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?1£ã. |^�§)�ù�A5, �E÷vÄåÆ(�âC�n��mS�, �[íÿXÚ¥�þ�âC, �	Ô
nþ£E�ÇÚ£Eå3XÚªC�.K����.1�, ïÄÙéXÚâC�@Ïý´Uå. �©�?Ø
�X
ÚÉ�D(&ÒZ6�, £E�ÇÚ£EåE,éXÚâCk�Ð�ý´. ��, é�²�c�S�� (PDO) �ê
S�?1uÿ, uÿ(JL²@Ïý´&ÒÑy3 1973 cc�, ú@� PDO �êS��âCu)3 1976/1977

c, L²£E�ÇÚ£Eå3�½§Ýþ�±��þ�âC�@Ïý´&Ò.

'�c: ��5, þ�âC, £E�Ç, £Eå

PACS: 92.70.Aa

1 Ú ó

âC´XÚd�«½G��,�«½G
��=C, 2��3u3íÿCz!D/¾�u!
zÆ�A²ï»�!)Ô«+*Ü�E,��5
XÚ¥. ÷03 1972 cMá
âCnØ, ^XÚ�
��ëêÚG�Cþ£ãXÚ�âC�¹, ¿�Ñ
ÄåXÚ¥�3XÔ«Ä�âCa. [1]. éuíÿ
XÚ, Î�R� [2] @�Ì��3o«/ª�âC,

=þ�âC!��âC!¥¥�âCÚ=òâC.

XÛéù
âC?1O(/uÿD�ýÿ��±
5Ñ´í�Æ[�¡���JK. DÚuÿâC
: �Ì��{k: Mann-Kendall (M-K)!wÄ t-

u� (MTT), Cramer, Yamamoto �uÿ�{ [3]. µ
I�� [4−13] uÐ
éuª©� (BG) �{!��

m�nØ (Q �ê�{)!wÄ£ØI4�©
Û (MC-R/S)!wÄ£ØCq� (MC-ApEn) ��{
éíÿXÚ�mS�âC:� �?1O(k�
�£O�uÿ.

duíÿâCé<a)�)¹�)4�K
� [14], ==U
£OâCy��´��Ø
�.

Scheffer, Carpenter, Vishwesha � [15−17] ïÄ
)
ÔÆ!�íÿ!�Æ�+��âCy�, JÑ�X
ÚªCu�.K�NC�, XÚòÑy�.úzy
�, ¿dd�ÑXÚ3âCu)cIÑy�A«�
U�ý´&Ò. �©éXÚ�ÄåÆA5�?�Ú
�\ïÄ, |^ Logistic �.�E÷vÄåÆ(�
âC��mS�, �[íÿXÚ¥�þ�âCy�.

¿�	XÚ�£E�ÇÚ£Eå3XÚªC�.
K����.1�, ïÄù��.1�éXÚâC
�ý´¿Â.
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2 ��5ÄåÆ(�âC��E��
.©Û

Logistic �.q¡�Á��. [18], ´�«Äu
k�]e, Á�*Ü���k�êþ���5L
§, Ù�§�±LãXe:

ẋ = ωx − κx2 = x(ω − κx), (1)

Ù¥ x L«�´Á��êþ, ω−κx ´O�Xê, ω

´]oþ, κ ´ü Á���Ñþ. �§ (1) �)
Û)´:

x =
ω/κ

1 + c e−ωt
, (2)

Ù¥ c ´���Ð� x0, t0 ±9ëê ω, κ �'�~
ê: c =

ω − κx0

κx0
eωt0 . �©3¦)�§ (1) �L§

¥ÏL�EXe�©�ª?1ê�¦):

x(i + 1) = x(i) + τ(ωx(i) − κx2(i)), (3)

¦)�(J��uê| x(i) ¥.

�§ (1) �Ôn¿Â3uÙL�
XÚG�C
þ��m�O� (Â ) �Ç. �XÚG�CþØ
2UC�, XÚ��²ï�, = ẋ = 0 �, x1 = 0,

x2 = ω/ν�XÚ�ü�²ï�. ��5¿�´ùü
�²ï�, ok��´6�, ,��´� [15]. T
�.¥XÚÐ�Ú�'ëê�U���,�
Bu
?Ø����¿Âþ��¹, ò (1) ª?1Xe�
�, - µ = ω/κ, 3��m��, �� ẋ = κx(µ−x).

