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238 T - � Y A % 42 TPmr Hamilton W�PHE#� Wyss[17] .Mx
#W�PES Riccati k2�%:pxÆCP Hamilton W�P℄P'!m�_4�IdNKxZHHEDP�S#�#AG� Tretter[18] R3
ÆxW� Riccati k2PmrD�mbDP�S#�%}7xDPHE#�t8#Pg8�Z��|P1�aI8).MES Riccati k2PD<'mr
Hamilton W�P�#pSHy5P>?�ur� [19] ul#*DCDq,{d�; Hamilton W�Lq,k2ÆB��
7x!J Hamilton �lPok!vkg�:pxH#q,*D�f��g��CDq,sBvPm
�{dNKxDU [20−26]. �f�kgPS,!9J Hamilton W�P�l��8�,XS.M Hamilton W�P�B�PÆ2s�f	�
 Hamilton W�P�_iWQo(SDz 'z;�%&br1a7	 [27−28]. !J�Pa0#� Hamilton W�P�_�v�P���b<#�y [29–32] s
Æx8� Hamilton W�P�_�v�S Cauchy {i>?�Pq�#�1d�%mZHP Hamilton W�P�_i℄JDS ;'S�aJSH8��_iP Hamilton W�P�_�v�Pq�#�H�
��HFI"��y_�xq,s7	P8i 4× 4 ~E Hamilton W�P℄P�_�v�Pb�!#p (��D�� H #H Hamilton W�P℄). N��}	J7x H P�_iP#AG�%&2
x H P�_iPa0#�!>�}	o�x H P�_iPESk"�NKx�_iPESk"J 1  2 P8�g8�1��}	}7x H P�_�v�Pb�!#pP
R�
Æx H P	?�_�v��1 Hilbert _4 X ×X ×X ×X sP8�b� Schauder !I&HI H P!��_�v�PU8ovJ Hilbert _4 X sP8�
Schauder!�Cs�>PJ�S_� H P�_�v�Pb�!#pg#�&5�}7 HP�_iPoi�ZJFJ H P�_�v�g4P�b<��L H P�_iPo(�%Æ�����}	;ZNB�CDJP �
P
F[[�o-{d�
2 e � n ES�ys� X #H Hilbert _4� R � iR � C � Λ o$#HDS&�;'S&�qS&�^Sk"&�!s Λ = {1, 2, · · · }. aJ
#W� L,D(L),N (L) � σp(L) o$#H L PY?M�|_4�W��p� (·, ·) � 〈·, ·〉 = (·, J ·) o$#HÆC Hilbert _4sP�#���#�!s

J =

(
0 I

−I 0

)JGx�W�P℄� I JGxW�P℄����)R8�Y?�Al�
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�" 239%^ 2.1 (7 [29]) >
H̃ =

(
A B

C −A∗

)
: D(H̃) ⊂ X ×X → X ×X (2.1)J5Y�
#W��9 Au5Y�
#W��B � C Wu
�W��U0 H̃ J HamiltonW��%^ 2.2 (7 [29]) > L J X ;P
#W�� λ J L P�_i�7��Sm|�v

ψ0 ∈ D(L), EN Lψ0 = λψ0, U0 ψ0 J L PaCJ λ P!��_�v�7��S�v
ψ1 ∈ D(L), EN

Lψ1 = λψ1 + ψ0, ψ1 6= 0,U0 ψ1 J L PaCJ ψ0 P8�OI��_�v�8�T�7�;LY? L P k− 1 �OI��_�v ψk−1, �� L P k �OI��_�v ψk F�G}7�
Lψk = λψk + ψk−1, ψk 6= 0.

L P!��_�v�OI��_�vl0u L P	?�_�v�%^ 2.3 (7 [31]) aJ λ ∈ C, EN
N (L− λ)k = N (L − λ)k+11pP��mraS k 0u λ PESk"�Gs

N (L− λ)k = {x ∈ D(Lk) | (L − λI)kx = 0}.%^ 2.4 (7 [10]) (1) 7�a4>P x ∈ X , ℄�St8P.S*z {am}+∞

m=1, EN
x =

+∞∑

m=1

amum,U0*z {um}+∞

m=1 J X sP8� Schauder !�
(2) 7�a4>P y ∈ X , ℄�S.S*z {c±m}+∞

m=0 �GXVVPaS*z 0 =

p0 < p1 < · · · , EN
y =

+∞∑

m=0

[ pm+1−1∑

k=pm

(ckvk + c−kv−k)
]
,U0*z {v±m}+∞

m=0 J X sP8�b� Schauder ! ( De�P Schauder !)._: 2.1 (7 [32]) > λ � µ u (2.1) Y?P Hamilton W� H̃ P�_i�aCJu{�_iP!��_�vo$u u0 = (x0, y0)
T � v0 = (p0, q0)

T, %> u1 = (x1, y1)
T �

v1 = (p1, q1)
T o$u H̃ �J (λ, u0) � (µ, v0) P8�OI��_�v�9 λ + µ 6= 0,U�z�b<��1p�

〈u0, v0〉 = (u0, Jv0) = 0; 〈u0, v1〉 = (u0, Jv1) = 0;
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〈u1, v0〉 = (u1, Jv0) = 0; 〈u1, v1〉 = (u1, Jv1) = 0.

3 x [ 1 ) , m A�y[� X ×X ×X ×X(6.u X4) ;P 4× 4 ~E Hamilton W�P℄�
H =




0 A1 0 B2

A2 0 B∗
2 0

C1 C2 0 −A∗
2

C∗
2 C4 −A∗

1 0



, (3.1)!s Aj (j = 1, 2) JHE
#W�� C1 J
�W�� C4 JbYW����}	Fw3Y H �
7�3>�

(a) H Hm
^S{6GP�_i& 0 /∈ σp(H);

(b) B2 J^�W�� B−1
2 A1 � (B∗

2)
−1A2 WJ
�W��3> (a) >w� H P�{�_iP)�ySu 1. F3> (b), H

A∗
1(B

∗
2 )

−1 = B−1
2 A1, A∗

2B
−1
2 = (B∗

2 )
−1A2. (3.2)

3.1 H "�jo+�jQ>!J;R3>�}	^<#H7 H P�_i��_�v�_: 3.1 > λ J (3.1) Y?P H P�_i� (f0, g0, p0, q0)T J H PaCJ λ P!��_�v�U
g0 = λ2C−1

4 B−1
2 f0 − C−1

4 [C∗
2 +A∗

1(B
∗
2)

−1A2]f
0,

p0 = λ3(B∗
2 )

−1C−1
4 B−1

2 f0 − λ(B∗
2 )

−1C−1
4 [C∗

2 +A∗
1(B

∗
2 )

−1A2]f
0 − (B∗

2 )
−1A2f

0,

q0 = λB−1
2 f0 − λ2B−1

2 A1C
−1
4 B−1

2 f0 +B−1
2 A1C

−1
4 [C∗

2 +A∗
1(B

∗
2 )

−1A2]f
0,%&

λ2 =
γ

2ε
±

√
∆

2ε
, (3.3)Gs

γ = ((B∗
2 )

