
第
!"

卷
!

第
#

期

!$$%

年
#

月

半
!

导
!

体
!

学
!

报
&'()*+*,-./)01-2+*3(&-)4.&5-/+

6789!"

!

)79#

3:

;

!

!$$%

"

<=7

>

?@ABC

DD

7=A?EF

;

AG?):AH7I:8):AC=:8+@H?I@?27CIE:AH7I7J&GHI:

"

)79K$W%K$!T

#

:IEAG?):AH7I:8'H

O

G5?@GI787

O;

/?B?:=@G:IE

4?S?87

D

P?IA<=7

O

=:P7J&GHI:

"

)79!$$W00MUMKW$

#

V&7==?B

D

7IEHI

O

:CAG7=9*P:H8

%

;

=@:7!$$

!

MKW9@7P

!

/?@?HS?EMK)7S?PF?=!$$K

!

=?SHB?EP:ICB@=H

D

A=?@?HS?E!$4?@?PF?=!$$K

"

!$$%&GHI?B?(IBAHACA?7J*8?@A=7IH@B

T&)#2/7+)D#27%#)T#$,7+*/3/&"0RL?>#

I

.7)7%*&+&"

M5+3

B

TF-1!L/

"

&:7Z:I=7I

O

V

!

3:\H:7GC:

!

':7ZC?

!

ZC1?H

!

UGCUGHQ?H

!

:IE&G?I':HJ?I

O

"

;"

5

P$S)%$&)%

5

)

*

&7"+,(,/&%

5

)

*

D21-$&,)(

*

)%R,2"=$(2>:$

#

6"',-)(21-&)%+$&"%,$./$(2!"4,-"/

!

6-7)).)

*

+,-%)"."-&%)(,-/

!

Y,2,$(3(,4"%/,&

5

!

Y,

)

$(

!

%M$$%M

!

97,($

#

(6/%.7$%

%

X?HIS?BAH

O

:A?AG?I?

O

:AHS?FH:BA?P

D

?=:AC=?HIBA:FH8HA

;

"

)N5(

#

7JL$IP

D

3-+2*5BCIE?=S:=H7CB

A?P

D

?=:AC=?B:IEBA=?BB

O

:A?S78A:

O

?B

"

X

O

#

9X?:8B7BACE

;

P7E?8B7JAG?AHP?

"

&

#!

A?P

D

?=:AC=?

"

G

#!

:IEBA=?BBX

O

E?

D

?IE?I@?7JL$IP

D

3-+2*5B)N5(E?

O

=:E:AH7I95G?AHP?P7E?8:IEA?P

D

?=:AC=?P7E?8:=?BHPH8:=A7

D

=?SHR

7CBBACEH?B

!

QHAGBP:88EHJJ?=?I@?HIAG? ?̂

;

@7?JJH@H?IAB90

D

7Q?=R8:QP7E?8HBJ7CIEA7G78EJ7=X

O

!

QGH@GHBEHJR

J?=?IAJ=7PAG?@7IS?IAH7I:8?a

D

7I?IAH:8X

O

P7E?895G?I?QP7E?8HBP7=?

D

=?EH@AHS?AG:IAG??a

D

7I?IAH:8P7E?8

QG?IA:̂HI

O

87Q?=BA=?BBX

O

HIA7:@@7CIA9

8#

9

:&.)/

%

)N5(

&

L$IP

&

D

3-+2*5B

&

P7E?8

'(;;

%

%WT$[

&

%W$$

&

%!!$,

;<;+=36#.

%

5)W"K̀M

!!!

>&$=3#+%$&)#

%

0

!!!

(.%*$2#?>

%

$!#WRTM%%

"

!$$%

#

$#R$KK#R$#

4

!

?+%.&)=$%*&+

)?

O

:AHS?FH:BA?P

D

?=:AC=?HIBA:FH8HA

;

"

)N5(

#

HB:IHP

D

7=A:IA?JJ?@AHI

D

3-+2*5B9(AEHEI

)

A=?R

@?HS?PC@G:AA?IAH7IJ7=AG?8:=

O

?=E?SH@?B7JAG?

D

:BA9'7Q?S?=

!

:BE?SH@?BH]?B:=?@7IAHIC:88

;

B@:8R

HI

O

E7QIQHAG7CA:

DD

=7

D

=H:A?=?EC@AH7I7JBC

DD

8

;

S78A:

O

?B

!

)N5(HB

O

?AAHI

O

P7=?:IEP7=?B?=H7CB

:IEG:BF?@7P?7I?7JAG?P7BAHP

D

7=A:IA8HPHAR

HI

O

J:@A7=B7J

D

3-+2*58HJ?AHP?

!

