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	��@"�� �
 Q"6  ��# ��D% ] ^[ _, � @ ��5 � J$��� 96 � .
 `VGa� b"/�1� N4G�� 
 E.  �
 A�G5@ �#�I �� c!H�! �# �
 ���4G��T�� � Q % �T�� � @  �6 cd, @ :�L6 T���P b"/� ��"6

�� 	
�RG,� c��"� 	����I 	
�RG,� 
� � �A"�� T�� � ��#  @ �; I ��#
1� ���X� �� 1� C�� ����� ��I.  

96  1�� # ] ^[ �� �Q"6 ��4G�� �
 �
�/G.� 9%"P ���L%� N�5

96 6�I ���N 1� 	
�RG,� 1����"�� ��# 
 E .IN6� 96 �#  �GE�
 3e�

J��O ��"� ��# 1� ���4G�� "��� � $ �
 H)�.  96 ���� ��� f� P  9C�
69��@� ��I .1� �1�� # ] ^[ ���  	��6@
 �1G%��� 1$ �� c! H���6

 NI
 �@� ��". �H5�� ��� �
 @ 9G%"�3�, � �,g@L�� ��#  �� � .��D%
NI
 1� ��=�� 	"4� �� 	
�RG,� �6 
 E .�_��"E ��� �6 	"4�  ] ^[ ��#

	"4� �� �
��� ����6 �P�
 1�� #  	
�RG,� 
� � ��# f��. 9C2E �
 ��
N�CD� 1� ��#
 .  

96 �	"4� 3�� \L� 14��O H�P�[ "$�[��)5� ��"�  Q"6 9C2E ��#
H,� .H�,��� ���"�� ",�", �
 �#
"�L�� Y"G�� @ � # 1�
 5�  ��#

 h /[ ��� �
 �� �
�'G�i j � 	�@"�� �� 	�E ZO�6 @ 	
"I 
�=�� -

��#  96 1�
 5� @ 	"4� 96 ] 6"����9� �#� k[�E � N��2� 1��4�4*

 E. l1�
 5� 	"4� �@� "6 9G�D� 1�� P �
 �# m�I"� H6 $� �6 9I

1� �
 E 3D; �� �� ��� � �#
 �#�I �� 14��O H��4G,� �"�� [1].  
�� @ ���4� �i � "6 	@nO  96 ] 6"� f�/aD� �1�
 5� 1G[� �

� 
�'6� @ 1,��# NCE ����� 	"4�����
 "�oX� H�CE A�G5@ �
 L�� �. 
9/[�E 9;"� H�E 1���� NP� % @ 
�6 �94^�� 1)�V.� ��#  � E@

96 L�� 1O �/� @ 1'�2$ G�� "�e � $ "��p� �� H�CE A�G5@ 3�4
1� ��#
 [2], [3].  

 
"CV)O @ 	"4� U�aG�����I � .��D% ��#"��� �
 � �,g@L�� ��
 "��� 1^�*� _��"E @ 1�
 5� ��L�� @ i � �� J�.
 H[��E �@�6

1)� �E�6.  
Y��L� "6 ��6	"DG�� ��#  q
@�*� qH',@ �6 1�� � �@"�� f���@

�[r"'� �
 @ ���
 96 ��
L� 1V 	"^.��#  �6 1�� � �� @ U� JV'� L��
1V*� ��#��2e @ 
"� �6 
@�*� H',@  9I 1G'�P f�=��[��I 
@
 @

1� � # �
 1C�"GC5� ��6 ����
 f��s HD� m� �  \L� ��� E» 9����
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 �"GD�6 9� �

�� �
 	"4� �� 	
�RG,� @ ] ^[ 
"�� f� P �# [4].   
 H6 $� �� �
 9I H,� 14$��� 9V)� �� ��"�� �
 ��G,� [ ��G,�

 1�� � �� �� �� 1G)�. @ 	
 6 
��� ��2e@
"� @ �
 ��F�, ����6
3��4� 696 1�
 5� i� �� ��� 1� ��)E 
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 ��"G)�� �� ���G�# "4G�� ��G,� ��� �
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 1�
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��[ qy�[ s R� 

@� "6 9G�D�� ,���f�� �Q"6  N��2� @ N� f� P 96 ��H���� �
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�1 ��� � GD� T���1 
 E Q"6 T^. @ [5].  
-�,� ��� "6 �Y@� �� �1  �#@|! ��� �
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�E ! �E ! �� C�V�, c�"� ��#  �"6�� � C�V�, ��#RTV  @
H�E 	�@
 � E@ Y@� 9V)� �� ��  @ � �,g@L�� �����F� ��#
U ,� 	"4� 1��
� H,� �#.  

