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𝑄 = (𝐾 ∙ 𝑀)/𝐴



𝑃 =  9,81 ·  𝑄 ·  𝐻𝑛

𝑃 =  9,81 ·  𝑄 ·  𝐻𝑛 ·  𝑒
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𝑛1 =
60𝑓

𝑝
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 

Δ
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 



 

 α

 

 



ω

 

 

 ω Φ

𝐸0 = 𝑉 + 𝑗𝑋𝑠 ∙  𝐼





𝑉(%) =
𝑉0 − 𝑉

𝑉0
∗ 100
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𝑛1 =
60𝑓

𝑝
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o 
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 

𝑠 (%) =
(𝑛1 − 𝑛)

𝑛1 ∙ 100
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𝑃𝑔 =  𝑃𝑑 +  𝑃𝑐
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𝐷 =
𝜏

𝑇

τ





μ
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𝐼𝑏 ≤ 𝐼𝑛 ≤ 𝐼𝑧

 

 
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 

 

𝐼2 ≤ 1,45 𝐼𝑧

𝐼𝑐𝑐 𝑚í𝑛 > 𝐼𝑚

𝐼𝑐𝑐 𝑚í𝑛

𝐼𝑏 ≤ 𝐼𝑛 ≤ 𝐼𝑧



𝐼𝑐𝑐 =
𝑘 ∙ 𝑆

√𝑡

𝐼𝑐𝑐 𝑚í𝑛 > 𝐼𝑚

𝐼2 = 𝐼𝑓 = 1,6 𝐼𝑛



𝐼𝐷 =
𝑈0

𝑅𝑇







𝐼𝑏 ≤ 𝐼𝑛 ≤ 𝐼𝑧

𝐼𝑑 =
𝑈𝑜

𝑅𝐴 +  𝑅𝐵



𝑅 =
2𝜌

𝐿

𝑅 =
2𝜌

𝐿

1

𝑅𝑇
= ∑

1

𝑅𝑒



𝐼𝑛 =
𝑃

𝑈𝑓 ∙ 𝑐𝑜𝑠𝜑

𝐼𝑛 =
𝑃

√3 ∙ 𝑈𝑓 ∙ 𝑐𝑜𝑠𝜑

U R I cos X I sen        
IU 2 U   
IIIU 3 U   









𝑃 =  9,81 ·  𝑄 ·  𝐻𝑛  ·  𝑒𝐶𝑖𝑣𝑖𝑙 ∙ 𝑒𝑡𝑢𝑟𝑏𝑖𝑛𝑎 ∙ 𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑑𝑜𝑟 ∙ 𝑒𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑐𝑖ó𝑛
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𝑃 =  9,81 ·  10 ·  60 ·  0,9 ∙ 0,9 ∙ 0,8 ∙ 0,9 = 3433 𝑊 
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𝑃𝑛 = 𝑈𝑛 ∙ 𝐼𝑛 =
𝑈𝑛

2

𝑅𝑠
 → 𝑅𝑠 =

𝑈𝑛
2

𝑃𝑛

𝑅𝑠 =
2302

5000
= 10,6 Ω

𝑘1 = (𝐼
𝐼𝑛

⁄ )

𝑑𝜔

𝑑𝑡
=

𝜋𝑓

𝐻
(𝑃𝑚 − 𝑃𝑒)



𝑘𝑓 = (
𝑓𝑛

𝑓⁄ )

𝑂𝐶𝑅4𝐴 = 𝑘1 ∙ 𝑘𝑓 = (𝐼
𝐼𝑛

⁄ ) ∙ (
𝑓𝑛

𝑓⁄ )
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𝑇 =
1

𝑓𝑜𝑠𝑐
∙ 2 ∙ 𝑃𝑆 ∙ 𝑇𝐶𝑁𝑇

𝑇𝐶𝑁𝑇 = (1 + 𝑂𝐶𝑅4𝐴)

