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aà X

\]�lWFÉ&

($DB$%)

&

a¹z�j

nm·[

&

ü\Ån3D��

#

M?

'

-?FÉ

$'

ÔD��

#

M?

'

-?FÉ

$'

ÅD��

#

-?F

É

$

6E!6íZf\w�lWFÉ&

@

Õ]

&

w

íÚÈ¶Ó\]Ga�TÀÁ

#

×ÙÇ¹Å\Å

n�ÏGaÀÁÆ¢¹³Ô¾¿n¢�GaÀÁ

�

$

ÿ

aà X
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$!aà X

ÏMÎ

($)

L13@$!T:I0=,71:(.aà X
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0[:I,+30707I0*#aà X$ (W)@V-,63(F!4+150*6178(.V-,6B

3(F&"#$"@

Q##"



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

$$

% ¾¿l

&

�

!

�TÀÁÿM?Ó�à"³Ôý×\]�lW>?

!8(0+;%,/+(,#*0),#;+&/ (4&(,'+,3(3/ &+/*3,#"=#)*(#0'"#,/4%"

/)/'%; &(,/+0%"+,2/'"3&'3"#*0%<+#'+(,%44%&'

]m<,1=1+3

!

& J9<VJ(+3& M49<Vb,+[1+3& T4<N,+3& M9</1+3

# T:I((-(.967*(+,)71:6& M,*>1+ m+6717)70(.X0:I+(-(38& M,*>1+ $%###E& YI1+,$

6./'"#&'! /,60; (+ 7I0=(7(*1R0; =(=0+7)=0[:I,+30707I0*#aà X$& F17I 7I0Z*1+:1Z-0(.=(=0+7)=
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=)-71>(;868670=6(')@9Tà '()*+,-(.Y(=Z)7,71(+,-,+; <(+B

-1+0,*W8+,=1:6&"##Q&D#$$ !#$$##C@

(Q)

aCC

&

u¸

@

*��ó¼½ö�ï�\]�lWnrF�

Ú«C°

(')@

XYlW

&"#$"&"P#%$ !$PDB$PP@

UI),+3LL&K,+3]@a(;0-1+3,+; +)=0*1:,-,-3(*17I=.(*Z-,B

+,*=)-71>(;868670=F17I .*1:71(+ (+ *05(-)702(1+76(') @̀ +31B

+00*1+3a0:I,+1:6&"#$"&"P#%$ !$PDB$PP#1+ YI1+606$@

(P) K,+3]&b0+3M\&UI),+3LL@9:(+67*,1+7B67,>1-1R0; =07I(;

.(*=)-71>(;8;8+,=1:6F17I .*1:71(+B,..0:70; 7*,+6-,71(+,-2(1+76

>,60; (+ M\Yb(')@W16:*070,+; Y(+71+)()6W8+,=1:,-T8670=6

T0*106/&"#$$&$E#"$ !%QPBE#%@

($#) UI),+3LL&K,+3]@a(;0-1+3,+; 61=)-,71(+ (.7I0+(+6B

=((7I Z-,+,**131; =)-71>(;868670=6F17I .*1:71(+,-7*,+6-,71(+B

,-2(1+76( ')@a)-71>(;8T8670= W8+,=1:6& "#$D& "P # & $ !

&#DB&"D@

($$) L,+3M/&O) '@W8+,=1:6(.,7I*00B=(;)-051>*,71(+B;*150+

68670=F17I +(+B68==07*1:Y()-(=>-6;*8.*1:71(+(')@a)-71B

>(;8T8670=W8+,=1:6&"#$"&"C#&$ !&%%B&Q%@

($") N16) \@96I(*7+(70.(*+)=0*1:,-,+,-8616(.;8+,=1::(+7,:7

:(+61;0*1+31=Z,:7,+; ,50*8671..6Z*1+3B;,=Z0*:(+67*,1+7(+

7I0:(+7,:7Z(1+7( ')@a)-71>(;8T8670= W8+,=1:6& "#$$&

"E#&$ !&"%B&DP@

($D)

½"�

&

_Ä

&

uÊg

@

¶Ó��6ônïà�\]�

B

�º

»FÉ

(')@

&ÇÇÖXY

&"###&$$#E$ !E$EBE$P@

\1) YT&YI0+ /&K,+3J\@XI0Z(1+7B6)*.,:01=Z,:7=(;0-

:(+61;0*1+37I0.*1:71(+ 0..0:71+ .-0[1>-0=)-71B>(;868670=(')@

YI1+,a0:I,+1:,- +̀31+00*1+3& "###& $$ # E $ ! E$EBE$P # 1+

YI1+606$@

($&)

u¸

&

aCC

&

©È.

@

"Òøï�\]�lWÚ«¯°n

-B'�

(')@

lW'�

&"#$D&&D#$$ !$#$B$$$@

K,+3]&UI),+3LL&V)(JJ@9;5,+:061+ 7I0*060,*:I (+

7I0+)=0*1:,-=07I(; .1*+(+B6=((7I ;8+,=1:6(.=)-71>(;8

68670=6(')@9;5,+:061+ a0:I,+1:6&"#$D&&D#$$ !$#$B$$$#1+

YI1+060$@

($%) b.01..0*L& L(0*3a& 41>*1:I M@<)=0*1:,-,6Z0:76(.+(+B

6=((7I =)-71>(;8;8+,=1:6(')@Y(=Z)70*a07I(;61+ 9ZZ-10;

a0:I,+1:6,+; +̀31+00*1+3&"##E&$P%#%#$ !EQP$BEP#Q@

C"#"



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

: R S T S U V W W 8

"#$%

!

