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 ܲܨ =   cos(߮)((√1 + (2(𝐷௏ܪܶ) ⋅ (√1 + ((2(𝐷ூܪܶ)
φ o angulo de defasagem 

𝐷௏ܪܶ   =   √∑ ( ௘ܸ௙௞)2௡௞=2ܸ௘௙

𝐷ூܪܶ   =   √∑ ௘௙ܫ2௡௞=2(௘௙௞ܫ)
φ, THD
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• 𝐷௖1 𝐷௖2 𝐷௖



௅ܸ1 = ௜ܸ௡ ,      ݀݅௅1݀ݐ = ௜ܸ௡1ܮ
௅ܸ2 = ௜ܸ௡ ,      ݀݅௅2݀ݐ = ௜ܸ௡2ܮ

௢ܸ >௜ܸ௡

௅ܸ2 = ௜ܸ௡ − ௢ܸ,   ௅ܸ1 = ௜ܸ௡



௅ܸ1 = ௜ܸ௡ − ௢ܸ,   ௅ܸ2 = ௜ܸ௡



௅ܸ = ௜ܸ௡ − ௢ܸ,
݀݅௅1݀ݐ = ݀݅௅2݀ݐ = ௜ܸ௡ − ௢ܸܮ



.߱)௜௡ݒ (ݐ = ௜ܸ௣௞. .߱)݊݁ݏ ߚ(ݐ = ௢ܸ௜ܸ௣௞

௢ܸݒ௜௡(߱. (ݐ = 11 − ݀(߱. .߱)݀(ݐ (ݐ = 1 − ௜ܸ௣௞௢ܸ  . .߱)݊݁ݏ (ݐ



݀(߱. (ݐ = 1 − ߚ1  . .߱)݊݁ݏ (ݐ

𝐷௠á௫ = 1𝐷௠௜௡ = 1 − ߚ1

               
        

   

   

   

   

   

   

   

   

 

    







