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

)*&2*$*2%1$.3*4#,&3%$02%0$*)(&'(&-*%1$.*05&

"*$4())(-(,%&6'1378#$'#,,13&&

9(*,7:*$2&;(+33*)(<&=*"43%(&>*$?#3<&@.2#)*3&:*$4,&

;*?#$*%#.$(&'(3&A#-"#3.%(3&BC($-#D%$02%0$*05&6;ABD8&&

E:F&GHIJ&K&A@FD&K&AL!&K&M($*N)(3&K&E,.O($3.%1&=#$'(*05&J&

P&*))1(&'(&)*&=#(4(<&PPQII&R(33*2&

A#,%*2%S&)(+33*)(T)2%3U07?#$'(*05JUV$&

W(,'$('.&XG&9*,O.($&XIJP&K&9#0$,1(&32.(,4Y/0(&'0&-13#2(,%$(&'(&2*)20)&.,%(,3.V&(,&!/0.%*.,(&



R)*,&'(&)*&"$13(,%*4#,&

JU  A#,%(5%(&K&-*%1$.*05&2#-"#3.%(3&%C($-#3%$02%0$*05&

XU  D0$V*2(&'Z1,($[.(&"#%(,4())(&K&'+,*-./0(&

-#)120)*.$(&K&-#'\)(3&*%#-./0(3&'(&-*%1$.*05&

PU  B$#.3&(5(-")(3&

*8  A*$?0$(&'(&?#$(&

?8  R+$#2*$?#,(3&

28  ],%($V*2(3&2*$?#,(^21$*-./0(&

_U  A#,2)03.#,&

X&



;(&;ABD&

>.,*).%1& S& L)*?#$*4#,<& 2*$*2%1$.3*4#,& (%& -#'1).3*4#,& '(& ,#0O(*05&

-*%1$.*05& 2#-"#3.%(3& "#0$& *"").2*4#,3& 3%$02%0$*)(3& (,& 2#,'.4#,3&

`& (5%$a-(3& b& 6C*0%(& %(-"1$*%0$(<& 2#,%$*.,%(3& -12*,./0(3<& *%-#3"C\$(3&

$1*24O(3<&.$$*'.*4#,<&(%2c8&
P&



!"").2*4#,3&O.31(3&

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

R$#"$.1%13&-12*,./0(3&(%&

%C($-./0(3&d&%$\3&C*0%(&

%(-"1$*%0$(e&"$#"$.1%13&'(&V$.24#,e&

"*0O$(&$13.3%*,2(&d&)Z#5+'*4#,&

!%,-%./0'.)1),"0#/2')23#",/45')*!6!.+)

R$#"$.1%13&-12*,./0(3&(%&

%C($-./0(3&d&C*0%(&%(-"1$*%0$(e&

?#,,(&$13.3%*,2(&d&)Z#5+'*4#,&

_&



:*%1$.*0&2#-"#3.%(&

E,&43303&'(&Y)3&62#-"#313&'(&

Y?$(38&(,$#?1&'(&-*%$.2(&

789)2%,-%./0')!"#$%&'(!"#$%&')

B.3303&*"$\3&'1"f%&'(&-*%$.2(& >.)3& >.?$(&(,$#?1(&'(&-*%$.2(&

G&



L)*?#$*4#,&"*$&'1"f%&2C.-./0(&

E,&43303&'(&Y)3&62#-"#313&'(&

Y?$(38&(,$#?1&'(&-*%$.2(&

R$#21'1&AWg^AW]&

>#0$&

h#,(&2C*0'(&

i*j&"$120$3(0$& i*j&3#$4(&

Q&



L)*?#$*4#,&"*$&'1"f%&2C.-./0(&

:*%1$.*0&

i$#0"(-(,%&*%#-./0(&& L,&AWg^]&)(3&2#,'.4#,3&3#,%&2C#.3.(3&'(&-*,.\$(&d&2(&/0(&)*&

