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Maintaining perfect equipment to 

maintain perfect quality of products
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���ã�@�¼�¸�£���Ë�v�@�š�?���Â�g�]�]�°�·�?���œ���Î�Ê�·�È�¤�š�?���N�g�]�]�Ä�Ÿ
���N�Ø�@�¼�L�W�?���@�¼�Ê�j�Ø�Ç���N�?�c�¤�á�š�?���f�@�¼�£�?���¥�»���¹�»�@�¤�L�É
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���œ���Î�¼� �¿�Ø�?���½�]�]� �¤�»���Â�?���®�Ç�g�]�]�¤�»���È�]�]�Ã���@�]�]�¼�³�Ç
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���Æ�e�Ã���h�@�L�”�Ç���*�����@�¤�·�?���?�e�Ã���œ���Í�b�È�S�È�š�?���Î�]�]�¼� �¿�Ø�?
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�,���Î�¼� �¿�Ú�?���Æ�e�Ã���Î�Ê�·�È�¤�»���Î�«�g�¤�»���Ï�¸�£���Í�f�c�°�·�?
���Ì�A���Î�Ê�·�È�¤�»���Î�«�g�¤�»���Ï�¸�£���Í�f�c�]�]�°�·�?���¾�c�£���Â�?�Ç
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���,�@�Ä�¬�É�g�¤�K���º�È�W
���Ñ�?�b�A���Î�Ê�·�@�¼�L�W�?�<���@�]�]�Ä�å�¿�A���Ï�]�]�¸�£���Î�Ê�·�È�¤�š�?���M�]�]�«�g�£���d�E
���¹�Ÿ���œ���Ë�»�c�…�?���Ç�A���Ë�]�]�S�@�L�¿�Þ�?���@�Ä�v�g�¨�·���Í�c�]�]�¤�š�?
���:�Å�À�Ê�¤�»���Î�Ê�À�»�h���Æ���«���º�Ù�_�Ç���Î�Ê�¸�Ê�¨�]�]�o�K���®�Ç�g�Ÿ
���Î�·�Ç�@�‡���c�]�]�À�£���U�L�À�š�?���¹�¼�£���Î�]�]�Ê�·�@�¼�L�W�?�<���Ë�]�]�Ã���Ç�A

�Å�·�@�¼�¤�L�j�?
 (Ebeling & Barkhuizen) ���±�]�]�¬�K�?���‘�]�]�W���œ
���Î�À�³�@�š�?���Ç�A���¾�@�]�]� �À�·�?���Ñ�?�b�A���Î�Ê�·�@�¼�L�W�?�<���@�]�]�Ä�å�¿�A���Ï�¸�£
���Æ�b�c�‡���Í�c�»���Á�¼�v���I�j�@�À�»���¹�´�o�G���Î�¬�Ê�Ÿ�È�¸�·

���:�Í�b�c�‡���ž�Ç�g�n���M�•
���Î�Ê�·�È�¤�š�?��(Noori & Radford) ���®�å�g�£���‘�]�]�W���œ
���Ë�Ò�?�È�]�]�o�¤�·�? ���¹�]�]�o�¬�·�? ���Î�]�]�Ê�·�@�¼�L�W�?�< ���@�]�]�Ä�å�¿�A ���Ï�]�]�¸�£
���ž�Ç�g�]�]�n���M�•���Ç���Í�b�c�‡���Í�c�»���Á�¼�v���º�@�¨�L�]�]�n�Ù�·

�:�Í�b�c�‡���º�@�¨�L�n�?
���*�Æ�Ù�]�]�£�A����]�]�É�f�@�¤�L�·�? ���{ ���?�g�¤�L�]�]�j�? ���º�Ù�]�]�_ ���Á�]�]�»
���Á�»���Â�È�]�]�´�L�É���Î�]�]�Ê�·�È�¤�š�?����]�]�É�g�¤�K���Â�?���¡�]�]�W�Ù�É

�+�8�Ë�Ã���Î�Ê�j�@�j�A���g�r�@�À�£���Î�¤�G�f�A
 Probability: �Î�Ê�·�@�¼�L�W�Ø�?���+���A

�����¤�É�Ç���*�Î�]�]�Ê�·�È�¤�š�?���Î�]�]�¼�Ê�°�·���Ë�]�]�¼�¯�f���m�@�Ê�°�»���È�]�]�Ã
���‘�W���œ���*�U�L�À�š�?���œ���¹�]�]�o�«���R�c�•���c�¯���Å�]�]�å�¿�A���µ�·�d
���U�]�]�L�¿�?���Ì�e�]�]�·�?�Ç���Å�]�]�·���¹�]�]�Ê�P�š�?���g�]�]�_�Ü�?���œ���R�c�]�]�•���Ø
���Î�Ê�·�@�¼�L�W�Ø�?�Ç���,�N�@�Ê�¿�@�´�»�Þ�?�Ç���@�Ä�k�¬�¿���®�Ç�g� �·�@�G
���º�@�°�É���Ù�P�¼�«���*����0 � pr����� 1�����‘�G���@�»���Î�¼�Ê�°�·�?���Ë�]�]�Ã
���Â�B�«���&0.95�'���Ë�Ã���@�»���U�L�À�»���¹�¼�¤�·���Î�Ê�·�@�¼�L�W�Ø�?���Â�E

���,�&0.05�'���Ë�Ã���Î�¸�o�«���Î�H�k�¿���Â�A���’�E�����o�É���µ�·�d
Operating Time���8�����¹�Ê�¨�o�L�·�?���M�¯�Ç���+���J

���±�Ê�°�•���œ���½�Ä�š�?���Ë�¿�@�P�·�?���g�s�À�¤�·�?���È�Ã�Ç ��
�����·�?���Î�]�]�Ê�À�»�i�·�?���Í�c�]�]�š�?���’�E�����]�]�o�É���Ì�e�]�]�·�?���Î�]�]�Ê�·�È�¤�š�?
���Î�T�Ê�L�¿���Å�À�³�@�š�?���œ���¹�o�«���R�c�•���Ï�L�W���Ë�w�”
���Î�Ê�¸�¼�£���Å�Ê�·�È�¤�»���M�¿�@�³���?�d�E���*�Ù�P�¼�«���º�@�¼�¤�L�j�Ø�?
���@�Ä�L�¿�f�@�°�»���½�L�É���¹�Ê�¨�o�K���Î�£�@�j��(1000)���]�·��(97%)

���*�¹�Ê�¨�]�]�o�K���Î�£�@�]�]�j��(5000)���]�·�� (97%)�Å�Ê�·�È�¤�“
���Í�f�Ç�b���Â�@�¼�v���Î�]�]�·�@�„�?���Æ�e�Ã���œ���Â�@�´�»�Þ�@�G���Å�]�]�¿�@�«
���f�@�H�L�£�Ø�?���g� �À�G���e�_�Ú�?���¥�»���Î�Ê�¸�¼�¤�¸�·���º�È�]�]�|�A���Í�@�Ê�W

�ô�T�?�N�,�D�?�í

�Ï�»�È�Ê�H�·�?���Ë�v�?�g�·�?���c�H�£���b�È�¼�‡���m�c�À�Ä�š�?���-���b�?�c�£�E

Quality control Engineer

�*�0�¢�²�(���°���g�¤�œ�•�+���j�±�c�•�F



2014���g�É�@�À�É���Á�»�@�P�·�?���b�c�¤�·�?���-���Í�b�È�ƒ�?�����@�£���Î�¸�†¡©�Î�j�g�Ä�¬�¸�·���b�È�£

���,�Î�Ê�¸�¼�¤�·�?���Å�¸�S���Ú���M�¼�¼�r���Ì�e�·�?���®�c���?
��Performance�����8���Ñ�?�b�Ú�? �����+�����V

���Ì�e�·�?�Ç���Î�]�]�Ê�·�È�¤�š�?���±�Ê�°�X�L�·���Q�]�]�·�@�P�·�?���g�]�]�s�À�¤�·�?���È�Ã
���Ñ�?�b�A���Ç�A���Ñ�?�b�A���¾�c�]�]�£���Î�]�]�Ê�¿�@�´�»�E���m�@�]�]�Ê�¯���Á�]�]�¼�w�L�É

���,�Å�¸�S�?���Á�»���M�¼�¼�r���Ì�e�·�?���{�g�¨�¸�·���Î�À�³�@�š�?
���8���º�@�¨�L�n�Ø�?���®�Ç�g�Ÿ���+�b

 Operations conditions

���*�Î�Ê�·�È�¤�š�?���±�Ê�°�X�L�G���•�H�K�g�š�?�����_�Ú�?���g�s�À�¤�·�?���È�Ã�Ç
���Î�Ê�¸�¼�¤�·�@�G���Î�í�Ê���?���®�Ç�g� �·�?���Î�«�g�¤�»���º�Ù�_���Á�¼�«
���Â�È�´�É���&�Î�À�³�@�š�?�'���¹�Ê�¨�o�L�·���@�Ä�L�»�Ñ�Ù�»���Ð�c�»���Ç
���Î�]�]�Ê�·�È�¤�š�@�G�Ç ���Á�]�]�Ò�@�´�š�? ���¹�]�]�¼�£ ���Â�@�´�]�]�»�Þ�@�G
���c�¯���Á�Ò�@�´�š�?���y�¤�H�«���*�@�����Î�¼�Ò�Ù�š�?���Î�Ê�¼�Ê�¼�s�L�·�?
���Â�@�´�»���œ���Î�Ê�·�@�£���Å�]�]�Ê�·�È�¤�“���¹�¼�¤�¸�·���M�]�]�¼�¼�r
���{�g�¤�L�K���c�¯���@�Ä�À�´�·�Ç���Î�À�Ê�¤�»���®�Ç�g�Ÿ���Å�Ê�«���g�«�È�L�K

���,�®�Ç�g� �·�?���Æ�e�Ã�����¨�K���c�À�£���¹�í�¤�·�?���’�E
���Á�´�–���Î�Ê�·�È�¤�¼�¸�·���½�]�]�Ê�Ã�@�¬�š�?���Á�»���¾�c�°�K���@�]�]�»���Á�»�Ç
���¹�]�]�¼�£ ���Î�]�]�Ê�·�@�¼�L�W�? ���Ë�]�]�Ã ���Î�]�]�Ê�·�È�¤�š�? ���Â�E ���º�È�]�]�°�·�?
���Á�»���@�Ä�À�»���Ñ�i�S���Ì�A���Ç�A���&�Î�]�]�À�³�@�š�?���*�U�L�À�š�?���*�¾�@�]�]� �À�·�?�'
���ž�Ç�g�]�]�n���M�•�Ç���Í�b�c�‡���Í�c�»���Á�¼�v���¹�]�]�o�«���Â�Ç�b
���Ð�È�L�]�]�k�š�?���’�E���V�@�L�¿�Þ�@�G���º�È�r�È�¸�·���Í�b�c�]�]�‡���¹�¼�£
���Î�¬�¸�´�·�?�Ç���Í�b�È�]�]�ƒ�@�G�Ç���Î�³�g�]�]�o�·�?���Æ�b�c�•���Ì�e�·�?

���,�Î�G�È�¸�í�š�?
�����]�]�·�?���Í�c�]�]�°�¤�š�?���Í�i�]�]�Ä�S�Ú�?���Á�]�]�»���c�]�]�É�c�¤�·�?���f�È�]�]�Ä� �G�Ç
���Î�]�]�S�@�„�?���M�]�]�£�b���*�N�Ø�@�]�]�†���Í�c�]�]�£���œ���¾�c�`�L�]�]�k�K
���Î�]�]�j�c�À�Ä�G���Ï�¼�]�]�k�É���c�É�c�S���Z�¸�í�s�»���f�È�]�]�Ä�Ÿ���’�E

(  Reliability Engineering) ���Î�Ê�·�È�¤�š�?
���Ñ�@�À�G���œ���Î�¬�¸�L�ˆ���N�@�]�]�Ê�À�°�K���¾�?�c�`�L�]�]�j�?�����¤�K�����·�?
���m�@�Ê�¯���½�L�É�Ç���,�@�Ä�Ò�?�b�A���f�@�]�]�H�L�_�?�Ç���Á�Ò�@�´�š�?���Å�Ê�·�È�¤�»
���¹�]�]�o�¬�·�?���N�Ø�c�¤�»���±�É�g�|���Á�£���Î�Ê�·�È�¤�š�?���Î�]�]�j�c�À�Ã
���¾�?�c�`�L�]�]�j�?���½�]�]�L�É���?�e�]�]�·���*�Î�]�]�É�b�g�¬�·�?���N�@�]�]�¿�È�´�¼�¸�·

�g�¼�¤�·�?���f�@�H�L�_�?���¹�P�»���N�?�f�@�H�L�_�?
���Á�Ò�@�´�š�?���¹�Ê�¨�]�]�o�K���½�L�É���Å�]�]�Ê�«�Ç�� (life testing)

���µ�·�d���c�¤�G���Â�È�j�c�À�Ä�š�?���Á�´�¼�L�Ê�·���¹�]�]�o�¬�K���Â�A���’�E
���¹�»�?�È�¤�·�?���½�]�]�Ä�«�Ç���¹�]�]�o�¬�·�?���t�Ò�@�s�_���m�@�]�]�Ê�¯���Á�]�]�»
���M�¼�¼�r���g�]�]�_�A���N�?�f�@�H�L�_�?���¶�@�]�]�À�Ã�Ç���*�Å�]�]�·���Î�H�H�]�]�k�š�?
���œ���@�Ä�L�Ê�¸�G�@�¯���Î�Ê�W�@�¿���Á�]�]�»���N�@�T�L�À�š�?���t�X�«���®�c�Ä�G
���U�Ò�@�L�¿���¥�Ê�—���Â�E���Ç���*�Î�]�]�Ê�Ó�Ê�H�·�?���®�Ç�g�]�]� �·�?���Î�»�Ç�@�°�»
���½�L�É���@�Ä�Ò�?�i�S�A���Ç���Á�]�]�Ò�@�´�š�?���Á�£���N�?�f�@�]�]�H�L�_�Ø�?���Æ�e�]�]�Ã
���Î�]�]�Ê�¸�¼�¤�·�? ���Æ�e�]�]�Ã ���Â�E ���,�N�Ù�T�]�]�k�·�? ���œ���@�]�]�Ä�°�Ê�O�È�K

�º�Ù�_���Á�»���i�T�À�K���Î�¸�»�@�o�·�?
���Î�Ê�·�È�¤�š�?���Í�f�?�b�E

���Î�À�¼�w�L�š�?�Ç�*��(Reliability Management)

���Ç ���Ñ�?�i�]�]�S�Ú�? ���f�@�Ê�L�_�? ���*�Â�È�G�i�·�? ���N�@�H�¸�í�L�» ���Î�Ê�H�¸�K
���l�Ê�É�@�°�» ���Â�È�H�¸�É ���Á�É�e�·�? ���Á�É�i�Ä���?�Ç ���½�Ê�»�@�s�L�·�?

���Á�Ò�@�´�¼�¸�·���Î�Ê�·�È�¤�š�?���N�@�H�¸�í�L�»���c�É�c�•���*�Î�Ê�·�È�¤�š�?
���®�c�Ä�G���N�@�¿�@�Ê�H�¸�· ���Ë�¿�?�c�Ê�š�? ���¹�Ê�¸�X�L�·�?�Ç���*�N�?�c�¤�š�?�Ç

���Î�Ê�·�È�¤�š�?���‘�k�•
�8�����Î�Ê�·�È�¤�š�?���Í�b�È�S�+��1

 (Quality of Reliability)

 -���Â�A���Ï�]�]�Ã���&���Î�]�]�Ê�·�È�¤�š�?���Í�b�È�]�]�S�'���Ï�]�]�À�¤�K
���µ�¸�Ä�L�k�š�?���¹�H�¯���Á�»���Å�»�?�c�`�L�j�?���c�À�£���U�L�À�š�?���Ï�¸�£
���Å�]�]�K�@�H�§�f���Î�]�]�Ê�H�¸�K���¥�]�]�»���Î�]�]�¸�É�È�|���Î�]�]�Ê�À�»�h���Í���]�]�¬�·
���l�´�¤�À�É���®�È�]�]�j���Ð�e�·�?���g�»�Ú�?���Î�Ê�·�@�£���Í�Ñ�@�¬�´�G
���Á�»�Ç���N�@�¤�Ê�H�š�?���Ï�¸�£���I�]�]�¸�í�·�?���½�T�W���Í�b�@�É�h���Ï�¸�£

���g�¼�P�L�k�š�?���º�@�š�?���m�A�g�]�·���Î�Ê�~�f���±�Ê�°�•���½�O
�Î�Ê�·�È�¤�š�?���‘�k�•���I�Ê�·�@�j�A��

Reliability Procedures 

Improvement

���Í�b�@�É�h���@���Ù�_���Á�»���Á�´�–�����·�?���N�?�Ñ�?�g�S�Ø�E���½�Ã�A���Â�E
�8�&6�'�Ë�¸�É�@�“���t�`�¸�L�K���@�Ä�K�Ø�c�¤�»���¥�«�f�Ç���Î�Ê�·�È�¤�š�?

�,�¾�@� �À�·�?���¹�_�?�b���Î�Ê�|�@�Ê�L�W�?���N�@�H�³�g�»���Ñ�@�À�G���������+��1
���º�Ù�]�]�_���Á�]�]�»���N�@�]�]�H�³�g�š�?���Î�]�]�Ê�·�È�¤�»���Í�b�@�]�]�É�h�������+��2
���œ ���Î�]�]�¸�_�?�c�·�? ���N�@�]�]�H�³�g�š�? ���½�]�]�Ê�¼�s�K ���‘�]�]�k�•

�,�¾�@� �À�·�?
���¹�]�]�Ê�¸�°�K�'�¹�P�»���¹�]�]�¼�¤�·�?���®�Ç�g�]�]�Ÿ���‘�]�]�k�• �� �� ���+ ��3
�,�&���?�,�,�Î�À�k�‡���N�È�É�h���¾�?�c�`�L�j�?���*�¹�¼�¤�·�?���N�@�£�@�j
�,�¾�@� �À�·�?���N�@�H�³�g�š���Î�Ê�Ò�@�¯�Ç���Î�¿�@�Ê�r���¹�¼�£���������+��4
���Â�È�´�É���¹�»�@�³���Ë�]�]�|�@�Ê�L�W�?���¾�@�]�]� �¿���Ñ�@�]�]�À�G���������+��5

�,�Ë�¸�r�Ú�?���¾�@� �À�¸�·���ã�Ù�É�c�G���Ç�A���ã�Ù�O�@�›
���Z�Ê�¸�s�L�·�?���N�@�]�]�Ê�¸�¼�£���h�@�]�]�‰�E���œ���Î�£�g�]�]�k�·�?���������+��6
���œ���Î�H�³�g�»���Ì�Ú���¹�]�]�o�¬�·�?���Î�]�]�·�@�W���R�Ç�c�]�]�W���c�]�]�À�£

�,�¾�@� �À�·�?
�,�¾�@� �À�·�?���N�@�H�³�g�»���&�Î�Ê�·�Ù�°�L�j�?�'�¹�s�«���������+��7

�,�¹�o�¬�¸�·���Í�c�Ò�@�¤�·�?���Í�g�|�@�`�š�?���º�È�H�¯���������+��8
�Î�Ê�·�È�¤�š�?���®�?�c�Ã�A���Ç���Î�Ê�¼�Ã�A���8�ã�@�Ê�¿�@�O

Importance and Objectives of                    

Reliability ��
���º�Ù�_���Á�]�]�»���Î�Ê�·�È�¤�š�?���Î�]�]�Ê�¼�Ã�A���Z�]�]�Ê�v�È�K���Á�]�]�´�–
�����·�?�Ç���Î�Ê�·�È�¤�š�?���{�@�]�]�¬�‹�?���Á�£���Î�—�@�À�·�?���g�|�@�`�š�?

�����µ�¸�Ä�L�k�š�?���Ç���U�L�À�š�?���Á�»���¹�³���b�c�Ä�K
���Â�È�´�K���Â�A���Á�]�]�´�–���U�]�]�L�À�š�?���g� �¿���Î�]�]�Ä�S�Ç���Á�]�]�¼�«

���8�Ë�K�Ø�D�³���g�|�@�`�š�?���º�@�´�n�A
���N�?�c�¤�š�?���Å�]�]�Ê�·�È�¤�»���{�@�]�]�¬�‹�?���Â�E���8�Î�]�]�k�«�@�À�š�?���+��1
���Ð�È�L�]�]�k�»���Ï�¸�£���@�Ä�K�@�S�g�ˆ���Â�È�´�K���Â�?���’�E���Ì�b�×�K
���œ���Î�¼� �À�š�?���c�£�@�]�]�k�É���Ø���@�›���Î�w�¬�`�À�»���Å�Ê�·�È�¤�»

���,�²�È�k�·�?���œ���Î�Ê�k�«�@�À�L�·�?���Í�i�Ê�š�?���Ï�¸�£���º�È�s�„�?
���Â�È�G�i�·�?���N�@�H�¸�í�L�»���c�¤�K���8�Â�È�G�i�·�?���N�@�]�]�H�¸�í�L�»�����+��2
���f�@�H�L�£�?���Ï�¸�£���*�Î�Ê�·�È�¤�š�?���Ñ�È�]�]�o�À�·���l�Ê�Ò�g�·�?���I�H�k�·�?