2.1 ���...������111555©©©ÛÛÛ

|^ (3) ª�E��©�ª¦)T�§��
Xã 1 ¤«�ê�(J, T�.��e�XÚG
�Cþe�� l²ï�KØU½�3, é¯u
Ñ, XÚG�Cþª�uÃ¡�, ��Ko´ª�
u x1 = 0, x2 = µ ùü�²ï�; ���ëê κ �
���, � > 0 �, XÚo´ª�u x = µ ½
�3; κ < 0 �, XÚo´ª�u x = 0 ½�3.

uyXÚÐ©G� x0 > µ XÚo´ª�u x = µ;

� x0 < 0 �, XÚo´ª�u x = 0; �´�X
ÚÐ� u 0 Ú µ �m�, ØUO(/«©XÚò
�ª�u=��²ï�, ���ª�uÙ¥��.

ã 1 Logistic ÄåÆ(�âC�.

þ ã � § ¦ ) ë ê 9 X Ú½ 5 ©ÛX
L 1¤«.

L 1 Logistic �.½5©Û

κ G�CþÐ�À� XÚG�

κ > 0
x0 < 0 Ø½

x0 > 0 ½ : ²ï� x = µ

κ < 0
x0 < µ ½ : ²ï� x = 0

x0 > µ Ø½

L 1 ¥ê�©Û(JL², T�.�3ü�²
ï�, G�Cþo´3�XÚg�G��'���
ëê�K�eª�uÙ¥��²ï�; eØ,, K
G�Cþ×�C¤Ã¡�, XÚØ½, ùw,´
I��ï�). �©Ì��	XÚd��²ï��
,��²ï�=£�L§, = 0 < x0 < µ ��¹.

ù�L§¥, du£ãù�1��ëê��ØÓ¦
�XÚâC�ì�§ÝkXé���O, ùécî
&Ò�ý´Uå��)é��K�.

2.2 ���...���âââCCC©©©ÛÛÛ999ÙÙÙ���...111���

é Logistic �.ëê��ØÓ�©ÛT�.�
âC�¹Xã 2 ¤«, Ù¥ã 2(a) ´�½ κ = 0.01

�, µ ©O�ØÓê���âC�¹, ëê µ £ã

XÚ�âC§Ý, âC§Ý��, XÚG�Cþ
ªCu µ ��m�á; ã 2(b) ´�½ µ = 4 �, ë
ê κ ©O�ØÓ��XÚG�Cþª�u²ï�
��¹, ëê κ �£ã
XÚª�u²ï���Ç,

�Ç��, XÚ�¤âCI���m�á. �gâ
CL§, âC§Ý��, âC�m�áE¤��³
§Ý��.
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ã 2 ëê��ØÓ�, XÚ�âC�¹

�
?�Ú£ãXÚâCE¤��³, �©½
ÂâCrÝ η =

x0.95µ − x0.05µ

t0.95 − t0.05
, L�XÚG�C

þ x d 0.05µ Cz� 0.95µ �éTã�m�Cz
Ç, Ùê���, L²XÚâCL§E¤��³�
�, ��K��. /Ï (2) ª�)Û)(J, �±¦
)Ñ η �¼êL�ª:

η =
(α − β)µ2κ

lnχ
, χ =

α(1 − β)
β(1 − α)

, (4)

Ù¥ α = 0.95, β = 0.05, XÚ�âCrÝdë
ê µ, κ �Ó(½.

ã 3 âCCzrÝ�¼êëê�½þ'X

ã 3 �ÑXÚÐ�� x0 = 0.01, t0 = 0, ë
ê µ, κ ©O�ØÓ��, η �ê�O�(J, XÚâ
CrÝ�X��ëê���O�Cr, �O��
Ý©O� µ ��g�!κ ��g�¤�'.

�§ (1) �Òü>Ó�é�m¦�ê, �±�

�XÚ£Eå�¼êL�ª:

ẍ = µκẋ − 2κxẋ = 2κ2x(x − µ/2)(x − µ), (5)

3 x = 0, x = µ/2, x = µ ?XÚ�£Eå�". ©
ÛXÚªC�.K���£E�ÇÚ£Eå��
.1�, Xã 4 ¤«, �ëê��©O�: x0 = 0.01,

µ = 4.0, κ = 0.001.