−1C−1
4 [C∗

2 +A∗
1(B

∗
2)

−1A2]f
0, f0) + ((C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0, f0) ∈ R,

ε = ((B∗
2 )

−1C−1
4 B−1

2 f0, f0) > 0,

∆ = [((B∗
2 )

−1C−1
4 [C∗

2 +A∗
1(B

∗
2)

−1A2]f
0, f0) + ((C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0, f0)]2

+ 4((B∗
2 )

−1C−1
4 B−1

2 f0, f0)[−(C−1
4 [C∗

2 +A∗
1(B

∗
2 )

−1A2]f
0, [C∗

2 +A∗
1(B

∗
2 )

−1A2]f
0)

+ (C1f
0, f0)] ∈ R,
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λ4(B∗

2 )
−1C−1

4 B−1
2 f0 − λ2(B∗

2)
−1C−1

4 [C∗
2 +A∗

1(B
∗
2)

−1A2]f
0 − λ2(C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0

− C1f
0 + (C2 +A∗

2B
−1
2 A1)C

−1
4 [C∗

2 +A∗
1(B

∗
2)

−1A2]f
0 = 0.?�g�}	}7k2 (3.3) S'k(d�P�PSf#AG�BI 3.1 D7 I I ∆ > 0 C� (3.3) P�^<#Hu

λ1 =

√
γ

2ε
+

√
∆

2ε
, λ2 = −

√
γ

2ε
+

√
∆

2ε
, λ3 =

√
γ

2ε
−

√
∆

2ε
, λ4 = −

√
γ

2ε
−

√
∆

2ε
.D7 II I ∆ < 0 C�; (3.3) t�17� G�

λ2 =
γ

2ε
± i

√
−∆

2ε
(i u'SGx).

(i) I ∆ < 0 & γ > 0 C�H
λ1 = ϕ+ iψ, λ2 = −ϕ− iψ, λ3 = ϕ− iψ, λ4 = −ϕ+ iψ,!s

ϕ =
4

√
( γ
2ε

)2
+
(√−∆

2ε

)2
cos
(1
2
arctan

√
−∆

γ

)
,

ψ =
4

√
( γ
2ε

)2
+
(√−∆

2ε

)2
sin
(1
2
arctan

√
−∆

γ

)
.

(ii) I ∆ < 0 & γ < 0 C�H
λ1 = −ψ + iϕ, λ2 = ψ − iϕ, λ3 = −ψ − iϕ, λ4 = ψ + iϕ,Gs ϕ � ψ k;�

(iii) I ∆ < 0 & γ = 0 C�H
λ1 =

1

2

√√
−∆

ε
(1 + i), λ2 = −1

2

√√
−∆

ε
(1 + i),

λ3 =
1

2

√√
−∆

ε
(1− i), λ4 = −1

2

√√
−∆

ε
(1− i).D7 III I ∆ = 0 C� (3.3) P�^<#Hu

λ1, 3 =

√
γ

2ε
, λ2, 4 = −

√
γ

2ε
.S;�P�ds� λ2 = −λ1, λ4 = −λ3. iÆh?,W�}	NK

(λ21 + λ23)ε = γ�
(λ21 − λ23)ε =

√
∆.



242 T - � Y A % 42 TFy [33] ^f�H�v Hamilton W� (( R2n×2n sP Hamilton P℄) P�_ii.
 {λ,−λ} P G7	�&I�_iJD*m|PqSC��m�
 {λ,−λ, λ,−λ} P G7	��d 3.1#Æ~E Hamilton W� H P�_i7SHk4P#p�ZS��
Æ H P�_�v��1 Hilbert _4 X4 P8�b� Schauder !s�0y5P=:�[�K H H^S
{�_i�}	Dp� µm, µ−m, ωm � ω−m(m ∈ Λ) o$/E λ1, λ2, λ3 � λ4, Zm µ−m = −µm, ω−m = −ωm, %D (f0
m, g

0
m, p

0
m, q

0
m)T /E

(f0, g0, p0, q0)T. JJ�H
(µ2

m + ω2
m)((B∗

2 )
−1C−1

4 B−1
2 f0

m, f
0
m)

= ((B∗
2)

−1C−1
4 [C∗

2 +A∗
1(B

∗
2)

−1A2]f
0
m, f

0
m) + ((C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0
m, f

0
m), (3.4)&

(µ2
m − ω2

m)((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m) =

√
∆m.S��P_�s�}	3Y H 7�
7�3>�

(c)

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
n)

= ((B∗
2 )

−1C−1
4 [C∗

2 +A∗
1(B

∗
2)

−1A2]f
0
m, f

0
n)

= ((C2 +A∗
2B

−1
2 A1)C

−1
4 B−1

2 f0
m, f

0
n) = 0, n 6= m. (3.5)_: 3.2 > µm J H P�_i� (f0

m, g
0
m, p

0
m, q

0
m)T JaCJ µm P!��_�v�7� ∆m 6= 0 & {f0

m}+∞

m=1 J X sP8� Schauder !�U µ−m, ωm � ω−m 7J HP�_i��v



−f0

m

−µ2

m
C−1

4
B−1

2
f0

m
+C−1

4
[C∗

2 +A∗

1(B
∗

2 )
−1A2]f

0

m

µ3

m
(B∗

2 )
−1C−1

4
B−1

2
f0

m
− µm(B∗

2 )
−1C−1

4
[C∗

2 + A∗

1(B
∗

2)
−1A2]f

0

m
+ (B∗

2 )
−1A2f

0

m

µmB−1

2
f0

m
+ µ2

m
B−1

2
A1C

−1

4
B−1

2
f0

m
−B−1

2
A1C

−1

4
[C∗

2 + A∗

1(B
∗

2 )
−1A2]f

0

m


 , (3.6)




f0

m

ω2

m
C−1

4
B−1

2
f0

m
− C−1

4
[C∗

2 + A∗

1(B
∗

2 )
−1A2]f

0

m

ω3

m
(B∗

2)
−1C−1

4
B−1

2
f0

m
− ωm(B∗

2 )
−1C−1

4
[C∗

2 + A∗

1(B
∗

2)
−1A2]f

0

m
− (B∗

2 )
−1A2f

0

m

ωmB−1

2
f0

m
− ω2

m
B−1

2
A1C

−1

4
B−1

2
f0

m
+B−1

2
A1C

−1

4
[C∗

2 + A∗

1(B
∗

2 )
−1A2]f

0

m


 (3.7)�




−f0
m

−ω2
mC

−1
4 B−1

2 f0
m + C−1

4 [C∗
2 +A∗

1(B
∗
2 )

−1A2]f
0
m

ω3
m(B∗

2 )
−1C−1

4 B−1
2 f0

m − ωm(B∗
2)

−1C−1
4 [C∗

2 +A∗
1(B

∗
2 )

−1A2]f
0
m + (B∗

2 )
−1A2f

0
m

ωmB
−1
2 f0

m + ω2
mB

−1
2 A1C

−1
4 B−1

2 f0
m −B−1

2 A1C
−1
4 [C∗

2 +A∗
1(B

∗
2)

