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logement extrêmement performant 

logement extrêmement peu performant 

256 
kWh/m²/an 

27* 
kg CO2/m²/an 

consommation 

(énergie primaire) émissions 

27 kg CO2/m²/an 

peu d’émissions de CO2 

émissions de CO2  

très importantes 

* Dont émissions de gaz à effet 

de serre  
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http://www.rt-batiment.fr/reconnaissance-des-mesureurs-de-permeabilite-a-l-a70.html
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http://www.rt-batiment.fr/IMG/pdf/2017-04-26_fa_batiment-habitation_v12.pdf
http://www.rt-batiment.fr/IMG/pdf/2017-04-26_fa_batiment-habitation_v12.pdf
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𝑆ℎ𝑚𝑜𝑦 =  
𝑆ℎ

𝑁𝑏𝑙𝑔𝑡
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𝑄𝑔𝑒𝑛_𝑟𝑒𝑐_𝑗_𝑖𝑚𝑚𝑒𝑢𝑏𝑙𝑒 = ∑ 𝑄𝑔𝑒𝑛_𝑟𝑒𝑐_𝑗_𝑠𝑦𝑠𝑡_𝑖 ∗ 𝑁𝑏𝑙𝑔𝑡_𝑠𝑦𝑠𝑡_𝑖_𝑖𝑚𝑚𝑒𝑢𝑏𝑙𝑒
𝑠𝑦𝑠𝑡_𝑖

𝑄𝑔𝑒𝑛_𝑟𝑒𝑐_𝑗_𝑖𝑚𝑚𝑒𝑢𝑏𝑙𝑒

𝑄𝑔𝑒𝑛_𝑟𝑒𝑐_𝑗_𝑠𝑦𝑠𝑡_𝑖  

𝑁𝑏𝑙𝑔𝑡_𝑠𝑦𝑠𝑡_𝑖_𝑖𝑚𝑚𝑒𝑢𝑏𝑙𝑒
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  .



 

    

   

𝑆ℎ𝑚𝑜𝑦 =  
𝑆ℎ

𝑁𝑏𝑙𝑔𝑡
 

 

𝑆ℎ𝑚𝑜𝑦 =  
1750

50
= 35 m² 

 

 

 

𝑁𝑚𝑎𝑥 = 1,75 − 0,01875 ∗ (50 − 𝑆ℎ𝑚𝑜𝑦)

   

 

𝑁𝑎𝑑𝑒𝑞 = 𝑁𝑏𝑙𝑔𝑡 ∗ (1,75 + 0,3 ∗ (𝑁𝑚𝑎𝑥 − 1,75))

 

   



 

  

 

  



 

 

 

  

  

   

 

 
2

5
∗ 50 = 20     

 
3

5
∗ 50 = 30   

 

 


1

3
∗ 30 = 10

  

 𝑆ℎ𝑚𝑜𝑦_𝑒𝑐ℎ𝑎𝑛𝑡_𝑣𝑒𝑟𝑡 = 20 𝑚²

  

  

   

𝑉𝑠𝑚𝑜𝑦 =
∑ 𝑉𝑠𝑒𝑐ℎ𝑎𝑛𝑡 ∗ 𝑆ℎ𝑚𝑜𝑦_𝑒𝑐ℎ𝑎𝑛𝑡

∑ 𝑆ℎ𝑒𝑐ℎ𝑎𝑛𝑡

∗
𝑆ℎ𝑚𝑜𝑦

𝑆ℎ𝑚𝑜𝑦𝑒𝑐ℎ𝑎𝑛𝑡

=
50 ∗ 20

20
∗

35

20
= 87,50 𝑙

   𝑄𝑔,𝑤 =

310 117,50 𝑊ℎ

 𝑅𝑠 = 0,76

  :



2

3
∗ 30 = 20   

 𝑆ℎ𝑚𝑜𝑦_𝑒𝑐ℎ𝑎𝑛𝑡_𝑣𝑒𝑟𝑡 =
35+50

2
= 42,5 𝑚²

  



  

   

