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T5Ã�Ä�Ä�Å,Æ�Ç�È	É2ÅËÊ	È	É
x = (x1, x2, x3) ∈ R

3 Ì t ∈ R
Ì x3 > 0

Ä�É2Ä�Ç�Í�Å5Î¬É	Ï	Ç�Í�Ð�È2Æ�ÑÓÒ2É2ÔYÔYÍ�È2Í�Ï	Õ	ÉpÃ�Ö2×�Ñ
Ï	Ø7Ù½Î�ÈpÃ�Ú�Ï2Í�Ï	É	Û

ρ
∂2ui
∂t2

=
3
∑

j=1

∂Tij
∂xj

, i = 1, 2, 3, (1.1)

Ê	È	ÉÜÄ�ÖpÍ�Ò2Î�ÝQÞ!É'ÙßÏpÃ�àpÃ�Ö2×�Ï	Ø7Ù»É»Ð�ÈpÃ�Ï	É	à	Ï	Ø7Ù½Î�Ä�ÖpÆ�Ú�É	á�Ù8â

ui
∣

∣

t<0
≡ 0, (1.2)

T3j
∣

∣

x3=+0
= −δ1jδ′(t)/2, j = 1, 2, 3, (1.3)

Ð�ÒpÍ
u(x, t) = (u1(x, t), u2(x, t), u3(x, t)) ã Ú�Í�ä	Ç�Æ�ÈåÄ�Å,Í�Þ�Í�Ï	É	Û Ì δ′(t) ã Ê	È2Æ�É	æ�Ú�Æ�Ò2ÏpÃ�áçÒpÍ�Ö2×�Ç�Ã�Ñ

ÔMÎ�Ï	ä	Õ	É	É«K^É	ÈpÃ�ä'Ã'è
δij ã Ä�É2Å5Ú�Æ�Ö�deÈ2Æ�Ï2Í�ä�Í�ÈpÃ'è

Tij ã Ç�Í�Ï	æ�Æ�ÈÜÏpÃ�Ê	È#á'é!Í�Ï	É	Û�â

Tij(x, t) = σij[u](x, t) +

t
∫

0

k(x2, t− τ)σij [u](x, τ) dτ, (1.4)

σij ã ÏpÃ�Ê	È#á'é!Í�Ï	É	á Ì Ò	Ö2áßä�Æ�Ç�Æ�È	Ø7ÙÜÄ�Æ�Ð�Ö�Ã�Ä�Ï2Æ?æ�Ã�ä�Æ�Ï	Î½_8Î�ä'Ã�É2Å,Í�Í�Ç¬Å,Í�Ä�Ç�Æ�Ê	È2Í�ÒpÄ�Ç�Ã�Ú�ÖpÍ�Ï	É2Í

σij[u](x, t) = µ

(

∂ui
∂xj

+
∂uj
∂xi

)

+ δijλdiv u. (1.5)

f�É2Ä�Ç�Í�ÅVÃ!Î�ÈpÃ�Ú�Ï2Í�Ï	É	Ûçê~ë�ì�ë�íÓîCê~ë�ì ï�í�Ú�Æ�æ�Ï	É	ä'Ã�Í�Ç�Ú�Ç�Í�Æ�È	É	ÉßÚ�á'æ�ä�Æ�Î�Ê	È	Î�Ð�É'ÙßÄ�È2Í�Ò»Ä¯Ê2Í�È2Í�Å,Í�Ï	Ï	ØaÅ5É
Ê'ÖpÆ�Ç�Ï2Æ�Ä�Ç�×�Ý

ρ
Ékä�Æ�ð�ÔYÔMÉ	Õ	É2Í�Ï	Ç�Ã�Å5É�X^Ã�Å,Í

λ Ì µ ìecñÒ�Ã�Ï	Ï2Æ�Û�ÈpÃ�ò�Æ�Ç�Í!Ê	È2Í�Ò2Ê2Æ�Ö�Ã�Ð�Ã�Í�Ç�Ä�á Ì à	Ç�Æ ρ =

ó
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ρ(x3)
Ì µ = µ(x3)

Ì λ = λ(x3)
á'Ú�Ö2á'ÝQÇ�Ä�á ÔMÎ�Ï	ä	Õ	É	á	Å5É Æ�Ò2Ï2Æ�ÛñÊ2Í�È2Í�Å,Í�Ï	Ï2Æ�Û É Ê	È	É	ÏpÃ�Ò	ÖpÍ�é�Ã�Ç

Å5Ï2Æ�é!Í�Ä�Ç�Ú�Î

Λ :=
{

ρ(x3), λ(x3), µ(x3) ∈ C2([0,∞)) :

ρ(x3) > 0, µ(x3) > 0, λ(x3) > 0; ρ′(+0) = µ′(+0) = λ′(+0) = 0
}

.

SeÈ	É Ä�ÒpÍ�Ö�Ã�Ï	Ï	Ø7Ù Ê	È2Í�Ò2Ê2Æ�ÖpÆ�é!Í�Ï	É	á�Ù É	æ ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú ê~ë�ì�ë�íÓîCê~ë�ì ï�í Ä�ÖpÍ�Ò2Î�Í�Ç Ì à	Ç�Æ
u1(x, t) ≡

u1(x2, x3, t) 6≡ 0 Ì u2 ≡ u3 ≡ 0
É ÔMÎ�Ï	ä	Õ	É	á

λ(x3)
Ï2Í»ò�Î�ÒpÍ�ÇçÚ�Ù#Æ�Ò2É	Ç�× Ú Æ�Ä�Ç�Ã�ÝQÞ!É2Í�Ä�á Î�ÈpÃ�Ú�Ñ

Ï2Í�Ï	É	á	��ë�
�ì¬NQò�ÈpÃ�Ç�ÏpÃ�á�æ�Ã�Ò�Ã�àpÃßæ�Ã�ä'Ö2ÝQàpÃ�Í�Ç�Ä�áçÚ»Æ�Ê	È2Í�ÒpÍ�ÖpÍ�Ï	É	Éçá�Ò2ÈpÃ
k(x2, t)

Ì t > 0 Ì Ú�Ù#Æ�Ò2á'Þ�Í�Ð�ÆÚ¬ê~ë�ì�ë�íWÊ2Æ�Ä�È2Í�ÒpÄ�Ç�Ú�Æ�Å ÔYÆ�È2Å5Î�Ö2Ø ê~ë�ì ��í Ì Í�Ä�Ö2É¬Æ�Ç�Ï2Æ�Ä�É	Ç�Í�Ö2×�Ï2ÆYÈ2Í��Í�Ï	É	á�æ�Ã�Ò�Ã�à	É�ê~ë�ì�ë�íÓîCê~ë�ì ï�í5É	æ�Ú�Í�Ä�Ç�Ñ
ÏpÃ^ÒpÆ�Ê2Æ�Ö2Ï	É	Ç�Í�Ö2×�ÏpÃ�áÜÉ	Ï2ÔYÆ�È2ÅVÃ�Õ	É	á

u1(x2, x3, t)
∣

∣

x3=+0
= g(x2, t), t > 0, (1.6)

g(x2, t) ã æ�Ã�Ò�Ã�Ï	ÏpÃ�á»ÔMÎ�Ï	ä	Õ	É	á8ì
K�Ã�Ï	ÏpÃ�á�Ê2Æ�Ä�Ç�Ã�Ï2Æ�Ú�ä'Ã»Æ�ò�ÈpÃ�Ç�Ï2Æ�Ûçæ�Ã�Ò�Ã�à	É ò�Í�æ�Î�à2Í�Ç�Ãßæ�Ã�Ú�É2Ä�É2Å,Æ�Ä�Ç�É á�Ò2ÈpÃ«Î�ÈpÃ�Ú�Ï2Í�Ï	É	á

k
Æ�Ç

x2ò�Ø7Ö�Ã�ÈpÃ�Ä�Ä�Å,Æ�Ç�È2Í�ÏpÃ�Ú�� ��
�ìVSeÈ	É½È2Í��Í�Ï	É	É»Ê	È	É2Å,Í�Ï	á�ÖpÄ�á»Ê	È	É	Ï	Õ	É	Ê�Ä�é�Ã�Ç�Ø7ÙÜÆ�Ç�Æ�ò�ÈpÃ�é!Í�Ï	É	ÛÜÚ?Ê	È2Æ�Ñ
Ä�Ç�ÈpÃ�Ï2Ä�Ç�Ú�Í^Ï2Í�Ê	È2Í�È	Ø1Ú�Ï	Ø7ÙkÔMÎ�Ï	ä	Õ	É	Û�ÄYÚ�Í�Ä�Æ�Ú�ØaÅ5ÉkÏ2Æ�È2ÅVÃ�Å5É�ä�Ä�É2Ä�Ç�Í�Å,Í!É	Ï	Ç�Í�Ð�ÈpÃ�Ö2×�Ï	Ø7ÙÜÎ�ÈpÃ�Ú�Ï2Í�Ñ
Ï	É	Û Ì ä�Æ�Ç�Æ�ÈpÃ�áåá'Ú�Ö2á	Í�Ç�Ä�áið�ä	Ú�É	Ú#Ã�ÖpÍ�Ï	Ç�Ï2Æ�Û Æ�ò�ÈpÃ�Ç�Ï2Æ�Û æ�Ã�Ò�Ã�à2Í�ìkK!Æ�ä'Ã�æ�Ã�ÏpÃ�Ç�Í�Æ�È2Í�ÅVÃ�Ð�ÖpÆ�ò�Ã�Ö2×�Ï2Æ�Û
Æ�Ò2Ï2Æ�æ�ÏpÃ�à	Ï2Æ�ÛçÈpÃ�æ�È2Í�!É2Å,Æ�Ä�Ç�ÉçÉ�Ê2Æ�Ö2Î�à2Í�ÏpÃ«Æ�Õ2Í�Ï	ä'Ã«Î�Ä�Ç�Æ�Û	à	É	Ú�Æ�Ä�Ç�ÉçÈ2Í��Í�Ï	É	á�æ�Ã�Ò�Ã�à	ÉçÆ�Ê	È2Í�ÒpÍ�ÖpÍ�Ñ
Ï	É	á á�Ò2ÈpÃ'ì KYÖ2á É2Ä�Ä�ÖpÍ�ÒpÆ�Ú#Ã�Ï	É	áRÆ�ò�ÈpÃ�Ç�Ï2Æ�Ûñæ�Ã�Ò�Ã�à	ÉñÊ2Æ�Ä�Ç�Ã�Ú�ÖpÍ�Ï	Ï2Æ�Û Úið�Ç�Æ�ÛRÄ�Ç�Ã�Ç�×�ÍkÉ2Ä�Ê2Æ�Ö2×�æ�Î#Ñ
Í�Ç�Ä�á Å,Í�Ç�Æ�Ò�!ä'Ã�Öåò�Ã�ÏpÃ�Ù#Æ�Ú�Ø7Ù Ê	È2Æ�Ä�Ç�ÈpÃ�Ï2Ä�Ç�Ú�Ã�ÏpÃ�Ö2É	Ç�É	à2Í�Ä�ä	É'ÙiÔMÎ�Ï	ä	Õ	É	Û Ì ÈpÃ�æ�Ú�É	Ç�Ø1ÛiÚ»ÈpÃ�ò�Æ�Ç�Ã�Ù
X?ì�ceì'N¯Ú�Ä�á'Ï	Ï	É	ä�Æ�Ú#Ã�� � Ì ��
�É?X?ì#ZeÉ	È2Í�Ï2ò�Í�È	Ð�Ã�� ï�
�ì,ceì�_�ì#TWÆ�ÅVÃ�Ï2Æ�Ú��1Ï2Í�ä�Æ�Ç�Æ�È	ØaÅ5É½Å,Æ�Ò2É2ÔMÉ	ä'Ã�Õ	É	á�Ñ
Å5ÉYÊ	È	É2Å,Í�Ï	á�Ö^ð�Ç�Æ�Ç¯Å,Í�Ç�Æ�Ò!äYÈ2Í��Í�Ï	É	Ý Å5Ï2Æ�Ð�Æ�Å,Í�È	Ï	Ø7ÙYä�Æ�ð�ÔYÔMÉ	Õ	É2Í�Ï	Ç�Ï	Ø7ÙYÆ�ò�ÈpÃ�Ç�Ï	Ø7ÙYæ�Ã�Ò�Ã�à�� ��î���
�ì
c ÈpÃ�ò�Æ�Ç�Ã�Ù�� ��î�ë�ë�
CÏpÃYÆ�Ä�Ï2Æ�Ú�Í¯ð�Ç�Æ�Ð�Æ^Å,Í�Ç�Æ�Ò�Ã^É2Ä�Ä�ÖpÍ�ÒpÆ�Ú#Ã�Ï	ØñÆ�ò�ÈpÃ�Ç�Ï	ØaÍ¯æ�Ã�Ò�Ã�à	É½Æ�Ê	È2Í�ÒpÍ�ÖpÍ�Ï	É	á«Å5Ï2Æ�Ñ
Ð�Æ�Å,Í�È	Ï2Æ�Ð�Æká�Ò2ÈpÃ»ÚkÐ�É	Ê2Í�È2ò�Æ�Ö2É	à2Í�Ä�ä	É'ÙåÎ�ÈpÃ�Ú�Ï2Í�Ï	É	á�Ù8ìçIpÒpÍ�Ä�×kÚ�Ú�Æ�Ò2É	Ç�Ä�á	!ä'Ã�Ö�ÃkÃ�ÏpÃ�Ö2É	Ç�É	à2Í�Ä�ä	É'Ù
Ê2Æ

x2
ÔMÎ�Ï	ä	Õ	É	Û�ÉkÎ�Ä�Ç�Ã�ÏpÃ�Ú�Ö2É	Ú#Ã�Í�Ç�Ä�ákÖpÆ�ä'Ã�Ö2×�ÏpÃ�á�Ç�Í�Æ�È2Í�ÅVÃ«Ä�Î�Þ�Í�Ä�Ç�Ú�Æ�Ú#Ã�Ï	É	ákÈ2Í��Í�Ï	É	á�ÈpÃ�Ä�Ä�ÅVÃ�Ç�Ñ

È	É	Ú#Ã�Í�Å,Æ�Û�Æ�ò�ÈpÃ�Ç�Ï2Æ�Û»æ�Ã�Ò�Ã�à	É�ì

� E^¼½nWr�oVspz	nWqWy'r�� �p¿"!�r$#Wxp¾�y'nWxpr#¿Wq&%Ëq xp¾�¿Wxpsp¿Wx('ËnWr�Á�m)� �'y�z	y

N¯Ê	È2Í�ÒpÍ�Ö2É2Å ò�É'Ö2É	Ï2Í�Û	Ï	Ø1ÛÜÉ	Ï	Ç�Í�Ð�ÈpÃ�Ö2×�Ï	Ø1ÛkÆ�Ê2Í�ÈpÃ�Ç�Æ�È
L
Ê2Æ�ÔYÆ�È2Å5Î�ÖpÍ

L [k(x2, t), u(x2, x3, t)] = u(x2, x3, t) +

t
∫

0

k(x2, t− τ)u(x2, x3, τ) dτ.

c Ò�Ã�Ö2×�Ï2Í�Û*�Í�Å Ì Ò	Ö2á½Ä�Æ�ä	ÈpÃ�Þ�Í�Ï	É	á½æ�Ã�Ê	É2Ä�É Ì É	Ï2Æ�Ð�Ò�Ã�Ï2ÍMò�Î�ÒpÍ�Å Ú?Æ�Ê2Í�ÈpÃ�Ç�Æ�È2Í L Î�ä'Ã�æ�Ø1Ú#Ã�Ç�×?æ�Ã�Ú�É'Ñ
Ä�É2Å,Æ�Ä�Ç�×kÔMÎ�Ï	ä	Õ	É	Û Æ�ÇÜÊ2Í�È2Í�Å,Í�Ï	Ï	Ø7Ù Ì Ê2Æ�Ò2ÈpÃ�æ�Î'Å,Í�Ú#Ã�áiæ�Ã�Ú�É2Ä�É2Å,Æ�Ä�Ç�×kÊ2Í�È	Ú�Æ�ÛåÔMÎ�Ï	ä	Õ	É	É Æ�ÇÜÊ2Í�È2Í�Ñ
Å,Í�Ï	Ï	Ø7Ù

x2
Ì t Ì Ã!Ú�Ç�Æ�È2Æ�Û ã Æ�Ç

x2
Ì x3 Ì t ìSMÍ�È2Í�Ê	É*�Í�Å ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú#Ã ê~ë�ì�ë�íÓîCê~ë�ì ï�í^Æ�Ç�Ï2Æ�Ä�É	Ç�Í�Ö2×�Ï2ÆkÏ2Í�Ï	Î�ÖpÍ�Ú�Æ�Ûåä�Æ�Å5Ê2Æ�Ï2Í�Ï	Ç�Ø Ú�Í�ä	Ç�Æ�ÈpÃkÄ�Å,Í�Ñ

Þ�Í�Ï	É	Û
u1(x2, x3, t)

â

ρ(x3)
∂2u1
∂t2

=
∂

∂x3

(

µ(x3)L

[

k,
∂u1
∂x3

])

+ µ(x3)
∂

∂x2

(

L

[

k,
∂u1
∂x2

])

, (2.1)

u1
∣

∣

t<0
≡ 0, (2.2)

L

[

k,
∂u1
∂x3

]

x3=0

= − δ′(t)

2µ(0)
. (2.3)
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K�Ã�ÖpÍ�ÍYÉ	Ï'ÒpÍ�ä�Ä������?Î«Ê2Í�È2Í�Å,Í�Ï	Ï2Æ�Û

x
ò�Î�ÒpÍ�Ç¬Æ�Ê	Î�Þ�Í�Ï�ì

c�Ú�Í�ÒpÍ�ÅËÚ�ÈpÃ�Ä�Ä�Å,Æ�Ç�È2Í�Ï	É2ÍYÏ2Æ�Ú�Î�Ý Ê2Í�È2Í�Å,Í�Ï	Ï	Î�Ý
y
Ê2Æ�ÔYÆ�È2Å5Î�ÖpÍ

y = φ(x3) :=

x3
∫

0

dξ

ν(ξ)
, ν(x3) :=

√

µ(x3)

ρ(x3)
.

