
 
 

!"#$%#& '()!*+,$+-$!+,&'#$.),.#%$*,/)0*+, $12$3%+!#)0#0$),4$!'5+% $5*.%+#,/*%+,5#,! $
!""#$%&$#'%

()'*+,,')%'*%-)$#%($./'#'01 2%34,.5.".+%'*%6+4.5,.)12%7458+),5.1%'*%-"#"2%954#$4:%
!

*6789:;<7=96$
"#$%!&'($)*(&!+,%%!+$#+-.*)$!/"0112!-&!34,!)*&3!+*))*.!356,!*7!+$.+,#!*7!34,!*#$%!+$8-35!+*.&3-3(3-.9!)*#,!34$.!
:;<!*7! $%%! +$&,&! /=(-#! $.>!?,-%$.>@! A::B2C! D.! E-.%$.>@! 34,#,! $#,! $F*(3! GB;!.,H! +$&,&! 6,#! 5,$#! $.>! 34,! .()F,#@!
,&6,+-$%%5! *7! 3*.9(,! +$#+-.*)$&@! 4$&! F,,.! -.+#,$&-.9! /E-..-&4! 1$.+,#! #,9-&3#5@! 1$.+,#! &3$3-&3-+&! $3!
HHHC+$.+,##,9-&3#5C7-2C!I4,!?*#%>!J,$%34!"#9$.-K$3-*.!/?J"2!,L6,+3&!$!H*#%>H->,!-.+#,$&,!-.!-.+->,.+,!-.!34,!.,L3!
7,H!>,+$>,&!/=$&&$.*!!"#$%C@!G;;M2C!D.!34,!6$&3!34#,,!>,+$>,&@!>,&6-3,!$>8$.+,&!-.!-.8,&3-9$3-*.!$.>!3#,$3),.3@!34,!
*8,#$%%!6#*9.*&-&!4$&!#,)$-.,>!%$#9,%5!(.+4$.9,>C!I4,!)*&3!+*))*.!&-3,!+(##,.3%5!$77,+3,>!-&!34,!3*.9(,!$.>!$3!34-&!
&-3,!"011!-&!6$#3-+(%$#%5!$99#,&&-8,!H-34!$%)*&3!4$%7!*7!34,!6$3-,.3&!>5-.9!*7!34,!>-&,$&,C!/N..,#3K#!"#$%&'!G;;G2!
 

3>87$?@$5A7>BB9C$>6:$0A8=6A$3897A=6>DAD$=6$+8>B$!96E;A$0F;>G9;D$.ABB$.>8<=69G>$H+!0..I  
D.+#,$&-.9!,8->,.+,!&(66*#3&!34,!8-,H!34$3!,L3#$+,%%(%$#!6#*3,-.$&,&@!&(+4!$&!34,!)$3#-L!),3$%%*6#*3,-.$&,&!/==O&2!
$.>! &,#-.,!6#*3,$&,&@!),>-$3,!)$.5!*7! 34,! +4$.9,&! -.! 34,!)-+#*,.8-#*.),.3!>(#-.9! 3()*#!6#*9#,&&-*.!/E-9!A!N2C!
==O&!$#,!$!7$)-%5!*7!GP!4()$.!K-.+Q>,6,.>,.3!,.>*6,63->$&,&@!7-#&3!>,&+#-F,>!$%)*&3!4$%7!$!+,.3(#5!$9*!/R#*&&!$.>!
S$6-,#,@!A:MG2C!I4,5!6%$5!$!+#(+-$%!#*%,!-.!8$#-*(&!645&-*%*9-+$%!6#*+,&&,&!$.>!-.!>-&,$&,&@!&(+4!$&!+$.+,#C!I4,!9,.,#$%!
&3#(+3(#,! *7! ==O&! &4*H&! 34#,,! >*)$-.&! 34$3! $#,! +*))*.! 3*! $%)*&3! $%%! ==O&@! 34,! 6#*Q6,63->,@! 34,! +$3$%53-+!
>*)$-.@!$.>!34,!4,)*6,L-.Q%-T,!1Q3,#)-.$%!>*)$-.!34$3!-&!%-.T,>!3*!34,!+$3$%53-+!>*)$-.!8-$!$!7%,L-F%,!4-.9,!#,9-*.!
/E-9! AU2C!==O&! $#,! -.-3-$%%5! ,L6#,&&,>! -.! $.! ,.K5)$3-+$%%5! -.$+3-8,! &3$3,! $.>! 34,5! #,'(-#,! 6#*3,*%53-+! +%,$8$9,! F5!
+*.8,#3$&,&@!H4-+4!*++(#&!-.3#$+,%%(%$#%5!F5!7(#-.!*#!,L3#$+,%%(%$#%5!F5!*34,#!==O&!*#!&,#-.,!6#*3,-.$&,&!/03,#.%-+43!
$.>! ?,#F@! G;;A2C! O#*3,*%53-+! $+3-8-35! *7! ==O&! +$.! F,! #,9(%$3,>! $3! >-77,#,.3! %,8,%&V! 9,.,! ,L6#,&&-*.@! +*)6$#3Q
),.3$%-K$3-*.@! +*.8,#&-*.! 7#*)! K5)*9,.! 3*! $+3-8,! ,.K5),@! $.>@! 34,! 6#,&,.+,!*7! &6,+-7-+! -.4-F-3*#&C! ID=O&! /3-&&(,!
-.4-F-3*#&!*7!),3$%%*6#*3,-.$&,&2!$#,!$!9#*(6!*7!7*(#!4*)*%*9*(&!&6,+-7-+!-.4-F-3*#&!34$3!F5!F-.>-.9!3-943%5!$.>!.*.Q
+*8$%,.3%5!3*!==O&!-.4-F-3!34,-#!+$3$%53-+!,L3#$+,%%(%$#!$+3-8-35!/"8,#$%%!$.>!S*6,KQ"3-.@!G;;G2C!J*H,8,#@!ID=O&!)$5!
$%&*!F,!6$#3!*7!34,!$+3-8$3-*.!6#*+,&&!H4,#,!==OQG!#,'(-#,&!ID=OQG!34$3!-&!F*(.>!3*!*.,!)*%,+(%,!*7!==OQAW!8-$!-3&!
+$3$%53-+!>*)$-.!$.>!$%&*! -&!F*(.>! 3*!6#*Q==OQG!8-$! -3&!4,)*6,L-.!>*)$-.C!N! &,+*.>!)*%,+(%,!*7!==OQAW! 34,.!
+$3$%53-+$%%5! $+3-8$3,&!==OQGC! 1*)6$#,>!H-34! +$#+-.*)$&! *#-9-.$3-.9! 7#*)!*34,#! 3-&&(,&@! 34,! $)*(.3! $.>! $+3-8-35!
%,8,%&!*7!==O&!$#,!9,.,#$%%5! -.+#,$&,>!-.!"011&!/03#*.9-.@!G;;M2C! !1,%%&! -.!34,!)-+#*,.8-#*.),.3!*7!)$.5!+$.+,#&!
,L6#,&&!)*&3!*7!34,!6#*3,-.$&,&!34$3!$#,!#,%,$&,>!-.3*!34,!,L3#$+,%%(%$#!&6$+,!$.>!-.7%(,.+,!)(%3-6%,!,8,.3&!-.!3()*#!
6#*9#,&&-*.!/E-9!A12C!!

