
书书书

!

!

"

!"#$%$&'()*+,-./01

!"#

"

!

$%&

#

!

!

'

"

(

#

!

)

"

*

#

!

+,-

#

"

"$

#$%&'()*+

!

,- #$

"

!""%&&

#

#$

./012( 34546789:;<=>?@

!

./

"

"&&&#'

$

""

23

%

ABCDE

"

()

$

FG'89HIJDE

!

)*KCDE

"

*)

$&

()

L&MNG'89OPHQR

'

STU

V

%

WXYF

+,'&

H

()

ZM

!

XYF

()!##

H

()

[\]S^

!

_

&

!

%&-

`abHcPdefg

!

hijkFl

'G'89HIJ

'

W

*)

L&m

!

()

&

*)

L&EN%

()

noHpq0rstu

!

_

&

!

%&-

`abcPdef

g

!

U]\vwHxyOPzurs{|O

!

}~�OP��tu

#

()

�0Ez

()

&

*)

L&EG'89�U]\�

�HG'OPzl�OP

'

""

456

%

()

#

*)

#

L&E

#

G'

#

rs{|O

""

789:;

%

./!!!$0

#

./!!!$#

#

./!!&$"

1

#

""

<=>?@

%

+

""

<AB;

%

"&&&,2'&3

"

#&"%

$

&!,&"!!,&0

CDEF

%

`��

"

"'4%

($!

�

!

�.���

!

#$%&'(

)*+��1��

!

(�

!

����'(�P���)*z��

1k

'

!

��� �

""

l'G'DE¡¢£l'¤¥

)

¦§¨©ª

«

)

¦¬®

)

¯°±²'³«±¤´Hµ¶8

9

!

Fl·«±¤´H3¸1k¹º»¼

'

½j

�P�³«±¤´¾�¿"_l·1k

!

ÀÁG

'DE89¾�Â3��HÃ(OPzÄÅHu

GlO

*

",#

+

'

ÆÇ

!

È:¦ÉÊËÌÍ

!

rsÎ�

2

!

Ï�ÐG'89Â3urs{|O

'

ÀÁ

!

�

OPG'DEH)Ñ5Ò_¦ÓÔÕÖ¡_¦¬

��×ØÂ3Ùo<�HÚÛ

'

DE89À'ÜÝWlvFÞß

!

i&jG

'89

*

!

+

'

È:NG'DEH)*àj

"'50

á

!

Zâ)Ñ\ãäDEIG'89

!

åAæçDE

)

BCDE

"

()

$)

CIDE

)

B0CIDE

*

%

+

)

èé

êëìíDE

*

0

+

zî�0ëïêëìí

*

5

+

FI8

HG'DE89

'

()

Â3l�Ow

)

G'OP

�

)

ðñur�0

)

WòóôõPÃö

)

÷1OP

��³�=

*

4

+

!

¡øù<�HG'DE

'

}¡

()

úS^

!

ûüjýþz÷1

!

h<�H¡QR

89_urÿ!·HG'OP

'

"�#3$Ñ

()

S^

)

�%NûÆä&

()

HxyOP�'ß

(Õ)

*

2

+

*WKCDE

"

*)

$

L&³)*

'

+1kNM,äXY

()

HS^OPz-.

Ã(OP

!

L/�0

()

W

*)

L&

!

)*L&M

N

*)

&

()

L&ES^OP

)

-.Ã(OP

)

~�

OP

)

G'OPzl�OPHQR

!

A"Ñ1Â3

urs{|OH�OPl'G'89

'

!

"

GH

!"!

"

I3J()

()

!

XY

6789:(;<=>=

?

>787+,'&

"

23

+,

'&

$!

4+560(789:;<

#

XY

!##

!

<=

¿>013?@A;<

'

*)

!

XY

'&&&

!

B:¨

0./CD¨©01EF3?@A;<

'

!"#

"

KHLM

"

"

$

()

�0E

'

()

"

"&&

!

GH

@!!&

"

!&

!

I0J

"

0

!

KLM

6

"

#

!

NO©

"

"&

!

I0P

"

0

!

Q�M

@+,##

"

#

!

Q�M

A

"

#

'

"

#

$

*)

�0E

'

*)

"

"&&

!