𝑉𝑠𝑚𝑜𝑦 =
∑ 𝑉𝑠𝑒𝑐ℎ𝑎𝑛𝑡 ∗ 𝑆ℎ𝑒𝑐ℎ𝑎𝑛𝑡

∑ 𝑆ℎ𝑒𝑐ℎ𝑎𝑛𝑡

∗
𝑆ℎ𝑚𝑜𝑦

𝑆ℎ𝑚𝑜𝑦𝑒𝑐ℎ𝑎𝑛𝑡

=
100 ∗ 35 + 150 ∗ 50

35 + 50
∗

35

42,5
= 106,57 𝑙

   𝑄𝑔,𝑤 =

377 720,97 𝑊ℎ

 𝑅𝑠 = 0,72

 

   

𝑉𝑠𝑚𝑜𝑦 =
100 ∗ 50

50
∗

35

50
= 70 𝑙

   𝑄𝑔,𝑤 =

700 081,74 𝑊ℎ

   

𝑉𝑠𝑚𝑜𝑦 =
100 ∗ 35

35
∗

35

35
= 100 𝑙

   𝑄𝑔,𝑤 =

851 814,11 𝑊ℎ

   

𝐶𝑒𝑐𝑠 = 𝐵𝑒𝑐𝑠 ∗ 𝐼𝑒𝑐𝑠

𝐼𝑒𝑐𝑠 =
1

𝑅𝑠 ∗ 𝑅𝑑 ∗ 𝑅𝑔

 

𝐼𝑒𝑐𝑠 =
1

𝑅𝑑 ∗ 𝐶𝑂𝑃 



 

  
  

  

Cecs𝑗 =
Becs𝑗

𝐵𝑒𝑐𝑠
∗ 𝐶𝑒𝑐𝑠

 

 

 

 )

  

 )

 

 

 

 

 



 

  

  

 

 
2𝑆

𝑃
=

2∗405

87
= 9,31

 

 

𝐷𝑃𝑝𝑙𝑎𝑛𝑐ℎ𝑒𝑟_𝑏𝑎𝑠 =  ∑ 𝑏𝑖 ∗  𝑆𝑝𝑏𝑖 ∗  𝑈𝑝𝑏𝑖

𝑖

= 1 ∗ 405 ∗ 0,326

𝑫𝑷𝒑𝒍𝒂𝒏𝒄𝒉𝒆𝒓_𝒃𝒂𝒔 = 𝟏𝟑𝟐, 𝟎𝟑 𝑾/𝑲 



 

 

  

 )

 

 



 

 

 

  

   

Uph =
1

1
Uph0

+
e

0,04

 

𝐷𝑃𝑝𝑙𝑎𝑛𝑐ℎ𝑒𝑟_ℎ𝑎𝑢𝑡 =  ∑ 𝑏𝑖 ∗  𝑆𝑝ℎ𝑖 ∗  𝑈𝑝ℎ𝑖

𝑖

= 1 ∗ 423,5 ∗ 0,34

𝑫𝑷𝒑𝒍𝒂𝒏𝒄𝒉𝒆𝒓_𝒉𝒂𝒖𝒕 =  𝟏𝟒𝟔, 𝟎𝟑 𝑾/𝑲
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4

13
∗ 19

4

13
∗ 20

4

13
∗ 45

4

13
∗ 36 

 

 
8

13
∗ 19

8

13
∗ 20

8

13
∗ 45

8

13
∗ 36 

1

13
∗ 19

1

13
∗ 20

1

13
∗ 45

1

13
∗ 36 

 

 

 

3

17
∗ 11

3

7
∗ 10

3

7
∗ 18 

3

7
∗ 16 

 
3

17
∗ 11

3

7
∗ 10

3

7
∗ 18 

3

7
∗ 16 



 

0

17
∗ 11

0

7
∗ 10

0

7
∗ 18 

0

7
∗ 16 

𝐷𝑃𝑚𝑒𝑛𝑢𝑖𝑠𝑒𝑟𝑖𝑒 =  ∑ 𝑏𝑖 ∗  𝑆𝑚𝑒𝑛𝑢𝑖𝑠𝑒𝑟𝑖𝑒𝑖 ∗  𝑈𝑚𝑒𝑛𝑠𝑢𝑖𝑠𝑒𝑟𝑖𝑒𝑖

𝑖

𝑫𝑷𝒎𝒆𝒏𝒖𝒊𝒔𝒆𝒓𝒊𝒆 = 𝟔𝟐𝟕, 𝟕𝟕 𝑾/𝑲

  

