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l’amélioration des dilueurs et la lutte contre les formes activées de l’oxygène.
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SUMMARY
EQUINE SEMEN FREEZING: 
STATE OF THE ART AND PERS-
PECTIVES.

��"� $�� )��(� %�%�'� �(� )$� '�+��,�
equine semen freezing proce-
�*'�(�� �%�'"�)$/$�� �$'"�)�$#�
inside the testis, spermatozoa 
�#�)$".� �#�� %�.(�$!$�.� ,�!!� ���
summarized, highlighting struc-
tures and/or functions impaired 
�*'�#�� �'��/�#��)��,�#�� %'$��((��
��,� �'��/�#�� %'$���*'�(� ,�!!� ���
��)��!��� �#�� ��(�*((���� *''�#)�
&*�!�).� ()�#��'�(�,�!!� ��� ��0#���
�$'� �'�(���#�� )��,���(�"�#�,�)��
a special attention on total and 
%'$�'�((�+��"$)�!�)��(��#����2�'�#)�
definitions of these parameters 
�#� !�)�'�)*'�����,�,�.(�$�� (�"�#�
�#�!.(�(� �(*����(� 1$,��.)$"�)'.��
,�!!������(�*((����$'�)���'�(���#)�-
0���#���!�#���!��"%!���)�$#(���*)*'��
developments and progress in 
�'��/�#��"�)�$�(�,�!!�����-%$(����
(*��� �(� %'����)�$#� $�� %$()�)��,�
semen quality on fresh semen 
basis, improvement of freezing 
extenders and prevention of reac-
)�+��$-.��#�(%����(��2��)(�

!H!-e!#& !F& %4V4:& 07:J2:;& 2:&
67<24:<5& \2<[& =7:=48Z& ^NXK478&
4L64824:=4F& 7")#$ I#$!"':93#*& ^NNNW&
LO&Z&%/661&^W&SRXSTF

!*,`$"& -FcFW& I!`$-& (F!F&
GL2@7<2D4& 5<8455& 7:@& V714&
84689@/=<2D4& 02919;KF& '5@B?4	�
�5BD9<	��5F	�&^NNOW&FeZ&d]SXd]]F

!`*"G#!& #F!FW& !%_*-C& !FGF&
$>>4=<& 9>& =8K9689<4=<2D4& V4@27&
7:@&>844m2:;&<4=[:2?/45&9:&[/V7:&
54V4:& 684548D7<29:F&,5CD��6B	� �	�
%6'#*&STTQW&FLZ&SRRXSRTF

!#+!-$"H!& (F!FW& .!.!& AFGFW&
#!"'*(X!#+!-$"H!& AF)FW&
($'$*-G%& !F%F& !V2@45& 75&

=8K9689<4=<7:<5& >98& >844m2:;&
5<71129:& 54V4:Z& 7& 84D24\F& !"01#$
'5@B?4	�(39	�&^NNdW&ifZ&SNdXSSQF

!(!""& -F.F& .[K52919;K& 7:@&
4:@9=82:919;KF&*:& Z&(=`2::9:&!FGFW&
%?/2845&$F#FW&+7717&eF$F&M$@5UW&$?/2:4&
84689@/=<29:F& ^:@& 4@2<29:F& e214KX
I17=J\411&Z&GL>98@W&^NSSW&]]SXTN]F

;,;+,4C32:N,/



RR

!(!""& -F.FW& H-!_!(& cF`F&
%648V7<9m971& >/:=<29:F& *:& Z&
(=`2::9:& !FGFW& %?/2845& $F#FW&
+7717& eF$F& M$@5UW& $?/2:4&
84689@/=<29:F& ^:@& 4@2<29:F&e214KX
I17=J\411& Z&GL>98@W& ^NSSW& SNdQX
SN]dF

!(*-!,& #FW& ,!*",C-*$-& 'FW&
c$!""$!C& #FW& ,_G-*"& )FW&
H$-!-'&GFW&)GC-,$"%& cF#FW&
!",G"&(F&I/11& 54V4:& 2:& D2<89&
>48<212<K& 7><48& =8K9684548D7<29:&
/52:;&4;;&K91J&#'#Z&7&=9V678259:&
\2<[&G6<2@K1W& 7& =9VV48=271& 4;;&
K91J& 4L<4:@48F& )85B9?75>?<?7I�&
^NNOW&eFZ&]TdXTNgF

!-*I!-H& !FW& %C`)_!-G$"&
"F W & )_!".-!%*,& bF W&
"H$!(+*c!e!,& cF& .84@2=<29:&
9>& 695<X<[7\& 5648V&V9<212<K& 7:@&
5648V&=8K95/8D2D71&87<4&/52:;&<[4&
684X>844m4& 5648V& 6787V4<485F& I#$
"54	��CC?3	�)819	�&STTdW&diZ&OgOX
O]NF

I!)_,$##&"F$FW& )G"!H_!"& cFW&
,C-$`&.FcF&,[4&8417<2D4&D270212<K&
9>& [/V7:& 5648V7<9m97& >89V& <[4&
D75&@4>484:5W&462@2@KV25&7:@&<45<25&
04>984&7:@&7><48&=8K9684548D7<29:F&
�E=	� '5@B?4	�& STTTW& F_Z& QNO]X
QNdSF

I!H)_*&!FW&eGG'%&$FcFW&)-*%,$-&
cF`F& )8K9684548D7<29:& 7:@&
I<GE<d64G<BA�� E868AG� 47I4A68F� <A�
>48<212<K&684548D7<29:&<4=[:919;245F&
�H@5BD�'5F	�"54	��5F935CW& ^NN]W&
`W&QdTXQgNF

I!##&IF!FW&+G&!F&G5V9<2=&<91487:=4&
9>& 4?/2:4& 5648V7<9m97& 7:@& <[4&
4>>4=<5&9>& 591/014&=8K9689<4=<7:<5&
9:& 4?/2:4& 5648V& V9<212<KW&
D270212<KW& 7:@& V2<9=[9:@8271&
V4V087:4& 69<4:<271F& I#$ !"':93#*&
^NNSW&LLZ&SNRSXSNRTF

I!##& IF!FW& +G&!F,FW& I!C(I$-&
cF&H4:487<29:& 9>& 847=<2D4& 9LK;4:&
564=245& 0K& 4?/2:4& 5648V7<9m97F&
!1#$ I#$ (6)#$ G65#*& ^NNSW&eLZ& dN]X
dSdF

I!-!)!#'G&(F*F&%<465&>98&>844m2:;&
09D2:4& 54V4:Z& >89V& 54V4:&
=9114=<29:& <9& <[4& 12?/2@& :2<89;4:&
<7:JF& ~4:& 12;:4�& M^NNgU&!@84554&
C-#&Z&[<<6ZPP\\\F/45=F08P=/8595P
695Ä;87@/7=79PV45<87@9P7:2V71P
020129;87>27^NNgP0787=71@9Ä

4<Ä7<Ä^NNgF6@>W& =9:5/1<3& 14&
N^PNOP^NSOF

I!-,_$#$(b& )FW& -Gb$-$& 'FW&
_!((!_!_& %FW& #$IG%& )FW&
,_!-!""$& (FcFW& #!"%!)&
cF& C1<875<8/=</871& =[7:;45& 2:&
V4V087:45& 7:@& 7=8959V4&
9>& [/V7:& 5648V& @/82:;&
=8K9684548D7<29:F&�B38	� �>4B?<	�&
STTNW&L`Z&^TXONF

I!C(I$-& cFW& I!##& IF!FW&
H-!+!")$& )FHFW& ($'*"!&
+FW& '!+*$%X(G-$#& (F)F&
,[4& 4>>4=<& 9>& 847=<2D4& 9LK;4:&
564=245&9:&4?/2:4&5648V&V9<212<KW&
D270212<KW& 7=8959V71& 2:<4;82<KW&
V2 <9=[9:@8 27 1 & V4V087:4&
69<4:<271W& 7:@& V4V087:4& 1262@&
6489L2@7<29:F&I#$!"':93#*&^NNNW&LFZ&
]TdXTN^F

