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g���א��K£§א�?
MCE<��fB
��tKá�kA
�M?�:&א�¶K@�Tא�

�
• �K�Kp���K�jA&¹א�M�X�Tא� 

−��MEC<&א�MC�A¹א��M�X�Tא��K�Kp��MC#�KD?�:��×א��Y�K����£K�fEA!�א&
� loאX=א�� ¥j�	Wא�� M�EÓ� .�E<�Kא��� M�X�Tא� í� �K�jA&K�)�¶K
� �WB�
א

2005�¶K
�N�W
¹�2007( 
−���K>qאj&א� í� M�X�Tא��K�Kpx� MqK�� ¶K@��� ��£¥א  í� Y;Cא��א�א�Y��


K¶�(א&M�K9��é�אM�X�T�Y�¹א�>�KD�א�>M�K��jBAא£���WB�
 )2007א
−��ªY<א���ºW�� Y�W?��� M�X�Tא�í��K�jA&א� ·G7�� ¥j�	Wא�� ·K#��K	KE	

�M�X�Tא��K
jBá�¹��M�X�Tא�í�M�Y:>א��¶jB�
¶K��K�jABA�)�¹א���WB�
א
2005�¶K
�N�W
¹�،2007( 

• �M�Y:Eא���Ð�K?<א���K>Aã 

�א�×���− Y�K��א& fEA!��£K���í� M�Y:Eא���Ð�K?<א���K>Aã� MC#� KD?�:
�loאX=א��¥j�	WA��M<�Kא���M�X�Tא)�¶K
��WB�
 )�2007א

−��Ð�K?<א�� �K>A�&� ºj8?א�� £¹W$א� W�W!� WC
� Y�K��א& Y�W?�� �K	KE	
�M�X�Tא�í�M�Y:Eא��)�¶K
��WB�
 )2007א

 �K>Aã�א&�WEא�� •

�א�− �K>Aã� MC#� KD?�:�� �א�× Y�K��א& fEA!� �£K���M<�Kא��� &�WEא�
�loאX=א��¥j�	WA�)�¶K
��WB�
 )2007א

−��»Xא�� gEE?א��� f��� h�� KD�K�j�¹�� L�Þ� YqKC<א�� LE�Y�� MEAB
� Ð�K<�
��K>A�א&�WEא��&�´Ï7&א�­KB��tא�M�Yæ)�¶K
�N�W
2006(�
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• �M�X�Tא�M�K;� 

−�¹�apj�� MEDE�jא��� «j:%א/�aA��� ME��א�8 M	¥KB&א��K�¹W�� M<א�Y�� ¹�
��£Wâ)�¶K
��WB�
 )1997א

• �MC�K<&¹א�fEA� �Yאdo�א��

−�� ¥j�	Wא��í�fEA��(���£K�ap¹��Yאdo�א�� ¶K
��WB�
¹
N�W�1964א�،
�1969
jא¶��¹1979�¹2001�¹2003�¹2004�¹2008( 

−�� ¥j�	Wא��í�MC�K<&א�doאY�� ¥KEא��� ¹��ap¹��£K��)� ¶K
��WB�
�1993א
�¶K
�N�W
¹2007( 

−�MEAEA��א�� PoK�Cא�� �א	��Wא¶ :�PoK�Cא�� .�� M�u<¹א�� ،MC�K<&א� _:�
�©j8C&א�¶K@�T¹א�א£،£Ï	tא�YqKC
¹�،e7א��M�¥£�§KE�¹�،MEAEA�א��

�¥j�	Wא���K>qאj��í�KDEA
)�¶K
��WB�
 )2006א
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MEC<&א�loאX=א��¥j�	Wא��MC#�KD?�:��×א��Y�K�����£K�fEA!�א&
M�X�Tא��K�jA��MC#¹�M�X�Tא��K�KpI��

�
�g��³א�K:C�−�1א�?

1�−��¥j�	Wא��MC#�h��f��L�K��h��Y�K��>ËK��X¸�א�M?E�j���K?E�:����£K�fEA!�א&
�א%Îא�� MC#¹� M�X�Tא��K�jA+� MEC<&א� ¥j�	Wא�� MC#¹� M�X�Tא��K�KpI�� MEC<&א�loאX=א�
M�X�Tא��K�KpI�� MEC<&¹א� ME&K<א�� M��א�8 MB;C�¹� M
�¹א�Z¥א M�X�Tא� MB;C��.�� M�Ï7&א�.

�M��C�K�¹�t�M?E�jא�� ¸X��·K��،KD�#K<��M�Ï7&א� 
kA�MC#�א%Îא��¥X<���×א��foK�BA�
�dא�j��KB��،KE�¹£�KD��²Ï<��א�Î���ZD���h��M�
KCא���KEqjא���א¥§W��ME�K@���W<����

M�EÓא�KDEA
.�
2�−��a��M�Ï?��M?E�jא��¸X��א��Y��l=�C�¹�¥K���í�dE�:�A��Y�K��fEA�א&���fB<א���£K��

j�	Wא�loאX=א��¥.�
�g��אM�X�T�−2א�? �K�KpI�� MEC<&א� MC�Aא�/�M�X�Tא� í� �K�jA&K�� MEC<&א� MC�Aא�

M�X�Tא��K�KpI��MEC<&א�M�Ï7&א�א�Î%א�MC#¹.�
3�−�M�X�Tא��K�KpI��MEC<&א�MC�Aא��²Ï<�/�MC#¹�M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא�

X�Tא� �K�KpI�� MEC<&א� M�Ï7&א� �Y�W�¹«�א%Îא� Y�K��א& lBúE?�� .�� �tK8�tא� ·G�� M�
Y�K��.א&�K�Y��M�Y�j��¡K�C���gD�:7�í�µKá�fEA!�א&

4�−�M�X�Tא��K�KpI��MEC<&א�MC�Aא��h��f��fqאj��·��l=�C�/��K�jA&K��MEC<&א�MC�Aא�
.�C�Aא��.���tK8�tא�Z�Z<���א�א�Y���א�W��í�אM�X�T�MC#¹�א%Îא��א&M�Ï7�א	�

5�−�M�X�Tא��K�KpI��MEC<&א�MC�Aא��h��f��©Y!�·��l=�C�/��K�jA&K��MEC<&א�MC�Aא�
�í� MB�D&א� �אT�Yא² aEê� 
Yא´�� ·KBp� kA
� M�Ï7&א� �א%Îא� MC#¹� M�X�Tא� í
�fEA!� MEBA
�í� KBD�K�KD	�� í� M�K>
� ·j@�� ·�¹� ،Y�K��א& fEA!� MEAB
�í� KBD�K�KD	�

M�K>
� ·j@�� ·�¹� ،Y�K��¹א²א& jä�kA
� M?�j�¹�� .��K�KB��tא� k�¹��.��l=�C�א�Ïא¶
�N�jא�� k�¹� KD�A�� WC
� ،doK�jא�� M�K��� l=�C�� i�K�� ،M�Y��א� kA
� �K>$K�� M
¹Y7&א

MB�D&א�א²Y�Tא�aEB#�،L	KC&א.�



�§£K�
fB��MCE<–א�?�g�א���tKá�kA
�M?�:&א�¶K@�Tא� 

120 

6�−���K�KpI�� MEC<&א� MC�Aא�� a�� ¥¹K7��K�� ،M�Ï7&א� �א%Îא� MC#�fqאj�� ·�� l=�C�
M�X�Tא� �א&/ MC�Aא��·G7�� KE�£� �£j�� Ð�K<�� ap¹� �K8?�	א� ،M�X�Tא� í� �K�jA&K�� MEC<

Y�K��א& Y�W?��� M�Ï7&א� �א%Îא� MC#� ¶j?�� KBE�� M�¥¹Y9א���K�KEא����K�A:��� .�¶W����¹
M�X�Tא��K�KpI��MEC<&א�MC�Aא��/�א£W
��WC
�Ð�K<&א�¸X��M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא�

�MC�A��KD�K�j�¹��MBoK�M�Ï7&א�א�Î%א�.�K��M�Ï7&א�א�Î%א�MC#�M�K���§¥W��·��l=�C�¹
�µ¹W��£אW
��WC
�NE�j�	א�W���K�KE��K��f8��� KBE��¸X��KE�Wא���£j#א�Ð�K<��N�K�� �¤א

M�Ï7&א�א�Î%א�MC#��K
KB��t�N�H&א�µKB
Tא.�
�g���K�í�אM�X�Tא�MC�A�א&>MEC���jA&K/�א�MC�A�א&>MEC���K�KpI�אM�X�T�−�3א�?

7�−�M�X�Tא��K�KpI�� MEC<&א� MC�Aא�� /،·K��¹H��� M�X�Tא�í��K�jA&K�� MEC<&א� MC�Aא��
�¥j�	Wא�� M�E�� f��� h�� K�¥אY�x� Y�K��א& ��£א¥� �K�Ï?+� MEqjא��� h
� ،µ¹Tא� ¶K?&א� í

loאX=א�.�
8�−�M�X�Tא� �K�KpI�� MEC<&א� MC�Aא�� WC���� �א/ í� �K�jA&K�� MEC<&א� MC�Aא��í� M�X�T

�MC#� KD�� ¶j?��×א�� Y�K���?Y�Wא��א& é�� ،M�EDA�� M�W?&א� Y�K��א& ��£א¥� ·G7�� KD�KEqj�
M�u��א� ��?Y�Wא� e�¤� í� K+� ،M�Ï7&א� �א�×�29א%Îא� �KEB��¹א� M�X�Tא� �K�Kpx� ،

M�X�Tא�í��K�jA&¹א�KE<E����W!.�
9�−�� M�Ï7&א� �א%Îא� MC#� KDE�� ¶j?�� �א�× �tK$א� í��¥Y�¹� M�u�A�� ��?Y�Wא�

M�X�Tא��K�KpI�� MEC<&א� MC�Aא�/�´KC�� ·�� M�EÓא� ¹�� M�X�Tא� í��K�jA&K�� MEC<&א� MC�Aא�
M�X�Tא��K�KpI��MEC<&א�MC�A��¦jæ�،íKp��lBA
�iE�j����¥¹Yp/��K�jA&K��MEC<&א�MC�Aא�
�M�Ï7&א�א�Î%א�MC�A��£Wâ�LA:��¶W?���·��M�EÓא�¹��M�X�Tא�í�iE�jא���kA
�µj8�A�

Y�K��.א�>lBA�א�»¥¹Y9�¤Kàt��Yא¥��G7·��£א¥��א&

                                                 
29�l�zא�h��c�G���MEBA

MEAB�¤א���Z@�Yא���i�G��M�u���ºj��Ð�G�(�:1�²Y<�)��Y�W?�א���W�W!

،ºY�Tא� MBE?א��א�¥K��
t¹א� 
cA�א$jEא·��K	א¥£� h��»£K�� ¹��l�j�jE�� ،loKBE��f�K<�� �j�A��Ð��
)2� (� ،µj�?&א� � f8��א&� ¹�� i�� ¡jB��א& l�jEא�� f8��א&� W�W���� M6�u��א� fא�j<�� d6�uא�� d6E�:3(א���(

�µj�?&א��f8��>c�Y��N�H��Y;�C�a�)�א��>ªY�אfB�3��f�K<A�M�¥K?�¹�א&��f8�א�l�jE�א&�¡jB��i��¹�א&�
M�X�Tא��K�KpI��MEC<&א�M�Ï7&א�א�Î%א�MC#�c�Y<��Yא�j���K�WC
�iA�W<�.( 
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10�−�M�X�Tא��K�KpI��MEC<&א�MC�Aא���KEqj�/�·G7��M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא�
�£א¥��א&�K�Y�א&?M�W��M�EDA��KBE���f8���K�KpI�אM�X�T��l=�C��·��»W�D��K�&K£��א�jא¥£��

�u&¹א� M�K��Wא�� í��K�Kp�� ·G7�� M�K<א�� loאX=א�� ¥j�	Wא�� �K>qאj�� í� MA8א�� �¤א� d
M�X�Tא.�

11�−�M�X�Tא��K�KpI��MEC<&א�MC�Aא���KEqj�/�·G7��M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא�
�·��l=�C��KE<E����W!�×א���KEB��£א¥��א&�K�Y�א&?M�W��M�EDA��KBE���f8���K�jA&K�¹א�

�א�jא¥£ �£K�&K��»W�D��loאX=א�� ¥j�	Wא���K>qאj�� í� MA8א��א�¤� d�u&¹א� M�K��Wא�� í� �
M�X�Tא�í�KE<E����W!�×א���KEB��.א�>M�K��G7·�א&�K�jA�¹א�

12�−�M�X�Tא��K�KpI��MEC<&א�MC�Aא���KEqj�/�·G7��M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא�
¹� M��¹א�×��fB7��jא�L�א�8 M�EDA�� M�W?&א� Y�K��א& �í��jא�K>q�אM�X�T��£א¥� M�u�א�

�M
¹Y7&א�fא�j<¹א�� M�Ï7&א� ��h���f�MC#�א%Îא� Y�K���é��Y�W?א��א& WC����·��l=�C�
�M�X�Tא��¥K"�í�M�£K<א���K	¥KB&א�·KB9�¹�.@AD���M�א&q�M�KBÞ�MA8א��א�¤�ºY�Tא

��l�Kא���·KEא���í�KDE���¥K7&א�ºY�Tא�fא�j<א���K
�.K?�¹�£K�BA�Ð�K<&��Yא
13�−�M�X�Tא��K�KpI��MEC<&א�MC�Aא���KEqj�/�·G7��M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא�

�fא�j
¹� MA8א��א�¤�´j@7א�� ¥K��
tא�.<�� X�G�� ·��l=�C�� M�EDA�� M�W?&א� Y�K��א& �£א¥�
M�Ï7&א�א�Î%א�MC#�KD>8��×א��M�u��.א�

14�−�X�Tא��K�KpI��MEC<&א� MC�Aא��d66א�j�M�/�_6?�� M�X�Tא�í��K�jA&K�� MEC<&א� MC�Aא�
�א�?ºj8���eA�א�K�Kpx�א�×� �Wא¶�	tא��K�j����k6A
)1� �א%Îא��) MC#� KÓ��£W�

�،�K?C¹א��M�jDA���K>qאj��M�Ï7&2(א� (�¹��M�u��א� Y�W?��M�Ï7&א� NAB��¹�MC#�א%Îא�
KD�G7��Y�K�BA��lB@א��Y�W?א����Z �.�

15�−��MC�Aא��dא�j�M�X�Tא��K�KpI��MEC<&א/�kA
�_?��M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא�
��NAB�MC#�א%Îא��א&M�Ï7��Y�W?�א��M�u��¹�� �Z��Y�W?א¼��¼KEB�(�eA�)1�א&�K�jA�א�×�
� KD�G7�� Y�K�BA�)2� (�doאY�¹� MC�K<&א� _:�� µu�� h�� M�X�Tא� í� Kא�j���� W�W!� h@,

� KB���� ،MBou&א� fEA��א�=Xאloא�� ¥j�	Wא�� K�Y��� .��K�KpI�� MEC<&א� MC�A�� l=�C�¹
M�X�Tא/�ºW��MEAEA�
��K¥�א�?W¥א��א��tא�.<��X�G��·��M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא�

e�¤�²u��M�K<א��M��.א��WAא·�א�ME�KC��K�Æ���LA:�א
��K¥א��א�8
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16�−�M�X�Tא��K�KpI�� MEC<&א� MC�Aא�� X�G�/� MEC<&א� MC�Aא��.<�� M�X�Tא� í��K�jA&K�
�lBEA�xא�.�j��
kA�א&�»¹X=א���ªY<¹א���M�X�Tא�´uD�	א�«K*��í��K�u��tא�¥K��
tא
�ºj8?א��א¶W��	tא��K�j��+�MEqjא���WC
�M�Ï7&א�א�Î%א�MC#�KD�¥öW��KB����»Y:?¹א�

KE<E����W!�×א���KEB��.�í�א�K�Kpy�M�X�T��¹�א&���K�j�א�?ºj8���K�jABA�¹א�
17�−�M�X�Tא��K�KpI�� MEC<&א� MC�A�� l=�C�/�f��� ،M�X�Tא� í��K�jA&K�� MEC<&א� MC�Aא�

�،KE<E����W!�×א���KEB��א�MEoKDC��K�Ï?&�א&���K�j�א�?ºj8���K�jABA�¹א� M�KE8א�
�fEA���jא�L�א�� M�u	� h
� M�Ï7&א� �א%Îא� MC#� h�� MEBA<א�� �¥j7&א� kA
� f8!� ·�

K<&¹א�h
¹� ،M�X�Tא� í� KE<E��� �W!�×א�� �KEB��¹א� �K�jA&א� ZE�Y�� a�¦j�� h
¹� ،MC�
��¥¹Y9א��k9�?��KB����،º¹X=א���ªY<א���e�¤�í�K+�،ºY�Tא�MEBA<¹א��MEC>א��Lא�j#א

M�X�Tא��K�KpI��MEC<&א�MC�A��M�W?&א�KD�¥j7&�M�	KC��MEBA
�[	��Ð�j��f���h�/�MC�Aא�
�í��K�jA&K��MEC<&אM�X�Tא.�

18�−�M�X�Tא��K�KpI�� MEC<&א� MC�A�� l=�C�/�WC
� ،M�X�Tא� í��K�jA&K�� MEC<&א� MC�Aא�
�d�:��K�WC
�¡jpj��.���·��،MEDE�jא���«j:%¹א��K	¥KB&א��K�¹W�¹��K>qאj&א�W�W!
�í�M�£K<א���K	¥KB&א� ·KBp¹�.@AD���א& M�q�M�KBÞ�f8���ºY��� M
¹Y7��fא�j
� M��

X�Tא��¥K"�M��Ð�K<&� K?�¹�K
،��א�>jא�f�אºY�T�א&¥K7���KDE�í�א��KE·�א��l�K��Y��£K�BAא
e�X��KD�KE���K�	��W�W!¹�،M�Ï7&א�א�Î%א�MC#�f���h��Y�K��.�M�Kp��é��Y�W?�א&

19�−�M�X�Tא��K�KpI��MEC<&א�MC�Aא��h��Y�K��א&>MEC���K�jA&K�fB7�/���u®�א& MC�Aא�
#�é��M�X�Tא�í�LE�Y��M�Ï7&א�א�Î%א�MC�K�j�¹��א�Î%א�MC#�KDpY<���א&jא£�א�×�	�

�M�u��א� «¹Y
� ap¹�ªאY�T� Y�K�BA�� ¡K��� Y�W?�� f9��� kA
� µj8$א� ME=�� M�Ï7&א
�·G7���K	¥KB&א��K�¹W��¹��ºj8?א��M�u����K�j�א���ap¹¹�M�X�Tא��K�Kp��¶אW��	t

í�KE<E����W!�×א���KEB��.�אM�X�Tא&�K�jA�¹א�
20�−�M�X�Tא��K�KpI�� MEC<&א� MC�Aא�� X�G�/�.<�� M�X�Tא� í��K�jA&K�� MEC<&א� MC�Aא�


Wא£��MBoK���K�j�¹�א&jא£�א�×���WC
�lA��K��¥K��
tאKDpY<���	M�Ï7&א�א�Î%א�MC#�:�
−��Ð�� M�¥Kא���� �K	¥KB&א� k�u�¹� M��א�8 M�¹א¦� h�� .@AD���א& M�Kë

 א�>M�£K؛
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���K�KpI�אM�X�Tא���− MEC<&א� MC�Aא���KqK8/�í��K�jA&K�� MEC<&א� MC�Aא�
 אM�X�T؛

