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In 1960, the Aral Sea was the 
world's fourth-largest lake. 

Today, it has shrunk by 80% in 
volume and 60% in surfaceT4

The unique vantage point of 
space enables one to appreciate 
the scale of the damage resulting 
from irrigation activities.



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( OG

F ) G-%813<*,137-%*7J%$743+6$0 $7,

G+,16<$%R%34%,#$%S7,$+7*,137*<%: 378$7,137%43+%,#$%
E+$8$7,137%34%E3<<. ,137%4+30 %-#1E-T%&' UN%>$,$6,137%34%
813<*,137-%*7J%$743+6$0 $7,%34%,#$%6378$7,137

! Q*+,1$-%,3%,#$%: 378$7,137%-#*<<%63V3E$+*,$%17%,#$%
J$,$6,137%34%813<*,137-%*7J%,#$%$743+6$0 $7,%34%,#$%
E+381-137-%34%,#$%E+$-$7,%: 378$7,137T%. -17=%*<<%
*EE+3E+1*,$%*7J%E+*6,16*/ <$%0 $*-. +$-%34%J$,$6,137%*7J%
$781+370 $7,*<%0 371,3+17=T%*J$W. *,$%E+36$J. +$-%43+%
+$E3+,17=%*7J%*66. 0 . <*,137%34%$81J$76$X%



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( MN

!" #) &$0!< (** 9-&( $
" ( $&-( )&$%!0H-0$8&( $!( 3!. &*!A2&**8

72)" ++,)" ( %,B 2A,#A%*232*%[78! \%3"+,C" *%2++̀
< " 2)=" *%( 5#' : ),-%,#0' *B 2),' #%' #%)=" %" 1)" #)%
' 0%' ,+%( : ,++%j %( " " : ( K

@="%64*' : " 2#%Z 2*,),B" %720" )5%8A" #- 5%
[6Z 78\%̀%,#%- =2*A" %' 0%' C" *2++%B 2*,),B" %
( " - 4*,)5%,#%6> %X%< ,++%J" %4( ,#A%62*)=%
&J( " *C2),' #%32)2%)' %: *" 3,- )%)=" %" 1)" #)%' 0%
' ,+%( : ,++%2#3%)' %,3" #),05%,++" A2+%3,( - =2*A" ( K%

&,+%j %? 2( %- ' B : 2#," ( %2*" %4( ,#A%62*)=%
&J( " *C2),' #%32)2%)' %B ' #,)' *%
" #C,*' #B " #)2+%,B : 2- )%' 0%' 00( =' *" %
: +2)0'* B ( %2#3%+'- 2+,^" %' ,+%( " " :( %)' %,3" #),05%
: ' )" #),2+%' ,+%*" ( " *C" ( K

&,+%( : ,++%" 1)" #)%0*' B %
9*" ( ),A" %2( %3" *,C" 3%
0*' B %,B 2A,#A%*232*%
878! %' #%J' 2*3%
6PY_78@K

' &() * &P&(5 K7) * Q

33#$! ! $



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( MF

F ) G-%0 371,3+17=

E >#3" *%8*),- +" %OKO%' 0%)=" %d5' )' %9*' )' - ' +L%92*)," ( %3" - ,3" 3%
)=2)%A*" " #=' 4( " %A2( %*" B ' C2+( %2#3%" B ,( ( ,' #( %)=*' 4A=%
- " *)2,#%2- ),C,)," ( %n%#2B " +5L%D@@=01F<D<.=- &2#3%
01@=01F<D<.=- &( ,#- " %FGGN%n%2*" %2- - ' 4#)" 3%0' *%,#%B " " ),#A%
)=" %d5' )' %9*' )' - ' +h( %" B ,( ( ,' #%)2*A" )( K%I ' #C" *( " +5L%
" B ,( ( ,' #( %0*' B %E1@=01F<D<.=- %2- ),C,)," ( %< ,++%J" %( 4J)*2- )" 3%
0*' B %)=" %2B ' 4#)%' 0%" B ,( ( ,' #( %)=2)%2#%8##" 1%_%92*)5%B 25%
" B ,)%' C" *%,)( %- ' B B ,)B " #)%: " *,' 3K%>#3" *%8*),- +" %OKM%' 0%)=" %
d5' )' %9*' )' - ' +L%92*)," ( %- ' 4+3%" +" - )%233,),' #2+%=4B 2#`
,#34- " 3%2- ),C,)," ( %*" +2)" 3%)' %; > ; > I ] L%( : " - ,0,- 2++5L%0' *" ( )%
B 2#2A" B " #)L%- *' : +2#3%B 2#2A" B " #)L%A*2^,#A%+2#3%
B 2#2A" B " #)%2#3%*" C" A" )2),' #L%)' %J" %,#- +43" 3%,#%,)( %
2- - ' 4#),#A%0' *%)=" %0,*( )%- ' B B ,)B " #)%: " *,' 3K



