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ÔT4Z1;,

!

& ÔT4j1,(:K0+& N[4N1& R9?Pk)

#i08N,J(*,7(*8(.S8+,I1:6,+; W(+7*(-(.X-13K7=0K1:-0& <1+167*8(.Y;):,71(+& Z:K((-(.90*(6V,:0Y+31+00*1+3& /0121+3[+6717)70(.

\0:K+(-(38& /0121+3$###E$& WK1+,%

/)4&-%5&! \(6(-507K0V*(J-0I(.I(;,-V,*,I070*5,-1;,71(+& ,+ ,)7(I,7()65,-1;,71(+ ,VV*(,:K (.I(A

;,-V,*,I070*6F,6*0,-1g0J8)61+37K0.)gg8:-)670*1+3,+,-8616& FK1:K *0;):0; 7K0;0V0+;0+:0(.)60*6- 6)JA

20:71500UV0*10+:0(+ I(;,-V,*,I070*5,-1;,71(+& ,+; 1IV*(507K00..1:10+:8(.I(;,-V,*,I070*5,-1;,71(+ ,7

I(;,-,+,-8616F(*G>X1*67& 7K0I(;,-V,*,I070*6,*0;151;0; 1+7(7K06:,-,*78V0,+; 7K050:7(*78V0>Z0:(+;&

7K06:,-,*I(;,-V,*,I070*6F0*0:-)670*0; J87K0:(+50+71(+ .)gg8:-)670*1+3,VV*(,:K>\K1*;& 7K0I(;,-

6K,V0F0*0.)gg8:-)670*0; J8)61+3,+0FV*(V(60; I(;,-,66)*,+:0:*170*1(+ J,60; I07*1:.)+:71(+ 7(6(-50

7K0K13KA;1I0+61(+,-;1..1:)-78(..)gg8:-)670*1+3>\K0+& :(IJ1+1+37K0:-)670*1+3*06)-76J(7K (.7K06:,-,*

,+; 7K050:7(*I(;,-V,*,I070*6& 7K0,--A.,:7(*,)7(I,7()65,-1;,71(+ (.I(;,-V,*,I070*6F,6,::(IV-16K0;>

X1+,--8& 7K0V*(V(60; ,VV*(,:K F,65,-1;,70; J80UV0*1I0+7,-*06)-76,+; 1--)67*,707K,77K0V*(V(60; ,VV*(,:K

:,+ ,)7(I,7()6-8& ,::)*,70-8,+; K13KA0..1:10+7-85,-1;,707K0I(;,-V,*,I070*6>

8*3 9'-$4! I(;,-5,-1;,71(+" .)gg8:-)670*1+3" ,--A.,:7(*" :-)670*1+3(.I(;06K,V06" ,)7(+(I()6

B$E



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

<,8!"#$%

=(->&$!?(@%

!

)*+,

! "#$%A#DA#%"

-.+,

! "#$%A#DA"&"

/01234

! "#$%A#&A#" $$!$D

!

/01256

! FFF>:+G1>+07HG:I6H;07,1-H$$>"B"%>=>"#$%#&#">$$$D>##L>K7I-

!

·A¸¹

!

ôü+,FCÅL

#B$$C##""&B$DCD#DL&B$DCD$B#%

!789:

!

È=>

#$L%"$%&

)

&

*=Ö?.

&

/0

&8UK0MFK)>0;)>:+&

1234567ph,l

)

·@âã

>

!

;.<=

!

Z[\

&

]x

&

!^_

&

*

>

ÑK

Y670*0-

T`a¢p�MÄÅ

''(>

BCDEDFG??H

& "#$% & &$ #% % ! E$CAE"&>

O0Rj& R) \&N1) '/&07,->9)7(I,71::(;030+0*,71(+ I07K(; J,60; (+ Y670*0-''(>'()*+,-(./0121+34+150*6178(.90*(+,)71:6

,+; 967*(+,)71:6& "#$% & &$ #% % ! E$CAE"& #1+ WK1+060%>

K77V!

"

JKUJ>J),,>0;)>:+!!2J),,MJ),,>0;)>:+

!"#! $#>$DC##H2>JK>$##$A%LB%>"#$%>#$#E

·º

K8<6165

�MaHnNO��

Z[\

!

$&"

&

]x

$

&

!^_

$

&

Èb

$

#$>

çABC KL�CI

&

çA

&D##C""!">

çABC ,lGHôüÂnñòÝ

&

çA

&D##C"%

!!

T

!!!

U

!

c+Ïàáæa[/ádÈæa§¸sG��

>

c+Ïàá¦§Íeù

)

f

_@B

)

$�ÿ@

)

$h�@

)

g,hi�_*»�

&

�jPàáæçLÐ�¤$T­ 

>

kP

gtc+Ïàáæa}~4T�k��

&

lS!Pæa}~�_

&

~�¢p8~¸�$*�

�

&

Ð�8�ÑK

Y670*0-

`a¢p�MTÄÅ

>

�ÄÅà­�_

Y670*0-

mnÚPg,àái

9"ä

&

Ê�Ý�8�

Y670*0-

äåop:Ò�g,hiT`a

>

�}qÍàá

#TZ%

rQ=T

æç

&

kàáæa¯s�_]tg,hiW]TÊ�uê

&

¤âlmi9Òg,hi~�æ

ç

&

v¼Ê�c+ÏàáT~�æç¢p8

>

�}Êöjz

&Y670*0-

äåhMUY

)

$ÿGop

:Òg,hiT`a

&

Ê�g,hi`aT¢p�M

>

V

!

W

!

X

! Y670*0-"

`a¢p�M

"

c+Ïàá

"

Òg,hi

"

rQ=

GYZ[\

! \dD#L>$

]^_`a

! 9!!!!

]bc\

! $##$A%LB%#"#$%%#%A#E$CA#E

!!

ÊË¡§hDSâã~OÈåÛ

&

à¿æÙ

�~¤¥��ÃÛr7�r·TÂ,l~F�T

Yß|

>

à¿æÙ��å:��,l�åiæç

B~�§

!

:fXKL�,lTÄ

&

à¿æ,l~

È×®µ

)

õojkÍa

&

�U�TBCz{

)

R

lz�óDD�

&

��à¿æ,l,,g�wù

v>W¬~@K

>

N�à¿æ,l�õUg�w

à¿æ�QÙ�-w~

&

�¬�~à¿æ�QÙ

�H,�

&

~

N1+)U))WN1+)U)=Uk(*G6

c

>

�å.

���¹2/v�§~�å³ã

&

}:gKT§

~ÖX

>

wñ¶~à¿æ,l�å¦H�

&

ÃNF

�TY¹2:�óDØ~õE

H

×Üh!z�~

[1gqe4

&

ö7~,lgK.�\Fv¶ì

[1gq~ö7ÏG

&

ù_GÇH ~Sö

)

�

ç

)

QöcÇý

&

óîf,Ãö7~�DGHE­

GBÕ}~,lgK

)

QöÇý

>

�U�DGHE

\FKL�ö7ÏG

&

vóÎX,lgK�~Ù

�DØ

)

H HG

)

Ý�×Øc¡¢ù_uvI

J

&

�§�|,l�åªu�O

)

,lôäù_�

T

)

,lpË¬p

)

ÚK¬¯

)

,lÂX¬pc

¡¢

>

,l©K

#6(.7F,*068+7K0616%

5_f¦ÇO

§¸K|~+]SHQH`awà¿æÙ��å

�LÒ~w�¡¢

>

,l©KUÛóúûÀ~,

l×Ø+]¬²7M@7iÁ~H gKHjñ

¡~5_

>

=æ~T>GQB�}7î9qD

>

wfX,l'×:§¸K|5¨

&

12î¨

6vÀ5_71

&

aq

4<N

Û�'×HjìVM

@5_34

>

V�°|¾~Uv

4<NZ7,70:K,*76

~¬²5_34

!k,3+0*

ª

Z,I0G

c

'$A"(

34~

È X

WHWaa

� m

4<N Z7,70:K,*76

× Ø

"

k,6(F6G1

'D(

34~Èú

Z7,70:K,*76

×Ø©K7O

ª~§¸

&

V12N�Uf¦Ë?·¸~5_�

|

Z7,70:K,*76

³¨S"~Ë?õ

>i*x30*

c

'&A%(

3

lenovo
全文下载蓝色

http://www.cnki.net/kcms/detail/11.2625.V.20150402.1113.009.html


北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

4w¨61ý~ÁÙjk�ú

<ZW#

. l~Û

ó¤æS�Á

%

¬²7Ûó¨65¨~

',5,

H

 

$$$96V0:7'><,(g

c

'BAC(

w

<ZW

~Å+w

&

Ç

%�X

NZW

7vÀ�~�7'×

&

;34~Èú

NZW

×Ø·@7

96V0:7'>

ÅN

4<N

. l~¬

²5_~STwN. lC�~UvÀñ·-�

~�7

&

_ÚC�Ù�{ì�¦~�7��ÚQ

7Ù�~ïÁgK

&

óî35__ÚLKÙ��

~H ¯t

>

wñ�Ù�5¨~§¸©K5¨

&

12î§

�HG7¤¥

&

34'×Hj

)

©K5_:Gi

>

V� ° i § � F G ~ ' × 5 _ ª H j x �

N)67*0

'E(

)Y670*0-

'L(

)Z8+:WK,*76

'$#(

)Z1I)-1+G

'$$(

c

>

wH ¬²

&

ê�

'$"A$D(

ú

Y670*0-

©K7ÅN

+]�~

W

HjH 

>

�

O,-JF,:K6

c

'$&(

34b

õo�HjÒ

W

Hj~·@:�T�ÄS5_

>

°Î~3412U¨6�§~Rl³ãñi~Ä

SL_

'$%A$B(

>

¶D5_~²§nUÎX§�Hj

vÙ�'×

&

,"K|

W

Hj7

e\N

HjH 

&

jK'G·T~O1

#O(67%

H 

&

©K7°º~

,l

H

RlÙ�

>

�ôÝ�j

&

v©K5_~34

12��w�D[\gKT>~ÏÐ

&

x�ô;

FCâãBC

'$C(

)

=>1GBC

'$E(

w

YS9

G

i

)=OSN

~©K5_wÛ��F¿~34

>

�:

,l©KT>~3412��w×Ø¬²:ÅN

kl~,l�å5_w

&

V�

&

=>BC

'$LA"#(

Ç

%�Ûó]?

)

pÀT~kl+1S~ñ¡'t

ìg�³ã

"

(ÕE`BC

'"$(

Ç%�ÛóÅN�

ÛH gK1C~×Øk�:�|�¼

"

ô;F

CâãBC

'""(

34�4¾,lVWnÖÚå3

uQw�Qï~kl×Ø

"

+�BC

'"D(

34�Ä

k,lphPÚñÁ×ØîUñ¡Äk,l~½

h:Z1

"

�ôFCI

'"&(

34�ÅN²Q^A~

d07*1

Ä×ØK|5_

"

+>BC

'"%(

34�ÅN@

RÈU~klæÙ�gK}í:ò�âã

"

�$

Ç%G7BC

'"B(

Â/vklÄÅÇ%�ÛóÅ

NæS+]�~�ºW~kl�7ÄÅ×Ø

>

©wó�

&

=æ~,l©K5_34�w~

12¡¢æ

!

"¡æ~34ÛÞú×Ø¬²7{

ÛóO1Hj

#WHWaaH',5,%&

�ÚnÖ�³ã

N­Ù�~¹2

&

��N­§¸~pS¬Ä®¯

&

ªu®p

>

#¡æ~5__ÚK|Õ}§¸

&

¹2

úK|~§¸à¿Ò'G·T~§¸�þÚk|

uï~H 

>

�w'G·T~§¸�~&QX½

ïðÒK|§¸~¬ô

&

ÎÑ°ºH ~¬ô:

ß�~×Ø¬ô�Û�

>

/v¶ì¡¢

&

ÞêÇ%�{X:ñ¡ù>

~C�5_

&

Ç%ÛóÅN

Y670*0-

§¸+]K|

~5_

>

úà¿æÙ�×ØÜz¬²7:iÁ³

ãT>~pY�H 

&

b�ñ¡wF�TY,l

gK¶rmÀÏÐ~H gK+]S

>

)+

"¹_Pç�MaHnNO

),)+K8<6165

QR

Y670*0-

HjUÛröXN�TÏÐ~ßÖæ

ÖX~§�·HHj

>Y670*0-

HjUÙ��å.

�C�Ù�jkª�7~Ûó¤æHj

>Y670*0-

Hj~;å¬ÎÑgK.���8åÀÁOºW

~�T�¡¢

&

��U;åñ¡~3t

>Y670*0-

H

jpî4SÒ�T�Kw

&

��~·HHj\F

¶óÚå

>"#

�!�

&

×5¦N_ô~Cã�

>

/0**8

c�å�

Y670*0-

~¤æSHG

'L(

&

ÎÑ

Y670*0-

T6ñ¶~ÖX

>

),(+

"¹_PçST

7�Ç�à¿æÙ��å¦H~¡¢

&

pî

{XûÀºgK~5_

&

,"úûÀS~5_}

::�§~³ãT>~iÁñ¡cÙ5H

&

��

ñ¡�N­³ã§¸~K|

>

f¦v�QÙ�1

ý~±#ªûÀ

&

ÎÑXUpîw

Y670*0-

×ØV

'¦H�ÅNÛ�~z�H�åpóà¿æÖX

H 

&

ÇO¶ìÖXH w�§Ù��~§¸Â

X¬

&

îìw�k~}»æVW9:VwÖXÙ

�~4�Q¬

>

¶óûÀºgK5_~]W~

l

$

óm

>

l

$!

ûÀºgK5_~]W

X13>$!X*,I0F(*G (.,J67*,:7-,80*;0613+ I07K(;

wûÀgKº�

&

12{X

Y670*0-

Hj'.

×Ø

&

ûÀ%,l~�7ª¹2ñ¡~óÚ

>

w§

;�äì:iÁ³ãT>~hD

&

_¹2ghK

n~Ù�×§ªÙ�ÖX·Hz�

#9VV-1:,71(+

d*(3*,II1+3[+70*.,:0&9d[%

Hñ¡XU¹2~ó

Ú

>

¶ÛºÎÑ,lgK:³ã~iÁñ¡T4

}�

>

wûÀº~gK¦H�

&

¹2ÀGb�QÙ

�

)

}»æÖXÒRlk]cprºW~­f1

ýz�

&

îXY�QÙ�

)

ÄZ°L

)

Rlgq~

�§

&

ÇOÖXÙ�~4c

)

4fª4�QÚå

&

ñ¡�N­³ã§¸~K|

>

7ÓÂ�C�¶Û

¦H

&

X

9/eT

·DHí�¶ÛgK5_]W

>

V�

9

ª

/

}:�m[l

9

ª[l

/&e

�mÂ

E$E



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

%

% È=>

&

c

!

ÅN

Y670*0-

~§¸+]K|5_

A

#e0607%

[l

&T

�mh%

#T)7V)7%>

wgK-

ß

&

_UÀÁûÀ~¡¢

"

pîâoûÀ~¡¢

&

\%~l

"

óm~Ë?�

>

l

"!9/eT

·D~Ë?�×Ø

X13>"!Z7,70I,:K1+0I(;0-(.9/eT0U,IV-0

w¶ÛstËÂ:v¡¢ÞQ~C�ªÇ

�

&

ÿN¶Û¡¢úIÖXN]r³ãÂ�¹2

ÀÁ

>

9Û�

&

pâoË?�

&

ÎX

Y670*0-

'.×

Ø

>Y670*0-

HÿC�~9

!

I(;)-09/eT!

1+V)79&/&e"

()7V)7T"

-((V

!',F,179

4

,F,17/("

!0I17T

0,:K e

0+; I(;)-0

wÛÞgK�

&

pÚæ�rË?�àY

&

gK

úI}7�§×§

&

}:X

Y670*0-

HC�

>

w

Y670*0-

'×j�-"

&

�âo�§~³ã

&

Hgh

K|/v�§N­gq~³ã§¸

>

jÑ,F~U

&

Þê5_12>,�QÙ�

ûÀº~gK¡¢

>

w�QÙ�ûÀº~'.¦

H�12¹2Ç�~¡¢U

!

ûÀ�QÙ�1ý

z�

>

),-+

"¹_PçU4

%H#

��V

Ç��§Ù�-�

9d[

z��Û�~12Ç

�5_æ

!

z�Âkªz�×Ü

>

z�ÂkUævÅN{ÛÙ��å~ÖXH

 ~¦¸�XÒ~z����y

&

ÎÑ¦¸�~

z�Óy7�ÛrN­Ù�~z�

>

z�×ÜUwH �^¦H�

&

{XN­Ù

��~z�×Ü%«Ù��~z�

&

ÎÑqrz

�wóÚwUvc~

>

z�×Ü~¦H�U'.

ÛrN­Ù�

9d[

:«Ù�

9d[

~Ûrvc×Ü

º

&

~l

D

óm

>

l

D!

