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Ì�ïÄ��5N�¼êV­ØÄ:���6/O�¯K. JÑ
í2� Foliation ^�, ±d5ïþ��6/
þ���6/;��O�þ, ?
���f6/�O��Ý, ¢y��6/3����þ�þ!O�. d	, JÑ

�«��f6/;��48�\�{, T�{|©/)û
��6/¡þ��:��\!c�|¢, ±9��:
�Y;�O�¯K, Ó��\�;�Ø7lÐ©�m©O�, ;�
3Ð©�NC�)Lõ���:. ±�·bn
� Hénon N�ÚäkR/áÚf� Lorenz XÚ�~�y
�{�k�5.
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1 Ú ó

­½6/ÚØ­½6/éu©Û��5XÚ
�ÄåÆA5åX�~­���^. §��Ó�!
É�±9·b [1] �E,ÄåÆ1��ÑykX�
�'X, ~X, V­ØÄ:�­½ÚØ­½6/�
Ó���òÚu·b. ­½6/�¤
ØÄ:�­
½«��>., ÏLO�­½6/, �±�OXÚ
�°�5: ØÄ:å>.�C, XÚÒ�N´�­,
��K�­½. du6/��J±^)Û��{5
O�, ¤±Ùê��{�ïÄÒw��~7�.

�þ|�6/O��{�ë�©z [2—10].
�©Ì�ïÄ��5N���6/�O�¯K. �
�5N��6/O�'�(J, ��þ|�6/O
��', §���­�A:´;� (orbit) þ#��
:é;�þ®k���:�3�65, #��:7
L´ÏL®k��:½Ù��²LN��âU�
�; ¤±O�L§¥7LØä|¢¿��6/�ä
:� (c) � �. ù«�65��3, ¦���5
N��6/O�C���(J. O���6/�I
)ûü�Ì�¯K: �´�y��6/3��þ�
þ!O�, �´?nÐ6/­¡þ���:�\¯

K. éu��6/, XJ�?1�ä:��\, Ø

O���:�	, ���ÄXÛO���:���
6/;�, ¿�Ï��Y6/�O�éu��:�
c�;��3 “�65”, ¤±Ó�7Lé��:�
c��Ø�3�;��?1��, l
¦O�C�
c�E,.

��6/�O��{�ë�©z [11—17]. 8
cN����6/��{é�, ©z [18] ¥JÑ

�«A^ Foliation ^���{, T�{'�Ð/)
û
6/��O��ÝØþ�¯K, ¢Sþ��þ
|��6/�{ [19] ´Ó��{, T�{%@#�
�:���Ñ?u�c6/>.þ, ��õêN�
¼ê���6/¿Ø÷vù�^�, ¤±T�{�
A^òÉ���. ©z [20] JÑ
�«é��6/
?1	Ü�O��{, �O�þ�~�, 
�O�
(J�Ø�n�. IS3�'�¡�ïÄ��, ©
z [21] JÑ�«ý�6/O��Ý���6/�
{, 3dÄ:þ, JÑ
�«¯����6/O�
�{, �´T�{vk6/��O��ÝØþ�¯
K?1?n.

�©�{�Ä�g�´^��f6/5CX
��6/. ÏLé Foliation ^�?1í2, �y
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��6/3����þ�þ!O�. ¿JÑ
3�
�6/þ�\��f6/��{, )û
#��:
���|¢9éA;����¯K.

2 6/�Ä�Vg

� F : Rn → Rn �������©Ó�N�
¼ê

xn+1 = F (xn). (1)

éuN� (1), e�3 x0, ÷v F (x0) = x0,
K¡ x0 �N��ØÄ:. A � x0 ?�ä�'Ý

 A = JF (x0) = [∂fi/∂xj ](x0). eÝ
 A �A�
���ÑØ�u 1, @o x0 Ò´��V­ØÄ:;
Ù¥��u 1 �A����­½A��, ÙéA
�A��þ {v1, v2, · · · , vl} Ü¤­½A��m Es;
��u 1 �A����Ø­½A��, §�éA�
A��þ {vl+1, vl+2, · · · , vn} Ü¤Ø­½A��
m Eu.

