
!"#$%STV2H

h

5

Ò

!

kl\^KQ1~ÓÔ{^ÕÖ×Ø

ÙÚÛ

!

ÜÝ@

!

#$'(&���23,

"

#$

!

"###-$

#

01234

"

*+,-.-+"

/

.,

&

0!+".1!

!!

56789

"

)

!!

5:;4

"

"##,31"4"

!

!##,

#

#!3#"",3#,

%

!

$%MzSTV2Hwv÷9

%'%

!

'Kk(÷9

6D̂GDJ

roPZA

!

%

#

 roW@�ãb

%

J

%

!

?

"

"

?

!

"

?

-

#

Dd@ub

!

îï{|@À<Åw

#

 

%

J

-

'

"

G

"

K

J

*

'

"

G

"

K

J

#

+

'

G

K

!

?

"

L

-

#

'

!

?

!

L

-

#

G

!

?

-

L

"

#

K

!!

¦ÜÕ®@5À<Å��

"

;¾�)*íÿ

"

-üSo>ó¾��5�òo%

"

¹

?

-

l"

"

±

6D̂GDJ

roPZAo 

%

J

-

'

"

G

J

*

'

"

G

J

#

+

'

G

!

?

"

L

-

#

'

!

?

!

L

-

#

G

!

"

#

b4

"

+

##

 c

"

@½-åÛ,-

!

t}Èó

#

ro

P c

$

³b

!

"

#

!

"

ã

"

Bv

JFN3\NN=F?J

C+

"

¹

%l+

"#

!

?

"

a-

#"

%

�

?

"

ì=w�a

$

³b

!

"

#

@Û

!

ã

"

Bv

8NNJF

O

36D̂GDJ

C+

%

J

+

"#

!

?

"

L

-

#

M

+

#"

!

?

!

L

-

# !

!

#

!!

b

!

!

#

H6Gh&@rs

3

ro�a

"

f�7

8��·d@fb

$

8NNJF

O

36D̂GDJ

C+òÑh&î�rs

3

ro

�aì=w

"

8

EFNM

z6

"

ôõóh��@pj

±¢ºK

$

³b

!

"

#

@Û

5

ãBv«�C+

%l+

"#

!

?

"

a-

#

/+

#"

!

?

!

a-

#

/+

""

!

?

"

a-

#!

?

!

a

-

#

/+

!#

!

?

"

a-

#

!

/+

#!

!

?

!

a-

#

!

!

-

#

-4troó

"

f8S�C+aºGg^w

"

¥ ;5q@fb-rs

(

ro<=N�{7�

ïw

$

³b

!

"

#

@Û

$

ãBvø�C+

%l+

"#

!

?

"

a-

#

/+

#"

!

?

!

a-

#

/+

""

!

?

"

a-

#!

?

!

a

-

#

/+

!#

!

?

"

a-

#

!

/+

#!

!

?

!

a-

#

!

/+

"!

!

?

"

a

-

#!

?

!

a-

#

!

/+

!"

!

?

"

a-

#

!

!

?

!

a-

#

/

+

-#

!

?

"

a-

#

-

/+

#-

!

?

!

a-

#

-

!

+

#

-SroØÙ1

"

b

!

+

#

@rs

(

ro<=À

P{Þ�ïw

$

-SroØÙ1

"

S�@

6D̂GDJ

C+À5q

ÂÃ@g^w

"

8d;rdv�roI4tro

ØÙ1�9±^$

$

�ð·dñ8C+

"

r�ñ

5-ïdØÙ1@o>+J

$

¦Ü»�l@ro

"

-rs

%

ro�roPÚ

Jë-1ý�a

*

E

"

L

E

!

#

!

"

L#

!

!

J

!

!

.

%

.

?

"

M#

!

-

.

%

.

?

!

# !

5

#

E

"

L

E

-

#

!

"

L#

!

-

J

!

!

.

%

.

?

"

M#

!

!

.

%

.

?

!

# !

,

#

E

!

L

E

-

#

!

!

L#

!

-

J

!

!

.

%

.

?

"

M#

!

"

.

%

.

?

!

# !

4

#

b4

"

E

 \µrs

!

�o>#@ÑÒ{�

#"

f�

ûv

"

El

$#

"

$

 &+rs

!

�oÛÑÒ{�

#"

�

òµûrs

&

#

 Èqp

"

#

l"/

(

0

)

0

#

"

0

#

 o

ÛqJ

"

#

@1Ñz

"

"

!

�

-

_�4@bN-.

@

-

�C�

"

¹

N

"

3

�

O

r

$

ßb

!

5

#

!

!