ݐ݀ݔ݀ ≈ ௞ݔ − ௞−1ܶݔ = ݂݇



= ݏ ݖ  − ܶ  . ݖ1

ݐ݀ݔ݀ ≈ ௞+1ݔ − ௞ܶݔ

ݏ = ݖ − 1ܶ



ݏ = 2ܶ ݖ  − ݖ1 + 1



௢ܸ ௜ܸ௘௙௢݂ܲ ௥ ௦݂ΔΔ 𝑁௜

௜ܸ௣௞  = √2 ⋅ 220  = 311,127 ܸ



௜௘௙ܫ = ௢ܲ௜ܸ௘௙ = ܣ 22,727

௜௣௞ܫ = √2 ⋅ ௜௘௙ܫ = ܣ 31,141

ைܫ = ௢ܸܲ௢ = ܣ 12,5

ܴ௢ = ௢ܸ2
௢ܲ = 32 Ω

Δܫ = Δܫ% ⋅ ௜௣௞ܫ = ܣ 6.248

Δܸ = Δܸ% ⋅ ௢ܸ = 4 ܸ



β = ௢ܸ௥ܸ௙௔௦௘௣௞ = 1,286
𝐷௕௠௜௡ = 1 − 1β = 0,222

௕ܮ

௕ܮ = ௢ܸ4 ⋅ Δܫ௅ ⋅ ௦݂ = ܪߤ 622,254

௅஻_௠௔௫ܫ = ௥௙௔௦௘௣௞𝑁௜ܫ + Δܫ௅2 = ܣ 17,678

௅௕௘௙ܫ = ௥௙௔௦௘௘௙𝑁௜ܫ = ܣ 11,364



௢ܥ = ௢ܲ2 ⋅ ߨ ⋅ ௥݂ ⋅ Δ ௢ܸ ⋅ ௢ܸ =  ܨߤ 8289,32

஼ܸ௢௠௔௫ = ௢ܸ + Δ ௢ܸ2 = 402 ܸ 

஼௢௘௙ܫ = ܣ 10,45

ௌܸ௕௠௔௫ = ௢ܸ = 400 ܸ



ௌ௕௠௔௫ܫ = ௅௕௠௔௫ܫ = ܣ 17,678

ௌ௕௠௘ௗܫ = ௌ௕௠௔௫ܫ ⋅ ߨ2) − ௥ܸ௙௔௦௘௣௞2 ⋅ ௢ܸ ) = ܣ 4,379

ௌ௕௘௙ܫ = ௌ௕௠௔௫ܫ ⋅ √12 − 4 ⋅ ௥ܸ௙௔௦௘௣௞3 ⋅ ߨ ⋅ ௢ܸ = ܣ 7,286

஽ܸ஻_௠௔௫  =  ௢ܸ  =  400 ܸ

஽஻_௠௔௫ܫ = ௅஻_௠௔௫ܫ = ܣ 17,678



஽஻_௠௘ௗܫ = . ஽஻_௠௔௫ܫ  ௜ܸ௣௞2 .  ௢ܸ  = ܣ 6,875 

஽஻_௘௙ܫ = ஽஻_௠௔௫ܫ  . √4. ௜ܸ௣௞3 . ௢ܸ  =  ܣ 10,157

𝐺௜ = ௢ܸܮ௜ ⋅ ݏ = 400622.254 ⋅ 10−6 ⋅ ݏ = 6.248 ⋅ ݏ105

݇௜ = ௜ܸೝ೐೑ܫ௜೛ೖ = 0,075



݇௉ௐெ = 1
௖݂௜ = ௭݂௜ݖܪ݇ 6,25 = ݖܪ 600

(ݏ)௜ܪ = ݇ு௜ ݏ + ߨ2 ௭݂௜ݏ
݇ு௜ = 0,814

(ݏ)௜ܪ = 0,814 ݏ + 3,77 ∗ ݏ103

𝐺௩(ݏ) = ௜ܸ೛ೖ2 ௢ܸܴ௢(1 + ܴ௢ܥ௢ݏ)
௢ܥ ݇௩௖݂௩

௭݂௩



(ݏ)௩ܪ = ݇ுೡ ݏ + ߨ2 ௭݂௩ݏ

݇ுೡ = 20,28

(ݏ)௩ܪ = 20,28 ݏ + ݏ18,85



௔ܶ௜ = 12 ௦݂ = 10 µݏ

݇௣௜ = ݇ு௜ = 0,814

݇௜௜ = ߨ2 ∗ ௭݂௜ ∗ ݇௣௜ = 3,07 ∗ 103 ݏ1



݇௣௜௭ = ݇௣௜ = 0,814݇௜௜௭ = ݇௜௜ ∗ ௔ܶ௜2 = 0,015



௔ܶ௩ = 1݂௦ = 20 µݏ
݇௣௩ = ℎ௩ܪ = 20,281

݇௜௩ = ߨ2 ∗ ௭݂௩ ∗ ݇௣௩ = ݏ1 382,295
݇௣௩௭ ݇௜௩௭

݇௣௩௭ = ݇௣௩ = 20,281
݇௜௩௭ = ݇௜௩ ∗ ௔ܶ௩2 = 0,00382



௣ݑ = ݇௣݁
௜ݑ = ݇௜ ௦ܶ2 ݖ + ݖ1 − 1 ݁

ݖ)௜ݑ − 1) = ݖ) + 1) ݇௜ ௦ܶ2 ݁
௜(1ݑ − (1−ݖ = (1 + (1−ݖ ݇௜ ௦ܶ2 ݁
௜ݑ = 1−ݖ௜ݑ + (1 + (1−ݖ ݇௜ ௦ܶ2 ݁

[݇]ݑ = ݇]ݑ − 1] + ݇௣(݁[݇] − ݁[݇ − 1]) + ݇௜ ௦ܶ2 (݁[݇] + ݁[݇ − 1])

݇௣௜௭ = ݇௣௜ = 0,814
݇௜௜௭ = ݇௜௜ ∗  ௔ܶ௜ = 0,031



݇௣௩௭ = ݇௣௩ = 20,281
݇௜௩௭ = ݇௜௩ ∗  ௔ܶ௩ = 0,00765

௣ݑ = ݇௣݁
௜ݑ = ݇௜ ௦ܶ ݖݖ − 1 ݁

ݖ)௜ݑ − 1) = ݇௜ ௦ܶ݁ݖ
௜ݑ = 1−ݖ௜ݑ + ݇௜ ௦ܶ݁

[݇]ݑ = ݇]ݑ − 1] + ݇௣(݁[݇] − ݁[݇ − 1]) + ݇௜ ௦ܶ݁[݇]



௣ݑ = ݇௣݁
௜ݑ = ݇௜ ௦ܶ 11−ݖ − 1−ݖ ݁

௜(1ݑ − (1−ݖ = ݇௜ ௦ܶ1݁−ݖ 
௜ݑ = 1−ݖ௜ݑ + ݇௜ ௦ܶ݁1−ݖ

[݇]ݑ = ݇]ݑ − 1] + ݇௣(݁[݇] − ݁[݇ − 1]) + ݇௜ ௦ܶ݁[݇ − 1]
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