 

"#$%&'()#!*+%,%-('().-!./!($%!,(%*,!./!#'+#)-.&'!0+.1($!'-2!
)-3',).-!'//%#(%2!45!,%+)-%!*+.(%',%,!'-2!667,!

N>$63,>!7#*)!O-$!X5F,#9Y&!I4,&-&!G;;B

1A

            

"#$%&'()#,(+8#(8+%,./! 667,

N>$63,>!7#*)!I4,&-&!*7!Z))$!O-#-%[@!G;;P =*#9(.*8$ !"#$%C!0+-,.+,@!A:::!

9%08:'().- ./! 667! '#()3)(%,

�99,.,!,L6#,&&-*.
�9+*)6$#3),.3$%-K$3-*.
�9+*.8,#&-*.!7#*)!K5)*9,.

3*!$+3-8,!,.K5),!
�934,!6#,&,.+,!*7!&6,+-7-+!
-.4-F-3*#&!/ID=OQA@QG@QP@QW2

;+),(': ,(+8#(8+%./! 667 <=

>?

            

667, )-!.+': #'+#)-.&' (),,8%

==OQ\@Q:QAP!$.>Q]

0*#&$!!"#$%C!"#$% ^-&,$&,&@!G;;M

>;

   
 
D.3,#&3-3-$%! +*%%$9,.$&,&@!==OQA@! Q]! $.>! QAP@! 7#$9),.3! 7-F#-%%$#! +*%%$9,.! 356,&! DQDDD! $.>! _! $&!H,%%! $&! 6#*3,*9%5+$.&C!

1*%%$9,.! 7#$9),.3&!$#,! 7(#34,#!>,9#$>,>!F5!9,%$3-.$&,&! /==OQG!$.>! Q:2! 34$3!$%&*!)*>(%$3,!F$&,),.3!),)F#$.,!

356,!D_!+*%%$9,.@!$.+4*#-.9!7-%$),.3!356,!_DD!+*%%$9,.!$.>!4,)->,&)*&*)$%!+*)6*.,.3@!%$)-.-.QB!/+(##,.3%5!+$%%,>!

%$)QPGG2C! ^,#,9(%$3-*.! *7! 9,%$3-.$&,&! /==OQG! $.>! Q:2@! +*%%$9,.$&,&QA! $.>! QP! /==OQA! $.>! QAP2! $.>!==OQAW! $#,!

$&&*+-$3,>!H-34!3()*#!6#*9#,&&-*.!-.!4,$>!$.>!.,+T!+$.+,#&!/0(3-.,.!!"#$%&'!A::]@!I4*)$&!!"#$%C@!A:::@!`(*T*%$-.,.!
!"# $%C@! G;;W2C! J*H,8,#@! ==OQ]! /+*%%$9,.$&,QG2@! )$-.%5! &5.34,&-K,>! -.! F*.,! )$##*H! $.>! &,+#,3,>! F5! .,(3#*64-%!

%,(T*+53,&! >(#-.9! -.7%$))$3-*.@! 4$&! $! 6#*3,+3-8,! #*%,! -.! +$.+,#&C! U$%F-.!!"# $%C! /G;;P2!H,#,! 34,! 7-#&3! 3*! &4*H! 34$3!
$F&,.+,!*7!34-&!6#*3,$&,!&3#*.9%5!-.+#,$&,&!34,!-.+->,.+,!*7!&T-.!3()*#&!-.!)-+,C!?,!>,)*.&3#$3,>!34$3!"011!+,%%&!

,L6#,&&!==OQ]!/=*-%$.,.!!"#$%C@!G;;G2@!$.>!&4*H,>!34$3!==OQ]!,L6#,&&-*.!-&!$&&*+-$3,>!H-34!-)6#*8,>!&(#8-8$%!*7!

34,! 3*.9(,! +$.+,#! 6$3-,.3&@! ,&6,+-$%%5! -.! 7,)$%,&! /a*#6-! !"# $%&'! G;;]@! E-9! GN2C!?,!H,#,! $%&*! $F%,! 3*! >,)*.&3#$3,!

>,)*.&3#$3,!34,!6#*3,+3-8,!#*%,!*7!==OQ]!-.!$!)*(&,!)*>,%V!==OQ]!>,7-+-,.3!7,)$%,&!>,8,%*6,>!3*.9(,!011&!$3!$!

&-9.-7-+$.3%5!4-94,#! -.+->,.+,!34$.!H-%>Q356,!)-+,!H4,.!,L6*&,>!3*!+$#+-.*9,.C!1*.&-&3,.3%5@!,&3#*9,.!H$&!$F%,!3*!

-.>(+,! 34,! ,L6#,&&-*.! %,8,%! *7!==OQ]! -.! +(%3(#,>! *#$%! +$#+-.*)$! +,%%&C! I4(&@! -.! +*.3#$&3! 3*!)*&3!==O&@!==OQ]!

&,,)&!3*!4$8,!$!6#*3,+3-8,@!9,.>,#!#,%$3,>!#*%,!-.!34,!9#*H34!*7!3*.9(,!011&!/a*#6-!!"#$%&'!G;;]@!E-9!GN2C!J*H,8,#@!

http://www.cancerregistry.fi/
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WSN-4YRY58X-B&_user=950183&_coverDate=04%2F02%2F2010&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000049135&_version=1&_urlVersion=0&_userid=950183&md5=a270117ab8e18308c12f420ea3e73450#bib40
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WSN-4YRY58X-B&_user=950183&_coverDate=04%2F02%2F2010&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000049135&_version=1&_urlVersion=0&_userid=950183&md5=a270117ab8e18308c12f420ea3e73450#bib40
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WSN-4YRY58X-B&_user=950183&_coverDate=04%2F02%2F2010&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000049135&_version=1&_urlVersion=0&_userid=950183&md5=a270117ab8e18308c12f420ea3e73450#bib115
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WSN-4YRY58X-B&_user=950183&_coverDate=04%2F02%2F2010&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000049135&_version=1&_urlVersion=0&_userid=950183&md5=a270117ab8e18308c12f420ea3e73450#bib115


2 
 

F$&,>!*.!*(#!#,+,.3!>$3$!==OQ]!6%$&)$!%,8,%!*#!9,.*356,!*7!4,$>!$.>!.,+T!+$.+,#!6$3-,.3&!>->!.*3!+*##,%$3,!H-34!

34,!*(3+*),!*7!34,!6$3-,.3&C!D.&3,$>@!ID=OQA!/-.4-F-3*#!7*#!==OQ]2!+*##,%$3,>!H-34!34,!6**#!&(#8-8$%!/E-9!GU2C!O%$&)$!

ID=OQA!%,8,%&!H,#,!$&&*+-$3,>!H-34!()*+,#9,.*356,!-.!H*),.!F(3!.*3!-.!),.@!$.>!34,!()*+,#9,.*356,!-.!H*),.!