4

#

tbmiòrsÅ:ã

$

ýÓ

fyßbÀ�h&û6&r}È

%

&r<Å�Ì

�}Èth&o>@rs

(

ro�a

$

%'&

!

uv)*

¦Üb

!

5

#

!

!

4

#"

DE23u8u¨>?5

ë@üS

"

ÀC~Ä¸Vs(_`

'

"

(

$

¶º&r

}È

%

&r<Å�Ì�}È

!

»î�

#

ü,

"

ïsü

,""

.

!

/

!

&

!

�

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

!##,

>!

!,

?



!

!

"

�­d-7�&7C�

"

"#ûÿ-f�&7C

�N@rs�ro

$

ü,23@LM�237y

<¡¸VA(ÔÕ@h&@o>fb

$

¢=w{

|}_`@L¬ü,º»

"

¼½

$

(a)单轴拉伸 (b)单轴压缩

(c)平面拉伸 (d)等双轴拉伸

75

10 激光反射条

激光

方向2

64

方
向

1

负荷传感器

试样

位移十字头

位移传感器

方
向

１

方
向

１

负荷传感器

方向2
方

向
1

1

%

!

)#KSTV2HR>Òuv

%'&'%

!

UÜ*+,�-

XPFFJ

o>�W@roW"

6D̂GDJ

ÿf 

?

"

J#

!

"

M#

!

!

M#

!

-

!

1

#

?

!

J

!

#

"

#

!

#

!

M

!

#

!

#

-

#

!

M

!

#

-

#

"

#

!

!

$

#

?

-

J

!

#

"

#

!

#

-

#

!

!

"#

#

!!

º»

"

!

?

#

�

!

@

#

¼½

"

C�

"

 }È

!

I<

Å

#

C�

"

Çÿ���5À<Å@

"

ýÓb

!

"#

#

ÀB

?

-

J

!

#

"

#

!

#

-

#

!

J

"

!

""

#

!!

IÜ���{&C�}È

"

¥K

#

!

l

#

-

$

Ð

¦Ü4t+JÈqp

"

#

"

l

#

"

4Ëb

!

""

#

B

!

##

!

-

#

!

J

"

±

#

!

-

J#

!

!

J#

L

"

!!

o>=@&+rs

$

"

l

$

"

$

!

l

$

-

l#

!

&r}

È

"

Q÷

!

�C�5çs

#$

¥

E

J$#

å

E

"

J

E

J$#

Ð

E

!

J

E

-

J

#

4Ëb

!

5

#

B

$#

#

!

L#

L

"

J

!

!

.

%

.

?

"

M#

!

-

.

%

.

?

!

# !

"!

#

!!

¦b

!

-

#

�

%

¦

?

"

�

?

!

_�zR_

"

±B

!!

.

%

.

?

"

l+

"#

/!+

!#

!

?

"

a-

#

/

-+

-#

!

?

"

a-

#

!

!

"-

#

.

%

.

?

!

J

#

!

"+

#

!!

ôõóh(�@ü,AÓ@|

"

.

%

.

?

!

�UÜ

.

%

.

?

"

"

k�_Üc

!

Ý5tÜc

#$

db

!

"-

#

�

!

"+

#

4Ëb

!

"!

#

B

4""

ýó�t

9

WX=./{|}_` !

5

1 ./(�{|}_`@��ÌAµ,



!

$

#

a

#

a!

l!+

"#

/++

!#

!

?

"

a-

#

/

,+

-#

!

?

"

a-

#

!

!

"5

#

tb@m­�Å:rsã

"

ýÓb

!

1

#

B

?

"

L

-

J#

!

M

!

#

L

"

L

-

!!

¦Üb

!

"5

#"

�

?

"

a-

 

N

r

"

;uÀIÈq

pO6

&

�Å:rs 

3

r

"

;utÜ

$

)!

#

a

#

a!

#"

µAã

+

"#

"

+

!#

�

+

-#

�ÀIK3O

$

%'&'&

!

.e*+

#

/0�

$

º»

"

!

A

#

¼½

"

C�

"

 }ÈC�

$

Çÿ�

��5À<Å@

"

ýÓb

!

"#

#

B

?

-

J

!

#

"

#

!

#

-

#

!

J

"

!!

¦Ü4t+JÈqp

"

#

"

l

#

"

IÜÌ�}È

"

;RJC�

!

C�

!

#

)*öÛÑÒ

"

¥K

#

!

l"

"

4Ëb

!

"#

#

B

!

##

-

#

!

l"

#

-

l

#

a"

!!

o>=@&+rs

$

"

l

$

&

àJC�

$

-

l#

&

$

!