LMÍ�È2Í�æ
φ−1(y)

Æ�ò�Æ�æ�ÏpÃ�à	É2Å ÔMÎ�Ï	ä	Õ	É	Ý Ì Æ�ò�ÈpÃ�Ç�Ï	Î�Ý ä
φ(x3)

ìVSeÎ�Ä�Ç�×

v(x, y, t) :=
u1
(

x, φ−1(y), t
)

s(y)
, s(y) :=

√

ν(+0)ρ(+0)

ν (φ−1(y)) ρ (φ−1(y))
.

glÆ�Ð�Ò�ÃkÆ�ò�ÈpÃ�Ç�ÏpÃ�áiæ�Ã�Ò�Ã�àpÃ ê �'ì�ë�íÓîCê �'ì ��í Ì ê~ë�ì ��íMÚ�Ç�Í�È2Å5É	ÏpÃ�ÙåÚ�Ï2Æ�Ú�×�Ú�Ú�Í�ÒpÍ�Ï	Ï	Ø7Ù ÔMÎ�Ï	ä	Õ	É	ÛiÉiÊ2Í�È2Í�Ñ
Å,Í�Ï	Ï2Æ�Û

y
Ê	È	É	Ï	É2ÅVÃ�Í�Ç¬Ú�É'Ò

∂2v

∂t2
= L

[

k,
∂2v

∂y2
+ q(y)v

]

+ ν2
∂

∂x
L

[

k,
∂v

∂x

]

, y > 0, (x, t) ∈ R
2, (2.4)

v(x, y, t)|t<0 ≡ 0, (2.5)

∂

∂y
L [k, v]y=+0 = −

aδ′(t)

2
, (2.6)

v(x, y, t)
∣

∣

y=+0
= g(x, t), t > 0, x ∈ R, (2.7)

Ð�ÒpÍQÚ�Ú�Í�ÒpÍ�Ï	Ø Æ�ò�Æ�æ�ÏpÃ�à2Í�Ï	É	á
q(y) := s′′(y)

s(y) − 2
[

s′(y)
s(y)

]2 Ì a = [µ(+0)ρ(+0)]−
1
2 .
c Î�ÈpÃ�Ú�Ï2Í�Ï	É	Éçê �'ì ��í

É½Ò�Ã�ÖpÍ�ÍMÊ2Æ�Ò
ν
Ê2Æ�Ï	É2ÅVÃ�Í�Ç�Ä�áÜÔMÎ�Ï	ä	Õ	É	á

ν
(

φ−1(y)
)

.T5Ã�Ä�Ä�Å,Æ�Ç�È	É2Å Æ�Ê2Í�ÈpÃ�Ç�Æ�È	Ï2Æ�Í^Î�ÈpÃ�Ú�Ï2Í�Ï	É2ÍYÆ�Ç�Ï2Æ�Ä�É	Ç�Í�Ö2×�Ï2Æ«ÔMÎ�Ï	ä	Õ	É	É
v(x, y, t)

L [k, v] = exp (k(x, 0)t/2)w(x, y, t).

ZMÍ�Ç�È	Î�Ò2Ï2Æ?Ê	È2Æ�Ú�Í�È	É	Ç�× Ì à	Ç�Æ v à2Í�È2Í�æ w Ú�Ø1ÈpÃ�é�Ã�Í�Ç�Ä�áÜÊ2Æ�ÔYÆ�È2Å5Î�ÖpÍ

v(x, y, t) = L [r, exp (k(x, 0)t/2)w] , (2.8)

Ð�ÒpÍ

r(x, t) = −k(x, t)−
t
∫

0

k(x, t− τ)r(x, τ) dτ. (2.9)

N¯Ç�Ï2Æ�Ä�É	Ç�Í�Ö2×�Ï2Æ½ÔMÎ�Ï	ä	Õ	É	Û
w(x, y, t), v(x, y, t)

É
r(x, t)

Î�ÈpÃ�Ú�Ï2Í�Ï	É	á ê �'ì ��íÓîCê �'ì ��íaÊ	È	É	Ï	É2ÅVÃ�ÝQÇ
Ú�É'Ò

∂2w

∂t2
=
∂2w

∂y2
+H(x, y)w −

t
∫

0

h(x, t− τ)w(x, y, τ) dτ

+ ν2 exp(r(x, 0)t/2)
∂

∂x
L

[

k,
∂v

∂x

]

, y > 0, (x, t) ∈ R
2,

(2.10)

w(x, y, t)
∣

∣

t<0
≡ 0, (2.11)

∂w

∂y

∣

∣

∣

∣

y=+0

= −aδ
′(t)

2
+
a

4
r(x, 0)δ(t), (2.12)
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w
∣

∣

y=+0
= L [k0, g̃(x, t)] , (2.13)

Ð�ÒpÍ

H(x, y) := q(y) +
r2(x, 0)

4
− rt(x, 0), h(x, t) := rtt(x, t) exp (r(x, 0)t/2) ,

g̃(x, t) :=
aδ(t)

2
+ g̃0(x, t) θ(t), g̃0(x, t) := g0(x, t) exp (r(x, 0)t/2) ,

k0(x, t) := k(x, t) exp (r(x, 0)t/2) , r0(x, t) := r(x, t) exp (r(x, 0)t/2) .
c Ê2Æ�Ä�ÖpÍ�Ò2Ï	É'Ù Î�ÈpÃ�Ú�Ï2Í�Ï	É	á�Ù É2Ä�Ê2Æ�Ö2×�æ�Æ�Ú#Ã�Ï2ÆñÈpÃ�Ú�Í�Ï2Ä�Ç�Ú�Æ

k(x, 0) = −r(x, 0) Ì Ú�Ø1Ç�Í�ä'Ã�ÝQÞ�Í�ÍÉ	æåê �'ì ��í�ìRc]Ò�Ã�Ö2×�Ï2Í�Û*�Í�ÅAÎ�ÈpÃ�Ú�Ï2Í�Ï	É	á ê �'ì�ë ��íÓîCê �'ì�ë���í«ò�Î�ÒpÍ�ÅOÈpÃ�Ä�Ä�ÅVÃ�Ç�È	É	Ú#Ã�Ç�×åÚiÄ�Æ�Ú�Æ�ä	Î�Ê	Ï2Æ�Ä�Ç�É
ÄeÈpÃ�Ú�Í�Ï2Ä�Ç�Ú�Æ�Å ê �'ì ��í�ì

TWÍ��Í�Ï	É2ÍYÊ	È#á	Å,Æ�ÛÜæ�Ã�Ò�Ã�à	Éiê �'ì ��í Ì ê �'ì�ë ��íÓîCê �'ì�ë���í7Ê	È2Í�ÒpÄ�Ç�Ã�Ú�É2Å Ú�Ú�É'ÒpÍ

w(x, y, t) =
a

2
δ(t− y) + θ(t− y) w̃(x, y, t), (2.14)

Ð�ÒpÍ
w̃(x, y, t) ã È2Í�Ð�Î�Ö2á'È	ÏpÃ�áRÔMÎ�Ï	ä	Õ	É	á8ìAglÆ�Ð�Ò�Ã Ì ä'Ã�ä Ä�ÖpÍ�Ò2Î�Í�ÇËÉ	æ ê �'ì ��í Ì ÔMÎ�Ï	ä	Õ	É	á v

É2Å,Í�Í�Ç
Ä�ÖpÍ�Ò2Î�ÝQÞ!É	Û»Ú�É'Òlâ

v(x, y, t) =
a

2
exp (k(x, 0)y/2) δ(t− y)

+
a

2
r(x, t− y) exp (k(x, 0)y/2) θ(t− y) + θ(t− y)ṽ(x, y, t),

(2.15)

Ð�ÒpÍ
ṽ(x, y, t) = L0 [r, exp (k(x, 0)t/2) w̃] .N¯Ê2Í�ÈpÃ�Ç�Æ�È

L0
Æ�Ç�Ö2É	àpÃ�Í�Ç�Ä�á Æ�Ç Æ�Ê2Í�ÈpÃ�Ç�Æ�ÈpÃ

L
Ö2É*!×çÇ�Í�Å Ì à	Ç�Æ�ÚçÉ	Ï	Ç�Í�Ð�ÈpÃ�ÖpÍ»Ú Æ�Ê	È2Í�ÒpÍ�ÖpÍ�Ï	É	É LÏ	É	é�Ï	É	Û»Ê	È2Í�ÒpÍ�Ö�ÈpÃ�Ú�Í�Ï

y
ì

SMÆ�ÒpÄ�Ç�Ã�Ú�Ö2á'áåÔMÎ�Ï	ä	Õ	É	É ê �'ì�ë���íMÉñê �'ì�ë�ï�íeÚ�Î�ÈpÃ�Ú�Ï2Í�Ï	É	á ê �'ì�ë ��íÓîCê �'ì�ë���í Ì Ú�Æ�Ä�Ê2Æ�Ö2×�æ�Î�Í�Å,Ä�áåÅ,Í�Ç�Æ�Ñ
ÒpÆ�ÅåÚ�Ø7ÒpÍ�ÖpÍ�Ï	É	á»Æ�Ä�Æ�ò�Í�Ï	Ï2Æ�Ä�Ç�Í�Û�ì�SeÈ	É»ð�Ç�Æ�ÅåÊ	È#á	Å5ØaÍMÚ�Ø1à	É2Ä�ÖpÍ�Ï	É	á½Ê2Æ�ä'Ã�æ�Ø1Ú#Ã�ÝQÇ Ì à	Ç�Æ�Ê2Æ�Ä�ÖpÍ�Ò2Ï2Í�Í
Ä�Ö�Ã�Ð�Ã�Í�Å,Æ�ÍYÚ�ê �'ì�ë ��í�Ê	È	É	Ï	É2ÅVÃ�Í�Ç¬Ú�É'Ò

ν2a

2

(

kxx(x, 0)
y

2
+ k2x(x, 0)

y2

4

)

δ(t− y)

+
ν2a

2

[(

kxx(x, 0)
y

2
+ k2x(x, 0)

y2

4

)

k(x, t− y) + kx(x, 0)kx(x, t− y)
]

θ(t− y)

+ ν2 exp (r(x, 0)t/2)
∂

∂x
L0

[

k,
∂

∂x
(r(x, t− y) exp (k(x, 0)y/2)) + ∂

∂x
ṽ

]

θ(t− y).
I8Ã�Å,Í�Ç�É2Å Ì à	Ç�Æ w = w̃

Ê	È	É
t > y > 0.

SeÈ	É ÔMÉ	ä�Ä�É	È2Æ�Ú#Ã�Ï	Ï2Æ�Å
x ∈ R

Ì Æ�ò�Æ�æ�ÏpÃ�àpÃ�á β(x, y) :=
w(x, y, y)

É¬Ê	È	É	ÈpÃ�Ú�Ï	É	Ú#Ã�á«ä�Æ�ð�ÔYÔMÉ	Õ	É2Í�Ï	Ç�Ø Ê	È	ÉßÆ�Ò2É	ÏpÃ�ä�Æ�Ú�Ø7ÙßÆ�Ä�Æ�ò�Í�Ï	Ï2Æ�Ä�Ç�á�Ù Ì Ê2Æ�Ö2Î�à	É2ÅçÒ2É2ÔYÔYÍ�Ñ
È2Í�Ï	Õ	ÉpÃ�Ö2×�Ï2Æ�ÍYÎ�ÈpÃ�Ú�Ï2Í�Ï	É2ÍMÒ	Ö2áßÏpÃ�Ù#Æ�é�ÒpÍ�Ï	É	á

β(x, y)

∂

∂y
β(x, y) =

a

4
H(x, y) +

aν2

4

(

kxx(x, 0)
y

2
+ k2x(x, 0)

y2

4

)

ÄeÏpÃ�àpÃ�Ö2×�Ï	ØaÅ Î�Ä�ÖpÆ�Ú�É2Í�Å
β(x, 0) = −a

4
r(x, 0).

