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Purpose: Supply chain management has always been of interest to researchers because of generating 

competitive advantage, such as reducing costs and increasing customer service levels. However, the 

mathematical models that can take into account the specific conditions of today’s supply chain are 

negligible. The impact of factors such as the level of production quality on the returned items rate is 

one of the subjects that have received less attention. In this research, the mathematical model of the 

closed-loop supply chain developed concerning supplier selection and the effects of the quality level 

of provided raw material into the returned items rate 

 

Design/methodology/approach: The investigated supply chain is a two-level closed-loop supply 

chain modelled with a multi-period time horizon. If there are defective products, customers can 

deliver the products to the collection centres and receive new products. In each period, the returned 

items rate depends on the level of production quality, and the level of production quality depends on 

the quality of raw materials provided by suppliers; thus, the returned items rate is indirectly affected 

by the quality of raw materials. Such is a subject that was not studied earlier. 

 

Findings:Case study represents a real example of production and recycling of LED lamps. By 

comparing the financial data announced by the company with the results obtained from the model, the 

model showed a 3.37% improvement in the objective function. In the current situation, all materials 

purchased from only one supplier at quality level B (out of the three quality levels A, B and C); in the 

optimal case, however, most of the purchased materials are at quality level A. 

 

Research limitations/implications: The relationship between quality level and the return rate is 

recognized by considering nonlinear functions, resulting from the fitting of these functions with real 

data. Also, the assumptions of multi-products in the supply chain and lateral transshipments between 

distributors/suppliers suggested for further study. In the case of considering multi-products, different 

selling prices are reasonable for the products. Also, greater profitability is achievable by considering 

coordination among the members of the supply chain.   

 

 

                                                             
*
 Corresponding author 

Copyright © 2020, University of Isfahan. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0/), which permits others to download 
this work and share it with others as long as they credit it, but they cannot change it in any way or use it commercially. 



Production and Operations Management, Vol. 11, Issue 2, No. 21, Summer 2020 

Practical implications: As practical implications, manufacturers can use this optimization model to i) 

determine the amount and quality level of raw materials provided by each supplier at each period; ii) 

determine the amount and quality of the final product produced at each period; iii) specify the number 

of distributors' orders at each period as well as the number of backorders; iv) determine the amount of 

returned items at each period. Thus, solving the model provides a comprehensive plan to the 

manufacturer in various dimensions of production. 

 

Social implications: This theoretical-practical research performed to investigate one of the main 

problems of production systems. Unfortunately, in recent years, critical economic conditions, 

sanctions, and currency fluctuations have caused suppliers to provide raw materials with lower 

qualities instead of materials with high quality. These low-level materials also have an impact on the 

final products during production and reduce their quality level. As a result, the return rate of defective 

items increases and consequently, the loss of the company increases. Therefore, like what happens in 

the real world, the manufacturing company has to choose a combination of the materials with 

different qualities from the suppliers to maximize the company's profit. Mathematical modelling is 

needed to solve such a problem, and current research is an attempt to reach this mathematical model 

by considering all aspects of the production process. 

 

Originality/value:The main novelty of this research is considering the quality levels for raw materials 

and its indirect effect on the return rate of defective items; so that the quality level of raw materials 

determines the quality level of final products, and the quality level of final products affects the returns 

rate. For this purpose, an integer programming method developed to formulate and solve the model. 
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R ��   �6
0���� �� f�? 
	���C t 

������� ���� �3 �� s��.��� �	!�� ��?6
R �� <�B�� &��Y5 �6
0� ��� �� �
99?
	��� /� �
99?C t  

����� ���� }� �� �	�8� �	!�� ��?6
R  � � f�? �6
0�G ��� �� ��l.6 �� ��]��C t  �q9� G6��i 

����!"#  GB�5�. �	!�� ��?6
R8LH`  -�.k ���$  8LH �6
0� `k ��� �� [6C t .�
99?
	��� ��l.6 �� 

%#& 9�F3`  
��N�3  
R6�8LH` k �D� B6E	 
99?C j   ' � &��Y5 �6
0� G�3 i0� ���!6C �q9�i  ��� �� ��	A.BC t 

�� ��� �� ���7. Q�qc� G�S�0�Ct [6  (� <�B�� &��Y5 /� �5�� ��� �� �
99?C t (f�? ����5�! )  

)� 9�F3`  G�6
7;.�3  
R6� �q9� G6�� Q�qc�i.[6  *� ��� �� �3f�? ��2@B�� �6
0�C t 

)#$  

9�F3`  G�6
7;.�3  
R6�8LH` k  ��l.6 �� [6

�
99?
	���  
*�+́� KL5 �� ��2@B�� Gf�? G��]���$ �	A.BC ��2@B�� 

-
� 9�F3`  ��l�?�3  
R6�KL5 �� f�? i ��	A.B ��$ ��� �� /? ��f�? �6
8�C t � ����5�! /.�N��? /� ����B�� G6��� ���. 

