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� 766.5,+� � �� � ���� " ##" �̀ � +1I &&I / 7&� +4� G/ 1H/ */ �� " ##V�3� � &� � ( &.,+� .10764,.+**+� � � 
 � � �

� / *?4+<( 1.E7+�� � � � �+1�+19.,/ 11+- +14�+4�H+64./ 1�0+6�,+>+46�- .1.+,6��<,88+�0+' 7.6�>7.1�

" ##U�� 6 +64� : &68+� 67,� <+6� 0.BB8,+146� 4,&9&7@� ' / 7,� - +44,+� +1� ' *&<+� *+� ' ,86+14� ' ,/ >+4� 0+�

0/ <4/ ,&43� � ' &7*8� ' &,� *+6� - 7*4.' *+6� </ **&: / ,&4./ 16� +14,+� *+6� <( +,<( +7,6� 0+� * � � 
 � � \

� � � � � +4� <+7@� 07� � &: / ,&4/ .,+� � 19.,/ 11+- +14� +4� � .18,&*7,H.+� � � � � � � 0+� * �164.474�

1&4./ 1&*� ' / *?4+<( 1.E7+� 0+� � / ,,&.1+� � � � � � � �� <+� 0/ <4/ ,&4� 6+� ' ,/ ' / 6+� 0+� ,+1B/ ,<+,� *+6�

6?1+,H.+6�+14&- 8+6�0&16�*+�0/ - &.1+�0+�*&�0867*B7,&4./ 1�+19.,/ 11+- +14&*+�0+6�,+>+46�0+�

</ 1<+14,&4+7,3� � B.1� 0+� ,+66+,,+,� +1</ ,+� ' *76� *+6� </ **&: / ,&4./ 16� B,&1</ �<&1&0.+11+6� &7�

1.9+&7� 0+� *&� ,+<( +,<( +� &' ' *.E78+� D� *&� ' ,/ 4+<4./ 1� 0+� * +19.,/ 11+- +14�� <+44+� 8470+� +64�

,8&*.68+��0+' 7.6� / <4/ : ,+� " ##" ��0&16� *+�<&0,+�0 71+�</ 474+**+�0+�4( 56+�0+�0/ <4/ ,&4�+14,+�

* � � � � � +4� * � </ *+� � / *?4+<( 1.E7+� 0+� � / 14,8&*� � � � � � �� +1� 84,/ .4+� </ **&: / ,&4./ 1� &9+<�

* � � � � 3��

�

�



3 

�

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

� +6� ,/ <( +6� +4� *+6� - .18,&7@� +@' / 686� &7@� </ 10.4./ 16� &4- / 6' ( 8,.E7+6� 67: .66+14� 0.9+,6�

<( &1H+- +146� ,&66+- : *86� 6/ 76� *+� 4+,- +� 0 &*48,&4./ 13� �*� ' +74� 6 &H.,� 0 71+� B,&<47,&4./ 1�

- 8<&1.E7+��6/ 76� * &<4./ 1�0+� *&�4+- ' 8,&47,+�+4�07�H+*�08H+*�0+� * +&7�</ 14+17+�0&16� *+6�

,/ <( +6�� 0 71+� 0.66/ *74./ 1� 0+� <+,4&.16� - .18,&7@�� 6/ 76� * &<4./ 1� 0+� * +&7� +**+�- ] - +� / 7�

0 71+� &44&E7+� <( .- .E7+�� ' &,� * .14+,- 80.&.,+� 0+� 0.BB8,+146� &H+146� </ 14+176� 0&16� * +&73�

�  &*48,&4./ 1�&: / 74.4�D�*&�*.: 8,&4./ 1�+4�D�*&�- .6+�+1�6/ *74./ 1�0+6�8*8- +146�</ 164.474.B6�0+6�

- .18,&7@�+4�D�*+7,�- / : .*.6&4./ 1�' / 7,�*+�4,&16' / ,4��' &,B/ .6�67,�0+�H,&10+�0.64&1<+3��  +64�*+�

*+66.9&H+�0+6�,/ <( +6�+4�0+6�- .18,&7@3�

�

� �� �� � � ' �) � " $( " =' �! $( $' � �" / $) ' �

� +� 0,&.1&H+� - .1.+,� &<.0+� �	 � � � � +64� 71� <&6� ' &,4.<7*.+,� 07� ' ( 81/ - 51+�

1&47,+*�0 &*48,&4./ 1� 0+6� ,/ <( +6� +4� 0+6� - .18,&7@�� </ 117� &766.� 6/ 76� *+� 1/ - � 0+� 0,&.1&H+�

,/ <( +7@�&<.0+3�� +44+�&*48,&4./ 1�H815,+�71�*.@.9.&4�&<.0+�+1�' ,86+1<+�0+�- .18,&7@�67*B7,86�

4,56�,8&<4.B63�� +�	 � � �+64�71�0,&.1&H+�&<.0+�&<<+1478�' &,�*&�</ 1<+14,&4./ 1�0+6�- .18,&7@�

67*B7,86�&7�1.9+&7�0+6� I / 1+6�0 +@' */ .4&4./ 1� - .1.5,+3� � +� 	 � � �+64�</ 16.08,8�</ - - +� *+�

' *76� .- ' / ,4&14� ' ,/ : *5- +�+19.,/ 11+- +14&*�0+�* .10764,.+� - .1.5,+� - / 0+,1+3� � 7� � &1&0&��

0+�1/ - : ,+7@�H.6+- +146�6/ 14�+@' */ .486�0&16�0+6� ,/ <( +6�67*B7,8+6�+4� *+�0,&.1&H+� - .1.+,�

&<.0+� ?� +64� 0/ 1<� ' &,4.<7*.5,+- +14� .- ' / ,4&143� � .16.�� *+6� +&7@� 0+� 0,&.1&H+� ' +79+14�

&44+.10,+�0+6�' � �4,56�: &6̀ �U�9/ .,+�18H&4.B�0&16�*+�<&6�+@4,] - +�0+�*&�- .1+��,/ 1�� / 714&.1�

+1� � &*.B/ ,1.+� ' &,�+@+- ' *+� � � / ,064,/ - �+4� � *' +,6��U[ [ [ &�3� � +�B.H7,+�U3U� .**74,+�0+6�<&6�

+@4,] - +6� 0 / @?0&4./ 1� 0+� ,+>+46� - .1.+,6� +14,+' / 686� +1� ( &*0+� ' / 7,� *+6� ,/ <( +6� 648,.*+6�

�B.H7,+6�U3U�� �+4�� � �/ 7�+1�' &,<�D�,86.076�' / 7,�*+6�,+>+46�0+�</ 1<+14,&4+7,��B.H7,+6�U3U�� �

+4� 	 �3� � &,&**5*+- +14��0 .- ' / ,4&14+6�4+1+7,6�+1�- 84&7@�' +79+14�] 4,+�&766.� ,+*+98+6�0&16�

*+6�+&7@�0+�0,&.1&H+�.667+6�0+6�( &*0+6�D�648,.*+6�+4�0+6�' &,<6�D�,86.076��+3H3�� .4<+?��U[ Y[ �̀
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<( &K1+�4,&0.4./ 11+**+�0+�4,&.4+- +14�0+6�- .1+,&.63��

�

�

�
� .H7,+��U3$��� 
 <( 8- &�.**764,&14�*+�' ,.1<.' +�D�*&�: &6+�0+�*&�0867*B7,&4./ 1�+19.,/ 11+- +14&*+�0 71�,+>+4�0+�

</ 1<+14,&4+7,��0 &' ,56�� / .6�� ��� ����" ##$��

�

�

� &� 0867*B7,&4./ 1� +19.,/ 11+- +14&*+� +64� </ 16.08,8+� </ - - +� 71+� - 84( / 0+� 0+� H+64./ 1�

1/ 9&4,.<+��+BB.<&<+�+4�8</ 1/ - .E7+��&' ' *.<&: *+�D�<+,4&.16�,86.076�- .1.+,6�� � 766.5,+�� ��� ����

U[ [ Ỳ �� +1I &&I / 7&�� ��� ����" ###&̀�� 766.5,+�� ��� ����" ##" �̀� / .6�� ��� ����" ##$�3�� +' +10&14�*+6�

- 8<&1.6- +6�- .6�+1�>+7�1 +1�,+64+14�' &6�- / .16�</ - ' *+@+63�� 1�+BB+4��*&�B*/ 44&4./ 1�- +4�+1�

w79,+� *+6� .14+,&<4./ 16� 0+� 67,B&<+� +14,+� E7&4,+� </ - ' / 6&14+6� �� - .18,&*�� ,8&<4.B� 0+�

PA >> PN 

PA 

PN 

PA + PNSécurité = PN 

Résidu désulfuré 
Non générateur de DMA 

Concentré de sulfure 
Volume générateur final Vf 

 

Résidu initial 
Générateur de DMA 

Volume générateur initial Vi 

Vf < Vi 

PNSécurité 
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�

B*/ 44&4./ 1��+&7�+4�: 7**+6�0 &.,��.14+,&<4./ 16�E7.�6/ 14�+1</ ,+�' / 7,�<+,4&.1+6�- &*�</ - ' ,.6+63�

� &,�&.**+7,6��*+�4,&.4+- +14�- .18,&*7,H.E7+�</ - ' *+@+�0+�*&�' 7*' +�0+64.18+�D�] 4,+�0867*B7,8+�

</ 14,.: 7+�D�*&�0.9+,6.48�0+6�</ - ' / 686�<( .- .E7+6�+1�6/ *74./ 1�+4�D�*&�67,B&<+�0+6�67*B7,+63��

�

�
� .H7,+��U32��� � +64./ 1�.148H,8+�0+6�,+>+46�0+�</ 1<+14,&4+7,�- .1.+,�' &,�0867*B7,&4./ 1�+19.,/ 11+- +14&*+�

�

� �- � � � .' / #$0*1�� � $' ( #" #$� ( �) ' ��2 #&) ' �' #�*#� &/ #&� ' �) &�! " ( &*/ � $#�

� +6�/ : >+<4.B6�0+�<+�' ,/ >+4�0+�0/ <4/ ,&4�9.6+14�* 8470+�0+6�- 8<&1.6- +6�0+�*&�0867*B7,&4./ 1�

+19.,/ 11+- +14&*+� +4� 1/ 4&- - +14� 0+� *&� B*/ 44&4./ 1� 0 71+� ' ?,.4+� ' 7,+� 08' ,.- 8+3� � +<.�

</ - ' ,+10� *&� 0+6<,.' 4./ 1� 0+� * 84&4� 0+6� 67,B&<+6� ' +10&14� *&� 08' ,+66./ 1� 0+� *&� ' ?,.4+�� *&�

</ - ' ,8( +16./ 1�07�' ( 81/ - 51+�0+�,8&<4.9&4./ 1�+4�*&�0+6<,.' 4./ 1�0+6�+6' 5<+6�67' +,B.<.+**+6�

.- ' *.E78+6� 0&16� * &06/ ,' 4./ 1� 07� @&14( &4+� �,8&<4.B� </ 14,.: 7&14� D� * ( ?0,/ ' ( / : .+� 0+6�

67*B7,+6�3� � +6� / : >+<4.B6�0+�<+� ' ,/ >+4�</ - ' ,+11+14�&766.�71+�9&*.0&4./ 1�0+6� - 8<&1.6- +6�

B/ 10&- +14&7@� ' &,� * &' ' *.<&4./ 1� 0+� *&� 0867*B7,&4./ 1� +19.,/ 11+- +14&*+� D� 71� ,+>+4� 0+�

</ 1<+14,&4+7,�H818,&4+7,�0+�0,&.1&H+�- .1.+,�&<.0+3�

�

	 +7@�&' ' ,/ <( +6�/ 14�848�- .6+6�+1�' *&<+�' / 7,�*&�,8&*.6&4./ 1�0+6�4,&9&7@�0+�,+<( +,<( +3�� 1+�

Minerai sulfuré 
Extraction 

Procédés de traitement minéral : 
broyage, flottation 

Parcs à 
résidus non 
générateurs 

Désulfuration par 
flottation 

Fabrication de 
remblai en pâte 

Fraction 
concentrée 
en sulfures 

CEBC 

Couverture aqueuse 

Couverture réductrice 

Parcs à 
résidus 

générateurs 

Fraction 
désulfurée 

non 
génératrice 

de DMA 

Gestion par stockage 

Gestion par revalorisation 

Légende :  

Inertage 

Barrière imperméable 

Rejets de concentrateur 
générateur de DMA 
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�

8470+�B/ 10&- +14&*+�67,�- .18,&*�' 7,�&�' +,- .6�0 &: / ,0+,�+1�084&.*�*+6�&6' +<46�0+�*&�<( .- .+�

67' +,B.<.+**+�0+�*&�' ?,.4+�' +10&14�*+6�84&' +6�0+�08' ,+66./ 1��,8&<4.9&4./ 1�+4�B*/ 44&4./ 13�� +6�

- 8<&1.6- +6�67' +,B.<.+*6�0+6�.14+,&<4./ 16�@&14( &4+�' ?,.4+�/ 14�848�- .6�+1�89.0+1<+�*/ ,6�0+�

<+6� 4,/ .6� 84&' +6� 084+,- .1&14+6� ' / 7,� *&� 0867*B7,&4./ 13� � 167.4+�� 71+� &' ' ,/ <( +� ' *76�

&' ' *.E78+� 67,� 71� ,+>+4� 0+� </ 1<+14,&4+7,� ,8+*� &� ' +,- .6� 0+� 9&*.0+,� *+6� - 8<&1.6- +6�

B/ 10&- +14&7@3� � 1+� 0+6<,.' 4./ 1� H,&17*/ �- .18,&*/ H.E7+� 0+� ,+>+4� 0+� </ 1<+14,&4+7,� +4� *+�

089+*/ ' ' +- +14� 0+� - 84( / 0+6� 0+� <&,&<48,.6&4./ 1� - .18,&*/ H.E7+� / 14� 848� 0+6� ' ,8&*&: *+6� D�

* 84&' +�&' ' *.E78+3�

�

� &� ' ,86+14&4./ 1� 0+6� ,867*4&46� +4� *+6� 0.6<766./ 16� 0+6� 4,&9&7@� 07� 0/ <4/ ,&4� 6/ 14� ,8&*.68+6�

6/ 76� *&� B/ ,- +� 0 71+� </ - ' .*&4./ 1� 0+6� ' ,.1<.' &7@� &,4.<*+6� D� 6/ 7- +44,+� ' ,/ <( &.1+- +143�

� .1E�&,4.<*+6�6/ 14�' ,86+1486�0&16�<+�- &176<,.43�� &�B.H7,+�U3W�' ,86+14+�71�6<( 8- &�4?' .E7+�

0 .148H,&4./ 1�0+�*&�0867*B7,&4./ 1�D�*&�6/ ,4.+�0 71�</ 1<+14,&4+7,3�� +6�<.1E�67>+46�&: / ,086�

0&16� *+6� &,4.<*+6�� +4� B/ ,- &14� *+6� <( &' .4,+6� " � D� 2� 0+� <+� - &176<,.4�� 6/ 14� 0.6' / 686� 67,� *+�

6<( 8- &�0+�*&�B.H7,+�U3W3�

�

� +� ' ,86+14� - &176<,.4� 0+� 4( 56+� +64� 64,7<47,8� +1� 6+' 4� <( &' .4,+63� � +6� <( &' .4,+6� " � D� 2�

</ 164.47+14� *&� ' ,86+14&4./ 1� 0+6� ,867*4&46� 0+� <+44+� ,+<( +,<( +� 0/ <4/ ,&*+� 6/ 76� B/ ,- +�

0 &,4.<*+6�0+� ,+97+��6/ .4�71�&,4.<*+� ' &,�<( &' .4,+3� � +44+�- .6+�+1�B/ ,- +�&�848�<( / .6.+� ' / 7,�

B&<.*.4+,�*&� ' 7: *.<&4./ 1�0+6�,+<( +,<( +63��*�6+� ' +74��<+' +10&14��E7+�<+,4&.1+6�,+0/ 10&1<+6�

6/ .+14� ' ,86+14+6� 1/ 4&- - +14� 0&16� * .14,/ 07<4./ 1� +4� 0&16� *&� 6+<4./ 1� P�- &48,.+*� +4�

- 84( / 0+�Q�0+�<( &E7+�<( &' .4,+3�� +�<( &' .4,+�W�B.1&*.6+�*+�- &176<,.4�0+�4( 56+�+4�6?14( 84.6+�

*+6� ' ,.1<.' &*+6�</ 1<*76./ 16�0+�<+�0/ <4/ ,&43� �*� ' ,/ ' / 6+�&766.�0+6� ' +,6' +<4.9+6�B747,+6�0+�

,+<( +,<( +3�

�

� 1�<+�E7.�</ 1<+,1+�*+�</ ,' 6�- ] - +�0+�*&�4( 56+��< +64�D�0.,+�*+6�<( &' .4,+6�" �D�2�' / ,4&14�67,�

*+6�,867*4&46��*+�' ,+- .+,�&,4.<*+��<( &' .4,+�" ��' ,86+14+�*+�089+*/ ' ' +- +14�0 71+�- 84( / 0+�0+�

<&,&<48,.6&4./ 1� - .18,&*/ H.E7+3� �  84&' +� 0+� <&,&<48,.6&4./ 1� - .18,&*/ H.E7+� +64� 71+� 84&' +�

.- ' / ,4&14+�&9&14�4/ 74�&' ' *.<&4./ 1�0 71�4,&.4+- +14�- .18,&*3�� **+�</ 164.47+�*&�</ 11&.66&1<+�
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�

- ] - +�07�- &48,.+*�0+�4,&9&.*�+4�*&�0+6<,.' 4./ 1�0+6�<&,&<48,.64.E7+6�07�- &48,.+*�E7.�9/ 14��

' / 7,� *&� ' *7' &,4�� .1B*7+1<+,� *&� 4+<( 1.E7+� 0+� 68' &,&4./ 1� - .18,&*+3� � 1+� - 84( / 0+� 0+�

<&,&<48,.6&4./ 1� - .18,&*/ H.E7+� : &68+� 67,� *+6� </ 11&.66&1<+6� &<47+**+6� +1� - &4.5,+� 0+�

- .<,/ 6</ ' .+� 8*+<4,/ 1.E7+�� 0+� 6' +<4,/ 6</ ' .+� 0+6� ,&?/ 16� Z� +4� 0 &1&*?6+� 0 .- &H+� &� 848�

089+*/ ' ' 8+� +4� &0&' 48+� D� *&� <&,&<48,.6&4./ 1� - .18,&*/ H.E7+� 0+� ,+>+46� 0+� </ 1<+14,&4+7,�

H818,&4+7,6�0 &<.0+3�

�

�

� .H7,+��U3W��� 
 <( 8- &� 6.- ' *.B.8� 0 71� <.,<7.4� 0+� 4,&.4+- +14� - 84&*7,H.E7+� 4,&0.4./ 11+*� +4� &9+<�

0867*B7,&4./ 1�+19.,/ 11+- +14&*+�07�,+>+4�0+�</ 1<+14,&4+7,3�

� / 6.4./ 11+- +14�0+6�0+7@�&' ' ,/ <( +6�- .6+6�+1�' *&<+�07,&14�*+�0/ <4/ ,&4�+4�0+6�4( 8- &4.E7+6�

&: / ,08+6�0&16�*+6�<( &' .4,+6�

Rejet de 
concentrateur 
générateur de 

DMA 

Rejet minier 
désulfuré non 

générateur de DMA 

Étude de la 
chimie de 

surface lors 
de la 

dépression : 
Chapitre 4 

Caractérisation 
minéralogique : 

Chapitre 3 

Désulfuration 
appliquée : 
Chapitre 7 

Approche appliquée 
du doctorat 

Approche fondamentale 
du doctorat 

Pyrite pure Minerai sulfuré 

Gisement 

Dépression 

Réactivation 

Flottation 

Usine de traitement 
du minerai : 

broyage, flottation 

Concentré 
de 

sulfures 

Étude de la 
chimie de 

surface lors 
de la 

réactivation : 
Chapitre 5 

Étude de la 
chimie de 

surface lors 
de la 

flottation : 
Chapitre 6 

Pyrite 
flottée 

Pyrite non 
flottée 

Roches stériles 

Dépression 
pH 11 et CaO 

Désulfuration 
environnementale 

Conditionnement 

Concentré 
d©intérêt 

économique 

Circuit minier 
traditionnel 
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�

� +6�4,/ .6�&,4.<*+6�67.9&146��<( &' .4,+6�V��X�+4�$�� ' ,86+14+14�*+6� ,+<( +,<( +6�B/ 10&- +14&*+6�

' / ,4&14�67,� *&�<( .- .+�67' +,B.<.+**+�0 71+� ' ?,.4+� ' 7,+�0&16�*+6�0.BB8,+14+6�</ 10.4./ 16�07�

' ,/ <8083� � +� <( &' .4,+� V� 084&.**+� * +BB+4� 0+� *&� 08' ,+66./ 1� 0 71+� ' ?,.4+� ,86.07+**+� 0 71�

' ,/ <808�0+�4,&.4+- +14�- .18,&*�4,&0.4./ 11+*�&9+<�</ 1<+14,&4./ 1�0+6�67*B7,+6�0+�9&*+7,3�� +�

<( &' .4,+�X�' ,8<.6+�*+6�' ( 81/ - 51+6�67' +,B.<.+*6�0 71+�' ?,.4+�,8&<4.98+�' &,�0.- .174./ 1�07�

' � �0+�*&�' 7*' +3�� +�4,/ .6.5- +�+4�0+,1.+,�&,4.<*+�0+�*&�' ( &6+�B/ 10&- +14&*+��</ 164.47&14�*+�

<( &' .4,+�$��&: / ,0+�*&�B*/ 44&4./ 1�0+�' &,4.<7*+6�0+�' ?,.4+�08' ,.- 8+�+1�- .*.+7�&*<&*.13�

�

�  &,4.<*+�E7.�4+,- .1+� *&� ' ,86+14&4./ 1�0+6�4,&9&7@�07�0/ <4/ ,&4��<( &' .4,+�2�� ' / ,4+�67,�0+6�

&6' +<46� ' *76� &' ' *.E786� 0+� *&� 0867*B7,&4./ 1� +19.,/ 11+- +14&*+3� � &� 0867*B7,&4./ 1� &� 848�

&' ' *.E78+�67,�71�<&6�6' 8<.B.E7+�0+�,+>+4�0+�</ 1<+14,&4+7,�,8+*�,+' ,/ 07.4�+1�*&: / ,&4/ .,+�&7�

- / ?+1� 0 71� - / 14&H+� : ,/ ?&H+�B*/ 44&4./ 1� �8<( +**+� P�' ,8� ' .*/ 4+�Q�3� � +6� ,+10+- +146� 0+�

B*/ 44&4./ 1�� *&� E7&*.48� +19.,/ 11+- +14&*+� 0+� *&� 0867*B7,&4./ 1� +4� *+6� <&,&<48,.64.E7+6�

H8/ <( .- .E7+6�0+�*&�' 7*' +�/ 14�848�8470.86�' / 7,�9&*.0+,�*+6�- 8<&1.6- +6�B/ 10&- +14&7@�- .6�

+1�89.0+1<+�0&16�*+6�<( &' .4,+6�V��X�+4�$3�

�

� +6� &11+@+6� 67,� *+� � 	 � &>/ 748� D� <+� - &176<,.4� 0+� 4( 56+� ,+H,/ 7' +14�� E7&10� D� +**+6�� *&�

6?14( 56+�0+�*&�*.448,&47,+�67,�* +BB+4�0+6�84&' +6�0+�4,&.4+- +14�- .18,&*7,H.E7+�67,�* 84&4�0+6�

67,B&<+6� 0+6� 67*B7,+63� � &� ' &,4.+� P�- &48,.+*� +4� - 84( / 0+6�Q� ,+*&4.9+� &7� 0/ <4/ ,&4� 6+� 6.47+�

&766.� 0&16� *+6� &11+@+6�� &.16.� E7+� 0.BB8,+146� 4&: *+&7@� 0+� 6?14( 56+� 0+� *&� 1&47,+� +4� 0+6�

9.: ,&4./ 16� +1� .1B,&,/ 7H+� 0+6� ' ,.1<.' &*+6� +6' 5<+6� 67' +,B.<.+**+6� .1/ ,H&1.E7+6� +4�

/ ,H&1.E7+6�.14+,9+1&14�0&16�*+6�.14+,&<4./ 16�@&14( &4+�' ?,.4+3�
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�

� � � � � � � � �-  �

� � � � � � � � � 	 � 
 � �� � �� � � � � � � � � � 
 �� 2
 
 � �	 � � � � � � �� � �

	 � 
 � � � � � � � � �4 
 � 
 � � � � � � � � �� � �� 
 � � 	 � � � � � � �� � � � � �� 
 � �

� � �	 � � 5� � � �� � �� 2� 
 � � 6 � � �� 2� 	 � � � �7�� � � � � � � � � � 
 �8 �
 
 �

� � 9� � �� � �� � 
 � � 
 � � � � � 
 � �� 
 � � 
 � � �

�

� +� <( &' .4,+� ' ,86+14+� +1� 084&.*� *+� 089+*/ ' ' +- +14� 0 71+� 4+<( 1.E7+� 0+� - .18,&*/ H.+�

E7&14.4&4.9+� +4� &74/ - &4.68+� : &68+� 67,� *&� - .<,/ 6</ ' .+� 8*+<4,/ 1.E7+� D� : &*&?&H+�� *&�

6' +<4,/ 6</ ' .+� 0+6� ,&?/ 16� Z� +4� * &1&*?6+� 0 .- &H+3� � &� - 84( / 0+� +64� &0&' 48+� D� *&�

<&,&<48,.6&4./ 1�0+�,+>+46�0+�</ 1<+14,&4+7,�H818,&4+7,6�0 &<.0+3�

�

�  *&!  �) ' ��2" � #$/ �' �

� &� E7&14.B.<&4./ 1� - .18,&*/ H.E7+� &� </ 117� 0+� 9&64+6� ' ,/ H,56� &9+<� * &66/ <.&4./ 1� 0+�

* &1&*?6+� 0 .- &H+� &74/ - &4.68+� &7� - .<,/ 6</ ' +� 8*+<4,/ 1.E7+� D� : &*&?&H+� �� � � � � +4� D�*&�

6' +<4,/ 6</ ' .+�0+6� ,&?/ 16�Z� ' &,�0.6' +,6./ 1�0+6�81+,H.+6� � � 	 
 �3� �  .10764,.+� - .1.5,+�+64�

* 71� 0+6� 0/ - &.1+6� E7.� &� : 818B.<.8� *+� ' *76� 0+� <+6� &- 8*./ ,&4./ 163� 	 +' 7.6� <+6� 0+,1.5,+6�

&118+6�� *&� H+64./ 1� 0+6� ,+>+46� 0+� </ 1<+14,&4+7,� +64� 0+9+17+� 71� <( &- ' � .- ' / ,4&14�

0 &' ' *.<&4./ 1�0+�1/ - : ,+76+6�4+<( 1.E7+6�0+�4,&.4+- +14�07�- .1+,&.3�	 &16�<+�<( &' .4,+��71+�

4+<( 1/ */ H.+�4,&0.4./ 11+**+- +14�&' ' *.E78+�D�*&�<&,&<48,.6&4./ 1�- .18,&*/ H.E7+�0 71�- .1+,&.�

+64� 74.*.68+� ' / 7,� 8470.+,� 0+6� ,+>+46� 0+� </ 1<+14,&4+7,3� � 1+� - 84( / 0+� 0+� E7&14.B.<&4./ 1�

- .18,&*/ H.E7+� &� 848� 089+*/ ' ' 8+� +1� 74.*.6&14� 71+� </ - : .1&.6/ 1� � � � � � 	 
 � +4� &1&*?6+�

0 .- &H+� �� � �3� � ,/ .6� ,8B8,+1<+6� - .18,&*/ H.E7+6� / 14� 848� ' ,8' &,8+6� ' / 7,� ,+' ,86+14+,� *&�

0.9+,6.48�0+6� ,+>+46�0+�</ 1<+14,&4+7,�0+�- .1+6� ' / *?- 84&**.E7+63� �*6� / 14�848�74.*.686� ' / 7,�

<&*.: ,+,�*&�- 84( / 0+�� � � � � 	 
 � � �3�	 +6�4+<( 1.E7+6�4,&0.4./ 11+**+6�</ - - +�*&�- .<,/ 6</ ' .+�

/ ' 4.E7+��*&�0.BB,&<4./ 1�0+6�,&?/ 16�Z�+4�* &1&*?6+�<( .- .E7+�&9+<�<&*<7*�- .18,&*/ H.E7+�/ 14�

848� 74.*.68+6� ' / 7,� B.16� 0+� </ - ' &,&.6/ 1� &9+<� *+6� 4+1+7,6� - .18,&*/ H.E7+6� 0+6� 64&10&,06�
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�

74.*.6863� � +6� - ] - +6� 4+<( 1.E7+6� - .18,&*/ H.E7+6� / 14� 848� B.1&*+- +14� &' ' *.E78+6� D� *&�

<&,&<48,.6&4./ 1� 0 71� ,+>+4� 0+� </ 1<+14,&4+7,� ,8+*3� � +6� 0.6<766./ 16� / 14� &: / ,08� *&� <,.4.E7+�

0+6�0.9+,6+6�- 84( / 0+6�- .18,&*/ H.E7+6�74.*.68+6�0&16�<+�4,&9&.*�+4�*&�- .6+�+1�' *&<+�0 71+�

64,&48H.+�- .18,&*+�0+�<&,&<48,.6&4./ 1�0+6�,+>+46�0+�</ 1<+14,&4+7,3�

�

	 � #*�/ � *�

� .18,&7@� 67*B7,86̀ � ,+>+4� 0+� </ 1<+14,&4+7, �̀ - .18,&*/ H.+̀ � - .<,/ 6</ ' .+� 8*+<4,/ 1.E7+� D�

: &*&?&H+̀ �&1&*?6+�0 .- &H+̀ �6' +<4,/ - 84,.+�0 8- .66./ 1�&4/ - .E7+�D� ' *&6- &�</ 7' *8� .107.4̀�

0,&.1&H+�- .1.+,�&<.0+̀ �' ?,.4+3�

�

�



21 

�

- �� � � ( #� � ) &/ #$� ( �

� &� E7&14.B.<&4./ 1� - .18,&*/ H.E7+� +64� *&,H+- +14� 74.*.68+� ' / 7,� * 8470+� 0+6� 6/ *6�� 0+6�

680.- +146�/ 7�0+6�- .1+,&.6��+1�+@' */ ,&4./ 1�/ 7�+1�</ 7,6�0+�4,&.4+- +14�3�	 &16�*+�<&6�0 71�

,+>+4�0+�</ 1<+14,&4+7,��<+44+�.1B/ ,- &4./ 1�+64�+66+14.+**+�' / 7,�* 89&*7&4./ 1�07�' / 4+14.+*�0+�

H818,&4./ 1� 0 &<.0+� �� .10E9.64� +4� � F+66/ 1�� " ##U�3� � &� H818,&4./ 1� 0 71� 0,&.1&H+� - .1.+,�

&<.0+� 6+� ' ,/ 07.4� E7&10� 71� 648,.*+� / 7� 71� ,+>+4� 0+� </ 1<+14,&4+7,� 67*B7,8� </ 14+1&14�� ' &,�

+@+- ' *+�0+�*&� ' ?,.4+�/ 7�0+�*&� ' ?,,( / 4.4+��6/ 14�+@' / 686�D�<+,4&.1+6�</ 10.4./ 16��/ @?H51+��

+&7�+4� : &<48,.+6�3� � +6� - .18,&7@�67*B7,86� ' +79+14�&*/ ,6�6 / @?0+,�+4�H818,+,�0+� * &<.0.48�

E7.�B&9/ ,.6+�D�6/ 1�4/ 7,�*&�6/ *7: .*.6&4./ 1�0+�0.9+,6�- 84&7@�' / **7&1463�� 1+�<&,&<48,.6&4./ 1�

E7&14.4&4.9+�0+� *&� - .18,&*/ H.+�+4�0+� *&�0.64,.: 74./ 1�H,&17*/ - 84,.E7+�0 71� - .18,&*�<.: *+�

</ 14+17�0&16�71�,+>+4�0/ 118�+64�0 71+�.- ' / ,4&1<+�<&' .4&*+�' / 7,�89&*7+,�*+�' / 4+14.+*�&<.0+�

0 71�4+*�,+>+4�0+�</ 1<+14,&4+7,3�� &�E7&14.B.<&4./ 1�- .18,&*/ H.E7+�� ' &,�</ 168E7+14��&.0+�D�

<( / .6.,�*+�' *&1�0+�H+64./ 1�+19.,/ 11+- +14&*�*+�' *76�&0&' 483�

�

� +6�4+<( 1.E7+6�4,&0.4./ 11+**+6�0+�E7&14.B.<&4./ 1�- .18,&*/ H.E7+��</ - - +�*&�0.BB,&<4./ 1�0+6�

,&?/ 16� Z�� *+� <&*<7*� - .18,&*/ H.E7+� D� ' &,4.,� 0+6� &1&*?6+6� <( .- .E7+6� +4� *&� - .<,/ 6</ ' .+�

/ ' 4.E7+�&66/ <.8+�D�0+6�- 84( / 0+6�0+�</ - ' 4&H+�0+�H,&.16��/ 14�0+6�*.- .4+6�: .+1�</ 117+6�+4�

1+�6/ 14�' &6�67BB.6&14+6�' / 7,�*&�084+,- .1&4./ 1�+BB.<&<+�0+�*&�H,&17*/ �- .18,&*/ H.+�� � +4,7F��

" ###�3��  &1&*?6+�0 .- &H+�&' ' &,&K4�</ - - +�*+�6+7*�- / ?+1�0 / : 4+1.,�71+�,+*&4./ 1�' ,8<.6+�

+14,+� *&� - .18,&*/ H.+� +4� *&� H,&17*/ - 84,.+� ' / 7,� 71� - &48,.+*� B.1+- +14� 0.9.68� � � **&,0� +4�


 / 4.1�� U[ YỲ � 
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Légende :  
 
1 - Commandes d’accès aux fichiers:  
- Conversion du format du fichier MEB-EDS-AI 
- Chargement des données MEB-EDS-AI 
- Visualisation du tableau de données 
- Bouton d’aide 
- Sortie du logiciel 

Étapes du traitement 
des données 

Données déjà 
traitées 

Fenêtre d’aide 
dynamique 

4 - Onglet de traçage des graphiques : 
- Sélection des tableaux croisés 
- Sélection du type de graphique 

 
 
2 - Onglet de conversion des données : 
- Identification minérale 
- Calcul du diamètre des particules  
- Calcul de la surface spécifique 
- Calcul des rapports élémentaires 

3 - Onglet des tableaux croisés: 
- Sélection des paramètres minéralogiques 
- Sélection des corrections  
- Rassemblement des fractions 
granulométriques 

1 

2 

3 

4 
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67' 8,.+7,6�D�U#3��

�

� +6�B.H7,+6�V3" �� �+4�V3" �	 � ' ,86+14+14�* 89/ *74./ 1�07�' / 4+14.+*�0 / @?0/ ,807<4./ 13�� +�� ( �

9&,.+�0+�- &1.5,+�,+*&4.9+- +14�.108' +10&14+�0+�*&�H,&17*/ - 84,.+�0+�*&� ' ?,.4+�+4�07�4?' +�

0+�,8H7*&4+7,3�� +�' / 4+14.+*�&�<( 748�*/ ,6�0 &>/ 74�0+�,8H7*&4+7,�' &66&14�0 +19.,/ 1�X##�- � �D�

' � �1&47,+*�D�U##�- � �D�' � �&*<&*.13�
 +7*�*+�' / 4+14.+*�0+�*&�6/ *74./ 1�</ 14+1&14�0+�*&�' ?,.4+�

#�U$#�^- �+4�� &�
 � � " �+1�6/ *74./ 1�&�<( 748�: +&7</ 7' �- / .16�9.4+��1 &44+.H1&14�E7+�" $#�- � �

D� ' � � &*<&*.1� �B.H7,+� V3" �	 � �� </ 1B.,- &14� *+� </ - ' / ,4+- +14� &4?' .E7+� / : 6+,98�

' ,8<80+- - +14� ' / 7,� *&� 9&,.&4./ 1� 07� ' � � &9+<� <+� ,8H7*&4+7,3� � / - - +� *+6� � ( � +4� ' � �

6+- : *+14�*.86��*+7,�9&,.&4./ 16�/ 14�848�,+' / ,486�0&16�71�0.&H,&- - +�0+�' ( &6+6�� ( � ' � 3�

�
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�
� .H7,+��V3" ��� � &,&<48,.64.E7+6� <( .- .E7+6�0+6� ' ( &6+6� *.E7.0+6� .667+6�07�</ 10.4./ 11+- +14�0+� *&� ' ?,.4+�

&9+<�0.BB8,+146�4?' +6�0+�,8H7*&4+7,6�0+�' � �+1�E7&14.48�<,/ .66&14+3�

� � �� 9/ *74./ 1�07�' � �0+�*&�B,&<4./ 1�H,&17*/ - 84,.E7+�V" �2V�^- ��

� � �� 9/ *74./ 1�07�' � �0+�*&�B,&<4./ 1�H,&17*/ - 84,.E7+�#�U$#�^- �

� � �� 9/ *74./ 1�07�� ( �0+�*&�B,&<4./ 1�H,&17*/ - 84,.E7+�V" �2V�^- ��

	 � �� 9/ *74./ 1�07�� ( �0+�*&�B,&<4./ 1�H,&17*/ - 84,.E7+�#�U$#�^- �

�

�

� &�B.H7,+�V3V��.16' .,8+�0+�G/ <&: &H�� ��� ����U[ [ #���' ,86+14+�*+6�0/ 118+6�' ( ?6.</ �<( .- .E7+6�

0+6� ' ( &6+6� *.E7.0+6� 0&16� *+� 0.&H,&- - +� � ( � ' � � 07� 6?645- +� � +�
 � � " 
 3� � &� B.H7,+� V3V�

' +,- +4�0+�0.64.1H7+,�0+7@�0/ - &.1+6�' ,8B8,+14.+*6�0+�64&: .*.48�0 +6' 5<+6�<( .- .E7+63�
 +*/ 1�

<+� 0.&H,&- - +�� *+� 0/ - &.1+� &<.0+�1+74,+� +64� 0/ - .18� ' &,� 0+6� +6' 5<+6� � +" e� +1� 6/ *74./ 1��

&*/ ,6� E7+� *+� 0/ - &.1+� &*<&*.1� ' ,86+14+� 71+� 64&: .*.48� 07� B+,� 6/ 76� B/ ,- +� � +�
 � �V�� E7.� &�

4+10&1<+�D� ' ,8<.' .4+,�&7�0+6676�0+�' � �23�� 1�<+�E7.�</ 1<+,1+�*&�67,B&<+�0+�*&�' ?,.4+��/ 1�

' +74� - &.14+1&14� 6+� 0+- &10+,� 6.� * / 1� ,+4,/ 79+� &766.� 0+7@� 0/ - &.1+6� 0+� ' � � ' / 7,� *&�

0+6<,.' 4./ 1�0+6�+6' 5<+6�67' +,B.<.+**+6�0+�*&�' ?,.4+3�� 1�0 &74,+6�4+,- +6��' +74�/ 1�+@4,&' / *+,�
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' / 7,�' ,80.,+�* 84&4�<( .- .E7+�67' +,B.<.+*�07�67*B7,+�• �

�

�

� .H7,+��V3V��� 	 .&H,&- - +�� ( � ' � �07�6?645- +�� +�
 � � " 
 �D�" [ Y�G�+4�U#�$�- / *R� ��&0&' 48�0+�G/ <&: &H�� ��

� ���� U[ [ #�� &9+<� *+6� 0/ 118+6� � ( � ' � � +@4,&.4+6� 0+� *&� B.H7,+� V3" � ' / 7,� *+6� 0+7@� B,&<4./ 16�

H,&17*/ - 84,.E7+6�0+�' ?,.4+�V" �2V�^- ��<&,,8�' *+.1��+4�#�U$#�^- ��<&,,8�9.0+�3�
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�

V3V3" 3" 3 � ( .- .+�67' +,B.<.+**+�+1�- .*.+7�&E7+7@���+BB+4�07�' � �

� &�6/ 70+��� &
 � �6/ *74./ 1��&�6+,9.�0+�,8B8,+1<+�' / 7,�* +BB+4�07�' � 3�� &�B.H7,+�V3X�- / 14,+�

E7+� * &7H- +14&4./ 1� 07� ' � �� ' &,� &>/ 74� 0+� E7&14.486� <,/ .66&14+6� 0+� 6/ 70+�� &� - / 0.B.8�

6+16.: *+- +14�*&�</ - ' / 6.4./ 1�<( .- .E7+�0+�*&�67,B&<+�0+�*&�' ?,.4+3�� +6�- / 0.B.<&4./ 16�/ 14�

' / ,48� +66+14.+**+- +14� 67,� *&� 6?- 84,.+� 07� - &66.B� � U3� �  &7H- +14&4./ 1� 07� ' � � &� +14,&K18�

71+�*8H5,+�&6?- 84,.+�07�- &66.B�� U��.1.4.&*+- +14�<+14,8�&74/ 7,�0+�UU##�<- �U�D�' � �$�23�� +�

6/ - - +4�07�- &66.B�6 +64�+167.4+�08' *&<8�' / 7,�&: / 74.,�D�71�' ,/ B.*�&6?- 84,.E7+�' / ,48�67,�*+6�

: &66+6� B,8E7+1<+6� �U#" #� <- �U� �� <+<.� +64� &66+I � 9.6.: *+� 0&16� *&� B,&<4./ 1� <.: *+� V" �2V� ^- �

�B.H7,+�V3X�� �3��  &.,+�4/ 4&*+�07�- &66.B�� U�1 &�' &6�: +&7</ 7' �<( &1H8�&9+<�*+�' � 3��*�1 ?�&�

0/ 1<�' &6�+7�0+�9&,.&4./ 1�6+16.: *+�0+�*&�E7&14.48�0 +6' 5<+6�67' +,B.<.+**+63�
 +7*+�*&�1&47,+�

0+6�+6' 5<+6�67*B&48+6�6+- : *+�&9/ .,�89/ *78�&9+<�*+�' � 3�� &�6?- 84,.+�07�- &66.B�� U��<+14,8�

&74/ 7,� 0+� UU##� <- �U� D� ' � � &<.0+�1+74,+�� +64� ,+' ,86+14&4.9+� 0 71+� ' ,80/ - .1&1<+� 0+�

67*B&4+6�B+,,+7@��6&16�0/ 74+�71�' +7�( ?0,&486��<&,�.*�,+64+�0+�* +&7�0+�</ 164.474./ 1�9.6.: *+�

' &,� *&� : &10+� D� U2V#� <- �U3� � &� : &10+� U#" #� <- �U�� - &>/ ,.4&.,+� +1� ' � � &*<&*.1�� +64�

<&,&<48,.64.E7+�0+6�67*B&4+6�B+,,.E7+63��

�

� +6�6' +<4,+6�0+�*&�B.H7,+�V3X�- / 14,+14�E7+�*&�' ?,.4+�</ 10.4./ 118+�&9+<�� &
 � �&�' ,86+148�

71+�- / 0.B.<&4./ 1�1/ 4&: *+�0+6�: &10+6�D�U#W#�+4�U#$#�<- �U�� : &10+6�.�+4�>��,+6' +<4.9+- +14�3�

� **+6�/ 14�97�*+7,�.14+16.48�,+*&4.9+�6 .19+,6+,�&9+<�* &7H- +14&4./ 1�07�' � ���� U#W#�y�� U#$#�D�

' � � &<.0+�1+74,+� &*/ ,6� E7+� � U#W#� i � � U#$#� D� ' � � &*<&*.13� � +6� : &10+6� / 14� 848� <*&.,+- +14�

.0+14.B.8+6�</ - - +�&' ' &,4+1&14�D�0+6�67*B&4+6�B+,,+7@��' / 7,�71+�' &,4.+�0+�*&�: &10+�D�U#W#�

<- �U��+4�B+,,.E7+��' / 7,�*&�: &10+�D�U#$#�<- �U��&11+@+�� 3X�67,�*+�� 	 �+1�B.1�0+�4( 56+�3�

�
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� .H7,+��V3X��� 
 ' +<4,+6� / : 4+176� ' &,� 6' +<4,/ 6</ ' .+� .1B,&,/ 7H+� +1� - / 0+� ,8B*+@./ 1� 0.BB76+� 0+6� 0+7@�

B,&<4./ 16�0+�' ?,.4+�</ 10.4./ 118+6�&9+<�*+�,8H7*&4+7,�0+�' � �� &
 � ��+1�E7&14.48�<,/ .66&14+�

��14+,9&**+�0+6�1/ - : ,+6�0 / 10+�" ###�Y##�<- �U� �

� &10+6�' ,.1<.' &*+6���&���U2V#�<- �U �̀ : � ��UXY#�<- �U �̀<���U" X$�<- �U �̀0���UU[ $�<- �U �̀+���UU2#�<- �U �̀B���

UU" #�<- �U �̀H���U#[ $�<- �U �̀( ���U#YV�<- �U �̀.���U#W#�<- �U �̀>���U#$#�<- �U �̀F���U#" #�<- �U �̀*���[ $#�<- �U �̀- ���

YW2�<- �U�

� � �
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�*&�B,&<4./ 1�0+�' ?,.4+�V" �2V�^- �&9+<�� &
 � �+1�6/ *74./ 1�

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�X�Ỳ �V��' � �_�$�Ẁ�X��' � �_�W�V̀ �$��' � �_�U#�[ �̀2��' � �_�UU�[ �

� � �
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�*&�B,&<4./ 1�0+�' ?,.4+�#�U$#�^- �&9+<�� &
 � �+1�6/ *74./ 1�

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�$�" �̀V��' � �_�Y�# �̀X��' � �_�[ �Ỳ �$��' � �_�UU�V̀ �2��' � �_�UU�$�

�

�

�
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�

V3V3" 3V3 
 ' 8<.&4./ 1�� +� �R� +� � ��0&16�*+6�67*B&4+6�67' +,B.<.+*6�0+�*&�' ?,.4+�

� / 7,� &' ' ,/ B/ 10.,� *&� E7&14.B.<&4./ 1� 0+6� 67*B&4+6� B+,,+7@� +4� B+,,.E7+6� 0&16� *+6� +6' 5<+6�

67' +,B.<.+**+6� 0+� *&� ' ?,.4+�� *&� B.H7,+� V3$�� � ' ,86+14+� 0.BB8,+146� - 8*&1H+6� 0+� 67*B&4+6�

B+,,.E7+6� +4� 0+� 67*B&4+6� B+,,+7@� ' 7,6�� 74.*.686� </ - - +� ' ( &6+6� 0+� ,8B8,+1<+3� � +6� : &10+6�

6.478+6�D�U#W#�+4�U#$#�<- �U� / 14�848�,+4,/ 798+6�67,�0+6�+6' 5<+6� ' 7,+6�0+�67*B&4+�B+,,+7@�

( +' 4&( ?0,&48�+4�0+�67*B&4+�B+,,.E7+�&1( ?0,+��,+6' +<4.9+- +14�D�U#Y2�+4�U#$$�<- �U��B.H7,+�

V3$�� �3�	 +6�08' *&<+- +146�0+�B,8E7+1<+�6/ 14�4/ 74+B/ .6�/ : 6+,986�0&16�*+6�9.: ,&4./ 163�� +6�

08' *&<+- +146� ' / 7,,&.+14� ] 4,+� &44,.: 78+6� D� 0+6� +BB+46� 0+� - &4,.<+� *.86� &7@� 0.BB8,+1<+6�

0 .14+,&<4./ 1�0 71�B&.6<+&7�.1B,&,/ 7H+�&9+<�0+6�+6' 5<+6�' 7,+6�� ' ( &6+6�0+�,8B8,+1<+�� ' &,�

,&' ' / ,4�&7@�.14+,&<4./ 16�&9+<�0+6�+6' 5<+6�67' +,B.<.+**+6��8<( &14.**/ 1�0+�' ?,.4+�3��*�+64�: .+1�

</ 117� E7+� */ ,6� 0 71+� &1&*?6+� +1� ,8B*+@./ 1� 0.BB76+�� 0+6� ' ( 81/ - 51+6� </ - ' *+@+6� 0+�

,8B*+@./ 1��0.BB,&<4./ 1�+4�0.BB76./ 1�' +79+14�6+�' ,/ 07.,+�+1�- ] - +�4+- ' 6��' / 79&14�+14,&K1+,�

0+6� 9&,.&4./ 16� 0&16� *+6� B,8E7+1<+6� +4� 0+6� 08' *&<+- +146� 0+� : &10+6� &9+<� +BB+4� 0+� 4&.**+�

� � 7**+,�+4�� ,.BB.4( 6��U[ WỲ �� +,9+**+�� ��� ����U[ [ 2�3�

�

� &� B.H7,+� V3$�� � ' ,86+14+� *&� 9&,.&4./ 1� 07� ,&' ' / ,4� 0+6� &: 6/ ,: &1<+6� ,+*&4.9+6� 0+6� 0+7@�

: &10+6��U#Y2�+4�U#$$�<- �U��+1�B/ 1<4./ 1�0+�*&�' ,/ ' / ,4./ 1�0+�67*B&4+6�B+,,+7@�0+6�- 8*&1H+6�

08<,.46�D�*&�B.H7,+�V3$�� 3� � +6�&: 6/ ,: &1<+6�/ 14�848� ,+*+98+6�D� ' &,4.,�0 71+�*.H1+�0+� : &6+�

0.6' / 68+�D�*&�: &6+�07�- &66.B�� U�0+6�67*B&4+6��: / ,18�+14,+�UXY#�Y[ #�<- �U�3�� &�B.H7,+�V3$�

� � ' ,86+14+�*&� ,+*&4./ 1�+14,+�*+� ,&' ' / ,4�0+6� : &10+6�D�U#Y2�+4�U#$#�<- �U�+4�*&�6' 8<.&4./ 1�

B+,,+7@RB+,,.E7+�.667+�0+�*&�</ 19+,6./ 1�0+6�' ,/ ' / ,4./ 16�0+6�- 8*&1H+63�� +44+�,+*&4./ 1�+64�

4,56� ' ,/ <( +� 0+� *&� </ 7,: +� 4( 8/ ,.E7+�� &>/ 748+� +1� 4,&.4� </ 14.17� 67,� *&� B.H7,+� V3$�� 3� � +44+�

</ 7,: +� &� 848� <&*<7*8+� D� ' &,4.,� 0+6� ' ,/ ' / ,4./ 16� - &66.E7+6� 0+6� - 8*&1H+6� &' ' *.E78+6�

*.18&.,+- +14�D�<( &E7+�&: 6/ ,: &1<+�0+�: &10+�6+*/ 1�*+6�8E7&4./ 16��V3U�+4��V3" 3�

�
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� � � � � bV3" c�

�

/ v��� � U#Y2�Z�</ ,,+6' / 10�D�* &: 6/ ,: &1<+�D�U#Y2�<- �U�' / 7,�*+�- 8*&1H+�Z �̀

� f � +
 
 X3W� " 
 �</ ,,+6' / 10�D�*&�' ,/ ' / ,4./ 1�- &66.E7+�0+�� +
 
 X3W� " 
 �0&16�*+�- 8*&1H+̀ �

� � � +
 
 X3W� " 
 �</ ,,+6' / 10�D�*&�- &66+�- / *&.,+�0+�� +
 
 X3W� " 
 �̀

� +� �R� +� � ��</ ,,+6' / 10�&7�,&' ' / ,4�&4/ - .E7+�0+�B+,�0+�0+H,8�0 / @?0&4./ 1�� � �67,�*+�B+,�

0+�0+H,8�0 / @?0&4./ 1�� � �3�
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�
� .H7,+��V3$��� 
 ' +<4,+6�/ : 4+176�' &,�6' +<4,/ 6</ ' .+�.1B,&,/ 7H+�+4�</ 7,: +6�0+�<&*.: ,&4./ 1�0+�*&�' ,/ ' / ,4./ 1�

B+,,+7@RB+,,.E7+�0&16�*+6�67*B&4+6�67' +,B.<.+*6��

� � �
 ' +<4,+6�/ : 4+176�' &,�6' +<4,/ 6</ ' .+�.1B,&,/ 7H+�+1�- / 0+�,8B*+@./ 1�0.BB76+�0+�0.BB8,+146�- 8*&1H+6�

0+�� +� �
 
 X3W� " 
 �+4�� +� � �
" � 
 
 X�V�&' ,56�6/ 764,&<4./ 1�0+�*&�*.H1+�0+�: &6+���,+6' +<4.9+- +14�07�: &6�9+,6�

*+�( &74��U##�f �' / .06�� +
 
 X3W� " 
 ��[ #�f �' / .06�� +
 
 X3W� " 
 ��W$�f �' / .06�� +
 
 X3W� " 
 ��$#�f �' / .06�

� +
 
 X3W� " 
 ��X#�f �' / .06�� +
 
 X3W� " 
 ��" $�f �' / .06�� +
 
 X3W� " 
 ��+4�U##�f �' / .06�� +" � 
 
 X�V�

� � � � &' ' / ,4� 0+6� &: 6/ ,: &1<+6� 0+6� : &10+6� 0+� 9.: ,&4./ 1� D� U#Y2� +4� U#$$� <- �U� +1� B/ 1<4./ 1� 0+� *&�

' ,/ ' / ,4./ 1� +1� � +� �
 
 X3W� " 
 � �*&� *.H1+� 0+� : &6+� 0+� * &: 6/ ,: &1<+� &� 848� ' ,.6+� &7� ' .+0� 07� - &66.B� 0+�

9.: ,&4./ 1�0+6�67*B&4+6���UXY#�Y[ #�<- �U� �

� � �� &' ' / ,4�0+6�&: 6/ ,: &1<+6�0+6�: &10+6�0+�9.: ,&4./ 1�D�U#Y2�+4�U#$$�<- �U�6+*/ 1�*+�,&' ' / ,4�� +� �R� +� � ��
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�

�*�&�0/ 1<�848�' / 66.: *+�0 &' ' ,8<.+,�E7&14.4&4.9+- +14��H,x<+�D�<+44+�</ 7,: +�0+�<&*.: ,&4./ 1��*+�

,&' ' / ,4�� +� �R� +� � ��0+6�67*B&4+6�67' +,B.<.+*6��D�' &,4.,�0+6�&: 6/ ,: &1<+6�0+6�: &10+6�D�U#W#�+4�

U#$#� <- �U� 07� - &66.B� 0+6� 67*B&4+6� 0+6� ' ?,.4+6� </ 10.4./ 118+6� D� *&� 6/ 70+3� � &� B.H7,+� V32�

- / 14,+� * 89/ *74./ 1�07� ,&' ' / ,4� � +� �R� +� � �� +4�0+� *&� ' ,/ ' / ,4./ 1�0+�67*B&4+�B+,,+7@��0&16� *+6�

67*B&4+6� 67' +,B.<.+*6�� +1� B/ 1<4./ 1� 07� ' � � ' / 7,� *+6� 0+7@� H,&17*/ - 84,.+63� � +6� <&*<7*6� 07�

,&' ' / ,4�+4�0+6� ' ,/ ' / ,4./ 16�6+�: &6+14�67,�*+6�6' +<4,+6�+1�.1B,&,/ 7H+�' ,86+1486�D�*&�B.H7,+�

V3X3� � &�B.H7,+�V32� - / 14,+�4,56�1+44+- +14�E7+� *+� ,&' ' / ,4� � +� �R� +� � ��4+10�D�0.- .17+,�&9+<�

* &7H- +14&4./ 1� 07� ' � �� </ 1B.,- &14� &.16.� *+6� 4+10&1<+6� / : 6+,98+6� 67,� *+6� 6' +<4,+6� +1�

.1B,&,/ 7H+3�� &�' ,/ ' / ,4./ 1�0+�67*B&4+�B+,,.E7+�+64�' *76�.- ' / ,4&14+�+1�- .*.+7�&*<&*.1�E7 +1�

- .*.+7�&<.0+�1+74,+3�� &,&**5*+- +14��+1�- .*.+7�&<.0+�1+74,+�� ' � �$�2���*+6�67*B&4+6�B+,,+7@�

,+' ,86+14+14�+19.,/ 1�$#�f �' / .06�0+6�67*B&4+6�67' +,B.<.+*6�0&16�*&�H,&17*/ - 84,.+�<.: *+�V" �

2V� ^- � +4� V#� f �' / .06� 0&16� *&� H,&17*/ - 84,.+� H*/ : &*+� #�U$#� ^- 3� 	 &16� *+6� 0+7@� <&6� 0+�

H,&17*/ - 84,.+�� *+6� 67*B&4+6� B+,,+7@� 1+� ,+' ,86+14+14� ' *76� E7+� U#� f �' / .06� 0+6� 67*B&4+6�

67' +,B.<.+*6�D�' � �U#��B.H7,+�V32�3�� +�0.&H,&- - +�0+�' ( &6+6�0+�*&�B.H7,+�V3V�- / 14,+�E7+�*+�

B+,� B+,,+7@� +64� 1+44+- +14� .164&: *+� D� 0+� 4+*6� ' � 3� �  +@.64+1<+� 0+� 67*B&4+6� B+,,+7@�

.- ' *.E7+,&.4� 71+� 64,7<47,+� 64,&4.B.8+� &9+<� 0+6� 67*B&4+6� B+,,.E7+6� +1� </ 14&<4� &9+<� *&�

6/ *74./ 1�� </ 1B.,- &14� * / ,H&1.6&4./ 1� 0+6� ' .*.+,6� 0 +6' 5<+6� / @?08+6� 67' +,B.<.+**+6� 08<,.4+�

+1�.14,/ 07<4./ 13�� +6�67*B&4+6�B+,,+7@�6/ 14�E7&6.- +14�&: 6+146�0+�*&�67,B&<+�0+�*&�' ?,.4+�D�

' � �UU3�

�
� .H7,+��V32���� � &,.&4./ 1� 07� ,&' ' / ,4� � +� �R� +� � �� 0+6� 67*B&4+6� 67' +,B.<.+*6� 0 71+� ' ?,.4+� </ 10.4./ 118+� D�

0.BB8,+146�' � �&9+<�07�� &
 � �+1�6/ *74./ 1��
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�
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�

� &�9&,.&4./ 1�07� ,&' ' / ,4� � +� �� � +� � ��+1�B/ 1<4./ 1�07� ' � �+64�4,56�6.- .*&.,+�D�*&�9&,.&4./ 1�07�

' / 4+14.+*�A+4&� � / : 6+,98� ' &,�0+�1/ - : ,+7@�&74+7,6�� � 7+,64+1&7� � �� � ����U[ 2Ỳ � � +,H/ 7S� � ��

� ����U[ [ Ỳ � � &.<( 7,� � �� � ���� " ##U�3� � +' +10&14� *&�<( 74+�0+� ' / 4+14.+*�0+�67,B&<+�+64� - / .16�

: ,74&*+�E7+�<+**+�/ : 6+,98+�' / 7,�*+�,&' ' / ,4�� +� �R� +� � ��0+�*&�B.H7,+�V323�	 +�' *76��* .14+,9&**+�

0+� ' � � ' / 7,� *&�<( 74+�0+� ' / 4+14.+*�A+4&� �&9/ .6.1+� ' � �2�Y��&*/ ,6�E7+�*&�4,&16.4./ 1�6+- : *+�

] 4,+�+14,+�' � �[ �U#�' / 7,�*+�,&' ' / ,4�� +� �R� +� � �3�

�

	 &16�*+�<&6�0 71+� ' ?,.4+�+1�- .*.+7�&E7+7@��* 8E7.*.: ,+�E7.�6 84&: *.4�+14,+�*&�67,B&<+�0+6�

H,&.16�+4�*&�6/ *74./ 1�08' +10�H,&10+- +14�0+6�</ 10.4./ 16�<( .- .E7+6�07�*.E7.0+��1/ 4&- - +14�

07�' � �+4�07�� ( 3�	 &16�*+�<&6�0+6�,867*4&46�' ,86+1486�.<.��*+�' / 4+14.+*�0 / @?0/ ,807<4./ 1�&�

,+*&4.9+- +14�' +7�9&,.83�� +6�9&*+7,6�0+�� ( �6+�6/ 14�84&*8+6�+14,+�#�U�+4�#�$�� ��&*/ ,6�E7+�*&�

' *7' &,4� 0+6� 8470+6� 8*+<4,/ <( .- .E7+6� <.: *+14� 71+� I / 1+� ' *76� *&,H+�� 0+� �U�$� D� U�#� � �

� � ( &10+,�� U[ [ U�3� � .16.�� 67.4+� &7@� - +67,+6� <( .- .E7+6� 07� *.E7.0+�� 0+7@� 0/ - &.1+6� 0+�

64&: .*.48�' ,8B8,+14.+*6�/ 14�848�/ : 6+,986���71�0/ - &.1+�&<.0+�1+74,+�� ' � �i �2��+4�71�0/ - &.1+�

&*<&*.1�� ' � �y�U#���B.H7,+6�V3" �+4�V3V�3�� +44+�' &,4.4./ 1�6 +64�,+4,/ 798+�67,�*+6�/ : 6+,9&4./ 16�

67' +,B.<.+**+6� 0+6� +66&.6� 0+� </ 10.4./ 11+- +14� D� *&� 6/ 70+�� / v� * .1B*7+1<+� 07� ' � � &� 848�

' ,8' / 108,&14+3� � +� ' � � &� +7� 71� +BB+4� 1/ 4&: *+� 67,� *+6� ' ,/ ' / ,4./ 16� ,+*&4.9+6� 0+� 67*B&4+6�

B+,,+7@�B+,,.E7+6� / : 6+,98+6� +1� 6' +<4,/ 6</ ' .+� .1B,&,/ 7H+3� �*� 6+- : *+,&.4� E7+� *+� ' � � 0+� *&�

6/ *74./ 1� .1B*7+1<+� *&� 6' 8<.&4./ 1� � +� �� � +� � �� 0&16� *+� - &66.B� 0+6� 67*B&4+6� 67' +,B.<.+*63� � +6�

,867*4&46�0+�*&�<( .- .+�0+�67,B&<+�</ 1B.,- +14�0/ 1<�*&�6' 8<.&4./ 1�07�B+,�/ : 6+,98+�0&16�*+�

0.&H,&- - +�� ( � ' � �0+�*&�B.H7,+�V3V3��

�

� &�4,&16.4./ 1�� +� �� � +� � ��6+- : *+�] 4,+�*/ <&*.68+�&74/ 7,�0+�' � �2�' / 7,�*+6�0/ 118+6�07�*.E7.0+�

+4� *+� 0.&H,&- - +� � ( � ' � �� +4� &74/ 7,� 0+� ' � � 2�Y� ' / 7,� *+� ' / 4+14.+*� A+4&�� � &*/ ,6� E7+� *&�

4,&16.4./ 1�67' +,B.<.+**+�+1�B&9+7,�0+6�+6' 5<+6�B+,,.E7+6�&' ' &,&K4�D�0+6� ' � � ' *76�&*<&*.16�

�&74/ 7,�0+�[ � �67,�*&�B.H7,+�V323�� &�0.BB8,+1<+�+64�E7 +1�67,B&<+�0+�*&� ' ?,.4+��<+�6/ 14�*+6�

+6' 5<+6�67*B&48+6�E7.�+14,+14�+1�>+73�� &�</ - ' *+@./ 1�07�B+,�&9+<�*+6�67*B&4+6�67' +,B.<.+*6�&�

6+- : *8�B&9/ ,.6+,�*&�64&: .*.6&4./ 1�0+�*&�B/ ,- +�B+,,+76+�: .+1�&7�0+*D�0+�*&�*.- .4+�<&*<7*8+�
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�

4( +,- / 0?1&- .E7+- +14� ' &,� *+� 0.&H,&- - +� 0+� ' ,80/ - .1&1<+� 0+� � / 7,: &.@3� 	 &16� *+�

0/ - &.1+�&<.0+�1+74,+�� ' � �$�2���*&�,8' &,4.4./ 1�67' +,B.<.+**+��67*B&4+6�� +� ��\ �67*B&4+6�� +� � �� �

6+- : *&.4� ' *74; 4� 8E7.*.: ,8+3� � **+� &� 89/ *78� +167.4+� *&,H+- +14� +1� B&9+7,� 0+6� 67*B&4+6�

B+,,.E7+6��+1� - .*.+7�&*<&*.1�� ' / 7,� 0+6� ' � � 67' 8,.+7,6�D� [ 3� � &�<( .- .+� 67' +,B.<.+**+�0+� *&�

' ?,.4+�1+� ' +74�0/ 1<�6+�0807.,+�E7+� ' &,4.+**+- +14�0+6�0/ 118+6�07�*.E7.0+�+4�0+6�<&*<7*6�

4( +,- / 0?1&- .E7+6� 4,&0.4./ 11+*63� � / - - +� *+� - / 14,+� *&� </ - ' &,&.6/ 1� 0+6� B.H7,+6� V3V� +4�

V32��* .1B*7+1<+�0+�*&�<( .- .+�0+�67,B&<+�+64�*/ .1�0 ] 4,+�18H*.H+&: *+3�	 &16�<+�<&6��6/ .4�*+6�

- / 05*+6� 4( +,- / 0?1&- .E7+6� 08<,.9&14� *+6� 67,B&<+6� 0/ .9+14� ] 4,+� 0.BB8,+146� 0+� <+7@� 07�

*.E7.0+��6/ .4�* +19.,/ 11+- +14�' ,/ <( +�0+�*&�67,B&<+�1 +64�' &6�*+�- ] - +�E7+�<+*7.�- +67,8�+1�

6/ *74./ 13�� +6�0+7@�,+' ,86+14&4./ 16�6+�,+4,/ 79+14�' &,B/ .6�</ - : .18+6�0&16�0+6�- / 05*+6�0+�

</ - ' *+@./ 1� 0+� 67,B&<+� ' ,/ ' / 686� ' &,� <+,4&.16�&74+7,6� ' / 7,� 08<,.,+� +4� ' ,80.,+� *&� <( .- .+�

67' +,B.<.+**+�6+*/ 1� *+6�</ 10.4./ 16� ' ( ?6.</ �<( .- .E7+6�07�*.E7.0+�� � / ,6*.1H�+4� 
 71��U[ [ Ẁ�


 47- - ��U[ [ Ẁ�� &7H( &1�+4�&*3��U[ [ Ẁ�
 &( &.�+4�
 9+,>+16F?��U[ [ Y�3�� +6�- / 05*+6�B/ 14�&' ' +*�

D� *&� B/ .6� D� *&� 4( 8/ ,.+� 0 / ,H&1.6&4./ 1� +1� 4,.</ 7<( +� 0+� *&� 67,B&<+� - .18,&*+� +4� D� 0+6�

</ 164&14+6�0+�,8&<4./ 1�08' +10&14+6�07�' / 4+14.+*�A+4&��0+�*&�67,B&<+3�

�

� &�0/ - .1&1<+�0+6�67*B&4+6�B+,,.E7+6�+1�- .*.+7�: &6.E7+�+64�+1�&<</ ,0�&9+<�*+�0.&H,&- - +�

0+�64&: .*.48�� ( � ' � �0+6�+6' 5<+6�07�B+,�- &.6�' / 7,,&.4�] 4,+��+1�' &,4.+��&766.�+@' *.E78+�' &,�*&�

64&: .*.48�0+6�67*B&4+6�B+,,.E7+6�( ?0,/ @?*86�E7.�&�08>D�848�67HH8,8+�' &,�0 &74,+6�&74+7,6�' &,�

&1&*?6+6� Z� 
 � � � ,./ 1�� U[ Y# �̀ G&,4( +� � �� � ���� U[ [ V̀ � � / 00� � �� � ���� " ##V�3� � +' +10&14�� *+�

' ,/ 4/ </ *+�/ ' 8,&4/ .,+�74.*.68�0&16�*+�<&0,+�0+�<+44+�8470+�1 &�' &6�B&9/ ,.68�*&�B/ ,- &4./ 1�0+�

67*B&4+� B+,,.E7+� ( ?0,/ @?*8� &9+<� *&� 6/ 70+�� : &10+6� U" X$� +4� U#" #� <- �U� +1� 	 � � � � 
 3�

� 8&1- / .16��G/ 1H/ */ �� ��� ����" ##$��/ 14�08- / 14,8��' &,�6' +<4,/ - 84,.+�.1B,&,/ 7H+��E7+�<+44+�

' ( &6+�' +74�89+147+**+- +14�6+�B/ ,- +,�+1�67,B&<+�0+�*&�' ?,.4+3�

�
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, �, �, � � " � " / # � $*" #$� ( � ) ' � �2 #" #� ) ' � *&� 0" / ' � ) ' � �" � >?� $#' �7� ' 00' #� ) &� #?>' � ) ' �

�  =&�" #' &� �


 7.4+� D� * 8470+� 0+� * +BB+4� 07� ' � �� ' *76.+7,6� &74,+6� ,8H7*&4+7,6� 0+� ' � � / 14� 848� 4+64863� � &�

B.H7,+� V3W� ,&66+- : *+� *+6� 6' +<4,+6� +1� .1B,&,/ 7H+� 0+6� 67,B&<+6� 0+� ' ?,.4+6� </ 10.4./ 118+6�

,+6' +<4.9+- +14� &9+<� 07� � &�
 � � " � +1� 6/ *74./ 1� �B.H7,+� V3W�� � +4� � � �� 07� � &�
 � � " � 6/ *.0+�

�B.H7,+� V3W�� � +4� 	 � �� +4� 07� � &
 � 6/ *.0+� �B.H7,+� V3W�� � +4� � �3� � +� - &66.B� � U� ' ,86+14+�

* &' ' &,.4./ 1� / 7� * &BB.,- &4./ 1� 0+� 1/ 79+&7@� ' .<6� ( &74+� B,8E7+1<+� �U" X$� <- �U� � +4� : &66+�

B,8E7+1<+��U#" #�<- �U� � � : &10+6�<�+4�F��,+6' +<4.9+- +14�3�� +6�' .<6�0/ 11+14�&7�- &66.B�71+�

&**7,+�' *76�&6?- 84,.E7+�&9+<�0+6�' .<6�' *76�- &,E786�E7+�0&16�*+�<&6�07�</ 10.4./ 11+- +14�D�

*&� 6/ 70+3� � +44+� 0.BB8,+14.&4./ 1� 67' +,B.<.+**+� 0+� *&� ' ?,.4+� </ 10.4./ 118+� &9+<� <( &7@� / 7�

6/ 70+�&�848�/ : 6+,98+�&766.�' &,�� &6+6�� ��� ����U[ [ V�3�� &�: &10+�( &74+�B,8E7+1<+��U" X$�<- �U� �

&�848�&66/ <.8+��D�* 8' / E7+��&9+<�07�67*B&4+�B+,,.E7+�+4�*&�: &10+�: &66+�B,8E7+1<+��U#" #�<- �

U� �� D� * +6' 5<+� � +
 3� 
 ,� * &11+@+� � 3X� 0+� *&� 4( 56+�� 67,� � 	 � �6?14( 56+� 0+6� 9.: ,&4./ 16�

.1B,&,/ 7H+6�� 67HH5,+� * &66/ <.&4./ 1� 0+6� : &10+6� U" X$� +4� U#" #� <- �U� D� 0+6� 67*B&4+6� 0+� B+,�

( ?0,/ @?*86�0+�4?' +�� +� � �
1� 
 � � - � 
 
 X� ' �@� " 
 ��</ - - +�89/ E78�' &,�G&,4( +�+4�&*3��U[ [ V��*/ ,6�

0 &1&*?6+6�+1�Z� 
 �+4��' *76�,8<+- - +14��' &,�G/ 1H/ */ �� ��� ����" ##$��' &,�&1&*?6+6�	 � � � � 
 3�

� +6�: &10+6�0�+4�.�0+�*&�B.H7,+�V3W�08- / 14,+14�E7+�*&�- .6+�+1�' *&<+�' ,/ H,+66.9+�0+�<+44+�
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 ' +<4,+6�+1�.1B,&,/ 7H+�' &,�6' +<4,/ 6</ ' .+�+1�- / 0+�,8B*+@./ 1�0.BB76+�0+6�0+7@�B,&<4./ 16�0+�

' ?,.4+� </ 10.4./ 118+6� &9+<� 0.BB8,+146� 4?' +6� 0+� ,8H7*&4+7,6�0+� ' � � +1� E7&14.48� <,/ .66&14+�

��14+,9&**+�0+6�1/ - : ,+6�0 / 10+�" ###�Y##�<- �U� �

� &10+6�' ,.1<.' &*+6���&���U2V#�<- �U �̀ : � ��UXY#�<- �U �̀<���U" X$�<- �U �̀0���UU[ $�<- �U �̀+���UU2#�<- �U �̀B���

UU" #�<- �U �̀H���U#[ $�<- �U �̀( ���U#YV�<- �U �̀.���U#W#�<- �U �̀>���U#$#�<- �U �̀F���U#" #�<- �U �̀*���[ $#�<- �U �̀- ���

YW2�<- �U�

� � �
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�*&�B,&<4./ 1�0+�' ?,.4+�V" �2V�^- �&9+<�� &�
 � � " �+1�6/ *74./ 1�

� U��� ,/ ?8+�D�6+<̀ �" ��' � �_�X�Ẁ�V��' � �_�$�V̀ �X��' � �_�2�Ù�$��' � �_�U#�" �̀2��' � �_�UU�" �

� � �
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�*&�B,&<4./ 1�0+�' ?,.4+�#�U$#�^- �&9+<�� &�
 � � " �+1�6/ *74./ 1�

� U��� ,/ ?8+�D�6+<̀ �" ��' � �_�$�$ �̀V��' � �_�2�V̀ �X��' � �_�U#�Ỳ �$��' � �_�UU�X̀ �2��' � �_�U" �V�

� � �
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�*&�B,&<4./ 1�0+�' ?,.4+�V" �2V�^- �&9+<�� &�
 � � " �6/ *.0+�

� U��� ,/ ?8+�D�6+<̀ �" ��' � �_�X�X̀ �V��' � �_�$�# �̀X��' � �_�2�" �̀$��' � �_�U#�" �̀2��' � �_�UU�" �

	 � �
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�*&�B,&<4./ 1�0+�' ?,.4+�#�U$#�^- �&9+<�� &�
 � � " �6/ *.0+�

� U��� ,/ ?8+�D�6+<̀ �" ��' � �_�$�V̀ �V��' � �_�2�$ �̀X��' � �_�2�[ �̀$��' � �_�UU�X̀ �2��' � �_�U" �X�

� � �
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�*&�B,&<4./ 1�0+�' ?,.4+�V" �2V�^- �&9+<�� &
 �6/ *.0+�

� U��� ,/ ?8+�D�6+<̀ �" ��' � �_�$�2 �̀V��' � �_�U#�# �̀X��' � �_�UU�" �̀$��' � �_�UU�2 �̀2��' � �_�UU�[ �

� � �
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�*&�B,&<4./ 1�0+�' ?,.4+�#�U$#�^- �&9+<�� &
 �6/ *.0+�

� U��� ,/ ?8+�D�6+<̀ �" ��' � �_�$�Ỳ �V��' � �_�[ �2 �̀X��' � �_�[ �[ �̀$��' � �_�UU�# �̀2��' � �_�UU�" �
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� +,4&.16�&74+7,6�/ 14�8- .6�* ( ?' / 4( 56+�E7+�*+6�67*B&4+6�0+�B+,�( ?0,/ @?*86�' / 7,,&.+14�] 4,+�

0+� 4?' +� >&,/ 6.4+� �G� +V� 
 � �2� 
 
 X� " � � � � ,./ 1�� U[ Y# �̀ G&,4( +� � �� � ���� U[ [ V�3� � &� >&,/ 6.4+� +64�

: .+1� </ 117+� ' / 7,� ] 4,+� 71+� ' ( &6+� 1&47,+**+- +14� ' / ,4+76+� 0+� 0.BB8,+146� <&4./ 16�4+*6� Ge��

� &e��� : " e��� He��� 7" e��� V

e…�� � X

e��� Ve��� : e��� *e��9&1�0+,�� &,+*�+4�� +74+*6' &<( +,��U[ W2 �̀

C&- : / ,��U[ [ X̀ �C&- : / ,��U[ [ [ �̀	 74,.I &<�+4�C&- : / ,��" ### �̀C&- : / ,�� ��� ����" ### �̀	 74,.I &<�+4�

� ( +1�� " ##V̀ � � &' ' 7� � �� � ���� " ##$�3� �  ./ 1�<&*<.7- � ' / 7,,&.4� .14+,9+1.,�0.,+<4+- +14�0&16�*+�

- 8<&1.6- +�,8&<4./ 11+*�0+�*&�B/ ,- &4./ 1�0+�67*B&4+6�0+�B+,�( ?0,/ @?*86�+1�84&14�.1</ ,' / ,8�

0&16�*&�64,7<47,+3��  +64�*+�<&6�0&16�*&�<&*<./ </ ' .&' .4+�� � &� +� � �
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 � � " � 
 
 X�23UV� " 
 � ��- &.6�

6+6�<&,&<48,.64.E7+6�6' +<4,/ 6</ ' .E7+6�+1� .1B,&,/ 7H+�6/ 14�- &*�</ 117+6�3� � 1� ,+9&1<( +��*&�

' */ - : / >&,/ 6.4+�� � : � +2b�
 � �2� 
 
 X� " ]" � ��E7.�' ,86+14+�71+�.1</ ,' / ,&4./ 1�0+�' */ - : �0&16�6&�

64,7<47,+�� ' / 6650+�0+6� : &10+6�0+�9.: ,&4./ 16�6.H1.B.<&4.9+6�D�U" X" ��UU[ V��U#Y#�+4�U#UY�

U###�<- �U��9&1�0+,�� &,+*�+4�� +74+*6' &<( +,��U[ W2�3�

�

� +6�: &10+6�D�U" X$�+4�U#" #�<- �U�6/ 14�&' ' &,7+6�,+*&4.9+- +14�4; 4�0&16�* &7H- +14&4./ 1�07�

' � � �056� ' � � 2�3� � **+6� 6+� 6/ 14� : .+1� 08- &,E78+6� 0&16� *+� <&6� 0+6� 6' +<4,+6� 0+� ' ?,.4+� 0+�

H,&17*/ - 84,.+� <.: *8+� </ 10.4./ 118+� &9+<� � &�
 � � " � +1� 6/ *74./ 1� / 7� 6/ *.0+� �B.H7,+� V3Ẁ�

6' +<4,+6� � �X� +4� � �X�� ' � � 2�U� +4� 2�" � ,+6' +<4.9+- +14�3� � **+6� 6+� 6/ 14� ,+4,/ 798+6� &766.�

' &,4.<7*.5,+- +14� ' ,/ 1/ 1<8+6� 0&16� *+6� <&6� 0+� ' � � 4,56� &*<&*.16� </ - - +� ' / 7,� *+6� ' ?,.4+6�

</ 10.4./ 118+6�&9+<�*+�� &�
 � � " �6/ *.0+�+4�*+�� &
 �6/ *.0+��B.H7,+�V3Ẁ�6' +<4,+6�� �2��	 �2��� �

2�+4�� �2 �̀: &10+6�<�+4�F�3�� / 7,�<+6�,8H7*&4+7,6��*+�- &.14.+1�0+6�</ 10.4./ 16�&*<&*.1+6�D�' � �

UU� &� 18<+66.48� ' *76� 0+� ,8H7*&4+7,6� �+14,+� U#� +4� " #� ´ �U#�$� - / *� 0+� 
 � � � 8E7.9&*+14RH� 0+�

' ?,.4+��6/ .4�+19.,/ 1�" �D�X�B/ .6�' *76�E7+�*&�E7&14.48�,+E7.6+�&9+<�*+6�,8H7*&4+7,6�+1�6/ *74./ 1�

</ - - +� / 1� &� ' 7� *+� </ 164&4+,� 0&16� *+6� B.H7,+6� V3" �� � +4� � 3� �  ./ 1� <&*<.7- � &� 0/ 1<� ' 7� 6+�

,+4,/ 79+,�+1� +@<56�+4� .14+,&H.,� +1</ ,+� 71� ' +7� ' *76� &9+<� *+6� 67*B&4+6� 0+� B+,� ( ?0,/ @?*86�

67' +,B.<.+*6� 0+� *&� ' ?,.4+3� � +6� 67*B&4+6� 0+� B+,� ( ?0,/ @?*86� / 14� &766.� ' ,86+148� 71+�

</ - ' / 6&14+� ( ?0,&48+�� </ - - +� *+� - / 14,+� * &7H- +14&4./ 1� 07� - &66.B� 0+� * +&7� 0+�
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.10764,.+**+� - +44+14�+1�89.0+1<+�* &' ' &,.4./ 1�07� - &66.B� � #�&9+<�*&� : &10+�D�UXY#�<- �U��

<&,&<48,.64.E7+� 0+6� <&,: / 1&4+6� �B.H7,+� V3Ẁ� 6' +<4,+6� � �X�$�2�� 	 �$�2� +4� � �2 �̀ : &10+� : �3�
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� �� � ���� " ##" �̀ � / 7*4/ 1� � �� � ���� " ##V̀ � � 7<F*+?� � �� � ���� " ##V̀ � � 7*74� � �� � ���� " ##X̀ � � ‡' +I �

� &*0.9.+,/ � � �� � ���� " ##$�3� 
 1� ?� 0.64.1H7+� 1/ 4&- - +14� 4,/ .6� 84&' +6� ' ,.1<.' &*+6��� .� �

* / @?0&4./ 1� 0+� *&� 67,B&<+� 0+� *&� ' ?,.4+� &: / 74.66&14� D� *&� <,8&4./ 1� 0+� 6.4+6� &<4.B6̀ � ..� � *&�

B/ ,- &4./ 1� +4� *&� <( +- .6/ ,' 4./ 1� 0+� </ - ' *+@+6� - 84&*�@&14( &4+� 67,� *+6� 6.4+6� &<4.B6̀ � ...� � *&�

B/ ,- &4./ 1� +4� *&� ' ( ?6.6/ ,' 4./ 1� 0 71� </ - ' / 68� ( &74+- +14� ( ?0,/ ' ( / : +� 4+*� E7+� *+�



120 

�

0.@&14( / H51+��� � 
 � � 
 � 
 _
 � � 
 � 
 � � �� / v� � �+64�71�,&0.<&*�( ?0,/ <&,: / 18�07�4?' +�� 1� " 1��

*+� 0.@&14( / H51+� +64� H818,&*+- +14� 6?- : / *.68� 6.- ' *+- +14� Z " �3� �*� +64� - &.14+1&14�

<*&.,+- +14� &0- .6� E7 71+� I / 1+� / @?08+� 67' +,B.<.+**+� +64� +66+14.+**+� &7@� .14+,&<4./ 16�

' ?,.4+�@&14( &4+3� � +6� +6' 5<+6� 67' +,B.<.+**+6� / @?08+6�� 6?- ' 4/ - &4.E7+6� 0+� *&� ,8&<4.9.48�

67' +,B.<.+**+�0+�*&�' ?,.4+��>/ 7+14�0/ 1<�71�,; *+�' ,.1<.' &*�0&16�* &06/ ,' 4./ 1�07�@&14( &4+�+1�

67,B&<+�0+�*&� ' ?,.4+3� 	 +6�6.4+6�&<4.B6�0+�4?' +� / @?0+6� / 7� ( ?0,/ @?0+6�B+,,.E7+6�6+- : *+14�

' ,.9.*8H.86�' &,�' *76.+7,6�&74+7,6�� � 7+,64+1&7�� ��� ����U[ 2Ỳ �� 7+,4+1&7��U[ WỲ�� 7+,64+1&7�+4�
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�

�

� / - - +� / 1� * &� - / 14,8� &7� ' ,8<80+14� <( &' .4,+�� *+6� ,8H7*&4+7,6� D� : &6+� 0+� <&*<.7- �

+1H+10,+14�71�0/ 7: *+�+BB+4�67,�*+�' � �+4�67,�*&�</ 1<+14,&4./ 1�0 ./ 16�<&*<.7- �+1�6/ *74./ 1�



132 

�

E7.� .14+,&H.66+14� &9+<� *&� 67,B&<+� 0+� *&� ' ?,.4+3� � .16.�� ' / 7,� .6/ *+,� * +BB+4� 07� ' � � 0+�

,8&<4.9&4./ 1��*&�6/ 70+��� &
 � �+1�6/ *74./ 1��&�848�74.*.68+�</ - - +�,8H7*&4+7,�0+�,8B8,+1<+3�

� &�B.H7,+�X3" �- / 14,+�71+�&6?- 84,.+�07�- &66.B�� U�+1�- .*.+7�&*<&*.1��B.H7,+�X3" �� �+4�� �̀

6' +<4,+� V�3� � +� - &66.B� +64� ' *74; 4� ' / ,48� 67,� *+6� : &66+6� B,8E7+1<+6� �U#" #� <- �U� �

<&,&<48,.64.E7+6�0+6�67*B&4+6�B+,,.E7+63� � +6�6' +<4,+6�67.9&146�0+�*&�B.H7,+�X3" � ' ,86+14+14�

* 84&4�0+�67,B&<+�6+*/ 1�*+�' � 3�� +�- &66.B�� U�,+4,/ 79+�71+�6?- 84,.+�D�' � �2�&9+<�71�' ,/ B.*�

+1� .1B,&,/ 7H+� 4,56� ' ,/ <( +� 07� ' ,/ B.*� D� ' � � 1&47,+*�� < +64�D�0.,+� 6&16� <?<*+� 0+�

</ 10.4./ 11+- +14�D�' � �UU�' 7.6�0.- .174./ 1�07�' � 3�� +�</ 10.4./ 11+- +14�D�' � �1&47,+*�6+,4�

0+�,8B8,+1<+�D�* 84&4�0+�67,B&<+�+1�- .*.+7�&<.0+��<&,&<48,.64.E7+�0+�* 8E7.*.: ,+�1&47,+*�0+�

*&� ' ?,.4+�+1�6/ *74./ 13��  +64�71+�/ : 6+,9&4./ 1�.- ' / ,4&14+�E7.�6+- : *+�- +44,+�+1�&9&14�71+�

,89+,6.: .*.48�4/ 4&*+�0&16�*+�<?<*+�</ 10.4./ 11+- +14�D�' � �UUR0.- .174./ 1�07�' � 3�� &�67.4+�07�

<( &' .4,+� ' ,8<.6+�<+�E7 .*�+1�+64�+1�4+,- +�0+�<&' &<.48�0 &06/ ,' 4./ 1�0+�</ **+<4+7,�0+�4?' +�

@&14( &4+3�

�

	 &16�*+�<&6�0+�*&�H,&17*/ - 84,.+�H*/ : &*+�#�U$#�^- ��*+6�9&,.&4./ 16�0+�6?- 84,.+�07�- &66.B�

� U� / 14�848� - / .16� - &,E78+63� 
 1�1 / : 6+,9+� ' &6�*&�0.6' &,.4./ 1�0+6� : &10+6�UU[ $�+4�UU" #�

<- �U�<&,&<48,.64.E7+6�0+6�67*B&4+6�B+,,.E7+6��B.H7,+�X3" �� �̀ : &10+6�0�+4�B�3�� +' +10&14��*+6�

: &10+6�U#W#�+4�U#$#�<- �U��B.H7,+�X3" �� �̀: &10+6�.�+4�>��/ 14�89/ *78�&9+<�*&�0.- .174./ 1�07�

' � 3�� �' � �&*<&*.1�*+�' .<�: &66+�B,8E7+1<+�D�U#$#�<- �U�84&.4�' ,80/ - .1&14�' &,�,&' ' / ,4�&7�' .<�

D�U#W#�<- �U3� � &�<( 74+�07� ' � �&�&448178�<+44+� ' ,80/ - .1&1<+�+4�*+6�0+7@�: &10+6�6+�6/ 14�

,+4,/ 798+6�D�.14+16.48�.0+14.E7+�&74/ 7,�0+�' � �23��  &44817&4./ 1�0+6�0.BB8,+1<+6�0 .14+16.48�

+64�- / .10,+�' / 7,�*&�H,&17*/ - 84,.+�<.: *+�V" �2V�^- ��B.H7,+�X3" �� �̀: &10+6�.�+4�>��- &.6�+**+�

84&.4�4,56�9.6.: *+�' / 7,�*&�H,&17*/ - 84,.+�H*/ : &*+�#�U$#�^- ��B.H7,+�X3" �� �̀: &10+6�.�+4�>�3�

�

� +� <( &' .4,+� ' ,8<80+14� &� - .6� +1� 89.0+1<+� *+6� *.+16� +14,+� *+� ,&' ' / ,4� 0+6� &: 6/ ,: &1<+6�

� U#W#R� U#$#� 0+� <+6� 0+7@� : &10+6� &9+<� *+� ,&' ' / ,4� � +� �R� +� � �� 0&16� *+� - &66.B� 0+6� 67*B&4+63�

�  &7H- +14&4./ 1�07� ' � �&�848�</ ,,8*8+�&9+<�71+�0.- .174./ 1�07� ,&' ' / ,4� � U#W#R� U#$#�+4�07�

,&' ' / ,4� � +� �R� +� � � �̀ * &<4.9&4./ 1� ' &,� 0.- .174./ 1� 07� ' � � &� +7� .<.� * +BB+4� .19+,6+3�

�  &7H- +14&4./ 1�07�,&' ' / ,4�� U#W#R� U#$#� ' &,�*&�1+44+�0.- .174./ 1�0+�*&�: &10+�D�U#$#�<- �U�



133 

�

.- ' *.E7+,&.4� 71+� &7H- +14&4./ 1� 07� ,&' ' / ,4� � +� �R� +� � �3� 
 1� &� 0/ 1<� 71� ,+4/ 7,� D� 71� 84&4� 0+�

67,B&<+��+1� - .*.+7�&<.0+�1+74,+� � ' � �_�$�2��� / v� *+6�67*B&4+6�B+,,+7@�+4�B+,,.E7+6�6/ 14�+1�

E7&14.486� 8E7.9&*+14+6� &*/ ,6� E7+� *+6� 67*B&4+6� B+,,.E7+6� ( ?0,&486� +4R/ 7� ( ?0,/ @?*86�

' ,80/ - .1+14� &7@� ' � � &*<&*.163� � +� ,+4/ 7,� D� 71+� ' &,.48� 67*B&4+6� B+,,+7@�B+,,.E7+6� &� 848�

/ : 4+17�&9+<�</ 16+,9&4./ 1�0+�*&�E7&14.48�4/ 4&*+�0 +6' 5<+6�67' +,B.<.+**+6��* &.,+�07�- &66.B�

� U�&?&14�' +7�9&,.8+�' +10&14�*&�0.- .174./ 1�0+�' � ��B.H7,+�X3" �3�� +6�+6' 5<+6�67' +,B.<.+**+6�

1 / 14�0/ 1<� ' &6�848�0.66/ 74+6� - &.6� ' *74; 4� - / 0.B.8+6� ' / 7,�&: / 74.,�D� *&� - ] - +�<( .- .+�0+�

67,B&<+�E7 &7�' � �1&47,+*�&9&14�*+�<?<*+�&7H- +14&4./ 1�0.- .174./ 1�07�' � 3�
 1� ' +74�0/ 1<�

' &,*+,�0+�,89+,6.: .*.48�0+6�67,B&<+6�0+�*&�' ?,.4+�07,&14�*+�4,&.4+- +143�� .16.��*+6�67,B&<+6�0+�

*&� ' ?,.4+� 1+� 6+,&.+14� ' &6� .1&*48,&: *+6� 67.4+� &7� : ,/ ?&H+� +4� &7@� 4,&.4+- +146� <( .- .E7+6�

&' ' *.E786�&7�1.9+&7�.10764,.+*3�

�

@�, �- � � " � " / # � $*" #$� ( � ) ' � �2 #" #� ) ' � *&� 0" / ' � ) ' � �" � >?� $#' � " >� E*� &( � / ?/ �' � ) ' �

+" � $" #$� ( �) &�>� �7�' 00' #�) &��  " / #$0�

� +44+�' &,4.+�- +4�+1�89.0+1<+�*+�- ] - +�4?' +�0+�,867*4&46�E7+�*&�' &,4.+�' ,8<80+14+3��*�6 &H.4�

- &.14+1&14�0+�084+,- .1+,�* +BB+4�0+�0.BB8,+146�4?' +6�0+�,8H7*&4+7,�67,�* 84&4�0+6�67,B&<+6�

0+�' ?,.4+6�E7.�67: .66+14�71�<?<*+�U��</ 10.4./ 11+- +14�D�' � �UU�+4�" � �0.- .174./ 1�07�' � �' &,�

&<.0+�67*B7,.E7+3�� &�B.H7,+�X3V�' ,86+14+��</ - - +�0&16�*+�<&6�0+�*&�B.H7,+�X3" ��0.BB8,+14+6�

68,.+6�0+�6' +<4,+6�+1�.1B,&,/ 7H+3�� +6�68,.+6�6' +<4,&*+6�0+�H&7<( +��B.H7,+�X3V�� ��� ��+4�� � �

</ ,,+6' / 10+14� &7@� </ 10.4./ 11+- +146� 0+� *&� B,&<4./ 1� <.: *+� V" �2V� ^- 3� � +6� 6' +<4,+6� 0+�

0,/ .4+��B.H7,+�X3V�� ��	 ��+4�� � �</ ,,+6' / 10+14�D�*&�B,&<4./ 1�B.1+�#�U$#�^- 3�� ,/ .6�,8H7*&4+7,6�

D�: &6+�0+�<&*<.7- �/ 14�848�4+6486���*+�� &�
 � � " �+1�6/ *74./ 1��B.H7,+�X3V�� �+4�� � ��*+�� &�
 � � " �

6/ *.0+��B.H7,+�X3V�� �+4�	 � �+4�*+�� &
 �6/ *.0+��B.H7,+�X3V�� �+4�� �3�� / - - +�' / 7,�*+6�6' +<4,+6�

0+� </ 10.4./ 11+- +14� &9+<� *&� 6/ 70+�� *+6� 6' +<4,+6� 17- 8,/ 486� U� ,+' ,86+14+14� * 84&4� .1.4.&*�

&' ,56� : ,/ ?&H+� D� 6+<� +4� *+6� 6' +<4,+6� 17- 8,/ 486� 2� ,+' ,86+14+14� *&� ,8B8,+1<+� 0+� * 84&4� 0+�

67,B&<+�0 71+�' ?,.4+�</ 10.4./ 118+�D�' � �1&47,+*�' &,�6.- ' *+�.- - +,6./ 1�0&16�0+�* +&7�7*4,&�

' 7,+3�
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� .H7,+��X3V��� 
 ' +<4,+6� / : 4+176� ' &,� 6' +<4,/ 6</ ' .+� .1B,&,/ 7H+� +1� - / 0+� ,8B*+@./ 1� 0.BB76+� 0+6� 0+7@�

B,&<4./ 16�0+�' ?,.4+�08' ,.- 8+6�&9+<�0.BB8,+146�4?' +6�0+�,8H7*&4+7,6�0+�' � �' 7.6�&<4.98+6�' &,�

&>/ 74�0 &<.0+�67*B7,.E7+�' / 7,�&44+.10,+�71�' � �<.: *+�� �14+,9&**+�0+6�1/ - : ,+6�0 / 10+�" ###�

Y##�<- �U� �

� &10+6�' ,.1<.' &*+6���&���U2V#�<- �U �̀ : � ��UXY#�<- �U �̀<���U" X$�<- �U �̀0���UU[ $�<- �U �̀+���UU2#�<- �U �̀B���

UU" #�<- �U �̀H���U#[ $�<- �U �̀( ���U#YV�<- �U �̀.���U#W#�<- �U �̀>���U#$#�<- �U �̀F���U#" #�<- �U �̀*���[ $#�<- �U �̀- ���

YW2�<- �U�

� � �� 
 ' +<4,+6� +1� .1B,&,/ 7H+� 0+� *&� B,&<4./ 1� 0+� ' ?,.4+� V" �2V� ^- � ' ,8<80+- - +14� 08' ,.- 8+� &9+<�

� &�
 � � " �+1�6/ *74./ 1�' 7.6�&<4.98+�' &,�0+�* &<.0+�67*B7,.E7+�

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�UU�Ù�V��' � �_�[ �Ù�X��' � �_�W�" �̀$��' � �_�2�# �̀2��' � �_�' � �1&47,+*�

� � �� 
 ' +<4,+6� +1� .1B,&,/ 7H+� 0+� *&� B,&<4./ 1� 0+� ' ?,.4+� #�U$#� ^- � ' ,8<80+- - +14� 08' ,.- 8+� &9+<�

� &�
 � � " �+1�6/ *74./ 1�' 7.6�&<4.98+�' &,�0+�* &<.0+�67*B7,.E7+�

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�U#�Ù�V��' � �_�Y�Ẁ�X��' � �_�Y�$ �̀$��' � �_�2�# �̀2��' � �_�' � �1&47,+*�

� � �� 
 ' +<4,+6� +1� .1B,&,/ 7H+� 0+� *&� B,&<4./ 1� 0+� ' ?,.4+� V" �2V� ^- � ' ,8<80+- - +14� 08' ,.- 8+� &9+<�

� &�
 � � " �6/ *.0+�' 7.6�&<4.98+�' &,�0+�* &<.0+�67*B7,.E7+�

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�UU�Ẁ�V��' � �_�[ �# �̀X��' � �_�Y�$ �̀$��' � �_�2�" �̀2��' � �_�' � �1&47,+*�

	 � �� 
 ' +<4,+6� +1� .1B,&,/ 7H+� 0+� *&� B,&<4./ 1� 0+� ' ?,.4+� #�U$#� ^- � ' ,8<80+- - +14� 08' ,.- 8+� &9+<�
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U��� ,/ ?8+�D�6+<̀ �" ��' � �_�UU�X̀ �V��' � �_�Y�[ �̀X��' � �_�Y�$ �̀$��' � �_�2�" �̀2��' � �_�' � �1&47,+*�

� � �� 
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�*&�B,&<4./ 1�0+�' ?,.4+�V" �2V�^- �' ,8<80+- - +14�08' ,.- 8+�&9+<�� &
 �

6/ *.0+�' 7.6�&<4.98+�' &,�0+�* &<.0+�67*B7,.E7+�

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�UU�" �̀V��' � �_�U#�" �̀X��' � �_�[ �Ẁ�$��' � �_�2�Ù�2��' � �_�' � �1&47,+*�

� � �� 
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�*&�B,&<4./ 1�0+�' ?,.4+�#�U$#�^- �' ,8<80+- - +14�08' ,.- 8+�&9+<�� &
 �

6/ *.0+�' 7.6�&<4.98+�' &,�0+�* &<.0+�67*B7,.E7+�

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�UU�# �̀V��' � �_�U#�X̀ �X��' � �_�[ �Ẁ�$��' � �_�W�2 �̀2��' � �_�' � �1&47,+*�

�

�

� &�B.H7,+�X3V�- / 14,+�<*&.,+- +14�E7 71�' � �&*<&*.1�/ : 4+17�' &,�74.*.6&4./ 1�0 71�,8H7*&4+7,�

0+�' � �D�: &6+�0+�<&*<.7- �&�+7�' / 7,�+BB+4���.� �*&�- / 0.B.<&4./ 1�.- ' / ,4&14+�07�- &66.B�� U�0+6�

67*B&4+6� +4� ..� � * &' ' &,.4./ 1� 0 71� - &66.B� � #� �U2##�UX##� <- �U� � <&,&<48,.64.E7+� 0+6�

<&,: / 1&4+6��B.H7,+�X3V�� �+4�	 �̀6' +<4,+6�" �+4�V̀ �: &10+�: ���9&1�0+,�� &,+*�+4�� +74+*6' &<( +,��

U[ W2 �̀0+�	 / 1&4/ �� ��� ����U[ [ U�3�� +6�6' +<4,+6�" �0+�*&�B.H7,+�X3V��<&,&<48,.64.E7+�0+�* 84&4�0+�

67,B&<+� +1� - .*.+7� &*<&*.1�� ' ,86+14+14� - &.14+1&14� 71� - &66.B� � U� &9+<� 0+7@� : &10+6� : .+1�

- &,E78+6�D�U" X$�+4�U#" #�<- �U��B.H7,+�X3V�� ��� ��� ��	 ��� �+4�� �̀6' +<4,+6�" �+4�V̀ �: &10+6�<�+4�

F�3� 	 &16� *+�<( &' .4,+� ' ,8<80+14�� ,+*&4.B� D� *&� 08' ,+66./ 1� 0+� *&� ' ?,.4+�� <+6� : &10+6� / 14�848�

&66/ <.8+6�D�*&�' ,86+1<+�0+�67*B&4+6�B+,,.E7+6�( ?0,/ @?*86�( ?0,&4863��  89/ *74./ 1�07� ' ,/ B.*�

' &,� 71+� 0.- .174./ 1� 07� ' � � - / 14,+� E7+� *+6� 67*B&4+6� B+,,.E7+6� ( ?0,/ @?*86� ( ?0,&486�

0.6' &,&.66+14�+1�- .*.+7�1+74,+�+4�&<.0+�� ' � �i �Y�$�' / 7,�� &�
 � � " �+1�6/ *74./ 1�/ 7�6/ *.0+�+4�

' � �i �[ �' / 7,�� &
 �6/ *.0+�3�� 1�- .*.+7�&*<&*.1��*+6�67*B&4+6�B+,,.E7+6�( ?0,/ @?*86�+4�( ?0,&486�

6/ 14� &' ' &,+- - +14� 64&: .*.686� ' &,� * .1</ ,' / ,&4./ 1� 0 ./ 16� � &" e� +1� ' ,/ 9+1&1<+� 0+6�

,8H7*&4+7,6�� &�
 � � " �/ 7�� &
 ��<( &' .4,+�V�3�

�

� &,� &.**+7,6�� *&� B.H7,+� X3V� - / 14,+� E7+� *+� - &66.B� � U� +64� ' *74; 4� &6?- 84,.E7+� +1� - .*.+7�

&*<&*.1� &9+<� 0+6� : &10+6� B/ ,4+- +14� - &,E78+63� � &� 0.- .174./ 1� 07� ' � � ' &,� &>/ 74� 0 &<.0+�

67*B7,.E7+�&�' / 7,�</ 168E7+1<+�71�H&.1�+1�6?- 84,.+�07�- &66.B�� U�E7.�6+�<+14,+�&74/ 7,�0+�

UU##�<- �U��6&16�: &10+�' ,80/ - .1&14+�+1�- .*.+7�&<.0+�� ' � �_�$�2���B.H7,+�X3V�� ��� ��� �+4�� �̀

6' +<4,+� $�3� � +� ' ,/ B.*� 6?- 84,.E7+� 07� - &66.B� � U�� <+14,8� &74/ 7,� 0+� UU##� <- �U
�� +64�

<&,&<48,.64.E7+�0+�67*B&4+6�67' +,B.<.+*6�&9+<�71+� ' ,/ ' / ,4./ 1�1/ 1�18H*.H+&: *+�0+�67*B&4+6�
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B+,,+7@��0+�	 / 1&4/ �� ��� ����U[ [ Ù�<( &' .4,+�V�3�� +6�' ,/ B.*6�D�' � �2�6/ 14�4,56�' ,/ <( +6�07�' ,/ B.*�

+1�.1B,&,/ 7H+�07�</ 10.4./ 11+- +14�D�' � �1&47,+*��</ - - +�0&16�*+�<&6�07�</ 10.4./ 11+- +14�

D� *&� 6/ 70+� ' ,8<80+143� � &� ,89+,6.: .*.48� 0+6� 67,B&<+6� 0+� *&� ' ?,.4+�� +4� 1/ 4&- - +14� 0+�

* 8E7.*.: ,+�0+6�67*B&4+6�B+,,+7@�B+,,.E7+6�67' +,B.<.+*6�*/ ,6�07�<?<*+�</ 10.4./ 11+- +14�D�' � �

UUR0.- .174./ 1�07� ' � �+64�0/ 1<�</ 1B.,- 8+� - &*H,8� *&� ' ,86+1<+�0+�<&*<.7- 3� � &�1&47,+�07�

,8H7*&4+7,�0+� ' � � ' / 7,� *+�</ 10.4./ 11+- +14�+1� - .*.+7�&*<&*.1�1 .1B*7+1<+�0/ 1<� ' &6�<+44+�

,89+,6.: .*.483� � +6�+BB+46�0+6� ,8H7*&4+7,6�0+� ' � � ' / ,4+7,6�0+�<&*<.7- �1+�6/ 14� / : 6+,9&: *+6�

E7 +1�- .*.+7�&*<&*.13�

�

�  &' ' &,.4./ 1�0+�<&,: / 1&4+6��- &66.B�� #��B.H7,+�X3V�� �+4�	 �̀6' +<4,+6�" �+4�V̀ �: &10+�: � ��6+,&.4�

+1� H,&10+� ' &,4.+� *+� ,867*4&4� 07� 9.+.**.66+- +14R&*48,&4./ 1� 0+� *&� ' / ,4*&10.4+� .10764,.+**+�

� � &�
 � � " �6/ *.0+��� � &,- / 1&�� ��� ����" ##V�3�� +�<&,: / 1&4+�0+�<&*<.7- �0+�4?' +�<&*<.4+�&�848�

<&,&<48,.68�' &,�*&�: &10+�D�YWW�<- �U��B.H7,+�X3V�� �+4�	 �̀6' +<4,+6�" �+4�V̀ �: &10+�- � ��9&1�0+,�

� &,+*�+4�� +74+*6' &<( +,��U[ W2�3�� +6�<&,: / 1&4+6�6/ 14�,+6486�64&: *+6�+1�</ ' ,8<.' .4&4./ 1�/ 7�

+1� 08' ; 4� 67,� *&� 67,B&<+� 0+� *&� ' ?,.4+� >76E7 &74/ 7,� 0+� ' � � Y�$�[ � */ ,6� 07� ' ,/ <+6676� 0+�

0.- .174./ 1�07�' � ��B.H7,+�X3V�� �+4�	 �̀6' +<4,+6�V�+4�X̀ �: &10+�: �3�

�

@�, �, � � " � " / # � $*" #$� ( � ) ' � �2 #" #� ) ' � *&� 0" / ' � ) ' � �" � >?� $#' � " >� E*� " ) *� � >#$� ( � ) ' �

C" ( #; " #' 1�*' �� ( ��' �>� �) 2" / #$+" #$� ( �

	 &16�<+44+�' &,4.+�0+�* 8470+��*+6�<&' &<.486�0 &06/ ,' 4./ 1�0+�</ **+<4+7,�67,�*+6�67,B&<+6�0+�

*&� ' ?,.4+� / 14�848�&1&*?68+63� � &�B.H7,+�X3X��</ - - +� *+6�B.H7,+6�X3" �+4�X3V�� ,&66+- : *+� *+6�

/ : 6+,9&4./ 16� 0+� * 84&4� 0+6� 67,B&<+6� 0+� *&� ' ?,.4+� ' &,� &1&*?6+� +1� .1B,&,/ 7H+� +1� - / 0+�

,8B*+@./ 1�0.BB76+3�� +6�+66&.6�0 &06/ ,' 4./ 1�07�</ **+<4+7,�/ 14�848�,8&*.686�&9+<�0+6�' ?,.4+6�

</ 10.4./ 118+6�D� ' � �UU�6+*/ 1� *+6�E7&4,+� ,8H7*&4+7,6�0+�<+44+�8470+��� � &
 � � +1�6/ *74./ 1�

�B.H7,+�X3X�� �+4�� � ��� &�
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 � � " �6/ *.0+��B.H7,+�X3X�

� � +4� � � � +4� � &
 � 6/ *.0+� �B.H7,+� X3X�� � +4� � �3� � +� ' � � &� 848� +167.4+� &>7648� ' &,� 0.BB8,+14+6�

&00.4./ 16� 0 &<.0+� 67*B7,.E7+3� � &� E7&14.48� .1.4.&*+� +1� .6/ &- ?*@&14( &4+� 0+� ' / 4&66.7- �

�G.� Z ���&>/ 748+�&' ,56�0.- .174./ 1�07�' � ��84&.4�0+�" �´ �U#�X�- / *R� 3�� +�6' +<4,+�07�: ,/ ?&H+�
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 ' +<4,+6� / : 4+176� ' &,� 6' +<4,/ 6</ ' .+� .1B,&,/ 7H+� +1� - / 0+� ,8B*+@./ 1� 0.BB76+� 0+6� 0+7@�

B,&<4./ 16�0+� ' ?,.4+�08' ,.- 8+6�&9+<�0.BB8,+146�4?' +6�0+� ,8H7*&4+7,6�0+� ' � �� ' 7.6�&<4.98+6�

' &,�&>/ 74�0 &<.0+�67*B7,.E7+�' / 7,�&44+.10,+�71�' � �<.: *+�+4�B.1&*+- +14�</ 10.4./ 118+6�&9+<�

" �´ �U#�X�- / *R� �0 .6/ &- ?*@&14( &4+�0+�' / 4&66.7- ��G.� Z ��



140 

�

� +6�6' +<4,+6�</ ,,+6' / 10&14�D�*&� I / 1+� .1B,&,/ 7H+�0+6�&*F?*6� �.14+,9&**+�V###�" Y##�<- �U� �

6/ 14� .10+@86�*+44,+�U�3� � +6�6' +<4,+6�</ ,,+6' / 10&14�D�*&� I / 1+� .1B,&,/ 7H+�0+6�<&,: / 1&4+6�

67*B&4+6��.14+,9&**+�" ###�Y##�<- �U� �6/ 14�.10+@86�*+44,+�" � �

� &10+6�' ,.1<.' &*+6���&���U2V#�<- �U �̀: ���UXY#�<- �U �̀<g���U" 22�<- �U �̀<���U" X$�<- �U �̀0���UU[ $�<- �U �̀+���

UU2#�<- �U �̀B���UU" #�<- �U �̀H���U#[ $�<- �U �̀( ���U#YV�<- �U �̀.���U#W#�<- �U �̀>���U#$#�<- �U �̀F���U#" #�<- �U �̀

*���[ $#�<- �U �̀- ���YW2�<- �U�

� � �� 
 ' +<4,+6� +1� .1B,&,/ 7H+� 0+� *&� B,&<4./ 1� 0+� ' ?,.4+� V" �2V� ^- � ' ,8<80+- - +14� 08' ,.- 8+� &9+<�

� &
 � �+1�6/ *74./ 1��&<4.98+� ' &,�0+� * &<.0+�67*B7,.E7+�+4� ' 7.6�</ 10.4./ 118+�&9+<� " �´ �U#�X� - / *R� �0+�

G.� Z �

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�U#�[ �̀V��' � �_�[ �2 �̀X��' � �_�Y�V̀ �$��' � �_�2�# �̀2��' � �_�' � �1&47,+*�

� � �� 
 ' +<4,+6� +1� .1B,&,/ 7H+� 0+� *&� B,&<4./ 1� 0+� ' ?,.4+� #�U$#� ^- � ' ,8<80+- - +14� 08' ,.- 8+� &9+<�

� &
 � �+1�6/ *74./ 1��&<4.98+� ' &,�0+� * &<.0+�67*B7,.E7+�+4� ' 7.6�</ 10.4./ 118+�&9+<� " �´ �U#�X� - / *R� �0+�

G.� Z �

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�UU�# �̀V��' � �_�U#�" �̀X��' � �_�Y�[ �̀$� �' � �_�2�$ �̀2��' � �_�' � �1&47,+*�

� � �� 
 ' +<4,+6� +1� .1B,&,/ 7H+� 0+� *&� B,&<4./ 1� 0+� ' ?,.4+� V" �2V� ^- � ' ,8<80+- - +14� 08' ,.- 8+� &9+<�

� &�
 � � " �+1�6/ *74./ 1��&<4.98+�' &,�0+�* &<.0+�67*B7,.E7+�+4�' 7.6�</ 10.4./ 118+�&9+<�" �´ �U#�X�- / *R� �0+�

G.� Z �

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�UU�" �̀V��' � �_�U#�Ù�X��' � �_�Y�$ �̀$��' � �_�$�[ �̀2� �' � �_�' � �1&47,+*�

	 � �� 
 ' +<4,+6� +1� .1B,&,/ 7H+� 0+� *&� B,&<4./ 1� 0+� ' ?,.4+� #�U$#� ^- � ' ,8<80+- - +14� 08' ,.- 8+� &9+<�

� &�
 � � " �+1�6/ *74./ 1��&<4.98+�' &,�0+�* &<.0+�67*B7,.E7+�+4�' 7.6�</ 10.4./ 118+�&9+<�" �´ �U#�X�- / *R� �0+�

G.� Z �

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�2�Ẁ�V��' � �_�2�2 �̀X��' � �_�2�V̀ �$��' � �_�$�Ỳ �2��' � �_�' � �1&47,+*�

� � �� 
 ' +<4,+6� +1� .1B,&,/ 7H+� 0+� *&� B,&<4./ 1� 0+� ' ?,.4+� V" �2V� ^- � ' ,8<80+- - +14� 08' ,.- 8+� &9+<�

� &�
 � � " �6/ *.0+��&<4.98+�' &,�0+�* &<.0+�67*B7,.E7+�+4�' 7.6�</ 10.4./ 118+�&9+<�" �´ �U#�X�- / *R� �0+�G.� Z �

� � U��� ,/ ?8+�D�6+<̀ �" ��' � �_�UU�# �̀V��' � �_�[ �Ẁ�X��' � �_�Y�V̀ �$��' � �_�2�# �̀2��' � �_�' � �1&47,+*�

� � �� 
 ' +<4,+6� +1� .1B,&,/ 7H+� 0+� *&� B,&<4./ 1� 0+� ' ?,.4+� #�U$#� ^- � ' ,8<80+- - +14� 08' ,.- 8+� &9+<�

� &�
 � � " �6/ *.0+��&<4.98+�' &,�0+�* &<.0+�67*B7,.E7+�+4�' 7.6�</ 10.4./ 118+�&9+<�" �´ �U#�X�- / *R� �0+�G.� Z �

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�UU�X̀ �V��' � �_�U#�$ �̀X��' � �_�[ �V̀ �$��' � �_�2�# �̀2��' � �_�' � �1&47,+*�

� � �� 
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�*&�B,&<4./ 1�0+�' ?,.4+�V" �2V�^- �' ,8<80+- - +14�08' ,.- 8+�&9+<�� &
 �

6/ *.0+��&<4.98+�' &,�0+�* &<.0+�67*B7,.E7+�+4�' 7.6�</ 10.4./ 118+�&9+<�" �´ �U#�X�- / *R� �0+�G.� Z �

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�U#�[ �̀V��' � �_�[ �Ẁ�X��' � �_�Y�" �̀$��' � �_�W�Ỳ �2��' � �_�' � �1&47,+*�

� � �� 
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�*&�B,&<4./ 1�0+�' ?,.4+�#�U$#�^- �' ,8<80+- - +14�08' ,.- 8+�&9+<�� &
 �

6/ *.0+��&<4.98+�' &,�0+�* &<.0+�67*B7,.E7+�+4�' 7.6�</ 10.4./ 118+�&9+<�" �´ �U#�X�- / *R� �0+�G.� Z �

U��� ,/ ?8+�D�6+<̀ �" ��' � �_�U#�$ �̀V��' � �_�Y�X̀ �X��' � �_�W�Ẁ�$��' � �_�W�# �̀2��' � �_�' � �1&47,+*�
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�

D� 6+<� +64� 4/ 7>/ 7,6� 17- 8,/ 48� 6' +<4,+� U3� � &� ,8B8,+1<+� ' / 7,� * &06/ ,' 4./ 1� 07� @&14( &4+��

17- 8,/ 48�6' +<4,+�2�� +64�+1</ ,+� * &06/ ,' 4./ 1�67,� *+6�67,B&<+6�0+� *&� ' ?,.4+�D� ' � � 1&47,+*��

</ 10.4./ 118+� ' &,� 6.- ' *+� - .6+� +1� 6/ *74./ 1� 0&16� 0+� * +&7� 7*4,&' 7,+� +4� &9+<� *&� - ] - +�

</ 1<+14,&4./ 1� .1.4.&*+� 0+� @&14( &4+� �" �´ �U#�X� - / *R� �3� � +6� 68,.+6� 6' +<4,&*+6� 0+� H&7<( +�

,8' ,86+14+14�4/ 7>/ 7,6�*&�B,&<4./ 1�H,&17*/ - 84,.E7+�<.: *+�V" �2V�^- �+4�<+**+6�0+�0,/ .4+��*&�

B,&<4./ 1�H*/ : &*+�#�U$#�^- 3�

�

� +6�6' +<4,+6�0+�*&�B.H7,+�X3X�6/ 14�68' &,86�+1�0+7@�.14+,9&**+6�0+�B,8E7+1<+6���71+� I / 1+�

( &74+�B,8E7+1<+��V###�" Y##�<- �U� ��084&.**&14�*+6�9.: ,&4./ 16�0+6�&*F?*6��+4�71+�I / 1+�: &66+�

B,8E7+1<+��" ###�Y##�<- �U�3�� &�I / 1+�0+6�&*F?*6�' +,- +4�0 / : 6+,9+,�*&�E7+7+�( ?0,/ ' ( / : +�

07�</ **+<4+7,�&06/ ,: 83��  .14+,9&**+�: &66+�B,8E7+1<+�' +,- +4�0 / : 6+,9+,�*&�1&47,+�<( .- .E7+�

0+6�+6' 5<+6�.1/ ,H&1.E7+6�67' +,B.<.+**+6�0+�4?' +�<&,: / 1&4+�+4�67*B&4+��</ - - +� .*�+1�&�848�

E7+64./ 1�0&16�*+6� ' &,4.+6� ' ,8<80+14+6�0+�<+�<( &' .4,+3� �*� ' +,- +4�8H&*+- +14�0+�08<,.,+� *&�

4] 4+�07�</ **+<4+7,��+4�0/ 1<��*&�1&47,+�0+�*&�</ 7<( +�/ ,H&1.E7+�&06/ ,: 8+�' &,�* / : 6+,9&4./ 1�

084&.**8+�0+�*&�I / 1+�UV##�U" ##�<- �U3��  / : 6+,9&4./ 1�0+�*&�I / 1+�0+6�&*F?*6�0+6�6' +<4,+6�0+�

*&�B.H7,+�X3X��4/ 76�,8H7*&4+7,6�</ 1B/ 1076��- / 14,+�E7+�* &06/ ,' 4./ 1�0+�@&14( &4+�&�848�' *76�

.- ' / ,4&14+�' / 7,�*+6�' � �&<.0+�1+74,+��B.H7,+�X3X�� �U��� �U��� �U��	 �U��� �U��� �U��� �U�+4�� �

Ù�6' +<4,+6�$��E7+�' / 7,�*+6�' � �&*<&*.16��B.H7,+�X3X�� �U��� �U��� �U��� �U��� �U��� �U��+4�� �Ù�

6' +<4,+6�" �3�� � ' � �&*<&*.1��/ 1�1+�0.64.1H7+�E7&6.- +14�' &6�0+�</ **+<4+7,�.0+14.B.&: *+�0&16�

*&�I / 1+�0+6�&*F?*6��E7+**+�E7+�6/ .4�*&�B,&<4./ 1�H,&17*/ - 84,.E7+��B.H7,+�X3X�� �U��� �U�� �U��

� �U�� � �U�� � �U� +4� � �Ù� 6' +<4,+� " �3� � +,4&.1+6� ' ?,.4+6� 0+� H,&17*/ - 84,.+� <.: *+� V" �2V� ^- �

' ,86+14+14�0+6�: &10+6�/ : 6+,9&: *+6�D�' � �&*<&*.1�- &.6�*+�' ,/ B.*�1+�</ ,,+6' / 10�' &6�D�<+*7.�

0+� *&� E7+7+� 07� </ **+<4+7,� � ' / 7,� * .6/ &- ?*@&14( &4+�� *&� : &10+� ( &74+� B,8E7+1<+� +64�

1+44+- +14�' *76�.- ' / ,4&14+�E7+�*&�: &10+�: &66+�B,8E7+1<+�3��*�6 &H.,&.4�' *74; 4�0 .- ' 7,+486�

&' ' &,7+6�67,�*&�' ?,.4+�' +10&14�*&�' ,8' &,&4./ 1�0+6�B,&<4./ 16�H,&17*/ - 84,.E7+6��: ,/ ?&H+�/ 7�

4&- .6&H+��<&,�+**+6�/ 14�848�&766.�,+4,/ 798+6�0&16�*+�' ,/ B.*�0+�*&�' ?,.4+�: ,/ ?8+�D�6+<��B.H7,+�

X3X�� �U��� �U��� �U�+4�� �Ù�6' +<4,+�U�3�� &�E7&14.48�0+�@&14( &4+�/ : 6+,9&: *+�+1�67,B&<+�' &,�*&�

I / 1+� 0+6� &*F?*6� &� &7H- +148� &9+<� *&� 0.- .174./ 1� 07� ' � 3� �  &06/ ,' 4./ 1� 0+� @&14( &4+�84&.4�

/ : 6+,9&: *+�67,�*&�I / 1+�0+6�&*F?*6�&74/ 7,�0+�' � �U#�' / 7,�*&�B,&<4./ 1�V" �2V�^- ��B.H7,+�X3X�
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�

� �U��� �U��� �U�+4�� �Ù�6' +<4,+�V��+4�&74/ 7,�0+�' � �Y�[ � ' / 7,�*&�B,&<4./ 1�#�U$#�^- ��B.H7,+�

X3X�� �U�� � �U� +4� � �Ù� 6' +<4,+6� X�3� � � ' � � 2�� *&� E7&14.48� 0+� @&14( &4+� / : 6+,9&: *+� 84&.4�

6+16.: *+- +14�.0+14.E7+�D�*&�' ?,.4+�0+�,8B8,+1<+�</ 10.4./ 118+�D�' � �1&47,+*��B.H7,+�X3X�� �

U��� �U��� �U��� �U��� �U��� �U�+4�� �Ù�6' +<4,+6�$�+4�2�3�� +6�/ : 6+,9&4./ 16�</ 1B.,- +14�71�' / .14�

.- ' / ,4&14�� D� 6&9/ .,� E7+� *+6� 67,B&<+6� 0+� *&� ' ?,.4+� </ 10.4./ 118+� D� ' � � UU� / 14� 71+� B&.: *+�

<&' &<.48�0 &06/ ,' 4./ 1�07�</ **+<4+7,3�
 1�' +74�0/ 1<�- &.14+1&14�' &,*+,�0 71�84&4�67' +,B.<.+*�

08' ,.- 8�� .108' +10+- - +14� 07� ,8H7*&4+7,� 74.*.683� � &,&**5*+- +14�� *&� 0.- .174./ 1� 07� ' � �

,8&<4.9+� *+6� 67,B&<+6� 0+� *&� ' ?,.4+� ' / 7,� 4/ 76� *+6� ,8H7*&4+7,6�� E7+**+� E7+� 6/ .4� *&� B,&<4./ 1�

H,&17*/ - 84,.E7+3�

�

� &�1&47,+�07�@&14( &4+�&06/ ,: 8�+1�67,B&<+�0+�*&�' ?,.4+�+64�/ : 6+,9&: *+�67,�*&�I / 1+�6' +<4,&*+�

" ###�[ ##� <- �U3� � +' +10&14�� </ - - +� * &11+@+� � 3$� 0+� *&� 4( 56+�� 67,� � 	 �� *+� 084&.**+�� *+6�

: &10+6� <&,&<48,.64.E7+6� 0+6� </ - ' / 686� 0+� @&14( &4+� �U" 22� +4� U#" #� <- �U� ' / 7,� *+�

0.@&14( / H51+�� U" X$�U" V$� <- �U� ' / 7,� *+� </ - ' *+@+� � +�� � � � �@&14( &4+� +4� U" " W�U" ##� <- �U�

' / 7,�*+�</ - ' *+@+�� +��� � �@&14( &4+��6/ 14�+1�67' +,' / 6.4./ 1�&9+<�*+�- &66.B�� U�0+6�67*B&4+6�

67' +,B.<.+*63�� �' � �&*<&*.1�+4�0&16�*+�<&6�0+6�,8H7*&4+7,6�D�: &6+�0+�<&*<.7- ��* &6?- 84,.+�07�

- &66.B� � U� ' &,� *+6� : &10+6� U" X$� +4� U#" #� <- �U� +64� &44,.: 7&: *+� D� 0+6� 67*B&4+6� B+,,.E7+6�

( ?0,/ @?*86�( ?0,&486��B.H7,+�X3X�� �" ��� �" ��� �" ��� �" �+4�� �" �̀6' +<4,+6�" �̀: &10+6�<�+4�F��<&,�

*&�I / 1+�0+6�&*F?*6�1 &9&.4�' &6�- .6�+1�89.0+1<+�0+�</ - ' / 68�/ ,H&1.E7+�67' +,B.<.+*3�� �' � �

&<.0+�1+74,+� �$�2��� *&� ' ,86+1<+� 0+� </ **+<4+7,� </ 14,.: 7+� D� * &6?- 84,.+� 07� - &66.B� � U��

' ,.1<.' &*+- +14� ' / 7,� *&� H,&17*/ - 84,.+� <.: *+� V" �2V� ^- 3� � &� : &10+� ( &74+� B,8E7+1<+� 07�
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��- HRH�0+�' ?,.4+�� i �#�" #� #�" #�D�#�X[ � #�X[ �D�U�V$� U�V$�D�" �2[ �

� ( &6+6�/ @?08+6�
.1/ ,H&1.E7+6�
67' +,B.<.+**+6�

67*B&48+6�

� +
 
 X�
� +" � 
 
 X�V�

( ?0,&48�

� +
 
 X�
� +" � 
 
 X�V��

( ?0,&48�

� +
 
 X�
� +" � 
 
 X�V��

( ?0,&48�

� +
 
 X�
� +" � 
 
 X�V��

( ?0,&48�

‰� i �U� U�D�V� V�D�[ � [ �D�U2�

‰�- &@.- &*�• � / 7.� / 7.� / 7.� 1/ 1��.1B8,.+7,�

	 84+<4./ 1�07�
@&14( &4+�

�V###�" Y##�<- �U� �
� � e� ee� eee�

� / - ' *+@+�
/ ,H&1/ �

- 84&**.E7+�
� +�Z�• � � +�Z �

Z " �• �
Z " �

� +�Z �
Z " �

� +�Z �

�



157 

�

� ���� ,&<4./ 1�H,&17*/ - 84,.E7+�H*/ : &*+�#�U$#�^- �

	 / - &.1+�0+�
</ 1<+14,&4./ 1�.1.4.&*+�

+1�@&14( &4+�
�
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�+3H3�� 7<F*+?�+4�J / / 06��U[ YẀ�� &6+6�� ��� ����U[ [ #&̀�� &6+6�� ��� ����U[ [ V̀ �0+�	 / 1&4/ �� ��� ����

U[ [ V̀ � � / 0/ <ƒF/ 9„ � � �� � ���� " ##" �̀ � / 14+� � �� � ���� " ##" �3� � &�<( &7@�+64�4,56�6/ 79+14�74.*.68+�

</ - - +� 08' ,.- &14� 0+� *&� ' ?,.4+� +1� </ 10.4./ 16� &*<&*.1+6� �J .**6�� U[ [ Ẁ� � +&,6+�� " ##$�3�

	 +' 7.6� ' *76.+7,6� 08<+11.+6�� * &06/ ,' 4./ 1� 07� <&*<.7- � 67,� *&� ' ?,.4+� &� 848� 08- / 14,8+�

� � &70.1� +4� � ( &,*+6�� U[ $V��� - &.6� *&� 1&47,+� 0+6� +6' 5<+6� 67' +,B.<.+**+6� ' / ,4+76+6� 07�

<&*<.7- �1 &� ' &6�+1</ ,+�848�<*&.,+- +14� .0+14.B.8+� � � +,66/ 1��U[ [ " �̀ � : ,&.4.6� � �� � ���� " ###�3�

� 8&1- / .16�� E7+*E7+6� +6' 5<+6� ' / ,4+76+6� 0+� <&*<.7- � / 14� 848� ' ,/ ' / 68+6��� � &�
 � � " �

� � 7<F*+?�+4�J / / 06��U[ YW���� &
 
 X�� � &6+6�� ��� ����U[ [ V���� &
 ��Z .&/ >71�+4�G+*+: +F��" ###���

� &� 
 V�� � &*0+.,&�� ��� ����" ##V�3�

�
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* &.,�67,�71� ' &' .+,�B.*4,+�D�4+- ' 8,&47,+�&- : .&14+�' +10&14�E7+*E7+6�- .174+6�&9&14�0 ] 4,+�

&1&*?686� +1� .1B,&,/ 7H+3� �  8<( &14.**/ 1� 0+� ,8B8,+1<+� 84&.4� 71+� ' / 70,+� 0+� G� ,� +4� <( &E7+�

8<( &14.**/ 1�&�848�0.*78�D�U$�f �' / .06�&9+<�07�G� ,3�� +6�6' +<4,+6�0+6�67,B&<+6�0+�*&�' ?,.4+�

/ 14�848�</ ,,.H86�0+�- &1.5,+�17- 8,.E7+�' / 7,�*+6�' / **74./ 16�+1�� " 
 �+4�� 
 " �&4- / 6' ( 8,.E7+�

' &,�6/ 764,&<4./ 1�0+6�6' +<4,+6�' 7,63�

�

� +�4&7@�0+� ,+</ 79,+- +14�64&4.64.E7+�&�848�+64.- 8� ' &,�0+7@�- 84( / 0+63� � 1+� - 84( / 0+�0+�

<&*<7*� 74.*.6&14� *&� B/ ,- 7*+� ' ,86+148+� ' &,� 0+� 1/ - : ,+7@� &74+7,6� � � &6+6� � �� � ���� U[ W$ �̀

� .1F+*64+.1� � �� � ���� U[ W$ �̀ � &6+6� � �� � ���� U[ Y[ &̀� G/ 1H/ */ � � �� � ���� " ##X̀ � 9/ .,� <( &' .4,+� X��

8E7&4./ 1� X3U�3� � &� B/ ,- 7*+� 18<+66.4+� *&� - +67,+� 0+� *&� </ 1<+14,&4./ 1� 0+� @&14( &4+� D�

* 8E7.*.: ,+� H818,&*+- +14� / : 4+17+� ' &,� &1&*?6+6� +1� 6' +<4,/ ' ( / 4/ - 84,.+� � � �9.6.: *+3� � +�

<&*<7*� .10.E7+� *+� 4&7@� 0+� ,+</ 79,+- +14� 4( 8/ ,.E7+� - &@.- &*� 64&4.64.E7+� ' / 7,� *&� - &66+�

4/ 4&*+�0+�' ?,.4+�</ 10.4./ 118+3��

�

� 1+� &74,+� 9&*+7,� 07� 4&7@� 0+� ,+</ 79,+- +14� &� 848� +64.- 8+� D� ' &,4.,� 0+6� / : 6+,9&4./ 16� +1�

.1B,&,/ 7H+� +4� 0+� * &: 6/ ,: &1<+� 0+� *&� I / 1+� 0+6� &*F?*6� 07� 6' +<4,+� �V###�" Y##� <- �U�3� � 1�

<&*<7*�07�4&7@�0+�,+</ 79,+- +14�64&4.64.E7+�&�848�' / 66.: *+�+1�74.*.6&14�* &.,+�0 &: 6/ ,' 4./ 1�

0+�*&�I / 1+�0+6�&*F?*6�+4�*+6�</ 7,: +6�0+�<&*.: ,&4./ 1�84&: *.+6�0&16�0+6�4,&9&7@�' ,8<80+146�



182 

�

�<( &' .4,+�X��� .H7,+�X3[ �3�� &�1/ 4./ 1�0+�4&7@�0+�,+</ 79,+- +14�64&4.64.E7+�+64�<&*<7*8+�' / 7,�

71+�67,B&<+�- &66.E7+�0+6�' &,4.<7*+6��67,B&<+�6' 8<.B.E7+�+1�&06/ ,' 4./ 1�0 &I / 4+�+4�- 84( / 0+�

� � � �3��

�

� 7.6E7+�* &06/ ,' 4./ 1�07�@&14( &4+�+64�*.- .48+�D�<+,4&.1+6�I / 1+6�/ @?08+6�0+6�67,B&<+6�0+�*&�

' ?,.4+��*+�4&7@�0+�,+</ 79,+- +14�64&4.64.E7+�+64�71�' &,&- 54,+�0+�</ - ' &,&.6/ 1�+4�1/ 1�71+�

9&*+7,�&: 6/ *7+�07�,+</ 79,+- +14�+1�</ **+<4+7,��� &6+6�� ��� ����U[ [ #&�3�� +6�0+7@�- 84( / 0+6�

0+� <&*<7*� 6+,/ 14� </ - ' &,8+6� D� *&� B.H7,+� $3U#�� 084&.**&14� *+6� 4&7@� 0+� ,+</ 79,+- +14�

64&4.64.E7+�+1�B/ 1<4./ 1�0+6�B,&<4./ 16�0+�' ?,.4+�B*/ 448+6�/ 7�1/ 1�B*/ 448+63�

�

� &�<( .- .+�0+�*&�6/ *74./ 1�&�848�&1&*?68+� ' / 7,�*+� ' � �+4�*+� ' / 4+14.+*�0 / @?0/ ,807<4./ 1�+1�

74.*.6&14� 71+� 8*+<4,/ 0+� 0+� ' *&4.1+� &9+<� 71+� ,8B8,+1<+� &7� <&*/ - +*� � � #�� HR� H" � *" �_� " XU�$�

- � �3� � +6� 9&*+7,6� 07� ' / 4+14.+*� 0 / @?0/ ,807<4./ 1� / 14� 848� </ 19+,4.+6� ' &,� ,&' ' / ,4� D�

* 8*+<4,/ 0+�1/ ,- &*+�D�* ( ?0,/ H51+��
 � � �3�

�

3�, � �  *&�#" #*�

3�, �� � � C> � $' ( / ' � � 7� � �� ##" #$� ( � ) ' � �" � >?� $#' � *" ( *� "  � " #$� ( � ) &� " ( #� �' �

/ � ( ) $#$� ( ( ' ! ' ( #�

$3V3U3U3 � BB+4�07�' � �

� &� B.H7,+� $3U� ' ,86+14+� *&� </ 7,: +� 0+6� ,8<7' 8,&4./ 16� 0+� ' ?,.4+� +1� B/ 1<4./ 1� 07� ' � � 0+�

B*/ 44&4./ 13�� +44+�</ 7,: +�&�848�/ : 4+17+�&9+<�0+6�+66&.6�0+�B*/ 44&4./ 1�' ,&4.E786�&9+<�' +7�0+�

G.� Z ��$�´ �U#�X�- / *R� �3�� +6�+66&.6�/ 14�848�,8&*.686�&B.1�0+�</ 1B.,- +,�*+�</ - ' / ,4+- +14�0+�

B*/ 44&4./ 1�0+�*&�' ?,.4+�D�0.BB8,+146�' � 3�� &�B.H7,+�$3U�- / 14,+�71+�,8<7' 8,&4./ 1�0+�*&�' ?,.4+�

4,56�8*+98+�D�' � �23�� &�,8<7' 8,&4./ 1�<( 74+�,&' .0+- +14�' / 7,�*+6�' � �' *76�: &6.E7+6��Y�D�UU��

' / 7,� &' ' ,/ <( +,� *&� 9&*+7,� 0+� * +14,&K1+- +14� �+19.,/ 1� U#� f �' / .06�3� � +6� ,867*4&46�

</ 1B.,- +14�*+�</ - ' / ,4+- +14�: .+1�</ 117�0+�*&�' ?,.4+�� � 7+,64+1&7�� ��� ����U[ 2Y��� 7+,64+1&7�
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�

+4�� .6( ,&��U[ Y" �̀C.&1H�� ��� ����U[ [ Ỳ �� 7*74�� ��� ����" ##X���0/ 14�*&�B*/ 44&4./ 1�+64�' *76�+BB.<&<+�

+1�0+LD�0+�' � �23�

�
� .H7,+��$3U��� � 8<7' 8,&4./ 1�0+�' ?,.4+�+1�B/ 1<4./ 1�07�' � �0 &<4.9&4./ 1�D�$�´ �U#�X�- / *R� �0+�</ 1<+14,&4./ 1�

.1.4.&*+� +1� @&14( &4+�� 08' ,+66./ 1� .1.4.&*+� D� ' � � UU� &9+<� � &
 �� ' � � &>7648� &9+<� &<.0+�

67*B7,.E7+��6&16�&8,&4./ 1�

�

$3V3U3" 3 � BB+4�0+�*&�</ 1<+14,&4./ 1�+1�@&14( &4+�D�' � �UU�

� &�B.H7,+�$3" � ,&66+- : *+� *+6� ' ,/ ' / ,4./ 16� - &66.E7+6�B.1&*+6�0+6�0+7@�B,&<4./ 16�0+� ' ?,.4+�

.667+6�0+6�+66&.6�0+�B*/ 44&4./ 1�D�' � �UU��6+*/ 1�*+�4?' +�0 +@' 8,.+1<+�U�+4�+1�B&.6&14�9&,.+,�*&�

</ 1<+14,&4./ 1�.1.4.&*+�+1�</ **+<4+7,3�� &�B.H7,+�$3" �� �- / 14,+�E7 D�' � �UU�+4�$�´ �U#�X�- / *R� �

0+�@&14( &4+�� *&� ,8<7' 8,&4./ 1� ' &,�B*/ 44&4./ 1�+64�4,56�B&.: *+��� *&�B,&<4./ 1�B*/ 448+� ,+' ,86+14+�

6+7*+- +14� U#� f �' / .063� �  &1&*?6+� 0+6� 67,B&<+6� ' &,� 6' +<4,/ - 84,.+� .1B,&,/ 7H+� +1� - / 0+�

,8B*+@./ 1� 0.BB76+� &� ' +,- .6� * &<E7.6.4./ 1� 0+6� 6' +<4,+6� 0+� *&� B.H7,+� $3V3� � +44+� B.H7,+�

' ,86+14+�0+7@�.14+,9&**+6�0+�B,8E7+1<+6���*+�H,&' ( .E7+�&11/ 48�� � ' ,86+14+�*&�I / 1+�V" ##�

" Y##� <- �U� </ ,,+6' / 10&14� D� *&� I / 1+�0+� 9.: ,&4./ 1� 0+6� &*F?*6� �E7+7+� 07�</ **+<4+7,�� +4� *+�

H,&' ( .E7+�� ��*&�I / 1+�" ###�Y##�<- �U� ' +,- +44&14�* / : 6+,9&4./ 1�0+6�+6' 5<+6�67' +,B.<.+**+6�

0+�4?' +�<&,: / 1&4+6��67*B&4+6�+4�</ **+<4+7,3� � +6�6' +<4,+6�+1� .1B,&,/ 7H+�0+�*&� ' ?,.4+�&9&14�

B*/ 44&4./ 1�&.16.�E7+�*+6�</ 1<+14,86�+4�,86.076�0+6�B*/ 44&4./ 16�' ,86+1486�D�*&�B.H7,+�$3" �6/ 14�

,+' / ,486�67,�*&�B.H7,+�$3V3�� +6�6' +<4,+6�" �+4�V�0+�*&�B.H7,+�$3V�� �/ 14�- / 14,8�*&�' ,86+1<+�0+�
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�

' ( &6+6�/ ,H&1.E7+6�+1�67,B&<+�0+6�' &,4.<7*+6�B*/ 448+63�� �: &66+�</ 1<+14,&4./ 1�+1�</ **+<4+7,�

�B.H7,+�$3V�� �̀6' +<4,+� " � �� *+� ' ,/ B.*�0 &: 6/ ,' 4./ 1�+1� .1B,&,/ 7H+�0+�*&� I / 1+�0+6�&*F?*6�1+�

</ ,,+6' / 10� ' &6� D� <+*7.� 0+� *&� <( &K1+� <&,: / 18+� 0+� * .6/ &- ?*@&14( &4+3� � +� ' ,/ B.*� +64�

<*&.,+- +14�9.6.: *+�0&16� *+6�6' +<4,+6�V�+4�$�0+� *&�B.H7,+�$3V�� 3� � 7<71�@&14( &4+�1 &�848�

/ : 6+,98� 67,� *&� ' ?,.4+� 1/ 1� B*/ 448+� D� : &66+� </ 1<+14,&4./ 1� �B.H7,+� $3V�� �̀ 6' +<4,+� X�3� � +<.�

67HH5,+�0+�4,56�B&.: *+6�.14+,&<4./ 16�+14,+�*+�@&14( &4+�+4�*&� ' ?,.4+�0&16�*+6�</ 10.4./ 16�0+�

' � �UU�+4�$�´ �U#�X�- / *R� �0+�@&14( &4+�+4�</ 1B.,- +�*+6�B&.: *+6�,8<7' 8,&4./ 16�/ : 6+,98+6�D�*&�

B.H7,+�$3" �� 3�

�

�
� .H7,+��$3" ��� � 8<7' 8,&4./ 1�0+�' ?,.4+�+1�B/ 1<4./ 1�0+�0.BB8,+14+6�</ 1<+14,&4./ 16�+1�@&14( &4+��� ��$�´ �U#�X�

+4�� ��U�U�´ �U#�V�- / *R� � ��' � �UU�&9+<�� &
 �+4�6&16�&8,&4./ 1�

�

�

� &� B.H7,+� $3" �� � ' ,86+14+� *&� ,8<7' 8,&4./ 1� 0+� *&� ' ?,.4+� B*/ 448+� &9+<� U�U�´ �U#�V� - / *R� � 0+�

@&14( &4+3�� 1�0/ 7: *&14�*&�</ 1<+14,&4./ 1�+1�@&14( &4+�' &,�,&' ' / ,4�&7@�,867*4&46�0+�*&�B.H7,+�

$3" �� ��*&�,8<7' 8,&4./ 1�&�&7H- +148�0+�U#�D�[ #�f �' / .063�
 1�1+�' +74�0/ 1<�' *76� ' &,*+,�0+�

08' ,+66./ 1� D� U�U�´ �U#�V� - / *R� � 0+� @&14( &4+3� � � B/ ,4+� </ 1<+14,&4./ 1�� *+6� 67,B&<+6� 0+� *&�

B,&<4./ 1� B*/ 448+� / 14� - / 14,8� *&� ' ,86+1<+� 0+� @&14( &4+� �B.H7,+� $3V�� �̀ 6' +<4,+� V� �̀ *+�

0.@&14( / H51+�&�848�.0+14.B.8�&9+<�*&�: &10+�0+�9.: ,&4./ 1�D�U" 22�<- �U��B.H7,+�$3V�� �̀6' +<4,+�
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�

�
� .H7,+��$3V��� 
 ' +<4,+6� / : 4+176� ' &,� 6' +<4,/ 6</ ' .+� .1B,&,/ 7H+� +1� - / 0+� ,8B*+@./ 1� 0.BB76+� 0+� ' ?,.4+�

B*/ 448+6�D�' � �UU�&9+<�� &
 �+4�0.BB8,+14+6�</ 1<+14,&4./ 16�+1�@&14( &4+��$�´ �U#�X�+4�U�U�´ �U#�V�

- / *R� � ��.14+,9&**+�0+�9.: ,&4./ 1�V" ##�" Y##�+4�" ###�Y##�<- �U�

� &10+6�0+�,8B8,+1<+6��&��U2V#�<- �U �̀: ��UX2#�<- �U �̀<��U" X$�<- �U �̀0��UU2#�<- �U �̀+��UU" #�<- �U �̀B��U#[ $�

<- �U �̀H��U#W#�<- �U �̀( ��U#$#�<- �U �̀.��U#" #�<- �U �̀>��[ $#�<- �U �̀F��YW2�<- �U�

� � �
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�' ?,.4+�0&16�* .14+,9&**+�0+�9.: ,&4./ 1�V" ##�" Y##�<- �U�
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�

U�� ' � � UU� &9+<� � &
 �̀ " � � � ,&<4./ 1� B*/ 448+� D� $�´ �U#�X� - / *R� �̀ V�� � ,&<4./ 1� B*/ 448+� D� U�U�´ �U#�V�

- / *R� �̀X��� ,&<4./ 1�1/ 1�B*/ 448+�D�$�´ �U#�X�- / *R� �̀$��� ,&<4./ 1�1/ 1�B*/ 448+�D�U�U�´ �U#�V�- / *R� �

� � �
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�' ?,.4+�0&16�* .14+,9&**+�0+�9.: ,&4./ 1�" ###�Y##�<- �U�

U�� ' � � UU� &9+<� � &
 �̀ " � � � ,&<4./ 1� B*/ 448+� D� $�´ �U#�X� - / *R� �̀ V�� � ,&<4./ 1� B*/ 448+� D� U�U�´ �U#�V�

- / *R� �̀X��� ,&<4./ 1�1/ 1�B*/ 448+�D�$�´ �U#�X�- / *R� �̀$��� ,&<4./ 1�1/ 1�B*/ 448+�D�U�U�´ �U#�V�- / *R� �

�

�

V̀ �: &10+�<�3�� +6�</ - ' *+@+6�0+�B+,�@&14( &4+�' / 7,,&.+14�] 4,+�676' +<486�- &.6�.*6�1 / 14�' &6�

848� <*&.,+- +14� .0+14.B.863� � &� : &10+� <&,&<48,.64.E7+� 0+6� </ - ' *+@+6� B+,�@&14( &4+� D� U" X$�

<- �U� +64� - &6E78+� ' &,� *+6� 9.: ,&4./ 16� 0+6� +6' 5<+6� 67*B&48+63� � &6+6� � �� � ��� �U[ Y[ &�� / 14�

- / 14,8� E7+� 0+� 4+**+6� &: 6/ ,: &1<+6� +1� .1B,&,/ 7H+� </ ,,+6' / 10+14� D� 71+� / 7� 0+7@�

- / 1/ </ 7<( +6�0+�@&14( &4+�+1�67,B&<+�0+�*&�' ?,.4+3�� 1+�' +4.4+�E7&14.48�0+�<&,: / 1&4+6�+64�

&766.�9.6.: *+�67,�*&�B,&<4./ 1�B*/ 448+�&9+<�*&�: &10+�0+�9.: ,&4./ 1�D�UX2#�<- �U��B.H7,+�$3V�� �̀

6' +<4,+�V̀ �: &10+�: �3��

�

	 &16� *+6� +66&.6� D� B/ ,4+� </ 1<+14,&4./ 1� +1� @&14( &4+� �U�U�´ �U#�V� - / *R� � �� *+� 6' +<4,+� +1�

.1B,&,/ 7H+�0+�*&�B,&<4./ 1�1/ 1�B*/ 448+�84&.4�&766.�.10.<&4.B�0+�* &06/ ,' 4./ 1�0+�0.@&14( / H51+�

+1�E7&14.48�1/ 1�18H*.H+&: *+� �B.H7,+�$3V�� �̀6' +<4,+�$ �̀ : &10+�<�3� � 1+�H,&10+�E7&14.48�0+�

<&,: / 1&4+�0+�<&*<.7- �� : &10+�D�UX2#�+4�YW2�<- �U� �&�848�8H&*+- +14�/ : 6+,98+��B.H7,+�$3V�� �̀

6' +<4,+�$ �̀ : &10+6�: �+4�F�3� � &�: &10+�0+�9.: ,&4./ 1�0+6�67*B&4+6�- / 14,+�71+�&7H- +14&4./ 1�

0&16�*+6�B&.: *+6�B,8E7+1<+6�D�U#" #�<- �U��<&,&<48,.64.E7+�0+�67*B&4+6�B+,,.E7+6�( ?0,/ @?*86�

� � +� � �
1� 
 � � - � 
 
 X� ' 3@� " 
 �3�

�

3�, �- � � C> � $' ( / ' � - 7� � �� ##" #$� ( � ) ' � �" � >?� $#' � " +' / � "  � " #$� ( � >' ( ) " ( #� �' �

/ � ( ) $#$� ( ( ' ! ' ( #�

$3V3" 3U3 � BB+4�07�4+- ' 6�0 &8,&4./ 1�

� &�B.H7,+�$3X� ' ,86+14+�* +BB+4�07�4+- ' 6�0 &8,&4./ 1�67,�*+6�9&,.&4./ 16� ' ( ?6.</ �<( .- .E7+6�



187 

�

0 71+� ' 7*' +� 0+� ' ?,.4+� </ 10.4./ 118+� D� ' � � UU� &9+<� 0+� *&� <( &7@� 6+7*+�� 6&16� &>/ 74� 0+�

</ **+<4+7,�1.�B*/ 44&4./ 13�� &�B.H7,+�$3X�- / 14,+�: .+1�E7+�* &8,&4./ 1�0+�*&�' 7*' +�' ,/ 07.4�0+7@�

+BB+46� - &>+7,6��� 71+� - / 0.B.<&4./ 1� 0+6� ' &,&- 54,+6� ' ( ?6.</ �<( .- .E7+6� +4� * &' ' &,.4./ 1� 0+�

1/ 79+**+6�+6' 5<+6�67' +,B.<.+**+6�67,�*&�' ?,.4+3�� / 1<+1,1&14�* +BB+4�' ?6.</ �<( .- .E7+��0&16�

*+6�0.@� ' ,+- .5,+6�6+</ 10+6�0+� * &8,&4./ 1�� *+� ' / 4+14.+*�0 / @?0/ ,807<4./ 1�&�&7H- +148�0+�

' ,56�0+�U##�- � �� ' 7.6�* &7H- +14&4./ 1�&�</ 14.178�' *76�*+14+- +14�+1�&>/ 74&14�U##�- � �0+�

' *76�&7�: / 74�0+�<.1E�- .174+6��B.H7,+�$3X�3�

�
� .H7,+��$3X��� � &,.&4./ 1� 07� ' � � +4� 07� � ( � +1� B/ 1<4./ 1� 07� 4+- ' 6� 0 &8,&4./ 1� ' / 7,� 71+� ' 7*' +� 0+� ' ?,.4+�

.1.4.&*+- +14�</ 10.4./ 118+�D�' � �UU�&9+<�� &
 ��

�

�

	 &16�*+�- ] - +�4+- ' 6��*+� ' � �&�0.- .178�*+14+- +14�0+�UU�D�+19.,/ 1� [ ��&*/ ,6�E7 .*�1 ?�+7�

&7<71� &>/ 74� 0+� <( &7@� ' / 7,� - &.14+1.,� *+� ' � � �B.H7,+� $3X�3� �  89/ *74./ 1� 07� ' / 4+14.+*�

0 / @?0/ ,807<4./ 1� &� 848� </ ,,8*8+� &9+<� *+� </ 7' *+� ,80/ @� 
 "R� " 
 � � � ( &10+,�� " ##V�� +1�

74.*.6&14�*&�,8&<4./ 1�67.9&14+���

�

‹ 
 " �e�" � e�e�" +��_�� " 
 � � � � � � � � � b�$3Uc�

�

�
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�

� +�' / 4+14.+*�0 8E7.*.: ,+�+64�<&*<7*8�D�' &,4.,�0+�* 8E7&4./ 1�0+�� � � � � ���U[ " U����

�

� �_�� #�e�#�#U" �*/ H�� ' 
 " � �\ �#�#$[ �' � � � � � � � � b�$3" c�

�

/ v��� � �+64�*+�' / 4+14.+*�0 / @?0/ ,807<4./ 1�D�* 8E7.*.: ,+��+1�� � �̀

� � #�+64�*+�' / 4+14.+*�0 / @?0/ ,807<4./ 1�64&10&,0�07�</ 7' *+�
 "R� " 
 ��+1�� � �̀

� � ' 
 " �+64�*&�' ,+66./ 1�' &,4.+**+�,+*&4.9+�+1�/ @?H51+��6&16�71.48� �̀

' � � +64� * / ' ' / 68� 07� */ H&,.4( - +� 0+� *&� </ 1<+14,&4./ 1� 0+� ' ,/ 4/ 1� +1� 6/ *74./ 1� �6&16�

71.48��

�

�  8E7&4./ 1� 0+� � � � � � �� 07� </ 7' *+� 
 "R� " 
 � �8E7&4./ 1� $3" �� - / 14,+� E7+� *+� ' / 4+14.+*�

0 / @?0/ ,807<4./ 1�&7H- +14+�E7&10�*&� ' ,+66./ 1� ' &,4.+**+�+1� / @?H51+� � ' 
 " �&7H- +14+��+4�

E7+�*+�' � �0.- .17+3��

�

� &,&**5*+- +14�� 0+6� &1&*?6+6� 0+� 67,B&<+� +1� 6' +<4,/ - 84,.+� .1B,&,/ 7H+� +1� - / 0+� ,8B*+@./ 1�

0.BB76+�0+�*&�' ?,.4+�/ 14�848�,8&*.68+63�� &�B.H7,+�$3$�,&66+- : *+�*+6�6' +<4,+6�+1�.1B,&,/ 7H+�

0+� ' ?,.4+� </ 10.4./ 118+� D� ' � � UU� &9+<� � &
 � &7� 4+- ' 6� 4� _� #� - .1� ' 7.6� ' ,8*+98� 4/ 74+� *+6�

- .174+63�� +�0+7@.5- +�+BB+4�0+�* &8,&4./ 1�+64�&*/ ,6�: .+1�9.6.: *+3��  &' ' / ,4�0+�� 
 " �' +10&14�

* &8,&4./ 1� &� &7H- +148� *&� E7&14.48� 0+� <&,: / 1&4+� 67' +,B.<.+*�� / : 6+,98� ' &,� *&� : &10+� 0+�

9.: ,&4./ 1�D�UX2#�<- �U��B.H7,+�$3$�3�� +�<&,: / 1&4+�&�848�.0+14.B.8�</ - - +�07�� &� 
 V�0+�4?' +�

<&*<.4+�' &,�*&�: &10+�0+�9.: ,&4./ 1�D�YW2�<- �U��9&1�0+,�� &,+*��U[ W2�3�� 1�*8H+,�<( &1H+- +14�

0&16� *&� ,8H./ 1� 0+6� ( ?0,/ @?*+6� &� 67HH8,8� * &7H- +14&4./ 1� 0+6� +6' 5<+6� 0 ( ?0,/ @?0+� +4�

0 / @?( ?0,/ @?0+6�+1�67,B&<+�0+�*&�' ?,.4+��*&,H+�: &10+�<+14,8+�D�VV##�<- �U��1/ 1�' ,86+148+�

0&16�*+6�6' +<4,+6�3�� +6�<.1E�- .174+6�0 &8,&4./ 1�1 / 14�' &6�' ,/ 07.4�0+�<( &1H+- +14�0&16�*+6�

67*B&4+6�67' +,B.<.+*6�0+�*&�' ?,.4+��B.H7,+�$3$ �̀- &66.B�� U�+14,+�UV##�[ ##�<- �U�3�

�
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�

�
� .H7,+��$3$��� 
 ' +<4,+6�/ : 4+176�' &,�6' +<4,/ 6</ ' .+�.1B,&,/ 7H+�+1�- / 0+�,8B*+@./ 1�0.BB76+�0+�' ?,.4+�' / 7,�

0.BB8,+146�4+- ' 6�0 &8,&4./ 1��4��� ' 7*' +�.1.4.&*+- +14�</ 10.4./ 118+�D�' � �UU�&9+<�� &
 � �

� &10+6�0+�,8B8,+1<+6��&��U2V#�<- �U �̀: ��UX2#�<- �U �̀<��U" X$�<- �U �̀0��UU2#�<- �U �̀+��UU" #�<- �U �̀B��U#[ $�

<- �U �̀H��U#W#�<- �U �̀( ��U#$#�<- �U �̀.��U#" #�<- �U �̀>��[ $#�<- �U �̀F��YW2�<- �U�
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�

�

$3V3" 3" 3 � BB+4�0+�*&�</ 1<+14,&4./ 1�+1�@&14( &4+�D�' � �UU�

� &� B.H7,+� $32� ' ,86+14+� *+6� ' ,/ ' / ,4./ 16� - &66.E7+6� B.1&*+6� 0+6� 0+7@� B,&<4./ 16� 0+� ' ?,.4+�

.667+6�0+6�+@' 8,.+1<+6�0+�B*/ 44&4./ 1�&9+<�&8,&4./ 1� ' +10&14�*+�</ 10.4./ 11+- +14�D� ' � �UU�

&9+<�� &
 3�� &�B.H7,+�$32�- / 14,+�<*&.,+- +14�E7+�*+6�4,/ .6�+66&.6�0+�B*/ 44&4./ 1�/ 14�&: / 74.�D�

0+�B/ ,4+6� ,8<7' 8,&4./ 16�0+� ' ?,.4+� */ ,6E7 71�</ 10.4./ 11+- +14� ' &,�&8,&4./ 1�0+� *&� ' 7*' +�&�

848� ' ,&4.E78��� *+6� ,8<7' 8,&4./ 16� - &66.E7+6� 84&.+14� 0+� [ #�� [ X� +4� [ 2� f �' / .06� ' / 7,�

,+6' +<4.9+- +14�$�´ �U#�X��W�´ �U#�X�+4�U�U�´ �U#�V�- / *R� �0+�</ 1<+14,&4./ 1�.1.4.&*+�+1�@&14( &4+�

�B.H7,+�$32�3�

�
� .H7,+��$32���� � 8<7' 8,&4./ 1�+1�' ?,.4+�D�0.BB8,+14+6�</ 1<+14,&4./ 16�+1�@&14( &4+�

�� ��$�´ �U#�X��� ��W�´ �U#�X�+4�� ��U�U�´ �U#�V�- / *R� � ��' � �UU�&9+<�� &
 �+4�&9+<�&8,&4./ 1��4�_�$�

- .1��
�

�

� +6� / : 6+,9&4./ 16�0+6�67,B&<+6� ' / 7,� *+6�6.@� ' ,/ 07.46�0+�B*/ 44&4./ 1� �</ 1<+14,86�+4� ,86.076�

&9+<� *+6�4,/ .6�</ 1<+14,&4./ 16�+1�</ **+<4+7,��� $�´ �U#�X��W�´ �U#�X� +4�U�U�´ �U#�V� - / *R� � � 6/ 14�

,&66+- : *8+6� D� *&� B.H7,+� $3W� &9+<� *+� 6' +<4,+� 0+� ,8B8,+1<+� 0+6� 67,B&<+6� 0+� *&� ' ?,.4+�

</ 10.4./ 118+6�D� ' � �UU3� � +6�6' +<4,+6� " ��V�+4�X�0+�*&�B.H7,+�$3W�</ ,,+6' / 10+14�&7@�4,/ .6�

</ 1<+14,86� 0+� B*/ 44&4./ 1� +4� - / 14,+� 0+6� E7&14.486� 6.- .*&.,+6� 0+� </ **+<4+7,3� � &�
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�

0.BB8,+1<.&4./ 1� +14,+� *+� 0.@&14( / H51+� +4� *+� </ - ' *+@+� - 84&*�@&14( &4+� 67,� *+6� ' &,4.<7*+6�

B*/ 448+6�&�848�' *76�0.BB.<.*+�0&16�*+�<&6�&9+<�&8,&4./ 1�' +10&14�*+�</ 10.4./ 11+- +14�E7+�*/ ,6�

0+�* +@' 8,.+1<+� ' ,8<80+14+�6&16�&8,&4./ 13� � &�E7&14.48�0+� ' ( &6+�&: 6/ ,: 8+�+64� ' *76�B&.: *+�

</ - - +� *+� - / 14,+14� *+6� 9.: ,&4./ 16� &*F?*6� 0+6� 6' +<4,+6� " �� V� +4� X� 0+� *&� B.H7,+� $3W�� �

</ - ' &,&4.9+- +14�&7�6' +<4,+�V�0+�*&�B.H7,+�$3V�� 3�� 1�+BB+4��*&�I / 1+�6' +<4,&*+�U" ##�UV##�

<- �U�' ,86+14+�71�' ,/ : *5- +�0 .14+,B8,+1<+�0+�: &10+63�� +�' ,/ : *5- +�6+�' / 6+��+1�' &,4.<7*.+,��

' / 7,�*+6�4,56�B&.: *+6�9&*+7,6�0+�4&7@�0+�,+</ 79,+- +14�64&4.64.E7+��� &6+6�� ��� ����U[ [ V�3�� +6�

: &10+6�<&,&<48,.64.E7+6�0+6�</ - ' *+@+6�/ ,H&1.E7+6�0+�67,B&<+�6/ 14�&*/ ,6�- / .16�.14+16+6��

+4�0/ 1<�B&<.*+- +14� - &6E7&: *+6� ' &,� *+6�9.: ,&4./ 16�0+�9&*+1<+�0+6�H,/ 7' +- +146�67*B&4+63�

� 8&1- / .16�� *+� ' ,/ B.*� .1B,&,/ 7H+� 0&16� * .14+,9&**+� UV##�U" ##� <- �U� &' ' &,&K4� ' *76�

<&,&<48,.64.E7+� 07� </ - ' *+@+� B+,�@&14( &4+� �: &10+� <� D� U" X$� <- �U� � E7+� 07� 0.@&14( / H51+3�

�  8' &7*+- +14�D�U" 22�<- �U��<&,&<48,.64.E7+�07�0.@&14( / H51+��1 +64�' &6�<*&.,+- +14�&' ' &,73�

� / 74+6� *+6� B,&<4./ 16� B*/ 448+6� / 14� - / 14,8� 71+� E7&14.48� ,+*&4.9+- +14� .- ' / ,4&14+� 0+�

<&,: / 1&4+�0+�<&*<.7- ��B.H7,+�$3W�� �̀6' +<4,+6�" ��V�+4�X̀ �: &10+�: �3�

�

� +6�6' +<4,+6�$��2�+4�W�' ,86+1486�D�*&�B.H7,+�$3W�� �- / 14,+14�E7+�*+6�B,&<4./ 16�1/ 1�B*/ 448+6�

' / 6650+14� 0+6� E7&14.486� ' *76� .- ' / ,4&14+6� 0+� @&14( &4+� E7+� *+6� 67,B&<+6� 0+6� B,&<4./ 16�

B*/ 448+63� � +6� ' ,/ B.*6� 0+6� : &10+6� 0+� 9.: ,&4./ 16� U" 22�U" X$� <- �U� / 14� 0/ 118� 71+� : / 11+�

,86/ *74./ 1� ' / 7,�.0+14.B.+,�*+�0.@&14( / H51+��: &10+6�D�U" 22�+4�U#" $�<- �U� �+4�*+�</ - ' *+@+�

B+,�@&14( &4+� �: &10+� D� U" X$� <- �U�3� �  &7H- +14&4./ 1� 0+� *&� </ 1<+14,&4./ 1� +1� @&14( &4+� &�

&: / 74.�D�71+�&7H- +14&4./ 1�0+�* &06/ ,' 4./ 1�6/ 76�B/ ,- +�0+�0.@&14( / H51+�67,�*+6�67,B&<+6�

0+�' ?,.4+�1/ 1�B*/ 448+6��B.H7,+�$3W� �̀6' +<4,+6�$�2�+4�Ẁ�: &10+�D�U" 22�<- �U�3�� &,�&.**+7,6��*+6�

.14+16.486�07�- &66.B�0+�9.: ,&4./ 1�0+6�<&,: / 1&4+6�6/ 14�1+44+- +14�' *76�.- ' / ,4&14+6�' / 7,�*+6�

' &,4.<7*+6�1/ 1�B*/ 448+6�E7+� ' / 7,� *+6� ' &,4.<7*+6�B*/ 448+6� �B.H7,+�$3W�� �̀ 6' +<4,+6�$�2�+4�Ẁ�

: &10+�: �D�UX2#�<- �U�3�� &�: &10+�D�U#" $�U#" #�<- �U�+64�&766.�4,56�&' ' &,+14+3�� **+�1+�' +74�

' &6� ] 4,+� 71.E7+- +14� &44,,.: 7&: *+� D� *&� ' ,86+1<+� 0+� 0.@&14( / H51+� <&,� H818,&*+- +14� *+6�

0+7@� ' .<6�U" 22�+4�U#" $�<- �U�6/ 14�0 .14+16.486� ,+*&4.9+6�6.- .*&.,+6� �G/ 1H/ */ ��U[ [ U�3� � &�

B/ ,4+� .14+16.48� 0+� *&� : &10+� U#" $�U#" #� <- �U� 67HH5,+� 0/ 1<� *&� ' ,86+1<+� &: / 10&14+� 0+�

67*B&4+6�B+,,.E7+6�( ?0,/ @?*86�0&16�*+6�' &,4.<7*+6�1/ 1�B*/ 448+63�
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�

�
� .H7,+��$3W���� 
 ' +<4,+6�/ : 4+176�' &,�6' +<4,/ 6</ ' .+�.1B,&,/ 7H+�+1�- / 0+�,8B*+@./ 1�0.BB76+�0+�' ?,.4+�B*/ 448+�

D�' � �UU�&9+<�� &
 �+4�&9+<�0.BB8,+14+6�</ 1<+14,&4./ 16�0+�@&14( &4+��$�´ �U#�X�+4�U�U�´ �U#�V�

- / *R� � ��+4�&9+<�&8,&4./ 1� �4�_�$� - .1���0&16�* .14+,9&**+�0+�9.: ,&4./ 1�V" ##�" Y##�+4�" ###�
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�

Y##�<- �U�

� &10+6�0+�,8B8,+1<+6��&��U2V#�<- �U �̀: ��UX2#�<- �U �̀<��U" X$�<- �U �̀0��UU2#�<- �U �̀+��UU" #�<- �U �̀B��U#[ $�

<- �U �̀H��U#W#�<- �U �̀( ��U#$#�<- �U �̀.��U#" #�<- �U �̀>��[ $#�<- �U �̀F��YW2�<- �U�

� � �
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�' ?,.4+�0&16�* .14+,9&**+�0+�9.: ,&4./ 1�V" ##�" Y##�<- �U�

U��' � �UU�&9+<�� &
 �̀" � �� ,&<4./ 1�B*/ 448+�D�$´ U#�X�- / *R� �̀V��� ,&<4./ 1�B*/ 448+�D�ẂU#�X�- / *R� �̀X��

� ,&<4./ 1�B*/ 448+�D�U�Ú U#�V� - / *R� �̀$�� � ,&<4./ 1�1/ 1�B*/ 448+�D�$´ U#�X� - / *R� �̀2�� � ,&<4./ 1�1/ 1�

B*/ 448+�D�ẂU#�X�- / *R� �̀W��� ,&<4./ 1�1/ 1�B*/ 448+�D�U�Ú U#�V�- / *R� �

� � �
 ' +<4,+6�+1�.1B,&,/ 7H+�0+�' ?,.4+�0&16�* .14+,9&**+�0+�9.: ,&4./ 1�" ###�Y##�<- �U�

U��' � �UU�&9+<�� &
 �̀" � �� ,&<4./ 1�B*/ 448+�D�$´ U#�X�- / *R� �̀V��� ,&<4./ 1�B*/ 448+�D�ẂU#�X�- / *R� �̀X��

� ,&<4./ 1�B*/ 448+�D�U�Ú U#�V� - / *R� �̀$�� � ,&<4./ 1�1/ 1�B*/ 448+�D�$´ U#�X� - / *R� �̀2�� � ,&<4./ 1�1/ 1�

B*/ 448+�D�ẂU#�X�- / *R� �̀W��� ,&<4./ 1�1/ 1�B*/ 448+�D�U�Ú U#�V�- / *R� �
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Fraction flottée 
Fraction non flottée 

Taux de recouvrement 
statistique maximal 

théorique avant flottation 
 

Limite de détection pour 
l’observation des espèces de 
xanthate adsorbé en utilisant 
la vibration de valence de la 

chaîne alkyl du collecteur 
(3000-2800 cm-1) 

 

Limite de détection pour 
l’observation des espèces de 

xanthate adsorbé en utilisant la 
vibration de valence de la tête 

hydrophobe du collecteur (1300-
1000 cm-1) 
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Pyrite cristalline 

C) 

Chemisorption de xanthate 
sur les sites actifs 
d’hydroxydes ou 

d’oxyhydroxydes de fer pour 
former des complexes 

xanthate-ferrique 

D) 

Formation de dixanthogène 
et physisorption en 

multicouches 

 

Pyrite cristalline 

Pyrite cristalline Pyrite cristalline Pyrite cristalline 

Zone supérieure 
prédominée par des 

sulfates ferriques 
hydroxylés 
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prédominée par 

des sulfates 
ferriques 

Zone inférieure 
prédominée par 

des sulfates 
ferreux 

Squelette 
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d’oxyhydroxydes 

de fer 

Base riche en soufre 
élémentaire et 

polysulfure de fer 
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ionique 
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A) 

Structure de pilier oxydé 
après broyage à sec et 

immersion en conditions 
alcalines (pH > 10) 

 

B) 

Activation de la structure 
pilier par aération lors de la 

flottation. Croissance 
d’hydroxydes et 

d’oxyhydroxydes de fer 

 

50 
à 

100 
nm 

Surface oxydée de faible 
extension verticale 

(quelques nanomètres) 
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Zone médiane 
prédominée par 

des sulfates 
ferriques 

�

Multicouches de 
dixanthogène 

�

B) 

Structure dégradée de pilier des 
particules flottées – sans aération 

[KiAX]0 = 1,1´ 10-3 mol/L 

�

Pyrite cristalline 

A) 

Structure de pilier oxydé après 
broyage à sec et immersion en 
milieu alcalin avec des réactifs 

porteur de calcium (pH > 10) 

�

C) 

Structure modifiée de pilier des 
particules flottées– avec aération 

[KiAX]0 = 5´ 10-4 à 1,1´ 10-3 mol/L 

 

Base riche en 
soufre élémentaire 
et polysulfure de fer 
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Expansion du 
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d’hydroxydes et 
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de fer par 
aération 
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ferrique 

Carbonate 
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adsorbé 

Zone supérieure 
prédominée par 

des sulfates 
ferriques 
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Zone inférieure 
prédominée par 

des sulfates 
ferreux 

Multicouches de 
dixanthogène 

�
Monocouche 
de complexe 

xanthate-
ferrique 

Carbonate de 
calcium 
adsorbé 

Pyrite cristalline 

D) 

Structure modifiée de pilier des particules 
non flottées– avec ou sans aération 

[KiAX]0 = 5´ 10-4 à 1,1´ 10-3 mol/L 

 

Sulfates 
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hydroxylés 
résiduels 

Carbonate de 
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adsorbé 

50 
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100 
nm 

Surface oxydée de faible 
extension verticale 

(quelques nanomètres) 
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: ,/ ?&H+� +4� *&� 4+- ' 8,&47,+� 1 / 14� ' &6� 848� </ 14,; *8+6� 0&16� <+44+� 8470+3� � &� <( &- : ,+� 0+�

: ,/ ?&H+�84&.4�/ 79+,4+�D�* &.,�&- : .&143�

�
� .H7,+��23" ��� 
 <( 8- &�07�: ,/ ?+7,�.164,7- +148�0+�*&: / ,&4/ .,+�74.*.68�0&16�*&�' ,86+14+�8470+�

� &,&<48,.64.E7+6��� �U�� � &- : / 7,��� */ 1H7+7,� _� V2#� - - �� 0.&- 54,+� _� VW#� - - �̀ �" � � � ( &- : ,+� 0+�

: ,/ ?&H+���*/ 1H7+7,�_�V##�- - ��0.&- 54,+�.148,.+7,�_�VX#�- - �̀�V��� *&E7+�0+�68' &,&4./ 1���0.&- 54,+�_�

VX#�- - ��8' &.66+7,�_�2�- - ��0.&- 54,+6�0+6�4,/ 76�_�V�" �- - ��4,/ 76�</ 1.E7+6�/ 79+,46�9+,6�*&�<( &- : ,+�

0 8<( &14.**/ 11&H+� �̀�X��� ( &- : ,+�0 8<( &14.**/ 11&H+���*/ 1H7+7,�_�V#�- - ��0.&- 54,+�_�VX#�- - �̀�$��

� &,,+6���*/ 1H7+7,�_�" W[ �- - ��0.&- 54,+�_�U2�- - �

�

�

� �*&�B.1�07�: ,/ ?&H+��*&�' 7*' +�+64�8<( &14.**/ 118+�0.,+<4+- +14�D�' &,4.,�07�: ,/ ?+7,��4&- .68+�

D�2##�^- � ' / 7,�,+4.,+,�*+6�' &,4.<7*+6�H,/ 66.5,+6�E7.�1 &7,&.+14�' &6�848�: ,/ ?8+6��+4�' *&<8+�

0&16�71+�<+**7*+�0+�B*/ 44&4./ 13�� &�B.H7,+�23V�.**764,+�*&�<+**7*+�0+�B*/ 44&4./ 1�74.*.68+�0&16�

<+44+� 8470+3� � +6� 4+646� 0+� B*/ 44&4./ 1� 6/ 14� +BB+<4786� &9+<� 71+� - &<( .1+� 0+� B*/ 44&4./ 1� 4?' +�

	 +19+,�	 �U" �0+�*&: / ,&4/ .,+3�� +�9/ *7- +�0+�*&�<+**7*+�+64�0+�" �$�� 3�� &�9.4+66+�0 &H.4&4./ 1�

+64� &>7648+� D� U" ##� 4/ 7,6� ' &,� - .174+�� &9+<� 71� 08: .4� 0 &.,� B.@8� D� " �$� � R- .13� � B.1�

0 &- 8*./ ,+,�*&�,+' ,/ 07<4.: .*.48�0+6�4+646�0+�B*/ 44&4./ 1��*&�- / 766+�+64�,8<7' 8,8+�&7�- / ?+1�

0 71+� ' &*+44+�&74/ - &4.68+� �V#�</ 7' 6� ' &,� - .174+��+4�*+�1.9+&7�0+� - / 766+�+64�&>7648� ' &,�

&>/ 74�0 +&7�08./ 1.68+�07,&14�*&�B*/ 44&4./ 13�

Électrodes 
pH, Eh, O2 Système 

d’acquisition 

Addition de chaux Cellule de mesure 

Cellule de 
conditionnement 

Pompe hydrostatique 

Chambre de broyage Chambre d’échantillonnage 

1 

4 2 

5 

3 
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�

��
� .H7,+��23V��� 
 <( 8- &�07�0.6' / 6.4.B�0+�B*/ 44&4./ 1�74.*.68�0&16�*&�' ,86+14+�8470+�

�

�

� &� B.H7,+� 23X� 6<( 8- &4.6+� *&� ' ,/ <807,+� </ - ' *54+� 0+6� +66&.6� 0+� : ,/ ?&H+RB*/ 44&4./ 13� � +6�

84&' +6� 0+� </ 10.4./ 11+- +14� ' ,8<80&14� *&� B*/ 44&4./ 1� 6/ 14� ,8&*.68+6� 0&16� *&� <+**7*+� 0+�

B*/ 44&4./ 1�+4�6/ 76�&H.4&4./ 1�D�U" ##�4/ 7,6�' &,�- .174+3�� 1+�' ,+- .5,+�84&' +�0+�64&: .*.6&4./ 1�

0+�*&� ' 7*' +�+64�+BB+<478+� ' +10&14�" #� - .13� � 1+�0+7@.5- +�84&' +�0+�</ 10.4./ 11+- +14�07�

' � � +64� ,8&*.68+� 07,&14� U#� - .174+6�� ' &,� &>/ 74� 0 &<.0+� 67*B7,.E7+� 0.*78� � � " 
 
 X� � ' / 7,�

* &<.0.B.<&4./ 1� / 7� 0+� *&� <( &7@� +1� ' / 70,+� � � &
 � � ' / 7,� &7H- +14+,� *+� ' � 3� � 1+� 4,/ .6.5- +�

84&' +�0+�U#�- .174+6�6+,4�&7�</ 10.4./ 11+- +14�07�</ **+<4+7,3�� +�- / 766&14�+64�&>/ 748�D�*&�

( 7.4.5- +� - .174+� 0+� </ 10.4./ 11+- +14� 07� </ **+<4+7,3� � +� ' � �� � ( � +4� *&� </ 1<+14,&4./ 1� +1�

/ @?H51+� 0.66/ 76� 6/ 14� - +67,86� &9+<� 0+6� 6/ 10+6� 0+� 2 .  �  � �� � � � ��� � � �� 3� �*6� 6/ 14�

+1,+H.64,86� &74/ - &4.E7+- +14� 07,&14� *+6� 4,/ .6� 84&' +6� 0+� </ 10.4./ 11+- +14� �71+� - +67,+�

4/ 74+6� *+6� 0.@� 6+</ 10+6�3� � +� ' / 4+14.+*� 0 / @?0/ ,807<4./ 1� +64� - +67,8� D� * &.0+� 0 71+�

8*+<4,/ 0+�0+�' *&4.1+�+4�71+�,8B8,+1<+�0 &,H+14R<( */ ,7,+�0 &,H+143�� / 76�*+6�' / 4+14.+*6�6/ 14�

Électrodes 
pH, Eh, O2 

 

Concentré 
de flottation 

Contrôle de 
l’agitation 

Entrée naturelle de 
l’air 

 

Débitmètre 

Raclette automatique de 
récupération 

 

Système 
d’acquisition 
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,+' / ,486� ' &,� ,&' ' / ,4�D� * 8*+<4,/ 0+�1/ ,- &*+�D� ( ?0,/ H51+� ' &,�&00.4./ 1�0+�#�" " " V� � 3� � +6�

8*+<4,/ 0+6�6/ 14�,+4.,8+6�&9&14�*+�</ - - +1<+- +14�0+�*&�B*/ 44&4./ 13�� +�4+64�0+�B*/ 44&4./ 1�07,+�

0/ 7I +�- .174+63�� 7&4,+�</ 1<+14,86�0+�B*/ 44&4./ 1�6/ 14�,8<7' 8,86�&' ,56�U��V��2�+4�U" �- .174+6�

0+�B*/ 44&4./ 1��.10+@86�,+6' +<4.9+- +14�� U��� " ��� V�+4�� X�3�� +6�</ 1<+14,86�+4�*+�,86.07�6/ 14�

&1&*?686�' / 7,�*+6�' � ��� ( ��</ 1<+14,&4./ 1�+1�/ @?H51+�0.66/ 76�+4�' +686�&9&14�68<( &H+�' / 7,�

89&*7+,� *&�E7&14.48�0 +&7�0+�<( &E7+�B,&<4./ 13� �*6� 6/ 14�+167.4+�68<( 86�0&16�71+�8479+�D�

X#°� ��' +686�' 7.6�( / - / H818.6863��

�

�
� .H7,+��23X��� � +' ,86+14&4./ 1� 6<( 8- &4.E7+� 0+� *&� ' ,/ <807,+� +@' 8,.- +14&*+� 0+6� +66&.6� 0+� : ,/ ?&H+� \ �

B*/ 44&4./ 1�,8&*.686�

�

Broyage 
30 min 

C1 

C2 

C3 

C4 

Résidu R 

Flottation 
12 min 

Conditionnement 
collecteur 

Conditionnement 
du pH 

Stabilisation de la 
pulpe 

10 min 10 min 20 min 

Séchage, 
pesage, puis 
analyse du 

solide 

Minerai 
étudié 

40 % poids 

60 % poids 
Stérile 
minier 

Stérile riche en pyrite 

Stérile pauvre en pyrite 
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<�- �, � �  " / #$0*�

� &�B*/ 44&4./ 1�,+E7.+,4�0.BB8,+146�4?' +6�0+�,8&<4.B6�' / 7,�- / 0.B.+,�*+6�<&,&<48,.64.E7+6�0+�*&�

' 7*' +�� &0&' 4+,� *&� <( .- .+� 0+� 67,B&<+� 0+6� - .18,&7@� <.: *+6� &7� </ **+<4+7,� �</ **+<4./ 1�� +4�

B&9/ ,.6+,�*&�B/ ,- &4./ 1�0+�- / 766+3�� +6�<( / .@�07�</ **+<4+7,�+4�07�- / 766&14�/ 14�848�: &686�

67,� 0+6� 4,&9&7@� &148,.+7,6� �+3H3� � +1I &&I / 7&� � �� � ���� " ###&�� &.16.� E7+� 67,� 71+� ,+97+�

084&.**8+� 0+� *&� *.448,&47,+3� � +6� <&,&<48,.64.E7+6� 4+<( 1.E7+6� 0+6� ,8&<4.B6� 74.*.686� ' / 7,� *+6�

+@' 8,.+1<+6�0+�0867*B7,&4./ 1�' &,�B*/ 44&4./ 1�6/ 14�*+6�67.9&14+6����

�  � / **+<4+7,� G� Z�$U�� .6/ &- ?*@&14( &4+� 0+� ' / 4&66.7- � � � � V� " � � � � � � " � � � " � 
 �

� 
 "G��&?&14�71+� ' 7,+48�0+�Y#�f �' / .06�+4�71+�- &66+�- / *&.,+�- / *8<7*&.,+�" #" �V�

HR- / *��0+�� � � � ' � � �� � � � �� � �� �̀�

�  � / 766&14�� �$#W��- 8*&1H+�0+�' / *?H*.</ *6��0+�� � � ' � � ' �̀�

�  � 8H7*&4+7,6�0+�' � ���&<.0+�67*B7,.E7+�0.*78�D�U#�f �9/ *7- .E7+�&?&14�71+�' 7,+48�0+�

[ $�[ Y�f �' / .06��0+�
 � � � � � � �� �+4�<( &7@�6/ *.0+�&?&14�71+�' 7,+48�0+�[ [ �f �' / .06��0+�

3�&��" � � � � 3�

�

� +6� - +67,+6� 0+6� </ 1<+14,&4./ 16� 0+� B+,� B+,,+7@� +4� B+,,.E7+� +1� 6/ *74./ 1� 18<+66.4+14� *+6�

,8&<4.B6� 67.9&146��� U�U#�' ( 81&14( ,/ *.1+� ( ?0,&48+� � ' 7,+48� 0+� [ [ �$� f �' / .06�� 0+� " $ � �

� � � � �� � �� �̀&<84&4+�0+�6/ 0.7- �4,.( ?0,&48�� ' 7,+48�0+�[ [ �f �' / .06��0+�%� �� � �� � � � � �̀67*B&4+�

0 &- - / 1.7- �B+,,+7@�( +@&( ?0,&48�� ' 7,+48�0+�[ Y�$�f �' / .06� �̀0+�� � � �� 4 � � �� �̀4.,/ 1�� ' 7,+48�

0+� [ Y� f �' / .06�� 0+� . � +� � � �� �� � � � 
 &� �̀ &<.0+� 67*B7,.E7+�� ' 7,+48� 0+� [ $�[ Y� f �' / .06�� 0+�


 � � � � � � �� � �̀ 67*B&4+� 0 &- - / 1.7- � B+,,.E7+� 0/ 0+<&( ?0,&48� � ' 7,+48� 0+� [ Y�$� f �' / .06�� 0+�

� � � �� 4 � � ��3�

�

�  +&7� +64� 4/ 7>/ 7,6� 7*4,&�' 7,+� �UY�" � � W3<- � D� " $� °� �3� � **+� &� 848� 08- .18,&*.68+� ' &,�

0.64.**&4./ 1� ' 7.6� 08./ 1.68+� &9+<� 71� 6?645- +� 0+� <&,4/ 7<( +6� 6/ 76� ' ,+66./ 1� � � ' 7,+� 0+�

" � � � � �� � ( �</ 7' *8�D�71�6?645- +�0+�B.*4,&4./ 1�� � � 7,+�D�V�B.*4,+63�

�
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� 1+�&' ' ,/ <( +�- 7*4.0.6<.' *.1&.,+�+64�&' ' *.E78+�&7@�8<( &14.**/ 16�: ,/ ?86��&7@�</ 1<+14,86�+4�

&7@�,86.076�0+�B*/ 44&4./ 13� � &� ' ( &6+�6/ *.0+�&�848�&1&*?68+� ' / 7,�*&�</ - ' / 6.4./ 1�<( .- .E7+�

' &,� ' *&6- &�.107<4.9+- +14�</ 7' *8�+4� ' &,�6' +<4,/ 6</ ' .+�0 8- .66./ 1�&4/ - .E7+� �� � � � � � 
 � �

&9+<�71�.164,7- +14�� � � � �� �%�� � � �
 ' 4.- &�VU##�� � 3�� &�- &66+�9/ *7- .E7+�&�848�- +67,8+�

&9+<�71� ' ?<1/ - 54,+�D� ( 8*.7- � � <<7� ?<�UVV#�0+� � �� � � � � � ���� � � � � ��� �  � � �� 	 � � � �� 3� � +6�

.1B/ ,- &4./ 16� - .18,&*/ H.E7+6� / 14� 848� / : 4+17+6� ' &,� 4,/ .6� 4+<( 1.E7+6� �� .� � 0.BB,&<4./ 1� 0+6�

,&?/ 16� Z� � 	 Y� � 09&1<+0� 6+,.+6� " � 0+� " � 	 � � � � 
 #� � �̀ ..� �- .<,/ 6</ ' .+� / ' 4.E7+� D� *7- .5,+�

,8B*8<( .+�� � �� � � �
 ' 4.' ( / 4� �̀...� �- .<,/ 6</ ' .+�8*+<4,/ 1.E7+�D�: &*&?&H+��� ��� � � ��
 �V$##� �D�

' ,+66./ 1�9&,.&: *+��&9+<�6' +<4,/ 6</ ' .+�D�0.6' +,6./ 1�0+6�81+,H.+6�0+6�,&?/ 16�Z�� � .1F�� 
 � 
 �

6+,.+6�V##�0+�� ) 
� � ( �  � � �� 	 � � � �� � �</ 7' *8+�D�71+�&1&*?6+�0 .- &H+63�� &�H,&17*/ - 84,.+�&�

848�&1&*?68+� ' &,� 0.BB,&<4./ 1� *&6+,�&9+<�71�H,&17*/ - 54,+�64&10&,0� � � �� � � � � � &64+,6.I +,3�

� / 74+� <+44+� - 84( / 0/ */ H.+� &� 848� 08<,.4+� +1� 084&.*� 0&16� 0 &74,+6� 4,&9&7@� �� +,- .**/ 0�

� */ 10.1�� ��� ����" ##V̀ �<( &' .4,+�" �+4�&11+@+�� 3" �0+�*&�4( 56+�67,�� 	 �3�

�

� / 1<+,1&14� *+� ' / 4+14.+*� 0+� H818,&4./ 1� 0 &<.0+�� &7<71� +66&.� 0+� B*/ 44&4./ 1� 1 &� 848�

.14+,,/ - ' 7� &9&14� U" � - .1� 0+� B*/ 44&4./ 13� � &,� </ 168E7+14�� *&� ' 7*' +� ,86.07+**+� 1 84&.4� ' &6�

&<<+66.: *+� ' / 7,� B&.,+� 71+� 084+,- .1&4./ 1� 07� � � � <( .- .E7+� &7� </ 7,6� 0 71� +66&.� 6+*/ 1� *&�

- 84( / 0+� 0+� � &S,+1<+� +4� J &1H� �U[ [ W�� �4+64� 0+� 
 / : +F� - / 0.B.8�3� �  &*.- +14&4./ 1�� *+6�

E7&4,+�</ 1<+14,86�+4�*+�,86.07�B.1&*�84&.+14�6+7*6�&<<+66.: *+6�D�*&�- +67,+3�� +�' / 4+14.+*�0+�

1+74,&*.6&4./ 1� � � � � � 1 &� 0/ 1<� ' &6� 848� - +67,8� 0.,+<4+- +14�� - &.6� <&*<7*8� +1� ' ,+1&14� +1�

</ - ' 4+� *&� </ - ' / 6.4./ 1� - .18,&*/ H.E7+� ,86.07+**+3� � +44+� 0+,1.5,+� +64� / : 4+17+� +1�

6/ 764,&?&14� *&� </ - ' / 6.4./ 1� 0+� <( &E7+� </ 1<+14,8� D� *&� - .18,&*/ H.+� 0+� * &*.- +14&4./ 13�

�  8E7&4./ 1�0+�� &S,+1<+�+4�
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/ v���� � � �+64�*+�' / 4+14.+*�0+�1+74,&*.6&4./ 1��+1�FH�� &� 
 VR4� �̀

� � &� 
 V�+64�*&�- &66+�- / *&.,+�0+�� &� 
 V��+1�HR- / *� �̀

� � .�+64�*&�- &66+�- / *&.,+�07�- .18,&*�� .��+1�HR- / *� �̀

� � .�+64�*&�' ,/ ' / ,4./ 1�- &66.E7+�07�- .18,&*�� .��+1�f �' / .06� �̀

� � .�+64�*+�B&<4+7,�0+�,8&<4.9.48�,+*&4.9+�07�- .18,&*�� .�6+*/ 1�*+�4&: *+&7�U�0+�GS/ 1H�

�U[ [ V���6&16�71.48� �̀

1: �+64�*+�1/ - : ,+�4/ 4&*�0+�- .18,&7@�1+74,&*.6&14�0&16�* 8<( &14.**/ 1��1: �_�$�0&16�*+�

<&6�8470.8���E7&,4I ��&*: .4+��- 76</ 9.4+��<( */ ,.4+�+4�&<4.1/ *.4+�3�

�

� +' +10&14�� *+� ' / 4+14.+*� 0+� 1+74,&*.6&4./ 1� - .18,&*/ H.E7+� ' +74� 1+� ' &6� </ ,,+6' / 10,+�

' &,B&.4+- +14�&9+<�*+�� � �<( .- .E7+�0.,+<4+- +14�- +67,8�' &,�*&�- 84( / 0+�0+�
 / : +F�- / 0.B.8�

� � &S,+1<+�+4�J &1H��U[ [ W��E7.�+64�*&�' *76�</ 7,&- - +14�74.*.68+�� � *&14+��" ##X�3�� 1�+66&.�

</ - ' &,&4.B�0+6�0+7@�� � �� � � �<( .- .E7+�- +67,8�6+*/ 1�
 / : +F�- / 0.B.8�+4�� � �- .18,&*/ H.E7+�

<&*<7*8� 6+*/ 1� * 8E7&4./ 1� 23U�� ' / 7,� *+6� 6.@� 8<( &14.**/ 16� .6676� 0 71� +66&.� �6/ .4��

* &*.- +14&4./ 1��*+6�E7&4,+�</ 1<+14,86�+4�*+�,86.07�B.1&*��&� ' +,- .6�0 / : 4+1.,�71+�8E7&4./ 1�

0+� </ ,,+<4./ 13� � &� B.H7,+� 23$� ' ,86+14+� *+� H,&' ( .E7+� 84&: *.66&14� *&� </ - ' &,&.6/ 1� 07� � � �

<( .- .E7+�+1�B/ 1<4./ 1�07�� � �- .18,&*/ H.E7+3��  8E7&4./ 1�0+�</ ,,+<4./ 1�0+�*&�B.H7,+�23$�&�

848�84&: *.+�' / 7,�</ ,,8*+,�*+6�9&*+7,6�- +67,8+6�+4�<&*<7*8+6�07�' / 4+14.+*�0+�1+74,&*.6&4./ 13�

�

� +� ' / 4+14.+*� 0 &<.0.48� +64� 0.,+<4+- +14� <&*<7*8� D� ' &,4.,� 0+� *&� </ - ' / 6.4./ 1� +1� 6/ 7B,+�

,86.07+*� 0+� * &*.- +14&4./ 1� +4� 0+6� 0.BB8,+146� ' ,/ 07.46� 0+� *&� B*/ 44&4./ 13� � +44+� - 84( / 0+�
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� &�B.H7,+�23U" �,&66+- : *+�*+6�9&,.&4./ 16�07�' � ��� ( �+4�0+�* / @?H51+�0.66/ 76�' +10&14�4/ 74+6�

*+6�84&' +6�0+�</ 10.4./ 11+- +14�+4�0+�B*/ 44&4./ 1�&.16.�E7+�' / 7,�<( &E7+�</ 1<+14,8�+4�,86.07�

B.1&*� &7@� 0.BB8,+146� ' � � 0+� B*/ 44&4./ 13� � +� 67.9.� 07� ' � � 1 &� ' &6� - / 14,8� 0+� 9&,.&4./ 1�

' &,4.<7*.5,+� �B.H7,+�23U" �� � �̀ .*�84&.4� ' *74; 4�64&: *+� �&*<&*.1.48�.- ' / 68+�07,&14�*+� : ,/ ?&H+��

&9+<� 71+� *8H5,+� 0.- .174./ 1� ' +10&14� *&� 64&: .*.6&4./ 1� 0+� *&� ' 7*' +3� �  84&' +� 0+�

</ 10.4./ 11+- +14� 07� ' � � &� ' +,- .6� 0 &44+.10,+� *+� ' � � 086.,83� 	 7,&14� * 84&' +� 0+�

</ 10.4./ 11+- +14� +1� </ **+<4+7,�� / 1�&� ' 7� / : 6+,9+,� 71+� *8H5,+� &7H- +14&4./ 1� 07� ' � ��B/ ,4�

' ,/ : &: *+- +14� &44,.: 7&: *+� D� *&� B/ ,4+�&*<&*.1.48� 0+� *&� 6/ *74./ 1�- 5,+� 07� </ **+<4+7,� �B.H7,+�

23U" �� �3��  84&' +�0+�B*/ 44&4./ 1�&�- .6�+1�89.0+1<+�71+�89/ *74./ 1�- &>+7,+�07�' � �&9+<�71+�

0.- .174./ 1� ' / 7,� *+6� ' � � *+6� ' *76�&*<&*.16�+4�71�&<<,/ .66+- +14� ' / 7,� *+6� ' � �1+74,+63� � +6�

9&,.&4./ 16�6/ 14�6?14( 84.68+6�67,�*&�B.H7,+�23UV3�� +�' � �0 8E7.*.: ,+�6 +64�4+17�&74/ 7,�0+�Y�+4�

&7<71+�9&,.&4./ 1�6.H1.B.<&4.9+�1 &�848�/ : 6+,98+�' +10&14�*&�B*/ 44&4./ 1��B.H7,+�23UV�3��

�
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�

� +�' / 4+14.+*�0 / @?0/ ,807<4./ 1�� � ( � �&�&766.�9&,.8��B.H7,+�23U" �� �3�	 7,&14�*&�64&: .*.6&4./ 1�

0+� *&� ' 7*' +�� 71+�<( 74+�07� ' / 4+14.+*� 0 +19.,/ 1�U##� - � �&�848� / : 6+,98+� ' +10&14� *+6�0.@�

' ,+- .5,+6�- .174+63�� +�� ( �+64�0+- +7,8�64&: *+�+167.4+�>76E7 D�* 84&' +�0+�</ 10.4./ 11+- +14�

07�' � ��/ v�* &00.4./ 1�0 &<.0+�67*B7,.E7+�+4�*&�<( 74+�07�' � �/ 14�<&768�71+�&7H- +14&4./ 1�07�

� ( 3��  &- ' *+7,�0+�* &7H- +14&4./ 1�08' +10&.4�07�' � �0+�,8&<4.9&4./ 1�+4�' *76�*+�' � �84&.4�: &6��

' *76� *+� � ( � 84&.4� .- ' / ,4&143� � +� ' / 4+14.+*� 0 / @?0/ ,807<4./ 1� &� &7H- +148� *8H5,+- +14�

' +10&14�*&�67.4+�0+�* 84&' +�0+�</ 10.4./ 11+- +14�07�' � �' / 7,�+167.4+�0.- .17+,�*8H5,+- +14�

67.4+�D�* &00.4./ 1�07�</ **+<4+7,3�� +�0+,1.+,�+64�: .+1�</ 117�' / 7,�&9/ .,�71�+BB+4�,807<4+7,�

9.&� *+� </ 7' *+� 0 / @?0/ ,807<4./ 1� 0.@&14( / H51+R@&14( &4+� ./ 1.E7+� �� ,&( &,�� U[ YX̀ � J / / 06��

U[ YX�3� �  84&' +� 0+� B*/ 44&4./ 1� &� - / 14,8� 71+� &7H- +14&4./ 1� .- ' / ,4&14+� 07� ' / 4+14.+*�

0 / @?0/ ,807<4./ 1�0 +19.,/ 1�U$#�- � ��E7+*�E7+�6/ .4�*+�' � ��B.H7,+�23UV�3�

�

� &,�&.**+7,6��*&�</ 1<+14,&4./ 1�+1�/ @?H51+�0.66/ 76�&�- / 14,8�71+�B/ ,4+�08<,/ .66&1<+�07,&14�

*+6�0.@�' ,+- .5,+6�- .174+6�</ - - +�*+�- / 14,+�*&�B.H7,+�23U" �� 3�� &�9&,.&4./ 1�0+�* / @?H51+��

' +10&14�*+�0.@�' ,+- .5,+�- .174+6��&�848�- / 08*.68+�' &,�71+�+@' / 1+14.+**+�0+�' ,+- .+,�/ ,0,+�

' &,� * 8E7&4./ 1� �23[ � 74.*.68+� ' &,� � ,++4� � �� � ��� �" ##X&�3� � +*&� &�&: / 74.� D� 71+� </ 1<+14,&4./ 1�

.1.4.&*+�0 / @?H51+�� #�&74/ 7,�0+�$�#�D�$�[ �- HR� ��1+44+- +14�.1B8,.+7,+�D�*&�</ 1<+14,&4./ 1�D�

* 8E7.*.: ,+�0+�* / ,0,+�0+�[ �- HR� �D�" #�{� �� � .0+��" ###�3�� +6�67*B7,+6�0+�*&�' 7*' +�/ 14�0/ 1<�

08>D�</ - - +1<8�D�</ 16/ - - +,�* / @?H51+3�� &�</ 164&14+�0+�9&,.&4./ 1�9&74�+14,+��#�" W�+4��

#�VV�- .1�U�' / 7,�*+6�6+' 4�' ,+- .5,+6�- .174+6�0+�*&�64&: .*.6&4./ 1�0+�*&�' 7*' +3��

�
/���� #= � � � � � � � � � � � � b23[ c�

�

/ v��� � �+64�*&�</ 1<+14,&4./ 1�+1�/ @?H51+�0.66/ 76�&7�4+- ' 6�4��+1�- HR� � �̀

� � #�+64�*&�</ 1<+14,&4./ 1�.1.4.&*+�+1�/ @?H51+�0.66/ 76��+1�- HR� � �̀

G�+64�*&�</ 164&14+�0+�9&,.&4./ 1�0+�* / @?H51+��+1�- .1�U� �̀

4�+64�*+�4+- ' 6��+1�- .1�3�

�

�
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�
� .H7,+��23U" ���� � &,&- 54,+6� ' ( ?6.</ �<( .- .E7+6� 07,&14� *+6� 0.BB8,+14+6� 84&' +6� 0+� </ 10.4./ 11+- +14� +4� 0+�
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�

� � � � 9/ *74./ 1� 07� ' � �̀ � � � � 9/ *74./ 1� 07� ' / 4+14.+*� 0 / @?0/ ,807<4./ 1 �̀ +4� � � � � 9/ *74./ 1� 0+� *&�

</ 1<+14,&4./ 1�+1�/ @?H51+�0.66/ 76�' / 7,�*+6�0.BB8,+146�' � �0+�B*/ 44&4./ 1���&��' � �UU�$ �̀: � �' � �U#�[ �̀<� �

' � �U# �̀0��' � �[ �̀+� �' � �Ỳ �B��' � �W�" �̀H��' � �2�" �

�

�

� ' ,56�U#�- .1�0+�</ 10.4./ 11+- +14��*&�4+1+7,�+1�/ @?H51+�84&.4�64&: *+�D�#�V�- HR� �' +10&14�

4/ 74+6�*+6�84&' +6�0+�</ 10.4./ 11+- +143�� +6�9&*+7,6�- +67,8+6�&7�1.9+&7�0+6�</ 1<+14,86�0+�

B*/ 44&4./ 1�,895*+14�71+�&7H- +14&4./ 1�0+�* / @?H51+�0.66/ 76�&7�0+*D�0+�*&�9&*+7,�.1.4.&*+�0+�

* +66&.3� � +44+� &7H- +14&4./ 1� +64� ' ,.1<.' &*+- +14� &44,.: 7&: *+� D� * &8,&4./ 1� 07� ' ,/ <808� 0+�

B*/ 44&4./ 13�

�

�
� .H7,+��23UV��� � &,.&4./ 1� 07� ' � � +4� 07� � ( � ' +10&14� * 84&' +� 0+� B*/ 44&4./ 1� +1� B/ 1<4./ 1� 07� ' � � .1.4.&*� 0+�

B*/ 44&4./ 1�D�71+�</ 1<+14,&4./ 1�.1.4.&*+�+1�@&14( &4+�0+�U##�HR4��

�

�
� 1� 97+� 0 .14+,' ,84+,� *&� <( .- .+� 0+6� ' 7*' +6� 8470.8+6�� *&� B.H7,+� 23UX� ' ,86+14+�� 67,� 4,/ .6�

H,&' ( .E7+6�0.BB8,+146�� *+6� ,+*&4./ 16�+14,+� *+6� ' &,&- 54,+6� ' ( ?6.</ �<( .- .E7+6��� � ( �� ' � � +4�

/ @?H51+� 0.66/ 763� � &� B.H7,+� 23UX�� � ' ,86+14+� *&� 9&,.&4./ 1� 07� � ( � +1� B/ 1<4./ 1� 0+� *&�
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�

</ 1<+14,&4./ 1� +1� / @?H51+� 0.66/ 763� � +6� H,&' ( .E7+6� 0+6� B.H7,+6� 23UX�� � +4� � � ' ,86+14+14�

4/ 76� *+6� 0+7@� *&� 9&,.&4./ 1� 07� � ( � +1� B/ 1<4./ 1� 07� ' � 3� � &� B.H7,+� 23UX�� � ' ,86+14+� *+6�

0/ 118+6� : ,74+6� +4� *&� B.H7,+� 23UX�� � - / 14,+� 71.E7+- +14� *+6� 4+10&1<+6� 0+6� 0.BB8,+14+6�

9&,.&4./ 16�� ( � ' � �6+*/ 1�*+6�84&' +6�0+�</ 10.4./ 11+- +143�� +6�9&,.&4./ 16�.0+14.E7+6�07�� ( �+4�

0+� * / @?H51+�0.66/ 76� ' +10&14�*+6�0.@� ' ,+- .5,+6� - .174+6�0+�*&�64&: .*.6&4./ 1�0+� *&� ' 7*' +�

/ 14�848�</ 1B.,- 8+6� ' &,�*&�</ ,,8*&4./ 1�,+*&4.9+- +14�*.18&.,+�/ : 4+17+�.108' +10&- - +14�07�

' � ��B.H7,+�23UX�� �3�� ( &10+,��" ##V��&�6?14( 84.68�*+6�</ 11&.66&1<+6�67,�*+�' / 4+14.+*�,80/ @�

0 71+�' 7*' +�- .18,&*+�+1�,+*&4./ 1�&9+<�*+�' ,/ <808�0+�B*/ 44&4./ 13��*�&�848�- / 14,8�E7+��0&16�

*+6� 6?645- +6� &8,86�� *+� ' / 4+14.+*� 0 / @?0/ ,807<4./ 1� +64� ' ,.1<.' &*+- +14� </ 14,; *8� ' &,�

* / @?H51+3��

�

�  8E7&4./ 1� 0+� � � � � � �� 07� </ 7' *+� ,80/ @� 
 "R� " 
 � �8E7&4./ 1� �23U#�� &� </ 1B.,- 8� *&�

08<,/ .66&1<+�07�' / 4+14.+*�0 / @?0/ ,807<4./ 1�6+*/ 1�*&�' ,+66./ 1�' &,4.+**+�+1�/ @?H51+�� ' 
 " �

� � +,164��U[ " U� ����

�

� �_�� #�e�#�#U" �*/ H�� ' 
 " � �\ �#�#$[ �' � � � � � � � � b23U#c�

�

/ v��� � �+64�*+�' / 4+14.+*�0 / @?0/ ,807<4./ 1�D�* 8E7.*.: ,+��+1�� � �̀

� � #�+64�*+�' / 4+14.+*�0 / @?0/ ,807<4./ 1�64&10&,0�07�</ 7' *+�
 "R� " 
 ��+1�� � �̀

� � ' 
 " �+64�*&�' ,+66./ 1�' &,4.+**+�,+*&4.9+�+1�/ @?H51+��6&16�71.48� �̀

' � � +64� * / ' ' / 68� 07� */ H&,.4( - +� 0+� *&� </ 1<+14,&4./ 1� 0+� ' ,/ 4/ 1� +1� 6/ *74./ 1� �6&16�

71.48��

�

� +' +10&14��*+�</ +BB.<.+14�0+�9&,.&4./ 1�+@' 8,.- +14&*��B.H7,+�23UX�� � �84&.4�' *74; 4�' ,/ <( +�0+�

#�#$#��+1�67' ' / 6&14�71+�4+- ' 8,&47,+�+4�71+�' ,+66./ 1�0+�H&I �</ 164&14+6�0&16�*&�6/ *74./ 1��

<+� E7.� +64� 1+44+- +14� ' *76� 8*+98� E7+� *&� 9&*+7,� 0+� #�#U" � / : 4+17+� &9+<� * 8E7&4./ 1� 23U#3�

	  &74,+6�+6' 5<+6� ' +79+14�0/ 1<�] 4,+�.- ' *.E78+6�0&16�* 8E7.*.: ,+�0 / @?0/ ,807<4./ 1�0+�*&�

' ,86+14+�8470+3�� &10�+4�J / / 06��U[ YX��/ 14�/ : 6+,98�*+6�+BB+46�0+�*&�</ 1<+14,&4./ 1�4/ 4&*+�+1�

B+,�67,� *&� - +67,+�07� � ( ��+1� ' ,86+1<+�0 / @?H51+3� � ' ,56�U#� - .174+6�0+�64&: .*.6&4./ 1�0+�



244 

�

�
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�

</ 10.4./ 11+- +14�+4�* 84&' +�0+�B*/ 44&4./ 1��

� � �� ( �+1�B/ 1<4./ 1�0+�*&�</ 1<+14,&4./ 1�+1�/ @?H51+�0.66/ 76�&9+<�* / ,.+14&4./ 1�0+�<,/ .66&1<+�07�4+- ' 6�

0+�4�_�#�- .1�9+,6�4�_�U#�- .1��B*5<( +�' / .14.**8+��+4�I / 1+�0+�* 84&' +�0+�B*/ 44&4./ 1��+**.' 6+�' / .14.**8+��

&7@�0.BB8,+146�' � �0+�B*/ 44&4./ 1���&��' � �UU�$ �̀: � �' � �U#�[ �̀<��' � �U# �̀0��' � �[ �̀+� �' � �Ỳ �B��' � �W�" �̀H��

' � �2�" �̀ � � � 	 .&H,&- - +�� ( � ' � �+4�� � � 	 .&H,&- - +�� ( � ' � �&9+<�67' +,' / 6.4./ 1�0+6�I / 1+6�0+�64&: .*.48�

0+6�+6' 5<+6�07�B+,�+1�6/ *74./ 1� ' / 7,�*+6�0.BB8,+14+6�84&' +6�0+�</ 10.4./ 11+- +14���64&: .*.6&4./ 1�0+�*&�

' 7*' +� �B*5<( +6� ' / .14.**8+6�( &<( 7,8+6��� *+� </ 10.4./ 11+- +14� 07� ' � � �B*5<( +6� ( &<( 7,8+6��� *+�

</ 10.4./ 11+- +14� +1� </ **+<4+7,� �B*5<( +6� ' *+.1+6�� +4� * 84&' +� 0+� B*/ 44&4./ 1� �B*5<( +6� ' / .14.**8+6�� D�

0.9+,6+�' � �0+�B*/ 44&4./ 1��&��' � �UU�$ �̀: � �' � �U#�[ �̀<��' � �U# �̀0��' � �[ �̀+� �' � �Ỳ �B��' � �W�" �̀H��' � �2�" � �

�

�

' 7*' +��*+�' / 4+14.+*�0 / @?0/ ,807<4./ 1�1 &�' *76�848�</ 14,; *8�' &,�* / @?H51+�0.66/ 76��<&,�6&�

</ 1<+14,&4./ 1�84&.4�4,/ ' �: &66+��+1�0+66/ 76�0+�#�$�- HR� �0 / @?H51+�0.66/ 76�3�� &�6?14( 56+�

0+� � ( &10+,� �" ##V�� +@' *.E7+� : .+1� E7 +1� * &: 6+1<+� 0 / @?H51+�� *+� ' / 4+14.+*�

0 / @?0/ ,807<4./ 1�' +74�] 4,+�</ 14,; *8�' &,�*+�' � 3�� +6�9&,.&4./ 16�� ( � ' � �/ 14�</ 1B.,- 8�<+44+�

+@' *.<&4./ 1�+1� - / 14,&14�0+6�9&,.&4./ 16�</ - ' *+@+6�07� ' / 4+14.+*�&9+<� *+� ' � � 0+� *&� ' 7*' +�

�B.H7,+�23UX�� �3�� / 7,�6.- ' *.B.+,�*+�0.&H,&- - +�+4�+@4,&.,+�*+6�9&,.&4./ 16�� ( � ' � ��*+6�E7&4,+�

84&' +6�0+6�+66&.6��64&: .*.6&4./ 1�0+�*&�' 7*' +��</ 10.4./ 11+- +14�07�' � ��</ 10.4./ 11+- +14�+1�

</ **+<4+7,� +4� B*/ 44&4./ 1�� / 14� 848� .**764,8+6� 71.E7+- +14� ' &,� 0+6� B*5<( +6� &9+<� 0.BB8,+146�

B.H7,86��B.H7,+�23UX�� �3�� +�6+16�0+6�B*5<( +6�.10.E7+�*+�6+16�0 89/ *74./ 1�0+�*&�,+*&4./ 1�� ( �

' � �&9+<�*+�4+- ' 6�0+�</ 10.4./ 11+- +14�0+�* 84&' +3�� +�<( / .@�0 71�,&' ' / ,4�� +� �R� +� � ��_�URW#�

&�848�B&.4�+1�</ 1B/ ,- .48�&9+<�*+6�&1&*?6+6�<( .- .E7+6�07�B+,�+1�6/ *74./ 1� ' ,86+148+6� ' *76�

*/ .1�D�*&�B.H7,+�23U$3�� &�' / 6.4./ 1�0+�*&�B,/ 14.5,+�� +" eR� +�
 � � "
e�07�0.&H,&- - +�0+�' ( &6+6�

0+�*&�B.H7,+�23UX�� �9&,.+�+1�B/ 1<4./ 1�07�,&' ' / ,4�� +� �R� +� � �3�� +�,&' ' / ,4�� +� �R� +� � ��&�0/ 1<�848�

<( / .6.�0+�- &1.5,+�D�B&.,+�</ €1<.0+,�*+6�' � �+4�� ( �- +67,86�*/ ,6�0+�* &1&*?6+�<( .- .E7+�07�

B+,�+1�6/ *74./ 1�&9+<�*&�B,/ 14.5,+�� +" eR� +�
 � � "
e3�

�

	 &16�*&�B.H7,+�23UX�� ��* 84&' +�0+�64&: .*.6&4./ 1�0+�*&�' 7*' +�1 &�' ,86+148�&7<71+�9&,.&4./ 1�

&9+<�*+�' � �</ - - +�' ,8<80+- - +14�/ : 6+,98+��B.H7,+�23UV�3�� 1�<+�E7.�</ 1<+,1+�*+6�84&' +6�

0+�</ 10.4./ 11+- +14�07�' � �+4�07�</ **+<4+7,��4,/ .6�4?' +6�0+�</ - ' / ,4+- +14�0&16�* 89/ *74./ 1�

' � � � ( �6/ 14�1/ 4&: *+6���
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�

.� � +6�4+646�0+�B*/ 44&4./ 1�D�' � �U#��[ �+4�Y�/ 14�- / 14,8�0+6�89/ *74./ 16�.0+14.E7+6�0+�*&�

,+*&4./ 1� � ( � ' � � �B.H7,+� 23UX�� �� +66&.6� <�� 0� +4� +�3� � / 7,� <+6� ' � �� * 84&' +� 0+�

</ 10.4./ 11+- +14�07� ' � �&�848�<&,&<48,.68+� ' &,�71+�&7H- +14&4./ 1�07� � ( 3� 	 7,&14�

* 84&' +�0+�</ 10.4./ 11+- +14�+1�</ **+<4+7,��71+�&7H- +14&4./ 1�07�� ( �&66/ <.8+�D�71+�

*8H5,+�0.- .174./ 1�07� ' � �&�848� / : 6+,983� � +6�0+7@�89/ *74./ 16� / 14� *&�B/ ,- +�0 71�

*&- 0&�• �&9+<�*+6�' / .14+6�0+6�B*5<( +6�9+,6�*+�( &74̀�

..� � &� B*/ 44&4./ 1� D� ' � � W� &� - / 14,8� 71� 0+7@.5- +� 4?' +� 0+� </ - ' / ,4+- +143� � +6� 0+7@�

84&' +6� 0+� </ 10.4./ 11+- +14� 07� ' � � +4� 07� </ **+<4+7,� / 14� </ 117� 71+� 89/ *74./ 1�

' &,&**5*+�0+� *&� ,+*&4./ 1� � ( � ' � ���&7H- +14&4./ 1� 07� � ( �&9+<�&7H- +14&4./ 1� 07� ' � �

�B.H7,+�23UX�� �B� �̀

...� � +�4+64�0+�B*/ 44&4./ 1�D�' � �2�&� ' ,86+148�71�4,/ .6.5- +�4?' +�0+�</ - ' / ,4+- +14�0&16�

*+E7+*� *+6� 84&' +6� 0+� </ 10.4./ 11+- +14� 07� ' � � +4� 07� </ **+<4+7,� / 14� - / 14,8� 71+�

89/ *74./ 1�' &,&**5*+���0.- .174./ 1�07�� ( �&9+<�&7H- +14&4./ 1�07�' � ��B.H7,+�23UX�� �

H�3�

�

� 1�&: 6+1<+�0 / @?H51+��*&�9&*+7,�07�� ( �+64�.1B*7+1<8+�' &,�*+�,&' ' / ,4�� +�� � �R� +�� � � � �+4�1/ 1�

' &,� *&� </ 1<+14,&4./ 1� 4/ 4&*+� +1� B+,� � � &10� +4� J / / 06�� U[ YX̀ � � ( &10+,�� " ##V�3� � &�

67' +,' / 6.4./ 1�0+6�9&,.&4./ 16� � ( � ' � �&9+<� *+�0.&H,&- - +� � ( � ' � � 0+�6' 8<.&4./ 1�07�B+,�+1�

6/ *74./ 1� &� - / 14,8� *&� </ ,,+6' / 10&1<+� 0+6� 4,/ .6� </ - ' / ,4+- +146� 0.BB8,+146� 08<,.46�

' ,8<80+- - +14�&9+<�*+6�0/ - &.1+6�0+�64&: .*.48�0+�4,/ .6�+6' 5<+6�07�B+,�+1�- .*.+7�&E7+7@3�

� +6� ' � � 0+�B*/ 44&4./ 1� 2�" � +4�W�" �&.16.�E7+� *+�H,/ 7' +� ,&66+- : *&14� *+6�<.1E�&74,+6� ' � � 0+�

B*/ 44&4./ 1� </ ,,+6' / 10+14� ,+6' +<4.9+- +14� &7� 0/ - &.1+� 0+� 64&: .*.48� 0+� � +" e�� � +�
 � � "
e� +4�

� +�
 � �V3�� +<.�</ 1B.,- +�* .- ' / ,4&1<+�0+�*&�<( .- .+�07�B+,�0&16�*+�</ 14,; *+�0+6�</ 10.4./ 16�

0 / @?0/ ,807<4./ 1�0 71+�' 7*' +�- .18,&*+3�

�

�  84&' +�0+�</ 10.4./ 11+- +14�07�' � �6+- : *+�>/ 7+,�71�,; *+�<+14,&*�0&16�*&�,8&<4.9&4./ 1�0+6�

67*B7,+6� +4� 0&16� *&� B*/ 44&4./ 1� 0+� *&� ' ?,.4+3� � B.1� 0+� ' ,8<.6+,� * .1B*7+1<+� 07� ' � � 67,� *+6�

67,B&<+6�0+�*&�' ?,.4+��*&�<( .- .+�0+�* 84&' +�0+�</ 10.4./ 11+- +14�07�' � �&�848�&1&*?68+�' &,�

71�&74,+�4+64��*.- .48�<+44+�B/ .6�<.�&7@�84&' +6�0+�64&: .*.6&4./ 1�+4�0+�</ 10.4./ 11+- +14�07�' � 3�
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�
� .H7,+��23U$��� � &,&- 54,+6�' ( ?6.</ �<( .- .E7+6�+1�B/ 1<4./ 1�07�' � �0+�,8&<4.9&4./ 1��

� � � ' � �+4� � ( �+1�B/ 1<4./ 1�07�9/ *7- +�<7- 7*8�0 &<.0+�67*B7,.E7+̀ � � � � � &�� � +�+1�6/ *74./ 1�+4�9/ *7- +�

<7- 7*8�0 &<.0+�&>/ 748�+1�B/ 1<4./ 1�07�' � �0+�,8&<4.9&4./ 1�+4�� � �	 .&H,&- - +�� ( � ' � �0+6�0/ 118+6�0+�

,8&<4.9&4./ 1�&9+<�67' +,' / 6.4./ 1�0+6�0/ - &.1+6�0+�64&: .*.48�0+6�+6' 5<+6�07�B+,�+1�6/ *74./ 1��
�
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�

� &�B.H7,+�23U$�� � ' ,86+14+�*+6�9&,.&4./ 16�07� ' � �+4�07�� ( �+1�B/ 1<4./ 1�0+�* &>/ 74�H,&07+*�

0 &<.0+�67*B7,.E7+3�	 +7@�I / 1+6�/ 14�848�1/ 48+6���*+6�' ,+- .5,+6�H/ 744+6�0 &<.0+�67*B7,.E7+�

/ 14�+14,&K18�71+�08<,/ .66&1<+�,&' .0+�07�' � �+1�&66/ <.&4./ 1�&9+<�71+�<,/ .66&1<+�,&' .0+�07�

� ( 3�� 7.6��+1�0+66/ 76�0+�' � �W�$��&7�0+6676�0+�� ( �_�#�" $#�� � ��*&�08<,/ .66&1<+�07�' � �&.16.�

E7+�*&�<,/ .66&1<+�07�� ( �/ 14�848�,&*+14.+6��B.H7,+�23U$�� �3�� &�B.H7,+�23U$�� �,&66+- : *+�*+6�

&1&*?6+6� <( .- .E7+6� 0+� *&� 6/ *74./ 1� 0+� *&� ' 7*' +� �67.4+� D� 71+� B.*4,&4./ 1�� ,8&*.68+6� ' / 7,�

0.BB8,+146�' � �0+�,8&<4.9&4./ 13�� &�</ 1<+14,&4./ 1�+1�./ 1�<&*<.7- �6+*/ 1�*+�' � �&�- / 14,8�71+�

89/ *74./ 1�6.- .*&.,+�&7@�&>/ 746�0 &<.0+�67*B7,.E7+�18<+66&.,+6�' / 7,�&44+.10,+�71�' � �0/ 1183�

� +6� ./ 16� <&*<.7- � +1� 6/ *74./ 1� +4� * &>/ 74� 0 &<.0+� 67*B7,.E7+� 0+� ,8&<4.9&4./ 1� 6/ 14� 0/ 1<�

,+*.86�� ' ,/ : &: *+- +14� ' &,� *&� 0.66/ *74./ 1� 0 71� </ - ' / 68� ' / ,4+7,� 0+� <&*<.7- 3� � &�

</ 1<+14,&4./ 1�+1�<&*<.7- �&�&7H- +148�6.H1.B.<&4.9+- +14�' / 7,�0+6�' � �.1B8,.+7,6�D�W�$3�� +�

,&*+14.66+- +14�0+�*&�08<,/ .66&1<+�07�' � �&9+<�* &>/ 74�0 &<.0+�67*B7,.E7+�&�848�&66/ <.8�&7�

,+*&,H&H+� 0+� <&*<.7- � +1� 6/ *74./ 1� ' &,� 71+� +6' 5<+� ' / ,4+76+� 0+� <&*<.7- � �+@3� <( &7@�

( ?0,&48+�3�� 1�0+66/ 76�0+�' � �2��*+�B+,�4/ 4&*�&�848�&766.�&1&*?68�+4�&�' +,- .6�0+�- +44,+�+1�

89.0+1<+� 71+� 1+44+� &7H- +14&4./ 1� 0+� 6&� </ 1<+14,&4./ 1� +1� 6/ *74./ 1� �B.H7,+� 23U$�� �3� � +6�

0/ 118+6�� ( � ' � �/ 14�848�' ,/ >+48+6�0&16�*+�0.&H,&- - +�0+�6' 8<.&4./ 1�07�B+,�+1�6/ *74./ 13�� +6�

B,/ 14.5,+6�0+6�0/ - &.1+6�0+� ' ,80/ - .1&1<+�0+6�+6' 5<+6�07�B+,�+1�6/ *74./ 1�08' +10+14�07�

,&' ' / ,4� � +��� �R� +�� � � � ��1/ 4&- - +14�*&�B,/ 14.5,+� � +" eR� +�
 � � "
e3� 	 &16�<+44+� ,+' ,86+14&4./ 1�

07� 0.&H,&- - +� 0+� 6' 8<.&4./ 1� 07� B+,� +1� 6/ *74./ 1�� *+� ,&' ' / ,4� � +�� � �R� +�� � � � � &� 848� 84&: *.� D�

URW#�&B.1�0+�B&.,+�</ €1<.0+,�*+�' &66&H+�0+�*&�B,/ 14.5,+�� +" eR� +�
 � � "
e�' &,�*+6�0/ 118+6�� ( �

' � � �B.H7,+�23U$�� � �&9+<�* .- ' / ,4&14+�</ 1<+14,&4./ 1�0+�B+,�&1&*?68+�+1�6/ *74./ 1�D� ' � �$�

0&16�*+6�0/ 118+6�0+�*&�B.H7,+�23U$�� 3�

�

� / 7,�</ 1B.,- +,�*+�,&' ' / ,4�� +�� � �R� +�� � � � �84&: *.�.10.,+<4+- +14��0+6�&1&*?6+6�0.,+<4+6�07�B+,�

+1� 6/ *74./ 1� 6/ 76� B/ ,- +� B+,,+7@� +4� B+,,.E7+� / 14� 848� +14,+' ,.6+6� ' +10&14� *+6� 0.BB8,+14+6�

84&' +6�0+�</ 10.4./ 11+- +14�+4�0+�B*/ 44&4./ 1�*/ ,6�0 71�+66&.�0+�B*/ 44&4./ 1�D�' � �2�&9+<�U##�

HR4�0+�</ **+<4+7,3�� &�B.H7,+�23U2�- / 14,+�E7+�*+6�</ 1<+14,&4./ 16�84&.+14�+1�0+66/ 76�0+�*&�

*.- .4+�0+�084+<4./ 1�' +10&14�*&�64&: .*.6&4./ 1�0+�*&�' 7*' +��</ 1B.,- &14�*&�' ,8<.' .4&4./ 1�07�B+,�

6/ 76�*&�B/ ,- +�� +�
 � �V�� ,&' ' / ,4�� +��� �R� +�� � � � �17*�3�� ' ,56�*+�</ 10.4./ 11+- +14�D�' � �2��*&�
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�

</ 1<+14,&4./ 1�07�B+,�B+,,+7@�+1�6/ *74./ 1�+64�0+9+17+�4,56�8*+98+3�� +**+�07�B+,�B+,,.E7+�&�

&766.� 848� &1&*?68+� ' / 7,� &: / 74.,� D� 71� ,&' ' / ,4� � +�� � �R� +�� � � � � &74/ 7,� 0+� $�� </ 1B.,- &14� *&�

' 8184,&4./ 1�0&16� *+�0/ - &.1+�0+�64&: .*.48�0+� � +" e� 07�0.&H,&- - +�0 8E7.*.: ,+�0+6� ' ( &6+6�

�B.H7,+�23U$�� �3��  84&' +�07�</ 10.4./ 11+- +14�07�</ **+<4+7,�&�' ,/ 9/ E78�*&�0.- .174./ 1�0+�

*&�</ 1<+14,&4./ 1�+1�B+,�B+,,+7@��&*/ ,6�E7+�<+**+�07�B+,�B+,,.E7+�&�&7H- +148�&: / 74.66&14�D�

71� ,&' ' / ,4� � +�� � �R� +�� � � � � ' ,/ <( +� 0+� " 3� �  &06/ ,' 4./ 1� 07� @&14( &4+� 6+- : *+� *.8+� D� *&�

6' 8<.&4./ 1�07�B+,�+1�6/ *74./ 13�� &�: &.66+�0+�*&�</ 1<+14,&4./ 1�07�B+,�+1�6/ *74./ 1�07,&14�*&�

B*/ 44&4./ 1�&�+- ' ] <( 8�*&�084+<4./ 1�07�B+,�6/ *7: *+3�

�

�
� .H7,+��23U2���� � / 1<+14,&4./ 1� 07� B+,� B+,,+7@� +4� 07� B+,� B+,,.E7+� +1� 6/ *74./ 1� ' +10&14� *+6� 84&' +6� 0+�

</ 10.4./ 11+- +14�+4�* 84&' +�0+�B*/ 44&4./ 1��0867*B7,&4./ 1�D�' � �2�+4�U##�HR4�0+�</ 1<+14,&4./ 1�

.1.4.&*+�+1�@&14( &4+�3�
 +7*�*+�,86.07�B.1&*�� �0+�* 84&' +�0+�B*/ 44&4./ 1�&�848�&1&*?68�

�

�

� +6� - +67,+6� +@' 8,.- +14&*+6� 0+6� </ 1<+14,&4./ 16� +1� B+,� B+,,+7@� +4� B+,,.E7+� 1 / 14� ' &6�

</ 1B.,- 8�*+�,&' ' / ,4�� +��� �R� +�� � � � �_�URW#�74.*.68�0&16�*+6�0.&H,&- - +6�0+�6' 8<.&4./ 1�07�B+,�

+1� - .*.+7� &E7+7@3� � 1� 0.&H,&- - +� 0+� 6' 8<.&4./ 1� 07� B+,� +1� - .*.+7� &E7+7@� +64� 71+�
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�

.14+,' ,84&4./ 1� 4( +,- / 0?1&- .E7+� +4� 64&4.E7+� 0+6� 0/ - &.1+6� 0+� ' ,80/ - .1&1<+� 0 +6' 5<+6�

<( .- .E7+63� � +' +10&14�� *+6� 8E7.*.: ,+6� <( .- .E7+6� B/ 14� &766.� .14+,9+1.,� 0+6� ,8&<4./ 16�

<.184.E7+63� � +6� 8E7.*.: ,+6� 89/ *7+14� 0/ 1<� &9+<� *+� 4+- ' 6� +4� *+6� </ 10.4./ 16� ' ( ?6.</ �

<( .- .E7+63�� +6�&1&*?6+6�07�B+,�+1�6/ *74./ 1�0+�*&�B.H7,+�23U$�� ��*+�,&' ' / ,4�� +��� �R� +�� � � � �

+64.- 8� ' &,�<+6�&1&*?6+6��*+�0.&H,&- - +�0+� ' ( &6+�07�B+,�+1�6/ *74./ 1�0+�*&�B.H7,+�23U$�� ��

&.16.�E7+�*&�6' 8<.&4./ 1�� +,� � � � � � +�� � � � � / : 4+17+�D�*&�B.H7,+�23U2�6+- : *+14�.10.E7+,�E7+�*+�

,&' ' / ,4� � +��� �R� +�� � � � � ' / 7,,&.4�9&,.+,�6+*/ 1� *+6�84&' +6�+@' 8,.- +14&*+6�+4�6+*/ 1� *+� ' � � 0+�

,8&<4.9&4./ 13�

�

23V3U3X3 � ( .- .+�0+�67,B&<+�

� +6�67,B&<+6�0+� *&� ' ?,.4+� / 14�848�0.BB.<.*+6�D�<&,&<48,.6+,� ' &,� 	 � � � � 
 3� 	 +�1/ - : ,+76+6�

.14+,B8,+1<+6�+@.64+14�+14,+�*+6�: &10+6�0+�9.: ,&4./ 1�0+6�- .18,&7@�0+�*&�H&1H7+�+4�<+**+6�

0+6�+6' 5<+6�67' +,B.<.+**+6�&06/ ,: 8+6�67,�*+6�' &,4.<7*+6�0+�' ?,.4+3�� &�' 7,+48�0+�*&�B,&<4./ 1�

0+�' ?,.4+�B*/ 448+�&�' +,- .6�0+�*.- .4+,�<+6�.14+,B8,+1<+6��1/ 4&- - +14�0&16�*+�<&6�07�' ,+- .+,�

</ 1<+14,8�� U��B.H7,+�23UW�3�� +' +10&14��- ] - +�0&16�� U��*+6�: &10+6�0+�9.: ,&4./ 1�
 � 
 �0+6�

67*B&4+6� 67' +,B.<.+*6� 0+� *&� ' ?,.4+� �UV##�[ ##� <- �U� � / 14� 848� *&,H+- +14� 67' +,' / 68+6� &7@�

: &10+6�0+�9.: ,&4./ 1� 
 .� 
 �0+6�6.*.<&4+6� �B.H7,+�23UẀ� : &10+6�0�+4�+��E7.�84&.+14� ' ,86+146�
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