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!J)_L($2?(_,$-"&;L(?#;(4&%>0%$@(%-;(H',"%*#$(_,$-"%<&@,(K>#$-(%$(K%[,-2$L(f+%2L(2$(-+,(;#',(K2"-;'2&-+(;%-,(?+,",
-+,(ef)C;(,I/,"%',$-#>(/>#$-(2/,"#-,0(%$(-+,(7RO6;(#;(-+,(*&>'%$#-%2$(2<(#(3,"A('#N2"(Xje(/"2@"#'',F(f/,"#-%2$
<"2'(5675(?#;(,$3%;#@,0L(#-(#(*2;-(2<(nEF=(4%>>%2$(-+,$(,;-%'#-,0F(S-(?#;(0,;%@$,0(-2(+#3,(#$(%$%-%#>(#$$&#>(*#/#*%-A
2<(EFO('%>>%2$(JW!F(H&-+2"%;#-%2$(<2"(,$"%*+',$-(&/(-2(76Q(?#;(;2&@+-(V('2;-(,$"%*+',$-(/>#$-;(2/,"#-,(&/(-2(=Q(!D
5E=(/"20&*-L(?+%*+(%;(4,*2'%$@(#(;,"%2&;(*2$;-"#%$-(#;(",#*-2"(<&,>(4&"$&/(%$*",#;,;F(H(0,'2$;-"#-%2$(*#;*#0,
;-#"-,0(&/(%$(J,/-,'4,"(566P(?%-+(#42&-(56(/"2-2-A/,('#*+%$,;L(#$0(#(>,#0(*#;*#0,(2<(*2'',"*%#>(*,$-"%<&@,;
;-#"-,0(2/,"#-%2$(%$(:#"*+(5676F(G+,;,(#",(3,"A(>#"@,('#*+%$,;L(7E('(-#>>L(,#*+(?%-+(#42&-(E=6(JW!bA"(*#/#*%-AF
\2?,3,"(-+,(?+2>,(/"2N,*-(?#;(>#"@,>A(+#>-,0(%$(a&>A(566R(/,$0%$@(<&"-+,"(<%$#$*,L(-+,$(",'#%$,0(;-#>>,0(0&,(-2(>2?
0,'#$0L(#$0(*>2;,0(02?$(%$(567=F(S$(567](f#[(X%0@,(1#-%2$#>(Z#42"#-2"A(-22[(23,"('#$#@,',$-(2<(-+,(/"2N,*-F
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H(4#$[(2<(*,$-"%<&@,;(#-(#(!",$*2(/>#$-

Z%[,(-+,(0%<<&;%2$(/"2*,;;L(-+,(*,$-"%<&@,(/"2*,;;(&;,;(!M (@#;(#;(%-;(<,,0(#$0('#[,;(&;,(2<(-+,(;>%@+-(0%<<,",$*,(%$
'#;;(4,-?,,$(!D5E=(#$0(!D5EOF(G+,(@#;(%;(<,0(%$-2(#(;,"%,;(2<(3#*&&'(-&4,;L(,#*+(*2$-#%$%$@(#("2-2"(E(-2(=(',-",;
-#>>(#$0(56(*'(0%#',-,"Fh(W+,$(-+,("2-2";(#",(;/&$("#/%0>AL(#-(=6L666(-2(P6L666("/'L(-+,(+,#3%,"('2>,*&>,;(?%-+(!D5EO
%$*",#;,(%$(*2$*,$-"#-%2$(-2?#"0;(-+,(*A>%$0,"C;(2&-,"(,0@,F(G+,",(%;(#(*2"",;/2$0%$@(%$*",#;,(%$(*2$*,$-"#-%2$(2<(!D
5E=('2>,*&>,;($,#"(-+,(*,$-",F(G+,(*2&$-,"*&"",$-(<>2?(;,-(&/(4A(#(-+,"'#>(@"#0%,$-(,$#4>,;(,$"%*+,0(/"20&*-(-2(4,
0"#?$(2<<(#I%#>>AL(+,#3%,"('2>,*&>,;(#-(2$,(,$0(#$0(>%@+-,"(2$,;(#-(-+,(2-+,"F

h(!J)_C;(H',"%*#$(_,$-"%<&@,;(#",('2",(-+#$(75('(-#>>(#$0(]6D=6(*'(0%#',-,"F(G+,(X&;;%#$(*,$-"%<&@,;(#",(>,;;(-+#$(2$,(',-",(-#>>F(_+%$,;,(2$,;

#",(>#"@,"L(4&-(;+2"-,"(-+#$(!",$*2C;F

G+,(,$"%*+,0(@#;(<2"';(/#"-(2<(-+,(<,,0(<2"(-+,($,I-(;-#@,;(?+%>,(-+,(0,/>,-,0(!M8(@#;(@2,;(4#*[(-2(-+,(/",3%2&;(;-#@,F
)3,$-&#>>A(,$"%*+,0(#$0(0,/>,-,0(&"#$%&'(#",(0"#?$(<"2'(-+,(*#;*#0,(#-(-+,(0,;%",0(#;;#A;F

G2(24-#%$(,<<%*%,$-(;,/#"#-%2$(2<(-+,(-?2(%;2-2/,;L(*,$-"%<&@,;("2-#-,(#-(3,"A(+%@+(;/,,0;L(?%-+(-+,(2&-,"(?#>>(2<(-+,
;/%$$%$@(*A>%$0,"('23%$@(#-(4,-?,,$(]66(#$0(=66(',-",;(/,"(;,*2$0(-2(@%3,(#('%>>%2$(-%',;(-+,(#**,>,"#-%2$(2<
@"#3%-AF

