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�
§2 � �"!$#$%$&$'$($)�* (NH) +$,$-/. 0$�"1/2 '$3�+$4�5 ��6$7�8$9:�;

§4 +�<�=��>!�#�? 8A@ABAC �D,A-E.F0A+A4AGAHAI�(A)A* (LH) +�J�K�4L/M N/O 9 K�P�Q OSR H�I�JAK�4 LEM �UT�GAV�<�=AW�-E.F0�XAY�Z�4 9U[�\�]^ �>!�#�_�<�=�`�a�bAc�WA-�dAeA+�WA-f.S0 R
Y�Z�W�-�d�e R x(a) = x(b),g�h W�-�d�e R Lx(a) + Nx(b) = 0,i � a, b ∈ I, L, N

[
n× n j L/M 9lk ,�-f.S0�mfnS� 8�o�p�q �rW�-E.S0Am 8s a�4��>t�u�a��>v�m 8 s 7A8�9w !�#�a�c�x�+�J�K�yAz 9{�|

5.1 }�~���� (LH) �S���E�S�����A�A�A� x = 0, �S����� f(t), ~
��� (NH) �S���E�S������� 9��� ����� Y�Z�W�-�d�e 9�� s�� 4.2

B �>(�)�* (NH) +�4�G N��

x = Φ(t)

(

c +

∫

t

a

Φ−1(s)f(s)ds

)

. (5.1)

�S��B �>3�����Y�Z�WA-�dAe�� 6A� �f�F� c ���
Φ(a)c = Φ(b)

(

c +

∫

b

a

Φ−1(s)f(s)ds

)

,

t
(

Φ(a) − Φ(b)

)

c = Φ(b)

∫

b

a

Φ−1(s)f(s)ds. (5.2)

 �¡�¢�£ (�)�* (LH), (5.2) ¤ �
(

Φ(a) − Φ(b)

)

c = 0. (5.3)

¥$¦$§ � (LH) _$a$¨$©$4$�$��Y$Z�W�-�d�e��ªt$« ¡ c +$¬$­$®$¯$($)$* (5.3)

_�a�°�4 c = 0, ±�²�a
det

(

Φ(a) − Φ(b)

)

6= 0,

³�´ G � (5.2) µ c 4 O �>®�¶ (5.1) ·�¸�¹ (NH) ����Y�Z�W�-�d�e�+�4 9¦ b�º ��� +�» g�h WA-�dAe��D¼A®A½ (5.2) X (5.3) +�¾�¿�»
(

LΦ(a) + NΦ(b)

)

c = −NΦ(b)

∫

b

a

Φ−1(s)f(s)ds

1
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(

LΦ(a) + NΦ(b)

)

c = 0.

i�À n � 9 s�� 1�Á 9 �Â
5.1 Ã�Ä�Å 5.1 �SÆEÇSÈ�É RDÊAË ~A�Ì� (LH) ÍS��Î�� x = 0 Ï�Ð�ÑÒ ���EÓSÔ ( ÕSÖ����EÓSÔ ) ��×SØEÓSÔ�Ù Φ(b) − Φ(a)(LΦ(a) + NΦ(b)) ÙEÚSÛÜ�ÝEÞ 9

c$x$<$=$($)$* (NH) +$Y$Z$4 9 !$#�+E.S0�» R b�z A(t) X f(t) ß � R
1à a s$á �ãâ 6 » ω- Y$Z$ä$¯$�UtAV ω

[ Y$Z$+$Y�ZAä�¯��æå�ç ω > 0
[$è j

¯��>é�ê ��ëÌì dÌeAcA�D(Ì)A* (NH) 5 � ω- Y�Z�4îírc�ïñð�ò�ó (Massera,

1915-2002)ô�õ÷ö O 'EøSù 9{�|
5.2 } A(t) ú f(t) û R

1 ü ��Ä�ý��ÌþSÿ�Ù ω- Ñ Ò���� �Ì�S~��A�
(NH) ��û ω- Ñ Ò �E��×SØEÓSÔ�Ù R (NH) ������û R

