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<U@ D0& #+%#$%/"+C+&!)!%*!*+),$%D1+,,+),$%
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 !)#$&+"'2$!)$
#+2$!)$%&+$%/$1'#,"$

P)%1$)+'%&$%*'##$*'%/3c%+##+"+%!//!",3)!%0!),"!11'"+%
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WN=0 )!)%#3/+"$Q

<U@96<UM%D0& #+%#$%/"+C+&!)!%*!*+),$%D1+,,+),$%
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2!)'%;R%#3!1!% R%K%)!)%,"!//!%L'##!H

$)%/"+#+)2'%&$%#$#*'

<U@ D0& #+%#$%/"+C+&!)!%*!*+),$%D1+,,+),$%
/$J%+1+C',$%G2!)'%8%!%#3!1!%BR% B%defH

<U9 D0& #+%#$%/"+C+&!)!%*!*+),$%D1+,,+),$%
/$J%L'##$%G2!)'%;R%#3!1!%=%!%eR% B%f=fH
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!"&$)+%3)%)3*+"!%L'##!%&$%,$/$%&$%#+2$!)+%G*'O%;%
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)!)%#!)!%*!1,!%'1,+

E  !)C$+)+%3#'"+%01'##+%&$%&3,,$1$,b%d=f%K3')&!%1+%
!"&$)',+%&+11!%#/+,,"!%&$%"$#/!#,'%+1'#,$0!%#!)!%
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^71F,!.75=161/95!;51!716N80,01!;58!3,83/8/
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;588Q53359071310>!.7/.71,!;58!61605F,

B$ D,8N0,75!18!F/F590/!951!.18,6071O!19!EN921/95!;58!0,+81/!
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.57!31,63N9!.18,607/

h=7P!N9,!.753161/95!
F,++1/75O!F,!3/9!.1R!
E,013,

M1059+/!345!9/9!=1!61,9/!7185=,901!7/0,21/91!.57!5EE500/!
;588Q53359071310>!.7/.71,!;58!61605F,O! N19;1!9/9!F/;1E13/!
 N5601!=,8/71

^75=161/95!;5885!
3,7,00571601345!;588,!6/885310,21/95

B$ D,8N0,75!18!F/F590/!951!.18,6071O!19!EN921/95!;58!
0,+81/!5!;588,!./6121/95!;58!.N90/!;1!9N88/!;1!c

A1.13/!;1,+7,FF,!;1!c!.57!
5EE500/!;1!E/725!/7122/90,81

4iB ,1!.1,91!6N.571/71

)$W÷)$U 4
,8!.71F/!/7;195

^75=161/95!;5885!
3,7,00571601345!;588,!6/885310,21/95

B$ D,8N0,75!18!F/F590/!951!.18,6071O!19!EN921/95!;58!
0,+81/!5!;588,!./6121/95!;58!.N90/!;1!9N88/!;1!c

c!"!)$%!D!4!

c!"!)$%!D!4

4iB

,1!.1,91!6N.571/71
c0560, "!)$#!D!4

)$W÷)$U 4

,8!.71F/!/7;195

c.15;5 "!)$W!D!4

H/..N75!!)$U!D!4J

:,7,00571601345!;588,!6/885310,21/95
B!Y F/F590/!951!.18,6071

^1,9/
A,+81/!
+8/?,85!
H\@J

A,+81/!
.18,607/!
H\@J

c/F590/!
.18,607/!
H\@FJ

%!! %#Z$W #B$( WU$W

#!! ZW*$B U#$% ''Z$B

(!! 'B*%$( Z*$Z '%*$B

B!! '%))$Z ''%$% '*#$U

'!!0560, '%Z($* 'BB$W 'UW$%

.15;5 BW#$*

c!"!D!4!iB

c!"!D!)$#!4

c!"!D!)$W!4

^75=161/95!;5885!
3,7,00571601345!;588,!6/885310,21/95

($ D,8N0,75!18!F/F590/!95885!07,=1O!;,88Q5 N181?71/!;51!
9/;1!H951!9/;1!1905791J

c.OB

c.O'

c07,=5c07,=5

^57!8Q5 N181?71/<

B
cc

c B.'.
07,=5

,,
+

=

^75=161/95!;5885!
3,7,00571601345!;588,!6/885310,21/95

($ D,8N0,75!18!F/F590/!95885!07,=1O!;,88Q5 N181?71/!;51!
9/;1!H951!9/;1!1905791J

c.OB

c.O'

c07,=5c07,=5

G5!61!L!E,00/!N9!3,83/8/!.1R!.75316/O!
=,8N0,9;/!8,!71+1;522,!;51!619+/81!
.18,6071!61!.NP!,9345!;1EE575921,75!
8,!610N,21/95!.57!1!9/;1!.571F507,81!
;,! N588,!;51!9/;1!1905791

c.OB

c.O'

c07,=5



10

:,7,00571601345!;588,!6/885310,21/95
(!Y F/F590/!95885!07,=1

^1,9/
A,+81/!
+8/?,85!
H\@J

A,+81/!
.18,607/!
H\@J

c/F590/!
.18,607/!
H\@FJ

c/F590/!
07,=5!
H\@FJ

%!! %#Z$W #B$( WU$W (($*

#!! ZW*$B U#$% ''Z$B Z($#

(!! 'B*%$( Z*$Z '%*$B '(*$U

B!! '%))$Z ''%$% '*#$U 'U'$%

'!!0560, '%Z($* 'BB$W 'UW$% '*)$W

.15;5 BW#$*

c0 "!c.%iB

c0 "!
Hc.%_c.#JiB

^75=161/95!;5885!
3,7,00571601345!;588,!6/885310,21/95

#$ D,8N0,75!18!d@!951!.18,6071

 
=

=∆

@

91
1O07,=59O.1 8 D@

07,=5

0
07,=5 8

cBD =

-8!0,+81/!.NP!566575!601F,0/O!.596,9;/!,!F/F5901!
N+N,81!5;!/../601!,1!;N5!56075F1!;588,!07,=5O!3/F5

-8!d@!,;!N9!/7;195!L!8,!6/FF,!;51!0,+81!;5885!07,=1!
6/=7,60,901

@51!.18,6071!;1!56075F10>!H/!;/=5!3QL!N9,!07,=5!71+1;,!
5;!N9,!,!6.566/75J!9,635!N9!d@!;/=N0/!,8!0,+81/!
95885!07,=1

:,7,00571601345!;588,!6/885310,21/95
#!Y d@!951!.18,6071

^1,9/
A,+81/!
+8/?,85!
H\@J

A,+81/!
.18,607/!
H\@J

c/F590/!
.18,607/!
H\@FJ

c/F590/!
07,=5!
H\@FJ

d@!
.18,607/!
H\@J

%!! %#Z$W #B$( WU$W (($* 'W$%

#!! ZW*$B U#$% ''Z$B Z($# WB$)

(!! 'B*%$( Z*$Z '%*$B '(*$U 'BZ$U

B!! '%))$Z ''%$% '*#$U 'U'$% B'($#

'!!0560, '%Z($* 'BB$W 'UW$% '*)$W ()'$%

.15;5 BW#$*

D0O%"B!
c0O%i8

d@!"!D0O%

d@!"!D0O%_!D0O#

807,=5 "!#$')!F

^75=161/95!;5885!
3,7,00571601345!;588,!6/885310,21/95

%$ -9375F590,75!1!F/F5901!.57!059575!3/90/!;1<
• 53359071310>!,331;590,85
• 5EE500/!3/F?19,0/!;5885!;1=5765!3/F./95901
• +57,7341,!;5885!7561605925!.57!1!.18,6071

G5!8,!607N00N7,!L!6NEE1315905F5905!71+1;,!
0/761/9,8F5905O!.57!05957!3/90/!;51!.71F1!;N5!
.NP!566575!6NEE1315905!19375F590,75!;58!B)j
VN560/!19375F590/!61!71E571635!6/8/!,1!058,1!.571F507,81

:,7,00571601345!;588,!6/885310,21/95
%,!Y 19375F590/!.57!53359071310>

^1,9/
A,+81/!
+8/?,85!
H\@J

A,+81/!
.18,607/!
H\@J

c/F590/!
.18,607/!
H\@FJ

c/F590/!
07,=5!
H\@FJ

%!! %#Z$W #B$( WU$W (($*

#!! ZW*$B U#$% ''Z$B Z($#

(!! 'B*%$( Z*$Z '%*$B '(*$U

B!! '%))$Z ''%$% '*#$U 'U'$%

'!!0560, '%Z($* 'BB$W 'UW$% '*)$W

.15;5 BW#$*

VN560/!19375F590/!61!71E571635!6/8/!,1!058,1!.571F507,81

:,7,00571601345!;588,!6/885310,21/95
%,!Y 19375F590/!.57!53359071310>

^1,9/
A,+81/!
+8/?,85!
H\@J

A,+81/!
.18,607/!
H\@J

c/F590/!
.18,607/!
H\@FJ

c/F590/!
07,=5!
H\@FJ

%!! %#Z$W %)$U *'$' #)$W

#!! ZW*$B *Z$# '#($) ''B$'

(!! 'B*%$( ''*$W '*Z$* 'WW$#

B!! '%))$Z '(*$% BB'$W B)%$U

'!!0560, '%Z($* '#U$' B''$* B'W$U

.15;5 ('U$U

_B)j



11

^75=161/95!;5885!
3,7,00571601345!;588,!6/885310,21/95

%$ -9375F590,75!1!F/F5901!.57!059575!3/90/!;1<
• 53359071310>!,331;590,85
• 5EE500/!3/F?19,0/!;5885!;1=5765!3/F./95901
• +57,7341,!;5885!7561605925!.57!1!.18,6071

I,!+57,7341,!;5885!7561605925!;/=75??5!566575!
.756,!19!3/961;57,21/95!6/8/!;/./!,=57!,7F,0/!
85!07,=1
-9!=1,!,..7/661F,0,!61!./66/9/!,NF590,75!85!6/885310,21/91!
951!.18,6071!H,!.,705!8,!6521/95!,8!.15;5!;58!'k /7;195JO!
F/801.813,9;/85!.57!'$%!,!0N001!1!.1,91!958!3,6/!;1!:Kaha!
H'$(!.57!:K!`laJ

:,7,00571601345!;588,!6/885310,21/95
%?!Y +57,7341,!;5885!7561605925

^1,9/
A,+81/!
+8/?,85!
H\@J

A,+81/!
.18,607/!
H\@J

c/F590/!
.18,607/!
H\@FJ

c/F590/!
07,=5!
H\@FJ

%!! %#Z$W %)$U *'$' #)$W

#!! ZW*$B *Z$# '#($) ''B$'

(!! 'B*%$( ''*$W '*Z$* 'WW$#

B!! '%))$Z '(*$% BB'$W B)%$U

'!!0560, '%Z($* '#U$' B''$* B'W$U

.15;5 ('U$U

VN5601!=,8/71!
=,99/!
19375F590,01!
.57!
+,7,90175!N9!
F533,916F/!
;1!3/88,66/!
+8/?,85

I5!@A:!)*!H.N90/!U$B$'J!1F./9+/9/!+57,7341,!;5885!7561605925!,9345!
.57!:KalaO!3/9!6/=7,756160592,!'$'!HF59075!L!'$(!.57!:KahaJ

:,7,00571601345!;588,!6/885310,21/95
%?!Y +57,7341,!;5885!7561605925

^1,9/
A,+81/!
+8/?,85!
H\@J

A,+81/!
.18,607/!
H\@J

c/F590/!
.18,607/!
H\@FJ

c/F590/!
07,=5!
H\@FJ

%!! %#Z$W %)$U 'B'$W #)$W

#!! ZW*$B *Z$# B'#$% ''B$'

(!! 'B*%$( ''*$W B*#$U 'WW$#

B!! '%))$Z '(*$% ((B$# B)%$U

'!!0560, '%Z($* '#U$' ('U$U B'W$U

.15;5 ('U$U

c/801.813,01!
.57!'$%

:,7,00571601345!;1!6/885310,21/95
9588,!;17521/95!g

C T/!N9!9NF57/!;1=576/!;1!.18,6071!H'#!,92134e!'(J!F,!
8,!;1EE57592,!L!F/;560,<!
./66/!71059575!345!1!716N80,01!9/9!3,F?19/

C :QL!.57P!8,!./661?1810>!345!8/!6345F,!9/9!61,!?59!
?18,931,0/$!:1P!3/F./70575??5<
Y I,!95356610>!;1!,NF590,75!85!6/885310,21/91!19!N9!8,0/!
;588Q5;1E131/!H19! N560/!3,6/!18!;5607/J

Y I,!95356610>!;1!3/961;57,75!8,!607N00N7,!9/9!75+/8,75!
19!.1,90,!5!71;N775!85++57F5905! 

c,!19! N5601!3,61!L!/../70N9/!71;1F5961/9,75!8,!
607N00N7, .57!5=10,75!/!,8F59/!71;N775!8,!7/0,21/95

K1F5961/9,F590/

C I5!6/885310,21/91!07/=,05!./66/9/!566575!N018122,05!
.57!;1F5961/9,75!85!6521/91!;1!07,=1!5!.18,6071

C -9!F/F5901!6N335661=1O!;/./!,=57!5EE500N,0/!18!
3,83/8/!3/9!N9!,../610/!.7/+7,FF,O!1!=,8/71!345!61!
/00577,99/!;5=/9/!566575!3/9E7/90,01!3/9! N5881!
.75=1601<
C m9,!?N/9,!3/7716./9;592,!3/965905!8,!
=,81;,21/95!;58!3,83/8/

C X=590N,81!;1EE575925!7185=,901!./66/9/!566575!
65+9/!;1!577/71!958!3,83/8/O!345!8/!759;575??57/!
`9/9!=,81;,0/a

K1F5961/9,F590/<
07,=1!5F57+5901

C I5!6/885310,21/91!;,!616F,!6/9/!585=,05!,1!.1,91!
19E571/71!5!35907,81

^1,9/
c/F590/!
07,=5!
H\@FJ

%!! #)$W
#!! ''B$'
(!! 'WW$#
B!! B)%$U
' B'W$U

@/0,<!60/!3/961;57,9;/!1!
=,8/71!1938N;59;/!8Q5EE500/!
;588Q53359071310>!.5734e!3QL!
N9,!07,=5!.571F507,85!F/80/!
3,713,0,b!.57!85!07,=1!35907,81!
 N560/!5EE500/!9/9!3QL



12

K1F5961/9,F590/<
07,=1!5F57+5901

c/F590/!.57!3,71341!=57013,81!H3/9!616F,J

\@FW)
')

B)$#((
')
I c

BB

≅
×

==

c/F590/!.57!,21/95!616F13,
\@FB'Uc =

c/F590/!F,661F/O!0/0,85
\@FBUUB'UW)c =+=

@/0,<!4/!1938N6/!8Q5EE500/!;588Q53359071310>!.5734e!3QL!N9,!07,=5!
.571F507,85!F/80/!3,713,0,b!.57!85!07,=1!35907,81! N560/!5EE500/!9/9!3QL

K1F5961/9,F590/<
07,=1!5F57+5901

:,83/8/!;588Q,80522,!N0185<

F%%$)
()$)

BUU)'*$)
?
c7; ===

6521/95<!()&W)

K,01<
G521/95!7500,9+/8,75

?!"!()!3F
4!"!;,!;5057F19,75
3!"!#!3F

cX; "!BUU!\@F

:,835607N22/ E3\!"!B%!c^,

K1F5961/9,F590/<
07,=1!5F57+5901

C I5!6/885310,21/91!;,!616F,!6/9/!585=,05!,1!.1,91!
19E571/71!5!35907,81

n! F,!!61!71;N3/9/!;1!F/80/!
,1!.1,91!6N.571/71

o!./661?185!71;N775!85!
6521/91O!F,!,=575!07,=1!
71+1;5!81F10,!+81!6./60,F5901!
;588,!607N00N7,
I,!71;N21/95!6,75??5!953566,71,!
65!85!6521/91!E/6657/!5335661=5

@58!F1/!3,6/O!F,9059+/!()&W)!,8!
#k 1F.,83,0/O!.,66/!,!()&%)!,8!%k

^1,9/
c/F590/!
07,=5!
H\@FJ

%!! #)$W
#!! ''B$'
(!! 'WW$#
B!! B)%$U
' B'W$U

K1F5961/9,F590/<
.18,6071

C I5!6/885310,21/91!;,!616F,!6/9/!585=,05!,8!.71F/!5!
653/9;/!/7;195

^1,9/
c/F590/!
.18,607/!
H\@FJ

%!! 'B'$W

#!! B'#$%

(!! B*#$U

B!! ((B$#

'!!0560, ('U$U

.15;5 ('U$U

T/!,9345!3/961;57,0/!
E/7E50,71,F5905!8Q5EE500/!
;588,!+57,7341,!;1!756160592,!
.18,607/f07,=5!.57!0N005!85!
6521/91!H07,995!,88,!?,65J

@/0,<!60/!3/961;57,9;/!1!
=,8/71!1938N;59;/!8Q5EE500/!
;588Q53359071310>O!.5734e!1!
.18,6071!.571F507,81!95!
716590/9/!613N7,F5905

K1F5961/9,F590/<
.18,6071

^1,9/
c/F590/!
.18,607/!
H\@FJ

GE/72/!
9/7F,85!
H\@J

d@!;,!
616F,!
H\@J

%!! 'B'$W UU!÷ B%( ± 'W$%

#!! B'#$% '%#!÷ #%' ± WB$)

(!! B*#$U B('!÷ W#Z ± 'BZ$U

B!! ((B$# ()*!÷ *#U ± B'($#

'!!0560, ('U$U (*% ÷ ')#% ± ()'$%

.15;5 ('U$U

c!"!((B!\@F

@F19 "!!Z%!\@

c!"!('U!\@F

@F,& "!'(#W!\@

:/..15!cf@!
.1R!+7,=/65

K1F5961/9,F590/<
.18,6071

m018122,9;/!18!;/F191/!cf@

I,!6521/95!()!&!U)!L!,8!81F105
F,!.NP!566575!N018122,0,

 

0 

200 

400 

600 
kNm 

0 1000 2000 3000 4000 kN @!

c!

G521/95!
()!&!U)!'%!3FB!

)!

-200 

-400 

-600 

-1000 

c!"!((B!\@F

@!"!!Z%!\@

c!"!('U!\@F

@!"!'(#W!\@

/33/77/9/!
%!∅∅∅∅B)!.57!8,0/



13

K1F5961/9,F590/<
.18,6071

C m01812257P!6521/91!()&U)O!953566,715!.57!1!075!/7;191!
19E571/71!

C ^/0751!71;N775!8,!6521/95!,1!;N5!/7;191!6N.571/71O!F,!
.75E57163/!F,9059578,!19=,71,0,
Y AN005!85!7165+45!./66/9/!566575!3,N6,!;1!577/71!;1!
5653N21/95

Y @5!,=751!E,005!6/8/!65!8,!6521/95!E/665!07/../!+7,9;5!
Y -9!/+91!3,6/O!,1!.1,91!6N.571/71!9/9!;5=/!F,1!N018122,75!
6521/91!F19/71!;1! N588,!;588,!07,=5!5F57+5905

C ^/0751!5=590N,8F5905!=,71,75!85!;1F5961/91!H/!
7N/0,75!.18,6071J!65!.596/!;1!,=575!.7/?85F1!;1!
7/0,21/95!19!.1,90,!H8,0/!;5607/!;5E/7F,?185J

:/907/88/!;58!;1F5961/9,F590/!
;5885!6521/91

:/907/88/!;58!;1F5961/9,F590/

h..7/661F,21/91!196105!9588,!E,65!.7535;5905<

'$ -8!.571/;/!.7/.71/!;588,!607N00N7,!L!60,0/!601F,0/!
3/9!E/7FN85!65F.81E13,05
S7,!/33/775!3/907/88,78/

B$ I5!E/725!60,01345!6/9/!60,05!71.,70105!07,!1!.18,6071!
`345!3/90,9/a!/!19!?,65!,!7,../701!;1!71+1;522,!
=,8N0,01!,!/3341/
S7,!/33/775!3/907/88,75!F5+81/!85!71+1;5225

($ -8!?18,931,F590/!;5885!71+1;5225!;588,!607N00N7,!L!
60,0/!601F,0/!,!/3341/
S7,!.NP!566575!=571E13,0/!9NF5713,F5905

:/907/88/!;58!;1F5961/9,F590/
G01F,!;5885!71+1;5225!8,057,81

^57!0N005!5!075!+81!,6.5001!/33/775!5EE500N,75!N9,!
601F,!.1R!,33N7,0,!;5885!71+1;5225!8,057,81!;51!.18,6071!

^/661?181!,..7/331<
'$ h..7/331/!+8/?,85!65F.81E13,0/

c/80/!7,.1;/O!F,!N0185!6/8/!.57!601F,75!18!.571/;/

B$ h..7/331/!.57!01./8/+1,!;1!.18,607/
($ h..7/331/!;500,+81,0/!.57!619+/8/!.18,607/

c/80/!/957/6/

#$ :,83/8/!;5885!71+1;5225!,!.,70175!;,1!716N80,01!;1!N9!
3,83/8/!,!058,1/
m018122,?185!6/8/!19!E,61!6N335661=5O!.57!N9!3/907/88/!;5885!
71+1;5225!601F,05!19!.7535;592,

G01F,!;5885!71+1;5225!8,057,81

'$ h..7/331/!+8/?,85!65F.81E13,0/

!
!

"

#

$
$

%

&
++

=

 
 

 
 

 

019EO0

..

06N.O0

..
(

.

.

Ii-X
Ii-X

Ii-X
Ii-X

B
''

'
I

-X'B
71+1;522,

3/961;57,9;/!6/8/!1!.18,6071!5!85!07,=1!`345!3/90,9/a

− @58!3,61!;1!5;1E131/!3/9!07,=1!5F57+5901!5!,!6.566/75O!
1!.18,6071!;1!3/80588/!5!85!07,=1!5F57+5901

− @58!3,6/!;1!5;1E131/!3/9!0N005!07,=1!,!6.566/75O!
1!.18,6071a5 N1=,85901a!601F,01!19!F,9157,!E/7E50,71,!
5!0N005!85!07,=1

G01F,!;5885!71+1;5225!8,057,81

'$ h..7/331/!+8/?,85!65F.81E13,0/

 -!.18,6071!H0N001!N+N,81J!6/9/<
'(!,88N9+,01!19!;17521/95!&
'#!,88N9+,01!19!;17521/95!g

:/961;57/!'(!.18,6071!5!
'%!07,=1!H;17521/95!&J

I5!07,=1!5F57+5901!6/9/<
'%!19!;17521/95!&
'W!19!;17521/95!g



14

G01F,!;5885!71+1;5225!8,057,81

'$ h..7/331/!+8/?,85!65F.81E13,0/

 h8!.1,9/!01./O!;17521/95!&
^18,6071!()&U)!!H'(J

I."($B)!F
-."*%U%))!3F#

A7,=1()&W)!!H'%J
I0"#$))!F!19!F5;1,
-0"%#))))!3F#

S0059+/
\!"!#UB$U!\@iFF

D5;1!E185!X&358!
K1F5961/9,F590/f6345F,!?,65
E/+81/!M1+1;522,f'

G01F,!;5885!71+1;5225!8,057,81

'$ h..7/331/!+8/?,85!65F.81E13,0/

 

D5;1!E185!X&358!
K1F5961/9,F590/f6345F,!?,65
E/+81/!M1+1;522,f'

 !"#$%
&'

()*+,,-.
&/

()*+,,-.

% (*#$( #''$'
# #UB$U %)W$)
( #UB$U %)W$)
B #UB$U %)W$)
' %''$* %#*$Z

G01F,!;5885!71+1;5225!8,057,81

B$ h..7/331/!.57!01./8/+1,!;1!.18,607/

WiJ77H'
(i77B77

B
''

'
I

I-X'B
71+1;522,

B'

B'B'
(

.

(
..

++

++
+

=

3/9
06N.O0

..
' Ii-X

Ii-X
7 =

019EO0

..
B Ii-X

Ii-X
7 =

− G1!19;1=1;N,9/!85!01./8/+15!;1!.18,6071O!19!EN921/95!;588,!8/7/!
6521/95!5;!/71590,F590/!5!;5885!07,=1!345!81!=193/8,9/

− G1!,33/7.,9/!0N001!1!3,61!;1!8N9+4522,!07,=5!61F185O!.57!
71;N775!18!9NF57/!;1!01./8/+15!

− G1!;5057F19,!8,!71+1;522,!;1!31,63N9,!01./8/+1,!3/9!8,!
E/7FN8,!310,0,!19!.7535;592,

G01F,!;5885!71+1;5225!8,057,81

B$ h..7/331/!.57!01./8/+1,!;1!.18,607/

 

S0059+/
\!"!#*'$'!\@iFF

D5;1!E185!X&358!K1F5961/9,F590/f6345F,!?,65O!E/+81/!M1+1;522,fB

h8!.1,9/!01./O!;17521/95!&
^18,607/!()&U)O!B!07,=1!5F57+5901H')J!

\!"!(($'#!\@iFF p'q

^18,607/!()&U)O!'!07,=5!5F57+5905H(J!
\!"!'Z$Z)!\@iFF p)$W)q

^18,607/!U)&()O!B!07,=1!5F57+5901H'J!
\!"!'($('!\@iFF p)$#)q

^18,607/!U)&()O!'!07,=5!5F57+5905H%J!
\!"!')$%'!\@iFF p)$(Bq

^18,607/!()&U)O!07,=1!,!6.566/75!H#_#J!
\!"!($*U!Y B$'W!\@iFF!p)$'Bf)$)Uq

G01F,!;5885!71+1;5225!8,057,81

B$ h..7/331/!.57!01./8/+1,!;1!.18,607/

 

D5;1!E185!X&358!
K1F5961/9,F590/f6345F,!?,65
E/+81/!M1+1;522,fB

 !"#$%
&'

()*+,,-.
&/

()*+,,-.

% (Z#$Z #'Z$Z
# #*'$' %'#$B
( #*'$' %'#$B
B #*'$' %'#$B
' %(#$Z %U)$#

-!=,8/71!0/0,81!6/9/!F/80/!61F181!,!
 N5881!/0059N01!3/9!8Q,..7/331/!'

G01F,!;5885!71+1;5225!8,057,81

($ h..7/331/!;500,+81,0/!.57!619+/8/!.18,607/

− h9,8/+/!,8!BO!F,!3/961;57,9;/!.57!31,63N9!.18,607/!85!
5EE5001=5!8N9+45225!;5885!07,=1

 

D5;1!E185!X&358!M1+1;5225f
6345F,!?,65

 !"#$%
&'

()*+,,-.
&/

()*+,,-.