6#,>-+3,>!&(#8-8$%!&(99,&3-.9!34$3!ID=OQA!)$5!4$8,!$!>-#,+3!#*%,! -.!34,!6#*9#,&&-*.!*7!011! /O#$>4$.QO$%-T4,!!"#$%C@!
G;A;2C!(-!#"./01#2!3"1.4"56!#$72#3.881!3356!#/!4-$753/3#09#810"!57$3!3#$1!#4.11!7"%:#3"5%%#07%:#8$1"5$%%:#;70<7#$72#
9.1"-!1# $7$%:3!3# $1!# 1!=.51!2# 901# "-!# 6$%52$"507# 09# "-!# 9.74"507$%# $72# 4%5754$%# 35>75954$74!# 09#**+3# $72# ()*+3# 57#
"07>.!#4$74!1&!!!

!!

667 <@!$',!'!*+.(%#()3%A!*+.4'4:5!%,(+.0%-<+%:'(%2!+.:%!)-!($%!
0+.1($!./!.+':!(.-08%!#'+#)-.&'!)-!$8&'-!'-2!&)#%

I4, ,L6#,&&-*. *7 ==OQ] -. 011 +,%%& H$&
6*&-3-8,%5 $&&*+-$3,> H-34 -)6#*8,>
&(#8-8$% *7 34, 6$3-,.3&

==OQ] >,7-+-,.3 7,)$%, )-+, >,8,%*6,>
011& -. 3*.9(, $3 $ &-9.-7-+$.3%5 4-94,#
-.+->,.+, 34$. H-%>Q356, )-+, ,L6*&,> 3*
+$#+-.*9,.

=*(&,!!" �D

=*(&, !" �E

B8&'- !" �D

B8&'- !" �E

C=!!<D< <D!D

7;9!!!'-2!!!E%,(%+-!4:.(!FB"; <GH

##$ %&

IB!./!#'+#)-.&'!(),,8%,

a*#6- !"#$%C!U#-3!b!1$.+,#!G;;]

=J

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

O%$&)$!==OQ]!%,8,%!>->!.*3!6#,>-+3!
*8,#$%%!&(#8-8$%!/"02

ID=OQA!$)*(.3!H$&!$&&*+-$3,>!
H-34!"0

==O]!9,.*356,!>->!.*3!+*##,%$3,!
H-34!Q&(#8-8$%!*#!==OQ]!%,8,%C!

ID=OQA!%,8,%&!H,#,!$&&*+-$3,>!H-34!
ID=OA!9,.*356,!-.!H*),.@ F(3!
.*3!-.!),.C!

'(#$ %)*

$+,-.,/ %$,012.3*345,05**6+,0*6/78089:;*<=)=5*
5*

ID=OQA!-.4-F-3&!34,!$+3-8-35!*7!==OQ]!
$.>!7(.+3-*.&!$&!$!9#*H34!7$+3*#!Qc!
-3!)$5!>-#,+3%5!-.7%(,.+,!JX011!

6#*9#,&&-*.

KI67<>!0%-.(5*%,!)-!1.&%-

7:',&'! /+.&!BL";;!*'()%-(,

KI67<>!'&.8-(!)-!*:',&'

=?

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

;;K <*%*()2%),!!'! ,*%#)/)#)-$)4)(.+ /.+!!0%:'()-',%, F667 <M!'-2!<=H

�{D.4-F-3&!,.>*34,%-$%!$.>!3()*#!+,%%!)-9#$3-*.!57#65"10
�{D.4-F-3&!7-F#*&$#+*)$!!$.>!"I011!6#*9#,&&-*.!-.!!)*(&,!)*>,%

�{N++()(%$3,&!-.!34,!3()*#!8$&+(%$3(#,

a*-8(.,.!,3!$%C
X$3(#, U-*3,+4.*%*95 A\V!\M]�t\W@!A:::

