
!"#$%&' "( )"#*+,&-* .%/0,$-/*1 23%4'/-+ 35/*/"%6

　　
7"'8 9:

　
;"8 9

　
!#%,

　
9::<

　
=)); >::?—@ABC@ABC@ABC@ABC

4)1.3)*+.2& 03 %)2E& A#($%)*&,&1+ )1+#3&220&%&*+2#*

*&2),#* )1A #+( $20$&2+#&(

)+,% k/%4

　
!/ )&/

　
E+,% f"%4

2P,$"%&#*/J )J/,%J, c,1 L&H"$&*"$1 ("$ )I&$* G&*,$/&'-

＆
)*$#J*#$,-M

;&%N/%4 .%/0,$-/*1 "( P,$"%&#*/J- &%5 P-*$"%&#*/J-M ;&%N/%4 9>::>OM E+/%&6;&%N/%4 .%/0,$-/*1 "( P,$"%&#*/J- &%5 P-*$"%&#*/J-M ;&%N/%4 9>::>OM E+/%&6;&%N/%4 .%/0,$-/*1 "( P,$"%&#*/J- &%5 P-*$"%&#*/J-M ;&%N/%4 9>::>OM E+/%&6;&%N/%4 .%/0,$-/*1 "( P,$"%&#*/J- &%5 P-*$"%&#*/J-M ;&%N/%4 9>::>OM E+/%&6

;=(+2)*+> K,5#J,5 &%5 /%*,$%&''1 H/&-,5 "F/5, T&(,$ 2KP=;`V_6 YH 2)%M D$M \/6 V

?

2Y)D\6 &%*/(,$$",',J*$/J

[ J,$&I/J- &$, (&H$/J&*,5 H1 J+,I/J&' $,5#J*/"%8 =* /- & %,T U/%5 "( '&$4, 5/-Q'&J,I,%* &J*#&*/%4 I&*,$/&'-

J"IQ"-,5 "( $,5#J,5 &%5 #%$,5#J,5 '&1,$-8 =* /- ("#%5 *+&* Y)D\ /- ,&-/'1 $,5#J,5 &%5 *+, "Q*/I&' J"%5/*/"%-

("$ Q$"5#J/%4 KP=;`V_ -&IQ',- &$, 5,*,$I/%,5 *" H, B@:℃ ("$ 9 *" ? +M T+/J+ $,-#'*- /% & $,5#J,5 '&1,$

J"IQ"-,5 "( I,*&''/J ',&5 &%5 $,($&J*"$1 "F/5,- 2YHVM D$V

9

&%5 D$\/V

<

68 \+, Q+&-, *$&%-/*/"%- ($"I

&%*/(,$$",',J*$/J -*&*, *" (,$$",',J*$/J -*&*, "JJ#$ &* '"T,$ (/,'5 -*$,%4*+ /% KP=;`V_ -&IQ',- J"IQ&$,5 T/*+

%"$I&' Y)D\ J,$&I/J-8 L&$4,$ &F/&' 5/-Q'&J,I,%* /- &'-" "H*&/%,5 ($"I KP=;`V_ -&IQ',- H1 &QQ'/J&*/"% "(

,',J*$/J (/,'5- ,FJ,,5/%4 *+, Q+&-, -T/*J+/%4 ',0,'8 W"T,0,$M *+, &J*#&*/%4 Q$"Q,$*/,- "( KP=;`V_ -&IQ',-

&$, 5,Q,%5,%* "% *+, I&%%,$ "( &QQ'1/%4 '"&5 "% /*8&$, 5,Q,%5,%* "% *+, I&%%,$ "( &QQ'1/%4 '"&5 "% /*8&$, 5,Q,%5,%* "% *+, I&%%,$ "( &QQ'1/%4 '"&5 "% /*8&$, 5,Q,%5,%* "% *+, I&%%,$ "( &QQ'1/%4 '"&5 "% /*8

?&< @02A(> $,5#J*/"%Z &%*/(,$$",',J*$/J J,$&I/JZ Q+&-, -T/*J+/%4$,5#J*/"%Z &%*/(,$$",',J*$/J J,$&I/JZ Q+&-, -T/*J+/%4$,5#J*/"%Z &%*/(,$$",',J*$/J J,$&I/JZ Q+&-, -T/*J+/%4$,5#J*/"%Z &%*/(,$$",',J*$/J J,$&I/JZ Q+&-, -T/*J+/%4

B&*&#'&A 9::?