���Á�]�]�»���N�@�]�]�»�c�…�?���Ç���N�@�]�]�T�L�À�š�?���½�]�]�Ê�°�É���Â�È�]�]�G�i�·�?���������Â�?
���Å�Ê�¸�£���º�È�¤�É���Ø���Ì�e�]�]�·�?���U�L�À�š�?���Ç���*�Å�]�]�Ê�·�È�¤�š�?���º�Ù�]�]�_
���Ë�·�@�L�·�@�G���Ç���Â�È�G�i�·�?���Î�°�O���I�]�]�k�´�É���Â�?���Á�´�–���Ø

�,�Å�Ê�¸�£���I�¸�í�·�?���¹�°�Ê�j
���@�»�c�À�£���8�N�@�»�c�…�?����]�]�Ê�·�@�´�K�Ç���N�@�]�]�¿�@�¼�w�·�?���+��3
���N�?�d���@�Ä�K�@�»�c�_�Ç���Î�]�]�¼� �À�š�?���N�@�]�]�T�L�À�»���Â�È�]�]�´�K���Ø
���@�Ä�X�À�”�����·�?���N�@�]�]�¿�@�¼�w�·�?���Â�@�«���Î�H�]�]�j�@�À�»���Å�Ê�·�È�¤�»
���Ç����Ê�·�@�´�L�·�?���Í�b�@�É�h���’�E���Ì�b�×�K���N�@�¼� �À�š�?���Æ�e�]�]�Ã

���,�@�Ä�Ê�¸�£���Î�Ê�·�@�š�?���Ñ�@�H�£�Ú�?
���@�»�c�À�£���8�Î�]�]�Ê�¿�È�¿�@�°�·�?���Î�¸�Ò�@�]�]�k�š�?����]�]�Ê�·�@�´�K�����+��4
���N�@�]�]�»�c�…�?�Ç ���N�@�]�]�T�L�À�š�? ���Å�]�]�Ê�·�È�¤�» ���Â�È�]�]�´�K

���������@�Ä�¿�F�«���Î�w�¬�`�À�»���Î�¼� �À�¼�¸�·
���Á�]�]�Ò�@�G�i�·�?���Î�]�]�H�·�@�í�»���º�@�]�]�¼�L�W�?���¥�]�]�¯�È�L�K���Â�A���I�]�]�Œ
���Á�]�]�£���Î�]�]�—�@�À�·�?���f�?�g�]�]�v�Ú�?���¹�]�]�G�@�°�»���N�@�]�]�w�É�È�¤�L�·

�,�¾�?�c�`�L�j�Ø�?
���µ�¸�Ä�L�k�š�?���g� �¿���Î�Ä�S�Ç���Á�»���g�|�@�`�š�?���º�@�´�]�]�n�A���@�»�A

���8�Ë�K�Ø�D�G���¹�P�¼�L�L�«
���Î�]�]�w�¬�`�À�š�? ���Î�]�]�Ê�·�È�¤�š�? ���ì�Â�A ���d�E�8�Â�@�]�]�»�Ú�? �� ���+ ��1
���{�g�¤�K���’�E���Ì�b�×�]�]�K���c�]�]�¯���N�?�c�]�]�¤�š�?���Ç���Á�]�]�Ò�@�´�¼�¸�·

�����,�Å�K�È�»���Ç�A���g�í�`�¸�·���Â�@�k�¿�Þ�?
���¹�]�]�o�«���Ç���Ô�S�@�¬�š�?���N�?�g�Ò�@�í�·�?���¹�]�]�í�£���œ���@�]�]�¼�³��

���,�Î�É�f�e�·�?���N�Ù�£�@�¬�š�?���œ���Í�i�Ä�S�Ú�?
���è�Â�A���Á�]�]�»���½�]�]�§�g�·�?���Ï�]�]�¸�£���8�Î�]�]�¼�Ò�Ù�š�?���¾�c�]�]�£���+��2��
���c�¯���N�?�c�¤�š�?���Ç���Í�i�]�]�Ä�S�Ú�?���Å�Ê�·�È�¤�»���{�@�]�]�¬�‹�?
���Â�A���Á�´�–���Á�]�]�´�·�Ç���N�È�]�]�š�?���’�E���Ì�b�×�]�]�É���Ø
�����_�B�L�·�?�Ç���^�@�]�]�Ê�K�f�Ø�?���¾�c�¤�·���?�f�c�s�»���Â�È�]�]�´�K
���Ç���N�Ø�@�]�]�s�K�Ø�?���Í�i�]�]�Ä�S�A���¹�]�]�í�£���œ���@�]�]�¼�³
���œ���Ñ�@�]�]�G�g�Ä�´�·�? ���c�]�]�Ê�·�È�K ���Ç ���g�]�]�K�È�Ê�H�»�È�´�·�?

�,�º�@�¼�£�Ú�?����¯�È�K���’�E���Ì�b�×�K�����·�?���¥�¿�@�s�š�?
���{�@�]�]�¬�‹�?���è�Â�A���®�Ç�g�]�]�¤�š�?���Á�]�]�»���8�Î�]�]�¬�¸�´�L�·�?�����+��3
����Ê�·�@�´�K���Á�Ò�@�G�i�·�?���c�Ê�H�´�K���’�E���Ì�b�×�K���Î�Ê�·�È�¤�š�?
���N�?�Ç�Ù�£���¥�]�]�«�b���’�E���Â�È�]�]�¸�Ê�–���½�Ä�«���?�e�]�]�·���,�Î�]�]�Ê�«�@�v�E
���N�@�T�L�À�¼�¸�·���*�Î�]�]�Ê�°�Ê�°�„�?���Î�¼�Ê�°�·�?���²�È�]�]�«���Î�Ê�«�@�v�E

���,�Î�Ê�·�@�¤�·�?���Î�Ê�·�È�¤�š�?���N�?�d
���Ï�¸�£���Î�Ê�¸�G�@�°�·�?���Ç���Î�Ê�·�È�¤�š�?���c�¤�K���Ø�Ç

�Î�¿�@�Ê�s�·�?
Reliability & Maintainability ��

���½�]�]�Ê�¼�s�L�·�? ���N�?�Ñ�?�g�]�]�S�E ���Á�]�]�» ���@�]�]�¼�Ä�» ���ã�?�Ñ�i�]�]�S ��
���@�]�]�•�E���Ç���*�I�]�]�k�X�«���N�@�]�]�T�L�À�¼�¸�·���Ë�]�]�j�c�À���?
���œ���@�w�É�A���‘�L�É�f�Ç�g�v���‘�]�]�L�¬�Ê�Ÿ�Ç���Â�?�c�¤�É
���N�@�]�]�j�?�f�b���Ç���Î�¬�¸�´�·�?�Ç���Í�c�Ò�@�¬�·�?���N�Ù�Ê�¸�•
���Ç ���¹�]�]�Ê�Ã�B�K ���Í�b�@�]�]�£�E ���Ç ���¹�Ê�¨�]�]�o�L�·�? ���Î�]�]�Ê�¸�G�@�¯
���N�@�H�¸�í�L�»���c�É�c�•���Ç���N�@�]�]�T�L�À�¼�¸�·���Z�Ê�¸�s�K
���N�?�f�?�g�¯���Ç���Á�É�i�…�?���Ç���Î�Ê�|�@�Ê�L�W�Ø�?���N�?�Ç�b�Ú�?

�*�0�¢�²�(���°���g�¤�œ�•�+���j�±�c�•�F�*�0�¢�²�(���°���g�¤�œ�•�+���j�±�c�•�F



2014���g�É�@�À�É���Á�»�@�P�·�?���b�c�¤�·�?���-���Í�b�È�ƒ�?�����@�£���Î�¸�†¡Ê �Î�j�g�Ä�¬�¸�·���b�È�£

���Î�]�]�¿�@�Ê�s�·�?���U�]�]�»�?�g�G���Î�]�]�§�@�Ê�r���Ç���º�?�c�H�L�]�]�j�Ø�?
�Î�Ê�Ò�@�¯�È�·�?

�8�Î�Ê�·�È�¤�š�?���m�@�Ê�¯
  The Measuring of Reliability

���m�@�Ê�¯���@�]�]���Ù�_���Á�»���Á�]�]�´�–�����]�]�·�?���N�?�g�]�]�n�×�š�?���Â�E
�Ë�K�Ú�@�³���@�Ä�À�£�����¤�É���Î�Ê�·�È�¤�š�?

1 .���N�Ù�í�¤�·�?���‘�G���M�¯�È�·�?���•�j�È�L�»
MTBF (Mean Time Between 

Failures)

���R�c�•�����]�]�·�?���N�Ù�í�¤�·�?���‘�]�]�G���M�]�]�¯�È�·�?���º�c�]�]�¤�»���È�Ã
���Î�]�]�¸�G�@�°�·�? ���@�]�]�Ä�Ò�?�i�S�A ���c�]�]�W�A ���Ç�? ���Î�]�]�H�³�g�š�? ���œ
���@�¼�¸�³�Ç���*�Z�Ê�¸�s�L�¸�·���Î�]�]�¸�G�@�°�·�?�����§�Ç���Z�]�]�Ê�¸�s�L�¸�·
���N�b�?�h���@�]�]�¼�¸�³���•�]�]�j�È�L�š�?���?�e�]�]�Ã���Î�]�]�¼�Ê�¯���M�]�]�¤�¬�K�f�?
���N�@�]�]�H�³�g�¼�¸�· ���&Availability�'�Î�]�]�Ê�W�@�K�Ø�?
���¶�Ù�»���Í�Ñ�@�]�]�¬�³���¦�@�¬�K�f�?���Ï�]�]�¸�£���ã�?�g�]�]�n�×�»���Â�@�³�Ç

���b�@�Œ�A���Á�´�–�Ç���*�Î�¿�@�Ê�s�·�?
�Ë�¸�É�@�¼�³ (MTBF) 

 . (2-1) ����������������������������������������������������������������������
���8�?�d�E

���¹�o�¬�·�?���N�@�¯�Ç�A���8t
�¹�o�¬�·�?���N�@�¯�Ç�Ú���Î�Ê�·�@�¼�L�W�Ø�?���Î�«�@�P�´�·�?���Î�·�?�b��f(t)

�Z�Ê�¸�s�L�·�?���M�¯�Ç���•�j�È�L�»�����+��2
 (Mean Time to Repair) (MTTR)

���Î�H�³�g�š�?���Z�]�]�Ê�¸�s�L�·���¾�h�Ù�·�?���M�¯�È�·�?���•�]�]�j�È�L�»���È�Ã
���Î�¼�Ê�¯���M�¤�¬�K�f�E���@�]�]�¼�¸�³�Ç���*�¹�í�¤�·�?���R�Ç�c�W���c�]�]�¤�G
���{�@�¬�‹�?���Ï�¸�£���ã�?�g�n�×�»���µ�·�d���Â�@�³���•�j�È�L�š�?���?�e�Ã
���N�@�]�]�H�³�g�¼�¸�· ��(Availability) ���Î�]�]�Ê�W�@�K�Ø�?

�,�Î�¿�@�Ê�s�·�?���¶�Ù�»���Í�Ñ�@�¬�³���{�@�¬�‹�?�Ç
�&Failure rate�'���¹�o�¬�·�?���º�c�¤�»�����+��3

���Î�À�Ê�¤�»���Î�]�]�H�³�g�»���¹�]�]�¼�£���Î�»�?�b�E���Î�]�]�Ê�·�@�¼�L�W�E���È�]�]�Ã
���¾�È�Ä�¬�»���¹�¼�¤�L�]�]�k�É�Ç���¹�]�]�í�¤�·�?���R�Ç�c�]�]�W���‘�W���’�?
���N�@�¤�É�h�È�L�·�?����¸�L�ˆ���‘�G���i�Ê�¼�L�¸�·���¹�o�¬�·�?���º�c�¤�»
���Í�f�È�í�…�?���º�c�¤�“���Î�Ê�·�È�¤�š�?���N�@�j�?�f�b���œ���Ï�¼�k�É�Ç

(Hazard rate)

                                                               (2-2) ..

�� (Availability) �������Î�Ê�W�@�K�Ø�?�����+��4
���‘�G���M�¯�È�·�?���•�]�]�j�È�L�»���‘�G���Î�H�]�]�k�À�·�?���Ë�Ã�Ç

���•�]�]�j�È�L�»�'���¦�È�]�]�¼�†���’�?��(MTBF) ���N�Ù�]�]�í�¤�·�?
���M�¯�Ç���•�]�]�j�È�L�»���Å�Ê�·�E���ã�@�«�@�w�»���N�Ù�í�¤�·�?���‘�G���M�¯�È�·

�,�&���Z�Ê�¸�s�L�·�?

������������������������������

MTTRMTBF
MTBF

tyAvailabili
��

� ������������������������������

   ... (2-3)

 (Reliability) ���Î�Ê�·�È�¤�š�?�����+��5
���Î�Ê�·�È�¤�š�?���Î�·�?�b���m�@�Ê� �̄��Á�´�–���Æ�Ù�£�A���N�?�g�n�×�š�?���Á�»

�8�Î�Ê�·�@�L�·�?���Î�¨�Ê�s�·�?���œ���@�¼�³

��(
��(

��(
th
tf

tR � 

                                                                  
.... (2-4)

�8�Q�Ê�W

�Î�Ê�·�È�¤�š�?���Î�·�?�b����
��(tR ��

���N�@�¯�Ç�Ú���Î�]�]�Ê�·�@�¼�L�W�Ø�?���Î�]�]�«�@�P�´�·�?���Î�·�?�b��(tf
�¹�o�¬�·�?

�¹�o�¬�·�?���º�c�¤�»����(th
���Î�Ê�·�È�¤�š�?���½� �¿���8�ã�@�P�·�@�O

���Ñ�?�i�]�]�S�Ú�?���Á�]�]�»���Î�¸�]�]�k�¸�j���Á�]�]�»���¾�@�]�]� �À�·�?���Â�È�]�]�´�L�É
���¾�È�°�É���Ñ�?�i�S�Ú�?���Æ�e�]�]�Ã���Á�»���Ñ�i�S���¹�³�Ç���*�Î�]�]�¸�_�?�c�L�š�?
���g�O�B�L�K���¾�@�]�]� �À�·�?���Å�]�]�Ê�·�È�¤�»���Î�]�]�¼�Ê�¯���Â�?���Ç���Å�]�]�L�¬�Ê�Ÿ�È�G
���@�]�]�Ä�w�¤�G���¥�]�]�»���¾�@�]�]� �À�·�?���Ñ�?�i�]�]�S�A���•�]�]�G�f���Î�]�]�°�É�g�í�G
���•�]�]�G�g�·�?���Á�]�]�»���¦�?�È�]�]�¿�A���Î�]�]�O�Ù�O���c�]�]�S�È�K���d�E���*�y�]�]�¤�H�·�?

�Ë�K�B�É���@�¼�³���@�Ä�v�?�g�¤�L�j�?���Á�´�–
Series���8�Ë�·�?�È�L�·�?���Ï�¸�£���•�G�g�·�?���+�A

���Î�í�H�K�g�»���Ñ�?�i�S�A���Á�»���¾�@� �À�·�?���Â�È�´�L�É���@�»�c�À�£ �� ��
���¾�@� �À�·�?���g�r�@�À�£���Å�Ê�·�È�¤�»���c�]�]�¼�L�¤�K���*�Ë�·�?�È�L�·�?���Ï�¸�£
���Ì�b�×�É���Q�]�]�Ê�W���*�g�]�]�_�Ü�?���y�]�]�¤�H�·�?���Ï�]�]�¸�£���@�]�]�Ä�w�¤�G
���Å�¸�³���¾�@� �À�·�?���¹�]�]�o�«���’�E���Å�Ê�«���g�s�À�£���Ì�A���¹�]�]�o�«
���Î�Ê�·�È�¤�š�?���Î�¼�Ê�¯���Â�E���@�¼�³���*�¹�¼�¤�·�?���Á�£���Å�¸�í�¤�K���Ç
���Ì�A���Å�Ê�·�È�¤�»���Î�]�]�¼�Ê�¯���Á�]�]�»���¹�¯�?���Â�È�´�K���Î�]�]�Ê�¸�´�·�?

���,�¾�@� �À�·�?���œ���g�s�À�£
�,�Ë�·�?�È�L�š�?���¾�@� �À�·�?���Z�v�È�É��(2- 8- ��)���¹�´�o�·�?�Ç

���Î�Ê�·�@�—�Þ�?���¾�@�]�]� �À�·�?���Å�]�]�Ê�·�È�¤�»���b�@�Œ�E���Á�]�]�´�–�Ç��
���8(2-1)���Î�¨�Ê�s�·�?���¾�?�c�`�L�j�@�G

���8���Q�Ê�W������
���,�Î�Ê�·�@�—�Þ�?���¾�@� �À�·�?���Å�Ê�·�È�¤�»���;��Rs

���,�º�Ç�Ú�?���g�s�À�¤�·�?���Î�Ê�·�È�¤�»���;��R1

���,�Ë�¿�@�P�·�?���g�s�À�¤�·�?���Å�Ê�·�È�¤�»���;��R2

���,��n���g�s�À�¤�·�?���Å�Ê�·�È�¤�»���;��Rn

���Î�·�?�b���œ���Î�¸�O�@�¼�L�š�?���Ñ�?�i�]�]�S�Ú�?���Á�]�]�»(n) ���b�È�S�Ç���¥�]�]�»�Ç
���Ë�·�?�È�L�š�?���¾�@� �À�¸�·���Î�Ê�·�È�¤�š�?���Î�·�?�b���Â�@�]�]�«���*��Rs�Î�Ê�·�È�¤�š�?

