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3 ,-/ B&#-+&0 %A*"&%-/ S*$,("K-3 X+)- -" P)(/ S*$"-'K!(@&-3 ,+ XORY3 Y#+!'-

Q+''+F-##(3 ,- OPZPMR$#2+!%(-3 ,- DO<O

!

3 -" ,+ /$'(*"* P&#-'?

D-/ $BL-'"(F/ %& 5#$L-" *"+(-!" %A+55$#"-# %-/ #*5$!/-/ $5*#+"($!!-,,-/ 5$&# ,+ '$!'-5"($! %-/

2-#,$!/ %- 5#$"-'"($! '$!"#- ,-/ (25+'"/ ,$'+,(/*/? DA(!!$1+"($! #*/(%- %+!/ ,A+//$'(+"($! %- '$25$M

/+!"/ '-,,&,+(#-/ -" %- #*/(%&/ +!"K#$5(@&-/ #-'G',*/ 6%- "G5- 5!-&2+"(@&-/ &/+)*/ -" B+,,+/" #-'G',*>

%+!/ &! '$!'-5" %(//(5+"(F %A*!-#)(-?

DA&"(,(/+"($! %- )*$M'-,,&,-/ 6'+)-/ #-25,(-/ %- )*$2+"*#(+&0> 5-#2-" %A*%(N-# %-/ $&1#+)-/ %+!/

,-/@&-,/ ,-/ '+#+'"*#(/"(@&-/ 2*'+!(@&-/ %-/ 2+"*#(+&0 %- #-25,(//+)- /$!" +%+5"*-/ -! F$!'"($! %-

,+ 5$/("($! %- ,+ '-,,&,- %+!/ ,A$&1#+)- 6Y()? [>? \! 5-&" +(!/( +//()!-# %-/ ]#^,-/] +&0 %(4*#-!"-/

'-,,&,-/ ,$#/ %- ,A(!"-#'-5"($! %A&! B,$' #$'K-&0? D-/ $BL-'"(F/ %- "-,,-/ /"#&'"&#-/ /$!" %- '$!'-!"#-#

,-/ %*F$#2+"($!/ -" %*)#+%+"($!/ %+!/ ,+ 5+#"(- +2$!"3 #*%&(/+!" +(!/( ,-/ '$!"#+(!"-/ "#+!/2(/-/ J

,+ 5+#"(- +1+,? D+ !+"&#- '-,,&,+(#- F+1$#(/- &!- -25#(/- +& /$, #*%&("-3 5-#2-" %- #+(%(# ,- 5+#-2-!"

+2$!"3 -" #-!% 5$//(B,- ,+ #*5+#+"($! %-/ "#$!_$!/ -!%$22+)*/ +5#I/ &! (25+'"?

 ! "#$%&'%#%& ()*&'#!

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

%- .+ "/0.- 12#-&)!$"3 45667 18$%*,(.+"($! '$&9,*- %(.'#-":'$!"(!&7 -" ;< =$,,$8>-" 9$&# ,- '$89"-

%- ,?-!"#-9#(.- @-$,("/- 18$%*,(.+"($! '$!"(!&-7<

A+!. ,- '+%#- %& 9#$B-" CD;EFCD -" -! 9+#"-!+#(+" +G-' ,-. %(H*#-!". +'"-&#. %& 9#$B-".3

&! %-. -!B-&I %- '-""- "/0.- + *"* %- 8-""#- -! J&G#- ,-. %(.9$.("(K. -I9*#(8-!"+&I %- )#+!%-

+89,-&# 9$&# ,+ #*+,(.+"($! %-. -..+(. %?(89+'". .&# 8-#,$!. (!."#&8-!"*. -! G#+(- )#+!%-&#< =-.

-I9*#(8-!"+"($!. +G+(-!" 9$&# $>B-'"(K. %- L

M *G+,&-# -! '$!%("($! N&+.(:#*-,,- ,+ #*9$!.- %- 8-#,$!. 9+#-:>,$'. .$&8(. O (89+'".3

M "-."-# ,+ 8(.- -! J&G#- %-. $&G#+)-. '-,,&,+(#- .+!%P('/ -" ,-&# #*9+#+>(,("*3

M "-."-# ,-. .Q."08-. %?(!."#&8-!"+"($! %+!. '- '$!"-I"- 9+#"('&,(-# -" -! %Q!+8(N&-3

M K$&#!(# %-. %$!!*-. %- '+,+)- -" %- G+,(%+"($! 9$&# ,-. 8$%0,-. !&8*#(N&-. %*G-,$99*. -!

9+#+,,0,-3

M O "-#8-3 *,+>$#-# %-. 9#-.'#(9"($!. -" #-'$88+!%+"($!. 9$&# ,- %(8-!.($!!-8-!" 1-! ,(-! +G-'

,-. 8$%*,(.+"($!. !&8*#(N&-.73 ,+ '$!."#&'"($!3 ,- .&(G( -" ,+ 8+(!"-!+!'- %- "-,. $&G#+)-.<

F "#+G-#. '-. -I9*#(8-!"+"($!. -" ,?+!+,Q.- %-. %$!!*-. %- "-##+(! #-'&-(,,(-.3 ,-. 9#(!'(9+&I

$>B-'"(K. .'(-!"(RN&-. %- '- "#+G+(, %- "/0.- *"+(-!" ,+ '$89#*/-!.($! 9/*!$8*!$,$)(N&- %& K$!':

"($!!-8-!" %-. $&G#+)-. '-,,&,+(#-. .$&8(. O (89+'".3 ,?(%-!"(R'+"($! %-. 8*'+!(.8-. %(..(9+"-&#.

%?*!-#)(- -" ,+ N&+!"(R'+"($! %- ,-&# (89$#"+!'-<

=- "#+G+(, %- "/0.- + *"* #*+,(.* -! '$!"#+" = SCD +G-' ,?-!"#-9#(.- C+T-, 1@#$&9- S+Q+"73 ,-

=-8+)#-K %- @#-!$>,-

 

-" ,- U+>$#+"$(#- VWC<

 !"#$%&'&()% *+ ,",)(!$

U+ ."#&'"&#- %- '- 8*8$(#- .&(" ,+ %*8+#'/- 8&,"(:*'/-,,- +%$9"*- %+!. ,- 9#$B-" -" .- %*'$8:

9$.- -! '(!N 9+#"(-. +G-' &! *"+" %- ,?+#" %-. -I9*#(8-!"+"($!. 8-!*-. .&# 8-#,$!. %- 9#$"-'"($!

9+#-:>,$'.3 9&(. ,+ 9#*.-!"+"($! %*"+(,,*- %-. -I9*#(8-!"+"($!. #*+,(.*-.3 -!.&("- ,?+!+,Q.- %-. #*.&,:

"+". %-. -..+(. .&# ,-. $&G#+)-. O ,?*'/-,,- 6X4 -" O ,?*'/-,,- #*-,,- -" -!R! ,- %-#!(-# '/+9("#- 9#*.-!"-

,-. +99,('+"($!. $9*#+"($!!-,,-. (..&-. %- '-""- *"&%-<

U- 9#-8(-# '/+9("#- -." %$!' '$!.+'#* O ,?*"&%- >(>,($)#+9/(N&- %-. -I9*#(8-!"+"($!. .&# $&:

G#+)-. %- 9#$"-'"($! 9+#-:>,$'. 8-!*-. O %(H*#-!"-. *'/-,,-.< Y!- +""-!"($! 9+#"('&,(0#- -." 9$#"*-

.&# ,-. %(.9$.("(K. -I9*#(8-!"+&I 8(. -! J&G#-3 ,?(!."#&8-!"+"($! &"(,(.*- -" ,-. 8*'+!(.8-. %-

#&9"&#- $>.-#G*.< D! '$89,*8-!"3 ,-. 8*"/$%-. %- %(8-!.($!!-8-!" %-. 8-#,$!. .$!" -I9$.*-.<

U?+!+,Q.- %- '-. "#+G+&I 9-#8-" %- 8(-&I '-#!-# ,-. >-.$(!. %-. !&8*#('(-!. 9$&# $#(-!"-# ,-. '/$(I

%+!. ,- %*G-,$99-8-!" %-. -I9*#(8-!"+"($!.< U- 9#$B-" CD;EFC- +>$#%- ,+ N&-."($! %- ,+ #*9+:

#+>(,("* %-. $&G#+)-. -" %- ,?&"(,(.+"($! %- #*.(%&. +!"/#$9(N&-.3 &! *"+" %- ,?+#" -." %$!' #*+,(.* .&#

,-. 8*"/$%-. %?+&.'&,"+"($! -" %?*G+,&+"($! %- ,?-!%$88+)-8-!" %-. $&G#+)-.3 .&# ,-. 8*"/$%-.

%- #*9+#+"($!. +(!.( N&- .&# ,-. G$(-. +'"&-,,-. %- G+,$#(.+"($! %-. %*'/-". N&- .$!" ,-. 9!-&. -" ,-

>+,,+." &.+)*.<
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 ! "!#$%&'! ()*+%,-! ./%0,1-!..! *#$ .,-#(,#-!. !, *#$ "%.+2.%,%3. "14!52++1. .+1(%67#!'!0, *#

(2#-. "! (! ,-*4*%5 "! ,)&.!8 95 "1,*%55! 5!. ,-2%. ,:+!. "! .,-#(,#-!. ,!.,1!.; 5!#-. (2'+2.*0,.; 5!#-

(20.,-#(,%20 !, 5!#-. 2<=!(,%3.8  !. "!#$ "%.+2.%,%3. !$+1-%'!0,*#$ "14!52++1.; !, 5/%0.,-#'!0,*,%20

'%.! !0 >#4-! .20, +-1.!0,1. !0.#%,!8  ! ,-*4*%5 "! ,-*%,!'!0, "!. -1.#5,*,. !, 5!. 7#!.,%20. -!5*,%4!.

? 5* 4*5%"*,%20 "!. '!.#-!. .20, 1@*5!'!0, *<2-"1.8

 !. ,-2%.%&'! !, 7#*,-%&'! ()*+%,-!. .20, (20.*(-1. ? 5/*0*5:.! "!. -1.#5,*,. "!. !$+1-%'!0,*,%20.

? 5/1()!55! ABC !, ? 5/1()!55! -1!55! -!.+!(,%4!'!0,8  * "1'*-()! -!,!0#! +2#- (!,,! *0*5:.! ./%0,1-!..!

"/*<2-" ? 5/!D(*(%,1 "!. .,-#(,#-!. *# -!@*-" "! 5!#-. 2<=!(,%3.; +#%. 5!. '1(*0%.'!. +2,!0,%!5. "!

-#+,#-! .20, 1,#"%1. !, #0! '1,)2"! "! 7#*0,%6(*,%20 !., +-2+2.1!8 E0.#%,! 5!. 7#!.,%20. -!5*,%4!.

*#$ !F!,. "/%'+*(,. .#((!..%3. !, *#$ (*+*(%,1. -1.%"#!55!. "!. 2#4-*@!. *+-&. %'+*(, .20, *<2-"1!.8

G0! -1H!$%20 .#- 5* 32-(! "/%'+*(, !., '!01!8 E060; !0 4#! "/*++2-,!- "!. (2'+51'!0,. ? 5/*0*5:.!;

5!. '2"15%.*,%20. 0#'1-%7#!. "14!52++1!. +*- 5!. +*-,!0*%-!. "# +-2=!, .20, <-%&4!'!0, +-1.!0,1!.8

 ! (%07#%&'! ()*+%,-! +-1.!0,! 5!. *.+!(,. 2+1-*,%200!5. %0024*0,. "14!52++1. I 5* -1+*-*,%20

"!. .,-#(,#-!. !, 5/14*5#*,%20 "! 5/!0"2''*@!'!0, +*- "!. '1,)2"!. @12+):.%7#!. "/*#.(#5,*,%20

!$,!-0!8

E060; -1*5%.1! "*0. 5! (*"-! +5#. 5*-@! "# +-2=!, JEKLMJ!; 5/1,#"! "! 5/%'+*(, !04%-200!'!0N

,*5 "! 5/#,%5%.*,%20 "! -1.%"#. ,!5. 7#! 5!. +0!#. #.*@1. !, 5! <*55*., !., +-1.!0,1! !0 *00!$!8

 ! '1'2%-! .! ,!-'%0! +*- 7#!57#!. '2,. "! (20(5#.%20 2#4-*0, .#- 5!. +!-.+!(,%4!. "! (! ,-*4*%58
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 !"#$%&' (

 !"! #$ %&"'!

 !"#$%& '(!) #(*)+,"&##& - '. $%&#+*!) /% /*0&)#*!))&0&)+ /&# 0&"'!)# 1."&23'!4#5 !) "&0."$%&

$%& 6*#+!"*$%&0&)+5 '&# 1"&0*7"&# 0,+6!/&# ,+.*&)+ &01*"*$%&# &+ &81,"*0&)+.'&#9 :) +&#+.*+ #%"

0!/7'&# ",/%*+# /*;,"&)+&# 4!)4&1+*!)# /(!%<".=&# 1!%" <,"*>&" $%& '& 3'!4 ,+.*+ .""?+,9 @)#%*+&

.<&4 '(.11."*+*!) /&# !%+*'# )%0,"*$%&# 1&"A!"0.)+#5 '& /*0&)#*!))&0&)+ /&# 0&"'!)# #(&#+ .B),5

+!%C!%"# &) "&'.+*!) ,+"!*+& .<&4 '&# ",#%'+.+# &81,"*0&)+.%89

D.)# %) 1"&0*&" +&01#5 4&+ ,+.+ /& '(."+ #(*)+,"&##& .%8 &81,"*0&)+.+*!)# #%" 0&"'!)# /& 1"!2

+&4+*!) 1."&23'!4#9  (!3C&4+*A &#+ /& "&4&)#&" '&# =,!0,+"*&# &+ +.*''&# /(!%<".=&#5 '&%" 4!)4&1+*!)5 '&#

!3#&"<.+*!)# 4!)4&").)+ '&# 0,4.)*#0&# /& "%1+%"&9 @) 1.".''7'& !) #(*)+,"&##& .%8 0!E&)# 0*# &)

F%<"& 1!%" ",.'*#&" '&# &81,"*0&)+.+*!)# G /*#1!#*+*A# &81,"*0&)+.%8 &+ #E#+70&# /& 0&#%"&#9 @)2

#%*+& '&# 0,+6!/&# /& /*0&)#*!))&0&)+ &+ /(,<.'%.+*!) /& '(&)/!00.=&0&)+ #!)+ &81!#,&#9 @)>)

%) 3"&A .1&"H% /&# /,3!%46,# /&# ",#*/%# .)+6"!1*$%&# $%& #!)+ '& 3.''.#+ &+ '&# 1)&%# &#+ /"&##,9

 ! "#$%&'()*+,+'-*. ./& ()&0-*. $,&)120-3.

 ! ! "#$%&&% '()*+,%

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

I '. >) /&# .)),&# JKLM5 '(!"=.)*#.+*!) /&# N&%8 :'E01*$%&# - I'3&"+<*''& OPQR . ),4&##*+, '.

4",.+*!) /(%)& <!*& &81"&##& /.)# '. <.'',& /& '. S."&)+.*#& 1!%" "&C!*)/"& T!%+*&"#9 I I*=%&3'.)46&5

%) "*#$%& /& 46%+& /& 3'!4# */&)+*>, . C%#+*>, '. 4",.+*!) /(%) 0&"'!) /& 1"!+&4+*!)9 @) '(.3#&)4&

/& 0,+6!/&# /& 4.'4%' >.3'&#5 /&# &##.*# #%" 0!/7'&# ",/%*+# - '(,46&''& JUJMM &) 4&)+"*A%=&%#& !)+

,+, &)+"&1"*# O &1&"+ &+ V!"+,5 JKLLR9  &# !3C&4+*A# ,+.*&)+ /& <,"*>&" $%& '(!%<".=& 1"!C&+, 1!%<.*+

.""?+&" '&# ,3!%'&0&)+# "!46&%8 &)<*#.=,#5 &+ &#+*0&" '(.01'*+%/& /&# !)/&# &)=&)/",&# /.)# '& #!'

1." '(*01.4+ /&# 3'!4#9  . =".<*+, ."+*>4*&''& !3+&)%& &) 4&)+"*A%=&%#& OJMM =R 1&"0&+ /& "&#1&4+&"

'&# 4!)/*+*!)# /& #*0*'*+%/& 1!%" '&# /,A!"0.+*!)# &+ '&# 4!)+".*)+&# .% #&*) /% 0&"'!)9 W*)=+ #&1+

&##.*# !)+ ,+, ",.'*#,# #%" )&%A 4!)>=%".+*!)# /& 0&"'!)# 4!)#+"%*+# &) #.3'& /& X!)+.*)&3'&.% !% /&

'.  !*"&9  . =,!0,+"*& +&#+,& &#+ +".1,Y!Z/.'& &+ 4!""&#1!)/ - %)& 6.%+&%" /& [5\ 0 &+ %)& '."=&%"

&) 4"?+& /& ] 0 OX*=9 J9JR9  &# 1."&0&)+# #!)+ *)4'*),# - &)<*"!) QM^9  . 0.##& /& '(*01.4+.)+

4!""&#1!)/ - %) "!46&" /& \LM MMM _=5 .)*0, /(%)& <*+&##& /& ][ m.s−15 4& $%* 4!""&#1!)/ - %)&

,)&"=*& /(*01.4+ /& ]MM MMM _N9  & 3'!4 *01.4+.)+ . %)& A!"0& #!*+ 6,0*#16,"*$%& #!*+ 4%3*$%& .>)

/(&)4./"&" '&# =,!0,+"*&# 1!+&)+*&''&# /&# 3'!4# ",&'#9

 & 1"!C&4+*'& ,+.*+ =%*/, '& '!)= /(%) ".*' #%" '. $%.#*2+!+.'*+, /& #. +".C&4+!*"&5 1%*# '& =%*/.=&

,+.*+ *)+&""!01% C%#+& .<.)+ '(*01.4+ 1!%" )& 1.# 1&"+%"3&" 4&'%*24* OX*=9 J9]R9  & 1"!C&4+*'& +".<&"#.*+

&)#%*+& #%44&##*<&0&)+ /&%8 ".E!)# *)A"."!%=& &#1.4,# /& QM 00 4& $%* 1&"0&++.*+ /& 4!)).*+"&

1",4*#,0&)+ #. <*+&##& .% 0!0&)+ /& '(*01.4+9 `) .44,',"!07+"& /.)# '& 1"!C&4+*'& 0&#%".*+ #.
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σ = Z · v

v Z

Z = ρ · c

ρ c

E =

∫ t

0
Z · v2 · dt
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r

Mi

Ai =
A0

ri

Mi Mj

Aj = Ai ·
ri
rj

ax = a0 · e
−α·x
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 ! ! "#$%&'()*+,+'-*. ./& ()&0-*. $,&)120-3.

4,*. 0,5/)00) 0) 3-)63')*+ 47,(-&+'..)()*+ α ).+ 3-*.'4%&% '*4%$)*4,*+ 4) 0, 8&%5/)*3) )+ %9,0 :  ; 

m−1! "* 3-(2'*,*+ 0). ,++%*/,+'-*. 9%-(%+&'5/) )+ 0'%) ,/ (,+%&',/; 0, 3-($,&,'.-* 4) 07,($0'+/4)

4) 07,33%0%&,+'-* )* 4)/# $-'*+. ).+ 4) 0, 8-&() <"5! !=> ?

Aj = Ai · e
−α·(rj−ri) ·

ri
rj

< !=>

@) &,+'-

ri
rj

$&)*4 )* 3-($+) 07,++%*/,+'-* 9%-(%+&'5/) 0'%) : 07)#$,*.'-* 4/ 8&-*+ 47-*4); ,0-&.

5/) 0) +)&() )#$-*)*+')0 4-**) 07,++%*/,+'-* 0'%) ,/ (,+%&',/ )*+&) 0). 4)/# $-'*+. 3-*.'4%&%.!

A). ,/+)/&. $&%3'.)*+ +-/+)8-'. 5/) 3)++) )#$&)..'-* *) $)&()+ $,. 4) 4%3&'&) 3-&&)3+)()*+ 0)

$B%*-(C*) 47,++%*/,+'-* 4,*. 0) 3,. 4) 0)/&. )#$%&'()*+,+'-*.!

 ! ! !" #$$%&$ '( )%*+,%-+&,' $., /+01)'$  2

@). (-4C0). 4'+. D 9D 3-&&).$-*4)*+ : 4). (-4C0). 4-*+ 0). (,+%&',/# 3-*.+'+/+'8. .-*+ '4)*1

+'5/). $-/& 0, (,5/)++) )+ 07-/E&,9); .)/0). 0). %3B)00). 4) 0-*9/)/& ./2'..)*+ /*) (-4'F3,+'-*; )+

0) (-4C0) +-/+ 3-(() 07-/E&,9) &%)0 ).+ .-/('. : 0, 9&,E'+% +)&&).+&) D9D! A)++) +)3B*'5/) ,$$0'5/%)

,/# $&-20C(). 9%-+)3B*'5/). , (-*+&% .). 0'('+).; 3,& 4). )G)+. 4) +,'00) $)/E)*+ ,E-'& 0')/ )+ 0).

3-($-&+)()*+. -2.)&E%. : %3B)00) &%4/'+) .-*+ ,0-&. 4'G%&)*+. 4). 3-($-&+)()*+. : %3B)00) &%)00)!

@). 3-*+&,'*+). .-*+ $0/. 8,'20). 4,*. 0) (-4C0) 5/) 4,*. 07-/E&,9) 3) 5/' '*4/'+ /* (-4/0) %0,.+'5/)

$0/. 8,'20) 4,*. 0) (-4C0)! H-/+)8-'.; 07%+/4) 4) 3,. .'($0). <(/& 4) .-/+C*)()*+ $,& )#)($0)> ,

$)&('. 47%+,20'& 4). &)0,+'-*. 4) 3B,*9)()*+ 47%3B)00)!