/

#

"

üSI´wôxbõ

$

¥

El

$#

å

E

"

l

$

"

#

"

l

$#

Ð

E

-

l

$

-

#

-

l#

4Ëb

!

,

#

B

$#

#

!

L#

L

!

J

!

!

.

%

.

?

"

M#

!

!

.

%

.

?

!

# !

",

#

!!

db

!

"-

#

�

!

"+

#

4Ëb

!

",

#

B

!!

$

#

a

#

a-

l!+

"#

/++

!#

!

?

"

a-

#

/

,+

-#

!

?

"

a-

#

!

!

"4

#

tb@m­�Å:rsã

"

ýÓb

!

1

#

B

?

"

a-l

#

!

/"a

#

a!

a-

l

#

!

/

#

a!

a!

%'&'+

!

1&Ü*+

º»

"

!

Q

#

¼½

"

t¦r}ÈüS C>

"

`

­ll}È

"

C�

"

�

!

 }ÈC�

!

N

�

3

r

#"

Çÿ���5À<Å@

"

ýÓb

!

"#

#

B

?

-

J

!

#

"

#

!

#

-

#

!

J

"

!!

¦Ü4t+JÈqp

#

"

J#

!

J#

$

"

J$

!

J$

E

"

J

E

!

J$#

Ð

E

-

l#

"

4Ëb

!

"#

#

B

!!!!!

?

-

l

!

#

"

#

!

#

-

#

!

l

!

#

!

#

-

#

!

l"

#

-

J#

L

!

4Ëb

!

4

#

B

$#

#

!

L#

L

+

J

!

!

.

%

.

?

"

M#

!

"

.

%

.

?

!

# !

"1

#

!!

db

!

"-

#

�

!

"+

#

4Ëb

!

"1

#

B

$

#

a

#

a5

l!+

"#

/++

!#

!

?

"

a-

#

/

,+

-#

!

?

"

a-

#

!

!

"$

#

tb@m­�Å:rsã

"

ýÓb

!

1

#

B

?

"

a-l

#

!

"

/

#

!

!

/

#

!

-

a-l

!

#

!

/

#

a+

a-

&

!

uvóô�2-){�bú

&'%

!

uvóô

-¦./¸V{|}_`ó

"

¦¾¿@WX

=./fõ·d�roPöJZAêc@

8NN3

JF

O

36D̂GDJ

õ¢=w´w��fõ�LÜ

\FP3

P;?JJ

ßb@5À<Å&}`@½'(@5À<

Åw

$

IÜü,ØÙ@|�

"

·d&r}Èü,

ûÿ'(��@

8NNJF

O

36D̂GDJ

¬1ÌA

"

'(

üS@'o>ûÿ·dABéöD

!

'(%8

#$

ABéöD�¦ú¾o>Û#¼·Û@@�

Þl»b

!

éös

#

¸VN�ÔÕ

"

�µhú¾o

>s@ûW

$

ûW@L¬£¤�Þ�N�éö

s

"

¹o>Û@Ì�s�o>#@o>s

"

-7 

J@za4

"

"ûú¾N7w

P

@@z 

!

N

"

3

"

O

#"

;o>#@@z 

!

NIlN/.

"

3

Il

3

/Q

"

OIl

O/R

#"

.

"

Q

�

R

_� 

N

"

3

�

O

C�@xy

$

-µþûW4

"

d

%%'

�×ü,Û#@éö»

"

BvÞ�N�@uJs

"

ûW

.

�

Q

$

DµN�

ZAgh&@ÿf 

+

!

.

"

Q

#

J

0

=

P

!

N

"

3

#

PI

!

N

M

.

"

3

M

Q

#

QNQ

3

b4

"

P

�

PI

_�do>Û#@uJs`@½

$

º+-o>@�

.

�

Q

5P�­�p¾�l

xy

"

±ò|�-E÷"ûWw�E@7UÁ@

��

"

ø3�­��lxy

"

ÀB

(

+

J

0

(

=

P

!

N

"

3

#

PI

!

N

M

.

"

3

M

Q

#

QNQ

3

d;aé%#ÀB

1""

.

!

/

!

&

!

�

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

!##,

>!

!,

?



!

!

"

+

!

.

"

Q

"

.

.

.

N

"

.

.

.

3

"

.

Q

.

N

"

.

Q

.

3

#

J

-

'

2

!

N

"

3

#

0

$

!

N

"

3

#(

'

-

2

!

!

N

"

3

#

0

-

$

!

N

)

"

3

)

#(

"

!

!!