"$#?*?.).%1&'(&2#))*[(&3#.%&V*.?)(&)#$3&'Z0,&.-"*2%S&

•  B(-"1$*%0$(3&-#'1$1(3<&d&)Z1/0.).?$(&

•  >*.?)(3&"$(33.#,3&&

•  L3"\2(3&2C.-./0(3&"(0&$1*24O(3&

•  '1"f%&C#-#[\,(&'(&&-*%$.2(&'*,3&%#0%(&)*&".\2(&

•  ;(,%&

•  ;#2*)(-(,%&?.(,&#$[*,.31&

g1"f%&"C+3./0(&6RWg8&S&&

R$#?*?.).%1&'(&2#))*[(&k&J&

•  D0?3%$*%&V$#.'&

•  i$#0"(-(,%&'1"#31&2C*0'&(%&$1*24V&

•  R$(33.#,3&")03&1)(O1(3&

•  '1"f%&'(&30$V*2(&62#*4,[38&

•  F*".'(&

•  D%$02%0$(&*-#$"C(&

L5S&A#,'(,3*4#,&$*".'(&'Z0,&[*j&30$&30?3%$*%&V$#.'e&%$(-"(&$*".'(&'Z0,&)./0.'(&&



g(3&-*%1$.*05&"*$4())(-(,%&6'138#$'#,,13&

H&

!"#"$%

&'($")*$+%

:#?.).%1&6%(-"1$*%0$(8&

;./0.'(&

i*j&

,% -%

D#).'(&

*-#$"C(&
A$+3%*)&

D#).'(&

*-#$"C(&

!"#$ %"#$

.
*/
"0
1
2
(
3%

#
*4
5
3*
2
(
%

%

67"5875"$%#$3%

907"*8$3%&':;<=%>%



A#,3%$0.$(&0,&-#'\)(&*%#-./0(&

l&

(&)&*+&$,-./&$%0*1- $$

P
A→B

acc =min 1,exp −
1

T
χ
new

− χ
old( )

 

 
 

 

 
 

 

 
 

 

 
 χ = W (i) × Exp(i) −Mod(i)( )

2

i=1

nexp

∑

/)

/)

A 

B 

m,& '.3"#3(& 'Z0,& n(0& 'Z#?3($O*?)(3& 62*)20)*?)(38S& ,(5"&

#?3($O*?)(3&L5"6.8&
&

m,& O*& -#'.Y($& 0,(& 2#,Y[0$*4#,& *%#-./0(& *O(2& 0,(&

*""$#2C(&:#,%(&A*$)#&:(%$#"#).3&o&$(20.%&3.-0)1&n03/0 à 

ce que le modèle reproduise les observables (χ& %$\3&

V*.?)(8&

?%@0%82(.$")$(8$A%@$%92#B@$%"$C"2#5*7%DEC&*+%



A#,3%$0.$(&0,&-#'\)(&*%#-./0(&

JI&

F(O($3(&:#,%(&A*$)#&

7p&i1,1$*)(-(,%&?*31&30$&)(3&V#,24#,3&'(&'.3%$.?04#,&'(&"*.$(3&6[6$8<&i6$88&#0&

V*2%(0$3&'(&3%$02%0$(&6D6q88&

7p&>#,24#,,(&*33(j&?.(,&"#0$&)(3&)./0.'(3&(%&3#).'(3&*-#$"C(3&

7p&A#,Y[0$*4#,3&"*$V#.3&,#,&$1*).3%(3&*0&,.O(*0&'(3&).*.3#,3&2C.-./0(3&

7p&A*%*3%$#"C./0(&"#0$&)(3&3#).'(3&*,.3#%$#"(3&

7p&@#,&0,.2.%1&'(3&3#)04#,3&

Smith et al, Carbon 42 
(2004) 2041.  

Acharya et al., Phil. Mag. B 
79 (1999) 1499. 