I&,*40 )+ I0-E.JK <LMMN> -*+ %+/4'% $,& 07'*+)&(%4','&) 47/* (-4C0) &%4/'+ D 9D 0). )G)+. 4)

0, 3-($,3+'-* 4/ .-0 )+ 4/ &)*8-&3)()*+ 4/ $,&)()*+ ,(-*+ 47/* ()&0-* $,& 9%-.K*+B%+'5/). ./&

., &%.'.+,*3) 9%*%&,0) : /* '($,3+ 4K*,('5/)! A)++) %+/4) 4-**) 4). '*8-&(,+'-*. 5/,0'+,+'E).

)+ .)('15/,*+'+,+'E). ./& 07'*O/)*3) 4). 9%-.K*+B%+'5/).; 0)/& 0-*9/)/& 47,*3&,9) )+ 0) 4)9&% 4)

3-($,3+,9) 4/ .-0! P'*9+ )..,'. 47'($,3+ -*+ %+% &%,0'.%. ./& /* (-4C0) &%4/'+ : 07%3B)00)  QRM <S'9!

 !R>! @) (-4C0) &)$&%.)*+) /* ()&0-* )#'.+,*+ 4) 9%-(%+&') +&,$%T-U4,0) 4) R ( 4) 0,&9)/& )* 3&V+)

$-/& /*) B,/+)/& 4) LR (! W0 ).+ 3-*.+&/'+ )* .,20) : 9&,*/0-(%+&') %+,0%) .' 2')* 5/) ., (,..)

E-0/('5/) $)/+ V+&) 3-*+&X0%)! @7'*30'*,'.-* 4/ $,&)()*+ ,E,0 , %+% F#%) : )*E'&-* NMY$-/& +-/.

0). )..,'. ,0-&. 5/) 0, $)*+) 4/ $,&)()*+ ,(-*+ E,&','+ 4) NM : =MY!

Z*) ,++)*+'-* $,&+'3/0'C&) , %+% $-&+%) : 0, ()./&) 4). 8-&3).; ,33%0%&,+'-*. )+ 4%8-&(,+'-*. $-/&

-2+)*'& 4). &%./0+,+. 3-($,&,20). )+ $)&()++&) /*) %+/4) $,&,(%+&'5/)! @7'($,3+ %+,'+ .'(/0% $,&

/* $)*4/0) &'9'4) 4,*. 0)5/)0 %+,')*+ '*.%&%. /* 3,$+)/& 4) 8-&3) )+ /* ,33%0%&-(C+&)! @, (,..)

4) 07'($,3+,*+ %+,'+ %9,0)()*+ /* 4). $,&,(C+&). E,&',20). 4) 07%+/4)! [). \,/9). 4) 4%8-&(,+'-*

$0,3%). 4,*. 0) ()&0-* )+ /* )*&)9'.+&)()*+ E'4%- E)*,')*+ 3-($0%+)& 0) 4'.$-.'+'8 4) ()./&).! @,

8&%5/)*3) 47,35/'.'+'-* 4). .'9*,/# %+,'+ 4) L;N J]T; $-/& /*) 4/&%) 4) L;R .! @7'($,3+ %+,'+ +-/\-/&.

&%,0'.% : ('1B,/+)/& 4/ ()&0-*; )+ 4) 8,^-* B-&'T-*+,0)! [). '($,3+. ./33)..'8. %+,')*+ $&,+'5/%.

\/.5/7: 0, &/$+/&) 4/ ()&0-* <S'9!  !_>!

@). &%./0+,+. (-*+&)*+ 5/) 0). E,0)/&. ,/ $'3 4) 8-&3) 47'($,3+ .-*+ 4%$)*4,*+). 4). 3,&,3+%&'.1

+'5/). 4) 0, T-*) 47'($,3+ <3-($,3+,9)>; ./&+-/+ 0-&.5/) 07%*)&9') 47'($,3+ ).+ 8,'20)! @). ,/+)/&.

$&-$-.)*+ 4-*3 47/+'0'.)& $0/+X+ 07'($/0.'-* <'*+%9&,0) 4) 0, 8-&3) 47'($,3+ ./& 0, 4/&%) 47'($,3+> -/

07%*)&9') 47'($,3+ 3-(() $,&,(C+&) 3,&,3+%&'.+'5/) $-/& %E,0/)& 0, &%.'.+,*3) 4/ ()&0-*! `-/& 0).

(V(). 3-*4'+'-*. 47'($,3+ ./& /* ()&0-* .+,*4,&4 )+ /* ()&0-* &)*8-&3% <S'9!  !_>; '0. -2.)&E)*+

 a

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



−1

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



−1

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



 !"#$%&' () *%"% +' ,-"&%

.'/0&'/ ,$1'/ 2 ,-$.#"3%"4%5 '% ,' /6, '4 ,0$ .7.' 4' 8"$% #"/ ,-69:'% +' .'/0&'/ #"&%$30,$;&'/) <'0,'/

,'/ '=#1&$.'4%"%$64/ /0& .6+;,'/ &1+0$%/ #&1/'4%1'/ >?'#'&% '%  6&%15 (@AAB C&"4+, '% C,6D/EF5

GHHIJ 64% 8"$% ,-69:'% +' .'/0&'/ "0 /'$4 .7.' +0 .'&,64) K"4/ 04 3"/5 ,'/ "0%'0&/ 64% 0%$,$/1 +'/

"331,1&6.;%&'/5 +"4/ ,-"0%&' +'/ :"0L'/ +' +186&."%$64) C0&&60L!/ >C0&&60L!/  ! "#$5 (@@MJ +"4/ /'/

'=#1&$.'4%"%$64/ /0& .'&,64/ +' %"$,,' &1+0$%' 0%$,$/' +'/ 3"#%'0&/ +' +1#,"3'.'4%/ #60& .'/0&'& '4

364%$40 ,' +1#,"3'.'4% +' ," 8"3' "D", +0 .'&,64) N0304' 3"&"3%1&$/%$O0' 3643'&4"4% 3'/ /F/%;.'/

+' .'/0&' 60 ,'0& $4/%",,"%$64 3643&;%' 4-'/% .'4%$6441')

?'/ '=#1&$.'4%"%$64/ 3643'&4"4% ,'/ L",'&$'/ #"&'P9,63/ >Q64%"4$ <%6R',5 (@@AJ 64% 0%$,$/1 +'/

3"#%'0&/ +' #&'//$64 #60& .'/0&'& ," 86&3' %&"4/.$/' 2 %&"D'&/ 04' 3603!' +' /6, 2 04' +",,' '4

91%64)

K"4/ 04 +6."$4' #&63!'5 ," ,$%%1&"%0&' 8"$% 1%"% +' ,-0%$,$/"%$64 +0 .7.' %F#' +' 3"#%'0&/

>3"#%'0&/ +' #&'//$64/5 "331,1&6.;%&'/5 :"0L'/ +' +186&."%$64J #60& .'/0&'& ," &1#64/' +-04 .0&

'4 L163',,0,'/ /60.$/ 2 04 %&'.9,'.'4% +' %'&&' >?$4L  ! "#$5 GHH@J)

 !" #$%&'()* () (+,)-*+'--),)-%

N ,-6&$L$4' ,'/ .'&,64/ 1%"$'4% +' /$.#,'/ 364/%&03%$64/ '4 &'.9,"$ 36.#"3%1) S"&86$/5 ,' #"&'.'4%

".64% 1%"$% &"$+$ L&T3' 2 04 .0& '4 91%645 +'/ L"9$64/5 60 +'/ 1,1.'4%/ #&18"9&$O01/ '4 91%64) N ,"

U4 +'/ "441'/ (@AH5 ,-0%$,$/"%$64 +' L16%'=%$,'/ 36..' &'486&%/ " 1%1 +1D',6##1' #60& "0L.'4%'& ,'0&

3"#"3$%1 +-"&&7% +'/ 9,63/ '% #'&.'%%&' +' &"$+$& ,' #"&'.'4%) K' 46/ :60&/ $, '=$/%' 04' L&"4+' D"&$1%1

+' .'&,64/ >V6436  ! "#$5 GHH@B S'$,"5 GH((B ?".9'&% '% W$36%5 GH((J O0$ +$R;&'4% '//'4%$',,'.'4%

#"& ,'/ ."%1&$"0= +' 364/%&03%$64 '.#,6F1/)

?' +$.'4/$644'.'4% +' 3'/ /%&03%0&'/ 8"$% "##', +-"96&+ 2 +'/ 364+$%$64/ +' /%"9$,$%1 /60/ #6$+/

#&6#&' >/%"%$O0'J) *4/0$%' ,-'X3"3$%1 8643%$644',,' +0 .'&,645 O0$ 36&&'/#64+ 2 /" 3"#"3$%1 2 "//0&'&

/" 8643%$64 >$3$ /%6##'& ,'/ 9,63/J '/% D1&$U1' 2 ,-"$+' +-1%0+'/ %&":'3%6L&"#!$O0'/) *4U45 ,-'X3"3$%1

/%&03%0&',,' O0$ 36&&'/#64+ 2 ," 3"#"3$%1 +' ,-60D&"L' 2 364/'&D'& /64 $4%1L&$%15 '/% D1&$U1') Y4 #'0%

+1U4$& ,-1%"% ,$.$%' +' /'&D$3' >*?<J 36..' 1%"4% ,' /'0$, 2 #"&%$& +0O0', ,-'4+6.."L'.'4% +' ,"

/%&03%0&' 4' ,0$ #'&.'% #,0/ +-"//0&'& /" 8643%$645 ."$/ /"4/ #'&%' +-$4%1L&$%1 .13"4$O0') ?-1%"%

,$.$%' 0,%$.' >*?ZJ 36&&'/#64+ "0 /'0$, 2 #"&%$ +0O0', ,-'X3"3$%1 /%&03%0&',,' 4-'/% #,0/ "//0&1'5

3-'/% 2 +$&' O0' ,' .'&,64 '/% +1%&0$%)

*4 &"$/64 +' ," +$D'&/$%1 $.#6&%"4%' +' 3643'#%$64 +' .'&,64/5 ,' +$.'4/$644'.'4% '/% +643

%&;/ /#13$UO0'/ +0 %F#' +' .'&,64 364/$+1&1) ?" #&1/'4%"%$64 +'/ .1%!6+'/ +' +$.'4/$644'.'4%

&','D1'/ +"4/ ," ,$%%1&"%0&' " #60& 69:'3%$8/ +' 3'&4'& ,'/ #"&".;%&'/ '=#1&$.'4%"0= 413'//"$&'/ "0

3","L' '% 2 ," D",$+"%$64 +'/ .6+;,'/ +1D',6##1/)

[$/%6&$O0'.'4%5 ,' +$.'4/$644'.'4% '//'4%$',,'.'4% '.#$&$O0' " 1%1 1%"F1 #"& ,' +1D',6##'.'4%

+' .6+;,'/ "4",F%$O0'/ #60& 1D",0'& ," &1#64/' +' ,-60D&"L' 2 ,-$.#"3%) ?" ,$%%1&"%0&' #&1/'4%' 04

46.9&' ,$.$%1 +-'='.#,'/ O0$ &'#6/'4% 9$'4 /60D'4% /0& +'/ !F#6%!;/'/ 86&%'/ 3643'&4"4% ," +$//$P

#"%$64 +' ,-14'&L$'5 '% /' ,$.$%'4% "0= L16.1%&$'/ '% 364/%$%0%$64/ ,'/ #,0/ /$.#,'/)

GG

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



 !"#$%&' () *%"% +' ,-"&%

. (/ . 01 "234 "533$ ," 65"2%$%7 +' 8",,"3% 53"97 . &'2:5;','& '3%<',,' '3%$=7' . #&>3 +-52 =$,,$:2 +'

%:22'3 #"& "2) ?2' #"&%$' +' @' 8",,"3% 53"97 #'5% A%&' &75%$,$37' %',,' 65',,' #:5& ,'3 ;:$'3 B'&&7'3 CD1

. E1FG) H:5% ,' &'3%' '3% &'@I@,7 '2 9&"25,"%3 '% &75%$,$37 '2 %&";"5J #58,$@3 C%'&&"33'='2%4 &:5%'34

'%@GCKKK)#,"2'%' %#)@:=4 01((G) L %$%&' +-'J'=#,' :2 #'5% @$%'& "5 M"I3 +' N",,'3 ,' @!"2%$'& +5

@:2%:5&2'='2% +' O'K#:&%

 

+"23 ,'65', ,'3 %'&&"33'='2%3 '% ,'3 &:5%'3 3:2% &7",$373 . P/F ";'@ +'3

="%7&$"5J &'@I@,73 +:2% ,' 8",,"3%)

 !"!# $%& '(%)&

M,53 '2@:&' 65' ,' 8",,"3%4 65$ #'5%<A%&' "33$=$,7 "#&>3 +7#:,,5%$:2 7;'2%5',,' . 52 +7@!'% $2'&%'

'% "$23$ A%&' &75%$,$37 '2 %"2% 65' 9&"25,"%4 ,'3 #2'53 53"973 3:2% 52 +7@!'% +:2% ," ;",:&$3"%$:2

'3% ;"&$7' CLQ*R* '% LSTLM?U4 011/V L,$"#5&4 011/4 011W4 01(1G) S" 3:@$7%7 L,$"#5& 65$ 9>&' ,"

@:,,'@%' '% ," ;",:&$3"%$:2 +'3 #2'53 53"973 '2 X&"2@' &'@'23' +$J<2'5B ;:$'3 +' ;",:&$3"%$:2 &7#"&%$'3

'2 65"%&' @"%79:&$'3 CX$9) ()0EG Y ," ;",:&$3"%$:2 +' ," ="%$>&' C3:,3 3I2%!7%$65'3 3#:&%$B34 765'3%&'4

"$&'3 +' Z'5J V 7@&"23 "@:53%$65'34 =5&3 +' 3:5%>2'='2%4 &'=8,"$3 ",,7973 V 87%:24 @"&&$>&'34 '2&:873

&:5%$'&3 V :8Z'%3 =:5,734 #$>@'3 "5%:=:8$,'3G4 ,' &'@I@,"9' +5 @"&8:2' '% +5 B'& C"@$7&$'4 B:2+'&$'4

3$+7&5&9$'G4 ," ;",:&$3"%$:2 72'&97%$65' C@!"5["9' 5&8"$24 @$='2%'&$'G '% ," &75%$,$3"%$:2 C&'@!"#"9'G)

*2 97:%'@!2$65'4 ,'3 #2'53 53"973 3:2% #&$2@$#",'='2% 5%$,$373 '2%$'&3 CM2'53:,4 M2'5H'JG4 ="$3

#'5;'2% 79",'='2% A%&' 5%$,$373 +7@!$65'%73 :5 8&:I734 3'5,3 :5 '2 =7,"29' ";'@ +'3 97:="%7&$"5J

2:%"=='2%) S' ,'@%'5& #:5&&" 3' &7B7&'& "5J %&";"5J +' S"=8'&% CS"=8'&%4 011\G 65$ &'@'23'2%

,'3 &7B7&'2@'3 +' ," ,$%%7&"%5&' . @' 35Z'%) S' =7,"29' +' 3"8,' '% +' #2'53 " 7%7 7%5+$7 +' B"]:2

"##&:B:2+$' '2 ,"8:&"%:$&' C'33"$3 %&$"J$"5J4 '33"$3 +' @$3"$,,'='2%G) L$23$ ,-"Z:5% +' #2'53 CZ5365-.

D1F '2 ="33'G . 52' ="%&$@' 3"8,'53' "=7,$:&' ," &73$3%"2@' "5 @$3"$,,'='2%) T, &'33:&% +'3 7%5+'3

+' ,"8:&"%:$&' 65' ,-"29,' +' B&:%%'='2% $2%'&2' '3% %&>3 ;"&$"8,'4 '% 3'=8,' +7#'2+&' +' ," %"$,,' +'3

=:&@'"5J +' #2'53)

S' &$365' '2;$&:22'='2%", ,$7 . ,-5%$,$3"%$:2 +5 8",,"3% '% +'3 +7@!$65'%"3 +' #2'53 " B"$% ,-:8Z'%

+-52' 7%5+' 3#7@$^65' +"23 ,' @"+&' +5 #&:Z'% U*RMLU' #"& ,-TO*UT_4 ,'3 &735,%"%3 3:2% #&73'2%73

@!"#$%&' /)

 !" #$%&'()*

 '% 7%"% +' ,-"&% " #&73'2%7 ,'3 'J#7&$='2%"%$:23 &7",$37'3 35& +'3 ='&,:23 +' #&:%'@%$:2 @:2%&'

,'3 @!5%'3 +' 8,:@3) `2 #'5% &'%'2$& 65' ,'3 %I#'3 +' ='&,:23 %'3%73 3:2% ;"&$734 ,'3 $2B:&="%$:23 35&

," &7#:23' +'3 3%&5@%5&'3 +$[>&'2% 3',:2 ,'3 7%5+'3 '% &'2+'2% ," @:=#"&"$3:2 +'3 &735,%"%3 +$a@$,')

 '3 'J#7&$'2@'3 2:53 &'23'$92'2% %:5%'B:$3 35& Y

b ,'3 +$3#:3$%$B3 'J#7&$='2%"5J =$3 '2 c5;&' #:5& %'3%'& ,'3 :5;&"9'3 C3:,,$@$%"%$:2 #'2+5,"$&'4

53"9' +' %I&:,$'22'4 :5 +7;",'='2% ,$8&' ,' ,:29 +-52' #'2%'G

b ,'3 3I3%>='3 +-$23%&5='2%"%$:2 C"@@7,7&:=>%&'34 Z"59'3 +' +7B:&="%$:24 @"#%'5&3 +' +7#,"@'<

='2%G 65$ 3' @:2@'2%&'2% ,' #,53 3:5;'2% 35& ,-$=#"@%"2% +' %',,' 3:&%' 65' #'5 +' +:227'3

@:2@'&2"2% ,-:5;&"9' ,5$<=A=' 3:2% +$3#:2$8,'34

 ! "#$%# &'$()*+%)#'$ ,*-$.( /*'01)(

D1

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



m3

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



 !"! #$%&'()*

+, -.-*%& /* 012-345&6 017%*892* /, :0.5 *)& &84%);787* < 01.,=849*! >.8) /* 01*%;.%5*-*%& /*

012-345&4%& .% 2/*%&2?* /14:.8/ ,%* /2))234&2.% 0.540* 4=*5 04 304)&2?54&2.% /,* < 04 5.-38*))2.%

/*) -4&7824,@ /28*5&*-*%& 2-345&7)6 3,2) ).,=*%& *& 3.,8 /* 30,) 984%/*) 7%*892*)6 /*) A.%*) /*

902))*-*%& 4B*5&*%& 01.,=849* /4%) )4 &.&402&7! >*3*8& *& C.8&7 D EFFG -.%&8*%& H,1,%* 348& %.%

%79029*4:0* /* 017%*892* /12-345& *)& /2))237* 348 84$.%%*-*%& /1.%/*) 704)&2H,*) DIJ < KJLG6 *& 20)

*)&2-*%& H,* 0*) 984%/*) /7;.8-4&2.%) 304)&2H,*) )17&*%/*%& ),8 ,%* 38.;.%/*,8 4, -.2%) 7940* 4,

/24-(&8* /, 38.M*5&20*! N.%5.  ! "#$ DIJJEG 7=40,*%& < &84=*8) /*) )2-,04&2.%) %,-782H,*) < FJOFPL

017%*892* /2))237* 348 /7;.8-4&2.% 304)&2H,* /* 5.-345&2.%6 0*)  P < IJ L 8*)&4%&) 7&4%& /2))237)

348 ;8.&&*-*%& 4, %2=*4, /*) %433*) /* 97.&*@&20*! Q*) 8,3&,8*) 0.540*) ).%& 7940*-*%& .:)*8=7*) R

;845&,84&2.% /*) 32*88*) D>4-:*8&6 IJJSG6 ?)),84&2.% /, ).0 DT*204  ! "#$6 IJJSG6 8,3&,8* /*) 94:2.%)

D+-2%4&4  ! "#$6 IJJFG!

Q*) -./(0*) 4%40$&2H,*) *& %,-782H,*) .%& 7&7 /7=*0.337) )3752?H,*-*%& *% 8433.8& 4=*5 0*)

5.%5*3&2.%) /* -*80.%) &*)&7*) *@3782-*%&40*-*%&! Q* 30,) 0*) -./702)4&2.%) *B*5&,7*) =2)42*%&

382%52340*-*%& < =782?*8 04 543452&7 ;.%5&2.%%*00* /*) .,=849*) < 87)2)&*8 < ,% 2-345& 387/7?%2!

C.-3&*O&*%, /* 04 /2=*8)2&7 /*) &$3*) /* -*80.%) *@2)&4%&)6 20 %1*@2)&* 34) /* -7&'./* /* /2-*%O

)2.%%*-*%& 97%78402)7*! Q* 5* ;42&6 0*) /.%%7*) /* 54049* *& /* =402/4&2.% /*) -./(0*) /2B(8*%&! U%

8(90* 97%7840*6 0*) 54845&782)&2H,*) -754%2H,*) /, ).0 ,&202)7 42%)2 H,* 01*%;.%5*-*%& /* 012-345&4%&

*& 0* /73045*-*%& /* 04 ;45* 4=40 ).%& 0*) )*,0) 3484-(&8*) ;.,8%2)! T.,8 -2*,@ -./702)*8 0* 5.-O

3.8&*-*%& /*) -*80.%) 4, -.-*%& /* 012-345&6 /*) *%8*92)&8*-*%&) /$%4-2H,*) *% 5.%&2%, *& 4,

)*2% /, -*80.% ).%& ,% 4&.,&!

Q* 5*& 7&4& /* 0148&6 20 8*)).8& 5*8&42%) -4%H,*) %.&4--*%& ),8 017=40,4&2.% /*) 543452&7) /1,%

.,=849* < 87)2)&*8 < /*) 2-345&) ),55*))2;)6 ., *%5.8* 04 3.))2:202&7 /* 0* 87348*86 42%)2 H,* 017=.0,&2.%

/* )*) 543452&7) 438() 5*&&* 873484&2.%!

