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 �A�Bا� "�$t=0 ��	
  .* EBF4   k	CD ا� �	ر ا�7:�
� ا� � #���:	 ا� �/�  أوH" ا�
&	د-1�BI	- ا� ��uR 6 ا1و��?�

�� ا��� .�
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� JB$ � 7# ا�678  ا� 	�� 2-�BI	- ا� �
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t
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  ن)5,0(  . آ��V / Wف ا��=�&� �� ا��A	م ا�"ا��؟ $�H 6Bا
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� ��	و�� ا��=�&�-       ب
�* Q � Rن)5,0(     .ا  

� ا�,�. - 3-3  
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�* .� -B Y� .� �#��
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�3_؟  	 ا�A	ه�ة ا� � /�Nزه	 ه�K ا� [��
� ا� � /���:	 ا���8� 1-2- ن)5,0(و�	 A4	م ا� ��BI	- ا� �  ن)q. )5,0أوH" ا�
&	د�

-3-1 ��B7ا� ��1� tξ  أ$` /&��N ا��	*"

�. أن  1-4-                    ن)i   .)5,0 و B�q ، C  ، L"ارة  2).( irR
dt

d t +−=
ξ

                        ن)5,0(.        

-5-1 .� A�Bا� .�
� �:�ا ا�� �
�ب �B7ا� �
-&�ل �Hل واt=2T   4 Q � R  وt=0 ا��� /��F ا��	*
 �� ا��	*� ا�%	�&N� .)1(ن  

ت �� ��ارة) 2����

�� ا���  RLC:  


	ت �4آ� $JB ا� �ا�� �� ا�"ارة �
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� ا�
N"دة *	��	
  . #,ود ا�"ارة 
1-2- �
�� ا�
qW57 أوH" �� ه�K ا��	�� ا�
&	د�� ا� � /���:	 ا���8�� .�
  ن)5,0( .. 
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2-2- �� ا� � /���:	 =��� ا�
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	 #�B  �6 ا�
&	د��BI	- ا� :).cos(. ϕω += tqq om.     

� - أA�B��8ن $�" ا�� W57

	 أن ا�B$ t=0 ��N&/ `$أ ،  mq را�� �ات ا�"ارة	
 ��1"
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� ا�
Y,و4� �� ا��=�&�  eξآ6 �. ا��	*� ا�7:������F
   . mξ وا��	*� ا�

 
  ن)4( :�ء ا�ول  ا��:����ع ا�����
ء

��100'& �� %�$#� �"�
ر!� �  ��� mL �#

ء ا��-,HCOOH �  %�+ ا���*
��!( m آ��
6 �#�45ل /0�� 12 3# /#�.  �
1�%Vo=100mL 5#�ل�  � So �   .co=10-2 mol/L ��5+ ا���*
��!( ذي 67آ�

  ن)5,0(.  /6ف %�+ �6و�=
��-  أ1-


د��  -   ب "� A

/اآB7 )!��
molgHCOOHM  �",�. ��5+ ا���*
��!( mا%AD ا��
#�  و ا��
ء�C & %�+ ا���* /46)(    ن)5,0(=

2 -  6�E"7 F
G
HاAk �$دو��#�−HCOOHCOOH   ن)25,0(.         /

3 - �IJ"ا� KE2أ [ ]
[ ]HCOOH

HCOO
pkpH A

−

+= log .)5,0(ن  

          4- 	
]� �#	&4 VA ل�B�
� ���Bل ه�"روآ��" ا��Vد#�م So �. ا��Rا�
 )( −+ + HONa K,آ��/LmolcB #&�� ا�
���J ا� 	�� . =1,0/
�1� �[� ا��Vدا ��F/pHات "
 `�BYا� VBف	%
  . ا�

  
��
  ن)3(  :ا���ء ا�*

 ��%J,�Lا .
�
�E7 
�M
�6Nدا آ��/ ��G� :+− ++ ....||.. 32 PtAuAuZnZn MM O�% Pt6ود

Qآ�D إ��#� �#�
I 6�R  �7JEا�  � .  

mLV: %�1 ا��5#�ل �� آ& �U4 /��د ه�                 •   250=.  


ت                 • ��!�3Au      :LmolC+67آ�� ا 
ت  •     .=1,0/��!�2Zn :   LmolC+67آ�� ا /1'=.  

 

/& ا��ي !�5ث دا'& ا�"��د ه�B

ن �� ا�
#'�

ن ا��
ZnZn: ا���دو$ AuAu:  و +2/ /3+
.  