:A


:<8:<8:<8:<8

C0.1A)+#01 #+&,(> \+, ;&*/"%&' ;&*#$&' )J/,%J, a"#%5&*/"% "( E+/%&

[ 2;"8 >:?:9:>: 6M *+, ;&*#$&' )J/,%J, a"#%5&*/"% "( !/&%4-# Y$"0/%J,

2;"8 `c9::>9>?682;"8 `c9::>9>?682;"8 `c9::>9>?682;"8 `c9::>9>?68

D#0E2)$"<> )+,% k/%4 2>A@C—6M I&',M 5"J*"$M ',J*#$,$M -+,%F^ %#&&8

[ ,5#8J%

X#$/%4 *+, Q&-* -,0,$&' 1,&$-M Q/,S",',J*$/J

&J*#&*"$- +&0, H,,% -#HN,J* *" %#I,$"#- /%0,-*/4&*/"%

&%5 #%5,$4"%, $,I&$U&H', &50&%J,

［
>

］
8 \$&5/*/"%&' Q/,


S",',J*$/J &J*#&*"$- "((,$ I&%1 &50&%*&4,- /%J'#5/%4

R#/JU $,-Q"%-,M +/4+


/%5#J,5 -*$,--M '"T ,%,$41 J"%


-#IQ*/"% &%5 '"T J"-* T+/J+ I&U, *+,I 0,$1 &**$&J


*/0, ("$ & %#IH,$ "( &QQ'/J&*/"%-8 W"T,0,$M *+, ,',J


*$/J (/,'5


/%5#J,5 -*$&/%- "( Q/,S",',J*$/J J,$&I/J- &$,

$,'&*/0,'1 -I&''M T+/J+ J"%-/5,$&H'1 '/I/*- *+,/$ #-,8

\" &J+/,0, & +/4+,$ 5/-Q'&J,I,%* ($"I *+, J,$&I/J-M &

%#IH,$ "( -*$&/% I&4%/(/J&*/"% I,J+&%/-I- +&0, H,,%

,IQ'"1,58 3F&IQ',- /%J'#5, *+, *$&5/*/"%&' #%/I"$Q+

&%5 H/I"$Q+ H,%5,$-M &%5 *+,

“
I""%/,

”
I/J$"-*$#J


*#$,-

［
9M ?

］
8 W"T,0,$M &% /%J$,&-, "( /%5#J,5 5/-Q'&J,


I,%* /- &J+/,0,5 &* *+, ,FQ,%-, "( '"T,$/%4 4,%,$&*,5

-*$,-- -/4%/(/J&%*'18 \+, I"-* $,J,%*'1 5,0,'"Q,5 -*$&/%

&IQ'/(1/%4 I,*+"5 ("$ Q/,S",',J*$/J &J*#&*"$-M T+/J+

-+"T- Q$"I/-, ("$ I,,*/%4 I&%1 &QQ'/J&*/"%-M /-

U%"T% &- *+, $,5#J,5 &%5 /%*,$%&''1 H/&-,5 "F/5, T&


(,$ 2KP=;`V_6 *,J+%"'"4/,-

［
<M C

］
8 =% *+,/$ I"-* H&-/J

-,%-,M KP=;`V_ J&% H, *+"#4+* "( &- Q$,


-*$,--,5M

I"%"'/*+/JM &F/&'


I"5, H,%5,$-8 `,J&#-, "( *+,/$

#%/R#, 5"I, "$ -&55',


'/U, J"%(/4#$&*/"%M KP=;`V_

J,$&I/J- &$, &H', *" Q$"5#J, I#J+ +/4+,$ 5/-Q'&J,


I,%*- &%5 -#-*&/% -/4%/(/J&%*'1 4$,&*,$ '"&5- J"IQ&$,5

T/*+ J"%0,%*/"%&' Q/,S",',J*$/J &J*#&*"$-8 =* /- (&H$/J&


*,5 H1 $,5#J/%4 "%, -#$(&J, "( J,$&I/J- "% ('&* J&$H"%

H'"JU &* &% ,',0&*,5 *,IQ,$&*#$,8 )/%J, *+, $,5#J,5

'&1,$ &%5 *+, $,I&/%/%4 #%$,5#J,5 '&1,$ +&0, 5/((,$


,%* *+,$I&' ,FQ&%-/"% J",((/J/,%*-M /%*,$%&' *+,$I&'

-*$,--,- &%5 *+, 5"I, -*$#J*#$, T/'' H, 4,%,$&*,5

T+,% *+, J,$&I/J /- J""',5 5#$/%4 $""I *,IQ,$&*#$,

&(*,$ $,5#J*/"%8

V% *+, "*+,$ +&%5M /* +&- H,,% ("#%5 *+&* *+,

YH2)%M D$M \/6V

?

