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Purpose: One of the most important risks of organizations is technology risk. In gas companies, due 

to the expansion of activities, increase in the number of subscribers, and increase share of gas in 

energy basket, technology has a very important role in delivering appropriate service. Risk assessment 

in gas technology development projects is very vital. In fact, the existence of numerous risks in the 

gas industry is one of the main obstacles to the technology development in the country's gas industry. 

In other words, the implementation of plans and projects of the gas industry are highly risky due to the 

uncertainty of the specific elements of this industry. The purpose of this study is to provide a suitable 

framework for identifying and ranking the risks of gas companies using the integrative technique of 

FMEA and TOPSIS. The distinguished aspect of this paper compared to previous studies is the new 

method developed based on failure modes and effects analysis (FMEA), Shannon Entropy approach, 

and Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) for ranking 

technological risks of the gas company.  

 

Design/methodology/approach: In this paper, technology risks in gas distribution have been 

determined based on literature and expert’s viewpoints. Then, the identified risks were sent to 33 of 

the company's experts via the FMEA worksheet. After rating the risks by the experts in the FMEA 

worksheet, instead of obtaining the Risk Priority Number (RPN) number for each risk, the risks were 

prioritized using the TOPSIS technique. The FMEA method considers three kinds of attributes, 

namely, occurrence, detection rate, and severity. Occurrence is the probability of the risk, detection 

rate is the ability of detecting risk, and severity is applied as severity of the effect of risk. The 

judgment about determination of indicators has been proposed by experts. In this paper, TOPSIS has 

been used instead of applying an RPN to assess potential failure modes by multiplying indicators of 

occurrence, detection rate, and severity. TOPSIS is a ranking method with the aim of selecting 

alternatives that simultaneously have the shortest and farthest distances from the positive and negative 

ideal solutions, respectively. 

 

 

Findings: Findings indicated that the most important technology risks in gas distribution are i) 

variation in macroeconomics index (exchange and inflation rate) in country; ii) inability to access 

required equipment and machinery; iii) inability to access manufacturing technologies; and iv) limited 

financing for technology development.  
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Research limitations/implications: One of the limitations of this study was separate access to the 

projects of this industry. In this study, the gas distribution project was defined generally and included 

all projects in the gas distribution industry. In fact, it was not possible to individually access the gas 

distribution projects. Analyzing and presenting solutions for each risk separately was another 

limitation of this study. In other words, considering each risk separately according to the structure of 

the industry was another limitation of this study. 

 

Practical implications: The results were valid based on the reasonable method and experts’ 

confirmation and could be suitable for this industry. The technique presented in this study was based 

on information obtained from the Chaharmahal and Bakhtiari Province Gas Company, while due to 

the similar structure of provincial gas companies in gas technology and distribution, the method and 

results obtained in this study can be applied in all gas companies in the field of gas distribution. 

 

Social implications: The results of this study could decrease the cost of gas distribution industry by 

determining the most important technological risks of the gas company. 

 

Originality/value: The aim of this study was to propose a new method of FMEA for ranking 

technological risks of the gas company by integrating Shannon Entropy approach and TOPSIS. The 

contribution of this study was the investigation of the technological risks of the gas company. In 

addition, in this paper, a new method was applied by the integration of FMEA and TOPSIS. 
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X3  X2 X1  
)?�� �9  
         6�C2 �9  

r13 r12 r11 A1 
r23 r22  r21 A2 
rm3  rm2  rm1 Am 

  

 ���8(� [����� ��Ai ��01 29� <��� |i �L.X1  ��h. ��X2  � k�Y� Z���o.X3    �A-. <A��� y08 Z���o.
 �rij �9��01 29��� �-� CD )?�� �9 �� <��� �9 C8 �-. =��	��. | �R .��rij     �� ��AG? �.�A$. �.�Ax1 ;	/1�	�

�� ��01 C8 �-. �E2* ;�.  <	24� 7�-.�D .��.� =��	��. CP )?�� �9 �� <��� �9 9�FMEA    �. L.A8 �A9
)?��  ;	D =��	��. �91  ��10 ��  CP�9 �;�.�D�2D n2��D C��.� 21.��rij CD �91  <A�� 1     �)?�A� �R �� �2A��D �A�

 CD CP�9 � y	EJ10 �� 1   CAD <A	24� 7�A-.�D ��H	Ho�� .2��9 =�Y �)?�� �R �� �2��D <    ;A�. �� CA�$���8
 )?�� C- ����� �C��H�S �O  �D )?�� �9 C�$�6 �x1 �� �G�� =�� 1.;�D n  )?�� �� C8 ���*S  ��)

 CD <��� <� ��	��. CP�9 (�h.10 � 1�< ��     <A��� �R ��A	��. CAP�9 � ��A0	D �<��� �R �h. �� ���D   ;A�. ��
 CD )?��1 � 1�< ��  �R �h. �� ���D���8  )?�� �� .�-.O     CAD <A��� <A� ��	��. CP�9 �(k�Y� Z���o.)

10 � 1�< ��  CD )?�� ;�. �� <��� �R ��	��. CP�9 � ��0	D �R k�Y� Z���o. ���D1 � 1�<  �A�    Z�A��o. �A��D
 )?�� �� ����31�� � �-. ���8 �R k�Y�D P�9 (y08 Z���o.)   CAD <A��� <� ��	��. C10 � 1 A�<  �A�   �A��D

 CD CP�9 � ���8 �y08 Z���o.1 � 1�< ��   .�-. ��0	D �<��� �R y08 Z���o. ���D  
 �. ���Q�-. �DFMEA  �A� �-��D <��� �9 y08 Z���o. � k�Y� Z���o. ��h. ��    <A	24� �� .��A�FMEA 

) <��� �����. ��RPN�� CG-�\� (  �. C8 ���g*�o K�J C-   yA08 Z���o. � k�Y� ��� g���  �A-� CAD 
�� R� <	24� .C~.�. ��  C��H� ;�. ��D�; ���* CD C8 �-.  �� ����R �-� CD � ��	E� C- ;�. |��- K�J =�S

RPN CG�� =.�D �R ��.��.�Y �]� � <��� =2D �� ���Q�-. [	���� <	24� �. �9    �AG	8�� <A	24� ��H	Ho�� .���
FMEA . �� [	���� � C��H� ;�D�; ���* CD C8 �-.      ��A	E� CA- |��A- K�AJ =�SS �O  �D    �A� IGA-�\� �

RPN L.8�9 =.�D �. �.�;    �A� CGA-�\� �A	�9. IS�� ���1�� �����1R <	24� <�8 CD ��	E� C-     �AD [�A- � ��A�
CG�� �[	���� <	24� <��� =2D �� L�M1. �9 .��	6  

)?�� ��� IG-�\� :L�- L�6 ��1R <	24� �D �9��1�� ��� 

 )?�� C- =.�D �C
o�� ;�. ��E�		; �� �2E� �S �O  �D �� CG-�\� �	�9. IS��   N]?�AD ��H	Ho�� .���
 <	24�FMEA)?�� I�9 =.�D C8 � �� �x1 �� �1��4� '��. �9  <	24� ���	6C~.�. ��  L.8�9 =.�D C��H� ;�. ��

 <	24� �D C8 �-. g~�Y ����Q�� �	�9. IS�� �9��	E� �.�� CG-�\� ��1�� �����1R  .���  
 ������1R <	24�1��9 �� {��0�  	1 T]GY C8 C1�/D�; ���*     �. <A��9 CAD ��AD�� �J��� 	�. .�D. C8 �-.

)?�� ) �9Ej) I>D.� �. ���Q�-. �D (1     ) IA>D.� �. ���Q�A-. �AD �A9��	E� �. <A��9 I
*�$ ���.��� [�- � (2  CGA-�\� (
�� �����9 ��� ����31�� .) I>D.� �. ���Q�-. �D �9��	E� �. <3 Z���1 (�� ���.  

CG�� :L��3P L�6 <��� =2D [	���� <	24� �D �9  
 [����� CD CS�� �D C
o�� ;�. ���U�	: 6 A	� CA��� =  = A��     <A	24� 7�A-.�D �A�FMEA   '�� �. (L�� L�A6)

�� ���Q�-. [	���� CG�� �� ��� <��� ���31 =2D  ��6 5���� =@���24� =�9    <A	24� �. ���Q�A-. gAo.�� .��� ;		E�
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 �� ����.  	1 T]GY C8 C1�/1��9 �[	����D�; ���*  [����� .�D. C8 �-. �AU�	: 6 A	�  ) IA>D.� �AD =4  � Z�A��1 (
) I>D.� �. ���Q�-. �D [�-5 [����� (V  CG-�\� (;��� [�����)�� ���   ����AH� �CA��H� ;�. �� ��-. �2�Q6 .wj   �AD

R '�� �. ���Q�-. ����H� �ED I
o�� �� .�-. �� CG-�\� �����1C2� 6   A�. �AJ�$ =�9�~ �AG�� Z )A
+(  A�. ��~ Z

�Q2� )A
- �. ���Q�-. �D (C>D.� �9) =6) � (7�� CG-�\� (     IA�9 ;�$�A6 �Ax1 �� �G�� CD CS�� �D .��� )?�A�  �A9 =

) C��H� ;�. �� [	���� [�����S �O  �D (Vj
+  )?�� �� �G�� Z�~�.)j (L.01�� 29� |X� D ���;    <A��� ��A	��.

 )?�� ��j � L.Vj
-  )?�� �� �Q2� Z�~�.)j (L.��01 29� | <AP�8  �A��;     )?�A� �� <A��� ��A	��.j  n�A-. L.
C2� 6 I
*�$ [�-  �. ���Q�-. �D �Q2� � �G�� Z�~�. ����H� �D �9C>D.� �9) =8) � (9  �A� CGA-�\� (    ��A��31�� .��A�

�. CD �G�1 �4�� 1 ����H�) I>D.� �. ���Q�-. �D Z�~10 �-� CD (�� R�<��� �L�M1.�- . �9   �.AH� CAD CS�� �D
iCL

CG��  =2D�� 1���.H� CP�9 .
 iCL��D ��0	D� .�-. �.���?�D =��0	D �����. �. �x1� <���  

 

5- � � ����' ("��&'	,D� �� 

 I�b ��3P �=@���24� CD ��D�� �1�G� ��»��.�P« �»���	P« �»�/1�/P « �»=��-2�1.�� «  CAS�� �D .��.� ��S�
 ���D �x1� CD��<� �9 �]� �C�b ��3P ;�. �C��H� ;�. �� =@���24� =CHGl 2D ���-�2� � =��<� �9   CA�$�6 �.�Y

.�-. �bI »��.�P«� ��<� �9  ���G1 E>Y	� �9= D ��D���S��? p	\� Cn �bI »���	P«� ��G1 E>Y	� �9=   ��AS��
�AAU� ��	: 6AA	�= =��32AA0	� '��.n AA�b I»�/1�AA/P«� ��<AA� �AA9  ���AAG1 E>YAA	� �AA9 AA�b � �AA
?.� p	AA\� ��I 

»=��-2�1.��« ���<� �9= � CD ��D����?�-� �9  ��S�� =�9���D �  =�AS ��? �� .� A��  A9�   ;A�. �� ;�.�D�A2D n
 .�D. �C��H���<� �9   �� � A� ���A-�2� �E2* ;�. ��6�G? �x1 � =�x1 �1�G� ���� �D ��6 =@�1. 5���� �E2* =

 C�-� ��3P ;�.CD ���* .�$�6 �.�Y g��  
��G1 E>Y	� �9 �b ��I  F1.�»��.�P« 2�R � �.��D �. )Y�1 F1.� g���| �� �$�8�1 F1.� ��R |��AD �	 �$�A0  �A9 =

=@���24� ���G1 � �		^� ����]l. �	$�Q����  ��.��� � �9��G1 � ���1.��	F D	 A2�     �(...� �A-�	- ����A��S.) �A2�R
�1 .�-�GY� CD �G�1 )Y�1 F1.� � �]��E� �628.�� ��]��E� ���D )V0�  

��G1 E>Y	� �9 �b ��I  F1.�»���	P«  g�����G1 ��S �� �	E>Y �S�=   �WA-�2� =@���24�  ��AG1  �� �A	E>Y
=@���24� �-�� K�V�1. L�3D. �   .�-. =��4
�� N.9. y���E� ��  

��G1 E>Y	� �9 �b ��I  F1.�»�/1�/P «g��� ��G1 � ��4�.c� �5D�2� ;	�	F D	2� ���41  A�c  ��/2�AH1 � ���A� ;	� 
��G1 � ��4�.c� ��. 	3M� ;	�	F D	2� ���41 ��. 	3M� r	Y� ��G1 � ��4�.c@���24� ;	�= �9 �-���1 Z�H�1. �� � �c �	?

�c� ��	; ��24�@�= �9= L�b �-..  
��G1 E>Y	� �9 �b ��I »��-2�1.��= « g�����G1  g4A� W-�2� =�9�.��D   �CA�$��  ;�A�.1  �?�2A��.   � Z�AU\�

 ���6228	�����G1 -	�-� �9=  W-�2�=.�D CD � =�G9.� 6��8	�= =@���24� ���G1 C4G� � �/29��9  �A9=   =��R�A1
 ���E2*�1��/01.� ��.�/�9 H	H\�  8.�� � �9 � ���R&D   .�-.  

{��0� ��.��  Z�S �� ��8(� |�1  .�-. �� C*]?�� ��H	Ho F9�O� ;�.   ;�$�A6 �Ax1 �� �D  A�b ��A3PI 
 =.�D <��� �
*. =@���24����� Z�S ��| 1 ���<� �9= �.�V�-.     ���A� rA��l �. �A� �1�AG�    �AD CGo�AU� �

0H1 �. C�b �9 � C
o�� �9 �� ���6�G?I  �.�.� =@���24� 1� ��0� 9�.  
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Z�S1 :��<� �9 ���31 =�-�2��� �� =��	�VD � Z�\���3P ���-. ��6 |�.�. =@���24� |��o �� 

C�-� 2D<��� =  <��� |����  <��� {	J��  5D�2�  

=@���24� ��.�P  

1  ^��		 .����6 �8�� =�9��	1 � p� � 	8)16  ��.��4�9 �2002(  
2  �6 �8�� |��Q�-. ���� =@���24� ��� I?�P�   ��.��4�9 � =�.��)1396( 

3  N�Q� ��6 �8�� I����- �06��D �. 	� ���G1  )H1�  ��.��4�9 � ��.�1393( 

4   � ;	1.�Y ��4� �		^�-�-�	 ��08 �]8 =�9   ����. � �
�Q�)1397( 

5   ���D�\�:�  � �9��\���  =�9D;	 ��08 C	
� �

��.   �=��9 � ����.)1396( 

6  
 �?�2�  Y� ;�A�.1  rA	 �8�A�   �. ��A6 A2�1.��=   =�A9

��08 �� ��S��  
 ����. � �
�Q�)1397( 

7  
      �� (L��A� � ��. `�A1) �]A8 ��AU�Y. )?�A� �.�		^�

��08  
 ��.��4�9 � � 	8)2002(  

=@���24� ���	P  

8  ���-�2�  ���41@���24�= �9 /;� /��S �b�U\�   ��.��4�9 � �	�)2019( 

9   ��G��. K�V�1. � �D����. 6C2� =@���24� ;4�� =�9   ��.��4�9 � �	�)2019( 

10  W-�2�  =�@���24� ;��.1.�� �D  ���-. =�S p�   ��.��4�9 � �����Q*)1397( 

11  
   � �G1�AAS L]AAY. �AA-���1 K�AAV�1. �. �AA��1 <AA���

.�.��� g�4� =�9  
 ��.��4�9 � � 	8)2002(  

 �/1�/P
=@���24�  

12   ��G1��?�-�� W-�2� � g�4� =�9  )H1� � ��.��4�9 � ��.1393( 

13  =@���24� IE-�� =.�D ��\� ���� ;	�c�   �7����1� � :	8)2014( 

14   � �. 	3M� CD �D�	�-� �� �1.���1���;	 L�b �bR   ��.��4�9 � �1.���)1397( 

15   CD �D�	�-� �� �1.���1@���24�= 	��� � �?�- =�9   ��.��4�9 � �1.���)1397( 

16  ��	1 ��G�8)UV�� � �9�� �1��1. =   �7����1� � :	8)2014( 

17  
  ��AA-�2���8 �AA�.S �8�AA�� ��AA6   CAAD �AA���.�

�8�� �9= =��6 �*�U?  
 ��.��4�9 � ���.�)1397( 

18  =@���24� �Qo � =�.3/1 �� W-�2� ��8���- ��G1   ��.��4�9 � ���.�)1397( 

19   ��G1��?�-�� C��� =�9   ��.��4�9 � =�.��)1396( 

20  =��U\1. ��08 g?.� �� �x1� =@���24� ���D �8���1�8.)17 L�	1��.�D�- �18 �2012(  
21  ��G�8  �� ���	
�� ��	D�M��@��� �9CD�0� =   �L�	1��.�D�- � �8���1�8.)2012(  

 =��-2�1.��
=@���24�  

22  
  WAA-�2��1 K�AAV�1.�8�AA� �AA9 =���AA�	  =.�.� =��AA8

=@���24�  
 ��.��4�9 � � 	8)2002( 

23  
 �9�6R  �. ��� ;��.1�<��  �����o. =�9 �@��A�  �A9 =

��6 �8��  
 ��.��4�9 � �	�)2019( 

24   Z�H�1. ��6 �8�� ��-�2���8 CD =@���24� F1.� ��.1   ��.��4�9 � �1.���)1397( 

25  
  F9�A8 �A1.����        [	A-c� � A�� �AD ��A6 �8�A� =�A9
�8�� �9�*�U? =  

)H1�  ��.��4�9 � ��.�1393( 

26  
 I~.�. L� ��1��J C��1 �9  �� ��A�o =.�D ���� ���G� �D ��

 �D �.��.�Y ��HE1. � ��UY�2������- �9 =��3D �.��D  
 �=��9 � ����.)1396( 

27  
 g4� ;�$�/1  ��g4� 6     �� �.��AD A�.�Y L�A/29��� =�A	

=@���24� |��o  
)H1�  ��.��4�9 � ��.�1393( 

28  
 �Q��V��8��  �A9 = ��A3D  �.��AD  �AD    �A0����R ���A��R

�
?.� =@���24�  
 ����. � �
�Q�)1397( 

29  ��6 �8�� �1. �09�O� ��Y   �=��9 � ����.)1396( 
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=.�D �� ����. T]GY C8 C1�/1��9 � �D����.�<� �9=  �A-�2���  �A�   CA��H� ;A�. �� '�� �.   �AG	8��FMEA  �
 [	�����-. �� ���Q�-. nD�; ���*  C8  :	�AU� [����A� ��  A	6    )?�A� �[	A���� <A	24� 7�A-.�D =�   =�A9
FMEA  Z�S .�-. C�$� ��8 CD2  [�����40�	g ��     <A��� �A9 ��A	��. |��D�� ��6�G? �.�x1 ;	/1�	� 7�-.�D

 [����� ��/�� ���G� CD �� )?�� �9 ���U�	: 6	��� ��01 .� [	���� = .9�  
  

 Z�S2 :��<� �9 =5����  [����� �� =��6 =@�1.FMEA 

C�-�2D<��� =  <��� ����� �h. �� k�Y� Z���o. y08 Z���o. 

=@���24� ��.�P 

1 57/5  61/3  5/4  
2 3 05/5  22/6  
3 15/3  05/4  38/3  
4 42/3  94/7  55/7  
5 73/3  55/6  72/7  
6 63/2  05/3  66/2  
7 26/4  94/5  5/8  

=@���24� ���	P 

8 21/3  94/3  55/4  
9 84/5  22/3  61/4  
10 05/3  72/4  11/3  
11 63/6  33/4  5 

=@���24� �/1�/P 

12 84/3  66/3  6 
13 89/3  72/5  33/8  
14 05/3  6 44/9  
15 31/4  5 72/8  
16 05/2  77/4  44/3  
17 78/4  44/5  61/7  
18 26/5  16/5  05/7  
19 47/6  05/4  5/6  
20 76/3  7/5  3/7  
21 48/3  05/2  39/4  

 =��-2�1.��
=@���24� 

22 47/5  72/3  88/7  
23 1/4  27/3  44/3  
24 1/6  22/5  05/7  
25 47/6  27/4  77/2  
26 4 72/6  22/6  
27 34/6  04/2  2/3  
28 78/4  38/3  83/3  
29 15/3  22/3  55/2  

 

 Z�S2 :	�U� [����� CG�� =.�D =�	6 <��� =2D    �[����A� ;A�. CD CS�� �D .�-. =@���24� =�91��9  CA1�/
  	1 T]GY C8)?�� ��� ���1�� �����1R <	24� �. ���Q�-. �D �� ����.  �A� ;		E� �9     |���A� Z�AS .��A�3   e��A�1

�� ��01 .� <	24� ;�. CD ��D�� ���G-�\� .9� 
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 Z�S3)?�� ��� IG-�\� : ��1�� �����1R <	24� �. ���Q�-. �D �9 

)?�� �h. �� k�Y� Z���o. y08 Z���o. 

Ej 
987025/0  986526/0  978894/0  

dj 012975/0  13474/0  021106/0  

Wj 272833/0  283336/0  443831/0  
  

Z���1 �D  [����� ���8�U�	: 6	� Z�S �� ��S�� =2 ) I>D.� <�8 CD4 �-� CD Z���1 [����� �( A�� R A�  �AD .
K�J  ���8��� �9 =CG-�\� ��  Z�S �� C8 ���1�� �����1R <	24� r��l �.3  ���A� �� ��R �-� CD  Z�A��1 [�

) I>D.� r��l �.5 ����� [����� �(CD ���*  Z�S4  �-� CD�� R�. 
  

 Z�S4 =.�D ����� [����� :CG�� 2D =��<� �9��6 =@�1. 5���� = 

C�-�<��� =2D  <��� ����� �h. �� k�Y� Z���o. y08 Z���o. 

=@���24� ��.�P 

1 012081/0  00776/0  01221/0  

2 006507/0  01086/0  01688/0  

3 006832/0  00871/0  00917/0  

4 007418/0  01707/0  02049/0  

5 00809/0  01408/0  02095/0  

6 005704/0  00656/0  00722/0  

7 00924/0  01277/0  02307/0  

=@���24� ���	P 

8 006962/0  00847/0  01235/0  

9 012667/0  00692/0  01251/0  

10 006615/0  01015/0  00844/0  

11 01438/0  00931/0  01357/0  

=@���24� �/1�/P 

12 008329/0  00787/0  01629/0  

13 0.008437/0  0123/0  02261/0  

14 006615/0  0129/0  02562/0  

15 009348/0  01075/0  02367/0  

16 004446/0  01026/0  00934/0  

17 010368/0  0117/0  02066/0  

18 011409/0  01109/0  01914/0  

19 014033/0  00871/0  01764/0  

20 008155/0  01225/0  01981/0  

21 007548/0  00441/0  01192/0  

 =��-2�1.��
=@���24� 

22 011864/0  008/0  02139/0  

23 008893/0  00703/0  00934/0  

24 013231/0  01122/0  01914/0  

25 014033/0  00918/0  00752/0  

26 008676/0  01445/0  01688/0  

27 013751/0  00439/0  00869/0  

28 010368/0  00727/0  0104/0  

29 006832/0  00692/0  00692/0  

 Z�S �� ����� [����� CD CS�� �D Z�o4 <��� IG�� IG-�\� =.�D [	���� <	24� �.    ���Q�A-. �A9 A��  ��A� .
 Z�S �� �Q2� Z�~�. � �G�� Z�~�. .�D. ���x2� ;�. =.�D5   .�-. �� ��.� ��01  
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S Z�5 �� �Q2� Z�~�. � �G�� Z�~�. :)?�� �9 

 �h. �� k�Y� Z���o. y08 Z���o. 
��.�G�� ZR  01438/0  01707/0  02562/0  
��.�Q2� ZR  004446/0  00439/0  00692/0  

  

    CA�$�6 �Ax1 �� �AG�� (y08 Z���o. � k�Y� Z���o. ��h. ��) )?�� C- �9 �C��H� ;�. �� C42�. CD CS�� �D
�� 1. )?�� �R �� <��� �� CP�9 �2E� n X� AD  �A�         ��AG�� Z�~A�. ��A-. �.���A?�D =�A�3D IAG�� �. �A��D

X� D ���;  ��Q2� Z�~�. � ���- �9 �� ��<P�8 ���;    Z�AS �� CA8 �-. ���- �9 �� ��5    �A� ��.� ��A01
.�-. ���31���  ����� Z�S6 �� ��01 .� [	���� '�� CD ��D�� ���G-�\� e���1 .9�  
  

 Z�S6[	���� <	24� CD ��D�� ���G-�\� e���1 :  
<��� |���� di

+ 
di

-  CLi
  CG�� 2D =��<� �9  

1  01648/0  0128/0 437/0 18  
2 0133/0 01543/0 53696/0 14  
3 01994/0 01451/0 42120/0 23  
4 00865/0 02054/0 70368/0 5  
5 00838/0 01922/0 69630/0 6  
6 02290/0 01637/0 41678/0 25  
7 00717/0 02046/0 74045/0 1  
8 01747/0 01382/0 44161/0 17  
9 01667/0 01293/0 43685/0 19  
10 02008/0 01491/0 42602/0 22  
11 01433/0 01277/0 47107/0 16  
12 01444/0 01449/0 50081/0 15  
13 00820/0 01988/0 70812/0 4  
14 00881/0 02294/0 72238/0 2  
15 00831/0 02033/0 70983/0 3  
16 02026/0 01537/0 43134/0 20  
17 00835/0 01787/0 68162/0 7  
18 00931/0 01635/0 63728/0 10  
19 01156/0 01468/0 55933/0 13  
20 00978/0 01753/0 64180/0 9  
21 01987/0 01498/0 42983/0 21  
22 01032/0 01770/0 63161/0 11  
23 01990/0 01413/0 41522/0 28  
24 00881/0 01634/0 64974/0 8  
25 01975/0 01403/0 41531/0 27  
26 01076/0 01646/0 60648/0 12  
27 02117/0 01488/0 41281/0 29  
28 01855/0 01339/0 41922/0 24  
29 02258/0 01605/0 41554/0 26  
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 ���31 IG�� ���8(� Z�S��<� �9  ��01 .��� 9� .�		^�  ��A08 �� (L��A� � ��. `�1) �]8 ��U�Y. )?�� �. 
 nZ�. IAAG�� ��AA��� � �. AA	3M� CAAD �D�	�AA-� �� �1.���AA1	; �bR  nL�� IAAG�� �� =���AAJ CAAD �D�	�AA-� �� �1.���AA1

@���24�= �9= 	��� � �?�-  � L�- IG�� ���cE-�� =.�D ��\� ���� ;	�I =@���24�    CA�$�6 �.�AY L��3P IG�� ��
 ���- .�-.��CG 2D =��<� �9 Z�S ��  	1 ��6 =@�1. 5���� =6       �AD  A8��� �AD ��A6 �8�A� .�-. �� )V0�

��<� �9 =�.�V�-. ��  ;�. CD CS�� � C��H� ;�. ����<� �9 CD   �A	�9. W	���E� 	A	;  �A�    �A31R �AD A��  A1.��  ��
�U�	: 6	�= �9  L�M1. {	\* �/1�/P ��@��� �9�� ��-. �2�Q6 .��.��D L�6 ��? = ��
� � �H>2� 1CD C�$���8  ��

 e���1 	�c� � C��H� ;�.CD �-� ��R  ��E2* ;�. ��6�G? p-����01 29� ;�. ��G��. | F9�O�.�-.  
  

6 -  E/� 

 �. 5��S � g��8 ��3$ �D C��H� ;�. ���@��� �9 ��1�-���6 =��<� �9 CD ��D�� =.�; �@��� �9   [�A- n� ;		E�
 �-�3$��<� �9 =�-�2��� �� D ���
Y 7�-.�H\�	r IS�� ��9.	�  ���J��	� ��/1��D C��20-�� � = Ao.�l �

 .��31���� =.�D �M2-��G��. �.�;  � C��20-���31�� ��- �-�3$ =��<� �9  �@��� y
�V� ��8�. �. ��-�2���8 �D
 � ���1 ����0� ����$��8)�	��41�� ���]l. C8 �(5��S ��   IGo�AU� �2�A�.� =1	 CA�  ���?�A-�C�$�     �. [A� .A� L�AM1.

M2-��G��. � C��20-�� ��31�� ��- �-�3$ =��<� �9 =�-�2��� �� ���� A�5    =.�AD C��2A0-�� �A-�2�  Z�A��o. ��
      �AH	Q
� '�� �. ���Q�A-. �AD ��A��31�� � �A31R ���-�2� �� � �h. �� �k�Y�FMEA  � [	A���� � CAG��  A2D =

��<� �9 n� L�M1. D�; ���*   :	�AU� [����A� C8  D =�A	6   <A	24� =�A2G��FMEA     ��AH	Ho�� .�A$�6 g4A�
)?�� :	�U� [����� =�9  <	24� 7�-.�D �=�	6FMEA  g���  �Ax1 �� y08 Z���o. � �h. �� �k�Y� Z���o.

n� C�$�6 )?�� ��� ���1�� �����1R <	24� �D [�- CG�� �[	���� <	24� �D L�M1.�- � ;		E� �9 <��� =2D   �A9
.� CG-�\� 

 e���1CD �-� �R�  ��01�� 9� ��08 �� (L��� � ��. `�1) �]8 ��U�Y. )?�� �.�		^�   nZ�. IAG�� ��  �1.���A1
��� � �. 	3M� CD �D�	�-� ��	; �bR  nL�� IG�� �� =���J@���24� CD �D�	�-� �� �1.���1=  �A9=   A	��� � �?�A- 

 � L�- IG�� ���cE-�� =.�D ��\� ���� ;	�I =@���24�  L��3P IG�� �����< �9    �AE	Gl ��A6 5A���� =@���24� =
 �.�Y�� 6	�� .CG�� 2D ���- =��<� �9 =�-�2��� ��  Z�S ��6 .�-. �� ��.� ��01  

 ;�. e���1 �	�Q� F9�O� ��01�� 9� �8�� �9 ��6 5���� =���-. �9  CP��<� �9 5���� �� ������. CP �D � ��
 ;�. �-�� L�M1. =.�D ;�.�D�2D n1�.� �E	Gl ��6 ��D <��� ;����8 �D CQ	��C��1�D ��  � =���-�C �.(6= �9 ��? =

 rD�>� .���<� �9 CG�� � 2D= �9 =CD �-� ��R .228 :	x2� C��H� ;�. ��  
 e���1 I���H�CD �-� ��R  �D F9�O� ;�. �.F9�O� �9 e���1 �;	0	� =H>2�� ��  ��
��  �A�  ��A01 .� = A��  A9� .

 �D F9�O� ;�. |�� �9�G��F9�O �9 �� ���S�� =��<� �9 = �A-�2���  �A�      |A�� ���AQ� �A�. n�A-.R1 �A3  ��
 <	24�CD C�$���8  .� �R e���1 C8 �-.��D��8= �� �� 28 �� .F9�O� �9 = L�AM1.  �A�     �. Tb�A�E� <A��� |��Ao ��
 <	24�FMEA  <	24� �� .�-. �� ���Q�-.FMEA  AS� y08 Z���o. � k�Y� Z���o. ��h. �� )?�� C- ��

 }�\� �	�9. IS�� <� �D C- �9 C8 ��.��� ��� �� ���� C- ;�. T����Y C8 ���o �� nCG��  A2D =�� <A�  �A9   A��G1
 �. n2��D C��.� ���4� �	hc�.�; �� W	8�� �D C��H� ;�. �'�� �9   <A	24� �AD [	���� � ��1�� �����1R =FMEA  ��
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 �D C���H�F9�O� �9 ���S�� =CG�� 2D =\*	{ ��  �8��D��= �� ��01 g�� �� .� =�� 9�      ;A�. ��A6�G? A	�c� CA8
 r�U� .� k�J�� ;�. ��E2*�� 28    �AD F9�OA� ;A�. ��	� �/�� ���Q� . F9�OA�  �A9     CA8 �A-. ;A�. ���AS�� =

F9�O� �9 �.�V�-. ��/�� =��<� �9  .� �E2* ;�. ��CD ��l  �
8�x1�  �.�Y��.� 1.  �AD F9�O� ;�. C8 ���o �� n
�� � 	8c� �.�V�-. CD �=@���24� |��o �D  8���<� �9 .�-. ���8 CS��  

��<� �9  ���G1 E>Y	� �9�� �@��� �� �-. ;4�� C8 �9= E-��I @���24���6 = 1 ���� �.��9	��  ��. CAD A�D��  �
����� ���<  .� �E2* ;�. ��� ��4�R� 28. ��H	Ho�� � ��S��<� �9= \� g�.�� � �E��	>�  Z A� ���   CA8

E2* �D�\� ��6 �	g �� ���� 
*. 51.�� �.� E-�� rH\�I @���24�= 2* FVD ���E  A� ���� CD ��08 ��6� R A�n 
 ��/�� ���G� CD�	��� ��-= .�S. �= t�l �@��� � �9 �9= CD ��6 �E2* �
� �8�o	�   E��A1 � ;u�>��A1 �*�2�v	;  �

�	f	6� �9= . q�? A�;  � ��E2A*� <A�  ��.� =��A��.   <A	24� CA~.�.  �A� . ��     ��A�]l. 7�A-.�D F9�OA� ;A�
CD �-� ��R  CD�0� ���?�- CD CS�� �D ��. n�-. =��	�VD � Z�\���3P ���-. ��6 �8�� �.�8�� �9 ��6 =���-.  �A9 

 e���1 � '�� ���6 5���� � =@���24� ��CD �-� ��R  ����� =.�D F9�O� ;�. ���8�� �9   5A���� IA2	�� �� ��6 =
�V� ��H	Ho�� .�-. �G�E� ��6 �F9�O� ;�. �
*. ��Gl�8�� �9  ��A6 5���� = ���A-.  �A9      ��A4��� �AD CA8 2�A�9

 =��320	��� 21.��  � 228 Z�G1� .� ��6 5���� =@���24� �� <��� F9�8�1��	M ��R I��? 1�-�   L��A� CAD ��3D �
 =21��9 CD CS�� �D .29� �.�Y ��? =��8 I��1�D �� .�9��	� �@��� �9  ���8�� �9  A-. ��A6 =   ���A08 �A-.�- �1��

 =�/�. ���?�-�	��320 �� �R e���1 � =.�;  �C��H��E�	: .�-. ��08 �-.�- ��6 �
� � �1��-. ��6 �8�� CD �1�.�  
  

7 - ,�!	F  !�� 

@���24� =CD ��l �
8 �D :3-	�� 6� D� ~.�. ��I �8�� �� K�
>� ���? �9=  ��6��.�.     =.�AD =��A�� gA�b�
 C8 ��.� ��S� :3� ;�.C
�S�. ��  ��P =��.�� CD �.��'���6 8��0� �.E�	;F�. $. �   @�A1. GA- �� ��6 :3-=� 

.���p . q�?��.� 2\* ��I D;	 �

��.� 3���9= 1�3S� -��-� ��� @���24� CD= =�9 �	 �C�$�A0  �AG9.� =�  ���AD
- ED �. ��6 �E2*	-�� ��U�Y. � �. n��8 ����. =.;�  �C��H� ;�. ����<��  � =@�A��24� =�9    .� ��A6 =@�A1. 5A���

 � ���-�2�CG�� 2D;�D .�-. ���8 =  ���-�2� �. [� ���x2��<��     � k�AJ�� �1�AG� CAD CS�� �D �E2* ;�. =�9
 ���6�G? �x1CG�� 2D �G	8�� <	24� �D �31R =FMEA .�-. �� L�M1. [	���� � ��1�� �����1R �D  

 ���-�2� �� C��H� ;�. =��R�1 CS���<� �94�@���24� =  ;A�. �� ��28�� C8 �-. �E	Gl ��6 =@�1. 5���� �� �
 ��R �� C8 �-. �� C�$�6 ��8 CD <	24� �� C��H� ;�. �/�� =��R�1 .�-. �01 L�M1. �09�O� �C2	��24� A	<  �A9 =

FMEA � ��1�� �����1R � TOPSISCD ���*  CD C1.��R�1 � �S T]��8�	�� .   :A9 �AD �� ��.� t�� C��H� �� C8 =
	8�� W�� 1. <	24� �� .FMEA  ��RPN  |��- K�J �D      �A-� CAD yA08 Z�A��o. � �Ah. �� �k�Y� Z���o.

�� R�  �]� �CG�� 2D �.�Y =�� 6	��     Z�A��o. � �Ah. �A� �k�AY� Z���o. ��.�� �. L.8�9 =.�D C��H� ;�. �� ��. n
CD [�- � CG-�\� (�	�9. CS��) ��� ��1�� �����1R <	24� r��l �. y08    �[	A���� <A	24� <�8 CAG��  A2D =

��<� �9  ��
� � �H>2� <	24� .�-. �� L�M1.CD C�$���8  =.�DCG�� 2D =    �AD CA���H� �� CA��H� ;�. �� CAG��  A2D =
 �� <�8 CD ���-RPN �CG�� 2D =H>2�� ��  ���D��8= �� ��320	� g�� �� .� =�� 9�.  
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C
�S�. ��\��� �9 CD �-��-� �F9�O� ;�. =����@ �9 �E2* ;�. =CD  ���A*     �F9�OA� ;A�. �� .�A-. M�
 ��6 5���� |@���CD ���*  Iv	
8 C8 � y��E� �
8�@��� �9        g��A� �A��D 5A���� |��Ao �� CA8 �.� �E2A* ;A�. =

�� ��� �-��-� ��H	Ho�� .CD ���*  �. L.8�9 CD . M��@��� �9 ��6 5���� =��4�. (���    � gA	
\� ;	A2f�9 .��G1
�49.� �$�E� �. L.8�9 F9�8 =.�D ���<� �9  �/�� �.��\��� �9  �A-��D ��/�� ���G� CD n�-. F9�O� ;�. =

 �. L.8�9��<� �9 CD ���*  �. �E2* ;�. ���?�- CD CS�� �D C1�6.S��\��� �9.�-. F9�O� ;�. = 

�� ��320	� F9�O� ;�. I�.�. ��  <	24� ���C~.�. �� ��6 �E2* �� q�? |@��� <� =.�D  ;�. e���1 �D � L�M1.
 �9���.��� ;�$�6 �x1 �� ;	2f�9 .��� C���H� F9�O�CD ���* <	24� �/�� �. ���Q�-. � =��$ :	�U� =�9  �D =�	6

 F9�8 =.�D ���9��49.� I~.�. � g	
\� � C� M� .�-. 	Q�  	1 F9�O� ;�. e���1 �D �R I���H� � C1�62P =�9��	E�
 �. L.8�9��<� �9���-�2� =  �CG�� 2D   Z�GH�A-. �R �. �E2A* ;�. �� C8 �-. 	Q� ��	�D  	1 C��H� ;�. �� �� =
.� 9.�?  
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