
 

 

http://jnrm.srbiau.ac.ir

 

X 

 

 

* 

 

 

 

*.      :                                                                                                       tavakoli@ut.ac.ir mail:-E 

                                    

های نوین در ریاضیپژوهش  دانشگاه آزاد اسلامی، واحد علوم و تحقیقات                                                                                                 

http://jnrm.srbiau.ac.ir/


                                
 

 

 

1-  

SSCM

CLSC

 
1. Sustainable Supply Chain Management 

(SSCM) 

2. Closed Loop Supply Chain (CLSC) 

SCLSC

 
3. Sustainable Closed Loop Supply Chain 

(SCLSC) 



 

                                  
 

   

SCLSC

 

SCLSC

.

2-  

2CO



                                
 

 

 

SCLSC

3-  



 

                                  
 

   

 

SCLS
C

***** 
R

L
MILP*

********
R

L 
MILP

FFMIP

F/R

L

FMO

LP

F
FMO

LP

F
MINL

P

F
MINL

P

F/R

L
MILP

F/R

L
MILP

 F/R

L
MILP

 F/R

L 

MINL

P 

  
F/R
L

MINL
P 

F/R

L
MILP

 
F/R
L

MILP

(R: Reverse Logistic  F: Forward Supply Chain Network) 

             

           

           

            

         

              

              

             
                

               

     

EOL      

EOL            

          



                                
 

 

 

EOL

EOL

EOL

 
1. End Of Life 

SCLSC

- 

 

- 

 

- 

 

- 

2CO

 

- 

 

- 

 

- 2CO

 

- 



 

                                  
 

   

 

- 

 

- EOL
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2CO

 

SCLSC

SCLSC

SCLSC

 

𝑆 = { , ,… , 𝑠, … , |𝑆|}

𝑀 = { , ,… ,𝑚,… , |𝑀|} 

𝐹𝑎 = { , ,… , 𝑓, … , |𝐹𝑎|}

𝐹𝑏 = { , ,… , 𝑓, … , |𝐹𝑏|}

𝐹 = 𝐹𝑎 ∪ 𝐹𝑏

𝐷 = { , ,… , 𝑑, … , |𝐷|}

𝐶 = { , ,… , 𝑐, … , |𝐶|}

𝐼 = { , ,… , 𝑖, … , |𝐼|} 

𝐽 = { , ,… , 𝑗, … , |𝐽|} 

𝐾 = { , ,… , 𝑘, … , |𝐾|}

𝑃 = { , ,… , 𝑝, … , |𝑃|}

𝑅 = { , ,… , 𝑟, … , |𝑅|}

𝑟𝑐𝑚,𝑠
𝑆  ms

𝑐𝑎𝑝𝑚,𝑠
𝑆sm 

𝑡𝑟𝑚,𝑠,𝑓
𝑆→𝐹msf

𝑒𝑚,𝑠,𝑓
𝑆→𝐹CO2msf

𝑝𝑐𝑝
𝐹p

𝑐𝑎𝑝𝑝
𝐹p

𝑟𝑚
𝐹m

ℎ𝑝
𝐹p

𝑓𝑐𝑓,𝑝
𝐹fp 

𝑖𝑛𝐹1 



                                
 

 

 