2C

!
!
!I4,!.*3-*.!34$3!==OQ),>-$3,>!Z1=!>,9#$>$3-*.! %,$>&!3*!+$.+,#!+,%%! -.8$&-*.!$.>!),3$&3$&-&!4$&!F,,.!$!9(->-.9!
34,*#5!-.!==O!#,&,$#+4!*8,#!34-#35!5,$#&!/S-*33$!!"#$%C@!A:];2C!I4,!>-&+*8,#5!34$3!-.4-F-3-*.!*7!==O&!&(66#,&&,&!34,!
-.8$&-8,!6*3,.3-$%!*7!3()*#&!-.!$.-)$%!&3(>-,&!H$&!-)6%,),.3,>!-.3*!+%-.-+$%!3#-$%&C!d,3@!34,&,!F#*$>!&6,+3#()!==O!
-.4-F-3*#! &3(>-,&! 7$-%,>! 3*! -.+#,$&,! &(#8-8$%! #$3,! *7! 34,! 6$3-,.3&! /1*(&&,.&! !"# $%C@! G;;G2C! I*9,34,#! H-34! ^#C! Z#TT-!
a*-8(.,.e&!#,&,$#+4!9#*(6!H,!>-&+*8,#,>!$!+5+%-+!1IIAQ6,63->,@!H4-+4!-&!$!&,%,+3-8,!-.4-F-3*#!7*#!==OQG!$.>!==OQ:@!
F(3!.*3!7*#!*34,#!==O&!/E-9!G12C!1IIA!-.4-F-3&!9#*H34!*7!8$#-*(&!3()*#&!-)6#*8-.9!&(#8-8$%!*7!)-+,C!?,!$%&*!&4*H,>!
34$3!1IIA!&6,+-7-+$%%5!3$#9,3!F%**>!8,&&,%&!57#6560#/E-9!G12C!?,!>,)*.&3#$3,>!34$3!*#$%!3*.9(,!J01QP!+,%%&@!3#$.&7,+3,>!
H-34! 3#56&-.QG! 9,.,@! $#,! )*#,! -.8$&-8,! -.! 34,! +4-+T,.! 1N=Q)*>,%@! $.>! 34-&! -.>(+,>! -.3#$8$&$3-*.! -&! )*&3! %-T,%5!
>,#-8,>!7#*)!34,!-.+#,$&,>!==OQ:!$+3-8-35!&-.+,!6#,Q3#,$3-.9!34,!+,%%&!H-34!1IIAQ6,63->,!$F*%-&4,>!34,!-.3#$8$&$3-*.!
/X5F,#9! !"# $%&'! G;;G2C! 0-)-%$#! 3*! 1IIA! 34,! 45>#*64-%-+! >,#-8$3-8,@! 1IIGQ6,63->,@! H$&! ,77,+3-8,! -.! -.4-F-3-.9! 34,!
9,%$3-.*%53-+! $+3-8-35! 57# 65"10@! 34,! 9#*H34! $.>! 8,&&,%! 7*#)$3-*.! *7! 3*.9(,! J01QP! +$#+-.*)$! L,.*9#$73&! -.+#,$&-.9!
&-9.-7-+$.3%5!34,!&(#8-8$%!*7!34,!)-+,!/J,-TT-%[!!"#$%C@!G;;M2C!`,+,.3%5@!H,!4$8,!>-&+*8,#,>!6,63->,!R@!$!&,%,+3-8,!==OQ
AW!-.4-F-3*#C!I4,!6,63->,!,77,+3-8,%5!-.4-F-3,>!34,!)-9#$3-*.!$.>!-.8$&-*.!*7!+$.+,#!+,%%&!57#65"10C!E(#34,#)*#,@!57#6560!
34,!6,63->,!#,>(+,>!34,!9#*H34!*7!3*.9(,!+$#+-.*)$!L,.*9#$73&!$.>!6#*%*.9,>!34,!&(#8-8$%!*7!)-+,!/0(*f$.,.!!"#$%&'!
G;;:2C!!
!
INID! /3()*#! $&&*+-$3,>! 3#56&-.! -.4-F-3*#2! $.>! 3H*! -&*7*#)&! *7! 3#56&-.&@! 3#56&-.QA! $.>! 3#56&-.QG! /3()*#! $&&*+-$3,>!
3#56&-.*9,.QA!$.>!QG2!H,#,!7-#&3!-&*%$3,>!$.>!6(#-7-,>!7#*)!*8$#-*.!3()*#&!/&,,!#,8-,H!X5F,#9!!"#$%C@!G;;M2C!1$.+,#!
$&&*+-$3,>!3#56&-.&!>-77,#! 7#*)!34,-#!6$.+#,$&!+*(.3,#6$#3&!F$&,>!*.! 34,-#!,.K5)$3-+!$.>!+4,)-+$%!6#*6,#3-,&C!?,!
4$8,! &4*H.! 34$3! 3#56&-.QG! ,77-+-,.3%5! $+3-8$3,&! ==O&@! ,&6,+-$%%5! 9,%$3-.$&,! ==OQ:@! $3! $! #,)$#T$F%,! %*H!
+*.+,.3#$3-*.! 57# 65"10! /0*#&$!!"#$%&'! A::\2C! D.3,#,&3-.9%5@!H,!$%&*!>,)*.&3#$3,>! 34$3! 3#56&-.QG!,77-+-,.3%5! 7#$9),.3&!
356,!D!+*%%$9,.!/=*-%$.,.!!"#$%C@!G;;P2C!N73,#!3#$.&7,+3-.9!3#56&-.QG!-.3*!J01QP!+,%%&@!==OQ:!H$&!&,+#,3,>!-.!$.!$+3-8,!
7*#)C!g&-.9!34,!+4-+T,.!+4*#-*.$%%$.3*-+!),)F#$.,!-.3#$8$&$3-*.!$&&$5!/1N=2!/a-)!!"#$%C@!A::]2@!H,!>,)*.&3#$3,>!
34$3! 3#56&-.QG! 3#$.&7,+3,>! J01QP! +,%%&! H,#,! M;! <! )*#,! -.8$&-8,! 34$.! 34,! +*.3#*%! +,%%&! $.>! 34,! -.>(+,>! -.8$&-8,!
+$6$+-35! H$&! -.4-F-3,>! F5! INID! /X5F,#9! !"# $%C@! G;;G2C! D.! 3#56&-.QG! 3#$.&7,+3,>! J01QP! +(%3(#,&! 34,! 6#*>(+3-*.! *7!
�^�‰�Œ�}�š�����š�]�À���_���D�D�WQ]!H$&!.*3-+,$F%5!>,+#,$&,>!$&!+*)6$#,>!3*!.*#)$%!J01QP!+,%%&!/=*-%$.,.!!"#$%C@!G;;P2C!?,!$%&*!
#,8,$%,>!34$3!3*.9(,!011!3-&&(,!&,+3-*.&!>*!&6*#$>-+$%%5!,L6#,&&!3#56&-.QG!$.>!,.3,#*T-.$&,!-.!+$#+-.*)$!+,%%&!$.>!
)$+#*64$9,&C! D.!$>>-3-*.@!==OQ:!H$&!+*Q%*+$3,>!H-34!3#56&-.QG! -.! -.3#$+,%%(%$#!8,&-+%,&!*7!J01QP!+,%%&! /_-%,.!!"#$%&'!
G;;]2C!`,+,.3%5!H,!7*(.>!34$3!3#56&-.QG!$%&*!6#*+,&&,>!==OQAW@!$.>!34,!6#*+,&&,>!7*#)!H$&!&,+#,3,>!7#*)!3#5QG!
3#$.&7,+3,>!J01QP!+,%%&!/_-%,.!!"#$%C@!(.6(F%-&4,>!>$3$2C!I#$.&7,+3,>!+,%%&!$%&*!+%,$8,>!%$)PGG!+4$-.!$.>!#,9(%$3,>!34,!
$)*(.3!*7!3-943! f(.+3-*.!6#*3,-.&@!+%$(>-.!A!$.>!\!/_-%,.!!"#$%C@!(.6(F%-&4,>!>$3$2C!?,!4$8,!6#,8-*(&%5!&4*H.!34$3!
34,!$%3,#,>!%,8,%&!*7!+%$(>-.!\!/,-34,#!&3#*.9!*#!%*H!-))(.*#,$+3-8-3-,&2!-&!$&&*+-$3,>!H-34!>,+#,$&,>!&(#8-8$%!*7!*#$%!
3*.9(,!011!6$3-,.3&!/U,%%*!!"#$%C@!G;;]2C!1%$(>-.&!4$8,!6#,8-*(&%5!F,,.!&4*H.!3*!3$T,!6$#3!-.!+$#+-.*)$!9#*H34!$.>!
-.8$&-*.!6#*+,&&,&!$3! %,$&3! 3*! &*),!,L3,.3! 34#*(94!==OQ>,6,.>,.3!6$34H$5&! /=-5$)*#-!!"#$%C@! G;;A2C!"T(!!"#$%C!
/G;;M2!>,)*.&3#$3,>!34$3!+%$(>-.!A!6#*8*T,&!-.8$&-*.!*7!*#$%!011!+,%%&!8-$!-.>(+-.9!34,!6#*>(+3-*.!$.>!$+3-8$3-*.!*7!
==OQG! $.>! ==OQAWC! I4,&,! ==O&! 4$8,! 6#,8-*(&%5! F,,.! &4*H.! 3*! 6#*)*3,! ,6-34,%-$%! +$.+,#! +,%%! )-9#$3-*.! F5!
6#*>(+-.9!34,!+%,$8$9,!6#*>(+3!*7! %$)PGG!9$))$G!+4$-.!H4-+4!F-.>&!*.!,6->,#)$%!9#*H34!7$+3*#!#,+,63*#!/ZRE`2!
*.!+$.+,#!+,%%!&(#7$+,&!/0+4,.T!!"#$%&'!G;;P2C#?,!6#*6*&,!34$3!3#56&-.QG!Q!==OQ:!$.>!3#56&-.QG!Q!==OQAW!+$&+$>,&!
$#,!-)6*#3$.3!-.!>-#,+3-*.$%!)*>(%$3-*.!*7!34,!,L3#$+,%%(%$#!)$3#-L!-.!3*.9(,!+$#+-.*)$!-.8$&-*.C!!
!

