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1. Äâóìåðíàÿ îáðàòíàÿ çàäà÷à îïðåäåëåíèÿ ÿäðà äëÿ óðàâíåíèÿ

òåðìîóïðóãîñòè ñ ïàìÿòüþ

x = (x1, x2, x3) ∈ R3, x3 > 0, t ∈ R

ρ(x3)
∂2ui
∂t2

=
3∑

j=1

∂Tij

∂xj
, ui |t<0≡ 0, i = 1, 2, 3,

∂H

∂t
= k∆H, H |t<0≡ 0,

T3j |x3=+0 = −δ3jδ′(t), j = 1, 2, 3,(
∂H

∂x3
− γH

)
|x3=+0= −γ(T̃1 − T̃0)θ1(t),

H(x , t) � ïðèðàùåíèå òåìïåðàòóðû, k � ïîñòîÿííûé êîýôôèöèåíò
òåìïåðàòóðîïðîâîäíîñòè, T̃1, T̃0, γ � ïîñòîÿííûå, T̃1 > T̃0, γ > 0,
θ1(t) = tθ(t),

Tij(x , t) = σij [u](x , t) +

∫ t

0

h(x2, t − τ)σij [u](x , τ)dτ,

σij [u](x , t) = µ(x3)

(
∂ui
∂xj

+
∂uj
∂xi

)
+δij

[
λ(x3)divu−(3λ(x3)+2µ(x3))

∫ H(x,t)

0

α(z)dz
]
.
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òåðìîóïðóãîñòè ñ ïàìÿòüþ

Äëÿ (x , z , t), x ∈ R, z > 0, t ∈ R:

ρ
∂2u

∂t2
=

∂

∂x
L

[
h(x , t), µ

∂u

∂x

]
+
∂

∂z
L

[
(λ+ 2µ)

∂u

∂z
− (3λ+ 2µ)

∫ H(x,z,t)

0

α(s)ds

]
,

(1.1)

∂H

∂t
= k∆H, (1.2)

u |t<0≡ 0, H |t<0≡ 0, (1.3)

L

[
h(x , t),

∂u

∂z

]
z=+0

= − δ(t)

λ(0) + 2µ(0)
+
3λ(0) + 2µ(0)

λ(0) + 2µ(0)
L [h(x , t),R(H(x , 0, t))] ,

(1.4)(
∂H

∂z
− γH

)
|z=+0= −γ(T̃1 − T̃0)tθ(t), (1.5)

T̃1, T̃0, γ � íåêîòîðûå ïîñòîÿííûå, T̃1 > T̃0, γ > 0; R(s) =
∫ s

0
α(τ)dτ,

L [h(x , t), u(x , z , t)] = u(x , z , t) +

∫ t

0

h(x , t − τ)u(x , z , τ)dτ.
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ρ = ρ(z), µ = µ(z), λ = λ(z) ïðèíàäëåæàò êëàññó Λ :

Λ =
{
ρ(x3), µ(x3), λ(x3) ∈ C 2(R+), ρ(x3) > 0, µ(x3) > 0, λ(x3) > 0,

λ′(+0) = µ′(+0) = ρ′(+0) = 0, R+ = [0,∞).
}

Çàäà÷ó (1.2), (1.3), (1.5) ìîæíî ðàññìîòðåòü êàê ñàìîñòîÿòåëüíóþ
íà÷àëüíî-êðàåâóþ çàäà÷ó äëÿ óðàâíåíèÿ òåïëîïðîâîäíîñòè. Îíà èìååò
ñëåäóþùåå ðåøåíèå [Êîâàëåíêî À. Ä. Òåðìîóïðóãîñòü, 1975]:

H(z , t) = θ(t)(T̃1 − T̃0)×

×
∫ t

0

[
erfc

(
z

2
√
kτ

)
− exp(γz + γ2kτ)erfc

(
z

2
√
kτ

+ γ
√
kτ

)]
dτ,

erfc(z) = 1− erf (z), erf (z) = (2/
√
π)

∫ z

0

exp(−ξ2)dξ.
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Çàäà÷è îïðåäåëåíèÿ ÿäåð èíòåãðàëüíûõ îïåðàòîðîâ â
èíòåãðî-äèôôåðåíöèàëüíûõ óðàâíåíèÿõ ãèïåðáîëè÷åñêîãî è
ïàðàáîëè÷åñêîãî òèïà � íàïðàâëåíèå â òåîðèè îáðàòíûõ çàäà÷, âîçíèêøåå
â êîíöå ïðîøëîãî ñòîëåòèÿ, è ñâÿçàíî îíî ñ èìåíàìè Graselli M., Lorenzi
A., Sinestrari E., Janno J., Von Wolfersdorf L., Paparoni E., Áóõãåéìà À.Ë.,
Äóðäèåâà Ä.Ê., Äÿòëîâà Ã.Í., Êàáàíèõèíà Ñ.È., ßõíî Â.Ã.

