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•  0%0%(%+Z&,0+/+*.*&)*+,-&)XD'QYE&

•  0%4"!5#Z&53/#&^+/4./5./1.&Yd&G2&A+GG&)dXD'Q&Y∪YdE&%6WG-1A#&

•  C%,)+0"+0Z&)d&3G4&,0+/+*&

⇒  KB6G8-M.*&
5)%&Z&KB6'200G4L/A31@.34G?.M.3GQ&%6<,,*2N35+92/&



!"#!$#%!$!& '(&)*+,-./+012*34-5./&6&7382//.89:34;&<=15./4+92/& ``&

B7<&G8-M3.*31.*Ç&

!"#!$#%!$!& '(&)*+,-./+012*34-5./&6&7382//.89:34;&<=15./4+92/& `"&

B7<&3G4&KB6G8-M3.*31&

!  =*G,*]/1038-Z&J.A=@92/&+=T&O6B+*992/&&

•  O6B+*992/&3G4&G4+*@&KB6:200G4L/A31&

•  1*+,-./4-.2*.9G8-.G&B*2?0.5Ö&

!  -3.*Z&J.A=@92/&+=T&,0+/+*.G&'.*4.N&o2:.*&DB'oE&
!  'oZ&^/24./5./1.Q&G2&A+GG&+00.&^+/4./&+?1.A.8@4&M.*A./&

!  ,0+/+*.G&'oZ&Y3/1+?.1*+,-&3G4&,0+/+*&

•  )+*.;Q&Ü2-/G2/&}$mh"~Z&B'o&3G4&KB6G8-M.*&

•  J.A=@92/&:2/&B'o&+=T&'o&

!  +0G2Z&B'o&A=*8-&B7<&0cG./Z&
•  B'o&Å,&B7<&DY/4G8-3A=/1G,*2?0.5&W=&B7<E&

!"#!$#%!$!& '(&)*+,-./+012*34-5./&6&7382//.89:34;&<=15./4+92/& `h&

B'o&Å,&B7<&

"1 $1

D1

B'oZ&)*+,-&)XD'QYE&1.1.?./&

T]*&J.A=@92/Z&CN3.*.&Y3/?.S=/1Q&@2/G4*=3.*.&)*+,-&)dXD'dQYdE&

)Z& .$&

.%& .O&

!"#!$#%!$!& '(&)*+,-./+012*34-5./&6&7382//.89:34;&<=15./4+92/& `k&

B'o&Å,&B7<&

.$&

.%& .O&

)dZ&

"1 $1

D1

!"#!$#%!$!& '(&)*+,-./+012*34-5./&6&7382//.89:34;&<=15./4+92/& `m&

B'o&Å,&B7<&

)dZ&

!"#!$#%!$!& '(&)*+,-./+012*34-5./&6&7382//.89:34;&<=15./4+92/& "!&

B'o&Å,&B7<&

!  5&ZX&\f'f&

)dZ&



!"#!$#%!$!& '(&)*+,-./+012*34-5./&6&7382//.89:34;&<=15./4+92/& "$&

B'o&Å,&B7<&

!  5&ZX&\f'f&

!  =&∈&'oQ&:& &'o&

)dZ&

!"#!$#%!$!& '(&)*+,-./+012*34-5./&6&7382//.89:34;&<=15./4+92/& "%&

B'o&Å,&B7<&

P7&$2&/+.G&.N3G9.*4&'o&3/&)&534&@&^/24./&1AM#&.G&.N3G9.*4&W=0LGG31.&
,0+/+*.&<=15./9.*=/1&T]*&)d&534&hQ`5fYf6f'fg@&^+/4./&

!&C&"4+

y⇒z&&
!  E++952%Z&@&^/24./&G3/A&35&'o&

!  7oD)dE&-+4&$`5fYf&6&%f'f&70LS.*&

•  5&,*2&^+/4.&&

•  h&A.1D:E5&6%&,*2&^/24./&:&

!  CN3.*.&Y3/?.S=/1&M3.&35&7.3G,3.0&
!  %@&70LS.*&@c//./&/38-4&?30031&:.*?=/A./&M.*A./&

!  $s%&D$`5fYf&6&%f'f&6&%@E&g&%@&^+/4./&W=*&<=15./9.*=/1&

&X&hQ`5fYf6f'fg@&&

! 

= (7deg(v)m " 2)
v#V

$ + m
e#E

$
= 7m deg(v)

v
$ +m E " 2V

=14m E +m E " 2V
=15m E " 2V

!"#!$#%!$!& '(&)*+,-./+012*34-5./&6&7382//.89:34;&<=15./4+92/& "O&

P7&$2&/+.G&.N3G9.*4&'o&3/&)&534&@&^/24./&1AM#&.G&.N3G9.*4&W=0LGG31.&
,0+/+*.&<=15./9.*=/1&T]*&)d&534&hQ`5fYf6f'fg@&^+/4./&

!&C&"4+

y z&&
!  E++952%Z&<=15./9.*=/1&T]*&)d&534&hQ`5fYf6f'fg@&^+/4./&

⇒  %@&70LS.*&5]GG./&4.=.*&:.*?=/A./&M.*A./&

!  :2/&A./&70+S6y7]/A.0/z&A.*&)*ct.&5&G3/A&./4M.A.*&+00.&70LS.*&?30031&
2A.*&+00.&70LS.*&4.=.*&:.*?=/A./&