N¯Ç�ä	Î�Ò�Ã Ì ÏpÃ�Û'ÒpÍ�Å

β(x, y) = −a
4
r(x, 0) +

aν2

4

(

kxx(x, 0)
y2

4
+ k2x(x, 0)

y3

12

)

+
a

4

y
∫

0

H(x, ξ) dξ. (2.16)
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fVÖpÍ�ÒpÆ�Ú#Ã�Ç�Í�Ö2×�Ï2Æ Ì ÔMÎ�Ï	ä	Õ	É	É w(x, y, t), k(x, t) Ú�Æ�ò�Ö�Ã�Ä�Ç�É t > y > 0

Î�ÒpÆ�Ú�ÖpÍ�Ç�Ú�Æ�È#á'ÝQÇ�Î�ÈpÃ�Ú�Ï2Í�Ñ
Ï	É	á	Å

∂2w

∂t2
=
∂2w

∂y2
+H(x, y)w − a

2
h(x, t− y) + k00(x, y, t)

−
t
∫

y

h(x, t− τ)w(x, y, τ) dτ + ν2 exp (r(x, 0)t/2)
∂

∂x
L0

[

k, r00 +
∂ṽ

∂x

]

,

(2.17)

w(x, y, t)
∣

∣

t=y
= β(x, y), (2.18)

∂w

∂y

∣

∣

∣

∣

y=+0

= 0, (2.19)

w
∣

∣

y=+0
=
a

2
k0(x, t) + L [k0, g̃0] , (2.20)

Ð�ÒpÍMÚ?Î�ÈpÃ�Ú�Ï2Í�Ï	É	Éiê �'ì�ë ��í�Ú�Ú�Í�ÒpÍ�Ï	Ø Æ�ò�Æ�æ�ÏpÃ�à2Í�Ï	É	á

k00(x, y, t) :=
ν2a

2

[(

kxx(x, 0)
y

2
+ k2x(x, 0)

y2

4

)

k(x, t− y) + kx(x, 0)kx(x, t− y)
]

, (2.21)

r00(x, y, t) :=
∂

∂x

(

r(x, t− y) exp (k(x, 0)y/2)
)

. (2.22)

g7È2Í�ò�Î�á�Ï2Í�Ê	È2Í�È	Ø1Ú�Ï2Æ�Ä�Ç�É ÔMÎ�Ï	ä	Õ	É	Û
w(y, t) Ì

(

∂w
∂y

)

(x, y, t)
Ê	È	É

y = t = 0
É	æ�Ä�Æ�Æ�Ç�Ï2Æ��Í�Ï	É	Û

ê �'ì�ë���íÓîCê �'ì ����í1Ï2Í�Ä�ÖpÆ�é�Ï2Æ?Ú�Ø1ÈpÃ�æ�É	Ç�×
r(x, 0) Ì rt(x, 0) à2Í�È2Í�æYÉ	æ�Ú�Í�Ä�Ç�Ï	ØaÍ^ÔMÎ�Ï	ä	Õ	É	É�â

r(x, 0) =
4

a
g0(x, 0), rt(x, 0) = −q(0)−

4

a2
g20(x, 0) +

4

a
g̃0t(x, 0). (2.23)

SeÈ	É»Ú�Ø1Ú�Æ�ÒpÍYÊ2Æ�Ä�ÖpÍ�Ò2Ï	É'Ù»ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú¬ò�Ø7Ö2É»É2Ä�Ê2Æ�Ö2×�æ�Æ�Ú#Ã�Ï	Ø Ä�ÖpÍ�Ò2Î�ÝQÞ!É2ÍMÈpÃ�Ú�Í�Ï2Ä�Ç�Ú#Ã'â

kt(x, t) = −rt(x, t)− r(x, 0)k(x, t) −
t
∫

0

rt(x, t− τ)k(x, τ) dτ, kt(x, 0) = −rt(x, 0) + r2(x, 0).

c�Ò�Ã�Ö2×�Ï2Í�Û*�Í�Åkò�Î�ÒpÍ�Å�Ä�à	É	Ç�Ã�Ç�× Ì à	Ç�Æ¯Ú�Å,Í�Ä�Ç�Æ r(x, 0) Ì rt(x, 0) Ê2Æ�ÒpÄ�Ç�Ã�Ú�ÖpÍ�Ï	ØËÉ'Ù^æ�ÏpÃ�à2Í�Ï	É	á�Ä�Ê2Æ�Å,Æ�ÑÞ!×�Ý ÔYÆ�È2Å5Î�Ö�ê �'ì ����í Ì É�à	Ç�ÆMÆ�Ï	É?É	æ�Ú�Í�Ä�Ç�Ï	ØaÍ¯ÔMÎ�Ï	ä	Õ	É	É�ì,N¯Ç�Ä�Ý7Ò�ÃMÄ�ÖpÍ�Ò2Î�Í�Ç Ì à	Ç�ÆYÔMÎ�Ï	ä	Õ	É	É k(x, 0) Ì
kx(x, 0)

Ì kxx(x, 0) Ì kt(x, 0) Ì ÃßÄ�ÖpÍ�ÒpÆ�Ú#Ã�Ç�Í�Ö2×�Ï2Æ Ì É k00(x, y, t) Ì r00(x, y, t) Ê	È	É t = y
á'Ú�Ö2á'ÝQÇ�Ä�á

Ç�Ã�ä	é!ÍYÉ	æ�Ú�Í�Ä�Ç�Ï	ØaÅ5É�ì
SMÆ�Ä�Ç�È2Æ�É2ÅRÄ�É2Ä�Ç�Í�Å5Î�É	Ï	Ç�Í�Ð�È2Æ�ÑÓÒ2É2ÔYÔYÍ�È2Í�Ï	Õ	ÉpÃ�Ö2×�Ï	Ø7ÙçÎ�ÈpÃ�Ú�Ï2Í�Ï	É	ÛkÒ	Ö2á�ÔMÎ�Ï	ä	Õ	É	Û

w Ì ṽ Ì h Ì k0 ìf Ê2Æ�Å,Æ�Þ!×�Ý ÔYÆ�È2Å5Î�Ö2Ø K�Ã�Ö�Ã�Å,ò�Í�ÈpÃ�É	æMÈpÃ�Ú�Í�Ï2Ä�Ç�Úkê �'ì�ë ��í Ì ê �'ì�ë���í Ì ê �'ì ����í�Ú�Ø1Ç�Í�ä'Ã�Í�Ç¬Î�ÈpÃ�Ú�Ï2Í�Ï	É2Í

w(x, y, t) = w0(x, y, t) +
1

2

y
∫

0

t+y−ξ
∫

t−y+ξ

{

H(x, ξ)w(x, ξ, τ) − a

2
h(x, τ − ξ)

+ k00(x, ξ, τ) −
τ−ξ
∫

0

h(x, γ)w(x, ξ, τ − γ) dγ

+ν2 exp (r(x, 0)τ/2)
∂

∂x
L0

[

k, r00 +
∂ṽ

∂x

]

(x, ξ, τ)

}

dτ dξ, x ∈ R, 0 < y < t,

(2.24)
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Ð�ÒpÍ

w0(x, y, t) =
1

2

{

a

2
(k0(x, t+ y) + k0(x, t− y)) + g̃0(x, t+ y)

+

t+y
∫

0

k0(x, τ)g̃0(x, t+ y − τ) dτ + g̃0(x, t− y) +
t−y
∫

0

k0(x, τ)g̃0(x, t− y − τ) dτ
}

.

SMÍ�È2Í�Ù#Æ�Ò2á�Ú«ÔYÆ�È2Å5Î�ÖpÍßê �'ì � ��í1äÜÊ	È2Í�ÒpÍ�Ö2Î»Ê	È	É
t → y + 0 Ì ÄYÎ�à2Í�Ç�Æ�Å Î�Ä�ÖpÆ�Ú�É	Û ê �'ì�ë���í Ì ê �'ì ����í ÌÏpÃ�Ù#Æ�Ò2É2Å

2β(x, y) − w0(x, y, y + 0) =

y
∫

0

2y−ξ
∫

ξ

{

H(x, ξ)w(x, ξ, τ) − a

2
h(x, τ − ξ) + k00(x, ξ, τ)

−
τ−ξ
∫

0

h(x, γ)w(x, ξ, τ − γ)dγ + ν2 exp (r(x, 0)τ/2)
∂

∂x
L0

[

k, r00 +
∂ṽ

∂x

]

(x, ξ, τ)

}

dτ dξ.

K^É2ÔYÔYÍ�È2Í�Ï	Õ	É	È	Î�á½Ê2Æ
y
Ê2Æ�Ä�ÖpÍ�Ò2Ï2Í�ÍYÈpÃ�Ú�Í�Ï2Ä�Ç�Ú�Æ Ì Ê2Æ�Ö2Î�à	É2Å1â

∂β

∂y
(x, y)− 1

2

dw0

dy
(x, y, y + 0) =

y
∫

0

{

H(x, ξ)w(x, ξ, 2y − ξ)

−a
2
h(x, 2(y − ξ)) + k00(x, ξ, 2y − ξ)−

2(y−ξ)
∫

0

h(x, γ)w(x, ξ, 2y − ξ − γ) dγ

+ν2 exp (r(x, 0)(2y − ξ)/2) ∂

∂x
L0

[

k, r00 +
∂ṽ

∂x

]

(x, ξ, 2y − ξ)
}

dξ.

(2.25)

b ÈpÃ�Ú�Ï2Í�Ï	É2Í5Ò	Ö2á
h
Ê2Æ�Ö2Î�àpÃ�Í�Ç�Ä�áMÒ2É2ÔYÔYÍ�È2Í�Ï	Õ	É	È2Æ�Ú#Ã�Ï	É2Í�Å»Ê2Æ

y
ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú#Ã^ê �'ì ��ï�í�Ê2Æ�Ä�ÖpÍ,æ�Ã�Å,Í�Ï	Ø

Ê2Í�È2Í�Å,Í�Ï	Ï2Æ�ÛÜÚ�Æ�Ú�Ç�Æ�È2Æ�Å É	Ï	Ç�Í�Ð�ÈpÃ�ÖpÍ
2(y − ξ) ÏpÃ ξ′ â

h(x, y) = h0(x, y) +
2

a

y
∫

0

k0(x, ξ)g̃0tt(x, y − ξ) dξ +
1

a

y/2
∫

0

{

H(x, ξ)wt(x, ξ, y − ξ)

+ k00t(x, ξ, y − ξ)−
1

2
h(x, y − 2ξ)β(x, ξ) −

y−2ξ
∫

0

h(x, τ)
∂w

∂t
(x, ξ, y − ξ − τ) dτ

+ ν2 exp (r(x, 0)(y − ξ)/2)
{

∂

∂x
L0

[

k(x, y − ξ),
(

r00t +
∂ṽt
∂x

)

(x, ξ, y − ξ)
]

+
r(x, 0)

2

∂

∂x
L0

[

k(x, y − ξ),
(

r00 +
∂ṽ

∂x

)

(x, ξ, y − ξ)
]

+
1

2

∂

∂x

[

k(x, y − 2ξ)

(

r00 +
∂ṽ

∂x

)

(x, ξ, ξ)
]

}

}

dξ,

(2.26)
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Ð�ÒpÍ

h0(x, y) = k0tt(x, y) +
2

a

[

g0(x, 0)k0t(x, y) + k0(x, y)g̃0t(x, 0) + g̃0tt(x, y)
]

−2

a

∂2

∂y2
β(x, y/2) +

2

a
H(x, y/2)β(x, y/2) +

2

a
k00(x, y/2, y/2)

+
2

a
ν2 exp(r(x, 0)y/4) (r00x(x, y/2, y/2) + βxx(x, y/2)) .

KYÖ2á Ú�Ø1à	É2Ä�ÖpÍ�Ï	É	á ÔMÎ�Ï	ä	Õ	É	É
wt

Ú�Æ�Ä�Ê2Æ�Ö2×�æ�Î�Í�Å,Ä�á ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú�Æ�Å ê �'ì � ��í�ì SeÈ	É2Å,Í�Ï	á'á ð�ä	Ú�É	Ú#Ã�Ñ
ÖpÍ�Ï	Ç�Ï2Æ�Í½Æ�Ê	É2Ä�Ã�Ï	É2Í½Æ�ò�Ö�Ã�Ä�Ç�É É	Ï	Ç�Í�Ð�È	É	È2Æ�Ú#Ã�Ï	É	á ÚkÚ�É'ÒpÍ {(ξ, τ) : t − y 6 τ 6 t + y Ì 0 6 ξ 6

y − |t − τ |} Ì Ò2É2ÔYÔYÍ�È2Í�Ï	Õ	É	È	Î�Í�Å ê �'ì � ��í�Ê2Æ
t
ì c�Ú�Æ�Ò2á æ�Ã�Å,Í�Ï	ÎËÊ2Í�È2Í�Å,Í�Ï	Ï2Æ�ÛñÉ	Ï	Ç�Í�Ð�È	É	È2Æ�Ú#Ã�Ï	É	á

τ − t = ξ′ Ì ÏpÃ�Ù#Æ�Ò2É2Å1â

wt(x, y, t) = w0t(x, y, t) +
1

2

y
∫

−y

{

H(x, y − |ξ|)w(x, y − |ξ|, ξ + τ)

−a
2
h(x, ξ + t− y + |ξ|) + k00(x, y − |ξ|, t+ |ξ|)

−
t−y+ξ+|ξ|
∫

0

h(x, γ)w(x, y − |ξ|, t+ ξ − γ) dγ + ν2 exp (r(x, 0)(ξ + t)/2)

× ∂

∂x
L0

[

k(x, ξ + t),

(

r00 +
∂ṽ

∂x

)

(x, y − |ξ|, ξ + t)

]}

sgn(ξ) dξ,

(2.27)

Ð�ÒpÍ

w0t =
1

2

{

a

2
(k0t(x, t+ y) + k0t(x, t− y)) + g0(x, 0)[k0(x, t+ y) + k0(x, t− y)] + g̃0t(x, t+ y)

+

t+y
∫

0

k0(x, τ)g̃0t(x, t+ y − τ) dτ + g̃0t(x, t− y) +
t−y
∫

0

k0(x, τ)g̃0t(x, t− y − τ) dτ
}

.

KYÖ2á�æ�Ã�Å5Ø1ä'Ã�Ï	É	áiÄ�É2Ä�Ç�Í�Å5Ø ê �'ì � ��í Ì ê �'ì ����í Ì ê �'ì � ��íeÉ2Ä�Ê2Æ�Ö2×�æ�Î�Í�Å Ä�ÖpÍ�Ò2Î�ÝQÞ!É2Í¬Æ�à2Í�Ú�É'Ò2Ï	ØaÍ?ÈpÃ�Ñ
Ú�Í�Ï2Ä�Ç�Ú#Ã'â

r0(x, t)=r(x, 0)+rt(x, 0)t+

t
∫

0

(y − ξ)
(

h(x, ξ)+r(x, 0)r0t(x, ξ)−
r2(x, 0)

4
r0(x, ξ)

)

dξ, (2.28)

r0t(x, t) = rt(x, 0) +

t
∫

0

(

h(x, ξ) + r(x, 0)r0t(x, ξ)−
r2(x, 0)

4
r0(x, ξ)

)

dξ, (2.29)

k0(x, t) = −r(x, 0) +
(

r2(x, 0)

2
− rt(x, 0)

)

t+

t
∫

0

(t− ξ)k0tt(x, ξ) dξ, (2.30)

k0t(x, t) =
r2(x, 0)

2
− rt(x, 0) +

t
∫

0

k0tt(x, ξ) dξ, (2.31)
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k0tt(x, t) = −h(x, t) +
(

r2(x, 0)

4
− rt(x, 0)

)

k0(x, t)−
t
∫

0

h(x, t− ξ)k0(x, ξ) dξ, (2.32)

Ú�Ø1Ç�Í�ä'Ã�ÝQÞ!É2Í^É	æ^Ú�Ú�Í�ÒpÍ�Ï	Ï	Ø7ÙÜÚ�Ø �Í!Æ�ò�Æ�æ�ÏpÃ�à2Í�Ï	É	Û�Ò	Ö2á
k Ì r Ì k0 Ì r0 Ì Ã�Ç�Ã�ä	é!Í!ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú�Ækê �'ì�ë�ï�í ÌÊ2Í�È2Í�Ê	É2Ä�Ã�Ï	Ï2Æ�ÍYÚ?Ú�É'ÒpÍ�â

ṽ(x, y, t) = exp (k(x, 0)t/2)L0 [r0, w] , (2.33)

ä�Æ�Ç�Æ�È2Æ�ÍYÊ	È	É½Ò2É2ÔYÔYÍ�È2Í�Ï	Õ	É	È2Æ�Ú#Ã�Ï	É	É»Ê2Æ
t
Ê2Æ�æ�Ú�Æ�Ö2á	Í�Ç¬Ú�Ø1à	É2Ä�Ö2É	Ç�×

ṽt
â

ṽt(x, y, t) = exp (k(x, 0)t/2)

(

k(x, 0)

2
L0 [r0, w] + L0 [r0, wt] + r0(x, t− y)β(x, y)

)

. (2.34)

SeÎ�Ä�Ç�×
c0(x) :=

r2(x,0)
4 −rt(x, 0).

ciÒ�Ã�Ö2×�Ï2Í�Û*�Í�ÅiÄ�É2Ä�Ç�Í�Å5ÎÜê �'ì�ë ��íÓîCê �'ì ����í�ò�Î�ÒpÍ�ÅçÈpÃ�Ä�Ä�ÅVÃ�Ç�È	É	Ú#Ã�Ç�×
Ú?Æ�ò�Ö�Ã�Ä�Ç�É

DT = GT ×R, GT = {(y, t) : 0 6 y 6 t 6 T − y} , T > 0.

c�Ú�Í�ÒpÍ�Å Ú�ÈpÃ�Ä�Ä�Å,Æ�Ç�È2Í�Ï	É2Í½ò�Ã�ÏpÃ�Ù#Æ�Ú�Æ�Ê	È2Æ�Ä�Ç�ÈpÃ�Ï2Ä�Ç�Ú�Æ
As(r)

Ì s > 0 Ì ÔMÎ�Ï	ä	Õ	É	Û ϕ(x) Ì x ∈ R
Ì

Ã�ÏpÃ�Ö2É	Ç�É	à2Í�Ä�ä	É'Ù»Ú?Æ�ä	È2Í�Ä�Ç�Ï2Æ�Ä�Ç�ÉÜÏpÃ�àpÃ�Ö�Ã�ä�Æ�Æ�È�Ò2É	ÏpÃ�Ç Ì Ò	Ö2áßä�Æ�Ç�Æ�È	Ø7ÙÜÄ�Ê	ÈpÃ�Ú�Í�Ò	Ö2É	Ú�Æ¬Ä�Æ�Æ�Ç�Ï2Æ��Í�Ï	É2Í

‖ϕ‖s(r) := sup
|x|<r

∞
∑

α=0

sα

α!

