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114 =���}�E�A 	 46 �2_ [13] R, "��w^DYGi�k��~-7I'yq�N#
utt + a(u, ux, ut)utx + b(u, ux, ut)uxx = c(u, ux, ut),2 a2 − 4b > 0 ), ;`I'N#md>Æ�. EpDXI'>ÆN#�\`�AK C2 ,72>�w9�4�Æ.wm�.D'$F`N#mz7I'yq�N#e, �mz;>7V0�3O`D*Syq�iRLPbI7
7sD##. sk
7W�=DG:7mz;>, �'\{D�kG:~-7I'yq�>Æe�\`4�Æ.wm�

utt + (A+B)(u, ux, ut)utx +AB(u, ux, ut)uxx = F (u, ux, ut),�R u = (u1, · · · , un)
T 1k' (t, x) 7℄Eu_t<, ;> A w B BM%CG�J�WG�J (�_ [14]).D'�kI'yq�N#ed��7~-

utt +A(u, ux, ut)utx +B(u, ux, ut)uxx = C(u, ux, ut), (1.1)�R u = (u1, · · · , un)
T 1k' (t, x) 7℄Eu_t<, A w B Z n× n 'mz;>. Z`+N#e (1.1) >%>Æ�, 
_7j9F�2_ [15] RH'`�`;>$SM�: ;>

A, B KD!�
md AB = BA.2
_R, dp�Gi ;~-7I'yq�N#e (1.1), dpH'e�S;>7$SM�+6I'e (1.1)>%>Æ�. >KQ�, dpGimz;> A, B B1k�!;>.�&���, dpf n = 2, $
A(u, ux, ut) =

(

α1 0

a α2

)

, B(u, ux, ut) =

(

β1 0

b β2

)

(1.2)B1k�!;>t<, 
�$ αi, βi (i = 1, 2), a, b B1k'��_7 C1 t<.

C(u, ux, ut) = (c1, c2)
T1 C1 u_t<
md

C(0, 0, 0) = 0.dp7m2CGi7
*vH'�k����$






βi 6= 0,

α2
i − 4βi > 0.

(1.3)

(1.3);�`-a"\2
22;> B K{. $_ [16] KE, I'yq�N#e (1.1) K��Z�k�'yq�N#e

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



∂u

∂t
= w,

∂v

∂t
−
∂w

∂x
= 0,

∂w

∂t
+B(u, v, w)

∂v

∂x
+A(u, v, w)

∂w

∂x
= C(u, v, w),

(1.4)



2 � W�l Æ�� ?�"�n{<?8J(zr�?�f85��/xn� 115�G�N#Z
λ2(λ2 − αiλ+ βi) = 0 (i = 1, 2). (1.5)[�4 (1.3) 7;I`-a, K64 (1.4) 7g`*G�J

λ−i =
αi −

√

α2
i − 4βi

2
, λ0i ≡ 0, λ+i =

αi +
√

α2
i − 4βi

2
(i = 1, 2), (1.6)�R λ±i (i = 1, 2) md

λ+i + λ−i = αi, λ+i − λ−i =
√

α2
i − 4βi, λ+i λ

−

i = βi (i = 1, 2). (1.7)$�$ (1.3), dp�K�64
λ±i 6= 0, λ+i > λ−i (i = 1, 2). (1.8)Z`�D�'yq�N#e (1.4) (D 'I'yq�N#e (1.1)) 7>Æ�, dp3���$

λ±1 6= λ±2 , (1.9)�G�N# λ2 − α1λ + β1 = 0 ( λ2 − α2λ + β2 = 0 �P
. ,_ [16] R, dpF4�$
(1.9) �D`�'e (1.4) >��eV�7G�u_, K�Z


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














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































l−1 = (0, 0, λ+1 , 0, 1, 0),

l+1 = (0, 0, λ−1 , 0, 1, 0),

l01 = (1, 0, 0, 0, 0, 0),

l02 = (0, 1, 0, 0, 0, 0),

l−2 =
(

0, 0,
aβ1 + (λ−2 − α1)b

χ1
, λ+2 ,

λ−2 a− b

χ1
, 1
)

,

l+2 =
(

0, 0,
aβ1 + (λ+2 − α1)b

χ2
, λ−2 ,

λ+2 a− b

χ2
, 1
)

,

(1.10)

�R
χ1 = λ−

2

2 − α1λ
−

2 + β1, χ2 = λ+
2

2 − α1λ
+
2 + β1.
_7+f�k: 2; 2 *R, dp
=G�J7UuSZ�U�P, Z!�%7�'yq�>ÆiR�AK C1 ,7Uk, 64XI'yq�>ÆiR7�AK C2 ,72>�. 2; 3 *w; 4 *R, dp2aU�PkS��\>�w1�4�Æ.wm�. g|, 2; 5 *R, dp
+`wm�wwL�F��r7D�ki.< 1.1 
_Gi7I'yq�N#e7~-(_ [15] R7SB. �G, Dmz;>7��w�$)��P. _ [15] R��i<;> A, B KD!�
mdK �M�:

AB = BA, G
_Ri<;>Zk�!;>���KD!�, ��mdK �M�.< 1.2 
_W�Fk^`N#mz7I'yq�N#e, D'SB~-7 n`N#mz7I'e, KSB:64sk+o.
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2 �y!{07m, D'I'yq�>Æe (1.1), dpb>�k7%,M�
t = 0 : u = ϕ(x), ut = ψ(x), 0 6 x 6 L, (2.1)�R ϕ = (ϕ1, ϕ2)

T w ψ = (ψ1, ψ2)
T 1b>7u_t<. 
= (1.8) �� λ±i (i = 1, 2) 2< (u, v, w) = (0, 0, 0) b*v�PUu7S�, dpS�k�U�PFk:

(i) βi < 0 ⇔ λ+i > 0, λ−i < 0 (i = 1, 2); (2.2)

(ii) βi > 0, αi > 0 ⇔ λ±i > 0 (i = 1, 2); (2.3)

(iii) βi > 0, αi < 0 ⇔ λ±i < 0 (i = 1, 2). (2.4)�P (i) �.I'e (1.1) >%sP<_7CG�JwWG�J. D';U�P, dp2 x = 0 w x = L ^�b'�k Robin }Æ.M�
x = 0 : ux − αu = h(t) (2.5)w
x = L : ux + αu = h(t), (2.6)�R α w α BZC!<, h = (h1, h2)

T w h = (h1, h2)
T BZ C1 u_t<.�P (ii) �^_I'e (1.1) o%WG�J, �*dpM�2 x = 0 ('�Æ.M�,b'�k Dirichlet-Neumann }Æ.

x = 0 : u = h(t), ux = h(t), (2.7)�R h = (h1, h2)
T 1 C2 u_t<, h = (h1, h2)

T 1 C1 u_t<.�P (iii) �^_I'e (1.1) o%CG�J, �*dpM�2 x = L ('�Æ.M�
x = L : u = h(t), ux = h(t), (2.8)�R h = (h1, h2)

T 1 C2 u_t<, h = (h1, h2)
T 1 C1 u_t<.< 2.1 D'�P (i), _ [16] Dq` Dirichlet }Æ.M�k7�AK C2 ,7-2Y��. �' Neumann }Æ.M�(FSB, 
_��13��Fk, dpV<k[dV07 Robin }Æ.M�k�AK C2 ,72>�Uk.7m, dp
7�P (i) 7�z%ÆJbI (1.1), (2.1) w (2.5)–(2.6) 7�AK C2 ,72>�.z� 2.1 �$ (1.3), (1.9)w (2.2)"\. 3���$2< (t, x) = (0, 0)w (0, L)(S�md C2 s��M�. unD'�yb>
dh.7 T > 0, M� ‖(ϕ, ψ)‖C2[0,L]×C1[0,L]w ‖(h, h)‖C1[0,T ]×C1[0,T ] dhv, �u�z%ÆJbI (1.1), (2.1) w (2.5)–(2.6) 2
*

R(T ) = {(t, x) | 0 6 t 6 T, 0 6 x 6 L}  -2Y�7�AK C2 , u = u(t, x), � C2 t$Sv, 
"\�kiÆ-
‖u‖C2[R(T )] 6 C(‖(ϕ, ψ)‖C2[0,L]×C1[0,L] + ‖(h, h)‖C1[0,T ]×C1[0,T ]), (2.9)



2 � W�l Æ�� ?�"�n{<?8J(zr�?�f85��/xn� 117�R C 1�`�R' T 7C<.< 2.2 2>U 2.1 R, 2< (t, x) = (0, 0) (7 C2 s��M�1L
{

ϕ(0)− αϕ(0) = h(0),

ψ′(0)− αψ(0) = h′(0).2< (t, x) = (0, L) (7 C2 s��M�K�SB:>�.Z`64 ; Robin }Æ.M�k�z%ÆJbI7�AK C2 ,72>�, dp��℄�Zs 7�'yq�>ÆiR7�z%ÆJbI, �|Z!�'yq�>ÆiR7�AK C1 ,7Uk.�_;`Ah, dp7m�j�'yq�>ÆiR7�AK C1 ,72>�Uk (�_ [17]).3� 2.1 D'�'yq�>ÆiR
ut +A(u)ux = F (u), (2.10)�R u = (u1, · · · , un)