𝑖𝑛𝐹2 

𝑒𝑑𝐹 

𝑒𝑝
𝐹CO2p

𝑡𝑟𝑓𝑑
𝐹→𝐷 fd

𝑒𝑓,𝑑
𝐹→𝐷 CO2fd 

𝑓𝑐𝑑
𝐷 d

𝑐𝑎𝑝𝑑
𝐷d

𝑡𝑟𝑑,𝑐
𝐷→𝐶dc 

𝑒𝑑,𝑐
𝐷→𝐶CO2dc 

𝑑𝑒𝑚𝑐
𝐶  c

𝛼𝑐EOLc

𝑝𝑐EOLc

𝑡𝑟𝑐,𝑖
𝐶→𝐼EOLci 

𝑓𝑐𝑖
𝐼i

𝑐𝑎𝑝𝑖
𝐼i

𝑡𝑟𝑖,𝑗
𝐼→𝐽EOLij

𝑒𝑖,𝑗
𝐼→𝐽

 CO2EOLij 

𝑓𝑐𝑗,𝑟
𝐽

 jr 

𝑐𝑎𝑝𝑟
𝐽
 r

𝑟𝑐𝑐𝑟
𝐽EOLr

𝑖𝑛𝐽1  

𝑖𝑛𝐽2 

𝑒𝑑𝐹 

ℎ𝑟
𝐽

𝑒𝑟
𝐽CO2EOLr

𝛽𝑚 mEOL

𝑡𝑟𝑚,𝑗,𝑓
𝐽→𝐹mjf

𝑒𝑚,𝑗,𝐹
𝐽→𝐹CO2mjf 

𝑡𝑟𝑗,𝑘
𝐽→𝐾

 jk

𝑒𝑗,𝑘
𝐽→𝐾CO2jk 

SCLSC 

𝑥𝑓,𝑝
𝐹𝑓 ∈ 𝐹𝑏p 

𝑥𝑑
𝐷d

𝑥𝑖
𝐼i

𝑥𝑗,𝑟
𝐽

 𝑗r

𝑦𝑚,𝑠,𝑓msf

𝑄𝑓,𝑝 fp

𝑒𝑚𝑓,𝑝
𝐹1  fp

𝑒𝑚𝑓,𝑝
𝐹2  fp

𝑒𝑚𝑗,𝑟
𝐽1

 jr

𝑒𝑚𝑗,𝑟
𝐽2

 jr

𝑣𝑓,𝑑fd

𝑢𝑑,𝑐  dc

𝑒𝑙𝑐𝑖𝑗𝑟EOLcijr



 

                                  
 

   

𝑟𝑚𝑚,𝑗,𝑓 mjEOLf

𝑤𝑗,𝑘jk

-  

 

min𝑍 = [∑ ∑𝑓𝑐𝑓,𝑝
𝐹  . 𝑥𝑓,𝑝

𝐹

𝑝𝑓∈𝐹𝑏

+∑𝑓𝑐𝑑
𝐷 . 𝑥𝑑

𝐷

𝑑

+∑𝑓𝑐𝑖
𝐼 . 𝑥𝑖

𝐼

𝑖

+∑∑𝑓𝑐𝑗,𝑟
𝐽  . 𝑥𝑗,𝑟

𝐽

𝑟𝑗

] + [∑∑∑𝑟𝑐𝑚,𝑠
𝑆  . 𝑦𝑚,𝑠,𝑓

𝑓𝑠𝑚

]

+ [∑∑𝑝𝑐𝑝
𝐹  . 𝑄𝑓,𝑝

𝑝𝑓

]

+ [∑∑𝑖𝑛𝐹1. ℎ𝑝
𝐹  . 𝑒𝑚𝑓,𝑝

𝐹1

𝑝𝑓

+∑∑𝑖𝑛𝐹2. ℎ𝑝
𝐹  . 𝑒𝑚𝑓,𝑝

𝐹2

𝑝𝑓

+∑∑𝑒𝑑𝐹 . ℎ𝑝
𝐹  . 𝑒𝑚𝑓,𝑝

𝐹2

𝑝𝑓

+∑∑𝑖𝑛𝐽1. ℎ𝑟
𝐽 . 𝑒𝑚𝑗,𝑟

𝐽1

𝑟𝑗

+∑∑𝑖𝑛𝐽2. ℎ𝑟
𝐽 . 𝑒𝑚𝑗,𝑟

𝐽2

𝑟𝑗

+∑∑𝑒𝑑𝐽. ℎ𝑝
𝐽  . 𝑒𝑚𝑗,𝑟

𝐽2

𝑟𝑗

]

+ [∑∑∑∑𝑝𝑐𝑒𝑙𝑐𝑖𝑗𝑟
𝑐𝑖𝑟𝑗

] + [∑∑∑∑𝑟𝑐𝑐𝑟
𝐽𝑒𝑙𝑐𝑖𝑗𝑟

𝑐𝑖𝑟𝑗

]