0

2

4

0

0.002

0.004

0 10000 20000 30000 40000

-0.000005

0

0.000005

(a)

(b)

(c)
Q

P

S

ã 4 Logistic �.¥��.1� (a) XÚG�Cþ��
m�üz; (b), (c) ©O´éA�£E�ÇÚ£Eå��m
�üz�¹

ã 4(a) ¥XÚG�Cþ��m�Cz, dÐ©
G� (²ï� x = x0) ²L�ã�müz�ª�u
²ï� x = µ, �XÚm© l²ï�¿Åì�l
�, XJµ¤«, XÚ�£E�Ç (ã 4(b)) m©Å
ìO\, �£Eå (ã 4(c)) �m©O\, O\�Ì
Ý��uXÚ�G�Cþ. �XÚG�CþÉ�v

��6Ä, BLã 4 ¥ç�L«� ��, XÚ
£E�Çò��4�� (ã 4(b) ¥ P :), d�XÚ
ò±T�Ý×�/BL4� � (ã 4(a) ¥ S :),
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£Eå�òd�=�K (BLã 4(c) ¥ Q :),

òXÚ.�,��²ï�. �þê�O�(JL
² (�u�Ì, ùpØ2���Ñ), ÃØXÚâC
rÝ η ��õ�, £E�ÇÚ£EåoUéÐ/é
XÚ l²ï��Ñ�A, ¿U
3XÚ�)v

��»��c (ã 4(a) ¥ S :) �Ñ@Ïý´&Ò.

3 n��mS���E��.y��
£O

Äu±þg�, |^ Logistic �.�)÷v�

�5ÄåÆ(�âC��mS�, U\�ÅêS�
�En��íÿâC�mS� y(i). �)�Åê
S��,�
;�O�ÅXÚSÜü�����Å
ê�m�3�p�^, Ðg�) m ��Åê, ,�
lù m �ê¥�ÅçÀÑ n �ê�¤#�ÅêS
� r(i), S� r(i) 3«m [−0.5, 0.5] Sþ!©Ù, ¦
^ (6) ª�5U\3S� x(i) þ�¤#�S�.

y(i) = x(i) + ζ · r(i), (6)

ª¥� ζ ´U\��ÅêS��OÃXê. O
� y(i) S��£E�ÇÚ£Eå, (JXã 5 ¤«.

ã 5 n��mS���E9Ù�.y�u�, oç�´ 13 :wÄ²þ�(J (a), (d), (g) ©O´U\�ÅêOÃ��©O
� 3, 5, 7 ��ÿ�E�n��mS�; (b), (e), (h) ´éAn��mS��£E�Ýuÿ(J; (c), (f), (i) ´éAn��mS��
£Eåuÿ(J

ã 5 �ÑOÃXê©O� 3, 5, 7 ��n��
mS�9Ù£E�ÇÚ£Eå�uÿ(J. én�
�mS� y(i), XÚ3�.K�NC�£E�ÇÚ
£EåÅÄ��. 3XÚ l�.K��, £E�
Ç� l²ï�£Ä, ÅìC�, BL4�:�Å
ì~�; £EåÅì~�, ¿d�� C�K� .

ã 6 �ÑXÚ�£E�Ç!£EåÚG�C
þ�m�'X�ã, XÚ?u²ï��XÚ�£E
�Ç�" (ã 6(b) ¥ P1, P3 :éA�J�IP�
 �), £Eå��". �XÚÉ���6Ä�, X
Ú l²ï�, ¦XÚ£E�²ï�I��£Eå
Ú£E�Çþ��. �XÚÉ���6Ä�, XÚ
£E�ÇÅì O�, £Eå �O�, e XÚ�² ï
: P1, P3 ±	£Ä, KXÚ�£E�ÇÚ£Eåò

� � � � � � � � � � �� � � � � � ��� � � � � �� � � � � � � 	 
 � �� � �� � 
� � � � ��� � � �
ã 6 XÚ£E�Ç!£EåÚG�Cþ�m��ã (a)

XÚ�£E�Ç�G�Cþ�'X; (b) XÚ£Eå�G�
Cþ�m�'X

ª�uÃ¡, XÚØ½ (L 1 ¥Ø½)); eX
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Ú3ü�²ï��m$Ä�, XÚG�CþÉ�
v
��6Ä, òBLáÚ��>. (ã 4(a) ¥ S

:/ã 6(b) ¥ P2 :), £E�ÇòBL4���,�
>£Ä, d�XÚ£EåBLØ½: (P2 :), X
Ú�,��²ï�a=.