T, F (0) = 0, ;> A % n `*G�J λp < λq ≡ 0 < λr (p =

1, · · · , l; q = l+1, · · · ,m; r = m+1, · · · , n) w�eV�7iG�u_ li(u) (i = 1, · · · , n).f
vi = li(u)u (i = 1, · · · , n).D'�'yq�>Æe (2.10), dpb'�k%,M�wÆ.M�

t = 0 : u = φ(x), 0 6 x 6 L, (2.11)

x = 0 : vr = Gr(t, v1, · · · , vm) +Hr(t) (r = m+ 1, · · · , n), (2.12)

x = L : vp = Gp(t, vl+1, · · · , vn) +Hp(t) (p = 1, · · · , l), (2.13)�R Gr(t, 0, · · · , 0) ≡ 0, Gp(t, 0, · · · , 0) ≡ 0.�$ A, F , φ, Gp, Gr, Hp w Hr (p = 1, · · · , l; r = m+ 1, · · · , n) 1k'��_7 C1t<, �
2< (t, x) = (0, 0) w (0, L) (S�mds 7 C1 s��M�. D'�yb>
Kw$S.7 T > 0, M�M< ‖φ‖C1[0,L], ‖(Hp, Hr)‖C1[0,T ]×C1[0,T ] (p = 1, · · · , r; r =

m+ 1, · · · , n) dhv, �u�z%ÆJbI (2.10)–(2.13) 2
*
R(T ) = {(t, x) | 0 6 t 6 T ; 0 6 x 6 L} -2Y�7�AK C1 , u = u(t, x),� C1t$Sv. 3���$ ∂Gp

∂t
(t, ·) (p = 1, · · · , l)w ∂Gr

∂t
(t, ·) (r = m+ 1, · · · , n) k'�_ v md9� Lipschitz M�, 7, u = u(t, x) "\�kiÆ

‖u‖C1[R(T )] 6 C(‖φ‖C1[0,L] + ‖(Hp, Hr)‖C1[0,T ]×C1[0,T ]), (2.14)�R C 1�`�R' T 7C<.�';`�U, o2Dq>U 2.1.



118 =���}�E�A 	 46 �z� 2.1 w8� $ U = (u, v, w)T, �R u = (u1, u2)
T, v = (v1, v2)

T, w = (w1, w2)
T.*U, f

L =









l−i

l0i

l+i









,









V −

V 0

V +









= LU. (2.15)
= (1.10), %









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




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
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























V 0
1 = u1,

V 0
2 = u2,

V −

1 = λ+1 v1 + w1,

V +
1 = λ−1 v1 + w1,

V −

2 =
aβ1 + (λ−2 − α1)b

χ1
v1 + λ+2 v2 +

λ−2 a− b

χ1
w1 + w2,

V +
2 =

aβ1 + (λ+2 − α1)b

χ2
v1 + λ−2 v2 +

λ+2 a− b

χ2
w1 + w2.

(2.16)

$ (2.16) �E
(u, v, w) = 0 ⇔ (V −, V 0, V +) = 0 (2.17)�

∂(V −, V 0, V +)

∂(u, v, w)
= (λ+1 − λ−1 )(λ

+
2 − λ−2 ) 6= 0. (2.18)�*, 2 U = 0 7b*v, K6


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














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














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






















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


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
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



















u1 = V 0
1 ,

u2 = V 0
2 ,

v1 =
V −

1 − V +
1

λ+1 − λ−1
,

v2 =
(bλ+1 − aβ1)(α2 − α1) + (λ−1 a− b)(β2 − β1)

(λ+1 − λ−1 )χ1χ2

V −

1

+
(aβ1 − λ−1 b)(α2 − α1) + (b − λ+1 a)(β2 − β1)

(λ+1 − λ−1 )χ1χ2

V +
1

+
V −

2 − V +
2

λ+2 − λ−2
,

w1 =
λ+1 V

+
1 − λ−1 V

−

1

λ+1 − λ−1
,

w2 =
(λ−1 aβ2 − bβ1)(α2 − α1) + (aβ1 + λ−1 b− λ−1 aα2)(β2 − β1)

(λ+1 − λ−1 )χ1χ2

V −

1

+
(bβ1 − λ+1 aβ2)(α2 − α1) + (λ+1 aα2 − λ+1 b− aβ1)(β2 − β1)

(λ+1 − λ−1 )χ1χ2

V +
1

+
λ+2 V

+
2 − λ−2 V

−

2

λ+2 − λ−2
.