% #'*$U #(U$B
# %)%$% %(#$#
( %)%$% %(#$#
B %)%$% %(#$#
' %(*$B %U)$Z



15

G01F,!;5885!71+1;5225!8,057,81

#$ :,83/8/!,!./60571/71

− K/./!,=57!5EE500N,0/!8,!716/8N21/95!;588/!6345F,!
19058,1,0/!6/++500/!,;!N9,!;16071?N21/95!;1!E/725!.8,N61?185!
H,9,8161!60,013,O!N9!F/;/!;588Q,9,8161!F/;,85J!61!3/9/63/9/!
0,+81!5!6./60,F5901!758,01=1!.57!31,63N9!.18,607/

− I,!71+1;522,!L!.,71!,8!7,../70/!07,!0,+81/!;58!.18,607/!5!
6./60,F590/!758,01=/!0560,f.15;5

'$!:/907/88/!;58!.571/;/!.7/.71/

C I,!E/7FN8,!;1!9/7F,01=,!9/9!01595!3/90/!;588,!
5EE5001=,!71+1;522,!;588,!607N00N7,

C o!/../70N9/!3/907/88,75!,..59,!./661?185!65!18!
.571/;/!L!.8,N61?185!H5! N19;1!65!85!E/725!6/9/!
5EE5001=,F5905! N5885!;,!N6,75J

C ^/661?185!.7/35;1F590/!.57!=,8N0,75!18!.571/;/<

[/7FN8,!;1!M,g851+4

 

 

=

=
π= @

'1
11

@

'1

B
11

N[

NF
BA

F1< F,66,!;1!.1,9/
[1< [/72,!;1!.1,9/
N1< 6./60,F590/!;58!?,7135907/!;1!.1,9/

H.7/=/3,0/!;,88,!E/725![1J

'$!:/907/88/!;58!.571/;/!.7/.71/
;17521/95!&!H3/9!,..7/331/!'J

;7
HFFJ

N
HFFJ

'$#( 'B$#Z

B$)% ''$)W

B$UB Z$)'

($'* W$BZ

($'' ($''

^1,9/ [!
H\@J

D
H\@J

\
H\@iFFJ

A/7719/_D %#Z$W %#Z$W (*#$(

-D #'*$W ZW*$B #UB$U

--- ('U$' 'B*%$( #UB$U

-- B'%$W '%))$Z #UB$U

- ZB$Z '%Z($* %''$*

D5;1!E185!X&358!
K1F5961/9,F590/f6345F,!?,65
E/+81/!^571/;/

'$!:/907/88/!;58!.571/;/!.7/.71/!
;17521/95!&!H3/9!,..7/331/!'J

A!"!)$%*B!6
 

 

=

=
π= @

'1
11

@

'1

B
11

N[

NF
BA

[!N
H\@ FJ

F!NB
H\@ F!6BJ

W*WB %#$(

#WB* #)$(

B*%W BW$*

'(%W '($)

B*Z B$W

'%ZZB '(U$)

^1,9/ F
H\@!6BiFJ

[!
H\@J

N
HFFJ

A/7719/_D (#*$% %#Z$W 'B$#Z

-D (BZ$* #'*$W ''$)W

--- (BZ$* ('U$' Z$)'

-- (BZ$* B'%$W W$BZ

- BW*$( ZB$Z ($''

6/FF,

'$!:/907/88/!;58!.571/;/!.7/.71/!
;17521/95!g!H3/9!,..7/331/!'J

;7
HFFJ

N
HFFJ

'$(# ''$WW

'$Z' ')$(B

B$%# *$#'

B$ZU %$*U

B$Z) B$Z)

^1,9/ [!
H\@J

D
H\@J

\
H\@iFFJ

A/7719/_D %#Z$W %#Z$W #''$'

-D #'*$W ZW*$B %)W$)

--- ('U$' 'B*%$( %)W$)

-- B'%$W '%))$Z %)W$)

- ZB$Z '%Z($* %#*$Z

'$!:/907/88/!;58!.571/;/!.7/.71/!
;17521/95!g!H3/9!,..7/331/!'J

A!"!)$%WB!6
 

 

=

=
π= @

'1
11

@

'1

B
11

N[

NF
BA

[!N
H\@ FJ

F!NB
H\@ F!6BJ

W#)Z #U$#

#(B' (%$'

BWWU B($(

'BWW ''$#

BU) B$(

'#Z(B ''Z$%

^1,9/ F
H\@!6BiFJ

[!
H\@J

N
HFFJ

A/7719/_D (#*$% %#Z$W ''$WW

-D (BZ$* #'*$W ')$(B

--- (BZ$* ('U$' *$#'

-- (BZ$* B'%$W %$*U

- BW*$( ZB$Z B$Z)

6/FF,



16

'$!:/907/88/!;58!.571/;/!.7/.71/!
3/9!,..7/331/!B!5!(

C G01F,!;5885!71+1;5225
,..7/331/!B<!619+/8,!01./8/+1,!;1!.18,607/

 
G1!07/=,<

A& "!)$%U#!6

Ag "!)$%%W!6

:/9!,..7/331/!(O!56,F19,9;/!1!.18,6071!
N9/!,;!N9/<

A& "!)$%W#!6

Ag "!)$%#*!6

D5;1!E185!X&358!
K1F5961/9,F590/f6345F,!?,65
E/+81/!^571/;/

D5;1!E185!X&358!
M1+1;5225f6345F,!?,65
E/+81/!^571/;/

'$!:/907/88/!;58!.571/;/!.7/.71/!
5;!5=590N,81!1057,21/91

C I,!E/7FN8,!;1!9/7F,01=,!,=5=,!E/7910/!N9!.571/;/!
A")$W''!6

C I5!=,8N0,21/91!.1R!.753165!E/79163/9/!N9!.571/;/!
3/F.756/!07,!)$%%!6!5!)$%*!6!H85++57F5905!F19/75!
.57!8,!;17521/95!gO!345!L!N9!./Q!.1R!71+1;,J

C VN560,!;1EE57592,!./70575??5!,;!N9!85++57/!
19375F590/!;1!6/885310,21/91!H3173,!18!')jJn!
n!F,!18!;1F5961/9,F590/!E,00/!9/9!=5775??5!
F/;1E13,0/

B$!M1.,70121/95!;58!0,+81/!07,!1!.18,6071
5!.75=161/95!;58!F/F590/!E85005905!

C -9!E,65!;1!;1F5961/9,F590/!61!L!1./0122,0/!345!18!
0,+81/!;1!.1,9/!61!;1=1;5665!07,!'(!.18,6071!19!
;17521/95!&!5!'#!19!;17521/95!g

C K1=1;59;/!8,!71+1;522,!0/0,85!H,..7/331/!BJ!.57!
 N588,!;58!.18,607/!.1R!71+1;/!61!/001595

 !"#$%
' 0 1#2345!#6
%78#932%$5#

/ 0 1#2345!#66
%78#932%$5#

% '#$*) '%$U#
#O!(O!B '#$%B '%$%B

' '#$#Z '%$#%

B$!M1.,70121/95!;58!0,+81/!07,!1!.18,6071
5!.75=161/95!;58!F/F590/!E85005905!

C -9!6/60,92,O!L!3/F5!65!18!0,+81/!;1!.1,9/!61!;1=1;5665!
07,!'#$%!.18,6071!19!;17521/95!&!H,92134e!'(J!5!'%$%!19!
;17521/95!g!H,92134e!'#J

C -!.18,6071!.1R!71+1;1!./7057,99/! N19;1!N9!0,+81/!H5!N9!
F/F590/!E85005905J!85++57F5905!F19/75!716.500/!
,88,!.75=161/95

C -!.18,6071!71+1;1!;1!56075F10>!./7057,99/!18!W)j!;1!
 N5601!=,8/71$!
VN19;1!,9345!.57!8,!07,=5!,;!5661!,;1,35905!18!
F/F590/!E85005905!9/9!6,7>!F/80/!;1=576/!;,!
 N,90/!.75=160/!H61!57,!71.,7010/!N9!cF,& 07,!;N5!
07,=1O!/7,!61!4,!3173,!)$W!cF,& 6N!N9,!619+/8,!07,=5J

($!l18,931,F590/!;5885!71+1;5225

S+91!.18,607/!4,!N9,!6N,!71+1;522,
C ^1,9/!01./!Y ;17521/95!&

G1!./66/9/!
3,83/8,75!85!
3//7;19,05!;58!
?,7135907/

($!l18,931,F590/!;5885!71+1;5225

S+91!.18,607/!4,!N9,!6N,!71+1;522,
C ^1,9/!01./!Y ;17521/95!g

G1!./66/9/!
3,83/8,75!85!
3//7;19,05!;58!
?,7135907/



17

($!l18,931,F590/!;5885!71+1;5225

C :/9E7/90,9;/!85!3//7;19,05!;58!35907/!;5885!
71+1;5225!3/9! N588/!;5885!F,665!61!.NP!=,8N0,75!
9NF5713,F5905!65!8,!607N00N7,!L!?18,931,0,!/!9/

C -9! N560/!3,6/!61!4,99/!53359071310>!F191F5!3/F5!
∆g!F,!7185=,901!3/F5!∆&$!I,!607N00N7,!L! N19;1!9/9!
?18,931,0,!.57!616F,!g

C S33/775!F/;1E13,75!8,!3,7.590571,!.57!?18,931,78,!

#$!m80571/75!3/907/88/<
6./60,F5901!.57!GIK

r81!6./60,F5901!H758,01=1J!6/9/!1F./70,901!.57!8,!
=571E13,!,88/!60,0/!81F105!;1!;,99/

T/!+1>!E,00/!N9,!.75=161/95!;5+81!6./60,F5901!.57!GID!
3/9! "%$*%

K,0,!8,!8195,710>!;58!3,83/8/O!./66/!E,75!N9,!
.7/./721/95!07,!/7;19,05!6.5007,81!5!716N80,01!;58!
3,83/8/

G.5007/!5!,335857,21/91!
.57!60,0/!81F105!;1!;,99/

q=5.85

IQ,335857,21/95!.57!GIK!L!)$B'%!+
31/L!3173,!'$*!.57!18!=,8/75!N6,0/!
958!.7/+500/!.57!GID

+
,+

)$W''

)$B'%

#$!m80571/75!3/907/88/<
6./60,F5901!.57!GIK

^1,9/ N!GID
pFFq

;7! GID
pFFq

;7 GIK
pFFq

47
pFq

;7O!,FF
pFFq

% 'B$#Z '$#( B$%U ($B) 'W$)

# ''$)W B$)% ($W* ($B) 'W$)

( Z$)' B$UB #$** ($B) 'W$)

B W$BZ ($'* %$U) ($B) 'W$)

' ($'' ($'' %$%Z ($W) '*$)

r81!6./60,F5901!6/9/!.159,F5905!,FF1661?181O!
,9345!3/961;57,9;/!18!./661?185!19375F590/!;58!B)j!.57!
53359071310>!,331;590,85!5!3/F?19,21/95!3/F./95901!616F,

#$!m80571/75!3/907/88/<
6./60,F5901!.57!GIK

:/961;57,21/91<
C I,!9/7F,01=,!4,!6N?10/!=,715!5=/8N21/91O!345!958!3,6/!

;588,!=571E13,!,88/!GIK!4,99/!3/F./70,0/!;1EE575925!
F/80/!.1R!7185=,901!345!.57!8,!=571E13,!,88/!GID

C h00N,8F5905!1!81F101!.57!GIK!6/9/!F59/!
3/9;121/9,901!716.500/!,!=5761/91!.,66,05!;588,!
9/7F,

C o!./661?185!345!EN0N75!=5761/91!0/7919/!,!81F101!.1R!
3/9;121/9,901

C I,!9/7F,01=,!B)'%!1907/;N35!N9!E,00/75!;1!3/F./70,F590/!
H ≤'$%J!,9345!.57!GIKO!F,! N560/!9/9!19E8N1635!6N88,!=571E13,!
.5734eO!.57!AsA:O!+81!6./60,F5901!3,83/8,01!3/9!N9/!6.5007/!
71;/00/!;1! !=,99/!./1!9N/=,F5905!,F.81E13,01!.57! 



1

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

-"!(+,,$'*!%$)#$+*+
.+!"$'%+%/"',$0'%&+11'%/"!(+,,'2$!)+%#,"3,,3"'1+

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

4/!1+,!
567%+%8968:%'/"$1+%;<8:

=3"+1$!%>?+"#$

<@%A B$*+)#$!)'*+),!%+%C+"$D$0'%&$%*'##$*'
/+"%+&$D$0$%0!)%,3,,+%,"'C$%'%#/+##!"+

E&$D$0$!%+#'*$)',!

F G3*+"!%&$%$*/'10',$H%:

4
3

0
3

8
0

4
0
0

3
6
0

1
4

7
4

1

2
2

2
3

4
3
0

3
8

0

3
6
0

1
5

8
5

2

3
1

6
9

6
3
7

0
4
1

0
4
3

0

1
0

1
7

2
4

1
8

1
9

2
0

1
1

1
2

1
3

2
5

2
6

2
7

3
2

0

3
2

0

4
2
5

3
6

0

2
9
0

3
3
0

4
2

0

3
6
0

4
1
0

4
1
0

102

101

105

103

104

1
0

6

1
0

7

1
0

8

1
0

9

103

104

105

1
5
0

1
5
0

151

152

1
1

2

1
1

0

1
1

1

153

2
1

3
9

5
4
4

0

4
7
0

3
8
0

."'C$%,3,,+%'%#/+##!"+

4!1'$!%0!)%#I;5%0*

 !)#$&+"'2$!)$%(+)+"'1$

F J'%#0+1,'%&$%3#'"+%#!1!%,"'C$%'%#/+##!"+%K%3#','%$)%
'103)+%"+($!)$L%')0?+%/+"%1'%1$M+",N%&$%/$'),'%0?+%
0!)#+),+

F O3+#,'%$*/!#,'2$!)+%)!)%K%!,,$*'1+L%/+"%C'"$%*!,$C$H
A -!",'%$)%(+)+"+%'%#0?+*$%*!1,!%&+D!"*'M$1$L%/+"%$%
P3'1$%&$C+),'%*+)!%0!""+,,!%,"'#03"'"+%)+1%0'10!1!%(1$%
+1+*+),$%)!)%#,"3,,3"'1$

A J'%&+D!"*'M$1$,N%/3Q%/!",'"+%/"!M1+*$%/+"%1!%#,',!%
1$*$,+%&$%&'))!

A J'%&$DD+"+)2'%&$%"$($&+22'%,"'%/$1'#,"$%&$%0!1,+11!%+%&$%
/$',,!%#$%"$&30+%+%P3+#,!%"+)&+%&$DD$0$1+%0!)D+"$"+%
'&+(3','%"$($&+22'%"!,'2$!)'1+H%K%D!",+%$1%"$#0?$!%&$%
"$0'&+"+%$)%#0?+*$%,!"#$!)'1*+),+%&+D!"*'M$1$

B$*+)#$!)'*+),!%,"'C$%+%/$1'#,"$
/+"%,+)+"%0!),!%')0?+%&+1%#$#*'

-"+1$*$)'"*+),+H
+DD+,,!%&+$%0'"$0?$%C+",$0'1$

F R'13,'"+%$1%*!*+),!%D1+,,+),+%)+11+%,"'C$L%$)%'##+)2'%
+%$)%/"+#+)2'%&$%#$#*'

F R'13,'"+%1!%#D!"2!%)!"*'1+%)+$%/$1'#,"$L%$)%'##+)2'%+%
$)%/"+#+)2'%&$%#$#*'

 '"$0?$%3)$,'"$

4,$*'%/"+1$*$)'"+%&+$%0'"$0?$%3)$,'"$%/$S%"$1+C'),$L%&'%
3,$1$22'"+%/+"%1+%#300+##$C+%')'1$#$

(T PT
4JU%

#!1!%0VCV
4JU%
0!)%W

4!1'$!%&+1%/$')!%,$/! @V9%X%8V; ;V< 8<VY :VZ

4M'12!%/$')!%,$/! @V< @V< 88V; :V@

4M'12!%0!/+",3"' ZV7 <V9 9V5 ZV7

40'1' 9V< @V< 8;V9 YV@

TG[*;

(T PT
4JU%

#!1!%0VC
4JU%
0!)%W

."'C$%:<%\%;5 ZV; @V; ZV;

.'*/!)',3"+ YV< 7V8 YV<

."'*+22$ ZV< ZV7 ZV<

TG[*

EDD+,,!%&+$%0'"$0?$%C+",$0'1$%
]!*+),!%D1+,,+),+%6 ,"'C$

]!*+),!%/+"%0'"$0?$%C+",$0'1$%^0!)%#$#*'_

TG*:<
8<

;<V@Z9

8<

JP
]

;;

≅
×

==

]!*+),!%/+"%0'"$0?$%C+",$0'1$%^#+)2'%#$#*'_

TG*8<<
8<

;<V@95

8<

JP
]

;;

≅
×

==

=)&"N%#!**',!%'11`+DD+,,!%&+1%#$#*'

-3Q%+##+"+%0!)&$2$!)'),+%#!1!%/+"%,"'C$%*!1,!%13)(?+
^)!)%K%$1%)!#,"!%0'#!_



2

4D!"2!%)!"*'1+
/$1'#,"$

 

4D!"2!%)!"*'1+%'1%/$+&+L%
$)013#!%/+#!%/"!/"$!H

8;9<%TG

-$1'#,"!%$),+")!%$)%
0!""$#/!)&+)2'%&+11'%#0'1'

a)%'##+)2'%
&$%#$#*'H
85:<%TG

4D!"2!%)!"*'1+
/$1'#,"$

 

4D!"2!%)!"*'1+%'1%/$+&+L%
$)013#!%/+#!%/"!/"$!H

@:<%TG

-$1'#,"!%&`')(!1!%
/"$C!%&$%#M'12!

a)%'##+)2'%
&$%#$#*'H
:Y<%TG

B$*+)#$!)'*+),!%,"'C$%+%/$1'#,"$
/+"%,+)+"%0!),!%')0?+%&+1%#$#*'

-"+1$*$)'"*+),+H
+DD+,,!%&+$%0'"$0?$%C+",$0'1$

F R'13,'"+%$1%*!*+),!%D1+,,+),+%)+11+%,"'C$L%$)%'##+)2'%
+%$)%/"+#+)2'%&$%#$#*'

F R'13,'"+%1!%#D!"2!%)!"*'1+%)+$%/$1'#,"$L%$)%'##+)2'%+%
$)%/"+#+)2'%&$%#$#*'

-!$H
+DD+,,!%&+1%#$#*'

F R'13,'"+%$1%*!*+),!%D1+,,+),+%$)&!,,!%&'1%#$#*'%
)+11+%,"'C$%+%)+$%/$1'#,"$

F R'13,'"+%1'%C'"$'2$!)+%&$%#D!"2!%)!"*'1+%$)&!,,!%&'1%
#$#*'%)+$%/$1'#,"$

EDD+,,!%&+1%#$#*'

F 4,$*'%&+11+%*'##+

F W',,!"+%&$%#,"3,,3"'%+%#/+,,"!%&$%/"!(+,,!

F 4,$*'%$)$2$'1+%&+1%/+"$!&!

F R'13,'2$!)+%&+11+%D!"2+%/+"%')'1$#$%#,',$0'

F b$/'",$2$!)+%&+1%,'(1$!%,"'%$%/$1'#,"$

F 4,$*'%&+1%*!*+),!%D1+,,+),+%)+$%/$1'#,"$

F 4,$*'%&+1%*!*+),!%D1+,,+),+%)+11+%,"'C$

F B$*+)#$!)'*+),!%#+2$!)$

F R'13,'2$!)+%"$($&+22+%+%)3!C'%#,$*'%/+"$!&!

F 4,$*'%&+(1$%#/!#,'*+),$%/+"%4JB

F EC+),3'1$%$,+"'2$!)$

]'##+

a)%3)%+&$D$0$!%$)%0+*+),!%'"*',!%$1%/+#!%&+11+%*'##+%
&$%/$')!%0!""$#/!)&+%$)%(+)+"+%'&%3)'%$)0$&+)2'%
*+&$'%&$%5÷88%TG[*;

U)'%C'13,'2$!)+%&$%/"$*'%'//"!##$*'2$!)+%&+1%/+#!%
&+11+%*'##+%'%0$'#03)%/$')!%/3Q%+##+"+%!,,+)3,'%
*!1,$/1$0')&!%1'%#3/+"D$0$+%,!,'1+%&+11`$*/'10',!%/+"%
8<%TG[*; ^7%TG[*; $)%0!/+",3"'L%/+"%1'%*$)!"+%
$)0$&+)2'%&+11+%,'*/!)',3"+_

E#+*/$!%6 *'##+

a*/'10',!
43/+"D$0$+

*;
a)0$&+)2'
TG[*;

-+#!
TG

.!""$)!%X%Ra ZY7V7 7V< Z@87

RL%aRL%aaaL%aa Z;ZV9 8<V< Z;Z9

a ;:ZV; 8<V< ;:Z;

-+#!%,!,'1+%I%85778%TG



3

W',,!"+%&$%#,"3,,3"'

b< cPP =

4$%0'10!1'H%

P%I%ZV7<%^/"$*'%+"'%9V59_

G+11`+#+*/$!H

P< I%ZV<%\%8VZ #,"3,,3"'%$),+1'$','%$)%0V'V

&3,,$1$,N%M'##'

cb I%8V< 1'%#,"3,,3"'%K%"+(!1'"+%$)%'1,+22'%+%
$)%/$'),'

,+1'$!%0!)%/$S%/$')$%+%/$S%0'*/',+-"$*'%
+"'%@V9

4/+,,"!%&$%/"!(+,,!

q=3.9

q=5.85

a/!,$22!%&$%"+'1$22'"+%1'%#,"3,,3"'%'%
M'##'%&3,,$1$,N
 Bded%  P%I%Z%\%8VZ%\%8V<%I%ZV7

(

'(

a/!,$22!%0?+%#$'%"+(!1'"+%
$)%/$'),'%+%$)%'1,+22'

4,$*'%&+1%/+"$!&!
0!)%D!"*31'%&$%)!"*',$C'

F J'%)!"*'%#3((+"$#0+%&$%'##3*+"+ @Z
88 f . =

0!)  8 I%<V<Y9%
/+"%#,"3,,3"+%$),+1'$',+%$)%0V'V

f%I%'1,+22'%&+11`+&$D$0$!%&'1%/$')!%&$%
D!)&'2$!)+%^*_

G+11`+#+*/$!H f%I%87V:<%* ^+#013#!%,!""$)!_

#:77V<:<V87<Y9V<. @Z
8 =×=

F a)%"+'1,N%)+1%0'#!%&$%+&$D$0$%0!)%,3,,+%,"'C$%'%
#/+##!"+%P3+#,'%D!"*31'%)!)%&'%"$#31,',$%',,+)&$M$1$

 !)#$(1$!%3)%C'1!"+%*'(($!"+%&+1%;<g%÷ 9<g

 

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0

#/+,,"!%&$%
"$#/!#,'%+1'#,$0!%

#/+,,"!%&$%
/"!(+,,! 

P%I%ZV7<%

(

'( J`'00+1+"'2$!)+%
0!""$#/!)&+),+%'

.I<V79%#%
K%<V889%(

-+"$!&!%+&%!"&$)','%#/+,,"'1+

F a/!,$22!%3)%/+"$!&!%/'"$%'%<V79%#

<V79

<V889

W!"2+%/+"%')'1$#$%#,',$0'

.'(1$!%'11'%M'#+

TGZV859:889V<8577859V<

_.^4*59V<R 8&

)

8$
$M

=××=

== !
=

M)

8$
$$

TT
T R

2*

2*
W

!
=

=W!"2'%'1%/$')!

.'(1$!%R%
^TG_

9@7V<

75ZVY

8ZZZV9

8975V9

8YY5VY

859:VZ

-$')!
-+#!%h%
^TG_

O3!,'%2%
^*_

:X,!""$)! Z@87 87V:<

9 Z;Z9 8:V@<

@ Z;Z9 8ZV;<

Z Z;Z9 8<V<<

; Z;Z9 :V5<

8 ;:Z; ZV:<

#!**' 85778

h2%
^TG*_

W!"2'%W%
^TG_

:Y<8; 9@7V<

9Z<9@ @Z@VY

@;Y<; Z@7V5

Z;Z9< ;:9V<

;8775 85<V;

7@Y9 YYV:

;;:978 859:VZ

W!"2+%/+"%')'1$#$%#,',$0'



4

 !#'%0'*M$'i
 !)#$&+"'2$!)$%#311'%"$($&+22'

E#+*/$H

/$1'#,"! Y<\Z< 1IZV;<%*

,"'C$ :<\;5 1I@V9<%*

T%I%:V<; TG[**

/$1'#,"! Z<\Y< 1IZV;<%*

,"'C$ :<\;5 1I@V9<%*

T%I%5V;9 TG[**

-+"%$%/$1'#,"$%0?+%?'))!%,"'C$%'%#/+##!"+%#$'%#!,,!%0?+%
#!/"'L%0$!K%'$%/$')$%#3/+"$!"$L%1'%&$DD+"+)2'%&!C3,'%
'11`!"$+),'*+),!%&+1%/$1'#,"!%K%*!1,!%*$)!"+%0?+%)!)%
)+1%0'#!%&$%,"'C$%+*+"(+),$%^!%&$%P3'),!%'CC$+)+%'1%
/"$*!%!"&$)+L%'%0'3#'%&+11'%"$($&+22'%&+11'%D!)&'2$!)+_

R'1!"$%!,,+)3,$%0!)%$1%
D$1+%E\0+1%b$($&+22'

 !#'%0'*M$'i
 !)#$&+"'2$!)$%#311'%"$($&+22'

F J'%"$/'",$2$!)+%&+1%,'(1$!%^+%P3$)&$%$1%0'10!1!%&+11+%
#!11+0$,'2$!)$%&+$%/$1'#,"$_%C'))!%D',,+%,+)+)&!%
0!),!%&+11`$)D13+)2'%&+11+%,"'C$%'%#/+##!"+%#311'%
"$($&+22'%&+$%/$1'#,"$

a/!,$22!%0?+%$%/$1'#,"$%&$%/$',,!%C'1(')!L%"$#/+,,!%
'%P3+11$%&$%0!1,+11!H

j"&$)$%;6: <VY
j"&$)+%8 <V9

+%0?+%$%/$1'#,"$%&$%+#,"+*$,N%C'1(')!%<VY%&$%P3+11$%
$),+")$

b'($!)+"Q%P3$)&$%$)%,+"*$)$%&$%k/$1'#,"$%+P3$C'1+),$d

 '"',,+"$#,$0?+%&+11'%#!11+0$,'2$!)+
8%6 "$/'",$2$!)+

-$')!
.'(1$!%
(1!M'1+%
^TG_

:% 9@7V<

9 75ZVY

@%% 8ZZZV9

Z%% 8975V9

;%% 8YY5VY

8%% 859:VZ
b$/'",$#0!%$1%,'(1$!%(1!M'1+%
,"'%)%/$1'#,"$%+P3$C'1+),$

 

 '"',,+"$#,$0?+%&+11'%#!11+0$,'2$!)+
8%6 "$/'",$2$!)+

-$')!
-$1'#,"$%

k+P3$C'1+),$d
.'(1$!%(1!M'1+%

^TG_
.'(1$!%

/$1'#,"!%^TG_

:%% ;<V; 9@7V< ;YV;

9 ;<V; 75ZVY @5VY

@ ;<V; 8ZZZV9 ::V<

Z%% ;<V; 8975V9 Y7V8

;%% ;<V; 8YY5VY 55V8

8%% 8YV; 859:VZ 8<YV7

 '"',,+"$#,$0?+%&+11'%#!11+0$,'2$!)+
;%A *!*+),!%)+$%/$1'#,"$

a)%P3+#,!%0'#!%$1%/3),!%&$%)311!%K%#/!#,',!

]%I%<V9%R%?%

]%I%<V9%R%?

?[;

'$%/$')$%#3/+"$!"$ '1%/"$*!%!"&$)+

],+#,' I%<

]/$+&+ I%R%?

a/!,$22!H

],+#,' I%<V@%R%?

<V:%?

'1%#+0!)&!%!"&$)+

]/$+&+ I%<V:%R%?

 '"',,+"$#,$0?+%&+11'%#!11+0$,'2$!)+
;%A *!*+),!%)+$%/$1'#,"$

-$')!
.'(1$!%

(1!M'1+%^TG_

.'(1$!%
/$1'#,"!%
^TG_

]!*+),!%
/$1'#,"!%
^TG*_

:%% 9@7V< ;YV; @ZV9

9 75ZVY @5VY YYV7

@ 8ZZZV9 ::V< 8<9V:

Z%% 8975V9 Y7V8 8;:V:

;%,+#,' 8YY5VY 55V8 88;VY

/$+&+ 8:7V8

8%,+#,'% 859:VZ 8<YV7 <V<

/$+&+ Z55V9

]%I%R%?%[;

]%I%R%<V@%?

]%I%R%<V:%?

]%I%R%?



5

 '"',,+"$#,$0?+%&+11'%#!11+0$,'2$!)+
Z%A *!*+),!%)+11+%,"'C$

-$')!
.'(1$!%

(1!M'1+%^TG_

.'(1$!%
/$1'#,"!%
^TG_

]!*+),!%
/$1'#,"!%
^TG*_

]!*+),!%
,"'C+
^TG*_

:%% 9@7V< ;YV; @ZV9 ;8VY

9 75ZVY @5VY YYV7 :<VY

@ 8ZZZV9 ::V< 8<9V: 78V5

Z%% 8975V9 Y7V8 8;:V: 88:V8

;%,+#,' 8YY5VY 55V8 88;VY 887VY

/$+&+ 8:7V8

8%,+#,'% 859:VZ 8<YV7 <V< 5@V9

/$+&+ Z55V9

], I%]/:[;
], I%
^]/:X]/9_[;

 '"',,+"$#,$0?+%&+11'%#!11+0$,'2$!)+
@%A lG%)+$%/$1'#,"$

-$')!
.'(1$!%
(1!M'1+%
^TG_

.'(1$!%
/$1'#,"!%
^TG_

]!*+),!%
/$1'#,"!%
^TG*_

]!*+),!%
,"'C+
^TG*_

lG%
/$1'#,"$%
^TG_

:%% 9@7V< ;YV; @ZV9 ;8VY 8<V:

9 75ZVY @5VY YYV7 :<VY @<V;

@ 8ZZZV9 ::V< 8<9V: 78V5 59V<

Z%% 8975V9 Y7V8 8;:V: 88:V8 8@8V:

;%,+#,' 8YY5VY 55V8 88;VY 887VY ;<<V<

/$+&+ 8:7V8

8%,+#,'% 859:VZ 8<YV7 <V< 5@V9 ;@8V:

/$+&+ Z55V9

R,L:I;%
],L:[1

lG%I%R,L:

lG%I%R,L:X%R,L9

1,"'C+ I%@V8<%*

 '"',,+"$#,$0?+%&+11'%#!11+0$,'2$!)+
9'%A $)0"+*+),!%/+"%+00+),"$0$,N

-$')!
.'(1$!%

(1!M'1+%^TG_

.'(1$!%
/$1'#,"!%
^TG_

]!*+),!%
/$1'#,"!%
^TG*_

]!*+),!%
,"'C+
^TG*_

:%% 9@7V< ;YV; @ZV9 ;8VY

9 75ZVY @5VY YYV7 :<VY

@ 8ZZZV9 ::V< 8<9V: 78V5

Z%% 8975V9 Y7V8 8;:V: 88:V8

;%,+#,' 8YY5VY 55V8 88;VY 887VY

/$+&+ 8:7V8

8%,+#,'% 859:VZ 8<YV7 <V< 5@V9

/$+&+ Z55V9

 '"',,+"$#,$0?+%&+11'%#!11+0$,'2$!)+
9'%A $)0"+*+),!%/+"%+00+),"$0$,N

-$')!
.'(1$!%

(1!M'1+%^TG_

.'(1$!%
/$1'#,"!%
^TG_

]!*+),!%
/$1'#,"!%
^TG*_

]!*+),!%
,"'C+
^TG*_

:%% 9@7V< Z;V: 9;V; ;:V8

9 75ZVY 95V@ 7ZV9 Y;V5

@ 8ZZZV9 Y7V; 8;:VY 88<V8

Z%% 8975V9 79V< 898V7 8Z7VZ

;%,+#,' 8YY5VY 8<9VY 8Z9VZ 8@ZV:

/$+&+ ;<;V7

8%,+#,'% 859:VZ 8;7V9 <V< 8<8V@

/$+&+ @::V;

X;<g

 '"',,+"$#,$0?+%&+11'%#!11+0$,'2$!)+
9M%A (+"'"0?$'%&+11+%"+#$#,+)2+

-$')!
.'(1$!%

(1!M'1+%^TG_

.'(1$!%
/$1'#,"!%
^TG_

]!*+),!%
/$1'#,"!%
^TG*_

]!*+),!%
,"'C+
^TG*_

:%% 9@7V< Z;V: :YV5 ;:V8

9 75ZVY 95V@ 8;8V: Y;V5

@ 8ZZZV9 Y7V; 8:@V5 88<V8

Z%% 8975V9 79V< 87YV9 8Z7VZ

;%,+#,' 8YY5VY 8<9VY 8Y9V5 8@ZV:

/$+&+ ;:ZVY

8%,+#,'% 859:VZ 8;7V9 <V< 8<8V@

/$+&+ @::V;

]!1,$/1$0',$%
/+"%8VZ%

B$*+)#$!)'*+),!H
,"'C$%'%#/+##!"+

]!*+),!%/+"%0'"$0?$%C+",$0'1$%^0!)%#$#*'_

TG*:<
8<

Z<@ZZ

8<

JP
]

;;

≅
×

==
.

