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̘̌́̎̏̃̉̍́ ˗̪̏̍̉̒̉̆ ̈́ ̔̒̍̆̎̔ ̏̅̂̑́̎̔ ̗̪̅̉̒̆̑̓́̉̆
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˔̖̗́̃́̌̎̉́

ˠ ̪̏̃́ ̖̐̏̅̔̃́̓ ̋̑̆̎̔̌̉ ̒̍̏ ̒́ ̣̏̅̑̆̆̎̉̍ ̪̉̅̆́̍́ ̉ ̐̌́̎̏̃̉̍́, ́ ̙̈́̃̑̉̌̉ ̄́
̒́̒̃̉̍ ̘̪̅̑̔̄́̉̆. ˙̣̆̔̓̉̍, ˎ̏̄̔ ̖̃́̌́, ̎́ ̪̋̑́̔ ̪̆ ̒̃̆ ̅̏̂̑̏ ̉̒̐́̌̏. ˔́ ̏̃́̋̏ ̙̎̆̓̏
̂̉̌́ ̪̆ ̐̏̓̑̆̂̎́ ̉ ̙̐̏̅̑̋́ ̯̃̆̆̄ ̪̂̑̏́ ̏̒̏̂́.

˔̖̭̪́̃́̔̆̍ ̒̆ ̍̆̎̓̏̑̔ ̐̑̏̕. ̅̑. ˜̑̆̅̑́̄̔ ˜̪̯̆̏̃̉̔ ̎́ ̘̪̎̆̒̆̂̉̎̏ ̉ ̪̂̆̈̑̆̈̆̑̃̎̏
̙̗̐̏̅̑̉ ̓̏̋̏̍ ̖̅̏̋̓̏̑̒̋̉ ̪̒̓̔̅̉́ ̋́̋̏ ̐̏ ̮̐̉̓́̔ ̘̎́̔̎̏-̘̉̒̓̑́̇̉̃́̋̏̄ ̑́̅́ ̉
̮̐̉̒́́ ̗̪̅̉̒̆̑̓́̉̆ ̓́̋̏ ̉ ̐̏ ̮̐̉̓́̔ ̣̮̒́̃̌́̉̃́́ ̗̪́̅̍̉̎̉̒̓̑́̉̆ ˒˟ˡ-́. ˜̑̏̆̒̏̑̕ ̪̆
̒̃̆ ̪̃̑̉̆̍̆ ̂̉̏ ̖̃̑̔̎̒̋̉ ̗̐̑̏̆̒̉̏̎́̌́̕ ̉ ̂̉̌̏ ̪̆ ̐̑́̃̏ ̭̈́̅̏̃̏̒̓̃̏ ̉̍́̓̉ ̏̃́̋̃̏̄
̍̆̎̓̏̑́.

˛̪̭̮̂́̃̉̃́̆ ̘̌́̎́̋́ ̉ ̮̐̉̒́̆ ̗̪̅̉̒̆̑̓́̉̆ ̎̆ ̂̉ ̂̉̌̉ ̯̍̏̄̔̉ ̂̆̈ ̙̐̏̅̑̋̆ ̉
̅̏̈̃̏̌̆ ̑̔̋̏̃̏̅̒̓̃́ ̯̐̑̆̅̔̈̆́ ˎ̑̔̈́ ˒̌̆̋̓̑̏̎̉̋ ̉̈ ˙̖̉̎̆̎́. ˔̂̏̄ ̓̏̄́ ̃̆̌̉̋̔
̖̈́̃́̌̎̏̒̓ ̪̅̔̄̔̆̍ ̄̏̒̐̏̅̉ ˟. ˚̉̎̅̌̔, ˟. ˏ̗̔̑̔, ˟. ˎ̙̔̑̄̓́̌̆̑̔, ̅̑ ˍ. ˎ̏̔̌̏̒̔, ̅̑ ˙.
˜́̃̌̏̃̒̋̏̍; ̋́̏ ̉ ̋̏̌̆̄́̍́ ̉̈ ̪̑́̈̃̏́ ̅̑ ˝. ˝̔̏̔̕, ˚. ˏ̉́̒, ˍ. ˟̗̔̑̆̑̔, ̅̑ ˙. ˗́̌̉̎̉́̎̔
̉ ̏̒̓́̌̉̍́ ̈́ ̙̐̏̅̑̋̔ ̔ ̑́̈̎̉̍ ́̈́̍́̕ ̂̉̌̏ ̓̏̋̏̍ ̮̆̋̒̐̆̑̉̍̆̎̓̉̒́́ ̔ ̪̌́̂̏̑́̓̏̑̉̉
̉̌̉ ̓̏̋̏̍ ̮̐̉̒́́ ̘̌́̎́̋́. ˚̆ ̓̑̆̂́ ̈́̂̏̑́̃̉̓̉ ̎̉ ̭̘̅̏̂́̃́̆ ̖̆̌̆̋̓̑̏̎̒̋̉ ̉
̖̍́̄̎̆̓̎̉ ̋̏̍̐̏̎̆̎̓̉ ̪̋̏̆ ̒̔ ̂̉̌̆ ̂̉̓̎̆ ̈́ ̘̐̑́̋̓̉́̎ ̑́̅.