𝑇 =
1

16 ∙ 106
∙ 2 ∙ 1 ∙ 16000 = 0,002 𝑠 = 2 𝑚𝑠



𝑇 =
1

𝑓𝑜𝑠𝑐
∙ 2 ∙ 𝑃𝑆 ∙ 𝐼𝐶𝑅3



𝑇 =
1

16 ∙ 106
∙ 2 ∙ 8 ∙ 200 = 0,002 𝑠 = 2 𝑚𝑠











𝑉 = 𝑚𝐼 + 2,5

𝐼 =
𝑉 − 2,5

𝑚



𝑠𝑒𝑛𝑠𝑖𝑏𝑖𝑙𝑖𝑑𝑎𝑑 =  
𝑉2 − 𝑉1

𝐼2 − 𝐼1
=

4,19 − 2,27

21,7 − 0
= 0,088 V/A















𝑇𝐶𝑁𝑇5 =  
100 ∙ 1000 𝐻𝑧 

2000 𝑚𝑠 ∙ 1 𝑚𝑠
= 50 𝐻𝑧

𝑅 =
2302

5000
3⁄

≅ 32 Ω

𝑂𝐶𝑅3𝐴 = 𝑘1 ∙ 𝑘𝑓 = (
𝐼1

𝐼𝑛
⁄ ) ∙ (

𝑓𝑛
𝑓⁄ )

𝑂𝐶𝑅3𝐵 = 𝑘2 ∙ 𝑘𝑓 = (
𝐼2

𝐼𝑛
⁄ ) ∙ (

𝑓𝑛
𝑓⁄ )



𝑂𝐶𝑅3𝐶 = 𝑘3 ∙ 𝑘𝑓 = (
𝐼3

𝐼𝑛
⁄ ) ∙ (

𝑓𝑛
𝑓⁄ )









𝐼 =
𝑉 − 2,5

𝑚



𝑃 = 3 ∗ 𝑉1𝑛 ∗ 𝐼1 ∗ cos𝜑 = 3 ∗ 230 ∗ 9 ∗ 0,8 = 5000 𝑊

𝑃 = 3 ∗ 230 ∗ 7,2 = 5000 𝑊

𝑃 = 3 ∗
2302

𝑅1
= 5000 𝑊 → 𝑅1 = 3 ∗

2302

5000
≅ 32Ω

𝑠𝑒𝑛𝑠𝑖𝑏𝑖𝑙𝑖𝑑𝑎𝑑 =  
𝑉2 − 𝑉1

𝐼2 − 𝐼1
=

3,2 − 2,27

7,12 − 0
= 0,129 V/A







𝑇𝐶𝑁𝑇5 =  
100 ∙ 1000 𝐻𝑧 

2000 𝑚𝑠 ∙ 1 𝑚𝑠
= 50 𝐻𝑧







𝑉𝐿𝐶 =  
3√3𝑉0

2𝜋



𝑉𝐿𝐶 =  
3√3 ∙ 230√2

2𝜋
= 269 𝑉

𝐼𝐿𝐶 =  
3√3

2𝜋 ∙ 𝑅𝐿

∙ 𝑉0 =  
3√3

2𝜋 ∙ 11
∙ 230√2 = 24 𝐴

 

𝑂𝐶𝑅3𝐵 = 𝑘1 ∙ 𝑘𝑓 = (
𝐼1

𝐼𝑛
⁄ ) ∙ (

𝑓𝑛
𝑓⁄

 

𝑂𝐶𝑅3𝐵 = 𝑘2 ∙ 𝑘𝑓 = (
𝐼1

𝐼𝑛
⁄ ) ∙ (

𝑓𝑛
𝑓⁄ )

 

𝑂𝐶𝑅3𝐵 = 𝑘3 ∙ 𝑘𝑓 = (
𝐼1

𝐼𝑛
⁄ ) ∙ (

𝑓𝑛
𝑓⁄ )















𝑇𝐶𝑁𝑇5 =  
100 ∙ 1000 𝐻𝑧 

2000 𝑚𝑠 ∙ 1 𝑚𝑠
= 50 𝐻𝑧
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𝜂𝑜𝑏𝑡𝑒𝑛𝑖𝑑𝑜 𝜂𝑒𝑙𝑒𝑐 𝜂𝑡𝑜𝑡𝑎𝑙 𝜂𝑚 · 𝜂𝑣