H>-+2&@+(-+,(32>&',(*#/#*%-A(2<(#(;%$@>,(*,$-"%<&@,(%;('&*+(;'#>>,"(-+#$(-+#-(2<(#(;%$@>,(0%<<&;%2$(;-#@,L(%-;(*#/#4%>%-A
-2(;,/#"#-,(%;2-2/,;(%;('&*+(@",#-,"F(_,$-"%<&@,(;-#@,;($2"'#>>A(*2$;%;-(2<(#(>#"@,($&'4,"(2<(*,$-"%<&@,;(%$(/#"#>>,>F
J&*+(;-#@,;(#",(-+,$(#""#$@,0(%$(*#;*#0,(;%'%>#">A(-2(-+2;,(<2"(0%<<&;%2$F(S$(-+,(*,$-"%<&@,(/"2*,;;L(+2?,3,"L(-+,
$&'4,"(2<(;-#@,;('#A(2$>A(4,(76(-2(56L(%$;-,#0(2<(#(-+2&;#$0(2"('2",(<2"(0%<<&;%2$F(_,$-"%<&@,;(#",(0,;%@$,0(-2("&$
<2"(#42&-(5=(A,#";(*2$-%$&2&;>AL(#$0(*#$$2-(;%'/>A(4,(;>2?,0(2"(;+&-(02?$(#$0(",;-#"-,0(#**2"0%$@(-2(0,'#$0F
W,;-,"$(*#;*#0,;(#",(0,;%@$,0(<2"(6F7O(-2(6F55Q(-#%>;(#;;#AL(X&;;%#$(2$,;(<2"(6F76QF

Z#;,"(/"2*,;;,;

Z#;,"(,$"%*+',$-(/"2*,;;,;(+#3,(4,,$(-+,(<2*&;(2<(%$-,",;-(<2"(;2',(-%',F(G+,A(#",(#(/2;;%4>,(-+%"0D@,$,"#-%2$
-,*+$2>2@A(/"2'%;%$@(>2?,"(,$,"@A(%$/&-;L(>2?,"(*#/%-#>(*2;-;(#$0(>2?,"(-#%>;(#;;#A;L(+,$*,(;%@$%<%*#$-(,*2$2'%*
#03#$-#@,;F(f$,(2<(-+,;,(/"2*,;;,;(%;(#>'2;-(",#0A(<2"(*2'',"*%#>(&;,F(Z#;,"(/"2*,;;,;(#",(%$(-?2(*#-,@2"%,;g(#-2'%*
#$0('2>,*&>#"F

8
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e,3,>2/',$-(2<(-+,(H-2'%*(i#/2&"(Z#;,"(S;2-2/,(J,/#"#-%2$(.HiZSJL(#$0(-+,(M",$*+(JSZiH9(4,@#$(%$(-+,(7RP6;F(S$
7RO=(-+,(!J(`23,"$',$-(4#*[,0(%-(#;(-+,($,?(-,*+$2>2@A(-2(",/>#*,(%-;(@#;,2&;(0%<<&;%2$(/>#$-;(#;(-+,A(",#*+,0(-+,
,$0(2<(-+,%"(,*2$2'%*(>%3,;(,#">A(%$(-+,(57;-(*,$-&"AF(\2?,3,"L(#<-,"(;2',(!Jn(5(4%>>%2$(%$(XjeL(%-(?#;(#4#$02$,0(%$
!JH(%$(<#32&"(2<(JSZ)qL(#('2>,*&>#"(/"2*,;;F(M",$*+(?2"[(2$(JSZiH(*,#;,0(<2>>2?%$@(#(]DA,#"(/"2@"#'(-2(566E(-2
/"23,(-+,(;*%,$-%<%*(#$0(-,*+$%*#>(<,#;%4%>%-A(2<(-+,(/"2*,;;F(J2',(566[@(2<(5F=Q(,$"%*+,0(&"#$%&'(?#;(/"20&*,0(%$
-+%;F

H-2'%*(3#/2&"(/"2*,;;,;(?2"[(2$(-+,(/"%$*%/>,(2<(/+2-2D%2$%;#-%2$L(?+,",4A(#(/2?,"<&>(>#;,"(%;(&;,0(-2(%2$%;,
/#"-%*&>#"(#-2';(/",;,$-(%$(#(3#/2&"(2<(&"#$%&'(',-#>F(.H$(,>,*-"2$(*#$(4,(,N,*-,0(<"2'(#$(#-2'(4A(>%@+-(2<(#(*,"-#%$
<",B&,$*AF(G+,(>#;,"(-,*+$%B&,;(<2"(&"#$%&'(&;,(<",B&,$*%,;(?+%*+(#",(-&$,0(-2(%2$%;,(#(!D5E=(#-2'(4&-($2-(#(!D5EO
#-2'F9(G+,(/2;%-%3,>AD*+#"@,0(!D5E=(%2$;(#",(-+,$(#--"#*-,0(-2(#($,@#-%3,>AD*+#"@,0(/>#-,(#$0(*2>>,*-,0F(H-2'%*(>#;,"
-,*+$%B&,;('#A(#>;2(;,/#"#-,(/>&-2$%&'(%;2-2/,;F

:2;-('2>,*&>#"(/"2*,;;,;(?+%*+(+#3,(4,,$(",;,#"*+,0(?2"[(2$(#(/"%$*%/>,(2<(/+2-2D0%;;2*%#-%2$(2<(!M (-2(;2>%0(!M L
&;%$@(-&$,0(>#;,"("#0%#-%2$(#;(#423,(-2(4",#[(-+,('2>,*&>#"(42$0(+2>0%$@(2$,(2<(-+,(;%I(<>&2"%$,(#-2';(-2(#(!D5E=
#-2'F(G+%;(-+,$(,$#4>,;(-+,(%2$%d,0(!M (-2(4,(;,/#"#-,0(<"2'(-+,(&$#<<,*-,0(!M ('2>,*&>,;(*2$-#%$%$@(!D5EO(#-2';L
+,$*,(#*+%,3%$@(#(;,/#"#-%2$(2<(%;2-2/,;Fh(H$A(/"2*,;;(&;%$@(!M (<%-;('2",(",#0%>A(?%-+%$(-+,(*2$3,$-%2$#>(<&,>(*A*>,
-+#$(-+,(#-2'%*(/"2*,;;F

h(H(;%'%>#"(/"%$*%/>,(*#$(4,(&;,0(%$(,$"%*+%$@(#-2'%*(>%-+%&'L(?%-+('#@$,-%*(;,/#"#-%2$(2<(-+,(%2$%;,0(#-2';L(>,#3%$@(/&",(Z%DPF

