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1 Ú ó

²;�ÚîåÆ�ïÄé�´ëY�!ìC
�!1wCz�y�. �X, /¥�7��^=, k
5Æ/±E©/ëYØä?1, ¦�<�U
æ
^²;��È©°(/ýÿÙ�5�$ÄG�. �
´g,.Nõy�¿�Ñ´ëY�!ìC�L§,
��3NõØëY�!â,�Cz. ~X, Üº:
6�a�5�£ [1], �X<ÝGº��u, »�<
Ý�þ�«�²þµÄÄU�â,O�, <Ý�G
º�uc²þµÄÄU� 20 m2/s2, Gº�u�
×�O�� 80 m2/s2[2]; 3�Æþ, XÚ¬u)gu
5��æ, X�Fu�½��u�; 3�¥7K+
�, X�½!¢½��$; /¥XÚ¥°��6½
íÿ�âC; :|!~+êþ½�)ÄÔêþ�/
J5Cz; »ì�â,�u, /��â,u)!�
Â�â,�¥� [3−5]. ¤3�´, <�®²Åì@
£��))�XÚ!)ÔN!Å�&Ò!7K½
|!íÿ�3S�éõE,ÄåXÚ¥2��3
XâCy�, =XÚ3�½�^�e¬l�«�é

½�G�=C�,�«�é½�G�. Ïd,
éâC�uÿÒw�c��.

�Ï±5, IS	Æö®Òù�¯KmÐ
�
þ�ïÄ, XDÚ�âCuÿ�{ —— wÄ t- u
�!Cramer {!Yamamoto &D'�{±9 M-K
{� [6−8]; Livina � [9] ÚÛ©²� [10,11] Äu�
mS���ÏPÁ5A�, k�JÑ
�mS�â
Cuÿ�õ«#�{. Cc5, IS®kÆöuÐ

�X�#�âCuÿ�{, X^��!ÄåÆg
�'Ïf�ê!p�Ý� [12−16]. �é1ÚÜO
² [17]!Û©²� [18] KÄuÝþ�mS�E,5
§Ý�Cq��{�UuÐ
ü«^uâCuÿ
�#Eâ. d	, �kÆöò�Å©Û!âfÈÅ
��{^uâCuÿ¥ [19,20]. ù
ïÄó�4�
/´L
âCuÿ�{, Jø
uÿâC�õ«Ø
Óå». �´?Û�«�{ÑØ´�U�, äk�
½�·^��, Ïd, I�?�Ú�éØÓ�âC
uÿ¯K, uÐ�A�âCuÿ#Eâ.
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)Cz��U¬��XÚCþ�©Ù.u)ØÓ
§Ý�Cz. �ud, �©,8¿», lXÚCþ�
VÇ�Ý©Ù���Cz�ÝÑu, ÓPÚ£O�
mS�¥�âC&Ò, �âCuÿJø�^#�å
».

2 � {

�©Ì�ýuïÄXÛò£ã�mS�V
Ç©ÙA�� ÝXêÚ¸ÝXêA^u�mS
��âCuÿ¥.  ÝXêÏ~^u½þ£ã��
�VÇ�Ý©Ù���©Ù��É, ¸ÝXêK´
^5Ýþêâ3¥%à8§Ý�Ônþ, §�N

VÇ�Ý©Ù�ºàk�½A²�§Ý. k�ü
|êâ��â²þê!IO�Ú ÝXêÑ�Ó,
�§�©Ù�ºà�pu§Ý%ØÓ.

2.1    ÝÝÝXXXêêêÚÚÚ¸̧̧ÝÝÝXXXêêê

éu�mS�{xi, i = 1, N}, Ù ÝXê g �
±��

g =

n∑
i=1

(xi − x)3

(n − 1)σ3
, (1)

ª¥, σ ����IO �, �VÇ©Ù�Ý��
��©Ù�,  ÝXê� 0; � Ý g <0 �, ©Ùä
kK l, �¡� �, d�þ� u¸���>;
� g >0 �, �¹�Ð��.