]!*+),!%/+"%'2$!)+%#$#*$0'

TG*8@@] =

]!*+),!%*'##$*!L%,!,'1+

TG*;<@8@@:<] =+=



6

B$*+)#$!)'*+),!H
,"'C$%'%#/+##!"+

 '10!1!%&+11'%1'"(?+22'

*89V8
;@V<

<85V<;<@

&

"]
M

;

;

;

;

=
×

==

4+2$!)+%)+0+##'"$'H%889\;5

B',$H

4+2$!)+%"+,,')(!1'"+

M%I%&'%&+,+"*$)'"+

?%I%;5%0*

0%I%@%0*

]E& I%;<@%TG*

 '10+#,"322! D0T%I%;9%]-'

B$*+)#$!)'*+),!H
,"'C$%'%#/+##!"+

 '10!1!%&+11'%1'"(?+22'

 !)%0'10!1$%/$S%'003"',$%#$%C+&+%0?+%/!,"+MM+%+##+"+%3#','%3)'%
#+2$!)+%5<\;5L%0!)%'1*+)!%;9%0*; &$%'"*',3"'%,+#'L%!%')0!"'%
*$)!"+%^95\;5_L%0!)%'"*',3"'%%0!*/"+##'%/'"$%P3'#$%'1%8<<gV%
4$%"$#0?$'%&$%'""$C'"+%'%/+"0+),3'1$%&$%'"*',3"'%)!)%'00+,,'M$1$

B',$H

4+2$!)+%"+,,')(!1'"+

M%I%&'%&+,+"*$)'"+

?%I%;5%0*

0%I%@%0*

]E& I%;<@%TG*

 '10+#,"322! D0T%I%;9%]-'

J'%)!"*',$C'%$*/!)+%D!",$%1$*$,$%^D!"#+%+00+##$C$_%
'11'%1'"(?+22'%&+11+%,"'C$%'%#/+##!"+%

 

-1000

-800

-600

-400

-200

0

200

400

600

800

1000

-2000 -1000 0 1000 2000 3000 4000 5000

M
kNm

N
kN

15 cm
2

0

sezione 

30x80

B$*+)#$!)'*+),!H
/$1'#,"$

U,$1$22')&!%$1%&!*$)$!%]6G

J'%#+2$!)+%Z<%\%5<%
/3Q%')&'"%M+)+

]%I%@::%TG*

G%I%;;<%TG

G%I%;8<<%TG

!00!""+"+MM+"!%
9%∅∅∅∅;<%/+"%1',!

 '"',,+"$#,$0?+%&+11'%#!11+0$,'2$!)+
*!*+),!%)+$%/$1'#,"$%&$%/$',,!

-$')!
.'(1$!%
(1!M'1+%
^TG_

.'(1$!%
/$1'#,"!%
^TG_

*!1,
]!*+),!%
/$1'#,"!%
^TG*_

:%% 9@7V< Z;V:\<VY ;;V5 <V9 Z:V9

9 75ZVY 95V@\<VY @<V7 <V9 :9V@

@ 8ZZZV9 Y7V;\<VY 99V@ <V9 55VY

Z%% 8975V9 79V<\<VY ::V9 <V9 8<:V@

;%,+#,' 8YY5VY 8<9VY\<VY Y@V< <V9 885V@

/$+&+ <V9 885V@

8%,+#,'% 859:VZ 8;7V9\<V9 :@V5 <V@ 7ZVZ

/$+&+ <V: 8Z7V7

 

-300

-200

-100

0

100

200

300

-2000 -1000 0 1000 2000 3000 4000 5000

M
kNm

N
kN

15 cm
2

0

sezione 

80x30

B$*+)#$!)'*+),!H
/$1'#,"$

U,$1$22')&!%$1%&!*$)$!%]6G

J'%#+2$!)+%5<%\%Z<%
/3Q%')&'"%M+)+

]%I%8@<%TG*

G%I%;;<%TG

G%I%;8<<%TG

!00!""+"+MM+"!%
@%∅∅∅∅;<%/+"%1',!

B$*+)#$!)$%/$1'#,"$
:%/$')$L%0!)%,3,,+%1+%,"'C$%'%#/+##!"+

F f!%/"+D+"$,!%&$DD+"+)2$'"+%1'%#+2$!)+%&$%'103)$%
/$1'#,"$L%*+)!%0'"$0',$L%')0?+%/+"%M$1')0$'"+%*+(1$!%
1'%"$($&+22'

.$/!%&$%/$1'#,"!
4+2$!)+%'11'%

M'#+

-$1'#,"$%*!1,!%
0'"$0',$%^;_

Z<%\%5<

-$1'#,"$%
0'"$0',$%^85_

Z<%\%5<

-$1'#,"$%
/+"$*+,"'1$%^9_

Z<%\%Y<

-$1'#,"$%
&`')(!1!%^;_

Z<%\%Y<

;m
!"&$)+

Zm
!"&$)+

@m
!"&$)+

9m
!"&$)+

:m
!"&$)+

Z<\5< Z<\Y< Z<\Y< Z<\:< Z<\:<

Z<\5< Z<\Y< Z<\Y< Z<\:< Z<\:<

Z<\Y< Z<\Y< Z<\:< Z<\:< Z<\:<

Z<\Y< Z<\Y< Z<\:< Z<\:< Z<\:<



7

 '"/+),+"$'%+&$D$0$!%0!)%,"'C$%'%#/+##!"+

4
3

0
3

8
0

4
0
0

3
6
0

1
4

7
4

1

2
2

2
3

4
3
0

3
8

0

3
6
0

1
5

8
5

2

3
1

6
9

6
3
7

0
4
1

0
4
3

0

1
0

1
7

2
4

1
8

1
9

2
0

1
1

1
2

1
3

2
5

2
6

2
7

3
2

0

3
2

0

4
2
5

3
6

0

2
9
0

3
3
0

4
2

0

3
6
0

4
1
0

4
1
0

102

101

105

103

104

1
0

6

1
0

7

1
0

8

1
0

9

103

104

105

1
5
0

1
5
0

151

152

1
1

2

1
1

0

1
1

1

153

2
1

3
9

5
4
4

0

4
7
0

3
8
0

4!1!%P3+#,$%/$1'#,"$%
?'))!%&$*+)#$!)$%*$)!"$%
^?!%$)&+M!1$,!%1'%/'",+%
#$)$#,"'L%#+*/"+%/+"%
M$1')0$'"+%1!%#0?+*'_

4300+##$C'*+),+%
?!%')0?+%"3!,',!%
P3+#,!%/$1'#,"!

4,$*'%&+1%/+"$!&!
0!)%D!"*31'%&$%b'n1+$(?

F 4,$*'%&+11+%"$($&+22+%A &$"+2$!)+%\%
/!##$M$1$,N%8H%'//"!00$!%(1!M'1+%#+*/1$D$0',!

=%,3,,$%$%/$')$%^+#013#!%/"$*!_

-$1'#,"!%&$%0!1,+11!L%$),+")!%^7_%
\%8V<%%→ 7V<

-$1'#,"!%&$%0!1,+11!L%+#,+")!%^Z_%
\%<VY%%→ ;V8

-$1'#,"!%&$%/$',,!L%$),+")!%^5_%
\%<VY%%→ 9V:

-$1'#,"!%&$%/$',,!L%+#,+")!%^Y_%
\%<V9%%→ ZV9

EP3$C'1(!)!%'
;<V;%/$1'#,"$

 

."'C$H%#!)!%;;

4,$*'%&+1%/+"$!&!
0!)%D!"*31'%&$%b'n1+$(?

F 4,$*'%&+11+%"$($&+22+%A &$"+2$!)+%\%
/!##$M$1$,N%8H%'//"!00$!%(1!M'1+%#+*/1$D$0',!

=%,3,,$%$%/$')$%^+#013#!%/"$*!_

b$($&+22'

=1%/$')!%Z%^/$1'#,"$%Z<\Y<_
T%I%;<<V9%TG[**

EP3$C'1(!)!%'
;<V;%/$1'#,"$

 

."'C$H%#!)!%;;

4,$*'%&+1%/+"$!&!
0!)%D!"*31'%&$%b'n1+$(?

F 4,$*'%&+11+%"$($&+22+%A &$"+2$!)+%\%
/!##$M$1$,N%8H%'//"!00$!%(1!M'1+%#+*/1$D$0',!

=1%/"$*!%!"&$)+

-$1'#,"!%&$%0!1,+11!L%$),+")!%^7_%
\%8V<%%→ 7V<

-$1'#,"!%&$%0!1,+11!L%+#,+")!%^Z_%
\%<VY%%→ ;V8

-$1'#,"!%&$%/$',,!L%$),+")!%^5_%
\%<V9%%→ @V<

-$1'#,"!%&$%/$',,!L%+#,+")!%^Y_%
\%<VZ%%→ ;V8

EP3$C'1(!)!%'
8YV;%/$1'#,"$

 

."'C$H%#!)!%;;

-+"$!&!%/"!/"$!%&+11'%#,"3,,3"'

&"
^**_

3
^**_

;V7< Z;V95

9V;< Z@V5Y

:VY< ;7V:5

YV7Y ;;V7Y

5V:; 89V<<

:VZ5 :VZ5

-$')!
W%

^TG_
R

^TG_
T

^TG[**_

.!""$)!XRa 9@7V< 9@7V< 857VZ

R @Z@VY 75ZVY 857VZ

aR Z@7V5 8ZZZV9 875V7

aaa ;:9V< 8975V9 ;<<V9

aa 85<V; 8YY5VY ;<:V@

a YYV: 859:VZ ;7<V5

G!,'H%1+%D!"2+%/!##!)!%+##+"+%#0+1,+%'"M$,"'"$'*+),+V%a!%?!%
/"+#+%P3+11+%0?+%0!""$#/!)&!)!%'%<V889%(L%($N%3#',+%/"$*'

-+"$!&!%/"!/"$!%&+11'%#,"3,,3"'

W%3
^TG%*_

*%3;

^TG%*%#;_

8Y559 Z:7V7

89897 @<8V<

8<Z58 ;7<V@

:<55 8Y@V8

;Y<Z Y@V;

@79 8<V7

52712 8Z;<V:

-$')!
*

^TG%#;[*_
W%

^TG_
3

^**_

.!""$)!XRa Z@5V9 9@7V< Z;V95

R Z;7V5 @Z@VY Z@V5Y

aR Z;7V5 Z@7V5 ;7V:5

aaa Z;7V5 ;:9V< ;;V7Y

aa Z;7V5 85<V; 89V<<

a ;:5VZ YYV: :VZ5

#!**'

.%I%<V77@%#



8

4,$*'%&+1%/+"$!&!
0!)%D!"*31'%&$%b'n1+$(?

F 4,$*'%&+11+%"$($&+22+
/!##$M$1$,N%;H%'//"!00$!%/+"%#$)(!1!%/$1'#,"!

=1%/$')!%Z

-$1'#,"!%Z<\Y<L%;%,"'C$%'%#/+##!"+%^8<_%
T%I%7V87%TG[**

-$1'#,"!%Z<\Y<L%8%,"'C+%'%#/+##!"+%^Z_%
T%I%@V5;%TG[**

-$1'#,"!%Y<\Z<L%;%,"'C$%'%#/+##!"+%^Y_%
T%I%:V9<%TG[**

-$1'#,"!%Y<\Z<L%8%,"'C+%'%#/+##!"+%^Y_%
T%I%ZV7:%TG[**

j,,+)(!

T%I%8Y7V:%TG[**

 

-+"$!&!%/"!/"$!%&+11'%#,"3,,3"'

&"
^**_

3
^**_

ZV;8 @<VY;

9VY: ZYV98

YV@5 Z8VY9

5V7< ;@V;Y

7V:Z 89VZY

9VY@ 9VY@

-$')!
W%

^TG_
R

^TG_
T

^TG[**_

.!""$)!XRa 9@7V< 9@7V< 8Y<V7

R @Z@VY 75ZVY 8Y<V7

aR Z@7V5 8ZZZV9 8Y5VZ

aaa ;:9V< 8975V9 8Y7V:

aa 85<V; 8YY5VY 85@VY

a YYV: 859:VZ Z;ZV;

G!,'H%1+%D!"2+%/!##!)!%+##+"+%#0+1,+%'"M$,"'"$'*+),+V%a!%?!%
/"+#+%P3+11+%0?+%0!""$#/!)&!)!%'%<V;9%(

-+"$!&!%/"!/"$!%&+11'%#,"3,,3"'

W%3
^TG%*_

*%3;

^TG%*%#;_

;;Z9: 9YYV7

8:Z<9 @:ZV7

888<Y ZZ;V9

:@Z; 87@VZ

;YY< YYV7

@@: 5V5

97@89 8:99VZ

-$')!
*

^TG%#;[*_
W%

^TG_
3

^**_

.!""$)!XRa Z@5V9 9@7V< @<VY;

R Z;7V5 75ZVY ZYV98

aR Z;7V5 8ZZZV9 Z8VY9

aaa Z;7V5 8975V9 ;@V;Y

aa Z;7V5 8YY5VY 89VZY

a ;:5VZ 859:VZ 9VY@

#!**'

.%I%8V<@7%#

-+"$!&!%/"!/"$!%&+11'%#,"3,,3"'

F 4,$*'%0!)%D!"*31'%&$%)!"*',$C'H

^*!1,!%/$S%/$00!1!%&+(1$%'1,"$_#:77V<:<V87<Y9V<. @Z
8 =×=

F =##3*!H%.8 I%8V<<%#

F 4,$*'%0!)%'//"!00$!%8H%.8 I%<V77@%#

F 4,$*'%0!)%'//"!00$!%;H%.8 I%8V<@7%#

F O3+#,!%C'1!"+%K%8V@Z%C!1,+%P3+11!%#3((+"$,!%&'11'%
)!"*',$C'V%a!%'C+C!%$/!,$22',!%<V79%#L%P3+#,!%C'1!"+%
K%/!0!%/$S%("')&+%+%1+%D!"2+%#'"'))!%P3$)&$%/!0!%/$S%
/$00!1+%^*'%$1%&$*+)#$!)'*+),!%C'%M+)+_

4/+,,"!%+%'00+1+"'2$!)$%
/+"%#,',!%1$*$,+%&$%&'))!

q=3.9

J`'00+1+"'2$!)+%/+"%4JB%K%<V8Z8%(
0$!K%0$"0'%8V89%/+"%$1%C'1!"+%3#',!%
)+1%/"!(+,,!%/+"%4JR%^<V889%(_

(

'(

8V<<

<V8Z8

-"+C$#$!)+%&+(1$%#/!#,'*+),$%/+"%4JB

&"
^**_

3
^**_

ZVZ< @ZV<Z

9V7; Z7VYZ

YV:@ ZZV58

7V<5 ;:V8Y

7V5; 8YV<7

YV;Y YV;Y

-$')!
W%

^TG_
R

^TG_
T

^TG[**_

.!""$)!XRa :;9V@ :;9V@ 857VZ

R @79V; 88;<V: 857VZ

aR Z75V9 8987V< 875V7

aaa Z<8V7 85;<V7 ;<<V9

aa ;<9VZ ;<;:V; ;<:V@

a 55V@ ;88@V: ;7<V5

>1$%#/!#,'*+),$%#!)!%'00+,,'M$1$%^$1%1$*$,+%K%8:%**%!%85%**%'%
#+0!)&'%&+1%/$')!_%')0?+%#+%C$%D!##+%3)%$)0"+*+),!%&+1%;<g%
/+"%+00+),"$0$,N%'00$&+),'1+



1

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

-"!(+,,$'*!%$)#$+*+
.+!"$'%+%/"',$0'%&+11'%/"!(+,,'2$!)+%#,"3,,3"'1+

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

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

23.$#/")45$.6/

1+)7 89/:/;/);"<)!-.$%/)6"#")-#)!./=")#/>$##"?)
!."@#$=/)6!$;/:/;/

A/!"#"B/-)/<)$6-=$

C 89/:/;/);"<)!-.$%/)!.$6$<%/)6"#")-#)!./=")#/>$##")D/<)
B$<$.$)/<%$..-%"E
7 F$)!-.$%/)9$>"<");"6%/%3/.$)3<-)6;-%"#-)./B/9-);5$)
/=!$9/6;$)6!"6%-=$<%/)$)."%-G/"</)9$#)!./=")
/=!-#;-%"
H"%-?)#$)!-.$%/)9/)6"#/%")6"<")I3$##$);5$)6$.>"<")9-);"<%$</=$<%")
-#)%$..$<"

 $)#$)!-.$%/)<"<)!"66"<");"6%/%3/.$)3<-)6;-%"#-)./B/9-)
;5$)/=!$9/6;$)6!"6%-=$<%/)$)."%-G/"</)9$#)!./=")
/=!-#;-%")J)/<9/6!$<6-@/#$)6%-;;-.#$)9-##-)6%.3%%3.-
K>>$."?)#$)!-.$%/)9/);"<%$</=$<%")9$#)%$..$<")9$>"<")$66$.$)
-..$%.-%$)$)6$!-.-%$)9-)!/#-6%./L)%.->/)$)/=!-#;-%"

A/!"#"B/-)/<)$6-=$

C 89/:/;/);"<)!-.$%/)!.$6$<%/)6"#")-#)!./=")#/>$##")D/<)
B$<$.$)/<%$..-%"E

F-)<3">-)@"GG-)9/)<".=-%/>-)./@-9/6;$)/#);"<;$%%"?
M3-#".-L)/==$9/-%-=$<%$)-#)9/)6"!.-)9$##-):"<9-G/"<$L)6/-)!.$6$<%$)
3<-)6%.3%%3.-)6;-%"#-.$)./B/9-L)!3.;5N)!."B$%%-%-);"<)
;"=!".%-=$<%")<"<)9/66/!-%/>"L)/);"<%."##/)63##-).$B"#-./%O)/<)-#%$GG-)
!"66"<")$66$.$)./:$./%/)-##-)6"#-)6%.3%%3.-)6"!.-6%-<%$)#-)6;-%"#-.$L)-)
;"<9/G/"<$);5$)I3$6%P3#%/=-)-@@/-)./B/9$GG-)./6!$%%")-##$)-G/"</)
"./GG"<%-#/)6/B</:/;-%/>-=$<%$)=-BB/".$)9/)I3$##-)9$##-)6%.3%%3.-)-9)
$66-)6"!.-6%-<%$Q)A-#$);"<9/G/"<$)6/)!3R)./%$<$.$)6"99/6:-%%-)6$)B#/)
6!"6%-=$<%/)9$##-)6%.3%%3.-)6"!.-6%-<%$)#-)6;-%"#-.$L)>-#3%-%/)63)3<)
="9$##");"<)/<;-6%./)-#)!/$9$L)$)B#/)6!"6%-=$<%/)9$##-)6%.3%%3.-)
6"!.-6%-<%$L)>-#3%-%/)%$<$<9");"<%")-<;5$)9$##-)9$:".=-@/#/%O)9$##-)
6%.3%%3.-)6;-%"#-.$L)6"<")6"6%-<G/-#=$<%$);"/<;/9$<%/Q

HAS)*+L)!3<%")TQ0Q*

A/!"#"B/-)/<)$6-=$

C 89/:/;/);"<)!-.$%/)!.$6$<%/)6"#")-#)!./=")#/>$##")D/<)
B$<$.$)/<%$..-%"E
7 F$)!-.$%/)9$>"<");"6%/%3/.$)3<-)6;-%"#-)./B/9-);5$)
/=!$9/6;$)6!"6%-=$<%/)$)."%-G/"</)9$#)!./=")
/=!-#;-%"

6/%3-G/"<$)"%%/=-#$

A/!"#"B/-)/<)$6-=$

C 89/:/;/);"<)!-.$%/)!.$6$<%/)6"#")-#)!./=")#/>$##")D/<)
B$<$.$)/<%$..-%"E
7 F$)!-.$%/)9$>"<");"6%/%3/.$)3<-)6;-%"#-)./B/9-);5$)
/=!$9/6;$)6!"6%-=$<%/)$)."%-G/"</)9$#)!./=")
/=!-#;-%"

>/6%-)/<)!/-<%-

-66"#3%-=$<%$)
HK

-66"#3%-=$<%$)
HK

!"%.$@@$)
-<9-.$

;"6U)>-)6/;3.-=$<%$)=$B#/"

A/!"#"B/-)/<)$6-=$

C 89/:/;/);"<)!-.$%/)!.$6$<%/)6"#")-#)!./=")#/>$##")D/<)
B$<$.$)/<%$..-%"E
7 F$)!-.$%/)9$>"<");"6%/%3/.$)3<-)6;-%"#-)./B/9-);5$)
/=!$9/6;$)6!"6%-=$<%/)$)."%-G/"</)9$#)!./=")
/=!-#;-%"

>/6%-)/<)!/-<%-

$9/:/;/"

-<;5$)I3$6%-)!3R)
$66$.$)3<-)6"#3G/"<$

;"6U)>-)6/;3.-=$<%$)=$B#/"
.-=!-)B-.-B$

!-.$%$);5$)
@#";;-)

#P/=!-#;-%"

!-.$%$)
6$!-.-%-



2

A/!"#"B/-)/<)$6-=$

C 89/:/;/);"<)!-.$%/)!.$6$<%/)6"#")-#)!./=")#/>$##")D/<)
B$<$.$)/<%$..-%"E
7 F$)!-.$%/)9$>"<");"6%/%3/.$)3<-)6;-%"#-)./B/9-);5$)
/=!$9/6;$)6!"6%-=$<%/)$)."%-G/"</)9$#)!./=")
/=!-#;-%"

7 F$)!-.$%/)!"66"<")$66$.$);"<6/9$.-%$);"=$)V!-.$%/)
$6%$6$)9$@"#=$<%$)-.=-%$W

X-.$%/)$6%$6$)9$@"#=$<%$)-.=-%$

C Y$:/</G/"<$)9/)<".=-%/>-

X$.)#-)6/<B"#-)9/.$G/"<$?
7 X$./"9"):"<9-=$<%-#$)<"<)63!$./".$)-)AS
7 2#=$<")93$)!-.$%/);"<)#Z [)\]HD^Q11)=_)0`a)5ZE
7 F$)!-.$%/)!".%-<")-#=$<")/#)01b)9$#);-./;")
B.->/%-G/"<-#$

HAS)1&L)!3<%")TQ^QaQ*

Y$:/</G/"<$)!";")6/B</:/;-%/>-?)/<)6"6%-<G-
7 Y$>"<")$66$.$)$6%$6$
7 Y$>"<")$66$.$)="#%")./B/9$)D%-<%")9-)@#";;-.$)@$<$)/#)
!./=")/=!-#;-%"E

X-.$%/)$6%$6$)9$@"#=$<%$)-.=-%$

C Y$:/</G/"<$)9/)<".=-%/>-

F-)<3">-)@"GG-)9/)<".=-%/>-);5/-./6;$)=$B#/")/#)
;"<;$%%"?
c<-)6%.3%%3.-)-)!-.$%/)J)9-);"<6/9$.-.6/);"=$) !"#!!#"$%$%
&$"'!(%' !' '%)'*+,-'.!'%$"-$!'%6$)#$)!-.$%/)6"<")
;-.-%%$./GG-%$)9-)3<P$6%$<6/"<$)-)@3"<-)!-.%$)9$#)!$./=$%."
9$##-)!/-<%-)6%.3%%3.-#$)$)6"<")9"%-%$)9/)/9"<$/)!.">>$9/=$<%/)
!$.)B-.-<%/.$)#-);"<%/<3/%O)6%.3%%3.-#$ ;"6U)9-)!."93..$)3<)
$::/;-;$);"=!".%-=$<%")6;-%"#-.$Q)]<"#%.$L)<$##-)9/.$G/"<$)
"./GG"<%-#$)9P/<%$.$66$L)#-)6%.3%%3.-)9$>$)->$.$)3<)!$./"9")
:"<9-=$<%-#$L)/<);"<9/G/"</)<"<):$663.-%$)$);-#;"#-%")
<$##P/!"%$6/)9/)-66$<G-)9/)."%-G/"</)-##-)@-6$L)<"<)63!$./".$)-)AS

HAS)*+L)!3<%")TQ^QaQ*

89/:/;/);"<)!-.$%/)
!.$6$<%/)6"#")-#)!./=")#/>$##"

C \"9$##")B$"=$%./;")$):-%%".$)9/)6%.3%%3.-

HAS)1&L)!3<%")TQ^QaQ0

K;;"..$)$6-=/<-.$)/<)=-</$.-)9/6%/<%-)#-)6%.3%%3.-)
-)!-.$%/)9$#)!./=")#/>$##")$)#-)6%.3%%3.-)-)%$#-/")
6">.-6%-<%$
7 c6-.$):-%%"./)9/)6%.3%%3.-)9/>$.6/)!$.)#$)93$)
6%.3%%3.$

7 d)!"66/@/#$)36-.$)="9$##/)B$"=$%./;/)9/6%/<%/)!$.)#$)
93$)6%.3%%3.$)D"B<3<");"#)!."!./")IE

7  $)!/e);"="9"L)6/)!3R)36-.$)3<)3</;")="9$##")
B$"=$%./;");5$);"=!.$<9$)$<%.-=@$)#$)6%.3%%3.$L)
;-#;"#-<9"#");"<)/)93$)9/>$.6/):-%%"./)9/)6%.3%%3.-
D$)36-<9")!$.);/-6;3<-)6%.3%%3.-)/#);-#;"#")-!!."!./-%"E

89/:/;/);"<)!-.$%/)
!.$6$<%/)6"#")-#)!./=")#/>$##"

C \"9$##")B$"=$%./;")$):-%%".$)9/)6%.3%%3.-

HAS)1&L)!3<%")TQ^QaQ0

 "<")6"6%-<G/-#=$<%$)6%.3%%3.$)-)!-.$%/)<"<)
-;;"!!/-%$)9/);#-66$)9/)93%%/#/%O)f
7 g-%%".$)9/)6%.3%%3.-?

X-.$%/)-#)!./=")#/>$##"

Z1 haI =

=-)/<)I3$6%");-6")hZ i)1Q+)!$.;5N)#Z jj)5Z
I3/<9/ I1 i)*Q+

/<"#%.$)kl i)*Q1)!$.;5N)#$)!-.$%/)6"<")6"#")-)3<)!/-<"
I3/<9/ I)i)*Q+

89/:/;/);"<)!-.$%/)
!.$6$<%/)6"#")-#)!./=")#/>$##"

C \"9$##")B$"=$%./;")$):-%%".$)9/)6%.3%%3.-

 "<")6"6%-<G/-#=$<%$)6%.3%%3.$)-)!-.$%/)<"<)
-;;"!!/-%$)9/);#-66$)9/)93%%/#/%O)f
7 g-%%".$)9/)6%.3%%3.-?