∥

∥

∥

∥

∂α

∂xα
ϕ(x)

∥

∥

∥

∥

<∞, r > 0, s > 0.

c Ò�Ã�Ö2×�Ï2Í�Û*�Í�Å ÊpÃ�ÈpÃ�Å,Í�Ç�È
r
ò�Î�ÒpÍ�Ç�Ä�à	É	Ç�Ã�Ç�×�Ä�áËÔMÉ	ä�Ä�É	È2Æ�Ú#Ã�Ï	Ï	ØaÅ Ì Ú�Ç�Æ�Ú�È2Í�Å5áåä'Ã�ä Ì ÊpÃ�ÈpÃ�Ñ

Å,Í�Ç�È
s
ÈpÃ�Ä�Ä�ÅVÃ�Ç�È	É	Ú#Ã�Í�Ç�Ä�á ä'Ã�äËÊ2Í�È2Í�Å,Í�Ï	Ï	Ø1Û ÊpÃ�ÈpÃ�Å,Í�Ç�È�ì SeÈ	ÉËð�Ç�Æ�Å Ú�Æ�æ�Ï	É	ä'Ã�Í�Ç�!ä'Ã�Ö�Ã�ò�Ã�ÏpÃ�Ñ

Ù#Æ�Ú�Ø7ÙçÊ	È2Æ�Ä�Ç�ÈpÃ�Ï2Ä�Ç�Ú
As(r)

Ì s > 0.
N¯à2Í�Ú�É'Ò2Ï2Æ�Ä�ÖpÍ�Ò2Î�ÝQÞ�Í�Í?Ä�Ú�Æ�Û2Ä�Ç�Ú�Æ	â�Í�Ä�Ö2É

ϕ(x) ∈ As(r) Ì Ç�Æ
ϕ(x) ∈ As′ (r)

Ò	Ö2áËÚ�Ä�Í�Ù
s
′ ∈ (0, s) Ì Ä�ÖpÍ�ÒpÆ�Ú#Ã�Ç�Í�Ö2×�Ï2Æ Ì As(r) ⊂ As′ (r)

Ì Í�Ä�Ö2É s
′ ∈ (0, s) Ì ÉÄ�Ê	ÈpÃ�Ú�Í�Ò	Ö2É	Ú�Æ?Ï2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú�Æ

∥

∥

∥

∥

∂α

∂xα
ϕ(x)

∥

∥

∥

∥

s′
6 αα

‖ϕ‖s(r)
(s− s′)α (∀α). (2.35)

gWÃ�äOä'Ã�ä ÊpÃ�ÈpÃ�Å,Í�Ç�È
r
ÔMÉ	ä�Ä�É	È2Æ�Ú#Ã�Ï Ì ò�Î�ÒpÍ�Å Ú Ò�Ã�Ö2×�Ï2Í�Û*�Í�Å Æ�Ê	Î�Ä�ä'Ã�Ç�× Í�Ð�Æ É É2Ä�Ê2Æ�Ö2×�æ�Æ�Ñ

Ú#Ã�Ç�× ‖ϕ‖s Ì As Ú�Å,Í�Ä�Ç�Æ ‖ϕ‖s(r) É As(r). LMÍ�È2Í�æ C(y,t) (GT ;As0)
Æ�ò�Æ�æ�ÏpÃ�à	É2Å ä'Ö�Ã�Ä�Ä¬ÔMÎ�Ï	ä	Õ	É	Û Ì

Ï2Í�Ê	È2Í�È	Ø1Ú�Ï	Ø7ÙËÊ2Æ�Ê2Í�È2Í�Å,Í�Ï	Ï	ØaÅ
(y, t)

Ú Æ�ò�Ö�Ã�Ä�Ç�É
GT

Ä�Æ�æ�ÏpÃ�à2Í�Ï	É	á	Å5É Ú
As0 .

SeÈ	É ÔMÉ	ä�Ä�É	È2Æ�Ñ
Ú#Ã�Ï	Ï	Ø7Ù

(y, t)
Ï2Æ�È2Å5ÎçÔMÎ�Ï	ä	Õ	É	É

f(x, y, t)
Ú
As0

ò�Î�ÒpÍ�Å Æ�ò�Æ�æ�ÏpÃ�àpÃ�Ç�×kà2Í�È2Í�æ ‖f‖s0(y, t).
ZMÆ�È2ÅVÃ

ÔMÎ�Ï	ä	Õ	É	É
f
Ú
C(y,t) (GT ; As0)

Æ�Ê	È2Í�ÒpÍ�Ö2á	Í�Ç�Ä�á»ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú�Æ�Å

‖f‖C(y,t)(GT ;As0)
= sup

(y,t)∈GT

‖f‖s0(y, t).

f Õ2Í�Ö2×�Ý Î�ÒpÆ�ò�Ä�Ç�Ú#Ã�Ò�Ã�Ö2×�Ï2Í�Û*!É'ÙåÉ2Ä�Ä�ÖpÍ�ÒpÆ�Ú#Ã�Ï	É	Û Ì Ú�Ú�Í�ÒpÍ�Å ÚkÈpÃ�Ä�Ä�Å,Æ�Ç�È2Í�Ï	É2Í»Ú�Í�ä	Ç�Æ�È'Ñ�ÔMÎ�Ï	ä'Ñ
Õ	É	Ý

ϕ
Äeä�Æ�Å5Ê2Æ�Ï2Í�Ï	Ç�Ã�Å5É

ϕ1(x, y, t) = w(x, y, t)− 1

2

{

a

2
(k0(x, t+ y) + k0(x, t− y))

+

t+y
∫

0

k0(x, τ)g̃0(x, t+ y − τ) dτ +

t−y
∫

0

k0(x, τ)g̃0(x, t− y − τ)dτ
}

,
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ϕ2(x, y, t) = ṽ(x, y, t),

ϕ3(x, y, t) = wt(x, y, t)−
1

2

{

a

2
(k0t(x, t+ y) + k0t(x, t− y)) + g0(x, 0)

[

k0(x, t+ y)

+ k0(x, t− y)
]

+

t+y
∫

0

k0(x, τ)g̃0t(x, t+ y − τ)dτ +
t−y
∫

0

k0(x, τ)g̃0t(x, t− y − τ)dτ
}

,

ϕ4(x, y, t) =
∂ṽ

∂t
(x, y, t),

ϕ5(x, y) = 2h(x, y) − c0(x)k0(x, y)−
2

a
[g0(x, 0)k0t(x, y) + k0(x, y)g̃0t(x, 0)] ,

ϕ6(x, y) = r0(x, y), ϕ7(x, y) = r0t(x, y), ϕ8(x, y) = k0(x, y), ϕ9(x, y) = k0t(x, y).
SeÎ�Ä�Ç�×

ϕ0
1(x, y, t) =

1

2
[g̃0(x, t+ y) + g̃0(x, t− y)], ϕ0

3(x, y, t) =
1

2
[g̃0t(x, t+ y) + g̃0t(x, t− y)],

ϕ0
5(x, y) =

2

a

[

g̃0tt(x, y)−
∂2

∂y2
β(x, y/2) +H(x, y/2)β(x, y/2) + k00(x, y/2, y/2)

+ν2 exp(r(x, 0)y/4)
(

r00x(x, y/2, y/2) + βxx(x, y/2)
)]

,

ϕ0
6(x, y) = r(x, 0) + rt(x, 0)y, ϕ0

7(x) = rt(x, 0),

ϕ0
8(x, y) = −r(x, 0) +

(

r2(x, 0)

2
− rt(x, 0)

)

y, ϕ0
9(x) =

r2(x, 0)

2
− rt(x, 0).

[MÄ�ä'Ö2ÝQàpÃ�áÜÉ	æ^Î�ÈpÃ�Ú�Ï2Í�Ï	É	áåê �'ì ����í1Ï2Í�É	æ�Ú�Í�Ä�Ç�Ï	Î�Ý ÔMÎ�Ï	ä	Õ	É	Ý
k0tt(x, y)

ê¹ð�Ç�Ã¬ÔMÎ�Ï	ä	Õ	É	á»Ú�Ù#Æ�Ò2É	Ç
ÚßÆ�Ê	È2Í�ÒpÍ�ÖpÍ�Ï	É2Í

h0
íaÄYÊ2Æ�Å,Æ�Þ!×�Ý ê �'ì ����í Ì Ê2Í�È2Í�Ê	É*�Í�Å Ä�É2Ä�Ç�Í�Å5ÎÜÎ�ÈpÃ�Ú�Ï2Í�Ï	É	ÛËê �'ì � ��í Ì ê �'ì ����íÓîCê �'ì � ��í

Ú?Ç�Í�È2Å5É	ÏpÃ�Ù½Ú�Í�ä	Ç�Æ�È'Ñ�ÔMÎ�Ï	ä	Õ	É	É
ϕ :

ϕ1(x, y, t) = ϕ0
1(x, y, t) +

1

2

y
∫

0

t+y−ξ
∫

t−y+ξ

{

H(x, ξ)w(x, ξ, τ) − a

2
h(x, τ − ξ) + k00(x, ξ, τ)

−
τ−ξ
∫

0

h(x, γ)w(x, ξ, τ − γ) dγ + ν2 exp (r(x, 0)τ/2)

× ∂

∂x
L0

[

ϕ8(x, τ) exp (−r(x, 0)(τ)/2) ,
(

r00 +
∂ϕ2

∂x

)

(x, ξ, τ)

]}

dτ dξ,

(2.36)

ϕ3(x, y, t) = ϕ0
3 +

1

2

y
∫

−y

{

H(x, y − |ξ|)w(x, y − |ξ|, ξ + τ)

−a
2
h(x, ξ + t− y + |ξ|) + k00(x, y − |ξ|, t+ |ξ|)

−
t−y+ξ+|ξ|
∫

0

h(x, γ)w(x, y − |ξ|, tξ − γ) dγ + ν2 exp (r(x, 0)(ξ + t)/2)
∂

∂x
L0

×
[

ϕ8(x, ξ + t) exp (−r(x, 0)(ξ + t)/2) ,

(

r00 +
∂ϕ2

∂x

)

(x, y − |ξ|, ξ + t)

]}

sgn(ξ) dξ,

(2.37)
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ϕ5(x, y) = ϕ0
5(x, y) +

y
∫

0

(

2

a
g̃0tt(x, y − ξ)− h(x, y − ξ)

)

ϕ8(x, ξ) dξ

+
1

a

y/2
∫

0

{

H(x, ξ)wt(x, ξ, y − ξ) + k00t(x, ξ, y − ξ)−
1

2
h(x, y − 2ξ)β(x, ξ)

−
y−2ξ
∫

0

h(x, τ)wt(x, ξ, y − ξ − τ) dτ + ν2 exp (r(x, 0)(y − ξ)/2)

×
{

∂

∂x
L0

[

ϕ8(x, y − ξ) exp (−r(x, 0)(y − ξ)/2) ,
(

r00t +
∂ϕ4

∂x

)

(x, ξ, y − ξ)
]

+
r(x, 0)

2

∂

∂x
L0

[

ϕ8(x, y − ξ) exp (−r(x, 0)(y − ξ)/2) ,
(

r00 +
∂ϕ2

∂x

)

(x, ξ, y − ξ)
]

(2.38)

+
1

2

∂

∂x

[

ϕ8(x, y − 2ξ) exp (−r(x, 0)(y − 2ξ)/2)

(

r00 +
∂ϕ2

∂x

)

(x, ξ, ξ))

]

}

dξ,

ϕ6(x, y) = ϕ0
6(x, y) +

y
∫

0

(y − ξ)
(

h(x, ξ) + r(x, 0)ϕ7(x, ξ) −
r2(x, 0)

4
ϕ6(x, ξ)

)

dξ, (2.39)

ϕ7(x, y) = ϕ0
7(x) +

y
∫

0

(

h(x, ξ) + r(x, 0)ϕ7(x, ξ) −
r2(x, 0)

4
ϕ6(x, ξ)

)

dξ, (2.40)

ϕ8(x, y) = ϕ0
8(x, y) + ϕ0

9(x)t+

y
∫

0

(y − ξ)
(

c0(x)ϕ8(x, ξ)− L[ϕ8, h]
)

(x, ξ) dξ, (2.41)

ϕ9(x, y) = ϕ0
9(x) +

y
∫

0

(

c0(x)ϕ8(x, ξ)− L[ϕ8, h]
)

dξ, (2.42)

Ð�ÒpÍQÚ�Å,Í�Ä�Ç�Æ�ÔMÎ�Ï	ä	Õ	É	Û
ϕ2
Ì ϕ4

Ê2Æ�Ò2ÈpÃ�æ�Î'Å,Í�Ú#Ã�ÝQÇ�Ä�á½É'Ù«Ä�Æ�Æ�Ç�Ú�Í�Ç�Ä�Ç�Ú�Î�ÝQÞ!É2ÍeÊ	È2Í�ÒpÄ�Ç�Ã�Ú�ÖpÍ�Ï	É	á ê �'ì ����íÓî
ê �'ì � ��í Ì Ã

w(x, y, t) = ϕ1(x, y, t) +
1

2

{

a

2
(ϕ8(x, t+ y) + ϕ8(x, t− y))

+

t+y
∫

0

ϕ8(x, τ)g̃0(x, t+ y − τ) dτ +
t−y
∫

0

ϕ8(x, τ)g̃0(x, t− y − τ) dτ
}

,

wt(x, y, t) = ϕ3(x, y, t) +
1

2

{

a

2
(ϕ9(x, t+ y) + ϕ9(x, t− y)) + g0(x, 0)[ϕ8(x, t+ y)

+ ϕ8(x, t− y)] +
t+y
∫

0

ϕ8(x, τ)g̃0t(x, t+ y − τ) dτ +
t−y
∫

0

ϕ8(x, τ)g̃0t(x, t− y − τ)dτ
}

,

h(x, y) =
1

2
[ϕ5(x, y) + c0(x)ϕ8(x, y)] +

1

a
[g0(x, 0)ϕ9(x, y) + ϕ8(x, y)g̃0t(x, 0)] .
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NQÄ�Ï2Æ�Ú�Ï2Æ�Û!È2Í�æ�Î�Ö2×�Ç�Ã�ÇMÄ�Ç�Ã�Ç�×�É�Ä�Æ�Ä�Ç�Ã�Ú�Ö2á	Í�ÇeÇ�Í�Æ�È2Í�ÅVÃ7ÖpÆ�ä'Ã�Ö2×�Ï2Æ�Û�Æ�Ò2Ï2Æ�æ�ÏpÃ�à	Ï2Æ�Û�ÈpÃ�æ�È2Í�!É2Å,Æ�Ä�Ç�É

Ú?ä'Ö�Ã�Ä�Ä�ÍYÔMÎ�Ï	ä	Õ	É	Û Ì Ã�ÏpÃ�Ö2É	Ç�É	à2Í�Ä�ä	É'Ù»Ê2Æ�Ê2Í�È2Í�Å,Í�Ï	Ï2Æ�Û x2 ìw�r#xpnWr � zCE��¯ 2����� (ρ, µ, λ) ∈ Λ,
�#" - ���Y� -���-

(g̃0(x, 0), g̃0t(x, 0)) ∈ As0 ,

(g̃0(x, t), g̃0t(x, t), g̃0tt(x, t)) ∈ Ct ([0, T ];As0) ,

max {‖g̃0‖s0(t), ‖g̃0t‖s0(t), ‖g̃0tt‖s0} 6 R,

max
{

‖β‖s0(y), ‖H‖s0(y),max(1, ν20 )‖ exp(±r(x, 0)t/2)‖s0 (t)
}

6 R,

max
{

‖ϕ0
i ‖s0(t)

}

6 R, i = 5, 6, 7, 8, 9,

ν20 = max
06y6T

2

ν2
(

φ−1(y)
)

, t ∈ [0, T ], y ∈ [0, T/2], R > 0.

