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- 
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

- 

- 

- 

- 



 

 

𝑃𝐵𝑂𝑀𝐵𝐴 = 𝑃𝑅𝑂𝐶𝐼𝐴𝐷𝑂𝑅 + 𝑃𝐸𝑆𝑇Á𝑇𝐼𝐶𝐴 + 𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 + 𝑃𝐴𝐶𝐶𝐸𝑆𝑂𝑅𝐼𝑂𝑆

𝑃𝑅𝑂𝐶𝐼𝐴𝐷𝑂𝑅



𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 = 𝑓 ×
𝐿

𝐷
×

𝑣2

2𝑔

- 𝑓

- 𝐿

- 𝑣

- 𝑔

- 𝐷

𝜀

𝑑
𝑅𝑒

𝑅𝑒15 =
𝑣 × 𝐷

𝜈
=

6 × 0,015

10−6
= 90000         𝑅𝑒15 =

𝑣 × 𝐷

𝜈
=

6 × 0,02

10−6
= 120000  

𝑅𝑒25 =
𝑣 × 𝐷

𝜈
=

6 × 0,025

10−6
= 150000       𝑅𝑒30 =

𝑣 × 𝐷

𝜈
=

6 × 0,03

10−6
= 180000          

𝜀

𝜀

𝑑
=

0,0451

15
= 3,01 × 10−3                     

𝜀

𝑑
=

0,0451

20
= 2,255 × 10−3

𝜀

𝑑
=

0,0451

25
= 1,804 × 10−3                  

𝜀

𝑑
=

0,0451

30
= 1,5 × 10−3        



𝑓15 = 0,028 𝑓20 = 0,026 𝑓25 = 0,024 𝑓30 = 0,023

ε



𝑃𝐴𝐶𝐶𝐸𝑆𝑂𝑅𝐼𝑂𝑆 = 𝐾𝑖 ×
𝑣2

2𝑔

𝐾𝑖

𝑃𝐴𝐶𝐶𝐸𝑆𝑂𝑅𝐼𝑂𝑆 = 50 ×
62

2 × 9,81
= 91,74 𝑚

𝑃𝐸𝑆𝑇Á𝑇𝐼𝐶𝐴 = 0,098 × 𝐿 = 0,098 × 40,15 = 3,93 𝑏𝑎𝑟



𝑃𝐵𝑂𝑀𝐵𝐴 = 110 + 3,93 + 10,9 + 9,17 = 134 𝑏𝑎𝑟

 



 

 

𝑄 = 𝐾√𝑃



𝐾 𝑃

𝐾

𝑸𝑪𝑼𝑩 = 83 × √8 = 𝟐𝟑𝟓 𝒍/𝒎𝒊𝒏

𝑄1 = 𝐾√𝑃

𝑄 = 2 × 𝐾√𝑃

𝑄2 = 𝐾√𝑃

𝑸𝑪𝑼𝑩 𝒅𝒐𝒔 𝒄𝒉𝒐𝒓𝒓𝒐𝒔 = 2 × 83√8 = 𝟒𝟔𝟗, 𝟓 𝒍/𝒎𝒊𝒏

𝑸𝑯𝑨𝑩 = 83 × √6 = 𝟐𝟎𝟑 𝒍/𝒎𝒊𝒏

𝑄 = 2 × 𝐾√𝑃

𝑸𝑯𝑨𝑩 𝒅𝒐𝒔 𝒄𝒉𝒐𝒓𝒓𝒐𝒔 = 2 × 83√6 = 𝟒𝟎𝟔, 𝟔 𝒍/𝒎𝒊𝒏



𝑃𝐵𝑂𝑀𝐵𝐴 = 𝑃𝐵𝐼𝐸 + 𝑃𝐸𝑆𝑇Á𝑇𝐼𝐶𝐴 + 𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 + 𝑃𝐴𝐶𝐶𝐸𝑆𝑂𝑅𝐼𝑂𝑆

𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 =
6,05 × 105

𝐶1,85 × 𝑑4,87
× 𝐿 × 𝑄1,85

 