�QÙ�ûÀºªmÀ�QÙ�-�~>Ù

X13>D!e0-,71(+6K1V J07F00+ (V0*,71+368670I #TZ%

,J67*,:7-,80*,+; 6V0:1.1:TZ -,80*

7§pî'.Ûr­f

9d[

_

&

wûÀº~

gK�

&

ÎX¶ì­f

9d[

��·H

&

w¶ì­f

9d[

ñ¡~�`

&

�{XpÙ�³ãT>~

9d[

ñ¡¶ì­f~

9d[

z�

>

¶÷

&

�pîñ¡Ûó

��

)

�óñ¡~N~�

>

�³ã-��§

9d[

�

Û~]W~l

&

óm

>

l

&!

�³ã-�

9d[

�Û~]W

X13>&!X*,I0F(*G (.)+1.(*I9d[,:*(66I)-71V-0V-,7.(*I6

),.+

"¹_PçMaNOWª

<,+716

~�Hª

\1+8TZ

~��ÖUX

W

ñ

¡~

&

�U×ØÇ�~XU·H5æU�Û÷~

>

ú­f

W

§¸¬S7N­³ã§¸~12�Ý

~9

!

$%

K|:N­³ãvÖ~

I,1+

¯õªß�

S§¸

>

ÃN

\1+8TZ

ª

<,+716

ÎX�§~·HH

j

#+06W

ª

9?Z[W%&

�|×Ø2M~

I,1+

¯õ

ªß�S§¸ÖU�Û÷~

>

"%

ú

Y670*0-

×ØK|~­f

W

§¸ïKÒ

N­³ã

>

{X�¨

Y670*0-

×Ø·@~j�

&

p

îÑÒ­f

W

§¸

#

x�

>:

êlª

>K

êl

%>

ú

¶ì§¸}Ü7�§~§¸t

&

~êlxy

)

6À

G

)

¯õÀGcÕ}

&

,"ÂÎú¶ì§¸tk�

7

\1+8TZ

~ÖXêl

#

x�

>+:

êlª

>K

êl

%

ª

<,+716

~ÖXêl

#

x�

>:

êlª

>K

êl

%>

D%

ú­f

W

§¸�XÒ~�QÙ�ûÀº

Ç�~­f

9d[

�²7³ãT>~

9d[>

Ã

Y670*0-

L$E



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

×ØK|�N­³ã§¸~�Hl~l

%

óm

>

l

%!Y670*0-

×ØK|³ãT>§¸~�Hl

X13>%!X-(F3*,VK (.V-,7.(*IA6V0:1.1::(;0

30+0*,71(+ .*(IY670*0-I(;0-

(+

deS¨yZ¶

(,)+

de.Ý

ÞêgXù��ªÄZÖX~·DH×ÜÃ

Y670*0-

×Ø¬²7N­³ã§¸~¦H

>

ù��

ªÄZÖX~óÚ12U

!

Ù�ß�S-"�¿

abË?

&

z¤õox[låK�

&

ÃabË?¬

7g�Ë?

&

z¤ª�hõox

>

¬z¤Ò#

%

r

õox�

&

ÌåH ~u|[l

>

¶r·DÖXx

y��ªÄZÖX~óæ~mn

!

õox~åc

)

z¤

&

õoxõo~01îìabóÚ

>

gKß

%

&

âopr×§~óÚgK%TÖ~Ë?�

&

Å

N§

&

ÞêÎX

Y670*0-

vV��'×

&

3t~9

>

(,(+29:B"J

y

U3:<98

GdÄ�XY

9¨Ä®w

<,+716

ª

\1+8TZ

�¶rT§~

H ñ¡w~�§-0

!

w

<,+716

¬�

&

H b

Ûr

67,*7

¯õ��Y�

&

D N

W

Hj·H�~

I,1+

¯ õ

>

p î w

67,*7

� H � f ¦ Q X

I(6t7K*0,;t+0F

¯õ

&

dK%Î~�H

>

wÎ'.

~�H�

&

~L_C�~

&67,70tI,:K1+0

¯õ�

$# I6

QXÛW

>

¶á~

WNi

[lUf¦QX

I(6t7K*0,;t6-00V#$#%

H�zñ¡~

>

vz¤õo

x

&

¹2QX

9d[

z��~

:(It*0:5t71I0;

¯õ

>

×½»]ù��gq

&

;�¿z¤×æÛÀ��

#

¶áU

D# I6%>

¬z¤Òõox�

&

½î¤Òõ

ox[lQX

67,70tI,:K1+0

¯õ

#

Ë?�~

di\

[l

%>

våcõoxªd²

NYS

~ñ¡Uf¦

QX

:(It60+;

ª

I(6t-0;t7(33-0

îì

-0;t(+

¶÷

~

9d[

ñ¡~

><,+716

�~ñ¡]Wl~l

B

óm

>

l

B!<,+716

�·DH ~ñ¡]Wl

X13>B![IV-0I0+7,71(+ 6:K0I0(.V*(3*,I0U,IV-0.(*<,+716

!!

Ãl

B

pî²%

&

·DH w

<,+716

�ñ¡

~jk7

!

ÞÅUÙ�êl~xy

&

Ê"UvË?

�¯õ�L_~ÀG

"

,"U¤Òõox

&

åcõ

ox

&NYS

�T¯õ

"

°"UÖX�H~ÀG

&

î

ìw

67,*7

¯õ�~�HV'

>

\1+8TZ

~·H×ØUÅNßl~

>

w

\1+8TZ

�·DH ~ñ¡¦H~9

!

ÞÅ

&

×%K�Yb

/((7>J((70;

[l01H �ß�S

#WNi71I0*>

67,*7d0*1(;1:%>

×%K�Y ~ � � × % g À 7

$# I6>

ß�Su|-"

&

ÛrK�Y[lLK

#WNi71I0*>.1*0;%>

w¶r[l~01H ¬�

&

Ë?�I²¸ÛrÇý

&

H01Ë?�~

WNi

[

l

>

ÃNL_2Mù��gq0Nz¤Ë?ÛÀ

~��

#D# I6%&

7�w

*0:0150d,:G07

5_�ñ¡

2M

&

¹2gAÛrS�K�Y

#

½¾

D# I6%&

;

§�»]ù��gq

>

w¶rS�K�YK��

�G\�

&

¹2>²ù��gq

#

w

ej\K*06K(-;A

\1I0*>.1*0;

[l~01H �ñ¡

%>

¬

\1+8TZ

#"E



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

%

% È=>

&

c

!

ÅN

Y670*0-

~§¸+]K|5_

z¤ Ò õ o x �

&

½ L K Û r

*0:0150

[ l

#e0:0150>*0:0150%>

¶r[l~01H 

&

ñ¶u

|�Ë?��æõoxÒH[l

#di\

[l

%

~

01GQ

>

vNêHåcõox¶÷~�7

&

Ë?

�QX

60+;d,:G07

¯õHñ¡

>

w¶r5_¬�

&

ÞÅgAù��gq7�hË?

&

;»]×

>

¬

ù��gqLK

e,;1(>Z7,*7S(+0

[l�

&

�m

ù��gq»]|ó

&

5_Ý½vù��UJ

=»]¸%4S

>

~�ù��gq=B»]

&

Â

ÎX

9<Z0+;

z��Ç�~

9<Z0+;>60+;

��

Håcõox

>

¬õoxåcu�

&\1+8TZ

LK

Ûr|'[l

9<Z0+;>60+;S(+0

HÇ�åc0

1Ë?~hD

>

w¶r[l~01H �

&

>²

ù��gq

>

wË?��

&

pîÎX����H

�T

NYS

~Ë?

>\1+8TZ

�·DH ~ñ¡]

W~l

C

óm

>

l

C!\1+8TZ

�·DH ~ñ¡]Wl

X13>C![IV-0I0+7,71(+ 6:K0I0(.V*(3*,I0U,IV-0.(*\1+8TZ

!!

Ãw�]WpîÑÒ~·DH w

\1+8TZ

�ñ¡~jk7

!

ÞÅUXU×§~V'

&

Ð�X

Ò~z�

&

Ê"Uñ¡Õ}

>

wñ¡¬�

&

ÞÅU

w

/((7>J((70;

�»]H �~

WNi\1I0*

K�

Y

&

b�»]H 

&

Ê"ÀGË?�~¯õ

>

,"

Uåcõoxªz¤õox¯õ

>

åõox�»

]ù��gq~|'[l

e,;1(>67,*7S(+0

[l

&

îì " � ~

9<Z0+;>60+;S(+0

[ l

&

° " ~

*,;1(>67(VS(+0

[l�¹201

&

óî�æÀGV

01[l

>

w

/((7>J((70;

[lªz¤õox¯õ

�

&

}:»]�

WNi\1I0*

K�Yª

ej\K*06\1I0*

K�Y

&

×Ø}:LK~K���Ò­[l

&

WNi\1I0*>.1*0;

[l01H 

&

îì

ej\K*06\1I0*

[l01H 

>

°"UÛr

NYS

~�T¯õ

>

(,-+

 Z.Zy ¡¨©

{X

Y670*0-

vw�·DH ��×§µ}ª

×Ø'.

&

pîú·DH }7

!

ß�S×§

&

Ë?

�×§

&

åc

)

z¤õox×§

&NYS

�T×§

>

ß�S×§~QX12U»]XUÖX

>

w

<,+716

�~12GQUV'XU�H

&

;âo2

M�ab

$# I6

"

&

LK

WNi

h!

&

4)Ë?�Ë

?~y�

>

w

\1+8TZ

�~12GQU»]XUH

 

&

;»]K�Y

&

�\

$# I6

LK

WNi

h!

&

;

4)Ë?�~Ë?y�

>

qP~l:wN

!<,+716

~ÖX»]UV'ª»]�H

&

�

\1+8TZ

UX

/((7>J((70;

»]ÖX×§

>

ÃNÖ¹2��K

�

&<,+716

U{X�Heb

$# I6&

�

\1+8TZ

U»

]K�Y

&

LK

WNi\1I0*>.1*0;

[l��K�

>

ß

�S×§~

Y670*0-

×Ø~9

!

I(;)-0[+17

1+V)7613+,-\"()7V)7613+,-WNi"

67,*7t,VV#%"

-((V

!F,17#3\%"

!0I17WNi

0+;

$"E



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

0+;

Ë?�×§UH ~¤¥Õ}

&

×�ÀH 

�r�¦~�7

>

w

WNi

h!ÒH�

&

4SUJ

�¿åcõox7Pz¤õoxË?

>

¬

di\

h

!ÒH�

&

4SUJ�¿H g�j�Ë?

>

,"

�Uåc7zRu|�

&

v

NYS

���T

>

Ë?

�~

Y670*0-

×Ø~9

!

I(;)-0Z7,70I,:K1+0

1+V)7613+,-WNi&di\"

-((V

!',F,17WNi"WK0:GtZ7,70#%

!

4

!,F,17di\"WK0:Gt\0*I1+,70#%(

0+;

0+;

õoxåc×§~

Y670*0-

×ØÄ®Ía

&

×

Ø�_¹2QX

Z0+;d,:G07

¯õ

&

õoxz¤×

§~

Y670*0-

×Ø�

&

2M«¾z¤Ë?7

D# I6>

õoxz¤×§~

Y670*0-

×Ø~9

!

I(;)-0e0:0150d,:G07

1+V)7613+,-\"()7V)7613+,-di\

*0:5tV,:G07#3\%"

1.#*0:5tV,:G07>*0:05%

!7K0+ 0I17di\

0+;

NYS

�T×§12��v

NYS

Ë?���

T

>

ÜzQX

-0;t7(33-0

¯õH�T

NYS>

w

<,+A

716

�QX

I(6t-0;t7(33-0

H���²

&

�w

\1+8A

TZ

�{X

-0;#\(33-0)-0;$\(33-0)-0;"\(33-0

H�

��²

>

(,.+

dewxZ¶

Þêgh�¨èf~fhH îìÛrVW

éS~ÖXQ7ñòX·

>

VWéSÖX~12

óÚUw{tn~éSõo�,�

&

¸%�,g

ë

>

12bK|§¸~Bµw��vÄ

>

Þêî'

G·±§¸~BµQ7Åf

&

}í+]K|§¸

~Tv§Å+~�S

>

{X~9Iæ��Ä®

!

$

+

##9PWfYTZ% f#<kWfYTZ%% -$##

<kWfYTZ

#$%

æ�

!

$�m§¸Bµ�ä

"9PW#9)7(I,71:P0+A

0*,70; W(;0%

� m + ] K | ~ § ¸ B µ

" YTZ

#YIV78TZ%

�m@�QÙ�Bµ

"<kW#<,+),-

k*1770+ W(;0%

�m'G·±§¸~Bµ

"9PWf

YTZ

�m+]K|~ÖX~Bµ

"<kWfYTZ

�

m'G·±~ÖXBµ

>

{X3IæÑÒ~§¸

Bµ~�

$

óm

&

l

E

U

<,+716

�fhÖXª4

SÖX~§¸BµÄ®

>

l

L

U

\1+8TZ

�fhÖ

XªéSÖX~§¸BµÄ®

>

bñòõo�p

î²%

&

+]K|~§¸wBµwTvN'G·

±~§¸UpzR~

&

ÅÞÓÔ�§¸K|~g

K2M

>

h

)+

Ma&[�íî

23456)+70@>31980:0?/0=689W6

�QÙ� @�QÙ�

H/

ÖX 'G§¸

H/

+]K|§¸

H/

$

<,+716 $% B%#

fhÖX

$B DB& $B %L" $>&

éSÖX

$C &"# $E #DB D>%

\1+8TZ $ %%E

fhÖX

L E"B $$ "&" $&>&

éSÖX

$" B&C $& DEB $D>E

l

E!<,+716

�qr·DÖX~§¸BµvÄ

X13>E!W(IV,*16(+ (.:(;061g0J07F00+

7F(0U,IV-06.(*<,+71:6,VV-1:,71(+

l

L!\1+8TZ

�qr·DÖX~§¸BµÄ®

X13>L!W(IV,*16(+ (.:(;061g0J07F00+

7F(0U,IV-06.(*\1+8TZ ,VV-1:,71(+

""E



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

%

% È=>

&

c

!

ÅN

Y670*0-

~§¸+]K|5_

-+

w

+

{

ÞêÇ%�{X;å�T�Hj

Y670*0-&

v

à¿æÙ���'×

>

Bñòò���

!

$%

35_{XûÀºpîñ¡�³ã~§

¸+]K|

>

"%

35_wñ¡§¸+]K|�iæ®Ä

~¬Ú

&

·~

&

TvN'G·±§¸

&

+]K|~

<,+716

ÖX§¸Bµ~�¹µN

%]"

+]K|

~

\1+8TZ

ÖX§¸Bµ~�¹µN

$%]>

7Î35_iæÓÔÕ~nX¬

&

¹2�Û

�vÓ�~N­³ãîìÖXDØ��ò�

>

§

d

&

vN§¸+]K|~ÄSL_æà�Û�

34

>

��]^

#G6?616:/68%

'$( k,3+0*X&Z:KI)G1e&k(-670+K(-I0d&07,-><(;0-1+36(.7F,*0

F17K .1+17067,70I,:K1+06!,V*,:71:,-,VV*(,:K '<(>/(:,e,A

7(+!9)0*J,:K d)J-1:,71(+6&"##B!$"DA$&&>

'"( Z,I0G <>d*,:71:,-4<N67,70:K,*761+ WHWaa 050+7A;*150+

V*(3*,II1+3.(*0IJ0;;0; 68670I6' <(>/)*-1+37(+!?0F+06&

"##E!DA%">

'D( k,6(F6G19>T+ 0..1:10+7V*(3*,I 68+7K0616.*(I 67,70:K,*76

'W(

"

9W<Z[PdN9?W(+.0*0+:0(+ N,+3),306&W(IV1-0*6&,+;

\((-6.(*YIJ0;;0; Z8670I6>?0FR(*G!9W<&"##D!$BDA$C#>

'&( i*x30*[O&<,7K0Fe&<0161+30*<&07,->X*(I6:0+,*1(67(,6A

V0:76!0UV-(*1+3V*(;):7-1+06'W(

"

d*(:00;1+3(.7K0&7K [+70*A

+,71(+,-k(*G6K(V (+ Z:0+,*1(6,+; Z7,70<,:K1+06!<(;0-6&9-A

3(*17KI6,+; \((-6>?0FR(*G!9W<&"##%!$#ED$EE>

'%( i*x30*[O&<,7K0F e& <0161+30*<>Y..1:10+70UV-(*,71(+ (.

60*51:0A(*10+70; ,*:K170:7)*06)61+3,6V0:76'W(

"

d*(:00;1+3(.

