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2 + 𝑃5𝑚
3)

𝑘𝑃,𝑀𝑂𝐴𝐿 =
𝑝

𝑞3
𝑘𝑃,𝐴𝐿 =

ℎ𝑒

𝑞2
𝑘𝑃,𝐴𝐿

𝛼

𝜂

𝑄0

𝛼

𝑑𝜂

𝑑𝛼
= 0



 

 

𝑑𝜂

𝑑𝛼
=

𝑑 (𝐸4 (
𝑄
𝛼
)
4

+ 𝐸3 (
𝑄
𝛼
)
3

+ 𝐸2 (
𝑄
𝛼
)
2

+ 𝐸1 (
𝑄
𝛼
) + 𝐸0)

𝑑𝛼
= 0

𝛼 𝛼 = 𝑚 𝑄

𝐸1𝑚
3 + 2𝐸2𝑚

2 + 3𝐸3𝑚+ 4𝐸4 = 0

𝛼

𝑑𝑃

𝑑𝛼
= 0

𝑑𝑃

𝑑𝛼
=

𝑑 (9.81𝑄𝛼2 (𝐴 + 𝐵
𝑄
𝛼
+ 𝐶 (

𝑄
𝛼
)
2

)(𝐸4 (
𝑄
𝛼
)
4

+ 𝐸3 (
𝑄
𝛼
)
3

+ 𝐸2 (
𝑄
𝛼
)
2

+ 𝐸1 (
𝑄
𝛼
) + 𝐸0))

𝑑𝛼
= 0

𝛼 𝛼 = 𝑚 𝑄

(2𝐸0𝐴)𝑚
6+ (𝐸0𝐵 + 𝐸1𝐴)𝑚

5 + (−𝐸1𝐶 − 𝐸2𝐵 − 𝐸3𝐴)𝑚
3 + (−2𝐸2𝐶 − 2𝐸3𝐵 − 2𝐸4𝐴)𝑚

2

+ (−3𝐸3𝐶 − 3𝐸4𝐵)𝑚 + (−4𝐸4𝐶) = 0

𝑄

 𝛼

𝑑𝑃

𝑑𝑄
= 0

𝑑𝑃

𝑑𝑄
=
𝑑(9.81𝑄𝛼2(𝐴 + 𝐵

𝑄
𝛼
+ 𝐶(

𝑄
𝛼
)2)(𝐸4 (

𝑄
𝛼
)
4

+ 𝐸3 (
𝑄
𝛼
)
3

+ 𝐸2 (
𝑄
𝛼
)
2

+ 𝐸1(
𝑄
𝛼
) + 𝐸0))

𝑑𝑄
= 0

𝛼 𝛼 = 𝑚 𝑄

(𝐸0𝐴)𝑚
6 + 2(𝐸0𝐵 + 𝐸1𝐴)𝑚

5 + 3(𝐸0𝐶 + 𝐸1𝐵 + 𝐸2𝐴)𝑚
4 + 4(𝐸1𝐶 + 𝐸2𝐵 + 𝐸3𝐴)𝑚

3       
+ 5(𝐸2𝐶 + 𝐸3𝐵 + 𝐸4𝐴)𝑚 + 6(𝐸3𝐶 + 𝐸4𝐵)𝑚 + 7𝐸4𝐶 = 0



 

 

 

𝛾6𝑚
6 + 𝛾5𝑚

5 + 𝛾4𝑚
4+ 𝛾3𝑚

3 + 𝛾2𝑚
2 + 𝛾1𝑚+ 𝛾0 = 0

𝑑𝜂

𝑑𝛼
= 0

𝑑𝑃

𝑑𝛼
= 0

𝑑𝑃

𝑑𝑄
= 0

𝛾6 2𝐸0𝐴 𝐸0𝐴
𝛾5 𝐸0𝐵 + 𝐸1𝐴 2(𝐸0𝐵 + 𝐸1𝐴)
𝛾4 0 3(𝐸0𝐶 + 𝐸1𝐵 + 𝐸2𝐴)
𝛾3 𝐸1 −𝐸1𝐶 − 𝐸2𝐵 − 𝐸3𝐴 4(𝐸1𝐶 + 𝐸2𝐵 + 𝐸3𝐴)
𝛾2 2𝐸2 −2𝐸2𝐶 − 2𝐸3𝐵 − 2𝐸4𝐴 5(𝐸2𝐶 + 𝐸3𝐵 + 𝐸4𝐴)
𝛾1 3𝐸3 −3𝐸3𝐶 − 3𝐸4𝐵 6(𝐸3𝐶 + 𝐸4𝐵)

𝛾0 4𝐸4 −4𝐸4𝐶 7𝐸4𝐶

𝑚𝐵𝐸𝐻 𝑚𝐵𝑃𝐻 𝑚𝐵𝑃𝐹

𝑄𝐵𝐸𝐻) 𝑄𝐵𝑃𝐻
𝑄𝐵𝑃𝐹



 

 

