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1 � � 
 � � f `�s�'�b+44~
`A�D�K










∂r

∂t
+ λ1(r, s)

∂r

∂x
= f1(r, s),

∂s

∂t
+ λ2(r, s)

∂s

∂x
= f2(r, s),

(t, x) ∈ R
+ × [0, 1], (1.1):� r, s XW&I�! t, x 4r;℄^� λi, fi (i = 1, 2) 
q r, s 4Xa℄^��=$

fi(0, 0) = 0 (i = 1, 2).S; Ujt
t = 0 : r = r0(x), s = s0(x), ∀x ∈ [0, 1] (1.2)�kG	���jt

x = 0 : s = G1

(

t, r,

∫ t

0

f1(τ, r, s)dτ
)

+H1(t), (1.3)

x = 1 : r = G2

(

t, s,

∫ t

0

f2(τ, r, s)dτ
)

+H2(t), (1.4):� r0, s0, Gi, f i �k Hi (i = 1, 2) 
qRII�!4 C1 ℄^��=�FO
Gi(t, 0, 0) ≡ 0, f i(t, 0, 0) ≡ 0, i = 1, 2. (1.5)pO/
��4�)M)Jy$;�
jt λ1(r, s) < 0 < λ2(r, s), mSpO/9

(t, x) = (0, 0) k (0, 1) ")J C1 �H
jt�:�/9 (0, 0) "4 C1 �H
jtq
s0(0) = G1(0, r0(0), 0) +H1(0),

f2(r0(0), s0(0)) − λ2(r0(0), s0(0))s′0(0)

= G11(0, r0(0), 0) +G12(0, r0(0), 0)(f1(r0(0), s0(0)) − λ1(r0(0), s0(0)))r′0(0)

+G13(0, r0(0), 0)(f1(0, r0(0), s0(0)) + Ḣ1(0),�t 2008 6 10 - 21 G\2� 2009 6 4 - 23 G\2�OP�
∗N\)�_�x�N\ 200444.
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804 _ � 6 Æ 30 � A j/ (0, 1) "4�H
jt���bS!�%(���b+4~
`AK (1.1)*��jt (1.3), (1.4)4`��D��2�
�R>���4~
`AK*�bG	�jt4`���2�
���/s [1] �v��/s [1]��qT1Y/4�%A31`�4���?℄^�x*ugI�q<��`��M��k%�ug�4BDB��Æ+G	���jt*�4M.
�.X�/�'v�,��D2�
S�G	���jt�Q4M.
2vBÆ+��sl�',�4�D��2�
�x��4��jtV;��FOV;4��q
x = 0. pOjt (1.3) �6q7N�q

x = 0 : r = G1

(

t, s,

∫ t

T

f1(τ, r, s)dτ
)

+H1(t), (1.6):� G1, H1 >X�WI�!4 C1 ℄^��=$
G1(t, 0, 0) ≡ 0. (1.7)���pO&/�^ K > 0, T3/
��4�)M�$







|G1(t, u1, v) −G1(t, u2, v)| 6 K|u1 − u2|,
|G1(t, u1, v) −G1(t, u2, v)| 6 K|u1 − u2|,
|f1(t, u1, v) − f1(t, u2, v)| 6 K|u1 − u2|,

(1.8)







|G1(t, u, v1) −G1(t, u, v2)| 6 K|v1 − v2|,
|G1(t, u, v1) −G1(t, u, v2)| 6 K|v1 − v2|,
|f1(t, u, v1) − f1(t, u, v2)| 6 K|v1 − v2|,

(1.9)2�31Iy4,��D��2�
;��Yo 1.1 /M℄pOy�&
T > max

i=1,2

2

|λi(0)| , (1.10)2�F�S;4 e r0, s0 ∈ C1[0, 1] �kAe rT , sT ∈ C1[0, 1], : C1 / ‖r0‖C1[0,1],

‖s0‖C1[0,1], ‖rT ‖C1[0,1] k ‖sT ‖C1[0,1] �I��kF�S;4℄^ H1(t) ∈ C1[0, T ], : C1/ ‖H1‖C1[0,T ] �I���=/9 (t, x) = (0, 0) k (T, 0) ")JIy4 C1 �H
jt�
s0(0) = G1(0, r0(0), 0) +H1(0),

f2(r0(0), s0(0)) − λ2(r0(0), s0(0))s′0(0)