+ [∑∑∑𝑡𝑟𝑚,𝑠,𝑓
𝑆→𝐹  . 𝑦𝑚,𝑠,𝑓

𝑓𝑠𝑚

+∑∑𝑡𝑟𝑓,𝑑
𝐹→𝐷. 𝑣𝑓,𝑑

𝑑𝑓

+∑∑𝑡𝑟𝑑,𝑐
𝐷→𝐶 . 𝑢𝑑,𝑐

𝑐𝑑

+∑∑∑∑(𝑡𝑟𝑐,𝑖
𝐶→𝐼 + 𝑡𝑟𝑖,𝑗

𝐼→𝐽)𝑒𝑙𝑐𝑖𝑗𝑟
𝑟𝑗𝑖𝑐

+∑∑∑𝑡𝑟𝑚,𝑗,𝑓
𝐽→𝐹  . 𝑟𝑚𝑚,𝑗,𝑓

𝑓𝑗𝑚

+∑∑𝑡𝑟𝑗,𝑘
𝐽→𝐾. 𝑤𝑗,𝑘

𝑘𝑗

] 

min𝑍 = [∑∑𝑒𝑝
𝐹  . 𝑄𝑓,𝑝

𝑝𝑓

] + [∑∑∑∑𝑒𝑟
𝐽𝑒𝑙𝑐𝑖𝑗𝑟

𝑐𝑖𝑟𝑗

]

+ [∑∑∑𝑒𝑚,𝑠,𝑓
𝑆→𝐹  . 𝑦𝑚,𝑠,𝑓

𝑓𝑠𝑚

+∑∑𝑒𝑓,𝑑
𝐹→𝐷. 𝑣𝑓,𝑑

𝑑𝑓

+∑∑𝑒𝑑,𝑐
𝐷→𝐶 . 𝑢𝑑,𝑐

𝑐𝑑

+∑∑∑∑(𝑒𝑐,𝑖
𝐶→𝐼 + 𝑡𝑟𝑖,𝑗

𝐼→𝐽)𝑒𝑙𝑐𝑖𝑗𝑟
𝑟𝑗𝑖𝑐

+∑∑∑𝑒𝑚,𝑗,𝑓
𝐽→𝐹  . 𝑟𝑚𝑚,𝑗,𝑓

𝑓𝑗𝑚

+∑∑𝑒𝑗,𝑘
𝐽→𝐾. 𝑤𝑗,𝑘

𝑘𝑗

] 

max  𝑍 = [∑∑ ℎ𝑝
𝐹  . 𝑒𝑚𝑓,𝑝

𝐹1

𝑝𝑓

+∑∑ ℎ𝑝
𝐹  .

𝑝𝑓

] 𝑒𝑚𝑓,𝑝
𝐹2 + [∑∑ ℎ𝑟

𝐽 . 𝑒𝑚𝑗,𝑟
𝐽1

𝑟𝑗

+∑∑𝑖 ℎ𝑟
𝐽 . 𝑒𝑚𝑗,𝑟

𝐽2

𝑟𝑗

]

 

 

SCLSC

SCLSC

CO2



                                
 

 

 