���8(2-2)���Î�¨�Ê�s�·�?���¾�?�c�`�L�j�@�G���V�g�`�L�k�K
Rs = R n ………… ( 2-2 ) ��
���Á�»�����¹�³���Â�A���{�g�¬�¿���*�Æ�Ù�£�A���œ���b�f�Ç���@�»���Z�Ê�v�È�L�·���Ç

(A) �6��(B) �6��(C) ������������

(2 - 8 - ��) �¹�´�o�·�?���œ����
�@�Ã�f�?�c�°�»���Å�Ê�·�È�¤�»���Â�È�´�¸�L�–��

(0.89) (0.90)  (0.88)

�Ë�Ã���¾�@� �À�·�?���Å�Ê�·�È�¤�»���Â�@�«���*�Ë�·�?�È�L�·�?���Ï�¸�£�8��
 Rs = R 1 * R 2 *R 3

 = (0.89) * (0.90)* (0.88)=0.70

�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�œ���Ñ�?�i�S�Ú�?���Á�»���¹�³���å�Â�E���{�g�«���Ï�¸�£�Ç��
�@�Ã�f�?�c�°�»���Å�Ê�·�È�¤�»���µ�¸�L�–���&�A���+��8�+��2�'���¹�´�o�·�?��

�Ë�Ã���¾�@� �À�·�?�����8�Ë�Ã���¾�@� �À�·�?���Å�Ê�·�È�¤�»���Â�@�«���&0.99�'�8��

 Rs = R n � � � �
       = (0.99) 3 = 0.97 ��

���8�Ë�K�B�É���@�»���Z�w�L�É���µ�·�d���Á�»�Ç
���’�E���Ì�b�×�É���¾�@� �À�·�?���œ���Ñ�i�S���Ì�A���¹�]�]�o�«���Â�E���+��1

��(
��(

��(
tR
tf

th � 

�*�0�¢�²�(���°���g�¤�œ�•�+���j�±�c�•�F�*�0�¢�²�(���°���g�¤�œ�•�+���j�±�c�•�F
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���,�¹�»�@�´�·�@�G���¾�@� �À�·�?���¹�o�«
���t�]�]�¯�@�À�L�K���Î�]�]�Ê�¸�´�·�?���¾�@�]�]� �À�·�?���Å�]�]�Ê�·�È�¤�»���+�� ��2��
���Â�?�Ç���Ï�L�W���*�Å�·���Î�¿�È�´�š�?���Ñ�?�i�]�]�S�Ú�?���b�c�£���Í�b�@�É�i�G

�*�Å�Ê�·�@�£���Å�Ê�·�È�¤�»���N�?�d���Ñ�?�i�S�Ú�?���Æ�e�Ã���M�¿�@�³
���¾�@� �À�·�?���Å�]�]�Ê�·�È�¤�»���g�]�]�Ä� �É��(9 - 2)���¹�´�]�]�o�·�?�Ç��

���,�Ñ�?�i�S�Ú�?���b�c�£���Í�b�@�É�i�G���Î�s�¯�@�À�L�š�?���Ë�·�?�È�L�š�?
���Î�|�È�G�g�š�?���½� �À�·�?���œ���¹�o�¬�·�?���Î�H�]�]�k�¿���¦�@�¬�K�f�?�����+����3��

�,�Ë�·�?�È�L�·�?���Ï�¸�£
���,�¾�@� �À�¸�·���Î�Ê�¸�´�·�?���Î�Ê�W�@�K�Ø�?���{�@�¬�‹�?�����+����4��

���8Parallel�����Ì�h�?�È�L�·�?���Ï�¸�£���•�G�g�·�?���+���J
���Î�]�]�H�K�g�»���Ñ�?�i�]�]�S�A���Á�]�]�»���¾�@�]�]� �À�·�?���Â�È�]�]�´�L�É���@�]�]�»�c�À�£��
���¾�@� �À�·�?���Å�]�]�Ê�·�È�¤�»���Â�È�]�]�´�K���*�Ì�h�?�È�]�]�L�»���¹�´�]�]�o�G
���Ì�A���¹�]�]�o�¬�«���*�Ð�g�]�]�_�Ú�?���Á�]�]�£���Í�c�]�]�W�?�È�·�?���Î�¸�°�L�]�]�k�»
���*�¾�@� �À�·�?���¹�]�]�o�«���’�E���Í�f�Ç�g�w�·�@�G���Ì�b�×�É���Ø���g�]�]�s�À�£
���Á�»���Ï�¸�£�A���Ë�Ã���¾�@� �À�·�?���Å�]�]�Ê�·�È�¤�»���Î�¼�Ê�¯���Â�A���@�¼�³
���Â�È�´�É���•�]�]�G�g�·�?���?�e�Ã�Ç���,�Å�]�]�Ê�«���g�]�]�s�À�£���Ì�A���Î�]�]�¼�Ê�¯
��8�+��2�+�'���¹�´�o�·�?�Ç���,�±�G�@�]�]�k�·�?���Á�»���g�P�³�?���ã�@�G�È�§�g�»
���b�@�Œ�E���Á�´�–�Ç���Ì�h�?�È�]�]�L�š�?���¾�@�]�]� �À�·�?���Z�]�]�v�È�É���&�J
���Ì�h�?�È�L�·�?���Î�]�]�·�@�W���œ���Å�]�]�Ê�·�@�—�Ø�?���¾�@�]�]� �À�·�?���Å�]�]�Ê�·�È�¤�»

���8�&2�+3�'���Î�¨�Ê�s�·�?���¾�?�c�`�L�j�@�G
 Rp = 1- (1-R 1) (1-R 2) -- (1-R n) … 
(2-3)

���Å�·�?�b���œ���Î�]�]�¸�O�@�¼�L�š�?���Ñ�?�i�S�Ú�?���Á�]�]�»��(n)���b�È�S�Ç���¥�]�]�»�Ç
���¾�@�]�]� �À�¸�· ���Å�]�]�Ê�·�È�¤�š�?���Î�]�]�·�?�b���Â�@�]�]�«��(Rn)�����Å�]�]�Ê�·�È�¤�š�?

���8�&2�+4�'���Î�¨�Ê�s�·�?���œ���@�¼�³���Ì�h�?�È�L�š�?
�� Rp = 1- (1-R)  n …………… (2-4)  

���¹�³���Â�E���{���¬�¿���*�Æ�Ù�£�A���œ���b�f�Ç���@�»���Z�Ê�v�È�L�·�Ç
 (C) �6��(B) �6(A)���Á�»

���Å�Ê�·�È�¤�»���Â�È�´�¸�L�–���þ���!�������	���¹�´�o�·�?���œ
���Ï�¸�£��(0.88) (0.90) ( 0.89)���@�Ã�f�?�c�°�»

�8�Ë�Ã���¾�@� �À�·�?���Å�Ê�·�È�¤�»���Â�@�«���?�e�·���*�Ë�·�?�È�L�·�?
Rs = 1- [ 1- R1]* [  1- R2] *  [1- R3 ]  

  = 1-[ 1- 0. 89 ] * [ 1- 0.90 ]*  [1-
 0.88]   = 0.99

���¹�´�o�·�?���œ���Ñ�?�i�S�Ú�?���Á�»���¹�³���è�Â�A���{�g�«���Ï�¸�£�Ç
���@�Ä�À�»���¹�³�Ç���Ì�h�?�È�L�·�?���Ï�¸�£���Î�|�È�G�g�»�����&�J���+��8���+��2�'
���Å�Ê�·�È�¤�»���Â�@�«���?�e�·���*�&0.90�'���@�Ã�f�c�¯���Å�Ê�·�È�¤�»���µ�¸�L�–

���8�Ë�Ã���¾�@� �À�·�?
Rs = 1- [1- R] n

 Rs = 1- [1- 0.90] 3 = 0.99

���8�Ë�¸�É���@�»���Z�w�L�É���µ�·�d���Á�»�Ç
���Ì�b�×�]�]�É���Ø���¾�@�]�]� �À�·�?���Á�]�]�»���Ñ�i�]�]�S���Ì�A���¹�]�]�o�«���+��1

�¹�´�³���¾�@� �À�·�?���¹�o�«���’�E���Í�f�Ç�g�w�·�@�G
���Í�b�@�É�i�G���b�?�b�i�K���Î�Ê�¸�´�·�?���¾�@� �À�·�?���Å�]�]�Ê�·�È�¤�»���+��2
���Â�E���Ç���Ï�]�]�L�W���Å�]�]�·���Î�]�]�¿�È�´�š�?���Ñ�?�i�]�]�S�Ú�?���b�c�]�]�£

���Ç���Î�w�¬�`�À�»���Ñ�?�i�]�]�S�Ú�?���Æ�e�Ã���Å�Ê�·�È�¤�»���M�]�]�¿�@�³
���¾�@� �À�·�?���Å�]�]�Ê�·�È�¤�»���g�]�]�Ä� �É���&2�+10�'���¹�´�]�]�o�·�?

���,�Ñ�?�i�S�Ú�?���b�c�£���Í�b�@�É�i�G���Í�c�É�?�i�L�š�?���Î�É�h�?�È�L�š�?
���Î�|�È�G�g�š�?���½� �À�·�?���œ���¹�o�¬�·�?���Î�H�k�¿���{�@�¬�‹�?���+��3

���,�Ì�h�?�È�L�·�?���Ï�¸�£
��(Availability) ���Î�Ê�¸�´�·�?���Î�Ê�W�@�K�Ø�?���¦�@�¬�K�f�?���+��4��

�,�¾�@� �À�¸�·

�8���V�Ç�b�i�š�?���Ç�A���•�¸�L�`�š�?���•�G�g�·�?���+���V
  Mix or Multiple

���Ë�·�?�È�L�š�?���•�G�g�·�?���Ë�»�@� �¿���Á�»���U�É�i�»���Á�£���Í�f�@�H�£���È�Ã�Ç��
���������¹�´�o�·�?���œ���Z�v�È�»���@�¼�³���Ç���*�Ì�h�?�È�L�š�?���Ç

���Ï�¸�£���I�]�]�Ê�K���·�?���Á�]�]�»���¹�]�]�w�«�A���c�]�]�¤�É�Ç���, (2- 8- ��)

���Å�Ê�·�È�¤�»���‘�]�]�k�X�L�·���Í�b�@�£���¾�c�`�L�]�]�k�É�Ç���*�Ë�]�]�·�?�È�L�·�?
���,�Ë�·�?�È�L�·�?���Ï�¸�£���Î�|�È�G�g�»���Ñ�?�i�S�A���M�¿�@�³���?�d�E���¾�@� �À�·�?
���Å�Ê�·�È�¤�»���Ø�Ç�A���I�k�•���¾�@� �À�·�?���Å�Ê�·�È�¤�»���J�@�]�]�k�„���Ç��
���Î�]�]�Ê�·�?�È�L�š�?���Ñ�?�i�]�]�S�Ú�?���½�]�]�O���Á�]�]�»�Ç���Î�]�]�É�h�?�È�L�š�?���Ñ�?�i�]�]�S�Ú�?
���Î�Ê�¸�´�·�?���Å�]�]�Ê�·�È�¤�š�?���J�@�]�]�k�W���Á�´�–���e�]�]�Ó�À�Ê�W�Ç
���8�&2�+5�'���Î�¨�Ê�s�·�?���±�«�Ç���Ï�¸�£���Ç���•�¸�L�`�š�?���¾�@� �À�¸�·

RC = R P * R S ………… (2-5) � � � �
�8�Q�Ê�W��������

���¾�@� �À�¸�·���Å�]�]�Ê�·�È�¤�š�?���Î�]�]�·�?�b���¹�]�]�P�”���;��RC

���,�•�¸�L�`�š�?
���¾�@� �À�¸�·���Å�]�]�Ê�·�È�¤�š�?���Î�]�]�·�?�b���¹�]�]�P�”���;��RP

���,�Ì�h�?�È�L�š�?
���¾�@�]�]� �À�¸�·���Å�]�]�Ê�·�È�¤�š�?���Î�]�]�·�?�b���¹�]�]�P�”���;��R��S

���,�Ë�·�?�È�L�š�?
���� �¹�³���Â�E���{�g�]�]�¬�¿���*�µ�]�]�·�d���Z�]�]�Ê�v�È�L�·�Ç��

�¹�´�o�·�?���œ���Í�b�È�S�È�š�?���Ñ�?�i�S�Ú�?���Á�»���Ñ�i�S
(2- 8- ��) �@�Ã�f�?�c�°�»���Å�Ê�·�È�¤�»���µ�¸�L�–��(0.90)���Â�@�«��
�Ë�Ã���¹�´�³���¾�@� �À�·�?���Å�Ê�·�È�¤�»�8��
 RP = 1- [1- R] n 

 RP = 1- [1- 0.90] 2 = 0.99 
 RS = R n  = 0.90
RC = R P * R S = 0.90 * 0.99 = 0.89

�*�0�¢�²�(���°���g�¤�œ�•�+���j�±�c�•�F

�*�0�¢�²�(���°���g�¤�œ�•�+���j�±�c�•�F
�*�0�¢�²�(���°���g�¤�œ�•�+���j�±�c�•�F
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���Í�b�È�]�]�ƒ�? ���Í�f�?�b�? ���¾�@�]�]� �¿ ���±�]�]�Ê�H�í�K ���c�]�]�¤�G
���Î�]�]�Ê�·�Ç�c�·�? ���Î�Ê�]�]�j�@�Ê�°�·�? ���Î�]�]�¬�r�?�È�š�? ���I�]�]�S�È�“
���Î�¬�r�?�È�š�?���Â�@�G���¡�]�]�W�Ù�É��ISO9001�82008
���i�]�]�³�g�K���M�]�]�¿�@�³���Â�?�Ç���Î�]�]�Ê�·�Ç�c�·�?���Î�Ê�]�]�j�@�Ê�°�·�?
���?�e�]�]�Ã�Ç���±�]�]�Ê�O�È�L�·�?���Ï�]�]�¸�£���&���’�Ç�Ø�?���Î�]�]�¸�Ã�È�¸�· ���'
���u�@�…�?���t�]�]�À�·�?���b�Ç�f�Ç���º�Ù�]�]�_���Á�»���Z�]�]�w�L�É�@�»
���b�È�]�]�À�H�·�?���c�]�]�¤�G�Ç���¥�]�]�G�?�g�·�?���c�]�]�À�H�·�?���œ���±�]�]�Ê�O�È�L�·�@�G
���µ�·�d���Â�?���@�¼�³���Î�¬�r�?�È�¼�¸�·���Î�O�Ù�P�·�?���Î�Ê�W�@�L�¬�š�?
���N�?�f�@�¤�o�·�?���º�Ù�_���Á�»���Ë�¸�S���¹�´�]�]�o�G���g�Ä� �É
���@�»���±�O�Ç���'���J���Í�b�È�ƒ�?���Í�f�?�b�?���¾�@� �¿���g�s�L�‚�����·�?
���Ø�?���&���µ�·�d���M�H�O�?�Ç���M�]�]�°�O�Ç���@�“���¹�¼�£�?�Ç���¹�¼�¤�K
���Í�b�È�ƒ�?���Í�f�?�b�?���¾�@� �¿���±�Ê�O�È�K���c�¤�G���¡�W�Ù�É���Å�¿�?
���±�]�]�Ê�H�í�L�·�@�G ���Í�g�]�]�n�@�H�š�?�Ç ���Î�³�g�]�]�n ���Ì�A ���œ
���Á�¼�v���N�@�Ê�·�?���¶�@�À�Ã���Â�?���Î�¬�r�?�È�¼�¸�·���Ë�]�]�¸�¼�¤�·�?
���Î�H�¯�?�g�»���Ï�]�]�¸�£���@�Ä�¸�¼�T�“���i�]�]�³�g�K���Î�]�]�¬�r�?�È�š�?
 –���±�Ê�O�È�L�·�?���'���@�]�]�Ä�À�»�Ç���N�@�Ê�¸�¼�¤�·�?���Ñ�?�b�?���m�@�]�]�Ê�¯�Ç
���+�@�Ê�¸�¤�·�?���Í�f�?�b�Ø�?���Î�]�]�¤�S�?�g�»�+�Ë�¸�_�?�c�·�?���±�]�]�Ê�¯�c�L�·�?
���¹�]�]�Ê�¸�•�Ç���Ë�]�]�Ò�@�¯�È�·�?�Ç���Ë�]�]�X�Ê�X�s�L�·�?���¹�]�]�¤�¬�·�?
���Î�]�]�¼�Ò�@�¯���Î�]�]�¬�r�?�È�š�?���Â�?���f�@�]�]�H�L�£�@�G���&�N�@�]�]�¿�@�Ê�H�·�?
���¾�@� �À�·�?���Â�@�]�]�«���Ë�·�@�L�·�@�G�Ç���Î�Ê�¸�¼�¤�·�?���A�c�]�]�H�»���Ï�¸�£
���N�@�Ê�¸�¼�¤�·�?���Á�»���Î�£�È�¼�†���Á�£���Í�f�@�H�£���Å�¸�¼�T�“
���@�¼�Ê�«���Î�¸�»�@�´�L�š�?�Ç���Î�]�]�í�G�?���š�?���N�@�]�]�Ê�·�@�¤�¬�·�?�Ç
���c�À�L�]�]�k�K ���Í�b�È�]�]�ƒ�? ���¹�]�]�H�S ���Í�g�]�]�´�«�Ç ���@�]�]�Ä�À�Ê�G
���N�@�Ê�¸�¼�¤�·�?���Ñ�?�b�?���m�@�]�]�Ê�¯�Ç���Î�]�]�H�¯�?�g�»���?�c�H�»���Ï�]�]�¸�£
���Á�]�]�Š���'���Ñ�@�]�]�¼�¸�¤�·�?���c�]�]�W�Ø���Í���Ä�]�]�o�·�?���Î�]�]�·�È�°�š�?�Ç

���I�k�Š���Â�Ø���Â�?�Ç�Ø�?���Â�?���c�¯�Ç���Z�G�g�¿�@�»���I�]�]�k�Š
���±�H�í�K���Î�³�g�n���Ì�A���Â�@�«���Ë�·�@�L�·�@�G�Ç���&���g�k�‹�@�»
���c�À�£���b�c�]�]�•���Â�?���I�]�]�Œ���Í�b�È�]�]�ƒ�?���Í�f�?�b�?���¾�@�]�]� �¿
���Á�»���Î�³�g�]�]�o�·�?���¥�¯�È�»���È�Ã���Á�É�?���Å�]�]�°�Ê�H�í�K���Ñ�c�]�]�G
���Á�»���g�]�]�Ä� �É�@�»���Â�Ø���Ì�c�]�]�Ê�¸�ƒ�?���Í�b�È�]�]�ƒ�?���¹�]�]�H�S
���V�f�c�À�K�Ç���Î�Ê�G�@�Œ�Ø�?���g�]�]�r�@�À�¤�·�?���¹�P�–���¹�]�]�H�ƒ�?
���Á�Š���'���Æ�Ù�£�A�Î�·�È�°�š�?���Á�]�]�»���º�Ç�Ø�?���Ñ�i�ƒ�?���Á�¼�v
���Î�í�…�?�Ç���^�@�G�f�Ø�?���¹�¼�o�K�Ç���&�Z�G�g�¿�@�»���I�]�]�k�Š
���•�í�_�Ç���U�»�?�g�G�Ç���f�c���?���J�@�k�L�W�?�Ç���Î�Ê�S�@�L�¿�Ø�?
���U�]�]�»�@�¿�g�G�Ç ���Î�]�]�É�@�¯�È�·�?�Ç ���Î�]�]�í�í�`�š�? ���Î�]�]�¿�@�Ê�s�·�?
���@�]�]�v�f�Ç ���N�@�]�]�¤�Ê�H�š�? ���J�@�]�]�k�L�W�?�Ç ���I�]�]�É�f�c�L�·�?
���N�@�]�]�«�?�g�Š�Ø�?�Ç ���¹�]�]�¼�¤�·�? ���N�@�]�]�G�@�r�?�Ç ���Â�È�]�]�G�i�·�?
���Á�É�b�f�È�š�?���½�Ê�Ê�°�K�Ç���Î�]�]�Ê�S�@�L�¿�Þ�?���Î�¬�r�?�È�š�?���Á�]�]�£
���¹�P�–���Í�b�È�]�]�ƒ�?���¹�]�]�H�S���Á�]�]�»���g�]�]�Ä� �É���Ø���@�]�]�»���Â�?�Ç
���Ñ�i�ƒ�?���Á�]�]�¼�v���V�f�c�À�K�Ç���Î�Ê�H�¸�]�]�k�·�?���g�]�]�r�@�À�¤�·�?
���Â�Ø���Â�?�Ç�Ø�?���Â�?�'���Æ�Ù�]�]�£�?���Î�]�]�·�È�°�š�?���Á�]�]�»���Ë�]�]�¿�@�P�·�?
���¹�o�¬�·�?���¹�¼�]�]�o�É���?�e�Ã�Ç���&�g�]�]�k�‹�@�»���I�]�]�k�Š
���Á�]�]�»���Å�]�]�Ê�·�?���Ë�]�]�»�g�¿�@�»���±�]�]�Ê�°�•���œ���f�È�]�]�s�°�·�?�Ç
���Î�·�È�°�š�?���Á�»���º�Ç�Ø�?���Ñ�i�]�]�ƒ�?���g�r�@�À�£���œ���®�?�c�]�]�Ã�?
���d�@�‚�?�Ç���@�Ä�G�@�H�j�?���c�É�c�•���Ï�¸�£���¹�¼�¤�·�?���I�Œ�Ç
���¥�À�»���Â�@�¼�v�Ç���@�Ä�L�ƒ�@�¤�š���N�?�Ñ�?�g�S�?���Á�»���¾�i�]�]�¸�É�@�»
���Ù�H�°�L�]�]�k�»���@�Ã�f�?�g�´�K���¥�À�»���Ç�?���Ù�r�?���@�Ä�O�Ç�c�W
���µ�·�d���Â�Ø���Í�b�È�ƒ�?���Í�f�?�b�?���¾�@� �¿���N�@�Ê�·�?���º�Ù�_���Á�»
���@�H�·�@�§�����·�?���Í�f�È� �À�š�?�����§���g�Ò�@�k�…�?���Á�»�����L�¤�É
���±�Ê�H�í�K���f�È�s�¯���Ì�A���Ù�P�¼�«���@�Ä�G�@�k�L�W�?���½�L�É�Ø�@�»

���c�]�]�¯���Î�]�]�Ê�Ò�@�¯�È�·�?�Ç�Î�í�í�`�š�?���Î�]�]�¿�@�Ê�s�·�?���•�]�]�í�_
���N�@�¬�¯�È�L�·�?���?�e�]�]�Ã�Ç���Å�Ò�f�@�|���N�@�¬�¯�È�K���’�?���Ì�b�È�]�]�É
���µ�·�e�³�Ç���Î�³�g�o�¸�·���Í���H�³���g�Ò�@�k�_���¹�P�”
���¾�@�]�]�Ä�š�? ���c�]�]�É�c�• ���œ���¹�]�]�o�¬�·�? ���c�]�]�À�£ ���º�@�]�]�„�?
���‘�¬�Ÿ�È�»���@�Ã�e�Ê�¬�À�K���I�¸�í�L�É�����·�?���N�@�Ê�¸�¼�¤�·�?�Ç
���¾�c�£�Ç���Î�À�Ê�¤�»���Í���_�Ç���Í�f�@�Ä�»�Ç���Í�Ñ�@�]�]�¬�³���Ì�Ç�d
���e�Ê�¬�À�K���œ���¹�o�¬�·�?���’�?���Ì�b�È�É���c� �̄��µ�·�d���Í�@�£�?�g�»
���N�?�c�¤�š�?�Ç���Á�Ò�@�´�š�@�G���f�?�g�]�]�v�Ø�?���Ç�?���N�@�Ê�¸�¼�¤�·�?
���Ë�·�@�L�·�@�G�Ç����]�]�Ÿ�È�š�?���?�e�Ã���@�]�]�Ä�Ê�¸�£���¹�¼�¤�É�����]�]�·�?
���Ï�¸�£���±�H�í�À�É�@�»���?�e�Ã�Ç���Î�³�g�]�]�o�·�@�G���f�?�g�v�Ø�?
���i�Ê�³���·�?���I�]�]�Œ���Ë�·�@�L�·�@�G�Ç���g�r�@�À�¤�·�?���Î�]�]�Ê�°�G
���Á�»���@�Ä�L�É�Ö�f���Á�]�]�´�–�Ø�����·�?���g�]�]�r�@�À�¤�·�?���Ï�]�]�¸�£
���Ì�f�e�S���¹�´�]�]�o�G���@�Ä�L�ƒ�@�¤�»�Ç���c�Ê�¸�ƒ�?���¹�]�]�H�S
���¥�À�»�Ç���Í�b�È�ƒ�?���Í�f�?�b�?���¾�@�]�]� �¿���N�@�Ê�·�?���º�Ù�_���Á�»�Ç
���?�e�Ã�Ç�Ù�H�°�L�]�]�k�» ���@�]�]�Ã�f�?�g�´�K ���Ç�? ���@�]�]�Ä�O�Ç�c�W
���Î�É�g�]�]�o�G���b�f�?�È�»���’�?���V�@�L�•���º�@�]�]�„�?���Î�¤�Ê�H�í�G
���Î�³�g�]�]�o�·�? ���œ ���Í�b�@�]�]�Ê�¯�Ç ���Î�]�]�G�f�c�»�Ç ���Î�]�]�¸�Ã�×�»
���f�?�g�]�]�°�·�? ���d�@�]�]�‚�? ���œ���Î�]�]�Ê�´�»�@�À�É�c�G���¥�]�]�L�¼�L�K
���g�Ò�@�]�]�k�…�?���J�@�]�]�k�W���Ï�¸�£���Í�g�í�Ê�]�]�k�·�?���{�g�¨�·
���Í�g�Ã�@�Ÿ�����]�]�§���g�Ò�@�]�]�k�_���Í�b�@�£���Â�È�´�K�����]�]�·�?�Ç
���@�Ä�Ê�¸�£���Í�g�í�Ê�]�]�k�·�?�Ç���@�Ä�¬�¯�Ç���Á�]�]�´�·�Ç���Â�@�Ê�¤�¸�·
���¥�v�È�·�?���‘�]�]�k�•�Ç���^�@�G�f�Ø�?���Í�b�@�É�h���’�?���Ì�b�È�]�]�É

�,�����H�³���¹�´�o�G���Î�³�g�o�¸�·���Ë�·�@�š�?

