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

　　
7"'8 9:

　
;"8 <

　
),=*8

　
9::>

　
?)); @::<—ABCDABCDABCDABCD

!"#&'("(/ 0"$%#&'/-%( '(0 0"$%#&'/-%( )%&.*-'()" %$

A4,,


',.2'*/ $%# %#/2%/#%.-) ,/""* 0")G .*'/" ,4#$')-(A

J+,% F/&%+#&

　
a#&%4 U,/

　
U&%4 !/&%S,/

2J"'',4, "( [$&%-="$*&*/"%O )"#*+,&-* .%/0,$-/*1O ;&%P/%4 9@::BQO J+/%&62J"'',4, "( [$&%-="$*&*/"%O )"#*+,&-* .%/0,$-/*1O ;&%P/%4 9@::BQO J+/%&62J"'',4, "( [$&%-="$*&*/"%O )"#*+,&-* .%/0,$-/*1O ;&%P/%4 9@::BQO J+/%&62J"'',4, "( [$&%-="$*&*/"%O )"#*+,&-* .%/0,$-/*1O ;&%P/%4 9@::BQO J+/%&6

9:,/#')/; ?%5,%*&*/"% *,-* &%5 I,%5/%4 *,-* S,$, &5"=*,5 *" /%0,-*/4&*, =,$K&%,%* 5,("$K&*/"% &%5

T 5,("$K&*/"% L"K='/&%L, "( 4#--


&-=+&'* ("$ "$*+"*$"=/L -*,,' 5,LY ='&*,8 G&L*"$- "( K&-*/L 3=

ü
$, L"%*,%*O (/%,

*" L"&$-, &44$,4&*, =$"="$*/"%O *,K=,$&*#$, &%5 '"&5/%4 =$,--#$, S,$, /%0,-*/4&*,58 ?* /- ="/%*,5 "#* *+&*

K&-*/L 3=

ü
$, L"%*,%*O *,K=,$&*#$, &%5 '"&5/%4 =$,--#$, &$, *+, K&/% (&L*"$- /%('#,%L/%4 =,$K&%,%*

5,("$K&*/"% "( 4#--


&-=+&'*] (/%, *" L"&$-, &44$,4&*, =$"="$*/"% /%('#,%L,- /*- K&_/K#K I,%5/%4 -*$&/% &%5

L$&LY ,%,$41 &* '"S *,K=,$&*#$,8 [+, $,-#'*- /%5/L&*, *+&* *+,$, ,_/-*- &% "=*/K#K K&-*/L 3=

ü
$, L"%*,%*O &%5 &

L$/*/L&' "=,$&*/"% *,K=,$&*#$, &- S,'' &- & L$/*/L&' '"&5/%4 =$,--#$, ("$ 4#--


&-=+&'* /% "=,$&*/"%8&-=+&'* /% "=,$&*/"%8&-=+&'* /% "=,$&*/"%8&-=+&'* /% "=,$&*/"%8

