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âYZ

7�Õ

&

UVú�L¬­úf

&

U

"�èõ;9g6-Zò}z$

ZVV=

"$ K9<

7�U"õ;9Vl799

&

z

$

ZVV=

G$ M9S

7��Õ�ý[¢�X[

&

UV�ý

úsH¦[¢l9z»%��H¦[¢m<

&

8

dò«

&

}z$

ZVV&

9}:è�ý

=

&$ Z9<

7�U"õ;9VP�29

&

}z

$

ZVV&

9}/

Z9<

7�n«Õ

&

RX[�Ä

&

»

=é[¢,m+[¢�ý�2Õ

&

'�RX[Ø

l9Åk»%��sH¦Ù�

&

8VÅk}z

$

ZVV=

%$ ZVV

7��zR^_Uò!,

&

»ZÓ

õ;9ò«Õ

&

¸aH¦�L¬­Zò

&

��ý»

%H¦+[¢zRïY'(

"

»ZÓH¦[¢�

V¶íQ�Õ

&

zRÊ¹sØ/,!÷.p

=

/Á

Â*��

&

�

ZVV

z$
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\2pPmn¥O

S

)

¥�ñ,ådâc�¸ës!û\2õ|

&

ù

.«P¥ëñÚ$�ÁÂ4¥¯×ÂsLMà�

N��m

=

jk�)

KV̂h

pP[¢à�s¥¯]

#

&KV̂h

^_4ï¼Ãçn°ß4P

&

ª�OoÈ

P�n[¢à�N�

!

{u
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aMMỲ S

.

pêëÒ623lt&iMs

=

jk8��Ä¯

µÇ 5 + Á Â

&

Ò 6 2 3 V � Ä } à ª Õ

aMMỲ S
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Ỳ S

/}·X-�x�X

bNÕíAmxÇ5�ÕOñµ<4SwB&Ì

Rs½¾

&

ÿ����nÓÕN�zRÒ6

!

$$

ÓÕN�

(%%%

.�dÀ[Þq�/Ú

�b

&

}·X©2¸Ú�ÁO

&

±�X

$

SÇÚ�

ªÚ©

"

"$

ÓÕN�

%%%%

.�dÀ[Þq�/Ú

�b

&

}·X©2¸Ú�ÁO

&

±�X

"

SÇÚ�

ªÚ©

=

ÿ�bQ�nÄ¯µNO

&

/Ä}xâP

$%#&"##&"%#

,

G## e

ÐÑ�

&

l/dº;�é

4�_,ÌR

aMMỲ S&
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AÄ¯µ

p)^_"Paò

&

</è¼}µh

&

mxÄ¯µ

�

aMMỲ S
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ĝZf(+3c1

!

$

& f4f1+

$
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õþ

&

çF!45¦ª«¤s

¤éÿ�-«ö÷¡ª

=

"8

K9V

N-ÐÑ4

&

"n

sÏ¢_¹¸Ö�¹

$=A j$#

_B
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*,->07C(*D6& ẐZZW*,+6,:71(+6(+ >0)*,->07C(*D6& "##B&

$H#%$ !$"G%@$"&A=

'$G( W,+ 9 =̀X9YMh>!,.)61(+ ,*:J170:7)*0.(*-0,*+1+3&:(3+171(+
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1+36(.7J0"#$" ẐZZEe M̂E9ML +̂70*+,71(+,-'(1+7M(+.0*@

0+:06(+ e0I +̂70--130+:0,+; +̂70--130+7930+7W0:J+(-(38&

<(-)F0#"=e,6J1+37(+&aM! ẐZZM(FT)70*K(:1078&"#$"!
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& Ŷ f(+3I1+

"

& e9>QPJ)(

$

& M̀ Z>R1,+3

$

#$=K:10+:0M(--030& 91*X(*:0Z+31+00*1+34+150*6178& g11,+ H$##%$& MJ1+,"