EOL

EOL

SCLSC

-  

 ∑ 𝑦𝑚,𝑠,𝑓
𝑓

≤  𝑐𝑎𝑝𝑚,𝑠
𝑆  ;  ∀ 𝑚 ∈ 𝑀 , 𝑠 ∈ 𝑆  

 𝑄𝑓,𝑝 ≤ 𝑐𝑎𝑝𝑝
𝐹 . 𝑥𝑓,𝑝

𝐹   ;  ∀ 𝑓 ∈ 𝐹 , 𝑝 ∈ 𝑃 

 𝑟𝑚
𝐹 . 𝑄𝑓,𝑝 ≤∑ 𝑦𝑚,𝑠,𝑓

𝑠

+∑ 𝑟𝑚𝑚,𝑗,𝑓

𝑗

  ;  ∀ 𝑚 ∈ 𝑀 , 𝑓 ∈ 𝐹 , 𝑝 ∈ 𝑃

 𝑄𝑓,𝑝 ≤ 𝑐𝑎𝑝𝑝
𝐹  (𝑒𝑚𝑓,𝑝

𝐹1 + 𝑒𝑚𝑓,𝑝
𝐹2 ) ; ∀  𝑓 ∈ 𝐹 , 𝑝 ∈ 𝑃

 𝑒𝑚𝑓,𝑝
𝐹1 + 𝑒𝑚𝑓,𝑝

𝐹2 ≤  ; ∀  𝑓 ∈ 𝐹 , 𝑝 ∈ 𝑃

 𝑒𝑚𝑓,𝑝
𝐹1 ≥ .  ; ∀  𝑓 ∈ 𝐹 , 𝑝 ∈ 𝑃

 ∑𝑄𝑓,𝑝
𝑝

=∑𝑣𝑓,𝑑
𝑑

 ;  ∀  𝑓 ∈ 𝐹

∑𝑣𝑓,𝑑
𝑓

≤ 𝑐𝑎𝑝𝑑
𝐷. 𝑥𝑑

𝐷 ;  ∀ 𝑑 ∈ 𝐷  

∑𝑣𝑓,𝑑
𝑓

=∑𝑢𝑑,𝑐
𝑐

;  ∀  𝑑 ∈ 𝐷 

∑𝑢𝑑,𝑐
𝑑

= 𝑑𝑒𝑚𝑐
𝐶;  ∀  𝑐 ∈ 𝐶

∑∑∑𝑒𝑙𝑐𝑖𝑗𝑟
𝑟𝑗𝑖

= 𝛼𝑐∑𝑢𝑑,𝑐
𝑑

;  ∀  𝑐 ∈ 𝐶 

 ∑∑∑𝑒𝑙𝑐𝑖𝑗𝑟
𝑟𝑗𝑐

≤ 𝑐𝑎𝑝𝑖
𝐼 . 𝑥𝑖

𝐼;  ∀  𝑖 ∈ 𝐼 

 ∑∑𝑒𝑙𝑐𝑖𝑗𝑟
𝑖𝑐

≤ 𝑐𝑎𝑝𝑟
𝐽
. 𝑥𝑗,𝑟
𝐽
;  ∀  𝑗 ∈ 𝐽 , 𝑟 ∈ 𝑅

 ∑∑𝑒𝑙𝑐𝑖𝑗𝑟
𝑖𝑐

≤ 𝑐𝑎𝑝𝑟
𝐽
 (𝑒𝑚𝑗,𝑟

𝐽1
+ 𝑒𝑚𝑗,𝑟

𝐽2
) ; ∀  𝑗 ∈ 𝐽 , 𝑟 ∈ 𝑅

𝑒𝑚𝑗,𝑟
𝐽1
+ 𝑒𝑚𝑗,𝑟

𝐽2
≤  ; ∀  𝑗 ∈ 𝐽 , 𝑟 ∈ 𝑅

 𝑒𝑚𝑗,𝑟
𝐽1
≥ .  ; ∀  𝑗 ∈ 𝐽 , 𝑟 ∈ 𝑅

 𝛽𝑚∑∑∑𝑒𝑙𝑐𝑖𝑗𝑟
𝑟𝑖𝑐

=∑ 𝑟𝑚𝑚,𝑗,𝑓

𝑓

 ;  ∀ 𝑗 ∈ 𝐽 , 𝑚 ∈ 𝑀 

 ∑∑∑( − 𝛽𝑚)∑𝑒𝑙𝑐𝑖𝑗𝑟
𝑚𝑟𝑖𝑐

=∑ 𝑤𝑗,𝑘
𝑘

 ;  ∀ 𝑗 ∈ 𝐽   

{

𝑥𝑓,𝑝
𝐹  , 𝑥𝑑

𝐷  , 𝑥𝑖
𝐼 , 𝑥𝑗,𝑟

𝐽
∈ { , }

𝑦𝑚,𝑠,𝑓 , 𝑣𝑓,𝑑  , 𝑢𝑑,𝑐 , 𝑒𝑙𝑐𝑖𝑗𝑟 , 𝑟𝑚𝑚,𝑗,𝑓, 𝑤𝑗,𝑘 ≥

≤ 𝑒𝑚𝑓,𝑝
𝐹1 , 𝑒𝑚𝑓,𝑝

𝐹2 , 𝑒𝑚𝑗,𝑟
𝐽1
, 𝑒𝑚𝑗,𝑟

𝐽2
≤





                                  
 

𝑓 ∈

𝐹𝑎p

𝑥𝑓,𝑝
𝐹 =

EOL

𝑄𝑓,𝑝

𝑐𝑎𝑝𝑝
𝐹 =

ℎ𝑝
𝐹𝑒𝑚𝑓,𝑝

𝐹1 + 𝑒𝑚𝑓,𝑝
𝐹2 =

EOL

EOL

EOL

EOL
∑ ∑ 𝑒𝑙𝑐𝑖𝑗𝑟𝑖𝑐

𝑐𝑎𝑝𝑟
𝐽 =

ℎ𝑝
𝐹

𝑒𝑚𝑗,𝑟
𝐽1 + 𝑒𝑚𝑗,𝑟

𝐽2 =

 

