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03

&%5

+

_2;6

03

9*+,% *+,-/4O

%&'C&% I,,N;$,--,5 &-

82

&

6.I2;6,

/2

+

2;64

+

2̂;62

&

+;66

2-6

)#I-*/*#*/%4 3T82-6/%*" 3T82"69*+,%

N

8

2

.

9;6.I2;6,

/

+

2;6

b@2

.

+

+

2̂;66 2*6

J+,$,

b

@ /-*+,U"#$/,$*$&%-("$A"(*+,J/%5"J(#%C*/"%8

F+,% *+,("''"J/%4 ("$A#'&C&% I,5,$/0,5[

1

;

N

8

2

.

9;6

5

N

8

2

.

9;6/

+

2̂;6 2#6

6.

2

.

9;6.

1

;

N

8

2

.

9;6

/N

8

2

.

9;6

2%6

J+,$,

1

;

$,;$,-,%*-*+,5,$/0&*/"% "(*/A,9&%5

6

.

$,;$,O

-,%*-*+,,-*/A&*,5 0&'#,"(=U8U"$A#'*/OC"A;"%,%*-/4O

%&'-93T82%6/-&'-" &;;'/C&I',

Y$&Z

8F+,$,("$,9*+,-1%O

C+$"-T#,,P/%4 *$&%-("$AC&% I,,N;$,--,5 &-

6.

2

.

9;6.

1

;

&$4N

8

2

.

9;6.V,

1

;

N

8

2

.

9;6

/N

8

2

.

9;

( )
6

2)6

F-2

4

9;6`

3

!

N

8

2

.

9;6

1

2

4

l

6.

2

.

9;665

.

2(6

8

P

2;6

5

$

&

!

@2'6

3

4

l

+

^

P

2;6

m5<

F-2

4

9;65

4

2$'6

F" -/A;'/(1 *+,C&'C#'&*/"%9*+,$,&';&$*"(3T82%6/-

*&K,% &%5

6.

2

.

9;6/-#-,5 *" $,;$,-,%**+,&;;$"N/A&*/"%

"(=U8U"$*+,-&K,"(5/-*/%C*/"%9

4

/-#-,5 *" $,;$,-,%*

*+,&%4#'&$($,T#,%C1 &(*,$*+,-1%C+$"-T#,,P/%4 *$&%-O

("$A9J+/',

.

$,;$,-,%*-*+,&%4#'&$($,T#,%C1 I,("$,*+,

-1%C+$"-T#,,P/%4 *$&%-("$A8F+,$,C"%-*$#C*/"% "(,&C+

C"A;"%,%*/--+"J% /% 3T82$'69J+,$,5</-*+,I&%5O

J/5*+ "(-/4%&'$,C"%-*$#C*/"%8

BEKCU;IIU3*&6"%%

!Q'*+"#4+ *+,-1%C+$"-T#,,P/%4 *$&%-("$AC&% /A;$"0,

*+,*/A,O($,T#,%C1 $,-"'#*/"%9/*&'-" +&-*+,-+"$*C"A/%4

"(;""$%"/-,$,-/-*&%C,8M+,% *+,-/4%&'/-C"A;$,--,59

*+,%"/-,;&$*/-,&-/'1 C"A;$,--,5 &%5 ,%+&%C,59J+/C+

',&5-*" *+,C"AI/%&*/"% "(*+$,-+"'5 5,%"/-/%4 &%5 -1%O

C+$"-T#,,P/%4 *$&%-("$A8]"J,0,$9A"-*,N/-*/%4 */A,O

($,T#,%C1 *+$,-+"'5 5,%"/-/%4 A,*+"5-+&0,*+,;$"I',A

"(";*/A&'*+$,-+"'5 ,-*/A&*/"%8F+,$,("$,9*+/-;&;,$

;$";"-,-&*/A,O($,T#,%C1 *+$,-+"'5 5,%"/-/%4 A,*+"5

I&-,5 "% *+$,-+"'5 ";*/A/P&*/"% 0/&*+,-;,C*$&'C"$$,'&*/"%

C",((/C/,%*/% )FUF2G"$$)+$/%K69J+/C+ C&% &#*"A&*/C&'O

'1 -,&$C+ *+,";*/A&'5,%"/-/%4 *+$,-+"'5 &%5 "I*&/% *+,

5,%"/-,5 -;,C*$#A8F+,$,',0&%*5,(/%/*/"%-&$,-+"J% &-

("''"J-&%5 *+,-;,C/(/C;$"C,--/--+"J% /% U/48$8

!;"($'$)$&'B

#

2+6.

++$

C

( )
+$

"

5

. 2$$6

J+,$,

#

2+6$,;$,-,%*-*+,5,%"/-/%4 *+$,-+"'5 "(*+,+O*+

-*,;R

5

$,;$,-,%*-*+,*+$,-+"'5 &5E#-*A,%*C",((/C/,%*&%5

/*;'&1-&$"',/% '/A/*/%4 *+,*+$,-+"'5 $&%4,RC$,;$,-,%*-

*+,A&N/A#A %#AI,$"(-,&$C+ -*,;-&%5 . $,;$,-,%*-

*+,A&N/A#A %#AI,$"()FUF-;,C*$#A8M/*+ *+,/%O

C$,&-,"(*+,-*,;-9*+,5/-*&%C,I,*J,,% &5E&C,%**+$,-+O

"'5-4$&5#&''1 /%C$,&-,-8

!;"($'$)$&'K!=(*($

++$

2

.

9;6

0#

2+69*+,%

*($

+

2

.

9;6.

*($

++$

2

.

9;6

&

&

#

2+6

2$&6

J+,$,*($2

.

9;6$,;$,-,%*-*+,0&'#,"(-;,C*$#A9&%5 /*

/%5/C&*,-*+&**+,C",((/C/,%**($

++$

2

.

9;69J+/C+ /-%"*'&$O

4,$*+&% *+,*+$,-+"'59/-$,5#C,5 *" *($

++$

2

.

9;6

&

S2&

#

2+66

""!U&#'*5/&4%"-/-A,*+"5 "($"''/%4 I,&$/%4 I&-,5 "% *+$,-+"'5 5,%"/-/%4 -1%C+$"-T#,,P/%4 *$&%-("$A&%5 G::



?$1EBCF+,;$"C,--"(*+,*+$,-+"'5 5,%"/-/%4 A,*+"5 I&-,5 "%

*+$,-+"'5 ";*/A/P&*/"% &%5 *+,-;,C*$&'C"$$,'&*/"% C",((/C/,%*

/% "$5,$*" &C+/,0,*+,,((,C*"(%"/-,$,5#C*/"%8

!FX))F/-"I*&/%,5 I1 C"AI/%/%4 G"$$)+$/%K J/*+ *+,

-1%C+$"-T#,,P/%4 *$&%-("$A8F+,-;,C/(/C&'4"$/*+A-*,;-

&$,&-("''"J-[

!501&*$)>4B!FX))F

!$6=%;#**/A,5"A&/% -/4%&'9C",((/C/,%*

5

9A&N/A#A

-,&$C+ -*,; C8

!&6.-,G"$$)+$/%K *" $,5#C,*+,%"/-,&%5 "I*&/% *+,

5,%"/-,5 -;,C*$#A"(*+,)FUF8

!"6G&'C#'&*,,-*/A&*,5 /%-*&%*&%,"#-($,T#,%C1

6

.