  



 

 

 

  
 

 

 

 

 

 

   

 

  

   

 

𝐷𝑃𝑚𝑢𝑟 =  ∑ 𝑏𝑖 ∗  𝑆𝑚𝑢𝑟𝑖 ∗  𝑈𝑚𝑢𝑟𝑖

𝑖

 

 

 

  



 

   5 é𝑡𝑎𝑔𝑒𝑠 ∗ 15 𝑚 ∗ 2,5 𝑚 [𝐻𝑠𝑝] − (4 𝑟𝑒𝑓𝑒𝑛𝑑𝑠 ∗ (0,2𝑚 [é𝑝𝑎𝑖𝑠𝑠𝑒𝑢𝑟 𝑟𝑒𝑓𝑒𝑛𝑑] ∗

2,5𝑚 [𝐻𝑠𝑝])) − 𝑆𝑚𝑒𝑛𝑢𝑖𝑠𝑒𝑟𝑖𝑒_𝑛𝑜𝑟𝑑 = 141,75 𝑚²



  5 é𝑡𝑎𝑔𝑒𝑠 ∗ 15 𝑚 ∗ 2,5 𝑚 [𝐻𝑠𝑝] − (3 𝑟𝑒𝑓𝑒𝑛𝑑𝑠 ∗ (0,2𝑚 [é𝑝𝑎𝑖𝑠𝑠𝑒𝑢𝑟 𝑟𝑒𝑓𝑒𝑛𝑑] ∗

2,5𝑚 [𝐻𝑠𝑝])) − 𝑆𝑚𝑒𝑛𝑢𝑖𝑠𝑒𝑟𝑖𝑒_𝑠𝑢𝑑 = 143,50 𝑚²

  5 é𝑡𝑎𝑔𝑒𝑠 ∗ 32 𝑚 ∗ 2,5 𝑚 [𝐻𝑠𝑝] − (14 𝑟𝑒𝑓𝑒𝑛𝑑𝑠 ∗ (0,2𝑚 [é𝑝𝑎𝑖𝑠𝑠𝑒𝑢𝑟 𝑟𝑒𝑓𝑒𝑛𝑑] ∗

2,5𝑚 [𝐻𝑠𝑝])) − 𝑆𝑚𝑒𝑛𝑢𝑖𝑠𝑒𝑟𝑖𝑒_𝑒𝑠𝑡 = 307,50 𝑚²

  ((32𝑚 − 9𝑚) + (32 − 6) + 3 ∗ (32 − (2 + 6))) ∗ 2,5 𝑚 [𝐻𝑠𝑝] − (13 𝑟𝑒𝑓𝑒𝑛𝑑𝑠 ∗

(0,2𝑚 [é𝑝𝑎𝑖𝑠𝑠𝑒𝑢𝑟 𝑟𝑒𝑓𝑒𝑛𝑑] ∗ 2,5𝑚 [𝐻𝑠𝑝])) − 𝑆𝑚𝑒𝑛𝑢𝑖𝑠𝑒𝑟𝑖𝑒_𝑜𝑢𝑒𝑠𝑡 = 224,00 𝑚²

𝐷𝑃𝑚𝑢𝑟 =  ∑ 𝑏𝑖 ∗  𝑆𝑚𝑢𝑟𝑖 ∗  𝑈𝑚𝑢𝑟𝑖

𝑖

= 1 ∗ 2,5 ∗ (141,75 + 143,50 + 307,50 + 224,00)

𝑫𝑷𝒎𝒖𝒓 = 𝟐 𝟎𝟒𝟏, 𝟖𝟖 𝑾/𝑲

 

 

 

 



 

  

  

  

  

  

 

 

 

𝐷𝑅 =  𝐻𝑣𝑒𝑛𝑡 + 𝐻𝑝𝑒𝑟𝑚



 

 

 

 
 

 

 

𝐻𝑣𝑒𝑛𝑡 = 0,34 ∗ 𝑄𝑣𝑎𝑟𝑒𝑝𝑐𝑜𝑛𝑣 ∗ 𝑆ℎ

 

𝐻𝑝𝑒𝑟𝑚 = 0,34 ∗ 𝑄𝑣𝑖𝑛𝑓

 