�*�0�¢�²�(���—�d�-��

�‘�j�@�É���‘�k�W���b�È�¼�‡
�Í�b�È�ƒ�?���Í�f�?�b�?���g�É�c�»

�²�?�g�¤�·�?���+���Î�Ê�·�@�¼�o�·�?���M�À�¼�k�¸�·���Î�»�@�¤�·�?���Î�³�g�o�·�?

�*�0�¢�²�(���°���g�¤�œ�•�+���j�±�c�•�F
�*�0�¢�²�(���°���g�¤�œ�•�+���j�±�c�•�F
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���Î�«�g�¤�š�?���¾�@�]�]� �¿���¦�È�]�]�v�È�»���º�Ç�@�]�]�À�K���@�]�]�¤�»���¹�]�]�r�?�È�¿
���¾�@� �À�·�?���È�]�]�Ã�Ç���U�À�–�b���b�f�?�Ç�b�E�����@�]�]�¤�¸�·�����Î�]�]�°�Ê�¼�¤�·�?
���Í�f�È�O���’�?���Î�]�]�Ê�G�f�Ç�Ú�?���º�Ç�c�]�]�·�?�Ç���Â�@�]�]�G�@�Ê�·�?���b�@�]�]�¯���Ð�e�·�?
���J�È�¸�]�]�j�B�G���N�@�¼� �À�š�?���Í�f�?�b�E�����@�]�]�£���Ï�«���Î�]�]�Ê�°�Ê�°�W
���c�£�?�È�¯���Ï�]�]�¸�£���c�¼�L�¤�É�Ç���I�]�]�K�g�»�Ç���½� �À�»���Ë�]�]�¼�¸�£
���@�¿�g�]�]�n�A�����·�?���¥�G�f�Ú�?���±�|�@�À�š�?���Ï�Ã�Ç���Î�L�G�@�O���l�]�]�j�A�Ç

�8���Ï�Ã�Ç���º�Ç�Ú�?���Ñ�i�ƒ�?���Ï�«���@�Ä�Ê�·�E
���¾�@� �À�·�?���Î�«�g�¤�»���+��1

�	�	�T�W�X�`�U�N�M�P�N�	�X�O�	�J�	�\�b�\�]�N�V

���Á�É�@�H�L�·�?���Î�«�g�¤�»���+��2
knowledge of  variation

�Î�«�g�¤�š�?���Î�É�g� �¿���+��3
�eory of knowledge����

�����Î�Ê�k�¬�À�·�?���Î�«�g�¤�»���+��4
�	�	�	�T�W�X�`�U�N�M�P�N�	�X�O�	�Y�\�b�L�Q�X�U�X�P�b

���Î�°�í�À�š�?���Î�°�G�@�]�]�k�·�?���Î�]�]�°�¸�„�?���Ï�]�]�«���@�]�]�À�·�Ç�@�À�K���c�]�]�¯�Ç
���&���¥�G�@�]�]�k�·�?���b�c�¤�·�?���'���¾�@� �À�·�?���Î�]�]�«�g�¤�»���Ï�]�]�Ã�Ç���’�Ç�Ú�?
���¾�@� �¿���µ�k�¬�À�·���b�c�•���Â�A���È�Ã���@�Ä�À�»���®�c���?���Â�@�³�Ç
���?�e�Ã���®�g�¤�K���Â�A�Ç���b�Ç�c�„�?�Ç�����@�¤�š�?���Z�v�?�Ç���Â�È�´�É
���I�Œ���Å�¿�A�Ç���µ�]�]�¤�»���Â�È�¸�¼�¤�É���Á�»���¹�´�]�]�·���¾�@�]�]� �À�·�?
���È�Ã���@�»���®�g�]�]�¤�K���Â�A���?�e�]�]�Ã���µ�]�]�»�@� �¿���^�@�]�]�T�À�·���µ�]�]�Ê�¸�£

���Î�»�È�Ä�¬�»���Í�f�È�s�G���Å�¨�Ê�s�K���Â�A�Ç���¾�@� �À�·�?���Á�»���®�c���?
���¹�_�?�b���µ�¤�»���‘�]�]�¸�»�@�¤�·�?���¥�Ê�—���’�E���Å�]�]�¸�r�È�K���Â�A�Ç

�,�¾�@� �À�·�?
���Á�»���Î�Ê�¿�@�P�·�?���Î�]�]�°�í�À�š�?���Î�°�¸�„�?���Æ�e�Ã���Ï�«���º�Ç�@�]�]�À�L�¿�Ç
�����L�¤�É���Ì�e�·�?�Ç���Á�É�@�H�L�·�?���Î�]�]�«�g�¤�»���Ï�Ã�Ç���¾�@� �À�·�?���?�e�Ã

�8�Î�°�Ê�¼�¤�·�?���Î�«�g�¤�š�?���¾�@� �¿���¹�W�?�g�»���½�Ã�A�Ç���²�b�A���Á�»
���Î�]�]�»�@�¤�·�?�Ç���Î�]�]�r�@�…�?���J�@�H�]�]�j�Ú�?���8���Á�]�]�É�@�H�L�·�?���+��2�+1
   variation: special and common causes

���8�Á�É�@�H�L�·�?���Ð�È�L�‡���+��2�+1�+1
���•�H�w�·�?���•�Ò�?�g�_���¾�?�c�`�L�j�Þ���Ë�]�]�k�Ê�Ò�g�·�?���¥�¿�@�š�?���Â�E����
���¹�]�]�o�«���È�Ã���Í�b�È�]�]�ƒ�?���N�@�]�]�Ê�¸�¼�£���Ï�]�]�«���Ë�]�]�Ò�@�s�W�Þ�?
���Ð�È�L�‡���½�Ä�«���Ï�«���N�@�Ê�¸�¼�¤�·�?���Æ�e�Ã���Ï�¸�£���‘�¸�»�@�¤�·�?
���µ�¿�A���Q�Ê�W���,�Á�É�@�H�L�·�?���¹�]�]�_�?�b���Í�b�È�S�È�š�?���N�@�]�]�»�È�¸�¤�š�?

���®�È�]�]�j���@�¼�L�W���µ�¿�F�«���N�@�]�]�»�È�¸�¤�š�?���Æ�e�]�]�Ã���M�¼�Ä�«���È�]�]�·
���Z�Ê�X�s�·�?���¹�¼�¤�·�?���b�c�•�Ç�\�I�Ò�@�s�·�?���f�?�g�°�·�?���¶�f�c�K
���Î�r�@�…�?���J�@�H�]�]�j�Ú�?���¹�Ê�¸�°�L�·���Å�¸�¤�«���µ�]�]�Ê�¸�£���Ì�e�·�?
���f�?�g�]�]�°�·�?���?�e�]�]�Ã���Â�A�Ç��( special causes )���Á�]�]�É�@�H�L�¸�·
���®�È�]�]�j���Á�]�]�É�@�H�L�·�?���y�]�]�¬�…���J�È�]�]�¸�í�š�?���¹�]�]�¼�¤�·�?���Ç�A
���J�@�H�j�A���M�¿�@�³���@�»���?�d�E���Î�Ê�¸�³���@�¬�¸�L�ˆ���Â�È�´�É

�Î�»�@�£���J�@�H�j�A���Ï�Ã���Á�É�@�H�L�·�?���?�e�Ã
���®�È�]�]�j ���µ�]�]�·�e�³ ���\ ��( common causes )

���Î�]�]�T�Ê�L�¿ ���Î�]�]�¬�¸�´�L�·�? ���y�]�]�¬�`�À�K ���?�d�@�]�]�š ���½�]�]�Ä�¬�K

���Í�f�?�b�Þ�?���Á�]�]�»���Å�S�È�š�?���¾�È�]�]�¸�·�?���Â�A�Ç���Í�b�È�]�]�ƒ�?���Á�]�]�k�X�L�·
���¹�³���I�H�]�]�j���½�]�]�Ä�¿�B�G���b�@�]�]�°�L�£�Þ�?�Ç���‘�]�]�¸�»�@�¤�·�?���’�E
���Å�¿�A���‘�H�L�É�Ç���b�c�H�L�É���®�È�j���Î�Ê�¸�¼�¤�·�@�G���¹�³�@�]�]�o�š�?

�,�@�»�@�”���Ô�|�@�_
�8�Ë�¼�L�W���g�»�A���Á�É�@�H�L�·�?���+��2�+1�+2

���È�Ã�Ç���?�c�Ê�S���@�Ä�¼�¸�¤�¿���Â�A���I�]�]�Œ���?�c�S���Î�»�@�Ã���Î�]�]�í�°�¿��
���Ë�¼�L�W���g�»�A���È�Ã���@�À�K�@�Ê�¸�¼�£���Ï�«���Á�]�]�É�@�H�L�·�?���b�È�S�Ç���Â�A
���Â�A�Ç���\�Á�É�@�H�L�»�Ç�����¨�L�»���Ô�n���¹�³���Â�Ú���Å�G���½�¸�k�»�Ç
���Â�A���I�Œ���g�¼�L�k�š�?���‘�]�]�k�X�L�¸�·���Ë�j�@�j�Ú�?���^�@�L�¬�š�?
���Ï�«���Í�b�È�S�È�š�?���N�@�]�]�»�È�¸�¤�š�?���½�Ä�¬�·���Î�T�Ê�L�¿���Â�È�]�]�´�É
���Á�É�f�e�W���Â�È�´�¿���Â�A���@�À�Ê�¸�£���I�Œ���µ�·�e�·�\�Á�É�@�H�L�·�?
���Á�]�]�»���c�]�]�É�c�¤�·�?���Â�A���Ï�]�]�Ã�Ç���Î�]�]�Ê�·�@�L�·�?���Î�]�]�í�°�À�¸�·���?�c�]�]�S
���Á�É�@�H�L�¸�·���Î�r�@�_���N�@�]�]�j�?�f�b���±�H�í�K�����·�?���N�@�¼� �À�š�?
���•�°�«���Å�¿�A���Ï�¸�£���Á�É�@�H�L�·�?���’�E���g� �À�K���@�Ä�K�@�Ê�¸�¼�£���Ï�«
���½�L�Ä�š�?���Ë�_�A���Î�°�Ê�°�W���,�N�@�¬�r�?�È�š�?���V�f�@�_���Ç�A���Á�¼�v
���@�À�K�g�´�«�����¨�K���’�E���Î�S�@�~���Á�]�]�Š���Í�b�È�ƒ�?�����@�¤�G
���Î�¤�]�]�j�?�Ç���Í�g� �¿���Å�·���g� �À�¿���Â�A���@�À�Ê�¸�£�Ç���Á�É�@�H�L�·�?���Á�£
���?�e�Ã���Á�£���Î�]�]�–�c�°�·�?���@�]�]�¿�f�@�´�«�A���h�Ç�@�]�]�T�L�K���Í�c�]�]�L�›
���Ç�A���Í�b�È�S���¾�@�]�]� �¿���Ì�A���Ï�«���Í�È�]�]�°�G���g�v�@�„�?���I�]�]�Ò�@�¨�·�?
���Ë�¬�…�?���b�f�@�]�]�š�?���µ�]�]�·�d���È�]�]�Ã�Ç���‘�]�]�k�•���Ç�A���g�]�]�É�È�í�K
���M�¤�í�L�]�]�j�? ���Â�A ���Ì�e�]�]�·�?�Ç ���Á�]�]�É�@�H�L�·�@�G ���Ï�¼�]�]�k�š�?�Ç
���µ�¿�B�«���¶�g�»�A���M�]�]�•���¹�¼�¤�¸�·���Æ���`�]�]�k�K�Ç���Å�w�É�Ç�g�K
���²�@�«�A���’�E���µ�]�]�L�¼� �À�»�Ç���µ�]�]�L�Ê�¸�¼�¤�G���¹�s�K���®�È�]�]�j
���@�À�Ê�¸�£���I�Œ���Å�¿�B�«���?�e�·���\�^�@�T�À�·�?���Á�»���¥�j�Ç�A�Ç���I�W�f�A
���@�Ä�À�Ê�G���±�]�]�É�g�¬�L�·�?�Ç���?�c�]�]�Ê�S���Á�]�]�É�@�H�L�·�?���J�@�H�]�]�j�A���½�]�]�Ä�«
���J�@�H�j�A���Á�£���Ô�n�@�¿���Á�É�@�H�L�·�?���Â�@�³���?�d�E���@�»���c�É�c�X�L�·
 (�����Î�»�@�£���J�@�H�]�]�j�A���Ç�A��( special causes )���Î�r�@�_
���Í�f�?�b�Þ�?���Á�£���Î�Ó�n�@�À�·�?���Ï�Ã�Ç��common causes )

���¹�»�@�¤�·�?���È�Ã���?�e�Ã�Ç���Î�Ê�¸�¼�¤�·�?���½�Ê�¼�s�L�G���M�»�@�¯�����·�?�Ç
���¹�»�@�¤�L�·�?���Î�¸�W�g�»���’�E���º�@�°�L�¿�ß�·���Ì�È�Ê�„�?���Ç���²�f�@�¬�·�?

���,�Á�É�@�H�L�·�?���¥�»���Z�Ê�X�s�·�?
�8�Å�£�?�È�¿�A���Ë�Ã���@�»�Ç���Å�G�@�H�j�A���Ë�Ã���@�»���Á�É�@�H�L�·�?���+��2�+2

  The System of  Profound knowledge Part (2)

�Œ�Ð�ì�Ü�Ä�×�…���Œ�Ë�¦�Ä���…���Ù�†�À�ß

knowledge of   variation �J�@�í�_���Ð�c�†���8�m�c�À�Ä�»
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���U�K�@�¿���Ï�«���J�e�G�e�L�·�?���Ç�A���I�]�]�¸�°�L�·�?���È�]�]�Ã���Á�]�]�É�@�H�L�·�?����������������
���Î�Ê�¸�¼�£���Ì�A

���@�»���Î�Ê�r�@�…���Î�S�f�@�…�?���Î�¼�Ê�°�·�?�����¨�K���g�_�C���Ï�À�¤�“
�Î�¼�Ê�°�·�?���Á�£

���?�e�Ã���Â�È�´�É���c�¯�Ç���U�L�À�š�?���Î�]�]�¬�r�?�È�»���Ï�«���Í�b�c���?��
�Ç�A���U�L�À�š�?

���c�~���Î�À�Ê�¤�»���Î�]�]�¬�r�?�È�»���Å�]�]�·���¦�È�]�]�v�È�»���Î�]�]�Ê�¸�¼�¤�·�?��
���c�W�Ç���Ï�s�¯�A

���Á�¼�v���Î�Ê�¸�¼�¤�·�?���V�g�]�]�_���J�e�G�e�K���Â�È�´�É�Ç���Ï�]�]�¿�b�A
���b�Ç�c�„�?���Æ�e�Ã

���Z�H�s�Ê�·���b�Ç�c�]�]�„�?���Æ�e�]�]�Ã���V�g�…�?���h�Ç�@�]�]�T�L�É���@�]�]�“�f�Ç
�V�f�@�_���V�@�L�¿�Þ�?

���b�Ç�c�]�]�W ���V�f�@�]�]�_ ���Ç�A ���U�]�]�L�À�¼�¸�· ���Î�]�]�¬�r�?�È�š�? ��
�m�@�Ê�¯���½�L�É�Ç�\�Î�Ê�¸�¼�¤�·�?

���®�?�g�Š�Þ�?���‘�Ê�¤�K���Î�í�j�?�È�G���Î�Ê�¸�¼�¤�·�?���Ï�«���Á�É�@�H�L�·�?��
�Ì�f�@�Ê�¤�š�?

���M�L�o�L�·�?���•�j�È�L�š���m�@�Ê�°�»���Á�£���Í�f�@�H�£���È�Ã���Ì�e�·�?�Ç��
���Á�»���y�¤�G���¶�@�]�]�À�Ã�Ç���\�•�]�]�j�È�L�š�?���º�È�]�]�W���N�@�]�]�¿�@�Ê�H�¸�·
���Ñ�@�v�È�w�G���Î�Ê�¸�¼�¤�·�?���Ï�«���Á�É�@�H�L�·�?���Â�È�¼�k�É���m�@�À�·�?

���&��noise�'���Î�Ê�¸�¼�¤�·�?
���Á�É�@�H�L�·�?���¹�»�?�È�£�Ç���J�@�H�j�A�����+��2�+2�+2

���Ï�«���Á�É�@�H�L�·�?���b�È�]�]�S�Ç���Â�A���¹�H�¯���Á�]�]�»���@�À�¸�¯���@�]�]�¼�³������������
���Â�Ú���µ�·�d�Ç���Å�G���½�¸�k�»�Ç���Ë�¼�L�W���g�»�A���È�Ã���Î�Ê�¸�¼�£���Ì�A
���g�¼�L�]�]�k�»�����¨�K���Ï�«���Ï�Ã���Î�Ê�¸�¼�¤�·�?���¹�]�]�»�?�È�£���¹�³
���Î�]�]�í�Ê���? ���®�Ç�g�]�]� �·�? ���Å�G�@�]�]�o�L�K ���Â�A ���Î�·�@�X�L�]�]�j�E ���Ç
���Ï�L�W���Ç�A���‘�Ê�·�@�L�L�»���‘�S�g�…���U�L�À�š�?���Ç�A���Î�]�]�Ê�¸�¼�¤�·�@�G
���Î�]�]�Ê�°�Ê�°�„�? ���J�@�H�]�]�j�Ú�?�Ç���?�f�b�@�]�]�¿���Ø�E���Á�]�]�É�c�£�@�H�L�»
���¹�»�?�È�¤�·�?���Ï�]�]�Ã���Î�Ê�¸�¼�£���Ð�A���Ï�]�]�«���Á�É�@�H�L�·�?���R�Ç�c�]�]�„

�8���Î�Ê�·�@�L�·�?���Î�L�k�·�?
1 .( Man ) ���Ð�g�o�H�·�?���¹�»�@�¤�·�?
2 .��( Machine ) �������Î�À�Ê�³�@�š�?
3 .���@�]�]�Ä�G���½�]�]�L�K�����]�]�·�?�����Î�]�]�°�É�g�í�·�?