7K0"E7K [+70*+,71(+,-W(+.0*0+:0(+ Z(.7F,*0Y+31+00*1+3>

d16:,7,F,8&?'![YYYd*066&"##B!B"AC$>

'B( <,(gZ&O,*0-S&i-01+J(*79>9:(IV1-0*.(*I)-71I(;,-6:0+,*A

1(6!7*,+6.(*I1+3NZW61+7(,6V0:7'''(>9W< \*,+6,:71(+6(+

Z(.7F,*0Y+31+00*1+3,+; <07K(;(-(38& "#$$& "# # & % ! $C%CA

$CC#>

'C( <,(gZ&O,*0-S>X*(II)-71AI(;,-6:0+,*1(67(:(;0!:(IV1-1+3

NZW61+7(,6V0:7''W(

"

d*(:00;1+36(.7K0$&7K 9W< Z[PZTX\

[+70*+,71(+,-Z8IV(61)I (+ X()+;,71(+6(.Z(.7F,*0Y+31+00*A

1+3>?0FR(*G!9W<&"##B!"$LA"D#>

'E( W,6V1d&d1-,); S&O,-JF,:K6?&07,->N4Z\eY!,;0:-,*,7150

-,+3),30.(*V*(3*,II1+368+:K*(+()668670I6'W(

"

$&7K Z8IA

V(61)I(+ d*1+:1V-06(.d*(3*,II1+3N,+3),306#dTdN- EC %>

?0FR(*G!9W<&$LEC!$CEA$EE>

'L( /0**8P&P(+7K10*P>\K0Y670*0-68+:K*(+()6V*(3*,II1+3-,+A

3),30!;0613+&60I,+71:6&1IV-0I0+7,71(+ ''(>Z:10+:0(.W(IA

V)70*d*(3*,II1+3&$LL"&$L#"% !ECA$%">

'$#( O,+U-0;0+ e=>Z8+:WK,*761+ W!,V*(V(6,-.(*-13K7AF013K7&

;070*I1+1671::(+:)**0+:8'W(

"

d*(:00;1+36(.7K0C7K 9W<

[+70*+,71(+,-W(+.0*0+:0(+ YIJ0;;0; Z(.7F,*0>?0F R(*G!

9W<&"##L!""%A"D&>

'$$( O,+ P&?,7,-0<S& 0̂+3O&07,->TV71I1g1+37K01IV-0I0+7,A

71(+ (.*0,-A71I0Z1I)-1+G I(;0-6(+7(;167*1J)70; ,)7(I(7150

,*:K170:7)*06' '(>'()*+,-(.Z8670I69*:K170:7)*0& "#$D&

%L#$#% !$$$%A$$"C>

'$"( Y;F,*;6Z 9>W(IV1-1+3Y670*0-1+7(60m)0+71,-:(;0' W(

"

d*(:00;1+36(.7K0DC7K 9++),-S0613+ 9)7(I,71(+ W(+.0*0+:0>

?0FR(*G!9W<&"###!D""AD"C>

'$D( d*(:K+(FZ&\*,)-60+ W&O,+U-0;0+ e=>Z8+7K061g1+36,.067,70

I,:K1+06.*(I Y670*0-' '(>9W< Z[PdN9? ?(71:06& "##B&

&$#C% !$$DA$"&>

'$&( O,-JF,:K6?&e,8I(+; d&e,70-W>P0+0*,71+30..1:10+7:(;0

.*(I;,7,A.-(FV*(3*,I6''(>N0:7)*0?(7061+ W(IV)70*Z:1A

0+:0&$LL$&%"E#$#% !"#CA"$E>

'$%( Py*,*; 9&P),77(9&d,670)*W&07,->9I(;)-,*I0I(*8(V71A

I1g,71(+ .(*68+:K*(+()6;,7,A.-(F-,+3),306!,VV-1:,71(+ 7(,*A

*,861+ ,-)67*0:(IV1-0*'W(

"

d*(:00;1+36(.7K0$D7K 9W<

Z[PdN9?HZ[P/YS [+70*+,71(+,-W(+.0*0+:0(+ N,+3),306&

W(IV1-0*6&\((-6,+; \K0(*8.(*YIJ0;;0; Z8670I6>?0FR(*G!

9W<&"#$"!%$AB#>

'$B( /10*+,:G1S&W(-,z('&O,I(+ P&07,->W-(:GA;1*0:70; I(;)-,*

:(;030+0*,71(+ .(*68+:K*(+()6;,7,A.-(F-,+3),306''(>9W<

Z[PdN9??(71:06&"##E&&D#C% !$"$A$D#>

'$C(

Khi

&

6�

&

K j

&

c

>

ÅN§�

YS9

Gi~���Æ

gK�H

''(>

KL�34:åÛ

&"#$"&&L#L% !"#"CA"#D%>

k,+3Re& ZK1k&k,+3^R&07,->9 +(50-.-(F.(*,68+A

:K*(+()6:1*:)17;0613+ )61+368+:K*(+()6YS97((-6''(>'()*A

+,-(.W(IV)70*e060,*:K ,+; S050-(VI0+7& "#$"& &L # L % !

"#"CA"#D%#1+ WK1+060%>

'$E(

ì'ô

&

&�7

&

÷�

>=OSN

Hj��jHÿìV©K5

_34

''(>

KL�Cë

&$LLE&"$#$#% !L"LALD">

k) 'P&N1) < R& Z)+ R>e060,*:K (+ ,660*767,70I0+71+

=OSN,+; 17668+7K0616I07K(;6''(>WK1+060'()*+,-(.W(IA

V)70*6&$LLE&"$#$#% !L"LALD"#1+ WK1+060%>

'$L(

÷k

&

ìl

&

&ê

&

c

>

ÛópÀT~+1klg�4m]

W

''(>

,lCë

&"##E&$L#B% !$D&#A$D&L>

Z)+ j& K̂),+3N&N1) k&07,->9:)67(I1g,J-0*)++1+36)VV(*7

.*,I0F(*G .(*,)7(+(I()6:(IV(+0+76''(>'()*+,-(.Z(.7F,*0&

"##E&$L#B% !$D&#A$D&L#1+ WK1+060%>

'"#(

zno

&

pqr

&

sê*

&

c

>

+1kl+nÖ�¼~w�

ÀTì]?.Ê

''(>

,lCë

&"#$"&"D#&% !E#"AE$%>

'10''&ZK1\j&'1,(k d&07,->9)7(+(I()6:(IV(+0+76FK(60

,;,V7,71(+ V(-1:106:,+ J0:)67(I1g0; (+-1+0,+; 05,-),70; ;8A

+,I1:,--8''(>'()*+,-(.Z(.7F,*0&"#$"&"D # & % !E#"AE$% #1+

WK1+060%>

'"$(

&`

&

ÈTt

&

uvw

>

×Øk]Wk�×Øk�:�|�

¼

''(>

,lCë

&"##B&$C#B% !$&$$A$&"">

N1) '&O0'X&<1,(Oi>Z7*,7038.(*I(;0-:(+67*):71(+ ,+; 1+A

703*,71(+ 1+ <S9''(>'()*+,-(.Z(.7F,*0&"##B&$C#B% !$&$$A

$&""#1+ WK1+060%>

'""(

xy

&

Kzé

&

p{|

&

c

>

Ûó4¾,lph}S~kl

×Ø

''(>

,lCë

&"#$$&""#$% !$CA"C>

S1+3/&k,+3O<&ZK1Sj&07,->W(IV(+0+7I(;0-6)VV(*7A

1+37*)67F(*7K1+066A(*10+70; 6(.7F,*005(-)71(+ ''(>'()*+,-(.

Z(.7F,*0&"#$$&""#$% !$CA"C#1+ WK1+060%>

'"D(

x`

&

J~+

&

ò�x

&

c

>

ÛrÄk,lphñÁ×Øì

D"E



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

ÅN.Ê~hÇQä

''(>

�ôFC

!

hDFC

& "#$D&

&D#$% !$#EA$"%>

j) '&Z1P?&R,+3'X&07,->9+ 1+70*+07F,*0;0V0+;,J-00+71A

78I(;0-,+; 7*)67I0,6)*0I0+7J,60; (+ 05,-),71(+''(>Z:10+A

71,Z1+1:,![+.(*I,71(+16&"#$D&&D#$% !$#EA$"D#1+ WK1+060%>

'"&(

s�

&

é«�

>

ÅN²Q^A~

d07*1

ÄÙ�©K:½¬

''(>

KL�Cë

&"##C&D##D% !D%"ADB#>

'1,(N&N) k <>Z8+7K0616,+; V*(V0*78AV*060*5,71(+ (.d07*1+07

68670I6J,60; (+ 6K,*0; V-,:06''(>WK1+060'()*+,-(.W(IV)7A

0*6&"##C&D##D% !D%"ADB##1+ WK1+060%>

'"%(

�o

&

N�t

&

,�

&

c

>

ÅN@RÈU~klæÙ�gK

}í:ò�

''(>

KL�Cë

&"##B&"L#&% !%$DA%"%>

O) '& R) j X& K̂,+3R& 07,->WK0:G1+3:(IV(+0+7AJ,60;

;0613+6.(*6:0+,*1(AJ,60; 6V0:1.1:,71(+6''(>WK1+060'()*+,-(.

W(IV)70*6&"##B&"L#&% !%$DA%"%#1+ WK1+060%>

'"B(

ß�#

&

��Î

&

ø-�

&

c

>

ÅNæS+]�~�ºWk

l�7ÄÅ×Ø

''(>

,lCë

&"#$$&""#$$% !"BBEA"BED>

WK) SO&<0+3XW& K̂,+ SW&07,-><)-71A-050-:(IV(+0+7

J0K,51(*I,7:K1+3I(;0-J,60; (+ .1+170,)7(I,7,''(>'()*+,-

(.Z(.7F,*0&"#$$&""#$$% !"BBEA"BED#1+ WK1+060%>

/1&'2%&#5 5'$*;*(*-%&#'(2*&+'$)%4*$'(?4&*-*0

OYR,+U1,+3

!

$& "

& R4\,(

$

& N[4'1,+J(

$

& j4WK,(

$

#$>Z:K((-(.W(IV)70*& k)K,+ 4+150*6178& k)K,+ &D##C"& WK1+,"

">Z7,70i08N,J(*,7(*8(.Z(.7F,*0Y+31+00*1+3& k)K,+ 4+150*6178& k)K,+ &D##C"& WK1+,%

/)4&-%5&! YIJ0;;0; 68670I6;050-(VI0+716I):K ;1..0*0+7.*(I7K07*,;171(+,-6(.7F,*0;050-(VI0+7>

YIJ0;;0; 68670IK,67K0:K,*,:70*1671:6(.6I,--G0*+0-& 67*(+36V0:1.1:178& K13K *0-1,J1-178& K13K 71I0-1+066

,+; :(IV-0U7,*307V-,7.(*I6& 6):K 7K,717*0m)1*06K13K0*;0613+1+3:*170*1,>W(+61;0*1+37K060V*(J-0I60U16A

70; 1+ ;050-(VI0+7V*(:066(.0IJ0;;0; 68670I& ,+ ,)7(I,71::(;030+0*,71(+ I07K(; J,60; (+ Y670*0-F,6

V*(V(60; 06V0:1,--8,1I1+3,7V*(J-0I6(.:(IV-0U;050-(VI0+7V*(:066& -(FA-050-,)7(I,71(+ (.68670I& 07:>

\K0I07K(; 0IV-(80; 7K0Y670*0--,+3),307(:(+67*):77K07,*30768670I7K,7:,+ J0:(IV1-0; 7(:(;06.(*I)-A

71V-07,*307V-,7.(*I6>/,60; (+ 7K0;0613+ (.(V0*,71+368670I#TZ% ,J67*,:7-,80*& ;050-(V0*6;1; +(7+00; 7(

:,*0,J()77K01IV-0I0+7,71(+ ;07,1-6.(*7,*307V-,7.(*I6& FK1:K I,;0170,610*.(*7K0;0613+ (.I)-71V-07,*307

V-,7.(*I6& ,+; ,:K1050; 7K0,)7(I,71:V*(3*,I;0613+ (.0IJ0;;0; 68670I>\K00UV0*1I0+761--)67*,707K,77K0

Y670*0-I(;0-:,+ J0:(IV1-0; 7(:(;06:(**0:7-8,+; 0..1:10+7-8.(*I)-71V-07,*307V-,7.(*I6& FK1:K 1IV-0I0+7

7K0,)7(I,71::(;030+0*,71(+ .(*7,*307V-,7.(*I6>

8*3 9'-$4! Y670*0-" ,)7(I,71::(;030+0*,71(+" 0IJ0;;0; 68670I" I)-71V-0V-,7.(*I" ,J67*,:7-,80*

&"E



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

<,8!"#$%

=(->&$!?(@%

!

)*+,

! "#$&A#BA#L"

-.+,

! "#$&A#CA#""

/01234

! "#$&A#CAD# $"!D#

!

/01256

! FFF>:+G1>+07HG:I6H;(1H$#>$DC## H2>JK>$##$A%LB%>"#$&>#DD%>K7I-

!

·A¸¹

!

ôü

*EBD+

Kµ

!

9:ÈÉ

!

ö�

#$LEB$%&

)

&

�ø��.

&

y�34K

&J,*7K(-(I0Ft-00MK(7I,1->:(I

!789:

!

ò¬Ô

#$LBC$%&

)

&

�ÕH®.

&

/0

&g23J0121+3M$"B>:(I&

1234567?AÇý}í:gK

>

!

;.<=

!

'w

&

xyz

&

{A

&

*

>

|Ã$.opg,}PÞ-®B"Z~æç

''(>

BCDEDFG??H

& "#$% & &$ #% % ! E"%A

ED&>N1R& K̂,('P&R,+ N&07,->4+170;AV*(V(*71(+,-A+,513,71(+ -,F.(*1+70*:0V71(+ (.K13KA6V00; I,+0)50*1+37,*3076''(>'()*A

+,-(./0121+34+150*6178(.90*(+,)71:6,+; 967*(+,)71:6& "#$% & &$ #% % ! E"%AED& #1+ WK1+060%>

K77V!

"

JKUJ>J),,>0;)>:+!!2J),,MJ),,>0;)>:+

!"#! $#>$DC##H2>JK>$##$A%LB%>"#$&>#DD%

\]^¿ôn¹__`a@íÝAbc¤¥

'w

$

&

xyz

!

"

&

{A

$

&

���

$

#$>

#qCI 34KI

&

=>

$#$&$B"!">

#qCI F3Õ

&

=>

$#$&$B%

!!

T

!!!

U

!

!P$.opg,

&

Ð�R}PÞ-®B"Z~

>

�"Z~�}�RZD®

Ý�

)

£�|Ã��WX-

&

ª

"

�hk"Z~-M}P"Z~º

&

hÊ����

)

££�+�

£�X-

D

�|ÃäÏ

&

6GG��R��®B"Z~��ef

>

/3PÇÈ¡

&

ÁÂg,â

.¸YZRHsø.¬T�VÏ

&

æçR�RZD®

>

Ý3PÞ-®B"Z~��þ}P

&

T

UR7tóÅ4��hkT|Ã�:;�ø[.¸çóâã

&

�'�Rg,â.¸3�|Ã

�Topäå

>

ñòXyjz

!

PK$.opg,

&

Þ-®B"Z~��ef¤G

&

½¨��®

B"Z~+Ó®B"Z~��Ã¤¥

)

¨Az®B"Z~�"�¤ù

>

V

!

W

!

X

!

"Z~

"

Þ-®B"Z~

"

$.opg,

"

|Ã�

"

��ef

GYZ[\

! =&$">$

]^_`a

! 9!!!!

]bc\

! $##$A%LB%#"#$%%#%A#E"%A$#

!!

ÊËÿ�âã~åÛ

&

OÈë;=|7ÿ�

Yß�Ã~Â2't

>

N­ÿ�ÈQON�ÃY

&

7�ÃÇý»H�B~¶�

'$A"(

>

/v§¡¢

&

î

�~T�ÉB�ÅNÄ·T�

#d*(V(*71(+,-?,51A

3,71(+&d?%&

;�pî´®�Ã×æµ}70<

�Ãª.<�Ã

"

óDØ

>

2XBáÄ·T�ÉìVy�¤æ�Ãg]

ÈQBN�ÃáÞQ~N­�

&

f,2X0<�

Ã5æ

&

VÄNwN�Ã��s

&

�Tåµ

>i)*(A

;,

ª

[I,;(

c

'DA&(

gK�

"

óy�~Ä·T�É

;³����lÐ

>N1+

'%(

ª

\8,+

'B(

cgK�P

«©Ä·T�É;³��Ó¹lÐ

>\,)*

'C(

³�

�y�~>Û�ÔÄ·T�

#9)3I0+70; d*(V(*A

71(+,-?,513,71(+& 9d?%&

w � t � Ã O Î Ð È

N­

>

.<�Ã~ÄNwNáNz­ÈQp

)

ó¹

¦�µ

&

�TÖ~34|�®�

>P(-,+

'E(

Ç%~

.<�ÃT�É

&

f¦��~]WÓ���Ãá

Ç�Ò­N­~�S^A

"ZK1I,

'LA$#(

Ç%�ÎX

´×T�~5_

&

Úo´®æÀ��Ó.<�Ã

�]N­

"d*,6,++,

'$$(

Ç%��Ä·

#e07*(d*(A

V(*71(+,-?,513,71(+&ed?%

T�É

&

eÈQ56:

Ä·T�ÉTß

&

w.<×æ9îµ��Ó�Ã

N­

>

w0<�Ã×æ9

&

T�Éf,½���Ã

á´®b³vN­���Ã

&

VÓ¹lÐ

#

�Ã

áß�Æ³@Ó

%

12��w:Ò�Ó {Ó~

lÐ

>

Ã,.<�Ã×æ~�Ã��ª�ÃÆ³®

¹

&

�UTv0<�ÃiæÓB~Ó¹lÐ

>

wÛ

À`aÝ

&

N­ÈQ�B

&

Ó¹lÐ~ÄN��

E

&

VÓ¹lÐ12��w:Ò�Ó �Ó~

lÐ

>

~�Úú.

