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II-4. ت ا����ار'��� ()� !�*
�  

�� ا���,+ ��� رأ��� �� ا����ار ا	�� ا	���� ��ن      �� ا	���� ا	������  )��(ا�����
	.���0+ ا	��56 ��4$� 3)�ن 1�2 ا	���0+ات ا	����.� $��و�� 	.-,+. و	)' ھ��ك $#"!��ن � � 

  أ;:ھ�� �� ا	����ن ��4 3,��+ ا	�$�9� ا	��86 وھ��:

� � أن �)�ن ا	���? 6��1 ا	���0+ ا	��56 �6	���9< �� ���ق 1�2 $>�ھ�ات ا	���0+ات -
3���+ ا	���ذج. �8$ ��  ا	����.� ا	�� أُ��ُ

-.��C�$ ��.9,	56 ا��	�0+ ا��	و1�2 ا ��	�� D���2 8��� 86 اذا��  �-9� 3,��+ ا	�$�9� ا	

 '�" �� ���� ا	��0+ �� ا	���� ا	������ 	.���0+ ا	��56 ا	��E3 4' �03+ ا	���0+  )��(ا�����
 ����Jت 1�2 ا	���0+ات ا	����.� اI;+ى  �6"�ة وا"�ة ���6+اض )x1(ا	���

)X�, X�, … , X	( ��96رة أ;+ى . �����L اJI+ ا	���K+ 	��0+  )��(ا���)x1(  �6"�ة
  وا"�ة M.4 ا	���� ا	������ 	.���0+ ا	��56.

 ����6 ���� ا	��0+ �� ا	���� ا	������ 	.���0+ ا	��56 ا	��E3 4' �03+ ا	���0+  )
�(ا�����
 ���6"�ة وا"�ة ���6+اض ��Jت 1�2 ا	���0+ات ا	����.� اI;+ى  )x2(ا	���

)X�, X�, … , X	(.�9$#ت ا����ار$ ���  . وھ):ا ����+ ا	�,��+ 	�

�'ت ��0ذج ا����ار �>�� �7; وإ�5رةوا�#�ء ا�9ي $67 ا��5رة إ��2 ھ0 أن "     �� "
�(@؛�  د��ت 

  ا�����@!ة ـــــــــا����"
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� وا	���0+ ا	��56، -�$�9� ا	��C� �ُ>�+ ا	M و�Cد 4#�2 ط+د�� �6' ا	���0+ ا	����	��
� وا	���0+ ا	��56.�  وا	�$�9� ا	��	�  �ُ>�+ ا	M و�Cد 4#�2 4)��� �6' ا	���0+ ا	���

��ار ا	��0+ ا	:ي ���ث �� ا	���0+ ا	��56 ا	��E3 4' ز��دة -$ M	ا +�<� �T� �أ$� " 1 ا	�$�9
�� ا	�+T6 ��3:ا ا	�$�9��6"�ة وا"�ة $5 ا��+اض ��Jت 5��C 1�2 ا	���0+ات  ا	���0+ ا	���

  ا	����.� اI;+ى.

II-5. ى!C	ت ا�����رات ا��!, DE�	F  

��رات ا	�+�96ت ا	-0+ى �96ة ;-�UV وھ�:     $ W���3  

1-:Hم ا�����J @�K�F  

      D ��	ا +X��4 '$ +-�4 ���3وي  )b(ان �4م ا	���W ��9� أن ا	���� ا	����92 	)
 �����6� �� $� D ا	��9	1 ا	���  أي: )β(ا	�9-+ ا	�

E�b� = β ⇔ E
�
��
�
b�b�b�..b ��

��
� =

�
��
�
E�b��E�b��E�b��..E�b���

��
�
=
�
���
�
β�β�β�..β ��

���
�
= β	   

   
  ا���Lت:

  �1.9 أن $�9د	� ���ذج ا����ار 6-��0 ا	�-,���ت Z3;: ا	>)� ا	��	�:     

