
第 !" 卷 第 #! 期

!$#$ 年 #! 月

传 感 技 术 学 报
%&'()*)+,-.(/0,1*)(*,.* /(2/%3-/3,.*

4567!"8(57#!

29:7!$#$

!"#$

!

·ÏPF�bc>,�EMÅí$UVWX9GdT*+

$$?

$

$"%

%&'(

!!$#$ =$Y =#Y88

)*'(

!!$#$ =$[ =#[

0.5"&'(*B"5"&%'%Z/3%/?/&'$%&8"'/$%"?1)=/$'@/>"=2()

[%;@6!$/V1/)&- B@"$"&'/$%2'%&2%)[<42

!

5+W0D./29&

#

& F"M&'(B&7

!

& +0,#$O/(*N&(

"

& L4#M&'/6&(

"

!

#81/997*7/:"(:/?6'<&/( 4(*&(77?&(*& 5.7B&'(* 0(&C7?@&<)/:A7=.(/9/*)& +'(*-./2 "#$$#@& 1.&(''

!8#"<. "(@<&<2<7/:1.&(' 497=<?/(&=A7=.(/9/*)$?/2R1/?R/?'<&/(& D.&B&'-.2'(* $<$$<#& 1.&(''

"8E7)F'G/?'</?)/:WR<&='91/662(&='<&/( '(> F&*.<V'C7A7=.(/9/*&7@& Q&(&@<?)/:4>2='<&/(& ;7&B&(* 0(&C7?@&<)

8/:H/@<@'(> A797=/662(&='<&/(@& ;7&B&(* #$$?>Y&











1.&('

:#2'$"&'! _EC9A 5L GI9ELE6OCBCG5GI9J9ECKH9A AEGEM5HGI9IBRIPMH9hK9L:O:IEHE:G9HBCGB:C5MGQ5I9G9H5lKL:GB5L

FBD56EHGHELCBCG5HC$&_3C% QBGI GI9CEJ9MEFHB:EG9A DH5:9CC& GI9BLM6K9L:95M:EDE:BGBT9AB969:GHB:JEG9HBE6KLA9HGI9

SEAC5L GI9IBRIPMH9hK9L:O:IEHE:G9HBCGB:CBL &_3CIECF99L BLT9CGBREG9A73I9:5L:6KCB5L BCJEA9GIEGGI9:EDE:BP

GBT9H9E:GEL:95MAB969:GHB:JEG9HBE6KLA9HSEAC:EL IET9RH9EGBJDE:GC5L GI9.1D9HM5HJEL:95M&_3C& QIB:I

CI5K6A F9GEg9L BLG5E::5KLGG5GI9&_39hKBTE69LG:BH:KBGJ5A96BLR& ELA GIEGGI99UGHED56EG9HK69M5H:

A

& :

Q,M

5MGI9

e

!$A_WA9:EA99UG9LABLR6BL9JEOIET99L5KRI 9HH5L95KCF9:EKC95MGI9:EDE:BGBT9H9E:GEL:95MGI9AB969:GHB:JEP

G9HBE6KLA9HSEAC7

C/- D($=2! &_3C' DEAC' :EDE:BGBT9H9E:GEL:9' IBRIPMH9hK9L:OD9HM5HJEL:9

++:BB! EFGH8'FSESJJJJ=(%! KHLGMNMOPL%22)LKHHQ RKNMMLFHKHLKFLHKF

èöUe�TQv9�

&_3

¾r4&÷§

!

���

#

&

-��

!

&

C1�

"

&

uW�

"

!

#7

!"EûPF,�FG

&

YZ

"#$$#@'

!7

%Åo)k-@Ã³´�a5@pz

&

ºí#

$<$$<#

"7

Í#4oPFFs,JF»-.Ý,s$UVWX

&

Í#









#$$?>Y

+

8

,

!

��yzøÙ2�ÃîÙAuEJAY1�Ï¤Q?ipú]ó

$&_3%

¾r£4VW�RÍ�}~�¡1,X

¯

&

Å¯øèöU

$SEA%

e�TQv9�

&_3

¾r4&1÷§

&

?NqJ

!SEA

e�1TQv9�

&_3

1¾r4&÷§�¡

JÎ

&

Ò¾r4

* =!$A_WA9:EA9+

{��V

:

A

) :

Q,M

1ï�¶-TQv91|�WM|¡P1�z�Øj`q

&

¯tJqoü

ð5E)î�1g�

(

-./

!

