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8CfC!^#2/(&7&'(!0&%!0*''$&%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCoo!

@*!K06D$0$=&23!.(4!6,;$3=&''234!(=!&3=(0,2#D$0$&423!$B(,!'(!R2.S-3!+$120$=20-!TG$#10&.:(!

A3&B(04&=-U**********************************************************************************************************************************************************************QV!

fC4C!"#*(*6*,&!0&!'&((*<21&!=!0&%6#/)(/*' CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCop!
fC8C!Q'L,+&'6&!0&%!0/LL$#&'(&%!$(2)&%!0&!,2:21&CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCi4 !
fCfC!Q'(&#6*7)2#2/%*'!2:&6!,&!P*0Y/'!N2.*#2(*#<!0&!O27.#/01&CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCih !

05+*#(&%)###)@)%//%()-%)1+)-#''31 !(#3")'!& )1%)=>0+)-%')/3&+?#" #/%&%')

*1+"0(3"#V!%' AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAdY)

I3=02./,=&23*******************************************************************************************************************************************************************8V!

UC!" VGNQOU^QZW=!qU!OZT?>̂ Z"!3^VXr!ZI!XQ33ZNV^QZW!?II?O^!ZW!G_OU!QW!R+WEIRXYIZWI[XO!O"GGA+I\XY!

ITZK!^S?!^TZ"QOUN!U^NUW^QO=!"Z^?W^QUN!GQU3!IZT!"UN?Z >T?OZW3^TVO^QZW!ZI!3?UsU^?T!OUTGZWU^?!

OS?KQ3^TrCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC5f !

)*!I3=02./,=&23**************************************************************************************************************************************************************]> !

7*!N$=(0&$'!$3.!#(=;2.4*******************************************************************************************************************************************]Q!
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8C4C!3/(&!,*62(/*'%!2'0!E<0#*1#2)E/6!%&((/'1%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC5o!
8C8C!U1&!6*'(#*,!2'0!L*#27/'/L&#!%&,&6(/*'CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC5p!
8CfC!O,&2'/'1!7&(E*0CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCp9!
8ChC!G_O2!2'0!K1_O2!2'2,<%&%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCp9!

@*!Y(4/'=4**************************************************************************************************************************************************************************V7!

fC4C!"#*L/,&!*L!K1_O2!:&#%+%!Y2(&#!0&)(ECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCpf !
fC8C!G_O2!:&#%+%!Y2(&#!0&)(E!)#*L/,&CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCph!

>*![&4,/44&23*******************************************************************************************************************************************************************VQ!

hC4!X/%%*,+(/*'!2,*'1!(E&!3/&##2!N&*'&!T/%&!0&)(E!(#2'%&6(CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCpo!
hC8C!?LL&6(!*L!0/%%*,+(/*'!*'!R*!4$,,/'&%(0!G_O2!2'0!K1_O2CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCp5!
hCfC!Q7)26(!*L!0/%%*,+(/*'>/'0+6&0!6E2'1&%!*L!G_O2!2'0!K1_O2!*'!)S!#&6*'%(#+6(/*'!+%/'1!R*!4$,,/'&%(0CCCC499!
hChC!U!)*(&'(/2,!0/%%*,+(/*'!6*##&6(/*'!2))#*26E!L*#!),2'J(*'/6!L*#27/'/L&#!G_O2uCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC494!

H*!G23,'/4&23***************************************************************************************************************************************************************)?7 !

GC!?^UGNQ33?K?W^!X-VW?!"TZO?XVT?!"Z^?W^Q?NN?!X?!OZTT?O^QZW!XV!G_OUCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC49f !

05+*#(&%)#$)@)-!)=>0+)-%')/3&+?# "#/%&%')*1+"0(3"#V!% ')+!)*5)-%')%+!.)-%)

'!&/+0% AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAZ[Y )

I3=02./,=&23****************************************************************************************************************************************************************)?V!

UC!OZT?!^Z"!OUNQGTU^QZW!ZI!^S?!"UT^Q^QZW!OZ?IIQOQ?W^!v X!IZT!GZTZW!QW!^S?!"NUWv^ZWQO!

I ZTUKQWQI?T!PC!YAEXYCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC44f !

I3=02./,=&23****************************************************************************************************************************************************************))@!

)*!N$=(0&$'!$3.!#(=;2.4****************************************************************************************************************************************))8 !
4C4C!327),&!%&,&6(/*'CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC44i !
4C8C!ZF<1&'!/%*(*)/6!2'2,<%&%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC445!
4CfC!K1_O2!2'0!G_O2!2'2,<%&%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC445!
4ChC!^&7)&#2(+#&!&%(/72(&%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC44p!
4CgC!S<0#*1#2)E/6!02(2CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC484!

7*!Y(4/'=4***********************************************************************************************************************************************************************)7) !

8C4C!^&7)&#2(+#&!2'0!vX CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC488!
8C8C!3&2Y2(&#!62#.*'2(&!/*'!wOZxyz{!2'0!vX CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC48f !

@*![&4,/44&23****************************************************************************************************************************************************************)7>!

fC4!O*7)2#/%*'!*L!*+#!U(,2'(/6!02(2!Y/(E!*(E&#!)+.,/%E&0!6*#&>(*)!),2'J(*'/6!G_O2 CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC48h!
fC8!sE<!0*!(E&!Q'0*>"26/L/6!vX!0&)2#(!L#*7!(E&!U(,2'(/6!02(2uCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC48g!
fCfC!O*#&>(*)A!6+,(+#&!2'0!0*Y'6*#&!62,/.#2(/*'%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4f9 !

>*!G23,'/4&23***************************************************************************************************************************************************************)@7!

GC!T?OZW3^TVO^QZW!XV!"S!X?3!?UV|!X?!3VTIUO?!UV!OZVT3!X?!NU!X?TWQ?T?!X?PNUOQU^QZW!=!

U""NQOU^QZW!U!N-?^VX?!X?!NU!OUTZ^^?!KXip >8gi ![OUWUN!XV!K Z}UKGQnV?\CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4ff !

I3=02./,=&23****************************************************************************************************************************************************************)@@!

)*!+2,$'&4$=&23!.(!'$!,$02==(!N[!8V!7H8!(=!#6=;2.2'2:&(**********************************************************************)@>!

7*!Y64/'=$=4******************************************************************************************************************************************************************)@Q!
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8C4C!O*7)*%/(/*'%!/%*(*)/B+&%!0+!62#.*'&!&(!0&!,-*F<1H'&CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4fo !
8C8C!X*''$&%!0&!G_O2!&(!K1_O2!*.(&'+&%!%+#!P*!0/1(0!02'%!,2!62#*((&!KXip>8gi CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4fo !

@*![&4,/44&23****************************************************************************************************************************************************************)@8!

fC4C!N&%!0/LL$#&'(&%!$(2)&%!0&!,2!#&6*'%(#+6(/*'!0+!)2,$*>)S!0&%!&2+F!0&!%+#L26&!@!)2#(/#!0+!G_O2!7&%+#$!%+#!

L*#27/'/LH#&%!),2'6(*'/B+&%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4fi !
fC8C!T&6*'%(#+6(/*'!0+!)2,$*>)S!2+!%/(&!KX!ip>8gi !=!/7)26(!0&!,2!62,/.#2(/*'!0+!)2#27H(#&!vX CCCCCCCCCCCCCCCCCCCCCC4h4!
fCfC!?LL&(!0&!,2!(&7)$#2(+#&!%+#!,&%!)2,$*>)S!#&6*'%(#+/(%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4h8!
fChC!^&7)$#2(+#&A!%2,/'/($A!2,62,/'/($A!6*&LL/6/&'(!0&!)2#(/(/*'!=!B+&,,&%!:2,&+#%!)*+#!B+&,%!)2,$*>)Su CCCCCCCCCCCC4hf !
fCgC!"2,&*>)S!&(!)OZ8 CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4hi !

05+*#(&%)$ )@)&%03"'(&!0(#3")-%) 1+)$+&#+(#3")-%)1+)0 3"0%"(&+( #3")f03ghij)-%')

%+!.)*&3/3"-%')-!)*+ 0#/#V!%)%'()(&3*#0+1 )+!)03!&')-%)-%!.)-% P1+0#+(#3"')-!)

*1%#'(30%"%)'!*%&#%! &)@)(&+"'#(#3"')?#')Zb >ZZ)%()?#')Zk>ZeAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAZeZ)

I3=02./,=&23****************************************************************************************************************************************************************)H) !

X??"! ^ TZ"QOUN!" UOQIQO!OUTGZWU^?!"T?3?T~U^QZW!OSUWP?3!Z~?T!PNUOQUN>QW^?TPNUOQUN!^TUW3Q^QZW3!

KQ3!48_44!UWX!KQ3!4o_4gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4gg!

)*!I3=02./,=&23***********************************************************************************************************************************************************)HH!

7*!N$=(0&$'!$3.!#(=;2.4****************************************************************************************************************************************)H] !
8C4C!Z6&2'*1#2)E/6!%&((/'1%!2'0!)#&%&'(2(/*'!*L!ZX"!5hp!%/(&CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4g5!
8C8C!ZF<1&'!2'0!62#.*'!/%*(*)&!7&2%+#&7&'(%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4o9!
8CfC!^E&!G_O2!#2(/*!*L!.&'(E/6!L*#27/'/L&#!%E&,,%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4o9!
8ChC!3&0/7&'(*,*1/62,!)#*F/&%!*L!0/%%*,+(/*'CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4o4!

@*!Y(4/'=4***********************************************************************************************************************************************************************)Q@!

fC4C!ZF<1&'!2'0!62#.*'!/%*(*)&%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4of !
fC8C!G_O2!#&%+,(%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4oh!
fCfC!!T&%+,(%!L*#!(E&!B+2,/(2(/:&!)#&%&#:2(/*'_0/%%*,+(/*'!)#*F/&%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4og!

>*[&4,/44&23*****************************************************************************************************************************************************************)Q] !

hC4C!O*7)2#/%*'!*L!%&0/7&'(*,*1/62,!)#&%&#:2(/*'!#&6*#0%!Y/(E!.&'(E/6!G_O2!26#*%%!KQ3!48_44!2'0!KQ3!

4o_4g=!YE2(!0*!(E&%&!)#*F/&%!26(+2,,<!#&6*#0uCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4o5!
hC8C!U1&!7*0&,!L*#!6*#&!ZX"!5hpCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4i9 !
hCfC!O*7)2#/%*'!*L!ZX"!5hp!(&#7/'2(/*'!~!2'0!~QQ!#&6*#0!Y/(E!,2%(!0&1,26/2(/*'!#&6*#0CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4i9 !
hChC!n+2'(/L/62(/*'!*L!OZxyz!2(!(&#7/'2(/*'%!~QQ!2'0!~A!6*7)2#/%*'!Y/(E!(E&!,2%(!0&1,26/2(/*'=!6*':&#%/*'!*L!

(E&!G_O2!%/1'2,!(*!.*((*7!Y2(&#!•OZxyz!2'0!wOZxyz{CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC4ih !

G23,'/4&234******************************************************************************************************************************************************************)88 !

03"01!'#3")%()*%&'*% 0(#$%' AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAZdY)

&%/%&%"0%')=#=1#3P&+*5#V!%' AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAZld )

+""%.%' AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAb[Z )
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!

!

Listes des figures 
!

!"#$%&'(')! X,;(''(!.(4!=(#D4!:62'2:&</(4!^/4</5_!@!#&''&234!.5$336(4P!(30(:&4=0(#(3=!./!`abW!.(!
%20$#&3&%J0(4!1(3=;&</(4!.(!'$!,$02==(!W[K!]>V!TN&c!(=!$'*P!)VVHUP!(=!DGW7!#(4/06!4/0!'(4!,$02==(4!.(!:'$,(!
XKIG"![2#(!G!T+d=;&!(=!$'*P!7??]U********************************************************************************************************************************************************7>!
!

!"#$%&'*')! G-,'(!./!,$0123(!$,=/('*!+(4!,;&%%0(4!(3=0(!,02,;(=4!0(D064(3=(3=!'(4!1/.:(=4!(3!,$0123(!T(3!
D6=$:0$##(4!.(!,$0123(P!K:GP!2/!:&:$=233(4!.(!,$0123(P!R=GU!e!'(4!%'J,;(4!0(D064(3=(3=!'(4!%'/c!.(!,$0123(!
(3=0(!'(4!.&%%60(3=4!,2#D$0=&#(3=4!TR=GF$3U*!X3!32&0!C!4=2,f4!(=!%'/c!D06&3./4=0&('4P!(3!02/:(!C!D(0=/01$=&234!
$3=;02D&</(4*![&$:0$##(!.(!O$1&3(!T7??QUP!$.$D=6!.(!O$1&3(!(=!$'*!T7??>$U***************************************************************7] !
!

!"#$%&'+')! [(/c!4-4=J#(4!0(D064(3=64!4/0!'$!#g#(!%&:/0(P!(3!%23,=&23!./!DhC!T&U!'(4!D02D20=&234!0('$=&B(4!
.(4!&234!1&,$0123$=(4!(=!.(4!&234!,$0123$=(4!T,2/01(4!02/:(4!(=!1'(/4U!(=!T&&U!'(4!D02D20=&234!0('$=&B(4!.(!
'5$,&.(!120&</(!(=!.(4!&234!120$=(4!T,2/01(4!32&0(4U!e!=0$,6(4!D2/0![IGi7???!j#2'*f: L) P!Oi@H*V!D4/P!9i7HkGP!
E9i>)Q!j#2'*f: L) *!+(!0(,=$3:'(!:0&46!&3.&</(!'$!:$##(!.(!B$0&$=&23!.(!Dh!.(!'5($/!.(!#(0!$,=/(''(* ****************@)!
!

!"#$%&',')! Xc(#D'(4!.(!D02./,=(/04!.(!,$0123$=(!.(!,$',&/#!.(!'52,6$3*!9(4=4!.(!%20$#&3&%J0(4!T:$/,;(U!(=!
,2,,2'&=(4!T.02&=(U****************************************************************************************************************************************************************************************@7!
!

!"#$%&'-')! O,;6#$!&''/4=0$3=!'(4!.&%%60(3=4!6=$=4!.(!4$=/0$=&23!.(!'52,6$3*!+5;20&l23!.(!4$=/0$=&23!.(!'$!
,$',&=(!TGOhU!(4=!$==(&3=!'204</(!mi)*!M/$3.!'(!D2/0,(3=$:(!.(!G$GWn!$==(&3=!7?oP!23!$!$==(&3=!'$!D02%23.(/0!
.(!,2#D(34$=&23!.(4!,$0123$=(4!TGG[U!46.&#(3=$&0(P!=$3.&4!</(!'$!432S'&3(!0(D064(3=(!'$!D02%23.(/0!.(!
,2#D(34$=&23!:62,;&#&</(!!TRG[U!2p!D'/4!$/,/3!G$GWn!3(!4(!.6D24(*!+$!'-42,'&3(!,;&#&</(P!</&!,200(4D23.!_!
/3(!$/:#(3=$=&23!./!=$/c!.(!.&442'/=&23P!(4=!$==(&3=(!'204</(!mi?*]*!O,;6#$!.(!E24=2,f!(=!$'*!T7?))U************@>!
!

!"#$%&'.')! I#$:(!4$=(''&=(!OX"qI\O!#23=0$3=!'5$123.$3,(!#2-(33(!4/0!'$!D60&2.(!)VV]L7??Q!.(4!
20:$3&4#(4!D;2=2L$/=2=02D;(4!#$0&34!.$34!'52,6$3P!$123.$3,(!&3.&,$=0&,(!.(!'$!D02./,=&23!D0&#$&0(!
D2=(3=&(''(!T.2336(4!.&4D23&1'(4!4/0!;==DCFF2,($3,2'20*:4%,*3$4$*:2BFO($q&\OFU*******************************************************@H!
!

!"#$%&'/')! O,;6#$!.(!,&0,/'$=&23!2,6$3&</(!:'21$'(*!G(!4,;6#$!#(=!(3!6B&.(3,(!'(4!:0$3.(4!10$3,;(4!.(!
,&0,/'$=&23!</&!06:&44(3=!$,=/(''(#(3=!'52,6$3P!$B(,!(3!02/:(!(=!^$/3(!'(4!,2/0$3=4!.(!4/0%$,(!,;$/.4!(=!%02&.4P!
0(4D(,=&B(#(3=P!$442,&64!_!'$!12/,'(!.(!,&0,/'$=&23!D02%23.(P!(3!1'(/!'(4!,2/0$3=4!D02%23.4!(=!(3!B(0=!'(4!
,2/0$3=4!_!D02%23.(/0!&3=(0#6.&$&0(*!W3!32=(!'(!R/'%!O=0($#!(=!'$!.60&B(!Z20.L"='$3=&</(P!,2/0$3=4!.(!
4/0%$,(!.(!'5"='$3=&</(!Z20.P!</&!.233(!3$&44$3,(!_!'$!D'23:6(!.(4!($/c!D02%23.(4!.$34!'(4!#(04!320.&</(4!(=!
./!+$10$.20P!$&34&!</(!'(!,2/0$3=!,&0,/#D2'$&0(!"3=$0,=&</(P!$/=0(!42/0,(!.(4!($/c!D02%23.(4*!TN$04;$''!$3.!
OD((0P!7?)7U***************************************************************************************************************************************************************************************************@Q!
!

!"#$%&'0')! X4=&#$=&23!.(4!%'/c!.(!GW7!(3=0(!2,6$3!(=!$=#24D;J0(!T9$f$;$4;&!(=!$'*P!7??7U*!+(4!l23(4!
.5/DS(''&3:!423=!,$0$,=60&46(4!D$0!.(4!%'/c!D24&=&%4!(=!423=!.23,!.(4!42/0,(4!.(!,$0123(!T.&B(0:(3,(4!
6</$=20&$'(4UP!=$3.&4!</(!'$!D'23:6(!.(4!($/c!D02%23.(4!.$34!'5"='$3=&</(!Z20.!4(!,$0$,=60&4(!D$0!/3!%20=!%'/c!
36:$=&%!(=!(4=!.23,!/3!D/&=4!.(!,$0123(*********************************************************************************************************************************************@8!
!

!"#$%&'1')! O,;6#$!06,$D&=/'$=&%!.(4!%'/c!.(!,$0123(!20:$3&</(!TrWGU!(=!&320:$3&</(!TrIGUP!.&442/4!T[rGU!(=!
D$0=&,/'$&0(!TKrGU!.$34!'52,6$3*!+(4!%'/c!423=!(3!R=GF$3P!'(4!064(0B2&04!(3=0(!,02,;(=4!(3!R=G!(=!0(D064(3=(!'(!
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,-,'(!D06&3./4=0&('!./!,$0123(!T%'/c!$3=;02D&</(!323!,2#D=64U*!+(!,$0123(!D$0=&,/'$&0(!TG$GWnU!,23./&=!_!/3!
(cD20=!.(!,$0123(!.(!s?*>R=GF$3P!,23,(3=06!4/0!'(4!#$0:(4!,23=&3(3=$'(4*!O,;6#$!.(!O$1&3(!T7??QUP!$.$D=6!
.(!O$1&3(!(=!$'*!T7??>$U****************************************************************************************************************************************************************************@]!
!

!"#$%&'(2')! [&4=0&1/=&23!:'21$'(!.(4!46.&#(3=4!=-D(4!4/0!'(4!%23.4!2,6$3&</(4!T9;/0#$3!$3.!90/^&''2P!
7??7U*! >?!
!

!"#$%&'((') ! O,;6#$!4&#D'&%&6!.(4!#6,$3&4#(4!,23=0t'$3=!'(!`auG!./!,$0123(!&320:$3&</(!.&442/4!.$34!
'52,6$3!C!D02,(44/4!1&2'2:&</(4!!TD;2=24-3=;J4(!(=!0(4D&0$=&23UP!,&0,/'$=&23!2,6$3&</(P!6,;$3:(4!2,6$3L
$=#24D;J0(!(=!2,6$3!1&24D;J0(!=(00(4=0(*****************************************************************************************************************************************>) !
!

!"#$%&'(*') ! \0$,=&233(#(3=4!&42=2D&</(4!.(!'52c-:J3(!.$34!'(!,-,'(!;-.02'2:&</(*************************************************>@!
!

!"#$%&'(+')! XB2'/=&23!./!0$DD20=!N:FG$!.(!'$!,$',&=(!.(!.&%%60(3=(4!(4DJ,(4!.(!%20$#&3&%J0(4!(3!%23,=&23!.(!
'$!=(#D60$=/0(!.(!,$',&%&,$=&23!T"3$3.!(=!$'*P!7??@U*******************************************************************************************************************>>!
!

!"#$%&'(,') ! G2#D24&=&234!&42=2D&</(4!./!120(!.$34!'(4!(4DJ,(4!$,&.(!120&</(!(=!&23!120$=(!(3!%23,=&23!./!
Dh!Tv$f&;$3$!(=!$'*P!)V88U*!+(!0(,=$3:'(!:0&46!&3.&</(!'(4!,2#D24&=&234!&42=2D&</(4!./!120(!0(3,23=06(4!.$34!
'(4!,$0123$=(4!#$0&34!$,=/('4!Th(##&3:!$3.!h$3423P!)VV7U************************************************************************************************>Q!
!

!"#$%&'(-') ! G$'&10$=&23!(#D&0&</(!.(!w/!(=!X'.(0%&('.!T7??8U!#(==$3=!(3!6B&.(3,(!'$!0('$=&23!'&36$&0(!'&$3=!
'(!0$DD20=!EFG$!.(!'5(4DJ,(!G&1&,&.2&.(4!S/(''(04=20%&!(=!'$!4$=/0$=&23!(3!&234!,$0123$=(4!.(4!($/c!.(!%23.*!+$!
.02&=(!32&0(!0(D064(3=(!'$!06:0(44&23!'&36$&0(!21=(3/(!4/0!'5(34(#1'(!.(4!.2336(4!TEFG$i)*)>!c!xGWnyz!
{)88*)U*! >] !
!

!"#$%&'(.') ! \23,=&233(#(3=!.5/3!4D(,=02#J=0(!.(!#$44(!_!42/0,(!D'$4#$!IGKLMNO*!"L[ !C!&3=02./,=&23!.(!
'56,;$3=&''23!T0(4D(,=&B(#(3=!=/1(P!D2#D(!D60&4=$'=&</(P!361/'&4(/0P!,;$#10(U!e!X!C!=20,;(!_!D'$4#$!e!\!C!
121&3(!e!R!(=!h!C!,t3(4!T4$#D'(0!(=!4f&##(0P!0(4D(,=&B(#(3=U!e!I!C!'(3=&''(4!e!|!C!</$.0/D2'(!(=!v!C!.6=(,=(/0******H@!
!

!"#$%&'(/') ! XB2'/=&23!./!4&:3$'!.(!,$',&/#!T(3!,2/D!D$0!4(,23.(P!,D4U!$/!,2/04!.5/3(!D;$4(!.5(3,0$44$:(!
.(4!,t3(4*![(!));@)!_!));@]P!'(4!.2336(4!3(!423=!D$4!D064(3=6(4!,$0!$1(00$3=(4P!_!'$!4/&=(!.5/3!.64$#20}$:(!
.(!'5$DD$0(&'!.(!#(4/0(*****************************************************************************************************************************************************************************HH!
!

!"# $%&'(0')! XB2'/=&23!./!4&:3$'!.(!'&=;&/#!$/!,2/04!.(!'$!D;$4(!.5(3,0$44$:(!T,D4U*![(!));@)!_!));@]P!'(4!
.2336(4!3(!423=!D$4!D064(3=6(4!,$0!$1(00$3=(4P!_!'$!4/&=(!.5/3!.64$#20}$:(!.(!'5$DD$0(&'!.(!#(4/0(***************HH!
!

!"#$%&'(1')! G$D=/0(!.56,0$3!./!'2:&,&('!9;(0#2!K'$4#$'$1!D(3.$3=!'(!0&3}$:(!.5/3(!42'/=&23!_!)?!DD1!.(!
120(!#(4/06(!D(3.$3=!)?!0/34*!+$!,2/01(!#23=0(!'56B2'/=&23!.(!'$!,23,(3=0$=&23!(3!120(!
T$DD02c&#$=&B(#(3=!)????!,D4!D$0!/3&=6!B(0=&,$'(P!42&=!(3B&023!8???!,D4!(3!%&3!.(!0&3}$:(U!(3!%23,=&23!./!
=(#D4!.(!0&3}$:(!T4(,23.(U********************************************************************************************************************************************************************H8!
!

!"#$%&'*2')! Z2#10(!#2-(3!.(!,2/D4!D$0!4(,23.(!.$34!/3(!42'/=&23!.(!hZW @!?*)Z!T42&=!'(!1'$3,U!(3!
%23,=&23!.(!'$!,;$#10(!.(!361/'&4$=&23!/=&'&46(P!=2/=(4!$/=0(4!,23.&=&234!6:$'(4*!+(4!&''/4=0$=&234!#23=0(3=!'$!
%20#(P!(=!.23,!'(!%23,=&233(#(3=P!.(!,(4!.&%%60(3=(4!,;$#10(4!.(!361/'&4$=&23!T'$!D;2=2!.(!,;$#10(!_!1&''(!
.5&#D$,=!#23=06(!&,&!(4=!,(''(!.5/3(!,;$#10(!(3!B(00(!12024&'&,$=6P!$%&3!.(!D2/B2&0!#23=06!'$!1&''(!.5&#D$,=U*
! Q)!
!
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!"#$%&'*(')! XB2'/=&23!.(4!1'$3,4!.5$,&.(!hZW@!?P)Z!$/!,2/04!.(4!$336(4!7?)?F7?)7P!(3!32#10(!.(!,2/D4!
D$0!4(,23.(!4/0!'$!#$44(!./! )) E*!+(4!,$0064!02/:(4!0(D064(3=(3=!'$!B$'(/0!#2-(33(!.(4!1'$3,4!D$0!4(44&23!.(!
#(4/0(P!'(4!,02&c!32&0(4!423=!'(4!B$'(/04!#$c&#$'(4!(=!#&3&#$'(4!0(3,23=06(4!'204!.5/3(!46$3,(!.5$3$'-4(*!+(4!
^2/04!(=!#2&4!23=!6=6!#2.&%&64!D2/0!D'/4!.(!'&4&1&'&=6!T$336(4!&3,;$3:6(4U************************************************************************Q7!
!

!"#$%&'**')! Xc(#D'(4!.(!,2/01(4!.(!,$'&10$=&234!21=(3/(4!$/!,2/04!.5/3(!4(44&23!.(!#(4/0(4!_!'5$&.(!.(4!
42'/=&234!.(!,$'&10$=&23!(3!0$=&2*!Y$=&2!~!06('!•!&3.&</(!'(!0$=&2!6'6#(3=$&0(!</(!32/4!$B234!,$',/'6!'204!.(!'$!
D06D$0$=&23!D$0!D(46(!.(4!42'/=&234!.56=$'233$:(!_!D$0=&0!.(!42'/=&234!6'6#(3=$&0(4!./!,2##(0,(* ******************Q>!
!

!"#$%&'*+')! XB2'/=&23!./!0$DD20=!EFG$!./!4=$3.$0.!|G=L)!(3!%23,=&23!./!=(#D4!$/!,2/04!'$!./06(!.(!'$!
=;J4(!T6,;(''(!;20&l23=$'(!$01&=0$&0(UP!(=!4('23!'$!#6=;2.(!.(!,$'&10$=&23!(#D'2-6(*!+(4!D0(#&(04!064/'=$=4!
21=(3/4!T,2#D0&4(4!(3=0(!?!(=!7?!4/0!'5$c(!;20&l23=$'P!(=!0(D064(3=$3=!'$!D60&2.(!.(!Z2B(#10(!7??V!_!%&3!
7?)?U!#23=0(3=!/3(!:0$3.(!.&4D(04&23!./(!_!'5&#D(0%(,=&23!.(4!D02=2,2'(4!.(!3(==2-$:(!(=!.5$3$'-4(!_!,(==(!
D60&2.(*! QQ!
!

!"#$%&'*,') ! XB2'/=&23!./!32#10(!.(!,2/D!D$0!4(,23.(!.(4!1'$3,4!4/0!'(4!6'6#(3=4!'&=;&/#!(=!120(!$/!,2/04!
.5/3(!4(44&23!.(!#(4/0(*!+(!,2(%%&,&(3=!.(!,2006'$=&23P!.$34!'(!,$4!./!120(P!(4=!%$&1'(!(44(3=&(''(#(3=!(3!0$&423!
.(!'$!%$&1'(!D(3=(******************************************************************************************************************************************************************************************Q8!
!

!"#$%&'*-')! I''/4=0$=&23!.(!'5(%%(=!./!=0$&=(#(3=!.(!.2336(4!4/0!/3!6,;$3=&''23!%&,=&%!$B(,!/3!EFG$!
6</&B$'(3=!_!,('/&!./!4=$3.$0.!|G=L)P!#(4/06!V!%2&4!$/!,2/04!.5/3(!4(44&23!.(!#(4/0(P!(3!4/DD24$3=!/3(!.60&B(!
,234=$3=(!^/4</5_!L)?o!$%%(,=$3=!1'$3,4!(=!6,;$3=&''23*!+$!42/4=0$,=&23!./!1'$3,!$/c!.2336(4!10/=(4!T.02&=(!
$/c!D2&3=&''64!%&34U!.&#&3/(!'$!B$'(/0!.(4!.2336(4!#(4/06(4!T.02&=(!D2&3=&''6(UP!D/&4!'$!,200(,=&23!.(!.60&B(!
$B(,!'(!4=$3.$0.!|GDL)!D(0#(=!.(!,2#D(34(0!'$!.60&B(!#$,;&3(!D2/0!21=(3&0!.(4!B$'(/04!4=$1'(4!T.02&=(!
1'(/(U*!X3%&3P!'(!4=$3.$0.!|,=L)!D(0#(=!.(!0$#(3(0!'(4!B$'(/04!D$0!0$DD20=!_!'$!B$'(/0!.(!4=$3.$0.!
&3=(03$=&23$'(#(3=!,$'&106!T.02&=(!02/:(U**************************************************************************************************************************************Q]!
!

!"#$%&'*.') ! "!:$/,;(!(=!$/!,(3=0(P!#2-(33(4!.(4!0$DD2 0=4!EFG$!#(4/064!4/0!'5(4DJ,(!R*!0/1(0!TS;&=(U!.$34!
.(/c!42##(=4!.(!,$02==(!D02B(3$3=!.(!'52,6$3!"='$3=&</(!TIZN[!>]!E€L)U!(=!.(!'52,6$3!I3.&(3!TN[!??!7@HVU*!
"!.02&=(P!EFG$!#(4/06!4/0!'5(4DJ,(!R*!0/1(0!T0(.U!.$34!'(!42##(=!.(!,$02==(!IZN[!>]!E€L)*!+(4!1$00(4!
0(D064(3=(3=!'$!B$'(/0!#2-(33(!4/0!H!06D'&</(4P!'(4!1$00(4!.5(00(/04!0(D064(3=(3=!'56,$0=!=-D(!(3=0(!,(4!H!
06D'&</(4*!X3!1'(/P!$B(,!6=$D(!2c-.$=&B(P!(3!02/:(P!4$34!6=$D(!2c-.$=&B(**************************************************************************87!
!

!"#$%&'*/') ! O,;6#$!(cD'&,$=&%!./!=(4=!.(!D2''/=&23!B2'23=$&0(*!+(4!,$4!#$0</64!$B(,!/3!~!•!•!&3.&</(3=!'(4!
=/1(4!.52p!=2/=!'(!'&</&.(!$!6=6!0(=&06P!=$3.&4!</(!D2/0!'(4!$/=0(4!,$4!.(!'520.0(!.(!)?!_!7?j'!.(!42'/=&23!23=!6=6!
'$&4464!.$34!'(!%23.!.(4!#&,02L=/1(4!T,2##(!,('$!(4=!:6360$'(#(3=!%$&=!.$34!'$!D;$4(!.(!3(==2-$:(!06(''(!.(4!
%20$#&3&%J0(4P!D2/0!6B&=(0!</(!'(4!%0$:#(3=4!3(!42&(3=!D&D(=64!$B(,!'$!42'/=&23P!_!'$!%&3!.(4!6=$D(4!.(!
3(==2-$:(U*! 8@!
!

!"#$%&'*0')! Y$DD20=!EFG$!#(4/06!$D0J4!'(!=(4=!.(!D2''/=&23!B2'23=$&0(!4/0!'$!D2/.0(!./!,0&4=$'!.(!4D$=;***8>!
!

!"#$%&'*1')! ‚$'(/04!.(!EFG$!#(4/06!D2/0!'5(4DJ,(!R*!4$,,/'&%(0!4/0!/3!=0$34(,=!.(!D02%23.(/0!.(!'$!O&(00$!
+(23(!Y&4(!TB2&0!G;$D&=0(!III!D2/0!.6=$&'4UP!(3!%23,=&23!.(!'$!D02%23.(/0*!X3!1'(/P!'(4!B$'(/04!#(4/06(4!$/!
+OGXP!(3!02/:(!D'(&3!'(4!B$'(/04!#(4/06(4!_!G$#10&.:(P!(3!02/:(!2/B(0=!'(4!#(4/0(4!.(!G$#10&.:(!,200&:6(!
.(!'52%%4(=!(30(:&4=06!D$0!"''(3!(=!$'*P!7?)7!TEFG$Y/=:(04!i!!) !*?]H!c!EFG$G$#10&.:(!L)*?VU*!+(4!1$00(4!.5(00(/0P!
0(D20=6(4!/3&</(#(3=!4/0!'(4!.2336(4!.(!G$#10&.:(!,200&:6(4P!,200(4D23.(3=!_!'5(00(/0!#$c&#$'(!(3=0(!
'56,$0=!=-D(!.(4!06D'&</(4!(=!/3(!(00(/0!$3$'-=&</(!.(!@*Ho****************************************************************************************************88!
!
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!"#$%&'+2')! "!:$/,;( !C!N/'=&,20(0!D064(3=!4/0!'(!YF‚!v3200!C!'(4!=/1(4!45(3%23,(3=!'(3=(#(3=!.$34!'(!
46.&#(3=!/3(!%2&4!'(!,$02==&(0!D246!$/!%23.*!"!.02&=(!C!D02%23.(/04!.(4!4(D=!4=$=&234!.(!D06'JB(#(3=!4/0!'(!
=0$34(,=!.(!D02%23.(/0!.(!'$!O&(00$!+(23(!Y&4(*****************************************************************************************************************************]? !
!

!"#$%&'+(')! K02%&'!.(!ƒGWnyz„!(=!4&'&,$=(4!.$34!'$!06:&23!.(!'$!O&(00$!+(23(!Y&4(*!+$!'&:3(!D2&3=&''6(!
0(D064(3=(!'$!,23,(3=0$=&23!(3!&234!,$0123$=(4!_!4$=/0$=&23!D2/0!'$!,$',&=(!TƒGWnyz!„4$=UP!'(!,02&4(#(3=!$B(,!'$!
460&(!.(!.2336(4!02/:(4!_!s>H??#!,200(4D23.!$/!D$44$:(!.(!'5;20&l23!.(!4$=/0$=&23**********************************************]) !
!

!"#$%&'+*')! +2,$=&23!2%!4&=(4!23!=;(!O&(00$!+(23(!Y&4(!T=;&4!4=/.-U!$3.!W[K!O&=(4!%02#!=;(!G($0$!Y&4(!TO(f&!
(=!$'*P!7?)?U*! ]Q!
!

!"#$%&'++')! O/0%$,(!S$=(0!#($3!$33/$'!=(#D(0$=/0(!$3.!4$'&3&=-!2B(0!=;(!O&(00$!+(23(!Y&4(!21=$&3(.!S&=;!
=;(!q20'.!W,($3!"='$4!7??V!TE2-(0!(=!$'*P!7??VUP!$3.!4/0%$,(!S$=(0!,$0123$=(!&23!,23,(3=0$=&23!,$',/'$=(.!
%02#!=;(!R+W["K!.$=$!4(=!Tv(-!(=!$'*P!7??>UU*!9(#D(0$=/0(4!$3.!4$'&3&=&(4!$0(!%02#!=;(!q20'.!W,($3!"='$4!
$3.!0(D0(4(3=!$!,'&#$=&,!$B(0$:(!2B(0!D$4=!.(,$.(4*!G$0123$=(!&23!,23,(3=0$=&234!$0(!,$',/'=$=(.!%02#!=;(!
R+W["K!.$=$!4(=!%2''2S&3:!(</&'&10&/#!,234=$3=4!D0(,23&l(.!1-![&,f423!(=!$'*P!7??8*!"4!4;2S3!&3!=;(!%&:/0(P!
23'-!%(SP!D23,=/$'!.$=$!D2&3=4!$0(!$B$&'$1'(*!"!#($3!B$'/(!,$',/'$=(.!%20!=;(!O&(00$!+(23(!Y&4(!$0($!T)]kq!=2!
78kqP!@kZ!=2!))kZU!:&B(!$!#($3!ƒGWnyz„!2%!7]V…>!j#2'Ff:!T)†U*****************************************************************************************]8 !
!

!"#$%&'+,')! q$=(0!.(D=;!T#U!B(04/4!‡GW@7L!Tj#2'*f: 4SL) U!&3!=;(!B&,&3&=-!2%!=;(!O&(00$!+(23(!Y&4(!(4=&#$=(.!
%02#!=;(!R+W["K!.$=$!4(=!TO$1&3(!(=!$'*P!7??HU*!\&:/0(!&34(=!0(D0(4(3=4!=;(!‡GW@7L!=0(3.!,;$3:(!1(=S((3!
7H??!$3.!H???!#!2%!S$=(0!.(D=;P!0(.!,&0,'(4!0(D0(4(3=!=;(!4=$=&23!.(D=;4**********************************************************************]] !
!

!"#$%&'+-')! N:FG$!0$=&2!T##2'*#2'L) U!D02%&'(4!2%!R*!4$,,/'&%(0!B(04/4!S$=(0!.(D=;!T#U*!N:FG$!B$'/(4!
21=$&3(.!$=!=;(!R2.S&3!'$120$=20-!TY(.!4</$0(4U!$3.!$=!+OGX!TE'/(!.&$#23.4U*!X0020!1$04!0(D0(4(3=!=;(!
'$0:(0!2%!=;(!4=$3.$0.!.(B&$=&23!2%!=;(!0(D'&,$=(4!$3.!4=$3.$0.!0(D02./,&1&'&=-!T)*HoU*!\20!#20(!0($.$1&'&=-P!
R2.S&354!4=$=&234!;$B(!1((3!.((D(3(.!1-!H?!#*!+&3(4!0(D0(4(3=!=S2!D244&1'(!=0(3.4!%20!=;(!.$=$!4(=4*!W3!=;(!
0&:;=!$c&4!=(#D(0$=/0(!,$',/'$=(.!%02#!N:FG$!R*!4$,,/'&%(0!B$'/(4************************************************************************************V@!
!

!"#$%&'+.')! EFG$!Tj#2'*#2'L) U!D02%&'(4!2%!R*!4$,,/'&%(0!B(04/4!S$=(0!.(D=;!T#UC!EFG$!B$'/(4!21=$&3(.!$=!=;(!
R2.S&3!'$120$=20-!TY(.!4</$0(4UP!$3.!$=!+OGX!TE'/(!.&$#23.4U*!X0020!1$04!0(D0(4(3=!=;(!#$c&#/#!1(=S((3!
=;(!4=$3.$0.!.(B&$=&23!2%!=;(!0(D'&,$=(4!$3.!=;(!4=$3.$0.!0(D02./,&1&'&=-!T@*HoU*!\20!#20(!0($.$1&'&=-P!
R2.S&354!4=$=&234!;$B(!1((3!.((D(3(.!1-!H?!#*!E'/(!$3.!0(.!'&3(4!0(D0(4(3=!=;(!D244&1'(!=0(3.4!%20!.&%%(0(3=!
4(=4!2%!0(4/'=4*!VH!
!

!"#$%&'+/')! [&442'/=&23!D02c&(4!B(04/4!S$=(0!.(D=;!T#UC!Y('$=&B(!$#2/3=!2%!%0$,=&23!ˆ)H?!j#!To!.0-!
S(&:;=U!T92DP!1'/(!4</$0(4UP!4;(''!S(&:;=!Tj:U!2%!R*!4$,,/'&%(0!%02#!2/0!4$#D'(4!T#&..'(P!0(.!.&$#23.4U!$3.!
%/''!S&.=;!$=!;$'%!#$c&#/#!T\qNhP!k7! U!2%!=;(!,$',&=(!D($f!T12==2#P!:0((3!=0&$3:'(U*********************************************V8!
!

!"#$%&'+0')! R*!4$,,/'&%(0!EFG$!B(04/4!S$=(0!.(D=;!#($4/0(.!1-!O(f&!(=!$'*!T7?)?UP!23!$!.(D=;!=0$34(,=!2%!
%&B(!W[K!4&=(4!2%!=;(!G($0$!Y&4(!TS(4=!(</$=20&$'!"='$3=&,!2,($3U*!X00204!1$04!$0(!±!>!j#2'F#2'* ************************V] !
!

!"#$%&'+1')! G2#D$0&423!2%!=;(!EFG$!D02%&'(4!21=$&3(.!23!=;(!=S2!.&%%(0(3=!.(D=;!=0$34(,=4!TT&U!O&(00$!+(23(!
Y&4(C!1'/(!.&$#23.4!%20!+OGX54!.$=$!$3.!0(.!4</$0(4!%20!R2.S&3!+$120$=20-54!.$=$e!$3.!T&&U!G($0$!Y&4(C!:0((3!
=0&$3:'(U*!I3!20.(0!=2!,2#D$0(!=;(!EFG$!(B2'/=&234P!EFG$!B$'/(4!$0(!D'2==(.!B(04/4!‡GW@7L!(4=&#$=(.!S&=;!
GW7,$',!42%=S$0(!/4&3:!R+W["K!3($01-!4&=(4*!\20!#20(!0($.$1&'&=-P!‡GW@7L!B$'/(4!%20!R2.S&3!'$120$=20-!.$=$!
S(0(!&3,0($4(.!1-!)!j#2'Ff:* ****************************************************************************************************************************************************************VV!
!
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!"#$%&',2')! ‚$0&$=&234!2%!ƒETWhU>LFhGW@L„!S&=;!4($S$=(0!Dh!$44/#&3:!,234=$3=![IG!T7???!j#2'*f:L) UP!
4$'&3&=-!T@H*V!D4/U!$3.!ƒE„=2=!T!>@>!j#2'*f:L) UP!1/=!S&=;!.&%%(0&3:!=(#D(0$=/0(!TkGU**************************************************)?) !
!

!"#$%&',(') ! Y$DD20=!EFG$!(3!%23,=&23!.(!'$!4$=/0$=&23!(3!&23!,$0123$=(*!+(4!,$0064!02/:(4!0(D064(3=(3=!'(4!
.2336(4!&44/(4!.(!'$!O&(00$!+(23(!Y&4(P!'(4!'24$3:(4!1'(/4!D02B&(33(3=!.(!'$!,$'&10$=&23!.(!w/!(=!X'.(0%&('.P!
7??8*!+(4!.02&=(4!0(D064(3=(3=!'(4!06:0(44&234!'&36$&0(4!.(!,(4!.(/c!460&(4!.(!.2336(4*******************************************)?H!
!

!"#$%&',*') ! K(0=(!0('$=&B(!.(!EFG$!D$0!0$DD20=!_!'$!4=$=&23!"!(3!%23,=&23!.(!'$!4$=/0$=&23!m!D2/0!'(4!
4=$=&234!.(!O+Y!(=!06:0(44&23!.(!=-D(!(cD23(3=&(''(******************************************************************************************************************)?Q!
!

!"#$%&',+')! N(4/0(4!.(!EFG$!(=!.(!N:FG$!,200&:6(!.(!'5(%%(=!.(!'$!.&442'/=&23!(3!%23,=&23!.(!'$!D02%23.(/0*!
+(4!1$00(4!.5(00(/04!0(D064(3=(3=!'56,$0=!=-D(!(3=0(!'(4!.&%%60(3=(4!06D'&</(4!.(!,;$</(!4=$=&23*!+(4!'&:3(4!
D2&3=&''64!#23=0(3=!'56,$0=!=-D(!21=(3/!D2/0!'(4!B$'(/04!,200&:6(4************************************************************************************)?8 !
!

!"#$%&',,') ! XB2'/=&23!./!0$DD20=!ƒETWhU‰z!Š!hGWnz„!(3!%23,=&23!./!Dh!(=!.(!'$!=(#D60$=/0(!.$34!'$!
:$##(!.(!B$0&$=&23!.(!Dh!.(4!($/c!.(!4/0%$,(!_!'5$,=/('******************************************************************************************************))? !
!

!"#$%&',-') ! +2&4!(#D&0&</(4!.56B2'/=&23!./!v[ !(3!%23,=&23!.(!'$!=(#D60$=/0(!D2/0!'5(4DJ,(!.(!%20$#&3&%J0(!
D'$3,=23&</(!R*!0/1(0!4('23!'(4!,$'&10$=&234!6=$1'&(4!D$0!\24=(0!T7??]U!T42##(=4!.(!,$02==(4U!(=!90&D$=&!(=!$'*!
T7??VU!T,$'&10$=&23!~!.2S3,20( !•U*!G(==(!%&:/0(!#23=0(!,'$&0(#(3=!=$3=!.(4!6B2'/=&234!</(!.(4!B$'(/04!
$142'/(4!=0J4!.&%%60(3=(4!./!v[ !4('23!'$!,$'&10$=&23!,;2&4&(***************************************************************************************************))) !
!

!"#$%&',.') ! \20$#&3&%(0$'!EFG$!B(04/4!4($S$=(0!ƒETWhU‰z!Š!hGWnz„!T&U!R*!1/''2&.(4!$3.!R*!&3%'$=$!S(0(!
D&,f(.!%02#!,20(!=2D4P!#24='-!%02#!=;(!Z20=;(03!"='$3=&,!2,($3P!S&=;!=;(!(c,(D=&23!2%!=S2!4&=(4!'2,$=(.!&3!=;(!
O2/=;(03!"='$3=&,!TW[K!)?]]U!$3.!=;(!O2/=;(03!K$,&%&,!TGh"9!)QvU!T%02#!w/!(=!$'*P!7??8U*!\20!=;(4(!,20(!=2D!
.$=$P!=;(!4($S$=(0!ƒETWhU>LUFhGW@L„!S$4!(4=&#$=(.!%02#!=;(!R+W["K!.$=$1$4(*!T&&U!R*!0/1(0!S(0(!D&,f(.!
$'23:!W[K!4&=(!QQ]P!$,0244!NIO)LH!$3.!NIOVL))!,'&#$=&,!,-,'(4*!\20!=;(4(!.$=$P!ƒETWhU‰z!Š!hGWnz„!B$'/(4!
S(0(!(4=&#$=(.!%02#!D$4=!Dh!0(,234=0/,=&23!.(0&B(.!&3.(D(3.(3='-!%02#!R*!4$,,/'&%(0!`aaEP!$3.!OO9!.(0&B(.!
%02#!N:FG$P!=2:(=;(0!S&=;!$'f$'&3&=-!$3.!=2=$'!12023!&3!4($S$=(0!(4=&#$=(.!%02#!4$'&3&=-!0(,234=0/,=&23*))> !
!

!"#$%&',/') ! ‚$0&$=&234!2%!v[ !S&=;!=(#D(0$=/0(!%20!=;0((!D'$3f=23&,!%20$#&3&%(0!4D(,&(4!Tw/!(=!$'*P!7??8U*!
X0020!1$04!%20!,20(!=2D!4$#D'(4!2%!R*!1/''2&.(4!$3.!R*!&3%'$=$!$0(!(4=&#$=(.!$44/#&3:!;$1&=$=!.(D=;4!2%!@?‹ 8?!
#!$3.!7H?‹ @H?!#P!0(4D(,=&B('-*![$=$!S(0(!%&==(.!=2!$3!(cD23(3=&$'!#2.('!1(,$/4(!'&3($0!0(:0(44&234!S2/'.!
&#D'-!l(02!v[ !$=!$!0$3:(!2%!=(#D(0$=/0(4*************************************************************************************************************************************))H !
!

!"#$%&',0')! G20(!'2,$=&234!T1'$,f!.2=4U*!O($!4/0%$,(!=(#D(0$=/0(4!$3.!4$'&3&=&(4!$0(!=$f(3!%02#!=;(!q20'.!
W,($3!"='$4!T7??VU**********************************************************************************************************************************************************************************))8 !
!

!"#$%&',1')! N:FG$L1$4(.!=(#D(0$=/0(!$4!$!%/3,=&23!2%!&42=2D&,!=(#D(0$=/0(!%20!R*!0/1(0!D&,f(.!&3!2/0!,20(!
=2D!4$#D'(4*![$4;(.!'&3(!0(D0(4(3=4!$!)C)!0('$=&234;&De!42'&.!'&3(!&4!=;(!'&3($0!0(:0(44&23!2%!=;(!.$=$!TY7i?*]8U*
! )7? !
!

!"#$%&'-2')! K$0=&=&23!,2(%%&,&(3=4!v[ !$4!$!%/3,=&23!2%!,$',&%&,$=&23!=(#D(0$=/0(*!E'$,f!'&3(!0(D0(4(3=4!=;(!
'&3($0!0(:0(44&23!(4=&#$=(.!/4&3:!"='$3=&,!,20(L=2D4!.$=$!$'23(!Tv[ i L?*?@?79{7*>7Q]e!Y7i!?*QVU*******************)77 !
!

!"#$%&'-(') ! K$0=&=&23!,2(%%&,&(3=4!v[ !$4!$!%/3,=&23!2%!4/0%$,(!S$=(0!,$0123$=(!&23!,23,(3=0$=&23P!(4=&#$=(.!
S&=;!=;(!R+W["K!.$=$!4(=*!E'$,f!'&3(!0(D0(4(3=4!=;(!'&3($0!0(:0(44&23!21=$&3(.!%20!"='$3=&,!,20(L=2D4!.$=$!
$'23(*! )7@!
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!

!"#$%&'-*')! 9(#D(0$=/0(!$3.!,$0123$=(!&23!B$'/(4!%20!,20(L=2D!4&=(4!4=/.&(.!1-!\24=(0!T7??]U!$3.!w/!(=!$'*!
T7??8UP!D'2==(.!S&=;!#2.(03!2,($32:0$D;&,!.$=$!%02#!=;(!/DD(0!)??#!2%!=;(!S$=(0!,2'/#3*!E(,$/4(!
=(#D(0$=/0(!$3.!GWnyz!,23,(3=0$=&234!$0(!4=023:'-!0('$=(.!$=!4&=(4!/4(.!1-!w/!(=!$'*!T7??8UP!=;&4!,'($0'-*****)7> !
!

!"#$%&'-*')! ,0($=(4!/3,(0=$&3=-!0(:$0.&3:!=;(!0(4D(,=&B(!02'(!2%!=(#D(0$=/0(!B(04/4!,$0123$=(!&23!23!=;(!
,23=02'!2%!EFG$!&3!D'$3f=23&,!%20$#&3&%(0$**********************************************************************************************************************************)7> !
!

!"#$%&'-+')! XB2'/=&23!2%!,$0123$=(!&23!,23,(3=0$=&23!$3.!4$'&3&=-!$4!$!%/3,=&23!2%!=(#D(0$=/0(!$=!7?#!2%!
S$=(0!.(D=;!&3!=;(!320=;!"='$3=&,*!R0(-!.&$#23.4!&3.&,$=(4!=;(!R+W["K!.$=$P!0(.!4</$0(4!/3.(0'&3(4!=;(!
R+W["K!.$=$!$=!2/0!,20(!4&=(4!T&3,'/.&3:!=;(!S$0#(4=!,20(P!GhW!7]]LH>!2%!=;(!G$0&11($3!O($U***********************)7H!
!

!"#$%&'-,') ! Œ22#!23!=;(!'2,$=&234!2%!42#(!2%!=;(!I3.2LK$,&%&,!,20(4!T0(.!.2=4U*!E'/(!.2=4!&3.&,$=(!=;(!
R+W["K!4=$=&234!3($01-!=;(!,20(!4&=(4*!+(%=!$3.!#&..'(!D$3('4C!N[!8V!7HH!TN2l$#1&</(!,;$33('P!'(%=!D$3('U!
$3.!XY[G!V7!E€!TW3=23:!|$B$!K'$=($/P!q(4=!K$,&%&,P!0&:;=!D$3('U*!9;(4(!=S2!(c$#D'(4!$0(!=-D&,$'!2%!,20(!4&=(4!
%20!S;&,;!=;(0(!&4!32!R+W["K!.$=$!$B$&'$1'(!S&=;&3!$=!'($4=!Hk*!Y&:;=!D$3('C!'2,$=&234!2%!N[!V]!7)QHP!N[!??!
7@H]!$3.!N[!??!7@HV!TI3.23(4&$UP!$3.!R+W["K!4=$=&234*!9;&4!D$3('!&''/4=0$=(4!=;(!.&%%&,/'=-!=2!$,,/0$=('-!
(B$'/$=(!,$0123!4-4=(#!D$0$#(=(04!%20!,20(4!&3!4#$''!$0($4P!%20!S;&,;!R*!0/1(0!EFG$!.&%%(0(3,(4!$0(!
214(0B(.P!1/=!$0(!$''!0(%(00(.!=2!=;(!4$#(!(4=&#$=(.!ƒETWhU‰z!Š!hGWnz„*!Z2=(!$'42!=;$=!32=!$''!=;(!R+W["K!
4=$=&234!D02B&.(!&3%20#$=&23!23!=;(!,$0123!4-4=(#!&3!4($S$=(0!T$'f$'&3&=-!$3.![IGUP!,$/4&3:!$32=;(0!
0(4=0&,=&23!23!ƒETWhU‰z!Š!hGWnz„!(B$'/$=&23*******************************************************************************************************************************)7Q!
!

!"#$%&'--') ! K$0=&=&23!,2(%%&,&(3=4!v[ !$4!$!%/3,=&23!2%!4$'&3&=-*!E'$,f!'&3(!0(D0(4(3=4!=;(!'&3($0!0(:0(44&23!2%!
=;(!S;2'(!.$=$!4(=************************************************************************************************************************************************************************************)7] !
!

!"#$%&'-.') ! K'2=!2%!R*!0/1(0!v[ !B(04/4!&=4!320#$'&l(.!4;(''!S(&:;=!T&3!j:U****************************************************************)@?!
!

!"#$%&'-/') ! XB2'/=&23!.(!'$!DGW7!$=#24D;60&</(!TN233&3!(=!$'*P!7??)U!(=!./!`abW!#(4/06!4/0!'5(4DJ,(!R*!
0/1(0!.$34!'$!,$02==(!N[8VL7H8!TG$3$'!./!N2l$#1&</(P!,(==(!6=/.(U!$/!,2/04!.(!'$!.(03&J0(!.6:'$,&$=&23*!+$!
DGW7!#23=0(!/3(!$/:#(3=$=&23!_!D$0=&0!.(!)]f$P!4&#/'=$36(!_!'5$/:#(3=$=&23!./!3&B($/!#$0&3!T`abWU*!+$!
DGW7!.6,0&=!(34/&=(!/3!D'$=($/!.(!)>*H!_!)7*H!f$P!$B$3=!.(!06L$/:#(3=(0!^/4</5_!4$!B$'(/0!D06&3./4=0&(''(!.(!
s78?DD#*! )@>!
!

!"#$%&'-0')! +2,$'&4$=&23!.(!'$!,$02==(!N[!8V!7H8*!+(4!=(#D60$=/0(4!(=!4$'&3&=64!.(4!($/c!.(!4/0%$,(!423=!
.(4!#2-(33(4!D'/0&$33/(''(4!&44/(4!./!q20'.!W,($3!"='$4!T7??VU************************************************************************************)@>!
!

!"#$%&'-1')! N2.J'(!.5•:(!.(!'$!,$02==(!N[!8V!7H8!T•:(4!,$'(3.$&0(4 !e!EKU*!+(4!.$=$=&234!)>G!D24=60&(/0(4!_!
L]!f$!3(!423=!D$4!D064(3=6(4!(3!0$&423!.(!'$!D064(3,(!.5/3(!=/01&.&=(!$/!42##(=!.(!'$!,$02==(P!(3=0(!))H!(=!
77H!,#*!Z2/4!3(!#23=0(0234!$/,/3(!.2336(!D24=60&(/0(!_!]!f$!.$34!'5(34(#1'(!.(4!(30(:&4=0(#(3=4!,&L$D0J4*
! )@H!
!

!"#$%&'.2')! ‚$0&$=&234!.(4!,2#D24&=&234!&42=2D&</(4!.(!'52c-:J3(!(=!./!,$0123(!.(!'5(4DJ,(!R*!0/1(0!4/0!'$!
,$02==(!N[!8V!7H8P!$/!,2/04!.(!'$!.(03&J0(!.6:'$,&$=&23*******************************************************************************************************)@Q!
!

!"#$%&'.(') ! XB2'/=&23!./!N:FG$!(=!./!EFG$!$/!,2/04!.(!'$!.(03&J0(!=0$34&=&23!:'$,&$&0(L&3=(0:'$,&$&0(*!+(4!
1$00(4!.5(00(/0!0(D064(3=(3=!'$!0(D02./,=&B&=6!.(4!4=$3.$0.4!T)*Ho!D2/0!N:FG$!(=!@!*Ho!D2/0!EFG$U**********)@8!
!
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!"#$%&'.*') ! O,;6#$!06,$D&=/'$=&%!.(4!6=$D(4!36,(44$&0(4!_!'521=(3=&23!./!Dh!_!D$0=&0!.(4!#(4/0(4!.(!EFG$P!
N:FG$!(=!`abWP!$B(,!#&4(!(3!6B&.(3,(!./!0t'(!,'6!^2/6!D$0!'(4!0(,234=0/,=&234!.(!!=(#D60$=/0(!(=!.(!4$'&3&=6!
4/0!'(!,$',/'!./!Dh* ***********************************************************************************************************************************************************************************)@]!
!

!"#$%&'.+')! Y('$=&23!'2,$'(!(3=0(!4$'&3&=6!(=!$',$'&3&=6!.(4!($/c!.(!4/0%$,(!$/=2/0!./!,$3$'!./!N2l$#1&</(P!
21=(3/(!_!D$0=&0!.(!'$!1$4(!.(!.2336(4!R+W["K!Tv(-!(=!$'*P!7??>U***********************************************************************************)@V!
!

!"#$%&'.,') ! ‚$0&$=&234!.(!'$!=(#D60$=/0(!(=!'$!4$'&3&=6!$/!,2/04!.(!'$!.(03&J0(!.6:'$,&$=&23P!,200&:6(4!
T1'(/U!2/!323!,200&:6(4!T02/:(U!.(!'5(%%(=!.(!'$!4$'&3&=6!4/0!'(!N:FG$!T,200(,=&23!(%%(,=/6(!(3!4/&B$3=!'$!
D02,6./0(!D02D246(!D$0!N$=;&(3LE'$0.!(=!E$44&32=P!7??VU**************************************************************************************************)>? !
!

!"#$%&'.-') ! Y(,234=0/,=&234!./!D$'62LDh!$/!,2/04!.(!'$!.(03&J0(!.6:'$,&$=&23P!(3!%23,=&23!.(!'$!,$'&10$=&23!
.(!v [ !/=&'&46(*!X3!02/:(P!$B(,!'$!,$'&10$=&23!.(!v[ !.(90&D$=&!(=!$'*!T7??VUP!(3!1'(/!'$!,$'&10$=&23!.(!\24=(0!
T7??]U*! )>7 !
!

!"#$%&'..') ! K$'(2LDh!0(,234=0/&=4!(3!%23,=&23!.(!'$!=(#D60$=/0(!TkGU!(=!.(!'$!,$'&10$=&23!.(!v[ !/=&'&46(*!
R0$D;(!.(!:$/,;( !C!+$!,$'&10$=&23!.(!90&D$=&!T7??VU!#23=0(!.(4!Dh!$-$3=!/3(!=0J4!%20=(!.6D(3.$3,(!_!'$!
=(#D60$=/0(P!=$3.&4!</(!T:0$D;(!.(!.02&=(U!!,(''(!.(!\24=(0!T7??]U!3(!#23=0(!$/,/3!'&(3!(3=0(!'(4!.(/c!
D$0$#J=0(4*! )>@!
!