(2.19)



2 � W�l Æ�� ?�"�n{<?8J(zr�?�f85��/xn� 119[�42< (t, x) = (0, 0) w (0, L) (md C2 s��M�, %,M� (2.1) K�ZzZ
t = 0 : u = ϕ(x), v = ϕ′(x), w = ψ(x), 0 6 x 6 L. (2.20)
=Æ.M� (2.5), %

x = 0 : vi = αV 0
i + hi(t) (i = 1, 2). (2.21)
= (2.19), K6

∂(v1, v2)

∂(V +
1 , V

+
2 )

=
1

(λ+1 − λ−1 )(λ
+
2 − λ−2 )

6= 0.�*, 2 U = 0 7b*v, x = 0 (7Æ.M� (2.21) K�	9�:ZzZ
x = 0 : V + = G(t, V 0, V −) +H(t), (2.22)�R G,H 1k'��_7 C1 t<. �&���, K��$

G(t, 0, 0) ≡ 0.�*, 2 ‖h‖C1[0,T ] dhv), K6
C1‖h‖C1[0,T ] 6 ‖H‖C1[0,T ] 6 C2‖h‖C1[0,T ]. (2.23)*(�|_R, Ci (i = 1, 2, · · · ) �.�xC!<.SB:, D'Æ.M� (2.6), %
x = L : vi = −αV 0

i + hi(t) (i = 1, 2). (2.24)$ (2.19), K6
∂(v1, v2)

∂(V −

1 , V −

2 )
=

1

(λ+1 − λ−1 )(λ
+
2 − λ−2 )

6= 0.�*, 2 U = 0 7b*v, x = L (7Æ.M�K�9�:ZzZ
x = L : V − = G(t, V 0, V +) +H(t), (2.25)�R G, H 1k'��_7 C1 t<, �O$

G(t, 0, 0) ≡ 0.�*, 2 ‖h‖C1[0,T ] dhv), K6
C3‖h‖C1[0,T ] 6 ‖H‖C1[0,T ] 6 C4‖h‖C1[0,T ]. (2.26)$+�z%ÆJbI (1.1), (2.1) w (2.5)–(2.6) 2< (t, x) = (0, 0) w (0, L) (S�md C2 s��M�, �E�z%ÆJbI (1.4), (2.20), (2.22) w (2.25) 2< (t, x) = (0, 0)w (0, L) (S�md C1 s��M�.Z!�'yq�>ÆiR�z%ÆJbI7�AK C1 ,7+o (��U 2.1), �K64+�z%ÆJbI (1.1), (2.1) w (2.5)–(2.6) 2
* R(T )  -2Y�7�AK C2,. *U, [�4 (2.20), (2.23) w (2.26), K�$�U 2.1 R7 (2.14) 64iÆ- (2.9). >U 2.1 6D.



120 =���}�E�A 	 46 ��% 2.1 �$ (1.3), (1.9) w (2.2) "\. D'�yb>
Kw$S.7 T > 0, b>
t = T (7TCM�

t = T : u = Φ(x), ut = Ψ(x), 0 6 x 6 L, (2.27)�R (Φ,Ψ) ∈ C2×C1. �$2< (t, x) = (T, 0)w (T, L)(S�md C2 s��M�. M�
‖(Φ,Ψ)‖C2[0,L]×C1[0,L] w ‖(h, h)‖C1[0,T ]×C1[0,T ] dhv, |u�z%ÆJbI (1.1), (2.27)w (2.5)–(2.6) 2
* R(T )  -2Y�7�AK C2 , u = u(t, x), � C2 t$Sv
"\�k�9-

‖u‖C2[R(T )] 6 C(‖(Φ,Ψ)‖C2[0,L]×C1[0,L] + ‖(h, h)‖C1[0,T ]×C1[0,T ]), (2.28)�R C 1�R' T 7C<.D'�P (ii) w�P (iii), dp�K�S�64s 7�z%ÆJbI�AK C2 ,72>�Uk.z� 2.2 �$ (1.3), (1.9) w (2.3) "\. 3���$2< (t, x) = (0, 0) (mds 7 C2 s��M�, unD'�yb>
Kw$S.7 T > 0, M� ‖(ϕ, ψ)‖C2[0,L]×C1[0,L]w ‖(h, h)‖C2[0,T ]×C1[0,T ] dhv, �u�z%ÆJbI (1.1), (2.1) w (2.7) 2
* R(T ) -2Y�7�AK C2 , u = u(t, x), � C2 t$Sv, 
"\�kiÆ-
‖u‖C2[R(T )] 6 C(‖(ϕ, ψ)‖C2[0,L]×C1[0,L] + ‖(h, h)‖C2[0,T ]×C1[0,T ]), (2.29)�R C 1�R' T 7C<.>U 2.27DqNL(>U 2.17SB, DpF�7W�
�2'DÆ.M�7(U.z� 2.2 w8� 7m, dp��I'yq�>Æe (1.1) �Z�'yq�>Æe

(1.4). [�42< (t, x) = (0, 0) (md C2 s��M�, %,M� (2.1) ��K�Zz
(2.20). Æ.M� (2.7) K�ZzZ

x = 0 : v = h(t), w = h′(t). (2.30)*U, $ (2.19) KE
∂(v, w)

∂(V −, V +)
=

1

(λ+1 − λ−1 )(λ
+
2 − λ−2 )