"=Zc)1TF0+7L,+,30F0+7,+; K,.078Z+31+00*1+3M(--030& 91*X(*:0Z+31+00*1+34+150*6178& g11,+ H$##%$& MJ1+,$

56/&#"0&! X(*:0:J,+30T*(I-0F;)*1+3,1*:(FI,7:()*60C,667);10;=X1*67(.,--& (T0*,71(+ ,I1-1781+@

;0U(.,1*:*,.7C,6:(+50*70; 7(,50*,30:(FI,7-050-=X)*7J0*F(*0& 1+ 510C(.;,7,-1+D161+.-)0+:0(+ ,1*

:(FI,7,+; *01+.(*:0F0+7.(*:0162(1+1+37((*131+,-.(*:0& ;1..0*0+71,-0c),71(+ F(;0-(.050*8.(*:0:J,+31+3

CJ1:J C,6*0T*060+70; I85,*1078(.,1*:*,.7+)FI0*C,6607)T I,60; (+ Y,+:J0670*0c),71(+=WJ0+ +)F0*1:,-

:(FT)7,71(+ F07J(; (.7J0F(;0-C,63150+& ,+; CJ,771F0670T 6J()-; F0071+ ;16:*070:(FT)7,71(+ C,6

T(1+70; ()7=9::(*;1+37(;1..0*0+7*01+.(*:0F0+7F(;0& 7J0F(;0-C,60U70+;0; 7(;1..0*0+7*0T*060+7,71(+

.(*F6=K1F)-,71(+ 0UT0*1F0+76J(C67J0*0160..0:7150*01+.(*:0F0+771F0*,+301.*01+.(*:0F0+7.(*:0C,6

2(1+0; 1+ ,1*:(FI,7& *01+.(*:0F0+7(+-81+ (+071F0,+; *01+.(*:0F0+7C17J :(+67,+7;0:0-0*,71(+ J,50F0*176

(+ 71F0= 1̀3J *01+.(*:0F0+70..1:10+:8(.7J07C(*01+.(*:0F0+7F(;0C,61--)67*,70; I8:(+67*):71+37J02);3@

F0+7.)+:71(+& CJ1:J T*(51;06(+0+0C7J()3J7.(*,1*:(FI,7,TT-1:,71(+ ,+; ;0:161(+ F,D1+3=

7%8 9'#2/! ,50*,30:(FI,7-050-" Y,+:J0670*0c),71(+" ;,7,-1+D" 2);3F0+7.)+:71(+" *01+.(*:0F0+70.@

.1:10+:8" ;0:161(+ F,D1+3

A#$



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!"#$%

<(-=&$!>(?$

!

)*+,

! "#$&@#&@"["

-.+,

! "#$&@#H@G$"

/01234

! "#$&@#A@$H #A!"$

!

/01256

! CCC=:+D1=+07ED:F6E;(1E$#=$GH## E2=IJ=$##$@%AB%="#$&=#&%G=J7F-

!

789:

!

&'^f@[89:;<=

#B$#HG$"%& B$G%###&$ "

4q¥g8j@2�ßEj<:9:;<=

# `̂W=>KV̂X="#$G#A$&

`̂W=̀ KK="#$&#H$

!

=>12

!

FdÞ

#$A[H%$&

D

&

EFµÙI

&

hiÂ

&7,+38()I,(OJ17=0;)=:+

!;<=>

!

JK

#$AHH%$&

D

&

»lÝ»¼LI

&

��

&I)C01OJ17=0;)=:+&

LM23NOPö÷'(

)

��>r

)

[Nî1�X

=

!

?.@A

!

0W1

&

23

&

¶45

&

*

=

no

9K X̂W

:N�67Ó¯89

''(=

?@A+ABCDDE

& "#$% & &$ #$ $ ! $$#@$$B=

W,+3f/&/) e&PJ,+3ZP&07,-=h..-1+0613+,7)*050*1.1:,71(+ I,60; (+ 9K X̂W''(='()*+,-(./0121+34+150*6178(.90*(+,)71:6

,+; 967*(+,)71:6& "#$% & &$ #$ $ ! $$#@$$B #1+ MJ1+060$=

J77T!EEIJUI=I),,=0;)=:+!!2I),,OI),,=0;)=:+

!"#! $#=$GH##E2=IJ=$##$@%AB%="#$&=#&%G

7�

KB#I(

PÈéÃÄÅ£NO

0W1

$

&

23

!

"

&

¶45

G

&

8üå

$

#$=

»¼L.�Z[ XÍ+@[z01[a

&

»¼L

$%###$"!"=

»¼L.�Z[ MÀ01zî1Á

&

»¼L

$%###$"

G=

»¼L.�Z[ >?[a

&

»¼L

$%###$$

!!

U

!!!

V

!

ÎÏ�vxW�â2ê4I89uñ9Ö67<!û:45

&

QÑ{ÇM

no|Wí:2ê�:;\2ê4Iê�

#9K X̂W$

:N�67Ó¯89

=

�89�67Ú�

p�ü�t

#

<=>\×Å¡7

$&

��t :Ú�p�

9K X̂W

��512Å4IØÙ?Q

d

&

��Q@67Ú�Å;V67Ú�3QdÛ:ØÙ?p�AÙ

&

�AÙ:Ykú_�÷ú

­Ç��

#V9>K9M$

89BC:;AÙ

&

ãÃG"áAÙ5:ØÙ?Ü.:)è�N

"

ÎÏV

à)è�Nu"áAÙ5:ë<^¸�D�:C±µEPÓ¯�FOK

=

^_{ñ9Ö67

:<!G�QÑ:89p�2¬

&

\�YkS)�89^xW89�V*;�]M{

%n=

W

!

X

!

Y

!

N�67Ó¯

"

9Ö67

"

�â4I

"

í:!;\2ê4Iê�

"

�÷ú­

Ç��

IZ[\]

! WSGA$=&

^_`ab

! 9!!!!

^cd]

! $##$@%AB%#"#$%$#$@#$$#@#H

!!

