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𝑚 =
𝐼1𝑛

𝐼2𝑛
=

𝑁2

𝑁1

𝐼1𝑛 𝐼2𝑛

𝑁1 𝑁2

𝑖1

𝑖2

𝑚 =
𝐼1𝑛

𝐼2𝑛
=

𝑁2

𝑁1

𝐼1𝑛 𝐼2𝑛 𝑁1 𝑁2
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𝑰𝟏𝒏 [𝑨]

•

•

𝑰𝟐𝒏 [𝑨]
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•

1,2𝐼1𝑛 ≥ 305 𝐴

𝐼1𝑛 ≥ 254,2 𝐴

𝐼1𝑛 = 300 𝐴

• 𝐼2𝑛 = 5 𝐴

•

𝑚 =
𝐼1𝑛

𝐼2𝑛
=

300

5
= 60

ј

1,2𝐼1𝑛 ≥ 305 A

𝐼1𝑛 ≥ 254,2 𝐴



𝐼1𝑛 = 300 𝐴

𝐼2𝑛 = 5 𝐴

𝑚 =
𝐼1𝑛

𝐼2𝑛
=

300

5
= 60



•

𝐼 2 =
𝐼 1

𝑚
− 𝐼 𝑝

•

𝜀 % =
𝑚𝐼2 − 𝐼1

𝐼1
100

•

Δ𝜑 = 𝜑2 − 𝜑1

𝐼 1

𝑅1 + 𝑗𝑋1 𝑅2 + 𝑗𝑋2

𝑅𝐹𝑒

𝑋𝑚

𝐼 𝑝

𝐼 2 𝑍 𝐵



𝑍 𝐵

𝐼 2 =
𝐼 1

𝑚
− 𝐼 𝑝

𝐼 𝑝



0,05𝐼1𝑛 0,2𝐼1𝑛 𝐼1𝑛 1,2𝐼1𝑛 0,05𝐼1𝑛 0,2𝐼1𝑛 𝐼1𝑛 1,2𝐼1𝑛



𝑈𝑚 = 𝑅2 + 𝑅𝐵 𝐼2



𝑈𝑚 = 𝑅2 + 𝑅𝐵 𝐼2
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•

𝐼2 =
𝐼1

𝑚
=

30000

1500
= 20 𝐴

•

𝑈𝑚 = 15 + 3 ⋅ 20 = 360 𝑉
•

𝐼𝑚 ≅ 0,05 𝐴 ≪ 𝐼2

Ω Ω

𝐼2 =
𝐼1

𝑚
=

30000

1500
= 20 𝐴

𝑈𝑚 = 𝑅2 + 𝑅𝐵 𝐼2 = 3 + 15 ⋅ 20 = 360 𝑉





•

𝑖1 𝑡 = 𝐼1 2 sin 𝜔𝑡

𝐼1

•

𝑖1 𝑡 = 𝐼1 2 sin 𝜔𝑡

𝐼1

𝑑𝜙

𝑑𝑡
= 𝑅2 + 𝑅𝐵 𝑖2 𝑡



𝑖2 𝑡 =
𝑖1 𝑡

𝑚
− 𝑖𝑚 𝜙 𝑡

𝑑𝜙

𝑑𝑡
= 𝑅2 + 𝑅𝐵

𝑖1 𝑡

𝑚
− 𝑖𝑚 𝜙 𝑡

𝑢𝑚 𝑡 =
𝑑𝜙(𝑡)

𝑑𝑡

𝜙 𝑡 = න

0

𝑡

𝑢𝑚 𝑡 𝑑𝑡 = න

0

𝑡

𝑈𝑚 2 sin 𝜔𝑡 𝑑𝑡 = −
𝑈𝑚 2

𝜔
cos 𝜔𝑡

𝜙𝑚 =
𝑈𝑚 2

𝜔

𝑈𝑚 𝐼𝑚

𝜙(𝑖𝑚)