!"#$%&'./') ! XB2'/=&23!./!Dh!$/!,2/04!.(!'$!=0$34&=&23!:'$,&$&0(Lh2'2,J3(!4/0!'$!,$02==(!N[!8VL7H8P!(3!
%23,=&23!T&U!./!v[ !/=&'&46!C!,('/&!.(!\24=(0P!.6D(3.$3=!.(!'$!=(#D60$=/0(!T_!:$/,;(UP!(=!,('/&!./!42##(=!.(!
,$02==(!B2&4&3!N[!8VL7HHP!,234(0B6!_!/3(!B$'(/0!,234=$3=(!T_!.02&=(U!e!(=!T&&U!(3!%$&4$3=!B$0&(0!2/!323!/3!2/!
D'/4&(/04!D$0$#J=0(4!/=&'&464!'204!.(!'$!0(,234=0/,=&23!./!D$'62LDhP!&*(*!=(#D60$=/0(P!4$'&3&=6!2/!$',$'&3&=6*!+$!
'6:(3.(!D064(3=(!4/0!'$!%&:/0(!&3.&</(!'(!,$4!6,;6$3=!</('T4U!D$0$#J=0(T4U!6B2'/(T3=UP!,(==(!6B2'/=&23!6=$3=!
,23.&=&2336(!D$0!'(4!#(4/0(4!.(!N:FG$!(=!`abW*!+56,;(''(!.(!Dh!(4=!'$!#g#(!D2/0!'(4!.(/c!v[ !/=&'&46!'204!.(!
,(4!=(4=4*! )>>!
!

!"#$%&'.0')! XB2'/=&23!4/DD246(!./!Dh!(3!,$4!.56</&'&10(!2,6$3!$=#24D;J0(!$/!3&B($/!./!4&=(!N[8VL7H8!
T1'(/U!(=!,2#D24$3=(!D0&3,&D$'(!.(4!0(,234=0/,=&234!.(!D$'(2LDh!_!D$0=&0!./!EFG$!(3!/=&'&4$3=!D'/4&(/04!
B$'(/04!.(!v [ !T02/:(U******************************************************************************************************************************************************************************)>] !
!

!"#$%&'.1')! XB2'/=&23!.(4!,23,(3=0$=&234!$=#24D;60&</(4!.(!#6=;$3(!(=!.(!GW7P!$&34&!</(!.&%%60(3,(4!.(!
=(#D60$=/0(!D$0!0$DD20=!_!'$!#2-(33(!.(4!.(03&(04!)???!$34!T,$',/'6(4!_!D$0=&0!./!" [U!$/!,2/04!.(4 **********)H7!
!

!"#$%&'.1')! .(03&(04!]??!f$P!21=(3/(4!_!XKIG"![2#(!G*![2336(4!.(!GW7!.(!N233&3!(=!$'*!!T7??)UP!K(=&=!(=!$'*!
T)VVVUP!O&(:(3=;$'(0!(=!$'*!T7??HUP!+/(=;&!(=!$'*!T7??]U!e!.2336(4!.(!Gh>!.(!+2/'(0:/(!(=!$'*!T7??]U !e!.2336(4!
.(!=(#D60$=/0(!.(!|2/l('!(=!$'*!T7??8U********************************************************************************************************************************************)H7!
!

!"#$%&'/2')! K;2=24!.5/3!=(4=!.(!%20$#&3&%J0(!1(3=;&</(!.(!'5(4DJ,(!G&1&,&.(4!S/(''(04=20%&*![&4D23&1'(!_!C!
;==DCFFSSS*%20$#&3&%(0$*(/F,&1&,&.(4*D;D**********************************************************************************************************************************)H@!
!

!"#$%&'/(') ! Y$DD20=!EFG$!(3!%23,=&23!.(!'$!4$=/0$=&23!(3!&23!,$0123$=(!B&4L_LB&4!.(!'$!,$',&=(P!#GW@7LP!D2/0!
'(4!.(/c!(4DJ,(4!.(!%20$#&3&%J0(4!G*!S/(''(04=20%&P!G*!f/''(31(0:&!(=!D2/0!'(4!(4DJ,(4!0(:02/D6(4!42/4!AB&:(0&3$!
4DD**!+(4!.02&=(4!423=!'(4!06:0(44&234!'&36$&0(4!.(4!.2336(4*!N2.&%&6!.5$D0J4!w/!(=!X'.(0%&('.!!T7??8U***************)H>!
!

!"#$%&'/*') ! G2#D24&=(!,23,(3=0$=&23!2%!GW7!%20!=;(!/DD(0!K'(&4=2,(3(!0(,20.!&3!‚24=2f!$3.!XD&,$![2#(!G!
&,(!,20(4!T+d=;&!(=!$'*P!7??]U!T/DD(0!,/0B(P!0(.U!$3.!1(3=&,!2c-:(3!&42=2D&,!,2#D24&=&23!%02#!=;(!+Y?>!1(3=&,!
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4=$,f!T+&4&(,f&!$3.!Y$-#2P!7??HU!T'2S(0!,/0B(P!1'/(U*!+&:;=P!B(0=&,$'!:0$-!1$04!$0(!,(3=(0(.!23!=;(!NIO!)7F))!
$3.!NIO!)QF)H!=0$34&=&234P!0(4D(,=&B('-*****************************************************************************************************************************************)H8!
!

!"#$%&'/+')! +2,$=&234!2%!,20(4!.&4,/44(.!&3!=;&4!4=/.-********************************************************************************************************)H] !
!

!"#$%&'/,') ! O($!4/0%$,(!=(#D(0$=/0(!TkGU!$3.!D;24D;$=(!,23,(3=0$=&23!Tj#2'Ff:U!&3!=;(!$0($!2%!O&=(!W[K!
]>VP!$3.!4$'&3&=-!TŽU!$'23:!$!Z20=;LO2/=;!($4=!K$,&%&,!=0$34(,=*!Y(.!'&3(!&3.&,$=(4!=;(!4(,=&23!&3B(4=&:$=(.P!
1'$,f!.&$#23.4!&3.&,$=(!=;(!.(D=;!$3.!D24&=&23!2%!O&=(!W[K!]>V*![$=$!$0(!%20#!q20'.!W,($3!"='$4!7??V!
TE2-(0!(=!$'*P!7??VU***********************************************************************************************************************************************************************************)HV!
!

!"#$%&'/-') ! Wc-:(3!&42=2D&,!,2#D24&=&23!`abW!$3.!,$0123!&42=2D&,!,2#D24&=&23!`auG!2%!=;(!1(3=;&,!4D(,&(4!
G&1&,&.2&.(4!4DD*!2B(0!=;(!=0$34&=&234!NIO!)QF)H!T0&:;=!D$3('4U!$3.!NIO!)7F))!T'(%=!D$3('4U*!9;(!.(D=;L4,$'(!&4!
=;(!,200(,=(.!,2#D24&=(!.(D=;!T4((!=(c=!%20!.(=$&'4U*!+&:;=!:0$-!4-#12'4!0(D0(4(3=!=;(!.$=$P!S;(0($4!42'&.!
'&3(4!T1'/(!$3.!0(.U!$0(!=;0((LD2&3=!#2B&3:!$B(0$:(!,/0B(4*!+&:;=!:0$-!B(0=&,$'!.$4;(.!0(,=$3:'(4!&3.&,$=(!
=;(!:'$,&$'!#$c&#/#!$3.!&3=(0:'$,&$'!D(0&2.4P!1$4(.!23!`abW!0(,20.*****************************************************************************)Q>!
!

!"#$%&'/.') ! EFG$!Tj#2'F#2'U!2%!=;(!4D(,&(4!G*!S/(''(04=20%&P!&3!j#2'F#2'P!2B(0!=;(!=S2!=0$34&=&234!NIO!
)QF)H!T0&:;=!;$3.!4&.(P!8?!.$=$!D2&3=4U!$3.!NIO!)7F))!T'(%=!;$3.L4&.(P!7@!.$=$!D2&3=4U*!+&:;=!:0$-!4-#12'4!
$3.!'&3(4!0(D0(4(3=!=;(!#($4/0(.!.$=$P!S;(0($4!=;(!1'/(!42'&.!'&3(4!0(D0(4(3=!=;(!=;0((LD2&3=!#2B&3:!$B(0$:(!
,/0B(4*!+&:;=!:0$-!‚(0=&,$'!.$4;(.!0(,=$3:'(4!&3.&,$=(!=;(!`abW!4=0$=&:0$D;&,!,23=02'!2%!=;(!#$c&#/#!:'$,&$'!
$3.!&3=(0:'$,&$'!D(0&2.4!TO((!%&:/0(!8H!%20!(cD'$3$=&23U********************************************************************************************************)QH!
!

!"#$%&'//') ! +(%=!D$3('C!=0$34&=&23!NIO!)7F))e!0&:;=!D$3('C!=0$34&=&23!NIO!)QF)H*!T$!$3.!1U!D(0,(3=$:(!2%!
%20$#&3&%(04!%0$:#(3=$=&23!T0(B(04(.!4,$'(Ue!T,!$3.!.U!D(0,(3=$:(!2%!=;(!%0$,=&23!ˆ)H?!j#!T'&:;=!:0$-!.$=$P!
42'&.!'&3(!@!D2&3=4!#2B&3:!$B(0$:(Ue!T(!$3.!%U!D(0,(3=$:(!2%!G$GWne!T:!$3.!;U!$B(0$:(!#$44!2%!Z*!./=(0=0(&!
Tj:U!&3!=;(!@HHL>??!4&l(!%0$,=&23*!‚(0=&,$'!.$4;(.!0(,=$3:'(4!0(D0(4(3=!=;(!`abW!4=0$=&:0$D;&,!,23=02'!2%!=;(!
#$c&#/#!:'$,&$'!$3.!&3=(0:'$,&$'!D(0&2.4*!+&:;=!-(''2S!1$04!;&:;'&:;=!=;(!D24&=&234!2%!=;(!D0(4(0B$=&23!D($f4!
$3.!=;(!4#$''(0!D'$=($/!&3!=;(!0(,20.4*******************************************************************************************************************************************)QQ!
!

!"#$%&'/0')! K0&3,&D$'!,2#D23(3=!$3$'-4&4!2%!=;(!%2/0!</$'&=$=&B(!D02c&(4!/4(.!&3!=;&4!4=/.-!%20!=;(!
=0$34&=&234!NIO!)QF)H!T0&:;=!D$3('U!$3.!NIO!)7F))!T'(%=!D$3('U*!wL$c&4!&4!$01&=0$0-!1/=!#$f(4!&=!D244&1'(!=2!
,2#D$0(!=;(!=S2!=0$34&=&234P!S&=;!;&:;!B$'/(4!,200(4D23.&3:!=2!;&:;!D0(4(0B$=&23!'(B('4*!‚(0=&,$'!.$4;(.!
0(,=$3:'(4!0(D0(4(3=!=;(!`abW!4=0$=&:0$D;&,!,23=02'!2%!=;(!#$c&#/#!:'$,&$'!$3.!&3=(0:'$,&$'!D(0&2.4*!+&:;=!
-(''2S!1$04!&3.&,$=(!=;(!D24&=&234!2%!=;(!D0(4(0B$=&23!D($f4P!$4!S(''!$4!=;(!4#$''!D'$=($/!0(,20.(.!%20!
NIO)QF)H*! )Q8!
!

!"#$%&'/1')! G2#D$0&423!2%!=;(!(B2'/=&23!2%!G*!S/(''(4=20%&!EFG$!T1'/(P!'(%=L;$3.!4,$'(U!$3.!\&04=!K0&3,&D$'!
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$3.!&3=(0:'$,&$'!D(0&2.4*************************************************************************************************************************************************************************)QV!
!

!"#$%&'02')! XB2'/=&23!2%!T%02#!12==2#!=2!=2DUC!1(3=;&,!`abW!TŽUP!1(3=;&,!`auG!TŽUP!EFG$!Tj#2'F#2'UP!
D'$3f=&,!`auG!TŽU!$3.!$=#24D;(0&,!DGW7!TDD#BU!$,0244!=;(!=(0#&3$=&234!IP!‚!$3.!‚II!*!‚(0=&,$'!0(,=$3:'(4!
&3.&,$=(!=;(!,200('$=&234!#$.(!1(=S((3!4;$0D!&3,0($4(4!2%!DGW7!$3.!0$D&.!.(,0($4(4!2%!D'$3f=&,!`auG!=2!'&3f!
=;(!2=;(0!D02c&(4!=2!=;(!$=#24D;(0&,!0(,20.!%20!=0$34&=&23!‚!$3.!‚II*!\20!=0$34&=&23!IP********************************************)8) !
!

!"#$%&'02')! =;(!0(,20.4!$0(!D0(4(3=(.!S&=;!=;(&0!2S3!$:(!4,$'(!$3.!B(0=&,$'!0(,=$3:'(4!;&:;'&:;=!=;(!0$D&.!
$=#24D;(0&,!GW7!&3,0($4(*********************************************************************************************************************************************************************)8) !
!
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!"#$%&'0(')! EFG$!2%!G*!S/(''(04=20%&!$4!$!%/3,=&23!2%!4($S$=(0!xGWnyz*!9;(!1'$,f!'&3(!0(D0(4(3=4!=;(!
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$3.!0(.!'&3(4!$0(!'&3($0!0(:0(44&234!21=$&3(.!/4&3:!=;(!I3.2LK$,&%&,!$3.!"='$3=&,!4$#D'(4P!0(4D(,=&B('-*!9;(!
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%20!=;(!"='$3=&,C!EFG$!i!?*]?!T…?*?8U!xGWnyz!{!)]8*7!…!T@U!TY7i?*Q)P!3iV)U******************************************************************)8H!
!

I3!=;&4!D$D(0P!&3!20.(0!=2!(4=&#$=(!=;(!&#D$,=!2%!,$'&10$=&23!23!=;(!%&3$'!(4=&#$=&23!2%!12==2#!S$=(0!ƒGW@i „!
./0&3:!=;(!NIO!)7F))!$3.!NIO!)QF)H!=0$34&=&234P!S(!/4(.!12=;!T&U!w/!$3.!X'.(0%&('.!T7??8U54!:'21$'!
,$'&10$=&23!$3.!T&&U!=;(!#20(!4D(,&%&,!,$'&10$=&23!,/0B(!21=$&3(.!1-!f((D&3:!23'-!=;(!I3.2LK$,&%&,!4$#D'(4!
T%&:/0(!])U*!9;(!=S2!,$'&10$=&234!4;2S!4&:3&%&,$3='-!.&%%(0(3=!4'2D(!,2(%%&,&(3=4*********************************************************)8Q!
!

!"#$%&'0*')! ‚$0&$=&234!2%!12==2#!S$=(0!,$0123$=(!&234!$,0244!NIO)7F))!T'(%=!D$3('U!$3.!NIO)QF)H!T0&:;=!
D$3('U*!\20!($,;!:0$D;P!=S2!4,$'(4!$0(!:&B(3C!ƒxGWnyz„!T'(%=!wL$c&4U!$3.!ƒGWnyz„!T0&:;=!wL$c&4U*!I3!0(.!$0(!
.&4D'$-(.!=;(!0(4/'=4!21=$&3(.!/4&3:!2/0!I3.2LK$,&%&,!,$'&10$=&23P!$3.!&3!1'/(!$0(!.&4D'$-(.!=;(!0(4/'=4!
21=$&3(.!S&=;!w/!$3.!X'.(0%&('.!T7??8U54!20&:&3$'!,$'&10$=&23********************************************************************************************)8Q!
!
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!
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!
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!
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!
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!
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!
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!
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!
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!
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/3(!460&(!.(!=(4=4!$B(,!/3!#g#(!v[ !&''/4=0(!'$!.&4D(04&23!.(4!D2&3=4*********************************************************************************)>H!
!

3456&'(+')! K(0&2.4!2%!=;(!=(0#&3$=&234!IP!‚!$3.!‚IIP!(3,2/3=(0&3:!=;(!#$^20!&3,0($4(4!2%!DGW7!2%!=;(4(!
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!
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)*/'(!0&! :+&!%6/&'(/L/B+&!B+&! )*,/(/B+&!*+!&'6*#&!$6*'*7/B+&A!&(!%+%6/(&!0&! '*7.#&+%&%! /'(&##*12(/*'%!

%+#! ,-$:*,+(/*'! 0+! 6,/72(! 2+! 6*+#%! 0&%! )#*6E2/'&%! 0$6&''/&%C! U+;*+#0-E+/A! 7]7&! %/! ,&%! 62+%&%! 0&! 6&!

6E2'1&7&'(!6,/72(/B+&!%*'(!0&!7/&+F!&'!7/&+F!/0&'(/L/$&%A!0&!'*7.#&+%&%!/'6&#(/(+0&%!%+.%/%(&'(!&'6*#&!

%+#! ,&%!)#*6&%%+%! 7/%! &'! R+:#&C! Q,! &%(!0*'6 ! '$6&%%2/#&! 0&! 7/&+F! 6*'(#2/'0#&! ,&%! 7$62'/%7&%! &(! ,&%!

#$(#*26(/*'%! /7),/B+$&%!02'%! 6&%! 6E2'1&7&'(%A!2L/'! 0&! )*+:*/#! 7/&+F! 2'(/6/)&#! ,2! L+(+#&! $:*,+(/*'! 0+!

6,/72(C!Z#!0&!'*7.#&+F!.*+,&:&#%&7&'(%!6,/72(/B+&%!*'(!0$;@!&+!,/&+!02'%!,-E/%(*/#&!#$6&'(&!0&!,2!^&##&A!&(!

%*'(! &'#&1/%(#$%! 02'%! 0/LL$#&'(%! (<)&%! 0-2#6E/:&%! 6,/72(/B+&%C! O&%! 2#6E/:&%A! &(! ),+%! )2#(/6+,/H#&7&'(! ,&%!
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n+2(&#'2/#&![S2<%!&(!2,CA!4pio\C!"2#!&F&7),&A!,&!",$/%(*6H'&!7*<&'!&(!%+)$#/&+#!7*'(#&!+'&!2,(&#'2'6&!0&!

)$#/*0&%!L#*/0&%!0/(&%!1,26/2/#&%!&(!0&!)$#/*0&%!),+%!6E2+0&%!0/(&%!/'(&#1,26/2/#&%![)2#!2.+%!0&!,2'121&A!,2!

^&##&!$(2'(!02'%!+'&!)E2%&!0/(&!€!Q6&E*+%&!•!2:&6! ,2! )#$%&'6&!0&%!0&+F!62,*((&%!)*,2/#&%!0&)+/%! ‚fK2\C!

O&((&!2,(&#'2'6&A!0*'(!,2!)$#/*0/6/($!&%(!0&!,-*#0#&!0&!499!999!2'%!2+!6*+#%!0+!",$/%(*6H'&!7*<&'A!&%(!&'!

)2#(/&!0+&!2+F!)2#27H(#&%!*#./(2+F!0&!,2!^&##&!B+&!%*'(!,2!)#$6&%%/*'![)$#/*0&!0&!4p!&(!8f!J2\A!,-*.,/B+/($!

[h4J2\!&(!,-&F6&'(#/6/($![499!&(!h4f!J2\A!0*'(!,&%!)$#/*0/6/($%!%&!#&(#*+:&'(!02'%!,&%!2#6E/:&%!6,/72(/B+&%!

[I/1+#&!4\C!!

N-+'!0&%!)2#27H(#&%!72;&+#%!0&!,2!#$1+,2(/*'!0+!6,/72(!&%(!+'!12a!@!&LL&(!0&!%&##&A!,&!0/*F<0&!0&!62#.*'&A!

0*'(!,-/7)*#(2'(&!2+17&'(2(/*'!2+!6*+#%!0&!,2!) $#/*0&!/'0+%(#/&,,&!2!$($!7/%&!&'!62+%&!)*+#!&F),/B+&#!,&!

)E$'*7H'&! 0&! #$6E2+LL&7&'(! 1,*.2,! 2/'%/! B+&! ,-26/0/L/62(/*'! 0&%! *6$2'%! [PQ?O! 899i\C! "*+#! 7/&+F!

6*7)#&'0#&! ,&%!7$62'/%7&%!@!,-*#/1/'&!0&%!:2#/2(/*'%!@!1#2'0&!$6E&,,&!0&!,2!)#&%%/*'!)2#(/&,,&!0&!OZ8!0&!

,-2(7*%)EH#&![)OZ8\!&(!2/'%/!7/&+F!2))#$E&'0&#!6*77&'(!6& %!:2#/2(/*'%!21/%%&'(!%+#!,&!6,/72(A!/,!6*':/&'(!

0-/':&%(/1+&#! ,&! 6<6,&! 0+! 62#.*'&A! B+/! #&)*%&! %+#! ,&%! $B+/,/.#&%! &'(#&! ,&%! 0/LL$#&'(%! 6*7)2#(/7&'(! 0&! ,2!

),2'H(&!B+&!%*'(!,-2(7*%)EH#&A!,-*6$2'A!,2!6#<*%)EH#&!*+!&'6*#&!,2!,/(E*%)EH#&C!N-*6$2'A!&'!)2#(/6+,/&#A!&%(!

+'! 0*72/'&! &%%&'(/&,! @! 6&((&! 6*7)#$E&'%/*'A! 62#! /,! &%(! ,&! )#/'6/)2,! #$%&#:*/#! 0&! 62#.*'&! #2)/0&7&'(!

$6E2'1&2.,&!2:&6! ,-2(7*%)EH#&C!Z'! *.%&#:&!2/'%/!+'&! (#H%!L*#(&!6*##$,2(/*'!&'(#&! ,2! :2#/2(/*'!0&! '/:&2+!

72#/'!0+&!@!,2!L*'(&!0&%!1,26&%A!&'#&1/%(#$&!02'%!,2!%/1'2(+#&!/%*(*)/B+&!0&%!L*#27/'/LH#&%A!&(!,2!:2#/2(/*'!

0&!)OZ8!2(7*%)E$#/B+&!&'#&1/%(#$!02'%!,&%!1,26&%![I/1+#&!4\C!
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!

/9mEKB)Z)@) ?6E&,,&! 0&%! (&7)%! 1$*,*1/B+&%! ;+%B+-@! f! 7/,,/*'%! 0-2''$&%A! &'#&1/%(#&7&'(! 0+! jkmZ! 0&!

L*#27/'/LH#&%!.&'(E/B+&%!0&!,2!62#*((&!ZX"!5hp![K/F!&(!2,CA!4ppg\A!&(!)OZ8!7&%+#$!%+#!,&%!62#*((&%!0&!1,26&!

?"QOU!X*7&!O![Nƒ(E/!&(!2,CA!8995\C!

N&%! L*#27/'/LH#&%! ),2'6(*'/B+&%! &(! .&'(E/B+&%! #&)#$%&'(&'(! )*(&'(/&,,&7&'(! +'! 72($#/&,! /0$2,! )*+#!

/':&%(/1+&#!,&!6<6,&!0+!62#.*'&!02'%!,-*6$2'C!?'!&LL&(A!6&%!*#12'/%7&%!+'/6&,,+,2/#&%A!2))2#+%!/,!<!2!),+%!0&!

g99! 7/,,/*'%! 0-2''$&%A! %*'(! #$1+,/H#&7&'(! 0/%(#/.+$%! @! ,2! L*/%! 02'%! ,2! 6*,*''&! 0-&2+! &(! @! ,2! %+#L26&! 0+!

%$0/7&'(A!&(!6&! 02'%! ,-&'%&7.,&! 0&! ,-*6$2'C!Q,%! ) #*0+/%&'(! @! ,-/'($#/&+#! 0&! ,&+#! 6<(*),2%7&! +'! (&%(!&'!

62#.*'2(&!0&!62,6/+7!0*'(!,2!6*7)*%/(/*'! /%*(*)/B+&!&(!&'!0&!'*7.#&+F!$,$7&'(%!(#26&%!:2!0$)&'0#&!0&%!

)2#27H(#&%! )E<%/6*>6E/7/B+&%! 0&! ,-&2+! 0&! 7&#! &':/#*''2'(&! &(! 0&%! 6*'0/(/*'%! #$1'2'(! ,*#%! 0&! ,2!

62,6/L/62(/*'! [/C&C! (&7)$#2(+#&\C! U/'%/A! )2#! ,-2'2,<%&! 0&! ,2! 6*7)*%/(/*'!1$*6E/7/B+&! 0&! 6&%! (&%(%! 0&!

L*#27/'/LH#&%A! /,! 0&:/&'(! )*%%/.,&! 0&! #&6*'%(#+/#&! 6&#(2/'%! )2#27H(#&%! 0&%! )2,$*&':/#*''&7&'(%! 02'%!

,&%B+&,%!,&%!L*#27/'/LH#&%!%&!%*'(!0$:&,*))$%!6*77&!,&!:*,+7&!0&%!1,26&%A!,2!(&7)$#2(+#&A!,2!)#*0+6(/:/($!

*+!&'6*#&!,&!)S!0&!,-*6$2'C!N&!.*#&A!)2#!&F&7),&A!&%(!,-+'! 0&!6&%!$,$7&'( %!(#26&%!)#$%&'(%!02'%!,2!62,6/(&!

0&%!L*#27/'/LH#&%A!&(!&%(!(#H%!)#*7&((&+#!&'!(2'( !B+&!(#26&+#!0+!6<6,&!0+!62#.*'&!02'%!,-*6$2'C!N-/%*(*)/&!

0+! .*#&! 02'%! ,&%! 62#.*'2(&%! ./*1$'/B+&%!&%(! +'! *+(/,! +(/,/%$! 0&)+/%! 0&! '*7.#&+%&%! 2''$&%! 2L/'! 0&!

#&6*'%(#+/#&!,&%!)2,&*>)S!0&!,-*6$2' ![&C1C!~&'1*%E!&(!2,CA!8994!„!S&77/'1!2'0!S2'%*'A!4pp8 !„!S…'/%6E!&(!

2,CA!899g\C!",+%!#$6&77&'(A!,-2'2,<%&!0&!,2!6*'6&'(#2(/*'!&'!.*#&!)2#!#2))*#(!@!,2!(&'&+#!&'!62,6/+7!0&!,2!

62,6/(&! 0&%! L*#27/'/LH#&%A! %*/(! ,&! #2))*#(! G_O2A! 2! 7*'(#$! B+-/,! $(2/(! )*%%/.,&! 0&! #&6*'%(#+/#&! 6&#(2/'%!

)2#27H(#&%! 0+! 6<6,&! 0+! 62#.*'&! 02'%! ,-*6$2'! [r+! &(! 2,CA! 899i!„! r+! &(! ?,0&#L/&,0A! 899i!„! I*%(&#A!8995!„!

^#/)2(/!&(!2,CA!899p!„!T2/(%6E!&(!2,CA!8944!„!T2&!&(!2,CA!8944\C!
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N&!.+(!0&!6&((&!(EH%&!&%(!0-2+17&'(&#!'*(#&!6*7)#$E&'%/*'!0+!#d,&!0&!,-*6$2'!02'%!,&%!:2#/2(/*'%!0+!6<6,&!

0+! 62#.*'&! *6$2'/B+&C! "*+#! 6&! L2/#&A! '*+%! 2:*'%! 6E*/%/! [/\! 0-2))*#(&#! '*(#&! 6*'(#/.+(/*'! 2+!

0$:&,*))&7&'(! 0+! #2))*#(! G_O2! 0&%! L*#27/'/LH#&%! ),2'6(*'/B+&%! &(! .&'(E/B+&%! :/2! +'! (#2:2/,! 0&!

62,/.#2(/*'!@! )2#(/#!0&!%*77&(%!0&!62#*((&%A! )+/%! [//\! 0-2)),/B+&#!6&! (#26&+#!G_O2!@!0&%!62%!6*'6#&(%!0&!

#&6*'%(#+6(/*'! )2,$*6$2'*1#2)E/B+&%C!X&+F!%$#/&%!%$0/7&'(2/#&%!*'(!2/'%/!$($!&F),*/($&%=![/\!+'&!62#*((&!

%/(+$&!02'%!,&!O2'2,!0+!K*a27./B+&![KXip>8gi\!B+&! '*+%!2:*'%!6E*/%/&!)*+#!$(+0/&#!,&%!:2#/2(/*'%!0+!

)S! 0&%! &2+F! 0&! %+#L26&! 0&)+/%! ,2! 0&#'/H#&! )$#/*0&! 1,26/2/#&A! &(! [//\! ,&! %/(&! ZX"! 5hp! ["26/L/B+&! ?%(!

$B+2(*#/2,\A!B+&!'*+%!2:*'%!%$,&6(/*''$!)*+#!,-$(+0&!0&%!6E2'1&7&'(%!1,26/2/#&%_/'(&#1,26/2/#&%!0+!OZxyz!

0&%!&2+F!0&!L*'0!&(!,2!6*7)&'%2(/*'!0&%!62#.*'2(&%!)$,21/B+&%C!!

!

X2'%! ,-/'(#*0+6(/*'! 1$'$#2,&A! '*+%! #2))&,,&#*'%! (*+(! 0-2.*#0! B+&,%! $B+/,/.#&%! 6E/7/B+&%! ,/&'(! ,&%!

0/LL$#&'(&%!&%)H6&%!0&!62#.*'&!0/%%*+(&%!02'%! ,-*6$2'! )+/%! '*+%!0$6#/#*'%!6*77&'(!L*'6(/*''&! ,&!6<6,&!

*6$2'/B+&!0+!62#.*'&A!2:&6!)2#!&F&7),&!,&!#d,&!B+-<!;*+&!,2!6/#6+,2(/*'!*6$2'/B+&C!W*+%!'*+%!/'($#&%%*'%!

&'%+/(&! 2+F! 62#.*'2(&%! 0&! 62,6/+7! 0&%! %$0/7&'(%A! B+/! %*'(! ,&! 72($#/&,! %$0/7&'(2/#&! )#/:/,$1/$! 0&! 6&((&!

$(+0&!2:&6!,2!62,6/(&!0&%!L*#27/'/LH#&%C!O&%!./*62#.*'2(&%!)*%%H0&'(!0/LL$#&'(&%!62#26($#/%(/B+&%!)E<%/6*>

6E/7/B+&%! )2#(/6+,/H#&%A!B+&! ,-*'!B+2,/L/&#2!0&! )#*F/&%!1$*6E/7/B+&%C!O&#(2/'%!0&%! )#*F<%!1$*6E/7/B+&%!

0$6#/(%! /6/A! &(! B+/! *'(! %&#:/! ,*#%! 0&! '*%! (#2:2+FA! %*'(! #&,2(/:&7&'(! €!6,2%%/B+&%!• !=! /%*(*)/&! 0&! ,-*F<1H'&A!

/%*(*)/&!0+!62#.*'&!&(!#2))*#(!K1_O2C!"2#!6*'(#&A!,&!0&#'/&#!0&!6&%!)#*F/&%!&%(!,&!#2))*#(!G_O2A!,&!)/:*(!0&!

6&((&! (EH%&C! W*+%! :&##*'%! 6*77&'(! ,&! .*#&! &%(! /'6*#)*#$! 02'%! ,2! 62,6/(&! 0&%! L*#27/'/LH#&%A! &(! B+&,,&%!

E<)*(EH%&%!&'!L*'(!+'!)#*F<!0+!6<6,&!0+!62#.*'&!&(!),+%!)2#(/6+,/H#&7&'(!0+!)S!*+!0&!,2!%2(+#2(/*'!&'!/*'!

62#.*'2(&!0&%!&2+F!0&!L*'0C!!

N&!%&6*'0!6E2)/(#&!0&!6&!(#2:2/,!&%(!6*'%26#$!2+!0$:&,*))&7&'(!0&!,2!7&%+#&!0+!G_O2!2+!N3O?C!O&(!2%)&6(!

2!#&)#$%&'($!+'&!)2#(!/7)*#(2'(&!0&!72!(EH%&A!&'!#2/%*'!0&!,2!0/LL/6+,($!0-2'2,<%&!0+!.*#&C!W*+%!:&##*'%!

(*+(!0-2.*#0!)*+#B+*/!,&!#2))*#(!G_O2!&%(!0/LL/6/,&!@!2'2,<%&#A!0&!)2#!%2!L2/.,&!6*'6&'(#2(/*'!02'%!,2!62,6/(&A!

%*'! &LL&(! 7$7*/#&! *+! &'6*#&! %2! B+2%/! *7'/)#$%&'6&! 02'%! ,&%! 72($#/2+F! 26(+&,%C! W*+%! 7*'(#&#*'%!

6*77&'(!'*+%!2:*'%!202)($!,&!)#*(*6*,&!0&!7&%+#&!0+!G_O2!%+#!%)&6(#*7H(#&!0&!72%%&!)*+#!)2%%&#!0&%!

6*#2+F!#/6E&!&'! .*#&! [G_O2!0&! ‚hg9!†7*,_7*,\!2+F!L*#27/'/LH#&%![G_O2!0&! ‚g9!@! ‚899!†7*,_7*,\A!&(!

B+&,,&%! 6*'L/1+#2(/*'%! '*+%! 2:*'%! L/'2,&7&'(! #&(&'+&%! )*+#! )&#7&((#&! ,2! 7&/,,&+#&! #&)#*0+6(/./,/($!

)*%%/.,&C!W*+%!:&##*'%!&'L/'!02'%!6&((&!)2#(/&!6*77&'(!'*+%!2:*'%!7*0/L/$!,&!)#*(*6*,&!0&!'&((*<21&!0&%!

L*#27/'/LH#&%![0$:&,*))$!/'/(/2,&7&'(!)*+#!,2!7&%+#&!0+!K1_O2!„!G2#J&#!&(!2,CA!899f\!2L/'!0&!,-202)(&#!@!,2!

7&%+#&!0+!G_O2A!2/'%/!B+&!,-&'%&7.,&!0&%!(&%(%!#$2,/%$%!)*+#!:$#/L/&#!,&%!/'L,+&'6&%!0&%!$(2)&%!0&!,2:21&!

%+#!,2!7&%+#&!L/'2,&C!

3+/(&!2+!0$:&,*))&7&'(!0&! ,-2'2,<%&!0+!G_O2A!2)#H%!2:*/#!2((&/'(!0&%!7&%+#&%!L/2.,&%!&(!#&)#*0+6(/.,&%A!

'*+%! 2: *'%! %*+E2/($! %2:*/#! B+&,%! )#*6&%%+%! )*+:2/&'(! /7)26(&#! ,&! G_O2! &(! $:&'(+&,,&7&'(! ./2/%&#! ,&%!

#&6*'%(#+6(/*'%! )2,$*6$2'*1#2)E/B+&%! .2%$&%! %+#! 6&! )#*F<! 1$*6E/7/B+&C! W*+%! '*+%! %*77&%!

)2#(/6+,/H#&7&'(!/'($#&%%$%!@!,2!0/%%*,+(/*'A!0*'(!,-/7)26(!%+#!,&%!$,$7&'(%!(#26&%!6*77&!,&!K1A!6*'(&'+%!

02'%! ,2! 62,6/(&! 0&! L*#27/'/LH#&%! ),2'6(*'/B+&%A! &%(! 2+;*+#0-E+/! ./&'! 6*''+![&C1C! N*E72''! &(! 2,CA! 4ppg!„!
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T*%&'(E2,! &(2,CA! 8999\C! W*+%! 2:*'%! $:2,+$! ,-/7)26(! 0&! ,2! 0/%%*,+(/*'! %+#! ,&! #2))*#(! G_O2A! /7)26(! '*'!

'$1,/1&2.,&! B+-/,! &%(! 0*'6! '$6&%%2/#&! 0&! )#&'0#&! &'! 6*7)(&! ,*#%! 0&! )2,$*>#&6*'%(#+6(/*'%C! O&! (#2:2/,A!!

(#*/%/H7&!6E2)/(#&!0&!6&((&!(EH%&A!2!$($!%*+7/%!)*+#!)+.,/62(/*'!02'%!,2!#&:+&!R(2,;(#&4=0-P!R(2D;-4&,4P!

R(24-4=(#4!&(!&%(!&'!#$:/%/*'![2+!7*7&'(!*M!,&!)#$%&'(!72'+%6#/(!0&!(EH%&!2!$($!.*+6,$\C!

W*(#&!*.;&6(/L!%+/:2'(!2!$($!0&!#&6*'%(#+/#&! ,2! :2#/2(/*'!0&! )2,&*>)S!0&%!&2+F!0&!%+#L26&!2+!6*+#%!0&! ,2!

0&#'/H#&!0$1,26/2(/*'!@!,-2/0&!0+!)#*F<!G_O2C!W$2'7*/'%A!'*+%!'*+%!%*77&%!:/(&!E&+#($%!@!0&%!)#*.,H7&%!

0&! 62,/.#2(/*'! 0+! )#*F<! G_O2! &(! ),+%! )2#(/6+,/H#&7&'(! 0+! 6*&LL/6/&'(! 0&! )2#(/(/*'! vX! B+/! #$1/(!

,-/'6*#)*#2(*/'! 0+! G! 02'%! ,&! #$%&2+! 0&! ,2! 62,6/(&! 0&%! L*#27/'/LH#&%C! ",+%/&+#%! $(+0&%! *'(! 7*'(#$! 0&%!

#$%+,(2(%!6*'(#20/6(*/#&%!@!6&!%+;&(A!&(! '*+%!6*'%26#*'%!0*'6! ,&!B+2(#/H7&!6E2)/(#&!0&!6&((&! (EH%&!@!+'&!

#$L,&F/*'! %+#! 6&! %+;&(A! .2%$! %+#! +'! (#2:2/,! 0&! 62,/.#2(/*'! /'0$)&'02'(! .2%$! %+#! ,-$(+0&! 0&! %*77&(%! 0&!

62#*((&%A!O&!6E2)/(#&!&%(!$12,&7&'(!,-*662%/*'!0&!6*'%(2(&#!,-/'L,+&'6&!0&!6&%!0/LL$#&'(&%!62,/.#2(/*'%!%+#!,2!

#&6*'%(#+6(/*'!0&%!)2,&*>) SA!2:&6!,&!62%!6*'6#&(!0&!,2!62#*((&!0&!%$0/7&'(!KX!ip!8gi!02'%!,2B+&,,&!'*+%!

2:*'%!$(+0/$%!,-$:*,+(/*'!0+!G_O2!2+!6*+#%!0&!,2!0&#'/H#&!0$1,26/2(/*'C!

?'L/'A! ,&! 0&#'/&#! 6E2)/(#&! 0&! 6&((&! (EH%&! &%(! 6*'%26#$! @! ,-$(+0&! 0&%! :2#/2(/*'%! 0+! 6<6,&! 0+! 62#.*'&!

*6$2'/ B+&!2+!6*+#%!0&!0&+F!0$1,26/2(/*'%!0+!",$/%(*6H'&!%+)$#/&+#C!O&%!0$1,26/2(/*'%A!,&%!(#2'%/(/*'%!KQ3!

48_44!&(!KQ3!4o_4gA!)#$%&'(&'(!0&%!:2#/2(/*'%!6*'(#2%($&%!0&!,2!)OZ8!2(7*%)E$#/B+&!0&!,-*#0#&!0&!499!&(!

59!))7A!#&%)&6(/:&7&'(C!N-*.;&6(/L!0&!6&((&!$(+0&!&%(!0&!6*7)#&'0#&!B+&,!#d,&!;*+&!,-*6$2'!)#*L*'0!02'%!

6&%!:2#/2(/*'%!0&!)OZ8A!)2#! ,-2'2,<%&!0+!G_O2!0&%!L*#27/'/LH#&%!.&'(E/B+&%!%+#!+'&!62#*((&!0&!%$0/7&'(!

72#/'! /%%+&! 0&! ,-*6$2'! (#*)/62,! ?%(! "26/L/B+&C! W*+%! 0/%)*%/*'%! 0$;@! 0&! B+&,B+&%! /'0/62(/*'%A! 0&! )2#!

,-2'2,<%&! 0&! )#*F/&%! %$0/7&'(2/#&%! '*'! B+2'(/(2(/L%A! 7*'(#2'(! ),+%/&+#%! 0/LL$#&'6&%! &'(#&! ,&%! 0&+F!

(#2'%/(/*'%C!N-+(/,/%2(/*'!0+!G_O2!0&%!L*#27/'/LH#&%!.&'(E/B+&%!2!$($!@!7]7&!0&!'*+%!2/0&#!@!#&6*'%(#+/#&!

B+2'(/(2(/:&7&'(!,&%!:2#/2(/*'%!*.%&#:$&%A!&(!@!7/&+F!&'6*#&!0/LL$#&'6/&#!6&%!(#2'%/(/*'%C!

!

!

!

!

!

!

!

!

!

!

!
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!

)

)

)

0G8J9LKB)#)@)#:LK6;E<L96:)m\:\K8NB)

)

X2'%! 6&((&! )2#(/&! '*+%! 2,,*'%! '*+%! /'($#&%%&#! 2+! 6<6,&! 0+! 62#.*'&A! B+/! &%(! ,-+'&! 0&%! )#*.,$72(/B+&%!

72;&+#&%!0&!6&((&!(EH%&A!2/'%/!B+&!,&%!(#26&+#%!+(/,/%$%!)*+#!,&!6*'(#2/'0#&C!W*+%!:&##*'%!(*+(!0-2.*#0!,&!

6<6,&!0+!62#.*'&!&'!,+/>7]7&A!&(!),+%!)2#(/6+,/H#&7&'(!%2!%)$6/2(/*'!02'%!,-*6$2'!2/'%/!B+&!,&%!)#*6&%%+%!

1$'$#2'(!,&%!$6E2'1&%!&'(#&!*6$2'A!2(7*%)EH#&!&(!6*'(/'&'(C!W*+%!:&##*'%!&'%+/(&!,&%!)#*F/&%!+(/,/%$%!2+!

6*+#%!0&!6&((&!(EH%&A!0&%!),+%!6,2%%/B+&%!6*77&!,&%!/%*(*)&%!%(2.,&%!0+!62#.*'&!&(!0&!,-*F<1H'&A!2+!)#*F<!

,&!),+%!#$6&'(A!,&!#2))*#(!G_O2!0&%!L*#27/'/LH#&%!‡,&!)/:*(!6&'(#2,!0&!6&((&!(EH%&>!6*77&!(#26&+#!0+!)S!0&%!

&2+F!0&!%+#L26&!*+!0+!OZxyz!0&%!&2+F!0&!L*'0!>,&! )/:*(!6&'(#2,!0&!6&((&! (EH%&>!&'! )2%%2'(! )2#! ,&! )2,&*>

(E&#7*7H(#&!K1_O2C!

!

!

ZA)1B)<F<NB);E)<8KS6:B);8:M)N26<\8:)

N&! 0/*F<0&! 0&! 62#.*'&! *+! OZ8! &%(! ,&! B+2(#/H7&! 12a! ,&! ),+%! 2.*'02'(! 0&! ,-2(7*%)EH#&A! 2)#H%! ,-2a*(&A!

,-*F<1H'&!&(!,-2#1*'A!&(!&%(!$12,&7&'(!,-+'!0&%!)#/'6/)2+F!#&%)*'%2.,&%!0&!,-&LL&(!0&!%&##&!2)#H%!,2!:2)&+#!

0-&2+C!O*'(#2/#&7&'(!@!,-2a*(&!&(! ,-*F<1H'&A! ,2! ),+)2#(!0+!OZ8!0+!%<%(H7&!*6$2'>2(7*%)EH#&!&%(!0/%%*+%!

02'%!,-&2+![)#H%!0&!p5ˆ\A!62#!,&!OZ8!'&!%&!6*'(&'(&!)2%!0&!%&!0/%%*+0#&!02'%!,-&2+!72/%!#$21/(!2:&6!6&((&!

0&#'/H#&!)*+#!L*#7&#!,&%!/*'%!62#.*'2(&%!&(!./62#.*'2(&%C!U/'%/A!,-*6$2'!#&)#$%&'(&!,&!),+%!1#2'0!#$%&#:*/#!

0&!62#.*'&!#2)/0&7&'(!$6E2'1&2.,&!2:&6!,-2(7*%)EH#&A!,-*6$2'!)#*L*'0!6*7)#&'2'(!fi999!1/12(*''&%!0&!

62#.*'&! [P(O\! &(! ,-*6$2'! 0&! %+#L26&! 4999! P(OA! ,-2(7*%)EH#&! '-&'! 6*7)(2'(! )*+#! %2! )2#(! B+&! 599! P(O!

[I/1+#&!8\C!
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!

/9mEKB)b)@) O<6,&!0+!62#.*'&!26(+&,C!N&%!6E/LL#&%!&'(#&!6#*6E&(%!#&)#$%&'(&'(!,&%!.+01&(%!&'!62#.*'&!

[&' ! )$(21#277&%!0&!62#.*'&A! "1OA!*+!1/12(*''&%!0&!62#.*'&A!P(O\!„! ,&%!L,H6E&%!#&)#$%&'(&'(! ,&%!L,+F!0&!

62#.*'&! &'(#&! ,&%! 0/LL$#&'(%! 6*7)2#(/7&'(%! [P(O_2' \C!?'! '*/# !=! %(*6J%! &(! L,+F! )#$/'0+%(#/&,%A! &'! #*+1&!=!

)&#(+#.2(/*'%!2'(E#*)/B+&%C!X/21#277&!0&!32./'&![899o\A!202)($!0&!32./'&!&(!2,C![899h2\C!

"*+# !6&((&! (EH%&A! ;&!7-/'($#&%%&!2+!#d,&!0+!6<6,&!0+!62#.*'&!,*#%!0&%! :2#/2(/*'%!6,/72(/B+&%!0&%!1#2'0%!

6<6,&%! 1,26/2/#&%! /'(&#1,26/2/#&%! 0+! ",$/%(*6H'&! %+)$#/&+#C! U! 6&%! $6E&,,&%! 0&! (&7)%! ,&! 12a! 62#.*'/B+&! 0&!

,-2(7*%)EH#&!0$)&'0! )#/'6/)2,&7&'(! 0&%! $6E2'1&%! 2:&6! ,2! ./*%)EH#&! (&##&%(#&! &(! ,-*6$2'A! 0&! ,-$#*%/*'!

6*'(/'&'(2,&!&(!0&!,2!%$0/7&'(2(/*'!*6$2'/B+&C!D&!7-2((26E&!@!6*7)#&'0#&!,&!#d,&!0+!6<6,&!*6$2'/B+&!0+!

62#.*'&!)*+#!,&%!$6E2'1&%!2(7*%)EH#&>*6$2'C!O&%!$6E2'1&%!0$)&'0&'(!0&%!$B+/,/.#&%!6E/7/B+&%!&'(#&!,&%!

0/LL$#&'(&%! &%)H6&%! 0&! 62#.*'&! /'*#12'/B+&! 0/%%*+%! 02'%! ,-*6$2'C! D&! :*+%! )#$%&'(&! 0*'6! 6/>0&%%*+%! ,2!

%)$6/2(/*'!0+!62#.*'&!02'%!,-&2+!0&!7&#A!2/'%/!B+&!,&%!)#*6&%%+%!@!,-*#/1/'&!0&%!$6E2'1&%!0&!62#.*'&!&'(#&!

,&%!0/LL$#&'(%!6*7)2#(/7&'(%C!!

ZAZA)1B)<8KS6:B)9:6Km8:9^EB);8:M)N2B8E);B)7BK)

X2'%! ,-*6$2'A! ,&! 62#.*'&! &F/%(&! %*+%! (#*/%! L*#7&%! /'*#12'/B+&%!0/LL$#&'(&%=! ,&! OZ8! 2B+&+F! OZ8[2B\A! ,-/*'!

./62#.*'2(&!SOZx‰!&(! ,-/*'! 62#.*'2(&!OZxyzC!N2!B+2(#/H7&!L*#7&! )2#L*/%!$:*B+$&!&%(! ,-26/0&!62#.*'/B+&!

S8OZf A! 72/%! %2! (#H%! L2/.,&! 6*'6&'(#2(/*'! )2#! #2))*#(! 2+! OZ8[2B\! [Š9Cfˆ\! &(! ,-/7)*%%/./,/($! 0&! ,&%!

0/LL$#&'6/&#! 6E/7/B+&7&'(! L*'(! B+&! ,-*'! )#$LH#&! %*77&#! ,&+#! 0&+F! 6*'6&'(#2(/*'%! )*+#! *.(&'/#! +'&!

&%)H6&!'*($!S8OZf ‹!*+!),+%!%/7),&7&'(!OZ8!![}&&.&!2'0!s*,L >P,20#*YA!8994\!=!
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!  

CO2[ ] = CO2(aq)[ ] + H2CO3[ ] ! [4\ !

N-$B+/,/.#&!(E&#7*0<'27/B+&!&'(#&!,&!OZ8!12a&+F!&(!,-&2+!&%(!0*''$!)2#!,2!,*/!0&!S&'#<!=!!

!  

CO2(g) K0
"  #  $  CO2! ![8\ !

2:&6! v9! ,&! 6*&LL/6/&'(! 0&! %*,+./,/($! 0+! OZ8! 12a&+F! 02'%! ,-&2+C!O&! 6*&LL/6/&'(! 0&! %*,+./,/($! 0$)&'0! 0&!

),+%/&+#%!)2#27H(#&%A!,&!)#&7/&#!$(2'(!,2!(&7)$#2(+#&!=!,&!OZ8!&%(!),+%!%*,+.,&!02'%!,-&2+!L#*/0&A!/'0+/%2'(!

+'! &LL&(! '*'! '$1,/1&2.,&! @! ,-26(+&,! 2:&6! +'&! ),+%! 1#2'0&! 2.%*#)(/*'!0+! OZ8! 02'%! ,&%! &2+F! L#*/0&%!2+F!

E2+(&%!,2(/(+0&%A!72/%!$12,&7&'(!&'!)2,$*6$2'*1#2)E/&!)+/%B+&!,&!#&L#*/0/%%&7&'(!0&!,-*6$2'!)&'02'(!,&%!

)$#/*0&%!1,26/2/#&%!2!)+!/'0+/#&!+' &!%*,+./,/%2(/*'!266#+&!0+!OZ8!0+#2'(!6&%!)$#/*0&%A!6*'(#/.+2'(!2/'%/!@!

,2! .2/%%&! 0&! ,2! )OZ8! 2(7*%)E$#/B+&C!U/'%/A! ,2! 6*'6&'(#2(/*'! &'! OZ8! 0&! ,-2(7*%)EH#&! &%(! (#H%! L*#(&7&'(!

0$)&'02'(&!0&%!&%)H6&%!/'*#12'/B+&%!0&!62#.*'&!0/%%*+(&%!0&!,-*6$2'C!!

N&%!0/LL$#&'(&%!&%)H6&%!/'*#12'/B+&%!0&!62#.*'&!&'!%*,+(/*'!%*'(!#&,/$&%!)2#!,&%!$B+/,/.#&%!%+/:2'(%!=!!!

!  

CO2 + H2O K1
"  #  $  HCO3

Ñ +H+
K2

"  #  $  CO3
2Ñ +2H + !! [f\ !

2:&6! v4! &(! v8! ,&%! 6*'%(2'(&%! 0-$B+/,/.#&! 6*##&%)*'02'(! #&%)&6(/:&7&'(! @! ,2! )#&7/H#&! &(! ,2! %&6*'0&!

6*'%(2'(&!0&!0/%%*6/2(/*'!0&!,-26/0&!62#.*'/B+&C!"*+#! ,2!0&%6#/)(/*'!0+!%<%(H7&!62#.*'2(&!02'%!,-&2+!0&!

7&#A! *'! +(/,/%&! )#/'6/)2,&7&'(! ,&%! 6*'%(2'(&%! 0-$B+/,/.#&! %(R6E/*7$(#/B+&%!v 4‹&(! v8‹A! &F)#/7$&%! &'!

L*'6(/*'!0&%!6*'6&'(#2(/*'%!0&%!0/LL$#&'(&%!&%)H6&%!02'%!,-&2+C!O&%!6*'%(2'(&%!)&#7&((&'(!0&!%-2LL#2'6E/#!

0&%! 26(/:/($%A! B+/! %*'(! 0&%! B+2'(/($%! B+-/,! &%(! 0/LL/6/,&A! :*/#&! /7)*%%/.,&! 0&! 7&%+#&#A! 6*'(#2/#&7&'(! 2+F!

6*'6&'(#2(/*'%C! X&! ),+%A! ,&! 62,6+,! 0&%! 26(/:/($%! @! )2#(/#! 0&%! 6*'6&'(#2(/*'%! #&B+/&#(! 0&! 62,6+,&#! ,&%!

6*&LL/6/&'(%!0-26(/:/($!&'!L*'6(/*'!0&!,2!%2,/'/($A!2;*+(2'(!2/'%/!0&%!0&1#$%!0&!6*7),/62(/*'%!&(!0-/'6&#(/(+0&%!

%+)),$7&'(2/#&%C! N&%! 6*'%(2'(&%! &F)#/7$&%! &'! L*'6(/*'! 0&%! 6*'6&'(#2(/*'%A! %+/:2'(! ,2! ,*/! 0-26(/*'! 0&!

72%%&A! #&)#$%&'(&'(! 0*'6! +'! L*#(! 2:2'(21&! )#2(/B+&! )*+#! ,&! 62,6+,! 0&%! $B+/,/.#&%! 0+! %<%(H7&! 62#.*'$A!

%+/:2'(!=!

!  

K1
* =

HCO3
Ñ[ ] H +[ ]

CO2[ ]
! [h\ !

!  

K2
* =

CO3
2Ñ[ ] H +[ ]

HCO3
Ñ[ ]

! [g\ !

O&%!6*'%(2'(&%!0-$B+/,/.#&!v4‹ !&(!v8‹!%*'(!0$)&'02'(&%!0&!,2!(&7)$#2(+#&!^A!,2!)#&%%/*'!"!&(!,2!%2,/'/($!3C!

X2'%!,&!620#&!0&!6&((&!(EH%&A!)2#7/!,&!1#2'0!'*7.#&!0&!6*'%(2'(&%!)#*)*%$&%A!'*+%!2:*'%!6E*/%/!0-+(/,/%&#!

,&%!6*'%(2'(&%!v4‹!&(! v8‹! 0&!K&E#.26E!&(!2,C![4pif \A!#&:+&%! )2#!X/6J%*'!&(!K/,,&#*! [4p5i \A!B+/!%*'(! ,&%!

6*'%(2'(&%!#&(&'+&%!)2#!,2!6*77+'2+($!%6/&'(/L/B+&!)*+#!,-$(2.,/%%&7&'(!0&!,2!.2%&!0&!0*''$&%!PNZXU"A!

@! 6&! ! ;*+#! ,2! .2%&! ,2! ),+%! 6*7),H(&! %+#! ,&! 62#.*'&! *6$2'/B+&A! &(! 6*'%/0$#$&! 6*77&! L/2.,&! ["#/&(*! 2'0!

K/,,&#*A!8998\C!
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N2! %*77&! 0&%! 0/LL$#&'(&%! L*#7&%! /'*#12'/B+&%! 0&! 62#.*'&! &%(! '*($&! XQO! [)*+#! €!0/%%*,:&0! /'*#12'/6!

62#.*' !•\A!&(!)&+(!](#&!&F)#/7$&!2/'%/!=!

!  

DIC = CO2[ ] + HCO3
Ñ[ ] + CO3

2Ñ[ ] ! [o\ !

V'&!2+(#&!B+2'(/($!&%%&'(/&,,&!)*+#!,2!0&%6#/)(/*'!0+!%<%(H7&!62#.*'2(&!02'%!,-&2+!0&!7&#!&%(!,-2,62,/'/($A!

'*($&! ^UA! B+/! 6*##&%)*'0!@! ,-&'%&7.,&! 0&%! 6E2#1&%! )*%/(/:&%! '*'! 6*7)&'%$&%! )2#! 0&%! 26/0&%! L*#(%A!*+!

&'6*#&! @! ,-&'%&7.,&! 0&%! 6E2#1&%! )*#($&%! )2#! ,&%! 26/0&%! L2/.,&%! B+/! :*'(! )&#7&((#&! 0&! 6*7)&'%&#! 6&%!

6E2#1&%!)*%/(/:&%C!X2'%!,-&2+!0&!7&#A!,-2,62,/'/($!)&+(!%-$6#/#&!=!

!  

TA = HCO3
Ñ[ ]+2 CO3

2Ñ[ ]+ B(OH )4
Ñ[ ]+ OH Ñ[ ] " H +[ ]+ autres! [i\ !

*M!€!2+(#&%!•!#&)#$%&'(&!,&%!/*'%!7/'&+#%!)#$%&'(%!02'%!,-&2+!0&!7&#![%/,/62(&%A!'/(#2(&%A!)E*%)E2(&%e0*'(!

,&%!6*'6&'(#2(/*'%!%*'(!0&!89!@!7/,,&!L*/%!),+%!L2/.,&%!B+&!6&,,&%!0+!XQO\!&(!*M!,-/*'!62#.*'2(&!&%(!6*7)($!

0&+F!L*/%!&'!#2/%*'!0&!%2!0*+.,&!6E2#1&C!G#*&6J&#!&(!"&'1![4pp5\!*'(!7*'(#$!B+&! ,-2,62,/'/($!2%%*6/$&!2+F!

/*'%!OZxyzA!SOZx‰!72/%!2+%%/!6&,,&!2%%*6/$&!@!G[ZS\Œ‰!)&#7&((2/(!0&!6*'(#&.2,2'6&#!,2!72;&+#&!)2#(/&!!0+!

,$1&#! &F6H%! 0&! 6E2#1&![‚8C8! 77*,_J1 %Y\! 0&%! 62(/*'%! 6*'%&#:2(/L%! [%*0/+7A! 721'$%/+7A! 62,6/+7! &(!

)*(2%%/+7\! %+#! ,&%! 2'/*'%! [6E,*#+#&%! &(! %+,L2(&%\C! U/'%/A!/,! &%(! )*%%/.,&! )*+#! *.(&'/#! +'&! )#&7/H#&!

&%(/72(/*'!0&!^U!0-+(/,/%&#!,-2,62,/'/($!0&%!62#.*'2(&%!6*7),$($& !0&!,2!6*'(#/.+(/*'!0&!,-/*'!.*#2(&A!UOG!=!

! 

ACB = HCO3
Ñ[ ] +2 CO3

2Ñ[ ] + B OH( )4

Ñ[ ] " H +[ ] ! [5\ !

N&! )S! 26(+&,! 0&! ,-&2+! 0&! 7&#! $(2'(! ,$1H#&7&'(! .2%/B+&! [:2#/2'(! 0&! iCi! @! 5C8! &':/#*'\A! /,! )&+(! %-2:$#&#!

'$6&%%2/#&! 0&! )#&'0#&! $12,&7&'(! &'! 6*7)(&! ,2! 6*'(#/.+(/*'! 0&! ,-/*'! E<0#*F<0&! 02'%! ,-$:2,+2(/*'! 0&!

,-2,62,/'/($A!)*+#!1$'$#&#!,-2,62,/'/($!(*(2,&!U^!=!

!  

AT = HCO3
Ñ[ ]+ 2 CO3

2Ñ[ ]+ B(OH )4
Ñ[ ]+ OH Ñ[ ] " H +[ ]! [p\ !

W$2'7*/'%A! 02'%! ,&! 620#&!0&! 6&((&! (EH%&A! '*+%! 2:*'%! 7/%! &'! $:/0&'6&! B+&! 6&((&! 6*'(#/.+(/*'! 0&%! /*'%!

E<0#*F<0&%!&%(!'$1,/1&2.,&!L26&!@!6&,,&%!0&%!/*'%!SOZx‰A!OZxyz!&(!G[ZS\Œ‰C!N2!0/LL$#&'6&!&'(#&!,-+(/,/%2(/*'!

0&!,-2,62,/'/($!(*(2,&!&(!6&,,&!0&!,-2,62,/'/($!0&%!62#.*'2(&%!6*##/1$&!0&!,-/*'!.*#2(&!'&!1$'H#&!+'&!&##&+#!%+#!

,&!)S!B+-@!,2!iH7&!0$6/72,&A!6&!B+/!&%(!(#H%!,2#1&7&'(!/'L$#/&+#!@!!,2!)#$6/%/*'!%*+E2/($&!%+#!6&!0&#'/&#![8!

0$6/72,&%\C!N-$B+2(/*'!5!&%(!0*'6!%+LL/%2'(&!)*+#!)&#7&((#&!0&!./&'!6*'(#2/'0#&!,&%!)2,$*>)SC!!

X2'%! ,&!620#&!0&!6&((&! (EH%&A!$(2'(! 0*''$! ,-+(/,/%2(/*'! 0&! ,-2,62,/'/($!62#.*'2($&!6*##/1$&!0&! ,-/*'! .*#2(&!

(&,,&! B+&! 0$L/'/&! 02'%! ,-$B+2(/*'!5A!,&%! 62,6+,%!0&! %)$6/2(/*'!'$6&%%/(&'(! ,-+(/,/%2(/*'! 0&! ,2! 6*'%(2'(&!