G+,('#%$('2>,*&>#"(>#;,"(/"2*,;;(-2(,$"%*+(&"#$%&'(%;(JSZ)qJSZ)qL(?+%*+(&-%>%;,;(!M (#$0(%;($2?([$2?$(#;(`>24#>(Z#;,"
)$"%*+',$-(.`Z)9F(S$(5668(`)()$,"@A(,$-,",0(#(/#"-$,";+%/(?%-+(H&;-"#>%#C;(J%>,I(JA;-,';(-2(0,3,>2/(-+,(-+%"0D
@,$,"#-%2$(JSZ)q(/"2*,;;F(S-(/"23%0,0(<2"(`)(.$2?(`)D\%-#*+%9(-2(*2$;-"&*-(%$(-+,(!JH(#$(,$@%$,,"%$@D;*#>,(-,;-(>22/L
-+,$(#(/%>2-(/>#$-(2"(>,#0(*#;*#0,L(?+%*+(*2&>0(4,(2/,"#-%$@(%$(5675L(#$0(,I/#$0,0(-2(#(<&>>(*2'',"*%#>(/>#$-F(H/#"-
<"2'(!Jn(56('%>>%2$(&/<"2$-(#$0(;&4;,B&,$-(/#A',$-;L(-+,(>%*,$;,(#@",,',$-(?2&>0(A%,>0(PD75Q("2A#>-%,;L(-+,(/",*%;,
#'2&$-(0,/,$0%$@(2$(+2?(>2?(-+,(*2;-(2<(0,/>2A%$@(-+,(*2'',"*%#>(-,*+$2>2@AF(S$('%0(566O(_#',*2(42&@+-(%$-2(-+,
`Z)(/"2N,*-L(/#A%$@(n75]('%>>%2$(<2"(5]Q(;+#",L(#>2$@;%0,(`)(.=7Q9(#$0(\%-#*+%(.5=Q9F(.)#">%,"L(%$(7RR8(!J)_(+#0
;,*&",0(-+,("%@+-;(-2(,3#>&#-,(#$0(0,3,>2/(JSZ)q(<2"(&"#$%&'(4&-(4#>,0(2&-(2<(-+,(/"2N,*-(%$(566EF9(S$(a&>A(567](`)
0,*%0,0(-2(",0&*,(<&$0%$@(-2(`Z)L(#$0(#;(#(",;&>-(_#',*2(",/2"-,0(#(<&>>(?"%-,D02?$(2$(`Z)(2<(_n7O]('%>>%2$F(S$(H/"%>
5678(`)(#$0(\%-#*+%($2-%<%,0(-+,%"(%$-,$-%2$(-2(,I%-(`Z)L(#$0(/>#$;(<2"(",;-"&*-&"%$@(#",(,I/,*-,0(4A(A,#"(,$0F(`)D
\%-#*+%(;#%0(%$(123,'4,"(-+#-(%-(^*2$-%$&,;(-2(?2"[(*>2;,>A(?%-+(_#',*2L(J%>,I(#$0(2-+,"(/2-,$-%#>(%$3,;-2";(-2
",;-"&*-&",(`Z)(2/,"#-%2$;(#$0(<#*%>%-#-,(-+,(*2$-%$&,0(/"2@",;;(2<(-+,(>#;,"(,$"%*+',$-(-,*+$2>2@AF^(G+,(/>#$$,0
5678(?2"[(2$(-+,(-,;-(>22/(#-(W%>'%$@-2$(#$0(%$(JA0$,A(%;(/"2*,,0%$@F

`)(",<,"",0(-2(JSZ)qL(?+%*+(%-(",4#0@,0(#;(`Z)",4#0@,0(#;(`Z)L(#;(^@#',D*+#$@%$@(-,*+$2>2@A^(?%-+(#(^3,"A(+%@+(>%[,>%+220^(2<
;&**,;;F(`Z)(\%-#*+%(%;(*2'/>,-%$@(-+,(-,;-(>22/(/"2@"#'L(-+,(%$%-%#>(/+#;,(2<(?+%*+(+#;(#>",#0A(4,,$(;&**,;;<&>(%$
',,-%$@(/,"<2"'#$*,(*"%-,"%#L(#$0(,$@%$,,"%$@(0,;%@$(<2"(#(*2'',"*%#>(<#*%>%-A(+#;(*2'',$*,0F(`Z)(%;(2/,"#-%$@(-+,
-,;-(>22/(#-(`>24#>(1&*>,#"(M&,>C;(W%>'%$@-2$L(12"-+(_#"2>%$#(<&,>(<#4"%*#-%2$(<#*%>%-A(V(`1M(%;(#(/#"-$,";+%/(2<(`)L
G2;+%4#L(#$0(\%-#*+%F

S$(f*-24,"(566P(-+,(-?2(>#"@,;-(!J($&*>,#"(&-%>%-%,;L()I,>2$(#$0()$-,"@AL(;%@$,0(>,--,";(2<(%$-,$-(-2(*2$-"#*-(<2"(&"#$%&'
,$"%*+',$-(;,"3%*,;(<"2'(`)D\%-#*+%(`>24#>(Z#;,"()$"%*+',$-(ZZ_(.`Z)9F(G+,(&-%>%-%,;('#A(#>;2(/"23%0,(`Z)(?%-+
;&//2"-(%<($,,0,0(<2"(0,3,>2/',$-(2<(#(*2'',"*%#>D;*#>,(`Z)(/>#$-F(S$(H&@&;-(5676(GiH(#@",,0(-2(4&A(n]66('%>>%2$(2<
,$"%*+',$-(;,"3%*,;(<"2'(`Z)(%<(-+,(/"2N,*-(/"2*,,0;F

S$('%0D566R(`)\(;&4'%--,0(-+,(>#;-(/#"-(2<(%-;(>%*,$*,(#//>%*#-%2$(<2"(-+%;(`Z)(/>#$-(#-(W%>'%$@-2$W%>'%$@-2$L(#$0(<2>>2?%$@
",3%,?(2<(/"23%;%2$;(<2"(-+,(/+A;%*#>(/"2-,*-%2$(2<(;/,*%#>($&*>,#"('#-,"%#>(#$0(*>#;;%<%,0('#--,"L('#-,"%#>(*2$-"2>(#$0
#**2&$-%$@L(/>&;(<&"-+,"(",3%,?(4A(-+,(1X_(H-2'%*(J#<,-A(#$0(Z%*,$;%$@(Y2#"0L(#(<&>>(>%*,$*,(-2(*2$;-"&*-(#$0(2/,"#-,(#
/>#$-(2<(&/(-2(8('%>>%2$(JW!bA"(?#;(%;;&,0(%$(J,/-,'4,"(5675F(`Z)(?%>>($2?(0,*%0,(%$(-+,(>%@+-(2<(*2'',"*%#>
*2$;%0,"#-%2$;(2$(?+,-+,"(-2(/"2*,,0(?%-+(#(<&>>D;*#>,(,$"%*+',$-(<#*%>%-A(#-(W%>'%$@-2$F(G+,(/"2N,*-L(,$"%*+%$@(&/(-2
OQ(!D5E=L(*2&>0(4,(2/,"#-%2$#>(%$(#(<,?(A,#";L(#$0("#'/(&/(-2(*#/#*%-A(<#%">A(B&%*[>AF