¸ÝXê´£ã©Ù/��Í�§Ý�Ôn
þ, ´��L�VÇ�Ý©Ù�3²þ�?¸�
p$�A�ê. ÚOþ´^o�¥%Ý5ÿ½¸Ý
�, ¢Só�~|^o�¥%Ý�IO �og�
�'���ïþ¸Ý��I, Ï~�±��

k =

n∑
i=1

(xi − x)4

(n − 1)σ4
, (2)

�¸ÝXê k = 3 �L«T©Ù���©Ù; k > 3
L«'��©ÙÍ�; k < 3 L«'��©Ù²".

2.2 ÄÄÄuuuVVVÇÇÇ���ÝÝÝ©©©ÙÙÙ...CCCzzz���âââCCCuuuÿÿÿ
���{{{

éu��½�ÄåXÚó, XÚCþ�V
Ç�Ýäk��½�©Ù., �XÚ�ÄåÆ
(�u)Cz��U¬��XÚCþ�©Ù.u
)ØÓ§Ý�Cz. �ud, �©l£OXÚCþ

�VÇ�Ý©Ù���Cz�ÝÑu, ò£ã�m
S�VÇ©ÙA�� ÝXêÚ¸ÝXêA^u
�mS��âCuÿ¥. Äu ÝXêÚ¸ÝXê
�âCuÿ�{ÙÌ�Ú½aquwÄ�ª³Å
Ä©Û [10]. äNXe: ÄkÀJ�½�Ý�fS
�, O�TfS�� ÝXêÚ¸ÝXê; ��Å
Ú£ÄTfS�, ��±Ù�ÝØC; 2gO�#
fS�� ÝXêÚ¸ÝXê. XdEö�, �
�fS�£Ä�¤©ÛS��"à. ��, Äu 
ÝXêÚ¸ÝXê�fS��Ý�üCA�5�
O´ÄkâCu).

3 ê�Á�

�©Ì�± Logistic �. [21] �~, ïÄ3Ä
åXÚ�ëêÚÄåÆ�§/ªu)âCü«Ø
Ó�/e, ÄuVÇ�Ý©Ù.���Cz, �	
 ÝXêÚ¸ÝXêéu�mS�¥âC&Ò�
ÓP�£OUå. ²;� Logistic �.���

xn+1 = uxn(1 − xn), x ∈ [0, 1], (3)

ª¥ xn �1 n �«+ê, xn+1 �1 n+1 �«
+ ê; u ´ � � � u 0 � � u 4 � � � ë ê,
� 3.569945672 < u < 4.0, XÚ?\·bG�. 3
ê�Á�¥, Äk�Ä Logistic �.u)ëêâC
��/, =Ù��ëê3,���d 3.8 â,~
�� 3.7. Äud, ã 1 �Ñ
 Logistic �.3 n =
10001 �ëê u d 3.8 â,~�� 3.7 ��n�â
C�mS�, TS�o�Ý� 20000. duëê u ~
��«+�����~�, E¤ã 1(a) ¥�âC:
Lu²w, �
;�ù�"�, ©OòâCc��
êâ?1IOz, =òCþ�~�Ù²þ�, ,�
Ø±TCþ�IO�, IOzúª�

yi =
xi − x1

σ1
, i = 1, 2, · · · , 10000, (4)

yi =
xi − x2

σ2
, i = 10001, 10002, · · · , 20000, (5)

3 (4) Ú (5) ª¥, x1 Ú x2 ©O�ëê u UCc�
���²þ�,σ1,σ2 �ëê u UCc����I
O �. ²LIOz��n��mS� (IS1) ®3
ã 1(b) ¥�Ñ, Ùþ�� 0, IO��� 1. lã¥
�±wÑ, IOz���mS�éJØÏLâCu
ÿóä5£OÑÙ¥�âC:, �IOz?nÄ
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�Ø¬K�êâ�VÇ�Ý©ÙA�.

