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𝑃 = 𝐼.𝑀. 𝑈 (1)

𝑃 𝐼 𝑀  𝑈
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⩽
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𝑛 − 1 𝑛





𝜆



𝜇

 



 



 

 

𝑟𝑚𝑎𝑥

𝑣𝑚𝑎𝑥 𝜃

𝜃 =

(3,1)

𝜃 𝑟𝑚𝑎𝑥

𝜃

Θ

Θ = {𝜃 = (𝑟, 𝑣) /  𝑟 ∈ [1; 𝑟𝑚𝑎𝑥] ;  𝑣 ∈ [1; 𝑣𝑚𝑎𝑥] } (1)

𝑟𝑚𝑎𝑥

𝑟𝑚𝑎𝑥 𝑟𝑚𝑎𝑥

𝑣



𝑟𝑚𝑎𝑥

𝑣

𝑁) 𝑘

𝑁

𝑄𝐿 𝑄𝐿

𝑄𝐿 

𝑣𝑚𝑎𝑥 = 2

𝑄𝐿 < 𝑟𝑚𝑎𝑥



𝑟

𝜆𝑟

𝜉𝑟

𝜃 = (𝑟, 𝑣)

𝑄𝑇



𝑄𝑇 = 0,5

𝑄𝐿

𝑟𝑚𝑎𝑥

𝑄𝑇

𝑄𝐿 𝑄𝑇

 

𝜆0

(𝜆 𝑖 | 𝑖 = 1: 𝑖𝑚𝑎𝑥) (𝜆𝑄𝐿)

 𝜉3 = 0



𝜉𝑟 𝑄𝑇

1 − 𝜉𝑟 𝑣 = 1 𝑣 ← 2

𝑄𝐿 𝑄𝑇



 

 

• 2𝑎𝑛𝑠

𝜆0 = 0,0014

• 

~1𝑎𝑛 6𝑚𝑜𝑖𝑠 𝜆1 = 0,0018

• 

~1𝑎𝑛 𝜆2 = 0,0027

• 

~6𝑚𝑜𝑖𝑠 𝜆3 = 0,0055

• 

(𝜉0; 𝜉1; 𝜉2) = (0,9; 0,7; 0,5)

• (𝜇𝑎𝑠 =

𝜇𝑑𝑠 =
2
3⁄ )

(𝜇𝑟𝑝 =
1
4⁄ ; 𝜇𝑎𝑐 =

1
16⁄ )



• 

• 

1
𝜇𝑄𝐿⁄ 𝑐𝑄𝐿

𝑁𝑎𝑐, 𝑁𝑟𝑝 𝑒𝑡 𝑁𝑄𝐿

 

𝑇𝑒𝑚𝑝𝑠 𝑑𝑒 𝑠𝑒𝑟𝑣𝑖𝑐𝑒



𝑐𝑜û𝑡 𝑑𝑒𝑠 𝑜𝑝é𝑟𝑎𝑡𝑖𝑜𝑛𝑠

𝐶𝑜û𝑡 𝑑𝑒𝑠 𝑜𝑝é𝑟𝑎𝑡𝑖𝑜𝑛𝑠 = 𝑐𝑎𝑐𝑁𝑎𝑐 + 𝑐𝑟𝑝𝑁𝑟𝑝 + 𝑐𝑄𝐿𝑁𝑄𝐿 (2)

𝑐𝑟𝑝, 𝑐𝑄𝐿 ∈ ]0; 1]

(𝑐𝑎𝑐 = 1) 𝑐𝑟𝑝 = 0,25

 

𝑄𝐿 𝑄𝑇 𝑄𝑇 ∈ [0; 1]

𝑄𝐿

𝑄𝐿 ∈ {0,1,2,3} 𝑄𝐿 = 0

𝑄𝐿 = 3

(𝑐𝑄𝐿)

(1 𝜇𝑄𝐿⁄ ) 𝑄𝐿

𝑐𝑄𝐿 = (
1

1 + 𝑄𝐿
) . 𝑐𝑎𝑐 (3)