𝛼𝑗
𝑄𝐵𝐸𝐻,𝛼𝑗 𝑄𝐵𝑃𝐻,𝛼𝑗 𝑄𝐵𝑃𝐹,𝛼𝑗

(ℎ 𝑞2⁄ )𝐸𝑥𝑝 (ℎ𝑒 𝑞2⁄ )𝐸𝑥𝑝

𝑭𝟏 𝑭𝟔

𝐍𝐏 = 𝜷𝟏 (𝜶
𝑸

𝑸𝑩𝑬𝑷
) + 𝜷𝟐(

𝑸

𝑸𝑩𝑬𝑷
)𝟐 +𝜷𝟑 (

𝑸

𝑸𝑩𝑬𝑷
) + 𝜷𝟒𝜶

𝟐 +𝜷𝟓𝜶+ 𝜷𝟔

𝑭𝟕 𝑭𝟏𝟎

𝑵𝑷 = (
𝑸

𝑸𝑩𝑬𝑷
)𝜷𝟑𝜶𝜷𝟓 · 𝒆𝒙𝒑𝜷𝟔

𝑭𝟏 𝑵𝑷 = 𝜷𝟒𝜶
𝟐 + 𝜷𝟓𝜶

𝑭𝟐 𝑵𝑷 = 𝜷𝟒𝜶
𝟐 +𝜷𝟓𝜶 + 𝜷𝟔

𝑭𝟑 𝑵𝑷 = 𝜷𝟐(
𝑸

𝑸𝑩𝑬𝑷
)𝟐 +𝜷𝟒𝜶

𝟐 + 𝜷𝟓𝜶

𝑭𝟒 𝑵𝑷 = 𝜷𝟐(
𝑸

𝑸𝑩𝑬𝑷
)𝟐 +𝜷𝟒𝜶

𝟐 +𝜷𝟓𝜶 + 𝜷𝟔

𝑭𝟓 𝑵𝑷 = 𝜷𝟏 (𝜶
𝑸

𝑸𝑩𝑬𝑷
) + 𝜷𝟐(

𝑸

𝑸𝑩𝑬𝑷
)𝟐 + 𝜷𝟑 (

𝑸

𝑸𝑩𝑬𝑷
) + 𝜷𝟒𝜶

𝟐 +𝜷𝟓𝜶

𝑭𝟔 𝑵𝑷 = 𝜷𝟏 (𝜶
𝑸

𝑸𝑩𝑬𝑷
) + 𝜷𝟐(

𝑸

𝑸𝑩𝑬𝑷
)𝟐 +𝜷𝟑 (

𝑸

𝑸𝑩𝑬𝑷
) + 𝜷𝟒𝜶

𝟐 + 𝜷𝟓𝜶 + 𝜷𝟔

𝑭𝟕 𝑵𝑷 = 𝜶𝜷𝟓

𝑭𝟖 𝑵𝑷 = 𝜶𝜷𝟓 · 𝒆𝒙𝒑𝜷𝟔

𝑭𝟗 𝑵𝑷 = (
𝑸

𝑸𝑩𝑬𝑷
)𝜷𝟑𝜶𝜷𝟓

𝑭𝟏𝟎 𝑵𝑷 = (
𝑸

𝑸𝑩𝑬𝑷
)𝜷𝟑𝜶𝜷𝟓 · 𝒆𝒙𝒑𝜷𝟔

ℎ

𝑞2
 

ℎ𝑒

𝑞2



 

 

 

(ℎ 𝑞2⁄ )𝐹𝑜𝑟𝑚 (ℎ𝑒 𝑞2⁄ )𝐹𝑜𝑟𝑚 𝐹𝑖



 

 

ℎ

𝑞2
 

ℎ𝑒

𝑞2

ℎ

𝑞2
 

ℎ𝑒

𝑞2

𝑅𝑀𝑆𝐸 = √
∑ [𝑂𝑖 − 𝑃𝑖]2
𝑠
𝑖=1

𝑠

𝑂𝑖

𝑃𝑖

𝑀𝐴𝐷 =∑
1

s
|𝑂𝑖 − 𝑃𝑖|

𝑠

1

𝑂𝑖

𝑃𝑖

𝑀𝑅𝐷 =∑
|𝑂𝑖 − 𝑃𝑖|/𝑃𝑖

s

𝑠

1

𝑂𝑖

𝑃𝑖

𝐵𝐼𝐴𝑆 =
∑ [𝑂𝑖 − 𝑃𝑖]
𝑠
𝑖=1

𝑠

𝑂𝑖

𝑃𝑖



 

 

 



 

 

𝑭𝒊

ℎ

𝑞2
ℎ𝑒

𝑞2

𝛽𝑖 𝐹𝑖
ℎ

𝑞2
ℎ𝑒

𝑞2

𝑭𝟏

𝒉

𝒒𝟐
= −𝟎. 𝟓𝟏𝟐𝜶𝟐 + 𝟏.𝟔𝟑𝜶 (𝑹𝟐 = 𝟎. 𝟗𝟕𝟖)

𝒉𝒆

𝒒𝟐
= −𝟎. 𝟖𝟐𝟔𝜶𝟐 + 𝟏. 𝟖𝟒𝟑𝜶 (𝑹𝟐 = 𝟎. 𝟗𝟕𝟗)

𝑭𝟐

𝒉

𝒒𝟐
= 𝟏.𝟎𝟒𝟖𝜶𝟐 − 𝟏. 𝟒𝟖𝟕𝜶 + 𝟏.𝟒𝟔𝟗 (𝑹𝟐 = 𝟎.𝟕𝟑𝟖)

𝒉𝒆

𝒒𝟐
= −𝟎. 𝟏𝟕𝟎𝟔𝜶𝟐 + 𝟎. 𝟓𝟑𝟑𝟔𝜶 + 𝟎.𝟔𝟏𝟕 (𝑹𝟐 = 𝟎.𝟏𝟓𝟏)

𝑭𝟑

𝒉

𝒒𝟐
= −𝟎.𝟐𝟑𝟓(

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

− 𝟎.𝟓𝟏𝟗𝟔𝜶𝟐 + 𝟏. 𝟕𝟖𝟗𝜶 (𝑹𝟐 = 𝟎.𝟗𝟖𝟏)

𝒉𝒆

𝒒𝟐
= −𝟎.𝟎𝟐𝟒(

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

− 𝟎.𝟖𝟐𝟔𝜶𝟐 + 𝟏. 𝟖𝟓𝟖𝜶 (𝑹𝟐 = 𝟎.𝟗𝟕𝟗)

𝑭𝟒

𝒉

𝒒𝟐
= −𝟎.𝟏𝟏𝟑𝟗(

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

+ 𝟎.𝟗𝟔𝟓𝜶𝟐 − 𝟏. 𝟐𝟓𝟒𝜶 + 𝟏. 𝟑𝟗𝟓 (𝑹𝟐 = 𝟎.𝟕𝟔𝟒)

𝒉𝒆

𝒒𝟐
= 𝟎. 𝟎𝟑𝟐(

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

− 𝟎.𝟏𝟒𝟖𝜶𝟐 + 𝟎. 𝟒𝟔𝟗𝜶 + 𝟎. 𝟔𝟑𝟕 (𝑹𝟐 = 𝟎.𝟏𝟓𝟒)

𝑭𝟓

𝒉

𝒒𝟐
= −𝟏.𝟓𝟎𝟖(𝜶

𝑸

𝑸𝑩𝑬𝑷
) − 𝟎.𝟒𝟕𝟏 (

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

+ 𝟏. 𝟗𝟑 (
𝑸

𝑸𝑩𝑬𝑷
) + 𝟎. 𝟕𝟏𝟒𝜶𝟐

+ 𝟎. 𝟑𝟒𝟐𝜶(𝑹𝟐 = 𝟎.𝟗𝟖𝟔)

𝒉𝒆

𝒒𝟐
= 𝟎. 𝟓𝟑𝟐(𝜶

𝑸

𝑸𝑩𝑬𝑷
) − 𝟎. 𝟖𝟐𝟖(

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

+ 𝟎. 𝟕𝟓𝟕(
𝑸

𝑸𝑩𝑬𝑷
) − 𝟎. 𝟕𝟓𝟕𝜶𝟐

+ 𝟏. 𝟐𝟖𝟕𝜶(𝑹𝟐 = 𝟎.𝟗𝟖)

𝑭𝟔

𝒉

𝒒𝟐
= −𝟎. 𝟔𝟗 (𝜶

𝑸

𝑸𝑩𝑬𝑷
) + 𝟎. 𝟏𝟐𝟐 (

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

+ 𝟎. 𝟑𝟏𝟑 (
𝑸

𝑸𝑩𝑬𝑷
) + 𝟏. 𝟐𝟐𝟐𝜶𝟐 − 𝟏.𝟐𝟔𝟕𝜶

+ 𝟏. 𝟐𝟗𝟒 (𝑹𝟐 = 𝟎. 𝟕𝟕𝟖)

