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12�+���<�- "*F�,<� K<?�C �<��G H-$U- # �F)K+<���.(
^��?$5�F3? 6� �-*?G  �<? $2, �-*<�� �<? # �< 5}�� ^�'<0

 "*F�,� K?�C �
�#!G $2@5 �F V'(]� !- "��/2�- �? # *�-36<� 
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*(Q ���"��@������?���� ���$?���5 3�F"��� # �
-!�%� 3#� $? $ %�� 3�F���5 3�F �� ;>�-'5 �
-! . . .��w

�9$? ` ]� �� �'Q'�
�3W�5-# �F3�#�<� K +,> �*�'<�
]w.[

2Cu+2 +2H2O+HCO3
-→Cu2(OH)2CO3 (Mal)+3H+

)W�5-#7( → ]R[
3Cu+2 +2H2O+2HCO3

-→Cu(OH)2(CO3)2 (Azu)+4H+

)W�5-#P( → ]R[
�? ���% * /�'<� ���5 =
 .-'�)3- �<%� ^�'<0 �<? 3�'{<a 

? # �2�-� �<�- "*<� �
$ 9'+��5 � ,��Q $2, .�<? �<Q'> �<?
��$?��F39'+�#$+ � �[� ��F3<�(�� ��<�Q =<
�� ���<% 

%* ,5�$2, ? 3�F��,	 $? ��}� �
- # �2�-� 3�! �2e���
��-� ��Z�� $? ��-#)K+��\.(���5 !- � 2�1��F3* �<5- 3

.#��1@,<<l ^�'<<0 �<<? # �<<�- �-! $3�<< >�@F �( <<�# �<<? 
��- "*� � ,��Q )K+��^.(

 بررسي شاره هاي درگير
"��� ���$? "!#$�- "-� !- �<+
 $< %�� 3�F 3-$<? �<���- 3�<F

 �'% �e�����<9 # �F�����5 3�F �<����G �
'<Q .^� 0'�<e 
"��� �< F�� # ���<1l ��<�� �"��<� I< 5$> $< s� $< %�� 3�F

 *<��-� ^#�</> $1
*+
 �? �F�����5 b-'�- �� "��2	- &-� �? 3�F!�% .
"��<� !- �<5 �<�- .G $<? �'�<> �F ^#�/> � @F K �� �? 3�<F

 �� $ %�� �<9 3-$? * /� 3�-;?- .-'�) �? .-'> 5 �
'<Q �F���<��
 �$5 "��/2�-]�[.�? ;>�-'5 ���5 !- WF#f9 �
- �� �<+
 .-'<�)

 ���5 �
$> _�� !- "��� ��2	� ���$? 3-$? H�/� 3�F $ %�� 3�F
 ��- "*� "��/2�-.��
� ^� 0'�e E�<� # �<���� �<����

"����? $ %�� 3�F�( �# 3]��78 [*�*<� �<j~ :�>- 3��� ��.
"���3�F $2,< ? 3$F�<� K+� $s� !- $ %�� �<( � �3#$<5 �3-

 �<</�� �'<<(? K+<<� �<<? �)-'<<�- # �<<�9 �_s���<<�(Negative 
Crystals) "!-*�- # *�2�F "��� �
- 3!- �<Fx�<> wx.#$<+ � 

��- ."��� ���<5 �<? ��<j>�- u�<�-$? �<��$? ��'� $ %�� 3�F
 �
'��~ �� �#- b-'�- �? .�?; �)K+�Rd�-(�
'��~ #5 3$? # \|�

 ���j�� # �$/�� b-'�- �? $1
*+
 �? ��j>�- u��- �-�)K+�R# �
^("�� �� 3*�?*�'� .�<��$? u�<�- $<? E�<� 3�<F �<����

 "��� !- �{T? "*
*9 $ %�� 3�F �12	�
 .�$% 3)K+�R\(!-
�<<� .�,<<� �'<<e _<<5 �<<? "*<<
*9 �<<
- # *<<�F�YZ<<� .*<<�

 

