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1 � "
����������������������������#��������

�������������������������$�������������
������������ �!������%�����

����������"����&�#����� !���Æ�$�%�% ��
"'� Morgen R W &! #�$�� 1986 ��%������$�� �%!��"!
�'��(&��")#$�"'�!#� 1987 �!*��$"������%����
��#%$�%( %$���������&+�&'���,)*#&�����#%

$�*�(-��"�'$ *��(�+(�)* [1].
+.��������' &��!())���&,Æ!�Æ,�/*� ��0!

-"����#-�*.�����)'�+/�,0%!+1��#%$��"(���
������#,#��1�-+�Æ1) !�Æ,�/*� �-��+/$,&�$.2
,�"&2) �����' !(�3�.�*/.$,%-&3) /#-!(��.+.�"
�/0,0,1�-"��2Æ"�$. [2].

0�14���(�56�&�3!�-.71#,+&��2'/8(�45 ��
��������$�3���$6! �4�2���$2+34�4�.)52�!�

* 78/09)5
:6*+62005-11-22, :7;76*+62006-06-21.
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+/.1-,.�/8#<��21;�<=8!�9-#.,�244�.9:>�/�
$:�-���4���0:2Æ�&��?@�������$�A"�&0�;(A"
�A��' !( (1.;<�!�/0+.) ��?@�B�&)�&?@B�3!C�
$���A"D=C (�E"���2=3�) ����

2 456789�:�;<=>?@
+.���&�����.-F5G�������' @>!(����>Æ�<?

=)�67,1�2��� �������*.+/ [3−5].
1) &4�������.�*.+/1-18�1?@?>"H�*9�,��!�Æ

,�/*� �+/I*@�1.!�+/:*<��Æ,+/?��/*� �+/F:
2A+J�.B5*<������#C�!�+/�;�Æ,+/��#'�/*� �
+/�

2) 6�0!�-"�������*.�7<8@��K��A'�+.!���/*
� �=9!,�"�8>K:;/��B@��,0���)).�;�-1D<�=�

L0�/�E��

3) ��6�+���?F�#�����>!�*.'�L9@2��

3 �A�BCDEFG

3.1 HI - J�KLMN
3?@��2�$AC? - �B�$"���GA,C�@��2C<44(A [6−7]

Ri : if x1 is Ai
1, x2 is Ai

2, · · · , xn is Ai
n, then yi = qi

0 + qi
1x1 + · · · + qi

nxn, (1)

@ (1) . Ai
j ��2;� qi

j �DEB!� yi �?@;( Ri FC�A�� i=1, 2, · · ·m. �$
. “ if ” (�=) <���2��81 “ then ” (�=) <������GA��DA"���M
�(-����BDEA"N� x=(x1, x2, · · · , xn)T, 3�2?@�A� Y -� yi �ÆA�

H

Y =

m∑
i=1

wiyi

m∑
i=1

wi

=

m∑
i=1

[(µAi
1
(x1) · µAi

2
(x2) · · · µAi

n
(xn))(qi

0 + qi
1x1 + · · · + qi

nxn)]

m∑
i=1

[µAi
1
(x1) · µAi

2
(x2) · · · µAi

n
(xn)]

, (2)

@.ÆA?! wi ;I 44 Ri 3!�A"FBC�F��DE� wi �>OE@CC

W i =
n∏

j=1

µAi
j
(xj). (3)

3.2 pi-sigma OPQR
�2'/8(���JP�"���2;�D&F>"��->���"(�K�)

)FD����->KQ�0�G"�-C? - �B�2?@� pi-sigma '/8(�G-$
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8(�$ [8−11], CR 1 FG�J-�$/8., �2���$�.9:>�9-#/F<
�D�21;�<=8!�196! �2��.�KM<=8!N���,.�

S 1 J�
������

8(.� A, M � · �G!G4Æ�4H�4HLO�A8(�.K�M8(�A��
@ (2) FG�LHL�!J-8(.,��2$II��"JK&M<��=B! (<=8
!) ��=B! (�244), /�24�:�-���L7-�52?@��2���� "
J'/8(�#T�D�21;�<=8!HBCU$�G

µAi
j

= exp[−(xj − ci
j)

2/di
j ]. (4)

3.3 STUV
0O(%! BP O(�39VA�� Y d, ���L8!

J =
1
2
(Y d − Y )2 =

1
2
δ2, (5)

∂J

∂Y
= −(Y d − Y ) = −δ. (6)
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1) �=B!
(
ci
j � di

j

)
<�%!W>(�4�

∂J

∂ci
j

=
∂J

∂Y
· ∂Y

∂ci
j

=
∂J

∂Y
· ∂Y

∂wi
j

· ∂wi

∂ci
j

= −δ ·
yi

m∑
i=1

wi −
m∑

i=1

(wiyi)
( m∑

i=1

wi
)2 · 2(xj − ci

j)
wi

di
j

, (7)

∂J

∂di
j

=
∂J

∂Y
· ∂Y

∂di
j

=
∂J

∂Y
· ∂Y

∂wi
j

· ∂wi

∂di
j

= −δ ·
yi

m∑
i=1

wi −
m∑

i=1

(wiyi)
( m∑

i=1

wi
)2 · (xj − ci

j)
2 wi

(di
j)2

, (8)

+M�

ci
j(k + 1) = ci

j(k) − α
∂J

∂ci
j

= ci
j(k) + α · δ ·

[
yi

m∑
i=1

wi −
m∑

i=1

(wiyi)
]
· 2(xj − ci

j)
wi( m∑

i=1

wi
)2

di
j

, (9)

di
j(k + 1) = di

j(k) − β
∂J

∂di
j

= di
j(k) + β · δ ·

[
yi

m∑
i=1

wi −
m∑

i=1

(wiyi)
]
· (xj − ci

j)
2 wi( m∑

i=1

wi
)2

di
j

, (10)

@. α � β �#T�J� 0 < α ≤ 1, 0 < β ≤ 1.
2) �=B! (qi

j) <�
%!W>(�4�

∂J

∂qi
j

=
∂J

∂Y
· ∂Y

∂qi
j

= −δ ·

∂

m∑
i=1

wiyi

m∑
i=1

wi

∂qi
j

= −δ

(
wi

m∑
i=1

wi

)
∂yi

∂qi
j

, (11)

∂yi

∂qi
j

= xi
j , (12)

+M�

qi
j(k + 1) = qi

j(k) − α
∂J

∂qi
j

= qi
j(k) − η · δ ·

(
wi

m∑
i=1

wi

)
xi

j , (13)
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@. j=1, 2, · · · , n, η �#T�J� 0 < η ≤ 1.

4 456789�A�BCDEFG�WBX<YZ

4.1 �[K\]^_`ab
1) 1950–2005 ���?F+�#���
��6���?F+�#�A��4�<K;(5O�L���/!�<?Æ,��

2��9��N���������DK(���0�N>M��#"��?F��G/�

N9�OX'�#�J��+.��CM� 2004 � 2005 ����?F+�#�,M�>
2004 �4Y�

2) 1950–2005 �0!-"���
��6���?F�ZP<����3N43-�+-"�05'�����6�5O

<K�;(!Oc��Æ,�$-��"N�O9��9��>P�>M�0�NP>MC
QQC=<K�G/��9�����"H'�=9!,�"��+.� 2004 �,��0
!����05�,M� 2005 �2 2004 �0!+-"RQ 5%.