I!C(I$-& cFW& I!##& IF!FW&
#*"AG-& cFcF& !55455V4:<& 9>&
<[4& =8K9684548D7<29:& 9>& 4?/2:4&
5648V7<9m97& 2:& <[4& 68454:=4&
9>& 4:mKV4& 5=7D4:;485& 7:@&
7:<29L2@7:<5F& !1#$ I#$ (6)#$ G65#*&
^NNdW&eeZ&gg^XggTF

I!C(I$-& cFW& I!##& IF!FW&
#*"AG-& cFcFW& ($b$-%& %F!F&
-47=<2D4& 9LK;4:& 564=245& 7:@&
=8K9684548D7< 29:& 689V9<4&
'"!& >87;V4:<7<29:& 2:& 4?/2:4&
5648V7<9m97F&I#$!"':93#*&^NNQW&L_Z&
R^SXR^]F

I$))!H#*!& (FW& !"!%,!%*&
.FW& )_*H*G"*& %FW& #C+G"*&
HF)F& ,825X14=2<[2:& 4L<4:@48&
5/6614V4:<4@& \2<[& 7:<29L2@7:<&
=7<71754& >98& =[2112:;& 9>& =7:2:4&
54V4:F& '5@B?4	� �?=5CD	� �>9=	�&
^NNTW&__Z&QOdXQOTF

I*,,(!-&!FW& `G%*"*!`& `F& ,[4&
8914& 9>& 5414=<4@& 029=[4V2=71&
=9V69:4:<5& 9>& 4?/2:4& 54V2:71&
6175V7& 2:& @4<48V2:2:;& 5/2<70212<K&
>98&@446X>844m2:;F&�B38	�+5D	�%?<	�&
STT^W&OLZ&SgX^TF

IcG-"'!_#& #FW& %G'$-#C"'&
*FW& `+*%,& CF& $D71/7<29:& 9>&
<[4& 9:4X5<46& 4952:X:2;8952:&
5<72:2:;& <4=[:2?/4& >98& [/V7:&
5648V& D2<712<K& 755455V4:<F&�E=	�
'5@B?4	�&^NNQW&FiZ&]SQX]SRF

I#G(& $FW& I*-)_X!"'$-%$"&
!F& ,[4& /1<875<8/=</84& 9>& 7&

=[787=<4825<2=& 5648V[47@X@4>4=<&
2:& <[4& 0978Z& <[4& %($X@4>4=<F&
!"':939>02*&STgdW&dZ&STTX^NTF

I#G,,"$-& %FW& e!-"`$& )FW&
,C)_%)_$-$-& !FW& _$*"$"&
+FW& ,G-"$-& _F& (986[919;2=71&
7:@& >/:=<29:71& =[7:;45& 9>&
5<71129:& 5648V7<9m97& 7><48&
=8K9684548D7<29:&@/82:;&0844@2:;&
7:@& :9:X0844@2:;& 54759:F&!"01#$
'5@B?4	�(39	�&^NNSW&e`Z&gdX]]F

IG$-`$&!FW&,%!*&.F%FW&H!-)#!X
H*#&"FW&I-$e*%&*F!FW&H!'$##!&
IF(F& )767=2<7<29:X@464:@4:<&
8498;7:2m7<29:& 9>& V2=89@9V72:5&
2:& <[4& 762=71& 5648V& [47@&
6175V7& V4V087:4Z& A/:=<29:71&
8417<29:5[26& \2<[& m9:7& 02:@2:;&
7:@& <[4& m9:7X2:@/=4@& 7=8959V4&
847=<29:F& )85B9?75>?<?7I�& ^NN]W&
dgZ&SS]]XSSTRF

IG##e$*"&_FW& AC)_%& *FW&`G$%%&
)F& *:<488417<29:5[26& 04<\44:&
6175V7& V4V087:4& 2:<4;82<KW&
V2 <9=[9:@8 27 1 & V4V087:4&
69<4:<271&7:@&'"!&>87;V4:<7<29:&
2:& =8K9684548D4@& 09D2:4&
5648V7<9m97F& '5@B?4	� �?=5CD	�
!"01#*&^NN]W&_OZ&S]TXSTdF

I-!")G& )F%FW& H!-)$f& (F$FW&
.! %hC!#G,,G & AF AF W&
$-',(!"&IFW&%!#+!'G-&(F&
-45D487<891& 7:@& 75=9802=& 7=2@&
684D4:<&'"!&@7V7;4&2:@/=4@&0K&
=8K9684548D7<29:&2:&[/V7:&54V4:F&
�BI?29?<?7I�&^NSNW&egZ&^QdX^QgF

I-!C"& cFW& %!`!*& (FW& _G)_*&
%FW& GHC-*& "F& .84548D7<29:& 9>&
4t7=/17<4@&7:@&462@2@KV71&5<71129:&
5648V7<9m97& 0K& =9912:;& 7:@&
>844m2:;F& )85B9?75>?<?7I�& STTOW&
_FZ&]NTX]S]F

I-*"%`G& %F.FW& I#!")_!-'&
,F#FW& -*HIb& %F#FW& #G+$& )F)FW&
+!-"$-& 'F'F& $>>4=<5& 9>&
@47@& 5648V7<9m97& 9:& V9<29:&
=[787=<4825<2=5& 7:@& V4V087:4&
2:<4;82<K& 9>& 12D4& 5648V7<9m97& 2:&
>845[& 7:@& =9914@X5<984@& 4?/2:4&
54V4:F&)85B9?75>?<?7I�&^NNQW&`fZ&
gQdXgO^F

I-$*"*"H$-& $FW& I$G-#$HC*&
"FIFW& GiA#!_$-,b& )F(FW&
I$)G"*&(F,F&!16[7X<9=96[4891&
2V689D45&02=[4V2=71&7:@&@K:7V2=&
6787V4<48& 2:& =8K9684548D4@& 0978&



Rg

54V4:F&)85B9?75>?<?7I�&^NNdW&eOW&
^S^RX^SQdF

I-G,_$-,G"& cF&)8K9684548D7<29:&
9>& [/V7:& 54V4:F&�B38	��>4B?<	�&
STTNW&L`Z&S]SXSTdF

IC)!`& (F"FW& %!-*Gf`!"& %FW&
,C")$-& .FIFW& %!`*"& AFW&
!,$%%!_*"& !FW& `C#!`%*f&
-FW& )$+*`& (F& ,[4& 4>>4=<& 9>&
7:<29L2@7:<5& 9:& 695<X<[7\4@&
!:;987& ;97<& M�1@B1� 89B3EC�
1>3BIB5>C9CU& 5648V& 6787V4<485W&
1262@&6489L2@7<29:&7:@&7:<29L2@7:<&
7=<2D2<245F& (=1<<� 'E=9>1>D� '5C	�&
^NSNW&ifZ&^OXQNF

)_!"& %FbFW& )-!A,& *F#FW& )_!"&
bF(FW& #$G"H& (F`FW& #$C"H&
)F`F& ,[4& [K6995V9<2=& 5\4112:;&
<45<& 7:@& =8K95/8D2D71& 9>& [/V7:&
5648V7<9m97F& �E=	� '5@B?4	�&
STTNW&`Z&gSdXgS]F

)#C#Ge& cF-FW& (!ae$##&eF(FW&
$+!"%& HFW& (G--*%& #F_F& !&
=9V678259:& 9>& @/=J& 7:@& =[2=J4:&
4;;& K91J& >98& =8K9684548D7<29:& 9>&
5<71129:&5648VF&�ECD	�+5D	��	�&^NNgW&
i`Z&^Q^X^QdF

)G-(*$-& "FW& %*-!-'& (F!FW&
I!*#$b& cF#F & .84V7</84&
=767= 2 <7 < 29: & 9 > & 09D 2:4&
5648V7<9m97& 25& 2:2<27<4@& 0K&
=8K9684548D7<29:F& I#$ !"':93#*&
STTgW&FiZ&ORSXOR]F

