
��)��,-����

!

��,-d)-

's784 ¡78/¢£

456

"

!

789

#

!

:;<

"

!

=>?

"

!

@

!

A

"

"

!

BCD

0

!

"$

:5�ÝÞ²<(ßÞ894&[\� Þ²Ý�ÝsU894&56789

"

à� àE

!

:#2%%"

#

#$

à�`5

'( h(ß

"

à� àE

!

:#2%88

#

0$

:5�ÝÞ²<(ßYZ[\�

"

`G áâ

!

:/"/0/

$

!!

;<

"

[\+,·p�·p%;ÁYZ

!

(,.

$

¶¼:;

%

;ÁYZ

!

,.

$

^%ZUh`g

&

�ã`g3V+äå

£�`g}¿À

'

cnop

(

(,.

���,¼:;

%

,.

^%Z}Uh`gi7Jk�ôõc}½�`g

"

�j^%

Z}V+äå£�

"

]:·p�s

2%4

}

(,.

@nßÑ

'

!!

=>?

"

·p%;ÁYZ

#

¼:;

#

;ÁYZ

#

�ã`g

!!

@ABCD

"

5600#$"

O

#

#

5600#$:

!!

EFGHI

"

7

!!

EJKD

"

"%%%'8!%9

!

#%"2

$

%!'%:##'%:

V¤¥¦

"

`G_£Á<(¤æçè��

!

:"#"%/

$#

:5�

ÝÞ ² < ( ß Y Z [ \ � ¤ . < [ ² é ê ç è � �

!

"&0%%##%"#%%/

$

LMNO

"

ëìí

!

"!8&

)$"

î

"

ïG¤ð 

"

:5�ÝÞ²

<(ßÞ894&[\�èh[\ñ

"

¡¢

"

¬¹¤¥;ÁYZ

}4&ã.`[\&s

'

"

H«¬ 

!!

òeióô¿vs¯°³´5õ}��

"

ü

söyòe�}òeÜ+�g}

"

À÷IP]«

§O

"

®7i£:ßA@}§OÜ�J�ã1

9

"

ø]ÜYZ�ã19

*

"

+

'

ûÙÎ

"

z{�ã}

´Â

"

YZ�ãµJkÃùUÍÎÍ&÷�

"

t.

ú®

"!8#

Ù¿ÐIJYZ19ûÃùU}üý

ÿf

*

#

+

'

#Jk�ã/0}YZ¬¹A×HYZ

&

�

ÙYZ

&

�;æYZ

&

,½�YZi��YZ#

'

×HYZ:¬¹A;ÁYZ

!

,.

$&

WþYZiù

WYZ

"

]:ü

,.

ÏAÿ`i�äå`×

&

£�

j

&

!� /ãæ"f�%`×#Ñ6²àáJ

k�ã³´

"

î

,.

áâü.é 

"

®#k�½�

`gé�

"

üÓ./

,.

`g

"

�]&×µJk�

ã³´vs[\�6

'

¿ÀYZ/0�ã`g}ü#¬¹A-.c

d

&

^%

&

$0iMN

*

0

+

'

F%#

*

2

+

IJ&AI.

`

,.

�,'%/0}�ã`g/¶�ãøÌd

±óhª-�

'

'L(#

*

:'&

+

[\ó+,:;3

+,:;/J¶^%Z�ã`g}¿À

"

ÂÂX

)é':;$*^%Z}áâü.é'

'

3+[

\op$0¶YZ½�`g}¿À@n�B`é

'

"

+g',�,

,.

}½�`g

"

ÈHÎ.�-

.cd¶YZ}½�`gA{.Ë}¿À

'

#J

}-.cd-Ã½�k�ôõ}§O¬¹Aý

C

*

/

+

(

äCÜMN

&

MT

&

ÓÔÕÖ#

#

.äCÜ1

2äCÏA´-.ÉþeÆÿ}T%U

'

·p%;ÁYZ

!

(,.

$

�

,.

·p%%(

.`Þß

*

8

+

"

/0ÏA·p%¤C}ù`

"

ÜÏA

,.

}cd_6

"

üÓÏA±ã

,.

/J}Ñ

Å

*

!

+

'

.&s[\+,·p�

(,.

¶¼:;

%

,.

^%ZUh`gi�ã`g}¿À

'

"

!

PQ

"M"

!

R<STU

,.

"

01

.KK0

&

"

1589

#

(,.'"%

"

(,.'

#%

"

(,.'2%

i

(,.':%

"

:5�ÝÞ²<(ßÞ

894&[\�89

#

¼:;

"

01

+;":%

"

2²

¼2%&*/0ABCD89

'

"M$

!

ZQXY

(,.

%

,.

!

