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+õeµTÖ,��deµT|üÄ;�M;\Å×2007ØjOP34'!"#$%&��¶
·Q-.+'ÅÆ§¾¿³´eµT|�VB¾^QOãä�,àá�,æÃçCP��^

B¾^QO1«GH�ä,89:à;,§�¼³´eµT|ÀdeP-.+ÅÆQi{T

ÁÂ/0jOPúûü'ÅÆ*§Ì'ðñ�P@"Z['?@7Q-µe'ÙPÅ�jk

TÍ�@"¾`§i'ðñ�+õeµTÖ,��deµT|�5×2002ØjO 36'!"#
$%&��¶·Q()*+§¾¿³´eµT|ÀdeP¾¿³´y()*+'ÁÂ/0j

OPEn¾ýÑ¸§Ì'ðñ�+õeµTÖ,��deµT| 
Ö'�ÇQ3M'!"#$%&'()*+Q-µetu§Ã]´eµT§P/½¾'�

�¹º/0�dytuOå�µ|À'yÈPMNjO 19991¸¹º 20061¸�j�/0

                                                  
7 ÙÎ��\Ãtu,deP�¶¦·'%&��¶·Q/0�dy Viton×1986, 1997ØPChu, 
Fielding×1992ØPNolan×1996ØPNolan, Ritchie, Rowcroft×2001ØPºEV$'%&��¶
·,dy Kerstens×1996ØP¥�'%&��¶·,dy Chang and Kao×1992Ø§��º´T| 
8 DEAQ-µeO Cooper,Seiford and Tone(2000)PÏÐ(1993)PSFAQ-µeO Green(1997)
QÑdµ'jPÖ´º�^Ò'%| 
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»«,de()*+,-.+'¾¿�ÃÇ|ÀdeP()*+,-.+Qðñ�+õeµ

TÁÂ�/0{TÖ,jP@"'ö÷Æ�>�,dy?�@7§()*+'Z[PKQOP

-.+'ø6Qðñ�+õeµT'¹P�yP()*+'ÁÂO¸%&�'È{T%&"

#'Ë'Ý+§ðñ�+õeµT'¹�BC{T| 

-7./01234QRST4UV 

c'dDEA,efg 

MNjO!"#$%&'()*+�DEAQ��¾¿{T|DEAOCharnes, el al.×1978Ø
Q�ÄewÓ³´y¬jkT|DEAO�¿³´yºI¥Q´»µe�V½E¶^¦¾]
Q-.ºCVYZ��¼ÈP_z)*��%&�')*Ù� 1,deP0¹º 1'«'Ùj
½¶�Q()*+�ÚÛ{T|DEAjO()*+'/e£-.ºCVYZ�i��Ý.Æ
{TOÁ§�µÖ,P�yP�gxó¹º�T-.c��}ÔQÕõT�Ë'L�§kT|

d¹dP�V½E¶^¦¾]�¬jkTyÈ'¾��B.�Ãõ�µ�Ë'Ö�zkT| 
¾¿Q¼µT¤ºXO£Q¾¿{TÉXF]�$^-.+Ê�×Malmquist productivity 

IndexØ,'Hs+�ô×deP�ËQide|Ø4.'¤ºX×s5CRSùConstant Return 
to ScaleØ��¼dy|�yP¾¿D,deOSÒ'��^B¾^�~�de�VB¾^
�_ÙQ{TgóÊø,PSÒ'�VB¾^�×~de»Új�T.x�_6Q{Txó

Êø§kT|!"#$%&'vsPgóÊø�¼µT'§%&'+¦6Ûâ,ôõº´T

yÈgóÊø��¼dy|9MN'¾¿j¼µygóÊø'CRS¤ºX��mjÎS{T,
(1)m'�ÇQÎS³´T| 

JjNnMm

yy

xxts

i

J

j
imiim

J

j
jniin

,,1,,1,,1
0

..

min

1

1

!!!"!!!"!!!"
#

$

#

%

%

"

"

ÜÜÜÜÜÜ

ÜÜÜÜÜÜ

ÜÜÜÜÜÜÜÜÜÜÜÜÜ

ÜÜÜÜ

ÜÜÜÜÜÜÜÜ
ÜÜÜÜÜÜÜÜ

&

&

&'

'
&

8 8 8 8 8 8 8 8         8 8    (1) 

ÖÖjPÝO¼ÈT~�)*ÙPÞO^Òws�«�{TyÈ'(Ìß]^XP yO�
�^B¾^Pà]mO��^B¾^'áFPxO�VB¾^Pà] nO�VB¾^'áFP
à] jOÀ´â´'%&��ÎdeµT| 
3QPCRS¤ºX'UÁ��VB¾^,��^B¾^§¸ 1 -'¤ºX×s5P1 gó 1
xóØ�¼µeÂ¬{T|ø 6QO 1gó 1xó'CRS¤ºX��deµT|ãä���
^B¾^'T )(y P=ä��VB¾^'T )(x ,deôõT|A¹ºEOÎÏ¶·,{TWV

                                                  
9 DEA'´M¤ºX,deEQ�ËQide|ØòÅ'¤ºX×VRSùVariable Return to 
ScaleØ§kT|VRS¤ºXjOÊø¥�BQ��ù.ÌÍ§s�T§PCRS¤ºXjO�4
,�T|Ñd�O Cooper,Seiford and Tone(2000)PÏÐ(1993)�Ë�^Ò'%| 
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BXjk�P%&¥×DMUùDecision Making UnitØ,å³´T|1-'�VB¾^, 1
-'��^B¾^'ÙQæÄeP%&¥Oø 6'�ÇQ/edeµT|góQ¶{Txó
'Î )/( xy �ÎÏ{T,PA§�VB¾^Q¶{T��^B¾^'±s§_z¤�P_z)
*�Qc�deµT%§/¹T|Ö',�Pz�,A�ÜT²��-.ºCVYZ�,åç|
�yP-.ºCVYZ�s5O-.òóws,å³´P-.òówsQÈd-.ºCVY

Z�6Q�µ%&¥O()*+§Ü-deµTyÈP�VB¾^'Må£��^B¾^'