!""$#2C(&"$(-.($&"$.,2."(&

1)(2%$#,&@mr!E&

L,3(-?)(&'(&"*$420)(3&2C*$[1(3&(,&.,%($*24#,3&&

E
tot
=

P
I

2

2m
II=1

M

∑ +
1

2m
e

p
i

2

i=1

n

∑ +
Z
I
Z
J
e
2

4πε
0

1

R
IJJ=I+1

M

∑
I=1

M−1

∑

+
−Z

I
e
2

4πε
0

1

r
Ijj=1

n

∑
I=1

M

∑ +
e
2

4πε
0

1

r
ijj=i+1

n

∑
i=1

n−1

∑

R$#?)\-(S&)(3&1)(2%$#,3&#?1.33(,%&*05&)#.3&'(&)*&-12*,./0(&/0*,4/0(&&

R*$-.&)(3&(-cUU'(-(,%&S&& ∆x∆p
x
≥ ℏ / 2

m,&,(&"(0%&/0Z*221'($&d&)*&"$#?*?.).%1&'(&"$13(,2(&'(&)Z1)(2%$#,&6-#'0)(&*0&2*$$1&'(&

)*&V#,24#,&'Z#,'(8&

A()*&2#-")./0(&V#$%(-(,%&)(&2*)20)&'(&L%#%&
JJ&



;.*.3#,&2C.-./0(&6X8&
=#$,7m""(,C(.-($&S&;(3&1)(2%$#,3&3Z*'*"%(,%&.,3%*,%*,1-(,%&d&)*&[1#-1%$.(&'(3&,#+*05&&&

H
el
ψ
0
(R

N
,r

n
) = E

el
(R

N
)ψ

0
(R

N
,r

n
)

R#0$&0,(&"#3.4#,&'#,,1(& 6F@8& '(3&,#+*05&#,&

"(0%& '1%($-.,($& 6*""$#5.-*4O(-(,%8& )*&

V#,24#,&'Z#,'(&s&(%&)Z1,($[.(&1)(2%$#,./0(&L()S&

mt&& E
el
(R

N
)= T

el
+U

NN
+U

Ne
+U

ee

(23$

4
.
&
*5
6&
$7
8
90
9:
$

L()&'#,,(&)Z1,($[.(&"#%(,4())(&$1[.33*,%&)(&

-#0O(-(,%&'(3&,#+*05&

g.7*%#-./0(&:;)

JX&

m,&"(0%&1[*)(-(,%&(,&'1'0.$(&0,&`&8F09C%#$%G2"8$%0(0@H1I5$&bS&

Eel (Rij ) = De(1− exp(−a(Rij − Req ))
2
+E0



D0$V*2(&'Z1,($[.(&"#%(,4())(&

D0$V*2(&'Z1,($[.(&"#%(,4())(&6X&'([$13&'(&).?($%18&&

D+3%\-(&-#)120)*.$(&'(&@&*%#-(3S&P@7Q&6#0&G8&'([$13&'(&).?($%1&

L5S&MXm7p&P&'([$13&'(&).?($%1&6MJ7Ie&m7MX&(%&M7m7M8&

JP&



D(&"$#-(,($&30$&0,(&DLR&

(23$

4
.
&
*5
6&
$7
8
90
9:
$

g.7*%#-./0(&:;)

L,($[.(&%#%*)(&4$

g+,*-./0(&@(u%#,.(,,(&S&&

;74&1:$

(&4$

<$

4$=$;$>$<$

?4@?/$=$A$

v
I
(t) =

dr
I
(t)

dt

a
I
(t) =

dv
I
(t)

dt
=
F
I
(t)

m
I

=
1

m
I

−dU(t)

dr
I
(t)J%

J_&

>#$-(&.,%1[$*)(&S&&

r
i
(t + ∆t) = r

i
(t) + v

i
(t)∆t +

f
i
(t)

