)− ρ (x′)) − (ρ (y)− ρ (x′′)) =

(gradρ(ỹ′),
−→
x′y) − (gradρ(ỹ′′),

−−→
x′′y) = (gradρ(ỹ′) − gradρ(ỹ′′),

−→
x′y) + (gradρ(ỹ′′),

−−→
x′x′′),à, çíà÷èò,

(gradρ(ỹ′)− gradρ(ỹ′′),
−→
x′y) = (gradρ(x̃)− gradρ(ỹ′′),

−−→
x′x′′).Òîãäà, ïðèíèìàÿ âî âíèìàíèå íåðàâåíñòâî

∣

∣

∣

∣

1

|x′ − y|3
− 1

|x′′ − y|3
∣

∣

∣

∣

≤ M h

|x′ − y|4
, y ∈ Sd

(

x′
)

\
(

Sh/2
(

x′
)

⋃

Sh/2
(

x′′
)

)

,ïîëó÷àåì, ÷òî
|G6(x

′, x′′)| ≤M
(

h
∫ d
h

ω(gradρ, t)
t2

dt+ hα ‖gradρ‖∞ + ω (gradρ, h)
) ïðè 0 < α < 1,

|G6(x
′, x′′)| ≤M

(

h
∫ d
h

ω(gradρ, t)
t2

dt+ h |lnh | ‖gradρ‖∞ + ω (gradρ, h)
) ïðè α = 1.Òàê êàê èíòåãðàë ∫

Sd(x′)
(gradρ(x′),

−→
x′y)

|x′−y|3
dSy ñõîäèòñÿ â ñìûñëå ãëàâíîãî çíà÷åíèÿÊîøè, ïîýòîìó |G7(x

′, x′′)| ≤M hα.Èçâåñòíî (ñì. [4]), ÷òî ìíîæåñòâî Sd(x′) îäíîçíà÷íî ïðîåêòèðóåòñÿ íà ìíîæåñòâî
Ωd(x

′), ëåæàùåå â êðóãå ðàäèóñà d ñ öåíòðîì â òî÷êå x′ íà êàñàòåëüíîé ïëîñêîñòè
Γ(x′) ê S â òî÷êå x′. Íà êóñêå Sd(x′) âûáåðåì ëîêàëüíóþ ïðÿìîóãîëüíóþ ñèñòåìóêîîðäèíàò (u, v, w) ñ íà÷àëîì â òî÷êå x′, ãäå îñü w íàïðàâèì âäîëü íîðìàëè −→n (x′).



Îöåíêà À.Çèãìóíäà äëÿ îäíîãî êëàññà ïîâåðõíîñòíûõ ñèíãóëÿðíûõ èíòåãðàëîâ 15Î÷åâèäíî, ÷òî îñè u è v áóäóò ëåæàòü íà êàñàòåëüíîé ïëîñêîñòè Γ(x′). Òîãäà â ýòèõêîîðäèíàòàõ îêðåñòíîñòü Sd(x′) ìîæíî çàäàòü óðàâíåíèåì
w = f(u, v), (u, v) ∈ Ωd(x

′),ïðè÷åì
f ∈ C1,α(Ωd(x)) è f(0, 0) = 0,

∂f(0, 0)

∂u
= 0

∂f(0, 0)

∂v
= 0. (6)Êðîìå òîãî, åñëè ỹ ∈ Γ(x′) åñòü ïðîåêöèÿ òî÷êè y ∈ S, òî (ñì. [5])

∣

∣x′ − ỹ
∣

∣ ≤
∣

∣x′ − y
∣

∣ ≤ C1

∣

∣x′ − ỹ
∣

∣ ,ãäå C1- ïîëîæèòåëüíàÿ ïîñòîÿííàÿ, çàâèñÿùàÿ ëèøü îò S (äëÿ ñôåðû C1 =
√
2).Ïóñòü d0 = d/C1 è Od0 (x

′) =
{

u2 + v2 < d0
}

⊂ Γ(x′) (î÷åâèäíî, ÷òî Od0 (x
′) ⊂

Ωd(x
′)). ×åðåç Ωh/2 (x

′, x′′) îáîçíà÷èì ïðîåêöèþ ìíîæåñòâà Sh/2 (x
′)
⋃

Sh/2 (x
′′) íàêàñàòåëüíóþ ïëîñêîñòü Γ(x′). Òàê êàê

∫

Od0
(x′)\O2h(x′)