�?�	�)-�6d شكل ,��Q # �}'�-$% �%*� K
*j> ��� ��a �� � �#'5 �? �
$ 9'+��5 )RPPL(\(��5 ;�L-��9��F3� �#'5 # � �'+��5 ����% 
"-$@F �?%* ,5 �[��F3�(�� ����% )RPPL(�(.�,	- �	�? �
$ 9'+��5F-$@F #��? .G ^��?$5�F36� �-*?G )RPPL(^(2(+�- �	�? �#

� ,��Q��? � >�@F ��<�- "*� � �#- � 2�1� � ,��Q K��5 �'U)RPPL(.Cc : �� <�'+��5 Cv : �< �#'5 �Gn : ����<% Hem : ��< >�@F Mgt :
# � 2�1� Ccp :���2e- _Jk) ��
$ 9'+��53!-]PO[u�j2C-*���- ".
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"$�� �3�'���+� �.� J"�-! .-$
- ����� ���5 # ������'(? �(N� ���

 

�+'79شكل#$+ � $
#��>�"*�F� .�,� �'1�- 3"��� B
!'> �F35 �� $ %�� �F;>�-'3�e�� �
'4��5 :d�-("��� �F3�
'��~ $ %�� \(.�$<% 
12	�
�$ %�� "��� �� �("��� �F3���j�� $ %�� �-�^(�$/�� $ %�� "��� .

L$�-3}�<? 3"��<� �<
- �<F3�<�- �2�<?-# $< %�� .�<Q'> �<?
 <��$? �?��<F3#� "*<� &�<N�- 3��<�-$> �<�'@� 3(Chips) 
;>�-'<<53<<� !- "#$%��<<�l �"���<<F3�<<�� �� $<< %�� 3:�<<>- 

!- *<<�>��j) �<<5 *�*<<� "�-� � �,<<> :7A!�<<	 =<<> 3!�<<% 
(V) PA!�<<	 =<<> 3.'<<1?G (L) OA!�<<	 #� 3.'<<1?G A!�<<% 

(L + V) XA!�<<	 #� 3!�<<% A.'<<1?G (V + L))K+<<��
d�- �<> ^.("��<� $2,< ? �<F3<��$? ��'<� $< %�� �!�<	 #� 3

(L + V) <�� �.'<1?G !�<	 .-;< � # *<��'1?G !- "��<� �<
- �<F
 !-78�<<> �o<<� $<<  S> *<<0�� �*<<�5 .<<��$?�N�<<����;
� �

��'@��F3�<��5 �<? �2�<?-# ;>�-'<5 <
-!�<� .�,<� ���<5 *<F�
�<<Q��3�'<<� 3�<<�� u�<<�- $<<? "*<<� �j<<��]� 3
�<<�� �

�<
 �TZC �
$eG Vk]�-]�[�<�� #3"��<� .*<� �<1@F �<F
 ���5 b'� �
- ��
-!��<? � <? I< >$>R/8�<> O/R# *<0�� <�!�

# &�<<TU =<<@� V��<<T�787 �<<> O7P�<<Q�� 32��<<� ��-$<<% 
*<<�$ S2�)V#*<<Q ��<<F 7#P.(<<��$? �<<
- u�<<�- $<<?��<<F

 <<�-#-$	 �
$2,<< ?��<<Q�� 3�'<<� 3�<<�� #3.*<<� �<<1@F 
"��<<��<<F3�<<��5 b'<<� �<<
- �� $<< %�� <<
-!�!- $<<2@5 7*<<0�� 

<<�!#�&�<<TU =<<@� V��<<T� )K+<<��(#PPo �<<> Po8 �<<Q�� 
2��<� �-$1)K+<<�78(�<<�- .�'<<�3�<<�'@� � 
�<9 $1��<< ? �<<F

 �<��5 �<5 ��- .G !�<�3�<�Z�� �� 3<9- `
-$<� �<? �V�<�$> 
�<<�- "�-� [�]����.["��<<��<<F3�<<��5 �<<(a$� �� -!3!- *<<T? 


