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4�
4 ���� �4  B^ ��_�: �
�? .�;*�� �� ��� ���@ ����/� X4���: R�� ���� �
 

�K
� R�� �PK ����# �)j X�� �4 R=? � !��/� Z*�%� �=100�m B�"# 
�� �P4.  

 ��->�1: �� ���� R�� X4���: ����/� �4 R�� 4�h�
 �4 �rU@ !
���z	 
	<�;
 ��S.  
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 ��->�2:  �4�	�*[ ,)���� Z*�%� ����/� �  ���� �� B
*	 ����/� 

�� 
� ���� R�� X4���:   4
�+
 B4�) f�y �4 \*_ ���@ ����/� �=�#
Z*�%� � �P ,4��^ �;4.   
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���� ]�; ����/� ,_�y
 ,� ���� X4���: ����/� �
 �;
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 �;
 !��=+ �;
 � R�� ��� X���) ���� �
 B���@ �*=+ ��y ,)

 �
*�P ����)FA��P ( � ,4*@���  ��^.  
�  ���� FA; GH�I
 �P R��#��& GH�I
 �
 �;
 !��=+ ���� �
 ,A/#

� FA��P ���� ��� ���� R��.  

  
� �;��	 FA; GH�I
 

!��=+
  ��
4�� B��#
 �;*	 ,) R�� W���� �
 ����? �
 �;�� 4*� .� ,
K�*M  �& � �;4 �
 W���� ��
 �S
 �4 ���� B���@ �
 ����? ,))  �*A� �4 �/_


��� c� 4���  (�*=+ �;4 �4 ��� �� ���  ��).  
�  E�? FA; GH�I
 

!��=+
  �&�4 ,([�_ �;*	 ,) R�� W���� �
 ����? �
 �;)��� c� x�=��/	 (
 ��
4���� 4*�`�  ,K�*M  B�� �
 W���� ��
 �S
 �4 ���� B���@ �
 ����? ,)

 ,��� �& �4 ��� B
*�� �� B��#
�� 4*�.   
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 L��- ��A* B
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 K4'*_ f��M �� ,��	 �� �*��� ��e �� c� �
 X�� R�"	 ��A; R��

 4��#
 K��)���; �P^ ( ]) ~�+ �4 ,)) 4��� �45/0 �	 1 ���  ( ���� �4 �_4
�� 4*�. ���# 4�*� X4���: ����/� �
�/� ,� �-��� ��A; R�� 4�h�
 �� �*M 
4�
4. ��A; R�� X4���: ����/� )�AI(
� �� B
*	 �	 ���� ,) �A�
�� �4 

� ��� ,A�
� �
 ���� X4� �� R�� FA; ,4��^ �;4.  
R     =   �/(�*L ) *  Ln ( 2L/d  

  
  

 ,�#1:   �4�	�*[ ,)���� ��[ �
 ��:�U� R�� R��� 4 ���� !�
�� ,@�4 ` 
 4��� �4 R�� �*M �� C;���� R�� X4���: ����/�40 �	 20 ]) �[�4 �� 4*�.   

 ,�#2:  �4 � 4��: �
�? ���� �4 �/_
 � G�[ xH��) �;
 ���� ��A; R��
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�	�*[ ,)f�h"#
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�
4 R��  ���P��  ����) K
 ,D�& R�� (� �����*}�� , 
,h�
 R��/�� �S
 �
 K��:*(@ �P,h�
 ��� ,��
� �-��� ��  �P �
 60 ���) ,@�4 

4*"#.�  ,,h�
 4
�h	 �-�4 !��=+ �P �
 ���=# 6���D	 4�+ ��) .  
��& �4  �
 4
�^ K*?��"_ K�P4 ,��
� �� ,h�
 90 X4���;
 ,@�4 �� 4*�. 