2Y)D\6M "%, U/%5 "( &%*/(,$$",',J*$/J-

T/*+ J"IQ"-/*/"%- /% *+, 0/J/%/*1 H,*T,,%

&%*/(,$$",',J*$/J 2Pa36 -*&*, &%5 (,$$",',J*$/J 2a36 -*&*,

H"#%5&$1 ,F+/H/* 0,$1 '&$4, (/,'5


/%5#J,5 -*$&/%-

$,-#'*/%4 ($"I *+, *$&%-/*/"% ($"I Pa3 *" a3 -*&*,8 P

-*$&/% "( >8 >d *+&* /- *+, +/4+,-* ,0,$ $,Q"$*,5 ("$

(,$$",',J*$/J J,$&I/J- T&- J'&/I,5 /% K,(8

［
O

］
8

a#$*+,$I"$,M *+, -*$&/% J+&$&J*,$/-*/J- "( *+,-,

J,$&I/J- J&% H, I"5/(/,5 *+$"#4+ -,',J*/"% "(

&QQ$"Q$/&*, J"IQ"-/*/"%-

［
@M B

］
8 )"M *+, -*$&/% Q$"Q,$*1

"( *+, Y)D\ /- 0,$1 #-,(#' &J*#&*/%4 I,J+&%/-I ("$

&J*#&*"$-Z H#* *+, $,'&*/0,'1 +/4+ (/,'5 -*$,%4*+ %,,5,5

("$ *+, Q+&-, -T/*J+/%4 I&U,- /* /IQ$&J*/J&'8

\+, "HN,J*/0, "( *+/- T"$U /- *" J"IH/%, *+,

+/4+


/%5#J,5 -*$&/%- "( Y)D\ T/*+ *+, KP=;`V_

*,J+%"'"41 *" Q$"5#J, & %,T U/%5 "( #'*$&


+/4+

5/-Q'&J,I,%* &J*#&*"$ *+&* J&% H, "Q,$&*,5 /%

$,'&*/0,'1 '"T (/,'5 &%5 #-,5 /% I"$, &QQ'/J&*/"%-M

,-Q,J/&''1 /% -I&$* -*$#J*#$,-8 =% *+/- Q&Q,$M *+,

(&H$/J&*/"% &%5 Q$"Q,$*/,- "( KP=;`V_ &J*#&*"$-

I&5, "( Y)D\ &$, -*#5/,58



F

　
HP$&2#,&1+)% :20*&A.2&

FIF

　
8),$%& $2&$)2)+#01(

　　
\+, KP=;`V_ -&IQ',- T,$, Q$,Q&$,5 ($"I Y)D\

2YH

:8A@

L&

:8 :9

2D$

O<

)%

9O

\/

>:

6V

?

6 -/%*,$,5 J,$&I/J-8 \+, J,


$&I/J T&(,$- 29@ II

×
:8C II6 "H*&/%,5 ($"I Y)D\

-'#4- T,$, J+,I/J&''1 $,5#J,5 H1 Q'&J/%4 *+,I "% &

4$&Q+/*, H'"JU &%5 /%*$"5#J/%4 *+, &--,IH'1 /%*" & Q$,


+,&*,5 (#$%&J,8 P S/J"%/J& 5/-U T&- Q'&J,5 "% *"Q "(

*+, Y)D\ T&(,$ *" Q$,0,%* /*- *+,$I&' -+"JU 5#$/%4

Q$"J,--/%48 P(*,$ $,5#J*/"%M -&IQ',- T,$, R#,%J+,5

5#$/%4 &/$M T+/J+ I&U, -&IQ',- +&0, & #%/R#, 5"I,

-+&Q,8 )/'0,$ ,',J*$"5,- T,$, J#$,5 "% *T" -#$(&J,- "(

-&IQ',- *" I,&-#$, *+,/$ ,',J*$/J&' Q$"Q,$*/,-8-&IQ',- *" I,&-#$, *+,/$ ,',J*$/J&' Q$"Q,$*/,-8-&IQ',- *" I,&-#$, *+,/$ ,',J*$/J&' Q$"Q,$*/,-8-&IQ',- *" I,&-#$, *+,/$ ,',J*$/J&' Q$"Q,$*/,-8

