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σ !(x) =

∫

V

α(|x′ − x|, c) σ(x′) $V(x′) (3)



 ! "#$%&'()# **+&,' -##)' ./0 1#2 &,' .#/. %&2'%% &'(%#2%
σ(x′) = λ &2 e(x′) I + 2µe(x′), (4)&,' 4'#5'&26/. 2'./&6#(
e(x′) =

1

2

[

∇
′
u(x′) + u(x′)∇′

]

. (5)&,' #57/&686.6&9 #(:6&6#(
∇
′ × e

 (x′)×∇ = −η. (6)-'2' x /(: x
′ /2' &,' 2'1'2'(' /(: 2;((6(4 7#6(&%< u 6% &,' :6%7./'=5'(& $'&#2< e 6% &,' .6('/2 %&2/6( &'(%#2< f ! 6% &,' 8#:9 1#2'< e

 6%&,' 7./%&6 %&2/6( &'(%#2< η 6% &,' 6(#57/&686.6&9 &'(%#2< λ /(: µ /2'>/5? #(%&/(&%< ∇ /(: ∇
′ /2' &,' 42/:6'(& #7'2/&#2% 06&, 2'%7'&&# x /(: x

′< #22'%7#(:6(4.9< I :'(#&'% &,' ;(6& &'(%#2! @,' $#.;5'6(&'42/. 6( ABC 6% #$'2 &,' 2'46#( #;76': 89 &,' %#.6:!@,' 0'64,& 1;(&6#( A&,' (#(.#/. 5#:;.;%C α(|x′−x|, c) :'7'(:%#( / :6%&/(' |x′ − x| 8'&0''( &,' 2'1'2'(' x /(: 2;((6(4 x
′ 7#6(&%<6(.;:'% &,' 7/2/5'&'2 c #(('&': 06&, / ,/2/&'26%&6 .'(4&, 2/&6#

a/l < 0,'2' a 6% /( 6(&'2(/. ,/2/&'26%&6 .'(4&, /(: l 6% /( 'D&'2(/.,/2/&'26%&6 .'(4&, /(: ,/% &,' 1#..#06(4 72#7'2&6'%A6C α(|x− x
′|, c) ,/% / 5/D65;5 /& x = x

′!A66C α(|x− x
′|, c) /&&'(;/&'% 2/76:.9 06&, |x− x

′| &# E'2#!A666C α(|x−x
′|, c) 6% / #(&6(;#;% 1;(&6#( #1 |x−x

′| 06&, / 8#;(:':%;77#2& V !A6$C α(|x−x
′|, c) 6% / :'.&/ %'F;'(' /(: 6( &,' ./%%6/. .656& c → 08'#5'% &,' G62/ :'.&/ 1;(&6#(

lim
c→0

α(|x− x
′|, c) = δ(|x− x

′|).A$C H#2 c→ 1 (#(=.#/. &,'#29 /42''% 06&, /&#56 ./&&6' :9(/56%!A$6C ∫

V
β(|x− x

′|, ζ) :v(x′) = 1.
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α(|x′ − x|, c) =

1

2πc2
K0

( |x′ − x|
c

)

(7)0($ /;,%%>$'9%(.'#(0&
α(|x− x

′|, c) =
1

8(πt)3/2
exp

(

−|x− x
′|2

4t

)

(8)(#(&#0& 9#$7&'A B( 4C( DEF K0(x) '. /;% 9#$'G%$ =%..%& *7(/'#(AH;% #(./0(/ t '( 4C( DIF '. #((%/%$ <'/; /;% (#(&#0&'/- :0,09%/%,
cA H;% (#(&#0& J%,(%& D!F '. /;% *7($09%(/0& .#&7/'#( #* /;% K%&9;#&/L%C70/'#(

1

2π

(

∆− 1

c2

)

K0

(r

c

)

= δ(x) (9)M,#9 4C(. DNFO DEF 0($ DPF <% #Q/0'(
∆σ ! − 1

c2
σ ! = − 1

c2
σ. (10)B( .7; 0 90((%, .#&8'() /;% (#(&#0& %&0./''/- :,#Q&%9 ,%$7%. /#.#&8'() /;% (#(;#9#)%(%#7. K%&9;#&/L %C70/'#(AH;% (#(&#0& J%,(%& DIF '. /;% R,%%( *7(/'#( #* /;% $'S7.'#( %C70>/'#( '( <;'; /;% :0,09%/%, t :&0-. 0 ,#&% #* T/'9%TA H;'. .7))%././;0/ /;% ./,%.. /%(.#, .0/'.G%. /;% $'S7.'#( %C70/'#(

∂σ !
∂t

−∆σ ! = 0 (11)7($%, /;% T'('/'0&T #($'/'#(
t = 0 : σ ! = σ. (12)B/ .;#7&$ Q% (#/%$ /;0/ '( *0/ /;% :0,09%/%, t '. (#/ /;% /'9%O Q7/ /;%(#(&#0&'/- #(./0(/A B($'0/'() /;% U0:&0% /,0(.*#,9 <'/; ,%.:%//# /;% :0,09%/%, t Q- 0( 0./%,'.J <% #Q/0'(