6= 0.�*, 2 U = 0 7b*v, Æ.M� (2.30) K�9�:ZzZ
x = 0 :

{

V + = G(t, V 0) +H(t),

V − = G(t, V 0) +H(t),
(2.31)�R G(t, 0) ≡ 0, G(t, 0) ≡ 0. �*, 2 ‖(h, h)‖C2[0,T ]×C1[0,T ] dhv), K6

C5‖(h, h)‖C2[0,T ]×C1[0,T ] 6 ‖(H,H)‖C1[0,T ]×C1[0,T ] 6 C6‖(h, h)‖C2[0,T ]×C1[0,T ]. (2.32)$�z%ÆJbI (1.1), (2.1) w (2.7) 2< (t, x) = (0, 0) (7 C2 s��M�, �E�z%ÆJbI (1.4), (2.20) w (2.31) 2< (t, x) = (0, 0) (md C1 s��M�.



2 � W�l Æ�� ?�"�n{<?8J(zr�?�f85��/xn� 121$�U 2.1, dpK�64+�z%ÆJbI (1.1), (2.1) w (2.7) 7�AK C2 ,7-2Y��. [�4 (2.32), KEiÆ- (2.29) "\. >U 2.2 6D.�% 2.2 �$ (1.3), (1.9) w (2.3) "\. D'�yb>
Kw$S.7 T > 0, dpb> t = T (7TCM� (2.27). �$2< (t, x) = (T, L) (mds 7 C2 s��M�,M� ‖(Φ,Ψ)‖C2[0,L]×C1[0,L] w ‖(h, h)‖C2[0,T ]×C1[0,T ] dhv, |u�z%ÆJbI (1.1),

(2.27) w (2.8) 2
* R(T )  -2Y�7�AK C2 , u = u(t, x), � C2 t$Sv
md
‖u‖C2[R(T )] 6 C(‖(Φ,Ψ)‖C2[0,L]×C1[0,L] + ‖(h, h)‖C2[0,T ]×C1[0,T ]), (2.33)�R C 1�`�R' T 7C<.�P (iii) K(�P (ii) SB:64�k�z%ÆJbI7�AK C2 ,72>�.z� 2.3 �$ (1.3), (1.9) w (2.4) "\. 3���$2< (t, x) = (0, L) (mds 7 C2 s��M�. unD'�yb>
Kw$S.7 T > 0, M� ‖(ϕ, ψ)‖C2[0,L]×C1[0,L],

‖(h, h)‖C2[0,T ]×C1[0,T ] dhv, �u�z%ÆJbI (1.1), (2.1) w (2.8) 2
* R(T )  -2Y�7�AK C2 , u = u(t, x), � C2 t$Sv, 
iÆ- (2.29) "\.�% 2.3 �$ (1.3), (1.9) w (2.4) "\. D'�yb>
Kw$S.7 T > 0, dpb> t = T (7TCM� (2.27). �$2< (t, x) = (T, 0) (mds 7 C2 s��M�,M� ‖(Φ,Ψ)‖C2[0,L]×C1[0,L] w ‖(h, h)‖C2[0,T ]×C1[0,T ] dhv, |u�z%ÆJbI (1.1),

(2.27) w (2.7) 2
* R(T )  -2Y�7�AK C2 , u = u(t, x), � C2 t$Sv
md (2.33).D';�U�P, 
=>U 2.1–2.3, dp�K��\s 7 Cauchy bIAK C2 ,72>�.�% 2.4 � ‖(ϕ, ψ)‖C2[0,L]×C1[0,L] dhv, 7 Cauchy bI (1.1) w (2.1) 2�D 7g.A>
* -2Y�7AK C2 ,
"\
‖u‖C2 6 C‖(ϕ, ψ)‖C2[0,L]×C1[0,L], (2.34)�R C 1�`C!<.

§3 �� (i) y
t��q
��02
*R, dpW�Fk�P (i) 79�>�w1�4�Æ.wm�.7m, m J7b>+71��Æ. (u, ux) 7JK�$Æ.M�w;xm JY��>. �*, D'Æ.M� (2.5), dp2 x = 0 (b'm J u = K(t), �1k' t 7
C2 t<, 7%

x = 0 : (u, ux) = (K(t), h(t) + αK(t)). (3.1)



122 =���}�E�A 	 46 ��*, D'�yb>7 T > 0, 2 x = 0 (, -2�`C!< C, +6
‖(u, ux)‖C2[0,T ]×C1[0,T ] 6 C(‖K‖C2[0,T ] + ‖h‖C1[0,T ]). (3.2)SB:, D'Æ.M� (2.6), dp2 x = L (b'm J u = K(t), �R u 1k' t7 C2 t<, %

x = L : (u, ux) = (K(t), h(t)− αK(t)). (3.3)7D'�yb>7 T > 0, -2�`C!< C, +6
‖(u, ux)‖C2[0,T ]×C1[0,T ] 6 C(‖K‖C2[0,T ] + ‖h‖C1[0,T ]). (3.4)z� 3.1 (9�>�4�Æ.wm�) �$ αi, βi, ci (i = 1, 2), a, b B1k'��<7 C1 t<, 3���$ (1.3), (1.9) w (2.2) "\. f