S$(H&@&;-(567E(`Z)(;&4'%--,0(#(/"2/2;#>(-2(-+,(ef)(-2(,;-#4>%;+(#(rn7(4%>>%2$s(>#;,"(,$"%*+',$-(/>#$-(#-(K#0&*#+K#0&*#+L
c,$-&*[A(-2(,$"%*+(+%@+D#;;#A(-#%>;(.#423,(6FE]Q(!D5E=9(2?$,0(4A(ef)(-2($#-&"#>(&"#$%&'(>,3,>(.6FPQ(!D5E=9F(G+,",(%;
#42&-(77=L666(-2$$,;(2<(-+,;,(#-(K#0&*#+(#$0(K2"-;'2&-+(.#'2$@(#(-2-#>(2<(==6L666(-(-#%>;9F(S$(123,'4,"(567E(ef)
#$$2&$*,0(-+#-(%-(?2&>0(/"2*,,0(?%-+(*2$-"#*-($,@2-%#-%2$;(-2(-+%;(,$0F(S$(a#$&#"A(567](`Z)(-2>0(1X_(-+#-(-+2&@+
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$,@2-%#-%2$;(?%-+(ef)(*2$-%$&,0L(%-(,I/,*-,0(-2(#//>A(<2"(#(>%*,$*,(>#-,"(-+#-(A,#"(-2(4&%>0(#$0(2/,"#-,(-+,(K#0&*#+
Z#;,"()$"%*+',$-(M#*%>%-A(.KZ)M9(?+%*+(?2&>0(,$"%*+(-+,(-#%>;(23,"(#42&-(]6(A,#";(-2($#-&"#>D@"#0,L(<2"(;#>,F(`Z)
,I/,*-;(>%*,$;%$@(-2(-#[,(5DE(A,#";F(1,@2-%#-%2$;(?%-+(ef)(*2$-%$&,0(%$-2(5678L(#$0(%$(123,'4,"(#$(#@",,',$-(?#;
;%@$,0(?%-+(ef)(<2"(%-(-2(;&//>A(#42&-(E66L666(-2$$,;(2<(+%@+D#;;#A(-#%>;L(N&;-%<A%$@(*2$;-"&*-%2$(4A(`Z)(2<(-+,(/>#$-(%$
-+,(,#">A(5656;F(G+,(KZ)M(?2&>0(4,*2',(#(*2'',"*%#>(&"#$%&'(,$"%*+',$-(/"20&*-%2$(<#*%>%-A(&$0,"(#(!J(1X_
>%*,$*,L(/"20&*%$@(#42&-(766L666(-2$$,;(2<($#-&"#>D@"#0,(&"#$%&'(23,"(]6(A,#";(2"('2",F(ef)(?2&>0(0%;/2;,(2<(-+,
",0&*,0D#;;#A(4#>#$*,F(F(G+,(,;-%'#-,0(/>#$-(;%d,(%;(6F=(-2(7F6('%>>%2$(JW!bA"L(;%$*,(/&"*+#;,;(2<(e!('#A($2-(,I*,,0
5666(-bA"($#-&"#>(&"#$%&'(,B&%3#>,$-F

H//>%*#-%2$;(-2(;%>%*2$(#$0(d%"*2$%&'(;-#4>,(%;2-2/,;(#",(#>;2(4,%$@(0,3,>2/,0(4A(J%>,I(JA;-,';($,#"(JA0$,AF

_XSJZH(_XSJZH(%;(#$2-+,"('2>,*&>#"(>#;,"(%;2-2/,(;,/#"#-%2$(/"2*,;;(?+%*+(%;(-+,(,#">A(;-#@,;(2<(0,3,>2/',$-F(S$(-+%;(#(@#;
%;(%""#0%#-,0(?%-+(#(>#;,"(#-(#(/#"-%*&>#"(?#3,>,$@-+(-+#-(?2&>0(,I*%-,(2$>A(-+,(!D5E=(%;2-2/,F(G+,(,$-%",(@#;(%;
;&4N,*-,0(-2(>2?(-,'/,"#-&",;(;&<<%*%,$-(-2(*#&;,(*2$0,$;#-%2$(2$(#(*2>0(;&"<#*,(2"(*2#@&>#-%2$(%$(-+,(&$D%2$%;,0(@#;F
G+,(,I*%-,0('2>,*&>,;(%$(-+,(@#;(#",($2-(#;(>%[,>A(-2(*2$0,$;,(#;(-+,(&$,I*%-,0('2>,*&>,;F(\,$*,(%$(*2>0D?#>>
*2$0,$;#-%2$L(@#;(0"#?$(2&-(2<(-+,(;A;-,'(%;(,$"%*+,0(%$(-+,(!D5E=(%;2-2/,(-+#-(?#;(>#;,"D,I*%-,0F(1,&G",[L(-+,
0,3,>2/',$-(*2'/#$AL(%;(#%'%$@(-2(4&%>0(#(/%>2-(/>#$-(%$(!JHF

`#;,2&;(0%<<&;%2$(/"2*,;;

G+(,$,"@AD%$-,$;%3,(@#;,2&;(0%<<&;%2$(/"2*,;;(2<(&"#$%&'(,$"%*+',$-(%;($2(>2$@,"(&;,0(%$(-+,($&*>,#"(%$0&;-"AF(S-
%$32>3,;(<2"*%$@(&"#$%&'(+,I#<>&2"%0,(@#;(&$0,"(/",;;&",(-+"2&@+(#(;,"%,;(2<(/2"2&;(','4"#$,;(2"(0%#/+"#@';F(H;
!D5E=('2>,*&>,;(#",(>%@+-,"(-+#$(-+,(!D5EO('2>,*&>,;(-+,A('23,(<#;-,"(#$0(+#3,(#(;>%@+->A(4,--,"(*+#$*,(2<(/#;;%$@
-+"2&@+(-+,(/2",;(%$(-+,(','4"#$,F(G+,(!M (?+%*+(0%<<&;,;(-+"2&@+(-+,(','4"#$,(%;(-+&;(;>%@+->A(,$"%*+,0L(?+%>,(-+,
@#;(?+%*+(0%0($2-(/#;;(-+"2&@+(%;(0,/>,-,0(%$(!D5E=F