FIG

　
4&)(.2&,&1+(

\+, J$1-*&''/%, Q+&-,- "( $,5#J,5 Y)D\ T,$,

,F&I/%,5 H1 &% k


$&1 5/(($&J*"$I,*,$ 2X

／
G&F

γE68

\+, *+/JU%,-- "( *+, $,5#J,5 '&1,$ "( *+, KP=;`V_

-&IQ',- T&- I,&-#$,5 ($"I *+, -&IQ', J$"--


-,J*/"%-

H1 I,&%- "( &% "Q*/J&' I/J$"-J"Q,8 E"%0,%*/"%&' 5J

+1-*,$,-/- '""Q ,R#/QI,%* T&- ,IQ'"1,5 *" I,&-#$,

*+, $,'&*/"%-+/Q H,*T,,% Q"'&$/S&*/"% &%5 ,',J*$/J (/,'58

3',J*$/J (/,'5- T+/J+ T,$, 4$,&*,$ *+&% *+, Pa3


a3

Q+&-, *$&%-/*/"% ',0,'- T,$, 4$&5#&''1 &QQ'/,5 *" *+,

-&IQ',-8 P I,&-#$/%4 5,0/J, T/*+ '/%,&$ 0"'*&4,

5/((,$,%J, *$&%-I/**,$ 2L7X\6 &%5 YE &- -+"T% /%

a/48> T&- #-,5 *" 5,*,$I/%, *+, J+&%4, "( *+, (/,'5


/%5#J,5 5/-Q'&J,I,%* T/*+ ,',J*$/J (/,'58 \+,

KP=;`V_ -&IQ', T&- Q'&J,5 "% & I,*&' $/%4 /% &

J"%*&/%,$ *+&* T&- (/'',5 T/*+ -/'/J"% "/' ("$ /%-#'&*/%4

Q#$Q"-,8 \+, I"0&H', J"$, "( *+, L7X\ T&- &5N#-*,5

*" J"%*&J* *+, J,%*,$ "( *+, KP=;`V_ -&IQ',8

G,J+&%/J&' '"&5 "% *+, KP=;`V_ -&IQ',- T&-

&JJ"IQ'/-+,5 H1 Q'&J/%4 T,/4+*- "% *"Q "( *+, L7X\8

\+, 0&$/&*/"%- "( Q"'&$/S&*/"% &%5 &F/&' 5/-Q'&J,I,%*

T/*+ ,',J*$/J (/,'5 T,$, -/I#'*&%,"#-'1 I,&-#$,5 &-

*+, -&IQ',- T,$, '"&5,58

C#EIF

　
)J+,I&*/J 5$&T/%4 "( 5,0/J, ("$ 5/-Q'&J,I,%*

I,&-#$,I,%*

G

　
B&(.%+( )1A 9#(*.((#01(

GIF

　
B&A.*+#01 03 :8ZV *&2),#*(

　　
\,IQ,$&*#$, &%5 $,5#J*/"% */I, &$, /IQ"$*&%*

(&J*"$- /% J"%*$"''/%4 *+, $,5#J*/"% Q$"J,-- 5#$/%4

(&H$/J&*/"% "( KP=;`V_ &J*#&*"$-8 \+, $,'&*/"%-

H,*T,,% $,5#J,5 *+/JU%,-- &%5 */I, /% +/4+

*,IQ,$&*#$, 5,Q,%5 "% *+, I&*,$/&' /*-,'(8 P* & 4/0,%

*,IQ,$&*#$,M *+, $,5#J,5 *+/JU%,-- /- &QQ$"F/I&*,'1

'/%,&$ T/*+ */I, ("$ YH 2L&M D$M \/6 V

?

2YLD\6

(,$$",',J*$/J J,$&I/J- 2I&*,$/&'- I"-* ($,R#,%*'1 #-,5

*" I&U, KP=;`V_ &J*#&*"$-6M +"T,0,$M *+, Q&$&H"'/J

'&T /- ("''"T,5 H1 YH 2D$M \/6 V

?