 א���KqK8�MC#�א%Îא��א&M�Ï7؛�−

−�� M:%אME�Eא�Ï	xא�MA8א�� �¤א� KDAB
� _:�¹� loאX=א�� ¥j�	Wא�� M�EÓ�
fB<א���K�j�¹��W�W!�Ð�K<�¹؛ 


ME�MEB�¹�M�K>�¹�j�¹א�Y�א���K�KE�M?E�¹�א�MA8��G£א���−j��K+�،Y�K��?Y�W�א&
 í�e�¤�א���K�KE��h�א��WAא·�א�ME�KC؛

 ��@ME�K�א�KD��t��h�א�>fB�í���Ï�MEC�¦��M�j?<؛�−

 �­jC�א���K<�Y7�א�?:M�Y�M��¹���K�j<���Y�K���K¶�א���K¥��א�ME�¹W؛�−

−��ME�¹Wא���¥Kא����kA
�Ð�Gא��)ME�¹Wא���¥Kא����í�MA@7&א�g���»�(؛ 
−�K�KB¹א����K�KE؛א��ME�KCא��א·WAא���� 

−�ºY����KB;C��f<>�K��i��N<A:pא�»Xא��fB<א�.�
21�−�M�X�Tא��K�KpI�� MEC<&א� MC�A�� l=�C�/�WC
� ،M�X�Tא� í��K�jA&K�� MEC<&א� MC�Aא�

��K�	��¡jpj��¡Y7��·�¹�ME	K	���K�jA<��¶W?��·��،M�Ï7&א�א�Î%א�MC#�é��£אj��M�K��
MEoKEBE��£אj��kB���K�WC
�LA:א�gEE?א���ªY=��.�

22�−�M�X�Tא��K�KpI��MEC<&א�MC�A��¦jæ/�fE!�·��M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא�
�M�Ï7&א�א�Î%א�MC#�MEqj��kA
�µj8$א�ME=��Y�K�
M��h��KE¥א���£א¥��א&jBá�K9��

�.�G7·�א&�K�Y�א&Yא�?M�¹א���tKB��fEA?�א&�K�Y�א&M:��Y��f@��¥KE��h�א%KE¥א�
23�−�M�X�Tא� �K�KpI�� MEC<&א� MC�Aא�� LA:�/�h�� M�X�Tא� í� �K�jA&K�� MEC<&א� MC�Aא�

�MEC<&א�MC�Aא�� KD	¥אW���MEDE�j��«j:�¹�doאY��»��ªY<����·��M�Ï7&א�א�Î%א�MC#
M�X�Tא��K�KpI�/�¶אW��	tא��K�j����Y�W?��f���h��M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא�
K�Kpy��ºj8?א�KE<E����W!�×א���KEB�jæ¹¦�.����¹�א&���K�j�א�?ºj8���K�jABA�¹א�

M�X�Tא� �K�KpI�� MEC<&א� MC�A�/�אX�� f�+� ¶W?��� ·�� M�X�Tא� í��K�jA&K�� MEC<&א� MC�Aא�
�dE�:א��� ME�K@��¹� £jE?א�� ·G7�� M�Ï7&א� �א%Îא� MC#� iE�j��kA
� µj8$א� ME=��LA:א�



�§£K�
fB��MCE<–א�?�g�א���tKá�kA
�M?�:&א�¶K@�Tא� 

124 

«j:��¹��M?�Y:��XE>Cא���foK	¹¹M�X�Tא��K�KpI��MEC<&א�MC�Aא��fB
�í�MEDE�j��/�MC�Aא�
M�X�Tא�í��K�jA&K��MEC<&א.�

�g�#MC�א%Îא��א&M�Ï7��.��MB;C�אM�X�T�¹א�Z¥א
M�MB;C�¹�א�8�M�א�>ME&K�−4א�?
M�X�Tא�é��M�K9&א�א£j&K��MEC<&¹א�

24�−�� h
� ،µ¹Tא� ¶K?&א� í� ،M�¹H��� M�Ï7&א� �א%Îא� MC#�»Xא�� Y�K��א& Y�W?�� �£א�
M�X�Tא��K�KpI��MEC<&א�MC�Aא��א¥א�Y��iE���WC����/�،M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא�

Y�K��.k�¹��M�KD�א&:²K��M�E�א�W	�j¥�א�=Xא،lo��G7·��£א¥��א&
25�−��،gD�E�u?�	¹א� gDא��K>��§K	��kA
� M�Ï7&א� �א%Îא� MC#� ��Îא� ¥KEא���l=�C�


��K¥�א��fE�B�א#=Yאí��·KB9�fE�1�aEê�אX��gE�K�Tא��>.tא�.�
26�−���K�KpI�� MEC<&א� MC�Aא�� W�¹Z��� �W�K�� M�Ï7&א� �א%Îא� MC#� k<��� ·�� l=�C�

M�X�Tא�/�fB7��»X¹א��¶jA<א��kA
�Z@�Y&א�Y�K�א�MC�A�א&>MEC���K�jA&K�í�אM�X�T���Y�W?�א&
��� Y�K��א& Y�W?��� M<�¥Tא��K�j@&א�M�u��א� Y�W?�¹� ،loאX=א�� ¥j�	Wא�� M�E�� KD�£W�� KB�

M�X�Tא��K�KpI�� MEC<&א� MC�Aא��í� Y�K��א& �א�»X��f@7�אT	§K��K7�KC&��£א¥� /�MC�Aא�
M�X�Tא� í��K�jA&K�� MEC<&א� .�l=�C�� ،KE<E����W!�×א���KEB����K�jABA�¹א� M��C�K�¹

�¥W?��£W!�·��M�Ï7&א�א�Î%א�MC�A�·K@�xאא��f8����K�j�א&���k�7��M:��Y&א�Y�K�&�
�KC@-�אX��·j@��W?��،Y7א���h
��K�KEא���e�¤�í�K+�،M�	KC&א��K�jA<&א�é��¥K?��u��אY;�¹

¥j;C&א� f�?���א& í� _?���tK�� a9�� í� .�MC#� fqאj�� ·�� l=�C�� ،�K�Kpy�� M��C�K�¹
���h��M�u�f�W�W!�א&��f8�א�l�jE�א&�jB¡�א%Îא��א&M�Ï7�א	��Wא¶�
KD�EAB���Y�W?�א�

i�.�
27�−���K�KpI�� MEC<&א� MC�Aא�� W�¹Z��� �W�K�� M�Ï7&א� �א%Îא� MC#� k<��� ·�� l=�C�

M�X�Tא� /�¶jA<א�� kA
� Z@�Y�� Y�K�BA�� MEB��א�Y�W?��� M�X�Tא� í��K�jA&K�� MEC<&א� MC�Aא�
KEB���א�×�!�W���،KE<E�Y�W?�¹א��א��M�u��KBE���f8���K�KpI�אM�X�T�¹א&�K�jA�¹א�

ME�K>7�K��g����jä�kA
�
28�−�M�X�Tא��K�KpI�� MEC<&א� MC�Aא�� M�Ï7&א� �א%Îא� MC#� £¹Z�� ·�� l=�C�� /�MC�Aא�

�kA
�·K@�
h���ME�K@��dE�:��Y�W?�א&�K�Y��M�K<�א���K�jA<&K��M�X�Tא�í��K�jA&K��MEC<&א
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!� �א�× �K�j<&¹א� ·K@��א� h�� KDCE<�� ME
Y�� �K���¥W?�� ،£W!� ·�¹� ،e�¤� ·¹£� µj
�ªY<�A��tKBא���Y��Tא�·K@�
kA�א��MAB�3א�¥K:�Tא�،·K@�tא)�h	�í��K�Cא��،µK>�Tא

u���h��).א$fB�K��¹¥�א�
29�−���K�KpI�� MEC<&א� MC�Aא�� W�¹Z��� �W�K�� M�Ï7&א� �א%Îא� MC#� k<��� ·�� l=�C�

M�X�Tא�/+�M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא���W
K�BA���K?C¹א��M�jÓא��K>qאj��h��¶ZA��K
�K�Kpxא�א¶W��	K��M:��Y&א�Y�K��.í��Y�W?�א&

30�−��kA
�Y�K�BA��KDא�Y�W?��kC���l@���W�K��M�Ï7&א�א�Î%א�MC#�k<���·��l=�C�
ME�KCא��א·WAא���h���K�KEא���e�¤�í� K+�،ME&K
��K�KE�� .��K�KEא��� ¸X��fB7��·��l=�C�¹

��K�KE�ªY<א����K	¥£¹א�M��¹Tא�M�K�¥.�
31�−���K�jA&¹א� �K�Kpy�� ªY<א��� gEE?�� h
� M�¹H��� M�Ï7&א� �א%Îא� MC#� ·j@�

KE<E����W!�×א���KEB��.¹א�
32�−���KC���KE<E����W!�×א���KEB�
WC��gEE?�א&��f8��h�א�K�Kpx��¹�א&�K�jA�¹א�

G��M�Ï7&א�א�Î%א�MC�A��l=�C��،Y�K�
��K¥�א�K�u��t�אMEBEA�x�í��Y�W?�א&tא�.<��X�
M�X�Tא�´uD�	א�«K*�.�

33�−���KD�¹�M�X�Tא�í��K�jA&K��MEC<&א�MC�A��¶W?��·��M�Ï7&א�א�Î%א�MC�A��l=�C�
�;K�Y��·G7�	M�u�j�¹א�L��a�¦j�א���K�KE�א&�M�K��KBE���dA<���K�jA&K�¹א���KEB�א�×�


h��W!���KE<E�í�אM�X�T�¹א�×��K�jA<��Y�j��·�¹�،ªY<א���א�Y�W?��í�N�W��א	�
�MB�K���M�X��MCE<�í�א��>ªY،�¹א�×��W��j@·�¤א��MAq��Y�Iא�א���¹��KE¥א����g��

M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא��í�Y�K��.�£א¥��א&
34�−�M�X�Tא��K�KpI�� MEC<&א� MC�Aא��bA���·�� M�Ï7&א� �א%Îא� MC�A��l=�C�� /�Aא��MC

Y�K�BA��KDא�Y�W?���dA<���KBE��´j@7א��¥W8�¹�³K:��M�X�Tא�í��K�jA&K��MEC<&א�.�l=�C�¹
��K�KpI�� MEC<&א� MC�Aא�� £¹Z�� ·�� ،�K�jA<&א� ¸X�� ®u��� WC
� ،M�Ï7&א� �א%Îא� MC�A�

M�X�Tא�/�í�KD�<א���א�×�א�א�Y�x¹א�ME�DCBA��KD>qj��M�X�Tא�í��K�jA&K��MEC<&א�MC�Aא�
Y�K�BA��K�Y�W?��í�´j@
�M���Y�W?�.�
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35�−�M�X�Tא��K�KpI�� MEC<&א� MC�Aא��bA���·�� M�Ï7&א� �א%Îא� MC�A��l=�C�� /�MC�Aא�
�K+�،Y�K��M�W�í��Y�W?א��א&��א&>MEC���K�jA&K�í�אM�X�T��G	§K�aEê�אÏ�tא�Kp�א&

´j@7א��Ð�>��í�M�W����.í�e�¤�א�Ïא�Kp�אµKB�x�א&
36�−���K�KpI��MEC<&א�MC�A��¶W?&א�Y�K��?�Y8��	¶KD�MC#�א%Îא��א&M�Ï7�í��Y�W?�א&

M�X�Tא� /�·G7�� KD�K�K�C�	¹א� KD�t¹אW��ªY
� kA
� ،M�X�Tא� í��K�jA&K�� MEC<&א� MC�Aא�
M�K>
¹�MA�K���¥j8��M�u�t¹��l=�C��·��fB7���®u�MC#�.��Y�W?א��א&�K�Y�Y�W?�¹א��א�


kA�א���K¥���¹�א�>jא�L�א�8�ME�א%Îא��א&�KD�uEA!��K<���Y�K�BA��KDא�Y�W?��h
�M�Ï7
ºY�Tא�M�K<א��Ð��.�א�¥KE%א�M�Ï7&א�א�Î%א�MC#�í�Y�K�l=�C�¹��·��fB7��Y�W?�א&

�fB<א���£K��� a�� d��א%KE¥א���� ¸X�� ·�� hB9�� ·��l=�C�� KB�� ،Y�K��א& �x£א¥� ME�¹Wא�
:�A��Y�K��dE�í���K¥�א�W	�j¥�א�=Xאlo��£K��¹�fEA!�א&�K�Y�א�×��:�?KD��·G7�fEA!�א&

M�X�Tא�í��K�jA&K��MEC<&א�MC�A¹א��M�X�Tא��K�KpI��MEC<&א�MC�Aא�.�
37�−��M�K��� fB<�� ·�� l=�C�� ،M�Ï7&א� �א%Îא� MC#� ­KBא��� µKB
�� µ¹W�� ap¹� WC


� MEC<&א� MC�Aא�� a�� M?E�¹� �¥j8�� M�Ï7&א� �א%Îא� MC#M�X�Tא��K�KpI�� /�MEC<&א� MC�Aא�
M�X�Tא��K�KpI��MEC<&א�MC�Aא���K�j�¹��ME�A��·KB9��M�X�Tא�í��K�jA&K��/�MEC<&א�MC�Aא�

L	KC&א� N�jא�� í� Y�K��א& ��£א¥� µKá� í� M�X�Tא� í� �K�jA&K�� .��K�KpI�� dA<��� KBE�¹
£K
� ،M�j�¹Tא� M�Ï7&א� �א%Îא� MC#� M�K��� k:<�� ،M�X�Tא�¹�� M�X�Tא� �K�Kpx� ،¼�

�Y�W?�� KÓ� M��C�K�� ºY��×¹א�� f��� h�� KDBEE?�� g��� Æ�×א�� �K�Kpxא� h�� �K
jBá
KDC
� �W�W���K�jA<���Yא�j��×¹א�� ،i�£K<�� ¹�� ،i�� ¡jB��א& l�jEא�� f8��א&� .�·j@�¹

f��� h�� KDBEE?�� Yæ� Æ� �א�× M�X�Tא� �K�Kpx� ،¼�£K
� ،M��Kא��� M�j�¹Tא� .�dA<��� KBE�¹
�M�Ï7&א� �א%Îא� MC#� M�K���k:<�� ·��l=�C�� ،KE<E����W!�×א���KEB���K�jA&K�¹א�
�MA@7��·j@�¹�M�K<א��M�
kA�א�8� ���Ðא אM�j�¹T��jBAא£�א�×��،f@7�í��·�¹א�،W��Y:א

ME&K<א���¥Kא����í�M<�j���¹��M�¹Y<�.�
38�−��l=�C�� ،M�Ï7&א� �א%Îא� MC#�­KBא��� µKB
�� µ¹W��ap¹� WC
�M�K���k:<�� ·�

��¥Kא����í�M<�j���¹��M�¹Y<���u@7��f@7��×א��א£jBA��M�j�¹Tא�M�Ï7&א�א�Î%א�MC#
M�K<א��M�
kA�א�8�K@E
�.א�ME�¹W��¹��f@7��M�K��jא¥���¹��Y:א�¹
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،M�X�Tא�é��M�K9&א�א£j&K��MqK��¶K@���µK�£��í�Y;Cא��א�א�Y���
qאj&א�í�£אj&א�¸X��í�Y;Cא���£K
�¹M�X�Tא�é��M�K9&א�א£jBA��M�K<א���K>�

�
³K:Cא��
��l:=�� ·�� é�� M�X�Tא� é�� M�K9&א� �א&jא£ ·G7�� ¥j�	Wא�� í� M�K<א���K>qאj&א� k<��

�¥j�	Wא�� í� �Y�K<&א� Ð�� M�X�T¹א� �Y�K<&א� M�X�Tא� é�� M�K9&א� ��j&Kא£ MqK%א� ¶K@�Tא
loאX=א�.�
��jA<&¹א� �K�KEא��� l�Kא��� ]Cא�� µ¹KC��¹�¥j�	Wא�� MC#� é�� KD,W?�� l=�C�� �א�× �K

��£K
��¹��M�Kpx�KDAB
�fD����·��MC�Aא��é��LA:��K�WC
�M�X�Tא�é��M�K9&א�א£j&K��MEC<&א
¥j�	Wא�� í� M�X�Tא� é�� M�K9&א� ��jBAא£ M�K<א���K>qאj&K�� MqK%א� ¶K@�Tא� í� Y;Cא�� .�KB�

j���é��fqj�A��M�¦uא��א¥א�Y?א��]Cא��µ¹KC���W�W#א��K�Ï?&א�¥�^�¹��µ.�
�Wא¶���	K��MqK%א�¶K@�Tא�M�X�Tא�é��M�K9&א�א£jBA��M�K<א���K>qאj&א�fB7��t¹

� aEC8א��� �KCE<�)�،UE
Ï¹א�� UEpjא��� �KCE<�¹� ،�K,Z�Tא� �Y9א����� LA��� f��
�K8A����).�K��X�¹�א&

fB<א��µuD�	א�
f�W<א���

�X�Tא� é�� M�K9&א� �א&jא£ MC�A�� ¦jæ�£אj&K�� MqK%א� ¶K@�Tא� í� Y;Cא�� WE<�� ·�� M
�¥j�	Wא��·K#�h���K�A��l?A��W<��،£אj&א� ¸XÓ�M�K<א���K>qאj&א�í�M�X�Tא�é��M�K9&א

loאX=א�� ¥j�	Wא�� M�E�� ¹�� loאX=א�� ¥j�	Wא�� M�E�� �K9
�¹� ،loאX=א�� .�»Xא�� ¦KD#א� kA
¹
g
W��×א�� �K�jA<&א� ¶W?�� ·�� ¶K@�Tא� ¸X�� f�W<�� ¡Ï?��M�K<א�� �K>qאj&א� ¸X�� f�W<��

�L�Þ�،M�X�Tא�é�� M�K9&א� �א&jא£ MC#�é�� M�W?&א� �W�K�l=�C�¹��·��fB7�א&>�K�jA�א&
M�K$א�:�
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 �jא�K>q�א&K£��א&M�K9��é�אM�X�T؛ •

• �M��א�8 MB;C�¹� M
�¹א�Z¥א M�X�Tא� MB;C�� .�� M�Ï7&א� �א%Îא� MC#� Z�j�
�K9&א� ��j&Kא£ MEC<&א� ME&K<א��é�� M�K9&א� �£K&א� M�u	� gEE?�� h
� M�X�Tא� é�� M

 אM�X�T؛

�¶W��KDE�א&K£��א&M�K9؛ •��
ME�א�×�	�Y>א���K�>א��¹��M�X�Tא��K�� 

• ME�j�jC@א����K�KE��tא�é�� �¥K
�/�¹�� õW¹א��é��i
K�¥�¹�،M�K9&א�א£j&א� Y�Î�
M�X�Tא� é�� M�K9&א� �א&jא£ �Wא¶�	t� M�K<א�� �£K�&א� h�� Y����í� �£j�j&א�

�M�X�Tא�é��M�K9&א�א£jBA��M�K<א���K>qאj&א)��Z#؛)3א 
• M�X�Tא�h��MCE<���K���í�M�X�Tא�é��M�K9&א�א£jBA��ºj8?א��£¹W$א: 

o �g�¥�apj��،µj�?&א�l�jEא��f8��BA��g�¥�KÓ�×א��M�K9&א�א£jBA��M��C�K�
�Wא¶��@f�א	��Wא¶��>،MCE�g�¥���i�í��>^�א$�	u��k8���·j@��،�tK

��ºj�¥K-	�K�א��aEC8�א#�WE��KE�K¼؛��
o �،�£¹W3א�Ð��¹��µj�?��l�j��f8����KÓ�[E��×א���K�Kpy��M��C�K�

� µ¹W#א� í� M�K9&א� �£K&א� ��I£¥א  MEqj�� apj�3��Kא�Ï�K�� ¼M�j�8��
�.�¹W#א�í�KDא�¥£x�ME�Kp�1¹�2�M�¥W&א�M�X�Tא��K���í�KDא�W��	t�

W#א�d�u��í�µ¹3؛M�K$א�L�Þ�، 

o �l�j��f8���� KÓ�×א���K�Kpy�� M��C�K�"µj�?�"�KÓ�·j@��·�� K�I�� ،
��ºj�א&?�µj�M#K<&�א�=Xא���¹�BA��M��C�K��¶אW��	u��k8���lB�¥�ºj���
�M�Ï7&א�א�Î%א�MC#�gEE?��a��d����،�WE#א�aEC8א����K	¥K-�ºj���

�M�א�>ME&K�א&>MEC��j&Kא£�א&M�K9��.��MB;C�אM�X�T�¹א�Z¥א
M�MB;C�¹�א�8
M�X=א���é�. 