−1A2]f
0
m




(3.8)o$J H PaCJ µ−m, ωm � ω−m P!��_�v�
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


f0

m

µ2

m
C−1

4
B−1

2
f0

m
− C−1

4
[C∗

2 + A∗

1(B
∗

2 )
−1A2]f

0

m

µ3

m
(B∗

2 )
−1C−1

4
B−1

2
f0

m
− µm(B∗

2 )
−1C−1

4
[C∗

2 + A∗

1(B
∗

2)
−1A2]f

0

m
− (B∗

2 )
−1A2f

0

m

µmB−1

2
f0

m
− µ2

m
B−1

2
A1C

−1

4
B−1

2
f0

m
+B−1

2
A1C

−1

4
[C∗

2 + A∗

1(B
∗

2 )
−1A2]f

0

m


 , (3.9)!s f0

m J�zk2Pm|D�
µ4
m(B∗

2)
−1C−1

4 B−1
2 f0

m − µ2
m(B∗

2)
−1C−1

4 [C∗
2 +A∗

1(B
∗
2)

−1A2]f
0
m

− µ2
m(C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0
m − C1f

0
m + (C2 +A∗

2B
−1
2 A1)C

−1
4 [C∗

2

+A∗
1(B

∗
2)

−1A2]f
0
m = 0. (3.10)3> (a) #Æ'�SL f0

m 
#~�&�
 (3.10) P�v�F (3.4) � (3.5) =f�a4>P n,m ∈ Λ, ℄HRG
(µ2

m + ω2
m)((B∗

2 )
−1C−1

4 B−1
2 f0

m, f
0
n)

= ((B∗
2 )

−1C−1
4 [C∗

2 +A∗
1(B

∗
2 )

−1A2]f
0
m, f

0
n) + ((C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0
m, f

0
n)1p��u {f0

m}+∞
m=1 J X sP8� Schauder !�Z<

(µ2
m + ω2

m)(B∗
2)

−1C−1
4 B−1

2 f0
m

= (B∗
2 )

−1C−1
4 [C∗

2 +A∗
1(B

∗
2)

−1A2]f
0
m + (C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0
m. (3.11)B� (3.2), (3.10) � (3.11) =
AlPB��Zm'R�R�u)Rk �� H PaCJ�_i µm, µ−m, ωm � ω−m P!��_�vo$.u

x0m, x0−m, y0m � y0−m, d℄	P#AGo$F (3.9), (3.6), (3.7) � (3.8) }7�_: 3.3 > µm J H P�_i� x0m J H PaCJ µm P!��_�v�7�
∆m = 0 & {f0

m}+∞

m=1 J X sP8� Schauder !�U µm = ωm, &aCJ µm � x0m P8�OI��_�v x1m = (f1
m, g

1
m, p

1
m, q

1
m)T �S�!s

g1m = µ2
mC

−1
4 B−1

2 f1
m + 2µmC

−1
4 B−1

2 f0
m − C−1

4 [C∗
2 +A∗

1(B
∗
2 )

−1A2]f
1
m,

p1m = µ3
m(B∗

2 )
−1C−1

4 B−1
2 f1

m + 3µ2
m(B∗

2)
−1C−1

4 B−1
2 f0

m − (B∗
2 )

−1A2f
1
m

− µm(B∗
2)

−1C−1
4 [C∗

2 +A∗
1(B

∗
2)

−1A2]f
1
m − (B∗

2 )
−1C−1

4 [C∗
2 +A∗

1(B
∗
2 )

−1A2]f
0
m,

q1m = µmB
−1
2 f1

m − µ2
mB

−1
2 A1C

−1
4 B−1

2 f1
m − 2µmB

−1
2 A1C

−1
4 B−1

2 f0
m

+B−1
2 A1C

−1
4 [C∗

2 +A∗
1(B

∗
2 )

−1A2]f
1
m +B−1

2 f0
m.

(3.12)

<n µ−m = ω−m 7J H P�_i�&aCJ µ−m � x0−m P8�OI��_�v
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x1−m = (f1

−m, g
1
−m, p

1
−m, q

1
−m)T 7�S�!s

f1
−m = f1

m,

g1−m = µ2
mC

−1
4 B−1

2 f1
m + 2µmC

−1
4 B−1

2 f0
m − C−1

4 [C∗
2 +A∗

1(B
∗
2)

−1A2]f
1
m,

p1−m = −µ3
m(B∗

2 )
−1C−1

4 B−1
2 f1

m − 3µ2
m(B∗

2)
−1C−1

4 B−1
2 f0

m − (B∗
2)

−1A2f
1
m

+ µm(B∗
2 )

−1C−1
4 [C∗

2 +A∗
1(B

∗
2 )

−1A2]f
1
m

+ (B∗
2 )

−1C−1
4 [C∗

2 +A∗
1(B

∗
2 )

−1A2]f
0
m,

q1−m = −µmB
−1
2 f1

m − µ2
mB

−1
2 A1C

−1
4 B−1

2 f1
m − 2µmB

−1
2 A1C

−1
4 B−1

2 f0
m

+B−1
2 A1C

−1
4 [C∗

2 +A∗
1(B

∗
2 )

−1A2]f
1
m −B−1

2 f0
m.

(3.13)

3.2 H "�jo"�Fp�ux2
#8�ANKP H P	?�_�vPt/;AK�Bi�.M H P�_iPESk"JH�}P�}		Sa<�MI"�%: 3.1 (1) 9 H �
Al 3.2 P3>�U H P�_iPESk"u 1.

(2) 9 H �
Al 3.3 P3>�U H P�_iPESk"u 2.l FJ (1) � (2) P
Æq0iV���}	l}7 (1) P
Æ�> µm ∈ σp(H),& x0m = (f0
m, g

0
m, p

0
m, q

0
m)T J H PaCJ µm P!��_�v�nDh
g�3>�S�v x1m = (f1

m, g
1
m, p

1
m, q

1
m)T, EN Hx1m = µmx

1
m + x0m 1p�WX;G�NK

µ4
m(B∗

2)
−1C−1

4 B−1
2 f1

m − µ2
m(B∗

2)
−1C−1

4 [C∗
2 +A∗

1(B
∗
2 )

−1A2]f
1
m − µ2

m(C2 +A∗
2B

−1
2 A1)

· C−1
4 B−1

2 f1
m − C1f

1
m + (C2 + A∗

2B
−1
2 A1)C

−1
4 [C∗

2 +A∗
1(B

∗
2)

−1A2]f
1
m + 4µ3

m(B∗
2 )

−1

· C−1
4 B−1

2 f0
m − 2µm(B∗

2 )
−1C−1

4 [C∗
2 +A∗

1(B
∗
2)

−1A2]f
0
m − 2µm(C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0
m

= 0.;Gu_kCL f0
m ��#�%B� (3.10), NK

(f1
m, (µ

2
m − µ2

m)[(µ2
m + µ2

m)(B∗
2 )

−1C−1
4 B−1

2 f0
m − (C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0
m

− (B∗
2 )

−1C−1
4 (C∗

2 +A∗
1(B

∗
2 )

−1A2)f
0
m]) + (2µm[2µ2

m(B∗
2 )

−1C−1
4 B−1

2 f0
m

− (C2 +A∗
2B

−1
2 A1)C

−1
4 B−1

2 f0
m − (B∗

2)
−1C−1

4 (C∗
2 +A∗

1(B
∗
2)

−1A2)f
0
m], f0

m) = 0.F�d 3.1^f�9 ∆m > 0,U µ2
m ∈ R, ?d µ2

m−µ2
m = 0; 9 ∆m < 0, U µ2

m = ω2
m.[�K {f0

m}+∞

m=1 J X sP8� Schauder !�%B� (3.11), NK
(f1

m, (µ
2
m − µ2

m)[(µ2
m + µ2

m)(B∗
2 )

−1C−1
4 B−1

2 f0
m − (C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0
m

− (B∗
2 )

−1C−1
4 (C∗

2 +A∗
1(B

∗
2 )

−1A2)f
0
m]) = 0.