+�-�� ��� $����#�l����� � ����� - �
b ∈ (0, T/2) ,

��� - ��� � ��� ��-���-
s ∈ (0, s0)


 -�� ���������
ΓsT =

DT ∩ {(x, y, t) : 0 6 y 6 b(s0 − s)}
�~ ��¬������
� 2���¬�����	$C����
'��$	$ - �¯"l�	�¬��$	�C�^���C�������5/R #"���
�$C��$	�	�

(2.36)
:
(2.42)

* ��� � � - � - " -���-

ϕ1(x, y, t), ϕ3(x, y, t) ∈ C(y,t) (PsT ;As0) ,

ϕi(x, t) ∈ Ct ([0, b(s0 − s)];As0) , i = 5, 6, 7, 8, 9,

PsT = GT ∩ {(y, t)| 0 6 y 6 b(s0 − s)} ,
0#"��������

‖ϕi − ϕ0
i ‖s 6 R, i = 1, 6, 8, ‖ϕi − ϕ0

i ‖s 6
R

s0 − s
, i = 3, 7, 9,

‖ϕ5 − ϕ0
5‖s 6

R

(s0 − s)2
, (y, t) ∈ PsT .
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c Î�Ä�ÖpÆ�Ú�É	á�Ù½Ç�Í�Æ�È2Í�Å5Ø

ϕ0
i ∈ C(y,t)(GT ;As0), ‖ϕ0

i ‖s(y, t) 6 R, i = 1, 3, (y, t) ∈ GT , 0 < s < s0.

SeÎ�Ä�Ç�×
bn
á'Ú�Ö2á'ÝQÇ�Ä�ákà'ÖpÍ�ÏpÃ�Å5ÉçÅ,Æ�Ï2Æ�Ç�Æ�Ï	Ï2Æ½Î'ò�Ø1Ú#Ã�ÝQÞ�Í�ÛkÊ2Æ�Ä�ÖpÍ�ÒpÆ�Ú#Ã�Ç�Í�Ö2×�Ï2Æ�Ä�Ç�É Ì Æ�Ê	È2Í�ÒpÍ�Ö2á	Í�Ñ

Å,Æ�Û»ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú#Ã�Å5É

bn+1 =
bn

1 + 1/(n+ 1)2
, n = 0, 1, 2, . . .

NQò�Æ�æ�ÏpÃ�à	É2Å

b = lim
n→∞

bn = b0

∞
∏

n=0

(

1 + 1/(n+ 12)
)−1

.

LeÉ2Ä�ÖpÆ
b0 ∈ (0, T/2)

ò�Î�ÒpÍ�Ç�Ú�Øaò�ÈpÃ�Ï2Æ?Ê2Æ�Ò	Ù#Æ�Ò2á'Þ!É2Å Æ�ò�ÈpÃ�æ�Æ�Å1ì
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ϕn+1
1 (x, y, t) = ϕ0

1(x, y, t) +
1

2

y
∫

0

t+y−ξ
∫

t−y+ξ

{

H(x, ξ)wn(x, ξ, τ) − a

2
hn(x, τ − ξ) + kn00(x, ξ, τ)

−
τ−ξ
∫

0

hn(x, γ)wn(x, ξ, τ − γ) dγ + ν2 exp (r(x, 0)τ/2)

× ∂

∂x
L0

[

ϕn8 (x, τ) exp (−r(x, 0)(τ)/2) , (rn00 +
∂ϕn2
∂x

)(x, ξ, τ)

]}

dτ dξ,

ϕn+1
3 (x, y, t) = ϕ0

3(x, y, t) +
1

2

y
∫

−y

{

H(x, y − |ξ|)wn(x, y − |ξ|, ξ + t)− a

2
hn(x, ξ + t− y + |ξ|)

+ kn00(x, y − |ξ|, t+ |ξ|)−
t−y+ξ+|ξ|
∫

0

hn(x, γ)wn(x, y − |ξ|, t+ ξ − γ) dγ

+ ν2 exp (r(x, 0)(ξ + t)/2)
∂

∂x
L0

[

ϕn8 (x, ξ + t)

× exp (−r(x, 0)(ξ + t)/2) ,

(

rn00 +
∂ϕn2
∂x

)

(x, y − |ξ|, ξ + t)

]}

sgn(ξ) dξ,

ϕn+1
5 (x, y) = ϕ0

5(x, y) +

y
∫

0

(

2

a
g̃0tt(x, y − ξ)− hn(x, y − ξ)

)

ϕn8 (x, ξ) dξ

+
1

a

y/2
∫

0

{

H(x, ξ)wnt (x, ξ, y − ξ) + kn00t(x, ξ, y − ξ)−
1

2
hn(x, y − 2ξ)β(x, ξ)

−
y−2ξ
∫

0

hn(x, τ)wnt (x, ξ, y − ξ − τ) dτ + ν2 exp (r(x, 0)(y − ξ)/2)

× ∂

∂x
L0

[

ϕn8 (x, y − ξ) exp (−r(x, 0)(y − ξ)/2) ,
(

rn00t +
∂ϕn4
∂x

)

(x, ξ, y − ξ)
]

+
r(x, 0)

2

∂

∂x
L0

[

ϕn8 (x, y − ξ) exp (−r(x, 0)(y − ξ)/2) ,
(

rn00 +
∂ϕn2
∂x

)

(x, ξ, y − ξ)
]

+
1

2

∂

∂x

[

ϕn2 (x, y − 2ξ) exp (−r(x, 0)(y − 2ξ)/2)

(

rn00 +
∂ϕn2
∂x

)

(x, ξ, ξ)

]}

dξ,

ϕn+1
6 (x, y) = ϕ0

6(x, y) +

y
∫

0

(y − ξ)
(

hn(x, ξ) + r(x, 0)ϕn7 (x, ξ)−
r2(x, 0)

4
ϕn6 (x, ξ)

)

dξ,

ϕn+1
7 (x, y) = ϕ0

7(x) +

y
∫

0

(

hn(x, ξ) + r(x, 0)ϕn7 (x, ξ)−
r2(x, 0)

4
ϕn6 (x, ξ)

)

dξ,

ϕn+1
8 (x, y) = ϕ0

8(x, y) +

y
∫

0

(y − ξ) (c0(x)ϕn8 (x, ξ)− L[ϕn8 , hn]) (x, ξ) dξ,



��� =! #"#���C��
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ϕn+1
9 (x, y) = ϕ0

9(x) +

y
∫

0

(c0(x)ϕ
n
8 (x, ξ)− L[ϕn8 , hn])(x, ξ) dξ,

Ð�ÒpÍ

wn(x, y, t) = ϕn1 (x, y, t) +
1

2

{

a

2
(ϕn8 (x, t+ y) + ϕn8 (x, t− y))

+

t+y
∫

0

ϕn8 (x, τ)g̃0(x, t+ y − τ) dτ +
t−y
∫

0

ϕn8 (x, τ)g̃0(x, t− y − τ) dτ
}

,

wnt (x, y, t) = ϕn3 (x, y, t) +
a

4
[ϕn9 (x, t+ y) + ϕn9 (x, t− y)] +

1

2
g0(x, 0)[ϕ

n
8 (x, t+ y)

+ ϕn8 (x, t− y)] +
1

2





t+y
∫

0

ϕn8 (x, t− τ)g̃0t(x, τ)dτ +
t−y
∫

0

ϕn8 (x, t− τ)g̃0t(x, τ) dτ



 ,

hn(x, y) =
1

2
[ϕn5 (x, y) + c0(x)ϕ

n
8 (x, y)] +

1

a
[g0(x, 0)ϕ

n
9 (x, y) + ϕn8 (x, y)g̃0t(x, 0)] ,

ϕn2 (x, y, t) = exp (k(x, 0)t/2)L0 [ϕ
n
6 , w

n] ,

ϕn4 (x, y, t) = exp (k(x, 0)t/2)

(

k(x, 0)

2
L0 [ϕ

n
6 , w

n] + L0 [ϕ
n
6 , w

n
t ] + ϕn6 (x, t− y)β(x, y)

)

,

kn00(x, y, t) =
ν2a

2
exp(k(x, 0)(t − y)/2)

[(

kxx(x, 0)
y

2
+ k2x(x, 0)

y2

4
+
k2x(x, 0)(t − y)

2

)

× ϕn8 (x, t− y) + kx(x, 0)
∂ϕn8
∂x

(x, t− y)
]

,

rn00(x, y, t) =
∂

∂x
(ϕn6 (x, t− y) exp (k(x, 0)t/2)) ,

kn00t(x, y, t) =
k(x, 0)

2
kn00(x, y, t) +

ν2a

2
exp(k(x, 0)(t − y)/2)

[(

kxx(x, 0)
y

2
+ k2x(x, 0)

y2

4

+
k2x(x, 0)(t − y)

2

)

ϕn9 (x, t− y) + kx(x, 0)
∂ϕn9
∂x

(x, t− y) + k2x(x, 0)

2
ϕn8 (x, t− y)

]

,

rn00t(x, y, t) =
∂

∂x

[

exp(k(x, 0)t/2)

(

ϕn7 (x, t− y) +
k(x, 0)

2
ϕn6 (x, t− y)

)]

.

N¯Ê	È2Í�ÒpÍ�Ö2É2Å ÔMÎ�Ï	ä	Õ	É	Ý
s′(y)

ÔYÆ�È2Å5Î�ÖpÆ�Û

s′(y) =
s+ γn(y)

2
, γn(y) = s0 −

y

bn
. (3.1)

c�Ú�Í�ÒpÍ�ÅÜÆ�ò�Æ�æ�ÏpÃ�à2Í�Ï	É2Í
ψni = ϕn+1

i −ϕni Ì i = 1, 3, 5, 6, 7, 8, 9.
glÆ�Ð�Ò�Ã¯Ä�Ê	ÈpÃ�Ú�Í�Ò	Ö2É	Ú�ØiÄ�ÖpÍ�Ò2Î�ÝQÞ!É2Í

Ä�Æ�Æ�Ç�Ï2Æ��Í�Ï	É	á8â

ψ0
1(x, y, t) =

1

2

y
∫

0

t+y−ξ
∫

t−y+ξ

{

H(x, ξ)w0(x, ξ, τ) − a

2
h0(x, τ − ξ) + k000(x, ξ, τ)

−
τ−ξ
∫

0

h0(x, γ)w0(x, ξ, τ − γ) dγ + ν2 exp (r(x, 0)τ/2)
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× ∂

∂x
L0

[

ϕ0
8(x, τ) exp (−r(x, 0)(τ)/2) , (r000 +

∂ϕ0
2

∂x
)(x, ξ, τ)

]

}

dτ dξ,

ψ0
3(x, y, t) =

1

2

y
∫

−y

{

H(x, y − |ξ|)w0(x, y − |ξ|, ξ + τ)− a

2
h0(x, ξ + t− y + |ξ|)

+ k000(x, y − |ξ|, t+ |ξ|)−
t−y+ξ+|ξ|
∫

0

h0(x, γ)w0(x, y − |ξ|, t+ ξ − γ) dγ

+ ν2 exp (r(x, 0)(ξ + t)/2)
∂

∂x
L0[ϕ

0
8(x, ξ + t) (2.36)

× exp (−r(x, 0)(ξ + t)/2) , (r00 +
∂ϕ0

2

∂x
)(x, y − |ξ|, ξ + t)]

}

sgn(ξ) dξ,

ψ0
5(x, y) =

y
∫

0

(

2

a
g̃0tt(x, y − ξ)− h0(x, y − ξ)

)

ϕ0
8(x, ξ) dξ

+
1

a

y/2
∫

0

{

H(x, ξ)w0
t (x, ξ, y − ξ) + k000t(x, ξ, y − ξ)−

1

2
h0(x, y − 2ξ)β(x, ξ)

−
y−2ξ
∫

0

h0(x, τ)w0
t (x, ξ, y − ξ − τ) dτ + ν2 exp (r(x, 0)(y − ξ)/2)

×
{

∂

∂x
L0

[

ϕ0
8(x, y − ξ) exp (−r(x, 0)(y − ξ)/2) ,

(

r000t +
∂ϕ0

4

∂x

)

(x, ξ, y − ξ)
]

+
r(x, 0)

2

∂

∂x
L0

[

ϕ0
8(x, y − ξ) exp (−r(x, 0)(y − ξ)/2) ,

(

r000 +
∂ϕ0

2

∂x

)

(x, ξ, y − ξ)
]

+
1

2

∂

∂x

[

ϕ0
2(x, y − 2ξ) exp (−r(x, 0)(y − 2ξ)/2)

(

r000 +
∂ϕ0

2

∂x
(x, ξ, ξ)

)]}

}

dξ,

ψ0
6(x, y) =

y
∫

0

(y − ξ)
(

h0(x, ξ) + r(x, 0)ϕ0
7(x, ξ) −

r2(x, 0)

4
ϕ0
6(x, ξ)

)

dξ,

ψ0
7(x, y) =

y
∫

0

(

h0(x, ξ) + r(x, 0)ϕ0
7(x, ξ)−

r2(x, 0)

4
ϕ0
6(x, ξ)

)

dξ,

ψ0
8(x, y) =

y
∫

0

(y − ξ)
(

c0(x)ϕ
0
8(x, ξ) − L[ϕ0

8, h
0]
)

dξ,

ψ0
9(x, y) =

y
∫

0

(

c0(x)ϕ
0
8(x, ξ)− L[ϕ0

8, h
0]
)

dξ,
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ψn+1
1 (x, y, t) =

1

2

y
∫

0

t+y−ξ
∫

t−y+ξ

{

H(x, ξ)ŵn(x, ξ, τ)− a

2
ĥn(x, τ − ξ) + k̂n00(x, ξ, τ)

−
τ−ξ
∫

0

(

ĥn(x, γ)wn+1(x, ξ, τ − γ)− hn(x, γ)ŵn(x, ξ, τ − γ)
)

dγ

+ν2 exp (r(x, 0)τ/2)
∂

∂x

{

L0

[

ϕn+18 (x, τ) exp (−r(x, 0)(τ)/2) ,
(

r̂n00+
∂ψn2
∂x

)

(x, ξ, τ)

]

−
τ−ξ
∫

0

ψn8 (x, γ) exp(−r(x, 0)γ/2)
(

rn00 +
∂ϕn2
∂x

)

(x, ξ, τ − γ)dγ
}}

dτ dξ,

ψn+1
3 (x, y, t) =

1

2

y
∫

−y

{

H(x, y − |ξ|)ŵn(x, y − |ξ|, ξ + τ)− a

2
ĥn(x, ξ + t− y + |ξ|)

+ k̂n00(x, y − |ξ|, t+ |ξ|)−
t−y+ξ+|ξ|
∫

0

(

ĥn(x, γ)wn+1(x, y − |ξ|, t+ ξ − γ)

− hn(x, γ)ŵn(x, y − |ξ|, t+ ξ − γ)
)

dγ + ν2 exp (r(x, 0)(ξ + t)/2)

× ∂

∂x

{

L0[ϕ
n+1
8 (x, ξ + t) exp (−r(x, 0)(ξ + t)/2) ,

(

r̂n00 +
∂ψn2
∂x

)

(x, y − |ξ|, ξ + t)]

−
t−y+ξ+|ξ|
∫

0

ψn8 (x, γ) exp(−r(x, 0)γ/2)
(

rn00+
∂ϕn2
∂x

)

(x, y− ξ, ξ+t−γ) dγ
}}

sgn(ξ) dξ,

ψn+1
5 (x, y)=

y
∫

0

(

2

a
ψn8 (x, ξ)g̃0tt(x, y − ξ)− ĥn(x, y − ξ))ϕn+1

8 (x, ξ) + hn(x, y − ξ))ψn8 (x, ξ)
)

dξ

+
1

a

y/2
∫

0

{

H(x, ξ)ŵnt (x, ξ, y − ξ) + k̂n00t(x, ξ, y − ξ)−
1

2
ĥn(x, y − 2ξ)β(x, ξ)