)-G)`$,,& $F)FW& H-!_!(& cF`FW&
I-C$(($-& cF$FW& %hC*-$%&
$F#F&$>>4=<& 9>& =9912:;& 9>& 4?/2:4&
5648V7<9m97& 04>984& >844m2:;& 9:&
695<X<[7\& V9<212<KZ& 68412V2:78K&
845/1<5F&)85B9?75>?<?7I�&^NNSW&``Z&
gTQX]NQF

)C--b& (F-FW& (*##!-& cF'FW&
e!,%G"& .FAF& )71=/17<4@&
96<2V71&=9912:;&87<45&>98&87V&7:@&
[/V7:& 5648V& =8K9684548D7<29:&
>721& <9& =9:>98V& \2<[& 4V6282=71&
90548D7<29:5F&�9?<	�'5@B?4	�&STTOW&
`FZ&SNSOXSN^SF

���%,�)����'8J�G86;A<6F�B9�4EG<d6<4?�
2:54V2:7<29:& 2:& <[4& V784F& *:& Z&
I41;27:& $?/2:4& .87=<2<29:485&
%9=24<K& M$@FUW& .89=44@2:;5& @4& 17&
^N4&t9/8:34&@ò3</@4&@4&17&I41;27:&
$?/2:4& .87=<2<29:485& %9=24<KW&
I8/L41145W& d& :9D4V084& ^NNQW&
^NNQF

'$AG*"& #FW& H-!"!'G%& !FW&
'G""!b& *F&!:71K52:;& V9<212<K&
6787V4<485& 9:& >845[& 0/11& 54V4:&
=9/1@& [416& <9& 684@2=<& 84525<7:=4&
<9& >844m2:;Z& 7& 68412V2:78K& 5</@KF&
'5@B?4	��?=5CD	��>9=	�&^NN]W&_OW&
RNRXRSSF

'$+*-$''b& -F+FW& %e!"#C"'&
'FcFW& G#*"& ,FW& +*")$",$&
eFW& ,-G$'%%G"& (F_FW&
I*%)_GA& cF)FW& -GI$-,%&
`F.F& )8K9684548D7<29:& 9>& 4?/2:4&
5648VZ& 96<2V71& =9912:;& 87<45&
2:& <[4& 68454:=4& 7:@& 7054:=4& 9>&
=8K9689<4=<2D4& 7;4:<5& @4<48V2:4@&
/52:;& @2>>484:<271& 5=7::2:;&
=71982V4<8KF&�9?<	�'5@B?4	�& ^NN^W&
eeZ&^^^X^QSF

$'(G"'& !FcFW& ,$!HC$& %F-FW&
I-*"%`G& %F.FW& )G($-AG-'&
`F#FW& e!*,$& cF!FW& (!")*##&
%F%FW& #G+$& )F)FW& +!-"$-&
'F'F& $>>4=<& 9>& @4:52<KX;87@24:<&
=4:<82>/;7<29:& 9:& ?/712<K&
7:@& 84=9D48K& 87<4& 9>& 4?/2:4&
5648V7<9m97F&�>9=	�'5@B?4	�(39	�&
^NN]W&FgdZ&QS]XQS]F

$ H H $ - , X ` - C % $ & e F W&
f*(($-(!""&`FW&H$*%%#$-&
eFW& $_-(!""& !FW& IG*,&
-FW& %,-Ge*,f`*& ,F& )12:2=71&
8414D7:=4& 9>& 691KV986[9:/=1478&
M.("XU& 4175<754& @4<48V2:7<29:&
2:& 54V4:& 7:@& 548/V& @/82:;&
2:>48<212<K& 2:D45<2;7<29:F& 7")#$ I#$
!"':93#*&^NN]W&OLW&QSgXQ^TF

$-G`_*"& !F%FW& $+,C`_& +F.F&
$>>4=<5& 9>& '8K& %9K7X#4=2<[2:&
M%<48:6/8&.)U&9:&5/8D2D71&9>&0978&
5648V7<9m97& 7><48& =9912:;& 7:@&
>844m2:;F&'5@B?4	��?=5CD	��>9=	�&
^NNgW&_L&Z&%/661&^Z&]]F

$%,$+$%& %F)FW& %.!*"$& 'F(FW&
)$'$"_G& !F.FW& %-GCH*&
(F& $>>4=<5& 9>& <[4& <4=[:2?/4&
9> & =8K9684548D7< 29:& 7:@&
@21/<29:P=4:<82>/;7<29:& 7><48&
<[7\2:;& 9:& <[4& V9<212<K& 7:@&
D2<712<K& 9>& 5648V7<9m97& 9>&
912;975<[4:9m995648V2=& V4:F&&
�>D	��B1J	��	�*B?<	�&^NNQW&LfZ&SQQX
SONF

$+$"%G"& 'FW& cG%,& #F& %648V&
=[89V7<2:&5<8/=</84&7557K&25&/54>/1&
>98& >48<212<K& 755455V4:<F&"5D8?4C�
�5<<�(39	�&^NNNW&LLZ&SRTXS]TF

��+,-���0��&4G<A:� 4A7��EG<d6<4?�
*:54V2:7<29:& 2:& <[4& @9;F& *:& Z&
%2V659:&HFW&$:;17:@&HFW&_78D4K&
(F&M$@5UW&(7:/71&9>&5V711&7:2V71&
84689@/=<29:& 7:@& :49:7<919;KF&
I82<25[& %V711&!:2V71&+4<482:78K&
!559=27<29:& Z&)[41<4:[7VW& STT]W&
TdXSNOF

H!'$##!&IF(F&H7V4<4&V4V087:4&
<4=[:919;KZ&e[7<& 25& 84?/284@& >98&
V7VV7127:&>48<212m7<29:&7:@&[9\&
25& <[25& =[7114:;4@& @/82:;& ;7V4<4&
689=4552:;É& '5@B?4	� �?=5CD	�
!"01#*&^NNgW&_L&Z&%/661&^Z&R^XRQF

H!'$##!&IF(F&,[4& 7554V01K& 9>& 7&
m9:7& 6411/=2@7& 02:@2:;& 689<42:&
=9V614L& 2:& 5648VF& '5@B?4	�
49165)#$!"01#*&^NN]7W&_OZ&S^XSTF

H!'$##!& IF(F& %648V& V4V087:4&
6[K52919;K& 7:@& 8414D7:=4& >98&
>48<212m7<29:F&�>9=	�'5@B?4	� (39	�&
^NN]0W&FgdZ&^^TX^QRF

H!'$##!&IF(FW&,%!*&.F%FW&IG$-`$&
!FW& I-$e*%& *F!F& %648V& [47@&
V4V087:4& 8498;7:257<29:& @/82:;&
=767=2<7<29:F& �>D	� �	� �5F	� �9?<	�&
^NN]W&`LZ&OgQXO]NF

H*#(G-$& cF!FW& #*C& cFW& eGG'%&
$FcFW& .$,$-& !F,FW& )-*,%$-&
cF`F& )8K9689<4=<2D4& 7;4:<& 7:@&
<4V6487</84& 4>>4=<5& 9:& [/V7:&
5648V&V4V087:4& 648V470212<245Z&
=9:D48;4:=4& 9>& <[4984<2=71& 7:@&
4V6282=71& 766897=[45& >98&96<2V71&
=8K9684548D7<29:&V4<[9@5F&�E=	�
'5@B?4	�&^NNNW&F`Z&QQdXQOQF

H*-!C'& (F"FW& (G,,!& )FW&
IGC)_$-& 'FW& H-*f!-'& HF&
(4V087:4& >1/2@2<K& 684@2=<5& <[4&
9/<=9V4& 9>& =8K9684548D7<29:&
9>& [/V7:& 5648V7<9m97F& �E=	�
'5@B?4	�&^NNNW&F`Z&^SRNX^SROF

H#!"'$-& _FcFW& %)_!##$-& cFW&
#!'C%)_& (F& $2:4& 42:>7=[4&
(4<[9@4& m/8& %4678248/:;& D9:&
>825=[4:& /:@& J8K9J9:548D248<4:&
_/V7:564 8V 2 4: & V 2 < < 4 1 5&
4 2:4 8 & '4L < 87: X+259 < 87 5 < X
'2=[<4;87@24:<4:m4:<82>/;7<29:F&
/5>DB1<2<	� �I>1;?<	�& STTNW& FFLZ&
TSXTgF