V.&8* &84=420 /* &'()* =2)* *% 348&2* < 5.-:0*8 5*) -4%H,*) R *% 5.%5*=4%& /*) .,=849*) 5*00,O

0428*) < 348&28 /* 94:2.%)6 .% *)3(8* 02-2&*8 0*) -754%2)-*) 5.%/,2)4%& < 04 8,3&,8* D52)4200*-*%&6

/73045*-*%& *@5*))2; /* 04 348&2* 4=40G! C*&&* 5.%5*3&2.% 3*8-*& 7940*-*%& /14/43&*8 0*) 54845&782)O

&2H,*) /*) -4&7824,@ < 01.:M*5&2; /* 01.,=849* D02-2&4&2.% /* 04 5.%&842%&* &84%)-2)* < 04 348&2* 4=40

., 02-2&4&2.% /*) /73045*-*%&) /* 04 ;45* 4=40G! >4 )&8,5&,8* 5*00,0428* /.2& 3*8-*&&8* /* ;45202&*8 04

873484&2.%!

>*) *@3782-*%&4&2.%) -2)*) *% W,=8* =2)*%& /.%5 *%&8* 4,&8* < =782?*8 0*) '$3.&'()*) ),8 04

5.%5*3&2.% /* -*80.%) 5*00,0428*)6 < ;.,8%28 /*) /.%%7*) /* 54049* *& /* =402/4&2.% 3.,8 0*) -./(0*)

%,-782H,*) /7=*0.337) *% 348400(0*6 < /7=*0.33*8 /*) -7&'./* /17=40,4&2.% /* 01*%/.--49*-*%&

*& /* 873484&2.% /* 5*) )&8,5&,8*)!

KK

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



 !"#$%&' () *%"% +' ,-"&%

./

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



 !"#$%&' (

 !"#$%&'( &" )#"*+,&(

 ! "#$%&'(! !)' *+*&+ , -$ %(+)!.'$'&/. *+'$&--+! *!) 0$'+(&!-) !' 0+'#/*!) 1'&-&)+) %/1( -2&.3!)'&4

5$'&/. !6%+(&0!.'$-!7  /00! +3/81+ !. &.'(/*1"'&/. '(/&) '9%!) *2/13($5!) "!--1-$&(!) )/.' +'1*&+)7

:! %(!0&!( '9%! !)' 1.! )'(1"'1(! "!--1-$&(! !. $%%1& )1( 1. 01( (&5&*! ;<&57 =7>;$??@ '!)'+! , -2+"#!--!

>A= $1  BC *! C/1!.7 :!) *!16&D0! !' '(/&)&D0! '9%!) )/.' '/1) *!16 '!)'+) !. 3($&! 5($.*!1( ,

E$( )1( :/1% ;FG?@ -21. !)' 1.! )'(1"'1(! "!--1-$&(! !. $%%1& )1( 1. (!0H-$&@ -2$1'(! 1.! )'(1"'1(!

!.'&D(!0!.' "!--1-$&(! ;<&57 =7>;H@ "??7  /0%'!4'!.1 *!) "/."!%'&/.) !' "/.*&'&/.) $16 -&0&'!) *&I+4

(!.'!)@ -!) /HJ!"'&K) *! "#$81! )'(1"'1(! *&ID(!.'@ &-) )/.' *+'$&--+) *$.) -!) )!"'&/.) =7=7> !' =7L7>7

M/1( K$"&-&'!( -2$.$-9)! !' -$ "/0%$($&)/. *!) (+)1-'$') 1. "!('$&. ./0H(! *! "$($"'+(&)'&81!) )/.'

"/001.!) $16 *!16 +"#!--!) +'1*&+!)7 N- )2$5&' *21.! %$(' *!) 0$'+(&!-) !' 0$'+(&$16 !0%-/9+) 81&

)!(/.' *+'$&--+) *$.) -$ %(!0&D(! %$('&! *! "! "#$%&'(!@ *2$1'(! %$(' *! -2&.)'(10!.'$'&/. !' *1 '($&4

'!0!.' *!) */..+!) (!"1!&--&!) 81& )!(/.' $H/(*+) *$.) -$ 81$'(&D0! %$('&!7 :!) *&I+(!."!) %(/%(!) ,

"#$81! +"#!--! *2&.3!)'&5$'&/. )!(/.' '($&'+!) *$.) -$ *!16&D0! !' -$ '(/&)&D0! %$('&!@ %/1( -2+"#!--!

(+*1&'! !' -2+"#!--! (+!--! (!)%!"'&3!0!.'7

 !" #$%$&'(%)* &+,,-.* $-/ *'%-&'-%)* 0'-120)* )' 12*3+*2'24* &+.5-*

:!) /13($5!) %$(!4H-/") /HJ!') *! -2+'1*! )/.' "/.)'(1&') )!-/. 1.! '!"#./-/5&! "!--1-$&(! !'

01-'&4"/1"#!) ;<&57 =7>?7  !--1-$&(! "$( -2/13($5! )! "/0%/)! *21.&'+) +-+0!.'$&(!) %(+K$H(&81+!)@ /1

"!--1-!) O !' 01-'&4"/1"#!) "$( &- !)' "/.)'&'1+ *! %-1)&!1() "/1"#!)@ *&I+(!.'&$H-!) %$( -!) 0$'+(&$16

81& -!) "/0%/)!.'7 :$ "!--1-! $))/"&! 1.! !.3!-/%%! !' 1. 0$'+(&$1 *! (!0%-&))$5!7 :!) "/1"#!) )/.'

*+P.&!) "/00! )1&' Q

R -! %$(!0!.' , -2$0/.' !)' -$ "/1"#! !6%/)+! , -2&0%$"'@

R -! ./9$1 !)' -$ %$('&! &.'!(.! @

R -$ %$('&! $((&D(! %!1' %(!.*(! -$ K/(0! *21. (!0H-$&@ *21. $1'(! %$(!0!.' 3!('&"$- "!--1-$&(!

/1 *21.! )'(1"'1(! (&5&*!7

S$.) 1. )/1"& *2#/0/5+.+&)$'&/. !' !. 31! *! -2$.$-9)! !' *! -2&.'!(%(+'$'&/. *!) (+)1-'$') *!)

!6%+(&0!.'$'&/.)@ -!) 0T0!) !.3!-/%%!)@ -!) 0T0!) 0$'+(&$16 !' -!) 0T0!) 0/*!) *! "/.)'(1"'&/.

/.' +'+ 1'&-&)+) , "#$81! +"#!--! *2&.3!)'&5$'&/.@ *!%1&) -$ "!--1-! J1)812, -2/13($5!7 U.! %$('&! *!)

"/0%/)$.') *! -2/13($5! $ K$&' -2/HJ!' *21.! +'1*! *+'$&--+! *$.) -$ '#D)! *! V7 :$0H!(' ;:$0H!('@

=FFW?@ -!1() "$($"'+(&)'&81!) )/.' )1""&."'!0!.' ($%%!-+!) "&4$%(D)7

LX

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



3

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



D H

2

2

D

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



3

3

3

3

3

3

3

3

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



3

3

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



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

 ! "#$%&'()*+,+'-*. / %01)22) &%34'+)

 ! !" #$%&'()*+

1'- '2#+&$.'3%"%$/3- -4& "--'.5,"6' 0' 7',,4,'- /3% #/4& /58'7%$9- 0' #'&.'%%&' 0' 7/.#&'30&'

,' 7/.#/&%'.'3% 0' 7'- -%&47%4&'- -/4.$-'- : 43 $.#"7%; 0' %'-%'& '% /&$'3%'& ,'- 7!/$2 0' 7"#%'4&- '3

<4' 0' ,'4& 4%$,$-"%$/3 ,/&- 0'- '2#+&$.'3%"%$/3- : +7!',,' &+',,' =</$& -'7%$/3 ()> ?2#+&$.'3%"%$/3- :

+7!',,' &+',,'@ '% '3A3 0' 9/4&3$& 0'- 0/33+'- #/4& ,' 7","6' '% ," <",$0"%$/3 0'- ./0B,'- 34.+&$C4'-

0+<',/##+- '3 #"&",,B,')

 ! ! ,(-.'(.-&+

1'- -%&47%4&'- +%40$+'- -/3% 7/3-%$%4+'- 0D43 .4& 5$E7/47!'- 0' F;G . 0' !"4%; (;G . 0' ,/36

'% F . 0D+#"$--'4&) 1" #&'.$B&' 7/47!' 0' ,D/4<&"6'; /4 7/47!' 0' #"&'.'3%; '-% 7/3-%$%4+' 0' FG

7',,4,'- 0' GHH .. 0' 7I%+ &'.#,$'- 0' ."%+&$"42 6&/--$'&-) J&/$- -%&47%4&'- /3% +%+ %'-%+'- K ',,'-

0$LB&'3% #"& ,'- ."%+&$"42 '.#,/M+- "4 3/M"4 N -"5,' -'4,; .+,"36' 0' -"5,' '% 0+7!$C4'%"- 0' #3'4-

'% 5",,"-%) 1' ."%+&$"4 04 3/M"4 '-% 0+<'&-+ : ,D"&&$B&' 04 #"&'.'3% '% 7/3%'34 #"& 43 6+/%'2%$,')

 '%%' 7/47!' '-% 7/3%$34' =#"- 0' 6"5$/3@) 1'- 7"&"7%+&$-%$C4'- 0'- -%&47%4&'- %'-%+'- -/3% &+-4.+'-

J"5,'"4 ()()

1" #"&%$' $3-%&4.'3%+' -' 7/37'3%&' -4& ,'- 3'49 7',,4,'- 7'3%&",'-; ,'- 0'42 &"36+'- ,"%+&",'-

#'&.'%%'3% 0D"--4&'& 43 7/3A3'.'3% '% 0' &'#&+-'3%'& ," 7/3%$34$%+ 0' ,D/4<&"6')

O%&47%4&' P"&'.'3% Q/M"4 R3'&6$'- 0D$.#"7%- =ST@

P&+#"&"%/$&' U&"34,"%- O"5,' FE>EVEFH

F U&"34,"%- O"5,' (EWEX '% =2(@FH

( U&"34,"%- *+,"36' O"5,'YP3'4- (EWEX '% =2(@FH

> U&"34,"%- Z",,"-% (EWEX '% =2(@FH

W U&"34,"%- *+,"36' O"5,'YP3'4- =2(@FH

 !"#$ ()( [  /.#/-$%$/3 0'- -%&47%4&'- '% #&/%/7/,' 0D$.#"7% #/4& ,'- '2#+&$.'3%"%$/3- : +7!',,'

&+04$%')

 '- -%&47%4&'-; 5$'3 C4' %'-%+'- : +7!',,' &+04$%' #'4<'3% \%&' 7/3-%&4$%'- 0"3- ,' 54% 0' #&/E

%+6'& 0'- /4<&"6'- &$6$0'- 7/3%&'- ,' 7!4%'- 0' #$'&&'-) ?,,'- /3% 0/37 #/4& /58'7%$9- 0' 9"</&$-'& ,"

0$--$#"%$/3 0D+3'&6$'; 0' 7/37'3%&'& ,'- 0+9/&."%$/3- '% 0+6&"0"%$/3- "4 #"&'.'3% '% 0' &+04$&' ,"

7/3%&"$3%' %&"3-.$-' : ," #"&%$' "&&$B&' =&$6$0'@ #/4& '3 #&+-'&<'& ,'- 7"&"7%+&$-%$C4'-) ]"3- 7' -'3-;

7'- -%&47%4&'- -' &"##&/7!'3% 0'- 7"-C4'%%'- '% 6",'&$'- #"&'E5,/7- =0",,' '3 5+%/3 -4&./3%+' 0D43'

7/47!' 0' -/,@ ."$- #&+-'3%'3% ," #"&%$74,"&$%+ 0D\%&' 0$-#/-+'- <'&%$7",'.'3% '% 0D\%&' -/,,$7$%+'- 0'

9"^/3 -45E!/&$_/3%",')

 ! !/ 0)+12+)()* &314-)5&6(78

1' 0$-#/-$%$9 '2#+&$.'3%", =`$6) ()W '% ()G@ " +%+ &+",$-+ "4  ?a 0' a/4'3) b, '-% 7/3-%$%4+ 0D43

-M-%B.' #'&.'%%"3% 43 $.#"7% #'304,"$&' '% 0D43 &'.5,"$ 0D"##4$ 7/3-%$%4"3% 43 -4##/&% #/4& ,'-

-%&47%4&'- %'-%+'-)

WH

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



 !"! #$%&'()*+,-,(.+/ &01*22* '&*22* 3-' /4' 5.4%

 !" #$%&'()*+,-,(.+/ &01*22* '&*22* 3-' /4' 5.4%

 !"!# $%&'()*+,

5*/ *$%&'()*+,-,(.+/ 6 &01*22* '&*22* .+, %.4' .78*0,(9/ :

; <* ,*/,*' *+ 0.+<(,(.+/ =4-/(>'&*22*/ 2* 0.)%.',*)*+, <*/ )*'2.+/ <* %'.,*0,(.+ %-'*>72.0/

/.4)(/ 6 ()%-0,/?

; <* ,*/,*' 2- 0.+/,'40,(.+ *, 2- '&%-'-,(.+ <*/ .4@'-A*/ 0*2242-('*/?

; <* ,*/,*' 2B(+/,'4)*+,-,(.+ *+ <C+-)(=4*?

; <* 9.4'+(' <*/ <.++&*/ <* 0-2-A* *, <* @-2(<-,(.+ %.4' 2*/ ).<D2*/ +4)&'(=4*/?

; 6 ,*')* <B&2-7.'*' <*/ %'*/0'(%,(.+/ *, '*0.))-+<-,(.+/ %.4' 2* <()*+/(.++*)*+,? 2- 0.+/,'40>

,(.+? 2* /4(@( *, 2- )-(+,*+-+0* <* ,*2/ .4@'-A*/!

 !"! $-./01', )',)2,

5*/ .4@'-A*/ <&0'(,/ 0(><*//.4/ '&/42,*+, <* <(/04//(.+/ +.)7'*4/*/ *+,'* 2*/ %-',*+-('*/ <4

%'.8*, E#FGHE* *, /.+, <&I+(/ <* )-+(D'* 6 0.+/,(,4*' 4+ )-$()4) <* 0.+IA4'-,(.+/ JA&.)&,'(*

K )-,&'(-4$L <(M&'*+,*/ *+ '*/,-+, <-+/ 2* 0-<'* <4 %'.8*,!

N*/ .4@'-A*/ .+, %.4' 74, <* 9-@.'(/*' 2- <(//(%-,(.+ <B&+*'A(* <B()%-0,? <* 0.+0*+,'*' 2*/

<&9.')-,(.+/ *, <&A'-<-,(.+/ -4 %-'*)*+, -).+, *, <* '&<4('* 2B&+*'A(* ,'-+/)(/* 6 2- %-',(* -''(D'*!

N*0( /* ,'-<4(, <* <*4$ )-+(D'*/ *+ 9.+0,(.+ <*/ 0.+<(,(.+/ -4$ 2()(,*/ <*/ /,'40,4'*/ : 2()(,*' 2*/

0.+,'-(+,*/ ,'-+/)(/*/ %-' 2- %-',(* 0*2242-('* 6 2- %-',(* -''(D'* 2.'/=4* 0*22*>0( %'*+< 2- 9.')* <B4+

'*)72-( O *, 2()(,*' 2*/ <&%2-0*)*+,/ <* 2- 9-0* -@-2 2.'/=4* 0*22*>0( */, 2(7'* <* /* <&9.')*' <-+/

2* 0-/ <*/ .4@'-A*/ &2-+0&/! 5*/ <*4$ ,C%*/ <* /,'40,4'*/ ,*/,&*/ /.+, %'&/*+,&*/ <-+/ 2- /*0,(.+

/4(@-+,*!

 !"! !# $%&'%()*+

5*/ .4@'-A*/ ,*/,&/ /.+, <* <*4$ ,C%*/ JP(A!  !Q L! 5* %'*)(*' ,C%* */, 4+ )*'2.+ <* /,'40,4'*

0.)%./(,*? -//.0(-+, 4+ %-'*)*+, *, 4+ +.C-4 0*2242-('*/ 0R,& -).+, 6 4+ '*)72-( ,'-<(,(.++*2 0.)>

%-0,& 0R,& -@-2! 5*/ .4@'-A*/ <* /*0.+< ,C%* /.+, <*/ .4@'-A*/ %24/ &2-+0&/ 0.)%./&/ <B4+ %-'*)*+,

-).+,? <B4+ +.C-4 *, <B4+ %-'*)*+, -@-2? ,.4/ ,'.(/ 0*2242-('*/! N* ,C%* <* )*'2.+ 0*2242-('* &2-+0&

%'&/*+,* 4+* *)%'(/* -4 /.2 '&<4(,* *, 4+ @.24)* <* )-,&'(-4 ).(+/ ()%.',-+,! S+ <*/ .78*0,(9/

<*/ *$%&'()*+,-,(.+/ */, <.+0 <* 0.)%-'*' 2*/ '&%.+/*/ <*/ <*4$ ,C%*/ <* )*'2.+/!

5*/ .4@'-A*/ <.(@*+, T,'* -4,./,-72*/ <-+/ 2*/ 0.+<(,(.+/ <B*//-(/? )-(/ &A-2*)*+, '&-2(/-72*/ *+

0.+<(,(.+/ '&*22*/ J/4' 4+ ,*''-(+ *+ %*+,* %-' *$*)%2*L! #+ '-(/.+ <* 2*4' 0.+/,(,4,(.+ *+ " 0.401*/?

2*/ .4@'-A*/ &2-+0&/ J,C%*  L %'&/*+,*+, 4+* 2-'A*4' <* " )? 0.''*/%.+<-+, 6 " 0*2242*/ <* A-7(.+

<* 2-'A*4' U )! 5B.4@'-A* <* ,C%* U - 4+* *)%'(/* -4 /.2 <* V )! 5- 1-4,*4' <*/ .4@'-A*/ */,

I$&* 6 W )! H4><*26 <* 0*,,* 2()(,*? 2- /,-7(2(,& <*/ .4@'-A*/ &2-+0&/ +&0*//(,*'-(, <*/ <(/%./(,(.+/

,*01+(=4*/ %-',(042(D'*/! G-' /()(2(,4<* -@*0 2- +.')* XP G VY>"Z[ 0.+0*'+-+, 2*/ &0'-+/ <* I2*,

%-'*>72.0? 4+ .4@'-A* <* 1-4,*4' ,.,-2* <* W ) 0.''*/%.+< 6 4+ &0'-+ <* I2*, %-'*>72.0 <* 02-//* Q

*, <.(, %'&/*+,*' :

; 4+* 0-%-0(,& <B-7/.'%,(.+ <B&+*'A(* +.)(+-2* <* UYZZ \]?

; 4+* 1-4,*4' 4,(2* "?Y ) J%-//-A* <4 0*+,'* <* A'-@(,& <4 72.0L!

W"

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



−1 −1

−1

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



 !"! #$%&'()*+,-,(.+/ &01*22* '&*22* 3-' /4' 5.4%

 !"!# $%&'&(&)*

5*/ .46'-7*/ /.+, 0.+/,'4(,/ *, ,*/,&/ /400*//(6*)*+,! 8+(,(-2*)*+,9 (2 &,-(, %'&64 :* ,*/,*' "

+(6*-4$ :;&+*'7(* :;()%-0, <  == >?9 @===>? *,  ===>?! A.4,*B.(/ -%'C/ 2;*//-( D @=== >? /4' 2;.46'-7*

@9 2*/ :&7'-:-,(.+/ &,-(*+, ,'.% ()%.',-+,*/ %.4' %.4'/4(6'* /-+/ '&%-'-,(.+/! E.4/ -6.+/ :.+0 '*64

2*/ &+*'7(*/ :;()%-0, 2&7C'*)*+, D 2- F-(//* < 2;*//-( D @=== >? - &,& %.',& D G== >? %.4' 2*/ .46'-7*/

 *, "! H.4' 2;.46'-7* @9 2* %'.,.0.2* /;*/, %.4'/4(6( D G== >? -%'C/ '&%-'-,(.+ :4 %-'*)*+, %-'

'*)%2-0*)*+, :*/ 0*2242*/ *+:.))-7&*/! 5.'/I4* 2*/ :&7'-:-,(.+/ &,-(*+, 2()(,&*/9 2* %-'*)*+, -

&,& '&%-'& %-' %2-0-7* :;4+* '4/,(+* :* 7'(22-7* *, 0.)F2*)*+, -6*0 :*/ 7'-+42-,/! J(+/( *, %.4'

'&/4)*'9 /4' 01-I4* .46'-7*9 ,'.(/ *//-(/ .+, &,& '&-2(/&/9 /-4B %.4' 2;.46'-7* @ .K 2;.+ - %'.0&:& D

I4-,'* *//-(/! 5* A-F2*-4  !L %'&/*+,* %.4' 01-I4* .46'-7* 2*/ &+*'7(*/ :;()%-0, ,*/,&*/ -(+/( I4*

2*/ &6*+,4*2/ 0.))*+,-('*/ 2(&/ D 2;*//-(!

M46'-7*

N+*'7(* :;()%-0,

+.)(+-2*

O.))*+,-('* P-,*

 == >?   !=Q! ==Q

@ @=== >?

8)%.',-+,*/ :&7'-:-,(.+/ -4

%-'*)*+, +&0*//(,-+, 2- '&%-'-,(.+

%-' '*)%2-0*)*+, :*/ 0*2242*/

*+:.))-7&*/

 "!=Q! ==Q

G== >? #//-( /4' .46'-7* '&%-'&  Q!=Q! ==Q

 === >?

#//-( /4' .46'-7* '&%-'& %-'

'4/,(+* :* 7'(22-7*

"=!=Q! ==Q

 == >? @G!@=! ==Q

 G== >? @G!@=! ==Q

 === >?

#//-( /4' .46'-7* '&%-'& %-'

'4/,(+* :* 7'(22-7*

 =!@=! ==Q

 == >? @"!@@! ==Q

" G== >? @R!@@! ==Q

 === >?

#//-( /4' .46'-7* '&%-'& %-'

'4/,(+* :* 7'(22-7*

@Q!@=! ==Q

 !"#$  !L S H'.,.0.2* :;()%-0, %.4' 2*/ *$%&'()*+,-,(.+/ /4' .46'-7*/ D ,-(22* '&*22* *, 0.))*+T

,-('*/!

LQ

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



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

 !" #$%&'()* +,- ./(*+0-,1&*020()*

1"&.$ ,'- 23',23'- 4".#"56'- 07'--"$- 07$.#"4% -3& .'&,/6- &+",$-+'- "6%+&$'3&'.'6%8 "3436

4"#%'3& 67"9"$% :"."$- +%+ #,"4+ ; ,7$6%+&$'3& .<.' 0'- .'&,/6- %'-%+-8 4' 23$ ,"$--"$% "##"&"$%&'

36 ."623' 0' 0/66+'- -3& ,'- #!+6/.=6'- > ">"6% ,$'3) ?/- '@#+&$.'6%"%$/6- "9"$'6% 0/64 #/3&

/A:'4%$B ,7$69'-%$5"%$/6 #/3--+' 0'- #!+6/.=6'- "3 4C3& 0'- .'&,/6- "D6 0' 0+D6$& ,'- .+4"6$-.'-

0$--$#"%'3&- 07+6'&5$')

E6-%&3.'6%'& 36' -%&34%3&' 4/.#/-+' 0' ."%+&$"3@ 5&"63,"$&'- #,3- /3 ./$6- 5&/--$'&-8 #&+-'6%"6%

0' B/&%'- 0$-4/6%$63$%+- '% -/3.$-' ; 0' 5&"60'- 0+B/&."%$/6- 67'-% #"- -$.#,') F6' $6%'6-' &+G'@$/6

-3& ,'- ->-%=.'- 0' .'-3&' '% ,'3& .$-' '6 C39&' " 0/64 +%+ .'6+' 0"6- ,' 4"0&' 03 #&/:'% HI*J

1KH' "D6 0' %$&'& #&/D% 0'- 4/.#+%'64'- '% &+#/60&' "3@ "%%'6%'- 0' 4!"23' #"&%'6"$&'8 %/3% '6

5"&0"6% ; ,7'-#&$% ,'- 4/6%&"$6%'- A305+%"$&'- 0' 4!"436) K$6-$ #,3-$'3&- #"&%'6"$&'- /6% #"&%$4$#+ ;

,7$6-%&3.'6%"%$/6 0'- -%&34%3&'-) H',"%$9'.'6% "3@ 4"#%'3&- 0/6% $, -7/443#"$%8 4!"23' #"&%'6"$&'

"9"$% ," 4!"&5' 0' L ,'3& .$-' '6 C39&'8 ,7"423$-$%$/6 0'- 0/66+'- #"& -'- ./>'6- #&/#&'- /3 '6 "--/J

4$"%$/6 "9'4 36 "3%&' #"&%'6"$&'8 ,' %&"$%'.'6% '% ,7"6",>-' 0'- 0/66+'- &'43'$,,$'-8 '% '6D6 ," .$-' ;

0$-#/-$%$/6 0'- 0/66+'- A&3%'- +0$%+'- -/3- 36' B/&.' 0$&'4%'.'6% '@#,/$%"A,') ?/%&' 4/6%&$A3%$/6

" #,3- #"&%$43,$=&'.'6% +%+ %/3&6+' 9'&- ,'- .'-3&'- 07"44+,+&"%$/6 M"44+,+&/.=%&'- '% 4'6%&",' 07"4J

23$-$%$/6 "--/4$+'N)

 !"!# $%&'()*+%','-.% /+& &'()0')(+&1 .23+0'-4& +' 0,5-+( /+& 05,(6+&

O7$6-%&3.'6%"%$/6 .$-' '6 C39&' ; 4!"23' +4!',,' 07$69'-%$5"%$/6 9$-' ; +9",3'& ," #&/#"5"%$/6

0'- /60'- 0' 4/.#&'--$/6 ; %&"9'&- ," -%&34%3&' %'-%+'8 ,'- 0+B/&."%$/6- $603$%'- #"& 36 $.#"4% "$6-$

23' ,'- 4/6%&"$6%'- %&"6-.$-'- ; ," #"&%$' "&&$=&')

KD6 0' 6' #"- #'&%3&A'& ," &+#/6-' 0' ," -%&34%3&'8 6/3- "9/6- &'4!'&4!+ 0'- ->-%=.'- 0' .'J

-3&' 6/6 $6%&3-$B- L -/$% ,7"##"&'$, 0' .'-3&' '-% '@%'&6' ; ," -%&34%3&'8 -/$% ," %"$,,' 0'- 4"#%'3&- '-%

#'%$%' #"& &"##/&% "3@ +,+.'6%- 4/6-%$%3%$B-) O'- ->-%=.'- 07$6-%&3.'6%"%$/6 0/$9'6% <%&' 7&+"4%$B-7

/3 "3%&'.'6% 0$% "9/$& 36 %'.#- 0' &+#/6-' #'%$% #/3& #'&.'%%&' 36' "423$-$%$/6 0'- 0/66+'- ;

!"3%' B&+23'64') O" B&+23'64' 07+4!"6%$,,/66"5' 0/$% <%&' ."@$.",' "D6 07/A%'6$& 36' 0'-4&$#%$/6

4/&&'4%' 0'- #!+6/.=6'- ; !"3%' B&+23'64' 23$ #'39'6% "9/$& ,$'3 M#"& '@'.#,' ," B&"4%3&"%$/6 0'-

5&"63,"%-N '6 &'-%"6% 0"6- ,'- #&'-4&$#%$/6- 03 %!+/&=.' 0' ?>23$-%JP!"66/6

 

)  /.#%' %'63 0'

,'3& .$-' '6 C39&' "3 -'$6 0736 ."%+&$"3 6"%3&', '% '6 '@%+&$'3&8 ,'- 4"#%'3&- "$6-$ 23' ,'3&- 4QA,'-

0/$9'6% <%&' &/A3-%'- '% &+-$-%'& "3@ $6%'.#+&$'-)

O'- -%&34%3&'- %'-%+'-8 0' #"& ,'3& 4/6-%$%3%$/68 67/R&'6% #"- 0' #/$6% D@' #/3& .'-3&'& 0'-

4/6%&"$6%'-8 6/%&' 4!/$@ -7'-% 0/64 %/3&6+ 9'&- 0'- .'-3&'- 07"44+,+&"%$/6- M#"& ,' A$"$- 07"44+,+&/J

.=%&'-N '% 0' 0+#,"4'.'6%- M4".+&" &"#$0'8 %/#/5&"#!$'8 4"#%'3&- 0' 0+#,"4'.'6%8 $64,$6/.=%&'-N)

O'- 4"#%'3&- 0' 4/6%&"$6%' -/6% '.#,/>+- ,/&-23' ,'- 4/60$%$/6- "3@ ,$.$%'- &$5$0'- #'&.'%%'6% 36

#/$6% D@' 0' &+B+&'64') 1/3& ,'- '@#+&$.'6%"%$/6- ; +4!',,' &+',,' 0'- 5+/#!/6'- /6% +5",'.'6% +%+

 ! "# $%&'()*# &+'+,# -.# /0 1(&-.#+,# 23&,%0+$4//'++05# 23.+ 645+0/ 2'4$ 7$(# &50/# '. 6.8&(4#.(# 0. 2'.9/# 2#

/0 1(&-.#+,# *0:4*0/# ,'+$#+.# 20+6 ,# 645+0/; 0<+ 2# ,'+=#($4( ,# 645+0/ 23.+# 1'(*# ,'+$4+.# > .+# 1'(*# 246,()$#!

"# $%&'()*# #6$ > /0 906# 2# /0 ,'+=#(64'+ 0+0/'54-.#?+.*&(4-.# 2#6 645+0.:!

ST

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



 !"! #$%&'()* +,- ./(*+0-,1&*020()*

(13.2*0$+ 42*+ .& 5)-3+ 4, -&16.2( 7),8-29& :; ), +,- .2 <25& 2--(=-& 4&+ +0-,50,-&+ 7),8-29&+  &0

>;! ?& @26.&2,  !A &'3)+& 0),0& ./(*+0-,1&*020()* 1(+& &* B,8-& C 5D2E,& $5D&..& 4/(*8&+0(920()*!

?& 32-29-23D& +,(82*0 +/20025D& C 4$5-(-& .&+ 0F3&+ 4& 5230&,-+ ,0(.(+$+ &0 .&+ 5)*0-2(*0&+ .($&+ C .&,-

1(+& &* B,8-&!

G)+(0()* H ),8-29& I&+,-&+ J5D&..& 4/(*8&+0(920()*

K*0&-*& L'0&-*&

M,-2*0

./(13250

N82*0H23-=+

L5D&..&

-$4,(0&

L5D&..& -$&..&

O21$-2 -23(4& P P P

N55$.$-)1=0-&+

7(132502*0;

P P P P

@)3)9-23D(& P P P P

Q$)3D)*&+ P P P P

N55$.$-)1=0-&+

7),8-29&+;

P P P P

O230&,-+ 4&

4$3.25&1&*0

P P P P P

K*5.(*)1=0-&+ P P P

O230&,- 4&

5)*0-2(*0&

P P P P

 !"#$  !A R G-$+&*020()* 4& ./(*+0-,1&*020()* ,0(.(+$& 3),- .&+ 4&,' $5D&..&+ 4/(*8&+0(920()*!

 !"! #$%& &' ()*+& ,& -./0&)+% ,.'% )' -1'0&20& /.+0$-)3$&+ 4 /+15367&% &0

%13)0$1'%

 !"! !# $%&'()*%+ ,-.(,(% /010('2

N 5D2E,& $5D&..& 4/(*8&+0(920()*S .&+ 1T1& 3-(*5(3&+ 4/(*+0-,1&*020()* )*0 $0$ 5)*+&-8$+S 12(+

4&+ 2423020()*+ )*0 4U T0-& -$2.(+$&+ 3),- 0&*(- 5)130& *)0211&*0 4& ./$5D&..& 4& .2 +0-,50,-&

$0,4($&! N 0(0-& 4/&'&13.&S ./(*+0-,1&*020()* 4&+ +0-,50,-&+ C $5D&..& -$4,(0& &+0 4(++$1(*$& 42*+

.2 +0-,50,-& 2.)-+ E,& 3),- .(1(0&- .& 52-250=-& (*0-,+(< 4&+ 5230&,-+ &0 <25(.(0&- .&,- 1(+& &* B,8-&

42*+ .&+ +0-,50,-&+ C $5D&..& -$&..&S 4&,' 3.2*+ 3-(*5(32,' )*0 $0$ (*+0-,1&*0$+ 7V(9!  !W;! X* 3&,0

4/2(..&,-+ 5)*+(4$-&- *)* 32+ ,* 3.2* 12(+ ,* 8).,1& 4/(*+0-,1&*020()*S 4/,*& $32(++&,- 4& ./)-4-&

4&  Y 51S 0),+ .&+ 5230&,-+ $02*0 5)*0&*,+ 42*+ ,*& 62*4& 4&  Y 51 4& .2-9& 0-28&-+2*0 ./),8-29&

4& ./21)*0 8&-+ ./282.! M& 3.,+S .& 5)*0&'0& 4/,0(.(+20()* 4& 5&+ 4(Z$-&*0&+ 0&5D*(E,&+ $02*0 )-(9(*2.

7+0-,50,-&+ 3-$+&*02*0 4&+ 4(+5)*0(*,(0$+ <)-0&+S 5)13)+$&+ 4& 120$-(2,' 9-2*,.2(-&+ 9-)++(&-+ &0

+),1(+&+ C 4/(13)-02*0&+ 4$<)-120()*+;S .& 4(+3)+(0(< 2 $0$ 5)*[, 4& 0&..& +)-0& E,& .&+ 1&+,-&+

<),-*(&+ 32- .&+ 4(Z$-&*0+ +F+0=1&+ 3,(++&*0 T0-& 5)132-$&+! O&-02(*&+ 1&+,-&+ +)*0 4(-&50&1&*0

-&4)*42*0&+! O&5( 3&-1&0 4& 82.(4&-H(*82.(4&- C .2 <)(+ .2 3&-0(*&*5& 4&+ 0&5D*(E,&+ &0 .&+ 1&+,-&+!

?2 3-)'(1(0$ &*0-& .&+ 3)(*0+ 4& 1&+,-& 4&+ 4(Z$-&*0+ 5230&,-+ &+0 4)*5 -&5D&-5D$&!

?2 +,(0& 4, 5D23(0-& 3-$+&*0& 3),- 5D2E,& 0F3& 4& 5230&,- -&0&*, +&+ 52-250$-(+0(E,&+ 0&5D*(E,&+ &0

+2 1(+& &* B,8-&!

A:

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



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

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

12$3-%&4.'3%"%$/3 0' ,2$.#"5%"3% 0/$% #'&.'%%&' 0' 5",54,'& ," 6/&5' 02$.#"5%)  ',,'75$ '-% /8%'7

34' '3 .4,%$#,$"3% ," ."--' 0' ,2$.#"5%"3% #"& -/3 "55+,+&"%$/3) 9/4& ,'- '--"$- 02$.#"5%- '3 :+3+&",;

,'- "55+,+&/.<%&'- /3% ,"&:'.'3% +%+ '.#,/=+- >>*/3%"3$ ?%/@',; ABBCD; >E'&8'& '% F/,GH'$3; (IAID;

>1".8'&%; (IIJD; >K.$3"%"  ! "#$; (IICDD; %'-%+- '% /3% ./3%&+ ,'4& #'&%$3'35') 1".8'&% >(IIJD

"="3% /8-'&L+ 43 #&/8,<.' 0' &'%/4& M N+&/ -4& 0'- "55+,+&/.<%&'- #$+N/+,'5%&$O4'-; %&/$- %'5!3/7

,/:$'- 02"55+,+&/.<%&'- /3% +%+ %'-%+'- ,/&- 0'- 'P#+&$.'3%"%$/3- M +5!',,' &+04$%' Q #$+N/+,'5%&$O4';

#$+N/&+-$-%$6 '% 5"#"5$%$6) 1" 5/.#"&"$-/3 0'- -$:3"4P /8%'34- '-% #&+-'3%+' #"&":&"#!' ()R)S)

+! 3415',)*$&+&,-$% 6 527*//* '5.(,&*

T'4P "55+,+&/.<%&'- 0' %'5!3/,/:$'- 0$@+&'3%'- -/3% %'-%+- -$.4,%"3+.'3% >L/$& U"8,'"4 ()VD)

1'- "55+,+&/.<%&'- -/3% -$.#,'.'3% WP+- -4& ," 5/O4' 0' ,2$.#"5%"3% 04 5X%+ /##/-+ M ,2$.#"5% >Y$:)

()AID)

Z [3 "55+,+&/.<%&' %&$"P$", #$+N/&+-$-%$6; 0' \]7 AII : -4& ,'- L/$'- ^ '% _; '% 0' \]7 (II : -4&

," L/$' ` '3 0$&'5%$/3 0' ,2$.#"5% )

Z [3 "55+,+&/.<%&' 43$"P$", #$+N/+,'5%&$O4' 0' \]7 RII : #/4& .'-4&'& ,'- +L+3'.'3%- &"#$0'-

0' #,4- 0' AIII aN)

K4 5/4&- 0'- '--"$- #&+,$.$3"$&'- #4$- -4& ," #&'.$<&' -%&45%4&' >-%&45%4&' M 3/="4 -"8,'D; ,2"55+,+7

&/.<%&' #$+N/+,'5%&$O4' " +%+ !'4&%+ #"& ,' ./4-O4'%/3 0' ,"&:":' '% -2'-% 0+5&/5!+ 0' -/3 -4##/&%)

b, " +%+ 0+%+&$/&+ '% -"%4&' ",/&- M 5!"O4' ,"&:":'; #/4& 3' #,4- 6/35%$/33'& ,/&- 0'- %'-%- -4& ,"

0'4P$<.' -%&45%4&' >-%&45%4&' M 3/="4 -"8,']#3'4 D) T' #,4-; "4543' .'-4&' 32" #4 c%&' "5O4$-'

0"3- ," 0$&'5%$/3 ` 0' ,2$.#"5%; #"& ,2"55+,+&/.<%&' %&$"P$", ,/&- 0' 5'- %'-%- >-4& ," -%&45%4&' (D; -"46

,/&- 0'- 0'4P 0'&3$'&- $.#"5%- M AI Gd)  '," #'4% -2'P#,$O4'& #"& 43 8,/5":' '3 84%+' $3%'&3' 04

5"#%'4&; #&/04$% ,/&- 0'- '--"$- -4& ," #&'.$<&' -%&45%4&') T"3- ," 5&"$3%' 0243 0=-6/35%$/33'.'3%

,/&- 0'- '--"$- -4$L"3%-; 43 3/4L', "55+,+&/.<%&' %&$"P$", " +%+ WP+ -4& ,2$.#"5%"3% #/4& ,'- %'-%-

-4& ,'- -%&45%4&'- S '% e Q %=#' #$+N/&+-$-%$6 \]7(II: >./0<,' *?eVSI7(II7A(I; 0' *'"-4&'.'3%

?#'5$",$%$'-D>U"8,'"4 ()VD)

8! 3415',)*$&+&,-$% 6 527*//* '5*//*

1'- 5/3%&"$3%'- %'5!3$O4'- ,$+'- M ,2$3-%&4.'3%"%$/3 0' ,2$.#"5%"3% #/4& ,'- 'P#+&$.'3%"%$/3- M

+5!',,' &+',,' +%"$'3% ,'- -4$L"3%'- Q

Z ,' 5"#%'4& 0'L"$% c%&' WP+ M 43 -=-%<.' "./L$8,' #/4& +L$%'& 0' ,"$--'& ,2+,'5%&/3$O4' 'P#/-+'

"4P $3%'.#+&$'- '% "4P "5%'- 0' .",L'$,,"35' -4& ,' 5!"3%$'&;

Z ,' 5"#%'4& 0'L"$% c%&' #,"5+ "4 5'3%&' 0' :&"L$%+ 0' ,2$.#"5%"3% #/4& -' #&+.43$& 02'@'%- ,$+-

M ," &/%"%$/3 0' 5' 0'&3$'& ,/&- 0' ,2$.#"5%;

Z ," 5/33'P$/3 0'L"$% c%&' :"&"3%$' #'30"3% %/4% ,2$.#"5%; ,' 5f8,' &',$"3% ," 5'3%&",' "4 5"#%'4&

#/4L"3% c%&' -'5%$/33+)

R(

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



 !"! #$%&'()* +,- ./(*+0-,1&*020()*

34 5/2'&+ 6&78*).)9(& :0&*5,& 5& 1&+,-& ;(+& &* )&,<-&

0-(2'(2. =($>)-$+(+0(?

<)(&+ ' &0 @ A BCDEFF9G

<)(& > A BCD FF9

+0-,70,-& E &0  

=2-0(&..&1&*0

H&1( <-2(&

9-2*5&,-

,*(2'(2. =($>)$.&70-(I,& BCDJFF9 +0-,70,-& E

0-(2'(2. =($>)-$+(+0(? BCD FF9 +0-,70,-&+ K &0 "

0-(2'(2. 72=27(0(? BCD FF9

4-2*78$ +)(0 +,-

7&*0-2.& &142-I,$&G

:78&..& -$&..& 0-(2'(2. 72=27(0(? BCD"FF9

+)(0 +,- 7&*0-2.&

0&--&+0-&

 !"#$  !L M N2-270$-(+0(I,&+ 5&+ 277$.$-)1O0-&+ ,0(.(+$+ 52*+ ./(1=2702*0 2,' 5&,' $78&..&+ 5/(*D

<&+0(920()*!

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

,! 4,*3(, (,5-6+

P2 721$-2 -2=(5& 2 $0$ 0-O+ =&, ,0(.(+$& =),- .&+ &'=$-(1&*020()*+ Q $78&..& -$5,(0&G &..& 5)**&

+&,.&1&*0 ,* R.1 5& ./&++2( +2*+ =&-1&00-& 5& -$2.(+&- 5&+ 1&+,-&+ S5$=.27&1&*0 5& ./(1=2702*0G

<(0&++& 5/(1=270T 72- .2 7)*R9,-20()* 5, 5(+=)+(0(? &'=$-(1&*02. *& =&-1&002(0 =2+ ,* 4)* =)+(0()*D

*&1&*0 5& .2 721$-2!

P2 721$-2 -2=(5& &+0 =2- 7)*0-& ,0(.(+$& =),- .&+ &'=$-(1&*020()*+ Q $78&..& -$&..& =),- 7)*R-1&- .&+

1&+,-&+ 5/277$.$-20()* 5& ./(1=2702*0! U..& =&-1&0 $92.&1&*0 5& +,(<-& &* 0&1=+ -$&. .2 5$?)-120()*

5& ./),<-29&! P&+ 1&+,-&+ &V&70,$&+ +,- .&+ R.1+ 7)*7&-*&*0 .& 5$=.27&1&*0 5)*0 )* 5$5,(0 .2 <(0&++&

5/(1=270G ./2*9.& 5/(*7(5&*7& &0 .2 82,0&,- 5/(1=270!

P2 721$-2 ,0(.(+$& &+0 7&..& 1(+& Q 5(+=)+(0()* =2- .& N&129-&? S1)5O.& WDH0-&21 WHDKT! U..& &+0 =)D

+(0()**$& 52*+ .& =.2* 5$R*( =2- .& =2-&1&*0 21)*0 5& ./),<-29& Q &*<(-)* JF 1 5, =)(*0 5/(1=270!

P& =2-21$0-29&G ./27I,(+(0()* &0 ./&*-&9(+0-&1&*0 +)*0 =(.)0$+ Q ./2(5& 5/,* )-5(*20&,- &0 5, .)9(7(&.

WDX(+()*! N)1=0& 0&*, 5&+ 7)*5(0()*+ 5& =-(+& 5& <,& &* &'0$-(&,- 2<&7 $7.2(-29& *20,-&. &0 5& .2

5,-$& 5& ./(1=270G .2 ?-$I,&*7& 5& .2 721$-2 2 $0$ R'$& Q  JF (129&+ =2- +&7)*5& =),- =&-1&00-&

,*& 5,-$& 5/&*-&9(+0-&1&*0 &0 ,*& I,2.(0$ 5/(129&+ +,Y+2*0&+! P/27I,(+(0()* &+0 .2*7$& I,&.I,&+

+&7)*5&+ 2<2*0 .& .2-929& 5& ./(1=2702*0G .&+ (129&+ +)*0 +0)7Z$&+ &* 4),7.& 52*+ .2 1$1)(-& 5&

.2 721$-2 +,- ,*& 5,-$& <2-(24.& &* ?)*70()* 5, =2-21$0-29& 5& =-(+& 5& <,& S.($& Q ./),<&-0,-&

5& ./)4[&70(? &0 2, 0&1=+ 5/&'=)+(0()*TG &* 9$*$-2. L Q \ +&7)*5&+! P/&*-&9(+0-&1&*0 +/&V&70,& =2-

=)+0D0-(99&- 12*,&. A ./)=$-20&,- 1&0 R* Q ./27I,(+(0()* .)-+I,& ./(1=2702*0 =&-7,0& .& 1&-.)*G =,(+ (.

+$.&70()**& .2 +$-(& 5/(129&+ 5& ./(1=270 S&*<(-)* KFF Q "FF (129&+T &0 .&+ &*-&9(+0-& +,- ./)-5(*20&,-!

7! 8.5.9(,5:-+

] ./$78&..& -$5,(0&G .&+ 5$=.27&1&*0 8)-(>)*02,' 5& .2 ?27& 2<2*0 5, =2-&1&*0 +)*0 1&+,-$+

12*,&..&1&*0G 2, 0-2<&-+ 5/,* 9242-(0 =&-7$ 5& 0-),+! ^*& 1&+,-& &+0 -$2.(+$& =),- ./$020 (*(0(2.

=,(+ 2=-O+ 782I,& (1=270S_(9!  !E T! ], 1)1&*0 5, 5$1)*029& 5& .2 +0-,70,-&G ,* -&.&<$ 5& .2

JJ

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



2

2

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



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

1/2& ,3/24&"5' 67 0"8- ,' #,"8 03$.#"9% ,'- .'-2&'- -' :/8% -2$4"8% 28' /2 0'2; 0$&'9%$/8-7 <

,3$8%'&:"9' #"&'.'8%=8/>"2 '% < ,3$8%'&:"9' &'.?,"$=8/>"27 '% < %&/$- !"2%'2&- @A '% B=C 6 . 0' ,"

9/%' 03$.#"9%D) E'- 9"#%'2&- -/8% F;+- "2 5&$,,"5'7 02 9/%+ 02 8/>"2 @."%+&$"2 F8D) G2 .$,$'2 02

8/>"27 '8 9&H%' 03/24&"5' '% '8 ?"- 0' ,3/24&"5' @IJ B A7K .D7 /8 #,"9' 28 "99+,+&/.L%&' 28$C";$",

/&$'8%+ -2$4"8% ," 4'&%$9",')  '- .'-2&'- &'80'8% 9/.#%' 0'- 9/80$%$/8- "2; ,$.$%'-) M"8- ,' #,"8

,"%+&",7 /8 .'-2&' -2$4"8% 28' < %&/$- 0$&'9%$/8- ,3"99+,+&"%$/8 < ,3$8%'&:"9' 8/>"2C&'.?,"$ '% -2$4"8%

,3";' %&"8-4'&-' "2 .$,$'2 02 8/>"2)  '- .'-2&'- /8% #/2& ?2% 0' .'%%&' '8 +4$0'89' ," 9/8-%&$9%$/8

,"%+&",' -/2- 9!"&5'.'8% ";$",) E' -9!+." 0' #/-$%$/88'.'8% 0'- "99+,+&/.L%&'- 0"8- ,3/24&"5' 6

'-% &'#&+-'8%+ N$52&' ()(O)

1/2& ,'- /24&"5'- ( '% P7 ,3"##&/9!' 0' #/-$%$/88'.'8% 0'- 9"#%'2&- &'%'82' #&'80 '8 9/.#%'

," #"&%$92,"&$%+ 0' 9'- /24&"5'- #"& &"##/&% < ,3/24&"5' 67 %/2% '8 9/8-'&4"8% 28 .H.' '-#&$%7 "2C

%/&$-"8% 28 9'&%"$8 8$4'"2 0' 9/.#"&"$-/8 0'- 0/88+'-@N$5) ()(Q7 N$5) ()(RD) S2$%' < 28' '&&'2& 0'

#/-$%$/88'.'8% "2 ./8%"5'7 ,'- 9"#%'2&- 02 8$4'"2 P 0' ,3/24&"5' P 8' -/8% #"- 0"8- ,' .H.' #,"8

T2' ,'- "2%&'-)

UQ

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



 !"! #$%&'()* +,- ./(*+0-,1&*020()*

 !"! !# $%&'()*%+ ,-)./01+1'12&

)! 3456(17%&')'12&+ 8 6.9%**% (6,01'%

3/(*+0-,1&*020()* 4&+ +0-,50,-&+ 0&+0$&+ 6 $57&..& -$4,(0& $02(0 8$-$& 6 .2 9)(+ :2- .& ;<# 4&

#),&* :),- .&+ 52:0&,-+ 4)*0 (. 2=2(0 .2 572-8& &0 :2- .& ;&128-&9 :),- .&+ 52:0&,-+ +,::.$1&*02(-&+

9),-*(+ >5&*0-2.& 4/25?,(+(0()* :&-1&002*0 ,* $572*0(..)**28& 6 @A BCDE! 32 5&*0-2.& 4/25?,(+(0()*

4, ;<# $02(0 ,* 1)4F.& 3GH<#IJ " 4& 57&D KG;L3<IM34+ 4)*0 .2 9-$?,&*5& 4/$572*0(..)**28&

$02(0 4& "A BCD!

;&+ 4&,' 5&*0-2.&+ */)*0 :2+ 92(0 ./)NO&0 4/,*& +P*57-)*(+20()*!

:! 3456(17%&')'12&+ 6.9%**% (6%**%

Q),- .&+ &':$-(1&*020()*+ 6 $57&..& -$&..&R 572?,& :2-0&*2(-& 2P2*0 :2-0(5(:$ 6 ./(*+0-,1&*020()* 4&+

+0-,50,-&+ 2=2(0 .2 572-8& 4& ./25?,(+(0()* 4& +&+ 4)**$&+! S(*+( .& ;&128-&9 +/&+0 2++)5($ 6 ./&*0-&M

:-(+& <TGU :),- ./25?,(+(0()* 4&+ +(8*2,' 4& ./255$.$-)1F0-& &1N2-?,$R &0 2, .2N)-20)(-& VU# :),-

./25?,(+(0()* 4& ./255$.$-)1F0-& 4& ./(1:2502*0 W.2(-& &0 4&+ 255$.$-)1F0-&+ 42*+ .2 +0-,50,-&!

32 5&*0-2.& &1N2-?,$& 2 $0$ 4$=&.)::$& :2- ./&*0-&:-(+& <TGU +:$5(2.&1&*0 :),- 5&+ &':$-(M

1&*020()*+ .6! ;&00& 5&*0-2.& &*-&8(+0-& .&+ 1&+,-&+ 92(0&+ :2- ./255$.$-)1F0-& AM"AA 8 >+2,9 &++2(

6  AA BX +,- ./),=-28& @E! ;&0 &*+&1N.& &+0 8.)N2.&1&*0 2,0)*)1&R *)0211&*0 &* 2.(1&*020()*

$.&50-(?,&! U)* ,0(.(+20()* >1(+& &* -),0&R 4$5.&*57&1&*0 4& ./&*-&8(+0-&1&*0E &+0 5)1:20(N.& 2=&5

.& 1)4& ):$-20)(-& 4& .2-828&! ;& +P+0F1& &+0 5)*Y, :),- -$+(+0&- 2,' 255$.$-20()*+ +,N(&+ 42*+

./(1:2502*0! Q),- 5&.2R (. &+0 21)-0( >Z(8!  !@@ >5EE! G. :&-1&0 ./25?,(+(0()* +,- " =)(&+ 4([$-&*0(&..&+R

5)4$&+ &* @ N(0+! 32 1&+,-& +/&[&50,& &* 0&*+()*R &0 .2 9-$?,&*5& 4/$572*0(..)**28& &+0 .(1(0$& 6

\R\ BCD >=2.&,- 07$)-(?,& 12'(12.&E 5)1:0& 0&*,& 4& .2 52:25(0$ 4& 1$1)(-& ?,( &+0 .(1(0$& 6 @\

+&5)*4&+ 4/&*-&8(+0-&1&*0! 3&+ 52:25(0$+ 4&+ N200&-(&+ :&-1&00&*0 :.,+(&,-+ 7&,-&+ 4/2.(1&*020()*

4& ./25?,(+(0()* &0 4, 52:0&,-! 3& +P+0F1& &+0 $?,(:$ 4/,*& :-(+& #X"\ &0 :&,0 2(*+( ]0-& 5)**&50$

6 ,* )-4(*20&,- 2W* 4& -$5,:$-&- .&+ 4)**$&+ &0 4& :-)5$4&- 6 .2 +P*57-)*(+20()* 4&+ +P+0F1&+

4/25?,(+(0()*!

32 5&*0-2.& 0&--&+0-& 8F-& .&+ 1&+,-&+ 92(0&+ :2- .&+ 255$.$-)1F0-&+ 42*+ ./),=-28&R :2- ,* 4&+

4&,' 255$.$-)1F0-&+ 42*+ ./(1:2502*0 >.&+ 4)**$&+ 4&+ 2,0-&+ 52:0&,-+ $02*0 8$-$&+ :2- 2(..&,-+ER

&0 4, 52:0&,- 4& 9)-5& +),+ ./),=-28& .)-+?,/(. &+0 1(+ &* :.25&! ;&00& 5&*0-2.& >1)4F.& U0&.2E

2 $0$ 4$=&.)::$& +:$5(2.&1&*0 :),- 5&+ &':$-(1&*020()*+ :2- ./&*0-&:-(+& U2:7(-! <..& -&5,&(..& .&+

1&+,-&+ +,-  V =)(&+ 4([$-&*0(&..&+ >@ 52:0&,- 4& 9)-5&R @^ 255$.$-)1F0-&+ ,*( 2'(2,'R @ 255$.$-)1F0-&

0-(2'(2. _),=-28&_ &0 @ 255$.$-)1F0-& 0-(2'(2. _(1:2502*0_E! ;&00& 5&*0-2.& &+0 :.25$& 6 :-)'(1(0$

4& ./),=-28&R :),- .(1(0&- .&+ .)*8,&,-+ 4& 5`N.&+! 3& +P+0F1& +& :-$+&*0& +),+ .2 9)-1& 4/,*& =2.(+&

$02*57& >Z(8!  !VAE +,- .2?,&..& +& 0-),=&*0 &* :2-0(& &'0$-(&,-& .&+ :-(+&+ :),- .&+ 4(=&-+ 52:0&,-+!

3/2.(1&*020()* :&,0 ]0-& 2++,-$& +)(0 :2- .&+ N200&-(&+ +)(0 +,- .& +&50&,-R .2 5)*W8,-20()* 4&+ =)(&+

&0 .& :(.)028& 4& ./25?,(+(0()* +)*0 -$2.(+$+ :2- ,* )-4(*20&,- (*0$8-$ 6 .2 =2.(+&! 3&+ 52-250$-(+0(?,&+

.($&+ 6 ./25?,(+(0()* 4&+ +(8*2,' +)*0 .&+ +,(=2*0&+ a

b  V =)(&+ 4& 1&+,-&+ 4)*0   -$+&-=$&+ 6 ./25?,(+(0()* 4&+ +(8*2,' 4/255$.$-20()*R

c@

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



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

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

4-))( 30-563 .$3,32())(*'+ *-'$( ,-*'$&76'&-* (* '($)( 28&*/'$6)(*'%'&-* 2(/ /'$6,'6$(/ %

.$&*,&.%1()(*' .-$'3 /6$ 1(/ )(/6$(/ 28%,,313$%'&-* 1-$/ 2(/ (9.3$&)(*'%'&-*/ : 3,;(11( $3(11(! <&*/&

1% /(,'&-* 56& /6&' ,-*,($*( .16/ .%$'&,61&=$()(*' 1( '$%&'()(*' 2(/ /&>*%69 &//6/ 2(/ %,,313$-)='$(/!

?% 7&71&->$%.;&( /6$ 186'&1&/%'&-* 2(/ %,,313$-)='$(/ 2%*/ 6* '(1 ,-*'(9'( 3'%*' '$=/ .%60$(+ *-6/

%0-*/ 2@ A%&$( A%,( : 2( *-)7$(69 .$-71=)(/ 2%*/ 1( '$%&'()(*' 2(/ /&>*%69! B* (C('+ (C(,'6($

2(69 &*'3>$%'&-*/ /6,,(//&0(/ /6$ 6* /&>*%1 7$6' .(6' 2-**($ 2(/ $3/61'%'/ %7($$%*'/! 48(/' .-6$56-&

1% ,-).$3;(*/&-* D*( 26 /&>*%1 (' 2(/ .;3*-)=*(/ : 18-$&>&*( 2( ,(16&E,& (/' *3,(//%&$(+ %D* 28(*

(9'$%&$( 2(/ 2-**3(/ D%71(/!

F-6$ &116/'$($ 1( '$%&'()(*' 2(/ 2-**3(/ 2%*/ 1% /6&'( 26 ,;%.&'$(+ 18(//%& :  GG HI /6$ 18-60$%>(

J 0$%&( >$%*2(6$ (/' .$&/ ,-))( (9().1(!

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

 !"!#!# $%&'()*+),- %+ .-./0&% 12 &)3-./ 1% /4)5*.'+.-+

?8(*$(>&/'$()(*' 2(/ %,,313$%'&-*/ %6 ,-6$/ 286* (//%& 26$( .16/&(6$/ )&*6'(/+ (*'$( 1( 23,1(*E

,;()(*' 2( 18%,56&/&'&-*+ 1% )&/( (* /3,6$&'3 2( 18-.3$%'(6$ %K%*' (C(,'63 ,(''( 'L,;(+ 1( 1%$>%>(

2( 18&).%,'%*'+ 18&).%,'+ 18&))-7&1&/%'&-* 2( 18&).%,'%*'+ 1% 03$&D,%'&-* 2(/ ,-*2&'&-*/ 2( /3,6$&'3

.($)(''%*' 28%,,32($ : *-60(%6 : 1% ,(*'$%1( (' 18%$$M' 2( 18(*$(>&/'$()(*'!

<6 2376' 2( 18(*$(>&/'$()(*'+ 18&).%,'%*' (/' &))-7&1(+ 1( /&>*%1 (/' .1%' NO&>!  !PJ N%Q+ .;%/( NRQQ!

?( 7$6&' 2( )(/6$( (*$(>&/'$3 (/' 2( 18-$2$( 2( STE G+J >! B*/6&'(+ 18&).%,'%*' (/' 1&73$3 (' ,-))(*,(

/-* '$%U(' 1( 1-*> 26 ,L71(+ -* 0-&' /( /6,,32($ 2( ,-6$'(/ .3$&-2(/ 28%,,313$%'&-* : ;%6'(/ A$356(*,(/

28%).1&'62( )-23$3( N2( 18-$2$( 2( S T E J" >Q N.;%/( NRRQQ! 4(,& ,-$$(/.-*2 %69 -/,&11%'&-*/ 26

,L71( (' %69 :E,-6./ 26/ %69 A$-''()(*'/ 2( 1% .-61&(+ 56& /-*' .16/ )%$563/ : A%&71( 3*($>&( 28&)E

.%,'+ ,%$ 1( '$%U(' 2( 18&).%,'%*' 1( 1-*> 26 ,L71( (/' ,-6$' (' 1% 0&'(//( A%&71(

 

! F6&/ 18&).%,'%*'

.($,6'( 1% /'$6,'6$( N.;%/( NRRRQQ! ?% .;%/( NRVQ ,-$$(/.-*2 %6 $('-6$ %6 $(.-/ 26 /K/'=)(! ?(

/.(,'$( 26 /&>*%1 7$6' (/' '$%,3 D>6$(  !PJ N%8Q!

?(/ ,%.'(6$/ -*' 6*( 7%*2( .%//%*'( 2( G E J GG WX! 4(,& /&>*&D( 56( 1(6$ $3.-*/( .(6' M'$( *-*

1&*3%&$( %6E2(1: 2( ,(''( A$356(*,(! R1 ,-*0&(*' 2( D1'$($ 1( /&>*%1 .-6$ 2(69 $%&/-* Y N&Q -* 30&'( %&*/&

1( $(.1&()(*' /.(,'$%1+ N&&Q 1( /&>*%1 7$6' .$3/(*'( 6* 7$6&' 2( )(/6$( &).-$'%*' : ;%6'(/ A$356(*,(/+

%1-$/ 56( 1( .;3*-)=*( -7/($03 ,-$$(/.-*2 : 2(/ A$356(*,(/ 7%//(/! Z-6/ %0-*/ ,;-&/& 2( D1'$($

1(/ /&>*%69 : 18%&2( 286* D1'$( 2( [6''($\-$'; N.%//(E7%/Q+ %0(, 6*( A$356(*,( 2( ,-6.6$( 2( JGGG

WX! ?8-$2$( 26 D1'$(

!

+ % 3'3 ,;-&/& .-6$ A%&$( 23,$-&'$( 1( .16/ $%.&2()(*' .-//&71( 1(/ %).1&'62(/

2(/ A$356(*,(/ %6E2(1: 2( 1% A$356(*,( 2( ,-6.6$(! ?( /.(,'$( 26 /&>*%1 D1'$3 (/' '$%,3 D>6$(  !PJN78Q!

 ! "#$% &'( )#%*'( +,'%-.'(/ 0' 12+,#34,' '(* 3#.,( 35%6$+ 05% &7.3150*5,* 506$.'%* $,' 8.*'((' 1&$( +&'8+' '*

&7.,9$',0' :'( )%#**'3',*( ($% &' :+1&50'3',* :' &7.3150*5,* :'8.',* 3#.,( .31#%*5,*'!

;! <7#%:%' :7$, =&*%' 0#%%'(1#,: > (5 1',*'/ &7#%:%' ? > @ A :B 15% #0*58'!

]P

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



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

4-&(

5-6(**( 2( 17-8/('

%0%*' 1&93$%'&-* 2(

17&).%,'%*' :;<

5-6(**( 2( 17-8/('

%.$=/ &))-9&1&/%'&-* 2(

17&).%,'%*' :;<

>&83$(*,( :;<

? −18, 092 −17, 937 0, 155

@ 1, 432 1, 231 −0, 201

A 16, 453 16, 641 0, 188

 !"#$  !B C D8/(' %0%*' (' %.$=/ &).%,' /E$ 1(/ 0-&(/ F+ 6 (' G 2( 17%,,313$-)='$( 2( 17&).%,'%*'+

.-E$ 17(//%& H  II JK /E$ 17-E0$%;( L 0$%&( ;$%*2(E$!

2( 1% 0&'(//(<+ -* $('$-E0( 17%,,313$%'&-* &*&'&%1( )(/E$3( :M&;!  !N <! O-).'( '(*E 2( 1% '$=/ 9-**(

2(/,$&.'&-* 2E /&;*%1 :3,P%*'&11-**%;( H LI JQG<+ 1(/ ,%1,E1/ *7&*2E&/(*' *& 1&//%;(+ *& .($'( 27&*R-$S

)%'&-*!

%&'()$  !N C T11E/'$%'&-* 2( 1% $30($/&9&1&'3 2E ,%1,E1 27&*'3;$%'&-*U23$&0%'&-*!

 ! "#$%&'(')*%+ +)& ,- $.-(#% *% /%+)&%

V% ,P%&*( 2( )(/E$( (/' ,-*/'&'E3( 2E ,%.'(E$+ 2( 1731(,'$-*&WE( &*'3;$3(+ 2E ,X91( (' 2( 1% ,(*'$%1(

27%,WE&/&'&-*!