2

.

9;6

"(5,*($2

.

9;6&CC"$5/%4 *" 3T82)68

!-6)1%C+$"-T#,,P/%4 *$&%-("$A

!Y$"J9C"'Z.-/P,25,*($2

.

9;66R

!("$

.

.$[$"J

!!("$;.$[C"'

!!!

4

.

b

.

2

.

9;6R

!!!F-2

4

9;6.5,*($2

.

9;6R

!!,%5

!,%5

!*6L#*;#**+,5,%"/-,5 */A,O($,T#,%C1 -;,C*$#AF-2

4

9

;68

BELCI$4@0+)$&'+'+09%$%

!=% *+/--,C*/"%9*+,;$";"-,5 FX))FA,*+"5 J/''I,

&%&'1P,59&%5 *+,-/A#'&*,5 -/4%&'J/''I,#-,5 *" 0,$/(1

*+,&I/'/*1 *" $,5#C,%"/-,&%5 /A;$"0,*+,*/A,O($,T#,%C1

$,-"'#*/"% "(*+,A,*+"58M+,% $"''/%4 I,&$/%4-(&/'5#$O

/%4 ";,$&*/"%9*+,1 &$,"(*,% &CC"A;&%/,5 I1 ;,$/"5/C

;#'-,-8F+,-/4%&'J/''I,&% &A;'/*#5,A"5#'&*/"% -/4%&'

J/*+ *+,I,&$/%4 C+&$&C*,$/-*/C($,T#,%C1 &-*+,A"5#'&O

*/"% ($,T#,%C1 &%5 *+,%&*#$&'($,T#,%C1 &-*+,C&$$/,$($,O

T#,%C19J+/C+ C&% I,,N;$,--,5 &-

Y$"Z

)2P6.,

+

6

;̂

2-/%&

!

8

$

PC4$8&-/%&

!

8

&

PC6 2$"6

J+,$,

6

.)''98

A

.$'' ]P98

$

." ''' ]P98

&

.) ''' ]P

&$,*+,,N;"%,%*/&'C",((/C/,%*9*+,A"5#'&*/"% ($,T#,%C1

&%5 *J" C&$$/,$($,T#,%C/,-9$,-;,C*/0,'18F+,-&A;'/%4

/%*,$0&'/-C.- G$'

+*

-8

!U/48& /-*+,*/A,5"A&/% J&0,("$A "(*+,-/A#'&*,5

-/4%&'"(&$"''/%4 I,&$/%4 (&#'*8U$"A*+,J&0,("$A5/&O

4$&A9*+,;,$/"5/C/A;&C*C&% I,C',&$'1 -,,% &%5 /*-;,$/O

"5 /-'8'$ -8

?$1EKCF/A,5"A&/% J&0,("$A"(-/A#'&*,5 -/4%&'("$&$"''/%4

I,&$/%4 (&#'*

!]"J,0,$9/% &C*#&'-/*#&*/"%-9-#C+ &-,T#/;A,%*";,$O

&*/%4 /% *+,(&C*"$19*+,C"'',C*,5 -/4%&'"(*,% +&--*$"%4

I&CK4$"#%5 %"/-,8M+,% *+,$"''/%4 I,&$/%4 (&/'-9*+,;,O

$/"5/C/A;&C*C"A;"%,%*/% *+,-/4%&'/-,&-/'1 "0,$O

J+,'A,5 I1 %"/-,&%5 C&%%"*I,5,*,C*,58Q--+"J% /%

U/48"9?&#--/&% J+/*,%"/-,/-&55,5 *" *+,-/A#'&*,5

-/4%&'*" A&K,*+,):V "(*+,-/4%&'$,&C+ +- 5@8

F+,%9*+,;,$/"5/C/A;&C*C"A;"%,%*/-&'A"-*"0,$O

J+,'A,5 I1 *+,%"/-,9&%5 *+,I,&$/%4 C"%5/*/"% C&%%"*

I,5/$,C*'1 E#54,5 ($"A*+,*/A,5"A&/% J&0,("$A8

?$1ELCF/A,5"A&/% J&0,("$A"(-/A#'&*,5 -/4%&'("$&$"''/%4

I,&$/%4 (&#'*2):V.+- 5@6

!=% "$5,$*" 0,$/(1 *+,-#;,$/"$/*1 "(*+,;$";"-,5

FX))FA,*+"5 /% *+,%"/-,$,5#C*/"% "(-*$"%4 /A;&C*

-/4%&'-9FX))F9J&0,',**+$,-+"'5 %"/-,$,5#C*/"% 2MF6

&%5 J&0,',*5,%"/-/%4 #-/%4 %,/4+I"#$/%4 C",((/C/,%*-

2MXO:,/4+G",((6A,*+"5 &$,#-,5 *" ;$"C,--*+,%"/-1

-/4%&'/% U/48"9&%5 *+,% *+,*/A,5"A&/% J&0,("$A"(

U/48- /-"I*&/%,5 I1 *+,/%0,$-,*$&%-("$A&*/"%8

!U/48-2&6/-*+,$,C"%-*$#C*,5 J&0,("$A"(FX))F9

5

/-'8) &%5 *+,A&N/A#A-,&$C+ -*,; C/-*'8U/48* /-&

-" M# !/&C+,%9]# !/&%P+"%49&%5 d# W&5"%4!



2&6

2I6

2C6

?$1EMCV,C"%-*$#C*,5 J&0,("$A"(I,&$/%4 (&#'*-/A#'&*,5 -/4O

%&'-#-/%4 5/((,$,%*5,%"/-/%4 A,*+"5-8

2&6FX))FR2I6MFR2C6

MXO:,/4+G",((

Y$-Z

-C+,A&*/C5/&4$&A"(*+,*/A,O($,T#,%C1 *+$,-+"'5 5,%"/-O

/%4 ;$"C,--8=*C&% I,("#%5 *+&**+,J+/*,%"/-,/-$&%O

5"A'1 5/-*$/I#*,5 /% *+,*/A,O($,T#,%C1 -;,C*$#A8=% *+,

/%/*/&';$"C,--"(%"/-,$,5#C*/"%9*+,$,&$,A&%1 %"/-,

;"/%*-/% *+,-;,C*$#A9&%5 *+,%"/-,;&$*;'&1-&-/4%/(/O

C&%*$"',8Q-*+,*+$,-+"'5 /%C$,&-,--'"J'19*+,%"/-,

;&$*/-(/'*,$,59&%5 *+,5/((,$,%C,I,*J,,% *+,&5E&C,%*

-;,C*$&/%C$,&-,-8F+#-9*+,C"$$,'&*/"% C",((/C/,%*"(*+,

*/A,O($,T#,%C1 -;,C*$&-+"J-&5"J%J&$5 *$,%5 J+/',*+,

):V/%C$,&-,-&%5 /*-C#$0,-+"J-&% #;J&$5 *$,%58

F+,%9&-*+,%"/-,5,C$,&-,-9*+,A&/% ;&$*"(*+,-/4%&'

