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2.1  "!"#"$&%"'"$&(")"*"+
,�-/.10�2�3�4

(E)a. 5�6 f(x) 7 R
n 8�9�:�;�<�=>

x ?�@�A�BDC R
n EGF�H�I . J�K�L x M�N�O�P�A�QSRST t M�N�UDCVT

(E)a MWNWOWPWAWXSY 2�3 T[Z 2�3S4 (E)a \W] B^C R
n AW_W`WP x aWbWcWdW`e O�P�X�Y�A�f�gDhVi�j

f(x) = (f1(x), · · · , fn(x)), (2.1)

kml \n] BoC R
n p cnqndn` e frgts = (E)a u P (τ, ξ) ∈ R

1 × R
n Anv

x = ϕ(t, τ, ξ) w�x u�] BDC p P ξ A�y�f�g�s (2.1) ]�z�{ A�`�|�}�~D��� (
>

E���� ) A���������Tm� p t ��w�����Tm�S� t = τ U�����7���� 8 AnP ξ. ��
t AW�W�WT \ “ YW� ”f(x) AW�W�W�WT�O�P \S] BDC p�� � �S��X�Y (

k�� T��
U�� > v E���  ), x�¡ \ ��� 8 �S¢n£S¤¦¥ t §�¨�U�O�PSASXSY 2 h =ª©n« A¬W­ �WwW®WfWg�s (2.1) ¯�°WT±�W²Wb^¯ (E)a AW³W�W�W�WAW`S´�µ�¶�·�¸ (

> E
F�¹ ).

kV� Tmc�º�»�¼�� > E¾½�¿ ��� .

� .10�2�3�4 (E)a, ����¸�À�|�Á�Â�º�O =
1. Ã�ÄD�V��A�ÅS�SÆnÇSº =ªÈ wSÉS� (E)a A ¬ `�v x = ϕ(t) Ê ¬�Ë ¡��

c, x = ϕ(t+ c) Ì�w (E)a A�v =
2. ����A�Í�`�º =mÈ w�ÎS� ] B¦C�A�_S`�PST (E)a Ï ��`�|�����x u =
3. Ð�º�O =mÑ�Ò L (E)a A�v x = ϕ(t, 0, ξ) Ó�Ô E x = ϕ(t, ξ), Z

ϕ(t2, ϕ(t1, ξ)) = ϕ(t1 + t2, ξ).

ºSO 1 ;SÕSÖS×SØSÙ (E)a ÚSÛ = ºSO 3 ;SÕ¦Ü ºSO 1 ÊSÝS@¦Þ�ßSvSASÍ
`�º�à�á�T k E x = ϕ(t, ϕ(t1, ξ)) Ê x = ϕ(t + t1, ξ) w (E)a â�ãDä `�Ý�@�|�å
x(0) = ϕ(t1, ξ) A�v = ��¶ Û ¥Vº�O 2.

6���P ξ ∈ R
n
2�3�4

(E)a ��æ�|�����x u = 5ScSç « �S�S7Sv x = ϕ(t)

Ê x = ψ(t), ��� τ1 Ê τ2, τ1 6= τ2, è�à
ϕ(τ1) = ψ(τ2) = ξ.

Z Ü º�O 1 Ê�Ý�@DÞVß�v�A�Í�`�ºSé
ϕ(t) ≡ ψ(t− τ1 + τ2). (2.2)

Ü � ; é x = ϕ(t) Ê x = ψ(t) Ø � ä `W|W�W� =±È w k E�Ò x0 wW�W� x = ϕ(t)8 A�`�P�T Ñ �SêS` e t1 � ϕ(t1) = x0, Z x0 ��a�7���� x = ψ(t) 8 (
k EDÜ
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(2.2) éST x0 = ϕ(t1) = ψ(t1 − τ1 + τ2)); ëSìST Ò x0 wS�S� x = ψ(t) 8 AS`
PWT ÑWí \ t2 èWà ψ(t2) = x0, Z x0 �WaW7W�W� x = ϕ(t) 8 (

k E^Ü (2.2) éWT
x0 = ψ(t2) = ϕ(t2 + τ1 − τ2)). 7�w�º�O 2 à Û =Ü 7

ϕ(t, τ, ξ) ≡ ϕ(t− τ, 0, ξ),kV� � 2�3S4 (E)a, ÆSî�`�ï�ºST ©n«S;SÕ Ï ,n- � τ = 0 U�® ξ ¯V°�A����
x = ϕ(t, ξ) = ϕ(t, 0, ξ).

