
书书书

!

!!

"

!"#$

!

%&'(&)*+,-./0$1

2345678

!"#

!

"

"

"

$

!

%

!

"

"

"

&'(

!

"

"

"

)

!

*

!

"

"

"

#

!#

#$%&'( #$)*+,-./01234&56789

"

#$

!

!$$$"%

$

"#

#$%&'( :;<;=>/

0?@56789

"

#$

!

!$$$"%

%

!!

9:

&

ABCDEF

#

&'(

%

GCDHIJ

#

&')

%

KBLMNOPQORST

#

*+,

%

12UV=>/0

"

KWX

UVYZ

'

UV[\Y

'

]%^YG_`YZabcd

(

efgh

&

3

&'(

!

*+,

=>/0ij

"

&'(

!

&')

!

*+,

=>/0ZklmL0BnopiqrstVuv

"

w_`YZxy

$

&'(

!

&')

!

*+,

=>/0rUV[\Y

z{

(

!!

;<=

&

NOPQORST

$

CDEF

$

CDHIJ

$

UV[\Y

!!

>?@AB

&

-,...#%.

$

-,..$#!

/

"

$

-,..0#1

!!

CDEFG

&

2

!!

CHIB

&

!$$$31%$4

#

"$!"

%

!!3$0563$6

&JKL

&

|}~��(�G�*����������

#

78-$1$9

%

MNOP

&

���

#

!%11

)%"

�

"

�#���

"

#$%&'(

����cd�

"

����V�� UVSTrcd

(

"

¡¢£¤�

!!

¥¦§(¨©r��

"

V.ª2«�rV�

¬M¦®¯°±

"

²³´V�µ¶

'

V�°±·

¸

'

5�¢¹º»¼½¾

"

¿ÀV�� ¤Á�V

.ª2ÂÃÄÅ�

(

V.Æ/rÇÈÉÊËGÌ

ÍËÎV�º»r��ÏÐ

"

ÑÒÓYyrV�

� /0LM�ª2rÔÍËÕÖZ×p°±Ø

ÙÚB

"

ÛZ:ÜÝÞV�º»

(

UVSTß:

àárâãY

'

iWlmrØäkå^:ræY

¼

"

çèéêë

'

ìí

"

�V�� ØÙ¤ÁÂÃ

Blîïð

*

!35

+

(

12,UVST=>/0��¡ñLMòó

/0ôCòóõs³7ö

"

Còó/0ÕÖ÷ø

´òóUVY

"

Åw3òóij

"

Z''ùm=>

/0rúnK{ûüý

*

631

+

(

¥¦Còó¨©r

��

"

þÿ³!�rC"#õ

'

CDEF

'

C"$

%&'¼òó=>UVõs()*ç-îCUV

òó+,L0

'

CUVòó-*L0GCUVò

óIJ

(

ABCUVòó+,L012UVS

T

"

¿XLMnl'

"

¯.5/0_`YZ

"

1X

Î23456)

"

wØÙYZ67

*

%

+

(

AB,�

ÐjrCUVòóIJL012UVST

"

ÕÖ

LMnh8ùmÅwZ9:,UVY

*

!$

+

"

;<=

,�ÐjL0r>?Üf

"

¯U@UVSTræ

Y67

(

UVIJ�ABñCÂDEAFG-G

HI

"

wJKLM

"

�Å/0UVYZr[\Y

(

îÀ

"

�NOP�UVST12ñCÂQZùm

UVL0Bn

"

RZ)üUV¡S

"

ÕÖZTUU

VSTræYG4&YZ

"

ÛZ{ûüý

(

ý&ÚABCDEF

#

&'(

%

GCDHIJ

#

&')

%

KBLMNOPQORST

#

*+,

%

12

UV=>/0

"

KWXUVYZ

'

]%^Y

'

_`

YZGUV[\Yabcd

"

k"î12û23

6),UVST=>/0VWOXYZ

(

!

!

QR

!"!

!

S:T0$

*+,

"

[\

!!$3"

"

Â]^_%&cd`«

a

(

]%bc

"6

"

�d?e%&:fgh«a

(

i£b

23!6!

#

PQOjPkORl

%"

%(m

"

#

$%(nbgh«a

(

&'(

"

[\

:3)7;;"9$!

"

Dún-Yî

$#0

"

Øäî

5#$*

<

,

=

>.

$

&')

"

[\

:3)7;;"%$!

"

Dún-Yî

$#09

"

Øäî

.?1*

<

,

=

>.

"

4o'

@ABCDE*DFGH

gh«a

(

!"#

!