V( ,%.'(E$ (' 1731(,'$-*&WE( &*'3;$3( -*' R%&' 17-9Y(' 27E*( ,%1&9$%'&-* .%$ 1( R%9$&,%*'+ E* ,($'&Z,%'

273'%1-**%;( (/' R-E$*& %0(, ,P%WE( ,%.'(E$ (' ;%$%*'&' E*( $3.-*/( 1&*3%&$( /E$ 173'(*2E( 2( )(/E$(

2%*/ 1(/ ;%))(/ 2( R$3WE(*,( ,-).$&/(/ 2%*/ /% 9%*2( .%//%*'(! O( .$-91=)( 27-8/(' %0%&' 23YH

3'3 -9/($03 %0(, E* %,,313$-)='$( .&3G-31(,'$&WE( :V%)9($'+  IIB<! M%E'( 27&*R-$)%'&-*/ (' 2( '(/'/

,-).13)(*'%&$(/+ 1% '(,P*-1-;&( 2E ,%.'(E$ %0%&' 3'3 )&/( (* ,%E/(! V(/ '(/'/ 2( ,-).%$%&/-* 2(

B"

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



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

%'1!2/,/3$' '4'1%5+- ,/&- 0'- '6#+&$.'2%"%$/2- 7 +1!',,' &+05$%' 89/$& 1!"#$%&' ():);< "$2-$ =5' ,'

&'%/5& 0>'6#+&$'21' 0' ?) @".A'&%B 1/2C&.+ #"& ,'- '--"$- 7 ,>+1!',,' &+05$%'B /2% 1/205$% 7 1!/$-$&

52' "5%&' %'1!2/,/3$' #/5& ,'- '6#+&$.'2%"%$/2- 7 +1!',,' &+',,' 8#$+D/&+-$-%$E- /5 1"#"1$%$E-<) F& $,

->"9G&' =5' 1'- %'1!2/,/3$'- #&+-'2%'2% +3",'.'2% 52 /4-'%) @" %'1!2/,/3$' 05 1"#%'5& /5 ,' 1"#%'5&

,5$H.I.' 2' -/2% 0/21 #"- .$- '2 1"5-')

J/5& +9$%'& ,>"%%+25"%$/2 05 -$32", -5& ," ,/235' 0$-%"21' -+#"&"2% ,' 1"#%'5& 0' ," 1'2%&",'B

=5$ -'&"$% ,$+' 7 52' .'-5&' 0>$2%'2-$%+B 2/5- "9/2- 1!/$-$ 0'- 1"#%'5&- #'&.'%%"2% 52' .'-5&' '2

%'2-$/2B '% 0'- 1KA,'- 0' 3&/- 0$".G%&' 8LB: .. #"& 9/$'<)

@" 1'2%&",' " +%+ 1/2M5' -#+1$C=5'.'2% #/5& 1'- '6#+&$.'2%"%$/2- '% " E"$% ,>/AN'% 0' %/5%'-

,'- "%%'2%$/2- =5"2% 7 -'- 1"&"1%+&$-%$=5'-B '2 #"&%$15,$'& ," #&+1$-$/2 0' -/2 !/&,/3' #/5& ,>+1!"2H

%$,,/22"3' 8OL PQD ."6$.5.<B "$2-$ =5' -" #&+1$-$/2 #/5& ,>".#,$%50' 0'- .'-5&'- 8(O A$%-<) @'-

#&+1"5%$/2- #&$-'- #'&.'%%'2% 0/21 0>+1"&%'& 52' /&$3$2' %'1!2$=5' =5"2% "56 /4-'%- /A-'&9+- -5&

,>"11+,+&"%$/2 0' ,>$.#"1%"2%)

 ! "# $%&'&()$* *(% +, -.*'&'.# -,% %,--.%& / ~g

 ! "!#$!%$&' () *+&,-)% )'%#) *+.%!% !"!'% *$/.#!%$&' () *+$01!2%!'% )% !1#3- $00&/$*$-!%$&' 1)4% -+)56

1*$74)# 1!# *) 8!$% 74) *)- 2!1%)4#- )'#)9$-%#)'% *! 2&01&-!'%) 2&'%$'4) () *+!22.*.#!%$&' :!22.*.#!%$&'

() *! 1)-!'%)4# ~g;<  ) 2!1%)4# )-% (!'- 4') 2)#%!$') 1&-$%$&' :'&' 2&''4); !"!'% (.2*)'2=)0)'%>

$* 0)-4#) *! 1#&?)2%$&' () ~g -4# -)- "&$)- )% ') -4/$% 1!- (+!4%#) !22.*.#!%$&'< @4$- *+$01!2%!'% )-%

*$/.#.> $* ()-2)'( *) *&'9 (4 2A/*)> -4/$% ()- !22.*.#!%$&'-> )% *)- 1&-$%$&'- #)*!%$")- )'%#) *)- "&$)- :~x>

~y )% ~z; )% ~g ."&*4)'%< B'C'> )' C' (+$01!2%> *+$01!2%!'% )-% $00&/$*$-. (!'- 4') 1&-$%$&' ($,.#)'%)

() 2)**) (4 (.1!#%> *! 1#&?)2%$&' () ~g -4# -)- "&$)- )-% ($,.#)'%) )% $* ') -4/$% 1*4- (+!22.*.#!%$&'<

D)- %)-%- ),)2%4.- )' *!/&#!%&$#)  !"#$%&'"&' &'% 1)#0$- () 0)%%#) )' ."$()'2) *+$'E4)'2) () *!

1&-$%$&' () *+!5) () 0)-4#) (4 2!1%)4# 1!# #!11&#% F ~g<

G$'-$ *+)##)4# *! 1*4- 1#&/!/*) "$)'% (4 2=!'9)0)'% () 1&-$%$&' )'%#) *+!5) () 0)-4#) (4 2!1%)4#

)% ~g<

 !"!#!$ %&''()*+&, -. /+0,12 -( 23+451)*1,*

H) 2&''!$--!'% '$ *! 1&-$%$&' $'$%$!*) (4 2!1%)4# '$ *+."&*4%$&' () *! 1&-$%$&' ()- -)- !5)- ()

0)-4#) 1!# #!11&#% F ~g 1)'(!'% *! 2&4#-) () *+$01!2%!'% *) *&'9 (4 2A/*)> *+$01!2% )% *+$00&/$*$6

-!%$&'> $* )-% $01&--$/*) () 2&##$9)# *) -$9'!* 1&4# #)%$#)# 2)- &,-)%-< I' 1)4% %&4%)8&$- 0$'$0$-)#

*)4# $'E4)'2)> )% ()45 1&--$/$*$%.- -&'% )'"$-!9)!/*)- J -&$%> 1&4# 2=!74) "&$)> )5%#!$#) F *+)'-)0/*)

(4 -$9'!* *+&,-)% !"!'% (.2*)'2=)0)'% 14$- !11*$74)# 4') 2&##)2%$&' 1&4# 1)#0)%%#) F *+!22.*.#!%$&'

() #)")'$# F K.#& )' C' (+$01!2% :0.%=&() 4%$*$-.) 1!#  !0/)#% :LMMN;;> -&$% )5%#!$#) *+&,-)% ()

C' (+$01!2%<  +&#$)'%!%$&' () *+$01!2%!'% !4 0&0)'% () *+$01!2% .%!'%  !&'"&' 1*4- 1#&2=) () -!

1&-$%$&' )' C' (+$01!2% 74) () -! 1&-$%$&' !"!'% (.2*)'2=)0)'%> '&4- !"&'- 2=&$-$ () #)%$#)# !4

-$9'!* *+&,-)% () C' (+$01!2%< D) 1*4-> *&#- () *+$'%.9#!%$&' (4 -$9'!*> 2)%%) 0.%=&() 1)#0)% ()

0$'$0$-)# *+!22404*!%$&' (+)##)4#- (4)- F *+$'%.9#!%$&' () *+&,-)% )% (+."$%)# *)- =O1&%=3-)- -4# *!

2&##)2%$&' F !11*$74)#<
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tf i

tfs

ti ∈ I = [t0; tfs] t0 tfs

vx(ti) = vx(ti−1) +
ax(ti) + ax(ti−1)

2
· (ti − ti−1)

vx(t0) vy(t0) vz(t0)

vx(tfs) vy(tfs) vz(tfs) v̄x v̄y v̄z

tfi tfs

v̄x =
1

(fs− fi)

i=fs
∑

i=fi

vx(ti)
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 !"#$%&' () *"%+&$',- '% .+%!/0'-

12-3$%' /2 -/3-%&"$% 4'%%' 5",'3& 62",' ./7'22' 8 ," 5$%'--' 4",43,+' #&+4+0'..'2%9 4' :3$ 2/3-

#'&.'% 0;/<%'2$& ,'- 5$%'--'- 4/&&$=+' >v′x9 v
′

y9 v
′

z? @

v′x(ti) = vx(ti)− v̄x >()A?

B" 5$%'--' "3 ./.'2% 0' ,;$.#"4% '-% 0/22+' #"& v′x(t0))

B" 2/&.' 0' ," 5$%'--' #'3% '2-3$%' C%&' 4",43,+' 0' ," D"E/2 -3$5"2%' @

V (ti) =
√

v′x(ti)
2 + v′y(ti)

2 + v′z(ti)
2

>()F?

B' 4",43, 0' ," #+2+%&"%$/2 0' ,;$.#"4%"2% &'#&'20 ,' .C.' #&$24$#' 0' 4",43, >'G'.#,' #/3& ,"

5/$' G? @

ux(ti) = ux(ti−1) +
vx(ti) + vx(ti−1)

2
· (ti − ti−1) >()H?

 '#'20"2% "62 0' 2;"5/$& :3' ," #+2+%&"%$/29 /2 4!'&4!' ux(t0)9 uy(t0)9 uz(t0) :3' ,;/2 -/3-%&"$%

"3 0+#,"4'.'2% 4",43,+ #&+4+0'..'2% >'G'.#,' #/3& ," 5/$' G? @

u′x(ti) = ux(ti)− ux(t0) >()I?

J3$- /2 4",43,' ,;'2D/24'.'2% %/%", #"& ," 2/&.' 0'- %&/$- 4/.#/-"2%'- @

U(ti) =
√

u′x(ti)
2 + u′y(ti)

2 + u′z(ti)
2

>()K?

 !"! #$%&'() *+, '--./.012340+, *'&, /51(60'%+

 !"! !# $%&'()*+ &',+%-. /&0% (+, 122.(.%&*)3%+, 415, (6&0-%17+

B'- 4"#%'3&- -$%3+- 0"2- ,;/35&"=' #&+-'2%'2% +=",'.'2% 32 /L-'% '2%&' ,'- 5",'3&- "5"2% $.#"4%

'% "#&M- $.#"4%)  ' #&/<,M.' " ," .C.' /&$=$2' :3' #/3& ,;$.#"4%"2% @ ," 5"&$"%$/2 0'- #/-$%$/2-

&',"%$5'- '2%&' ,;"G' 0' .'-3&' 03 4"#%'3& '% ~g) N$ /2 -' 4/2%'2%' 0' &'%$&'& ,;/L-'% 0' 62 0;$.#"4%9

/2 -' &'20 4/.#%' '2 4",43,"2% ," 5$%'--' :3' ,;!7#/%!M-' &'%'23' #/3& ,' %&"$%'.'2% 0'- 4"#%'3&-

0' ,;$.#"4%"2% 2;'-% #"- -3O-"2%' >P$=) ()AF?) 12 'L'%9 ,' 4",43, ./2%&' 32' 5$%'--' "5"2% $.#"4%

4&/$--"2%' '% 32' 5$%'--' "#&M- $.#"4% 4/2-%"2%' 2/2 23,,' :3$ 2' %&"03$-'2% #"- 32' &+",$%+ #!7-$:3'

#3$-:3' ,' .'&,/2 2;'-% #"- '2 ./35'.'2% "5"2% ,;$.#"4% '% 2' ,;'-% #,3- "#&M-) B;/L-'% "5"2% $.#"4%

'% -3&%/3% -" 5"&$"%$/2 #'20"2% ,;$.#"4% /2% 0/24 <'"34/3# 0;$.#/&%"24')

B/&-:3;/2 0+03$% 0' ,;"44+,+&"%$/2 .'-3&+' ,;/L-'% "5"2% $.#"4% >8 ," #"&%$' 03 -$=2", "5"2%

$.#"4% >$2%'&5",,' [ !"#$  # %&'()*; t0]?? '% ,;/L-'% "#&M- $.#"4% >8 ," #"&%$' 03 -$=2", -3& ,;$2%'&5",,'

[t0; tfs]?9 ," 5$%'--' 4",43,+' #"& $2%+=&"%$/2 -;".+,$/&'9 0"2- ,' -'2- /Q -" ./7'22' "5"2% $.#"4% '-%

23,,')  '#'20"2%9 ," 5$%'--' "#&M- $.#"4% &'-%' 4/2-%"2%' '% 2/2 23,,')

R2 #'3% "%%&$<3'& 4'% +4"&% "3 ./35'.'2% -3<$ #"& ,' 4"#%'3& 0"2- ,;/35&"='9 :3$ #'3% C%&'

0+4/.#/-+ '2 %&/$- #!"-'-) S5"2% $.#"4%9 ,' 4"#%'3& 6G+ "3 =&$,,"=' 0'- ="<$/2- '-% $../<$,' '% -/2

"G' 0' .'-3&' '-% /&%!/=/2", 8 ~g) S3 ./.'2% 0' ,;$.#"4%9 ,' 4"#%'3& '-% .$- '2 ./35'.'2% #"&

,' ./35'.'2% 03 .'&,/2 '% .'-3&' 32' "44+,+&"%$/2) S#&M- ,;$.#"4%9 ,'- ./35'.'2%- 03 .'&,/2

4'--'2% '% ,' 4"#%'3& 2' .'-3&' #,3- :3' ," #&/T'4%$/2 0' ~g -3& -/2 "G' 0' .'-3&') B" 0$L+&'24' '2%&'

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

 !"#$%  !45 6 7118/'$%'&-* 2( 19&).-$'%*,( 2( 19-:/(' %0%*' &).%,' .-8$ 1(/ ,%.'(8$/ /&'83/ 2%*/

19-80$%;( $3(1 <(=().1( %0(, 1( ,%1,81 2( 0&'(//( .-8$ 19%,,313$-)>'$( ?" (' 19%,,313$-)>'$( ?@A!

19-:/(' %0%*' &).%,' (' %.$>/ &).%,' (/' '$>/ B%&C1( <2%*/ 19(=().1( ,D-&/& E F+FF ; .-8$ ?"G+ (' HF+FI

; .-8$ ?@GA+ ,( J8& )-*'$( J8( 1( ,%.'(8$ $('$-80( J8%/&)(*' /% .-/&'&-* &*&'&%1(! K* $(0%*,D(+ 1%

0&'(//( ,-*/'%*'( *-* *811( %.$>/ &).%,' '$%28&' 8*( $-'%'&-* 28 ,%.'(8$ .(*2%*' 19&).%,'+ 2-*' 1%

)-G(**( *9(/' .%/ *811(!

L-*'$%&$()(*' M 19&).%,'%*'+ 1% .-/&'&-* 28 ,%.'(8$ %0%*' &).%,' (/' &,& ,-**8( <%=( 2( )(/8$(

,-*/&23$3 -$'D-;-*%1 M ~gA N -* .(8' 2-*, (/'&)($ 1% $-'%'&-* 28 ,%.'(8$ M 19-$&;&*( 2( ,(' -:/('!

O-8$ 1(/ 2(8= ,%.'(8$/ ,D-&/&/ (* (=().1(+ 19-:/(' 2P M 1% $-'%'&-* <∆rotationA (/' ,%1,813 29%.$>/

193J8%'&-*  !Q! R% $-'%'&-* (/' ,%1,813( .%$ 193J8%'&-*  !S! R(/ 0%1(8$/ 2( 19-:/(' (' 2( 1% $-'%'&-*

%//-,&3(/ /-*' '$>/ B%&C1(/+ 2( 19-$2$( 28 2(;$3 <#%C! !QA! T* -:/(' 1&3 M 8*( $-'%'&-* 2( ,(' -$2$(+

&*'3;$3 /8$ .18/&(8$/ /(,-*2(/ % .(8 29&*U8(*,( /8$ 1% 0&'(//(+ )%&/ &*'3;$3 8*( 2(8=&>)( B-&/ ,$3(

8*( &).-$'%*'( 23$&0( 28 23.1%,()(*'!

∆rotation =
v̄

tfi − t0
·
1

g
< !QA

%0(, v̄ 1% )-G(**( 2( 1% 0&'(//( /8$ [tfi; tfs]+ (' g = 9, 81m.s−2!

θ =
π

2
− arccos(∆rotation) < !SA

 !"! ! #$%%&'()$* +, -).*/0 1$,% 0&- /''202%$34(%&- +/*- 05$,6%/.&

V( ,-**%&//%*' .%/ 1930-18'&-* 2( 1% .-/&'&-* 28 ,%.'(8$ .(*2%*' 19&).%,'+ 1% ,-$$(,'&-* .$-H

.-/3( .-8$ 1(/ /&;*%8= 2(/ ,%.'(8$/ /&'83/ 2%*/ 19-80$%;( /( B-*2( /8$ 19DG.-'D>/( J8( 1% )-G(**(

28 )-80()(*' 28 ,%.'(8$ .(*2%*' 19&).%,' (/' 1&*3%&$( (* 0&'(//(+ ,9(/' M 2&$( J8( 1% )-G(**( 2(

1% .$-W(,'&-* 2( ~g /8$ 19%=( 2( )(/8$( (/' ,-*/'%*'( (* %,,313$%'&-*! O-8$ ,-$$&;($ 1(/ /&;*%8=+ 1%

.$()&>$( 3'%.( ,-*/&/'( M $('&$($ M 19%,,313$%'&-* %0%*' &).%,' 19-:/(' %0%*' &).%,' N M 19%,,313$%'&-*
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 !"#$%&' () *"%+&$',- '% .+%!/0'-

 "#%'1&

23-'% 04 5 ," &/%"%$/6

'6 7 8∆rotation9
:/%"%$/6 8θ 9

;<= −0, 252051 1, 47

;>= −0, 093182 0, 54

 !"#$ ()? @ 23-'% 04 5 ," &/%"%$/6 0'- A"#%'1&- 0"6- ,B/1C&"7' #/1& ,B'--"$ 5 (DD EF -1& ,B/1C&"7'

G C&"$' 7&"60'1&)

"#&H- $.#"A%I ,B/3-'% "#&H- $.#"A%) J1$- /6 A",A1,' ,B/3-'% 04 5 ," &/%"%$/6 ∆rotation -',/6 ,B+K1"L

%$/6 ()?I 5 #"&%$& 01 A",A1, 0' ," C$%'--') M6N6 /6 &'%$&' A'% /3-'% 5 ,B"AA+,+&"%$/6 -1& ,B$6%'&C",,'

(tfi − t0)) O" C$%'--' /P%'61' #"& $6%+7&"%$/6 01 -$76", 0B"AA+,+&"%$/6 A/&&$7+ '-% #&+-'6%+' Q$71&'

()R<) 26 #'1% &'."&K1'& K1' A'%%' A/&&'A%$/6 P$'6 K1' A/.#,'S' #'&.'% 0B/P%'6$& 16 &+-1,%"% %&H-

-"%$-T"$-"6%)

%&'()$ ()R< @ U$%'--' A",A1,+' #"& $6%+7&"%$/6 0' ,B"AA+,+&"%$/6 A/&&$7+' #/1& ,'- "AA+,+&/.H%&'-

;< '% ;>)

 !"! !# $%&'(& )* &% +,-*..* *- )( )/0&%'*1*2- 03(4 &*. %''/&/4315-4*. )%2. &63(+4%7*

O" C$%'--' '% ,' 0+#,"A'.'6% -/6% /P%'61- #"& $6%+7&"%$/6- -1AA'--$C'- 0' ,B"AA+,+&"%$/6 .'-1&+'

'% A/&&$7+'I 0' ," .V.' ."6$H&' K1' #/1& ,B$.#"A%"6%) O' 0+#,"A'.'6% '-% NS+ 5 W+&/ '6 0+P1%

0B$.#"A%I A/..' $,,1-%&+ Q$71&' ()R>)
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 !"! #$%&'()(*'+ ,-).%$%&/-* (' 0%1&2%'&-* 2(/ 2-**3(/

 !"#$%  !45 6 78 9%:,;(< =3.1%,()(*' ,%1,:13 .%$ &*'39$%'&-* 2( 1% 0&'(//( %0%*' ,-$$(,'&-*+ 78

2$-&'(< 23.1%,()(*' ,-$$&93 7,%.'(:$/ 2%*/ 1>-:0$%9( ?+ (//%& 8 3,;(11( $3(11(+  @@ AB<!

 !"! !# $%&'()*%+

C-:/ %0-*/ .: 0-&$ 8 '$%0($/ 1(/ .%$%9$%.;(/ .$3,32(*'/ D:>:*( 9$%*2( .$3,&/&-* (/' $(D:&/(

.-:$ :* '$%&'()(*' ,-;3$(*' 2( 1>%,,313$%'&-*! E(/ ,-$$(,'&-*/ %..1&D:3(/ /-*' 2( 1>-$2$( 2( FGH @+?

9+ 0%1(:$/ '$I/ J%&K1(/ .%$ $%..-$' 8 1>%).1&':2( 2: /&9*%1 )%&/ %L%*' 2( J-$'(/ $3.($,://&-* /:$ 1(

,%1,:1 2(/ 0&'(//(/ (' 2(/ 23.1%,()(*'/!

M-:$ 1(/ ,%.'(:$/ /&':3/ 2%*/ 1>-:0$%9(+ 1>%,,313$%'&-* )%N&)%1( )(/:$3( (/' .%$J-&/ 2( 1>-$2$(

2: K$:&' 2( )(/:$(! M1:/ 1>3,%$' (*'$( 1% 0%1(:$ 2>%,,313$%'&-* )(/:$3( (' 1( K$:&' (/' J%&K1(+ .1:/

9$%*2( 2-&' O'$( 1% .$3,&/&-*! E(/ ,-*2&'&-*/ (N.3$&)(*'%1(/ 2&P,&1(/ 2%*/ 1(/D:(11(/ 1(/ )(/:$(/ -*'

3'3 $3%1&/3(/ *( Q-:(*' .%/ (* J%0(:$ 2>:*( )(/:$( /&).1( 8 &*'($.$3'($ (' 8 '$%&'($!

#-:'(J-&/+ 1% ,-).%$%&/-* 2(/ 23.1%,()(*'/ ,%1,:13/ %0(, 2>%:'$(/ )(/:$(/ 2( 23.1%,()(*' 70-&$

/(,'&-*  !"!4< .($)(' 2>%0-&$ ,-*R%*,( 2%*/ 1(/ -$2$(/ 2( 9$%*2(:$ &//:/ 2( 1% )(/:$( 2>%,,313$%H

'&-*! E( .$&*,&.%1 .$-K1I)( 2( 1% )(/:$( 2>%,,313$%'&-* 0&(*' 2: J%&' D:( 1(/ ,%.'(:$/ )(/:$(*' 1%

,-).-/%*'( ,-*'&*:( ~g!

