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𝑀 = log
𝐴

𝑇
+ 𝐹(𝐷, ℎ) + 𝐶

𝑀

3,18
+

𝑙𝑜𝑔ℎ

1,72
+

𝑙0

3,63
= 1





𝑝 =  100 ∙ [1 − (1 −
1

𝑇𝑝𝑜𝑣
)

𝑡𝑟𝑒𝑓

]
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𝐹𝑆 =
𝐶𝑅𝑅7.5𝑀𝑆𝐹

𝐶𝑆𝑅
𝐾𝜎𝐾𝛼

Kσ

Kα

 

𝜏𝑎𝑣

𝜎𝑣
′



𝐶𝑆𝑅 =
𝜏𝑎𝑣

𝜎𝑣
′

= 0.65 (
𝑎𝑚𝑎𝑥

𝑔
) (

𝜎𝑣

𝜎𝑣
′
) 𝑟𝑑,

𝜎𝑣

𝜎𝑣′

• 

• 

• 

• 

• 

• 

• 

𝑟𝑑 = 1.0 − 0.00765𝑧, 𝑧𝑎 𝑧 ≤ 9.15 𝑚

• 

ln (𝑟𝑑) = 𝛼(𝑧) + 𝛽(𝑧)𝑀𝑤



𝛼(𝑧) =  −1.012 − 1.126 sin (
𝑧

11.73
+ 5.133)

𝛽(𝑧) = 0.106 + 0.118𝑠𝑖𝑛 (
𝑧

11.28
+ 5.142),

≤

• 

𝑟𝑑 = 1.0 − 0.012𝑧,

• 

𝑟𝑑(𝑧, 𝑀𝑤, 𝑎𝑚𝑎𝑥, 𝑉𝑠,12𝑚
∗ ) =

[1 +
−23.013 − 2.949𝑎𝑚𝑎𝑥 + 0.999𝑀𝑤 + 0.0525𝑉𝑠,12𝑚

∗

16.258 + 0.201ⅇ0.341(−𝑑+0.0785𝑉𝑠,12𝑚
∗ +7.586) ]

[1 +
−23.013 − 2.949𝑎𝑚𝑎𝑥 + 0.999𝑀𝑤 + 0.0525𝑉𝑠,12𝑚

∗

16.258 + 0.201ⅇ0.341(0.0785𝑉𝑠,12𝑚
∗ +7.586) ]

± 𝜎𝜖𝑟𝑑

𝑟𝑑(𝑧, 𝑀𝑤, 𝑎𝑚𝑎𝑥 , 𝑉𝑠,12𝑚
∗ ) =

[1 +
−23.013 − 2.949𝑎𝑚𝑎𝑥 + 0.999𝑀𝑤 + 0.0525𝑉𝑠,12𝑚

∗

16.258 + 0.201ⅇ0.341(−𝑑+0.0785𝑉𝑠,12𝑚
∗ +7.586)

]

[1 +
−23.013 − 2.949𝑎𝑚𝑎𝑥 + 0.999𝑀𝑤 + 0.0525𝑉𝑠,12𝑚

∗

16.258 + 0.201ⅇ0.341(0.0785𝑉𝑠,12𝑚
∗ +7.586)

]

−0.0046(𝑧 − 20) ± 𝜎𝜖𝑟𝑑

≥

𝜎𝜖𝑟𝑑
(𝑧) = 0.0198 ∗ 𝑧0.85



𝜎𝜖𝑟𝑑
(𝑧) = 0.0198 ∗ 120.85 ≥

𝜎𝜖𝑟𝑑

- 

- 

- 

• 

𝑟𝑑 = 1.0 − 0.00765𝑧, ≤ 

𝑟𝑑 = 1.174 − 0.0267𝑧, ≤ 



 

• 

• 

• 

• 

• 

• 

• 

• 

𝑀𝑆𝐹 = 2.5 − 0.2𝑀

• 

𝑀𝑆𝐹 = 6.9ⅇ(−
𝑀
4

) − 0.058 ≤ 1.8 

• 

𝑀𝑆𝐹 = 1 + (𝑀𝑆𝐹𝑚𝑎𝑥 − 1) (8.64ⅇ(−
𝑀
4

) − 1.325)