8�N{s¡�y701

#

¾�N{y7

$

/Zê]OP�Nºd;Msú�

&

m{ofl

¡�>rüý4s23}¤

=

Ë¢�ý[¢N�

sV�

&

N{y7O�ÈPÇ2,/2N{y7

=

Ç2N{y7l)�mÐ?ínM�4åN�1

úsN{ö÷fn«¡�y7

&

4LMe)sl

QR sY ¬u

=

</2N{y7}�mêN

s%æ�ý��O01N{sY ¬u,Õ ¬

u

=

Ê²/2N{y7

&

Ç2N{y75µ>³

)

'(>ð:

=

Ç2N{OÈPÆÒN{

)

�ÅN{,ê�

N{

=

ÆÒN{lÍzíîN{P�mS�I°

B&S�sN{

=

�ÅN{lÍåI�Åzíî

N{àOñÊìsN{

=

ê�N{lÍzíîN

{P�mS�I°TU^¡S�ïù

#

í¡�

$

sN{

=

oøsÇ2N{y7l8��ÅN{

&

�

ê�N{s233®

=

�ÅN{sy7¿MýZ

4zÆÒN{ sV��'

&

<ê�N{sy7

}¿ýZ4zÆÒN{ sÊì�'

&

ãäMº

»sm¬:¾l��Bby7�ÅN{,ê�N

{

=

{ú

"#$#

!

&

��>rüý&��_

# M̂X@

V̀$

¼�ØVÃdê�N{sÇ2N{y7V

W

'$(

&

ø·ÓÃ¼¬üdê�N{s[¢ý

&

í

WNw�ê�N{y7s³�ª:7aÃ/Bb

y7�ÅN{s�Õ��Bby7ê�N{lm

�ð:s°

=

/ë�s234

&

MfMçsNwÊ

:x´ZfÜÝ§m:¾

=

Ç2N{y7l8�ê¼TAs

&

ãäN{

y7m/O�pXÍ+HXüý4s=õ>rm

/

=

=%hç=õ>rNwO)�N{y7

=

44

Administrator
全文下载

http://www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0453.html


北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

$

% FdÞ

&

�

!

8�

9K X̂W

sÇ2N{y7Nw

8�uøVªêÃ

#

8�JµVªêÃªÛ

#K X̂W$

'"(

)

®¯H��Ët¤

#XVZ9d$

'G(

�

$

�

�

#

8�ë+��m<ë

#V9>K9M$

'&(

$

sNw

~P&ä

&

°8�uøVªêÃsNwùx«à

d¹)úkjSËsÇ2Q¾>r4

'%(

=

��u

ví5Ð�þÒãYs^_

&

�m¬IsN{�

·Âª`

&

<§ðª`ZøÈÅkÅ�ªÛ

#

)

*ZÙ

)

NO

)

YT�

$&

�Plê�N{:l�

ä

=

<=%8�uøVªêÃsN{y7NwV

ådÅ�Vªë

=

PÃÜÝÅ�ªÛ]ê�N{

�N{y7hqfs½¾

&

jk´ZÃmn8�

ådÅ�VªësJµVªêÃªÛ

#9K X̂W

'B(

$

sÇ2N{y7Nw

=

��

9K X̂W

ådÅ�Vªë

&

ãäªÊ²4

åuøVªêÃ

#

�

K X̂W&XVZ9d

�

$

>ñZ[

ê�N{,ÆÒN{� sÊìë

=

jkNwO

o{u�\µö÷zR

9K X̂W

?QÅ´{,�

�

&

on«N{y7

=

Ê²=%ùdsNw

&

jk

NwGÉÃhçê'(.p

&

8�áØ`

'H(

)

N

{s¼-

'[(

)

N{s�`

'A(

o]N{sÈU

'$#(

�

&

<§ð.pj¡l¬uT�íèÕsm/

=

$%

ÃÄÅ£_`oN

/mÊs`«!§

&

Ç2N{y7m{lh

ç23�Ë|s}¤

&

øÿ�V�s½¾´ZÃ

ÊËÍw

=

44

& F̂T0;(5(

�I

'$$(

ÍQÃ»%ù

dsN{y7Nw

=

ø°Ç!f

&

&�bØVÃç

�N{y7VW

'$&$"@$B(

&

�ä:¹aÃN{y7

s;Më

=

Ë¢h´{êÃsV�

&

jk³N{y

7NwÈP

G

Z4

&

ÈrP8�SuêÃ

)

ÂXê

Ão]uøêÃsN{y7Nw

=

8�SuêÃsNw³\¬N{ö÷pPê

Ã´{Á1

&

´{ñ¸ÃN{\ÀêÃsí[p

PêÃ

=S(*C1D

�I

'$H(

´{N{s;5pPê

Ã

=Y5

�I

'$[(

o]

KJ*1;J,*

�I

'$A(

XÍN{z

[ÞNOs\À�ºêÃ

"MJ0+

�I

'H(

,

P)(

�

I

'"#(

XÍådJµ

)