H

0<�Ã×æjK

&

���Ãá

vN­~nÖ¬�P

&

��Ó¹lÐpîBi�

e

>

�§

&

ÞêÇ%ÛóT�É

&

<QcKÄ·T

lenovo
全文下载蓝色

www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0335.html


北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

�É

#4+170; d*(V(*71(+,-?,513,71(+&4d?%>

/v

N­eÈQ

&

³��Ò�ÓÈu~Çíæ

&

7jK

.0<�Ã~ÄN

&

gK����?Ä

&

ÎT�É

wP«�l9

&

pâoáâ´®..<

)

00<ª

.0<jK×æ�ÃN­

&

�B�Ç6�Ó¹

lÐ

>

)+NHA

Abc¤¥

),)+

Ab�ª

Þê1234�Ãá:N­~á«³¨g

]

&

7�fN}í

&

¸%~9Úg

!

ú�Ãá:N

­²Q³¨wg]~ôn

&

�ÈQBµ8À��

"

N­eÈQ~BµU8À~

&

��ºµÜNN­

ÈQ56

"

%¼Âåv�ÃáªN­~ïð

>

4d?

T�É~æ�eÈQ�­æ7

=

I

+=

P

,=

9

+89

I

#

(

,

P

,

(

,

9

% #$%

æ�

!=

P

7,ÈÄ·T�eÈQ

"=

9

7N­eÈ

Q�¥��Õ}

"

(

,

P

ª (

,

9

7vÖ~Ò�ÓÈ

u

"8

7�?Ä

"9

I

7�ÃáÈQ

>

�Ãá:N­~³¨Tvg]>Ù~l

$

óm

>

!$

áNw�

"

(

$

Ò�Ó

#NTZ% "

%

$

�Ãá]WÓ

"

0

$

�Ãá~Æ³@Ó

"

&

$

N­~Æ³@Ó

"9

7

$

N­ÈQ

"

=

I

$

�ÃáeÈQ

"=

7

$

N­eÈQ

>

l

$!

³¨Tvg]�È>Ù

X13>$!d-,+,*30(I07*8(.*0-,71500+3,30I0+7

µÜNÒ�~ÈQ}ä7

!

(

,

+9

7

61+#

&

,

(

% *9

I

61+#

0

*

(

% #"%

-Ò�~ÈQ}ä7

!

,

+*9

7

:(6#

&

,

(

% *9

I

:(6#

0

*

(

% #D%

�Ãá~Æ³@Ó�Su7

0

,

+8

(

,

#&%

7fN}í

&

ÀGN­:�Ãá~ÈQÄ7

,

+9

7

:9

I

#%%

væ

#"%

M�Ñ

!

,

(

,

,!

(

{

+#

&

,

,

(

,

%9

7

:(6#

&

,

(

% *

#

0

,

*

(

,

%9

I

:(6#

0

*

(

% #B%

úæ

#D%

:æ

#&%

§¿æ

#B%

�Ñ

!

(

{

,'"!

,

,89

I

:(6#

0

*

(

%(

(

,

+

*

!

,

,9

I

:(6#

0

*

(

[ ]
%

&

,

#C%

ÀG

!

,

5

f9

:

&9

:

7�Ãáz­ÈQ�

9

:

n

#&

Â

*

!

!

,

5

#1

.

*1% #E%

æ�

!1

.

7x�Ã��

"1

7�Ãáÿ���

>

f¦æ

#C%

:æ

#E%

p³�%

!

#1

.

*1%

(

{

,

89

I

:(6#

0

*

(

%

9

:

*[ ]" (

,

+

$ *

9

I

:(6#

0

*

(

%

9

[ ]
:

&

,

#L%

úæ

#L%

SÍ7

#1

.

*1%

(

{

,#8X*"%

(

,

+>

&

,

#$#%

æ�

!

8X+

89

I

:(6#

0

*

(

%

9

:

+

89

I

:(6

%

9

:

#$$%

>+$ *

8X

8

#$"%

æ�

!8X

f,I<Qæª�?Ä

'$"(

">

7��

,ä

>

úæ

#$#%

b

1

#

Ò

1

��T};ï1Ñ

(

,

+

(

,

P

,

(

,

9

#$D%

æ�

!

(

,

P

7,ÈÄ·T�~Ò�ÓÈu

"

(

,

9

7Ò

�ÓÈu/vN­eÈQ~��°

&

V�­æ}

:7

(

,

P

+

(

,

#

1

.

*1

1

.

*1

( )
#

#8X*"%

#$&%

(

,

9

+

>

&

,

8X*"

$ *

1

.

*1

1

.

*1

( )
#

#8X*"

[ ]
%

#$%%

Ãæ

#$&%

:æ

#$%%

pÏ

&

7½� (

,

¤�

&8X

~º j Ö B N

">

ú æ

# $& %

: æ

# $% %

§ ¿

æ

#$%

Ñ

=

I

+89

I

(

,

#

1

.

*1

1

.

*1

( )
#

#8X*"%

,

89

I

>

&

,

8X*"

$ *

1

.

*1

1

.

*1

( )
#

#8X*"

[ ]
%

#$B%

¬æ

#$B%

�N­eÈQ

=

7

h#&

/ &

,

h#&

j

Kæ

#$%&

T�É7,ÈÄ·T�É

!

=

I

+=

P

+89

I

(

,

#

1

.

*1

1

.

*1

( )
#

#8X*"%

#$C%

¬

=

7

.

#

�

&

T�æ�eÈQ�w�¥°

!

=

9

+

89

I

>

&

,

8X*"

$ *

1

.

*1

1

.

*1

( )
#

#8X*"

[ ]
%

#$E%

B"E



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

%

% ö�

&

c

!

�ÃOÈ�]N­P«cKÄ·T�ÉgK

Ãæ

#$&%

Ñ

1

.

*1

1

.

*1

( )
#

#8X*"%

+

(

,

P

(

,

#

#$L%

úæ

#$L%

§¿æ

#$B%

pÑ

=

I

+89

I

(

,

P

,

>

&

,

8X*"

$ *

(

,

P

(

,( )[ ]
#

#"#%

æ

#"#%

/7T�5H

&

(

,

P

7��ÖSÑ~Ò�

ÓÈu

>

�ÃágX3T�Éw+1T�×æ9

GQ�

&

p2XiæBÒ@~��Ö

"

wæ�T�

×æ9

&

z ¤ ? N ª Ï Ù � S Ñ ~ N ­ h D

/p

'$$(

>

�Þêó34~�ÃvÀ7OÈN­

&

Âæ

y2 %�Ãá:N­~ÈQÄ`a

>

;Ð

)+

79½�Ã|ó

&

yz½��Ãá

:N­~ÈQÄ

!

, '

#$&$:61+#

&

,

(

%(

(.

?

(

"? +#& F$& F"&0 #"$%

¯d

!

ÃNN­ÈQON�ÃáÈQ

&

óî

,

n$>

¬

!

*

#

�

&

(

,

h#&

f¦æ

#"%

p³Ñ

!

,

+

61+#

0

*

(

%

61+#

&

,

(

%

!

(.

?

(

"? +#& F$& F"&0

#""%

Ãæ

#""%

pÏ

&

¬ 0

f

(

hL#l

�

&

ÈQÄºÒ

°Bj ,

I,U

h

$

61+#

&

a

(

%

B

�§

&

vNÇF�Ã~

T�É

&

2M ,'

#$&$:61+#

&

a

(

%( #

(.

?

(

"? h

#& b$& b"&0%B

),(+

b # í

$>">$!

6789:

wÄ·T��

&

f,}7�?Ä

8

~ºj_

Ú7¥

>

wñ¶¬�

&

Ä·T�~�?Ä

8

pî

7�j

&

��ÃOÈN­�iæÓÂª�

>

;Ð

(+

~��Ãá2XÄ·T�É

&

V�

?Ä

8

pî7¥Apî7�

&

�yzÓÔæ

#"D%!

8 ["9

:

:#9

I

:(6

%

% :(6

%

[#

8 J"9

:

:#9

I

:(6

%

% :(6

%

J

{
#

#"D%

¯d

!

f ¦ æ

# $% %

p Ï

& 8Xn"&

§ ¿

æ

#$$%

Ñ

89

I

:(6

%

9

:

[" #"&%

¬

:(6

%

n#

�

&

8 ["9

:

:#9

I

:(6

%

% #"%%

¬

:(6

%

o#

�

&

8 J"9

:

:#9

I

:(6

%

% #"B%

¬�?Ä

8

7¥j�

&

¹ÓÔæ

#"%%&

�Ã

×æ70<�Ã

&

Æ³~l

$

�

QR

óm

&

V�Ã

��®s

&

Ó¹lÐ��w:Ò�Ó {Ó~l

Ð

"

¬�?Ä

8

ºj7��

&

¹ÓÔæ

#"B%&

�Ã

×æ7.<�Ã

&

Æ³~l

$

�

QZ

óm

&

V�T

åµ

&

Ó¹lÐ12��w:Ò�Ó �Ó~

lÐ

>

~�Úú¶

"

óT�É~m¬TjK

&

��

�ÃávN­~nÖ¬�P

&

��Ó¹lÐpî

Bi�e

>

$>">"!

,;678

Ãæ

#$$%

pÑ

8+

9

:

8X

9

I

:(6

%

#"C%

æ�

!

æª�?Ä

8X

7,j

&

�?Ä

8

~ºj1

2º�N]WÓ %~Bµ

>

wæ

#"C%

�

&

¬

:(6

%

h#

�

&

�?Ä

8

ù²

B

&

<7�n

>

w�nà­

&

�?Ä¦B½��T

�É�ª

>

7`a3áâ

&

T�É�gÀ]WÓ~

½/j�S��~l

"

óm

>

l

"!

���?Ä«1l

X13>"!Z:K0I,71:;1,3*,I(.71I05,*81+3+,513,71(+ *,71(

�?Ä~ºj}î9

"

óáâ

#

%

1

7�Ãá

]WÓß�j

%!

$%

%

1

oL#l>

ïr�Ã¦H�

&

%j�ºw %

1

à­�µN

L#l&

vÖ

8

~ºjÀG~9

!

8+

9

:

8X

9

I

I,U#:(6

%

&

'

%

#"E%

æ�

!

'7�?Ä#j

&

U7�`a %

*

L#l

���

8

¦B�gÀ~

>

¶óáâ9�?Ä87¥j

&

T�É�Ã5

æ:

d?

T�ÉT 

&

�ÃÆ³~l

$

�

QZ

óm

>

"%

%

1

$

L#l>

ïr�Ã¦H�

&

%j�ºw %

1

à­��µ

N

L#l&

vÖ

8

~ºjÀG~9

!

8+

9

:

8X

9

I

I1+#:(6

%

& *

'

%

#"L%

C"E



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

¶óáâ9�?Ä87�j

&

T�É�Ã5

æ:

ed?

T�ÉT 

&

�ÃÆ³~l

$

�

QR

óm

>

Ãæ

#"E%

:æ

#"L%

Ñ

8+

9

:

8X

9

I

I,U#

:(6

%

&

'

%

,)

%

1

*

(( )
"

#D#%

æ�

!

)#4% +

$ 4[#

*$ 4

#

{
#

#D$%

$>">D!

678<=>?@

�?Ä#j 'U7�`a�?Ä�n�gÀ

~

>

ÃN#j~BµÚoÜzST�Ãá¦�w

S

&

�§#jzf¦ó¹¦�H9À

>

úæ

#D#%

:æ

#$D%

§¿æ

#$%

Ñ

= +

9

:

8X

(

,

I,U#

:(6

%

&

'

%

,)

%

1

*

(( )
"

#D"%

7fNvÄ}í 'v¦�~ST

&

úæ

#D"%

�¦�

=

�m7

= +

9

:

8X

(

,

'

#DD%

æ�

!

'87¥j

"

Ò�ÓÈu (

,

ºÊvjU7½

�¦�

=

7¥

>

vN�§~#j '

&

ß�eÈQÊß�Æ³

@Ób

# _

(�S~��~l

D

óm

#

Vwñò

Yõ:á«�çñòT§

%>

l

D!

�§ß�Æ³@Ó9ß�eÈQ�S`a

X13>D![+171,-,::0-0*,71(+ 5,*1,71(+6,7;1..0*0+7

1+171,-V,7K ,+3-0

bl

D

�pî²%

&

¬ß�Æ³@Ów

#l

ª

L#l

à­�

&

ß�eÈQ®B

"

wT§Æ³@Ó9

&

¬#j '�B�

&

eÈQ|µ

>

�§

&

#j 'pf

¦ó¹¦�ªß�Æ³@Ó9À

>

¹2,F~U

!

Ã,wïr�Ã¦H�

&

ß�Æ³@Ó0N

#l

ª

L#l

à­~ó¹¦�®B

&

�ÅN�ÃOÈN­~

%ån

&

ß�Æ³@Ó�Öw

#l

à­gº

&

JÂ

ó¹¦�½ÓB

>

·~

&

¬¹M¦�7

%#<

�

&

'

Ö3w

#>& _#>C

-�ºj

>

§d

&

~�¹M¦�

çµ

&

'~ºjpîBN

$&

§��?Ä~�Sº

�N

9

:

>

),-+

_`Abc

$>D>$!

ABCDE

wá«T�É~Å+wñ¡P«T�É

&

U

úP«T�¡¢}ÇÒ´?³¨

#8,FV-,+0%

ª

��³¨

# V17:K V-,+0%>

�Ãáw

"

r³¨Ý}

:n®�êógK~T�ÉñiN­�Ã

&

V�

È>Ù:5H~ê�

'$D(

ó�

&

P«�È>Ù~

l

&

óm

>

4Q5$

´?³¨

"

®­«n

Q$

�Ãáówn

"

*

8,F

$

´?³¨~

Ò�Ó

"

0

It8,F

$

´?³¨�ÃáÆ³@Ó

"

0

ItV17:K

$

��³¨

�ÃáÆ³@Ó

"

0

I

$

�Ãáñ¶Æ³@Ó

"9

It8,F

$

´?³¨

�ÃáÈQ

"9

ItV17:K

$

��³¨�ÃáÈQ

>

l

&!

P«Tvg]�È>Ù

X13>&!DS30(I07*8(.*0-,71500+3,30I0+7

wê�

'$DA$%(

�

&

��³¨�ÃáÆ³@Ó

:��³¨�ÃáÈQ~KLIæ}:7

0

ItV17:K

+,*:7,+'9

Ig

: 9

"

IU

,9

"

槡 I8

( #D&%

9

ItV17:K

+9

I

:(6#

*

8,F

*

0

It8,F

% #D%%

æ�

!9

I4

)9

I5

ª

9

I6

}:7

9

I

~P¨}ä

>

,�æ

# D& %

:æ

# D% %

�

&

¬

:(6#

*

8,F

f

0

It8,F

%

*

b$

�

&

T�Éw¯®µ

"

¬

:(6#

*

8,F

f

0

It8,F

%

*

#

�

&

½�5®Bw¯�ÿT�Éuv

�ª

>

�§yzÂÎ³L 0

ItV17:K

:

9

ItV17:K

~Çí

5H

>

æ

#D&%

�óKL~��³¨�ÃáÆ³@

Óñ7�Ãáñ¶Æ³@Ó

&

/

0

I

+ (,*:7,+ 9

I6

: 9

"

I4

,9

"

I槡 )
5

#DB%

��³¨�ÃáÈQ:�ÃáÈQ~

6

¨}

äT§

&

/

9

ItV17:Kt50*71:,-

+9

I

61+#

0

I

% #DC%

��³¨�ÃáÈQ~J³}ä7

E"E



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

%

% ö�

&

c

!

�ÃOÈ�]N­P«cKÄ·T�ÉgK

9

ItV17:KtK(*1g(+7,-

+9

It8,F

:(6#

*

8,F

*

0

It8,F

% #DE%

æ�

! 9

It8,F

+9

I

:(6#

0

I

%

��³¨�ÃáÆ³@Ó7

0

ItV17:K

+,*:7,+#9

ItV17:Kt50*71:,-

:9

ItV17:KtK(*1g(+7,-

% +

,*:7,+'61+#

0

I

% ::(6#

0

I

% :

:(6#

*

8,F

*

0

It8,F

%( #DL%

��³¨�ÃáÈQ7

9

ItV17:K

+ 9

"

ItV17:Kt50*71:,-

,9

"

槡 ItV17:KtK(*1g(+7,-

+

9

I

61+

"

#

0

I

% ,:(6

"

#

0

I

%:(6

"

#

*

8,F

*

0

It8,F槡 %

#&#%

$>D>"!