3  $1n���{�	f^, 9j 4× 4 �FX	Q^Q�`�w�Q
�" 245RF (3.11), H
2µm(µ2

m − ω2
m)((B∗

2 )
−1C−1

4 B−1
2 f0

m, f
0
m) = 0,(

2µm

√
∆m = 0,Z�1L µm 6= 0 & ∆m 6= 0 �b��< µm PESk"J 1. YlN
�z 3.1 SAl 3.3 P3>��}	^J7 f1

m J�zk2Pm|D�
µ4
m(B∗

2 )
−1C−1

4 B−1
2 f1

m − µ2
m(B∗

2 )
−1C−1

4 [C∗
2 +A∗

1(B
∗
2 )

−1A2]f
1
m − µ2

m(C2 +A∗
2B

−1
2 A1)

· C−1
4 B−1

2 f1
m − C1f

1
m + (C2 +A∗

2B
−1
2 A1)C

−1
4 [C∗

2 +A∗
1(B

∗
2)

−1A2]f
1
m = 0.;;GL (3.10) I"�>^f� f1

m = κmf
0
m (m ∈ Λ), !s κm J:hJ m PS�S���Jb� Schauder #pP_�s�}	'l/Y κm = − 1

2µm

. FAl 3.3 ^f� H PaCJ µm � µ−m P8�OI��_�v x1m � x1−m o$u�



−

1

2µm

f0
m

3µm

2
C−1

4
B−1

2
f0
m

+
1

2µm

C−1

4
[C∗

2
+ A∗

1
(B∗

2
)−1A2]f0

m

5µ2
m

2
(B∗

2
)−1C−1

4
B−1

2
f0
m

−

1

2
(B∗

2
)−1C−1

4
[C∗

2
+A∗

1
(B∗

2
)−1A2]f0

m
+

1

2µm

(B∗

2
)−1A2f

0
m

1

2
B−1

2
f0
m

−

3µm

2
B−1

2
A1C

−1

4
B−1

2
f0
m

−

1

2µm

B−1

2
A1C

−1

4
[C∗

2
+ A∗

1
(B∗

2
)−1A2]f0

m




(3.14)�



−

1

2µm

f0
m

3µm

2
C−1

4
B−1

2
f0
m

+
1

2µm

C−1

4
[C∗

2
+ A∗

1
(B∗

2
)−1A2]f0

m

−

5µ2
m

2
(B∗

2
)−1C−1

4
B−1

2
f0
m

+
1

2
(B∗

2
)−1C−1

4
[C∗

2
+A∗

1
(B∗

2
)−1A2]f0

m
+

1

2µm

(B∗

2
)−1A2f

0
m

−

1

2
B−1

2
f0
m

−

3µm

2
B−1

2
A1C

−1

4
B−1

2
f0
m

−

1

2µm

B−1

2
A1C

−1

4
[C∗

2
+ A∗

1
(B∗

2
)−1A2]f0

m




. (3.15)

3.3 H "5{-Us�A< γm,
√
∆m � 0g4P���uoi:R_� H P�_�v�Pb� Schaud-

er !#p�%: 3.2 3YH �
3> (a)–(c),&I n 6= mC�(B−1
2 A1C

−1
4 B−1

2 f0
m, C

−1
4 B−1

2 f0
n) =

0, ((B∗
2 )

−1A2f
0
m, f

0
n) = 0 & (B−1

2 A1C
−1
4 [C∗

2 + A∗
1(B

∗
2 )

−1A2]f
0
m, C

−1
4 B−1

2 f0
n) = 0, U H P	?�_�v�J Hilbert _4 X4 sP8�b� Schauder !I&HI�S� {f0

m}+∞

m=1J Hilbert _4 X sP8� Schauder !�l �5#J�1P�ux
Æ3o#�}	N�aH P�_i {µm, ωm, µ−m, ω−m |
m ∈ Λ} I"oi� H P�_i^ou7� 4 i (� 12 x(d):
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(I) aZHP m ∈ Λ, ℄H ∆m > 0. F�d 3.1, ^f

µm =

√
γm
2εm

+

√
∆m

2εm
, µ−m = −

√
γm
2εm

+

√
∆m

2εm
,

ωm =

√
γm
2εm

−
√
∆m

2εm
, ω−m = −

√
γm
2εm

−
√
∆m

2εm
.(d (1) aZHP m ∈ Λ, ℄H ∆m > 0 & γm >

√
∆m.<C� µm ∈ R, µ−m = −µm ∈ R, ωm ∈ R, ω−m = −ωm ∈ R. JJ�a4>P

m, n ∈ Λ, H
µm + µn

{
6= 0, n 6= −m,
= 0, n = −m,

ωm + ωn

{
6= 0, n 6= −m,
= 0, n = −m,

µm + ωn 6= 0.(d (2) aZHP m ∈ Λ, ℄H ∆m > 0 & −√
∆m < γm <

√
∆m.<C� µm ∈ R, µ−m = −µm ∈ R, ωm ∈ iR, ω−m = −ωm ∈ iR. JJ�a4>P

m, n ∈ Λ, H
µm + µn

{
6= 0, n 6= −m,
= 0, n = −m,

ωm + ωn

{
6= 0, n 6= m,

= 0, n = m,
µm + ωn 6= 0.(d (3) aZHP m ∈ Λ, ℄H ∆m > 0 & γm < −√

∆m.<C� µm ∈ iR, µ−m = −µm ∈ iR, ωm ∈ iR, ω−m = −ωm ∈ iR. JJ�a4>P
m, n ∈ Λ, H

µm + µn

{
6= 0, n 6= m,

= 0, n = m,
ωm + ωn

{
6= 0, n 6= m,

= 0, n = m,
µm + ωn 6= 0.(d (4) � Λ = Λ1 ∪Λ2 ∪Λ3, !s Λ1 = {m ∈ Λ | ∆m > 0, γm >

√
∆m}, Λ2 = {m ∈

Λ | ∆m > 0, −√
∆m < γm <

√
∆m} � Λ3 = {m ∈ Λ | ∆m > 0, γm < −√

∆m} sm<Hu{&�m_�
(II) aZHP m ∈ Λ, ℄H ∆m < 0.(d (5) aZHP m ∈ Λ, ℄H ∆m < 0 & γm > 0.F�d 3.1, ^f
µm = ϕm + iψm, µ−m = −ϕm − iψm, ωm = ϕm − iψm, ω−m = −ϕm + iψm,!s