X-.$%/)-#)!./=")#/>$##"

+Q*I =

7 2=!#/:/;-G/"<$)9$#)%-B#/"?
!$.)!-.$%/)$6%$6$)9$@"#=$<%$)-.=-%$)/#)%-B#/")
9">.$@@$)$66$.$)-=!#/:/;-%")9/)DIm*E`0)$)I3/<9/)9/)
*Q0+)D>$9/)!/e)->-<%/L)%/!"#"B/-)!-.$%/)<"<)-;;"!!/-%$E

HAS)1&L)!3<%")TQ^Q^Q+Q*

I3$6%-)=/)6$=@.-)3<-);-3%$#-)
$;;$66/>-L)=-);"=3<I3$)!";")./#$>-<%$



3

89/:/;/);"<)!-.$%/)
!.$6$<%/)6"#")-#)!./=")#/>$##"

C \"9$##")B$"=$%./;")$):-%%".$)9/)6%.3%%3.-

d)-)%3%%/)B#/)$::$%%/)3<-)6%.3%%3.-)-)%$#-/")
D!3R)$66$.$)9/)SY V2W)"!!3.$)VfWE
7 g-%%".$)9/)6%.3%%3.-?
;"=$)!$.)3<-)I3-#6/-6/)6%.3%%3.-)-)%$#-/"

 %.3%%3.-)-)%$#-/")6">.-6%-<%$

7 H$#)="9$##")B$"=$%./;")D$)<$#)B/39/G/")63##-)
.$B"#-./%OE):-.$)-%%$<G/"<$)-#)9/>$.6");"=!".%-=$<%")
9$/)!/#-6%./)/<):3<G/"<$)9$#)>/<;"#")-#)!/$9$)D9$#)0n
".9/<$E

89/:/;/);"<)!-.$%/)
!.$6$<%/)6"#")-#)!./=")#/>$##"

C \"9$##")B$"=$%./;")$):-%%".$)9/)6%.3%%3.-

 %.3%%3.-)-)%$#-/")6">.-6%-<%$
7 Y/>$.6");"=!".%-=$<%")9$/)!/#-6%./)/<):3<G/"<$)9$#)
>/<;"#")-#)!/$9$)D9$#)0n ".9/<$E

2)7 /<;-6%.-%")<$##$)93$)
9/.$G/"</)

S)7 6!"6%-=$<%")/=!$9/%")
."%-G/"</);"<6$<%/%$)

89/:/;/);"<)!-.$%/)
!.$6$<%/)6"#")-#)!./=")#/>$##"

C \"9$##")B$"=$%./;")$):-%%".$)9/)6%.3%%3.-

 %.3%%3.-)-)%$#-/")6">.-6%-<%$
7 Y/>$.6");"=!".%-=$<%")9$/)!/#-6%./)/<):3<G/"<$)9$#)
>/<;"#")-#)!/$9$)D9$#)0n ".9/<$E

2)7 /<;-6%.-%")<$##$)93$)
9/.$G/"</)

S)7 6!"6%-=$<%")/=!$9/%")
."%-G/"</);"<6$<%/%$)

F-).$B"#-./%O)/<)!/-<%-)$)
#-).$B"#-./%O)/<)-#%$GG-)
9$#)%$#-/")!"66"<")
$66$.$);"<9/G/"<-%$)9-#)
9/>$.6");"=!".%-=$<%")
9$/)!/#-6%./)/<):3<G/"<$)
9$#)>/<;"#"

S"=!".%-=$<%")9$/)!/#-6%./
/<):3<G/"<$)9$#)>/<;"#")-#)!/$9$)D9$#)0n ".9/<$E

C \"9$##-G/"<$)$);"=!".%-=$<%"

]<;-6%.")-#)!/$9$)
9$#)]])".9/<$?
=-BB/".$)./B/9$GG-

X"66/@/#/%O)9/)
.3"%-.$?
=/<".$)./B/9$GG-

Y/6!"..$)3<-)%.->$)
./B/9-)./93;$)#-)
."%-G/"<$)$)-3=$<%-)
#-)./B/9$GG-

H"<)J)3<)!."@#$=-)6$)
#-);$.</$.-)6/):".=-)-#)
!/$9$)9$#)]])".9/<$
-<G/)J);"$.$<%$);"#)
="9$##")>"#3%"

S"=!".%-=$<%")9$/)!/#-6%./
/<):3<G/"<$)9$#)>/<;"#")-#)!/$9$)D9$#)0n ".9/<$E

C \"9$##-G/"<$)$);"=!".%-=$<%"

F-)%.->$)./B/9-)<"<)6$.>$)-)
.$B"#-./GG-.$)/#);"=!".%-=$<%")
9$##-)V6;-%"#-W

F-)%.->$)./B/9-)!3R)
.$B"#-./GG-.$)/#)
;"=!".%-=$<%")-#)
]])".9/<$

S"=!".%-=$<%")9$/)!/#-6%./
/<):3<G/"<$)9$#)>/<;"#")-#)!/$9$)D9$#)0n ".9/<$E

C \"9$##-G/"<$)$);"=!".%-=$<%"

S"=!".%-=$<%")9/)3<)!/#-6%.")
;5$)!-.%$)9-#)])".9/<$

]<>$.6/"<$)9$#)%-B#/")D$)9$##-)
!$<9$<G-)9$#)="=$<%"):#$%%$<%$E

 $)#$)%.->/)6"<")-)6!$66".$?
]]
!

]
% \\ ≅

 $)#$)%.->/)6"<")./B/9$?
]]
!

]
% \\ <<



4

S"=!".%-=$<%")9$/)!/#-6%./
/<):3<G/"<$)9$#)>/<;"#")-#)!/$9$)D9$#)0n ".9/<$E

C F-)6%.3%%3.-)6/);"=!".%-);"=$)6$)->$66$)3<)!/-<")/<)
=$<"L);/"J);"=$)6$)!-.%/66$)9-#)]])".9/<$

C F-)!.$>/6/"<$)9$##$)6"##$;/%-G/"</)D!$.)#-).$#-G/"<$)
6$;"<9")/#);-!/%"#")*1E)!3R)$66$.$):-%%-);"<)3<)!/-<")
/<)=$<"
7 H$##-)./!-.%/G/"<$)9$#)%-B#/")%.-)/)!/#-6%./)";;"..$)
%$<$.$);"<%")9$##-)9/::$.$<G-)9/)./B/9$GG-)9">3%-)-#)
9/>$.6")B.-9")9/)>/<;"#")-#)!/$9$)9$#)]])".9/<$

\"9$##-G/"<$)B#"@-#$)9$##-)6%.3%%3.-

d);"<9/G/"<-%-)9-#)!."B.-==-);5$)6/)36-Q) /)!"66"<")
6$B3/.$)93$)>/$?
*Q Y$6;./>$.$)6"#")#-)6%.3%%3.-)-)%$#-/"L)/<6$.$<9")

"!!".%3</)>/<;"#/);5$)6/=3#-<")#P$::$%%")9$##-)
6;-%"#-)./B/9-)-#)])".9/<$

0Q Y$6;./>$.$)-<;5$)#$)!-.$%/)D$9)/#)!./=")/=!-#;-%"E

\"9$##-G/"<$)B#"@-#$)9$##-)6%.3%%3.-
*Q) "#")%$#-/"

C X/#-6%./);5$)!-.%"<")9-##-)!-.$%$?
7  $)-#)9/)6"%%")>/)6"<")!-.$%/);5$)#/)@#";;-<")<$##$)93$)
9/.$G/"</L);"<6/9$.-.$)-##-)@-6$)3<)/<;-6%.")!$.)
$<%.-=@$)#$)9/.$G/"</

7  $)#-)!-.$%$)>/<;"#-)/<)3<-)6"#-)9/.$G/"<$L)=$%%$.$)
-##-)@-6$)3<)/<;-6%.")!$.)I3$##-)9/.$G/"<$)$)3<)
/<;-6%.")."%-G/"<-#=$<%$);$9$>"#$)!$.)#P-#%.-)D#-)
./B/9$GG-)."%-G/"<-#$)9$#)>/<;"#")!3R)$66$.$)
6;5$=-%/GG-%-);"<)="9$##/)6$=!#/;/E

\"9$##-G/"<$)B#"@-#$)9$##-)6%.3%%3.-
*Q) "#")%$#-/"

C X/#-6%./);5$)!-.%"<")9-##-):"<9-G/"<$?
7 ]=!"..$)-##-)@-6$)3<)>/<;"#");"$.$<%$);"<)#-)./B/9$GG-)
9$##-):"<9-G/"<$

7 ]=!"..$)/<)%$6%-)-#)!./=")".9/<$)3<)>/<;"#");5$)
/=!$9/6;$)B#/)6!"6%-=$<%/)"./GG"<%-#/)D!$.)6/=3#-.$)
#P$::$%%")9$##P/=!-#;-%")@#";;-%"E)=-)<"<)#$)."%-G/"</

C ]#)!./=")/=!-#;-%")<"<)J)9$6;./%%")<$#)="9$##")$)#$)
.$#-%/>$)=-66$)<"<)6"<")-66$B<-%$)-##")6;5$=-

\"9$##-G/"<$)B#"@-#$)9$##-)6%.3%%3.-
0Q)2<;5$)#$)!-.$%/

-E X-.$%/)="9$##-%$);"<)$#$=$<%/)@/9/=$<6/"<-#/
7 4#/)$#$=$<%/)@/9/=$<6/"<-#/)<"<)>/<;"#-<")/)<"9/)-##-)
."%-G/"<$)D/)!/#-6%./);5$)!-.%"<")9-##-)!-.$%$)
./63#%$.$@@$.")/<;$.</$.-%/EQ)])!."B.-==/)36-<")>-./)
-.%/:/;/)!$.)$#/=/<-.$)/#)!."@#$=-)

7 4#/)$#$=$<%/)@/9/=$<6/"<-#/)<"<)9-<<")3<)>/<;"#"):3"./)
!/-<"Q)2<;5$)!$.)I3$6%")";;"..$)36-.$)-.%/:/;/

7 8>/%-.$)9/)-66$B<-.$)3<-)=-66-)-##$)!-.$%/L)!$.;5N)
I3$6%")9-.$@@$)#3"B")-9)3<)<3=$.")$#$>-%/66/=")9/)
3#%$./"./)="9/)9/)"6;/##-G/"<$)#/@$.-L);5$):-.$@@$.")
6"#");"<:36/"<$

\"9$##-G/"<$)B#"@-#$)9$##-)6%.3%%3.-
0Q)2<;5$)#$)!-.$%/

@E X-.$%/)="9$##-%$);"<)$#$=$<%/)="<"9/=$<6/"<-#/
7  /)!"66"<")/<6$./.$)-6%$)>$.%/;-#/)/<)!."6$;3G/"<$)9$/)
!/#-6%./)6">.-6%-<%/L)=-)";;"..$)6;$B#/$.$)
"!!".%3<-=$<%$)#-)6$G/"<$)9/)I3$6%$)-6%$

7 d)"!!".%3<")/<6$./.$)-<;5$)-6%$)"./GG"<%-#/L)-)="P)9/)
%.->/L)!$.)#/=/%-.$)#$)."%-G/"</)9$/)<"9/



5

\"9$##-G/"<$)B#"@-#$)9$##-)6%.3%%3.-
0Q)2<;5$)#$)!-.$%/

C X./=")/=!-#;-%"
7 X3R)$66$.$)="9$##-%");"=$)>/<;"#")=3%3")%.-)/)<"9/L)
!$.).-!!.$6$<%-.$)3<)/=!-#;-%")/<9$:".=-@/#$)<$#)63")
!/-<"

7 X3R)$66$.$)!.$:$./@/#$)<"<)-66$B<-.$)-#)!./=")
/=!-#;-%")#-)=-66-);5$)B#/);"=!$%$Q) $)#")6/):-L)I3$6%-)
=-66-)>$..$@@$)$;;/%-%-)6"#")9-B#/)3#%/=/)="9/)D;5$)
6"<")6/;3.-=$<%$)/../#$>-<%/E)$)6/):-%/;5$.$@@$)-)
.-BB/3<B$.$):".=-#=$<%$)#P&+b)9$##-)=-66-)
!-.%$;/!-<%$

89/:/;/);"<)@-6$)="#%")!/e)$6%$6-

C S"<)#P$9/:/;/")/<)!"6/G/"<$)6/==$%./;-

C X."@#$=/?
7 \-BB/"./)6"##$;/%-G/"</)<$##P/=!#-;-%"
7 l/6;5/")9/);$9/=$<%/)9/::$.$<G/-#/)D=-BB/"./)-#);$<%."E
9-)$>/%-.$);"<):"<9-G/"</)./B/9$

89/:/;/);"<)@-6$)="#%")!/e)$6%$6-

C S"<)#P$9/:/;/")/<)!"6/G/"<$)<"<)6/==$%./;-

C c#%$./"./)!."@#$=/?
7 Y/66/==$%./-)→ ./6;5/")9/)."%-G/"<$)9$#)!./=")
/=!-#;-%"

X"66/@/#$)6"#3G/"<$

S-#;"#")$)-.=-%3.$
!-.$%/

C F$)!-.$%/)6"<")6">.-@@"<9-<%/
7 ]#);-#;"#");"<)Ii*Q+)D=-)-<;5$);"<)Ii*E)<"<)9">.$@@$)
:".</.$)./63#%-%/);5$);.$-<")9/::/;"#%O

7  /)!3R)-.=-.$)-<;5$)@-6-<9"6/)63/)=/</=/)$)63#)@3"<)6$<6"
C 2.=-%3.$

7 X$.)#-):#$66/"<$?
7 2.=-%3.$);"<;$<%.-%$)<$B#/)6!/B"#/)$)/<;.";/)9/)=3."

2.=-%3.-);"<;$<%.-%-)
$)6%-::$

2.=-%3.-)63!$./".$

S-#;"#")$)-.=-%3.$
!-.$%/

C F$)!-.$%/)6"<")6">.-@@"<9-<%/
7 ]#);-#;"#");"<)Ii*Q+)D=-)-<;5$);"<)Ii*E)<"<)9">.$@@$)
:".</.$)./63#%-%/);5$);.$-<")9/::/;"#%O

7  /)!3R)-.=-.$)-<;5$)@-6-<9"6/)63/)=/</=/)$)63#)@3"<)6$<6"
C 2.=-%3.$

7 X$.)#-):#$66/"<$?
7 2.=-%3.$);"<;$<%.-%$)<$B#/)6!/B"#/)$)/<;.";/)9/)=3."
7 2.=-%3.$);"<;$<%.-%$)/<);"../6!"<9$<G-)9$/)!/#-6%./)
6">.-6%-<%/)D#$)6%$66$)9$#)!/-<")9/)6"!.-E

C X".%-.$)#P-.=-%3.-)9/)-%%$6-)
:/<")-#)!/$9$)9$##-)!-.$%$

C  %-::-.#-)@$<$

S-#;"#")$)-.=-%3.$
!-.$%/

C F$)!-.$%/)6"<")6">.-@@"<9-<%/
7 ]#);-#;"#");"<)Ii*Q+)D=-)-<;5$);"<)Ii*E)<"<)9">.$@@$)
:".</.$)./63#%-%/);5$);.$-<")9/::/;"#%O

7  /)!3R)-.=-.$)-<;5$)@-6-<9"6/)63/)=/</=/)$)63#)@3"<)6$<6"
C 2.=-%3.$

7 X$.)#-):#$66/"<$?
7 2.=-%3.$);"<;$<%.-%$)<$B#/)6!/B"#/)$)/<;.";/)9/)=3."
7 2.=-%3.$);"<;$<%.-%$)/<);"../6!"<9$<G-)9$/)!/#-6%./)
6">.-6%-<%/)D#$)6%$66$)9$#)!/-<")9/)6"!.-E

7 X$.)/#)%-B#/"?
7 \$%%$.$)-.=-%3.$)9/::36$)
D"./GG"<%-#/)$)>$.%/;-#/E)
-#=$<")!-./)-##")1Q0b)
D!$.)@Zia1);=L),);=0`=E

S"##$B-=$<%/)
%.-6>$.6-#/
(`=0



6

S-#;"#")$)-.=-%3.$
!-.$%/

C F$)!-.$%/)6"<")6">.-@@"<9-<%/
7 ]#);-#;"#");"<)Ii*Q+)D=-)-<;5$);"<)Ii*E)<"<)9">.$@@$)
:".</.$)./63#%-%/);5$);.$-<")9/::/;"#%O

7  /)!3R)-.=-.$)-<;5$)@-6-<9"6/)63/)=/</=/)$)63#)@3"<)6$<6"
C 2.=-%3.$

7 X$.)#-):#$66/"<$?
7 2.=-%3.$);"<;$<%.-%$)<$B#/)6!/B"#/)$)/<;.";/)9/)=3."
7 2.=-%3.$);"<;$<%.-%$)/<);"../6!"<9$<G-)9$/)!/#-6%./)
6">.-6%-<%/)D#$)6%$66$)9$#)!/-<")9/)6"!.-E

7 X$.)/#)%-B#/"?
7 \$%%$.$)-.=-%3.$)9/::36$)D"./GG"<%-#/)$)>$.%/;-#/E)
-#=$<")!-./)-##")1Q0b)D!$.)@Zia1);=L),);=0`=E

7 X$.)#")6;"../=$<%"?
7 2%%$<G/"<$)6$)#")6:".G")<".=-#$)J)@-66"

 $)";;"..$L)=$%%$.$)
@-..$)/<;#/<-%$



1

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

-"!(+,,$'*!%$)#$+*+
.+!"$'%+%/"',$0'%&+11'%/"!(+,,'2$!)+%#,"3,,3"'1+

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

4/!1+,!
567%+%8968:%'/"$1+%;<8:

=3"+1$!%>?+"#$

<:%@ A!&+11'2$!)+%&+11'%#,"3,,3"'

 !&$0$%&$%0'10!1!
+%*!&+11'2$!)+%#,"3,,3"'1+

 '/$,!1!%8<B;%@ C#!%&$%0!&$0$%&$%0'10!1!

-"!D1+*',$0?+E

F A+,!&$%&$%')'1$#$

F  !&$0$%&$%0'10!1!%+%
*!&+11'2$!)+%#,"3,,3"'1+

F 40?+*$%&$%0'10!1!%+%1!"!%
0!*D$)'2$!)+

F >$3&$2$!%*!,$G',!%&$%
'00+,,'2$!)+%&+$%"$#31,',$

 

 '/$,!1!%8<B;%@ C#!%&$%0!&$0$%&$%0'10!1!

H!,'"+E

I+G+%+##+"+%D+)%/"+0$#',!%J3'1+%/"!("'**'%#$%3,$1$22'%
+%0?+%0'"',,+"$#,$0?+%?'

 '/$,!1!%8<B;%@ C#!%&$%0!&$0$%&$%0'10!1!

H!,'"+E

I+G+%+##+"+%D+)%/"+0$#',!%J3'1+%/"!("'**'%#$%3,$1$22'%
+%0?+%0'"',,+"$#,$0?+%?'

K1%/"!(+,,$#,'%&+G+%0'/$"+%D+)+%0!*+%!/+"'%$1%/"!("'**'L%
/+"%+##+"+%#$03"!%0?+%M%$&!)+!%'1%0'#!%#/+0$N$0!%0?+%
'NN"!),'

 '/$,!1!%8<B;%@ C#!%&$%0!&$0$%&$%0'10!1!

H!,'"+E

I+G+%+##+"+%D+)%/"+0$#',!%J3'1+%/"!("'**'%#$%3,$1$22'%
+%0?+%0'"',,+"$#,$0?+%?'

K1%/"!(+,,$#,'%&+G+%0'/$"+%D+)+%0!*+%!/+"'%$1%/"!("'**'L%
/+"%+##+"+%#$03"!%0?+%M%$&!)+!%'1%0'#!%#/+0$N$0!%0?+%
'NN"!),'

4/+,,'%'1%/"!&3,,!"+%&+1%#!N,O'"+%P)!)%'1%/"!(+,,$#,'Q%
('"'),$"+%0?+%$1%/"!("'**'%N'%D+)+%J3+11!%0?+%&+G+%N'"+



2

 '/$,!1!%8<B;%@ C#!%&$%0!&$0$%&$%0'10!1!

H!,'"+%3)'%!*$##$!)+E

4$%/'"1'%&$%R0!&$0+%&$%0'10!1!S%0!*+%#+%3)%/"!("'**'%
/!,+##+%N'"+%3)'%#!1'%0!#'

K)%"+'1,T%J3'13)J3+%/"!("'**'%0!)#+),+%*!1,+/1$0$%#0+1,+

K1%/"!(+,,$#,'%&+G+%/"+0$#'"+%0!*+%?'%*!&+11',!%1'%
#,"3,,3"'%+%/+"0?UL%J3'1$%#0+1,+%?'%!/+"',!L%+00B

I+N$)$2$!)+%&+11!%#0?+*'%(+!*+,"$0!
P*!&+11'2$!)+%&+11'%#,"3,,3"'Q

A!&+11'2$!)+%&+11'%#,"3,,3"'

K1%*!&+11!%&+11'%#,"3,,3"'%&+G+%+##+"+%,"$&$*+)#$!)'1+%
+%"'//"+#+),'"+%$)%*!&!%'&+(3',!%1+%+NN+,,$G+%
&$#,"$D32$!)$%#/'2$'1$%&$%*'##'L%"$($&+22'%+%"+#$#,+)2'

H. %<5L%/3),!%VB;B:

K)%(+)+"'1+%$1%*!&+11!%&+11'%#,"3,,3"'%#'"T%0!#,$,3$,!%&'%
+1+*+),$%"+#$#,+),$%/$')$%'%,+1'$!%!%'%/'"+,+L%0!))+##$%&'%
&$'N"'**$%!"$22!),'1$

IBAB%8WX7X<9L%/3),!%9BVBWB;

P*!&+11!%&$%$)#$+*+%#/'2$'1+%&$%,+1'$%/$')$%0!)%$*/'10',$%
$)&+N!"*'D$1$Q

YG!132$!)+%&+1%*!&+11!%&$%,+1'$!

YG!132$!)+%1+(','%'11!%#G$13//!%&+$%*+22$%&$%0'10!1!E

F 4$)(!1$%,+1'$%/$')$L%0!)%"$/'",$2$!)+%&+11+%N!"2+%
!"$22!),'1$%$)%D'#+%'11'%"$($&+22'%&+$%,+1'$

F K)#$+*+%#/'2$'1+%&$%,+1'$%/$')$L%0!11+(',$%&'%$*/'10',$%
/1')$*+,"$0'*+),+%$)&+N!"*'D$1$

F .+1'$!%#/'2$'1+L%0!)%$*/'10',$%/1')$*+,"$0'*+),+%
$)&+N!"*'D$1$%P!%0!)%$*/'10',$%&+N!"*'D$1$Q

F  '10!1!%&$%3)%3)$0!%,+1'$!L%J3+11!%R/$Z%#!11+0$,',!S

YG!132$!)+%&+1%*!&+11!%&$%,+1'$!%
.+1'$!%#/'2$'1+%+%$)#$+*+%#/'2$'1+%&$%,+1'$%/$')$

A!&+11!%&$%$)#$+*+%#/'2$'1+%&$%,+1'$%/$')$
F [$*$,$E

F ['%*')0')2'%&$%'#,+%G+",$0'1$%/3\%$)N$0$'"+%$1%*!&+11!L%0?+%
,"'#03"'%1'%0!)("3+)2'%G+",$0'1+%&+$%,+1'$%!",!(!)'1$%)+$%/3),$%
&$%0!),',,!

F ['%)!)%!",!(!)'1$,T%&$%,"'G$%/3\%$)N$0$'"+%$1%*!&+11!L%0?+%
,"'#03"'%1'%$),+"'2$!)+%N1+##!6,!"#$!)'1+%,"'%$%,+1'$%!",!(!)'1$

F ]'),'(($E
F A'(($!"+%N1+##$D$1$,T%)+11'%&+#0"$2$!)+%&+11'%#,"3,,3"'

A!&+11!%&$%,+1'$!%#/'2$'1+
F -$Z%/"+0$#!%+%#+*/"+%G'1$&!
F A'(($!"$%/"!D1+*$%'%0'3#'%&+11'%)!)%0!)G+"(+)2'%&+(1$%'##$

K1%*!&+11!%&$%,+1'$!

-"!D1+*$E

F ['%/"+#+)2'%&$%'#,+%0!)%#+2$!)$%&$%&$*+)#$!)$%)!)%
,"'#03"'D$1$%+%&$G+"#+%,"'%1!"!%/3\%$)N$0$'"+%$1%
*!&+11!%&$%,+1'$!%P/$')!%!%#/'2$'1+QL%0?+%"$0?$+&+%0?+%
(1$%'##$%&+11+%'#,+%0!)G+"(')!%$)%3)%/3),!%P)!&!Q

H+1%/$')!%G+",$0'1+ K)%/$'),'



3

K1%*!&+11!%&$%,+1'$!

-"!D1+*$E

F ['%/"+#+)2'%&$%'#,+%0!)%#+2$!)$%&$%&$*+)#$!)$%)!)%
,"'#03"'D$1$%+%&$G+"#+%,"'%1!"!%/3\%$)N$0$'"+%$1%
*!&+11!%&$%,+1'$!%P/$')!%!%#/'2$'1+QL%0?+%"$0?$+&+%0?+%
(1$%'##$%&+11+%'#,+%0!)G+"(')!%$)%3)%/3),!%P)!&!Q
=(($3),'%&$%,"',,$%"$($&$%!%!NN#+,L%0?+%0!*/1$0')!%$1%*!&+11!%+%
*!&$N$0')!%P#+)#$D$1*+),+Q%1'%"$($&+22'%0!*/1+##$G'%+%J3$)&$%$1%
/+"$!&!%/"!/"$!%&+11'%#,"3,,3"'

4+)2'%,"',,$%"$($&$

')'1$#$%#,',$0' ')'1$#$%*!&'1+

.%^%<B9__%#

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

.%^%<BW;:%#

analisi s,',$0' analisi modale

 '*D$'%
J3'10!#'%&!G+%
0`M%G'"$'2$!)+%
&+$%,"',,$%
"$($&$

 '*D$'%
P&$%*!1,!Q%
$1%/+"$!&!

G+&$%N$1+%
.+1aVb

A!&+11$%/+"%1+%/'"+,$

=1,+")',$G+E
F -'"+,$%0!*+%'#,+L%0!)%,"',,$%"$($&$%/+"%$1%
0!11+('*+),!%'11+%,"'G$%+%,+)+)&!%0!),!%&+11'%
&+N!"*'2$!)+%'%,'(1$!

F I$#0"+,$22'2$!)+%&+11'%/'"+,+%$)%+1+*+),$%N$)$,$
F H+0+##$,T%&$%"$,!")'"+%'%0'"',,+"$#,$0?+%&$%
#!11+0$,'2$!)+%P0!*+%"$#31,'),+%&+11+%,+)#$!)$Q

F -"!D1+*$%)3*+"$0$%)+1%/$')!%P&"$11$)(Q
F -"!D1+*$%)+1%0!*/!",'*+),!%N3!"$%/$')!

c3+#,$%'#/+,,$%#!)!%+#'*$)',$%)+1%0!"#!%R-"!D1+*$%#/+0$N$0$%)+1%
/"!(+,,!%&$%#,"3,,3"+%'),$#$#*$0?+%0!)%/'"+,$%$)%0B'BS

A!&+11'2$!)+%&+11'%#,"3,,3"'

K1%*!&+11!%&+11'%#,"3,,3"'%&+G+%+##+"+%,"$&$*+)#$!)'1+%
+%"'//"+#+),'"+%$)%*!&!%'&+(3',!%1+%+NN+,,$G+%
&$#,"$D32$!)$%#/'2$'1$%&$%*'##'L%"$($&+22'%+%"+#$#,+)2'

H. %<5L%/3),!%VB;B: H. 89L%/3),!%VB;B:

-+"%"'//"+#+),'"+%1'%"$($&+22'%&+(1$%+1+*+),$%#,"3,,3"'1$%BBB%
#$%&+G+%,+)+"%0!),!%&+11'%N+##3"'2$!)+%&+$%*',+"$'1$%N"'($1$

A!&+11'2$!)+%&+11'%#,"3,,3"'
d$($&+22'%&+(1$%+1+*+),$%#,"3,,3"'1$

4,"3,,3"+%$)%'00$'$!E
F =##+()')&!%1'%#+2$!)+%#$%&+N$)$#0!)!%#$'%"$($&+22'%0?+%

"+#$#,+)2'

4,"3,,3"+%$)%0B'B%P'//"!00$!%0!)G+)2$!)'1+QE
F ['%"$($&+22'%M%'##3),'%/'"$%'%J3+11'%&+11'%#+2$!)+%

(+!*+,"$0'
F ['%"+#$#,+)2'%M%0!)#$&+"','%$)&$/+)&+),+%+%G$+)+%&!#','%

'(($3)(+)&!%1+%'"*',3"+%)+0+##'"$+

4,"3,,3"+%$)%0B'B%P"+'1,TQE
F d$($&+22'%+%"+#$#,+)2'%#!)!%0!*3)J3+%1+(',+%

P#$%/+)#$%'1%*!*+),!%&`$)+"2$'%&+11'%#+2$!)+%"+'(+),+%!*!(+)+$22','Q
-'31'bL%'))$%`7<%&+1%ee%#+0!1!%P0!)%"$N+"$*+),!%'%/'"+,$%$)%0B'BQ



4

A!&+11'2$!)+%&+11'%#,"3,,3"'
d$($&+22'%&+(1$%+1+*+),$%#,"3,,3"'1$

4,"3,,3"+%$)%0B'B%P'//"!00$!%0!)G+)2$!)'1+Q
F >$T%)+1%IBAB%8<X8X87<V%P/"$*'%)!"*'%#31%0B'BQ%#$%?'E

R4+%#$%,"',,'%&$%0!#,"32$!)$%#,',$0'*+),+%$)&+,+"*$)',+L%
'11!%#0!/!%&$%0'10!1'"+%1+%N!"2+%$)0!()$,+L%)+1%G'13,'"+%(1$%
+),$%(+!*+,"$0$%&+11+%#+2$!)$%,"'#G+"#'1$%&+$%#!1$&$%f%#+%1'%
/+"0+),3'1+%*+,'11$0'%M%$)N+"$!"+%'1%;g%#$%/3\%f%N'"+%
'#,"'2$!)+%'11'%/"+#+)2'%&+1%N+""!S

F 4+%#$%G!1+##+%,+)+"%0!),!%"$(!"!#'*+),+%&+11'%
#+2$!)+%N+##3"','%#$%&!G"+DD+E
F I+N$)$"+%1+%'"*',3"+%/"$*'%&+1%0'10!1!
F  !)#$&+"'"+%3)%*!*+),!%&`$)+"2$'%0?+%G'"$'%!()$%G!1,'%0?+%
0'*D$')!%1+%'"*',3"+%!%#$%$)G+",+%$1%#+()!%&$%A

F  !)#$&+"'"+%3)%*!*+),!%&`$)+"2$'%0?+%G'"$'%0!)%0!),$)3$,T%
$)%/"+#+)2'%&$%H%0!)%A%G'"$'D$1+%P/$1'#,"$Q

A!&+11'2$!)+%&+11'%#,"3,,3"'
d$($&+22'%&+(1$%+1+*+),$%#,"3,,3"'1$

K1%*!&+11!%&+11'%#,"3,,3"'%&+G+%+##+"+%,"$&$*+)#$!)'1+%
+%"'//"+#+),'"+%$)%*!&!%'&+(3',!%1+%+NN+,,$G+%
&$#,"$D32$!)$%#/'2$'1$%&$%*'##'L%"$($&+22'%+%"+#$#,+)2'