-Ì�ö¨�ZA

+

@g'uw

"

ZA

$

�

2

Úò¹ ¼Ñ@xy

$

&'&

!

uv){�u3

ü,2÷

*

U'3+#!#

õ*WKP��ü,

)

&

8S̀ 3"11T)e

õ

%%'

"

·d

gXE3"##

íî�

ò�öî`

$

üS{

!"

89Î

$

&'+

!

uvx÷

ü,öÕº»

!

¼½

$

1

&

!

uvx÷WX

&'0

!

uv2-b¬ú��

ü,·d

'(%8

ÄÙ

"

;Ä#ÙÌA 

*

%%'

·Û_hp

5,4

b^

k4,1

b^

}ÈlJ

!;;

0

;DJ

a"

ûwAy

*

"-

!

7µ³

!#

�

#

/0_hp

#.":

üSg'xy

1#;;

!

}7�÷

#

N��

5

b^

k5

b^

!

W ù±

ad

"#

b^

k"#

b^

#

N�úu

#.+

xyÙGaò

#.#"

N(

ÌyL

#

3

(

ÌyL

!+

!

�� 

"!

mn

#

»b_`��º»

-

¼½

"

»b·Û��º

»

+

¼½

"

N�ÌA2ÿ��º»

5

¼½

"

0+A

ÓM���º»

,

¼½

"

0+»be½��º»

4

¼½

$

+

!

$%MzKLRuv�ZP2HIJ

WX=./ñòI/�

%

/�

%

/i

%

/¾�

1

+

!

1Ð2HÛe

1

0

!

1Ð´<Ûe

1

-

!

2-��)�Ûe

/ótHx1ô

'

!

(

$

/�

%

/i�/ótHxïd#J5ë@(

�

&

/¾

%

YZ[

%

/óî:�ÿ!ó�)=

3

'(

*^��

$

ýÓ(�-WX=./4¼Å@­d

5ë

"

À�d(�_ô

!"

8

$

+'%

!

uvIJ

ü,Bv&+rs�&+roÚJ@�a

$

IÜü,(�@8ùP°�

"

¬ÀD³;4@

&(2T

�

S8'

Þ8üS@ü,0+­ ½¶

"

º

@

"

q»

1

�

$

¼½

$

$""

ýó�t

9

WX=./{|}_` !

5

1 ./(�{|}_`@��ÌAµ,



1

.

!

IJ�c¢4Ûe

1

1

!

IJ1Ð5WÛe

�

%

!

u3

"*5U

�

Q)#

RuvIJ

&(2T

rs

)

8>?

ro

S8'

rs

)

8>?

ro

#.4!#5 #.#,-, #.!$1! #.#,5+

#.$1$, #."!5! #.++4- #."-11

".!514 #."145 #.,"!" #."$1-

".+,4# #.!+4! #.4!"$ #.!5$5

".,45- #.-#"4 #.1,-! #.-"-!

".154, #.-5++ #.$,5! #.-,+!

!."#$+ #.+#+# "."#,+ #.+#$+

!.-#$# #.++15 ".!##, #.+55#

!.5,$+ #.+14+ ".-+$4 #.+,54

!.41,5 #.5!-5 ".++-1 #.5"51

-.#1", #.551$ ".,#1, #.55+1

-.-!+4 #.5$"! ".4"#, #.51-$

-.,-4! #.,!"4 ".11-! #.,"1+

-.1$4, #.,5"" !."4-, #.,,-"

+.!"#" #.,4,, !.!$"- #.,15$

+.+141 #.4#!, !.+4$, #.4#1"

+.1-5" #.4!45 !.1#"- #.4,"4

5."!"5 #.45#+ !.$-+4 #.41!$

5.+44+ #.44+#

5.41"- #.4$51

1

3

!

u3

"*5U

RuvIJ

1

4

!

u3

Q)#

RuvIJ

!!

t

*

&(2T

�

S8'

(�@ûüP_� 

#.+5#+

�

#.+$45

$

+'&

!

ZP2HIJ

·d

8NNJF

O

36D̂GDJ

'(fõ

"

LÜ5oW

roPZA

"

DEg^ü,0+<=ÉÿÌA

$

dü,¼B<=ÊË'õ{|}_`rdÄ

Ù

8&6%

¸V«�

8NNJF

O

!

8NNJF

O

!

#

AÓg

^

"

¼B0+º»

"#

�

""

¼½

$

²d3OÄÙ

8&6%!##"

`g^<=Bv

«�

8NNJF

O

ßb@µAã

"

º@

!

¼½

$

�

&

!

��

)==;B

K

½*RZP6�@

üS

+

"#

+

#"

&(2T ".+,$"$ #.1!"",5

S8' "."451- a#.,14+-$

��56

"

'

"

(

¸ýþ

.