Â äàëüíåéøåì ðàçâèòèå ýòîãî íàïðàâëåíèÿ äëÿ ãèïåðáîëè÷åñêèõ
äèôôåðåöíàëüíûõ îïåðàòîðîâ îòðàæåíû â ðàáîòàõ, íàïðèìåð, Ðîìàíîâà
Â.Ã., Êàð÷åâñêîãî À.Ë., Yamamoto M. êîòîðûå ðàññìîòðåëè ôèçè÷åñêèå
ïîñòàíîâêè çàäà÷ îïðåäåëåíèÿ ÿäåð äëÿ âÿçêîóïðóãèõ ñðåä ñ
ñîñðåäîòî÷åííûìè èñòî÷íèêàìè âîçìóùåíèÿ âîëí íà ãðàíèöå.

Îáðàòíûå êîýôôèöèåíòíûå çàäà÷è ñâÿçàííîé òåðìîóïðóãîñòè äëÿ
íåîäíîðîäíûõ òåë ðàññìàòðåíû â ðàáîòàõ Âàòóëüÿíà À.Î., Ìàçüÿ Â.,
Êîçëîâà Â., Íåñòåðîâà Ñ.À., ßõíî Â.Ã., Ôîìèíà À.Â. è äðóãèõ àâòîðîâ.
Çàäà÷è îïðåäåëåíèÿ èñòî÷íèêîâ âîçìóùåíèé è ãðàíè÷íûõ óñëîâèé äëÿ
òåðìîóïðóãîé ìîäåëè ñðåäû çàíèìàëèñü, íàïðèìåð, Bin Wu, Jijun Liu, K.
Van Bockstal, M. Slodiêà, Shivcharan Thakare, N. W. Khobragade è äð.
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Ïðåäïîëàãàåì, ÷òî ÿäðî h(x , t) èíòåãðàëüíîãî îïåðàòîðà L ìîæíî
ïðåäñòàâèòü â âèäå:

h(x , t) = h0(t) + h1(x , t),

ãäå ôóíêöèÿ h0(t) ÿâëÿåòñÿ çàäàííîé èç êëàññà C 2[0,T ] äëÿ
ôèêñèðîâàííîãî T > 0, à h1(x , t) � íåèçâåñòíàÿ, ìàëàÿ ïî àáñîëþòíîé
âåëè÷èíå, äîáàâêà.
Ôîðìàëüíî ââåäåì ïàðàìåòð ε:

h(x , t) = h0(t) + εh1(x , t), (1.6)

Ðåøåíèå ïðÿìîé çàäà÷è (1.1)�(1.5) áóäåì èñêàòü â âèäå ðÿäà ïî ñòåïåíÿì
ε

u(x , z , t) =
∞∑
j=0

εjuj(x , z , t), (1.7)
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Ðåøåíèå ïðÿìîé çàäà÷è áóäåì îïðåäåëÿòü ñ òî÷íîñòüþ äî ïîðÿäêà O(ε2).
Òîãäà, ïîäñòàâëÿÿ (1.6), (1.7) â (1.1) è ïðèðàâíèâàÿ ÷ëåíû, ñòîÿùèå ïðè
εj , j = 0, 1, ïîëó÷àåì äâå çàäà÷è:

1. Çàäà÷à îïðåäåëåíèÿ ôóíêöèé u0(x , z , t) èç ðàâåíñòâ

ρ
∂2u0
∂t2

= L

[
h0(t), µ

∂2u0
∂x2

+
∂

∂z

(
(λ+ 2µ)

∂u0
∂z

)
− ∂

∂z

[
(3λ+ 2µ)R(H(z , t))

]]
,

(1.8)

u0 |t<0≡ 0, (1.9)

L

[
h0(t),

∂u0
∂z

]
z=+0

= − δ(t)

λ(0) + 2µ(0)
+

3λ(0) + 2µ(0)

λ(0) + 2µ(0)
L [h0(t),R(H(0, t))] .