!

6,CDE;%'5(04("0),#;+&/ (4=*#,#":;('+(,"+2+0:.(0) 8+'5

,(,:/);;%'"+& 4"+&'+(,

K9<VO1,(2)+

$&"

& K9<V]1

!

"

#$@W0Z,*7=0+7(.̀ -0:7*(+ ,+; a,:I1+0& YI,+3RI() m+6717)70(.X0:I+(-(38& YI,+3RI() "$D##"& YI1+,"

"@T:I((-(.90*(+,)71:T:10+:0,+; +̀31+00*1+3& /0121+34+150*6178(.90*(+,)71:6,+; 967*(+,)71:6& /0121+3$##$P$& YI1+,$

6./'"#&'! 9=(;0-1+3,+; +)=0*1:,-:,-:)-,71(+ =07I(; .(*7I0;8+,=1:6(.7I0*131;B>(;81+ Z-,+,*=(B

71(+ F17I :(+7,:7& 1=Z,:7& 68==07*1:,+; +(+B68==07*1:Y()-(=>-6;*8.*1:71(+ F,6Z*060+70; >,60; (+ 7I0

7I0(*8(.:(+7,:7=0:I,+1:6,+; 7I0,*17I=071:(.-1+0,*:(=Z-0=0+7,*178Z*(>-0=#\Yb$@XI0-(:,-;0.(*=,B

71(+61+ :(+7,:7>(;106F0*07,G0+ 1+7(,::()+7,-7I()3I >(;106F0*0,66)=0; 7(>0*131;@XI0+(*=,-:(+7,:7

.(*:06F0*00[Z*0660; ,6+(+-1+0,*.)+:71(+6(.Z0+07*,71(+ ;0Z7I ,+; 1766Z00;@XI0.*1:71(+ -,F,;(Z70; 68=B

=07*1:(*+(+B68==07*1:Y()-(=>-6;*8.*1:71(+ =(;0-@L1*67-8& >8)61+37I0.*1:71(+ 6,7)*,71(+& 7I0Z(617150

,+; +03,7150Z,*76(.7I0*0-,7150,::0-0*,71(+ (.:(+7,:7Z(1+76& 7I0:(=Z-0=0+7,*178:(+;171(+6,+; .(*=)-,B

71(+6,>()77I0.*1:71(+ -,FF0*03150+ 1+ (*;0*7(;070*=1+067,707*,+6171(+6(.671:GB6-1Z 1+ +)=0*1:,-=07I(;@

XI0+& >,60; (+ 7I0050+7B;*150+ 6:I0=0& 7I0Z*(>-0=6(.;070:71+3671:GB6-1Z 67,707*,+6171(+6,+; 6(-51+3.*1:B

71(+,-.(*:061+ 671:G 617),71(+ F0*0.(*=)-,70; ,+; 6(-50; ,6,-1+0,*:(=Z-0=0+7,*178Z*(>-0=@L1+,--8& 7I0

+)=0*1:,-0[,=Z-0(.,Z-,+,*B=(71(+ *131;B>(;8F,63150+ 7(,+,-8R0176;8+,=1:,->0I,51()*,..0:70; >868=B

=07*1:(*+(+B68==07*1:Y()-(=>-6;*8.*1:71(+ ,+; 6I(F+ 7I,77I0Z*(Z(60; =07I(; F,60..0:7150@

7%) 8("0/! +(+B68==07*8" Y()-(=>- 6;*8.*1:71(+" :(+7,:7.(*:06" -1+0,*:(=Z-0=0+7,*178Z*(>-0=

#\Yb$" +(+B6=((7I

Q"#"



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

"#$%

!

$$

"

#

&$

$ #

$$

%

! " # $ # % & ' ' (

'()*+,-(./0121+34+150*6178(.90*(+,)71:6,+; 967*(+,)71:6

<(50=>0*!"#$%

?(-@&$!<(A$$

!

)*+,

! "#$&B$"B$#"

-.+,

! "#$%B#$B$E"

/01234

! "#$%B#DBD$ $&!%&

!

/01256

! FFF@:+G1@+07HG:=6H;07,1-H$$@"E"%@?@"#$%#DD$@$&%&@##&@I7=-

!

789:

!

ÇëèÞ,W*4

#%#C#%#%#$ "

ÇëÇ×,H�612*4

#"#$DWL̂ %#%P#$ "

&'()*+,-./01234

!;<=>

!

©®

#$PCE%$&

8

&

�:|j=

&

·>?

& 3F01S>),,@0;)@:+&

@A-BCDE�'ª«nË¹

@

!

?.@A

!

$%

&

_&

&

�@#

&

(

@U*

äo?

X1BU*BY)B<1

'(D')ì*,�0ïÙ

(')@

67898:;<<=

& "#$% & &$ #$$ $ !