½½½nnn 1 � x0 ´���©Ó�N�¼ê F �
��V­ØÄ:, K3 x0 ��� U S�3ÛÜ­
½ÚØ­½6/

W s
loc(x0) = {x ∈ U : lim

k→+∞
F k(x) → x0}, (2)

W u
loc(x0) = {x ∈ U : lim

k→−∞
F k(x) → x0}, (3)

3 x0 ?, W s
loc(x0), W u

loc(x0) ©O� Es Ú Eu ��.
½n�y²�©z [22]. �Û­½ÚØ­½6

/½Â�

W s(x0) =
{
x ∈ Rn : lim

k→+∞
F k(x) → x0

}
=

−∞∪
i=0

F i(W s
loc(x0)), (4)

W u(x0) =
{
x ∈ Rn : lim

k→−∞
F k(x) → x0

}
=

+∞∪
i=0

F i(W u
loc(x0)). (5)

3 ��6/�O�

��6/¡�±ÏL��6/�CX5L«,
y3�)û�¯Kkü�: �´XÛ(���6/
3����þ�þ!O�, �´6/­¡þ���
�{.

3.1 ííí222��� Foliation ^̂̂���

Foliation ^�3©z [18] ¥ÇkJÑ, §ÏL
¦6/�¡zÚ�	ò��Ó��Ý5¢y��
6/3����þ�þ!O�. du��6/�
��²¡´ÿÀ�d�, ¤±XJò��6/” Ð
²”, K�±wÑ, Foliation ^�´±x��g�5
�y��6/3�����þ!O�, ù���¥
%�ØÄ:, 
���»zÚ�	O\�Ó�Ý.
���6/3��þ´d��6/;�” Á¤” �,

�N�XÚ6/O�äk” �65”, ¤±3¢S
O�L§¥��|^ Foliation ^��~ØB. e¡
·�òl��6/;��O��Ý\Ã, JÑí2
� Foliation ^�.

Äk`²6/;�þ�/�½Â�{: Xã 1
¤«, V­ØÄ: x0 ���ÛÜ (Ø) ­½6/¡
dü� (Ø) ­½A��éA�A��þ V1 Ú V2

Ü¤, n = V1 × V2 �ÛÜ6/¡�{�þ, éu6
/;�þ?¿�: xk, d�þ −−→x0xk Ú n (½
L
: xk �²¡, =�T:?��/.

ã 1 í2� Foliation ^�¥�/�½Â

í2� Foliation ^�SNXe: �6/;�þ
?¿�:, éT:?���©þ�T:?��/?
1ÝK, ÷;�éÝK�?1È©, ¤�(JÒ´
T6/;��éuØÄ: x0 � Foliation l�. e
é��6/¡þ�¤k��6/;�ÑO���
� Foliation l�, ÒU
�y��6/�Ð©Ü©
�þ!O�, �´�6/äk'�AÏ�(��,
���Jò¬C�, ù:·�ò3�ýL§¥?1
�[?Ø.

duO�L§¥6/;�Ï~Ñ´^�X�
�lÑ:5L«, ´©ã�5�, ¤± Foliation l
��È©�±^e¡�úª5L«:

SFoliation =
∫
L

∥∥∥∥T (x) × (n ×−−→x0x)
‖(n ×−−→x0x)‖

∥∥∥∥ds

029501-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 029501

≈
m−1∑
i=0

∫ xi+1

xi

∥∥∥∥T (x)

× (n ×−−→x0x)
‖(n ×−−→x0x)‖

∥∥∥∥ds, (6)

Ù¥ T (x) L«6/;�3: x ?��©þ. 36
/;��z��5ãþ, 2¦^F/úªé�È©
ª?1CqO�, ��∫ xi+1

xi

∥∥∥∥T (x) × (n ×−−→x0x)
‖(n ×−−→x0x)‖

∥∥∥∥ds

≈ 1
2

1∑
j=0

∥∥∥∥(−−→xi+1 −−→xi) ×
(n ×−−−−→x0xi+j)
‖(n ×−−−−→x0xi+j)‖

∥∥∥∥. (7)

3.2 ������666///¡¡¡þþþ���;;;���������

3O���6/�L§¥, e��ü^��f
6/;��m�ålL�, Ò�3ü^;�m�\
�^#���f6/;�, ±d5�y��6/O
��°Ý. e¡ò0�;����{.