0-$B+/,/.#&!0+!%<%(H7&!.*#2(&!vG!&(!0&!,2!6*'6&'(#2(/*'!&'! .*#&!(*(2,&!G ^! [~*/#!%&6(/*'!fC4\C!Z'!6*'%(2(&!

0*'6!B+&!,&!%<%(H7&!62#.*'&!/'*#12'/B+&!02'%!,-*6$2'!)&+(!](#&!&F)#/7$!@!,-2/0&!0-+'!%<%(H7&!0&!B+2(#&!

$B+2(/*'%![hA!gA!o!&(!5\!@!%/F!/'6*''+&%C!3/!0&+F!0&%!:2#/2.,&%!%*'(!6*''+&%![7&%+#$&%\A!/,!&%(!0*'6! )*%%/.,&!

0-&%(/7&#!,&%!B+2(#&!1#2'0&+#%!#&%(2'(&%C!O*77&!,&!7*'(#&'( !,&%!$B+2(/*'%!h!&(!gA!,&%!6*'6&'(#2(/*'%!02'%!

,-&2+! 0&! 7&#! 0&%! 0/LL$#&'(&%! &%)H6&%! /'*#12'/B+&%! 0&! 62#.*'&! %*'(! 0$)&'02'(&%! 0&! ,-/*'! wS• {A! &(! 0*'6!

0$)&'0&'(! 0+! )SC! U/'%/A! 02'%! ,-*6$2'! 7*0&#'&A!@! )S! ,$1H#&7&'(! .2%/B+&A!6-&%(! ,-/*'!SOZx‰! B+/! &%(! (#H%!
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,2#1&7&'(!72;*#/(2/#&!&'!%*,+(/*'![/,!#&)#$%&'(&!),+%!0&!55ˆ!0+!XQO\A!%+/:/!)2#!,-/*'!62#.*'2(&![‚ !44ˆ\! &(!

&'L/'! ,&!OZ8! [I/1+#&!f \C!X&!7]7&A! )2#! :*/&!0&!6*'%$B+&'6&!0&! ,-$B+2(/*'! 8A! ,2!6*'6&'(#2(/*'!&'!OZ 8!0&!

,-2(7*%)EH#&!:2!&,,&!2+%%/!0$)&'0#&!0+!)S!0&%!&2+F!0&!%+#L26&C!

!

/9mEKB)c)@) X&+F! %<%(H7&%! #&)#$%&'($%! %+#! ,2! 7]7&! L/1+#&A! &'! L*'6(/*'! 0+! )S=! [/\! ,&%! )#*)*#(/*'%!

#&,2(/:&%! 0&%! /*'%! ./62#.*'2(&%! &(! 0&%! /*'%! 62#.*'2(&%! [6*+#.&%! #*+1&%! &(! .,&+%\! &(! [//\! ,&%! )#*)*#(/*'%!

#&,2(/:&%!0&!,-26/0&!.*#/B+&!&(!0&%!/*'%!.*#2(&%![6*+#.&%!'*/#&%\!„!(#26$&%!)*+#!XQOŽ8999!†7*,CJ1>4A!3ŽfgCp!

)%+A!^Ž8g•OA!G^Žh4o!†7*,CJ1>4C!N&!#&6(2'1,&!1#/%$!/'0/B+&!,2!1277&!0&!:2#/2(/*'!0&!)S!0&!,-&2+!0&!7&#!

26(+&,,&C!

!

!

!

!

!

!

!

!

!

!
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ZAbA)08KS6:8LB);B)<8N<9E7)BL)M8LEK8L96:);BM)<8KS6:8LBM)

!

/9mEKB)n)@) ?F&7),&%! 0&! )#*0+6(&+#%! 0&! 62#.*'2(&! 0&! 62,6/+7! 0&! ,-*6$2'C! ^&%(%! 0&! L*#27/'/LH#&%!

[12+6E&\!&(!6*66*,/(&%![0#*/(&\C!

N&!62#.*'2(&!0&!62,6/+7!B+&!,-*'!#&(#*+:&!%+#!,2!),+)2#(!0&%!L*'0!72#/'%!)&+(!2:*/#!),+%/&+#%!*#/1/'&%!=![/\!

./*1$'/B+&! 0&! )2#! ,2! )#*0+6(/*'! 0-*#12'/%7&%! :/:2'(%! ),2'6(*'/B+&%! (&,%! B+&! ,&%! 6*66*,/(&%A! ,&%!

L*#27/'/LH#&%!*+!,&%!)($#*)*0&%A!*+!.&'(E/B+&%A!(&,%!B+&!,&%!6*#2+F![I/1+#&!h\„!*+! [//\! 2+(E/1H'&!0&!)2#!,2!

0/21&'H%&! )#$6*6&C! N2! L*#72(/*'! 0&! 62#.*'2(&! 0&! 62,6/+7A! &F)#/7$&! &'! )#&'2'(! &'! 6*7)(&! ,-&%)H6&!

/'*#12'/B+&!0/%%*+(&!,2!),+%!2.*'02'(&![SOZf >\ !)&+(!%&!#$%+7&#!)2#!,-$B+2(/*'!%+/:2'(&!=!!

! 

Ca2+ +2HCO3
Ñ " CaCO3 +CO2 + H2O! [49\ !

X2'%!,&!62%!0+!O2OZf !./*1$'/B+&A!6&,+/>6/!7/'$#2,/%&!%*+%!0&+F!L*#7&%!0/LL$#&'(&%!=!,2!62,6/(&A!0&!%(#+6(+#&!

6#/%(2,,/'&!#E*7.*$0#/B+&A!&%%&'(/&,,&7&'(!02'%!,&!62%!0&%!6*66*,/(&%!&(!0&%!L*#27/'/LH#&%A!*+!,-2#21*'/(&A!

0&! %(#+6(+#&! *#(E*#E*7./B+&A! 02'%! ,&! 62%! 0&%! 6*#2+F! &(! 0&%! )($#*)*0&%! [T&&0&#A! 4p5f\C! N2! 0/LL$#&'6&!

&'(#&!6&%!%(#+6(+#&%!%&!62#26($#/%&!)2#!0&%!)#*)#/$($%!)E<%/B+&%!&(!6E/7/B+&%!0/LL$#&'(&%A!'*(277&'(!:/%>

@>:/%!0&!,2!%*,+./,/($A!,-2#21*'/(&!$(2'(!),+%!%*,+.,&!B+&!,2!62,6/(&![G#*&6J&#!2'0!"&'1A!4p58!„!K+66/!4p5f\C!

N&!)#*0+/(!0&!%*,+./,/($!v%)‹ !&%(!&F)#/7$!)2#!=!

! 

Ksp
* = Ca2+[ ] " CO3

2Ñ[ ]( )
sat

! [44\ !

*M! ,-/'0/6&! €!%2(!• !L2/(! #$L$#&'6&! @! ,2! 6*'6&'(#2(/*'! (*(2,&! 0& ! ,-$,$7&'(! 02'%! +'&! %*,+(/*'! %2(+#$&! )2#!

0+!O2OZxC!O&!6*&LL/6/&'(!0&!%*,+./,/($!0$)&'0!&%%&'(/&,,&7&'(!0&!0&+F! )2#27H(#&%!=! ,2! (&7)$#2(+#&!&(! ,2!

)#&%%/*'C!N2!(&7)$#2(+#&!'-2!B+-+'!L2/.,&!&LL&(!%+#!,&!v‹%)A!&'!,-2+17&'(2'(!,*#%B+&!,2!(&7)$#2(+#&!0/7/'+&A!

6&!B+/!&%(!6*'(#2/#&!2+!6*7)*#(&7&'(!0&!'*7.#&+F!2+(#&%!%&,%![K+66/A!4p5f\C!"2#!6*'(#&A!,2!)#&%%/*'!;*+&!

+'!1#2'0!#d,&!%+#!6&!6*&LL/6/&'(A!6&!0&#'/&#!2+17&'(2'(!L*#(&7&'(!2:&6!,2!)#&%%/*'C!O&(!&LL&(!0&!,2!)#&%%/*'!

&F),/B+&! ,-2+17&'(2(/*'! 0&! ,2! 0/%%*,+(/*'! 0&%! 62#.*'2(&%! 2:&6! ,2! )#*L*'0&+#! 0&! 0$)d(! 02'%! ,&%! *6$2'%C!

X2'%! ,&! 620#&! 0&! 6&((&! (EH%&A! '*+%! 2:*'%! +(/,/%$! ,2! 6*'%(2'(&! 0-$B+/,/.#&! v‹%)! $(2.,/&! )2#! K+66/! [4p5f\A!

6*##/1$&!0&!,-&LL&(!0&!,2!)#&%%/*'!%+/:2'(!K/,,&#*![4ppg\C!

!
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N2!%2(+#2(/*'!&'!O2OZxA!'*($!•A!&%(!&F)#/7$&!6*77&!,&!)#*0+/(!0&%!6*'6&'(#2(/*'%!/'!%/(+!0&%!/*'%!62,6/+7!

&(!62#.*'2(&%!0/:/%$!)2#!,&!)#*0+/(!0&!%*,+./,/($A!%*/(!=!

! [48\ !

N*#%B+&!•! ‘4A!,-&2+!0&!7&#!&%(!%*+%>%2(+#$&!6&!B+/!/'0+/(!,2!0/%%*,+(/*'!0+!62#.*'2(&!0&!62,6/+7C!N*#%B+&!

•’4A!,-&2+!0&!7&#!&%(!%+#%2(+#$&A!72/%!,2!),+)2#(!0+!(&7)%!02'%!,-*6$2'!*'!'-*.%&#:&!)2%!0&!)#$6/)/(2(/*'!

0/#&6(&!0&!62#.*'2(&!0&!62,6/+7!62#!,-&2+!0&!7&#!6*'(/&'(!0&!'*7.#&+%&%!&%)H6&%!6E/7/B+&%!B+/!)&+:&'(!

/'E/. &#!,2!6#*/%%2'6&!6#/%(2,,/'&!0&%!62#.*'2(&%![!)2#!&F&7),&!K1A!6*7)*%$%!*#12'/B+&%!0/%%*+%ACC\C!!

Z'!)&+(!$12,&7&'(!#&)#$%&'(&#!,-$B+2(/*'![4f\!%*+%!,2!L*#7&!=!

! 

" =
Ca2+[ ]

sw
CO3

2Ñ[ ]
sw

Ca2+[ ] # CO3
2Ñ[ ]$ 

% 
& ' 

( 
) 

sat

!! [4f\ !

X2'%!,-*6$2'!*+:&#(A!,&%!6E2'1&7&'(%!&'!wO28• {!%*'(!(#H%!L2/.,&%A!,&%!:2#/2(/*'%!0$)&'02'(!)#/'6/)2,&7&'(!

0&! ,2! %2,/'/($! [G#*&6J&#! 2'0! "&'1A! 4p5i\C!?'! )#&7/H#&! 2))#*F/72(/*'A! *'! )&+(! 0*'6! 6*'%/0$#&#! B+&!

wO2{!&%(! /':2#/2'(!&(!B+&!,2!%2(+#2(/*'!&'!O2OZx!0$)&'0!0*'6! &%%&'(/&,,&7&'(!0&! ,2!6*'6&'(#2(/*'!&'! /*'!

62#.*'2(&A!6&!B+/!)&#7&(!0&!0$L/'/#!! !&'!L*'6(/*'!+'/B+&7&'(!0&% !/*' %!62#.*'2(& %A!6*77&!%+/(!=!

! =
CO3

2Ñ"# $%sw

CO3
2Ñ"# $%sat

!! [4h\ !

X2'%!0&!'*7.#&+%&%!)+.,/62(/*'%A!/,!&%(!6*+#2'(!0&!:*/#!&F)#/7$&!,2!%2(+#2(/*'!'*'!)2%!6*77&!+'!#2))*#(!

72/%!6*77&!+'&!0/LL$#&'6&![" \!&'(#&!,2!6*'6&'(#2(/*'!&'!/*'%!62#.*'2(&%!&(!,2!6*'6&'(#2(/*'!@!%2(+#2(/*'!=!!!
! 

" CO3
2Ñ = CO3

2Ñ[ ]
sw

# CO3
2Ñ[ ]

sat
! [4g\ !

N-$(2(!0&!%2(+#2(/*'!0&!,-*6$2'!&%(!0$(&#7/'2'(!)*+#!,2!)#$%&#:2(/*'!*+!,2!0/%%*,+(/*'!0&%!62#.*'2(&%C!N2!

)#*L*'0&+#! @! ,2B+&,,&! ,&! (2+F! 0&! 0/%%*,+(/*'! 0+!O2OZx! 2+17&'(&! #2)/0&7&'(! &%(! 2))&,$&! ,<%*6,/'&! [)2#!

2'2,*1/&! 2:&6! ,2! (E&#7*6,/'&!„! G&#1&#A! 4po5\C! X&! 7]7&A! ,2! )#*L*'0&+#! @! ,2B+&,,&! ,&! (2+F! 0&! 0/%%*,+(/*'!

0+!O2OZx! $12,&!,&! (2+F! 0&! )#*0+6(/*'! &'! %+#L26&A! &(! 0*'6!,2! )#*L*'0&+#! 2+>0&%%*+%! 0&! ,2B+&,,&!

2+6+' !O2OZx! '&!%&!0$)*%&A!&%(!2))&,$&!)#*L*'0&+#!0&!6*7)&'%2(/*'!0&%!62#.*'2(&%A!*+!OOX![62#.*'2(&!

6*7)&'%2(/*'!0&)(E !„!G#*&6J&#!2'0!"&'1A!4p58!„!K*#%&!2'0!K26J&'a/&A!4pp9!„!K/,,&#*A!4ppg\ ![I/1+#&!g\C!
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!

/9mEKB)e)@) 36E$72!/,,+%(#2'(!,&%!0/LL$#&'(%!$(2(%!0&!%2(+#2(/*'!0&!,-*6$2'C!N-E*#/a*'!0&!%2(+#2(/*'!0&!

,2! 62,6/(&! [O3S\! &%(! 2((&/'(! ,*#%B+&!• Ž4C! n+2'0!,&! )*+#6&'(21&! 0&!O2OZx! 2((&/'(! 89ˆA! *'! 2! 2((&/'(! ,2!

)#*L*'0&+#! 0&! 6*7)&'%2(/*'! 0&%! 62#.*' 2(&%! [OOX\! %$0/7&'(2/#&A! (2'0/%! B+&! ,2! %'*Y,/'&! #&)#$%&'(&! ,2!

)#*L*'0&+#! 0&! 6*7)&'%2(/*'! 1$*6E/7/B+&! ! [POX\! *M! ),+%! 2+6+'!O2OZx! '&! %&! 0$)*%&C! N2! ,<%*6,/'&!

6E/7/B+&A!B+/!6*##&%)*'0!@!+'&!2+17&'(2(/*'!0+!(2+F!0&!0/%%*,+(/*'A!&%(!2((&/'(&!,*#%B+&!• Ž9C5C!36E$72!

0&!G*%(*6J!&(!2,C![8944\C!

!

!

!

!

!

!

!

!

!

!
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ZAcA)'6EK<BM)BL)JE9LM);B)<8KS6:B);B)N26<\8:)

?'! ),+%! 0&%! 6E2'1&7&'(%! 0&! (&7)$#2(+#&! 0&%! &2+F! 0&! %+#L26&A! B+/! 6*77&! '*+%! ,-2:*'%! :+! ),+%! E2+(!

2LL&6(&'(!,2!%*,+./,/($!0+!OZ8A!/,!&F/%(&!0&+F!)#/'6/)2+F!7$62'/%7&%!B+/!:*'(!2:*/#!+'!#d,&!&%%&'(/&,!%+#!,&%!

$6E2'1&%! 0&! 62#.*'&! &'(#&! ,-*6$2'! &(! ,-2(7*%)EH#&!=! [/\! ,2! )#*0+6(/*'! )#/72/#&! &(! [//\! ,2! 6/#6+,2(/*'!

*6$2'/B+&C!N2! )#*0+6(/*'! )#/72/#&!&%(! ,2! )#*0+6(/*'! )2#! ,&%! *#12'/%7&%!72#/'%!0&!62#.*'&!%*+%!L*#7&!

*#12'/B+&!@!)2#(/#!0&!OZ8!1#c6&!@!,2! )E*(*%<'(EH%&C!Z'!B+2,/L/&!0&!)#*0+6(/*'! )#/72/#&! '&((&! ,2! )2#(!0&!

)#*0+6(/*'!0&!62#.*'&!*#12'/B+&!L*#7$&!@!)2#(/#!0&!OZ8A!7/'*#$&!0&!,2!#&%)/#2(/*'!0&%!*#12'/%7&%C!O&((&!

)#*0+6(/*'!2!72;*#/(2/#&7&'(!,/&+!02'%!,2!a*'&!)E*(/B+&!0&!,-*6$2'A!6-&%(!@!0/#&!,&%!)#&7/&#%!4997!0&!,2!

6*,*''&!0-&2+A!&(!0$)&'0!)#/'6/)2,&7&'(!0&!,2!6*'6&'(#2(/*'!&'! '+(#/7&'(%!&(!0&!,2!(&7)$#2(+#&![I/1+#&!

o\C!?,,&!#&)#$%&'(&!+'!L,+F!&F)*#($!0&! ‚g9!P(!0&!62#.*'&! )2#!2'C!W$2'7*/'%A! ,2!72;&+#&!)2#(/&!0&!6&((&!

72(/H#&!*#12'/B+&!&%(!#2)/0&7&'(!0$1#20$&!2)#H%!,2!7*#(!0&%!*#12'/%7&%!2+!6*+#%!0&!,&+#!6E+(&!@!(#2:&#%!

,2! 6*,*''&! 0-&2+! &(! #&%(&! 2/'%/! 02'%! ,-*6$2'! 0&! %+#L26&! *+! 0&! %+.>%+#L26&AC! U)#H%! #&7/'$#2,/%2(/*'A! ,&!

62#.*'&!&(!,&%!'+(#/7&'(%!,/.$#$%!)&+:&'(!](#&!#2)/0&7&'(!#&6<6,$%!02'%!,&!6<6,&!./*,*1/B+&![&C1C!#&7*'($&!

0-&2+F! )2#! ,&%! )E$'*7H'&%!0-+)Y&,,/'1\C!3&+,&!+'&!L2/.,&! )2#(/&! [‘9C8P(O_2'\! 0&!6&!62#.*'&! *#12'/B+&!

[O*#1\! &%(! &F)*#($&! :&#%! ,-*6$2'! )#*L*'0! &(! <! #&%(&! %(*6J$&! [&'L*+/&\! 02'%! ,&%! %$0/7&'(%! [:*/#! %&6(/*'!

%+/:2'(&\C!!

!

!

/9mEKB)k)@) Q721&!%2(&,,/(&!3?UsQI3!7*'(#2'(! ,-2.*'02'6&!7*<&''&!%+#! ,2! )$#/*0&!4pp5>899o!0&%!

*#12'/%7&%! )E*(*>2+(*(#*)E&%! 72#/'%! 02'%! ,-*6$2'A! 2.*'02'6&! /'0/62(#/6&! 0&! ,2! )#*0+6(/*'! )#/72/#&!

)*(&'(/&,,&![0*''$&%!0/%)*'/.,&%!%+#!E(()=__*6&2'6*,*#C1%L6C'2%2C1*:_3&2s/I3_ \C!
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N&!%&6*'0!7$62'/%7&!B+/!21/(!L*#(&7&'(!%+#!,&%!!$6E2'1&%!0&!62#.*'&!&'(#&!,-*6$2'!&(!,-2(7*%)EH#&!&%(!,2!

6/#6+,2(/*'! *6$2'/B+&C! N&%! &2+F! L#*/0&%! &(! 0&'%&%! B+/! ),*'1&'(! :&#%! ,-*6$2'! )#*L*'0A! '*(277&'(! 02'%!

,-U(,2'(/B+&! W*#0! [I/1+#&! i\A! )&#7&((&'(!+'! &F)*#(! 0&! OZ8! :&#%! 6&! 6*7)2#(/7&'(! &'! #2/%*'! 0&! ,2! ),+%!

1#2'0&! %*,+./,/($! 0+! OZ8! 02'%! ,&%! &2+F! L#*/0&%! [&BC! 8\C! N&! 62#.*'&! &%(! 0*'6! 2/'%/! %(*6J$! %*+%! L*#7&!

/'*#12'/B+&! 02'%! ,-*6$2'! )#*L*'0C! W$2'7*/'%A! 6&((&! )2#(! 0&! 62#.*'&! /'*#12'/B+&! '-&%(! )2%! %(*6J$&!

/'0$L/'/7&'(!02'%!,-*6$2'!)#*L*'0A!)+/%B+&!,&%!),*'1$&%!0-&2+F!)#*L*'0&%!2+F!)d,&%!%*'(!6*'(#&.2,2'6$&%!

)2#!0&%!#&7*'($&%!0-&2+F! )#*L*'0&%! [+)Y&,,/'1\A! '*(277&'(!02'%! ,&%!a*'&%!0&!0/:&#1&'6&! *6$2'/B+&%C!

U/'%/A!*'!)&+(!0/%(/'1+&#!02'%!,-*6$2'!0&%!a*'&%!)+/(%![),*'1$&\!&(!0&%!a*'&%!%*+#6&%![#&7*'($&\!0&!OZ8!

)*+#!,-2(7*%)EH#&![L/1+#&!5\C!!

U+!L/'2,A!,2!6*7./'2/%*'![/\!0&%!:2#/2(/*'%![%)2(/2,&%!&(!%2/%*''/H#&%\!0&%!(&7)$#2(+#&%!0&!%+#L26&A![//\!0&%!

&LL&(%!0&!,2!)#*0+6(/*'!)#/72/#&!&(![///\!0&!,2!6/#6+,2(/*'!*6$2'/B+&!%&!(#20+/(!)2#!0&%!$6E2'1&%!0&!62#.*'&!

/7)*#(2'(%!&'(#&!2(7*%)EH#&!&(!*6$2'C!O&%!$6E2'1&%!%*'(!0&!,-*#0#&!0&!p9!P(O_2'!:&#%!&(!0&)+/%!,-*6$2'C!

!

/9mEKB)d)@) 36E$72! 0&! 6/#6+,2(/*'! *6$2'/B+&! 1,*.2,&C! O&! %6E$72! 7&(! &'! $:/0&'6&! ,&%! 1#2'0&%!

.#2'6E&%!0&!6/#6+,2(/*'!B+/!#$1/%%&'(!26(+&,,&7&'(!,-*6$2'A!2:&6!&'!#*+1&!&(!;2+'&!,&%!6*+#2'(%!0&!%+#L26&!

6E2+0%! &(! L#*/0%A! #&%)&6(/:&7&'(A! 2%%*6/$%! @! ,2! .*+6,&! 0&! 6/#6+,2(/*'! )#*L*'0&A! &'! .,&+! ,&%! 6*+#2'(%!

)#*L*'0%!&(!&'! :&#(! ,&%!6*+#2'(%!@! )#*L*'0&+#! /'(&#7$0/2/#&C!Z'! '*(&! ,&!P+,L!3(#&27!&(! ,2!0$#/:&!W*#0>

U(,2'(/B+&A!6*+#2'(%!0&!%+#L26&!0&!,-U(,2'(/B+&!W*#0A!B+/!0*''&!'2/%%2'6&!@!,2!),*'1$&!0&%!&2+F!)#*L*'0&%!

02'%!,&%!7&#%!'*#0/B+&%!&(!0+!N2.#20*#A!2/'%/!B+&!,&!6*+#2'(!6/#6+7)*,2/#&!U'(2#6(/B+&A!2+(#&!%*+#6&!0&%!

&2+F!)#*L*'0&%C![K2#%E2,,!2'0!3)&&#A!8948\C!

O&%!0&+F!7$62'/%7&%!B+/!2LL&6(&'(!L*#(&7&'(!$6E2'1&%!12a&+F!&'(#&!*6$2'!&(!2(7*%)EH#&!#&:](&'(!+'&!

/7)*#(2'6&!)2#(/6+,/H#&!&'!)2,$*6$2'*1#2)E/&!=!&'!&LL&(A!0+#2'(!,&%!1#2'0%!6<6,&%!1,26/2/#&%!/'(&#1,26/2/#&%A!

0&!'*7.#&+F!6E2'1&7& '(!*'(!&+!,/&+!(2'(!&'!(&#7&!0&!6E2'1&7&'(!0&!)#*0+6(/*'!02'%!,-*6$2'!0&!%+#L26&!

[&C1C!32#'(E&/'!&(!2,CA!4p55!=!K2#(/'A!4pp9!„!I2##&,,!&(!2,CA!4ppg\!B+-&'!(&#7&!0&!6E2'1&7&'(!0&!#$1/7&!0&!

6/#6+,2(/*'! *6$2'/B+&! [&C1C!X+),&%%<!&(!2,CA!4p55!„!G#*&6J&#!2'0!X&'(*'A!4p5p!„!T+(.&#1!&(!2,CA!8999\C!X&!
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),+%A!6&%!)E$'*7H'&%!%*'(!$(#*/(&7&'(! ,/$%A!,&%!a*'&%!0-+)Y&,,/'1!6*##&%)*'02'(!$12,&7&'(!@!0&%!a*'&%!

0&!#&7*'($&%!0&!'+(#/7&'(A!&(!0*'6!0&%!a*'&%!0&!L*#(&!)#*0+6(/:/($!)#/72/#&C!

!

/9mEKB)l)@) ?%(/72(/*'!0&%!L,+F!0&!OZ8!&'(#&!*6$2'!&(!2(7*%)EH#&![^2J2E2%E/!&(!2,CA!8998\C!N&%!a*'&%!

0-+)Y&,,/'1! %*'(! 62#26($#/%$&%! )2#! 0&%! L,+F! )*%/(/L%! &(! %*'(! 0*'6! 0&%! %*+#6&%! 0&! 62#.*'&! [0/:&#1&'6&%!

$B+2(*#/2,&%\A!(2'0/%!B+&!,2!),*'1$&!0&%!&2+F!)#*L*'0&%!02'%!,-U(,2'(/B+&!W*#0!%&!62#26($#/%&!)2#!+'!L*#(!

L,+F!'$12(/L!&(!&%(!0*'6!+'!)+/(%!0&!62#.*'&C!

!

!

ZAnA)067JB:M8L96:);BM)<8KS6:8LBM)

Q,! &F/%(&! +'&! 2+(#&! %*+#6&! 0&! 62#.*'&! )*+#! ,-*6$2'!=! ,&%! 2))*#(%! 0&! 62#.*'&! )2#! ,&%! L,&+:&%! [/'6,+2'(!

$12,&7&'(!,&%!&2+F!0&!#+/%%&,,&7&'(!&(!,-E<0#*(E&#72,/%7&\A!B+/!%*'(!6*7)&'%$%!)2#!,-&'L*+/%%&7&'(!0&%!

62#.*'2(&%! 02'%! ,&! %$0/7&'(! [I/1+#&! o\C! N-2))*#(! )2#! ,&%! #/:/H#&%! &%(! &%%&'(/&,,&7&'(! ,/$! @! ,-$#*%/*'!

6E/7/B+&!0&%!#*6E&%A!B+/!6*'%*77&!0+!OZ8!&(!,&!6*':&#(/!&'!./62#.*'2(&A!%&,*'!+'!)#*6&%%+%!0+!(<)&!0&!=!

! 

3H2O+2CO2 +CaSiO3 " # " Ca2+ +2HCO3
$ + Si(OH)4!! [4o\ !
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U/'%/A!,2!72;*#/($!0&%!2))*#(%!0&!62#.*'&!@!,-*6$2'!)2#!,&%!L,&+:&%!%&!L2/(!%*+%!,2!L*#7&!0-/*'%!./62#.*'2(&%A!

,&! #&%(&! )#*:&'2'(! 0&! ,-26(/:/($! ./*,*1/B+&! [62#.*'&! *#12'/B+&! 0/%%*+%! &(! )2#(/6+,2/#&\C! W$2'7*/'%A! 0&!

1#2'0&%!/'6&#(/(+0&%!&F/%(&'(!%+#!,2!B+2'(/L/62(/*'!0&!6&%!2))*#(%C!K/,,/72'!&(!X#*F,&#![4ppo\!&%(/7&'(!6&!!

L,+F!'&(!@!&':/#*'!9Ch!P(O_2'![I/1+#&!p\C!"2#!6*7)2#2/%*'A!,&%!7]7&%!2+(&+#%!&%(/7&'(!B+&!,2!)#*0+6(/*'!

0&! 62#.*'2(&! 0&! 62,6/+7! )2#! ,&%! *#12'/%7&%! 72#/'%! &%(! 0&! ,-*#0#&! ! 0&! ‚4C8! P(O_2'A! 0*'(! ‚9Cf! )2#! ,&%!

6*#2+F!&(!,&%!72#1&%!6*'(/'&'(2,&%!&(!‚9Cp!P(O_2'!)2#!,&%!*#12'/%7&%!)$,21/B+&%![‚o9ˆ!)2#!,&%!6*66*,/(&%!

&(! ‚h9ˆ! )2#! ,&%!L*#27/'/LH#&%\C!O&%!$6E2'1&%A!#&,2(/:&7&'(!L2/.,&%!6*7)2#2(/:&7&'(!@!6&+F!&'#&1/%(#$%!

&'(#&!2(7*%)EH#&!&(!*6$2'A!0&:/&''&'(!0-+'&!/7)*#(2'6&!'*'!'$1,/1&2.,&!,*#%B+&!0&!1#2'0&%!$6E&,,&%!0&!

(&7)%!%*'(!6*'%/0$#$&%![’4999!2'%\A!6&!B+/!&%(!,&!62%!&'!)2,$*6$2'*1#2)E/&C!

!

/9mEKB)Y)@) 36E$72!#$62)/(+,2(/L! 0&%!L,+F!0&!62#.*'&! *#12'/B+&! [‹ZO\!&(! /'*#12'/B+&! [‹QO\A!0/%%*+%!

[X‹O\!&(! )2#(/6+,2/#&!["‹O\!02'%!,-*6$2'C!N&%!L,+F!%*'(!&'!P(O_2'A! ,&%!#$%&#:*/#%!&'(#&!6#*6E&(%!&'!P(O!&(!

#&)#$%&'(&! ,&! 6<6,&! )#$/'0+%(#/&,! 0+! 62#.*'&! [L,+F! 2'(E#*)/B+&! '*'! 6*7)($%\C! N&! 62#.*'&! )2#(/6+,2/#&!

[O2OZx\!6*'0+/(!@!+'!&F)*#(!0&!62#.*'&!0&!‚9ChP(O_2'A!6*'6&'(#$!%+#!,&%!72#1&%!6*'(/'&'(2,&%C!36E$72!

0&!32./'&![899o\A!202)($!0&!32./'&!&(!2,C![899h2\C!

N2! %+#)#*0+6(/*'! 0&! 62#.*'2(&! 0-*#/1/'&! ./*1H'&! 0*/(! ](#&! 6*7)&'%$&! )2#! ,2! 0/%%*,+(/*'A!D24=! #20=(#A!!

0-+'&!)2#(/&!0&!6&%!62#.*'2(&%!2L/'!0&!)&#7&((#&!0&!72/'(&'/#!+'!$B+/,/.#&!&'(#&!,&%!2))*#(%!0&!62#.*'&!@!

,-*6$2'!&(!,-&'L*+/%%&7&'(!02'%!,&!%$0/7&'(C!O&((&!0/%%*,+(/*'!/'(&#:/&'(!02'%!,&%!&2+F!)#*L*'0&%!&(!%+#!,&!
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L*'0!0&%!*6$2'%!*MA!6*77&! '*+%! ,-2:*'%! :+! ),+%!E2+(A! ,-&LL&(!0&! ,2! )#&%%/*'! )&#7&(!0-2((&/'0#&! ,2!%*+%>

%2(+#2(/*'! )2#! #2))*#(! 2+F! 62#.*'2(&%! 0&! 62,6/+7C! N&%! 6*'0/(/*'%! 0&! (&7)$#2(+#&! &(! 0&! )#&%%/*'! 0&%!

1#2'0%! L*'0%! *6$2'/B+&%! $(2'(! 1,*.2,&7&'(! L/F$%! &(! :2#/2'(! )&+A! 7]7&! 2+F! $6E&,,&%!

1,26/2/#&%_/'(&#1,26/2/#&%A! ,&%! )E$'*7H'&%! 0&! €!6*7)&'%2(/*' !•! :*'(! L2/#&! 2))&,! @! 0&%! 6E2'1&7&'(%! 0&!

%)$6/2(/*'!02'%!,&!62#.*'&!/'*#12'/B+&!0/%%*+%!)*+#!7*0/L/&#!,&%!6*'0/(/*'%!0&!0/%%*,+(/*'_)#$%&#:2(/*'C!

U/'%/A!)2#!&F&7),&A!+'&!2+17&'(2(/*'!0&!,-$#*%/*'!6*'(/'&'(2,&!)#*:*B+&!+'&!2+17&'(2(/*'!0&!,-2,62,/'/($!

&(!0+!XQO!02'%!+'!#2))*#(!8=4A!%&!(#20+/%2'(!)2#!+'&!2+17&'(2(/*'!0&!,2!6*'6&'(#2(/*'!&'!/*'!62#.*'2(&!&(!

0*'6!+'&!2+17&'(2(/*'!0&!,2!)#$%&#:2(/*'A!6*7)&'%2'(!,-2))*#(!266#+!&'!62#.*'&!0&%!#/:/H#&%![G#*&6J&#A!

899i\C!!

U/'%/! 0*'6A! )*+#! )&#7&((#&! 0&! 72/'(&'/#! +'! $B+/,/.#&! &'(#&! ,&%! &'(#$&%! [L,&+:&%\! &(! ,&%! %*#(/&%!

[%$0/7&'(2(/*'! 62#.*'2($&\A! ,2! €!6*7)&'%2(/*' !•! 0&%! 62#.*'2(&%! *6$2'/B+&%! L2/(>&,,&! /'(&#:&'/#! 0&%!

6E2'1&7&'(%!0&!%)$6/2(/*'!0+!XQOC!O&((&!6*7)&'%2(/*'!0&%!62#.*'2(&%!;*+&!0*'6!$12,&7&'(!+'!1#2'0!#d,&!

%+#! ,&! 6*'(&'+! 2(7*%)E$#/B+&! &'! OZ8! 0&! )2#! ,2! :2#/2(/*'! 0&! %)$6/2(/*'! 02'%! ,-*6$2'! )#*L*'0A! +'&!

7*0/L/62(/*'! 0&! ,2! 6*'6&'(#2(/*'! &'! /*'! 62#.*'2(&! &'1&'0#2'(! /'$:/(2.,&7&'(! +'&! 7*0/L/62(/*'! 02'%! ,2!

6*'6&'(#2(/*'! 0&%! 0&+F! 2+(#&%! &%)H6&%! 0&! 62#.*'&! /'*#12'/B+&! 0/%%*+%! &(! 0*'6! +'&! 7*0/L/62(/*'! 0&!

,-$B+/,/.#&!&'(#&!*6$2'!&(!2(7*%)EH#&A!&'!:&#(+!0&%!$B+2(/*'%!0-$B+/,/.#&!0+!%<%(H7&!62#.*'&_62#.*'2(&%!

B+&!'*+%!2:*'%!:+&%!),+%!E2+(!02'%!6&!6E2)/(#&C!

N2!0/%(#/.+(/*'!0+!62#.*'2(&!0&!62,6/+7!'-&%(!0*'6!)2%!E*7*1H'&!%+#!,-&'%&7.,&!0+!L*'0!*6$2'/B+& !=!&'!

&LL&(A!6&((&!0/%(#/.+(/*'!0$)&'0!)#/'6/)2,&7&'(!0&!,-$(2(!0&!%2(+#2(/*'!0+!L*'0!0&!,-*6$2'![:*/#!%&6(/*'!4C8\A!

0*'6!0&!,2!)#*L*'0&+#!0&%!L*'0%!*6$2'/B+&%!&(!0&!,2!6*'6&'(#2(/*'!&'!/*'!62#.*'2(&!0&%!&2+F!)#*L*'0&%C!

U/'%/!*'!(#*+:&!),+%!0&!O2OZx!%+#!,&%!E2+(&+#%!*6$2'/B+&%![0*#%2,&%!)2#!&F&7),&\!B+&!02'%!,&%!2.<%%&%C!

Z'! 6*'%(2(&! 2+%%/! %+#! ,2! I/1+#&!49! +'&! 7&/,,&+#&! )#$%&#:2(/*'! 0&%! 62#.*'2(&%! 02'%! ,&%! %$0/7&'(%! 0&!

,-U(,2'(/B+&!B+&!02'%!6&+F!0&%! .2%%/'%! /'0/&'!&(! )26/L/B+&C!?'!&LL&(A! ,-&2+! )#*L*'0&!W*#0>U(,2'(/B+&!B+/!

*66+)&!6&!.2%%/'!2!+'&!6*'6&'(#2(/*'!&'!/*'!62#.*'2(&!$,&:$& !„!&,,&!&%(!&'6*#&!)2+:#&!&'!$,$7&'(%!'+(#/(/L%!

&(!#/6E&!&'!/*'%!62#.*'2(&!@!,-/721&!0&%!&2+F!0&!%+#L26&!B+/!,+/!*'(!0*''$!'2/%%2'6&C!N&%!&2+F!)#*L*'0&%!

0&%! .2%%/'%! /'0/&'! &(! )26/L/B+&! %*'(! ),+%! &'! 2:2,! %+#! ,2! .*+6,&! )#*L*'0&! 0&! ,2! 6/#6+,2(/*'A! ,&+#!

6*'6&'(#2(/*'!&'!$,$7&'(!'+(#/(/L%!2!0*'6!$($!&'#/6E/&!)2#!,-2))*#(!0&%!L,+F!0&!72(/H#&!*#12'/B+&!0&)+/%!,2!

%+#L26&!&(!,&+#!*F<02(/*'A!&(!&,,&%!*'(!0*'6!+'&!6*'6&'(#2(/*'!),+%!L2/.,&!&'!/*'!62#.*'2(&C!N2!,<%*6,/'&!&(!

,2!OOX!%*'(!0*'6!@!),+%!L2/.,&!)#*L*'0&+#!02'%!6&%!.2%%/'%!B+&!02'%!,&!.2%%/'!2(,2'(/B+&C!!
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!

/9mEKB)Z[)@) X/%(#/.+(/*'!1,*.2,&!0&%!%$0/7&'(%!(<)&%!%+#!,&%!L*'0%!*6$2'/B+&%![^E+#72'!2'0!^#+;/,,*A!

8998\C!!

!

!

bA)(K8<BEKM)m\6<G979^EBM);8:M)NBM)S96<8KS6:8LBM)78K9:M)

bAZA)129M6L6J9B);E)<8KS6:B)@)opq0)

N&! 62#.*'&! )*%%H0&! (#*/%! /%*(*)&%! '2(+#&,%A! ,&%! 0&+F! %(2.,&%! $(2'(! ,&!48O! [p5Cp! ˆ\! &(! ,&!4f O! [4C4ˆ\A! &(!

,-/%*(*)&!/'%(2.,&!$(2'(!,&!4hO![(#26&%\C!O&%!/%*(*)&%!*'(!,&%!7]7&%!)#*)#/$($%!6E/7/B+&%A!72/%!,&!'*7.#&!

0/LL$#&'(! 0&! '&+(#*'%! &(! 0*'6! +'&! 72%%&! 0/LL$#&'(&! /'0+/(! 0&%! )#*)#/$($%! )E<%/B+&%! 0/LL$#&'(&%C! ?'!

)2,$*6$2'*1#2)E/&A! *'!&F)#/7&! ,&!#2))*#(!4f O_48O! )2#!#2))*#(!@!+'!%(2'02#0! /'(&#'2(/*'2,A! ,&! "XG! ["&&!

X&&!G&,&7'/(&\!)*+#!,&!62#.*'2(&!0&!62,6/+7!0&%!L*#27/'/LH#&%A!%&,*'!,2!'*(2(/*'!jklO !![&'!“\= !

! 

" 13Cc =

13C/12C( )
CaCO3

13C/12C( )
PDB

#1
$ 

% 

& 
& 

' 

( 

) 
) 

* 1000!! [4i\ !

"*+#! 2'2,<%&#! 6&! #2))*#(! /%*(*)/B+&! 02'%! ,&%! L*#27/'/LH#&%A! ,&%! (&%(%! 0&! L*#27/'/LH#&%! %*'(! 1#/,,$%! )*+#!

&F(#2/#&! ,2! 72(/H#&! *#12'/B+&A! )+/%! 0/%%*+%! )2#! 0&! ,-26/0&! *#(E*)E*%)E*#/B+&C! N&! OZ8! 0$121$! )2#! ,2!

0/%%*,+(/*'!&%(!2,*#%!2'2,<%$!%+#!%)&6(#*7H(#&!0&!72%%&!&'!)E2%&!12a&+%&!&(!,&!jklO !0&!,2!62,6/(&!62,6+,$!&'!

L*'6(/*'!0+!%(2'02#0!"XGC!N-/'($#](!0+!jklO !#$%/0&!02'%!,&!L2/(!B+&!,&%!/%*(*)&%!0+!62#.*'&!%+./%%&'(!+'!
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L#26(/*''&7&'(!2+!6*+#%!0&!,2!)E*(*%<'(EH%&C!U/'%/A!,2!72(/H#&!*#12'/B+&!&%(!(#H%!&'#/6E/&!&'!/%*(*)&!,$1&#!

48OA!(2'0/%!B+&!,-&2+!&':/#*''2'(&A!*+!),+(d(!,&!XQO!0&!6&((&!&2+A!&%(!6*7)2#2(/:&7&'(!&'#/6E/&!&'!4f OC!N2!

#&7/'$#2,/%2(/*'!0&!,2!72(/H#&!*#12'/B+&!&'!)#*L*'0&+#!#&,c6E&!0+!48OA!#$0+/%2'(!2/'%/!,&!jklO !0+!XQO!0&%!

&2+F! )#*L*'0&%! [I/1+#&! 44\C! Z#A! ),+%/&+#%! $(+0&%! *'(! 7*'(#$! B+&! ,&!jklO ! 0&%! (&%(%! 0&! L*#27/'/LH#&%!

0$)&'02/(!)#/'6/)2,&7&'(!0&!,2!%/1'2(+#&!/%*(*)/B+&!0+!XQO![jklO XQO\[&C1C!P#2E27!&(!2,CA!4p54!„!X+),&%%<!&(!

2,CA!4p5h!„!K6O*#6J,&!&(!2,CA!4pp9\C!!

!

/9mEKB)ZZ)@) 36E$72! %/7),/L/$! 0&%! 7$62'/%7&%! 6*'(#d,2'(! ,&!jklO ! 0+! 62#.*'&! /'* #12'/B+&! 0/%%*+%!

02'%! ,-*6$2'!=! )#*6&%%+%! ./*,*1/B+&%! ! [)E*(*%<'(EH%&! &(! #&%)/#2(/*'\A! 6/#6+,2(/*'! *6$2'/B+&A! $6E2'1&%!

*6$2' >2(7*%)EH#&!&(!*6$2'!./*%)EH#&!(&##&%(#&C!!

N2! 0/%(#/.+(/*'! 0+! jklO XQO! '-&%(! )2%! E*7*1H'&! 02'%! ,-*6$2'! )#*L*'0! &'! #2/%*'! 0&! ,2! 6/#6+,2(/*'!

*6$2'/B+&![v#**)'/6JA!4p5g\!=!,&%!&2+F!)#*L*'0&%!%&!L*#72'(!02'%!,-U(,2'(/B+&!W*#0!*'(!+'!jklO XQO!$,&:$!

6*##&%)*'02'(! @! 6&,+/! 0&%! &2+F! 0&! %+#L26&A! 72/%! ,&+#! (#2;&(! &'! )#*L*'0&+#! :&#%! ,&%! *6$2'%! 2+%(#2,! &(!

)26/L/B+&!6*'0+/(!@!+'!&'#/6E/%%&7&'(!&'!'+(#/7&'(%!&(!48O!&'!#2/%*'!0&!,2!#&7/'$#2,/%2(/*'!0&!,2!72(/H#&!

*#12'/B+&A!&(!0*'6!+'&!0/7/'+(/*'! )#*1#&%%/:&!0+!jklO XQOC!U/'%/A!+'&! )#&7/H#&!2)),/62(/*'!0+!jklO ! )&+(!

](#&! ,&! (#2”21&!0&! ,2! :&'(/,2(/*'!0&%!72%%&%!0-&2+FA!6&%!0&#'/H#&%!2<2'(!+'!jklO !0-2+(2'(! ), +%!L2/.,&!B+&!

,&+#!(&7)%!0&!#$%/0&'6&!&'!)#*L*'0&+#!2+#2!$($!,*'1C!

O*77&!'*+%!,-2:*'%!:+!),+%!E2+(A!,-*6$2'!&(!,-2(7*%)EH#&!$6E2'1&'(!0+!62#.*'&A!6&!0&#'/&#!$(2'(!%*+7/%!

$12,&7&'(! 2+! 6*+#%! 0&! 6&%! )#*6&%%+%! @! 0&%! $6E2'1&%! /%*(*)/B+&%C! W$2'7*/'%A! 6&%! $6E2'1&%! *'(! +'&!

/'L,+&'6&! ,/7/($&! 02'%! ,2! ),+)2#(! 0&%! #$1/*'%! *6$2'/B+&%! )2#! #2))*#(! 2+F! )#*6&%%+%! ./*,*1/B+&%! [@!

,-&F6&)(/*'!0&!,-*6$2'!U+%(#2,\A!&'!#2/%*'!0-+'!(&7)%!'$6&%%2/#&!@!2((&/'0#&!,-$B+/,/.#&!/%*(*)/B+&!&'(#&!,&%!

0&+F!6*7)2#(/7&'(%!./&'!),+%!/7)*#(2'( !B+&!,&!(&7)%!0&!#&'*+:&,,&7&'(!0&%!&2+F!0&!%+#L26&![G#*&6J&#!

2'0!K2/&#>T&/7&#A!4pp8!„!N<'6E>3(/&1,/(a!&(!2,CA!4ppg\C!"2#!6*'(#&A!,&%!:2#/2(/*'%!0&!%(*6J!&'!62#.*'&!0&!,2!

./*%)EH#&!6*'(/'&'(2,&! )&+:&'(!%/1'/L/62(/:&7&'(!2LL&6(&#! ,&! jklOXQO!,*#%A!)2#!&F&7),&A!0&! ,2! )#$%&'6&!0&!

1#2'0&%!62,*((&%!0&!1,26&!02'%!,-E$7/%)EH#&!W*#0!6*77&!2+!0&#'/&#!72F/7+7!1,26/2/#&C!N2!)#$%&'6&!0&!
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6&%! 62,*((&%! 2/'%/! B+&! ,2! L*#(&! 7*0/L/62(/*'! 0+! 6,/72(! *'(! 6*'0+/(! @! ,2! 0&%(#+6(/*'! 0-+'&! )2#(/&! 0&! ,2!

:$1$(2(/*'! 6*'(/'&'(2,&A! 1$'$#2' (! +'! (#2'%L&#(! 0&! 62#.*'&! /%*(*)/B+&7&'(! ,$1&#! [&'#/6E/! &'!48O\! 0&%!

6*'(/'&'(%!:&#%!,-*6$2'!&(!6*'0+/%2'(!@!+'!6E2'1&7&'(!0&!‚>9Ch“!&'(#&!,-26(+&,!&(!,&!72F/7+7!1,26/2/#&!

[K/6E&,!&(!2,CA!4ppg\C!

!

!

bAbA)129M6L6J9B);B)N26OFmR:B)@)opr3)

N-*F<1H'&!)*%%H0&!),+%/&+#%!/%*(*)&%!%(2.,&%!=!,&!4oZ!&%(!,&!),+%!2.*'02'(![ppCio8ˆ\A!%+/:/!)2#!45Z![9C8ˆ\!

&(!4i Z! [9C9f5ˆ\C! X&! ,2! 7]7&! 72'/H#&! B+&! )*+#! ,&!jklO A! &'! )2,$*6$2'*1#2)E/&A! *'! &F)#/7&! ,&! #2))*#(!

45Z_4oZ! )2#!#2)) *#(!@!+'!%(2'02#0! /'(&#'2(/*'2,A! ,&!3KZs! [3(2'02#0!K&2'!Z6&2'!s2(&#\! )*+#! ,-&2+!0&!

7&#!&(!,&!"XG!["&&!X&&!G&,&7'/(&\!)*+#!,&!62#.*'2(&!0&!62,6/+7!0&%!L*#27/'/LH#&%A!%&,*'!,2!'*(2(/*'!jkmZ!=!

! 

" 18Oc =

18O/16O( )
CaCO3

18O/16O( )
PDB

#1
$ 

% 

& 
& 

' 

( 

) 
) 

* 1000!! [45\ !

N-2'2,<%&!0+!jkmZ!%&!L2/(!%/7+,(2'$7&'(!@!6&,,&!0+!jklO C!N&!jkmZ!0&!,2!62,6/(&!0$)&'0!0&!6&,+/!0&!,-&2+!02'%!

,2B+&,,&! :/:&'(! ,&%! L*#27/'/LH#&%C! "2#! 2/,,&+#%A! ,2! 0/LL$#&'6&! 0&! 72%%&! &'(#&! ,&%! 0&+F! /%*(*)&%!4oZ! &(!45Z!

#$%+,(&!&'!+'! L#26(/*''&7&'(!&'(#&! /%*(*)&%! ,*#%!0&%!0/LL$#&'(&%! )E2%&%!0+!6<6,&!E<0#*,*1/B+&!=! ,*#%!0&!

,-$:2)*#2(/*'!0&!,-&2+!0&!7&#A!,2!:2)&+#!)#*0+/(&!:2!](#&!&'#/6E/!&'!4oZ!#&,2(/:&7&'(!@!,-&2+!*#/1/'&,,&C!X&!

,2!7]7&!72'/H#&A!,*#%!0+!(#2'%)*#(!0&%!72%%&%!0-2/#A!,2!6*'0&'%2(/*'!0&!,2!:2)&+#!0-&2+!:2!L2:*#/%&#!+'!

&'#/6E/%%&7&'(!&'! 4oZ! 0&! ,2! :2)&+#! )2#! )&#(&! 0&%! /%*(*)&%! ,*+#0%! 0&! ,-*F<1H'&! [B+/! :*'(!

)#$L$#&'(/&,,&7&'(! %&! #&(#*+:&#! 02'%! ,2! L#26(/*'! B+/! %&! 6*'0&'%&! )*+#! 0*''&#! ,-&2+! 0&! ),+/&\C! U/'%/A!

,*#%B+&! ,&%! 72%%&%! 0-2/#! 2##/:&'(! 2+F! )d,&%! *+! &'6*#&! 2+F! 1,26/&#%! 0&! .2%%&%! 2,(/(+0&%A! &,,&%! %*'(! (#H%!

2))2+:#/&%!&'!45ZA!2,*#%!B+&!,-&2+!0&!7&#!2!:+!%*'!./,2'!%-&'#/6E/#!0&!6&(!/%*(*)&A!&(!0*'6!)*%%H0&!+'!jkmZ!

),+%!$,&:$![ I/1+#&!48\C!N2!6*7)*%/(/*'!/%*(*)/B+&!0&!,-&2+!0&!7&#!0$)&'0!0*'6!0+!:*,+7&!0&%!1,26&%A!B+/!

:*'(!%$B+&%(#&#! ,&%! /%*(*)&%! ,$1&#%A!2/'%/!B+&!0&! ,2! .2,2'6&! ,*62,&!&'(#&!$:2)*#2(/*'!&(! )#$6/)/(2(/*'A!&(!

)&+(!0*'6!](#&!0/#&6(&7&'(!#&,/$!@!,2!%2,/'/($C!

!

!

!

!

!

!
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!

OcŽan
ANTARCTIQUE

Rayonne
ment
I.R 40 %

RŽchauffement 
par contact
(Chaleur sensible 
6%)

Evaporation
(Chaleur latente 
54%)

Vapeur d'eau

RAYONNEMENT SOLAIRE

Atmosph•re

PrŽcipitation

Condensation

Effet de serre

Condensation

Albedo
Impact radiatif

! 18O = 0 ä

! 18Ov = -13 ä

! 18Op = -3 ä

! 18Ov = -30 ä

! 18Op = -20 ä

! 18Ov = -60 ä

! 18Op = -50 ä

Fractionnement 
hors-Žquilibre

Fractionnement d'Žquilibre

Fractionnement 
hors-Žquilibre

Effet d'altitude

! 18Op = -7 ä

! 18Ov = -17 ä

Sublimation

Ecoulement

EQUATEUR

TRANSPORT DE CHALEUR

 
!

/9mEKB)Zb)@) I#26(/*''&7&'(%!/%*(*)/B+&%!0&!,-*F<1H'&!02'%!,&!6<6,&!E<0#*,*1/B+&C!

N2! 6*7)*%/(/*'! / %*(*)/B+&! 0&! ,-*F<1H'&! 0&%! 62#.*'2(&%! *6$2'/B+&%! [0*'(! 2+! )#&7/&#! 6E&L! ,&%!

L*#27/'/LH#&%\!:2!#&L,$(&#!6&,,&!0&!,-&2+!0&!7&#!02'%!,2B+&,,&!/,%!%&!0$:&,*))&'(A!0*''2'(!2/'%/!266H%!@!+'!

7*<&'!0-2))#$E&'0&#!,&%!:2#/2(/*'%!0+!6<6,&!E<0#*,*1/B+&!&(!0&%!6E2'1&7&'(%!1,26/2/#&%_/'(&#1,26/2/#&%!

02'%!,&!)2%%$C!W$2'7*/'%A!,&!%/1'2,!&%(!6*7),&F&!62#!,2!6*7)*%/(/*'!/%*(*)/B+&!02'%!,2!62,6/(&!'&!0$)&'0!

)2%!+'/B+&7&'(!0&!6&,,&!0&!,-&2+A!72/%!0$)&'0!$12,&7&'(!0&!,2!(&7)$#2(+#&A!6&!B+/!1$'H#&!$12,&7&'(!+'!

L#26(/*''&7&'(! /%*( *)/B+&! ,*#%!0&! ,-/'6*#)*#2(/*'! 0&! ,-*F<1H'&C!O&(!&LL&(!0&! ,2! (&7)$#2(+#&!&%(!&F)#/7$!

02'%!,-$B+2(/*'!0+!(E&#7*7H(#&!/%*(*)/B+&![&C1C!3E26J,&(*'A!4pih\!=!!

! 

T =16.9" 4.38(#18Oc " #18Osw) +0.1(#18Oc " #18Osw)2!! [4p\ !

U/'%/A!)*+#!#&6*'%(#+/#&!,&!jkmZ!0&!,-&2+!0&!7&#!&(!0*'6!&%(/7&#!,2!%2,/'/($A!/,!&%(!'$6&%%2/#&!%*/(!0-&%(/7&#!

,&%! :2#/2(/*'%! 0&! (&7)$#2(+#&! /'0$)&'0277&'(! 0&%! /%*(*)&%! 0&! ,-*F<1H'&A! 6*77&! )2#! &F&7),&! 2:&6! ,&!

K1_O2! 0&%! L*#27/'/LH#&%! ),2'6(*'/B+&%A! %*/(! 0-](#&! %`#! B+&! ,2! (&7)$#2(+#&! '&! :2#/&! )2%! 02'%! ,2! a*'&!

$(+0/$&![62%!0&%!L*#27/'/LH#&%!.&'(E/B+&%!02'%!6&#(2/'&%!a*'&%!0&!,-*6$2'!)#*L*'0!*M!,2!(&7)$#2(+#&!&%(!

)#*6E&!0+!)*/'(!0&!6*'1$,2(/*'!26(+&,,&7&'(!&(!'&!%2+#2/(!0*'6!](#&!.&2+6*+)!),+%!L2/.,&\C!

!

!
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bAcA)1B)J8N\6LGBK767RLKB)?m>08)

N&%! (&%(%! 0&! L*#27/'/LH#&%! 6*'(/&''&'(! 0/LL$#&'(%! $,$7&'(%! (#26&%A! 6*77&! ,&! K18• ! B+/! :2! )*+:*/#!

#&7),26&#! ,-/*'! 72;*#/(2/#&! O28• ! &'! %-/'($1#2'(! 02'%! ,&! #$%&2+! 6#/%(2,,/'C! Z#A! 6&((&! #$26(/*'! &%(!

&'0*(E&#7/B+&A!&(!&%(!0*'6! 6*'(#d,$&!)2#! ,2!(&7)$#2(+#&C!N-2+17&'(2(/*'!0&!,2!6*'6&'(#2(/*'!&'!K1! [&(!

0*'6! 0+! #2))*#(! K1_O2\! 2:&6! ,2! (&7)$#2(+#&![I/1+#&! 4f \! 2! $($! 0$7*'(#$! 02'%! 0&! '*7.#&+%&%! $(+0&%!

&LL&6(+$&%!%+#!0&%!6+,(+#&%!0&!L*#27/'/LH#&%A!0&%!L*#27/'/LH#&%!*.(&'+%!,*#%!0&!)]6E&%!2+!L/,&(!*+!02'%!0&%!

)/H1&%!@!)2#(/6+,&%!*+!&'6*#&!)#$,&:$%!02'%!0&%!%*77&(%!0&!62#*((&%![Wƒ#'.&#1!&(!2,CA!4ppo!„!N&2!&(!2,CA!

4ppp!„!?,0&#L/&,0!2'0!P2'%%&'A!8999!„!X&6J&'%!&(!2,CA!8998!„!U'2'0!&(!2,CA!899f\C!

!

/9mEKB)Zc)@) ?:*,+(/*' ! 0+! #2))*#(! K1_O2! 0&! ,2! 62,6/(&! 0&! 0/LL$#&'(&%! &%)H6&%! 0&! L*#27/'/LH#&%!&'!

L*'6(/*'!0&!,2!(&7)$#2(+#&!0&!62,6/L/62(/*'![U'2'0!&(!2,CA!899f\C!

N2!7&%+#&!0+!K1_O2!0&%!(&%(%!0&!L*#27/'/LH#&%!&'L*+/%!02'%!,&!%$0/7&'(!)&#7&(!2/'%/!0-&%(/7&#!,&%!)2,$*>

(&7)$#2(+#&%! )2#! ,&! ./2/%! 0&! ,-$B+2(/*'! =! K1_O2! [77*,_7*,\ŽG! &F)[U^\! 2:&6! U! &(! G! 6*'%(2'(&%!

&F)*'&'(/&,,&!&(!)#$>&F)*'&'(/&,,&!&(!^!,2!(&7)$#2(+#&!&'!•OC!!

W$2'7*/'%A!6&!)#*F<!&%(!%*+7/%!@!,-/'L,+&'6&!0&!,2!0/%%*,+(/*'!)2#(/&,,&!0&%!(&%(%!0&!L*#27/'/LH#&%!@!1#2'0&!

)#*L*'0&+#![&C1C!N*E72''A!4ppg!„!T*%&'(E2,A!8999\A!B+/!)&+(!1$'$#&#!+'!./2/%!%+.%(2'(/&,!0&!)2#!,2!%*+%>

&%(/72(/*'!0+!K1_O2!)*+#!,&%!#&6*'%(#+6(/*'%!0&!)2,$*>(&7)$#2(+#&%C!X&!),+%A!K2(E/&'>G2#0!&(!G2%%/'*(!

[899p\! *'(! 7*'(#$! B+&! ,2! %2,/'/($! /'L,+2/(! $12,&7&'(! %+#! 6&! )#*F<A! +'&! :2#/2(/*'! 0&! 4ˆ! 0&! ,2! %2,/'/($!

/'0+/%2'(! +'&! :2#/2(/*' ! 0&! ‚4Co•O! 0&! ,2! (&7)$#2(+#&! #&6*'%(#+/(&C! O&%! L26(&+#%! 6*7),&F/L/&'(! 0*'6! ! ,&%!

)2,$* >#&6*'%(#+6(/*'%!0&!(&7)$#2(+#&A!!72/%!/,!&%(!/'0/%)&'%2.,&!0&!,&%!)#&'0#&!&'!6*7)(&C!
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cA)!:):6EQB8E)LK8<BEK)m\6<G979^EB)@)NB)K8JJ6KL)=>08)

O&!(#26&+#!L2/(!,-*.;&(!0-+'!0$:&,*))&7&'(!),+%!/7)*#(2'(!B+&!6&+F!)#$%&'($%!),+%!E2+(!02'%!,2!7&%+#&!*M!