GH

@!!&

"

!&

!

I0J

"

0

!

RST

"

"

!

KLM

6

"

#

!

UVM

6BC

"

"#

!

�W

"

"

!

Q�M

.A.6

"

"$0

!

Q�M

(D

"

#

'

!"$

"

KHN,OPQ

!

"5&EEF!#&EE

,X�Y4

!

ÌZ[-

DV4\Ñ]^;<

#

GH,#

ê_8�0`

!

./

012(./ÿa014\>?^;<

#

#0I

5

bcd�04

!

×¦DE4\Ñ]^;<

#

6J(

#&%K"

êÎefgeb

"

6J(

$

`

!

h�ijk

,

l

üã@A;<

#

L+!&&&

ê-.Ã(om

"

6A+

$

!!"

`��³

$

nêl'G'DE89HÑ¥*OP)*



`

!

o:

&"M*,A7I>:NOP

@A;<

#

(A.%"&%

ê

5pqÃr?4

!

¯stnuv89w±3?@

A;<

#

CQ)AQ R!

&

&5&

êlx6G%y±r

 z

!

{|}~45��3?@A;<

'

!"%

"

KR+,

/

()

z

*)

o�´j�Y4×

!

@rVY

!

�m�u�µ

!

�

!

µXm��÷��äß7M

!

���Y

!

��

!

�u�µ

!

�Y��mo�1�

()

z

*)

�YE

'

��E�eMF

4&

&

!&

!

5&

&

%&

!

0&

&

0&

!

%&

&

5&

z

!&

&

4&

/

()

�YEW

*)

�

YE�'�Y

!

1

()

&

*)

L&�YE

'

L&�YE�´

"5;

m�&_8�0`±

r

"#&-

·H�0��

!

çm_5bcd�04

×�'�0

!

�0��F

"#&-

&

"0AC:F!

'&

'

!&'

"

SK9T

!&'&!

"

()*

9T

�&

6J(

`±rE9Hb'F

!

r?��

F

%

rs`a

"

S"0&

!

1"&&-

!

�r�y

"

"&

-

,

EO8

S"

'

!&'&#

"

(+,

9T

�&

6A+

`±rE9H-.Ã(OP�

�

!

r���F

"0EEF"0EEF#EE

!

r?�

�F

%

q�d8

!

rs`a

"

S"&&

!

1"&&-

!

�

r�y

"

! -

,

EO8

S"

!

�y

"

"& HT

!

%�

"

&$"U

'

!&'&$

"

UV./

��

+

êRs�

V*

&

.0!"

(

#&&2

-

DE�

 Rs)¡�Rsr?(o

.

�'±r

#

q�OP

z¢£OP�&5pqÃr?4o��

V*

&

.

0#2

(

#&&'

-

�0DE¤bVODE q�%Ã%

�OPH±g

.

z

V*

&

.0#'

(

#&&2

-

�0DE¤

bVODE¢£ösH±g

.

�'±r

!

¢£ös

�&¥�¦r�

'

!&'&%

"

%$./

�&'§o±rr�HG'OP

!

r���

F

!

04EEF"&EE

!

±e z'§b¨

"

04

EE

!

1k�y`a

"

5

!

!&9HT

!

©��l¡

"

0

AC:

'

!&'&'

"

#W./

�&lx6G%y±r z±rE9Hl�

OP

!

r�Fªs

" EE

H«¬

!

±rÇF

%2;

'

#

"

XYZ[\

#"!

"

*-

*./

#&!&!

"

()*

9T

,äXY

()

�0EH

6J(

��å®

"

+e

'

-60-30 0 30 60 90 120
温度/℃

1

2

-36.5  

-35.8

热
流
量

Ｏ

42.5 

()

XY

%

"

(

+,'&

#

#

(

()!##

'

8

!

"

]^_;

*-

`a'*

()*

bc

�®

"

¯A°\

!

()+,'&

z

()!##

�0E

Hpq0rso�F

S!5$0

z

S!0$2-

!

()+,

'&

Hpq0rs±u

!

}¡

()+,'&

�0E_

%#$0-

²þ_V³HS^´µa

!