URVW

*+,

!

!$$

"

i£b

23!6!

!

.

"

]%bc

"6

!

"

"

UVL0

!

6ap

'

6n

(

650

���¼

#

CDL0

!

NOPQORSTUV=>/0r123YZcd



!"$

!

X3YZ[

4I3!0$

+!B;

"

qrST;stu«a

$

"6F

vw]%;

"

qr!tST;su«a

$

'*-5!$5

+V.xy;

"

z{)*j|/0}

~:fgh«a

$

,J15

+Y���V�

"

qr�

��gu«a

$

KL(3%"502

+V�����µ

��

"

qr��78ª2:fgh«a

$

8ML3

!$$!

+��%�

"

����78�Æ:fgh«

a

$

*83'.

+<�.]%�

"

#$°�%&;s

78 u « a

$

4;3.$

+ ° ± � � V . 8 & �

#

@:*

%"

�?

):7

gh«a

(

!"%

!

U\23

�ÑCDL03i£b=��zµA

#

WL

0abg�TY

%"

��Ñ

*+,

'

TYUVL0

G]%b��4F!B;ABHI

(

ABTt 

]%�vw]%;qab

"

]%¡¢î

!9$N

!

!$

*OPQ"$=RS

$

£ ]%�V���µ��Âa

b

"

]%¡¢î

"$$NQ"T

(

]%T=9�z¤

¥¦§

!0T

�¨ab~n

(

!"&

!

]U@^

AB]%�~\ABTr]%^Y

(

=>/

0rx©YZ(ª

(U

!

-6"1

)

"$$%

-

]%ST

ô�«YST x©ÃyÃ6YZr~\

.

ab~

n

(

stVuv

#

!

V

%

(ª

(U

!

-"5.%

)

"$$!

-

]

%STô�«YST UVYZG¬GYZVu

vr~\

.

ab~n

"

AB�%

#

�%�

"

!6$NQ

51T

%

�3�%

!

V

rj®g¯UV[\Y

"

X

®°Éþ

!

"

UV[\Y°y

(

23456)(

ª

(U

!

-996%

)

!%%0

-

]%ST

'

�«YST �

�

'

,�Gû�z23456)~\

.(

n±²³

´µL�AB

@:*

WX¶·�ab¸¹

(

#

!

_`4ab

#"!

!

,-cdef

UVL0BnW

*+,

=>/0

!

V

r/0

º»

!

¼½

(

�»

!

çk¾¿

&

À

&')

Bnm=

!$

ÁÂ

"

=>/0r

!

V

,o

!$

!5

!

,

G=

"

À

&')

BnÃ

'p

0$

ÁÄÅÂ

"

!

V

z{´

!5

ÆYnÇ

"

Ègh

=>/0<ÉÊs6îËUs

"

XÌ~)ü´Í

5 4 3

2 1

0 20 40 60 80 100 120
-3
-1

1

3

5

7

9

11

13

15

导电填料用量/份

lg
［т

v/
（Ω

·c
m

)］

&')

!

&'(

Bnj

&

!

)

$

!

!$

$

"

)

.

!

9

$

.

)

6

!

6

$

5

)

9

!

.

$

6

)

!$

!

$

(

?

!

!

,-#$ghi

'(

)

./0$

!

*

1jk

ÎrUVÏÐ

"

Ñ�6ÒÓÔîÕÖÒ

(

&'(

Õ

ÖÒ�

!$

"

0$

Á×Ø

"

<ÀçÙ

&')

!

*+,

=

>/0rÕÖöÚ�=

&'(

!

*+,

=>/0

(

¥¦

&')

!

&'(

KBjrÃ'

"

ÕÖöÚ��Â

rUVL0Bn°m

"

w°³°Ûþ

&')

ÜÝL

M

*+,

=>/0rÕÖÒ

(

�»

!

Ûçk¾

¿

"

À

!

V

î

$#!

!

,

G=

Â

"

UVL0KBs¤rB

nm=ÜÝLM

&'(

rBn

"

Þ

&')

3

&'(

KBZ�t\CäqùmL0Bnkop3ÜÝ

LM

&'(

iqr

!

V

(

#"#

!

+,-

!

+,.

lgm

ß\UVL0Bnî

!$$

Á

"

cd

&')

!

&'(

KBjW

*+,

=>/0YZr/0

(

#"#"!

!

,-no5

&')

!

&'(

KBjW

*+,

=>/0

!

V

r

/0ºg

!

¼½

(

�g

!

