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FTPIS – Plate-forme Technologique Française en Sécurité Industrielle – www.ftpis.fr 

 

� �
�

� � �

�� � �� �� � � � �� 	 � �� � 
 � �
 �� �� � � 
 � � � � � 
 � 	 � � �
�
�

�

� 
 � �� � � 
 � � � �� 
 ��� �� � � � � �� � ��� � � � � � �
 ��
 �� ��
� �
 � � �� 
 �� � � � �  � � 
 �! � � � �� � � " � ���
 � �
 � � 
 � #�
 �

$
 � �� � � � � �� � � �� � � ��� � � ��
 � �� �� � � 
 � ��� � � � � � �
 �� �
�

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

� � � � �� � � � � � 	 
 � � � � 
 � � � �� � � � � � � � 	 � � � � � � � � � � � � � 
 � 	 � � � � �� � � � � 	 � � ��� � +, , , -. � ! �� -. � / �

 � � � �
 � 0� � � ! 
 � � �� � �� � � 
 � �1� � 	 � � � � � � � � 
 � � � �� � � � � �� � � � 	 
 � � � � �� � � � � 	 � � �� � � � � � � �
+, , , -�� � � � � � �� �� � . 
 � 23� ! -� � 0/-� � ! � 4� � � " � �� � � � � �0� � � � � � 0
 � � � � � 
 � �� � � 
 � 5
 � � 5
 �
� � � � � � 0�� � 
 6� �� � ! �� � 
 3. � � � 
 � . � � � 7� �� 
 6� 
 � � � � ��� #� � � � �� � � � " 
 � � �
 � 
 � �
 � � 
 �
� � � ! � � �� �" �� � � � �� � � 
 � � +, , , -! � �
 3� �� � � 
 � -� � � /6� � � ! � � � � � #8
 � � �. � � 
 � . � " � � �� 
 � � �� �
� �� 
 �
 � �� 
 �� � �� � �� 
 � �� � � 
 � � � �� 
 ��� �� 
 � 5
 � � 5
 �� � �" 
 � � �� � �� 
 �
 � ��� � � � � � �
 ��
 �! � � � ��
 � �
� �� 
 � � * � � 
 � � � � � �  � � 
 � 
 � � �
 � � 
 � � � � � � 0
 � � * � � � � � 
 � � � 
 � � ! � � 8
 � � � � � � 8� �� � � � � 
 �
� 
 � 5
 � � 5
 � � . �� � � 
 � � � ! � � � � 
 � � � � � ! � � � 5� �� � � � ! ! 
 �� � � 1� . . � 
 � � � 0�� � � � � 6� � � � �� � � � � �
+� � � 6�� � � � � �6�
 � � -/ �
 � �
 � � � ! � 
 � � �+94� 
 �
 � � : / -�
�
� � � � � � 
 � �� � ! � 
 � �4� 
 �8� � � � � 
 � � 
 � � 
 � . � � � � 6� �
 � � ! � � � 
 � � � � � 
 � ! � � 8
 � � � �� � � " � � � � � � � � � �
�� " �� � � � * � ! � � � 
 � � 
 � � �
 � � � � � 8
 � � � 
 � � 
 � 5
 � � 5
 � 
 � � �
 � � � 
 � � � � � � 
 � � ! 
 � � ! 
 � � �" 
 � � " 
 � �
�
 � � � � 
 � � � 
 � �1� 0
 � � � � � 
 � �� � � 
 � 5
 � � 5
 �� � � � � � 0�� � 
 -� � � � � 
 � � � � 
 �8� � � � � 
 � ! 
 � � 
 � � � � �
* � � 5� � � 
 � ! � � � 
 � � � � ;� � 5� � 0
 � � � " 
 � � �
 � � ! 
 � � � � � 
 � � �� � � � 
 � � � 
 � � ! � � � � 
 � � � 8
 � � 
 � �
" � � �� � � � � � ��� #� � 
 � -� 	 ��
 � ! � � � � � � � 0� �
 � 
 � � �<� � 
 � �1� � � � � �� � �* � ! �� � �
 � � � � ! � � � 
 � � � � � 
 �
� 
 � � � � � � � � � 
 � -� � 
 � . � � � � � " � � � �� � �� . � � ���� 
 � � �
 � ! � � � 
 � � � � � � 1� � 
 � 0
 � � 
 � � 
 � ! � � 8
 � � �
� � ��� #� � � � �. � �� � ! � � � � � � �� � � �� 54� 
 � �� 
 ��1� 0
 � � � �� 
 ��� �� 
 � 5
 � � 5
 �� � � � � � 0�� � 
 -�
�
� � � � � �� � 	� 
 � � 	
� 	� � � � �� � 	� � 	
� � � � 
� 	� � � 	� �� � � 	� � 	� � � �� 	� � � � 	� �� � � � � � 	
� �� � � � 	� � � �� � 	
� 	
 � � �� 	
� 	 � ! 	� � 	
� �� � � "	
! 	
� �� 
 �� � � �� � 	� � 	
� 	#� � $� � %� 
� 	� � 	
� � � &� �� 	