�
 9�F3` ��'��	�8� Gf�? 
R6� �3 �	�8� './01�� -�. ��8LH �6
8�k ��� �� �
��c�6C t 

�
 9�F3` s��.��� g��H Gf�? 
R6� �3 s��.��� �*2�� 8LH G��]��` k ��� �� GB�5�. g��H [6C t 

3��% 9�F3` �c�6G �3 f�? 
R6�G ��2@B�� *1� ��� �� �
��	�8� G�3f�? �6
8�C t 

�# 8LH �6
8�`  -�.k f�? �3 ��- p�q� i��S 456 ����^ ���B �
99?
	��� G6�� &��Y5 GB�5 

7� 
9�F3` &��Y5 �6� �� �3�  KL5 G6�� GB6
.6i [6

��	A.B  
8�9� ��� �� �
�s��.��� G�3f�? �6
8�C t 

7:�;  9�F3` �6� ���W Ib� GB6
.6�$ �	A.BC ��2@B�� *<2��  -�. ��8LH �6
8�k GB�5�. ��� �� �
�C t 

7:!"# 9�F3` �6� 8LH G6�� GB�5�. Ib� GB6
.6` k = � 
G�9��� �	��� - ��� �� �@6C t &��Y5 �6� �� � �3�  KL5 �� GB6
.6i [6


�Y	� r�Y�6 ��	A.B�  ��6��1���) E�6 �	k �� �� �Y) .�56 

�!"
>��# 9�F3` 8LH 
R6� �3 GB�5�.`  -�.k = ;�$  
KL5 �@6 :G�9��� �	����$ ��� ��C t �6�  ��6�� ���� GB6
.61 �	k �� �

���) E�6� �Y) �56.  
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����	���= K�	����  

?
# 9�F3` �c�6G 8LH 
R6� �3`  -�.k 1@/��� 

��� �� �@6 :G�9��� �	���C t �D� B6E	 
99?C j 8LH` k  ���� G�6
��N

 ��6��1  ����) E�6 �	k ��� �Y) �56. 

A s��.��� � �	�8� G�3f�? 
)���.
2.   =/2�� 

G�9��� �	��� - �6� ���) �� 8LH G6�� GB�5�. Ib� GB6
.6` k  �

 ��6��1 ���) E�6 �	k �� �� �Y) �56. 

B �	�8� G�3f�? 
)���.
� ����5�! /.�N��? /� �
�  �@� ��� �� G
	��� Gf�? �	Y	? KL5C t 

C#  -�. GB�5�. g��H ��8LH 
)��k  D@��  -�. ��8LH �	Y	? KL5k ��� ��C t  

� ��F� ��	�� G�
� �9  
 G��]�� �5�	5 �� ���W &��Y5 �6
0�(Q,R)  ��� G6��i [6

��	A.B  

�E%F��#& �D� �	!�� ��?6
RE	 8LH` k �D� p�j B6E	 
99?C j *9  
L0.` �
A� &��Y5(R)   G��]�� �5�	5 ��(Q,R)  ��� ��i [6

��	A.B  

�E%F�G#& 8LH 
��N �6
0� gH6
R` k �D� B6E	 C
99? j �@H� 

 KL5 �� G
	��� f�? �	Y	? /? ����) �� G�9��� �	���A  �
���

 ��6��1 ���) E�6 �	k �� �� �Y) �56. 

τ  f�? �2@B�� ���B T5��� �@=�  

 KL5 �� G
	��� f�? �	Y	? /? ����) �� G�9��� �	���B  �
���

 ��6��1 ���) E�6 �	k �� �� �Y) �56. 

�IE& /|6�6 �	Y	?  T5�� �
��D�E	 
99?C j   

)KL5 /5A=3 , B=2 , C=1 ( 
�@J� 

 KL5 �� G
	��� f�? �	Y	? /? ����) �� G�9��� �	��� C  �
���

 ��6��1 ���) E�6 �	k �� �� �Y) �56.  

�K  �	Y	? �� �3f�? G6�� ��2@B�� i��SA  =1� 

�6
0� B6 �
99?
	��� �� G��]�� KL5 �@6R ��� ���?�  ��6��1  �� �

���) E�6 �	k� Y)�56 �.  