G+%;(/"2*,;;(%;(",/,#-,0('#$A(-%',;(%$(#(;,"%,;(2<(0%<<&;%2$(;-#@,;(*#>>,0(#(*#;*#0,F()#*+(;-#@,(*2$;%;-;(2<(#
*2'/",;;2"L(#(0%<<&;,"(#$0(#(+,#-(,I*+#$@,"(-2(",'23,(-+,(+,#-(2<(*2'/",;;%2$F(G+,(,$"%*+,0(!M (/"20&*-(%;
?%-+0"#?$(<"2'(2$,(,$0(2<(-+,(*#;*#0,(#$0(-+,(0,/>,-,0(!M (%;(",'23,0(#-(-+,(2-+,"(,$0F(G+,(@#;('&;-(4,(/"2*,;;,0
-+"2&@+(;2',(7]66(;-#@,;(-2(24-#%$(#(/"20&*-(?%-+(#(*2$*,$-"#-%2$(2<(ED]Q(!D5E=F(e%<<&;%2$(/>#$-;(-A/%*#>>A(+#3,(#
;'#>>(#'2&$-(2<(;,/#"#-%2$(-+"2&@+(2$,(;-#@,(.+,$*,(-+,(>#"@,($&'4,"(2<(;-#@,;9(4&-(#",(*#/#4>,(2<(+#$0>%$@(>#"@,
32>&',;(2<(@#;F

_2'',"*%#>(&"#$%&'(,$"%*+',$-(?#;(<%";-(*#""%,0(2&-(4A(-+,(0%<<&;%2$(/"2*,;;(%$(-+,(!JHL(#-(f#[(X%0@,L(G,$$,;;,,F
G+,(/"2*,;;(?#;(#>;2(&;,0(%$(X&;;%#L(!cL(M"#$*,L(_+%$#(#$0(H"@,$-%$#(#;(?,>>L(4&-(2$>A(2$(#(;%@$%<%*#$-(;*#>,(%$(-+,
!JH(#$0(M"#$*,(%$(",*,$-(A,#";F(X&;;%#(/+#;,0(2&-(-+,(/"2*,;;(%$(7RR5(#$0(-+,(>#;-(0%<<&;%2$(/>#$-(?#;(!J)_C;
K#0&*#+(<#*%>%-AL(?+%*+(;+&-(02?$(%$('%0D567EF(S-(%;(3,"A(,$,"@AD%$-,$;%3,L(",B&%"%$@(#42&-(5]66([W+(/,"(JW!hF(!J)_
;#%0(-+#-(,>,*-"%*%-A(#**2&$-,0(<2"(P6Q(2<(-+,(/"20&*-%2$(*2;-(#-(K#0&*#+L(?+%*+(?#;(-+,(>#;-(2<(-+",,(>#"@,(/>#$-;(%$
-+,(!JH(2"%@%$#>>A(0,3,>2/,0(<2"(?,#/2$;(/"2@"#';(#$0(+#0(#(*#/#*%-A(2<(;2',(O('%>>%2$(JW!(/,"(A,#"F(S-(?#;(&;,0
-2(,$"%*+(;2',(+%@+D#;;#A(-#%>;(4,<2",(4,%$@(<%$#>>A(;+&-(02?$(#<-,"(86(A,#";(2/,"#-%2$F(H-(G"%*#;-%$L(%$(;2&-+,"$
M"#$*,L(#('2",('20,"$(0%<<&;%2$(/>#$-(?%-+(#(*#/#*%-A(2<(76FO('%>>%2$([@(JW!(/,"(A,#"(+#0(4,,$(2/,"#-%$@(;%$*,(7RPR
.;,,(/+2-2(4,>2?9F(G+%;(`,2"@,;(Y,;;,(S(/>#$-(*2&>0(/"20&*,(,$2&@+(EFPQ(,$"%*+,0(&"#$%&'(#(A,#"(-2(<&,>(;2',($%$,-A
7666(:W,($&*>,#"(",#*-2";F(S-(?#;(;+&-(02?$(%$('%0D5675L(#<-,"(EE(A,#";C(*2$-%$&2&;(2/,"#-%2$F(S-;(",/>#*,',$-(.`Y(SSL
#(*,$-"%<&@,(/>#$-(V(;,,(#423,9(+#;(*2'',$*,0(2/,"#-%2$F

h(S-(+#;(4,,$(,;-%'#-,0(-+#-(PQ(2<(-2-#>(!J(,>,*-"%*%-A(0,'#$0(?#;(<"2'(,$"%*+',$-(/>#$-;(#-(-+,(+,%@+-(2<(-+,(_2>0(W#"L(?+,$(R6Q(!D5E=(?#;

",B&%",0L("#-+,"(-+#$(-+,(",#*-2"(@"#0,;(2<(ED]Q<2"(/2?,"(@,$,"#-%2$F

S$(",*,$-(A,#";(-+,(@#;,2&;(0%<<&;%2$(/"2*,;;(+#0(#**2&$-,0(<2"(#42&-(5=Q(2<(?2">0(,$"%*+',$-(*#/#*%-AF(\2?,3,"L
-+2&@+(-+,A(+#3,(/"23,0(0&"#4>,(#$0(",>%#4>,L(@#;,2&;(0%<<&;%2$(/>#$-;(",#*+,0(-+,(,$0(2<(-+,%"(0,;%@$(>%<,(#$0(-+,
'&*+('2",(,$,"@AD,<<%*%,$-(*,$-"%<&@,(,$"%*+',$-(-,*+$2>2@A(+#;(",/>#*,0(-+,'F
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G+,(>#"@,(`,2"@,;(Y,;;,(S(,$"%*+',$-(/>#$-(#-(G"%*#;-%$(%$(M"#$*,(.4,A2$0(*22>%$@(-2?,";9(?#;(;+&-(02?$(%$(5675F
G+,(<2&"($&*>,#"(",#*-2";(%$(-+,(<2",@"2&$0(/"23%0,0(23,"(E666(:W,(/2?,"(<2"(%-F

