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6 �� =4�/%9���	8  �24=����[�� <����91 ��-�� H�L  �?�R <9 ���
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8�� �Q� �
��	�^��r�  42����%9� .-� �� 2��F �	�?\ Dq� ����3� � �� =��QL <6 �L�3%94 �%Q&F����3� 2��F �	�?\ 42	� ��
%&L �\ ?�.  2 '� M�������N  � .-� .%� 24 <6 D9� ���2�E� H��N ��-? ���V�� �2���=4�4 ���2� ���\ <� �
� 42����%9 .-�� .D9� =�8 �� �	&q� ���-� �
� 42����%9� .-� ?� �yV� T�2�E� �\ @����.4	8  ��2	$ 24����� <� <6 =4�4 ���2� 2�K%�� �-2�� �6c ��<�N�$� ��8�� =�8 H��� H�L�C��-�X� � �L �\ B�V�� 42����%9� .-� H���� �6c ���� <6 ������ 42	� 24 .D&�� 2�\�\ <� 2�K%�� �-2�=4�4 ���2� �L �D9� =�8 <�N�$� � �C��-�X� .-��\ =2�	QLB�V�� 42����%9� .-� H��� H��� H�L.D9� 2�\   IEC 60038, IEC standard voltages 2-1 ���5��
-    =2�QS8 ���S-� �
� 42����%9�6 e�S9 : 1391      42����%S9� ?� =4�/%S9� �S� �42����%S9� H�SL}�%��  �IEC 60038:2009   .-��� =�8 .D9�                                                  1- System 
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- =2�Q8 ���-� �
� 42����%9� 465 e�9 :1392 ���-�� T�8     �S� ^��Sr� 42����%S9� �QS9� H�SL IEC   ?� =4�/%S9� �S� �  42����%9�IEC 60059:2009 ���-. .D9� =�8   IEC 60060-1, High-voltage test techniques – Part 1: General definitions and test 2-4 requirements 
��5���- � �
� 42����%9� =2�Q8 ���-INSO-IEC 60060-1  e�S9 :1392   H	SF 2�SKR �	S
R  �-   DQS&F1   � �S
6 O-2�S�� :  42����%9� ?� =4�/%9� �� ��	�?\ T���V��IEC 60060-1:2010 .-��� =�8 .D9�   IEC 60068-2-17: 1994, Basic environmental testing procedures – Part 2-17: Tests – Test 2-5 Q: Sealing 
��5���-  =2�Q8 ���-� �
� 42����%9�17-1307  e�S9 :1378�  �	S�?\  �Sr�q� H�SL-   DQS&F17-2 �	S�?\ : �SL-  �	S�?\ Q :  �\H�
� 42����%9� ?� =4�/%9� �� �IEC 60068-2-17:1994 .-���=�8 .D9�   IEC 60071-1, Insulation co-ordination – Part 1 : Definitions, principles and rules 2-6 
��5���- 9� =2�Q8 ���-� �
� 42����%1-5763 e�9 :1393� ^-�M �3
L�QL  H�
�-  DQ&F1   � e	S$� �O-2�S�� :   �S� �T�2�SE�  42����%9� ?� =4�/%9�IEC 60071-1:2011 .-���D9� =�8.   IEC 60076-5, Power transformers – Part 5: Ability to withstand short circuit 2-7 ���5��
- 8 ���-� �
� 42����%9� =2�Q5-2620 e�9 :1390H�L2	���2	/&���� � T2�F-  DQ&F5�-���	� : _Qq� e����=��	6 �� �  42����%9� ?� =4�/%9�IEC 60076-5:2009 .D9� =�8 .-���  IEC 60076-7, Power transformers – Part 7: Loading guide for oil-immersed power 2-8 Transformers 
��5���- ���-� �
� 42����%9�  =2�Q8INSO-IEC 60076-7:  e�91392�   T2�SF H�L2	���2	/S&����-   DQS&F7 :  H�SQ
L�2 m[2��<h	� T2�F H�L2	���2	/&���� H��� H2�.��2 24 2��  42����%9� ?� =4�/%9� ��IEC 60076-7:2005 .-��� =�8 D9� .   IEC 60216-2, Electrical insulating materials – Thermal endurance properties – Part 2: 2-9 Determination of thermal endurance properties of electrical insulating materials – Choice of test criteria ���5��
- �
� 42����%9�  =2�Q8 ���-�2-12039 e�9 :1388� �l-�%l�� ^-�M 4�	�-  �S�2��N B��4 n�	�-   DQS&F2:   .�S��� � ^-�M 4�	� ��2��N B��4 n�	��l-�%l�- �	�?\ H�L2���� ��P%�� 42����%9� ?� =4�/%9� �� �IEC 60216-2:2005 .-���  =�S8 D9�.  IEC 60270, High-voltage test techniques – Partial discharge measurements  2-10 
��5��PP�-  =2�QSS8 ���SS-� �SS
� 42����%SS9�18574  e�SS91392� p�SS� }�SS%�� �	SS�?\ �	SS
R- =?��SS��H�SS�[
P� H�SSL<SS� �SSyV� T2�F H�L2	���2	/&����� 42����%9� ?� =4�/%9� �� IEC 60270:2000 .-���=�8 D9� .  IEC 60296, Fluids for electrotechnical applications – Unused mineral insulating oils for 2-11 transformers and switchgear ���5��
-  =2�Q8 ���-� �
� 42����%9�2661 e�9 :1392�9 �Tp� 42	�  =4�/%S9� 24  T�VS��X�  �Sl-�%l�� – .S��2 H�SL  ̂ -�SM ����� =4�l�2�6 �L2	���2	/&���� H��� � H�L��
6 �rF � _$� –�[W-��L  42����%S9� ?� =4�/%9� �� �IEC 60296:2012  .-��S� D9� =�8. 
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-  =2�Q8 ���-� �
� 42����%9�10841 e�9 :1386 �4�[	[ �-�2	
R�V3L �[W-� (SF6)  �
R 724 ��<� 2	C
�   24 =4�/%S9� �l-�%l�� T�V��X� 42����%9� ?� =4�/%9� �� �IEC 60376:2005 .-��� D9� =�8.   IEC 60422, Mineral insulating oils in electrical equipment – Supervision and 2-13 maintenance guidance ���5��
-  =2�Q8 ���-� �
� 42����%9�22629 e�9 :1396� .��2�l-�%l�� T�V��X� 24 ����� �E-�M H�L-  � T2�C� H�Q
L�2 H2���3� ���  42����%9� ?� =4�/%9�IEC 60422:2013 + COR1:2013 ���-. =�8 D9�.  IEC 60480, Guidelines for the checking and treatment of sulfur hexafluoride (SF6) taken 2-14 from electrical equipment and specification for its re-use ���5��
-  =2�Q8 ���-� �
� 42����%9�10836  e�S9 :1386 �   �V3L <�/S�� � �S-4?�� H�SQ
L�2  4�[	S[ �S-�2	
R (SF6)   �S���� �[W-� � �l-�%l�� T�V��X�L�\ 4�X� =4�/%9� H� 42����%9� ?� =4�/%9� �� �IEC 60480:2004 .-���D9� =�8.   IEC 60505, Evaluation and qualification of electrical insulation systems 2-15 ���5��
-  =2�Q8 ���-� �
� 42����%9�11473 e�9 :1397 �<����9^-�M H�L �Sl-�%l�� H�
�-    D�N�S$ �S�-w� � ���S-?2� �S� �  42����%9� ?� =4�/%9�IEC 60505:2011+COR1 : 2017 .-���D9� =�8.  IEC TS 60815-1, Selection and dimensioning of high-voltage insulators intended for use 2-16 in polluted conditions – Part 1 : Definitions, information and general principles 
��5���-  �
� 42����%9� =2�Q8 ���-�INSO-IEC 60815-1 e�9 :1390 ���P%�� � ����. 4���� =�E��LH 2�KR  	SFH  DS�� =4�/%9� 24 ��8-Y 4	�� [4	�\�- DQ&F 1: 2���-O- T�M�h� � e	$� 
6� 42����%9� ?� =4�/%9� �� �IEC TS 60815-1:2008 .-��� D9� =�8.   IEC TS 60815-2, Selection and dimensioning of high-voltage insulators intended for use 2-17 in polluted conditions – Part 2: Ceramic and glass insulators for a. c. systems 
��5���-  =2�Q8 ���-� �
� 42����%9�INSO-IEC 60815-2 e�9 :1390 �=�E� 4���� .���� � ��P%��   DS�� H	SF 2�KR H�L �[4	�\ 4	�� Y-��8 24 =4�/%9�-  DQ&F2: =�E��LH 8�<K�H � ���9�l� ���H 9� v%S& �SLH AC    42����%S9� ?� =4�/%S9� �S� � IEC TS 60815-2:2008 .-��� D9� =�8.  IEC TS 60815-3, Selection and dimensioning of high-voltage insulators intended for use 2-18 in polluted conditions – Part 3: Polymer insulators for a.c. systems 
��5���-  =2�Q8 ���-� �
� 42����%9�INSO-IEC 60815-3 e�9 :1390 �=�E� 4���� .���� � ��P%��   DS�� H	SF 2�KR H�L  �[4	SS�\ 4	SS�� Y-��SS8 24 =4�/%SS9�-  DQSS&F3: =�SSE��SSLH 
���SSQH ��SS�H 9�v%SS&�SSLH AC 42����%SS9� ?� =4�/%SS9� �SS� �  IEC TS 60815-3:2008 .-��� D9� =�8.   IEC 61099, Insulating liquids – Specifications for unused synthetic organic esters for 2-19 electrical purposes ���5��
-  =2�Q8 ���-� �
� 42����%9�16340 e�9 :1392 ��E-�M T��-��- �[W-�   =4�/%S9� �SZ�6�� �S�\ H�L�%9� H�L  =�SK� �l-�%l�� H�L4��2�6 H�����%9� ?� =4�/%9� �� � 42��IEC 61099:2011 .-��� D9� =�8.  IEC 61462, Composite hollow insulators – Pressurized and unpressurized insulators for 2-20 use in electrical equipment with rated voltage greater than 1 000 V – Definitions, test methods, acceptance criteria and design recommendations 
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-  =2�Q8 ���-� �
� 42����%9�ISIRI-IEC 61462 e�9 :1388 �=�E� �%-?	���S6 ���� 	� H�L-  =�SE�    2�SKR �S� H�SL    ?� ��p�S� ���S� }�S%�� �� �-�%l�� T�V��X� 24 =4�/%9� H��� ���24 2�KR ���� � ���24V  1000  O-2�S��- u�2 �SL �	S�?\ H- <�$	� � u�-m� H�L2�����h H�L�N� 42����%9� ?� =4�/%9� �� �IEC 61462:2007 .-��� .D9� =�8  IEC TS 61463, Bushings – Seismic qualification 2-21 ���5��
-  =2�Q8 ���-� �
� 42����%9�ISIRI-IEC 61463 e�9 :1390 ��
�8	��L- =?�� ���-?2�H�   42����%S9� ?� =4�/%S9� �� � IEC 61463:2000 .-��� .D9� =�8  IEC 62155: 2003, Hollow pressurized and unpressurized ceramic and glass insulators 2-22 for use in electrical equipment with rated voltages greater than 1 000 V ���5��
-  =2�Q8 ���-� �
� 42����%9�ISIRI-IEC 62155 e�9 :1390 �=�E�       2�SKR �S� �l����S9 � H� <SK�8 ���S�	� H�SL?� �%K�� �Q9� H�L}�%�� �� �l-�%l�� T�V��X� 24 =4�/%9� D�� ���24 2�KR ���� � ���24  V1000    42����%S9� ?� =4�/%S9� �S� IEC 62155:2003 .-��� .D9� =�8   IEC 62217, Polymeric HV insulators for indoor and outdoor use – General definitions, 2-23 test methods and acceptance criteria ���5��
-  =2�Q8 ���-� �
� 42����%9�18232 e�9 :1393 �=�E�   (H2��S&�) H�SQ�
� H�SL   H	SF 2�SKR (HV)    =4�/%S9� H��S� ������ � �
��4- �
6 O-2���- u�2u�-m� H�L2���� � �	�?\ H�L ���  42����%9� ?� =4�/%9�IEC 62217:2012  ��S�-.  =�S8 D9�.  IEC 62271-1, High-voltage switchgear and controlgear– Part 1 : Common specifications 2-24 ���5��
-  =2�Q8 ���-� �
� 42����%9�INSO-IEC 62271-1 e�9 :1390 �   H	SF 2�SKR e�S%
6 � ��?��
6 V6��-   DQS&F1: �[W-���	QM H�L�  42����%9� ?� =4�/%9� ��IEC 62271-1:2007 .-��� .D9� =�8  IEC Guide 109, Environmental aspects – Inclusion in electrotechnical product standards 2-25 CISPR 16-1 (all parts), Specification for radio disturbance and immunity measuring 2-26 apparatus and methods ���5��
-  =2�Q8 ���-� �
� 42����%9� <M	QX�1-4147T��PK� � =�3%94 �SL � u�2 �SLH  =?��S�� [ S��H  e�%S�� 4�2 S-	�- � �	���DDQ&F ���� ?� =4�/%9� �� � H�LCISPR 16-1 .-��� .D9� =�8   CISPR 18-2, Radio interference characteristics of overhead power lines and high-2-27 voltage equipment – Parts 2: Methods of measurement and procedure for determining limits    



 �������	����  .���$ �����22866 (��� ���): ��	 1399 5 3 G�E�Q�R S���T7 �   T�N�r$� �42����%9� .-� 24� <� �-? O-2����� 2�64�21:  3-1  !"#$�%2  bushing <
�9� <%��9 vL��R ��VP� �- �- 2�	-4 �- �
��� �aP� �- ?� �2 H4�L �
j �- �- 2	ZM ��l�� <6 D9� H�H4�L ��� ^-�M �\ ?� �2 �L�| <
�9� �- x

R) �
�8	� e���� _-�9� �4?�9D� ?� �%Q&F �aP� �\ <� (=�

6  �
�8	�D9�.  
��5���- �-��� �V� �- H4�L D9� .lQ� - �8�� �
�8	� �-m����  ?�<�	� _��4 =4�4 2	ZM �\ HV6�� .4	8  ] �
��-? :�Z
� 471-02-01 42����%9�[IEC 60050-471:2007   3-2  �H !"#$�%M��� �% U�$  liquid-filled bushing �\ 24 <6 �3
�8	��  .�� H�dR]r9 �4 �
�<C/q�     S- ���S�� .S��2 �S� ��
$� ���� ^-�M � �E-�M�   �-�S9 �-���� �E-�M H�L =�8.D9�  3-3  �H !"#$�% �% U�$UN#�5  compound-filled bushing �\ 24 <6 �3
�8	��  �
��4 ]r9 .�� H�dR<C/q�  �� ��
$� ���� ^-�M � �E-�M=V��\ E-�M ��� .D9� =�8  3-4  "#$�%W��) !M��� �% U�$  liquid-insulated bushing �
$� ^-�M <6 �3
�8	� ��\ _��8  �- ����� .��2�-�9 �-���E-�M H�L =4	�  ���  �-<C/q� E-�M�  2	�q� ��4	8.  
��5���- �-�X�\ ?�  <6�8	� .-��
 �L @
���� ?�� �N��h H�2�4�
8��� @�� ?� b� �Z9�
� �
-��R <6 D9� ?����  <S�   2	SC
�  �	L bZN ?� H��[	
�<�
P� �=��� ���? �- �	�?\ B�3
L 24 H��� �yV� H�L �H2�4��.4	8 <%R�[ �C� 24                                                        1- <� O-2��� � T�N�r$�H�L42����%9� 24 <%R2 2�6 ISO  �IEC 3�� 24=�H�L www.iso.org/obp  �www.electropedia.org/  _��F.D9� k�%94  2- �� =4�/%9� �
�8	� H�� <� V�� H2	ZM =�E� =}�� ?� ����
� ?� ���� 24.4	8  



 �������	����  .���$ �����22866 (��� ���): ��	 1399 6 3-5  !"#$�% �H��J �% U�$  gas-filled bushing �\ 24 <6 �3
�8	��  �
��4 ]r9 .�� H�dR<C/q� ���� ^-�M � �E-�M  �� ��
$� �-?�[  H�	L VX� H?�[) `��h� ( <6KR 24- 	� 2�� ��p�� D9� �\ ?��� �.D9� =�8  
��5���- �
�8	� _��8 O-��� .-��� V�� �-�L�-��� �V� <6 4	8 ^-�M T�V��X� �-m���      ?�S[ � =4�4 _�lSK� �2 ?�S[ �S� =�8 .D9� �
�8	� ?�[ �� f�Z�2� 24 T�V��X� .-�  3-6  !"#$�% W��)��J �% U�$  gas-insulated bushing  <6 �3
�8	� -�M_��8 ��\ �
$� ^  �-<� H?�[) ?�[- 	� 2�KR 24 (`��h� H�	L V�� �� ��p��.�8��  
��5��� 1- �
�8	� _��8 O-��� .-��-�L V�� �� 4	8�-��� �V� <6 ^-�M T�V��X� �-m���  _�lK� �2 ?�[ �� =�8 � =4�4?�[ .-� V��X�.D9� �
�8	� ?�[ �� f�Z�2� 24 T�   
��5���2- 3
�8	�� �8 <6���� �E-�M 4�	� _� �F�R � =4	� <C/q�  H��N ?�[�8�� <�l� �
���)=�[ H��� <-p    �S- ���S92 H�SL (^-�M 2�

�9� �Z�6�� �E-�M �
�8	� �-1 <�) D9� �
��-? 3-14 .(4	8 <�����   
��5���3- _-��� �
�8	�=�82 ��?�� ^-�M�C� 42	� }�%�� _-��� <6 D9� �3
�8	� �?�[ �� =�8 24 �\�  ��?� ������j  <-p<Q�� �- ���92 H�L =4�� 24 <6 ���92E-�M H�=���X
[ (�l�%9�� <-p �
���) ��� 4�X-� �D9� =�8.4	8  3-7   !"#$�%4�Z[5U�$ 4% ��J  gas-impregnated bushing   <6 �3
�8	��
$� ^-�M ��\ =��t�� <%&L �- _��8�l�%9�� <-p �- m��6 �� =�8 )GIF(3  =4	� �b�9 H?�[ Y9	�  	� 2�KR 24-� ��p�� )<� H?�[`��h� H�	L V�( <%K�\ �� 4	8 .  
��5���- �� H2���3� �E-�M <C/q� �- 24 <%&L�� �E-�M <C/q� � <%&L .�� H�dR .4	8  ?�[<��K� =4�/%9� H��� =�8 <%K�\H?�9�� �� �.4	8  3-8   \[�: �% !"#$�%4�Z[54% U�$ 6[��  OIP oil-impregnated paper bushing  �M <6 �3
�8	�=��t�� <%&L �- _��8 ��\ �
$� ^-m��6 �� =�8 =4	�  ��E-�M �-�� �- Y9	� b�9 � <�  ������ .��2 �
6 2	h<%K�\ �� .4	8   
��5���- �� H2���3� �E-�M <C/q� �- 24 <%&L<6 4	8  �� �E-�M <C/q� � <%&L .�� H�dR<��K� �E-�M �-��  =4�/%9�=�8  H���<%K�\H?�9�� �� �.4	8                                                   1- Combined 2- Graded 3- Gas Impregnated Film 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 7 3-9   \[�: �% !"#$�%U��� ���#H�% U�$ 6���  RBP resin-bonded paper bushing   <6 �3
�8	�^-�M �
$� ��\ =��t�� <%&L �- _��8 =�8?� =4�4 a8	� m��6�� .-?2 �� =�8.�8��   
��5���1 -  �
-��R 24���t�� � m��6 <-p �L
-?2 a8	� ?� =4�/%9� �� �_�%� �
ZF <-p <� � =�8��	��  �� _$�N .-?2 DP� ��.4	8   
��5���2-  m��6 �� �
�8	�=4�4 ��	��.-?2 �� =�8� <y�2� _��F  �E-�M <C/q� �- ���� ��8��<6 H	q� <�  H�dR����� �\ �� �- �E-�M �-�� �- �� ���	�=4�� .4	8 �� H�3-4 �E-�M  3-10   \[�: �% !"#$�%4�Z[54% U�$ 6���  RIP resin-impregnated paper bushing  �M <6 �3
�8	�=��t�� <%&L �- _��8 ��\ �
$� ^- �� =�8 m��6��	Q��1 =4	�  � .-?2 �- Y9	� b�9 _��FDP�� <%K�\ ��4	8 .  
��5���-  m��6 �� �
�8	�<%K�\<� =�8  �.-?2�� �E-�M <C/q� �- �� <y�2� _��F H�dR <6 H	q� <� ��8������� �� �\ ���	� .4	8 �� H�3-4 �E-�M =4�� �- �E-�M �-�� �- ��  3-11  $�%#!" �% ���� )�"]�� 4�Z[54% U�$ 6���  RIS resin-impregnated synthetic bushing  ��\ �
$� ^-�M <6 �3
�8	� =��t�� <%&L �- _��8 ?� =�8�M	
�� 4�	� =4	�  � .-?2 �- Y9	� b�9 _��F �DP�<%K�\ ��	8.4   
��5���1-  �M	
�� 4�	� �� �
�8	�<%K�\<� =�8 .-?2� �� �E-�M <C/q� �- �� <y�2� _��F ����� H�dR <6 H	q� <� ��8�� �� �\.4	8 �� H�3-4 �E-�M =4�� �- �E-�M �-�� �- �� ���	�   
��5���2- ���� =��?�9 Y9	� <6 ��2	$ 24�
�8	� ��8�� =�K�^��r� H�L �
��-? �� 3-11� �-�� �
�8	� T2	$ <� H�L RIP ^��r� �
��-? �� 3 -10 .4	8 <%R�[ �C� 24  3-12  !"#$�% ^#���	�4Z#$ _
� �� U��� 4%�Z� ���T�  ceramic, glass or analogous inorganic material bushing  <6 �3
�8	���\ �
$� ^-�M <K�8 ��l����9 =4�� �- _��8- H�� =4�� �� <��K� ����� .�8��                                                        1- Untreated paper 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 8 3-13  !"#$�% 4�`�� 
�JU�$ a'�b �� 
�#J 6��� W��) �% U�$  cast or moulded resin-insulated bushing  <6 �3
�8	���\ �
$� ^-�M =4�� �- _��8 ��\ <%P-2H�[=�8 @��F �-H��[=�8� ���� �- �� =4��   �S�4�VR� �����  .�8��  3-14  !"#$�% �c#:�7 �(��)  combined insulated bushing  _��8 ��\ �
$� ^-�M <6 �3
�8	� ?� �Z�6��_F��N �� T��/%� �E-�M =4�� �4�8��.  3-15  !"#$�% @��T7U�$ ����2  capacitance graded bushing <-p ?� ������j �� ��\ 24 �C� 42	� }�%�� _-��� <6 D9� �3
�8	�<Q�� �- ���92 H�L =4�� 24 <6 ���92 H� E-�M<-p �
���) � =���X
[ (�l�%9���� 4�X-� �D9� =�8.4	8  ]�Z
�: �
��-?  471-02-03 42����%9�[IEC 60050-471:2007   3-16   !"#$�%4�9% 
�D81  indoor bushing  H�	L 24 �\ H��%�� �4 �L <6 �3
�8	�r�q�� ��  	� 2�KR=4	�  H	� Y-��8 ���� 24 �?�� H�dR .�8�Z� ] �
��-? :�Z
� 471-02-05�%9� 42���[IEC 60050-471:2007   3-17   !"#$�%��% 
�D82  outdoor bushing  H�	L 24 �\ H��%�� �4 �L <6 �3
�8	�r�q�� ��  	� 2�KR =4	� H	� Y-��8 ���� 24 �?�� H�dR .�8��  ] �
��-? :�Z
� 471-02-07 42����%9�[IEC 60050-471:2007   3-18  !"#$�% ��% 
�D8- 4�9% 
�D8  outdoor-indoor bushing  H�	L 24 �\ H��%�� �4 �L <6 �3
�8	��r�q� 8�� =4�/%9� _��F 	� 2�KR ��.� <6 H	q� <�  ?� �l-  aP� H	� Y-��8 ���� 24 �\ �-��%�� H�L?�� H�dR =4	� �-��%�� aP� �  H	� Y-��8 24 ��\ �3-4 H�dR ?�� .4��3� 2��F  ] �
��-? :�Z
� 471-02-09 42����%9�[IEC 60050-471:2007                                                    1- =4�/%9� V�� �
��4 �
�8	� ��L42����%9� ?� ���� 24.D9� =�8  2- =4�/%9� V�� ������ �
�8	� ��L42����%9� ?� ���� 24.D9� =�8 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 9 3-19   !"#$�%4d�[�� 4�9% 
�D8  indoor immersed bushing � H�	L 24 �\ H��%�� �- <6 �3
�8	 Y�q���  H	� Y-��8���24 �=4	  �H��%��  �\ �3-424 =4��  ��� �E-�M ) Y�q� H�	L ?��
��� (?�[ �- �-��� <h	�2�=�8  .�8��  
��5���- �
�8	� _��8 O-��� .-� H�L=��� _��FH2�4�� �	L 24 �  �Y�q� H��4 ?� ��p�� H�L��4 24�
��� e���6 �-�	L H�L ^-�M=�81 �� V���8��.    ] �
��-? :�Z
� 471-02-06 42����%9�[IEC 60050-471:2007   3-20   !"#$�%4d�[�� ��% 
�D8  outdoor immersed bushing � H�	L 24 �\ H��%�� �- <6 �3
�8	 Y�q� Y-��8 �� H	�dR?�� H�  H��%�� � =4	� �\ �3-424  �E-�M =4��  �(?�[ �- �-�� �
���) Y�q� H�	L ?� ���<h	�2�=�8 .�8��   ] �
��-? :�Z
� 471-02-08 42����%9�[IEC 60050-471:2007   3-21  !"#$�% 4d�[�� @��:  completely immersed bushing �\ H��%�� �4 �L <6 �3
�8	� 24 =4�� �-  ��� �E-�M) Y�q� H�	L ?��
���  (?�[ �- �-��<h	�2�=�8  .�8��  ] �
��-? :�Z
� 471-02-04 42����%9�[IEC 60050-471:2007   3-22  !"#$�% 6#J�H e�� ��  Plug-in type bushing  H��� �
�8	�e���� ���8���   �- <6 �3
�8	�H��%�� <h	� �\ 24 2�=4��  � =4	� �E-�MH��%�� <�	[ <� �\ �3-4�N��h H�=�8 D9� <6 �- e����  �E-�M _��6�� _�%� �\ <� =��	8 ��� 4	�� ���� <6 44�[�e���� .-� �Q� �
�8	� _QM ���	� .�
6  ] �
��-? :�Z
� 471-02-02 42����%9�[IEC 60050-471:2007                                                            1- Air-insulated ducting 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 10 3-23  4"#Z#% N#
f7 &��'�E�  Um   Highest voltage for equipment  <
�K�� 2��E� �|U�1 }�%�� ?�R <� ?�R X�T�V�� D9� <6 �E-�M ]r9 �� @9�
%� V��X� � �-�9 �[W-� H�L �� YZ��� }�%�� .-�� 42����%9� 24 ���YZ V��X�T� ��N��h =�8.D9�  ] �
��-? :�Z
� 614-03-01 42����%9�[IEC 60050-614:2016   3-24  &��'� ��	� 6#�� 4% ��8  rated phase-to-earth voltage �K���|U� 2��E� <
 }�%��H D9�  <6�
�8	�=��� Y-��8 Dq� �O�$	� H2�4�� �
� 24 =�85�   2	Sr�  <%S9	��  .��H4�L x

R �  �-<
�9� D��|=�

6  <6 H�3-4.��?D9� =�8� �� _Qq�.�
6  3-25   �������	�  Ir rated current �|U� 2��E� <
�K�� ��-��� D9� =��� Y-��8 Dq� ��
�8	� <6��H2�4 O�$	� �
� 24 =�85 ��� ���	�  2	Sr�  <%9	�� �� ���� e��� 24 72�
� �N ?� ��4 a-�VR2 �.�L4 2	ZM  3-26  ����� ��	� �7���Q U�7�:E��   Ith rated thermal short-time current  2��E�  �|U��2�E%� ��-��� D9�  �-���[ ��q� ?� �
�8	� <624 ���? T�� �Q9� )tth ( <
$�R�� � b� ?� 4�l
QM  ��-�� 24 <%9	���Q9��  ��<
�K�� <h	� Y�q� � Y�q� H�	L H�L��4�� ^��r� H2� �-?�
� 5-3 � �� _Qq� �
6.  3-27   �������	� ^#��"���    Id rated dynamic current   2��E�7��2 ��-�� �- ��q� ?� �
�8	� <6 �� _Qq� �l���l�.�
6  3-28  ��� I��N8�  Temperature rise �/�.�� T� H��4 � Y�q� H�	L H��4 G�4� HV
R DQ&F <rE� .-���E-�M =4�� �� k�Q� 24 <6 �
�8	  D9�  <�)�-? �
�4 -8 (4	8 <�����.                                                   1  - Root Mean Squre (r.m.s.) 2- Peak 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 11 3-29   =��:�8��	�  fr rated frequency  4�l
QM D�� �
�8	� <6 �&��6�R �\ 24�N��h.D9� =�8  ] �
��-? :�Z
� 421-04-03 42����%9� IEC 60050-421:1990 g�S$�  =�S8)»   2	S%6�2 �S- 2	���2	/S&���� «  �S� »�
�8	�« .-V3-��D9� =�8(.[  3-30  ��Z8  ��	� ��J�HW��) 
��% U�$    rated filling pressure of gas for insulation  2�KR ^-�M H���H�
� 24  e�l9�� k��E�)Pa( � 42����%9� H	� Y-��8°C  20+ � kPa 3/101 (���3j �-) =4	� � 	$ <�-4�E� T2.D9� ���� _��F ^
r� �- �Z&� �  24�D��N .-�  ?� _ZF �
�8	�=���H2�4�� -�  <�  T2	$2�64	�� �� �� 4�X�.4	8  3-31  4"#Z#% ��Z8 U�
%
����%  ��J��2��  maximum internal operating gas pressure 2�KR ?�[  24 �
�8	� �
��4Y-��8 =���H2�4���  <6 ��-��9�S�Q �2 24 <
�K�� �4SH� MS��	
24 =�8 �-?
�S �5-3�  ?��\ �� 2	ZM�L4.  3-32  4"#Z#%  ��Z8U�
%
����%  ��J����2  maximum external operating gas pressure <
�K��  2�KR=4�� H?�[ �E-�M�  <6 24 �
�8	�Y-��8 =���H2�4�� _��6 �- �yV� T2	$ <� <h	� �\ 24 2� D9�.  3-33   �Q��d ��Z8)�f	�� <� <C/q�(  design pressure (of the enclosure) 6 H2�KR=4�/%9� <C/q� D��P� .���� D�� <D9� =�8.  3-34  �Z� g��� )f	��� <� 8	���
�LH ��=�8 �� �?�[ �M-^=�8 �� �?�[ <%K�\=�8 �< ?�[ � �<h	2� 24 ?�[(  leak rate (of gas-filled, gas-insulated, gas-impregnated and gas-immersed bushings) �K� ?�[ 2��E� <6 .��� H��4 �- 24�  �- ^-�h ?��%K� _q� 24  ���? �N��� <�D
M  �- `�%�� 2�KR B	
��� �� ��-��.���-  
��5���-  �
$� �N��SI %K� ��� H���� » @�l� �%� e�l9���� ) <���|s/Pa ×cm3(« ���8��. N�� �M�R H�L�»s/Pa ×cm3«  �»s/bar ×cm3«  _��4 <� H�%�� #�Zr�� <6 H�L4��2�6 24
QMT��  �%�
$x-�2  ���2�4 V���� =4�/%9� 42����%9� .-� 24	8�.� 2�\4�-H ��4	8 :<6 s/bar × cm3 10 s =/Pa × cm3 106 s =/ Pa × m3 1.  



 �������	����  .���$ �����22866 (��� ���): ��	 1399 12 ]�
��-? :�Z
�1.1  � 42����%9�[IEC 60068-2-17:1994   3-35  �'�2�7 U�(�  Hollow insulator  H��N =�E�?� <6 ��%j �F�R �- �- ��%�� �� ��%���3-4 H �� ?�� .�8��  
��5���-  �- _��8 D9� .lQ� �E-�M <C/q� �N��=�E� �- � �- �4}�%�	� =�E� H�L�N�� H�%K�� 4���Qy�4 =�8� .�8�� ] �
��-? :�Z
� 471-01-08 42����%9� IEC 60050-471:2007�$�g =�8)»#��- _��8p\T«  =�8 `mN  � D9�H2�\4�- D9� =�8 g�$�[(  3-36   4�G�8�$N2  creepage distance  =��	6 <
$�R .-��H�2 ��  �4 .�� =�E� �- ]r9aP� .���92   
��5���1-  ��Q�9 ]r9�3-4 �E-�M��� ������ =4�� �L �-KP� ��	
M <� �� ?� �Q� <%R�[ �C� 24 �8V� <
$�R .4	8  
��5���2 - � a8	� �[� H�2 �� p�� D���E� �aP��-�L  ?�DQ&F .-� �4	8 e�QM� =�E� �E-�M DQ&F g	r9 T2	$ <� �L U� �E-�M<%R�[ �C� 24 �| <
$�R � =�8g	r9 .-� H�2 �� �8V� <
$�R _��8 ���.4	8 ] �
��-? :�Z
� 471-01-04 42����%9� [IEC 60050-471:2007 3-37   4�G�84b�����  arcing distance  	6=�� �-�	L <
$�R .-�� ����� 24DQ&F .�� =�E�HV
R H�L D9� �\  }�%�� �p	Q�� <6=���H2�4�� ���� 24 �\D9� 2��F�� �L.   
��5���1- =}�� H�L» <
$�R<F���K� ��?«  �-»=��X�? <
$�Rvlq� H�1« �� =4�/%9� V�� .4	8   
��5���2 - $�RS <
<F��=��	6 D9� .lQ� ��?E� ?� ��S� �-�	L _$�	R �-4��������� �9� 24 =�8S 42����%
�S =2�Q8 ���-� � 3-2620 .�8��   ] �
��-? :�Z
� 471-01-01 42����%9� IEC 60050-471:2007 g�$�H2�\4�-) =�8�L <R���(D9� =�8[.                                                             1- Taut string distance 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 13 3-38   h7 ����5   h7U�����
�#J   h77� ��'� C��i�  test tap  measuring tap tan δ tap  ������ <6  ?� aP��2���  �
�8	� �9�%94 _��F � =4	�D��| <
�9� �- x

R ?��3-4 =�

6 ^-�M =�8D9� . e���� .-� 24 Y-��8 ��8 .��? 
�8	� x

R�<� � 2	C
� =?���� ��l�� 4�X-�H��[ � @-�� ��E-�M T�/
 <�
P� � ��?�� D�R�J ��yV��� H�2 <-p ?� �l-H���92 H�L 
�8	� ��2�� �_-�����?�� =�8 �<�Z��   ��4	8.   
��5���1- �-�� =4�/%9� B�M ���? 24 e���� .-� .��? ��Q�E%&� �4	8 .   
��5���2 - �� <�$	����3
L 4	8  ?� <6 ~� H��� �	�?\D���� a-�� ���? 24 =���H2�4�� �� =4�/%9� �4	8 B?p <�	� 4	8 B�X�� ?�� 2��� �	F� ?� H��[	
� H���.  3-39  7 h &��'�   h7@#9���H    h7����2 C#8�j    voltage tap potential tap capacitance tap  D��| <
�9� �- x

R ?� � =4	� �9�%94 _��F �
�8	� ��2�� aP� ?� <6 ������^-�M �3-4 =�

6 .D9� =�8  24 e���� .-�Y-��8 =���<-p ?� �l- H�2 �� �2 }�%�� �Z
� ��
�8	� H2�4����92 H�L �
�8	� ��2�� H� _-����� vL��R ���?�� =�8.�
6   
��5���1- �-��  .4	8 .��? ��Q�E%&� �=4�/%9� B�M ���? 24 e���� .-�   
��5���2- =?���� H��� ~� .-�� @-�� H��[<�
P� � ��?�� D�R�J ��E-�M T�/
�� V�� �yV�.4	8 =4�/%9� ���	�  3-40   ��	� &��'� h7 &��'�  rated voltage of the voltage tap  <
�K��  <6 H}�%��~� �}�%�� �\ 24 <-m�� H��� V��X�T� ��� �� YZ2�� �\ <� _�%� �Q9� �  24 }�%�� <6 ����? .��? <� ?�R �Q9��  b��6�R 24�Q9� �
�8	� <�  e�QM���4	8� �N��hD9� =�8.  3-41  !"#$�% �����k��:  composite bushing  �- �� �
�8	�<C/q� �M _��8 �E-<�	� ���	��� =�8  ���� �- �� �.-?2 <� <%K�\ `����a6�2 =V��\ .H�Q�
�  
��5���- �
�8	� H���O�$	� H�L24 =�8 H�L�
��-? 3-9  ��3-13 � =V��\ H�2 �� v�E%&� T2	$ <� D9� .lQ� H�Q�
� .4	8 e�QM� �
�8	� �E-�M �
$� DQ&F  



 �������	����  .���$ �����22866 (��� ���): ��	 1399 14 3-42   ����2 C#8�j)!"#$�%(  capacitance (of bushing) 3-42-1   ����2 C#8�j��G� C1  main capacitance C1 � H	F2�KR H4�L .�� ��?�� D�R�J ~�  �	�?\ �- ~�}�%���  �
�8	� �- <� f	���_-���=�8 .��?��  3-42-2   ����2 C#8�jh7 C2  tap capacitance C2  .�� ��?�� D�R�J ~� �	�?\ �- ~� }�%��x

R � �@�� 24 =4�/%9� 42	�  �- <� f	���_-��� �
�8	� =�8 ��?��.  3-42-3 ����2 C#8�j C  capacitance C  � H	F2�KR H4�L .�� ��?�� D�R�J�
�8	� �- @�� 24 =4�/%9� 42	� x

R ���� � ~� }�%�� �- ~� .�	�?\  4 ��	� ����(�      4"#Z#%  &��'� ��	�N#
f7E� )Um(  4-1 �-4�E�Um  �
�8	� �-�-�� k�9���  �-4�E�K��<
� V��X� }�%��T� 42����%9� 24 <6 �IEC 60038   �SN�� �S� 	
�6 O-��� D�� <��4� 24 � =�8 V��<y�2�4	8 ��P%�� �D9� =�8: -550 - 420- 362- 300- 245- 170- 145 - 123- 100- 5/72- 52 - 36- 24 - 5/17 - 12- 2/7- 6/3  1200 - 1100 - 800  kV. 
��5���-  H���<����9��%9� H?�R <9 H�L}�%�� �42�� �Q9�  .��? <� ?�R��√� ��.�8��    ) ��	� �����Ir(  4-2 �-4�E�Ir  �
�8	� �-�-�� <y�2� �-4�E� ?� ��-? 24 =�8 @&N�����\� :4	8 ��P%��  - 4000- 3150- 2500- 2000- 1600- 1250- 1000 - 800- 630- 500- 400- 315- 250 - 100   40000 - 31500- 25000- 20000 - 16000- 12500 - 10000- 8000- 6300- 5000 A. ��-�� �#	R H�L^��r� �PK� �-4�E� �� 42����%9� 24 =�8IEC 60059 ��.�8��   24�
�8	� 42	�H�L 2	���2	/&����  =4�4 2	ZM �\ HV6�� <�	� _��4 ?� H4�L <6��4	8 )����� <rE� �( .��w� =�

6�-��  ��rE� ]r9 2��E� <
�K�� ��rFb
� �LH4 ^-�M D��P� � =4�� � �2  �� �J�
%� <6Ir  ^��r� ���-? �
�4-8 �D9� �-�Q� <y�2� .  