 𝑀𝑆𝐹𝑚𝑎𝑥 = 1.09 + (
𝑞𝐶1𝑁𝑐𝑠

180
)

3

 ≤ 2.2

 𝑀𝑆𝐹𝑚𝑎𝑥 = 1.09 + (
(𝑁1)60𝐶𝑆

31.5
)

2

 ≤ 2.2



• 

𝑀𝑆𝐹 = (
𝑀𝑤

7.5
)

−3.3

• 

ln (
𝑃𝐿

1 − 𝑃𝐿
) = −7.0351 + 2.1738𝑀𝑤 − 0.2678(𝑁1)60𝑐𝑠 + 3.0265ln (𝐶𝑅𝑅)

 𝑧𝑎 𝑃𝐿 < 20%, 𝑀𝑆𝐹 =
103.81

𝑀4.53
 𝑧𝑎 𝑀𝑤 < 7

𝑧𝑎 𝑃𝐿 < 32%, 𝑀𝑆𝐹 =
103.74

𝑀4.33
 𝑧𝑎 𝑀𝑤 < 7

𝑧𝑎 𝑃𝐿 < 50%, 𝑀𝑆𝐹 =
104.21

𝑀4.81
 𝑧𝑎 𝑀𝑤 < 7.75

𝑧𝑎 𝑀𝑤 ≥ 7.5 𝑀𝑆𝐹 =
102.24

𝑀𝑤
2.56

• 

𝑀𝑆𝐹 = (
7.5

𝑀𝑤
)

2.217

• 

𝑀𝑆𝐹 =
102.24

𝑀2.56



 

 

• 

• 

• 

• 

• 

• 



 

𝑁60 = 𝑁𝐶𝑅𝐶𝑆𝐶𝐵𝐶𝐸

𝑁60 = 𝑁𝑖𝑧𝑚𝑗𝑒𝑟𝑒𝑛𝑜

𝐸𝑓

60

(𝑁1)60 = 𝑁60𝐶𝑁 



• 

• 

• 

• 

• 

• 

• 

𝐶𝑁 = (
𝑝𝑎

𝜎𝑣𝑜
′

)
0,5

• 

𝐶𝑁 =
4

1+2𝜎𝑣𝑜
′ 𝜎𝑣𝑜

′ ≤ 1.5

𝐶𝑁 =
4

3.25 + 0.5𝜎𝑣𝑜
′

;  𝑧𝑎 𝜎𝑣𝑜
′ >  1.5

𝐶𝑁 ≤ 2.0,  𝜎𝑣𝑜
′ [𝑘𝑠𝑓]

• 

𝐶𝑁 = (
𝑝𝑎

𝜎𝑣𝑜
′ )

0.784−0.0768√(N1)60

≤ 1.7

(𝑁1)60 ≤ 46 

• 

𝐶𝑁 = 0.77𝑙𝑜𝑔 (
2000

𝜎𝑣𝑜
′

)

𝜎𝑣𝑜
′ ≤  282 𝑘𝑃𝑎 



• 

𝐶𝑁 =
2.2

1.2+ 
𝜎𝑣𝑜

′

𝑝𝑎

≤ 1.7 

• 

𝐶𝐸 =
𝐸𝑅𝑚

60
 

• 



• 

• 

• 

• 

• 



• 

≤
𝑁1,60

100
≤ ≤

≥



 

𝐶𝑅𝑅 = 𝐶𝑅𝑅7.5𝑀𝑆𝐹 

• 

• 

• 

• 

• 

• 

• 

• 



• 



• 

 SAD 

 



𝐶𝑅𝑅7.5 =
1

34 − (𝑁1)60𝑐𝑠
+  

(𝑁1)60𝑐𝑠

135
+  

50

[10(𝑁1)60𝑐𝑠 + 45]2
−  

1

200
 

(𝑁1)60𝑐𝑠

• 

𝐶𝑅𝑅7.5,𝜎=1 = ⅇ
(𝑁1)60𝑐𝑠

14.1
+(

(𝑁1)60𝑐𝑠
126

)
2

−(
(𝑁1)60𝑐𝑠

23.6
)

3

+(
(𝑁1)60𝑐𝑠

25.4
)