"%%

"

¼:;

!

#%

"

p%3

!

2

"

í

4R

!

#

"

^K

!

"$:

"

5d?

CU

!

"$:

"

5d?

B*

!

%$:

'

]:674

(,.

}¼:;

%

,.

Z0

8s

"

&

¦§

#

(,.

%

,.

/Jrs

#%

%

8%

t

"

]:

##:

Y

!

Z

!

&

!

²

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

#%"2

Ù!

&"

Ú



!

!

"

(,.

s

(,.'"%

"

(,.'#%

"

(,.'2%

i

(,.':%

-Û8s

#

&

"

0

&

"

2

&

i

:

&

¦§

'

"M%

!

ZQ§]4¨©

9L'"&%

+ý9RST

"

à�àETab8

9

#

*B.#%%%

+»�.^%M

"

<5:ìO<=

ABCD89

#

?�!c^%T

"

;â<=YZT

aABCD89

#

EAZM@YA00&:

+?.�g/0

_8T

"

Í5Í>_6CD89

#

#2#C

+eb�

f(-�M

"

45�|CD89

#

T7-e*(5(.

2%%

+V+äå£�_8T

"

45

T>FY

CD8

9

#

K'28%%

+��?.Ðxy

!

K(*

$"

t.tu

CD89

'

"M&

!

Z[\]

Z0J�

T-

%

5":02%

)

#%%8

1

;Á

&

%v£

ZPå3]1å§O

2

®RST3d±NS

"

I

,.

ã+,·p�

(,.

N%Î9ÌYâj4�

p%3ií4R

"

Áâ4�¼:;NS

"

ßâ4�

5d?i^K

"

N?�[\]

"#J

'

Z[J�

EKe&:%#

(

"!!!

®

":%3

}»�.^%M3^_

ö^%tO

!

!

!%

$"

Áâ®?�!c^%T3^%

"

^%efs

":%3N!

!%

'

"#2

!

^ZB_

"#2#"

!

's78

lm`gIJ?.�g/0_8TJ�

T-

%

5:#8

)

#%%!

1

^%YZ@�8`YZ lm

µfµ�`g}^ª

2

d±^_

'

"#2#$

!

o1pq78

ebf(`gIJebf(-�Md±^

_

'

_8efs

(

k�ôõ

!

1"#%

"

O"%%3

"

}kN�

!

:3

,

HIA

1"

"

��

!

"%+P

'

½�`

g�J

Y@I

R

IAD@Y/$:

Af¶áâü.

!

M>A

!

$

®

10%

"

O&%3

k´d±)-¶r

'

"#2#%

!

�ª«¬�

V+äå£�IJV+äå£�_8Td±

^_

"

_8efs

(

B�tO

!

0%HIA

"

_8tO

!

#:HIA

"

Bµf

!

"*D>

"

~Ck�

!

0%3

"

D

�

!

2$2:HH

"

V+��

!

:%+P

'

"#2#&

!

4')

B_

^%ZJÅEF�

"

P�ª1å

"

IJ

K(*

���ª/G�

'

$

!

2`abc

$M"

!

's78

�ã/0+îH¹/0ÏAÑÒ}½�@

n

"

Õ¹ÏAé×}$%Uh`g

'

o

"

��s

+,·p�

(,.

¶¼:;

%

,.

^%ZUh`g

}¿À

'

h

"

!

®¯��r

'+-

����

!

+-

d)-'s78/¢£

�

!!

�

¦§I1

"

&

#

&

0

&

2

&

:

&

"%%4

ªmµf

%

*D> %$8# %$8# %$8/ %$!! "$%"

0%%4

ªmµf

%

*D> "$8# #$%# #$": #$8& #$/&

:%%4

ªmµf

%

*D> 2$:& :$": :$0% /$0% /$%&

lmê�

%

*D> "8$/2 "!$2: "!$/0 #"$"% ##$/0

l�m��

%

4 //! /8" 8%8 /:! /80

!!

¤o

"

���Q

(

ã¼:;

%

,.

^%Za

r

"

+,·p�

(,.

}4��,ó^%Z}ª

mµfilmê�

#

z{

(,.

·p�}~'

"

^

%Z}

"%%4

ªmµfilmê�~'

"

0%%4

i

:%%4

ªmµfj~'â� 

#

q74

(,.'2%

t

"

^%Z}$%Uh`gé×

'

(,.

}4��

,ó¼:;

%

,.

^%Z}$%Uh`g

"

s^%

Z®�ã§ª}µJU�ó¤È

'

$M$

!

°±78

YZ19}�ã¦h¬¹ÜúJYZ},�

`HÎ½�J*òeg|

"

IJ*}g|Ý-�

�s�gyK

"

Lß� @�jò,}sJ

*

"%

+

"

üÓ[\YZ}eb½�`gM÷5¹

'

+,·

p�

(,.