I,C"A,-A"$,&%5 A"$,;$"A/%,%*#%*/'*+,A&/% ;&$*"(

*+,-/4%&';'&1-&4$,&*,$$"',*+&% *+,%"/-,;&$*8M+,%

*+,*+$,-+"'5 C"%*/%#,-*" /%C$,&-,9*+,5/((,$,%C,I,O

*J,,% &5E&C,%*-;,C*$&5,C$,&-,-/%-*,&5 &%5 *+,C"$$,'&O

*/"% C",((/C/,%*C#$0,-+"J-&% #;J&$5 *$,%58X#,*" *+,

$,5#C*/"% "(*+,%"/-,9*+,):VC#$0,C"%*/%#,-*" $/-,8

Q--+"J% /% U/48*9*+,C"$$,'&*/"% C",((/C/,%*5,C$,&-,-

(/$-*&%5 *+,% /%C$,&-,-9J+/',*+,):V/%C$,&-,-A"%"*O

"%"#-'18M+,% *+,%"/-,;&$*/-I&-/C&''1 (/'*,$,5 "#*9*+,

A&/% ;&$*"(*+,-/4%&'I,4/%-*" I,(/'*,$,59&%5 *+,

C#$0,"(*+,):V&%5 *+,C"$$,'&*/"% C",((/C/,%*$,&C+,-

*+,;,&K -/A#'*&%,"#-'18U/%&''19&-*+,A&/% ;&$*"(*+,

-/4%&'/-(/'*,$,59*+,5/((,$,%C,I,*J,,% *+,&5E&C,%*

-;,C*$&/%C$,&-,-&4&/%9*+,C"$$,'&*/"% C",((/C/,%*&%5

):V5,C$,&-,-/A#'*&%,"#-'19&%5 I"*+ C#$0,--+"J &

5"J%J&$5 *$,%58=% ;$&C*/C&'&;;'/C&*/"%-9&-*+,*+$,-+O

"'5 /%C$,&-,-C"%*/%#"#-'19('#C*#&*/"%-A&1 "CC#$5#$/%4

*+,5,C$,A,%*/%4 "(*+,;"-*,$/"$-,4A,%*"(*+,C"$$,'&O

*/"% C",((/C/,%*C#$0,8F+,$,("$,9*+,*+$,-+"'5 C"$$,O

-;"%5/%4 *" *+,(/$-*;,&K ;"/%*&(*,$*+,(/$-*0&'',1 ;"/%*

"% *+,C#$0,/-*&K,% &-*+,";*/A&'%"/-,$,5#C*/"%

*+$,-+"'59&%5 *+,*+$,-+"'5 C"$$,-;"%5/%4 *" *+,;,&K

;"/%*A&$K,5 "% *+,C#$0,"(C"$$,'&*/"% C",((/C/,%*/%

U/48* /--,',C*,5 &-*+,";*/A&'*+$,-+"'58

?$1ENCF+,-C+,A&*/C5/&4$&A"(*+,*/A,O($,T#,%C1 *+$,-+"'5

5,%"/-/%4 ;$"C,--

!U/48-2I6/-*+,$,C"%-*$#C*,5 J&0,("$A "(MF9/%

J+/C+ *+,-1A* J&0,',*(#%C*/"% /--,',C*,59*+,%#AI,$

"(5,C"A;"-/*/"% '&1,$-/--9&%5 *+,-"(**+$,-+"'5 5,O

%"/-/%4 A,*+"5 /-&5";*,5 &(*,$*,-*/%48U/48-2C6/-*+,

$,C"%-*$#C*,5 J&0,("$A"(MXO:,/4+G",((9/% J+/C+ *+,

-1A) J&0,',*(#%C*/"% /--,',C*,5 &%5 *+,%#AI,$"(5,O

C"A;"-/*/"% '&1,$-/--8@1 C"A;&$/-"%9/*/-("#%5 *+&*

MF&%5 *+,MXO:,/4+G",((A,*+"5 +&0,-"A,5,%"/-/%4

,((,C*"% *+,%"/-1 -/4%&'-J/*+ "I0/"#-/A;&C*C"A;"O

%,%*-9I#**+,;,$/"5 "(*+,/A;&C*C&%%"*I,C',&$'1 /5,%O

*/(/,5 /% *+,$,C"%-*$#C*,5 -/4%&'J+,% *+,"$/4/%&'):V/-

'"J8F+,;$";"-,5 A,*+"5 C&% "I*&/% +/4+,$):V8M+,%

*+,"$/4/%&'):V$,&C+,-+- 5@9*+,/A;&C*C"A;"%,%*

J/*+ &;,$/"5 "('8'$ -C&% -*/''I,C',&$'1 ("#%5 /% *+,

$,C"%-*$#C*,5 -/4%&'9J+/C+ ;$"0,-*+&*/*/-A"$,-#/*&I',

("$*+,5,%"/-/%4 "(-*$"%4 /A;&C*-/4%&'-8

!=% "$5,$*" (#$*+,$;$"0,*+,-#;,$/"$/*1 "(*+,FX))F

A,*+"59*+,-/4%&')2P6-+"J% /% 3T82$"6/-&55,5 J/*+

5/((,$,%*5,4$,,-"(%"/-,9&%5 *+,% *+,&I"0,*+$,,A,*+O

"5-&$,#-,5 ("$%"/-,$,5#C*/"% &%5 *+,):V/-C&'C#'&*O

,58F+,$,-#'*--+"J% /% F&I8$ &$,*+,&0,$&4,0&'#,-"(

$' *,-*-8

U+2EB!):V"($,C"%-*$#C*,5 -/4%&' 5@

:"/-,',0,'S5@ MF MXO:,/4+G",(( FX))F

+- '8)$* '8#*& "8($&

' "8-'- &8()* %8-'"

- *8))% *8#%$ $'8&*#

) (8$#$ )8#(* $"8%*"

$& $&8--& $&8$$% $%8")$

!=*/-0,$/(/,5 *+&**+,5,%"/-/%4 ,((,C*-"(FX))F&$,

I,**,$*+&% *+"-,"(*+,"*+,$*J" A,*+"5-J/*+ *+,I&CKO

4$"#%5 "(-*$"%4 %"/-,&%5 J,&K %"/-,("$-*$"%4 /A;&C*

-/4%&'-8

!F+,%9/% "$5,$*" 0,$/(1 *+,-#;,$/"$/*1 "(FX))F/%

/A;$"0/%4 *+,*/A,O($,T#,%C1 $,-"'#*/"%9*+,-/4%&'/%

*"!U&#'*5/&4%"-/-A,*+"5 "($"''/%4 I,&$/%4 I&-,5 "% *+$,-+"'5 5,%"/-/%4 -1%C+$"-T#,,P/%4 *$&%-("$A&%5 G::