Äk(²?¿ü^��f6/;�� Foliation
l�´���. �
Buéü^;�?1'�, �
ké�©;� (��¦^��6/O��{O��
��;�) ?15�z, �{Xe: ±�;�þ�l
Ñ:�Ä:, ?1��:��5��, ¦�#��
:� Foliation l�� k × step (k = 0, 1, 2, · · · ), Ù
¥ step 5½
�����, �±�âI�?1N�.
�déA, #��:� (�) � ���?1�A�
N�, ¿Ó'��ÑÙ Foliation l�. ù�é;�
?1�n�, ?¿ü^;�þ���:Ò�¤
�
�éA'X, l
¦·�U
éü^;�?1'�.

e¡Ì�0���­½6/�O�, ��Ø­
½6/�I�Ä_N� F−1 =�. Xã 2 ¤«, �
��ü^��f6/;� Orbit1 Ú Orbit2 �ål
�u SIZEmax, Ø÷v°Ý^�, �3ü;�m�\
�^;� Orbit12. Ú½Xe:

1) éà;�å:: � Orbit1 Ú Orbit2 �;�
å©:� Foliation l����, ù�Ú´�±�
Ñ�. �k
�¹e, �\ Orbit12 �, ;�m�å
l�´ØU÷v^�, I�3 Orbit12 Ú Orbit1 �
m, ½ö´ Orbit12 Ú Orbit2 �mUY�\;�, ù
«�¹e����AÏ�?3u, ü^;��Ñ
u:� Foliation l�¿Ø�½´���, ØUé
ü^;���?1'�. �
Ú�ùü«�¹, �
Äkéàü^;��å:. e�^;��å:?
� Foliation l�� k × step, 
,�^;��å:
?� Foliation l�� (k+shift)× step, @oÒ�^

1�^;��1 k +shift �:Ú1�^;��1 k

�:éA?1'�, =r1�^;�þ�1 k + 1
�:��;��å:.

2) é��å:: léà�;�å:m©, �g
O�ü^;�þéA:�m�ål, e1 i �:é
�ål�u°Ý� dinsert, ~Xã 2 ¥: A Ú B �
¤�:é, �ùü�:�¥: C ����å:.

3) é “���'«m” ?1��: X�©m©
¤J��, N�XÚ�6/O�é®k6/ãä
k�65, : C ���;��O�´�6u§�
c�;��, Ïd�é§�c�;�?1��. ù
p·�JÑ “���'«m” ù�Vg, ¡: C Ú
: F (C) �m�;��: C ���;�O�� “�
��'«m”, é{üÒ�±y², ��é “���
'«m” ?1��, 
ÃIé: C �c��^;�
?1��, �Y;�ÒU
��/O�.

ã 2 “���'«m” ���

ã 3 “���'«m” ���
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Xã 2 ¤«, ·�©Oé�: A Ú: B �
� F (A) Ú F (B), ¿(½§�¤?�«mã, À�
¤?«m� Foliation l����à: A1 Ú B1,
�¥: C1, ,�é C1 Ú C �m�6/ã?1�
� (d Orbit1 Ú Orbit2 ?1��), ¿I5�A� Fo-
liation l�, �A�, §���±9�� Foliation l
�Ñ�?1O�Ú��. C1 Ú C �m�6/ãÒ
�¹
 “���'«m”.

k � ÿ ¬ Ñ y : F (A) Ú F (B) Ø 3 Ó �
� Foliation l�«mþ. Xã 3 ¤«, : F (B) ¤
?� Foliation l�«m: F (B) �c, �
�y�
¹ “���'«m”, K�l A2 Ú B1 � �m©
��.

4) ¦^��6/�{O�: C ���6/;
�, ¦�ª� Foliation l�� Orbit1 Ú Orbit2 �
��, ��é#;�?15�z, ¦;��lÑ:
� Foliation l�� step ��ê�.