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( MD

!I( )08 - !@($ &-( )&$%
GHHU4EV3%(%4. " 1' 6$+' F I UUI 4EO" +#1" (F

] ' *" ( )%- =2#A" %( )2),( ),- ( %0*' B %6&%2*" %
4( " 3%)' %S42#),05%; > ; > I ] %2- ),C,)," ( %

,#%)=" %0*2B" < ' *. %' 0%)=" %V3%(%4
=)%(%* %6

72)" ++,)"( %- ' #( )2#)+5%B ' #,)' *%0' *" ( )%
J,' B 2( ( %[" KAK%+2#3%- ' C" *%)5: " L%- 2*J' #%
( )' - . L%B ' ,( )4*" \%2#3%0,*" %*,( . ( K%

" #$#%&$%!3( )08-8

] ' *" ( )%B 2: : ,#A%0*' B %( : 2- " %
( 4: : '* )( %( 4( )2,#2J+" %
0' *" ( )*5%:* 2- ),- " ( L%3" )" - ),' #%
' 0%,++"A2+%+' AA,#A%2( %< " ++%2( %
)=" %,B: +" B " #)2),' #%' 0%
,#)" *#2),' #2+%" #C,*' #B " #)2+%
- ' #C" #),' #( %)' %: *' )" - )%
- +,B2)" %[> P] I I I \L%
< " )+2#3( L%J,' 3,C" *( ,)5%2#3%
- ' B J2)%3" ( " *),0,-2),' #K

' &() * +&R* S



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( MO

&; %0 +*%&-%, -), 2&#*&/ %2)+, #(&(%1%(&
E/ P#, &LQ%/ 0 #(&! %/ 1)$%-

5 &), ( )$0!. 2-&6#*!C&0J5 &), ( )$0!7 40)@#*!C&0J

' &(, TU) ( 5 ) ( &V/ 1>I .N2 W



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( MM

M%2#(&$+, -)R%/ #*)+, -
-" #$%&(#5



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( MQ

' )/ &(#5&S&! " #$%&(#5

E 8,*J' *#" %*" B ' )" %( " #( ,#A%2- ),C,)," ( %02++%4#3" *%)=" %
T4*,( 3,- ),' #%' 0%,#)" *#2),' #2+%2C,2),' #%+2<L%<=,- =L%2B ' #A%
' )=" *( L%: *' C,3" ( %)=2)%2,*J' *#" %( " #( ,#A%2- ),C,)," ( %J" %
: " *0' *B " 3%<,)=%)=" %- ' #( " #)%' 0%)=" %( )2)" %J" ,#A%( 4*C" 5" 3K

E 7: 2- " J' *#" %*" B ' )" %( " #( ,#A%2- ),C,)," ( %2*" %A' C" *#" 3%J5%
)=" %>P%@*" 2)," ( %' #%&4)" *%7: 2- " %2- - ' *3,#A%)' %<=,- =%,)%
- 2#%J" %: " *0' *B " 3L%4#3" *%- " *)2,#%- ' #3,),' #( L%< ,)=' 4)%)=" %
: " *B ,( ( ,' #%' 0%)=" %( " #( " 3%( )2)" K%Z ' *" ' C" *L%2#5%( )2)" %B 25%
( " #( " %)=" %" #),*" %62*)=%0*' B %' 4)" *%( : 2- " K

E 8,*%+2<%2#3%( : 2- " %+2<%B 2. " %#' %3,( ),#- ),' #%J" )< " " #%
: 2( ( ,C" %2#3%2- ),C" %( " #( ,#A%)" - =#,S4" ( %[( ' B " %*" ( )*,- ),' #( %
" 1,( )%< ,)=%*" ( : " - )%)' %)=" %4( " %' 0%)=" %0*" S4" #- 5%( : " - )*4B \