(  Method ) ���Î�Ê�¸�¼�¤�·�?
4 .���Ï�«���Î�»�c�`�L�k�š�?���¾�@�…�?���Í�b�@�š�?

��( Material ) ���Î�Ê�¸�¼�¤�·�?
5 .���U�]�]�K�@�À�· ���m�@�]�]�Ê�°�·�? ���Î�]�]�°�É�g�|

��( Measurement )���Î�Ê�¸�¼�¤�·�?
6 .���Î�í�Ê���?���Î�Ê�Ó�Ê�H�·�?���¹�]�]�»�?�È�¤�·�?

��( Environment ) ���Î�Ê�¸�¼�¤�·�@�G
���&��Man���'���Ð�g�o�H�·�?���¹�»�@�¤�·�?���8�Ø�Ç�A�����+��2�+2�+2�+1

���È�Ã���Î�Ê�¸�¼�£���Ð�A���Ï�]�]�¸�£���Ð�g�]�]�o�H�·�?���¹�»�@�¤�·�?�����]�]�O�B�K����������
���Ï�«���Á�É�@�H�L�·�?���R�Ç�c�]�]�W���¹�]�]�»�?�È�£�����]�]�³�A���c�]�]�W�A���Á�]�]�»
���‘�Ä�G�@�]�]�o�L�»���u�@�`�]�]�n�Ú�?���¹�³���l�Ê�¸�«���Î�Ê�¸�¼�¤�·�?

���c�S�È�K�Ç���N�?�f�@�]�]�Ä�š�?�Ç���N�?���…�?���l�]�]�¬�¿���Â�È�]�]�´�¸�–�Ç
���g�_�C�Ç���t�`�]�]�n���¹�³���‘�G���Í���P�³���Î�É�b�g�«���²�Ç�g�«
���½�Ä�À�»���\�Í���_���¹�¯�A���g�]�]�_�C�Ç���Í���_���Ç�d���È�Ã���Á�»���½�]�]�Ä�À�¼�«
���È�Ã���Á�»�Ç���Î�Ê�¸�¼�¤�·�?���Æ�e�Ã���Ï�«���¹�¼�¤�¸�·���¹�Ã�×�»���È�Ã���Á�»
���Î�Ê�¿�@�¼�k�ƒ�?���N�@�¼�k�·�?���Â�B�«���µ�·�e�³���\�¹�Ã�×�»�����§
���Ð�e�]�]�·�? ���¹�]�]�¼�¤�¸�· ���½�]�]�Ä�°�«�?�È�K���Ð�c�]�]�»�Ç���u�@�`�]�]�n�Û�·
���c�£�@�]�]�k�K�Ç���Î�Ê�¸�¼�¤�·�?���Ï�¸�£���?���P�³���g�O�×�K���Å�]�]�¿�b�×�É
���º�?�È�|���º�@�]�]�S�g�·�?���¶�@�]�]�À�Ä�«���\�Á�]�]�É�@�H�L�·�?���f�È�]�]�Ä�Ÿ���Ï�]�]�¸�£
���Á�]�]�»���¶�@�]�]�À�Ã�Ç�\�Î�»�@�°�·�?���f�@�]�]�s�¯���Á�]�]�É�g�_�C�Ç���Î�]�]�»�@�°�·�?
���®�@�¤�v���Â�Ç�g�]�]�_�C�Ç���Î�É�È�°�·�?���N�Ù�]�]�w�¤�·�?���Ð�Ç�d���½�]�]�Ã
���c�Ê�·�?���Â�È�¸�¼�¤�L�]�]�k�É���Á�»���¶�@�À�Ã���Â�A���¹�G���\���N�Ù�w�¤�·�?
���,�Ð�g�]�]�k�Ê�·�?���c�Ê�·�?���Â�È�¸�¼�¤�L�]�]�k�É���Â�Ç�g�_�C�Ç���Ï�]�]�À�¼�Ê�·�?
���Â�È�]�]�¸�¼�¤�É���½�]�]�Ä�¿�A���u�@�`�]�]�n�Ú�?���¹�³���Á�]�]� �É���c�]�]�¯�Ç
���¶�@�À�Ã���Î�°�Ê�°�„�?���Ï�]�]�«���Á�´�·�Ç���Î�°�É�g�í�·�?���l�]�]�¬�À�G
���t�`�o�·�?���Ï�L�W�Ç���Í���P�³���Î�Ê�s�`�]�]�n���N�@�«�Ù�L�_�E
���I�k�W���Ï�¸�£����¸�L�ˆ���¹�´�]�]�o�G���¹�¼�¤�É���Å�]�]�k�¬�¿
���I�k�W���Ï�¸�£�Ç���¾�@�É�Ú�?���Á�»���¾�È�É���¹�³���Ï�«���Æ�f�È�¤�]�]�n
���Ï�«���Å�]�]�¿�A���Ï�]�]�L�W���Î�Ê�¿�@�¼�]�]�k�ƒ�?�Ç���Î�]�]�Ê�S�?�i�š�?���Å�]�]�L�·�@�W
���º�@�¼�Ã�F�G���Ñ�@�]�]�í�_�A���¹�¼�¤�G���¾�È�]�]�°�É���N�@�¯�Ç�Ú�?���y�]�]�¤�G

�,�c�É�c�n
 ( Machine ) �����Î�]�]�À�Ê�³�@�š�?�����8�@�]�]�Ê�¿�@�O���+��2�+2�+2�+2"
���@�Ä�S�@�L�¿�E���½�]�]�L�É���N�@�T�L�À�š�?���Â�A���Á�]�]�»���½�]�]�§�g�·�?���Ï�]�]�¸�£������������
���c�‰���®�È�]�]�j���@�]�]�À�¿�E���Ø�E���Í�c�]�]�W�?�Ç���Î�]�]�À�Ê�³�@�»���Ï�]�]�¸�£
���I�H�]�]�j���¥�S�g�É�Ç���g�_�Ü�?�Ç���U�L�À�»���¹�³���‘�]�]�G���Á�]�]�É�@�H�K
�����¨�L�K�����·�?�Ç���Î�]�]�À�Ê�³�@�š�?���Î�·�@�W���’�?���Á�]�]�É�@�H�L�·�?���?�e�]�]�Ã
���\�g�_�C���U�L�À�»���’�?���U�L�À�»���Á�»�Ç���Ð�g�]�]�_�A���’�?���Î� �„���Á�»
���‘�G���@�»�����]�]�¨�L�K���@�“�f���Î�]�]�À�Ê�³�@�š�?���Î�£�g�]�]�j���Ù�]�]�P�¼�«
���Î�·�@�W�Ç���\���Î�À�Ê�³�@�š�?���M�É�i�K���Î�·�@�W�Ç���\�Ð�g�_�A�Ç���Î� �„
���,�g�_�Ü���U�L�À�»���Á�»���@�Ä�K�c�W���c�°�¬�K���Ï�L�·�?�Ç���¥�í�°�·�?���Í�?�b�A
���Î�T�Ê�L�À�·�@�«���Ë�·�@�L�·�@�G�Ç���Í���¨�L�»���¹�»�?�È�¤�·�?���Æ�e�Ã���¹�³

�,�Î�Ê�¸�¼�¤�·�?���V�g�_���Ç�A���U�L�À�š�?���Ï�«���Á�É�@�H�K���R�Ç�c�W���È�Ã
�����Î�Ê�¸�¼�¤�·�?���@�Ä�G���½�L�K�����·�?�����Î�°�É�g�í�·�?���8�@�P�·�@�O���+��2�+2�+2�+3

�&��Method���'
���e�]�]�Ê�¬�À�K���N�?�È�]�]�í�_�Ç���N�?�Ñ�?�g�]�]�S�E�Ç���²�g�]�]�|���Ï�]�]�Ã�Ç����������
����]�]�¸�L�‚ ���Â�A���Á�]�]�´�¼�š�?���Á�]�]�»���Ï�]�]�L�·�?�Ç���Î�]�]�Ê�¸�¼�¤�·�?
���b�g�«���’�?���b�g�«���Á�»�Ç���Ð�g�_�A���’�?���Î�]�]�Ê�¸�¼�£���Á�»�����¨�L�K�Ç
���®�Ù�L�_�E���Ï�¸�£�����H�³�����O�B�K���@�]�]�����Â�È�´�É���Ï�L�·�?�Ç
���Â�A���@�À�¸�¯���@�]�]�¼�´�«���Î�É�@�Ä�À�·�?���Ï�«���Î�]�]�Ê�¸�¼�¤�·�?���Á�É�@�H�K�Ç
���l�¬�À�G���Â�È�¸�¼�¤�É���½�Ä�¿�A���Â�È�À� �É���u�@�`�n�Ú�?���¹�³
���g�É�@�¨�»���?�e�]�]�Ã���Â�A���Ø�E���N�?�È�í�…�?���l�]�]�¬�¿�Ç���Î�]�]�°�É�g�í�·�?

�,�¥�¯�?�È�¸�·���@�»�@�”
���Ï�«���Î�»�c�`�L�]�]�k�š�?���¾�@�…�?���Í�b�@�š�?���8�@�]�]�¤�G�?�f���+��2�+2�+2�+4

�&��Material���'���Î�Ê�¸�¼�¤�·�?
���Î�]�]�Ê�¸�¼�¤�·�?���Ï�]�]�«���Î�»�c�`�L�]�]�k�š�?���¾�@�]�]�…�?���Í�b�@�]�]�¼�¸�·��������������

���Á�É�@�H�L�·�?���R�Ç�c�]�]�„���Z�]�]�v�?�Ç�Ç���?�c�]�]�S�����H�³�����]�]�O�B�K
���Â�B�G���@�À�¼�£�h���Á�]�]�»���½�]�]�§�g�·�?���Ï�]�]�¸�¤�«�\�Î�Ê�¸�¼�£���Ì�A���Ï�]�]�«
���l�¬�À�·�Ç���@�»���Î�Ê�¸�¼�£���Ï�«���Î�»�c�`�L�]�]�k�š�?���¾�@�…�?���Í�b�@�š�?
���l�]�]�Ê�·���?�e�]�]�Ã���Â�A���Ø�E���Í�c�]�]�W�?�Ç���Î�]�]�»�@�_���Ë�]�]�Ã���U�]�]�L�À�š�?
���Ë�·�@�L�·�?���º�@�P�š�?���{�g�¤�L�]�]�k�¿���@�À�£�b�Ç���\�Í�g�š�@�G���Z�Ê�X�r
���c�W�A���Ï�«���I�]�]�¸�s�·�?���Á�»���^�?�È�]�]�·�A���Ï�À�O���Î�]�]�Ê�¸�¼�£���È�]�]�Ã�Ç
���I�¸�s�·�?���^�?�È�·�A���¹�³���Â�E���\�¹�Ê�´�]�]�o�L�·�?���N�@�Ê�¸�¼�£
���c�À�£���Á�´�·�Ç���µ�¼�]�]�k�·�?���l�¬�¿���@�����Â�B�³�Ç���Ç�c�]�]�H�K
����¸�L�Ž���µ�¼�k�·�?���Â�A���c�T�À�j���@�À�¿�F�«���Î�¯�c�G���@�Ä�]�]�j�@�Ê�¯
���Ï�L�W���Å�¿�F�«���µ�·�d���Á�»���g�P�³�A���¹�]�]�G���g�_�A���’�E���^�È�·���Á�]�]�»
���Â�È�´�K���Ñ�?�i�]�]�S�Ú�?���y�¤�G���Â�F�«���c�]�]�W�?�È�·�?���^�È�¸�·�?���Ï�]�]�«
���@�»���?�d�E�Ç���Ð�g�]�]�_�Ú�?���Á�»���¹�]�]�¯�A���Ç�A���g�P�³�A���µ�]�]�����N�?�d
���Ì�f�È�¸�H�·�?���I�]�]�Ê�³���·�?���Î�]�]�j�?�f�c�·���g�P�³�A���@�]�]�À�°�¼�¤�K
���Â�È�G�g�´�·�?�Ç���c�É�c�„�?���Á�»���Â�È�´�š�?�Ç���I�¸�s�·�?���^�È�¸�·
�����P�³���N�@�]�]�«�Ù�L�_�?���c�T�À�]�]�j���Ð�g�_�Ú�?���g�]�]�r�@�À�¤�·�?�Ç
���\�c�W�?�È�·�?���^�È�]�]�¸�·�?���Ï�«���Î�¬�¸�L�`�š�?���Ñ�?�i�]�]�S�Ú�?���‘�]�]�G���?�c�S
���R�Ç�c�W���Ï�¸�£���¾�@�]�]�…�?���Í�b�@�]�]�š�?���g�O�A���g�Ä� �É���@�]�]�À�Ã���Á�]�]�»�Ç

�,�Î�Ê�¸�¼�¤�·�?���U�K�@�¿���Ï�«���Á�É�@�H�K
���U�]�]�K�@�À�·���m�@�]�]�Ê�°�·�?���Î�]�]�°�É�g�|���8�@�]�]�k�»�@�_���+��2�+2�+2�+5

���&��Measurement���'���Î�Ê�¸�¼�¤�·�?
���Î�Ê�¸�¼�¤�·�?���U�K�@�¿���Ï�]�]�«���R�c�•���Ð�e�]�]�·�?���Á�]�]�É�@�H�L�·�?���Â�E����������
���m�@�]�]�Ê�°�·�? ���N�@�]�]�Ê�¸�¼�£ ���Ï�]�]�« ���Ñ�@�]�]�í�_�Û�· ���Î�]�]�T�Ê�L�¿
���Á�É�@�H�L�·�@�G���Í�g�]�]�n�@�H�»���Î�¯�Ù�£���Å�·���l�]�]�Ê�·���p�Ê�L�¬�L�·�?�Ç
���@�Ä�¿�A���µ�]�]�n�Ø���Á�´�·�Ç���Ù�r�A���Î�Ê�¸�¼�¤�·�?���Á�]�]�»���U�K�@�À�·�?
���U�K�@�¿���Â�@�³���?�d�E���@�]�]�»���g�É�g�°�K���Î�]�]�Ê�¸�¼�£���Ï�¸�£���g�]�]�O�×�K
���@�¿�g� �¿���?�d�E�Ç���\�±�]�]�G�@�í�»�����§���¾�A���±�]�]�G�@�í�»���Î�]�]�Ê�¸�¼�¤�·�?
���@�À�¿�F�«���m�@�Ê�°�¸�·���Î�T�Ê�L�¿���R�c�•���Ð�e�]�]�·�?���Á�É�@�H�L�·�?���’�?
���m�@�Ê�¯���Í�?�b�A���Á�»�����¨�L�K���m�@�Ê�°�·�?���U�Ò�@�L�¿���Â�A���c�T�À�]�]�j
���@�Ä�K�g�É�@�¤�»�Ç���@�]�]�Ä�L�¯�b���Ð�c�»���Ï�¸�£����]�]�¯�È�L�K�Ç���Ð�g�_�Ú
���Ï�v�?���«�Þ�?���@�]�]�Ã�g�¼�£�Ç���@�]�]�Ä�L�·�@�W���Ï�¸�£���µ�]�]�·�e�³�Ç
���N�@�Ê�¸�¼�£���È�Ã�Ç���g�]�]�_�Ü�?���¹�]�]�»�@�¤�·�?���’�?���@�]�]�¿�g� �¿���?�d�E�Ç���\
���Î�]�]�Ê�¸�¼�£���Ì�A���U�]�]�K�@�¿���Ï�]�]�¸�£���½�]�]�L�K�����]�]�·�?���p�]�]�Ê�L�¬�L�·�?
���@�Ä�À�»�Ç���Í���P�³���@�]�]�À�Ã���Á�É�@�H�L�·�?���¹�»�?�È�£���Â�A���c�T�À�]�]�j
���Î�Ê�j�@�k�W���Å�·���p�Ê�L�¬�L�·�@�G���½�Ò�@�¯���t�`�n���¹�³���Â�A
���g�_�A���t�`�n���Á�£���Ô�]�]�o�·�?���y�¤�G���Î�¬�¸�L�ˆ���Í�g� �¿�Ç
���º�È�H�¯���Å�À�£���U�L�À�É���c�¯���@�›���Î�Ê�¸�¼�¤�·�?���l�¬�À�G���¾�È�°�É
���Í�f�È�s�G�����Î�]�]�Ê�¸�¼�¤�·�?���U�]�]�K�@�¿���Á�]�]�»���y�]�]�¤�G���y�]�]�«�f���Ç�A
���c�¯���Æ�e�Ã���p�]�]�Ê�L�¬�L�·�?���Î�]�]�Ê�¸�¼�£���Â�E���¹�]�]�G���\�Î�]�]�À�É�@�H�L�»
���½�Ò�@�°�·�?���t�`�]�]�o�¸�·���Î�Ê�S�?�i�š�?���Î�·�@�„�?���@�Ä�Ê�«���¹�_�c�L�É

�,�p�Ê�L�¬�L�·�@�G
���Î�í�Ê���?���Î�Ê�Ó�Ê�H�·�?���¹�»�?�È�¤�·�?���8�@�j�b�@�j���+��2�+2�+2�+6



2014���g�É�@�À�É���Á�»�@�P�·�?���b�c�¤�·�?���-���Í�b�È�ƒ�?�����@�£���Î�¸�†£Æ�Î�j�g�Ä�¬�¸�·���b�È�£

��( Environment ) ���Î�Ê�¸�¼�¤�·�@�G
���R�c�•���c�¯�����]�]�·�?���N�@�]�]�À�É�@�H�L�·�?���@�]�]�À�Ã���b�È�]�]�s�°�š�?�Ç��������������
���Î�Ê�Ó�Ê�H�·�?���¹�]�]�»�?�È�¤�·�?���Ï�]�]�«���N�?���]�]�¨�K���b�È�S�Ç���I�H�]�]�k�G
���Á�»���l�°�í�·�?���Î�]�]�·�@�W���¹�]�]�P�»���\�Î�]�]�Ê�¸�¼�¤�·�@�G���Î�]�]�í�Ê���?
���\�@�]�]�Ã���§�Ç���Î�]�]�G�È�|�g�·�?���Î�H�]�]�k�¿���’�?���Í�f�?�g�]�]�W���Î�]�]�S�f�b
���Á�»���^�@�É�f���b�È�]�]�S�Ç���Ç�A���Í�Ñ�@�]�]�v�Þ�?���Ð�È�L�]�]�k�»���µ�·�e�³
���c�¯���Ï�L�·�?�Ç���Î�Ê�Ó�Ê�H�·�?���N�@�O�È�¸�š�?���\���Ñ�@�]�]�v�È�w�·�?���\�Å�»�c�£
���\�Î�Ê�¸�¼�¤�·�?���Ï�¸�£���‘�¼�Ò�@�°�·�?���u�@�`�]�]�n�Ú�?���±�É�@�w�K
���Ï�¸�G�Ç���g�O�×�K���Î�]�]�Ê�Ó�Ê�H�·�?���N�?�g�]�]�O�×�š�?���Æ�e�Ã���¹�³���¹�]�]�P�»
���Ï�«���Á�É�@�H�K���R�c�]�]�•�Ç���Î�]�]�Ê�¸�¼�¤�·�?���Ï�]�]�«���µ�]�]�n���Ï�¿�b�A

�,�@�Ä�€�?�È�¿
���Á�É�@�H�L�·�?���¦�?�È�¿�Ú���Ë�j�@�j�Ú�?����Ê�À�s�L�·�?���+��2�+3

���¹�»�?�È�¤�·�?���Ï�]�]�Ã���M�°�H�]�]�j���Ï�L�·�?���¹�»�?�È�¤�·�?���M�]�]�¿�@�³��
���Ï�«���Á�É�@�H�L�·�?���R�Ç�c�]�]�W���Ï�]�]�«���I�H�]�]�k�L�K���Ï�L�·�?���Î�L�]�]�k�·�?