ϕm =
4

√
( γm
2εm

)2
+
(√−∆m

2εm

)2
cos
(1
2
arctan

√−∆m

γm

)
,

ψm =
4

√
( γm
2εm

)2
+
(√−∆m

2εm

)2
sin
(1
2
arctan

√−∆m

γm

)
.JJ�a4>P m, n ∈ Λ, H

µm + µn 6= 0, ωm + ωn 6= 0, µm + ωn

{
6= 0, n 6= −m,
= 0, n = −m,

ωm + µn

{
6= 0, n 6= −m,
= 0, n = −m.
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�" 247(d (6) aZHP m ∈ Λ, ℄H ∆m < 0 & γm < 0.F�d 3.1, ^f
µm = −ψm + iϕm, µ−m = ψm − iϕm, ωm = −ψm − iϕm, ω−m = ψm + iϕm,Zm ψm � ϕm k;�JJ�a4>P m, n ∈ Λ, H

µm + µn 6= 0, ωm + ωn 6= 0, µm + ωn

{
6= 0, n 6= −m,
= 0, n = −m,

ωm + µn

{
6= 0, n 6= −m,
= 0, n = −m.(d (7) aZHP m ∈ Λ, ℄H ∆m < 0 & γm = 0.F�d 3.1, ^f

µm =
1

2

√√−∆m

εm
(1 + i), µ−m = −1

2

√√−∆m

εm
(1 + i),

ωm =
1

2

√√−∆m

εm
(1− i), ω−m = −1

2

√√−∆m

εm
(1− i).JJ�a4>P m, n ∈ Λ, H

µm + µn 6= 0, ωm + ωn 6= 0, µm + ωn

{
6= 0, n 6= −m,
= 0, n = −m,

ωm + µn

{
6= 0, n 6= −m,
= 0, n = −m.(d (8) � Λ = Λ4 ∪ Λ5 ∪ Λ6, !s Λ4 = {m ∈ Λ | ∆m < 0, γm > 0}, Λ5 = {m ∈ Λ |

∆m < 0, γm < 0} � Λ6 = {m ∈ Λ | ∆m < 0, γm = 0} sm<Hu{&�m_�
(III) aZHP m ∈ Λ, ℄H ∆m = 0. F�d 3.1, ^f

µm = ωm =

√
γm
2εm

, µ−m = ω−m = −
√

γm
2εm

.(d (9) aZHP m ∈ Λ, ℄H ∆m = 0 & γm > 0.<C� µm = ωm ∈ R, µ−m = ω−m ∈ R. JJ�a4>P m, n ∈ Λ, H
µm + µn

{
6= 0, n 6= −m,
= 0, n = −m.(d (10) aZHP m ∈ Λ, ℄H ∆m = 0 & γm < 0.<C� µm = ωm ∈ iR, µ−m = ω−m ∈ iR. JJ�a4>P m, n ∈ Λ, H

µm + µn

{
6= 0, n 6= m,

= 0, n = m.(d (11) � Λ = Λ7 ∪ Λ8, !s Λ7 = {m ∈ Λ | ∆m = 0, γm > 0} 6= ∅ & Λ8 = {m ∈
Λ | ∆m = 0, γm < 0} 6= ∅.

(IV) (d (12) � Λ = Λa ∪ Λb ∪ Λc, & Λa, Λb � Λc sm<Hu{&�m_�Zm
Λa = Λ1 ∪ Λ2 ∪ Λ3, & Λ1, Λ2 � Λ3 sm<H8{&�m_� Λb = Λ4 ∪ Λ5 ∪ Λ6, & Λ4,

Λ5 � Λ6 sm<H8{&�m_� Λc = Λ7 ∪ Λ8, & Λ7 � Λ8 sm<H8{&�m_���}	
Æ(d (1) �(d (9) P3o#�!K(dP
Æq0iV��
Æ(d (1). Ss(d��aZHP m ∈ Λ, ℄H ∆m > 0 & γm >
√
∆m.FAl 3.3 #�8`P#R^f� H PaCJ�_i µm, µ−m, ωm � ω−m P!��_�v x0m, x0−m, y0m � y0−m o$F (3.9), (3.6), (3.7) � (3.8) }7��RAl 2.1, <



248 T - � Y A % 42 T'RG (3.2), (3.4) � (3.5) ^f� H P�_�v��
�z���b<���
〈x0m, y0n〉 = (x0m, Jy

0
n) = 0, m, n ∈ Λ;

〈x0m, x0n〉 = (x0m, Jx
0
n) =

{
0, n 6= −m,
2µm(µ2

m − ω2
m)((B∗

2 )
−1C−1

4 B−1
2 f0

m, f
0
m), n = −m;

〈y0m, y0n〉 = (y0m, Jy
0
n) =

{
0, n 6= −m,
−2ωm(µ2

m − ω2
m)((B∗

2 )
−1C−1

4 B−1
2 f0

m, f
0
m), n = −m.

(3.16)?�gl&
ÆaJ4>P F = (f1, f2, f3, f4)
T ∈ X4, �S.S*z {c0±m}+∞

m=1� {d0±m}+∞

m=1, EN
F =

+∞∑

m=1

(c0mx
0
m + d0my

0
m + c0−mx

0
−m + d0−my

0
−m). (3.17)�R (3.16), /

c0m =
〈F, x0−m〉
〈x0m, x0−m〉 =

(F, Jx0−m)

2µm(µ2
m − ω2

m)((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)
,

d0m =
〈F, y0−m〉
〈y0m, y0−m〉 = − (F, Jy0−m)

2ωm(µ2
m − ω2

m)((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)
,

c0−m =
〈F, x0m〉

〈x0−m, x
0
m〉 = − (F, Jx0m)

2µm(µ2
m − ω2

m)((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)
,

d0−m =
〈F, y0m〉

〈y0−m, y
0
m〉 =

(F, Jy0m)

2ωm(µ2
m − ω2

m)((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)
.B�;� 4 {RG� (3.6)–(3.9) � (3.11), NK

+∞∑

m=1

(c0mx
0
m + d0my

0
m + c0−mx

0
−m + d0−my

0
−m)

=
+∞∑

m=1




(f1, (B
∗
2)

−1C−1
4 B−1

2 f0
m)f0

m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

(f2, B
−1
2 f0

m)C−1
4 B−1

2 f0
m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

+ ρm

(f3, f
0
m)(B∗

2 )
−1C−1

4 B−1
2 f0

m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

+ ςm

(f4, C
−1
4 B−1

2 f0
m)B−1

2 f0
m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

+ φm




, (3.18)