1
𝜇𝑄𝐿⁄ = (

1

1 + 𝑄𝐿
) . 1 𝜇𝑎𝑐⁄  (4)

𝑄𝐿

𝑐𝑎𝑐
1
𝜇𝑎𝑐⁄ ≈ 16𝑗𝑜𝑢𝑟𝑠

 

𝑄𝑇 = 0

𝑄𝑇 𝑄𝐿

𝑄𝑇

𝑄𝑇 𝑄𝐿

 

𝑸𝑳

𝒄𝑸𝑳
𝟏
𝝁𝑸𝑳⁄



𝐵𝑐

𝑩𝒄 𝑩𝒆



𝐵𝑒

 

𝑄𝐿

𝑄𝑇 𝑄𝐿 𝑄𝑇



𝑄𝐿 = 0

𝑐𝑄𝐿=0 = 𝑐𝑎𝑐 𝑄𝑇

𝑄𝐿 = 0

𝑄𝐿 = 3 𝑄𝑇

𝑄𝑇 𝑄𝐿 = 2

𝑄𝑇 = 0 𝑄𝑇 = 1

𝑄𝐿 𝑄𝑇



𝑄𝐿 𝑄𝑇

𝑄𝐿 = 1 𝑄𝑇 = 0,9

 





𝑄𝑇 ●

𝑄𝐿 ●

𝜃 ●

𝜆𝑟
𝑟

●

𝜉𝑟 ●

𝜇𝑑𝑠

●𝜇𝑑𝑔

𝜇𝑎𝑠

𝜇𝑎𝑐

●𝜇𝑟𝑝

𝜇𝑄𝐿

𝐵𝑐 ●

𝐵𝑒 ●

𝑁0 ●

𝑁𝑖 ●

𝑁𝑄𝐿 ●



 



 

 

 

 

 

 

 

 



 







 









 

   

   
  

   

 

 

 

 

 

 

●        

 

 

 

 

 
● 

 
     

 

 
 ●     ●  

  ●  ●     

 

 
  ●      

   ● ●     

   ● ●   ●  

   ● ● ● ● ● ● 
 

https://www.tandfonline.com/author/Gupta%2C+D+K
https://www.tandfonline.com/author/Camci%2C+Fatih


 

𝑁

 

 

 

𝑄

 

 𝑡𝑖𝑗 𝑑𝑖𝑗 𝑖 𝑗

𝜏 .

 𝑖 𝑦𝑖



 

 𝑒 𝑡

𝐹𝑒(𝑇 ≤ 𝑡) 𝑇

 𝑖  [𝑎𝑖; 𝑏𝑖]

 

𝑐𝑤

𝐸[𝐶𝑇] 𝐸[𝐶𝑂] 𝐸[𝐶𝐼]

𝐸[𝐶𝑇]

𝐸[𝐶𝑂] 

𝐸[𝐶𝐼]



𝐸[𝐶𝐼]

𝐸[𝐶𝑀𝐷]

𝐸[𝐶𝑀𝐷] = 𝐸[𝐶𝑇] + 𝐸[𝐶𝑂] + 𝐸[𝐶𝐼] (1)

 

 

(𝑄∗)

(𝛷𝑘
∗) 𝐸[𝐶𝑀𝐷]



([𝑑𝑖𝑗]; [𝑡𝑖𝑗]) 𝐹𝑒

(Ω)

𝑄 ∈ [𝑄𝑚𝑖𝑛; 𝑄𝑚𝑎𝑥]

𝛷𝑘 ∈ Ω

𝑄 𝛷𝑘

Ω  

 

𝐸[𝐶𝑀𝐷]

𝐸[𝐶𝑇] 𝐸[𝐶𝑂]

𝐸[𝐶𝐼]



 

𝐸[𝐶𝑂] 𝐸[𝐶𝐼]