<=Q��()*+�Z[{TÖ,§òójkT|3QP()*+'¾¿DQ-µeÂ

¬�ÃÇ|ø 6 ��EO-.ºCVYZ���5'-.òówsQÑÒ{TyÈP�Q�
�^B¾^���å�µ�VB¾^j´�òójkT|À'yÈPgóÊø' CRS¤ºX
QRST)*ÙO qsqr / ,de¾¿³´T|dy§ÄeP)*��c��ÃÄeµ 

ø 6ù1gó 1xó' CRS¤ºX 

 
 

ø 7ù2gó 1xó' CRS¤ºX 

 

-.ºCVYZ�8

G

yx /1

yx /2  

F  

H

IJ
q

r

0

s

t

-.ºCVYZ�8
A  

x0  

y

C

B

D

E
q r  s
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Tvs')*ÙO 1 ,��P()*��vsO 1 ��Ù³��T|MNjOP�VB¾^
§ 2-,��^B¾^§ 1-'¤ºX×2gó 1xóØ�¼µe()*+'¾¿�ÃÇ|2
gó 1xó'CRS¤ºX�ø�dyz'§ø 7jkT|��^B¾^� )(y P�VB¾^
ß� )( 1x P�VB¾^ 2 � )( 2x ,dP=ä� )/( 1 yx Pãä� )/( 2 yx ,deôõT|F¹
ºJO%&¥jk� ø 7 '�ÇQ/edeµT|v+'��^B¾^�å�µ�VB¾^
j.xdeµT%&¥�)*�,ôõT|ø 7QRµeFPGPH�_z)*��%&¥,
ôõT,FPGPH�Ìç�§-.ºCVYZ�jkT|�yP-.ºCVYZ�,F¹ºè
²QÆ-�,H¹ºJ8QéyT�jê�´TëÝ§-.òóws,�T|ø 7��JO-
.ºCVYZ�6QÑÒd�µyÈP�Q��^B¾^���å�µ�VB¾^j´�ò

ójkT|À'yÈPJ')*ÙO tr 0/0 ,de¾¿³´T|Ö',�J�()*,ì.³
�T'OGPHjk�PGPH�J'^Òws×reference setØ,åç|4�Q^ÒwsO%
&¥0Qs�TÖ,Q�T| 

c-dhij 

MNjOP1999 1¸¹º 2006 1¸�j'!"#$%&��/0¶·,{T|ºI¥Q
�I§kT%&�£%&�Ë§�Èeíî�%&�O¶·¹ºïèdyyÈPÌÍ,de

30'!"#$%&�'ºI¥�¼µT| 
!"#$%&'��^B¾^,�VB¾^,deO3'Å��¼µT|10�¿P��^B

¾^QO+1«ð�çC,' 1 Å��¼µT|MN'/0jOPÞª'ß'×~,)*�
�@",µÇ!"#$%&,de'>���ñdeµT|À'yÈPæÃçC��Sj�

�GHRò�ô×deµT1«ð�çC§ÛâjkT,ôõ�¼deµT|3QP�VB

¾^QOuv,nM�ôõP+ãä�,,+#$àá�,' 2Å��¼µT|ãä�'ºI
¥QO!"#$%&Qæ%{Tãä�QU��Q¾�dyèéêëãä��=�dyz'

�¼µT|Ö'�Ç�¾��ÃÄyP�OP��'!"#$%&�§èéêë�Rpde

R�èéêë'ðñ�ô×d�µÖ,O/0QRµeó��-Q³�T,ôõyyÈjk

T|À'yÈPêë{�èéêëXQdôÄyf+'rbjkT,ôõPU��Q¾�d

yèéêëãä��ãä�Q=�deµT|�yP#$àá�OnM,de'}.dyÙ

PÊ¼jkT,ôõ�¼deµT|Î 1QOMNj�¼dyÅ���,ÈeµT| 

Î 1ù()*+'¾¿Q¼µyÅ� 
8 1 Å�?1 J}1

��^B¾^ 1«ð�çC1 ;:s#$,õö�#$%&'1«ð�çC's¾×4�:Ø

#$àá�1 ;:s#$,õö�#$%&'»÷Ò�àá�'s¾×áØ1
�VB¾^1

ãä�1 ;+ãä�,,+êë{|ãä4�ây�´Mf,'s¾×�Ø

×xvØ19991¸¹º 20061¸�j'rÿ!"`D!"a&1#$ 

 
                                                  
10 ��^B¾^P�VB¾^'øùQideOPúû×2005ØPüü×2006Ø�^ô,dy| 
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c@dQRST4UVkl 

Î 2 QO¾¿³´y)*Ù'ýþí¾T�Pø 8 QO)*Ù'%&�/e��deµT|
OQÈQP!"#$%&÷¥j')*Ù�×Ø{T|20061¸QRST)*Ù'89ÙO
0.65j 19991¸' 0.75,ÎÏde45deµT|ø 8��%&�'/e)*�×Øde
7T,P19991¸,ÎÏde/e'�)§ÅÆdeµTÖ,§×Øj�T|19991¸QR
µeO)*Ù§ 0.6s6¹º 0.8gÿQ��'%&�§w±deµy§P20061¸QRµ
eO 0.5gÿ,�Èe()*�jkT,ÚÛ³´y%&�'±s§<=deµT|�yP%
&�«'ÓÐ�)*Ù'_6Ù,_ÙÙ'Î*j7T,P19991¸QRµeO 2.3}jk
Äyz'§ 20061¸QRµeO 4.2}î,Õ6deµT|Ö'�ÇQP%&�«QRµe
ÎÏ�6��)*+Ð§ÑÒdPÀ'ÓÐOÔ1Õ6deµTÖ,§×Øj�T| 
3Q%&g¥'!µQ�T)*Ù'/e'!µ�×Ø{T|!"#$%&Oªb<QR

µeO)%G'úÚ�°±jkÄy§P`DQRµeO�Ü¬L'g°jkÄyyÈP�

�¼àî':�MõQ�Tðñ�6��fSeµT,ôõº´T|À'yÈPÖÖjO% 

Î 2ù)*Ù'ýþ'¾T 
1¸8

'¾T8 #&&&1 $!!!1 $!!#1 $!!$1 $!!%1 $!!)1 $!!"1 $!!*1

89Ù8 !,'"1 !,'*1 !,*"1 !,'$1 !,'#1 !,'!1 !,*%1 !,*"1

¼KóÐ8 !,#"1 !,#'1 !,#*1 !,#*1 !,#(1 !,#(1 !,#&1 !,$#1

_ÙÙ8 !,))1 !,$&1 !,%'1 !,)%1 !,%&1 !,)#1 !,$"1 !,$)1

_6Ù8 #,!!1 #,!!1 #,!!1 #,!!1 #,!!1 #,!!1 #,!!1 #,!!1

 

ø 8ù)*Ù'%&�/e 

!