𝐼1 = 30 𝑘𝐴 𝐼1 = 60 𝑘𝐴

𝐼𝑝 = 30 𝑘𝐴 𝐼𝑝 = 60 𝑘𝐴

𝜙 0 = 0



𝐼1 = 30 𝑘𝐴 𝐼1 = 60 𝑘𝐴
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Ω

Ω Ω





•

•

𝑖1 𝑡 = 𝐼1 2 sin 𝜔𝑡 − 𝜃 + sin 𝜃 𝑒−
𝑡
𝜏

•

•
𝜃 = 60°

•

𝑖1 𝑡 = 𝐼1 2 sin 𝜔𝑡 − 𝜃 + sin 𝜃 𝑒−
𝑡
𝜏

𝜃 = 60°
Ω



𝜏

𝜏 =
𝑋

𝜔𝑅

𝑅 𝑋
𝑋/𝑅

𝜏



𝜏 = 10 𝑚𝑠 𝜏 = 50 𝑚𝑠

𝜏

𝜏 = 50 𝑚𝑠





𝐵𝐻
𝐵 𝐻

𝐵𝑟

𝜙𝑟

𝜙 0 = 𝜙𝑟



•

•

𝐼𝑝 = 10 𝑘𝐴 𝜃 = 60°

𝜏 = 25 𝑚𝑠

•

•

𝐼𝑝 = 10 𝑘𝐴

𝜃 = 60°
𝜏 = 25 𝑚𝑠



𝜙𝑟 = −0,7𝜙𝑚 𝜙𝑟 = 0,7𝜙𝑚







𝜀𝑐 =
100

𝐼1

1

𝑇
න

0

𝑇

𝑚𝑖2 − 𝑖1
2𝑑𝑡

𝜀𝑐 =
100

𝐼1

1

𝑇
න

0

𝑇

𝑚𝑖2 − 𝑖1
2𝑑𝑡



𝑨𝑳𝑭

•

𝐴𝐿𝐹 =
𝐼𝑔𝑟

𝐼1𝑛

𝐼𝑔𝑟

𝐼1𝑛

•

•

±

𝐼𝑔𝑟

𝐼𝑔𝑟

𝐴𝐿𝐹

𝐴𝐿𝐹 =
𝐼𝑔𝑟

𝐼1𝑛



±



•

𝐴𝐿𝐹′ = 𝐴𝐿𝐹
𝑅2 + 𝑅𝐵𝑛

𝑅2 + 𝑅𝐵

𝑅2 𝑅𝐵𝑛

𝑅𝐵

•

•

𝑆𝐵𝑛 = 𝑍𝐵𝑛𝐼2𝑛
2

𝑺𝑩𝒏 [𝑽𝑨]