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( MR

; %0 +*%&-%, -), 2&#, R&F#1)2#*)+, &S&-" #$%&(#5

E @=" %> P%)*" 2)," ( %' #%&4)" *%7: 2- " %2*" %
2: : +,- 2J+" %)' %2++%2- ),C,)," ( %- 2**," 3%' 4)%,#%
&4)" *%( : 2- " K

E P' %( : " - ,2+%*4+" ( %" 1,( )%0' *%( 2)" ++,)" %
#2C,A2),' #%- ' #)*2*5%)' %*" B ' )" %( " #( ,#A%0' *%
< =,- =%)=" %>P%? " #" *2+%8( ( " B J+5%=2( %
23' : )" 3%2%( : " - ,0,- %( " )%' 0%: *,#- ,: +" ( K



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( MH

EF&L/ %#*)%-&+, &4 3*%/ &! " #$%

E @*" 2)5%' #%)=" %9*,#- ,: +" ( %? ' C" *#,#A%)=" %8- ),C,)," ( %' 0%
7)2)" ( %,#%)=" %61: +' *2),' #%2#3%>( " %' 0%&4)" *%7: 2- " L%
,#- +43,#A%)=" %Z ' ' #%2#3%&)=" *%I " +" ( ),2+%i ' 3," ( L%" #)" *" 3%
,#)' %0' *- " %&- )' J" *L%FGRH%[)=" %o&4)" *%7: 2- " %@*" 2)5o\%

E 8A*" " B " #)%' #%)=" %! " ( - 4" %' 0%8( )*' #24)( L%)=" %! " )4*#%' 0%
8( )*' #24)( %2#3%)=" %! " )4*#%' 0%&JT" - )( %; 24#- =" 3%,#)' %
&4)" *%7: 2- " L%" #)" *" 3%,#)' %0' *- " %/ " - " B J" *LFGRV%

E I ' #C" #),' #%' #%_#)" *#2),' #2+%; ,2J,+,)5%0' *%/ 2B 2A" %I 24( " 3%
J5%7: 2- " %&JT" - )( L%FGHF

E I ' #C" #),' #%' #%)=" %! " A,( )*2),' #%' 0%&JT" - )( %; 24#- =" 3%,#)' %
&4)" *%7: 2- " L%FGHM%

E 8A*" " B " #)%? ' C" *#,#A%)=" %8- ),C,)," ( %' 0%7)2)" ( %' #%)=" %
Z ' ' #%2#3%&)=" *%I " +" ( ),2+%i ' 3," ( L%



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( MV

EF&T%$(#/ #*)+, -&#, R&U/ ), $)" (%-&2+1%/ , ), 2&
-" #$%V/%(#*%R&#$*)1)*)%-%

_#%233,),' #%)' %)=" %0,C" %,#)"* #2),' #2+%+" A2+%,#( )*4B " #)( %)=" %> P%? " #" *2+%
8( ( " B J+5%=2( %23' : )" 3%)=" %0' ++'< ,#A%0,C" %( " )( %' 0%3" - +2*2),' #( %2#3%: *,#- ,: +"( %
A' C" *#,#A%( :2 - "` *" +2)" 3%2- ),C,)," ( K%

E / " - +2*2),' #%' 0%; " A2+%9*,#- ,: +" ( %? ' C" *#,#A%)=" %8- ),C,)," ( %' 0%7)2)" ( %,#%)=" %
61: +'*2),' #%2#3%> ( " ( %' 0%&4)" *%7:2 - "%[*" ( ' +4),' #%FGRD%[mY___L%23' : )"3 %
FGRO\%

E 9*,#- ,: +"( %? ' C" *#,#A%)=" %> ( " %J5%7)2)" ( %'0%8*),0,- ,2+%62*)=%72)" ++,)" ( %0' *%
_#)" *#2),' #2+%/ ,*" - )%@" +"C,( ,' #%i *' 23- 2( ),#A%[*" ( ' +4),' #%OHWGDL%FGVD\%

E 9*,#- ,: +"%! " +2),#A%)' %! " B ') " %7" #( ,#A%' 0%)=" %62*)=%0*' B%7:2 - "%[*" ( ' +4),' #%
MFWRQL%FGVR\%

E 9*,#- ,: +"( %! " +" C2#)%)' %)=" %> ( " %' 0%P4- +"2*%9' < " *%7' 4*- " ( %,#%&4)" *%7: 2- " %
[*" ( ' +4),' #%MHWRVL%FGGD\