H-!_!(& `FcF& .82:=26145& 9>&
=8K9684548D7<29:F& *:& Z&(=`2::9:&
!FGFW& %?/2845& $F#FW& +7717& eF$F&
M$@5UW& $?/2:4& 84689@/=<29:F&



R]

^:@& 4@2<29:F& e214KXI17=J\411& Z&
GL>98@W&^NSSW&^TdTX^TRQF

H-!+!")$&)FHFW&)_!(.*G"&fFW&
#*C& *F`FW& )!%$b& .FcF& %648V&
[47@& V986[9V4<8K& 7:71K525& 9>&
4t7=/17<4& 7:@& @25V9/:<& 5<71129:&
54V4:& 57V6145F& �>9=	� '5@B?4	�
(39	�&STTgW&_dZ&SOTXSddF

_$"`$#&-F&,[4& 2V67=<& 9>& 9L2@7:<5&
9:& 5648V& >/:=<29:F& !"':939>02*&
^NNdW&OdZ&^NdX^NRF

_$"`$#&-FW&`*$-%.$#&$FW&%,!#A&
,FW&($_"$-,&)FW&($"`+$#'&
-FW&,*""$I$-H&_F-FW& %)_*##&
eFIFW& `-CH$-& ,FAF& $>>4=<& 9>&
847=<2D4&9LK;4:&564=245&689@/=4@&
0K& 5648V7<9m97& 7:@& 14/J9=K<45&
9:& 5648V& >/:=<29:5& 2:& :9:X
14/J9=K<95648V2=&67<24:<5F&L6:)03#$
;)6:03#*&^NNdW&iOZ&RQdXRO^F

_G#,& eF+F& !1<48:7<2D4& 5<87<4;245&
>98& <[4& 19:;X<48V& 684548D7<29:&
9>& 5648V7<9m97F& '5@B?4	� �5BD9<	�
�5F	�&STTgW&fZ&QNTXQSTF

_GGH$e*c%&(FW&'$&+#*$H_$-&%FW&
'$&%)_!Ce$-&)FW&HG+!$-$&
cFW& %(*,%& `FW& _GA#!)`& HFW&
'$& `-C*A& !FW& +!"& %GG(&
!F& +712@7<29:& 7:@& /54>/1:455& 9>&
<[4& 5648V& ?/712<K& 7:71Km48& +&
4?/2:4&>98&4?/2:4&54V4:&7:71K525F&
)85B9?75>?<?7I�& ^NSSW& d`Z& S]TX
STOF

_GGH$e*c%& (FW& -*c%%$#!$-$&
,FW & '$& +#*$H_$-& %FW&
+!"_!$%$I-GC)`& $FW& '$&
%)_!Ce$-& )FW& HG+!$-$&
cFW& ,_b%& (FW& _GA#!)`& HFW&
+!"& %GG(& !FW& '$& `-C*A&
!F& *:>1/4:=4& 9>& @2>>484:<&
=4:<82>/;7<29:& 689<9=915& 9:&
4?/2:4& 54V4:& 684548D7<29:F&
)85B9?75>?<?7I�& ^NSNW& d_Z& SS]X
S^RF

_G%%!*"&!F(FW&G%C!(`.$&)FGF&
%914& /54& 9>& 5/=8954& 2:& [/V7:&
5648V& =8K9684548D7<29:F& �B38	�
!"':93#*&^NNgW&`OZ&TTXSNQF

_C,)_G"& %FW& ,_G-",G"& %FW&
_!##& cFW& I*%_G.& (F& A89m4:X
<[7\4@& 462@2@KV71& 5648V& 25&
4>>4=<2D4& >98& 2:<87=K<96175V2=&
5648V& 2:t4=<29:Z& 2V612=7<29:5& >98&
<[4& /8919;25<F&�B	� �	�*B?<	�& STT]W&
iFZ&RNgXRSSF

*-+*"$&'F%FW&,e*HH&cF.FW&HG-'G"&
$F#FW&AC#,G"&"FW&(*#"$&.F!FW&
!*,`$"& -FcF& '"!& 2:<4;82<K& 2:&
[/V7:&5648V7<9m97Z&8417<29:5[265&
\2<[& 54V4:& ?/712<KF& I#$ !"':93#*&
^NNNW&LFZ&QQXOOF

*%!)_$"`G& $FW& *%!)_$"`G&
+FW& `!,`G+W& **W& '$%%G#$&
%FW& "!e-G,_& AF& +2<82>2=7<29:&
9>& V7VV7127:& 5648V7<9m97& 2:&
<[4& 7054:=4& 9>& =8K9689<4=<7:<5Z&
9EB@�C4FG� CE46G<64?� 7<9d6H?G<8F� GB�
68454:<&5/==455F&'5@B?4	��9?=54	�
="30"6*&^NNQW&eZ&STSX^NNF

*%!)_$"`G& $FW& *%!)_$"`G&
+FW& `!,`G+W& **W& -!_*(*& HFW&
%)_G"'G-A&,FW&(!##(!""&
.FW& '$%%G#$& %FW& "!e-G,_&
AF& '"!& 2:<4;82<K& 7:@& V9<212<K&
9>& [/V7:& 5648V7<9m97& 7><48&
5<7:@78@& 519\& >844m2:;& D485/5&
6ELBCEBG86G4AG�9E88� I<GE<d64G<BA��
�E=	�'5@B?4	�&^NNOW&FfZ&TQ^XTQTF

*%!)_$"`G& +FW& *%!)_$"`G&
$FW& (G",!H& (FW& f!$+!&
+FW& `-*+G`_!-)_$"`G&
*FW& "!e-G,_& AFW& '$%%G#$&
%FW& `!,`G+W& **W& +!"& '$-&
+$"& _F& )147:& <4=[:2?/4& >98&
=8K9689<4=<7:<X>844& D2<82>2=7<29:&
9>& [/V7:& 5648V7<9m97F&'5@B?4	�
�9?=54	� $><9>5�& ^NNdW& FgZ& QdNX
QdOF

c!"H& _FbFW& `*(& bF_FW& )_$G"H&
_F,FW&`*(&cF,FW&.!-`&*F)FW&.!-`&
)F`FW& b!"H& IF`F& )/8=/V2:&
7<<4:/7<45& [K@89;4:& 6489L2@4&
2:@/=4@&9L2@7<2D4&5<8455&9:&54V4:&
=[787=<4825<2=5& @/82:;& 2:& D2<89&
5<987;4& 9>& 0978& 54V4:F& '5@B?4	�
�5F	��9?<	�&^NNTW&OOZ&TTXSNdF

cG_!"%%G"&)F%FW&(!,%%G"&AF)FW&
#$_"Xc$"%$"& _FW& "*$#%$"&
cF(FW& .$,$-%$"&(F(F& $?/2:4&
5648V7<9m97& D270212<K& =9V6782:;&
<[4& "/=149)9/:<48& %.XSNN& 7:@&
<[4& 4952:X:2;8952:& 5<72:F& !"01#$
'5@B?4	�(39	�&^NN]W&FgdZ&Q^dXQ^RF

`!-$%`G%`*& !F(FW& -$*#!%& ,FW&
%!"`!-*& %FW& !"'$-%%G"&
(FW& `!,*#!&,F& )9V6952<29:& 9>&
>87=<29:7<4@& 5<71129:& 4t7=/17<45F&
�>9=	� '5@B?4	� (39	�& ^NNdW& ifZ&
^^]X^QNF

`_#*A!GC*& (FW& I!,,C,& *FW&
I-Cb!%&cFAFW&)_!,!H"G"&HFW&

,-*($)_$&!FW&,!*",C-*$-&'F&
$>>4=<5&9>&;1/<7V2:4&9:&695<X<[7\&
V9<212<K& 9>& 5<71129:& 5648V7<9m97Z&
7:& 766897=[& 9>& <[4& V4=[7:25V&
9>& 7=<29:& 7<& 5648V7<9m97& 14D41F&
)85B9?75>?<?7I�& ^NNdW& eOZ& SQ]X
SOTF