�E ! 	"4� ��"6 �%�*� 9�g �� �O 96 � C�V�, c�"� ��#  �#
1� 	
�RG,� 
 E .6 ���6 c�"� 1�% f�/aD�99� �  ��;
 9I �E�6 ��



"F� � �,����I� @ ���,"% .c�"�	"4� v^, ���I  @ 1��; ��#
�E9D  �6 ��V�, c�"��U� v^, �� C H,@
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"I	"4� 1  @ 1��V,"! ��#
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 9V)� �� 
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 E[6].  
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�E ! ����)# 	"4� 
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 1� C�V�, c�"� ��#  @ ��V,"! �#

9D�E 6 ��91� 9G%"� ��I 
 E .U� v^, �"6�� � C�V�, �E ! H,@
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� � ��L�� ��*5 �� @ ���)�  "6 9G�D� 1��D�


���� 1G�
@�*� 	"4� v^, . �"6�� � C�V�, �E ! m��'� ��RTV 
1�  9�5@� 9��L# �1#
 �E ! ���� �
 9C2E 1E ��[ �@L5 96 �� �

 ��"6 "#�� 1����� �@"�� 96 ���� ���x)# @ 	
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"I [7]. 

H�E 	"4� � E@  �"� _[ Y@� @
 96 Q"6 ] ^[ �� 1,���6 @ �#

", @[8] 96 @ H�E �1G,
 f� P  �� 	
�RG,� ���D% H*� U� �6  E@

��E�� _, � �� @ "G! C�V# 	"4� � E �� 1C���6� f� P �1C���6�"�e
1� 
"��. H�E 9���5�, f�'%
 
��'�  1�
 5� ��L�� �6 m,��G�  E@

1� ���'� _�*� 1�� # @ U� _��"E @ 94^�� 
 E. H�E  96  E@
1� ��=�� 1$ ^[ �
 1G,
 f� P 16 ��C�� 9I 
"��  �
"I Q"6

1E ��[ �� H,� ��g "{� ��� �� @ �E�6 9GE�
 
 �@ ] ^[ �� ��# 

"�� ��=�� 	�E ���'� ��!. 9��L# "6 	@nO ���"6��6 H�E ��#   E@

9��L# 1G���6 9C2E �
 	�D� T�� � �A"�� �� 1E�� ��#  ��#Q"6  �� L��

�
 ��". "{���.  

H�E ��D% H*� U� �6  E@� E@�1  96 ��D% �6 U� �� �
 9I H,�
	"4� H), H�E �� ���� @ 	�E U��"! �# 1�  E@ �#
 [8].  Y@� ���

 Q"6 "^[ @ i�R��� �� ] 4, ��)G�� "6 	@nO @ 	
 6 y��"^[ ����6

���� L�� �� 1%�I 1����I �1FG%"� . 96 ���6 U� 9I HE�
 9� � 9GC� ���

1/5�[�� �GE�
 N�5
 96 15 )'� �#�  	
�RG,� ��"6 12,��� 9��L�
 	
�G%��@
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�RG,� k5�[ U� �� H,� "G�6 @ H���
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 �@ ��C�� ��� [9].  9I H,� 3�� ���x)#�#"C��� @ N)� �

 U� 1C�"GC5� H���# �� ��E�6 N��I J��O 1��$��p� "{� �� �����F�
���)6 1.�6 1����! v^, �
 [10]. 
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�"F  ��Y@� �#H�E ��"6 9I 1�  � E@	"4� �# 
� � 3�� �
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�RG,��1 ��
" m/� ����� �# ���I �
 H6�o �	"4� �# �1 �E�6  9I

96  �
 ��I
 [ f� P	��6 �# 1E ��[ 96 ���� �@�6 @ kaD� 1���� �
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Washing Insulators by Ultrasound Sonication Method to Remove 

Hard Sediments Caused by Dust and Aerosols 
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Abstract: Correct and timely maintenance of power lines and substations has an important impact 

on the operation and optimization of the production cycle and distribution of electricity. In this way, 

proper and timely maintenance and repair of these lines can reduce losses, sudden defects, and thus 

reduce and optimize consumption. One of the most important components of transmission and 

distribution networks and substations are insulators. Reduce of insulation level and failure of 

insulators due to leakage flow can be considered a serious problem for power network and have a 

great impact on its efficiency. Due to formation of sediments at insulators surface, reduction of the 

level of insulation is an important problem, resulting in a decrease in the efficiency of the network and 

subsequent interruption. In this paper, the ultrasonic wave propagation technique is proposed with the 

help of a new sedimentation solution as a safe and effective way to remove deposition of insulators, 

especially in climates with high dust and moisture. In order to measure the affectivity of the proposed 

method, an insulator containing hard metal-contained deposits, from the Khuzestan area near a 

cement factory, has been washed in three steps. The results of the washes with the help of the base and 

complementary solution indicating that the proposed method is completely successful for washing the 

sample, showing that all the sediments completely separated from the insulator surface. 

Keywords: Increase network efficiency, hard sedimentation, microspheres, decomposition of 

insulators, ultrasonic effect, depositional solution, leakage current in the insulator. 
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