¶V

()+,'&

�0EÂ3v�HS^s

'

·

()!##

�0E

6J(

��B¸3S^´µa\]

!

¶V¹Â3v

wH$ÑS^PÃ

'

#"!&#

"

defg./

,äXY

()

�0EH

6A+

��å®

#

+e

'

""

�®

#

¯A°\

%

º»rsH��

!

()!##

�0EHcPde

"

"W

$

¼½]¾¿À�

!

Ápq

-80 -40 0 40 80 120

lg
（Ｅ

'/
M

P
a）

2

1

温度/℃

0

1

2

3

4

éÆ®

"

'

8

#

"

]^_;

*-

`a'*

(+,

bc

%!"

D

"

E

"

1

"

Â

""""""""""""" ""

#&"%

á!

5"

Ã



!

!

"

0À�

#

·

()+,'&

�0EH

"W

½],¿À�

!

o�N%¹pq0À�z^Ä´µ

'

ÆÇ

!

,ä

()

�0E²jpq.Ç

!

½j2opÅ²jÆ

SÇ.

!

¹

"W

ØÈ�ÉÊõË

'

º»rsH�

�

!

�0E\]pq0À�

!

"W

Ìt

!

()+,'&

�

0EHpq0rs±uj

()!##

�0E

'

ÍS

TW

6J(

omZ¾Î

'

Ïrs�¾Ð��Ç

!

½

j

()+,'&

�0E\]^Ä´µ

!

¹´µ"mH

"W

�0v2

'

_

&

!

%&-

rs`ab

!

�0EH

"W

Ñ�

%&AC:

·tÒ

%AC:

'

ÓÔ'(�Ò

!

89H

"W

2�s�0/¥õQR¹'(OP

!

Á

()+,'&

�0E_

&

!

%&-

Hÿ!·'(Ç.û

fg

!

Á89H'(OPNrs{|

'

ZN·Õ

!

()!##

�0E½jS^ûV³

!

_

&

!

%&-

rs

Äb

"W

H�0È�

!

Á'(Ç.vfg

'

ÓÔ

A×om

!

W�S^H

()+,'&

ZM

!

()!##

�

0EÂ3hwHxyOPz'(fgO

!

hij

&kl'G'89

'

#"#

"

*-

&

.-

hi'./

#&#&!

"

()*

9T

""

FÖ�¾Ð$Ñ

()

S^z¹�xyOP

!

0&

()!##

&

*)

"

23

()

&

*)

$

L&EkFG'

89HIJ

'

ûÆL&MH

()

&

*)

L&Ez

*)

�0EH

6J(

��å®

!

+e

'

-80 -40 0 40 80
温度/℃

-120

热
流
量

Ｏ

-104 -26 �
-42 

1

2

3
4

5
6

()

&

*)

L&M

%

"

(

4&

&

!&

#

#

(

5&

&

%&

#

!

(

0&

&

0&

#

%

(

%&

&

5&

#

0

(

!&

&

4&

'

5

(

*)

�0E

'

8

$

"

jkhil*

*-

&

.-

hi'O

.-

`a'*

()*

bc

�®

!

¯A°\

!

*)

Hpq0rsÑF

S"&0-

!

()

Hpq0rsF

S!0$2-

"

®

"

$!

0

äL&EH

6J(

���½],¿pq0rs

!

o

�F

S"&%

z

S%# -

!

N%»

*)

z

()

'

½j

*)

HxurOPvw

!

L&EHxyOP3v

V³H×Ø

!

W

()

noZN%Hpq0rst

uÖÑ

4-

'

ÆÇ

!

L&E_

S#0-

ÙÚ\]Ö

S^´µa

!

ÛÜSj

*)

HurS^jO

'

½

jS^rsvu

!

ÀÁNjl'G'89

&

!

%&

-

Hù�Ý&û9]ÞQR

'

#"#&#

"

defg./

ûÆL&M

()

&

*)

L&EH

6A+

��å

®

%

+e

'

-80 -40 0 40 80
温度/℃

0

1

2

3

4

lg
(Ｅ

'/
M

P
a)

1
3

25
4

1

4

"

:

$

<

X

"W,

rs��

-60 -30 0 30 60
温度/℃

0

0.2

0.4

0.6

0.8

ta
n
г
  
  

12

3

4
5

"

P

$

ßàÀp

"

I:8

"

$

,

rs��

()

&

*)

L&M

%

"

(

4&

&

!&

#

#

(

5&

&

%&

#

!