2YD\6

［
A

］
8 P

-/4%/(/J&%*'1 *+/JU,$ $,5#J,5 '&1,$ /% Y)D\ *+&% /%

YLD\ T&- Q$"5#J,5 T+,% *+,1 T,$, $,5#J,5 &* *+,

-&I, *,IQ,$&*#$, ("$ & 4/0,% */I,8 a/4892&6 -+"T- *+,

$,5#J,5 '&1,$ *+/JU%,-- "( *+, KP=;`V_ -&IQ', &-

&% &QQ$"Q$/&*,'1 '/%,&$ (#%J*/"% "( $,5#J*/"%

*,IQ,$&*#$, ("$ > +8 P% &QQ$"F/I&*,'1 O:: μI *+/JU

$,5#J,5 '&1,$ T&- J$,&*,5 &* &H"#* A@C℃8 =% &55/*/"%M

a/48 9 2H 6 -+"T- *+, J+&%4, "( *+, $,5#J,5 '&1,$

*+/JU%,-- T/*+ */I, &* & J"%-*&%* *,IQ,$&*#$, "( B@:

℃ ("$ *+, Y)D\ -&IQ',8 P %,&$'1 '/%,&$ $,'&*/"%-+/Q

T&- "H-,$0,58

C#EIG

　
7&$/&*/"% "( *+/JU%,-- "( Y)D\ $,5#J,5 '&1,$ T/*+

$,5#J*/"% J"%5/*/"%-8

2&6 > +Z 2H6 B@: ℃

a/48? -+"T- *+, k


$&1 5/(($&J*/"% Q&**,$% ($"I &

-&IQ', $,5#J,5 /% B@: ℃ ("$ 9 +8 =* J&% H, ("#%5

"H0/"#-'1 *+&* & -/4%/(/J&%* &I"#%* "( *+, "$/4/%&'

Y)D\ Q+&-, $,I&/%,5 /% &55/*/"% *" YHM YHVM D$V

9

&%5

D$\/V

<

M T+/J+ $,-#'*,5 ($"I *+, $,5#J*/"% $,&J*/"%8

\+&* /- *" -&1 *+, $,5#J*/"% "( *+, Y)D\ /- /%J"IQ',*,

６０２
)+,% k/%4M !/ )&/M &%5 E+,% f"%4



*+"#4+ /*- $,5#J*/"% -Q,,5 /- 0,$1 $&Q/5M T+/J+ /-

#%'/U, *+, -/*#&*/"% "( *+, $,5#J*/"% "( YLD\ &%5 YD\8

],%,$&''1M &* & +/4+,$ *,IQ,$&*#$,M *+, $&Q/5 $,&J*/"%

/% Y)D\ J,$&I/J- ',&5- *" *+, '"-- "( & '&$4, Q"$*/"%

"( ',&5 Q+&-, ($"I *+, $,5#J,5 $,4/"%8 P- & $,-#'*M *+,

$,5#J,5 $,4/"% +&- Q""$ ,',J*$/J&' J"%5#J*/0/*1M T+/J+

/- 5,*$/I,%*&' *" *+, Q,$("$I&%J, "( KP=;`V_

&J*#&*"$- -/%J, *+, $,5#J,5 '&1,$ I#-* H, ,',J*$/J&''1

J"%5#J*/0, /% "$5,$ ("$ & KP=;`V_ *" "Q,$&*,

Q$"Q,$'1

［
A

］
8 \" Q$,0,%* *+, +,&01 '"-- "( *+, ',&5

J"%*,%* ($"I "JJ#$$/%4M '"T,$ $,5#J*/"% *,IQ,$&*#$,

I#-* H, #-,58 W"T,0,$M & 0,$1 '"T *,IQ,$&*#$,

/IQ'/,- /IQ$&J*/J&' &%5 '"%4 $,5#J*/"% */I,8 =* /-

("#%5 *+&* *+, #-,(#' *,IQ,$&*#$, $&%4, ("$ *+,

Q$"5#J*/"% "( Y)D\ KP=;`V_ /- &J*#&''1 %&$$"TM

&QQ$"F/I&*,'1 B9: *" A:: ℃8 \+, "Q*/I&' J"%5/*/"%-

("$ Q$"5#J/%4 KP=;`V_ -&IQ',- ($"I Y)D\ J,$&I/J-

&$, 5,*,$I/%,5 *" H, B@: ℃ ("$ 9 *" ? + /% *+/- -*#518

C#EIJ

　
k


$&1 5/(($&J*/"% Q&**,$% "( *+, $,5#J,5 -&IQ',

GIG

　
:20$&2+#&( 03 B;5RD6S :8ZV *&2),#*(

\&H8 > -#II&$/S,- *+, H&-/J Q$"Q,$*/,- "H*&/%,5

($"I KP=;`V_ &%5 %"$I&' Y)D\ J,$&I/J-8 \+, Y)D\

KP=;`V_M /% 4,%,$&'M Q"--,--,5 & '"T,$ 5/,',J*$/J

J"%-*&%* &%5 & +/4+,$ '"-- (&J*"$ *+&% *+, %"$I&'