4

−2.8
 

• 

𝐶𝑅𝑅((𝑁1)60, 𝑀𝑤 , 𝜎′
𝑣, 𝐹𝐶, 𝑃𝐿)  

= ⅇ

[
(𝑁1)60(1+0.004𝐹𝐶)−29.53 ln(𝑀𝑤)−3.70 ln(

𝜎′
𝑣

𝑃𝑎
)+ 0.005𝐹𝐶+16.85+2.70𝜙−1(𝑃𝐿)

13.32
]

 

• 

𝜎′
𝑣

𝐶𝑅𝑅𝑀=7.5,𝜎=1 = 0.0882√
(𝑁1)60𝑐𝑠

𝜎𝑣
′+0.7

+ 0.255 log (
0.35

𝐷50
) + 𝑅3

≤

𝐶𝑅𝑅𝑀=7.5,𝜎=1 = 0.082√
(𝑁1)60𝑐𝑠

𝜎𝑣
′+0.7

− 0.05

≤

≥

• 



𝑃𝐿((𝑁1)60, 𝐶𝑆𝑅𝑒𝑞 , 𝑀𝑤, 𝜎′
𝑣, 𝐹𝐶)  

= ϕ (
(𝑁1)60(1 + 0.004𝐹𝐶) − 13.32 ln(𝐶𝑆𝑅𝑒𝑞) − 29.53 ln(𝑀𝑤) − 3.70 ln (

𝜎′
𝑣

𝑃𝑎
) + 0.05𝐹𝐶 + 16.85

2.7
) 

• 



 

• 

• 

• 

• 

• 

• 

𝑁1,60 = 41 ∗ 𝐷𝑅
  2 

• 

𝐷𝑅 = 0,9 ∗ (𝑁1,60 + 14 + 6.51 𝑙𝑜𝑔10𝐹𝐶) 

• 

𝐷𝑅 = 0,9 ∗ (𝑁1,60 + 14 + 6.51 𝑙𝑜𝑔10𝐹𝐶) 

• 

𝐷𝑅 = √
𝑁1,60

46
 

• 

𝐷𝑅 = 0.0676√𝑁1,60 + 0.085 𝑙𝑜𝑔10 (
0.5

𝐷50
) 



• 

• 

• 

• 

• 

(𝑁1)60𝑐𝑠 = (𝑁1)60 + 𝛥(𝑁1)60 

𝛥(𝑁1)60 = ⅇ
(1.63+

9.7
𝐹𝐶+0.01

−(
15.7

𝐹𝐶+0.01
)

2
)
 

• 

 (𝑁1)60𝑐𝑠 = 𝛼 + 𝛽(𝑁1)60

𝛼 = 0 𝐹𝐶 ≤ 5 %

𝛼 = ⅇ
(1.76−(

190

𝐹𝐶2))
5 % ≤  𝐹𝐶 ≤ 35 %

𝛼 = 𝐹𝐶 ≥ 35 %

𝛽 = 𝐹𝐶 ≤ 5 %

𝛽 = (0.99 − (
𝐹𝐶1.5

1000
)) 5 % <  𝐹𝐶 < 35 %

𝛽 = 𝐹𝐶 ≥ 35 %

• 

(𝑁1)60𝑐𝑠 = (𝑁1)60𝐶𝐹𝐼𝑁𝐸𝑆 

𝐶𝐹𝐼𝑁𝐸𝑆 = (1 + 0.0004𝐹𝐶) + 0.05 (
𝐹𝐶

𝑁1,60
)  𝑧𝑎 5 % ≤  𝐹𝐶 ≤ 35 % 



 𝐾𝜎

• 

• 

• 

• 

𝐾𝜎 = (
𝜎𝑣𝑜

′

𝑝𝑎
)

(f−1)

Kσ

𝜎𝑣
′

𝐾𝜎



• 

𝐾𝜎 = 1 − 𝐶𝜎𝑙𝑛 (
𝜎𝑣𝑜

′

𝑝𝑎
) ≤ 1.1

𝐶𝜎 =
1

(18.9 − 17.3𝐷𝑅)
≤ 0.3

𝐷𝑅 = √
(𝑁1)60𝑐𝑠

𝐶𝑑

Kσ

𝐾𝛼



 