T > Lmax
i=1,2

1

|λ±i (0, 0, 0)|
. (3.5)D'�yb>7%J (ϕ(x), ψ(x)) wÆ.t< (h(t), h(t)), 
�M< ‖(ϕ, ψ)‖C2[0,L]×C1[0,L]w ‖(h, h)‖C1[0,T ]×C1[0,T ] dhv, +62< (t, x) = (0, 0) w (0, L) (S�md C2 s��M�. �odp2
� [0, T ]  b' x = 0 (7m J u = K(t) w x = L (7m J

u = K(t), 7%J (ϕ(x), ψ(x)) K$;xm JwÆ.t< (h(t), h(t)) Y�:�>. *U,dp�K�64�k7wm�9-
‖(ϕ, ψ)‖C2[0,L]×C1[0,L] 6 C(‖(K,K)‖C2[0,T ]×C2[0,T ] + ‖(h, h)‖C1[0,T ]×C1[0,T ]), (3.6)�R C 1�`C!<.8 $' ‖(ϕ, ψ)‖C2[0,L]×C1[0,L] w ‖(h, h)‖C1[0,T ]×C1[0,T ] $Sv, 
=>U 2.1,�u�z%ÆJbI (1.1), (2.1) w (2.5)–(2.6)2
* R(T )  -2Y�7>vM<7�AK C2, u = u(t, x), �* ‖K‖C2[0,T ] w ‖K‖C2[0,T ] �dhv.[� (1.3) 7;�`-a, K� � t w x 7j!, N#e (1.1) K�ZzZ

uxx +B−1A(u, ux, ut)utx +B−1(u, ux, ut)utt = B−1C(u, ux, ut). (3.7),&u CauchybI (3.7) w (3.1). $sI 2.4, *&u CauchybI2�g.A>
* Rr -2Y�7AK C2 , u = ur(t, x), 
md
‖ur‖C2[Rr] 6 C(‖K‖C2[0,T ] + ‖h‖C1[0,T ]). (3.8)SB:, iu CauchybI (3.7) w (3.3) 2�g.A>
* Rl  -2Y�7AK C2, u = ul(t, x), 
%
‖ul‖C2[Rl] 6 C(‖K‖C2[0,T ] + ‖h‖C1[0,T ]). (3.9)$Y��E (�_ [18]), u = ur(t, x) w u = ul(t, x) S�1+�z%,ÆJbI (1.1),

(2.1) w (2.5)–(2.6) 7�AK C2 , u = u(t, x) 2�D 7g.A>
* 7pP.
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* Rr w Rl 
s . �*, -2 T0 (0 < T0 < T ), +62 t = T0 ), (u, ut) 7JK�$, u = ur(t, x) w u = ul(t, x) Y��>, ���.Z
t = T0 : (u, ut) = (Φ(x),Ψ(x)), 0 6 x 6 L. (3.10)*U, $ (3.8)–(3.9) -E

‖(Φ,Ψ)‖C2[0,L]×C1[0,L] 6 C(‖(K,K)‖C2[0,T ]×C2[0,T ] + ‖(h, h)‖C1[0,T ]×C1[0,T ]). (3.11)o22
*
R(T0) = {(t, x) | 0 6 t 6 T0, 0 6 x 6 L} Gi|u�z%ÆJbI (1.1), (3.10) w

x = 0 : u = K(t), (3.12)

x = L : u = K(t). (3.13)$sI 2.1 KE, �2 R(T0)  -2Y�7�AK C2 , u = ub(t, x), 
md
‖ub‖C2[R(T0)] 6 C(‖(Φ,Ψ)‖C2[0,L]×C1[0,L] + ‖(K,K)‖C2[0,T0]×C2[0,T0]). (3.14)1$Y��E (�_ [18]), , u = ub(t, x) 1, u = u(t, x) 2 R(T0)  7pP. [�4

(3.11), �� u = ub(t, x) pP2 t = 0  , K�64wm�9- (3.6). >U 3.1 6D.< 3.1 >�m )�Cmd7M� (3.5)1g#7, D�D`iuw&u CauchybI7g.A>
*
s .z� 3.2 (9�1�4�Æ.wm�) �$ αi, βi, ci (i = 1, 2), a, b B1k'��<7 C1 t<. 3���$ (1.3), (1.9) w (2.2) "\. f
T > L

(

max
i=1,2

1

λ+i (0, 0, 0)
+ max

i=1,2

1

|λ−i (0, 0, 0)|

)