<"+ =%#0,; =,$K&%,%* 5,("$K&*/"%] 5,("$K&*/"% L"K='/&%L,] 4#--


&-=+&'*&-=+&'*&-=+&'*&-=+&'*

>")"-1"0 9::>


:9


9A89A89A89A8

@-%A#'.2-",; J+,% F/&%+#& 2@BAQ—6O K&',O 4$&5#&*,] U&%4 !/&%S,/

T 2L"$$,-="%5/%4 &#*+"$6O K&',O &--"L/&*, $,-,&$L+,$O #/I,BD^@Q<8L"K8

　　
\#--


&-=+&'*O & '"S 0"/5 &-=+&'* -#$(&L/%4 $/L+ "(

K&-*/L 3=

ü
$,O /- S/5,'1 -*#5/,5 &%5 #-,5 /% 3%4'&%5O

;"$*+ 3#$"=, &%5 !&=&% "S/%4 *" /*- 4""5

5,("$K&*/"% L"K='/&%L,

［
@

－
<

］
8 ?% J+/%&O (,S -*#5/,-

［
@

］

+&0, I,,% L"%5#L*,5 #%*/' *+, L"%-*$#L*/"% "(

!/&%41/% E&%4*Z, M/0,$ `$/54, 2 !EEM`68 ?*- 5,LY

='&*, -#$(&L/%4 /- 4#--


&-=+&'* /%*$"5#L,5 ($"K

3%4'&%5O =&0,5 /% *+, -#KK,$ &%5 &#*#K% "( @BBB8

V#$/%4 /*- ,&$'1 "=,$&*/"% */K,O $#**/%4 &%5 L$&LY/%4

S,$, "I-,$0,58 ),0,$, "0,$'"&5/%4 &%5 '&LY "(

5,("$K&*/"% $,-/-*&%L, &* +/4+ *,K=,$&*#$, S,$,

"$/4/%&''1 L"%-/5,$,5 &- *+, K&/% L&#-,-] (#$*+,$

/%0,-*/4&*/"% 5,K"%-*$&*,5 *+&* #%I&'&%L,5 =$"=,$*/,-

I,*S,,% +/4+ *,K=,$&*#$, -*&I/'/*1 &%5 5,("$K&*/"%

L"K='/&%L, S,$, &'-" 5/$,L* (&L*"$-

［
<

］
8

M,-,&$L+,$-

［
>O D

］
+&0, ("L#-,5 "% /K=$"0/%4 +/4+

*,K=,$&*#$, =$"=,$*/,- "( 4#--


&-=+&'* -/%L, *+,

=$,K&*#$, 5&K&4, "( !EEM`


- 5,LY ='&*, -#$(&L/%48

a"S,0,$O 4""5 5,("$K&*/"% L"K='/&%L, /- &'-"

$,R#/$,5 "S/%4 *" /*- (',_/I/'/*1 "( '"%4


-=&%%,5 -*,,'

I$/54,8 [+,$,("$,O S+,% &=='1/%4 4#--


&-=+&'* *" '"%4


-=&%%,5 -*,,' I$/54,- "0,$ E&%4*Z, M/0,$O K"$,

&**,%*/"% -+"#'5 I, =&/5 *" /*- 5,("$K&*/"% $,-/-*&%L,

S/*+"#* 5,L$,&-/%4 /*- 5,("$K&*/"% L"K='/&%L,

［
Q

］
8 ["

4,* & L',&$ 0/,S "( +"S *+,-, *S" =$"=,$*/,- /%('#,%L,

,&L+ "*+,$ &%5 *+,% K&Y, & I&'&%L,O /%5,%*&*/"% *,-* &*

+/4+ *,K=,$&*#$, &%5 I,%5/%4 *,-* &* '"S

*,K=,$&*#$,

［
AO C

］
&$, L"%5#L*,58 G&L*"$- "( K&-*/L

3=

ü
$, L"%*,%* 2 H3J 6O (/%, *" L"&$-, &44$,4&*,

=$"="$*/"% 2GJWX6O *,K=,$&*#$, 2[,K=6 &%5 '"&5/%4

=$,--#$, 2NX6 +&0, I,,% /%0,-*/4&*,58=$,--#$, 2NX6 +&0, I,,% /%0,-*/4&*,58=$,--#$, 2NX6 +&0, I,,% /%0,-*/4&*,58=$,--#$, 2NX6 +&0, I,,% /%0,-*/4&*,58

B

　
F",/ !#%A#'&

BDB

　
8'/"#-'*,

　　
W-=+&'* L,K,%* /- & I',%5 "( -*1$,%,


I#*&5/,%,


-*1$,%, 2)`)6 K"5/(/,5 &-=+&'* %&K,5 J&$/=+&'* ($"K

)+,'' J"K=&%1 &%5 [$/%/5&5 N&Y, W-=+&'* 2[NW6 ($"K

7,%,Z#,'&8 [+, =$"=,$*/,- "( J&$/=+&'*O [NWO &%5

&-=+&'* L,K,%* &$, '/-*,5 /% [&I8@8&-=+&'* L,K,%* &$, '/-*,5 /% [&I8@8&-=+&'* L,K,%* &$, '/-*,5 /% [&I8@8&-=+&'* L,K,%* &$, '/-*,5 /% [&I8@8

F':DB

　
X$"=,$*/,- "( J&$/=+&'*O [NWO &%5 &-=+&'* L,K,%*

X$"=,$*1 J&$/=+&'* [NW W-=+&'* L,K,%*

X,%,*$&*/"%

2@:: 4O 9D ℃O D -6

／
:8 @KK

QC @ 9>

)"(* ="/%* 2M

＆̀
6

／℃ C> BD Q:

V#L*/'/*1

29D ℃O D: KK

／
K/%6

／
LK

<A D@

G'&-+ ="/%* 2JbJ6

／℃ ＞
<::