#

$

%

)

"

*

'

(

&

2!," !,"2!,* !,*2!,' !,'2!,( !,(2!,& !,&2# # .3456

.
7
8
9
:
6

#&&&;< $!!$;< $!!*;<
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Î 3ù%&g¥"')*Ù'89Ù 
1¸8

%&g¥8 #&&&1 $!!!1 $!!#1 $!!$1 $!!%1 $!!)1 $!!"1 $!!*1

ªb<8 !,(#1 !,(%1 !,')1 !,("1 !,("1 !,(%1 !,''1 !,(!1

`8 D8 !,'#1 !,'$1 !,*#1 !,*"1 !,*)1 !,*)1 !,"*1 !,"(1

g¥«'Ð8 !,#!1 !,##1 !,#)1 !,$!1 !,$!1 !,$!1 !,$#1 !,$%1

÷%&�8 !,'"1 !,'*1 !,*"1 !,'$1 !,'#1 !,'!1 !,*%1 !,*"1

 
&"#Q�Tðñ�/0{TyÈ%&g¥�ªb<,`DQ/F{T|ÖÖjPªb<,

Oª%�¥,=¦Ê.ªb'%&�jk�PÀ´sè'%&��`D,/Fdy|sàP

ªb<P`D,¬ýdyvsOÖ'.#QæÇ|Î 3 QO%&g¥"')*Ù��deµ
T|ªb<QÎ~e`D'%&�'D§()*jkTÖ,§×Øj�T|�yPªb<,

`D')*+Ð§ 19991¹º 20061Q¹Se� 2}Qz$§ÄeµTÖ,§×Ø³´T| 
_£QP%&�0')*Ù�×Ø{T|Î 4QO¸%&�')*Ù��deµT|1999
1¸¹º 20061¸�j'»«QRµe)*Ù§ 1,ÚÛ³´y1§s¾ 31s6kT%&
�OPÖªbP%&'bPÙ�(b' 3%&�jkT|4DP)*Ù§ 0.5gÿ,ÚÛ³´
y1§s¾ 3 1s6kT%&�O)*bP+DbPpzbP¢%bP,DbP�-bP.
MbP/0(b' 8 %&�jkT|÷e§`D'%&�jk�PÝQÉ%P±9;19P
&'j%&�ÃÇ%&�jkT| 
3åQRµeP()*+Qðñ�+õeµTÁÂ'BC�ÃÇ§PÖÖjOP)*Ù§

¤µ%&�Q<Ü{TÝÞ¹ºÁÂ'ô2�ÃÇ|3%&�Q<Ü{TÝÞOßàáây�
'ãä�§å��Pãäß�ây�1«æÃçC§¤µÖ,jkT|3%&�,z)*Ù§
¤µ 20061¸'�Ù�7T,Pßàáây�ãä�jO÷989§ 1.5�jkT�¹ 3%
&�,z 1�s5jkT|�yPãäß�ây�1«æÃçCjO÷989§ 26156:j
kT�¹ 3%&�,z 40000:�3õeµT|MNjOPð�çC���^B¾^,dy
yÈ²Æ'ÁÂ,OO¿dz«õ�µ§Pãäß�ây�'����-.+§¤µÖ,O

)*Ù§¤µÁÂ' 1 -,deôõº´T|Ö'�Ç�ÝÞ§S´eµTP�'ß-,d
ePèéêë§ôõº´T|ÖªbOèéêë�Ê��Q®gdeµT��¥jk�P2006
1¸'X¼Q÷ÈTêëX'Î*O 26.1c,÷989' 5.5cQÎ~T,4d�¤µ|�yP
%&'bQRµez 15.8%,¤µÙ��deµT|zÇß-,deP¤ì#$%&íî'
ïx§ôõº´T|¤ì#$%&O%&Ý+§Ü®j�¢£z$Á§�5�´T/6'4

-,de«]´eµT|Ù�(bQRµeOPõö�#$%&Qó�g´eR�7(¥Q

RµeO4.'¨\��÷ÈeµT|�yP%&'bQRµeOPÍ%&'89Õ9,�

/QEÃ§ÕÈ³´eµT|÷9�Q&�#$%&'L¼��§Må{T±P¤ì#$%

&í'$Á§�5�´T/6QïxdeµT¹:¹§()*+Qðñ�+õeµT,ôõ

º´T|8  
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Î 4ù!"#$%&�')*Ù 
1¸8

%&�?8 #&&&1 $!!!1 $!!#1 $!!$1 $!!%1 $!!)1 $!!"1 $!!*1

ÉÖª8 !,*'1=$#0 !,'*1=#'01 !,*%1=#&0 !,'$1=#"0 !,'$1=#"0 !,'%1=#%0 !,*'1=#%01 !,'1=#%01

;<¥8 #1=#01 !,&$1="01 !,()1=)0 !,&"1=%01 !,(%1=#$0 !,(%1=#!0 !,'*1=&01 !,(1=&01

=3b8 !,*%1=$%0 !,*"1=$$01 !,")1=$%0 !,*"1=$#0 !,*"1=#&0 !,*"1=#(0 !,"&1=#'01 !,*%1=#*0

=>b8 !,(%1=(01 !,((1=#!01 !,''1=*0 !,((1="01 !,(&1="01 !,'&1=##0 !,'#1=##01 !,(1=##01

û<b8 !,'*1=#%0 !,(#1=#%01 !,'$1=##0 !,(%1=#!0 !,(&1=*01 !,&$1=%0 !,($1=)01 !,((1=)01