ã 1 Logistic �.u)ëêâC��/ (a) 3 n=10001 �,
ëê µ d 3.8 â,~�� 3.7, �mS�o�Ý� 20000; (b) ²
LIOz��n��mS� (IS1)

 ÝXêÚ¸ÝXêén�S� IS1 �uÿ
(J®dã 2 �Ñ. du Logistic �.� ÝXê
²w�u 0, �â ��ê�Ôn¿Â��,Logistic
�.�VÇ�Ý©Ù.¥y� �. �fS��
Ý� 100 �, ·�uy ÝXê�üz�±©�
ü�²wØÓ��ã (ã 2(a)): 3 n <10001 c«
+êüC� ÝXêoNþ²w�u n >10000
±�, ùL²g n=10000 c�, «+�VÇ�Ý
©Ù/�u)
wÍUC, =�éu��©Ù
ó, � �§Ý�u²w. �
?�ÚïÄ Ý
Xê�uÿ(J�½5, ·��	
ØÓf
S��Ýe ÝXêé IS1 �uÿ(J. ã 2(b)
Ú (c) ©O�Ñ
fS��Ý� 200 Ú 500 ��
�/, l¥ØJwÑ ÝXê�üzaqufS
��Ý� 100 ���/, =��± n=10000 �.,
 ÝXê�©�ü�²wØÓ�üz�ã, �
�XfS���þ�O�, ù«�É�uwÍ.
¤ØÓ�´�XfS��Ý�O\,  ÝXê�
����~�. ÄÙ�Ï, Ì�3u�X��þ�

ã 2  ÝXêÚ¸ÝXêén�X� IS1 �âCuÿ (a), (b), (c) ©O�fS��Ý� 100, 200, 500 � ÝXê�uÿ(
J;(d), (e), (f) ©O�fS��Ý� 100, 200, 500 �¸ÝXê�uÿ(J
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ã 3 «+�üzu)ÄåÆ(�âC (a) 3 n = 10001 �, «
+�üzd Logistic �.âCC��Å1Ä, �mS�o�Ý
� 20000; (b) ²LIOz��n��mS� (IS2)

O\,  ÝXê�O��\�Cý¢�, ~�
d
u��þL�¤Úå ÝXêÅÄL��y�. Á
�¥, éØÓ�Ý�fS�?1
�þé'©Û,
uyuÿ(JaqufS��Ý� 100, 200 Ú 500

���/.

du ÝXêÌ�£ã�´���VÇ�Ý
©Ù�éu��©Ù�� l§Ý, ¢S¥k�
ü|êâ��â²þê!IO�Ú ÝXêÑ�
Ó, �§��©Ù�ºà�pu§Ý%ØÓ. Ï
 ÝXê==��NÑVÇ�Ý©ÙA��Ô
nþ��, w,, ���� ÝXê�u)Cz
VÇ�Ý©Ù��Í�§Ý%u)Cz�, ü�
 ÝXêØUéd?1k�£O. �ud, �©¥
ò¸ÝXêA^u���âCuÿ¥.

ln��mS� IS1 �¸ÝXêuÿ(J5
w, 3ØÓfS��Ýe���¸ÝXê k þ�
u 3 (ã 2(d)—(f)), L²n��mS����©Ù
²", aqu ÝXê�uÿ(J. ¸ÝXê�ü
Cäk���Ó�A:, = n = 10000 c�, ¸ÝX
êu)
�g²w�þ�âC (ãÑ), ��¸Ý
�\�C��©Ù, ��XfS��Ý�O�,
=��þ�Oõ, ��¸ÝXê3 n = 10000 c�
��É�\²w.

ã 4  ÝXêÚ¸ÝXêén�X� IS2 �âCuÿ (a), (b), (c) ©O�fS��Ý� 100, 200, 500 � ÝXê�uÿ(
J; (d), (e), (f) ©O�fS��Ý� 100, 200, 500 �¸ÝXê�uÿ(J
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ã 5 Yamamoto &D'{én��mS� IS1 �âCuÿ(J, �&D' (signal to noise ratio, SNR) ��L 1.0 �, K@�
kâCu) (a) fS��Ý� 10; (b) fS��Ý� 20; (c) fS��Ý� 100; (d) fS��Ý� 1000

��,  ÝXêÚ¸ÝXêÑU
O(/A^
uuÿn�S� IS1 ¥�3�ëêâC, �·
�éÙ¦aq�ëêâC±9n�S�o�Ý�
� (X 2000, 3000, 5000 �) ���/?1
aqÁ
�, (Jaqu IS1, Ø2Kã. ØÓfS��Ýe,
 ÝXêÚ¸ÝXêuÿ(J���5, L²
ù
ü«�{�uÿ(JéufS��Ý��65�
~�, kOuwÄ t- u�, Crammer {�DÚâC
uÿ�{�uÿ(JéufS��Ý�î�6
5.