4 Ø Ó D ( & Ò é � . y � £ O
�K�

¢SíÿXÚ¥  ¬�3�«���D(
6Ä, ùéXÚý´&Ò�£O¬�)é��K�.

�
ïÄ�©ý´&ÒéD(K�e�âC�ý
´�J, ©Oén��mS�V\ØÓ�D(&Ò
¿?1uÿ.

ã 7 én��mS� y(i)(ζ = 3) V\ØÓr
Ý��ÅD(&Ò, ¿uÿXÚ�.y�. S� y(i)

¥V\�D(�ê� 20 �, Ó��S� y(i) �Ý
� 2%, D(ÌÝ λ ©O� 3, 5, 7. ã 7(b), (e), (h) Ú
ã 7(c), (f), (i) ©O�ÑXÚ�£E�ÇÚ£Eå
�uÿ(J, �XÚ l²ï���ÿ, £E�Ç
Ú£Eåþ�Ñ@Ïý´ (ã 7 ¥J�IP �),

�±@�D(&Ò�ÌÝéu@Ïý´A�vk
K�.

ã 8 �Ñ
�n��mS� y(i)(ζ = 3) ¥V
\ØÓ&D'D(6Ä, Ó�uÿ£E�ÇÚ£E
åéXÚâC�ý´�J. ã 8(a), 8(d) ¤«�´
é y(i)(ζ = 3) ©OV\
 20 �!40 �D(6Ä
�n��mS���m�üC�¹, ©OÓS�o
�Ý� 2%Ú 4%, XÚ�£E�Ç (ã 8(b), (e)) Ú
£Eå (ã 8(c), (f)) 3XÚ l²ï���ÿþ�
ß/�Ñ
ý´&Ò. éAuD(6Ä� �, X
Ú£E�ÇÚ£EåÑy�����6Ä, �´¿
Ø¬K�XÚ�Ný´&Ò�£O.

ã 7 V\ØÓrÝ�ÅD(é�.y��u�(J (a), (d), (g) V\ØÓÌÝD(&Ò�n��mS�; (b), (e), (h) £E�
Çuÿ(J; (c), (f), (i) £Eåuÿ(J

5 PDO �ê�.y��uÿ

PDO ´�«c�SíÿCÇ�r&Ò [19],

PDO �ê�eæ� ´�OÑy�, ��¥§ÝC
zäkéÐ���5. ïÄL², 3Czcp¡Ñ
yüg���� �=, �g3 1946/1947 cc�

dæ� �e� =C, �g3 1976/1977 cc�
de� �æ� =C.

�©À� 1951—2009 cÅ� PDO �êS�,

Ð©�� PDO �êS�?uK� , 3O�L§
¥I�éêâ?1�N²£, ¦Ð©��", ±÷
vÄåÆ(��§ (1) �I¦. ²£c��mS�
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©OIP� x(i), z(i), Kk'X z(i) = x(i) − µ(i)

¤á, ²£þ���d (7) ªû½:

µ(i) =
1
n

j−1∑
j−n

x(j), (7)

(7) ªL��Ôn¿Â´1 i �êâ� £þ´Ù
�c� n �êâ�¤�fS��²þ, µ(i) Ó�
��@�´XÚ�3 l�Ú=ò���²ï�,

u´ëê µ = µ(i), κ (½���êâS���
5ª³, =�Ç. KXÚ£E�ÇÚ£Eå�§�

±��

ẋ = κ(µ(i) − z(i))z(i), (8a)

ẍ = κ2(µ(i) − 2z(i))(µ(i) − z(i))z(i). (8b)

ã 9 �Ñ
�fS��Ý n ©O� 3 Ú 5 �,

é£E�ÇÚ£Eå�uÿ(J. J�IP� �
´ 1973 c, d�XÚ�£E�Ç�" (ã 9(b), (e)),

£Eå�~��", ¿�K� =C (ã 9(c), (f)),

ùéd� 1976/1977 c� PDO �êdK� ��
� =C�Ñ
@Ïý´&Ò.