&_3'

èöU

'

v9

'

¾r£4

01234

!4_GHEJJJJ

56789

!:JJJJ

5:;4

!KHHQ RKNMM$FHKH%KF RKEFW RHG

88

[\Ë�He-.ª?�A)EJ-.1<

�

&&_3

1¾r4&Ø;YYÝ¾

&

6�:»

)

A±

»?�ª¾´@|oü%Y%^_1�zªðü

(

&_3

1¾r£4ØøE�,�oP

)

,�o

p|ÀoP

)

�,�e@o�ovª��o>J

ßRAA

&

tÒ�eovÄµØ�fg1÷§?

�¾r£41:HßÍ

&

£Aµ�-L�ú]ó

èK

&

@o�e�e1r�ìP-ðH�

&

L�e

ov�Xn(1�[PP

&

t�eov1|�[

�

&_3

1

_%

?ov

1

F:

þH:Hq�

*#+

&1

F:

µ�

A

&_3

E)r�ª?�¾´4&1+,¯h&

2

*!+

(

¯°�eQRSTµ÷§

&_3

?��f4

1$K¯h&2

&

�eË�[pP]÷§?�1

r�4&

&

sB�Hr

&_3

?�AuEJ¯E,



'

#!

) ���

&

y��0

!

�����*:�>j

&_3

��9jkl

8

yz£á:���e¨�&1>��

*" =@+

(

d�

&_3

JFoÅ�?F

S'(

1Fo@|

$,)'%%

?

�1gÔ%

&

ãNV1��?Ø�8<1W·

':Hov

*<+

(

ä%,-èöUe� `h�TQ12Ïzè

J

S'(

@|1

&_3

JèöUe�§`D��>�

�e12Ï=6

&_3

1¾r�RÍ�&`1�¡

&

Å¯ø�eFr|�TQv9"��?�1¾r4

&1�%i�ST

(

KJ

<=

VWyz1��Ãµ¶%kG¯°:Ü6J

,�-.@pzÝµ1

&

���µ��>�

$#$$%

r

'LS

�e¯z

\*N_)

-.He1

(

Ë�1�»

��?FG

#)

G

!

zH

&*B

ª

_9

}A)�

L

5

ª

D

5^_ë

'

G

#

?AuY%1?�¥�

&_3 #&

G

!

?AuY%1?�¥�

&_3 !(

���Ã?

&

�,���`��

< LJ

��^_

1

'L

$7<"

\E

$7@>

/C

iP�

&

+,µ�ø12,�_Q

�AB%ðH�ª@o�

*Y+

(

���Ã?zè

Au

&_3

1s}�2ØÙ&Kµ,��¿1Ø

Ù

'

°�

&

�-G

!

zH1

'LS

,��Ã?

&

!$$ LJ

�1

'LS

òó�e%�e&`1h�s}

zèA)�

DPBPLPS2&

YÅ¯ÊJ

&_3

1@|

$!$$ LJ

�1òó�z)�

&_3

J

S2

1iP

%(

�ø8<<rÛ�tp·�;j1ST

*>+

&

ØÙ

-

&_3

@o���p�e1a� �

&

�-G

!

��Ã?

&_3

1Au

&

@o�§��p

'LS

ò

ó�¯r

'

¯°�-

&_3 !&

èöU�rJq-

�e1Ë�<=

!$$ LJ

�1òó�ýÊe�1

ðÏ?

(

E

#8&_3 #

6k ë´Ê

���Ã�Ù21jÃ�M%yzîÙ1Au

EJ

&

«z1æ$ÖÖGFG

"

zH

&

ðHp<r

,

4

X"

!

J #̀$

!

J(

E

!8&_3 !

6k ë´Ê

E

"8

îï¡�«6¢E

FJ

�k�dOBA2�

?�1¾r£4¶

&S?<#$%

kþ}~f�Y

(

�-ðHpr��

"

!

J #̀$

!