𝐸[𝐶𝑂] = ∑ 𝐶𝑅𝑖. 𝑛𝑜𝑝𝑖
𝑖=1:𝑁

(2)

𝐸[𝐶𝐼] ∝  ([𝑠𝑜+1]𝑖 − [𝑠𝑜]𝑖 −𝑀𝑇𝑇𝐹(𝑖)), 𝑜 = 1: 𝑛𝑜𝑝𝑖 − 1, 𝑖 = 1:𝑁 (3.1)

𝑀𝑇𝑇𝐹(𝑖) ∝  𝐹𝑒(𝑇 ≤ [𝑠𝑜+1]𝑖 − [𝑠𝑜]𝑖) (3.2)



𝑛𝑜𝑝𝑖 𝑖

𝐶𝑅𝑖

[𝑠𝑜]𝑖

𝑖 𝑀𝑇𝑇𝐹(𝑖)

𝑖

 

𝐸[𝐶𝑇]

[𝑠𝑜]𝑖

𝐸[𝐶𝑀𝐷]

𝐺 = (𝑉, 𝐴) 𝑉 = {0,1,2, … ,𝑁}

0 𝑉𝑠 = 𝑉\{0} 𝐴 = {(𝑖, 𝑗): 𝑖, 𝑗 ∈ 𝑉}

𝐾 = {1,2, … ,𝑚}

𝑄 𝑖 ∈ 𝑉𝑠

𝐷𝑖 < 𝑄 𝑇𝑅𝑖

𝑡𝑖𝑗 𝑑𝑖𝑗 (𝑖, 𝑗) ∈ 𝐴



𝑖 ∈ 𝑉𝑠 𝑛𝑜𝑝𝑖 𝜏

[𝑒𝑜 , 𝑙𝑜]𝑖: 𝑜 =

1,2, … , 𝑛𝑜𝑝𝑖 𝑉′ = {0,1,2, … , 𝑛}

0 𝑛 = ∑𝑛𝑜𝑝𝑖

𝜏 𝐺′ =

(𝑉′, 𝐴′) 𝐴′ = {(𝑖′, 𝑗′): 𝑖′, 𝑗′ ∈ 𝑉′} 𝑖′ ∈ 𝑉′

𝑖 ∈ 𝑉 𝐷𝑖′ = 𝐷𝑖

(𝑖′, 𝑗′) ∈ 𝐴′ (𝑖, 𝑗) ∈ 𝐴 𝑡𝑖′𝑗′ = 𝑡𝑖𝑗 𝑑𝑖′𝑗′ = 𝑑𝑖𝑗

𝐺′

𝑖′

• 𝑖′ ∈ 𝑉′\{0}

• 

𝑄

• [𝑒𝑖′ , 𝑙𝑖′] 𝑖′

[𝑒𝑜 , 𝑙𝑜]𝑖: 𝑖 ∈ 𝑉𝑠 , 𝑜 = 1,2, … , 𝑛𝑜𝑝𝑖

𝑖 𝑖′ 𝑜



𝑄

𝑥𝑖𝑗 (𝑖, 𝑗)

𝑖

𝑠𝑖 𝑦𝑖

𝑀𝑖𝑛𝑖𝑚𝑖𝑠𝑒𝑟

𝐸[𝐶𝑇] = ∑ ∑ (𝑄. 𝐶𝐷. 𝑑𝑖𝑗 + 𝐶𝑇. 𝑡𝑖𝑗)
𝑛
𝑗=0

𝑛
𝑖=0 . 𝑥𝑖𝑗 (4)

𝑇𝑒𝑙 𝑞𝑢𝑒



−𝑄.𝑚 ≤ −∑ 𝐷𝑖
𝑛
𝑖=1 ; (5)

∑ 𝑥0𝑗
𝑛
𝑗=1 −𝑚 = 0; (6)

∑ 𝑥𝑖𝑖
𝑛
𝑖=0 = 0; (7)