U/48" /-;$"C,--,5 I1 )FUF9U))F&%5 FX))F9$,-;,CO

*/0,'18F+,) ''' ]P($,T#,%C1 C"A;"%,%*/-&A;'/(/,5 *"

"I*&/% &'"C&'*/A,O($,T#,%C1 5/&4$&A&--+"J% /% U/48#8

U/48#2&6/-*+,'"C&'*/A,O($,T#,%C1 5/&4$&A"I*&/%,5 I1

*+,)FUF8F+,*/A,O($,T#,%C1 ,%,$41 /-$,'&*/0,'1 -C&*O

*,$,59&%5 5#,*" *+,/%('#,%C,"(-*$"%4 %"/-,9*+,$,&$,

$&%5"A'1 5/-*$/I#*,5 %"/-,-/% &55/*/"% *" *+,) ''' ]P

($,T#,%C1 C"A;"%,%*8U/48# 2I6/-*+,$,-#'*"(*+,

U))F8=*-$,-"'#*/"% /--/4%/(/C&%*'1 /A;$"0,5 C"A;&$,5

*" U/48#2&69&%5 *+,,%,$41 /-A&/%'1 C"%C,%*$&*,5 %,&$

) ''' ]P9I#**+,%"/-,;&$*/-&'-" 5/-*$/I#*,5 "% *+,5/&O

4$&A&(*,$I,/%4 C"A;$,--,58U/48#2C6-+"J-*+,$,-#'*-

"(*+,FX))F8=*C&% I,-,,% *+&**+,%"/-,;&$*/-"I0/O

"#-'1 $,5#C,5 &%5 *+,,%,$41 /-C"%C,%*$&*,5 &*) ''' ]P9

&%5 *+#-*+,*/A,O($,T#,%C1 $,-"'#*/"% /--/4%/(/C&%*'1 /AO

;$"0,58=% "$5,$*" &CC#$&*,'1 C"A;&$,*+,,((,C*-"(,&C+

A,*+"59*+,Vj%1/,%*$";1 F/-#-,5 *" A,&-#$,*+,*/A,O

($,T#,%C1 $,-"'#*/"%

Y$*Z

[

F`

$

$ l

6

'"4

&

7

*($2

.

9;6

6

5;5

.

7

*($2

.

9;65;5

.

2$-6

J+,$,

6

4,%,$&''1 *&K,-"9&%5 *+,-A&'',$*+,0&'#,"(

2&6

2I6

2C6

?$1EOCH"C&'*/A,O($,T#,%C1 5/&4$&A-8

2&6)FUFR2I6U))FR

2C6FX))F

*+,Vj%1/,%*$";19*+,+/4+,$*+,*/A,O($,T#,%C1 $,-"'#O

*/"% J/''I,8F+,Vj%1/,%*$";1 /-C&'C#'&*,5 ("$*+,4'"IO

&'*/A,O($,T#,%C1 -;,C*$#AC"$$,-;"%5/%4 *" *+,*+$,,;/CO

*#$,-/% U/48#9J+/C+ &$,&&8"$-9&'8-*( &%5 $)8&-*9

$,-;,C*/0,'18F+,Vj%1/,%*$";1 "(*+,*/A,O($,T#,%C1 5/O

&4$&A "I*&/%,5 I1 *+,FX))FA,*+"5 /-*+,-A&'',-*9

J+/C+ $,;$,-,%*-*+,+/4+,-**/A,O($,T#,%C1 $,-"'#*/"%9

*+#-0,$/(1/%4 *+,-#;,$/"$/*1 "(*+,FX))FA,*+"5 /% /AO

;$"0/%4 *+,*/A,O($,T#,%C1 $,-"'#*/"%8

KC?+@0);$+1'&%$%G")>&,&(!&00$'1 ="+*$'1

=+%",&'U;IIU+',AXX

!G::/-&5,,; ',&$%/%4 %,*J"$K ("$/5,%*/(1/%4 *J"O5/O

A,%-/"%&'(,&*#$,A&;-

Y$#Z

8=*C&% &#*"A&*/C&''1 ,N*$&C*

(,&*#$,-("$C'&--/(/C&*/"% ($"A *J"O5/A,%-/"%&'A&;-9

J+/C+ /--/A/'&$*" *+,;$"C,--/%4 "(+#A&% I$&/% 0/-/"%

-1-*,A-8G:: C"%*&/%-A#'*/;',+/55,% '&1,$-9J+/C+

C&% *$&%-(,$(,&*#$,-'&1,$I1 '&1,$&%5 *$&%-("$A'"JO',0O

,'(,&*#$,-*" +/4+O',0,'(,&*#$,-*" &C+/,0,(,&*#$,',&$%O

/%4 &%5 ,N;$,--/"%

Y$%Z

8G:: /-4,%,$&''1 C"A;"-,5 "(

C"%0"'#*/"%&''&1,$-9-&A;'/%4 '&1,$-&%5 (#''1 C"%%,C*,5

'&1,$-8F+,J,/4+*-+&$/%4 &**$/I#*,&%5 *+,5/A,%-/"%&'/O

*1 $,5#C*/"% "(*+,-&A;'/%4 '&1,$4$,&*'1 $,5#C,*+,;&O

$&A,*,$-*+&*G:: %,,5-*" *$&/%9*+#--/A;'/(1/%4 *+,

%,*J"$K A"5,'&%5 /A;$"0/%4 *+,*$&/%/%4 ,((/C/,%C18

!FX))F/-#-,5 ("$*+,;$"C,--/%4 "(G::/%;#*5&*&9

&%5 &(&#'*5/&4%"-/-A,*+"5 ("$$"''/%4 I,&$/%4-I&-,5 "%

*+,FX))F&%5 G::/-;$";"-,58Q--+"J% /% U/48%9

(/$-*'19*+,$"''/%4 I,&$/%4 0/I$&*/"% -/4%&'/-;$"C,--,5 I1

*+,FX))F9*+,% *+,5&*&-,*/-5/0/5,5 /%*" *$&/%/%4

-,*&%5 *,-*-,*R*+,G::5/&4%"-/-A"5,'/-"I*&/%,5 I1

?$1EPCU&#'*5/&4%"-/-('"JC+&$*I&-,5 "% FX))F&%5 G::

#" M# !/&C+,%9]# !/&%P+"%49&%5 d# W&5"%4!