H. %<5L%/3),!%VB;B: H. 89L%/3),!%VB;B:

-+"%"'//"+#+),'"+%1'%"$($&+22'%&+(1$%+1+*+),$%#,"3,,3"'1$%BBB%
#$%&+G+%,+)+"%0!),!%&+11'%N+##3"'2$!)+%&+$%*',+"$'1$%N"'($1$

.+)+"%0!),!%"$(!"!#'*+),+%&+11'%G'"$'2$!)+%!(($%#'"+DD+%N!"#+%
/!##$D$1+%P0!)%3)%*!&+11!%+1'#,$0!Q%("'2$+%'11'%/!,+)2'%&+$%
0!*/3,+"%',,3'1$L%*'%0!*3)J3+%#'"+DD+%+#,"+*'*+),+%!)+"!#!
Y%!1,"+%$1%1$*$,+%+1'#,$0!h

A!&+11'2$!)+%&+11'%#,"3,,3"'
d$($&+22'%&+(1$%+1+*+),$%#,"3,,3"'1$

K1%*!&+11!%&+11'%#,"3,,3"'%&+G+%+##+"+%,"$&$*+)#$!)'1+%
+%"'//"+#+),'"+%$)%*!&!%'&+(3',!%1+%+NN+,,$G+%
&$#,"$D32$!)$%#/'2$'1$%&$%*'##'L%"$($&+22'%+%"+#$#,+)2'

H. %<5L%/3),!%VB;B: H. 89L%/3),!%VB;B:

-+"%"'//"+#+),'"+%1'%"$($&+22'%&+(1$%+1+*+),$%#,"3,,3"'1$%BBB%
#$%&+G+%,+)+"%0!),!%&+11'%N+##3"'2$!)+%&+$%*',+"$'1$%N"'($1$

H!"*',$G'E
K)%0'#!%)!)%#$')!%+NN+,,3',+%')'1$#$%#/+0$N$0?+L%1'%"$($&+22'%
N1+##$!)'1+%+%'%,'(1$!%&$%+1+*+),$%$)%0+*+),!%'"*',!%/3\%+##+"+%
"$&!,,'%#$)!%'1%9<g%&+11'%"$($&+22'%&+$%0!""$#/!)&+),$%+1+*+),$%
)!)%N+##3"',$L%,+)+)&!%&+D$,'*+),+%0!),!%&+11`$)N13+)2'%&+11'%
#!11+0$,'2$!)+%'##$'1+%/+"*')+),+

J3$)&$%&$NN+"+)2'%,"'%,"'G$%+%/$1'#,"$%

A!&+11'2$!)+%&+11'%#,"3,,3"'
d$($&+22'%&+(1$%+1+*+),$%#,"3,,3"'1$

 !)#$&+"'2$!)$E
F K)%/"',$0'L%0`M%0?$%"$&30+%'%/"$!"$%1'%"$($&+22'%$)%
*')$+"'%N!"N+,'"$'%P#/+##!%#+)2'%)+**+)!%
&$#,$)(3+"+%,"'%,"'G$%+%/$1'#,"$Q%

 !#i%#$%0!),$)3'%'%*'),+)+"+%$)&$/+)&+),$%"$($&+22'%
+%"+#$#,+)2'L%*+),"+%1'%*!,$G'2$!)+%&$%D'#+%+"'%
J3+11'%&$%*+,,+"1+%$)%"+1'2$!)+%

A!&+11'2$!)+%&+11'%#,"3,,3"'
d$($&+22'%&+(1$%+1+*+),$%#,"3,,3"'1$

 !)#$&+"'2$!)$E
F K)%/"',$0'L%0`M%0?$%"$&30+%'%/"$!"$%1'%"$($&+22'%$)%
*')$+"'%N!"N+,'"$'%P#/+##!%#+)2'%)+**+)!%
&$#,$)(3+"+%,"'%,"'G$%+%/$1'#,"$Q%

=#/+,,$%)+(',$G$E
F d$&3""+%1'%"$($&+22'%/+"%,+)+"%0!),!%&+11+%0!)&$2$!)$%

N+##3"',+L%#+%N',,!%$)%*$#3"'%3(3'1+%/+"%,3,,$%(1$%+1+*+),$L%
#+"G+%#!1!%'&%'3*+),'"+%$1%/+"$!&!%/"!/"$!%PJ3$)&$%#/+##!%
"$&30+%1+%N!"2+%+%/"!/!"2$!)'1*+),+%1+%#!11+0$,'2$!)$Q

 !)#+(3+)2'%N!"#+%'00+,,'D$1+E
F 4+%D+)%&!#','L%1'%"$&32$!)+%N!"N+,'"$'%&$%"$($&+22'%#$%1$*$,'%'%

D$1')0$'"+%1`$)0"+*+),!%&$%"$($&+22'%&!G3,'%'(1$%!NN#+,

A!&+11'2$!)+%&+11'%#,"3,,3"'
d$($&+22'%&+(1$%+1+*+),$%#,"3,,3"'1$

 !)#$&+"'2$!)$E
F K)%/"',$0'L%0`M%0?$%"$&30+%'%/"$!"$%1'%"$($&+22'%$)%
*')$+"'%N!"N+,'"$'%P#/+##!%#+)2'%)+**+)!%
&$#,$)(3+"+%,"'%,"'G$%+%/$1'#,"$Q%

=#/+,,$%)+(',$G$E
F d$&3""+%1'%"$($&+22'%/+"%,+)+"%0!),!%&+11+%0!)&$2$!)$%

N+##3"',+L%#+%N',,!%$)%*$#3"'%3(3'1+%/+"%,3,,$%(1$%+1+*+),$L%
#+"G+%#!1!%'&%'3*+),'"+%$1%/+"$!&!%/"!/"$!%PJ3$)&$%#/+##!%
"$&30+%1+%N!"2+%+%/"!/!"2$!)'1*+),+%1+%#!11+0$,'2$!)$Q

 !)#+(3+)2'%N!"#+%'00+,,'D$1+E
F 4+%D+)%&!#','L%1'%"$&32$!)+%N!"N+,'"$'%&$%"$($&+22'%#$%1$*$,'%'%

D$1')0$'"+%1`$)0"+*+),!%&$%"$($&+22'%&!G3,'%'(1$%!NN#+,

A'%$)%#!#,')2'%J3+#,!%&+11'%
R"$($&+22'%N+##3"','S%M%3)%
/"!D1+*'%)!)%')0!"'%&+N$)$,!%
'%1$G+11!%#0$+),$N$0!B

j!"#+%1'%)!"*',$G'%'G"+DD+%
N',,!%*+(1$!%'%)!)%$),"!&3"1!%
/"!/"$!



5

A!&+11'2$!)+%&+11'%#,"3,,3"'

K1%*!&+11!%&+11'%#,"3,,3"'%&+G+%+##+"+%,"$&$*+)#$!)'1+%
+%"'//"+#+),'"+%$)%*!&!%'&+(3',!%1+%+NN+,,$G+%
&$#,"$D32$!)$%#/'2$'1$%&$%*'##'L%"$($&+22'%+%"+#$#,+)2'

H. %<5L%/3),!%VB;B: H. 89L%/3),!%VB;B:

>1$%!"$22!),'*+),$%/!##!)!%+##+"+%0!)#$&+"',$%$)N$)$,'*+),+%
"$($&$%)+1%1!"!%/$')!L%'%0!)&$2$!)+%0?+%#$')!%"+'1$22',$%$)%0+*+),!%
'"*',!L%!//3"+%$)%1',+"!60+*+),!%0!)%#!1+,,'%$)%0+*+),!%'"*',!%
&$%'1*+)!%W<%**%&$%#/+##!"+

[`$/!,+#$%&$%$*/'10',!%"$($&!%M%N!)&'*+),'1+%)+11'%
*!&+11'2$!)+%&+11'%#,"3,,3"'

k%0!*3)J3+%)+0+##'"$!%G+"$N$0'"+
1'%"$($&+22'%+%1'%"+#$#,+)2'%&+11`$*/'10',!

[`$*/'10',!

K*/'10',!%̂
$)#$+*+%&$%#!1'$%+%,"'G$%/!#,$%'&%3)'%#,+##'%J3!,'
P$)%/'",$0!1'"+L%#!((+,,$%'&%'2$!)$%!"$22!),'1$Ql
1'%/'",+%"+#$#,+),+%&$%J3+#,!%+1+*+),!%ML%
#!/"',,3,,!L%1'%#!1+,,'%&+1%#!1'$!

K*/'10',!%"$($&!E
*!&+11',!%0!*+%G$)0!1!%*3,3!%,"'%$%)!&$%&+1%,+1'$!

K*/'10',!%&+N!"*'D$1+E
*!&+11',!%0!*+%$)#$+*+%&$%1'#,"+%P!%/$Z%("!##!1')'*+),+%0!*+%
&$'(!)'1$QL%0!11+(',+%'$%)!&$%&+1%,+1'$!%#/'2$'1+

K""+(!1'"$,T%#,"3,,3"'1$
/+"%1`$*/'10',!

j!"*'%/!0!%0!*/',,'L%/"+#+)2'%&$%("!##+%"$+),"')2+L%
("!##$%N!"$%!%/'",$%*')0'),$%)+11`$*/'10',!E
"$&30+%1!0'1*+),+%1'%"+#$#,+)2'%+%"+)&+%/!##$D$1$%("!##+%
&+N!"*'2$!)$%1!0'1$22',+

#0'1'

'#0+)#!"$

J3$%1'%&+D!1+22'%M%+G$&+),+ $)%'1,"$%0'#$%3)!%#(3'"&!%#3/+"N$0$'1+%
/3\%,"'""+%$)%$)('))!

K""+(!1'"$,T%#,"3,,3"'1$
/+"%1`$*/'10',!

j!"*'%/!0!%0!*/',,'L%/"+#+)2'%&$%("!##+%"$+),"')2+L%
("!##$%N!"$%!%/'",$%*')0'),$%)+11`$*/'10',!E
"$&30+%1!0'1*+),+%1'%"+#$#,+)2'%+%"+)&+%/!##$D$1$%("!##+%
&+N!"*'2$!)$%1!0'1$22',+

-"+#+)2'%&$%3)%)3*+"!%*!1,!%D'##!%&$%+1+*+),$%
"+#$#,+),$%G+",$0'1$%P#$)(!1+%/'"+,$%!%)301+$%$""$($&+),$QE
)'#0!)!%#!11+0$,'2$!)$%+%&+N!"*'2$!)$%"$1+G'),$%/+"%"$/!",'"+%
1`'2$!)+%#$#*$0'%'%,'1$%+1+*+),$

]'"$'2$!)+%&+11'%"$($&+22'%&+(1$%+1+*+),$%"+#$#,+),$%
G+",$0'1$%P#!/"',,3,,!%#+%/'"+,$Q%,"'%3)%/$')!%+%1`'1,"!%E
)+1%,"'#N+"$"+%'2$!)$%"$1+G'),$%&'%3)%/3),!%'11`'1,"!%1`$*/'10',!%/3\%
+##+"+%*!1,!%#!11+0$,',!%+%&+N!"*'"#$%*!1,!

A!&+11'2$!)+%&+11'%#,"3,,3"'

K1%*!&+11!%&+11'%#,"3,,3"'%&+G+%+##+"+%,"$&$*+)#$!)'1+%
+%"'//"+#+),'"+%$)%*!&!%'&+(3',!%1+%+NN+,,$G+%
&$#,"$D32$!)$%#/'2$'1$%&$%*'##'L%"$($&+22'%+%"+#$#,+)2'

H. %<5L%/3),!%VB;B: H. 89L%/3),!%VB;B:

>1$%+1+*+),$%)!)%#,"3,,3"'1$%PJ3'1$%,'*/!)',3"+%+%,"'*+22$Q%
/!##!)!%+##+"+%"'//"+#+),',$%3)$0'*+),+%$)%,+"*$)$%&$%*'##'L%
0!)#$&+"')&!%$1%1!"!%0!),"$D3,!%'11'%"$($&+22'%+%'11'%"+#$#,+)2'%&+1%
#$#,+*'%#,"3,,3"'1+%#!1!%J3'1!"'%,'1+%0!),"$D3,!%*!&$N$0?$%
#$()$N$0',$G'*+),+%$1%0!*/!",'*+),!%&+1%*!&+11!

K)%J3'1$%0'#$%$1%0!),"$D3,!%&+(1$%+1+*+),$%)!)%
#,"3,,3"'1$%*!&$N$0'%$1%0!*/!",'*+),!h

Y1+*+),$%)!)%#,"3,,3"'1$
P,"'*+22$L%,'*/!)',3"+Q



6

Y1+*+),$%)!)%#,"3,,3"'1$
P,"'*+22$L%,'*/!)',3"+Q

YNN+,,!%1!0'1+%#3%,"'G$%+%/$1'#,"$E

F G'"$'2$!)+%&+11!%#N!"2!%)!"*'1+%)+$%/$1'#,"$%P&!G3,!%
'11'%0!*/!)+),+%G+",$0'1+%&+11'%N!"2'%)+1%/'))+11!%
*3"'"$!Q

!N

Y1+*+),$%)!)%#,"3,,3"'1$
P,"'*+22$L%,'*/!)',3"+Q

YNN+,,!%1!0'1+%#3%,"'G$%+%/$1'#,"$E

F G'"$'2$!)+%&+11!%#N!"2!%)!"*'1+%)+$%/$1'#,"$%P&!G3,!%
'11'%0!*/!)+),+%G+",$0'1+%&+11'%N!"2'%)+1%/'))+11!%
*3"'"$!Q

F G'"$'2$!)+%&$%,'(1$!%+%*!*+),!%)+11'%2!)'%&$%
+#,"+*$,T%&+$%/$1'#,"$%
P&!G3,!%'11'%0!*/!)+),+%
!"$22!),'1+%&+11'%N!"2'%
)+11'%&$'(!)'1+Q !V

!M

Y1+*+),$%)!)%#,"3,,3"'1$
P,"'*+22$L%,'*/!)',3"+Q

YNN+,,!%1!0'1+%#3%,"'G$%+%/$1'#,"$E

F G'"$'2$!)+%&+11!%#N!"2!%)!"*'1+%)+$%/$1'#,"$%P&!G3,!%
'11'%0!*/!)+),+%G+",$0'1+%&+11'%N!"2'%)+1%/'))+11!%
*3"'"$!Q

F G'"$'2$!)+%&$%,'(1$!%+%*!*+),!%)+11'%2!)'%&$%
+#,"+*$,T%&+$%/$1'#,"$%P&!G3,!%'11'%0!*/!)+),+%
!"$22!),'1+%&+11'%N!"2'%)+11'%&$'(!)'1+QL%/+"0?U%$1%
/'))+11!%*3"'"$!%?'%3)%0!),',,!%&$NN3#!%0!)%1+%'#,+%
+%)!)%,"'#*+,,+%1'%N!"2'%&$"+,,'*+),+%)+1%)!&!

F G'"$'2$!)+%&$%,'(1$!%+%*!*+),!%'(1$%+#,"+*$%&+11+%
,"'G$

Y1+*+),$%)!)%#,"3,,3"'1$
P,"'*+22$L%,'*/!)',3"+Q

YNN+,,$%(1!D'1$E

F 0!*/!",'*+),!%&$)'*$0!E%1`$""$($&$*+),!%&!G3,!%
'11'%/"+#+)2'%&+11+%,'*/!)',3"+%"$&30+%$1%/+"$!&!%
/"!/"$!%&+11'%#,"3,,3"'l%0$\%/3\%0!*/!",'"+%3)%
$)0"+*+),!%&+11`'2$!)+%#$#*$0'

F 0!*/!",'*+),!%$)+1'#,$0!E%1'%"!,,3"'%&+11+%
,'*/!)',3"+%M%N"'($1+l%J3')&!%+##'%'GG$+)+L%
1`'1$J3!,'%&$%'2$!)+%#$#*$0'%&'%1!"!%/!",','%#$%
#0'"$0'%$#,'),')+'*+),+%#311'%#,"3,,3"'

Y1+*+),$%)!)%#,"3,,3"'1$
P,"'*+22$L%,'*/!)',3"+Q

YNN+,,$%&!G3,$%'11'%1!"!%&$#,"$D32$!)+E

F 3)'%&$#,"$D32$!)+%$""+(!1'"+%$)%/$'),'
/3\%/"!G!0'"+%"!,'2$!)+%&+(1$%$*/'10',$%+%J3$)&$%
$)0"+*+),$%')0?+%)!,+G!1$%&$%#!11+0$,'2$!)+%#3(1$%
+1+*+),$%/$Z%+00+),"$0$
',,+)2$!)+%$)%/'",$0!1'"+%'(1$%+&$N$0$%0!)%#,"3,,3"'%
#$**+,"$0'%!%D$1')0$','%PD'"$0+),"!%&+11+%*'##+%0!$)0$&+),+%
0!)%J3+11!%&+11+%"$($&+22+Q%+%,'*/!)',3"+%&$##$**+,"$0?+

F 3)'%&$#,"$D32$!)+%$""+(!1'"+%13)(!%1`'1,+22'
/3\%/!",'"+%'%0!)0+),"'2$!)+%&$%#!11+0$,'2$!)+%'&%
3)%/$')!%PR/$')!%#!NN$0+SQL%0!)%"$&32$!)+%&+11'%
&3,,$1$,T%(1!D'1+%

Y1+*+),$%)!)%#,"3,,3"'1$
P,"'*+22$L%,'*/!)',3"+Q

.+)+")+%0!),!%M%$*/!",'),+%J3')&!E

F 4!)!%/!0?$%+%*!1,!%"!D3#,$
P"$#0?$!%&$%N!",$%#!11+0$,'2$!)$%)+(1$%+1+*+),$%
#,"3,,3"'1$%'&$'0+),$Q

F 4!)!%&$#/!#,$%$)%/$'),'%$)%*')$+"'%*!1,!%$""+(!1'"+
P"$#0?$!%&$%"!,'2$!)+%&+11`$*/'10',!%+%J3$)&$%&$%
#!11+0$,'2$!)$%)+(1$%+1+*+),$%#,"3,,3"'1$%'(1$%+#,"+*$Q

F 4!)!%&$#,"$D3$,$%$""+(!1'"*+),+%13)(!%1`'1,+22'
P"$#0?$!%&$%0"+'2$!)+%&$%/$')!%#!NN$0+L%0!)%"$&32$!)+%
&+11'%&3,,$1$,T%(1!D'1+Q

K)%0'#!%0!),"'"$!%#$%/3\%')'1$22'"+%3)%*!&+11!%0!#,$,3$,!%&'$%#!1$%
+1+*+),$%#,"3,,3"'1$



7

Y1+*+),$%)!)%#,"3,,3"'1$
P,"'*+22$L%,'*/!)',3"+Q

-!##$D$1$%#0?+*',$22'2$!)$%&+11+%,'*/!)',3"+E

F $)#$+*+%&$%1'#,"+L%0!11+(',+%$)%/$Z%/3),$%'11'%*'(1$'%&$%
,+1'$!

F G'),'(($E
/!##$D$1$,T%&$%')'1$22'"+%/'"+,$%0!)%'/+",3"+

F #G'),'(($E
0!*/1+##$,T%&+11!%#0?+*'l
&$NN$0!1,T%'%,+)+"+%0!),!%&+11`3)$1',+"'1$,T%&+1%
G$)0!1!

Y1+*+),$%)!)%#,"3,,3"'1$
P,"'*+22$L%,'*/!)',3"+Q

-!##$D$1$%#0?+*',$22'2$!)$%&+11+%,'*/!)',3"+E

F /+)&!1!L%&$#/!#,!%)+11'%&$'(!)'1+%0!*/"+##'

=/ ^%'"+'%&+1%/'))+11!%*3"'"$!

F 13)(?+22'%&+1%/+)&!1!%1& ^%13)(?+22'%&$'(!)'1+

F #/+##!"+%&+11'%#3'%#+2$!)+%#%^%#/+##!"+%*3"',3"'

F 1'"(?+22'%&+11'%#3'%#+2$!)+%m%$)&$0','%&'%N!),$%
D$D1$!("'N$0?+E
AB%-'(')! m ^ <B9%=/ X%1&  m ≅ <B;< ÷ <B;9%1&
mB%4,'NN!"&%4*$,? m%≅ <B89%÷ <B_<%1&
IBAB%;XVX58 m%^ <B8<%1&

A!&+11'2$!)+%&+11'%#,"3,,3"'

K1%*!&+11!%&+11'%#,"3,,3"'%&+G+%+##+"+%,"$&$*+)#$!)'1+%
+%"'//"+#+),'"+%$)%*!&!%'&+(3',!%1+%+NN+,,$G+%
&$#,"$D32$!)$%#/'2$'1$%&$%*'##'L%"$($&+22'%+%"+#$#,+)2'

H. %<5L%/3),!%VB;B: H. 89L%/3),!%VB;B:

H+11'%&+N$)$2$!)+%&+11`'2$!)+%#$#*$0'%#311'%#,"3,,3"'L%#$%/!##!)!%
0!)#$&+"'"+%1'%&+N!"*'D$1$,T%&+1%0!*/1+##!%N!)&'2$!)+6,+""+)!%+%
1'%#3'%0'/'0$,T%&$##$/',$G'

C#'"+%3)%*!&+11!%0!*/1+##$G!%/+"%#,"3,,3"'L%
N!)&'2$!)+%+%,+""+)!L%!//3"+%*!&+11$%#+/'"',$h

4,"3,,3"'L%N!)&'2$!)+%+%,+""+)!

YNN+,,!%&+11'%&+N!"*'D$1$,T%&+11'%N!)&'2$!)+
P0!*/!",'*+),!%#,',$0!QE
F 0+&$*+),$%G+",$0'1$%&$NN+"+)2$'1$
F "!,'2$!)$%'1%/$+&+%&+$%/$1'#,"$%&+1%/"$*!%!"&$)+

!

G'"$'2$!)+%&+11'%"$($&+22'%"+1',$G'%&+$%&$G+"#$%
/$1'#,"$%+%J3$)&$%&$G+"#'%&$#,"$D32$!)+%&+11+%'2$!)$%
#$#*$0?+
',,+)2$!)+%$)%/'",$0!1'"+%'(1$%+1+*+),$%*!1,!%"$($&$L%0!*+%1+%
/'"+,$L%1'%03$%"$($&+22'%/3\%+##+"+%G')$N$0','%&'11'%"!,'2$!)+%'1%
/$+&+

4,"3,,3"'L%N!)&'2$!)+%+%,+""+)!

YNN+,,!%&+11'%&+N!"*'D$1$,T%&+11'%N!)&'2$!)+
P0!*/!",'*+),!%&$)'*$0!QE
F *'(($!"+%&+N!"*'D$1$,T%0!*/1+##$G'

!

'3*+),!%&+1%/+"$!&!%/"!/"$!%&+11'%#,"3,,3"'l
0$\%0!*/!",'%$)%(+)+"+%3)'%"$&32$!)+%&+11`'2$!)+%
#$#*$0'L%*'%3)%'3*+),!%&+(1$%#/!#,'*+),$

4,"3,,3"'L%N!)&'2$!)+%+%,+""+)!

k%)+0+##'"$!%*!&+11'"+%$)#$+*+%#,"3,,3"'L%N!)&'2$!)+%
+%,+""+)!%J3')&!E

F ['%N!)&'2$!)+%)!)%M%'&+(3','*+),+%"$($&'
P"$#0?$!%&$%0+&$*+),$%&$NN+"+)2$'1$L%"!,'2$!)$%'1%
/$+&+L%"$&$#,"$D32$!)+%&+11`'2$!)+%#$#*$0'Q

F K1%,+""+)!%M%*!1,!%&+N!"*'D$1+
P"$#0?$!%&$%G'"$'2$!)+%)!,+G!1+%&+1%/+"$!&!%/"!/"$!Q

K)%0'#!%0!),"'"$!%PN!)&'2$!)+%/$Z%"$($&'%&+11'%#,"3,,3"'%$)%
+1+G'2$!)+L%,+""+)!%)!)%/'",$0!1'"*+),+%&+N!"*'D$1+QL%#$%/3\%
0!)#$&+"'"+%1'%#,"3,,3"'%$)0'#,"','%'1%/$+&+%+&%')'1$22'"+%/!$%
#+/'"','*+),+%1`$)#$+*+%N!)&'2$!)+6,+""+)!%0!)%1+%'2$!)$%
,"'#*+##+%&'11'%#,"3,,3"'%#!G"'#,'),+



8

A!&+11'2$!)+E%
J3'10?+%'1,"'%0!)#$&+"'2$!)+

-"!D1+*$E

K*/'10',$%#N'1#',$

K*/'10',$%0!),$)3$%
*'%)!)%/$')$

40'1+L%0?+%
0"+')!%
0!11+('*+),$%
,"'%$*/'10',$

K*/'10',$%0!),$)3$%*'%)!)%/$')$

F A!&+11!%/$Z%#+*/1$0+E%G$)0!1!%
*3,3!%'(1$%#/!#,'*+),$%
!"$22!),'1$%P)!)!#,'),+%1'%)!)%
/1')'"$,TQ

K*/'10',$%0!),$)3$%
*'%)!)%/$')$

=,,+)2$!)+%'$%0'#$%$)%03$%$)%3)'%&$"+2$!)+%
(1$%#/!#,'*+),$%"+1',$G$%)!)%#!)!%$*/+&$,$

4/!#,'*+),!%
"+1',$G!%
)!)%$*/+&$,!

F =1,+")',$G'E%*!&+11'2$!)+%&+$%#$)(!1$%0'*/$%0!)%
+1+*+),$%D$&$*+)#$!)'1$%!//3"+%'#,+%/+)&!1'"$

K*/'10',$%#N'1#',$

F C)!%#N'1#'*+),!%&$%*+22!%/$')!%
/3\%0"+'"+%/"!D1+*$%*'%$)%
(+)+"+%M%'00+,,'D$1+

K*/'10',$%#N'1#',$

F 4N'1#'*+),$%*$)!"$%0"+')!%
/$1'#,"$%*!1,!%0!",$L%0!)%
0!*/!",'*+),!%)!)%'00+,,'D$1+

K)%/"+#+)2'%&$%#N'1#'*+),$%*$)!"$%M%!//!",3)!%
#!1$&'"$22'"+%$%&3+%$*/'10',$%$)%*!&!%&'%0!#,"$)(+"1$%
'%#/!#,'"#$%&+11'%#,+##'%J3'),$,T%#+)2'%*!G$*+),$%
"+1',$G$%P,"'G+%3)$0'%+X!%'1,"$%'00!"($*+),$Q

40'1+%0?+%0"+')!%0!11+('*+),!
,"'%(1$%$*/'10',$

F [`+NN+,,!%N!",+*+),+%)+(',$G!%&$%
,"'G$%'%($)!00?$!%M%#,',!%
+G$&+)2$',!%&'%*!1,!%,+*/!

40'1+

F =)0?+%1+%#!1+,,+%"'*/'),$%
0"+')!%/"!D1+*$%"$1+G'),$%
P+G$&+)2$',$%#!1!%$)%,+*/$%/$Z%"+0+),$Q

n00!""+%"$/+)#'"+%&"'#,$0'*+),+%1'%#!132$!)+%
#,"3,,3"'1+%&'%3#'"+%/+"%1+%#0'1+

A!&+11'2$!)+E%3)%+#+*/$!%"+'1+

4$%"$)("'2$'%
1`$)(B%=1N$!%>"3//$11!

A!&+11'2$!)+E%3)%+#+*/$!%"+'1+%P8Q

H+1%#!,,!,+,,!%1+%&3+%
/'",+%&$%$*/'10',!%#!)!%
#N'1#',+%&$%5<%0*



9

A!&+11'2$!)+E%3)%+#+*/$!%"+'1+%P8Q

H+1%#!,,!,+,,!%1+%&3+%
/'",+%&$%$*/'10',!%#!)!%
#N'1#',+%&$%5<%0*

f%+%$1%,+,,!%$)01$)',!%
0!)G+"(+%N$)!%'11'%J3!,'%
&+11'%/'",+%#3/+"$!"+%
&+11`$*/'10',!

A!&+11'2$!)+E%3)%+#+*/$!%"+'1+%P8Q

K1%/"!(+,,!%$)$2$'1+%/"+G+&+G'%&3+%
,"'G$%#N'1#',+L%0!)%3)%,"',,!%
0!",$##$*!%&$%/$1'#,"!

A!&+11'2$!)+E%3)%+#+*/$!%"+'1+%P8Q

 !)%3)'%,"'G+%3)$0'%P'1,'%8<<%0*Q%#$%
M%/!,3,!%$/!,$22'"+%3)%$*/'10',!%
0!),$)3!%f

A!&+11'2$!)+E%3)%+#+*/$!%"+'1+%P8Q

f%+%')0?+%$1%,+,,!%$)01$)',!L%/!(($',!%#3%3)'%,"'G+%0!#i%
'1,'L%&$G+),'%3)%,3,,`3)!%0!)%1`$*/'10',!%&$%#!,,!,+,,!%

P)!,'"+%0?+%1'%,"'G+%'1,'%($"'%#3%,"+%1',$Q

A!&+11'2$!)+E%3)%+#+*/$!%"+'1+%P;Q

['%#0'1'%0!#,$,3$#0+%3)%
+1+*+),!%&$%N!",+%
$""+(!1'"$,T
F  "+'%3)%0!11+('*+),!%

,"'%J3!,+%&$G+"#+
F k%$)%3)'%/!#$2$!)+%

N!",+*+),+%+00+),"$0'%

A!&+11'2$!)+E%3)%+#+*/$!%"+'1+%P;Q

C)'%/!##$D$1+%#!132$!)+E

F ['%#0'1'%0!*+%+1+*+),!%
$)&$/+)&+),+L%0?+%+#0+%'%#D'12!%
&'%3)%)301+!%PG')!%'#0+)#!"+Q

F  !11+(','%$)%N!)&'2$!)+%*'%/+"%
$1%"+#,!%#,'00','%&'11`+&$N$0$!