	
	
� � � �� � � � 1� � 0� � �� � � �� � 	' 	 � �� � � � 	  $� 
 � 
� � 	 � � ( 
� 	 � �� � � � � � � 	 ) � � � *� �� � � � 	 +� 
	 � � � � 	
� � , � � � � 	 � �

� � 	+� � � � � � � 	 � � ( 
� 	 � �� � � � � � � 	 � �

� � 	 � � � � � 	 	 � � � �� � 	 ) � � � *� �� � � � 	 � � � �� 	 � �� � � � � 	
� � - 	� 
� � � $� � � � 	� �� � � � � 	� 
�
 �� � 	� � 

 �	� �� � � �� � "	
�



�

2 

�
�

: 
 � �! � � � 
 � � � � �� � � �� 
 �! � � 8
 � � ��� � � " � � � � �
 � �� 
 � �� � 5� � 0
 � �
 � �" � 
 �
� 
 �� � � � � � � �� 
 ��1� " 
 � �� �� 
 ��� �� 
 � 5
 � � 5
 �
 � �� � � � � �� � ��� � � � � � �
 ��
 �

�
	
	

� � � � �
 � � � � � � 0
 � � � ��
 � �! � � � �� �! � � � � �* �� 
 �. � � � � �* �! � � � 
 � � 
 � �� 
 � �! � � 8
 � � �� 
 �� 
 � 5
 � � 5
 �
�� � � " � � � � �
 � �0
 � � � � �� � �
 � �" � 
 �� 
 �� � � � � ��� 
 � ��
 � ��� � 
 � �
 � ��
 � �! � � � 
 � � � �� � � "	

	
	
! . �� 	 � � 	 %� � / � � � � � 	 � � 	 � � � � � 	 � � / &� � 	 � � 	 %� � � � � � � � �� � � � 	 � $� � � � 	 � � � � � � � 	 � �� %� � � � � 	 � � 	 0	
/ �� � � � � 	 � � 	 � � 	 1	 � � � � � %� � � � � � "	 2� � 	 � 3%� � � � 	 � � � � � 	 %� � 	 %� � � 	 &� � 	 � � 	 %� � � � � � � � 	 � � � 	 � � � � 
� � � � � 	
/ � �� 	 � � 	 . � �� � 	 � � � � � � � �� 	 � � � 	 � %%� � � $� � � 	 / � � $� � � � 	 � � 	 � � � $� � 
� � �� � 	 �� � � 
 � � � � � 	 %� � 
 � � � 	
� � %� � � � � 	 4	 � � � 	 � � � � � �� � � 	 � � � 
� 
 � � � 	 %� � 	 
� � � � � � � � � � � � � � 	 � 
 � � � 
 � � � 
 � � � � � � �� � � � � � � 
 � 
 � � �� � �
�� � � � � � �� ��� 	 �$� � %' 556 6 6 ".� %�� ". � 5� "	 2� 	 � � � � � � � 	 7� � � � � � 	 %� � / � � � � � 	 
� � � $� � � � 	 � � � � � 	 
� � 	
%� � � �� �%� � � � 	� . �� 	� � �� �� �� � 	
� 	/ � � � � � � 	� � 	� � � � � � � �� / � 	� � � � � � � � � 	� � � 	. � � � � � � 	%� � %� � �� �� � � "	
	
� � � � 	%� � � � � � � � 	 � � 	%� � 7� � � 	 � � / %
� � � 8	
� 	9	, �� $� 	 � � �� � � � � �� � 	 � � 	%� � 7� � 	: 	 � � � � � � �&
� 	 � � � 	 
� 	 � �� � 	
� � 	 � ( 
� 	 � �� � � � � 	 $� � %' 556 6 6 "%� 
� *� �� � � � � "� � / 5	 � � � � 	 
� 	 � � &� �� � � 	 9	! � � � � � 	 � � � 	
/ � � �. � � � � � �� � � 	: 	 � � 	 � � � � � / � � � � 8*
� 	4	 � �

� � "� � � � � � � � ; � / � ".� 	 � 
 � � � 	 
� 	<0	 � � � � &� � 	1==>"	 � � � � 	