- 𝑃, 

- 𝐶, 

- 𝑑,



𝐴𝐶𝑂𝐿𝐸𝐶𝑇𝑂𝑅 =
𝑄

𝑉
=

469,5
𝑙

𝑚𝑖𝑛

6 
𝑚

𝑠

= 78,25 𝑐𝑚2 

𝑑𝐶𝑂𝐿𝐸𝐶𝑇𝑂𝑅 = √
4 × 𝐴𝐶𝑂𝐿𝐸𝐶𝑇𝑂𝑅

𝜋
= √

4 × 78,25

𝜋
= 9,98 c𝑚 = 99,8 𝑚𝑚

- 𝐿,

- 𝑄,

𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 =
6,05 × 105

1201,85 × 1004,87
× 227 × 469,51,85 = 0,311 𝑏𝑎𝑟



𝐶, 𝑑 𝑄

𝑃𝐴𝐶𝐶 =
6,05 × 105

𝐶1,85 × 𝑑4,87
× 𝐿 × 𝑄1,85 =

6,05 × 105

1201,85 × 1004,87
× 29,71 × 469,51,85 = 0,04 𝑏𝑎𝑟

𝑃𝐸𝑆𝑇Á𝑇𝐼𝐶𝐴 = 0,098 × 𝐿 = 0,098 × 19,11 = 1,87

𝐿

𝑷𝑩𝑶𝑴𝑩𝑨 𝟏 = 8 + 1,87 + 0,311 + 0,04 = 𝟏𝟎, 𝟐𝟐 𝒃𝒂𝒓

𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 =
6,05 × 105

𝐶1,85 × 𝑑4,87
× 𝐿 × 𝑄1,85

𝐶 



𝐴𝐶𝑂𝐿𝐸𝐶𝑇𝑂𝑅 =
𝑄

𝑉
=

406,6
𝑙

𝑚𝑖𝑛

6 
𝑚

𝑠

= 67,76 𝑐𝑚2 

𝑑𝐶𝑂𝐿𝐸𝐶𝑇𝑂𝑅 = √
4 × 𝐴𝐶𝑂𝐿𝐸𝐶𝑇𝑂𝑅

𝜋
= √

4 × 67,76

𝜋
= 9,28 c𝑚 = 92,8 𝑚𝑚

𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 =
6,05 × 105

1201,85 × 904,87
× 6,29 × 406,61,85 = 0,015 𝑏𝑎𝑟

𝐶, 𝑑 𝑄

𝑃𝐴𝐶𝐶 =
6,05 × 105

𝐶1,85 × 𝑑4,87
× 𝐿 × 𝑄1,85 =

6,05 × 105

1201,85 × 904,87
× 108,5 × 406,61,85 = 0,19 𝑏𝑎𝑟



𝑃𝐸𝑆𝑇Á𝑇𝐼𝐶𝐴 = 0,098 × 29,45 = 2,88 𝑏𝑎𝑟

𝐿

𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 =
6,05 × 105

1201,85 × 1004,87
× 8,71 × 406,61,85 = 0,009 𝑏𝑎𝑟

𝐶, 𝑑 𝑄

𝑃𝐴𝐶𝐶 =
6,05 × 105

𝐶1,85 × 𝑑4,87
× 𝐿 × 𝑄1,85 =

6,05 × 105

1201,85 × 1004,87
× 10,17 × 406,61,85 = 0,011 𝑏𝑎𝑟

𝑃𝐸𝑆𝑇Á𝑇𝐼𝐶𝐴 = 0,098 × 19,11 = 1,87 𝑏𝑎𝑟

𝐿

𝑷𝑩𝑶𝑴𝑩𝑨 𝟐 = 6 + (2,88 + 0,015 + 0,19) + (1,87 + 0,009 + 0,011) = 𝟏𝟏 𝒃𝒂𝒓



 

 



 



 

 