= G11(0, r0(0), 0) +G12(0, r0(0), 0)(f1(r0(0), s0(0)) − λ1(r0(0), s0(0)))r′0(0)

+G13(0, r0(0), 0)(f1(0, r0(0), s0(0)) + Ḣ1(0)k
rT (0) = G1(T, sT (0), 0) +H1(T ),

f1(rT (0), sT (0)) − λ1(rT (0), sT (0))r′T (0)

= G11(T, sT (0), 0) +G12(T, sT (0), 0)(f2(rT (0), sT (0)) − λ2(rT (0), sT (0)))s′T (0)

+G13(T, sT (0), 0)(f1(T, rT (0), sT (0)) + Ḣ1(T ),
&/���?℄^ H2(t) ∈ C1[0, T ], �= C1 / ‖H2‖C1[0,T ] �I���3D� (1.1) � Ujt (1.2) k*��jt (1.3), (1.4) 4e^ -�=ug/�)
R(T ) = {(t, x) | 0 6 t 6 T, 0 6 x 6 1}M&/o�4 C1 � r = r(t, x), s = s(t, x), :/ R(T ) M4 C1 /�I���=�D7)JA?jt t = T : r = rT (x), s = sT (x).
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2 q ^ � p�*G	���jt4e^ -�=ug (1.1)–(1.4), #s [1] �$Iy4�6h C1�4&/o�
��o 2.1 �&F�WzS;4 T > 0, K C1 / ‖r0‖C1[0,1], ‖s0‖C1[0,1], ‖H1‖C1[0,T ]k ‖H2‖C1[0,T ] �I� (�&�Q���& T 48�^), 2e^ -�=ug (1.1)–(1.4)_/�) R(T ) = {(t, x) | 0 6 t 6 T, 0 6 x 6 1} M&/o�4 C1 ���=:/ R(T ) M4 C1 /�I��%n�I��
℄�qv�,�4�D��2�
�
��'1G	���jt4M.
��'Iy4G~
hID�

y(t) = G
(

t, u(t),

∫ t

0

g(τ, u(t), y(t))dτ
)

+H(t), (2.1):� y(t) Xr;℄^� u, G k g >X�WI�!4 C1 ℄^�
G(t, 0, 0) ≡ 0, g(t, 0, 0) ≡ 0, (2.2)�=pO&/�^ K > 0, /
��4�)M G, g )J

|G(t, u1, v) −G(t, u2, v)| 6 K|u1 − u2|, |g(t, u1, v) − g(t, u2, v)| 6 K|u1 − u2|, (2.3)

|G(t, u, v1) −G(t, u, v2)| 6 K|v1 − v2|, |g(t, u, v1) − g(t, u, v2)| 6 K|v1 − v2|. (2.4)#S�$Iy4�o 2.2 /M℄pOy��F� T > 0, G~
hID� (2.1) / [0, T ] M&/o�4 C1 � y = y(t), �=/ ‖u‖C1[0,T ] k ‖H‖C1[0,T ] �I�S� ‖y‖C1[0,T ] ��I��
 qD�;s�/9-[��rn ‖ · ‖ = ‖ · ‖C0[0,T ].

(a) 9-&/
�!T1B��F� t ∈ (0, T ], n
y0(t) = H(t), yn(t) = G

(

t, u(t),

∫ t

0

g(τ, u(τ), yn−1(τ))dτ
)

+H(t), n = 1, 2, · · · .#jt (2.2)–(2.4), $
|y1(t) − y0(t)| =

∣

∣

∣
G

(

t, u,

∫ t

0

g(τ, u, y0)dτ
)∣

∣

∣

6 K
∣

∣

∣

∫ t

0

g(τ, u(τ), y0(τ))dτ
∣

∣

∣
+K‖u‖

6 K2‖y0‖t+K2‖u‖t+K‖u‖,m�$
|y2(t) − y1(t)| =

∣

∣

∣
G

(

t, u,

∫ t

0

g(τ, u, y1)dτ
)