(

∂ρ(x′)
∂x1

− ∂ρ(x′′)
∂x1

)

u+
(

∂ρ(x′)
∂x2

− ∂ρ(x′′)
∂x2

)

v
(√

u2 + v2
)3 dudv = 0,òî ïî ôîðìóëå ñâåäåíèÿ ïîâåðõíîñòíîãî èíòåãðàëà ê ïîâòîðíîìó ïîëó÷àåì:

∫

Sd(x′)\(Sh/2(x′)
⋃

Sh/2(x′′))

(

gradρ(x′)− gradρ (x′′) ,
−→
x′y

)

|x′ − y|3
dSy =

=

∫

Ωd(x′)\Ωh/2(x′,x′′)

(

∂ρ(x′)
∂x1

− ∂ρ(x′′)
∂x1

)

u+
(

∂ρ(x′)
∂x2

− ∂ρ(x′′)
∂x2

)

v +
(

∂ρ(x′)
∂x3

− ∂ρ(x′′)
∂x3

)

f(u, v)
(

√

u2 + v2 + f2(u, v)
)3 ×

×

√

1 +

(

∂f

∂u

)2

+

(

∂f

∂v

)2

dudv =

=

∫

Ωd(x′)\Ωh/2(x′,x′′)

(

∂ρ(x′)
∂x3

− ∂ρ(x′′)
∂x3

)

f(u, v)
(

√

u2 + v2 + f2(u, v)
)3

√

1 +

(

∂f

∂u

)2

+

(

∂f

∂v

)2

dudv+

+

∫

Ωd(x′)\Ωh/2(x′,x′′)

(

∂ρ(x′)
∂x1

− ∂ρ(x′′)
∂x1

)

u+
(

∂ρ(x′)
∂x2

− ∂ρ(x′′)
∂x2

)

v
(

√

u2 + v2 + f2(u, v)
)3 ×

×





√

1 +

(

∂f

∂u

)2

+

(

∂f

dv

)2

− 1



 dudv+
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+

∫

Ωd(x′)\Ωh/2(x′,x′′)

{(

∂ρ (x′)

∂x1
− ∂ρ (x′′)

∂x1

)

u+

(

∂ρ (x′)

∂x2
− ∂ρ (x′′)

∂x2

)

v

}

×

×







1
(

√

u2 + v2 + f2(u, v)
)3 − 1

(√
u2 + v2

)3






dudv+

+

∫

Ωd(x′)\Od0
(x′)

(

∂ρ(x′)
∂x1

− ∂ρ(x′′)
∂x1

)

u+
(

∂ρ(x′)
∂x2

− ∂ρ(x′′)
∂x2

)

v
(√

u2 + v2
)3 dudv+

+

∫

O2h(x′)\Ωh/2(x′,x′′)

(

∂ρ(x′)
∂x1

− ∂ρ(x′′)
∂x1

)

u+
(

∂ρ(x′)
∂x2

− ∂ρ(x′′)
∂x2

)

v
(√

u2 + v2
)3 dudv.Òîãäà ñ ïîìîùüþ íåðàâåíñòâ

|f(u, v) | ≤M
(
√

u2 + v2
)1+α

, (u, v) ∈ Ωd(x
′),

∣

∣

∣

√

1 + f2u + f2v − 1
∣

∣

∣ ≤M
(
√

u2 + v2
)2α

, (u, v) ∈ Ωd(x
′)è

∣

∣

∣

∣

∣

∣

∣

1
(

√

u2 + v2 + f2(u, v)
)3 − 1

(√
u2 + v2

)3

∣

∣

∣

∣

∣

∣

∣

≤

≤ M
(√

u2 + v2
)3−2α , (u, v) ∈ Ωd(x

′), (u, v) 6= (0, 0) ,íåòðóäíî ìîæíî ïîêàçàòü, ÷òî
∣

∣G8(x
′, x′′)

∣

∣ ≤M

(

h

∫ d

h

ω(gradρ, t)

t2
dt+ ω (gradρ, h)

)

.Ñ òåì æå ñïîñîáîì ìîæíî äîêîçàòü, ÷òî
∣

∣G9(x
′, x′′)