Y)D\8 \+, Q+&-, -T/*J+/%4 (/,'5-M Ｅ
Pa

&%5 Ｅ
aP

M "( *+,

KP=;`V_ Y)D\ &$, I#J+ '"T,$ *+&% *+"-, "( %"$I&'

Y)D\8 W"T,0,$M *+, -&*#$&*,5 Q"'&$/S&*/"% T&- &'I"-*

-/I/'&$ /% *T" I&*,$/&'-8 \+, *"*&' (/,'5


/%5#J,5 &F/&'

5/-Q'&J,I,%* "( *+, KP=;`V_ Y)D\ /- I#J+ '&$4,$

*+&% *+&* "( *+, %"$I&' Y)D\8*+&% *+&* "( *+, %"$I&' Y)D\8*+&% *+&* "( *+, %"$I&' Y)D\8*+&% *+&* "( *+, %"$I&' Y)D\8

V)=IF

　
Y$"Q,$*/,- "( Y)D\ J,$&I/J-

)&IQ',-

X/,',J*$/J

J"%-*&%*

*&%δ／
d

ＥＡＦ／

2G7

·
I

－
>

6

ＥＦＡ／

2G7

·
I

－
>

6

Ｐ
)

MＰＲ／

2E

·
I

－
9

6

ＹＭ／μI

KP=;`V_ B9> ?8A >8 OC

－
:8 ? ? ::: >B@

;"$I&' A>? >8A 98 B

　
:8 > ? >:: >9:

;"*,-e Ｅ
Pa

/- *+, &%*/(,$$",',J*$/J *" (,$$",',J*$/J -T/*J+/%4 (/,'5Z Ｐ
)

/- *+,

-&*#$&*,5 Q"'&$/S&*/"%ZＥ
aP

/- *+, (,$$",',J*$/J *" &%*/(,$$",',J*$/J -T/*J+/%4 (/,'5Z

Ｐ
K

/- *+, $,I%&%* Q"'&$/S&*/"%Z Ｙ
G

/- *+, I&F/I#I &F/&' 5/-Q'&J,I,%* T/*+ &%

&QQ'/,5 ,',J*$/J (/,'5 "( >89 Ｅ
Pa

8

P'*+"#4+ & '&$4,$ &F/&' 5/-Q'&J,I,%* 2&H"#* >A:

μI6 +&- H,,% &J+/,0,5 /% *+/- -*#51M /* /- &'-" ("#%5

*+&* '"&5 5/$,J*/"%- +&0, 4$,&* /%('#,%J, "% *+,

&J*#&*/%4 5/-Q'&J,I,%* "( *+, Y)D\ KP=;`V_

&J*#&*"$-8 P- J',&$'1 /''#-*$&*,5 /% a/48<M *+,$, /- "%'1

& -'/4+* J+&%4, /% *+, 5/-Q'&J,I,%* #Q *" C@: 4 T+,%

'"&5 /- Q'&J,5 "% *+, #%$,5#J,5 '&1,$Z +"T,0,$M *+,

5/-Q'&J,I,%* T/*+ '"&5 "% *+, $,5#J,5 '&1,$ 5,J$,&-,5

J"%*/%#"#-'1 T/*+ /%J$,&-,5 '"&58 \+, 5/((,$,%*

J+&$&J*,$/-*/J- #%5,$ *+, *T" '"&5 J"%5/*/"%- J&% H,

,FQ'&/%,5 H1 *+, H,+&0/"$ "( (,$$",'&-*/J 5"I&/%-

#%5,$ -*$,--

［
>:

］
8 a,$$",'&-*/J 5"I&/%- *,%5 *" H, /% '/%,

T/*+ *+, 5/$,J*/"%- /% T+/J+ -*$,-- /- ,((,J*/0,'1

$,'/,0,58 _+,% '"&5 /- &QQ'/,5 0,$*/J&''1 *" *+,

#%$,5#J,5 '&1,$ -#$(&J, "( & KP=;`V_M (,$$",'&-*/J

5"I&/%- &$, Q$,(,$&H'1 &'/4%,5 Q&$&'',' *" *+, -#$(&J,

5#, *" *+, J"IQ$,--/0, -*$,-- /% *+, Q'&%&$ 5/$,J*/"%-

Q$"5#J,5 H1 *+, '"&58 )/I/'&$'1M T+,% '"&5 /- Q'&J,5

"% *+, $,5#J,5 '&1,$M (,$$",'&-*/J 5"I&/%- *,%5 *" H,

"$/,%*,5 0,$*/J&' *" *+, -#$(&J, &- & $,-#'* "( Q'&%&$

*,%-/', -*$,--8 =* /- "H0/"#- *+&* & Y)D\ KP=;`V_

&J*#&*"$ /- I"$, &50&%*&4,"#- T+,% "Q,$&*,5 T/*+

'"&5 "% *+, #%$,5#J,5 -/5,8

C#EIK

　
7&$/&*/"% "( &F/&' 5/-Q'&J,I,%* T/*+ '"&5

\+,$, &$, &'-" "*+,$ (&J*"$-M T+/J+ &$, /IQ"$*&%*

*" *+, Q$"Q,$*/,- "( *+, KP=;`V_ J,$&I/J-8 a"$

,F&IQ',M 5/((,$,%* *+/JU%,-- $&*/"- "( J,$&I/J '&1,$

&%5 $,5#J,5 '&1,$ T/'' 4,%,$&*, 5/((,$,%* &F/&'

5/-Q'&J,I,%*- "( KP=;`V_ J,$&I/J-85/-Q'&J,I,%*- "( KP=;`V_ J,$&I/J-85/-Q'&J,I,%*- "( KP=;`V_ J,$&I/J-85/-Q'&J,I,%*- "( KP=;`V_ J,$&I/J-8

J

　
!01*%.(#01

\+, (&H$/J&*/"% &%5 Q$"Q,$*/,- "( Y)D\

KP=;`V_ &J*#&*"$- +&0, H,,% /%0,-*/4&*,58 \+,

"Q*/I&' $,5#J*/"% J"%5/*/"% ("$ *+, I&%#(&J*#$, "(

Y)D\ KP=;`V_ -&IQ',- /- B@: ℃ ("$ 9 *" ? +8 \+,

Pa3


a3 Q+&-, *$&%-/*/"%- "JJ#$ &* '"T,$ (/,'5 -*$,%4*+

/% KP=;`V_ &J*#&*"$- J"IQ&$,5 T/*+ %"$I&'

J,$&I/J-8 L&$4,$ &F/&' 5/-Q'&J,I,%* 2&H"#* >A: μI6

T,$, "H*&/%,5 ($"I *+, KP=;`V_ &J*#&*"$- H1

&QQ'/J&*/"% "( ,',J*$/J (/,'5- ,FJ,,5/%4 *+, Q+&-,

-T/*J+/%4 ',0,'8 \+, (/,'5


/%5#J,5 5/-Q'&J,I,%* "( *+,

KP=;`V_ &J*#&*"$- /- 5,Q,%5,%* "% *+, I&%%,$ "(

&QQ'1/%4 I,J+&%/J&' '"&5 "% *+, -&IQ',-8 \+,$, /-

"%'1 & -'/4+* J+&%4, "% *+, 5/-Q'&J,I,%* ("$ '"&5- #Q

*" C@: 4 T/*+ '"&5 "% *+, #%$,5#J,5 '&1,$8 W"T,0,$M

T+,% '"&5 /- Q'&J,5 "% *+, $,5#J,5 '&1,$M *+,

5/-Q'&J,I,%* 5,J$,&-,- I&$U,5'1 T/*+ *+, /%J$,&-, "(

'"&58

７０２
G&%#(&J*#$, "( '&$4, 5/-Q'&J,I,%* &%*/(,$$",',J*$/J J,$&I/J &%5 /*- Q$"Q,$*/,-



B&3&2&1*&(

［
>

］
Y&% G/%4N,%8 E"IQ&$/-"% "( &J*#&*"$ Q$"Q,$*/,- ("$

Q/,S",',J*$/J &%5 ,',J*$"-*$/J*/0, I&*,$/&'-

［
P

］
8 =%e

ＰｒｏｃｅｅｄｉｎｇｓｏｆＳＰＩＥ［E］M 9:::MM 9:::MM 9:::MM 9:::M JYYG8 B: BA8

［
9

］
)#4&T&$& f#*&U&M V%/*-#U& c&*-#+/U"M f"-+/U&T& )+"U"M

,* &'8 G,*&'


J,$&I/J J"IQ"-/*, &J*#&*"$-

［
!

］
8ＪＡｍＣｅｒａｍ

ＳｏｃM >AA9MM >AA9MM >AA9MM >AA9M WL2<6e AAO AAB8

［
?

］
W&,$*'/%4 ] W8 E+,I/J&''1 $,5#J,5 YLD\ J,$&I/J- ("$

#'*$&


+/4+ 5/-Q'&J,I,%* &J*#&*"$-

［
!