−G
(

t, u,

∫ t

0

g(τ, u, y0)dτ
)∣

∣

∣

6 K
∣

∣

∣

∫ t

0

g(τ, u(τ), y1(τ))dτ −
∫ t

0

g(τ, u(τ), y0(τ))dτ
∣

∣

∣

6 K2

∫ t

0

|y1(τ) − y0(τ)|dτ
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6 K4‖y0‖

t2

2
+K4‖u‖ t

2

2
+K3‖u‖t,%A ∀n ∈ N, $

|yn(t) − yn−1(t)| 6 K2n‖y0‖
tn

n!
+K2n‖u‖ t

n

n!
+K2n−1‖u‖ tn−1

(n− 1)!
. (2.5)#m^ ∞

∑

n=1

(yn − yn−1) [��n
y = lim

n→∞
yn =

∞
∑

n=1

(yn − yn−1) + y0, (2.6)2 y lqD� (2.1) 4��
(b) y9o�
�pO z = z(t) XD� (2.1) 4%�Q��2 ∀t ∈ [0, T ], $

|y(t) − z(t)| =
∣

∣

∣
G

(

t, u,

∫ t

0

g(τ, u, y)dτ
)

−G
(

t, u,

∫ t

0

g(τ, u, z)dτ
)∣

∣

∣

6 K

∣

∣

∣

∫ t

0

(g(τ, u, y) − g(τ, u, z))dτ
∣

∣

∣

6 K2

∫ t

0

|y(τ) − z(τ)|dτ 6 K4‖y − z‖ t
2

2
.##� ∀n ∈ N, 
�$ |y(t)− z(t)| 6 K2n tn

n! ‖y− z‖. / n �I(S�
$ K2n tn

n! ∈ (0, 1),%A# ‖y − z‖ 6 K2n tn

n!‖y − z‖ < ‖y − z‖, 3 ‖y − z‖ = 0, l y(t) ≡ z(t), ∀t ∈ [0, T ].

(c) %n�# (2.5) k (2.6) 3
‖y‖ 6

∞
∑

n=1

K2ntn

n!
‖y0‖ + ‖y0‖ +

∞
∑

n=1

K2ntn

n!
‖u‖ +

∞
∑

n=1

K2n−1tn−1

(n− 1)!
‖u‖,�;/ ‖y0‖, ‖u‖ �I�S�$ ‖y‖ �I������D� (2.1)  �W& t ?0�3�/ ‖y0‖C1[0,T ], ‖u‖C1[0,T ] �I�S�$ ‖y‖C1[0,T ] �I��

3 Z p 1.1 X Æ sO T > 0 # (1.10) S!�2&/ ε0 > 0, T T > 2 max‖r‖,‖s‖6ε0

{

1
|λ1(r,s)| ,

1
|λ2(r,s)|

}

.O T1 ∈ (0, T
2 ).

(a) �'<�e^ -�=ug
(I)



















































∂r

∂t
+ λ1(r, s)

∂r

∂x
= f1(r, s),

∂s

∂t
+ λ2(r, s)

∂s

∂x
= f2(r, s),

t = 0 : r = r0(x), s = s0(x),

x = 0 : s = G1

(

t, r,

∫ t

0

f1(τ, r, s)dτ
)

+H1(t),

x = 1 : r = r(t).#�� 2.1 �;�� T1, / ‖r0‖C1[0,1], ‖s0‖C1[0,1], ‖H1‖C1[0,T ] k ‖r‖C1[0,T ] �I�S�ug (I) / [0, T1] M&/o�4 C1 � r = r1(t, x), s = s1(t, x), �=:/�) R(T1) =

{(t, x) | 0 6 t 6 T1, 0 6 x 6 1} M4 C1 /�I��
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(b) �'Iy4`�e^ -�=ug
(II)



















































∂r

∂t
+ λ1(r, s)

∂r

∂x
= f1(r, s),

∂s

∂t
+ λ2(r, s)

∂s

∂x
= f2(r, s),

t = T : r = rT (x), s = sT (x),

x = 0 : r = G1

(

t, s,

∫ t

T

f1(τ, r, s)dτ
)

+H1(t),

x = 1 : s = s(t).#�� 2.1 �;�/ ‖rT ‖C1[0,1], ‖sT ‖C1[0,1], ‖H1‖C1[0,T ] k ‖s‖C1[0,T ] �I�S�ug (II)/ [T − T1, T ] M&/o�4 C1 � r = r2(t, x), s = s2(t, x), �=:/�) R(T1, T ) =