?@Ab8 !,'1=#(01 !,'"1=#(01 !,*)1=#'0 !,(%1=##0 !,&$1=%01 !,'*1=#$0 !,*(1=#$01 !,*(1=#)0

Öªb8 !,&*1=)01 #1=#01 !,('1=%0 #1=#01 !,&&1=$01 #1=#01 !,&1=%01 !,&$1=%01

6Bb8 !,'(1=##0 !,()1=#$01 !,')1=(0 !,("1=*01 !,(*1=(01 !,((1=*0 !,'&1=(01 !,(1=#!01

CDb8 !,'*1=#$0 !,(1=#)01 !,'#1=#$0 !,()1=&01 !,(*1=&01 !,(%1=&0 !,'*1=#!01 !,(#1='01

%&'b8 #1=#01 !,&$1=*01 #1=#01 #1=#01 !,(*1=#!0 !,&$1="0 #1=#01 #1=#01

>Ù?b8 !,(1=#!01 !,$&1=%!01 !,*)1=#(0 !,*&1=#'0 !,*'1=#'0 !,*(1=#'0 !,*#1=#*01 !,"&1=$!0

)*b8 !,"&1=$'0 !,"*1=$*01 !,)%1=$'0 !,"%1=$*0 !,)'1=$*0 !,)&1=$"0 !,)*1=$"01 !,)"1=$"0

+Db8 !,"*1=$(0 !,")1=$'01 !,)"1=$*0 !,"1=$'01 !,))1=$&0 !,)"1=$(0 !,)#1=$'01 !,%&1=$'0

¤@b8 !,&1='01 !,&"1=%01 !,'&1="0 !,&#1=)01 !,&#1=)01 !,&$1=)0 !,($1="01 !,()1="01

A&b8 #1=#01 !,&)1=)01 !,'$1=#!0 !,"(1=$)0 !,"(1=$$0 !,"(1=$$0 !,)(1=$%01 !,*1=#(01

B<b8 !,*#1=$*0 !,*%1=$"01 !,""1=$$0 !,*%1=$$0 !,*%1=$#0 !,*%1=#&0 !,"(1=#&01 !,"(1=$#0

¬Cb8 !,*&1=$!0 !,'$1=$!01 !,*#1=$!0 !,*&1=#*0 !,'#1=#*0 !,'#1=#"0 !,*"1=#)01 !,"$1=$%0

DEb8 !,'*1=#)0 !,'&1=#"01 !,*'1=#)0 !,("1='01 !,('1='01 !,('1='0 !,(1=*01 !,(#1=*01

Fb8 !,')1=#*0 !,((1=##01 !,*&1=#%0 !,''1=#%0 !,(%1=##0 !,(*1=(0 !,'&1='01 !,'(1=#$0

pzb8 !,))1=%!0 !,))1=$&01 !,%'1=$&0 !,)*1=$&0 !,"%1=$"0 !,*#1=$#0 !,"1=$$01 !,(#1=(01

¢%b8 !,*&1=#&0 !,&1=&01 !,%'1=%!0 !,)%1=%!0 !,%&1=%!0 !,)#1=%!0 !,%(1=$(01 !,%)1=$(0

Géb8 !,'#1=#'0 !,'1=$#01 !,'*1='0 !,*(1=#&0 !,"'1=$%0 !,"'1=$%0 !,"$1=$#01 !,*1=#&01

H9b8 !,'"1=#"0 !,'&1=#*01 !,**1=#*0 !,'$1=#)0 !,'$1=#)0 !,'%1=#)0 !,*)1=#"01 !,**1=#"0

7(b8 !,&#1=*01 !,&#1='01 !,'$1=&0 !,()1=(01 !,($1=#%0 !,*&1=#*0 !,"(1=$!01 !,"*1=$$0

,Çb8 !,**1=$$0 !,'%1=#&01 !,*#1=$#0 !,*(1=#(0 !,)'1=$'0 !,)%1=$&0 !,$(1=$&01 !,$)1=%!0

Ù�(b8 !,&#1="01 #1=#01 #1=#01 !,*"1=$!0 #1=#01 #1=#01 #1=#01 #1=#01

�-b8 !,(1=&01 !,&#1=(01 !,**1=#"0 !,'&1=#$0 !,*"1=#(0 !,)"1=$'0 !,$"1=%!01 !,$"1=$&0

�ç~b8 !,*$1=$"0 !,*)1=$%01 !,"%1=$)0 !,*#1=$%0 !,*"1=$!0 !,*$1=$!0 !,"(1=#(01 !,*1=#'01

.Mb8 !,"#1=$&0 !,"1=$(01 !,)$1=$(0 !,"1=$(01 !,)*1=$(0 !,)*1=$*0 !,)#1=$*01 !,)$1=$*0

/0(b8 !,*$1=$)0 !,*)1=$)01 !,)(1=$"0 !,""1=$"0 !,")1=$)0 !,")1=$)0 !,)*1=$)01 !,)(1=$)0

89Ù8 !,'"1 !,'*1 !,*"1 !,'$1 !,'#1 !,'!1 !,*%1 !,*"1

×IØJKJ'�ÙOÀ'%&�'LM�Î{| 
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@7QRST,mn9op^"W4XY 

c'dqhr4st 

3QP()*+Qðñ�+õTÁÂ'/0�ÃÇ|µåj'¾¿'ÌÍP%&�«QR

µe)*+Ð§-QeµTÖ,§×Ø³´y|ÖÖj'>�OP@"'ö÷Æ�>�,d

y?�@7§()*+Qðñ�+õeµT'¹P�yP()*+'ÁÂO¸%&�'È{

T%&"#'Ë'Ý+§ðñ�+õeµT'¹�BC{TÖ,,�T| 
Î 5 QO�¼dyÅ�'4(��deµT|()*+Qðñ�+õTòó+§kT,de
�¼dyÅ�OP%&�'@"Ý+�Î{Å�,%&"#�Î{Å�Q/F³´T| 
�¿P@"Ý+�Î{Å�,deO+êë*,,+En¾ýÑ¸,��¼dy|!"#

