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ZL�7KQZQ�OVao � i r;�X�T�j�al7�(�jtCucVc���O?A@CB7D
tsu����7��+aK(MONJZj�Q.ApjrCVq�]Z-[-.]\�O��� 9a�(� [2] +X�AoQ� , �-=5�Q�-=a`/bRI]�-}!�1� ,�7  =O¡a¢�r¤£5¥�I>ra�LV§¦©¨(e(ªX«QMj=5?A@CBAD/EAF(GH 8-=aK5M5NcI�¬_­ i \ w �/®jZ(9 , p g I1¯(° f²± � , �³(´ �-=L¨Oe �7  maµ7o-+]¶(·!�¹¸7o-VOm � ¨(e/Pq.�º/¥
tsuc= x 8�IC»(¼QPR.]\

2 2 ½�¾*¿�À�ÁÃÂ§Ä
pAp;Z79 , � ³ =L¨Ae �Q  =LºA¥>tsuÅITÆÇ¦È\-� ³A´ �

= �(  =L¨(ejtTuq+ ³ o7�>�1É!ÊËÆjo-9OÌCÍ>ZQ[Q.h\�p(p
ZLÆÎ¦Ï¨Ae>tsuq9 , �AÐ_= �Q  =/¡X¢>mX�Q�-= �Q  IL£O¥fh±

, Ì/?j+ , �-�_= �-  =(¡5¢�m5�7Ð>= �Q  IX£/¥ fh±
.T¨Ae_tsu�Z-[-. ( Ñ –1) \
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φ ψ

Ñ –1 2 Ò7¨Ae>tsu

� ³ = �Q  =LÓQÔcI φ, ψ r¤PÕ.>rL� , ºQ¥7¨7e>t;uc=ÖA× ªO«-M>9
(

∇2 −A2
)

φ+B2ψ + s =
1

C2

∂φ

∂t
(1)

(

∇2 −D2
)

ψ +E2φ =
1

F 2

∂ψ

∂t
(2)

rsVj.T\§p7pX+ , A, B, C, D, E, F 95K/ØJZ-[_.Jr²ÙjK
Pq.�\�p(psZ79 , φ =O¡a¢�+-,JÊ¹£5¥ f¤g . ψ =s¯Q£OÚ�I
E2φ r7� , ψ =(¡O¢c+_,A. φ =L¯>£/ÚqI B2ψ r-�]� , 2ÛÝÜ]ÞßÜAà
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3 ����� �"!$#&%('*)Ã)(+-,*.�/"0�1-2
ªA«_M (1), (2) =436567QE>F87qtau§I x(9 pJraI4:R�
.1\ x<; =LªA8�rA�¤�79X�>=!Ê¤=LªA8-m?:�� � g .1\<@Õr³ 9 , £/¥-Ú B2ψ, E2φ IBAq� � g>i4C Ì?D>=XÚ!rQ�T� ,

φ, ψ Ia?7@FE4GIHKJ�L-rC+ , ^ gNMXg>OQP + x<; Pq.1ªA8
ZQ[A.1\cps=LªA8QZ79BR/64SUTVGUWVX8YKZcI\[/2(Pq.K]AG
m-[Q.am , �/�_Z_^;¯ fhgji W(8�IX^A=8`8`A= � Z;�-}_Z
�Q.baQmVcO��ZQ[-.]\Õ�q¦�@§r ³ =aªA8>9 , º PBd 6Aª/«
M (1), (2) =Lv w/x � 0A2(3/476(8�IC}-oJ.�e(¸�+(9X^7=
Laplace y(zQ��IBfUgO� φ, ψ Isº P ª/«jM_= x r7�]�4f
gj.TªQ8>Zj[-.T\§p7pLZQ9 , � � =XªQ8�+ ³ o-�Q=4h , Di Z?j � =aª78J+ ³ oQ�A=Vhq.]\

3.1 k8l<m_n6o>pNq
oN` , EQF ∂B �>+a�Ao7� , EQF>7>=�r � φ(x, t) ` i 9

∂φ(x, t)/∂n �7�R,�s � ψ(x, t) ` i 9 ∂ψ(x, t)/∂n �j=Õ�t � �aÐ5ªFu ³ mVA_� � g �5o_.jr¹Pc.�\jps=OtTu>= x 9 ,

EQF>7�=�vÎÊ�w6xX4�= � Z
C(x)φ(x, t) =

∫

∂B

Gφ(x,y, t) ∗
∂φ(y, t)

∂n
dSy

−

∫

∂B

Sφ(x,y, t) ∗ φ(y, t) dSy

+

∫

B

Gφ(x,y, t) ∗
[

B2ψ(y, t) + s(y, t)
]

dVy

+

∫

B

Gφ(x,y, t)φ(y, 0) dVy (3)

C(x)ψ(x, t) =

∫

∂B

Gψ(x,y, t) ∗
∂ψ(y, t)

∂n
dSy

−

∫

∂B

Sψ(x,y, t) ∗ ψ(y, t) dSy

+

∫

B

Gψ(x,y, t) ∗E2φ(y, t) dVy

+

∫

B

Gψ(x,y, t)ψ(y, 0) dVy (4)
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r����(PR.Qpjr]m(Zj�Q.]\§pApX+ , C(x) 9����CÚ_Z-[ÕÊ ,