−
y−2ξ
∫

0

(

ĥn(x, τ)wn+1
t (x, ξ, y − ξ − τ)− hn(x, τ)ŵnt (x, ξ, y − ξ − τ)

)

dτ

+ν2exp (r(x, 0)(y−ξ)/2)
{

∂

∂x

{

L0

[

ϕn+1
8 (x, y−ξ) exp (−r(x, 0)(y−ξ)/2) ,

(

r̂n00t+
∂ψn4
∂x

)

× (x, ξ, y − ξ)
]

−
y−2ξ
∫

0

ψn8 (x, τ) exp (−r(x, 0)τ/2)
(

rn00t +
∂ϕn4
∂x

)

(x, ξ, y − ξ − τ) dτ
}

+
r(x, 0)

2

∂

∂x

{

L0

[

ϕn+1
8 (x, τ) exp (−r(x, 0)(y − ξ)/2) ,

(

r̂n00 +
∂ψn2
∂x

)

(x, ξ, y − ξ)
]

−
y−2ξ
∫

0

ψn8 (x, γ) exp(−r(x, 0)τ/2)
(

rn00 +
∂ϕn2
∂x

)

(x, ξ, y − ξ − τ) dγ
}

+
1

2

∂

∂x

[

exp (−r(x, 0)(y − 2ξ)/2) (ϕn+1
8 (x, y − 2ξ)

(

r̂n00 +
∂ψn2
∂x

)

(x, ξ, ξ)

− ψn8 (x, y − 2ξ)

(

rn00 +
∂ϕn2
∂x

)

(x, ξ, ξ))

]}

dξ,
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ψn+1
6 (x, y) =

y
∫

0

(y − ξ)
(

ĥn(x, ξ) + r(x, 0)ψn7 (x, ξ)−
r2(x, 0)

4
ψn6 (x, ξ)

)

dξ,

ψn+1
7 (x, y) =

y
∫

0

(

ĥn(x, ξ) + r(x, 0)ψn7 (x, ξ)−
r2(x, 0)

4
ψn6 (x, ξ)

)

dξ,

ψn+1
8 (x, y) =

y
∫

0

(y − ξ)



c0(x)ψ
n
8 (x, ξ)− L[ϕn8 , ĥn]−

ξ
∫

0

ψn8 (x, ξ − τ)hn+1(x, τ) dτ



 dξ,

ψn+1
9 (x, y) =

y
∫

0



c0(x)ψ
n
8 (x, ξ)− L[ϕn8 , ĥn]−

ξ
∫

0

ψn8 (x, ξ − τ)hn+1(x, τ) dτ



 dξ,

Ð�ÒpÍ

k̂n00(x, y, t) =
ν2a

2
exp(k(x, 0)(t − y)/2)

[(

kxx(x, 0)
y

2
+ k2x(x, 0)

y2

4
+
k2x(x, 0)(t − y)

2

)

× ψn8 (x, t− y) + kx(x, 0)
∂ψn8
∂x

(x, t− y)
]

,

r̂n00(x, y, t) =
∂

∂x
(ψn6 (x, t− y) exp (k(x, 0)t/2)) ,

k̂n00t(x, y, t) =
k(x, 0)

2
kn00(x, y, t) +

ν2a

2
exp(k(x, 0)(t − y)/2)

[

(

kxx(x, 0)
y

2
+ k2x(x, 0)

y2

4

+
k2x(x, 0)(t− y)

2

)

ψn9 (x, t− y) + kx(x, 0)
∂ψn9
∂x

(x, t− y) + k2x(x, 0)

2
ψn8 (x, t− y)

]

,

r̂n00t(x, y, t) =
∂

∂x

[

exp(k(x, 0)t/2)

(

ψn7 (x, t− y) +
k(x, 0)

2
ψn6 (x, t− y)

)]

,

ŵn(x, y, t) = ψn1 (x, y, t) +
1

2

{

a

2
(ψn8 (x, t+ y) + ψn8 (x, t− y))

+

t+y
∫

0

ψn8 (x, τ)g̃0(x, t+ y − τ) dτ +
t−y
∫

0

ψn8 (x, τ)g̃0(x, t− y − τ) dτ
}

,

ŵnt (x, y, t)=ψ
n
3 (x, y, t)+

a

4
[ψn9 (x, t+ y)+ψn9 (x, t− y)]+

1

2
g0(x, 0) [ψ

n
8 (x, t+ y)+ψn8 (x, t− y)]

+
1

2

(

t+y
∫

0

ψn8 (x, t− τ)g̃0t(x, τ)dτ +

t−y
∫

0

ψn8 (x, t− τ)g̃0t(x, τ)dτ
)

,

ĥn(x, y) =
1

2
[ψn5 (x, y) + c0(x)ψ

n
8 (x, y)] +

1

a
[g0(x, 0)ψ

n
9 (x, y) + ψn8 (x, y)g̃0t(x, 0)] ,

ψn2 (x, y, t) = exp(k(x, 0)t/2)



L0[ϕ
n+1
6 , ŵn]−

t
∫

y

ψn6 (x, t− τ)wn(x, y, τ) dτ



 ,
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ψn4 (x, y, t) =
k(x, 0)

2
ψn2 (x, y, t) + exp(k(x, 0)t/2)

(

L0[ϕ
n+1
6 , ŵnt ]

−
t
∫

y

ψn6 (x, y − τ)wn(x, y, τ) dτ − ψn6 (x, t− y)β(x, y)
)

.

SMÆ�ä'Ã�é!Í�Å Ì à	Ç�Æ¬Å,Æ�é�Ï2Æ¬Ú�Øaò�ÈpÃ�Ç�× b0 ∈ (0, T/2)
Ç�Ã�ä Ì à	Ç�Æ�Ò	Ö2á½Ö2Ýeò�Æ�Ð�Æ n = 0, 1, 2, . . .

ò�Î�Ò2Î�Ç
Ú�Ø1Ê2Æ�Ö2Ï2Í�Ï	Ø Ï2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú#Ã

λn = max

{

sup
(y,t,s)∈Fn

[

‖ψn1 ‖s(y, t)
γn(y)− s

y

]

, sup
(y,t,s)∈Fn

[

‖ψni ‖s(y)
γn(y)− s

y

]

, i = 6, 8,

sup
(y,t,s)∈Fn

[

‖ψn3 ‖s(y, t)
(γn(y)− s)2

y

]

, sup
(y,t,s)∈Fn

[

‖ψn5 ‖s(y)
(γn(y)− s)3

y

]

,

sup
(y,t,s)∈Fn

[

‖ψni ‖s(y)
(γn(y)− s)2

y

]

, i = 7, 9

}

<∞,

(3.2)

‖ϕn+1
1 − ϕ0

1‖s(y, t) 6 R, ‖ϕn+1
i − ϕ0

i ‖s(y) 6 R, i = 6, 8,

‖ϕn+1
3 − ϕ0

3‖s(y, t) 6
R

s0 − s
, ‖ϕn+1

i − ϕ0
i ‖s(y) 6

R

s0 − s
, i = 7, 9,

‖ϕn+1
5 − ϕ0

5‖s(y) 6
R

(s0 − s)2
, (y, t, s) ∈ Fn+1, (3.3)

Ð�ÒpÍ
Fn =

{

(y, t, s) : (y, t) ∈ GT , 0 6 y 6 bn(s0 − s), 0 < s < s0

}

.
K!Í�Û2Ä�Ç�Ú�É	Ç�Í�Ö2×�Ï2Æ Ì É2Ä�Ê2Æ�Ö2×�æ�Î�áÜÄ�Æ�Æ�Ç�Ï2Æ��Í�Ï	É	áßÒ	Ö2á ψni

Ê	È	É
n = 0 Ì Ê2Æ�Ö2Î�à	É2Å1â

∥

∥ψ0
1

∥

∥

s
(y) 6

y
∫

0

(y − ξ)
{

R
∥

∥w0
∥

∥

s
+
a

2

∥

∥h0
∥

∥

s
+
∥

∥k000
∥

∥

s
+ T

∥

∥h0
∥

∥

s

∥

∥w0
∥

∥

s

+R

∥

∥

∥

∥

∂

∂x
L0

[

ϕ0
8(x, τ) exp(−r(x, 0)τ/2),

(

r000 +
∂ϕ0

2

∂x

)]∥

∥

∥

∥

s

(ξ, τ)

}

dξ,

Ð�ÒpÍ
∥

∥w0
∥

∥

s
6 R

(

1 +
a

2
+ 2TR

)

,
∥

∥h0
∥

∥

s
6 R

(

1

2
+R

(

1 +
4

a

))

,

∥

∥ϕ0
2

∥

∥

s
(y, t) 6 R(1 +RT )

∥

∥w0
∥

∥

s
6 R(1 +RT )R

(

1

2
+R

(

1 +
4

a

))

,

∥

∥k000
∥

∥

s
(y, t) 6

a

2
R2

(

R

(

1 +
T

2

)

+

∥

∥

∥

∥

∂ϕ0
8

∂x

∥

∥

∥

∥

s

)

, s ∈ (0, s0), (y, t) ∈ GT .

c7Æ�Ä�Ê2Æ�Ö2×�æ�Î�Í�Å,Ä�áÜÏ2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú�Æ�Å ê �'ì ��ï�í�Ò	Ö2á½Æ�Õ2Í�Ï	ä	É ∥
∥

∥

∂ϕ0
8

∂x

∥

∥

∥

s

Ì ∥
∥r000

∥

∥

s
Ì ∥∥
∥

∂ϕ0
2

∂x

∥

∥

∥

s

Ì ∥
∥

∂
∂xL0

∥

∥

s

â

∥

∥

∥

∥

∂ϕ0
8

∂x

∥

∥

∥

∥

s

(y) 6
R

s′(y)− s ,
∥

∥r000
∥

∥

s
(y, t) 6

R2

s′(y)− s ,
∥

∥

∥

∥

∂

∂x
L0

[

ϕ0
8 exp(−r(x, 0)(t ± y ∓ ξ)/2), r000 +

∂ϕ0
2

∂x

]∥

∥

∥

∥

s

(y, t)

6
1

s′(y)− s

(

∥

∥r000
∥

∥

s′
+

∥

∥ϕ0
2

∥

∥

s′

s′(y)− s + 2TR2

(

∥

∥r000
∥

∥

s′
+

∥

∥ϕ0
2

∥

∥

s′

s′(y)− s

))

6
R2 +

∥

∥ϕ0
2

∥

∥

s′

(s′(y)− s)2 (1 + 2TR2).



� �������#� -���- 0#"l���l���C��$	�	�k�5$ -���- ����"�$ -���-�� �	"��Y #"���
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c�æ�á'ÚQÔMÎ�Ï	ä	Õ	É	Ý
s′(ξ)

É	æeê �'ì�ë�í�Ò	Ö2á
n = 0 Ì Ä,Î�à2Í�Ç�Æ�Å»Ú�Ø �Í�Ê	È	É	Ú�Í�ÒpÍ�Ï	Ï	Ø7Ù!Ï2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú Ì É2Å,Í�Í�Å1â

∥

∥ψ0
1

∥

∥

s
(y, t) 6 µ0(a, T,R, s0)

y
∫

0

y − ξ
(γ0(y)− s)2 dξ 6 b0µ0(a, T,R, s0)

y

γ0(y)− s .

K�Ã�ÖpÍ�Í Ì

∥

∥ψ0
3

∥

∥

s
(y, t) 6

1

2

y
∫

−y

{

R
∥

∥w0
∥

∥

s
+
a

2

∥

∥h0
∥

∥

s
+
∥

∥k000
∥

∥

s
+ 3T

∥

∥h0
∥

∥

s

∥

∥w0
∥

∥

s

+R

∥

∥

∥

∥

∂

∂x
L0

[

ϕ0
8(x, ξ + t) exp(−r(x, 0)(ξ + t)/2),

(

r000 +
∂ϕ0

2

∂x

)]∥

∥

∥

∥

s

(y − |ξ|, ξ + t)

}

dξ

6
1

2

y
∫

−y

µ1(a, T,R, s0)

(γ0(y)− s)2 dξ 6 µ1(a, T,R, s0)
y

(γ0(y)− s)2 ,

∥

∥ψ0
5

∥

∥

s
(y) 6

a

2

y
∫

0

R

(

2

a
R+ ‖h0‖s

)

dξ +
1

a

y/2
∫

0

{

R
∥

∥w0
t

∥

∥

s
+

1

2
R
∥

∥h0
∥

∥

s
+
∥

∥k000t
∥

∥

s

+T
∥

∥h0
∥

∥

s

∥

∥w0
t

∥

∥

s
+R

{∥

∥

∥

∥

∂

∂x
L0

[

ϕ0
8(x, y − ξ) exp(−r(x, 0)(y − ξ)/2), r000t +

∂ϕ0
4

∂x

]∥

∥

∥

∥

s

+R

∥

∥

∥

∥

∂

∂x
L0

[

ϕ0
8(x, y − ξ) exp(−r(x, 0)(y − ξ)/2), r000 +

∂ϕ0
2

∂x

]∥

∥

∥

∥

s

+
1

2

∥

∥

∥

∥

∂

∂x

(

ϕ0
8(x, y − ξ) exp(−r(x, 0)(y − ξ)/2)

(

r000 +
∂ϕ0

2

∂x

))∥

∥

∥

∥

s

}}

dξ,

Ð�ÒpÍ

∥

∥w0
t

∥

∥

s
6 R

(

1 +
a

2
+R(1 + T )

)

,
∥

∥ϕ0
4

∥

∥

s
6 R(1 + TR)

(

R‖w0‖s + ‖w0
t ‖s
)

+R3,

∥

∥k000t
∥

∥

s
(y, t) 6 R

∥

∥k000t
∥

∥

s
+
a

2
R2

(

R(1 + TR) +R2 +

∥

∥

∥

∥

∂ϕ0
9

∂x

∥

∥

∥

∥

s

(y)

)

,

∥

∥r000t
∥

∥

s
(y, t) 6

R2(1 +R)

s′(y)− s ,
∥

∥

∥

∥

∂ϕ0
9

∂x

∥

∥

∥

∥

s

(y) 6
R

s′(y)− s, s ∈ (0, s0), (y, t) ∈ GT .

[eæYÚ�Ø �Í�Ê	È	É	Ú�Í�ÒpÍ�Ï	Ï	Ø7ÙÜÆ�Õ2Í�Ï2Æ�äÜÄ�ÖpÍ�Ò2Î�Í�Ç Ì à	Ç�Æ

∥

∥ψ0
5

∥

∥

s
(y) 6 µ2(a, T,R, s0)

y

(γ0(y)− s)2 6 s0µ2(a, T,R, s0)
y

(γ0(y)− s)3 .

SMÆ�Ä�Ç�Î�ÊpÃ�áÜÃ�ÏpÃ�ÖpÆ�Ð�É	à	Ï2Æ Ì É2Å,Í�Í�Å

∥

∥ψ0
6

∥

∥

s
(y) 6

y
∫

0

(y − ξ)
(∥

∥h0
∥

∥

s
+ 2R2

)

dξ 6 s0RT

(

1/2 + 2R +R

(

1 +
4

a

))

y

γ0(y)− s ,

∥

∥ψ0
7

∥

∥

s
(y) 6

y
∫

0

(

‖h0‖s + 2R2
)

dξ 6 s20R

(

1/2 + 2R+R

(

1 +
4

a

))

y

(γ0(y)− s)2 ,



��� =! #"#���C��
^= 6 > 6 *,+�- ���C��
���� 6 = 6

∥

∥ψ0
8

∥

∥

s
(y) 6

y
∫

0

(y − ξ)
(

R2 + ‖h0‖s(1 + TR)
)

dξ

6 s0RT

(

R+

(

1/2 +R

(

1 +
4

a

))

(1 + TR)

)

y

γ0(y)− s ,

∥

∥ψ0
9

∥

∥

s
(y) 6

y
∫

0

(

R2 +R

(

1/2 +R

(

1 +
4

a

))

(1 + TR)

)

dξ

6 s20R

(

R+

(

1/2 +R

(

1 +
4

a

))

(1 + TR)

)

y

γ0(y)− s .