𝒉𝒆

𝒒𝟐
= 𝟎.𝟗𝟗𝟑(𝜶

𝑸

𝑸𝑩𝑬𝑷
) − 𝟎. 𝟒𝟗𝟒(

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

− 𝟎.𝟏𝟓𝟔 (
𝑸

𝑸𝑩𝑬𝑷
) − 𝟎. 𝟒𝟕𝟏𝜶𝟐 + 𝟎. 𝟑𝟖𝜶

+ 𝟎. 𝟕𝟑 (𝑹𝟐 = 𝟎.𝟏𝟗𝟏)



 

 

 

𝑭𝟕

𝒉

𝒒𝟐
= 𝜶𝟎.𝟐𝟏𝟒(𝑹𝟐 = 𝟎. 𝟐𝟎𝟕)

𝒉𝒆

𝒒𝟐
= 𝜶𝟎.𝟐𝟒𝟓(𝑹𝟐 = 𝟎. 𝟏𝟕𝟓)

𝑭𝟖

𝒉

𝒒𝟐
= 𝜶𝟎.𝟑𝟎𝟓 · 𝒆𝒙𝒑𝟎.𝟎𝟕𝟕(𝑹𝟐 = 𝟎.𝟒𝟎𝟐)

𝒉𝒆

𝒒𝟐
= 𝜶𝟎.𝟐𝟎𝟐 · 𝒆𝒙𝒑−𝟎.𝟎𝟑𝟔(𝑹𝟐 = 𝟎. 𝟏𝟏𝟔)

𝑭𝟗

𝒉

𝒒𝟐
= (

𝑸

𝑸𝑩𝑬𝑷
)−𝟎.𝟐𝟑𝜶𝟎.𝟒𝟓𝟏(𝑹𝟐 = 𝟎. 𝟓𝟎𝟔)

𝒉𝒆

𝒒𝟐
= (

𝑸

𝑸𝑩𝑬𝑷
)𝟎.𝟏𝟏𝜶𝟎.𝟏𝟑𝟐(𝑹𝟐 = 𝟎. 𝟐𝟐)

𝑭𝟏𝟎

𝒉

𝒒𝟐
= (

𝑸

𝑸𝑩𝑬𝑷
)−𝟎.𝟏𝟔𝟔𝜶𝟎.𝟒𝟐𝟐 · 𝒆𝒙𝒑𝟎.𝟎𝟑𝟐(𝑹𝟐 = 𝟎. 𝟒𝟕𝟖)

𝒉𝒆

𝒒𝟐
= (

𝑸

𝑸𝑩𝑬𝑷
)𝟎.𝟎𝟖𝟑𝜶𝟎.𝟏𝟒𝟑 · 𝒆𝒙𝒑−𝟎.𝟎𝟏𝟑(𝑹𝟐 = 𝟎.𝟏𝟐𝟗)

ℎ/𝑞2

𝐹2
𝐹6

𝐹2 𝐹2

ℎ/𝑞2

𝑩𝑬𝑯

𝑭𝟏

𝑭𝟐

𝑭𝟑



 

 

ℎ/𝑞2

𝑩𝑬𝑯

𝑭𝟒

𝑭𝟓

𝑭𝟔

𝑭𝟕

𝑭𝟖

𝑭𝟗

𝑭𝟏𝟎

𝑩𝑷𝑯

𝑭𝟏

𝑭𝟐

𝑭𝟑

𝑭𝟒

𝑭𝟓

𝑭𝟔

𝑭𝟕

𝑭𝟖

𝑭𝟗

𝑭𝟏𝟎

𝑩𝑷𝑭

𝑭𝟏

𝑭𝟐



 

 

 

ℎ/𝑞2

 

𝑭𝟑

𝑭𝟒

𝑭𝟓

𝑭𝟔

𝑭𝟕

𝑭𝟖

𝑭𝟗

𝑭𝟏𝟎

ℎ𝑒/𝑞2

𝑩𝑬𝑯

𝑭𝟏

𝑭𝟐

𝑭𝟑

𝑭𝟒

𝑭𝟓

𝑭𝟔

𝑭𝟕

𝑭𝟖

𝑭𝟗

𝑭𝟏𝟎



 

 

ℎ𝑒/𝑞2

𝑩𝑷𝑯

𝑭𝟏

𝑭𝟐

𝑭𝟑

𝑭𝟒

𝑭𝟓

𝑭𝟔

𝑭𝟕

𝑭𝟖

𝑭𝟗

𝑭𝟏𝟎

𝑩𝑷𝑭

𝑭𝟏

𝑭𝟐

𝑭𝟑

𝑭𝟒

𝑭𝟓

𝑭𝟔

𝑭𝟕

𝑭𝟖

𝑭𝟗

𝑭𝟏𝟎



 

 

 

𝐹6 𝐹2
𝐹6

𝐹6

𝐻 = [−0.69 (𝛼
𝑄

𝑄𝐵𝐸𝑃
) + 0.122 (

𝑄

𝑄𝐵𝐸𝑃
)
2

+ 0.313 (
𝑄

𝑄𝐵𝐸𝑃
) + 1.222𝛼2 − 1.267𝛼 + 1.294] (𝐴𝑚2 + 𝐵𝑚 + 𝐶)𝑄2

𝐹6

𝐹6

±3%

𝐹6

𝑃 = [0.993 (𝛼
𝑄

𝑄𝐵𝐸𝑃
) − 0.494 (

𝑄

𝑄𝐵𝐸𝑃
)
2

− 0.156 (
𝑄

𝑄𝐵𝐸𝑃
) − 0.471𝛼2 + 0.38𝛼 + 0.73] 9.81 · 𝜂0(𝐴𝑚

2 + 𝐵𝑚 + 𝐶)𝑄3



 

 

𝐴𝑓𝑓𝑖𝑛𝑖𝑡𝑦 𝐿𝑎𝑤𝑠 {

h = 2

𝑞 = 𝛼

𝑝 = 𝛼3

𝑒 = 1

𝐶𝑎𝑟𝑟𝑎𝑣𝑒𝑡𝑎 𝑒𝑡 𝑎𝑙. , (2014)

{
 

 
h = 1.0253𝛼1.5615

𝑞 = 1.0323𝛼0.7977

𝑝 = 0.9741𝛼2.3207

  𝑒 = −0.4013𝛼2 + 0.845𝛼 + 0.5606

𝐹𝑒𝑐𝑎𝑟𝑜𝑡𝑡𝑎 𝑒𝑡 𝑎𝑙. , (2016){

h = 0.972𝛼1.603

𝑞 = 1.004𝛼0.825

𝑝 = − −

  𝑒 = −0.317𝛼2 + 0.587𝛼 + 0.707

𝑃é𝑟𝑒𝑧 − 𝑆á𝑛𝑐ℎ𝑒𝑧 𝑒𝑡 𝑎𝑙. , (2018)