FGHIDE

7�ÓÂ~wP«×æ9ò�T�É~æª

¬

&

N­~�]56Öñ�gºV��Ãá~5

6

>

ÃNó'.×Ø�N­eÈQ~Bµ8À

&

Â

MºeÈQ56~6ä/p

>

N­eÈQ56~

l

%

óm

>

V�

&

®­«n

Q

7�Ãáów^A

&

S

7N­ów^A

&SX

7N­wJ³¨�ï

>

l

%!

N­eÈQmFl

X13>%!ZG07:K I,V (.7,*307,::0-0*,71(+

gN­ÈQ6ä7

3

7

h'

9

$

9

"

9

D

(&

�Ã

áæ6N­6ä7

<h'

!

$

!

"

!

D

(&

N­eÈ

Q6ä7

=

7

h'

=

$

=

"

=

D

(B

7ÓÔN­eÈQ

56°BSQV��Ãá

&

Â

=

7

)3

7

ª

<

w§Û

³¨

!

=

7

,#3

7

-<% +# #&$%

ÃN

=

7

:

3

7

µÜ

&

Â

=

7

,3+# #&"%

f¦æ

#&$%

:æ

#&"%

pÑ

=

7

+F

!

$

9

"

"

,!

$

9

"

D

*!

$

9

$

9

"

*!

D

9

$

9

D

!

D

9

"

$

,!

D

9

"

"

*!

$

9

$

9

D

*!

"

9

"

9

D

!

"

9

"

$

,!

"

9

"

D

*!

$

9

$

9

"

*!

D

9

"

9

D

!

D

9

"

$

,!

D

9

"

"

*!

$

9

$

9

D

*!

"

9

"

9

D

















$

#&D%

=

7

~¿!f¦

:(6#=

7

&<% o#

��gh

&

VB

µj´®gÀYõKL

>

(+

­®e¯

(,)+

F`­®e¯

�çò�Uw

<9\N9/

VW���~

&

¬

9

:

o#

�H º�

>

ÀGw�

!

w°"�¦~º

j7×�ä

"

��Ö×Ø��yÏÐ�Ò�`a

ÔoB

&

V×Ø

'$D(

7

%

#T%

(

#T%

+

E

$

T

"

,E

"

T,E

$

+

E

$

#T,$:

#

6I

%

"

#&&%

æ�

!

��Ö��,õ #

6I

h#>$ 6" E

$

h$##"

E

"

h"#>

�Ãá+]��5×Ø7

0

,

#T%

%

,

#T%

+

28

T,2

#&%%

æ�

!

,õ

2h$>

óæ�çÖwá«³¨Ý��

&

V�çYõ

~�

$

óm

>

h

)+

F`­®�°

23456)+(!89@;53<90:>313@6<618

Yõ�< ºj

N­ÈQ

H#I,6

f$

%

$ %##

�ÃáÈQ

H#I,6

f$

%

B##

N­eÈQ

H< &

ß�áNw�

HGI $#

�Ãá�ªw�

HI D#

ß�Ò�Ó

H#l% E

N­ß�Æ³@Ó

H#l% #

æª�?Ä

D

�ÃáeÈQwS

H< %#

�?Ä#j

#>%

ÓÎ�¹

HI6 #>"

!!

�Ãá�¿�ªw�"

&

ÂzY��ª�°

"~T�æ�

'$B(

>

¬2X

4d?

T�É�ÃOÈ

N­

&

�?Ä7¥ª��

&

V¬Ú}::

d?

ª

ed?

T 

>

�§

&

Þêf¦vÄ

d?

:

ed?

Hò

�

4d?

~m¬

>

§d

&

ê�Of¦vÄ

9d?

Hò

�

4d?

~��8Qm¬

>

ÃN

4d?

�~�?Ä

U��~

&

ºV�?ÄµjQ7

d?

:

ed?

~�

?Ä���ç

>

�

"

~�

"

�}: %��§5^~ !ª

óÎX~T�É

&

"

D

� %�ß�Æ³@Ó

)

×

�äª�Tåc�ä~Yõ

&

V��Tå�­æ

7

6

1

.

1

#

=

I

;1>

�çj�~l

B

óm

&

p�§5^

 !f¦l· %7Üz­w��w

>

l

B # ;%

�

&

T§ß�åA@Ó~T�É�?Äjº

4d?

�?Ä~³µj

>

L"E



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

l

B!

á«�çj�

X13>B!"S61I)-,71(+ *06)-76

h

(+

ef�g­®wx

#

F`

%

23456(+G68;5<80?=9??616:<8/6:31908#(!%

5^ T�É

ß�Æ³

@Ó

H#l%

×�ä

HI

�Tå

H

#I,6

f$

%

$ 9d?#8h&>$%$ B% f"# #>"#& E EE">%DC #

" d?#8h&>$%$ B% f"# #>LCB B LCL>%$& B

D 4d? f"# #>&#$ L ECB>L&C D

& 9d?#8h&>#B" D% C% #>&CL " " $B#>"

% 4d? C% #>&%D $ $ B$%>D

B ed?#8hfD>CB& "% $D% #>EE$ " $ &"D>"

C 4d? $D% #>D"E # $ &"$>E

!!

�

"

#

%

« %��§5^�ÃN­ó¹~

�Tå

>

ÃN

4d?

T�É2X���?Ä

&

~

l

B#;%

óm

&

w�%�?Äºj®B

&

���]

¦��B

&

{N�ÃáÓBÿ�ÿnK�ÃN­

~^AªÓQ

&

"%ó¹¦�|µ

>

�§

&

wT§

Æ³@Ó�l9

&4d?

T�É~�Tå°µ

>

�

"

#

&

« %��§5^�ÃN­~×�

ä

>

ÃN

4d?

T�ÉKLÒ�ÓÈu�e¿�N

­eÈQ��°

#

~æ

#$%%%>

�§

&4d?

®

d?

ª

ed?

×�äÓµ

>

�U

&

ÃN

4d?

~N­eÈ

Q��°�v�½�Ã��

1

.

f1

~ÊK8Q�

Ô

&

5^

D

~��8Q�ì5^

$>

Ãl

B #,%

p

Ï

&

5^

&

wz­��n�

&

��Óz­ (

H"&

�

ÃáeÈQ56:N­eÈQ56z­µÜ

&

9d?

~N­eÈQ��°vN­eÈQ�©ª

&

��5^

&

~×�äBN5^

%

~×�ä

>

(,(+

_`­®e¯

K|P«

4d?

T�É~

"

r³¨}:KL

p+~�?Ä

>

¬ÇF³¨w~z­ÈQ

9

:

o#

�

&

H º�

&

§�áNw�7×�ä

>

�çYõ

~�

D

óm

>

h

-+

_`­®�°

23456-+-!89@;53<90:>313@6<618

Yõ�< ºj

N­ß�^A

HI ##&#&#%

�Ãáß�^A

HI #%#L>D&E BBB>"&" E&C>"%

N­ß�ÈQ

H#I,6

f$

%

# f$ &DC>B&#>##D E&&D$>"E%

N­eÈQ

H< &

#

$

ß�Ãáß�ÈQ

H

#I,6

f$

%

#DBC>%$$ %&DBC>%$$ %& f"LL>E$# &%

#

"

ß�Ãáß�ÈQ

H

#I,6

f$

%

#DBL>%&E L& fDBL>%&E L& f"L&>C#D B%

#

D

ß�Ãáß�ÈQ

H

#I,6

f$

%

# f""B>"EB E&DL$>L&# "&DLD>L"E $%

�ÃáeÈQwS

H< %#

�?Ä#j

#>%

æª�?Ä

&

�ªw�

HI D#

ÓÎ�¹

HI6 #>"

!!

�çj�~�

&

ªl

C

óm

>

#DE



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

%

% ö�

&

c

!

�ÃOÈ�]N­P«cKÄ·T�ÉgK

h

.+

ef�g­®wx

#

_`

%

23456.+G68;5<80?=9??616:<8/6:31908#-!%

5^ T�É

´?³¨

�?Ä

��³¨

�?Ä

×�ä

H

I

�Tå

H

#I,6

f$

%

#

$

ß

$ d? &>DBE %>$#L #>EC& % BBE>$C

" 4d? f f #>&#& E B&B>EC

#

"

ß

D 9d? &>C%# %>$$& #>&#$ L $ #$#>D#

& 4d? f f #>&CL " ELE>%E

#

D

ß

% ed? f&>%BL f&>CD" #>B%D $ L$%>#L

B 4d? f f #>DE$ " L$">B&

!!

�

&

~�

"

«}: %��§5^~ !ª

óÎX~T�É

&

-"~

&

« %�pYõ�ä

&

x�

!

´?:��³¨~�?Ä

)

×�äª�T

å

>

�çj�~l

C

óm

&

p�§5^ !f¦l

· %7Üz­w��w

>

l

C#:%

�eÈQ7q

³¨~KeÈQ

&

l

C#0%

ªl

C#3%

�

&4d?

îd

~T�É�?Äº§ß

4d?

�?Ä~³µj

>

f¦l

C#:%)

l

C#;%

ªl

C#.%

pÏ

&4d?

�

eÈQªÒ�ÓÈu®§ßVwT�É¤�¬Ó

P

>

ÃN

4d?

�vN­eÈQ��°UÅN�½

�Ã��~ÊK

#

~æ

#E%%>

�Ãá�z­��

n

&

áNw�

!

�Ã­�½�Ã<=¹Q

&

�½

�Ã��ÊK8Q�O

&

N­eÈQ��°A�

æª

&

b��eÈQª�Ò�ÓÈu®µ

>9d?

�ÈQªÒ�ÓÈu®7å�~«�U

&

�Ãá

w��N­�

&

´?:��³¨~ÈQ56:N­

l

C!

P«�çj�

X13>C!DS61I)-,71(+ *06)-76

$DE



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

~ÈQ56­�µÜ

&

��5

9d?

eÈQ��°

�ª

>

�d

&9d?

w�Ã�t

&

´?:��³¨~

eÈQ´Ó �Ó

&

�Îq³¨eÈQÖB~á

â9KeÈQ®µ

>

l

B#;%

�~��

%

:l

C#3%

�~��

B

w

ß�st%¡~'�Õ}UÃ�?Ä01�n¡

¢�5~

>

l

B#J%

:l

C#:%

�

&

pT�É��wßt

w9Ó´

&

��-"µæ�W}]~áâ

&

UÃÙ

�� � ¿ i æ 0 ¬ V t ~ � � Ö × Ø

#

~

æ

#&&%%

��

>

Vw5¨µ:á«�çD 

>

(,-+

hiXj­®e¯

�ç�N­2X

$>D>"

t�~�]×Ø

&

v

4d?)9d?)ed?

ª

d?

T�É~Ó¹lÐ��v

Ä

&

�çYõ~�

%)

j�~l

E

óm

>

h

$+

hiXj­®�°

23456$+73><;1616E90:89@;53<90:>313@6<618

Yõ�< ºj

ß�áNw�

HGI $#

´?³¨ß�Ò�Ó

H#l% B#

��³¨ß�Ò�Ó

H#l% $%

�ÃáÈQ

H#I,6

f$

%

B##

N­ÈQ

H#I,6

f$

%

$ %##

�ÃáeÈQwS

H< %#

×x×�ä`a

HI $>#

�?Ä#j

#>%

æª�?Ä

&

�ªw�

HI D#

ÓÎ�¹

H6 #>#$

l

E!

Ó¹lÐ�çj�

X13>E!W,V7)*0*031(+ 61I)-,71(+ *06)-76

"DE



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

%

% ö�

&

c

!

�ÃOÈ�]N­P«cKÄ·T�ÉgK

!!

l

E

�p¿!�m�ÃáwTÖß�Æ³@

Ó�l9���Ã

&

×�äw×x`a-Ý

>

l

E#,% _

l

E#;%

óm7T§N­ß�Æ³

@Ó�l9

&

¬N­eÈQ�§�pT�É~Ó

¹lÐ

>

ÊËeÈQ~�B

&

pT�É~Ó¹lÐ

uv|µ

&

�

4d?

~Ó¹lÐ�º°B

>

l

E#:%)

l

E#0%

ªl

E#.%

óm7T§N­

eÈQ�l9

&

¬N­ß�Æ³@Ó�§�pT

�É~Ó¹lÐ

>

pT�É~Ó¹lÐÊËN­

ß�Æ³@Ó~�S��S

&

�

4d?

~Ó¹lÐ

�º°B

>

4d?

wpáâ9Ó¹lÐµ°B

&

12«�

U

4d?

�´?ª��³¨Ý

&

�?Ä

8

~¥�Ã

p+ß�]WÓ %

1

�À

#

~æ

#D#%%&

/v�§

�lpÚgh¥�

#

.0<

%

jK

)

§7¥

#

00

<

%

7§7�

#

..<

%

~

D

ó5^

&

>B�Ó¹

lÐ

>

vN

d?

ª

9d?&

q³¨Ý�?Ä

8

8À�

7¥

&

Âw�Ã�vÕ700<×æ

"

�

ed?

q

³¨Ý�?Ä

8

78À�j

&

w�Ã�vÕ7.

.<×æ

>

wl

E

�

&4d?

:Vw

D

óT�ÉÂK

~Ó¹lÐ�

&

122X�00<ª..<×æ

"

�wVw

D

óT�Éù_Ó¹~lÐÝ122X

.0<jK~�Ã×æ

#

x�´?³¨0<

)

�

�³¨.<ª´?³¨.<

)

��³¨0<

"

ó

áâ

%>

�d

&

�?Ä

8

~��m¬ðÎ�Ãáwÿ

�ßt��B�]

&

ú�Ãá~ÿ�ÓQª^A

ìBQïÿÓ{N�Ã~Ë?

>4?d

�+ÀG~

Ò�ÓÈue¿�N­eÈQhD

&

v�]N­

iæÓO�Ã8Q

&

AUÓ¹lÐÓÔ~«�

-Û

>

Ã,

9d?

~Ò�ÓÈQ�xyeÈQ��

°

&

�12XNÍp×�ä

>

ÃN�?ÄT§

&

l

E

�

9d?

:

d?

Ó¹lÐT 

&

;ù�EÄN

>

ñò 7 � ­ ñ ¶ á â

&

� ç � ¹ g À 7

#>#$ 6&

� N ­ : � Ã á ~ ° B T v È Q 7

" $## IH6&

Ñ%~�¹w¯°Bp­

"$ I&

�Î¦

×x×�ä`a

>

ÃN�¹w¯��l

E

��w

Õ}lÐ

4d?

ù_�Ã

&

�Vw

D

óT�Épî

�Ã

>

~��¹Ôoµ

&

Â

4d?

pv�/

d?

ª

ed?

~Ó¹lÐ

>

-+

w

+

{

gK�/vOÈ�]N­~P«

4d?

T�

É

>

3T�ÉÎXy�~Ò�ÓÈuª��~�

?Ä

>4d?

T�É§�iq.<ª0<

"

ó�Ã

Úå

&

�P«

4d?

T�Épñ¡..<

)

00<

ª.0<jK

D

ó�Ã×æ

&

æª>B�Ó¹l

Ð

>

w

4d?

T�ÉgK~¦H�

&

u|�

!

$% 4d?

á«T�~gK

&

³�%�/v�]

N­~Ò�ÓÈuÇíæ

"

 %����?Äì

V�n~Ç�5_

>

"%

2X´?³¨:��³¨jK~5_ú

á«T�É>ÛÒP«T�É

&

�Û��¥��

.L_��w~¡¢

"

 %�N­eÈQV��

Ãá~�]×Ø

>

D%

ÀÁ���Ö~ðÖ��ì��w�

&

:

d?)ed?)9d?

T�ÉvÄ

&

�ç34�

4d?

T�

É}:�Ãá«

)

P«OÈ�]N­ñi¦H

&

�

Tå�EµN

9d?&

×�ä�EµN

d?

ª

ed?&

Ó¹lÐ�EBNVwPP

>

4d?

T�ÉwÇL¦H�2XBá�½ÿ

���ÊK5_

&

w¯®B

&

v×�äæÛÀï

ð

>

9Û�¹2Xiæ/v¬~�½ÿ���Ê

K5_

&

îÇO��8Q

>

§d

&

ÃNOÈ�]N

­g]Ë?~ÊKª�S�Q®B

&

O¹Ân3

4§¡¢vT�É~ïð

>

��]^

#G6?616:/68%

'$(

ûx

&

T��

&

û:-

>

ÅN¹XÈQ�p�¨~B�ºd

Î�H�Ã��5_

''(>

?@Cë

&"#$#&D$#"% !D&"AD&L>

WK0+ X&j1,(RN&WK0+ k W>P)1;,+:0J,60; (+ 50-(:178A7(AJ0A

3,1+0; 6)*.,:0.(*6)V0*A*,+300U(,7(I(6VK0*1:1+70*:0V7' '(>

9:7,90*(+,)71:,07967*(+,)71:,Z1+1:,&"#$#&D$ #"% !D&"AD&L

#1+ WK1+060%>

'"(

� ¡

&

û:-

>

O8QÉÈ}­´��jk����5_

''(>

=>?@?ABCCë

&"#$"&DE#D% !D$LAD"D>

Z(+3R R& WK0+ k W>O13KA,::)*,:8m)1:GA*0,:K1+36-1;1+3

I(;05,*1,J-067*):7)*070*I1+,-3)1;,+:0-,F' '(>'()*+,-(.