ل ا�"��د1-X
Yل اJ' &45! ا��ي &/
B
#� �$��Gد�� ا��
  ن)25,0(       . اآ
A ا��"

-2L�� �M�Eا� &/
B

رج ا�'  / 6E/ ��Cو C'.
��I AD%ن)5,0(       . 12 ا   


/& آ#� 3-B

ت . �"
6E أن ا���!�
ت 2Zn+ا%AD 67آ�� ا��!Lا C��$ ل�
[7 O�% &/
B

!� ا�N� �G/+3Au.)5,0(ن  


 ا%AD آ
#� ا��هA ا��4-JE6ود ا�
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-5 
N/
B7ا�� ار�,Hرة /  أ
E/  �7JE6ود ا�
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 �� ا��5#�ل =5�#/e�"��
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hde: أKE2  أن 6�E"7 آ
#� ا��هA ا��
��"� /#3 إ��
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Au

Au ....
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... 2

πρπρ
+= ���I AD%12 ا    .e     )5,0(ن     


 ا�"��د6-N�
G! �

ء ا��6N�5ل آ��� ا��

!� ا�N� �G/ AD%ن)25,0(              .  ا  


�M ا��
ر �� ا��ارة 7-�6Nر ا��
�

 أن �Yة ا��#/ mAI 100=.  
           ن)E\ .            )5,0-� ا��هA ا��
����C#�45ل /#ا%AD ا���ة ا�����G ا�Jز�� 

 �,"� :3/1 cmgeau =ρ  ،     molgM Au /197= ،    5,19=Aud ،         molCF /965001 =.  
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�C ا� �/�ات �"#�	 -1  :Euu RL =+    ⇐    Eu
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�� ا�
�?6 ا1و��Ru       وه� ا�
&	د��� .�
 . rRRT +=  

*************************************************************************************  

� JB$ � 7# ا�678  ا� 	�� -2�BI	- ا� �)1(:  �6 ه�K ا�
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  ⇐   
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






−+
=

rR

R

rR

L
t J

2
ln .Gو�         :Jt

rR

R
rR

L .
2

ln 
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q

dt
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: و�"#�	 
dt
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i :  و =

2
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dt
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dt
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q

dt

dq
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dt
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=++ q
Lcdt

dq
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dt

qd T  
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  1-4-  ��#"�  :irR	 3h .�   )1(ل ا�&3*
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� /�&"م =��� ا�
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dt
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	� ��B7ا� ��           ا��	*�"&�.  

******************************************************************************************  

W57  و )1( ا�
���J  - أ - 2-3B� ��	

65 ا��	*� ا�7:�#  )2(�&�=�B� ������F

65 ا��	*� ا�# .  

msTo  -ب      40=  
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�ء ا�ول ا��: ����ع ا�����
ء:  

  . U!6"7 %�+ �6و�=
��-ا-1

−+                     -ب- +→+ OHHCOOOHHCOOH 32  ،      mggVMcm oo 4610.461,04610.. 32 ==××== −−  

 2-                 ��a�5ا� �
�
2 :         
[ ] [ ]

[ ]HCOOH

OHHCOO
k A

+− ×
= 3  

3- �IJ"ت ا�
E2إ :          [ ]
[ ]HCOOH

HCOO
pkpH A

−

+= log6 ا��رسcا�   .  

4- 4-1-                          OHHCOOHOHCOOH 2+→+ −−   4-2-   mLVBE 4,8≈   ،    

8,8≈EpH  

  

     mLL
C
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V

o

BEB
A 84084,0

10

104,81,0.
2

3

==××== −

−

  

4-3-  4≈Apk        4-4 – ن
 أآ*6�X� ⇐ HCOOH  � ��a�% 6ا آ#�
 آ
ن ا��5+ أآ*Apk ��a�% 6 آ#�
 آ
+

4NH.  

4-5- &�=7 .�
�ن �G,-� ا�", AH
Gا�� UY
  .EpH أ%�6 ا��6!�ول ه� ا��



  :ا�[,ء ا�5	�4 
1-                                            AuZnAuZn 2323 23 +→+ ++  
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  : $�ول ا�
-�م  -3

  

ت     ��!��ل $��2Zn  C+67آ�� ا
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B

!� ا�N� �G/ ت
��!L3+  اAu .     
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V
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c
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4-   F7
Gا� Aدة ا��ه

/&�  'Jل $�ول ا�
-�م آ��� �B

!� ا�N� �G/ وي
D!  :max2x   .Gو�         )()(
)( AuMnAum

Au
×=  

gAuMxAum:     أي         925,41970125,02)(.2)( max ≈××=×=  

  
5-  
G!��:�
Vm:  �"� آ
#� ا��هA ا�� AuAu .ρ=  


رة /  أH,�ا��إE/  �7JE6ود ا�
��  ⇐
N7�/
I �
%
D� 3#/و 
NE3  $�ا�#/ Aا��ه C��
�H  .     
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=
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=
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