•  �M:	אj�� Y
H�¹�،ME�j�jC@א��� ME�KCא��h��ºj8?א�� �Wא¶�	tא��K�j��&� Y�Î�
�é�� M�K9&א� ��jBAא£ M�K<א�� �K>qאj&K�� c��� d�A&א� í� KDE��� ¥K7&א� אY�xא�א�


¹Y»�א��M�u�א&�ÖA��ºj���א& j�X¥��אM�X�T��¹��gEE?�א��>،ªY��WE>��·��Xא
�g� .��h�א&jא�K>q�א�>M�K��jBAא£�א&M�K9��é�אí3−1M�X�T�א�?



�§£K�
fB��MCE<–א�?�g�א���tKá�kA
�M?�:&א�¶K@�Tא� 

129 

• M�K9&א��£K&א�¸X��אj�W�
jא��¤א�א	�Wè�h��.@AD�� .�·KE�g@â��G·�א&
��K>qאj&א� kA
��u�W<א��� aEê�í� M�X�Tא� é�� M�K9&א� �א&jא£ MC#� Y;C��²j	¹

� KD�Ï?��×א�� M�X�Tא� é�� M�K9&א� ��jBAא£ M�K<א��M�E�� ¹�� ·K�Aא�� �K9
�¹� ،¥j�	Wא�� ·K#
loאX=א��¥j�	Wא�. 

¶K@�Tא�í�Y;Cא���£K
��
�é��M�K9&א�א£j&K��MqK%א�¶K@�Tא�í�Y;Cא��M�X�Tא�é��M�K9&א�א£j&א�MC#�WE<��²j	
�L�Þ�KD<א�Y�¹�،MB;�C��õ�¥j8��M�X�Tא�é��M�K9&א�א£jBA��M�K<א���K>qאj&א�í�M�X�Tא

p� í� M�K$א�M�X�Tא� MB;C�� .�� M�Ï7&א� �א%Îא� MC#� KD�Y"� �א�× �K<א�Y&א� �j
��jp�í�¹��Y�K�¹א�Z¥א
M�MB;C�¹�א�8�M�א�>ME&K�א&>MEC��j&Kא£�א&M�K9��é�אM�X�T���gEE?�א&

�Wא¶�	tא�א�¥Î�¹�ME�j�jC@א����K�KE��tא�ÐE=�.�
• �jEא��f8��f8��¤א���W��·���Ð�MC#�א%Îא��א&M�Ï7�א&����é��µj�?&א�l

�M�K<א���K>qאj&א�í�M�K9&א��£K&K��MqK%א�¶K@�Tא�f;��·��¦jæ�،Ð=���l�j�
�l�jEא�� f8��א&� ��Xא �K=��� g��� ·�� é�� ،ÐE=�� ·¹£� M�X�Tא� é�� M�K9&א� �jBAא£

f�K@�K��i<p¹�é��f8� .א&?�µj��¹��·��WE<�MC#�א%Îא��א&M�Ï7��Xא�א&�
• �N��	�·���W��א¤��µW<��،µj�?��l�j��f8����»��M�Ï7&א�א�Î%א�MC#

�é��M�K9&א�א£jBA��M�K<א���K>qאj&א�í�M�X�Tא�é��M�K9&א��£K&K��MqK%א�¶K@�Tא
M�K9&א��£K&א�¸X��¶אW��	K��M?A<�&א�¶K@�Tא�aEê��K=�x�M�X�Tא. 

KD,W?��l=�C��×א���K�jA<&א�·G7��ME�Kp��א�£K
¥��lA��KBE�¹:�
• M�K9&א��£K&א�W�W! 

o �·�� K��¹� ،M�X�Tא� é�� M�K9&א� �א&jא£ gEE?��� M�Ï7&א� �א%Îא� MC#� ¶j?�
� g�¥� ·¹W�� i�Ï�� ¹�� µj�?&א� l�jEא�� f8��BA�� ¼u�K�� ¼KB�¥� l:<�")�Ð�

.<��"�¹�"£¹Wâ�Ð�("iCE<��¾¶אW� .،��¹��·��¸Î�<��¼tj�?�í�א	�
o Ïא��¶K;��í�¼KB�¥�M�K9&א�א£j&א�k:<�l�¹Wא��gE�. 

• M�X�Tא�é��M�K9&א��£K&א�Mא�£�Ð�G� 
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o � í� Mא�Wא�� M��� MBoK�� �א	��Wא¶ l=�C�l�¹Wא�� gE�Ïא�� ¶K;�¹��K�>א�� �KÑ��
)CAC/GL 36-1989�(�

• M�X�Tא�é��M�K9&א��£KBA��¡Ï?&א�א¶W��	tא 

o � M�X�Tא��K��� ¶K;��h��M�	KC&א� M�X�Tא��K��� W�W!�l=�C�)��K��d�A&א
qאj&K�M�X�Tא� é�� M�K9&א� ��jBAא£ M�K<א�� �K>� �Wא¶�)�	tא� �K�j���¹
ºj8?א�. 

o M�j�?&א�ºj8?א��א¶W��	tא��K�j��+�dA<���KBE�: 
 �M�X�Tא� é�� M�K9�� �£K�� f@�� lB�¥� �א	��Wא¶ ºj���� �K:
�� l=�C�

µj�?&א� l�jEא�� f8��BA�� ¼KB�¥� NE:
�� .�^<�� l>�� ،e�¤� a�¹
�� h
� Y�Y?�� M�K��� ·j@�� W�� �tK$א�¸¥K��
K�� �Wא¶�	tא� ºj��

L��Tא�l��،�WE��aEC8��M	¥K-. 
 �l�jEא�� f8��א&� l:
�� �א�× M�X�Tא� é�� M�K9&א� �£KBA�� M��C�K�

� KDC��µj�?&א").<��Ð��"�¹�"£¹Wâ�Ð��("�µ¹W#א�í�M�¥W&3א�
��K:
�� l=�C�� ،M�X�Tא� é�� M�K9&א� ��jBAא£ M�K<א�� �K>qאj&א� h�

¹�� lB�¥� �א	��Wא¶ ºj����¶W?�� LA�� »T� �WE�� aEC8�� M	¥K-�
�µ¹W#K��d�A&א�í�M�X�Tא�M���hBp�M�K9&א��£K&א�א ¥£x3. 

 �l�jEא�� f8��א&� l:
�� ،M�X�Tא� é�� M�K9&א� �א&jא£ ^<��� M��C�K�
��£Wâ�[	��kA
�µj�?&א)�f��"¥j>���"�،�K>	j>א��¡u�T�M��C�K�

"e�¹ZC��^�K��� �א��¹ZCא�" ¡u�T� M��C�K�� .(h�¹�،³K��tא� f���
�kA
�¸Y�Y?��l=�C��M�K9&א�א£j&א�¸XÓ�k8�Tא�א¶W��	tא�ºj����·I�

µj�?&א�l�jEא��f8�
KDEA�א&��¥Y?���×א��[	Tא�[>�. 
• KÓ�ME�j�jC@א����K�KE��t¹א�M�K9&א��£K&א�א¶W� �Î¥א��א	�

o � �Z#א�í� �¥j�X&א�Ð�K<&א�kA
� ¶j?�� �W�K����K�jA<�� א¥£��l=�C�3−2�
h�M�X�Tא�é��M�K9&א�א£jBA��M�K<א���K>qאj&א�M�K��£�. 
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• M�X�Tא�é��M�K9&א��£KBA��h�zא�א¶W��	tא 

o �é�� KD��Kp�� ¡Ï?�� �£K�� »�� �Wא¶�	t� f8��א&� Y�W?�� ��£¥א  l=�C�
��Z�A��¼K?�¹�،M�X�T3−1א�é��M�K9&א�א£jBA��M�K<א���K>qאj&א�M�K��£�h��
M�K$א�L�Þ�،M�X�Tא. 

• �Y�Î�eAD���Wא¶��h�­Wè�א&�	tא�·� 

o ��£K&א� �Wא¶�	K�� 
jאWè� h�� .@AD���א& ·G�� g@â� ·KE�� �K:
�� l=�C�
M�K9&א. 

� �Z#א� í� �¥j�X&א� Ð�K<&א� a�� M�X�Tא� é�� M�K9&א� �£K&א� �א	��Wא¶ d>��� f�3−2�h��
�£��M�K�א&jא�K>q�א�>M�K��jBAא£�א&M�K9��é�אM�X�T؟

�� �Z#א� £Wç3−2��£� h���،M�X�Tא� é�� M�K9&א� ��jBAא£ M�K<א�� �K>qאj&א� M�K
M�X�Tא� é�� M�K9�� �£K��»�� �א	��Wא¶ Y�Î��Ð�K<�� .�WC
�Ð�K<&א� ¸XD�� �אZ��tא¶ h�� W�t¹

�d�.��£¥א ��«���£K��M�K9��é�אM�X�T�í�א&jא�K>q�א�>M�K�א%MqK��XD¸�א&jא£���Æ�א¤I�
j��¦jæ�t�،Ð�K<&א�eA��a���£K&א� ¸X�e�¤�WC
�fB<א��c�j��¹�،KDE��Y;Cא��MAqא�.�¤�¹א

��j&Kא£� MEC<&א� MC�A�� ME�K�� Ð�� M�K9&א� �£K&א� �א	��Wא¶ Y�Î��� M�W?&א� �K�jA<&א� N�K�

h�א	��Wא¶���K�jA<&א�h��W�Z&א�MC�Aא��LA:��،¥אY��é��fqj���l@��M�X�Tא�é��M�K9&א

¸X��é��M�K$¹א�ME�j�jC@א���א�¥Î&¹א��£K&אKÓ�ME�Kא����¥¹Wא��í�KDE��Y;C����£K&א��.�¤�¹א
KD��MqK%א�¶K@�TK��fB<א��c�j���،ME�Kא���KD�¥¹£�í��K�jA<&א�¸X��MC�Aא��k?A���Æ.�

�W¶�א&jא£�א&M�K9��é�אM�X�T�í�אM�X�T�א&>�Y�K؟����f��
�א�� é�� M�X�Tא� é�� M�K9&א� ��j&Kא£ MEC<&א�loאX=א�� ¥j�	Wא�� MC#�LA:��ME<A��א� ·K�A


M�u��W�K	�¥j��·G��W¥§�א�<��K�א�Wא�M��jBAא£�א&M�K9��é�א،M�X�T�X�¹¸�א&jא£��KÓ�×א�
ME�Kא��� �¥¹Wא��í��K�jA<&א� ¸X�� KDE��� WE<��·�¹�،M<A�A�� M��C�K�� ME�j�jC@א��� KDא�¥Î�¹�.

é��M�K9&א�א£j&K��MEC<&א�¥j�	Wא��MC#�lqj��،�K�jA<&א�¸X��kA
��KC�¹�«¹Y7�K��M�X�Tא�
ME<A�
kA��	§K���K�Ï?�א�MC�A�א���£K&א�¸X��¶אW��	t�M�	KC&א.�

��a9��·��ME<A�a�¹�،e�¤��l>��>^�א$�tK��W��·j@��h�א&KC	L��MC�A�א�W	�j¥�א�
�Wא¶��	tא� £¹W�¹� Mא�Wא���K�>א�� h�� KD�� dA<��� K�� a�� M�X�Tא� é�� M�K9&א� ��j&Kא£ MBoK�
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�	a�Ï��é�א�MC�A�א&>MEC��j&Kא£�א&M�K9�Y�xא¥�،K��g��£¥א�KD�í��M�KD�אk8�T�א&?�M�j�א�×
M�X�Tא�é�� M�K9&א� ��jBAא£ M�K<א���K>qאj&א�í� Y�Tא� �א&jא£�. goאj��ap¹�·j@��·��l=�C�¹

��jBAא£� M�K<א�� �K>qאj&א� ap¹� í� M�W����א& �£K�&א� a�� ¼K?���� ¸X�� M�X�Tא� é�� M�K9&א
Tא�é��M�K9&אM�X��.�l=�C��ME<A�h@�¹�ap¹��jאgo�א&jא£�א&M�K9��é�אM�X�T�í�א&jא�K>q�א�

·K@�xא�¥W?��¼£¹אWâ�·j@��·��.�K��¾l<A	�¾¥KE<��í� ¥W��W��M�K9���£K��»��·I��،µK�B�¹
�[>��h��ºY���M�K9���£K��¶אW��	K��i?E?!�h@,�t�Ø?��Y���dE?����M�¥¹Yp�N�K��א¤�

Mא�Wא��M�>א��.æ�KB��´KC��N�K��א¤��ME<A�j¦��£¥א ��jא£��M�K9�hBp���ºW�א&jא�K>q�א�
�M�K�–�M�u�
kA��	§K��gEE?�א��–�£K&א�¸X��¶אW�l=�C�¹��·��¶j?�.���é�א$W��h�א	�

��j&Kא£� MEC<&א� MC�Aא�� é�� �אt	���KCא� ¸X�� f��� ��Î¥א� ®u�I�� ME<A��א� ¥j�	Wא�� ·K#
KDE��Y;CA��M�X�Tא�é��M�K9&א.�

��j&Kא£�� MEC<&א� MC�A�� ¦jæ� ،ME<A��א� ¥j�	Wא�� MC#� ­KBא��� f�G�� ·�� �W�� �¤א
�ME<A�א&M�K9��é�אM�X�T��·��WE<�א�Y;C�í�אK@�T¶�א%MqK��K&K£��א&M�K9�í�א&jא�K>q�א�

M�K$א�L�Þ�،MA�H&א�MC�Aא���KqK8א���£¹W��í.�
��M�X�Tא�é��M�K9&א�א£j&K��MEC<&א�MC�Aא��Y;C���£K����jp�í�f�W<��K��¡אÏא��»��í

�í��K��KB��M�K9&א�א£j&א�א¶W��	t�ME�j�jC@א���א�¥Î&אg���h�M�K��£�א&jא�K>q�3−2�א�?
M�X�Tא�é��M�K9&א�א£jBA��M�K<א��.��u�W<א���¸X�� ¥W�¹–�،KDEA
�M�EÓא�M?א�j��£Y�+�

M�X�Tא�é��M�K9&א�א£jBA��M�K<א���K>qאj&א�hBp.�
f��¶K�¥��·¹W��ap¹�l:
��").<��Ð��"�¹�"£¹Wâ�Ð��("؟µj?<&א�l�jEא��f8��BA��
g<��–�g�¥�·¹W��µj?<��l�j��f8����").<��Ð��"�¹�"£¹Wâ�Ð�:("�
��µj?<&א� l�jEא�� f8��BA�� lB�¥� Ð�� ¼K<p¹�NE:
À��×א�� M�X�Tא� é�� M�K9&א� א&jא£

� µ¹W#א� í� KDא�¥£�� ¡Ï?�� ،KDC�3�K>qאj&א� h��M�X�Tא� é�� M�K9&א� ��jBAא£ M�K<א���.
�µ¹W#K��d�A&א�í�M�¥W&א�M�X�Tא��K���í�£אj&א�¸X��¶אW���l�G��h�א�Ïא¡�¹3��K�A�א	�

�.�¹W#א�í�KDא�¥£x�¶K@��1¹�2M�X�Tא�é��M�K9&א�א£jBA��M�K<א���K>qאj&א�h���.�g��¹
MEC<&א�¥j�	Wא��MC#�M�Y<+��K�Ï?&א�¸X��í�Y;Cא��£Y��×א��M�X�Tא�é��M�K9&א�א£j&K��


jCא·��N!"M�X�Tא�h��MCE<���K���í�¶אW��	tא�¹»Y
�í�Y;Cא�"�¸K�£�.�
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t�–µj�?&א�£¹W3א�א¶W��	tא�¹��¶K�¥G��µj�?&א�l�jEא��f8��:�א&�
��NBE��×א��¹��µj?<&א�l�jEא��f8��BA�� ¼KB�¥�NE:
א&jא£�א&M�K9��é�אM�X�T�א�×��
� kA
� .�¹W#א� í� KDא�¥£�� ¡Ï?�� ،Y���� ¹�� iCE<�� �Wא¶¾�	t� M�j�?�� KD��1¹�2�h��

M�X�Tא�é��M�K9&א�א£jBA��M�K<א���K>qאj&א�.�é��M�K9&א�א£j&K��MEC<&א�¥j�	Wא��MC#�Y;C�¹

jCא·��N!��¥j�X&א�Ð�K<BA��¼K?����Kא�Ï�tא�¸X��í�M�X�T"א�א¶W��	tא�¹»Y
�í�Y;Cא�

��K���íM�X�Tא�h��MCE<�"¸K�£��،. 
M�X�Tא�h��MCE<���K���í�¶אW��	tא�¹»Y
�í�Y;Cא��

��M�	KC&א�M�X�Tא��K�>��lqj�¹�M�X�Tא�é��M�K9&א�א£j&K��MEC<&א�¥j�	Wא��MC#�£W!
�.�¹W#א�í�KDא�¥£x�¶אW��	tא��K�j���¹1¹�2�é��M�K9&א�א£jBA��M�K<א���K>qאj&א�h��

M�X�Tא� .XÓ¹�MqK%א� ¶K@�Tא� �x£¥א  ME�Kא��� M�K<א�� �£K�&א� í� MC�Aא�� Y;C�� ،ªY=א�� א
� .�¹W#א� í� M�X�Tא� é�� M�K9&א� ��é�2�j&K�1¹א£ M�K9&א� ��jBAא£ M�K<א�� �K>qאj&א� h��

M�X�Tא.�
1−��l�jEא��f8��BA��MEB�¥�M
jBá�í�´Ï7��×א��M�X�Tא�é��M�K9&א�א£j&א�Î�<�

�M
jBá�،µj�?&אM
jB2א�¸X��í�M�K9&א�א£j&א�£K���¶אW�
kA�א	��ºY���£jE��·¹W��.
�£K��� �א	��Wא¶ kA
� £jE��ªY��L	KC&א� h�� ·j@�� W�� ،�tK$א�^<��l>�� ،e�¤� a�¹

�M
jB2א�¸X��í�M�K9&א�א£j&א)¼u���M�K<א��M�
kA�א�8�dA?א��L���.(�
2−�W<���Mא�£��K��� KÓ�×א��M�X�Tא�é��M�K9&א�א£j&א�õ£jE��·¹£�KDE���Y;CE	�،�£