ÞU,ªÚVªës

P0*+1@

D0

¡êÃ

"

o]��m�N{ö÷zR[[ªÛ

1úsÁ[pPêÃ

&

²�]�ªÛ

'$H(

&

Ù§ª

Û

'"$(

&Q,I(*

ªÛ

'""(

�

=

§4êÃ���N{s

�ºhÈñ�¯

&

o]�N{s¯ªBL

&

ãä�

kmð¾Ás�ÅN{y7

=

8�ÂXêÃsNw³N{s÷YØ

)

êN

¤

)

QRI�sNO]-ÕÈÓ�ÂX¬upP

êÃ

=

44´{³ðêÃ�%

&

¿M�N{zRÈ

U

&

f��'¬ÈU�shý´{ÂXêÃ

&

8�

\µØsÈÓ

'"G(

)

QRÖµÈÓ

'$[(

)

Q�sÞ�

µ

'"&@"%(

)

«�êÃs¥¹�k�PÈÓ

'"B(

�

=

4

4³ðNw}�mXÍº^{NöpPêÃ

'"H(

=

¶4êÃ�N{s\À¯ª^_Ê�"Ù

&

ãä

lP)Ê�"çsm4êÃ

=

8�uøêÃsNwe)N{suø��ê

Ão]uø��� sËÁpPN{y7sÞ

¢

=L,-1D

�I

'"[(

e)®¯Ê¤UV

#X9KW$

,Ä

¯.²êÃ

#K4VX$

Ët¤UVNwýúN{u

ø��h/s-Õ

&

­P)

XVZ9d

êÃ?QÅ

¸Ã¶uø��sêÃ

=

ä4êÃ�N{¯ªs

A^µ~c

&

ådJµ

)

ÞU,ªÚVªë

=

jk

Nw��¶4°ÿådÅ�Vªë

=

'%

7�

KB#I(

PÈéÃÄÅ£

8�

9K X̂W

sÇ2N{y7Nw��øÈ

+«

&

�íîN{s

9K X̂W

êÃ?QÅs´{

)

"_N{s

9K X̂W

êÃ?QÅ´{o]4zí

îN{s

9K X̂W

?QÅs��,y7

&

�ö

$

4

s�¬¤2{h�

=

44LMdo�

G

¬m/

!

ê

'(

)9K X̂W

?QÅ´{

)

N{y7

&

�ö

$

4s

G

¬Ä2{h�

=

�ºÈr3�?Q'¬m/

=

ö

$!

8�

9K X̂W

sÇ2N{y7Nw{ö

X13=$!X*,F0C(*D (.(..-1+0613+,7)*0

50*1.1:,71(+ I,60; (+ 9K X̂W

'&$%

´ h f

[¢�ýÕ

&

OñP)qìN{QíÐ?1

úsö÷ZÙ"Z

&

ãäPÃ»¼Qëì�N{

y7s^_

&

jk¼l�N{ö÷zR\µ`'

(

=

PÃ´¥y7s�ª

&

­�N{ö÷zRûÑ

'(

&

³ö÷ZÙZ�

[## jB##

sN{ö÷+m

`ú

[## jB##=

.mbQ'(sN{ö÷³x)

��èsN{y7m/

=

�bQO�

&

jk�N{ö÷zRÃö÷\

$$$



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

W X > Y > ? Z [ [ W

"#$%

!

!

µ`,ZÙ+m`�¬¾Ásê'(.p

=

<=

%hçùdsN{y7Nw¿M`þsê'(.

p

&

²�áØ`

)

N{¼-

)

N{ÈU�

&

<§ð.

pT�¬u°èÕ

&

/m¼/µb^_N{y7

sëñ

=

'&'%KB#I(

 ¡Æ:Ç

9K X̂W

l/

K X̂W

s8�bzmLÒÓÃÅ

�Vªë

=K X̂W

sS�lJµVªsêÃªÛ

&

Ç!xIJ°«àd¹)úÃhçüý

=K X̂W

Í

wdo�

&

¬LMsXÍL­

!

$$

JµY s�-

=

�m)N{ö÷zV�

Jµs¥¹'zR$�f�-¥¹JµY 

=

"$

Ët¤¼-

=

�m�¥¹JµY 4Ê²

sÞº¾¤1ú¥¹¤Èö÷

&

f��m/¥¹

¤Èö÷baýCØ¤sNwf¼-ådJµV

ªësËt¤h/s-Õ

&

øÊYV.¼sËt

¤

&

­zmL5b¼-Ët¤s-Õ

=

=slPÃ

P1

K X̂W

ådJµVªë

=

G$

Ët¤LNOÍb

=

XÍËt¤²ýTs

6µNO{Nö

&

³{NösyØpP¶Ët¤

sLNO

=

=slP1

K X̂W

ådªÚVªë

=

&$

Ët¤?QÅ´{

=

Ë¢LNO

&

XÍË

t¤²ýTs

$"[

~¥¹ÄL6µ{NöpP~

FsËt¤?QÅ

=

K X̂W

��Ã

&

¬í[

&

)*Jµ

)