3) !�Æ,�/*� �+/��������*.)>��@
0�%!@?��(�!�Æ,�/*� �#4@>D.C=�+/@���@�A

%�4�%�>R*�������*.'PR*�
S451ORQ.KCR 2 FG

S 2 ����	��TUR�R

V+.@?��(��+/@4��������A%C! 1 FG
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W 1 	��TO�W

� c1 c2 c3 c4 c5 c6 c7 c8 c9

O� 0.256 0.107 0.089 0.045 0.112 0.032 0.051 0.029 0.038


� c10 c11 c12 c13 c14 c15 c16 c17

O� 0.027 0.015 0.079 0.020 0.016 0.015 0.028 0.072

X�+/@.�DB+/��PQ

C�NP6��#��2+QF�4�#S>[���>��#L$Q��B2+#�
�PQE�CA;(.B��M��TB�#Y�J�,HLKU�4�%�)>�*J�

,K#/0�A�- 1950–2005�M��CC\BQY�'�2,&��O&DBQY
�?F���C�@*SR�9�& “ST�,ZT�S ” �VUC���?F�1�O1
�� 1968 ���OU� 23 J��A����#[��TV ���WV��X�WW
�&/S.B�]O#N�M�UW��OUTBX)1����%�^[ 5G��KQ
�YX4V�'^Y \Y�����YX4V�F,��OKQ��L]�:_/5/

0�

1) 50–53 ��^4�9&
2) 54–65 ��`:&F�9&
3) 66–76 �@*SR�9&
4) 77–89 ZS%[�9&
5) 90–05 >�' �9�

+/@.K#/0�QFZZ Ac1 �

Ac1 =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

1
1
5

1
3

1
7

1
9

5 1 7
1
3

1
5

3
1
7

1
1
5

1
6

7 3 5 1
1
4

9 5 6 4 1

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

,

4� λmax=5.5629, CI = λmax−n
n−1 =0.1407, CR=CI

RI =0.1256>0.1. QFZZ Ac1 ��W���

9��4A%�
[
w1

1 , w
1
2 , w

1
3 , w

1
4 , w

1
5

]
= [0.0336, 0.1687, 0.0637, 0.2361, 0.4978].

9��+/@.�"_56�M��CC 11 QY�'�2,&DBQY���?F�`%
.�&>5�

1) 50–53 [�[a�9& 2) 54–60 \�4��\�9&
3) 61–63 .]b*]^�9& 4) 64–71 .a�?]^�9&
5) 72–76 4��\�_�9& 6) 77–79 .Rb*\`�9&
7) 80–85 .Rb*JXc�9& 8) 86–90 ad^2��\�9&
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9) 91–94 ad^2��\�9& 10) 95–96 b\�?ec�9&
11) 97–05 �b��f`#,�9�

Y���CA%[
w12

1 , w12
2 , w12

3 , w12
4 , w12

5 , w12
6 , w12

7 , w12
8 , w12

9 , w12
10 , w

12
11

]
= [0.1413, 0.0207, 0.0810, 0.1406, 0.0314, 0.1202, 0.0817, 0.0706, 0.0520, 0.1301, 0.1304],

+/@.�1KDd'+.J-"(LCD.�A%�QY�M�g�45&�3de_
���MD))��5��

h� 1950–2005 �D�d-%�>>O
��6��d-%�>>O%!C@

dj =
m∑

k=1

17∑
i=1

ciw
i
k, (14)