{(t, x) | T − T1 6 t 6 T, 0 6 x 6 1} M4 C1 /�I��E�1��jt (1.3) ��6q7�qjt (1.6), ‖H1‖C1[0,T ] �I��# ‖H1‖C1[0,T ] �I�
9�
(c) &

a(t) =

{

r1(t, 0), 0 6 t 6 T1,

r2(t, 0), T − T1 6 t 6 T,=T a(t) ∈ C1[0, T ] k ‖a‖C1[0,T ] 6 max{‖r1‖C1R(T1), ‖r2‖C1R(T1,T )}. #�� 2.2, �
b = b(t) qr;℄^4G~
hID� b(t) = G1(t, a(t),

∫ t

0
f1(τ, a(τ), b(τ))dτ) +H1(t) /

[0, T ] M&/o�4 C1 � b = b(t), :/ [0, T ] M4 C1 /��I��#o�
3 b(t) =

{

s1(t, 0), 0 6 t 6 T1,

s2(t, 0), T − T1 6 t 6 T.}�'%�e^ug
(III)















































∂r

∂x
+

1

λ1(r, s)

∂r

∂t
= f1(r, s),

∂s

∂x
+

1

λ2(r, s)

∂s

∂t
= f2(r, s),

x = 0 : r = a(t), s = b(t), ∀t ∈ [0, T ]

t = 0 : s = s0(x),

t = T : r = rT (x).#�� 2.1,/ R(T )M&/o�4 C1 � r = r(t, x), s = s(t, x), �=:/ R(T )M4 C1 /�I��f�7���C ‖r0‖C1[0,1], ‖s0‖C1[0,1], ‖r1‖C1[0,1], ‖s1‖C1[0,1] k H1(t) ∈ C1[0, T ]�I��T ‖r‖C1R(T ), ‖s‖C1R(T ) 6 ε0.

(d) C H2(t) = r(t, 1) − G2(t, s(t, 1),
∫ t

0
f2(τ, r(τ, 1), s(τ, 1))dτ), lq
?4���?℄^�

4 	 � 
;� 1.1 �<z!&v���4~
|5<D�*8L���jt4,��D��2�
��|5<D�
∂2u

∂t2
− ∂

∂x

(

K
(∂u

∂x

))

= F
(∂u

∂x
,
∂u

∂t

)

, (4.1)



808 _ � 6 Æ 30 � A j:� K = K(v) X v 4S; C2 ℄^= K ′(v) > 0, F = F (v, w) X v k w 4 C1 ℄^=
F (0, 0) = 0.K/|4�Q?9 x = 0 "S;y℄8L���jt

ux − βu = h(t), (4.2):� β q�8�^� h(t) qS;4 C1 ℄^�A/|4%�?9 x = 1 "�S;y℄F���4��jt�
u = h(t), (4.3)

ux = h(t), (4.4)

ux + αu = h(t), (4.5)

ux + αut = h(t), (4.6):� α X�8�^�A h(t) Nq�?℄^/jt (4.3) Sq C1 ℄^�/jt (4.4)–(4.6)Sq C2 ℄^�� 4,��D��2�
uglq�XL&/0Q T > 0, �F�S;4 e φ ∈
C2[0, 1], ψ ∈ C1[0, 1] kAe Φ ∈ C2[0, 1],Ψ ∈ C1[0, 1], / ‖φ′‖C1[0,1], ‖ψ‖C1[0,1], ‖Φ′‖C1[0,1]k ‖Ψ‖C1[0,1] �I��/9 (0, 0)) k (T, 0) "I�)J C2 �H
jt

{

φ′(0) − βφ(0) = h(0),
ψ′(0) − βψ(0) = h′(0)

(4.7)k
{

Φ′(0) − βΦ(0) = h(T ),
Ψ′(0) − βΨ(0) = h′(T )

(4.8)kF�S;4 h(t) ∈ C1[0, T ],: C1 /�I��2U&/ x = 1"4���?℄^ h(t),/>	 (4.3)S�h(t) ∈ C2[0, T ], ‖h′‖C1[0,T ] �I��/>	 (4.4)–(4.6)S�h(t) ∈ C1[0, T ],