(1.10)
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2. Çàäà÷à îïðåäåëåíèÿ u1(x , z , t), h1(x , t) èç ðàâåíñòâ

ρ
∂2u1
∂t2

= L

[
h0(t), µ

∂2u1
∂x2

+
∂

∂z

(
(λ+ 2µ)

∂u1
∂z

)]

+

∫ t

0

h1(x , t−τ)
[
µ
∂2u0
∂x2

+
∂

∂z

(
(λ+ 2µ)

∂u0
∂z

)
− ∂

∂z

[
(3λ+ 2µ)R(H(z , t))

]]
dτ,

(1.11)

u1 |t<0≡ 0, (1.12)

L

[
h0(t),

∂u1
∂z

] ∣∣∣∣∣
z=+0

= −
∫ t

0

h1(x , t − τ)
∂u0
∂z

dτ

−3λ(0) + 2µ(0)

λ(0) + 2µ(0)

∫ t

0

h1(x , t − τ)R(H(0, τ))dτ. (1.13)
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Îáðàòíàÿ çàäà÷à: íàéòè ïàðó ôóíêöèé u1(x , z , t), h1(x , t), t > 0, âõîäÿùåå
â (1.11)-(1.13), åñëè èçâåñòíà ñëåäóþùàÿ äîïîëíèèòåëüíàÿ èíôîðìàöèÿ î
ðåøåíèè ïðÿìîé çàäà÷è (1.12)�(1.14):

u(x , z , t)|z=+0 = g(x , t), t > 0, x ∈ R (1.15)

g(x , t) � çàäàííàÿ ôóíêöèÿ.

Îïðåäåëåíèå. Ôóíêöèÿ h1(x , t) èç êëàññà h1(x , t) ∈ C 1
t ([0,∞); L2(R))

íàçûâàåòñÿ ðåøåíèåì îáðàòíîé çàäà÷è (1.1)�(1.6), (1.15) åñëè
ñîîòâåòñòâóþùåå åé ðåøåíèå ïðÿìîé çàäà÷è (1.1)�(1.6) u(x , z , t) èç êëàññà
îáîáùåííûõ ôóíêöèé D ′(R2

+ × R) óäîâëåòâîðÿåò (1.15) äëÿ g(x , t),
ïðèíàäëåæàùèõ êëàññó îáîáùåííûõ ôóíêöèé D ′(R2

+),
R+ = [0,∞); R2

+ = R× R+.
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Ñäåëàåì çàìåíó ïåðåìåííîé

y = ϕ(z) :=

∫ z

0

dξ

c(ξ)
, c(z) :=

√
λ(z) + 2µ(z)

ρ(z)
,

è ïåðåéäåì îò ôóíêöèè u1(x , z , t) ê åå îáðàçó Ôóðüå
ũ1(ν, z , t) := Fx [u1](ν, z , t), ïðè÷åì supp ũ1(ν, z , t) ⊂ [−ω, ω], j = 1, 2, ãäå
ω � ôèêñèðîâàííîå ïîëîæèòåëüíîå ÷èñëî.

Áóäåì ñ÷èòàòü, ÷òî h̃1(ν, t) = Fx [h1](ν, t) ∈ Λ̃(ω,T ) òîãäà è òîëüêî òîãäà,
êîãäà h̃1(ν, t) ∈ C 1

t (R× R+) è äëÿ ëþáîãî ôèêñèðîâàííîãî
t ∈ [0,T ] supp h̃1(ν, t) ⊂ [−ω, ω].