*$&/%/%4 %,*J"$K J/*+ *$&/%/%4 -,*9&%5 (/%&''1 *+,*,-*-,*

/-/%;#**,5 /%*" *+,A"5,'*" "I*&/% C'&--/(/C&*/"% &CC#$&C18

LCQR3"*$4"')5'+09%$%

LEBC;+)+ +'+09%$%

!F+,";,% 5&*&-,*"(*+,G&-,M,-*,$% V,-,$0,.%/0,$O

-/*1 /--,',C*,5 &-*+,,N;,$/A,%*&'5&*&8F+,,N;,$/A,%*

-/A#'&*,-5/((,$,%*5,4$,,-"(/%%,$$/%4 (&#'*-9"#*,$$/%4

(&#'*-&%5 $"''/%4 ,',A,%*(&#'*-I1 ,%4$&0/%4 *+,-C$&*O

C+,-"(5/((,$,%*5,;*+-"% *+,/%%,$$/%49"#*,$$/%4 &%5

$"''/%4 ,',A,%*-"(*+,I,&$/%48U&#'*-J/*+ &5,;*+ "(

'8$%% )9'8"** #9&%5 '8*"" - AAC&% I,C"%-/5,$,5 &-

A/%"$9A"5,$&*,9&%5 -,0,$,(&#'*-9$,-;,C*/0,'18=% *+/-

;&;,$9*+,0/I$&*/"% 5&*&&*$ %(% $SA/% /-5/0/5,5 /%*" $'

C&*,4"$/,-[%"$A&'C"%5/*/"%9A/%"$9A"5,$&*,&%5 -,O

0,$,/%%,$$/%4 (&#'*-9A/%"$9A"5,$&*,&%5 -,0,$,"#*,$

$/%4 (&#'*-&%5 A/%"$9A"5,$&*,&%5 -,0,$,$"''/%4 ,',O

A,%*(&#'*-83&C+ C&*,4"$1 -,',C*-$'' *$&/%/%4 5&*&&%5

$'' *,-*5&*&8F+,',%4*+ "(,&C+ -&A;',5&*&/-$ '&-9

&%5 *+,*/A,O($,T#,%C1 5/&4$&A/-C"%0,$*,5 *" 4$&1-C&',

&%5 C"A;$,--,5 *" $&) G$&) &(*,$;$"C,--/%4 J/*+ */A,O

($,T#,%C1 &%&'1-/-A,*+"5-8U/48) &%5 U/48( &$,*+,

*/A,O($,T#,%C1 5/&4$&A-"(*+,%"$A&'C"%5/*/"%9-,0,$,

/%%,$$/%4 (&#'*9-,0,$,"#*,$$/%4 (&#'*&%5 -,0,$,$"''/%4

,',A,%*(&#'*;$"C,--,5 I1 *+,)FUF&%5 FX))F9$,-;,CO

*/0,'19#%5,$*+,C"%5/*/"% "(+- 5@8F+,%"/-,;&$*/%

U/48) /-"I0/"#-9*+,A&/% ;&$*"(*+,-/4%&'/-&'A"-*

C"0,$,5 #;9J+/',*+,%"/-,;&$*/% U/48( /-A"-*'1 (/'O

*,$,5 "#*&%5 *+,A&/% ;&$*"(*+,-/4%&'C&% I,C',&$'1

-,,% &(*,$*+,FX))F8

2&6

!

2I6

!

2C6

!

256

?$1E\C)FUF*/A,O($,T#,%C1 5/&4$&A"(&I,&$/%4 /% 5/((,$,%*-*&*,-8

2&6:"$A&'C"%5/*/"%R2I6),0,$,/%%,$$/%4 (&#'*R2C6),0,$,"#*,$

$/%4 (&#'*R256),0,$,$"''/%4 ,',A,%*(&#'*

2&6

!

2I6

!

2C6

!

256

?$1EWCFX))F*/A,O($,T#,%C1 5/&4$&A"(&I,&$/%4 /% 5/((,$,%*-*&*,-8

2&6:"$A&'C"%5/*/"%R2I6),0,$,/%%,$$/%4 (&#'*R2C6),0,$,"#*O

,$$/%4 (&#'*R256),0,$,$"''/%4 ,',A,%*(&#'*

!F+,*/A,O($,T#,%C1 5/&4$&A-/% U/48) &%5 U/48( &$,

C"A;$,--,5 *" &-/P,"($&) G$&) &%5 *+,$,-#'*-&$,

-+"J% /% U/48$' &%5 U/48$$9$,-;,C*/0,'18=*C&% I,-,,%

*+&**+,C"A;$,--,5 5/&4$&A-&(*,$FX))F;$"C,--/%4 &$,

-/4%/(/C&%*'1 C',&$,$*+&% *+,C"A;$,--,5 5/&4$&A-&(*,$

)FUF;$"C,--/%48=*C&% I,,N;,C*,5 *+&**+,$,5#C*/"% "(

%"/-,/%('#,%C,&%5 *+,/A;$"0,A,%*"($,-"'#*/"% C&% ,(O

(,C*/0,'1 /A;$"0,*+,C'&--/(/C&*/"% &CC#$&C1 "(G::8

2&6

!

2I6

!

2C6

!

256

?$1EBVC)FUF*/A,O($,T#,%C1 C"A;$,--/"% 5/&4$&A"(&I,&$/%4 /% 5/((,$,%*-*&*,-8

2&6:"$A&'C"%5/*/"%R2I6),0,$,/%%,$$/%4 (&#'*R

2C6),0,$,"#*,$$/%4 (&#'*R256),0,$,$"''/%4 ,',A,%*(&#'*

%"!U&#'*5/&4%"-/-A,*+"5 "($"''/%4 I,&$/%4 I&-,5 "% *+$,-+"'5 5,%"/-/%4 -1%C+$"-T#,,P/%4 *$&%-("$A&%5 G::



2&6

!

2I6

!

2C6

!

256

?$1EBBCFX))F*/A,O($,T#,%C1 C"A;$,--/"% 5/&4$&A"(&I,&$/%4 /% 5/((,$,%*-*&*,-8

2&6:"$A&'C"%5/*/"%R2I6),0,$,/%%,$$/%4 (&#'*R

2C6),0,$,"#*,$$/%4 (&#'*R256),0,$,$"''/%4 ,',A,%*(&#'*

LEKCI"0"6)$&'&(AXX%)*@6)@*"

!Q*;$,-,%*9*+,$,/-%" -*$/C*-*&%5&$5 *" A,&-#$,*+,

T#&'/*1 "(G::-*$#C*#$,8F+/-;&;,$A&/%'1 ,N&A/%,-*+,

$"I#-*%,--"(*+,;$";"-,5 A,*+"5 J+/',*+,C+"/C,"(*+,

G::-*$#C*#$,/-%"**+,("C#-8F+,$,("$,9*+,G::

-+"J% /% U/48$& /--,',C*,5 &-*+,*,-*%,*J"$K &(*,$*,-*-8

=*#-,-*J" C"%0"'#*/"% '&1,$-9*J" -&A;'/%4 '&1,$-&%5

"%,(#''1 C"%%,C*,5 '&1,$8X$";"#*/-#-,5 /% *+,(#''1

C"%%,C*,5 '&1,$*" ;$,0,%*"0,$O(/**/%49&%5 -"(*A&N /--,O

',C*,5 &-*+,C'&--/(/,$8

?$1EBKC)*$#C*#$,5/&4$&A"(G::