�L  �	Y	? �� �3f�? G6�� ��2@B�� i��SB M9� i0� �6
	��� �6
0� ��� G�7�.6 �� ����!6C t 

�N  �	Y	? �� �3f�? G6�� ��2@B�� i��SC MM� /��.�� ��� �� 
	��� GF��C t 

  

 ��� /� G��792	� Q
� ��S��Y�:�56 g�w  

1 �� �S�0� .��� .�56 ���Y�� ��
�b� G�3 

2.�56 �8LH �3���6��� ����� .  

3/� f�? ��l�? . �� ���) .�56 �!6  

4/9�F3 G�3���6��� ���5 � f�? ��	H �� .� .��6
. ��]� �	Yb�  

5V�6
� ���B .� .�56 ���W � �8LH  

6.�56 �
� /�!�@ �O. �� ��
c��. �.��B �!6 .  

7 .Q
� �O.
�  /0
R- �cL5�� �/��� }� � .�56 ��f�?  

8�D� �3 .	E �
99?� H � �	Y	? KL5 /5 �� 6� ��8LH	�� �3G � /S�� ���Y��� 
9?.  

9/	��6 ��8LH �	Y	? /� G
	��� G�3f�? �	Y	? . /���6� .�56  

10G�	�8� G�3f�? .� .��6� 6� �. G�3f�? &B�6  

    



R6�j�  Q
�G
�
] 6��G ���	e�f 
 �3G LED WD� E�!�@ �O. �� ���	 ?	Y	 ��6�� /	��6 /... ���	�\k �S�
�c��
	]�R E	�R G
�c� :	36��6 /123 

/85�� Q
� �>�56 E�6 �� ��6�  ��� /� �
�g�w � K��2�� ���:  

��	A.B E�6 p
3 <����  B6 �56 ���l� /�  ��?6
MR .�M5�         G�M79� &��M! �M� �M56 �M�6�� /M? ���M	
�� ��M5 �


g)�R F3 <�]/9� G�3 F3 �
	���/9� G�3 F3 � G��]��/9� G�3 F3 .��2@B�� ����]/9�  G�M3     B6 �M56 ���Ml� 
M	���

9�F3` �6� F3 � GB6
.6/9� G�3 F3 .
	��� KL5 /� /���6� /M9�  G�M3   ���Ml� G��M]��  �M56 F3 B6 /M9�  G�M3   G�6
M7;.

F3 ��3��l.6 �� G��]��/9� G�3 &��Y5 /� h���� F3 � f�? �3�/9� G�3 &��Y5 /� h����  �M3G  iM0�   M9�F3 .���M�!6` 

9�F3 B6 �56 ���l� F	. ��2@B�� ����]` F3 � f�? �2@B��/9� G�3 F3 � s��.��� ��	�8�/9�  G�M3    ��M8LH GB�M5�.

��.��� B6 g)�R.s  

)1(  

60�O = P Q. (�� − *�)�∈V − P .�. ���∈V − W P = �. H �∈V ∈X
− Y W P 1��. �����∈Z�∈[�∈V− W P � �. ℎ  ∈X�∈V

− W P �$�� . ℎ$��∈Z�∈V
    − P(*� . ]. ^�91 + 8�9� .�∈V 8. + *1�. *.)

− W P =$ ;��∈V ;∈X;
. H/ ; − W P(Refcost� . Ref�� + '.� . './01��)�∈V�∈Z− W P =/2�� . H/<2��∈V�∈Z

− W P ' �. =. �∈V ∈X

 

  

��
c��� C���� G�3 2  ��5 � E	���� 
9?      ���� �M3 �� ��M8LH GB�M5�. � s�M�.��� ��M	�8� �
	��� �6
0� /?� 

/�  GB�5�. �	!�� � s��.��� �	!�� � �	�8� �	!�� �
	��� �	!�� �6
0� B6 i	���
��l. ��2	�.  

)2(  ∀� �� ≤  iM 

)3(  ∀� *1� ≤ 60�*M 

)4(  ∀� 8�9� ≤ 60�8�90 

)5(  ∀�, � Ref�� ≤ 60�Ref� 

��
c� /���A��� G�3 /��� G��]��  ��� /� �
]g�w ��
c� B6 G�5 E�6 .�56�� �3  M� E	�M�� ��  
M9?   /M?

�	A.B �� ��8LH � �3f�? G��]�� T�6��C /��� .��� ����� �
]  

)6(  ∀�, � �$�� = �$�(�jk) + P �����∈[    + *<2��  − 0�. �� 

)7(  ∀�, � = 1 � � = � (�jk) + �� + *1�   − (� 

)8(  ∀�, � = 1 (� = �� − ' � + ' (�jk) 

)9(  ∀�, � = 1 *9 ≤ M9� + � � − ' � + 6. =1� 

)10(  ∀�, � = 1 MM�lk = min{6. =1� , �9 } 
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����
c�  C����6 ��2. 
93�C 8LH G��]��` k��� �� [6C t ��� ��l.6 ���
99?
	    /M? �M56 E�6 �� {�! .��56

 �6
8� �f�? �3 
	��� G6��ak  -�. /8LH B6k ����
c� .�56 B�	. C���� 7 � K��2��  
M9?     �� G��M]�� �6
M0� /M?