E / " - +2*2),' #%' #%_#)" *#2),' #2+%I ' ' : " *2),'# %,#%)=" %61: +' *2),' #%2#3%> ( " %' 0%
&4)" *%7: 2- " %0' *%)=" %i "# " 0,)%2#3%,#%)=" %_#)" *" ( )%' 0%8++%7)2)" ( L%@2. ,#A%,#)' %
92*),-4+2*%8- - '4 #)%)="%P" " 3( %' 0%/ " C" +' : ,#A%I ' 4#)*," (



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( MG

Q+1761E<$-%+$<*,17=%,3%+$0 3,$%-$7-17=%@&A

E [2\%@=" %)" *B%o*" B ' )" %( " #( ,#Ao%B " 2#( %)=" %
( " #( ,#A%' 0%)=" %62*)=p( %( 4*02- " %0*' B %( : 2- " %
J5%B 2. ,#A%4( " %' 0%)=" %: *' : " *)," ( %' 0%
" +" - )*' B 2A#" ),- %<2C" ( %" B ,))" 3L%*" 0+" - )" 3%
' *%3,00*2- )" 3%J5%)=" %( " #( " 3%' JT" - )( L%0' *%)=" %
: 4*: ' ( " %' 0%,B : *' C,#A%#2)4*2+%*" ( ' 4*- " ( %
B 2#2A" B " #)L%+2#3%4( " %2#3%)=" %: *' )" - ),' #%
' 0%)=" %" #C,*' #B " #)e



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( QN

Q+1761E<$-%+$<*,17=%,3%+$0 3,$%-$7-17=%@(A

E [J\%@=" %)" *B %o: *,B 2*5%32)2o%B " 2#( %)=" %*2<%32)2%)=2)%2*" %
2- S4,*" 3%J5%*" B ' )" %( " #( ' *( %J' *#" %J5%2%( : 2- " %' JT" - )%2#3%
)=2)%2*" %)*2#( B ,))" 3%' *%3" +,C" *" 3%)' %)=" %A*' 4#3%0*' B %
( : 2- " %J5%)" +" B " )*5%,#%)=" %0' *B %' 0%" +" - )*' B 2A#" ),- %
( ,A#2+( L%J5%: =' )' A*2: =,- %0,+B L%B 2A#" ),- %)2: " %' *%2#5%' )=" *%
B " 2#( e

E [- \%@=" %)" *B %o: *' - " ( ( " 3%32)2o%B " 2#( %)=" %: *' 34- )( %
*" ( 4+),#A%0*' B %)=" %: *' - " ( ( ,#A%' 0%)=" %: *,B 2*5%32)2L%
#" " 3" 3%)' %B 2. " %( 4- =%32)2%4( 2J+" e

E [3\%@=" %)" *B %o2#2+5( " 3%,#0' *B 2),' #o%B " 2#( %)=" %
,#0' *B 2),' #%*" ( 4+),#A%0*' B %)=" %,#)" *: *" )2),' #%' 0%: *' - " ( ( " 3%
32)2L%,#: 4)( %' 0%32)2%2#3%. #' <+" 3A" %0*' B %' )=" *%( ' 4*- " ( e



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( QF

Q+1761E<$-%+$<*,17=%,3%+$0 3,$%-$7-17=%@NA

=)$+* $56' 4WW
E ! " B ' )" %( " #( ,#A%2- ),C,)," ( %( =2++%J" %- 2**," 3%

' 4)%0' *%)=" %J" #" 0,)%2#3%,#%)=" %,#)" *" ( )( %' 0%2++%
- ' 4#)*," ( L%,**" ( : " - ),C" %' 0%)=" ,*%3" A*" " %' 0%
" - ' #' B ,- L%( ' - ,2+%' *%( - ," #),0,- %2#3%
)" - =#' +' A,- 2+%3" C" +' : B " #)L%2#3%)2. ,#A%,#)' %
: 2*),- 4+2*%- ' #( ,3" *2),' #%)=" %#" " 3( %' 0%)=" %
3" C" +' : ,#A%- ' 4#)*," ( K



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( QD

Q+1761E<$-%+$<*,17=%,3%+$0 3,$%-$7-17=%@YA

=)$+* $56' 4WM
E ! " B ' )" %( " #( ,#A%2- ),C,)," ( %( =2++%J" %- ' #34- )" 3%,#%2- - ' *32#- " %

< ,)=%)=" %: *,#- ,: +" ( %- ' #)2,#" 3%,#%2*),- +" %_%' 0%)=" %&4)" *%7: 2- " %
@*" 2)5%%