!=% F&I8&9G5,%"*,-*+,C"%0"'#*/"%&''&1,$9&%5 D5,O

%"*,-*+,-&A;'/%4 '&1,$8G$ #-,-("#$* G* -/P,C"%0"'#O

*/"% K,$%,'-9G& #-,--/N " G" -/P,C"%0"'#*/"% K,$%,'-8

F+,-&A;'/%4 '&1,$#-,-A,&% -&A;'/%48F+,&$,&-/P,/-

& G&9*+,-*,; -/P,/-&9&%5 *+,V,H.(#%C*/"% /--,',C*O

,5 &-*+,&C*/0&*/"% (#%C*/"%8

U+2EK!)*$#C*#$&';&$&A,*,$-"(G::

H&1,$%&A, G$ D$ G& D&

)/P, * G* & G& " G" & G&

:#AI,$ - - # #

LELC!&2@%)'"%%+'+09%$%

!=% "$5,$*" 0,$/(1 *+,$"I#-*%,--"(,&C+ */A,O($,T#,%C1

&%&'1-/-A,*+"5 C"AI/%,5 J/*+ G::("$%"/-,9(/$-*'19

*+,5&*&/-;$"C,--,5 I1 ,&C+ A,*+"5 &%5 *+,%,*J"$K /-

*$&/%,58F+,%9*+,*,-*5&*&/-&55,5 J/*+ 5/((,$,%*5,O

4$,,-"(%"/-,&%5 ;$"C,--,5 I1 *+,C"$$,-;"%5/%4 A,*+"5

*" *,-**+,%,*J"$K8F" I,**,$0,$/(1 *+,,((,C*"(*+,

A,*+"59&0&$/,*1 "(A,*+"5-&$,#-,5 ("$C"A;&$/-"%8

F+,$,-#'*-&$,-+"J% /% F&I8" &%5 U/48$"8F+,(/$-*

A,*+"5 J&-;$";"-,5 I1 H/,*&'8

Y(Z

9)FUF&%5 G::

J,$,C"AI/%,5 ("$5/&4%"-,9&%5 *+,,((,C*"(;&$&A,*,$-

"% *+,$,-#'*-J&-&%&'1P,58F+,-,C"%5 A,*+"5 J&-;$"O

;"-,5 I1 W#&% ,*&'8

Y$)Z

9J+/C+ #-,5 C"%*/%#"#-J&0,',*

*$&%-("$A2GMF6&-*+,5&*&;$"C,--/%4 A,*+"59C"AO

I/%,5 J/*+ G::("$5/&4%"-/-8F+,'&**,$*+$,,A,*+"5-

#-,*+,A,*+"5-A,%*/"%,5 /% *+,(/$-*-,C*/"% &-*+,;$"O

C,--/%4 A,*+"5-"(5&*&9/% J+/C+ MF)FUF$,;$,-,%*-

J&0,',**+$,-+"'5 %"/-,$,5#C*/"% 4)FUF9:G)FUF$,O

;$,-,%*-J&0,',*5,%"/-/%4 #-/%4 %,/4+I"$/%4 C",((/C/,%*-

4)FUF8

!F+,&CC#$&C/,-"(*+,%,*J"$K-*$&/%,5 J/*+ 5/((,$,%*

/%;#*-&A;',-#%5,$5/((,$,%*%"/-,C"%5/*/"%-&$,C"AO

;&$,5 /% F&I8"8F+,&CC#$&C1 $,-#'*-&$,*+,&0,$&4,0&'O

#,-"($' *,-*-&%5 *+,-*&%5&$5 5,0/&*/"% "(*+,&CC#$&C1

"(,&C+ C&-,/-C&'C#'&*,58=*C&% I,("#%5 *+&**+,&CC#$&O

C/,-"(*+,%,*J"$K-"I*&/%,5 I1 #-/%4 )FUF9GMFMFO

)FUF&%5 :G)FUF&-;$,;$"C,--/%4 A,*+"5-&$,$,'&*/0,O

'1 +/4+ "%'1 J+,% ):V/-+/4+9&%5 *+,&CC#$&C/,-$&;/5O

'1 5,C$,&-,J+,% ):V$,5#C,-*" - 5@"$',--8<"$,O

"0,$9*+,&CC#$&C/,-"(*+,%,*J"$K J/*+ MF)FUF&%5

:G)FUF&$,'"J,$*+&% *+"-,J/*+ )FUF&%5 GMF9

J+/C+ &'-" &CC"$5-J/*+ *+,$,-#'*-"(U/48-8Q'*+"#4+

MF&%5 MXO:,/4+G",((C&% /A;$"0,*+,):V*" -"A,

,N*,%*9*+,;$"I',A"('"--"(/A;&C*C"A;"%,%*-/% *+,

-/4%&'C&%%"*I,/4%"$,58]"J,0,$9*+,5/&4%"-*/CA,*+O

"5 I&-,5 "% FX))F&%5 G::/% *+/-;&;,$/-+/4+'1 &CO

C#$&*,J+,*+,$*+,):V/-+/4+ "$'"J9,-;,C/&''1 J+,%

*+,):V$,&C+,-+- 5@8F+,&CC#$&C1 "()FUF&%5

GMF/-$,5#C,5 *" &I"#*-'k9J+/',*+,&CC#$&C1 "(

FX))F$,A&/%--*/''&I"0,)'k8

!=% &55/*/"%9#%5,$5/((,$,%*%"/-,',0,'-9*+,-*&%5&$5

5,0/&*/"% "(,&C+ A,*+"5 /--A&''9/%5/C&*/%4 *+&**+,-*&O

I/'/*1 "(,&C+ A,*+"5 /-4""5 &%5 *+,A,*+"5-&$,(,&-/I',8

)" M# !/&C+,%9]# !/&%P+"%49&%5 d# W&5"%4!



U+2EL!F+,&CC#$&C/,-"(G::J/*+ 5/((,$,%**/A,O($,T#,%C1 &%&'1-/-A,*+"5- k

:"/-,',0,'S5@ )FUF GMF MF)FUF :G)FUF FX))F

+- -'8$' H$8(# "#8%$ H$8"( &$8$" H'8*& $%8&& H$8'# )$8%& H$8$%

' **8") H$8)& *'8#' H&8") &(8%* H$8'- "-8#( H$8(- (#8&- H$8$'