∑ 𝑥𝑖𝑗
𝑛
𝑖=0,𝑖≠𝑗 = 1, ∀𝑗 ∈ 𝑉′\{0}; (8)

∑ 𝑥𝑖𝑗
𝑛
𝑗=1,𝑖≠𝑗 ≤ 1, ∀𝑖 ∈ 𝑉′\{0}; (9)

𝑦𝑖 − 𝑦𝑗 + (𝐷𝑗 + 𝑄). 𝑥𝑖𝑗 ≤ 𝑄, ∀𝑖, 𝑗 ∈ 𝑉′\{0}, 𝑖 ≠ 𝑗; (10)

𝑠𝑖 − 𝑠𝑗 + (𝑇𝑅𝑖 + 𝑡𝑖𝑗 + 𝜏). 𝑥𝑖𝑗 ≤ 𝜏, ∀𝑖, 𝑗 ∈ 𝑉′\{0}, 𝑖 ≠ 𝑗; (11)

𝐷𝑖 ≤ 𝑦𝑖 ≤ 𝑄, ∀𝑖 ∈ 𝑉
′\{0}; (12)

𝑒𝑖 ≤ 𝑠𝑖 ≤ 𝑙𝑖, ∀𝑖 ∈ 𝑉
′\{0}; (13)

𝑥𝑖𝑗 ∈ {0,1}, ∀𝑖, 𝑗 ∈ 𝑉
′, 𝑖 ≠ 𝑗; (14)

𝐸[𝐶𝑇]

{
𝐶𝐷: 𝐶𝑜û𝑡 𝑢𝑛𝑖𝑡𝑎𝑖𝑟𝑒 𝑑𝑒 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑝𝑎𝑟 𝑢𝑛𝑖𝑡é 𝑑𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑒𝑡 𝑑𝑒 𝑐ℎ𝑎𝑟𝑔𝑒

𝐶𝑇: 𝐶𝑜û𝑡 𝑢𝑛𝑖𝑡𝑎𝑖𝑟𝑒 𝑑𝑒 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑝𝑎𝑟 𝑢𝑛𝑖𝑡é 𝑑𝑒 𝑡𝑒𝑚𝑝𝑠
 



𝑚

𝑖 𝑗

𝑗 𝑖

𝑗 𝑇𝑅𝑖 + 𝑡𝑖𝑗

 

𝐶𝑂2

𝐶𝑂2

₂

𝐶𝑂2 𝐸[𝐸𝐶]

𝑑𝑖𝑗

𝐸[𝐸𝐶] = ∑ ∑ 𝐹𝐸. 𝑅𝐶.
𝑦𝑖

𝑄
. 𝑑𝑖𝑗

𝑛
𝑗=0

𝑛
𝑖=0 (15)

Avec 

{
 

 
𝐹𝐸: 𝐹𝑎𝑐𝑡𝑒𝑢𝑟 𝑑′𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 (𝑘𝑔𝐶𝑂2/𝑙)

𝑅𝐶: 𝑅𝑎𝑡𝑖𝑜 𝑑𝑒 𝐶𝑜𝑛𝑠𝑜𝑚𝑚𝑎𝑡𝑖𝑜𝑛 (𝑙/𝑘𝑚) 

𝑦𝑖: 𝑙𝑎 𝑐ℎ𝑎𝑟𝑔𝑒 𝑑
′𝑢𝑛 𝑣éℎ𝑖𝑐𝑢𝑙𝑒 𝑎𝑢 𝑑é𝑝𝑎𝑟𝑡 𝑑𝑒 𝑙′𝑜𝑝é𝑟𝑎𝑡𝑖𝑜𝑛 𝑖

𝑄: 𝑙𝑎 𝑐𝑎𝑝𝑎𝑐𝑖𝑡é 𝑚𝑎𝑥𝑖𝑚𝑎𝑙𝑒 𝑑𝑢 𝑣éℎ𝑖𝑐𝑢𝑙𝑒



𝐹𝐸. 𝑅𝐶.
𝑦𝑖
𝑄
≤ 0,147  ∀𝑖 ∈ 𝑉′ (16)