¶¼:;

%

,.

^%Zebf(`g}

¿Àè�

"

��

"

]½�øÌèo

#

��

'

¤�

"

!

>

$

���Q

"

ã¼:;

%

,.

^%Za

r

"

(,.

%

¼:;

%

,.

^%Z®��%��N}

Og~|

!

1f

$

~'

"

qk�úû9kt

"

(,.

%

¼

:;

%

,.

^%Z}

1f

¨È� 

'

M>A

!

ÜPï/0�ã`g}5¹øÌ

"

M>A

!

Qé'}k�ôõÍúû&sk�

"

Í¢%ss

�ã/0µJ

'

¤�

"

!

F

$

io

#

���Q

"

(,.

}4��^%Z®äªk�ôõc}

M>A

!

'k¼:;

%

,.

^%Z

"

/åz{

(,.

·p�

}~'

"

�k�ôõ�

1:%$0

"

1"$03

%e

ß

1#:$2

"

O#&$&3

"

��¼:;

%

,.

^%Z

0#:

ëìí#

$

·p%;ÁYZ¶¼:;

%

;ÁYZ^%ZUh`gi�ã`g}¿À



-120-80 -40 0 40 80 120
温度/℃

0

1

2

3

4
lg

（Ｅ
／M

P
a）

'

1

2

3

4
5

!

>

$

X

R

1f'

k��Ý

ta
n
г

0

0.4

0.8

1.2

1.6

-120-80 -40 0 40 80 120
温度/℃

1

2
3

4

5

!

F

$

M>A

!

'

k��Ý

¦§I1

(

"

)

"

&

#

#

)

#

&

#

0

)

0

&

#

2

)

2

&

#

:

)

:

&

'

A

"

!

®¯��r

'+-

����

!

+-

d)-

o1pq78/¢£

h

$

!

®¯��r

'+-

/���

!

+-

d)-/°±y²

�

!!

�

¦§I1

"

&

#

&

0

&

2

&

:

&

��%k�

%

3

!

!ä°g

1&/$% 1&0$: 1&&$: 1&/$& 1&:$!

!

!R°g

)

12/$8 120$8 1"!$" 1!$#

áâgª)

"

$

"0$2 "0$& ":$% "!$% "8$:

k�ôõ

#

$

%

3

)

1:%$0

"

128$"

"

10"$%

"

1#:$2

"

1"$0 O&$! O#%$% O#&$&

!!

�

(

"

$

s

M>A

!

'

k��Ý:

10%

"

O&%3

k´})-ª)

#

#

$

(,.

%

¼:;

%

,.

^%Z

M>A

!

Q'k¼:;

%

,.

^%Z}k

�ôõ

'

Aé'

M>A

!

Q}k�ôõ&úû&sk�ôõ

"

~êó½�@n

"

''�,ó^%Z®&sk�

ôõc}�ã`g

'

�ã/0¹ºÏA,

M>A

!

"

hS}½�/0

¹º/0®T°&sk�ôõcæAé'}c

â

"

�UÜ¹º/0®&sk�ôõc

M>A

!

'

k�

�Ý�%!V

"

ãk�W�ËO}Xõª)¶|

'

'

¤o

#

Õ���Q

"

®&sk�ôõ

10%

"

O&%3

c

"

(,.

}4��,ó¼:;

%

,.

^%

Z})-ª)

"

/åz{4�

(,.

·p�}}

,

"

gª)j~'â� 

"

4�

(,.'2%

t�ßß

'

"

r¼:;

%

,.

^%Z�,ó

2#$&4

"

È4�

(,.':%

}¼:;

%

,.

^%Zr

(,.'2%

XA

�j

'

$3�+

"

(,.

}4��¼:;

%

,.

^%

Z®&sk�N´}½�`g�,

"

��Yû^

%Z#k�½�`gj}ZÅ

"

/åz{

(,.

·p�}~'

"

¼:;

%

,.

^%Z,½�N´�

,kN´%e

"

gxA@[Ê^%Z}½�`g

}&sk�N´

'

$M%

!

�ª«¬�78

V+äå£�Ü�^%Z®\Û

&

,�}Èb

�}k}¡¢

'

+,·p�

(,.

¶¼:;

%

,.

^%ZV+äå£�`g}¿Àè�

#

��

'

0 5 10 15 20 25

5

10

15

20

25

30

压
缩

疲
劳

温
升

/℃

时间/min

1
2

3 4

5

�,�

"

'

A

$

!

®¯��r

'+-

����

!

+-

d)-

�ª«¬�78/¢£

!!