{
 

 
h = 1.89𝛼2 − 1.54𝛼 + 0.74

𝑞 = 1.08𝛼0.7

𝑝 = 4.59𝛼2 − 6.33𝛼 + 2.50

  𝑒 = −0.36𝛼2 − 0.69𝛼 + 0.66

𝑇𝑎ℎ𝑎𝑛𝑖 𝑒𝑡 𝑎𝑙. , (2020)

{
 

 
h = 0.9962𝛼1.0851

𝑞 = 0.9974𝛼0.3651

𝑝 = 0.9767𝛼1.4888

 𝑒 = −4.3506𝛼2 + 8.8879𝛼 − 3.544

ℎ/𝑞2 ℎ𝑒/𝑞2



 

 

 

ℎ/𝑞2

ℎ𝑒/𝑞2

(ℎ𝑒/𝑞2)



 

 

ℎ/𝑞2

ℎ/𝑞2

ℎ/𝑞2 ℎ𝑒/𝑞2 𝐹6
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𝑄𝐵𝑃𝐻

𝑄0,𝑚𝑖𝑛 ≤ 𝑄𝐵𝑃𝐻



 

 

 



 

 

 

𝑚3/𝑘𝑊



 

 



 

 

 

 

 

 

 

𝑘𝑊ℎ/𝑦𝑒𝑎𝑟



 

 

 

𝑚3



 

 

 



 

 

𝑘𝑊ℎ



 

 

 

𝑘𝑊ℎ  𝑘𝑊ℎ

 

(𝑬𝑻𝑱) γ𝑄𝑗(𝑧𝑜 − 𝑧𝑖) ∆𝑡/3600

(𝑬𝑭𝑹𝑱) γ𝑄𝑗(𝑧𝑜 − (𝑧𝑗 + 𝑃𝑗) ∆𝑡/3600

(𝑬𝑻𝑵𝑱) γ𝑄𝑗𝑃𝑚𝑖𝑛𝑗 ∆𝑡/3600

(𝑬𝑹𝑺𝑱) γ𝑄𝑗𝑃𝑚𝑖𝑛𝑆𝑗 ∆𝑡/3600

(𝑬𝑻𝑨𝑱) γ𝑄𝑗(𝑃𝑗 − 𝑃𝑚𝑖𝑛𝑗) ∆𝑡/3600

(𝑬𝑻𝑹𝑱) γ𝑄𝑗(𝑃𝑗 −max (𝑃𝑚𝑖𝑛𝑗;𝑃𝑚𝑖𝑛𝑆𝑗)) ∆𝑡/3600

(𝑬𝑻𝑹𝒎𝒋) γ𝑄𝑗𝜂𝑖𝐻𝑖 ∆𝑡/3600

 

 

 



 

 

- 

 



 

 

 

- 

𝑉𝐼 = 𝑉𝑀𝑉𝐿

𝑉𝐼 𝑚3 𝑉𝑀
𝑚3 𝑉𝐿

𝑚3



 

 

𝜂𝐿 =
𝑉𝐿
𝑉𝑀

𝜂𝑀 =
𝑉𝑀
𝑉𝐼

 

𝜂𝐿 𝜂𝑀

 

𝜂𝐴𝐿 =
𝑉𝐴𝐿
𝑉𝐿

𝜂𝑅𝐿 =
𝑉𝑅𝐿
𝑉𝐿

 

𝜂𝐴𝐿 𝑉𝐴𝐿
𝑚3 𝜂𝑅𝐿

𝑉𝑅𝐿 𝑚3

𝜂𝐴𝐿 𝜂𝑅𝐿
𝜂𝐿

𝑞𝐿,𝑖𝑗 = 𝐾𝑗(𝑃𝑖𝑗)
𝑁

𝑞𝐿,𝑖𝑗
𝑃𝑖𝑗

−𝑃𝑖𝑗 = �̅�𝑖𝑗 −

𝐾𝑗



 

 

 

𝑉𝐿,𝑗 =∑ (𝑞𝐿,𝑖𝑗𝛥𝑡)
𝑖=𝑇

𝑖=1
∑ (𝐾𝑗(𝑃𝑖𝑗)

𝑁𝛥𝑡)
𝑖=𝑇

𝑖=1

𝛥𝑡 𝑉𝐿,𝑗 𝑚3

𝐾𝑗

𝐾𝑗 =
𝑉𝐿,𝑗

∑ ((𝑃𝑖𝑗)
𝑁𝛥𝑡)𝑖=𝑇

𝑖=1

𝐾𝑗

𝑉𝐿,𝑗

𝑉𝐿,𝑗 = 𝛿𝑗        𝑉𝐿 = 𝛿𝑗     𝜂𝐿  𝑉𝐼  

𝛿𝑗

𝛿𝑗 𝛿𝑗

𝛿𝑗 =
𝐿𝑗∙𝜏𝑗

∑ (𝐿𝑗∙𝜏𝑗)
𝑖=𝑘
𝑗=1

𝐿𝑗 𝜏𝑗

𝑘

𝑘 

𝛿𝑗 =
𝑉𝑇,𝑗

∑ (𝑉𝑇,𝑗)
𝑗=𝑚
𝑗=1



 

 

𝑉𝑇,𝑗

𝜂𝑅𝑙

𝑞𝐿,𝑖𝑗 = 𝛽𝑗 · 𝐿𝑗 · (�̅�𝑖𝑗)
𝑁

𝛽𝑗

𝐾𝑗 = 𝛽𝑗𝐿𝑗

𝛽𝑗 10−4 10−7

𝛽𝑗

 

𝜂𝑅𝐿

- 



 

 

 

𝑘𝑁/𝑚3

9.81/3600 𝐸𝑇𝑗
𝑘𝑊ℎ 𝐸𝐹𝑅𝑗 𝑘𝑊ℎ 𝐸𝑇𝑁𝑗

𝑘𝑊ℎ 𝐸𝑇𝐴𝑗
𝑘𝑊ℎ 𝐸𝑅𝑆𝑗

𝑘𝑊ℎ 𝐸𝑇𝑅𝑗
𝑘𝑊ℎ

𝐸𝑇𝑅𝑚𝑗
𝑄𝑗

 𝑚3/𝑠 𝑧0 𝑧𝑗
𝑃𝑚𝑖𝑛𝑗

𝑃min𝑆𝑗
𝐻𝑖

𝜂𝑖 𝑄𝑗 ∆𝑡

- 

𝜓1 = 𝐸𝑇𝑅

(𝜓2 = 𝛥𝑉𝐿)



 

 

(𝑇𝑖) (𝑇𝑓) (𝛼)

(𝐿0)

(𝑇𝑡)

𝑇𝑡 = 𝛼     𝑇𝑡−1

- 

𝜂𝑠𝑡



 

 

 

 



 

 