𝐾𝛼

𝐾𝑎

𝐾𝛼 𝑎 𝑏 (
ξR

𝑐
)

𝑎 𝛼 𝛼 𝛼

𝑏 𝛼 𝛼

𝑐 𝛼 𝛼

𝜉𝑅
2.2𝑝𝑎

𝑄−𝑙𝑛(
100 𝑝′

𝑝𝑎
)

𝐷𝑅

𝛼

𝜉𝑅

P𝛼

𝛼



 

 

𝑞𝑐 =
𝑢𝑘𝑢𝑝𝑛𝑎 𝑎𝑘𝑠𝑖𝑗𝑎𝑙𝑛𝑎 𝑠𝑖𝑙𝑎 

𝑝𝑜𝑣𝑟š𝑖𝑛𝑎 𝑝𝑜𝑝𝑟ⅇč𝑛𝑜𝑔 𝑝𝑟ⅇ𝑠𝑗ⅇ𝑘𝑎
 

𝑓𝑠 =
𝑢𝑘𝑢𝑝𝑛𝑎 𝑠𝑖𝑙𝑎 𝑡𝑟ⅇ𝑛𝑗𝑎

𝑝𝑜𝑣𝑟š𝑖𝑛𝑎 𝑝𝑙𝑎š𝑡𝑎
 

 

• 

• 

• 

• 

• 

• 



• 

 

 𝑞𝑐1𝑁

 𝑞𝑐1𝑁𝑐𝑠

𝑞𝑐1𝑁𝑐𝑠 ≥ 160

𝐾𝑐 = 1 𝑧𝑎 𝐼𝐶 ≤ 1.64 

𝐾𝑐 = −0.403 𝐼𝑐
4 + 5.581𝐼𝑐

3 − 21.63𝐼𝑐
2 + 33.75 𝐼𝐶 − 17.88 𝑧𝑎 𝐼𝐶 > 1.64 

𝑞𝑐1𝑁𝑐𝑠 = 𝐾𝑐𝑞𝑐1𝑁 

 

𝐶𝑅𝑅7.5 = 0.833 (
𝑞𝑐1𝑁𝑐𝑠

1000
) + 0.05  𝑧𝑎 𝑞𝑐1𝑁𝑐𝑠 < 50 

𝐶𝑅𝑅7.5 = 93 (
𝑞𝑐1𝑁𝑐𝑠

1000
)

3

+ 0.08 𝑧𝑎 50 ≤ 𝑞𝑐1𝑁𝑐𝑠 < 160 

 

𝐼𝑐 = [(3 − log(𝑄))2 + (1.22 − log(𝐹))2]0.5, 

𝐹 = [
𝑓𝑠

𝑞𝑐 − 𝜎𝑣0
] ⋅ 100%

𝑄 = [
𝑞𝑐 − 𝜎𝑣0

𝑃𝑎
] ⋅ [(

𝑃𝑎

𝜎𝑣0′
)

𝑛

] 

 𝑄 = [
𝑞𝑐−𝜎𝑣0

𝑃𝑎
] ⋅ [(

𝑃𝑎

𝜎𝑣0′
)

𝑛

] 

 

 



 

 𝑞𝑐1𝑁

𝑞𝑐1𝑁 = 𝐶𝑄 (
𝑞𝑐

𝑃𝑎
) ≤ 254 

𝐶𝑄 = (
𝑃𝑎

𝜎𝑣0′
)

𝑛

≤ 1.7 

 

• 

 

 𝑞𝑐1𝑁

 𝑞𝑐1𝑁𝑐𝑠

𝑞𝑐1𝑁𝑐𝑠 ≥ 160

𝐾𝑐 = 0 𝑧𝑎 𝐹𝐶 ≤ 5% 

𝐾𝑐 = 0.0267(𝐹𝐶 − 5)𝑧𝑎 5 < 𝐼𝐶 < 35%

 𝐾𝑐 = 0.8 𝑧𝑎 𝐹𝐶 > 35%

𝛥𝑞𝑐1𝑁 =
𝐾𝑐

1 − 𝐾𝑐
𝑞𝑐1𝑁 

𝑞𝑐1𝑁𝑐𝑠 = 𝑞𝑐1𝑁 + 𝛥𝑞𝑐1𝑁 

 