)>,*-"2'#@$,-%*(/"2*,;;

H(3,"A(,#">A(,$0,#32&"(?#;(-+,(,>,*-"2'#@$,-%*(%;2-2/,(;,/#"#-%2$(.):SJ9(/"2*,;;(&;%$@(*#>&-"2$;F((G+%;(?#;
0,3,>2/,0(%$(-+,(,#">A(7R]6;(%$(-+,(:#$+#--#$(K"2N,*-(-2('#[,(-+,(+%@+>A(,$"%*+,0(&"#$%&'(&;,0(%$(-+,(\%"2;+%'#
42'4L(4&-(?#;(#4#$02$,0(;22$(#<-,"?#"0;F(\2?,3,"L(%-(",#//,#",0(#;(-+,('#%$(-+"&;-(2<(S"#BC;(*>#$0,;-%$,(&"#$%&'
,$"%*+',$-(/"2@"#'(<2"(?,#/2$;(0%;*23,",0(%$(7RR5F():SJ(&;,;(-+,(;#',(/"%$*%/>,;(#;(#('#;;(;/,*-"2',-,"(.#>4,%-
2$(#('&*+(>#"@,"(;*#>,9F(S2$;(2<(&"#$%&'D5EO(#$0(&"#$%&'D5E=(#",(;,/#"#-,0(4,*#&;,(-+,A(0,;*"%4,(#"*;(2<(0%<<,",$-
"#0%%(?+,$(-+,A('23,(-+"2&@+(#('#@$,-%*(<%,>0F(G+,(/"2*,;;(%;(3,"A(,$,"@AD%$-,$;%3,(D(#42&-(-,$(-%',;(-+#-(2<(0%<<&;%2$F

H,"20A$#'%*(/"2*,;;,;

G?2(#,"20A$#'%*(/"2*,;;,;(?,",(4"2&@+-(-2(0,'2$;-"#-%2$(;-#@,(#"2&$0(-+,(7RP6;F(f$,(%;(-+,(N,-($2dd>,(/"2*,;;L
?%-+(0,'2$;-"#-%2$(/>#$-(4&%>-(%$(Y"#d%>L(#$0(-+,(2-+,"(-+,(\,>%[2$(32"-,I(-&4,(/"2*,;;(0,3,>2/,0(%$(J2&-+(H<"%*#F
1,%-+,"(%;(%$(&;,($2?L(-+2&@+(-+,(>#--,"(%;(-+,(<2","&$$,"(2<($,?(XjeF(G+,A(0,/,$0(2$(#(+%@+D;/,,0(@#;(;-",#'(4,#"%$@
-+,(!M8(4,%$@('#0,(-2(-&"$(-+"2&@+(#(3,"A(;'#>>("#0%&;L(*#&;%$@(#(/",;;&",(@"#0%,$-(;%'%>#"(-2(-+#-(%$(#(*,$-"%<&@,F(G+,
>%@+-(<"#*-%2$(*#$(4,(,I-"#*-,0(-2?#"0;(-+,(*,$-",(#$0(-+,(+,#3A(<"#*-%2$(2$(-+,(2&-;%0,F(G+2&;#$0;(2<(;-#@,;(#",
",B&%",0(-2(/"20&*,(,$"%*+,0(/"20&*-(<2"(#(",#*-2"F(Y2-+(/"2*,;;,;(#",(,$,"@AD%$-,$;%3,(D(23,"(E666([W+bJW!F((G+,
\,>%[2$(lD/>#$-(%$(-+,(,#">A(7RO6;(?#;($2-(*2'',"*%#>>A(2"%,$-,0(#$0(+#0(>,;;(-+#$(=66L666(JW!bA"(*#/#*%-AF((S-
",B&%",0(;2',(76L666([W+bJW!F

G+,(H,"20A$#'%*(J,/#"#-%2$(K"2*,;;(.HJK9(4,%$@(0,3,>2/,0(4A(c>A02$(%$(J2&-+(H<"%*#(,'/>2A;(;%'%>#"(;-#-%2$#"AD
?#>>(*,$-"%<&@,;(?%-+(!M8(%$N,*-,0(-#$@,$-%#>>AF((S-(%;(4#;,0(2$(\,>%[2$(4&-(/,$0%$@(",@&>#-2"A(#&-+2"%;#-%2$(%-(+#;($2-
A,-(4,,$(-,;-,0(2$(!M8(D(2$>A(>%@+-(%;2-2/,;(;&*+(#;(;%>%*2$F((\2?,3,"L(,I-"#/2>#-%$@(<"2'(",;&>-;(-+,",(%-(%;(,I/,*-,0(-2
+#3,(#$(,$"%*+',$-(<#*-2"(%$(,#*+(&$%-(2<(7F76(.*<(7F6E(%$(\,>%[2$9(?%-+(#42&-(=66([W+bJW!(#$0(0,3,>2/',$-(2<(%-(%;
#%'%$@(<2"(7F7=(,$"%*+',$-(<#*-2"(#$0(>,;;(-+#$(=66([W+bJW!F((K"2N,*-%2$;(@%3,(#$(,$"%*+',$-(*2;-(&$0,"
n766bJW!L(?%-+(-+%;(;/>%-(,3,$>A(#'2$@(*#/%-#>L(2/,"#-%2$(#$0(,$,"@A(%$/&-F

f$,(*+,'%*#>(/"2*,;;(+#;(4,,$(0,'2$;-"#-,0(-2(/%>2-(/>#$-(;-#@,(4&-($2-(&;,0F(G+,(M",$*+(_+,',I(/"2*,;;(,I/>2%-,0
#(3,"A(;>%@+-(0%<<,",$*,(%$(-+,(-?2(%;2-2/,;C(/"2/,$;%-A(-2(*+#$@,(3#>,$*A(%$(2I%0#-%2$b",0&*-%2$L(&-%>%;%$@(#B&,2&;(.SSS
3#>,$*A9(#$0(2"@#$%*(.Si9(/+#;,;F