 �������	����  .���$ �����22866 (��� ���): ��	 1399 15 �
�8	�2	���2	/&���� H�L �� ��P%�� H	q� <���	8 <6 Ir  ?� �%Q6%120  ��-���Q9� 2	���2	/&���� =4	Z�  � H�2�4<
�K��  � ��4<
�K��  <��?�2 Y9	%� H��4^��r�  e��� ��4 �
8��  � .�
tQL�
��	%�  <R��� Y-��8  2��^��r� �� 42����%9� IEC 60076-7�  ����q��	� T�-� �	�?\�L�2 �%K�� H �

6 _Qq� .   U�7�: �7���Q ��	� �����E�� )Ith(  4-3 2��E� <6 �r-��8 24tth  �����s 1  ��8��  2��SE�Ith  �S-�� 25   �S����Ir  �S8�� � VSX�    <S6 H42�	S� 24  �\ 2��SE� �PK� .�8�� =�8� H����
�8	 �� H�LIr ?� �%[2V� �- ����� A 4000 �Ith �-��  =2�	QL kA100 .�8��   42����%9� <� ���2� ��IEC 60076-5 �tth  �-���
�8	� H���2	���2	/&���� H�L s 2 ��8��   <S6 H42�	� 24 VX� �PK� �\ 2��E�.�8�� =�8   ���? T�� H��� H�Ltth  ?� �%[2V�s 1��? � ��-�� .�� <r��2 � ���� <%R�[ �C� 24 �-? <r��2 �� ^��r�4	8:  ���� 	 
�� � �|D�  �
�8	� H���<6 2	���2	/&���� H�L  H4�L =4�4 2	ZM �\ HV6�� <�	� _��4 ?���4	8 �    H4�SL �SrE� ]rS9  �� �J�
%�H4�l
QM ��-�� D9� .lQ�� ?� �%Q6  2��E�<y�2�  =�S8 24�-?  �S
�4-2  .�S8��    �H42	S� .�S
j 24 $	� <���4	8 <6  ��-�� H4�l
QM�rE� ]r9 ��  ^��r�T���V�� �� �
��-? 8-8 .�8��   ����� ��	�^#��"��� )Id(  4-4 42����%9� 2��E�Id �-�� H�2�4  <
��4 7��e�� �� e4��� 5/2  ����� 2��E�Ith  � �� ^��r� �
��-?4-3 .�8��   2442�	� ?� ���� ��[W-� <� <�	� ��lQ� �2	���2	/&���� H�L �%N D9� . ?� �%[2V� �-4�E�5/2  2��E� �����Ith <y�2� 24 =�8 �
��-?4-3� .�8�� H2���  <�$	���4	8  2	���2	/&���� =��?�9    T�SM�h� 24 �2 ���S��V�� .�S
j ) �
6 ���� �
�8	� u2�/9 �
��-? <�6-1-4 4	8 <�����.(    4"#�: ����(� �%��% �� 
�����H  ��%���*�  4-5�
�8	� �L�-�� ��2 ���L� �PK� e��� 24 =�81 �^��r� ��  ]r91  �-2 �

6 _Qq� �2 ]r9 .1 2�� H4�M  =4	� � �-���<T2	$ <l
-� �3� �4	8 e�QM� �
6  2��-�� 2��H�%K��  ]r9 ?� �22 .�-�Q� �PK�                



 �������	����  .���$ �����22866 (��� ���): ��	 1399 16 ���� 1- �:#4" ��(��� �%��% �� 
�����H ���*� ��% )<� ?-�L�
��H 4-5 � 8 -10 <����� 4	8(   %#Z#4" &��'� 
f7#NE� )Um(  kV  ����� �	��  A  800 ≤  1000  1600  2000  2500  3150 ≥    ��% ���*� U�
%����%
   N      $�%#!" a]�U�$ ��� ���4  °30 ≤  Cc9�  4%��A� l>�b  1  2  1  2  1  2  1  2  36≤  52  5/72  ��100  123  ��145  170  ��245  300≥  500  500  500  625  625  1250  500  800  1000  1575  2000  2000  625  625  625  800  800  1250  625  800  1000  1575  2000  2000  1000  1000  1000  1250  1250  1575  1000  1250  1575  2000  2500  2500  1575  1575  2000  2000  2000  2500  1575  1575  2000  2000  2500  2500        ��%  ����5���*�   N  1  2  1  2  1  2  1  2  36≤  52  5/72  ��100  123  ��145  170  ��245  300≥  1000  1000  1000  1250  1250  2500  1000  1600  2000  3150  4000  4000  1250  1250  1250  1600  1600  2500  1250  1600  2000  3150  4000  4000  2000  2000  2000  2500  2500  3150  2000  2500  3150  4000  5000  5000  3150  3150  4000  4000  4000  5000  3150  3150  4000  4000  5000  5000  4�
%9� �� <� 42����%9� IEC TS 61463 �2��H�L  ���L�=���H2�4��� _��8 2�� <��-�� � 2�KR 4�� )Pa 70 (��4	8 .  H��� �
�8	�H�L =���H2�4�� 24 <-��? °30> DZ&� <�  2	q�vy�F� <�$	� ��4	8 B�3
L 24 �
�8	� 4	� �?� ��P%�� 2�� �	�?\ � u�2 ��\ 24 �C� <%R�[ 4	8 .�-4�E� <y�2�=�8 24 �p�� �J�
%� �� �
�8	�H�L vy�F <6 �-�� 24 D��F	�  vy�F����[ 2��F �	�?\ Dq�� ���8�� .<�$	� ��4	8 �[� �- �
�8	� _-�� �- �ER� �-�� <� T2	$ vy�F Dq� �	�?\ 2��F �4��3� �- 2�� e4��� <R��� 4	8 �� 2��%K[ �KQ� 24 DQ&F x

R <6 Y9	� �?� 	��
�8 =��� .�N 24H2�4�� 4�X-� ���4	8 <� D94 �-\. �[� �- �
�8	� vy�F �-�� <� T2	$ �ER� ����[ 2��F �	�?\ Dq�� 2�� �	�?\ �����	� <� ��QL T2	$ aL�6 ���-.  ]r9 1 :2�� H4�M� ]r9 2 :2�� .�3
9.  <�$	� �� 4	8H��� �
�8	��-�L <6 <C/q� �E-�M �-p�� � �
�-��  ��\Y9	� 2�� �8��[1 �� H�2 H4�L D��| HV6�� }�%�	� ����	8�  ��V��2�� �	�?\ ���L� �� 24 �C� .%R�[ @-�� ��2��N H4�L<� <�	� �� � 2	ZM ��-�� ��Q9� ��P%�� 4	8.                                                        1- Clamping force  



 �������	����  .���$ �����22866 (��� ���): ��	 1399 17   4����a]�  4-6�
�8	� <QL �L�-�� H��� L 24 @���  <6 �Z�8 �� <-��?�%K��  ?�°30 <� DZ&� 2	q�  vy�F �N��h ��8�Z�  <-��? �L .��	8 @���3-4� �-�� k�9��� .��w� � 2��-�� .�� ^R�	�.4	8 .���� =�

6  :
��5���  <6 �
�8	� �-24 <-��? �%Q6  H��&� �-°30 <� DZ&�  2	q� vy�F4	8 @�� �
�8	� � vy�F�� <%R�[ �C� 24  .4	S8  <-��? 24 <6 �
�8	� �-H��&� �- �%K�� °70  <� DZ&� 2	q� vy�F4	8 @�� �  SC� 24 �SER� �
�8	�  �S� <S%R�[ �   �S- .4	S8 �3-4 <-��? �L 24 <6 �
�8	�H 4	8 @���� <%R�[ �C� 24 _-�� �
�8	� �) 4	8 <� �
��-?6-1-5 .(4	8 <�����   4"#�: 4�G�8 ���� �$N2  4-7 H��� �8V� <
$�R<C/q� �E-�M H�L�-�� �� ^��r� 42����%9� IEC TS 60815-2  �-IEC TS 60815-3  VX� ��8��.��w� � 2��-�� .�� H�3-4 ^R�	� <6 H42�	� 24_$�N =�

6- =�8�  <l
-� �- 24 �\ 2��E� �PK� �	�?\.�8�� =�8   T2	$ 24<� ?��� �	�?\ ��M	
�� �[4	�\ H�L�-�� �	�?\ .-� �� ^��r� �L 42����%9�IEC 60507 .4	8 B�X��   
��5���1 - �� ��8V� <
$�R ��F�� 2��E� T2	$ <� ���	���9�9 �%[2V�  42����%9� 24 <6 <t�\ ?�IEC 62155 ���� �D9� =�8 .�8�Z� �%lj	6 ��� ��8��   
��5���2-  42����%9�IEC TS 60815-1  �8V� <
$�R<j2��l- n	�P�1  �� v�&E� �
6 �8V� <
$�R T2	$ <� �2<
�K�� =��� }�%��?�R H2�4��  .��? <�k�9���  �
��-?3-24 �� O-��� .�
6� a��.-� ?  <� ?�R }�%�� �8V� <
$�R <Z9�q� H��� ?�R �PK��� =4�/%9� =�8<6 �
�� .-�� .�8 DZ&� √3 .42�4 4	�� �%��2�� �4 .-� .��   C����A�
�* ��� I��N8� � �����  4-8=��� Y-��8 Dq���4 �H4�M H2�D-4��q�H�L DQ&F �-��4HV
R H�L <6 �Q� 24�E-�M =4�� �� k �
%&L �  <�g�8 �-? ��:�8��  
− °C 105 H��� �� �
�8	�  m��6<%K�\<� =�8 O�� k�6 :.��2� 
− °C 120 H��� �� �
�8	�  m��6=4�4 ��	�� � .-?2 �� =�8 m��6<%K�\=�8 <�  <� .-?2d��   �S� �
�S8	� B�Q  �M	
�� 4�	�<%K�\<� =�8 � k�6 :.-?2� 
− °C 130  H��� �
�8	�^-�M� k�6 :?�[ �� =�8.  ��V��a-�VR� B�[ H��4<rE� .-�� <� DZ&� <
�K�� 9	%� H��4SY�q� H�	L <��?�2 Y<6 � 
��-? �� ^��r�S � 5-3 )°C30( ���8���  ?� �-�Z� �-4�E�.����  e��S� 24 =�82   4	S8 �%SK��     ��E-�SM 4�	S� �-�S9 <S
��? 24 . D-4��q� �-��4 H�L�-��   B�SM� =��?�9 Y9	� 4	S8 .  .�S
tQL  �S-�� 9� <S� SSSH�L42����% IEC 60216-2 �  IEC 60505  ���2� =4�44	8.   H���<��-��8	� Tp���� � �L e��� 24 ��4 a-�VR� ��
�2 <y�2� .D9� =�8                                                   1- Unified Specific Creepage Distance 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 18 �
�8	�V� <6 �-�L �- ?� �y=�3%94 �� �
��� ��
8��_$� � �rF H�L��
6 &���� �2	���2	/ ��L�-��  T���V��  ��2��N=�3%94 ����8	� H��� .��?�9 =42�\�� �2 YZ�
&���� H�L2	���2	/ ��-�� �
��-? <� 4-2  =4�4 ���2� .4	8  � � Y�q� H�	L H��4 =4�<h	� e��� 24 H2�4 O-���.D9� =�8  �
�8	� H���&���� 24 <6 �-�LS2	/2	��� T2�F H�L<h	���2�4 4��2�6 �-�� 24 2�E-�M 4�	� ?� �Sp�� H��4 � � �� k�9� 42����%9�IEC 60076-148 =4�/%9� �4	 .D-4��q� �-��4 H�L�
�8	� �L�-��  ^R�	� `�h �4 .�� .4	8  �� <�$	� 4	8DQ&F �� k�Q� 24 H�L�8�� H���<� �HV
R H�L ��V�� ��	��-�  =4������� 24  ��4 a-�VR� _Qq�  <�	� n�� T2	$ <�.4	8   m�R	�)�(�  4-9 �E-�M ]r9 �-4�E��-��  e��� ?�3 .4	8 ��P%��  �PK� �-4�E�r9 =�8M ] �E-��� ^��r� H�L42����%9� IEC 60038  �IEC 60071-1 ��.�
8��                                  
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9�=�

6 �� ��
8���%�� D9�  <S6  2��S-���   �S9�
L 4�S���    DS�� H2��S�  ���-?2�T�Q�C
� n�� �2 .�-�Q� <y�2�  6 -1 -2 ��%��:  ?� 2	C
� �4��2�6�3%94=L-�� D9� �\ H��� �
�8	� <6�L   �S� =4�/%S9� � 4	S8   42����%S9�IEC  �J�S
%�  �S� =�3%94�L  V���-�� .4	8 <y�2�                                                   1- Very Fast Transient 2- Resonant ringing voltage 
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� �
�8	��L k�9��� H�L�
��-? 3-2  ��3-22 �� T2	$4�-m�. 6 -1 -4 ��	� ����(�  �Q9� �-4�E��-��  <�g�8 :�8�� �-?  
− <
�K�� }�%�� V��X�T� )Um) ( <��
��-? 3-23 4	8 <������( 
−  .��? <� ?�R �Q9� }�%��) <��
��-? 3-24 4	8 <������( 
−   SS9� �E-�SM ]rS9) 42����%  <S� �S
��-? 4-9  4	S8 <SS�����  /� �-�SSE�� �	S�?\ H}�S%�� ]rSS9 � (  ���SSQM� �S- ) 2	���2	/&����4��2�6 T2	$ 24( ) <��
��-? 9-4 4	8 <������( 
− ) �Q9� ��-��Ir) ( <��
��-? 3-25 4	8 <������( 
− =��	6 ��2��N �Q9� ��-��T�� )Ith) �Q9� ���? T�� � (tth <6 ��2	$ 24 �( �S�   �-4�SE� .�S��� 24 =�S8 �
��-? 4-3 �8�� T��/%�� 
− ��-�� �Q9� l���
-4� )Id( <6 ��2	$ 24 ���  2��E�.����24 =�8 �
��-? 4-4 �8�� T��/%�� 
− b��6�R  �Q9�) <��
��-? 3-29 	8 <�����4(� 
− <
�Q6  �-4�E� ����� 24 H2��-��2�� ���L�  �� ^��r��-? �
�4-5�  
− <
�K�� �	�?\ ~� D�R�J 2��E� �� ^��r� �D9� ?��� �%Q6 2��E� <6 ��2	$ 24 ��-? �
�4-10. 6 -1 -5 ��$�n U�
%
����%  Y-��8=���H2�4�� �-�� :�8�� �-? g�8 <�  
− <R���) 4��2�6 T2	$ 24 ��%F	� H�L}�%�� <� �
��-?5-1 4	8 <�����(� 
− ?� �[� ���/�2�m  1000 ) 4	8 �%K�� <� �
��-?5-2 4	8 <������
�8	� �� YZ��� YER) ( H�L<%&� H�dR � ?�� H�dR k�9��� H�L�
��-? 3-16  ��3-20(� 
−  H��4 � Y�q� H��4=4�� <h	� �-4�E� ?� �[� H2�H4�M ) �8�� <%8�4 `��q�� <�  �S
��-?5-3   e��S� �4 4	8 <������
�8	� �� YZ���) ( �Lk�9��� H�L�
��-? 3-16 �� 3-22(� 
−  �	�=4�� <h	� H2�8	� �� YZ��� YER)S�
� H�L<h	�2� T2	$ <�  �- �yV� _��6 S9���Sk�  H�L�S
��-? 3-19 �� 3-22(� 
− <
�Q6  ]r9=4�� <h	��
�8	� �� YZ��� YER) H2� H�L<h	� 2� T2	$ <�    _��SS6 �S- �SyV� S9���Sk� H�L�
��-? 3-19 �� 3-22(� 
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− �
�8	� �� YZ��� YER) �E-�M ?�[ �	��� H�L^-�M �?�[ �� =�8 � ?�[ �� =�8<%K�\  <S� =�S8   ?�S[ k�S9��� H�L�
��-? 3-5 �� 3-7V��X� ?�[ <6 ����? �T� (D9� �
�8	� ?�[ �� f�Z�2� 24� 
−  2�KR �Q9��� ?�[^-�M H��� =�8 )�
��-? <� 3-30 4	8 <�����( �
�8	� �� YZ��� YER)�� H�L  �S� =�S8 ^-�M �?�[ � ?�[ �� =�8<%K�\<� =�8  ?�[k�9��� H�L�
��-? 3-5  �S� 3-7    VS��X� ?�S[ <S6 ���S�? �T�  24 	� ?�[ �� f�Z�2�(D9� �
�8� 
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�K��  2�KR=���?�[ H2�4�� �
��4 ) �
��-? <�3-31 4	8 <����� (�
�8	� �� YZ��� YER)�� H�L �� =�8 ^-�M �?�[ � ?�[ �� =�8<%K�\<� =�8  ?�[k�9��� H�L�
��-? 3-5  �S� 3-7    VS��X� ?�S[ <S6 ���S�? �T�  24 (D9� �
�8	� ?�[ �� f�Z�2�� 
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�K��  2�KR=��� ?�[ H2�4����2�� ) �
��-? <�3-32 4	8 <������
�8	� �� YZ��� YER) ( H�L<h	� 2�  T2	$ <�_��6 �- �yV� k�9��� H�L�
��-? 3-19 �� 3-21(� 
−  42����%9� �-4�E� ?� �[� �@�� <-��?4	8 �%K�� ) �
��-? <�4-6 4	8 <�����(� 
− <
�Q6 ) ���� =W-� �8V� <
$�R �
��-? <�4-7 4	8 <�����Z��� YER) ( aP� �� Y?�� H�dR  �
�S8	�  �SL k�9��� H�L�
��-? 3-17� 3-18  �3-20(� 
− H4�M��� �-�	L � �\ Y-��8  �
�� � 4�-? �
�� H�L��4)v6      4�S� ��-�S8 �[4	S�\ �H��S&��[ DS�	h2 � 4�-?(� 
−  Y-��8=?�� <6 ��2	$ 24 �H����-?2� ) D9� ?��� �
��-? <�5-4 4	8 <�����.( 6 -1 -6 Q��d� �� <�$	� 4	8 2��-�� 24 �2 �-? T���V��4��2�6 T2	$:�-�Q� vL��R �  
− �
�8	� H���.��w� H�L �_��6) �	� ��rF :H4�L ���� =�8��	�  �- <
������	�1 =4�� �(�    H4�SL DS��F	� <6 =��QL �
�8	� \ �� �=��� 42	�DR�[ �L�	� 2��F H2�4��� 
− �4	�� T2	$ 24 �n�� H4���� T���V�� 
−  ~� �- �	�?\ ~�	$ 24 }�%��2) ?��� T H�L�
��-? <�3-38  �3-39 4	8 <������( 
−  e	h<-�� .��?=�82  �L �- x

R 2�
6 24 �E%&�<
�9� D��|�3-4 =�

6�4	�� T2	$ 24 � 
− �
�8	� D��F	� <� f	��� �
6 T�M�h�� DQ&F <� DZ&�.��? H�L=�8 24 �L�3%94  H��� �
�8	� <6 a�� �\ �
��) D9� =�8 �
��-? <�7-1 <����� 4	8�(                                                  1- Hollow stem 2- Earthed sleeve 
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6 _Qq��	�?\ � u�-m� ��L 2��l� H�L4	�� T2	$ 24�( 
− �-�� ]r9  24<�	�  <6 H4�L �� 2	���2	/&���� �
�8	� �- HV6��?�  _��4<�	�  HV6��=4�4 2	ZM �\ =�8 ) �8�� ��2�� aP� ��/�2� B	9 �- ?� �%Q6 <6 ��2	$ 24 �D9� �
��-? <�8-8 4	8 <������( 
− vL��R��8 �- H?�91 <�	Q�?� H��[ .�-��   <�$	��� H��� 4	8�
�8	�� ?�[ �- �-�� ?� <6 �-�L^-�M H��H�
� �� =4�/%9� ��

6 H�L42����%9� <�  ���2� YZ���4	8 =4�4:  
− IEC 60376  �
R <%94 H���SF6 
− IEC 60480  H���?� 4�X� =4�/%9� SF6 
− IEC 60296  H����- ������ �E-�M .��2 
−  IEC 60836 ���H ��-��L��	l�
�9 �E-�M H 
− IEC 60867  H���.��6�2��Ll�����2\ H�L� �M	
�� 
− IEC 61099  H��� ��\ H�L�%9��M	
��  4��Z���\J
�*  6-2
��-? .-�S8	� H��� �S�
� H�L_-���8S=�  ��?��24 9 � �L}�%�� <�
6S8	� �-�S�
� <6 �-�LUm ��S e4��� kV 5/72 � �� =4�/%9� ��2�4 ��p���
�8	� �-�9 H��� .4	8 <6 �LUm  �� e4��� kV100 ��2�4 �%Q6 � � <��K�H2�m[H�L �PK� �� =�8 ��� �R�6:�
8��  
� B�� .��w� �- =�

6 ��K��H2�X� 
�  =2�Q8 � D��9 e�9e�-�9� 
�  <9�
8.��w� �	��=�

6 
�  D��9 _q� � 2	K6�-�� g	�� <� ��8�� ��PK� _��F 
� <
�K�� V��X� }�%��T� )Um) ( �
��-? <�3-23 4	8 <�����( }�%�� �- �Q9� ) .��? <� ?�R �
��-? <�3 -24 <����� 4	8) �Q9� b��6�R � ( �
��-? <�3-29 4	8 <������( 
� ) �Q9� ��-��Ir) ( �
��-? <�3 -25 4	8 <����� �[� .( �4	8 .��w� H4�L ���� �
�8	��-��  �rE� ]r9 H4�L .��w� Y9	�) 4	8 �PK� =�

6 �
��-? <�4-2 4	8 <������(                                                  1- Valve 
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��-?9-4 4	8 <�����(�  
−  D�R�J ��?��) �
�8	� �
��-? <�3-42 4	8 <�����(  ��E-�M T�/
� @-�� �	�?\ �� <6 H�L�� <� �� <���2�6�� <%R�[ =?���� H����	8 
−  2�KR � �E-�M ?�[ �	� �Q9�4�6��) � �
��-? <�3-30 4	8 <������4��2�6 T2	$ 24 �( 
− <
�Q6 2�KR =���H2�4�� 24 ?�[ °C 20�4��2�6 T2	$ 24 � 
− <
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��-? <�4-6 4	8 <�����(.  H���e��� ?� �-�L���H�L <��K�H2�m[  <�_l8 H�L2 �� 4 .��
6 <�����  � 
��5��1- =?����D�R�J H��[ ��?��  ��E-�M T�/
� @-�� _q� 24 <6 =���H2�4�� �� B�X��      �-4�SE� �S� DS9� .SlQ� 4	S8 <���2�6 H�.���� H�2 �� =�8���� .�8�� T��/%�    
��5���2- �
�8	� H�L_-��� =�8 �� ��?�����<
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r�   @^$2 - 4��Z� t�H!"#$�% 
��% 
��\J �% 
�*4"#Z#% 	� &��'�N#
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�� �% 
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f7 ��	� &��'�E� )Um(  �� ���: �� ���T�kV 52 4�2�	) �c#:�7 W��) �� 6��� _���T� ���� �� 4Z#$ _r#���	 �� U�$ �"%��� 4%10 -3 ��$ 4T����(  



 �������	����  .���$ �����22866 (��� ���): ��	 1399 30 7 ����5 E���N'�  ��: E���N'�  7-1�	�?\ <�
6 �L�-��  42����%9� �� ^��r�IEC ��� <� �PK� �
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6 .�-�Q� vL��R �=�8N � �l���l� ��l-�%l�� H�L g�h <� f	��� ��2�� <y�2� =�8�-�� ?\ �- 2��l� .4	8 =4�4 a8	� �	�?\ �L�	8 ��H2�Z�� ����? ��
� �M	� �	�    �S- 24 <S6 D9� �PK� �n�� 4�42��F.�8�� =�8  .��w� �2��-�� D9�	�24 ^Zh =�

6�-��  �� YZ��� T�M�h�<
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��	%� �-��  <S�
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�Z� @�9\ � �
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6
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P� H�2 ?�  ]rS9 ̂ -�SM   �S-  ��2	9.D9� ��-w� 42	� �
�8	� �	�?\ <X�%� ��L�� �2 �[�8    ����5�%��% �� 
�����H E�� ��,�d E��b =��:�8 &��'� )ACLD(   8-3 8-3 -1 ��%��:\H��
 �
�8	� <QL H��� �	�?\ .-� �� 2	���2	/&���� H�LUm  �� e4���kV 170 �6 ���p�� �-2.42�4 4��  8-3 -2 E���N'� � ����5 s��  }�%�� �-��_N��� ^Zh <y�2� _l8 24 =�85  �-? g�8 <�:4	8 e�Z�4   
−  }�%�� ��%�� ���,�	��√� 8 =4�4 a-�VR�=� � �< ���? T�� min 5 8�4 <3�.4	8 <% b�9  <S�
P�   =?��S�� �SyV� �4	8 <%R�[ 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 37 −  }�%�� <��4� 24  �S��� � �,�	��√�   =4�4 a-�VSR�    ��S�? T�S� <S� � =�S8 min 5      ��4�SX� .4	S8 <%S8�4 <S3�  <�
P��4	8 <%R�[ =?���� �yV� 
−  }�%�� D-��� 24 ��=Um U1 8 =4�4 a-�VR�=� ���? T�� H��� � min 1 4	8 <%8�4 <3�� 
− �R��� �	�?\ ���? T�� ?� b� <
$ </F� z�L ����H�}�%�� �  <�U2 =�8 =4�4 aL�6  �    T�S� <S� _F��SN min 60  ���? T�� .4	8 <%8�4 <3� �-��.�8�� �	�?\ b��6�R ?� _E%&�  �-��<�
P�   =2�4 _S6 �Sh �yV�  �}�%�� e�QM�� =�8 �92�� =?�� �hH�L min 5  DZ|4	8� 
−  <��4� 24 <��,�	��√� =4�4 aL�6�? T�� H��� � =�8�� min 5 <�
P� .4	8 <%8�4 <3� �yV� V�� <%R�[ =?���� �4	8 
−  D-��� 24 <�0 V .4	8 =4�4 aL�6     @^$5 - @��8��H ���)� E�� ��,�d ����5 
��% &��'�  �#	R _l8 24 ���8U1 � }�%��.8�2��82 <� f	��� V��X�T� .D9� �	�?\  8-3 -3 \H�s�  z�L <6 ��2	$ 24 �l-�%l�� <�
P� <�	[ H�2 ?� ]r9^-�M ��2	9 �- �
�8	� �	�?\ <X�%� ��L�� �2 �[�8 D9� ��-w� 42	� .�
�8	� H��� H�L_-���=�8  ���?��<%R�[ =?���� ��?�� D�R�J <6 ��2	$ 24 ?� b� =�8 �	�?\ <M	QX�J ?� ��p�� <-p �- ��?�� D�R�J =?���� <� ��L<%R�[ =?���� ��ZF <6 ��?�� D�R�   �DS9� =�S8  ��8���� ��R��2	9 �- <6 4	8.D9� =4�4 �2 �[�8   ��	�?\ ?� <
N�� �L 24<
�K�� <�
P� u�-m� _��F �-4�E� ��yV� ��
�8	� �	� k�9��� �-�� ̂ SZh   e��S�9 .�8��                                                   1  - Ustart 2- Switch-in  



 �������	����  .���$ �����22866 (��� ���): ��	 1399 38   ����5�%��% �� 
�����H   rZ2 4()�G 4%�p &��'�  8-4 8-4-1 \H��%��:��
  �	�?\ .-��6 �
�8	� ��	�� <QL H���2.42�4 4��  8-4-2 s�� ����5 E���N'� � ��� e��� 24 �	�?\ }�%�� =?�3 <y�2�	� .D9� =�8
�8 � �-������ 24  42����%9� <EM�$ <��� µs50/2/1   <S� 4��[ 2��F �-? g�8:  
− 15  <���_��6 <EM�$1 �\ <��4� 24 � DZ�� D�ZrF ��� 
− 15 �/
� D�ZrF �� _��6 <EM�$ <���. ��
�8	�L2	���2	/&���� H��� �LH  ��Um ?� ��p�� kV 5/72   �-��:���� 24  
− 15 DZ�� D�ZrF �� _��6 <EM�$ <��� �\ <��4� 24 �� 
− 1 � D�ZrF �� _��6 <EM�$ <��� 24 �/
% 110  }�%�� H2��-���Q9� b�9 �� 
− 5  <EM�$ <���u��=42	�2  24 �/
� D�ZrF ��% 121  }�%�� H2��-�� � �Q9�b�9� 
− 14 �/
� D�ZrF �� _��6 <EM�$ <���  24% 110  }�%�� H2��-���Q9� ����[ 2��F.   ���?�l-�%l�� <�
P�3  H�2 ��<
�9� u��=�
L4 7	��  �-��.��  µs2 �  µs6 .�8��   �D�ZrF ����� ?� b��� ��	�<��� ?� �����LH�2�4 H <
��4 �%Q6 �2 <��� ?� _ZFH�L �
$� ��	�?\   e�SQM� 4	Q�� .=?� e�QM� .�� ����? H�L }�%�� ���	%��-�� =?���� <�H� ?� �� �8�� �R�6     ��S
ZF H�SL}�%�� e�SQM� T��S|� .�-�Q� H��[	
�  DZ| }�%�� <��� �L H����-��  B�X��.4	8  8-4-3 \H�s�  �
�8	� �	�?\ <X�%� ��2	$ 24 D9� ��-w� 42	�<6:  
−  �%�ZrF z�L 24��2	9� ��L�� �2 �[�8 
−  4����<�
P�H�L �l-�%l��  ^-�M ]r9 H�2 ?� �L H��� �	L 24<M	QX� 15 �4 ?� a�� �<��� H4�M  4�SM �4	K�  VX�24 �
�8	� <6 2	���2	/&���� H�L:D9� ?�X� �-? 42�	�  
−  z�L�l-�%l�� <�
P� H�2 ?� ]r9 ^-�M  ��DQ&F H�2<h	� H�L��L�� �2 �-�� 24 2� 
−  �DZ�� D�ZrF 24 �4 ?� a���l-�%l�� <�
P�  ?� H�2 ]r9^-�M  � ��L�� �2 �	L 24                                                  1- Full 2  - Chopped 3- Sparkover  



 �������	����  .���$ �����22866 (��� ���): ��	 1399 39 −  ��/
� D�ZrF 24 z�L�l-�%l�� <�
P�  H�2 ?� ]r9^-�M .�L�� �2 �	L 24 �
�8	� H���^-�M H�L =�8 ��?�[ �� ?�X� �-? 42�	� V��:�8��  
− <�
P� 4������P� H�L1  H�?� <�15 .4	8 �%K�� 4�M �4 ?� �-�Z� �<��� 
− ���P� <�
P� z�L � ^-�M H�2 �-�Z�4	������-?��=��	82 .�L4 �2 <6 ��2	$ 24  ?� <��� �-15 D�ZrF �L ?� <����  <� �X
� ��P� <�
P�4	8�  ���� <��� x
� _F��N �-�� =4	� ��P� <�
P� 42	� ��  ��-w�4��[ 2��F. D9� �6c <� B?p    ?� <��S� x
S� .-��\ ?� �l- <��� .-� �[�15  D�ZrF �L <����8��<��� � H�%K�� H�L �-��.4	8 e�QM�         H�L�S8 ��	S%� �S
��4 �SL <S� � �SL4 �2 ��P� <�
P� �[� DSR�-   <S�
P� <S6    ̂ -�SM H�2 �S� ��SP� H�SL  4	����-?�� =��	8D9� =4�4 �2 � �
�8	� �-���	�?\ _�Ql� ?� b�H4 H�Ll-�%l����     �S92?�� � =�S8 ��S� 4	8��2	9 �[� . �[�8 244	���� ^-�M���-?�� �4	8 =�L�K� =��	8�%�.D&�� ��-w� 42	� �
�8	� �	�?\ <X   ����5 �%��% �� 
�����H  +�d�� �� rZ2 ����#�: 4%�p &��'�  8-5 8-5 -1 \H��%��:��
 �
�8	� <QL H��� �	�?\ .-� �� �LUm �� H��&� �- �%[2V�kV  300�6 �2.42�4 4��  8	� H��� �K� �	�?\S�
� H�L<%&� H�dR<h	� � 2�<%&� H�dR  � S��6 T2	$ <�S_  Sh	�S<2�  S9���Sk� H�L�
��-? 3-16 �3-19  �3-21 42�4 4��2�6.   �	h�� �	�?\ V��8	� H���S�
� H�L?�� H�dR �9���Sk� H�L�
��-? 3-17 �3-18 � 3-20 42�4 4��2�6.  �#	R 42�	� �� =��M �
�8	� <QL H��� �K� �	�?\ �� 2	���2	/&���� H�LUm �� H��&� �- �%[2V�kV  245 � 42�4 4��2�6.  8-5 -2 s�� ����5 E���N'� �  H��� B�X���	�?\ .-� ��L��?� ��	�  42����%9�IEC 60060-1  =4�/%9�4	Q� .<� 2	C
� <�Z8 Y-��8 H?�9  =���H2�4�� �
�8	� � �-���- H�2 �� .��? <q/$ =�8 =?���� <� �
�8	� 2	q� ?� �M��8 T2	$ <� <6  _F��N L4/0 �4	8 @�� �42�4 <
$�R �T��� <�
6 24  <6L  <
$�R<F�� ��?�� �
�8	� �K�� .�8��e���  H	F 2�KR �-���
�8	� 2	q� H�%9�2 24 � <rE� 24 H�<
$�R _F��N �� L 4/0  ��
�8	� �-p�� <rE� ?� ��p��  .4	8 2��F��<h	� T��-V� <
��? 24 H2� <� f	����
�8	�<h	� �\ H��%�� �- <6 �-�L�� 2���8��  �-��  _$�N ^R�	�4	8. QL.�
t D9� .lQ� �^R�	� �h �
�8	� H��� =4�/%9� 42	� H�L24  � �rF H�L��
6 _$� .��? <q/$ �- �H?�[ ^-�M�%lj	6 =�8 .4	8 ��P%��    e��� 24 �	�?\ }�%�� =?����3 <y�2�.D9� =�8                                                   1- Disruptive discharges 2- Non-self-restoring 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 40  �
�8	� �-������ 24  ��?��
6 42����%9� <���µs 2500/250 :4��[ 2��F �-? g�8 <�  
− 15 rF �� <����\ <��4� 24 � DZ�� D�Z� 
− 15 �/
� D�ZrF �� <���.  �
�8	� H����� H�L �� 2	���2	/&��Um �� H��&� �- �%[2V� kV 245 � �-�� �K� �	�?\H�3-4 �� =��QL 15  24 �/
� D�ZrF �� <���%110 }�%��  H2��-���Q9� .4	8 B�X��  �� �D�ZrF ����� ?� b�<��� ?� ���� ��	�H�2�4 H�L <
��4 �%Q6 <��� ?� _ZF �2  e�SQM� ��	�?\ �
$� H�L =?�� .4	Q� ���	%� }�%�� e�QM� .�� ����? H�L�-�� =?���� <�H�      ��S
ZF H�SL}�%�� e�SQM� T��S|� ?� �� �8�� �R�6  .�-�Q� H��[	
�   <��� �L H��� }�%�� DZ|�-�� .4	8 B�X��  8-5 -3 s��\H  :�[� D9� ��-w� 42	� �
�8	� �	�?\ <X�%�  
− ��2	9[�8�[� � ��L�� �2 �%�ZrF z�L 24 � 
−  4����<�
P�H�L �l-�%l�� ^-�M ]r9 H�2 ?�  �L H��� �	L 24<M	QX� 15  �4 ?� a�� �<��� H4�M  42	S� �4	K� �
�8	� H��� VX� <6 2	���2	/&���� H�L:D9� ?�X� �-? Y-��8  
−  z�L�l-�%l�� <�
P�  H�2 ?� ]r9^-�M 24 DQ&F<h	� H�LL�� �2 �-�� 24 2��� 
−  �4 ?� a�� �l-�%l�� <�
P� H�2 ?� ]r9^-�M  � ��L�� �2 DZ�� D�ZrF 24 �	L 24 
−  z�L�l-�%l�� <�
P�  H�2 ?� ]r9^-�M .�L�� �2 �/
� D�ZrF 24 �	L 24 �
�8	� H���^-�M H�L =�8 ��?�[:  
− <�
P� 4���� ��P� H�L<M	QX� �L H��� 15  H4�M.4	8 �%K�� 4�M �4 ?� �-�Z� �<��� 
−  z�LP�4	���� ^-�M H�2 �-�Z� ���P� <�
���-?��.�L4 �2 =��	8  ?� <��� �- <6 ��2	$ 2415  ��P� <�
P� <� �X
� �D�ZrF �L ?� <���4	8 ���� <��� x
� _F��N �-�� �   ?� <��S� x
S� .-��\ ?� �l- <��� .-� �[� D9� �6c <� B?p .4��[ 2��F ��-w� 42	� �� =4	� ��P� <�
P�15 F �L <���<��� ��8�� D�Zr H�%K�� H�L �-��.4	8 e�QM�     ��	S%� �S
��4 �L <� � �L4 �2 ��P� <�
P� �[� �62�S�    <S�
P� <S6 4�4 <Sy�2�     ^-�SM H�2 �S� ��SP� H�SL  4	����-?���	�?\ _�Ql� ?� b� �D9� =4	� =��	8H4 H�Ll-�%l���  �
�8	� �-��  �S92?�� � =�8 ��� 4	S8 . ��2	9 �[�	���� ^-�M 24 �[�84���-?�� �4	8 =�L�K� =��	8 �	�?\ <X�%�8	�� �
.D9� ��-w� 42	�  



 �������	����  .���$ �����22866 (��� ���): ��	 1399 41   ����5 
�����H�7���Q  8-6 8-6 -1 
��\H��%��: �
�8	� H��� �	�?\ .-� H�L<h	� 2� T2	$ <�_��6 �- �yV� � k�S9���  H�L�S
��-? 3-19 �3-20  �3-21 �
�8	� .-� �E-�M aP� =�QM .42�4 4��2�6 ��L_��8  <6 D9� ��\ =4�� �-24 =�3%94H�L ��   �S- �S� =�8 �E-�M =4�� �� 2��F =4�/%9� 42	�4��[<6 � H4�l
QM H��4 �\ �� H��&� �- �%[2V�  °C60  =4	S� �  H�2�4Um  ?� ��p��kV 300  �
�8	� H��� m��6 �� H�L<%K�\<� =�8 �
�8	� �.��2 m��6 �� H�L<%K�\<� =�8   .S-?2 �
�8	� � �M	
�� 4�	� �� H�L<%K�\�8<� = .-?2 � Um  ?� ��p��kV 145   �-�S9 H��S�  ��	S��  �
�S8	� �SL   ��.�8��   �[�k�9��� �	�?\ x-�%�<&-�E� H�L T�Z9�q� �- H�?� ��	%�  H2��-�� ��2��N ��
�Qh� �
�8	�4	Q� _$�N � ��.4�6 `mN �2 �	�?\ .-� ��	�  8-6 -2 E���N'� � ����5 s�� �
�8	� H��%��<h	� H��� <6 �L��2 24 H2�H��N Y�q� �- ����� . <%R�[ �C� 24 �H�3-4 �E-�M =4�� =�8  �D9� �-��<h	� �-�� 24 �-�� H��4 .�8�� 2� �-�� =4��q� 24 K2± 4 H4�l
QM H��=�3%94  �4	8 <%8�4 <3� �
�8	� H��� VX� <6 2	���2	/&���� H�LC� 24 ����� .��2 24 =4�/%9� H���<%R�[ �=�8 ���  �\ 24 <S6  �S�4  �-��°C 2 ± °C 90  ��4 .-� .�8�� �-��x
9��4 ?� =4�/%9� ��H�L  <Sh	� 2�   <S6 �-�S� 24 ��S/�2� 24  cm3  ?� ]r9 �\  � <
$�R 24 4��N cm30  �
�8	� ?�4	8 <%R�[ =?���� ���2�4 2��F.  ��
�8	� H��%�<h	� H��� <6 ��L �- 24 H2�=4�� H?�[ �E-�M� �	L VX��    <S%R�[ �SC� 24 	S� 2�KR 24 �S8 = �D9�  �-�� @9�
� T2	$ <� 24 �E-�M ?�[ 24<
�Q6 O-��� 2�KR �
��-? 24 =�83-30 <h	� ?�[ .4	8 2� �-�� ^R�	� H��4 24.��w� � 2��-�� .�� =�8 .4	8 <%8�4 <3� =�

6   H4�L T�/
� �� �J�
%�Ir  �-��2 ��u� <�Z8 �@9�
� �%���E� v�9 ����t�� u�2 �- .4	8 H?�9 ̂ -�SM  =�S8 �h��3%��9 H4�L �- `�1   ��S-�� � v�9 D���E� .D9� @9�
� �Z
� �- �� �\ <-m�� �  �S-��  <S�	[ <S� H�  �� <��K� T�/
� <6 4	8 v�C
�H4�L .�
6 4�X-� �-���   �	�?\ }�%���-��:  
− Um  �� �
�8	� H���Um  ?� �%Q6 �- e4���kV 170 .�8�� 
− Um 8/0  �� �
�8	� H���Um  ?� �%K��kV 170 .�8�� �?\.4	8 ?��\ �-�Z� �4	8 4�X-� �
�8	� � �-�� .�� ��2��N e4��� <6 ����? �� �	   ��	�?\ �h�E-�M T�/
� @-��  �-��=�8 <%R�[ =?���� B���� T2	$ <�     Y�Sq� H�	SL H�S�4 �  �S-��  �SL 24 =?���� DZ| H��[4	8.                                                   1- Dummy 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 42  <6 ����?�E-�M T�/
� @-������? =?�� �- �h � h 5  ?� a��0002/0 �� a-�VR� ��S��   �
�S8	�   e4�S�� <S�  ��2��N.D9� =��92 8-6 -3 s��\H   D9� ��-w� 42	� �
�8	� �	�?\ <X�%�   <S��4� 24 � �S9�� �S�2��N e4��� <� �[��  �	S�?\ H4 H�SL Sl-�%l���   �� <� ��  ��3QKj ����� ���� �2<� DZ&� .�
6 _Qq� ��
ZF x-�%�   ����5
�* �9#d�"?����^'� 
��J��	 )EMC(١   8-7 8-7-1 ����5 ��Z��� 8-7-1-1 ��:
��\H��%  �
�8	� <�
6 H��� �	�?\ .-� H�L<%&� H�dR  �?�� H�dR  H�2�4 <6<
�K�� V��X� }�%��T� )Um (  �S- �%[2V� �� H��&� kV 123 �� ��
8��42�4 4��2�6. 8-7-1-2 E���N'� � ����5 s��   �
�8	� �-�� �
��-? 24 <6 <�	3��QL7-3 ��8 ���� .4	8 @��  DQ&F �-�9 � x

R.��? H�Le	Q�� =�8 � �-�� .��	8 _�%� .��? <��� <�$	�4	8 B�X�� B?p DF4  �� 4	8 �|� ?�H�-m� =?����H��[ �L?�  ���8�.��?.��? �- =�8=�K�  �-4V� <�  =?��S�� 2��S� � �	�?\ � �
�8	�  H�S�[  .4	8 H��[	
�   �
�8	� �-�� V�Q� � �K� � =4	� H��4 �� <��K� ��Z-�E� H��4 24�r�q� �	�?\ �\ 24 <6  �S� B�X��  �4	S8 4	8 =4�4 2��F�� <�$	� . <6 4	8<�	Q� h 2  ?� _ZF�	�?\ .-��	�?\ Dq� �H4 H�Ll-�%l���  2��F �3-4 =4�4 4	K�.  �\ H��%�� � �	�?\ Tp���� ��L�-�Z�  ��	
M <� �-�-	-4�2 7�	�� _���� }�%�� �Z
� � �-4�E� �� �%SK�   <St�\ ?� <y�2� <��4� 24 <6.�8�� �D9� =�8  �H	F 2�KR Tp���� �-��24 4��%�� Y� 2	q�H  �
�8	� ��   <SrE� �S-  <S� _F��N <
$�R L 2/0  Hp�� DQ&F��%��-��
�8	� �  <6 ���- u�%&[L  <
$�R<F�� �S� �
�8	� ��?  .�S8�� <
�K�� Tp���� �rF�  �-��.�8�� �
�8	� �9 �rF O��  =?���� 2��� H��[ �-�� 42����%9� �� ^��r�CISPR 18-2 =?���� 2��� .�8�� ��q���� H��[ �-�� 24 b��6�R �- ��  =4��q�%10  b��6�RMHz 5/0   b��S6�R �-�S9 D9� .lQ� ��� �4	8 v�C
�   =4��Sq� 24 �SLMHz 5/0   �S� MHz 2  <6 4	8 =4�/%9� V�� �T2	$ .-� 24=?���� b��6�R x-�%� .4	8 DZ| H��[ �-��@&N��  ��Sl��   DS��  ����.4	8                                                   1- Electromagnetic Compatibility 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 43  �[� ?�b������=?���� H�Lb������ �� T��/%� H��[�PK� H�L T�2�K%�� 24 =�8CISPR  �S� =4�/%9�  �4	S8  �\ 2��E�?� �%K�� �-�Z� Ω 600  ?� �%Q6 �Ω 30  ?� a�� �-�Z� H?�R <-��? V�� H42	� �L 24 ��8��°20  .4	8  <l
-� ��R ��=?���� }�%��H��[  ��8�� D���E� �� �J�
%� ��Q�E%&� �-�� <6%��   e4�S�� �-	S-4�2 7�	�� _���� }� ���2� =�8<� D���E� Ω 300  <Z9�q� _��FD9� ��
�8	� H��� VX��� D�R�J �� H�L  <S6 �4�-? ��?  .SlQ�  .-� D9�<%R�[ �C� 24 ]�q�� �=�8 ^�F4� D���E� �- �.-����
� .�8�ZΩ 300 �
�8	� H����LH    x
S
R �S� .��? 4��
K�� �=�8��4	8.   �%
�RF  �-���- =?���� b��6�R 24 �4�-? b�������8�� <%8�4 H��[� <�<�	[   2�SKR H4�SL .�� b������ <6 H� �� =�-4 �	�?\ Dq� �
�8	� ?� <6 .��? � H	F �4	8 ���	� _��F T2	$ <� �|w%� �%
�R H?�	� b������ ?� 4	K�. ��-�� �%
�R .-� .�
tQL<6 ��2 �	�?\ 2��� 24 H2�� �-	-4�2 b��6�R �� H�L    2�SKR 2	���2	/S&���� �� ���	� H	F �- =�8�h�9 �
$� ��� ���
� ?��� aL�6 �D9� =�8   S
� 2��SE� .�SL4S  S�� H��S� @9�S�\ b����  Ω 10000 �� Ω 20000 =?���� b��6�R 24H��[ ��.�8��    �-����  �@9�
� 2�V�� ?� =4�/%9� ]r9 <6 4	8 _$�N ��
�Qh�	�<R <
��?H�1  _�����24  ]rS9) �-	-  _���S� 4�X-� �-	-4�2  	SF 2�SKR 2	���2	/&���� � ��2�� ����� <
�9� <� =�8      ��	S�?\ _S��6 }�S%�� 24 <S6 ���S�? H  �&�h�
����4	8 (_F��N dB 6  ��q���� �dB 10 ��� ]r9 �-?�PK� �-	-4�2 _�  
�S8	� =�S83�   <S6 �-�� 4��[ 2��F �	�?\ Dq��� �u�2 .�8�� H�L�X
9��=?���� 2�V�� H��� �[  =?��S�� H�L2��S� � H��   <S� H�S�[  H�L42����%9� 24 @����CISPR 16-1  �CISPR 18-2 <y�2�.D9� =�8   ��� � 4�[ �- `���� �� �-	-4�2 _���� ]r9 D9� .lQ� <6 �-�X�\ ?� 4	�	�=�E� H�2 �� 2��F ��|w� Dq� �L  �4��3��%�� D9�  <6^-�M�L =?���� ?� _ZF V�Q� <j2�� �- ��2�Z� �H��[   �	S�?\ �Sh H	� Y-��8 .4	8 ���2  �-�� DZ|4	8 <j <6 D&�� �PK� .-���@ �� e�QM� �-	-4�2 _���� �	�?\ <� �q�q�� ��� �4	8  ��-�S�  D9��	�?\ D9� .lQ� <6p�� �Z&� D�	h2 <� �L      ?� �ZS&� DS�	h2 <S6 ��2	S$ 24 � �
8�� k�&N %80 .�
8�� V�3���� �8 �	�?\ x-�%� D9� .lQ� �4	8 �%K��    �-��<y�2� �	�?\ u�2:4	8 e�Z�4 ��-? 24 =�8   �-�� ��%�� }�%���,�	��√� e�QM� �
�8	� <� � =�8_F��N T�� <� min 5    .4	S8 <%S8�4 <3�Um  <
�SK��   }�S%�� V��X�T� �� }�%�� b�9 .�8�� �-��<
� T2	$ <� <� H��,�	��√� 	 =4�4 aL�6<��4� 24 �=�8   S� ��4�SX�  T2	S$ < <
�2��E� <� H� a-�VR� <���� <
� T2	$ <� D-��� 24 �<� H� �.�	��√� 	      �<S
N�� �SL 24 .4	S8 =4�4 aL�S6  �S-�� =?���� H��[�-��\ �h <6 ��-	-4�2 _���� ]r9 � 4	8 B�X�� �-	-4�2 _���. <M	QX�  DSZ| �L}�%�� aL�6  �D9� =�8k�9���  v�9�� ���QM� }�%��4	8�4	Q� ��� 4�X-� T2	$ .-�� <6 H2  �S[W-� 4	S8   _���S� H�SL �� �
�8	� �-	-4�2 <
��4 .�8��B�[ �-�� ��Z-�E� }�%�� H�L�,�	��√� .�8��  8-7-1-3 s��\H   24 �-	-4�2 _���� ]r9 �[��,�	��√� 	 ?� a��V µ 2500 .D9� ��-w� 42	� �
�8	� �	�?\ <X�%� 4	K�                                                   1  - Background noise level 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 44  ��K� ��	%� <6 ��2	$ 24 ��
�8	� <6 4�4 ���2�� ��/N �����F�R <�
P��� �yV�    e�S�� ��	S
M <S� �8�� <�
P� z�L ]r9 Hp�� H�_���� <
��? b�H� �PK�24 =�8 �
��-? 9-5-2 �� ��8�� <%8��� 4	��  ��	S�  �	�?\2�K%��  �2��-w�=�8 .DR�[ �C� 24  8-7-2  ����5C#��]�1  z�L�	�?\�  42	��Q� ?����8��.   �N8� ����5  ��� I�  8-8 8-8-1 
��\H��%��: �	�?\ .-� �
�8	� ��	�� <�
6 H���  ���Z9�q� �� <l
-� �3� �42�4 4��2�6k�9��� �	�?\<&-�E� H�LH� ��	%�  ��K��PK� �-��4 =4��q� <6 4�4 �=�8=42�\��.D9� =�8 8-8-2 E���N'� � ����5 s�� �-��  H��%�� �4 �L �- �-�
�8	�<h	� H��� <6 �L 24 H2����� .��2 �� �3-4 �E-�M �-�� H��N Y�q� �- � �� �C� �-�� 24 @9�
� T2	$ <� ��8�� �<h	� Y�q� H��4 24�
�8	� VX� �4	8 2�  <S6 2	���2	/&���� H�L  =4�/%9� H����� �C��� ����� .��2 24�8�� .��2 <6   �S-��  H�S�4 24K 2 ±  K60     �Y�Sq� H�S�4 Hp�S�  <3�&���� �[� .4	8 <%8�4 �� 2	���2	/3-4 �E-�M �-�� Y�q��H ��  �S�4 �D9� =�8  �S-��    �PSK� ^SR�	� �Sh 4	8.  �� =4�/%9� ����� .��2 ?� <6 �L4��2�6 ?� ���� 24�L�[���� 2	���2	/&���� �
���) �

6 H��4 �( �-p�� .��2 =4��q� �-? �-4�E� <� �p	Q�� 2	���2	/&���� H4�M H�LIEC  �S� 4��q�     � =��?�S9 .�S� ^SR�	� ^SZh .4	S8 42����%9� .��2 H��4 a-�VR� �2��-�� =?���� <� K 60    �S�F�� H�S�4 �S� 4	8 =4�4 aL�6 D9� .lQ�  Hp�S�  �2 2	���2	/&���� .��2�L4 ��K� .  �
�8	� H4�L �- H��N H�L_��4 ?� =�8 =4�4 2	ZM <�	� HV6���  �-��       ]rS9 <S6 @S9�
� H4�SL �S- �S� �� ^��r� �\ �rE� Ir �� ��8�� .4	8 }�%�	�? �2	���2	/&���� �-�� <6 ���� 24 2��SX�  <S�	�    �
�S8	� HVS6��  �� ��8�� .�8�� ��2�� DQ&F ��/�2� B	9 �- ?� a�� �-�Z� �-�� ]r9  �
�8	� H��%��<h	� H��� <6 ��L �- 24 H2�=4�� � H?�[ �E-�M  <S%R�[ �SC� 24 H	� 2�KR 24 �	L VX  =�S8  �D9� �-��<C/q� 24 @9�
� T2	$ <�^-�M H��8 24 ?�[ �� =_F��N  �2�KRk�9��� �
��-? 3-30 24 ?�[ <6 � <h	� �D9� Y�q� H��4 24 �	�?\ H��%�� 2�4	8.  �
�8	�^-�M H�L �H?�[ =�8 �-��.�
8�� Y�q� H��4 24 �	�?\ H��%�� 24                                                   1- Immunity test  



 �������	����  .���$ �����22866 (��� ���): ��	 1399 45 �
�8	� H����L 24 <6 2	���2	/&���� HD6�4H�L ^-�M	L �� =�8�� _QM �    �	SL DQS9 ��S

6  �S-�� S- 24 �  .4��[ 2��F @9�
� <C/q�  <SC/q� _��4 H�	L ��	�?\ �h  �S-��   H�S�4 �S�K 2 ± K 40  ?� �%SK��   H�	SL T2��N 4	� ^-�h ?� �Y�q�v�E%&���� T2	$ <� �- �L4� .4	8 =4�4 T2��N  x
9��4 @9�
� 4���� �-�9 �- �L_-�9� =?���� H��[ �-���
�8	� H4�L 4��%�� 24 ��l�� �N �� �<�	�  � HV6�� DQ&F �-�9 ��-�� _��N H�L��l�� �N �� .�
tQL �  �- x

R H�2<
�9� D��|H�3-4 =�

6 ����[ 2��F �  <�<�	[<6 H� <� DZ&� �
�8	� H�V�� H��4 a-�VR� <y�2� �-4�E� e��� 24 =�82 �2 %F4 ���  .���� ��Er
� .�

6   Y�q� H�	L H��4 �-��x
9��4 �� H�L2�6�
61 `��h� <%R�[ 2��F �
�8	�� <
$�R 24 � ��/�2� <���� 24 m 1 �� m 2  .4	8 <%R�[ =?���� ��\ ?�  
��5���- D-��2 ]r9 aP�H2�6�
6x
9��4 �4�4 2��F �� �<C/q� 24 �L�� H�L   �SZ-�E� vSXN �� �-�� �� =�8l 5/0   _S$�N ��  .4	8   ?�[ �- �-�� H��4 �-��x
9��4 ?� =4�/%9� ��<
$�R 24 <%R�[ 2��F H�L cm 30 �
�8	� ?�  4	S�� T2	$ 24 � � ��-�� cm 3  �-�� ]r9 �-? .4	8 <%R�[ =?����   �	�?\ �-����-�� 24 %2 Ir ±  � �Q9� b��6�R � <6 �r-��8 24DQ&F <QL .��? _�&��%� 24 �
�8	� H�L �
8��4	8 B�X�� �. �	�?\ b��6�R �[�� �� �Q9� b��6�R �� T��/%�v�C
� ��-�� D9� .lQ� ��8��   �S� 4	8  e4��� T�/
�42�\ D94 <� �2.    ��	�?\ .-� H��� =4�/%9� 42	� �%F	� ��2�� Tp���� �-��   64�S9 24 DS�� �S� <6 �8�� H4���� H�2�4 �4� � D62�K� ��	�?\ Dq� �
�8	� .�
l     <SrE� �S� �
�S8	� �S���� ?� �S�4 aL�6 �[� <
S$�R 24 H� m 1  24  ?� Tp���� H�%9�2K 5 �[ �- �4	K� �%K�� ��2�� H4�L H�%9�2 24 ��2��N ��-4�K 5  H�?� <� �L H��� �%�  ��8�� =��	6 Tp���� Y-��8 .-�<%R�- ^Eq� .D9�   �	�?\ �-��R� <6 �-�� �� 4	8 =4�4 <��4� ��4 a-�V<�	[ <� �4	8 D��| k	Q
� T2	$ <�<6 H� �4 �[�S  �Sh � h 1  ?� a��K 1 ± ��
l� �����  .-� Y-��8�� ^Eq�.4	8  <� 2	C
� vL��R�6e�� H��� �T�M�h� �4�
�8	� ��2��N H?�9�
�8	� �
��� ��L H�LGIS   ?�S� H�SdR �  <S6 ��-�� H2�m[2�� Dq�� �� _QM Y�q� H��4 � O
%P��� 4��
K�� ��

6   �	S�?\ �^SR�	� �Sh <6 4	8  H�SL =�8 B�X�� 2�� <R��� ��� ��D� ���?�  <�
6a-���L��4 H  DZ|4	8.  <� 2	C
� 	
��
�8	� 24 ^-�M @-�P� ?� H��[-�L H4�L <6 � 24 �E-�M =4�� B��4� �D9� =�8   DS9� .SlQ� �h ^R�	� .��w� � 2��-�� .�� �=�

6G�4 H��4 �<rE� .-��� T�Z9�q� ��H�V� %�� 4��q�  .�S��� @9�
� �Z ) 4	8�Z-�E� u�2 �- H��� V��  <� D9	�� O��4	8 <����� .(                                                  1- Lagged thermometers 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 46 8-8-3 s��\H   <6 ��2	$ 24 =4��q�?�X� H��4  �
��-? �� ^��r�4-8 =4	�  <SCN�� _��F @�9\ ?� H�|� �    <%S8��� 4	S�� .D9� ��-w� 42	� �
�8	� �	�?\ <X�%� ��8��    �%�����
�����H  �7���QU�7�: �����  E��  8-9 8-9-1 
��\H��%��:  .-��
�8	� <�
6 H��� ���-?2� �L42�4 4��2�6. 8-9-2 E���N'� � ����5 s�� <
��? 24 �
�8	� �-���	�  42����%9� 2��E� _Qq�Ith  �-�� �-? <Z9�q� ���PK� :4	8  )1(  �� � � ! " ����#� 	 #$ 	 
�� <6 �\ 24:  fθ  H4�L �-��� H��4 ��k	�&
9 <�24 @&N�  oθ   H4�L H��4@&N�� QM Dq� �k	�&
9 <�244�l
  �� <%9	�� Ir Y�q� H��4 24C° 40�  α  b� H��� (K/s) (kA/cm2)2	 8/0� B	�
��	�\ H��� (K/s) (kA/cm2)2	 8/1�  tth  �PK� �Q9� ���? T�� �=�8@&N�� �<���|  Ith  �PK� p�� 24 <6 42����%9� 2��E� �D9� =�8��@&N 	
�6 ����\  Se   �e4��� �rE� ]r9@&N�� �%��9�%9	� �|� ��&%N� �� �@�l� �%�1�  St   ��
6 �rE� ]r9@&N�� �%��9%��J�
%� @�l� � �� Ir.   H��� 2��E� �4�	� �-�9α	�� =4�/%9� <64	8 �����	� :4	8 7��P%9� �-? e	��R ?�  )2(  α � %& 	 ' <6 :�\ 24  ρ   D���E� =W-� �H4�L @&N��.cmµΩ�  c   �H4�L =W-� T2��N@&N�� J/(g.K)�  δ   �H4�L ���3j@&N�� g/cm3.                                                   1  - Skin effect 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 47  <�$	���4	8  �-4�E�ρ �c  �δ %9�=4�/) <�4��� 24 =�82  YS9	%� H��4 24 (C° 160   =4�4 2��SF e	S��R 24  .4	8  H4�L 24=�-�4 H�L �rF �� H�D (cm) �4	8 ��&%N� e4��� �rE� ]r9 24 �%9	� �|� �-��  �S|� D9� .lQ� . �%9	�  �� .%R�[ �C� 24 c	/� ^QM �-d <� f	���   <Sy�2� e	S��R ?� =��\ D9�� ��-��    .�S��� �S-? 24 =�S8 4	8:  )3(  ( � 12+ 	 ,% 	 10�. 														&/  <6f  �Q9� b��6�R@&N�� �� V��L .�8��  :.-����
�  )4(  #$ � π(�1 2 (� 8-9-3 s��\H   �[�fθ	?� a�� C° 180  42����%9� 2��E� _Qq� ��	� �
�8	� �4	K�Ith .42�4 �2   <Z9�q� H��4 �[� �4	8 �%K�� �N .-� ?� =�8�-�� ���	�-�  �
�8	�H���  _Qq�Ith،    �	S�?\ �S- �� �PSK�  �	�?\ .4	8�-�� :4	8 B�X�� �-? g�8 <�  
− �� �
�8	��4	8 @�� �%��F	� �L 24 ���	� 
−  �-�� �� ��-�� �-<
�Q6  42����%9� 2��E�Ith  ���? T�� �tth�� ^��r� � �
��-? 4-3  ��S-�Q� 2	ZM H4�L ?� �  �\ �rE� ]r9 <6 �-���-�� �� ^��r� �Q9� �Ir .�8��  �
�8	� ��	�?\ ?� _ZF�-��  ��-�� �- �2?� �L4 2	ZM 4	�   24 �QS9� ��-�� �� <��K� H4�L 2��-�� H��4 <6 <
�K��  Y�q� H��4 �2.�-�Q� 4�X-�   <6 ��2	$ 24 @�9\ �QKj T2	$ <� � �8�� <%8��� 4	���	�?\ <�
6 2��l� H�L�� <� ��  ����� ���� �2 ��3QKj � x-�%� ?� ��8�� =4�6 _Qq� �.�K�.D9� ��-w� 42	� �
�8	� �	�?\ <X�%�       ����5���*� ��% �%��% �� 
�����H   8-10 8-10 -1 \H��%��:��
 L �� <6 �
�8	� ?� �%Q&F H��� �	�?\ .-�	 �D9� k�Q� 24 �42�4 4��2�6 . 8-10 -2 E���N'� � ����5 s��  �	�?\ �-4�E� �-�� e��� �� ^��r�1 �
�8	� H��� .�8��^��r� H�L ?�
��- 3-22 �	�?\ �-4�E� � 24 H2��-�� ����� 2�� ���L�  �-��<� 4	8 4��q� �-? �-4�E�:  N 300  H���A 800 ≤ Ir  
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�8	� �-�� 24 � 4	8 }�%�	� _��6 T2	$ <� �� �4��2�6 T2	$=4�� �PK� �E-�M ��2	$ 24 .4	8 �� �=�8  ���� H�3-4 D��N <6��8�� =�K�8	� � �
 �-�� T2	$ <� vy�F=�8 @��   �S- <� @
$ T2	$ <� �\ x

R � <
�9� q� @9�
�vl .4	8   �-��  �� e4��� 2�KR �-bar 1/0 ±  bar1  ?� ��p��<
�K��  2�KR=���H2�4��  <S� .�
tQL � �
�8	� ��24 <� �  ��24<�	� �
��4 3
�8	�<6 � ����	� H�2�4 � =4	�  24 �8�� e����<��-��H�  <6���-   4�S�[ 2��SF �	�?\ Dq� ���8�� e�QM� �.4	8  �
�8	� H��� �� H�LH�	L H��X�1  2�KR ��
��4�-�� .��w� Y9	�.4	8 ���� =�

6  �
�8	� H���^��r� H�L H�L�
��-? �� 3-5 �3-6  �3-7  �	�?\�-��    2�SKR �S� e4��� �
��4 ?�[ 2�KR �- ��  �Q9��4�6�� .4	8 B�X��   D9� .lQ�� _-p4 <��
Q- � �
��4 ?�[ 2�KR ���� �	�?\�
�8	� H�2 �� <C/q� �� H�L �
�j � 4	8 B�X�� �� �l���l� a
�� YZ�-�� %K[ �- ��S  S�� �R�S�� 2��S <ZS9�q� e4�     DS9	�� �S� ^��Sr� =�S8D  S9�S42����%  IEC 62155:2003  .-V3-��4	8.  �-�� 2��  ����� <rE� 24 �
�8	� 2	q� �� 4	QM T2	$ <�<��-�� �� <� Ts 60  .4	8 e�QM� 2�� �S-��   �S%�� 24  �8�� <� �X
� <6 4�X-�<
�K�� DQ&F 24 a
� �
�8	� ����q� H�L Y-��8 .�N=���H2�4�� H4�M 4	8.  �
�8	� H��� ��
6 T2	$ <��- ?� a�� �� H�L <��-��  D9� �R�6 ��	L DQ92��  �- <� YER �2 <��-��  e�SQM� .4�6  �
�8	� H��� �H2�	-4 H�L2��  �	�?\�-��  �<��[��� T2	$ <� .4	8 e�QM� �
�8	� H��%�� �L <�  24 <6 �
�8	� ��	��  H�L�
��-?3-5 �3-6  �3-7 O-���=�8 �����-��   �	S�?\ ?� bS�    2�S� �S���� 24 H2��S-�� ���L� �
��-? �� ^��r� �2 �%K� �	�?\ �9-8 ��-w� T2	$ <� �=�8��2�m3� �9 DK� .  8-10 -3 s��\H  <6 ��2	$ 24 H�|�  �_l8 �����) @�9\ ?� �[2�� �8�Z� (DK� ��	�?\ <�
6 2��l� � H�L�� <� ��  ���� �2 � =4�6 _Qq� �.�K�� x-�%� ?� ��3QKj ����� ��8�.D9� ��-w� 42	� �
�8	� �	�?\ <X�%�                                                   1- Bellow  



 �������	����  .���$ �����22866 (��� ���): ��	 1399 49    ����5 3�^A�	�!"#$�% 
�� �%�H 
�*�H _M��� �% U�$ �% U�$ UN#�5W��) � M��� �% U�$  8-11 8-11-1 
��\H��%��: �
�8	� H��� �	�?\ .-��� H�L�� ��-�� �� =�8 �� =�8 =V��\^-�M �  H�L�S
��-? �� ^��r� �-�� �� =�83-2  � 3-4 42�4 4��2�6�
�8	� H��� VX� � ?� �%K�� �- e4��� H�����[ H�2�4 =�

6�� �-�� <6 �-�Lm2/s 4-10  ×5  H��4 24C° 20 �8��.  8-11-2 E���N'� � ����5 s��  �-��L �
�8	� �
��Q Y-��8=���H2�4�� H4�M }�%�	��PK� �-�� �� �=�8  24 � 4	S8 �S� =�8  �S-   <SC/q� =4�4 2��F �@9�
� ��2��NT�� <� � =�8 h 12  H��4 24C° 75 .4	8 <%8�4 <3� �
�8	� H���  .S-� <6 �-�L  Y-��8��l�� �-m�u�2 D9� .lQ� ��8�Z�.��w� � 2��-�� .�� .-V3-�� H�L	8 ^R�	� =�

6 .4   �-��<
�Q6  2�KRbar 1/0 ±  bar1 ��p��  ?�<
�K��  2�KR=���H2�4��      �S
��-? �S� ^��Sr� �S
��43-31  �Sh � .4	8 <%8�4 <3� �
�8	� ��24 �	�?\  �
�8	� H��� �� H�LH�	L H��X�  2�KR ��
��4�-�� .��w� Y9	�.4	8 ���� =�

6  8-11-3 s��\H  <6 ��2	$ 24 �8�Z� <%8��� 4	�� �%K� ?� H�|� �  DS9� �S�-w� 42	� �
�8	� �	�?\ <X�%�  ��PSK� u�2 . �-�� u�2 ?� �l-���� H�L �
� 24 =�8C.2  42����%9�IEC 60068-2-17:1994 .�8��   !"#$�% 
�� �% ��2�� ��Z8 ����5�*�H 
W��) _��J �% U�$ � ��J �% U�$4�Z[54% U�$  ��J  8-12 8-12 -1 
��\H��%��: 8	� <QL H��� �	�?\ .-�S�
��� H�L8^-�M �?�S[ �� =�[ �� =�8S � ?�<%K�\<� =�8 [S �?�k�9���  H�L�
��-? 3-5 �3-6  �3-7 �E-�M <C/q� <6 �\�L  � =4	� �%-?	���6 =4�� �- �����9 b
� ?� H���    �S- �S� =4�/%S9�  ?� ��p�� vy�4 ?�[ 2�KR bar 5/0  x�[� D9� �C���  �
��4 vXN H�2�4H��&� �- �%[2V� �� )cm3 1000 (l 1 ���8��� 42�4 4��2�6. 8-12 -2 E���N'� � ����5 s��  �	�?\ .-� �4��2�6 T2	$ 24 H�L42����%9� �� ^��r�IEC 61462  �IEC 62217  �S-  42����%S9� IEC 62155 �  �E-�M <C/q� H�2 ���� B�X��.4	8   �E-�M <C/q� �-��D��| _-�9� � Tp\ #��- �� =�

6YZ���2	� 4��2�6 �� ^��r� ��q���� � T�q/$ �� � ��C� 4 x�[ � ��8 �� <R���  .4	8 V��X� ��	�?\ H��� 2�KR   =�E� �-�� 2�KR .4	8 �� @9�
� Y�q� �- �� _��6 T2	$ <� �-��      z�SL ���S� DS��	
l- T2	S$ <S�  �S���� ����[��  .4	8 =4�4 a-�VR�  



 �������	����  .���$ �����22866 (��� ���): ��	 1399 50  <�$	���4	8 �-�9 �V��  �@9�
� H�L42����%9� �� ^��r�����[ 2��F �	�?\ Dq�.  8-12 -3 s��\H  <6 ��2	$ 24 �6 ������9 24 ��� ?� H�|� <%8��� 4	�� Tp\ #��- � D-?	���8�� �   �
�S8	� �	S�?\ <X�%� D9� ��-w� 42	��	� ?� �- z�L ?� H�|� <6 ����? .2 T2	$ <� �	�?\ ��8�� <%8��� 4	�� #	R 4 ^R	� �C� 24 �� <%R�[ �4	8�
j �L  Dq� Tp\ #��- D9� .lQ� 2��E�K
�� � a��v�
&� <rE� ?1 .�
8�� <%R�[ 2��F       !"#$�% 
�� �% ����2 ��Z8 ����5 
�*4d�[ �� E��G 4% @��: �� �>N� ��J ��  8-13 8-13 -1 
��\H��%��: �
�8	� <QL H��� �	�?\ .-�<h	� H�L H�L�
��-? �� ^��r� ?�[ 24 2�3-19 �� 3-21   24 =4�/%S9� H��� <6  vy�4 ?�[ 2�KR �%K�� ?� bar 5/0 �C��� x�[ �� ��8��42�4 4��2�6. 8-13 -2 E���N'� � ����5 s��  �	�?\ .-� �-��\ ?� _ZF �	�? B�lq%9� �� ^��r��
��-? 9-10  �
�8	� .4	8 B�X�� �-��  H��S� T2��� �N ��  .-�z�L �-�Z� ��� �4	8 }�%�	� �	�?\��%�� .�8�� <%8�4 4	�� �
��4 ?�[ 2�KR <�	[�
�8	� H <h	� H��� H2�  �-��q� �- ��24 <C/�
��� Y-��8 =���H2�4�� H4�M  .4	8 @�� �Y�q� H��4 24 �-��   �-�S� �S- �� <C/q�  .4	8 �� _��6 T2	$ <� �@9�
� ����� <9 �� e4��� 2�KR �-<
�K�� KRS 2�=���H2�4��   S-? <S�) ��2��S �
�� 3-32  (4	8 <����� �-��T�� <� min 1 .4	8 e�QM� 8-13 -3 s��\H  <6 ��2	$ 24 ��l� @�9\ ?� H�|� �_l8 ����� �
���) �l��[2�� �8�� <%8��� 4	�� (  �
�S8	� �	�?\ <X�%� .D9� ��-w� 42	�      ��T%� �%�����  8-14 8-14 -1 
��\H��%��: �
�8	� ��	�� <QL H��� ����-?2� �	�?\ .-� �L42�4 4��2�6. 8-14 -2 s��\H   ��	�?\ Dq� �
�8	� 4���� �-��<KE� �� ^��r��� H�L� �- �L <� <�	� �� =W-� <� ��8�� YZ4���� ?�   H��S� <6 e�QM� �$�� H�2�4��2 �\�� <6 ����yV� � =�8  � D�
��F�-	� �� ��|w�.42�m[                                                  1- Yield point  
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�* r7 4% r7     #�:E�  9-1- ���	�� �	�?\ ���Q%N� @�6��.��w� 2��%�� 24 �L�� =�

6�	�?\ VX� ��8�� H�L����� 24 H2��-��  <��� }�%��  <6�-�� �	�?\ ?� _ZF � 24 H2��-������  �
��-? <�) 4	8 B�X�� �K� T2�F b��6�R }�%��9-4  (4	S8 <����� . �	�?\ ?� ��� � _ZFH4 H�Ll-�%l��� �� <� ��=?���� � H��[�E-�M T�/
� @-�� )tan δ(   ��?�S� DS�R�J �  �
��-? <�)9-2  (4	8 <������-�� 4�-m� T2	$  �� �92�� 4	8=?���� .D9� =4�4 �2 �Z�9\ �-\  ��SE� H�S�[ 2 <�
P� �
��-? <�) �yV�9-5 (4	8 <������ �-�� =?���� .-��\ ?� _ZF H��[tan δ .4	8 B�X��   U����� 
�#J�(��) E�F�7 a��p )tan δ(   n#A� 
��� �� ����2 C#8�j �  9-2 9-2-1 
��\H��%��:  .-�=?�����
�8	� H��� YER H��[ H�L_-���=�8  ��?��k�9��� �
��-? 3-15 42�4 4��2�6. 9-2-2 ��5 s��E���N'� � �� .-� B�3
L 24 =?���� .�8�� ��-�� _��N �-�Z� �
�8	� H4�L ��	�?\ H��[ �-�� .�� Y�q� H��4 24°C 10  � °C 40 �
-�8 _� <
�9� <�1 �H�3-4 <��K� V��X� �- � �� _F��N}�%��4	8 B�X�� �-? H�L:    - �,��	��√� �
�8	� H���H�L ��kV  36 Um ≤� - �,��	��√�  �Um �
�8	� H��� �� H�LkV  52 Um ≥. =?����}�%�� 24 �-�Z� H��[H  }�%�� ?� a������� 24 H2��-�� .4	8 B�X�� �K� T2�F b��6�R  =?���� H��[tan δ  ��?�� D�R�J � �-��.�� }�%�� �- 24kV  2 �kV  20     H��S� �S��� 2��SE� �- ��	
M <� =?����H��[H�L  <6 ����? �H���	� �
�8 24Y-��8 =���H2�4�� .4	8 B�X�� �D9�  9-2-3 s��\H   ?�X� �-4�E� <
�K��tan δ  a-�VR� �tan δ ��  e��� 24 �}�%��8 <y�2�       u�-mS� _S��F �-4�SE� �S[� .DS9� =�S8 �� ��8�Z�T�� <� ��	�?\ 2��l� ?� _ZF ��	� h 1 .4�6 �Z$   �-�� =?���� B�3
L �H��[	�?\ u2�V[ 24 ��4 ��F�� 2��E�.4	8 ���� �                                                          1  - Schering bridge 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 52  ����8-  ����(� 4"#Z#%tan δ  I��N8� �tan δ  �
��-? <�)9 -2 (4	8 <�����  W��) e��
�"% !"#$�%   ���(� 4"#Z#%tan δ S'�  �� ���(� 3,45	67√
   6#% I��N8�3,45	67√
  �Um +   m��6<%K�\<� =�8 .��2  007/0  001/0   m��6<%K�\8<� =� .-?2  007/0  001/0   �M	
�� 4�	�<%K�\<� =�8 .-?2  007/0  001/0   m��6=4�4 ��	��.-?2 �� =�8  015/0  004/0   <-p<%K�\=�8 <� ?�[  005/0  001/0  �Z�6��  i  �-�9  i  O��    <� �
�8	� H2��-��_��6 ��2��N� 24 �� H2�6 Y-��8 <�
6 24  T�/
� � �QL� T�/
� .%R�[ �C��E-�M  ?���      �SN��h �S� �
�S8	� �S- H��S� .42�4  �@9�
��E-�M T�/
� @-�� �%lj	6� �Q� D62�K� H2�6 �QM 24 ���2���.�
6  �   �
�8	� H����� H�L kV  36 Um ≤ .42��� 4��2�6  i   .��w� =�

6�-��  �2 �-4�E�<y�2� .�L4    ����5�%��% �� 
�����H   rZ2 4()�G 4%�p &��'�  9-3 9-3 -1 
��\H��%��: \ .-� �	�? �	�?\ �- ��	
M <��� <� ��� �
�8	� H��� YER�� 2	���2	/&���� H�LkV  5/72 Um >   4��2�S6 42�4. 9-3 -2 E���N'� � ����5 s��  �	�?\ �-4�E� �-��:�8�� �-? g�8 <�  
−  �-��% 24 �/
� D�ZrF �� _��6 <EM�$ <��� x
� 105  }�%�� H2��-��.4	8 e�QM� �Q9� ^R�	� �h .-V3-�� T2	$ <� �- _��E%� 4	8 e�Z�4 �-? ���2 �-��:  
− % 24 �/
� D�ZrF �� _��6 <EM�$ <��� �- 105  }�%�� H2��-�� �Q9�<��4� 24 �� 
−  <EM�$ <��� �4u��=42	� % 24 �/
� D�ZrF �� 115  }�%�� H2��-�� �Q9�<��4� 24 �� 
− % 24 �/
� D�ZrF �� _��6 <EM�$ <��� �4 105  }�%�� H2��-���Q9�.  -��8 H��� ��	�?\ Y �-�� �
��-?8-4  e�Z�44	8. 9-3 -3 s��\H  �2���� H��� �-�� �
��-?8-4  e�Z�44	8.  
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�����H  rZ2 E��b =��:�8 &��'�  9-4 9-4-1 
��\H��%��: �
�8	� <QL H��� �	�?\ .-� �L42�4 4��2�6.  <%Z���
�8	� H���^-�M H�L H?�[ =�8�� k�9�   �S
��-?3-6 � -��� �V� T2	$ <� <6��-m��� =�3%94^-�M H�L =4�/%9� H?�[ =�8� =�8  �\ 24�4�6��     �S� ��%SK� ?�S[ �� �
�8	�ER �	�?\ .-� ��8�� Y �-��f�8 <� ��8�� �M	� �	�?\    �
�S8	� �E-�SM <SC/q� <l
-�  ?� _SZF � �}�%�	�  ���� 24 �- �R�6 �l-�%l�� �	�?\ �	�?\ �
���)�
�j =2�	-4(1  <%R�[ 2��F�8�� .  9-4-2 �5 s��E���N'� � ���  �	�?\ .-� �-�� �	�?\ �L ?� b������ 24 H2��-��  T2	$ <� B�V� T2	$ 24 �<��� }�%�� <SM	QX�  �	S�?\ ��SL .4	8 2��l� �- B�X��  ��� e��� 24 ��	�?\ }�%�� =?�3 y�2�<�
�8	� .D9� =�8 _F��N 2	���2	/&���� H�L �-�� % 24110  }�%�� ]r9 ���QM� }�%�� �- /� �-�E���?\ �a-� � .��	8���� 2	���2	/&���� �	�?\ ]r9 �[ �
�8	� D9� .lQ� ��8�� =�K� �
�8	� ]r9 24<y�2� ��3-4 H�L e��� 24 =�83 �4��[ 2��F �	�?\ Dq�.  ��? T�� �	�?\ � �-���b��6�R ?� _E%&� s 60 �
�8	� H��� VX� ��8���� 2	���2	/&���� H�LUm    �S- e4���  ?� �%[2V�kV 1100�  �	�?\ ���? T�� <6s 300 ��.�8��  9-4-3 s��\H  z�L <6 ��2	$ 24 �l-�%l�� <�
P� <�	[H�2 ?� ]r9 ^-�M ��2	9 �- �
�8	� �	�?\ <X�%� ��L�� �2 �[�8 ��2	9 �- �[� .D9� ��-w� 42	��� <%R�[ �C� 24 4�4�� T2	$ <� �
�8	� ��8�� <%8�4 4	�� �[�8  .4	S8 �
�8	� H��� H�L_-���=�8 ?�� ���     <S%R�[ =?��S�� ��?�S� DS�R�J <S6 ��2	$ 24    <SM	QX� ?� bS� =�S8  �	�?\<%R�[ =?���� ��ZF <6 ��?�� D�R�J ?� ��p�� <-p �- ��?�� D�R�J =?���� <� ��L ��8�� �D9� =�8 ��R ����2	9 �- <6 4	8 �l-�%l�� <�
P� �- <6 ��2	$ 24 .D9� =4�4 �2 �[�8 H�2 ?� ]r9^-�M  ��L4 �2 �?\ �l-�%l�� <�
P� z�L ��	�?\ 2��l� �h �[� .4	8 2��l� �3-4 2�� �- �-�� YER �	H�2 ?�  ]rS9  ̂ -�SM   �S- ��2	9.D9� ��-w� 42	� �
�8	� �	�?\ <X�%� ��L�� �2 �[�8   U�����4#�`7 ���(� 
�#J  �>N�  9-5 9-5 -1 
��\H��%��: ��S=?�� H��[ �-��8	� ��	�� <QL H�2 ��S�
��L �4	8 B�X�� X�V H��� 8	�S �
� S9���Sk�  H�L�S
��-? 3-6  � 3-13 <6 � YER �	�?\ .-� �-����8�� �M	� �	�?\   24 �}�S%�	� ?� _ZF ��
�8	� �E-�M <C/q� <l
-� f�8 <� ���� �-  �R�6 �l-�%l�� �	�?\ �	�?\ �
���)�
�j =2�	-4 ( <%R�[ 2��F�8�� .                                                  1- Wall test of the porcelain 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 54 9-5 -2 E���N'� � ����5 s��  �	�?\ .-� �-�� 42����%9� �� ^��r�IEC 60270 .4	8 B�X��  <6 ����? �-	-4�2 _���� }�%���PK����l�� �� =�8 �D�� 
M <� <S�
P� 2��E� H��� .-V3-�� �- ��	 �SyV�� =?���� �- Y9	�[ =?���� �-	-4�2 7�	�� _���� ��[� �S� <%R �4	S8   ?� �S-��u�2   g�S8 �X
S9��=4�4  24 =�S8  42����%9�IEC 60270 4	8 =4�/%9�.  4 T2	$ <� �[� H�3-���� � ��8�� =�K �	�?\ 2��� �$�
M �-��<�	[ <�8�� H�
	� <6 �<R <
��?H�  � D�9�&N  2���=?����H��[��l�� �  4�X-�<�
P� 2��E��yV� pC 5 % �-20     �SL �4	S8 �-�S9�
8 �-�� <6 ��PK� 2��E� B��6 .�-�Q� vL��R �2 �D9� �%[2V�  =?���� H��[ �-�� }�%�� �	�?\ ?� b�H2��-�� ����� 24  �K� T2�F b��6�R   �S
��-? <S�)9-4    (4	S8 <S����� <y�2� �-4�E� ^Zh e��� 24 =�83 �    �	S�?\ ]rS9 ?� }�%�� aL�6 B�3
L  �S���� 24 H2��S-��    T2�SF b��S6�R B�X�� ��K� 4	8.  
��5���- <����9 <�
P� 2��E� ��PK��yV�� �	�?\ .-� �h �-�Z� <%9	�� T2	$ <�  Hp�� }�%�� 24Um �%�  .�8�� _  9-5 -3 s��\H   u�-m� _��F �-4�E� <
�K��2��E� <�
P��yV� �k�9��� H4 �	�?\ .-��\ ?� b� �
�8	� �	�l-�%l��� ��-��  e��� �� ^��r�9 .�8��   =?���� �-4�E� <6 ����?H��[24 =�8 }�%�� �,�	��√�  24 <t�\ ?� �%[2V� e���9 �PK� .lQ� ��8�� �D9� =�8 .��w� D9�6=�

 �2 �	�?\ T��  ��h 1  �L4 a-�VR� @���� .-�� � ?�X� =4��q� <� �-4�E� <6 �-�Q� �92�� ����<�
P� �[� .44�[ ��8�� =4��q� ��24 �����? =?�� H��%�� 24 �yV���-w� �
�8	�.D9� =�8   D9� .lQ�=?����H��[<�
P� H�L�	�?\ ?� _ZF �yV�H4 H�Ll-�%l��� ��Sh� D�� YER �� 4  =4�4 DS9�	�2 4	8 D��Q� e	QK� � �Q�4	8.   � ���9- 4#�`7 C#�: ����(� 4"#Z#% �>N��
��-? <�)H�L 8-3  �9 -5 (4	8 <�����  W��) e��!"#$�% 
�"%   4"#Z#%���(�  4#�`7pC 4�8�J U������� U�$   Um S'� 3,5		67√
 +  3,45		67√
  �3,3	67√
 u   m��6<%K�\<� =�8 .��2  10  10  5   m��6<%K�\<� =�8 .-?2  10  10  5   �M	
�� 4�	�<%K�\<� =�8 .-?2  10  10  5   m��6=4�4 ��	�� =�8.-?2 �� i  -  250  100  - <-p ��HV
R H�L  T  T  300i   <-p<%K�\<� =�8 ?�[  10  10  5  ?�[  -  10  5  <%P-2H��3Z��F � H�[=�8 .-?2 ��  -  10  5  Z�6���    T    



 �������	����  .���$ �����22866 (��� ���): ��	 1399 55 �-�9    T    O��    YERH��� �
�8	� 2	���2	/&���� H�L42�4 4��2�6.  �   �
�8	� H��� H�L_$� � �rF H�L��
6 D9� .lQ� �k�9��� .��w� � 2��-�� .�� ^R�	� 24 <�
P� �-4�E� �=�

6 �-   <S%R�[ =?��S�� �%Q6 }�%�� .4	8  i   �
�8	� H��� m��6 �� H�L=4�4 ��	��=�8 .-?2 �� <6 T2�F H�L2	���2	/&���� H�2 �� �� 2��F =4�/%9� 42	�����[  D9� .lQ� � k�S9���   ^SR�	� .��w� � 2��-�� .��.4	8 <%R�[ =?���� �%Q6 }�%�� �- 24 <�
P� �-4�E� �=�

6   T   �<�
P� D�Q6 ?�X� �-4�E� <
�K�� �-��.��w� � 2��-�� .��.4	8 ^R�	� =�

6   �   24 2��E�3,3	678
   �
��-? <� YER8-3 42�4 =2�8�.    
��5���- <�
P� �-4�E� ���?�9 Y9	� �yV�IEC a-��-� 24 D9� .lQ� � D9� �92�� Dq�.�
6 ����� �H��� H�L   ����5 
�* �(��)  h7  9-6 9-6-1 
��\H��%��: ����5 E���N'� �  �	�?\����� 24 H2��-��  �-? T2�F b��6�R }�%��DZ&� ��? <� �. �-��~� <�
6 <�:4	8 e�QM� �L  
−  ~� �
��-? <�) �	�?\3-38 (4	8 <�����:  _F��NkV 2� 
−  ~� �
��-? <�) }�%��3-39 (4	8 <�����:  �Q9� }�%�� ����� �4 ~�_F��N ��� }�%�� ��V�� <� kV 2.   �b��6�R ?� _E%&� �	�?\ ���? T��s 60 .D9�    ��	�?\ ?� ���tan δ  ��?�� D�R�J �DZ&�  �.��? <� �-�� 24 _F��NkV 1 .4	8 <%R�[ =?����  9-6-2 s��\H    <6 ��2	$ 24 ?� H�|� �l-�%l�� <�
P�  H�2 ?� ]r9^-�M ��2	9 �- ��L�� �2 �[�8  42	S� ~� �	�?\ <X�%� .D9� ��-w�  ~� H��� �-4�E� ��	�?\ H�Ltan δ  ���?�� D�R�J ��-��  �
��-? �� ^��r�4-10 .�8��   % ��2�� ��Z8 ����5!"#$��H 
�*$W��) _��J �% U� � ��J �% U�$4�Z[54% U�$  ��J  9-7 9-7-1 
��\H��%��: �
�8	� <QL H��� �	�?\ .-� H�L��^-�M �?�[ �� =�8 � ?�[ �� =�8<%K�\ <S� =�8   ?�S[ k�S9���  H�L�S
��-?   3-5 �3-6  �3-7  4��2�642�4. 9-7-2 E���N'� � ����5 s��  Y-��8 �
��QL _��6 T2	$ <� ��
�8	����=H2�4�� H4�M � �-�� ?�S[ ��  YS9	� <S6 H  .��wS� =�S

6   ��SP%��  ���4	8  2�KR .4	8 ��bar 1/0 bar ±  2�KR <
�K��)=���H2�4�� × 5/1 ( �-�� �
�8	� ��24=�8 4�X-�   <S� � T�� min 15 .4	8 <%8�4 <3� Y�q� H��4 24  



 �������	����  .���$ �����22866 (��� ���): ��	 1399 56 �
�8	� <
��? 24 �- �����9 ?� �E-�M <C/q� <6 �-�L%-?	���6 =4��<%��9 � � =�82��F     DSq� <S6 DS9�  ��
6 _QM 2�KR �-��_ZF ��	S�?\ .-� ?�   }�S%�	� �E-�SM <C/q�  =�SK� S9���Sk�    S%9� ?� �S- �SLSH�L42����  IEC 62155  �- IEC 61462  �IEC 62217  �D9� @9�
� <64��[ 2��F �	�?\ Dq� <�$	� .�� 4	S8   �-�S9 �V�� @9�
� H�L42����%9� �� ^��r� 4	��?\ �-�a .��	8  
��5���- .%8�4��  T�V��X�.l82�KR1 �� ?�X� ��	�?\ B�3
L.�8�� 9-7-3 s��\H  <6 ��2	$ 24  �_l8 ����� �
���) �l���l� @�9\ ?� H�|��[2���8�� <%8��� 4	�� ( � �
�8	� �	�?\ <X�%� .D9� ��-w� 42	�    ����5 3�^A�	�!"#$�%�H 
�*�H _M��� �% U�$ �% U�$ UN#�5W��) ��% U�$  M���  9-8 9-8-1 
��\H��%��: �
�8	� <QL H��� �	�?\ .-� H�L�� ��-�� �� =�8�� �� =�8=V��\ ^-�M � �-�� �� =�8 S9���Sk�  �S
��-? H�SL  3-2  �3-4�
�8	� H��� VX� � ?� �%SK�� �- e4��� H�����[ H�2�4 =�

6�� �-�� <6 �-�L m2/s 4-10  ×5  24  H��4C° 20  4��2�6 ��8��42�4.  9-8-2  ����5 s��E���N'� �  �-�� Y-��8 �
��QL �
�8	�=���H2�4�� H4�M }�%�	��PK� �-�� �� �=�8   ?� �S%Q6 <S6 Y�q� H��4 24 =�8 C° 10  <6 2	���2	/&���� �
�8	� VX� �4	8 �� ��8�Z� �-���-�� ���  H��4 _F��N <6C° 60   .4	S8 �� �42�4  2�KR �-bar 1/0 ± bar 1 ��p��  2�KR <
�K�� ?�=���4��H2�  �-��     ��24 ��4�S6�� ?� bS� ��Sl�� �Sq� <� _F��N ���? T�� H��� � 4	8 e�QM� �
�8	� h 12  .4	8 <%8�4 <3�  �
�8	� H��� �� H�LH�	L H��X�  2�KR ��
��4�-�� .��w� Y9	�.4	8 ���� =�

6  9-8-3 s��\H  <6 ��2	$ 24 �8�Z� <%8��� 4	�� �%K� ?� H�|� � � �S�-w� 42	� �
�8	� �	�?\ <X�%� DS9  ��PSK� u�2 . �-�� u�2 ?� �l-���� H�L �
� 24 =�8C.2  42����%9�IEC 60068-2-17:1994 .�8��   4��
K����4	8  �	�?\ �- B�lq%9�<����  <6 �-�V�� H�2 ���� �C� <� ��/���92   DS9� .lQ� .4	8 B�X�� �
�8	� H��� n�� T�CN��  Y�Sq� 24 D9� 2��F �\ H��%�� �4 �L �- �- <6 �-�L  <Sh	� H?�S[  �4	S8 2� .�8�� H2���                                                   1- Pressure relief devices  
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�*W��) _��J �% U�$ � ��J �% U�$4�Z[54% U�$ ��J  9-9 9-9-1 
��\H��%��: �
�8	� <QL H��� �	�?\ .-��� H�L^-�M �?�[ �� =�8 � ?�[ �� =�8<%K�\<� =�8   �?�S[ k�S9���  H�L�S
��-?  3-5 �� 3-7  �3-18 �� 3-21  4��2�642�4.  ���
�8	� H�^-�M H�L�-��� �V� <6 �H?�[ =�8^-�M V��X� �-m��� H?�[ =�8 =4	S�   24 �\ }�S%�	� �  ��S�? =���H2�4�� �� _$�N �	�?\ <6 D9� ?�X� �4	8 B�lq%9�}�%�	� �
�8	� H�2 �� �2 =�8 �	�?\ ��  B�lq%S9� �V� �L H�2 �� �
�8	�� H�2 B�lq%9� �	�?\ ?� b�  �L aP�}�%�	� �\�
�H� 4	Q� .-V3-�� }�%�	� u�2 . �\ �H�
� �-��.��w� � 2��-�� .��.4	8 ^R�	� =�

6 9-9-2 E���N'� � ����5 s��  �
�8	� �-�� �
��� Y-��8=���H2�4�� x-�2� }�%�	� 2�KR <
�K�� 24 ?�[ �� � =�8=���H2�4��   Y�Sq� H��4 24 .4	8 ��  �
�8	� �-�� �- �
��� <C/q� �- ��24O�6 ��l�%9��    ?�S[ DSC
� .4	8 <%&�  ��24 H�	SL 24  <C/q� �-��?� �%K�� �- e4��� ����? =?�� 24 <Z��� �4 h 2 =?����H��[  .4	8  u�2.��w� � 2��-�� .�� ^R�	� �h D9� .lQ� ��%K� ��PK� .-V3-�� H�L.4	8 ��P%�� =�

6   4��
K����4	8  �	�?\ �- B�lq%9�H�2 �� <���� �- �L �V��� �2 .-� <6 u �\ H����� �C� <� ��/��92 � .4	8 B�X�� 9-9-3 s��\H  <6 ��2	$ 24 <Z9�q� 7��� ���?�[ =�8 <�p�9 T2	$ <� % ?� �%Q6 �- e4��� 5/0   4	S�	� ?�[ e4��� 2��E�  �
�8	� ��24 24Y-��8 =���H2�4�� ��8�� .D9� ��-w� 42	� �
�8	� �	�?\ <X�%�    ����5 3�^A�	�C%�v 4�#	� �� w"�8 U�"":�x��    9-10 9-10 -1 
��\H��%��:  H��� �	�?\ .-��
�8	� H�L<h	� 2� T2	$ <�_��6 �- �yV��  H�L�
��-? �� ^��r�3-19 �� 3-21    <S� <S6 �-��� �V� T2	$ �
��� �=�3%94 �- �-m���   _S$� � �SrF H�L��
6    � =4	S� 2	���2	/S&���� �S-  24 �
�S8	�  �\_��6 =�3%94 H�
�� �� D62�K���
6  4��2�642�4.  .-�  24 ��
� �	�?\	�8�
��� <6 �8�� H��N H�LH2�m[ �-���� .��w� Y9	� B�X�� =�

6��Q �4	S8   �	S�?\ �� �M	���8��  e��� ��	
M <� <6 H42�	� 24 �
�8	� H4�L ���� ?� �-p�� �L�6 �8��2	���2	/&����   2	SZM ��.�
6   �
�8	� H��� �	�?\ D9� .lQ�V��X� 2	���2	/&���� H�L�� =�8 �<j2��l- HV
R x

R �- ��8�� `mN _��F  �	�?\ �- Dq� x

R <l
-� f�8 <� B�lq%9�     �S� ^��Sr� �M	S� �	S�?\ 24 �
�8	� � �8�� <%R�[ 2��F <����
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��-?8-11 )�
���  m��6 �� �
�8	�<%K�\<� =�8 - (.��2�  �	�?\ 24 �S� <� ��  ��Sr�   �S
��-? �S� ^9-8 ��-w� �8�� =�8-�  <6 �-��%���� �-<h	�� H�8�� z�L _��8 4	8 2��8�Z. 9-10 -2 E���N'� � ����5 s��  �
�8	� �-��<h	� H��� <6 �-��%�� .4	8 }�%�	� ��	�?\ H��� �T2��� �N �� _F��N�� H2� �8��  �S-�� H�2 .4	8 @�� �Y�q� H��24 24 H4�M 4�l
QM �
��� <C/q� �-  �
�8	� H���<h	� H�L <C/q� ��-�� 24 2� �-�� �	L �� H�3-4 @9�
� ?�[ �L �- T�S� <� min 15   2�SKR 24 ��Z&S  bar1/0 ±  bar5/1 8 ��=� -S� T�� <� h 12  �Z&� 2�KR 24 ��-�� ��bar 1/0 ± bar 1    <%S8�4 <S3� .4	8   �
�8	� H���<h	� H�L <C/q� �?�[ 24 2� �-�� �� 2�KR <
�K�� 24 ?�[=���H2�4��    .4	S8 �S� Y�q� H��4 24 2��� <6 �� �L �
�8	� ��2�� aP� ��8�� H �-���
�8	� .4	8 <%8�4 <3� <C/q� �- ��24  H��SN H�L  �-�� �-�� �F�� ����=���� �     H�	SL 24 ?�S[ DSC
� .�8�� <C/q� ��24 4�?\ ?�[ <-	�� H��� <�?�2 �- H�2�4  <C/q� ��24 �-��� �%[2V� �- e4��� ����? =?�� 24 <Z��� �4? h 2=?���� � H��[ .4	8 9-10 -3 �\Hs�  <6 ��2	$ 24  ?� H�|� �%K��8�� <%8��� 4	�� �QKj �92?�� �� � �
�8	� �	�?\ <X�%� <Sh	�  �-�S� 24 2� .D9� ��-w� 42	�  �
��-? <�)C.2  42����%9�IEC 60068-2-17:1994 4	8 <�����.(   �	�?\ <X�%��
�8	�<h	� H�L�?�[ 24 2�  D9� ��-w� 42	�:�[�  
− DQ&F <QL H���  <S6 �
�S8	� H�L       �S� 42�� Y�Sq� <S� ��Q�E%S&� �%SK� ?�S[  �4	S8  ��S�   �S
6 7��S�  <Z9�q� % ?� �%Q6 �- e4��� ?�[ =�85/0 9 �L H�?� <�<%8�4 <3� ?�[ 2��E� <� f	��� e�  24 =�S8 <SC/q�  _$� � �rF ��
6�� 2��X���8�� 
− DQ&F <QL H��� �
�S8	� =W-� <� ��-�� H��N �
�8	� �- H�L  ̂ -�SM H�SL    �S- �-�S� �S� =�S8    mS��6 �S�  <%K�\<� =�8 �� c	/� �
�8	� ��24 <� �%K� ?�[ <6 �.��2�
6<Z9�q� �
6 �%K� ��� � �
��-? <�) =�8 3-33 (4	8 <�����    ?� �S%Q6 �S- e4�S�� s × l/Pa × cm3 05/0 )× l bar × cm3/s 7-10× 5 ( �S8��   <S6l @&N�� �
�8	� ��24 �-�� 2��E� �� �%��.�8�� 
− DQ&F <QL H���- H�L ��
�8	� �4 H��%�� <6�N��h 2	���2	/&���� H��� �\ �3- �D9� =�8   <S6 �-�S� �� c	/� 2	���2	/&���� ��24 <� ��Q�E%&� �%K� ?�[ ��
6<Z9�q� �
6 �%K� ���    �S
��-? <S�) =�S83-34 ?� �%Q6 �- e4��� (4	8 <����� s/Pa × cm3 10 )bar × cm3/s 4-10 (.�8��    �	���%��Z� ��T%� �	��% �   9-11 9-11-1 
��\H��%��: �92?�� �LH��� �
�8	� ��	�� <QL �L 4��2�6<%8�4  � �-��_��6 �
�8	� H�2=�8�  ?� _ZF_-	q�  .4	8 B�X��  �QKj �92?�� �-��.4	8 B�X�� �
�8	� �L H�2 