`�ï�ð�Î�T 2�3�4 (E)a A�v x = ϕ(t, ξ) ñ�ò�7�ó e t ô 8 ��c�q =VõDÜVö÷ c�»�é�T 2�3�4
dx

dt
=

f(x)

1 + |f(x)|

A�_�` e v�ø�ù�w \ ó e t ô 8 ��c�q�A�T l ��ç�AS���SÊ (E)a ] ��A�����ø
w ]Dä A = ³ Õ�©�« ÆSú�6 (E)a A�v x = ϕ(t, ξ) 7�ó e t ô í \ =

��_�`DûVc�A t, ϕ(t, ξ) w�L�P ξ ∈ R
n Ç�á�P ϕ(t, ξ) ∈ R

n A�` e P�Ç�ü =k�� T F = {ϕ(t, ξ) : t ∈ R
1} wW` eWýWþ ��� t AWÇWüWÿ { T1� > E (E)a A�� .

ç�����º�O�j
1. ϕ(t, ξ) w (t, ξ) A 9�:�� ���
2. ϕ(0, ξ) = ξ;

3. ϕ(t, ϕ(s, ξ)) = ϕ(t + s, ξ).

JSKSLSºSO 3 �S�S� F p��
	 cSqSA
�
�STmZ È ´
�
�nw F 8 A Ø �SX� Tm� â�ã���{�� = ϕ(0, ξ) w F p A þ Q ��	 T k E
ϕ(t, ϕ(0, ξ)) = ϕ(t, ξ) = ϕ(0, ϕ(t, ξ)).

��� T F p ¬ ` ��	 ϕ(t, ξ) ����� ��	 ϕ(−t, ξ):

ϕ(t, ϕ(−t, ξ)) = ϕ(0, ξ) = ϕ(−t, ϕ(t, ξ)).
kV�

F ��N�d�` e �
�SÐ ( ³ Õ º�O 3
> E Ð�º�O ),

> E  ������ . ��U���L2�3�4
(E)a

> E� ������ . È e���� w Ü��
���
� (Birkhoff, 1884-1944) � Ù
A T ç! !"$#W·W¸�d < Ä 2�3 AW��%$&�' = l�($)�* < Ä 2W3 A È ´$�W��ºWO 1-3

A þ �W� 9W: Ç�üSÐ�T > E ` e,+$-  $�$�$�/.�0$1W $�$�$� . JWK ϕ(t, x) �
t 2Ww ;W< A�T�Z > ç E43$5W $�$��� . È w < Ä 2S3 »S¼�° ÷ AS` e
6 Â�7
82 h =
2.2 9;:"$=<"%"$=>;?;@

Ò f(x0) = 0, Z \ x0 a (2.1) w$A^h�iWT 2 h�B���C�c�T È ´�P > E 2�3�4
(E)a AED$F , �WUW®WfWg E A È `�G�g l > ç EIH$J F . Ü 7 f(x0) = 0, x = x0K�L w 2�3�4 (E)a A�` e v�T > E ��M�N .
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Ò�í \�O � T , è�à ϕ(T, ξ) = ξ, Z > x = ϕ(t, ξ) w (E)a A�P�Q�v�T Õ TE P�Q�T k E�È U�ò��

ϕ(t+ T, ξ) = ϕ(t, ξ), t ∈ R
1.

Æ�w�c�¡�v�A�P�Q�v�³��S�SA��S� > ESRV� .T PWÊVU�� \ Y��
W�X�»�¼�A�7�8 p TZY ��[�\ Á�Â�A���� =Z]�^`_ W p�a
¨�b�c�X�bSAS�
dSTªê
e
f
c ( J�g�h�f�c ) A���d�TjiS� p A þ
k A
lnYSTnmo A�p�Y�q�q�� ;�Õ M�NrU�� =

`�|`UV� Γ
> ì Ets � A�TmJ�K�� ¬nË ε > 0, í \ Γ A�` e�u�v U , è

àS�S_S` ξ ∈ U , � d(ϕ(t, ξ),Γ) < ε, t ≥ 0; wSZST
U�� Γ � > E4x
s � A =
UV� Γ

> ì EIy�z�s � A�TmJ�K í \ Γ A�` e�u�v U0, è�à���_�` ξ ∈ U0, �
d(ϕ(t, ξ),Γ) → 0, t→ +∞; È�{ T d(x,Γ) ����P x á Γ A�| ) =