 

𝐺𝑉 = 𝐷𝑃𝑚𝑢𝑟 + 𝐷𝑃𝑝𝑙𝑎𝑛𝑐ℎ𝑒𝑟_𝑏𝑎𝑠 + 𝐷𝑃𝑝𝑙𝑎𝑛𝑐ℎ𝑒𝑟_ℎ𝑎𝑢𝑡 + 𝐷𝑃𝑚𝑒𝑛𝑢𝑖𝑠𝑒𝑟𝑖𝑒 + 𝑃𝑇 + 𝐷𝑅

 

 

 

  

  

  

  

𝑋𝑗 − 𝑋𝑗
3,6

1 − 𝑋𝑗
3,6

𝑋𝑗 − 𝑋𝑗
2,9

1 − 𝑋𝑗
2,9

𝑋𝑗 − 𝑋𝑗
2,5

1 − 𝑋𝑗
2,5

𝑋𝑗 =
𝐴𝑠𝑗 + 𝐴𝑖𝑗

𝐺𝑉 ∗ 𝐷𝐻𝑗

 

𝐴𝑖𝑗 = [(3,18 + 0,34 ) ∗  𝑆ℎ + 90 ∗ 
132

168
∗ 𝑁𝑎𝑑𝑒𝑞] ∗ 𝑁𝑟𝑒𝑓𝑗



 

𝐴𝑠𝑗 = 1000 ∗ 𝑆𝑠𝑒𝑗 ∗ 𝐸𝑗

 

𝑆𝑠𝑒𝑗
= ∑ 𝐴𝑖 ∗ 𝑆𝑤𝑖 ∗ 𝐹𝑒𝑖 ∗ 𝐶1𝑖,𝑗

𝑖

 

.

 



 

 

 

 

 

 

 

 

 

 

 



 

 
 

𝐵𝑉𝑗 = 𝐺𝑉 ∗ (1 − 𝐹𝑗)

 



 

  

  

   

2

5
∗ 50    

 

 

 

 
1

2
∗ 20     

 
1

2
∗ 20    .

  

1

5
∗ 50   

 𝑆ℎ𝑚𝑜𝑦_𝑒𝑐ℎ𝑎𝑛𝑡𝑖𝑙𝑙𝑜𝑛 = 50 𝑚²

  

𝑃𝑛𝑚𝑜𝑦 =
∑ 𝑃𝑛𝑒𝑐ℎ𝑎𝑛𝑡𝑖𝑙𝑙𝑜𝑛 ∗ 𝑆ℎ𝑒𝑐ℎ𝑎𝑛𝑡𝑖𝑙𝑙𝑜𝑛

∑ 𝑆ℎ𝑒𝑐ℎ𝑎𝑛𝑡𝑖𝑙𝑙𝑜𝑛

∗
𝑆ℎ𝑚𝑜𝑦

𝑆ℎ𝑚𝑜𝑦𝑒𝑐ℎ𝑎𝑛𝑡𝑖𝑙𝑙𝑜𝑛

=
10 ∗ 50

50
∗

35

50
= 7,00 𝑘𝑊

  



 

𝑅𝑔𝑐ℎ_𝑃𝐶𝑆 =
𝑃𝑚𝑓𝑜𝑢

𝑃𝑚𝑐𝑜𝑛𝑠 + 0,45 ∗ 𝑄𝑃0 + 𝑃𝑣𝑒𝑖𝑙
= 𝟎, 𝟖𝟔

𝑅𝑔𝑐ℎ_𝑃𝐶𝐼 = 𝑅𝑔𝑐ℎ_𝑃𝐶𝑆 ∗ 𝑘𝑃𝐶𝑆/𝑃𝐶𝐼

𝑹𝒈𝒄𝒉_𝑷𝑪𝑰 = 𝟎, 𝟗𝟓

 

   

  

  

 
2

5
∗

50 = 20    

 

𝑆ℎ𝑚𝑜𝑦_𝑒𝑐ℎ𝑎𝑛𝑡𝑖𝑙𝑙𝑜𝑛 =
35 + 50

2
= 42,5 𝑚²

𝑃𝑛𝑚𝑜𝑦 =
5 ∗ 35 + 10 ∗ 50

35 + 50
∗

35

42,5
= 6,54 𝑘𝑊

  