�
?�ÚÿÁ ÝXêÚ¸ÝXêéu�
mS�¥âC&Ò�ÓP�£OUå, �©�	

ùü�Xê3XÚ�ÄåÆ�§/ªu)âC�
�uÿ5U. �d, �ÄXe�«�/: 3,��
�, du�|âXÙ5�/J, «+�üC�§â
,d Logistic �§ ((3) ª, ëê u = 3.8) â,C��
Å1� (dþ!©Ù��Åê�[). Äud, �©
�E
,�n��mS�, S�o�Ý� 20000, T
S�3 n = 10001 ��§/ªu)
âC, ã 3(a)
Ð«
Ùüz�. aqu IS1, ©OéÙ3âCc
��êâ?1
IOz?n, =���#�n�S
� IS2 (ã 3(b)).

l ÝXêé IS2 �uÿ(J5w (ã 4(a)—
(c)), 3ØÓfS��Ýe, 3 n = 10001 c�,  Ý

Xê�üzÐyÑü«�,ØÓ�½CzG�,
=3 n <10001 �,  ÝXêþ²w�u 0, L²

VÇ�Ý©Ù�� �³, �,�XfS��Ý�
O\,  ÝXê�ÅÄÌÝk¤~�, �´ù«o
�©Ùª³vku)?ÛCz. 3 n >10000 �,
 ÝXêâ,C�, �Ù����7X 0 NCÅÄ
Cz, �â ÝXê�Ôn¿Â��, ù¿�XV
Ç©Ù�Ý��Cu��©Ù���/. Ïd,
�±�ä3 n = 10001 c�, IS2 �VÇ�Ý©Ù
.d� .â,=C��C��©Ù.. �l IS2
� ÝXêuÿ(J5w, Ù�þ�u 3, ù¿�
X IS2 ¥VÇ�Ý©Ù��Í�§Ý���©
Ù²". lÙfS��Ý� 100, 200 Ú 500 ��
uÿ(J5w, 3fS��Ý��� (XfS��
Ý� 100), ¸ÝXêéu IS2 ¥�ÄåÆ(�âC
J±k�£O, �´�fS��ÝO\� (XfS
��Ý�� 200 Ú 500), ¸ÝXêéuù«âC
&Ò�£O�´U
k¤�N. ?�Ú�ïÄL
², �fS��Ýv
�� (XfS��Ý�� 800
Ú 1000), uy¸ÝXêéu IS2 ¥�ÄåÆ(�
âC�´U
k�£O (ãÑ). ù¿�X, Ò IS2 �
ÄåÆâCuÿó,  ÝXêÚ¸ÝXêÑU

?1k�£O, �ØL¸ÝXêéufS���þ
��¦�p, Ù�ÏÌ�3u Logistic �.«+�

039201-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 039201

VÇ©Ù��Í�§Ý�þ!©Ù�Åê�m
�ù«�É5��, I��õ��þâU
éd?
1O(«©.