"#"PB"#D%@V)(K& ]1W& J,+3''&07,-@ .̀.0:7(.U*:(+70+7(+ Z*(Z0*7106(.X1BU*BY)B<1.1--0*=07,-,+; 176>*,R0; 2(1+7(')@

'()*+,-(./0121+34+150*6178(.90*(+,)71:6,+; 967*(+,)71:6& "#$% & &$ #$$ $ ! "#"PB"#D% #1+ YI1+060$@

I77Z!

"

>I[>@>),,@0;)@:+!!2>),,S>),,@0;)@:+

!"#! $#@$DC##H2@>I@$##$B%PE%@"#$&@#CC&

O>

5�©

*3<O><,4<P3

DE¶DF>GFHJâ®

$%

!

$

&

_&

$

&

�@#

"

&

¸D

$&D

&

+,è

D

&

-÷#

D

#$@

:RSTSUVW ÇÖXY¢è�QWZ

&

:R

$##$P$"!"@

è�KX.

#

vÌ

$

hàÍ¤�Ó7þÊË�

&

�

E$##P""

D@

�KÇX.

#

vÌ

$

hàÍ¤�Ó

&

�

E$##P"$

!!

P

!!!

Q

!

{R¾./0NO/1

X1B%U*B$%Y)B$%<1'X1B$#U*B$%Y)B$%<1'X1B$%U*B$%

Y)B$%<1

d

X1B"%U*B$%Y)B$%<1&

M2''(

&

{R

&

M'(?

X1BE9-B&?

Ä3iE½ìì*�

9')

@

?§¨

U*

äo0'(0/-],ds

X1BE9-B&?

G045,iEà¾

&

�?')ì*

0·678

'

±·9Zd:�;ZiEà¾

@

��� 

&U*

ß<0ö2?

X1BU*BY)B<1

2''(

0/-=ZV±²ïÙ

&

>

U*

äo�

%F7k'"%F7k

W

&

'(0U?ò+={@;

&

¦?ò+=

Z@@

"

>

U*

äo�

$#F7k'$%F7k

W

&

'(0U?ò+={@¬

&

¦?ò+=Z@ü

@

Ýî

'(¯[§¨

&"%F7k U*

äo0'(s'(/-`Ó78s

"

é ±0ü/^ÇAv¶

&

Ý

'(sBC`Ó7J£[D£¼

@$%F7k

d

"%F7k U*

äo')ì*èVõü0±·9Z

@

E

°'(0/-],¡D')ì*0±·9Zd:�;Z

&X1B$%U*B$%Y)B$%<1

FáG0'(¯

[Hó

&

èVáø0E°,�

&

Ý')ì*0:�;Z�

"PQ ab,@

R

!

S

!

T

!

2''(

"

45,

"

{SIJoKO

#WTY$"

·678

"

:�;Z

UVWXY

! XV&"%

Z[\]^

! 9!!!!

Z_`Y

! $##$B%PE%#"#$%$$$B"#"PB#C

!!

Î�4gh(n¼½Ï

'

¼%Ï

'

(Q½ÏÆ

¢P�nÏÐ¡�¡(QÑQ¡

&

aST

'

SU

'

«Ò

'

QXÓ4�ÿrh´!"n�ô

($BD)

@

�ô

:Î�4nË¹C°hýïð

&

�&ÔËaÎ�

4Ó¹&�wæ®A6ô

&

ij]aSTÁ�Ç

¢��TûnÓ¹&

&

V�UôÔËC°

(&)

@

ô

:Î�4ÔËnÔ«@A»E

D



!93

*Ô«

'

9-

*Ô«�

X1

*Ô«

(%BC)

@

áÿ:

93

*�

9-

*

Ô«

&X1

*Ô«m�abiVn¹�½Ï

&

cÔ

Ë¹�ghiÍP�nÏÕÐ¡m�i(n�Ö

QÏ

@

Î*Ô«_®Rô

Y)

�

<1

6E�4Äê

&

�- � Ö 7

X1BY)B<1

Ô « � 4 \ n × ô

&

5

X1B$%Y)B$%<1

�

X1B$%Y)B"%<1

(QBP)

@

ÞÄ

&X1BY)B<1

Ô«nØQQÏ½(

&

aÔË`Y&ÿÎ�4*

ªn¡m>?½V

&

ÃTânbÁið�ngh

½oØQQÏnÎ*Ô«

&

Ä

X1BU*BY)B<1

Ô«]

�r-B½ïnið�4\

@

�-BÁ7

&U*

Í

\w

X1BY)B<1

�4&

&

hno�4ØQQÏn6

ô

&

- � b Á n × ô (

U*

* � n Ô « h

DC@%X1BDC@%U*B"%Y)

�

($#)

@

�rõ:½o

U*

*�

nÎ*Ô«-Báÿ½�

@

+-B&

&

Æ×ôÔ«

X1B$%Y)B$%<1

E*Ã

&

�ØQQÏ�¿E

P$# f

PE#w

($$B$")

&

_`ºÍ��*�n

U*

Äê

#

�V:

"%F7k$

F]

X1BU*BY)B<1

\OÔ«

&

-B��

U*

*�ÿÔ«nØQi¡

'

ÙÚ¡Æ¢ÔË¹�l

W¡mn>?