?B

D

?@H:88

;

J7=

E?SH@? BH]?BHI AG? C8A=:RE??

D

BCFRPH@=7I =?R

O

H7I

'

M

#

W

(

9

3:I

;D

?7

D

8?G:S?BACEH?E)N5(:IE7FA:HI?E

87AB7J=?BC8AB

!

QGH@G@7CIAJ7=PC@G9'7Q?S?=

!

AG?=?HBBAH88I7P7E?8AG:A?a

D

8:HIB)N5(?a:@A8

;

9

(IP7BABACEH?B

!

)N5(HBAG7C

O

GAA7F?=?8:A?EA7

'B

D

?@H?B

'

T

#

K

(

90BHABI:P?)N5(HP

D

8H?B

!

I?

O

:AHS?

FH:B:IEA?P

D

?=:AC=?

D

8:

;

AG? P7BAHP

D

7=A:IA

=78?BHIAG?E?

O

=:E:AH7I7J

D

3-+2*5B9XHAGAG?

?JJ?@AB7J?8?@A=H@JH?8E :IE A?P

D

?=:AC=?

!

+H'

F7IEB F=?:̂

!

:IE AG?=?J7=?

O

?I?=:A?HIA?=J:@?

BA:A?B:IE7aHE?

D

7BHAHS?@G:=

O

?B

'

T

!

%

(

!

QGH@G@:CB?

AG?E?

O

=:E:AH7I7J

D

:=:P?A?=BX

AG

!

@

EB:A

!

@

E8HI

!

:

P

:IEP7=?957P7E?8AG??JJ?@A7JB?S?=?)N5(7I

AG?

D

?=J7=P:I@?7J:

D

3-+2*5

!

HAHBHP

D

7=A:IAA7

A=?:AAG?E?

O

=:E:AH7I:BE?

D

?IE?IA7I X

O

:IE

A?P

D

?=:AC=?9(I:EEHAH7I

!

AG?AHP? P7E?8

!

QGH@G

G:BF??IBACEH?EJ7=:87I

O

AHP?

!

HB:8B7BH

O

IHJHR

@:IA9

(IAGHB

D

:

D

?=

!

Q??a:PHI?)N5(E?

O

=:E:AH7IB

7JL$IPE?SH@?BHI87I

O

A?=PBA=?BB?BCIE?=EHJJ?=R

?IA@7IEHAH7IB

!

HI@8CEHI

O

S:=H7CBX

O

:IEG9N:B?E

7IAG?=?BC8AB

!

P7E?8BE?

D

?IE?IA7I&

!

G

!

:IEX

O

:=?BACEH?E9

@

!

>#K*$#/7+)#A

B

#.*3#+%/

5G?

D

3-+2*5BCB?EG?=?Q?=?J:F=H@:A?EHI

L$IP

D

=7@?BBA?@GI787

O;

QHAG :8H

O

GA8

;

E7

D

?E

E=:HI

"

144

#

BA=C@AC=?:IE:BG:887QA=?I@GHB78:R

AH7I

"

+5(

#

B@G?P?95G?E?SH@?BG:S?:@G:II?8

8?I

O

AG7JL$IP

!

QHEAG7JM$

%

P

!

:IE

O

:A?7aHE?

AGH@̂I?BB7JM̀TIP95G?

O

:A?7aHE?B7J:88E?SH@?B

Q?=?:II?:8?EHI)

!

-

O

:B:PFH?IA:JA?=AG?=P:8

O

=7QAG95G?7

D

?=:AH7IS78A:

O

?HBM̀$690I0

O

HR

8?IANM#$$0GH

O

G

D

=?@HBH7IB?PH@7IEC@A7=

D

:=:PR

?A?=:I:8

;

]?=Q:BCB?EA7@7P

D

8?A?AG?A?BAB9)N5(

BA=?BBQ:B:

DD

8H?EA7AG?

O

:A??8?@A=7E?

!

QHAGAG?

B7C=@?

!

E=:HI

!

:IEBCFBA=:A?

O

=7CIE?E:A?8?S:A?E



半
!

导
!

体
!

学
!

报 第
!"

卷

A?P

D

?=:AC=?B9+A=?BBA?BAHI

O

@7PFHI?E QHAG@>X

P?:BC=?P?IAQ?=?

D

?=J7=P?E:AL$

#

M#$bHI:

E:=̂ F7a9

C

!

D#/=2%/7+))*/$=//*&+

2H

O

C=?MBG7QBAG?E?

O

=:E:AH7I7JAG?A=:IBR

J?=@G:=:@A?=HBAH@B7JAG?

D

3-+2*5B95G?

D

3-+R

2*5BQ?=?BA=?BB?ECIE?=X

O

g_M̀"6:AL$b9

0JA?=M$$$$B

!