0,147.𝑄

𝐹𝐸.𝑅𝐶

𝑅𝐶 = 0,087𝑙/𝑘𝑚 𝐹𝐸 =

3,16𝑘𝑔𝐶𝑂2/𝑙 

147𝑔𝐶𝑂2/𝑘𝑚

 

(𝛷𝑘)

(Ω) Ω 𝐸[𝐶𝑀𝐷] Ω

Ω

Ω

Ω |Ω|



("𝑝𝑟𝑜𝑐ℎ𝑒 𝑑′𝑢𝑛 𝑠𝑖𝑡𝑒"

("𝑏𝑎𝑟𝑦𝑐𝑒𝑛𝑡𝑟𝑒"

(0, 𝑥, 𝑦)

• “𝑝𝑟𝑜𝑐ℎ𝑒 𝑑′𝑢𝑛 𝑠𝑖𝑡𝑒”: (𝑑𝑒𝑝𝑜𝑡(𝑥), 𝑑𝑒𝑝𝑜𝑡(𝑦))  ∈  {(𝑠𝑖𝑡𝑒𝑒(𝑥), 𝑠𝑖𝑡𝑒𝑒(𝑦))}

• “𝑏𝑎𝑟𝑦𝑐𝑒𝑛𝑡𝑟𝑒” {
𝑑𝑒𝑝𝑜𝑡(𝑥) =  ∑

𝑠𝑖𝑡𝑒𝑒(𝑥).𝐹𝑒 (𝑇≤𝜏)

∑𝐹𝑒 (𝑇≤𝜏)
) 

𝑑𝑒𝑝𝑜𝑡(𝑦) =  ∑
𝑠𝑖𝑡𝑒𝑒(𝑦).𝐹𝑒 (𝑇≤𝜏)

∑𝐹𝑒 (𝑇≤𝜏)
)

 

 



𝑘 ∈ {1,2, … ,𝑚} 

[𝑠]𝑘 [𝑢]𝑘

 

 



[𝑢]𝑘

[𝑢]1 = (8; 5; 10; 2;… ) [𝑠]1 =

(5; 7; 11; 14;… )

𝑘

𝑖𝑘

𝑖𝑘 𝑖𝑘
′

𝑇𝑖𝑘
′

𝑖𝑘
′

𝑤
𝑖𝑘
′
′

𝑘



𝑖𝑘

𝑖𝑘
′ 𝑖𝑘

′ ≥ 𝑖𝑘 𝑇𝑖𝑘
′

 

(𝑖, 𝑗)

𝑗 𝑖 (𝑖 < 𝑗)

𝑖𝑘
′ 𝑖𝑘

(𝛼, 𝛿)



(𝐸[𝐶𝑂])

(𝐸[𝐶𝐼])

𝛼

𝑤
𝑖𝑘
′
′
 

𝑤
𝑖𝑘
′

≥ 𝛼 (17) 

𝑤𝑖𝑘
′ 𝑖𝑘

′

𝑤
𝑖𝑘
′
′ = 𝑠𝑖𝑘

′ − 𝑇𝑖𝑘
′

 

(𝛼, 𝛿)



𝛿

𝑚𝑎𝑥
𝑖=𝑖𝑘:𝑖𝑘

′−1
(|𝑠𝑖
′ − 𝑠𝑖|) ≤ 𝛿    (18) 