E )=" %: *,#- ,: +" %' 0%0*" " 3' B %' 0%" 1: +' *2),' #%2#3%4( " %' 0%' 4)" *%( : 2- " %
' #%)=" %J2( ,( %' 0%" S42+,)5K%

E @=" ( " %2- ),C,)," ( %( =2++%J" %- ' #34- )" 3%' #%)=" %J2( ,( %' 0%*" ( : " - )%0' *%
)=" %: *,#- ,: +" %' 0%04++%2#3%: " *B 2#" #)%( ' C" *" ,A#)5%' 0%2++%7)2)" ( %
2#3%: " ' : +" ( %' C" *%)=" ,*%' <#%<" 2+)=%2#3%#2)4*2+%*" ( ' 4*- " ( L%< ,)=%
34" %*" A2*3%)' %)=" %*,A=)( %2#3%,#)" *" ( )( L%,#%2- - ' *32#- " %< ,)=%
,#)" *#2),' #2+%+2<L%' 0%' )=" *%7)2)" ( %2#3%" #),)," ( %4#3" *%)=" ,*%
T4*,( 3,- ),' #K%74- =%2- ),C,)," ( %( =2++%#' )%J" %- ' #34- )" 3%,#%2%B 2##" *%
3" )*,B " #)2+%)' %)=" %+" A,),B 2)" %*,A=)( %2#3%,#)" *" ( )( %' 0%)=" %( " #( " 3%
7)2)" K



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( QO

Q+1761E<$-%+$<*,17=%,3%+$0 3,$%-$7-17=%@ZA

=)$+* $56' 4X
E ! " B ' )" %( " #( ,#A%( =2++%: *' B ' )" %)=" %: *' )" - ),' #%' 0%

)=" %62*)=p( %#2)4*2+%" #C,*' #B " #)K%@' %)=,( %" #3L%
7)2)" ( %: 2*),- ,: 2),#A%,#%*" B ' )" %( " #( ,#A%2- ),C,)," ( %
)=2)%=2C" %,3" #),0," 3%,#0' *B 2),' #%,#%)=" ,*%
: ' ( ( " ( ( ,' #%)=2)%,( %- 2: 2J+" %' 0%2C" *),#A%2#5%
: =" #' B " #' #%=2*B 04+%)' %)=" %62*)=p( %#2)4*2+%
" #C,*' #B " #)%( =2++%3,( - +' ( " %( 4- =%,#0' *B 2),' #%)' %
7)2)" ( %- ' #- " *#" 3K



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( QM

Q+1761E<$-%+$<*,17=%,3%+$0 3,$%-$7-17=%@RA

=)$+* $56' 4XWW
E 8( %( ' ' #%2( %)=" %: *,B 2*5%32)2%2#3%)=" %: *' - " ( ( " 3%32)2%

- ' #- " *#,#A%)=" %)" **,)' *5%4#3" *%,)( %T4*,( 3,- ),' #%2*" %
: *' 34- " 3L%)=" %( " #( " 3%7)2)" %( =2++%=2C" %2- - " ( ( %)' %)=" B %
' #%2%#' #`3,( - *,B ,#2)' *5%J2( ,( %2#3%' #%*" 2( ' #2J+" %- ' ( )%
)" *B ( K%@=" %( " #( " 3%7)2)" %( =2++%2+( ' %=2C" %2- - " ( ( %)' %)=" %
2C2,+2J+" %2#2+5( " 3%,#0' *B 2),' #%- ' #- " *#,#A%)=" %)" **,)' *5%
4#3" *%,)( %T4*,( 3,- ),' #%,#%)=" %: ' ( ( " ( ( ,' #%' 0%2#5%7)2)" %
: 2*),- ,: 2),#A%,#%*" B ' )" %( " #( ,#A%2- ),C,)," ( %' #%)=" %( 2B " %
J2( ,( %2#3%)" *B ( L%)2. ,#A%: 2*),- 4+2*+5%,#)' %2- - ' 4#)%)=" %
#" " 3( %2#3%,#)" *" ( )( %' 0%)=" %3" C" +' : ,#A%- ' 4#)*," ( K