- %#8($ H&8'( %-8&* H$8)$ %'8-# H$8"' %$8%$ H$8*" ((8'" H'8"$

) ("8%- H$8'# (-8&* H$8%) )%8)* H'8(( )(8%% H'8#% ((8-$ H'8$*

$& ((8"% H'8&' ((8') H'8$" ($8#$ H'8)& ($8%- H'8## ((8-( H'8$&

F+,&CC#$&C1 "(*+,;$";"-,5 A,*+"5 /-*+,+/4+,-*/%

;&$*/C#'&$8F+,&CC#$&C1 C#$0,-"($' *$/&'-n5/&4%"-/-$,O

-#'*-0/&*+,;$";"-,5 A,*+"5 &%5 "*+,$("#$A,*+"5-

J+,% *+,):V/-- 5@&$,5/-;'&1,5 /% U/48$"8=*C&% I,

("#%5 *+&**+,A,*+"5 ;$";"-,5 /% *+/-;&;,$/-0,$1 &CC#O

$&*,9&%5 *+,$,-#'*-"(*+,$' *$/&'-&$,$,'&*/0,'1 -/A/'&$8

F+,C#$0,0&$/,-A"$,4,%*'1 J/*+ A"$,-*&I/'/*1 *+&% /%

*+,"*+,$("#$A,*+"5-8F+,&I"0,&%&'1-/-$,-#'*-0,$/(1

*+,-#;,$/"$/*1 "(*+,;$";"-,5 A,*+"5 &%5 *+,$"I#-*%,--

"(*+,%,*J"$K &4&/%-*%"/-,8

?$1EBL CX/&4%"-/-$,-#'*-"(*+,$' *$/&'-"(("#$A,*+"5-

2:"/-,',0,'/-- 5@6

MCA&'60@%$&'%

!$6F&$4,*/%4 *+,;$"I',A*+&*/*/-5/((/C#'**" 5,*,$A/%,

*+,*+$,-+"'5 I1 *+,*$&5/*/"%&'*/A,O($,T#,%C1 *+$,-+"'5

5,%"/-/%4 A,*+"59&*/A,O($,T#,%C1 *+$,-+"'5 5,%"/-/%4

A,*+"5 I&-,5 "% *+,*+$,-+"'5 ";*/A/P&*/"% 0/&-;,C*$&'

C"$$,'&*/"% C",((/C/,%*/% )FUF/-;$";"-,58F+,*+$,-+"'5

C&% I,/%C$,&-,5 /% &0&$/&I',',%4*+ A&%%,$&%5 5,*,$O

A/%,5 &CC"$5/%4 *" *+,*$,%5 "(*+,C"$$,'&*/"% C",((/C/,%*

C#$0,8 F+,%9 *+, A,*+"5 /- C"AI/%,5 J/*+ -1%O

C+$"-T#,,P/%4 *$&%-("$A9&%5 &*/A,O($,T#,%C1 &%&'1-/-

A,*+"5 I&-,5 "% FX))F/-;$";"-,58F+,-#;,$/"$/*1 "(

*+,A,*+"5 /% %"/-,$,5#C*/"% &%5 */A,O($,T#,%C1 $,-"'#O

*/"% /A;$"0,A,%*/-0,$/(/,5 I1 -/A#'&*/"%8

!&6F&$4,*/%4 *+,;$"I',A*+&**+,J"$K/%4 C"%5/*/"% "(

*+,$"''/%4 I,&$/%4 +&--*$"%4 %"/-,&%5 &((,C*-*+,E#54O

A,%*("$*+,$"''/%4 I,&$/%4 C"%5/*/"%9&(&#'*5/&4%"-/-

A,*+"5 I&-,5 "% FX))F&%5 G::/-;$";"-,58

!"6F+,$"''/%4 I,&$/%4 (&#'*5/&4%"-/-A,*+"5 I&-,5 "%

FX))F&%5 G::/-&;;'/,5 *" *+,";,% I,&$/%4 5&*&"(

*+,G&-,M,-*,$% V,-,$0,.%/0,$-/*18F+,5&*&-,*/-5/O

0/5,5 /%*" *$&/%/%4 -,*&%5 *,-*-,*8FX))F;$"C,--/%4 /-

&;;'/,5 *" *+,*$&/%/%4 -,*9&%5 *+,*,-*-,*/-&55,5 J/*+

5/((,$,%*5,4$,,-"(%"/-,&%5 ;$"C,--,5 I1 FX))F8

U/%&''19*+,*$&/%,5 G::%,*J"$K /-#-,5 ("$5/&4%"-/-8

@1 C"A;&$/-"%9*+/-A,*+"5 C&% ,((,C*/0,'1 /A;$"0,*+,

5/&4%"-*/C&CC#$&C1 &%5 +&-4""5 $"I#-*%,--8

!"("*"'6"%

Y$ZH/!<9W&" dU9M&%4 ]9,*&'8D,$/"5/C/A;#'-,-,NO

*$&C*/"% I&-,5 "% /A;$"0,5 &5&;*/0,7<X&%5 -;&$-,C"5,

-+$/%K&4,5,%"/-/%4 &%5 /*-&;;'/C&*/"% /% $"*&*/%4 A&C+/%O

,$1 (&#'*5/&4%"-/-Y!Z8.:*=,$+*,70L<;:%<,$? 0+@$,7

M64*:<<+$@9&'$(9BKO[*#) *)(8XL=[$'8$'$#SE8

1A--;8&'$(8'&8'*#8

Y&Z?#" !G9\+,% X9H/]W9,*&'8U&#'*(,&*#$,,N*$&C*/"%

("$$"''/%4 ,',A,%*I,&$/%4 5/&4%"-/-I&-,5 "% &A#'*/O

-*&4,%"/-,$,5#C*/"% A,*+"5 Y!Z8.:,<56:%:$;9&'$(9

BLW[&&# &"*8XL=[$'8$'$#SE8A,&-#$,A,%*8&'$(8'&8

'%&8

Y"ZW&% dQ9H/# W9!/&< D8Q(,&*#$,-,',C*/"% ($&A,O

J"$KOI&-,5 A#'*/-C&',A"$;+"'"4/C&'&%&'1-/-&'4"$/*+A

("$(&#'*5/&4%"-/-"($"''/%4 ,',A,%*I,&$/%4Y!Z8HDDDI*E

*:<<9&'$(9P[$&"-"# $&"-*&8XL=[$'8$$'(S&CC,--8

&'$(8&("%%*$8

Y-ZW&% dQ9H/# W9!/&< D9,*&'8QA#'*/O-*&4,+1I$/5

(&#'*5/&4%"-/-&;;$"&C+ ("$$"''/%4 ,',A,%*I,&$/%4 #%5,$

0&$/"#-J"$K/%4 C"%5/*/"%-Y!Z8HDDDI**:<<9&'$(9P[

$")-&# $")--$8XL=[$'8$$'(S&CC,--8&'$(8&("%)&)8

Y*ZH/]B9W&%4 V9V,% W!9,*&'8V"''/%4 ,',A,%*I,&$/%4

5/&4%"-/-#-/%4 ;&$*/C',(/'*,$&%5 K#$*"4$&AY!Z83456$,7

48.:*=,$+*,7D$@+$::6+$@9&'$%9NL2"6[#" %&8XL=[

$'8"('$S!<38&'$%8'"8'#"82/% G+/%,-,6

Y#Z\+"# UW9!/% HD9X"%4 !8V,0/,J"(C"%0"'#*/"%&'

%,#$&'%,*J"$KY!Z82=+$:<:3456$,74824%B5;:6<9&'$%9

MV2#6[$&&( $&*$82/% G+/%,-,6

Y%Z3$,% H9=%C,F9B/$&%1&P)8Q4,%,$/C/%*,''/4,%*I,&$/%4

(&#'*5/&4%"-/--1-*,A #-/%4 C"A;&C*&5&;*/0,$X G::