!s
ρm =

1

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

[(f1, (C2 +A∗
2B

−1
2 A1)C

−1
4 B−1

2 f0
m)C−1

4 B−1
2 f0

m

− (f1, (B
∗
2 )

−1C−1
4 B−1

2 f0
m)C−1

4 (C∗
2 +A∗

1(B
∗
2)

−1A2)f
0
m], (3.19)

ςm =
1

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

[(f1, (B
∗
2 )

−1A2f
0
m)(B∗

2 )
−1C−1

4 B−1
2 f0

m

− (f1, (B
∗
2 )

−1C−1
4 B−1

2 f0
m)(B∗

2)
−1A2f

0
m
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+ (f2, B
−1
2 A1C

−1
4 B−1

2 f0
m)(C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0
m

− (f2, B
−1
2 A1C

−1
4 (C∗

2 +A∗
1(B

∗
2 )

−1A2)f
0
m)(B∗

2 )
−1C−1

4 B−1
2 f0

m

+ (f4, C
−1
4 B−1

2 f0
m)(C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0
m

− (f4, C
−1
4 (C∗

2 +A∗
1(B

∗
2 )

−1A2)f
0
m)(B∗

2 )
−1C−1

4 B−1
2 f0

m], (3.20)

φm =
1

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

[−(f1, (C2 +A∗
2B

−1
2 A1)C

−1
4 B−1

2 f0
m)B−1

2 A1C
−1
4 B−1

2 f0
m

+ (f1, (B
∗
2 )

−1C−1
4 B−1

2 f0
m)B−1

2 A1C
−1
4 (C∗

2 +A∗
1(B

∗
2)

−1A2)f
0
m

+ (f2, B
−1
2 A1C

−1
4 B−1

2 f0
m)B−1

2 f0
m − (f2, B

−1
2 f0

m)B−1
2 A1C

−1
4 B−1

2 f0
m]. (3.21)~8k���u {f0

m}+∞
m=1 J X sP8� Schauder!�%& C−1

4 B−1
2 , (B∗

2 )
−1C−1

4 B−1
2� B−1

2 HE�Z< {C−1
4 B−1

2 f0
m}+∞

m=1, {(B∗
2 )

−1C−1
4 B−1

2 f0
m}+∞

m=1 � {B−1
2 f0

m}+∞

m=1 7J XsP8� Schauder !�JJ�S.S*z {akm}+∞

m=1(k = 1, 2, 3, 4), �
�
f1 = lim

N→+∞

N∑

m=1

a1mf
0
m =

+∞∑

m=1

a1mf
0
m,

f2 = lim
N→+∞

N∑

m=1

a2mC
−1
4 B−1

2 f0
m =

+∞∑

m=1

a2mC
−1
4 B−1

2 f0
m,

f3 = lim
N→+∞

N∑

m=1

a3m(B∗
2 )

−1C−1
4 B−1

2 f0
m =

+∞∑

m=1

a3m(B∗
2 )

−1C−1
4 B−1

2 f0
m,

f4 = lim
N→+∞

N∑

m=1

a4mB
−1
2 f0

m =

+∞∑

m=1

a4mB
−1
2 f0

m.o$D (B∗
2)

−1C−1
4 B−1

2 f0
m, B−1

2 f0
m, f0

m � C−1
4 B−1

2 f0
m L;� 4 {RG��#�NK

a1m =
(f1, (B

∗
2 )

−1C−1
4 B−1

2 f0
m)

(f0
m, (B

∗
2 )

−1C−1
4 B−1

2 f0
m)
, a2m =

(f2, B
−1
2 f0

m)

(f0
m, (B

∗
2 )

−1C−1
4 B−1

2 f0
m)
,

a3m =
(f3, f

0
m)

(f0
m, (B

∗
2 )

−1C−1
4 B−1

2 f0
m)
, a4m =

(f4, C
−1
4 B−1

2 f0
m)

(f0
m, (B

∗
2 )

−1C−1
4 B−1

2 f0
m)
.I8)�NK




f1

f2

f3

f4




=

+∞∑

m=1




(f1, (B
∗
2)

−1C−1
4 B−1

2 f0
m)f0

m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

(f2, B
−1
2 f0

m)C−1
4 B−1

2 f0
m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

(f3, f
0
m)(B∗

2 )
−1C−1

4 B−1
2 f0

m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

(f4, C
−1
4 B−1

2 f0
m)B−1

2 f0
m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)




. (3.22)
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Æ
ρm = 0, ςm = 0, φm = 0. (3.23)ux2
 (3.23), �; (C∗

2 +A∗
1(B

∗
2)

−1A2)f1 � A∗
1(B

∗
2 )

−1f2 �17� G�
(C∗

2 +A∗
1(B

∗
2 )

−1A2)f1 = lim
N→+∞

N∑

m=1

(f1, (C2 +A∗
2B

−1
2 A1)C

−1
4 B−1

2 f0
m)B−1

2 f0
m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

,

A∗
1(B

∗
2)

−1f2 = lim
N→+∞

N∑

m=1

(f2, B
−1
2 A1C

−1
4 B−1

2 f0
m)B−1

2 f0
m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

.[�KI n 6= m C� (B−1
2 A1C

−1
4 B−1

2 f0
m, C

−1
4 B−1

2 f0
n) = 0, ((B∗

2 )
−1A2f

0
m, f

0
n) = 0& (B−1

2 A1C
−1
4 [C∗

2 +A
∗
1(B

∗
2)

−1A2]f
0
m, C

−1
4 B−1

2 f0
n) = 0,%B� (3.2), (3.5)' (3.19)–(3.21),a4>P n ∈ Λ, H

(ρm, B
−1
2 f0

n) = (f1, (C2 +A∗
2B

−1
2 A1)C

−1
4 B−1

2 f0
m)

− (f1, (B
∗
2 )

−1C−1
4 B−1

2 f0
m)

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

(f0
m, (C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0
m)

= (f1, (C2 +A∗
2B

−1
2 A1)C

−1
4 B−1

2 f0
m)− (f1, (C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0
m)

= 0,

(ςm, f
0
n) = (f1, (B

∗
2)

−1A2f
0
m)− (f1, (B

∗
2)

−1C−1
4 B−1

2 f0
m)

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

(f0
m, A

∗
2B

−1
2 f0

m)

+
(f2, B

−1
2 A1C

−1
4 B−1

2 f0
m)

((B∗
2)

−1C−1
4 B−1

2 f0
m, f

0
m)

(B−1
2 f0

m, C
−1
4 (C∗

2 +A∗
1(B

∗
2 )

−1A2)f
0
m)

− (f2, B
−1
2 A1C

−1
4 (C∗

2 +A∗
1(B

∗
2 )

−1A2)f
0
m)− (f4, C

−1
4 (C∗

2 +A∗
1(B

∗
2)

−1A2)f
0
m)

+
(f4, C

−1
4 B−1

2 f0
m)

((B∗
2)

−1C−1
4 B−1

2 f0
m, f

0
m)

(B−1
2 f0

m, C
−1
4 (C∗

2 +A∗
1(B

∗
2 )

−1A2)f
0
m)