 

𝑅𝑔𝑐ℎ_𝑃𝐶𝑆 = 0,77

𝑹𝒈𝒄𝒉_𝑷𝑪𝑰 = 𝟎, 𝟖𝟔

 

   

  



 

 

  

𝑄𝑟𝑒𝑐_𝑐ℎ𝑎𝑢𝑓𝑓_𝑗 = 0,48 ∗ 𝑁𝑟𝑒𝑓𝑗 ∗  
𝑄𝑑,𝑤_𝑖𝑛𝑑,𝑣𝑐_𝑗 + 𝑄𝑑,𝑤_𝑐𝑜𝑙,𝑣𝑐_𝑗

8760

  

𝑄𝑔,𝑤_𝑟𝑒𝑐_𝑗 = 0,48 ∗ 𝑁𝑟𝑒𝑓𝑗 ∗
𝑄𝑔,𝑤

8760

   
   

  



𝑄𝑔𝑒𝑛_𝑟𝑒𝑐_𝑗 = 0,48 ∗ 𝐶𝑝𝑒𝑟 ∗ 𝑄𝑝0 ∗ 𝐷𝑝𝑒𝑟𝑗

 

 

 

 

𝐵𝑐ℎ𝑗 =
𝐵𝑉𝑗 ∗ 𝐷𝐻𝑗

1000
 − 

(𝑄𝑟𝑒𝑐𝑐ℎ𝑎𝑢𝑓𝑓𝑗
 + 𝑄𝑔,𝑤𝑟𝑒𝑐𝑗

 + 𝑄𝑔𝑒𝑛𝑟𝑒𝑐𝑗
)

1000



   

𝐵𝑐ℎ𝑚𝑜𝑦 =
𝐵𝑐ℎ_𝑖𝑚𝑚𝑒𝑢𝑏𝑙𝑒

𝑁𝑏𝑙𝑔𝑡
= 3 584,48 𝑘𝑊ℎ 𝑃𝐶𝐼

 

  
 

𝐶𝑐ℎ𝑚𝑜𝑦 = 𝐼𝑁𝑇𝑚𝑜𝑦 ∗ 𝐼𝑐ℎ𝑚𝑜𝑦 ∗ 𝐵𝑐ℎ𝑚𝑜𝑦

   𝐼𝑐ℎ𝑚𝑜𝑦 =
1

𝑅𝑔∗𝑅𝑒∗𝑅𝑑∗𝑅𝑟
 𝐼𝑁𝑇𝑚𝑜𝑦 =

𝐼𝑜

1+0,1∗(
𝐺𝑉𝑚𝑜𝑦

𝐻𝑠𝑝∗𝑆𝐻𝑚𝑜𝑦
 −1)

   

 



  

 

𝑪𝒄𝒉𝒊𝒎𝒎𝒆𝒖𝒃𝒍𝒆 = 𝟐𝟎𝟒 𝟔𝟗𝟑, 𝟑𝟏 𝒌𝑾𝒉 𝑷𝑪𝑰

 

 

𝑪𝒇𝒓 =  𝟎 𝒌𝑾𝒉

 

 

 

𝐶𝑎𝑢𝑥_𝑣𝑒𝑛𝑡 = 8760 ∗ 𝑃𝑣𝑒𝑛𝑡𝑚𝑜𝑦

 
𝑃𝑣𝑒𝑛𝑡𝑚𝑜𝑦 = 𝑃𝑣𝑒𝑛𝑡 ∗  𝑄𝑣𝑎𝑟𝑒𝑝𝑐𝑜𝑛𝑣  ∗ 𝑆ℎ

 

 

 



  

 

𝐶𝑎𝑢𝑥_𝑐ℎ = 𝐶𝑎𝑢𝑥_𝑔𝑒𝑛_𝑐ℎ + 𝐶𝑎𝑢𝑥_𝑑𝑖𝑠𝑡_𝑐ℎ

𝐶𝑎𝑢𝑥_𝑔𝑒𝑛_𝑐ℎ 

 

𝑃𝑎𝑢𝑥_𝑔_𝑐ℎ = 𝐺 + 𝐻 ∗ 𝑃𝑛

 