J

1?�

&

�nè

K:9X

#7$ 4)"

:

X#! J/

(

&

�Ã�xø�

&_3

?�1

D

ß

Í

&

f}AStY%�

&_3

1�do�Rr

+

!#

ªL

�Rr

NEU\EBL

[r�1@�E�

&

FG

@)

G

<

zH

(

G

@

)E�1�e�

&

sí�V��YY%

'LSW'LP

\E/C&_3

1k2r�

:

A

�

@? \&V&

�¾üýr�

:

N/j

�

"# \&V'

G

<

Jr�s\\1ÞU�Yb�î�1

k2r�

:

A

A�

#Y7< \&V&

�¾üýr�

:

N/j

A�

#"

\&V(

JG

@

1VW?rî�

&

G

<

1

:

A

ª

:

N/j

NqB

¿}A�

YYZ

ª

<?Z'

t�-GH1?�?

&

,��

¿s

Y$ LJ

Ru%

?$ LJ

·¸1

:

A

) :

N/j

x�VNqØ

%

#$Z

*?+

(

¯°kø,��¿1Ru·¸

:

A

ª

:

N/j

g

:1Nq�

&:

A

ª

:

N/j

PP2s}Nq�±½¯-èö

U

$SEA%

�r1iP�J

S2

?1v9z·¸1:

Hq�

*<&[+

(

G

@

ªG

<

1�x?r1�¡qJ

!

¶-

AuY%1

&_3 !

yzG

!

ãNV1��Ã?1

èöU

$SEA%

e�|�A

< #̀$

=@

D1W

!

J

!

1�eov

[!>#



!

8

"

8

#

8

$

8

%

8

& '

!"

(

1

DC

J

_%

?ov

1

F:

��ç

&

¯t

1

DC

J

&_3

?ov

)

o

P1C®¡õ

&

M|¾r4

* =!$ A_WA9:EA9+

{��

V

:

A

) :

N/j

1ï�`¡P1�ztØj`q

&

Jqoü

ð5E)î�1g�

'

tG

#

��Ã?AuY%1

&_3 #

¶-yzD�1�>��e

&SEA

e�1TQ

ov

1

DC

J

_%

?ov

1

F:

î�p:�fg

&

¯t¾r4

* =!$A_WA9:EA9+

{��V

:

A

) :

N/j

1ï�|8

(

E

@8&_3 #

6��q9

E

<8&_3 !

6��q9

GJ

Plm

�¾r

&_3

1Au¯

&

�e1abªEJKD

Äµ2ÏØvf÷1ST

&

tÒ[\EJ-.1<�

&

�ø��=u�1®4

&

yzu'ô�ò$TQ�1

�e6`Øq�¥

*#$ =##+

(

ùt�-

&_3

1¾r�

x

&

¶-Ø&{|«¬�¦

I

ßÍ

&

¯°Byz!-

�R1

*

ßÍ

&

ù�jS��

I

ßÍ

&

¦z¾r4

* =!$ A_WA9:EA9+

{��V

:

A

) :

N/j

1ï�Y%î�

1

&_3

¾r£4

*#!+

(

p(��2

&

X»�Vr��

1«¬M¿E�eQR1÷§ST�s�Y%í$

÷

)

Òî$%&�¥ÄPq

&

¯°ä%�sû

&_3

@

A1k@ªVW�xÂi `2¦1ßàÝ�

(

qr56

!

*#+8iBJ&*& iBJ&+& &5LR* )& 9GE671EFHB:EGB5L ELA %IEHE:G9HBCP

GB:C5MEL 'LS*BLR69&_3ELA fET9RKBA9S25L 25KF69*GE:g9A

0EO9HCM5HEL ,)NN'%*++7)3.'+5KHLE6& !$$@$#%! Y# =Y@7

*!+

¸¹J

&

_±

&

�T»