= 0,

(φm, C
−1
4 B−1

2 f0
n) = − (f1, (C2 +A∗

2B
−1
2 A1)C

−1
4 B−1

2 f0
m)

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

(B−1
2 f0

m, C
−1
4 A∗

1(B
∗
2)

−1C−1
4 B−1

2 f0
m)

+
(f1, (B

∗
2)

−1C−1
4 B−1

2 f0
m)

((B∗
2)

−1C−1
4 B−1

2 f0
m, f

0
m)

(f0
m, (C2 +A∗

2B
−1
2 A1)C

−1
4 A∗

1(B
∗
2)

−1

· C−1
4 B−1

2 f0
m)− (f2, B

−1
2 f0

m)

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

(C−1
4 B−1

2 f0
m, A

∗
1(B

∗
2)

−1

· C−1
4 B−1

2 f0
m) + (f2, B

−1
2 A1C

−1
4 B−1

2 f0
m)

= 0.�<� (3.23) 1p��- (3.18), (3.22) � (3.23), ^f
+∞∑

m=1

(c0mx
0
m + d0my

0
m + c0−mx

0
−m + d0−my

0
−m)
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=

+∞∑

m=1




(f1, (B
∗
2 )

−1C−1
4 B−1

2 f0
m)f0

m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

(f2, B
−1
2 f0

m)C−1
4 B−1

2 f0
m

(f0
m, (B

∗
2)

−1C−1
4 B−1

2 f0
m)

+ ρm

(f3, f
0
m)(B∗

2 )
−1C−1

4 B−1
2 f0

m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

+ ςm

(f4, C
−1
4 B−1

2 f0
m)B−1

2 f0
m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

+ φm




=




f1

f2

f3

f4




= F.

;G#Æ (3.17) 1p�B�N
�?�g
Æ(d (9). Ss(d��aZHP m ∈ Λ, ℄H ∆m = 0 & γm > 0.FAl 3.2 �� 3.1 ^f� H PaCJ µm P!��_�v x0m �8�OI��_�v x1m o$F (3.9) � (3.14) }7� H PaCJ µ−m P!��_�v x0−m �8�OI��_�v x1−m o$F (3.6) � (3.15) }7��RAl 2.1, k2 (3.2), (3.4), (3.5) <' µm = ωm, }	NK
〈x0m, x0n〉 = (x0m, Jx

0
n) = 0, m, n ∈ Λ;

〈x1m, x1n〉 = (x1m, Jx
1
n) = 0, m, n ∈ Λ;

〈x0m, x1n〉 = (x0m, Jx
1
n) =

{
0, n 6= −m,
−4µ2

m((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m), n = −m.

(3.24)5
Æ H PF {x0±m}+∞

m=1 � {x1±m}+∞

m=1 �1P	?�_�v�J Hilbert _4 X4sP8�b� Schauder !�l&
ÆaJ4>P
F = (f1, f2, f3, f4)

T ∈ X4,�S.S*z {c0±m}+∞

m=1 � {c1±m}+∞

m=1, EN
F =

+∞∑

m=1

(c0mx
0
m + c1mx

1
m + c0−mx

0
−m + c1−mx

1
−m).D/;��R (3.24), /

c0m =
〈F, x1−m〉
〈x0m, x1−m〉 = − (F, Jx1−m)

4µ2
m((B∗

2 )
−1C−1

4 B−1
2 f0

m, f
0
m)
,

c1m =
〈F, x0−m〉
〈x1m, x0−m〉 =

(F, Jx0−m)

4µ2
m((B∗

2)
−1C−1

4 B−1
2 f0

m, f
0
m)
,

c0−m =
〈F, x1m〉

〈x0−m, x
1
m〉 = − (F, Jx1m)

4µ2
m((B∗

2 )
−1C−1

4 B−1
2 f0

m, f
0
m)
,

c1−m =
〈F, x0m〉

〈x1−m, x
0
m〉 =

(F, Jx0m)

4µ2
m((B∗

2)
−1C−1

4 B−1
2 f0

m, f
0
m)
.
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+∞∑

m=1

(c0mx
0
m + c1mx

1
m + c0−mx

0
−m + c1−mx

1
−m) =

+∞∑

m=1




(f1, (B
∗
2 )

−1C−1
4 B−1

2 f0
m)f0

m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

(f2, B
−1
2 f0

m)C−1
4 B−1

2 f0
m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

+ ρm

(f3, f
0
m)(B∗

2 )
−1C−1

4 B−1
2 f0

m

((B∗
2)

−1C−1
4 B−1

2 f0
m, f

0
m)

+ ςm

(f4, C
−1
4 B−1

2 f0
m)B−1

2 f0
m

((B∗
2 )

−1C−1
4 B−1

2 f0
m, f

0
m)

+ φm




,

Gs ρm, ςm � φm P#AGL(d (1) sNKP84��-;Rk2�=f
ÆPK�*oL(d (1) q0iV�JJa4>P F (x) = (f1, f2, f3, f4)
T ∈ X4, H

+∞∑

m=1

(c0mx
0
m + c1mx

1
m + c0−mx

0
−m + c1−mx

1
−m) = F,�YlB�N
�

4 g T ! W = Y v $ b d�A}	}7u{o�gWH;8AB�PH�#�; 4.1 S+M {(x, y)|0 6 x 6 1, 0 6 y 6 h} �[�P �
P
F[[{d�
∇4W (x, y)− ρω2

D
W (x, y) = 0. (4.1)
S� y = 0 � y = h �
�z6e�Eg8�

W (x, y) =
∂2W (x, y)

∂y2
= 0, y = 0, h,!s W (x, y) J
P[��S� ρ J
Gx�#Ppv� D JZow^� ω J�H���A8oP�S

Mx = −D
(∂2W
∂x2

+ ν
∂2W

∂y2

)
, My = −D

(∂2W
∂y2

+ ν
∂2W

∂x2

)
,;℄	I"*��NK

Mx +My = −D(1 + ν)∇2W./
M = ∇2W,

∂W

∂x
= τ,

∂M

∂x
= ξ.Id�NK

∂ξ

∂x
=
∂2M

∂x2
= −∂

2M

∂y2
+
ρω2

D
W,

∂τ

∂x
=
∂2W

∂x2
= −∂

2W

∂y2
+M.
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�" 253JJ (4.1) ^��1<�P^o Hamilton �l
∂

∂x




W

M

ξ

τ




=




0 0 0 1

0 0 1 0

ρω2

D
− ∂2

∂y2
0 0

− ∂2

∂y2
1 0 0







W

M

ξ

τ



.ÆCP Hamilton W�J

H1 =




0 0 0 1

0 0 1 0

ρω2

D
− d2

dy2
0 0

− d2

dy2
1 0 0




: D(H1) ⊂ X4 → X4,!s X = L2(0, h), H1 PY?Mu
D(H1) =








W̃ (y)

M̃(y)

ξ̃(y)

τ̃ (y)




∈ X4 :
W̃ (0) = W̃ (h) = M̃(0) = M̃(h) = 0, W̃ ′, M̃ ′Vas+, W̃ ′′, M̃ ′′ ∈ X




.iÆh?,W�NK H1 P�_iJ

µm =

√
(mπ
h

)2
+

√
ρω2

D
, µ−m = −

√
(mπ
h

)2
+

√
ρω2

D
,

ωm =

√
(mπ
h

)2
−
√
ρω2

D
, ω−m = −

√
(mπ
h

)2
−
√
ρω2

D
.