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WSN-4YRY58X-B&_user=950183&_coverDate=04%2F02%2F2010&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000049135&_version=1&_urlVersion=0&_userid=950183&md5=a270117ab8e18308c12f420ea3e73450#bib69
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WSN-4YRY58X-B&_user=950183&_coverDate=04%2F02%2F2010&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000049135&_version=1&_urlVersion=0&_userid=950183&md5=a270117ab8e18308c12f420ea3e73450#bib21


3 
 

3>87$J@$)67=C>6E=9EA6=<$3AK7=:AD$=6$+!0..$
I4,! >,9#$>$3-*.! *7! Z1=! +*)6*.,.3&! $.>! *34,#! ,L3#$+,%%(%$#! )*%,+(%,&! )$5! 9,.,#$3,! 7#$9),.3&! H-34! .,H!
F-*$+3-8-3-,&! 34$3! -.4-F-3! $.9-*9,.,&-&! /#,8-,H,>! F5! X5F,#9! !"# $%&# G;;B@! E-9! PN2C! E*#! ,L$)6%,@! F-*%*9-+$%%5! $+3-8,!
,.>*&3$3-.!-&!9,.,#$3,>!8-$!+%,$8$9,!*7!356,!h_DDD!+*%%$9,.!F5!==OQP@!Q\@!Q:@!QAP@!$.>!QG;!/J,%f$&8$$#$!,3!$%C@!G;;B2C!
`,+*)F-.$.3! ,.>*&3$3-.! ,77-+-,.3%5! F%*+T&! $.9-*9,.,&-&! $.>! &(66#,&&,&! 6#-)$#5! 3()*#! $.>!),3$&3$&-&! 9#*H34! -.!
,L6,#-),.3$%! $.-)$%!)*>,%&!H-34*(3! $.5! &->,! ,77,+3&@! 3*L-+-35! *#! >#(9! #,&-&3$.+,! /X5F,#9! !"# $%&#G;;B2C! Z.>*&3$3-.!
-.4-F-3&!3()*#!9#*H34!.*3!*.%5!F5!$+3-.9!8-$!,.>*34,%-$%!+,%%&!F(3!$%&*!F5!>-#,+3%5!$77,+3-.9!34,!F,4$8-*#!*7!+$#+-.*)$!
+,%%&C!D.!7$+3@!,.>*&3$3-.!&-9.-7-+$.3%5!#,>(+,&!-.8$&-*.!*7!,.>*34,%-$%!$&!H,%%!$&!3()*#!+,%%&!F5!-.4-F-3-.9!34,!$+3-8-35!*7!
>-&3-.+3!==O&@!%-T,!==OQ:!/a-)#!"#$%&'#G;;;@!X5F,#9#!"#$%&'#G;;P2C!D.!$>>-3-*.!3*!,.>*&3$3-.@!34,#,!$#,!&,8,#$%!*34,#!
$.3-Q$.9-*9,.-+!$.>!+#563-+!7#$9),.3&!>,#-8,>!7#*)!>-77,#,.3!U=!)*%,+(%,&C!I4,!.*.!+*%%$9,.*(&!>*)$-.&!*7!+,#3$-.!
+*%%$9,.&!$#,!6$#3-+(%$#%5! $! 9**>! &*(#+,!*7! 34,&,! -.4-F-3*#&C! I56,! D_! +*%%$9,.!>,#-8,>!$##,&3,.! -&! &(+4!$!)*%,+(%,C!
N##,&3,.!H$&! &4*H.! 3*! -.4-F-3! $.9-*9,.,&-&! $.>! 3()*#! 9#*H34! 57# 6560# /0(>4$T$#! !"# $%&'! G;;B2C!?,! 4$8,! #,+,.3%5!
&3$F%,! 3#$.&7,+3,>! ,.>*&3$3-.! $.>! $##,&3,.! +^XN! 7#$9),.3&! 3*! J01QP! +,%%&! /N-T*! !"# $%C@! )$.(&+#-632! H4-+4! $73,#!
3#$.&7,+3-*.!&,+#,3,>!34*&,!$.3-$.9-*9,.-+!6,63->,&!3*!+(%3(#,!),>-$C!0(#6#-&-.9%5@!,.>*&3$-.!3#$.&7,+3-*.!-.+#,$&,>!
34,!&-K,!*7!3()*#&!-.!.(>,!)-+,!*8,#!+*.3#*%!H4,#,$&!$##,&3,.!3#$.&7,+3-*.!#,>(+,>!3()*#!9#*H34C!N##,&3,.!3()*#&!
H,#,! %,&&! 8$&+(%$#-K,>! $.>! %,&&! -.8$&-8,! 34$.! ,.>*&3$3-.Q! $.>! +*.3#*%QJ01QP! L,.*9#$73&C! N##,&3,.! -.4-F-3&! 3*.9(,!
+$#+-.*)$! +,%%! /J01QP2! )-9#$3-*.! $.>! H*(.>! 4,$%-.9! /E-9! PU2C! N##,&3,.! F%*+T&! -.8$&-*.! )*#,! ,77-+-,.3%5! 34$.!
,.>*&3$3-.!-.!P^!*#9$.*356-+!+*%%$9,.!)*>,%!/E-9!PU2C!N##,&3,.!-.+#,$&,>!34,!$)*(.3!*7!ZQ+$>4,#-.C!D3!$%&*!-.>(+,>!
$6*63*&-&!F5!-.+#,$&-.9!34,!$)*(.3!*7!U$L@!$.!-.>(+3*#!*7!$6*63*&-&@!$.>!>,+#,$&,&!U+%QLS@!$.!-.4-F-3*#!*7!$6*63*&-&@!
-.!34,!)-3*+4*.>#-$%!U+%Q7$)-%5!&-9.$%-.9!6$34H$5&!/E-9!P12C!?,!+*.+%(>,!34$3@!$%34*(94!F*34!,.>*&3$3-.!$.>!$##,&3,.!
$#,!+*%%$9,.Q>,#-8,>!$.9-*9,.,&-&!-.4-F-3*#!$##,&3,.!-&!$%&*!$!6*3,.3!-.4-F-3*#!*7!3*.9(,!011!-.8$&-*.!$.>!-.>(+3*#!*7!
$6*63*&-&C!0-.+,! %*&&!*7!ZQ+$>4,#-.! -&!$!)$#T,#!7*#!,6-34,%-$%!3*!),&,.+45)$%!3#$.&-3-*.!/Z=I2!H,!456*34,&-K,!34$3!
$##,&3,.!6,63->,!-&!$F%,!3*!#,8,#&,!Z=I!-.!3*.9(,!+$#+-.*)$!+,%%&!/N-T*!!"#$%C@!)$.(&+#-63!-.!6#,6$#$3-*.2C!!
!

L%.'-0).0%-%,), )-!#'-#%+

X5F,#9!!"#$%& E#*.3!U-*&+-!/G;;]2
!"#$%&'()**$+',%$-'./0$*1')'2/-'#3443#/+/%&'-3+5$"+'%/(%"3+3*,'+5/3%'

�}�Á�v�����o�}�}�����•�µ�‰�‰�o�Ç�_�����~�:�µ�����Z���&�}�o�l�u���v���í�õ�ó�í�•

GJ

!!!!!!!

J++%,(%-4:.#N, )-3',).- &.+%%//)#)%-(:5($'- %-2.,('()- )-!GO!
.+0'-.(5*)# #.::'0%- &.2%:

Z.>*&3$3-.1*.3#*% N##,&3,.