ªÚ,Þ

U

=

XÍn?QÅ��

&

zR

K X̂W

��m/

=

/k

�

'"(

4

&

��ÆÇx)fXÍ�¬?QÅ� 

sÊìµ

=

9K X̂W

/

K X̂W

s8�b�ÄÃÅ�Vªë

=

PÃÀú§m=s

&9K X̂W

�m��Ê+L©N

Osª`f��N{ö÷/V�HÊ�sYTª

`ÐÑ

&

f�­e)l9

K X̂W

Íw�4zR?Q

Å´{,��

=

Ê²

K X̂W&9K X̂W

�ÅÃ

B

¬í

[

&

ÈrPÊ+[ÞÊµ

)

S{Êµ

)

Jµ

)

ªÚ,

ÞU

=

k�

'B(

7aÃ

9K X̂W

ådSÅ�Vªë

=

9K X̂W

Íw�o�«¬m/+«

!

$$

�Q¼N{öIzR��ªÛf��h

dOñs2ëYTÐÑ

&

��mÆªÊ+L©N

O

=

§ðYTªÛÞ°�¬í[

&

ÈrPÊ+[Þ

Êµ !,S{Êµ ,

=

ö÷s !ªÚ��ºµ

!] $$:(6

,n«

=

"$

�N{ö÷zRªÚªÛ,�ºªÛO

o��desmðV�[ÞÊµ,S{Êµn�

sN{ö÷

=

�§ðí[zR��ñ07��N

{ö÷/V�s !, ,¥7sHÊªÛ�0ç

Çì

=

G$

hd���º�sN{ö÷³)

K X̂W

Í

wzR��²"

=

9K X̂W

Íwm/�ö

"

h�

'B(

&

44BN¯

ö÷

9

,

/

¸�>��sö÷

&9K X̂W

�mª`

Ê+L©NO��Ãª�hdsYTÐÑ

&

§ð

��sö÷)ÞRPÑ¯¸�

&

f�­)

K X̂W

Í

w�4zRKm��

=

ö

"!9K X̂W

Íwm/

'B(

X13="!h50*510C(.7J09K X̂W,-3(*17JF

'B(

�ºµ

!

,[ÞÊµ !¿Md¶ß¥s��

5µSñP1

9K X̂W

Íw�ù�Å�ªÛåd

Vªë

=

k�

'B(

ÍZ�m/^fö÷4zRç

�Ò6fb¼��Lð #

!

, #!sZÙ

&

øQZ

�ºµ~À��LðP #

!槡] " &

[ÞÊµ~À�

�LðP #!

]H"rE!=

�m�ö÷zRçHÊªÛ�­��

&

OP

1ö÷·ÂÅ�ªÛÕ

&

��s¤[>ç

=

Ê²

K X̂W

Íw

&9K X̂W

Íw´¥ÃXÍ+HX4=õ

UV

)

ö÷�|�ÁÂsëñ

'B(

=

jk}e)4

f´¥Ç2N{y7sëñ

=

Q¼m+N{ö÷

&

ÈrP)

9K X̂W

Íw,

K X̂W

Íw�s¤��Ð

Ñ

&9K X̂W

��s�]>c

&

�ö

G

h�

=

ö

G!

ê�N{ö÷zÆÒN{ö÷s¤���úö

X13=G!h50*510C(.F,7:J0; T(1+76I07C00+ ;163)160;

613+,7)*0,+; *0.0*0+:0613+,7)*0

"$$



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

$

% FdÞ

&

�

!

8�

9K X̂W

sÇ2N{y7Nw

�k³P)bQs

9K X̂W

Íw�N{ö÷

zRêÃ´{]��y7m/

=

'&>%

ÃÄÅ£

Q¼

5

×íîN{ö÷

+_

C

V

&C]$&"&-&5,&

�4P)bQs

9K X̂W

Íw´{êÃ?QÅ

&

¦

P

+"

C

V

&C]$&"&-&5,&

44

"

C

V

]+ ^

Y

V

&Y]$&"&-&

5

C

,&5

C

¸�#

C

×íîö÷´{s?QÅs¬

[

=

³40°

&

P�èy7m/P)

=

Q¼m×>

y7sN{ö÷

_

R

�

&

\¬N{y7m/��

!

$$

�

_

R

zR

9K X̂W

êÃ?QÅ´{

&

¦P

"

R

]+^

3

R

&3]$&"&-&7,0

44

7

P?QÅ¬[

=

"$

�'mCíîN{ö÷

_

C

V

&

³

"

C

V

z

"

R

4

s?QÅzR����

&

�XÍ

^

Y

V

$

"

C

V

z

^

3

R

$

"