5) �ä Orbit1 Ú Orbit12 �m�ål´Ä÷v
°Ý^�, eØ÷vKUþã�{3ùü^;��
mUY�\;�.

6) �ä Orbit2 Ú Orbit12 �m�ål´Ä÷v
°Ý^�, eØ÷vKUþã�{3ùü^;��
mUY�\;�.

þã 6 �Ú½�±^��48§S5¢y, �
�èXe:

New Orbit = ORBIT INSERT(Orbit1,Orbit2)

éà;�å:;

é��å:;

é “���'«m” ?1��;

O�;� Orbit12;

if Orbit1 Ú Orbit12 �m�ålØ÷v°Ý^�

Orbit left= ORBIT INSERT(Orbit1,Orbit12);

end

if Orbit2 Ú Orbit12 �m�ålØ÷v°Ý^�

Orbit left= ORBIT INSERT(Orbit1,Orbit12);

end

New Orbit={Orbit left, Orbit12, Orbit right};

¼ê�£

3.3 ������666///OOO���ÚÚÚ½½½

±��­½6/�O��~. du��6/
¢SþÒ´Nõ^��6/;��8Ü, ��6
/�O�´��6/O��Ä:, ØÓuüX�
��6/O�, 3��6/¥O���6/;��
�Uì (6) ªIÑ;�þlÑ:� Foliation l�,

¿Ó��P¹z�lÑ:��� �±9�¤?
� Foliation l�.

±ØÄ: x0 ��%, 3ÛÜØ­½6/þ± δ

��»��, 3�þþ!� N �:. ,�lù N �
:Ñu, O�Ñ�A���6/;�, ¿¦�;�
� Foliation l�þ� ARC. O���;�m�å
l (ÏLO�ü^;�þ Foliation l����lÑ
:ém�ål5ïþ), eÙ¥,ü^;�m�ål
�u�����» SIZEmax, K�?1;���\,
ùp©�ü«�¹5?n: eü;3Ð©�þ�å
l�uK� precision, K3Ð©�þ�ü�Ñu:
¥m�\��#:, ,�O�Ñ�^#;�; eü
;3Ð©�þ�ål�uuK� precision, KUì
þ��!0���{3ùü^;��m2�\#
�;�.

ã 4 ��6/¡��Àz

�'�e, XJ��lÐ©�m©O�¤±�
\�;�, Kq�ØI��Ìc��!¤ã� “�
¡” �Ú½, �´ù�?n�{�3��éî­�
¯K: z^;�3Ð©�þÑk��Ñu:, 3f
6/��þ;�©l'�x³, �
éÐ/CX�
�6/, 3ù���þÒ7LV\éõ^;�, l

¦�ÙÑu:�måC��~�, �må�uO
�Å¤U���°Ý�, ·�ÒÃ{3ü^ålL
��;�mUY�\;�
, l
Ã{��/CX
��6/. ¤±æ^©
?��üÑ, �Ò´þ�
ãJ��, �Ð©�þ�må���, ��O�;
�, 
�Ð©�þ�må���, æ^¤0��#
���{.

�e5?ØO�(J?1�Àz, ò��6/
L«���­¡. �Àz�L§�±Úc>�48
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§S(Üå5�¬?1. /Ïã 4, òcã48L§
­��

New Orbit = ORBIT INSERT(Orbit1,Orbit2)

éà;�å:;

é��å:;

é “���'«m” ?1��;

é«� (1) ?1�äz;

O�;� Orbit12;

if Orbit1 Ú Orbit12 �m�ålØ÷v°Ý^�

Orbit left= ORBIT INSERT(Orbit1,Orbit12);

else é«� (2) ?1�äz;

end

if Orbit2 Ú Orbit12 �m�ålØ÷v°Ý^�

Orbit right= ORBIT INSERT(Orbit1,Orbit12);

else é«� (3) ?1�äz;

end

New Orbit={Orbit left, Orbit12, Orbit right};

¼ê�£

3.4 '''uuu������°°°ÝÝÝ���???ØØØ

���Ø�Ì�5
u#�\���:, ±9
±d��:�Ä:?1O��¤Úå�DÂØ�,
¤±d©z [18] ¥�y²��, ��Ø��±k
., ¿��¤�°Ýëêªu"�, O�Ø��ª
u".