2m
i

∆t
2

v
i
(t + ∆t) = v

i
(t) +

f
i
(t)

m
i

∆tD.&#,&2#,,*v%&0,&n(0&.,.4*)&'(&"#3.4#,3&

(%&'(&O.%(33(&(%&3.&#,&3*.%&2*)20)($&

)Z1,($[.(&*33#2.1(&*)#$3&#,&"(0%&

[1,1$($&)*&%$*n(2%#.$(&'0&3+3%\-(& =KL?MNOPD%M!QD;PQ?NRD%



F(20.%&3.-0)1&

JG&

D.-0)*4#,&d&%(-"1$*%0$(&2#,3%*,%(&6STU%V%87$8&&*%0$(&2#,

m,&"*$%&'(&w&%$\3&[$*,'&7p&#,&"*33(&%#0%(3&)(3&?*$$.\$(3&&

D.&#,&?*.33(&w&%$\3&)(,%(-(,%<&#,&%($-.,($*&(,&(,&g&'*,3&)*&).-.%(&'w^'%7p&I&

B*C+/01$

0D-*EF&$



g(3&-*%1$.*05&"*$4())(-(,%&6'138#$'#,,13&

JQ&

!"#"$%

&'($")*$+%

:#?.).%1&6%(-"1$*%0$(8&

;./0.'(&

i*j&

,% -%

D#).'(&

*-#$"C(&
A$+3%*)&

D#).'(&

*-#$"C(&

!"#$ %"#$

B$(-"(&$*".'(&'B^'%7px&

%"#$

B$(-"(&)(,%(&'B^'%7pI&

.
*/
"0
1
2
(
3%

#
*4
5
3*
2
(
%

D.-0)($& )*& %$(-"(& 'Z0,& )./0.'(& d& '(3& O.%(33(3&

$*.3#,,*?)(3& "(0%& '#,,($& '(3& .,V#3& .,%1$(33*,%(3&

30$&)*&3%$02%0$(&'(3&-*%1$.*05&AWg&

(&

C

!"

'B^'%

"#$

7px&

B$(-"(&)(,%(&



L5(-")(&JS&:*%$.2(3&=A&

Jy&

],%1$a%&S&:*%$.2(3&*0%#2.2*%$.3*,%(3&"#0$&*$$.\$(3&2#$"3&2#-"#3.%(3&&

>.?($&

.,%($"C*3(&

D.A&

6D.87=7A&

D.A&

=XmP&

2$*2N&

!-1).#$*4#,&'(&)*&'0$1(&'(&O.(&'(3&A:A3&



:*%1$.*0&AWg&UO3U&2$.3%*)&

JH&

%*C+/01$GH%$

:*.))(&S&]2#3*\'$(&=JJAoA=A&

g(,3.%1S&XUGX&[^2-P&

%"#IG'%$

!-#$"C(<&5&k&XU_y<&'&k&XU_y&[^2-P&

:*.3&/0(&$(3%(7%Z.)&'0&2$.3%*)&'*,3&)(&-*%1$.*0&AWg&z&&



D.-0)*4#,&'(&%$(-"(&(,&:g&*?7.,.4#&

Jl&

L,&V*.%&:g&%+"(&AR:g&*O(2&V#,24#,,())(&=;rR<&RR3&'(&i#('(2N($<&%$(-"(&$*)(,4(&(,%$(&

XGII&(%&JGII&w&6%(-"3&%#%*)&3.-0)1&S&{_I&"3e&_&,#(0'3&!O*N*3<&u*))&2)#2N&4-(&S&{&XG&n#0$38&