1

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

-"!(+,,$'*!%$)#$+*+
.+!"$'%+%/"',$0'%&+11'%/"!(+,,'2$!)+%#,"3,,3"'1+

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

4/!1+,!
567%+%8968:%'/"$1+%;<8:

=3"+1$!%>?+"#$

<@%A =)'1$#$%#,"3,,3"'1+B%*!&+11'2$!)+%&+11+%'2$!)$

=2$!)$%#311'%#,"3,,3"'

=2$!)+%#$#*$0'B

C D!&+11','%*+&$'),+%')'1$#$%#,',$0'%!%')'1$#$%*!&'1+%
0!)%#/+,,"!%&$%"$#/!#,'%E0!*+%($F%G$#,!H

=1,"$%/"!I1+*$%"+1',$G$%'11J'2$!)+%#$#*$0'B

C K00+),"$0$,F

C  !*I$)'2$!)+%&+11+%0!*/!)+),$

 '"$0?$%G+",$0'1$%&'%'00!//$'"+%'11J'2$!)+%#$#*$0'B

C L$MM+"+)2+%,"'%)!"*+%/'##',+%+%)!"*+%',,3'1$

 '"$0?$%G+",$0'1$%
&'%'00!//$'"+%'11J'2$!)+%#$#*$0'

 '"$0?$%G+",$0'1$%+%#$#*'

N3'1$%0'"$0?$%G+",$0'1$%+%O3'1$%*'##+%0!)#$&+"'"+%$)%
'00!//$','%'1%#$#*'P

Q+00?$'%)!"*'

C  '"$0?$%G+",$0'1$%*'##$*$%E(RSORH%/+"%.=T
E(&SO&H%/+"%4UV

C D'##+%"$&!,,+%E(RS# ORH% WM!"2+%X%8Y9%/+"%4UVZ

[3!G'%)!"*'

C  '"$0?$%G+",$0'1$%+%*'##+%0!)%G'1!"$%O3'#$%/+"*')+),$
E(RSψ; ORH%

[. %<5T%/3),!%\Y;Y]

Q'13,'2$!)+%&+11+%*'##+%/+"%4UV
#+0!)&!%1+%[. %<5

^%_%(R S%ψ; OR

ψ; OR _%G'1!"+%O3'#$%/+"*')+),+%&+1%0'"$0!%G'"$'I$1+
ψ;

Q'13,'2$!)+%&+11+%*'##+%/+"%4UV
#+0!)&!%̀ - D%\;@]%+&%K3"!0!&$0+%5

^%_%(R S%ϕ ψ; OR

ϕ ,$+)+%0!),!%&+11'%/"!I'I$1$,F%&$%'G+"+%$%0'"$0?$%O3'#$%
/+"*')+),$%'%,3,,$%$%/$')$

V#!%)!)%
0!""+1',!

8Y<
<Y9

<Y9

Y%Y%Y
Y%Y%Y
Y%Y%Y
Y%Y%Y
Y%Y%Y

-$')$%0!)%3#!%
0!""+1',!

<Y5
<Y5
<Y5

="0?$G$

8Y<

Q+)$G'%$),"!&!,,!%
3)%0!+MM$0$+),+%ϕT%
0!)0+,,3'1*+),+%
0!""+,,!%*'%,'1+%&'%
0!*/1$0'"+%$%0'10!1$%
#+)2'%G'"$'"+%
#!#,')2$'1*+),+%$1%
"$#31,',!



2

-"+0+&+),+%)!"*'%$,'1$')'%ELYDY%8:a8a7:H

Q+"$M$0?+ 0!)%.Y=Y

 '"$0?$%G+",$0'1$B (R S%OR

4$%)!,$%0?+%$1%0'10!1!%#$#*$0!%%%%( S O%%b c
"'00?$3&+%')0?+%$1%0'10!1!%/+"%#!1$%0'"$0?$%G+",$0'1$

c!"2+%!"$22!),'1$B

D'##+%^ (R S%#%OR

c!"2+ <Y<@%X%^/+"%2!)+%'%*+&$'%
#$#*$0$,F

-"+0+&+),+%)!"*'%$,'1$')'%ELYDY%8:a8a7:H

Q+"$M$0?+ 0!)%.Y=Y

 '"$0?$%G+",$0'1$B (R S%OR

c!"2+%!"$22!),'1$B

D'##+%^ (R S%#%OR

c!"2+ <Y<@%X%^

0!)%4YUYVY

8Y]%(R S%8Y9%OR

(R S%#%OR

8Y9%X%<Y<@%X%^

d1%/'##'(($!%'%4YUYVY%#$%e%I'#',!%#311J$&+'%0?+B

Q+"$M$0?+%.=%≅ Q+"$M$0?+%4UV%0!)%0'"Y#!11Y%X%8Y9

/+"%2!)+%'%*+&$'%
#$#*$0$,F

-"+0+&+),+%)!"*'%$,'1$')'%ELYDY%8:a8a7:H

N3+#,!%e%'II'#,')2'%G+"!%/+"%1+%,"'G$B

D*'XT.= ≅ Df&T4UV

[!)%e%G+"!%/+"%$%/$1'#,"$B

/+"%[%'##+()',!T% D*'XT.= g%Df&T4UV

d1%/'##'(($!%'%4YUYVY%#$%e%I'#',!%#311J$&+'%0?+B

Q+"$M$0?+%.=%≅ Q+"$M$0?+%4UV%0!)%0'"Y#!11Y%X%8Y9

[!"*'%$,'1$')'%',,3'1+%E[. <5H

Q+"$M$0?+ 0!)%4YUYVY #!1!%0'"$0?$
G+",$0'1$

4$%)!,$%0?+%$1%0'10!1!%#$#*$0!%%%%( S O%%b c
)!)%"'00?$3&+%$1%0'10!1!%/+"%#!1$%0'"$0?$%G+",$0'1$

 '"$0?$%G+",$0'1$B 8Y\%(R S%8Y9%OR

c!"2+%!"$22!),'1$B

D'##+%^ 666

c!"2+ 666

(R S%ψ; OR

/+"%*+&$'%#$#*$0$,FT%
'1,'%&3,,$1$,FT%#3!1!% 

0'"$0?$%G+",$0'1$
/$h%#$#*'

(R S%ψ; OR

<Y8\]%X%^

[. %<5T%/3),!%\Y;Y\

 '"$0?$%G'"$'I$1$%
O3'#$%/+"*')+),$

 !)M"!),!%,"'%G+00?$'%+%)3!G'%)!"*'%
E0'"$0?$%G+",$0'1$%/$h%#$#*'H

Q+"$M$0?+%4UV LYDY%8:a8a7:

 '"$0?$%G+",$0'1$B 8Y]%(R S%8Y9%OR

c!"2+%!"$22!),'1$B

D'##+%^ (R S%#%OR

c!"2+ <Y8<9%X%^/+"%2!)+%'%*+&$'%
#$#*$0$,FT%+00Y

(R S%ψ; OR

LYDY%8]a8a<5

(R S%ψ; OR

<Y8\]%X%^

[!,'"+B  '"$0?$%
G+",$0'1$%
*$)!"$

D'##+%
O3'#$%
$)G'"$',+

c!"2+%
!"$22!),'1$%
*'(($!"$

 !)M"!),!%,"'%G+00?$'%+%)3!G'%)!"*'%
E0'"$0?$%G+",$0'1$%/$h%#$#*'H

Q+"$M$0?+%4UV LYDY%8:a8a7:

 '"$0?$%G+",$0'1$B 8Y]%(R S%8Y9%OR

c!"2+%!"$22!),'1$B

D'##+%^ (R S%#%OR

c!"2+ <Y8<9%X%^/+"%2!)+%'%*+&$'%
#$#*$0$,FT%+00Y

(R S%ψ; OR

LYDY%8]a8a<5

(R S%ψ; OR

<Y8\]%X%^

[!,'"+B  '"$0?$%
G+",$0'1$%
*$)!"$

D'##+%
O3'#$%
$)G'"$',+

c!"2+%
!"$22!),'1$%
*'(($!"$

i3!)'%/'",+%&+11+%&$MM+"+)2+%
,"'%$%"$#31,',$%!,,+)3,$%0!)%1'%
',,3'1+%)!"*'T%"$#/+,,!%'%
O3'),!%#$%'G+G'%$)%/'##',!T%e%
&!G3,!%'%O3+#,!

)!)%'11J3#!%&$%#,',$%1$*$,+%
')2$0?j%,+)#$!)$%'**$##$I$1$



3

 !)M"!),!%&$%#/+,,"$%&$%"$#/!#,'
4UQT%4/!1+,!

0.0

0.2

0.4

0.6

0.8

0.0 0.5 1.0 1.5 2.0 2.5 3.0

4/+,,"!%+1'#,$0!

4/+,,"$%&$%
/"!(+,,!
O%_%\Y7

O%_%9Y59

LD7:T%4UV

<Y8<9
<Y88]

<Y8@8

[!,'B

UJ3#!%&$%#/+,,"$%k1!0'1$l%
M'%#m%0?+%'( /!##'%
+##+"+%*$)!"+%&$%O3'),!%
/"+G$#,!%0!)%3)'%
01'##$M$0'2$!)+%$)%k2!)+l

=1,"$%/"!I1+*$
)+11'%*!&+11'2$!)+%&+11+%'2$!)$%#$#*$0?+

D!&+11'2$!)+%&+11+%'2$!)$

8Y `00!""+%,+)+"%0!),!%&+11+%$)0+",+22+%"+1',$G+%
'11'%+MM+,,$G'%/!#$2$!)+%&+1%0+),"!%&$%*'##'
E$%0'"$0?$%G'"$'I$1$%/!##!)!%+##+"+%&$#,"$I3$,$
$)%*')$+"'%)!)%3)$M!"*+H

→ +00+),"$0$,F%'00$&+),'1+

;Y `00!""+%,+)+"%0!),!%&+11J+MM+,,!%0!),+*/!"')+!%
&+11+%&$G+"#+%0!*/!)+),$%&+11J'2$!)+%#$#*$0'

→ 0"$,+"$%&$%0!*I$)'2$!)+
&+11+%0!*/!)+),$

-"!I1+*$%0!)0+,,3'1*+),+%($3#,$T
*'%0?+%0!*/1$0')!%)!,+G!1*+),+%$1%0'10!1!

D!&+11'2$!)+%&+11+%'2$!)$%
8Y%K00+),"$0$,F%'00$&+),'1+

k-+"%,+)+"+%0!),!%&+11'%G'"$'I$1$,F%#/'2$'1+%&+1%*!,!%
#$#*$0!T%)!)0?j%&$%+G+),3'1$%$)0+",+22+%)+11'%
1!0'1$22'2$!)+%&+11+%*'##+T%'1%0+),"!%&$%*'##'%&+G+%
+##+"+%',,"$I3$,'%3)'%+00+),"$0$,F%'00$&+),'1+%
"$#/+,,!%'11'%#3'%/!#$2$!)+%O3'1+%&+"$G'%&'1%0'10!1!k

[. <5T%/3),!%@Y;Y:

k-+"%$%#!1$%+&$M$0$%+&%$)%'##+)2'%&$%/$h%'003"',+%&+,+"*$)'2$!)$%
1J+00+),"$0$,F%'00$&+),'1+%$)%!()$%&$"+2$!)+%)!)%/3n%+##+"+%
0!)#$&+"','%$)M+"$!"+%'%<T<9%G!1,+%1'%&$*+)#$!)+%&+11J+&$M$0$!%
*$#3"','%/+"/+)&$0!1'"*+),+%'11'%&$"+2$!)+%&$%'//1$0'2$!)+%
&+11J'2$!)+%#$#*$0'Y
L+,,'%+00+),"$0$,F%e%'##3),'%0!#,'),+T%/+"%+),$,F%+%&$"+2$!)+T%#3%
,3,,$%(1$%!"$22!),'*+),$l

[. 89T%/3),!%@Y;Y:

D!&+11'2$!)+%&+11+%'2$!)$%
8Y%K00+),"$0$,F%'00$&+),'1+

Q'"$'I$1$,F%#/'2$'1+%&+1%*!,!%#$#*$0!B

C U+%!)&+%#$#*$0?+%#$%/"!/'(')!%0!)%G+1!0$,F%+1+G','%
*'%)!)%$)M$)$,'o%O3$)&$%"'(($3)(!)!%/3),$%&$G+"#$%
&+11J+&$M$0$!%$)%$#,'),$%&$G+"#$%E#M'#'*+),!%&+11+%
'00+1+"'2$!)$H

U'%)!"*',$G'%)+1%0'/$,!1!%\%/"+0$#'B
C L+(1$%+MM+,,$%#!/"'%$)&$0',$%&!G"F%,+)+"#$%0!),!%O3')&!%+##$%

/!##!)!%+##+"+%#$()$M$0',$G$%+%$)%!()$%0'#!%O3')&!%1+%0!)&$2$!)$%
&$%#!,,!#3!1!%#$')!%0!#m%G'"$'I$1$%13)(!%1!%#G$13//!%&+11J!/+"'%&'%
"$0?$+&+"+%1J3#!%&$%'00+1+"!("'**$%!%&$%#/+,,"$%&$%"$#/!#,'%
&$G+"#$

[. %<5T%/3),!%\Y;Y9Y8 [. 89T%/3),!%\Y;Y]Y8

N3$)&$%/"!I1+*'%$*/!",'),+%#!1!%/+"%#,"3,,3"+%&$%&$*+)#$!)$%+1+G',+%
E'&%+#+*/$!%G$'&!,,$H%!%0!)%#!,,!#3!1!%M!",+*+),+%G'"$'I$1+

D!&+11'2$!)+%&+11+%'2$!)$%
8Y%K00+),"$0$,F%'00$&+),'1+

d)0+",+22+B

C d)0+",+22+%)+11'%1!0'1$22'2$!)+%&+11+%*'##+

C d)0+",+22+%"+1',$G+%'&%'1,"$%/!##$I$1$%+MM+,,$%
3#3'1*+),+%,"'#03"',$
A =&%+#+*/$!T%G'"$'2$!)+%&$%"$($&+22'%)+$%/$1'#,"$%$)%0Y'Y%/+"%
+MM+,,!%&+11!%#M!"2!%)!"*'1+T%0?+%/3n%/"!G!0'"+%
&$##$**+,"$+%')0?+%$)%#,"3,,3"+%#$**+,"$0?+%'%0'3#'%&+11'%
0!),+*/!"')+'%/"+#+)2'%&$%*!,!%$)%&3+%&$"+2$!)$



4

d)0+",+22+%)+11'%1!0'1$22'2$!)+%
&+11+%*'##+

UJ'1$O3!,'%&$%0'"$0?$%G'"$'I$1$%/"+#+),+%$)%!00'#$!)+%
&+1%#$#*'%/!,"+II+%)!)%+##+"+%3)$M!"*+*+),+%
&$#,"$I3$,'%)+11J+&$M$0$!

K&$M$0$!

ψ; OR

 D
!//3"+

K&$M$0$!

OR

 D

d1%0+),"!%&$%*'##'%&+G+%O3$)&$%+##+"+%#/!#,',!%&$%
3)'%O3'),$,F%&+,,'%k+00+),"$0$,F%'00$&+),'1+l

U ψ; U

K00+),"$0$,F%'00$&+),'1+
-+"0?j%$1%9p%P

4+%#$%'//1$0'%$1%0'"$0!%G'"$'I$1+%*'##$*!%#3%3)J'"+'%
/'"$%'%ψ; X%'"+'%,!,'1+%#$%!,,$+)+%3)J+00+),"$0$,F%
)+,,'*+),+%*$)!"+

+'8 _%<Y<;8%U8 +'; _%<Y<;8%U; +'8 _%<Y<89%U8
+'; _%<Y<89%U;

d1%G'1!"+%<Y<9%e%*'(($!"+T%/+"%,+)+"%0!),!%&$B

C '*/1$M$0'2$!)+%&+11'%"!,'2$!)+%/+"%+MM+,,$%&$)'*$0$

C "!,'2$!)+%/+"%1!%#M'#'*+),!%&+11J!)&'%#$#*$0'%&'%3)%+#,"+*!%
'11J'1,"!%&+11J+&$M$0$!

K00+),"$0$,F%'00$&+),'1+

 DU8 <Y<9%U8

[. %<5T%/3),!%@Y;Y:

 DU8

U;

<Y<9%U;

=3*+),')!T%
&$%*!1,!T%1+%
0!*I$)'2$!)$%
&$%0'"$0!

K00+),"$0$,F%'00$&+),'1+
 !*+%,+)+")+%0!),!P

KMM+,,3')&!%/$h%G!1,+%1J')'1$#$%*!&'1+T%0!)#$&+"')&!%
$1%0+),"!%&$%*'##'%#/!#,',!%&$%3)'%O3'),$,F%/'"$%'%%+'

 !)#$&+"')&!%1+%M!"2+%#,',$0?+%'//1$0',+%'1%0+),"!%
&$%*'##'%#/!#,',!%&$%3)'%O3'),$,F%/'"$%'%%+'

!//3"+

 !)#$&+"')&!%1J+MM+,,!%&$%0!//$+%/'"$%'11+%M!"2+%
#,',$0?+%/+"%1J+00+),"$0$,F%%+'

!GG+"!

K00+),"$0$,F%'00$&+),'1+
 !*+%,+)+")+%0!),!P

-"+M+"$#0!%O3+#,'%$*/!#,'2$!)+%/+"0?j%0!#mB

C "$&30!%$1%)3*+"!%&$%#0?+*$%I'#+%&$%0'10!1!%&'%
0!),"!11'"+

C ($3&$0!%/$h%M'0$1*+),+%1J+MM+,,!%&+11'%+00+),"$0$,F%
'00$&+),'1+

C +G$,!%&$%'00+),3'")+%1J+MM+,,!%E1J+00+),"$0$,F%+' e%
($F%'*/1$M$0','%/+"%,+)+"%0!),!%&$%+MM+,,$%&$)'*$0$H

 !)#$&+"')&!%1J+MM+,,!%&$%0!//$+%/'"$%'11+%M!"2+%
#,',$0?+%/+"%1J+00+),"$0$,F%%+'

 !)#$&+"'2$!)$%
#311J+00+),"$0$,F%'00$&+),'1+

UJ+00+),"$0$,F%'00$&+),'1+%&!G"+II+%&$/+)&+"+%&'1%
"'//!",!%0'"$0?$%G'"$'I$1$%a%0'"$0?$%/+"*')+),$
+%O3$)&$%+##+"+%1+(','%'11'%,$/!1!($'%#,"3,,3"'1+%+%
'11'%&+#,$)'2$!)+%&J3#!

U'%)!"*'%M!")$#0+%3)'%$)&$0'2$!)+%#+*/1$0+%/+"%,+)+"%
0!),!%&+(1$%+MM+,,$%&+11J+00+),"$0$,F%'00$&+),'1+B

'*/1$M$0'"+%/+"
U

X
:<8 .+ X%&$#,')2'%&'% D

X_Ua;%%% 8Y\<

d)%(+)+"+%*!1,!%0'3,+1',$G!
[!)%0!""+,,!%/+"%+&$M$0$%&+M!"*'I$1$%,!"#$!)'1*+),+



5

D!&+11'2$!)+%&+11+%'2$!)$
;Y  !*I$)'2$!)+%&+11+%0!*/!)+),$

U+%0!*/!)+),$%!"$22!),'1$%+%G+",$0'1$%&+1%#$#*'%
'($#0!)!%#$*31,')+'*+),+

 "$,+"$!%(+)+"'1+B

4!**'"+

C (1$%+MM+,,$%*'##$*$%&$%3)'%0!*/!)+),+%&+11J'2$!)+%

C $1%\<p%&+$%*'##$*$%/"!&!,,$%&'11+%'1,"+%0!*/!)+),$

K##+%/+"n%)!)%#!)!%0!""+1',+
E$%*'##$*$%#$%"'(($3)(!)!%$)%$#,'),$%&$G+"#$H

 !*+%0!*I$)'"1+P

D!&+11'2$!)+%&+11+%'2$!)$
;Y  !*I$)'2$!)+%&+11+%0!*/!)+),$

 "$,+"$!%(+)+"'1+B

4!**'"+

C (1$%+MM+,,$%*'##$*$%&$%3)'%0!*/!)+),+%&+11J'2$!)+%

C $1%\<p%&+$%*'##$*$%/"!&!,,$%&'11+%'1,"+%0!*/!)+),$

K 5%+%[. 8\%0!)#$&+"')!%O3+#,'%0!*+%3)'%/!##$I$1+%
'1,+")',$G'T%*'%#3((+"$#0!)!%')0?+B

 !*I$)'"+%(1$%+MM+,,$%0!*+%4f44 ;
2

;
q

;
X KKK ++

K#+*/$!B%#$#*'%/"+G'1+),+%X% 2qX K\Y<K\Y<K ++

-3n%')&'"%I+)+%O3')&!%G$%e%3)'%#!1'%0'"',,+"$#,$0'%&$%#!11+0$,'2$!)+%E,"'G$H

d*/"!/!)$I$1+%O3')&!%G$%#!)!%/$h%0'"',,+"$#,$0?+%&$%#!11+0$,'2$!)+%E/$1'#,"$H

[. 89T%/3),!%@Y\Y9[. %<5T%/3),!%@Y\Y9

 !*/!)+),+%G+",$0'1+

4+%)+%,$+)+%0!),!%#!1!%/+"B

A K1+*+),$%0!)%130+%*'(($!"+%&$%;<%*

A 4!1'$%/"+0!*/"+##$%&$%130+%#3/+"$!"+%'%5%*

A 4I'12$%&$%130+%#3/+"$!"+%'%]%*

A K1+*+),$%#/$)(+),$

A -$1'#,"$%$)%M'1#!

A K&$M$0$%0!)%/$')$%#!#/+#$

[. %<5T%/3),!%@Y;Y8 [. 89T%/3),!%@Y;Y;

 !*/!)+),+%G+",$0'1+
0!)#$&+"'2$!)$

C UJ'00+1+"'2$!)+%#/+,,"'1+%&$/+)&+%&'1%/+"$!&!%+%
&'11'%2!)'%#$#*$0'

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0

 !)%1+%$)&$0'2$!)$%&+11+%[. <5T%
+%O_8Y9T%1'%*'##$*'%'*/1$M$0'2$!)+%
e%*!&+#,'%+%#$%"$&30+%"'/$&'*+),+%
'1%0"+#0+"+%&+1%/+"$!&!

('c\98c (!G /.=

4& /+"%'00+1+"'2$!)+%
G+",$0'1+

4& /+"%'00+1+"'2$!)+%
!"$22!),'1+ O%_%\Y7

O%_%9Y59

 !*/!)+),$%!"$22!),'1$
/+"%1+%,"'G$

=2$!)+%$)%3)'%&$"+2$!)+%/$h%\<p%&$%'2$!)+%)+11J'1,"'

+&$M$0$!

cX

D%_%;\<%R[*

+&$M$0$!

cq

D%_%9<%R[*

0'3#',!%&'11'%
"!,'2$!)+

R[*;]9

9<\<;\<D&

=

=×+= .

 !*/!)+),$%!"$22!),'1$
/+"%$%/$1'#,"$

4,+##!%0"$,+"$!T
*'%!00!""+%,+)+"%0!),!
&+11'%&$"+2$!)+%&+1%#$#*'%/"+G'1+),+

+&$M$0$!

cq

Dq _%%%9<%R[*
0'3#',!%&'11'%
"!,'2$!)+

DX _%8<9%R[*

+&$M$0$!

cX

Dq _%;5<%R[*

DX _%%%]9%R[*
0'3#',!%&'11'%
"!,'2$!)+

DX

Dq

/$1'#,"!



6

 !*/!)+),$%!"$22!),'1$
/+"%$%/$1'#,"$

4,+##!%0"$,+"$!T
*'%!00!""+%,+)+"%0!),!
&+11'%&$"+2$!)+%&+1%#$#*'%/"+G'1+),+

+&$M$0$!

cq

Dq _%%%9<%R[*
0'3#',!%&'11'%
"!,'2$!)+

DX _%8<9%R[*

+&$M$0$!

cX

Dq _%;5<%R[*

DX _%%%]9%R[*
0'3#',!%&'11'%
"!,'2$!)+

4$#*'%/"+G'1+),+%
$)%&$"+2$!)+%X

R[*;79

9<\<;5<D q&

=

=×+= .
,

R[*@@

8<9\<]9D X&

=

=×+= .
,

Q+"$M$0'%'%/"+##!6
M1+##$!)+%&+G$','

 !*/!)+),$%!"$22!),'1$
/+"%$%/$1'#,"$

4,+##!%0"$,+"$!T
*'%!00!""+%,+)+"%0!),!
&+11'%&$"+2$!)+%&+1%#$#*'%/"+G'1+),+

+&$M$0$!

cq

Dq _%%%9<%R[*
0'3#',!%&'11'%
"!,'2$!)+

DX _%8<9%R[*

+&$M$0$!

cX

Dq _%;5<%R[*

DX _%%%]9%R[*
0'3#',!%&'11'%
"!,'2$!)+

4$#*'%/"+G'1+),+%
$)%&$"+2$!)+%q

R[*8\]

;5<\<9<D q&

=

=×+= .
,

R[*887

]9\<8<9D X&

=

=×+= .
,

Q+"$M$0'%'%/"+##!6
M1+##$!)+%&+G$','

 !*/!)+),$%!"$22!),'1$
/+"%$%/$1'#,"$

[!,'B

=11!%4UVT%1'%/"+##!M1+##$!)+%&+G$','%e%*!1,!%*+)!%
("'G!#'%0?+%'11+%.=

4+%1'%#,"3,,3"'%e%I+)%&$*+)#$!)','T%0$!e%?'%"!,'2$!)$%
)!)%+1+G',+T%#$%/3n%/"!(+,,'"+%'%/"+##!M1+##$!)+%
"+,,'T%#+/'"','*+),+%/+"%1+%&3+%&$"+2$!)$T%
*'),+)+)&!#$%'//+)'%$)%'II!)&')2'

U'%G+"$M$0'%'%/"+##!M1+##$!)+%&+G$','%#'"F%
'II'#,')2'%M'0$1*+),+%#!&&$#M',,'



1

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

 !"#$%%&'(")&*+&$($
,$"!&')$)-!'%&.')/$00')-!"#$%%'1&"*$)+%!2%%2!'0$

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

3-"0$%"
456)$)78579)'-!&0$):;79

<2!$0&")=>$!+&

;4)? @"(A&*'1&"*&)/&).'!&.")$).'!&.>&)/')."*+&/$!'!$

<*'0&+&)+%!2%%2!'0$

B$0)-'++'%"C

D @'!&.>&)E$!%&.'0&F)."0)0"!")E'0"!$)('++&("
#GHIG +$)+&)2+')&0)($%"/")/$00$)%$*+&"*&)'((&++&A&0&

D J"!1$)&*)/&!$1&"*$)KF)."*)'*'0&+&)+%'%&.')")("/'0$L
('++$)E'02%'%$)."*)#GH+ IG

D J"!1$)&*)/&!$1&"*$)M

N##&F)*$.$++&%O)/&C

D P&+%&*#2$!$)%!').'!&.>&)E$!%&.'0&)&*)'++$*1')/&)+&+(')
Q('##&"!&R)$)&*)-!$+$*1')/&)+&+(')Q(&*"!&R

D ,$*$!)."*%")/$00S$..$*%!&.&%O)'..&/$*%'0$)

D @"(A&*'!$)0S$TT$%%")/$00$)/&E$!+$)."(-"*$*%&)/$0)
+&+('

U"/$00'1&"*$)/$00$)'1&"*&

7V N.."!!$)%$*$!)."*%")/$00$)&*.$!%$11$)!$0'%&E$)
'00')$TT$%%&E')-"+&1&"*$)/$0).$*%!")/&)('++'
Q&).'!&.>&)E'!&'A&0&)-"++"*")$++$!$)/&+%!&A2&%&
&*)('*&$!')*"*)2*&T"!($R

→ $..$*%!&.&%O)'..&/$*%'0$

:V N.."!!$)%$*$!)."*%")/$00S$TT$%%")."*%$(-"!'*$")
/$00$)/&E$!+$)."(-"*$*%&)/$00S'1&"*$)+&+(&.'