Ñîîòâåòñòâåííî, h1(x , t) ∈ Λ(ω,T ) òîãäà è òîëüêî òîãäà, êîãäà
h̃1(ν, t) = Fx [h1](ν, t) ∈ Λ̃(ω,T ), T > 0 ôèêñèðîâàíî.
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∂2V1

∂t2
=
∂2V1

∂y 2
+ q̃(ν, y)V1 −

∫ t

0

r ′′0 (t − τ)V1(ν, y , τ)dτ

+

∫ t

0

h̃1(ν, t − τ)

[
∂2u0
∂y 2

+ q(y)u0

]
dτ −

√
a(y)a(0)

∂

∂y
Q[h̃1](y , t), (1.16)

V1 |t<0≡ 0, (1.17)

∂V1

∂y

∣∣∣
y=+0

= −
∫ t

0

h̃1(ν, t − τ)
∂u0(ϕ

−1(y), t)

∂y
dτ + a(0)Q[h̃1](0, t), (1.18)

V1 |y=0= L [h0, g̃(ν, t)] , (1.19)

V1(ν, y , t) := L
[
h0, ũ1(ν, ϕ

−1(y), t)
]
,

Q[h̃1](y , t) := (3λ(ϕ−1(y)) + 2µ(ϕ−1(y)))

∫ t

0

h̃1(ν, t − τ)R(H(ϕ−1(y), τ))dτ.
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Îáðàòíàÿ çàäà÷à (1.16)�(1.19) ýêâèâàëåíòíà ñèñòåìå èíòåãðàëüíûõ
óðàâíåíèé Âîëüòåððà âòîðîãî ðîäà â îáëàñòè
DT = {(y , t) : y ≤ t ≤ T − y}, T > 0 ôèêñèðîâàíî.

ψ = Bψ, (1.20)

ψ =
[
ψ1(ν, y , t); ψ2(ν, t); ψ3(ν, y , t); ψ4(ν, t)

]
:

=
[
V1(ν, y , t); h̃′

1(ν, t);
∂V1

∂t
(ν, y , t)− a(0)

2
(h̃1(ν, t + y)− h̃1(ν, t − y))

−a(0)

2
yh̃′

1(ν, t − y); h̃1(ν, t)
]
.

Äàííàÿ ñèñòåìà (1.20) ÿâëÿåòñÿ çàìêíóòîé ëèíåéíîé ñèñòåìîé
èíòåãðàëüíûõ óðàâíåíèé Âîëüòåððà âòîðîãî ðîäà ñ íåïðåðûâíûìè
ñâîáîäíûìè ÷ëåíàìè è ÿäðàìè îòíîñèòåëüíî íåèçâåñòíûõ ôóíêöèé â
îáëàñòè DT ïðè ν ∈ R. Èäåÿ äîêàçàòåëüñòâà ñóùåñòâîâàíèÿ åäèíñòâåííîãî
ðåøåíèÿ äàííîé ñèñòåìû ñîñòîèò â ïðèìåíåíèè îáîáùåííîãî ïðèíöèïà
ñæàòûõ îòîáðàæåíèé.
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Òåîðåìà 1. Ïóñòü ω, T � ôèêñèðîâàííûå ïîëîæèòåëüíûå ÷èñëà. Äëÿ
ñóùåñòâîâàíèÿ è åäèíñòâåííîñòè ðåøåíèÿ îáðàòíîé çàäà÷è (1.12)�(1.15)
h1(x , t) ∈ Λ(ω,T ) íåîáõîäèìî è äîñòàòî÷íî, ÷òîáû
h0(t) ∈ C 3[0,T ], g̃(ν, t) ∈ C 2

t (R× [0,T ]), g̃(ν, 0) = 0, è äëÿ ëþáîãî
ôèêñèðîâàííîãî t ∈ [0,T ] supp g̃(ν, t) ⊂ [−ω, ω].

Òåîðåìà 2. Ïóñòü h
(1)
1 (x , t), h

(2)
1 (x , t) ∈ Λ(ω,T ) � ðåøåíèÿ îáðàòíîé çàäà÷è

(1.12)�(1.15), îòâå÷àþùèå èíôîðìàöèÿì g (1)(x , t), g (2)(x , t)
ñîîòâåòñòâåííî. Òîãäà ïðè âûïîëíåíèè óñëîâèé òåîðåìû 2.1 èìååò îöåíêà
óñòîé÷èâîñòè∫

R

∥h(1)
1 − h

(2)
1 ∥2C [0,T ] dx ≤ C

ω∫
−ω

∥g̃ (1) − g̃ (2)∥2C2[0,T ] dν.