N-T-*!!"#$%C!(.6(F%-&4,>

G?

!!!!!!

J++%,(%-.3%+<%P*+%,,)-0B"; <G!#%::,0+.1 )-!&.-.:'5%+
#8:(8+%,)-!#:8,(%+,Q!I-#+%',%2%P*+%,,).-./! C<#'2$%+)-

!

C<#'2$%+)-),!)-#+%',%2
)-!J++<B"; <G

;!!!!!!!C-2 J++

C<#'2

G;

!
!

7'+(!GR!!;'+#)-.&'! J ,,.#)'(%2! S)4+.4:',(,!)-!TK";; !
I()*#!)-+#*,.8-#*.),.3!-&!.*H!+*.&->,#,>!3*!F,!$.!$+3-8,!6$#3-+-6$.3!-.!&*%->!,6-34,%-$%!3()*#!6#*9#,&&-*.!$.>!.*3!
),#,%5! $! &3#(+3(#$%! 6$34H$5! 7*#! 3()*#! -.8$&-*.! /U$9%*%,! !"# $%C@! G;;M@! a,&&,.F#*+T! ,3! $%C@! G;A;2C! 03#*)$%! +,%%&@!
,L3#$+,%%(%$#! )*%,+(%,&! $.>! 456*L-$! $%%! 6%$5! $.! -)6*#3$.3! F(3! $! +*)6%,L! #*%,! -.! 3()*#! 6#*9#,&&-*.C!
=-+#*,.8-#*.),.3!$%&*!-.7%(,.+,&!34,!#,&6*.&,!3*!$.3-Q3()*#!34,#$6-,&!/`($.!!"#$%C@!G;;:2C!03#*)$%!)5*7-F#*F%$&3&!
/=E&2! $%&*! +$%%,>! $&! +$#+-.*)$! $&&*+-$3,>! 7-F#*F%$&3&! /1NE&2! 4$8,! ,77,+3! *.! 3()*#! +,%%! 6#*%-7,#$3-*.@! &(#8-8$%@!
$.9-*9,.,&-&@! -.8$&-*.! $.>! ),3$&3$&-&! F5! 6#*>(+-.9! $! H->,! #$.9,! *7! 9#*H34! 7$+3*#&@! +53*T-.,&! $.>! 6#*3,$&,&@!
-.+%(>-.9! ==O&! /a$%%(#-! $.>! i,-&F,#9@! G;;Mj! a,&&,.F#*+T! !"# $%&@! G;A;2C! N! #,+,.3! &3(>5! 4$&! $%&*! &4*H.! 34$3! $.!
�������]�š�]�}�v���o���u�����Z���v�]�•�u���]�v�À�}�o�À���•���š�Z�����^�Z�]�š���Z�]�v�P�������Œ�]�����_���u�}�����o���Á�Z���Œ���������Œ���]�v�}�u���������o�o�•���]�v�À���������}�v���š�Œ�����l�•���š�Z$3!4$8,!$%#,$>5!
F,,.!+#,$3,>!F5!1NE&!H-34!34,!%$33,#!+,%%&!$%H$5&!&,#8-.9!$&!34,!%,$>-.9!+,%%!-.8$>-.9!+*4*#3!$.>!34,!+$#+-.*)$!+,%%&!
+%*&,%5!7*%%*H-.9!F,4-.>!/R$99-*%-!!"#$%C@!G;;\j!E-9!WN2C! D.3,#,&3-.9%5@!34,!*#-9-.!$.>!34,!),+4$.-&)!*7!$+3-8$3-*.!*7!
1NE&!$#,!6*&&-F%5!>-&3-.+3!-.!>-77,#,.3!3-&&(,&@!$.>!)$5!-.+%(>,!8$#-*(&!+*)F-.$3-*.&!*7!+,%%!356,&!$.>!&-9.$%%-.9!/S-!!"#
$%&'!G;;\2C!NF(.>$.+,!*7!1NE&!*#!-.+#,$&,>!,L6#,&&-*.!*7!1NE!$&&*+-$3,>!6#*3,-.&!4$&!F,,.!%-.T,>!H-34!F$>!6#*9.*&-&!
-.!)$.5!,6-34,%-$%!)$%-9.$.+-,&! -.+%(>-.9!34,!*#$%!+$8-35! /a,%%,#)$..!!"#$%C@!G;;\2C!^(#-.9!*#$%!+$#+-.*9,.,&-&!1NE&!
$#,!->,.3-7-,>!)$-.%5!$73,#!34,!>,8,%*6),.3!*7!+$#+-.*)$&@!.*3!-.!6#,Q)$%-9.$.3!%,&-*.&!/_,#,>!!"#$%&'!G;;\@!G;;:2C!)7#
65"10! *#$%! 011! +,%%&! +$.! -.>(+,! $!)5*7-F#*F%$&3-+! 64,.*356,!*7! 6#-)$#5! 7-F#*F%$&3&! $.>! 34-&! 3#$.&Q>-77,#,.3-$3-*.! -&!
>,6,.>,.3! *.! IREQ�EA! /S,H-&! !"# $%C@! G;;Wj! E-9! WU2C! Z),#9-.9! ,8->,.+,! &(99,&3&! 34$3! $! )$f*#! &*(#+,! *7! 3()*#Q
$&&*+-$3,>!)5*7-F#*F%$&3&! -&! +$#+-.*)$! +,%%&! 34#*(94! ,6-34,%-$%Q),&,.+45)$%! 3#$.&-3-*.! /Z=I2! /#,8-,H,>!F5! I&,!k!
a$%%(#-@! G;;\2C! J*H,8,#@! 34,#,! -&! $%&*! >$3$! &(66*#3-.9! 34$3! 1NE&! *#-9-.$3,! 7#*)! +-#+(%$3-.9! F*.,!)$##*H! >,#-8,>!
),&,.+45)$%! &3,)! +,%%&! /U==012! /#,8-,H,>! F5! =+N.(%35@! G;;\2C! `,+,.3! &3(>-,&! &(99,&3! 34$3! ==O&! )$5! $%&*!
&3-)(%$3,!+$.+,#!6#*9#,&&-*.!F5!-.>(+-.9!,6-34,%-$%!+,%%&!3*!3#$.&Q>-77,#,.3-$3,!-.3*!$+3-8$3,>!)5*7-F#*F%$&3&!/`$>-&T5!
!"#$%C@!G;;\2C!D3!-&!$%&*!6*&&-F%,!34$3!1NE&!$#,!$3!34,!F,9-..-.9!F5&3$.>,#&!H4*!>(#-.9!+$#+-.*)$!6#*9#,&&-*.!3(#.!-.3*!