𝐸𝑇𝑅 𝛥𝑉𝐿

𝑁𝑉𝑃 = −𝐼𝐶0 +∑
𝐴𝐼𝑖 − 𝐴𝐶𝑖
(1 + 𝑘)𝑖

𝑖=𝑛

𝑖=1

+ 𝑅𝐼𝑛

𝐼𝐶0 𝐴𝐼𝑖
𝑅𝑉𝑛 𝐴𝐶𝑖
𝐴𝐼0

𝐼𝐶0
 

(𝐴𝐶)

(𝐴𝐼)

(𝑅𝐼)

- 



 

 

 



 

 

 

 

   

 

   

 



 

 

 



 

 

 𝑘𝑊ℎ

 

 



 

 

 



 

 

𝑬𝑻𝑹𝒏
𝑬𝑻𝑹𝒎𝒂𝒙

𝑬𝑻𝑹𝒏
𝑬𝑻𝑹𝒎𝒂𝒙

𝑬𝑻𝑹𝒏
𝑬𝑻𝑹𝒎𝒂𝒙



 

 

 

∆𝐕𝐋

∆𝐕𝐋𝒎𝒂𝒙

∆𝐕𝐋

∆𝐕𝐋𝒎𝒂𝒙

∆𝐕𝐋

∆𝐕𝐋𝒎𝒂𝒙

 



 

 

𝑬𝑻𝑹𝒏
𝑬𝑻𝑹𝒎𝒂𝒙

𝑬𝑻𝑹𝒏
𝑬𝑻𝑹𝒎𝒂𝒙

𝑬𝑻𝑹𝒏
𝑬𝑻𝑹𝒎𝒂𝒙

∆𝐕𝐋

∆𝐕𝐋𝒎𝒂𝒙

∆𝐕𝐋

∆𝐕𝐋𝒎𝒂𝒙

∆𝐕𝐋

∆𝐕𝐋𝒎𝒂𝒙

 

 



 

 

 

 



 

 

   

 

 



 

 

 

   

   

   

 

 



 

 

𝑘𝑊ℎ 

𝑚3/𝑘𝑊

𝑘𝑊ℎ 𝑘𝑔𝐶𝑂2
 𝑘𝑔/𝑘𝑊ℎ 𝐶𝐷𝑅𝑃𝐸 𝐸𝑅𝑃 

𝐶𝐷𝑅𝐵𝐿 𝑘𝑔𝐶𝑂2



 

 

 

 

 𝑚3

 𝑚3/𝑘𝑊 𝑘𝑔𝐶𝑂2



 

 



 

 

 



 

 



 

 

 



 

 



 

 

 



 

 



 

 

 

𝜂𝐿 =
𝑉𝐿
𝑉𝐼

𝜂𝑀 =
𝑉𝑀
𝑉𝐼

𝜂𝐿 𝜂𝑀
𝑉𝐼

𝑉𝑀
𝑉𝐿



 

 

𝐴𝐿 =
𝑉𝐴𝐿
𝑉𝐿

𝑅𝐿 =
𝑉𝑅𝐿
𝑉𝐿


𝐴𝐿

𝑉𝐴𝐿

𝑅𝐿

𝑉𝑅𝐿

𝑞𝐿,𝑖𝑗 = βj 𝐿𝑗(�̅�𝑖𝑗)
𝑁

𝑞𝐿,𝑖𝑗  𝛽𝑗

𝐾𝑗 = 𝛽j 𝐿𝑗

�̅�𝑖𝑗 𝐿𝑗  

𝐾𝑗

𝛽

𝛽

𝛽



 

 

 

10−4 10−5


𝐴𝐿


𝑅𝐿


𝐿

𝑞𝐿,𝑖𝑗 = 𝐾𝑗(𝑃𝑖𝑗)
𝑁

𝑞𝐿,𝑖𝑗
𝑃𝑖𝑗

𝑃𝑖𝑗 = �̅�𝑖𝑗
𝐾𝑗

𝑉𝐿,𝑗 =∑(𝑞𝐿,𝑖𝑗𝑡

𝑖=𝑇

𝑖=1

) =∑(𝐾𝑗(𝑃𝑖𝑗)
𝑁𝑡)

𝑖=𝑇

𝑖=1

∆𝑡 𝑉𝐿,𝑗
𝐾𝑗

𝐾𝑗 =
𝑉𝐿,𝑗

∑ ((𝑃𝑖𝑗)
𝑁
· 𝑡 )  𝑖=𝑇

𝑖=1

𝐾𝑗

𝑉𝐿,𝑗)

𝑉𝐿,𝑗 = δ𝑗 𝑉𝐿 = δ𝑗 𝜂𝐿 𝑉𝐼



 

 

𝛿𝑗
𝛿𝑗

δ𝑗 =
𝐿𝑗

∑ (𝐿𝑗)
𝑗=𝑘
𝑗=1

δ𝑗 =
𝑉𝑇,𝑗

∑ (𝑉𝑇,𝑗)
𝑗=𝑚
𝑗=1

𝐿𝑗
𝑉𝑇,𝑗

𝑘𝑖 = 𝑘𝑖,0
𝑄𝑖,𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 − 𝑄𝑖,𝑙𝑒𝑎𝑘𝑎𝑔𝑒

𝑄𝑖,𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 − 𝑄𝑖,𝑙𝑒𝑎𝑘𝑎𝑔𝑒
𝐾𝑗 =

𝑉𝐿,𝑗

∑ ((𝑃𝑖𝑗)
𝑁
· 𝑡 )  𝑖=𝑇

𝑖=1

𝑘𝑖 𝑖 𝑘𝑖,0 𝑄𝑖,𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑,0
𝑄𝑖,𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑,0

𝑄𝑖,𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑,0 𝑖

𝑄𝑖,𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
𝑄𝑙𝑒𝑎𝑘𝑎𝑔𝑒,0̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ 𝑄𝑖,𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑,0

 



 

 

 

𝑃𝐵𝐼𝐴𝑆(%) =
∑ (𝑂𝑖 − 𝑃𝑖)
𝑁
𝑖=1

∑ 𝑂𝑖
𝑁
𝑖=1

· 100

𝑂𝑖 𝑃𝑖 𝑁

 

𝑀𝑅𝐷 =∑
|𝑂𝑖 − 𝑃𝑖|/𝑃𝑖

N

𝑁

𝑖=1

 

𝑅𝑀𝑆𝐸 = √
∑ [𝑂𝑖 − 𝑃𝑖]

2𝑁
𝑖=1

𝑁

 

𝑀𝐴𝐷 =∑
|𝑂𝑖 − 𝑃𝑖|

𝑁

𝑁

𝑖=1



 

 

(𝑬𝑻𝑱) γ𝑄𝑗(𝑧𝑜 − 𝑧𝑖) 

(𝑬𝑭𝑹𝑱) γ𝑄𝑗(𝑧𝑜 − (𝑧𝑗 + 𝑃𝑗) 