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( QQ

M%2#(&J +, -)R%/ #*)+,
J +0" ()#, $%
7, .+/$%0%, *

71)R%, $%



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( QR

D$0 3,$%-$7-17=%J*,*%*7J%630 E<1*76$

! " B ' )" %( " #( ,#A%32)2%B 25%J" %4( " 3%2( %2%B " 2#( %0' *%)=" %
C" *,0,- 2),' #%' 0%- ' B : +,2#- " %' 0%@*" 2)," ( %2#3W' *%#2),' #2+%
+" A,( +2),' #%: *' C,3" 3%,)%( 2),( 0," ( %)=" %0' ++' < ,#A%- ' #3,),' #( U

E 8C2,+2J,+,)5%' 0%32)2%,( %A42*2#)" " 3%)' %2++
E ! " : " ),),C" %- ' C" *2A" %' 0%( : " - ,0,- %2*" 2( %,( %A42*2#)" " 3
E f 42+,)2),C" %B " 2( 4*" B " #)( %2*" %B 2. " %2- - ' *3,#A%)' %

- " *),0," 3%: *' - " 34*" (
E / 2)2%( =' 4+3%J" %2- - 4*2)" L%' JT" - ),C" %2#3%- ' B : 2*2J+"

! " B 2,#( %)=" %02- )%)=2)%- ' #)*2- ),#A%: 2*)," ( %B 4( )%2- - " : )%)=" %
4( " %' 0%32)2%' J)2,#" 3%' 4)( ,3" %)=" ,*%J' *3" *( K



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( QH

!

? ) ( 2 !@( $&-( )&$%!K !
6( @2*&#$60!- ( !? 5 <

' &(,T U) ( 5 ) ( +&) XUQ

72)" ++,)"( %- 2#%2( ( ,( )%)=" %,B: +" B " #)2),'# %' 0%
)=" %I ' B B ' #%8A*,- 4+)4*2+%9' +,-5%[I 89\%J5%
B ' #,)' *,#A%- *' : %)5:" ( %j %2*" 2( %[" KAK%
#4B J" *%' 0%' +,C" %)*" " ( \%J4)%2+(' %J5%
2( ( " ( ( ,#A%- ' B : +,2#- " %' 0%: 2*- " +( %< ,)=%)=" %
I 89%*" 0' *B %*" +2)"3 %)' %02*B ,#A%:* 2- ),- "( %
2#3%2A*' `" #C,*' #B " #)2+%- ' #3,),' #( %[" KAK%
=2*C" ( ),#A%0*' B %- " #)" *%)' %: " *,: =" *5L%
*" ( : " - )%' 0%+2#3( - 2:" %0" 2)4*" ( L%3,*" - ),' #%' 0%
: +' 4A=,#A\K

8A*,- 4+)4*2+%: 2*- " +( %,#%
_" : " *%[i " +A,4B \%
3" *,C" 3%0*' B %79&@Q%
( 2)" ++,)" %2)%DKQB %
*" ( ' +4),' #K%

! ' & %(' 41' +1$+/ 4#" (" 4" +#4* %& 56$" +* '



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( QV

; %0 +*%&-%, -), 2&R#*#&S&%, .+/ $%0 %, *W%1)R%, $%

@=" %4( " %' 0%*" B ' )" %( " #( ,#A%2( %2%B " 2#( %0' *%
" #0' *- " B " #)%,( %02- ,#A%)=" %0' ++' < ,#A%
: *' J+" B ( U

E ! 2< %32)2%,( %2( %( 4- =%#' )%4( 2J+" %2#3%#" " 3%
)' %J" %: *' - " ( ( " 3%,#)' %4( " 04+%32)2K

E I ' B : +" 1%: *' - " ( ( ,#A%3" : " #3( %' #%
B 2)=" B 2),- 2+%B ' 3" +( K

E 9*' - " ( ( " 3%32)2%*" B 2,#( %( 4JT" - )%' 0%
,#)" *: *" )2),' #K



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( QG

D$0 3,$%-$7-17=%J*,*%.- $J%*-%$81J$76$

I 2( " ( U
7 ' #A%72#U%,#%q2#42*5%FGGH%2%7,#A2: ' *" %

I ' 4*)%4( " 3%7' #A%72#%- *43" %' ,+%)2#. " *%
- 2( " %( 2)" ++,)" %,B 2A" *5%)' %,3" #),05%)=" %
: ' ++4),#A%C" ( ( " +K

_#%( " C" *2+%- 2( " ( %J*' 4A=)%0' *< 2*3%)' %)=" %
_#)" *#2),' #2+%I ' 4*)%' 0%q4( ),- " %( 2)" ++,)" %32)" %
=2( %J" " #%4( " 3K