�<<@%����<<�� �� 3�#*<<a _<<5 O88�<<Q�� 32��<<�  �-$1
 �2	$% K+�*�- .<��$? �<? �<Q'> �<?�(� <0 BU�<�� ��'{<a �

�<<��5�<<F3$<< s� �-;<<�#�� �� �<< 2�1� # ���<<% ��<<
$ 9'+��5
�%� �N 2� �� �F3�>� ,<��"��<� �<
- !- "*<
*9 $<~- �� �<F3

�<<�- W<<�'Q .�<<? � <<�'+��5 # �<< �#'5 �'<<Q# ^�'<<0
? �<<5 �<<
'��~<< � ,<<��Q $<<~- �� $2,�� <<��a -3�<<
$ 9'+��5 
"*<<� ��<<N
- -;�#$? `
-$<<� $1��<< ? *<<�-�<<
 K<<@) �<<N 2� �� #

"��<<��<<F3�<<�� �<<? 37o8 �<<> Po8�<<Q�� 32��<<�  #� �-$13
�<��5�<<F3�<(a$� �� "*<<� K +,<<>3�<<�- K<<jC .���<<5�<<F3

* �<<5-3* �<<5#�* F #3!- �<< >'% # �<< >�@F K<< jC !- 
��<<<�$%���<<<��5 �<<<F3* /�'<<<� 3* �<<<5- #3`
-$<<<� �� 

]Z��"*� K +,> *�- .
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*(Q ���"��@������?���� ���$?���5 3�F"��� # �
-!�%� 3#� $? $ %�� 3�F���5 3�F �� ;>�-'5 �
-! . . .���

���")-�8dشكل �!�	 => $ %�� ) %�!3V(  �\("��� �� $ %�� !�	 #3(L) # B
�� !�	 (V) �!�% !�	 �("��� �!�	 => $ %�� 3.'1?G (L) �
^("��� �!�	 #� $ %�� 3(V) # !�% !�	(L) !�	.'1?G.

3�'�9شكل"��� �F3�-#-$	 �? �j�� $ %�� ��� ���G �2,����
'4��5 .

���"����10شكل .*� �1@F �F3�? �j�� $ %�� �-#-$	��� ���G �2,����
'4��5 .

و ژرفا ي كانه سازينهشت
+
 W�'Q��F*�
-$	 !- 3+
; 	 ������<� �� _�� �<F3� <�! 


��$%���- ]��.[�$? �'{a �W�'Q *�
-$	 �-*e� �� �<F3

?��$%���$? �� ��<F3
-$]<0 �� #< 2�<
;@F ;�"��<� �<F3
�� $ %����� # ���? !- ���$? �� B
�� !- ��F3�9'+<�#$+ �
��- &!}]7OA7R.[��$? ����<F3F�1,<
��!G ����,<� 
�<F�
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"$�� �3�'���+� �.� J"�-! .-$
- ����� ���5 # ������'(? �(N� ���

�� -$<<
! ��-� �'<<Q# �<<
'4��5 �� W<<�'Q *<<�
-$	 $<<? V-� 
��$?��F3E�� �����"��� �F3�� b-'�- $ %�� �B
�<� !�	 !- 

2�
;@F ���<�� b-'<�- �<� "*F�,<� ��<�? !�<	 !- �*�'<� .��
��$?��F3
-$]0 �? -� � �(5 �'{a ��"$/a �� �'�e # �<F

12�+���S > ^�'0 �? �F�F36 ( <� �<? ��;<? �<> =<l'5 
_2� � �� # "*� � ,��Q �<F3<9- ��<? V�<�$> H$<T� .-'<�) 

�> "��� =
 !- ��,�3�'<Q V�<a �� ]7�[�<2	$% $<s� ��
��� ��'���? .-'> +
 .-'�)��F*�
-$	 !- 3�$? &�� W�'Q .�?