���C t ��� B6 �
.��	H�� G��]�� ����0� B6C I	�  ) 
M	��� �6
M0� �Xt ) �M	�8� � (Rpt    Gf�M? �6
M0� � ���� EM�6 �� (

����5�! � Ib� F?�� /� �
� /� �5�� 
�^ ����
c� . C����8 � ��	�� 
9?   ����M5�! Gf�M? �6
0� �@6 /?    /M� �
M�

Ib� F?��� &��Y5 �6
0� B6 ���? �3 /� p\�N6 �6
0� �
���   iM0� &��YM5 �6�9�     M� /M�!�@ �MO. �� ���M�!6�  ��M� .

����
c� C���� 9  �10) G��]�� �5�	5 ����� ����
c� �Q, R �
99?
	��� KL5 �� (�56 � E	��� �� 
9? 

 �qb2� �6
0� B6 G��]�� KL5 �@6 /?�? f�? 
	��� �
�^ ���� [�A.6 ��� ����
c� . C����9 � E	���� 
9?  /?

f�? G��]�� KL5 �@6 �6
0� B6 ���? ��
99?
	��� ���7. G
i

Rs  G�9��� �	��� �
���
t

Bp   �M�6��1    �� .
M� 
M36�N

E�6  ����
c� >�56�� ����) C����10 &��Y5 �6F	� �Qsi ��.�� /�` 6 
	������F! �� ��� .  
  

)11(  ∀� MM� = �� + M9� − M9�jk 

)12(  ∀�, � = 2 �� = 8� − ' � + ' (�jk) 

)13(  ∀�, � = 2 *9 ≤ '( jk)� + � � − ' � + 6. = �  

)14(  ∀�, � = 2 ��lk = min{6. = � , �9 } 

)15(  ∀�, � = 2 � � = � (�jk) + (�lsVt − �� 

 

 ����
c� C����11 � E	���� 
9? � �6
	��� �6
0� �@6 /?�    /M��.�� �6
M0� B6 �M��? ��	!�� ����
c�   GFM��

/� �7.^ p\�N6 �
��� 
	��� i0� �6
	��� �6�9� ���� �� � ��� /�!�@ �O. �� ����!6 �3G    ����
Mc� .��M� 
	��� 
8�

 C����12� ����5�! G�3f�?) &��! �6
0� ��� �� 6� (�����2� /� �
�C t � /l5�c��  
M9? E�
M� .  iM	����    �6�M�. �M@6

�2b� &��Y5 �� �6
0� E�6 ��6� I��� 6� �S�0� B6 G�3 i0� � /�!�@ �O. �� ����!6� ��� . 

����
c� C���� 13  �14) G��]�� �5�	5 ����
c� �Q, R<�B�� KL5 �� (  �
99?�56  M� E	��� ��  
M9? 

 �qb2� �6
0� B6 G��]�� KL5 �@6 /?�? f�? &��Y5 �
�^ ����� [�A.6����
c� .  C����13  E	��� M��  
M9? 

�3 /?���@ <�B�� G��]�� KL5  �6
0� B6 �
99?
i

RsG�9��� �	��� ���� ���?�  �6
0�1 ���) E�6 �	k �� .��	;��   /M�

/? �
� E�6 p
3 <��� �� G�9��� �	���� � Q���6 /9�F3� �
9? I	� �6
0�  �Y) ��6�� �^ {�!�56  Q
� ���  
M��? 

 ����
c� .��� �Y) ��6�� G�9��� �	��� E�6 C����14 � E	���� 
9?  G�9��� �	��� �6
0� �@6 T0! /?
it
B   �M�6��1 


���� ��6�� &��Y5 �6
0�
i

Qs����
c� .��� 
36�N  C����15�   <M�B�� Gf�M? G��]��    M� ��M2. 6� �
M99?�  
M3�. 

�E	9J�3 � E	��� ����
c� E�6� 
9? ����5�! Gf�? �6
0� /? Ib� F?�� /� �
��   ��M�B ��'@ B6 
8�LTM   /M�

B�� ��l.6<� �
99? � ��6�� ��� .�9�Y@ �56�    �6
M0� /M? �56 �
� {�! Q
� E�6 ��LTM  /M�     �6
M0� }M� ���M)

���B T5���) G�
� .�56 �
� /�!�@ �O. �� (V�6
� G�3  

��
c� /���A��� G�3 ��/��� G��]  ��� /� i0�g�w ��
c� B6 G�5 E�6 .�56�� �3 M� E	��� ��  
M9?   /M?