6-&%(!+'!(#26&+#!#$6&77&'(!0$:&,*))$!&(!B+-/,!6*'%(/(+&!,-*.;&(!)#/'6/)2,!0&!6&((&!(EH%&C!D&!)#$%&'(&A!/6/A!,&%!

.2%&%!6E/7/B+&%! )*+#!6*7)#&'0#&!6*77&'(! ,&!#2))*#(!G_O2!7&%+#$!%+#! ,&%!6*B+/,,&%!0&!L*#27/'/LH#&%!

'*+%!#&'%&/1'&!%+#!,2!6E/7/&!0&!,-*6$2'C!V'!6E2)/(#&!%)$6/L/B+&!0&!6&!7$7*/#&!%&#2!6*'%26#$A!),+%!,*/'A!@!,2!

7&%+#&!0+!#2))*#(!G_O2!&(!,&%!27$,/*#2(/*'%!2))*#($&%!)*+#!6&((&!7&%+#&!)&'02'(!7*'!(#2:2/,!0&!(EH%&!

0*6(*#2,&C!

!

cAZA)1B)S6KB);8:M)N26<\8:)BL);8:M)NBM)<8KS6:8LBM)S96m\:9^EBM)

X2'%! ,-*6$2'A! ,&! .*#&!&F/%(&!%*+%!0&+F!L*#7&%!0/%(/'6(&%A! ,-26/0&! .*#/B+&!G[ZS\f ! 0-+'&! )2#(A! ,-/*'! .*#2(&!

G[ZS\h• !0-2+(#&!)2#(A!0*'(!,&%!)#*)*#(/*'%!%*'(!0$)&'02'(&%!0+!)S![I/1+#&!8\C!N-$B+/,/.#&!&'(#&!6&%!0&+F!

L*#7&%!&%(!&F)#/7$!)2#!,2!6*'%(2'(&!vG!=!

!  

KB
* =

H +[ ] B(OH )4
Ñ[ ]

B(OH )3[ ]
!! [89\ !

U+! )S! 26(+&,!0&! ,-Z6$2'A! 6-&%(! ,-26/0&! .*#/B+&! B+/! &%(! 72;*#/(2/#&! )2#! #2))*#(! @! ,-/*'! .*#2(&C! N2!

6*'6&'(#2(/*'!&'!.*#&!(*(2,!0&!,-&2+!0&!7&#!)&+(!%-$6#/#&!=!

!  

BT = B(OH )3[ ]+ B(OH )4
Ñ[ ]! ! [84\ !

N&!(&7)%!0&!#$%/0&'6&!0+!.*#&!02'%!,-*6$2'!&%(!0&!,-*#0#&!0&!4h!K2![~&'1*%E!&(!2,CA!4pp4!„!N&72#6E2'0!&(!

2,CA! 8999\A! &(! %2! 6*'6&'(#2(/*'! (*(2,&!02'%! ,-*6$2'! *+:&#(!:2#/&! 0*'6! )#/'6/)2,&7&'(! 2:&6! ,2! %2,/'/($! %+#!

6&((&! $6E&,,&! 0&! (&7)%! [N&&! &(! 2,CA! 8949\C!U/'%/A! &'! 6*7./'2'(! [89\! &(! [84\! *'! )&+(! &F)#/7&#! ,2!

6*'6&'(#2(/*'! &'! /*'%! .*#2(&%! &'! L*'6(/*'! 0+! )S! [)#*(*'%! wS • {\A! 0&! ,2! 6*'6&'(#2(/*'! &'! .*#&! (*(2,&!

[L*'6(/*'!0&!3\A!&(!0&!,2!6*'%(2'(&!vG‹![L*'6(/*'!0&!^A!3!&(!"\!=!

!  

B(OH )4
Ñ =

BT

1+ H +[ ]/K B
*

!! [88\ !

S&77/'1!&(!S2'%*' ! [4pp8\ !*'(! )#*)*%$!+'!7$62'/%7&!0-/'6*#)*#2(/*'!0+! .*#&!02'%!,&%!./*62#.*'2(&%!

L*'0$! %+#! ,-E<)*(EH%&! B+&! %&+,! ,-/*'! .*#2(&! &%(! /'6*#)*#$! @! ,-/'($#/&+#! 0+! #$%&2+! 6#/%(2,,/'C! O&((&!

/'6*#)*#2(/*'!)&+(!%-&F)#/7&#!6*77&!%+/(!=!

! 

CaCO3 + B(OH)4
Ñ " Ca(HBO3) + HCO3

Ñ + H2O!! [8f \ !

O&((&!E<)*(EH%&!0-/'6*#)*#2(/*'!0&!,-/*'!.*#2(&!%&+,!&%(!.2%$&!%+#!,2!7&%+#&!0&%!/%*(*)&%!0+!.*#&C!N&!.*#&!

)*%%H0&!0&+F!/%*(*)&%!%(2.,&A!49G!&(!44GA!B+/!#&)#$%&'(&'( !#&%)&6(/:&7&'(!4pC58ˆ!&(!59C45ˆ!0+!.*#&!(*(2,!

[QV"UOA! 4pp5\C! Z#A! ,-26/0&! .*#/B+&! &%(! &'#/6E/! &'!44G! 6*7)2#$! 2+F!/*'%! .*#2(&%A! &(!&'! #2/%*'! 0-+'!!
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L#26(/*''&7&'(! /%*(*)/B+&! 6*'%(2'(! &'(#&! 6&%! 0&+F! &%)H6&%A! ,&+#! 6*7)*%/(/*'%! /%*(*)/B+&%! #&%)&6(/:&%!

%*'(! L*'6(/*' %!0+! )S! [S &77/'1!&(!S2'%*'A!4pp8 !„! }&&.&A!899g\[ L/1+#&!4h\C!N2!7&%+#&!0&%! /%*(*)&%!0+!

.*#&! 2! )&#7/%! 0&! 7*'(#&#! B+&! ,2! 6*7)*%/(/*'! /%*(*)/B+&! 0&%! ./*62#.*'2(&%!=! 4_%&! #2))#*6E&! 0&! ,2!

6*7)*%/(/*'!/%*(*)/B+&!0&!,-/*'!.*#2(&!%&+,![S&77/'1!&(!S2'%*'A!4pp8!„!!32'<2,!&(!2,CA!4ppo\A!&(!8_&:*,+&!

%/7+,(2'$7&'(! &(! 2:&6! ,2! 7]7&! )&'(&! B+&! ,-/*'! .*#2(&! &'! L*'6(/*'! 0+! )S! [32'<2,! &(! 2,CA! 4ppgA! 4ppo!„!

S…'/%6E!&(!2,CA!899iA!8995\C!O&%!0&+F!/'0/6&%!/'6/(&'(!0*'6!@!)&'%&#!B+&!6&!%*'(!./&'!,&%!/*'%!.*#2(&%!B+/!

%*'(!)#$L$#&'(/&,,&7&'(!/'6*#)*#$%!02'%!,&%!./*62#.*'2(&%C!

!

/9mEKB)Zn)@) O*7)*%/(/*'%! /%*(*)/B+&%! 0+!.*#&! 02'%! ,&%! &%)H6&%! 26/0&! .*#/B+&! &(! /*'! .*#2(&! &'!

L*'6(/*'!0+! )S! [v2J/E2'2!&(!2,CA!4pii\C!N&!#&6(2'1,&!1#/%$! /'0/B+&! ,&%!6*7)*%/(/*'%! /%*(*)/B+&%!0+! .*#&!

#&'6*'(#$&%!02'%!,&%!62#.*'2(&%!72#/'%!26(+&,%![S&77/'1!2'0!S2'%*'A!4pp8\C!

W$2'7*/'%A! 0&%! $(+0&%! #$6&'(&%! *'(! 7*'(#$! B+ -@! ,-/'($#/&+#! 0&%! 62#.*'2(&%! ./*1$'/B+&%A! &(! ),+%!

)2#(/6+,/H#&7&'(!0&!,2!62,6/(&A!+'&!)2#(/&!0+!.*#&!&%(!6**#0*''$ &!%*+%!%2!L*#7&!(#/1*'2,&![;+%B+-@!g9ˆ!0+!

.*#&!(*(2,\ !&(!'*'!%2!L*#7&!($(#2$0#/B+&A!/7),/B+2'(!+'&!)*%%/.,&!/'6*#)*#2(/*' !0-26/0&!.*#/B+&!,*#%!0&!,2!

62,6/L/62(/*'! [S&77/'1!&(!2,CA!4pp52„!v,*6EJ*!&(!2,CA!899p„!T*,,/*'>G2#0!&(!2,CA!8944\C!N-/'6*#)*#2(/*'!0+!

.*#&A!&(!0&!72'/H#&!),+%!1$'$#2,&!,2!62,6/L/62(/*'A!%*'(!0&%!)E$'*7H'&%!&F(#]7&7&'(!6*7),&F&%!B+/!:*'(!

0$)&'0#&! 0+! (<)&! 0&! 62#.*'2(&! [62,6/(&! *+! 2#21*'/(&\A! 0&! ,-&%)H6&! $(+0/$&A! *+! &'6*#&! 0&%! 6*'0/(/*'%!

&':/#*''&7&'(2,&%C! O&%! 7$62'/%7&%! 0&! 62,6/L/62(/*'! #&%(&'(! &'6*#&! 72,! 6*'(#2/'(%A! &(! 0&! '*7.#&+%&%!

B+&%(/*'%! %+.%/%(&'(A! 6*77&! )2#! &F&7),&! [4\! ,-&LL&(! 0&! ,-$,$:2(/*'! 0+! )S! 02'%! ,&%! :26+*,&%!0&%!

L*#27/'/LH#&%![X&!W**/;&#!&(!2,CA!899pA!T*,,/*'>G2#0!2'0!?#&aA!8949\!) *+#!L2:*#/%&#!,2!62,6/L/62(/*'A!*+![8\!

%-/,!&F/%(&!+'&!)#$L$#&'6&!0-2.%*#)(/*'!)*+#!,-&%)H6&!6E2#1$&!*+! '*'!6E2#1$&!:&#%!,&!%/(&!0&!62,6/L/62(/*'C!

K]7&! %/! 6&%! B+&%(/*'%! #&%(&'(! *+:&#(&%A! (*+(&%! ,&%! $(+0&%! )*#(2'(! %+#! ,2! 7&%+#&! 0&%! /%*(*)&%! 0&%!

62#.*'2(&%A! B+-/,%! %*/&'(! ./*1$'/B+&%! *+! /'*#12'/B+&%A! *'(! 7*'(#$! 6&((&! L*#(&! %/7/,/(+0&! &'(#&! ,&+#%!

%/1'2(+#&%!/%*(*)/B+&%!&(!6&,,&!0&! ,-/*'! .*#2(&C!U/'%/A!02'%! ,2!%+/(&!0&!6&!(#2:2/,A! '*+%! '*+%!.2%&#*'%!%+#!

,-E<)*(EH%&!0&!,-/'6*#)*#2(/*'!&F6,+%/:&!0&!,-/*'!.*#2(&!02'%!,&%!62#.*'2(&%C!
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!

cAbA)1B)K8JJ6KL)=>08);BM)_6K879:9_RKBM)@)E:)JK6OF)J6EK)NB)<F<NB);E)<8KS6:B);8:M)

N26<\8:)

O*77&!'*+%!:&'*'%!0&!,&!:*/#A!,&!)S!0&!,-&2+!0&!7&#!&(!,&%!%)$6/2(/*'%!0+!62#.*'&!/'*#12'/B+&!&(!0+!.*#&!

0/%%*+%!%*'(!$(#*/(&7&'(!,/$%C!N2!7&%+#&!0&!,2!B+2'(/($!0-/*'%!.*#2(&%!/'6*#)*#$&!2+!%&/'!0&!,2!62,6/(&!0&%!

L*#27/'/LH#&%A!),2'6(*'/B+&%!&(! .&'(E/B+&%A!*+:#&!0*'6! ,2! :*/&!2+!0$:&,*))&7&'(!0&! '*+:&2+F!(#26&+#%!

)*+#!#&6*'%(#+/#&!,&%!6E2'1&7&'(%!)2%%$%!0+!%<%(H7&!62#.*'&![r+!&(!2,CA!899i!„!r+!2'0!?,0&#L/&,0A!899i\!!

X2'%!,&!62%!0&%!L*#27/'/LH#&%!),2'6(*'/B+&%A!%/!,-*'!207&(!B+&!,-/'6*#)*#2(/*'!0+!.*#&!02'%!,2!62,6/(&!0-+'!

L*#27/'/LH#&!&%(!6*'(#d,$&!)2#!+'!6*&LL/6/&'(!2))2#&'(!0&!)2#(/(/*'!v XA!,-$B+2(/*'!8f!)&+(!%-$6#/#&!6*77&!=!

! 

KD =
HBO3

Ñ /CO3
2Ñ[ ]

CaCO3

B(OH)4
Ñ /HCO3

Ñ[ ]
seawater

!! [8h\ !

3/!,&!.*#&!'-&%(!/'6*#)*#$!02'%!,2!62,6/(&!B+&!%&,*'!,&!7$62'/%7&!0$6#/(!)2#!,-$B+2(/*'!8fA!,2!6*'6&'(#2(/*'!

&'! SGZf 8>! &%(! %(#/6(&7&'(! $12,&! @! ,2! 6*'6&'(#2(/*'! &'! $,$7&'(! .*#&! %&+,! 02'%! ,2! 62,6/(&C! X&! ),+%A! $(2'(!

0*''$! B+&! ,2! 62,6/(&! 0&%! L*#27/'/LH#&%! &%(! 6*'%(/(+$&! 0&!O2OZx! &(! B+&! ,2! 6*7),&F2(/*'! 0+! 62,6/+7! )2#!

0-2+(#&%! /*'%!B+&! ,&%! /*'%!62#.*'2(&%!02'%! ,&!#$%&2+!6#/%(2,,/'! '&!%&!L2/(!B+-@! ,-$(2(!0&! (#26&A! *'! )&+(!&'!

0$0+/#&!+'&!%&'%/.,&!$12,/($!&'(#&!,2!6*'6&'(#2(/*'!&'!/*'%!62#.*'2(&%!&(!,2!6*'6&'(#2(/*'!&'!/*'%!62,6/+7!

02'%! ,2!62,6/(&! [}&&.&!2'0!s*,L>P,20#*YA!8994A!r+!&(!2,CA!899i\C!Z'! )&+(!2/'%/!#&7),26&#! ,&! '+7$#2(&+#!

02'%!,-$B+2(/*'!84!)*+#!*.(&'/# !=!

!  

KD =
B /Ca[ ]

CaCO 3

B(OH )4
Ñ /HCO3

Ñ[ ]
seawat er

!! [8g\ !

%*/(!=!!

!  

B/Ca[ ]CaCO 3
= KD " B(OH )4

Ñ /HCO3
Ñ[ ]

seawat er
!! [8o\ !

Z#A!02'%! ,2!1277&!0&! :2#/2(/*'!0&!)S!0&! ,-*6$2'!26(+&,A!%*/(!&'(#&! iC5!&(!5CfA! ,&%!6*'6&'(#2(/*'%!&'! /*'%!

.*#2(&%!2+17&'(&'(!2:&6! ,&!)S!(2'0/%!B+&!6&,,&%!0&%!/*'%!./62#.*'2(&%!0/7/'+&'(! [L/1+#&!8\C!N&!#2))*#(!

wG[ZS\Œz! –! SOZxz{! :2#/&! 0*'6! 0&! 72'/H#&! )#*)*#(/*''&,,&! 2+! )SC! U/'%/A! %/! ,-*'! 6*''2—(! ,&! 6*&LL/6/&'(! 0&!

)2#(/(/*'!v XA!B+/!&%(!%)$6/L/B+&!@!+'&!&%)H6&!0&!L*#27/'/LH#&! [r+!&(!2,CA!899i!„! I*%(&#A!8995!„!U,,&'!&(!2,CA!

8944\! &(! %/! ,-*'! 2! 7&%+#$! ,&! G_O2! 02'%! ,&%! (&%(%! 0&! 6&((&! &%)H6&A! r+! &(! 2,! [899i\! *'(! 7*'(#$! B+-/,! &%(!

)*%%/.,&! 0&! #&6*'%(#+/#&! ,&! )S! 0&%! &2+F! 0&! %+#L26&! 02'%! ,&B+&,! %&! %*'(! 0$:&,*))$%! ,&%! L*#27/'/LH#&%!

$(+0/$%C!X&)+/%!,-$(+0&!/'/(/2,&!0&!r+!&(!2,CA!),+%/&+#%!2+(#&%!$(+0&%!*'(!+(/,/%$!6&((&!7$(E*0&!0&!7&%+#&!0+!

G_O2!)*+#!$:2,+&#!,&%!:2#/2(/*'%!0&!)2,$*>)S!%+#!0&%!)$#/*0&%!2,,2'(!0&!,2!0&#'/H#&!0$1,26/2(/*'! ;+%B+-@!

),+%/&+#%!7/,,/*'%!0-2''$&%![I*%(&#A!8995!„!^#/)2(/!&(!2,CA!899p!„!"2,7&#!&(!2,CA!8949\C!!
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"*+#!6&!B+/!6*'6&#'&!,&%!L*#27/'/LH#&%!.&'(E/B+&%A!r+!2'0!?,0&#L/&,0![899i\!*'(!$(+0/$!,&!#2))*#(!&F/%(2'(!

&'(#&!,&!G_O2!0&!),+%/&+#%!&%)H6&%!&(!,&%!)2#27H(#&%!0+!%<%(H7&!0+!62#.*'&!0&%!&2+F!0&!L*'0C!N&+#!$(+0&!

2!7*'(#$!B+&!,-+(/,/%2(/*'!0-+'!vX!%)$6/L/B+&!'-&%(!)2%!2)),/62.,&!2+F!L*#27/'/LH#&%!.&'(E/B+&%!62#A!/6/A!,&!

#2))*#(!G_O2!'-&%(!)2%!6*'(#d,$!+'/B+&7&'(!)2#!,&!#2(/*!wG[ZS\Œz!–!SOZxz{![&(!0*'6!)2#!,&!)S\A!&(!B+&!,&!vX!

'-$(2/(! ,/$! )2#! 2+6+'&! #&,2(/*'! %/7),&! @! ,-+'! 0&%! 0/LL$#&'(%! )2#27H(#&%! E<0#*1#2)E/B+&%! (&%($%!

[(&7)$#2(+#&A!)SA!XQOA!•OZxyz\C!r+!&(!?,0&L/&,0!*'(!0*'6!)#*)*%$!+'&!2))#*6E&!&7)/#/B+&!)&#7&((2'(!0&!

,/&#!,&!G_O2!0&%!L*#27/'/LH#&%!.&'(E/B+&%!@!,-+'!0&%!)2#27H(#&%!0+!%<%(H7&!62#.*'2(&C!Q,%!*'(!2/'%/!7/%!&'!

$:/0&'6&!0&%!#&,2(/*'%!,/'$2/#&%!,/2'(! ,&!G_O2!0&!),+%/&+#%!&%)H6&%!0&!L*#27/'/LH#&%!.&'(E/B+&%A!/%%+%!0&!

%*77&(%!0&!62#*((&!)#*:&'2'(!0&%!(#*/%!1#2'0%!.2%%/'%!*6$2'/B+&%A!@!,2!%2(+#2(/*'!&'!/*'!62#.*'2(&!0&%!

&2+F!0&!L*'0A! ,&!•OZxyz![I/1+#&!4g\C!O&!#$%+,(2(!&%(!0-+'&!6&#(2/'&!L2”*'!6*E$#&'(!2:&6!),+%/&+#%!$(+0&%!

2'($#/&+#&%! B+/! 2:2/&'(! 7*'(#$! B+&! ,2! %2(+#2(/*'! 0&%! &2+F! 0&! L*'0! /'(&#:&'2/(! 02'%! ,-/'6*#)*#2(/*'! 0&!

6&#(2/'%! $,$7&'(%! (#26&%! [K1A! }'A! O0! &(! N/\! 02'%! ,2! 62,6/(&! 0&%! L*#27/'/LH#&%! [T*%&'(E2,! &(! 2,CA! 899o!„!

K2#6E/((*!&(!2,CA!8999!A!899g!„!N&2#!2'0!T*%&'(E2,A!899o\C!

!

!

/9mEKB)Ze)@) O2,/.#2(/*'!&7)/#/B+&!0&!r+!&(!?,0&#L/&,0![899i\!7&((2'(!&'!$:/0&'6&!,2!#&,2(/*'!,/'$2/#&!

,/2'(!,&!#2))*#(!G_O2!0&!,-&%)H6&!G&1&,&.2&.(4!S/(''(04=20%&!&(!,2!%2(+#2(/*'!&'!/*'%!62#.*'2(&%!0&%!&2+F!0&!

L*'0C!N2!0#*/(&!'*/#&!#&)#$%&'(&!,2!#$1#&%%/*'!,/'$2/#&!*.(&'+&!%+#!,-&'%&7.,&!0&%!0*''$&%![G_O2Ž4C4h!F!

•OZxyz!•4iiC4\C!
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N-$(+0&!0&!r+!&(!?,0&#L/&,0![899i\!2!$12,&7&'(!7/%!&'!$:/0&'6&!,2!L*#(&!0/%)2#/($!0&!:2,&+#%!0&!G_O2!&'(#&!

,&%! 0/LL$#&'(&%! &%)H6&%! 0&! L*#27/'/LH#&%! .&'(E/B+&%! $(+0/$&%A! )&#7&((2'(! 2/'%/! 0&! €!%$,&6(/*''&#!•! ,&%!

&%)H6&%!@!$(+0/&#!&'!L*'6(/*'!0&!=!4_,&+#!#2))*#(!G_O2A!6&!0&#'/&#!$(2'(!0-2+(2'(!),+%!L26/,&!@!7&%+#&#!B+-/,!

&%(! 1#2'0! &(! 8_! ,&+#! %&'%/./,/($! 2+F! :2#/2(/*'%! 0&!•OZxyzA! +'&! %&'%/./,/($! ),+%! 1#2'0&! %/1'/L/2'(! +'&!

7&/,,&+#&! 0/LL$#&'6/2(/*'! 0&%! :2#/2(/*'%! ,*#%! 0&%! #&6*'%(#+6(/*'%! 0&!•OZxyzC! U/'%/A! ,&! #2))*#(! G_O2! 0&!

,-&%)H6&!G&1&,&.2&.(4!S/(''(04=20%&!7*'(#&!0-+'&! )2#(! ,&%! ),+%!E2+(&%! :2,&+#%!0&!G_O2!72/%!$12,&7&'(! ,2!

%&'%/./,/($! ,2! ),+%! 1#2'0&! 2+F! :2#/2(/*'%! 0&!•OZxyzC!Q,! 2! 0&! ),+%! ,-2:2'(21&! 0-](#&! +'! L*#27/'/LH#&!

$)/.&'(E/B+&!&(!%&#2!0*'6!7/&+F!@!7]7&!0&!#&)#$%&'(&#! ,&%!:2#/2(/*'%!0&!,-&2+!)#*L*'0&!%2'%!2:*/#!$($!

/'L,+&'6$! )2#! ,&%! 62#26($#/%(/B+&%! 0&%! &2+F! /'(&#%(/(/&,,&%C! N-+(/,/%2(/*'! 0+! G_O2! 0&%! L*#27/'/LH#&%!

.&'(E/B+&%! )&#7&(! 0&! #&6*'%(#+/#&! ,&!•OZxyz! &(! )&+(! 0*'6! 0*''&#! 0&%! /'0/62(/*'%! %+#! ,2! )*%/(/*'! 0&!

,-E*#/a*'!0&!%2(+#2(/*'A!,&%!6E2'1&7&'(%!0&!72%%&%!0-&2+!62#26($#/%$&%!)2#!0&%!'/:&2+F!0&!%2(+#2(/*'!),+%!

*+!7*/'%!E2+(![r+!&(!2,CA!8949!„!T2/(%6E!&(!2,CA!8944\A!&(!)&#7&(!$12,&7&'(!0&!B+2'(/L/&#!,&%!:2#/2(/*'%!0&!,2!

6*'6&'(#2(/*'!&' !/*'!62#.*'2(&!0&%!&2+F!)#*L*'0&%!2+!6*+#%!0+!(&7)%![r+!&(!2,CA!8949\C!

!

!

)
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)

)

)

)

)

)

)

)

)

)

)

)

)

)

)
!

!

!

!

!

!

!

!
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)
!

)

0G8J9LKB)##)@)-\QBN6JJB7B:L);B)N8)7BMEKB);E)=>08)8E)

1'0%)

)

#:LK6;E<L96:)

X2'%! ,&! .+(! 0&! 0$:&,*))&#! ,-2'2,<%&! 0+! G_O2! 2+! N3O?A! ;-2/! 6E*/%/! 0&! 0$72##&#! %+#! ,2!.2%&! 0&! 0&+F!

)#*(*6*,&%! )+.,/$%!)*+#! ,&%! L*#27/'/LH#&%! =! [4\! ,&! )#*(*6*,&! 0-2'2,<%&! 0&%! $,$7&'(%! (#26&%! 02'%! ,&%!

6*B+/,,&%!0&!L*#27/'/LH#&%!@!,-2/0&!0-+'!QO">K3!$(2.,/!)2#!r+!&(!2,C![899g\A!&(![8\!,&!)#*(*6*,&!0&!'&((*<21&!

0&%!L*#27/'/LH#&%!)*+#! ,-2'2,<%&!0&%!$,$7&'(%! (#26&%!0&! ,2!62,6/(&! )#*)*%$! )2#!G2#J&#!&(!2,C! [899f\C!O&%!

)#*(*6*,&%!0$6#/:&'(!0-+'&! )2#(! ,&%!$(2)&%!0&! '&((*<21&%! '$6&%%2/#&%!)*+#!€!0$)*,,+&#!•! ,&%!$6E2'(/,,*'%!

0&%! 6*'(27/'2'(%! B+/! )&+:&'(! %-<! /'($1#&#! 0+#2'(! ,2! %$0/7&'(2(/*'! *+! 2)#H%! 0$)d(A! &(! 0-2+(#&! )2#(!

,-/'L,+&'6&!0&!6&#(2/'%!)2#27H(#&%!6E/7/B+&%![$6E2'(/,,*'%\!*+!)E<%/B+&%![/'%(#+7&'(2(/*'\!/'L,+2'(!%+#!,2!

7&%+#&!0+!G_O2C!D-2/!$12,&7&'(!)#/%!&'!6*7)(&!,&%!(#2:2+F!2'2,<(/B+&%!0$;@!&'!),26&!2+!N3O?!6*'6&#'2'(!

,-2'2,<%&! )2#! QO">nK3! 0&%! $,$7&'(%! (#26&%! [/'6,+2'(! ,&! G_O2\! )*+#! ,&%! %)$,$*(EH7&%! *+! ,&%! 6*#2+F!

[X*+:/,,&!&(!2,CA!8949!„!G*+#0/'!&(!2,CA!8944!„!S2(E*#'&!&(!2,CA!&3!D0(DC\C!N2! )#&7/H#&!)2#(/&!0&!6&((&! (EH%&!

[‚48! 7*/%\! 2! 0*'6! 6*'%/%($! @! /7),$7&'(&#! 6&%! )#*(*6*,&%! 2+! N3O?! )+/%! @! &LL&6(+&#! +'! 6&#(2/'! '*7.#&!

0-&F)$#/&'6&%!)*+#!,&%!(&%(&#!&(A!,&!62%!$6E$2'(A!,&%!27$,/*#&#C!

X2'%!6&!6E2)/(#&A!'*+%!2,,*'%!'*+%!2((26E&#!@!0$(2/,,&#!),+%!)2#(/6+,/H#&7&'(=!!

4_!6*77&'(!%&!#$2,/%&!,-2'2,<%&!0&%!$,$7&'(%!(#26&%!0&%!(&%(%!0&!L*#27/'/LH#&%A!&(!),+%!)2#(/6+,/H#&7&'(!

)*+#! ,&! .*#&A! &'! (&#7&! 0&! 0/LL/6+,($%! 0-2'2,<%&A! 0&! )#/'6/)&! 0&! 7&%+#&! &(! 0&! 6*'L/1+#2(/*'! 0&! ,-2))2#&/,!

%&#:2'(!@!,2!7&%+#&„!!

8_!,&%!202)(2(/*'%!L2/(&%!2+!)#*(*6*,&!0-2'2,<%&!)*+#!7/&+F!6*'(#2/'0#&!,&!G_O2A!&'!(&#7&!0&!1&%(/*'!0&%!

.,2'6%A!0&%!%*,+(/*'%!0&!62,/.#2(/*'A!0&%!%(2'02#0%!&(!0&!(#2/(&7&'(!0&%!0*''$&%A!02'%!,&!.+(!0-2((&/'0#&!

+'&!7&/,,&+#&!#&)#*0+6(/./,/($C!

f_,&%! (&6E'/B+&%! &7),*<$&%! )*+#! ,2! )#$)2#2(/*'! 0&%! $6E2'(/,,*'%! 0&! L*#27/'/LH#&%A! 2:&6! ,&+#! ,2:21&! &(!

,-/'L,+&'6&!0&!6E26+'&!0&%!$(2)&%!B+/!,&!6*7)*%&„!!

h_!'*+%!(&#7/'&#*'%!)2#!0/%6+(&#!,&%!0*''$&%!0&!,-/'(&#6*7)2#2/%*'!&'!6*+#%!2:&6!,&!P*0Y/'!N2.*#2(*#<!

[O27.#/01&\!‡!,&!,2.*#2(*/#&!B+/!2!/'/(/$!,2!7&%+#&!0+!G_O2!%+#!,&%!6*B+/,,&%!0&!L*#27/'/LH#&%C!
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!

!

ZA)128:8NFMB);E)=>08)MEK)MJB<LK67RLKB);B)78MMB)#0*,V?' )

ZAZA)1B)=>08);BM)_6K879:9_RKBM)@);B)N8);9__9<ENL\);B)N28:8NFMB)

N2!7&%+#&!0+!.*#&!)#$%&'(&!),+%/&+#%!0/LL/6+,($%!B+-/,!&%(!&%%&'(/&,!0&!)#&'0#&!&'!6*7)(&!)*+#!*)(/7/%&#!

%*'!2'2,<%&C!U:2'(! (*+(A! ,&! .*#&!&%(!+'!$,$7&'(! )#$%&'(!02'%!0&! '*7.#&+F!72($#/2+FA!&'! ),+%!*+!7*/'%!

1#2'0&! 6*'6&'(#2(/*'C! Q,! &%(! '*(277&'(! )#$%&'(! 02'%! ,&%! :&##&%! .*#*%/,/62($%A! B+/! %*'(! &F(&'%/:&7&'(!

&7),*<$%! &'! ,2.*#2(*/#&! )*+#! ,&+#%! )#*)#/$($%! 0&! #$%/%(2'6&! 6E/7/B+&! &(! (E&#7/B+&C! O&((&! )2#(/6+,2#/($!

0-*7'/)#$%&' 6&!0+!.*#&!02'%!,2!),+)2#(!0&%!72($#/2+F!*.,/1&!@!,2!),+%!1#2'0&!6/#6*'%)&6(/*'!B+2'(!@!,2!

72(/H#&!0*'(!&%(!6*7)*%$!,&!72($#/&,!%&#:2'(!@!,2!7&%+#&!0+!G_O2C!U/'%/A!2L/'!0-$:/(&#!(*+(&!6*'(27/'2(/*'!

0+&!2+!72($#/&,A!)*+#!,2!7&%+#&!0+!G_O2!02'%!,&%!L*#27/'/LH#&%!'*+%!2:*'%!6E*/%/!0-+(/,/%&#A!(2'(!)*+#!,&!

'&((*<21&!B+&!)*+#!,2!7&%+#&A!0&%!72($#/2+F!/'&#(&%!:/%>@>:/%!0+!.*#&A!(&,%!B+&!,&%!),2%(/B+&%!^$L,*'˜ !"IU!

&(!I?"A!*+!,&!B+2#(a!&'!#&7),26&7&'(!0+!:&##&![6E27.#&!0&!'$.+,/%2(/*'!0&!,-QO">nK3\C!!
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†7*,_7*,! *+! 77*,_7*,! 0/#&6(&7&'(C! X2'%! ,&! .+(! 0&! :2,/0&#! '*%! 7&%+#&%! @! ,-2/0&! 0-+'! %(2'02#0!

/'(&#'2(/*'2,A! '*+%! 2:*'%! +(/,/%$! ,&! %(2'02#0! DO(>4A! 0*'(! ,&%! 6*'6&'(#2(/*'%! &'! $,$7&'(%! (#26&%! *'(! $($!

)+.,/$&%![ZJ2/!&(!2,CA!899h!„!S2#(E*'&!&(!2,CA!/'!)#&)C\C!O&!%(2'02#0!&%(!2'2,<%$!&(!(#2/($!0&!,2!7]7&!72'/H#&!

B+-+'!$6E2'(/,,*'A!&'(#&!f!&(!o!L*/%!)2#!%&%%/*'!0&!7&%+#&%!%&,*'!,&!'*7.#&!0!b$6E2'(/,,*'%C!Z'!62,6+,&!2,*#%!

,&!#2))*#(!&'(#&!,2!:2,&+#!)+.,/$&!0&!G_O2!&(!,2!7*<&''&!0&!6&,,&%!*.(&'+&%!,*#%!0&!,2!%&%%/*'!0&!7&%+#&A!

6&!#2))*#(!)&#7&((2'(!2/'%/!0&!7&((#&!'*%!$6E2'(/,,*'%!%+#!,2!7]7&!$6E&,,&!B+&!,2!:2,&+#!0&!G_O2!)+.,/$&!

[ I/1+#&!8g\C!

!

/9mEKB)be)@) Q,,+%(#2(/*'! 0&! ,-&LL&(! 0+! (#2/(&7&'(! 0&! 0*''$&%! %+#! +'! $6E2'(/,,*'! L/6(/L! 2:&6! +'! G_O2!

$B+/:2,&'(!@!6&,+/!0+!%(2'02#0!DO(>4A!7&%+#$!p!L*/%!2+!6*+#%!0-+'&!%&%%/*'!0&!7&%+#&A!&'!%+))*%2'(!+'&!

0$#/:&!6*'%(2'(&!;+%B+-@!>49ˆ!2LL&6(2'(!.,2'6%!&(!$6E2'(/,,*'C!N2!%*+%(#26(/*'!0+!.,2'6!2+F!0*''$&%!.#+(&%!

[0#*/(&!2+F!)*/'(/,,$%!L/'%\!0/7/'+&!,2!:2,&+#!0&%!0*''$&%!7&%+#$&%![0#*/(&!)*/'(/,,$&\A!)+/%!,2!6*##&6(/*'!

0&!0$#/:&!2:&6!,&!%(2'02#0!DO)>4!)&#7&(!0&!6*7)&'%&#!,2!0$#/:&!726E/'&!)*+#!*.(&'/#!0&%!:2,&+#%!%(2.,&%!

[0#*/(&!.,&+&\C!?'L/'A!,&!%(2'02#0!D6(>4!)&#7&(!0&!#27&'&#!,&%!:2,&+#%!)2#!#2))*#(!@!,2!:2,&+#!0&!%(2'02#0!

/'(&#'2(/*'2,&7&'(!62,/.#$![0#*/(&!#*+1&\C!

!

!

!

!
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cA)*K\J8K8L96:);BM)\<G8:L9NN6:M)BL)9:LBK<67J8K89M6:)8QB<)NB)P6;IF:)

18S6K8L6KF)U087SK9;mB)!:9QBKM9LFW)

X2'%!,2!)2#(/&!)#$6$0&'(&!'*+%!2:*'%!:+!6*77&'(!'*+%!2:*'%!202)($!,2!)#*(*6*,&!0&!7&%+#&!0-$,$7&'(%!

(#26&%! 0+! N3O?! 2L/'! 0&! )*+:*/#! ,-202)(&#! @! ,2! 7&%+#&%! 0&%! $,$7&'(%! (#26&%! 0&%! L*#27/'/LH#&%A! &(! ),+%!

)2#(/6+,/H#&7&'(! ,&!#2))*#(!G_O2C!W$2'7*/'%A!,-2'2,<%&!0&%!$,$7&'(%!(#26&%!0&!,2!62,6/(&!0&!L*#27/'/LH#&!

'&! )&+(! %&! L2/#&! %2'%! '&((*<21&! )#$2,2.,&C! X2'%! 6&((&! )2#(/&! '*+%! 2,,*'%! 7*'(#&#! 6*77&'(! '*+%! 2:*'%!

202)($! ,&!)#*(*6*,&!0&! '&((*<21&!)#*)*%$!)2#!G2#J&#!&(!2,C! [899f\!2+!N3O?A!2/'%/!B+&!,&%!/'L,+&'6&%!B+&!

)&+:&'(!2:*/#!,&%!0/LL$#&'(&%!$(2)&%!0&!6&!)#*(*6*,&!%+#!,&!G_O2C!W*+%!(&#7/'&#*'%!)2#!,&%!0*''$&%!/%%+&%!

0-+'!0$.+(!0-/'(&#6*7)2#2/%*'!2:&6! ,&! ,2.*#2(*/#&!0&!O27.#/01&A!B+/!L`(! ,&! )#$6+#%&+#!02'%! ,-2'2,<%&!&(!

,-+(/,/%2(/*'!0+!G_O2!0&%!L*#27/'/LH#&%C!

!

cAZA)*K6L6<6NB);B):BLL6F8mB)@);BM<K9JL96:)

N&! )#*(*6*,&! +(/,/%$! )*+#! ,&! '&((*<21&! 0&%! $6E2'(/,,*'%! &%(! 0$#/:$! 0+! )#*(*6*,&! 0&! '&((*<21&! )*+#! ,2!

7&%+#&!0&%!$,$7&'(%!(#26&%!0&%!L*#27/'/LH#&%!$(2.,/!)2#!G2#J&#!&(!2,C![899f\C!O&!'&((*<21&!%-&LL&6(+&!%*/(!

&'!%2,,&!.,2'6E&!%*/(!%*+%!+'&!E*((&!@!L,+F!,27/'2/#&!&'!%+#)#&%%/*'!)*+#!$:/(&#!+'&!6*'(27/'2(/*'!)2#!,&%!

)*+%%/H#&%!&'!%+%)&'%/*'!02'%!,-2/#A!@!,-2/0&!0-+'!72($#/&,!)#$2,2.,&7&'(!,2:$!)2#!(#&7)21&!02'%!0&!,-26/0&!

SWZf !49ˆA!)+/ %!#/'6$!@!,-&2+!+,(#2)+#&!&(!%$6E$!02'%!+'&!$(+:&C!Q,!6*7)*#(&!B+2(#&!1#2'0&%!$(2)&%C!O&%!

$(2)&%! %*'(! 0$6#/(&%! .#/H:&7&'(! 6/>0&%%*+%A! &(! ,&! ,&6(&+#! /'($#&%%$! (#*+:&#2! ,&%! 0&%6#/)(/*'%! 0$(2/,,$&%!

[72($#/&,A!&(6CC\!&'!U''&F&!4C!

>!Z>)*9^E8mB);BM)_6K879:9_RKBM)=!6&((&!)E2%&!0$.+(&!)2#!,&!(27/%21&!0+!%$0/7&'(!@!4g9!†7!2:&6!0&!,-&2+!

)&#7+($&A!%+/:/&!0-+'!%$6E21&!@!g9•O!)&'02'(!8hEA!)+/%!0+!)/B+21&!0&%!L*#27/'/LH#&%!02'%!+'&!1277&!0&!

(2/,,&!#&%(#&/'(&!202)($&!@!,-&%)H6&!B+&!,-*'!:&+(!%$,&6(/*''&#![&FC!(<)/B+&7&'(!8g9>f4g!†7!)*+#!,-&%)H6&!

),2'6(*'/B+&! R'21&:(0&32&.(4! 0/1(0\C! Q,! &%(! 6#+6/2,! 0&! ./&'! 0$L/'/#! ,-&%)H6&! &(! ,2! 1277&! 0&! (2/,,&A! 62#! ,&!

#2))*#(!G_O2!:2#/&!0-+'&!&%)H6&!@!+'&!2+(#&A!&(!)&+(!$12,&7&'(!:2#/&#!0-+'&!1277&!0&!(2/,,&!@!+'&!2+(#&!

[W/!&(!2,CA!899i!„!r+!&(!2,CA!899i\C!X&!7]7&A!,&!G_O2!)&+(!:2#/&#!L*#(&7&'(!0-+'!7*#)E*(<)&!0&!L*#27/'/LH#&!

@! +'! 2+(#&! [T2&! &(! 2,CA! 8944\A! 6&! B+/! )&+(! 02'%! ,&! 62%! 0&%! L*#27/'/LH#&%! .&'(E/B+&%! 0&:&'/#! +'&! L*#(&!

6*'(#2/'(&! 0&! )2#! ,&+#! #&,2(/:&! #2#&($! 02'%! ,&! %$0/7&'(C! N-*.;&6(/L! 0+! )/B+21&! &%(! 0-*.(&'/#! +'&! 72%%&!

%+LL/%2'(&! 0&! 62,6/(&! )*+#! 2((&/'0#&! ,2! 6*'6&'(#2(/*'! 0&! 499! ))7! 0&! 62,6/+7! ,*#%! 0&! ,-2'2,<%&C!

^<)/B+&7&'(A! ! /,! &%(! )#$L$#2.,&! 0-*.(&'/#! &'(#&! f99! &(! h99! †1! 0&! 62,6/(&A! 7]7&! %-/,! &%(! )*%%/.,&! 0&!

0&%6&'0#&!;+%B+-@!0&%!72%%&%!7/'/72,&%!0&!,-*#0#&!0&!4g9!†1C!3+/(&!2+!)/B+21&A!,&%!(&%(%!0&!L*#27/'/LH#&%!

%*'(!0$,/62(&7&'(!%&##$%!&'(#&!0&+F!),2B+&%!0&!:&##&A!%*+%!,*+)&!./'*6+,2/#&A!2L/'!0&!L#26(+#&#!&(!0-*+:#/#!

,&+#! ,*1&%A!)&#7&((2'(!2/'%/!+'! '&((*<21&!),+%!)&#L*#72'(C!N*#%!0+!6#+%E/'1A! ,&%!),+%!1#*%%&%!/7)+#&($%!

6*77&!,&%!1#2/'%!0&!%/,/6&!)&+:&'(!](#&!#&(/#$%!%/!6&+F>6/!%*'(!:/%/.,&%C!N&%!7*#6&2+F!0&!(&%(%!%*'(!&'%+/(&!

),26$%!02'%!0&%!7/6#*>(+.&%!?))&'0*#L!0&!g99†,!)*+#!,&!,2:21&!)#*)#&7&'(!0/(C!

!
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>!b>)&BLK89L);BM)8Km9NBM)=!2+!6*+#%!0&!6&((&!$(2)&A!*'!2;*+(&!0&!,-&2+!+,(#2)+#&!@!,-$6E2'(/,,*'A!&2+!0*'(!*'!

#&(/#&!+'&!1#2'0&!)2#(/&!&'%+/(&!&'!'&!,2/%%2'(!B+&!)&+!0&!,/B+/0&!%+#'21&2'(C!N-$6E2'(/,,*'!&%(!2,*#%!),26$!

02'%! +'! .2/'! 0-+,(#2%*'%! 2L/'! 0&! 0$6*,,&#! ,&%! )2#(/6+,&%! 0-2#1/,&%!0&! ,2! 62,6/(&! 0&%! L*#27/'/LH#&%C!

N-$6E2'(/,,*'!&%(!&'%+/(&!#2)/0&7&'(!0/,+$!)2#!0&!,-&2+C!N2!0/LL$#&'6&!0&!72%%&!&'(#&!7*#6&2+F!0&!62,6/(&!

&(! 2#1/,&%! )&#7&(! +'&! 0/LL$#&'6/2(/*'! )2#! :/(&%%&! 0&! %$0/7&'(2(/*'!=! ,2! 62,6/(&! %$0/7&'(&! #2)/0&7&'(A!

(2'0/%!B+&! ,&%!2#1/,&%!#&%(&'(!&'!%+%)&'%/*'A!6&!B+/! )&#7&(!0&! ,&%!&F(#2/#&!@!,-$6E2'(/,,*'!&'!&',&:2'(! ,2!

72;&+#&!)2#(/&!0&!,-&2+!%+#'21&2'(!02'%!,-$6E2'(/,,*'!@!,-2/0&!0-+'&!7/6#*>)/)&((&C!O&((&!$(2)&!&%(!#$/($#$&!

g!@!o!L*/%![%&,*'!,2!#/6E&%%&!/'/(/2,&!0&!,-$6E2'(/,,*'!&'!2#1/,&%\!@!,-2/0&!0-&2+!+,(#2)+#&A!)+/%!*'!(&#7/'&!)2#!

8!,2:21&%!@!,-2/0&!0-$(E2'*,!B+/!)&#7&(!0&!0$(26E&#!,&%!2#1/,&%!,&%!),+%!#$62,6/(#2'(&%C!!

>! c>! %N979:8L96:) ;B) N8) 78L9RKB) 6Km8:9^EB) BL) NB8<G9:m=! 2)#H%! ,&%! 2#1/,&%! %&! )*%&! ,&! )#*.,H7&! 0&!

,-$,/7/'2(/* '! 0&! ,2! 72(/H#&! *#12'/B+&A! *#/1/'2/#&! 0&%! L*#27/'/LH#&%! &+F>7]7&%! &(_*+! 0$)*%$&! 2)#H%!

%$0/7&'(2(/*'!0&%!(&%(%!%+#!,&!L*'0!0&!,-*6$2'C!O&((&!72(/H#&!*#12'/B+&!&%(!*F<0$&!@!6E2+0![499•OA!02'%!

+'!.2/' >72#/&\!@!,-2/0&!0-+'&!%*,+(/*'!0&!S8Z8A!(27)*''$&!)2#!0&!, 2!%*+0&!2L/'!0-$:/(&#!+'!&F6H%!0-26/0/($!

B+/! )*+##2/(! 0/%%*+0#&! )2#(/&,,&7&'(! ,2! 62,6/(&C! O&((&! $(2)&! 0+#&! ‚!4g7'! [49! 7'! 02'%! ,&! .2/' >72#/&A!

&'(#&6*+)$%A!(*+(&%!,&%!8Ag!7'A!)2#!+'&!21/(2(/*'!0&%!(+.&%!)*+#!)&#7&((#&!0-$,/7/'&#!,&%!.+,,&%!0&!OZ8!B+/!

%&! %*'(! L*#7$&%! &(! )*+##2/&'(! /%*,&#! ,-$6E2'(/,,*'! 0&! ,2! %*,+(/*'! *F<02'(&\C! O&((&! $(2)&! 0-*F<02(/*'! &%(!

#$)$($&!),+%/&+#%!L*/%!%/!'$6&%%2/#&A!;+%B+-@!(*(2,&!0/%)2#/(/*'!0&%!.+,,&%!0&!OZ8!0$121$&%!)2#!,-*F<02(/*'!

0&!,2!72(/H#&!*#12'/B+&A!)+/%!,-$6E2'(/,,*'!&%(!#/'6$!@!,-&2+!)+/%!(#2'%L$#$!02'%!+'!'*+:&2+!7/6#*(+.&A!+'!

^#&LL,2.!"OT>̂ +.&!0&!g99!†NC!O&!(#2'%L&#(!02'%!+'!'*+:&2+!7/6#*(+.&!2!0&+F!.+(%!)#/'6/)2+F=!$:/(&#!+'&!

)*%%/.,&!6*'(27/'2(/*'!0+&!@!,-$(2)&!0-*F<02(/*'!B+/!)&+(!&'0*7721&#!,2!%(#+6(+#&!0&%!(+.&%!&'!#2/%*'!

0&%! E2+(&%! (&7)$#2(+#&%! 2((&/'(&%A! 72/%! 2+%%/! )&#7&((#&! 0&! #&(/#&#! 0&! )*(&'(/&,%! 1#2/'%! 0&! %/,/6&%! B+/!

'-2+#2/(!)2%!$($!:+!,*#%!0+!6#+%E/'1![02'%!+'&!6*+)&,,&!2:&6!0&!,-&2+A!%*+%!./'*6+,2/#&\A!&(!B+/!%*'(!2,*#%!

./&'!),+%!:/%/.,&%!0&!)2#!,&+#!6*,*#2(/*'!)2#!#2))*#(!2+F!7*#6&2+F!0&!62,6/(&!(#H%!.,2'6%C!

G*<,&! 2'0! v&/1Y/'! [4p5g\! *'(! $12,&7&'(! )#*)*%$! 0-2;*+(&#! +'&! $(2)&! #$0+6(#/6&! %+)),$7&'(2/#&! )*+#!

,-2'2,<%&!0-$,$7&'(%!(#26&%!6*77&!,&!6207/+7!*+!,&!.2#/+7A!2L/'!0b$,/7/'&#!,&%!&'6#*`(&7&'(%!0-*F<0&%!

B+/!)&+:&'(!](#&!)#$%&'(%!@!,2!%+#L26&!0&!,2!62,6/(&C!W$2'7*/'%A!6&((&!$(2)&!/'0+/(!+'&!0/%%*,+(/*'!)2#(/&,,&!

0&! ,2! 62,6/(&! 0&! )2#! ,&%! #$26(/L%! &7),*<$%! [7$,2'1&! E<0#2a/'&_26/0&! 6/(#/B+&! (27)*''$! )2#! 0&!

,-277*'/26\A!&(!)&+(!0*'6!1$'$#&#!+'!./2/%!%+#!,2!7&%+#&!0-2+(#&%!$,$7&'(%!(#26&%!6*77&!,&!721'$%/+7!

[G#*Y'!2'0!?,0&#L/&,0A!4ppo!„!T*%&'(E2,!&(!2,CA!8999\! *+! ,&! .*#&! [:*/#!6E2)/(#&!QQQ!0&!6&((&! (EH%&\C!W*+%!

2:*'%!0*'6!0$6/0$!0&! '&!)2%!/'($1#&#!6&((&!)E2%&!#$0+6(#/6&!02'%! '*(#&!)#*(*6*,&!0&! '&((*<21&A!(*+(!&'!

6*' (#d,2'(! ,&! '/:&2+!0&!K'_O2A!+'! /'0/62(&+#!0&%!&'6#*+(&7&'(%!62,6/(/B+&%A!%+#!6E2B+&!$6E2'(/,,*'C!N2!

0&#'/H#&! $(2)&! 0+! ,2:21&! 6*'%/%(&! &'! +'! ,&%%/:21&! 0&! %+#L26&! 0&! ,2! 62,6/(&! [,&26E/'1\! )2#! +'! 26/0&!

L2/.,&7&'(!6*'6&'(#$A!SWZf !9A994WC!O&!(#&7)21&!0&%!(&%(%!02'%!+'!26/0&!(#H%!0/,+$!)&#7&(!0-+'&!)2#(!0&!

'&((*<&#!,&%!)*%%/.,&%!6*'(27/'2'(%!/'(#*0+/(%!,*#%!0&%!$(2)&%!)#$6$0&'(&%A!72/%!)#*:*B+&!$12,&7&'(!+'&!

,$1H#&!0/%%*,+(/*'!)2#(/&,,&!0&!,2!%+#L26&!0&!,2!62,6/(&!B+/!)&#7&(!0&!#&(/#&#!,&%!)*(&'(/&,%!0$)d(%!0&!62,6/(&!

%&6*'02/#&A! #/6E&%! &'! 721'$%/+7! &(! 0*'6! ),+%! %&'%/.,&%! @! ,2! 0/%%*,+(/*'A! L*#7$%! )2#! 0/21&'H%&! 02'%! ,&!

%$0/7&'(! [T*%&'(E2,! &(! 2,CA! 8999!„! S*:&#! &(! 2,CA! 8994!„! G*+%%&((2! &(! 2,CA! 8944\C! O&! ,&26E/'1! '&! 0+#&! B+&!

(#&'(&! %&6*'0&%! @! +'&! 7/'+(&A! 72F/7+7C! N&%!$6E2'(/,,*'%! %*'(! &'%+/(&! #/'6$%! ),+%/&+#%! L*/%! @! ,-&2+!

+,(#2)+#&! )*+#! %(*))&#! ,2! 0/%%*,+(/*'! )2#(/&,,&! /'0+/(&! )2#! ,-26/0&A! )+/%! 6*'%&#:$%! 02'%! +'! :*,+7&!
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7/'/7+7!0-&2+!)+#&![(<)/B+&7&'(!g!@!49!†N\A!6&!B+/!)&#7&(!0&!,/7/(&#!,&!#/%B+&!0&!#$26(/*'%!6E/7/B+&%!&(!

)&#7&(! 2/'%/! 0&! )*+:*/#! 6*'%&#:&#! ,-$6E2'(/,,*'! ,*'1(&7)%A! )*+#! ,&! 62%! *M! ,&%! 2'2,<%&%! '&! %*'(! )2%!

)#*1#277$&%!0/#&6(&7&'(!2)#H%!,2!)E2%&!0&!'&((*<21&C!

>!n>)-9MM6NEL96:);B)N2\<G8:L9NN6:)=!,2!0/%%*,+(/*'!0&!,-$6E2'(/,,*'!&%(!,2!0&#'/H#&!$(2)&!2:2'(!,-2'2,<%&!%+#!

%)&6(#*7H(#&! 0&! 72%%&C! O&((&! $(2)&! 0*/(! ](#&! &LL&6(+$&! ,&! ;*+#! 7]7&! 0&! ,-2'2,<%&A! 2L/'! 0-$:/(&#! (*+(&!

6*'(27/'2(/*'!)&'02'(!,&!%(*6J21&!,/$!)2#!&F&7),&!2+!#&,2#1+21&!)#*1#&%%/L!0-$,$7&'(%!)2#!,&!7/6#*(+.&!

2+!6*'(26(!0&!,-26/0&!0&!0/%%*,+(/*'C!N-$6E2'(/,,*'!&%(!0/%%*+%!02'%!+'!:*,+7&!)#$0$L/'/!0-26/0&!SWZf !9A4WC!

Z'!+(/,/%&!fg9!†N!0-26/0&!)*+#!,&%!$6E2'(/,,*'%!0&!(2/,,&!€!%(2'02#0!•![%*/(!&':/#*'!f99 >h99!†1!0&!62,6/(&\A!

72/%!*'!+(/,/%&!%&+,&7&'(!8g9!†,!0-26/0&!)*+#!,&%!$6E2'(/,,*'%!),+%!)&(/(%![4g9>899!†1\A!2L/'!0-2%%+#&#!+'&!

6*'6&'(#2(/*'!%+LL/%2'(&!&'!$,$7&'(%!0/%%*+%C!XH%!,*#%!B+&!(*+(&!,2!62,6/(&!&%(!0/%%*+(&!&(!B+&!,&%!$7/%%/*'%!

0&!OZ8!*'(!6&%%$A!,-$6E2'(/,,*'!&%(!6&'(#/L+1$!)&'02'(!8!7'!@!49999!(*+#%_7'A!)+/%!f99†N![8f9!†N!)*+#!
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N2.*#2(*#<A!)#*;&(!B+/!&%(!(*+;*+#%!26(+&,,&7&'(!&'!6*+#%C!O&((&!/'(&#6*7)2#2/%*'!&%(!7&'$&!&'!7&%+#2'(!

0&%! #$),/B+&%! 0&! ),+%/&+#%! $6E2'(/,,*'%! 0&! L*#27/'/LH#&%! ),2'6(*'/B+&%! &(! .&'(E/B+&%! 02'%! 6E26+'! 0&%!

0&+F!,2.*#2(*/#&%A!2/'%/!B+&!0&%!%*,+(/*'%!0&!62,/.#2(/*'!0&%!,2.*#2(*/#&%!#&%)&6(/L%!&(!,&%!%(2'02#0%!DO)>4!

&(!DO(>4C!

",+%/&+#%! %/7/,/(+0&%! &(! 0/LL$#&'6&%! 02'%! ,&! )#*(*6*,&! 0-2'2,<%&! 0+! G_O2! &F/%(&'(! &'(#&! ,&! N3O?! &(! ,&!

P*0Y/'!N2.*#2(*#<C!?,,&%!%*'(!#$%+7$&%!02'%!,2!(2.,&!%+/:2'(&![(2.,&!g\C!
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!

(8SNB)e)@ !X/LL$#&'6&%!72;&+#&%!&F/%(2'(!&'(#&!,&!N3O?!&(! ,&!P*0Y<'!N2.*#2(*#<!)*+#! ,-2'2,<%&!0+!

G_O2C!

N&%! )#&7/&#%! #$%+,(2(%! 0+! (#2:2/,! 0-/'(&#>6*7)2#2/%*'! [(2.,&! o\! *'(! 7*'(#$! +'! *LL%&(! %<%($72(/B+&! 0&!

,-*#0#&!0&!•g!†7*,_7*,! [‚oˆ\!2+!N3O?A!%+#!+'!%&(!0&!L*#27/'/LH#&%!),2'6(*'/B+&%!R*!4$,,/'&%(0A!7&%+#$!

02'%! 0&%! %*77&(%! 0&! 62#*((&%! /%%+%! 0&! ,2! 3/&##2! N&*'&! T/%&! [:*/#! 6E2)/(#&! QQQ! )*+#! ),+%! 0&! 0$(2/,%\C! X&!

7]7&A! ,2! 7&%+#&! 0-+'&! #$),/B+&! 0&! ,-&%)H6&! 0&! L*#27/'/LH#&! ),2'6(*'/B+&!R*! 0/1(0!/%%+&! 0-+'! %2.,&! @!

L*#27/'/LH#&%! 2! 7/%! &'! $:/0&'6&! +'! *LL%&(! $B+/:2,&'(A! 0&! ‚hˆC! "2#! 6*'(#&A! ,2! 7&%+#&! 0&! #$),/B+&%! 0&!

B+&,B+&%! $6E2'(/,,*'%! 0&! L*#27/'/LH#&%! .&'(E/B+&%! 0&! ,-&%)H6&!G*! S/(''(04=20%&! 0&%! 7]7&%! %*77&(%! 0&!

62#*((&%!2!7*'(#$!+'&!(#H%!.*''&!6*E$#&'6&!&'(#&!,&%!0&+F!%&(%!0&!0*''$&%A!2:&6!+'!0$62,21&!7*<&'!0&!

‚4ˆ!B+/!&%(!/'L$#/&+#!@!,2!#&)#*0+6(/./,/($!7*<&''&A!&(!0*'6!'*'!%/1'/L/62(/LC!!

!

W*+%!2:*'%!6E&#6E$!0&%!&F),/62(/*'%!@!6&(!*LL%&(!%<%($72(/B+&!0&%!L*#27/'/LH#&%!),2'6(*'/B+&%C!N-2'2,<%&!

0&!'*%!%*,+(/*'%!0&!62,/.#2(/*'!@!O27.#/01&!2!0*''$!0&%!:2,&+#%!0&!G_O2!/'L$#/&+#&%!0-&':/#*'!f†7*,_7*,!

@!6&,,&%!62,6+,$&%!%+/(&!@!,&+#!)#$)2#2(/*'!1#2:/7$(#/B+&C!O&6/!)&+(!](#&!0`!@!,2!0/LL$#&'6&!&F/%(2'(&!&'(#&!

,&%!0&+F!2))2#&/,%!0&!7&%+#&!+(/,/%$%A!B+/! '-*'(! )2%! ,&%!7]7&%! )#*)#/$($%!&'! (&#7&!0&!%&'%/./,/($!&(!0&!

%(2./,/($A!&(!)&#7&(!0-&F),/B+&#!+'&!)2#(/&!0&!,-*LL%&(!*.%&#:$A!7]7&!%/!,&%!#2/%*'%!0&!6&((&!0/LL$#&'6&!%*'(!

&'6*#&!@!$6,2/#6/#C!!

!
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!

(8SNB)k)@ K&%+#&%!0&!G_O2!0&! ),+%/&+#%!$6E2'(/,,*'%!&LL&6(+$&%!&'!#$),/B+&%!2+F!N2.*#2(*/#&%!0&!

O27.#/01&! &(! 2+! N3O?C! O&%! 7&%+#&%! 7&((&'(! &'! $:/0&'6&! 02'%! ,&! 62%! 0&%! L*#27/'/LH#&%!

),2'6(*'/B+&%!+'! *LL%&(!&'(#&! ,&%! ;&+F!0&!0*''$&%A!B+/! '-&%(! )2%!&'#&1/%(#$! )2#! ,&%!#$),/B+&%!0&!

L*#27/'/LH#&%!.&'(E/B+&%C!

!