𝐶𝑅𝑅7.5 = 0.833 (
𝑞𝑐1𝑁𝑐𝑠

1000
) + 0.05  𝑧𝑎 𝑞𝑐1𝑁𝑐𝑠 < 50 

𝐶𝑅𝑅7.5 = 93 (
𝑞𝑐1𝑁𝑐𝑠

1000
)

3

+ 0.08 𝑧𝑎 50 ≤ 𝑞𝑐1𝑁𝑐𝑠 < 160 



• 

 𝑞𝑐1𝑁

 

𝐶𝜎 =
1

37.3 − 8.27(𝑞𝑐1𝑁)0.264
, 𝑧𝑎 𝑞𝑐1𝑁 ≤ 211 

𝐾𝜎 = 1 −  𝐶𝜎ln (
𝜎𝑣0′

𝑃𝑎
) ≤ 1.0 

 𝑞𝑐1𝑁𝑐𝑠

𝛥𝑞𝑐1𝑁 = (5.4 +
𝑞𝑐1𝑁

16
) ⅇ𝑥𝑝 (1.63 +

9.7

𝐹𝐶 + 0.01
− (

15.7

𝐹𝐶 + 0.01
)

2

) 

𝑞𝑐1𝑁𝑐𝑠 = 𝑞𝑐1𝑁 + 𝛥𝑞𝑐1𝑁

  

𝐶𝑅𝑅𝑀=7.5,𝜎𝑉0
′ =1 = ⅇ𝑥𝑝 (

𝑞𝑐1𝑁𝑐𝑠

540
+ (

𝑞𝑐1𝑁𝑐𝑠

67
)

2

− (
𝑞𝑐1𝑁𝑐𝑠

80
)

3

+ (
𝑞𝑐1𝑁𝑐𝑠

80
)

4

− 3)  

𝑞𝑐1𝑁

 𝑞𝑐1𝑁

 𝑞𝑐1𝑁

𝑛 = 1.338 − 0.249(𝑞𝑐1𝑁)0.264  

• 

 

𝑞𝑡 = 𝑞𝑐 −  𝑢2(1 − 𝑎), 



𝑞𝑐𝑁 =
𝑞𝑡

𝑃𝑎
 

 𝑞𝑐1𝑁𝑐𝑠

𝐶𝑁 = (
𝑃𝑎

𝜎𝑣′
)

𝑚

≤ 1.7 

𝑚 = 1.338 − 0.249 (𝑞𝑐1𝑁𝑐𝑠)0.264

𝑞𝑐1𝑁 = 𝐶𝑁𝑞𝑐𝑁 

𝛥𝑞𝑐1𝑁 = (11.9 +
𝑞𝑐1𝑁

14.6
) ⅇ𝑥𝑝 (1.63 +

9.7

𝐹𝐶 + 2
− (

15.7

𝐹𝐶 + 2
)

2

) 

𝑞𝑐1𝑁𝑐𝑠 = 𝑞𝑐1𝑁 + 𝛥𝑞𝑐1𝑁 

 𝐾𝜎

𝐶𝜎 =
1

37.3 − 8.27(𝑞𝑐1𝑁)0.264
≤ 0.3 

𝐾𝜎 = 1 −  𝐶𝜎ln (
𝜎𝑣0′

𝑃𝑎
) ≤ 1.1 

 

𝐶𝑅𝑅𝑀=7.5,𝜎𝑉0
′ =1𝑎𝑡𝑚 = ⅇ𝑥𝑝 (

𝑞𝑐1𝑁𝑐𝑠

113
+ (

𝑞𝑐1𝑁𝑐𝑠

1000
)

2

− (
𝑞𝑐1𝑁𝑐𝑠

140
)

3

+ (
𝑞𝑐1𝑁𝑐𝑠

137
)

4

− 2.80)  

• 

 

𝑐 = 𝑓1 (
𝑅𝑓

𝑓3
)

𝑓2



𝑅𝑓 = 100 (
𝑓𝑠

𝑞𝑐 − 𝜎𝑣
)