&

J

7

,-¾oP��e1

*BW*B\9&_3

$

 %

%*++7

L&Ë�J?�F�

&!$$Y$Y%!<@# =<@<7

*"+ 099p& NEHGBL * %& N9LCE2& 9GE67*KFJB:H5L 3HELCM9HH9AP*KFP

CGHEG9&9G9H5lKL:GB5L _BD56EH3HELCBCG5HC*++7'))))69:GH5L 29P

TB:909GG9HC& #[[[$?%! "[Y ="[?7

*@+ 2/'\KELRIE5& f/(\*I9LRH5LR& 0'f9LlB97'JDH5T9J9LG5L

1H9hK9L:OS9HM5HJEL:95M*,'*B\9&_3*++7*9JB:5LAK:G5HSI5P

G5LB:CELA 39:IL565RO& !$$Y$"%! #<$ =#<!7

*<+ &KELRf9BPgK5& &KELR*I5KP:IBEL& %IKLR&CBE5PQ9L& 9GE67">

\&V_ELAQBAGI N5L56BGIB:E66O'LG9RHEG9A 'LS&_3W)TEL9C:9LG6O

%5KD69A SI5G5AB5A9*++7')))SI5G5LB:C39:I 09GG& !$$Y$#!%!

#"!" =#"!<7

*Y+

Nlm

&

�mÍ

&

ÒSn

&

J

7N_)

He1

'LS2&_3

14&

$

 %

%*++7

��]F�

&!$$Y&!>$<%!>[! =>[<7

*>+

�&[

&

ñ�J

&

Ò�£

&

J

7#7<<

!

J

FðH

,)'%

-.@

p

*++7

��]Fo

&!$$!$#%!!" =!<7

*?+

®o¦

7

¤Q?ipú]ó?�IDªAuýÊJFoÅ�

?1{Ã@|

*2+7

Í#4oPFáÜFÍN%

&!$$Y7

*[+ %I9L 3VKPSBL& 099%IBP+IKLR& 05KHf9LP*IBKLR& 9GE67,L GI9

_H9EgA5QL _9IETB5HC5M'LSW'L\E/C_EC9A &9G9H5lKL:GB5L _BD56EH

3HELCBCG5HC$&_3C%*++7*56BAP*GEG9)69:GH5LB:C&!$$[$!%!#[$ =#[@7

*#$+ &EHg9H* 2& &ET9LC.+& SEECC:I9LC+%+& 9GE67/L *PSEHEJ9P

G9H39:ILBhK9M5H*KFCGHEG9.9CBCGEL:9%IEHE:G9HBVEGB5L 5M.1_BD5P

6EH3HELCBCG5HC*++7')))_:GJ& !$$$$#$%! #>Y =#>[7

*##+ 099+N& NBL _\& iBJ* '& 9GE671EFHB:EGB5L ELA 39JD9HEGKH9P

29D9LA9LG%IEHE:G9HBCGB:C5M/6\E/CW\E/C&9G9H5lKL:GB5L _BD56EH

3HELCBCG5HCQBGI EL /6\E/CP09AR9*GHK:GKH9*++7+5KHLE65MGI9

i5H9EL SIOCB:E6*5:B9GO& !$$!$!%! "!$ ="!@7

*#!+ kK +BLO5LR& 0BK jBLOK& *K *IKFBLR& 9GE67'LSW'L\E/C&9G9H5lKL:P

GB5L _BD56EH3HELCBCG5HQBGI _EC9

!

P_HBAR9ELA )JBGG9H/BHP_HBAR9

*++7%IBL9C9+5KHLE65M*9JB:5LAK:G5HC& !$$>$!%! #<@ =#<?7

nop

$#[>! =%&

à

&

"è^áÂ

&

!$$!7$[ =!$$Y7$>

�Í#4oPFÇ

báÜFÍ

&

ßs �oÝâ

&!$$Y

ç

>

cáÜdû��!"EûPF,�

FGsûÝFk@E)

&

+,@p:

d�

.1'2

-.ªHr=>?�

&

VI5KCI6mVlKG79AK7:L'

`qr

$#[<? =%&

à

&

Ýâ

&

áÜH�

ß

&

Í#4oPFeúe!Fs,JF

»-.Ý,s$UVWX+ 

&

Åí[

�¼çkF,Æ?Ym

&

Åí

[>"

ÔÕ

'(ÌpkFí

&

Åí

?Y"

ÔÕFo)

Ëí

&

+,@p:d�Fqs,JF»

-.

)

��]Fo)FJ��1@pª

ÝFE)

&

ðqF.N%æ

!$$

Ê

(

$">#