R

� s��ÆÇ

&

f�²"~Ç²ÆÇz�Ç

²ÆÇ

&

ÆÇ²ªÙ�³¬üØsyPl��

bs

=

G$

.mbQ����

&

��Udî£¤z¤

� sY -ÕËÁ

&

�°/«��¤

=

PÃ,®

ò«��

&

P)

V9>K9M

Íw

'&(

zR«¤'ã1

ú~Fs��¤�

=

�

_

R

z

_

C

V

N{ö÷��s

¤s¬[¦P

1

C

hV

&

øXÍ��s¤� sÞß

ÆÇ

&

¦P

"

C

hV

0

& $

X Í ~ F s Þ ß s � � ¤ [

1

X

#

$

5

#

5

C#$

1

C

hV

&

, ~ F s Þ ß � � Æ Ç

"

X

#

$

5

#

5

C#$

"

C

hV

0

%$

²"

1

X

zQ¼süØ

+

$

sZÙo]

"

X

zQ¼süØ

+

"

sZÙ

&

~�Ë¢��l}ö÷

y7l9«à

&$

¸�«à

&#

¸��|

=

D#

$ 1

X

=+

$

°

"

X

4+

"

#

{
4å

44

+

$

,

+

"

�m/óôýbzRÄkÃØ1

ú

&

³P1�«ª~ÙÕsØP~FsüØ

=

>%

n|�×Ò[}

>&$%

R Ð È

&>K13M(FT"#$#

[¢ý

'$(

x)f�jk´Z

sNwzR{|

=&>K13M(FT"#$#

[¢ýl¼¬

üdê�N{sf![¢ý

&

´ìÃm¬óôý

,m¬V�ý

=

óôýd

"#A

¬N{ö÷

&

44)

ü

A

¬��m¬S�IS�síîö÷

&"##

¬

"_ö÷

=

"_ö÷)*

HB

¬ÆÒN{ö÷

#

S

�Izíîö÷m<

$)$#&

¬�ÅN{ö÷

#

�

"H

¬S�Ià��Åíîö÷sN{

$

,

"#

¬

ê�N{ö÷

=

V�ýd

$"%

¬N{ö÷

&

44)

*

"%

¬íîö÷,

$##

¬"_ö÷

=

"_ö÷�

G

¬ÆÒN{ö÷

)A#

¬�ÅN{ö÷,

H

¬ê

�N{ö÷+«

=

��d¥�Å[ÞN{�j,

ê�N{�js°/

&

P1\¬N{y7>Äð

:

&

�ö

&

h�

&

44#

$

RPíîN{�j

&

#

$

Ös�

"

RPê�N{�j

&

#

"

Ös�

"

R

P�ÅN{�j

=

ö

&!&>K13M(FT"#$#

[¢ý4s�j�ú

X13=&!ZU,FT-06(.613+,7)*061+ &>K13M(FT"#$# ;,7,607

jk)óôýóôk4h)úsí[

=

/V

�ý4

&

d

"%

¬íî�jö÷

&

ò<Bä

&

»íî

�j¬[MçÕy75µV�³�íî�j¬[

®Õ

&

;��Õ >ð

=

PÃ´¥���ª

&

jk

ë+g{

G

¬ö÷pPV�jk´ZNwëñs

íîö÷

&

<Vle)hds

"%

¬íî�j

=

�

bhQ

&

>{|s[¢d

G

¬ÆÒ�j

)H

¬ê�

�j,

A#

¬�Å�j

=

>&'%

n|�×

/N{y74

&

ò«u©ª

#X9V$

lÍ�Å

�jxyPlÆÒ�js¬[hù�Å�j\[

s²ª

=

ò«c\ª

#XVV$

lÍÆÒ�jzê�

�jxyPl�Å�js¬[hù\¬ÆÒ�j

,ê��j\[s²ª

=

<�«ª

#ZZV$

lò«

u©ªzò«c\ªÊ�Õsò«ª

=

zk�

'$&"[(

m<

&

jk�)�«ªsÍõf{|h´

ZNwsëñ

=

¸

$

QZÃjkNw/

&>K13M(FT"#$#

[¢

ýbsV��]

&

øz

&>K13M(FT"#$#

N{y7

VWsíWNwo]»%/¶ýbV�s«¬N

wzRÃ²"

=

Oo�Z

&

jkNws�«ªP

$%n#

²

/)+D0@QLL

'"B(

s

"#n

M³

%n$&

/¸

$

hdsNw4~³

=

¸

$

:QZÃjkNw/U

dê�N{sÐÑ�sÒ6�]

&

�

X9V&XVV

,

ZZV

ÈP

#=

X9V

,

XVV

l�¬d�-,sÍõ

&

���

m¬Nw<=

&

»44m¬Íõ�ZÕ

&

õm¬Í

õif�,Ùí0çVª

=

»44m¬è¼Õ

&

õ

m¬ØM®

&

¹a4h�¹NwsëñMc

=

�m

¬csNw<=

&

§�¬ÍõÈMÙMc

=

¸

$

:

QZÃ

G

+jkNwh�¹s

X9V

,

XVV&

Èr

G$$



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

W X > Y > ? Z [ [ W

"#$%

!