𝑓1 = 𝑥1𝑞𝑐
𝑥2

𝑓2 = −(𝑦1𝑞𝑐
𝑦2 + 𝑦3)

𝑓3 = 𝑎𝑏𝑠(log(10 + 𝑞𝑐))𝑧1

𝑥1 = 0.78, 𝑥2 = −0.33, 𝑦1 = −0.32, 𝑦2 = −0.35, 𝑦3 = −0.49, 𝑧1 = 1.21

𝑞𝑐1 = 𝐶𝑞𝑞𝑐

𝐶𝑞 = (
𝑃𝑎

𝜎𝑣′
)

𝑐

≤ 1.7

 

𝐶𝑅𝑅

=  ⅇ
𝑞𝑐1

1.045+𝑞𝑐1(0.110𝑅𝑓)+(0.001𝑅𝑓)+𝑐(1+0.850𝑅𝑓)−0.848 ln(𝑀𝑤)−0.002 ln(𝜎𝑣
′)−20.923+1.632𝜙−1(𝑃𝐿)

7.177

 

• 

 

 

𝑃𝐿 = 𝜙−1 (
𝑞𝑐1

1.045 + 𝑞𝑐1(0.110𝑅𝑓) + (0.001𝑅𝑓) + 𝑐(1 + 0.850𝑅𝑓) − 7.177 ln(𝐶𝑆𝑅) − 0.848 ln(𝑀𝑤) − 0.002 ln(𝜎𝑣
′) − 20.923

7.177
)

 



 

 

 

• 

• 

• 

𝑣𝑠1 = 𝑣𝑠 (
𝑃𝑎

𝜎𝑣′
)

0.25

  

• 

 𝑣𝑠1𝑐𝑠

 

𝐶𝑅𝑅7.5 = 0.022 [
𝑣𝑠1𝑐𝑠

100
]

2

+ 2.8 [
1

215 − 𝑣𝑠1𝑐𝑠
−

1

215
]  



𝐾𝜎 = 1 − 𝐶𝜎𝑙𝑛 (
𝜎𝑣0′

𝑃𝑎
) ≤ 1.1 

𝐶𝜎 =
1

18.9 − 3.1 (
𝑣𝑠1𝑐𝑠

100 )
1.976 ≤ 0.3 

• 

 

𝐶𝑅𝑅 = 𝑎 (
𝑣𝑠1𝑐𝑠

100
)

2

+
𝑏

𝑣𝑠1𝑐 − 𝑣𝑠1
−

𝑏

𝑣𝑠1𝑐
 , 

𝑣𝑠1𝑐𝑠 = 220 𝑧𝑎 𝐹𝐶 < 5%

𝑣𝑠1𝑐𝑠 = 210 𝑧𝑎 𝐹𝐶 < 35%

𝑣𝑠1𝑐𝑠 = 200 𝑧𝑎 𝑜𝑠𝑡𝑎𝑙ⅇ 𝑣𝑟𝑖𝑗ⅇ𝑑𝑛𝑜𝑠𝑡𝑖 𝐹𝐶

 𝑣𝑠1𝑐𝑠 𝐾𝜎

• 

 𝑣𝑠1𝑐𝑠

𝑣𝑠1𝑐𝑠 =  𝐾𝑓𝑐𝑣𝑠1

𝐾𝑓𝑐 = 1 𝑧𝑎 𝐹𝐶 ≤ 5%

𝐾𝑓𝑐 = 1 + 𝑇(𝐹𝐶 − 5) 𝑧𝑎 5 <  𝐹𝐶 < 35%

𝐾𝑓𝑐 = 1 + 30𝑇 𝑧𝑎 𝐹𝐶 ≥ 35%

𝑇 = 0.009 − 0.0109 (
𝑣𝑠1

100
) + 0.0038 (

𝑣𝑠1

100
)

2

, 



 

𝑙𝑛 [
𝑃𝐿

1 − 𝑃𝐿
] = 14.8967 − 0.0611𝑣𝑠1𝑐𝑠 + 2.6418ln (𝐶𝑆𝑅) 

𝐾𝜎





 

 

 

• 

• 

• 

• 



 

 





 



 

 



 





 





 



 





 



 



 



 

 

 

 𝑲𝝈



𝐾𝜎

 𝑲𝜶
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