$%&jO@"'ö÷ÆîøSePª«êë'ùï£úûüýÑ¥þ'Åÿ§�³´eµ

T|À'yÈPÖ´º'?@7§()*+Qðñ�+õeµT'¹BC{TyÈP@"Ý

+�Î{Å�,deO+êë*,,+En¾ýÑ¸,��¼dy|+êë*,OrX¼Q÷

ÈTêëX'Î*jkT|@"'ö÷Æ�>�Qèéêë�Rp{T'j)*ÙQ¶de

i'ðñ�+õT,ôõº´TyÈPA�'NOOiQ�T,P.³´T|3QP+En¾

ýÑ¸,Or|úQ÷ÈTiÿ�2'Î*jkT|i=�2,OP{ü|gQgüP9R

úûüP¥úûüPEn¾úûüPEn¾ÌhüPÝ"Lú'En¾Qgü's¾bjk

T|!"#$%&jO»÷QRSTX¼<=�úûü�ËQ��úS{T®ø§kTyÈP

X¼_ÙÆÃ�î'�VTVYZU�VÍdeµTòó+§kT|À'yÈPEn¾ýÑ

¸O)*ÙQÌ'ðñ�+õT,ôõº´TyÈPA�'NOOÌQ�T,P.³´T|

+êë*,P+En¾ýÑ¸,OPÌÂ¬Å�jkT)*Ù,�/+'¨©§Ü-{Tòó

+§kTyÈP1»µ'ºI¥�¼µT%jkTW¸¶X�deµT| 
3Q%&"#�Î{Å�,deOP+:à)*,+89ì¸,P+"&&�,P+GHWIJ

$É¸,' 4Å���¼dy|+:à)*,O:àÉ¸�89.äjïdyz'jk�P%
&"#5QRST$ÁÝ+�Î{ÙPÅ�,de�¼dy|:à)*§¤S´³)*ÙQ

i'ðñ�+õT,ôõº´TyÈPA�'NOOiQ�T,P.³´T|+89ì¸,O 

Î 5ùÁÂ/0j�¼dyÅ� 
1 Å�1 J}1

ÌÂ¬Å�8 )*Ù8 ;MNj¾¿dy)*Ù8

êë*8 ;êëX|rX¼8

En¾ýÑ¸8 ;iÿ�2|r|ú8

:à)*8 ;:àÉ¸|89.ä8

89ì¸8 ;1«æÃçC|1«ðRàæÃ/«×:Ø8

"&&�8 ;½';,'s¾×:Ø8

Â¬Å�8

GHWIJ$É¸8 ;1«æÃçC|"&&�×:Ø8

×xvØ19991¸¹º 20061¸�j'rÿ!"`D!"a&1#$ 
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1«æÃçC�1«ðRàæÃ/«jïdyz'jk�P%&''()*�Î{ÙPÅ�

,de�¼dy|%&''(ÆO89ì¸�45³�)*ÙQÌ'ðñ�+õT,ôõº

´TyÈPA�'NOOiQ�T,P.³´T|+"&&�,O%&�§EÃ{T÷½''

;,'s¾jk�P%&�'E"�Ë�Î{ÙPÅ�jkT|À'yÈPA�'NOO%

µQOP.{TÖ,Oj��µ|+GHWIJ$É¸,O1«æÃçC�"&çC�jïd

yz'jk�PEÃF¸�Î{ÙPÅ�jkT|@")*ÆQøSe#$àá�£ãä�

�Ë'YM§Ã]´eµT§P���&�jkÄezÃ=667{TOÁ§kTyÈ"&

çC�OÀ´W6��Mådeµ�µyÈPEÃF¸'45�Ë÷¥��GHWIJ$'

45�Y�Ö,§Êo³´eµT|À'yÈP()*+,EÃF¸,'iA�BC{Ty

ÈQ�¼dy|dy§ÄePA�'NOZ{O%µQP.{TÖ,Oj��µ| 
DEAQ�T)*+Ê¼�¼µeÁÂ/0�dy\Ãtu'��jP)*��%&�')
*Ù§ßQ[�\µed�ÇÖ,�ô×de^IJ¾^;¤ºXQ�T/0§Ã]´eµ

T|MNQRµez��'P�Q��^IJ¾^;¤ºX�¼µeµåj¾¿dy)*Ù

�ÌÂ¬Å�,deÁÂ/0�ÃÇ|/0Q�¼dy¤ºXO×2Øm'�ÇQ.#³´T| 

ÜÜÜÜÜÜÜÜÜ

ÜÜÜÜÜÜÜÜ

]ÜÜÜ

1,

1,1

),0(

**

*

2'*

("

#"

)")"

ititit

itit

vititititititit

yifyy
yify

iidNvvuuxy *+,

8 8 8 8 8 8 8 8 8 8 8 8  (2) 

ÖÖjPà] iO%&��^"{TýOPà] tO13P *
ity O_ÒÅ�P iy O DEAQ�

�¾¿³´y)*ÙP, Où.³´TA�'ß]^XP itx OÁ`§÷e 1,�T¾,Â¬
Å�'¾¹º�Tß]^XP itu O¿ÐaP it+ Ob.)Í�À´â´ÎdeµT| 

c-dutklFvw 

Î 6 Qù.ÌÍ��deµT|GHWIJ$É¸O89ì¸,"&&�j¼µº´eµT
Å�,�4'Å�Q��.#³´TyÈ"Qù.dy|�yP%&"#�Î{Å��ïµ

y¤ºXQRµezù.�ÃÄyyÈP¾ 3¤ºX�ù.dy| 
OQÈQP%&�'@"Ý+�Î{Å�,de�¼dyÅ�Q-µeÂ¬�ÃÇ|�¿P

+êë*,'A�O'¾�Q�cjk�P.dyNOZ{,4¢{Ti,�Äy|À'y

ÈPèéêë�Ê��Q®gdeµT%&�O½¶�Q)*��-.c��ÃÄeµTò

ó+§�!³´y|3QP+En¾ýÑ¸,'A�z'¾�Q�cjk�PP.dyNOZ

{,4¢{TÌ,�Äy|À'yÈPúûü�Ë'En¾ýÑ¸§¤µ%&�.ËX¼_

ÙÆÃ�î'�VTVYZU§VÍ³�()*��@"�ÃÄeµTòó+§�!³´y| 
3QP%&"#�Î{Å�Q-µeÂ¬�ÃÇ|�¿P+:à)*,'A�O'¾�Q�

cjk�PP.dyNOZ{,4¢{Ti,�Äy|À'yÈP$ÁÝ+§()*+Qð

ñ�+õeµTòó+§�!³´y|d¹d�§ºP$ÁÝ+O%&�§þdòó�z'

jO�µyÈP�ejZ[{TÖ,O���,ôõº´T|3QP+89ì¸,'A�O' 
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Î 6ùù.ÌÍ 
8 ¤ºXß8 ¤ºXR8 ¤ºXW8