4 �~©Û

4.1 nnn��� Héon NNN������������­­­½½½666///

n� Héon N� [23] �L�ªXe:

F


x

y

z

 =


y

z

M1 + Bx + M2y − z2

 .

� M1 = 1.4, M2 = 0.2, B = 0.1 �, TXÚä
k·báÚf, �ã 5, ù:�Í¶��� Hénon N
�aq. d�XÚ�ØÄ:� x0 = (x∗, y∗, z∗), Ù
¥ x∗ = y∗ = z∗ = 0.8839. F 2 3 x0 ?� Jacobian
Ý
�

A =


0 0 1

0.1 0.2 −1.7678

−0.1768 −0.2536 3.3251

 .

Ý 
 A ä k 3 � ¢ A � �: λ1 = 3.4106,
λ2 = 0.0386, λ3 = 0.0759, ¤± x0 ´��V­
ØÄ:, �äk��Ø­½6/Ú��­½6/.

ã 5 n� Hénon N��·báÚf

O�L§¥æ^�°ÝëêXe: δ = 0.4,
SIZEmax = 1, dinsert = 0.1, precision = 0.001.

�
`²�©JÑ�í2� Foliation ^�U

éÐ/����6/3Ð©Ü©�þ!O�, k
O��ã ARC = 5 ���­½6/, (JXã 6
¤«. Ù¥ØÓ�Ý����m�ål� 1, ã¥�
¢��¢SO�L§¥�����6/;�, ´�
§�´ “�­” X�	?1O��, ¿�ØÓ��
���f6/�î¼l��´Ø���. ;�þ�
:K´Ä�� Foliation l�� step �ê�?�:,
N´wÑí2� Foliation ^�U
éÐ/�y�
�6/3����þ�þ!O�.

ã 6 n� Hénon N���­½6/�å©Ü©

e¡O� ARC = 9 ���­½6/, (JX
ã 7 ¤«. Ù¥ØÓ�Ý����m�ål� 0.8.

ã 7 lØÓÀ�Ð«
��6/�O�(J.
dã 7 �±wÑ, ���6/äk'�E,�AÛ
(��, í2� Foliation ^�¿ØU���y��
6/�þ!O�, ~Xã 7(a) me�Ü©, ��6
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/��m�ålÒ�~Øþ!. ùÌ�´duí2
� Foliation ^��|^
ü�6/;��O�&
E, 
�nÜ6/¡�O�, �6/¡�O���
��/�CuR��, ÙO�þ3�/þ�ÝK�
�u", ¤±J±�N6/¡�¢SO�þ. �3
6/�Ð©Ü©, í2� Foliation ^��´U
é
Ð/����6/¡�þ!O�.

du3¢S¥vk7��±6/¡3��þ

�ýéþ!O�, 
���6/¡þ�;�©lÌ
�u)36/¡�å©Ü©, �X6/¡�O�,
ù«©l¤E¤�K�ò~f, ��üX�|^�
î¼l�O�Ò�±�y6/¡'�þ!�O�.
Äud, ·�36/�å©²¡Ü©¦^ Foliation
l�, 
3�Ñ²¡�Ü©æ^î¼l�, (Ü�
ö�`³, ù�Ò�±��'�÷¿��J
. O
�(JXã 8 ¤«.

ã 7 n� Hénon N����­½6/ (a) À��; (b) À��

ã 8 n� Hénon N����­½6/, nÜ¦^ Foliation l�Úî¼l� (a) À��; (b) À��

ã 9 n� Hénon N����­½6/, l�� 30
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�ã 7 �', ã 8 �O�(Jéu6/O��
��k
��/Uõ, oN�J�Ðuã 7. e¡^
Ó��{O� ARC = 30 ���­½6/, (JX
ã 9 ¤«.

��­½6/�/Gaquò�Ü�/�Ü
?1
ügéò. dã��, �6/�l�O\�,
�©��{E,U
�Ð/����6/3��
��þ�O��Ý, oN����J�´Ø��.