(𝑬𝑻𝑵𝑱) γ𝑄𝑗𝑃𝑚𝑖𝑛𝑗 

(𝑬𝑹𝑺𝑱) γ𝑄𝑗𝑃𝑚𝑖𝑛𝑆𝑗 

(𝑬𝑻𝑨𝑱) γ𝑄𝑗(𝑃𝑗 − 𝑃𝑚𝑖𝑛𝑗) 

(𝑬𝑻𝑹𝑱) γ𝑄𝑗(𝑃𝑗 −max (𝑃𝑚𝑖𝑛𝑗; 𝑃𝑚𝑖𝑛𝑆𝑗))

(𝑬𝑻𝑹𝒎𝒋) γ𝑄𝑗𝜂𝑖𝐻𝑖 

(𝐸𝑇𝐽)

(𝐸𝐹𝑅𝐽)

(𝐸𝑇𝑁𝐽)

(𝐸𝑅𝑆𝐽)

(𝐸𝑇𝐴𝐽)

(𝐸𝑇𝑅𝐽)

(𝐸𝑇𝑅𝑚𝑗) 𝑍𝑖

𝑍𝑜

γ 𝑄𝑗
𝑃𝑗 𝑃𝑚𝑖𝑛

𝐻𝑖
𝜂𝑖 𝑄𝑗



 

 

 

𝑂𝐹1 = 𝐸𝑇𝑅)
(𝑂𝐹2 = Δ𝑉𝐿) (𝑂𝐹3 =

𝐿𝐶𝑂𝐸).

OF3 =

𝐼𝐶0
𝑇 +∑

𝐴𝐶𝑖
𝑇

(1 + 𝑘)𝑖
𝑖=𝑇
𝑖=1

∑
𝐸𝑖
𝑇

(1 + 𝑘)𝑖
𝑖=𝑡
𝑖=1

𝐼𝐶0
𝑇

𝐴𝐶𝑖
𝑇

 𝑖 𝐸𝑖
𝑇  𝑖 𝑇

𝑘



 

 

(𝑇𝑖) (𝑇𝑓) (𝛼𝑐)

(𝐿0)

(𝜂𝑠𝑡)



 

 

 



 

 



 

 

 



 

 

𝛼

𝛽



 

 

 

𝑉 =
(𝑉𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 − 𝑉𝑟𝑒𝑔𝑖𝑠𝑡𝑒𝑟𝑒𝑑)

𝑉𝑟𝑒𝑔𝑖𝑠𝑡𝑒𝑟𝑒𝑑
· 100



 

 



 

 

 



 

 

𝑛𝑠𝑡
𝑁𝑚



 

 

 



 

 



 

 

 

𝛽𝐸)

𝛽𝐿𝐶𝑂𝐸)

𝛽𝐿

𝛽𝐿 = 0.92

𝛽𝐿𝐶𝑂𝐸 = 1.5

𝛽𝐸𝛽𝐿 𝛽𝐿𝐶𝑂𝐸



 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 

 



 

 

 



 

 

 

 

 

 

 



 

 

(𝐸𝑇𝑅) (𝛥𝑉𝐿)

α 𝛽

𝛽

α

𝛽 10−4 10−5



 

 

 

𝑸𝒍𝒆𝒂𝒌 = 𝑪𝒅𝑨√𝟐𝒈𝒉

𝑳𝑫𝑴𝑨 = 𝑸𝑴𝑵𝑭 −𝑸𝑳𝑵𝑪

𝑸 = 𝑸(𝒕𝑴𝑵𝑭) ∙ [
𝑷𝑨𝒁𝑷(𝒕)

𝑷𝑨𝒁𝑷(𝒕𝑴𝑵𝑭)
]
𝜶

𝒒𝒍𝒊 = 𝒄𝒊 ∙ 𝑷𝒊
𝜷

𝑸 = 𝑪𝒅𝒉𝑨𝒁𝑷
𝑵𝟏

 

𝑸 = 𝜷𝒌𝒍𝒌(𝑷𝒌)
𝜶𝒌 + 𝑪𝒌(𝑷𝒌)

𝟎.𝟓



 

 



 

 

 

𝜼𝒗 𝜼𝒗



 

 



 

 

 



 

 

𝑯𝑪𝑷 =
𝑯𝟎

𝑸𝟎
𝟐 𝑸

𝟐 = 𝒌𝑯,𝑨𝑳𝑸
𝟐



 

 

 

𝑄0, 𝐻0

𝑸𝟏

𝑸𝟎
=

𝒏𝟏

𝒏𝟎
= 𝜶

𝑯𝟏

𝑯𝟎
= (

𝒏𝟏

𝒏𝟎
)
𝟐
= 𝜶𝟐

𝜼𝟏

𝜼𝟎
= 𝟏

𝑷𝟏

𝑷𝟎
= (

𝒏𝟏

𝒏𝟎
)
𝟑
= 𝜶𝟑

𝑛1 𝑛0
𝑄1 𝑚3/𝑠

𝑛1 𝐻1
𝑄1 𝜂1 𝑄1

𝑞, ℎ, 𝑒 𝑦 𝑝)

𝒒 =
𝑸

𝑸𝟎

𝒉 =
𝑯

𝑯𝟎

𝒆 =
𝜼

𝜼𝟎

𝒑 =
𝑷

𝑷𝟎
= 𝒒𝒉𝒆

𝑞, ℎ, 𝑒 𝑦 𝑝

(α) 𝑄 𝑚3/𝑠

𝐻

α 𝜂

𝑄,𝐻 α 𝑃0 𝜂0

𝑛𝑠𝑡



 

 

𝒏𝒔𝒕 = 𝒏 ∙
√𝑸

𝑯
𝟑
𝟒

𝑞 𝑄

𝑚

𝑚

(𝑘𝑖)

𝑯 = 𝒌𝑯𝑸
𝟐

𝒌𝑯,𝑨𝑳 =
𝑯𝟎

𝑸𝟎
𝟐 = (𝑨𝒎

𝟐 +𝑩𝒎+𝑪) 𝒌𝑯,𝑴𝑶𝑨𝑳 =
𝒉

𝒒𝟐
 𝒌𝑯,𝑨𝑳

𝜼 = 𝒆𝜼𝟎

𝜼𝑨𝑳 = 𝜼𝟎 𝜼𝑴𝑶𝑨𝑳 = 𝒆 · 𝜼𝑨𝑳

𝑷 = 𝒌𝑷𝑸
𝟑

𝒌𝑷,𝑨𝑳 = 𝟗.𝟖𝟏 · 𝒌𝑯,𝑨𝑳 · 𝜼𝑨𝑳

𝒌𝑷,𝑨𝑳 =
𝑷𝟎
𝑸𝟎
𝟑

𝒌𝑷,𝑨𝑳 = (
𝑷𝟒
𝒎
+ 𝑷𝟑 +𝑷𝟐𝒎+𝑷𝟏𝒎

𝟐 +𝑷𝟓𝒎
𝟑)