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WSN-4YRY58X-B&_user=950183&_coverDate=04%2F02%2F2010&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000049135&_version=1&_urlVersion=0&_userid=950183&md5=a270117ab8e18308c12f420ea3e73450#bib47


4 
 

T,5!6%$5,#&!*7!34,!+$.+,#!6#*+,&&!/"&3)$.!$.>!N(9&3,.@!G;;:2C!?,!4$8,!#,+,.3%5!&4*H.!34$3@!-.>,,>@!-.+#,$&-.9!1NE!
>,.&-35! -&! &3#*.9%5! $&&*+-$3,>!H-34!,%,8$3,>!)*#3$%-35! -.!*#$%! 3*.9(,!011! /U,%%*!!"#$%C@! &(F)-33,>j! E-9!W12! $.>! 34$3!
1NE&!$#,!+*))*.!3*!F*34!6#-)$#5!$.>!),3$&3$3-+!011!/_,#,>!!"#$%&'!G;A;j!E-9!W12C!U$&,>!*.!*(#!>,)*.&3#$3-*.!*7!
1NE&!H-34-.!),3$&3$3-+!#,9-*.$%!%5)64!.*>,&!-.!"I011!H,!4$8,!456*34,&-K,>!34$3!1NE&!+$.!$%&*!7$+-%-3$3,!),3$&3$&,&!
,-34,#!F5!+*Q),3$&3$&-K-.9!$.>l*#!F,-.9!#,+#(-3,>!3*!%5)64!.*>,&!/_,#,>!!"#$%&'!G;A;2C!)"#<5%%#?!#$#4-$%%!7>57>#"$3;#"0#
407951/#"-53#-:80"-!353&#)7#$225"507'#"-!#015>57#09#@AB3#57#01$%#4$74!13#$72#"-!#/!4-$753/#09#-0<#"-!:#8$1"5458$"!#57#
01$%#C@@#>10<"-#$72#576$3507#8104!33!3#$1!#3"5%%#%$1>!%:#.7;70<7&##

#

�_D.!011@!1NE&!$#,!$%H$5&!34,!%,$>-.9!+,%%!*7!34,!-.8$>-.9!+*4*#3!
H-34!34,!011!+,%%&!+%*&,%5!7*%%*H-.9!F,4-.>C!=,+4$.-&)!
-.8*%8,&!34,!`4*l`"1a!$.>!==O!6$34H$5&!3*!+#,$3,!3#$+T&!-.!
�š�Z���������D�_�������������������'���P�P�]�}�o�]��!"#$%#/G;;\2!D$"#@!%%#E50%

"*%#8:'(%2+.:%,/.+!;JS,

1NE&!$#,!-)6*#3$.3!
7$+-%-3$3*#&!*7!-.8$&-*.@!
6#*>(+-.9!,L3#$+,%%(%$#!
)$3#-L!6#*3,$&,&!!/==O02!
$.>!$.9-*9,.-+!7$+3*#&j!34,5!
$%&*!)*>(%$3,!3()*#!>#(9Q
&,.&-3-8-35C

UJ

########

T+)0)-!./!;JS,!)-!#'-#%+V

m&3)$.!N@!!"#$%C!"6-.!R,.,3!̂ ,8C!G;;:j!A:V!M\Q\P

4B

########

>;JS, )-!.+': (.-08% ";;!FTK";;H!'-2
+%0).-': :5&*$ -.2% F9WLH!DX<&%(',(',%, F6H

=,3$&3$3-+!#,9-*.$%!%5)64!.*>,&!/`SX&2!
4*&3,>!1NE&!&-)-%$#%5!$&!-.!6$-#Q)$3+4,>!
6#-)$#5!3()*#&

_,#,> !"#$%C!G;A;

I4,#,H$& F,33,# +()(%$3-8, &(#8-8$% -.!34,!
9#*(6H-34 %*H 1NE!>,.&-35 +*)6$#,> H-34
34*&,H-34 4-94 1NE!>,.&-35 /O!n!;C;;G@!14-!
&'($#,!n!]CBPW2!!!!!!!!

U,%%* ,"#$%C!=$.(&+#-63

;JS <*..+!!TK";;!!!!!!!!;JS!+)#$!TK";; ;JS<+)#$!9WL!D6!!!!!!!!!!!!;JS!+)#$!TK";;

;JS<*..+!!9WL!D6! L.- <&%(',('()#!!9WL

U;

######
!

7'+(!UR!T+0'-.(5*)#! 6 5.&'! 6 .2%:!/.+!TK";;! I-3',).-! " (82)%,!
E-.$%%5@! -.8$&-*.!$.>!),3$&3$&-&!$#,!+4$%%,.9-.9!64,.*),.$! 3*!&3(>5C!?,!4$8,! #,+,.3%5!>,8,%*6,>!$.!*#9$.*356-+!
-.8$&-*.!)*>,% H4,#,!+$#+-.*)$!+,%%&! -.8$>,! -.! %,-*)5*)$!3-&&(,!*F3$-.,>! 7#*)!#*(3-.,!&(#9-+$%!*6,#$3-*.&!$73,#!
-.7*#),>!+*.&,.3!*7!34,!>*.*#&!/E-9!BN@!U2C!D3!7(%7-%%&!34,!#,6,#3*-#,!*7!*#9$.*356-+!$&&$5&!F5!6#*8->-.9!34,!7-#&3!&-)6%,!
$.>!,$&5Q3*Q)$.-6(%$3,@!7(%%5!4()$.!$&&$5!7*#!&3(>5-.9!-.8$&-*.!$.>!),3$&3$&-&!/X(#),..-,)-!!"#$%&'!G;;:@!G;A;2C!D3!
4$&!$%&*!6*3,.3-$%! 3*!F,!>,8,%*6,>!$&!34,!7-#&3! %$#9,!&+$%,! -.8$&-*.!$&&$5!7*#!34,!&+#,,.-.9!*7!$.3-Q-.8$&-*.!*#!$.3-Q
),3$&3$&-&!+*)6*(.>&C!?,!4$8,!7(#34,#!>,8,%*6,>!34,!)*>,%!F5!#-.&-.9!*77!34,!&*%(F%,!7$+3*#&!/E-9!B12@!$.>!3,&3-.9!
34,! -.8$&-*.!*7!*34,#! +,%%! %-.,&! -.+%(>-.9!$+3-8$3,>!F*.,!)$##*H!>,#-8,>!),&,.+45)$%! &3,)!+,%%&! /E-9!BU2&# # D.! 34,!
7(3(#,!-3!&4*(%>!&3-%%!F,!)*>-7-,>!F5!$>>-.9!,C9C!%-8-.9!7-F#*F%$&3&@!,.>*34,%-$%!+,%%&!$.>!)$+#*64$9,&@!$.>!34(&!,L6$.>!
34,!6*3,.3-$%!$66%-+$3-*.&!*7!)5*)$!*#9$.*356-+!)*>,%!-.!&3(>-,&!*7!34,!4-94%5!+*)6%,L!+$&+$>,!*7!"I011!-.8$&-*.C  
 

�P&

"C6!./! #'-#%+#%::,FB";<GH!)-3'2)-0
)-!&5.&' (),,8%

G!�P&

=!�P&

G!�P&

YJ!

       

I*.9(,!+$#+-.*)$!J01QP!+,%%&!/&3$-.,>!7*#!
6$.+53*T,#$3-.!NZAlNZP2!-.8$>-.9!-.!
3#$>-3-*.$%!#$3!356#!D!+*%%$9,.!9,%!$.>!
)5*)$!*#9$.*356-+!)*>,%!

X(#),..-,)-!!"#$%& G;;:!