�	A.B �� ��8LH � �3f�? G��]�� T�6��C .��� ����� ��2@B��  
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)16(  ∀�, �$ = 1 *� ;� − *� ;(�jk) = *� . (1 − ]) − �$� 

)17(  ∀�, �$ = 2 *� ;� − *� ;(�jk) = �$� . (1 − u) − *1� 

)18(  ∀�, �$ = 3 *� ;� − *� ;(�jk) = �$� . u − 8�9� 

)19(  ∀�, � 
�*2�� − �*2�(�jk)= 0�8�9� − './01�� − Ref��  

)20(  ∀�, � './01�� ≤ (1 − v�). 0� . 8�9� 

  

 ����
c� C����16� <�] F?�� �� 6� ��2@B�� G�3f�? G��]�� � ��2. G��^�  
M3�  ����
Mc� .  C���M�17� 

�	�8� G�3f�? G��]����'� � ��2. 6�� 
3� ����
c� .  C���M�18�      M� ��M2. 6� s�M�.��� IMb� G��M]���  
M3� .

 ����
c� C����19�  M8LH G��]�� �� I�6F!6 �6
0�`   -�M.k  GB�M5�.  �.
M�      I��M�. /M� 6� GB�M5B�� FM?�� ��

�� ��6'@ ����
c� . C����20� s��.��� B6 g)�R 
�6B ��8LH �6
0� � ��2. 6�� 
3�.    GB�M5�. �M	
��H /? ���8LH


��� /��6
. 6�� � t��N :��	5 B6� ���.  

�5�` ��
c� /���A� �
8��� �3G ��2@B�� Z�. �� Tl��� � I���. /� 6� �	Y	? ��  ��6'M@  Q
M� EM�6 �� .   GB�M5

 {�!�� ��� ��8LH� ?	Y	� �3G     �^ ��M8LH �M	Y	? KLM5 /� /]�� �� �
�
	��� Gf�? �3 �	Y	? � ��6� ����Y��

� E		8�� ��� �Y	? KL5 /5 �� ��8LH .A, B, C � /|6�6� ��� 
�
	��� G�3f�? �C  �	Y	? ���3 F	. �7.^ B6 g)�R

 6���6��� .>�56 5�9���? �O./.� � {�!� ���  ���3f�?��    �M	Y	? KLM5A�    ��M2@B�� Z�M.a �� � 
M)   G�M3f�?

 KL5 �� G
	���B. �  ��M2@B�� Z�b       �M	Y	? KLM5 �M� �M3f�? � 
M)��C M. �  ��M2@B�� Z�c    G6�M� .��6� 
M)��

Q
�      M8LH �M	Y	? KLM5 
M��� 6
M��6 �GB�5`   -�M.k��� �� [6C t   ��M� E	M	8�P       M8LH �M	Y	? /M? ���M) EM�6 /M�` 

G�6
��N �
�� �D� /�	E �
99? /���6� ��� �� /8LH �@6 � �56C t �D� B6	E  
M99?C j  �DM�	E      �M
? �M	Y	? KLM5 ���M�

 -�. ��8LHk ���� �^ ��� /|6�6 �	Y	? KL5 gH6
R �� ��6�� �D� T5�� �
�	E .��� 
36�N �^ ��@
99?  

  

)21(  ∀�, � 
D@�� = min{9D@�|���� > 0, D@�(�jk)|�$�(�jk)> 0} 

)22(  ∀� �@� = min{D@��|� ∈ z} 

)23(  ∀� �@� = 3. �@H� + 2. �@=� + 1. �@J�  

)24(  ∀� �@H� + �@=� + �@J� = 1 

)25(  ∀� *�l{ ≥ 0k. �� − 6. (1 − �@H�) 

)26(  ∀� *�l{ ≥ 0}. �� − 6. (1 − �@=�) 

)27(  ∀� *�l{ ≥ 0~. �� − 6. (1 − �@J�) 
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 ����
c� C����21� 8LH �	Y	? KL5`  -�.k � ��2. 6� �
99?
	��� ��l.6 ��� 
3� � ��2. �� 
3�  �	Y	? KL5

8LH`  -�.k G�6
��N ��8LH �	Y	? KL5 gH6
R �� �56 ��6�� ���� �3 ��  �
.��	H�� ��8LH �	Y	? KL5 �� � �
�

��� B6C I	�.  ����
c� C����22� 
	��� G�3f�? �	Y	? KL5G � E		8� 6�� 
9?  M� ��2. ��  
M3�    �M	Y	? KLM5

���� �3 �� G
	��� G�3f�?� g	=2� ��8LH �	Y	? KL5 gH6
R �� ��6�� 
93�C  �6
M0� E		8� �� .�5f�? �^
t