𝒌𝑷,𝑴𝑶𝑨𝑳 =
𝒉𝒆

𝒒𝟐
𝒌𝑷,𝑨𝑳

𝒌𝑷,𝑴𝑶𝑨𝑳 =
𝒑

𝒒𝟑
𝒌𝑷,𝑨𝑳 =

𝒉𝒆

𝒒𝟐
𝒌𝑷,𝑨𝑳



 

 

 

𝑄𝐵𝐸𝐻𝛼𝑗 𝑄𝐵𝑃𝐻𝛼𝑗  
𝑄𝐵𝑃𝐹𝛼𝑗



 

 

(ℎ/𝑞2) 

(ℎ𝑒/𝑞2)

𝑭𝟏 𝑭𝟔

𝑵𝑷 = 𝜷𝟏 (𝜶
𝑸

𝑸𝑩𝑬𝑷
) + 𝜷𝟐 (

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

+ 𝜷𝟑 (
𝑸

𝑸𝑩𝑬𝑷
) + 𝜷𝟒𝜶

𝟐 + 𝜷𝟓𝜶 + 𝜷𝟔

𝑭𝟕 𝑭𝟏𝟎

𝑵𝑷 = (
𝑸

𝑸𝑩𝑬𝑷
)
𝜷𝟑

𝜶𝜷𝟓 · 𝒆𝒙𝒑𝜷𝟔

𝑭𝟏 𝑵𝑷 = 𝜷𝟒𝜶
𝟐 + 𝜷𝟓𝜶

𝑭𝟐 𝑵𝑷 = 𝜷𝟒𝜶
𝟐 +𝜷𝟓𝜶 + 𝜷𝟔

𝑭𝟑 𝑵𝑷 = 𝜷𝟐 (
𝑸

𝑸𝑩𝑬𝑷
)
𝟐

+𝜷𝟒𝜶
𝟐 +𝜷𝟓𝜶

𝑭𝟒 𝑵𝑷 = 𝜷𝟐 (
𝑸

𝑸𝑩𝑬𝑷
)
𝟐

+ 𝜷𝟒𝜶
𝟐 + 𝜷𝟓𝜶 + 𝜷𝟔

𝑭𝟓 𝑵𝑷 = 𝜷𝟏 (𝜶
𝑸

𝑸𝑩𝑬𝑷
) + 𝜷𝟐 (

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

+𝜷𝟑 (
𝑸

𝑸𝑩𝑬𝑷
) + 𝜷𝟒𝜶

𝟐 + 𝜷𝟓𝜶 

𝑭𝟔 𝑵𝑷 = 𝜷𝟏 (𝜶
𝑸

𝑸𝑩𝑬𝑷
) + 𝜷𝟐 (

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

+ 𝜷𝟑 (
𝑸

𝑸𝑩𝑬𝑷
) + 𝜷𝟒𝜶

𝟐 + 𝜷𝟓𝜶 + 𝜷𝟔 

𝑭𝟕 𝑵𝑷 = 𝜶𝜷𝟓 

𝑭𝟖 𝑵𝑷 = 𝜶𝜷𝟓 · 𝒆𝒙𝒑𝜷𝟔 

𝑭𝟗 𝑵𝑷 = (
𝑸

𝑸𝑩𝑬𝑷
)
𝜷𝟑

𝜶𝜷𝟓 

𝑭𝟏𝟎 𝑵𝑷 = (
𝑸

𝑸𝑩𝑬𝑷
)
𝜷𝟑

𝜶𝜷𝟓 · 𝒆𝒙𝒑𝜷𝟔 

𝒉/𝒒𝟐 𝒉𝒆/𝒒𝟐 

(ℎ/𝑞2)𝐹𝑜𝑟𝑚 

(ℎ𝑒/𝑞2)𝐹𝑜𝑟𝑚 𝐹𝑖



 

 

 

𝑹𝑴𝑺𝑬 = √
∑ [𝑶𝒊 − 𝑷𝒊]

𝟐𝒔
𝒊=𝟏

𝒔

 

𝑂𝑖

𝑃𝑖
𝑴𝑨𝑫 =∑

𝟏

𝐬
|𝑶𝒊 −𝑷𝒊|

𝒔

𝟏

𝑴𝑹𝑫 =∑
|𝑶𝒊 −𝑷𝒊|/𝑷𝒊

𝐬

𝒔

𝟏

𝑩𝑰𝑨𝑺 =
∑ [𝑶𝒊 −𝑷𝒊]
𝒔
𝒊=𝟏

𝒔

ℎ/𝑞2 ℎ𝑒/𝑞2

ℎ/𝑞2 ℎ𝑒/𝑞2

𝐹2
𝐹6

𝐹2
𝐹2 𝐹6
𝐹2 𝐹6



 

 

𝐹6

𝑭𝟏
𝒉

𝒒𝟐
= −𝟎.𝟓𝟏𝟐𝜶𝟐 + 𝟏. 𝟔𝟑𝜶 (𝑹𝟐 = 𝟎.𝟗𝟕𝟖)

𝒉𝒆

𝒒𝟐
= −𝟎.𝟖𝟐𝟔𝜶𝟐 + 𝟏. 𝟖𝟒𝟑𝜶 (𝑹𝟐 = 𝟎. 𝟗𝟕𝟗)

𝑭𝟐 
𝒉

𝒒𝟐
= 𝟏. 𝟎𝟒𝟖𝜶𝟐 − 𝟏.𝟒𝟖𝟕𝜶 + 𝟏. 𝟒𝟔𝟗 (𝑹𝟐 = 𝟎. 𝟕𝟑𝟖)

𝒉𝒆

𝒒𝟐
= −𝟎.𝟏𝟕𝟎𝟔𝜶𝟐 + 𝟎. 𝟓𝟑𝟑𝟔𝜶+ 𝟎. 𝟔𝟏𝟕 (𝑹𝟐 = 𝟎. 𝟏𝟓𝟏)

𝑭𝟑 

𝒉

𝒒𝟐
= −𝟎. 𝟐𝟑𝟓(

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

− 𝟎. 𝟓𝟏𝟗𝟔𝜶𝟐 + 𝟏.𝟕𝟖𝟗𝜶 (𝑹𝟐 = 𝟎. 𝟗𝟖𝟏)

𝒉𝒆

𝒒𝟐
= −𝟎.𝟎𝟐𝟒 (

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

− 𝟎. 𝟖𝟐𝟔𝜶𝟐 + 𝟏.𝟖𝟓𝟖𝜶 (𝑹𝟐 = 𝟎. 𝟗𝟕𝟗)

𝑭𝟒 

𝒉

𝒒𝟐
= −𝟎. 𝟏𝟏𝟑𝟗(

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

+ 𝟎. 𝟗𝟔𝟓𝜶𝟐 − 𝟏.𝟐𝟓𝟒𝜶 + 𝟏. 𝟑𝟗𝟓 (𝑹𝟐 = 𝟎. 𝟕𝟔𝟒)