  

  
��
 �4  ����/� !�*[

 �� �;
 ��
�� R�� X4���:: 
R  =   �/ (4*�*L) 

(Ln (4L/d ) +1.75( 
  

  
 N-  ��$ B
� 
�  K
 ,(�� R�� 

,(�� c� �
 X�� R�"	 K
 ,(�� R��`; �P^ �
 �-�4 R�_��& �P �� ,�*�  ���
� ,) , X���*) ���� �4 K4*�+ �*M�� 4*� ,� �-��� B^ 4
�h	 � �*M � 

4�
4 E�' X4���: ����/�.   
 K
 ,(�� R�� c� X4���: ����/�

 �� �;
 ��
�� ]P
 C����:  
R = ( �/2�  h) * Ln( 4 h /d( 

h ��� ��� �� 	
� ��   
d ����� ����� �� ���� ���  

���    
 ���/� B4�) ce*) K
��R�� X4���: � �� B
*	 R�� ��e C�)�	 �
 

4�) X4���;
 . ,([�_R�� �P  �*}�� ,� �4 �
 �;
 ���� ��#^ R��/�� �S
 �
 K��:*(@
4*"# ��e*) R�� �*M ��
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 4��#
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� � ��� � �
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 ,��[ R�� X4���: ����/�
 �� �;
 ��
�� K
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a �;
 ,��[ ��+  
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4���: ����/� B4�)X  �
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 �
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 �� �(I
4 �
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��) K��
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�� 
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 ��
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���� U��.� 3�1�� T>=" 

���� Z*�%� ����/�  ���� Q(�%� O�/# ��*M� � ���� !�=�)�	 ,�
 �-���4�
4.  R[�� ����# �
 � 4��: E�D#
 ���� Q(�%� O�/# �4 $D�; ����e

4*� ,�_�: ��-#���.; ���� ���� ,) 4��: E�D#
 �#��� �4 $D� � , �(+ �:�#���
T�I �-�4 R�'4 �� X�"# f*M�� �� � ����.   
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/� 2�h� ,� K
 ,(�� ����r  ,) ���LXb�� ����/� �� ���� �4 ���  � ,�_� ��_  
�� �;
 ��
�� X�� :  

)R = 2.05 (Log(2L/r) * ( �/ 2�L  
  

� ,+*�D� ����/� ,=;���
,(�� K�P4����
 K
  

  

  
0   �  L  �  0                  0 �  L � 0 � L �  0 
 )l +m )/2       ( l -2m2+n)( 3-4m+n)         ( l +2m)/3 
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� ���	 ,; � �4  . 
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� �*�_ ���# B���@    :In � ( Ik/2,5(  
IK = B�;� B���@ W����/  �
�� ����/�
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 B���@X�	*) �   
� ,=� c� �4 X�	*) ���	
 B���@

GH�I
 �� K��� 
  FA;220/380���   

�  � >A/� ,� �-��� ]�; ��P
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4  

�  ]�; ��(; ����/� � ]�; �*M
 ,([�_ ,� �-���6
( �7  �89+ ��� �

��-�.   
L = L (0.92*Log(D/(D/2)) + 

0.1) * 10 –3 H  
L ���
 ���*(�) C���� ]�; �*M R

 ����	
 R�� �	 ,�6z	D]�; ,([�_   �P �
 
 �����#�; C�� �� �-���d �A? ]�; �� 

C�� �����#�; ����/� *��)��#
 K
�� 

T#�)�_ 50 	�PU  
X  =  WL  = 2�f *L =314L 

  

  

� �;��	 W���� �� �
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 �
 K��:*(@ K
��` K���#
 �4 ��[ ]�; 
 ���� x
4�D� U�# �I�� 4*�.[ ��
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 ��
�� : 
)Ik   =  U /((� 3) (RL +[(R0 (Rb1 +Rb2) ) /( R0  +Rb1 +Rb2]  
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���� a�#�AI �;
 ��� B�� >A? R�� ,� ,���. 
R��  �
 ��	��=+ �:�� >A? Q(�%� K�P : 

1(�4 ��� ��[ ]�; >A?  ����  
2(�h� ��[ ]�; >A? ���� ���I^ �
   
3(  ��_ ]�; �� J��	 � ��[ ]�; >A?  