Qu  M�� 

L�6� C���� `22 �� �6�� ��G6 Q�8! ��� GB�5	�3�G  ����
c� �� G�9��� C����23 :	�q�   G�M	@ �M?  ����
Mc� .�

 C����24� � E	���� 
9? ��� B6 �=� T0! ���� }� �� /?	 �M3�G     ��� EM�6 .��M� Q�M8! G�9��M�	 �M3�G   �� G�9��M�

��
c��� �3G  C����25  ��27 � �6�H� @	��  �/? �
� E�6 /�  ��6�� �7.^ B6 �=� T0! ���� �3 ��1 �� ���  �M3 �� �

����� ����
c� B6 �=� G�3  C����25  ��27 .
� 
36�N Q�8!  

�5�` ����
c� G
8� ��3 ����
c� /���A�  �� Tl��� G�3��W^  Q�M8! ���� ���Ml./      ���M5 �M� G�9��M� G�M3�	���

�3�	����5  ��� /� /?g�w �
� /|6�6  �56:  

)28(  ∀�, � = 1 �� ≤ 6. = � 

)29(  ∀�, �$ = 1 �$� ≤ 6. =$ ;� 

)30(  ∀�, �$ = 2 *1� ≤ 6. =$ ;� 

)31(  ∀�, �$ = 3 8�9� ≤ 6. =$ ;� 

)32(  ∀�, � *<2�� ≤ 6. =/2�� 

  

 ����
c� C����28 � E	���� 
9?  ��� �� 
M	��� �6
0� �@6C t         /M� h�M��� G�9��M� �M	��� x�M�6F�6 �
M��� �Ml��

�6� � Q�8! F	. 
	��� TN GB6
.6� ��� ����
c� . C����29 � E	���� 
9?  <M�] F?�� B6 ���]�� Gf�? �@6  G��^

 s��.��� �� � �	�8� G6��G�9��� �	��� �6
0� ���� ����5�! /.�N��? /�� ��2. 
93�C �6�  <M�] Ib� GB6
.6   Q�M8! G��^

����
c� �i	��� E	�3 /� .���  C����30  �31 � ��2.� 
3� /� i	���� ��� �� �@6C t    Gs�M�.��� /G�M	�8�  [�MA.6

���� �6� G�9��� �	��� /�	�8� Ib� GB6
.6 � Q�8! s��.���� ��� .���7.��� � ����
c C����32 � E	���� 
9?   �M@6

��� ��C t � -�. ��8LHk ��� GB�5�.�  Ib� /� h���� G�9��� �	���k� Q�8! GB�5�. ���H �[6� ���.  

 ��6�� �� ��\���?'���
c� ��� �3�� �D� G6�� F	.	E .�56 �
� /�!�@ �O. �� ��@
99?  
  

)33(  ∀�, �, � ���� ≤ supmax�� . 1@/��� 

)34(  ∀�, �, � ���� ≥ supmin�� . 1@/��� 

  

 ����
c� C����33 � ��2.� 
3� �D� �3	E � E	��� E	9J�3 � �5����� /S�� ����
c� �� �
99?� 
9?  �@6

��� ��C t �D� B6	E 
99?C j 8LH`k   G�6
��N�� Q�8! �^ /� h���� G�9��� �	��� �� �M�  ��M�  ����
Mc� .  C���M�34 

� E	���� 
9? �D� B6 ��� /�!�@ :	�q� �@6	E 
99?C j �8LH` k /? �
H6
R B6 
��� f�? 
��N �6
0� ���� G�6
��N [6

�D� /� /���6�	E .
��� ��2	� ��56 /8LH -�. � �
99?  
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���7.��� ��
c� G�5�� �3G  C����35 �l�� F	. G�9��� �� � ���� ��� ����	�3� � I���. /� 6�� ��6'@.  