1 ü ���E�S� 9�$� ²��$­$»�	�
$+ 9 _���1/2
��¾�­ 9�§ x = x0(t) » (NH)
¡

R
1
à a� +$4 9 � A(t) X f(t) +$Y$Z$­ B �  �� ë���� ¯ k, x0(t + (k − 1)ω) » (NH)

����,�-�d�e x(0) = x0((k − 1)ω) +�4��>± � (4.5) a
x0(t + (k − 1)ω) = Φ(t)

(

x0((k − 1)ω) +

∫

t

0

Φ−1(s)f(s)ds

)

, k = 1, 2, · · · ,

i � Φ(t) » (LH) +�������� LEM ����¿���a
x0(kω) = Φ(ω)x0((k − 1)ω) + v, k = 1, 2, · · · , (5.4)

i � v = Φ(ω)
∫

ω

0
Φ−1(s)f(s)ds.

(NH) + � ë 4�ß�G � (4.2)
NEO �>3�» ω- Y�Z�4��>� 6�� �

Φ(0)c = Φ(ω)

(

c +

∫

ω

0

Φ−1(s)f(s)ds

)

.

��� ¹ Φ(0) = E,
à�� ��G�� �

(Φ(ω) − E)c = −v. (5.5)

¦ b (NH) ��a ω- Y�Z�4��>¼�« ¡ c +�¬�­�®�¯�(�)A* (5.5) ²���4 9Ì� ¬�­
®�¯�+ B� !�# B�C �>²A5 ��! °f�S� u, u�¸

u>(Φ(ω) − E) = 0, (5.6)

u>v 6= 0, (5.7)
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(5.4), (5.6) G�V�1E2
u>x0(kω) = u>x0(0) + ku>v, k = 1, 2, · · · , (5.8)

w � ¡ a (5.7),
´

x0(t) $�»�a � +��>� k ��¾�%�& (5.8) m�G�' ��( �>å 8�)* � N 2 (NH) ²�a ω- Y�Z�4 9+ � ø
, pE� (5.4), (5.6) -�. (5.8).
¦�§ � k = m & (5.8)

��(�9 H�I��
k = m + 1 &�+ (5.4) G�¸

u>x0((m + 1)ω) = u>Φ(ω)x0(mω) + u>v

= u>(Φ(ω) − E)x0(mω) + u>x0(mω) + u>v

= u>x0(0) + mu>v + u>v

= u>x0(0) + (m + 1)u>v,

±�� k = m + 1 &�� (5.8) v ��(�9 H�IA� k = 1 &�+ (5.4) /�0�1�1�� k = 1

&�� (5.8) v ��(�9�2�3 � (5.8)
 �� ë���� ¯ k ß ��(�9�4�� � sA� ¸A¹A'AÁ5 +�1E2 9 �

6 �
1.
§

I = R
1, ω > 0,

6$�
I
à � A(t + ω) ≡ A(t), f(t + ω) ≡ f(t). 1/2 R87 

(LH) +�9 8 4 x = x(t), a
lim

t→+∞

x(t) = 0,

¼ (NH) a 7Ì8 + ω- YÌZÌ4 x = x0(t), â 6 (NH) + i 3Ì4 x = x(t) �
t → +∞ &�ß�:�; ¡ 3��>t

lim
t→+∞

(x(t) − x0(t)) = 0.

2. 1E2 � 5.1.

3. 1/2 R (NH) a 7$8 4 x = x(t) �$�$W$-$d�e B(x) ≡
k
∑

i=1

Lix(ti) = 0 +
����d�e�» (LH) _�a�¨�©�4 x = 0 ����W�-�d�e B(x) = 0, t LEM k

∑

i=1

LiΦ(ti)
!�<�= � i � Li, i = 1, · · · , k » n > L/M � ti ∈ I, Φ(t) » (LH) +$J$K$4 L/M 9

4. 1E2 R (NH) a 7�8 4 x = x(t) ����W�-�d�e B(x) ≡
∫

b

a
x(s)ds = 0 +

����d�e�» (LH) _�a�¨�©�4 x = 0 ����W�-�d�e B(x) = 0, t LEM ∫

b

a
Φ(s)ds!�<�= � i � Φ(t) » (LH) +�J�K�4 LEMS9
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