@.� m �M��QY!� i=1950, 1951, · · · , 2005.
>O.AC! 2 FG�

W 2 1950–2005 Y]Ye���T
Y^ d Y^ d Y^ d Y^ d Y^ d

1950 0.4325 1962 0.1241 1974 0.1532 1986 0.0864 1998 0.0620
1951 0.5675 1963 0.1077 1975 0.1790 1987 0.0712 1999 0.0802
1952 0.5328 1964 0.0721 1976 0.1492 1988 0.0855 2000 0.0832
1953 0.2994 1965 0.0548 1977 0.1097 1989 0.0976 2001 0.0746
1954 0.2949 1966 0.0770 1978 0.1382 1990 0.0716 2002 0.0674
1955 0.2117 1967 0.1399 1979 0.1058 1991 0.0774 2003 0.0707
1956 0.3486 1968 0.1783 1980 0.0909 1992 0.0877 2004 0.0715
1957 0.2503 1969 0.1406 1981 0.0906 1993 0.0603 2005 0.0689
1958 0.1006 1970 0.1209 1982 0.1002 1994 0.0710
1959 0.0939 1971 0.1858 1983 0.0807 1995 0.0914
1960 0.1009 1972 0.1622 1984 0.0921 1996 0.0713
1961 0.1017 1973 0.1497 1985 0.0777 1997 0.0839

4.2 �f�KLOPQR`ghijklm
;(5�Ci�6��d-%�>����?F+�#��0!-"- 3 BA"��

� 1950–2002 �E�����%����f�J (A���) �.71�2'/8(��?
F (&��!("aÆ��b`j�����a-<K).0�- 3 BA"����21;H
c@� NL, NM, NS, PS,PM, PL, 6B<=8!�b>^EH� 0.05, / 3000 ??F��C
iFL�.71�2'/8(���$�/! 1950–2002 ��!(�3�$��c0�.
A!H��.A�d!W���&�"��� HH�c038(�Æ@#,�!E;<

1969, 1979, 1989 Z��80!(�.71�2'/8(��?F�AM_C����$'#
CiW����.A�HH3d�$��+C�����#T.A`!H�D�21;�<
=8!H�<��k[ !�'X��R 3 ��%����f�J�Æ@c0R (nÆR.
����f�J�Ed/$ �\]"�).
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S 3 e�����g^_�a�ef

4.3 opqrst`�[
;( 2003–2005 A"���E�3!5�45>"����$��E" 3 ��%���

�f�J�� ���%-�A���.ACR 4 FG�

S 4 e�����g^_�`�3��

1R 4 .�,U��%-�A�2+Lu����' 5�T?��C&9'�+b�
%-�A�#+bKYg����������4V���,1'�3��.AQh f
��M�2+c-�������.B���! 3 Q� T-������(�%-��H
4�h],0 2003–2005����H4�h]�LHL0����"(&%-���"�2
1K"(g��:C�N>�

W 3 ������I���

��I� `�gT ��gT
da - behf��� 16.07% 21.00%

da - icg
��� 14.86% 17.44%

BP ������� 8.11% 11.01%

��
������� 6.25% 8.79%
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5 v w
0�L!C? - �B�2?@� pi-sigma '/8(K4 �-.71�2'/8(��

��������f�J�� 4�����3���$/j#&#T./F�<�D�2

1;�<=8!�9-#.,�244�.9:>�/���$:��-���&�"�&
��.+(1!���������AA�/��#YgS��+/�*.��� �!O

�/0�iB��.)3T l!#�$���a1��., ���������.-�

2, ��.).^:�! - �.-�0��"(&1KkjY8��>Æ�1!�l�

x y z {
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AN ADAPTIVE FUZZY NEURAL NETWORK

PREDICTIO METHOD ON AIRCRAFT ACCIDENT

GAN Xusheng ZHANG Hongcai CHENG Yongmei XIONG Xianzhe

(College of Automation, Northwestern Polytechnical University, Xi’an 710072)

Abstract The prediction of aircraft accident has the extremely vital significance for
preventing aircraft accident. First of all, the main factors are systemically analyzed, which in-
fluence the air force aircraft accident, and the related qualitative factors are quantified. Then an
adaptive fuzzy neural network prediction model is established according to historical data and
the result of system analysis. The forecast process eliminates the limitation of pure mathematics
model, and realizes the integration of the quantitative and qualitative forecast. The prediction
model has very strong self-adaptability because of using adaptive fuzzy neural network based
on Sugeno-Tanaka fuzzy model, and the forecast result is also satisfactory.

Key words Aircraft accident, fuzzy system, neural network, AHP.