�	�L # r@) �  T> �'s��3��5 �!��3@
*C YZ� $
! �� �\G
� �!$
!����]�� !- .-'>�?�2�
- W�'Q �)= >�2<�#�* F (

�$<5 "��/2�- �	�L �? �j��]7R.[�<�]�� �'<s�� �
*<? �<F3
3�'<� !- "��/2<�- �<? �	�L �? �j�� W�'Q �<F3!�<? I<���� 

!��3*�*� )K+�77] (7�.[��'<� �� �2,<�� <��$? ��'<� �
�	�L3��5 �!�� 3�#*a �X88 � ��#G$? $2� ��'<�."��<� �<F3

` ]� �� $ %���F39-��� V��$>����? # .'1?G !�	 #� �kU !- 
]��P8[�<<Z��3� 
�<<9 \#| �*<<��-� ]77.[�'<<�3_<<5 "��<<� 

���5!�� �	�j@F �'{a .�+�- ��F3� _F-$	 -� �-�kU �$<F *�5
 ��-� ^�'0 �? kU *�l �<F3*,<� "*F�,<� �-!G .�<? �<Q'> �<?

��$%����F* J#$M<�-L �}'<0- �5 �
- $? * 5�> # * J#$M�-L .#! 

��2�- '{) # *�F-$@F �@ C .-$% ^-;(	 �?��2,�� �F3k<U 3

9-�� �2	$% $s� �� V��$> �*�'�]P7[� ��K �<��29 $<? .-'<>
 * 5�> kU �'{a �# ��$5��)�- 3<��$? �<? !�< � BU�<C ��<F3

��-� $2, ?.

 برداشت
��Z�� ��34��5 ���5 �
'�F3;(	 3K��� "*� ��N
- ��5�!��3

� �#-).#���-! (-�-�3* /�'� !�	 #� 3�
$ 9'+��5 !�	 # ���% �
* �5-3�� 2�1� ���5 #
-!��-;�#$? * /�'<� 3?< $2, K��<� 

� <�'+��5 # � �#'5 ���<5 ��<F3>�<�?$5 �# �< 5}�� K��<� 
* �5- # �
�#!G3* �5#�* F #32J'% # �< >�@F K��� �< 

*�2�F .���5
-!�
-$]<0 *F-'<� u�<�- $? �
'4��5 �� �;<
� �
N������"��� �<F3��<�$%� �$< %�� ��� =< 2 (9#$9 $< %-$	 

E���F3"*�$ %$? �� �2,�� ���5 � 
�9 _Na ��F3* /�'<� 3�
�@ �3�5$9 H�+� )����-3(=<
 .-'<�) �? �� 2�G �;>�-'5

��5��F�����5 �� �(U�? 39-�b'� # V��$> ���5 �<F3* /�'<� 3
9- b'� !-�* /�'� �? V��$> 3��- � 
�9 .*� ]PP[.� �4@F 

"�-� � TC'��F3"��� �F3�2,�� $ %�� 3�-�'<@� �� �
'4��5 
.'�� +(
#)K+<�7P] (�[�<�'@� �<5 �<�- .G $1��< ? �<F3

��Z�� �? �2�?-#3�F�����5 �;Q 39-��-�kU �}�@2a- # V��$> 
"��*�?3���'� 
-$]0 *F-'� �� * J#$M�-L �'{a �5���-

* 
�> *�-'>3�� kU �'{a K ���29 $? �2,<�� *<��? �<
'4��5 .
!�������5 r@)3�Q'> �? �<��$? �<? �<F3
-$]<0 �`
-$<� #

��Z�� �� W�'Q3!�����<��5 # �<�- _<5 �� �<? �
'4��5 3
r@) �� ��j
$�>X88$2� 3� [� �*F� .

���"�F3 �-�"�� 	$-#-��@'�-11 شكل �F3$ %�� �2,����]�� �? �
'4��5 ��F3W�'Q H2O- NaCl�<�]�� ��	�L �? �j�� �<F3�<? W<�'Q 
��- "*� "�-� .�,� BQ$� .-'�)]7�.[
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*(Q ���"��@������?���� ���$?���5 3�F"��� # �
-!�%� 3#� $? $ %�� 3�F���5 3�F �� ;>�-'5 �
-! . . .���

�'�12شكل �Q�� �
�9 $? �����5 b'� �  T>3��� #3"��� .*� �1@F �F3$ %�� �2,���#� �
'4��5 3�-�'@� ]�.[
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