@

Administrator
新建图章

www.cnki.net/kcms/detail/11.2625.V.20150331.1454.004.html


北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

: R S T S U V W W 8

"#$%

!

!

$%

û

%

�

$&$%

û�IE

RônÎ�4E×ô

X1BE9-B&?

�4

#XY&$@

óô Û � Ç ü Ô Ë ô Þ Å Í X �

"E == j

Q% ==jD ==

�ànË�

@

RôÜÝ�ÞßÝà

�~ákÿÎ�4�ª'L�¤ÑQâþã

&

Þ

¦a~&�¤ä9à�Ýþãå

&

�aæçák

&'L`§þã

$% =1+@

RôÆØè·]F]æ

&

ð���»n

X1BU*BY)B<1

*)sÔ«

@

Eæ|IÔ«QW�»

nÚÛ¡

&

ü�a

PP@PPk

é��ê&Øè

&

�

@

&

ðÔ«nQW�»�©÷5Ë

$

,Ï

@

óôb

nfHIü)sÔ«ÍX�

$% ==j" ==j

#@Q ==

�ànËÆsÔ«

@

Þ¦

&

ô

&##

÷

T1Y

~

ëìÉíÔ«�ô`§åÇaæçák&þã

@

�

$%

DEJG'*W

*-./0$%,F0?39-/98?=8;323868D

2F0.>-H36A D3//0>?02-/

F7k

Ô«©÷

QW�»

Î î ï ð

$

x

�È

% $% $%

"

x

�È

$# $% $%

D

x

�È

$% $% $%

&

x

�È

"% $% $%

$&'%

DEJJG�F

óôÁ°»Eñ

#

É÷

!TX9&&P LD$

ÿÔ«

nØQi¡'L~Þ

&

ab��Ô«nÁ�òg

�°°

#W1..0*0+71,-T:,++1+3Y,-(*1=07*8&WTY$

û

b

@

Þ H µ Ú 5 [

!

Í ° Q Ï � ¿ E � Q �

$ ###w&

Í°Î$E

$#wH=1+&

Í°�êEé�

@

$&(%

DEKLF

Eæ-BÔ«nÙÚ¡

&

»jx��

U*

*�

nÔ«

$% =3&

ü�þa

X1BE9-B&?

Ë�Ø

@

Þ¦ü

ÞÅþ\�TÔËó�Í°w

P&#w&

Í°Î$E

$#wH=1+&

|Q�¿E

% =1+&

�TÏE

" j$#

dD

b,@

xîÞÅ

&

Rô

Y9W

×ôôû~Þ�õ��s

@

$&)%

DFû�

:;Ô«nØQQÏûb

WTY

~Þ�f

&

 

j��nÔËXöµÚ

&

'L

X1BE9-B&?

X¹Ô

ËÞH

&

��¿¾E

#@$ ==&

ÞH�TÏE

" j

$#

dD

b,@

Î

$

EÔËÞÅn��Î

@

Î

$!

ÔËÞÅ��Î

L13@$!9660=>-8;*,F1+3(.>*,R1+36,=Z-0

$&B%

f'FHMû

Rô

WM?B$###

Ém�÷ÏñÿÔË¹��

rnm�÷Ï»s'L~Þ

&

~Þúû]

!

³Ô

"##3&

|Ø�¿

$% 6@

:;Ë¹¹�AWÞHC°

#V/HX"E%$%"##QHmTl&$DE!"##$$&

F]ÔË¹

�Z<AWÞÅ

@

Rô

KWKB$##

VmAWÞH

Çÿ

&

ðÔ«nÔË¹�'LAÛÞH

&

ÞHú

û

!

AWÎ$E

% ==H=1+&

ÞHQÏE�Q

@

�&

éðÔ«ÔË¹�nÛn½ÏE

D

YÞÅnÛn

½ÏnöÚ«

@

$&L%

NOPQOR

��ÔËÞH¦

&

F]ÔË¹�4áÅø

&

�

cô

N*(--- 6

ÕÐk

# D =\ML& E =\M<l

D

�

$## =\M

"

l$

ÿÞÅ'L4áÕÐ

@

óôîhm

��mnògEm�¢

#

É÷

!YTD&##$

ÿÔË

¹�3r�n��ßù'L�ò��»»E

@

'%

�º�Sy

'&$%O>

5�©DEJÂJâ®

Ô«

$

x

f

Ô«

&

x

n

WTY

ûb5Î

"

,Ï

&

Ô

« � á b � k á b Q Ï 5 Ë

"

, Ï

@

J

X1B$%Y)B$%<1

n � k á b Q Ï á ¼

# P$#w&

PE#w$

($$B$")

&U*

ÄênÍ\mGnoæÔ«nØ

QQÏ

&

nÃ]

U*

Äêm�a½oQÏ[J

X1'Y)

�

<1

ÄêÁdÜ�

!