(

0&

&

0&

#

%

(

%&

&

5&

#

0

(

!&

&

4&

'

8

%

"

jkhil*

*-

&

.-

hi'*

(+,

bc

""

�®

%

"

:

$

¯A°\

%

ûÆL&M

()

&

*)

L

&EH

<

X

"W,

rs���á½]¾¿pq0À�

!

¸3S^´µH\]

#

Ï²jpq.Ç

!

º»

*)

&eHU2

!

L&EH

"W

½tuâã

#

º»rs

H��

!

L&E\]pq0À�

!

"W

Ìt

'

Ï²j

äOÄÇ

!

ûÆL&M

()

&

*)

L&EH

"W

øù

õË

!

Éº»rsH���0È�

!

_

&

!

%&-

r

s`ab

!

"W

�

'$5AC:

·tÒ

4$0AC:

'

åæ

¡¶

!

()

&

*)

L&E_

&

!

%&-

rsÄb

"W

0!"

`��³

$

nêl'G'DE89HÑ¥*OP)*



H�0È�

!

Á'(Ç.vfg

!

ij&kl'G

'89

'

�®

%

"

P

$

¯A°\

%

º»

*)

&eHU2

!

()

&

*)

L&EH

I:8

"

a½çur(çè-Hâ

ã

!

¶VL&EHpq0rs3¾g�stu

!

*)

HL�N¹�L&EHxyOP3¾gk

&

'

ÆÇ

!

L&MF

!&

&

4&

H

()

&

*)

L&E+

N%H

I:8

"

©�

!

Û¡½jÍL&EB

*)

ée

©2+Î

'

#&#&$

"

UV./

ûÆL&M

()

&

*)

L&EH~�OPåU

"

+e

'

m

!

"

jkhil

*-

&

.-

hi'*UV./

ê

""

ë

()

&

*)

L&M

4&

&

!&5&

&

%&0&

&

0&%&

&

5&!&

&

4&

��

+

êRs

&

s

5& 5& 5& 02 02

"&&U

g�%Ã

&

AC: "$4 "$5 "$2 "$0 "$5

!&&U

g�%Ã

&

AC: 0$% 0$% 0$" %$& %$#

q�ös

&

AC: #&$% #&$" "4$5 "5$4 "0$#

qì�¿y

&

U 4#' 4&' 55& 5#4 5!#

¢£ös

&"

9@

,

E

S"

$

%" !4 !5 !! !"

""

�U

"

¯A°\

!

º»

*)

&eHU2

!

()

&

*)

L&EH��

+

êRsí»Äû�çmî

�

!

q�öszqì�¿yî�

!

~�OP½·t

âã

!

Û¡ÀF

*)

HÃ(ösïuj

()

!

}L

&EH~�OPðñÄ_¾¿v�Hlc

'

ò7

óô

!

*)

&eF

!&

FÇ

!

L&EHò7OP

©õ

'

#&#&%

"

%$./

®

0

+eF

()

�0Ez

()

&

*)

"

L&M

4&

&

!&

$

L&�0E_

5

!

#59HT

�y`abH

'öG÷Àø

'

�®

0

¯A°\

!

()

�0Ez

()

&

*)

L&

E�U]\Ö��HG'OP

!

G÷Àøc�Ê

F

&$'2

!

()

&

*)

L&EHG÷Àø�±�jù

()

�0E

!

Û¡½j

*)

opÅúK

!

G'OP

vw

'

#&#&'

"

#W./

()

�0Ez

()

&

*)

"

L&M

4&

&

!&

$

L&E

#%;

H l x 6 G % y o � F

%$%&

z

0$&!

X

,

E

S#

'

¯A°\

!

()

Â3v�Hl�OP

!

·

*)

ÀFopÅúK

!

¹G'OP�j

()

!