)35(  ∀�, �, �, �$ �� , *�, �� , ���� , I � , �$�� , ' � , 8�9� , *1� , Ref�� , './01�� ≥ 0 

 ∀�, �, �, �$ (� , �� , M9� , MM� , *9 , �9 , *� ;� , �$� , �*2�� , D@�� , �@� ≥ 0 

 ∀�, �, �, � ′ = � , =$ ;�, =/2�� , =1� , �@H� , �@=� , �@J� , 1@/���, =/2�� ∈ {0,1} 
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 E�6�I3�4� �23�4�  G�����? -�. B6 G�O.�56  �G6�� :��	5 �
)6 �\�8� B6 �=� �5���    G
M	��� G�M3

�
� [�A.6 �� .�56D/.�Y5� Q�5 �� �	N6 G�3� �c� �G��q�H6 �b5 T�6���: �3   iM]�� ... � GB�6 �\=M2� � M� �


�D� �56	E � ��@
99? /	7� G�]`  �i5�9� ��=
�� � �	Y	? �� /	��6 �6�� � ��8LH /���6 �6�� � �f�qc� M	/ 6�� G 

����^  �	Y	? �� ��=
�� /? 
.6�	8S ��G ��6�	��6 �6�� � ��8LH E�6 .` �� KL5	�E
	��� [�;93 �� ��  WDM�	�   6� ��MN

� F	. �
�
	��� �f�qc� ��� ��6'@ � �Y	? KL5 �� I3�? 6� G
	��� �f�qc� 
3�P  /MA	�.���    ��M2@B�� Z�M.

� I�6F!6 �f�qc�� �
�� � �?�� /]��� �^ ���B � /9�F3 �� ����E�6���9� P    r�MY�6 �M8H6� G�	.� �� /J.^ 
9.��3

�� 
�!6? �� ��8LH B6 �l	?�� a�b�.6 /� ��lA� G
	��� �?�� �	Y	� �3G �D� B6 �
�b�	E �56 ��@
99?P /�  /M.�@ 6G 

 6� �?�� ��5 /? /� ��?6
R
.�5��. /� ��j lj	8�� 
_�� E	9d gR G6��` /9	7�   Q
M� /M� GB�5    �MS��� GB�M5  B�M	.

�56 Q
� E�6 � ] ����� ��S��� GB�5/l9 G�3 ����� 6� 
	��� 
9�6�!� @	��  .  

 �>�56 E�6 �� /� �5�� G6��I5�� ���3 ��J�3 

• ��	�E /	��6 �6�� �	Y	? KL5 ����� � /dDF3 �� G�	W�/9 �3G F3 � �
?�/9 �3G   ���6� >�=8� ����] 

•  G6�� /� gH6
R.�5�F3 �
�/9 �3G G�6
��N ��8LH ���	A.B �
? �
��� �Y	? KL5 /d �� 
��� �
� 

• L�6�` F3�/9 �3 G�D� a�b�.6 � �	�8� � �	Y	?	E ��@
99?  /.�;d�56� 

• &��Y5 �6
0� G�3 ���6 E	� /9	7�G 6
0� /d ��	A.B ��56� 

• L�6�` ��2@B�� Z�. � G���� �6�� �	Y	?  ���) /d /� �3�56� 

• 5	�5� �3G �	A.B G6�� >�=8� � :	0��� ����] /� h���� G��]��C �D�	E  /.�;d ��?'��56� 

  .�56 �
� ��6� /85�� 

p
3 �3G |6�6 �I3�4� E�6 �
)6` :	�q� ���� 5 E		8� G6�� i5�9� G�	@	�5� �3G �	A.B }� �� /9	7�C  /0
R

- 
3 .�56 /���p G�3  ��
��^ ���l� �56   :B6 

• |6�6` �	A.B �S��� Q
�C �D�	E  /0
R �cL5��- WD� E�!�@ �O. �� �� /���	�    �M� �f�Mqc� �	Y	? KL5

��2@B�� Z�.P 

• :	�q� E		8� G�3 5 /� h����	�5� �3G /��� G��]�� Q��9?  /M��� � �
]   5 � ��M	A.B iM0�	 �M5�  �M3G 

/	��6 �6�� 
��NP 

• |6�6`  �����23�4� ���R G6�� �3�� /� �	Y	? /?  �6�9�g��� WD� ��2@B�� Z�. ��	��56 �6'@P 

• |6�6`  �Wo� � 6��? gR &��G6�� Q
� g	
c� /|6�6 G�3 A95��l��6 � �
�� gR /� G�3 �5� �
�^.   
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 ��2@B��P�56 f�? �	Y	? KL5 �/	��6 ��8LH �	Y	? KL5 /? ���) E�6 /�G  /�N�M5    M� E	M	8� 6� �
M��  
M9?  �

WD� ��2@B�� Z�. �� G
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� G6�M� 

/����!  .�56 �
� ���Y�56 /
_�� gR � ���?  �M3 /? �56 �
� /�!�@ �O. �� /.�@
9d �f�? Ib� G�3�6B�� E	9J�3

[6
?�  g0��� G�S�0���6� .�E	9J�3 Q
� �� �	A.B GB�5C >�=8�� � Ib� �3� 
.6�� /�  �6� g0�M�� ���)   GB6
M.6

Ib� ����� � ��� :3 �3 �. Q�8! ���B� ���.  