G(x, y, t), S(x, y, t) 9Lv wAx �c,bs7�	�	
��cZ-[-.T\ (3)

�q,�s (4) 9 , x ICE-Fq+�
��R|-.Jra� , ���J=LEjF<7R+� Pq.1EQF/4Q6Aª5«-M rCVj.]\(Ø<7 x8; =?e(¸c+(9 , R(6
S�T>G W4XNY\ZJ=aÚ�9 , Ð ³ �_=_EFG H\J_`(Z7=�7ÅI��R­
� x8; I��*g-.Qpjrs+;PR.�\

3.2 �����Fm_n������� �k8l�!�"���#�$8q	%
Lubich =;0(2(3/476A8 [1] I&�q­X�sE7F/476(ªO«7M (3),

(4) =bv*Ê�w<xL4qI�'j= � +Cd/e5NAPq.h\XW)(_9;�/� [2] =
e(¸!r�`Q­ i 9 ÌR�1Z-[7.]\U`?u , v w(x = Laplace y/z
mV]7G-Z-[-.]\ (1) = Laplace y/z�9

[

∇2 −
(

A2 +
p

C2

)]

φ̂(x, p)

=
[

∇2 − κ(p)2
]

φ̂(x, p) = 0 (5)

Z_[>.C\§pQp/+ , p 9OyAz�*,+�-	.0/(Z_[�Ê , φ̂ 9 φ =
Laplace y/z>Z-[-.]\U` i , κ2 = A2 + p/C2 rhK	1!� i \
p 932 H Ø!rCVj.L=(Z , κ �?` i 2 H Ø>Z-[-.�\

(5) =av w(x �c,bsA�	�	
��c9 , 2 D�4jtsuc=Rr;�
Ĝφ(x,y, p) =

1

2π
K0(κr) (6)

Ŝφ(x,y, p) =
∂Ĝφ(x; y, p)

∂ny
= −

κ

2π
K1(κr)

∂r

∂ny
(7)

rsVj.T\Õp7pX+ , r = |x − y| r1�7o i \U` i , Kn 95� 2

<�=Xy � Bessel
� Ø>Zj[j.]\§p g � =av wAx 9 , �A� [2]

ZX}Qo i �a=Rr � M�5j+(9<`Q­ i 9 ÌR��Z-[ÕÊ , d(e/N�=
W6(Õ�aÌR�(rCVj.]\

4 ¾87:9-�<;:=?>Ç)"+-,�.&/"0-1-2
º PBd 6(ª5«QM (1), (2) =Lv w/x � 0/2(3O476A8>IC}Qo
.\e/¸c+(9O^Q= Laplace y/zQ�JI�fUgO� φ, ψ ICº P ª/«
M_= x r7�1�4fUg-.Tª78J+ ³ oQ�4:c�Q,q¦ \

4.1 @�A<k8l<m_n6o4pQq
E7F ∂B �_+a�(o(� , EAF47J=br (φ(x, t), ψ(x, t)) ` i
9 � ∂φ(x, t)/∂n, ∂ψ(x, t)/∂n �_=R� t � �Qm<Ac� � g �
o�.>r²PR.>r;� , tsu�= x 9

C(x)

(

φ(x, t)

ψ(x, t)

)

=

∫

∂B

Γ(x,y, t) ∗

(

∂φ(y, t)/∂n

∂ψ(y, t)/∂n

)

dSy

−

∫

∂B

Σ(x,y, t) ∗

(

φ(x, t)

ψ(x, t)

)

dSy

+

∫

B

Γ(x,y, t) ∗

(

s(y, t)

0

)

dVy

+

∫

B

Γ(x,y, t)

(

φ(x, 0)

ψ(x, 0)

)

dVy (8)

rB���OPq.7p-r]m(ZQ�7.1\qp(pa+ , Γ, Σ 9sº P ªO«QM (1),

(2) =av w(x �c,bsA�	�	
��>Z-[-.]\
4.2 @�A_o>pQq�#)C�D�E
º P�d 6Aª/«-M (1), (2) =7ÌBD�Fj= Laplace y/z

(

∇2 − κ2

φ B2

E2 ∇2 − κ2

ψ

)(

φ̂

ψ̂

)

=

(

0

0

)

(9)

+ ³ oj�4:q�Q.T\§p7pO+ , κ2

φ = A2 + p/C2 �q,�s κ2

ψ =

D2 + p/F 2 Z7[-.]\
�j=aª/«-M�F_=av w(x 9 Hölmander =aª78J+_,5­O�4f
gQ.7pQr�m(Z-�A.1\6`Bu , G�H_=�I7Ø/¬�J ( K/} H ¬�J ) =
¬�J7M>9

L =
(

∇2 − κ2

φ

) (

∇2 − κ2

ψ

)

− B2E2 (10)

rCV-.]\ ³ML + ,
d 6�K(} H L +j,(. d 6Aª/«-M

LU = 0 (11)

=Xv wAx I?f g-.T\Av wAx I UG r¤P g � , (9) =Xv w(x
=a:/¥76J9

Γ̂φφ =
(

∇2 − κ2

ψ

)

UG, Γ̂φψ = −E2UG (12)

Γ̂ψφ = −B2UG, Γ̂ψψ =
(

∇2 − κ2

φ

)

UG (13)
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ψ

δφ, δψ=0

φ, ψ=0
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