‖h‖C1[0,T ] �I��T3D� (4.1) � Ujt
t = 0 : u = φ(x), ut = ψ(x), (4.9)�=*��jt (4.2) k (4.3)–(4.6) �F���jt4e^ -�=ug�/ [0, T ]M&/o�4 C2 � u = u(t, x), ux, ut 4 C1 /�I���=�D7)JA?jt
t = T : u = Φ(x), ut = Ψ(x). (4.10)y,l[��W&r;℄^4�d�xM℄ugGbq�� !;� 1.1 4	V�& v = ∂u

∂x
, w = ∂u

∂t
, D� (4.1) bqIy4�{4~
D�K











∂v

∂t
− ∂w

∂x
= 0,

∂w

∂t
− ∂K(v)

∂x
= F (v, w),

(4.11)oA�JM℄D�4 Riemann ��! r, s,

2r = G(v) + w, 2s = −G(v) + w, (4.12):�
G(v) =

∫ v

0

√

K ′(v)dv. (4.13)O H q G 4C℄^�# (4.12) �3
w = r + s, v = H(r − s). (4.14)
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,5��aBL5�E��3�� 809� Riemann ��! r, s q�4r;℄^� (4.11) �bqIy4�y�D�K










∂r

∂t
− λ(r, s)

∂r

∂x
= f(r, s),

∂s

∂t
+ λ(r, s)

∂s

∂x
= f(r, s),

(4.15):�






λ =
√

K ′(v),

f(r, s) =
1

2
F (H(r − s), r + s),

(4.16)�s f(0, 0) = 0.� 7� UjtkA?jt (4.9) k (4.10) I�bq
t = 0 :











r = r0(x) :=
1

2
(G(φ′(x)) + ψ(x)),

s = s0(x) :=
1

2
(−G(φ′(x)) + ψ(x))

(4.17)k
t = T :











r = rT (x) :=
1

2
(G(Φ′(x)) + Ψ(x)),

s = sT (x) :=
1

2
(−G(Φ′(x)) + Ψ(x)),

(4.18)��jt (4.2) 2�bq
x = 0 : H(r − s) = β

(

∫ t

0

(r + s)dτ + φ(0)
)

+ h(t) (4.19)f3
x = 0 : s = r −G

(

β
(

∫ t

0

(r + s)dτ + φ(0)
)

+ h(t)
)

. (4.20)���7�C
G1(t, r, z) = r −G(β(z + φ(0)) + h(t)) +G(h(t) + φ(0)), (4.21)

H1(t) = −G(h(t) + φ(0)), (4.22)2 x = 0 "4��jt (4.20) �N�q
x = 0 : s = G1

(

t, r,

∫ t

0

(r + s)dτ
)

+H1(t). (4.23)%�D,�E�1 (4.8) 48 1V�# (4.19), x = 0 : β
∫ T

0 (r+ s)dτ = Φ′(0))−h(T )−
βφ(0) = β(Φ(0) − ψ(0)), l

x = 0 :

∫ T

0

(r + s)dτ = Φ(0) − ψ(0), (4.24)%A$
x = 0 :

∫ t

0

(r + s)dτ + ψ(0) =

∫ t

T

(r + s)dτ + Φ(0). (4.25)4�� (4.20) �N�q
x = 0 : r = s+G

(

β
(

∫ t

T

(r + s)dτ + Φ(0)
)

+ h(t)
)

. (4.26)
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x = 0 : s = G1

(

t, r,

∫ t

T

(r + s)dτ
)

+H1(t), (4.27):�
G1(t, s, z) = s+G(β(z + Φ(0)) + h(t)) −G(h(t) + βΦ(0)), (4.28)

H1(t) = G(h(t) + βΦ(0)). (4.29)>#�*ugbq";� 1.1 �D�K*G	���jt4� ug�pO/
��4�)M�$
|k′(v)| 6 K0, (4.30):� K0 q�8�^�E�1 (4.13), (4.21) k (4.28), #S$ G1, G1 �)Jjt (1.9), �=H��9�;� 1.1 �4:dpO>
�)J�# (4.16) k (1.10), C T > 2√

K′(0)
, l31D� (4.1) *8L���jt4,��D��2�
�%n��#�4~
|5<D�*8L���jt4,��D��2�
�jt (4.30)�X

4�/s [2] �$�QF*49-�%�ss [3, 4].T � j � ~ � �
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