→ .!&%$!&)/&)."(A&*'1&"*$
/$00$)."(-"*$*%&

 !"A0$(&)."*.$%%2'0($*%$)#&2+%&F
(').>$)."(-0&.'*")*"%$E"0($*%$)&0).'0."0"

@"*+$#2$*1$)-$!)0S'*'0&+&)+%!2%%2!'0$

B$0)-'++'%"C

D @'!&.>&)E$!%&.'0&F)."0)0"!")E'0"!$)('++&("
#GHIG +$)+&)2+')&0)($%"/")/$00$)%$*+&"*&)'((&++&A&0&

D J"!1$)&*)/&!$1&"*$)KF)."*)'*'0&+&)+%'%&.')")("/'0$L
('++$)E'02%'%$)."*)#GH+ IG

D J"!1$)&*)/&!$1&"*$)M

W2&*/&C

D X)+.>$(&)A'+$

D /')."(A&*'!$)&*)Y)+.>$(&
? I)± JK

? I)± JM

@"*+$#2$*1$)-$!)0S'*'0&+&)+%!2%%2!'0$

N##&F)*$.$++&%O)/&C

D P&+%&*#2$!$)%!').'!&.>&)E$!%&.'0&)&*)'++$*1')/&)+&+(')
Q('##&"!&R)$)&*)-!$+$*1')/&)+&+(')Q(&*"!&R

D ,$*$!)."*%")/$00S$..$*%!&.&%O)'..&/$*%'0$)

D @"(A&*'!$)0S$TT$%%")/$00$)/&E$!+$)."(-"*$*%&)/$0)
+&+('

W2&*/&C

D Z*)*2($!")/&)+.>$(&)/').'0."0'!$)("0%")-&[)'0%"

W2'*%&\

W2'*%$)."(A&*'1&"*&)/&).'!&."\

]*)'++$*1')/&)+&+('C

D +.>$(')A'+$F)."0).'!&.")E$!%&.'0$)('++&(")Q#/ H)I/R)
+2)%2%%$)0$).'(-'%$)/&)%!'E$

D $E$*%2'0&)'0%!&)+.>$(&)."0).'!&.")E'!&'A&0$)')
+.'..>&$!'
B"%'C)0S$TT$%%")/$0).'!&.")E'!&'A&0$)')+.'..>&$!')-2^)$++$!$)
+%&('%")&*)('*&$!')'--!"++&('%'

@"*)0$)E$..>&$)*"!($)0S$TT$%%")/$&)+"0&).'!&.>&)
E$!%&.'0&)$!')."(-!$+")%!')&)E'0"!&)/"E2%&)')I)± J

N!')&*E$.$)*"F)-$!.>_)&*)-!$+$*1')/&)+&+(')&).'!&.>&)
E$!%&.'0&)+"*")!&/"%%&



2

W2'*%$)."(A&*'1&"*&)/&).'!&."\

]*)-!$+$*1')/&)+&+('C

D .'!&.")E$!%&.'0$)."*)E'0"!$)!&/"%%")Q#G H)ψ: IGR)+2)
%2%%$)0$).'(-'%$)/&)%!'E$

D T"!1$)+&+(&.>$)Q+%'%&.>$)")("/'0&R)&*)/&!$1&"*$)K)`)M

D E$!+")/$00$)T"!1$)+&+(&.>$C)-"+&%&E")`)*$#'%&E"

D $..$*%!&.&%O)'..&/$*%'0$C)-"+&%&E')`)*$#'%&E'

7

:

Y

4

D T"!1$)&*)2*')/&!$1&"*$)-&[);VX)T"!1$)*$00S'0%!')
/&!$1&"*$F)-!$+$)."0)+$#*"C)-"+&%&E")`)*$#'%&E")

79

D $..$*%!&.&%O)*$00S'0%!')/&!$1&"*$C)-"+&%&E')`)*$#'%&E')X:

<1&"*$)+&+(&.'
-!&*.&-'0$

+$#*" $..$*%!&.&%O <1&"*$)+&+(&.')+$."*/'!&' $..$*%!&.&%O B° ."(AV

aK

H

H)$M
H);VX)aM

H)$K 7
− $K :

− ;VX)aM
H)$K X
− $K Y

− $M
H);VX)aM

H)$K 8
− $K 9

− ;VX)aM
H)$K b
− $K 4

−

H)$M
H);VX)aM

H)$K 6
− $K 7;

− ;VX)aM
H)$K 77
− $K 7:

− $M
H);VX)aM

H)$K 7X
− $K 7Y

− ;VX)aM
H)$K 78
− $K 79

aM

H

H)$K
H);VX)aK

H)$M 7b
− $M 74

− ;VX)aK
H)$M 76
− $M :;

− $K
H);VX)aK

H)$M :7
− $M ::

− ;VX)aK
H)$M :X
− $M :Y

−

H)$K
H);VX)aK

H)$M :8
− $M :9

− ;VX)aK
H)$M :b
− $M :4

− $K

H);VX)aK
H)$M :6
− $M X;

− ;VX)aK
H)$M X7

− $M X:

,'*%$)."(A&*'1&"*&)/&).'!&."VVV
@"($)#$+%&!0$\

c&+20%'%&)/$%%'#0&'%&)-$!)%2%%$)0$)."(A&*'1&"*&)/&)
.'!&."\

Z*')("*%'#*')/&)E'0"!&)Q$)/&).'!%'R).>$)*$++2*")'E!O)
('&)&0)."!'##&")/&)$+'(&*'!$
Q&*"0%!$C).>$)+$*+")>')-$!)($)#&2/&.'!$)0S$TT$%%")/&F)'/)$+$(-&"F)
I)? JK H)$'M 5;VX)JM ?$'K \R

]*E&02--")/$&)!&+20%'%&)/&)%2%%$)0$)."(A&*'1&"*&)/&)
.'!&."\

U&)/&.$)+"0")+$)0')E$!&T&.')d)+"//&+T'%%')")*"L
(')."($).'-&!$)&0)."(-"!%'($*%")/$00')+%!2%%2!'\

,'*%$)."(A&*'1&"*&)/&).'!&."VVV
@"($)#$+%&!0$\

c&+20%'%&)/$%%'#0&'%&)/$#0&)+.>$(&)A'+$F)-&[)&*E&02--")
/$&)!&+20%'%&)/&)%2%%$)0$)."(A&*'1&"*&)/&).'!&."\

P'&)!&+20%'%&)/&).&'+.2*")+.>$(')A'+$)-"++").'-&!$)&0)
."(-"!%'($*%")/$00')+%!2%%2!'

eS&*E&02--")(&)T"!*&+.$)&0)#&2/&1&")."(-0$++&E"

3.>$(&)A'+$
+2##$!&%&C

7V .'!&.>&)E$!%&.'0&)('K)Q+$*1')+&+('R

:V .'!&.>&)E$!%&.'0&)(&*)Q."*)+&+('R

XV T"!1$)&*)/&!$1&"*$)K)Q+%'%&.>$)")("/'0&R

YV T"!1$)&*)/&!$1&"*$)M)Q+%'%&.>$)")("/'0&R

8V $..$*%!&.&%O)'..&/$*%'0$)-$!)T"!1$)&*)/&!V)K

9V $..$*%!&.&%O)'..&/$*%'0$)-$!)T"!1$)&*)/&!V)M
."--&$)Q+%'%&.>$R))⇐

 !".$++")-!"#$%%2'0$

7V @"*.$1&"*$)#$*$!'0$)/$00')+%!2%%2!'F)*$0)!&+-$%%")
/&)-!&*.&-&)A'+$)/&)A2"*')-!"#$%%'1&"*$

:V ](-"+%'1&"*$)/$00').'!-$*%$!&')/$00S$/&T&.&"

XV P&($*+&"*'($*%")/$00$)+$1&"*&)$)E$!&T&.')/&)
('++&(')/$00')+%!2%%2!'

YV <*'0&+&)+%!2%%2!'0$)/$%%'#0&'%')$)E$!&T&.')/$0)
."(-"!%'($*%")/$00')+%!2%%2!'

8V P$T&*&1&"*$)/$00$)'!('%2!$)$/)$0'A"!'%&)#!'T&.&

√

√

√

YV)<*'0&+&)+%!2%%2!'0$C)T'+&)/&)0'E"!"

YV7V P$T&*&1&"*$)/$&).'!&.>&)2*&%'!&

YV:V f'02%'1&"*$)dei carichi sulle travi

YVXV f'02%'1&"*$)/$00$)('++$)/&)-&'*"

YVYV f'02%'1&"*$)/$00$)T"!1$)"!&11"*%'0&)Q*$0).'+")/&)
'*'0&+&)+%'%&.'R)$)/$00$)$..$*%!&.&%O

YV8V P$T&*&1&"*$)/$0)("/$00")/$00')+%!2%%2!'

YV9V c&+"021&"*$)/$#0&)+.>$(&)A'+$



3

YV7V)@'!&.>&)2*&%'!&

@'!&.>&)-$!('*$*%&)+%!2%%2!'0&)$)*"*
Z*S&**"E'1&"*$)/$00')*"!('%&E'

P&+%&*1&"*$)%!'C

D @'!&.>&)-$!('*$*%&)+%!2%%2!'0&)#7
D @'!&.>&)-$!('*$*%&)*"*)+%!2%%2!'0&)#:

Z#2'0$)%!'%%'($*%")-$!C

D @'!&.>&)-$!('*$*%&)+%!2%%2!'0&

D @'!&.>&)-$!('*$*%&)*"*)+%!2%%2!'0&
(')."(-&2%'($*%$)/$T&*&%&

NTC08, punto 2.5.1.3
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Impalcato tipo

Tipo carico Q.ta Peso (kN)
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-$')!
.'(1$!%
(1!B'1+%
N_]O

.'(1$!%
/$1'#,"!%
N_]O

\!*+),!%
/$1'#,"!%
N_]*O

\!*+),!%
,"'J+%
N_]*O

9%% 9K7C: K;CH :`C: HHC5

K%% 7:5C; `KC9 887C; 7HCK

H%% 8;59CH 75C7 895C; 8H5C`

;%% 89<<C7 889C9 85KC` 8`8C9

8%%,+#,' 897HC5 8;;C: 8`:C9 85<C:

/$+&+ ;:KC5

4!11+0$,'2$!)$%/+"%G!"2+%$)%&$"+2$!)+%V
#+)2'%$)0"+*+),!%/+"%"!,'2$!)+

.'(1$!%/"+J$#,!%+%,'(1$!%*'##$*!%"$#0!),"',!D%/+"%
/$1'#,"$%'113)(',$%$)%V

-$')!
.'(1$!%
/"+J$#,!%
N_]O

.'(1$!%
*'V
N_]O

9%% K;CH H7C8;

K%% `KC9 :7CK8

H%% 75C7 7;C<`

;%% 889C9 8<5C7H

8%% 8;;C: 888C85

E1%,'(1$!%*'##$*!%f%
'BB'#,')2'%3)$G!"*+

]!,'L
)+$%/$1'#,"$%&$%+#,"+*$,P
$1%,'(1$!%f%*$)!"+
N0$"0'%$1%9<[%'$%/$')$%#3/+"$!"$D%
$1%`9[%'1%/$+&+%&+1%E%!"&$)+O

E%J'1!"$%#!)!%1+((+"*+),+%
*$)!"$%"$#/+,,!%'11+%
/"+J$#$!)$

]!,'L%$%J'1!"$%&+J!)!%+##+"+%'3*+),',$%&+1%"'//!",!%<C8H8a<C887%N0$"0'%88[O

4!11+0$,'2$!)$%/+"%G!"2+%$)%&$"+2$!)+%V
#+)2'%$)0"+*+),!%/+"%"!,'2$!)+

-$1'#,"$%'113)(',$%$)%c3+#,'%&$"+2$!)+

-$')!
\!*+),!%
/"+J$#,!%
N_]*O

\!*+),!%
*'V
N_]*O

9%% :`C: `<C7H

K%% 887C; 8;;C`9

H%% 895C; 899C7H

;%% 85KC` 8`9C<H

8%%,+#,' 8`:C9 89HCK9

/$+&+ ;:KC5 ;K:C`5

E1%*!*+),!%*'##$*!%f%
'BB'#,')2'%3)$G!"*+

]!,'L
)+$%/$1'#,"$%&$%+#,"+*$,P%$1%
*!*+),!%f%*$)!"+%N0$"0'%$1
9<6:<[%'$%/$')$%#3/+"$!"$D
1F59[%'1%/$+&+%&+1%E%!"&$)+O

E%J'1!"$%0!""$#/!)&!)!%'11+%
/"+J$#$!)$%'$%/$')$%#3/+"$!"$D
#!)!%'BB'#,')2'%/$d%/$00!1$
'%c3+11$%$)G+"$!"$

4!11+0$,'2$!)$%/+"%G!"2+%$)%&$"+2$!)+%V
#+)2'%$)0"+*+),!%/+"%"!,'2$!)+

."'J$%+*+"(+),$%&+$%,+1'$%$)%&$"+2$!)+%V

-$')!
\!*+),!%
/"+J$#,!%
N_]*O

\!*+),!%
*'V
N_]*O

9%% HHC5 H`C9`

K%% 7HCK 7<C<<

H%% 8H5C` 8HHC::

;%% 8`8C9 8::C`:

8 85<C: 8`KC:5

E1%*!*+),!%*'##$*!%f%
'BB'#,')2'%3)$G!"*+D
#$'%0!*+%&$#,"$B32$!)+%$)%/$'),'%
0?+%$)%B'#+%'11'%/!#$2$!)+%)+1%
,+1'$!%N$)013#+%0'*/',+%&$%
+#,"+*$,PO

E%J'1!"$%0!""$#/!)&!)!
B+)+%'11+%/"+J$#$!)$
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-+"$!&!%/"!/"$!%&+11'%#,"3,,3"'
N&$"+2$!)+%WO

=//1$0')&!%1'%G!"*31'%&$%A'W1+$(?

#$%,"!J'

.W ^%<C99;%#

 

 

=

=π= ]

8$
W$W$

]

8$

;
W$$

W

3Q

3*
;.

e3'#$%$&+),$0!%'11F'1,"'%&$"+2$!)+

4$%?'%')0?+%/+"%c3+#,'%&$"+2$!)+%3)%$)0"+*+),!%
&+11F'00+1+"'2$!)+%&$%0$"0'%1F88[

4!11+0$,'2$!)$%/+"%G!"2+%$)%&$"+2$!)+%W
#+)2'%$)0"+*+),!%/+"%"!,'2$!)+

-$1'#,"$%'113)(',$%$)%c3+#,'%&$"+2$!)+

-$')!
.'(1$!%
/"+J$#,!%
N_]O

.'(1$!%
*'VD #$)
N_]O

.'(1$!%
*'VD &+#
N_]O

9%% K;CH ;`CH8 KKC7H

K%% `KC9 9<C7H 5;C59

H%% 75C7 :5C;K 88;C;`

;%% 889C9 5<C9; 8H9C5H

8%% 8;;C: 57C57 8;;C79

E1%,'(1$!%J'"$'%$)
B'#+%'11'%/!#$2$!)+%$)%
/$'),'%'%0'3#'%&+11'%
"!,'2$!)+
E%J'1!"$%*'##$*$%#!)!%
1+((+"*+),+%
*'(($!"$%"$#/+,,!
'11+%/"+J$#$!)$D%
,"'))+%'1%E%!"&$)+
N9689[%'%#+0!)&'%&+$%/$')$O

]!,'L%$%J'1!"$%&+J!)!%+##+"+%'3*+),',$%&+1%"'//!",!%<C8H8a<C887%N0$"0'%88[O

4!11+0$,'2$!)$
/+"%G!"2+%$)%&$"+2$!)+%W

-$1'#,"$%'113)(',$%$)%c3+#,'%&$"+2$!)+

-$')!
\!*+),!%
/"+J$#,!%
N_]*O

\!*+),!%
*'VD #$)
N_]*O

\!*+),!%
*'VD &+#
N_]*O

9%% :`C: 9<C;: 5;C;7

K%% 887C; 7<C7< 8K`C8K

H%% 895C; 88:C85 87<C8;

;%% 85KC` 8H8C89 ;;<C57

8 ,+#,' 8`:C9 8;9C:7 8:9CH9

/$+&+ ;:KC5 87`C78 ;``C;`

E1%*!*+),!%J'"$'%$)%
B'#+%'11'%/!#$2$!)+%$)%
/$'),'%'%0'3#'%&+11'%
"!,'2$!)+

E%J'1!"$%*'##$*$%#!)!%
1+((+"*+),+%
*'(($!"$ "$#/+,,!
'11+%/"+J$#$!)$
N896;<[%'%#+0!)&'%&+$%/$')$D%
&$%*+)!%'1%8g !"&$)+O

4!11+0$,'2$!)$
/+"%G!"2+%$)%&$"+2$!)+%W

."'J$%+*+"(+),$%&+$%,+1'$%$)%&$"+2$!)+%W

-$')!
\!*+),!%
/"+J$#,!%
N_]*O

\!*+),!%
*'VD #$)
N_]*O

\!*+),!%
*'VD &+#
N_]*O

9%% HHC5 ;:CK9 KKCH`

K%% 7HCK :9C5< 888C5<

H%% 8H5C` 79C`8 8::C88

;%% 8`8C9 887CH: ;<9CK7

8%% 85<C: 8H<C57 ;8;C<:

E1%*!*+),!%J'"$'%$)%
B'#+%'11'%/!#$2$!)+%$)%
/$'),'%'%0'3#'%&+11'%
"!,'2$!)+

E%J'1!"$%*'##$*$%#!)!%
1+((+"*+),+%
*'(($!"$ "$#/+,,!
'11+%/"+J$#$!)$
N896;<[%'%#+0!)&'%&+$%/$')$O

I$#03##$!)+%&+$%"$#31,',$L
')'1$#$%*!&'1+

S)%*'"+%&$%)3*+"$C% !*+%)!)%/+"&+"#$T
=)'1$#$%*!&'1+

R U#'*$)'"+%1+%&+G!"*',+%*!&'1$%N$)&$/+)&+),+*+),+%
&'11'%&$"+2$!)+%&+1%#$#*'O
@ #!)!%&$#'00!//$',+%!//3"+%'00!//$',+T

R U#'*$)'"+%1+%*'##+%/'",+0$/'),$%N/+"%0$'#03)'%
&$"+2$!)+%&+1%#$#*'O%/+"%J+&+"+%c3'1$%*!&$%&'))!%
*'(($!"%0!),"$B3,!
@ /"+J'1+%3)%#!1!%*!&!D%!%/$d%&$%3)!T

R U#'*$)'"+%$%/+"$!&$%&+$%*!&$%/"+&!*$)'),$
@ 0!""$#/!)&!)!%'11+%/"+J$#$!)$%!%)!T
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S)%*'"+%&$%)3*+"$C% !*+%)!)%/+"&+"#$T
=)'1$#$%*!&'1+

R U#'*$)'"+%1F$)J$13//!%&+11+%&+G!"*',+%*!&'1$D%/+"%1+%
&3+%&$"+2$!)$%&+1%#$#*'
@ #/!#,'*+),$%')'1!(?$%)+11+%&3+%&$"+2$!)$%!%*!1,!%
&$J+"#$T

@ #!1!%,"'#1'2$!)+D%"!,'2$!)+%&+11F$*/'10',!%*!&+#,'%
!//3"+%G!",+T

R U#'*$)'"+%$%*!*+),$%*'##$*$%)+$%/$1'#,"$%+%)+11+%
,"'J$
@ "$#/+,,')!%1+%/"+J$#$!)$%!%)!T

I+G!"*',+%*!&'1$

\!&!%8 .%^%<C95;%# \!&!%; .%^%<C99H%# \!&!%H .%^%<CK:H%#

\!&!%K .%^%<C85H%# \!&!%9 .%^%<C8``%# \!&!%: .%^%<C8K5%#

I+G!"*',+%*!&'1$

E1%*!&!%;%f%#!#,')2$'1*+),+%
&$%,"'#1'2$!)+%#+0!)&!%V

E%*!&$%8%+%H%#!)!%'00!//$',$%
N,"'#1'2$!)+%#+0!)&!%W%+%
"!,'2$!)+O

\!&!%H .%^%<CK:H%#

\!&!%; .%^%<C99H%#\!&!%8 .%^%<C95;%#

I+G!"*',+%*!&'1$

Z'%#,"3,,3"'%f%,!"#$!)'1*+),+%
"$($&'%/+"0?h%$1%"'//!",!%,"'%
/+"$!&!%,"'#1'2$!)'1+%+%
"!,'2$!)'1+%f%*'(($!"+%&$%8

4'"+BB+%G!",+*+),+%
&+G!"*'B$1+%,!"#$!)'1*+),+%#+%$1%
"'//!",!%G!##+%i%<C5

\!&!%H .%^%<CK:H%#

\!&!%; .%^%<C99H%#\!&!%8 .%^%<C95;%#

I+G!"*',+%*!&'1$

Z'%#,"3,,3"'%f%,!"#$!)'1*+),+%
"$($&'%/+"0?h%$1%"'//!",!%,"'%
/+"$!&!%,"'#1'2$!)'1+%+%
"!,'2$!)'1+%f%*'(($!"+%&$%8

4'"+BB+%G!",+*+),+%
&+G!"*'B$1+%,!"#$!)'1*+),+%#+%$1%
"'//!",!%G!##+%i%<C5

\!&!%H .%^%<CK:H%#

\!&!%; .%^%<C99H%#\!&!%8 .%^%<C95;%#]!,'L%$1%0!)G"!),!%&!J"+BB+%
+##+"+%G',,!%0!)%"$G+"$*+),!%
'$%*!&$%&$#'00!//$',$%N!JJ+"!%
c3+11$%0?+%#$%!,,+)(!)!%
c3')&!% \^ AO

E)%c3+#,!%0'#!%$%&3+%*!&$%V%+%
W%'J"+BB+"!%/+"$!&!%&$%<C99%
#D%c3+11!%"!,'2$!)'1+%&$%<CK79%
#%0$"0'%+&%$1%"'//!",!%
#'"+BB+%8C88

\'##+%/'",+0$/'),$D%#$#*'%V%

E1%*!&!%;%&P%$1%0!),"$B3,!%
*'##$*!

E1%*!&!%9D%&$%,"'#1'2$!)+%V%0!)%
#/!#,'*+),$%)+$%&3+%J+"#$D%&P%
3)%31,+"$!"+%0!),"$B3,!%N5C7[O

\!&!%H .%^%<CK:H%#

\!&!%; .%^%<C99H%#\!&!%8 .%^%<C95;%#

8C5[

<CH[

5KC<[
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\'##+%/'",+0$/'),$D%#$#*'%W%

E%*!&$%8%+%H%&'))!%$1%
0!),"$B3,!%*'##$*!

E1%*!&!%KD%&$%,"'#1'2$!)+%W%+%
"!,'2$!)+%0!)%#/!#,'*+),$%)+$%
&3+%J+"#$D%&P%3)%31,+"$!"+%
0!),"$B3,!%N:C7[O

\!&!%H .%^%<CK:H%#

\!&!%; .%^%<C99H%#\!&!%8 .%^%<C95;%#

:<C7[

;HC<[

;C<[

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

\!&!%H .%^%<CK:H%#

\!&!%; .%^%<C99H%#\!&!%8 .%^%<C95;%#

-+"$!&$%#,$*',$L%<C:88%#

E%/+"$!&$%#!)!%')'1!(?$

Z+%!"&$)',+%#/+,,"'1$%#!)!%
c3$)&$%')'1!(?+

.V ^%<C99H%#

4&%^ <C8;9%( 4&%^ <C8H;%(

4&%^ <C8H5%(
4&%^ <C8H;%(

4&%^ <C8H;%(.W ^%<C99;%#

E)J$13//!%*!&'1+
#$#*'%V

13.06 

12.28 

1.71 
4.10 

E)J$13//!%*!&'1+
#$#*'%W

8.26 

6.52 

7.93 

19.13 

4/!#,'*+),$D%$)J$13//!%*!&'1+

 

4/!#,'*+),$%%
/+"%#$#*'%V%

4 

3 

2 

1 

7.93 mm 

5 19.13 mm 4/!#,'*+),$%
/+"%#$#*'%W%

13.06 mm 

12.28 mm 

5 1 

4/!#,'*+),$D%$)J$13//!%*!&'1+

A!,'2$!)+%)!)%
,"'#03"'B$1+%/+"%#$#*'%
W%N#/!#,'*+),$%&!J3,$%'$%
*!&$%8%+%HO

4/!#,'*+),$%/+"%#$#*'%V%
3)$G!"*$
NJ$0$)$%'%c3+11$%&+1%*!&!%;O

Z'%/'",+%&+#,"'%
')&"+BB+%$""$($&$,'

(1$%#/!#,'*+),$%*'##$*$%/+"%
#$#*'%W%#!)!%*'(($!"$%&$%
0$"0'%$1%9<[%"$#/+,,!%'%
c3+11$%/+"%#$#*'%V

 

4/!#,'*+),$%%
/+"%#$#*'%V%

4 

3 

2 

1 

7.93 mm 

5 19.13 mm 4/!#,'*+),$%
/+"%#$#*'%W%

13.06 mm 

12.28 mm 

5 1 
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4/!#,'*+),$
0!)G"!),!%,"'%')'1$#$%*!&'1+%+%#,',$0'

 

12.63 mm 

13.08 mm 

5 1 

4/!#,'*+),$%
/+"%QV%

 

13.06 mm 

12.28 mm 

5 1 

4/!#,'*+),$%%
/+"%#$#*'%V%

4$#*'%VL%')'1$#$%*!&'1+%@ #/!#,'*+),$%3(3'1$

8HC<:%**

8HC<5%**

')'1$#$%*!&'1+ ')'1$#$%#,',$0'
con incremento per variazione T

4/!#,'*+),$
0!)G"!),!%,"'%')'1$#$%*!&'1+%+%#,',$0'

 

1 

9.94 mm 

5 

16.61 mm 4/!#,'*+),$%/+"%QW%

 

4 

3 

2 

1 

7.93 mm 

5 19.13 mm 4/!#,'*+),$%
/+"%#$#*'%W%

4$#*'%WL%1F')'1$#$%*!&'1+%'00+),3'%1'%"!,'2$!)+

87C8H%** 8:C:8%**

')'1$#$%*!&'1+ ')'1$#$%#,',$0'

1',!%&+#,"!%@ #/!#,'*+),$%*'(($!"$%N;9[O
1',!%#$)$#,"!%@ #/!#,'*+),$%*$)!"$

con incremento per variazione T

4!11+0$,'2$!)$

Telaio 2y Telaio 7y

166.8

22 15 8 5 2 27 20 13

360.5

275.7

4!11+0$,'2$!)$
/+"%#$#*'%$)%&$"+2$!)+%V

-$1'#,"$%'113)(',$%$)%c3+#,'%&$"+2$!)+

-$')!
.'(1$!

=)C%#,',$0'%
N_]O

.'(1$!
=)C%*!&'1+

N_]O

9%% H7C8; K;C`H

K%% :7CK8 `9C58

H%% 7;C<` 8<8C75

;%% 8<5C7H 8;;C<H

8%% 888C85 8;<CH:

E1%,'(1$!%*'##$*!%f%
'BB'#,')2'%3)$G!"*+
 !*+%/+"%1F')'1$#$%#,',$0'D
)+$%/$1'#,"$%&$%+#,"+*$,P%$1%,'(1$!%
f%*$)!"+%N0$"0'%$1%9<[%'$%/$')$%
#3/+"$!"$D%$1%`9[%'1%/$+&+%&+1%E%
!"&$)+O

=)'1$#$%#,',$0'%+%*!&'1+%
G!")$#0!)!%J'1!"$%
#!#,')2$'1*+),+%3(3'1$b88[%/+"

&$GGC%/+"$!&!

4!11+0$,'2$!)$
/+"%#$#*'%$)%&$"+2$!)+%V

-$1'#,"$%'113)(',$%$)%c3+#,'%&$"+2$!)+

-$')!
\!*+),!%=)C%

#,',$0'%
N_]*O

\!*+),!%=)C%
*!&'1+
N_]*O

9%% `<C7H ``C8H

K%% 8;;C`9 8HKCH`

H%% 899C7H 8`HCH<

;%% 8`9C<H 87:CK:

8%,+#,' 89HCK9 8:`CK<

/$+&+ ;K:C`5 ;:9C77

E1%*!*+),!%*'##$*!%f%
'BB'#,')2'%3)$G!"*+
 !*+%/+"%1F')'1$#$%#,',$0'D%
)+$%/$1'#,"$%&$%+#,"+*$,P%$1%
*!*+),!%f%*$)!"+%N0$"0'%$1
9<6:<[%'$%/$')$%#3/+"$!"$D
1F59[%'1%/$+&+%&+1%E%!"&$)+O

=)'1$#$%#,',$0'%+%*!&'1+%
G!")$#0!)!%J'1!"$%
#!#,')2$'1*+),+%3(3'1$

b88[

4!11+0$,'2$!)$
/+"%#$#*'%$)%&$"+2$!)+%V

."'J$%+*+"(+),$%&+$%,+1'$%$)%&$"+2$!)+%V

-$')! \!*+),!%=)C%
#,',$0'%N_]*O

\!*+),!%=)C%
*!&'1+
N_]*O

9%% H`C9` K<C`:

K%% 7<C<< 7`C`8

H%% 8HHC:: 8K:C:8

;%% 8::C`: 85:C``

8 8`KC:5 ;<HC85

E1%*!*+),!%*'##$*!%f%
'BB'#,')2'%3)$G!"*+D
#$'%0!*+%&$#,"$B32$!)+%$)%/$'),'%
0?+%$)%B'#+%'11'%/!#$2$!)+%)+1%
,+1'$!%N$)013#+%0'*/',+%&$%
+#,"+*$,PO

=)'1$#$%#,',$0'%+%*!&'1+%
G!")$#0!)!%J'1!"$%
#!#,')2$'1*+),+%3(3'1$

b88[
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4!11+0$,'2$!)$
/+"%#$#*'%$)%&$"+2$!)+%W%N*'VD%&+#O

-$1'#,"$%'113)(',$%$)%c3+#,'%&$"+2$!)+

E1%,'(1$!%J'"$'%*!1,!%$)%
B'#+%'11'%/!#$2$!)+%$)%
/$'),'D%'%0'3#'%&+11'%
"!,'2$!)+

E%J'1!"$%&+11F')'1$#$%*!&'1+%
#!)!%*'(($!"$%&$%c3+11$%
&+11F')'1$#$%#,',$0'
N&'1%8<%'1%89[%'%#+0!)&'%&+$%/$')$O

-$')!
.'(1$!