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

S-))( 30-D:3 .$3,32())(*'+ 1% )&/( (* T:0$( &**-0%*'( (' &*;%K&':(11( 2( 1>&*/'$:)(*'%'&-*

2%*/ 1(/ /'$:,':$(/ (' 2%*/ 1>&).%,'%*' *( 9%$%*'&//%&' .%/ 2>-K'(*&$ 2(/ 2-**3(/ R%K1(/! =(/ /L/H

'I)(/ 2( )(/:$( $(2-*2%*'/ 7/-&' 2( )O)( 'L.(+ /-&' .($)(''%*' 2>(/'&)($ 1(/ )O)(/ 9$%*2(:$/<

-*' 2-*, 3'3 &*/'%113/! E>-KQ(,'&J 2( ,(''( /(,'&-* (/' 2( ,-).%$($ ,(/ 2&U3$(*'/ 'L.(/ 2( )(/:$(/ -:

1(/ 2&U3$(*'(/ )%*&I$(/ 2( 1(/ -K'(*&$ %R* 2( 0%1&2($ -: &*0%1&2($ 2>:*( .%$' 1(/ $3/:1'%'/ -K'(*:/

7.$3/(*'3/ ,;%.&'$(/ 4 (' V<+ 2>%:'$( .%$' 1% )&/( (* T:0$( 2( ,%.'(:$/ 2%*/ ,( ,-*'(N'( .%$'&,:1&($!

W?
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 !"#$%&' () *"%+&$',- '% .+%!/0'-

 !"!#!$ %&'()*)+,&- ./, 0/12-&3&4+/, /0 '+,/, /- 567*/ ./, )11838*&'90*/,

1 ,2/33"-$/4 0'- '5#+&$.'4%"%$/4- 6 +3!',,' &+07$%'8 %&/$- %'3!4/,/9$'- 02"33+,+&/.:%&'- /4% #7

;%&' %'-%+'-) </&- 0'- '--"$- #&+#"&"%/$&'-8 0'75 "33+,+&/.:%&'- /4% +%+ #,"3+- -7& ,2$.#"3%"4%8 ,274

#$+=/&+-$-%$> ?1@8 ,2"7%&' #$+=/+,'3%&$A7' ?B@) C'7,'.'4% 0'75 '--"$- #'&.'%%'4% 0' 3/.#"&'& 3'- "3D

3+,+&/.:%&'- ?6 E FG '% 6 ( FG@8 ,2"33+,+&/.:%&' #$+=/+,'3%&$A7' "H"4% -7I$ 74 '40/.."9'.'4% ,/&-

07 %&/$-$:.' '--"$) <'- 3/7&I'- 02"33+,+&"%$/4 -/4% #&+-'4%+'- J$97&' ()KL)

 !"#$% ()KL M  /.#"&"$-/4 0'- "33+,+&/.:%&'- #$+=/&+-$-%$> ?1@ '% #$+=/+,'3%&$A7' ?B@ -7& ,2$.D

#"3%"4%8 '--"$- #&+,$.$4"$&'- -7& -%&73%7&'- 6 +3!',,' &+07$%')
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 !"#$%&' () *"%+&$',- '% .+%!/0'-

 !"!#! $%&'()(*+%, -.+ (//010)%&23).+ 41(*). .3 .&5()670

1/2& ,'- '--"$- 3 +4!',,' &+',,'5 0'26 "44+,+&/.7%&'- %&$"6$"26 +%"$'8% #,"4+- "2 4'8%&' 0' 9&":$%+

0' ,;$.#"4%"8%5 ,;28 &',$+ 3 28' 4'8%&",' %'&&'-%&' #"& 4<=,'5 ,;"2%&' &',$+ 3 28' 4'8%&",' '.="&>2+')

?;/=@'4%$A 0' 4'%%' .'-2&' 0/2=,+' +%"$% 0;":/$& "447- 3 ,;"44+,+&"%$/8 -$ ,;28 0'- 0'26 -B-%7.'- 0;"4C

>2$-$%$/8 :'8"$% 3 D%&' '80/.."9+) E, -;":7&' >2' ," 4/.#"&"$-/8 8;'-% #/--$=,' >2' #/2& ,'- '--"$- 3

FGG HI -2& ,'- %&/$- /2:&"9'-5 #/2& ,'- "2%&'- '--"$- ,;28' /2 ,;"2%&' 0'- -+&$'- 0' 0/88+'- 8;" #"- +%+

4/,,'4%+') ?'- 0'26 "44+,+&/.7%&'- 2%$,$-+- -/8% 0' %'4!8/,/9$' $0'8%$>2' ":'4 #/2& -'2,' 0$J+&'84'

,;+%'802' 0' .'-2&') ?'- "6'- 0'- 4"#%'2&- +%"$'8% #/-$%$/88+- 0"8- ,'- .D.'- 0$&'4%$/8- ,/&- 0'

,;"4>2$-$%$/8) K %&":'&- ,;"8",B-' 0'- -$98"26 $--2- 0' 4'- 0'26 4"#%'2&-5 ," 4/.#"&"$-/8 #/&%' #,2%L%

-2& ,'- -B-%7.'- 0;"4>2$-$%$/8) ?'- 4/80$%$/8- 0;'8&'9$-%&'.'8% -/8% &"##',+'- 0"8- ,' M"=,'"2 ()N)

 '8%&",' '.="&>2+'

OP9$-Q

 '8%&",' %'&&'-%&'

O '."9&'AQ

R%'802' 0' .'-2&' 4"#%'2& (GG 9 SGG 9

 /0"9' 02 -$98", T( =$%- (S =$%-

U&+>2'84' 0;"4>2$-$%$/8

VVV WX O./0' 0+9&"0+

"4%$AQ

TG HWX

U$,%&' "8%$C&'#,$'.'8%

U$,%&' Y 3 SZ( WX
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3&6'3.3 &.;3+2(+ 0'2)&'-+3+2( ,&2, &((+'2*-+ *+ 5&0+.- ,+.'0!
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.2+ 90., ?-&2*+ %&9&%'() 91.- 0& ,(-.%(.-+ <,&70+< ; -+(-1.@+- ,12 )(&( '2'('&0! 4+, %12(-&'2(+, &.8

&.(-+, 91'2(, *+ 3+,.-+ ,12( )?&0+3+2( 90., >&'70+, 91.- %+((+ ,(-.%(.-+! A+%' '2*':.+ :.+ 0+ ,&70+
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M O,−→ex,
−→ey ,
−→ez

O

Ec

F =

∫∫

S
Ec.dS

S r

∀S, F (S) = C

S1 r1 S2 r2

M conservatif ⇒

∫∫

S1

Ec.dS =

∫∫

S2

Ec.dS
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4/$% M1 +0 #/$0% ,' -" 1#!5&' S1 '% M2 +0 #/$0% ,' -" 1#!5&' S2 6

∫∫

S1

Ec.dS =

∫∫

S2

Ec.dS

⇐⇒
1

2
m(M1)v

2(M1)

∫∫

S1

.dS =
1

2
m(M2)v

2(M2)

∫∫

S2

.dS

⇐⇒
1

2
m(M1)v

2(M1) · 4πr
2
1 =

1

2
m(M2)v

2(M2) · 4πr
2
2 7()89

:/+& +0 ;$-$'+ 2/01'&<"%$= '% '0 2!/$1$11"0% M1 = M2

v(M1)
2r21 = v(M2)

2r22 7()>9

:/+& +0 ;$-$'+ 0/0 2/01'&<"%$=? -@.A+"%$/0 ()> 1' B.0.&"-$1' #"& -@$0%&/,+2%$/0 ,@+0 'C#/1"0% α 6

v(M1)
2rα1 = v(M2)

2rα2 7()D9

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

E@!F#/%!51' ,+ ;$-$'+ 2/01'&<"%$= &.1$,' ,"01 -@'C#/1"0% α "11/2$. 3 r -" ,$1%"02' 3 -" 1/+&2'

7*A)()89) GH0 ,' %'1%'& 2'%%' !F#/%!51'? /0 2!'&2!' 3 2"-2+-'& α 3 #"&%$& ,'1 <$%'11'1 ;'1+&.'1 ,"01

-'1 1%&+2%+&'1)

:/+& ,.%'&;$0'& α? /0 #'+% &..2&$&' -@.A+"%$/0 ()D ,' -" ;"0$5&' 1+$<"0%' 6

rα1
rα2

=
v(M2)

2

v(M1)2
(

r1
r2

)α

=
v(M2)

2

v(M1)2
(

r1
r2

)α

=
v(M2)

2

v(M1)2

α =

ln

(

v(M2)
2

v(M1)
2

)

ln
(

r1
r2

)
7()I9
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-/&1 ,+ ,'+9$67' $7#"2% 3 <= >?) 4/&1I+' -' 0/H"+ 1' 2/7#"2%' /+ 1' ,'01$W'E -'1 #"&%$2+-'1 18$75

O&$I+'0%E -' 7"%.&$"+ " 7/$01 ,' -"%$%+,' #/+& 1' ,.F/&7'& '% X"O1/&O'&X -8$7#"2% '% -" 2/0%&"$0%'

-$.' 3 -8$7#"2% '1% #-+1 F"2$-'7'0% %&"017$1' 3 %&":'&1 -'1 2!"$0'1 ,' F/&2' "$01$ 2&.'1) 4'1 $7#"2%1

1+22'11$F1 /0% ,/02 2-"$&'7'0% +0 'L'% ,' 2/7#"2%";' ,+ 0/H"+) 48.0'&;$' ,' 2/7#"2%";' ,+ 0/H"+

#'+% @%&' "11$7$-.' #/+& #-+1 ,' F"2$-$%. 3 -8.0'&;$' ,8$7#"2%) R$01$ ,"01 -' 2"1 ,' -" 1%&+2%+&' RE

-/&1 ,+ #&'7$'& $7#"2% 3 <= >?E -" 1%&+2%+&' '1% ,.S3 2/7#"2%.' 3 MYTYU Z<T >?)

4'1 &.1+-%"%1 #&.1'0%.1 ,"01 -' ["O-'"+ ()( 2/7#"&'0% -" &.#/01' ,' -" 1%&+2%+&' V #/+& -'

,'+9$67' '11"$ 3 <= >? ":'2 -" &.#/01' ,' -" 1%&+2%+&' R #/+& -8'11"$ U >? C0/H"+ 2/7#"2%. 3 K >?D

'% -" &.#/01' #/+& -8'11"$ 3 <= >? C0/H"+ 2/7#"2%. 3 <T>?D) \0 18"%%'0, ,/02 3 2' I+' -" 1%&+25

%+&' V "$% +0' &.#/01' $0%'&7.,$"$&' '0%&' 2'--' ,' -" 1%&+2%+&' R $7#"2%.' 3 U>? '% $7#"2%.' 3 <= >?)
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 !"#$%&' () *%+,' ,' -" &.#/01' ,' 1%&+2%+&'1 3 .2!'--' &.,+$%'

4%&+2%+&' 5 .0'&6$' ,7$8#"2% a1 a2 a3 F1

*%"% ,+ 0/9"+ m/s2 m/s2 m/s2 kPa

4%&) : ; <=>

?@AB CC@ D<E @FA

G/9"+ 2/8#"2%. 3 C =>

4%&) H ; 2eme
$8#"2% 3 @A =>

CA? IAC IAF @AD

G/9"+ 2/8#"2%. 3 @A =>

4%&) : ; 1er $8#"2% 3 @A =>
<C< E(F I<A FAIB

G/9"+ 2/8#"2%. 3 @D =>

 !"#$ ()( 5 J"-'+&1 8"K$8"-'1 #/+& -'1 2"#%'+&1 a1L a2L a3 '% F1) B M"-'+&1 1/+1;'1%$8.'1 '0 &"$1/0

,7+0' ,.N"$--"02' ,+ 2"#%'+& /+ ,' 1" 8$1' '0 O+%.')

1+& -" 1%&+2%+&'L '01+$%' 3 -7.0'&6$' 3 -"P+'--' 1' 1/0% #&/,+$%1 2'1 $8#"2%1) :$01$L +0 $8#"2% 3 @A

=> 1+& +0' 1%&+2%+&' M$'&6' " 8/$01 ,7'Q'%1 P+' ,'+K $8#"2%1 3 F '% D =>)

 ! !" #$%&'

R0 /+M&"6' #-+1$'+&1 N/$1 $8#"2%. M/$% 1'1 2"&"2%.&$1%$P+'1 8/,$S.'1 TN&"2%+&"%$/0L 2/8#"2%"6'U)

4/0 'V2"2$%. 3 &.,+$&' -" 2/0%&"$0%' %&"018$1' 3 -" #"&%$' "&&$W&' '1% ,7"+%"0% #-+1 "Q'2%.' P+'

-7/+M&"6' " 1+O$ +0 0/8O&' $8#/&%"0% ,7$8#"2%1) X7"#&W1 -'1 &.1+-%"%1 #&.1'0%.1L +0' 1+22'11$/0

T%&/$1 ,"01 0/%&' .%+,'U ,7$8#"2%1 3 .0'&6$' N"$O-' /+ 8/9'00' ,.6&",' #-+1 -7/+M&"6' P+7+0 $8#"2%

3 .0'&6$' .-'M.') Y/&1 ,7+0 ,'+K$W8' $8#"2% 3 .0'&6$' .-'M.'L -7/+M&"6' #&.1'0%' '02/&' ,' 8'$--'+&'1

2"&"2%.&$1%$P+'1 -+$ #'&8'%%"0% ,7Z%&' #-+1 'V2"2')
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 !"! #$%&'() *) &% +,-.) */012%.3

 !" #$%&'() *) &% +,-.) */012%.3

4% +,-.) */012%.3 )(3 5$ 2%-%163-) .,5-%11)$3 530&0(7 2,5- &) *01)$(0,$$)1)$3 *)( 1)-&,$(

89,0- .:%203-) ; <3%3 *) &/%-3=! <&&) 2)53 >3-) .%&.5&7) ? 2%-30- *) &/%..7&7-%30,$ *) &/012%.3%$3!

4/79,&530,$ 3)12,-)&&) *) &/%..7&7-%30,$ *) &/012%.3%$3 %5 .,5-( *)( )((%0( (5..)((0+( (5- &)( 3-,0(

(3-5.35-)( )(3 2-7()$37) @0A5-)  !;B!

C,5- &% (3-5.35-) D(%E&)D &/%..7&7-%30,$ %5A1)$3) -%20*)1)$3 F5(G5/? %33)0$*-) 5$ 1%H0151

250( *010$5) +,-3)1)$3I %22)&7 2%- &% (503) 20. */%..7&7-%30,$ J 250( )&&) () (3%E0&0() (5- )$90-,$ ;K

1(I .-7%$3 5$ 2&%3)%5 %9%$3 *) -)*)(.)$*-) ? L7-,! C,5- &% (3-5.35-) D(%E&)M2$)5(DI ()5&( &)( *)5H

*)-$0)-( )((%0( 2)59)$3 >3-) .,$(0*7-7( )$ -%0(,$ */5$) *7+%0&&%$.) *) &/%..7&7-,163-) 2,5- &)( )((%0(

2-7.7*)$3(! 4) 20. )(3 E0)$ $)3I 250( &/%..7&7-%30,$ *010$5) 2-)(G5) &0$7%0-)1)$3 F5(G5/? L7-,I &)

2&%3)%5 )(3 3-6( 2)5 1%-G57! C,5- &% (3-5.35-) DE%&&%(3D )$ -)9%$.:)I &) 20. $/%22%-%03 2%( 1%0( &)

2&%3)%5 )(3 E0)$ 1%-G57! C,5- &)( 3-,0( (3-5.35-)(I &/%..7&7-%30,$ %5 $09)%5 *5 2&%3)%5 ? &% N$ *) &%

(7-0) */012%.3( )(3 *) &/,-*-) *) "KK m/s2!

O/5$ 2,0$3 *) 95) 2:7$,17$,&,A0G5)I &% (3-5.35-) (%E&) )(3 .,12,(7) */5$ 2%-)1)$3 )$ 20)--)(

)3 */5$ $,'%5 )$ (%E&)I &) 2%-)1)$3 % *,$. 5$) -0A0*037 %22%-)$3) 2&5( 012,-3%$3) G5) &) (%E&) 2&53P3

&Q.:) )3 *,$. 2&53P3 1)5E&)! 4,-(G5) &/012%.3%$3 2)-.53) .)33) (3-5.35-) 0& -)$.,$3-) */%E,-* &)(

20)--)(! R& ()1E&) G5) &) 20. 8A-%$*) %12&035*)I +%0E&) *5-7)= 3-%*50() &% 1,E0&0(%30,$ *) .:%0$)(

*) +,-.)( *%$( &% (3-5.35-) 1%0( (5-3,53 %5 2%-)1)$3I (%$( -7)& *72&%.)1)$3! 4) 2&%3)%5 8+%0E&)

%12&035*)I &,$A5) *5-7)= .,--)(2,$* 2&53P3 ? &% 27$73-%30,$ *) &/012%.3%$3 *%$( &% (3-5.35-) %9).

*72&%.)1)$3 012,-3%$3 *)( 1%37-0%5H .,$(303530+( $,3%11)$3 .)5H *5 $,'%5!

C,5- &% (3-5.35-) E%&&%(3I ,S &) 2%-)1)$3 )$ 20)--)( )(3 )$ .,$3%.3 %9). 5$ $,'%5 )$ E%&&%(3 80((5

*) -,.:)( *5-)(= &)( .:%0$)( *) +,-.)( ,$3 ? 2)0$) &) 3)12( *) () +,-1)- G5) &)( 20)--)( *5 2%-)1)$3

() +-%.35-)$3! T$ ,E()-9) */%0&&)5-( *)( .:53)( E-53%&)( *) &% +,-.) */012%.3 *%$( &)( 2-)106-) U 1(!

V).0 )H2&0G5) &/%E()$.) */5$ 20. 1%-G57 )$ *7E53 */012%.3!

V)33) %$%&'() -)F,0$3 &)( -7(5&3%3( 2-7()$37( ().30,$  !W!W! C,5- 171,0-)I 2,5- &% (3-5.35-) DE%&X

&%(3DI &/)(()$30)& *) &% *7+,-1%30,$ )(3 .,$.)$3-7) %5 2%-)1)$3 .) G50 0$*0G5) G5) &/7$)-A0) */012%.3

)(3 2&53P3 *0((027) *%$( &% +-%.35-%30,$ *)( 20)--)( *5 2%-)1)$3! C,5- &% (3-5.35-) D(%E&)DI &) 20.

.,--)(2,$* ? &% (,&&0.03%30,$ *) .:%0$)( *) +,-.) 5$0G5)1)$3 %5 2%-)1)$3I )3 &) 2&%3)%5 %5 .,12%.X

3%A) *5 $,'%5 )3 ? &% +-%.35-%30,$ *5 2%-)1)$3!
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 !"! #$%&'() *) &% +,-.) */012%.3

4% 5067-)  !89 2-:()$3) &)( ;%&)7-( 1%<01%&)( *) +,-.) */012%.3 2,7- &)( 3-,0( (3-7.37-)( %7 .,7-(

*)( )((%0( (7..)((0+(! 4% (3-7.37-) =>%&&%(3= ?70 )(3 2)73@A3-) 2)-B7) .,11) &% 2&7( -060*) 2-:()$3)

&)( +,-.)( */012%.3 &)( 2&7( +%0>&)(! 4% (3-7.37-) =(%>&)= 1,$3-) *)( ;%&)7-( (72:-0)7-)( %7< *)7<

%73-)( (3-7.37-)( 2,7- 3,7( &)( )((%0(! C)2)$*%$3D ./)(3 &% (3-7.37-) ?70 3-%$(1)3 &) 1,0$( &/:$)-60)

*/012%.3 E506!  !FG! H$) +,-.) */012%.3 :&);:) $/0$*703 *,$. 2%( +,-.:1)$3 7$) .,$3-%0$3) :&);:)

(7- &% 2%-30) %--0I-)!

 !"#$%  !89 J 5,-.) */012%.3 1%<01%&) EFimpmaxG 2,7- &)( )((%0( (7..)((0+( (7- &)( 3-,0( (3-7.37-)(!

K%$( 7$) *:1%-.L) *) *01)$(0,$$)1)$3D %2-I( %;,0- :3%>&0 &)( .%-%.3:-0(30?7)( *)( 1%3:-0%7<

)3 *) &% (3-7.37-)D )3 &)( &,0( ?70 -:60(()$3 &)7- .,12,-3)1)$3D ,$ %22&0?7) 7$) +,-.) :?70;%&)$3)

(3%30?7) 2,7- 1,*:&0()- &/012%.3D )3 ,$ ,>()-;) &) .,12,-3)1)$3 *) &% (3-7.37-)! M-D ,$ % ;7 ?7)

2,7- *)( .,$*030,$( 0$030%&)( */012%.3 0*)$30?7)( E1A1) 1%(() *) &/012%.3%$3D 1A1) L%73)7- *)

.L73)D *,$. 1A1) ;03)(() 0$.0*)$3) )3 1A1) :$)-60) .0$:30?7) %;%$3 012%.3GD &)( %..:&:-%30,$( 1)@

(7-:)( E*,$. &)( +,-.)( */012%.3G *0NI-)$3 +,-3)1)$3 */7$) (3-7.37-) O &/%73-)! K/%2-I( &)( -:(7&3%3(D

&% +,-.) */012%.3 3-%*703 $,$ 2%( &% +,-.) E?7%(0@(3%30?7)G ?7) &) >&,. %22&0?7) O &% (3-7.37-)D 1%0(

&% -:2,$() *'$%10?7) *) &% (3-7.37-) )&&)@1A1) +%.) O &% (,&&0.03%30,$! K) 2&7( 0& )(3 .,117$:1)$3

%*10( *) -)3)$0- .,11) 2%-%1I3-) *) *01)$(0,$$)1)$3 &) 1%<0171 *) &% +,-.) */012%.3! M-D ,$

% ;7 ?7) &) 1%<0171 -)$* .,123) *) 2L:$,1I$)( *0N:-)$3( (70;%$3 &)( .%(D 2&7( 2-:.0(:1)$3 (70@

;%$3 &)( 1%3:-0%7< 012%.3:(D )3 7$) +,-.) */012%.3 :&);:) $/)(3 2%( $:.)((%0-)1)$3 &0:) O 7$) +,-.)