!

P

!X9V]$#n

,

XVV]"#n"X9V]#

,

XVV]

H#n"X9V]%Bn

,

XVV]$#n=

z¸

$

44åN

ws

X9V

,

XVV

Ê²

&

»

XVV

è¼Õ

&

jkNw

s

X9V

²4åmðNw³

&

í

X9V

,

XVV

È²

4åmðNw³

=

q

$%

É

GCB-2Q7=<'F$F

ÈÊPn|�×{Ö

()*+,$%O@<,/-=,01)+/,9;+17.8-..,/,01=,1378970

GCB-2Q7=<'F$F 8)1)9,1

n

Nw

X9V XVV ZZV

9<WK

'$(

$=$ A# [#
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'"%( <) >&/-)F0+6701+ L& L)7J)DD)F,*,6,F8<& 07,-=h..@-1+0

613+,7)*050*1.1:,71(+ )61+30+J,+:0; F(;1.10; ;1*0:71(+ .0,7)*06

1+ :(+2)+:71(+ C17J +0)*,-:-,661.10*6,+; 6)TT(*750:7(*F,@

:J1+06' M( EES*(:00;1+36(.7J0 +̂70*+,71(+,-M(+.0*0+:0(+

a(:)F0+79+,-8616,+; V0:(3+171(+=S16:,7,C,8& >'! ẐZZ&
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7,C,8&>'! ẐZZ&"##B&&!$$BA@$$H"=

'[( X*0CZe=V0:0;1+3J(*1N(+ :(+7*(-)61+3*,+;(F 60,*:J .(*

49<+,513,71(+ C17J T,66150& +(+@:((T0*,715060+61+3' M( EE

"##% 9̂99Q)1;,+:0&>,513,71(+&,+; M(+7*(-M(+.0*0+:0,+;

ZUJ1I17=V067(+&<9!9̂99&"##%&%[B&!$@$G=

'A(

à1Þ

&

ècl

&

Ô0Ö

&

�

=

8�V_Õýè`sSI*R

X,¾ï�

''(=

XÍ+./z¹)

&"##[&&&#G%$ !"GH@"GA=

PJ,+3K g&S01̀ Y&Y1) /Y&07,-=W*,20:7(*8T-,++1+3.(*)+@

F,++0; 50J1:-06I,60; (+ *0:0;1+3J(*1N(+ (T71F,N,.1(+ ''(=

M(FT)70*Z+31+00*1+3,+; 9TT-1:,71(+6&"##[&&&#G%$ !"GH@"GA

#1+ MJ1+060$=

'$#( X*0CZe&Y,C*0+:0a 9=M((T0*,715067,+;@(..7*,:D1+3(.

F(51+37,*3076I8,70,F (.,)7(+(F()6,1*:*,.7' M( EE"##%

9̂99Q)1;,+:0&>,513,71(+&,+; M(+7*(-M(+.0*0+:0,+; ZU@

J1I17=V067(+&<9!9̂99&"##%&H!&[[%@&[A%=

'$$( X*0CZe&Y,C*0+:0a9&L(**16K=M((*;1+,70; 67,+;(..7*,:D@

1+3(.F(51+37,*3076)61+3Y8,T)+(53)1;,+:050:7(*.10-;6

''(='()*+,-(.Q)1;,+:0& M(+7*(-& ,+; a8+,F1:6& "##[&

G$#"$ !"A#@G#B=

'$"( K)FF0*6W &̀9D0--,L V&L0,*6L '=M((*;1+,70; 67,+;(..

7*,:D1+3(.F(51+37,*3076! :(+7*(--,C6,+; 1+.(*F,71(+ ,*:J1@

70:7)*06' '(='()*+,-(.Q)1;,+:0& M(+7*(-& ,+; a8+,F1:6&

"##A&G"#$$ !%B@BA=

'$G( K1+:-,1*9'&S*,N0+1:,V'&'0..:(,7aZ=hT71F,-,+; .00;I,:D

T,7J T-,++1+3.(*:((T0*,7150,77,:D''(='()*+,-(.Q)1;,+:0&

M(+7*(-&,+; a8+,F1:6&"##[&G$#B$ !$H#[@$H$%=

'$&(

Dc§

=

çSI+^�=õËÌzy¢Nw23

'a(=

W

X

!