`"G.&`FW& _GAA(!""&"FW& -!,_&
'FW&%*$($&_F&$D71/7<29:&9>&519\&
=9912:;& 7><48& =4:<82>/;7<29:& 7:@&
;1K=4891&7@@2<29:&7<&^^&@4;8445&)&
D485/5& @284=<& >844m2:;& 9>& 54V4:&
2:& 5<71129:5& \2<[& ;99@& 7:@& 6998&
5648V& 19:;4D2<KF& �>9=	� '5@B?4	�
(39	�&^NNdW&ifZ&^TTXQN^F

`GI!b!%_*& ,FW& `!"$`G& %FW&
_!-!& *FW& .!-`& bFcFW& %!,G&
_FW& G_"G& ,FW& "Gf!e!& %F&
)9:=4:<87<2:;& [/V7:& 5648V&
04>984 & = 8K968454 8D7 < 29: F&
!"':939>02*&STTSW&LOZ&^dX^]F

`í%%&)FW& c!"$,,&AFW&IG##e$*"&
_F&$>>4=<5& 9>& @2>>484:<& 4L<4:@485&
9:&689@/=<29:&9>&847=<2D4&9LK;4:&
564=245& 7:@& 1262@& 6489L2@7<29:&
9>& =8K9684548D4@& 09D2:4& 5648VF&
'5@B?4	� �?=5CD	� �>9=	�& ^NNgW&
_L&Z&%/661&^Z&]NF

`C,f#$-&(F!F&%4V4:&=9114=<29:&2:&
<[4& @9;F& )85B9?75>?<?7I�& ^NNdW&
e_Z&gOgXgdOF

#$$I& _FW& -$""_GA$-& HF& C4048&
@24& I4/8<421/:;& @48& +2<712<7<&
V4:5=[12=[48& %648V24:& V2<& @48&
$952:X"2;8952:XA780/:;& :7=[&
I19VF&,95>	� "54	� ,?385>C38B	�&
STdOW&Fg_Z&]ggX]g]F

#*"'$XAG-%I$-H& )F& !=[24D2:;&
=7:2:4&684;:7:=K&0K&/52:;&>89m4:&
98& =[2114@& 4L<4:@4@& 54V4:F& (6)#$
�<9>	� #?BD8� �=	� (=1<<� �>9=	�
%B13D	�&STTSW&LFZ&ORgXO]dF

#GG(*%& .F-F& !@D7:=4@& V4<[9@5&
>98& [7:@12:;& 7:@& 6846787<29:& 9>&
5<71129:& 54V4:F&+5D	� �<9>	� #?BD8�
�=	�(=1<<��>9=	�%B13D	�&^NNRW&LLZ&
RRQXRgRF

#G.$f&(F#FW&G#$!&"FW&-$,!(!#&
)F!F& .95<X<45<2=/178& =[7:;45&
2:& <[4& @4:52<K& 7:@& @25<820/<29:&
9>& 2:<87V4V087:4& 678<2=145& 9>&
5<71129:& 5648V& 5/8>7=4& @9V72:5F&
�>9=	� '5@B?4	� (39	�& ^NNgW& FggZ&
^NOX^SNF



RT

(!H*%,-*"*&(FW&)_!",$#GCI$&
)���)�%&�+����"AeH8A68�B9�F84FBA�
7:@& >84?/4:=K& 9>& 4t7=/17<29:& 9:&
689@/=<29:& 9>& 5<71129:& 54V4:& >98&
>844m2:;F&�	�'5@B?4	��5BD9<	�(E@@<	�&
ST]gW&O`Z&S^gXSQQF

(!"*!X.-!(!"*`& cFW& .G,'!-&
%F%FW& +!'*HG..C#!& !FW&
%!e!",&%F&$175<754Z&7&684@2=<2D4&
V78J48& 9>& 2:>17VV7<29:& 7:@P
98& 2:>4=<29:F& �	��<9>	� !12	��>1<	�&
^NNOW&FiZ&SdQXSd]F

(!-,*"%& (F*FW& .!'*#_!& #F)FW&
%GCf!& AFAFW& #G.$%& (F'F&
A48<212m2:;& =767=2<K& 9>& >89m4:&
462@2@KV71& 5648V&=9114=<4@& >89V&
@9;5F& '5@B?4	� �?=5CD	� �>9=	�&
^NNTW&__Z&%/661&^Z&QO^XQOOF

($%$HC$-& (FW& H!--*'G& "FW&
%*(G"& )FW& .$##*)$-& !FW&
-$(G_*& cF& )9:=4:<87<29:& 9>&
;1/<7<[29:4& 7:@& 4L6845529:& 9>&
;1/<7<[29:4&6489L2@7545&S&7:@&O&2:&
>845[&5648V&689D2@4&7&>984=75<&9>&
<[4& 9/<=9V4& 9>& =8K9684548D7<29:&
9>&[/V7:&5648V7<9m97F&I#$!"':93#*&
^NNOW&L`Z&ggQXg]NF

(*)_!$#&!FW&!#$aG.GC#G%&)FW&
.G",*`*& $FW& _!'c*.!+#GCX
#*,*"!& 'FW& %!-!,%*%& .FW&
IG%)G%&)F&$>>4=<&9>&7:<29L2@7:<&
5/6614V4:<7<29:& 9:& 54V4:&
?/712<K& 7:@& 847=<2D4& 9LK;4:&
564=245& 9>& >89m4:X<[7\4@& =7:2:4&
5648V7<9m97F& )85B9?75>?<?7I�&
^NNgW&eiZ&^NOX^S^F

(*##$-& 'F& %648V7<9m971& -"!& 75&
84548D928W& V78J48& 7:@& =788248&
9>& 462;4:4<2=& 2:>98V7<29:Z&
2V612=7<29:5& >98&=19:2:;F&'5@B?4	�
49165)#$!"01#*& ^NNgW&_L& Z&%/661&
^Z&^XTF

(GG-$& !F*FW& %hC*-$%& $F#FW&
H-!_!(& c F`F & !@@2:;&
=[9145<4891& <9& <[4& 5<71129:& 5648V&
6175V7& V4V087:4& 2V689D45&
=8K95/8D2D71F&�BI?29?<?7I�&^NNd7W&
`FZ&^OSX^OTF

(GG-$& !F*FW& %hC*-$%& $F#FW&
H-!_!(&cF`F&$>>4=<&9>&54V2:71&
6175V7& 9:& <[4& =8K9684548D7<29:&
9>& 4?/2:4& 5648V7<9m97F& )85B9?R
>6"939><*&^NNd0W&eOZ&^Qg^X^Q]SF

(G--$##& cF(F& C6@7<4& 9:& 54V4:&
<4=[:919;245&>98&7:2V71&0844@2:;F&

'5@B?4	��?=5CD	��>9=	�&^NNRW&_FZ&
RQXRgF

"!e-G,_& AFW& *%!)_$"`G& +FW&
'$%%G#$& %FW& -!_*(*& HFW&
A!-*"!& (FW& +!-H*C& "FW&
(!##(!""& .FW& '!,,$"!&
(FW & )!.GI*!")G& HF W&
.$,$-%& 'FW & G-,_& *F W&
*%!)_$"`G& $F& +2<82>2=7<29:&
9>& [/V7:& 5648V7<9m97& \2<[9/<&
=8K9689<4=<7:<5F& �BI?� !5DD5BC�&
^NN^W&LOZ&TQXSN^F

"$*#'& 'F(FW & I-GCe$-%&
cFAFW& )G#$"I-!"'$-& IFW&
!HC$-G&!FW& H!'$##!& IF(F&
#262@& 6489L2@4& >98V7<29:& 2:&
8417<29:& <9&V4V087:4& 5<70212<K& 9>&
>845[& 7:@& >89m4:& <[7\4@& 5<71129:&
5648V7<9m97F&"?<	�'5@B?4	��5F	�&
^NNdW&dLZ&^QNX^Q]F