EOL

SCLSC

SCLSC

SCLSC

𝑇

𝑐𝑎𝑝𝑝
𝐹

𝑇=

𝑑𝑒𝑚𝑐.𝑡
𝐶𝑡 = , , , …𝑇



 

                                  
 

   

𝑆∗

𝐹∗𝐷∗𝐼∗

𝐽∗

𝑃∗ , 𝑅∗

SCLSC

SCLSC 

𝑦𝑚,𝑠,𝑓.𝑡 msft 

𝑄𝑓,𝑡  ft 

𝐼𝑛𝑣𝑓,𝑚,𝑡
𝐹  fmt 

𝐼𝑛𝑣𝑑,𝑡
𝐷  dt 

𝑒𝑚𝑓,𝑡
𝐹  ft

𝑒𝑚𝑗,𝑡
𝐽

 jt 

𝑣𝑓,𝑑,𝑡fdt 

𝑢𝑑,𝑐,𝑡dc t

𝑠𝑙𝑐,𝑡c t

𝑒𝑙𝑐𝑖𝑗𝑡 EOLcijt

𝑟𝑚𝑚,𝑗,𝑓,𝑡 mjEOLft

𝑤𝑗,𝑘,𝑡jwt 

min𝑍 = [∑∑∑∑𝑟𝑐𝑚,𝑠
𝑆  . 𝑦𝑚,𝑠,𝑓,𝑡

𝑡𝑓𝑠𝑚

] + [∑∑𝑝𝑐𝑓
𝐹  . 𝑄𝑓,𝑡

𝑡𝑓

] + [∑∑∑ℎ𝑐𝑚. 𝐼𝑛𝑣𝑓,𝑚,𝑡
𝐹

𝑡𝑚𝑓

+∑∑ℎ𝑐𝐷. 𝐼𝑛𝑣𝑑,𝑡
𝐷

𝑡𝑑

]

+ [𝑏.∑∑𝑠𝑙𝑐,𝑡
𝑡𝑐

] + [∑∑ℎ𝑟𝑐𝑡
𝐹𝑒𝑚𝑓,𝑡

𝐹 . 𝐻𝑓
𝐹

𝑡𝑓

+∑∑ℎ𝑟𝑐𝑡
𝐽𝑒𝑚𝑗,𝑡

𝐽 . 𝐻𝑗
𝐽 

𝑡𝑓

]

+ [∑∑∑∑𝑟𝑐𝑐𝑟
𝐽𝑒𝑙𝑐𝑖𝑗𝑡

𝑡𝑐𝑖𝑗

]

+ [∑∑∑∑𝑡𝑟𝑚,𝑠,𝑓
𝑆→𝐹  . 𝑦𝑚,𝑠,𝑓,𝑡

𝑡𝑓𝑠𝑚

+∑∑∑𝑡𝑟𝑓,𝑑
𝐹→𝐷. 𝑣𝑓,𝑑,𝑡

𝑡𝑑𝑓

+∑∑∑𝑡𝑟𝑑,𝑐
𝐷→𝐶 . 𝑢𝑑,𝑐,𝑡

𝑡𝑐𝑑

+∑∑∑∑∑(𝑡𝑟𝑐,𝑖
𝐶→𝐼 + 𝑡𝑟𝑖,𝑗

𝐼→𝐽)𝑒𝑙𝑐𝑖𝑗𝑟𝑡
𝑡𝑟𝑗𝑖𝑐

+∑∑∑∑𝑡𝑟𝑚,𝑗,𝑓
𝐽→𝐹  . 𝑟𝑚𝑚,𝑗,𝑓,𝑡

𝑡𝑓𝑗𝑚

+∑∑∑𝑡𝑟𝑗,𝑘
𝐽→𝐾. 𝑤𝑗,𝑘,𝑡

𝑡𝑘𝑗

] 