ã 10 ���6/��Ü©, Ù¥fÚ;�´
lÐ©�m©O��, �Ú�;�´^ 3.2 !¤
JÑ��{O����. d��ëê precision =
0.001 ��, ��;���Cål� 0.001, ã 9 ¥
;�oê� 369 ^, Ù¥lÐ©�Ñu�;�ê8
� 246 ^. �d�', XJüXlÐ©�m©O�
¤��\�;�, ¢�êâw«;�m��Cål
�� 10−5, lÐ©�Ñu�;�ê8� 452 ^. d
d��, �©�{�½§Ýþü$
Ð©�þ:
��8§Ý, ¿~�
¤�O��;��oê8.
3O���l����6/�, �©�{�`³
ò�²w.

ã 10 �\�;�

4.2 Lorenz XXXÚÚÚ���������­­­½½½666///

Lorenz X Ú ´ � � � í é 6 � ., ± Ù Í
¶�R/·báÚf
�É'5. T�.�L
�ªXe:

ẋ = σ(y − x),

ẏ = ρx − y − xz,

ż = xy − βz.

� σ = 10, ρ = 28, β = 8/3 �, XÚ�R/á
ÚfXã 11(a) ¤«. T�.´^�©�§L«�,
´��ëYXÚ, ·�±�©�/ªòÙlÑz�

xn+1 − xn

T
= σ(yn − xn),

yn+1 − yn

T
= xn(ρ − zn) − yn,

zn+1 − zn

T
= xnyn − βzn.

�n��

xn+1 = Tσ(yn − xn) + xn,

yn+1 = Txn(ρ − zn) − Tyn + yn,

zn+1 = T (xnyn − βzn) + zn.

�
¦�U/�±�XÚ�5�, I�éæ�
m� T ?1`zÀ�. ÏL¢�, uy� T = 0.01
�, lÑXÚäk��ëYXÚaq�·báÚ
f (�ã 11(b)), 
�XÚ�üz�Ý·¥, '�Ð
/�±
�XÚ�5�.

ã 11 Lorenz XÚ�·báÚf (a) � Lorenz XÚ·
báÚf; (b) T = 0.01 �, lÑz�� Lorenz XÚ·b
áÚf

�:´lÑz�� Lorenz XÚ���ØÄ:,
XÚ3�:?� Jacobian Ý
�

A =


0.9 0.1 0

0.28 0.99 0

0 0 0.9733

 .

Ý 
 A ä k 3 � ¢ A � �: λ1 = 0.7717,
λ2 = 1.1183, λ3 = 0.9733, ¤± x0 ´��V­
ØÄ:, �äk��Ø­½6/Ú��­½6/,
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ù:�� Lorenz XÚaq. O�L§¥æ^�°
ÝëêXe: ARC = 100, δ = 0.5, SIZEmax = 1,
dinsert = 0.1, precision = 0.001, step = 1.

O�(JXã 12 ¤«, Tã�¦^ Foliation
l�5��6/�O�, ØÓ�Ý��m�ål
� 5. dã´���­½6/oNþ3����þ
�O�´'�þ!�, ��Ñy
ÛÜO�Øþ�
�¹, ~XTã¥Ü�þ�Ü©, ù�´du6/
� “R�” O�E¤�.

�nÜ¦^
 Foliation l�Úî¼l��, O
�(JXã 13 ¤«. �ã 12 �', �,6/�e
�Ü©����Jk
C�, �éuE,­¡Ü
©�O�k
�Ð/��, oN5`, �J´Ðu
ã 12 �.

ã 12 lÑz� Lorenz XÚ���­½6/, ±6/­¡5L«

ã 14 �ã 13 ¥6/¤�¹�;�, �
w
«Ñ[!, ©�þeüÜ©5L«, Ù¥fÚ;�
´lÐ©�O�Ñu�, �Ú;�� 3.2 !¤0
���{O��Ñ�. dã��, ��ü^fÚ
;�m�\
Ø��^�Ú;�, ù`²�©�
48�\�{´k��. ��;�m���ål
� precision = 0.001. l�� 80 �, O��;�o
ê� 1020 ^, Ù¥lÐ©�Ñu�;�ê8� 25.
XJØæ^ 3.2 !��{, ¤k�;�ÑlÐ©�
m©O�, d�lÐ©�þÑu�;�ê8� 1263
^, ¢�¤��Ð©�þ���ål� 10−24; �l
�O�� 100 �, du��;�3Ð©�þ�må
L�, �CuO�¤U���4�Ý�, 3�k°
Ý^�e®²Ã{UYO�
. é'�±uy, �
©��{Ø=~�
¤�O��;��ê8, 
�
k�ü$
Ð©�NC��:��8§Ý. ¤±,

O�l������6/�, �©��{�´éä
k`³¿�´�©7��.

ã 13 lÑz� Lorenz XÚ���­½6/, nÜ¦
^ Foliation l�Úî¼l�

ã 14 ��6/�;�L«

5 ( Ø

�©ïÄN��V­ØÄ:���6/O�
¯K. duN��6/O�é®k6/�3 “�
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6 5”, ¤ ± � � þ | � � � 6 / O � � ', �
äkJÝ.

±©z [18] ¥JÑ� Foliation ^��Ä:,
ÏLé�/­#?1½Â, JÑ
Äu6/;�
� Foliation ^�, �ý(JL², í2� Foliation
^�3��6/�Ð©Ü©U
éÐ/��6/
3����þ�O��Ý, ��6/äk'�AÏ
�(�, AO´6/ÛÜu) “R�” O��, üX
¦^ Foliation l�?1���{�J¬C�. �u
d, ·�3��6/�Ð©²¡Ü©¦^ Foliation
l�5��, �6/O���²¡«�, ¦^ÊÏ
�î¼l�5��, �ý(JL², nÜ¦^ùü
«��Ãã���O�(J'=¦^ Foliation l
�k
��/U?, �NþU
�y��6/þ!
/O�. ��©z [18] ¥� Foliation ^��', �
©����{�,ØU�y��6/3��þ�
ýéþ!O�, ��Nþ����J�´'�n�
�, �©����{¢yå5�(¹!�{B.

©z [18] ��{%@#��:���?u®
k6/�>.þ, 
¢Sþ¿�¤kN����6
/Ñ÷vT^�, ¤±T�{3A^¥¬k¤Û�.

�©��{´±��6/;�­��O��Ä
:�, A^¥Ø�3ù���. �©JÑ��\;
���{, |©/)û
��6/¡þ��:��
\!c�|¢, ±9��:�Y;�O�¯K, T
�{Ø�¦�\�;�7LlÐ©�?m©O�,
l
Ø¬3Ð©�NC�)Lõ���:, ?
;
���;����C, ù�:3O���l���
�6/�c�­�. Ø=Xd, ÏL�ýuy, �©
�{�kÏu~�¤�O��;��oê8. ¿�
du�©��\�{´±48/ª�Ñ�, ¤±=
¦ü^;�m��\�^±þ�;��, �©�{
��gÄ¢y. du��6/O��{´��6/
O��Ä:, ¤±�k¯����6/O��{Ñ
y�, Uì�©�Ú½, �±á=�A^���6
/�O��¥, l
��\¯��6/�O��Ý.
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Growing two-dimensional manifold of nonlinear maps
based on generalized Foliation condition∗
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Abstract
In this paper we present an algorithm of computing two-dimensional (2D) stable and unstable manifolds of hyperbolic fixed points

of nonlinear maps. The 2D manifold is computed by covering it with orbits of one-dimensional (1D) sub-manifolds. A generalized
Foliation condition is proposed to measure the growth of 1D sub-manifolds and eventually control the growth of the 2D manifold
along the orbits of 1D sub-manifolds in different directions. At the same time, a procedure for inserting 1D sub-manifolds between
adjacent sub-manifolds is presented. The recursive procedure resolves the insertion of new mesh point, the searching for the image
(or pre-image), and the computation of the 1D sub-manifolds following the new mesh point tactfully, which does not require the 1D
sub-manifolds to be computed from the initial circle and avoids the over assembling of mesh points. The performance of the algorithm
is demonstrated with hyper chaotic three-dimensional (3D) Hénon map and Lorenz system.

Keywords: nonlinear map, stable and unstable manifold, 3D Hénon map, Lorenz system
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