＞
<::

＞
<::

)=,L/(/L 4$&0/*1 29: ℃6

@8:>9 @8<B< @89@:

)"'#I/'/*1

2L+'"$/%,


,*+1',%,6

／％ BB8B DD8> A@8<

V)M 2C9 ℃OＧg／-/%δ6 ／YX& @8D:9 @8<CQ

[Gb[

H&-- '"--

／％
:8 :9 :8 :< :8 :>

X,%,*$&*/"% $&*,

／％
CD B9

V#L*/'/*1 29D ℃6

／
LK

99 >A

V)M 2C9 ℃6

／
HX&

>CA Q<D

　　
J"&$-, &44$,4&*, 2JWO

＞
>8 AD KK6 /- I&-&'*/LO

S/*+ &I$&5/%4 0&'#, @98 @

％
O ="'/-+/%4 0&'#, D@O

L$#-+,5 0&'#, B8 Q

％
O &%5 L"K=$,--/"% -*$,%4*+ @AC

HX&8 G/%, &44$,4&*, 2GWO :8 :AD *" >8 AD KK6 /-

L&'L&$,"#-8 `"*+ JW &%5 GW S,$, ($"K & +/4+S&1

&44$,4&*, K&%#(&L*#$,$ /% e+,%P/&%48

[+, K/%,$&' (/'',$ 2 HGO

＜
:8 :AD KK 6 /-

L&'L&$,"#-O S/*+ '"S +15$"=+/'/L L"


,((/L/,%L1 &%5

K"/-*#$, L"%*,%*O =&--/%4 $&*, "0,$ BD

％
O S&- ($"K &

+/4+S&1 HG K&%#(&L*#$,$ /% ;&%P/%48

\#--


&-=+&'* S&- 5,-/4%,5 I&-,5 "% $,'&*/0,



-=,L/(/L&*/"%-

［
A

］
8 ?*- 4$&5&*/"% &'"%4 S/*+ -=,L/(/L&*/"%

'/K/* /- =$,-,%*,5 /% [&I898'/K/* /- =$,-,%*,5 /% [&I898'/K/* /- =$,-,%*,5 /% [&I898'/K/* /- =$,-,%*,5 /% [&I898

F':DE

　
\$&5&*/"% &%5 -=,L/(/L&*/"% ("$ 4#--


&-=+&'*

)/,0, -/Z,

／
KK

WLL#K#'&*,5 =&--/%4 $&*,

／％
)=,L/(/L&*/"% V,-/4%,5 K/_*#$,

@<89 @:: @::

B8D B: *" @:: B9

>8AD QD *" CD A>

98<Q >D *" Q9 D:

:8Q <D *" D: <C

:8< 9C *" >9 <9

:8@D 9D *" <> 9C

:8:AD 9: *" 9A 998D:8:AD 9: *" 9A 998D:8:AD 9: *" 9A 998D:8:AD 9: *" 9A 998D

BDE

　
8-T-(A '(0 )',/-(A .#%)"04#",

H/_/%4 &%5 L&-*/%4 =$"L,5#$,- &$, *+, -&K, &-

M,(8

［
C

］
K,%*/"%,58 G/$-*'1 &-=+&'* L,K,%* &%5 HG

S,$, I',%5,5 *"4,*+,$ &* @Q: *" @A:℃ *" K&Y, K&-*/L

3=

ü
$,8 [+,% S&$K,5


#= GW S&- &55,5 *" K&Y, (/%,

&44$,4&*, K&-*/L &-=+&'*8 U&$K,5


#= JW S&- (/%&''1

&55,5 *" ("$K 4#--


&-=+&'*8 )=,L/K,%- L"#'5 I,

=$,=&$,5 S+,% *+, *,K=,$&*#$, $,&L+,5 9:: *" 99:℃8888

BDJ

　
C.")-&"(,

H&$-+&'' -=,L/K,%- S/*+ & -/Z, "( @:@8 @ KK

5/&K,*,$ &%5 Q<8Q KK +,/4+* S,$, K&5, ("$ H&$-+&''

-*&I/'/*1 *,-*8 J#I/L -=,L/K,%- S/*+ & ',%4*+ "( A:8 A

KK S,$, K&5, ("$ 5/K,%-/"%&' -*&I/'/*1 &%5

/%5,%*&*/"% *,-*8 `,&K -=,L/K,%- S/*+ & -/Z, "( <: KK

×
<D KK

×
9D: KK S,$, K&5, ("$ I,%5/%4 *,-*8 W''