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( RN

D$0 3,$%-$7-17=%J*,*%.- $J%*-%$81J$76$

E P' )< ,)=( )2#3,#A%)=" %02- )%)=2)%*" B ' )" %
( " #( ,#A%32)2%=2( %J" " #%4( " 3%2( %" C,3" #- " %,)%
,( %02*%0*' B %J" ,#A%' JC,' 4( %)=2)%)=,( %,( %2%
A" #" *2+%*4+" K%

E @=" %64*' : " 2#%I ' B B ,( ( ,' #%,( %0,#2#- ,#A%2%
: ,+' )%: *' T" - )%a896! @> ! 6b%2,B ,#A%2)%
3" C" +' : ,#A%2%- ' ( )̀ " 00" - ),C" %B " )=' 3' +' A5%
4( " %*" B ' )" %( " #( ,#A%32)2%,#%64*' : " 2#%2#3%
#2),' #2+%" #C,*' #B " #)2+%+2<K



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( RF

D$0 3,$%-$7-17=%J*,*%.- $J%*-%$81J$76$

_#%)=" %>78%*" B ' )" %( " #( ,#A%32)2%=2( %J" " #%*" )2,#" 3%
,#%( ' B " %- 2( " ( %2( %( 4: : +" B " #)2*5%" C,3" #- " K%@=" %
4( " %' 0%( - ," #),0,- %32)2%2( %" C,3" #- " %,#%- ' 4*)%,( %
*4+" 3%J5%2%- ' B J,#2),' #%' 0%a] *" 5b%2#3%! 4+" %HND%' 0%
)=" %] " 3" *2+%*4+" ( %' 0%6C,3" #- " K
X I *,)" *,2%)' %J" %B " )%2*" U
X 7- ," #),0,- %B " )=' 3%( =' 4+3%J" %23=" *" 3%)'
X @=" %,#0' *B 2),' #%( =' 4+3%J" %( 4JT" - )%' 0%: " " *%*" C," <
X 7- ," #),0,- %- ' B B 4#,)5%B 4( )%2- - " : )%)=" %,#0' *B 2),' #
X 6**' *%*2)" ( %B 4( )%J" %2( ( " ( ( " 3
X 7)2#32*3( %0' *%' : " *2),' #( %B 4( )%" 1,( )



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( RD

O6 7!

E @=" %? +' J2+%Z ' #,)' *,#A%0' *%6#C,*' #B " #)%
2#3%7" - 4*,)5%[? Z 67\ %X%64*' : " h( %
I ' #)*,J4),' #%)' %2%? +' J2+%62*)=%&J( " *C2),' #%
75( )" B %' 0%75( )" B ( %[? 6&77 \%< ,++%J" %2#%
,B : ' *)2#)%( )" : %0' *" %< 2*3%,#%)=" %: ' )" #),2+%
4( " %' 0%*" B ' )" %( " #( ,#A%32)2%,#%C" *,0,- 2),' #%
W- ' B : +,2#- " %W%6#0' *- " B " #)%W%6C,3" #- " %
,( ( 4" ( K



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( RO

!F 0*%&#$!D0@( -0!A0$ 8&$%!A#-0**&-0!

' &() *

QA011&R=0I 1F&6 D2 +&8 A.- D+&$! ! 9

XG0D2 .EF+&( I GM<+&$! ! Y

) 1- <.- 1>&7F>D- E+&7- E=- 1F.D

) 1- <.- 1>&7F>D- E+&7-E=- 1F.D+&$! ! Y

( <- D&X>N2 1+&) .; .>G

XTU/ *



% @' <2*3( %2%+" A2+%0*2B " < ' *. %0' *%( : 2- " %2- ),C,)," ( %2#3%2: : +,- 2),' #( RM

' $X, +5 (%R20 %, *-

E Z 2*- ' %] " **2^^2#,%X%7)2)4( %' 0%( 2)" ++,)" %
*" B ' )" %( " #( ,#A%,#%,#)" *#2),' #2+%)*" 2)," ( %X%
: *' T" - )%DNNF

E @4)' *,2+%' 0%I " #)*" %0' *%*" B ' )" %,B 2A,#AL%
( " #( ,#A%2#3%: *' - " ( ( ,#A%
=)): UWW< < < K- *,( : K#4( K" 34K( A