¤�

#

���Q

(

z{V+tO}]�

"

¼:

;

%

,.

^%Z}£�!N~'

"

qV+tOß�

":HIA

â^^Äk!V

#

¼:;

%

,.

^%Z}ß

,k}s

#/$0 3

"

(,.

}4��jó¼:;

%

,.

^%Z}ß,k}

"

/åz{

(,.

·p�}

~'

"

ß,k}j�jâ},

"

q�J

(,.'2%

t

"

ß,k}�ßßj

#%$23

"

74

(,.':%

â

k}r

(,.'2%

ÜA�~'

'

$#&

!

³´23

�

0

s+,·p�

(,.

¶¼:;

%

,.

^%

Zozu_}¿À

'

2#:

Y

!

Z

!

&

!

²

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

#%"2

Ù!

&"

Ú



!

!

"

!

>

$

"

&

¦§

!

F

$

#

&

¦§

!

Q

$

0

&

¦§

!

G

$

:

&

¦§

]'

0

�}

'

A

%

!

®¯��r

'+-

����

!

+-

d)-h´µ¶/¢£

!!

¤�

0

!

>

$

���Q

"

¼:;

%

,.

^%Z:¼

:;X.-yé�?

"

îÜAé´`L}CTX

.

'

¤�

0

!

F

$

���Q

"

74

(,.'"%

}¼:

;

%

,.

^%Z:¼:;X.®

,.

¤Ç:-

yé

"

&

¦§_åA�./

"

î"AÝ-CT

X.

'

¤�

0

!

Q

$

i

!

G

$

���Q

"

¼:;X.®¤

Ç:-yX.é 

"

îÜ-y}�?���

"

�Ü

�k

(,.

·p�~'

"

ã

,.

¤Çaÿ`�a

"

¼:;éb�k-y®ù`

(,.

:��

'

%

!

2c

!

"

$

ã¼:;

%

,.

^%Zar

"

(,.

%

¼:

;

%

,.

^%Z}ªmµfilmê�~'

#

z{

(,.

·p�}~'

"

^%Z}

"%%4

ªmµfi

lmê�~'

"

0%%4

i

:%%4

ªmµfj~'â

� 

#

q74

(,.'2%

t

"

^%Z}$%Uh`g

é×

'

!

#

$

(,.

}4��¼:;

%

,.

^%Z®&

sk�N´}½�`g�,

"

z{

(,.

·p�

}~'

"

¼:;

%

,.

^%Z,½�N´�,kN

´%e

'

!

0

$

(,.

}4��jó¼:;

%

,.

^%Z

}ß,k}

"

z{

(,.

·p�}~'

"

ß,k}

j�jâ},

"

q�J

(,.'2%

t

"

ß,k}�ß

ßj

#%$23

'

yzEF

"

*

"

+

cd

"

e�(

"

fg

"

#

$

�ãJYZ/03]µJ

*

S

+

$

%v

YZ&²

"

#%%&

"

#!

!

2

$(

0"0'0"&$

*

#

+

hu!

$

Ãù�ãYZÂÃe�

*

S

+

$

uvYZ&²

"

#%%8

"

0:

!

!

$(

:"':0$

*

0

+

6iÁ

"

6d

"

hj

"

#

$

YZ�ã/0}[\dÃ

*

S

+

$

YZ

&²

"

#%""

"

:8

!

0

$(

"8&'"!"$

*

2

+

F%

"

Akl

"

mn*

"

#

$

&AIÇ}�ã�g3h%`g

*

S

+

$

oæ"p

"

#%%!

"

0#

!

2

$(

2&':%$

*

:

+

'L(

"

q¼r

"

A×E

"

#

$

:;9C¶

,.

%

(,.

MNU�

ã/0}¿À

*

S

+

$

�ÝsU(s

"

#%%8

"

#!

!

0

$(

#&:'#&!$

*

&

+

'L(

"

etP

"

q¼r

"

#

$

:;/J¶

,.

%

(,.

MNZf

(`gi�ã`g}¿À

*

S

+

$

ÿ`Ç

"

#%%8

"

"8

!

0

$(

"'2$

*

/

+

6u

"

hQ£

"

6vQ

"

#

$

¦�^K.`YZ=h12êk

´½�T%Uw�/0

*

S

+

$

YZ&²

"

#%""

"

:8

!

"#

$(

/#!'

/00$

*

8

+

-̂@]I<XGB.

"

;IHL

"

;>bLK$(

?

YgIG>MIYAY],>M̂@>X.̂F'

F<@;>MIQ<Z

(

*<MJYGZY]D@<

?

>@>MIYA>AGD@Y

?

<@MI<ZY]*YGI'

]I<G.̂FF<@Z

*

S

+
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