-=,L/K,%- S,$, K&5, S/*+"#* &%1 I'"S8-=,L/K,%- S,$, K&5, S/*+"#* &%1 I'"S8-=,L/K,%- S,$, K&5, S/*+"#* &%1 I'"S8-=,L/K,%- S,$, K&5, S/*+"#* &%1 I'"S8

BDL

　
F",/ .#%)"04#"

[" ,_&K/%, *+, I&-/L =$"=,$*/,- "( *+,-, *+$,,

*1=,- "( 4#--


&-=+&'* L"%L$,*, K/_*#$,-O H&$-+&'' &%5

5/K,%-/"%&' -*&I/'/*1 *,-*- S,$, L"%5#L*,5 "% H&$-+&''

-=,L/K,%- &%5 L#I/L -=,L/K,%-O $,-=,L*/0,'18 [+,

-=,L/K,%- ("$ H&$-+&'' *,-* S,$, &''"S,5 *" -*&1 ("$ Q

*" C + &* S&*,$ &**,K=,$&*"$ "( Q: ℃ I,("$, *,-*/%4O

S+/', *+, L#I/L -=,L/K,%- S&- $,R#/$,5 *" -*&1 ("$

9> + &* S&*,$ &**,K=,$&*"$ "( Q: ℃ I,("$, *,-*/%48

H&$-+&'' *,-* S&- L&$$/,5 "#* &* & '"&5/%4 $&*, "(

D:KK

／
K/% &* $""K *,K=,$&*#$,8 V/K,%-/"%&' -*&I/'/*1

*,-* S&- L&$$/,5 "#* S/*+ 0,$%/,$ L&'/=,$8 M,'&*/0,

=$"L,5#$, "( 5/K,%-/"%&' -*&I/'/*1 *,-* /- 4/0,% /%

M,(8

［
B

］
8

?%5,%*&*/"% *,-* 2-,, G/48@6 S&- &5"=*,5 *" /%0,-


*/4&*, 4#--


&-=+&'*


- +/4+ *,K=,$&*#$, 5,("$K&*/"%

$,-/-*&%L, &LL"$5/%4 *" M,(-8

［
AO C

］
8 W==&$,%* -=,L/(/L

4$&0/*1 "( *+, -=,L/K,%- +&- I,,% 5,*,$K/%,5 I,("$,

*,-* *" L&'L#'&*, &/$ 0"/5-8 ?%('#,%L,- "( H3JO GJWXO

[,K= &%5 NX S,$, /%0,-*/4&*,58 [+,/$ 0&'#,- &$,

-+"S% /% [&I8 <8 [" ,_='"$, *+, /%('#,%L,- "( H3J

&%5 GJWX "% 5,("$K&*/"% $,-/-*&%L,O S&*,$

&**,K=,$&*"$ /- -,* *" >: ℃ &%5 NX *" @8:D HX&8 ["

,_='"$, /%('#,%L,- "( NXO *+, S&*,$ &**,K=,$&*"$ /- -,*

*" Q: ℃8 G"$ ,&L+ /%5,%*&*/"% *,-*O *+, -*&K= &$,& /- &

-"'/5 L/$L', S/*+ 9D89 KK 5/&K,*,$8

?-ADB

　
N"&5/%4 ($&K, &%5 *,-* -,*#= ("$ /%5,%*&*/"% *,-*

F':DJ

　
G&L*"$- &%5 *+,/$ ',0,'- &* /%5,%*&*/"% *,-*

N,0,'

G&L*"$-

H3J

／％
GJWX

[,K=

／℃ NX

／
HX&

a/4+ <@8C 98D: 2G\6 Q: @8<9

H/55', 9B8Q 98:< 2;\6 D: @8 :D

N"S 9C8D @8AD 2J\6 >: :8 C:

　　
V,("$K&*/"% L"K='/&%L, "( 4#--


&-=+&'* +&- I,,%

/%0,-*/4&*,5 I1 & *+$,,


="/%* I,%5/%4 *,-* &*

－
@D ℃8

[+, '"&5/%4 $&*, "( I,%5/%4 *,-* /- @ KK

／
K/%8 [+, *,-*

S&- L&$$/,5 "#* "% H[)C@: S/*+ L"%5/*/"%,$8

H&_/K#K -*$&/% ε
K&_

&%5 L$&LY ,%,$41 Ｊ+&0, I,,%

L&'L#'&*,5 &LL"$5/%4 *" 3R-8 2@6 &%5 2968 b%'1 K&*,$/&'