�$}$~$�WÉ^¯�ASw�T È${ ³SÎ�A���c�Æ ä 7������
� � Ë q���A���c�T È ´
��c�º�`�ï > EG����s ��� .E d$CWc (E)a ³W�W�W�WAWÄ�������T ©�« ò�� ,�� _�|���� \ t→ +∞ .
t→ −∞ U�A�����º�� =

5�6
x = ϕ(t, ξ) (2.3)

\�O�� ô t ≥ 0 8 ��c�q = J�K í \ P y0 ∈ R
n ��� 7 +∞ A�P�� {tk} è�à

lim
k→+∞

ϕ(tk, ξ) = y0, (2.4)

Z�Î y0 w���� (2.3) A ω- ����F .(2.3) A ω- ����P�µ���T > E (2.3) A ω-����
, Ô E Ω+(ξ). ä�� T�JWK (2.3) \$�$� ô t ≤ 0 8 �WcWqWT�� {tk} w � 7 −∞

A�P���TmZ�è (2.4) N���A�P y0

> E ��� (2.3) A α- ����F . (2.3) A α- ����P
µ$�WT > E (2.3) A α- �$� � , Ô E Ω−(ξ).

l
Ω−(ξ)

⋃
Ω+(ξ)

> E (2.3) A��$��
, Ô E Ω(ξ).;�Õ Û ¥Vj Ω±(ξ) Ê Ω(ξ) ��w`UVÿ�� Ò p ∈ Ω±(ξ), Z ϕ(t, p) ∈ Ω±(ξ), �

Ω±(p) ⊂ Ω±(ξ); JSK ϕ(t, ξ) \ t ≥ 0(t ≤ 0) 8 �
�STmZ Ω+(ξ)(Ω−(ξ)) w
�SB
A�T 9 x�A����`UVÿ =

` e ÿ { S ⊂ R
n
> E
� {ϕ(t, ξ) : t ∈ R

1} A � ( ¡ ) x£¢ � , JnK
ϕ(t, S) ⊂ S, t ≥ 0(t ≤ 0); J K S ä U w O Æ�ÇWAWÊ � Æ�ÇWAWT Z > E�� {ϕ(t, ξ) :

t ∈ R
1} A x
¢ � . ` e ÿ { S ⊂ R

n
> E (E)a A¥¤�¦ � , J�K�ç�w���BnAST

UVA�Ê�Æ�Ç�A�Tj§��
¨�� S A�©�ª�ÿ���� È À�|�ºSO = ` e U�Æ�ÇSÿ S
> E��

{ϕ(t, ξ) : t ∈ R
1} A¬«�­ � , J�K í \ S A�` e�u�v U , è�à���³�� ξ ∈ U Ê
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t ≥ 0, ϕ(t, ξ) ∈ U , §�� ϕ(t, ξ) → S, Ñ d(ϕ(t, ξ), S) → 0, t → +∞; J�K�®���ÿ
S ¯ ý `�|�°�±�A�����TªZ > ì E «�­�² .

®�c�q ;�Õ�Ö�× MD¯VT (E)a A�_ þ�e T P�Ê�_ þ�e UV�
�Sw�³
´�ÿ =©W«Vµ�¶ b^¯�dSc�¡�v�Ê�P�Q�v�q ��� =Z· \ ©�«�¸ ��¹�æ�º�Á�Â�A�v = J
KW� ¬WË ε > 0, í \ L > 0, èWàW�W� γ : x = ϕ(t, ξ), t ≥ 0 ¯ ý \ çW�W��7
» E
L A ¬WË U^C�¼�C�A��S��½�A ε