3-%$(10() :&);:)!

C,$(0*:-)- 7$) +,-.) */012%.3 ?7%(0@(3%30?7) .,11) 2%-%1I3-) */)$3-:) 2,7- &) *01)$(0,$$)@

1)$3 *)( 1)-&,$( %22%-%03 %0$(0 3-I( (012&0(3)! P,7- %1:&0,-)- &) *01)$(0,$$)1)$3 *)( 1)-&,$(D

2&7(0)7-( %&3)-$%30;)( 2)7;)$3 *,$. A3-) )$;0(%6:)( Q E0G .,$(0*:-)- O &% +,0( &% +,-.) */012%.3 1%<0@

8FR
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 !"#$%&' () *%+,' ,' -" &.#/01' ,' 1%&+2%+&'1 3 .2!'--' &.,+$%'

4"-' '% -" 5/&2' 2/&&'1#/0,"0% "+ #-"%'"+ 6 7$$8 2/01$,.&'& -" 5/&2' #'0,"0% -" ,+&.' ,' 1/0 "##-$2"%$/0

'% "$01$ #&'0,&' '0 2/4#%' -9':'% ,;0"4$<+' 2/44' -' 1+==>&'0% ?&"0,- '% ?-/@1A; 7BCCD8 6 7$$$8 0'

#"1 2/01$,.&'& -" 5/&2' ,9$4#"2% 4"$1 -9.0'&=$' ,9$4#"2% /+ -" <+"0%$%. ,' 4/+@'4'0% 7 !"8)

E9':'% ,;0"4$<+'F /+ -" #&$1' '0 2/4#%' ,' -" 5/&2' ,9$4#"2% #'0,"0% 1" ,+&.' ,9"##-$2"%$/0

&'@$'0% 3 2"-2+-'& -" @"&$"%$/0 ,' -" <+"0%$%. ,' 4/+@'4'0%F /+ $4#+-1$/0 7*<)()G8 H

I =

t2
∑

t1

Fimp · (t2 − t1) 7()G8

E" I$=+&' ()BC #&.1'0%' -9$4#+-1$/0 7I8 1+& CFJK 1'2/0,' 2"-2+-.' #/+& -9'01'4L-' ,'1 '11"$1 1+&

-'1 %&/$1 1%&+2%+&'1) E'1 &.1+-%"%1 1/0% %&>1 #&/2!'1 ,' 2'+M #&.1'0%.1 I$=+&' ()JG H -'1 @"-'+&1 #/+&

-" 1%&+2%+&' N1"L-'N 1/0% -'1 #-+1 .-'@.'1F '% #/+& -" 1%&+2%+&' NL"--"1%N -'1 #-+1 5"$L-'1)

 !"#$% ()BC O P4#+-1$/0 7I871+& CFJK 18 #/+& -'1 '11"$1 1+22'11$51 1+& -'1 %&/$1 1%&+2%+&'1)

Q@'2 -' ,.@'-/##'4'0% ,'1 /+%$-1 ,' 2"-2+- 0+4.&$<+'F $- ,'@$'0% #/11$L-' ,' 19"L1%'0$& ,9+%$-$1'&

-" 5/&2' ,9$4#"2% 2/44' #"&"4>%&' ,9'0%&.'F '% ,' ,.R0$& 3 -" #-"2' -9.0'&=$' 2$0.%$<+' ,' -9$4#"2%"0%

#"& -9$0%'&4.,$"$&' ,' 1" 4"11' '% ,' 1" @$%'11' 7@/$& 2!"#$%&' DF 1'2%$/0 D)J)(8)

JBS
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 !"! #$%&'()*+($, ,-.&/(0-1 %1) )+/-2+-/1) )1.(34/*(1 5/*,%1-/

 !" #$%&'()*+($, ,-.&/(0-1 %1) )+/-2+-/1) )1.(34/*(1 5/*,%1-/

6*,) '1 2*%/1 %- 7/$81+ 9:#;<91= -, .$%>'1 ,-.&/(0-1 %1) )+/-2+-/1) ? &2@1''1 /&%-(+1 * &+&

%&41'$77& 7*/ A$-//(1/  ! "#$ BCDEEF! G1) $-+(') ,-.&/(0-1) -+('()&) 7$-/ 21) )(.-'*+($,) ,H$,+ 7*) &+&

%&41'$77&) %*,) '1 2*%/1 %1 21 +/*4*(' %1 %$2+$/*+! :, /14*,2@1= 1, 2$''*I$/*+($, *412 J! A$-//(1/=

,$+/1 +/*4*(' * 2$,)()+& ? '* %&K,(+($, %1 21) )(.-'*+($,)! GH1L7'$(+*+($, %1 21) /&)-'+*+) ,-.&/(0-1)

1+ '1-/ 2$,M/$,+*+($, *412 '1) /&)-'+*+) 1L7&/(.1,+*-L ())-) %1 ,$+/1 +/*4*(' 1)+ %H-, 5/*,% (,+&/N+=

1+ 7/$-41 '* 2$.7'&.1,+*/(+& %1) +/*4*-L .1,&) )-/ -,1 &2@1''1 '*/51 %1 2$''*I$/*+($,)!

O1 .$%>'1 1)+ 7/&)1,+& (2( *K, %H*77$/+1/ %1) 2$.7'&.1,+) ? 'H*,*'P)1 %1) /&)-'+*+) 1L7&/(.1,3

+*-L! GH$I812+(M %1 21) .$%&'()*+($,) 1)+ %1 M$-/,(/ ? +1/.1= -, $-+(' %1 2$,217+($, 7/*+(0-1 %1)

$-4/*51) 21''-'*(/1) %1 7/$+12+($, 2$,+/1 '1) 2@-+1) %1 7(1//1)= 1, -+('()*,+ '1) ,$-41*-L /&)-'+*+)

())-) %H1L7&/(.1,+*+($,) ? 7'-)(1-/) &2@1''1)! O1++1 *77/$2@1 .-'+(3&2@1''1 2$,)()+1 ? 2$''12+1/ %1)

(,M$/.*+($,) *-L &2@1''1) .(2/$)2$7(0-1 1+ .&)$)2$7(0-1 7$-/ %&K,(/ -, .$%>'1 -+('()*I'1 ? 'H&2@1''1

.*2/$)2$7(0-1! 61 7'-)= 1''1 /1,% 7$))(I'1 'H(,41)+(5*+($, %1 '* /&7$,)1 %H-,1 )+/-2+-/1 ? 'H&2@1''1

.*2/$)2$7(0-1 1, 7/1,*,+ 1, 2$.7+1 '1) 7/$7/(&+& %&+1/.(,*,+1) %1) .*+&/(*-L *-L &2@1''1) .(2/$3

1+ .&)$)2$7(0-1! Q2(= 'H&2@1''1 .(2/$)2$7(0-1 2$//1)7$,% ? '* +*(''1 %1) 7*/+(2-'1) %1) .*+&/(*-L

2$,)+(+-+(M)= 'H&2@1''1 .&)$)2$7(0-1 1)+ *))$2(&1 ? 2@*0-1 2$-2@1 1+ 'H&2@1''1 .*2/$)2$7(0-1 2$//1)3

7$,% ? 'H&2@1''1 %1 '* )+/-2+-/1!

GH*77/$2@1 /1+1,-1 2$,)()+1 ? %&K,(/ -, .$%>'1 2$,)+(+-+(M 7$-/ 2@*0-1 2$-2@1= I*)& )-/ '1)

/&)-'+*+) 1L7&/(.1,+*-L ? 'H&2@1''1 .&)$)2$7(0-1 B1))*() )-/ 21''-'1) -,(0-1) /&*'()&) 7*/ G*.I1/+

BCDDRF= 7-() %1 2$-7'1/ 21) .$%>'1) 1+ %&K,(/ -, .$%>'1 .*2/$)2$7(0-1!

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

G1 7/1.(1/ $I812+(M %1 '* .$%&'()*+($, 1)+ %1 7/1,%/1 1, 2$.7+1 '* ,*+-/1 %()2/>+1 %1 '* )+/-23

+-/1 21''-'*(/1= .$%&'()&1 2$..1 -, *))1.I'*51 %1 21''-'1) &'&.1,+*(/1)! G1 %1-L(>.1 $I812+(M 1)+ %1

2$,)+/-(/1 -, .$%>'1 M*2('1.1,+ -+('()*I'1 2$..1 )-77$/+ %1 %&2()($, 7$-/ '1) I1)$(,) %1 'H(,5&,(13

/(1! G* .&+@$%1 %1) &'&.1,+) %()2/1+) B#:6F * &+& /1+1,-1 2*/ 1''1 +(1,+ ,*+-/1''1.1,+ 2$.7+1 %1

'* ,*+-/1 %()2/>+1 %1 '* )+/-2+-/1! 61 7'-)= 21++1 .&+@$%1 71/.1+ %1 7/1,%/1 1, 2$.7+1 '1) 5/*,%1)

%&M$/.*+($,) 0-( )1 7/$%-()1,+ %*,) '1) )+/-2+-/1) 1+ '1) %&7'*21.1,+) %()2$,+(,-) 1,+/1 21''-'1)!

G* )+/-2+-/1 1)+ .$%&'()&1 2$..1 -, *))1.I'*51 %1 21''-'1)! G1) 5&$.&+/(1) %- 7*/1.1,+ 1+ %-

,$P*- )$,+ .$%&'()&1) %1 M*S$, 1L7'(2(+1= *'$/) 0-1 '* 7*/+(1 *//(>/1 B'1 .-/ %H*77-( 1+ '1 /1.I'*(F

1)+ 2$,)(%&/&1 2$..1 -,1 2$,%(+($, '(.(+1 &'*)+(0-1! G1 7*/1.1,+ 1+ '1 ,$P*- )$,+ %(4()&) 1, 21'3

'-'1) %1 .N.1 +*(''1 0-1 '1) 5*I($,) -+('()&) %*,) '1) 1L7&/(.1,+*+($,) B2-I1) %1 "DD .. %1 2T+&F!
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G =
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2 (1 + ν)

f(E, ν) ρ
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f(E, ν)

∆f(E, ν)

∆f(E, ν)

f(E, ν)
= 2

∆Vp

Vp
+

∆ρ

ρ

∆f(E, ν)

f(E, ν)
= 2 · (−0, 2) + 0, 1 = −0, 3

∆f(E, ν) = −0, 3 · f(E, ν)

∆f(E, ν)
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;' &'-'& )-,#' ,!+ %/=)-,2%+ '$% 1" 5'$$'# "#'>) ' #",., $% 2N2% =-! !&!$% 0"% $% 2)$'+>% 1%

#'5$% % 1% =+%"#: U!" %?!,# $9'+'$B#% )&!6 !/,&!$!>,0"% +9' ='# ) ) %4%& ")%:

;' 2,#% %+ V".-% %+ 2'##,? < 1-',+'>% $,5-% 7#&)+'-,! 19"#'>%8 =-)#%+ % &!22% .!,%# 19)2,##,!+

=!##,5$% $%# %'"/ 1% =%-&!$' ,!+ .%-# $%# %'"/ 1% #"-?'&%( $%# %'"/ #!" %--',+%# % $%# #!$# '1W'&%+ # !"

#!"#6W'&%+ #: ;%# ).%+ -%2%+ # 1% $9!".-'>% #", % < 1%# &*" %# 1% =,%--% #!+ "+% '" -% .!,% 19)2,#6

#,!+: ;%# #!"-&%# #",.'+ %# =%".%+ &!+ '2,+%- $% 5'$$'# Q  -', %2%+ 1%#  -'.%-#%# < $' &-)!#! %

7XYK8( "#"-% 1%# -',$# 72) '"/8( ?-%  -'+#=!- ) 7&!+ '2,+'+ # ).%+ "%$# ,+&!++"#8( *%-5,&,1%# 1%

 -', %2%+ 1%# .!,%#: ;%# %##',# -)'$,#)# #",.%+ ='- ,%$$%2%+ $% 1!&"2%+ ZY&&%= '5,$, ) 1%# 2' )6

-,'"/ '$ %-+' ,?# %+  %&*+,0"%# -!" ,L-%#Z 7[CU\Y( ]H@@8: ^+%  -L# $'->% >'22% 1% &!+ '2,+'+ #

' ) ) -%&*%-&*)% #"- $' ?-'& ,!+ #!$,1% 7'+,!+#( 2) '"/ % $%# &!2=!#)# !->'+,0"%#8( #"- $,/,.,' 7@H

;_`>8 % #"- =%-&!$' 71% H(@ < @H ;_`>8 '" $'5!-' !,-%( % #"- )$"' 1% $B#,2L -% 7H(a m3
( @JGH

`>8 '.%& 1%"/ =$",%# +' "-%$$%# ,2=!- '+ %# % ,+ %+#%# % "+% =$",% '- ,D&,%$$% 7 ! '$,#'+ H(@F@ ;

19)$"' _`> 1% 5'$$'# 8: Y"&"+% )2,##,!+ #,>+,D&' ,.% 1% &!+ '2,+'+ +9%# !5#%-.)%: ;% 2' )-,'"

-%2=$, $%# &-, L-%# 19'&&%= ' ,!+ %+  %&*+,0"%# -!" ,L-%#: O%# *%-5,&,1%# 1% $' ?'2,$$% 1%# "-)%# #"56

# , ")%# 2!5,$%# % =%" 5,!1)>-'1'5$%# 7% *,1,2"-!+( 1,"-!+(  *,'M'R"-!+8 #!+ )2,# %+  -'&%# < 1%#

&!+&%+ -' ,!+# $)>L-%2%+ #"=)-,%"-%# < &%$$% '" !-,#'+ $' =! '5,$,#' ,!+ 1% $9%'" 7G µ >_;8 =!"-

$%# 1%"/ =-%2,%-# =%-&!$' # 1% $'5!-' !,-%( % < 1%#  %+%"-# ,+?)-,%"-%# =!"- $%# '" -%# =%-&!$' # % 

=!"- $%# )$"' # 1% $B#,2L -%:

]JH

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



 !!"#"

$%$

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2



 !"#$!

 ! "#$%$&' (! ")*+! +,&-".#!++! $/ 01231#"!2!-" 2.0$-&4/! (!+ 2!#'1-+ 3$#!56'10+ 7 "!0)-1'18&!

0!''/'$&#!9  !+ 1/%#$8!+ (! 8.-&! 0&%&' +1-" 01-+"#/&"+ !- +/#.'.%$"&1- !" 3'$0.+ +/# '$ "#$:!0"1&#!

31"!-"&!''! (!+ 6'10+ #10)!/;< !- $21-" (!+ =1-!+ 7 3#1".8!#9 >! 0$#$0"*#! 0!''/'$&#! !+" 1?!#" 3$#

',/"&'&+$"&1- (! 8$6&1-+ @8.10!''/'!A $''&$-" /-! !-%!'133! 8#&''$8.! !" /- 2$".#&$/ (! #!23'&++$8!

8#$-/'$&#! (! "B3! 3&!##!+ 01-0$++.!+< 2.'$-8! (! +$6'! !" (! (.0)&4/!"$+ (! 3-!/+ 1/ !-01#! 6$''$+"9

>,$6+!-0! (! 2.")1(!+ (! (&2!-+&1--!2!-" #!'$"&%!+ 7 0! "B3! (! +"#/0"/#! $ 01-(/&" 7 '$ 0#.$5

"&1- (/ 3#1:!" (! #!0)!#0)! CDE EFGHCE! $''&$-" !;3.#&2!-"$"&1-+ !" 21(.'&+$"&1-+ -/2.#&4/!+

2/'"&5.0)!''!+9 I$-+ '! 0$(#! (! 0! 3#1:!" !" ($-+ '$ 01-"&-/&". (!+ 3#.0.(!-"+ "#$%$/;< (!/; (&+31+&5

"&J+ !;3.#&2!-"$/; 1-" .". (.%!'133.+< ',/- 3!#2!""$-" (,."/(&!# '! 01231#"!2!-" (,/-! +"#/0"/#! 7

.0)!''! #.(/&"! 01-+"&"/.! (,/- $++!26'$8! (! 0!''/'!+< ',$/"#! 3!#2!""$-" (,."/(&!# '! 01231#"!2!-"

(! 2!#'1-+ 7 .0)!''! #.!''!9 K' $33$#$&" 4/! '! 01231#"!2!-" (!+ +"#/0"/#!+ !+" 01-(&"&1--. 3$# '!+

2$".#&$/; 2&+ !- L/%#! !" 3$# '!+ 01-(&"&1-+ $/; '&2&"!+9 >,!M0$0&". (!+ +"#/0"/#!+ !+" .%$'/.!

7 "#$%!#+ '!/# 0$3$0&". 7 (&++&3!# ',.-!#8&! (,&23$0" !- 01-0!-"#$-" '!+ (.8#$($"&1-+ $/ 3$#!2!-"

!" !- #.(/&+$-" '!+ (.J1#2$"&1-+ !" '!+ 01-"#$&-"!+ "#$-+2&+!+ 7 '$ 3$#"&! $##&*#!9 >!+ #.+/'"$"+ (!+

!;3.#&2!-"$"&1-+ J1/#-&++!-" /-! 6$+! (1--.!+ 31/# '! 0$'$8! !" '$ %$'&($"&1- (! 21(*'!+ -/2.5

#&4/! (.%!'133.+ !- 3$#$''*'!9 >! #!"1/# (,!;3.#&!-0! 3!#2!" (,.'$61#!# (!+ 3#!+0#&3"&1-+ 31/# '$

01-+"#/0"&1-< '! +/&%& !" '$ 2$&-"!-$-0! (! 0!+ 1/%#$8!+9

 !"# $%&'#

F;3.#&2!-"$"&1- 7 .0)!''! #.!''!< 2!#'1-+ (! 3#1"!0"&1- 3$#!56'10+< 1/%#$8!+ 0!''/'$&#!+< 8$6&1-<

#.+&(/+ $-")#13&4/!+< &-+"#/2!-"$"&1-< #.3$#$"&1-9

%&"'()*'

N)&+ +"/(B J10/+!+ 1- ")! 2!0)$-&0$' 6!)$%&1# 1J 0!''/'$# #10OJ$'' 3#1"!0"&1- +"#/0"/#!+9 N)!+!

!-8&-!!#&-8 +"#/0"/#!+ $#! 01-+"#/0"!( &- !'!%$"&1- $-( 3'$0!( 1- ")! 31"!-"&$' "#$:!0"1#B 1J J$''&-8

61/'(!#+< /3+'13! $#!$+ "1 6! 3#1"!0"!(9 N)! 0!''/'$# 0)$#$0"!# &+ 3#1%&(!( 6B ")! /+! 1J 8$6&1-+

@8!10!''A 0126&-&-8 $ 2!+) $-( (&?!#!-" "B3!+ 1J 8#$-/'$# P''&-8 2$"!#&$'+ Q 0#/+)!( +"1-!+< 2&;"/#!

1J +$-( $-( +)#!((!( "&#!+ 1# 6$''$+"9 N)! '$0O 1J (!+&8- 2!")1(+ J1# ")&+ "B3! 1J +"#/0"/#! )$+ '!(

"1 ")! 0#!$"&1- 1J ")! #!+!$#0) 3#1:!0" CDE EFGHCE!< 0126&-&-8 2/'"&5+0$'! !;3!#&2!-"+ $-(

-/2!#&0$' 21(!'&-89 C+ 3$#" 1J ")&+ 3#1:!0" $-( &- ")! J1''1R&-8 1J 3#!%&1/+ R1#O+< "R1 !;3!#&2!-"$'

(!%&0!+ R!#! (!%!'13!(< 1-! "1 +"/(B ")! 6!)$%&1# 1J $ +2$''5+0$'! +"#/0"/#! 01-+&+"&-8 1J $- $++!26'B

1J 0!''+< ")! 1")!# "1 +"/(B ")! 6!)$%&1# 1J J/''5+0$'! +"#/0"/#!+9 K" $33!$#+ ")$" ")! 6!)$%&1# 1J

+"#/0"/#!+ &+ 01-(&"&1-!( 6B ")! 2$"!#&$'+ /+!( $-( ")! 61/-($#B 01-(&"&1-+9 N)! !?!0"&%!-!++ 1J

")! +"#/0"/#!+ &+ $++!++!( ")#1/8) ")!&# $6&'&"B "1 (&++&3$"! ")! &23$0" !-!#8B 6B 01-0!-"#$"&-8

")! ($2$8! &- ")! J#1-" 3$#" $-( #!(/0&-8 ")! +"#!++!+ $-( +"#$&-+ "#$-+2&""!( "1 ")! 6$0O 3$#"9

N)! !;3!#&2!-"$' #!+/'"+ 3#1%&(! $ ($"$6$+! J1# 0$'&6#$"&1- $-( %$'&($"&1- 1J -/2!#&0$' 21(!'+

(!%!'13!( &- 3$#$''!'9 N)! J!!(6$0O $''1R+ "1 !+"$6'&+) #!4/&#!2!-"+ J1# 01-+"#/0"&1-< 21-&"1#&-8

$-( 2$&-"!-$-0! 1J ")!+! +"#/0"/#!+9

 !"#$%&'

E!$'5+0$'! !;3!#&2!-"+< 0!''/'$# #10OJ$'' 3#1"!0"&1- +"#/0"/#!+< 8$6&1-< )/2$- R$+"!< &-+"#/2!-5

"$"&1-< #!3$&#9

te
l-0

07
21

82
3,

 v
er

si
on

 1
 - 

30
 J

ul
 2

01
2