𝑪𝑨𝑷 = 20 𝑑í𝑎𝑠 × 28 𝑝𝑒𝑟𝑠𝑜𝑛𝑎𝑠 × 175
𝑙𝑖𝑡𝑟𝑜𝑠

𝑝𝑒𝑟𝑠 × 𝑑í𝑎
× 103 = 𝟗𝟖 𝒎𝟑 = 𝟗𝟖 𝒕𝒐𝒏

𝑪𝑨𝑻 = 20 𝑑í𝑎𝑠 × 28 𝑝𝑒𝑟𝑠𝑜𝑛𝑎𝑠 × 180
𝑙𝑖𝑡𝑟𝑜𝑠

𝑝𝑒𝑟𝑠 × 𝑑í𝑎
× 103 = 𝟏𝟎𝟎 𝒎𝟑 = 𝟏𝟎𝟎 𝒕𝒐𝒏

𝑪𝑨𝒈𝒖𝒂𝑫𝒖𝒍𝒄𝒆 = 𝟏𝟗𝟖 𝒕𝒐𝒏



 

 

 
 
 
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ů



 

Δ

ů

Δ



𝑄 = 1,1 × 3,25
𝑙

𝑠
= 3,575

𝑙

𝑠
= 12,88

𝑚3

ℎ
 

 

𝐻 = 1,1 × 6,65 𝑏𝑎𝑟 = 7,31 𝑏𝑎𝑟 

 



 





 

 

 

 

 

𝑽𝑻𝑨𝑵𝑸𝑼𝑬 = 𝟑𝟓𝟎𝟎 𝒍

𝑽Ú𝑻𝑰𝑳 = 𝟏𝟐% = 𝟒𝟐𝟎 𝒍



 

 

𝑄𝐿𝐴𝑆𝑇𝑅𝐸 =
59454

15
= 3963

𝑚3

ℎ



𝐻 = (𝑃2 − 𝑃1) + ∆𝐻 + 𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 + 𝑃𝐴𝐶𝐶𝐸𝑆𝑂𝑅𝐼𝑂𝑆

- 𝑧1, 𝑎𝑙𝑡𝑢𝑟𝑎 𝑑𝑒 𝑙𝑎 𝑡𝑜𝑚𝑎 𝑑𝑒 𝑚𝑎𝑟 = 0 𝑚 𝑧2 = 20,63 𝑚

- 𝑃1 = 𝜌 × 𝑔 × 𝑇𝑚𝑖𝑛 = 1,05 𝑏𝑎𝑟 𝑃2 = 𝜌 × 𝑔 × ℎ𝑡𝑎𝑛𝑞𝑢𝑒 = 2,07 𝑏𝑎𝑟

- 𝑉1 = 0 𝑚/𝑠 𝑉2 = 4,4 𝑚/𝑠

𝐴𝐶𝑂𝐿𝐸𝐶𝑇𝑂𝑅 =
𝑄

𝑉
=

793
𝑚3

ℎ

4,4
𝑚

𝑠
× 3600 𝑠

= 0,05 𝑚2

 

𝒅𝑪𝑶𝑳𝑬𝑪𝑻𝑶𝑹 = √
4 × 𝐴𝐶𝑂𝐿𝐸𝐶𝑇𝑂𝑅

𝜋
= √

4 × 0,05

𝜋
= 𝟎, 𝟐𝟓 𝒎 = 𝟐𝟓𝟐 𝒎𝒎

𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 =
6,05 × 105

𝐶1,85 × 𝑑4,87
× 𝐿 × 𝑄1,85

𝐶

𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 =
6,05 × 105

1201,85 × 2504,87
× 231 × 132171,85 = 1,75 𝑏𝑎𝑟



𝐶 𝑑

𝑃𝐴𝐶𝐶 =
6,05 × 105

1201,85 × 2504,87
× 128 × 132171,85 = 0,97 𝑏𝑎𝑟

𝑃𝐸𝑆𝑇Á𝑇𝐼𝐶𝐴 = 0,098 × 𝐿 = 0,098 × 20,63 = 2,02 𝑏𝑎𝑟

𝐻 = (2,07 − 1,05) + 2,02 + 1,75 + 0,97 = 5,76 𝑏𝑎𝑟

- 𝑧1 = 0,5 𝑚 𝑧2 = 20,63 𝑚

- 𝑃1 = 𝜌 × 𝑔 × 𝑧1 = 0,5 𝑏𝑎𝑟 𝑃2 = 𝜌 × 𝑔 × ℎ𝑡𝑎𝑛𝑞𝑢𝑒 = 2,07 𝑏𝑎𝑟

- 𝑉1 = 0 𝑚/𝑠 𝑉2 = 4,4 𝑚/𝑠



𝐻 = (2,07 − 0,5) + 2,02 + 1,75 + 0,97 = 6,31 𝑏𝑎𝑟



 