=)C%#,',$0'%
N_]O

.'(1$!
=)C%*!&'1+

N_]O

9%% KKC7H 9`C<H

K%% 5;C59 8<9C98

H%% 88;C;` 8K9C<5

;%% 8H9C5H 8``C87

8%% 8;;C79 897C75

b88[

4!11+0$,'2$!)$
/+"%#$#*'%$)%&$"+2$!)+%W%N*'VD%&+#O

-$1'#,"$%'113)(',$%$)%c3+#,'%&$"+2$!)+

E1%*!*+),!%J'"$'%$)%B'#+%
'11'%/!#$2$!)+%$)%/$'),'%'%
0'3#'%&+11'%"!,'2$!)+

E%J'1!"$%&+11F')'1$#$%*!&'1+%
#!)!%*'(($!"$%&$%c3+11$%
&+11F')'1$#$%#,',$0'
N&'1%8<%'1%89[%'%#+0!)&'%&+$%/$')$O

-$')!
\!*+),!%=)C%

#,',$0'%
N_]*O

\!*+),!%=)C%
*!&'1+
N_]*O

9%% 5;C;7 8<HC55

K%% 8K`C8K 85`C7;

H%% 87<C8; ;K:C99

;%% ;;<C57 ;5`C95

8%,+#,' 8:9CH9 ;89C99

/$+&+ ;``C;` H:<CK:

b88[

4!11+0$,'2$!)$
/+"%#$#*'%$)%&$"+2$!)+%W%N*'VD%&+#O

."'J$%+*+"(+),$%&+$%,+1'$%$)%&$"+2$!)+%W

E1%*!*+),!%J'"$'%$)%B'#+%
'11'%/!#$2$!)+%$)%/$'),'%'%
0'3#'%&+11'%"!,'2$!)+

E%J'1!"$%&+11F')'1$#$%*!&'1+%
#!)!%*'(($!"$%&$%c3+11$%
&+11F')'1$#$%#,',$0'
N&'1%8<%'1%89[%'%#+0!)&'%&+$%/$')$O

-$')! \!*+),!%=)C%
#,',$0'%N_]*O

\!*+),!%=)C%
*!&'1+
N_]*O

9%% KKCH` 9:C<H

K%% 888C5< 8K8C<:

H%% 8::C88 ;8;C;:

;%% ;<9CK7 ;:9C`7

8 ;8;C<: ;`9C:`

b88[

4!11+0$,'2$!)$
/+"%#$#*'%$)%&$"+2$!)+%W%N*$)D%#$)O

-$1'#,"$%'113)(',$%$)%c3+#,'%&$"+2$!)+

E1%,'(1$!%J'"$'%*!1,!%$)%
B'#+%'11'%/!#$2$!)+%$)%
/$'),'D%'%0'3#'%&+11'%
"!,'2$!)+

E%J'1!"$%&+11F')'1$#$%*!&'1+%
#!)!%*$)!"$%&$%c3+11$%
&+11F')'1$#$%#,',$0'
N0$"0'%$1%89[O

-$')!
.'(1$!

=)C%#,',$0'%
N_]O

.'(1$!
=)C%*!&'1+

N_]O

9%% ;`CH8 ;KC58

K%% 9<C7H K9C87

H%% :5C;K :8CH<

;%% 5<C9; `HCH8

8%% 57C57 `7C<;

b88[

4!11+0$,'2$!)$
/+"%#$#*'%$)%&$"+2$!)+%W%N*$)D%#$)O

-$1'#,"$%'113)(',$%$)%c3+#,'%&$"+2$!)+

E1%*!*+),!%J'"$'%$)%B'#+%
'11'%/!#$2$!)+%$)%/$'),'%'%
0'3#'%&+11'%"!,'2$!)+

E%J'1!"$%&+11F')'1$#$%*!&'1+%
#!)!%*$)!"$%&$%c3+11$%
&+11F')'1$#$%#,',$0'
N0$"0'%$1%89[O

-$')!
\!*+),!%=)C%

#,',$0'%
N_]*O

\!*+),!%=)C%
*!&'1+
N_]*O

9%% 9<C;: K9C<5

K%% 7<C7< 5<C`8

H%% 88:C85 8<KC::

;%% 8H8C89 887C85

8%,+#,' 8;9C:7 88<C87

/$+&+ 87`C78 8`KCHK

b88[

4!11+0$,'2$!)$
/+"%#$#*'%$)%&$"+2$!)+%W%N*$)D%#$)O

."'J$%+*+"(+),$%&+$%,+1'$%$)%&$"+2$!)+%W

E1%*!*+),!%J'"$'%$)%B'#+%
'11'%/!#$2$!)+%$)%/$'),'%'%
0'3#'%&+11'%"!,'2$!)+

E%J'1!"$%&+11F')'1$#$%*!&'1+%
#!)!%*$)!"$%&$%c3+11$%
&+11F')'1$#$%#,',$0'
N0$"0'%$1%89[O

-$')! \!*+),!%=)C%
#,',$0'%N_]*O

\!*+),!%=)C%
*!&'1+
N_]*O

9%% ;:CK9 ;HC::

K%% :9C5< 95C85

H%% 79C`8 59C<H

;%% 887CH: 8<`C;H

8 8H<C57 88:C:9

b88[



9

 !**+),!

R Z'%#,"3,,3"'D%0!#j%0!*+%f%',,3'1*+),+%&$*+)#$!)','D%
/"+#+),'%3)%0!*/!",'*+),!%"!,'2$!)'1+%)!)%
'00+,,'B$1+%N)+,,'*+),+%)!)%B$1')0$',!OC
=)2$0?h%')&'"+%'J'),$%0!)%$1%#3!%+#'*+D%#$%&!J"+BB+%
G$)%&F!"'%/+)#'"+%'%0!*+%*!&$G$0'"1'%/+"%+1$*$)'"+%
c3+#,!%/"!B1+*'

R 4$%0!),$)3'%'&%+#'*$)'"1'%+&%'%J'13,'"+%1F+GG+,,!%&$%
+00+),"$0$,P%'00$&+),'1+%+%0!*B$)'2$!)+%&+11+%'2$!)$%
)+11+%&3+%&$"+2$!)+%/"$)0$/'1*+),+%'%G$)$%&$&',,$0$D%
*'%')0?+%/+"%+J$&+)2$'"+%0!*+%$1%0!*/!",'*+),!%
)!)%B$1')0$',!%#$'%'(("'J$%&'%c3+#,$%31,+"$!"$%'#/+,,$C

U00+),"$0$,P%'00$&+),'1+

U00+),"$0$,P%'00$&+),'1+
U#'*+%&+$%"$#31,',$

R U#'*$)'"+%/+"%0$'#03)'%&+11+%&3+%&$"+2$!)$%
(1$%#/!#,'*+),$%/"!&!,,$%&'11+%0!//$+%+%0!)G"!),'"1$%
0!)%c3+11$%/"!&!,,$%&'11+%G!"2+
@ 1F+GG+,,!%&+11+%0!//$+%f%1!%#,+##!%'%,3,,$%$%/$')$T
@ 1'%#3'%+),$,P%f%0!*/'"'B$1+%0!)%c3'),!%/"+J$#,!T

R U#'*$)'"+%$%*!*+),$%*'##$*$%)+$%/$1'#,"$%+%)+11+%,"'J$%
+%0!)G"!),'"1$%0!)%c3+11$%/"!&!,,$%&'11+%G!"2+
@ 1F$)0"+*+),!%&!J"+BB+%+##+"+%')'1!(!%'%c3+11!%&+(1$%
#/!#,'*+),$

4/!#,'*+),$%/+"%G!"2+%+%0!//$+
&$"+2$!)+%V%N')'1$#$%*!&'1+O

14.42

13.08

2.84

6.04

0.79

1.36
1.13

1.94

4/!#,'*+),$%/+"%G!"2+%+%0!//$+
&$"+2$!)+%W%N'C*!&CO%%%%%%%%%%%%%%%%%%V

10.26

7.69

9.58

21.98

2.00

1.17

1.66

2.86

4/!#,'*+),$%/+"%G!"2+%+%0!//$+
0!)#$&+"'2$!)$

R Z+%0!//$+%/"!J!0')!%3)%$)0"+*+),!%&$%#/!#,'*+),!%
/+"0+),3'1*+),+%')'1!(!%'%,3,,$%$%/$')$

R ZF$)0"+*+),!%J'%&'1%:[%N$)GO%'1%8<[%N#3/O%)+1%0'#!%&$%'2$!)$%$)%
&$"+2$!)+%V

R ZF$)0"+*+),!%J'%&'1%8:[%N#$)O%'1%8`[%N&+#O%)+1%0'#!%&$%'2$!)$%$)%
&$"+2$!)+%W

R >1$%$)0"+*+),$%/+"0+),3'1$%δ /!##!)!%+##+"+
#,$*',$%0!)%1F+#/"+##$!)+%#+*/1$G$0','%
0!)%!//!",3)$%J'1!"$%&$%_

R ]+1%0'#!%$)%+#'*+L%_^<C8:%/+"%&$"CVD%_^<CHH%/+"%&$"CW
R Z'%G!"*31'%f%#3((+"$,'%')0?+%&'11Fk- \%HKH8D%*'%0!)%_^<C:

+Z
V_=δ



10

 '"',,+"$#,$0?+%&+11'%#!11+0$,'2$!)+
/+"%G!"2+%+%0!//$+

R ZF$)0"+*+),!%/+"0+),3'1+%&$%#!11+0$,'2$!)+%&!J3,!%'11+%
0!//$+%f%1!%#,+##!%&$%c3'),!%"$#0!),"',!%/+"%(1$%
#/!#,'*+),$L
@ &'1%:[%N$)GO%'1%8<[%N#3/O%)+1%0'#!%&$%'2$!)$%$)%&$"+2$!)+%
V

@ &'1%8:[%N#$)O%'1%8`[%N&+#O%)+1%0'#!%&$%'2$!)$%$)%&$"+2$!)+%
W

R ZF$)0"+*+),!%/+"0+),3'1+%&$%#!11+0$,'2$!)+%/3l%+##+"+%
#,$*',!%0!)%1'%#,+##'%+#/"+##$!)+%$)&$0','%/+"%(1$%
#/!#,'*+),$

 !*B$)'2$!)+%&+11+%'2$!)$
)+11+%&3+%&$"+2$!)$

Z+%0!*/!)+),$%!"$22!),'1$

XE%J'1!"$%*'##$*$%&+11'%"$#/!#,'%!,,+)3,$%&'%0$'#03)'%
&+11+%&3+%'2$!)$%!"$22!),'1$%'//1$0',+%#+/'"','*+),+%
/!,"'))!%+##+"+%0!*B$)',$%#!**')&!D%'$%*'##$*$%
!,,+)3,$%/+"%1F'2$!)+%'//1$0','%$)%3)'%&$"+2$!)+D%$1%
H<[%&+$%*'##$*$%!,,+)3,$%/+"%1F'2$!)+%'//1$0','%
)+11F'1,"'%&$"+2$!)+Y

E)%0?+%*!&!%0'/$"+%c3'),'%$*/!",')2'%?'%c3+#,'%
0!*B$)'2$!)+T

A'($!)$'*!%')0!"'%+#'*$)')&!%(1$%#/!#,'*+),$

UGG+,,!%0!*/1+##$J!%&+1%#$#*'
#+/'"','*+),+%)+11+%&3+%&$"+2$!)$

:C<K;C5K

8KCK;

8HC<5

;8C75

7C95

8<C;:

`C:7

4$#*'%$)%
&$"+2$!)+%V

4$#*'%$)%
&$"+2$!)+%W

E)J$13//!L%#$#*'%V%b%<CH%#$#*'%W
')'1$#$%*!&'1+

4$#*'%V

4$#*'%W
4$#*'%V%b%<CH%W

E)J$13//!L%#$#*'%W%b%<CH%#$#*'%V
')'1$#$%*!&'1+

4$#*'%V

4$#*'%W
4$#*'%W%b%<CH%V
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UGG+,,!%0!*/1+##$J!
&$%+00+),"$0$,P%'00$&+),'1+%+%0!*B$)'2$!)+%V%W

."'J$L

R 1+%,"'J$%&+$%,+1'$%0+),"'1$%)+%"$#+),!)!%$)%*$#3"'%
*$)$*'

R 1+%,"'J$%&+$%,+1'$%&$%+#,"+*$,P%?'))!D%"$#/+,,!%'11!%
#0?+*'%0!)%#!1+%G!"2+D%3)%$)0"+*+),!%&$%
0'"',,+"$#,$0?+%&$%#!11+0$,'2$!)+%G$)!%'%0$"0'%$1%
;<[%

UGG+,,!%0!*/1+##$J!
&$%+00+),"$0$,P%'00$&+),'1+%+%0!*B$)'2$!)+%V%W

-$1'#,"$L

R $%/$1'#,"$%)+11'%/'",+%0+),"'1+%&+11F+&$G$0$!%)!)%
?'))!%J'"$'2$!)$%"$1+J'),$%&+11+%0'"',,+"$#,$0?+%&$%
#!11+0$,'2$!)+%*'##$*'D%*'%&+J!)!%+##+"+%
J+"$G$0',$%'%/"+##!G1+##$!)+%&+J$','%0!)%*!*+),$%
,"'#J+"#'1$%/'"$%'%0$"0'%$1%H<[%&+1%*'##$*!

R $%/$1'#,"$%/+"$*+,"'1$%?'))!%3)%$)0"+*+),!%&$%
0'"',,+"$#,$0?+%&$%#!11+0$,'2$!)+%G$)!%'%0$"0'%$1%
;<[D%+&%$)!1,"+%&+J!)!%+##+"+%J+"$G$0',$%'%
/"+##!G1+##$!)+%&+J$','%0!)%*!*+),$%,"'#J+"#'1$%
/'"$%'%0$"0'%$1%K<[6:<[%&+1%*'##$*!

4,',!%1$*$,+%&$%&'))!

4,',!%1$*$,+%&$%&'))!

-"$*'%&$%/'##'"+%'11'%&+G$)$2$!)+%&+11+%'"*',3"+D%f%
!//!",3)!%0!),"!11'"+%(1$%#/!#,'*+),$%/+"%1!%#,',!%
1$*$,+%&$%&'))!

k00!""+"+BB+%"$/+,+"+%,3,,!%$1%0'10!1!D%3#')&!%(1$%
#/+,,"$%"+1',$J$%'11!%4ZID%*'%/3l%+##+"+%/$d%#+*/1$0+%
J'13,'"+%(1$%#/!#,'*+),$%'%/'",$"+%&'%c3+11$%/+"%1!%
4ZSD%,+)+)&!%0!),!%&+11'%&$GG+"+)2'%&$%!"&$)','%&+$%
"+1',$J$%#/+,,"$

4/+,,"$%/+"%4ZS%+%4ZI

<C<

8C<

;C<

HC<

KC<

<C< <C9 8C< 8C9 ;C< ;C9 HC<

4ZSD%0!)%c^8

4ZSD%
0!)%c^9C59

4ZI

)+1%0'#!%$)%+#'*+D%/+"%
3)%/+"$!&!%/'"$%'%0$"0'%
<C99%#%$1%"'//!",!%,"'%1+%
!"&$)',+%#/+,,"'1$%f%
0$"0'%8C9

c3$)&$L

#/!#,'*+),$%4ZI
≅

8C9%V%#/!#,'*+),$%4ZS%
Nc^9C59O

<C99

M+"$G$0'%#/!#,'*+),$%/+"%4ZI

4/!#,'*+),!%"+1',$J!%'00+,,'B$1+L <C<<9%?

]+1%0'#!%$)%+#'*+L <C<<9%V%H;<<%̂ %8:%**

4/!#,'*+),!%"+1',$J!%*'##$*!D
G!")$,!%&'11F')'1$#$L 8C9V:CK^7C:%**

N,"'%EE%+%E%$*/'10',!O

Z'%J+"$G$0'%f%#!&&$#G',,'
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 !**+),$%G$)'1$

>$3&$2$!%0!*/1+##$J!
/"$*'%&$%/'##'"+%'&%3)'%J+"$G$0'%&+,,'(1$','

A$#/+,,!%'11'%#,$*'%$)$2$'1+D%G',,'%$)%G'#+%&$%
&$*+)#$!)'*+),!L
R 1'%/"+J$#$!)+%$)$2$'1+%&+1%/+"$!&!%?'%#!,,!#,$*',!%
1F'2$!)+%#$#*$0'%&$%0$"0'%3)%8<[%

R 1'%/"+J$#$!)+%&+11F+GG+,,!%&$%G!"2+%#,',$0?+%+"'%
0!""+,,'D%*'%0!)%1+((+"'%#!,,!#,$*'%&+11+%
#!11+0$,'2$!)$%)+11'%/'",+%&+#,"'%N&!J3,'%'11'%
+00+##$J'%+00+),"$0$,P%*'##+6"$($&+22+O

R 1F+GG+,,!%&+11F+00+),"$0$,P%'00$&+),'1+%f%#,',!%
B+)%#,$*',!

R 1'%0!),+*/!"')+'%/"+#+)2'%&+11+%&3+%0!*/!)+),$%
&+1%#$#*'%f%$)%'103)$%0'#$%/$d%("'J!#'%&+1%/"+J$#,!

E1%&$*+)#$!)'*+),!%$)$2$'1+%f%
'00+,,'B$1+T

E1%&$*+)#$!)'*+),!%f%,3,,!%#!**',!%'00+,,'B$1+D
')0?+%#+%$)%'103)$%+1+*+),$%1+%#!11+0$,'2$!)$%#!)!%3)%
/!F%/$d%("')&$%&+1%/"+J$#,!

Z'%"$#/!#,'%#$#*$0'%*!#,"'%/+"l%"!,'2$!)$%"$1+J'),$D%
)!)%'00+,,'B$1$C%m%c3$)&$%!//!",3)!%"$,!")'"+%'1%
&$*+)#$!)'*+),!D%/+"%0!""+((+"+%1+%0'"+)2+%
+J$&+)2$',+
E)%/'",$0!1'"+D%f%!//!",3)!%$""$($&$"+%1'%/'",+%&+#,"'%
&+11F+&$G$0$!D%'3*+),')&!%1+%&$*+)#$!)$%&$%'103)$%+1+*+),$%!%
($"')&!%'103)$%/$1'#,"$D%+a!%$)&+B!1$"+%1'%/'",+%#$)$#,"'

A$&$*+)#$!)'*+),!
&+11'%#,"3,,3"'

U#'*+%&+11'%0'"/+),+"$'
/+"%c3'),!%"$(3'"&'%1+%'2$!)$%!"$22!),'1$

 

M'"$'2$!)+%+GG+,,3','L
E%,"+%/$1'#,"$%$)&$0',$%?'))!%
#+2$!)+%H<V7<
Z+%"+1',$J+%,"'J$%#!)!%H<V`<%
NH<V:<%'1%9g $*/'10',!O

e3+#,$%
/$1'#,"$%
?'))!%
&$*+)#$!)$%
*'(($!"$%
/+"%+J$,'"+%
0?+%$1%1',!%
&+#,"!%#$'%
*+)!%"$($&!

I+G!"*',+%*!&'1$
+%"+1',$J$%/+"$!&$

\!&!%8 .%^%<C99<%# \!&!%; .%^%<C98`%# \!&!%H .%^%<CKK<%#

\!&!%K .%^%<C8`:%# \!&!%9 .%^%<C8:K%# \!&!%: .%^%<C8K<%#
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I+G!"*',+%*!&'1$

E1%*!&!%8%f%#!#,')2$'1*+),+%
&$%,"'#1'2$!)+%#+0!)&!%V

E1%*!&!%;%f%&$%,"'#1'2$!)+%
#+0!)&!%W%'00!//$','%'&%3)%
/!F%&$%"!,'2$!)+

\!&!%; .%^%<C98`%#\!&!%8 .%^%<C99<%#

\!&!%H .%^%<CKK<%#

\'##+%/'",+0$/'),$D%#$#*'%V

\!&!%; .%^%<C98`H%#\!&!%8 .%^%<C99<%#

\!&!%H .%^%<CKK<%#

<C8[

<C;[

59C;[

E1%*!&!%8%&P%$1%0!),"$B3,!%
*'##$*!

E1%*!&!%KD%&$%,"'#1'2$!)+%V%0!)%
#/!#,'*+),$%)+$%&3+%J+"#$D%&P%
3)%31,+"$!"+%0!),"$B3,!%N7CH[O

\'##+%/'",+0$/'),$D%#$#*'%W

\!&!%; .%^%<C98`H%#\!&!%8 .%^%<C99<%#

\!&!%H .%^%<CKK<%#
E1%*!&!%;%&P%$1%0!),"$B3,!%
*'##$*!

E1%*!&!%9D%&$%,"'#1'2$!)+%V%0!)%
#/!#,'*+),$%)+$%&3+%J+"#$D%&P%
3)%31,+"$!"+%0!),"$B3,!%N7C:[O

5HC<[

;C9[

<C<[

E)J$13//!%*!&'1+
#$#*'%V

1.34 0.82 

11.94 

13.13 

E)J$13//!%*!&'1+
#$#*'%W

14.69 

9.18 

3.42 

1.47 

4/!#,'*+),$D%$)J$13//!%*!&'1+

 

4/!#,'*+),$%%
/+"%#$#*'%V%

3 

1 

9.18 mm 
5 

14.69 mm 
4/!#,'*+),$%
/+"%#$#*'%W%

11.94 mm 

13.13 mm 

5 1 
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4/!#,'*+),$D%$)J$13//!%*!&'1+

A!,'2$!)+%/+"%#$#*'%W%
)!)%,"'#03"'B$1+D%*'%$)%
&+G$)$,$J'%'00+,,'B$1+

4/!#,'*+),$%/+"%#$#*'%V%
'BB'#,')2'%3)$G!"*$
NJ$0$)$%'%c3+11$%&+1%*!&!%8O

4$%/!,"+BB+%/"!J'"+%
'%$)&+B!1$"+%1'%/'",+%
#$)$#,"'

(1$%#/!#,'*+),$%*'##$*$%/+"%
#$#*'%W%#!)!%*'(($!"$%&$%
c3'#$%$1%;<[%"$#/+,,!%'%
c3+11$%*+&$%/+"%#$#*'%V

 

4/!#,'*+),$%%
/+"%#$#*'%V%

3 

1 

9.18 mm 
5 

14.69 mm 
4/!#,'*+),$%
/+"%#$#*'%W%

11.94 mm 

13.13 mm 

5 1 

4!11+0$,'2$!)$
/+"%#$#*'%$)%&$"+2$!)+%V

Telaio 1x Telaio 5x

280.6

23 24 25 2621 22 27 1 2 3

249.6

189.0196.3

4!11+0$,'2$!)$
/+"%#$#*'%$)%&$"+2$!)+%V

E1%,'(1$!%*'##$*!%f%
'BB'#,')2'%3)$G!"*+

4!11+0$,'2$!)$
/+"%#$#*'%$)%&$"+2$!)+%W

Telaio 2y Telaio 7y

217.9

22 15 8 5 2 27 20 13

516.5

343.7

4!11+0$,'2$!)$
/+"%#$#*'%$)%&$"+2$!)+%W

E1%,'(1$!%*'##$*!%f%
'BB'#,')2'%3)$G!"*+

4/!#,'*+),$%/+"%G!"2+%+%0!//$+
&$"+2$!)+%V%N')'1$#$%*!&'1+O

2.881.88

13.77

13.05
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16.89

10.80

5.11

2.45

4/!#,'*+),$%/+"%G!"2+%+%0!//$+
&$"+2$!)+%W%N')'1$#$%*!&'1+O

16.8910.80

5.11

2.45

2.881.88

13.77

13.05

UGG+,,!%0!*/1+##$J!%&+1%#$#*'
#+/'"','*+),+%)+11+%&3+%&$"+2$!)$

;C558C55

8HC<9

8HC``

8:C578<C5<

9C88

;CK9

4$#*'%$)%
&$"+2$!)+%V

4$#*'%$)%
&$"+2$!)+%W

7.845.12

14.50

14.59

E)J$13//!L%#$#*'%V%b%<CH%#$#*'%W
')'1$#$%*!&'1+

4$#*'%V

4$#*'%W
4$#*'%V%b%<CH%W

16.8910.80

5.11

2.45

2.881.88

13.77

13.05

9C8;

8KC97

8KC9<

`C5K

17.73

11.36

9.03

6.58

E)J$13//!L%#$#*'%W%b%<CH%#$#*'%V
')'1$#$%*!&'1+

4$#*'%V

4$#*'%W
4$#*'%W%b%<CH%V

16.8910.80

5.11

2.45

2.881.88

13.77

13.05

88CH:

7C<H
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."'I+%8J6;<
*!*+),!%F1+,,+),+%/+" #0?+*$%&$%0'"$0!%A'#+

U%*'V U%*$) WV WX KQWVR KQWXR

8: 6;9B5 689B: ;;B8 9B: <BG <B9

8P 6;5B< 68:B7 689B: 6GB7 6<B; 6<BG

8P 6J<B< 6;GB7 88<BJ ;PB5 8BP ;BJ

85 69;B: 6G8B9 6897B9 6J<B8 6;BJ 6GB9

85 6P7B8 6JPBG 8:5B: J;BJ ;B9 GBP

87 65JB8 69<BG 68:7BG 6J;B: 6;B9 6GBP

87 6:GB: 6G5B< 89;BG G5BG ;BG GBJ

;< 6GPB5 6;;B: 6889B< 6;5B7 68BP 6;B9

 !"#$%&'%()!* %+%&","!#)-%&./!01!234

56%7.!89:;<
#)#.+()!=&.((.+(.

>!#%? >!#"+ @? @A BC@?D BC@AD ,",#%!? ,",#%!A ?E<FG!A

8H :;IFJ :8IFH ;;F8 IFH <FG <FI ;;F9 HF< ;9F;

8K :;JF< :8HFL :8IFH :GFL :<F; :<FG :8IFJ :9FG :8KF8

8K :9<F< :;GFL 88<F9 ;KFJ 8FK ;F9 88;F8 G<F; 8;8F8

8J :I;FH :G8FI :8ILFI :9<F8 :;F9 :GFI :8H8FL :9GFK :8KIF<

8J :KLF8 :9KFG 8HJFH 9;F9 ;FI GFK 8K8F8 9HF8 8J9FL

8L :J9F8 :I<FG :8HLFG :9;FH :;FI :GFK :8K8FJ :9HFG :8JIFK

8L :HGFH :GJF< 8I;FG GJFG ;FG GF9 8I9FH 98FK 8HKF8

;< :GKFJ :;;FH :88IF< :;JFL :8FK :;FI :88HFK :G8FI :8;HF;
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, =-LF<

B3 =
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J^0$.6'#8FI ;
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=-LF<
B3 ==
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56%7.!;;:;
#)#.+()!=&.((.+(.!$.6 ,'\.#"!-"!'%6"')!V%,.

>!#%? >!#"+ @? @A BC@?D BC@AD

;; :I8FI :G<FJ :8JFG HKFL :9F; :HF8

8I :LGFG :IIFH ;GF; :JHF< IFG KFJ

8I :J;F< :9KFI :;LF8 8<KFJ :HFH :LFK

J :KHFI :99F; ;JF9 :8<IF; HFI LFI

J :HHF; :GLFG :G<F9 88;FH :HFL :8<F;

I :H9F8 :GJF9 G<FJ :88GFJ KF< 8<FG

I :HGF8 :GKFJ :;IFI L9FG :IFJ :JFI

; :GIFL :;8FI 8LF9 :K8FL 9F9 HFI

 !"#$%&'%()!* %+%&","!#)-%&./!01!234

56%7.!;;:;
#)#.+()!=&.((.+(.

>!#%? >!#"+ @? @A BC@?D BC@AD ,",#%!? ,",#%!A AE<FG!?

;; :I8FI :G<FJ :8JFG HKFL :9F; :HF8 ;;FI K9F8 J<FJ

8I :LGFG :IIFH ;GF; :JHF< IFG KFJ :;JFI :LGFJ :8<;FG

8I :J;F< :9KFI :;LF8 8<KFJ :HFH :LFK GIFK 88KFH 8;JFG

J :KHFI :99F; ;JF9 :8<IF; HFI LFI :G9FL :889FK :8;IF8

J :HHF; :GLFG :G<F9 88;FH :HFL :8<F; GKFG 8;;FJ 8G9F<

I :H9F8 :GJF9 G<FJ :88GFJ KF< 8<FG :GKFK :8;9F8 :8GIF9

I :HGF8 :GKFJ :;IFI L9FG :IFJ :JFI G8FG 8<;FJ 88;F;

; :GIFL :;8FI 8LF9 :K8FL 9F9 HFI :;GFJ :KJF9 :JIFI

 !"#$%&'%()
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56%7.!;K:8G
#)#.+()!=&.((.+(.!$.6 ,'\.#"!-"!'%6"')!V%,.

>!#%? >!#"+ @? @A BC@?D BC@AD

;K :HHFG :9;F8 :IKFG ;HIFJ ;HF9 GJFL

;< :ILFK :GKFG IGFG :;9KFH :;9FH :GHF;

;< :8KFH :8;FJ :IGFG ;9KFH ;9FH GHF;

8G :GIFG :;9FH IKFG :;HIFJ :;HF9 :GJFL

  !"#$%&'%()!– analisi modale, CD “A”

56%7.!;K:8G
#)#.+()!=&.((.+(.

>!#%? >!#"+ @? @A BC@?D BC@AD ,",#%!? ,",#%!A AE<FG!?

;K :HHFG :9;F8 :IKFG ;HIFJ ;HF9 GJFL JGFK G<9FK G;LFJ

;< :ILFK :GKFG IGFG :;9KFH :;9FH :GHF; :KKFL :;JGFJ :G<KF8

;< :8KFH :8;FJ :IGFG ;9KFH ;9FH GHF; KKFL ;JGFJ G<KF8

8G :GIFG :;9FH IKFG :;HIFJ :;HF9 :GJFL :JGFK :G<9FK :G;LFJ

  !"#$%&'%()

56%7.!;K:8G
-"%M6%##%!-.&!#)#.+()!=&.((.+(.!C01!234D
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8GF;!'#; "+=

C#)&()!=)6("/!#%!=)6,.!
%+')6%!%''.((%V"&"D

 

27 20 13 qmax 

qmin + F 

qmin − F 
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