ã 8 V\ØÓ&D'�ÅD(é�.y��u�(J (a), (d) V\ØÓD(ê8�n��mS�; (b), (e) £E�Çuÿ(
J; (c), (f) £Eåuÿ(J

ã 9 PDO �êS��.y��u�(J (a), (d) PDO �êS�; (d), (e) fS��Ý©O� 3 Ú 5 ��XÚ£E�Çuÿ(
J; (c), (f) éA£E�Ç�£Eåuÿ(J
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��5¿�´, 3 2000 c�m (ã¥J:I
P� �), XÚ£EåÅì~�, ¿dK� �
�� =C, �U3�e5����ã�m, PDO

�êS�ò¡�dæ� �e� =C, �¥§
Ýeü. ù� Victoria �Æ� Gedalof 3 2000 cÏ
LäÓ�ïÄ(JÄ�´����, Gedalof �ï
Ä [20] L² PDO �êS��ÅÄ�3X 23—26 c
�±Ï5eæ� �=C, ù�ïÄ(J®²3©
z [21, 22] ¥���y. �C��g=C�@�´
3 1976/1977 c, 2000 c�� PDO �ê�¡��
gæ� �e� �=C.

nÜ�	XÚ£E�ÇÚ£Eå3XÚu)
âC�c��.1�, =XÚÑy£E�Ç�"¿
O�, £Eå�� u)�=ù��.y��, X
Ú�¡�XG�Cþò lyk�²ï�, �,�
�²ï�a=��¹. Ïd`, XÚ�£E�ÇÚ
£Eå�±��XÚâC�@Ïý´&Ò.

6 (Ø�Ð"

�©/ÏÔnÆ¥���5�§ (Logistic �
§), �E÷vÄåÆ(��âC�., �[íÿX
Ú¥þ�âC�mS�, ½Â
U
�NâC»�
5�âCrÝ�ê, ¿uyâCrÝ�âC§Ý�
�g�!âC�Ý��g�¤�'. Ó�, ïÄ

�XÚ�C�.K���£E�ÇÚ£Eå�C
z�¹, uy�XÚ?u²ï��, É��6Ä�,

XÚo��²ï�� , ¤I£Eå�, £E�Ç
�ú; �É��6Äv
��, XÚò\� l²
ï�, XÚ¤I£Eå��, ¿���XÚBLá
Ú�>.�, XÚÉ�������^å, Ø�¡
E/l��²ï��,��²ï�a=.

é�E�A^ÎÜþ�âCa.�n��m
S�?1£E�ÇÚ£Eåuÿ�, uy3XÚ£
E�Ç�", ¿ÅìO�; £Eåd�� �K�
 =�U
��XÚG�Cþ l²ï��ý´
&Ò. qén��mS�V\ØÓrÝÚØÓ&D
'�D(&Ò¿?1ý´&Òuÿ, uyù
D(
&Òéuÿ(J�)�½�Z6, �´ØK�éý
´&Ò�£O. ��é¢Síÿ�� PDO �êS
�'�ú@��gâC (1976/1977 c) ?1ý´&
Òuÿ, uy3S�u)âCc (1973 c), £E�
ÇÚ£EåÒO(/�Ñ@Ïý´&Ò, J«�U
u)âC. �±@�, XÚ�£E�ÇÚ£Eå3
�½§ÝþU
�þ�âCJø�½�@Ïý´.

� � 5 ¿ � ´, � u ] � � � Ý, �©=
é PDO �êS���gâC�~?1
ý´&
Òu�, éÙ¦:�âC±9Ù¦í����âC
´ÄÓ�äký´¿Â, �I�?�Ú��y. ,
	, éu¢S�í��µe�âC,   ´õ«í
���ÍÜ�^e�)�, 3ù��«�¹e, X
ÛU
(½@Ïý´&Ò, ò´38��ó�¥�
I¡é¿)û�.
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Abstract

In this paper, we analyze the stability of solution of the nonlinear function of physics, the Logistic function. It is found that

the solution has a special character that it can change abruptly from one stable state to another when the initial value and parameters

of function are selected. Abrupt change level and abrupt change rate are related to parameters of function, which can be described

by defining the abrupt change intensity index. By using the character of solution, we build an ideal time series to imitate climate

abrupt change in mean of climate system, investigate what behaviors the recovery rate and recovery force can have when the system

approaches to a critical threshold, and to ascertain how it warns the abrupt change of the system early. Besides, we also find that even

the system is disturbed by some noise signals, the recovery rate and recovery force also make an early response to the arrival of the

abrupt change of system. Finally, the result of testing the Pacific Decadal Oscillation (PDO) index showes that the early warning of the

abrupt change appeared in 1973, much more early than the abrupt change of PDO index happening in 1976/1977, which means that the

recovery rate and recovery force can be used as the early warning signals of the abrupt change in mean.

Keywords: nonlinear, changes in mean, recovery rate, recovery force
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