XJQ&*%#-(3&d&'(,3.%1&(%&2#-"#3.4#,&'0&

-*%1$.*0&AWg&



D%$02%0$(&'0&-#'\)(&

XI&

=JX&

=7AP&P

=JJA&

A7=_&
=7AX=&

•  ]-"#$%*,%(&2#,2(,%$*4#,&'Z.2#3*\'$(3&6-*)[$1&)*&O.%(33(&'(&%$(-"(&1)(O1(8&

•  R*3&'(&2C*v,(3&).,1*.$(3&-*.3&'(&,#-?$(05&?#$(3&%$.2##$'#,,13&6=AP<&=AX=8&



A#,V$#,%*4#,&d&)Z(5"1$.(,2(&

XJ&

@(0%$#,3&6];;8& JJ=&@:F&:!D&

@(0%$#,3S&L52())(,%&*22#$'&&

F:@&S&

•  2#,Y$-(&)(&".2&d&GI&""-&'0&*05&

(,O.$#,,(-(,%3&=AP&'0&?#$(&&

•  :#'\)(&%$#"&'13#$'#,,1&



A(&/0(&)Z#,&*&*""$.3&30$&)(&-*%1$.*0&

XX&

•  ])&2#,4(,%&"$#?*?)(-(,%&0,(&[$*,'(&"$#"#$4#,&'Z.2#3*\'$(3&$.2C(3&(,&?#$(&6'(&

=JX&d&=JIAX8&

•  !$$*,[13&'(&-*,.\$(&'13#$'#,,1(&'*,3&0,&*-#$"C(&$.2C(&(,&(,O.$#,,(-(,%3&

=AP&(%&A=_&

•  RC*3(&*-#$"C(&'(3&2$.3%*05&=_AP&6'1$.O13&'(&D.P@_8&z&

i0#&(%&*)<&9U&RC+3U&AC(-U&

=<&JJJ<&JPQyl&6XIIy8&

:#'\)(&*-#$"C(&.'1*)&

=_AP&#?%(,0(&(,&0,(&,0.%&

'(&2*)20)&30$&-#,&-*2&d&

"*$4$&'Z0,&2C*-"&'(&V#$2(&

?$.2#)1&(,&0,(&n#0$,1(&

L5")./0(&)*&'.|20)%1&d&2$.3%*)).3($&z&&



L5(-")(&XS&"+$#2*$?#,(3&)*-.,*.$(3&

G,-& G,-&

;*-.,*.$(&F1[1,1$1&6;F(8& ;*-.,*.$(&F0[0(05&6;F8&

GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG,,,,,,,,,,,,,,,,,,,,,,----------------------------&&&

:.2$#32#".(&1)(2%$#,./0(&(,&%$*,3-.33.#,&d&C*0%(&$13#)0.%#,&6MFBL:8&&

g(05&-*%1$.*05&V#$%(-(,%&*,.3#%$#"(3<&;F(&3(-?)(&)1[\$(-(,%&")03&'13#$'#,,1&

XP&

q0())(&(3%&)(0$&3%$02%0$(&z&q0())(373#,%&)(0$3&'.}1$(,2(3&z&



B$(-"(&[0.'1(&"*$&)Z.-*[(&

X_&

A#))(2%(&'(&'(32$."%(0$3&3%*434/0(3&Xg& D+,%C\3(&'Z0,(&.-*[(&Pg&$(3"(2%*,%&)*&

3+-1%$.(&'0&3+3%\-(&&

;(3&).[,(3&3#-?$(3&30$&)Z.-*[(&Xg&

2#$$(3"#,'(,%&*05&")*,3&'(&

[$*"C\,(&'*,3&)(&-*%1$.*0&

;(3&")*,3&3#-?$(3&30$&)Z.-*[(&Pg&

2#$$(3"#,'(,%&*05&")*,3&'(&

[$*"C\,(&'*,3&)(&-*%1$.*0&



B$(-"(&[0.'1(&"*$&)Z.-*[(&

XG&

o&

U
HRTEM

(eV ) = k
Im

I(r
i
)

i=1

N

∑UREBO = V
R
(rij ) − bijV

A
(rij )[ ]

j= i+1

N

∑
i=1

N

∑

B$(-"(&'0&)./0.'(&6'12$.%&"*$&0,&"#%(,4()&.,%($*%#-./0(8&3#0-.3&d&0,&2C*-"&'(&"#%(,4()&