ãäå C � íåêîòîðàÿ êîíñòàíòà, çàâèñÿùàÿ îò âåëè÷èí ω,T è çíà÷åíèé
ôóíêöèé µ(z), λ(z), ρ(z), h0(t).
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Òåïåðü ðàññìîòðèì âîïðîñ î ñõîäèìîñòè ïîñëåäîâàòåëüíîñòè ðåøåíèé
íåêîòîðîãî ñåìåéñòâà çàäà÷ ê èñêîìîìó ðåøåíèþ. Ïóñòü ñóùåñòâóåò
ðåøåíèå h1(x , t) ∈ C 1

t ([0,∞); L2(R)), îòâå÷àþùåå èíôîðìàöèè g̃(ν, t).
Îïðåäåëèì ìíîæåñòâî ôóíêöèé g̃ω(ν, t) ïî ïðàâèëó:

g̃ω(ν, t) := θ(ω − |ν|)g̃(ν, t).

Âûäåëèì ñåìåéñòâî îáðàòíûõ çàäà÷: îïðåäåëèòü ôóíêöèþ
hω
1 (x , t) = F−1

ν [h̃ω(ν, t)] ïî èíôîðìàöèè g̃ω(ν, t).

Òåîðåìà 3. Äàííîå ñåìåéñòâî ÿâëÿåòñÿ ðåãóëÿðèçîâàííûì, òî åñòü:
1) äëÿ êàæäîãî ω > 0 îáðàòíàÿ çàäà÷à êîððåêòíà;
2) åñëè äàííûå òàêîâû, ÷òî ðåøåíèå èñõîäíîé (êîððåêòíîé) çàäà÷è
ñóùåñòâóåò, òî ïðè ω → ∞ ïîñëåäîâàòåëüíîñòü ðåøåíèé ñåìåéñòâà çàäà÷ ñ
ýòèìè äàííûìè ñòðåìèòñÿ ê ðåøåíèþ èñõîäíîé (íåêîððåêòíîé) çàäà÷è.
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Òî åñòü, lim
ω→∞

sup
t∈[0,T ]

∫
R
|hω

1 (x , t)− h1(x , t)|2dx = 0.

Äåéñòâèòåëüíî,

lim
ω→∞

sup
t∈[0,T ]

∫
R

|hω
1 (x , t)− h1(x , t)|2dx = lim

ω→∞
sup

t∈[0,T ]

( ω∫
−ω

|h̃ω
1 (ν, t)− h̃1(ν, t)|2dν

+

−ω∫
−∞

|h̃1(ν, t)|2dν +

+∞∫
ω

|h̃1(ν, t)|2dν
)
=

= lim
ω→∞

sup
t∈[0,T ]

 −ω∫
−∞

|h̃1(ν, t)|2dν +

+∞∫
ω

|h̃1(ν, t)|2dν

 = 0.

Totieva Zhanna Determination of non-stationary adsorbtion coe�cient



2. Inverse problem for wave equation of memory type with acoustic

boundary conditions. Open problems

utt −∆u +

∫ t

0

k(t − s)∆u(s)ds = 0 in Ω× (0,∞), (2.1)

u = 0 on Γ1 × (0,∞), (2.2)

∂u

∂ν
−

∫ t

0

k(t − s)
∂u(s)

∂ν
ds = yt on Γ0 × (0,∞), (2.3)

ut + p(x)yt + q(x)y = 0 on Γ0 × (0,∞), (2.4)

u(0) = u0, ut(0) = u1 in Ω, (2.5)

where Ω is a bounded domain in Rn (n ≥ 1) with boundary Γ = Γ0 ∪ Γ1 of
class C 2, Γ0 and Γ1 are closed and disjoint, ν is the unit outward normal to Γ,
p, q ∈ C(Γ0) and p(x), q(x) > 0 for all x ∈ Γ0, y is normal displacement.

Â ðàáîòå
J.Y. Park, S.H. Park, �Decay rate estimate for wave equations of memory type
with acoustic boundary conditions�, Nonlinear Anal., 74:3 (2011), 993-998
èçó÷àëè âëèÿíèå ôóíêöèè k è ïîëó÷èëè ñêîðîñòè óáûâàíèÿ ðåøåíèé â
îáùåì ñëó÷àå, êîãäà k íå îáÿçàòåëüíî óáûâàåò ýêñïîíåíöèàëüíî.
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Open problems