𝑉𝑟 =
∆𝑄

𝐶
=

𝐼𝐿𝐶 ∗ 𝑡𝑑

𝐶
=

𝐼𝐿𝐶 ∙ 𝑇
2⁄

𝐶
=

𝐼𝐿𝐶

2𝑓𝐶

Δ

12√2 − 10 =
100 

2 ∙ 50 ∙ 𝐶
→ 𝐶 =

0,1

2 ∙ 50 ∙ (12√2 − 10)
= 143 𝜇𝐹

𝑆𝑚𝑖𝑛 = 12 ∙ 0,1 = 1,2 𝑉𝐴



𝑉𝑟 =
𝐼𝐿𝐶

2𝑓𝐶
→ 𝐶 =

𝐼𝐿𝐶

2𝑓𝑉𝑟

𝐶 =
0,0065

2 ∙ 50 ∙ (12√2 − 12)
= 8,1 𝜇𝐹

𝑉𝑚𝑖𝑛 − 5,1

𝑅
> 𝐼𝑧𝑚𝑖𝑛

𝑉𝑚𝑎𝑥 − 5,1

𝑅
< 𝐼𝑧𝑚𝑎𝑥

12 − 5,1

𝑅
> 1 → 𝑅𝑚𝑎𝑥  = 6,9 𝑘Ω

15 − 5,1

𝑅
< 930 →  𝑅𝑚𝑖𝑛 = 0,01 𝑘Ω

𝑆𝑚𝑖𝑛 = 12 ∙ 0,0065 = 0,078 𝑉𝐴



𝑠𝑒𝑛𝑠𝑖𝑏𝑖𝑙𝑖𝑑𝑎𝑑 =  
𝑉2 − 𝑉1

𝐼2 − 𝐼1
=

4,19 − 2,27

21,7 − 0
= 0,088 V/A

𝑅1 =
𝑉𝑜𝑢𝑡 − 𝑉𝑓

𝐼𝑓



𝑅1 =
12 𝑉 − 1,4 𝑉

25 𝑚𝐴
≅ 0,424 𝑘Ω

𝐼𝑓 =
12 𝑉 − 1,4 𝑉

0,47 𝑘Ω
= 22,5 𝑚𝐴

𝑆𝑚𝑖𝑛 = 12 ∙ 0,0225 = 0,27 𝑉𝐴

𝐼𝐹𝐴𝑉 = 1,5 ∙  𝐼𝐷𝐶 = 1,5 ∙ 21,7 = 32,55 𝐴

𝑈𝑅𝑅𝑀 = 2 ∙  𝑃𝐼𝑉 = 2 ∙ 230√2 = 650 𝑉



𝑉𝑟 =
𝐼𝐿𝐶

2𝑓𝐶
→ 𝐶 =

𝐼𝐿𝐶

2𝑓𝑉𝑟

𝐶 =
2,3

2 ∙ 50 ∙ (230√2 − 30)
= 77 𝜇𝐹

𝑉𝑚𝑖𝑛 − 5,1

𝑅
> 𝐼𝑧𝑚𝑖𝑛

𝑉𝑚𝑎𝑥 − 5,1

𝑅
< 𝐼𝑧𝑚𝑎𝑥

230 − 20

𝑅
> 1 → 𝑅𝑚𝑎𝑥  = 210 𝑘Ω

230 − 20

𝑅
< 930 →  𝑅𝑚𝑖𝑛 = 0,22 𝑘Ω



𝐶 =
𝐼𝐿𝐶

2𝑓𝑉𝑟

𝐶 =
0,2

2 ∙ 50 ∙ (12√2 − 10)
= 287 𝜇𝐹

𝑠𝑒𝑛𝑠𝑖𝑏𝑖𝑙𝑖𝑑𝑎𝑑 =  
𝑉2 − 𝑉1

𝐼2 − 𝐼1
=

3,2 − 2,27

7,12 − 0
= 0,129 V/A



𝐼𝐹𝐴𝑉 = 1,5 ∙  𝐼𝐷𝐶 = 1,5 ∙ 7,2 = 10,8 𝐴

𝑈𝑅𝑅𝑀 = 2 ∙  𝑃𝐼𝑉 = 2 ∙ 230√2 = 650 𝑉



𝑉𝐿𝐶 =  
3√3𝑉0

2𝜋

𝑉𝐿𝐶 =  
3√3 ∙ 230√2

2𝜋
= 269 𝑉

𝐼𝐿𝐶 =  
3√3

2𝜋 ∙ 𝑅𝐿

∙ 𝑉0 =  
3√3

2𝜋 ∙ 11
∙ 230√2 = 24 𝐴

𝐼𝐹𝐴𝑉 = 1,5 ∙  𝐼𝐷𝐶 = 1,5 ∙
24

3
= 12 𝐴

𝑈𝑅𝑅𝑀 = √3 ∙  𝑃𝐼𝑉 = √3 ∙ 230√2 = 563,38 𝑉
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