(&L*"$- S,$, /%0,-*/4&*,58

ε
K&_

＝
６ｈｄ

K&_

Ｌ２
2@6

Ｊ＝∑Ｒｔεｔ 296

S+,$, ｈ/- *+, +,/4+*Oｄ
K&_

/- *+, L$&LY 5/-='&L,K,%* "(

K/5


-=&%O Ｌ/- *+, -=&% "( *+, *S" $,-* ="/%*-O Ｒｔ&%5

εｔ&$, *+, -/K#'*&%,"#- I,%5/%4 -*$,%4*+ &%5 *+, -*$&/%

I,("$, L$&LYO &%5 L&% I, L&'L#'&*,5 I1

Ｒｔ＝
３ＬＰｔ
２ｂｈ２
　　ｔ＝０ｔｏｔ

K&_

2<6

εｔ＝
６ｈｄｔ
Ｌ２

2>6

S+,$, Ｐｔ/- *+, -/K#'*&%,"#- '"&5 ("$L,O &%5 ｂ/- *+,

S/5*+ "( *+, I,&K8S/5*+ "( *+, I,&K8S/5*+ "( *+, I,&K8S/5*+ "( *+, I,&K8

E

　
>",4*/, '(0 9('*+,",

EDB

　
@',-) .#%."#/-", %$ /2#"" &-T/4#",

　　
`&-/L =$"=,$*/,- "( *+, *+$,, K/_*#$,- &$, -+"S%

/% [&I8>8 [+, $,-#'*- -+"S *+&* *+, *+$,, K/_*#$,- &$,

S,'' 5,-/4%,5 *" K,,* *+, *&$4,*8

１６３
X,$K&%,%* 5,("$K&*/"% &%5 5,("$K&*/"% L"K='/&%L, "( 4#--


&-=+&'* ("$

……



F':DL

　
`&-/L =$"=,$*/,- "( *+, *+$,, K/_*#$,-

X$"=,$*1

H/_*#$,

;\ J\ G\

W==&$,%* )8 \8 98D<@ <8D9< 98D<@

W/$ 0"/5

／％
@89Q @89Q @89:

H&$-+&'' -*&I/'/*1

／
Y; @@8D @:8Q @@8C

H&$-+&'' ('"S

／
:8@KK C> B@ A<

V/K,%-/"%&' -*&I/'/*1

／％
98B9 <8A> 98>C98B9 <8A> 98>C98B9 <8A> 98>C98B9 <8A> 98>C

EDE

　
]($*4"()", %$ &'/"#-'* $')/%#,

[+, /%5,%*&*/"% L#$0, S/*+ H3J /- -+"S% /%

G/4898 [+, L#$0, L"K=&$,- S,'' S/*+ $#* *,-* $,-#'*-8

[+,$,("$,O *+, /%5,%*&*/"% *,-* /- -#/*&I', ("$ 5,-L$/


I/%4 =,$K&%,%* 5,("$K&*/"% $,-/-*&%L, &* +/4+ *,K=,$


&*#$, "( 4#--


&-=+&'*8

?-ADE

　
?%5,%*&*/"% L#$0,- "( 4#--


&-=+&'* S/*+ H3J

G/48 < L"K=&$,- -*&*/-*/L&' $,-#'*- ("$ 5/((,$,%*

?-ADJ

　
?%5,%*&*/"% *,-* $,-#'*- "( 4#--


&-=+&'* S/*+ 5/((,$


,%* H3J- &%5 GJWX-

H3J- &%5 GJWX-8 H3J +&- K"$, $,K&$Y&I',

/%('#,%L, "% 5,("$K&*/"% $,-/-*&%L, *+&% GJWX8 [+,

K"$, *+, K&-*/L 3=

ü
$,O *+, S"$-, *+, 5,("$K&*/"%

$,-/-*&%L,8 [+, $,'&*/"%-+/= I,*S,,% GJWX &%5

/%5,%*&*/"% 0&'#, /- %"* -" L',&$8 [+,$,("$,O /* L&% I,

L"%L'#5,5 *+&* 5,("$K&*/"% $,-/-*&%L, &* +/4+

*,K=,$&*#$, "( 4#--


&-=+&'* /- K&/%'1 $,'&*,5 *" K&-*/L

3=

ü
$,O %"* L"%*,%* "( &44$,4&*,-O S+/L+ /-

5/-*/%4#/-+,5 ($"K %"$K&' &-=+&'* L"%L$,*, K/_*#$,8

W- -+"S% /% [&I8 DO I"*+ H3J &%5 GJWX +&0,

0/-/I', /%('#,%L,- "% 5,("$K&*/"% L"K='/&%L,8 [+,

L#$0, -+&=, "( H3J *" K&_/K#K -*$&/% "$ L$&LY

,%,$41 /- L"%0,_ R#&5$/L ="'1%"K/&'O S+/', *+, L#$0,

-+&=, "( GJWX *" K&_/K#K -*$&/% "$ L$&LY ,%,$41 /-

+&'( ',(*


-/5, *$&=,Z, ("$K8 ?* /K='/,- *+&* *+,$, /- &%

"=*/K#K H3J8 U/*+/% *+, "=*/K#K L"%*,%*O

/K=$"0/%4 GJWX K&1 ,%+&%L, K/_*#$,


- '"S

*,K=,$&*#$, &I/'/*18*,K=,$&*#$, &I/'/*18*,K=,$&*#$, &I/'/*18*,K=,$&*#$, &I/'/*18

F':DP

　
M,-#'*- "( I,%5/%4 *,-* &* '"S *,K=,$&*#$,

N,0,'

H&-*/L 3=

ü
$, L"%*,%* G/%, *" L"&$-, &44$,4&*, =$"="$*/"%

H&_/K#K

-*$&/%

／
@:

－
Q

J$&LY

,%,$41

／
!

H&_/K#K

-*$&/%

／
@:

－
Q

J$&LY

,%,$41

／
!

a/4+ < :@B <A8A < D:B Q@8C

H/55', < >>9 D@8@ < >>9 D@8@

N"S @ QB< @C8B 9 @D@ 9A8@N"S @ QB< @C8B 9 @D@ 9A8@N"S @ QB< @C8B 9 @D@ 9A8@N"S @ QB< @C8B 9 @D@ 9A8@

EDJ

　
!#%."#/-", %$ /2#"" &-T/4#",

?%('#,%L,- "( *,-* L"%5/*/"%- "% =,$K&%,%*

5,("$K&*/"% "( 4#--


&-=+&'* S/*+ "=*/K#K H3J &%5

=$"=,$'1 5,-/4%,5 GJWX S,$, &'-" -*#5/,58 [+, $,-#'*-

?-ADL

　
?%5,%*&*/"% *,-* $,-#'*- "( 4#--


&-=+&'* S/*+ '"&5/%4

L"%5/*/"%-8

2&6 V/((,$,%* *,K=,$&*#$, L"%5/*/"%- 2K/55', =$,--#$,6]

2I6 V/((,$,%* =$,--#$, L"%5/*/"%- 2+/4+ *,K=,$&*#$,6

&$, -+"S% /% G/48>8 `"*+ -+"$* *,$K 2<: K/%6 &%5 '"%4

*,$K 2Q: K/%6 /%5,%*&*/"% 0&'#,- &$, 4$,&*'1 /%('#,%L,5

I1 *,K=,$&*#$, &%5 '"&5/%4 =$,--#$,8 [+,$, /- &

L$/*/L&' *,K=,$&*#$, S/*+ 4#--


&-=+&'*


- "=,$&*/"% &-

２６３
J+,% F/&%+#&O a#&%4 U,/O &%5 U&%4 !/&%S,/



S,'' &- & L$/*/L&' '"&5/%4 =$,--#$,8 ?% *+, S"$-*

L"%5/*/"% /% S+/L+ *,K=,$&*#$, &%5 '"&5/%4 =$,--#$,

&$, "0,$ *+,/$ L$/*/L&' 0&'#,-O & '&$4, &K"#%* "(

/$$,L"0,$&I', ='&-*/L 5,("$K&*/"% &LL#K#'&*,- S+/L+

/%5#L,- $#* &%5 -+,&$/%4 -*$,&K /% K/_*#$,8 [+,$,("$,O

&_', '"&5 '/K/*/%4 &%5 K,&-#$,K,%* "( 5,L$,&-/%4

*,K=,$&*#$, &$, %,L,--&$1 ("$ 4#--


&-=+&'* &- -*,,'

5,LY ='&*, /% "=,$&*/"%85,LY ='&*, /% "=,$&*/"%85,LY ='&*, /% "=,$&*/"%85,LY ='&*, /% "=,$&*/"%8

J

　
6%()*4,-%(,

?% *+/- -*#51O /%('#,%L,- "( K&-*/L 3=

ü
$, L"%*,%*O

(/%, *" L"&$-, &44$,4&*, =$"="$*/"%O *,K=,$&*#$, &%5

'"&5/%4 =$,--#$, "% =,$K&%,%* 5,("$K&*/"% &%5

5,("$K&*/"% L"K='/&%L, "( 4#--


&-=+&'* +&0, I,,%

/%0,-*/4&*,58 ?* L&% I, L"%L'#5,5 ($"K *+, $,-#'*-c

@6 H&-*/L 3=

ü
$, L"%*,%*O *,K=,$&*#$, &%5 '"&5/%4

=$,--#$, +&0, =$"K/%,%* /%('#,%L, "% =,$K&%,%*

5,("$K&*/"% $,-/-*&%L, "( 4#--


&-+=&+*8

96 [+,$, /- &% "=*/K#K K&-*/L 3=

ü
$, L"%*,%* /%

4#--


&-=+&'* *" I&'&%L, /*- +/4+ &%5 '"S *,K=,$&*#$,

=$"=,$*/,-8 U/*+/% *+, L"%*,%*O /K=$"0/%4 (/%, *"

L"&$-, &44$,4&*, =$"="$*/"% K&1 ,%+&%L, K/_*#$,


-

'"S *,K=,$&*#$, &I/'/*18

< 6 [+,$, /- & L$/*/L&' *,K=,$&*#$, S/*+ 4#--


&-=+&'*


- "=,$&*/"% &- S,'' &- & L$/*/L&' '"&5/%4

=$,--#$,8 W_', '"&5 '/K/*/%4 &%5 K,&-#$,K,%* "(

5,L$,&-/%4 *,K=,$&*#$, &$, %,L,--&$1 ("$ 4#--


&-=+&'*

-#$(&L/%4 /% "=,$&*/"%8

G#$*+,$ -*#5/,- "( K&-*/L 3=

ü
$, /%('#,%L,- "%

4#--


&-=+&'*


- 5,("$K&*/"% L"K='/&%L, &%5 *+, L$/*/L&'

"=,$&*/"% *,K=,$&*#$, &%5 '"&5/%4 =$,--#$, K&1 I,

#%5,$*&Y,%8 [+, $,'&*/"%-+/= &%5 L"


,((/L/,%L1 I,*S,,%

/%5,%*&*/"% *,-* &%5 $#* *,-* L&% &'-" I, /%0,-*/4&*,58/%5,%*&*/"% *,-* &%5 $#* *,-* L&% &'-" I, /%0,-*/4&*,58/%5,%*&*/"% *,-* &%5 $#* *,-* L&% &'-" I, /%0,-*/4&*,58/%5,%*&*/"% *,-* &%5 $#* *,-* L&% &'-" I, /%0,-*/4&*,58

>"$"#"()",

［
@

］
!E`J`O J"'',4, "( [$&%-="$*&*/"% "( )"#*+,&-* .%/0,$-/*18

\#--


&-=+&'* &%5 -*$#L*#$, $,-,&$L+ ("$ !EEM $̀/54,

2(/%&' $,-,&$L+ $,="$*6

［
M

］
8 ;&%P/%4c )"#*+,&-* .%/0,$-/*1O

9:::8 2/% J+/%,-,6

［
9

］
J"'',4, "( [$&%-="$*&*/"% "( )"#*+,&-* .%/0,$-/*18 )#$0,1

"% -*,,' 5,LY S/*+ &-=+&'* =&0,K,%* ("$ M#%1&%4 $̀/54,

［
M

］
8 ;&%P/%4c )"#*+,&-* .%/0,$-/*1O 9::@8 2/% J+/%,-,6

［
<

］
J"'',4, "( [$&%-="$*&*/"% "( )"#*+,&-* .%/0,$-/*18 X$"P,L*

"( =&$*'1 $,+&I/'/*&*/%4 =&0,K,%* "( !/&%41/% $̀/54,


- -*,,'

5,LY ='&*, 2(/%&' $,-,&$L+ $,="$*6

［
M

］
8 ;&%P/%4c )"#*+,&-*

.%/0,$-/*1O 9::<8 2/% J+/%,-,6

［
>

］
V,%4 F#,P#%8 W-=+&'* =&0,K,%* -*&I/'/*1 &* +/4+


*,K=,$&*#$, ("$ !/&%41/% I$/54, /% J+/%&

［
!

］
8 Ｊｏｕｒｎａｌｏｆ

ＴｒａｆｆｉｃａｎｄＴｒａｎｓｐｏｒｔａｔｉｏｎＥｎｇｉｎｅｅｒｉｎｇ，9::9O9::9O9::9O9::9O E 296c @

－
A8

T 2/% J+/%,-,6

［
D

］
J+,% F/&%+#&O a#&%4 U,/8 )*#5/,- "% +/4+ *,K=,$&*#$,

-*&I/'/*1 "( 4#--


&-=+&'* &- -*,,' 5,LY =&0,K,%*

［
!

］
8

ＪｏｕｒｎａｌｏｆＣｈｏｎｇｑｉｎｇＪｉａｏｔｏｎｇＵｎｉｖｅｒｓｉｔｙ，9::<O9::<O9::<O9::<O EE2@6c <9

T

－
<D8 2/% J+/%,-,6

［
Q

］
J+,% F/&%+#&O a#&%4 U,/O N/ a"%4*&"O ,* &'8 X$"=,$*/,- "(

4#--


&-=+&'* ("$ "$*+"*$"=/L -*,,' 5,LY ='&*, -#$(&L/%4

［
!

］
8 ＪｏｕｒｎａｌｏｆＨｉｇｈｗａｙａｎｄＴｒａｎｓｐｏｒｔａｔｉｏｎＲｅｓｅａｒｃｈａｎｄ

Ｄｅｖｅｌｏｐｍｅｎｔ，9::>O9::>O9::>O9::>O EB2B6c 9Q 9B8 2/% J+/%,-,6

［
A

］
\,$K&%1 )*&%5&$*8 e#-


*Z'/L+, [,L+%/-L+, 7,$*$&4-I,5/%


4#%4,% #%5 M/L+*'/%/,% (

ü
$ 5/, a,$-*,''#%4 0"%

$̀

ü
LY,%I,'


4,% &#( )*&+'2e[7

̀
3N


)[


B96

［
)

］
8 @BB98

［
C

］
J+,% F/&%+#&8 )*$#L*#$, $,-,&$L+ "% -*,,' 5,LY ='&*, S/*+

&-=+&'* =&0,K,%* ("$ M#%1&%4 $̀/54,

［
V

］
8 ;&%P/%4c

J"'',4, "( [$&%-="$*&*/"%O )"#*+,&-* .%/0,$-/*1O 9::<8 2/%

J+/%,-,6

［
B

］
35S&$5- E'0&O U,-*,$4$,% X,$,$/L8 X"'1K,$ K"5/(/,5

S&*,$=$""(/%4 &%5 =&0,K,%* -1-*,K ("$ +/4+ L"&-* I$/54,

/% )S,5,%

［
M

］
8 )S,5,%c )S,5/-+ ;&*/"%&' M"&5 &%5

[$&%-="$*&*/"% M,-,&$L+ ?%-*/*#*,O 9::@8

浇注式沥青混凝土铺装的永久变形与变形追从性
Ò¡�

　
b

　
2

　
�u3

2()*+�.+ôO )7 9@::BQ6

摘要
c �u4~�5`5¥�5O 89:6789:;�

、
<ZM'FcÊ

、
�5=¿`fest

è�>ç?Ýã67ñöò@¸FAB|m`|mC¶]F128 ã#hic 6789:;�

、
�

5=¿`fests12?Ýã67ñöòAB|mCtF���>O �<ZM'FcÊD12

ñÛ'FÁ=%Ñ5¥�|`E1�|C] ?Ýã67ñöò\DE·F6789:;�O �E

4àÅG®h\@¸DEHÓ=¿`HÓst8

关键词
c AB|m] |mC¶]] ?Ýã67ñöò

中图分类号
c .>@>8A<

３６３
X,$K&%,%* 5,("$K&*/"% &%5 5,("$K&*/"% L"K='/&%L, "( 4#--


&-=+&'* ("$

……