𝐴𝐿𝐹′

𝐴𝐿𝐹′ = 𝐴𝐿𝐹
𝑅2 + 𝑅𝐵𝑛

𝑅2 + 𝑅𝐵

𝑅2 𝑅𝐵𝑛

𝑅𝐵

𝐴𝐿𝐹′



Ω

𝑆𝐵𝑛 = 𝑍𝐵𝑛𝐼2𝑛
2

𝑍𝐵𝑛 Ω



•
15𝐼𝑛

•
𝐴𝐿𝐹′ ≥ 20

•
𝑅𝐵 = 0,6 Ω 𝑅2 = 3 Ω

•

𝑅𝐵𝑛 =
𝑆𝐵𝑛

𝐼2𝑛
2 =

5

12
= 5 Ω

•

𝐴𝐿𝐹′ = 𝐴𝐿𝐹
𝑅2 + 𝑅𝐵𝑛

𝑅2 + 𝑅𝐵
= 10

3 + 5

3 + 0,6
= 22,2 > 20

15𝐼𝑛

𝐴𝐿𝐹′ ≥ 20

Ω
Ω

𝑅𝐵𝑛 =
𝑆𝐵𝑛

𝐼2𝑛
2 =

5

12
= 5 Ω



𝐴𝐿𝐹′ = 𝐴𝐿𝐹
𝑅2 + 𝑅𝐵𝑛

𝑅2 + 𝑅𝐵
= 10

3 + 5

3 + 0,6
= 22,2
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•

𝑚 =
𝑈1𝑛

𝑈2𝑛
=

𝑁1

𝑁2

𝑈1𝑛 𝑈2𝑛

𝑁1 𝑁2

𝑘𝑟 =
𝑈1𝑛

𝑈2𝑛
=

𝑁1

𝑁2

𝑈1𝑛 𝑈2𝑛 𝑁1 𝑁2



•

•

𝑼𝟐𝒏 [𝑽]

𝟏𝟎𝟎

𝟑
,
𝟏𝟏𝟎

𝟑
,
200

3





𝑈 1

𝑚



𝐹𝑈𝑈𝑛 𝐹𝑈





• 𝐶2

𝑈𝑐 = 𝑈1

𝐶1

𝐶1 + 𝐶2
•

•

𝐿 =
1

𝜔𝑛
2 𝐶1 + 𝐶2

𝐶1

𝐶2

𝐶2

𝑈𝑐 = 𝑈1

𝐶1

𝐶1 + 𝐶2

𝑈𝑐



𝐶1 𝐶2

𝑈𝑐

𝑈𝑐

𝐿 =
1

𝜔𝑛
2 𝐶1 + 𝐶2

𝜔𝑛

𝐹𝑈𝑈1𝑛 𝐹𝑈



0,8𝑈1𝑛

𝑈1𝑛

1,2𝑈1𝑛

1,5𝑈1𝑛

𝐹𝑈𝑈1𝑛

1,9𝑈1𝑛





≤ ≤

≤ ≤ ≤

≤ ≤

≤ ≤

≤ ≤

𝑢2(𝑡)

𝑈2 2

𝑘𝑡 =
𝑢2(𝑡)

𝑈2 2
100





•

•

•

𝐶 = 𝐶1 + 𝐶2 = 91,605 𝑛𝐹
𝐿 =

76,136 𝐻
𝑅 =

3289 Ω
𝑅𝑓 = 77379 Ω

𝐿𝑓 = 315,3 𝐻

𝐶𝑓 = 0,0285 𝜇𝐹

𝑅0 =
103,997 𝑘Ω



𝐺 𝑠 =
𝑉𝑝(𝑠)

𝑉𝑠(𝑠)
=

𝐴3𝑠3 + 𝐴2𝑠2 + 𝐴1𝑠

𝐵4𝑠4 + 𝐵3𝑠3 + 𝐵2𝑠2 + 𝐵1𝑠 + 𝐵0

𝐴3 = 𝐿𝑓𝐶𝑓𝑅𝑓𝑅0𝐶

𝐴2 = 𝑅𝑓𝑅0𝐶

𝐴1 = 𝐿𝑓𝑅0𝐶

𝐵4 = 𝐿𝑓𝐶𝑓 𝑅𝑓 + 𝑅0 𝐿𝐶

𝐵3 = 𝐿𝐶𝐿𝑓 + 𝑅𝐶𝐿𝑓𝐶𝑓 𝑅𝑓 + 𝑅0 + 𝐿𝑓𝐶𝑓𝑅𝑓𝑅0𝐶

𝐵2 = 𝐿𝐶 𝑅𝑓 + 𝑅0 + 𝑅𝐶𝐿𝑓 + 𝐿𝑓𝐶𝑓 𝑅𝑓 + 𝑅0 + 𝐿𝑓𝑅0𝐶

𝐵1 = 𝑅𝐶 𝑅𝑓 + 𝑅0 + 𝐿𝑓 + 𝑅𝑓𝑅0𝐶

𝐵0 = 𝑅𝑓 + 𝑅0



𝜃 = 0° 𝜃 = −90°

𝜃 = 0°
𝜃 =

− 90°
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