"*c% & (F W & G(I$#$,& eF&
)8K9684548D7<29:& 9>& [/V7:&
5648VF& �E=	� �5BD9<	� ��1=2	��&
^NNSW&_Z&Sd]XSRQF

"C"$fX(!-,*"$f& *FW& (G-!"&
cF(FW& .$"!& AFcF& %648V& 2:@4L45&
90<72:4@&/52:;& =9V6/<48X75525<4@&
V986[9V4<8K& 689D2@4& 7& >984=75<&
9>& <[4& >844m70212<K& 9>& =7:2:4&
5648VF& 7")#$ I#$!"':93#*& ^NNgW&OgZ&
S]^XS]TF

G#*+$*-!& )F_FW& +!%)G")$#G%&
!FIFW& %GCf!& AF!FW&(!-,*"%X
A*#_G& GF!FW& %*#+!& (FaFW&
+!-!HG&AF)FW&#!H!-$%&(F!F&
)[9145<4891& 7@@2<29:& 689<4=<5&
V4V087:4& 2:<7=<:455& @/82:;&
=8K9684548D7<29:& 9>& 5<71129:&
5648VF&�>9=	�'5@B?4	�(39	�&^NSNW&
FFiZ&STOX^NNF

G-,$H!& A$--C%G#!& )F W&
HG"f!#$f& A$-"!"'$f& #FW&
(G--$##& cF(FW& %!#!f!-&
%!"'G+!#& )FW& (!)*!%&
H!-)*!& IFW& -G'-*HC$fX
(!-,*"$f& _FW& ,!.*!& cF!FW&
.$"!& AFcF& #262@& 6489L2@7<29:W&
7554554@& \2<[& IG'*.bX)SSW&
2:=847545& 7><48& =8K9684548D7<29:&
9>& 5<71129:& 5648V7<9m97W& 25&
5<71129:X@464:@4:<& 7:@& 25& 8417<4@&
<9& 7696<9<2=X12J4& =[7:;45F&
'5@B?4E3D9?>�&^NNT7W&FOiZ&ddXRQF

G-,$H!&A$--C%G#!&)FW&H!-)*!&
IF(FW& H!##!-'G&IG#!"G%&
cF(FW&HG"f!#$f&A$-"!"'$f&

#FW& -G'-*HC$f& (!-,*"$f&
_FW& ,!.*!& cF!FW& .$"!& AFcF&
!696<9<2=& V78J485& =7:& 04& /54@&
<9& >984=75<& <[4& >844m470212<K& 9>&
5<71129:& 5648V7<9m97F& !"01#$
'5@B?4	� (39	�& ^NNT0W& FF_Z& QTQX
ONQF

.!%hC!#G,,G& AFAFW& %_!-(!&
-F`FW&"$#%G"&'F-FW&,_G(!%&
!FcFW&!H!-e!#&!F&-417<29:5[26&
04<\44:& 9L2@7<2D4& 5<8455W& 54V4:&
=[787=<4825<2=5W& 7:@& =12:2=71&
@27;:9525& 2:& V4:& /:@48;92:;&
2:>48<212<K& 2:D45<2;7<29:F& L6:)03#$
;)6:03#*&^NNNW&dOZ&OdTXOROF

.!f& HFW&bGH$+& #FW& HG,,-$*)_&
!FW& -G,$(& -FW& b!+$,f& _FW&
_G(G""!*&fF,F&,[4&/54&9>&7:&
414=<82=& >844m48& 2:& [/V7:& 54V4:&
07:J2:;F&�EB	��	�$2CD5D	��I>53?<	�
'5@B?4	��9?<	�&STTSW&OiZ&SOSXSOOF

)�  ������-;8� EB?8� B9� I<GE<d64G<BA�
<4=[:2?/45& 9>& =8K9684548D7<29:&
2:& 84689@/=<2D4& V4@2=2:4F&�E=	�
�5BD9<	���1=2	��&^NNdW&iZ&^QSX^QTF

.$"!& !FW& #*"'$XAG-%I$-H& )F&
$>>4=<5& 9>& $?/4LW& 9:4X& 98& <\9X
5<46& @21/<29:W& 7:@& <\9& >844m2:;&
7:@& <[7\2:;& 87<45& 9:& 695<X<[7\&
5/8D2D71& 9>& @9;& 5648V7<9m97F&
)85B9?75>?<?7I�& ^NNNW& `_Z& ]dTX
]gdF

%hC*-$%& $F#FW& .*)`$,,& IFeF&
A7=<985&7>>4=<2:;&5648V&689/=<29:&
7:@&9/<6/<F& *:& Z&(=`2::9:&!FGFW&
%?/2845& $F#FW& +7717&eF$F& M$@5UW&
$?/2:4& 84689@/=<29:F& ^:@& 4@2<29:F&
e214KXI17=J\411& Z&GL>98@W& ^NSSW&
R]TXgNOF

.*)`$,,& IFeF& -4689@/=<2D4&
4D71/7<29:& 9>& <[4& 5<71129:F& *:& Z&
(=`2::9:&!FGFW&+955&cF#F&M$@5UW&
$?/2:4& 84689@/=<29:F& e21127V5&
Ö&e21J2:5& Z& .[217@416[27W& STTQW&
gddXgR]F

.*##$,& $FW& I!,$##*$-& AFW&
'C)_!(.&HFW& AC-%,G%%&+FW&
#$& +$-"&bFW& `$-IG$CA& 'FW&
'$%_$-)$%& %FW& %)_(*,,&
$FW& (!H*%,-*"*& (F& _2;[&
>48<212<K& 87<45&\2<[& 5<71129:& 5648V&
=8K9684548D4@& 2:& *"-!TR& 0754@&
4L<4:@48& 784& :9<& 684@2=<4@& 0K& 2:&
D2<89& 6787V4<485F&�>9=	� '5@B?4	�
(39	�&^NN]W&FgdZ&QQTXQONF



gN

.*##$,& $FW& 'C)_!(.& HFW&
I!,$##*$-&AFW&I$!C(!#&+FW&
!",G"& (FW& '$%_$-)$%& %FW&
%)_(*,,& $FW& (!H*%,-*"*&
(F&$;;&K91J& 6175V7& =7:& 84617=4&
4;;& K91J& 2:& 5<71129:& >844m2:;&
4L<4:@485F&)85B9?75>?<?7I�& ^NSSW&
d`W&SNdXSSOF

.G",_*$-& cFW& '$& #!& -$I*$-$&
'$& .GCb!'$& HFW& '$%+!#%&
(FW&%.!#!-,&(FW&A-!")`&,FW&
%$-,$b"&'FW& '$#$Cf$& %F& *5&
:4/<896[21&4175<754&7559=27<4@&\2<[&
VK4196489L2@754& =9:=4:<87<29:&
7:@& 695<X<[7\2:;& 6787V4<485&
2:& 4?/2:4& >89m4:& 54V4:É& !"01#$
'5@B?4	� (39	�& ^NSN7W& FLF-Z&
%^NNX%^N^F

.G",_*$-& cFW& A-!")`& ,FW&
'$,*##$Ca& cFW& (G,,!-,&
$FW& %$-,$b"& 'FW& '$#$Cf$&
%F & !559=27 < 29:& 04<\44:&
VK4196489L2@754& =9:=4:<87<29:&
2:&4?/2:4&>89m4:&54V4:&7:@&695<X
<[7\2:;& 6787V4<485F& '5@B?4	�
49165)#$ !"01#*& ^NSN0W& _`Z& ]SSX
]SRF

.G",_*$-& cFW& '$%+!#%& (FW&
A-!")`&,FW&'$&#!&-$I*$-$&
'$& .GCb!'$& HFW& %.!#!-,&
(FW&.!#($-&$FW&%$-,$b"&'FW&
'$#$Cf$& %F& (K4196489L2@754&
2:& 4?/2:4& 54V4:Z& =9:=4:<87<29:&
7:@& 19=712m7<29:& @/82:;& >844m2:;&
689=4552:;F& �	� �AE9>5� +5D	� (39	�&
^NS^W&OLZ&Q^XQgF