𝒉𝒆

𝒒𝟐
= 𝟎. 𝟎𝟑𝟐(

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

− 𝟎. 𝟏𝟒𝟖𝜶𝟐 + 𝟎.𝟒𝟔𝟗𝜶 + 𝟎. 𝟔𝟑𝟕 (𝑹𝟐 = 𝟎. 𝟏𝟓𝟒)

𝑭𝟓 

𝒉

𝒒𝟐
= −𝟏.𝟓𝟎𝟖 (𝜶

𝑸

𝑸𝑩𝑬𝑷
) − 𝟎. 𝟒𝟕𝟏(

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

+ 𝟏. 𝟗𝟑(
𝑸

𝑸𝑩𝑬𝑷
) + 𝟎.𝟕𝟏𝟒𝜶𝟐 + 𝟎. 𝟑𝟒𝟐𝜶 

(𝑹𝟐 = 𝟎.𝟗𝟖𝟔)

𝒉𝒆

𝒒𝟐
= 𝟎.𝟓𝟑𝟐 (𝜶

𝑸

𝑸𝑩𝑬𝑷
) − 𝟎. 𝟖𝟐𝟖(

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

+ 𝟎.𝟕𝟓𝟕(
𝑸

𝑸𝑩𝑬𝑷
) − 𝟎.𝟕𝟓𝟕𝜶𝟐 + 𝟏. 𝟐𝟖𝟕𝜶

(𝑹𝟐 = 𝟎. 𝟗𝟖)
𝑭𝟔 

𝒉

𝒒𝟐
= −𝟎.𝟔𝟗 (𝜶

𝑸

𝑸𝑩𝑬𝑷
) + 𝟎. 𝟏𝟐𝟐(

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

+ 𝟎.𝟑𝟏𝟑 (
𝑸

𝑸𝑩𝑬𝑷
) + 𝟏.𝟐𝟐𝟐𝜶𝟐 − 𝟏. 𝟐𝟔𝟕𝜶 + 𝟏. 𝟐𝟗𝟒  

(𝑹𝟐 = 𝟎.𝟕𝟕𝟖)

𝒉𝒆

𝒒𝟐
= 𝟎.𝟗𝟗𝟑(𝜶

𝑸

𝑸𝑩𝑬𝑷
) − 𝟎. 𝟒𝟗𝟒(

𝑸

𝑸𝑩𝑬𝑷
)
𝟐

− 𝟎.𝟏𝟓𝟔(
𝑸

𝑸𝑩𝑬𝑷
) − 𝟎. 𝟒𝟕𝟏𝜶𝟐 + 𝟎. 𝟑𝟖𝜶 + 𝟎. 𝟕𝟑 

(𝑹𝟐 = 𝟎.𝟏𝟗𝟏)



 

 

 

ℎ/𝑞2

ℎ𝑒/𝑞2

𝐹6
ℎ/𝑞2

 

𝑭𝟕
𝒉

𝒒𝟐
= 𝜶𝟎.𝟐𝟏𝟒(𝑹𝟐 = 𝟎. 𝟐𝟎𝟕)

𝒉𝒆

𝒒𝟐
= 𝜶𝟎.𝟐𝟒𝟓(𝑹𝟐 = 𝟎.𝟏𝟕𝟓)

𝑭𝟖 
𝒉

𝒒𝟐
= 𝜶𝟎.𝟑𝟎𝟓 · 𝒆𝒙𝒑𝟎.𝟎𝟕𝟕(𝑹𝟐 = 𝟎. 𝟒𝟎𝟐)

𝒉𝒆

𝒒𝟐
= 𝜶𝟎.𝟐𝟎𝟐 · 𝒆𝒙𝒑−𝟎.𝟎𝟑𝟔(𝑹𝟐 = 𝟎. 𝟏𝟏𝟔)

𝑭𝟗 
𝒉

𝒒𝟐
= (

𝑸

𝑸𝑩𝑬𝑷
) −𝟎.𝟐𝟑𝜶𝟎.𝟒𝟓𝟏(𝑹𝟐 = 𝟎.𝟓𝟎𝟔)

𝒉𝒆

𝒒𝟐
= (

𝑸

𝑸𝑩𝑬𝑷
) 𝟎.𝟏𝟏𝜶𝟎.𝟏𝟑𝟐(𝑹𝟐 = 𝟎.𝟐𝟐)

𝑭𝟏𝟎 
𝒉

𝒒𝟐
= (

𝑸

𝑸𝑩𝑬𝑷
) −𝟎.𝟏𝟔𝟔𝜶𝟎.𝟒𝟐𝟐 · 𝒆𝒙𝒑𝟎.𝟎𝟑𝟐(𝑹𝟐 = 𝟎. 𝟒𝟕𝟖)

ℎ𝑒

𝑞2
= (

𝑄

𝑄𝐵𝐸𝑃
) 0.083𝛼0.143 · 𝑒𝑥𝑝−0.013(𝑅2 = 0.129)

 



 

 

ℎ/𝑞2

ℎ𝑒/𝑞2

ℎ𝑒/𝑞2

𝐹6
𝐹6

a 

b 

semejanza 

semejanza 



 

 

 

𝑄/𝑄𝐵𝐸𝑃



 

 

 

mca 

mca 

Curva Exp. Curva Exp. 



 

 

 



 

 

𝐾𝑗



 

 

 

𝜓1 = 𝐸𝑇𝑅)

(𝜓2 = 𝛥𝑉𝐿)

𝑛 = 2

𝑇𝑖 𝑇𝑓
α𝑐 𝐿0

𝑆𝑖 𝑛

𝑛 = 2 𝑛

𝑛 − 1

𝑆𝑓



 

 

 



 

 

 

 



 

 

(𝐸𝑇𝑅) (𝛥𝑉𝐿)



 

 

 

(𝐸𝑇𝑅) (𝛥𝑉𝐿)



 

 

𝐸𝑇𝑅
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𝐸𝑇𝑅)

(𝛥𝑉𝐿)



 

 



 

 

 

𝛼 

𝛽

10−5 10−4

 



 

 

(𝐸𝑇𝑅)

(𝛥𝑉𝐿)



 

 

 

(𝛽𝐸)

(𝛽𝐿𝐶𝑂𝐸)



 

 

𝛽𝐿

𝛽𝐿 = 0.92 𝛽𝐿𝐶𝑂𝐸 = 1.5

𝛽𝐸𝛽𝐿 𝛽𝐿𝐶𝑂𝐸

 

 



 

 

 

𝑘𝑊ℎ

𝑘𝑊ℎ/𝑚3

𝑘𝑊ℎ

𝑘𝑊ℎ

𝑘𝑊ℎ/𝑚3

𝑚3/𝑘𝑊

𝑘𝑔 𝐶𝑂2/𝑚
3

 



 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

𝑭𝟐

 𝑭𝟔
 𝑭𝟐

𝑭𝟔 𝑭𝟔

 

 

 𝒏𝒔𝒕



 

 

 

 



 

 

 



 

 

 

✓ 

✓ 

✓ 

✓ 

✓ 
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