］
8 Ｆｅｒｒｏｅｌｅｃｔｒｉｃｓ，

>AA<M>AA<M>AA<M>AA<M FLKe >:> >:O8

［
<

］
W""U,$ G _8 Y$"Q,$*/,- &%5 Q,$("$I&%J, "( KP=;`V_

Q/,S",',J*$/J &J*#&*"$ -*&JU-

［
P

］
8 =%e ＰｒｏｃｅｅｄｉｎｇｓｏｆＳＰＩＥ

［
E

］
8 >AA@M8 >AA@M8 >AA@M8 >AA@M JNKKe <>? <9:8

［
C

］
3'/--&'5, E&*+,$/%,8 )*$#J*#$&'


Q$"Q,$*1 $,'&*/"%- /% &

$,5#J,5 &%5 /%*,$%&''1 H/&-,5 "F/5, T&(,$ &J*#&*"$

I&*,$/&'

［
!

］
8ＪＡｍＣｅｒａｍＳｏｃM >AAOMM >AAOMM >AAOMM >AAOM WY2B6e 9:<> 9:<B8

［
O

］
Y&% _ fM X&&I E bM D+&%4 b GM ,* &'8 L&$4,

5/-Q'&J,I,%* *$&%-5#J,$- H&-,5 "% ,',J*$/J (/,'5 ("$J,5

Q+&-, *$&%-/*/"%- /% *+, *,*$&4"%&' 2YH:8A@L&:8:962\/M D$M

)%6V

?

(&I/'1 "( J,$&I/J-

［
!

］
8 ＪＡｐｐｌＰｈｙｓM >ABAMM >ABAMM >ABAMM >ABAM MM2>96e

[ AC? ACB8

［
@

］
)+,% k/%48 PJ*#&*"$ "( '&$4, 5/-Q'&J,I,%* KP=;`V_

J,$&I/J-

［
!

］
8 ＴｒａｎｓａｃｔｉｏｎｓｏｆＮａｎｊｉｎｇ Ｕｎｉｖｅｒｓｉｔｙｏｆ

Ａｅｒｏｎａｕｔｉｃｓ＆ＡｓｔｒｏｎａｕｔｉｃｓM 9::>MM 9::>MM 9::>MM 9::>M FO296e >B9 >B@8

［
B

］
W&,$*'/%4 ] W8 KP=;`V_ J,$&I/J-—& %,T *1Q, "( #'*$&


+/4+ 5/-Q'&J,I,%* &J*#&*"$

［
!

］
8 Ａｍ Ｃｅｒａｍ ＳｏｃＢｕｌｌ，

>AA<M>AA<M>AA<M>AA<M WJ2>6e A? AO8

［
A

］
_&%4 b/%4I/%4M E$"-- L 38 P%&'1-/- "( +/4+ *,IQ,$&*#$,

$,5#J*/"% Q$"J,--/%4 "( KP=;`V_ &J*#&*"$

［
!

］
8 Ｍａｔｅｒ

ＣｈｅｍＰｈｙｓM >AAAMM >AAAMM >AAAMM >AAAM LOe 9: 9C8

［
>:

］
X&#-J+ X 38 P-1II,*$/J A: 5"I&/% -T/*J+/%4 /%

KP=;`V_ &J*#&*"$-

［
!

］
8Ｆｅｒｒｏｅｌｅｃｔｒｉｃｓ，>AAB29>:6e ?>

<C8

大位移反铁电陶瓷的制备及其性能
ß

　
�

　
à

　
á

　
'

　
â

2*8+V+_+,ãväåC�G+VHP34567M *8 9>::>O6

摘要
e /`¿,æ¦UZJ��; KP=;`V_ YH2)%M D$M \/6V

?

2Y)D\6;çA¥¦8 K�<=2¡æ

¦|aèæ¦|

、
é.¾-ê+U·&é.äå8 ×ØÂ(e Y)D\;çA¥¦eëæ¦M ÑMUæ

¦ìsZ B@: ℃ÈÓ 9

～
? +Z æ¦|4îäí�î\b YHVM D$V

9

M D$\/V

<

Ûí�ï¿hOÍZ Cð

/U;çAé.¬ß|M KP=;`V_Ãrv¨ñ¨eÌUA®G!f;çA çAß[M mvÏ»

ê+U´çé.¾-M ×]ÎZâ2cé.Bv¡`�BUôõ��8

关键词
e æ¦Z ;çA¥¦Z ß[

中图分类号
e V?<O8<

８０２
)+,% k/%4M !/ )&/M &%5 E+,% f"%4