çk¾¿

"

¥¦

&')

!

&'(

KBjr

Ã'

"

*+,

=>/0r

!

V

àùmáâ

(

²ñ�

�%�

"

¥¦

&')

!

&'(

KBjrÃ'

"

=>/

0r

!

V

��àùmáâ

"

ÅUV[\Y3L0B

nrã¤<h86%äå

(

3

&'(

!

*+,

=>

/0ij

"

&')

!

*+,

=>/0rUV[\Yh

p

!

!

+,-

!

+,.

lgmi

'(

)

./0$

!

*

1jk

�

!

�

&')

!

&'(

KBj

$

!

!$$ "$

!

1$ 5$

!

0$ 0$

!

5$ 1$

!

"$ !$$

!

$

!

V

!#

!

,

G=

%

95#$. !#"! !#.. $#.5 $#!$ $#$5

��%�

!

V

!

!

#

!

,

G=

%

11#11 "#6" .#0" $#%6 $#"5 $#!.

UV[\Y

!#"$ "#$1 "#9" "#9% "#5$ .#"6

050

S

!

T

!

&

!

æ

!!!!!!!!!!!!! !!

"$!"

ÿ!

6%

ç



!

!!

"

8l7

(

�

&')

!

&'(

KBs¤Â

"

Àè�Bn

ÉþÂ

"

=>/0rUV[\Yz{

(

#"#"#

!

qrs5

&')

!

&'(

KBjW

*+,

=>/0]%^

Yr/0º»

"

¼½

(

0 100 200 300 400 500 600

2

4

6

8

10

12

转
矩

/(
dN

·m
)

时间/s

1 2

3
4
5 6

&')

!

&'(

Bnj

&

!

)

$

!

!$$

$

"

)

"$

!

1$

$

.

)

5$

!

0$

$

5

)

0$

!

5$

$

6

)

1$

!

"$

$

0

)

!$$

!

$

(

?

#

!

+,-

!

+,.

lgmi

'(

)

./0$

qrs51jk

�»

"

çk¾¿

"

0

éT0rêëÂØG�

]%ÂØìjliþ

"

ÈÎ<=STG]%bp

íåXBnHî6

"

U@T0�êëï G�]

%ï rëðñvt@

"

]%òviq

(

ómG

ó'�ô¥¦

&')

!

&'(

KBjrÃ'ÅÃ'

"

wopvõ]%ëðÂ:pr�ôöàöÃ'á

â

"

È��GL0s¤:ã

"

w�ô°'

"

T0r

í÷øn

'

ùä

'

\©Ãy°'

(

�»

"

Ûçk¾

¿

"

&')

Bn°'

"

opó'ú£Øä�r�ô

û°'

"

Èüh

&')

Ã'´T0rùä

(

#"#"$

!

tu56

&')

!

&'(

KBjW

*+,

=>/0Ãy

3

Ã6ëðr/0º»

.

¼½

(

�»

.

çk¾¿

"

¥¦

&')

!

&'(

KBjrÃ'

"

=>/0rx©

Ãy

3

Ã6ëð°ý

(

&')

!

&'(

KBjW

*+,

=>/0_`Y

Zr/0ºg

"

¼½

(

�g

"

çk¾¿

"

¥¦

&')

!

&'(

KBjr

Ã'

"

*+,

=>/0r

!$$W

\©ÃyGx©?

äÃ'

"

xL©�vùm

(

ÈÎ<=HIJþÿ

r,?ä

'

,ønåX�OsÂr!"#$

"

%=

>/0ß:lyr_`YZ

(

¥¦

&')

!

&'(

KBjrÃ'

"

=>/0r

0 50 100 150 200
应变/%

1

2

3

4

5

6

应
力

/M
P
a

1
2

3

4
5

6

&q»

"

(

?

$

!

+,-

!

+,.

lgmi

'(

)

./0$

vw

/

vxyz1jk

p

#

!

+,-

!

+,.

lgmi

'(

)

./0$

tu561jk

�

!

�

&')

!

&'(

KBj

$

!

!$$"$

!

1$5$

!

0$0$

!

5$1$

!

"$!$$

!

$

!$$W

\©Ãy

!

*OP "#0 .#. .#1 5#1 > >

x©?ä

!

*OP .#6 5#$ 5#" 5#1 6#! 6#$

xL©�v

!

W !9$ !6! !"5 !"" %% %$

'æ®

!

W 5% 51 6$ 50 59 51

23456)

!

%

!

W

.5#% ..#6 .$#" "%#% "1#! "!#"

!!