X2'%!+'! .+(!0&!6*7)2#2/%*'! /'(&#'2(/*'2,&!0&%!0*''$&%A!6&,,&%!2'2,<%$&%!2+!N3O?!%*'(!#2))*#($&%!@! ,2!

:2,&+#! )+.,/$&! 0+! %(2'02#0! DO(>4C! W$2'7*/'%A! 02'%! ,&! 62%! 0&%! 7&%+#&%! 0&! #$),/B+&%! &LL&6(+$&%! @!

O27.#/01&A!,&!%(2'02#0!DO(>4!'-2!)2%!$($!7&%+#$!&'!7]7&!(&7)%!B+&!,&%!$6E2'(/,,*'%A!6*7),/B+2'(!2/'%/!,2!

6*7)2#2/%*'!0&!0*''$&%C!N&%!)#&7/H#&%!7&%+#&%!0&!DO(>4!%+#!QO">nK3!@!O27.#/01&!0*''2/&'(!+'&!:2,&+#!

0&!G_O2!4pg!†7*,_7*,C!X&! ),+%!27),&%!7&%+#&%!02'%!6&! ,2.*#2(*/#&A!&LL&6(+$&!%+#!+'!%)&6(#*7H(#&!0&!

72%%&!^E&#7*!?,&7&'(!QQ![QO">K3!@!%&6(&+#!721'$(/B+&\!*'(!0*''$!+'&!%&6*'0&!:2,&+#!0&!G_O2!0&!4p9!

†7*,_7*,A!),+%!)#*6E&!0&!,2!:2,&+#!0&!45p!†7*,_7*,!#$6&77&'(!0*''$&!)2#!,&!N3O?!02'%!,&!620#&!0-+'!

&F&#6/6&! /'(&#'2(/*'2,! 0-/'(&#>6*7)2#2/%*'! [S2(E*#'&! &(! 2,CA! /'! )#&)C\C! W$2'7*/'%A! ,2! 0/LL/6+,($! 0&!

6*7)2#2/%*'! 0&%! ;&+F! 0&! 0*''$&%! #$%+,(&! 0&! ,2! %/7+,(2'$/($! *+! '*'! 0&%! 7&%+#&%! 0&! %(2'02#0! 2:&6! ,&%!

$6E2'(/,,*'%C! U/'%/A! ,2! 6*7)#$E&'%/*'! 0&! ,-*#/1/'&! 0&! 6&(! *LL%&(! '$6&%%/(&#2! ,2! )*+#%+/(&! 0&%! *)$#2(/*'%!

0-/'(&#>62,/.#2(/*'! 2:&6! ,&! ,2.*#2(*/#&! 0&! O27.#/01&A! &(! $12,&7&'(! 2:&6! ,&%! 2+(#&%! ,2.*#2(*/#&%! B+/!

6*77&'6&!@!+(/,/%&#!,&!G_O2!0&%!L*#27/'/LH#&%!&'!(2'(!B+&!(#26&+#!0&!,-&':/#*''&7&'(C!
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!

/9mEKB)bY)@) ~2,&+#%!0&!G_O2!7&%+#$!)*+#! ,-&%)H6&!PC!%266+,/L&#!%+#!+'! (#2'%&6(!0&!)#*L*'0&+#!0&! ,2!

3/&##2! N&*'&! T/%&! [:*/#! OE2)/(#&! QQQ! )*+#! 0$(2/,%\A! &'! L*'6(/*'! 0&! ,2! )#*L*'0&+#C! ?'! .,&+A! ,&%! :2,&+#%!

7&%+#$&%! 2+! N3O?A! &'! #*+1&! ),&/'! ,&%! :2,&+#%! 7&%+#$&%! @! O27.#/01&A! &'! #*+1&! *+:&#(! ,&%! 7&%+#&%! 0&!

O27.#/01&!6*##/1$&!0&!,-*LL%&(!&'#&1/%(#$!)2#!U,,&'!&(!2,CA!8948![G_O2T+(1&#%!Ž!!4!C95g!F!G_O2O27.#/01&!>4C9p\C!

N&%! .2##&%! 0-&##&+#A! #&)*#($&%! +'/B+&7&'(! %+#! ,&%! 0*''$&%! 0&! O27.#/01&! 6*##/1$&%A! 6*##&%)*'0&'(! @!

,-&##&+#!72F/72,&!&'(#&!,-$62#(!(<)&!0&%!#$),/B+&%!&(!+'&!&##&+#!2'2,<(/B+&!0&!fCgˆC!

V'&! $(+0&! #$6&'(&! L2/(&! )2#! U,,&'! &(! 2,CA! 8948! 7&(! &'6*#&! ),+%! &'! $:/0&'6&! ,2! '$6&%%/($! 0&! 6&! (<)&!

0-/'(&#62,/.#2(/*'C! U,,&'! &(! %&%! 6*>2+(&+#%! *'(! &LL&6(+$%! 0&%! 6+,(+#&! 0&! L*#27/'/LH#&%! ),2'6(*'/B+&%! [PC!

#+.&#!&(!PC!%266+,/L&#\!%*+%!0&%!6*'0/(/*'%!6*'(#d,$&%C!X2'%!+'!.+(!0&!6*7)2#2/%*'!2:&6!0&%!%*77&(%!0&!

62#*((&%A!/,%!*'(!6E*/%/!0-2'2,<%&#!B+&,B+&%!#$),/B+&%!2+!,2.*#2(*/#&!0&!G#/%(*,A!B+/!&%(!,-+'!0&%!,2.*#2(*/#&%!

@!7&%+#&#! ,&!G_O2C!O&! ,2.*#2(*/#&!&%(! /'(&#62,/.#$!2:&6! ,&!P*0Y/'!N2.*#2(*#<!0&!O27.#/01&! [T2&!&(!2,CA!

8944\A!*#!+'&!/'(&#62,/.#2(/*'!&'(#&!6&!0&#'/&#!&(!,&!T+(1&#%!N2.*#2(*#<!2!0*''$!,&!7]7&!(<)&!0-*LL%&(!B+&!

6&,+/!*.%&#:$!&'(#&!,&!N3O?!&(!O27.#/01&C!U,,&'!&(!2,CA!8948!*'(!0*'6!6*##/1$!,&+#%!0*''$&%!0&!6&(!*LL%&(!

)*+#! 6*7)2#&#! ,&+#! #$%+,(2(%! 0&! 6+,(+#&! @! 6&+F! 0&! %*77&(! 0&! 62#*((&%! 7&%+#$%! @! G#/%(*,C! O*77&! ,&!

7*'(#&!,2!L/1+#&!8pA!,2!6*##&6(/*'!0&%!0*''$&%!0&!PC!3266+,/L&#!!0&!3/&##2!N&*'&!T/%&!7&%+#$&!@!O27.#/01&!

)&#7&(!0-*.(&' /#!0&%!:2,&+#%!./&'!),+%!)#*6E&%!&'(#&!6&!,2.*#2(*/#&!&(!,&!N3O?C!

)

!

!

!

!

!

!
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)

)

0G8J9LKB)###)@)%__BL);B)N8);9MM6NEL96:)MEK)NB)=>08);BM)

_6K879:9_RKBM)JN8:<L6:9^EBM)
)

#:LK6;E<L96:)

N&! #2))*#(! G_O2! 0&%! L*#27/'/LH#&%! ),2'6(*'/B+&%! &%(! $(#*/(&7&'(! ,/$! 2+! )S! 0&%! &2+F! 0&! %+#L26&A! &(!

#&)#$%&'(&! 0*'6! +'! )#*F<! )#*7&((&+#! )*+#! ,2! #&6*'%(#+6(/*'! 0&%! :2#/2(/*'%! 0+! 6<6,&! 0+! 62#.*'&C!!

W$2'7*/'%A!,2!B+2,/($!0&!6&!)#*F<!'&!0$)&'0!)2%!B+&!0&%!6*'0/(/*'%!/'/(/2,&%A!6-&%(!@!0/#&!,-/'6*#)*#2(/*'!

0+!.*#&!02'%!,&%!L*#27/'/LH#&%!:/:2'(%A!72/%!0$)&'0!$12,&7&'(!0+!)#*6&%%+%!0&!%$0/7&'(2(/*'!0&%!(&%(%!

0&! L*#27/'/LH#&! &(! 0&! ,&+#! )#$%&#:2(/*'! 02'%! ,&! %$0/7&'(C! ?'! &LL&(A! 0&! '*7.#&+%&%! $(+0&%! *'(! 7*'(#$!

,-/'L,+&'6&!0&!,2!0/%%*,+(/*'!0&%!62#.*'2(&%!%+#!,&%!)#*F/&%!1$*6E/7/B+&%A!(2'(!&'!72(/H#&!0-/%*(*)/&!B+&!

0!b2'2,<%&!$,$7&'(2/#&C!U/'%/A!,-&LL&(!0&!,2!0/%%*,+(/*'! (&'0!@!0/7/'+&#!,2!6*7)*%/(/*'! /%*(*)/B+&!0+!.*#&!

02'%!,&%!62#.*'2(&%![&C1C!3)/:26J!!2'0!r*+A!4ppi!„!s2#2!&(!2,CA!899f!„!S…'/%6E!&(!2,CA!899h\A!72/%!0/7/'+&!

$12,&7&'(! ,&%! :2,&+#%! 0-2+(#&%! (#26&+#%! 6*77&! ,&! #2))*#(! 3#_O2! [?CPC! N*E72''! 4ppg!„! G#*Y'! 2'0!

?,0&#L/&,0A! 4ppo!„! T*%&'(E2,! &(! 2,CA! 8999\A! ,&! #2))*#(! V_O2! [T+%%&,,! &(! 2,CA! 4pph\! *+! &'6*#&! ,&! )#*F<! 0&!

(&7)$#2(+#&!K1_O2![G#*Y'!2'0!?,0&#L/&,0A!4ppo!„!X&J&'%!&(!2,CA!8998!„!P&E,&'!&(!2,CA!899g2!„!T&1&'.&#1!&(!

2,CA!899o!„!W*+&(!2'0!G2%%/'*(A!899i\C!

W*+%!2:*'%!%*+E2/($!%2:*/#!%/!6&!./2/%!)*(&'(/&,! )*%%$02/(!*+! '*'!+'&! /'L,+&'6&!%+#!,&!#2))*#(!G_O2!0&%!

L*#27/'/LH#&%! ),2'6(*'/B+&%C! W*+%! 2:*'%! +(/,/%$! 0&%! %*77&(%! 0&! 62#*((&%! /%%+&%! 0-+'! (#2'%&6(! 0&!

)#*L*'0&+#!%+#!,2!3/&##2!N&*'&!T/%&![3NT\A!02'%!,-U(,2'(/B+&!?%(!$B+2(*#/2,C!O&%!62#*((&%!*'(!$($!)#$,&:$ &%!

)2#!,&!T_~!v3200!@!,-2/0&!0-+'!)#$,&:&+#!@!7+,(/(+.&%![I/1+#&!f9 \A!B+/!)#$%&'(&!,-2:2'(21&!0&!)$'$(#&#!,&!

%$0/7&'(! %+#! B+&,B+&%! 6&'(/7H(#&%! %2'%! &'! )&#(+#.&#! ,2! %+#L26&C! V'&! L*/%! B+&! ,-*'! 2! :$#/L/$! B+&! 6&!

%$0/7&'(!&%(!&'!),26&![)2%!0&!(+#./0/(&%A!'*0+,&%!%$0/7&'(2/#&%!*+!2+(#&%\!*'!2!0*'6!,-2%%+#2'6&!B+&!6&!

%$0/7&'(!&%(!#$6&'(C!X&%!$(+0&%!2'($#/&+#&%!.2%$&%!%+#!0&%!62#*((&%!%$0/7&'(2/#&%!02($&%!2+!4hO!*+!62,$&%!

%(#2(/1#2)E/B+&7&'(!1#c6&!2+!jkmZ!7*'(#&'(!B+&!,&%!(2+F!0&!%$0/7&'(2(/*'!*%6/,,&'(!&'(#&!8!&(!g!67!)2#!

7/,,&!2'%!%+#!3NTA! ,&! )#&7/&#!œ!67!)&+(!0*'6!6*'(&'/#!0&%!L*#27/'/LH#&%!2<2'(! :$6+!2+!6*+#%!0&%!0&+F!

6&'(%!0&#'/H#&%!2''$&%C!

!
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)

/9mEKB)c[)@) U!12+6E&!=!K+,(/6*#&#!)#$%&'(!%+#!,&!T_~!v3200!=!,&%!(+.&%!%-&'L*'6&'(!,&'(&7&'(!02'%!,&!

%$0/7&'(!+'&!L*/%!,&!62#*((/&#!)*%$!2+!L*'0C!U!0#*/(&!=!)#*L*'0&+#%!0&%!%&)(!%(2(/*'%!0&!)#$,H:&7&'(!%+#!,&!

(#2'%&6(!0&!)#*L*'0&+#!0&!,2!3/&##2!N&*'&!T/%&!

!

3+#!6&!(#2'%&6(!&'!a*'&!*,/1* (#*)E&A!,&%!L*#27/'/LH#&%!*'(!6*''+!,&%!7]7&%!6*'0/(/*'%!0&!:/&!&'!%+#L26&A!

&'! (&#7&%! 0&! (&7)$#2(+#&! [9Cg•O! 0-27),/(+0&! 72F/72,&\A! 0&! %2,/'/($! [9Ch! 0-27),/(+0&! 72F/72,&\[:*/#!

I/1+#&!8A!%&6(/*'!8C4!0&!,2!%&6(/*'!%+/:2'(&\!&(!0&!)SC!U/'%/A!6&%!L*#27/'/LH#&%!0*/:&'(!)*%%$0&#!+'!#2))*#(!

G_O2! /'/(/2,! %&'%/.,&7&'(! $B+/:2,&'(A! &(! ,&%! %&+,%! )#*6$0$%! )*+:2'(! /'L,+&'6&#! 6&! )2#27H(#&! %*'(! 0*'6!

6&+F! 2<2'(! ,/&+! 2+! 6*+#%! 0+! )#*6&%%+%! 0&! %$0/7&'(2(/*'! *+! 2)#H%! 0$)*%/(/*'! %+#! ,&! %$0/7&'(C! Z#A! ,2!

0/%%*,+(/*'! 0&%! 62#.*'2(&%! 2+17&'(&! ,*#%B+&! ,2! %2(+#2(/*'! 0/7/'+&A! 6-&%(! @! 0/#&! ,*#%B+&! ,2! %*,+./,/($!

0+!O2OZx!2+17&'(&!,*#%B+&!,2!)#*L*'0&+#!2+17&'(&![6L!6E2)/(#&!4\C!!

!

N&! )#*L/,! .2(E<7$(#/B+&! ,&! ,*'1!0&!,2! 3/&##2! N&*'&! T/%&! 2! )&#7/%! 0&! #&6+&/,,/#! 0&%! $6E2'(/,,*'%! @! 0&%!

)#*L*'0&+#%!6*7)#/%&%!&'(#&!8g99!&(!g9997!&(!#&)#$%&'(&!0*'6!+'!%/(&!0-$(+0&!/0$2,!)*+#!,-/7)26(!0&!,2!

0/%%*,+(/*'C!O&((&!E<)*(EH%&!2!)+!](#&!:$#/L/$&!)2#!,2!B+2%/!2.%&'6&!0&!,-&%)H6&!R'21&:(0&32&.(4!0/1(0!@!%+#!

,&%!$6E2'(/,,*'%! ,&%! ),+%! )#*L*'0%A!6&((&!&%)H6&!$(2'(! )2#(/6+,/H#&7&'(!%&'%/.,&!@! ,2!0/%%*,+(/*'! [G&#1&#A!

4po5A!4pi9\C!X&!),+%A!0&!)#$6$0&'(&%!$(+0&%!%+#!6&!(#2'%&6(!2:2/&'(!0$;@!7/%!&'!$:/0&'6&!,-/'L,+&'6&!0&!,2!

0/%%*,+(/*'! %+#! ,2! 6#/%(2,,*1#2)E/&! &(! ,&! K1_O2! 0&%! L*#27/'/LH#&%! [W*+&(! 2'0! G2%%/'*(A! 899i\C! "*+#!

6*''2—(#&! ,-$(2(! 0&! %2(+#2(/*'! &'! 62#.*'2(&%! 0&%! &2+F! .2/1'2'(! ,&%! %/(&%! 0&! 62#*((21&%A! '*+%! 2:*'%!

#&6E&#6E$!,-&'%&7.,&!0&%!%(2(/*'%!:*/%/'&%!*+!,&%!7&%+#&%!0&!0&+F!)2#27H(#&%!0+!%<%(H7&!0&%!62#.*'2(&%!

*'(!$($!#$2,/%$&%!2L/'!0&!)*+:*/#!(#26&#!,&!)#*L/,!&'!)#*L*'0&+#!0&%!6*'6&'(#2(/*'%!&'!/*'!62#.*'2(&C!3+#!,2!
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!

!
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6*#&#!2(!%&:&'!%/(&%!,*62(&0!2,*'1!(E&!3/&##2!N&*'&!T/%&![&2%(&#'!&B+2(*#/2,!U(,2'(/6\P!.&(Y&&'! ‚8oh9!7!
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!
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[I/1+#&!ff \C!

!

/9mEKB)cc)@) )3+#L26&!Y2(&#!7&2'!2''+2,!(&7)&#2(+#&!2'0!%2,/'/(<!*:&#!(E&!3/&##2!N&*'&!T/%&!*.(2/'&0!
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v 4!2'0!v 8!L#*7!N(;01$,;!(=!$'* ![4pif\A!#&L/(!.<![&,f423!$3.!N&''(02![4p5i\A!2'0!v S3Zh!L#*7![&,f423![4pp9\C!

^*!&%(2.,/%E!(E&!#&,2(/*'%E/)!.&(Y&&'!)S!2'0!(E&!wG[ZS\h>_SOZf >{!*L!%&2Y2(&#A!Y&!62,6+,2(&0!%&)2#2(&,<!

(E&!6*'6&'(#2(/*'%!*L!62#.*'2(&!2'0!.*#2(&!/*'%!L*#!L/F&0!XQO!2'0!%2,/'/(<!2'0!2(!1/:&'!(&7)&#2(+#&%!2'0!

)SC! ^E&'A! Y&! &F)#&%%&0! (E&! wG[ZS\h>_SOZf >{! #2(/*! *L! %&2Y2(&#! 2%! 2! L+'6(/*'! *L! )SC! O2#.*'2(&! /*'!

%2(+#2(/*'!2(!0&)(EA!•OZf 8>A!/%!0&L/'&0!2%!(E&!0/LL&#&'6&!.&(Y&&'!&3!4&=/!62#.*'2(&!/*'!6*'6&'(#2(/*'!wOZ f 8>{!
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!
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0&&)&%(!*'&! [P„! I/1+#&!fh\C!3&:&#2,!%(+0/&%!E2:&!%E*Y'! (E2(!62#.*'2(&!0/%%*,+(/*'! /'!%+#L26&!%&0/7&'(%!

%(2#(%!Y&,,!2.*:&!(E&!%2(+#2(/*'! ,&:&,!/'!(E&!Y2(&#!6*,+7'![&C1C!X#(0423!$3.!E(3.(0 A!4p54„!Y(:(31(0:!(=!

$'*P! 899o\!*Y/'1! (*! (E&! 0&62<! *L! *#12'/6! 72((&#! 0+#/'1! &2#,<! 0/21&'&%/%! )#*6&%%&%C!Y(:(31(0:! (=! $' C!

[899o\ !#&6&'(,<!%E*Y&0!(E2(!2!'*(/6&2.,&!/'6#&2%&!/'!(E&!0/%%*,+(/*'!*L!)&,21/6!62#.*'2(&%!2(!(E&!%&2L,**#!

/%!*.%&#:&0!YE&'! (E&!• OZf 8>! *L! .*((*7!Y2(&#!0#*)%! .&,*Y! ‚4g >89!†7*,_J1C!Z+#!%&(! *L!7+,(/>6*#&! (*)%!

)#*:/0&%A!(E&#&L*#&A!2! )#*7/%/'1!72(&#/2,! (*!%(+0<!0/%%*,+(/*'!&LL&6(%!*'! .*(E!G_O2!2'0!K1_O2!#2(/*%!*L!

),2'J(*'/6!L*#27/'/L&#!%E&,,%!0&)*%/(&0!*'!(E&!3/&##2!N&*'&!T/%&C!

!

!
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2'2,<a&!(E&!0/%%*,+(/*'!&LL&6(%!*'!1&*6E&7/62,!)#*F/&%!%+6E!2%!K1_O2![Y24(3=;$'!(=!$'CA!8999A![(f(34!(=!$' A!

8998\C! ZF<1&'! /%*(*)&! %(#2(/1#2)E<! *L! (E&%&! 1#2:/(<! 6*#&%! /'0/62(&0! (E2(! S*,*6&'&! :2,+&%! *L! .&'(E/6!

L*#27/'/L&#%!G&1&,&.2&.(4!S/(''(04=•0%&!*#!G&1&,&.2&.(4!4DD!2#&!/'!(E&!#2'1&!8Cg>8C5“ ![G/00-!$3.!+2;#$33 !

4p5o„! 4pp9\C! ^E&! %72,,! :2#/2./,/(<! *L! .&'(E/6! jkmZ! 2,*'1! (E&! (#2'%&6(! /%! &F),2/'&0! .<! (E&! L26(! (E2(!

%&0/7&'(%!2#&!.2(E&0!.<!W*#(E!U(,2'(/6!X&&)!s2(&#C!^&7)&#2(+#&!2,*'1!(E&!0&)(E!(#2'%&6(!0&6#&2%&%!.<!

'*!7*#&!(E2 '!9Cg•O![s*#,0!Z6&2'!U(,2%„!E2-(0!(=!$'*A!899p\!6*##&%)*'0/'1!(*!2!9C48“!/'6#&2%&!/'!62,6/(&!

/%*(*)/6!6*7)*%/(/*'![ O;$,f'(=23!(=!$'*A!4pih\C!X&&)>Y2(&#!*F<1&'!/%*(*)/6!6*7)*%/(/*'!2,*'1!(E&!(#2'%&6(!

/%! 2,%*! %(2.,&! Y/(E! 9C4“! :2#/2(/*'! [P?Z3?O3„!•4='/3.! (=! $ '*P!4p5i\C! ^E&! %&0/7&'(2(/*'! #2(&%! *:&#! (E&!

3/&##2! N&*'&! T/%&! 2#&! #2(E&#! ,*YA! Y/(E! (E/6J'&%%! *L! (E&! S*,*6&'&! %&6(/*'! /'! (E&! *#0&#! *L! ‚!89! 67C! ^*!

%27),&! #&6&'(! %&0/7&'(2#<! 72(&#/2,A! Y&! #&(#/&:&0! 6*#&%! Y/(E! 2! 7+,(/>6*#&#! 2'0! Y*#J&0! *'! (E&! L/#%(!

6&'(/7&(&#!*L!%&0/7&'(%A!YE/6E!/%!+%+2,,<!'*(!Y&,,!)#&%&#:&0!(E#*+1E!6*':&'(/*'2,!6*#/'1C!^E&!+))&#!L/#%(!

6&'(/7&(&#! *L!&26E!6*#&!Y2%!%27),&0!2'0!Y&(>%/&:&0! *'!2!4g9!†7!7&%E>%/&:&C!^E&!6*2#%&!L#26(/*'!Y2%!

0#/&0!48!E*+#%!2(!g9•O!2'0!%(*#&0!L*#!2'2,<%/%C!OC!S/(''(04= 20%&!2'0! G*! f/''(31(0:&! /%*(*)/6!6*7)*%/(/*'%!

Y&#&! *.(2/'&0! 2(! N3O?! *'! 2'! Q3Z"TQK?! 72%%>%)&6(#*7&(&#C! I*+#! (*! L/:&! #&),/62(&! 2'2,<%&%! Y&#&!

)&#L*#7&0!2(!%/(&%!UA!GA!OA!XA!P!2'0!(Y*!2(!%/(&%!?!2'0!IC!~"XG!/%!0&L/'&0!Y/(E!#&%)&6(!(*!(E&!WG34p!62,6/(&!

%(2'02#0C! ^E&! 7&2'! &F(&#'2,! #&)#*0+6/./,/(<! [4š\! *L! *+#! 62#.*'2(&! %(2'02#0%! /%! ›! 9C9o“!L*#!jkmZ!

[7&2%+#&0!WG345!jkmZ!:2,+&!/%!‡8fC8›9C8“!~"XG\C!^E&!G&1&,&.2&.(4!jkmZ!:2,+&%!Y&!*.(2/'&0!2(!%(2(/*'%!

U!(*!P!2#&!#&72#J2.,<!E*7*1&'&*+%A!L2,,/'1!2,,!Y/(E/'!(E&!'2##*Y!#2'1&!8Cg!(*!8Cig!“![^2.,&!i \!2'0!2#&!

%/7/,2#! (*! (E&! S*,*6&'&! :2,+&%! )#&:/*+%,<! L*+'0! /'! (E/%! 2#&2! [G/00-! $3.! +2;#$33 ! 4p5o„! 4pp9\C!̂E&!

E*7*1&'&/(<!*L!*+#! jkmZ!02(2!6,&2#,<!/'0/62(&%!(E2(! ./*(+#.2(/*'!0*&%!'*(!#&%+,(! /'!2! '*(/6&2.,&!+)Y2#0!

7/F/'1!*L!1,26/2,!%E&,,%!2(!2'<!*L!*+#!3/&##2!N&*'&!T/%&!%/(&%C!!

^E&!),2'J(*'/6!%)&6/&%!R*!0/1(0![%&'%+!%(#/6(*\!/%!L#&B+&'(,<!+%&0!/'!)2,&*&2'*1#2)E/6!%(+0/&%!.&62+%&!/(!/%!

2!%E2,,*Y!0Y&,,/'1!%)&6/&%A! ,/7/(&0! (*! (E&!L/#%(! f9!7! *L! (E&!Y2(&#!6*,+7'C!S*Y&:&#A! .&62+%&!R*!0/1(0!/%!

: &#<!%&'%/(/:&!(*!0/%%*,+(/*'A!(E&!0&&)!%/(&%!*L!(E&!3&##2!N&*'&!T/%&!(#2'%&6(!6*'(2/'!2,7*%(!'*!/'(26(!%E&,,%!
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%(/,,! .&!L*+'0!&2%/,<!2(! (E&! (Y*!0&&)&%(!%/(&%![I!2'0!P\C!s&!%&,&6(&0!R*!4$,,/'&%(0!%)&6/7&'%!Y/(E*+(! (E&!

L/'2,! %26>,/J&! 6E27.&#! /'! *#0&#! (*! 2:*/0! 2'<! )*(&'(/2,! ./2%! ,/'J&0! (*! 6E2'1/'1! 0&)(E ! E2./(2(! 0+#/'1!
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^E&!D24=!#20=(#!)#&6/)/(2(/*'!*L!0/21&'&(/6!62,6/(&!*'!L*#27/'/L&#!%E&,,%!72<!)*(&'(/2,,<!2LL&6(!(E&/#!(#26&!
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%E*Y! (E2(! G_O2! *L!R*! 4$,,/'&%(0! /%! 2,%*! %&'%/(/:&! (*! )*%(>0&)*%/(/*'2,! 0/%%*,+(/*'C! ^E&! #&6*'%(#+6(/*'! *L!

%+#L26&!%&2Y2(&#!)S!L#*7!*+#!G_O2!2'0!K1_O2!02(2!#&:&2,%!2!0/LL&#&'6&!*L!#*+1E,<!9C44!)S!+'/(%!.&(Y&&'!

(E&!%E2,,*Y&%(!2'0!(E&!7*%(!0/%%*,:&0!6*#&!(*)!%27),&%!2,*'1!(E&!3/&##2!N&*'&!T/%&A!YE/6E!/%!(E&!*#0&#!*L!

721'/(+0&! &F)&6(&0! L*#! 1,26/2,>/'(&#1,26/2,! )S! 6E2'1&%C! I*#! )2,&*>)S! #&6*'%(#+6(/*'A! 2! 6*##&6(/*'!

)#*6&0+#&! /%!(E&#&L*#&!72'02(*#<! /L! *'&!Y2'(%!(*!B+2'(/L<! (E&!%+#L26&!Y2(&#! )S!6E2'1&%!*:&#!0/LL&#&'(!

(/7&%62,&%!+%/'1!(E/%!),2'J(*'/6!%)&6/&%C!!

!

!

!

!

)

)

)
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=A) %L8SN9MMB7B:L) ;2E:B) JK6<\;EKB) J6LB:L9BNNB) ;B)

<6KKB<L96:);E)=>08)

)

N&%!#$%+,(2(%!)#$6$0&'(%!*'(!7/%!&'!$:/0&'6&! ,-/'L,+&'6&!0&! ,2!0/%%*,+(/*'!%+#! ,&!G_O2!0&%!L*#27/'/LH#&%!

),2'6(*'/B+&%A!2:&6!+'&!)&#(&!0&!G_O2!0&!,-*#0#&!0&!49!†7*,_7*,!&'(#&!,&%!%(2(/*'%!,&%!7*/'%!)#*L*'0&%!&(!

,&%!),+%!)#*L*'0&%C!O&(!$62#(!1$'H#&!+'&!&##&+#!%+#!,&%!#&6*'%(#+6(/*'%!0&!)S!0&!‚9C44!+'/($%!)SA!6&!B+/!

6*##&%)*'0!@!,-*#0#&!0&!1#2'0&+#!0&%!:2#/2(/*'%!0&!)S!2((&'0+&%!%+#!0&%!$6E&,,&%!1,26/2/#&%>/'(&#1,26/2/#&%!

[32'<2,! &(! 2,CA! 4ppg!„! S…'/%6E! 2'0! S&77/'1A! 899g\A! &(! ,/7/(&! 0*'6! ,&%! #&6*'%(#+6(/*'%! 0&! )2,&*>)S! 2+F!

%/(&%!'*'!2LL&6($%!)2#!,2!0/%%*,+(/*'!%/!,-*'!'&!(/&'(!)2%!6*7)(&!0&!%*'!&LL&(C!

!

T*%&'(E2,! &(! 2,CA! 4ppi! *'(! )#*)*%$! 0™+(/,/%&#! ,&! )*/0%!0&%! (&%(%! 0&! L*#27/'/LH#&%! ),2'6(*'/B+&%!)*+#!

6*##/1&#!,&%!:2,&+#%!0&!K1!_!O2!0&!,2!0/%%*,+(/*'A!2L/'!0-*.(&'/#! ),+%!0&!)#$6/%/*'!,*#%!0&!,2!#&6*'%(#+6(/*'!

0&%!)2,$* >(&7)$#2(+#&%!0&!,2!%+#L26&!0&!,™*6$2'C!N&!)*/0%!0&%!L*#27/'/LH#&%!2!$($!+(/,/%$!2:&6!%+66H%!)2#!

),+%/&+#%! 2+(&+#%! )*+#! B+2'(/L/&#! ,™/'(&'%/($! 0&! ,2! 0/%%*,+(/*'! [&C1C! N*E72'! &(! 2,A! 4ppg! „! G#*&6J&#! 2'0!

O,2#JA!8998\C!X&!,2!7]7&!72'/H#&A!/,!&%(!)*%%/.,&!0-&':/%21&#!0™$,2.*#&#!+'&!)#*6$0+#&!0&!6*##&6(/*'!)*+#!

6*##/1&#!,&!G_O2!0&%!&LL&(%!0&!,2!0/%%*,+(/*'C!N™+(/,/%2(/*'!0+!)*/0%!'*#72,/%$!0+!(&%(!6*77&!+'!)#*F<! 0&!

0/%%*,+(/*'! )#$%&'(&! ),+%/&+#%! 2:2'(21&%=! &,,&! &%(!'*'! 0&%(#+6(#/6&A!B+2'(/(2(/:&A! /'0$)&'02'(&! 0&!

,™*)$#2(&+#! &(! )&+(! ](#&! 0$#/:$&! 0&! ,2! 7]7&! &%)H6&! B+&! 6&,,&%! %+#! ,2B+&,,&! ,&%!! 2'2,<%&%!0&! G_O2! %*'(!

&LL&6(+$&%C!?,,&!2A!6&)&'02'(A!+'! )*(&'(/&,! /'6*':$'/&'(! )*+#!0&%! )2,$*>#&6*'%(#+6(/*'%A!0™2+(#&%!$(+0&%!

2<2'(! %+11$#$! B+&! ,&! )*/0%!/'/(/2,! 0+! (&%(! 0&! L*#27/'/LH#&! ),2'6(*'/B+&! ) &+(! 6*>:2#/&#! 2:&6! ,2!

6*'6&'(#2(/*'!&'!/*'!62#.*'2(&!0&%!&2+F!0&!%+#L26&!&(A!)2#!6*'%$B+&'(A!,&!)S![G/;72!&(!2,A!4ppp„C!G2#J&#!

2'0 !?,0&#L/&,0A!8998„!X/%%2#0!&(!2,A!8949\C!?'!0™2+(#&%!(&#7&%A! ,&! )#*F<! )&#7&((2'(!0&!6*##/1&#!G_O2!0+!

./2/%!0&!0/%%*,+(/*'! '&!%&#2/(!)2%!/'0$)&'02'( !0&%!:2#/2(/*'%!)2%%$&%!0+!)S!0&%!&2+F!0&!%+#L26&!B+&!,™*'!

%*+E2/(&!#&6*'%(#+/#&C!

!

!

V'&! 2+(#&! L2”*'! 0&! 6*##/1&#! ,-&LL&(! 0&! ,2! 0/%%*,+(/*'! %+#! ,&%! #2))*#(%! K1_O2! &(! G_O2! 0&%! L*#27/'/LH#&%!

),2'6(*'/B+&%! ) &+(! ](#&! ,™+(/,/%2(/*'!0+! G_O2!0&%! L*#27/'/LH#&%! .&'(E/B+&%!0&%! $6E2'(/,,*'%!/%%+%! 0&%!

7]7&%!%/(&%C!N&!)#*6&%%+%!0&!0/%%*,+(/*'!/'(&#:&'2'(!2)#H%!0$)*%/(/*'! &%(!L*#(&7&'(!,/$!@!,2!%2(+#2(/*'!&'!

/*'!62#.*'2(&!0&%!&2+F!0&!L*'0! [•OZxyz\! [T&1&'.&#1!&(!2,CA!899o\C!r+!2'0!?,0&#L/&,0! [899i\!*'(!7*'(#$!

B+&!,&!G_O2!0&%!L*#27/'/LH#&%!.&'(E/B+&%!&%(!)#*)*#(/*''&, !@!,2!%2(+#2(/*'!&'! /*'%!62#.*'2(&%A!&(!B+&!,&!

G_O2!0&%!L*#27/'/LH#&%! .&'(E/B+&%! '-$(2/(! )2%! /'L,+&'6$!)2#! ,2!0/%%*,+(/*'C!N&! )#/'6/)2,! /'6*':$'/&'( !0&!

6&((&!)#*6$0+#&!0&!6*##&6(/*'!&%(! ,2!#&,2(/:&!L2/.,&!2.*'02'6& !0&%!L*#27/'/LH#&%!.&'(E/B+&%!)2#!#2))*#(!
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2+F!L*#27/'/LH#&%! ),2'6(*'/B+&%C!^*+(&L*/%A!&,,&!2! ,&%!2:2'(21&%!0™](#&!B+2'(/(2(/:&!&(! /'0$)&'02'(&!0&%!

6*'0/(/*'%!0&!%+#L26&!0&!,-*6$2'C!

!

!

(8SNB)Y)@ •OZxyz! 62,6+,$! @! )2#(/#! 0&%! 0*''$&%! 0&! ,2! .2%&! PNZXU"!„! #2))*#(! G_O2! 7&%+#$! %+#!

,-&%)H6&! OC! Y+&,,&#%(*#L/!„!•OZxyz! 62,6+,$&! @! ,-2/0&! 0&! ,2! 62,/.#2(/*'! $(2.,/&! )2#! r+! &(! ?,0&#L/&,0A!

899i !„! &(!• ! 62,6+,$! @! ,-2/0&! 0&! ,2! 62,/.#2(/*'! &'(#&! ,&%! 0*''$&%! PNZXU"! &(!,&! G_O2! 0&! OC!

S/(''(04=20%&C!!

!

W*+%!2:*'%!7&%+#$!,&!#2))*#(!G_O2!%+#!,-&%)H6&!0&!L*#27/'/LH#&!.&'(E/B+&!G&1&,&.2&.(4!S/(''(04=20%&C!N&%!

#2(/*%!G_O2! *.(&'+%!:2#/&'(!&'(#&!88f!&(!459!†7*,_ 7*,A!&(!0/7/'+&'( !,*#%B+&! ,2! )#*L*'0&+#!2+17&'(&!

[(2.,&!p\C!O&%!7&%+#&%!0&!G_O2!7*'(#&'(!+'&!(#H%!L*#(&!#&,2(/*'!2:&6!,&!•OZxyz![I/1+#&!h4\A!$:2,+$!@!)2#(/#!

0&!,2!.2%&!0&!0*''$&%!PNZXU"![v&<!&(!2,CA!899h\C!O&((&!62,/.#2(/*'!0*''&!+'&!)&'(&!%&7.,2.,&!72/%!+'&!

0#*/(&! 0&! 62,/.#2(/*'! 0/LL$#&'(&! 0&! 6&,,&! $(2.,/&!)2#! r+! &(! ?,0&#L/&,0! [899i\! [(2.,&! pA! L/1+#&! h4\C! N-*LL%&(!

*.(&'+! #$ 6&77&'(! &'(#&! ,&! P*0Y/'! N2.*#2(*#<! &(! ,&! N3O?! '-&F),/B+&! )2%! 7*/'%! 0+! (/&#%! 0&! 6&((&!

0/LL$#&'6&C!3*/(!,-$62#(!&'(#&!,&%!7&%+#&%!G_O2!0&!r+!&(!?,0&#L/&,0![899i\!&(!0+!N3O?!&%(!),+%!/7)*#(2'(!B+&!

,-$62#(!26(+&,!&'(#&!,&%!,2.*#2(*/#&%A!%*/(!+'&!)2#(/&!0&!,2!0/LL$#&'6&!&%(!0+&!2+!L2/(!B+&!,2!62,/.#2(/*'!$(2.,/&!

)2#!r+!&(!?,0&#L/&,0![899i\!6*7)#&'0!0&%!7&%+#&%!)*+#!0&%!62#*((&%!)#$,&:$&%!02'%!,&%!0/LL$#&'(%!.2%%/'%!

*6$2'/B+&%! (2'0/%! B+&! '*%! 7&%+#&%! %*'(! #&%(#&/'(&%! @! ,-U(,2'(/B+&! (#*)/62,C! O&)&'02'(A! 6*'%&#:&#!

+'/B+&7&'(! ,&%!)*/'(%!U(,2'(/B+&%!0&! ,2!62,/.#2(/*'!0&! r+!&(!?,0&#L/&,0! [899i\! [:*/#!6E2)/(#&!~!0&!6&((&!

(EH%&A!)2#(/&!hCh\!'&!)&#7&(!)2%!0&!1*77&#!,2!0/LL$#&'6&!2:&6!,2!6*+#.&!0&!62,/.#2(/*'!)*+#!,&%!)*/'(%!0&!

,2!3/&##2!N&*'&!T/%&C!O&%!$62#(%!0&:#*'(! ](#&!0&! '*+:&2+!2'2,<%$%! ,*#%B+-+'&!62,/.#2(/*'! /'(&#'2(/*'2,&!

2+#2!$($!&LL&6(+$&!&'(#&!,&%!0/LL$#&'(%!,2.*#2(*/#&%!)*+#!,2!7&%+#&!0+!G_O2!0&%!L*#27/'/LH#&%C!!

!

"*+#!,-/'%(2'(A!)*+#!62,6+,&#!+'&!6*##&6(/*'!0&!,-&LL&(!0&!,2!0/%%*,+(/*'!%+#!,&%!#2))*#(%!G_O2!&(!,&!K1_O2!

0&%!L*#27/'/LH#&%!),2'6(*'/B+&%A!'*+%!2,,*'%!'*+%!L*62,/%&#!%+#!,&%!7&%+#&%!*.(&'+&%!/6/!%+#!,2!3NTC!!

!
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!

/9mEKB)nZ)@) T2))*#(! G_O2! &'! L*'6(/*'! 0&! ,2! %2(+#2(/*'! &'! /*'! 62#.*'2(&C! N&%! 62##$%! #*+1&%!

#&)#$%&'(&'(!,&%!0*''$&%!/%%+&%!0&!,2!3/&##2!N&*'&!T/%&A!,&%!,*%2'1&%!.,&+%!)#*:/&''&'(!0&!,2!62,/.#2(/*'!

0&!r+!&(!?,0&#L/&,0A!899iC!N&%!0#*/(&%!#&)#$%&'(&'(!,&%!#$1#&%%/*'%!,/'$2/#&%!0&!6&%!0&+F!%$#/&%!0&!0*''$&%C!

!

W*+%!2:*'%!62,6+,$!,&%!)&#(&%!#&,2(/:&%!&'!G_O2!&(!&'!K1_O2!0&%!L*#27/'/LH#&%!),2'6(*'/B+&%!)2#!#2))*#(!@!

,2!%(2(/*'!UA!,2!7*/'%!)#*L*'0&!0+!(#2'%&6(![‚8oh9!7\A!6*'%/0$#$&!6*77&!#$L$#&'6&!'*'!0/%%*+(&C!W*+%!

)&'%*'%!B+&!6&((&!E<)*(EH%&!&%(!;+%(/L/$&A!6*7)(&!(&'+!0&!,2!%2(+#2(/*'!#&,2(/:&7&'(!$,&:$&!0&!,™&2+!)2#!

#2))*#(!@!,2!62,6/(&!@!,2!%(2(/*'!UA!2/'%/!B+&!,&%!L2/.,&%!:2#/2(/*'%!0&%!0/LL$#&'(%!)#*F/&%!0&!0/%%*,+(/*'!02'%!

,2! )2#(/&! %+)$#/&+#&! 0+! (#2'%&6(!0&!)#*L*'0&+#! [L/1+#&!fi! 0&! ,2! )2#(/&! 4\C! N2! )&#(&! 0-+'! $,$7&'(! |! )2#!

#2))*#(!2+!62,6/+7!&%(!0*'6!&F)#/7$&!6*77&!=!

! 

" X /Ca=
X /Ca[ ] station # X /Ca[ ] stationA( )

X /Ca[ ] stationA

$100!! [o\ !

"*+#! L26/,/(&#! ,-*.(&'(/*'! 0&%! #&,2(/*'%! ,/2'(! %2(+#2(/*'! &'! /*'! 62#.*'2(&%! 0&%! &2+F! )#*L*'0&%! &(! )&#(&!

#&,2(/:&!&'!|_O2A!'*+%!2:*'%!6E*/%/!0-+(/,/%&#!,2!%2(+#2(/*'!&'!/*'!62#.*'2(&!%*+%!%2!L*#7&!• C!?'!&LL&(A!!,&%!

:2#/2(/*'%! 0&!•OZxyz! 7*'(#&'(! +'&! ,2#1&! 1277&! 0&! :2#/2(/*' %! [‚h9! †7*,_J1 %Y\A! &(! B+/! ),+%! &%(! 0&%!

:2,&+#%! '$12(/:&%! B+/! /'(&#0/%&'(! ,-+(/,/%2(/*'! 0&! 6&#(2/'%! (<)&%! 0&! #$1#&%%/*'C! X2'%! ,-*6$2'A! ,&! 0&1#$! 0&!!

%2(+#2(/*'!&'!/*'!62#.*'2(&! • !'&!:2#/&!&,,&!B+-&'(#&!9!&(!iA!&(!)&+(!](#&!*.(&'+&!)2#!,2!7&%+#&!0+!G_O2A!B+/!

)&#7&(! ,-*.(&'(/*'! 0+! •OZxyzA! &(! )2#! ,&! 62,6+,! 0+! wOZxyz{%2(A! L*'6(/*'! 0&! ,2! )#*L*'0&+#C!N™&LL&(! 0&! ,2!

0/%%*,+(/*'!2:&6! ,2! )#*L*'0&+#! ,&! ,*'1! 0+! (#2'%&6(! 2! 6*77&! 6*'%$B+&'6&! +'&! L*#(&! #&,2(/*'! &'(#&! ,2!

%2(+#2(/*'!• !&'! /*'!62#.*'2(& !&(! ,2! )&#(&!#&,2(/:&!0&!G_O2!0&! ,-&%)H6&! [I/1+#&!h8\C!N&!#2))*#(!G_O2!0&%!
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$6E2'(/,,*'%! )&+(! 2,*#%! ](#&! 6*##/1$! 0&! ,2! )&#(&! #&,2(/:&! 0&! G_O2! 0+&! @! ,2! 0/%%*,+(/*'! &(A! 0&! ,2! 7]7&!

72'/H#&A!,&%!:2,&+#%!0&!K1_O2!)&+:&'(!$12,&7&'(!](#&!6*##/1$&%C!!

!

/9mEKB)nb)@) "&#(&!#&,2(/:&!0&!G_O2!)2#!#2))*#(!@!,2!%(2(/*'!U!&'!L*'6(/*'!0&!,2!%2(+#2(/*'!•!)*+#!,&%!

%(2(/*'%!0&!3NT!&(!#$1#&%%/*'!0&!(<)&!&F)*'&'(/&,,& C!

!

N&%! :2,&+#%! 6*##/1$&%! 0&%! #2))*#(%! ! G_O2! &(! K1_O2! %*'(! )#$%&'($&%! %+#! ,2! L/1+#&! hfC! N2! )#*6$0+#&! 0&!

6*##&6(/*'!)&#7&(!0&!#27&'&#!,-&'%&7.,&!0&%!7&%+#&%!0&!G_O2!@!+'!'/:&2+!%/7/,2/#&!@!6&,+/!0&!,2!%(2(/*'!

UA!2:&6!+'&!7*<&''&!0&!5oCo!†7*,_7*,!&(!+'!$62#(!(<)&!%+#!,&%!%(2(/*'%!0&!8C8!†7*,_7*,![8š\C!X&!7]7&A!

,&%!7&%+#&%!0&!K1_O2!%*'(!#27&'$&%!@!0&%!'/:&2+F!%/7/,2/#&%!@!,2!%(2(/*'!UA!2:&6!+'&!7*<&''&!0&!f!Chg!

›9C9p! †7*,_7*,! [8 š\C! 3&+,%! ,&%! #$%+,(2(%! 0&! ,2! %(2(/*'! O! %&7.,&'(! 2:*/#! +'&! ),+%! 1#2'0&! 0/%)&#%/*'! 2+!

#&12#0!0&%!2+(#&%!)*/'(%A!72/%!,&%!#$%+,(2(%!%*'(!/'0/%6&#'2.,&%!0+!L2/(!0&%!.2##&%!0-&##&+#%C!!
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!

/9mEKB)nc)@) K&%+#&%! 0&! G_O2! &(! 0&! K1_O2! 6*##/1$&! 0&! ,-&LL&(! 0&! ,2! 0/%%*,+(/*'! &'! L*'6(/*'! 0&! ,2!

)#*L*'0&+#C! N&%! .2##&%! 0-&##&+#%! #&)#$%&'(&'(! ,-$62#(! (<)&! &'(#&! ,&%! 0/LL$#&'(&%! #$),/B+&%! 0&! 6E2B+&!

%(2(/*'C!N&%!,/1'&%!)*/'(/,,$%!7*'(#&'(!,-$62#(!(<)&!*.(&'+!)*+#!,&%!:2,&+#%!6*##/1$&%C!

!

UL/'!0&!:2,/0&#!'*(#&!2))#*6E&!0&!6*##&6(/*'A!'*+%!2:*'%!62,6+,$!,&!)S!&'!+(/,/%2'(!,&%!:2,&+#%!6*##/1$&%!0&!

G_O2!&(!K1_O2!)+/%!'*+%!,&%!2:*'%!6*7)2#$!2:&6!,&!)S!62,6+,$!&'!+(/,/%2'(!,&%!0*''$&%!PNZXU"C!N2!:2,&+#!

7*<&''&!0&%!K1_O2!6*##/1$%!6*'0+/(!@!+'&!(&7)$#2(+#&!0&!8gCg!•OA!6&!B+/!6*##&%)*'0!@!,2!(&7)$#2(+#&!

7*<&''&!0&%!o9!)#&7/&#%!7H(#&%!0&!,2!6*,*''&!0™&2+C!N2!:2,&+#!7*<&''&!0&!G_O2!6*##/1$&!6*'0+/(!&,,&!@!

+'!)S! 0&!5C49!›!9A98![$6E&,,&!(*(2,&\A!(#H%!)#*6E&!0+!)S!0&!5C44!0&%!&2+F!0&!%+#L26&!*.(&'+!@!)2#(/#!0&%!

0*''$&%!PNZXU"!0&!%/(&%!)#*6E&!0&!,2!3/&##2!N&*'&!T/%&C!!

N-2))#*6E&!0&!6*##&6(/*'!0&!,-&LL&(!0&!0/%%*,+(/*'!)2#!,-+%21&!0+!G_O2!0&%!L*#27/'/LH#&%!.&'(E/B+&%!%-&%(!

0*'6! 7*'(#$! 6*'6,+2'(&! &(! )&#7&(! 0&! ),&/'&7&'(! 6*'(#&#! ,&! ./2/%! 1$'$#$! )2#! ,2! 0/%%*,+(/*'A! &'!

#&6*'%(#+/%2'(! )2#L2/(&7&'(! ,&! )S! 0&%! &2+F! 0&! %+#L26&! @! )2#(/#! 0&! %*77&(%! 0&! 62#*((&C! W$2'7*/'%A! ,&%!

$B+2(/*'%!0$6#/(&%!/6/!)*+#!,2!)#*6$0+#&!0&!6*##&6(/*'!%*'(!%)$6/L/B+&%!@!,2!3/&##2!N&*'&!T/%&A!&(!0-2+(#&%!

$(+0&%! %+#! 0-2+(#&%! (#2'%&6(%! 0&! )#*L*'0&+#! )#*:&'2'(! 0&! 0/LL$#&'(%! .2%%/'%! *6$2'/B+&%A! '*(277&'(!

)26/L/B+&!0*'(!,&%!&2+F!)#*L*'0&%!%*'(!02:2'(21&!%*+%!%2(+#$&%!:/%>@>:/%!0&%!62#.*'2(&%A!%*'(!'$6&%%2/#&%!

)*+#!:$#/L/&#!,2!6*7)2(/./,/($A!,&!)*(&'(/&,!2/'%/!B+&!,&%!,/7/(&%!0&!6&((&!2))#*6E&A!'*(277&'(!02'%!,&!62%!

0&!#&6*'%(#+6(/*'!0&!)2,$*>)SC!

!

!

!

!
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!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

)

)

)

)

)

)

)

)
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)

)

)

)

0G8J9LKB)#$)@)-E)=>08);BM)_6K879:9_RKBM)

JN8:<L6:9^EBM)8E)J5);BM)B8EO);B)MEK_8<B)

)

!

)

)

)

)

#:LK6;E<L96:)

r+! &(! 2,C! [899i\! *'(! 7/%! &'! $:/0&'6&! B+&! ,&! #2))*#(! G_O2! 0&%! L*#27/'/LH#&%! ),2'6(*'/B+&%!)*+:2/(!

)&#7&((#&!0&!#&6*'%(#+/#&!,&!)S!0&%!&2+F!0&!%+#L26&C!O&((&!6*'%(2(2(/*'!&%(!.2%$&!%+#!,2!72'/H#&!0*'(!,&!

.*#&!&%(!/'6*#)*#$!02'%!,&!#$%&2+!6#/%(2,,/'A!%&,*'!,&!7$62'/%7&!)#*)*%$!)2#!S&77/'1!&(!S2'%*'![4pp8\!=!

!  

CaCO3 + B(OH)4
Ñ " Ca(HBO3) + HCO3

Ñ + H2O!! [4\ !

O&((&!/'6*#)*#2(/*'!&%(!2/'%/!6*'(#d,$&!)2#!+'!6*&LL/6/&'(!2))2#&'(!0&!)2#(/(/*'!v XA!B+&!,-*'!)&+(!&F)#/7&#!

)2#!=!

!  

KD =
HBO3

2Ñ /CO3
2Ñ[ ]

CaCO3

B(OH)4
Ñ /HCO3

Ñ[ ]
seawater

!! [8\ !

$B+2(/*'!B+&!,-*'!)&+(!%/7),/L/&#!%*+%!,2!L*#7&!%+/:2'(&![}&&.&!2'0!s*,L>P,20#*YA!8994A!r+!&(!2,CA!899i\!=!

!  

KD =
B/Ca[ ]CaCO3

B(OH)4
Ñ /HCO3

Ñ[ ]
seawater

!! [f\ !
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U/'%/A!%/!,-*'!2!7&%+#$!,&!G_O2!0-+'&!&%)H6&!0&!L*#27/'/LH#&!&(!B+&!!,-*'!6*''2—(!,&!6*&LL/6/&'(!0&!)2#(/(/*'!

v XA!/,!&%(!)*%%/.,&!0&!#&6*'%(#+/#&!,&!#2))*#(!wG[ZS\Œz!–!SOZxz{A!&(!0*'6A!6*77&!6&!#2))*#(!&%(!0/#&6(&7&'(!

0$)&'02'(! 0+! )S! [I/1+#&! hh\A! *'! )&+(! 2/'%/! &%(/7&#! ,&! )2,&*>)S! 0&%! &2+F! 0&! %+#L26&! &'! L2/%2'(! 0&%!

E<)*(EH%&%!%+#!,-2,62,/'/($!0&!,-Z6$2'C!!

!

/9mEKB)nn)@) ?:*,+(/*'!0+!#2))*#(! wG[ZS\Œz!–!SOZxz{!&'!L*'6(/*'!0+! )S!&(!0&! ,2! (&7)$#2(+#&!02'%! ,2!

1277&!0&!:2#/2(/*'!0&!)S!0&%!&2+F!0&!%+#L26&!@!,-26(+&,C!

!

O*77&!*'! ,&!6*'%(2(&!%+#!,2!I/1+#&!hhA!,&!,/&'!&'(#&!)S!&(!#2))*#(! wG[ZS\Œz!–!SOZxz{!0$)&'0!2+%%/!0&!,2!

(&7)$#2(+#&C!Q,!&%(!0*'6!/'0/%)&'%2.,&!0&!6*'(#2/'0#&!,&%!(&7)$#2(+#&%!0&%!&2+F!0&!%+#L26&!02'%!,&!)2%%$A!

6&!B+/!&%(!#&'0+!)*%%/.,&!)2#!,2!7&%+#&A!&'!7]7&!(&7)%!B+&!,&!#2))*#(!G_O2A!0+!#2))*#(!K1_O2!B+/!&%(!+'!

) #*F<!0&!(&7)$#2(+#&![&C1C!?,0&#L/&,0!2'0!P2'%%&'A!8999!„!X&J&'%!&(!2,CA!8998!„!U'2'0!&(!2,CA!899f\C!!

!

X2'%!6&!6E2)/(#&A!;&!7-/'($#&%%&!)2#(/6+,/H#&7&'(!2+!6*&LL/6/&'(!0&!)2#(/(/*'!vXC!?'!&LL&(A!),+%/&+#%!2+(&+#%!

*'(!7*'(#$!B+&!6&#(2/'%!)2#27H(#&%!%&7.,2/&'(!/'L,+&'6&#!6&!6*&LL/6/&'(A!&'!,-*66+##&'6&!,2!(&7)$#2(+#&A!

,2!6*'6&'(#2(/*'!&'!/*'!62#.*'2(&!*+!&'6*#&!,2!%2,/'/($![r+!&(!2,CA!899i!„!I*%(&#A!8995!„!^#/)2(/!&(!2,CA!899p!„!

U,,&'! &(! 2,CA! 8944A! 8948\C! W$2'7*/'%A! ,&%! 0/LL$#&'(&%! 62,/.#2(/*'%! 6*'%(#+/(&%! @! 6&! ;*+#! 7*'(#&'(! 0&%!

#$%+,(2(%! 6*'(#20/6(*/#&%A! &'! )2#(/6+,/&#! )*+#! ,2! (&7)$#2(+#&!=! 6&#(2/'%! 2+(&+#%! *'(! 6*'6,+! B+&! ,&! vX!

2+17&'(&!2:&6! ,2! (&7)$#2(+#&A!2,*#%!B+&!0-2+(#&%!%+11H#&'(!B+-/,!0/7/'+&!2:&6!6&,,&>6/! [I/1+#&!hg\C!O&%!

6*'%(2(2(/*'%!0$)&'0&'(!'*(277 &'(!0&!,2!72'/H#&!0*'(!,&%!6*+#.&%!0&!62,/.#2(/*'%!*'(!$($!$(2.,/&%!=![/\!@!

)2#(/#! 0&! %*77&(%! 0&! 62#*((&%! [r+! &(! 2,CA! 899i!„! I*%(&#A! 8995\!„! [//\! %+#! +'&! +'/B+&! 62#*((&!

[62,/.#2(/*' !€!0*Y'6*#& !•\! &'! &%(/72'(! ,&%! )2#27H(#&%! )2%%$%! 0&! ,-*6$2'! [(&7)$#2(+#&A! %<%(H7&! 0+!

62#.*'&\!)2#!,2!7&%+#&!0-2+(#&%!)#*F<%!B+&!,&!G_O2![K1_O2A!jkkG\ ![r+!&(!2,CA!899i!„!^#/)2(/!&(!2,CA!899p\„!*+!

[///\! )2#! ,2!6+,(+#&!0&!L*#27/'/LH#&%!&'! ,2.*#2(*/#&A!6&!B+/! )&#7&(!0&!6*'(#d,&#! /'0$)&'0277&'(!6E2B+&!

)2#27H(#&![U,,&'!&(!2,CA!8944A!8948\C!
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!

/9mEKB)ne)@) N*/%! &7)/#/B+&%! 0-$:*,+(/*'! 0+! vX! &'! L*'6(/*'! 0&! ,2! (&7)$#2(+#&! )*+#! ,-&%)H6&! 0&!

L*#27/'/LH#&!),2'6(*'/B+&!PC!0/1(0!%&,*'!,&%!62,/.#2(/*'%!$(2.,/&%!)2#!I*%(&#![8995\![%*77&(%!0&!62#*((&%\!

&(!^#/)2(/!&(!2,C![899p\![62,/.#2(/*'!€!0*Y'6*#& !•\C!O&((&!L/1+#&!7*'(#&!6,2/#&7&'(!(2'(!0&%!$:*,+(/*'%!B+&!

0&%!:2,&+#%!2.%*,+&%!(#H%!0/LL$#&'(&%!0+!vX!%&,*'!,2!62,/.#2(/*'!6E*/%/&C!

X2'%!,&!.+(!0&!7/&+F!6*'(#2/'0#&!,-&LL&(!B+&!)&+:&'(!2:*/#!(&7)$#2(+#&A!%2,/'/($!&(!6*'6&'(#2(/*'!&'! /*'!

62#.*'2(&!%+#! ,&!6*&LL/6/&'(!0&! )2#(/(/*'! v XA! '*+%!2:*'%!6E*/%/!0&! .c(/#!+'&!62,/.#2(/*'! /'0$)&'02'(&!0&!

6&,,&%! )#$6$0&77&'(! $(2.,/&%C!O&((&!62,/.#2(/*'!&%(! .2%$&!%+#! ,&%!7&%+#&%!0&%!#2))*#(%!G_O2!&(!K1_O2A!

2/'%/! B+&! ,2! 7&%+#&! 0+!jkmZA! 0&! ,-&%)H6&!R'21&:(0&32&.(4! 0/1(0! )#$,&:$&! 02'%! 0&! 7+,(/),&%! %*77&(%! 0&!

62#*((&%! 0&%! *6$2'%! U(,2'(/B+&A! Q'0/&'! &(! "26/L/B+&C! N&%! 62#*((&%! %$,&6(/*''$&%! *'(! $($! )#$,&:$&%! @! 0&%!

)#*L*'0&+#%! /'L$#/&+#&%!@! ,-E*#/a*'!26(+&,!0&!%2(+#2(/*'!0&! ,2!62,6/(&A!2L/'!0&!%-2LL#2'6E/#!0&! ,-&LL&(!0&! ,2!

0/%%*,+(/*'!B+/!)*+##2/(!02'%!,&!62%!6*'(#2/#&!./2/%&#!,&%!62,/.#2(/*'%!$(2.,/&%C!N&%!#$%+,(2(%!%*'(!)#$%&'($%!