WX>Y>?Z[

&"#$#=

K)+ `/=V060,*:J (.F)-71T-049<16:((T0*,71507,*3077*,:D@

1+3,+; ,77,:D'a(=/0121+3!/01J,+34+150*6178&"#$# #1+ MJ1@

+060$=

'$%( PJ(+3Z'& )̀,+3WP=Q0(F07*1:;1-)71(+ (.T*0:161(+ 1+ +,51@

3,71(+ :(FT)7,71(+'M( EES*(:00;1+36(.7J0X1.7J +̂70*+,71(+,-

M(+.0*0+:0(+ L,:J1+0Y0,*+1+3,+; M8I0*+071:6=S16:,7,C,8&
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M9Ŵ9

e�ïðª¯ÊP

&%r

Õs»ÇY 

*0�P

&

øÂ«Ê¹s�Ù

#

�ö

B

h�

$&

P

G[$



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

W X > Y > ? Z [ [ W

"#$%

!

!

)

<M

/Û�4

VMK

[Ø��

&

44óV¿Às

TUÊ/

_%%rb\%%r

� ª`

&

ª`LðP

$r&

¿À$�§ð (

]#=#G F&

�PsTUÊ,VÚ

ÊßP

#r=

8�û(L[w

&

.m[Ø��

&

1Z

óV¿ÀsTUÊ &

]#r

Õ

g

PH ª¯ÊP

&%r

Õs»ÇY *0

VMK

êë

#

�ö

H

h�

$=

.

m[ ( Â X È $

&

1 Z ó V ¿ À s T U Ê /

_%%rb\%%r

� ª`�

g

PH »ÇY *0

òO

uG#rVMK

Í[ÞßØs^_

#

�ö

[

h�

$=

ö

B!&%r

ª¯Ê»ÇY *0�Ù

X13=B!>0,*6T,:0,1*6J1T 3*1; CJ0+ ;0.(*F,71(+

,+3-016&%r

ö

H!g

PH ª¯ÊP

&%r

Õs»ÇY 

*0

VMK

êë

#

3

]#r$

X13=H!VMK (.+0,*6T,:0,1*6J1T CJ0+ ;0.(*F,71(+

,+3-0(.g@7,1-16&%r#

3

]#r$

ö

[!

óV¿ÀsTUÊª`�

g

PH »ÇY 

*0òO

VMK

s^_

#

3

]&%r$

X13=[! F̂T,:7(.:J,+3061+ T17:J ,+3-0;070:71(+ (.

*,;,*(+ g@7,1-+0,*6T,:0,1*6J1T -,70*,-VMK#

3

]&%r$

�Mö

G

,ö

H

�

g

PH sª¯Ooòó

Æo»ÇY *0òOT¡ëñ

=

�ö

[

È$�

&

»ÇY *0sòO

VMK

Í

[ÞßØd

"

¬yØ

&

Èr/óV¿ÀTUÊP

_&%r

,

\&%r

°ÇZÓ

&

§l��/§¬Êµb

%�§OoS{M�

g

PH ÁÂ"�sé�

&

4yØÈrP

&%=&" ;/*F

"

,

&&=A[ ;/*F

"

=

r

g

PH sª¯�ÄÃ4åNObs

VMK

êë

=

Ôö

[

4 O o � ú Z Ó s y Ø Ä Å Z ÿ /

_&"rb_&Br

,

&"rb&Br

ÄÅ

&

��*0s*R

¥µl

"# DF&

»¿À/UÊ

_&"rb _&Br

,

&"rb&Br

ÄÅ·Ó*0ÕÆ*0sÆÇÈrP

"A=A DF

,

$H=[ DF&

äÄÅ[ÞÆÇÔd

"=$ DF=

'%

Ò

IOV"

Iô«¬�×�{[}

PÃ67¶/Ûh�)sû(L[wl|b

k�s

&

)¶/ÛXÍm¬{ÁP

&## FF

s�²

9��Às

VMK

z«Us(�e�

XZdh

XÍ

�]¾�M�ö

A)

ö

$#

h�

=

ö

A!

�²�

<M

/ÛXÍ�P�Ù

X13=A!Q*1; (.:(+7*,67I,--CJ0+ :,-:)-,70;

)61+3<MT*(3*,F

ö

$#!

�²�

XZdh

XÍ�P

X13=$#!L(;0-(.:(+7*,67I,--CJ0+ :,-:)-,70;

)61+3XZdh

XZdh

�)slç¥®¯çCæw

=

44

&

�

²�óV¿ÀN-Ê/

#rb$[#r

ª`

&

LðP

%r=

�PsTUÊ,VÚÊßP

#r=

Èr�

<M

,

XZdh

XÍs�²�òO

uG#rVMK

{Í[Þß

&[$



北
京
航
空
航
天
大
学
学
报
 

 
 
 
 
北
京
航
空
航
天
大
学
学
报

!

#

$

% .Gd

&

�

!g

PH »ÇY *0T¡êëÅÆ

Ø

=XZdh

XÍ�]P

_[=AA% ;/*F

"

&<M

XÍ

�]P

_A=$"# ;/*F

"

=

ÂXÈ$���� ¤

rÔd

"=[Gn=

¹ajk�)sû(L[wl|

bk�s

=

>%

�

%

g

jk23Ã

g

P»ÇY *0sT¡êë

=

8�û(L[w

&

Ì)

M9Ŵ9
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