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Q3 0�A!	   5X�� .!X@ .'�1<��(Zhang and Willison, 
1992; Harker and Forbes, 1997; Jackson and 

Harker, 2000) .� �'XX�.� ./�!XX�� /� �XX[ AXX��)  C��!XXD��
�<�3���	 ���) ���� �X-0 �� X���' 5	  X�� 0�A!	 � X� �

    5X�� .!X@ .'�1<X��(Weaver and Jackson, 1966; 
Zachariah, 1976; Furmanski and Buescher, 1979; 

Lougheed et al., 1981) .�!D�� ��!B��<�3� C�� X�	  �'
 5X���  �X[) A X�[�	 �= �<����XX= X���!) ��  $�XX�/ �' 0 5X#
[���9	   X� 5X;�~J�  LX���" � $�A�X��A r� X�� � 	X�  !X69 .
�-0�� 5��� ̀�X3���	  X�( 0�g ' X�A!	  5X��= � X� 0 .�
����"	  ��� /�*5�' �<����=  ��9mX� r� �� X�� � 	X�  X['! 

(Zhang and Willison, 1992) .  
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�2 ��K" ����� �' :��;� 5�0�B� X�  FX� sXB� *$�   
��X
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(Bauchot et al., 2000). 
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./�!�� )���     	�/�X� 5X���d 0 	X���<�3� 5�0�B� )��A
	� .'�1<��  '�@(Bauchot et al., 2000).  
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  5X�� .!X@(Desai and Liang, 1977; Rotz and 
Mohsenin, 1978; Harker and Dunlop, 1994; 
Harker and Forbes, 1997; Puchalski, 1994; 
Puchalski and Brusewitz, 2000; Jackson and 

Harker, 2000) .   gKX� 	�/�X� )�['0�<�3� /� .'�1<��
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1. Function Generator 
2. Oscilloscope. 
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 wXX���3 0 )�XX�')Desai and Liang, 1977 ( )��XX�

./�!XX�� .�XX�� C��!XXD�� )�XX�A  /� ��3��<XX�� �' 	��XX� )�4 
F� *!�'�9 .'�1<�� 	�/�� '0�<�3� 	���
     5+X� �X[ �' F9

 .���2 '�� .!@ .'�� 0�� '0�<�3�.  ��6X#;� 0 ��0�(Rotz 
and Mohsenin, 1978) ./�!XX�� )��XX�  5XX�0�B� )�XX�A

!XX�'�9 .'�1<XX�� 	�/�XX� '0�XX<�3� 0' /� g�XX� 	XX���<�3� .
 ��XX���' 0 �9��XX[(Harker and Dunlop, 1994)  )��XX�

./�!��  /� L��@ C��!D�� )��A4 	�/�� '0�<�3�    FX� *L�X@
 �W�6/0 	��� !�'�9 .'�1<�� .�B� C62 /� �<� .  �X['0�<�3�

F�  T�
�� �� 	W� 
��
1  	<��X�  X<�    �X� .�X�� 5X��� �' �
'�� .!@ .'�� 0�� 5��J q+" .    )!X�� 
�XB�B;� �' �9��X[

  '�X9 .'�1<�� '���� ��+[ �� 0 '0�<�3� C62 ��+[ /� '��
    FX� FX9 
0�X1� �X�� ��   )�X24   /� '0�X<�3�5    FX9 '0�X<�3�

F�      .�XQ� *'�X� .!X@ .'�X� 0�� .��� 5��� �' 	"��@ 
��

5XX��A(Harker and Forbes, 1997; Jackson and 

Puchalski,2000).(Harker,1994).   	XXX���<�3� 5XXX�0�B�
   F;1X
 �X� 	��X['0�<�3� /� .'�1<�� �� �� g��    /� RX���� )�X[

 ��" F� 0 n0�9 C6210 	���  :�4 0 �<�14 	���   FX9 �<�
 T�
�� ��15 	��� F�W� )0� �<� )�   .!X@ .'�' ���� 	��<�v=  

./�!�� *'�� '�9 )��A .   qX�B;� �' 0� ��X6}+[   )��X� )�X��'
./�!��    FX3 5X��� 	X���<�3� 5�0�B� )��A     �X�� /� g�X� .!X@