Â¬Å�8 A�8 fÙ8 A�8 fÙ8 A�8 fÙ8

.�a8 !,!%1 !,#)1 !,)#1 #,('>1 !,'&1 $#,%#>>>

êë*×;»µØ8 #,!*1 %,#*>>> #,%#1 ),#!>>> #,'*1 ),&&>>>

En¾ýÑ¸×;»µØ8 -!,%&1 -),"">>> -!,)!1 -),'%>>> -!,)*1 -),((>>>

:à)*8 !,!$1 ',$%>>> !,!#1 ),')>>> 1 1

89ì¸8 !,#&1 $,'*>>> 1 1 1 1

"&&�8 -!,!#1 -#,!#1 1 1 1 1

GHWIJ$É¸8 1 1 !,!$1 !,'!1 1 1

¶�g¸8 '),$*1 '!,!"1 )&,)#1

WVBXW��8 $#!1 $#!1 $#!1

I ;ØhhhO ;iJKjPhhO jiJKjPhO ;²iJKj�cjkT%�Î{8

I ±Ø89ì¸P"&&�PGHWIJ$É¸Ok'ºI¥'�d¶�Ù��¼dy|1

 
¾�Q�cjk�PP.dyNOZ{,4¢{Ti,�Äy|À'yÈP%&'()*§

()*+Qðñ�+õeµTòó+§�!³´y|dy§ÄeP#$,´'ÁÂ' 1 -j
kT%&'(Q�T./+'01,µÇ2©§×Ø³´y,ôõº´T|d¹d�§ºP

%&'()*z%&�§þdòó�z'jO�µyÈP�ejZ[{TÖ,O���,ô

õº´T|3QP+"&&�,'A�O'¾�Q�c�ÌÍOlº´�¹Äy|À'yÈP

%&�'%&�ËO()*+Qðñ�+õeµ�µòó+§�!³´y|_£QP+GHW

IJ$É¸,'A�Q-µez'¾�Q�c�ÌÍOlº´�¹Äy|À'yÈPEÃF

¸O()*+Qðñ�+õeµ�µòó+§�!³´y| 
s6'ÌÍ��,ÈT,P%&�'@"Ý+QideOPèéêë�ùïdeµT%&

�O)*��-.c��ÃÄeµTòó+§kTÖ,PEn¾ýÑ¸§¤µ%&�O()

*�-.c��ÃÄeµTòó+§kTÖ,§�!³´y|À'yÈP@"'ö÷Æîø

Syèéêë'ùï£úûüýÑ¥þ'Åÿ§)Í�jkTòó+§�!³´y,«õT|

�yP%&"#QideOP$ÁÝ+,%&'()*§()*+Qðñ�+õeµTòó

+§�!³´y|d¹dPÖ´ºO%&�§þdòó�z'j�µyÈ�ejZ[{TÖ

,O���,ôõº´T|�yP%&'()*'ù.ÌÍ��P#$,´'ÁÂ' 1 -j
kT%&'(Q�T./+'01,µÇ2©§×Ø³´y| 
 
8 8 8 8  
 
 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
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&C(! xyT4UVF"WXY 

'7./01234xyT4UV 

c'dzr{|}1~xyT��,efg 

MNjO!"#$%&'-.+'/½¾ÅÆ�ÉXF]�$^-.+Ê�×Malmquist 
productivity IndexØQ��¾¿{T|ÉXF]�$^-.+Ê�O Fare and Grosskopf
×1994ØQ�ÄewÓ³´y¬jkT|ÉXF]�$^-.+Ê�O DEAQÙÎ³´T
-.ºCVYZ��¼µy/0�/½¾QÒ¼{TÖ,js/�«'-.+'ÅÆ�.T

�Q¼ÈTz'jkT|ÉXF]�$^-.+Ê�QO-.+'ÅÆ�P¸%&¥'s/

�«j'()*+'Å�Q�T-.+'ÅÆjkT+)*+ÅÆ×efficiency changeØ,,
��ïm�Ë'è-��ÁÂQ�T-.ºCVYZ�'¨º^Q�T-.+'ÅÆjkT

+��ÅÆ×technical changeØ,Q/�{TÖ,§j�T|À'yÈPÚ÷VW'µw§
��Æy�µn÷£`ÝN÷��!"#$%&'-.+ÚÛQRµe�)�Ê¼jkT,

«õT|ÖÖjOPMNj¼µTmg;,i�×input distance functionØ,ÉXF]�$
^-.+Ê�'Â¬�ÃÇ|mg;,i�Ov+'��'5jPkT�¿³´y�VB¾

^,��^B¾^'@7s]�Q-µeP��^B¾^�Mº{Ö,��òó��VB¾

^'oÙ}*'p�,.#³´T|�VB¾^ß]^X� xP��^B¾^ß]^X� y,
{T,P t»'��QRSTmg;,i� td OP(3)m'�ÇQ.#³´T| 

- . ÜÜ tttttt Pyxyxd /" ),/(:max),( && 8 8 8                          8    8 (3) 
ÖÖjP tx O t»QRST�VB¾^ß]^XP ty O t»QRST��^B¾^ß]^XP