H1 PaCJ�_i {µm, ωm, µ−m, ω−m | m ∈ Λ1 ∪Λ2} P!��_�v {x0m, y0m,
x0−m, y

0
−m | m ∈ Λ1 ∪ Λ2} u
x0m =

(
sin

mπ

h
y,

√
ρω2

D
sin

mπ

h
y, µm

√
ρω2

D
sin

mπ

h
y, µm sin

mπ

h
y
)T
,

y0m =
(
sin

mπ

h
y, −

√
ρω2

D
sin

mπ

h
y, −ωm

√
ρω2

D
sin

mπ

h
y, ωm sin

mπ

h
y
)T
,

x0−m =
(
− sin

mπ

h
y, −

√
ρω2

D
sin

mπ

h
y, µm

√
ρω2

D
sin

mπ

h
y, µm sin

mπ

h
y
)T
,

y0−m =
(
− sin

mπ

h
y,

√
ρω2

D
sin

mπ

h
y, −ωm

√
ρω2

D
sin

mπ

h
y, ωm sin

mπ

h
y
)T
.Zm f0

m = sin mπ
h
y. 6=2
 H1 �
Yl 3.2 PZH3>��>K {f0

m}+∞

m=1 J XsP8� Schauder !�JJFYl 3.2 ^f� H1 PF {x0±m}+∞

m=1 � {y0±m}+∞

m=1 �1P�_�v�J Hilbert _4 X4 sP8�b� Schauder !�
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c0m =

(F, Jx0−m)

2hµm

√
ρω2

D

, d0m =
(F, Jy0−m)

−2hωm

√
ρω2

D

, c0−m =
(F, Jx0m)

−2hµm

√
ρω2

D

, d0−m =
(F, Jy0m)

2hωm

√
ρω2

D

;9 m ∈ Λ2, /
c0m =

(F, Jx0−m)

2hµm

√
ρω2

D

, d0m =
(F, Jy0m)

2hωm

√
ρω2

D

, c0−m =
(F, Jx0m)

−2hµm

√
ρω2

D

, d0−m =
(F, Jy0−m)

−2hωm

√
ρω2

D

.JJ�H
+∞∑

m=1

(c0mx
0
m + d0my

0
m + c0−mx

0
−m + d0−my

0
−m) =

∑

m∈Λ1∪Λ2




2

h

∫ h

0
f1 sin

mπ

h
ydy sin

mπ

h
y

2

h

∫ h

0 f2 sin
mπ

h
ydy sin

mπ

h
y

2

h

∫ h

0
f3 sin

mπ

h
ydy sin

mπ

h
y

2

h

∫ h

0 f4 sin
mπ

h
ydy sin

mπ

h
y




= (f1, f2, f3, f4)
T = F.; 4.2 S+M {(x, y) | 0 6 x 6 1, 0 6 y 6 h} �[�a�6eP �
{d�
F<�k2ao�

D
( ∂2

∂x2
+

∂2

∂y2

)2
W (x, y) = 0, (4.2)
S� y = 0 � y = h �
7�P6e�Eg8�

W (x, y) =
∂2W (x, y)

∂y2
= 0, y = 0, h.A8oP�S

M = −D
(∂2W
∂x2

+
∂2W

∂y2

)
,%�

θ =
∂W

∂x
, ρ = D

(∂3W
∂x3

+
∂3W

∂x∂y2

)
, t = −M,U (4.2) ^J�<�P^o Hamilton �l�

∂

∂x




W

t

ρ

θ




=




0 0 0 1

0 0 1 0

0 − ∂2

∂y2
0 0

− ∂2

∂y2
1

D
0 0







W

t

ρ

θ



.
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H2 =




0 0 0 1

0 0 1 0

0 − d2

dy2
0 0

− d2

dy2
1
D

0 0




: D(H2) ⊂ X4 → X4,!s X = L2(0, h), H2 PY?Mu
D(H2) =








W̃ (y)

t̃(y)

ρ̃(y)

θ̃(y)




∈ X4 :
W̃ (0) = W̃ (h) = t̃(0) = t̃(h) = 0, W̃ ′, t̃′Vas+, W̃ ′′, t̃′′ ∈ X




.h?,W^<NK H2 P�_iu µ±m = ±mπ

h
(m ∈ Λ). H2 PaCJ µm P!��_�v x0m �8�OI��_�v x1m o$u

x0m =
( 1

µm

sinµmy, 0, 0, sinµmy
)T
,

x1m =
(
− 1

2µ2
m

sinµmy, 2D sinµmy, 2Dµm sinµmy,
1

2µm

sinµmy
)T
.

H2 PaCJ µ−m P!��_�v x0−m �8�OI��_�v x1−m o$u�
x0−m =

(
− 1

µm

sinµmy, 0, 0, sinµmy
)T
,

x1−m =
(
− 1

2µ2
m

sinµmy, 2D sinµmy, −2Dµm sinµmy, −
1

2µm

sinµmy
)T
.Zm f0

m = 1
µm

sinµmy. '�2
 H2 �
Yl 3.2 PZH3>��u {f0
m}+∞

m=1 J XsP8� Schauder !��FYl 3.2 ^f� H2 PF {x0±m}+∞

m=1 � {x1±m}+∞

m=1 �1P	?�_�v�J Hilbert _4 X4 sP8�b� Schauder !�7OJU��S.S*z
c0m =

(F, Jx1−m)

−2Dh
, c1m =

(F, Jx0−m)

2Dh
, c0−m =

(F, Jx1m)

−2Dh
, c1−m =

(F, Jx0m)

2Dh
,EN

+∞∑

m=1

(c0mx
0
m + c1mx

1
m + c0−mx

0
−m + c1−mx

1
−m) =

∑

m∈Λ




2

h

∫ h

0 f1 sin
mπ

h
ydy sin

mπ

h
y

2

h

∫ h

0 f2 sin
mπ

h
ydy sin

mπ

h
y

2

h

∫ h

0
f3 sin

mπ

h
ydy sin

mπ

h
y

2

h

∫ h

0 f4 sin
mπ

h
ydy sin mπ

h
y




= (f1, f2, f3, f4)
T = F.rS �Xa��?y�1P�
��#Hv�Pv��
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Abstract This paper deals with the block Schauder basis property of system of eigenvec-

tors of a class of 4 × 4 unbounded Hamiltonian operator matrices appearing in mechanics.

Under certain conditions, the eigenvalue problems of the Hamiltonian operator matrix are

considered. Then a necessary and sufficient condition is presented for the system of eigen-

vectors of the Hamiltonian operator matrix to be a block Schauder basis of some Hilbert

space. Moreover, the validity of the results is verified by the free vibration and bending

problems of rectangular thin plates.
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