𝐶𝑎𝑢𝑥_𝑔𝑒𝑛_𝑐ℎ =
𝑃𝑎𝑢𝑥_𝑔_𝑐ℎ ∗ 𝐵𝑐ℎ

𝑃𝑛_𝑐ℎ

   

𝐶𝑎𝑢𝑥_𝑑𝑖𝑠𝑡_𝑐ℎ 

 

𝐶𝑎𝑢𝑥_𝑑𝑖𝑠𝑡_𝑐ℎ = 0

 

  



 

𝐶𝑎𝑢𝑥_𝑒𝑐𝑠 = 𝐶𝑎𝑢𝑥_𝑔𝑒𝑛_𝑒𝑐𝑠 + 𝐶𝑎𝑢𝑥_𝑑𝑖𝑠𝑡_𝑒𝑐𝑠

𝐶𝑎𝑢𝑥_𝑔𝑒𝑛_𝑒𝑐𝑠 

𝐶𝑎𝑢𝑥_𝑑𝑖𝑠𝑡_𝑒𝑐𝑠 

 

𝐶𝑎𝑢𝑥_𝑑𝑖𝑠𝑡_𝑒𝑐𝑠 = 0

 𝐶𝑎𝑢𝑥_𝑒𝑐𝑠 = 0

 

 

𝐶𝑎𝑢𝑥 = 𝐶𝑎𝑢𝑥_𝑣𝑒𝑛𝑡 + 𝐶𝑎𝑢𝑥_𝑐ℎ + 𝐶𝑎𝑢𝑥_𝑒𝑐𝑠 + 𝐶𝑎𝑢𝑥_𝑓𝑟

𝑪𝒂𝒖𝒙 = 𝟏𝟒 𝟑𝟖𝟓, 𝟕𝟔 𝒌𝑾𝒉

 

 

𝐶𝑒𝑐𝑙𝑗 =
𝐶 ∗ 𝑃𝑒𝑐𝑙 ∗ 𝑁ℎ𝑗

1000



 

 

 

 : 

   

  

 

 

  

 



  

  



 

  

 

  
 

 

 

  

 

 

  

 

 

 

 



 

 

 

 

 

 

 
 

 𝒓𝒂𝒕𝒊𝒐 𝒂 =
𝑺𝒉_𝒂𝒑𝒑𝒂𝒓𝒕𝒆𝒎𝒆𝒏𝒕

𝑺𝒉



 

 



 

 



 

  

 

 

 

Cch_ap _i = (1 − coef_IFC) ∗
Shap_i

Sh
∗ Cch + coef_IFC ∗ Clé_ap_i ∗ Cch

Caux_ch_ap _i = (1 − coef_IFC) ∗
Shap_i

Sh
∗ Caux_ch + coef_IFC ∗ Clé_ap_i ∗ Caux_ch

   

 

 

Clé_ap_i =
Bch_ap_i

∑ Bch_ap_ii

 

 

 



   

 

 

  

Cecs_ap_i = Cecs ∗
Becs_ap_i

Becs

   

 

  

 



  

 »

Cfr_ap_i = Clé_ap_i ∗ Cfr

 

Clé_ap_i =
Bfr_ap_i

∑ Bfr_ap_ii

 

   »

 

 

 

 

 

 

 

 

𝑆ℎ𝑚𝑜𝑦 =  
1750

50
= 35 m² 



 

 

   

 

  

 

  



 

 
 

 

 

 

𝐷𝑃𝑚𝑢𝑟 = 2 041,88 𝑊/𝐾

𝐷𝑃𝑝𝑙𝑎𝑛𝑐ℎ𝑒𝑟_𝑏𝑎𝑠 = 132,03 𝑊/𝐾

𝐷𝑃𝑝𝑙𝑎𝑛𝑐ℎ𝑒𝑟_ℎ𝑎𝑢𝑡 = 146,03 𝑊/𝐾

 

 
 

 



 

 
 

 

𝐷𝑃𝑚𝑒𝑛𝑢𝑖𝑠𝑒𝑟𝑖𝑒𝑠 = 574,88 𝑊/𝐾

 

𝑃𝑇 = 750,49 𝑊/𝐾

𝐷𝑅 = 1 283,00 𝑊/𝐾

 

 



 

 

 

 

 

 

 

 



 

  

 

 



 

 

 

 

 