�
?�Úy²#�{�k�5Ú`�5, k
7�éÙ�DÚ�âCuÿ�{?1'�. Ya-
mamoto &D'�{ [8] ´'�î��âCuÿ�
{, �&D'�u 1.0 �, Ù¦�{�UuÿÑâ
C; �Ù¦�{uÿÑkâC� ($�wÄ t- u
��� 0.01 &Ý�), &D'é�U��Ø� 1.0.
M-K �{ [6,7] ´'�Øî��, Ï�§Ø�Ä�
©êâ�ê�, �'���ü�ê����, ¤±
3�nþk¯K, M-K �{²~¬ÑyJ�âC�
�¹. �ud, �©Äkò&D'�{^uuÿn
��mS� IS1 ¥�âC, ±BÓ�©�#�{?
1'�. &D'�{�uÿ(JL², ÃØfS�
�Ý���� (X 10, 20), �´fS��Ý���
� (X 100, 1000), n��mS� IS1 Ú IS2 ¥�&
D'Y²þ�u 1.0 (ã 5), ù¿�X&D'�{�
U
uÿ� IS1 Ú IS2 ¥�3�ëêâCÚÄå
Æ(�âC. Yamamoto &D'�{é IS2 �uÿ
(Jaqu IS1, Ø3dKã. Ó�éÙ¦DÚâ
Cuÿ�{XwÄ t- u�{!Crammer {!M-K
�{�?1
aqÁ�, uyþ�Ué IS1 Ú IS2
¥�âC&Ò?1k�uÿ (ãÑ). é' ÝX
êÚ¸ÝXê�A�uÿ(J��, #�{�é
u Yamamoto &D'�{�DÚ�{äk²w�`
³.

4 ( Ø

�©Äu��½�ÄåXÚÙCþ�VÇ
�Ýäk��½�©Ù., �ÄåÆ(�u

)Cz��U¬��XÚCþ�©Ù.u)ØÓ
§Ý�Czù�Ä�A�, lXÚCþ�VÇ�Ý
©Ù���Cz�ÝÑu, ò ÝXêÚ¸ÝXê
^uÓPÚ£O�mS�¥�âC&Ò, �âCu
ÿJø
�^#�å». ê�Á�(JL²,  Ý
Xê�éëêâCÚÄåÆ(�âCÑU
k�
?1uÿ, �Ùuÿ(JÄ�Ø�6ufS��Ý
�ÀJ, ¸ÝXê�U
k�/£O�mS�¥
�ëêâCÚÄåÆâC. DÚ�âCuÿ�{
X Yamamoto &D'�{!wÄ t- u�!Crammer
{!M-K {�þ�Uk�£OÑn��mS�¥
�âC&E, ù¿�X�©JÑ�âCuÿ#å»
� Yamamoto &D'�{�DÚâCuÿ�{äk
²w�`³. Ó��L²#�{3ÔnÆ!/Æ!
í�Æ!�¬�Æ�õÆ�¥Ñkd3�A^d
�.

I��Ñ�´, �âCc�VÇ�Ý�� 
�5½Í�§Ý�����, 3$^ ÝXê½¸
ÝXê?1âCuÿL§¥, �UI��õ���
þ, =¤ÀJ�fS��ÝI����
, ±B(
� ÝXêÚ¸ÝXêÚO(J���5, lU

k�/ÓPÚ£O�mS�¥�âC&E. Ïd,
#�{3,
�¹e, �Uéu�uÿ�mS��
��þ��¦�p, éu�
P¹����mS�
�U¿Ø·^, ù�´�©¤J�{�"���.
3�Yó�¥, ò�éd"�Ðm?�Ú��\ï
Ä.

�ö©%a�]¶"v;[�kÃïÆÚ¿�, a�

�²�ÆÔn�Æ�EâÆ�a§uP�Ú±�ÓÆ�k
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Abstract
For a stable dynamic system, probability density distribution (PDD) of a system variable is relatively stable, and if there is a

change in dynamic structure of a system, the PDD of the system variable will have some change correspondingly. According to this
characteristic of PDD of a dynamic system, in this paper we present two new methods, namely, skewness index and kurtosis index, to
detect an abrupt change in a time series by means of identifying some small changes in PDD. Tests on model time series indicate that
skewness index and kurtosis index can be used to identify an abrupt change, such as abrupt change in parameter of an equation and
abrupt dynamic change. Thus, we provide a new approach to detecting abrupt change in time series based on PDD. Further studies
show that the detected results of the skewness index and kurtosis index are almost independence of the length of a subseries.

Keywords: coefficient of skewness, coefficient of kurtosis, probability density distribution, abrupt change
detection
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