. (3.15)D'�yb>7%J (ϕ(x), ψ(x)) wÆ.t< (h(t), h(t)), 
�M< ‖(ϕ, ψ)‖C2[0,L]×C1[0,L]w ‖(h, h)‖C1[0,T ]×C1[0,T ] dhv, +62< (t, x) = (0, 0) w (0, L) (S�md C2 s��M�. �o2
� [0, T ]  b' x = 0 (7m J u = K(t), 7%J (ϕ(x), ψ(x)) K�$m J K(t) wÆ.t< (h(t), h(t)) Y��>. *U, �K�64�kwm�9-
‖(ϕ, ψ)‖C2[0,L]×C1[0,L] 6 C(‖K‖C2[0,T ] + ‖(h, h)‖C1[0,T ]×C1[0,T ]), (3.16)�R C 1�`C!<.8 ;`>UDq7;��w;I�(>U 3.1 7DqSB. dpm2 R(T )  64�`�u�z%ÆJbI7�AK C2 , u = u(t, x), �|, ,�`&u Cauchy bI, 2�g.A>
* 64�` C2 , u = ur(t, x). [�4 (3.15), ;`g.A>
*
(

x = L s .�*, -2 T0 (0 < T0 < T ), +6 t = T0 )7 (u, ut) JK$ u = ur(t, x) Y��>,��Z (3.10).
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‖(Φ,Ψ)‖C2[0,L]×C1[0,L] 6 C(‖K‖C2[0,T ] + ‖h‖C1[0,T ]). (3.17)g|, dpGi|u�z%ÆJbI (1.1), (3.10), (3.12) w (2.6), $sI 2.1 KE, �2
* R(T0)  -2Y�7�AK C2 , u = ub(t, x), 
md

‖ub‖C2[R(T0)] 6 C(‖(Φ,Ψ)‖C2[0,L]×C1[0,L] + ‖K‖C2[0,T0] + ‖h‖C1[0,T0]). (3.18)$Y��KE (�_ [18]), , u = ub(t, x) 1, u = u(t, x) 2 R(T0)  7�`pP. [�4 (3.17), � u = ub(t, x) pP2 t = 0  , K�64C�7wm�9- (3.16). >U 3.26D.< 3.2 1�4�m )�Cmd7M� (3.15) 1g#7, D�D`&u Cauchy bI7g.A>
*
( x = L s .< 3.3 2�P (i) R, CG�J7`<wWG�J7`<s9, �*, �K�Z!
� [0, T ]  b'7 x = L (7m J u = K(t) �\wm�. *), m )� T mdsP7M� (3.15), wm�9-Z
‖(ϕ, ψ)‖C2[0,L]×C1[0,L] 6 C(‖K‖C2[0,T ] + ‖(h, h)‖C1[0,T ]×C1[0,T ]), (3.19)�R C 1�`C!<.

§4 �#��y
t��q
��0[�4�P (ii) w�P (iii) 7Æ.M�, dpM���\s 79�1�4�Æ.wm�. D'�P (ii), b' x = L (7m J
(u, ux) = (K(t),K(t)).D'�P (iii), 2 x = 0 (b'm J
(u, ux) = (K(t),K(t)).D'�P (ii), K��\�k79�1�4�Æ.wm�>U.z� 4.1 (9�1�4�Æ.wm�) �$ αi, βi, ci (i = 1, 2), a, b B1k'��<7 C1 t<. 3���$ (1.3), (1.9) w (2.3) "\. f
T > Lmax

i=1,2

1

λ−i (0, 0, 0)
. (4.1)D'�yb>7%J (ϕ(x), ψ(x))wÆ.t< (h(t), h(t)),
�M< ‖(ϕ, ψ)‖C2[0,L]×C1[0,L],

‖(h, h)‖C2[0,T ]×C1[0,T ] dhv, +62< (t, x) = (0, 0) (md C2 s��M�. �odp2
� [0, T ]  b' x = L (7m J
x = L : u = K(t), ux = K(t), (4.2)



2 � W�l Æ�� ?�"�n{<?8J(zr�?�f85��/xn� 1257%J (ϕ(x), ψ(x)) K�$m J (K(t),K(t)) wÆ.t< (h(t), h(t)) Y��>, �
64�kwm�9-
‖(ϕ, ψ)‖C2[0,L]×C1[0,L] 6 C(‖(K,K)‖C2[0,T ]×C1[0,T ] + ‖(h, h)‖C2[0,T ]×C1[0,T ]), (4.3)�R C 1�`C!<.8 
=>U 2.2, �u�z%ÆJbI (1.1), (2.1) w (2.7) 2 R(T )  -2Y�7�AK C2 , u = u(t, x), � C2 t ‖u‖C2[R(T )] $Sv, +6 ‖K‖C2[0,T ] w ‖K‖C1[0,T ] �dhv.[�4 (2.3), dp � t w x 7j!, ,&u Cauchy bI (3.7) w (2.7), 2�g.A>
* Rr  -2Y�7AK C2 , u = ur(t, x), 
md