}l

4 8 12 16 20 24 28
频率/kHz

0.90

1.00

透
射

因
数

0.92

0.94

0.96

0.98

#

(

()

�0E

#

$

(

()

&

*)

L&�0E

'

8

'

"

*-

`a'O

*-

&

.-

hi`a'n

/

!

#/012

opqrs*$t%uvw

�OPûüj

()

'

()

&

*)

L&EHlx6G%

y±�jù

()

�0E

!

¶VL�

*)

N89H

l�OP]Þ¾gQR

!

}L&EHl�Oðç

v�

!

¯ðñl'G'89HÝ&�Ð

'

$

"

X\

"

"

$

W X Y F

+,'&

H

()

Z M

!

X Y F

()!##

H

()

¸3\]S^

!

É_

&

!

%&-

rs

`abHcPdefg

!

hij&kl'G'8

9HIJ89

'

"

#

$

W

*)

L&m

!

()

&

*)

L&EN%

()

n

oHpq0rstu

!

_

&

!

%&-

rs`ab

!

L

&EHcPdefg

!

U]\hwHxyOPz

urs{|O

!

}¹~�OPý3¾g�sH

tu

'

"

!

$

()

�0Ez

()

&

*)

L&EG'89U

]\��HG'OPzl�OP

!

Â3vwH%

&"þ

'

xy<=

%

*

"

+

ÿ!"

!

#$%

!

&ö

!

³

$

l''PDE)*n�(

*

Y

+

$

8

9��W%&

!

#&&2

"

5

$%

'!,'2$

*

#

+

)Z�

$

l'89DEzÑ<2*

*

Y

+

$

æ+DE

!

"''%

"

#

$%

2,"#$

*

!

+

,o%

$

'PODE89*Ñ<H�(

*

Y

+

$

DE1Â

!

#&&"

!

%2

"

#

$%

""#,"#"$

*

%

+

-./

!

0V¿

!

ÿÞ1

!

³

$

l'G'DEH)*z%&

*

Y

+

$

jäDEÑ<

!

"'2"

!

#

"

"

$%

",#$

*

0

+

2F3

$Y+,#J

êëìíG'DE

*

Y

+

$

B:DE

!

"''2

"

"#

$%

"5,"4$

*

5

+

456

!

789

$

î�0ëïêëìíl'G'DE

*

Y

+

$

D

5!"

D

"

E

"

1

"

Â

""""""""""""" ""

#&"%

á!

5"

Ã



!

!

"

V:;ü&

!

#&&5

"

!

$%

!,'$

*

4

+

�<

$

BCDE

&

KCDE=�~S>*OP)*

*

6

+

$

æ+

%

æ+2(

!

#&&5$

*

2

+

?ç

$

BCDExyOP*ß(Õ)

*

Y

+

$

æ+DE

!

"''%

"

!

$%

0,4$

z{|}

%

#&"!,&',"2

345

6

74789:;7;<354=:4>7;?5:=@5AB;<54A7854,?:CD89?-CEE54+785497F

#$%&'()*'+(

,

"

!

-.$/0'1)

2

'(

,

#

!

03".+(

#

!

4$%5-67

#

!

.896'):+'

#

"

"$H:8

X

T;=Z+

??

<O7M+[=Z\IO[\)7\7:>[;]8\IOIZI7

!

H:8

X

T;=Z

"

!""%&&

!

(;O8:

#

#$*7O

^

O8

X

_8ON7>\OI

`

=a(;7EO[:<.7[;8=<=

X̀

!

*7O

^

O8

X"

"&&&#'

!

(;O8:

$

""

,ED847?8

%

.;7:[=Z\IO[E:I7>O:<\b7>7

?

>7

?

:>7MP

`

Z\O8

X

[;<=>=

?

>787>ZPP7>

"

()

$

:\I;7E:I>Oc

!

:8MI;7

?

>=

?

7>IO7\=aPZI:MO787>ZPP7

"

*)

$&

() bOI;MOaa7>78IP<78M>:IO=b7>7O8N7\IO

X

:I7M$.;7

>7\Z<I\\;=b7MI;:I

!

[=E

?

:>7MbOI;() +,'&

!

()!##\;=b7M8=[>

`

\I:<<O8OI

`

:8M

?