Mא�Wא��KD�K���kA
��W�W�.�
3−��M�K9&א��£KBA��¡Ï?&א�א¶W��	u��lB�Yא��א¶W��	tא�ºj����f9>��،¶K
� ¾f@7�

WE#א� aEC8א��� M	¥KB&� ¼K?��� �Wא¶�	tא� ºj���� h
� ME<A	� M��� í� .�·I�� ،e�¤� a�¹
� N!� £Y�� �א�× �א�>fB"אt	���KCא� µuD�	א� "��
tא� í� X�HE	�MC#� L�K�� h�� ¥K

�kA
�M�K��f��§K	��kA
�،M�X�Tא�é��M�K9&א�א£j&K��MEC<&א�¥j�	Wא�¸W�.�
4−��M�X��� M��� í� M�K9�� �£K�� »�� �Wא¶�	t� µj�?&א� k8�Tא� ºj���א& ap¹� WC


�gEE?�¹� ¡Ï?&א�ºj��BA��l�j�jC@א��� ¥Î&א� M�X�Tא�é�� M�K9&א� �א&jא£ MC#�§¥W�� ،MCE<�
�� ¼K?�¹� ªY<א��� .EoZ�A3−1¹�3−2�é�� M�K9&א� ��jBAא£ M�K<א�� �K>qאj&א� M�K��£� h��
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M�X�Tא�.�h
�MC�Aא���Z�
¹�،k8�Tא�א¶W��	tא�ºj���I¤א��·K��´KC����Y��h�א�Ïא¡�&
��W�H&א�£j�jא��kA
�·I��،k8�Tא�א¶W��	u��L	KC&א�ºj��א��fqj��é��jא�d�אz¥א���µj�א&

�	tא�ºj��&� Mp¥K<&א� £j�j¹א���K�j��BA�� ME�Kp��א�¥Î�� ¶W?�� ·�� ¡Ï?&א� k8�Tא� �Wא¶
�MEC<&א�MC�Aא��é��،ME�Kא���KD�¥¹£�í�MC�Aא��K�Ð���MCE<��fא�j
�»��M#K<&�KD�Ï?��×א�

ME�Kא��� KD�¥¹£�í� KDE�� Y;CA�� M�X�Tא�é�� M�K9&א� ��j&Kא£ .�t�×א���K�Ï?&א�í�Y;C��h�¹

kA��Î¥א�،�¹	Y:E¡�א&�»j:C�¸¥אY�x�א�¥Î��i�G7��N�W��»Xא��¡Ï?&א�ºj��.�

5−��M?A<�&א��u@7&א� f!�l@�� ،M�X�Tא� é�� M�K9&א� ��j&Kא£ MEC<&א� MC�A�� ¦jæ
�M�X�Tא�MB;C��.��M�Ï7&א�א�Î%א�MC#�é��LA:��·��،M�K9&א�א£jBA��loאX=א��ªY<��K�

�א& ��j&Kא£ MEC<&א� ME&K<א�� M��א�8 MB;C�¹� M
��?�KBEE�¹א�Z¥א »Y"� ·�� ،M�X�Tא� é�� M�K9
�í�M	א¥Wא�� WE�� M�j?<&א�ºj8?א�� �Wא¶�	tא��K�j����§K	��kA
� M�K9&א� �ªY<�A��jBAא£

M�X�Tא�é��M�K9&א�א£j&K��MEC<&א�¥j�	Wא��MC#.�
6−��f�W�¹� ،M?�K��א� �í�אZ�Tא� �K�� KB��µj?<&א� �Wא¶�	u��ºj8?א�� £¹W$א�apj�

&K��MqK%א�¶K@�TאM�X�Tא�é��M�K9&א�א£jBA��M�K<א���K>qאj&א�í�M�X�Tא�é��M�K9&א�א£j�.
�KÓ�M�X���M���ªY
�í�µj?<&א� �Wא¶�	u��k8���ºj����kA
f�,¹��f��W�א	��Wא¶��

�Wא¶�	tא�אXÓ�KE�j�jC@��א�¥Î��.�M�X�Tא��K���¶K;C��l�YÓא�fE@7א���¶W�����²j	¹
��_E�����،MC@-�M�¥£�k8���é��.�¹W#א�í�M�X�Tא�é��M�K9&א�א£j&א�¶K@��� ¥£1¹א�2�

M�X�Tא�é��M�K9&א�א£jBA��M�K<א���K>qאj&א�h��.£W8א��אX��í¹:�
• �ºj��+¹�a	¹��M�X���M���kA
�d�:C��M�K9&א��£KBA��W�W#א�א¶W��	tא�·K��א¤�

M�X�Tא�M���h��ME
Y>א���K�>א��í�iAE���µ£K<��¹��³j>��k8���¶אW��א�jא	>M�א	�
�Wא¶��	tא�·I�� ،M�X�Tא�é�� M�K9&א� ��jBAא£ M�K<א���K>qאj&א�í�f<>�K�� ¥W&א
f��� h�� M�¥W&א� ¶K@�Tא� kA
� ME?�	Tא� i�� a	¹Tא� M�X�Tא� M��� í� W�W#א�.

� ¶K@�Tא� ¸XD��fB<א��c�j�¹)¶K@��� ­¹Y7�� �א�Ïא¡��¹ ­¹Y7��N�K�� ��¹�)�¤א ،
Ï?&א� �Wא¶�	tא� ��Y�Iא¥ MA�K�� U�8�� �j:%א� í� ¡8)��í� ¶K@�Tא� �Y��� �¤א

��j:%8א.( 

• �ºj��+¹�M<	¹א�M�X���M�>��M�K9&א��£KBA��W�W#א�א¶W��	tא�·K��·���W��א¤�
� ¥W&א�M<	אjא��M�X�Tא�M���h��ME
Y>א���K�>א��í�iAE���h��f���k8���¶אW�א	�
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@�Tא�·I��،M�X�Tא�é��M�K9&א�א£jBA��M�K<א���K>qאj&א�í�f<>�K��í�M�¥W&א�¶K
M�X�Tא� M��� ¶K;C��l�YÓא�f@7A�� ¼K?���£W����M�K<א���K>qאj&א� ¸X�� .�f�W�¹

�¶K@�Tא�h��א�j	�،ME
Y��M�X���M���f��í�kA
Tא�k8�Tא�א¶W��	tא�ºj���
�hBp� ،M<	אjא�� M�X�Tא� M��� í� W�W#א� �Wא¶�	tא� h�� ¹�� f<>�K�� �£j�j&א

é��M�K9&א�א£jBA��M�K<א���K>qאj&אM�X�Tא��.��£j�j��¶K@���»G��fB<א��c�j��¹
� KDEA
� i�E?�	�� W�W#א� �Wא¶�	u�� U�8�� f<>�K�)�¹�� �א�Ïא¡ ­¹Y7��N�K�� �¤א

¶K@���­¹Y7��(��j:%א�í�¡Ï?&א�א¶W��	tא�א¥Y�I��MA�K��U�8��¹�8)���Y�À��א¤�
��j:%א�í�¶K@�T8א( 

�Wא¶��K·��¤א •�	tא�W�W#א��£KBA��،M�K9&א�é��L�K��א¶K@�T�M�¥W&א�h��f���
í��K>qאj&א�M�K<א��א£jBA��M�K9&א�é��،M�X�Tא�f�,�¶אW��א�<��K�aEê�í�א	�

ME
Y>א��M�>��M�X�Tא�M<	אjא��[>C��ºj���Wא¶���	tא�،k8�Tא�õX�CE�� ¥W��
�Wא¶�	tא�í�M���M�X�Tא�M<	אjא��hBp��K>qאj&א�M�K<א��א£jBA��M�K9&א�é��
M�X�Tא�.c�j�¹�fB<א��¶K@�TK��M�¥W&א�h��f���í��K���M�X�Tא�ME
Y>(א��א¤��
N�K��­¹Y7��¡אÏא��¹��­¹Y7��¶K@���(¹��f:���fB<א��KD��£Y�+�¥אY���¶K@�Tא�
í�M���M�X�Tא�M<	אjא��í��j:%א�8�)��j:%א�í�¶K@�Tא��Y�À��¤�8א.(�
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EC<&א�loאX=א��¥j�	Wא��MC#��K	KE	M�X�Tא�í��K�jA&K��M�
M�X�Tא��K
jBá�¹��M�X�Tא�í�¶jB����?Y�W�א��>ªY���K�jABA�¹א�

 
�g����?M�W−1א�?

1�−��¹���jA��kA
�»j�!�×א��M�X�Tא�f��£W!�·��é��ºj8?א���K�j��t�K�! �א&
M�K	�£אj��.�]C�¹�í�¶jB��MאM�K��£�X�T��jא�K>q�א�W	�j¥�א�=Xאlo�א�>M�K���K�jABA�¹א�
� g��א�? í1−3−2� ·�� kA
�"��jA&א� W�j��OE�� M�X�Tא� í� _?�� £W!�ºj8?א�� £¹W$א

eAD����M��f@7��Y:א��¤א��>ªY�KÓ�א&C��.�¥Wæ¹KD<p¹�eAD����:M?�Y�f8ç��KDE�א&
M�	KC�� M�Kë�kA
� ."�loאX=א��ªY<א���í�uEA�� g�K��א�×�� M�X�w���K>qאj&א�ap¹�·�

K���t�dE�:��M:7���L�j���ME�q�PoK���dE?!�í�WE>��f@7��g��.�
2�−��fEA!� ¥K��� hBp� Y�K��א& gEE?��� M<�¥Tא� YqKC<א�� W��� ªY<א��� Y�W?�� f@7�

M�K�� �K>qאj&א� ap¹� �KEAB<�� �W
K?�� loאX=א�� ¥j�	Wא�� ¸WB�
�א »Xא�� Y�K��א& .�¶W?�¹
X=א��ªY<א���­jBá�í�M�X�Tא�h���K
jBá�¹��MCE<��M�X�T��¥W?&א�MB�K�אlo��jA&�א&

� ،M��א�8 kA
� ólB�� Y:�� �KDא��� M:?��]è� KBE�)�M��H&א� ºj8?א�� ME�jEא�� �u8�א&�
u���N�H�¹�µj�?��l
j�	��f8����¹��KD��¡jB�א&W�Z��h�א&>�K�jA�א�M�¥¹Y9��apj�)�א&

M�X�Tא�h���K
jBá�¹��MCE<��M�X���Y�Kã��¥א£x��KE�¹Tא�.�א�Y�W?��i�j��·��¥Wæ¹
���h��ªY<א���א¥א�Y�� ME�K>
� �£K�¦�²WD��loאX=א�� ¥j�	Wא�� KD<p¹�M�p¹א��K	KE	�f
Y�K��.�£א¥��א&

3�−���uEA����K�KE�א&�K�jA�¹א�� ¥KEא���í�א�j:%א� W�W!�í�d�A&א� ²WD�¹��Xא
�ME&K<א��M�א�×��?¶j��KD�MC#�א%Îא��א&M�Ï7��.��MB;C�אM�X�T�¹א�Z¥א
M�MB;C�¹�א�8
�MEC<&א�loאX=א��¥j�	Wא��MC#�KDC��LA:��K�WC
�M�X�Tא�í��K�jA&K��MEC<&א�¥j�	Wא��MC#¹

�.M�K9��é�אM�X�T���Yא���?Y�W��ªY<�A�א�=Xאj&K�loא£�א&
4�−��¶jB�
kA��jא�L��MqK���Y�W?�א��>ªY���K�jABA�¹א���j9א��ME�Kא����K�j@&א�_A��

�ME&K<א�� M��א�8 MB;C�¹� M
�¹א�Z¥א M�X�Tא� MB;C��.�� M�Ï7&א� �א%Îא� MC#�i�Y���»Xא�
í�g�K���»X¹א��M�X�Tא�é��M�K9&א�א£j&K��MEC<&¹א�Y�K�
<ME�K�¹א��³K��Y�W?א��א&�·KBp�

gA<א��é���WC��¶j?�¹�MC#�א%Îא��א&M�Ï7��.��MB;C�אM�X�T�¹א�Z¥א
M�MB;C�¹�א�8�M�.�א&
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�M�X�Tא� í� ¶jB��א��>ªY���K�jABA�¹א� Y�W?��� M�X�Tא� é�� M�K9&א� ��j&Kא£ MEC<&¹א� ME&K<א�
�jA&K��MEC<&א�loאX=א��¥j�	Wא��MC#�h��LA:�M�X�Tא�í��K.��²j	¹�MEC<&א�MC�Aא��X�G�

�¶KE?¹א��Y�K�
WC�£¥א	M��KE¥א���£א¥��א&�¥K��
tא�.<���K�jA<&א�¸X��M�X�Tא�í��K�jA&K�
M�X�Tא�í�¶jB��.���KEqj�í��K���dA<���K�jA&K�¹א�

� g�
�K�/��jA&��¹���£K�	M�K�í�אM�X�TאY�W?�l�Kêx�א��>ªY�א�=Xאlo��−2א�?jBá
�M�X�Tא

5�−��M��א�8 MB;C�¹� M
�¹א�Z¥א M�X�Tא� MB;C�� .�� M�Ï7&א� �א%Îא� MC#� ¶W����
�¶K;Cא��h�¹��K9
Tא�µ¹Wא��h���Yא�j�&א��K�KEא���M�X�Tא�é��M�K9&א� א�>ME&K�¹א&>MEC��j&Kא£

M�Eא��� WqY�� l&K<א�/��K�j��+� MEC<&א� fEA��א�� �Î�ãא� ¶K;C�� M�X�Tא� fE=7�� P�K�Y�
�א��>ªY�א�=Xאlo�אl�Kêx��jA&��¹�א& Y�W?��� M@AD���א& M�X�Tא� MEB�¹� M�X�Tא�í��K�jA

M�K	� �£K�� .� µj�?&א� f8��א&� h�� M�j��� M��C�� ��Xא h
� Î<ï�¹)�µj�?&א� l�jEא�� f8�א&�
ºY��� M�	KC�� MóEÑ� ME<�Y�� M:?�� ¹��N�H&¹א� µj�?&א� l
j�	Tא� f8��א&� ¹��N�H&¹א�.(

�א% MC#� ¶W����¹�ME&K<א�� M��א�8 MB;C�¹� M
�¹א�Z¥א M�X�Tא� MB;C�� .�� M�Ï7&א� Îא�
�h
��K�KE��K��M�Ï?���u8�
h�א&���Yא�j�&א��K�KEא���M�X�Tא�é��M�K9&א�א£j&K��MEC<&¹א
�·K�Y�A��L���� f�K<�� ·K@��א� kA
� MAB�3א� Y�K��א& Y�W?��� ·K�Y��K��L���א�� ME�K@��

Up¹א�W��i��[E�.�
���K�j�W!£�א�−�6��ºY�Tא�¥£K8&א�¹��א·WAא���KD�W?��×א���Yא�j�&א�MEAEA����K�KE�א��

M:	j�&א��K�jA&א/M�X�Tא� í� M9>�C&א� .�¶K;CA�� �Yא�j�&א��K�jA<&K���K�KEא��� ¸X�� ·Ï?�¹
M�Eא��� WqY�� l&K<א�/�ªY<�A�� ��?Y�Wא� Ð�j��� ME�uD�	tא� �K
jB�BA�� MEoאX=א�� g;Cא�
� d�KCBA�� loאX=א�ÆK<א�� í� .�M
�¹א�Z¥א M�X�Tא� MB;C�� .�� M�Ï7&א� �א%Îא� MC#� ¶W?�¹

�WqY��l&K<א��¶K;CA��UB�MB;C�¹�א�8�M�א�>ME&K�¹א&>MEC��j&Kא£�א&M�K9��é�אM�X�T��Y�W?א��
M�Eא��/µj�?&א�f8�
�K�אt	�ME�uD��·G���Ï?��¹����¹K¦�א&�jB�BA��MEoאX=א��g;Cא�.�

�¶W�MC#�א%Îא��א&M�Ï7��.��MB;C�אM�X�T�í¹��>^�אj�Tא�−�7����·��h@,�،µ
�»Y:?א���jA&א��K�KE��M�X�Tא�é��M�K9&א�א£j&K��MEC<&¹א�ME&K<א��M�¹א�Z¥א
M�MB;C�¹�א�8

¹� �Yא�j�&א/�loאX=א��ªY<א��� h
� Y���� M?E�£�א�Y�W?�� g�W?���»£Y>א�� M�X�Tא�´uD�	א� ¹�
�.&>MpY���f�אT�µK>אl�Kêx�i�j�¹��K©�א�<��K�א
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8�−��ME&K<א�� M��א�8 MB;C�¹� M
�¹א�Z¥א M�X�Tא� MB;C��.��M�Ï7&א� �?¶j�MC#�א%Îא�
�MEC<&א�loאX=א�� ¥j�	Wא�� MC#�h��LA:��ªY<�A��א�Y�W?��� M�X�Tא�í��K�jA&K�� MEC<&¹א

M�Eא��� WqY�� l&K<א�� ¶K;Cא�� �Wא¶�	K�� M�X�Tא� í� �K�jA&K�/�� MEoאX=א�� g;Cא���K
jB�BA
�MA�Wא��� ºj8?א�� £¹W$א� Ð�G�� Y�W?��� �Y�j�&א� »Y:?א�� ´uD�	tא� �K�KE�¹� ME�uD�	tא
�é�� M�K9&א� ��j&Kא£ MEC<&א� loאX=א�� ¥j�	Wא�� MC#� bEA���� loאX=א�� ªY<א��� kA
� M�Ï?&א

e�¤�Y�Tא�k9�?��K�WC
�،Y�K�
h��X¸�א%KE¥א��x£א¥��א&�M�X�Tא��K�jA�¹�M�X�Tא.�
�א�? g�3−M�X�Tא� W�W!�/�ªY<א��� í� WE>�� f@7�� g�K��� �א�× M�X�Tא� �K
jBá

M�K	��£K��¹���jA&�l�Kêxא�loאX=א��
9�−��ME&K<א��M�!£W�MC#�א%Îא��א&M�Ï7��.��MB;C�אM�X�T�¹א�Z¥א
M�MB;C�¹�א�8

�Tא�،loאX=א��ªY<א���א�Y�W?��µu��h��M�X�Tא�é��M�K9&א�א£j&K��MEC<&¹אM�X/��K
jBá
�¥KE<��L�j+�ªY<א���í�WE>��f@7��g�K��א�=Xאlo�א&>MEC�אM�X�T�א�×�� ¥j�	Wא��MC#

ªY<א���í�g�K�
�K�אM�X�T�א�×��jBá�¥KE��t�M�X�Tא�í��K�jA&K�.�
10�−��¥KE��t� Ð�K<&א� M�X�Tא� í� �K�jA&K�� MEC<&א� loאX=א�� ¥j�	Wא�� MC#� £W!