‖ur‖C2[Rr] 6 C‖(h, h)‖C2[0,T ]×C1[0,T ]. (4.4)0* , , u = ur(t, x) 1 C2 , u = u(t, x) 2 Rr  7�`pP.1[�4 (4.1), Rr �>(Hq x = L s , �*-2 T0 (0 < T0 < T ), +62 t = T0), (u, ut) 7JK$ u = ur(t, x) Y��>, ��Z (3.10). $ (4.4), K6
‖(Φ,Ψ)‖C2[0,L]×C1[0,L] 6 C‖(h, h)‖C2[0,T ]×C1[0,T ]. (4.5)g|, dp,|u�z%ÆJbI (1.1), (3.10) w (4.2). $sI 2.2, �2 R(T0)  -2Y�7�AK C2 , u = ub(t, x), +6

‖ub‖C2[R(T0)] 6 C(‖(Φ,Ψ)‖C2[0,L]×C1[0,L] + ‖(K,K)‖C2[0,T0]×C1[0,T0]). (4.6)$Y��E (�_ [18]), , u = ub(t, x) 1, u = u(t, x) 2 R(T0)  7�`pP. $
(4.5), dpK�64wm�9- (4.3). >U 4.1 6D.< 4.1 m )�Cmd7M� (4.1) 1g#7, D�D`g.A>
* Rr 
(
x = L s .P�, D'�P (iii), dpMGi x = 0 (79�1�4�Æ.wm�.z� 4.2 (9�1�4�Æ.wm�) �$ αi, βi, ci (i = 1, 2), a, b B1k'��<7 C1 t<. 3���$ (1.3), (1.9) w (2.4) "\. f

T > Lmax
i=1,2

1

|λ+i (0, 0, 0)|
. (4.7)D'�yb>7%J (ϕ(x), ψ(x))wÆ.t< (h(t), h(t)),
�M< ‖(ϕ, ψ)‖C2[0,L]×C1[0,L],

‖(h, h)‖C2[0,T ]×C1[0,T ] dhv, +62< (t, x) = (0, L) (md C2 s��M�. �odp2
� [0, T ]  b' x = 0 (7m J
x = 0 : u = K(t), ux = K(t), (4.8)7m J (K(t),K(t)) wÆ.t< (h(t), h(t)) K�Y�:�>%J (ϕ(x), ψ(x)), 
"\wm�9- (4.3).>U 4.2 7Dq(>U 4.1 7DqSB, ;X�1VV.
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§5 ���
_Fk`>�!~mz;>7I'yq�>ÆiR2�PÆ.M�k7�AK C2,72>�, P), Op�`H%7f5�N��\`s 79�4�Æ.wm�, ZI'yq�>ÆiR7
7He`{75!.�
_R%kwm�7Fk(_ [16] Rk'wL�7
73��#, dpK�Ko;SI'yq�>ÆiR74�Æ.wm�w4�Æ.wL�F�-2�x�r7D�ki.D'>�wL�wwm�: (1) LP)�wm )�s9
B#Z	I. DLP)�7pP
Q 1�uw|u Cauchy bI7^`g.A>
*�s ,GDm )�7pP
Q 1iu Cauchy bIw&u Cauchy bI7^`g.A>
*
�s ; (2) Æ.LP7`<wÆ.m J7`<s9, B9'C%CG�JwWG�J7
<.D'1�wL�wwm�: (1) LP)��9'm )�, 
B1	_7. DLP)�7pP
Q 1�uw|u1��z%ÆJbI7^`g.A>
*�s , GDm )�7pP
Q 1&u (s :, iu) CauchybI7g.A>
* Rr (s :, Rl)
�( x = L (s :, x = 0) s ; (2) Æ.LP7`<wÆ.m J7`<s9, B9'CG�J`<wWG�J`<F�7g.J.u���)�+
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Exact Boundary Observability for Second-Order

Quasilinear Hyperbolic Systems with

Triangular Coupling Matrices

WANG Ke1 YANG Panpan1

1School of Mathematics and Statistics, Donghua University, Shanghai 201620,

China. E-mail: kwang@dhu.edu.cn; p15539110669@163.com

Abstract In this paper, the authors consider a 1-D second-order quasilinear hyperbolic

system with triangular coupling matrices. First, using the theory of semi-global C1 solutions
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to first-order quasilinear hyperbolic systems, the authors establish the well-posedness of the

semi-global C2 solution to this system under different types of boundary conditions. Then,

the authors study the local exact boundary observability for this second-order system under

these boundary conditions by employing a general constructive framework. Finally, the

authors analyze the implicit duality between observability and controllability.
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