=\\7\\7M\I7:M

`

\I=>:

X

7E=MZ<Z\O8I;7I7E

?

7>:IZ>7>:8

X

7=a&

!

%&-

!

:8MI;Z\b:\E=>7\ZOI:P<7a=>I;7:

??

<O[:IO=8$

(=E

?

:>7I=()

!

I;7

X

<:\\I>:8\OIO=8I7E

?

7>:IZ>7=a*)

&

()P<78M\M7[>7:\7M

!

I;7O>\I=>:

X

7E=MZ<Ob7>7

\I7:M

`

O8I;7I7E

?

7>:IZ>7>:8

X

7=a&

!

%&-

!

I;7[=<M>7\O\I:8[7b:\P7II7>:8MI;7I7E

?

7>:IZ>7\78\O,

IONOI

`

b:\<=b

!

b;O<7I;7

?

;

`

\O[:<

?

>=

?

7>IO7\M>=

??

7M=8<

`

\<O

X

;I<

`

$.;7:[=Z\IO[E:I7>O:<\=a():8M

()

&

*)P<78M\;=b7M7c[7<<78I:[=Z\IO[

?

7>a=>E:8[7:8Mb:I7>IO

X

;I87\\$

""

G5

H

A:4<D

%

()

#

*)

#

P<78M

#

:[=Z\IO[\

#

I7E

?

7>:IZ>7\78\OPO<OI

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

`

~������q����

789:;

%

./!!5d"

#

_%5!$!%"

""

<=>?@

%

6

:b@AÂB�sCéH

-

DE@A���

`

.

#½B:DE1ÂF9nGÑgLHÞIÐ

ÚJK

!

ë"L_'ÂbÌMIÐÚJ

!

N)/j

#&"%

á¾Os½B:DE1ÂF9L8�P

'

-

DE@A���`

."

IÐÚJK

$

�gÖD

E@AH�QzgÛ

)

�Ð

)

?R(o

!

i&jS

TpU�@AzV<pU�@A

'

¹NDE@A

HgÛ¡

%

WP

)

ÿ»

)

XYH@A;<

!

�;Y%

�Z'DEÑ]�[

!

%&%�\]DEÝ&

'

DE@AÂ3u^-ÜÃ

)

u_©`à

)

\EHa

bfgO

)

hcHÑ-de

)

hwHxfO

)

¯ã

�gn³h\H-.;<jO

'

DE@AÑ]%

i7A·jJ�Ð

%

Ý&ÿ»

)

5k5li7mn

)Q+(H

o�Ho89

#

�;%�uPà

)

up

'

)

uqr

)

us6

#

;<Â3W©

)

XY

)

ufà

)

¯gnjO

!

i7DE@AtuvR�gH^-

ÜÃ

)

wxÊy»O

)

^-p'�Ð

'

ÔÖz

!

B:DE1ÂF9/÷{HØWÍ

�`ß|H@b}r?��

!

F~'DE@At

u

"

øöÑO@Ao�

$

Ñs�>I�

!

�B:D

E@A�{t�0

!

�{¹�@A;<�elc

)

�2:;��@AHM�

'

Á}

!

B:DE1Â

F9/ADE@A;Â0F�4

!

YÊ~�@A

'ÂWP

)

ÿ»z���;HÐ�

!

_@A'Â

¦Þ¾j|DE@A�;1�zt�0�;d

8

!

¹�@A'Â�(�(Hlc

!

>];Â

��

'

"

./

-

01234

.!

#&"%,&",&4

$

*1I@,3J,)#K!%

��&��

�n����

789:;

%

K#4

""

<=>?@

%

6

½�8(���3?@A��H

/

(H]@+,

CG+J#&"%

:�DV(

0"

!

#2

�B::�V9

DE1Â(�9

$

/j

#&"%

á

%

�

#!

(

#5

4_

×¦n:���B��'

'

29N)�(�/�

%

#'&&

;

!

(�ÊË�

##

�

E

#

'

�%F"

%

æ

H(9

!

�Â� ¯�¡ûÆn7H4\Õ¥z

89

!

L¢1©nHt��£

'

"

56789:;<=>

"

?@A

$

4!"

`��³

$

nêl'G'DE89HÑ¥*OP)*