.G",_*$-& cFW& A-!")`& ,FW&
(G,,!-,& $FW& %$-,$b"& 'FW&
'$#$Cf$& %F& $?/2:4& >89m4:&
54V4:& 6787V4<485& 2:& 8417<29:&
\2<[& <9<71& VK4196489L2@754&
=9:=4:<87<29:F&�>9=	�'5@B?4	�(39	�&
^NN]W&FgdZ&ONXOSF

.G",_*$-& cFW& ,$!HC$& %F-FW&
A-!")`&,FW&'$&#!&-$I*$-$&
'$& .GCb!'$& HFW& %$-,$b"&
'FW&I-*"%`G&%F.FW&#G+$&)F)FW&
I#!")_!-'& ,F#FW& +!-"$-&
'F'FW&'$#$Cf$&%F&$>>4=<&9>&:9:X
5648V&=4115& 84V9D71&\2<[&@4:52<K&
;87@24:<& =4:<82>/;7<29:5& 9:&
(K4196489L2@754& =9:=4:<87<29:&
2:& 695<X<[7\& 4?/2:4& 54V4:F&
)85B9?75>?<?7IW& ^NSQW& ]NW& SN]^X
SN]gF

.-!,_!#*"H!(& "F%FW& _G#,&
eF+FW&-$+$##&%FHFW&(*-)fC`&

%FW& A#$)`&-F!FW&e!,%G"&.FAF&
*V67=<& 9>& 7:<2>844m4& 689<42:5&
7:@& 7:<2>844m4& ;1K=9689<42:5& 9:&
09D2:4&5648V&@/82:;&>844m4X<[7\F&
)85B9?75>?<?7I�& ^NNRW&eeZ& S]TOX
STNNF

-*)`$-&cF+FW&#*"AG-&cFcFW&'$#A*"G&
eFcFW&`b%!-&.FW&%)_G#,f&$F#FW&
,!I#*"&AFW&)-Ge$&cF_FW&I!##&
IF!FW& ($b$-%& %F!F& $?/2:4&
5648V&V4V087:4&6[754&04[7D298Z&
<[4& 4>>4=<5& 9>& 1262@X0754@&
=8K9689<4=<7:<5F& �9?<	� '5@B?4	�&
^NNRW&d_Z&QdTXQRdF

-Gb$-$& 'FW& I!-,_$#$(b& )FW&
_!(!(!_& %FW& #!"%!)& cF&
)8K9684548D7<29:&9>&5648V7<9m97Z&
7& STTR& 84D24\F& �E=	� '5@B?4	�
*@41D5�&STTRW&LZ&ddQXddTF

%!*'&,F(FW&!f*f&"FW&%_!-(!&-F`FW&
#$e*%XcG"$%& *FW& ,_G(!%&
!FcFW& c-FW&!H!-e!#&!F& "9D41&
7559=27<29:& 04<\44:& 5648V&
@4>98V2<K& 2:@4L& 7:@& 9L2@7<2D4&
5<8455X2:@/=4@& '"!& @7V7;4& 2:&
2:>48<214& V714& 67<24:<5F& !502"$ I#$
!"':93#*&^NNdW&dZ&S^SXS^RF

%!#!f!-& cF#FW& _!b'$"& %F%FW&
e!*,$& cF!FW& )G($-AG-'&
`F#FW&$'(G"'&!FcFW&,$!HC$&
%F-FW&#G+$&)F)FW&+!-"$-&'F'F&
$>>4=<&9>&=8K9684548D7<29:&689<9=91&
9:& 695<X<[7\& =[787=<4825<2=5&
9>& 5<71129:& 5648V7<9m97F& !"01#$
'5@B?4	�(39	�&^NN]W&FgdZ&QOgXQO]F

%!(.$-& cF)F& (7:7;4V4:<& 7:@&
>48<212<K&9>&V7845&084@&\2<[&>89m4:&
54V4:F&�>9=	�'5@B?4	�(39	�&^NNSW&
eiZ&^STX^^]F

%)_!A$-X%G(*& %FW& `#CH$-& %FW&
`"!..&$FW&`#$*"&'FW&!C-*)_&
)F&$>>4=<5&9>&54V4:&4L<4:@48&7:@&
54V4:&689=4552:;&9:&V9<212<K&7:@&
D270212<K& 9>& >89m4:X<[7\4@& @9;&
5648V7<9m97F& )85B9?75>?<?7I�&
^NNRW&eeZ&SgQXS]^F

%)_$(I-*& (F!FW& (!cG-& 'F!FW&
%C,,*$&cFcFW&(!ae$##&eF(FW&
$+!"%& HF& )767=2<7<29:X12J4&
=[7:;45& 2:& 4?/2:4& 5648V7<9m97&
<[89/;[9/<& <[4& =8K9684548D7<29:&
689=455F& '5@B?4	� �5BD9<	� �5F	�&
^NN^W&F_Z&^^dX^QQF

%)_GI$-&'FW&!C-*)_&)FW&"G_#&
_FW& H*##$& #F& *:>1/4:=4& 9>&

=8K9684548D7<29:&9:&V2<9=[9:@8271&
>/:=<29:5& 2:& 4?/2:4& 5648V7<9m97F&
)85B9?75>?<?7I�& ^NNgW& eiZ& gOdX
gdOF

%$"H$-&.F#F&.7<[\7K5&<9&684;:7:=K&7:@&
678</82<29:F& )/884:<& )9:=46<29:5& Z&
./11V7:WW&^NNdW&QgQ&6F

%*$($& _FW& `!,*#!& ,FW& `#CH&
$F& $>>4=<& 9>& 54V4:& =9114=<29:&
687=<2=45&9:&5648V&=[787=<4825<2=5&
04>984& 7:@& 7><48& 5<987;4&
7:@& 9:& >48<212<K& 9>& 5<71129:5F&
)85B9?75>?<?7I�& ^NNOW& eFZ& gRTX
g]OF

%*G"&IFW&c!""b&#FW&IGC)_$-&'FW&
H-*f!-'&HF&!::4L2:&+&02:@2:;&
<9&6175V7&V4V087:4&684@2=<5& <[4&
?/712<K& 9>& [/V7:& =8K9684548D4@&
5648V7<9m97F& 7")#$ I#$ !"':93#*&
^NNOW&LdZ&SN]XSSOF

%G%,!-*)& $FW& !!#I$-,%& (FW&
H!'$##!&IF(FW&%,GC,&,F!F$F&
,[4& 89145& 9>& <[4& 462@2@KV25& 7:@&
6895<759V45& 2:& <[4& 7<<72:V4:<& 9>&
>48<212m2:;& =767=2<K& 0K& 5<71129:&
5648VF&�>9=	�'5@B?4	�(39	�&^NN]7W&
FgdZ&^QgX^O]F

%G%,!-*)& $FW & '*$#$(!"&
%FcFW& +!"& '$& #$%,& )F_F!FW&
)G#$"I-!"'$-& IFW& +G%&
.F#F!F(FW& H!-)*!XH*#& "FW&
H!'$##!&IF(F&%648V&02:@2:;&
689648<245& 7:@& 54=84<98K& 7=<2D2<K&
9>&<[4&09D2:4&9D2@/=<&2VV4@27<41K&
04>984& 7:@& 7><48& 9D/17<29:F&%93#$
'5@B?4	��5F	�&^NN]0W&d`Z&RNXgOF

%hC*-$%&$F#F& *:<4;87<29:& 9>& >/</84&
029<4=[:919;245& 2:<9& <[4& 4?/2:4&
2:@/5<8KF& �>9=	� '5@B?4	� (39	�&
^NNdW&ifZ&S]gXST]F

%hC*-$%&$F#FW&`$*,_&%F#FW&H-!_!(&
cF`F& $D71/7<29:& 9>& 71<48:7<2D4&
=8K9689<4=<7:<5&>98&684548D2:;&5<71129:&
5648V7<9m97F&)85B9?75>?<?7I�&^NNOW&
eLZ&SNdRXSNRdF