M�X�Tא/�Tא��K
jBá�¹���jA&�l�Kêxא�loאX=א��ªY<א���í�WE>��f@7��g�K�M�X�א�×��
M�K	� �£K�� .�µj�?&א�f8��א&� M����é��Ð�K<&א� ¸X��WC���¹)�f@7�� �KDא��� M:?�� ��:Yא�¹
M�
kA�א�8�(MCE<��M�X���KDE��g�K�¹
W£�א&KC�d�א#=Yא�ME�/¹א�×���M�X�Tא�h��M
jBá

)� WqY��l&K<א�� ¶K;Cא�� K�£Wç� KB�M�Eא��ME�uD�	tא��K
jB�BA�� MEoאX=א�� g;Cא��� (�OE�
M��Cא��¸X��MEoאX=א���KpY<א���¹¦K���.�
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11�−�Ð�K<&אME�Kא���l��:�
)�(��M�K�
�K�אM�X�T�א�×���g�K��KDpY<���jABA��¹�א&K£��א�jBá�¹��M�X�Tא

��M��jא¦«�C�10MoK&א�í�30 � K��Y?��µj�?&א�f8��¹��M:?�¹�)����Y��h�א&�
�-f�Kא M�
kA�א�8� Y:�� �KD��� (� h�� W¹א��í��K
jB�BA�� MEoאX=א�� g;Cא�

ME�uD�	tא�؛א/M�Eא���WqY��l&K<א��¶K;C��
،¹��

)�(��í�M�K�
M�אM�X�T�א�×���g�K��KDpY<���jABA��¹�א&K£��א�jBá�¹��M�X�Tא
�lא�j�5�µj�?&א�f8�
kA�)�í�א&MoK��¹����Y��h�א&��Y:���KDא���M:?��¹�
�
�K�אt	�ME�uD�(�M�f�K-א�8jB�BA��MEoאX=א��g;Cא��h��W¹א��í/�¶K;Cא�

�א�>l&K��WqY�א��M�E؛
،¹��

) (��ªY6<א���kA
�gD��Ð�G�� KÓ�·j@��·��h@,�×א��M�X�Tא�M
jBá�¹��M�X�Tא
� ³j>�� t� W�� ªY<א��� ·�� g�¥� ،.@AD���א& h�� MCE<�� �K�>�5�h�� MoK&א� í�

� µj�?&א� f8��(א&� M:?�� ¹�f�K-� M�
kA�א�8� Y:�� �KDא��� (�¶K;Cא�� h��»��í
M�Eא��� WqY��l&K<א�� /ME�uD�	tא��K
jB�BA�� MEoאX=א�� g;Cא�� .�í�O��א�� g��¹

�kA
�M�K��f��§K	��kA
�M�X�Tא�¸X�¸W�.�
� g���KEC�א��a�¦j��M�K�@�א&�jA�í���M�X��MCE<−4א�?C��ap¹�/�M�X�Tא�h��M
jBá
)�g��)%:jא��א��ME�K��¹�אZ��K�2א�h��a�א�?

12�−��M��א�8 MB;C�¹� M
�¹א�Z¥א M�X�Tא� MB;C�� .�� M�Ï7&א� �א%Îא� MC#� ¶W����
��K�jA&א��K�j����h
��Y�j�&א�MEAEA�א�>ME&K�¹א&>MEC��j&Kא£�א&M�K9��é�אM�X�T�א���K�KE�א��

M�X���í� ¶jB��א� ¹�/�loאX=א��ªY<א��� í� gD�� g�K�B�� �£W3א� M�X�Tא��K
jBá�apj�
� N�A�� ��¤א M�£Y>א�� M�X�Tא� í��K�jA&א� M�K�@�� a�¦jא��� �KEC�C��loאX=א�� ¥j�	Wא�� MC#

M�X�Tא� í� �K�jA&K�� MEC<&א� .�í� �K�jA&K�� MEC<&א� loאX=א�� ¥j�	Wא�� MC#� l
��Yא ²j	¹

                                                 
30��h��h@,�K��Y�����Y?�0.1MoK&K��. 
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�¹א�Ïא¡�א&���K�j�אk�£T�א�×� Y�K��א& 
WC�£¥א	M��KE¥א���£א¥���K�jA<&א� ¸X��M�X�Tא
h@,�K�jA&א�]è�KBE��KD?E?!�/K�	KC��e�¤�·K��א¤��،¶K
�f@7��M�X�Tא�í�¶jB��.א�

13�−�� ¶W����¹�M��א�8 MB;C�¹� M
�¹א�Z¥א M�X�Tא� MB;C�� .�� M�Ï7&א� �א%Îא� MC#
� ¤K*�h�� M�£Y>א���K�KEא��� ،Y�Tא� h@��� ��¤א ،M�X�Tא� é�� M�K9&א� ��j&Kא£ MEC<&¹א� ME&K<א�

!��K�KE��¹��M��Y�a�¦jא����KEC�C���K7�x�M<óBá�MEAEA�.��K�KEא���¸X��Y�j���t�K�WC
¹
�M<óB2א��K�KEא���¶W����)u���^>�C�¹�l	WC��»¥KE<��²אYäא�.(�·��¥Wæ�i���Ð�

�MEC<&¹א�ME&K<א��M��d�W�MC#�א%Îא��א&M�Ï7��.��MB;C�אM�X�T�¹א�Z¥א
M�MB;C�¹�א�8
�M�X�Tא�é��M�K9&א�א£j&K�M<óB2א��K�KEא���µKB<�	K��a�¦jא����KEC�C���K7���LE�K	��í.�

14�−��í� �K�jA&K�� MEC<&א� loאX=א�� ¥j�	Wא�� MC�A�� a�¦jא��� �KEC�C�� ªY
� µu�¹
� Y�j�� ·�� ¥Wæ� ،M�X�Tא� �K�jA�¹� M�X�Tא�M�X�Tא� MB;C�� .�� M�Ï7&א� �א%Îא� MC#
&K�� MEC<&¹א� ME&K<א�� M��א�8 MB;C�¹� M
�אK@�x·،�¹א�Z¥א ¥W�� ،M�X�Tא� é�� M�K9&א� jא£
� M�X�Tא� �jA�� L�C�� u�K
� KpאY<�	א)»�ºY=8¹א�� ºj8?א�� gE?א��� (�M���¹

M�X�Tא/�K�jA��kA
�»j�!�×א��M�X�Tא��K
jBá/�K�j��
kA��X¸�א&�¶jÑ.�
� g��í�−5א�? �K�jA&א� �K�j���� kA
� ME�K��x¹א� ME
�א�Z¥א �K	¥KB&א� Ð�G�� Y�W?��
M�X�Tא/�M�X�Tא��K
jBá)�g��)،��¹�א%:�j�א��Z��2ME�Kא�h��a�א�?

15�−��ME&K<א�� M��א�8 MB;C�¹� M
�¹א�Z¥א M�X�Tא� MB;C��.��M�Ï7&א� �?¥W�MC#�א%Îא�
�h��LA:��M�X�Tא�í��K�jA&K��MEC<&¹א�M�X�Tא�í��K�jA&K��MEC<&א�loאX=א��¥j�	Wא��MC#

�fB�3א�Ð�Gא���M�X�Tא��K�jA�¹�í��K�jA&א��K�j����kA
�ME�K��x¹א�ME
�¥KBBA	�K�א�Z¥א

g��X¸�א��?Y�Wא�W��MEBA<א���K�KEא���Ð�j��W��é��M�X�Tא�.�loאX=א��¥j�	Wא��MC#�X�G�¹

�א���O�í��KE¥א���£א¥�� WC
� ¥K��
tK��.<���K�jA<&א� ¸X�� M�X�Tא�í��K�jA&K�� MEC<&א
´jA	��K�¹W��¡אÏ�t¹�Y�K��.א&

16�−��Y�K��א& ��Yא¥א���£א¥� M�X�T�í��K�jA&K�� MEC<&א� loאX=א�� ¥j�	Wא�� MC#�¡Ï?�¹
�K�jA<&א� ¸X�� �K
�+Yא .�MEC<&א� loאX=א�� ¥j�	Wא�� MC#� LA:�� W�� ،KDCE�!� ²WD�¹
�h��M�X�Tא�í��K�jA&K��M�#MC�א%Îא��א&M�Ï7��.��MB;C�אM�X�T�¹א�Z¥א
M�MB;C�¹�א�8

EC<&¹א�ME&K<א���£Wâ�ªY<���K�Y8��§¥W��·K��Y�W?��א�Y���M�X�Tא�é��M�K9&א�א£j&K��M
M�Ï?&א� Y�K��א& ��£א¥� ��KE¥א� é�� �א	�KC£א .��K�jABA��ªY<א��� Y�W?��� ME�DC&א�  K�!¹
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�MC#�f��� h�� ¥j:א��� h�� W�Z��é�� M�Ï?&א� Y�K��א& ���>dA�KEß¥א���£א¥� KBE��fB�3א
;C��.��M�Ï7&א�א�Î%א�M�K9&א�א£j&K��MEC<&¹א�ME&K<א��M�MB�אM�X�T�¹א�Z¥א
M�MB;C�¹�א�8

M�X�Tא�é�.�
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MEC<&א�¥j�	Wא��MC#�KD?�:��×א��Y�K�����£K�fEA!�א&
M�X�Tא�í�M�Y:Eא���Ð�K?<א���K>A�+�

�
1−��²WÓא–µK2א��
1�−�� KD?�:�� �א�× Y�K��א& fEA!� �£K��� W�W!� j�� M?E�jא�� ¸X�� h�� ²WÓא�MC#

M�X�Tא�í�M�Y:Eא���Ð�K?<א���K>A�+�MEC<&א�¥j�	Wא�.�
2−�M�¥K7&א�א²Y�Tא�
2�−�� �£W�،loאX=א�� ¥j�	Wא�� M�E�� ¥K��� í� M?�:&א� Y�K��א& fEA���� fB<א�� �£K���

M�¥K7&א� ��KE�¹H�cA�ã�אT�Yא²�� .�M?A<�&א� Y�K��א& ��£א¥� í� �¥j7&א� g�W?�� ME�¹H�B�
Eא���Ð�K?<א���K>A�+�j�¹�،l
Y>א�� K�¦KD�¹�loאX=א�� ¥j�	Wא��M�E��d�K
�kA
�a?��M�Y:

�Y�W?�� ME�¹H��� a?�� KBCE�� ،M�X�Tא� í� M�Y:Eא��� Ð�K?<א���K>A�+� MEC<&א� ¥j�	Wא�� MC#
�M
�¹א�Z¥א M�X�Tא� MB;C�� .�� M�Ï7&א� �א%Îא� MC#� d�K
� kA
� MEoW��� õ�¥j8�� Y�K�א&

&K��MEC<&א�ME&K<א��M��.jא£�א&M�K9��é�אMB;C�¹M�X�T�א�8
3�−��،M�X�Tא�í�M�Y:Eא���Ð�K?<א���K>A�+�MEC<&א�¥j�	Wא��MC#��KqK8��t� ¼K?��¹

l��،M�X�Tא�í�M�Y:Eא���Ð�K?<א���K>A�+�dA<���KBE��KD�E�¹H���·I�:�
 !W�W�א�K�j�¹T��KBE�è[�£¥א	M��K>Aã�א�>?Ð�K�א��M�Y:E�í�אM�X�T؛ )��(

)��( �£¹W$K��MEqj؛א��M�Y:Eא���Ð�K?<א��¸X��h���K>A�BA��ºj8?א� 
�L�א$M�K؛�) (Þ�´jA	��K�¹W��ap¹�
)£(�¹��KCE<א��X���LE�K	��M	א�£¥א�Ð�K?<א���K>Aã�W�W����fEA��M�X�Tא�í.�

4�−��·G7��KD�KEqj��M�X�Tא�í�M�Y:Eא���Ð�K?<א���K>A�+�MEC<&א�¥j�	Wא��MC#�gE?�	
é��Y�K�
kA��Y�W?א��א�MC�A�א&M�Ï7��.��MB;C�אM�X�T��£א¥��א&�،loאX=א��¥j�	Wא��M�E��

�ºj8?א�� £¹W$K�� KD��u
� í� M�Y:Eא��� Ð�K?<א�� Y�K�&� ME&K<א�� M��א�8 MB;C�¹� M
¹א�Z¥א
�K>A�BA��M�Ï?&א.�

5�−��MEoW��� M>8�� M�¹H��� M�X�Tא� í� M�Y:Eא��� Ð�K?<א���K>A�+� MEC<&א� ¥j�	Wא�� MC#

kA�אloאX=א��¥j�	Wא��M�E��K�Y?��l@��Y�K��.��MEqj��K�Ï?+�x£א¥��א&
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6�−��µ¹H��א& j�� ME&K<א�� M��א�8 MB;C�¹� M
�¹א�Z¥א M�X�Tא� MB;C��.��´Ï7&א� ­KB��tא
�MC#�iE���WC����K��j�¹�،Y�K�
h��g�W?�א&j7¥��א�>MEBA�א&��?،MA�gEE?�¹�א&�MEoW���õ�¥j8�

��K>A�+�MEC<&א� ¥j�	Wא��א¥�£�� ·G7�� KDא¥א�Y�� K�¤Kàא� WC
� M�X�Tא�í� M�Y:Eא���Ð�K?<א�
Y�K�
h�.�א&�M�K�&א�MEBA<א���K�KE�A��iBEE?���MC�Aא��¸X���W
K���´Ï7&א�­KB��tא�éj��¹

MC�Aא�� ¸X��í� KD��j�¹�� KÓ�×א�� M�Y:Eא���Ð�K?<א�� .�i�¥j7��´Ï7&א� ­KB��tא� ¶W?�� KB�
h�� ¾f�� é�� �Y
K��� õ�¥j8���K�j@$¹א� ME&K<א�� M��א�8 MB;C�¹� M
�¹א�Z¥א M�X�Tא� MB;C��

�K9
Tא.�
7�−��M
�¹א�Z¥א M�X�Tא� MB;C�� .�� ´Ï7&א� ­KB��tא� h�� .EBA<א�� �א%Îא� ¥KEא��� g��

�í� ��jAB<Eא KBDC�� ¾f��UoאjA�� ¼K?���.�B;C&א� M�Y<+�M�K>
�M?�Y:�� ME&K<א�� M��א�8 MB;C�¹
�א�@ §K	�� kA
� �א%Îא�، ·K#�M�W����א& �K��Y&א� gEE?�� í� M�Y¹א���� ،�Î%¹א� ،��K>

�fE�Bא����K
��M��ÌK8BA�א�Wא�MA�í��Xא�א&،­jpj��a��YאC�K��gD�E�u?�	¹א�،M�Y:E��Ð�K?<�
h@���KBA��íאY=#א.�

3−��¥j�	WA�� M<�Kא��� M�X�Tא�í� M�Y:Eא���Ð�K?<א���K>Aã�MC#�í� Y�K��א& �£א¥�
loאX=א��


WC��£א¥�−�8hB9���،g@â�PD��­K����l=�C��،Y�K��:��א&
 ��M:7���MEoW�x£א¥��א&�K�Y؛ −

 �?gEE��KE¥א���£א¥��א&�K�Y؛ −

− �X� .¥Wq�Y�¹א�>M�א�?Yא¥א��א&�
9�−��WC
� ،¥K��
tא� .<�� X�G�� ·�¹� ،Y�K��א& Y�W?�� é�� �א�?Yא¥א� WC���� ·�� l=�C�¹

�q�M�KBÞ�MA8א��א�¤�ºY�Tא�M
¹Y7&א�fא�j<א��،�K9��tא��K	¥K-�·KBp¹�.@AD��M�א&
�¼K?�¹�،M�X�TK���¥Kא����í�MD�Z��í�KDE���¥K7&א�ºY�Tא�fא�j<א��M	א¥W��MqK%א�Ð�K<BA�

l�Kא����£K�&א�·KE�31. 

                                                 
31��X���ºW�¹�loאX=א�� ¥j�	Wא�� M�E�� í� �א�?Yא¥ aCq� MEAB
� í� ¶jA<א�� ¥¹W�� MA8א��א�¤��£K�&K�� ·KE�

�Tא�fא�j<א�loאX=א��¥j�	Wא��א�א�Y���fE�£�d�Y��،¥K��
tא�Y;C��ºY. 
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3−1�Y�K��אM:7�T�אME�¹T�x£א¥��א&
10�−�Y�K��:�=:l��X¸�א&MA�Y�אé¹T��h��£א¥��א&

− EE?���¶KE?A��Y�K� �KB�א&�K�Y؛ap¹�	KE	M�x£א¥��א&

− �M�u	�MA@7��M�Y<�M�X�T؛א 

h�א&�K�Y؛ −�MEoW���M	א¥£�ap¹ 

 �LE�Y���K�j�¹�א%:Y�í��Y�W?�א&�K�Y�£�¹א¥�KD؛ −

 א��@cEA���Y�W?�א&�K�Y؛ −

− Y�K� .£¥א	M���PoK��Y�W?�א&
3−1−1�Y�K��א��KE	�K�א&��>M�í��Y�W?�א&

11�−��hB9א����£¹W$א�ap¹�WC
�Y�K���K>A�í�א،M�X�T	KE	�K��Y�W?�א&BA��ºj8?�
�Ð�K?<א���K>A�+�MEC<&א� ¥j�	Wא�� MC#��KE�¹H���،loאX=א�� ¥j�	Wא�� M�E�� KD�<p¹�×א�
�ME&K<א��M�א��M�Y:E�í�אM�X�T�¹א­KB��t�א&´Ï7��.��MB;C�אM�X�T�¹א�Z¥א
M�MB;C�¹�א�8

Ï7&א�­KB��tא��KBEE?���K�jB�¹�ME	K	Tא��£K�&א�a��KBD�u
K>�¹´.�
3−1−2�M�j�¹Tא�MBoK��ap¹�

12�−���W
K�+� ،M�X�Tא� í� M�Y:Eא��� Ð�K?<א�� �K>A�+� MEC<&א� ¥j�	Wא�� MC#� £W!
¹� eAD���א& M�u	� kA
� MA@7�� f�1� W��×א�� M�Y:Eא��� Ð�K?<א�� ،�K9
Tא/�Ð�G�� KÓ� ¹�

ME�¹Wא���¥Kא����kA
�fB�â�[�K<��.E��M�j�¹��MBoK��apj��MC�Aא��¸X��¶j?�¹�­KB��tא�¶j?
K�£jC��Y�W?���´Ï7&א.�

13�−��Ð�K?<A�� M�j�¹Tא� MBoK�� í� iא�¥£�� ¡Ï?&א� »Y:Eא��� ¥K?<א�� í� Yא�j��� ·�� l=�C�
ME�Kא���¹»Y7א��،f��¹��،h��^<��،KD�K>A�&�ºj8��£¹W��ap¹�LA:���×א��M�Y:Eא��:�


�K9��gEE?�א&L�Y؛ −Tא�W���¡Ï?��·� 

− �K	¥K-�ap¹�W��j9<א��·j@��·؛�L�Y&K��dA<���KBE���WE��M�Y:E�� 
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− ¹�M�K<א��M�8A���u@7��L�Y&א�L����·��fB�3א�h��·j@��·�/��¥Kא����¹�
 א�ME�¹W؛

 �·��@j·�א&L�Y���jא�Yא¼��P�CB�K"¥«؛ −

− L�Y&א�אXÓ�cA��Ð�j���¶אZא���´KC��·j@��·� 

14�−��X�Tא� í� M�Y:Eא��� Ð�K?<א�� �K>A�+� MEC<&א� ¥j�	Wא�� MC#� l
�M�Kë��Yא M
ME&K<א�� �¥Kא���� MB;C�� ME�K>�t� ¼K?��� M�Y��א� �K�jA<&א� :�ME@A&א� ³j?Þ� dA<�&א� ³K>�tא

��¥K���K��MA8א��א�¤�M�Y@>א�–a�K�،�39�א&�£K�M�Kë–�א&>�K�jA��Ð�א&>MCA�:��א�?�g�א�
�¶j?�� l@�� �K�KE�� g�W?��� M�¥K7&א� �KD#א� �א	�>Wא£ aE�7��� K�WD�� º¥K8�� µX��¹