/0121+3 4+150*6178 (.90*(+,)71:6 ,+; 967*(+,)71:6& "#$"&

DE#D% !D$LAD"D#1+ WK1+060%>

'D( i)*(;,\&[I,;(X>9;5,+:0; I1661-03)1;,+:068670I,3,1+67,

50*8K13K 6V00; I,+0)50*1+37,*307'W(

"

9[99P)1;,+:0&?,51A

3,71(+ ,+; W(+7*(-W(+.0*0+:0>e067(+!9[99&$LEL!$CBA$E#>

'&( i)*(;,\&[I,;(X>9;5,+:0; I1661-03)1;,+:068670I ,3,1+67

50*8K13K 6V00; 7,*307'W(

"

9[99 P)1;,+:0&?,513,71(+ ,+;

W(+7*(-W(+.0*0+:0>e067(+!9[99&$LEE!D"#AD"&>

'%( N1+ Rd&N1+ WN&N1RO>S050-(VI0+7(.DASI(;1.10; V*(V(*A

71(+,-+,513,71(+ 3)1;,+:0-,F,3,1+67K13KA6V00; 7,*3076''(>

[YYY\*,+6,:71(+6(+ 90*(6V,:0,+; Y-0:7*(+1:Z8670I6&"#$D&

&L#$% !BCCABEC>

'B( \8,+X&'0+3XZ>W,V7)*0*031(+ (.7K*00;1I0+61(+,-dd?3)1;A

,+:0-,F,3,1+67,K13K 6V00;A+(+I,+0)50*1+37,*307'W(

"

d*(A

:00;1+36(.7K09I0*1:,+ W(+7*(-W(+.0*0+:0>d16:,7,F,8&?'![+A

6717)70(.Y-0:7*1:,-,+; Y-0:7*(+1:6 Y+31+00*6 [+:& "##E!

DDE



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

D&EEAD&LD>

'C( \,)*Se>W(IV(6170P)1;,+:0,+; ?,513,71(+ Z7*,7038.(*,

Z9<93,1+67O13KAZV00; \,*307'W(

"

9[99P)1;,+:0&?,513,A

71(+&,+; W(+7*(-W(+.0*0+:0,+; YUK1J17>e067(+!9[99&"##D!

$A$#>

'E( P(-,+ T<&ZK1I,\>O0,;V)*6)173)1;,+:0.(*K8V0*50-(:1781+A

70*:0V71(+'W(

"

9[99P)1;,+:0&?,513,71(+ ,+; W(+7*(-W(+.0*A

0+:0>e067(+!9[99&"##&!$&DCA$&&&>

'L( ZK1I,\&P(-,+ T <>O0,; V)*6)173)1;,+:0' '(>'()*+,-(.

P)1;,+:0&W(+7*(-&,+; S8+,I1:6&"##C&D##%% !$&DCA$&&&>

'$#( ZK1I,\>[+70*:0V7A,+3-03)1;,+:0''(>'()*+,-(.P)1;,+:0&

W(+7*(-&,+; S8+,I1:6&"#$$&D&#"% !&E&A&L">

'$$( d*,6,++,O<&PK(60S>e07*(AV*(V(*71(+,-A+,513,71(+!,+0F

3)1;,+:0-,F.(*1+70*:0V71(+ (.K13KA6V00; 7,*3076''(>'()*+,-

(.P)1;,+:0&W(+7*(-&,+; S8+,I1:6&"#$"&D%#"% !DCCADEB>

'$"( Z1()*16P<><1661-03)1;,+:0,+; :(+7*(-68670I6'<(>?0F

R(*G!ZV*1+30*P*()V&"##&!$&"A$CD>

'$D( X*,+:16W& N)G0+J1-->9 7,*307HI1661-0 0+3,30I0+76:0+,*1(

)61+3:-,661:,-V*(V(*71(+,-+,513,71(+ ' S(>W,-1.(*+1,! ?,5,-

d(673*,;),70Z:K((-&$LL#>

'$&( d0VV,6S[>9:(IV)70*,+,-8616(.V*(V(*71(+,-+,513,71(+ ,+;

:(II,+; 7(-1+0(.613K7(.,:(II,+; 3)1;0; I1661-0.(*,

V(1+7;0.0+:0 68670I ' S(>W,-1.(*+1,! ?,5,-d(673*,;),70

Z:K((-&$LL">

'$%( W(670--(d>Z1I)-1+G 61I)-,71(+ (.V*(V(*71(+,-+,513,71(+ ,+;

:(II,+; 7(-1+0(.613K7I1661-03)1;,+:0'S(>W,-1.(*+1,!?,A

5,-d(673*,;),70Z:K((-&$LL%>

'$B( i1I/Z&N00'P&O,+ O Z>/1,60; d?P-,F.(*1IV,:7F17K

,+3)-,*:(+67*,1+7''(>[YYY\*,+6,:71(+6(+ 90*(6V,:0,+;

Y-0:7*(+1:Z8670I6&$LLE&D&#$% !"CCA"EE>

A(#&*$67-'7'-&#'(%06(%,#;%&#'(0%9.'-#(&*-5*7&#'('.

+#;+647**$2%(*1,*-#(;&%-;*&4

N[R),+

$
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"

&

í�Ã,w¯Êvjwuv

�B

&

�w¯ÞQ®µ

&

�TYpñiâf~�T

QX

&

/

%

;

#>% +

%

;

#>*$% ,2

d

'

b#>% ,2

[

b#>% ,

2

S

#

'

b#>% *

'

b#>*$%% #D%

D%

¬

b#>%

'

b#>% o#

� '

b#>%

'

b#>f$% n#

7

b#>% h#

�

&

í�§�FQw¯w��|µ7

=0N³zË?

&

�TY½¾h%��

>

%

;

#>% +

%

;

#>*$% #&%

&%

¬

b#>%

'

b#>% o#

� '

b#>%

'

b#>f$% o#

�

&

í�§�FQw¯0N�jË?

>

ziæ®B

~w¯Êvj

&

/

b#>%

$

`

"

&

Â�TYñi®

P~�TQX

&

/

%

;

#>% +

%

;

#>*$% ,2

$

2

d

b

>

#>% #%%

z7®µ~w¯Êvj

&

/

b#>% o`

"

&

Â

�TYñi®Ò~�TQX

&

/

%

;

#>% +

%

;

#>*$% ,2

"

2

d

b

>

#>% #B%

%%

¬

b#>%

#.�

&

í�w¯ÊvjH,µ

&

CEE



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

�TY~h%7

#&

�YÚ0N��¿À�Tst

>

îwpæ�

&>

7�T×% !

"b

>

#>%

7w

¯

b

~#

>

r�j

"

%

;

#>%

7#

>

W�TY~h

%

&

%

;

# >f$ %

7 #

>f$

W � T Y ~ h %

"

2

$

#2

$

n$%

7�p¡BÙõ

"2

"

## o2

"

o$%

7~

TÙõ

"`

$

&`

"

#`

$

n`

"

n#%

7gÀ~w¯�S

"

.7ÇFµ~¥ñõ

"2

d

&2

[

&2

S

7

d[S

�TY~

D

rYõj

>

iÁYõºjwÀF�TYYõg

KÕ} %

>

">$>"!

Duqrst2

��©]³�×æ�YÚ¿?<]�

&

�T

ÛÕa�©]ÛÀÓQfpî{X�Á~ßQX

åie +QÛÀ~��å¯

&

b�y�«æ~

��>?

&

ñ¡�YÚ~w�79"g]

>

9¨v

×ø�TY~gK��23í�

>

×ø�TY~jk~l

&

óm

>

�TY~h

¿7%)��Ó %

;

:¬���Ó %

:

~´¯

b

ì

´¯�S

b

:

&

h%7Û�©]ÓQ ,

>

w{Û�¦

1&bh

%

;

#1% f

%

:

#1%&b

:1

hb

1

fb

1f$

B

ÈÀ�YÚA

Ö�~��Ó7¥

&

ß-7�

"

ÛÕa�6w©]

�©Ó7¥

&

ß-7�

>

âoñòÝ=¸~�YÚ

w�9"ì���Tñò

&

gÀ×ø�TYh¿

�ä~�S`a7

! f

(

HB

#

b

%

#(

HB& f

(

HDB

#

b

:

%

#(

HDB& f

(

HL

#,#(

HL>

h¿�ä

"&"

:

ìh

%�ä

W

~CÐµÀG7

' f&&&(&

/

1 f&& fD&

f"& f$&#&$&"&D&& 2>

w¶á

&

äS�D

2

%

$

h

&H#

(

HB% h"&H

(

&2

%

"

h&H#

(

HDB% h$&&H

(

&

Ä·

�D

2

%

D

h

(

HLH& h

(

HDB>

l

&!

×ø�TYjk

X13>&!Z7*):7)*0(..)gg8:(+7*(--0*

!!

B¦×øS"

&

��ÓQ´¯

")

´¯�Su

"

:

ª�Tä

W

µI}7

%

x

&

}::Hj�ä

?/#

�B

%)?Z#

�µ

%) #̂

�

%)dZ#

¥µ

%)d/#

¥

B

%

TvÖ

&

�þMQ¯õµ2XPÓ¯õ

&

~

l

%

óm

>

g

"

8

&"

:

8

&W

8

}:�m

"&"

:

&W

~�K

>

w×øÈÂ.Êst

&

âoBäñòÑ%~Bò

&

ØË%

"%

�×ø�TÈÂ

&

é�

$>

wØË¦H

�

&[.A\K0+

ÈÂI2X

&

¤æ~9

!

[."16"

$

8

,+; "

:

16"

8

:;

&7K0+ W16E

$;

#$h$&"&

0&%";h$&"&0&%%

æ�

!"

$

8

U�K�

"

8

~#

$

r��

!"

8

:;

U�K

"

:

8

�

~#

;

r��

&E

$;

UB¦×ø³1"�K

W

8

�~Û

r��

>

l

%!

pHj�ä~þMQ¯õ

X13>%!<0IJ0*6K1V .)+:71(+ .(*-1+3)1671:5,*1,J-06

h

)+

 DØA-Ú

23456)+G;56?01<F6?;WWB /0:<105

W

´¯�S

"

:

?/ ?Z ^ dZ d/

´¯

"

?/ ?/ ?/ ?/ ?Z ^

?Z ?/ ?/ ?Z ^ ^

^ ?Z ?Z ^ dZ dZ

dZ ^ ^ dZ d/ d/

d/ ^ dZ d/ d/ d/

!!

wß×øSst

&

2X�¥j³µ_MÑv

Ö~h%ä7

H +

&

$&;

H

$;

E

$;

&

$&;

H

$;

#C%

æ�

!H

$;

7f¦

<,I;,+1

³15_MÑ~þMQ

¯õj

>

°"

&

wñ¶�T�YÚ��g]�

&

O¹2

¿îTÖ~Ä·�D

2

%

D

&

°"ÑÒÛÕa�~©

]ÓQ ,

>

(,(+

××ØA�°¤¥

w���YÚ~ÀFñò�

&

7�d'?6

©]vÀF�T~ïð

&

gÀ�YÚ���?6

�T

&

qÜ��îT§g]Yõ©]

&

©]ku7

EEE



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

%

% ¢6�

&

c

!

��©]³�×æ�YÚFQ�T

#>% Og&

©]iQ7

"#l&

qÜ��~��T¯µ

7

"#l&

�YÚf¦QtÛÕa�~©]ÓQ�

T<]FQ

>

7fNvÄ

&

���qßñò

&

N­

FQ}:7

#>D I

ª

#>B I>

gÀ�ßñò~ß�

FQ7

#>$ I&

2÷��7

#>D 6>

iÁ~ÀF�T

Yõé�

">

h

(+

××ØA�°

23456(+!6><F/0:<105>313@6<618

Yõ

`

$

`

"

2

$

2

"

2

d

2

[

2

S

.

%

I,U

H#l%

õj

#>& #>" $>E $>" "% " $# #>#$ "#

-+

dewxNZ¶

l

B

ªl

C

}:7�YÚÀF�Tñò�F

Qª��ÓQÊ��~�S��

&

ÃN­FQ�

�

#

l

B%

pî²%

&

w�²V�TÙ�QX9

&

�

YÚÚî®É~ÈQ¿ÀwN­FQw

&

¿?w

¯U7

b#>##E I&

/Îß�FQ:N­FQ®B

�

#

N­FQ7

#>B I%&

�YÚSÚî®É~È

Q¿À w N ­ F Q w

>

Ã � � Ó Q � S � �

#

l

C%&

¬N­FQ:ñ¶FQ�w´¯�

&

w�

²V�TÙ�QX9

&

�YÚÚÉÈQï+Q�

�ÓQîQt<]FQ

>

¬<]FQ}N¿À�

&

�YÚ��ÓQA}N¿À

&

¿?w¯U7

bDl>

ÃN��©]³�×æ�YÚf¦��©]LK

³å~§�O½LK×%�S~6å

&

�§�Y

Úw¿?g]¦H�

&

��ÓQ½wÛrµ`a

Ý}]

>

§�å¡N­FQ�B

&

��ÓQß��S

`a�B

&

¶U�7N­FQ®B�

&

âoöü

d[S

�TY~gKfÂ

&

§��TY~h%7°

Bj

&

�§�YÚß��~��ÓQ�S½æÛ

r®B~}]`a

>

l

B!

�YÚFQÊ���S��

X13>B!e0-,71(+6K1V J07F00+ ;0V7K ,+; 71I0.(*

*(J(71:.16K

l

C!

�YÚ��ÓQÊ���S��

X13>C!e0-,71(+6K1V J07F00+ V17:K1+3,+3-0,+;

71I0.(**(J(71:.16K

.+

w

+

{

Þê{Xöü

d[S

ª×ø�T5_ñ¡��

YÚ~FQ�T

>

$%

��©]³�×æ�YÚw�²VÀF�

TÙ�QX9pîÄ®f9�¿ÀwN­FQ

>

"%

f¦Û�~���TÚoy��YÚÒ

­N­FQ"¿?<]�~��¿À¬

&

¿?<

]¦H�~��ÓQw¯U7

bDl&

Úo®Â�

ñ¡FQª��¿À�T

>

D%

f¦ñòå¡

&

N­FQ�§�

&

�YÚ

~��ÓQ�S`aÊËN­FQ~�e��

B

>

í�wÞê'.~ÀF�TÙ�9

&

�YÚÚ

owß�g]�\Éz­N­FQ

&

î|�­Ò

¿À<]Ë?~��

>

9Û�GQú/v�YÚ~?6�T��3

4

&

��©]³�×æ�YÚ~<]56f¦q

Ü��~°§g]Hñ¡

>

f¦à¿Ò�Á�~

<\[

FØ

9OeZ

Ù�ñ�4S�YÚ~?6ÓQ

�S

&

;{XÞê�~ÀF�T5_

&

ñ¡�YÚ

~?6�T

>

fH~GQA½jKFQª?6�

T

&

;e¿`h�ªY

)

J9�êÖ

&

Î��©]

³�×æ�YÚÚoiqÛÀ~+1<]Úå

>

LEE



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

��]^

#G6?616:/68%

'$( S(I0+1:1d&/-,G0e>\K0G1+0I,71:6,+; V0*.(*I,+:0(..16K

.,67A67,*76F1II1+3''(>'()*+,-(.YUV0*1I0+7,-/1(-(38&$LLC&

"###E% !$$B%A$$CE>

'"( \,8-(*P>9+,-8616(.7K06F1II1+3(.-(+3,+; +,**(F,+1I,-6

''(>d*(:00;1+36(.7K0e(8,-Z(:1078(.N(+;(+&Z0*1069&<,7KA

0I,71:,-,+; dK861:,-Z:10+:06&$L%"&"$&#$$$C% !$%EA$ED>

'D( S1:G1+6(+ <O&X,*-08W\&X)--e'&07,->O(F,+1I,-6I(50!