C'&--/(/,$Y!Z83456$,7480+@$,7M64*:<<+$@ 0L<;:%<9&'$(9

WB2&6[$%( $)(8XL=[$'8$''%S-$$&#*O'$)O$"%)O"8

Y)ZH/# dG9\+"# >G9\+&" !9,*&'8U&#'*5/&4%"-/-"($"O

*&*/%4 A&C+/%,$1 #%5,$%"/-1 ,%0/$"%A,%*C"%5/*/"%-I&-,5

"% &$OXC"%0"'#*/"%&'&#*",%C"5,$&%5 $OXC"%0"'#*/"%&'

%,#$&'%,*J"$KY!Z80:$<46<9&'$(9BW2-6[(%&O$ (%&O

&'8XL=[$'8""('S-$('-'(%&8

Y(ZH/]9\+&%4 >9>/% dV9,*&'8U&#'*5/&4%"-/-A,*+"5

("$$"''/%4 I,&$/%4-I&-,5 "% -+"$*O*/A,U"#$/,$*$&%-("$A

&%5 C"%0"'#*/"% %,#$&'%,*J"$KY!Z83456$,748N+-6,;+4$

,$? 0=4*P9&'$)9LP2$(6[$&- $"$8XL=[$'8$"-#*SE8

C%K/8E0-8&'$)8$(8'&'82/% G+/%,-,6

Y$'ZLI,$'/% F9<,/4%,% )9D,$$/,$78F+,U"#$/,$OI&-,5 -1%O

C+$"-T#,,P/%4 *$&%-("$AYGZSS&'$- HDDD H$;:6$,;+4$,7

24$8:6:$*:4$ I*45<;+*<S0B::*= ,$? 0+@$,7M64*:<<+$@

("!U&#'*5/&4%"-/-A,*+"5 "($"''/%4 I,&$/%4 I&-,5 "% *+$,-+"'5 5,%"/-/%4 -1%C+$"-T#,,P/%4 *$&%-("$A&%5 G::



2H2I00M68U'"$,%C,9=*&'19&'$-["$* "$(8XL=[$'8

$$'(S/C&--;8&'$-8#)*"#'(8

Y$$Z)*&%K"0/C

I!

H9XE#$"0/C

I!

=9)*&%K"0/C

I!

)9,*&'8=%-*&%*&%,"#-

($,T#,%C1 /% */A,O($,T#,%C1 &%&'1-/-[3%+&%C,5 C"%C,;*-

&%5 ;,$("$A&%C,"(,-*/A&*/"% &'4"$/*+A-Y!Z8O+@+;,70+@E

$,7M64*:<<+$@9&'$-9LN[$ $"8XL=[$'8$'$#SE85-;8

&'$-8'(8'')8

Y$&ZW# ?9M&%4 \]9\+&" D8<#'*/-1%C+$"-T#,,P/%4 *$&%-O

("$AY!Z8HDDDC6,$<,*;+4$<4$ H$?5<;6+,7D7:*;64$+*<9

&'$(9OO2%6[*--$ *-**8XL=[$'8$$'(S*/,8&'$)8

&)#)&(#8

Y$"Z)# M )9M&%4 UF9\+# ]9,*&'8V"''/%4 ,',A,%*I,&$O

/%4 (&#'*-5/&4%"-/-I&-,5 "% ";*/A&'<"$',*J&0,',*(/'*,$

&%5 &#*"C"$$,'&*/"% ,%+&%C,A,%*Y!Z8.:*=,$+*,70L<;:%<

,$? 0+@$,7M64*:<<+$@9&'$'9KM2*6[$-*) $-%&8XL=[

$'8$'$#SE81A--;8&''(8$$8'$$8

Y$-ZG&/FF9)/'0,$A&% @M 8=%C"$;"$&*/%4 /%("$A&*/"% "%

%,/4+I"$/%4 C",((/C/,%*-/%*" J&0,',*,-*/A&*/"%Y!Z80,$E

P=L,9&''$9OL2&6[$&% $-)8

Y$*ZM&%4 )@9G+,% dU9G&/??9,*&'8<&*C+/%4 5,A"5O

#'&*/"% *$&%-("$A&%5 -1%C+$"-T#,,P/%4 /% */A,O($,T#,%C1

&%&'1-/-Y!Z8HDDDC6,$<,*;+4$<4$ 0+@$,7M64*:<<+$@9

&'$-9OK 2$6[ #( )-8XL=[$'8$$'(S*-;8&'$"8

&&%#"("8

Y$#ZM&%4 W]9d# G9d# G9,*&'8D&CK/%4 C"%0"'#*/"%&'

%,#$&'%,*J"$K-/% *+,($,T#,%C1 5"A&/%Y!Z8HDDDC6,$<E

,*;+4$<4$ M,;;:6$ I$,7L<+<,$? .,*=+$:H$;:77+@:$*:9

&'$(9MB2$'6[&-(* &*$'8XL=[$'8$$'(S*;&A/8&'$)8

&)*%)&-8

Y$%Z)#% !9G&" M9d# \9,*&'8H,&$%/%4 &C"%0"'#*/"%&'

%,#$&'%,*J"$K ("$%"%O#%/("$A A"*/"% I'#$$,A"0&'

YGZSS&'$* HDDD24$8:6:$*:4$ 24%B5;:6N+<+4$ ,$?

M,;;:6$ F:*4@$+;+4$ 22NMF68@"-*"%9<Q9.)Q9&'$*[

%#( %%%8XL=[$'8$$'(SC0;$8&'$*8%&()#%%8

Y$)ZW#&% !]9]&% F9F&%4 !9,*&'8=%*,''/4,%*(&#'*5/&4%"O

-/-A,*+"5 ("$$"''/%4 I,&$/%4-I&-,5 "% J&0,',**/A,O($,O

T#,%C1 5/&4$&A&%5 G::Y!Z8.,*=+$:O:<+@$ ,$? F:E

<:,6*=9&'$%9LL2&6[(" (%82/% G+/%,-,6

基于阈值降噪同步压缩变换和 G::的滚动轴承故障诊断方法

吴佳晨! 胡建中! 徐亚东

"东南大学机械工程学院! 南京 &$$$)(#

摘要!针对滚动轴承振动信号的非平稳性和易被背景噪声干扰导致故障难以被准确诊断的问题!提出了一

种基于时频阈值降噪同步压缩变换"FX))F#和卷积神经网络"G::#的滚动轴承故障诊断方法8由于传统

的小波阈值降噪及小波相邻系数降噪方法受信号噪声方差估计精度影响大!因此采用了基于 )FUF谱相关

系数阈值寻优的时频降噪方法!将其与同步压缩变换结合!并用滚动轴承模拟冲击故障信号验证了 FX))F

方法降噪及提高时频分辨率的能力8最后!利用G::对FX))F方法处理得到时频图进行诊断!滚动轴承实

验数据诊断结果表明了所提方法能够有效地提高诊断准确率!当轴承信号信噪比大于 ' 5@时!诊断准确率

都达到了 (*k以上!即使信噪比降到+- 5@时!诊断准确率也维持在 )'k左右!并且多次测试结果的标准

差较小!表明方法具有良好的鲁棒性8

关键词!阈值降噪%同步压缩变换%卷积神经网络%滚动轴承

中图分类号!F]$""8"% FD$)
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