B��tאK�Y�W?���´Ï7&א�­K.�
3−1−3�Y�K�
h�א&�ME�¹��M	א¥£�ap¹�

15�−�� j9<א�� LA:�)�K9
Tא� (M�j�¹Tא� MBoK�� í� »Y:E�� ¥K?
� ��£¥א  .�g�W?�� l=�C�¹
� j9<א��L�K��h�� �Y
K��� �¥j8�� �א�:LA�	jא� gEE?��� �Yא�j�&א��K�jA<&א)�K9
Tא� (�h�� ¹�

.�¥K7&א�L�K��.+�Y�K�
h�א&�ME�¹��M	א¥£�apj�¹�j9<א��M�Y<)�K9
Tא�(�،LA:א��¶W?�
d�A&א�í��£¥אjא���¥KB�	tא�א¶W��	K�.�

16�−��cA�� M	א¥W�� M�X�Tא� í� M�Y:Eא��� Ð�K?<א�� �K>A�+� MEC<&א� ¥j�	Wא�� MC#� ¶j?�
�h�� M�j�¹Tא� MBoK��í�»Y:Eא��� ¥K?<א��  ¥W��N�K�� ��¤א K+� K�¥אY�� ¥W8�¹� MEoW�&א� Y�K�א&

i�W
.�



�§£K�
fB��MCE<–א�?�g�א���tKá�kA
�M?�:&א�¶K@�Tא� 

147 


WC��Y�W?�א&�K�Y�W�W!¹���K�j�¹��£א¥��א&�K�LE�Y�Y�א%�3−1−4�Y:�
17�−��fB
� d�Y�� M�X�Tא� í� M�Y:Eא��� Ð�K?<א�� �K>A�+� MEC<&א� ¥j�	Wא�� MC#�NA@


�Ð�K?<א��·G7���KEqj��¥W8��l@��KDE��.א��Y&¹א��K9
Tא�aEB#�M�j9<א��¡j�>��]8ã
�í�  ¥W��×א�� M�Y:Eא��)h��²X!� ¹�� �א) M�j�¹�� MBoK��MC#� ¶j?��×א�� M�Y:Eא��� Ð�K?<�

�M�K9&א�א£j&K��MEC<&א�ME&K<א��M�א%Îא��א&M�Ï7��.��MB;C�אM�X�T�¹א�Z¥א
M�MB;C�¹�א�8
KDBEE?���M�X�Tא�é��.�í�M�X�Tא�í�M�Y:Eא���Ð�K?<א���K>A�+�MEC<&א�¥j�	Wא��MC#�Y;C�¹

،M�j�¹Tא� MBoK�� kA
� M?א�j&א� f����KEqjא��� ¸X��f��� M?A<&א� K�K9?א�� K�¥K��
�א í� �X���
¹�N�H&א�µj�?&א�l�jEא��f8���K>A/א&�BA��ºj8?א�� £¹W$א�¹�� .�·�� ¥j�	Wא�� MC#�kA
¹

M�j�¹Tא�LE�Y��í�KD��W��.!£W�í��K�Y�Y?��	��K�א��K�¥KE�¹א&>Ð�K�א�×�א	�
��Ð�K?<A�א��M�Y:E�א�−�18 M��C�K���K>A�BA��ºj8?א�� £¹W$א�ap¹�f���Æ�×א�� �W�W#

�¥j�	Wא��M�E��é��fB<א��אXD��¡אÏא��µK	¥��h��W�t�،KDBEE?��M�Ï7&א�א�Î%א�MC�A��d���
� �Y�xא�א� ¼K?�¹� ،W�W#א� fB<א�� ��Xא kA
� M?א�j&א� LA:�� ¼K�j�8�� loאX=א��Ð�K<�� ap¹

KD��M:��Y&א�©j8C¹א��¥j�	Wא�.�
3−1−5�Y�K�
h��Y�W?�א&�®u�xא�

19�−�� M?א�j�� W<��¾fB<�� M�Y:Eא��� Ð�K?<A�� M�j�¹Tא� MBoK�� kA
� loאX=א�� ¥j�	Wא�� M�E�
�MBoK?א��¸X��a�Y��M�X�Tא�í�M�Y:Eא���Ð�K?<א���K>A�+�MEC<&א�¥j�	Wא��MC#�¶j?��،W�W�
�MCE<&א�א�£K
¥xא�e�X�¹�Y�K�BA��MEoW�&א�ME
jCא��M	א¥Wא��a��M�Ï7&א�א�Î%א�MC#�é�

j�	Wא�� MC#�LA�� ·G7�Y�K��א& Y�W?�� ¥� .�M@AD���א& �א%Îא� MC#�í� �,l9�א%Îא� g�
�¸XD�� M?A<�&א� Y�K��א& Y�W?�� í� ¼K�WÀ�� M
�¹א�Z¥א M�X�Tא� MB;C�¹� ME&K<א�� M��א�8 MB;C�¹

¹�¶W?&א�cA&א�§K	��kA
�،M�Y:Eא���Ð�K?<א�/M�K�&א�ºY�Tא�MEBA<א���K�KEא���aEê�¹�.�
�K�Yא�Y;C�í���PoK��Y�W?�א&�3−1−6�
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ap¹�£¹W$א�ºj8?א���K>A�BA�/£¹W$¹א�ºj8?א���K>A�BA��M��Y=א��

�א�W	�¥j�í�אM�j�¹T��MBoK�í�W� ¥�א�×�א&�WEא��א�Ïא¡���Yא�א�
2�−�N<p¹�א�WE�&א��K>A�+�MEC<&א� ¥j�	Wא�� MC#�M?E�¹��K	KE	�dA<���apj��MBoK��


�£K��¹���KDBEE?�אM�j�¹T�¤א��א&�WEא���KDBEE?��M�Y<+�­KB��tא�´Ï7&א�.��MB;C��
M�X�Tא�M
�.36א&�WEא���K>Aã��G7·�א�>ME&K�א�8�M�MB;C�¹�¹א�Z¥א

3�−�f���Ð@>א���í� א¥£��»��WE���í�MBoK?א��א�¤�،M�j�¹Tא�l=�C��אXÓ�WE�&א:�
− ·��·j@��¼אYא�j���¶אW��	u��P�CB��؛»¥K" 

− t��·j@��W��d�¹¹�kA
�Y;Cא��iE��h��f��. 
4�−�l@�¹�Yא�j���«¹Y7א��M�¦uא��א ¥£x�WE�&א�í�MBoK?א��א�¤�،M�j�¹Tא�·I��¶אW��א&�WE�א	�

l=�C��:·��Ð���M�G����K>A�
،kA��¹�í،�א&�»��M<A	�MEoאX��¹��ME>A
�f�W��í��¥Kא����
،ME�¹Wא��·j@�)�¹��W��·j@�� (K�£j�¹�M�G���Ð���¼K?A��kA
�M���¹�dAà¹)�א�>M�K�א�8
fB�ç�·��dAà�(�u@7��í��¥Kא����ME�¹Wא�. 

5�−�K�WC
�£Wç�­KB��tא�´Ï7&א�M�j�¹��iBEE?���K�¹KBE@A��،�W�W#א�jæ¦�MC�A��·��
Y;C��í�Ð�K<&א�ME�Kא��:�

                                                 
36�Ð�K<��MEAB
��K:
��M�j�¹Tא��K��YBA��ªY=��KDBEE?��M�Y<+�­KB��tא�´Ï7&א�.��MB;C��M�X�Tא�

M
�.��Yא�א��£�fE�א�>ME&K،�א�8�M�MB;C�¹�¹א�Z¥א
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1−�K��א¤��·K���£KBA��MEoKEBE@א��Y�Kã�MEÑ�MAEA���W$א�¹/¹��MC�Z��kA
�Y7א���
¼M�¥K?��£אj&K��MEoKEBE@א��ºY�Tא�h��KD>EC8�)�א�WE���،א�Y7$א�א�WE��¹�

،�K�Y:>א��א�WE��¹��K7
T؛)א 
2−�V�¥Kא���»Xא��l:
��iE��g	א��£K&א�EoKEBE@א�M�؛KDBEE?�� 

h�א&�M�¹H�א#MD�א��Zא¶�−3�L�Y&א�·G��¶W?���K�KE���W�K���،KDpאY<�	t�a��

V�¥K��W�H��g�W?���؛�K�KEא�� 
4−�Yא�j���KpאY<�	א�MEBEA��/M�Y:���KBEE?�¹�،Y�K�BA��dE�C¹א���a��goאj?א��

MEBEA�xא/M�Y:?א��؛ºY�Tא 
5−��K:
��M�j�¹Tא�א£jBA��MEoKEBE@א��،�W�W#א�ÞOE�·j@��50�MoK&א�í�kA
�f�Tא�

h���KBEE?א���¸XÓ�£אj&א�MEoKEBE@א��،�W�W#א�·��h@��. 
6�−�WC
��K:
��M�j�¹Tא�א£jBA��MEoKEBE@א���£K
x�KDBEE?��¼K�¥¹£�M�Y<+�­KB��tא�´Ï7&א�
.��MB;C��M�X�Tא�M
 :א��ME�K�א&>Ð�K�í�א�MC�A��Y;C�א�>ME&K،�א�8�M�MB;C�¹�¹א�Z¥א

1−�K��א¤��·K��f8��[��¹/¹�א&���MEB�
kA�א�?dA��h��¥W��é��Ð7�א��M��א�8
 א�>M�K؛


¼K�K�15��h�Y��T�KD�EÑ��ME�K��h��Yא�a�Æ�א�×�א�@MEoKEBE�א&jא£�−2�¹/¹��Æ�
aא�Y��£¹W$א�ºj8?א��KD�K>A�&�õ�¥j8��M	jBA��XC��Y����h��M�ì�؛¼K�K
 

3−�MC��M�א&jא£��MBoK�í��MEoKEBE@א�א&�£K��KDE��N�¥£�א�×�א�
Y&א��£K
x�KDBEE?��
¼K�¥¹£�–�×¹א��Æ� ¥W��؛W<� 

4−�V�¥Kא���א�×�¶W?�	�iE��؛�K�KEא�� 
5−�K��א¤��N�K��א�WE�&א� �K>A�+� MEC<&א� ¥j�	Wא�� MC#�W��N=A�À��h��L�K��

ºW����K�j@$א�MEC�jא��·G���£K&א�MEoKEBE@א��N�K��M�¹H���h
�µu�xא�
���K؛��¥K 

6−�K��א¤��N�K��´KC���£K��M?E�¹�MA8א���£K&K��MEoKEBE@א��M�
Y���£K
x�gEE?א���
¼K�¥¹£�h@,�KDBEE?��í�[>��؛N�jא� 

7−�ºW��Yא�j���K?8A���K�KE��ME�K��M�E����KEAB
��£K
��gEE?��MEC�¹�¼אY�H�. 
7�−���£Y�+��£K
��Y;Cא��M�Y<+�­KB��tא�´Ï7&א�.��MB;C��M�X�Tא�¹אM
�MB;C�¹��Z¥א

M��:�j8¥א���M�u��YD;��W��،MEoKEBE���£K�T«�א�>ME&K�א�8
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− W�H���K�KEא���£¹W$א�ºj8?א���K>A�BA��©j8C&א�KDEA
�í�،¥j�	Wא��f;����
KB��،l��¹�� 

− kqj��£¹WÞ�ºj8���W�W���K>A�BA��¹��f�W<���£¹W$א�ºj8?א���£j�j&א�.
f�W�¹�¡אÏ�tא�W�W#א�¹��µW<&א�í�j:%א��3�h��א�א�Y���¥j�	Wא�� .k?��¹�
£¹W$א�ºj8?א���£j�j&א��K>A�BA��KB��l���W&�t�ºW<���a�¥��،א�jC	�¹� 

 
− ·��·j@���K�KEא���M�W?&א�Ð��ME�K��WE�G���¹��f�W<��£¹W$א�ºj8?א���K>A�BA��

�£j�j&א�í�¥j�	Wא��.kqj�¹�í�¸X��M�K$א�L����£¹W$א�ºj8?א���K>A�BA��
í�¥j�	Wא�� .�¹h@�MD#א�M<C8&א�¹��א·WAא���W��¶W?���¶אZ��K��é��­KB��tא�

´Ï7&א�é�¹�MC�Aא��·G��¶W?���K�KEא���M�¦uא���£K
x�Y;Cא��µu��a�¥��א�jC	�.
KC�¹�k?���£¹W$א�ºj8?א���K>A�BA���£j�j&א�í�¥j�	Wא���W&�t�ºW<���a�¥��

�£K���g��·��é�	jCא���Y;Cא��í��K�KEא���ME�Kpxא.�t¹�¦jæ�UC���W��ME�K��
a�¥T�א�jC	�. 

£¹W$א�ºj8?א���K>A�BA��í�aA��א$jEא�l�אfqT�¤א��א�
8�−� K�ç�Y�Tא�é���K	א¥£�h
�^����Kא�jE��M
¥Z&א�KBA��¶W�����K���WE�א	�

õ�¥j8���Y
K���kA
��Kא�jE$א�¹��kA
�h�K���KD�E�Y��¹��،K�YoK;��¹��K�WC
�k?����
�K>Aã�M	jBA��í�3אfEqK�¹��aA��W¶�א�×�א�����í�M�X=��،�Kא�jE$א�í¹�fEqK3א�
،ME>A<א��¹��í�א�Z���h���K�K�Cא��א�×�W��¶W�����²u
G��.KB��·��PoK����K	א¥£�M�X=��
�Kא�jE��M
¥Z&א��K>A�
²u�í�א&j�j£��¹א&Tא�WE>��¼K9���¥W8B��l�Eo¥��K�jA<BA��h
�
Y�W?��£¹W$א�ºj8?א���K>A�BA��í��K��C&א�MEא�jE$א�.�

9�−�í�M�K��¶W
�Yא�j���K	א¥£�،ME�K��t�h@,�ap¹�£¹W��ºj8���K>A�BA��í�aA��א�
��K>A�א�?ºj8��£¹W$K.�א$jEא�l�אfqT�¤א�BA��í�²u
Tא)�fEqK3¹א�ME	K	Tא�(t�
l=�C��·��apj��í��KE���K�KEא���MqK%א�µK?��K���Kא�jE$א� .K�WC
¹�»£H��ªY<��
jE$א�Kא��א�WE�&��K�zא�h
�d�Y��²u
Tא�é���K>Aã�WC
�£¹W��Y�W?א���،lB@א��W�t�
h��ap¹�£¹W$א�ºj8?א���K>A�BA��WC
�ºj����W$א�lB@א���K��CBA��MEא�jE$א�.l=�C�¹�
ap¹�£¹W$א�ºj8?א���K>A�BA��M��C�K��aEB#��KE�Wא���K�WC
�dA<���Y�Tא�א�WE�&K��
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�£j�j&א�í�،²u
Tא�K�¹M��C��א­j�T�KDCE<�)�f���¥K?�Tא�¶KC�T¹א� (K�WC
�dA<���Y�Tא�
f�K<��K��Y
K�&א�a��א�WE����K�zא.�

10�−�K�WC
�t�d>���£¹W$א�ºj8?א���K>A�BA��kqj&א�KD��í�aA��א�M"KC�א$jEא�ME�א�
h
�f�K<א���Y
K�&א�a��،�Kא�jE$א�^=��Y;Cא��KB

h�Kq£¥��א���KEqj��¸X��N�K��¤א��
tא­KB���´Ï7&א�.��MB;C��M�X�Tא�M

h��¹�א�>ME&K�א�8�M�MB;C�¹�¹א�Z¥א�MC#�א�Î%א�

M�Ï7&א�.��MB;C��M�X�Tא�M
��é�א&M�K9��j&Kא£�א&>MEC�א�>ME&K�א�8�M�MB;C�¹�¹א�Z¥א
،M�X�Tא�a���K>A�
،²u�í�א&j�j£��א&Tא�·I��MEqjא���W$K��kA
Tא�l��×א��X�HE	�
KD�.�
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£¹W$א�ºj8?א���K>A�BA��M��C�K��M�X�w��¹��²u
Tא�öC8&אM<�¹���Z�K#א�µ¹KC�A��
11�−�N?¹א��א�WE�&א� �K>A�+� MEC<&א� ¥j�	Wא�� MC#�kA
�¶W
�ap¹�£¹W��ºj8��

�K>A�BA��M��C�K��M�X�w��²u
T¹א�öC8&אM<�K��Æ�¶ZA����Y�Tא�£¹W��ºj8��M<>�Y��
MA8>C�¹��K>A�BA��í�aA	�8�öCM<�KDCE<�.�
£¹W$א�ºj8?א���K>A�BA��h��fא�jא���

12�−�N?¹א��א�WE�&א��K>A�+�MEC<&א� ¥j�	Wא��MC#�kA
�ME�K@���ap¹�£¹W��ºj8��
�K>A�BA��h��fא�jא���kA
�§K	���K�KE��WqYא��¼K?���«j:�A��MEDE�jא���א�×�KD<p¹�
­KB��tא�´Ï7&א�.��MB;C��M�X�Tא�M
�.א�>ME&K�א�8�M�MB;C�¹�¹א�Z¥א
£¹W$א�ºj8?א���K>A�BA��h��א�WE�&א�א�×��¹X��í�·j�Wא��

�א�>jא�f�í�א�Y;C��W<�"א�·j�W�í��·K�¹XA��"¼u�K��Î�<�א&�WEא����W��·��Y?¥��¤א�−�13
،ME�Kא���¥K7��iE����¥K�<��"¸X���K>A��:א&��K>A��c�Y<�í�"א�·j�W�í��·K�¹XA��MA�K�א&
• ·��gE�?���K>A��L�(א&��KD>�Y<�� (í��u9<א��f�K?��·j�Wא��í��K	א¥£�

^�Tא��K	¥£¹א�M�X=���Kא�jE$א�j��»Xא��£Wç�–�K�WC
�Yא�j���–�K��א¤��
N�K���K>A� .�"א�·j�W�í��"�¹X��KD�G��cqj�א&

• í�M�K��¶W
�£j�¹��K�KE���WE>��h
�a�¦j���K>A��¹א�j�W·،�א�>�u9�í�א&
·I���K>A�
h��f?�א�×�א&�3�LogPow�U�Y��·��Î�<��"MA�K��·K�¹XA��í�

·j�Wא�"�. 