\

,

Y)

Q

U*#X1$

D

hY)

$#

U*#X1$

C

\

,

Y)

$#

U*#X1$

C

hY)U*#X1$

($DB$&)

a

C#& fCD%w

¾¿

&&

ðÔ«GaiYþ

°ö

&

õlaÔYQÏ�¿

&&

ðÔ«Ga´á

�n�tá¦

($%)

@

Ô«

$

x

n�áb�kábQÏ

»jE

Q&Qw

�

P#Cw"

Ô«

"

x

f

Ô«

&

x

n�áb

QÏá>

#Q"$ fQ"%w$&

�kábQÏ»jE

QD$'QDP'QQ"w@

£¯

&

Ô«

$

x

�Ô«

&

x

nkáb

QÏlm(:Ô«

"

x

�Ô«

D

x

nkábQÏ

&

�

cÔ«

$

x

�Ô«

&

x

a�kábQÏ�¿¼½V

&

¹é

E#w

wx

&

ÄÔ«

"

x

�Ô«

D

x

�kQÏ�¿

¼½Õ

&

E

$# f$%w

wx

@

�kQÏ�¿VÿÔ

«n±�¡îê�ó

&

c¼È��ÔË¹��r

�»ÀE�Ó4Z[

@

Ô«&

U*

*�ÿÔ«ØQLEh®A>?

@

q

U*

*�E

%F7k#

Ô«

$

x

$

�

&

Ô«n�áb�

kábQÏ¼½(

&

}}V:�w

D

ðÔ«�

»n�kábQÏ

&

Ôð�»�¼Ô«nÔËQ

Ï^ü¼½(

&

Ä`(nÔËQÏü��Î�4

V�D 'áý¦

&

�UbúûìV

&

pÄnoÎ

#D#"



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

$$

% ©®

&

�

!U*

*�ÿ

X1BU*BY)B<1

Ô«¢ÔË¹�¡mn>?

�4n¡m

@

q

U*

*�E

$#F7k #

Ô«

"

x

$'

$%F7k#

Ô«

D

x

$

�

"%F7k#

Ô«

&

x

$

�

&

Ô«n�

áb¼½¹é

&

kábQÏgh½VnÁj

&

q

U*

*�E

"%F7k&

Ô«nkábQÏ½(

&

M0

´®�»gh½(nØQQÏ�ÔËQÏ

@

p

&

ðÔ«n

WTY

ûb£Æxî

&

aÔ«ØQn`

Y&GaïYþ°ö

#

¯Î

"$&

õl

X1BU*BY)B<1

Ô«aØQQÏ�¿GaïY¶ú¨<¶úÜ�

`Y

($E)

&

ü�]q

U*

*�E

"%F7k&

aÔ«ØQ

`Y&Ga"®lmn¹Yþ°ö

&

õla

Q"" f

QQ"w

¾¿Ga¹Y¶úÜ�¨<¶úÜ�`Y

&

Ôð7ÍUbÔ«aÔË`Y&�¦¹�ØQ

&

¼È��ÔË¹�n�»�ÚÛ

&

×

!

oØ�¶ú

c�ó�ØQõ�

&

qQÏwx½(¶úc�Q

Ï�

&

(Ø�¶úc���ØQõ�

&

5f¹ð�

¦ØQnÔ«�mýdnà�

&

ü��ÔË¹�

�»�¡m�ÚÛ

@

ÙØ,ü

&

p

WTY

~Þ�fx

&

Ô«

$

x

�

&

x

�

».:GakábQÏ(

&

�káQÁVÆ¢Ga

ïYá¦Ü�`Y�#$

&

�]�BnÔ«�¼

@

Î

"!

Ô«n

WTY

ûb

L13@"!WTY:)*506(.>*,R1+3.1--0*=07,-6

�

'%

DEJ�#E}T#EU�

*-./0'%I8/354;-65/3Q4354;20?=0>-24>08D

.>-H36A D3//0>?02-/;

Ô«©÷ �ábQÏ

Hw

kábQÏ

Hw

�kQÏ�¿

Hw

$

x

Q&Q P#C %P

"

x

Q"$ QD$ $#

D

x

Q"% QDP $&

&

x

Q"" QQ" E#

'&'%O>

5�©DEKLFJâ®

Î

D

E��

U*

*�nÔ«a

XY&

�Ë�n

ÙÚõ�«C

@

£Æxw

&&

ðÔ«a

XY&

Ë�

mÖ7ijYÏnÙÚ�õ�

@

Ë

D

Oîæ��

Ô«nõ��s

@

q

U*

*�E

%F7k

�

&

Ô«nÙ

Ú¡½Á

&

õ��s@E

$& ==

"

"

q

U*

*�E

$#F7k f$%F7k

�

&

Ô « n õ � � s á >

#"# ==

"

$"

q

U*

*�E

"%F7k

�

&

Ô«nõ��

smGPÍ

#E%@D% ==

"

$@

ÃT

&

pÙÚ¡ÃÏ»

E

&

q

U*

*�E

"%F7k#

Ô«

&

x

$

gh/dnÙ

Ú¡m

&U*

*�E

%F7k

Ô«nÙÚ¡/Á

&U*

*

�E

$#F7k

�

$%F7k

nÔ«nÙÚ¡áq

&

ÙÚ

¡mö:¹ì¾¿

@

ÞÄ

&

Ô«

&

x

nõ�ghlmn»�7Í

&

õ�¦nÔ«&|�rÅ|9iYÈ]»õ�n

£ ýs�r

#

¯Î

D # ;$

&n

9

�

/$@

ÔðÔ

«n»�7ÍJÎ

"#,$

�Î

"#;$

nÔ«

$

x

�Ô

«

&

x

n

WTY

ûbGalmnïYþ°ö�ná

õ

&

õlÔ«

$

x

�Ô«

&

x

aõ�`Y&h�¦ï

�ØQ`Y

&

¼È��Ë¹��»�¡mn�Ú

Û

@

ÃT

&

Ô«

&

x

���6EÔ«n�»�¼

@

Ä

Ô«

"

x

�Ô«

D

x

nÔ«õ�½ÚÛ

&

È¯lmn

»�7Í

@

$D#"



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

: R S T S U V W W 8

"#$%

!