6 m���.�E I3�4� R6�j �� 6�� 5	�5� �3G 	��6 �6�� 
��N` A.B	�� �3G �D�	E  /0
R-    B6 G��	M�� 
M9.��) /���

�?�� ��3� � ���8� �� � �	�8� ��.6��@ 6� ��N G�3f�? /?� 
99?� (�  �6�M�    ��M? /M� .��M�  /M�   ��Mj (bM2��   /M�

A.B	�� �3G �D�	E /0
R - /��� 6�� G �7.^ �� /? ��? /]�� �6�� ��2@B�� /� �3       �M	Y	? KLM5 �M� >�M�c� ���M)

 
	��� G�3f�?E	9J�3 .��6� /L�6�� Q
� E�6 � �GB�5U�qb .��B�5� �3��  ��6
��6 �� � �.�	� ��� �� f�? /? �56

��? /� � �6� �6�H ��N 5 ����	�5� �3G � ��A�6 ����H� ��F� �i5�9�� 
9?   EM�6 �M� ��\M� .�  �M�.�m 6 M�E  I3�4M� �

�� 
.6�� 85�� ��` Q
� �3G  KL5 �� ��]���3�;2.6� 8H6� �� ��
� �
�Q �3G  ���Y�56 �B�R E�6 �� �S������.  
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� ���)  T
�b� K	c) �
� �S��� GB�5�56 ��6��? B6 �=� /?�E [�.  �3�6F!6
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M�  �
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_�� E�6 gR G6���  &��MIP
16 gR �� 
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� ���Y�56� ��� �^ �� /?� 
_��` /��.�� /��.�� E�
9d /� K	c) �
� �LN GF��  g�
l� �LN GF���� ���   �M3 �� �

/N��� /��.�� Q
� }� �� gR �LN GF�� ��� [�MA.6 G6�� . ��6�   
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�$�� 4 - ��;	�� ��
 ��B	 N��!O ���;	 $ N��!O
 ����(���<< � &�� $�V ��<< (�  

I 1 2 

Q 45204 11946 

R 5000 7827 

  

 Q�
] C����5 � ��2.� 
3� ���� �� �3G :�23 �� [��7d� �NG�3
� [�A.6 �
� �D� B6E	 
99?C  /? �56 ���� Q�6

 �	Y	? KL5A ��6� ��� �� T0! �C �D� B6 [�5E	 
99?C  �	Y	? KL5 ) [�5C 
��N (�
� [�A.6 .�56  

  

 �$��5 - �W�� �$� S�QRX�# 8�$� �� ��
 ��
 Y1�Z	
 QRX ��	�  

K j 
T 

3 4  5 6 8  

1 1 0 14000 14000 14000 9756 

1 3 14000 0 0 0 0 

2 1 0 14000 14000 14000 9756 

2 3 14000 0 0 0 0 

3 1 0 14000 14000 14000 9856 

3 3 14000 0 0 0 0 

4 1 0 14000 14000 14000 9656 

4 3 14000 0 0 0 0 

  

Q�
]  C����6 ��2. 
93�C   �3�6B�� B6 }M� �M3 �� ���7. Gf�? &��! �M5��� �� .C     FM?�� �M3 �� &��M! Q�6

<�B���  ��6��1000 f�? 
R6��5 �3 �� /?` Q�
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�<�B�� F?��  ��6��1000 .�56 �
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R6�  

  

 �$��6 -  �� �� N$��QRX ��	 �� ��&�
�  

T 1  3 5 6 7 8 9 10 

y 1000 5000 14000 14000 14000 783 11946 11946 
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 �$��7 - �����   ]RO $�!�" ����� 8�$� �� ��
 QRX ��	 �� Y1�Z	�  

T  3 4  5 6 7 8 

X 14000 14000  14000 14000 14000 9204 

Qu C A A A A A 

  



130 / ���� ���	
�� � 
	��� ����
�11 ����� �2 ��	�� �21 �������� 1399 

Q�
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 �$��8 - 8�$� �� N��!O ��
 QRX ��	 �� Y1�Z	�  

T 2 3 4 6 8 9 

Qt 7/11945 7/11945 7/11945 7/11945 7/11945 7/11945 

 
 �$��9– N��!O ��
 `;I 8�$� �� 8����� ��
 Y1�Z	  

Sit 
T 

1 2 3 4 5  6 7 8  9  

I 
1 0 7/6945 3/18891 16837 2837 7/782 0 0 0 

2 5984 12329 14781 21531 14480 6662 1759 3/7130 7/4118 
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 '��� 8�$� �� ��
 QRX ��	 �� Y1�Z	�  

T 6 7 8 9 10 

Rt  2800 700 700 700 2/460 
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