,+ 1+703*,7150510F''(>Z:10+:0&"###&"EE#%&BD% !$##A$#B>

'&( \*1,+7,.8--() < Z&\*1,+7,.8--() PZ&R)0Sid>O8;*(;8+,I1:6

(..16K-1G06F1II1+3''(>9++),-e0510F(.X-)1; <0:K,+1:6&

"###&D"#$% !DDA%D>

'%( Z.,G1(7,G16<&N,+0S<&S,5106'/W>e0510F(..16K 6F1II1+3

I(;06.(*,m),71:-(:(I(71(+''(>[YYY'()*+,-(.T:0,+1:Y+31A

+00*1+3&$LLL&"&#"% !"DCA"%">

'B( \*1,+7,.8--() <Z&O(50*XZ&\0:K079O&07,->e0510F(.K8;*(A

;8+,I1:6:,-1+3-,F61+ ,m),71:-(:(I(71(+ ,+; .16K-1G06F1IA

I1+3''(>9VV-10; <0:K,+1:6e0510F6&"##%&%E#&% !""BA"DC>

'C( 9+;0*6(+ '<&i0**0J*(:G d9>\K05(*71:178:(+7*(-)+I,++0;

)+;0*60,50K1:-0# =W44=%A,+ ,)7(+(I()650K1:-00IV-(81+3

.16K 6F1II1+3V*(V)-61(+ ,+; I,+0)50*1+3'W(

"

d*(:00;1+36(.

$#7K [+70*+,71(+,-Z8IV(61)I (+ 4+I,++0; 4+707K0*0; Z)JA

I0*61J-0 \0:K+(-(38>d16:,7,F,8& ?'! [YYY d*066& $LLC!

$ELA$L%>

'E( e(60+J0*30*N'>d0:7(*,-.1+ -(:(I(71(+ 1+ J,7(1; .16K06!)+;)-,A

71(+ 50*6)6(6:1--,71(+ ' '(>'()*+,-(.YUV0*1I0+7,-/1(-(38&

"##$&"#&#"% !DCLADL&>

'L( Z)g)G1O&i,7(?&Z)g)I(*1i>N(,; :K,*,:70*1671:6(.I0:K,+1A

:,-V0:7(*,-.1+ ' '(>YUV0*1I0+761+ X-)1;6& "##E& && # % % !

C%LACC$>

'$#( X(+7,+0--,'Y&X16K XY&/,*:K1Y[&07,->\F(A,+; 7K*00A;1A

I0+61(+,-30(I07*106(.J,7(1;61+ *0-,71(+ 7(-(:(I(7(*I(;0

''(>'()*+,-(.YUV0*1I0+7,-<,*1+0/1(-(38,+; Y:(-(38&

"#$D&&&B!"CDA"E$>

'$$( N1) j&[F,6,G1\&X16K X>S8+,I1:I(;0-1+3,+; 3,17,+,-8616(.

J,7(1; 6F1II1+3'W(

"

d*(:00;1+36(.7K0"#$D 9I0*1:,+ W(+A

7*(-W(+.0*0+:0>d16:,7,F,8&?'![YYYd*066&"#$D!%BBA%C$>

'$"(

KE�

&

òþõ

&

`'6

>

�o�

H

v�³�×æ~�K+1

J9�Y . å Û ¡ Ë © �

' '(>

� Y .

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

D%"ADB">

k,+3\<&R,+3j/&N1,+3'O>96)*508(+ J1(+1:,)7(+(A

I()6)+;0*F,70*50K1:-06V*(V0--0; J8I0;1,+ ,+;H(*V,1*0;

.1+ I(;0''(>e(J(7&"#$D&D%#D% !D%"ADB"#1+ WK1+060%>

'$D( R,+3Z /&Q1) '&O,+ jR>i1+0I,71:6I(;0-1+3,+; 0UV0*1A

I0+76(.V0:7(*,-(6:1--,71(+ V*(V)-61(+ *(J(71:.16K''(>'()*+,-

(./1(+1:Y+31+00*1+3&"##L&B#"% !$C&A$CL>

'$&( W,1R&/1Z&N(FiO&07,->d(67)*0,+,-8616,+; ,VV-1:,71(+ (.

,J1(+1:V0:7(*,-.(1-'W(

"

d*(:00;1+36(.7K0"#$$ [YYY[+70*A

+,71(+,-W(+.0*0+:0(+ e(J(71:6,+; /1(I1I071:6>d16:,7,F,8&

?'![YYYd*066&"#$$!$CEDA$CEE>

'$%( N00d'&N00<Z&k,+3eW>9.)gg8:(+7*(-J,60; *(J(71:.16K

F17K I)-71V-0,:7),7(*6''(>[+70*+,71(+,-'()*+,-(.X)gg8Z86A

70I6&"#$"&$&#$% !&%A%D>

'$B( N00d'&R0+ WO&WK,+ WN&07,->[IV-0I0+7,71(+ (.,.)gg8

:(+7*(-J,60; 1+70--130+7*(J(7.16K''(>[+70*+,71(+,-'()*+,-(.

X)gg8Z8670I6&"##L&$$#&% !"ECA"LC>

'$C( ?,Z R&ZK1+ S&i1I'R&07,->X)gg81+.(*I,71(+ ,+; 0+31+00*A

1+3'<(>/0*-1+!ZV*1+30*&"##C!DDCAD&&>

'$E( ?1) W& K̂,+3N&/1Z&07,->S050-(VI0+7,+; ;0V7K :(+7*(-(.,

*(J(71:.16K I1I1:G1+3:(F+(60*,8'W(

"

d*(:00;1+36(.7K0

"#$" [YYY[+70*+,71(+,-W(+.0*0+:0(+ e(J(71:6,+; /1(I1I07A

1:6>d16:,7,F,8&?'![YYYd*066&"#$"!E$&AE$E>

'$L(

×Î

&

¿ P

&

K�

&

c

>

�K�YÚ��:FQ�T5_

''(>

+]SCë

&"##E&D&#L% !$"$%A$"$E>

K̂() W&W,(^Q&k,+3Z&07,->Z7);8(+ 7K0V17:K1+3,+;

;0V7K :(+7*(-(.J1(I1I071:*(J(7.16K''(>9:7,9)7(I,71:,Z1+A

1:,&"##E&D&#L% !$"$%A$"$E#1+ WK1+060%>

C*7&+5'(&-'0'.-')'&#5 .#4+7-'7*00*$)3 '45#00%&#(;7%#-*$7*5&'-%0.#(4

<9O(+3F01& /[ZK)6K0+3& W9[R)0*1

!

& ?[4WK),+I0+3

# Z:K((-(.<0:K,+1:,-Y+31+00*1+3,+; 9)7(I,71(+& /0121+34+150*6178(.90*(+,)71:6,+; 967*(+,)71:6& /0121+3$##$L$& WK1+,%

/)4&-%5&! \K0;()J-0A:-(60; -((V ;0V7K :(+7*(-I07K(; J,60; (+ 0UV0*7d[S ,+; .)gg8:(+7*(-F,6

V*(V(60;& FK1:K F,6)60; 7(*0,-1g07K0;0V7K :(+7*(-(.*(J(71:.16K V*(V0--0; J8(6:1--,71+3V0:7(*,-.1+6>\K0

V17:K1+3I(I0+7,:71+3(+ 7K0*(J(71:.16K F,6V*(;):0; J87K0(6:1--,71+3,+3-0:(+7*(-(.7K0*(J(71:.16K-6

7,1-*);;0*>\K0+ 7K0V17:K ,7717);0(.7K0*(J(71:.16K F,6:K,+30;& ,+; 17:()-; ,:K10507K0)VA,+;A;(F+

I(71(+>e0-,70; ;0V7K :(+7*(-0UV0*1I0+76(.7K0*(J(71:.16K F0*0,-6(:,**10; ()7>\K0*0,6(+ 7K,71+171,-*,+A

306(.V17:K1+3,+3-0)+;0*;1..0*0+77,*307;0V7K ,*0;1..0*0+7F,6,+,-8g0;>\K00UV0*1I0+7,-*06)-766K(F7K,7

7K0V*(V(60; ;0V7K :(+7*(-I07K(; :,+ I,G07K0*(J(71:.16K *0,:K 7K07,*307;0V7K ,::)*,70-8>9.70*7K0*(J(7A

1:.16K ,**15061+ 7K07,*307;0V7K& 7K0V*(V(60; I07K(; :,+ ,-6(1IV*(507K0V17:K1+367,J1-178FK0+ 7K0*(J(71:

.16K 6F1I61+ 7K07,*307;0V7K>\K0V*(V(60; :(+7*(-I07K(; :,+ J0770**0,-1g07K0;0V7K :(+7*(-(.7K0*(J(71:

.16K>

8*3 9'-$4! J1(+1:*(J(71:.16K" (6:1--,71+3V*(V)-61(+" .)gg8:(+7*(-" ;0V7K :(+7*(-" V17:K1+367,J1-178

#LE



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

<,8!"#$%

=(->&$!?(@%

!

)*+,

! "#$&A#BA"D"

-.+,

! "#$&A#EA"E"

/01234

! "#$&A#LA"L $&!D"

!

/01256

! FFF>:+G1>+07HG:I6H;(1H$#>$DC## H2>JK>$##$A%LB%>"#$&>#DCB>K7I-

!

·A¸¹

!

@�FCÅ�ö°

#jS9#&#C"###% "

�ôFCI@�FCø¼¬Å�Fâö°

#jS9#&#B#"#" % "

ôü+,FCÅL

#&$"#&$"E%

!

9:ÈÉ

!

J¸

#$LED$%&

ÿ

&

*=�È.

&

y�34K

&7,+3V1+3M+66:>,:>:+

!789:

!

�&ç

#$L&D$%&

)

&

#üç�.

&

34�

& gK)3FM+66:>,:>:+&

1234567@�TSâã

>

!

;.<=

!

bc

&

d»J

&

e�f

&

*

>

DF$jkghð<ijR8+�"=ewÕ

''(>

BCDEDFG??H

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

EL$AELB>\,+3d& K̂) Pk& Q1+ P\& 07,->WK,+306(.:(+7,I1+,71(+ ;0V(6171(+ (+ 6V,:0:*,.76)*.,:0,+; 05,-),71(+ (.:(+7*(-

.,:7(*6''(>'()*+,-(./0121+34+150*6178(.90*(+,)71:6,+; 967*(+,)71:6& "#$% & &$ #% % ! EL$AELB #1+ WK1+060%>

K77V!

"

JKUJ>J),,>0;)>:+!!2J),,MJ),,>0;)>:+

!"#! $#>$DC##H2>JK>$##$A%LB%>"#$&>#DCB

#%µhiÛÜ¬�ÝÞ,K>ØAFß¢É

bc

$&"

&

d»J

!

$

&

e�f

$

&

'kh

$

&

Z�J

$

#$>

�ôFCI @�FC:ÖX34�¥

&

=>

$##$L#"!">

�ôFCIBC

&

=>

$###&L%

!!

T

!!!

U

!

DF$i+E élMº

&

E élUegh+mnghlMRDF$j

kgh=

&

v¼PDF$T7×ØUàá����TÓk\]

>

ÛÜR4ß4�²DF$jk

ghð<ijR8/�o¿Xy

&

�Pghð<ijÃR8+�"=e�à~wÕ

>

Xyj

z

&

ghð<ijÃ/DF$+�àpT

$ _"

qÍ�DF$¢¹��ð<Ã

)

r�.¬

)

jk

s¸;LÊT��Ä4*=eL�"

>

àpijÃG

&

U©�þDF$+�º¢¹��ÃG

)

r�.¬¨$T�"

&

��t�k®3�kijÃG

>

+�ºpjkijÃ·pR81��z

fTKR^uvH�

&

¼½¦§C4@»É

&

=Wo�R¦§C4@\]A�T�"=eW]

»@

&

S4$Ane�Ã+w5xßyb�ÃR8hA©à­�"=e

>

V

!

W

!

X

!

g<Ãç

"

DF$jkgh

"

<Ãij

" <Zj

z{

"

$Ane�Ã

GYZ[\

! =$"D>&

]^_`a

! 9!!!!

]bc\

! $##$A%LB%#"#$%%#%A#EL$A#B

!!

ç@VW9

&

?AYÝÕª�¨ó�»~Ê

�¨3Q�S~%�[ôîì?AY³åYQ>

Q<LK~}D*�

)

+Q�»w(~F îì

¡�¢u*�c*�[ô½åKhg

)

>�

)

Ç

£

)

}Ç

)

&S

)

�Sc[1ªSC¦H

&

£Tw?

AY�¨

&

wTÖ~�¨ª3Q�l9¤|£T

º

'$AD(

>

@�VW�]���

'&(

#

�¬«D�

)

O

ÚuD

)

ó�¤dmA

)

@�¥¯ìF�øc

%

w

:?AY�¨T4QXóLK~[ôAU¤|*

�[ô£Tº~â¦

&

§�T4QX�¦A

)

§9

cßÖApÚU*�[ôºG�~12�T�

D

'$A%(

>

¶ó*�[ô£Tº½�|?AYÛì

Â2âã}Ù�

#

~Ú¦}Ù�

)

3�}Ù�î

ì&C¢ª}Ù�c

%

~�¨DE¬Ú¨|

&

ª

u9Í

&

ÁÂPpLK?AYw<¶h

'%AL(

&

Íp

?AYw<ÎXñ�

>

Bw

$LBL

!

&

òô

TPTAB#T*J171+3P0(VK861A

:,-TJ60*5,7(*8%

?AYwÖX6j�ÁFäA³

#Q),*7gW*867,-<1:*(J,-,+:0&QW<%

���?AY

�¨*�~w<éS

'$#A$$(

>

§"

&

6j�ÁFä

A³IÔÕ�ÖXN?AY~w<*�éS

>

$LLB

!

&

"åA~

<Zj#<1;:()*60ZV,:0YUV0*1A

I0+7%

NøwÜ���ã

QW<&

f¦¹%w<é

S

&

¹Ñ�áØ~�<�

#

ó�§�<�

%

?AY

�¨*�[ô£T�Sõo

'$"A$B(

>"#$$

!"�ô

w�<�?AYwAgA�+�3T

*QW<+

T

SY

&

§÷¹Ñ��<�?AY�¨*�[ô£

T�Sõo

'$C(

>

Þêú12{X�ô�<�?AY�¨*�

[ôTSõo

&

§�jKòô

*<Zj+

?AY~é

Sj�

&

ËÂTk�<�?AY�¨*�[ô�S

ìV�T�D.Ê

>

ÀÁÒê�óäì�<�?A

lenovo
全文下载蓝色

www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0376.html


北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

Yg�OQw

E## _$ "## GI&

«D�fäB�w

$#

$#

,7(IH#:I

"

,6%&

Tv�.?A<�OQ«D

äfä

$#

$&

,7(IH#:I

"

,6%

ïðÅÞpî%¼

>

�

§v�¨*�[ô£Tä�S~�T�D.Ê

�

&

`��@�VW�«D�:?AYT4QX

~ªÖ�T

#

x�«D�v�¨DE~§9ªÖ

óLK~*�¦ªv?AYw<g��V�¨£

T*�[ô~§9

%>

)+

°

+

²

),)+

G�à#%µhiÛÜ¬�ÝÞ�ár°²

$%

�ô�<�?AY

*QW<+

w<éSõo

>

?AY<�OQ

$ "## GI

µÐ

&

N

"#$"

!

%

"��w<g�

>QW<

�ªYù#wNøÿ�

56Ü¨

&

0NV�¨

&

w<3Q7

f$# _f%c&

w<g�Ë?¿À

&

©ªw<g�U

"

!��

>

"%

òô

*<Zj+

?AY

*QW<+

w<éSj�

>

?AY<�OQ

L#B GI&

N

$LLB

!

&

"«�

�w<g�

>QW<

�ªYù#wNø©¹¨ªÛ

�l

&

w<3QU7

f%# _f&#c&

w<g�Ë?

¿À

&

Û²g��

E

!��

'$E(

>

),(+

$4âã°²

gX

?9Z9

@�VW� ¥ å » ~

$LLB$

"#$D

!�ôDÚä

"n$# <0=

ôDHµfä

)

\

$#>C

#

ó�

$#>C :I

A�mAfä

%

jõo

>

%�

¥jó�i]

"D

×�xO!ª

"##E$"#$$

!ó

�i]HQ�pJ³!«

>

qr?AY¿<ß%

@�VWµ0N®7È`Ë?

>

(+

wxyZ¶

(,)+

¼�±,#%µhiÛÜ¬�ÝÞ�,K

?AY¿<ß%

## _C## ;

µÐ

%

0N@�

VW®7È`%�

&

ó�i]HQ®p

&

/�¬«

D�Hµfäj

)

OÚuDHµfäjîìó�

¤dmA

\

$#>C

jµ0N®pJ³

&

�§@�VW

��:?AY�¨T4QXóLK~*�[ô¦

ªv*�[ô£Tº~§9QXµ½�EÍp

&

��<�?AYg�<�OQ®O

&

Tv�.?