&

&

!

%

!6$NQ51T

"

23vî

.$W

(

æY6%Dm

"

23456)ùm

(

ÈÎ<=

&')

Ã'´ST?ä

"

�t\Cäq%=>/0

r(YÃ'

"

qÂ¿îL0)nÕ6

"

L0KBj

WT0ræY*+</0

"

�Åùm´=>/0

r6)

(

¥¦

&')

BnrÃ'

"

Èpáâ°h

8

"

23456)°m

(

#"$

!

{|_}

&'(

G

&')

AB�r

@:*

ª-º»

5

¼½

(

�»

5

#

P

%

G

#

X

%

çk¾¿

"

UVL0g�ò

ó,-HI

'

Oý<./

"

w

&')

�Ðjh8l

&'(

'

(

�»

5

#

G

%

G

#

Y

%

çk¾¿

"

ABN01

2ABT:pAB�r

&'(

G

&')

H:Õq

Cäròó34

"

Å

&')

rLMGòó5346

7l

&'(

.5

(

ÈÎ<=

&')

�ABñCÂ

LMl8

"

U@

&')

rL�8»

"

L�»¿rH

IJ*+ÕUV

"

���%¡¢zUV,.9:

Ã'

*

!!3!"

+

"

Þ%IJ;�É<öÕ¨)ü=>r

UV¡S

"

¿Å��%�

"

&')

!

*+,

=>/0

r

!

V

l

&'(

!

*+,

=>/0Ã?h8

"

gö¿

950

���¼

#

CDL0

!

NOPQORSTUV=>/0r123YZcd



¤'@Y

&

P

G

X

)

!$$

$

G

)

"$$

$

Y

)

.$$

(

?

%

!

+,.

Y

+,-

~���1

01'

��

l7rUV[\Y

(

&'(

!

*+,

"

&')

!

*+,

G

&'(

!

&')

!

*+,

=>/0r

@:*

ª-º»

6

¼½

(

¤'@Y

&

P

)

!$$

$

X

)

.$$

$

G

)

!$$

(

UVL0Bnî

!$$

Á

"

XÂ

&'(

!

&')

KBjî

6$

!

6$

(

?

&

!

+,.

!

'(

)

"

+,-

!

'(

)

Y

+,.

!

+,-

!

'(

)

./0$1

01'

��

�»

6

çk¾¿

"

&'(

�

*+,

Âr-Gl

¥é

"

<=

&'(

,.)*ÕäA

"

XiBÉ<r

*vl'

"

lJK)üUV¡S

(

&')

)*ä

A

"

�Ðjl'

"

�ABñCÂC;syÚB«�

!"

"

�Å=>/0r_`YZly

"

wxJKD

É)üUVÏÐ

"

¿À

&')

!

*+,

=>/0rÕ

ÖE®l

&'(

!

*+,

=>/0m

(

�»

6

Ûçk¾¿

"

&'(

3

&')

KB�

"

I

J×p´DÉUVÏÐrÚB

"

�Å%=>/0

rÕÖÒF

(

;À

&')

G

&'(

BniþÂ

"

èpL0,.iBGHr;¯Ã8

"

&')

Cí÷

150

S

!

T

!

&

!

æ

!!!!!!!!!!!!! !!

"$!"

ÿ!

6%

ç



!

!!

"

yÚBIüx'CäJLMôòó534

"

�Å

%=>/0rUV[\Yz{

(

$

!

_b

#

!

%

&'(

ô

&')

LM

*+,

Hç1:st

Vuvm=

$#!

!

,

G=

r,UV=>/0

"

w

&')

!

*+,

= > / 0 r Õ Ö E ® h 8 m =

&'(

!

*+,

=>/0

(

À

&'(

G

&')

KBÂ

"

A)ük

&'(

îK6

'

&')

î�LrUVÏÐ

(

3ÜtLM

&'(

ij

"

&'(

!

&')

KBs¤Z

ùm=>/0rUVÕÖE®

(

#

"

%

¥¦

&')

!

&'(

KBjrÃ'

"

=>/

0rx©?äÃ'

"

23456)ùm

"

gö¿l

yr_`YZ

(

#

.

%

²��%�

"

&')

G

&'(

UV,.rØ

9Ã'

"

&'(

!

&')

!

*+,

=>/0rUV[\

Yz{

(

��CD

&

*

!

+

KRZTHVZ[

\

&#8AXXDEUPZDY'H=

]

HZRFDZ R̂FT2GFRVDUDTPVRHE

FH*RGEĤ PVDZ
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