[eæ½ð�Ç�É'Ù Æ�Õ2Í�Ï2Æ�ä Ä�ÖpÍ�Ò2Î�Í�Ç�Ú�Ø1Ê2Æ�Ö2Ï2Í�Ï	É2Í»Ï2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú ê �'ì ��í!Ê	È	É
n = 0

ìådeÈ2Æ�Å,Í½Ç�Æ�Ð�Æ Ì Ò	Ö2á
(y, t, s) ∈ F1

ÏpÃ�Ù#Æ�Ò2É2Å

‖ϕ1
1 − ϕ0

1‖s(y, t) = ‖ψ0
1‖s(y, t) 6

λ0y

γ0(y)− s 6
λ0b1

1− b1/b0
= λ0b0,

‖ϕ1
3 − ϕ0

3‖s(y, t) = ‖ψ0
3‖s(y, t) 6

λ0y

(γ0(y)− s)2 6
2λ0b0
s0 − s

,

‖ϕ1
5 − ϕ0

5‖s(y) = ‖ψ0
5‖s(y, t) 6

λ0y

(γ0(y)− s)3 6
4λ0b0

(s0 − s)3
,

‖ϕ1
6 − ϕ0

6‖s(y) = ‖ψ0
6‖s(y, t) 6

λ0y

γ0(y)− s 6
λ0b1

1− b1/b0
= λ0b0,

‖ϕ1
7 − ϕ0

7‖s(y) = ‖ψ0
7‖s(y, t) 6

λ0y

(γ0(y)− s)2 6
2λ0b0
s0 − s

,

‖ϕ1
8 − ϕ0

8‖s(y) = ‖ψ0
8‖s(y, t) 6

λ0y

γ0(y)− s 6
λ0b1

1− b1/b0
= λ0b0,

‖ϕ1
9 − ϕ0

9‖s(y) = ‖ψ0
9‖s(y, t) 6

λ0y

(γ0(y)− s)2 6
2λ0b0
s0 − s

.

UVÄ�Ö2ÉkÚ�Øaò�ÈpÃ�Ç�×
b0
Ç�Ã�ä Ì à	Ç�Æ�ò�Ø 4λ0b0 6 R Ì Ç�Æ¬Ï2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú#Ã�ê �'ì ��íaò�Î�Ò2Î�Ç«Ú�Ø1Ê2Æ�Ö2Ï	á'Ç�×�Ä�áÜÒ	Ö2á

n = 0
ì,SMÆ�ä'Ã�é!Í�Å Å,Í�Ç�Æ�ÒpÆ�Å É	Ï'Ò2Î�ä	Õ	É	É Ì à	Ç�Æ�Ï2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú#Ã»ê �'ì ��í Ì ê �'ì ��í�É2Å,Í�ÝQÇ�Å,Í�Ä�Ç�Æ�É«Ò	Ö2á¬Ò2È	Î#Ñ

Ð�É'Ù
n Ì Í�Ä�Ö2É b0 Ú�Øaò�ÈpÃ�Ç�×!Ê2Æ�Ò	Ù#Æ�Ò2á'Þ!É2ÅiÆ�ò�ÈpÃ�æ�Æ�Å1ì,SeÎ�Ä�Ç�×^Ï2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú#Ãßê �'ì ��í Ì ê �'ì ��í,Ä�Ê	ÈpÃ�Ú�Í�Ò	Ö2É	Ú�ØÒ	Ö2á
n = 0, 1, 2, . . . , j.

glÆ�Ð�Ò�Ã�Ò	Ö2á
(y, t, s) ∈ Fj+1

∥

∥

∥
ψj+1
1

∥

∥

∥

s
(y, t)6

y
∫

0

(y − ξ)
{

R
∥

∥ŵj
∥

∥

s
+
a

2

∥

∥

∥
ĥj
∥

∥

∥

s
+
∥

∥

∥
k̂j00

∥

∥

∥

s

+T
(∥

∥

∥ĥj
∥

∥

∥

s

∥

∥wj+1
∥

∥

s
+
∥

∥hj
∥

∥

s

∥

∥ŵj
∥

∥

s

)

+R

{∥

∥

∥

∥

∥

∂

∂x
L0

[

ϕj+1
8 exp(−r(x, 0)t/2), r̂j00 +

∂ψj2
∂x

]∥

∥

∥

∥

∥

s

+T

∥

∥

∥

∥

∥

∂

∂x

[

ψj8 exp(−r(x, 0)t/2)
(

rj00 +
∂ϕj2
∂x

)]∥

∥

∥

∥

∥

s

}}

dξ.

ZMÍ�Ç�È	Î�Ò2Ï2Æ?Ú�É'ÒpÍ�Ç�× Ì à	Ç�Æ

‖ŵj‖s(y, t) 6 ‖ψj1‖s +
1

2
(a+ TR)‖ψj8‖s 6 (1 + (a+ TR)/2)

λjy

γj(y)− s,
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‖ĥj‖s(y) 6
1

2
‖ψj5‖s +R‖ψj8‖s +

2

a
R(‖ψj9‖s + ‖ψ

j
8‖s)

6 (1/2 +R(1 + 2/a)s0 + 2Rs0)
λjy

(γj(y)− s)3 ,

‖k̂j00‖s(y, t) 6
a

2
R2

(

(1 + TR/2)‖ψj8‖s +
‖ψj8‖s
s′(y)− s

)

6
a

2
R2(3 + TR/2)

λjy

(γj(y)− s)2 ,

‖r̂j00‖s(y, t) 6 R
λjy

(s′(y)− s)(γj(y)− s) ,

‖ψj2‖s(y, t) 6 R(‖ŵj‖s(1 + 2RT ) + T‖ψj6‖s‖wj‖s)

6 R((1 + 2RT )(1 + a/2 + TR/2) + TR(2 + a+ 2TR))
λjy

γj(y)− s,
∥

∥

∥

∥

∥

∂

∂x
L0

[

ϕj+1
8 exp(−r(x, 0)t/2), r̂000 +

∂ψj2
∂x

]∥

∥

∥

∥

∥

s

(y, t) 6
1

s′(y)− s(1 + TR)

(

∥

∥

∥r̂
j
00

∥

∥

∥

s
+
‖ψj2‖s
s′(y)− s

)

6 µ3(a, T,R)
λjy

(γj(y)− s)3 ,
Ð�ÒpÍ

‖wj‖s(y, t) 6 ‖ϕj1‖s +
a

2
‖ϕj8‖s + TR‖ϕj8‖s 6 R(2 + a+ 2TR).

IpÒpÍ�Ä�× É Ú Ò�Ã�Ö2×�Ï2Í�Û*!É'Ù Ê	È2Æ�Å,Í�é�Î�Ç�Æ�à	Ï	Ø7Ù Ú�Ø1ä'Ö�Ã�Ò2ä'Ã�Ù ÔMÎ�Ï	ä	Õ	É	á
s′

Æ�Ê	È2Í�ÒpÍ�ÖpÍ�ÏpÃ ÈpÃ�Ú�Í�Ï'Ñ
Ä�Ç�Ú�Æ�Å ê �'ì�ë�í�Ê	È	É

n = j
É»É2Ä�Ê2Æ�Ö2×�æ�Æ�Ú#Ã�Ï	Ø Ï2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú#Ã

‖ϕji ‖s 6 2R, i = 1, 6, 8; ‖ϕj5‖s 6 R
1 + s20

(s0 − s)2
;

‖ϕji‖s 6 R
1 + s0
s0 − s

, i = 3, 7, 9,

Ä�Ê	ÈpÃ�Ú�Í�Ò	Ö2É	Ú�ØaÍ�Ä�Æ�Ð�Ö�Ã�Ä�Ï2Æ«É	Ï'Ò2Î�ä	Ç�É	Ú�Ï2Æ�Å5ÎÜÊ	È2Í�Ò2Ê2Æ�ÖpÆ�é!Í�Ï	É	Ý Ì Ã?Ç�Ã�ä	é!Í�Æ�à2Í�Ú�É'Ò2Ï	ØaÍ!Ï2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú#Ã
bj 6 b0

Ì γj+1(y) 6 γj(y) Ì ‖ϕj2‖s(y, t) 6 R(1 + 2RT )‖wj‖s 6 R2(1 + 2RT )(2 + a+ 2TR),

‖ϕj4‖s 6 R(R‖wj‖s(1 + 2TR) + ‖wt‖s(1 + 2RT ) + 2R2) 6
µ4(a, T,R, s0)

s0 − s
,

‖wjt ‖s 6
R(1 + s0)(1 + aR/2) + 2R2s0(1 + T )

s0 − s
.

N¯ä�Æ�Ï	àpÃ�Ç�Í�Ö2×�Ï2Æ?Ò	Ö2á
ψj+1
1

Ê2Æ�Ö2Î�àpÃ�Í�Å

∥

∥ψj+1
1

∥

∥

s
(y, t) 6

y
∫

0

(y − ξ)µ5(a, T,R, s0)
λjξ

(γj(ξ)− s)3 dξ 6 λjb
2
0µ5(a, T,R, s0)

y

γj+1(y)− s .

J¯ÏpÃ�ÖpÆ�Ð�É	à	Ï	ØaÍYÈpÃ�Ä�Ä�Î�é�ÒpÍ�Ï	É	á½Ò	Ö2á
ψj+1
i

Ì i = 3, 5, 6, 7, 8, 9 Ì Ê	È	É	Ú�Æ�Ò2á'Ç¬ä»Ï2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú#Ã�Å

∥

∥ψj+1
3

∥

∥

s
(y, t) 6

1

2

y
∫

−y

µ6(a, T,R, s0)
λjξ

(γj(ξ)− s)3 dξ 6 λjb0µ6(a, T,R, s0)
y

(γj+1(y)− s)2 ,



��� =! #"#���C��
^= 6 > 6 *,+�- ���C��
���� 6 = 6

∥

∥ψj+1
5

∥

∥

s
(y, t) 6

y
∫

0

[(a

2
R+

∥

∥hj
∥

∥

s

)

∥

∥ψj8
∥

∥

s
+
∥

∥ĥj
∥

∥

s

∥

∥ϕj+1
8

∥

∥

s

]

dξ

+
1

a

y/2
∫

0

{

(

R+ y
∥

∥hj
∥

∥

s

) ∥

∥ŵjt
∥

∥

s
+
(

R/2 + y
∥

∥wj+1
t

∥

∥

s

)

∥

∥ĥj
∥

∥

s
+
∥

∥k̂j00t
∥

∥

s

+R

∥

∥

∥
L0ϕ

j+1
8 exp(−r(x, 0)(y − ξ)/2), r̂j00t +

∂ψj
4

∂x

]∥

∥

∥

s

s′(ξ)− s

+
yR2

∥

∥ψj8
∥

∥

s

(∥

∥rj00t
∥

∥

s
+
∥

∥

∂ϕj
4

∂x

∥

∥

s

)

s′(ξ)− s +R

∥

∥

∥
L0ϕ

j+1
8 exp(−r(x, 0)(y − ξ)/2), r̂j00 +

∂ψj
2

∂x

]∥

∥

∥

s

s′(ξ)− s

+
yR2

∥

∥ψj8
∥

∥

s
(
∥

∥rj00
∥

∥

s
+
∥

∥

∂ϕj
2

∂x

∥

∥

s
)

s′(ξ)− s +
R2

2

∥

∥ϕj+1
8

∥

∥

s

(∥

∥r̂j00
∥

∥

s
+
∥

∥

∂ψj
2

∂x

∥

∥

s

)

+
∥

∥ψj8
∥

∥

s

(∥

∥rj00
∥

∥

s
+
∥

∥

∂ϕj
2

∂x

∥

∥

s

)

s′(ξ)− s

}

dξ

6

y
∫

0

µ7(a, T,R, s0)
λjξ

(γj(ξ)− s)4 dξ 6 λjb0µ7(a, T,R, s0)
y

(γj+1(y)− s)3 ,
Ð�ÒpÍ
∥

∥ŵjt
∥

∥

s
(y, t) 6

∥

∥ψj3
∥

∥

s
+
a

2

∥

∥ψj9
∥

∥

s
+R(1 + T )

∥

∥ψj8
∥

∥

s
6

(

1 +
a

2
+ s0R(1 + T )

) λjy

(γj(y)− s)2 ,

∥

∥k̂j00t
∥

∥

s
(y, t) 6 R

∥

∥k̂j00
∥

∥

s
+
a

2
R2

[(

1 + TR/2 +
1

s′(y)− s

)

∥

∥ψj9
∥

∥

s
+
R

2

∥

∥ψj8
∥

∥

s

]

6
a

2
R2
(

s0R(3 + TR/2) + s0(1 + TR/2) + 2R+ s20R
2
) λjy

(γj(y)− s)3 ,

∥

∥r̂j00t
∥

∥

s
(y, t) 6 2R(1 + s0R)

λjy

(γj(y)− s)3 ,
∥

∥rj00t
∥

∥

s
(y, t) 6

2R2(1 + s0 + 2Rs0)

(s0 − s)(γj(y)− s)
,

∥

∥ψj4
∥

∥

s
(y, t)6R

∥

∥ψj2
∥

∥

s
(y, t)+R

[(∥

∥ŵj
∥

∥

s
+
∥

∥ŵjt
∥

∥

s

)

(1 + 2TR)+
∥

∥ψj6
∥

∥

s

((∥

∥wj
∥

∥

s
+
∥

∥wjt
∥

∥

s

)

T +R
)]

.
K�Ã�ÖpÍ�Í

∥

∥ψj+1
6

∥

∥

s
(y) 6

y
∫

0

(y − ξ)
(

λjξ(1/2 +R(1 + 2/a)s0 + 2Rs0)

(γj(y)− s)3 +
λjξR

(γj(ξ)− s)2 +
λjξR

γj(ξ)− s

)

dξ

6 λjµ8(b0, a, R, s0)
y

(γj+1(y)− s) ,

∥

∥ψj+1
7

∥

∥

s
(y) 6

y
∫

0

(

λjξ(1/2 +R(1 + 2/a)s0 + 2Rs0)

(γj(y)− s)3 +
λjξR

(γj(ξ)− s)2 +
λjξR

γj(ξ)− s

)

dξ

6 λjb
−1
0 µ8(b0, a, R, s0)

y

(γj+1(y)− s)2 ,
∥

∥ψj+1
8

∥

∥

s
(y) 6 λjµ9(b0, a, R, s0, T )

y

γj+1(y)− s,
∥

∥ψj+1
9

∥

∥

s
(y) 6 λjb

−1
0 µ9(b0, s0, R, T )

y

(γj+1(y)− s)2 , (y, t, s) ∈ Fj+1.