 ∑ 𝑦𝑚,𝑠,𝑓,𝑡
𝑓

≤
𝑐𝑎𝑝𝑚,𝑠

𝑆

𝑇
 ; ∀ 𝑚 ∈ 𝑀 , 𝑠 ∈ 𝑆∗ , 𝑡 ∈ 𝑇  

 𝑄𝑓,𝑡 ≤
𝑐𝑎𝑝𝑓

𝐹

𝑇
  ;  ∀ 𝑓 ∈ 𝐹∗ , 𝑡 ∈ 𝑇  

   𝑟𝑚
𝐹 . 𝑄𝑓,𝑡 ≤ 𝐼𝑛𝑣𝑓,𝑚,𝑡−

𝐹 +∑ 𝑦𝑚,𝑠,𝑓,𝑡
𝑠

+∑ 𝑟𝑚𝑚,𝑗,𝑓

𝑗

  ;  ∀ 𝑚 ∈ 𝑀 , 𝑓 ∈ 𝐹∗ , 𝑡 ∈ 𝑇 

   𝑄𝑓,𝑡 ≤
𝑐𝑎𝑝𝑓

𝐹

𝑇. ℎ𝑓
𝐹 ( + 𝑒𝑚𝑓,𝑡

𝐹 ). 𝐻𝑓
𝐹  ; ∀  𝑓 ∈ 𝐹∗ , 𝑡 ∈ 𝑇 

   𝑄𝑓,𝑡 =∑𝑣𝑓,𝑑,𝑡
𝑑

 ;  ∀  𝑓 ∈ 𝐹∗ , ∀  𝑡 ∈ 𝑇 



                                
 

 

 

  ∑𝑣𝑓,𝑑,𝑡
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≤
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𝐷

𝑇
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  ∑𝑣𝑓,𝑑,𝑡
𝑓
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𝑐
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𝑗𝑖

= 𝛼𝑐∑𝑢𝑑,𝑐,𝑡
𝑑

;  ∀  𝑐 ∈ 𝐶, 𝑡 ∈ 𝑇 

 ∑∑𝑒𝑙𝑐𝑖𝑗𝑡
𝑗𝑐

≤
𝑐𝑎𝑝𝑖

𝐼

𝑇
; ∀  𝑖 ∈ 𝐼∗, 𝑡 ∈ 𝑇 

 ∑∑𝑒𝑙𝑐𝑖𝑗𝑡
𝑖𝑐

≤
𝑐𝑎𝑝𝑗

𝐽

𝑇
. 𝑥𝑗,𝑟

𝐽 ;  ∀  𝑗 ∈ 𝐽∗  , 𝑡 ∈ 𝑇 

 ∑∑𝑒𝑙𝑐𝑖𝑗𝑡
𝑖𝑐

≤
𝑐𝑎𝑝𝑗

𝐽

𝑇. ℎ𝑗
𝐽 ( + 𝑒𝑚𝑗,𝑡

𝐽 ). 𝐻𝑗
𝐽; ∀  𝑗 ∈ 𝐽∗ , 𝑡 ∈ 𝑇 

 𝛽𝑚∑∑𝑒𝑙𝑐𝑖𝑗𝑡
𝑖𝑐

=∑ 𝑟𝑚𝑚,𝑗,𝑓,𝑡

𝑓

 ;  ∀ 𝑗 ∈ 𝐽∗ ,𝑚 ∈ 𝑀 , 𝑡 ∈ 𝑇  

 ∑∑( − 𝛽𝑚)∑𝑒𝑙𝑐𝑖𝑗𝑡
𝑚𝑖𝑐

=∑ 𝑤𝑗,𝑘
𝑘

 ;  ∀ 𝑗 ∈ 𝐽   

[∑𝑒𝑓
𝐹  . 𝑄𝑓,𝑡

𝑓
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𝐽𝑒𝑙𝑐𝑖𝑗𝑡

𝑐𝑖𝑗

]

+ [∑∑∑𝑒𝑚,𝑠,𝑓
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+∑∑∑𝑒𝑚,𝑗,𝑓
𝐽→𝐹  . 𝑟𝑚𝑚,𝑗,𝑓,𝑡

𝑓𝑗𝑚

+∑∑𝑒𝑗,𝑘
𝐽→𝐾. 𝑤𝑗,𝑘,𝑡

𝑘𝑗

] ≤
𝑍∗

𝑇
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