𝑑 = 25 + 1,68 × √𝐿 × (𝐵 + 𝐷)

𝐿 𝐵 𝐷

𝒅 = 25 + 1,68 × √318,4 × (44,23 + 26,41) = 𝟐𝟕𝟕 𝒎𝒎

 

𝑸 = 𝑣 ×
𝜋 × 𝑑2

4
= 2,5 ×

𝜋 × 0,252

4
= 0,12 𝑚3

𝑠⁄ = 𝟒𝟒𝟐 𝒎𝟑

𝒉⁄



𝐻 = (𝑃2 − 𝑃1) + 𝑃𝐸𝑆𝑇Á𝑇𝐼𝐶𝐴 + 𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 + 𝑃𝐴𝐶𝐶𝐸𝑆𝑂𝑅𝐼𝑂𝑆

- 𝑧1 = 0,75 𝑚 𝑧2 = 23,28 𝑚

- 𝑃1 = 0 𝑏𝑎𝑟 𝑃2 = 𝜌 × 𝑔 × ℎ𝑡𝑎𝑛𝑞𝑢𝑒 = 2,34 𝑏𝑎𝑟

- 𝑉1 = 0 𝑚/𝑠 𝑉2 = 2,5 𝑚/𝑠

𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 =
6,05 × 105

𝐶1,85 × 𝑑4,87
× 𝐿 × 𝑄1,85

𝐶

𝑃𝐹𝑅𝐼𝐶𝐶𝐼Ó𝑁 =
6,05 × 105

1201,85 × 2504,87
× 220 × 73631,85 = 0,56 𝑏𝑎𝑟

𝐶 𝑑



𝑃𝐴𝐶𝐶 =
6,05 × 105

1201,85 × 2504,87
× 54 × 73631,85 = 0,14 𝑏𝑎𝑟

𝑃𝐸𝑆𝑇Á𝑇𝐼𝐶𝐴 = 0,098 × 𝐿 = 0,098 × 23,28 = 2,28 𝑏𝑎𝑟

𝐻 = (2,34 − 0) + 2,28 + 0,56 + 0,14 = 5,32 𝑏𝑎𝑟



 