!

Î

D!

Ô«nÙÚ«C

L13@D!K0771+3:(+;171(+ (.>*,R1+3.1--0*=07,-6

�

(%

DEJVW;X

*-./0(%I=>0-536A ->0- 8D.>-H36A D3//0>?02-/;

Ô«©÷

õ��s

H==

"

$

x

$&@#P

"

x

"$@$D

D

x

$P@QC

&

x

E#@D%

'&(%O>

5�©DF>GNOPQJâ®

:;��

U*

*�Ô«nØQi¡

#WTY

û

b

$&

»jRô¹ð��nÔËXö'L�TÔ

ËÞH

@

qRô

U*

*�E

%F7k

�

"%F7k

Ô«�

&

ÔËQÏE

PE#w&

|Q�¿E

D =1+"

qRô

U*

*� E

$#F7k

�

$%F7k

Ô « �

&

Ô Ë Q Ï E

P&#w&

|Q�¿E

D =1+@

Î

&

]Rô��

U*

*�nÔË¹�n��

ßù

@

Î

&!

ÔË¹���ßù

L13@&!a1:*(67*):7)*06(.>*,R0; 2(1+76

"D#"



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

$$

% ©®

&

�

!U*

*�ÿ

X1BU*BY)B<1

Ô«¢ÔË¹�¡mn>?

Ë

&

OîæÔË¹����rn

ẀT
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mŶ b$"D

÷î@�

&

T¿ûEnhÂø

¢ÃÚEûEm�

A

�nE&Ú

L

nåÚ

&

¸

¯qE

-

7

"#$ %T

L&A

$ 'E,"& D

5

#

(

!

( )
(

DT

L&A

#&$

q&

!T

L&A

_0$ d0

( dL

!

"

$#:

+

"

$ )

1

R

&

+ EûEÎÏJ

ÒÎ¾¼

&L

!

Eh}nE&Ú

"(

E^mb�Ï

"

%&#"



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

: R S T S U V W W 8

"#$%

!

!

5

#

&R&:

� (

!

EJhÂ}�hõnµÚ

@

ÿ:Ö

�y

&<9T9

3zrç

R_D&:_%%# #$ ###&L

#

&$&

5

#

$

(

!

_C ###HE@"&

("D)

@

Î

"!

��ûEa~&n¢�Ì§+ÿ

L13@"!T7(ZZ1+3Z(F0*6(.5,*1()6Z,*71:-061+ F,70*

:;
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Î,Z6(;8M,*=(+8

à¥"�23fgÝè

&

s

ma9

¶R®à�

ÐiE[Ú0'FGá@®à�æ

&

?230RµÏ

'

âSÏ

'

W�Ï

'

eëßÏ¡D?|Ïi

EK[Ú

@

ã¼Ks®à�æ0'FG

&

'(

?[K(*G6E%D

ä"23

#lT$

0

ma9

¶Rfð`

Ó

&

qDÜ�ßä"230f@

'

[iä"230f@

'

¶R0f@¡DE°0f@

&

Ý7

&

�

ßä"230f@qDÜå°ä"23

a,G0.1-0

0fð

&

[iä"230f@qDÜ[iä

"23Hk�¡DÝ

a,G0.1-0

0fð

&

¶R0f@qDÜ¶RæÓ�

'

¶RHk�¡DÝ

a,G0.1-0

0fð

&

E°0f@qDÜ�ßHk�¡DÝ

a,G0.1-0

0fð

&

L¶RömÜ

ma9

�

ßGiEKç�à¾

&ma9

¶RêE?|

M,*=(+8

®à�æE�LÛ

@

R

!

S

!

T

!

23@�
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a066,30T1R0_*$##+

])0)0\0+37I _*$#+
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T <̀Ẁ t̂/\lYN

�
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�

^̀ 9W t T9abm<V t
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\9Ŵ Y

ÿgh� j

¡nÝ�"b¡\]Ýh½dnMF}f

($")

@

¦:T

&

+ñçîæið*:

\9Ŵ Y
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\9Ŵ Y

�%æ¼5s»�»

#bmW$

óôS

ÁÜ;'LMFn'B

&

óô

\̀ Tl

³¸st�

�\]n$ù�

#

[

'

\ù�Æ¢st�MFD

�

$&

üSÁÆ¢SÁn(�GÚnb¡ß�6

EMF$

@

�MÿÍÜkÇEÈÉnïëî

H

ïëîn

D�\]

&

£ËÏE5[¬q

("$)

!