∆σ∗ ! − sσ∗ ! = −σ, (13)



 ! "#$%&'()# **+,-'.' s /% &-' &.0(%1#.2 $0./034'!5( &-' 0%' #1 $0(/%-/(7 3#89 1#.' &-' :.;('. %&.'%% 1<(&/#( &'(=%#. κ 0( 3' /(&.#8<'8
1

2µ
σ∗ ! = ∆κ +

1

1− ν
[∇∇(&.κ− (∆&.κ)I)] (14),-'.' ν /% &-' "#/%%#( .0&/#!>-' &'(%#. κ %0&/%?'% &-' 1#44#,/(7 '@<0&/#(

(∆− s)∆2κ∗ = −η (15)<(8'. &-' %<AA4'2'(&0.9 0%%<2A&/#(
∇ · κ = 0. (16)5( &-' 0%' #1 $0(/%-/(7 /(#2A0&/3/4/&9 &'(%#. &-' B#<%%/('%@=C04'.)/( $'&#. w 0( 3' <%'8

2µu = 2(1− ν)∆w −∇(∇ ·w). (17)5( &-/% 0%'
σ∗ ! = (νI∆−∇∇)∇ ·w + (1− ν)∆(∇w + w∇) (18)0(8

(∆− s)∆2
w
∗ = − 1

1− ν
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∫ ∞

−∞

exp

[

−(z′ − z)2

4t
− ξ|z′|

] .')(z′ $z′ =

= −
√

πt exp
(

tξ2
)

S(ξ, |z|, t) .')(z,
∫ ∞

−∞

exp

[

−(z′ − z)2

4t
− ξ|z′|

]

|z′| .')(z′ $z′ =

=
2

ξ

√
πt exp

(

tξ2
)

U(ξ, |z|, t) .')(z,
∫ ∞

−∞

exp

[

−(z′ − z)2

4t
− ξ|z′|

] $z′ =
√

πt exp
(

tξ2
)

T (ξ, |z|, t),

∫ ∞

−∞

exp

[

−(z′ − z)2

4t
− ξ|z′|

]

|z′| $z′ =
=

1

ξ

√
πt exp

(

tξ2
)

[2Q(ξ, |z|, t)− T (ξ, |z|, t)] , (20)A:% *?(/'#(. Q(ξ, |z|, t)9 S(ξ, |z|, t)9 T (ξ, |z|, t)9 U(ξ, |z|, t) ;%,% '(/,#B$?%$ '( <  C℄D 5#, /:% .0E% #* #(F%('%(% ;% 8,%.%(/ /:%7 :%,%@
Q(ξ, |z|, t) =

1

2

(

1− 2tξ2
)

T (ξ, |z|, t)−

−1

2
ξ|z|S(ξ, |z|, t) +

2ξ
√

t√
π

P (ξ, |z|, t),

U(ξ, |z|, t) =
1

2
ξ|z|T (ξ, |z|, t) + tξ2S(ξ, |z|, t),

S(ξ, |z|, t) = exp(ξ|z|) %,*(ξ
√

t +
|z|
2
√

t

)

−

− exp(−ξ|z|) %,*(ξ
√

t− |z|
2
√

t

)

,



 ! "#$%&'()# **+
T (ξ, |z|, t) = exp(ξ|z|) ',-(ξ

√
t +

|z|
2
√

t

)

+

+ exp(−ξ|z|) ',-(ξ
√

t− |z|
2
√

t

)

,

P (ξ, |z|, t) = exp

(

−ξ2t− z2

4t

)

. (21)/& %0#123 4' (#&'3 &05& &0'%' -1(&6#( 52%# 577'5, 5% 6($',%6#(% #- &0'85725' &,5(%-#,9 :6&0 ,'%7'& &# &0' 75,59'&', t ;**<℄>
L−1

{

exp
(

−
√

ξ2 + s|z|
)}

=
|z|

2
√

πt3/2
P (ξ, |z|, t),

L−1

{

1

s
exp

(

−
√

ξ2 + s|z|
)

}

=
1

2

[

S(ξ, |z|, t) + 2'−ξ|z|
]

,

L−1

{

1

s2
exp

(

−
√

ξ2 + s|z|
)

}

=
1

2ξ2

[

U(ξ, |z|, t) + (2tξ2 − ξ|z|)'−ξ|z|
]

,

L−1

{

1
√

ξ2 + s
exp

(

−
√

ξ2 + s|z|
)

}

=
1√
πt

P (ξ, |z|, t),

L−1

{

1

s
√

ξ2 + s
exp

(

−
√

ξ2 + s|z|
)

}

=
1

2ξ

[

− T (ξ, |z|, t) + 2'−ξ|z|
]

,

L−1

{

1

s2
√

ξ2 + s
exp

(

−
√

ξ2 + s|z|
)

}

=

=
1

2ξ3

[

Q(ξ, |z|, t)− (1 + ξ|z| − 2tξ2)'−ξ|z|
]
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