'1Y,.&"*$&)(3&,.O(*05&'(&[$.3&'(&)Z.-*[(&Pg&

EMFBL:&"($-(%&'Z#?%(,.$&0,&-#'\)(&2#,34%01&'Z0,&(-".)(-(,%&'(&")*,3&2#-"*4?)(3&*O(2&

)(3&#?3($O*4#,3&'(&-.2$#32#".(&

EFL=m&"($-(%&'Z#?%(,.$&'(3&(,O.$#,,(-(,%3&*%#-./0(3&$*.3#,,*?)(3&30$&)(&")*,&2C.-./0(&



6F(782#,3%$024#,&'Z0,&-#'\)(&[0.'1(&"*$&)Z.-*[(&6]i!F8&

XQ&

L,O.$#,&XIIII&*%#-(3<&%(-"3&3.-0)1&{&G&,3&6~%kIUXV38<&{&G&n#0$3&30$&0,&,�0'&

'Z!O*N*3&62#'(&"*$*))\)(&#"(,:R&'1O()#""1&*0&)*?#8&



:#'\)(3&3%$02%0$*05&

Xy&

sp2 sp3 C5 C6 C7 

RL 98.0 1.8 3.3 92.9 3.7 

ReL 97.1 2.7 3.5 91.7 4.5 

•  g#-*.,(3&C(5*[#,*05&,*,#-1%$./0(3&

•  R*.$(3&(%&).[,(3&AG7Ay&6n#.,%3&'(&[$*.,38&

•  R*3&'(&AG&.3#)13&

•  g.3)#2*4#,3&6O.38&

•  W@53%#$%#'G0573%C25"%QR$%I5$%QR%

QR% QR$%



W*).'*4#,&K&'.}$*24#,&'(3&,(0%$#,3&

XH&



W*).'*4#,&K&]-*[(3&MFBL:&

Xl&

L5"1$.-(,%*)(3& D.-0)1(3& :#'\)(3&

;F&

;F(&



`&A*$&R*$N&A*$?#,&b&

PI&

D0*$(j7:*$4,(j&(%&*)U<&RC+3U&D%*%U&

D#)U&A<&XIIy&



L%&-*.,%(,*,%&c&

PJ&

!(%C$57%

80@85@$"%#$3%

C"2C"*'7'3%X%

B(3%&'(&%$*24#,&



@*,#&2#,31/0(,2(3&c&

PX&



@*,#&2#,31/0(,2(3&c&

PP&



],%($V*2(3&2*$?#,(^21$*-./0(&

P_&

A#,%(5%(&S&'1O()#""(-(,%&'(&,#0O(*05&2#-"#3.%(3&A^A&d&"$#"$.1%13&'(&V$.24#,&

*-1).#$1(3&&

E,(&O#.(&2#,3.3%*,%&d&.,%$#'0.$(&'(3&"*$420)(3&,*,#-1%$./0(3&'(&21$*-./0(&

'*,3&)*&-*%$.2(&(3%&d&)Z1%0'(&*0&)*?#$*%#.$(&

BC\3(&'(&@U&:*$4,S&[1,1$($&'(3&.,%($V*2(3&-#'\)(3&"*$&g:&"$</&/=%)

A*$?#,(&

B$(-"(&&

6QIII7pIw8&

A1$*-.

/0(&

6Iw8&

A1$*-.

/0(&

6Iw8&

%$*24#,&



E,&(5(-")(S&!)@^A&

PG&

L
%7$

"9
Y%

?
@%7$

"9
Y%

>?@)2%5-3).'?%&)AAB)



m?3($O*4#,&'(&)*&%$(-"(&

PQ&

>?@)2%5-3).'?%&)AAB)



m?3($O*4#,&'(&)*&%$(-"(&7&-#?.).%1&

Py&

>?@)2%5-3).'?%&)AAB) Z[,,%T%

\,,%T%



A#,2)03.#,&

PH&

]
%
]
%
]
%
]
%]
%
]
%]
%]
%

:%
:%
:%
:%
:%
:%
:%
:%

L%7$"9Y%?@%7$"9Y%

;.*.3#,3&2#O*)(,%(3&V#$%(3&

#$.(,%1(3&"($"(,'.20)*.$(-(,%&d&

)*&30$V*2(&

;.*.3#,3&.#,./0(3&`&V*.?)(3&b&

#$.(,%1(3&"*$*))\)((-(,%&d&)*&

30$V*2(&

>?@)2%5-3).'?%&)AAB)



],%($V*2(3&-.5%(3&!)7@^A&

Pl&

>?@)2%5-3).'?%&)ABA) >?@)2%5-3).'?%&)BAA)