[eæYÊ2Æ�Ö2Î�à2Í�Ï	Ï	Ø7Ù»Æ�Õ2Í�Ï2Æ�ä�Ä�ÖpÍ�Ò2Î�Í�Ç

λj+1 6 λjρ, λj+1 6∞, ρ = max(µ5, µ6, µ7,max(1, b−1
0 )µ8,max(1, b−1

0 )µ9).
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c7Å,Í�Ä�Ç�ÍYÄeÇ�Í�Å Ì Ò	Ö2á (y, t, s) ∈ Fj+2

∥

∥ϕj+2
i − ϕ0

i

∥

∥

s
6

j+1
∑

n=0

∥

∥ψni
∥

∥

s
6

j+1
∑

n=0

λny

γn(y)− s

6

j+1
∑

n=0

λnbj+2

1− bi+2/bn
6

j+1
∑

n=0

λnbn(n+ 1)2 6 λ0b0

j+1
∑

n=0

ρn(n+ 1)2, i = 1, 6, 8,

∥

∥ϕj+2
5 − ϕ0

5

∥

∥

s
(y) 6

j+1
∑

n=0

‖ψn5 ‖s(y) 6
j+1
∑

n=0

λny

(γn(y)− s)3

6
1

(s0 − s)2
j+1
∑

n=0

λnbj+2

(1− bi+2/bn)3
6

λ0b0
(s0 − s)2

j+1
∑

n=0

ρn(n+ 1)6,

∥

∥ϕj+2
i − ϕ0

i

∥

∥

s
6

j+1
∑

n=0

‖ψni ‖s 6
j+1
∑

n=0

λny

(γn(y)− s)2

6
1

s0 − s

j+1
∑

n=0

λnbj+2

(1− bi+2/bn)2
6

λ0b0
s0 − s

j+1
∑

n=0

ρn(n+ 1)4, i = 3, 7, 9.

c�Øaò�Í�È2Í�Å Ç�Í�Ê2Í�È	×
b0 ∈ (0, T/(2s0))

Ç�Ã�ä	É2Å Ì à	Ç�Æ

ρ 6 1, λ0b0

∞
∑

n=0

ρn(n+ 1)6 6 R.

glÆ�Ð�Ò�Ã

∥

∥ϕj+2
1 − ϕ0

1

∥

∥

s
(y, t) 6 R;

∥

∥ϕj+2
i − ϕ0

i

∥

∥

s
(y) 6 R, i = 6, 8;

∥

∥ϕj+2
5 − ϕ0

5

∥

∥

s
(y) 6

R

(s0 − s)2
;

∥

∥ϕj+2
3 − ϕ0

3

∥

∥

s
(y, t) 6

R

s0 − s
;
∥

∥ϕj+2
i − ϕ0

i

∥

∥

s
(y) 6

R

s0 − s
, i = 7, 9; (y, t, s) ∈ Fj+2.

gWÃ�ä�ä'Ã�äkÚ�Øaò�Æ�È
b0
Ï2Í^æ�Ã�Ú�É2Ä�É	ÇßÆ�Ç«Ï2Æ�Å,Í�ÈpÃ¬Ê	È	É2ò�Ö2É	é!Í�Ï	É	Û Ì Ç�Æ?Ê2Æ�Ä�ÖpÍ�ÒpÆ�Ú#Ã�Ç�Í�Ö2×�Ï	ØaÍ�Ê	È	É2ò�Ö2É'Ñ

é!Í�Ï	É	á
ϕni
Ì i = 1, 3, 5, 6, 7, 8, 9 Ì Ê	È	É	ÏpÃ�Ò	ÖpÍ�é�Ã�Ç

C(y,t) (F ; As) , F =

∞
⋂

n=0

Fn

ÉßÒ	Ö2á½Ï	É'ÙßÉ2Å,Í�ÝQÇ¬Å,Í�Ä�Ç�Æ�Ï2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú#Ã

∥

∥ϕn1 − ϕ0
1

∥

∥

s
(y, t) 6 R;

∥

∥ϕni − ϕ0
i

∥

∥

s
(y) 6 R, i = 6, 8;

∥

∥ϕn5 − ϕ0
5

∥

∥

s
(y) 6

R

(s0 − s)2
;

∥

∥ϕn3 − ϕ0
3

∥

∥

s
(y, t) 6

R

s0 − s
;
∥

∥ϕni − ϕ0
i

∥

∥

s
(y) 6

R

s0 − s
, i = 7, 9; (y, t, s) ∈ F.

SeÈ	É
s ∈ (0, s0)

È#á�Ò2Ø
∞
∑

n=0

(ϕni − ϕn−1
i )

Ä�Ù#Æ�Ò2á'Ç�Ä�áÜÈpÃ�Ú�Ï2Æ�Å,Í�È	Ï2Æ?Ú�Ï2Æ�È2Å,ÍMÊ	È2Æ�Ä�Ç�ÈpÃ�Ï2Ä�Ç�Ú#Ã

C(y,t) (PsT ;As) , PsT = GT ∩ {(y, t) : 0 6 y 6 b(s0 − s)} ,



� � =! #"#���C��
^= 6 > 6 *,+�- ���C��
���� 6 = 6
Ê2Æ�ð�Ç�Æ�Å5Î

ψni → ψi
ì1SeÈ2Í�ÒpÍ�Ö2×�Ï	ØaÍ!ÔMÎ�Ï	ä	Õ	É	É

ψi
á'Ú�Ö2á'ÝQÇ�Ä�á»ð�ÖpÍ�Å,Í�Ï	Ç�Ã�Å5É

C(y,t) (PsT ; As)
É»Î�ÒpÆ�Ñ

Ú�ÖpÍ�Ç�Ú�Æ�È#á'ÝQÇ Î�ÈpÃ�Ú�Ï2Í�Ï	É	á	Å ê �'ì ����íÓîCê �'ì � ��í�ì K!Æ�ä'Ã�é!Í�ÅOÇ�Í�Ê2Í�È	× Ì à	Ç�ÆkÏpÃ�Û'ÒpÍ�Ï	Ï2Æ�Í»È2Í��Í�Ï	É2ÍÜÍ�Ò2É	Ï'Ñ
Ä�Ç�Ú�Í�Ï	Ï2Æ	ì�SeÎ�Ä�Ç�×

ψi
É
ψ̄i ã Ö2Ýeò�ØaÍeÒ2Ú#Ã�È2Í��Í�Ï	É	á Ì Î�ÒpÆ�Ú�ÖpÍ�Ç�Ú�Æ�È#á'ÝQÞ!É2ÍYÏ2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú#Ã�Å

∥

∥ϕ1 − ϕ0
1

∥

∥

s
(y, t) 6 R,

∥

∥ϕi − ϕ0
i

∥

∥

s
(y) 6 R, i = 6, 8,

∥

∥ϕ5 − ϕ0
5

∥

∥

s
(y) 6

R

(s0 − s)2
,

∥

∥ϕ3 − ϕ0
3

∥

∥

s
(y, t) 6

R

s0 − s
,
∥

∥ϕi − ϕ0
i

∥

∥

s
(y) 6

R

s0 − s
, i = 7, 9, (y, t, s) ∈ F.

NQò�Æ�æ�ÏpÃ�à	É2Å à2Í�È2Í�æ
ψ̃i = ϕi − ϕ̄i

É»Ê	Î�Ä�Ç�×

λ := max

{

sup
(y,t,s)∈F

[

‖ϕ̃1‖s(y, t)
γ(y)− s

y

]

, sup
(y,t,s)∈F

[

‖ϕ̃3‖s(y, t)
(γ(y) − s)2

y

]

,

sup
(y,t,s)∈F

[

‖ϕ̃i‖s(y)
γ(y) − s

y

]

, i = 6, 8,

sup
(y,t,s)∈F

[

‖ϕ̃i‖s(y)
(γ(y)− s)2

y

]

, i = 7, 9, sup
(y,t,s)∈F

[

‖ϕ̃5‖s(y)
(γ(y) − s)3

y

]

}

<∞,

Ð�ÒpÍ
γ(y) = s0− y/b Ì b = b0

∞
∏

n=0

(

1 + 1/(n+ 1)2
)−1

.
glÆ�Ð�Ò�ÃYÒ	Ö2á«ÔMÎ�Ï	ä	Õ	É	Û

ϕ̃i
Å,Æ�é�Ï2Æ^Ê2Æ�Ö2Î�à	É	Ç�×

Ä�Æ�Æ�Ç�Ï2Æ��Í�Ï	É	á

ψ̃1(x, y, t) =
1

2

y
∫

0

t+y−ξ
∫

t−y+ξ

{

H(x, ξ)w̃(x, ξ, τ)− a

2
h̃(x, τ − ξ) + k̃00(x, ξ, τ)

−
τ−ξ
∫

0

(

h̃(x, γ)w̄(x, ξ, τ − γ)− h(x, γ)w̃(x, ξ, τ − γ)
)

dγ

+ ν2 exp (r(x, 0)τ/2)
∂

∂x

{

L0

[

ϕ̄8(x, τ) exp (−r(x, 0)(τ)/2) ,
(

r̃00 +
∂ψ̃2

∂x

)

(x, ξ, τ)
]

−
τ−ξ
∫

0

ψ̃8(x, γ) exp(−r(x, 0)γ/2)
(

r00 +
∂ϕ2

∂x

)

(x, ξ, τ − γ)dγ
}

}

dτ dξ,

ψ̃3(x, y, t) =
1

2

y
∫

−y

{

H(x, y − |ξ|)w̃n(x, y − |ξ|, ξ + τ)− a

2
(h̃n(x, ξ + t− y + |ξ|)

+ k̃n00(x, y − |ξ|, t+ |ξ|)−
t−y+ξ+|ξ|
∫

0

(

h̃(x, γ)w̄(x, y − |ξ|, t+ ξ − γ)
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− h(x, γ)w̃n(x, y − |ξ|, t+ ξ − γ)
)

dγ + ν2 exp (r(x, 0)(ξ + t)/2)

× ∂

∂x

{

L0[ϕ̄8(x, ξ + t) exp (−r(x, 0)(ξ + t)/2) ,
(

r̃n00 +
∂ψ̃2

∂x

)

(x, y − |ξ|, ξ + t)]

−
t−y+ξ+|ξ|
∫

0

ψ̃8(x, γ) exp(−r(x, 0)γ/2)
(

r00+
∂ϕ2

∂x

)

(x, y − ξ, ξ+t−γ)dγ
}

}

sgn(ξ) dξ,

ψ̃5(x, y) =

y
∫

0

(

2

a
ψ̃8(x, ξ)g̃0tt(x, y − ξ)− h̃(x, y − ξ))ϕ̄8(x, ξ) + h(x, y − ξ)ψ̃8(x, ξ)

)

dξ

+
1

a

y/2
∫

0

{

H(x, ξ)w̃t(x, ξ, y − ξ) + k̃00t(x, ξ, y − ξ)−
1

2
h̃(x, y − 2ξ)β(x, ξ)

−
y−2ξ
∫

0

(

h̃(x, τ)w̄t(x, ξ, y − ξ − τ)− h(x, τ)w̃t(x, ξ, y − ξ − τ)
)

dτ

+ ν2 exp (r(x, 0)(y−ξ)/2)
{

∂

∂x

{

L0

[

ϕ̄8(x, y−ξ) exp (−r(x, 0)(y−ξ)/2) ,
(

r̃n00t+
∂ψ̃4

∂x

)

× (x, ξ, y − ξ)
]

−
y−2ξ
∫

0

ψ̃8(x, τ) exp (−r(x, 0)τ/2)
(

r00t +
∂ϕ4

∂x

)

(x, ξ, y − ξ − τ)dτ
}

+
r(x, 0)

2

∂

∂x

{

L0

[

ϕ̄8(x, τ) exp (−r(x, 0)(y − ξ)/2) ,
(

r̃00 +
∂ψ̃2

∂x

)

(x, ξ, y − ξ)
]

−
y−2ξ
∫

0

ψ̃8(x, γ) exp(−r(x, 0)τ/2)
(

r00 +
∂ϕ2

∂x

)

(x, ξ, y − ξ − τ)dγ
}

+
1

2

∂

∂x

[

exp
(

− r(x, 0)(y − 2ξ)/2
)(

ϕ̄8(x, y − 2ξ)
(

r̃00 +
∂ψ̃2

∂x

)

(x, ξ, ξ)

− ψ̃8(x, y − 2ξ)
(

r00 +
∂ϕ2

∂x

)

(x, ξ, ξ)
)]

}

dξ,

ψ̃6(x, y) =

y
∫

0

(y − ξ)
(

h̃(x, ξ) + r(x, 0)ψ̃7(x, ξ)−
r2(x, 0)

4
ψ̃6(x, ξ)

)

dξ,

ψ̃7(x, y) =

y
∫

0

(

h̃(x, ξ) + r(x, 0)ψ̃7(x, ξ)−
r2(x, 0)

4
ψ̃6(x, ξ)

)

dξ,

ψ̃8(x, y) =

y
∫

0

(y − ξ)



c0(x)ψ̃8(x, ξ)− L[ϕ8, h̃]−
ξ
∫

0

ψ̃8(x, ξ − τ)h̄(x, τ)



 dξ,

ψ̃9(x, y) =

y
∫

0

(c0



ψ̃8(x, ξ)− L[ϕ8, h̃]−
ξ
∫

0

ψ̃8(x, ξ − τ)h̄(x, τ)



 dξ,

Ð�ÒpÍ

k̃00(x, y, t) =
ν2a

2
exp(k(x, 0)(t − y)/2)

[(

kxx(x, 0)
y

2
+ k2x(x, 0)

y2

4
+
k2x(x, 0)(t − y)

2

)

× ψ̃8(x, t− y) + kx(x, 0)
∂ψ̃8

∂x
(x, t− y)

]

,
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r̃00(x, y, t) =
∂

∂x

(

ψ̃6(x, t− y) exp (k(x, 0)t/2)
)

,

k̃00t(x, y, t) =
k(x, 0)

2
k00(x, y, t) +

ν2a

2
exp(k(x, 0)(t − y)/2)

[(

kxx(x, 0)
y

2
+ k2x(x, 0)

y2

4

+
k2x(x, 0)(t− y)

2

)

ψ̃9(x, t− y) + kx(x, 0)
∂ψ̃9

∂x
(x, t− y) + k2x(x, 0)

2
ψ̃8(x, t− y)

]

,

r̃00t(x, y, t) =
∂

∂x

[

exp(k(x, 0)t/2)

(

ψ̃7(x, t− y) +
k(x, 0)

2
ψ̃6(x, t− y)

)]

,

w̃(x, y, t) = ψ̃1(x, y, t) +
1

2

{

a

2
(ψ̃8(x, t+ y) + ψ̃8(x, t− y)) +

t+y
∫

0

ψ̃8(x, τ)g̃0(x, t+ y − τ) dτ

+

t−y
∫

0

ψ̃8(x, τ)g̃0(x, t− y − τ) dτ
}

,

w̃t(x, y, t)= ψ̃3(x, y, t)+
a

4

[

ψ̃9(x, t+ y)+ψ̃9(x, t− y)
]

+
1

2
g0(x, 0)

[

ψ̃8(x, t+y)+ψ̃8(x, t− y)
]

+
1

2

(

t+y
∫

0

ψ̃8(x, t− τ)g̃0t(x, τ) dτ +

t−y
∫

0

ψ̃8(x, t− τ)g̃0t(x, τ) dτ
)

,

h̃(x, y) =
1

2

[

ψ̃5(x, y) + c0(x)ψ̃8(x, y)
]

+
1

a

[

g0(x, 0)ψ̃9(x, y) + ψ̃8(x, y)g̃0t(x, 0)
]

,

ψ̃2(x, y, t) = exp(k(x, 0)t/2)



L0[ϕ̄6, w̃t]−
t
∫

y

ψ̃6(x, t− τ)w(x, y, τ)



 dτ,

ψ̃4(x, y, t) =
k(x, 0)

2
ψ̃2(x, y, t) + exp(k(x, 0)t/2)

(

L0[ϕ̄6(x, y), w̃t(x, y, t)] − ψ̃6(x, t− y)β(x, y)

−
t
∫

y

ψ̃6(x, y − τ)w(x, y, τ) dτ
)

.

SeÈ	É2Å,Í�Ï	á'á»ä½Ï	É2ÅËÆ�Õ2Í�Ï	ä	É Ì Ê	È	É	Ú�Í�ÒpÍ�Ï	Ï	ØaÍ^Ú�Ø �Í Ì ÏpÃ�Ù#Æ�Ò2É2ÅËÏ2Í�ÈpÃ�Ú�Í�Ï2Ä�Ç�Ú�Æ

λ 6 λρ′, ρ′ = max
(

µ′5, µ
′
6, µ

′
7,max(1, b−1)µ′8,max(1, b−1)µ′9

)

< ρ < 1,

Ð�ÒpÍ
µ′5,6,7 = µ′5,6,7(b, a,R, s0)

Ì µ′8,9 = µ′8,9(b, a,R, s0, T ).fVÖpÍ�ÒpÆ�Ú#Ã�Ç�Í�Ö2×�Ï2Æ Ì λ = 0.
SMÆ�ð�Ç�Æ�Å5Î

ϕi = ϕ̄i
ì,glÍ�Æ�È2Í�ÅVÃ�ÒpÆ�ä'Ã�æ�Ã�ÏpÃ'ì
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