02'%! ,2! )#&7/H#&! )2#(/&! 0&! 6&! 6E2)/(#&A! $6#/(&! &'! 2'1,2/%! &(! &'! 20*)(2'(! +'! L*#72(! B+/! )&#7&((#2! 0&!

%*+7&((#&!6&!(#2:2/,!)*+#!)+.,/62(/*'!02'%!+'&!#&:+&!%6/&'(/L/B+&C!

O*77&! '*+%! :&'*'%! 0&! ,&! :*/#! .#/H:&7&'(A! ,-&%(/72(/*'! L/'2,&! 0&%! )2,&*>)S! 0&! %+#L26&! @! )2#(/#! 0&! ,2!

7&%+#&!0+!G_O2!0&%!L*#27/'/LH#&%!),2'6(*'/B+&%!0$)&'0!0*'6![/\!0+!vX!&(![//\!&(!0&!,2!(&7)$#2(+#&![:/2!

%*'!/7)26(!$:&'(+&,!%+#!,&%!:2#/2(/*'%!0+!vX!&(!%+#!,2!#&,2(/*'!&'(#&!)S!&(!wG[ZS\Œz!–!SOZxz{!02'%!,&%!&2+F!

0&!%+#L26&\C!K2/%! ,-&%(/72(/*'! 0+! )2,$*>)S! :2!2+%%/!0$)&'0#&!0&! ,-2,62,/'/($! )2%%$&!0&! ,-&2+!0&!7&#A!B+/!

6*'0/(/*''&!,&!,/&'!&'(#&!)S!&(!! wG[ZS\Œz!–!SOZxz{C!W*+%!)#$%&'(*'%!0*'6A!02'%!,2!0&+F/H7&!)2#(/&!0&!6&!

6E2)/(#&A! +'&! /,,+%(#2(/*'! 0&! ,-/'L,+&'6&! B+&! :*'(! 2:*/#! ,2! 62,/.#2(/*'! 0&! vX! &(! ,&%! E<)*(EH%&%! %+#! ,&%!

6E2'1&7&'(%!)2%%$%!0-2,62,/'/($!%+#!,&%!#&6*'%(#+6(/*'%!0&%!)2,$*>)SC!O&((&!$(+0&!0&!%&'%/./,/($!0+!)2,$*>

)S!@!0/LL$#&'(%!)2#27H(#&%!&%(!.2%$&!%+#!,&!62%!6*'6#&(!0-+'&!62#*((&!@!L*#(!(2+F!0&!%$0/7&'(2(/*'!0+!O2'2,!

0+! K*a27./B+&A! ,2! 62#*((&! KXip>8giA! B+/! 6*+:#&! +'&! (#2'6E&! 0&! (&7)%! 2,,2'(! 0&! ,2! 0&#'/H#&! )$#/*0&!

1,26/2/#&!@! ,-S*,*6H'&! (&#7/'2,C!W*+%!2:*'%!7&%+#$! ,&!G_O2!0&! ,-&%)H6&!R*!0/1(0C!X2'%!6&!6E2)/(#&A! '*+%!

7&((#*' %!2/'%/!&'!$:/0&'6&!,&%!/'6&#(/(+0&%!/7)*#(2'(&%!B+/!&'620#&'(!,&%!&%(/72(/*'%!)2%%$&%!0+!)S!0&%!

&2+F!0&!%+#L26&!)2#!,2!7&%+#&!0+!G_O2!0&%!L*#27/'/LH#&%!),2'6(*'/B+&%C!!
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)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)
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)

)

)

+A) 06KB) L6J) <8N9SK8L96:) 6_) LGB) J8KL9L96:) <6B__9<9B:L) C- )

_6K)S6K6:)9:)LGB)JN8:HL6:9<)_6K879:9_BK)7>)%$5&%)

!

#:LK6;E<L96:)

Q(!E2%!.&&'!#&6&'(,<!%E*Y'!(E2(!(E&!G_O2!*L!),2'J(*'/6!L*#27/'/L&#%!62'!.&!+%&0!(*!#&6*'%(#+6(!)2%(!%&2>

%+#L26&!)S!:2#/2(/*'%C!^E&%&!#&6*'%(#+6(/*'%!2#&!.2%&0!*'!(E&!%)&6/2(/*'!*L!.*#*'!/'!(E&!*6&2'C!Q'!2B+&*+%!

%*,+(/*'A! .*#*'! 72/',<! &F/%(%! 2%! (Y*! %)&6/&%A! .*#/6! 26/0! G[ZS\f ! 2'0! .*#2(&! /*'! G[ZS\ h>A! (E2(! E2:&!

%/1'/L/62'(,<!0/LL&#&'(!/%*(*)/6!6*7)*%/(/*'%!2'0!YE/6E!#&,2(/:&!)#*)*#(/*'%!2#&!E/1E,<!)S>0&)&'0&'(C!^E&!

.*#*'! /%*(*)/6!6*7)*%/(/*'!*L!72#/'&!62#.*'2 (&%!L2,,%!6,*%&!(*!(E&!/%*(*)/6!6*7)*%/(/*'!*L!(E&!0/%%*,:&0!

.*#2(&! /*'%A! E&'6&! G[ZS\h>! /%! (E*+1E(! (*! .&! (E&! %)&6/&%! 6E/&L,<! /'6*#)*#2(&0! /'! 72#/'&! 62#.*'2(&%A!

L*,,*Y/'1!(E&!7&6E2'/%7!)#*)*%&0!.<!S&77/'1!2'0!S2'%*'![4pp8\= !

! 

CaCO3 + B(OH)4
Ñ KD" # " Ca(HBO3) + HCO3

Ñ + H2O! [4\ !

Q'6*#)*#2(/*'! *L! .*#2(&! /*'! /'! (E&!L*#27/'/L&#2,!62#.*'2(&!72<! .&!6*'(#*,,&0! .<! (E&!2))2#&'(! )2#(/(/*'!

6*&LL/6/&'(!vXA!0&L/'&0!2%=!

! 

KD =
HBO3

2Ñ /CO3
2Ñ[ ]

CaCO3

B(OH)4
Ñ /HCO3

Ñ[ ]
seawater

! [8\ !

}&&.&!2'0!s*,L >P,20#*Y![8994\!2'0!r+!&(!2,C![899i\!%/7),/L/&0!(E/%!vX!&F)#&%%/*'!2%%+7/'1!(E2(!/'!62,6/(&A!

wOZxyz{&wO28• {=!

! 

KD =
B/Ca[ ]CaCO3

B(OH)4
Ñ /HCO3

Ñ[ ]
seawater

! [f\ !

G&62+%&!(E&!wG[ZS\h>\_SOZf >{!*L!%&2Y2(&#! /%!E/1E,<! )S>0&)&'0&'(A!*'&!62'! )*(&'(/2,,<!#&6*'%(#+6(! )S! /L!

*'&! J'*Y%! .*(E! (E&! G_O2! #2(/*! *L! 62,62#&*+%! 72#/'&! %E&,,%! 2'0! (E&! )2#(/(/*'! 6*&LL/6/&'(! vX! [/(! 26(+2,,<!

#&B+/#&%A!/'!200/(/*'A!(E2(!*'&!62'!&%(/72(&!)2%(!%&2Y2(&#!2,J2,/'/(<A!YE/6E!%&:&#2,!2+(E*#%!E2:&!/'L&##&0!

L#*7!%2,/'/(<!#&6*'%(#+6(/*'%!.2%&0!*'!6*+),/'1!L*#27/'/L&#!jkmZ!2'0!K1_O2>̂ &7)&#2(+#&![&C1C!r+!&(!2,CA!

899i„!^#/)2(/!&(!2,CA!899p\C!!
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3&:&#2,!%(+0/&%!.2%&0!*'!/'*#12'/62,,<!)#&6/)/(2(&0!62,6/(&!*#!*'!L*#27/'/L&#!%E&,,%!E2:&!%E*Y'!(E2(!62,6/(&!

G_O2!2'0!27./&'(!Y2(&#!wG[ZS\h>\_SOZf >{!2#&! /'0&&0!#&,2(&0A!YE/6E!2))2#&'(,<! .#/'1%!%*7&!200/(/*'2,!

%+))*#(! (*! (E&!7*0&,! *L! .*#*'! /' 6*#)*#2(/*'! /'! 62,6/(&C! I/1+#&!hoA!L*#! /'%(2'6&! [#&0#2Y'!L#*7! r+!&(!2,CA!

899i\!%E*Y%!(E2(!R'21&:(0&3$!1/''2&.(4!2'0! R'21202=$'&$!&3%'$=$!*.(2/'&0!L#*7!6*#&!(*)!%&0/7&'(%![7*%(,<!

/'! (E&! '*#(E&#'! U(,2'(/6! Z6&2'\! 0/%),2<! %(#*'1A! ,/'&2#! G_O2>wG[ZS\h>_SOZf >{! #&,2(/*'%E/)%! ['*! %+6E!

6*##&,2(/*'! /%!*.%&#:&0A!E*Y&:&#A!L*#!(E&!0*Y'6*#&!62,/.#2(/*'! *L!R'21&:(0&32&.(4!0/1(0!G_O2\C!T&,2(/*'%!

&%(/72(&0!2%%+7/'1! :2#/*+%A!6*'%(2'(! :2,+&%!*L!vX! [%,*)&\!2#&!),*((&0!*'!L/1+#&!ho![0*(&0!,/'&%\C!2̂J/'1!

/'(*!266*+'(!+'6&#(2/'(/&%!2%%*6/2(&0!Y/(E!G_O2!2'0!wG[ZS\Œz!–!SOZxz{%YA!'&/(E&#!#&1#&%%/*'! ,/'&%!)2%%&%!

(E#*+1E!(E&!*#/1/'A!%E*Y/'1!(E2(!vX!/%!:2#/2.,&!Y/(E/'!&26E!%)&6/&%C!Z(E&#!%(+0/&%!)&#L*#7&0!*'!6*#&!(*)!

72(&#/2,![&C1C!r+!2'0!?,0&#L/&,0A!899i„!I*%(&#A!8995\A!6+,(+#&0!L*#27/'/L&#%![&C1C!U,,&'!&(!2,CA!8948\!*#!.2%&0!

*'! 0*Y'6*#&! 62,/.#2(/*'! [&C1C! ^#/)2(/A! 899p\! E2:&! 6*'L/#7&0! [/\! (E2(! vX! /%! '*(! 6*'%(2'(A! [//\! (E2(! /(! /%!

%)&6/&%>%)&6/L/6A!2'0![///\! (E2(! /(!72<!:2#<!L*#!2!1/:&'!%)&6/&%![&C1C!vX!%E*Y%!2.*+(!h9ˆ! :2#/2./,/(<!L*#!PC!

1/''2&.(4A!#2'1/'1!L#*7!9C999o>9C999pA!2'0!%E*Y%!2.*+(!59ˆ!:2#/2./,/(<!L*#!PC!0/1(0A!#2'1/'1!L#*7!9C9949!

(*!9C9945\C!!

!

!

!

/9mEKB)nk)@) !I*#27/'/L&#2,!G_O2!:&#%+%!%&2Y2(&#!wG[ZS\Œz!–!SOZxz{![/\!PC!1/''2&.(4 !2'0!PC!&3%'$=$!Y&#&!

)/6J&0!L#*7!6*#&!(*)%A!7*%(,<!L#*7!(E&!W*#(E&#'!U(,2'(/6!*6&2'A!Y/(E!(E&!&F6&)(/*'!*L!(Y*!%/(&%!,*62(&0!/'!

(E&!3*+(E&#'!U(,2'(/6![ZX"!4955\!2'0!(E&!3*+(E&#'!"26/L/6![OSU^!4ov\![L#*7!r+!&(!2,CA!899i\C!I*#!(E&%&!

6*#&!(*)!02(2A!(E&!%&2Y2(&#!wG[ZS\h>\_SOZf >{!Y2%!&%(/72(&0!L#*7!(E&!PNZXU"!02(2.2%&C![//\!PC!0/1(0!Y&#&!

)/6J&0!2,*'1!ZX"!%/(&!oo5A!26#*%%!KQ34>g!2'0!KQ3p>44!6,/72(/6!6<6,&%C!I*#!(E&%&!02(2A!wG[ZS\Œz!–!SOZxz{!

:2,+&%!Y&#&!&%(/72(&0!L#*7! )2%(! )S!#&6*'%(#+6(/*'! 0&#/:&0! /'0&)&'0&'(,<!L#*7!PC!%266+,/L&#!jkkGA!2'0!

33^! 0&#/:&0! L#*7! K1_O2A! (*1&(E&#! Y/(E! 2,J2,/'/(<! 2'0! (*(2,! .*#*'! /'! %&2Y2(&#! &%(/72(&0! L#*7! %2,/'/(<!

#&6*'%(#+6(/*'C!
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r+! &(! 2,C! [899i\! %+11&%(&0! (E2(! vX! 6*+,0! 0&)&'0! +)*'! %&2Y2(&#! 6*'0/(/*'%A! 2'0! (E&<! )+(! 2! %)&6/2,!

&7)E2%/%!*'!(&7)&#2(+#&A!L*#!YE/6E!&7)/#/62,!62,/.#2(/*'!E20!%E*Y'!%(#*'1!2))2#&'(!#&,2(/*'%E/)%!Y/(E!

v X! [I/1+#&! hi „! (E&! Y&2J! #&,2(/*'%E/)! L*+'0! L*#!R*! 1/''2&.(4 ! Y2%! 2%%/1'&0! (*! (E&! E/1E&#! 2'2,<(/62,!

+'6&#(2/'(/&%!2%%*6/2(&0!(*!7&2%+#&7&'(!*L!,*Y >,&:&,!G_O2!2'0!K1_O2\C!!

!

/9mEKB)nd)@) ~2#/2(/*'%! *L! vX! Y/(E! (&7)&#2(+#&! L*#! (E#&&! ),2'J(*'/6! L*#27/'/L&#! %)&6/&%! [r+! &(! 2,CA!

899i\C!?##*#!.2#%!L*#!6*#&!(*)!%27),&%!*L!R*!1/''2&.(4 !2'0! R*!&3%'$=$!2#&!&%(/72(&0!2%%+7/'1!E2./(2(!0&)(E%!

*L! f9‡i9! 7! 2'0! 8g9 ‡fg9! 7 A! #&%)&6(/:&,<C! X2(2! Y&#&! L/((&0! (*! 2'! &F)*'&'(/2,! 7*0&,! .&62+%&! ,/'&2#!

#&1#&%%/*'%!Y*+,0!/7),<!a&#*!vX!2(!2!#2'1&!*L!(&7)&#2(+#&%C!

!

S*Y&:&#A!02(2!*.(2/'&0!.<!0/LL&#&'(!2+(E*#%!2#&!%*7&YE2(!6*'L,/6(/'1!#&12#0/'1!(E&!)*%%/.,&!(&7)&#2(+#&!

0&)&'0&'6&!*L!vXC!R'21&:(0&32&.(4!0/1(0!/%!2!%E2,,*Y!0Y&,,/'1!%)&6/&%!6+##&'(,<!+%&0!/'!)2,&*6&2'*1#2)E/6!

%(+0/&%!(*!#&6*'%(#+6(! )2%(!%&2!%+#L26&!6*'0/(/*'%! /'! (#*)/62,!2'0!%+.(#*)/62,! *6&2'/6!2#&2%C!U%!L2#!2%!PC!

0/1(0!/%!6*'6&#'&0A!r+!&(!2,C![899i\A!.2%&0!*'!(E&/#!0*Y'>6*#&!62,/.#2(/*'!&F&#6/%&A!6*'6,+0&0!(E2(!/(%!vX!

/'6#&2%&%!Y/(E!/'6#&2%/'1!(&7)&#2(+#&![6*E&#&'(!(*!YE2(!(E&<!2,%*!*.%&#:&0!L*#!6*#&!(*)!62,/.#2(/*'!*L!R*!

&3%'$=$!2'0! R*!1/''2&.(4 !vX„!I/1+#&!hi\C!I*%(&#![8995\A!E*Y&:&#A!+%/'1!6*#&!(*)!72(&#/2,A!L*+'0!2'!*))*%/(&A!

'&12(/:&! (#&'0! *L!R*!0/1(0! vX! 6E2'1&! Y/(E! (&7)&#2(+#&C! ^#/)2(/! &(! 2,C! [899p\A! .2%&0! *'! 2! 0*Y'>6*#&!

62,/.#2(/*'A!/'0&)&'0&'(!L#*7!(E2(!)&#L*#7&0!.<!r+!&(!2,C![899i\A!6*'6,+0&0!(E2(!)S!#&6*'%(#+6(/*'!+%/'1!

%)&6/&%!R*!0/1(0![2'0! R'21&:(0&32&.(4!4$,,/'&%(0\!Y2%!*',<!Y&2J,<!0&)&'0&'(!*L!(E&!(&7)&#2(+#&!&LL&6(!*'!

(E&!vXC!I/'2,,<A!6+,(+#&!&F)&#/7&'(%!*L!R*!0/1(0![(*1&(E&#!Y/(E!W01/'&3$!/3&B(04$A!2'0!R*!4$,,/'&%(0\!%E*Y&0!

'*!%/1'/L/62'(! #&,2(/*'%E/)! .&(Y&&'!G_O2!2'0! (&7)&#2(+#&A! .+(!%E*Y&0! (E&! )*(&'(/2,! /'L,+&'6&! *L! *(E&#!

)2#27&(&#%!%+6E!2%!%2,/'/(<A!(*(2,!.*#*'!2'0!62#.*'2(&!/*'!6*'6&'(#2(/*'![U,,&'!&(!2,CA!8944A!8948\C!!

!

^Y*! &,&7&'(%! 2#&! %(#/J/'1! YE&'! 6*'%/0&#/'1! (E&%&! 6*'L,/6(/'1! #&%+,(%! 2'0! (E&! /'E&#&'(! 0/LL/6+,(<! *L!

0#2Y/'1!%*7&!6*'6,+%/*'!2.*+(!YE2(!+,(/72 (&,<!6*'(#*,%!vX! :2#/2(/*'%! /'! R*!0/1(0!2'0! *(E&#! ),2'J(*'/6!

%)&6/&%C!!

[/\  I/#%(! *L! 2,,A! (E&%&! %(+0/&%! 2#&! .2%&0! *'! E/1E,<! 0/LL&#&'(! %(#2(&1/&%C! U%! L2#! 2%! )#*F<!

62,/.#2(/*'! /%!6*'6&#'&0A!Y&! .&,/&:&! (E2(! 0*Y'>6*#&!62,/.#2(/*'! /%!2!Y&2J!2))#*26EA!

.&62+%&! /(! #&%(%! +)*'! #&6*'%(#+6(&0! %&2Y2(&#! 6*'0/(/*'%! Y/(E! ,2#1&! )#*)212(/*'! *L!
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+'6&#(2/'(/&%! 2%%*6/2(&0! (*! (E&! 2'2,<%&%! *L! %&:&#2,A! /'0/#&6(! )#*F/&%! [&C1C!jkkGA!jkmZA!

K1_O2\C! ^E&! +%&! *L! 6*#&! (*)! 72(&#/2,! *#! %E&,,%! 0&#/:&0! L#*7! 6*'(#*,,&0A! 6+,(+#&!

&F)&#/7&'(%! 2#&! 7*#&! ,/J&,<! (*! )#*:/0&! 2! #*.+%(! 02(2%&(! (*! +'0&#%(2'0! .*#*'!

/'6*#)*#2(/*'!/'(*!L*#27/'/L&#2,!%E&,,%„!

!

[//\  r&(A!/L!*'&!6*'%/0&#%!*',<!6*#&!(*)!62,/.#2(/*'%!2'0!6+,(+#&!&F)&#/7&'(%A!(E&<!%(/,,!,&20!(*!

6*'L,/6(/'1!6*'6,+%/*'%C!Q(!E2%!.&&'!%*7&(/7&!)+(!L*#Y2#0!(E2(![/\!6+,(+#&!&F)&#/7&'(%!

72<!),26&!L*#27/'/L&#%!/'(*!%*7&!%(#&%%A!2'0!(E2(![//\!(E&!#2'1&!*L!%*7&!&':/#*'7&'(2,!

6E2'1&%! (&%(&0! 0+#/'1! (E&%&! &F)&#/7&'(%! ,2#1&,<! &F6&&0! '2(+#2,! :2#/2./,/(<!

&F)&#/&'6&0!.<!(E&!*#12'/%7%!/'!(E&/#!'2(+#2,!&':/#*'7&'(C!G*(E!(E&%&!&,&7&'(%!72<!

E2:&!2'! /7)26(!*'! (E&!6*'6,+%/*'!0#2Y'!L#*7! (E&%&!&F)&#/7&'(%A!&%)&6/2,,<!YE&'! /(!

6*7&%! (*! (#26&!&,&7&'(! /'6*#)*#2(/*'C!U%!L2#!2%!6*#&! (*)! 62,/.#2(/*'%!2#&!6*'6&#'&0!

[(E&!%+.;&6(!*L!(E&!)#&%&'(!%(+0<\A!*'&!62'!/0&'(/L<!%&:&#2,!)*(&'(/2,!0#2Y.26J%!/'!(E&!

%(#2(&1/&%!L*,,*Y&0!.<!(E&!%72,,! '+7.&#!*L!%(+0/&%!(E2(!#&6&'(,<!0&2,(!Y/(E!G_O2!2'0!

v X!62,/.#2(/*'C!I*#!/'%(2'6&A!%&:&'!*+(!*L!(E&!&,&:&'!6*#&!(*)%!+%&0!.<!I*%(&#![8995\!

E2:&! .&&'! *.(2/'&0!L#*7!Z6&2'!X#/,,/'1!3/(&%A!2,(E*+1E! /(! /%!J'*Y'! (E2(!ZX"!6*#/'1!

0*&%!'*(!2,,*Y!2!:&#<!1**0!#&6*:&#<!*L!%+#L26&!%&0/7&'(C!^E&!21&!6*'(#*,!*'!7*%(!*L!

(E&%&!%/(&%!Y*+,0!'*(!2,,*Y!(*!62#&L+,,<!200#&%%!(E/%!/%%+&!%/'6&!21&!7*0&,%!2#&!7*%(!*L!

(E&!(/7&!.2%&0!*'!,*Y>#&%*,+(/*'A!*#./(2,!(+'/'1!*',<C!U%!L2#!2%!(E&!6*#&!(*)!62,/.#2(/*'!

&F&#6/%&!*L!r+!&(!2,C![899i\!/%!6*'6&#'&0![L*#!R*!1/''2&.(4!2'0! R*!&3%'$=$\A!L*#(<>*'&!*+(!

*L! (E&! L*#(<>(E#&&! 6*#&! (*)%! +%&0! 2#&! ,*62(&0! /'! 2! %72,,! 2#&2! *L! (E&! W*#(E! U(,2'(/6!

Z6&2'A! YE&#&! #&1/*'2,! *6&2'*1#2)E/6! 6*'0/(/*'%! 2#&! %+6E! (E2(! %+#L26&! (&7)&#2(+#&!

6*:2#/&%!:&#<!%(#*'1,<!Y/(E!&/(E&#!%2,/'/(<!*#!62#.*'2(&!/*'![OZxyz\A!72J/'1!/(!0/LL/6+,(!

(*! 200#&%%! )*%%/.,&A! '*'>(&7)&#2(+#&! &LL&6(%! *'! (E&! /'6*#)*#2(/*'! *L! .*#*'! /'(*!

L*#27/'/L&#2,!62,6/(&C!!

!

Q'!*#0&#!(*!)#*:/0&!2!7*#&!&FE2+%(/:&!02(2.2%&!L*#!+'0&#%(2'0/'1!(E&!/'6*#)*#2(/*'!*L!.*#*'!/'!R*!0/1(0!

%E&,,%A! Y&! 0&6/0&0!(*! )&#L*#7! 2'! /'0&)&'0&'(! %(+0<! *L! (E&! G_O2! *L!R*! 0/1(0! %E&,,%! )/6J&0! L#*7! Y&,,>

)#&%&#:&0!6*#&>(*)!%&0/7&'(%!L#*7!(E&!(E#&&!72;*#!*6&2'!.2%/'%C!!

!

!

!

!

!

!

!

!

!

!
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ZA)?8LBK98N)8:;)7BLG6;M)

ZAZA)'87JNB)MBNB<L96:))

s&!%&,&6(&0!Y&,,>)#&%&#:&0!72#/'&!%&0/7&'(!6*#&!(*)%!L#*7!E/1E!%&0/7&'(2(/*'!#2(&!2#&2%!*L!(E&!(#*)/62,!

2'0! %+.>(#*)/62,! U(,2'(/6A! Q'0/2'! 2'0! "26/L/6! *6&2'%A! 6*:&#/'1! 2! Y/0&! #2'1&! *L! (&7)&#2(+#&! 2'0! %2,/'/(<!

6E2'1&%C! Q'! *#0&#! (*! 6E&6J! /L! 0/%%*,+(/*'! Y2%! '*(! 2! 72;*#! /%%+&! *'! K1_O2! 2'0! G_O2A! Y&! 6*'(#*,,&0! (E&!

%2(+#2(/*'!%(2(&!*L!(E&!0&&)!Y2(&#!*:&#,</'1!*+#!%27),&!%/(&%!.<!&%(/72(/'1!(E&!62#.*'2(&!/*'!%2(+#2(/*'!

[•OZxyz\C! G*((*7! Y2(&#! •OZf 8>! Y2%! &%(/72(&0! L#*7! (E&! PNZXU"! 02(2! %&(! [%&&! S<0#*1#2)E/6! 02(2\C!

S*,*6&'&!21&%!*L!*+#!6*#&!(*)!%27),&%!Y&#&!:&#/L/&0!.<!#20/*7&(#/6!02(&%A!L*#27/'/L&#-%!6*+'(%!*#!/%*(*)/6!

%(#2(/1#2)E<!2%!0&L/'&0!/'!KUTPZ![v+6&#2!&(!2,CA!899g\[I/1+#&!h5A!^2.,&!49\C!!

Q'! *#0&#!(*!1&(!2!1**0!6*'(#*,! *'!62,6/L/62(/*'! (&7)&#2(+#&%A!jkmZ!2'0!K1_O2!Y&#&!2,%*!7&2%+#&0!*'!R*!

0/1(0!%E&,,%C!

!

!

!

!

!

!

!

/9mEKB)nl)@) O*#&! ,*62(/*'%! [.,26J!0*(%\C!3&2!%+#L26&! (&7)&#2(+#&%!2'0!%2,/'/(/&%!2#&! (2J&'! L#*7! (E&!

s*#,0!Z6&2'!U(,2%![899p\!
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!

(8SNB)Z[)@ K&(202(2! L*#! *+#! 6*#&! (*)! %/(&%=! ,*62(/*'A! Y2(&#! 0&)(EA! 21&! 6*'(#*,! 2'0! 62#.*'2(&!

%2(+#2(/*'! *L! .*((*7!Y2(&#! [• OZf Ž\! (*!6E&6J! (E2(! (E&!%&,&6(&0!6*#&! (*)%!%E*+,0! '*(!%+LL&#!L#*7!

0/%%*,+(/*'!&LL&6(%C!

!

ZAbA)3OFmB:)9M6L6J9<)8:8NFMBM)

ZF<1&'!/%*(*)/6!#2(/*%!Y&#&!*.(2/'&0!*'!o!(*!f9!PC!0/1(0!%E&,,%![YE/(&A!%&'%+!%(#/6(*\!L#*7!(E&!8g9>f4g!†7!

%/a&!L#26(/*'!(*!2:*/0!)*%%/.,&!%/a&!&LL&6(%C!3E&,,%!Y&#&!+,(#2%*'/62,,<!6,&2'&0!/'!7&(E2'*,!(*!#&7*:&!6,2<%!

2'0!*(E&#!/7)+#/(/&%C!^E&<!Y&#&!#*2%(&0!+'0&#!:26++7!L*#!hg!7/'+(&%!2(!f59•O!(*!#&7*:&!*#12'/6!72((&#A!

2'0!(E&'!2'2,<%&0!Y/(E!2!I/''/12'!••!72%%!%)&6(#*7&(&#C!T&%+,(%!2#&!&F)#&%%&0!2%!$45Z!/'!)&#!7/,!:&#%+%!

~>"X G!Y/(E!#&%)&6(!(*!WG3!4p!2'0!WG3!45!%(2'02#0%C!O2#.*'2(&!%(2'02#0!#&),/62(&!7&2%+#&7&'(%!%E*Y!

2'!2'2,<(/62,!#&)#*0+6/./,/(<! *L! ›9C9g“! [4 ' \C!K&2'!%(2'02#0!0&:/2(/*'! *L!#&),/62(&!R*!0/1(0!2'2,<%&%! /%!

‚9C44“C !

!

ZAcA)?m>08)8:;)=>08)8:8NFMBM)

s&!1&'(,<!6#+%E&0!89!(*!8g!%E&,,%!*L!PC!0/1(0![YE/(&A!%&'%+!%(#/6(*\!L#*7!(E&!8g9>f4g!†7!%/a&!L#26(/*'!/'!

*#0&#!(*!*)&'!(E&!6E27.&#%!2'0!2,,*Y!2'<!6E27.&#!L/,,!(*!.&!#&7*:&0!0+#/'1!(E&!L*,,*Y/'1!6,&2'/'1!%(&)%!

[G2#J&#! &(! 2,CA! 899f\C! UL(&#! 6#+%E/'1A! 6,2<%! Y&#&! #&7*:&0! .<! %+66&%%/:&! K/,,/>n! Y2(&#! 2'0! &(E2'*,!

+,(#2%*'/6!Y2%E&%A!2'0!2'! *F/02(/:&!%(&)! [S8Z8A!499•O\!Y2%!2)),/&0! /'! *#0&#! (*!#&7*:&! *#12'/6!72((&#C!

3+.%&B+&'(,<A!,&26E/'1!Y/(E!2!0/,+(&!26/0!9C994!K!SWZf A!Y2%!)&#L*#7&0A!(*!#&7*:&!2'<!6*'(27/'2'(%!(E2(!

72<!E2:&!.&&'!20%*#.&0!*'(*!(E&!%E&,,%C!I/'2,,<A!%27),&%!Y&#&!0/%%*,:&0!/'!fg9!†N!*L!9C4!K!SWZf C!
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U'! 2,/B+*(! *L! &26E! %27),&! %*,+(/*'! Y2%! 0/,+(&0! 2'0! 7&2%+#&0! +%/'1! 2'! /'0+6(/:&,<! 6*+),&0! ),2%72!‡!

2(*7/6! &7/%%/*'! %)&6(#*7&(&#! [QO">U?3\A! (*! 0&(&#7/'&! /(%! 62,6/+7! 6*'6&'(#2(/*'C!G2%&0! *'! (E/%!

7&2%+#&7&'(A!62,6/+7!6*'6&'(#2(/*'!*L!&26E!%27),&!Y2%!20;+%(&0!(*!499!))7!.<!0/,+(/*'A!2'0!(E&!%27),&!

Y2%! (E&'! #+'! *'! /'0+6(/:&,<! 6*+),&0! ),2%72! ‡! B+20#+)*,&! 72%%! %)&6(#*7&(&#%! [QO">nK3\! ^E&#7*-%!

|%&#/&%QQC!3&((/'1!(E&!62,/.#2(/*'!%*,+(/*'%!2'0!(E&!%27),&%!(*!499!))7!*L!O2!72J&%!/(!)*%%/.,&!(*!*:&#6*7&!

2'<!72(#/F!&LL&6(%!YE/,&!0&(&#7/'/'1!(#26&!&,&7&'(%![G*+#0/'!&(!2,CA!8944„!S2#0/'1!&(!2,CA!899o\!*#!7*#&!

%)&6/2,,<!G_O2!2'0!K1_O2!#2(/*%![r+!&(!2,CA!899g\C!X+#/'1!(E&!L/'2,!#+'A!(E&!K1!_O2!2'0!G_O2!#2(/*%!Y&#&!

&%(/72(&0!+%/'1!2'!/'(&'%/(<!#2(/*!62,/.#2(/*'!7&(E*0![0&!~/,,/&#%!&(!2,CA!8998\C!!

Q'! *#0&#! (*!#&0+6&! .*#*'! .26J1#*+'0! ,&:&,!2'0!7&7*#<!&LL&6(A!2!7/'/!6<6,*'/6!B+2#(a!6E27.&#!Y/(E!2'!

/''&#! (+.&!2'0!2! ^&L,*'! '&.+,/a&#!Y&#&!+%&0C! "#/*#! (*! 2'2,<%/%A!Y&! )&#L*#7&0!2!6*'&>6*'0/(/*'/'1!%(&)!

L*,,*Y/'1! (E&! )#*6&0+#&! 0&%6#/.&0! .<! r+! &(! 2,C! [899g\C! ^E/%! 6*'&! 6*'0/(/*'/'1! #&0+6&0! (E&! .*#*'!

.26J1#*+'0!(*! ,&%%!(E2'!oˆ!*L!(E&!.*#*'! /'(&'%/(<!L*#!(<)/62,!),2'J(*'/6!G_O2!,&:&,%C!s&!2,%*!7&2%+#&0!

(E&!G_O2!#2(/*! *L!2!6*#2,! )*Y0&#!#&L&#&'6&!72(&#/2,! [DO)>4„!ZJ2/!&(!2,CA!899h\!&:&#<!L/:&!%27),&%!2'0!2!

1/2'(!6,27!)*Y0&#!#&L&#&'6&!72(&#/2,![DO(>4„!ZJ2/!&(!2,CA!899h\!&:&#<!(&'!%27),&%!2%!)#&:/*+%,<!0&%6#/.&0!

.<!G*+#0/'!&(!2,C![8944\C!^E&%&!#&L&#&'6&!)*/'(%!%E*Y!(E2(!(E&!0#/L(!2,*'1!2!(<)/62,!2'2,<(/62,!%&%%/*'![#o!

E#%\!/%!,&%%!(E2'!gˆ!L*#!.*#*'!2'0!4ˆ!L*#!721'&%/+7C!K*#&*:&#A!2!.,2'J!Y2%!2'2,<a&0!.&L*#&!&26E!%27),&!

(*! 7*'/(*#! (E&! )*(&'(/2,! /'L,+&'6&! *L! (E&! 7&7*#<! &LL&6(C! ^E&! %(2'02#0! #&)#*0+6/./,/(<A! .2%&0! *'! ‚499!

#&),/62(&!7&2%+#&7&'(%!*L!(E&!1/2'(!6,27!)*Y0&#!72(&#/2,!DO(>4![ZJ2/!&(!2,CA!899h\A!/%!fCgˆ![8š\!L*#!G_O2!

7&2%+#&7&'(%! 2'0! 4Cgˆ! [8š\! L*#! K1_O2! 7&2%+#&7&'(%! Y/(E! 7&2'! :2,+&%! *L! 4pi! †7*,_7*,! 2'0! 4C85!

77*,_7*,A!#&%)&6(/:&,<C!T&),/62(&%!7&2%+#&7&'(%!Y&#&!)&#L*#7&0!YE&'!&'*+1E!72(&#/2,!Y2%!2:2/,2.,&!

2'0! 720&! /(! )*%%/.,&! (*! &:2,+2(&! )**,&0! %(2'02#0! 0&:/2(/*'%! *L! ›gCg! †7*,_7*,! [‚hCfˆ\! L*#! G_O2! 2'0!

›9C477*,_7*,![‚8Cfˆ\!L*#!K1_O2C !

!

ZAnA)(B7JBK8LEKB)BML978LBM)

s&!+%&0!(Y*!0/LL&#&'(!Y2<%!(*!62,6+,2(&!(E&!%&2!%+#L26&!(&7)&#2(+#&!2(!*+#!%/(&%=!(E&!K1_O2!#2(/*!2'0!(E&!

*F<1&'!/%*(*)/6!6*7)*%/(/*'!*L!L*#27/'/L&#-%!62,6/(&C!

O+,(+#&! &F)&#/7&'(%! 2'0! 6*#&! (*)! 62,/.#2(/*'%! E2:&! 0&7*'%(#2(&0! (E2(! K1! /'6*#)*#2(/*'! /'! 62,6/(&! /%!

,2#1&,<!6*'(#*,,&0!.<!(&7)&#2(+#&C!s&!+%&0!U'2'0!&(!2,![899f\!&7)/#/62,!#&,2(/*'%E/)!L*#!R*!0/1(0!/'!(E&!

%/a&!L#26(/*'!8g9>f4g!†7!(*!#&6*'%(#+6(!%&2!%+#L26&!(&7)&#2(+#&%=!

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

!  

TMg /Ca =
ln

Mg /Ca
0.449

" 

# 
$ 

% 

& 
'  

0.09 !!!!!!!!!!!!!!!!!!!!!![h\!

K1_O2! .2%&0! (&7)&#2(+#&! #&6*'%(#+6(/*'! 62'! .&! )*(&'(/2,,<! ./2%&0! .<! %&:&#2,! )#*6&%%&%C! O2#.*'2(&!

0/%%*,+(/*'!2(!(E&!%&2L,**#!/%!(E&!.&%(!J'*Y'!*L!(E*%&!./2%&%A!K1_O2!0&6#&2%/'1!Y/(E!/'6#&2%/'1!0/%%*,+(/*'!

[&C1C! N*E72''A! 4ppgA! T*%&'(E2,A! 8999A! T&1&'.&#1! &(! 2,CA! 899o\C! r&(A! /'! *+#! %(+0<A! (E/%! &LL&6(! 62'! .&!

)#&%+72.,<! '&1,&6(&0! %/'6&! Y&! 2#&! +%/'1! Y&,,>)#&%&#:&0! 6*#&! .2(E&0! /'! .*((*7! Y2(&#%! (E2(! %E*Y! 2!
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•OZxyz!,2#1&#!(E2'!49!†7*,_J1%YA!2!(E#&%E*,0!:2,+&!2.*:&!YE/6E!0/%%*,+(/*'!62'!.&!'&1,&6(&0![T&1&'.&#1!

&(!2,CA!899o\C!U'*(E&#!)*(&'(/2,!./2%!/%!(E&!%2,/'/(<!&LL&6(!*'!(E&!K1_O2!#2(/*C!V%/'1!(E&!%27&!%&(!*L!%27),&%!

2%!*+#!%(+0<A!K2(E/&'>G,2#0!2'0!G2%%/'*(! [899p\!%E*Y&0!(E2(!2'! /'6#&2%&!*L!4“! /'!%2,/'/(<!#&%+,(%!/'!2!

)*%/(/:&! ./2%!*L! ‚4Co•O! /'! (E&!PC!0/1(0!K1_O2>.2%&0! (&7)&#2(+#&C!Z+#!%27),&!%&(!%E*Y%!2!Y/0&!%2,/'/(<!

#2'1&!*L!‚hCg!)%+A![L#*7!f8Cg!(*!fi!)%+\A!YE/6E!62'!)*(&'(/2,,<!,&20!(*!2!‚i•O!&##*#!/'!(E&!K1_O2!.2%&0!

(&7)&#2(+#&!#&6*'%(#+6(/*'C!

U'*(E&#! Y2<! (*! &%(/72(&! (&7)&#2(+#&! L*#! 7*0&#'! 6*#&! (*)! %27),&%! /%! (*! &%(/72(&! (E&! 62,6/L/62(/*'!

(&7)&#2(+#&! *L!R*!0/1(0!L#*7! jkmZC! v'*Y/'1! (E&! *F<1&'! /%*(*)/6! 6*7)*%/(/*'! *L! %&2Y2(&#A! (E&! /%*(*)/6!

(&7)&#2(+#&!*L!62,6/L/62(/*'!62'!.&!&%(/72(&0!L#*7!(E&!7&2%+#&0!j45Z!*L!R*!0/1(0![j 45ZL\!+%/'1!(E&!/%*(*)/6!

(&7)&#2(+#&!&B+2(/*'!L*#!62,6/(&![&C1C!3E26J,&(*'A!4pih\C!Q'!*#0&#!(*!0&#/:&!/%*(*)/6!(&7)&#2(+#&%A!Y&!+%&0!

(E&!%&2!%+#L26&!2''+2,!7&2'!jkmZ%Y!L#*7!(E&!N&1#2'0&!2'0!36E7/0(![899o\!1#/00&0!2(,2%C!

!  

Tiso = 16.9 " 4.38* (#18Of + 0.27 " #18Osw ) + 0.1* (#18Of + 0.27 " #18Osw )2!!! ! [g\ !

^E&!L/1+#&!hp!%E*YA!L*#!*+#!6*#&!(*)%A!(E&!#&,2(/*'%E/)! .&(Y&&'!K1_O2>.2%&0!(&7)&#2(+#&%![^K1_O2\ !2'0!

/%*(*)/6! (&7)&#2(+#&%! [^/%*\C! ^E&! 6,*%&! #&,2(/*'%E/)! .&(Y&&'! (E&! (Y*! )#*F/&%! [T8Ž9C5i\! %+11&%(%! (E2(!

0/%%*,+(/*'! &LL&6(/:&,<! 0*&%! '*(! 2LL&6(! *+#! %27),&%AC! S*Y&:&#A! (E&! 0&)2#(+#&! L#*7! 2! 4=4! #&,2(/*'%E/)!

[%E*Y'! *'! (E&!L/1+#&! .<! (E&!0*((&0! ,/'&\!62'! .&!2%%*6/2(&0! (*! (E&!%2,/'/(<!&LL&6(! *'!K1_O2>̂ ! )#&:/*+%,<!

%E*Y'!.<!K2(E/&' >G,2#0!2'0!G2%%/'*(![899p\C!S&'6&A!Y&!0&6/0&0!(*!+%&!/%*(*)/6!(&7)&#2(+#&%!/'%(&20!*L!

^ K1_O2!(*!%&#:&!2%!#&L&#&'6&!(&7)&#2(+#&%C!

!

/9mEKB)nY)@) K1_O2>.2%&0!(&7)&#2(+#&!2%!2!L+'6(/*'!*L!/%*(*)/6!(&7)&#2(+#&!L*#!R*!0/1(0!)/6J&0!/'!*+#!

6*#&!(*)!%27),&%C!X2%E&0!,/'&!#&)#&%&'(%!2!4=4!#&,2(/*'%E/)„!%*,/0!,/'&!/%!(E&!,/'&2#!#&1#&%%/*'!*L!(E&!02(2!

[T 8Ž9C5i\C!

!
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ZAeA)5F;K6mK8JG9<);8L8)

K1_O2! 2'0! /%*(*)&>.2%&0! (&7)&#2(+#&%! Y&#&! 6*7)2#&0! (*! (E&! 7&2'! 2''+2,! %&2! %+#L26&! (&7)&#2(+#&!

[33^\!&%(/72(&0!+%/'1!(E&!s*#,0!Z6&2'!U(,2%![899p\!02(2!%&(A!YE/6E!)#*:/0&%!(&7)&#2(+#&%!2'0!%2,/'/(/&%!

6*7)+(&0!+%/'1!*6&2'*1#2)E/6!02(2!6*,,&6(&0!*:&#!(E&!,2%(!0&620&%![N*62#'/'/!&(!2,CA!8949„!U'(*'*:!&(!2,CA!

8949\C!O2#.*'!%<%(&7!)2#27&(&#%!Y&#&!62,6+,2(&0!Y/(E!(E&!OZ862,6!%*L(Y2#&![T*../'%!&(!2,CA!8949\C!s&!

#+'! OZ862,6! Y/(E! (*(2,! 2,J2,/'/(<! [UNv\A! (&7)&#2(+#&! [^\A! %2,/'/(<! [3\A! '+(#/&'(! ,&:&,%! 2'0! )#&>/'0+%(#/2,!

(*(2,! 0/%%*,:&0! /'*#12'/6! 62#.*'! [XQO\!L#*7! (E&! P,*.2,! Z6&2'! X2(2! U'2,<%/%! "#*;&6(! [PNZXU"\! 02(2! %&(!

L#*7!'&2#.<!%/(&%![v&<!&(!2,CA!899h\C!^E/%!02(2!%&(!/%!+)>(* >02(&!(E&!7*%(!6*7),&(&!02(2.2%&!L*#!(E&!62#.*'!

6E&7/%(#<! /'! (E&!YE*,&! *6&2'A!<&(! (E&!02(2!2#&! *',<!0/%6#&(&!2'0!E&'6&!0*! '*(! #&)#&%&'(!2'! 2:&#21&! *L!

2''+2,!6*'0/(/*'%C!s& !+%&0!&B+/,/.#/+7!6*'%(2'(%!v4!2'0!v 8!L#*7!K&E#.26E!&(!2,C![4pif\A!#&L/(!.<!X/6J%*'!

2'0! K/,,&#*! [4p5i\A! 2'0! v S3Zh! L#*7! X/6J%*'! [4pp9.\C! ! O2#.*'! )2#27&(&#%! Y&#&! 62,6+,2(&0! L*#! 2! 7&2'!

Y2(&#!0&)(E!*L!897A!YE/6E!/%!(E&!2:&#21&!,/:/'1!0&)(E!*L!(E&!%)&6/&%!R*!0/1(0C!O2#.*'2(&!/*'!%2(+#2(/*'!2(!

.*((*7!0&)(EA! •OZf 8>A!/%!0&L/'&0!2%!(E&!0/LL&#&'6&!.&(Y&&'!/'!%/(+!62#.*'2(&!/*'!6*'6&'(#2(/*'!wOZf 8>{!2'0!

wOZf 8>{%2(A!62,6+,2(&0!+%/'1!(E&!%*,+./,/(<!#2(/*!*L!62,6/(&!•OC!!

!

bA)&BMENLM))

T&%+,(%!L*#!K1_O2A!G_O2!)&#L*#7&0!*'!(E&!6*#&!(*)%A!2%!Y&,,!2%!&%(/72(/*'!*L!wG[ZS\h>_SOZf >{A!wOZf 8>{! /'!

%&2Y2(&#A!(&7)&#2(+#&!&%(/72(&%!2'0!vX!62,6+,2(&0!+%/'1!&B+2(/*'!8!2#&!%+772#/a&0!/'!^2.,&!44C!Z+#!02(2!

%&(! 6*:&#%! 2! Y/0&! #2'1&! *L! (&7)&#2(+#&%! [4oCi! (*! 8pCg•O\A! 2'0! 62#.*'2(&! /*'! 6*'6&'(#2(/*'%! [8f9! (*!

f99†7*,_J1\C!U%!62'!.&!%&&'!L#*7 !^2.,&!44A!G_O2!#2'1&%!L#*7!444!(*!4gi!†7*,_7*,A!Y/(E!%,/1E(,<!E/1E&#!

:2,+&%!L*+'0! /'! (E&!Q'0/2'!Z6&2'!2'0!Q'0*'&%/2'! (E2'! /'! (E&!Y&%(&#'! "26/L/6! [*'&!%/(&\!2'0! (E&!U(,2'(/6!

%/(&%C!!

G&62+%&!*L!(E&!0/LL&#&'6&%!/'!%&2!%+#L26&!E<0#*1#2)E/6!)2#27&(&#%![^A!3\!.&(Y&&'!(E&!6*#&!%/(&%!2'0!(E&/#!

)*(&'(/2,!&LL&6(%!*'!(E&!62#.*'!%<%(&7A!,**J/'1!2(!(E&!vX!/'%(&20!*L!G_O2!L*#!/'(&#>%/(&!6*7)2#/%*'!2))&2#%!

(*! .&! 2! 7*#&! #*.+%(! 2))#*26E! 2%! (E/%! 2,,*Y%! (*! '*#72,/a&! G_O2! (*! ,*62,! %&2Y2(&#! wG[ZS\h>_SOZf >{!

6*'0/(/*'%C!3+6E!2'!2))#*26E! .2%&0! *'! (E&!6*7)2#/%*'! *L! vX! /%!%/7/,2#! (*!%(#2(&1/&%!L*,,*Y&0! /'! #&6&'(!

%(+0/&%![&C1C!r+!&(!2,CA!899i„!I*%(&#!&(!2,CA!8995„!^#/)2(/A!899p\C!V%/'1!*+#!7&2%+#&0!G_O2!:2,+&%!(*1&(E&#!

Y/(E!wG[ZS\h>_SOZf >{!02(2!0&#/:&0!L#*7!PNZXU"!02(2.2%&!</&,0%!vX!:2,+&%![F4999\!#2'1/'1!L#*7!4Cg!(*!

8ChA!YE/6E!/%!6*'%/%(&'(!Y/(E!(E&!)#&:/*+%!%(+0<!)&#L*#7&0!*'!6*#&>(*)%!.<!I*%(&#![8995\C!^E&%&!vX!:2,+&%!

2#&A!E*Y&:&#A!%,/1E(,<!E/1E&#!(E2'!(E&!vX!*.(2/'&0!.<!r+!&(!2,C![899i\!2'0!^#/)2(/!&(!2,C![899p\!.2%&0!*'!

0*Y' >6*#&!7&2%+#&7&'(%C!^E&!#2(/*!wG[ZS\Œz!–!SOZxz{!0*&%!'*(!6E2'1&!7+6E!.&(Y&&'!(E&!%/(&%A!:2#</'1!

L#*7! 9C9gp! (*! 9C9ogC! U%! (E&#&! /%! '*! %<%(&72(/6! 0/LL&#&'6&! .&(Y&&'! U(,2'(/6! %/(&%A! *'! (E&! *'&! E2'0A! 2'0!

Q'0*>"26/L/6!%/(&%A!*'! (E&! *(E&#!E2'0A! (E&!vX!%(#*'1,<!#&L,&6(! (E&! /'/(/2,!G_O2!0/%(#/.+(/*'A!Y/(E!vX! .&/'1!

%/1'/L/62'(,<!E/1E&#!/'!2:&#21&!2(!(E&!Q'0/2'!Z6&2'A!Q'0*'&%/2'!2#6E/)&,21*!2'0!Y&%(&#'!"26/L/6!%/(&%![vX!

F4999!#2'1/'1!L#*7!4Cp4!(*!8Cfi\A!(E2'!2(!(E&!U(,2'(/6!%/(&%![4Chp>8C9h\C!
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(8SNB)ZZ)@ S<0#*1#2)E/6!)2#27&(&#%!2(!(E&!,*62(/*'%!*L!6*#&!(*)%!2'0!1&*6E&7/62,!02(2!*.(2/'&0!*'!

R*!0/1(0!

Core top SSS             
(ä)

!" !Osw      

(ä)

!" !Of          
(ä)

Tiso             
(¡C)

Mg/Ca 
(mmol/mol)

S.D.* 
(%)

TMg/Ca                 
(¡C)

[CO "#! ] 
( $ mol/kg sw )

(mol/mol)

S.D.* 
(%)

B/Ca 
( $ mol/mol)

S.D.* 
(%)

KD            
(x1000)

S.D.* 
(%)

INMD 48 BX-1 36.96 1.19 -0.48 23.2 4.14 2.0 24.7 302 0.0751 1.3 120 3.5 1.60 3.7

INMD 68 BX-6 36.47 1.04 -0.27 21.6 3.12 3.0 21.5 272 0.0666 1.6 118 4.9 1.77 5.1

paleo SU 9003P 36.09 0.84 -0.27 20.7 3.11 1.5 21.5 246 0.0629 1.1 114 3.5 1.81 3.7

paleo SU 9004P 36.03 0.81 -0.42 21.2 2.87 1.5 20.6 247 0.0632 1.1 112 3.5 1.78 3.7

paleo SU 9006P 35.98 0.78 0.00 19.2 2.78 1.5 20.3 247 0.0634 1.1 112 3.5 1.77 3.7

paleo SU 9007P 35.98 0.78 -0.05 19.4 3.05 1.5 21.3 248 0.0634 1.1 117 3.5 1.84 3.7

paleo SU 9008P 35.89 0.74 -0.29 20.3 2.65 1.5 19.7 248 0.0637 1.1 116 3.5 1.82 3.7

CHO 288-54 35.72 0.82 -2.06 29.0 5.68 1.5 28.2 292 0.0749 1.4 111 4.4 1.49 4.6

MD 95 2002 35.52 0.56 0.34 16.7 2.19 1.5 17.6 227 0.0587 1.8 119 3.5 2.04 3.9

SLR Station A 35.90 0.74 -2.10 28.8 3.86 2.9 23.9 266 0.0675 3.7 115 4.9 1.70 6.8

MD 79 255 35.04 0.44 0.44 26.4 3.65 1.5 23.3 263 0.0682 1.5 149 7.1 2.19 7.2

MD 98 2165 34.10 0.28 -2.59 29.0 4.35 1.5 25.2 263 0.0679 3.0 154 3.5 2.27 4.6

MD 00 2358 34.36 0.31 -1.97 26.1 3.77 7.6 23.7 263 0.0679 3.0 139 13.2 2.05 13.6

MD 00 2359 BX 34.15 0.26 -2.70 29.4 4.64 2.8 25.9 263 0.0679 3.0 130 3.5 1.91 4.6

MD 77 176 32.57 -0.10 -3.02 29.2 4.65 1.5 26.0 247 0.0681 3.3 152 3.5 2.23 4.8

MD 77 191 34.73 0.25 -2.44 28.1 4.54 1.5 25.7 266 0.0665 3.8 158 3.5 2.37 5.2

ERDC 92 BX 34.46 0.27 -2.44 28.2 4.93 1.7 26.6 279 0.0742 1.5 137 5.4 1.85 5.6

36.96 1.19 0.44 29.40 5.68 7.60 28.21 302.17 ### 3.78 157.85 ### 2.37 ###

32.57 -0.10 -3.02 16.70 2.19 1.50 17.61 227.40 ### 1.12 111.36 3.50 1.49 3.65

* S.D. (%) represents: (i) standard reproducibility or the replicates standard deviation if superior to standard reproducibility for B/Ca and 
Mg/Ca; (ii) standard deviation from the data of the GLODAP sites closest to the cores sites for [B(OH) !! Ú HCO"!] and (iii) the propagated error 

on the calculated  K D

!  

B(OH)4
Ð

HCO3
Ð

" 

# 
$ 

% 

& 
'  

!

bAZA)(B7JBK8LEKB)8:;)C- )

O*'(#2#<!(*!YE2(!E2%!.&&'!*.%&#:&0!.<!%&:&#2,!2+(E*#%A!(E&#&!/%!'*!6,&2#!#&,2(/*'%E/)!.&(Y&&'!R*!0/1(0!vX!

2'0!62,6/L/62(/*'!(&7)&#2(+#&![ /̂%*\!YE&'!2,,!*+#!02(2!2#&!6*'%/0&#&0!(*1&(E&#![I/1+#&!g9\C!Z',<!YE&'!Y&!

%&)2#2(&!U(,2'(/6!6*#&>(*)%!L#*7!Q'0*>"26/L/6!6*#&>(*)%A!62'!Y&!*.%&#:&!2!%/1'/L/62'(! ,/'&2#!#&,2(/*'%E/)!

.&(Y&&'!(E&!(&7)&#2(+#&!2'0!(E&!62,6+,2(&0!vX!*L!(E&!U(,2'(/6!6*#&>(*)%!*',<![v XŽ>9C9f98^•8Ch8o5„!T8Ž!

9Cop\A!YE&#&2%!'*!#&,2(/*'%E/)!,/'J%!vX!2'0!(&7)&#2(+#&!L*#!*+#!Q'0*>"26/L/6!6*#&>(*)%C!U%!62'!.&!6,&2#,<!

%&&'!L#*7!I/1+#&!g9A!(E&!Q'0*>"26/L/6!vX! :2,+&%!L*#!R*!0/1(0!2#&!%/1'/L/62'(,<!E/1E&#!(E2'! (E*%&!*.(2/'&0!

L#*7!(E&!U(,2'(/6!6*#&!(*)%C!!

!

/9mEKB)e[)@) "2#(/(/*'!6*&LL/6/&'(%!vX!2%!2!L+'6(/*'!*L!62,6/L/62(/*'! (&7)&#2(+#&C!G,26J!,/'&!#&)#&%&'(%!

(E&!,/'&2#!#&1#&%%/*'!&%(/72(&0!+%/'1!U(,2'(/6!6*#&>(*)%!02(2!2,*'&![v XŽ>9C9f98^•8Ch8o5„!T8Ž!9Cop\!
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!

bAbA)'B8I8LBK)<8KS6:8LB)96:)f03ghij)8:;)C - )

G&62+%&!vX!0*&%!'*(!%&&7!(*!.&!,/'J&0!%(#*'1,<!(*!(&7)&#2(+#&!YE&'!6*'%/0&#/'1!*+#!&'(/#&!02(2.2%&A!Y&!

,**J&0!2(!2!#&,2(/*'%E/)!Y/(E!wOZxyz{A!2'*(E&#!)2#27&(&#!YE/6E!E2%!.&&'!1/:&'!%(#*'1!2((&'(/*'!/'!#&6&'(!

62,/.#2(/*'! &F&#6/%&%! [I*%(&#! [8995\! &:&'! 6*'6,+0&0! (E2(! /(! 6*+,0! ),2<! 2! 7*#&! /7)*#(2'(! #*,&! (E2'!
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)2#27&(&#C!S*Y&:&#A!(E/%!J/'0!*L!62,/.#2(/*'!#&B+/#&%!72'<!6*#&!(*)%A!2'0!(E&<!E2:&!(*!.&!Y&,,!)#&%&#:&0!

2'0! Y&,,! 02(&0! (*! 2:*/0! 2'<! ./2%! ,/'J&0! (*! 0/%%*,+(/*'! *#! 6,/72(/6! :2#/2(/*'%! %+6E! 2%! 1,26/2,>/'(&#1,26/2,!

6<6,&%C![8\! I*#27/'/L&#-%!6+,(+#&!72J&%!/(!)*%%/.,&!(*!(*(2,,<!6*'(#*,!(E&!1#*Y(E!6*'0/(/*'%A!2'0!E&'6&!(*!

%(+0<! %&)2#2(&,<! (E&! /'L,+&'6&! *L! &26E! )2#27&(&#C! S*Y&:&#A! 6+,(+#&%! *L(&'! #&B+/#&! 1#*Y(E! 6*'0/(/*'!

6E2'1&%!(E2(!2#&!,2#1&#!(E2'!(E*%&!&'6*+'(&#&0!/'!(E&!*6&2'A!2'0!72<!E&'6&!,&20!(*!%+.%(2'(/2,!./2%!*'!(E&!

%(+0/&0!)#*F<C!K*#&*:&#A! /'!1&'&#2,! *',<!%72,,!27*+'(! *L!%27),&%!)&#!%(+0/&0!)#*F<!2#&!)*%%/.,&! /L! (E&!

%(+0<!0*&%! '*(!6* '6&'(#2(&!*'!2!%/'1,&!)2#27&(&#! /'L,+&'6&C![f\! I/'2,,<A!0*Y'6*#&!62,/.#2(/*'%!E2:&!(E&!

20:2'(21&!*L!.&/'1!.+/,(!*'!2!%/'1,&!6*#&A!E&'6&!2:*/0/'1!(E&!)*(&'(/2,!,*62(/*'!./2%&%!(E2(!6*+,0!E2))&'!/'!

6*#&!(*)%C!S*Y&:&#A!(E/%!J/'0!*L!62,/.#2(/*'!#&B+/#&%!7+6E!%(#*'1&#!2%%+7)(/*'%!*'!(E&!&:*,+(/*'!*L!%/1'2,!

(E#*+1E!(/7&A!E&'6&!,&20/'1!(*!,2#1&#!+'6&#(2/'(/&%!*'!(E&!62,/.#2(/*'C!

!
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X*Y'6*#&!62,/.#2(/*' %A!%+6E!2%!(E*%&!)&#L*#7&0!*'! R*!0/1(0!.<!r+!&(!2,C![899i\!2'0!^#/)2(/!&(!2,C![899p\A!

&FE/./(!%/1'/L/62'(!0/LL&#&'6&%!Y/(E!(E&!6*#&!(*)!62,/.#2(/*'%!&%(2.,/%E&0!/'! (E/%!%(+0<!2'0!2,%*!.<! I*%(&#!

[8995\C!X*Y'6*#&!62,/.#2(/*' %!2#&!.2%&0!*'! (E&!#&6*'%(#+6(/*'! *L!)2%(!%&2!%+#L26&!)S!L#*7! jkkGA!YE/6E!

(E&'! %&#:&! (*! 6*##&6(! G_O2! :2#/2(/*'%! *L! )S! %/1'2,! (*! L/'2,,<! ,/'J! (E&! 6*##&6(&0!G_O2!:2#/2(/*'%! (*!

(&7)&#2(+#&!:/2 !vXC!S*Y&:&#A!2%!'*(&0!.<!U,,&'!&(!2,C![8948\A!33^!2'0!)OZ 8!6*:2#<!0+#/'1!(E&!",&/%(*6&'&C!