I-3',).-!./!TK";;!FB"; <GH!#%::,!'-2!&%,%-#$5&':,(%&!#%::,!
F6";,H!)-! .+0'-.(5*)# #8:(8+%,

I4,!-.8$&-*.!*7!16R $+3-8$3,>!
/7%(*#,+,.3%5 %$F,%%,>H-34!_5F#$.3
1=Q^-D 2!4()$.!=01&!-.!)5*)$
*#9$.*356-+)*>,%

X(#),..-,)-!!"#$%& G;A;

?!!!!6";!D!L.- <;*Z!!!!!!!!!6";!D!;*ZJ!!!B"; <G!!!!!!!

5B

 !!!!!!!

9)-,)-0 ./! &5.&' (),,8%2%#+%',%,,.:84:%/+'0&%-(, )-#:82)-0
#5(.N)-%,'-2! 667,

'//%#(, ($%!)-3',).- *+.*%+()%,./! #'-#%+#%::,

667>>

J99<B"; <G

I-('#(!
&5.&'

J99<B"; <G

9)-,%2!
&5.&'

J99<B"; <G!'+%!'++%,(%-!(+'-,/%#(%2!
'-() <)-3',)3%!#%::,!)-!#.::'0%-!0%:A!
-.(!)-!)-('#(!&5.&'R!9)-,)-0!F1)($!
7?"H!&5.&'!(),,8%!+%,(.+%,!($%)+!
'-() <)-3',)3%!*+.*%+()%,

667 <>>!$',!*+. <)-3',)3%!'-2!'-() <
'*.*(.()#!*+.*%+()%,

I-('#(!!!!!!!!!9)-,%2!

65.&'!%P(+'#,(

E%,(%+-!4:.( [-*84:),$%2!2'('

5C

!
!

J#N-.1:%20%&%-(,!
I4-&!H*#T!4$&!F,,.!&(66*#3,>!F5!9#$.3&!7#*)!34,!N+$>,)5!*7!E-.%$.>@!"(%(!g.-8,#&-35!J*&6-3$%!Z_"Q7(.>&@!1$.+,#!0*+-,35!*7!

E-.%$.>!$.>!0-9#->!b(&,%-(&!E*(.>$3-*.C  
!

9%/%+%-#%,!
J--%+(\#!"#$%&! D.3! b!1$.+,#@!G;;GC!?'0:.:%!!"#$%&! D))(.*%! D.8,&3!G;;MC!?':4)-! !"#$%&#X$3!R,.,3@!G;;PC!?%::.!!"#$%&!J()$.O$34*%@!
G;;]C!;.8,,%-, !!"#$%C!0+-,.+,@!G;;GC!Z'00).:)! !"#$%&!X$3!1,%%!U-*%@!G;;\C!Z+.,,! $.>!W'*)%+%!O#*+C!X$3%C!N+$>C!0+-C!g0N@!A:MGC!B%)NN):]!
!"#$%&!D.3! b!1$.+,#@!G;;MC!B%:^',3''+'! !"#$%&!ZL6!1,%%!`,&!G;;BC!_'::8+)!k!`%),4%+0!D$"#F!6#@$74!1@!G;;MC!_'+-.84 !!"#$%&!X$3(#,@!
G;;\C!_$'--' !!"#$%&!b!X$3%!1$.+,#!D.&3@!G;;:C!_%::%+&'--!!"#$%&!J-&3*6$34*%@!G;;\C!_%,,%-4+.#N!!"#$%&!1,%%!G;A;C!_.)38-%- !!"#$%C!X$3!
U-*3,+4.*%*95@!A:::C!_.+*)!!"#$%&!U#-3! b!1$.+,#@!G;;]C!S,H-&!!"#$%C!E1# G#@$74!1@!G;;WC!W)!!"#$%&# b!1,%%!U-*+4,)@!G;;\C!W).(('!!"#$%&!
X$3(#,@! A:];C! 6',,'-.! !"# $%&! "#$%! 0(#9! "#$%! =,>! "#$%! O$34*%! "#$%! `$>-*%! Z.>*>@! G;;MC! 6)5'&.+) ! !"# $%C! b! U-*%! 14,)@! G;;\C!
6#J-8:(5 ! D.3! b!U-*+4,)!1,%%!U-*%@!G;;\C!6.):'-%-! !"#$%C! b!O$34*%!G;;GC!6.):'-%-! !"#$%C!U-*+4,)-&3#5@!G;;PC!68)+!$.>!E%):'-2 @!
1$.+,#@! A::BC!6]N%:]! !"# $%C! ZL6! 1,%%! `,&@! A:::C!L8+&%--)%&)!!"# $%C!N)! b! O$34! G;;:@!L8+&%--)%&)!!"# $%C! ZL6! 1,%%! `,&@! G;A;@!
L54%+0!!"#$%'#B107"#E50345'#HIIJ&!L54%+0!!"#$%C!b!^,.3!`,&@!G;;GC!L5,(+a&!!"#$%@!b!O$34*%@!G;;BC!TN8!!"#$%C!1$.+,#!`,&!=bbcC!!�K�[�Z���]�o�o�Ç!
!"#$%C!1,%%!A::\C!T3%+'::!k!_:%)/%:2!D$"#F!6#@$74!1@!G;;MC!T3%+'::!k!W.*%\<T()- !X$3!`,8!1$.+,#@!G;;GC!T,(&'-! kJ80,(%-!@.11#K857#
L!7!"#M!6!G;;:C!7+'2$'- <7':)N$%!!"#$%&!"#$%!".+*%@!G;A;C!9'2),N5!!"#$%&!b!1,%%!U-*+4,)!G;;\C!9'&'-! !"#$%&'1$.+,#!S,33@!G;;\C!98'- !
!"#$%&!b!1,%%!U-*+4,)@!G;;:C!98.N.:')-%- !!"#$%&#@%57#@$74!1#F!3C!"#$%-N!!"#$%C!b!1,%%!U-*%@!G;;PC!")::%+<W.*%\!!"#$%&!R$&3#*,.3,#*%*95!
G;;WC!".+,' !!"#$%C!"#$%!^-&,$&,&@!G;;WC!".+,'! !"#$%&!b!U-*%C!14,)@!A::\C!"82$'N'+ !!"#$%&!b!1%-.!D.8,&3@!G;;BC!"8.^'-%- !!"#$%C!1$.+,#!
U-*%!I4,#@!G;;:C!"(+.-0)- !@$74!1#*!"$3"#F!6!G;;MC!"8()-%-!!"#$%C!U#-3!b!1$.+,#!A::]C!K$.&', !!"#$%&#"#$%!".+*%@!A:::C!K,%!k!_'::8+)!G#
@!%%#E504-!/!G;;\C!d'-!W)-(!e!W)4%+'#@:"0;57!#N#L10<"-#B$4"01#F!6!G;;MC!d%+%2!!"#$%C!"#$%!".+*%@!G;;\C!d%+%2!!"#$%C!D.!b!1$.+,#@!
G;A;C 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WSN-4YRY58X-B&_user=950183&_coverDate=04%2F02%2F2010&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000049135&_version=1&_urlVersion=0&_userid=950183&md5=a270117ab8e18308c12f420ea3e73450#bbib21