 �������	����  .���$ �����22866 (��� ���): ��	 1399 59 9-11-2 s��\H   �qr9 @�M�� <6D-��2 4�l
QM �� ���	� aP�=��� .�N�H2�4��  _��F �42�m3� �|�e	ZF �Q�.�8��   ���DQ&F 4� �
��4 e���� �- /� }�%�	� H��� �L�-�� <KE� �� ^��r�L�� H��<�	Q� �� � =4	� YZ   �S92�� H2�4�S� .4	8   10 ����5 � E���N'�!"#$�% 
��% �* 
�*@��T7 U�$����2�#[  �%4"#Z#% &��'� ��	�  �7 E�N#
f7  @��$ � kV52  E�#�:  10-1 �
� .-��
�8	� <QL H��� _��8 ��?����� H�L�-?��
H�L 3-4 �3-12 �� 3-14  4��2�642�4.   ����� E���N'�  10-2�
�8	� �� �8�� B?p D9� .lQ� <6 �-�L �
-��R�K�   �S� @S�� �\ H�2 �S� <6 �L�3%94 �4�6  �2 ��	S8  ��

6 _Qq��-��  H��4 <6 �
8�� 24�FC° 140 T�� <� �2 h 12    _SQq� �Sl-�%l�� �- �l���l� @�9\ ����  z�L <l
-� f�8 <� ��

6�2� .4	K� e�QM� ��2��   n#A� oR	 4d�[
��  10-3�
�8	� H���.��w� �2	���2	/&���� H�L =�

6�-�� <h	� Y�q� ^QM _F��N.�
6 �PK� �2 H2�   4��Z�
��\J�*  10-4 �
�8	� �L�-�� <��K� _��8H2�m[:�8�� �-? H�L  
− .��w� B�� �- =�

6 ��K��H2�X� 
− �D��9 e�9 
−  ���� �8V� <
$�R <
�Q6 �- �	�) V��X� H��� }�%�� <
�K�� �-Um(� 
− ) �Q9� ��-��Ir( ��-�� <
�K�� �-  �H4�L ���� �
�8	� <6 ��2	$ 24<y�2� .4	8 vL��R �D9� .lQ� T�F�� �L�[�6<��K� <�
6 �4H2�m[�
�8	� H�2 �� �#	R H�L  .�S8�� DP9 ��j	6 H�L  D9� �%�� 24 �Y-��8 .-�<��K� �-�9H2�m[.��w� .�� �L=�

6 � .4	8 ^R�	� 2��-��  <��K� ��� ?� ����� _l8 24 H2�m[4 .D9� =�8 <y�2�  
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� �� e4���7 �8  �9  .�8�� �V%���� 24�� H�L�
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6 �L 4��2�6442�:  
−  �	�?\����� 24 H2��-��  �
��-? <�) �	h�� �- �K� T2�F b��6�R }�%��8-2 4	8 <������( 
−  �	�?\����� 24 H2��-��  �
��-? <�) �K� <EM�$ <��� }�%��8-4 4	8 <������( 
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−  ���-?2� H2��-��=��	6 ��-�� ��2��N �
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−  �	�?\����� 24 H2��-�� 2�� ���L�  �
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�8	� <�
6) �LO-��� �	� H��� <%R�- aL�6 B�V�� �
��-? 24 =�83-22( 3-4 �3-12 �� 3 -14 �3 -22  4����  �
�8	� <�
6�L 3-4 �3-12 �� 3 -14 �3 -22  
��5���- �
�8	� H���42����%9� H�L �4���� ��q� ?� =�8k�9���  �
��-?3-4 �X� ��D��| <��
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−  �	�?\����� 24 H2��-��  �
��-?) �K� T2�F b��6�R }�%��9-4�( 
− =?����<�
P� 2��E� H��[ �
��-?) �yV�9-5�( 
− �	�?\ H�L �E-�M �
��-?) ~�9-6(4��2�6 T2	$ 24 �� 
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��-?) 4���� �92�� � H�L�J �92?��9-11.( e���H�L 10  �11\ H�-m�4��2�6 ��	�?�
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%P� ��	�� <� �L �2 �� ��K�.�
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�8	� <�
6�
�8	� VX� ��L �E-�M �-�� �� �L �
��-? <�)3-4 (4	8 <����� �
�8	� �<K�8 ��l����9 H�L ����� =4�� �- H� <��K�  �
��-? <�)3-12 (4	8 <�����.  3-13 �3-14 �3-22  <�
P��yV�  �
��QL #	R  3-13 �3-14 �3-22  ~�  �
��QL ~� �- �� #	R  3-13 �3-14 �3-22  H�L�J 4���� �  �
�8	� <�
6�L 3-4 �3-12  ��3 -14  �3-22  11 E���
"Z#H  
��%@�Q @(�� _s��c�� _���:�H�%1U�
% _
���%  �
���
x���#�T72   E�#�:  11-1 <6 D9� H2���_QN _E���
�8	� @�� � u2�Z�� � �L .�S
tQL �   � 4�Sl
QM  H2��S�3����Q�� �S��\   .�SN  =����H2�4�� k�9��� 8 <y�2� _Q���2	%944	8 ���� =��?�9 Y9	� =�.   �<X�%� 24 <�$	���4	8 _Q���2	%94 =��?�9-�L H��� �_QN _E��@�� �u2�Z�� � � � 4�l
QMH2���3����Q�� �
�8	� �LvL��R .�-�Q�  <�$	���4	8 _Q���2	%94 H��� �L_QN _E��  u2�Z�� � ?� _ZF @9�
� ���? �- 24  _-	q�_Q���2	%94 � �@�� H�L=���H2�4��  �H2���3����Q�� �? 24 D-��� 24�� <y�2� _-	q�  .4	8  <y�2� T��yV�  ���Q� .���	F �@�� =�S��  H2�4�S� � H2��S�3����Q��      =�3%S94 OS
%P� ��	S�� ?� �S- �SL  H�SL  <%��9 �=�8��l�� �D&�� �-m� ��� <��4� 24��M�h��   <S� �S��2  vS��    <S6 ���Sl� .-�S�24  _Q���2	%S94  H�SL  vL��R �=��?�9 Y9	� =�8�-�� ��  �4	8 <%R�[ 2��F �C�� =�8 <y�2�.D9                                                   1- Erection  2- Maintenance  
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6.4	8 4�X-�  DS9� .lQ�   42�	S� h�S�%N��   �n�S� ^-�M ?� DJ�/N H��� B�3
L 24 H�
�_QN ��_E@�� � u2�Z�� � #�� ?� _ZF �2�4�6 ��4<� 2	C
�  ?� H��[	
�  <� �D�	h2 �m���C� �
-p4   ��S��� �S- `�� ���2��  ��S� .�S8�� H2   <�S$	� �S� 4	S8  u?�S� �SL   B�S3
L 24 _QN _E�� .4��[ 2��F �C� ��  <�$	���4	8 _Q���2	%94.4	8 <y�2� �@9�
� H�L   <�$	���4	8 �
�8	� H�L<%K�\<� =�8 ?�[ ^-�M �?�[ �� =�8     B�S3
L 24 �S� ��	S8 �� @9�
� 2�KR �- �� _QN _E�� �- .�

6 o/N DZ�� 2�KR �RK� 2�4�6��  <S���2�6H�   �S� e4�S�� Pa 105×3/1  H�S�4 24 °C20  <QL H���=��[�-��4 H�L� �� @9�
�  �S[� .�8��  �S-2	y	
R�V3L   H��S� 4�[	S[ �4�S6��    B�S3
L 24 �
�S8	� _QN _E�� =4�/%9� ��$	� �4	8� <��4	8  42����%9� �� ^��r�IEC 60376 .�8��   a]�  11-3 <�$	���4	8 _Q���2	%94 ��
�8	� �	� �L H���<��� H�L=��?�9 Y9	� =�8   <S
-V[ _��S8 _F��SN �  H�SL <y�2�.�8�� �-? =�8   ��%4�9% ���: � 
�"%�"�%���:  11-4 <�$	���4	8  H��� ?��� 42	� T�M�h�?��<%&� �4�6 � H�S
�  �4�6�S

�      T�VS��X� T�S�yV� _��S8 �.SQ-�  n�� H2��� H��� � H2�m3-�� �4�6�

� <y�2�4	8.   <�$	���4	8 _q� <� ���92 B�3
L @��  ?� _ZF ��4�6��    _Q���2	%S94 �S� ^��Sr� �
�8	� ��-���  H�SL  <�$	� .4	8 �92�� =��?�9��4	8 �
�8	� H��� H�L<%K�\<� =�8 ^-�M � ?�[R �?�[ �� =�8 ?�S[ 2�K   =?��S�� <%R�[.�8�� 	� 2�KR ?� ��p�� �Y�q� H��4 24 =�8   &�����  11-5 11-5 -1 E�#�:  H��� �
�8	� <6 ����?_QN _E��� _��6 T2	$ <� � }�%�	��Q4	8 <�$	� ���4	8  H�L�N�� <QL_QN _E��  <�<��K� ]��� 2	h <�$	� .4	8 H2�m[��4	8 <KE�aP� .-� }�%�	� �3��K� <6 �-�L�� �L8��   =��SQL <S� �� .4	8 <y�2� �
�8	� 11-5 -2 a]�  ���:  <�$	���4	8  24_Q���2	%94 ��
�8	� @�� H�L�	 �-? 42�4	8 <y�2�:  
− ��
�8	� �
6 B�� 
− �S8	� B�S.�3
9 �-) �
�&F .-��S �DQ<6 ��2	$ 24 �S �-�q� 24S _@��  (4	S8 }�%�	��   �S[� ?� a�S�  kg 100 �D9� 
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R�V3L 42����%9� �� ^��r� �-�� 4�[	[IEC 60376 ��	8 �� .  �S� <�S$	�  4	S8  ?�S[ 2�SKR   H�S�%�� 24 �4�6��) 42����%9� H	� Y-��8 24 �°C 20  �kPa 3/101(�  �� e4��� 2�KR �Q9��4�6��  .�8��  11-5 -3 7�]E,� �� <�$	�8 4	_Q���2	%94 �L _��8H�2 �� T�M�h� �8�� �-? H�V��:  
− H4�L e���� H2��� <
�9� _��8 ��L H��� ?� H��[	
�<R���  �
�8	� H�2 �� H�2����� a��6 � T2��N vL��R ��6��R�6 �-�	L _$�	R �4 
− ��lQ6 H�L2��� ?� �- �L e���� 
−  e����<����9���� _��8 �4	�� T2	$ 24 �?�[ �- �-�� H�L<�	� �����j � =?��L 
− .��? H��� e�����6.�4 11-5 -4 ���
� a]� �	���%  <�$	���4	8 
Q���2	%94� �	�?\ � �92?�� H����L�- <6 D9� �%��    @S�� �
�S8	� <Sl
-� ?� b�  � =�S8 _��6 Tp���� <�
6�D9� =�8  �4	8 B�X�� vL��R.4	8   <�$	���4	8 _��8 Tp���� .-� �8�� �-? 42�	�:  
− <����� H��	�?\ ?� H�L4��
K�� =�8_q� 24� =��� H���� 2	C
� <�H2�4�� �]�q$ 
− u�2 D�� D9� .lQ� <6 v�C
� �L B�X�� H��� �-�L=��� <� ����%94H2�4�� ��8�� H2��� ]�q$ 
− B��F� H��� ���4��
K��H�L <�$	� <6 YZ���v�Q�� <� �Q6 H��� D9� =�8 H�SL  H2��S�3����Q��   ��S�\ 4	8 DZ| � B�X��. 
− _Q���2	%94 H��[2�6 <� � �-��� �92?�� H��� �-�L=��� B�3
LH2�4��.  <�$	���4	8 �	�?\ x-�%�=�2 u2�V[ �- 24 ��92?�� � �LH?���� (2�6 <� ���8) .4	8 DZ|   <�$	���4	8 �
�8	�^-�M H�L =�8 �� � ?�[<%K�\=�8 <�  24 �?�[Y-��8 :����[ 2��F �-? �-��� �92��  
− =?����?�[ 2�KR H��[-   <�S$	� �S� 4	S8      H�S�%�� 24 <S6 ?�S[ 2�SKR �4�S6��     42����%S9� H	S� Y-��S8 �  )°C 20  �kPa 3/101<%R�[ =?���� ( ��4	8     2�SKR ?� �S%[2V� � H4��2�S6 2�SKR <S
�Q6 ?� �%Q6 �  �QS9� ^-�M H��� ?�[ �4�6��H�
� .�8�Z� 
− =?����v
Z8 <rE� H��[-  <�$	���4	8  24 ?�[ v
Z8 <rE� 2�KR  �QS9� �4�S6�� �   24 <S6 ���S�?°C 20 =?������ H��[ ?� �4	8°C 5-  <�$	� .�8�Z� �%K����4	8    =?��S�� H��S� �R�S6 T�N�$�   �-�S9 24 H�S�[  .4	8 e�QM� ��L��4 
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%
����%  11-6 <�$	���4	8 _Q���2	%94<y2� H�L:�8�� �-? T�M�h� H��N �=��?�9 Y9	� =�8  
− /-���� �[W-� �
R O�$	� <� n�� <�	� �� V��X�?� �
6 <�
6 � �\ H�L T��PK�H4�l
QM  �4	8 <y�2� <�	[ <�R�6 �-�
8\ ��2�6 <6 H��� ��[24 <6 �
$� e	$� �� �.�8�� <%8�4 �4	8 
− /�$	��  ?�<Z
��
Q-� H�L  � V��X�4�l
QM �\ ��L 
− YZ��� T2	$ 24?� �/�$	� ��4	�  �-�� <6 ����F�H�2 �� �%94 T2	$ <�  H��� V��X� H2��S�3����Q��  �  ��	�?\B�X�� .4	8  
���
x���#�T7  11-7 11-7-1 E�#�: U��4	��| H2���3����Q�� �� ����QM< u�2 �	� =4��\H?�9 _Q���2	%94 �L � =��?�9 Y9	�   YS9	� �\ H��S�� ��2�6.42�4 �3%&� � 11-7-2 ��
"Z#HE� U����	 
��% O��-   <�$	���4	8 _Q���2	%94 �- =��?�9 <6 H2���3����Q�� :�-�Q� 24�$ �-? T�M�h� H��N  1 -  <����� ���
�H2���3����Q��� 2 -  D����R �yV� O�$	�H2���3����Q��� - K�� ��l� H��� H4��
H���� H2���3����Q�� )  <%S&� H�SdR �  ?�S� H�SdR  _Sq� 24 �<S���2�6 24 �   =���H2�4�� �(=��� � - u�2�	�?\ ��92?�� H�L ����-?2� ����PK� H�L �S9�9� T���Q��2    �S
���) H4�Sl
QM �S92�� � =4��q�H2�4��2 � �-4�E� H�L�(�L - <KE� <� ���2���L -  4��M� <� ���2� �L<6 ����?) aP�  4��2�642�4�(                                                  1  - Probing method 2- Overhaul  
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���) 4��[ 2��F �C��� 3 - <KE� H��� <6 �
�8	� T��yV� ?� ^�F4 H�LH2���3����Q��  �� 42�4 D�QL� ]��� �-�9�
8)  =2�QS8 O�$	� � DQ&F (<M	QX��L �<M	QX��-? �L �&FDQ H�L.v�� 4 - %9��R ?� �DQ&F6�- H�L� H4��
K�� �u2�Z�� H��� <�$	� � (���2� 4�M �-4�E� �O�$	�) 5 -  ���? ?� �
�QP�H2���3����Q��  e��R<�����HV-2=�8�  6 -  <��4� �3�	3j 2�6H4�l
QM �QM H��%�� 24 T�V��X� �� ���\D&-? T���V�� .%R�[�C� 24 �� �.�r�q� �-   <�$	���4	8 �?�9����2�6 <� =�  �L �
�S8	� ?� n�� �	��   B��SF� <S
��? 24 H�SL  �N�S$�   H��S� <S6  ������M � �L@B�C� H�L�
�1 .�L4 ��h� �D9� ?��� ����Q%&�9  i-  k�%94 24 <�$	� :�6�- T��rF �4	���4	8  =��?�9<� 2	C
� k�%94 24 ?� ��
�Qh�  �4	S� �3SK�QL 6�- T��rF�  D�� B?p H4��
K������Q�� H2��S�3�   �S�10   ?� e�S9  .-�S�\  S9 �-2�S� �
�S8	� D�� � 	3P9��   .�8�� 11-7-3 L�]� 
��% E���
"Z#HU�"": O��-  _-�Q� =�

6 `��� <6 ��2	$ 24 <6 42�4 H2���3����Q�� 4	� �2u   �SL4 B�SX��  <�S$	� � �S� 4	S8  ��
�Qh� _$�N2�6 <6 �
6�
6� a �R�6 D�N�$=2��24 �E�F4 a��4 V�� � 	��
�8 
8�� <%8�4.�  �-   <�$	���4	8  �2 �-? T�M�h� ��2�6 DZ|:�-�Q�  
− e�-�9 =2�Q8 ��
�8	� �	� � 
−  �-2��H��[2��F �
�8	� =��� H���H2�4��� 
− =?���� <�
6 x-�%�H��[�	�?\ � �L�	�?\ _��8 �L 24 <6 ���PK� H�L H2�S6 �QM    B�SX�� �
�S8	�  ���4	8 
− �-2�� 2�6 ��V�� � �LH2���3����Q�� B�X���8�= 
−  <tP-2��=���H2�4��=?���� x-�%� �H��[ �
�8	� H�L24  ?� bS� � ���?    Y-��S8 �S- =�S�� H2�4�S�  �
���) n��Y-��8 =���H2�4�� B�3
L  @�M ?� b� �@�M.( 
− ���2�T2	$ H�L<%R�[  u2�V[ �L <������.  i-   Y-��8 24����� �M � <�$	� �@��4	8  u2�V[ �- ��2�6 <6�����    =4	SQ� <S��� �S� �    Y-��S8 ��S�� B��F� � n��H�L B�X�� .�L4 ��h� =��?�9 <� =�8k�9���  D�L������� <�$	� ���4	8  <6  �S
�
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− <y�2� `��� H�L2��\ H��� u2�V[�=�
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−  <y�2��
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−  .-��\ �-2��H2���3����Q��� 
−  �92?�� .-��\ �-2����-�� ]r9 �3��K� �QKj 
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− H�V�� �H	F 2�KR a
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�*�R#A�  <� ?���_F��N����92 <Z
� �|�D&-? H�L�
�8	� ���Zh �r�q�=2�4 <�
6 �h ��L4��2�6 ����? H�L  �S��\ 42�4 D�QL� .  IEC Guide 109  24 �Z9�
� �-�Q
L�2 .-�<
��?@��F 24 � <Z
��N <��j H�L � T�� DR�-?��  .�S�?� �4�S�1  �
�8	� �QM H��%�� 24�2 �\ �� <y�2�.�-�Q�   �� <�$	�T�M�h� �=��?�9 <6 4	8  .�N 4�l
QM .�� f�Z�2� <� f	��� =2�4=���H2�4�� VS��X� ���j�� � T� � <Z
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