14�−�M��C�K��א�WE�BA��×א���¹X��í�،·j�Wא��kqj��.C�K��h��£¹W$א�ºj8?א��
�K>A�BA��א¤��N�Ñ��K�KEא���e�X�� :KB�W���/A��f�K��g	Wא��Y�z¹א�·j�W��/Aא��.
ªאY�T¹�،XE>Cא���h@,�א�Y���M�¥K?��K���kA
��K>A��א�?ºj8��£¹W$K�א�/A�·j�£�í�א&
�K>A�BA��í�·j�£�/Aא��¹���K>A�&K��í�/Aא��f�K��g	Wא��£¹W$K��ºj8?א���K>A�BA��í�
/Aא�.�
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ap¹�£¹W$א�ºj8?א���K>A�BA���
��K>A�א&�WEא��−�15+�MEC<&א� ¥j�	Wא�� MC#�l��M�¹H�
h�א&�ap¹�£¹W$א�ºj8?א��

�K>A�BA��h��א�WE�&א�í�M�X�Tא�²u
T¹א� .����¹¶W�­KB��tא�´Ï7&א�.��MB;C��
M�X�Tא�M
�í�א�>ME&K�א�8�M�MB;C&�א��MEDE�j�א%:j»�א�>ME&K�א�8�M�MB;C�¹�¹א�Z¥א
W�W!�f8��(א&>µW�(א&�WEא���K>Aã��h�א��=¹X«�א&� (1997(37��lqj�¹�­KB��tא�
´Ï7&א�£¹W�A��ºj8?א���K>A�BA��apj��_	j���Ö�Y"�¶j@â��K>A�BA��M��C�K��
�K��YBA���W�W#א��KpאY<�	t¹א�M�¥¹Wא��ªאY�T�f8��א�=Xאlo�א&� .í¹�M�K��¦¹K"�
f8��f8�א&��BA��l�jEא��µj�?&א�í�¶K<��¹��Y����h��MB<�Tא�،MEBEA�xא�·I��­KB��tא�
´Ï7&א�²j	�Ð7��é��¸X��M�K$א�j�¹�lqj��£¹W$K��ºj8?א��،�K>A�BA��¼KCE���­j��
�K�KEא���א�×�W��>�WE�í�õW�Z��h��UE?Cא���א�Y�W?���f8��.א�=Xאlo�א&�

16�−�K�WC
�³j>��f8��l91��·�¦jæ�t����،Y��¹���¾lBEA��¾¶K<�í�א&?�µj�א�l�jE�א&�
£¹W$א�ºj8?א���K>A�BA��é���j:%א�8�א¼¥K;א���õW�Z&�h��UE?C��f8�
kA�א&��ºj���א&
l�¹Wא��א.¤I��¥X<��f���אX��،UE?Cא���·I��£¹W$א�ºj8?א���K>A�BA��L��C��é��·��U�8��
£¹W$א�ºj8?א��ME?��&א��K>A�BA��Ð���Ð���»T�f�u��·G7��f8�
�£K��h�W�t¹.�א&���
Y;Cא��í�אX��א�Y�xא�kA
�õא�Ï��MB;�C�.�
17�−�¶j?�¹�­KB��tא�´Ï7&א�í�N�jא��YpK$א�apj���K
Y��ME<�Y���£K��õ�¥j8��

،M�WEA?��K�WC
�·j@��e�¤�C�،¼K�	K�£Wç¹��tK$א�א�×�·j@��KDE��¸X���K
Y#א�
M�¥¹Yp� .í¹�¶K
�1999�¶K��­KB��tא�´Ï7&א��YBA��é¹Tא��K�Þ�א�Y�W?��f8��א&�
loאX=א��í�f�Tא�Ð8?א��­K��I��PD��¶W����אf�T�í�¹א�?:Y«�א�l�¹W�א&��f8��Y�W?א���
Ð8?א�� .UB�
ME�א��@·K���K�>�אf�T�א�?�Ð8�א&�K�Y���Y�W?�אY�xא���Xא��¹Y>א��א�¤�
،MA8א��f���µK>�Tא�.éj��¹�­KB��tא�´Ï7&א�.��MB;C��M�X�Tא�M
�א�8�M�Y1H�¹�¹א�Z¥א
ME&K<א��·G7���K>Aã�א�WE�&א�·u
xא�h
��tK$א�א�×�¹¦K����KDE��f8��א�l�¹W�א&�
Ð8?א��f�Tא�h��õM<A	�K��M
Y#א�ME<�Y&א��£K$א.�

18�−�K�WC
�g���¦¹K"�M
Y#א�ME<�Y&א��£K$א�h��õM<A	�،K��c�j���£¹W$א�ºj8?א��
�K>A�BA��h
�l9&א�é���j:%א�8،�é��·��g���f�W<��f8�
kA�א&��ºj���.א�l�¹W�א&

                                                 
37�P�K�Y��M�u	�M�X�Tא�M�j<&¹א�،MEoאX=א��WHO/FSF/FOS/97.7 



�§£K�
fB��MCE<–א�?�g�א���tKá�kA
�M?�:&א�¶K@�Tא� 

168 

19�−�K�WC
�£j<��­¹Y7��»��W��k8����K>A�BA��õ�Y��ºY���é���j:%א�6��u��

kA��·I��Yא�،���K>A�+�MEC<&א�¥j�	Wא��MC#א�WE�&א�·��LA:��é��­KB��tא�´Ï7&א�
]����K�KEא���M?A<�&א��K>A�&K��h��¾¥j;C��Y���L	KC���K	¥KBBA��ME
�א#�WE،�א�Z¥א
·�¹�lqj��£¹WÞ�ºj8���K>A�BA��t�Ð���¼K?A��M��C�K��f8��BA��،loאX=א��·��h@��.�
�L���g�א&��،f8��f�W<��X<¥��¤א�−�20	�£¹W$א�ºj8?א���K>A�BA�� .¹´KC��

�KE�DC��Y����¼אWE?<��»Yæ�K�¥Kא����،·zא�f���PDCא��ME�KB��tא.�
21�−� K�ç¹�Y�W?��f8�
h�א���K�KE��h���Ð��¥W��é�א�?Ð8�אf�T�í�א�=Xאlo�א&��

´uD�	א�،M�X�Tא�l�¹��K�KEא���M�E��א$YpK�א�N�j�í�א�7 .�K�j@$¹א��j
W��é��

h���K�KE�א	��Yא �´uD�	tא�í�אX��µK2א�KD,W?�¹�é��MB;C��M��.א�>ME&K�א�8
��K>A�א�?ºj8�א$£¹W�ap¹�í�5/8�א%:�j.�א	��Wא¶BA��

22�−�«¹Y7א��M?���Wא¶�א&�	t�א�א�Y�xא�©j8C&א�KDEA
�í��j:%א�5/8�
− ·��·j@��£¹W$א��W�W#א�ºj8?א���K>A�BA��W���Y7��í��j:%א�3� 
− ·��·j@��Y�Y?��­KB��tא�´Ï7&א�W��q�U��¼אYא�j���kA
�N�Ï�tא�í�fo¹א��YD
�

Yא�Î�/«K�
 

− t��·j@��­KB��tא�´Ï7&א�W��¥K
��é��²¹Kã�·G7��f8� א&�

�א$£¹W�Y��¹א¥�،¹7�6�א%:.�j�²XÞ�א��MEqj�(5/8�א%:.�j���Yא�א��−�23
ºj8?א���K>A�BA��í��j:%א�8(�

u¸�א&j�X¥��א&��?M�א�«¹Y7��N�K��¤א −��W��N??!� 


>Y�א�¤ −�W���£j�jא��¾dA?��h��W���£¹W$א�ºj8?א��،�K>A�BA��l=�C���f��
�¥KB�	א�·G7��אX��dA?א��f8>��KDE��i?A��a��cq¹��K�KE�A��×א��KD�W?E	�
WE�G���אX��،dA?א��f9�T¹א�·��·j@��kA
�f@
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¾YD
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h��،i>�j��·I��MC�Aא��l��×א��¥Y?��K��א¤��N�K��l9B�	�¼K�W��אXD��W$א�
k8�Tא��K>A�BA��k����j:%א�5/8. 

��YB�א،­KB��t�í�א�?dA��Xא��>M#K��X<¥��¤א −��l9&א�¼K�W��W$K��k8�Tא�
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�·��O����­KB��tא�´Ï7&א�אX��dA?א��í�­Y	��N�¹�،h@-�a��l9&א�
¼K�W��£¹W$K��ºj8?א��ºY�Tא��K>A�BA��k����j:%א�5/8. 

− �¥j�	Wא�� MC�A�� ME�Kא��� �¥¹Wא�� í� M�Ï7&א� �א%Îא� MC#�]��� í� Y;Cא�� g��
�א&�WEא� �K>A�+� MEC<&א� �א%Îא��. MC#�c�j�� kA
� Ð=�� �א« �Y:�� Æ� �I¤א
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M�MB;C�¹�א�8

��·G7��K>Aã�א&�WEא�
�
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ME�¹Wא�� �¥Kא���� í� 
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K��N!� MCE<�� M�¹KBE�� �£K��א�WE�&א��K>A�+� MEC<&א� MC�Aא�� a9�� W�

EC<&א�M
KC8א��¹��M�j@$א�Ð7��·��Læ�،M�K$א�¸X��í¹�،a�¥Tא�א�jC� 6Mא�
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 .�Tא� é�� e�¤¹� ،�K>A�BA�� ºj8?א�� £¹W�A�� KD�W�K��� é�� Y�TK���´Ï7&א�
.�א�»X�f�,��MB;C�אM�X�T�¹א�Z¥א
M��­KB��u�א&´Ï7��·G7��K>Aã�א&�WEא�
�kA
� �K>A�BA�� ºj8?א�� £¹W$א� kA
� �K?�xא� g
W�� �K�KE�� M��� ��£¥א  W<�¹
�g�W?��Læ�،א�WE�&א��K>Aã�·G7��´Ï7&א�­KB��u��N�H&א�Ø�Zא��µ¹W#א

��f�,�»Xא��´Ï7&א�.�Tא�é���K�KEא���­KB��tא�í� M
�¹א�Z¥א M�X�Tא� MB;C
�.א&´Ï7��·G7��K>Aã�א&�WEא�

)4(��M�¹KBE@א��א£j&א�ºW���¶אW�
�K9��é��j	aE�א	�Tא��K�j@$א�ºW���k<���W�
�ºj8�� £¹W�� kA
� µj8$א� Ø<�� e�¤¹� ،loאX=א�� ¥j�	Wא�� í� M�¥W&א
K>A�BA�� ºj8?א�� £¹W$א� ·j@�� OE�� Y���� ¹�� �W�W�� M<A��� �K>A�BA���

ºY���aA���u<���£j�j��.�´Ï7&א�.�Tא�é���K�A:א��¸X��f���iE�j��l=�C�
��K>Aã� ·G7�� ´Ï7&א� ­KB��tא� í� M
�¹א�Z¥א M�X�Tא� MB;C�� f�,� »Xא�

�א&�WEא� �K>A�+� MEC<&א� MC�Aא�� KDE�� Y;C��� a�Y�� ·�� kA
� �א&�WEא� .�W<�¹
�­KB��u��N�H&א�Ø�Zא��µ¹W#א�kA
��K�KEא���א ¥£���K>Aã�·G7��´Ï7&א

�M�X�Tא� MB;C�� f�,� »Xא�� ´Ï7&א� .�Tא� kA
� KDpY
� g�E��� א&�WEא�،
´Ï7&א�­KB��tא�í�M
�.¹א�Z¥א

)5(��ºj8?א��£¹W$א�W�T�ªאY<�	א�א�Y���é���K9
Tא��K�j@$א�ºW���k<���W�
�WE#א� ME
�א�Z¥א �K	¥KB&א� í� Ð=�� M�E��� �K>A�BA�� .��K	¥KB&א� ºW�I�

¥Zא��K>A�BA��ºj8?א�� £¹W$א�aE	j�� ¶ZA����W��u��� �W�W#א� �WE#א� ME
.�א
�MB;C��f�,�»Xא��´Ï7&א�.�Tא� é��LA:א�� g�W?�� h�� M�K$א� ¸X��í� W�t¹

MC�Aא�� KDE�� Y;C��� M���� a�� M
�¹א�Z¥א M�X�Tא� .�kA
� �K�KEא��� ��£¥א  W<�¹
�� KD,W?�� g�E	� ،´Ï7&א� ­KB��u��N�H&א�Ø�Zא�� µ¹W#א�´Ï7&א�.�Tא� é

��K>Aã� ·G7�� ´Ï7&א� ­KB��tא� í� M
�¹א�Z¥א M�X�Tא� MB;C�� f�,� »Xא�
�.א&�WEא�

)6(��MEqj��� M	א¥£� �£K
�� ¹�� K�K9���א�WE�&א��K>A�+� MEC<&א� MC�Aא��LA:�� W�
�א&�WEא� �K>A�&� ´Ï7&א� ­KB��tא� K�¥W8�� .�¶j?�� ،�tK$א� ¸X�� f��� í¹

� Ø<&א� ´Ï7&א� .�Tא�´Ï7&א� ­KB��tא� µKB
�� µ¹W�� kA
� LA:א�� �I£¥א 
l�Kא��.�
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)7(��W�W!�d�	�.<��WE�+�dA<��� KBE��M�K<א��M�
kA�א�8�W�W
�Y:��YD;��W�
i�K>A�&� ºj8?א�� £¹W$א� .��K�j@$א� ¶j?�� ·�� W�t� �tK$א� ¸X�� f��� í¹

tא�í�ME&K<א�� M���u�I®�א�T.�א&Ï7´�א�»X�f�,��MB;C�א�8 �K9
Tא�­KB��
�XÓא� M�	KC&א� �K�KEא��� �K:
�¹� M
Y��א� i�¹� kA
�א&�WEא�� �K>A�&� ´Ï7&א

´Ï7&א�.�Tא.�
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¹�ap¹�·G7��MEDE�jא���«j:%א/M<א�Y��¹��
ME��aA��£Wâ���K�¹W�א&¥KB	M�א�8��dA<���KBE��
�

��¹�� ���>dA�j+א£ KBE�� M�X�Tא� M�K;C�� ME�Kp���K�A:��� W�W!�·j@�� ·�� l=�C�
� �K
jBá�h�� M�¹W�� f�� ���Wא² dE?���� »¥¹Y9א�� ¥W?א�� kA
� ��YqKא MCE<�� MEoאX�
�K�¹W&א.�
��M	¥KB&K�� M?A<�&א�loאX=א�� ¥j�	Wא���K�¹W&�l�EoYא��ªY=א�� f�B��� ·��l=�C�¹

�¥K��� í� M�X�Tא� M�K;�� ¶K@��� dE�:�� ·G7�� �K�j@$א� é�� �¥j7&א� ��	Wא� í� ME�א�8
ME�¹W¹א��M�Y:?א���K�A:�&א.�

��¹W�¹�KD��kqj&א�M�W<&א�ME�¹Wא��´jA�+K�(�א&�K£��א�>M�K��M�K;C�אM�X�T�M−�א�
M�Y$א�Mא��Y&א�«K?�¹� Y�K��í�e�¤�א%:j»�א��MEDE�j���dE�:��¶K;�fEA!�א& (��£K�&¹א

�í�ME	K	Tא�doK�jא�� K<Eê�f@7��،M�X�w��ME�j�jE�¹Y@E&א�Ð�K<&א�dE�:�¹�apj��M�K<א�
X�Tא�M�K;��·אWE�M�.�

��¹�� 
kA��jא£� M?�:&א� ME��א�8 M	¥KB&א�´jA	��K�¹W��aEê�Ð7��·��l=�C�¹
�ME�Kp�� ��jא£ hB9��� t¹� ،M�X�Tא� M�K;C�� M�K<א�� �£K�&א� é�� MCE<�� MEoאX�� �K
jBá
�£Wâ�MEoאX��M
jBá�¹���£K&�MCE<���K�A:����K
�.�K�BA£��א�>M�K��t��W?�K¥�א�»¥¹Y9�Y&א

��®K8��·��l=�C��KB��ME���@¶K���K�¹W�א�W	�j¥�א�=Xאlo�א&�>M?A��¥KB&K	M�א�8
KD�Y7��M�j:��M�Ð�¹
<M�K�K+��k>@����LC�א$M�K��é��jא£��<�M�p¹א�M?�Y:�.�

��loאX=א��¥j�	Wא��´jA	��K�¹W��kA
�¸u

��K¥א��א�jא¥£���tא�d�:��·��l=�C�¹
M�X�Tא�M�K;C��dA<���K�K@���hB9���×א�.�
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Y:א��ap¹��£K��loאX=א��¥j�	WA��MEAEA��אdo�א��
�

loאX=א��¥j�	WA��MEAEA��א�=ªY��h�א�:Yאdo�א��
��¶K@�Tא� h�� d?��A�� ME�¹£� doאY�� ·j@�� ·�� j�� doאY:א�� ¸X�� h��l�EoYא��ªY=א�

loאX=א��¥j�	Wא���K>qאj��KDAB7��×א��.�¶W�����·�¹�l<�Y��¥W8B��¶W�����·��l=�C�¹
��M�W����M�W�Y�Tאª�א�<�[�¹א&Yא��M�א&>�e�X��£K�í���Y�K<�א�:Yאdo�א&���.¹�א&

fEA���Yאdo�א��
fEA���>c�Y���jא­��Yאdo�א��

)�(��c�Y<�doאY:א�)�µ¹Tא�­jCא�(�
c�Y<א��� :�،KDא�¤� M?�Y:א�� ¸X�� �Wא¶�	K�� t�� KDE��� fqjא��� h@,�t� MBE�� £W!�M?�Y�

BA��M�j�?&א�MBE?א��W�W�����WE�jא��M?�Y:א��c�Y<א���g@Þ�f@7�¹M	K?&א��£K.�
KD�A����h�¹�:�h
�MêKCא���¥K��f،�¹א%E���Y7�¥�MBE�¹�،»Y:>א��h><�A��£¥אj��§KE�

ÌK&א��K&א�í�UA&א�M�K��¹�،cE>א���.�
)�(��ME<�Y&א�doאY:א�)l�Kא���­jCא�(�

c�Y<א��:�doאY��³K�:א�� ¶W
�M�K��í�£W3א�ME<�Y&א�M?�Y:א��l��l�Kא���­jCא��M?�Y��
µ¹Tא� ­jCא�� .�O�Kא��� ­jCא�� doאY��.�� h�� ¥K�à� ·�� l=�C�¹)¸K�£�� M�óY<&א� .(�·�� l=�C�¹

�Y�K<&א�ªאY���k�¹�א­ZCא���tK��í�KDא�W��	K��kqj�.�
KD�A����h�¹�:א�WE�KÓK��dA<���KBE��WD#א�³Y��§KE���jA	�.�

) (���WB�<&א�MA�Wא���doאY:א�)O�Kא���­jCא�(�
c�Y<א��:� l�� O�Kא��� ­jCא�� M?�Y���¥j�	Wא�� MC#� KD�Ï7�� �א�× Ð�K<&K�� l>�� M?�Y�

�í� KDא�W��è[�א�:Yאdo�א�×�,@h�א	� KBE��،MC�K<&¹א�fEA��א�� doאY:�� MEC<&א�loאX=א�
gE;Cא���¹��\E�>א���¹��Mא��Y&א�ªאY��.�



�§£K�
fB��MCE<–א�?�g�א���tKá�kA
�M?�:&א�¶K@�Tא� 

180 

KD�A����h�¹�:א�W�¥jA@A��Y�j���jA	��¹��£¥KÓj���jA	�.�
)£(��W<��KDE��N���Æ�doאY�)אYא��­jCא�a�(�

c�Y<א��:��KDא�W��¶W��h�א�ME�KC�א��?M�WEA��¹�(�א	�����M?�Y��l��aא�Yא��­jCא��M?�Y�
�doאY:�� MEC<&א� MC�Aא��L�K��h�� KÓj�?�� M�jA:&א�Ð�K<&א� W<�� KÓ� £W!�Æ�h@�¹� �Y�Hא

MC�K<&¹א�fEA��.א��
KD�A����h�¹�:j�Tא�§KE�¹�،MECE�
>M�א�Tא�M�¥jA��d�Y��h
�h�¥jA@א��§KE��ME
KC:qtא�א·
M�X�Tא�í.�

fEA��א&>Ð�K�א�>M�K�¥KE��t��Yאdo�א��
)�(���£K+�kC<��ME�¹£��KB;C��KD�<p¹�×א��MEÑYא��fEA��l=�C��fE9>��Yאdo�א��

�£Wâ�MEoאX��M
jBá�¹�.�
)�(��dA<��� KBE�� KDEA
� f�j<א��� ME�K@��� N���� �א�× fEA��א�� doאY�� fE9>�� l=�C�

�L��k9�?�א$Ð�K<&K�µK�א��ME�K،�א���¥K�à�×:�
)1(�l
jCא��©K8��tא.�
)2(�¶K@�Tא.�
)3(��í� MA�KB��� ¢K�C�	t¹א� Wא�jא�� Î���א& fא�£� §KE?A�� �א��@Yא¥ א�M�W؛

�M>A���).£א�f�א&��Î�א�jא�W�KBE�¹��.�א&��Îא�(א&��Îא��א&
)4(�fEA��.א&ºW6�א&�¡K�²K67��t�א&�£K��­jpj�א��
)5(�ME	K��.א$
)6(���dE�:א���ME�K@��¹�MEAB<א��M�jD��.l�א�;²¹Y�א&��M�Î�א�>66M�£Kא�
)7(�µK$א�k9�?��L���K�¥KEא���h@,�ºY���Ð�K<�.�

) (��fE9>�� l=�C�¹� ،MEAB<א�� KD��jD	� §K	�� kA
� �¥K���א& M?�Y:א�� �K?א��� l=�C�
£K�<&א�א¶W��	tא�ªאY���í�KD?E�:��h@,�×א��doאY:א�.�
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)£(�#�·j@�� ·��Læ�¥j�	Wא���K>qאj+� �Y
K��� MAq� M�Ï?&א� fEA��א�� doאY��aEB
KD�WD���.א�=Xאlo�א�×��

)6�(��h�� M>A�ã� �K
jBá� kA
� �W�j�� �¥j8�� KD?E�:�� h@,� �א�× fEA��א�� doאY�
KDCE<��aA	�kA
�t��d�:C��t�×א��doאY:א��kA
�KDAE9>��l=�C��aA��.א�

K��fEA��Wא¶�א�PDC�א&>KE¥«א&>Ð�K�א�>M�K�¥KE��t��Yאdo�א���	�
��¥KEא���Ð�K<��W�W!�¦jæ�،O�K¹א���l�Kא���.
jCא��h��fEA�í��M�K��Yאdo�א��

M�	KC&א� ME<A��א� ¥j�	Wא���K>qאj�� í� KDא�¥£x� gE?א���K��¹� doאY:א�� .�Ð�K<&א� fB7�¹
�j�א&>Ð�K�א&�MCE�í�א�?�g�א%©K��Y:אdo�א���fEA�í�א�<?Cא��אX��kA
�apj��×א���Y) �(


jא�f�אt	Ï£א£�f���،ºY�Tא�MBou&א�Ð�K<&א�a��M?א�Ï�¹�،d�	�KBE�.�
W¹א��Î��&�M���&א�fEA��א&>Ð�K�א�>M�K�¥KE��t��Yאdo�א��

��í� MqK�� ،KBoא£� M?�:�� ¹�� M�K���N�E�� W¹א�� Î�ã� fא�£� M���&א� doאY:א�
£W<�&א� fEA��א�� �£K�� doאY�� M�K�� �א&�>/ MA<>C&א� �£K&א�W�W#א� fEA��א�� �j�¹א£ �£W� .�£Y�¹

�doאY�� ¥KE��t� M�K<א��Ð�K<&א� í�fEA��א�� M?�Y�� ¥KE��t� KDא�W�א&>Ð�K�א�×��l=�C�א	�
fEA��א�� .�Ð�K<&K�� l>�� ·�� W¹א��Î��&� M���&א� fEA��א�� doאY:��Læ�،e�¤�kA
� �¹u

ME�Kא��:�

)1(�²Ï<��l�¹£�µj�j�¹Î��K?�¹�M?�Y:א��h��d?���u�א�×��
Ð�)��i�(�א��
�،W¹א��Î��&�M���&א�fEA��?M��Y:אdo�א��C&א�MEDE�jא���«j:%א�í�KDE��


h�אK!t£�א�l�¹W���KEBE@A�א����M�¹א��:�ME?E؛��¥£K8א��
)2(�� ¥KE<&� tKא���� ME
jCA�� ¶K;�� í� V	א¥� M?�Y:א�� �א	��Wא¶ ·�ISO/IEC�

�א&::17025 �K	¥KB&א� µ£K��� ¹�� l	KE?א�� WE�jא����MC��א$ M�Î��
�؛1999

 d�Y��h
�u��¹�W�H&א�¶K@�xא�ºW��h
��K�jA<+�M?�Y:א��fB@����·��l=�C�¹:�
−�،M�K���N�K��KB�E��،��K>@א��_:��í�MB;�C&א�M�¥K7&א�
−�،M?�:��N�K��KB�E��،�WB�<��ME<�Y��£אj��¶אW��	K���Y�K<&א�
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−�&�a�j�&א�ZE�Ïא��WC
�Z�C��×א��א££Ï	tא��K	א¥£،fEA��K£��א��
−�M�K���N�K��KB�E��،ºY���M�����M?�Y��a��M�E�Cא��h��d?��.א��

�
loאX=א��¥j�	Wא��í�Ð�K<&א�PD��dE�:���fB<א���KBEA<��

��fEA!�M?�Y��¡אÏא��fqאj��·��loאX=א��¥j�	Wא��í�aA�¦jæ�»T��h�K#·�א�
¹�،loKEBE@א��·KE@א��W�W����MBou�/K<&א�h��M
jBá�a9��·��¹��KÓ�f��1�·��Læ�Ð�
·KE@א��W�W����M�W���í¹��»��h�א$،.��K��l=�C�W�W!�א&��ºj�אk8�T�.�א�:M?�Y�א&

KCBD��»Xא��ZE�Ïא��ºW��¹��،Y���»¥KE<��ºj����»�¹�k�£Tא�ºj���.¹א&
�،�K>qאj&א�h��M
jBá�ap¹�h��W�t�i��� ¥j�	Wא��·K#�ºW���¥Y?�� K�WC
¹

�·KE�Tא�^<��í�W"�W?��h��LA:��·�¹�،MCE<��M?�Y:��lqj��·�� KÓ�fD	Tא�h��i��
�·��MC�K<&¹א�fEA�¶j?�¹�MC#�.���X¸�א�:M?�Y��é��jא�K>q��KC	�MC#"µj!"M��Yאdo�א��


�،K�£KB�U�8�¹��f<>�K���Zא¼�t��K>qאj&א�¸X��M	א¥W��e�¤�W<��MC�K<&¹א�fEA��Yאdo�א��
MBoK?א�� �K>qאj&א� h�� �א�. ¸X�� ��¥א£� ����a�¤�¹א ·�� KDEA
� ·I�� ،�K>qאj�� ap¹� MC�A

�µ¹W#א�h��.����KB��MCE<���K>qאj��apj��MqK%א��KBEA<1א��.�
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�µ¹W#1א�–�K>qאjBA��MEB�¥�gE��apj��MEDE�jא���«j:%א��
�
�
�

dE�:א���ME�K@��: 

�،MEC<&א�aA�
kA�אK@�T¶�אW3£�،�¹א��dE�:�A��MA�K��M?�Y:א��·j@��·��l=�C�
�א& �K�j���¹א& �¥Y?)¹� k�£Tא� ºj���אk8�T/א& ºj���א& ¹�� (�³K:Cא�� WB�<�¹

�،¸Y�W?�� g�E	� »Xא�� ¥Y?&א� ºj���א& kA
� M?�Y:א�� í� dE�:�A�� f�K?א�� k�£Tא
�K���iC
�Ð�<א���h@,¹²אYäK��¢K�C�	tא�ºj����)SR�(�¹��c7@א��W��¹�

Y�W?א���W� 

�f�K?א��k�£Tא�³K:Cא�
dE�:�A�: 

For ML ≥ 0.1 mg/kg, [ML -  3 sR , ML + 3 sR ] 
For ML < 0.1 mg/kg, [ML -  2 sR , ML + 2 sR ]  

sR
39 = standard deviation of reproducibility 

c7@א��W�: For ML ≥ 0.1 mg/kg, LOD ≤ ML · 1/10 
For ML < 0.1 mg/kg, LOD ≤ ML · 1/5  

Y�W?א���W�: For ML ≥ 0.1 mg/kg, LOQ ≤ ML · 1/5 
For ML < 0.1 mg/kg, LOQ ≤ ML · 2/5  

                                                 
39���K���l=�C�sR� M�£K<�� h��Horwitz /Thompson� .� M�£K<&א� ¸X�� dE�:�� ¥X<��� K�WC
¹)�ªY=�

MCE<���W
K��L����¹��lAEA!�(�WC
�¹�"f�j!"�é��WC����·��XoWC
�l=�C��،�K>qאj��é��M?�Y:א��sR�h��
�M?�Y��M	א�£¥א£TאM�	KC&א�. 



�§£K�
fB��MCE<–א�?�g�א���tKá�kA
�M?�:&א�¶K@�Tא� 

184 

M�Wא�: For ML ≥ 0.1 mg/kg, HorRat value ≤ 2 
For ML < 0.1 mg/kg, the RSDTR < 22%. 

RSDR
40

  = relative standard deviation of reproducibility. 

 
 
 
 
 
 
 

�אt	Ï66666£א£
)R( 

 
 
 
 
 
 
 
 

³W8א� 

 
 

fEA��A���£Wâ��tKá�í�a�j�&א�א££Ï	tא�³K:C��ºY���MEDE�j��«j:��Yא�j��¹.��tK$א�í¹
�£Wâ�ºY���«¹Y
�dE�:��¦jæ�،M�j>8&א�coK�¹�ºW���·K��£א£Ï	tא�·��KDE��.����×א�.�

³W8א��gEE?��ªאY�T�WB�<��ME<�Y��£אj��¶אW��h�א	������،.  

ZE�Ïא� µW<&א �W�jא� �(٪)אt	Ï£א£ �
100 1 100%  (100 g/100g) 98 – 102 
≥10 10-1 ≥ 10%    (10 g/100g) 98 – 102 

≥1 10-2 ≥ 1%      (1 g/100g) 97 – 103 

≥0.1 10-3 ≥ 0.1%   (1 mg/g) 95 – 105 

0.01 10-4 100 mg/kg 90 – 107 
0.001 10-5 10 mg/kg 80 – 110 

0.0001 10-6 1 mg/kg 80 – 110 

0.00001 10-7 100 μg/kg 80 – 110 

0.000001 10-8 10 μg/kg 60 – 115 

0.0000001 10-9 1 μg/kg 40 – 120 

�µ¹W#א�í��£¥אjא���K>qאj&א�kA
�M?א�j&א�h��W�t¹1M�jA:&א�gE?א��W�W����.�
�����������ºj��
h�א&��K�jA<��g�W?��h
�é¹Tא�ME�¹H�אW63£���)�א&��K�j�6�a�¹)�،e�¤��I·�א&
���������K:א��MC�Aא��doK
�kA
�a?��،�K>qאj&¹א�،fEA��I6¤א�
��Z6�א�M6C�A������.���M6�í�א�W	�،¥j�¹�Yאdo�א��
����������6��¦jæ�،�¥Y@�&א�M��K:&א�g�¥��K>qאj��¹��fEA!�M?�Y��g�W?��h
CCMAS������K>6qאj&א�a9��·��

¸u
��¥j�X&א�j�Cא��kA
�M�	KC&א.�

                                                 
40���K���l=�C�sR� M�£K<��h��Horwitz / Thompson� .�M�£K<&א� ¸X��dE�:�� ¥X<��� K�WC
¹)�ªY=�

MCE<���W
K��L����¹��lAEA!�(�WC
�¹�"f�j!"�é��WC����·��XoWC
�l=�C��،�K>qאj��é��M?�Y:א��sR�h��
�M?�Y��M	א�£¥א£TאM�	KC&א�. 
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f���h��doאY:א��Ð�K<��é���£W3א�fEA��!f�j��Yאdo�א��
MC�K<&¹א�fEA��#MC��Yאdo�א��

�
�� KDpY
� WC
� ،aA��א� MC�A�� l=�C��kA
�O�Kא��� ¹�� l�Kא���.
jCא�� h�� M?�Y:�

�kC��E�� ¸K�£�� MCE�&א�Ð�K<&א� h
��K�jA<�� K9��� ¶W?��·��،MC�K<&¹א�fEA��א�� doאY�� MC#
M�	KC��M�K
�MEAEA!�]oK8��é��KDA�j!�fEA��:�MC�A��Yאdo�א��

• ³W8א� 

• � dE�:א��� MEA�K�)�doאY:A�� �K:<&א� ،MEA9�T¹א� ZE�Ïא�� ºW�� ،M�j>8&א
 ")>M�Kא�"

• c7@א��ºW� 

• W�W� �ºW�א��

• �§KE?A��¥אY@א���،M�Wא�)Wא�jא��Î���¢K�í�א&��Îא��)�£א�f�א&C�	t¹א
�M>A���M8A�)£א�f�א&��Î�א�jא�W�KBE�¹��.�א&��Îא�(א&����KDC@�¹�،

§KE?א��´j@

h�א
��K¥א���tW��ME�¹K<א����¥Kא�����K�KE��h� 

 אt	Ï£א£ •

• MEoK?��tא 

• ME	K� א$

• E:%אM 
��¥j�	Wא�� �Wא¶�	t� MEAEA��א�� �K�A:8&א� í� �K�A:8&א� ¸X�� c�Y<�� £Y�¹

M�KÓא��K�A:8&א�h��K�Ð�¹�،loאX=א�.�
���£W��×א��M?�Y:A��lAEA�¶j?�¹�MC#��Yאdo�א���fEA���gEE?�אT£א��א�<>lA�א��

KDC�� d?��א�� WC
� .�í� KDE��� fqjא��� h@���×א�� M�Wא��]oK8�� ¥K��
tא� í� e�¤� X�G�¹
�h��PoK�Cא��a��LC��é��K�C��،M?�Y:א��kA
�N�Y���·j@��W��×א��³Y:א��א�£T��K	א¥£

M?�Y:א�� Y�j:�� ¥K��� �KC����Z ��×א��ºY�Tא� Y�j:א���µKB
�� .�Ð�K<&א� M
jBá�f@7�¹
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�í� MBou&א� aA���jא�K>q�א� í�  ¥W�¹� MC�K<&א� doאY�� MC#� Y�Y?�� h�� א�×�N<p¹���Zא
loאX=א��¥j�	Wא�.�
�
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��M�E��� W�W!¹� ،�£j�j&א� doאY:א�� a�� ¢K�C�	t¹א� �א��@Yא¥ �K��� M�¥K?�� h@,
M�¥K?&א�.�M?�Y:א��א¶W�
��K�¥K�����I�M¤א��N�K��،MEpY�h@,�א	�K��.�M?�Y��W�j��Æ�¤�¹א

��K�א�?gE�א�M�Y;C��Y@�Aא¥���X666oWC
�h666@,�،M666�Wא��א�Y666א��¥K��M�¥K?��א�Y�x�ºY��
Z��¹¥j��M�£K<��kA
�K¢�א
�KB£א�C�	t¹א�)M. Thompson, Analyst, 2000. 125, 385-386(.�

¥j�	Wא���Kא�W���K�MEAEA!�Y�Tאª�א	�A:8��
PoK�Cא��א�:�א�א�Y���א�£��W<��KD�K���¹��KD	KE��)�MEB��·G7��KDC
�bA�&א�MEoKDCא��MBE?

gEE?א����KEAB
¹�ME
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��ºW�:�
• ��¥K
xא]M�u<א��؛]�
�M؛ •ó��א�PoK�C��Ð�א&8
�M؛ •ó��א�PoK�C�א&8
• ���K	KE?א��h��W�W<א��_	j���X���W��·K��א¤��K 
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f�K-�´jA	�א�¤�ºY����K�j@��h��fא�W��·¹£.�



�§£K�
fB��MCE<–א�?�g�א���tKá�kA
�M?�:&א�¶K@�Tא� 

187 
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�Ð�<�A��MEAEA�UA��kqj��i�í�א�@�KEBE�א��
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M;�u�:�

��kA
� ،¥K���tא� PoK��� h�� M
jBá� kA
� i?E�:�� WC
� ،M�Wא�� UA:8�� »j:C�
·j@&א�¦KEäא�¹��²j�G��l�DC��G:�¹�MEoאj7<א���K�j@&א�h��M>E�j�.�

³W8א��:�µj8$א�(�א�×�M:	j�&א�MBE?א��.��dא�jא���א�Ïא��PoK���h��MA�A	�h��KDEA

M�j�?&א�ME<�Y&א�MBE?¹א��א�¥K���tא.�

;�u�M:�
1�−�ZE�
�£K��h��OE��ºW�א���³W8א��§K?�.�
2�−��i���kA
�³W8א��é��¥K7�¹"_	j�&א�M�£�."¶אW��	tא�אXD��lqj��t¹.�

ZE��.א�<³Y��.���K<�j���PoK�אK���t¥�¹א�?MBE�א&ME<�Y�א&?�M�j:�א��
;�u�M:�

�א�>j7אMEoא��� �K:�w�� f�K?B�� ME�DC&א� �K:�Tא� M
jBá� j�� ZE�� .�·j@�� W�¹
ZE��א&ME�DC�א�×���g�K�í�א�� �K:�Tא� YqKC
�h��Y���� ¹�� Y8C
�´KC�� .�³Y>א��[@<C�¹

ZE�
h�א�?MBE�א&ME<�Y�א&?�M�j�í��£K�¦��MBE�א���»£K<א�.�
��Y8C
�é��µjqjא��.<���K�WC
¹)YqKC
�¹��(DC&א��K:�Tא�MEAB
�µu��h��ME�

��K:�Tא� �א
��K¥א� M>
K9+� MEoאj7<א�� �K:�Tא� Y8C
� W�Z�� ،MEoאj7
� �K:��� fB7�
�<^��Y@��Kא¥C�¹.�

¶K@�xא� :�f�� í� KDEA
� µj8$א� g���×א�� MA?���א& ¥K���tא� PoK��� .�� dא�jא��� א�Ïא�
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�MÑK���¥j8��.�M
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� µj8$א� KDE�� g���×א��²¹Y;א�
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� µ¹H��א& [>�� M:	אj�¹� Î���א& [>�� í� MA�KB�&א� ¥KE��tא� £jC�� kA
� M?�Y:א�� [>C�

�Ð8��MAqK��MEC�¦�א�Ï��kA
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¢K�C�	tא�²¹Y�:���×א��²¹Y;א���M?�Y:א��[>C�� ¥K���tא�PoK���kA
�µj8$א� KDE�� g
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;�u�M:�
��UB��� K�WC
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�K¢�[�אYätא²�א&>»¥KE��MEA�K?A��Y@�Aא¥��C�	u��MEA�K?א��[�í�N�7�A��§KE��j�

�¢K�]��a�¦j���PoK�א¥K���t�í��f��²¹Y�א�?MEA�K��Y@�Aא¥�C�	u��MEA�K?א�.[�
��Ð=���W�W!�h@,�e�X�"�¥אY@�A��MEA�K?א�]¢K�C�	u��MEA�K?א��[h�Kא����f�K<�¹"�

�í"�¥אY@�A��MEA�K?א�]¢K�C�	u��MEA�K?א��[[E�K?B��KDא�W����N�7���PoK�א¥K���t�í�"¹א	�
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� ME?E�:¹א��IUPAC-1987�(Pure & Appl. Chem ., 66, 1903-1911 (1994))�
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