&O ttt Pyx /),/( & §RSòó�_6ÙPÀde tP O t»'-.òóws�Î{|Ö'm
g;,i�O�VB¾^'k�ß§��)*�Q-.c�§Ã]´eµTvsO&§ 1 ,
��P�VB¾^§kl'vsO 1 ��6�µÙ�P�ßde-.�òójkTvsO 1
��Ù³µÙ�,T|�yP&ODEAQRµe¼Èº´y)*Ù'p�jkT|µþ'ø 
7�¼µeÂ¬{T,PJQRST&O rt 0/0 P)*ÙO tr 0/0 jkT|À'yÈP&§)
*Ù'p�,�ÄeµT%§P�j�T| 
3QPÉXF]�$^-.+Ê�'Â¬�ÃÇ|t»'¸-.ºCVYZ�j 1)t »'�

VB¾^,��^B¾^'@7s]��ÚÛ{T,;,i�O(4)m'�ÇQ.#³´T| 
- . ÜÜ tttttt Pyxyxd /" )))) ),/(:max),( 1111 &&                               8  (4) 

��QP 1)t »'¸-.ºCVYZ�j t»'�VB¾^ß]^X,��^B¾^ß]^
X�ÚÛdy;,i�, 1)t »'¸-.ºCVYZ�j 1)t »'�VB¾^ß]^X,�

�^B¾^ß]^X�ÚÛdy;,i�O(5)m,(6)m'�ÇQ.#³´T| 
- .Ü 11 ),/(:max),( )) /" tttttt Pyxyxd &&                                8  8   (5) 
- .111111 ),/(:max),( )))))) /" tttttt Pyxyxd &&Ü                              8   (6) 

Caves,Christensen and Diewert×1982Øj.#³´yÉXF]�$^Ê� tM jOPt»
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xy 1)t »QRST-.+'ÅÆO(7)m,(8)m'�ÇQ¾�³´T| 

),(
),(

),,,(
11

11
))

)) "
ttt

ttt
ttttt yxd

yxdyxyxM                                      8     (7) 

),(
),(

),,,(
111

1
111

)))

)
))) "

ttt

ttt
ttttt yxd

yxdyxyxM                                   8     (8) 

(7)mxy(8)mjOP´K�§ t»�yO 1)t »' 1 /�jkT|2 »«'-.+�ÎÏ
{T:Q´K,�T-.ºCVYZ�O t»xy 1)t »jkTyÈP(7)m,(8)m'qr8
9�,Äyz'§ÉXF]�$^-.+Ê�jk�P(9)m'�ÇQ.#³´T| 

2
1

111

1

11
11 ),(

),(
),(
),(

),,,( 0
1

2
3
4

5
6"

)))

)

))
))

ttt

ttt

ttt

ttt
tttt yxd

yxd
yxd
yxdyxyxM                  8       (9) 

(9)m'ÉXF]�$^-.+Ê�'ÅÆ§ 1 �6ôT�º³P-.+§Z[deµTÖ
,�cs{T|�yP(3)m¹º(6)mj.#³´ymg;,i�O DEA QRST)*Ù'
p�jkT|À'yÈP)*Ù� ),( yxD ,{T, ),(/1),( yxdyxD " jk�P(9)mO(10)
mî,c�ZÈTÖ,§j�T| 

2
1

1111

11111

2
1

1

11111
11

),(
),(

),(
),(

),(
),(

),(
),(

),(
),(

),,,(

0
1

2
3
4

5
66"
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1
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3
4

5
6"
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)
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yxD
yxD

yxD
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yxD
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yxD
yxD

yxD
yxDyxyxM

ÜÜÜÜÜÜÜÜÜ

ÜÜÜÜÜÜ

8 8 8   (10) 

ÖÖjP(10)m5L'tuQRSTJK'èvO+)*+ÅÆ×efficiency changeØ,PJ
K'JvO+��ÅÆ×technical changeØ,�Î{| 
ø 9QO)*+ÅÆ,��ÅÆ� 1gó 1xó'¤ºXQRµeø�deµT|ãä��
�^B¾^'T )(y P=ä��VB¾^'T )(x ,deôõPkT%&¥' t»'-.c�
� ),( tt yx P 1)t »'-.c�� ),( 11 )) tt yx PÀde t»'-.ºCVYZ�� tF P 1)t »

'-.ºCVYZ�� 1)tF ,{T|%&¥'-.c�O¸-.ºCVYZ�'5vQÑÒ{

TyÈP()*�-.c�jkTÖ,��deR�Pt»P 1)t »'()*+'W¸O tc xx / P

1/ )tb xx ,de¾¿³´T|�yP t»'-.c�� 1)t »'-.ºCVYZ�jÚÛdy

:'()*+O ta xx / P 1)t »'-.c�� t»'-.ºCVYZ�jÚÛdy:'()*
+O 1/ )tb xx ,�T|Ö'ø±'ýO�¼µe(10)m�ÎSdyz'§(11)m,�T| 

7 8
7 8

7 8
7 8

7 8
7 8
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/
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99
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:
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x
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xx
xxyxyxM

ÜÜÜÜÜÜÜÜÜ

8 8 8 8 8 8 8 8 8 8 8 8  (11) 
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ø 9ùÉXF]�$^-.+Ê� 

 
ÖÖ�jjÂ¬dyÉXF]�$^-.+Ê�O 2 »«'-.+ÅÆ�/0{Tz'j

kT§P�»«ÉXF]�$^-.+Ê��¼µTÖ,j 2 »«s6'/½¾/0§òó
jkT|MNjO�»«j'/½¾ÅÆ�/0{TyÈP�»«ÉXF]�$^-.+Ê

�'¾¿zÃÇ|�»«ÉXF]�$^-.+Ê�O´ä13b»�b.dePt»�»«
��³�TÖ,Q��¾¿�ÃÇz'jkT|´ä13'b», t»'ÉXF]�$^-.
+Ê�O(12)m'�ÇQ.#³´T| 
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5
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8 8 8      8 8 8 (12) 

b»Ob.³´P t»Ob»�� 1 »0Q��³�T'jP(12)mO(13)m'�ÇQî/
Æ{TÖ,§j�T|MNjO 19991¸�´ä13,de¾¿�ÃÇ| 
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122111
2
1

1
1
2

2
1

1

),(),(),(
),(),(),(

),(
),(

),,,(

0
1

2
3
4

5
?
?

0
1

2
3
4

5
"

!!!!"

@@))))

@)))))

@
@
@

)
)

)

tttbbbbbb

tttbbbbbb

bbb

ttt

t
t

t
t

b
b

b
bbbtt

t
b

yxDyxDyxD
yxDyxDyxD

yxD
yxD

MMMMyxyxM

ÜÜÜÜÜÜÜÜ

(13) 

_£QP-.ºCVYZ��6w¨º^³�eµT%&��×Ø{TD��{|Fare 
and Grosskopf×1994Øj.#³´eµTZ{�ÿy{z'�P-.ºCVYZ��6w¨
º^³�eµT��ßI¥I,.#{T|��ßI¥I'Z{,OPt»¹º 1)t »'«Q

���ïm§k�P t»¹º7y 1)t »'-.+Oø6dPÌÍ,de 1)t »jO-.º

CVYZ�6jc��ÃÄeµT,µÇZ{jkT|Ö'Z{��mjÎS{T,3'(14)
mP(15)mP(16)m' 3 mj.#³´T|(14)mO t»¹º 1)t »'«Q���ïm§kT

1)tF

x0

y  

1)ty  
),( 11 )) tt yx tF

ty  

ax  

)( tt yx

bx 1)txcx tx dx
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Ö,��{Z{mjkT|ÖÖj )1,( )ttTC ,O(10)mj.#³´y��ÅÆjkT|3QP
(15)mO t»¹º7y 1)t »'-.+'ø6��{Z{mjkT|ÀdeP(16)mO 1)t »

jO-.ºCVYZ�6jc��ÃÄeµT%��{Z{mjkT| 
1)1,( A)ttTC  8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 (14) 
1),( 11 A)) ttt yxD 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  (15) 
1),( 111 "))) ttt yxD 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8   8 8 8 8 8 8 8 8 8 8   (16) 

c-dxyT��4UVkl 

Î 7 QO¾¿³´yÉXF]�$^-.+Ê�'89'ù��Pø 10 QO�»«¤ºX
j¾¿dy-.+Ê�'ù��Pø 11QO%&g¥"'�»«ÉXF]�$^-.+Ê�
'ù���deµT|OQÈQP!"#$%&÷¥j'-.+ÅÆ�×Ø{T|19991 

Î 7ùÉXF]�$^-.+Ê�'89'ù� 
1 1 ! "#$%&' ("#$%&'

1¸8 Ê�8 ªb< )*' +,-. /01' )*' +,-.

#&&&-$!!!1 MALM 1 1!,&(1 !,&&1 !,&&1 !,&(1 !,&&1 !,&&1

=$!!!01 EFFCH #,!)1 #,!$1 #,!$1 #,!)1 #,!$1 #,!$1

1 TECHC !,&"1 !,&'1 !,&*1 !,&"1 !,&'1 !,&*1

$!!!-$!!#1 MALM #,!$1 #,!%1 #,!%1 #,!!1 !,&*1 !,&'1

=$!!#01 EFFCH !,(&1 !,((1 !,(&1 !,&$1 !,("1 !,('1

1 TECHC #,#"1 #,#'1 #,#*1 #,!&1 #,#%1 #,#$1

$!!#-$!!$1 MALM !,&&1 !,&"1 !,&*1 !,&&1 !,&!1 !,&%1

=$!!$01 EFFCH #,#*1 #,#!1 #,#$1 #,!*1 !,&$1 !,&'1

1 TECHC !,(*1 !,(*1 !,(*1 !,&)1 !,&(1 !,&*1

$!!$-$!!%1 MALM !,&(1 #,!%1 #,!$1 !,&(1 !,&%1 !,&)1

=$!!%01 EFFCH #,!!1 !,&&1 !,&&1 #,!*1 !,&#1 !,&*1

1 TECHC !,&&1 #,!"1 #,!%1 !,&%1 #,!%1 !,&&1

$!!%-$!!)1 MALM !,&"1 !,&"1 !,&"1 !,&%1 !,((1 !,&!1

=$!!)01 EFFCH !,&(1 !,&&1 !,&&1 #,!)1 !,&!1 !,&"1

1 TECHC !,&'1 !,&*1 !,&*1 !,&!1 !,&&1 !,&*1

$!!)-$!!"1 MALM #,!#1 !,&'1 !,&(1 !,&)1 !,(*1 !,(&1

=$!!"01 EFFCH !,&$1 !,('1 !,(&1 !,&"1 !,(!1 !,("1

1 TECHC #,#!1 #,##1 #,##1 !,&&1 #,#!1 #,!*1

$!!"-$!!*1 MALM #,!%1 #,!$1 #,!$1 !,&'1 !,&!1 !,&$1

=$!!*01 EFFCH #,!"1 #,!%1 #,!%1 #,!!1 !,(%1 !,((1

1 TECHC !,&&1 !,&&1 !,&&1 !,&'1 #,!&1 #,!"1

×IØxyzxO x{|�}~��f������×ÉXF]�$^-.+Ê�ØP�����O ����������8��{���×)*+Å

ÆØP������O �������{|8��{���×��ÅÆØ�Î{|8
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ø 10ù-.+Ê�'ù�×19991¸´äØ 
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#,#"

#&&& $!!! $!!# $!!$ $!!% $!!) $!!" $!!* ×1¸Ø

)*+ÅÆ ��ÅÆ ÉXF]�$^-.+Ê�

 

 

ø 11ù�»«ÉXF]�$^-.+Ê�'ù�×%&g¥"Ø 
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!,(!
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!,&!

!,&"

#,!!

#,!"

#&&& $!!! $!!# $!!$ $!!% $!!) $!!" $!!* .;<6

?@A BC D789

 

¸¹º 20061¸QRµeÉXF]�$^-.+Ê�Oµ1¸Îj 3ô6wdeOµTz'
'P19991¸�´ä,dy 20061¸'ÉXF]�$^-.+Ê�O 0.92�jMådeµ
TÖ,§×Øj�T|19991,ÎÏde��ÅÆ§ 1.03,6wdeµT'Q¶de)*+
ÅÆ§ 0.88,MådeµTÖ,¹º#$%&÷¥j'-.+45'ÁÂO)*+ÅÆ�T
Ö,§×Øj�T| 
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