u$v p T[Z���� γ
> E ( ¾�¿$À$Á$Â$Ã�Ä ) Å$Æ

AWT P ξ
> E$� {ϕ(t, ξ) : t ∈ R

1} AEÅ$Æ$F . µ$�VÇ�ÈWP$�WNWAWÿ { R
> ì E$�

{ϕ(t, ξ) : t ∈ R
1} A�Å$Æ$F � . ;WÕ Û ¥ ( É [22]): Ò S w (E)a A$³$´WÿWTÊ§��

wW�$�WAWT�Z�� p _�`�|S���
��wrÇ�ÈSA = J�KS� ¬SË ε > 0, í \ l = l(ε) > 0,

èWà \ _ e »�g E l AV¼WC 8 T í \ P τ , èWà |ϕ(t+ τ, ξ)− ϕ(t, ξ)| < ε, t ∈ R
1,

Z���� ϕ(t, x)
> E ��Ë�Ì ( . ½�Í Ë�Ì ) A�TmP ξ

> E�� {ϕ(t, ξ) : t ∈ R
1} A

��Ë�Ì�F .K$L T Ò �W� γ w$P$QWAWT&ZWçSò�w � P�QSA�� Ò γ w � P$QWAWT1Z�ç�ò�w
Ç�ÈWA =Î·$Ï�Ð � p �
Ñ�Ò�XSY�Ó � Ê · " ;�Õ � 8 ¸�æ
º�v�ðS·�Ô =ÊÕ J�T��
e$f$c ¶ ¡VÇ�á�#�Ö
×���T õ w`Ç�Ø�A�UDC�§SÆ ]Dä T ç�A������ ;SÕ M���w`Ç
È�A��m`�Ù`Ú�Û�Ü�Ý�ASÇ�Þ ;�Õ MSN�w � P�QSA =

��7�Å�¶�YS�
W
XSA
7
8STª`nïS� ω- ����ÿ�Ê α- ����ÿ�A �
� � µj¶
ß
d = õ w � 7�à$á$â�AWY��$W$X�ðWÎWT Z�2$ã�Â$�$¹�àW`Wï�A ��� T J$ä�åWP�ÿWT
��ä�å�P�ÿ�Ê�æ`Ç�Ø�P�ÿ
q
q =

` e P x0

> ì E$� {ϕ(t, ξ) : t ∈ R
1} A�ç$è$é$F , JWKW� ¬WË x0 A u$v U

Ê ¬�Ë A T > 0, í \ t > T è�à
ϕ(t, U)

⋂
U 6= ∅.

µ�����ä�å�P
�SNSASÿ { Ω
> ì E�� {ϕ(t, ξ) : t ∈ R

1} Aêç�è�é�F � ; ë���A
P 4 NWAWÿ { > E è$é$F � , � p AWP > E è$é$F .

K$L T PWÊVU�� p A�P���w
�$ä$åWP =ì� {ϕ(t, ξ) : t ∈ R

1} AW` e ® x á y A$»Wg E T A ε- í wWÉW` e$î
� {x = x0, · · · , xk = y; t1, · · · , tk ≥ 1}, ç�����º�O

d(ϕ(tj, xj−1), xj) < ε, j = 1, 2, · · · , k, t1 + · · · + tk = T.

l � {ϕ(t, ξ) : t ∈ R
1} Aïí�Å�ð � Z�w�É�ÿ {

CR = {x : � ¬�ñ ε, ò í \ ® x á x A ε- æ }.

1978 ÙWTôó$h (Conley, 1933-1984) Û ¥�dW�W¸WYW��W�X�A�õ$ö�c�» ( É [8]):

��� 2.1 ÷�ø�ù�ú�û�ü�ý
þ
ÿ V (x) ����ø�������� CR 	�
���� V (ϕ(t,

ξ)) 
���������	��
4
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(*)*+*,*-*.*/�02143*5�6�798�:�;�<�=�8�>�?�@�A�8�B�C9D�E�F�G�8 � ,H*IKJML*N >K?�@�A � , H�O�J�L�N >�?2@�A �QP�R 6�7�:�;�8�S�T9U�V�W�X�YZ�<�>�?�@�A�[ �

\ ]

1. ^ 0�_�. S
E�`

ϕ(t, x)
8�a�b�A �dc ϕ(t, S) = S, t ∈ R

1.

2. ^ 0�A�e y = −1

3
x2
E�6�7

x′ = −x, y′ = x2 + y

8�a�b�A �
3. ^ 0�A�e [−1, 1] × {0}

E�6�7

x′ = x− x3, y′ = −y

8*f*g*A � (�)�A9e�E9f�g9h�ikjml�)�A�e (0,+∞)× {0}, [0,+∞)× {0}, (−1,

+∞) × {0}, [−1,+∞) × {0}, (−∞,+∞) × {0}
E�n�6�7�8�f�g�A�ioj

4. p γ
E

(E)a

8�q�r�: �d^ 0�1

γ = Ω−(x0) = Ω+(x0) = Ω(x0),

s�t
x0 ∈ γ.

5. ^ 0�1dl�u�v�w�x�:�;9D9E�y9z98 �
6. ^ 0�1d{�` ϕ(t, x),

y

R ⊂ Ω+ ⊂ Ω ⊂ CR.

7. p x(t)
E

(E)a

8�y�z�| � s�:�; γ }�~��d��� < δ > 0, ��� N γ
8�r

δ �����d��� :�; γ
B � (E)a ��� s�=�:�;������ N s�t ��^ 0�1

1) γ = Ω−(x(0)) = Ω+(x(0));

2) γ
E�r�: �
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