𝛼

𝑇 𝑡 = 0

𝑖

𝑥

𝑤𝑖 = 1 𝑚𝑜𝑖𝑠

𝛼 = 2 ∀𝑥 < 2𝑚𝑜𝑖𝑠

𝛼 = 0,5 𝑥 < 2𝑠𝑒𝑚𝑎𝑖𝑛𝑒𝑠

𝑥 𝛼 𝑤𝑖

𝛿

𝛼 = 2 𝑥 ≥ 2𝑚𝑜𝑖𝑠 𝛼 = 0,5 𝑥 ≥ 2𝑠𝑒𝑚𝑎𝑖𝑛𝑒𝑠

𝛿 = 1𝑠𝑒𝑚𝑎𝑖𝑛𝑒

𝛼 𝛿

𝛼 𝛿

𝑠𝑖𝑘
′ − 𝑇𝑖𝑘

′ ) 𝑥

𝑤𝑖𝑘
′ 𝛼



𝛿

• 𝑖𝑘 𝑘

• 𝑖𝑘
′ 𝑘

• 𝑇𝑖𝑘
′

• 𝑠𝑖 𝑖

• 𝑠𝑖
′ 𝑖

• 𝑤𝑖 𝑖

• 𝑤𝑖
′ 𝑖

• (𝛼, 𝛿)

Algorithme : ARD
     - Entrées : 𝒊𝒌;  𝒊𝒌

′ ;  𝑻𝒊𝒌′ ;  𝒔𝒊𝒌′ ;  𝒘𝒊𝒌
′ ; 𝜶;  𝜹

     - Sorties : {𝒔𝒊} ∀ 𝒊 = 𝒊𝒌: 𝒊𝒌
′

 𝑤
𝑖𝑘
′
′ = 𝑠𝑖𝑘′ − 𝑇𝑖𝑘′  ; // Calcul de la durée réelle d’indisponibilité

 𝐢𝐟 𝑤
𝑖𝑘
′
′ 𝑤𝑖𝑘′⁄ ≥ 𝛼  𝐭𝐡𝐞𝐧

      {𝑠𝑖
′} = Operation(𝑖𝑘; 𝑖𝑘

′ );  // Operation ∈ {Back_Insert; Swap} 

      𝐟𝐨𝐫 𝑖 = 𝑖𝑘: 𝑖𝑘
′ − 1

             𝐢𝐟 |𝑠𝑖
′ − 𝑠𝑖| > 𝛿 𝐭𝐡𝐞𝐧

                  break;

             end if

       end for

       if  𝑖 = 𝑖𝑘
′ − 1 𝐭𝐡𝐞𝐧

            {𝑠𝑖} = {𝑠𝑖
′}; // Réordonnancement

      𝐞𝐧𝐝 𝐢𝐟

 end if

 𝑖𝑘
′ = 0

Algorithme : ARD
     - Entrées : 𝒊𝒌;  𝒊𝒌

′ ;  𝑻𝒊𝒌
′ ;  𝒔𝒊𝒌

′ ;  𝒘𝒊𝒌
′ ; 𝜶;  𝜹



 

 

𝐸[𝐶𝑀𝐷]) 𝜏

𝐹𝑒(𝑇 ≤ 𝑡) = 1 − 𝑒
−(

𝑡

𝜂
)
𝛽

(19)

𝜂 𝑎𝑛𝑛é𝑒𝑠 𝛽

𝜏

𝜏

𝐶𝑃𝑒

𝐶𝑃𝑒 𝜏 𝜏

2 𝑚𝑜𝑖𝑠 (61 𝑗𝑜𝑢𝑟𝑠) 2 𝑎𝑛𝑠 (732 𝑗𝑜𝑢𝑟𝑠)



 

𝑁

 

(𝛼, 𝛿)



(𝛼, 𝛿)

 

50

Symboles Valeurs Commentaires Unités 

𝑁 10 - 

𝐹𝑒 (𝑇 ≤ 𝑡) 1 − 𝑒
−(
𝑡
𝜂
)𝛽

 
𝜂 𝛽

- 

𝜂 1 𝑎𝑛𝑛é𝑒 

𝛽 {2; 3} - 

𝑅 50 
𝑅

𝑘𝑚 

𝑣 80 𝑘𝑚/ℎ 

𝜏 ]0; 2] 𝑎𝑛𝑛é𝑒 

𝑇𝑅𝑒 3 ℎ 

𝐶𝑅𝑒 100,000 € 

𝐶𝑃𝑒 [10;  1000] €/ℎ 

 