�,�N�@�T�L�À�š�?�Ç���Î�¬�¸�L�`�š�?���N�@�Ê�¸�¼�¤�·�?
���J�@�H�]�]�j�Ú���Ë�]�]�j�@�j�Ú�?����Ê�À�s�L�·�?���’�?���Å�T�L�¿���Â�Ü�?�Ç

�8�Î�r�@�…�?�Ç���Î�»�@�¤�·�?���J�@�H�j�Ú�?���Ï�Ã�Ç���Á�É�@�H�L�·�?
���Î�»�@�¤�·�?���J�@�H�j�Ú�?���Ø�Ç�A�����+��2�+3�+1

  ( common causes )

���µ�·�d���È�]�]�Ã���¾�@�]�]�£���I�H�]�]�j���Á�]�]�£���Ô�]�]�n�@�À�·�?���Á�]�]�É�@�H�L�·�?��������
���Î�¼�¼�s�»���M�¿�@�³���Î�Ê�¸�¼�¤�·�?���Â�Ú���b�È�S�È�š�?���Á�É�@�H�L�·�?
���I�¿�@�S���Á�»���Î�°�É�g�í�·�?���Æ�e�Ä�G���@�Ä�K�f�?�b�E���½�]�]�L�É�Ç���?�e�´�Ã
���Á�É�@�H�L�¸�·���Í�c�£���f�b�@�s�»���’�?�����]�]�o�É���@�»���È�Ã�Ç���Í�f�?�b�Þ�?
���\�Î�Ê�¸�¼�¤�·�?���Á�]�]�¼�v���Î�]�]�Ê�¤�Ê�H�|���Í�f�È�]�]�s�G���b�È�]�]�S�È�š�?
���Ï�À�¤�»���½�Ä�¬�À�·���Ë�]�]�X�Ê�v�È�L�·�?���º�@�]�]�P�š�?���?�e�Ã���e�]�]�_�B�À�·�Ç

�,�Á�É�@�H�L�¸�·���¾�@�¤�·�?���I�H�k�·�?
���Î�]�]�Ê�¸�¼�£���m�f�c�]�]�¿���®�È�]�]�j ���@�]�]�À�¿�E���Ù�]�]�P�»���{�g�]�]�¬�À�·
���Í�f�È�s�G���¹�¼�¤�·�?���’�?���M�Ê�H�·�?���Á�»���Í�f�@�Ê�k�¸�·���µ�K�b�@�Ê�¯
���²�g�¨�L�]�]�k�K���•�]�]�j�È�L�š�@�G���µ�]�]�¿�A���{�g�]�]�¬�À�·�Ç���Å�]�]�Ê�»�È�É
���µ�¸�¼�£���’�?���º�È�]�]�r�È�¸�·���Î�°�Ê�¯�b��20���Æ�f�?�c�]�]�°�»���@�L�¯�Ç
���Å�¿�A���½�¸�¤�K���µ�]�]�¿�E���{�g�¬�À�·�Ç���µ�]�]�·�i�À�»���Á�]�]�»���@�¯�Ù�í�¿�E
���M�¯�È�·�?���?�e�Ã���c�]�]�¤�G���Ç�A���¹�H�¯���¹�s�K���Â�A���¹�]�]�¼�L���?���Á�»
��25���’�?��15���‘�G���@�»���h�Ç�@�€���µ�k�¬�À�·���Ï�í�¤�K���µ�¿�A�Ç
���Á�»���µ�¿�A���Ï�À�¤�É���?�e�Ã�Ç���µ�¸�¼�£���’�?���I�Ã�e�L�·���Î�°�Ê�¯�b

�Î�Ê�·�@�L�·�?���N�@�¯�Ç�Ú�?���c�W�A���Ï�«���¹�s�K���Â�A���Á�´�¼�š�?
( 15,16,17,18,19,20,21,22,23,24,25 )��

���¥�]�]�»���I�]�]�j�@�À�L�É���Ë�]�]�¤�Ê�H�|���M�]�]�¯�Ç���È�]�]�Ã�Ç���Î�]�]�°�Ê�¯�b��
���@�À�Ã���¡�W�Ù�¿���Â�A���@�À�Ê�¸�£�Ç���º�È�r�È�·�?���M�¯�Ç���•�]�]�j�È�L�»
���M�¿�A���Å�L�Ê�w�K�f�?���@�»���È�Ã���º�È�r�È�·�?���M�¯�È�·���Ð�c�š�?���?�e�Ã���Â�A
���µ�·�@�°�L�¿�?���Î�]�]�Ê�¸�¼�£���Å�Ê�¸�£���M�¼�¼�r���@�»�Ç���µ�]�]�k�¬�À�·
���’�?���¹�s�¿���’�@�¤�K���Á�´�·�Ç���\�¹�¼�¤�·�?���’�?���º�i�À�š�?���Á�»
���¾�@�¤�·�?���I�H�]�]�k�·�?���Î�«�g�¤�»���È�Ã�Ç���º�@�P�š�?���?�e�Ã���Á�»���c�É�g�¿���@�»
���Ø���?�d�@�]�]�š���º�?�×�]�]�k�·�?���?�e�Ã���Ï�¸�£���J�Ç�@�]�]�‰�Ç���Á�]�]�É�@�H�L�¸�·
���@�š�@�|���M�G�@�O���Á�»�h���Ï�«���¾�È�É���¹�³���µ�¸�¼�£���’�?���¹�s�K

���?�Ç���¨�L�É�������c�Ò�@�°�·�?�Ç���Í�f�@�Ê�k�·�?�Ç���Î�L�G�@�O���Î�«�@�k�š�?���Â�A
���Î�G�@�S�Þ�?���=�@�]�]�H�É�g�°�K���Î�]�]�L�G�@�O���¹�»�?�È�£���@�]�]�Ä�¸�³���Ï�]�]�Ã�Ç
���¶�@�À�Ã���Â�A���È�]�]�Ã���º�Ç�B�]�]�k�L�·�?���?�e�]�]�Ã���Ï�]�]�¸�£���Î�|�@�]�]�k�H�G
���±�É�g�í�·�?�Ç���Í�f�@�Ê�]�]�k�·�?���Î�£�g�]�]�j���¹�P�»���Ð�g�_�A���¹�»�?�È�£
���Î�Ê�S�f�@�…�?���¹�»�?�È�¤�·�?���Á�»�����P�³�Ç���Å�Ê�«�����k�K���Ð�e�·�?
�����·�?���Ï�Ã�Ç���º�È�r�È�·�?���Á�»�h���Ï�]�]�«���g�O�×�K���Ï�Ã�Ç�����Ð�g�_�Ú�?
���Æ�e�Ã���¹�³���\�Î�]�]�Ê�¸�¼�¤�·�?���Ï�«���Á�É�@�H�L�·�?���?�e�]�]�Ã���I�H�]�]�k�K
���Â�A���¹�G�@�¯���@�Ä�À�»���Ð�A���Î�Ê�¤�Ê�H�|���¹�»�?�È�£���Ï�Ã���¹�]�]�»�?�È�¤�·�?
���Â�È�´�É���Â�A���I�Œ���Á�´�·�Ç���¹�°�É���Ç�A���Æ���O�B�K���c�É�i�É
���•�j�È�L�»���Á�»���µ�k�¬�À�·���M�¿�A���Å�L�Ê�í�£�A���@�»���b�Ç�c�W���Ï�«
���Î�°�Ê�¯�b��15�825���‘�G���@�»���h�Ç�@�T�L�G�Ç���Î�°�Ê�¯�b��20���Æ�f�c�¯
���J�@�H�j�A���Ç�A���Î�Ê�¤�Ê�H�|���J�@�H�j�A���Ï�Ã���J�@�H�]�]�j�Ú�?���Æ�e�Ã�Ç

�,�Î�Ê�¸�¼�¤�·�?���Ï�«���Á�É�@�H�L�·�?���R�Ç�c�W���’�?���Ð�b�×�K���Î�»�@�£
���Î�»�@�¤�·�?���J�@�H�j�Ú�?���Á�»�����H�³���b�c�£���c�S�È�É���@�»�È�¼�£
���M�]�]�¯�Ç���Ð�A���Ï�]�]�«���R�c�]�]�•���Â�A���Á�]�]�´�¼�š�?���Á�]�]�»�����]�]�·�?�Ç
���Á�»���l�Ê�·���Á�]�]�´�·�Ç�����O�B�K���Å�]�]�·���@�Ä�À�»���I�H�]�]�j���¹�³�Ç
���Ù�P�¼�«���\�Í�g�]�]�n�@�H�»���Æ�c�]�]�É�c�•�Ç���Å�]�]�j�@�Ê�¯���Á�´�¼�š�?
���µ�¸�¼�£���’�?���M�¸�r�Ç���¾�@�É�Ú�?���c�W�A���Ï�«���µ�¿�A���{�g�¬�À�·
���?�e�Ã���Â�g�°�K���Â�A���¥�Ê�í�L�]�]�k�K���Ø���µ�¿�F�«���Î�°�Ê�¯�b��17���Ï�«
���Î�£�g�]�]�j���c�À�£���Í�b�@�Ê�°�¸�·���Î�T�Ê�L�¿���g�´�H�š�?���º�È�r�È�·�?
����¸�L�_�E���c�¯���±�É�g�í�·�?���Â�A���º�È�°�K���Â�A���Ç�A���Ù�P�»���Î�À�Ê�¤�»
���@�À�Ã���Á�»�Ç���\���?�e�]�]�´�Ã�Ç���N���¨�K���c�¯���µ�K�f�@�Ê�]�]�j���Â�A���Ç�A
���Á�»���Î�L�G�@�O���@�H�É�g�°�K���Î�Ê�¸�¼�¤�·�?���®�Ç�g�Ÿ���Â�A���’�?���¹�s�¿
���Á�É�@�H�L�¸�·���Î�»�@�¤�·�?���J�@�H�]�]�j�Ú�?���Â�B�«���½�O���Á�»�Ç���g�_�Ú���¾�È�É
���@�Ã���O�B�K�Ç���M�]�]�¯�È�·�?���º�È�]�]�|���Í�b�È�]�]�S�È�»���J�@�H�]�]�j�A���Ï�]�]�Ã
���\���Î�Ê�¸�¼�¤�·�?���Ï�¸�£���Â�@�s�°�À�·�?���Ç�A���Í�b�@�É�i�·�@�G���½�É�c�L�k�»
���Î�»�@�¤�·�?���J�@�H�j�Ú�?�����O�B�K���b�c�Š���Â�A���@�À�À�´�–���Å�¿�A�Ç

�,�Î�Ê�¸�¼�¤�·�?���Ï�¸�£���Á�É�@�H�L�¸�·
���Á�É�@�H�L�¸�·���Î�r�@�…�?���J�@�H�j�Ú�?���8�@�Ê�¿�@�O���+��2�+3�+2

 special causes������
���Ñ�i�S���M�k�Ê�·���Ï�Ã���Á�É�@�H�L�¸�·���Î�r�@�…�?���J�@�H�]�]�j�Ú�?����������  

���I�¿�@�S���Á�»���Î�]�]�Ê�¸�¼�¤�·�?���@�Ä�G���½�]�]�¼�s�š�?���Î�°�É�g�í�·�?���Á�]�]�»
���@�»���?�e�Ã�Ç���\���Î�Ê�¤�Ê�H�|�����§���J�@�H�]�]�j�A�����L�¤�K�Ç���Í�f�?�b�Þ�?
�����]�]�j���Ñ�@�À�O�A���R�c�W���Ë�¤�Ê�H�|�����]�]�§���Ô�]�]�n���Â�A���Ï�À�¤�É
���±�G�@�]�]�k�·�?���º�@�P�š�?���’�?���Ð�g�_�A���Í�g�»���b�È�¤�À�·�Ç���\�Î�Ê�¸�¼�¤�·�?
���¹�¼�¤�·�?���’�?���º�i�]�]�À�š�?���Á�]�]�»���µ�·�È�r�Ç���Î�]�]�Ê�¸�¼�£���È�]�]�Ã�Ç
��20���È�Ã���º�È�r�È�·�?���Á�»�h���•�]�]�j�È�L�»���Â�A���@�À�°�¬�K�?���Ð�e�·�?�Ç
���{�g�¬�G���Î�°�Ê�¯�b15�825���‘�]�]�G���@�»���h�Ç�@�T�L�G���Î�]�]�°�Ê�¯�b
���Í�f�@�Ê�]�]�k�¸�·���µ�K�b�@�Ê�¯���Ñ�@�À�O�A�Ç���¾�@�]�]�É�Ú�?���c�]�]�W�A���Ï�«���µ�¿�A
���Î�T�Ê�L�¿���Å�¿�A���c�³�×�š�?���Á�¼�«���N�?�f�@�]�]�|�Þ�?���c�W�A���g�T�¬�¿�A
���µ�¸�¼�£���’�?���¹�s�K���Á�·���µ�¿�F�«���Õ�f�@�í�·�?���R�c�„�?���?�e�]�]��
���µ�¿�E�Ç���¹�]�]�¼�¤�·�?���’�?���µ�]�]�·�È�r�Ç���Î�À�»�h�A���Á�]�]�»���Ð�A���Ï�]�]�«
���f�@�H�L�£�E���Ï�¸�£���Ù�P�»���Î�°�Ê�¯�b��40���c�¤�G���¹�s�K���®�È�]�]�j
���g�T�¬�À�š�?���f�@�]�]�|�Þ�?���º�?�c�H�L�]�]�j�F�G���¾�È�]�]�°�K���®�È�]�]�j���µ�]�]�¿�E

���f�@�|�E���µ�É�c�·���Á�´�É�������Â�E�Ç���Ï�|�@�Ê�L�W�Þ�?���f�@�|�Þ�@�G
���c�¤�G���µ�¸�¼�£���’�?���¹�]�]�s�K���®�È�]�]�j���µ�¿�B�«���Ï�|�@�Ê�L�W�E
���È�Ã���¶�g�_�B�L�·���I�H�]�]�k�·�?���?�e�Ã���\���P�´�G���º�È�|�A���M�]�]�¯�Ç
���Á�´�¼�š�?���Á�»�Ç�����&��special cause�'���u�@�_���I�H�j
���µ�¸�K���Ï�«���g�O�×�É���u�@�]�]�_���I�H�]�]�j���Á�»���g�P�³�A���R�Ç�c�W
���Á�£���µ�·�È�r�Ç���g�]�]�_�B�K���Ï�«���I�H�]�]�k�L�É���@�›���Î�]�]�Ê�¸�¼�¤�·�?
���º�@�P�š�?���?�e�Ã���Á�»�Ç���Î�Ê�¸�¼�¤�¸�·���Å�]�]�Ê�¸�£���®�f�@�¤�L�š�?���M�¯�È�·�?
���Ï�Ã���Á�É�@�H�L�¸�·���Î�]�]�r�@�…�?���J�@�H�]�]�j�Ú�?���Â�A���@�À�·���Z�w�L�É
���Ï�«���R�c�]�]�•���Î�]�]�Ê�¤�Ê�H�|�����]�]�§�Ç���Î�]�]�Ê�Ò�@�T�«���J�@�H�]�]�j�A
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   control charts and variation
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يظهر جدول الحرج مستوى المخاطر بقاعدة
C = N x O x G
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 تخفي�س كلف الجودة الرديئة با�صتخدام منهج الحيود
ال�صدا�صي في مواجهة العيوب

درا�صة حالة في معمل الألب�صة الولدية في المو�صل
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the Gaza Strip.
Abstract 
Dangerous and emergency situations are likely 
to occur without giving you time to prepare in 
advance. Past experience has shown that people 
who have prepared themselves ahead of time, and 
know how to cope with emergencies, manage to 
behave appropriately and can save themselves 
and their family members in an emergency. In 
countries suffered from conflicts such as Palestine, 
it becomes clear that an additional factor has 
accelerated the deterioration process; political 
and security conditions. These have created an 
atmosphere of fear and despair which has negative 
impacts on the built heritage. The Gaza Strip has 
passed through many political conflicts over the past 
65years; this affected the building process, causing 
chaos in architectural planning and development. 
During the occupation period, the main concern 
of so many people has been to build a shelter in a 
very economical way regardless the form, shape, 
or style. The implementation of the developed 
approach on different building plans verified its 
adequacy for designing of a new building in Gaza 
strip; it can be adopted for buildings in other 
geographical areas subjected to similar conditions 
requirement. This paper examines how repeated 
bombardment, precision attacks, and incursions 
reconfigure space, buildings and the functionality 

of the built environment in the Gaza Strip.
1. Introduction

Urbicide (Latin: urbs: city + Latin: caedere 
to cut, kill) as a tactic of urban warfare has 
changed the look and feel of many places such 
as the Balkans, Germany in World War II, 
and The Gaza Strip. Using data obtained from 
different non governmental organizations and 
aid agencies. The shape and composition of the 
built environment is evaluated after specific 
bombardments, attacks and incursions in order 
to assess the extent and form of rebuilding. The 
results show that each round of destruction is 
followed by differing degrees of reconstruction 
that again restructure the look of the built 
environment. There are many international 
design manuals and legislations assigned to 
protect buildings and people from blast damages, 
but these design manuals were developed mainly 
to mitigate damages of individual explosions and 
terrorist attacks. These manuals do not take into 
consideration the damages and problem that may 
happen during war which may continue for long 
periods. It is necessary to develop legislations and 
design regulation to minimize building damage 
and people injuries that happen during the long 
periods of wars.

 2. Last Israel, Wars of Gaza Strip.
2.1-Operation Cast Lead
Operation Cast Lead began on the morning of 
December 27th 2008, and ended on January 18th 
2009. Significant, and in some areas total, 
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destruction was wrought on the Gaza Strip. The 
IDF enforced a total media blackout during 
the operation and prevented international aid 
personnel and journalists from entering the area. 
Unlike previous attacks the existence of twitter, 
Face book (Face as the local population calls it), 
and other internet sites made it possible for the 
international community to get a glimpse into 
the siege. In survey of the destruction created 
by Operation Cast Lead the UN noted 3814 
different instances of destruction. This included 
the destruction of 3,450 residential buildings and 
2,789 houses (B’Tselem, 2009, Press Releases) 
as well as the damage of 2,870 housing units 
(Human Rights Watch, 2010).
2.2-Column clouds IDF Operation of 
Gaza Strip
Since November14th 2012, the IDF reported 
targeting over 1,500 sites throughout the Gaza 
Strip. An estimated 298 homes have been 
destroyed or sustained major damage. The public 
infrastructure also damaged or destroyed includes 
health facilities, schools, bridges, universities, 
mosques, media and research centers, sports 
facilities, in addition to security, police and 
government buildings; according to the IDF, the 
Protection Cluster reports that, in total, at least 
158 Palestinians are reported to have been killed 
between 14 and 21 November 2012. This includes 
103 civilians, including at least 33 children and 13 
women. The Gaza Ministry of Health reports that 
1,269 Palestinians were injured, the majority of 
whom are believed to be civilians. In Gaza, most of 
the families who had fled their homes and sought 
refuge in emergency shelters set up in UNRWA and 
other schools in recent days have now returned 
home. Local sources estimate that approximately 
100 tunnels under the border with Egypt were 
damaged as a result of Israeli air strikes. However, 
other tunnels have resumed operations and there 
are reports of goods, including fuel, construction 
materials and food, being transferred through. 

Initial estimates indicate that at least 298 houses 
have been either destroyed or sustained major 
damage during air strikes and other attacks 
between 14 and 21 November 2012. Most of these 
houses are in Gaza city and areas in northern 
Gaza. Additionally, more than 1,700 houses have 
sustained minor damage. (United Nations Office 
for the Coordination of Humanitarian Affairs 
(OCHA) 2012 Fact sheet) It is estimated that the 
need for housing and shelters is currently about 
75,000 units. This has resulted in thousands 
of people in the Gaza Strip lacking access to 
appropriate shelters and still live in crowded or 
unfit residences. The lack of building materials 
due to the blockade has halted overcoming this 
problem. The high unemployment rate, which 
is about 40% of the total work, is also one of the 
consequences of the failure in the industrial and 
construction sectors, which has deepened the 
economic crisis forcing many people to become 
more dependent on foreign aid. 
3.0 The construction sector in Gaza
It is generally agreed by local and international 

organizations concerned with the housing situation in Gaza 

that there is a significant shortage of needed housing units 

to meet the development needs of the growing population. 

The combined effects of rapid population growth, the 

blockade and the destruction of houses during and prior to 

the Cast Lead Operation is considered as the main reasons 

for the inadequate housing situation. According to a recent 

USSD report (August 2011) the total housing needs in the 

Gaza strip is estimated to be about 75,000 units; 75% of 

which is due to natural population growth, 13% due to the 

destruction of houses in Israeli military operations, and 

12% accounted for replacing substandard units and easing 

overcrowding. Considerable efforts have been carried out 

by various organizations to overcome the housing crisis in 

Gaza; however, insignificant outcomes have been achieved 

to date. This failure is mainly due to the lack of construction 

materials and infrastructure facilities available in the Gaza 

strip. As a result, thousands of people have no access to 

safe and permanent shelters, which is considered a basic 
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human need. Many of the displaced people from the war, 

who number around 100,000, still live either in emergency 

shelters or with host families (USSD, Shelter Advocacy Fact 

Sheet 3, 2011).

 3. 1 the needs of facilities and housing units 

in Gaza Strip:

This research aims to study the effects of war hazards and 

weapons on the structural and non-Structural elements 

of the buildings in Gaza Strip in order to identify the 

shortcomings of design and construction practices 

followings point are to be considered:

-Up till 2010, the shortage in housing units reached 30,000 

housing units.

-The annual increasing rate of census requires 5,000 

housing units more.

-The totally destroyed housing units because of the war are 

about 4,000; 8,000 housing units were partially destroyed 

and more than 45,000 housing unit was simply damaged.

-The required housing units for the five coming years, 

including the deficit, are about 60,000 housing units. 