∣

∣ ≤M (hα ‖gradρ‖∞ + ω (gradρ, h)) .Ïåðåéäÿ ê ëîêàëüíîé ïðÿìîóãîëüíîé ñèñòåìå êîîðäèíàò (u, v, w) ñ íà÷àëîì âòî÷êå x′ è ó÷èòûâàÿ (6), ñ ïîìîùüþ íåñëîæíûõ ðàññóæäåíèé ìîæíî äîêàçàòü, ÷òî
|G10(x

′, x′′)| ≤M (hα ‖gradρ‖∞ + ω (gradρ, h)) ïðè 0 < α < 1,
|G10(x

′, x′′)| ≤M (h |lnh | ‖gradρ‖∞ + ω (gradρ, h)) ïðè α = 1.



Îöåíêà À.Çèãìóíäà äëÿ îäíîãî êëàññà ïîâåðõíîñòíûõ ñèíãóëÿðíûõ èíòåãðàëîâ 17Â ðåçóëüòàòå, ñóììèðóÿ ïîëó÷åííûå îöåíêè äëÿ âûðàæåíèé Gi(x
′, x′′), i = 1, 10,èìååì:

|G (x′)−G (x′′)| ≤

≤M

(
∫ h

0

ω(gradρ, t)

t
dt+ h

∫ diamS

h

ω(gradρ, t)

t2
dt+ hα ‖gradρ‖∞ + ω(gradρ, h)

)ïðè 0 < α < 1,
∣

∣G
(

x′
)

−G
(

x′′
)∣

∣ ≤M

(∫ h

0

ω(gradρ, t)

t
dt+ h

∫ diamS

h

ω(gradρ, t)

t2
dt+

+h |lnh| ‖gradρ‖∞ + ω(gradρ, t)) ïðè α = 1. (7)Òàê êàê ôóíêöèÿ
ψ (h) =







hα + ω (gradρ, h) +
∫ h
o

ω(gradρ,t)
t dt+ h

∫ diamS
h

ω(gradρ,t)
t2 dt, åñëè 0 < α < 1 ,

h |lnh |+ ω (gradρ, h) +
∫ h
o

ω(gradρ,t)
t dt+ h

∫ diamS
h

ω(gradρ,t)
t2

dt, åñëè α = 1 ,íå óáûâàåò, ôóíêöèÿ ψ (h) /h íå âîçðàñòàåò è lim
h→0

ψ (h) = 0, òî, ïðèíèìàÿ âî âíèìàíèåîöåíêè (4), (5) è (7) â ðàâåíñòâå (3), ïîëó÷àåì ñïðàâåäëèâîñòü òåîðåìû.Ñïèñîê ëèòåðàòóðû[1] Êîëòîí Ä., Êðåññ Ð. Ìåòîäû èíòåãðàëüíûõ óðàâíåíèé â òåîðèè ðàññåÿíèÿ. -Ì.:Ìèð, 1987.[2] Ãþíòåð Í.Ì. Òåîðèÿ ïîòåíöèàëà è åå ïðèìåíåíèå ê îñíîâíûì çàäà÷àììàòåìàòè÷åñêîé ôèçèêè. - Ì.: Ãîñòåõèçäàò, 1953.[3] Khalilov E.H. Existence and calculation formula of the derivative of double layeracoustic potential. Transactions of NAS of Azerbaijan, ser. phys.-tech. and math. sci.,2013, vol. 33, No. 4, pp. 139-146.[4] Âëàäèìèðîâ Â.Ñ. Óðàâíåíèÿ ìàòåìàòè÷åñêîé ôèçèêè. -Ì.: Íàóêà, 1976.[5] Êóñòîâ Þ.À., Ìóñàåâ Á.È. Êóáàòóðíàÿ ôîðìóëà äëÿ äâóìåðíîãî ñèíãóëÿðíîãîèíòåãðàëà è åå ïðèëîæåíèÿ.- Äåï. â ÂÈÍÈÒÈ. No. 4281-81- 60 ñ.Ý. Ã. ÕàëèëîâÀçåðáàéäæàíñêàÿ Ãîñóäàðñòâåííàÿ Íåôòÿíàÿ Àêàäåìèÿ, êàôåäðà "Ïðèêëàäíàÿ ìàòåìàòèêà"E-mail: elnurkhalil@mail.ruReceived 15 May 2013Accepted 24 November 2014