A<�«D�fäpÂ�rõäm

&

«D�~Q

Xªïð�E|Ò

>

�OÚuDîìó�¤dm

Ac��ÖHîÂÒ

>\*1JJ-0

ww~ê1�æ

%

!*

wó�§�<�à­LKmA~12|}

UôD

&

§�öò��

&$

r

$# <0=

~ôDLK

~F¬BUT¬N

D ###

r

$ <0=

~�DLK~

F¬

+

'&(

>

�§öX

"n$# <0=

ôDHµfäT

SõoH:?AY�¨*�[ô£Tä�SQÄ

v}í

>

l

$

ªl

"

}:�m��ô�<�?A

Yªòô

*<Zj+

?AY¿<"�¨*�[ô£

Tä~�S

>

Ãl

$

ªl

"

pÏ

&

w@�VW®7È`%

�

&

�<�?AY¿<"w<g��*�[ô£T

ä ¡:w<�� ¥T>>Ù

&

/Ê���¹£

Tä ��

&

��}Na}T­

>

îw<g��

$C

r"

#%&# ;%

óxT~*�[ô£Tä�j

&

�

ô�<�?AY�¨£T�Q­

$#">D +I&

�òô

*<Zj+

?AY�¨£T�Q®µä7

$D>B +I>

�

$

«%�w�qó?AY�¨*�[ô~

£TÈuªéS�

QW<

�ªY�Á�¨3Q

>

Ã�

$

pÏ

&

qó?AY�¨*�[ô£T

Èuµ:w<�� �T>>Ù

&

/Êw<��

�e£TÈuuv9Í

&

�w§%�

QW<

�ªY

�Á�¨µÄ®¿Àw�3`a

&

}:7

f$# _

f%c

ª

f%# _f&#c>

l

$!

�ô�<�?AY�¨*�[ô£T�ä�S

X13>$!WK,+306(.:(+7,I1+,71(+ ;0V(6171(+ 5,*1,J-06(+

6)*.,:0(.<YT6V,:0:*,.71+ WK1+,

"LE



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

%

% J¸

&

c

!

?AY�¨*�[ô£T�Sª�T�D.Ê

l

"!*<Zj+

?AY�¨*�[ô£Tä�S

X13>"!WK,+306(.:(+7,I1+,71(+ ;0V(6171(+ 5,*1,J-06(+

6)*.,:0(.*<Zj+ 6V,:0:*,.7

h

)+

GäG�à#%µ>åä

*UJ\+

#%µhi

ÛÜ¬�ÝÞ¿À>

]7U

³´µæ§hiç�,K

23456)+70:<3@9:3<90:=6>089<90:13<63:=

8;1?3/6<6@>613<;16/F3:E60?]7U @0;:<6=0:

7F9:686UK"8>3/6/13?<3:=%@619/3:

*UJ\+ 8>3/6/13?<

?AY

£TÈu

H# +I,;

f$

%

w<

$

r" w<

"

r" w<

$C

r"

�ªY�Á

�¨3Q

Hc

�ô�<�

?AY

$>%C #>DLD #>#&D f$# _f%

òô

*<Zj+

?AY

#>$% #>#%# #>#$" f%# _f&#

!!

l

$)

l

"

ª�

$

��

&

w@�VW®7È`%

�¿<~�<�?AY�¨*�[ô£Tä�S

~12�T�DU?AYÝÕª�¨DEwç@

VW�~%�Ëâ

&

pVU`å¬[ô~%�u

>

w�¨3Q¿Àªÿ�ËâT­Ë?9

&

%�uO

Â*�[ô£TÈu®O

&

T§��Ý?AY�¨

*�[ô£T�Q`�

>

ÊË?AYw<���

¹

&

%�u½uv9Í

&

TÖ£TÈuAEÔ9Í

>

(,(+

¼��,#%µhiÛÜ¬�ÝÞ�,K

ó�i]x!ªx!6-!¬�%�

&

�<

�OQ`a@�VWf,½0N®O~ó�¤d

mAfäªOÚuDHµfä

#

ôDª�Dc

%

Ë?

&

«D�fäÃ,Aæ�E�e

&

��pNp

<OQ~©]ïð

>

]�@�VW��f¦:?

AY�¨T4QX

&

�äÚLK*�[ô

&

ïð*

�HQ

&

��A½f¦¦A

)

§9cQXHG�ó

£T~*�[ôº

&

Ã§pÚ%¡£Tä~�E

9Í

>

¬?AY�¨3Q7

QW<

�ªY�Á�¨

«¾w¿À~�3`a�

&

g�wó�§�<�

ìîwOQ`a�<�?AY�¨*�[ô£T

�S

&

12Ug��

&## _B## ;

"~¹%�S

&

¸�:@�VW�OÚôDfä�S~Äv}

í

>*<Zj+

?AYB½�#

"D

Wó�i]×x

!%

#$LLE$$LLL

!#

$

x%

""##$$"##"

!�

x%

%>

l

D

«%�%�?AY�¨*�[ô£

Tä�S

)

ÚäBN

$# <0=

ôDHµfäjª

\

$#>C

j~�S

>

Ãl

D#,%

pÏ

&

w#

"D

ó�i]×#

$

x

%

&*<Zj+

?AY�¨£T*�[ô~�S

&

�

E:w<�� �T>>Ù

&

/Ê���e

&

£T

äEÔ9Í

>

w§%��¨£T�QÃ

$D>B +I

uv9Íÿ

% +I

µÐ

>

l

D# J%

Â��w§%�

&

OÚôDHµf

äjEÔw6

&

°OpO%È`%�J³

D

r

�õäm

&

ÀÁÒOÚôDv*�[ô£Tº

~¦AQX

&

§�§�?AYw<g�=

"

!

�

&

?AYÝÕª�¨DE~%�Èu=�E

9Í

&

�§%�~��¨3Q

#

/

QW<

�ªY

�Á�¨3Q

%

½¾¿À

&

Â@�VW©]��

æpÚ|7?AY�¨*�[ô£Tä�S~

12�T�D

>

"###

!7#

"D

×ó�i]�x!-�®7

³`~Û!

&

OÚôDfäA�E9Í

>

Ãl

D

p

Ï

&

%�?AY�¨*�[ôu�� ¡FÒ~

��

""##$$"##D

!�¿�x!~#

"

rx%

&

@�VW©]HQ�¹

&

OÚôDfäu�¿P

�¹Ë?

&

?AY�¨*�[ô£Tä�¿¼æ

�¹~5­�S

&

§�¶ó�SpÚUÃN��

D©K�T

&

·~ó�¤dmAv�¨DE~&

SßÖ�5*�¦[ô~�e

&

�OÚôD~¦

AQXu5ËGF*�[ô£Tº~QX

&

ÎV

£TäÍ�

>

DLE



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

l

D!

òô

*<Zj+

?AY

$LLE$"##%

!�¨*�

[ô£T�ä�S

X13>D!WK,+306(.:(+7,I1+,71(+ ;0V(6171(+ 5,*1,J-06(+

6)*.,:0(.*<Zj+ 6V,:0:*,.7

(,-+

B��,#%µhiÛÜ¬�ÝÞ�,K

èúüR

!!

?AY�¨*�[ô£Tä�SA:ó0�

�g]56T>

>

l

&#,%

ªl

&# J%

}:�m�

*<Zj+

?AY

QW<

�ªY¨6��56

#

©¹

¨

%

ªV6��56

#

Û�l

%

w@�VW®7È

`%�ª©]%�~�¨*�[ô£Tä~¹%

�S

>

Ãl

&#,%

pÏ

&

?AY¿<ß%

#B## ;

µ

Ð

%&

©¹¨

QW<

éSÒ~*�[ô�Q­

$D>B +I&

§%Û�l

QW<#

�ªY�Á�¨3Q

T§

%

éSj�ä7

$ +I

µÐ

&

¶��*�[ô

£Tä�S~¦�Eiæ56¬

&

f,Û�l~

�Á7å2Ä©¹¨µ

"

rõämµÐ

&

�§?

AY�¨ó0��56AU£Tä�S~�T�

D-Û

>

Ãl

&#J%

pÏ

&

@�VW©]%�

&

©¹¨

ªÛ�l

QW<

óéSÑÒ~*�[ôÍ��E

 v6¬

#

/�R��56óS

%&

%�G��Q

µw

E +I

µÐ

>

Û�léSj�%¡�GF~¡

À

&

pÚ:

QW<

�ªY~�Á�¨wåA��¨

Ë?9�=Bæ*�[ô£Tºæ>

>

j���

�¨*�[ôôäÍ�~�T�DAÖiæv6

¬m�

&

/v?AY©¹¨ªÛ�l�¨£T*

�[ô~QXªïðÚåT­

&

f,ó�¤dm

A

)

@�¥¯ªF�øuDcv?AY�¨*�

[ô£Tïðµiæ56¬

&

�OÚuDÂw@

�VW�iæv6¬QX

>

l

&!

�§@�VW9©¹¨ªÛ�l�¨*�[ô£Tä~�S

X13>&!WK,+306(.:(+7,I1+,71(+ ;0V(6171(+ (+ 6V,:0:*,.76)*.,:01+ 7K0F1+;F,*; ,+;

F,G0V(6171(+ 1+ ;1..0*0+76V,:00+51*(+I0+7

&LE



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

%

% J¸

&

c

!

?AY�¨*�[ô£T�Sª�T�D.Ê

-+

w

+

{

©wj�ª}í.Ê

&

pîÑ%î9jC

!

$%

w@�VW®7È`%�¿<~�<�

?AY�¨*�[ô£Tä:w<�� ¥T>

>Ù

&

�T¶ó�S~12�DU?AY�¨ª

ÝÕDE~%�Èu

)

?AY�¨3Qª�¨ó

0��56

>

�§?AY½�%�Èu�§

&

��

¨*�[ô£TäæEÔ¯�

&

~?AYw<g

���

L# ;

Ý�ô�<�?AY�¨*�[ô

£T�Q7

LL +I&

�òô

*<Zj+

?AY©¹¨

ªÛ�l

QW<

éSj�}:U

$D>B +I

ª

$ +I&

E,¶ó�S:?AY%�ä

)

%�Èuîì�

¨ó0��56æ>

>

"%

@�VW©]%�

&

�<�?AY�¨*

�[ô£Tä½ ¡%EÔÍ�ª�¨

>

òô

*<Zj+

?AY®Ló�i]#

"D

×�x!ªÎ

pi]HQ!«

#"##E$"#$#

!

%

Ëâ

&

x!%�

?AY�¨*�[ô£Tä EÔÍ�

&

£Tº

�QÍ�U7

E +I&

���§��56w

QW<

é

SÑÒ~Í�jµT­

&

í�¶ó�S~�T�

Diæv6¬QXª¹%�S¬

#

~ó�i]×

%

%>

ß�}íj���pÚ:�<�OQwO

ÚuDpVUôDHµfäPÒ TÖ~T>>

Ù

&

�Aæà¸ÓF¿~�1}íª�Û�ò�

BäTSõo

>

D%

?AY¹%w<g�~�"%

&

?AY%

�Èu�E9Í

&

wLÒ@�VWSi©]%�

&

OÚôDfäªó�¤dmAPQc½§�5Q

X

&

?AY�¨*�[ô£Tä FÒ��ª�

¨¡À

>

��]^

#G6?616:/68%

'$( \*1JJ-09W&/(8,;21,+ /&S,516'&07,->W(+7,I1+,71(+ :(+7*(-

0+31+00*1+3,+; ;0613+ 3)1;0-1+06.(*7K0,0*(6V,:0:(II)+178A

*06)-76&9[99A$LLBA&DC%'e(>e067(+!9[99&$LLB>

'"( 9*+(-; PZ>ZV,:0:*,.7:(+7,I1+,71(+ I(;0-;050-(VI0+7''(>

Zd[Y&$LLE&D&"C!"C"A"EL>

'D( /,*0+3(-7g'><(-0:)-,*,+; V,*71:)-,70:(+7,I1+,+76A,:(+7,I1A

+,71(+ ;,7,J,60F17K1+ 0+51*(+I0+7&9[99A$LEEA##$&'e(>e0A

67(+!9[99&$LEE>

'&( \*1JJ-09W>\K06V,:00+51*(+I0+7!1IV-1:,71(+6.(*6V,:0:*,.7

;0613+'<(>d*1+:07(+!d*1+:07(+ 4+150*6178d*066&$LL%!$ED>

'%( \K(I,6/Z&P*,K,I Z 9& S,51; X O& 07,->dK(7(:K0I1:,-

6V,:0:*,.760-.A:(+7,I1+,71(+!-,J(*,7(*8*06)-76,+; 68670I 1IA

V,:76' '(>'()*+,-(.ZV,:0:*,.7,+; e(:G076& $LEL& "B # % % !

D%EADBC>

'B( N(*0+geS>Z(-,*,**,8;03*,;,71(+ J8;)671IV,:76;)*1+3:(IA

07,*80+:()+70*6''(>'()*+,-(.ZV,:0:*,.7,+; e(:G076&$LLE&

D%#&% !%CLA%E">

'C( /0;1+3.10-; iN&N0,:K eS&9-0U,+;0*< />ZV,:0:*,.768670I

.,1-)*06,+; ,+(I,-106,77*1J)70; 7(7K0+,7)*,-6V,:00+51*(+A

I0+7&?9Z9edA$DL#'e(>9-,J,I,!<ZXW&$LLB>

'E( \*1JJ-09W&O,..+0*'k>Y671I,706(.VK(7(:K0I1:,--8;0V(61A

70; :(+7,I1+,71(+ (.7K0PdZ 6,70--1706''(>'()*+,-(.ZV,:0:*,.7

,+; e(:G076&$LL$&"E#"% !"""A""E>

'L(

¯�j

>

ÿ�VW*�v?AY~ïð

' '(>

w�?A

&

"##"#B% !"LAD">

N1,(Z R>\K00..0:7(..-13K70+51*(+I0+7:(+7,I1+,71(+ 7(6V,:0A

:*,.7''(>90*(6V,:0ZK,+3K,1&"##"#B% !"LAD"#1+ WK1+060%>

'$#( e(30*6'X>9Z\AB m),*7gA:*867,-I1:*(J,-,+:0' '(>[YYY

\*,+6,:71(+6(+ 90*(6V,:0,+; Y-0:7*(+1:Z8670I6&$LC%&9YZA

$$#B% !$$E%A$$EB>

'$$( ?,)I,++ e'>ZG8-,J 1+;):0; 0+51*(+I0+7&9[99A$LC&A$""%

'e(>e067(+!9[99&$LC&>

'$"( k((; /Y&O,--SX&N06K('W&07,-><1;:()*606V,:00UV0*1A

I0+76,70--170.-13K7I0,6)*0I0+76(.:(+7,I1+,71(+ (+ m),*7g

:*867,-I1:*(J,-,+:0''(>'()*+,-(.ZV,:0:*,.7,+; e(:G076&

$LLE&D%#&% !%DDA%DE>

'$D( <1--'S&e(I1:G P'&48T<&07,-><1;:()*606V,:00UV0*1A

I0+7! 1+7*(;):71(+ 7(7K06V,:0:*,.7&1+67*)I0+76&,+; 6:10+71.1:

(J20:71506' '(>'()*+,-(.ZV,:0:*,.7,+; e(:G076& $LL&&

D$#%% !L##AL#C>

'$&( 48T<&/0+6(+ eW&Y*-,+;6(+ eY&07,->W(+7,I1+,71(+ -06A

6(+6-0,*+0; .*(II1;:()*606V,:00UV0*1I0+7'W(

"

d*(:00;A

1+36(.Zd[YA7K0[+70*+,71(+,-Z(:1078.(*TV71:,-Y+31+00*1+3>

W,-1.(*-1,!Zd[Y&$LLE&D&"C!"EA&D>

'$%( k((; /Y&/0*7*,+; k \&N06K('W&07,-><1;:()*606V,:00UA

V0*1I0+7#<Zj% 6,70--170I0,6)*0I0+76(.:(+7,I1+,+7.1-I6

)61+3QW<6A% 80,*61+ 6V,:0&9[99A"##$A"L%B 'e(>e067(+!

9[99&"##$>

'$B( k((; /Y&O,--S X& N06K('W& 07,->T+A(*J17I1;:()*60

6V,:00UV0*1I0+7#<Zj% 6,70--1700+51*(+I0+7.-13K70UV0*1A

I0+76&9[99A$LLLA#"%"'e(>e067(+!9[99&$LLL>

'$C(

J¸

&

°'ê

&

�&ç

&

c

>

?AY�¨£T*�[ôôä

TS

''(>

�ôFC

!

âãFC

&"#$&&&&#D% !"E#A"E%>

\,+3d&O() 'k& K̂) Pk&07,->S070:71(+ (.6V,:0:*,.76)*A

.,:0:(+7,I1+,71(+ ;0V(6171(+ ''(>Z:10+71,Z1+1:,!\0:K+(-(31A

:,&"#$&&&&#D% !"E#A"E%#1+ WK1+060%>

'$E( k((; /Y&/0*7*,+; k \&48T<&07,->e0510F(.I1;:()*60

6V,:00UV0*1I0+7#<Zj% 6,70--170QW< :(+7,I1+,71(+ *06)-76

,.70* E 80,*6 1+ 6V,:0& 9[99A"##%ABC ' e(>e067(+!

9[99&"##%>

%LE



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

= > ? @ ? A B C C ë

"#$%

!

!

I+%(;*4 '.5'(&%2#(%&#'($*7'4#&#'('(47%5*5-%.&41-.%5*%($

*,%01%&#'('.5'(&-'0.%5&'-4

\9?Pd1+3

$&"
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