AG?E=:HI@C==?IA:

DD

?:=B@8?:=8

;

E?R

O

=:E?E

!

:IEAG?@C==?IAHIAG?B:AC=:AH7I=?

O

H7IHB

E?

O

=:E?EP7=?AG:IAG:AHIAG?8HI?:==?

O

H7I95G?

AG=?BG78ES78A:

O

?X

AG

F?@7P?B8:=

O

?=AG:IAG?J7=R

P?=92=7PAG?HIB?AHI2H

O

9M

!

Q?@:IB??AG:A:

P

:JA?=M$$$$BE?@=?:B?B

!

:IEAG?

D

?:̂

D

7HIABGHJAB

8?JA95GHBHBEC?A7AG?HIA?=J:@?BA:A?B:IEJHa?E

7aHE?@G:=

O

?B

D

=7EC@?EEC=HI

O

)N5(BA=?BB92=7P

AG?JH

O

C=?

!

Q?@:IB??AG?B?=H7CBE?

O

=:E:AH7I

@:CB?EF

;

)N5(@8?:=8

;

95GHBE?

O

=:E:AH7IQH88=?R

BC8AHIAG?JHI:8J:H8C=?7JAG?E?SH@?B:IE:JJ?@A

AG?@H=@CHABF:E8

;

95G?=?J7=?

!

HAHBHP

D

7=A:IAA7

BACE

;

)N5(:IEA7J7CIEP7E?8BJ7= ?̂

;

J:@A7=B9

2H

O

9M

!

4?

O

=:E:AH7I 7JA=:IBJ?=@G:=:@A?=HBAH@B7J

L$IP

D

3-+2*5B

D

=?R:IE

D

7BAR)N5(BA=?BBQHAGX

O

g_M̀"6:AL$bJ7=M$$$$B

5G?BGHJAB7JAG?

D

3-+2*5

D

:=:P?A?=BQHAG

BA=?BBX

O

g_M̀"6S?=BCBBA=?BBAHP?:=?BG7QIHI

2H

O

!̀9@

EB:A

BGHJABP7=?AG:I@

E8HI

!

HIEH@:AHI

O

AG:A

AG?HIA?=J:@?BA:A?B:IE7aHE?JHa?E@G:=

O

?B

D

=7R

EC@?EEC=HI

O

)N5(BA=?BB:=?87@:A?EI7AHIAG?7R

S?=8:

D

=?

O

H7IFCAHIAG?@G:II?8=?

O

H7I95G?E?

O

R

=:E:AH7I7JAG?AG=?BG78ES78A:

O

?X

AG

HBAG?P7BA

B?S?=?9X?QH88BACE

;

HAA7P7E?8AG?E?

O

=:E:AH7I

@:CB?EF

;D

HS7A:8J:@A7=B9

2H

O

C=?WBG7QBAG?=?8:AH7I7JX

AG

E?

O

=:E:R

AH7IA7AHP?:AEHJJ?=?IAA?P

D

?=:AC=?B7=CIE?=

EHJJ?=?IABA=?BB?BX

O

9088E:A::=?

D

87AA?EHI:87

O

R

87

O

B@:8?9X

AG

BGHJABBG7Q?a@?88?IA:@@7=E:I@?A7

2H

O

9!

!

+GHJAB7JL$IP

D

3-+2*5

D

:=:P?A?=BQHAGX

O

g_M̀"6S?=BCBBA=?BBAHP?

&

(

95G7C

O

GAGHBAHP?P7E?8Q:BF=7C

O

GAJ7=Q:=E:

87I

O

AHP?:

O

7

!

:IEG:BF??I@7IJH=P?EF

;

P7BA

BACEH?B

!

AG?

D

:=:P?A?=(HBEHJJ?=?IAJ7=EHJJ?=?IA

E?SH@?B P:ICJ:@AC=?E F

;

EHJJ?=?IA A?@GI787R

O

H?B

'

#

!

"

!

L

(

90IE QG?I AG? E?SH@? B@:8? =?:@G?B

L$IP

!

HAHBHP

D

7=A:IAA7HE?IAHJ

;

AG?& P7E?89(I

2H

O

Ẁ
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摘要#对
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3-+2*5B

在不同温度及栅压应力下的
)N5(

效应进行了研究!从而提出了
L$IP

D

3-+2*5B

)N5(

退化对时间
&

*温度
G

及栅压应力
X

O

的模型
9

时间模型及温度模型与过去研究所提出的模型相似!但是关键

参数有所改变
9

栅压应力模型遵循双对数关系!这与传统的单对数栅压应力模型不同
9

将较低的栅压应力也考虑在

内时!双对数栅压应力模型较单对数栅压应力模型更为准确
9
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