Y = 	Xβ + ε   

�6��رات ا	�+�96ت ا	-0+ى ھ�:    �X�	bو	���� ا	��9د	� ا�����I ا	 = 	�X X�!�X Y  

  � �: اI;�+ة�� ا	��9د	�  )Y(و��9�6< ���2 

b	 = 	 �X X�!�X . �	Xβ + ε�   

b	 = 	 �X X�!�X Xβ	 + �X X�!�X . ε   

b	 = 	β	 + �X X�!�X . ε  

 
 وZ6;: ا	��52 ا	+��\� 	�+�� ھ:ه ا	��9د	� � �:

 E�b� = 	E�β	 + �X X�!�X . ε�  
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 E�b� = 	E�β� + �X X�!�X . E�ε�  
 

�E�ε  و��6 أن: = �$�#  ،  ��)�ن:  0 = 	�  
 

  �K�F@ ا����@:-2

                                                              :�)$��b	 = 	 �X X�!�X . % 

و�M ھ(� ، )Y(دا�@ ��F@ �ــــ  )b( ھ� $-,��� أر�2م ��6�J، ��ن [ X��X X�!] : و��6 أن
.@��F رات���  �*�(�O أن ���رات ا��!,�ت ا�	C!ى ھ� 

3- :M$��� �%أ @�K�F ءة أو�
Pا� @�K�F  

ان ���3' $��رات ا	�+�96ت ا	-0+ى أ2� $' أو ���وي ���3' أ�� $��رات أ;+ى ;���      
 +��9�	�6 �T�	ة، و�ُ>�ر إW���$ +�^و)BLUE(  أي)Best Linear Unbiased 

Estimators(.  

  و�9+ف ���3' $��رات ا	�+�96ت ا	-0+ى �6	-��0 ا	��	��:

()*�$� = 	+
. �,-,�!�									����  

 إ��Jت ھ:ه ا	�2#9 ��� �.�:��)' 

 Var�b� = E[b − E�b�]
   
 Var�b� = E[�b − β�. �b − β�-]   

Var�b� = E[{�X X�!�X . Y − β}. {�X X�!�X . Y − β}-]   
 Var�b� = E[{�X X�!�X . �Xβ + ε� − β}. {�X X�!�X . �Xβ + ε� − β}-] 

  Var�b� = E[{�X X�!�X . ε}. {�X X�!�X . ε}-]   
 Var�b� = E[�X X�!�X . ε. �X X�!�X. ε-]   
 Var�b� = E[�X X�!�X . ε. ε-. X. �X X�!�]   
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Var�b� = [�X X�!��X . X�. E�ε. ε-�. �X X�!�]   
 Var�b� = �X X�!��X . X�. σ�. �X X�!�   
 ()*�$� = +
. �,-,�!� 
 

 وھ� ا	��.�ب

���$(�ت ���رات وا	X��9+ ا	��+�� ھ�  )k+1).(k+1( وھ� $-,��� $+�96 $' ا	�+�3�
  ��R: ،ا��!,�ت ا�	C!ى

  ��$�*()   ا	�9-+ اIول ھ�:-
  ��$�*()  ا	�9-+ ا	���� ھ�:-

$�*() ا	�9-+ ا	��	b ھ�:-� 
.  
.  
.  
�*()  ا	�9-+ اI;�+ ھ�:- 5� 

  "M��3"Variance / Covariance Matrix ھ:ه ا	�-,��� $-,��� ا	����' / ا	���0+ : 

:@S�'� 

��ره ����6' ا	��ا2�  σ�((��6 أن ا	����'      � ���d� ل�T $)S7�( 129#�2 ر	ا e�-3 f	:6و 
 M.4 ا	>)� ا	��	�:) 11(

 
8$
 = ^()*�$� =	8:
. �,-,�!�									��
�   

 

  و��D6��" 1 و�g ا	9#�2 ا	��	��: )�;σ(ھ� $��ر ^�+ $��� W	S7�(  '����.( ان ا	����'

	8:
 =	 88#
<!�5=�� =	 %

-.%!$-.,-.%
<!�5=�� 				��>�   

 
  
  
  
  
  

  