A#,2)03.#,3&

_I&

;(3& 3.-0)*4#,3& "(0O(,%& "($-(�$(& '(& 2#-"$(,'$(& )*& 3%$02%0$(& '(& -*%1.$*05&

2#-")(5(3&

gZ(5")./0($&2($%*.,(3&"$#"$.1%13&
6'.|20)%1&d&2$.3%*)).3($&)(3&=AAWg8&&

g(&'12#0O$.$&'(&,#0O())(3&3%$02%0$(3&&



R#0$&(,&3*O#.$&")03c&

•  ;(+33*)(<&9U7:Ue&g*&A#3%*<&9U7RUe&i($-*.,<&AUe&�(.3?(2N($<&RUe&W.[,#)(3<&iU&;U<&>&)/,"C'<C5/D'D)

"0%,/.=2)#'2%&.0#52=%&)%E)-F#%?F=2)2"#$%&.<&!RR;]Lg&RMrD]AD&;LBBLFD&XIIl<&^Z<&XPJlJXU&

•  �(.3?(2N($&RUe&;(+33*)(&9U7:Ue&>.32C($&MU&LUe&M#,N.-�N.&WUe&;*)*,,(&:Ue&W.[,#)(3&iU&;U<&

6/2#%.0#5205#')%E)-F#%2"#$%&.)E#%,)-"/#)D/.0#/$5=%&)E5&2=%&)"&"?F./.)5./&C)&'50#%&)

D/G#"2=%&<&A!F=m@&XIJX<&Z,<&JGQP7JGyPU&

•  ;(+33*)(<&9U7:Ue&g*&A#3%*<&9U7RUe&i($-*.,<&AUe&�(.3?(2N($<&RUe&W.[,#)(3<&iU&;U<&H0#5205#"?)

E'"05#'.)%E)-F#%2"#$%&)"0%,/.=2),%D'?.)2%&.0#520'D)E#%,)0#"&.,/../%&)'?'20#%&),/2#%.2%-F)

/,"C'.<&A!F=m@&XIJX<&Z,<&_PHH7__IIU&

•  ;(+33*)(&9U7:Ue&W.))(30j*,,(&!Ue&W.[,#)(3&iU&;UI)J/--?'D)&"&%2"#$%&.)E#%,)-'#/%D/2)

"##"&C','&0.)%E)#'%#D'#'D)$/K"2"&2/'.)/&)C#"-L'&')%#)&"&%05$'.<&9mEF@!;&m>&AML:]A!;&

RMrD]AD&XIJX<&_\`<&JX_yIGU&

•  R*)).($<&AUe&;(+33*)(<&9U7:Ue&=0.<&!U7BUe&�(.3?(2N($<&RUe&>.32C($<&MU&LUe&i($O*.3<&AUe&B$0�*,'.($<&;Ue&

D.$#�<&>Ue&B(+33*,'.($<&>Ue&AC#))#,<&iU<&M%2"?).0#5205#')/&)",%#-L%5.)$%#%&)2"#$/D')N?,.)

-#'-"#'D)$F)!OP9)"&)'8-'#/,'&0"?)"&D)2%,-50"=%&"?)"--#%"2L<&(,&"$1"*$*4#,&
_J&



F(-($2.(-(,%3&

_X&

=*"43%(&>*$?#3<&@.2#)*3&:*$4,<&i1$*$'&W.[,#)(3<&R*%$.2N&�(.3?(2N($<&i(#$[(3&

AC#))#,<&A*-.))(&R*)).($<&!,C&BC+&=0.<&F(,1&R*.))($&�&>$*,2.3&B(+33*,'.($&

9(*,7R.($$(&'*&A#3%*<&F*'0&

E$3&�&AC$.34*,&i($-*.,&
;.#,()&B$0�*,'.($&

M(,$+&>.32C($& AC$.3%()&i($O*.3&

D*,'$.,(&=*0'&

!,%#.,(&W.))(30j*,,(&



F(-($2.(-(,%3&

_P&

A(�(&

"$13(,%*4#,&