(0, 𝑥, 𝑦)

80 𝑘𝑚/ℎ

• 𝑄 = 4 é𝑞𝑢𝑖𝑝𝑒𝑚𝑒𝑛𝑡𝑠

• 𝑄 = 6 é𝑞𝑢𝑖𝑝𝑒𝑚𝑒𝑛𝑡𝑠

• 𝑄 = 8 é𝑞𝑢𝑖𝑝𝑒𝑚𝑒𝑛𝑡𝑠



 

 

OMTV

𝐶𝑂2

 

𝐶𝑃𝑒 = 10€/ℎ

𝜏 = 2 𝑚𝑜𝑖𝑠

Symboles Valeurs Commentaires Unités 

𝑣éℎ𝑖𝑐𝑢𝑙𝑒𝑠 {𝑙𝑒𝑔𝑒𝑟𝑠;  𝑢𝑡𝑖𝑙𝑖𝑡𝑎𝑖𝑟𝑒𝑠;  𝑙𝑜𝑢𝑟𝑑𝑠} 

𝑄 {4;  6;  8} 𝐸𝑞𝑢𝑖𝑝𝑒𝑚𝑒𝑛𝑡 

𝐹𝐸 3,16 𝑘𝑔𝐶𝑂2/𝑙 

𝑅𝐶 {0,087; 0,210; 0,330} 𝑙/𝑘𝑚 

𝐶𝐷 2 €/𝑘𝑚 

𝐶𝑇 30 €/ℎ 

 



𝜏 = 2 𝑎𝑛𝑛é𝑒𝑠

𝐶𝑃𝑒 = 10€/ℎ

𝐶𝑃𝑒 = 1000€/ℎ 



𝐶𝑃𝑒 = 100€/ℎ

 

𝐶𝑃𝑒 = 100€/ℎ

𝐸[𝐶𝑇] 𝐸[𝐶𝑂] 𝐸[𝐶𝐼]

𝐸[𝐶𝑀𝐷]



 

𝐶𝑂2

𝐶𝑂2



 

𝐶𝑂2



 





 

(𝛼, 𝛿) 𝛼

𝛿

𝛼 𝑒𝑡 𝛿

𝛼 = 0

𝛿

𝛿 = 2000ℎ

𝛼

𝛿

𝛼

𝛼

𝛿

𝛿



 

𝛿

𝛿

 

𝛿

 

𝛿 = 900ℎ

 



𝛼 𝑒𝑡 𝛿

𝛼 𝑒𝑡 𝛿



 



𝐶𝑂2



𝐸[𝐶𝑀𝐷] €/ℎ

𝑁

𝑅 𝑘𝑚

𝑡𝑖𝑗 𝑑𝑖𝑗 𝑖 𝑗 ℎ, 𝑘𝑚

𝑛𝑜𝑝𝑖 𝑖

𝐷𝑖 𝑖

𝑠𝑜, [𝑎𝑜, 𝑏𝑜]

𝑇𝑅𝑒 , 𝐶𝑅𝑒 ℎ

𝐶𝑃𝑒 €/ℎ

𝐹𝑒

Ω

𝛷𝑘 𝑘

𝑄

𝐶𝐷 𝐶𝑇 𝑘𝑚 ℎ𝑒𝑢𝑟𝑒  €/𝑘𝑚, €/ℎ

𝑚

𝑦𝑖 𝑖

𝑥𝑖𝑗 (𝑖, 𝑗)

𝑬[𝑫𝑴𝑪]

𝜏 𝑚𝑜𝑖𝑠

𝐸[𝐶𝑇], 𝐸[𝐶𝑂], 𝐸[𝐶𝐼] €

𝑂𝑀𝑇𝑉

𝐴𝑃𝑀

𝐴𝐻𝑂𝐿







𝐶𝑂2





 



₂



 

 



 

 



 