  '�XX9 .'�1<XX�� �XX['0�<�3�(Puchalski and Brusewitz, 
2000). ?���/( �' sB� n�&�� )�[  FX� .!@   T��X�0(Jha and 

Matsuoka,2004)    5X�� .!X@ .'�1<X�� e�8���7 _0� /� .
$( ./�!�� )��� �[   	X���<�3� 5X�0�B� 
����r� )��A   $�X&�'��

   �XW� FX� 	6��v= '0�<�3� 0' /� $��/ :�4 �'4/0  	X���   �X<�
 F9 F;1
 )0�      .'�1<X�� *'�X� .!X@ .!��KX#h ��y6� L��� )�

!�'�9 . F�
�� �� 	6��v= )�['0�<�3�10 	���    ���!X�� /� �X<�
  .�X�� 	A!�+� /� !���<� �� '�� .!@ .'�' ���� F;1
 ��� )0�

F� !69 )0��= 	��� . F;1
 ���    .�X�� ^WX� FX� �� �['0�<�3�
	� '�I� .   .'�1<X�� �X6� /� *�['0�<�3� F� 5��J ��I� :�+"� )���

'�� .!@ .   F;1X
 5XI= �' �X6� ���     FX� �� �X['0�<�3� FX9 )�
	� .��� ^W�  '�X� .!@ .'�' ���� *'�I�.      ��XI� FX� FX2�� �X�

  )��X� _0� ��� /� .'�1<�� *.��� ^W� �� 	6��v= )�['0�<�3�
.�XX�� FXX9 	��XX[   gKXX� 5XX�� �XX�+� !XX���' )'�XX� 5XX���
g��( '�@ .��� 	;W� 5��� F� $!���� .  

   !X6<����' RX�`�3��� '��� C��!D�� 	���� �' $�BB;�
  FX��+� C��!D�� *5��J ��!B� F� $���2 !��#� $!��� �� F9

	� ?[�9 !��� .   	X� gKX� !��X#� ?�����    5X�0�B� '�X@
F� 	�/�� !69 L�� �1
 5+� .!��#� �' *������6�  *S�� )�[

  ��!XB� �� ����� C��!D��R  	X�  '�X@ .    FX� )'�X�/ $�XBB;�
 !��X#� e�8<�� ��J~� 	����      C��!XD�� �X� $�A�X��A )�X[

F<��'�= .��� 	���<�3� !�� .	���� �' n�&�� )�[   )��X� .!@
g��( T�3�W� '��0 )�[   ��X� C��9�� *.��� F� .!@Hz 50 

 ��MHz 1 5�� .!@ F�3�W� . ��� j��<�?���/(    $�XI� �X[
g��( 	���� )��� ����= )�[!��#� F9 '�'    .�X�� 	A!X�'

g��6�   5X�� �X�(Harker and Dunlop, 1994; Harker 
and Forbes, 1997; Jackson and Harker, 2000; 
Bauchot et al., 2000; Ohnishi et al., 2004; Wu et 

al., 2008) .  FXX9 5XX�� .'�' $�XXI� 
�XB�B;� �XX�� j��XX<�
  $�X��2 �3�XX� 5XX��� )�+XX�v= ��XXI7 /� *����XX= C��XX9��

	+�  g�X�( 5��� f�8I� )��� 0 !69 ��K" !����  .!X�'  )�
  5X�� !X�1� * F<�� ��� /� $( )�+�v= ��I7 F9 .  	��X����

��� $���2 ��#� )/���!2 $0�' 0 	3��� F� 	3���   RX+9
   0 �X�v=���= 
��X��r� 	���� $���� *����= !��#� $���2

�� 	3��� �����'      �XJ� �' �X� 0 )��'��XK�� :�X4 �' .!X@'�&
	� �[��� �� .��� '�#� '/��.  