� �
���< �
	 ��V W
* CA;  
�;��	 FA; GH�I
 ���� ��
 �4 4�
4 �-���: 

 x'�
  : ,) �P�-�;4 ����/� ,� E�-�P��() R[� ��_ ]�; � ��[ ]�; ��� 
4�
4 �
�?. 
 x��#�S:��� ����/� ,� *	���*��#
�	 ��& �4 �����
 ��. 
 x����S:,A/# �4 �����
 ���� ����/� ,�  X�� ���� ,) ��[ ]�; �
 �-�4 

�;
.  
�  ���I^ �
 �h� ��[ ]�; >A?

���� 
 �4���� ��
` GH�I
 4�D�
 

�(�I 4��� �;��	 FA;  
�;
 �+����#  . GH�I
 
���

 ~��M �
 ��_ ]�; FA;  
   

c� X���)  G��� ��' R�� ��_`]�; ,� X��t � �*��) W���� ���*�  R/��� ��[ 
�� 4*�.  
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 GH�I
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 K��:*(@ K
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� a�#�AI]�; �4 ���  ��
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]�; ��� ��[ ]�; ,"��P  ��_ K�P
�
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 ,� ,@*	 ��  �4 ,)
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�
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�� `4*� ]�; B�� X��& B��
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 ��"�� C	
�� ,�  U�# ��[ 

  

 
�;
 ��_ K����; 
 K��:*(@ K
��>A? !
�AI �  ��[ ]�; �:�� !�# ����

4��: �
�? ,@*	 4�*� ���:  
�  �;*	 ]�; O�=	�
 � 4��-# �
�? 4��� $") K���# ��	 ��[ ]�;
��� 4��: !�*[ ]�� � ���A� K�P. 

]�; ,([�_H� ���� ��[ ]�; >A? >?*� �4 �P;*	 U�# ��_ K � �*�_ �� ��() �
>A? X��t�#*�  . 

� # ��e �4 �*	���*��#
�	 ��& �� X�H+ ��[ ]�;4*� ���� U�# �-�4 ,A/. 
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f�h"#
 ��
 �4 �����
 ���� ����/� �P �� #
*	 4��� �4 �5 ,) ���� ]P
 
 4��� �4 ��A; ���� �;*	50�;
 ���� ��� .  

� ]�; ��� �4 ,"��P ��
*P �") ]�; �4 ��[ ]�; �P4��: �
�? ��_ K.  
� B��
 �� �	`� ��� ]��/	  ,4*� E�D#
 �4�h�� �*M.  

;�=�&:  
1. Electrical Safety Manual - 2002 edition,Association for the 
Advancement of Medical Instrumentation,  

2. ElecticalSafety-LowVoltage,  
http://www.penticton.ca/electrical/ElecticalSafety-

LowVoltage.pdf 
3. ElecticalSafety-HighVoltage 
 http://www.penticton.ca/electrical/ElecticalSafety-

HighVoltage.pdf 
4.Electrical Safety-Injuries 
http://www.penticton.ca/electrical/ElecticalSafety-

Injuries.pdf 
5.  http://www.cdc.gov/niosh/pdfs/02-123.pdf 
6. http://www.hse.gov.uk/pubns/indg231.pdf 
7. 

http://www.eh.doe.gov/techstds/standard/hdbk1092/hdbk10
92.pdf 

8. Fire_Electrical_Safety_Guide 
http://www.osha.gov/OshDoc/data_Hurricane_Facts/electrica

l_safety.pdf 
9. http://www.egr.msu.edu/eceshop/pdf/safety.pdf 
10. http://www.cdc.gov/niosh/docs/2002-123/pdfs/02-

123.pdf 
11. http://www.osha.gov/Publications/osha3075.pdf 
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