Âïåðâûå ïîíÿòèå àêóñòè÷åñêèõ ãðàíè÷íûõ óñëîâèé (îáùåãî âèäà) áûëî
ââåäåíî â ðàáîòå
J.T. Beale, S.I. Rosencrans, �Acoustic boundary conditions�, Bull. Amer. Math.
Soc., 80 (1974), 1276-1278:

∂u

∂ν
= yt on Γ0 × (0,∞), (2.3′)

−ρ0ut = mytt + p(x)yt + q(x)y on Γ0 × (0,∞), (2.4′)

çàòåì, â ðàáîòàõ ïåðâîãî àâòîðà (J.T. Beale, 1976, 1977) ìåòîäàìè
ïîëóãðóïï èçó÷àëèñü óñëîâèÿ ãëîáàëüíîãî ñóùåñòâîâàíèÿ è ðåãóëÿðíîñòè
ðåøåíèé âîëíîâîãî óðàâíåíèÿ

utt −△u = 0

ñ óñëîâèÿìè (2.3'), (2.4').
Ýòè àêóñòè÷åñêèå óñëîâèÿ âåñüìà èíòóèòèâíû ïî ñâîåé ïðèðîäå
(êîíöåðòíûé çàë, óäîâëåòâîðÿþùèì ýòèì óñëîâèÿì, íî èìåþùèé íåêóþ
ïîãëîùàþùóþ ãðàíèöó).
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2. Inverse problem for wave equation of memory type with acoustic

boundary conditions. Open problem

Ïðåäâàðèòåëüíûé ðåçóëüòàò: x ∈ Ω = I = (0, l) ⊂ R, t ∈ [0,T ].
Äîïîëíèòåëüíàÿ èíôîðìàöèÿ:∫ l

0

φ(x)uxdx = f (t), t ∈ [0,T ], (2.6)

èëè ∫ l

0

φ(x)
∂u

∂ν
dx = f (t), (2.6′)

φ(x) � çàäàííûå ôóíêöèè, ïðåäñòàâëÿþùèå òèï óñòðîéñòâà äëÿ
èçìåðåíèÿ ñêîðîñòè.

Îïðåäåëÿåòñÿ ìíîæåñòâî

Q(τ,M)=
{
(ut , k) ∈ H2(0, τ ;H2(I ) ∩H1

0(I ))× L2(0, τ) :

∥ṽ∥H2(0,τ ;H2(I )∩H1
0(I ))

+ ∥k̃∥L2(0,τ) ≤ M
}
,

M = const > 0,
A : Q(τ,M) → Q(τ,M), τ ∈ (0,T ).
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Open Problem

Â ðàáîòå Ôóøàí Ëè, Øóàè Õè, �Äèíàìè÷åñêèå ñâîéñòâà íåëèíåéíîãî
óðàâíåíèÿ âÿçêîóïðóãîñòè òèïà Êèðõãîôà ñ ãðàíè÷íûìè óñëîâèÿìè
àêóñòè÷åñêîãî óïðàâëåíèÿ. I� , Ìàòåìàòè÷åñêèå çàìåòêè, 106:5 (2019),
761-783. ðàññìàòðèâàåòñÿ íåëèíåéîå óðàâíåíèå òèïà Êèðõãîôà ñ
íà÷àëüíûìè óñëîâèÿìè (2.5) è àêóñòè÷åñêèìè óñëîâèÿìè (2.2), (2.4):

utt −M(∥▽u∥22)△u+

∫ t

0

k(t−s)△u(s)ds+a|ut |m−2ut = |u|p−2u in Ω×(0,∞),

(2.1′)

M(∥▽u∥22)
∂u

∂ν
−

∫ t

0

k(t − s)
∂u(s)

∂ν
ds = yt on Γ0 × (0,∞), (2.3′′)

m ≥ 2, p > 2, M(s) = a+ bs2, a, b > 0.

Ïîêàçàíî, ÷òî â çàâèñèìîñòè îò ñâîéñòâ ÿäðà ñâåðòêè k íà áåñêîíå÷íîñòè
ýíåðãèÿ ðåøåíèÿ óáûâàåò ýêñïîíåíöèàëüíî èëè ïîëèíîìèàëüíî ïðè
t → +∞.
Îòêðûòàÿ ïðîáëåìà: îïðåäåëèòü u, k.
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ÑÏÀÑÈÁÎ ÇÀ ÂÍÈÌÀÍÈÅ!
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