>

# /

$

$

$

";

$

($&$

#$$

&.&$

# /

$

%$$

&D) '

&

R

8"$

Z

$8

W

8

/

>

# /

7

$

7

";

7

($&$

#$$

&.&$

# /

7

%$$

&D) '

&

R

8"$

Z

78

W

8

/

>

# /

R

$

R

";

R

($&$

#$$

&.&$

# /

R

%$$

&D) '

&

R

8"$

Z

R8

W

















8

#P$

q&

!W

8

E#

8

YMFë\�

"Z

78

E#

8

YMFë

\�a#

7

Y_¼nMFþV\Ú

">

7

E#

7

Y_

¼nëî

"$

�

D

EstD��\ºù�D�

"

>

# /

7

$

7

E

>

7

n#

/

7

�GÚ

@

\]h

R

Y_¼

&

j6

#

7

Y_¼n$ù�E

@

%

7

";

7

($&$

#$$

&.&$

# /

7

%$$

&D) '

&

R

8"$

Z

78

W

8

%Z

7&#

W

7

#$#$

q&

! @

d

7

E$ù�

&

³*æ[ù

'

\ù�_¼D

�

"Z

7&#

E

Z

77

né>®Ú

@

q

#P$

£¦E

>

# /

$

$

$

"@

%

$

'Z

$&#

W

$

/

>

# /

7

$

7

"@

%

7

'Z

7&#

W

7

/

>

# /

R

$

R

" @

%

R

'Z

R&#

W















R

#$$$

m·

@

d

7

£�

&

j6

1

7

_@

,

d

7

&

j6iY�ns

tD�

$

f

&

j6�#

8

Y»�

$

f

#8$ _>

#8d$$

7

#8_

$&"&.&/

7

$

��7st�

$

f

# /

7

h$$ _@

d

7

&

ø#

7

Y_¼nstCY¬q5[

!

$

,

5

"%$

5

'&W

7

'B1

7

>"*$

{
5

#$"$

q&

!*_($ # # . #)"%'&

�

B

j6E

%"

# $ # . #

# # $ . #

/ / / . /

# # # . $

# # # .

















#

&"

#

#

/

Z

7&#

















#

!!B"

#

#

/

















#

$

CQ#"



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

: R S T S U V W W 8

"#$%

!

!

Rô

\̀ Tl

ÿq

#$"$

'L�~

$

,

{

"%$

{

'&W

7

'.#>%>

{

$

>

{

"*$

{
{

#$D$

q&

!._(

9

$

9

"

. 9

/

7

h$

)

X

Est�~PQ

uv

@

�~oÿ�iÍCY

!

2

/

7

'$

'9

$

2

/

7

'. '9

/

7

2'9

/

7

'$

"#

#$&$

wx

9

7

_# /

7

h$$4 $74 $# /

7

h$ d7$4

)

7

(

&7_$&

"&.&/

7

h$&

øiÍCY¦E

#2h

)

(

$

/

7

h$

_#&

ÿ

�h

/

7

h$

YiÍ:

d

)

(

&

mÞq$ù�

@

d

7

hÎ

�

&

_`NuµÚ )

(

£Æ|I

\̀ Tl

hÎë\ë

î

#/()+;0; m+Z)7/()+;0; l)7Z)7&/m/l$

Lj

&

p

Ä< ¸¯î³¸«

@

{

7

@

RôMF�

W

7

_# W4d

@

{

7

$ $Z

7&#

&

ø#

7

Y_¼¦EB(ns»MF¬q

>

# /

7

$

7

-

W4,

Ä

W4

MFCq5[

!

W4":

$

#!%=

{

$

$ '. ':

7

(!

#7%$$

%=

{

7

) '. '

:

/

7

(!

# /

7

%$$

%=

{

/

7

) '!

/

7

#$%$

q&

!!

#7$

Eµ¶ë\n

7

�GÚ

"=

{

7

Est�~

D�#

7

YÄê

":

7

Eÿ�¼5\Ú

&

_`NuM

FoµÚ

:

$

&:

"

&.&:

/

7

£Æ|I®_¼

/m/l

L

j

(""B"D)

&

Î

"

&2b¥º»E®_¼

\9Ŵ Y
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\9Ŵ Y

MFoHm|I

/m/l

Lj

&

H

mÿ�tëîn¡m'LPQ

&

�m|I[º�

wst�n¡m

&

ÃTý{xw(nKLø¢

@

Ã

Tf\ÎÏ�ÃÎÏÜ;å�

&

iC�Eæç(

KLø¢

&

�iC�.:Ü;f\£ÆijYÏ

©ªstD�}�

&

UbMFoµÚuj¦bi

Í¼È

@

+ñstMFo·¸ü*:bQnstT¿

CYß

&

Î

D

E

4MBE#9

�tCDMFÏMÎ

@

Î

& $

\9Ŵ Y
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\9Ŵ Y

MF

o

&

Ò_¼nMF�T5Î

"

,Ï

@

!$

*

'

!"

*

�

!#

*

»jE

D

Y_¼P�¬qnµ¶ö÷

&D

Y

+,MFo»jMF!ý

'

vB�ÀS_¼P�

¬qn�tÃ !$

'

!"� !#

@!

T

E

D jE

nÜ;

PQuv

@

ÎÏ�ÃÎÏP�T�nö÷ !

$

,

_

(

!

@

!