,_*-C(!#!& %F W & A$--$-&
(F%F W & !#Xc!--!_& !F W&
$*#,%& IF$FW& .!))!(G",*&
'F#FW & '$+*-$''b& -F+F&
)8K9684548D7<29:& 9>& =7:2:4&
5648V7<9m97 Z & <[4984 < 2 =7 1&
684@2=<29:& 9>& 96<2V71& =9912:;&
87<45& 2:& <[4& 68454:=4& 7:@&
7054:=4&9>&=8K9689<4=<2D4&7;4:<5F&
�BI?29?<?7I�&^NNQW&_dZ&SNTXS^OF



gS

,_G(!%& !F'FW& ($b$-%& %F!FW&
I!##& IF!F& )767=2<7<29:X12J4&
=[7:;45& 2:& 4?/2:4& 5648V7<9m97&
>9119\2:;& =8K9684548D7<29:F&
)85B9?75>?<?7I�& ^NNRW&e`Z& SdQSX
SddNF

,G--$%XIGHH*"G& AFW& %!,G& `FW&
G`!& !FW& `!""G& bFW& _G)_*&
%FW& GHC-*& "FW& I-!C"& cF&
-417<29:5[26& 7V9:;& 54V2:71&
=[787=<4825<2=5W& >48<212<K& 7:@&
5/2<70212<K&>98&54V4:&684548D7<29:&
2:&@87><&5<71129:5F&�	�+5D	�"54	�(39	�&
STTdW&`dZ&^^dX^^TF

+!-$#!& !F%FW& )G-)*"*& )F'FW&
C#HC*(& -F-FW& !#+!-$"H!&
(F+FAFW& I*!")_*& *FW& )G--$!&
(F"FW&#C)*!&,FW&'$%)_!(.%&
cF)F& $>>4=<& 9>& 19\& @4:52<K&
1269689<42:& 9:& <[4& ?/712<K& 9>&
=8K9684548D4@& @9;& 54V4:F&!"01#$
'5@B?4	�(39	�&^NNTW&FF`Z&Q^QXQ^gF

+!-"$-& 'F'F& '4D4196V4:<5&
2:& 5<71129:& 54V4:& 4D71/7<29:F&
)85B9?75>?<?7I�& ^NN]W& dgZ& OO]X
OR^F

/"��&�'-�&���E8A6;�d8?7� E8FH?GF�
MST]dX^NNdU& 9:& >7=<985& 7>>4=<2:;&
>48<212<K&9>& >89m4:& 5<71129:& 54V4:F&
�>9=	�'5@B?4	�(39	�&^NNdW&ifZ&SSdX
SQRF

+*'!($",& (FW& 'C.$-$& !F(FW&
cC#*$""$&.FW&$+!*"&!FW&"GC$&
.FW& .!#($-& $F& $?/2:4& >89m4:&
54V4:Z& >844m70212<K& 7:@& >48<212<K&
>241@& 845/1<5F& )85B9?75>?<?7I�&
STTgW&_iZ&TNgXTSgF

+*'!($",&(FW&$)G,&.FW&"GC$&.FW&
IGC-H$G*%&)FW&(!H*%,-*"*&
(FW& .!#($-& $F& )4:<82>/;7<29:&
7:@& 7@@2<29:& 9>& ;1K=4891& 7<& ^^&
@4;845&)& 2:5<47@& 9>& O& @4;8445&)&
2V689D4& 695<X<[7\& V9<212<K& 7:@&
>48<212<K& 9>& 5<71129:& 5648V7<9m97F&
)85B9?75>?<?7I�& ^NNNW& `_Z& TNgX
TSTF

+*'!($",& (FW& +*")$",& .FW&
b+G"& cF(FW& I-C"$!C& IFW&
(!-,*"&AFaF&H1K=4891&2:&54V4:&
4L<4:@48& 25& 7& 12V2<2:;& >7=<98& 2:&
<[4& >48<212<K& 2:& 752:4& 7:@& 4?/2:4&
564=245F&�>9=	�'5@B?4	�(39	�&^NNdW&
ifZ&QN^XQNdF

+*'!($",&(FW&b+G"&cF(FW&)GC,b&
*FW& !-"!C'& HFW& "HC$`!(X
A$CH!"H& cFW& "GC$& .FW&
)G,,-G"& %FW& #$& ,$##*$-&
!FW& "G$#& AFW& .!#($-& $FW&
(!H*%,-*"*& (F& !@D7:=45& 2:&
=8K9684548D7<29:&9>& 5<71129:& 54V4:&
<A�@B7<d87�"'+������>9=	�'5@B?4	�
(39	�&^NNSW&eiZ&^NSX^S]F

+G#.$%& !FW& %!((!-,!"G&
AFW& )GAA!-G& AFW& HC*'!& %FW&
%)!H#*G"$&.FW&!##$H-!&!F&*5&
2<&69552014&<9&/54&<[4&[K6995V9<2=&
5\4112:;& <45<& 75& =82<4827& >98&
è>844m470212<Kê& 9>& [/V7:& 54V4:&
2:& 7:& !*'& 689;87VÉ& �3D1� �EB	�
L6:)03#*&STT^W&LOZ&STSXSTOF

e!*,$&cF!FW&#G+$&)F)FW&I-*"%`G&
%F.FW&,$!HC$&%F-FW& %!#!f!-&
cF#FW& c-FW& (!")*##& %F%FW&
+!-"$-&'F'F&A7=<985&2V67=<2:;&
4?/2:4& 5648V& 84=9D48K& 87<4& 7:@&
?/712<K& >9119\2:;& =/5[29:4@&

=4:<82>/;7<29:F& )85B9?75>?<?7I�&
^NN]W&dgZ&gNOXgSOF

e!"H& !FW & A!""*"H& #F W&
!"'$-%G"&'FcFW& #GCH_#*"&
`F-F& H4:487<29:& 9>& 847=<2D4&
9LK;4:& 564=245& 0K& 14/J9=K<45&
7:@&5648V&>9119\2:;&4L695/84& <9&
/89;4:2<71& <87=<& 2:>4=<29:F& �B38	�
!"':93#*&STTg7W&OfZ&SSXSgF

e!"H&!FeFW&f_!"H&_FW&*`$(G,G&
*FW&!"'$-%G"&'FcFW&#GCH_#*"&
`F-F& -47=<2D4& 9LK;4:& 564=245&
;4:487<29:& 0K& 54V2:71& =4115&
@/82:;&=8K9684548D7<29:F&*B?<?7I�&
STTg0W&_fZ&T^SXT^dF

e!"H& bFW& %_!-(!& -F`FW&
!H!-e!#& !F& $>>4=<& 9>&
=8K9684548D7<29:& 7:@& 5648V&
=9:=4: < 87 < 29: & 9: & 1 26 2@&
6489L2@7<29:& 2:& [/V7:& 54V4:F&
*B?<?7I�&STTg=W&`gZ&ONTXOSQF

eG$#'$-%& _FW& )_!+$*-G&
!F& ,[4984<2=71& 684@2=<29:& 9>&
ô96<2V71i& >844m2:;& 689;87VV45F&
�BI?29?<?7I�&^NNOW&_fZ&^d]X^gSF

eG$#'$-%&_FW& fC*'I$-H&)F!FW&
_*$(%,-!& %FcF& A845[& 5<987;4&
7:@& =8K9684548D7<29:& 9>& 5<71129:&
54V4:F& '5@B?4	� �?=5CD	� �>9=	�&
^NNgW&_L&Z&%/661&^Z&gSF

f!+G%&.F(FW&%GA*`*,*%&"FW&,G'!&
,FW&(*b!H!e!&*F&*V689D4V4:<5&
2:& ?/712<7<2D4& =[787=<4825<2=5&
9> & =8K9684548D4@& [/V7:&
5648V7<9m97& >9119\2:;& 84=9D48K&
D27& <[4& %648V.846& **& >21<87<29:&
V4<[9@F& )?8?;E� �	� �H@	� "54	�&
STTSW&Fe`Z&^]QX^TNF