 � � �. �� � � � � 	 � � � 	 � � � 	 %� � %� � �� �� � � 	 � � � � 	 � � 	 � � � � � � 	 � 
 � � 	 
� � 	 � &7� � � �. � 	 � � � 	 7� � � � � � � "	 	 2� � 	
� � � � %� � � �� � � 	� � � � � � 	� � � � � / �� � � 	
� 	1?	� � � � &� � 	1==>"	
2� � 	 � � � � � � � � 	 � � 
 � � � � 	 � � � � � / � � � � � 	 
� � � � 	 . �� $�� � � 	 %%� 	 � � 	 %� . 	 � � 	 %� � � � � � � � �� � 	 � 
 � � � 	 
� 	 @	
� � 
 � / &� � 	 1==>	 4	 
� � � � � � � � 	 � � / / � � �� � � � 	 
� � � 	 � � � 	 � � � � %� � � �� � � 	 � . �� 	 � � � � � � � �� � � 	 
� 	
� � � � � � � � / � � � 	� � � 	%� � � � � � � � �� � � 	� � 	. � � � � �� � 	� � � 	� $A/ � � "	
	
2� 	 %
� � � �� � 	 � � � 	 1	 7� � � � � � � 	� � � 	 � � � 
� / � � � 	 � �� %� � �&
� 	 � � � 	 
� 	 � �� � 	 � � 	 � ( 
� 	 � �� � � � � 	
$� � %' 556 6 6 "%� 
� *� �� � � � � "� � / 5	� � � � 	
� 	� � &� �� � � 	9	! � � � � � 	� � � 	/ � � �. � � � � � �� � � 	: "	
 � 	%
� � � �� � 	%� � 
 �� �� � � � 
	%� � � � � 	B� � � 	 � � � %� � 	 � � 	 . � � � � �� � 	 � � 	 � � / &� � 	 � � 	%� � %� � �� �� � � 	 � . �� 	 � � 	
%� � / � � � � � 	
� � 3%� � � � �� � 	� � 	%
� � 	� � � � � 	� � / &� � "	
	
� �
 � �� � �. � � � � 	' 	� � 

� 	9	2� 	, � � � / 	: � 	� � � � %( 
� 	� � 	
� ! � &� �� � 	� 
 � � � � 	2� � �� 	� $�
�&� � � � 	<?C0@	! �3*
� � *� � � 
 � � � � 	� � � � 3"		
	
�� � � � �! � �� � � �� 	 2� � 	 � � � �� � 	 � � �� � � � �%� �� � 	 � � � � 	 � � 	 <D=	 � � � � � 	 ## 	 �C=	 � � � � � 	 ## 	 %� � � 	 
� � 	
� � �
 � � � �� � �� � � � 	%� � � 	� � � 
 � �� 	
� � 	. � � �� 	� � 	� � %� � � 	
� � 	%� � � � � � 	
� 	� �� � � 	� � 	
� � 	� � � � � . � � � � 	%� � 	&� � "	
2� 	 &� 

� � �� 	 � � �� � � � �%� �� � 	 � � � 	 � �� %� � �&
� 	 � � � 	 
� 	 � �� � 	 � � 	 � ( 
� 	 � �� � � � � 	 $� � %' 556 6 6 "%� 
� *
� �� � � � � "� � / 5	� � � � 	
� 	� � &� �� � � 	9	! � � � � � 	� � � 	/ � � �. � � � � � �� � � 	: "	
�
	 � � �� 	 B� � � 	 � � � � � � � � 	 4	 � / � 	 � � � � 
� �� � 	 E! � ! 	 � � � � / %� � � � 	 � � 	 %� �� / � � � 	 � � $A� � � 	 � � 	 &� � 	 � � 	
� � / / � � � � � 	� 
 � � � 	
� 	?=	� � � � &� � 	1==>"	
	
� � � � � � � 	' 	
� / � � 	� � � � 
� �� � 	E! � ! 	� � 	E� � � $	� � F� �� � � 	
� ( 
� 	� � � � �� � 	� � � 	� �� � � � � � 	GH� �/ � � � 	2� � � � � � � 	I � 

	! � 	� � � � %( 
� 	� � 	
� ! � &� �� � 	
! 
 � � � � 	2� � �� 	� $�
�&� � � � 	<?C0@	! �3*� � *� � � 
 � � � � 	� � � � 3"	
 � � � � �� 
	' 	�� . � � ; %� 
� *� �� � � � � "� � / 	J	#� 
	' 	=D	D1	<1	?=	0=	J	, � 3	' 	=D	D1	<1	D?	@0	
�
�
�
� 1
 � � 
 � #�
 �� 
 � ��� . � � � � � �� � � �
 � � �� �� ! � � �#�
 �� � � ��
, , , -! � �
 3� �� � � 
 � -� � � �	

	
�


