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Abstract  

The objective of the present study is to design a framework for evaluating the impact of factors 

influencing the reduction of non-technical losses in electrical energy. The research method 

employed is exploratory-theoretical modeling, which has been practically implemented and 

validated within the West Azerbaijan Power Distribution Company. Through the analysis of non-

technical loss statistics and expert interviews with professionals in the electricity distribution sector, 

the factors of “consumption damage” (arising from both overt and covert unauthorized electricity 

usage) and “consumption difference” (resulting from the replacement of faulty meters and 

calculation errors) were identified as system inputs, while “non-technical losses” of electrical 

energy were defined as the output of the proposed fuzzy system. Various membership functions—

including Gaussian, bell-shaped, S-shaped, Z-shaped, and triangular—were utilized to determine 

the degree of membership for verbal input and output variables within fuzzy sets. By applying 21 

final rules and considering the centroid of fuzzy sets, the system was able to generate clear and 

actionable outputs. Ultimately, the fuzzy system was validated through comprehensive rule testing 

and overall model evaluation. Sensitivity analysis revealed that the implemented fuzzy inference 

system effectively captured the logical relationships between inputs and outputs. The results of the 

modeling and sensitivity analysis indicated that the “consumption difference” variable (stemming 

from measurement and calculation errors) exhibits the highest sensitivity in reducing non-technical 

losses; thus, addressing this factor can significantly enhance the operational performance indicators 

of the network. 
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�� 5��4Q »�<�-�
A
@« 

� �R
 ��=�# �
<�6= 7��5+ 5�#�<. :�
4�
 �41�  

 �5�
Q1:  `�92 S�
*= �<�O� ���G  `�92 S�
�+ � 5%
�

O� ���G  ��U ��T S
��+ �
A
@ ;5%
��
FY ���Y��� #4� 5��4= 

)27/0(. 

 �5�
Q2:  `�92 S�
*= �<� ���=O�  `�92 S�
�+ � 5%
�O� 

 ��U ��T S
��+ �
A
@ ;5%
��
FY ���Y��� #4� 5��4= )32/0(. 

 �5�
Q3:  `�92 S�
*= �<�O�  `�92 S�
�+ � 5%
�O�  ;5%
�

 ��U ��T S
��+ �
A
@�
FY ���Y��� #4� 5��4= )32/0.( 

 
1. Mamdani 
2. goussmf  
3. gbell 
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�4! ���0�56� 7�*8��2� ;�2
9�� #
:� 

 

 ���� ���	
-  �
� ����� ��� ���� ��� ���� � ����� �	�� ! "�#�
�$ ��
�%2  �!
�! ��
�%39 �
)*�
+ 1404       

 

 �5�
Q4:  `�92 S�
*= �<� ���=O�  `�92 S�
�+ � 5%
�

_!
#�  ��U ��T S
��+ �
A
@ ;5%
�R�M* #4� 5��4= )47/0.( 

�F��= �52 
� J�� e��2 P^Z �� ��5^2 }��� P�56+ 5% .P� 

5��@�U �52�?
� � P��n+ �#�#
� �# k�n2 N�
��eU� MATLAB 

N
:
� 5% � �:���
6)�� �52 ?� {��j �42?@ 5��4Q � �*�
^2 
� 

�#�#�
� ��Q�� S�4� �U�< .;7��o�� P��n+ ���
*8 ���� 7���+ 

��e�2 ��Zt+ �� d� ?� �
���z)2 �#��� �� �F��= N
:
� 5% 
+ 

c
*87��+ P2
� �# G�
� S
��+ ��T ��U qO	2 ##�< .  

4. �8#����� ��+,-  

���4R�2  ;�F��= ��z)2 � �#��� �
���z)2 ��4�� X��4+ 34
 7���+

 �<5����! �
���#4�
 ��*�+ 
� � �4�K2 �
<�6= S��R
 K=� ?� �!

���
8 �
���z)2 7�� �^1�2 �1��� ;����#�42�  ��4�� X�
+ ��5^2 �

 � �5�#�< #
:��b
)�
�
 d�#e
7��+  �5% u
O)
� (��4�� X�
+) u�4F

.���  

 PW% {�
121 ��� �#��� ��z)2 � «`�92 S�
�+»��4�� X�
+ z 

;PW%  �2>� ��z)2 �#�# �
	
 ����"� ���= `�92 S�
�+ �
���  �

�04A
? ��4�� X�
+ ��) ���2 5
�4+����4=  �
2�
 � �:��5+ S����z+

5�# G�
�
 �� `�92 S�
�+ �
��� �2>� �
���z)2 �#�# �
	
 ���� (

 � #
�? `�92 S�
�+ �
��� � k�4)2 `�92 S�
�+ �
��� ;"� X�
+

��4�� S PW%  �2>� ��z)2 G�
�
 ��F �
��� �2>� �
���z)2

�)U�< �R
 �# #
�? �
�*� `�92 S�
�+.��� �5%  7�� ?� �#
�)�� P�0#

 ��4�� X�
+S PW%  k�4)2 ?�2 �#46
 qO	2 S�
�+ �
��� ��e�2


� #
�? `�92  .��� #
�? ���= `�92 S�
�+ �
��� ��8�2 �# ;�5��

 ��2�#�
2�7 2 �# ��z)2 �#�5n38 2����4  ��
� S��4��� 
+90 

 ��
� S��4��� �4���2�� 5�#�< 7���+  ?�38  
+42  S��4��� �4���2

 ��
� �A

	
 `�92 S�
�+ #�W��� ?� ;"� ���=42  
+47  �4���2

 ��
� S��4��� �A

	
 `�92 S�
�+ #�W��� ?� ;"�47  
+53  �4���2

 ��
� S��4��� �A

	
 `�92 S�
�+ #�W��� ?� ;k�4)253  
+70 

 ��
� S��4��� �4���2 �A

	
 `�92 S�
�+ #�W��� ?� � #
�?70 
+ 

90  �4���2 ��
� S��4��� �A

	
� `�92 S�
�+ #�W�� #
�? ���=

���.  

 �"?1
Q� 
�	
� :�1 U#��� @+0+� �H� �+���.  

 PW% {�
122 �#  �#��� ��z)2»`�92 S�
*= «��4�� X��4+ 

trimf  ���= `�92 S�
*= �
��� �2>� �
���z)2 �#�# �
	
 ����

;"� "� �R
 �# #
�? �
�*� � #
�? ;k�4)2 ;�)U�<�5%5
� .+ 7��4 ;X��

 "���U �� m
� `
1�
� � �Q# 
� ����2 ��4�� X��4+ ����+ �
W2�

�2��5�# . ��8�2 ;N�# ��2�# �>j� �
�62 �� `�92 S�
*= ��z)2
 S

 �
� �# ���T �
:�
��|@ �
)�� 7���)	2 X2
F ")*��1402;  �#

 �#�5n25/4  �4���2 
+ ��
� S��4���27  ��
� S��4��� �4���2

5�#�< 7���+.  ;7��o��5/4 
+ 5/6  #�W��� ��
� S��4��� �4���2

 ;`�92 S�
*= "� ���=5/6  
+10  #�W��� ��
� S��4��� �4���2

 ?� ;`�92 S�
*= "�10  
+16  #�W��� ��
� S��4��� �4���2

 ?� ;`�92 S�
*= k�4)216  
+22 
� S��4��� �4���2 #�W��� ��

 ?� � `�92 S�
*= #
�?22  
+27 2����4  #�W��� ��
� S��4���

.��� `�92 S�
*= #
�? ���=  

 �"?2.�H� �0�JG �@+0+ ��U#� 1�
Q� 
�	
� :  

   PW% {�
123  �F��= ��z)2 ����»�Y�
� S
��+ «��4�� X��4+ 

trimf;  ��e�2 �2>� �
���z)2 �#�# �
	
 ���� �
�*� �Y�
� S
��+

;u4= u4= ;P�
Q�46Q  ��4�� X�
+ � ���[ �s  �
	
 ���� PW%

 �Y�
� S
��+ ��e�2 �2>� ��z)2 �#�#T�P�
Q��46Q �R
 �# �)U�< �5%

�����z)2 ��2�# ;N�# ��8�2 �# .  �
�62 �� `�92 S�
�+ S
�>j�

�r����5% ��� X�?4+ ���% ��
2@ 7)04� �#  �
)��
��|@��
:  �# ���T

 �
�1402 ; �# �#�5n278/10  
+ ��
� S��4��� �4���202/13 

 .5�#�< 7���+ ��
� S��4��� �4���2���4j Q#�{�+ ;78/10 
+ 16/11 
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�52 �Y�
� X�?4+ ��U ��T S
��+ G�
� �� �ZC2 P2�4� ��Zt+ �?
U �?
��W��)W0� 

 

 ���� ���	
-  �
� ����� ��� ���� ��� ���� � ����� �	�� ! "�#�
�$ ��
�%2  �!
�! ��
�%39 �
)*�
+ 1404     

 ��
� S��4��� �4���2S
��+ #�W��� u4= �
�*� ;29/11  
+6/11 

 ��
� S��4��� �4���2u4= S
��+ #�W��� ?� ;6/11  
+72/11  �4���2

 ��
� S��4��� #�W���P�
Q�46Q �Y�
� S
��+ ?� ;74/11  
+86/11 

 ��
� S��4��� �4���2 �Y�
� S
��+ ���[ #�W����  ?�93/11  
+

02/13 2����4  #�W��� ��
� S��4���T�P�
Q��46Q  �Y�
� S
��+

5�#�< ����+.  

 �"?3
Q� 
�	
� :�1 U#��� 3+�G� ����� ������ ��	�i�  

   PW%4 ��>=� `�92 S�
�+ �
��� �4��
�� ���� ��
)
 ?� �

)45) `�92 S�
*= ��e�2 ;(91/15) �Y�
� S
��+ � (8/11 
� �� (

 �# �
�5�2 p
)�)�� J�� ?� �#
�)��N�
��eU� �2 G�
�
 h�)2.5�#  

  
 �"?4: �#��c 	��� 0��!�
�  �+��� ��V�	) .�H�45 =	Z�� D(

 .�H� �0�JG)91/15) ����	 ����� + (8/11 �	+
��� =
���� (
(��+,- c��#� :
F��) ��	�V� `�#�#!	 5+�� 1��! 

  �# �4)� ��� $�  PW%4 �
	
�5��# �
���#4�
 X��4+ ��4�� 

f4��2 �� �U�� �4Q5�  ���� �4)� N4� �
	
�5��# ��#4�
 X��4+ 

��4�� f4��2 �� �0
+ Q � 5��4XQ���#  ��T ?� �! �� ��� ���5^2

 G�
�
 �?
� �?
U�#�#�5%  ;PW% 7�� .�����+�h 0
�)8�� 

z)2�
��� ?
U� ?
�� z)2 �1��� ��
��� #���� z)2 ��� F��=� 

��6% �?
�.��� �5% � �5

:�<�7 q=
%)
 ;�52 �# 
���:��  �# ��

2 #�42���e ��� �Y�
� S
��+  ?����K<�Z�  N5�)(���K<�Z�  �
���z)2

`�92 S�
*= ��e�2 � `�92 S�
�+ �
���  e��2 J�� �
�62 �� �

 P^Z2 �
	
�5�# .�
���4j  �5�
	2 ���2##�< ;

2?� ��  �
���

 `�92 S�
�+ � `�92 S�
*= ��e�2 "��
 *���
 "� 2 ;5%
����e 

 �W��)W0� �Y�
� S
��+ G�
� e�
 
� ���[T�P�
Q��46Q ���  �

 �W����
	
 ���
�� �5��#�4��
� �+ `�5�� 
� {61�27���5%  �#

��7 .��� ��0
12  

   �52 P�56+24��2� �� N�
 �2

�� ���eU����
$

  �� �� ��
1=

 �#�5n2 �# 
1= 7�� �<� .#��# �����P�
Q�46Q  �6)�2 e�
 �52 ;5%
�


���j� ���� .#4% �>�� 5�
� S�4� 7�� ��T �# ;#4� 5��4= �W��� ?� �

 �#�5n2 �# �52 �
1=P�
Q�46Q  .##�< �42?@ �52 5�
� �
 
� ���

 ?� �52 �42?@ ����J��
��  �
)U� �42?@ � 7�
�4Q N
�+ �42?@

.��� �5% �#
�)��  

4 -1 .P��	
Y ^�V� =
��C  
�2 ;5��4Q N
�+ �42?@ N
:
� 
� ")*�� �� #�� P�
8 �
���j� ��4+

��)��#� �2 P�� �6�
�2 �Q# 
� ��#�# ����52 ��

�4+ � 5�� �
�

#46�� 5����U 7�� .�����# �� �)�4�!

 � 7��2

�
� ����� ��?
� �
�

�2 "���U ")*�� �Q# � #�W��� #46�� ���� �� N?m5��. �4+42 

p
)�)�� �� ��?� #�����
� �� ;�4

Q �F��= ��
�)2 
� �@ �4

Q �� 

5�04+ �25�
�
. ) �1��� c
�� ��1 ;(�F��= ����#�52@ ?� Q�5�
1
 
� 

�F��= #�42 �
R)
�2
 �*�
^2 �2#4%.  

E� = �(OBFR� − POFS�)�		� = 1,2… �																	  �1���1(   

  �5�
Q �� �
1= ��e�23  ��5F �#1  c
�� �� .��� �5% �#��@

) �1���2 ;(7�A

�2  �#5�`>)=� ��K:2 =1�
�
 ��?42 

�F��=�
� ����#�52@ ?� N�

� ��eU� �F��=�
� #�42 �
R)
�  
� �����

017/0 5�#�< �6�
n2.  

AE = ∑ ���
���
�             �1���2(  

 
1. The output obtained from the rule (OBFR) 
2. Predictable output of fuzzy system(POFS)  
3
. E�  
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�4! ���0�56� 7�*8��2� ;�2
9�� #
:� 

 

 ���� ���	
-  �
� ����� ��� ���� ��� ���� � ����� �	�� ! "�#�
�$ ��
�%2  �!
�! ��
�%39 �
)*�
+ 1404       

 

 ;7��o���6*
 �
1=1
1= ;�4

Q �� �  �F��= c
�^2 �� ��

�2 k6+�2 �
R)
� #�425�� �  
1= ����� ?� ��)�� i�#��# �� 

2�5�# . �4

Q �� �6*
 �
1=?�  �1���3  �6�
n2:5�#�<  

�E� = � !"#�$!%"&� !"#�
� 	 , � = 1,2… �					      �1���3(  

 �+�32 ���2� ��	
Y =
��C 5+�� ��� �A�!0�F#�	 c��#� .O#J�!  


1= �F��= ")*�� p
)�)�� �F��= P�
Q G�!���� ��
�% �4

Q 

6 /0  4 /11  12  1  

6 /0  4 /11  12  2  

0  12  12  3  

5 /0  4 /11  9 /11  4  

0  4 /11  4 /11  5  

0  4 /11  4 /11  6  

0  4 /11  4 /11  7  

4 /0 8 /11  4 /11 8  

0 4 /11  4 /11  9  

3 /0 4 /11  7 /11  10  

4 /0 4 /11  8 /11  11 

4 /0 4 /11  8 /11 12  

0 4 /11  4 /11  13  

0 4 /11  4 /11  14  

0 4 /11  4 /11 15  

1 /0 4 /11  5 /11  16  

0 4 /11  4 /11  17 

0 4 /11  4 /11  18  

3 /0 4 /11  1 /11  19  

3 /0 4 /11  1 /11  20  

0 7 /11  7 /11  21 

017 /0  7�A

�2  

�)U
� :X6�2)(G�� ! �
�  

 ��5F ��
)
 �� �F4+ 
�2; 
�
1= �)	�� ")*�� �F��= 7�� �

 P�
Q �F��= � p
)�)��!�G���� ;�4

Q �� ��
�)2  
� ��� �� d�#e


 ������  � �4A0� ����0�e
 
� �#4�� � ���
�+ ;�%4=5���  �#

�#�#
��  �
�
1=�4�K2 7�
�4Q  �5�
	2�
�#4%  �)
�#��: ; 
�
1=

���4j �5% X�?4+ �U#
9+5
�.  ;��>�� 
����F� �6*
 �
1= P��n+ 

d+d+ 5��4Q ; �6*
 �
1= 7�A

�202095/0  P�
85�#�<  ��

 �
	
2�5�# ���4j  #�58 
�
1= ;k�4)21/2%  ��Q�� ��5^2 ?�

�2 �
	
 � ��� "� b
)6*
 ��5^2 7�� .5�)*� �F��= �# �52 �� 5�#

 
1 .Relative Error 

#��# �046Q P�
Q �Q# ;P�.  ;7��o�� �6*
 �
1= �
��2 `��n
�

01996/0 �
	
 �2.��� "� 7�A

�2 �48 
�
1= �<5����! �� 5�# 

 P=�# �
<�6= S�
�Q � ���:+ c
�� �� ��4�� X��4+ � �?
U 7�
�4Q

�5% 7���+ X�?4+ ���%.5
�  

 ;�@ �� ��>����4R�2  �F��= �#�# ���< �# 7�� S�
�+ �����

p
)�)�� ")*�� G�! P�
Q �F��= �����4� �42?@ ?� ;- ��)�� 722 

 .5% �#
�)��
:
@?����� p-value  
� ����� ���
804642/0  ��)	��  ?�

���2 x1����# 01/0 ���;  �
���j� 
�99��
 % �U�< �:�)
 ��4+

G�! 7�� �������?
U �52 �
� G�� !  S�
�+ ;�
R)
� #�42 ��#
^2 �

P�
Q�F4+� #��# #4F�. 7�� ��
)
 �2 �
	
�� 5�#  �4

Q ����)��#� 

�2 P����� �
<?
� ��n2 k���% � �
<�6= G
�# 
� � 5��. 

4-2 .0�#�0 =
��C ���  
 �42?@ ?� ")*�� �n� �)	�� ����� ���� �
)U� ��#4�
 P2
% �� �52

��5�� ��#
�)���5%  .��� PW%5 ��6% ��e�2 �F�# ?� ")*�� �?
�

 S
��+��T��U  S�
�+ � `�92 S�
*= �
���z)2 �#4� #�?@ ��U 
� ��

�2 �
	
 `�92.5�#  

 

 �"?5 . ����� =	Z�� ��U#� 0�#�0��� ���  ��U#� +@ 0@ ���U� ��
.�H� �+��� + .�H� �0�JG �@+0+  

 PW% �� �F4+ 
�5 qO	2 ;2�##�<  G��eU� 
� �� S�
*= ��e�2

�
��� `�92 N?�40 s�4�+ � �5%�?�5
� `�92 S�
�+ ��5� � ���<

S
6�
n2 �# �
6)%� � �4)�� �
1= ?� �%

 (`�92 S�
*=) 

?��d`�j �  ��e�2 G��eU� �# �
6)%� ?� �%

 `�92 S�
�+ ��5�

 
2. Mann-Whitney U  
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�52 �Y�
� X�?4+ ��U ��T S
��+ G�
� �� �ZC2 P2�4� ��Zt+ �?
U �?
��W��)W0� 

 

 ���� ���	
-  �
� ����� ��� ���� ��� ���� � ����� �	�� ! "�#�
�$ ��
�%2  �!
�! ��
�%39 �
)*�
+ 1404     

`�92 S�
�+) h���[( �A�# `�j ?� �Y�
� ��U��T S
��+ ��e�2 ;

 G�
� �W��)W0�2��5�
.  

 

 �"?6. \b! ��V�  �� ����	 ������ ����� �� .�H� �+��� ��� �

 0	�[� �� .�H� �0�JG 1��� 0	�[�5/4  =
�������	+
� 1��!  

 PW% �#6��e�2 ; `�92 S�
*=  #5� 
�5/4  S��4��� �4���2

 ��
� � �5% ��U ��
Z��Zt+  S
��+ �# `�92 S�
�+ S����z+T�� 

�U� .��� �5% qO	2 ��#4�
 {6j �W��)W0� �Y�
�  ��e�2 G��eU� 
�

`�92 S�
�+) h���[ �# �
6)%� ?� �%

 `�92 S�
�+ ��5�( S
��+ ;

 ��U��T �W��)W0� �Y�
� �5�! �e�+2�5�� � 
+ �0�e
 h�% 7��  �W�

2?
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