!  A+&5&X&\f'f&x&%@&

&⇒&A3.G.&70LS.*&03.1./&3/&A./&T:d&T+8.G&
!  'o&ZX&F./1.&A.*&^/24./&534&%&4.=.*&:.*?=/A././&70LS.*/&

&⇒&W=0LGG31.G&'.*4.N&o2:.*&A.*&)*ct.&@&&

B'o&Å,&B7<&

!"#!$#%!$!& '(&)*+,-./+012*34-5./&6&7382//.89:34;&<=15./4+92/& "\&

P7&$2&/+.G&.N3G9.*4&'o&3/&)&534&@&^/24./&1AM#&.G&.N3G9.*4&W=0LGG31.&
,0+/+*.&<=15./9.*=/1&T]*&)d&534&hQ`5fYf6f'fg@&^+/4./&

!&C&"4+

!  )d&3G4&,0+/+*&
!  )d&-+4&)*ct.&eDf'ffYfE&

!  )d&@+//&3/&,20;/253.00.*&P.34&@2/G4*=3.*4&M.*A./&

Y*1.?/3GG.&W=&B7<Z&

!  B7<&@+//&534&)]4.&%&+,,*2N353.*4&M.*A./&

!  i3.&?.G46?.@+//4.&<,,*2N35+92/G1]4.&3G4&%&

!  (+=TW.34Z&eDf'f&021&f'fE&
!  ###&=/A&A+G&534&.3/.5&G.-*&.3/T+8-./&<012*34-5=G&

B'o&Å,&B7<&

!"#!$#%!$!& '(&)*+,-./+012*34-5./&6&7382//.89:34;&<=15./4+92/& "`&

%6<,,*2N35+92/&W=&B7<&

L%6-)Z&,0+/+*.*Q&WG-1A#&)*+,-&)XD'QYE&

M-)6-)Z&,0+/+*.*Q&%6WG-1A#&)*+,-&)&

!  G20+/1.&7o67+=5&5.-*&+0G&$&76^/24./&
./4-L04Z&

!  T+00G&o6^/24./&.N3G9.*4Q&M2?.3&+00.&
^3/A.*&70LS.*&G3/A&

•  :.*?3/A.&A3.G.&76^/24./&W=&.3/.5&
76^/24./&

•  ML-0.&A3.G.G&70+S&?&
!  G2/G4&ML-0.&.3/&70+S&?&W=TL0031&

!  :.*?3/A.&?&534&A.5&+5&-c8-G4./&
03.1./A./&76^/24./&M3.&.G&A3.&
B0+/+*34L4&W=0LGG4&

!"#!$#%!$!& '(&)*+,-./+012*34-5./&6&7382//.89:34;&<=15./4+92/& ""&

%6<,,*2N35+92/&W=&B7<&
D0-JQ&")Z&

!  3/@*.5./4.00.&B0+/+*34L4G6a.G4G&

!  ,*2&ya.30,T+Az&3/&7o67+=5&$&a.G4&

•  +/G8-03.t./AZ&a*+:.*G3.*=/1&T2*4G.4W./&
•  2A.*Z&^+/4.&.3/T]1./&⇒&BT+A&@2/4*+-3.*4&

!  eD021&f'fE&+52*9G3.*4&,*2&B0+/+*34L4G4.G4&

!  (+=TW.34Z&eDf'f&021&f'fE&

5R)&+:Z&

!  [.A.G&70+S&?.@2554&.3/.&^+/4.Z&l&^+/4./Q&2,95+0.&(cG=/1&q&!ls%"&
!  +=t.*A.5&M.*A./&^+/4./&+=T1*=/A&:2/&B0+/+*34L4&.3/1.T]14#&i3.G.&

^+/4./&5]GG./&3/&.3/.*&2,95+0./&(cG=/1&+?.*&+=8-&:2*-+/A./&G.3/&

!  i.4+30GZ&G3.-.&^+/4Q&72A0+./A.*Z&879+9&1F&9351E"02%+#9A*+1
8&*(7%24Q&<012*34-5G&+/A&i+4+&R4*=84=*.GQ&%/A&u2*@G-2,&u<iR&ám$Q&
,,#&%k"6%mk&



!"#!$#%!$!& '(&)*+,-./+012*34-5./&6&7382//.89:34;&<=15./4+92/& "h&

<=G?038@se*1+/3G+42*3G8-.G&

M2.0%"40)$2"4#7&4S+

!  /L8-G4.&'2*0.G=/1Z&

•  F3SM28-Q&$O#!$#Z&o+*G4./&)=4M./1.*Z&&

&G.H"4922%+59+0Q&:8IJ.CK"2%Q&.48#&
!  /L8-G4.&>?=/1Z&

•  F2/4+1Q&$$#!$#Z&=4*2*&35)%L1M:81

!  )]4.&%&A+G&?.G465c1038-.&T]*&B7<Ö&

!  .G&13?4&B+,.*&534&Os%6&?WM#&`sO6<012*34-5./b&)]4.?.M.3G.&T.-0.*-+p&

!  nA..&⇒&i3,025+*?.34&

•  +=8-&T]*&R,.W3+0TL00.&
!  `sO6<,,*2N35+92/&T]*&R,.W3+0T+00&?.3&A.5&+00.&R8-/3S@/24./&W=&.3/.*&%6

PG-1G#6@25,2/./4.&1.-c*./&=/A&A.*&RBàJ67+=5&i=*8-5.GG.*&%&-+4&