A)

X

�Æ

!

T

bwÜ;ö÷

!

T

!

$

,

&

Ü;

ö÷J

D

Y

\9Ŵ Y
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! âT`

=>

E�ZÇ�³¸nÚC:SÁ

&

�

«£Õ

&

�ZÇ�³¸£< 

&

³¸9Ï£(

@

·

�=ÇÃÏ~�¦§Ú«E

#'

CÁE &

"

"

7

#7_$&

"$,

Ç�SÁöCn%A«5[

!

A#

2

"

Z

$ "A#

2

"

#=

X

$ '

2

"

#>

X

$$ "

A#

2

"

#=

X

$$ 'A#

2

"

#>

X

$$ "

!

$

:(6

"

"

61+

( )
+

"

&

"

"

$

'

%!

"

:(6

"

$

61+

( )
+

"

&

"

"

"

'

!

$

61+

"

"

61+

( )
+

"

&

"

"

$

'

%!

"

61+

"

$

61+

( )
+

"

&

"

"

"

"

!

"

$

&

"

"

$

'!

"

"

&

"

"

"

61+

"

+

#$C$

q&

!#

&

"

"

$

&

&

"

"

"

$

E

49?

CÇÃ~�CÁ

@

üq

#$C$

n�fÊ\q

#$E$

&£b
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âT`

=>

6E�Z±²²ß^Z

&

Rô"b¡F

É}~MFÖ7ÿ

49?

ß6�~Ç�TÉPQ

!

H"

$

# !

5

<

$ '

&

<%$

:"#

(# !

5

:

&,

:

$ #$P$

$

# !

5

<

$ "

$

"

C

<

!

5

"

<

#"#$

!

5

<

"

$

!

"

;

!

"

$<

&

"

"

$

'!

"

"<

&

"

"

"

61+

"

+

<

%!

"

;

&

"

"

$

%!

"

;

&

"

"( )
"

#"$$

(# !

5

:

&,

:

$ "

$

"

.

*

!

5

"

:

'!

1

W

1:

%1

#

1

( )
=,[

"

'!

)

W

)

:

%

1

#

!

;

)











=,[

{ }
"

#""$

!

5

:

"

$

!

"

;

!

"

$:

&

"

"

$

'!

"

":

&

"

"

"

61+

"

+

:

%!

"

;

&

"

"

$

%!

"

;

&

"

"( )
"

#"D$

q&

!C

<

�

.

*

»jE#

<

��#

:

�"b¡FÉ

}~¡m^ZåÚáõ\Ú

"!

$:

�

!

":

E

:

�e

49?

J�Z¾¿n§2

@

q

#"$$

�q

#"D$

Üüæ

67,+;(..

±²`Y&

qrÖ×TÉÿ�±²SÁJ/P%ATÉÿ�

±²SÁ¾¿nÁ«

@

E01Ý�nÃÏ¸¯

&

¶ÓD5[¦þ

!

61+

"

+

:

"$ %:(6

"

+

:

"$ %

1

$:

,1

":

!

$:

!

"

( )
:

"

ÿ�q

#"$$

�q

#"D$

£Æ¦E

!

5

<

"

$

!

"

;

!

"

$<

!

"

"<

#!

"

$<

&

"

"

$

'!

"

"<

&

"

"

"

$

!

"

$<

!

"

"<

%#1

$<

,1

"<

$

"

%!

"

;

&

"

"

$

%!

"

;

&

"

"( )
"

#"&$

!

5

:

"

$

!

"

;

!

"

$:

!

"

":

#!

"

$:

&

"

"

$

'!

"

":

&

"

"

"

$

!

"

$:

!

"

":

%#1

$:

,1

":

$

"

%!

"

;

&

"

"

$

%!

"

;

&

"

"( )
"

#"%$

q&

!1

$:

�

1

":

E

49?

qrÇ�^D�ZÇ�D

�

#:_#&$&.&<&<

E}~��

$@

p¡m^Z&

£Æxî

&

%An

49?

h�FqEaâÇh��

ZdzD��

67,+;(..

±²

&

×J�Z§2�£m

|Ø

!

*

)

=1+

_!

;

&

��£m¹é

)

=1+

&

¹'

49?

n�~8Ã|Ø

P#e&

×U�ZÇ�³¸ÚCÁ

SÁ
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*0Z-,:1+3@XI1*;-8& 7I0.,)-7;1,3+(616Z*(:066(.7I16=07I(; F,60[Z-,1+0; >8,+ ,ZZ-1:,71(+ :,60& ,+; 7I0

71=0:(=Z-0[178(.0[70+61(+ :,60*07*1050F,6,+,-8R0;@/87I0:(=Z,*16(+ (.7I0Z*(Z(60; 60,*:I 67*,7038,+;

3-(>,-60,*:I 67*,7038& 1716G+(F+ 7I,7)61+37I0Z*(Z(60; 60,*:I 67*,7038:,+ 1+:*0,6060,*:I 0..1:10+:8,+;

1=Z*(50;1,3+(6166Z00;@

7%) 8("0/! 0[70+1:6" :,60B>,60; *0,6(+1+3" :,60*07*1050" .,)-7;1,3+(616" 0[70+61(+ 7*,+6.(*=,71(+
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