𝑸𝒕 = 𝒒𝒄 + 𝒒𝒉

𝑸𝒕 = 𝟏, 𝟓 × 𝒒𝒄

𝒒𝒄 = 𝒒𝒅𝒑 + 𝒒𝒅𝒈 + 𝒒𝒃

𝑞𝑑𝑝 =
𝑃𝑑𝑝 × 𝑚𝑎𝑑

𝜌

- 𝑃𝑑𝑝,

- 𝑚𝑎𝑑

𝑞𝑑𝑝 = 115,30  𝑚3 𝑠⁄  

𝑞𝑑𝑝 =
𝑃𝑑𝑔 × 𝑚𝑎𝑑

𝜌

- 𝑃𝑑𝑔,



- 𝑚𝑎𝑑

𝑞𝑑𝑔 = 27,80  𝑚3 𝑠⁄  

𝑞𝑏 =
𝑚𝑠 × 𝑚𝑓𝑠 × 𝑚𝑎𝑓

𝜌

- 𝑚𝑠,

- 𝑚𝑓𝑠,

- 𝑚𝑎𝑓 ,

𝑞𝑏 = 1,93  𝑚3 𝑠⁄   

𝑞𝑐 ,

𝒒𝒄 = 𝟏𝟒𝟓, 𝟎𝟑  𝒎𝟑 𝒔⁄  

𝒒𝒉 =
∅𝒅𝒑 + ∅𝒅𝒈 + ∅𝒃 + ∅𝒑 + ∅𝒈 + ∅𝒆𝒍 + ∅𝒆𝒑 + ∅𝒕 + ∅𝒐

𝝆 + 𝒄 + ∆𝑻
− 𝟎, 𝟒(𝒒𝒅𝒑 + 𝒒𝒅𝒈) − 𝒒𝒃

- ∅𝑑𝑝,

- ∅𝑑𝑔,

∅𝑑𝑔 = 𝑃𝑑𝑔 ×
∆ℎ𝑑

100

- ∆ℎ𝑑 ,



∅𝑑𝑔 = 180.

- ∅𝑏 ,

∅𝑏 = 𝑄 × 𝐵1 ×
∆ℎ𝑏

100

- 𝑄, 

- 𝐵1,

- ∆ℎ𝑏 ,



∅𝑏 = 730 × 0,1 ×
1

100
= 0,73

- ∅𝑔,

∅𝑔 = 𝑃𝑔 × (1 −
𝜂

100
)

𝑃𝑔

∅𝑔 = 672 𝑘𝑊

 
- ∅𝑒𝑙 , 

∅𝑒𝑙 = 0,20 × ∅𝑔 = 134,4 𝑘𝑊

- ∅𝑒𝑝, 

∆𝑇 = 250𝐾

 
∅𝑒𝑝 = 0,85 × 𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑 𝑡𝑢𝑏. 𝑒𝑠𝑐𝑎𝑝𝑒



∅𝑒𝑝 = 8,5

- ∅𝑜 ,

∅𝑜 = 0,05 × ∅ = 0,05 × 1682 = 84

𝑞ℎ =
686,4 + 180 + 0,73 + 672 + 134,4 + 8,5 + 84

1,13 × 1,01 × 12,5
− 0,4 × (115,30 + 27,80) − 1,93

𝒒𝒉 = 𝟔𝟒, 𝟔𝟐 𝒎𝟑 𝒔⁄

𝑄𝑡 = 𝑞𝑐 + 𝑞ℎ = 145,03 + 64,62 =  209,65 𝑚3 𝑠⁄  

𝑸𝒕 = 1,5 × 145,03 = 𝟐𝟏𝟕, 𝟓 𝒎𝟑 𝒔⁄  



 



 



 



 

 

- 

- 

- 

- 

- 

- 

- 

- 

 

- 

- 

- 

- 

- 



 
 

- 

- 

- 

- 

- 

- 



 

 

 

 
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 
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- 

- 

- 

 



 



 

- 

- 

- 

 

 

 

- 

- 

- 
 

 

 

 

 

 

 



∅ = ∆𝑇 × (𝑘𝑣𝐴𝑣 + 𝑘𝑔𝐴𝑔)

- ∆𝑇

- 𝑘𝑣

- 𝐴𝑣

- 𝑘𝑔

- 𝐴𝑔

 

∆𝑇

 



𝜙𝑉𝐸𝑅𝐴𝑁𝑂 = 2935 𝑊 →    𝝓𝑽𝑬𝑹𝑨𝑵𝑶 𝑻𝑶𝑻𝑨𝑳 = 26415 𝑊 = 𝟐𝟔, 𝟒𝟏 𝒌𝑾 

𝜙𝐼𝑁𝑉𝐼𝐸𝑅𝑁𝑂 = 9155 𝑊 →    𝝓𝑰𝑵𝑽𝑰𝑬𝑹𝑵𝑶 𝑻𝑶𝑻𝑨𝑳 = 82395 𝑊 = 𝟖𝟐, 𝟑𝟗 𝒌𝑾



Φ Φ





 

 

 

 





 

 

 

 

 

 

 

 

 
 
 



 

 
 
 
 
 





 

 

𝑁𝐸 = ∆2 3⁄ + 2 × 𝐵 × ℎ + 0,1 × 𝐴

 ℎ

ℎ = 𝑎 + ∑ 𝑏𝑖

- 𝑎

- 𝑏

 ∆ 

 𝐵 

 𝐴

ℎ = 5,61 + (3 + 32,3)