-Hundreds of public utilities, schools, hospitals and other 

institutions.

3.2 Building Damages

Mostly the ground and the first floors of building were 

subjected to fire and serious damages which caused 

structural damages in the columns and floors .the damages 

in the buildings include the following: -Fire caused minor 

damages including spalling of plaster and black smoking as 

it was seen in the most effected buildings after the war in 

Gaza Strip.

-Buckling of the concrete and reinforcement steel in some 

columns.

-Wide cracks and destruction in the walls. 

-Damages to windows and breaking the glass and the 

aluminum frames.

-Spalling of the concrete cover in the some parts of the 

beams and columns.

-Spalling of plaster in many parts of the internal walls.

This situation was created by the following major factors:

- Bad construction practices and common fatal design 

mistakes of the buildings (soft storey, short column, lack 

of verticality and continuity of vertical structural elements, 

i.e. very high eccentricity and bad quality of material and 

workmanship).

- Lack of a national code for seismic design and construction 

absence of national legislative laws and regulations for 

protection against earthquakes; and Absence of effective 

mechanisms for control of application (design and 

construction) and enforcement of regulations.

Figure 1: photo of localized 

failure of exterior walls, 

windows, roof system and 

columns.

Figure 2: photo of totally 

damaged housing units. 

Figure 3: photo of collapse 

of the building.

4.0 Building a safe room

In case of an emergency Situation such as the 
existence in Gaza Strip - or even just the fear - of 
a fire, a bomb, IDF attack, or any similar incident 
that makes the crowd rush to exit the buildings. 
Therefore, our suggestion of a new design should 
to enable the rapid evacuation of panicking users 
with minimum risk. In case  of a conventional 
missile attack (explosives only), we feel the floor 
shaking, the windows rattle in their frames, 
furniture and other items move about in a strange 
manner, ceiling lamps swing, and the attack 
makes it harder and harder to maintain stability 
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and normal movement. Normally a “safe room” 
can give you “near-absolute protection. A safe 
room is a specially reinforced area in our home 
that can serve double-duty for another use, such 
as a closet or bathroom. Or it could be a stand-
alone room in the garage or a shelter outside the 
house. You can build a safe room as part of a new 
home, or you could retrofit a room in an existing 
home. The window opening shall have in internal 
sealed security window an external steel leaf 
aimed at absorbing the blast loads caused by the 
detonation. The minimal area of an Apartment 
Protected Space is could be 5 square meters net 
per apartment and should not include more than 
two people. How to improve protection if your 
house does not have shelter or protected space? 
The below considerations are based on answering 
this quire.

4 .1 Permanent solutions:

Improvements in construction to increase the 
protection level of the sealed room envelope 
(walls, ceiling against chemical and conventional 
weapons).
-Windows: Window frames should be replaced 
by steel or aluminum frames while anchoring 
the window. The glass should be replaced by 
polycarbonate (plastic material) or multi-layer 
glass. Doors: should be replaced with blast doors 
opening outwards.
4.2 Emergency  Solutions to be executed 

during emergency

If permanent improvements were not carried out 
during peace time, emergency solutions can still 
be managed as followed:
Prepare and seal a single room in an apartment, 
during the emergency period.
Windows: Prevention of fragments in one of the 
two ways:
Strengthening the glass by coating or gluing sticky 
plastic materials.
Covering the windows from the inside with an 
anti-blast and anti-fragment ballistic cloth (blast 

curtain) Gluing polyethylene sheet to cover all the 
window area, and in addition gluing with adhesive 
tape along perimeter and with two vertical and 
two horizontal adhesive tapes on the polyethylene 
sheet. Doors: Similar to the air-tightness of the 
windows, the connection between the door’s leaf 
and the frame sealed. Sit adjacent to an inner wall, 
perpendicular to the outer wall. Sit as far away as 
possible from the outer wall and window. 

5.0 Designating  the Secure Space

This paper tries to demonstrate the main design 
objectives of such durability through the case 
study. Designing for durability requires some 
expectation of the nature of the disaster. The higher 
the expectations are, the higher the complexity of 
the design and its related cost. Gazaner buildings 
should be designed to minimize the health effect 
resulting particularly from performing ablution. 
Meanwhile, Gazaner buildings should be designed 
as a durable building to support its community 
in cases of disaster. Such durability extends 
beyond structural integrity to include providing 
an acceptable level of thermal comfort Here 
are some examples of buildings with their most 
protected spaces marked to be re-used as a safe 
area or rooms: Stairway, Corridor, windowless 
inner room and safe exit which could be used for 
the most buildings types in Gaza strip (Private 
sector or NGOS Installation and governmental 
issues).
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Figure 4: Proposed floor plan for safe areas in 

a five-story residential building .

Figure 5: second proposed floor plan for safe 

areas in a five-story residential building . 

Figure 6: Proposed floor plan for safe areas in 

a four -story residential building .

In older buildings, owners can create fortified 
rooms, reinforcing a standard room with 12 
centimeters of concrete and adding a specialized 
steel door and window and a reinforced ceiling. 
Another, cheaper, option that can be built 
according to experiences trail is a steel cage in 
an existing room, covered by another layer of 
cement. And for those lacking a safe room or 
bomb shelter, there’s always the stairwell, usually 
cast in concrete and surrounded by pillars that 
keep the building standing, making it the safest 
place in the building. Safe rooms and stairwells, 
there will probably be an initial increase in 
bomb shelter improvement and construction 
of safe rooms, but just for a short time, not for 

new building recommended. In case of existing 
old buildings safe rooms should be built for each 
floor, or in each apartment, usually one on top 
of the other, creating a core of safe rooms in the 
building. While the first safe rooms were made 
out of concrete blocks, the safe rooms built in 
the last decade are made out of 20 centimeters 
of high-end concrete, a thicker and stronger 
material than regular concrete and with an inner 
wall of reinforced steel. It’s recommended for 
the UNRWA installation to create a similar safe 
room for each building based on a war at frequent 
intervals in Gaza strip without any protection 
their. The main design objective for a durable 
building should consider the Architectural as the 
Structural design aspects.

5 .1 Structural system selection 

Building frame system with shear walls is the 
proposed structural system for new buildings. 
This system is the preferred structural system to 
improve the building resistance against the direct 
effects of weapons threats during wars. This 
system consists of solid or ribbed slabs reinforced 
in two directions (two –way system) supported 
on columns and reinforced walls transmitting the 
loads to foundations. The roof system provides 
the required mass, strength and continuity to 
resist all phases of blast loading including the 
uplift forces during the negative phase of the 
explosions. Buildings with large mass perform 
well under loading; lightweight constructions are 
unsuitable .large mass buildings have large inertia 
and hence take a while before they respond to the 
severe blast overpressure. My recommendation 
for future studies is to cover this subject from 
different point views, (Architectural, Structural 
and others).
5.2 Concluding Remarks 

The analytical methods of analysis and design of 
affected the building structures are complex, even 
with the simplified static analysis method 
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that is allowed by the building codes. However, 
a great deal of resistance is provided by the basic 
configuration and structural system of a building. 
The design of buildings loads requires an early 
and close collaboration between the architects 
and construction engineers, in order to arrive 
at an optimum cost-effective structural design, 
while satisfying the needs of the client. These 
actions are mainly to study better estimate losses, 
to effectively adapt new technologies that mitigate 
losses, to improve prediction of natural hazards 
like earthquakes, and war.
In addition to the general requirement, the 
following specific requirements are used in the 
redesign of the building:
-Safe areas in each apartment with areas of 
about 14m2 for each apartment are located in the 
interior part of the building near the staircases 
to provide protection. Safe areas may be used for 
other purposes in normal conditions such as a 
kitchen or utility room. The required amount of 
floor area per person is selected to be 1.5square 
meters.
-Locations of the safe areas in each apartment 
of a building should be in the same part in 
each floor plan, one above the other along the 
building elevation to form a continuous protected 
reinforced concrete core area.
-Walls of the safe area should consist of reinforced 
concrete walls with thickness of 20cm to provide 
protection against weapons and fragment 
penetration.
-Walls of staircase should consist of reinforced 
concrete walls to provide a maximum strength 
to the structure and to enhance the evacuation 
requirements.
- The developed design approach can be applied on 
the existing buildings, however ,further research 
is recommended to be carried out in this regard 
.and against no conventional weapons hazard 
like nuclear ,chemical ,biological and radiological 
weapons which are not within the scope of this 

approach.
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ABSTRACT
The future of tourism development and its progress in Jordan mainly depends on the efficiency and effectiveness of 
tourism and hotel education.  Education and learning are considered the human efficiencies supported with professional 
knowledge and skills that fulfill current and future tourism market requirements.  This is met with a clear strategy to 
develop human resources in tourism and hotel fields.  Where interested youth are qualified and trained, which leads to 
developing this significant economic sector which is expected to lead the Jordanian economy and to have a significant 
role in the future.
This study aimed to discuss the impact of using the modern training methods on the efficiency of training programs 
at the Jordan Applied University College of Hospitality and Tourism Education (JAUCHTE).  This is, to investigate 
the significance of the modern training methods in the training process, know the extent of applying these methods 
by (JAUCHTE), point out the contribution of these methods in the success and efficiency of the training program, the 
criteria adopted by (JAUCHTE) to select the modern training methods, the obstacles hindering the application of these 
methods by (JAUCHTE).
The society of the study consisted of the seventh group of bachelors degree graduates and the thirteenth group of 
diploma graduates consisting of 126 male and female students.  A questionnaire was developed for this purpose and 
distributed, where 109 valid questionnaires were received.
The study concluded to that there is a relationship of statistical indication between the modern training methods and the 
efficiency of the training program.  This study submitted a set of recommendations:
- Increase the training funds in order to overcome the difficulties and hindrances that limit the application of 
modern training methods.
- Select modern training methods that suit the type of training that encourages the Jordan girl to join this type of 
educational programs through promotional campaigns and adopt incentives of fees discounts.
- Encourage students to join tourism management program through publications and seminars to point out the 
privileges of this subject and provide fees discounts.
- Reconsider the method of selecting the modern training methods at (JAUCHTE) and consider using all of the 
modern methods, since training is an integrated process.

 - Attract efficient instructors with
experience and capacity to apply all of the modern training methods in tourism.
Key words: training programs, training methods, training, tourism training
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���N�@�±�É�Ü�?���I�Ë�h�e�L�¹�?���Ð�ï�`���Í�¥�?�i�K�'���Ð�¦�G�@�m�¹�?���Ï�i�²�®�¹�?���N�Ó�@�S���¿�O���,�N�?�h�?�d�à�?�É���À�@�m�±�Ü�?���»�P�½���Ã�½���´�e�Â�®�¹�?
���o�@�m�W�E���”�E���Ð�T�Ì�L�Â�¹�?���È�g�Å�����q�K�É���&3.8995�'���Í�G�@�m�†�?���Ÿ�l�Ê�L�œ�?���«�º�G�É���&�“�G�h�e�L�¾�º�¹���Ð�H�^�^�^�l�@�Â�œ�?

�,�·�¹�g�¹���Ð�Ì�H�Ë�h�e�L�¹�?���Ð�ï�‡�?���Í�¦�x�?�É���Ï�@�¥�?�i�½�É���I�Ë�h�e�L�¹�?���N�@�±�É�Ü���Ð�W�?�i�¹�@�G���“�º�½�@�¦�¹�?
���N�Ó�@�S���e�±���&�´�e�Â�®�¹�?���Ò�Ê�L�m�½���Ñ�º�¥���Ð�Ë�Ê�Â�l���I�Ë�h�e�K���Ð�ï�`���e�S�Ê�K�'���”�É�Ü�?���Ï�i�²�®�¹�?���Ä�A���£�W�Û�Á���“�W���ž
���e�±���“�º�½�@�¦�¹�?���Ä�A���”�E���Ð�T�Ì�L�Â�¹�?���È�g�Å�����q�K�É���&3.7286�'���«�º�G���Í�G�@�m�W���Ÿ�l�Ê�G�É���,�Ð�¦�G�@�m�¹�?���Ð�H�K�i�œ�?���ž

�,�I�Ë�h�e�L�¹�@�G���Ð�t�@�‡�?���Ÿ�ï�‡�?���Ñ�º�¥���“�¦�º�ï�½�����©���?�Ê�Á�Ê�¶�Ë
���»�H�±���Ð�H�K�i�œ�?���ž���&�Ð�Ì�H�Ë�h�e�L�¹�?���U�½�?���¹�?���Ò�Ê�L�‰���ž���i�¾�L�^�^�^�m�½���h�?�i�¶�K���¸�@�Â�Å�'���Ð�¦�^�^�^�l�@�L�¹�?���Ï�i�²�®�¹�?���N�Ó�@�S�É
���Ä�Ê�¶�K���Ä�A���¼�É�@�^�^�^�•���´�e�Â�®�¹�?���Ä�A���”�E�����^�^�^�q�Ë���@�•���&3.5779�'���Í�G�@�^�^�^�m�†�?���@�Æ�ï�^�^�^�l�É���«�^�^�^�º�G�É���Ï���^�^�^�`�Ü�?

�,�È�i�t�@�¦�½�É���Ï�d�e�T�L�½���Ð�Ì�H�Ë�h�e�L�¹�?���Ç�ˆ�?�i�G
���U�½�?���¹�?���ž���“�^�^�^�º�½�@�¦�¹�?���¸�?�i�^�^�^�p�E���ž���Ð�Ì�u�a�^�^�^�q�¹�?���N�@�^�^�^�±�Û�¦�¹�?���»�^�^�^�`�e�K�'���Ï�i�^�^�^�p�@�¦�¹�?���Ï�i�^�^�^�²�®�¹�?���N�Ó�@�^�^�^�S�É
���¸�@�Â�Å���Ä�A���”�E�����^�^�^�q�Ë���@�•���&3.5779�'���«�º�G���Í�G�@�^�^�^�m�W���Ÿ�^�^�^�l�Ê�G�É���Ï���`�Ü�?���Ð�H�K�i�œ�?���ž���&�Ð�^�^�^�Ì�H�Ë�h�e�L�¹�?

�,�Ð�Ì�H�Ë�h�e�L�¹�?���U�½�?���¹�?���ž���Ç�Ë�e�¹���“�º�½�@�¦�¹�?���§�Ì�™���¸�?���p�?���ž���´�e�Â�®�¹�?���Ò�e�¹���Ð�¹�?�e�¥
���À�Ê�‹���n�¾�‡�?���´�d�@�^�^�^�Â����ž���Ð�Ì�H�Ë�h�e�L�¹�?���Ð�^�^�^�Ì�º�¾�¦�º�¹���Ÿ�Ì�ï�a�L�¹�?���¿�^�^�^�Ì�Ì�²�L�¹���Ð�Ì�º�¶�¹�?���Ð�^�^�^�S�h�e�¹�@�G���³�^�^�^�º�¦�L�Ë���@�^�^�^�¾�Ì��É
���Î�g�¹�?�É���&3.8920�'���«�º�G���Î�g�^�^�^�¹�?���Í�G�@�^�^�^�m�†�?���Ÿ�^�^�^�l�Ê�L�œ�?���Ð�¹�Ú�e�G���Ï���H�µ���Ð�S�h�e�G���N�Ó�@�S���e�²����Ð�Ì�Á�d�h�Ü�?

�,�§�®�K�i�½���Ð�Ì�Á�d�h�Ü�?���À�Ê�‹���n�¾�‡�?���´�d�@�Â����ž���I�Ë�h�e�L�º�¹���Ÿ�Ì�ï�a�L�¹�?���¿�Ì�Ì�²�K���Ð�S�h�d���Ä�A���”�E�����q�Ë
���&3���*7���*5���*8���*2�'���N�?�i�²�®�¹�?���ž���å�@�¦�®�K�i�½���Ä�@�µ���*�Ð�Ì�H�Ë�h�e�L�¹�?���Ð�Ì�º�¾�¦�º�¹���Ÿ�Ì�ï�a�L�¹�?���¿�^�^�^�Ì�Ì�²�K���Ä�A���£�^�^�^�W�Û�Á�É

�,�&3.7789�'�É���&3.0553�'���“�G���Ð�Ì�G�@�m�†�?���@�Æ�K�@�ï�l�Ê�L�½���M�W�É�?�i�K�É
�&5�'���¿�±�h���¼�É�e�…�?���ž���“�H�½���Ê�Å���@�¾�µ���U�Ô�@�L�Â�¹�?���M�Á�@�¶���T�+test���h�@�H�L�`�?���@�½�A

�&5�'���¿�±�h���¼�É�e�S
One�+Sample Test

Test Value �;��3

�Ÿ�ï�Š��
�Ð�Ì�º�¾�¦�¹�?��
�Ð�Ì�H�Ë�h�e�L�¹�?

95% con�dence interval of 
the di�erence

Mean 
di�erence

Sig

�&2�+tailed�'

Dft

UpperLower

1.00010.78380.891960.00019816.270

�,�Í�Ô�@�u�W�à�?���»�Ì�º�X�L�¹�?���U�Ô�@�L�Á���8�h�e�u�œ�?
����;0.000���Ð�^�^�^�¾�Ì�±���Ä�A���Ð�Ì�Ô�@�u�W�à�?���»�^�^�^�Ì�º�X�L�¹�?���Ð�T�Ì�L�Á���M�^�^�^�Á�@�µ���Q�^�^�^�Ì�W���&T�'���h�@�^�^�^�H�L�`�?���À�?�e�a�L�^�^�^�l�?����
���¼�Ê�H�±�����¦�Ë���@�•���<0.05���Ð�¹�Ú�d���N�?�f���Ð�¾�Ì�±���Í�Å�É��T�;16.270���Ð�¾�Ì�±�É���&�Ð�¹�Ú�e�¹�?���Ò�Ê�L�^�^�^�m�½�'

�,�Ð�Ì�x�i�®�¹�?
���Ð�Ì�H�Ë�h�e�L�¹�?���U�½�?���¹�?���¿�Ì�¾�u�K���Ä�A���Ð�Ì�Á�d�h�Ü�?���À�Ê�‹���n�¾�‡�?���´�d�@�Â����ž���Ä�Ê�º�½�@�¦�¹�?���Ò�i�Ë���8�Ð�Ì�Á�@�P�¹�?���Ð�Ì�x�i�®�¹�?

�,�Ð�Ì�H�Ë�h�e�L�¹�?���¿�Æ�K�@�S�@�Ì�L�W�?���§�½���I�l�@�Â�L�K
���N�@��?�i�Œ�Ú�?�É���Ð�Ì�G�@�m�†�?���N�@�ï�l�Ê�L�œ�?���Q�W�@�H�¹�?���V�i�a�L�l�?���e�²����Ð�Ì�x�i�®�¹�?���È�g�Å���Ð�X�t���h�@�H�L�`�?���»�S�A���Ã�½

�8�Í�¹�@�L�¹�?���¼�É�e�…�?���ž���Z�x�Ê�½���Ê�Å���@�¾�µ���¼�@���?���?�g�Å���N�?�i�²����Ã�½���Ï�i�²����»�¶�¹���Ð�Ë�h�@�Ì�¦�œ�?
�&6�'���¿�±�h���¼�É�e�S

�Ð�Ì�Á�@�P�¹�?���Ð�Ì�x�i�®�¹�?���Ð�º�Õ�l�A���N�@�G�@�S�E���U�Ô�@�L�Á

�»
�m

�º
�m

�L
�¹�?

�Ï�i�^�^�^�^�^�²�®�¹�?�Ÿ�l�Ê�¹�?
�Í�G�@�m�†�?

�°�?�i�Œ�Ú�?
�Î�h�@�Ì�¦�œ�?

�I�Ì�K���¹�?

�Ð�Ì�H�Ë�h�e�L�¹�?���“�º�½�@�¦�¹�?���N�@�S�@�Ì�L�W�Ú���å�@�²��É�����Ë�h�e�L�¹�?���U�½�@�Á���¹�?���¿�Ì�¾�u�K���¿�L�Ë�,4.1658750513

�“�º�½�@�¦�¹�?���Ð�S�@�W�����º�K���@�Å�e�Ë�e�ƒ���������¹�?���Ð�Ì�H�Ë�h�e�L�¹�?���N�@�S�@�Ì�L�W�Ú�?��

�Ð�Ì�H�Ë�h�e�L�¹�?