� b!XX[XX�B;� �XX�q XX,��4	   .��<XX�' 5��XX� 0
./�!�� A X��)  �<�3� 5X�0�B�� X�	     '0�X<�3� /� .'�1<X�� �X�

F;1
 �) 5�� .�<+Q��0 ��Aa	 ��  .��<X�' �  FX#��B��'
�� .��<�' �[) '�  ./�!X�� �X� A X��)  �<�3� 5X�0�B�� X�0 	 

����� 5./�!�� A��) 7��  $( e�8�5�� !X� *�Q	   �' 5X��
���<� 53�, ����/( j�?   �X<� FX� �[� X���0 j	 '�� X�R   �X�

5�� .� �'�B;� ��     *��9mX� .��<X�' 5��X� �X� .0v" q
���) /�����	 r� $( X�� �<�3� 5X�0�B� 
��� X�	  X�� �' g

�0'� ���/	 ������� �	 @!.  

� A2� 2 %��� �B  
F� ��/( n�&�� ��y6��? F� �[ 
��
 7�    FX� n�!X�� e�X8��

,��4	     ��X� gX��6� '0�X<�3� 5��X� 0)  ./�!X�� A X��) 
�<�3� 5�0�B���	 ��'�A .��! . �' L�@1 ����  LX��9 �
,��4 .��<�'	 ��� .!@) ./�!�� A��)  5�0�B��<�3�� X�	 

��5�� .!@ .'�' $�I� .� .�����' .��<�' �) � :!K�� 0�
./�!�� $���� 0 .'�� A��) �<�3� 5�0�B���	 ��.� �[	�   �X�
���' �� %�<8� '����5� .  
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��W� 0 L	  FX�  ��X9  � �' FX<�� X�  .��<X�' �

��K" �/� !�: LCR � :!K� *�<���+� *0���= *��IT� �
�	 *

*e�� 0 R�1.)L�@2(  
LCR   �<� :�� X�0 �� ��X� F�)  ./�!X�� A X��)   5X�0�B�

�<�3���	 ��d 0��/�� 5	 � X�.�   X� .'�1<X��	  '�X@ .  �X�
 FXX� �XX['0�<�3� :�XX���LCR     FXX� �'�XX� .��<XX�' *�XX<�
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	� o���� 	���<�3� 5�0�B� 
����r�

y= 0.001x3 – 0.038x2 – 1.4x + 131.5  
R2=0.95 

 

2 + 2.58x + 841
 =0.87

Time(day) 

$�+[ 	� .![�I� ��0��� �' F9 ��4
F��+� �' 	A!��v=      	��!X6h )�[�Xd '�X+� g�X� )�[

	3�, �' F<����  5X�� F<��� ?[�9 	���<�3� 5�0�B� F9
     $�XI�  .�X�� 5X��� 	X���<�3� 5X�0�B� 
����r�

 .��� 	<��� )��<��� 
����r�
A������) ��g ��' �' �[

���) ��'�T  3����5 �[) ��`�3�
�� ��X�� gK� ��� �� X�� ?

� 5������ �0��9 ��!B� ?[�9 �� o���
�<�3� 5�0�B���	 ������ ?

'0� 	�  $�X���  �X[)  �!X<��
�<�3���	 +[ F� *$��/ ���3' �

������ !6�� $!����� �� *.�
� ?[�9 :��;�	 �!��.  

���� ���� ?��� $���A!
� 5��� �'�� ?[�9 .�	 �!��

�2 X� �X" $�� q  !6<X#[(Harker and Forbes, 1997)
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������ ����
��  ��	�� �����44 ����� �1 ��
� �1392  

?���/( T��'� �' 	� ?����� 	���<�3� 5�0�B� �[   !X���
(Liu, 2006) .	� *������6�  
����r� F9 '�9 $��� $���

      5X�0�B� 
��X��r� 	�X
� LX���" /� .�X�� �' 5��4�
  5XX�� .�XX�� 	XX���<�3� . FXX� j��XX<� 5XX�'  �' .!XX�(

?���/( n�&�� )�[  !��~� �� g�W� ��� *��� .!@	� !69 .
�XXX���' 0 �9��XXX[ �(HarkerandDunlop,1994)  j��XXX<�

    ��0' :�X4 �' L��X@ o��X� 0 .!��� ���� )��� 	Q��I�
F�  ��K�� �' )��!Q�� !�'�0( 5�' .  	��XB�B;� �' *��6}+[

 ��3 F9(Liu, 2006) .��� )0�  	Q��I� j��<� *'�' n�&�� �[
F� .��� C��!D�� ���r� 0 5��4� ?[�9 ���� �'  5�'

'�0( .�!D�� 	���� �� 0�  !X6���� :�4 �' ���� 	���<�3� C�
RI�   �!X<�� :��;� 5��4� ?[�9 �� F9 '�' $�I� $'�9

RI� !�0� F��'� �' 0 *?[�9 C��!D�� F� .��� $!@   ��X4
	� ?����� 	��QA�� !��� .  

W���T ���<�3� 5�0�B� 0 $/0 ?[�9 ���	  X��g   �X[
�2 !��#� 0' �'� $�Hz 120  0kHz 1  �' L�@7   $�XI�
5�� .!@ .'�'.  

��/( �'�? �[) n�&��     :�X�;� 5X��4� ?[�X9 .!@
�<�3� 5�0�B� ?[�9 gK���	 ��.� 5�� .!@ �[  

. 
 H0�7. ����S P.��� �C� (�	�P. �� ����	
0�� ����M� (�	�0� ����� �� �J9 Hz 120  �kHz 1   

  

� ;��?# =��'  
�<�� j�-�, ?[0a= / H�@ F��5�� �:  

 �XX�FXX� )��A��XX9 F;1XX
 '0�XX<�3� /� �) XX#�	  $�XX���
./�!�� A��) �<�3� 5�0�B���	 ���( $0!� *.��g   $!��X��

$( 5��� F� 5�� .!@ �[��� .  � :!XK� /� .'�1<X�� X�0�) 
R� �=�F<��� .��<�' �' F � .!@�� �� $���� ��   '�X9 '�X&

 o�+� F9�<���6�	   �X�/( n�X+� �'�?   �X[ X��� � X� 0 .�
�['0�<�3�) F;1
 �) ��''�A '�&.  

�<����/( j�? �[) n�&��  � .!X@ X� ����   �' FX9 '�X� $(
��!XXQ�� 
��XX
) XX���XX�' �' g) XX;��<� �' 0 s� FXX&

FXX��'� XX��� �<����XX�� !XX6�� $!XX�r� *.�XX�� 5XX�0�B� 
��
�<�3���	 2�' l��� n�� F� *$��/ F� 5K#�T  r� n�X� X�� �

�	 � !X�� . �X<�� �X�/( j�?  �X[)  ./�!X�� A X��) r� X�� $/0 �

�0' :�XX4 �' :�XX�;�� ��!XXQ��) $/0 FXX9 '�' $�XXI� *
 FW��� �' :��;�F� *$��/ �� �v��9 
��
  XW�	   ?[�X9

�	 �!��. �<� F� F2�� ���./�!�� /� L
�, j A X��)   5X�0�B�
�<�3���	  ./�!X�� 0 A X��)   �0' �' :�X�;� $/0 ?[�X9� 
���/	 ��!Q��) ��' �' :��;�) ;��W��� *sT ��� �� �

F� �[�<����= ��� 
��
 �� $�	� '�@  5��4� ?[�9 �� F9
��<� �' 0 .������ F&��7 ? 5y���	�<�3� 5�0�B� *� X�	 
��� ?[�9 .�	 �!�� .F��'� �� �  5X��4� ?[�X9 !�0� �<��* 

 5XXy�7XX���	 XX����XX�� !XX, /� ?� ?	XX� !XX���  �XX"�� 0
o���� r� !�0� $!@���<�3� 5�0�B� 
��� X�	  FX� 3' X� L

 U�;� ?[�9���	 �	 '�@ .��!� r� !�0� F9 �6���� 
��
�<�3� 5�0�B���	 ��  5X��J *?[�9 /� C= .� 	X�  '�X@  0

���� CD��� ?	 �!��.  
  

y = -3.795x3 + 213.6x2 - 3982.x + 24677
R² = 0.955

y = -52.61x3 + 2912.x2 - 53508x + 32684
R² = 0.870
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