S&'6&A! /(! /%! '*(! )*%%/.,&! (*! 0/%(/'1+/%E! (E&! /'L,+&'6&! *L! &26E! )2#27&(&#C! U%! 2'! &F27),&A! (E&! 0*Y'6*#&!

62,/.#2(/*'%!&%(2.,/%E&0!.<!r+!&(!2,C![899i\!2'0!^#/)2(/!&(!2,C![899p\!Y/,,!1/:&!2!E/1E!vX!L*#!2!E/1EA!YE/6E!

Y/,,!2+(*72(/62,,<!(#2'%,2(&!/'(*!2!,*Y!)SC!^E&%&!62,/.#2(/*'%!E&'6&!L*#6&!(E&!/'0&)&'0&'(!G_O2!%/1'2,!.<!

(E&!(&7)&#2(+#&!&LL&6(!(*!L/'2,,<!*.(2/'!2!#&%+,(!(E2(!62''*(!.&!0/LL&#&'(!L#*7!(E&!62,/.#2(/*'!02(2C!

r&(A! U,,&'! &(! 2,C! [8948\ ! 1*! &:&'! L+#(E&#! Y/(E! (E&%&! 62,/.#2(/*'! /%%+&%C! ^E&<! )*/'(&0! *+(! (E2(! (E&! vX>

(&7)&#2(+#&!#&,2(/*'%E/)!&%(2.,/%E&0!.<!I*%(&#![8995\!72<!.&!0&'*7/'2(*#!0#/:&'A!2'0!E&'6&!'*(!0&)&'0!

*' !G_O2!7&2%+#&7&'(%C!^E&<!6*'6,+0&0!(E&/#!%(+0<!.<!%(2(/'1!(E2(!(E&!+%&!*L!(E&!)2#(/(/*'!6*&LL/6/&'(!(*!

#&6*'%(#+6(! )2%(! %&2>%+#L26&! )S! 72<! .&! )#&72(+#&A! 2'0! (E2(! /'%(&20!(E&!#&,2(/*'%E/)! Y/(E! #2Y! G_O2!

%E*+,0! .&! 62#&L+,,<! +'0&#%(**0! L/#%(C! U%! Y&! E2:&! %&&'! 2.*:&! Y/(E! *+#!*Y'! 02(2%&(A! G_O2! 0*&%! ),2<! 2!

%/1'/L/62'(! #*,&! /'! 6#&2(/'1! (E&! <&(! +'&F),2/'&0! 0/LL&#&'6&%! *L! vX! .&(Y&&'! *+#! U(,2'(/6! 2'0! Q'0* >"26/L/6!

%/(&%C!!

S&'6&A!L+#(E&#!Y*#J!/%!'&6&%%2#<!(*!.&((&#!+%&!(E&!G_O2!)#*F<!(*!#&6*'%(#+6(!)2%(!%&2>%+#L26&!)SC!^E&#&!

2#&! (Y*! 7 2/'! Y2<%! (E2(! %E*+,0! E&,)! (*! .&((&#! 6*'%(#2/'! (E&! &':/#*'7&'(2,! /'L,+&'6&! *'! (E&! .*#*'!

/'6*#)*#2(/*'!/'!L*#27/'/L&#2,!62,6/(&=!6+,(+#&%!2'0!6*#&!(*)%C!^E&!0&:&,*)7&'(!*L!6+,(+#&%!*L!L*#27/'/L&#%!

%E*+,0!72J&!/(!)*%%/.,&!(*! /0&'(/L<!%&)2#2(&,<!(E&!/'L,+&'6&!*L!&26E!)2#27&(&#!*'! .*#*'!+)(2J&A!<&(!(E/%!

#&B+/#&%! 7*#&! %27),&%! 2'0! /'! 7+6E! 0/LL&#&'(! 1#*Y(E! 6*'0/(/*'%A!<&(!6,*%&#! L#*7! *6&2'! 6*'0/(/*'%A! (*!

6,&2#,<!+'0&#%(2'0!(E&!#*,&!*L!(&7)&#2(+#&A!%2,/'/(<!2'0_*#!62#.*'!%<%(&7!*'!G_O2!#2(/*C!O*#&!(*)%!72<!

2,%*!E&,)!(*!.&((&#!6*'%(#2/'!(E/%!)#*F<A!<&(!/(!Y/,,!#&B+/#&!L+#(E&#!2'2,<%/%C!O*#&!(*)!62,/.#2(/*'%!%E*+,0!.&!

6*7),&(&0! Y/(E! 72(&#/2,! L#*7! 2,,! (E&! *6&2'%! 6*+),&0! Y/(E! (E&! 62#.*'2(&! %<%(&7! 7&2%+#&7&'(%! *'! (E&!

%27&!,*62(/*'!2'0!6*##&6(&0!L*#!2'(E#*)/6!62#.*'C!Q(!%E*+,0!/'6,+0&!6*#&!(*)%!L#*7!*)&'!2%!Y&,,!2%!6*2%(2,!

2#&2%! /'! *#0&#! (*! *.%&#:&! (E&! YE*,&! #2'1&! *L! :2#/2./,/(<A! 72J/'1! /(! &2%/&#! (*! /0&'(/L<! %&)2#2(&,<! (E&!

/'L,+&'6&!*L!&26E!)2#27&(&#C!

!

!

!

!

!

!
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nA)06:<NEM96:)

O*#&! (*)! 62,/.#2(/*'! *L! (E&! G_O2! )#*F<! /%! .2%&0! *'! (E&! )*(&'(/2,! #&,2(/*'%E/)! .&(Y&&'! (E&! )2#(/(/*'!

6*&LL/6/&'(! vX! 2'0! (&7)&#2(+#&A! %2,/'/(<! 2'0! 62#.*'! %<%(&7! )2#27&(&#%C! Z+#! #&%+,(%! %E*Y! (E2(! U(,2'(/6!

6*#&! (*)%! %E*Y! 2! %/1'/L/62'(! 0&6#&2%&! *L!R*! 0/1(0! vX! Y/(E! /'6#&2%/'1! (&7)&#2(+#&! 2'0! 62#.*'2(&! /*'!

6*'6&'(# 2(/*'A!/'!1**0!266*#02'6&!Y/(E!I*%(&#!6*#&!(*)!62,/.#2(/*'![8995\C!^E&!(#&'0!*L!vX!Y/(E!62#.*'2(&!

/*'! /%! /'! 1**0! 266*#02'6&! Y/(E! (E2(! 0&#/:&0! L#*7! 0*Y'6*#&! 62,/.#2(/*'! L#*7! r+! &(! 2,C! [899i\A! .+(! (E&!

#&,2(/*'%E/)!Y/(E!(&7)&#2(+#&!/%!*))*%/(&!(*!(E&!*'&!(E&<!L*+'0C!^E&!&:2,+2(/*'!*L!(E&!%&)2#2(&!/'L,+&'6&!

*L! &26E! )2#27&(&#! /%A! E*Y&:&#A! /7)*%%/.,&!L#*7! *+#! 6*#&! (*)! 02(2!0+&! (*! (E&! 6*:2#/2'6&! *L! (E*%&!

)2#27&(&#%!/'!(E&!W*#(E!U(,2'(/6C!!

Q'! *+#!02(2!%&(A!Q'0*>"26/L/6!%/(&%!%E*Y!vX! :2,+&%!YE/6E!%/1'/L/62'(,<!0&)2#(!L#*7! (E2(!&%(/72(&0! /'! (E&!

U(,2'(/6!2'0!YE/6E!2#&!'*(!&F),2/'&0!.<!^!*#!OZf 8>!6E2'1&%C!^E/%!&/(E&#!%+11&%(%!(E2(!(E&%&!(Y*!)2#27&(&#%!

2#&!'*(!(E&!*'&%!(E2(!+,(/72(&,<!6*'(#*, !vXA!*#!(E2(!*(E&#!)2#27&(&#%!72%J!(E&/#!&LL&6(%!2(!(E&!Q'0*>"26/L/6!

%/(&%C!3/'6&!vX!62,/.#2(/*'%!2#&!&%%&'(/2,!L*#!+%/'1!*L!(E&!G_O2!)#*F<!(*!#&6*'%(#+6(!%&2!%+#L26&!)SA!L+#(E&#!

Y*#J!/%!'&6&%%2#<!(*!.&((&#!6*'%(#2/'!(E&!&':/#*'7&'(2,!/'L,+&'6&!*'!.*#*'!/'6*#)*#2(/*'A!2'0!7/1E(!.&!

%+66&%%L+,,<!2)),/&0!(E#*+1E!&F(&'0&0!6*#&!(*)!62,/.#2(/*'%!2'0_*#!L*#27/'/L&#%!6+,(+#&!&F)&#/7&'(%C!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
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)

)

=A)&B<6:MLKE<L96:);E)J5);BM)B8EO);B)MEK_8<B)8E)<6EKM)

;B)N8);BK:9RKB);\mN8<98L96:)@)+JJN9<8L96:)v)N2\LE;B);B)N8)

<8K6LLB)?-dY,bed)U08:8N);E)?6D87S9^EBWA)

)

#:LK6;E<L96:)

!

O*77&! '*+%! ,-2:*'%! :+! )#$ 6$0&77&'(A! 0&! '*7.#&+F! 2+(&+#%! %&! 6*'(#&0/%&'(! %+#! ,-/'L,+&'6&! B+&! )&+(!

2:*/#!,2!(&7)$#2(+#&!*+!,2!6*'6&'(#2(/*'!&'!/*'!62#.*'2(&!%+#!,-/'6*#)*#2(/*'!0+!.*#&!02'%!,2!62,6/(&!0&%!

L*#27/'/LH#&%C!O&((&!%&'%/./,/($A!&F)#/7$&!)2#!,&!./2/%!0&!,-/'L,+&'6&!0&!6&%!)2#27H(#&%!%+#!,&!vXA!)&+(!2:*/#!

+'&!/7)*#(2'6&!6*'%/0$#2.,&!%+#!,&%!#&6*'%(#+6(/*'%!0&%!)2,&*>)SC!X2'%!6&((&!)2#(/&!'*+%!2,,*'%!7*'(#&#!

(*+(! 0-2.*#0! ,&%! 0/LL$#&'6&%!B+/! 0$6*+,&'(!0&! ,-+(/,/%2(/*'! 0&! 0&+F! 62,/.#2(/*'%! 0+! vX! 0&!R'21&:(0&32&.(4!

0/1(0A! [)+.,/$&%! )2#! I*%(&#! [8995\! &(! ^#/)2(/! &(! 2,C! [899p\\!02'%! ,-&%(/72(/*'! 0&%! )2,$*>)S! 0+! O2'2,! 0+!

K*a27./B+&!@! )2#(/#!0-+'!&'#&1/%(#&7&'(!0&!G_O2! *.(&'+!%+#!R*!0/1(0!02'%!+'&!62#*((&!@!L*#(! (2+F!0&!

%$0/7&'(2(/*'! B+/! 6*+:#&! ,-&'%&7.,&! 0&! ,2! 0&#'/H#&! 0$1,26/2(/*'C!O&((&! 0&#'/H#&! 0$1,26/2(/*'! 2! :+! ,2!

6*'6&'(#2(/*'!&'!)OZ 8!2(7*%)E$#/B+&!:2#/&#!0&!‚459!))7!/,!<!2!‚45999!2'%!@!)#H%!0&!8i9!))7!)*+#!,2!

)$#/*0&!)#$/'0+%(#/&,,&![K*''/'!&(!2,CA!8994\![I/1+#&!gi \C!!

N-*.;&6(/L!/'/(/2,!0&!'*(#&!$(+0&!$(2/(!0&!0$(&#7/'&#!,-$:*,+(/*'!0+!)S!0&%!&2+F!0&!%+#L26&!02'%!+'&!a*'&!

*6$2'/B+&!)*+#!,2B+&,,&!+'!&'#&1/%(#&7&'(!0+!$4f O!),2'6(*'/B+&!%+11$#2/(!0&!L2/.,&%!6E2'1&7&'(%!)2%%$%!

0&!,2!)#*0+6(/:/($!)#/72/#&C!K2/%A!(#H%!#2)/0&7&'(A!/,!'*+%!&%(!2))2#+!B+&!,2!#&6*'%(#+6(/*'!0&%!)2,$*>)S!@!

)2#(/#!0&%!0*''$&%!0&!G_O2!0&!L*#27/'/LH#&%!),2'6(*'/B+&%!‡!)2#6&!B+-&,,&!#&)*%&!%+#!+'!1#2'0!'*7.#&!0&!

0*''$&%! &'6*#&! 72,! 6*'(#2/'(&%! *+! )*+#! ,&%B+&,,&%! /,! &F/%(&! 0&%! 62,/.#2(/*'%! 6*'(#20/6(*/#&%!>! )*+:2/(!

0$.*+6E&#! %+#! 0&%! #$%+,(2(%! (#H%! 0/LL$#&'(%! %&,*'! ,&%! E<)*(EH%&%! L*#7+,$&%! *M! ,&! 6E*/F! 0&%! 62,/.#2(/*'%!

+(/,/%$&%C! D-2/! 0*'6! 0$6/0$! 0&! 7&! 6*'6&'(#&#! ),+%! )2#(/6+,/H#&7&'(!7*'! (#2:2/,! %+#! +'&! $(+0&! 0&!

€!%&'%/./,/($!•A!&'!(&%(2'(!),+%/&+#%!%6$'2#/*%!0&!#&6*'%(#+6(/*'!0+!)2,$*>)S!@!)2#(/#!0&%!7]7&%!0*''$&%!

/'/(/2,&%!0&!G_O2C!
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!

/9mEKB)ed)@) ?:*,+(/*'!0&!,2!)OZ 8!2(7*%)E$#/B+&![K*''/'!&(!2,CA!8994\!&(!0+!jkmZ!7&%+#$!%+#!,-&%)H6&!

R*! 0/1(0! 02'%! ,2! 62#*((&! KXip>8gi! [O2'2,! 0+! K*a27./B+&A! 6&((&! $(+0&\! 2+! 6*+#%! 0&! ,2! 0&#'/H#&!

0$1,26/2(/*'C!N2!)OZ8!7*'(#&!+'&!2+17&'(2(/*'!@!)2#(/#!0&!45J2A!%/7+,(2'$&!@!,-2+17&'(2(/*'!0+!'/:&2+!

72#/'![jkmZ\C!N2!)OZ8!0$6#/(!&'%+/(&!+'!),2(&2+!0&!4hCg!@!48Cg!J2A!2:2'(!0&!#$>2+17&'(&#!;+%B+-@!%2!:2,&+#!

)#$/'0+%(#/&,,&!0&!‚8i9))7C!

!

ZA)16<8N9M8L96:);B)N8)<8K6LLB)?-)dY)bed)BL)7\LG6;6N6m9B)

!

/9mEKB)el)@) N*62,/%2(/*'!0&! ,2!62#*((&!KX! ip!8giC!N&%!(&7)$#2(+#&%!&(!%2,/'/($%!0&%!&2+F!0&!%+#L26&!

%*'(!0&%!7*<&''&%!),+#/2''+&,,&%!/%%+&%!0+!s*#,0!Z6&2'!U(,2%![899p\C!
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W*+%!2:*'%!$(+0/$!,2!62#*((&!KX!ip>8giA!%/(+$&!02'%!,&!62'2,!0+!K*a27./B+&![I/1+#&!g5\C!O&((&!62#*((&!

)#$%&'(&!+'!1#2'0!/'($#](!62#!=![/\!&,,&!&%(!)&+!)#*L*'0&![48o87\A!6&!B+/!)&#7&(!0-$:/(&#!,&!./2/%!)*(&'(/&,!

,/$!@!,2!0/%%*,+(/*'!„! [//\!&,,&!)*%%H0&!+'!L*#(!(2+F!0&!%$0/7&'(2(/*'!6*7)#/%!&'(#&!49!&(!89!67!)2#!4999!

2'%A!)&#7&((2'(!0*'6!+'&!$(+0&!@!E2+(&!#$%*,+(/*'!(&7)*#&,,&„![///\!&,,&!&%(!(#H%!./&'!02($&A!2:&6!),+%!0&!h9!

02(2(/*' %! 2+! 62#.*'&! 4h! )*+#! ,&%! 0&#'/&#%! fi999! 2'%! [L/1+#&!gp\A! 6&! B+/! )&#7&(! 0&! (#H%! L*#(&7&'(!

6*'(#2/'0#&!,&!7*0H,&!0-c1&!)*+#!,2!6*7)2#2/%*'!2:&6!,2!)OZ8!&'#&1/%(#$&!02'%!,&%!62#*((&%!0&!1,26&%!„!&(!

[/:\! &,,&! '&! 7*'(#&! B+&! )&+! 0&! :2#/2(/*'%! 02'%! ,&%! /%*(*)&%! %(2.,&%! 0+! 62#.*'&! [jklO\ ! 0&! ,-&%)H6&!

),2'6(*'/B+&! R*! 0/1(0A! [I/1+#&!o9A! %&6(/*'! 8C4\A! 6&! B+/! %+11H#&! B+&! ,2! a*'&! 0-$(+0&! &%(! )#*.2.,&7&'(!

62#26($#/%$&! )2#! 0&! L2/.,&%! 6E2'1&7&'(%! 0&! )#*0+6(/:/($! )#/72/#&!%+#! ,2! )$#/*0&! 6*+:&#(&! )2#! '*(#&!

&'#&1/%(#&7&'(C!!W$2'7*/'%A!6&((&!62#*((&!7*'(#&!$12,&7&'(!,2!)#$%&'6&!0-+'&!(+#./0/(&!&'(#&!44g!&(!88g!

67A!6&!B+/!,/7/(&!'*%!&'#&1/(#&7&'(%!@!5!J2!)*+#!,&%!$6E2'(/,,*'%!,&%!),+%!#$6&'(%C!

!

!

/9mEKB)eY)@) K*0H,&! 0-c1&! 0&! ,2! 62#*((&! KX! ip! 8gi! [c1&%! 62,&'02/#&%!„! G"\C! N&%! 02(2(/*'%!4hO!

)*%($#/&+#&%! @!>5! J2! '&! %*'(! )2%! )#$%&'($&%! &'! #2/%*'! 0&! ,2! )#$%&'6&! 0-+'&! (+#./0/(&!2+! %*77&(! 0&! ,2!

62#*((&A!&'(#&!44g!&(!88g!67C!W*+%!'&!7*'(#&#*'%!2+6+'&! 0*''$& !)*%($#/&+#&!@!5!J2!02'%!,-&'%&7.,&!0&%!

&'#&1/%(#&7&'(%!6/>2)#H%C!

!

W*+%!2:*'%!7&%+#$!,&!G_O2!&(!,&!K1_O2!0&!8p!$6E2'(/,,*'%!6*+:#2'(!,2!)$#/*0&!&'(#&!5J2!&(!fhJ2!G"C!N2!

7$(E*0*,*1/&!%+/:/&!)*+#!,&%!2'2,<%&%!0&!G_O2A!K1_O2!&(!jkmZ!0&!,-&%)H6&!R*!0/1(0![YE/(&A!%&'%+!%(#/6(*\!

0&!,2!L#26(/*'!8g9>f4g!†7!&%(!0$(2/,,$&!02'%!,2!%&6(/*'!72($#/&,!&(!7$(E*0&!0&!6&!6E2)/(#&C!!

!
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!

bA)&\MENL8LM)

bAZA)067J6M9L96:M)9M6L6J9^EBM);E)<8KS6:B)BL);B)N26OFmR:B)

N&%! :2#/2(/*'%! 0+! jkmZ! &(! 0+! jklO! 0&! ,-&%)H6&!R*! 0/1(0! %*'(! )#$%&'($&%! 02'%!,2! L/1+#&!o9C! N2! 0&#'/H#&!

0$1,26/2(/*'!%-<!72#B+&!./&'C!N&!jkmZ!0$6#*—(!0&!>9Co“!@!>4Cf“!&'(#&!‚4oCg!J2! &(!‚48Cg!J2A!)+/%!0$6#/(!+'!

)/6!!2:&6!0&%!:2,&+#%!),+%!)*%/(/:&%!0&!,-*#0#&!0&!>4“!&'(#&!48Cg!&(!44Cg!J2A!6&!B+/!6*##&%)*'0!@!,2!)$#/*0&!

L#*/0&!0+!r*+'1&#!X#<2%C!N&!jkmZ!0$6#*/(!&'%+/(&!0&!'*+:&2+!;+%B+-@!,2!.2%&!0&!,-S*,*6H'&!*M!/,!2((&/'(!0&%!

:2,&+#%!2+(*+#!0&!‚ >4Cp“C!N&!jklO!7*'(#&!)*+#!%2!)2#(!+'&!L2/.,&!0$6#*/%%2'6&!0&!‚9Cg“![ :2#/2'(! 0&!9Cp!

@!9Ch“\!&'(#&!45Cf!&(!pCi!J2A!2:2'(!0-2+17&'(&#!#2)/0&7&'(!;+%B+-@!‚9C5!“!2+!0$.+(!0&!,-S*,*6H'&C!!

!

/9mEKB)k[)@) ~2#/2(/*'%!0&%!6*7)*%/(/*'%!/%*(*)/B+&%!0&!,-*F<1H'&!&(!0+!62#.*'&!0&!,-&%)H6&!PC!0/1(0!

%+#!,2!62#*((&!KX!ip!8giA!2+!6*+#%!0&!,2!0&#'/H#&!0$1,26/2(/*'C!!

!

!

bAbA)-6::\BM);B)=>08)BL)?m>08)6SLB:EBM)MEK)7>'%$5&%);8:M)N8)<8K6LLB)?-dY,bed)

N&%!#$%+,(2(%!0&!K1_O2!&(!G_O2!%*'(!)#$%&'($%!02'%!,2!L/1+#&!o4C!N&!K1_O2!7*'(#&!+'&!2+17&'(2(/*'!0&!,2!

(&7)$#2(+#&! @! )2#(/#! 0&! ‚45J2A! )+/%! %&! %(2./,/%&! &'(#&! 4hCg! &(! 48Cg! J2! 2:2'(! 0-2+17&'(&#! 0&! '*+:&2+!

;+%B+-@!,-S*,*6H'&C!N&!G_O2!7*'(#&!,+/!+'!6*7)*#(&7&'(!0/LL$#&'(!=!,&!G_O2!0$6#*—(!0&!‚fhJ2!@!‚45J2!G"!

;+%B+-@! ‚4fg†7*,_7*,A! 2:2'(! 0-2+17&'(&#! #2)/0&7&'(! ;+%B+-@! ‚4o9†7*,_7*,! @! 4hCg! J2C! N&! G_O2!

0/7/'+&! &'%+/(&! #2)/0&7&'(! ;+%B+-@! #&(#*+:&#! ,&! 7]7&! '/:&2+! B+-2+! 72F/7+7! 1,26/2/#&A!%*/(! ‚4fg!

†7*,_7*,C !
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!

/9mEKB)kZ)@) ?:*,+(/*'!0+!K1_O2!&(!0+!G_O2!2+!6*+#%!0&!,2!0&#'/H#&!(#2'%/(/*'!1,26/2/#&>/'(&#1,26/2/#&C!

N&%!.2##&%!0-&##&+#!#&)#$%&'(&'(!,2!#&)#*0+6(/:/($!0&%!%(2'02#0%![4Cgˆ!)*+#!K1_O2!&(!f!Cgˆ!)*+#!G_O2\C!

!

!

cA)-9M<EMM96:)

cAZA)1BM);9__\KB:LBM)\L8JBM);B)N8)KB<6:MLKE<L96:);E)J8N\6,J5);BM)B8EO);B)MEK_8<B)v)

J8KL9K);E)=>08)7BMEK\)MEK)_6K879:9_RKBM)JN8:<L6:9^EBM)

)

N&%!0/LL$#&'(&%!$(2)&%!)&#7&((2'(!,2!#&6*'%(#+6(/*'!0&%!)2,&*>)S!0&%!&2+F!0&!%+#L26&!%*'(!/,,+%(#$&%!02'%!

,2! L/1+#&! o8A! &(! 0$6#/(&%! 6/>0&%%*+%C! N2!#&6*'%(#+6(/*'! 0&%! )2,$*>)S! @! )2#(/#! 0+! G_O2! 0&%! L*#27/'/LH#&%!

),2'6(*'/B+&%! '$6&%%/(&!&'!&LL&(! ./&'! ),+%!B+&! ,2!%&+,&!7&%+#&!0+!G_O2C!N&!#2))*#(!G_O2! '&! )&#7&(!0&!

#&6*'%(#+/#&! B+&! ,&! #2))*#(!wG[ZS\Œz! –! SOZxz{!0&! ,-&2+! 0&! 7&#A! :/2! ,-+(/,/%2(/*'! 0+! vX! [6L! 6E2)/(#&!

)#$6$0&'(\C!Z#A!6*77&!'*+%!,-2:*'%!:+!)#$6$0&77&'(A!,&!vX!%&7.,&!](#&!L*'6(/*'!0&!,2!(&7)$#2(+#&A!./&'!

B+&!),+%/&+#%!2+(&+#%!*'(!*.%&#:$!0&%!(&'02'6&%!6*'(#20/6(*/#&%A!2:&6!+'!vX!(2'(d (!2+17&'(2'(![^#/)2(/!&(!

2,CA!899p\A!(2'(d(!0/7/'+2'(![I*%(&#A!8995\!,*#%B+&!,2!(&7)$#2(+#&!2+17&'(&C!K2,1#$!(*+(A!,2!(&7)$#2(+#&!

&%(!0*'6!+'&!0*''$&!&%%&'(/&,,&!@! ,2!#&6*'%(#+6(/*'!0&%!)2,&*>)SA!%*'!&%(/72(/*'!$(2'(!#&'0+&! )*%%/.,&!

)2#!,2!7&%+#&!0+!K1_O2!&(!,2!6*+#.&!0&!62,/.#2(/*'!$(2.,/&!)2#!U'2'0!&(!2,C![899f\!=!

!

!  

TMg /Ca =
ln

Mg /Ca
0.449

" 

# 
$ 

% 

& 
'  

0.09 ! !! [4\ !

)
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!

/9mEKB)kb)@) 36E$72!#$62)/(+,2(/L!0&%!$(2)&%!'$6&%%2/#&%!@!,-*.(&'(/*'!0+!)S!@!)2#(/#!0&%!7&%+#&%!0&!

G_O2A!K1_O2!&(!jkmZA!2:&6!7/%&!&'!$:/0&'6&!0+!#d,&!6,$!;*+$!)2#!,&%!#&6*'%(#+6(/*'%!0&!!(&7)$#2(+#&!&(!0&!

%2,/'/($!%+#!,&!62,6+,!0+!)SC!

V'&!&%(/72(/*'!)#$6/%&!0&%!)2,$*>(&7)$#2(+#&%!&%(!$12,&7&'(!&%%&'(/&,,&!)*+#!+'&!%&6*'0&!#2/%*'!=!>!,&%!

6*'%(2'(&%! 0-$B+/,/.#&!)*+#! ,2! %)$6/2(/*'! 0+! 62#.*'&! 02'%! ,-*6$2'! v‹ 4! &(! v‹8! 0&! K&E#.26E! [4pif\A!

#$2;+%($&%! )2#! X/6J%*'! &(! K/,,&#*! [4p5i\A!2/'%/! B+&! ,2! 6*'%(2'(&! 0-$B+/,/.#&! )*+#! ,2! %)$6/2(/*'! 0+! .*#&!

02'%!,-*6$2'!v‹ G!0&!X/6J%*'![4pp9.\A!%*'(!(*+(&%!(#*/%!0$)&'02'(&%!0&!,2!(&7)$#2(+#&A!&(!%*'(!$12,&7&'(!

'$6&%%2/#&%!@!,2!#&6*'%(#+6(/*'!0+!)2,&*>)SC!W$2'7*/'%A!,2!(&7)$#2(+#&!%&+,&! '-&%(!)2%!%+LL/%2'(&! ! )*+#!

6*'(#2/'0#&! 6&%! 6*'%(2'(&%A! 62#! &,,&%! 0$)&'0&'(! $12,&7&'(! 0&! ,2! %2,/'/($C! N2! %2,/'/($! &%(!$12,&7&'(!

/7)*#(2'(&! )*+#! 62,6+,&#! ,2! 6*'6&'(#2(/*'! (*(2,&! &'! $,$7&'(! .*#& !02'%! ,-*6$2'! ĜA! 6&((&! 0&#'/H#&! $(2'(!

)#*)*#(/*''&,,&!@!,2!%2,/'/($![N&&!&(!2,CA!8949\C!

"*+#!#&6*'%(#+/#&!,&%!)2,$*>%2,/'/($%!0&!%+#L26&A!'*+%!2:*'%!+(/,/%$!,&!jkmZ!7&%+#$!%+#!R*!0/1(0!C!"*+#!6&,2A!

02'%! +'! )#&7/&#! (&7)%! [$(2)&! 4\A! '*+%! 2:*'%! 62,6+,$! ,2! :2#/2(/*'! €!1,*.2,&!•! 0&! %2,/'/($! 0+&! 2+!

6E2'1&7&'(!0+!:*,+7&!0&%!1,26&%!&'!+(/,/%2'(!)*+#!6&,2!,-&'#&1/%(#&7&'(!1,*.2,!jkmZ!0&!s2&,.#*&6J!&(!2,C!

[8998!„!jkmZ1\C!X2'%!+'!0&+F/H7&!(&7)%![$(2)&!8\A!'*+%!2:*'%!62,6+,$!,&!%/1'2,!0&!jkmZ!,*62,!0&%!&2+F!0&!

%+#L26&! [jkmZ%Y(\!2+!%/(&!KXip>8gi!&'!6*##/1&2'(! ,&! jkmZ!0&!R!0/1(0!0&! ,-&LL&(!0&! (&7)$#2(+#&!62,6+,$!@!

)2#(/#!0+!K1_O2C!U)#H%!/'(&#)*,2(/*'!2+!7]7&!)2%!0&!(&7)%!'*+%!2:*'%!%*+%(#2/(!@!6&((&!6*+#.&!jkmZ%Y(!,2!

6*+#.&!jkmZ1!1,*.2,&C!N2!)2#(/&!#$%/0+&,,&!2/'%/!*.(&'+&!6*##&%)*'0!2/'%/!2+F!6E2'1&7&'(%!#$1/*'2+F!0&!

)#$6/)/(2(/*'_$:2)*#2(/*'! &(! )&+( >](#&! 6*':&#(/&! &'! 6E2'1&7&'(%! 0&! %2,/'/($! &'! +(/,/%2'(! ,2! #&,2(/*'!

#$1/*'2,&! &7)/#/B+&! ,/2'(! %2,/'/($! &(! jkmZ! 0&! ,-&2+! 0&! 7&#! )*+#! ,-Z6$2'! Q'0/&'! ^#*)/62,! [N&1#2'0&! &(!

36E7/0(A!8994\C!

N&%! 6E2'1&7&'(%! (*(2+F! 0&! %2,/'/($! %*'(! *.(&'+%! &'! L2/%2'(! ,2! %*77&! [/\! 0&%! 6E2'1&7&'(%! 0&! %2,/'/($!

&%(/7$%!@!,-$(2)&!4![&LL&(!1,*.2,\!&(![//\!,&%!6E2'1&7&'(%!*.(&'+%!@!,-$(2)&!8![:2#/2(/*'%!#$1/*'2,&%!0+!./,2'!

$:2)*#2(/*'_!)#$6/)/(2(/*'\C! !
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?'L/'A!,2!#&6*'%(#+6(/*'!0+!)S!'$6&%%/(&!0-*.(&'/#!+'!%&6*'0!)2#27H(#&!0+!%<%(H7&!0&%!62#.*' 2(&%!02'%!

,-*6$2'C!?'!&LL&(A!,&!%<%(H7&!62#.*'&!02'%!,-*6$2'!6*7)*#(&!%/F!:2#/2.,&%!=!OZ8A!SOZx‰A!OZxyzA!S• ![&(!0*'6!,&!

)S\A! ,-2,62,/'/($!&(! ,&!XQOC!U:&6!0&+F!0&!6&%!:2#/2.,&%A!/,!&%(! )*%%/.,&!0&!#&6*'%(#+/#&!6E26+'&!0&%!B+2(#&!

2+(#&%C!"*+#! (*(2,&7&'(!6*'(#2/'0#&!0&!6<6,&!0&!62#.*'&A! ),+%/&+#%!2+(&+#%!*'(!+(/,/%$!6*';*/'(&7&'(! ,&!

G_O2!&(!,&!jkkGA!6&!0&#'/&#!)&#7&((2'(!+'&!&%(/72(/*'!0/#&6(&!0+!)S![I*%(&#A!8995!„!S…'/%6E!&(!2,CA!899p\C!

W$2'7*/'%A!&'!,-2.%&'6&!0&!7&%+#&!/%*(*)/B+&!0+!.*#&!%+#!'*(#&!62#*((&!KXip>8giA!,-*.(&'(/*'!0+!%&6*'0!

)2#27H(#&!0+!6<6,&!0+!62#.*'&!&%(!),+%!0/LL/6/,&!&(!),+%!E<)*(E$(/B+&C!U/'%/A!r+!&(!2,CA![899i\!&(!^#/)2(/!&(!

2,CA![899p\!*'(!+(/,/%$!0&%!#&,2(/*'%!,*62,&%!,/2'(!%2,/'/($!&(!2,62,/'/($!)*+#!&%(/7&#!,&%!:2#/2(/*'%!0-2,62,/'/($!

02'%! ,&! )2%%$! [@! ,-2/0&! 0&%! 6E2'1&7&'(%! 0&! %2,/'/($! 0*'(! '*+%! :&'*'%! 0&! :*/#A! ),+%! E2+(A! 6*77&'(! /,%!

)&+:&'(! ](#&! *.(&'+%\C! O&((&! #&,2(/*'! &%(! .2%$&! %+#! ,2! L*#(&! 6*##$,2(/*'! )*%/(/:&! *.%&#:$&! 26(+&,,&7&'(!

&'(#&!,-2,62,/'/($!&(!,2!%2,/'/($!0&!,-&2+!0&!7&#![L/1+#&!of \A!&(!&'!L2/%2'(! ,-E<)*(EH%&!B+&!6&((&!#&,2(/*'!&%(!

#&%($&!,2!7]7&!02'%!,&!)2%%$C!"*+#!#&6*'%(#+/#&!,&%!:2#/2(/*'%!0-2,62,/'/($!@!'*(#&!%/(&!0-$(+0&A!'*+%!2:*'%!

2)),/B+$!,2!#&,2(/*'!,*62,&!26(+&,,&!,/2'(!%2,/'/($!&(!2,62,/'/($!2L/'!0-&%(/7&#!,&%!)2,$*>2,62,/'/($%!@!)2#(/#!0&!

'*%!)2,$* >%2,/'/($%![I/1+#&!of \C!!

!

/9mEKB)kc)@) T&,2(/*'! ,*62,&! &'(#&! %2,/'/($! &(! 2,62,/'/($! 0&%! &2+F! 0&! %+#L26&! 2+(*+#! 0+! 62'2,! 0+!

K*a27./B+&A!*.(&'+&!@!)2#(/#!0&!,2!.2%&!0&!0*''$&%!PNZXU"![v&<!&(!2,CA!899h\C!

"*+#! #&6*'%(#+/#&! '*%! )2,$*>)SA! '*+%! 2:*'%! 0*'6! 6*7./'$! ,&%! $B+2(/*'%! %+/:2'(&%! 2:&6!!,&! #2))*#(!

wG[ZS\Œz!–!SOZxz{A!B+&!,-*'!%/7),/L/&#2!)2#!žA!!62,6+,$!@!)2#(/#!0&!,2!7&%+#&!0&!G_O2!)2#!,&!./2/%!0&!,-+'&!0&%!

62,/.#2(/*'%!0&!vX!&F/%(2'(&%C!

> 3<%(H7&!0+!62#.*'&!=!

!  

ACB = HCO3
Ñ[ ] +2 CO3

2Ñ[ ] + B OH( )4

Ñ[ ] ! [8\ !

!  

K2
* =

CO3
2Ñ[ ] H +[ ]

HCO3
Ñ[ ]

!! ! [f\ !
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> 3<%(H7&!0+!.*#&!=!

!  

KB
* =

H +[ ] B(OH )4
Ñ[ ]

B(OH )3[ ]
!!! [h\ !

!  

BT = B(OH )3[ ]+ B(OH )4
Ñ[ ]! ! [g\ )

N2!72'/)+,2(/*'!0&!6&%!$B+2(/*'%!)&#7&(!0-*.(&'/#!+'!)*,<'d7&!0+!%&6*'0!0&1#$A!0*'(!,2!#26/'&!)*%/(/:&!

&%(!,2!6*'6&'(#2(/*'!&'!/*'%!wS• {A!%*/(!'*(#&!)S![K+'E*:&'A!6*77+'/62(/*'!)&#%*''&,,&\ !=!

!  

H +[ ] 2
+KB 1"

1
§

+1
# 

$ 
% 

& 

'  
( 

BT

ACB

# 

$ 
% 

& 

'  
( H +[ ] "

2K2KBBT

§ACB

= 0! ! [o\ !

O*77&!'*+%!,-2:*'% !:+A!(&7)$#2(+#&!&(!%2,/'/($!%*'(!0&%!B+2'(/($%!&%%&'(/&,,&%!)*+#!,2!#&6*'%(#+6(/*'!0+!

)2,&*>)S! 0&%! &2+F! 0&! %+#L26&A! ,&+#! 0$(&#7/'2(/*'! )#$6/%&! $(2'(! '$6&%%2/#&! )*+#! ./&'! 6*'(#2/'0#&! ,&%!

6*'%(2'(&%!0-$B+/,/.#&%A!,2!6*'6&'(#2(/*'!&'!.*#&!(*(2,!*+!&'6*#&!,-2,62,/'/($C!!

!

/9mEKB)kn)@) ~2#/2(/*'%!0&!,2!(&7)$#2(+#&!&(!,2!%2,/'/($!2+!6*+#%!0&!,2!0&#'/H#&!0$1,26/2(/*'A!6*##/1$&%!

[.,&+\! *+! '*'!6*##/1$&%! [#*+1&\!0&! ,-&LL&(!0&! ,2!%2,/'/($!%+#! ,&!K1_O2! [6*##&6(/*'!&LL&6(+$&!&'!%+/:2'(! ,2!

)#*6$0+#&!)#*)*%$&!)2#!K2(E/&'>G,2#0!&(!G2%%/'*(A!899p\C!!
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K2(E/&' >G2#0!&(!G2%%/'*(![899p\!*'(!7*'(#$!B+&!,2!%2,/'/($!%&7.,2/(!/'L,+&'6&#!,&!#2))*#(!K1_O2A!6&!B+/!

)&+(!0*'6!1$'$#&#!+'!L*#(! ./2/%!%+#!,&%!&%(/72(/*'%!0&!)2,$*>(&7)$#2(+#&%!,*#%!0&!(#2'%/(/*'%!P_QP!*M!,2!

%2,/'/($!:2#/&!L*#(&7&'(!%+/(&!@!,2!L*'(&!0&%!1,26&%C!O&!62%!%-2)),/B+&!'*(277&'(!@!'*(#&!#&6*'%(#+6(/*'!=!

,&%! (&7)$#2(+#&%! €!'*'! 6*##/1$&%!•! %&7.,&'(! 6,2/#&7&'(! &##*'$&%C! ?,,&%! %&! (#20+/%&'(A! ,*#%B+-&,,&%! %*'(!

6*7./'$&%! 2+F! 0*''$&%! 0&! jkmZA! )2#! 0&%! :2#/2(/*'%! ,*62,&%! 0&! %2,/'/($! 2<2'(! 0&%! 27),/(+0&%! (#H%!

2'*#72,&7&'(!$,&:$&%![,-27),/(+0&!72F/72,&!0&%!:2#/2(/*'%!0&!%2,/'/($!&%(!2/'%/!0&!,-*#0#&!0&!g“!%+#!,2!

)$#/*0&! 6*+:&#(&! )2#! '*(#&! &'#&1/%(#&7&'(A! 2:&6! 0&%! :2,&+#%! 6+,7/'2'(! @! ‚!fp“! :&# %! fhJ2! &(! B+/!

0/7/'+&'(! ;+%B+-@! 2((&/'0#&! ‚!fh“! 2+! 0$.+(! 0&! ,-S*,*6H'&\C! X&! (&,,&%! 27),/(+0&%A! 6,2/#&7&'(! (#*)!

$,&:$&%A! %&! (#20+/%&'(! &'%+/(&! $12,&7&'(! )2#! 0&%! 27),/(+0&%! 0&! :2#/2(/*'%! 0&! ,-2,62,/'/($! 2'*#72,&7&'(!

/7)*#(2'(&%C! W*+%! 2:*'%! 0*'6! 6E*/%/! 0&! 6*##/1&#! ,&%! &%(/72(/*'%! 0&! (&7)$#2(+#&! %+/:2'(! ,2! 7$(E*0&!

0$6#/(&!)2#!K2(E/&'>G2#0!&(!G2%%/'*(! [899p\C!N&%!0/LL$#&'6&%!&'(#&!,&%!&%(/72(/*'%!0&!(&7)$#2(+#&!&(!0&!

%2,/'/($A! %&,*'! ,-2)),/62(/*'! *+! '*'! 0&! 6&((&! 6*##&6(/*'! 0&! ,-&LL&(! 0&! ,2! %2,/'/($! %+#! ,&! K1_O2A! %*'(!

#&)#$%&'($&%!%+#!,2!L/1+#&!ohC!

!

!

cAbA)&B<6:MLKE<L96:);E)J8N\6,J5)8E)M9LB)?-)dY,bed)@)97J8<L);B)N8)<8N9SK8L96:);E)

J8K87RLKB)C- )

N-+(/,/%2(/*'!0&!,-+'&!*+!,-2+(#&!0&%!62,/.#2(/*'%!0&!vX!)#*)*%$&%!)2#!I*%(&#![8995\!&(!^#/)2(/![899p\A!2:&6!

,&%! 7]7&%! &%(/72(/*'%! 0-2,62,/'/($! &(! 0&! (&7)$#2(+#&A! 7*'(#&! +'&! (#H%! L*#(&! 0/LL$#&'6&! (2'(! 02'%!

,-$:*,+(/*'!B+&!02'%!,&%!:2,&+#%!2.%*,+&%!0&%!)2,$*>)S!#&6*'%(#+/(%!2+!6*+#%!0&!,2!0&#'/H#&!0$1,26/2(/*'!@!

)2#(/#! 0&%! 0*''$&%! 0&! G_O2! 0&! ,2! 62#*((&! KXip>8gi! [I/1+#&! og\C!N&%!$B+2(/*'%! 0&! 62,/.#2(/*'! 0+! vX!

L*'6(/*'!0&!,2!(&7)$#2(+#&!B+&!'*+%!2:*'%!+(/,/%$&%!/6/!%*'(!=!

> I*%(&#![8995\!=!vX!Ž!>9C9h55!^!•!8Cpoii!A!T8Ž9Ci5!!! [i\ !

> ^#/)2(/!&(!2,C![899p\!=!vX!Ž!9C844!&F)[9C9oh!^\!A!T8Ž9Cg4!! ! [5\ !

N&! )S! #&6*'%(#+/(! @! ,-2/0&! 0&! ,2! 62,/.#2(/*'! .2S3,20( ! 0&! ^#/)2(/! &(! 2,C! [899p\! 7*'(#&! +'&! :2,&+#!

#&,2(/:&7&'(!%(2.,&!0&!‚5Cg9!)&'02'(!,2!)$#/*0&!1,26/2/#&A!B+/!0$6#*—(!,$1H#&7&'(!@!)2#(/#!0&!‚45J2A!2:2'(!

0-2+17&'(&#! )+/%! 0&! 0/7/'+&#! 0&! '*+:&2+A! @! )2#(/#! 0&! 4hCg! J2A! ;+%B+-@! +'&! :2,&+#! 0&! ‚5Cf5C! U:&6! ,2!

62,/.#2(/*'!0+!v X!0&!I*%(&#![8995\A!,2!6*+#.&!0&!)S!*.(&'+&!7*'(#&A!&,,&A!+'&!,$1H#&!0$6#*/%%2'6&!2+!6*+#%!

0&!,2!)$#/*0&!1,26/2/#&A!2:&6!+'!)S!B+/!$:*,+&!0&!5C8g![fhJ2\! @!5C8![2+(*+#!0&!45!J2\A!2:2'(!0-2+17&'(&#!@!

)2#(/#!0&!45J2!;+%B+-@!2((&/'0#&!‚5C8i!@!4hCg!J2C!N&!)S!0/7/'+&!&'%+/(&!;+%B+-@!‚5C89!@!,-S*,*6H'&C!
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!

/9mEKB)ke)@) T&6*'%(#+6(/*'%! 0+! )2,$*>)S! 2+! 6*+#%! 0&! ,2! 0&#'/H#&! 0$1,26/2(/*'A! &'! L*'6(/*'! 0&! ,2!

62,/.#2(/*'!0&!v X!+(/,/%$&C!?'!#*+1&A!2:&6!,2!62,/.#2(/*'!0&!vX!0&^#/)2(/!&(!2,C![899p\A!&'!.,&+!,2!62,/.#2(/*'!

0&!I*%(&#![8995\C!

!

!

cAcA)%__BL);B)N8)LB7J\K8LEKB)MEK)NBM)J8N\6,J5)KB<6:MLKE9LM)

N-+(/,/%2(/*'! 0&! 0/LL$#&'(&%! 6*+#.&%! 0&! 62,/.#2(/*'! 0+! vX! &'! L*'6(/*'! 0&! ,2! (&7)$#2(+#&! 7*'(#&! 0&%!

#$%+,(2(%!(#H%!0/LL$#&'(%!(2'(!&'!(&#7&!0&!:2,&+#%!2.%*,+&%!0&!)S!B+&!0-$:*,+(/*'!0+!)SC!U/'%/A!,&%!)2,$*>)S!

#&6*'%(#+/(%!2:&6!,2!62,/.#2(/*'!0&!^#/)2(/!&(!2,C![899p\!7*'(#&'( !0&!E2+(&%!:2,&+#%!0&!)S!0&!,-*#0#&!0&!5Cg!

@! 5Co! [L/1+#&!og\C! O&%! :2,&+#%! 0&! )S! %*'(! ./&'! ),+%! E2+(&%! ! B+&! 6&,,&%! 26(+&,,&7&'(! #&'6*'(#$&%! 02'%!

,-*6$2'A!&(!B+/!%*'(!0&! ,-*#0#&!0&!5C4p!02'%!,&%!&2+F!0&!%+#L26&%!2+! '/:&2+!0&!,2!62#*((&!KX! ip!8giC!"2#!

6*'(#&A!*'!*.%&#:&!+'&!:2#/2(/*'!0&!)S!0&!,-*#0#&!0&!9C44!+'/($%!0&!)S!2+!6*+#%!0&!,2!0$1,26/2(/*'A!6&!B+/!

6*##&%)*'0!@!,2!:2#/2(/*'!0&!)S!2((&'0+&!,*#%!0-+'&!(#2'%/(/*'!1,26/2/#&>/'(&#1,26/2/#&![32'<2,!&(!2,CA!4ppg!„!

G2#J&#!2'0!?,0&#L/&,0A!8998!„!S…'/%6E!2'0!S&77/'1A!899g\C!N&%!)2,&*>)S!*.(&'+%!2:&6!,2!62,/.#2(/*'!0&!

I*%(&#!0*'' &'(! 0&%! :2,&+#%! ! &'(#&! 5C8! &(! 5Cf! B+/! 6*##&%)*'0&'(! ./&'! 7/&+F! 2+! )S! 0&%! &2+F! 0&! %+#L26&!

26(+&,C! "2#! 6*'(#&A! ,-27),/(+0&! 0&! ,2! :2#/2(/*'! 0&! )S! &%(! ),+%! L2/.,&A! 0&! ,-*#0#&! 0&! 9C95! +'/($%! 0&! )S!

%&+,&7&'(C!

"*+#!&%(/7&#!&(!6*7)2#&#!,-/7)26( !0&!,2!(&7)$#2(+#&!%+#!,2!#&6*'%(#+6(/*'!0+!)S!)*+#!,&%!0&+F!*)(/*'%!0&!

62,/.#2(/*'! 0+! v XA! '*+%! 2:*'%! #&)#$%&'($! ,&%!)S ! &'! L*'6(/*'! 0 &! ,2! (&7)$#2(+#&![I/1+#&!oo\C! O*77&! ,&!

7*'(#&!,2!L/1+#&!ooA!,&!)S!#&6*'%(#+/(!&'!)2#(2'(!0&!,2!62,/.#2(/*'!0*Y'6*#&!0&!vX!0&!^#/)2(/!&(!2,C![899p\!

7*'(#&!+'&!(#H%!L*#(&!0$)&'02'6&!@!,2!(&7)$#2(+#&A!6&!B+/!'-&%(!)2%!,&!62%!2:&6!,2!62,/.#2(/*'!!$(2.,/&!)2#!

I*%(&#![8995\C!O&,2!%+11H#&!B+&A!6*77&!,-*'( !'*($!U,,&'!&(!2,C![8948\A!,-+%21&!0-+'&!62,/.#2(/*'!0*Y'6*#&!
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(&,,&!B+&!6&,,&!)#*)*%$&!)2#!^#/)2(/!&(!2,C![899p\!%&!(#20+/(!)2#!+'!)S!L/'2,!&%%&'(/&,,&7&'(!6*'(#d,$!)2#!,2!

(&7)$#2(+#&A! &(! B+/! %-&F),/B+&!:#2/%&7.,2.,&7&'( ! )2#! ,2! 6*:2#/2'6&! 0&%! :2#/2(/*'%! 0&! )OZ8! &(! 0&%!

(&7)$#2(+#&%!02'%!,&!)2%%$C!!

!

/9mEKB)kk)@) "2,&*>)S! #&6*'%(#+/(%! &'! L*'6(/*'! 0&! ,2! (&7)$#2(+#&![•O\! &(! 0&! ,2! 62,/.#2(/*'! 0&! vX!

+(/,/%$&C! P#2)E&! 0&! 12+6E&!=! N2! 62,/.#2(/*'! 0&! ^#/)2(/! [899p\! 7*'(#&! 0&%! )S! 2<2'(! +'&! (#H%! L*#(&!

0$)&'02'6&!@!,2!(&7)$#2(+#&A!(2'0/%!B+&![1#2)E&!0&!0#*/(&\!!6&,,&!0&!I*%(&#![8995\!'&!7*'(#&!2+6+'!,/&'!

&'(#&!,&%!0&+F!)2#27H(#&%C!

!

cAnA)(B7J\K8LEKBT)M8N9:9L\T)8N<8N9:9L\T)<6B__9<9B:L);B)J8KL9L96:)@)^EBNNBM)Q8NBEKM)J6EK)

^EBNM)J8N\6,J5a )

"*+#!7/&+F!6*7)#&'0#&!6*77&'(!,2!(&7)$#2(+#&A!,2!%2,/'/($A!,b2,62,/'/($!*+!&'6*#&!,&!vX!+(/,/%$%!/'L,+&'(!

%+#!,&%!#&6*'%(#+6(/*'%!0&!)2,$*>)SA!'*+%!2:*'%!&LL&6(+$!0&%!(&%(%!0&!%&'%/./,/($!)&#7&((2'(!0-$:2,+&#!,&%!

0/LL$#&'6&%!&'(#&!0&%!#&6*'%(#+6(/*'%!+(/,/%2'(!0&%!)2#27H(#&%!0/LL$#&'(%C!W*+%!2:*'%!%<%($72(/B+&7&'(!

6*7)2#$!,&%!)S!*.(&'+%!&'!%*#(/&!2:&6!,2!6*+#.&!/'/(/2,&!0&!G_O2!)*+#!0$(&#7/'&#!02'%!B+&,,&!7&%+#&!,&%!

)2,$* >)S! #&6*'%(#+/(%! #&L,H(&'(! ,2! 0*''$&! €!0&! .2%&!•! [G_O2\A! *+! %-/,%! %*'(! L*#(&7&'(! 6*'(#2/'(%A! 2+!

6*'(#2/#&A!)2#!0-2+(#&%!)2#27H(#&%![&C1C!,2!(&7)$#2(+#&A!,2!%2,/'/($Ae\C!N*#%!0&%!62,6+,%!0&!)SA!'*+%!2:*'%!

0*'6! (&%($!),+%/&+#%!%6$'2#//!&(! ),+%/&+#%!2))#*6E&%!0/LL$#&'(&%=![4\! (*+%!,&%!)2#27H(#&%![^A3A!UNv\!%*'(!

6*'%&#:$%! 6*'%(2'(%! &(! $12+F! @! ,&+#! :2,&+#! 26(+&,,&!„! [8\! +'! %&+,! )2#27H(#&! :2#/&! [^! *+! 3\A! %&,*'! ,&%!

0*''$&%!7&%+#$&%!„![f\!0&+F!)2#27H(#&%!:2#/&'(![/C&C!^!&(!3A!*+!3!&(!UNv\!&(!&'L/'![h\!(*+%!,&%!)2#27H(#&%!

:2#/&'(![(&,!B+&!7*'(#$!)#$6$0&77&'(\C!OE26+'!0&!6&%!(&%(%!2!$($!&LL&6(+$!&'!)#&'2'(!@!6E2B+&!L*/%!6/'B!

&%(/72(/*'%! 0/LL$#&'(&%! 0&! vX!=! [/\! &'! 62,6+,2'(! vX! @! )2#(/#! 0&! ,2! (&7)$#2(+#&>K1_O2! @! ,-2/0&! 0&%!

62,/.#2(/*'%! 0&! I*%(&#! [8995\! &(! [//\! 0&! ^#/)2(/! &(! 2,C! [899p\!„! [///\! &'! +(/,/%2'(! +'! v X! 6*'%(2'(! 62,6+,$! @!

)2#(/#!0&!,2!7&%+#&!0+!G_O2!0&!R*!0/1(0!%+#!+'!%*77&(!0&!62#*((&![KXip>8gg\!:*/%/'!0&!,2!KX!ip!8gi !„!

[/:\!&'!+(/,/%2'(!+'!v X!6*'%(2'(!2;+%($!)*+#!*.(&'/#!,&!)S!7*0&#'&!2+!%*77&(!0&!'*(#&!&'#&1/%(#&7&'(!0&!

G_O2! [@! 5Co! J2\A! &(! &'L/'! [:\! &'! +(/,/%2'(! +'! vX! 2;+%($! [)*+#! *.(&'/#! ,&! )S! 7*0&#'&! &'! %*77&(!

0-&'#&1/%(#&7&'(\A!72/%!&'!)&#7&((2'(!@!vX!0-$:*,+&#!2:&6!,2!(&7)$#2(+#&!%&,*'!,2!,*/!0&!0$)&'02'6&!2:&6!

,2!(&7)$#2(+#&!B+&!'*+%!2:*'%!*.(&'+&!02'%!6&!(#2:2/,![0*''$&%!U(,2'(/B+&A!6LC!0$.+(!0&!6&!6E2)/(#&!%+#!,&!

v X\C!U!(/(#&!0&!6*7)2#2/%*'A!'*+%!2:*'%!$12,&7&'(!(&%($!,2!0/LL$#&'6&!&F/%(2'(!&'(#&!,-+(/,/%2(/*'!0+!K1_O2!

6*##/1$!0&!%2!%&'%/./,/($!@!,2!%2,/'/($![6*##&6(/*'!%&,*'!K2(E/&'>G,2#0!&(!G2%%/'*(A!899p\!*+!'*' >6*##/1$C!!
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^*+(&%! ,&%! 6*+#.&%! 0&! )S! *.(&'+&%! '&! %*'(! )2%! )#$%&'($&%! /6/C! W*+%! 2:*'%! 6E*/%/! 0&! )#$%&'(&#! &(! 0&!

6*7)2#&#!02'%!,2!L/1+#&!oi!0&+F!&F&7),&%!62#26($#/%(/B+&%!0&!6&%!(&%(%!0&!%&'%/./,/($!=!0&%!6*+#.&%!0&!)S!

*.(&'+&%!2:&6! ,-+(/,/%2(/*'! 0-+'! vX! 0/7/'+2'(! 2:&6! ,2! (&7)$#2(+#&! [I*%(&#A!8995\!&(! 0&%!6*+#.&%!0&! )S!

*.(&'+&%!&'!+(/,/%2'(!+'!v X!6*'%(2'(A!&%(/7$!@!)2#(/#!0&!,2!62,/.#2(/*'!&LL&6(+$&!%+#!,&!%*77&(!0&!,2!62#*((&!

:*/%/'&!KXip >8gg!C!!

!

/9mEKB)kd)@) ?:*,+(/*'!0+!)S!2+!6*+#%!0&!,2!(#2'%/(/*'!1,26/2/#&>S*,*6H'&!%+#!,2!62#*((&!KX!ip>8giA!&'!

L*'6(/*'![/\!0+!v X!+(/,/%$!=!6&,+/!0&!I*%(&#A!0$)&'02'(!0&!,2!(&7)$#2(+#&![@!12+6E&\A!&(!6&,+/!0+!%*77&(!0&!

62#*((&!:*/%/'!KX!ip >8ggA!6*'%&#:$!@!+'&!:2,&+#!6*'%(2'(&![@!0#*/(&\!„!&(![//\!&'!L2/%2'(!:2#/&#!*+!'*'!+'!

*+! ),+%/&+#%! )2#27H(#&%! +(/,/%$%! ,*#%! 0&! ,2! #&6*'%(#+6(/*'! 0+! )2,$*>)SA! /C&C! (&7)$#2(+#&A! %2,/'/($! *+!

2,62,/'/($C!N2!,$1&'0&!)#$%&'(&!%+#!,2!L/1+#&!/'0/B+&!,&!62%!$6E$2'(!B+&,[%\!)2#27H(#&[%\!$:*,+&['(\A!6&((&!

$:*,+(/*'!$(2'(!6*'0/(/*''$&!)2#!,&%!7&%+#&%!0&!K1_O2!&(!jkmZC!N-$6E&,,&!0&!)S!&%(!,2!7]7&!)*+#!,&%!0&+F!

v X!+(/,/%$!,*#%!0&!6&%!(&%(%C!

N2!L/1+#&!oi!)&#7&(!0&!7&((#&!&'!$:/0&'6&!2:2'(!(*+(!B+&!,&%!:2,&+#%!2.%*,+&%!0&!)S!0/LLH#&'(!.&2+6*+)!

,*#%B+-*'!+(/,/%&!+'!vX!'*' >6*'%(2'(!B+/!:2#/&!2:&6!,2!(&7)$#2(+#&![I*%(&#A!8995\!*+!+'!vX!6*'%(2'(C!X2'%!

6&!)#&7/&#!62%A!,&%!)S!*.(&'+%!2+(*+#!0&!5Cg!J2![.2%&!0&!,-S*,*6H'&\!%*'(!0&!,-*#0#&!0&!‚5C89A!2,*#%!B+-/,%!

%*'(!.&2+6*+)!),+%!L2/.,&%![‚!5C9p\!,*#%B+-*'!+(/,/%&!+'!vX!6*'%(2'(![6&,+/!B+&!'*+%!2:*'%!&%(/7$!@!)2#(/#!!

0&!,-2'2,<%&!0+!%*77&(!0&!,2!62#*((&!KX!ip>8gg\C!"2#!6*'(#&A!*'!6*'%(2(&!$12,&7&'(!B+&A!6*'(#2/#&7&'(!@!

,2!L/1+#&!ogA!,&%!)2,$*>)S!#&6*'%(#+/(%!7*'(#&'(!6&((&!L*/%!+'&!$:*,+(/*'!(#H%!%/7/,2/#&!2+!6*+#%!0+!(&7)%C!

X&! 7]7&A! ,*#%B+&! (*+%! ,&%! )2#27H(#&%! %*'(! 6*'%&#:$%! @! 0&%! :2,&+#%! 6*'%(2'(&%! 26(+&,,&%A! )*+#! ,&%!

#&6*'%(#+6(/*'%!0&!)SA!*'!6*'%(2(&!B+&!,&%!L*#7&%!0&%!6*+#.&%!%*'(!6&,,&%!B+/!6*##&%)*'0&'(!,&!7/&+F!2+F!

0*''$&%! 0&! G_O2! /'/(/2,&%A! 72,1#$! ,2! '*'>,/'$2#/($! 0+! %<%(H7&C! "2#! 6*'(#&A! 02'%! 6E2B+&! %/(+2(/*'! *M! ,2!

(&7)$#2(+#&!:2#/&A!*'!*.%&#:&!+'!L*#(!0$62,21&!0&!:2,&+#%!02'%!,&!62%!0+!vX!0&!KX!ip>8ggA!0$62,21&!B+/!

'-2))2#2—(!)2#!6*'(#&!)2%!2:&6!,&!vX!0&!I*%(&#![8995\C!O&!0$62,21&!&%(!&%%&'(/&,,&7&'(!)#$%&'(!0+#2'(!,2!

)$#/*0&!L#*/0&![2'($#/&+#&!@!45!J2\A!,&%!(&7)$#2(+#&%!),+%!.2%%&%!0&!6&((&!)$#/*0&!7*0/L/2'(!,&%!$B+/,/.#&%!

6E/7/B+&%!&(!'-$(2'(!)2%!6*7)&'%$&%!)2#!,&!vX!*+!,2!%2,/'/($![*+!,-2,62,/'/($\C!X2'%!,&!62%!0+!vX!0&!I*%(&#!

[8995\A!,-+(/,/%2(/*'!0-+'!vX!0$6#*/%%2'(!2:&6!,2!(&7)$#2(+#&!%&7.,&!](#&!#&%)*'%2.,&!0-+'!)E$'*7H'&!0&!

€!6*7)&'%2(/*' !•!0&!6&%!:2#/2(/*'%!0&!(&7)$#2(+#&!2+!'/:&2+!0&%!62,6+,%A!6&!B+/!)&#7&(!0&!6*'%&#:&#!+'!

)S!$B+/:2,&'(!@!6&,+/!#&6*'%(#+/(!@!)2#27H(#&%!6*'%(2'(%!&(!$12,&7&'(!0-*.(&'/#!+'&!(#H%!L2/.,&!0/%)&#%/*'!

0&%! :2,&+#%! 0&! )2,&*>)SA! 6*'(#2/#&7&'(! 2+! vX! 0+! %*77&(! 0&! 62#*((&! KX! ip>8gg! [:*/#! ^2.,&! 48\C! Z'!
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6*'%(2(&!2+%%/!%+#!6&((&!L/1+#&!oiA!B+&!,&%!/'L,+&'6&%!%$)2#$&%!0&%!:2#/2(/*'%!0&!,-2,62,/'/($!&(!0&!,2!%2,/'/($!

%*'(!/'0/%6&#'2.,&%A!,2!(&7)$#2(+#&!$(2'(!,&!L26(&+#!72;&+#!0&!:2#/2(/*'C!!

UL/'!0&!7/&+F!6*'(#2/'0#&!,-/'L,+&'6&!0&!6E2B+&!)2#27H(#&A!'*+%!2:*'%!62,6+,$A!)*+#!6E2B+&!2))#*6E&!0&!

62,6+,! 0&! )SA! [/\! ,&! )*+#6&'(21&! 0&! 6*:2#/2'6&! &'(#&! ,-&'#&1/%(#&7&'(! 0&! G_O2! /'/(/2,! &(! ,&%! 0/LL$#&'(&%!

#&6*'%(#+6(/*'%!0&! )2,&*>)SA!2/'%/!B+&! [//\! ,&%! :2,&+#%!0&! )S!*.(&'+&%!)*+#! ,&!0$.+(!0&! ,-S*,*6H'&A! [///\!

,-27),/( +0&! 0&! ,2! :2#/2(/*'! 0&! )S! [• )S\! &'#&1/%(#$&! &'(#&! ,&%! '/:&2+F! )#$%&'(2'(! ,&! 72F/7+7! &(! ,&!

7/'/7+7!0&!G_O2! [4h!&(!5Co!J2A!#&%)&6(/:&7&'(\!&(!&'L/'! [/:\! ,2!0$:/2(/*'!%(2'02#0!72F/72,&!&'(#&! ,&%!

)2,&*>)S!#&6*'%(#+/(%!%+/:2'(!,&%!0/LL$#&'(&%!7$(E*0&%C!!

!

Foster (2008), 
decreases with 

temperature

Tripati et al. (2009), 
increases with 
temperature

Constant, calculated 
from top of nearby 

core MD 79 255

Constant, adjusted 
to obtain modern 

pH at 8.6 ka

Adjusted to obtain modern 
pH at 8.6 ka, decreases with 

temperature

Constant, adjusted 
to obtain modern 

pH at 8.6 ka

Yes Yes Yes Yes Yes No

99.4 99.3 98.9 98.9 99.4 98.9

99.4 64.7 90.3 89.5 97.0 84.9

93.9 59.5 86.4 91.1 91.7 55.7

92.9 39.2 93.0 91.1 83.3 39.8

98.9 94.9 98.9 98.3 98.3 93.1

99.5 61.2 89.0 89.3 96.8 72.6

8.20 8.38 8.09 8.18 8.18 8.18

0.07 0.13 0.09 0.10 0.07 0.07

0.023 0.153 0.044 0.043 0.027 0.067

pH amplitude between 
14 ka and 8.6 ka

Maximum standard 
deviation (2 ! )

Salinity effect on Mg/Ca

pH value at 8.6 ka

Partition coefficient K D

All parameters constant, 
at modern values

Temperature only varies

Temperature and salinity 
vary

Salinity only varies

Salinity and alcalinity 
vary

All parameters vary

!

(8SNB)Zb)@ T$%+,(2(%!0&!(&%(%!0&!%&'%/./,/($!&LL&6(+$%!%+#!,&%!#&6*'%(#+6(/*'%!0&!)2,&*>)SA!&'!L*'6(/*'!

0+!vX!+(/,/%$!&(!0&%!)2#27H(#&%!+(/,/%$%A!B+&! ,-*'!L2/(! :2#/&#! *+!B+&! ,-*'!72/'(/&'(!6*'%(2'(! [&C1C!

(&7)$#2(+#&A!%2,/'/($A!2,62,/'/($\C!X2'%!,2!)2#(/&!%+)$#/&+#&!0+!(2.,&2+A!@!,-/'(&#%&6(/*'!0&%!,/1'&%!

&(! 0&%! 6*,*''&%! B+/! 6*##&%)*'02'(! @! 6*7./'2/%*'! )*+#! ,&%! 62,6+,%! 0+! )SA! %*'(! /'0/B+$%! ,&%!

'/:&2+F!0&!6*:2#/2'6&A!6*0$%!&'(#&!9!&(!499![$(2.,/%!%+#!,2!.2%&!0-+'&!%/7),&!6*##$,2(/*'!0&!(<)&!

,/'$2/#&\C!N&%! :2,&+#%! 0&! )S!@! 5Co! J2!%&#:&'(! 0&! #&)H#&! )*+# ! 6*7)2#&#! ,&%! '/:&2+F! 7*<&'%! 0&!

)2,&*>)S! #&6*'%(#+/(%! 2:&6! ,&%! 0/LL$#&'(&%! 62,/.#2(/*'%A! 0&! 7]7&! B+&! ,-27),/(+0&! 0&! :2#/2(/*'!

7*<&''&!&'(#&!4h!&(!5Co!J2C!?'L/'A!,2!0$:/2(/*'!%(2'02#0!72F/72,&! 0-+'!)S! %+#!+'&!%$#/&!0&!(&%(%!

2:&6!+'!7]7&!v X!/,,+%(#&!,2!0/%)&#%/*'!0&%!)*/'(%C!

!

N*#%B+&! (*+%! ,&%! )2#27H(#&%! [^A! 3! &(! UNv\! %*'(! 72/'(&'+%! 6*'%(2'(%A! (*+%! ,&%! )2,$*>)S! 7*'(#&'(! +'&!

.*''&! 6*##$,2(/*'! 2:&6! ,& ! %/1'2,! 0&! G_O2A! B+&,B+&! %*/(! ,&! vX! +(/,/%$A! &(! 6&! 72,1#$! ,2! '*'>,/'$2#/($! 0+!

%<%(H7&C!N2!(&7)$#2(+#&A!)*+#!,&%!vX!L/F&%A!&(!,2!%2,/'/($A!)*+#!,&%!vX!0$)&'02'(%!0&!,2!(&7)$#2(+#&A!%*'(!

,&%! 0&+F! )2#27H(#&%! B+/! /'L,+&'(! ,&! ),+%! %+#! ,&%! #&6*'%(#+6(/*'%! 0&! )2,&*>)SC! N&%! 0&+F! ),+%! L2/.,&%!

6*##$,2(/*'%!%*'(!*.(&'+&%!,*#%B+&!%&+,&!,2!%2,/'/($!:2#/&A!6&!B+/!)2#2—(!,*1/B+&!02'%!,&!62%!0+!vX!2;+%($!L/F&!

&(!+(/,/%2'(!,&%!%2,/'/($%!&##*'$&%A!62#!#&6*'%(#+/(&%!%2'%!6*##&6(/*'!0&!,-&LL&(!0&!%2,/'/($!%+#!,&!K1_O2![:*/#!
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I/1+#&!oh\C!"2#!6*'(#&A!!/,!&%(!),+%!$(*''2'(!0&!6*'%(2(&#!6&(!&LL&(!2:&6!,-+(/,/%2(/*'!0+!vX!0&!^#/)2(/!&(!2,C!

[899p\C!W$2'7*/'%A!*'!6*'%(2(&!B+&A!@!(&7)$#2(+#&!6*'%(2'(&A!&(!,*#%B+&!,-2,62,/'/($!:2#/&!$12,&7&'(![&'!

L*'6(/*'!0&!,2!%2,/'/($\A!6&(!&LL&(!%&7.,&!6*7)&'%$A!,&%!6*##$,2(/*'%!2((&/1'2'(!),+%!0&!pfˆ!02'%!6&%!0&+F!

62%A!&(!),+%!0&!p5ˆ!2:&6!,-&'%&7.,&!0&%!2+(#&%!v XC!?'L/'A!,*#%B+&!(*+%!,&%!)2#27H(#&%!:2#/&'( A!*'!*.%&#:&!

0&!L*#(&%!0/%)2#/($%!0&!6*:2#/2'6&!%+/:2'(!,&%!vX!+(/,/%$%A!,&%!),+%!L*#(&%!6*:2#/2'6&%!2:&6!,&!%/1'2,!/'/(/2,!0&!

G_O2!$(2'(!*.(&'+%!2:&6! ,&%!vX!B+/!%*'(! 2'(/>6*##$,$%!2:&6! ,2! (&7)$#2(+#&! [I*%(&#A!8995A!&(! ,-+'! 0&%!vX!

2;+%($!„!!6*:2#/2'6&%!0&!ppCgˆ!&(!poC5ˆA!#&%)&6(/:&7&'(\C!

!

O&((&! (2.,&!48!7*'(#&!$12,&7&'(! ,2! :2#/2./,/($!0&%!)S!#&6*'%(#+/(%C!U:&6! ,&%!vX!2;+%($%A! ,&%!)S!@!5!Co!J2!

7*'(#&'(! ./&'! $:/0&77&'(! ,2! :2,&+#! 0&! )S! 26(+&,,&A! /C&C! 5C45C! "2#! 6*'(#&A! ,-+(/,/%2(/*'! 0&%! vX! 0&! I*%(&#!

[8995\A!^#/)2(/!&(!2,C![899p\!*+!0+!vX!*.(&'+&!@!)2#(/#!0&!,-2'2,<%&!0+!%*77&(!0&!,2!62#*((&!)#*6E&![KX!ip!

8gg\A!6*'0+/(!@!0&%!:2,&+#%!0&!)S!@!5Co!J2!(#H%!0/LL$#&'(&%A!2,,2'(!0&!5C9p!@!5Cf5C!X&!,2!7]7&!72'/H#&A!*'!

*.%&#:&!B+&!,&%!27),/(+0&%!7&%+#$&%!6E2'1&'(!0-+'!vX!@!,-2+(#&A!0&!7]7&!B+&!,2!:2#/2./,/($!7&%+#$&!)*+#!

+'! 7]7&! v XC! X&+F! 62%! &F(#]7&%! )&+:&'(! ](#&! %*+,/1'$%!=! 0-+'&! )2#(! ,&! vX! 0&! ^#/)2(/! &(! 2,C! [899p\A! B+/!

7*'(#&! 0&! E2+(&%! :2,&+#%! 0&! )S! [5Cf5\A! +'&! L*#(&! 27),/(+0&! 0&! :2#/2(/*'%! [9C4f\A! 72/%! +'&! 0$:/2(/*'!

%(2'02#0! 72F/72,&! B+/! &F6H0&! 6&((&! 27),/(+0&! [9C4gf\! &(! +'&! L2/.,&! 6*:2#/2'6&! 2:&6! ,&! %/1'2,! G_O2!

[o4C8ˆ\ !„! &(! 0-2+(#&! )2#(! ,&! vX! 0&! I*%(&#A! B+/! 0*''&! +'! )S! 6*##&%)*'02'(! 2+! )S! 26(+&,! [5C89\A! +'&!

27),/(+0&!0&!:2#/2(/*'! ),+%!#$0+/(&![9C9i\!72/%!%+)$#/&+#&!@!,2!0$:/2(/*'!%(2'02#0!72F/72,&![9C98f\A!&(!

+'&!&F6&,,&'(&!6*:2#/2'6&!2:&6!,&!G_O2![ppCgˆ\C!

!

W*+%!)*+:*'%!(/#&#!),+%/&+#%!6*'6,+%/*'%!@!,2!%+/(&!0&!6&%!(&%(%!0&!%&'%/./,/($!=!!

[4\! U+! '/:&2+! 0+! O2'2,! 0+! K*a27./B+&! &(! &'! +(/,/%2'(! ,&%! 0*''$&%! 0&! ,2! 62#*((&! KXip>8giA! /,!

2))2#2—(!'$6&%%2/#&!0-&LL&6(+&#!+'&!6*##&6(/*'!0-+'!./2/%!0&!,2!%2,/'/($!%+#!,&!(E&#7*7H(#&!K1_O2!

7&%+#$! %+#!R*! 0/1(0! )*+#! +'&! 7 &/,,&+#&! #&6*'%(#+6(/*'! 0&%! )2,$* >(&7)$#2(+#&%A! &(! 0*'6! 0&%!

6*'%(2'(&%! /'(&#:&'2'(%! 02'%! ,&! 62,6+,! 0+! )S!C! ?'! &LL&(A! ,-+(/,/%2(/*'! 0-+'! 7]7&! vX! [2;+%($A! L/F&\!

7*'(#&!0&!(#H%!L*#(&%!0/%)2#/($%!&'!(&#7&!0&!)S!#&6*'%(#+/(%!%+/:2'(!,&%!#&6*'%(#+6(/*'%!0&!)2,$*>

%2,/'/($%!@!)2#(/#!0+!K1_O2!&(!0+!jkmZC!N*#%B+&!,&%!:2,&+#%!6*##/1$&%!%*'(!&7),*<$&%A!2+6+'&!0&%!

#&6*'%(#+6(/*'%! (&%($&! 2:&6! 6&! vX! /6/! '&! )#$%&'(&! 0&! 6*:2#/2'6&! /'L$#/&+#&! @! 5pˆA! (2'0/%! B+&!

,-+(/,/%2(/*'!0&!:2,&+#%!K1_O2>̂ !'*'!6*##/1$&%!6*'0+/(!@!+'!L*#(!./2/%!0+&!@!,2!7$%&%(/72(/*'!0&%!

)2,$* >%2,/'/($%„!!

[8\!N2!62,/.#2(/*'! 0+ !v X!0&! ^#/)2(/!&(!2,! [899p\A!B+/!7*'(#&!+'&!#&,2(/*'! )*%/(/:&!L2/.,&!2:&6!,2!

(&7)$#2(+#&A! %&! (#20+/(! 2+! L/'2,! )2#! +'! )S! B+/! &%(! )&+! 0$)&'02'(! 0+! %/1'2,!/'/(/2,! 0&! G_O2A! &(!

1$'H#&!$12,&7&'(!02'%!'*%!(&%(%!0&!%&'%/./,/($!0&!L*#(&%!0/%)&#%/*'%!0&%!)2,$*>)SA!0/%)&#%/*'%!B+/!

%*'(! L#$B+&77&'(! %+)$#/&+#&%! 2+F! :2#/2(/*'%! 0&! )S! 2((&'0+&%! ,*#%! 0-+'&! (#2'%/(/*'! 1,26/2/#&>

/'(&#1,26/2/#&!„!

![f\!N &%!62,/.#2(/*'%!B+/!7*'(#&'(! +'&!#&,2(/*'! /':&#%&!&'(#&!v X!&(!(&7)$#2(+#&!L*+#'/%%&'(! ,&%!

)2,$* >)S! B+/! %*'(! ,&! ),+%! &'! 266*#0! 2:&6! ,&! %/1'2,! G_O2! [6-&%(! '*(277&'(! ,&! 62%! &'! +(/,/%2'(! ,2!



 

 147 

62,/.#2(/*'! 0+! v X! 0&! I*%(&#A! 8995\C! N2! 6*+#.&! 0&! )2,&*>)S! #&6*'%(#+/(&! 2:&6! 6&((&! 62,/.#2(/*'!

)#$%&'(&!+'&!%/7/,/(+0&!B+2%/>)2#L2/(&!2:&6! ,&!%/1'2,!0&!G_O2! ,*#%!0&! ,2!#&6*'%(#+6(/*'! [ppCgˆ\A!

%+)$#/&+#&!7]7&!@!6&,,&!*.(&'+&!@!)2#27H(#&%!6*'%(2'(%A!&(!0&!),+%!2:&6!+'&!7*/'0#&!0/%)&#%/*'!

0&!0*''$&%!B+/!)&#7&(!+'!#2))*#(!%/1'2,!%+#!.#+/(!%+LL/%277&'(!1#2'0!)*+#!./&'!6*'(#2/'0#&!,2!

:2#/2(/*'!0&!)SC!W$2'7*/'%A!/,!'&!%-21/(!,@!B+&!0-+'&!6*7)2#2/%*'!&'(#&!)2,$*>)S!#&6*'%(#+/(%!&(!

%/1'2,! /'/(/2,! 0&!G_O2! )*+#! /0&'(/L/&#! ,&%! )2#27H(#&%!B+/! /'L,+&'6&'(! ,&%!#&6*'%(#+6(/*'%A!&(!#/&'!

'-/'0/B+&! B+&! ,&%! :2#/2(/*'%! 0+! )S! 0+%%&'(! L*#6$7&'(! ](#&! 6*##$,$&%! 2+! %/1'2,! /'/(/2,! 0&! G_O2A!

0-2+(2'(!),+%!B+-/,!%-21/(!0-+'!%<%(H7&!'*' >,/'$2/#&C!!

!

!

cAeA)*8NB6,J5)BL)J03b)

O*77&! '*+%! :&'*'%! 0&! ,&! :*/#A! ,&! 6E*/F! 0&%! 62,/.#2(/*'%! )*+#! ,&! vXA! ,2! 6*##&6(/*'! *+! '*'! 0&%! &LL&(%!

$:&'(+&,%!0&! ,2!%2,/'/($!%+#! ,&! (E&#7*7H(#&!K1_O2A!*+! ,&%!6*'(#2/'(&%! [%2,/'/($\!&(! ,&%!E<)*(EH%&%![,/&'%!

2:&6! ,2!%2,/'/($\!L*#7+,$&%!)*+#!&%(/7&#! ,-2,62,/'/($!02'%! ,&! )2%%$!%*'(! (*+%!0&%!)2#27H(#&%!B+/! *'(!+'&!

/'L,+&'6&!%+#!,2!#&6*'%(#+6(/*'!L/'2,&!0+!)S!0&%!&2+F!0&!%+#L26&!@!)2#(/#!0+!G_O2!7&%+#$!%+#!R*!0/1(0!02'%!

,2!62#*((&!KXip>8giC!^#*)!0-/'6&#(/(+0&%!%+.%/%(&'(!2+;*+#0-E+/!%+#! ,2!62,/.#2(/*'! 0+!vXA!&'! )2#(/6+,/&#A!

)*+#!)*+:*/#!(#2'6E&#!B+2'(!@!,2!:2,&+#!2.%*,+&!*+!7]7&!,-$:*,+(/*'!&F26(&!20*)($&!)2#!,&!)S!2+!6*+#%!0&!

,2! 0&#'/H#&! 0$1,26/2(/*'C! W$2'7*/'%A! /,! &%(! )*%%/.,&! &'! 2<2'(! #&6*+#%! @! +'&! U'2,<%&! &'! O*7)*%2'(&%!

"#/'6/)2,&%A!0-&F(#2/#&!,2!)2#(!0&!:2#/2./,/($!(&7)*#&,,&!B+/!&F)#/7&!,&!7/&+F!,2!:2#/2'6&!6*77+'&!@!(*+%!

,&%!%6$'2#//!B+&!'*+%!2:*'%!(&%($%![6-&%(!,2!6*7)*%2'(&!)#/'6/)2,&!'+7$#*!4A!*+!O"4\C!X2'%!,&!62%!0&!'*%!

#&6*'%(#+6(/*'%!@!)2#(/#!0+!G_O2A!'*+%!2:*'%!2/'%/!+(/,/%$!+'&!UO"!)*+#!&F(#2/#&!,2!:2#/2'6&!6*77+'&!2+F!

#&6*'%(#+6(/*'%! +(/,/%2'(! ,&%! 0/LL$#&'(&%! 62,/.#2(/*'%! 0&! vXC! N2! )#&7/H#&! 6*7)*%2'(&! 0&! ,-2'2,<%&! &'!

6*7)*%2'(&%!)#/'6/)2,&%![O"4\! 7*'(#&!+'&!(#H%!L*#(&!6*:2#/2'6&!2:&6! ,&%!0/LL$#&'(&%!#&6*'%(#+6(/*'%!0&!

)SA!&(!6*7)(&!)*+#!p9ˆ!0&!,2!:2#/2'6&!(*(2,&C!!

W*+%!2:*'%!6*7)2#$!6&((&!6*+#.&!O"4A!@!+'&!6*+#.&!0&!#$L$#&'6&A!/'0$)&'02'(&!0&! ,2!7&%+#&!0+!G_O2A!

&%(/7$&!@!)2#(/#!0&%!0*''$&%!)OZ8!0&%!1,26&%!&'!L2/%2'(!,-E<)*(EH%&!B+&!,&%!&2+F!0&!%+#L26&!2+!%/(&!KXip >

8gi!%&#2/&'(!(*+;*+#%!#&%($&%!@!,-$B+/,/.#&!2:&6!,2!)OZ8!2(7*%)E$#/B+&C!W*+%!%*77&%!)2#(/%!)*+#!6&,2!0&%!

6*+#.&%!0&!)OZ8!0&!K*''/'!&(!2,C![8994\C!O*77&!)*+#!,&%!#&6*'%(#+6(/*'%!L2/(&%!@!)2#(/#!0+!G_O2A!,2!)OZ8!

%&+,&!'&!%+LL/(!)2%C!Q,!L2+(!0/%)*%&#!0-+'&!%&6*'0&!1#2'0&+#!2%%*6/$&!2+!%<%(H7&!0&%!62#.*'2(&%!02'%!,-&2+!

0&!7&#!)*+#!)*+:*/#!&%(/7&#!,&!)SC!W*+%!2:*'%!+(/,/%$!)*+#!6&,2!,&%!#&6*'%(#+6(/*'%!0-2,62,/'/($!*.(&'+&%!@!

)2#(/#!0&! ,2!%2,/'/($C! !N2!#&6*'%(#+6(/*'! 0+! )S!@! )2#(/#!0&! ,2! )OZ8!2/'%/!B+&! ,2! )#&7/H#&!6*7)*%2'(&!0&!

,-UO"!%*'(!#&)#$%&'($&%!%+#!,2!L/1+#&!o5C!!
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!

/9mEKB)kl)@) ?:*,+(/*'!%+))*%$&!0+!)S!&'!62%!0-$B+/,/.#&!*6$2'!2(7*%)EH#&!2+!'/:&2+!0+!%/(&!KXip>

8gi! [.,&+\! &(! )#&7/H#&!6*7)*%2'(&! )#/'6/)2,&! 0&%! #&6*'%(#+6(/*'%! 0&! )2,&*>)S! @! )2#(/#! 0+! G_O2! &'!

+(/,/%2'(!),+%/&+#%!:2,&+#%!0&!vX![#*+1&\C!

W*+%! )*+:*'%! *.%&#:&#! %+#! ,2! L/1+#&!o5! B+&A! 6*77&! 2((&'0+A! ,-$:*,+(/*'! 0+! )S! 0&%! &2+F! 0&! %+#L26&A!

#&6*'%(#+/(&! @! )2#(/#! 0&! ,2! )OZ8! %+/(! +'&! (&'02'6&! %(#/6(&7&'(! /':&#%&! @! ,2! :2#/2(/*'! 0&! )OZ8!

2(7*%)E$#/B+&!2+!6*+#%!0&!,2!0$1,26/2(/*'C!U+!0$.+(!0&!,2!0$1,26/2(/*'A!,&!)S!0/7/'+&!L*#(&7&'(!0&!‚5C8f!

@!‚5C4oA!)+/%!%&!%(2./,/%&!&'(#&!‚4h!&(!‚48!J2A!2:2'(!0&!0/7/'+&#!0&!'*+:&2+!;+%B+-@!2((&/'0#&!+'!'/:&2+!

%(2.,&! 0&! ‚5C48! 2+! 0$.+(! 0&! ,-S*,*6H'&C!O&((&! 27),/(+0&! 0&! )S! &'(#&! 0&#'/&#!72F/7+7! 1,26/2/#&! &(!

S*,*6H'&A!0&!,-*#0#&!0&!9C44!+'/($%!0&!)SA!6*##&%)*'0!@!,-*#0#&!0&!1#2'0&+#!0&!,2!:2#/2(/*'!0&!)S!*.%&#:$&!

,*#%!0&%!(&%(%!)#$%&'($%!02'%!,2!%&6(/*'!)#$6$0&'(&A!2/'%/!B+-@!6&,,&!$:*B+$&!02'%!,2!,/(($#2(+#&![&C1C!32'<2,!

&(!2,CA!4ppg!„!S…'/%6E!&(!2,CA!899g\C!

3/! ,-2'2,<%&! &'! 6*7)*%2'(&! )&#7&(! 0&! %*#(/#! ,2! 6*:2#/2'6&! &F/%(2'(! &'(#&! ),+%/&+#%! &'#&1/%(#&7&'(%A! ,2!

'*#72,/%2(/*'!0&%!0*''$&%!,*#%!0+!62,6+,!&LL&6(+$!)2#!,-UO"!%&!(#20+/(!)2#!0&%!:2,&+#%!0&!O"4!B+&!,-*'!'&!

)&+(! ),+%! 6*7)2#&#! 0/#&6(&7&'(! 2+F! :2,&+#%! 0&! )S! 0&! ,-&2+! 0&! %+#L26&! 1$'$#$&%! @! )2#(/#! 0&! ,2! )OZ8!

2(7*%)E$#/B+&C!!W$2'7*/'%A!%/!,&%!:2,&+#%!2.%*,+&%!0&!O"4! '&!)&+:&'(!)2%!](#&!0/#&6(&7&'(!6*7)2#$&%A!

,&%!(&'02'6&%A!&,,&%A!)&+:&'(!](#&!&F),*/($&%!)*+#!(&'(&#!0&!0/%6&#'&#!6*77&'(!$:*,+&!,&!)S!02'%!,2!a*'&!

0+!O2'2,!0&!K*a27./B+&!)2#!#2))*#(!@!6&!B+/!%&!)2%%&!2+!'/:&2+!0&!,-2(7*%)EH#&C!W*+%!6*'%(2(*'%!2/'%/!

B+&! ,2! )OZ8! 2(7*%)E$#/B+&A! #&%($&! %(2.,&! ;+%B+-@! ‚45! J2A! 6*77&'6&! &'%+/(&! @! 6#*—(#&! L*#(&7&'(! [)S!

&%(/7$!0/7/'+&\A!(2'0/%!B+&!,2!O"4!#&%(&!02'%!+'&!(&'02'6&!0&!0$6#*/%%2'6&!0&)+/%!&':/#*'!fh!J2C!U,*#%!

B+&! ,2! )OZ8! 6*'(/'+&! 0-2+17&'(&#A! @! )2#(/#! 0&! 4oCg! J2! ,2! O"4! 7*'(#&! +'&! 2+17&'(2(/*'! #2)/0&! 0+! )S!

;+%B+-@! ‚4fCg! J2A! 6&((&! )$#/*0&! 6*##&%)*'02'(! 2))#*F/72(/:&7&'(! 2+! 0$.+(! 0&! ),2(&2+! 0&! ,2! )OZ8!

2(7*%)E$#/B+&! [4h! J2\C! N2! O"4! %&7.,&! )#$%&'(&#! +'&! :2,&+#! )2#(/6+,/H#&7&'(! .2%%&! 0+#2'(! ,&! r*+'1&#!

X#<2%A!@!&':/#*'!48CiJ2A!72/%!6&((&!:2,&+#!0$)&'02'(!&%%&'(/&,,&7&'(!0-+'&!+'/B+&!7&%+#&!0&!G_O2A!/,!&%(!
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0/LL/6/,&!0&!6*'6,+#&!B+2'(!@!,2!:2#/2(/*'!0&!)S!@!6&((&!)$#/*0&C!W$2'7*/'%A!@!)2#(/#!0&!48!J2A!,2!)OZ8![&(!,&!

)S!&%(/7$!B+&! '*+%! ,+/! 2:*'%!2%%*6/$\! 0$6#*/%%&'(! [6#*/%%&'(\! #2)/0&7&'(! ;+%B+-@!2((&/'0#&!+'&! :2,&+#!

%(2.,&!@!,-S*,*6H'&![)S!Ž!5C48!@!‚49!J2\C!O&((&!.2/%%&!0+!)S!&%(/7$!)2#! ,2!)OZ8!6*##&%)*'0!@!+'&!L*#(&!

0/7/'+(/*'!0&!,2!O"4A!&(!0*'6!$12,&7&'(!+'&!L*#(&!0/7/'+(/*'!0+!)SA!72/%!B+/!%&7.,&!%&!(&#7/'&#!4Cg!J<#!

),+%!(2#0!@!‚5CgJ2C!

U/'%/A!,-$:*,+(/*'!0+!)S!#&6*'%(#+/(!)2#!,2!)OZ8!2(7*%)E$#/B+&!&(!,&%!:2#/2(/*'%!#&,2(/:&%!0+!)S!0&%!&2+F!

0&!%+#L26&!#&6*'%(#+/(&%!)2#!,-UO"![O"4\!7*'(#&'(!0&%!$:*,+(/*'%!0/LL$#&'(&%!0+#2'(!,2!)#&7/H#&!)2#(/&!0&!

,2! 0$1,26/2(/*'A! ,2! 6*+#.&! O"4! %+11$#2'(! +'&! 2+17&'(2(/*'! 0&! )S! 0+#2'(! ,2! )#&7/H#&! )2#(/&! 0&! ,2!

0$1,26/2(/*'A!(2'0/%!B+&!,&!)S!62,6+,$!2:&6! ,2! )OZ8! '&!L2/(!B+&!0/7/'+&#C!U!6*'(#2#/*A!0+#2'(! ,2!L/'!0&! ,2!

0$1,26/2(/*'A!,&%!0&+F!&%(/72(/*'%!0&!)S!$:*,+&'(!0&!,2!7]7&!72'/H#&A!:&#%!+'&!26/0/L/62(/*'!0&%!&2+F!0&!

%+#L26&C! O&%! #$%+,(2(%! %+11H#&'(! B+&! 6&((&! a*'&! 0+! O2'2,! 0&! K*a27./B+&! '-&%(! )2%! &'! $B+/,/.#&! 2:&6!

,-2(7*%)EH#&A!'*(277&'(!2+!0$.+(!0&!,2!0$1,26/2(/*'A!&(!B+&!0-2+(#&%!)E$'*7H'&%!&'(#&'(!&'!;&+!02'%!,&%!

:2#/2(/*'%!0+!)S!0&%!&2+F!0&!%+#L26&C!U/'%/A!,*#%B+&!,&%!)#*.,H7&%!0&!62,/.#2(/*'!0+!vX!2+#*'(!$($!#$%*,+%!

&(!B+&!,&!)S!%&#2!B+2'(/(2(/:&7&'(!6*'(#2/'(A!/,!%&#2!)*%%/.,&!0&!0$(&#7/'&#!)#$6/%$7&'(! ,&!0$%$B+/,/.#&!

&'(#&!*6$2'!&(!2(7*%)EH#&!&(!0*'6!0&!6*7)#&'0#&!%/!,-*6$2'!2!;*+$!),+%!%*+:&'(!+'!#d,&!0&!%*+#6&!*+!0&!

)+/(%!0&!62#.*'&!)*+#!,-2(7*%)EH#&!02'%!,&!O2'2,!0+!K*a27./B+&!0&)+/%!fhJ2C!!
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)

)

)

)

0G8J9LKB)$)@)&B<6:MLKE<L96:);B)N8)Q8K98L96:);B)N8)

<6:<B:LK8L96:)B:)96:)03ghi );BM)B8EO)JK6_6:;BM);E)

*8<9_9^EB)%ML)LK6J9<8N)8E)<6EKM);BM)LK8:M9L96:M)?#')

Zb>ZZ)BL)?#')Zk>Ze)

)

)

#:LK6;E<L96:)

)

N&%!62#*((&%!0&!%$0/7&'(!72#/'!*'(! )&#7/%!0&!7&((#&!&'!$:/0&'6&!,2!L*#(&!:2#/2./,/($!0+!6,/72(!2+!6*+#%!

0&%! 0&#'/&#%! 599! J2! &(! 2+>0&,@C! U/'%/A! 2+! 6*+#%! 0+! ",$/%(*6H'&! %+)$#/&+#A! *'! *.%&#:&! 0&! 1#2'0%! 6<6,&%A!

B+2,/L/$%!0&!1,26/2/#&%>/'(&#1,26/2/#&%!0&! )2#! ,2! )#$%&'6&!0&!62,*((&%! ),+%! *+!7*/'%!$(&'0+&%!2+F!E2+(&%!

,2(/(+0&%A!2:&6!+'&!6<6,/6/($!0&!,-*#0#&!0&!499!999!2'%![S2<%!&(!2,CA!4pio\C!O&((&!:2#/2./,/($!%&!62#26($#/%&!

)2#!0&!L*#(&%!:2#/2(/*'%!0+!:*,+7&!0&%!1,26&%!&(!0&!,2!(&7)$#2(+#&A!&(!2+%%/!)2#!0&!L*#(&%!:2#/2(/*'%!0&%!

6*'6&'(#2(/*'%! &'! 12a! @! &LL&(! 0&! %&##&! 02'%! ,-2(7*%)EH#&A! 6*77&! ,-*'(! 7*'(#$! ,&%! &'#&1/%(#&7&'(%! 0&%!

62#*((&%!0&!1,26&!2'(2#6(/B+&%!["&(/(!&(!2,CA!4ppp!„!D*+a&,!&(!2,CA!899i!„!N+&(E/!&(!2,CA!8995\![I/1+#&!op\C!O&%!

1#2'0%!6<6,&%!7*'(#&'(!+'&!(#H%!L*#(&!6*##$,2(/*'!&'(#&!:*,+7&!0&%!62,*((&%!0&!1,26&!&(!6*'6&'(#2(/*'!&'!

OZ8!0&! ,-2(7*%)EH#&C!Z#! ,-2(7*%)EH#&!&%(!+'! #$%&#:*/#!0&!62#.*'&!#&,2(/:&7&'(! #&%(#&/'(! )2#!#2))*#(!@!

,-*6$2'A!)#/'6/)2,!#$%&#:*/#!2:&6!,&B+&,!&,,&!)&+(!$6E2'1&#!0+!62#.*'&!2+F!$6E&,,&%!0&!(&7)%!0$6&''2,&%!@!

7/,,$'2/#&%C! U/'%/A! *'! %+))*%&! B+&! ,2! 72;*#/($! 0+! 62#.*'&! #&,2#1+$! 02'%! ,-2(7*%)EH#&! 2+! 6*+#%! 0&%!

0/LL$#&'(&%!0$1,26/2(/*'%!)#*:/&'(!0&!,-*6$2'A!&(!'*(277&'(!0&!,-*6$2'!)#*L*'0C !

!

X&! '*7.#&+%&%!$(+0&%!*'(! )*#($!%+#!,2!#&6*'%(#+6(/*'!0&!,2! :2#/2(/*'!0+!6*'(&'+!&'!62#.*'&!0&!,-*6$2'!

)#*L*'0! 2+! 6*+#%! 0&! 6&%! 1#2'0&%! (#2'%/(/*'%! 0+! ",$/%(*6H'&! %+)$#/&+#C!K2/%! ,&%! )#*F/&%! $(2/&'(! ,&! ),+%!
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%*+:&'(! /'0/#&6(%!&(!#&,2(/:&7&'(! )&+!B+2'(/(2(/L%C!U/'%/A! )2#!&F&7),&A! ),+%/&+#%!0&!6&%!$(+0&%!*'( >&,,&%!

)*#($! %+#! ,&%! :2#/2(/*'%! 0&! %2(+#2(/*'! 0&%! &2+F! 0&! L*'0! [B+/! 0$)&'0! 0&! ,2! 6*'6&'(#2(/*'! wOZf 8>{\!

#&6*'%(#+/(&%!@!)2#(/#!0+!%&+,!)*+# 6&'(21&!&'!O2OZx!0&%!%$0/7&'(%![&C1C!I2##&,,!2'0!"#&,,A!4p5p„!S*0&,,!&(!

2,CA!8994\C!N-E<)*(EH%&!@!,2!.2%&!0&!6&((&!2))#*6E&A!&%(!B+&!,2!(&'&+#!&'!O2OZf !0&%!62#*((&%!%$0/7&'(2/#&%!

0$)&'0! &%%&'(/&,,&7&'(! 0&%! )#*6&%%+%! 0&! 0/%%*,+(/*'_)#$%&#:2(/*'A! &(! 0*'6! 0&!,-$(2(! 0&! %2(+#2(/*'! 0&%!

&2+F!0&!L*'0C!Z#A!,2!(&'&+#!&'!O2OZf !0&%!%$0/7&'(%!'&!0$)&'0!)2%!B+&!0&%!6E2'1&7&'(%!0&!,2!0/%%*,+(/*'!

&,,&!0$)&'0!$12,&7&'(!0&!,2!)#*0+6(/:/($!0&!)2#(/6+,&%!62,62/#&%!&'!%+#L26&!2/'%/!B+&!0&!,2!0/,+(/*'!)2#!,&%!

)2#(/6+,&%! '*'>62#.*'2($&%! [&C1C! 2#1/,&%A! %/,/6&! ./*1H'&\C!n+&,B+&%! $(+0&%!),+%! #$6&'(&%! *'(! +(/,/%$! 0&%!

)#*F/&%!),+%!B+2'(/(2(/L%!&(!),+%!0/#&6(&7&'(!2%%*6/$%!@!,2!%2(+#2(/*'!0&%!&2+F!0&!L*'0!6*77&!,&!)*/0%!0&%!

(&%(%! 0&! L*#27/'/LH#&%A! ,&! #2))*#(! K1_O2! 0&%! L*#27/'/LH#&%! .&'(E/B+&%A! ,&! #2))*#(! }'_O2! *+! &'6*#&!

,-/%*(*)/&!0+!.*#&![&C1C!G#*&6J&#!2'0!O,2#JA!8994!„!?,0&#L/&,0!&(!2,CA!899o!„!K2#6E/((*!&(!2,CA!899g!„!S…'/%6E!&(!

2,CA!8995A!#&%)&6(/:&7&'(\A!6E26+'!0&!6&%!)#*F/&%!)#$%&'(2'(! ,&+#%!2:2'(21&%!&(! ,&+#%!/'6*':$'/&'(%!B+&!

'*+ %!0$(2/,,&#*'%!02'%!6&!6E2)/(#&C!!

!

/9mEKB)kY)@) ?:*,+(/*'!0&%!6*'6&'(#2(/*'%!2(7*%)E$#/B+&%!0&!7$(E2'&!&(!0&!OZ8A!2/'%/!B+&!0/LL$#&'6&%!

0&!(&7)$#2(+#&!)2#!#2))*#(!@!,2!7*<&''&!0&%!0&#'/&#%!4999!2'%![62,6+,$&%!@!)2#(/#!0+!$X\!2+!6*+#%!0&%!

0&#'/&#%!599!J2A!*.(&'+&%!@!?"QOU!X*7&!OC!X*''$&%!0&!OZ8!0&!K*''/'!&(!2,C!![8994\A!"&(/(!&(!2,C![4ppp\A!

3/&1&'(E2,&#!&(!2,C! [899g\A!N+&(E/!&(!2,C! [8995\!„!0*''$&%!0&!OSh!0&!N*+,&#1+&!&(!2,C! [8995\!„!0*''$&%!0&!

(&7)$#2(+#&!0&!D*+a&,!&(!2,C![899i\C!

N&!#2))*#(!G_O2!0&%!L*#27/'/LH#&%!.&'(E/B+&%!#&)#$%&'(&!+'!)#*F<!/0$2,!)*+#!#&6*'%(#+/#&!,2!:2#/2(/*'!0+!

6*'(&'+!&'!62#.*'&!0&%!&2+F!)#*L*'0&%C!?'!&LL&(A!6&!)#*F<!)&#7&(!0&!#&6*'%(#+/#&!,-$(2(!0&!%2(+#2(/*'!&'!

/*'!62#.*'2(&!0&%!&2+F!0&!L*'0![r+!&(!?,0&#L/&,0A!899i\!&(!0*'6!0-&'!0$#/:&#!0/#&6(&7&'(!,2!6*'6&'(#2(/*'!
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&'!/*'!62#.*'2(&![r+!&(!2,CA!8949!„!T2/(%6E!&(!2,CA!8944\C!Z#A!)2#!&F&7),&A!+'&!$7/%%/*'!/'(&'%&!0&!62#.*'&!

0&!,-*6$2'!:&#%!,-2(7*%)EH#&!:2!)&#(+#.&#!,&%!$B+/,/.#&%!6E/7/B+&%!#$1/%%2'(!,2!%)$6/2(/*'!0+!62#.*'&!02'%!

,-*6$2'A!&(!0*'6!7*0 /L/&#!'*(277&'(!,&%!6*'6&'(#2(/*'%!0&!OZxyzC!N-&%)H6&!G*!S/(''(04=20%&![I/1+#&!i9\!&%(!

/0$2,&! )*+#! 6&! (<)&! 0&! #&6*'%(#+6(/*'A! &'! #2/%*'! 0&! %2! #&,2(/:&! L*#(&! (&'&+#! &'! G_O2! [0&! 4h9! @! 8g9!

†7*,_7*,\A! 0&! %2! L*#(&! %&'%/./,/($! 2+! :2#/2(/*'%! 0&! %2(+#2(/*'! 0&%! &2+F! 0&! L*'0! 6*7)2#2(/:&7&'(! 2+F!

&%)H6&%!G&1&,&.(4! f/''(31(0:&! *+! AB&:(0&3$! D(06:0&3$! [r+! &(! 2,CA! 899i\! [I/1+#&! i4\C! X&! ),+%! &,,&! &%(!

&)/.&'(E/B+&!&(!%*'!#2))*#(!G_O2! '&!%&#2!0*'6! )2%!/'L,+&'6$!)2#! ,2!6*'6&'(#2(/*'!&'! /*'!62#.*'2(&!0&%!

&2+F!/'(&#%(/(/&,,&%C!

!

/9mEKB)d[)@) "E*(*%!0-+'!(&%(!0&!L*#27/'/LH#&!.&'(E/B+&!0&!,-&%)H6&!G&1&,&.(4!S/(''(04=20%&C!X/%)*'/.,&!

@!=!E(()=__YYYCL*#27/'/L&#2C&+_6/./6/0&%C)E)!

X2'%!,&!620#&!0&!6&((&!(EH%&A!'*+%!'*+%!%*77&%!/'($#&%%$%!@!#&6*'%(#+/#&!,-$:*,+(/*'!0&!,2!6*'6&'(#2(/*'!

&'! /*'!62#.*'2(&!02'%!,-*6$2'!)26/L/B+&!)#*L*'0!2+!6*+#%!0&!0&+F!0$1,26/2(/*'%A!,&%!(#2'%/(/*'%!&'(#&!,&%!

%(20&%! /%*(*)/B+&%! 72#/'%! KQ3! 48_44! &(! KQ3! 4o_4gC! ?'(#&! h99! &(! 599! J2A! ,&%! :2#/2(/*'%! 0&! ,2! )OZ8!

2(7*%)E$#/B+&!0+#2'(! ,&%!0$1,26/2(/*'%!$(2/(!0&! ,-*#0#&!0&!59! ))7A! (2'0/%!B+&! )*+#! ,&%!(#2'%/(/*'%! ),+%!

#$6&'(&%![9>h99!J2\!6&((&!:2#/2(/*'!$(2/(!0&!499!))7![I/1+#&!op\C!W*+%!2:*'%!0*'6!6E*/%/!0-$(+0/&#!0&+F!

(#2'%/(/*'%! B+/! %*'(! 6E26+'&! (<)/B+&! 0&! 6&%! 0&+F! )$#/*0&%!=! (#2'%/(/*'! KQ3! 4o_4gA! 2%%*6/$&! @! +'!

6E2'1&7&'(! 0&! 59))7! 0&! ,2! )OZ 8! 2(7*%)E$#/B+&A! &(! ,2! (#2'%/(/*'! KQ3! 48_44A! B+/! &%(! ,2! )#&7/H#&! 0+!

",&/%(*6H'&!%+)$#/&+#!@!7*'(#&#!+'&!:2#/2(/*'!)OZ8!0&!499!))7C!N-*.;&6(/L!0&!6&((&!$(+0&!&%(!0&!7&((#&!&'!

$:/0&'6&!,&%!:2#/2(/*'%!0&!,2!6*'6&'(#2(/*'!&'!/*'!62#.*'2(&!2+!6*+#%!0&!6&%!0&+F!(#2'%/(/*'%A!2/'%/!B+&!,&%!

0/LL$#&'6&%!&'(#&!,&%!0&+F!(#2'%/(/*'%!B+/!%&#2/&'(!@!7]7&!0-&F),/B+&#!,2!0/LL$#&'6&!0&!:2#/2(/*'!0&!)OZ8!

*.%&#:$&C!
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!

/9mEKB)dZ)@) T2))*#(!G_O2!&'!L*'6(/*'!0&!,2!%2(+#2(/*'!&'!/*'!62#.*'2(&!:/% >@>:/%!0&!,2!62,6/(&A!" OZf 8>A!

)*+#!,&%!0&+F!&%)H6&%!0&!L*#27/'/LH#&%!G*!S/(''(04=20%&A!G*!f/''(31(0:&!&(!)*+#!,&%!&%)H6&%!#&1#*+)$&%!%*+%!

AB&:(0&3$! 4DDCC! N&%! 0#*/(&%! %*'(! ,&%! #$1#&%%/*'%! ,/'$2/#&%! 0&%! 0*''$&%C! K*0/L/$! 0-2)#H%! r+! &(! ?,0&#L/&,0!!

[899i\C!!

!

"*+#!7&'&#!@!./&'!6&!1&'#&!0-$(+0&A!,&%!%$0/7&'(%!0$)*%$%!02'%!,-*6$2'!"26/L/B+&!6*'%(/(+2/&'(!+'&!6/.,&!

)#/:/,$1/$&C! ?'! &LL&(A! ,-Z6$2'! "26/L/B+&! )#*L*'0! '-&%(! B+&! )&+! /7)26($! )2#! ,&%! :2#/2(/*'%! 0&! 6/#6+,2(/*'!

*6$2'/B+&! 2+! 6*+#%! 0&%! 0$1,26/2(/*'%C! O*'(#2/#&7&'(! @! ,-Z6$2'! U(,2'(/B+&A! )2#! &F&7),&A! *M! ,&%!

6E2'1&7&'(%! 1,26/2/#&%_/'(&#1,26/2/#&%! %-266*7)21'&'(! 0-/7)*#(2'(&%! :2#/2(/*'%! 02'%! ,-/7)*#(2'6&!

#&,2(/:&! &(! ,2! 6*7)*%/(/*'! 0&! ),+%/&+#%! 72%%&%! 0-&2+F! (#H%! 6*'(#2%($&%! [&C1C! W*#(E! U(,2'(/6! X&&)! s2(&#A!

U'(2#6(/B+&! G*((*7! s2(&#\A! ,-Z6$2'! "26/L/B+&! )#*L*'0! &%(! ),+%! #&)#$%&'(2(/L! 0&%! 6E2'1&7&'(%! 0&!

6*7)*%/(/*'!6E/7/B+&!@!1#2'0&!$6E&,,&!0&!,-*6$2'!7*'0/2,C!!
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U((&'+2(/*'!"*#*%/(<!?:2,+2(*# \!7&2%+#&7&'(%![N&1!4f5A!Q'/(/2,!T&)*#(!"#*6&&0/'1!*L!(E&!ZX"A!4pp4\C!U!

./*%(#2(/1#2)E/6! 21&! 7*0&,! Y2%! 0&:&,*)&0! 0+#/'1! (E&! 6#+/%&! .2%&0! *'! 7/6#*L2+'2,! 6E2'1&%C! K/F! &(! 2,C!

[4ppg\!)#*)*%&0!2'*(E&#!21&!7*0&,!L*#!(E&!,2%(!gK2!.2%&0!*'!*F<1&'!/%*(*)/6!7&2%+#&7&'(%!*L!.&'(E/6!
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L*#27/'/L&#2!2'0!/(%!(+'/'1!(*!*#./(2,!L*#6/'1!L+'6(/*'%C!^E/%!21&!7*0&,!%E*Y%!2!7&2'!%&0/7&'(2(/*'!#2(&!

*L!‚8Cp!67_J<#!L*#!(E&!,2%(!599J<#C!^E&!.&'(E/6!/%*(*)&!%(#2(/1#2)E<!720&!/(!)*%%/.,&!(*!/0&'(/L<!(E&!(Y*!

(#2'%/(/*'%!KQ3!4o_4g!2'0!KQ3!48_44C!

!

/9mEKB)dn)@) 3&2!%+#L26&!(&7)&#2(+#&![•O\!2'0!)E*%)E2(&!6*'6&'(#2(/*'![†7*,_J1\!/'!(E&!2#&2!*L!3/(&!

ZX"! 5hpA! 2'0! %2,/'/(<! [“\! 2,*'1! 2! W*#(E >3*+(E! &2%(! "26/L/6! (#2'%&6(C! T&0! ,/'&! /'0/62(&%! (E&! %&6(/*'!

/':&%(/12(&0A!.,26J!0/27*'0%!/'0/62(&!(E&!0&)(E!2'0!)*%/(/*'!*L!3/(&!ZX"!5hpC!X2(2!2#&!L*#7!s*#,0!Z6&2'!

U(,2%!899p![G*<&#!&(!2,CA!899p\C!

3/(&!ZX"!5hp!/%!.2(E&0!.<!(E&!U'(2#6(/6!.*((*7!Y2(&#A!2'0!/%!%/(+2(&0!%,/1E(,<!%*+(E>Y&%(!(*!(E&!&B+2(*#/2,!

&2%(!"26/L/6!+)Y&,,/'1![I/1+#&!ih\C!U66*#0/'1!(*!(E&!PNZXU"!02(2%&(![v&<!&(!2,CA!899h\A!(E&!.*((*7!Y2(&#!

(&7)&#2(+#&! /%! ‚4Cg•OA! Y/(E! 2! %2,/'/(<! *L! ‚fhCiC! s&! 6*7./'&0! 2,J2,/'/(<! [8hfg! †7*,_J1\! 2'0 ! )#&>

/'0+%(#/2,!:2,+&%!*L!0/%%*,:&0!/'*#12'/6!62#.*'![XQOA!8ffg!†7*,_J1\!(*!62,6+,2(&!.*((*7!Y2(&#!62#.*'2(&!

/*'!6*'6&'(#2(/*'!2'0!(E&!26(+2,!62#.*'2(&!%2(+#2(/*'!%(2(&![•OZxyz\!2(!(E/%!%/(&C!T&%+,(%!%E*Y!2!7*0&#'A!

.*((*7!Y2(&#!wOZxyz{! *L! ‚59†7*,_J1A!YE/6E!6*##&%)*'0%! (*! 2! •OZxyz! *L!>49†7*,_J1A!YE/6E! /%! /'! 1**0!

21#&&7&'(!Y/(E! (E&!#&,2(/:&,<! )**#! )#&%&#:2(/*'! *L! (E&! )&,21/6!62#.*'2(&!72(&#/2,! '*(/6&0! *'>.*2#0A!2%!

&F)&6(&0!L*#!2!0&&)>%&2!"26/L/6!6*#&C!

!

!
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bAbA)3OFmB:)8:;)<8KS6:)9M6L6JB)7B8MEKB7B:LM)

ZF<1&'! /%*(*)/6! 2'0! 62#.*'! /%*(*)/6! #2(/*%! Y&#&! *.(2/'&0! *'! 4! (*! h! %E&,,%! *L! (E&! .&'(E/6! %)&6/&%!

G&1&,&.2&.(4! 4DD*! 3E&,,%! Y&#&! +,(#2%*'/62,,<! 6,&2'&0! /'! 2! 7&(E2'*,! .2(E! (*! #&7*:&! 6,2<%! 2'0! *(E&#!

/7)+#/(/&%C!^E&<!Y&#&!#*2%(&0!+'0&#!:26++7!2(!f59•O!0+#/'1!hg!7/'!(*!&,/7/'2(&!*#12'/6!72((&#C!327),&%!

Y&#&! 2'2,<a&0! Y/(E! 2'! Q%*"#/7&! 72%%! %)&6(#*7&(&#C! U,,! #&%+,(%! 2#&! &F)#&%%&0! 2%! jkmZ! 2'0! jklO! /'! “!

:&#%+%!~>"XG!Y/(E!#&%)&6(!(*!WG3!4p!2'0!WG3!45!%(2'02#0%C!^E&!2'2,<(/62,!#&)#*0+6/./,/(<!2%!0&(&#7/'&0!

L#*7! #&),/62(&! 7&2%+#&7&'(%! *L! 2! 62#.*'2(&! %(2'02#0! /%! ›9C9p“! 2'0! ›9C4! “! [8š\A! 2'0! (E&! 7&2'!

%(2'02#0!0&:/2(/*'!*L!#&),/62(&!2'2,<%&%!)&#L*#7&0!*'!%&:&#2,!L*#27/'/L&#!%27),&%!/% 9C44“!2'0!9C4f!“!

[8š\!L*#!*F<1&'!2'0!62#.*'!/%*(*)/6!6*7)*%/(/*'%A!#&%)&6(/:&,<C 

!

!

bAcA)(GB)=>08)K8L96)6_)SB:LG9<)_6K879:9_BK)MGBNNM)

U))#*F/72(&,<! f! (*! 49! /'0/:/0+2,%! [(<)/62,,<! ’4g9†1! *L! 62,6/+7! 62#.*'2(&\! *L! G*! S/(''(04=20%&! Y&#&!

E2'0)/6J&0! L#*7! (E&! ’4g9! †7! %/a&>L#26(/*'A! 2'0! Y&/1E&0! +%/'1! 2! )#&6/%/*'! 7/6#*.2,2'6&C! ^E&! 72/'!

0/LL/6+,(/&%!2(!(E&!ZX"!3/(&!5hp!2#&!(E&!#&,2(/:&,<!)**#!2.+'02'6&!*L!(E/%!.&'(E/6!%)&6/&%A!2'0!(E&!1#&2(&#!

7*#)E*,*1/62,! %/7/,2#/(<! .&(Y&&'! G*! S/(''(04=20%&! 2'0! G*! f/''(31(0:&! [G*! #/3./'/4 \! (E2'! /'! )#&:/*+%,<!

%(+0/&0!6*#&%![T2&!&(!2,CA!8944\C!S&'6&A!Y&!%&,&6(&0!*',<!(E&!4(34/!4=0&,=2!7*#)E*( <)&%!*L!G*!S/(''(04=20%&C!

G&62+%&!*L!(E&!)2+6/(<!*L!(E/%!7*#)E*(<)&A!Y&!E20!(*!6*7./'&!%&:&#2,A!467>(E/6J!20;26&'(!%27),&%!*:&#!

%*7&!/'(&#:2,%!/'!*#0&#!(*!1&(!(E&!'&6&%%2#<!27*+'(!*L!72(&#/2,!L*#!G_O2!2'2,<%&%C!^E/%!/%!)2#(/6+,2#,<!(E&!

62%&!L*#!KQ3!48_44A!E&'6&!&F),2/'/'1!(E&!,*Y&#!(&7)*#2,!#&%*,+(/*'!Y&!26E/&:&0!*:&#!(E/%!(#2'%/(/*'C!^E&!

%(2'02#0! 0&:/2(/*'%! *'! (E&! 0&)(E%! #&(2/'&0! 2L(&#! 6*7./'/'1! 20;26&'(! %27),&%! L*#! G_O2! 7&2%+#&7&'(%!

#&)#&%&'(!fCf!67!2'0!8Co!67!L*#!KQ3!48_44!2'0!KQ3!4o_4gA!#&%)&6(/:&,<C!!

^E&! 6,&2'/'1! )#*(*6*,! *L! L*#27/'/L&#! %E&,,%! L*#! G_O2! 2'2,<%&%! Y2%! 0&#/:&0! L#*7! (E&! K1_O2>6,&2'/'1!

7&(E*0! *L! G2#J&#! &(! 2,C! [899f\C!^E&!G*! S/(''(04=20%&! %E&,,%! Y&#&! 1&'(,<! 6#+%E&0! /'! *#0&#! (*! *)&'! (E&!

6E27.&#%!2'0!2,,*Y!2'<!6E27.&#!L/,,! (*! .&!#&7*:&0!0+#/'1!(E&!L*,,*Y/'1!6,&2'/'1!%(&)%C!UL(&#!6#+%E/'1A!

6,2<%! Y&#&! #&7*:&0! .<! %+66&%%/:&! K/,,/>n! Y2(&#! 2'0! &(E2'*,! +,(#2%*'/6! Y2%E&%A! 2'0! 2'! *F/02(/:&! %(&)!

[S 8Z8A!499•O\!Y2%!2)),/&0!/'!*#0&#!(*!#&7*:&!*#12'/6!72((&#C!I/'2,,<A!2!,&26E/'1!Y/(E!2!0/,+(&!'/(#/6!26/0!

[9C994! K! SWZf \A! Y2%! )&#L*#7&0! (*! #&7*:&! 2'<! 6*'(27/'2'(%! (E2(! 72<! E2:&! .&&'! 20%*#.&0! *'(*! (E&!

%E&,,%C!"#/*#!(*!2'2,<%/%A!%27),&%!Y&#&!0/%%*,:&0!/'!8g9!†N!*L!9C4K!SWZf !26/0C!

U'!2,/B+*(!*L!&26E!%27),&!%*,+(/*'!Y2%!0/,+(&0!2'0!7&2%+#&0!+%/'1!2'! /'0+6(/:&,<!6*+),&0!),2%72!‡!

2(*7/6! &7/%%/*'! %)&6(#*7&(&#! [QO">U?3\A! (*! 0&(&#7/'&! /(%! 62,6/+7! 6*'6&'(#2(/*'C! G2%&0! *'! (E/%!

7&2%+#&7&'(A! (E&!62,6/+7!6*'6&'(#2(/*'! *L!&26E!%27),&!Y2%!20;+%(&0! (*! 499! ))7! .<!0/,+(/*'A!2'0! (E&!

%27),&! Y2%! #+'! *'! 2! |%&#/&%QQ! [^E&#7*! U'2,<(/62,\! /' 0+6(/:&,<! 6*+),&0! ),2%72!‡! B+20#+)*,&! 72%%!

%)&6(#*7&(&#! [QO">nK3\C!3&((/'1! (E&!O2!6*'6&'(#2(/*'! *L!62,/.#2(/*'!%*,+(/*'%!2'0!%27),&%! (*!499! ))7!

72J&%! /(! )*%%/.,&! (*! *:&#6*7&! 72(#/F! &LL&6(%! YE/,&! 0&(&#7/'/'1! (#26&! &,&7&'(%! [G*+#0/'! &(! 2,CA! 8944„!

S2#0/'1!&(!2,CA!899o\!*#!7*#&!%)&6/L/62,,<!G_O2!2'0!K1_O2!#2(/*%![0&!~/,,/&#%!&(!2,CA!8998„!r+!&(!2,CA!899g\C!

X+#/'1!(E&!L/'2,!#+'A!(E&!G_O2!Y&#&!&%(/72(&0!+%/'1!2'!/'(&'%/(<!#2(/*!62,/.#2(/*'!7&(E*0![0&!~/,,/&#%!&(!2,CA!

8998\C!!


















































































