4.1657679904

�Ð�Ì�¦�±�?�É�����Ë�@�¦�½���Ñ�º�¥���Ó�@�Â�G���Ð�Ì�H�Ë�h�e�L�¹�?���N�@�S�@�Ì�L�W�Ú�?���e�Ë�e�ƒ���¿�L�Ë��

�o�@�Ì�²�º�¹���Ð�º�G�@�±�,

4.1256858296

�“�º�½�@�¦�¹�?���v�u�„���o�@�l�A���Ñ�º�¥���Ð�Ì�H�Ë�h�e�L�¹�?���Ð�Ì�º�¾�¦�¹�?���¿�¾�u�K�,4.2211746271

���Ë�h�e�L�¹�?���U�½�@�Á���¹�?���¿�Ì�¾�u�K���»�H�±���Ð�Ì�H�Ë�h�e�L�¹�?���N�@�S�@�Ì�L�W�Ú�?���e�Ë�e�ƒ���¿�L�Ë�,4.1407778965

�·�º�¾�¥ ���N�@�H�º�ï�L�½ ���§�½ ���¿�Ô�Û�L�K ���Ð�Ì�H�Ë�h�e�L�¹�? ���Ð�Ì�º�¾�¦�¹�? ���°�?�e�Å�A��

�Ð�®�Ì�¡�Ê�¹�?���N�@�S�@�Ì�L�W�?�É�,

4.2161610142

�´�Ê�m�¹�? ���Ð�S�@�W ���I�m�W �����Ë�h�e�L�¹�? ���U�½�@�Á���¹�? ���¿�Ì�¾�u�K ���¿�L�Ë��

�Í�W�@�Ì�m�¹�?�,

4.0000752109

�Ð�Ì�Á�d�h�Ü�?���Ð�Ì�T�Ì�K�?���l�Ú�?���§�½���¿�Ô�Û�L�Ë���@�•���Í�W�@�Ì�m�¹�?���U�½�@�Á���¹�?���¿�Ì�¾�u�K���¿�L�Ë��

�Ð�W�@�Ì�m�¹�?���i�Ë�Ê�ï�L�¹�,

3.85438784010

�“�º�½�@�¦�¹�?���Ó�?�d�Ü���Î�h�É�d���¿�Ì�Ì�²�K���Ñ�º�¥���Ó�@�Â�G���� �Ë�h�e�L�¹�?���U�½�@�Á���¹�?���¿�Ì�¾�u�K���¿�L�Ë�,4.0653798207

�g�¤�™�–�:���m�c�q�)�$�(
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�»
�m

�º
�m

�L
�¹�?

�Ï�i�^�^�^�^�^�²�®�¹�?�Ÿ�l�Ê�¹�?
�Í�G�@�m�†�?

�°�?�i�Œ�Ú�?
�Î�h�@�Ì�¦�œ�?

�I�Ì�K���¹�?

�Ð�Ì�º�H�²�L�m�œ�?���Ð�Ì�H�Ë�h�e�L�¹�?���N�@�S�@�Ì�L�W�Ú�?���Í�¥�?�i�Ë�����Ë�h�e�L�¹�?���U�½�@�Á���¹�?���¿�Ì�¾�u�K�,4.0151748588

� �̈Ê�^�^�^�^�¾���?4.193563684

�,�Í�Ô�@�u�W�à�?���»�Ì�º�X�L�¹�?���U�Ô�@�L�Á���8�h�e�u�œ�?
���ž���Ð�Ì�H�Ë�h�e�L�¹�?���N�@�S�@�Ì�L�W�Ú�?���e�Ë�e�ƒ���¼�@�ˆ���³�G�@�m�¹�?���¼�É�e�…�?���ž���Ï�d�h�?�Ê�¹�?���N�@�Á�@�Ì�H�¹�?���¼�Û�`���Ã�½���£�W�Û�Á
���Ð�Ì�H�Ë�h�e�L�¹�?���N�@�S�@�Ì�L�W�Ú�?���e�Ë�e�ƒ���¿�L�Ë�'���Ð�¦�G�?�i�¹�?���Ï�i�²�®�¹�?���N�Ó�@�S���e�²����Ð�Ì�Á�d�h�Ü�?���À�Ê�^�^�^�‹���n�¾�‡�?���´�d�@�^�^�^�Â�
���&4.1935�'���@�����Í�G�@�m�†�?���Ÿ�^�^�^�l�Ê�L�œ�?���«�º�G�É���*�”�É�Ü�?���Ð�H�K�i�œ�?���ž���&�“�º�½�@�¦�¹�?���v�u�„���o�@�^�^�^�l�A���Ñ�º�¥
���¿�O���,�Ð�Ì�H�Ë�h�e�L�¹�?���¿�^�^�^�Æ�K�@�S�@�Ì�L�W�?���e�Ë�e�ƒ���e�Â�¥���“�^�^�^�º�½�@�¦�¹�?���v�u�a�L�G���´�e�Â�®�¹�?���À�@�^�^�^�¾�L�Å�?���Ñ�º�¥���¼�e�Ë���?�g�^�^�^�Å�É
���&�Ð�®�Ì�¡�Ê�¹�?���N�@�S�@�Ì�L�W�?�É���N�@�H�º�ï�L�½���§�½���¿�Ô�Û�L�K���Ð�Ì�H�Ë�h�e�L�¹�?���Ð�Ì�º�¾�¦�¹�?���°�?�e�Å�A�'���Ð�l�d�@�m�¹�?���Ï�i�²�®�¹�?���N�Ó�@�S
���“�G���Î�Ê�±��� �@�H�K�h�?���d�Ê�S�É���”�E�����^�^�^�q�Ë���@�•���&4.2161�'���«�º�G���Í�G�@�^�^�^�m�W���Ÿ�^�^�^�l�Ê�G�É���Ð�Ì�Á�@�P�¹�?���Ð�H�K�i�œ�?���ž
���Ï�i�²�®�¹�?���N�Ó�@�S���@�¾�Â�Ì�G���,�“�º�½�@�¦�¹�@�G���Ð�~�@�Â�œ�?���Ð�®�Ì�¡�Ê�¹�?�É���»�¾�¦�¹�?���Ð�¦�Ì�H�~���§�½�����Ë�h�e�L�¹�?���U�½�@�Á���¹�?���°�?�e�^�^�^�Å�A
���Ð�P�¹�@�P�¹�?���Ð�H�K�i�œ�?���ž���&�Ð�Ì�H�Ë�h�e�L�¹�?���“�º�½�@�¦�¹�?���N�@�S�@�Ì�L�W�Ú���å�@�²��É�����Ë�h�e�L�¹�?���U�½�@�Á���¹�?���¿�Ì�¾�u�K���¿�L�Ë�'���”�É�Ü�?
���´�e�Â�®�¹�?���ž���I�Ë�h�e�L�¹�?���Ð�ï�`���Ï�@�¥�?�i�½�É���À�@�¾�L�Å�?���Ñ�º�¥���¼�e�Ë���@�•���&4.1658�'���Í�G�@�m�†�?���@�Æ�ï�l�É���«�º�G�É

�,�Ð�Ì�H�Ë�h�e�L�¹�?���“�º�½�@�¦�¹�?���N�@�S�@�Ì�L�W�Ú
���´�Ê�^�^�^�m�¹�?���Ð�S�@�W���I�^�^�^�m�W�����Ë�h�e�L�¹�?���U�½�@�Á���¹�?���¿�^�^�^�Ì�¾�u�K���¿�L�Ë�'���Ð�²�G�@�^�^�^�m�¹�?���Ï�i�^�^�^�²�®�¹�?���Ä�A���£�^�^�^�W�Û�Ë���@�^�^�^�¾�Ì�
�����q�Ë���?�g�Å�É���&4.0000�'���«�º�G���Í�G�@�^�^�^�m�W���Ÿ�^�^�^�l�Ê�G�É���Ï���`�Ü�?���»�H�±���Ð�H�K�i�œ�?���ž���N�Ó�@�S���e�±���&�Í�^�^�^�l�@�Ì�m�¹�?
���*�¨�Ê�x�Ê�œ�?���?�g�Å���¼�Ê�W���N�@�^�^�^�l�?�h�d���d�Ê�S�É���À�e�¥�É���Í�W�@�Ì�^�^�^�m�¹�?���´�Ê�^�^�^�m�¹�?���Ð�S�@�€���´�e�Â�®�¹�?���À�@�¾�L�Å�?���À�e�¥���”�E
���Ð�Ì�Â�~�Ê�¹�?���Ð�Ì�T�Ì�K�?���l�Ú�?���§�½���¿�Ô�Û�L�Ë���@�•�����Ë�h�e�L�¹�?���U�½�@�Á���¹�?���¿�Ì�¾�u�K���¿�L�Ë�'���Ð�Â�½�@�P�¹�?���Ï�i�²�®�¹�?���N�Ó�@�S�É
���À�e�¥���”�E�����q�Ë���@�•���&3.8543�'���Í�G�@�m�†�?���@�Æ�ï�l�É���«�º�G�É���Ï���`�Ü�?���Ð�H�K�i�œ�@�G���&�Ð�W�@�Ì�^�^�^�m�¹�?���i�Ë�Ê�ï�L�¹
���I�Ë�h�e�K���Ð�Ì�º�¾�¦�G���³�º�¦�L�Ë���@�¾�Ì����Ð�W�@�Ì�m�¹�?���Ÿ�Ì�q�Â�L�¹���Ð�Ì�Á�d�h�Ü�?���Ð�Õ�Ì���?�É���Ð�Ì�Á�d�h�Ü�?���´�d�@�Â�®�¹�?���“�G���³�Ì�m�Â�K���d�Ê�S�É

�,�“�º�½�@�¦�¹�?
���Ð�Ì�Á�d�h�Ü�?���À�Ê�‹���n�¾�‡�?���´�d�@�Â����ž���Ð�Ì�H�Ë�h�e�L�¹�?���N�@�S�@�Ì�L�W�Ú�?���e�Ë�e�ƒ���¿�L�Ì�¹���Ð�Ì�º�¶�¹�?���Ð�S�h�e�¹�@�G���³�º�¦�L�Ë���@�¾�Ì��É
���&4.1935�'���Ð�Â�Ì�¦�¹�?���d�?�i�^�^�^��A���N�?�i�Ë�e�²�L�¹���Í�G�@�^�^�^�m�†�?���Ÿ�^�^�^�l�Ê�¹�?���«�º�G���Q�Ì�W���Ï���H�µ���Ð�S�h�e�G���N�Ó�@�S���e�²�
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 In conjunction with the Vision 
2021 goals in Dubai, Abu Dhabi 
has adopted a similar program 
of performance optimization 
for this Emirate known as 
Abu Dhabi 2030. As described 
in the official literature 
produced by that Emirate’s 
state government, this plan 
is designed to optimize the 
development of the city over the 
next decades, with the ultimate 
goal of achieving a “ a socially 
cohesive and economically 
sustainable community that 
preserves the Emirate’s unique 
cultural heritage” (upc.gov.ae, 
2011, p. 1). Toward this end, 
all decisions with regard to 
immediate development will 
be made with an eye toward 
the environmental, social, 
and economic impact of that 
development. Particularly as 
the plan includes a genuine 
effort to increase the city’s 
population by 2 million (to 5 
million) by the 2030 goal, the 
Abu Dhabi government has a 
strong interest in maintaining 
a sustainable and practical plan 
for growth during these next 
pivotal decades.

It is crucial to mention that the 
Abu Dhabi 2030 plan, though 
it shares many of the elements 
of the Vision 2021 program 
in Dubai, was the unique 

creation of Highness Sheikh 
Mohamed bin Zayed Al Nahyan 
Crown Prince of Abu Dhabi 
Deputy Supreme Commander 
of the UAE Armed Forces and 
Chairman of the Abu Dhabi 
Executive Council. His Highness 
conducted an extensive series of 
meetings and workshops with 
urban planners, community 
development specialists, and 
social and environmental 
leaders, with the primary goal 
being that of achieving for 
Abu Dhabi the ultimate goal 
of « a harmonious society, 
diversified, culturally rich 
and evolving in a continuously 
stable environment...every 
element underpinned by 
environmental sensitivity and 
the desire to protect our unique 
ecology for future generations» 
(upc.gov.ae, 2011, p. 2). The 
framework which will inform 
the future development of this 
city is known as Estidama, the 
Arabic word for sustainability.

Estidama PrinciPles
  
Abu Dhabi  2030 requires  four 
key principles in  the pursuit  
of its sustainable  and evolving  
environmental  goals , namely  
the promotion of development  
with an eye toward maintaining  
the environment , economy , 
society  and culture of Abu 
Dhabi . In conjunction with the 
best  practices  model  that has  
been  outlined in  this  work, 
the Abu Dhabi  2030 goals  
have  within  them the  “deeply 
engraved ...[goal ] of achieving  
higher  levels of  sustainable  
design  and practice” by  simply  
“getting  the design  process  

right  from  the beginning ” (upc.
gov .ae, 2011, p. 4). Ultimately, 
this  program is  designed  to set a 
new benchmark for sustainable  
development  that will be 
embraced  by other ‘forward-
thinking ’ nations  around the 
world.
In the pursuit  of this  goal , 
Abu Dhabi  will focus  (forward 
to 2030) on using  a systems -
based  approach to analyze the 
sustainability  of communities , 
developments , and building  
projects in  an overarching  
and holistic manner. In 
addition , this  Emirate will 
focus  on committing its 
resources  to achieving  long-
term sustainability  targets 
within  a “responsible  economic  
framework ,” as well as through  
the use  of what they describe  
as an “Integrative  Design  
Process ...[ which  will] promote  
cooperation  and collaboration  
between  all stakeholders  to 
attain synergy in  the process  
of planning, design  and 
construction” (upc.gov .ae, 
2011, p. 5).

Finally, as Abu  Dhabi  has  been  
recently recognized  among  
the top 10 sustainable  cities  
by  the independent U.S.-
based  good  government think  
tank Ethisphere  Institute, it 
is  clear that these  goals are  
well within  the reach  of this  
forward-looking  nation . When 
considered  in conjunction with 
the Vision  2021  goals  in  Dubai , 
it becomes  clear that these  
city-state Emirates  are  leading  
many  of the nations  of the 
developing  world in  the path to 
sustainable  development, led 
by  best  practices  principles .

Dr. Rafiaa.M. AlSulaiti

Abu Dhabi 2030
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ISO 9001 is much more than 

a standard. It should be part of a 

company’s strategic plan rather than 

something to get certified to because 

customers require it. The guidelines 

and quality principles in ISO 9001 

are just good business practices.

Throughout my career in quality, 

I’ve often been amazed by 

management teams that want 

to increase efficiency, customer 

satisfaction, and profitability, 

but rarely tap into the real power 

of ISO 9001. They think of the 

standard as something the quality 

department should focus on; in 

many cases it’s an afterthought 

rather than a strategic part of 

their business plans. Sometimes 

it’s only thought about when a 

customer asks if a company is 

ISO 9001-certified, or when it 

appears on a bid questionnaire for 

a project.

Here is an explanation from the 

ISO 9001 standard’s introduction: 

The adoption of a quality 

management system should 

be a strategic decision of an 

organization. The design 

and implementation of 

an organization’s quality 

management system is influenced 

by: 

• Its organizational environment, 

changes in that environment, 

and the risks associated with that 

environment 

• Its varying needs 

• Its particular objectives 

• The products it provides 

• The processes it employs 

• Its size and organizational 

structure

Does ISO 9001 really 
add value?

The value of ISO 9001 certification 

has been debated for as long as I 

can remember. Organizations that 

continue to debate rather than 

take action are resigned to the 

prospect of poor business growth 

and being incapable of competing 

with organizations that have 

moved beyond debating the topic.

One of the most powerful benefits 

of the standard is the principle of 

employing the process approach 

to management. David Levine 

and Michael Toffel of the Harvard 

Business School published 

“Quality Management and Job 

Quality,” a paper summarizing an 

empirical study on the benefits 

realized by 916 companies that 

adapted the ISO 9001 standard 

compared to 17,849 nonadapters. 

Some benefits noted in the study 

include higher rates of survival, 

higher sales, higher employment 

growth, and increased wages. 

In addition to these benefits, 

others included: reduction in 

waste generation, enhanced 

productivity, improved attention 

to detail, and improvement in 

health and safety performance. 

ISO 9001 should be thought of as 

a business management tool for 

your organization to drive real 

value and results.

A business management 
tool

A business model describes the 

rationale of how an organization 

creates, delivers, and captures 

value for anyone or anything that 

is affected by the organization. The 

business model should outline the 

ISO 9001 
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organization’s mission, strategies, 

infrastructure, organizational 

structure, and the operational 

procedures that will be used to 

execute the business model. An 

organization must deliver value 

to its customers and convince 

customers to pay for that value. 

Once they pay, the organization 

must operate in a manner that will 

result in profitability.

Process approach

If ISO 9001 is meant to be used as 

a business management tool, every 

employee in the organization 

should have a basic understanding 

of how the organization generates 

revenues, the order and flow of 

organizational processes, and 

their roles in companywide 

processes. Without understanding 

organizational processes, it’s 

difficult to diagnose problems, 

get to the real cause(s), and 

implement preventive or 

corrective actions. The process 

approach is based on four 

principles: 

1. Understanding and meeting 

requirements 

2. Considering processes in terms 

of added value 

3. Obtaining results of process 

performance and effectiveness 

4. Continual improvement of 

processes based on objective 

measurement

Understanding and 
meeting requirements

Most problems in organizations 

are associated with not 

understanding and meeting ISO 

9001 requirements. Employees 

often underperform because they 

don’t have a clear understanding 

of their job requirements. 

Customers are often dissatisfied 

because their requirements are 

not being understood and met. 

Understanding requirements is 

the responsibility of both parties 

involved. For employees to be 

successful, it’s important for the 

organization to identify all job 

requirements for every position 

and clearly explain them to each 

employee.

It’s also important to educate the 

customer on requirements. The 

customer may understand what 

he wants, but may not understand 

the requirements involved in 

delivering what he wants. Once 

requirements are understood, the 

chances of those requirements 

being satisfactorily achieved are 

greatly increased, and the process 

can add value to the organization.

Consider processes in 
terms of added value

Your organizational processes 

should add value internally and 

externally all along the way, from 

capturing customer requirements 

to final delivery. This is when your 

ISO 9001 quality management 

system really becomes a 

business management tool and 

not a marketing tool to attract 

customers. Processes transform 

inputs (i.e., understanding 

requirements) into desired 

outputs (meeting requirements). 

Without controlling inputs, the 

organization will fail to add value 

when the output of the process is 

delivered.

What is added value? Value is 

based on the perspective of the 

process recipient. Value internally 

may mean that an employee 

is meeting requirements of a 

job description. Externally it 

may mean that the customer’s 

requirements are being met, on 

time and on budget.

There is nothing worse for 

an organization than having 

processes that do not add value 

or that are ineffective. This is 

so frustrating to employees and 

customers. A perfect example is 

when you call customer service, 

and the representative asks you 

a list of questions to verify your 

identity. Once she figures out she 

can’t help you, she transfers you to 
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another representative, who asks 

you the same list of questions. 

Now they’ve spent 15 minutes 

verifying your identity and haven’t 

spent any time addressing your 

real problem. Having to repeat 

information adds no value to the 

customer or the organization. 

Value is determined at the “output 

point” of each process, which will 

be very difficult to achieve if the 

“inputs” to the process are not 

understood. It’s the principle of 

garbage in, garbage out.

Obtaining results of 
process performance 
and effectiveness

Once an organization understands 

its processes, it’s important 

to monitor performance to 

assess effectiveness. A quality 

management system should be 

a strategic part of the overall 

business plan, so it’s imperative 

to determine if the processes 

are assisting the organization in 

meeting the overall objectives 

of why the process was initially 

created. For example, the purpose 

of a final inspection process is 

to ensure that nonconforming 

product is not delivered to 

customers. To achieve the final 

inspection, criteria (i.e., inputs) 

must be defined so that the 

inspector can determine if the 

product meets requirements 

(output).

Every process has variation, so 

even an effective process won’t 

prevent nonconforming product 

100 percent of the time. The 

organization may establish an 

objective to have a 2-percent 

nonconforming product rate. To 

monitor this on an ongoing basis, 

the organization would have to 

record each time a product is 

returned to be able to measure the 

performance and effectiveness of 

the final inspection process. If the 

process is not monitored and the 

nonconforming product rate goes 

beyond 2 percent, the organization 

would have to analyze the cause(s) 

and implement corrective action 

to improve the final inspection 

process and get the rate back in 

tolerance.

Driving continual 
improvement based on 
objective measurement

The reason why many 

organizations do not reach their 

full potential or remain stagnant is 

that they don’t have a mechanism 

to drive continual improvement. 

They simply run around putting 

out fires, tackling surface issues, 

and responding to the “problems 

of the day” rather than addressing 

process performance issues based 

on objective measures. This is 

one of the reasons that small and 

medium-sized companies remain 

small, and why big companies 

don’t achieve maximum 

profitability. ISO 9001 provides 

objective measures to continually 

drive improvement.

Conclusion

ISO 9001 is much more than 

a quality management system 

standard and should be used as 

a business management tool. 

Focusing on implementing a 

process approach will lead to a 

systematic method of identifying 

and controlling processes 

to ensure requirements are 

understood and met in an effort to 

add real value. Once the processes 

are monitored through objective 

measurements, an organization 

can focus on the actual cause(s) of 

process performance issues. This 

is the ISO 9001 standard being 

used as the business management 

tool it is intended to be.
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