

�و  ��	������ ا	����� ���2008 � أ�����11 ا� ا	��
�ن ا	����                                                    ��م���  د 
                             �3ض ر�2 1        ا	1ورة ا	�����     0&-� ا	&%�م ا	/.��-�� ,�%+ ا	*��ة وا)رض وا	&%�م ا	$را"��. 

 ا	��$��ء: ( �56�13)
 �;�5��, <�� ��mAI و��6= ا	/� 300= ���را آ; �?�
�ا 10/�, ��@�� L   �;A�*�و,&�,�  r    ,6�و,/;��
�ر "-� و�0&�) 1 

. VU 6=  B%" �C*D3:  
)ن�E �%&,           .)1ا�+� 	%� �0& r 1 �2
� ا	
6�و,�  )1- 1 Eأو  

G	�/	ا H/�آ�	ا $.Dو� : .)..( FBG �I�J
�*��L ا	��0&� ��/&
� ,�	1ا 	%/�ددات ا	 �,�&, �
�2 1�1*� �Eأ <,  

 
. rR =  M-C�:  "%B أن  R �2
� ,6�و,� ا	
��N ا)و,  O-I� �PG  
G	�/	ا �QR	ا :  u2(t) By  �S1
�R�هB%" 1 0��0 را�V ا	/U�Uب G3 ا	  

 
)ن1 (. GBF  1-2(   1	�
��دد ا	  1Eأو  

�C*D3 �0�R	ا B%" G	�/	ا �QR	ا B%": 21 uuus += 
�ع .
ا	Uي �
R, <, <Q�ه1ة ا	 ADD B%" OZI ا	$ر�)  2  

   

)ن0.5 (. i و 
dt

di
، L ، r  �	 1� 1u       2-1( ��  "-� "> ا	/�

)ن0.5 ( . i r و �	 1� 2u       2-2(��"-� "> ا	/�  
)ن1 ( . r و L  ، 2u  �	 1� su       2-3  (<" �-"  

)ن3 (. 	�0�%&� L    3( 3 �;�%" �C*

�ر ا	QR%�> ا	����6> وا	&��2 ا	�/V��  ^ال�	ا G2-3 (L��*/	ا �,�&, �
�2 1Eأو   
)ن1 ( . K ti)(  ا	
�ر G3 ا	1ارة ، "M/3 1D 2�`_ ا	/��ر �*66;� 10ة ا	/��ر)1- 4   )4    G/	ا ��%A��/	ا �	د�&
   او1E ا	

 bا��P .�;D, آ� ��-&�)ن3(. �1د  K B و    ، A   c�� BAeti tk += − .)(   :�� هdU ا	
&�د	� ا	/��A%�� ه� )4-2          

�Q�;	�� .ن1 (؟( GBF 1	�
%	 M   5 (O��
   ,�ذا �V*1ث �Sل هdU ا	1را�V إذا  وD%N� ا	
)ن�C.) 1ى ا	
J$و�� G3 ا	��0&�ا��H ا	5��2 ا	6)6    



 
 


��ء:(7ن)�Q	ا <��
� 
 ا	
&�5�ت:  

            7,4=ApK              −COOCHCOOHCH 33 / ����ات �kأ��ن ا / L
������kا�+ ،     �Eدو$
%	 �-�D	��:     

                                    2,9=ApK                     34 / NHNH +  �Eدو$
%	 �-�D	��: ا��ن /  ا),����ك����
            ،   ما)	

    
، Lmolc /10.2 3

1
−=  d$آ��� ، mLV 101 =  ?
.� 1S  1(�����kا L
� n�I�    �G@�, ل�%*, B%" �C*D3 ء�
%	 o	�J	ا +  

. 2,3  B5"1 أS ا	
*%�ل  pH   �2�س

> G3 ا	O�%J ؟ "%� �Eا�+) 1-1                 �;

��@G ا	�Q	ع ا�D	ن0.5 (.,� ا(  
��آ�H ا	1D" O�%J �;��� ا	/��"� )- 2 -1                  1Eن1 (.او(  
    )ن0.5 (.واq/D/V ه� ا	/��"� ,*1ود أم آ%H��.G ��-� ا	/16م ا	G@�;D 	%/��"�ا)  1-3                 

، LmolC /10 2
2

−=  d$آ���mLV و 102 =  ?
.� 2S 2( �%*, �I*���@�,  ء�
B%" �C*D3 ,*%�ل.  �tذا�� s�ز ا),����ك G3 ا	  
. 6,10 B5"2 :  أS ا	
*%�ل  pH   �2�س


> G3 ا	O�%J ؟ "%� �Eا�+) 2-1�;

��@G ا	�Q	ع ا�D	ن0.5 (.,� ا(  
��آ�H ا	1D" O�%J �;��� ا	/��"� )- 2-2 1Eن1 (.او(  
2-3(�"��/%	 G@�;D	/16م ا	ا �-�� Hا��.G%/��"� ,*1ود أم آ	ه� ا q/D/Vوا.) ن0.5(  

.,����ك G3 ا	
�ء ,> ا) mol410− �����kا L
mol410.2 و +� ,> � − t� mLVدS�ل  20=  ?
.� S   �*B%" �C ,*%�ل)3

&�د	� ا	/�	��	�� �N�*	/*�ل ا	1ج ا
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)ن1D" .) 0.5 ا	/�ازن  éqrQ , ا��S H�رج ا	/��"� ) 1 -3   

)ن1( . maxx  BC2(/16م ا	و2�ر�;� ,_ ا fx  �"��/%	   . �
�2 q/D/Vا �P fx /16م ا	1D" G@�;D ا	/�ازن �1 	� ا	 éqrQ , 3-2(<" �-"  
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)ن0.5(ه� �*�ل ا	  
)ن0.5( . S 
�ل ��C%� ا	
�د) 3-4&/V�لة��%*

> G3 ا	�;

��@G ا	�Q	ع ا�D	ا �Eدو$, �Q	 �-�D	�� <�" ، ��@�;D	ا �	*�	ا G3  

) ن0.5( . 7,4 S ���وي  pH ا	
*%�ل  ا�0ح 	
�ذا) 5- 3  
1410−=ek 
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 �Sل ,1ة و�E$ة �&1 إ�sق 2�`_ ا	/��ر ، �/.%B دور ا	��0&� ،ا	/*��G3،  GI ,6�و,� ا�56�ع ا	/��ر ا	G3 G@���;Q ا	1ارة .
.)�Sل هdU ا	�/�ةا	
Uآ�رة و( "M/3 1D 2�`_ ا	/��ر)1 (    0=+ RL uu : �/y�-5 2���ن إA���3 ا	/���ات G3 ا	1ارة ا	����6  

�*66;� 10ة ا	/��ر     G/	ا ��%A��/	ا �	د�&
.       وهG ا	 rR = 0    )ن  
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=+ i
dt

di

r
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           ⇐ 0.. =++ iRir
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di
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 B%" �C*� ��%A��/	ا �	د�&
:و��	/&��G3 L ا	 tKAKe
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 . 1uus =  ��D� 02&1م ا	/��� ��> ,��G5 ا	
��N ا)و,G، وا	/� =u    M-C/V �Q�;	��: GBF 1	�
%	 M   5 (  O��
إذا  وD%N� ا	  
 (on a court-circuité le conducteur ohmique) 
�&�ل ا	1ارة ا	��C6ة 	 ?"�ISt� 1ارة	ا <, G,ا)و �N�
أي أ�D� أD�C2� ا	  
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  2222max22
max )25,0()
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u
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Ω
=−=  _,    : 2

max.
2

1
iLm =ξ 6 (G�0&�ه�	ا G3 و��$J
:ا	5��2 ا	�C6ى ا	  

    ☺    Jm
42 104,9)25,0(03,0
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1 −×≈××=ξ         ?D,و                  :  
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��ء: 1)     �Q	ا 

ApkpH < :  إذن 7,4=Apk pH=2,3  و  �D�1	و      :
[ ]
[ ]COOHCH

COOCH
pkPH A

3

3log
−

+= :�&%�  أن ) 1- 1   

    
[ ]
[ ] 1

3

3 <
−

COOHCH

COOCH
     ⇐          

[ ]
[ ] 0log

3

3 <
−

COOHCH

COOCH
          ⇐     

[ ]
[ ] AA pk

COOHCH

COOCH
pk <+

−

3

3log :  أي   


> ه��;
�����+  ا	�Dع ا	�kا L
� . [ ] [ ]COOHCHCOOCH 33 <−  G	�/	�و� :  
    --- ------ ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- --- --- --- ---- --- --- -  

1-2(  
mollLmolVcCOOHCHn 533

113 10.210.1010.2)( −−− =×==   �D�1	:  
: 1Eول ا	/16م   

 
 



 
 

OHCOOHCH 23 +                                    +− + OHCOOCH 33  ,&�د	� ا	/��"� 

mol : آ
��ت ا	
�دة ب  ا	*�	� ا	/16م 
C1V1 -1@�� 0 0 0 ���3ة	ا 

C1V1-x1f �3ة�� x1f x1f x1f ��@�;D	ا 

  pH
f Vx −= 10.11 ⇐ [ ] pHf OH

V

x
−+ == 103

1

1
        ⇐        2,3=pH   �D�1	 �"��/	1 �;��� اD" :  
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   molVCx 5
11max1 10.2. −==    
                  ا	*
L ه� ا	
/��"� ا	
*1    ان   �      �

maxx

x f=τ 1-3 (G@�;D	/16م ا	ا �-��:  

molLmolx f
634

1 10.3,610.10./10.3,6 −−− =×= :                                                                 و     

%5,31315,0
max1

1

1 ===
x

x fτ :     إذن  

 G%آ ��s /*�ل	ا             (  ⇐  max11 xx <  G%آ ��s /*�ل	ى               (   ا�Sأو ��6��5 ا: 11 <τ 
� ان.�  
--- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 

ApkpH > :  إذن 2,9=Apk pH=6,10                  و       �D�1	و      :
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[ ]++=

4

3log
NH

NH
pkPH A :�&%�  أن ) 2-1) 2  
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[ ] 1

4

3 >+NH
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[ ]
[ ] 0log

4

3 >+NH

NH
          ⇐     

[ ]
[ ] AA pk
NH

NH
pk >+ +

4

3log :  أي   


> ه��;
.,����كا)  ا	�Dع ا	 [ ] [ ]+> 43 NHNH  G	�/	�و� :  
--- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 
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: 1Eول ا	/16م   

+−  	�ا	
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  22VC  ���3ة  0  0  ا	*�	� ا	-1@��
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222  ���3ة   xVC −  
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      [ ] pHOH −+ = 103     ⇐        6,10=pH M�A��            :  �D�1	 �"��/	1 �;��� اD" :   
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ke

VHOHOn
pH−
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22max2 10. −== 1  �
� أن    *
                      :   ا),����ك ه� ا	
/��"� ا	
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x f=τ 2-3 (G@�;D	/16م ا	ا �-��:  
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2 10.4 −=                  :                                                 و   
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