)$"%*+',$-(2<(",/"2*,;;,0(&"#$%&'
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S$(;2',(*2&$-"%,;(&;,0(<&,>(%;(",/"2*,;;,0(-2(",*23,"(%-;(&"#$%&'(#$0(/>&-2$%&'L(#$0(-2(",0&*,(-+,(<%$#>(32>&',(2<
+%@+D>,3,>(?#;-,;F(G+,(/>&-2$%&'(%;($2"'#>>A(",*A*>,0(/"2'/->A(%$-2('%I,0D2I%0,(.:fq9(<&,>L(4A('%I%$@(%-(?%-+(0,/>,-,0
&"#$%&'F

W+,",(&"#$%&'(",*23,",0(<"2'(",/"2*,;;%$@(&;,0($&*>,#"(<&,>(.X,/!9(%;(-2(4,(",D&;,0L(%-($,,0;(-2(4,(*2$3,"-,0(#$0(",D
,$"%*+,0F(G+%;(%;(*2'/>%*#-,0(4A(-+,(/",;,$*,(2<(%'/&"%-%,;(#$0(-?2($,?(%;2-2/,;(%$(/#"-%*&>#"g(!D5E5(#$0(!D5E8L(?+%*+
#",(<2"',0(4A(2"(<2>>2?%$@($,&-"2$(*#/-&",(%$(-+,(",#*-2"L(#$0(%$*",#;,(?%-+(+%@+,"(4&"$D&/(>,3,>;F(!D5E5(%;(>#"@,>A(#
0,*#A(/"20&*-(2<(K&D5E8L(#$0(%$*",#;,;(?%-+(;-2"#@,(-%',(%$(&;,0(<&,>L(/,#[%$@(#-(#42&-(-,$(A,#";F(Y2-+(0,*#A('&*+
'2",("#/%0>A(-+#$(!D5E=(#$0(!D5EOL(#$0(2$,(2<(-+,(0#&@+-,"(/"20&*-;(2<(!D5E5(,'%-;(3,"A(;-"2$@(@#''#("#0%#-%2$L
?+%*+(',#$;(-+#-(;+%,>0%$@(%;($,*,;;#"A(%$(#$A(/>#$-(+#$0>%$@('#-,"%#>(?%-+('2",(-+#$(3,"A(;'#>>(-"#*,;(2<(%-F(!D5E8(%;
#($,&-"2$(#4;2"4,"(?+%*+(%'/,0,;(-+,(*+#%$(",#*-%2$L(#$0(',#$;(-+#-(#(+%@+,"(>,3,>(2<(!D5E=(,$"%*+',$-(%;(",B&%",0(%$
-+,(/"20&*-(-2(*2'/,$;#-,F(M2"(-+,(e&-*+(Y2";;,>,(",#*-2"(?+%*+($2"'#>>A(&;,;(]F]Q(,$"%*+,0(<&,>L(*2'/,$;#-,0
,$"%*+,0(",/"2*,;;,0(&"#$%&'(.*D)X!9(%;(]F8Q(,$"%*+,0(-2(*2'/,$;#-,(<2"(!D5E8F(Y,%$@(>%@+-,"L(42-+(%;2-2/,;(-,$0(-2
*2$*,$-"#-,(%$(-+,(,$"%*+,0(."#-+,"(-+#$(0,/>,-,09(2&-/&-L(;2(",/"2*,;;,0(&"#$%&'(?+%*+(%;(",D,$"%*+,0(<2"(<&,>('&;-(4,
;,@",@#-,0(<"2'(,$"%*+,0(<",;+(&"#$%&'F(G+,(/",;,$*,(2<(!D5E8(%$(/#"-%*&>#"(',#$;(-+#-('2;-(",/"2*,;;,0(&"#$%&'
*#$(4,(",*A*>,0(2$>A(2$*,(D(-+,('#%$(,I*,/-%2$(4,%$@(%$(-+,(!c(?%-+(H`X(<&,>('#0,(<"2'(",*A*>,0(:#@$2I(&"#$%&'
4,%$@(",/"2*,;;,0F(!D5E](%;(#>;2(/",;,$-(%$(X,/!L(4&-(#;(#$(#>/+#(,'%--,"(%-(02,;($2-(/2;,(,I-"#(/"24>,';F(G"#*,;(2<
;2',(<%;;%2$(/"20&*-;(;&*+(#;(G*DRR('#A(#>;2(*#""A(23,"F

H>>(-+,;,(*2$;%0,"#-%2$;(',#$(-+#-(2$>A(X,/!(<"2'(>2?D,$"%*+,0L(>2?D4&"$&/(&;,0(<&,>(%;($2"'#>>A(",*A*>,0(0%",*->A
-+"2&@+(#$(,$"%*+',$-(/>#$-F(M2"(%$;-#$*,L(;2',(78L666(-2$$,;(2<(X,/!(<"2'(:#@$2I(",#*-2";h(%$(!c(+#;(4,,$(&;,0
-2('#[,(#42&-(78=6(-2$$,;(2<(,$"%*+,0(H`X(<&,>L(3%#(-?2(,$"%*+',$-(/>#$-;F(:&*+(;'#>>,"(B&#$-%-%,;(+#3,(4,,$(&;,0
,>;,?+,",L(%$(M"#$*,(#$0(a#/#$F(J2',(",D,$"%*+',$-L(,@(<2"(J?%;;L(`,"'#$(#$0(X&;;%#$(<&,>L(%;(#*-&#>>A(02$,(4A
4>,$0%$@(X,/!(?%-+(\)!F

h(J%$*,(:#@$2I(<&,>(?#;($2-(,$"%*+,0(%$(-+,(<%";-(/>#*,L(-+%;(%;(#*-&#>>A([$2?$(#;(:#@$2I(0,/>,-,0(&"#$%&'(.:e!9F(S-
#;;#A,0(#42&-(6F]Q(!D5E=(#$0(?#;(*2$3,"-,0(-2(!M8L(,$"%*+,0(-2(6FPQ(#-(Y1MZC;(_#/,$+&";-(0%<<&;%2$(/>#$-(#$0(-+,$
-2(5F8Q(-2(EF]Q(#-(!",$*2C;(*,$-"%<&@,(/>#$-F(!$-%>(-+,('%0(7RR6;(;2',(86Q(2<(#>>(H`X(<&,>(?#;('#0,(<"2'(:e!(#$0(%-
#'2&$-,0(-2(#42&-(78=6(-2$$,;(2<(Z)!F(X,*A*>%$@(2<(:e!(?#;(0%;*2$-%$&,0(%$(7RR8(0&,(-2(,*2$2'%*(<#*-2";F

H(>#;,"(/"2*,;;(?2&>0(-+,2",-%*#>>A(4,(%0,#>(<2"(,$"%*+%$@(X,/!(#;(%-(?2&>0(%@$2",(#>>(4&-(-+,(0,;%",0(!D5E=L(4&-(-+%;
",'#%$;(-2(4,(0,'2$;-"#-,0(?%-+(",/"2*,;;,0(<,,0F

G#%>;(<"2'(,$"%*+%$@(",/"2*,;;,0(&"#$%&'(",'#%$(-+,(/"2/,"-A(2<(-+,(,$"%*+,"F(J2',(",*A*>,0(&"#$%&'(+#;(4,,$
,$"%*+,0(4A(G,$,I(#-(J,3,";[(<2"(H",3#L(&$0,"(#(7RR7(-,$DA,#"(*2$-"#*-(*23,"%$@(#42&-(=66(-2$$,;(!M F(M",$*+(',0%#
",/2"-;(%$(566R(#>>,@%$@(-+#-(?#;-,;(<"2'(M",$*+($&*>,#"(/2?,"(/>#$-;(?,",(;-2",0(#-(J,3,";[(,3%0,$->A(",<,"(-2(-#%>;
<"2'(-+%;F

)$"%*+',$-(2<(0,/>,-,0(&"#$%&'(-#%>;

)#">A(,$"%*+',$-(#*-%3%-%,;(2<-,$(>,<-(0,/>,-,0(&"#$%&'(-#%>;(?%-+(#42&-(6FE6Q(!D5E=L(#$0(-+,",(?,",(-,$;(2<(-+2&;#$0;
2<(-2$$,;(2<(-+,;,(;%--%$@(#"2&$0(#;(-+,(/"2/,"-A(2<(-+,(,$"%*+',$-(*2'/#$%,;F(W%-+(-+,(?%$0D02?$(2<('%>%-#"A
,$"%*+',$-L(/#"-%*&>#">A(%$(X&;;%#L(-+,",(?#;(#(>2-(2<(;/#",(*#/#*%-A(&$&;,0F(_2$;,B&,$->AL(;%$*,(-+,('%0(7RR6;(;2',
2<(-+,(+%@+,;-D#;;#A(-#%>;(+#3,(4,,$(;,$-(-2(X&;;%#(4A(H",3#(#$0(!",$*2(<2"(",D,$"%*+',$-(4A(G,$,IF(G+,;,
#""#$@,',$-;(+2?,3,"(*,#;,(%$(5676L(-+2&@+(G,$,I('#A(*2$-%$&,(-2(",D,$"%*+(X&;;%#$(-#%>;F(G,$,I($2?(2?$;(#>>(-+,
-#%>;(<"2'(-+#-(;,*2$0#"A(",D,$"%*+',$-L(#$0(-+,A(#",(;#%0(-2(*2'/"%;,(2$>A(#42&-(6F76Q(!D5E=F

H<-,"(,$"%*+',$-

G+,(,$"%*+,0(!M (%;(*2$3,"-,0(-2(!f (#$0('#0,(%$-2(<&,>(/,>>,-;(V(&>-%'#-,>A(#(;%$-,",0(*,"#'%*L(?+%*+(#",(,$*#;,0(%$
',-#>(-&4,;(-2(<2"'(<&,>("20;L(-A/%*#>>A(&/(-2(<2&"(',-",;(>2$@F(H($&'4,"(2<(<&,>("20;('#[,(&/(#(<&,>(#;;,'4>AL(?+%*+
%;(",#0A(-2(4,(>2#0,0(%$-2(-+,($&*>,#"(",#*-2"F(J,,(M&,>(M#4"%*#-%2$(/#/,"F

)$3%"2$',$-#>(S;;&,;

8

8 5

http://http//www.world-nuclear.org/info/Nuclear-Fuel-Cycle/Conversion-Enrichment-and-Fabrication/Fuel-Fabrication/


07.12.16 01:41Uranium Enrichment | Enrichment of uranium - World Nuclear Association

Page 13 of 13http://www.world-nuclear.org/information-library/nuclear-fuel-cycle/conversion-enrichment-and-fabrication/uranium-enrichment.aspx

W%-+(-+,('%$2"(,I*,/-%2$(2<(",/"2*,;;,0(&"#$%&'L(,$"%*+',$-(%$32>3,;(2$>A($#-&"#>L(>2$@D>%3,0("#0%2#*-%3,('#-,"%#>;k
-+,",(%;($2(<2"'#-%2$(2<(<%;;%2$(/"20&*-;(2"(%""#0%#-%2$(2<('#-,"%#>;L(#;(%$(#(",#*-2"F(M,,0L(/"20&*-L(#$0(0,/>,-,0
'#-,"%#>(#",(#>>(%$(-+,(<2"'(2<(!M L(-+2&@+(-+,(0,/>,-,0(&"#$%&'('#A(4,(;-2",0(>2$@D-,"'(#;(-+,('2",(;-#4>,(! f F

!"#$%&'(%;(2$>A(?,#[>A("#0%2#*-%3,L(#$0(%-;(*+,'%*#>(-2I%*%-A(V(,;/,*%#>>A(#;(!M (V(%;('2",(;%@$%<%*#$-(-+#$(%-;
"#0%2>2@%*#>(-2I%*%-AF(G+,(/"2-,*-%3,(',#;&",;(",B&%",0(<2"(#$(,$"%*+',$-(/>#$-(#",(-+,",<2",(;%'%>#"(-2(-+2;,(-#[,$(4A
2-+,"(*+,'%*#>(%$0&;-"%,;(*2$*,"$,0(?%-+(-+,(/"20&*-%2$(2<(<>&2"%$#-,0(*+,'%*#>;F

!"#$%&'(+,I#<>&2"%0,(<2"';(#(3,"A(*2""2;%3,('#-,"%#>(.\M(V(+A0"2<>&2"%*(#*%09(?+,$(,I/2;,0(-2('2%;-&",L(-+,",<2",
#$A(>,#[#@,(%;(&$0,;%"#4>,F(\,$*,g
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