./(�{|}_`@µ,LMq3O

'

B

(

.

./&

�

"

"$$1

"

"1

!

"!

#*

4!"34-#.

'

!

(

�

!

�

"

�

!

ÿ

"

ÎVÌ

.

hi./wP�01

'

8

(

.

�Ç

*

�

#!"

.

!

/

!

&

!

�

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

!##,

>!

!,

?



!

!

"

1

%,

!

"*5U

Mzuv&ZPIJº8

"

+

&r

)

ü,

&

!

+

&r

)

8NNJF

O

!

&

-

+

Ì�î�

)

8NNJF

O

!

&

+

+

»î�

)

8NNJF

O

!

&

5

+

t¦r

)

8NNJF

O

!

$

1

%%

!

Q)#

Mzuv&ZPIJº8

të»

"#

$

!

éÕ&'(6¿ÿ

"

"$$4.

5/#U

<7

-,

¡ÀÃÄ LM¶·

¸¹98�9³.

01234

"

S_--

&

7!4#

!!

56789

"

'

#$'(&���23,

!

26'T

#

¾,

5#

�

>ÞS´'(&����!Ü

!##5

>

"!

#

"$

æ-#$ÇV

$

U�ì'µ°ê>°Sq¼"#

r$vêþ0

$

4�IJ�%(&�ûê$%ê

q&';�êq�½²

"

4��(,,ðM�*

"

4�%&ÛÜßàü/ÕÓ¾ß

"

4�%&ÛÜ

ßàô°@�

%

4�õ�%&

!

ÛÜ

#

üßàü/

ÕDô°@�¸8Ë

"

4�'(&�ûêöÕó

q([º

"

4�õ�%&

!

ÛÜ

#

üßà>ü/Õ

M)*�¨U+

"

ÆÇ/�[Ý°>@�Mæç

"

ÆÇ/ðïÝSß=&°>@��ß÷

"

#$Ý

�°9:¾aÔÔq¸�t6óê&

$

`H'(

V��N�V�@�¬

"

4�%&¶

%

4���

¶

%

%(&�6¿ÿ

%

4�%&564H

%

56Ô

¶�ú>Ç¶t,¾@4@�q

26'T

@'¯�

¬tÌFGê&

$

�ê4@_

!##

ì

$

ÞS'êI

26'T

µ¹>,q­®¯ñ*

"

'(&����!I

26'T

ü&+A¨©ª

ñ*

$

-ÞS'êN

"

¼"#>°Sq�@Gêp

-.@12

$

/-124Ó¼G��'(&�@

��'+

"

0ÿG

26'T

�{-à@Þ�µs�

q

5#

>`��±úYG4�./&�Þ�¸�

%

 4�'(&�ÇÈ��¯6G+'Ì,

$

/Æ

hò_`G��'(&�@��?j�q��'

(&��Â@)1�©ª

"

òÑ

26'T

%DGË

23ô@�4¯B4Uê8È

"

5Ö6¿�U�

�µ�(���

"

oÉøõ�¸Þ��HñÖß

@�a

"

h_cdh{LM

"

'sú¸öÛÖß

%

ÛôÖß��%�\ôÖß

"

�så��{Hñ

>�ñ¯@�H��]Þ�

"

Ås�Þô+n%

 µþòñs@�"

$

¼"#>°Sq7�@2

Â4îL�¦4�æ='(&���@�t�¦

26'T

AÑ8�d¸7�@9�"j

$

g#

"

/

ÆJj

26'T

ô�ô:

"

�s��ô �ö7¹

%

�÷{\2s@�ÞõT�

"

 4�'(&��

�ô¿ß¿

$

4�IJ�%(&�ûêêq�½²

%

4�

%&ÛÜßàü/ÕÓ¾ß

%

4�'(&�ûê

>êqG;�t�¬_�­G1ò12

"

¦

263

'T

@&­H�Gh_@0ÿ

"

±¦;��56G

Jj

$

fy}]�"jdí]

26'T

%DFÇ�

��\

"

�Ñ\¹µ@&­­Rå<¸³

"

57³

Bd'@ôÕ

$

NË./'(

!

ÛÜ

#

ÝÞ{|ßà>ü/Õ

�%¢

%

ôÆ'(ÛÜ>üÎ�¾=4@./òñ

T�-êN�~

"

¦

26'T

ô¿

5#

�>@½þ0

"

¦�>`

26'T

H�T�@b*@½>H¼�

$

26'T

,qþÿ-�~4]

"

5#

>`

"

/E'

"!"

ýó�t

9

WX=./{|}_` !

5

1 ./(�{|}_`@��ÌAµ,