𝑵𝑬 = 1991292 3⁄ + 2 × 44,23 × 40,91 + 0,1 × [2440 + 509 + (31,26 × 19)] = 𝟕𝟑𝟗𝟏







 

 

 

 

 

 

 

 

 

 

 

 



 

𝑃𝑀𝑂𝐿𝐼𝑁𝐸𝑇𝐸 =
[0,87 × (𝑃𝐴 + 0,02 × 𝑑𝐶

2 × 𝐿) × 𝑉𝑠]

4500 × 𝜂𝑀 × 𝜂𝐸

 𝑃𝐴

 𝑑𝐶 ,

 𝐿,

 𝑉𝑠,

 𝜂𝑀 ,

 𝜂𝐸 ,

𝑷𝑴𝑶𝑳𝑰𝑵𝑬𝑻𝑬 =
[0,87 × (21500 + 0,02 × 1142 × 385) × 10]

4500 × 0,8 × 0,6
= 𝟒𝟖𝟗 𝒄𝒗

𝑃𝑀𝑂𝐿𝐼𝑁𝐸𝑇𝐸 =
[(2,1 × 𝑃𝐴 + 0,02 × 𝑑𝐶

2 × 𝐿) × 𝑉]

4500 × 𝜂𝑀 × 𝜂𝐸

𝑷𝑴𝑶𝑳𝑰𝑵𝑬𝑻𝑬 =
[(2,1 × 21500 + 0,02 × 1142 × 385) × 10]

4500 × 0,8 × 0,6
= 𝟔𝟕𝟐 𝒄𝒗



 

𝑉 = 0,082 × 𝑑𝐶
2 × 𝐿 × 10−4

𝑽 = 0,082 × 1142 × 385 × 10−4 = 𝟒𝟏 𝒎𝟑

 

𝑫𝒊𝒏𝒕 = [(100 − 𝑑𝐶) × 0,03867 + 7,5] × 𝑑𝐶 = [(100 − 114) × 0,03867 + 7,5] × 114 = 𝟕𝟗𝟑 𝒎𝒎

𝑒1 = 0,6 × 𝑑𝐶 = 68,4 𝑚𝑚 

𝑒2 = 2 × 𝑒1 = 136,8 𝑚𝑚

𝑫𝒆𝒙𝒕 = 𝐷𝑖𝑛𝑡 + 𝑒1 + 𝑒2 = 793 + 68,4 + 136,8 = 998,2 ≈ 𝟗𝟗𝟖 𝒎𝒎 

 



𝑑𝑖 = 17 × 𝑑𝑒𝑠𝑡𝑎𝑐ℎ𝑎

𝐷𝑒 = 1,7 × 𝑑𝑖

 

𝑑𝑖 = 17 × 64 = 1088 𝑚𝑚 = 1,1 𝑚

𝐷𝑒 = 1,7 × 𝑑𝑖 = 1,7 × 1,1 = 1850 𝑚𝑚 = 1,85 𝑚

𝑙(𝑚 𝑚⁄ ) = 1500 × 𝐿 ×
𝑑𝑐

2

(𝐷𝑒
2 − 𝑑𝑖

2)

 𝑙

 𝐿

 𝑑𝑐



 𝐷𝑒 𝑑𝑖

𝑙(𝑚 𝑚⁄ ) = 1500 × 200 ×
642

(18502 − 10882)
= 548 𝑚𝑚

 

 

 

 

𝑇 = 0,33 × 𝑀𝐵𝐿 = 0,33 × 74032 = 24431 𝑘𝑔𝑓 = 23,76 𝑡
 

𝑃𝐶 =
0,23 × 𝑇 × 𝑉𝑆

𝜂𝑡

𝑉𝑆 𝜂𝑡

𝑷𝑪(𝑪. 𝑽. ) =
0,23 × 23,76 × 20

0,55
= 𝟏𝟗𝟖, 𝟖𝟐 𝑪. 𝑽. = 𝟏𝟒𝟕 𝒌𝑾
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