 

𝐶𝑓𝑟 = 0

 

 

𝐶𝑒𝑐𝑙 = 112,46 𝑘𝑊ℎ

 

 

 



 

 

 

𝐶𝑎𝑢𝑥 = 14 641,55 𝑘𝑊ℎ

 

 

 : 

  

  

 

 

  



 

  

  

 

 

  

  

  

  

  

 



 

  

  

  

 

 





 

 



 

 



 

 







 

 

 



 

𝑆𝑝𝑙𝑎𝑛𝑐ℎ𝑒𝑟_𝑏𝑎𝑠_𝑙𝑜𝑔𝑒𝑚𝑒𝑛𝑡 =  𝑆𝑝𝑙𝑎𝑛𝑐ℎ𝑒𝑟_𝑏𝑎𝑠_𝑖𝑚𝑚𝑒𝑢𝑏𝑙𝑒 ∗
𝑆ℎ_𝑙𝑜𝑔𝑒𝑚𝑒𝑛𝑡

𝑆ℎ_𝑝𝑙𝑎𝑛𝑐ℎ𝑒𝑟_𝑏𝑎𝑠
  

𝑆𝑝𝑙𝑎𝑛𝑐ℎ𝑒𝑟_ℎ𝑎𝑢𝑡_𝑙𝑜𝑔𝑒𝑚𝑒𝑛𝑡 =  𝑆𝑝𝑙𝑎𝑛𝑐ℎ𝑒𝑟_ℎ𝑎𝑢𝑡_𝑖𝑚𝑚𝑒𝑢𝑏𝑙𝑒 ∗
𝑆ℎ_𝑙𝑜𝑔𝑒𝑚𝑒𝑛𝑡

𝑆ℎ_𝑝𝑙𝑎𝑛𝑐ℎ𝑒𝑟_ℎ𝑎𝑢𝑡
  

 

𝑆𝑚𝑢𝑟_𝑙𝑜𝑔𝑒𝑚𝑒𝑛𝑡 =  𝑆𝑚𝑢𝑟_𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛_𝑖𝑚𝑚𝑒𝑢𝑏𝑙𝑒 ∗
𝑆ℎ_𝑙𝑜𝑔𝑒𝑚𝑒𝑛𝑡

𝑆ℎ_𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛
  

 

𝑁𝑏𝑟_𝑚𝑒𝑛𝑢𝑖𝑠𝑒𝑟𝑖𝑒_𝑙𝑜𝑔𝑒𝑚𝑒𝑛𝑡 = 𝑁𝑏𝑟_𝑚𝑒𝑛𝑢𝑖𝑠𝑒𝑟𝑖𝑒_𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛_𝑖𝑚𝑚𝑒𝑢𝑏𝑙𝑒 ∗
𝑆ℎ_𝑙𝑜𝑔𝑒𝑚𝑒𝑛𝑡

𝑆ℎ_𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛

 





 

, d



𝐺𝑉𝑗 = 𝐵𝑉 ∗ (1 − 𝐹𝑗)

𝐵𝑐ℎ𝑗 =
𝐵𝑉𝑗 ∗ 𝐷𝐻𝑗

1000

 

𝐵𝑐ℎ𝑗 =
𝐺𝑉 ∗ 𝐷𝐻𝑗

1000

 

𝐶𝑐ℎ_𝑎𝑝 _𝑖 = (1 − 𝑐𝑜𝑒𝑓_𝐼𝐹𝐶) ∗
𝑆ℎ𝑎𝑝_𝑖

𝑆ℎ
∗ 𝐶𝑐ℎ + 𝑐𝑜𝑒𝑓_𝐼𝐹𝐶 ∗ 𝐶𝑙é_𝑎𝑝_𝑖 ∗ 𝐶𝑐ℎ

𝐶𝑙é_𝑎𝑝_𝑖 =
𝐵𝑐ℎ_𝑎𝑝_𝑖

∑ 𝐵𝑐ℎ_𝑎𝑝_𝑖𝑖





 

 

𝐶𝑒𝑐𝑠_𝑎𝑝_𝑖 = 𝐶𝑒𝑐𝑠 ∗
𝐵𝑒𝑐𝑠_𝑎𝑝_𝑖

𝐵𝑒𝑐𝑠
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