˔̖̭̪́̃́̔̆̍ ̒̆ ̉ ̘̌́̎̏̃̉̍́ ˗̪̏̍̉̒̉̆ ̪̋̏̉ ̒̔ ̪̒̃̏̉̍ ̪̒̔̄̆̒̓̉́̍́ ̉ ̪̐̑̉̍̆̅̂́̍́
̭̙̐̏̂̏́̌̉ ̋̃́̌̉̓̆̓ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆. ˟̣́̋̏̆, ̘̌́̎̏̃̉ ˗̪̏̍̉̒̉̆ ̒̔ ̂̉̌̉ ̪́̋̏ ̂̑̈̉ ̉
̆̉̋́̒̎̉̕ ̔ ̒̃̉̍ ́̈́̍́̕ ̉̈̑́̅̆ ̗̪̅̉̒̆̑̓́̉̆ ̘̐̏̆̃ ̏̅ ̅̏̋̓̏̑̒̋̏̄ ̉̒̐̉̓́ ̐́ ̅̏ ̪̋̑́́ ̉
̓̏ ̓̑̆̂́ ̐̏̒̆̂̎̏ ̯̉̒̓́̉.

˞̃̉ ̍̉ ̒̍̏ ̗̐̏̓̏̍̉ ̪̖̒̃̏̉ ̭̑̏̅̉̓̆́ ̉ ̖̏̒̓́̌̉ ̐̑̆̅́̋́ ̉ ̏̅ ̮̖̉ ̒̍̏
̪̎́̒̌̉̆̅̉̌̉ ̣̏̅̑̆̆̎̆ ̏̒̏̂̉̎̆.  ˎ̆̈ ̮̖̉ ̎̉ ̎́̒ ̎̆ ̂̉ ̂̉̌̏ ̐́ ̎̉ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆.
˟̣́̋̏̆, ̖̈́̃́̌̉̏ ̖̂̉ ̒̆ ̒̃̉̍ ̪̒̃̏̉̍ ̘̭̔̉̓̆̉̍́, ̏̑̍́̌̎̉̍̕ ̉ ̎̆̏̑̍́̌̎̉̍̕,
̗̎́̒̓́̃̎̉̉̍́ ̉ ̐̑̏̆̒̏̑̉̍́̕ ̪̋̏̉ ̒̔ ̍̆ ̘̎̆̆̍̔ ̅̏̂̑̏̍ ̘̎́̔̉̌̉ ̅̏ ̒́̅́.

˔̖́̃́̌̉̏ ̖̂̉ ̒̆ ̉ ̄. ˏ̌́̅̉ ˯̣̯̏̑̆̃̉̔ ̎́ ̙̗̐̏̅̑̉ ̐̏ ̍̎̏̄̉̍ ̇̉̃̏̓̎̉̍ ̉
̘̒̓̑̔̎̉̍ ̮̐̉̓́̉̍́, ́̌̉ ̉ ̮̍̏̓̉̃̉̒́̔ ̅́ ̙̐̉̆̍ ̘̌́̎̋̆ ̉ ̗̪̅̉̒̆̑̓́̉̔. ˜̑̏̕. ˔̏̑́̎
˝̯́̅́̋̏̃̉ ̪̆ ̍̎̏̄̏ ̐̔̓́ ̂̉̏ ̘̪̈̎́́̎́ ̙̐̏̅̑̋́ ̋́̋̏ ̔ ̘̒̓̑̔̎̉̍ ̓́̋̏ ̉ ̔ ̐̑̉̃́̓̎̉̍
̒̆̑́̍́̕ ̇̉̃̏̓́ ̖̖̐̑̆̓̏̅̎̉ 14 ̄̏̅̉̎́ ̉ ̈̂̏̄ ̓̏̄́ ̒́̍ ̍̔ ̪́̋̏ ̖̈́̃́̌́̎. ˝̪́̈̍̆̎́
̉̒̋̔̒̓́̃́ ̉ ̍̏̑́̌̎́ ̙̐̏̅̑̋́ ̅̑ ˓̭̆̋́ ˞̪̯̓̏́̎̏̃̉́ (˟ˏ˔) ̓̏̋̏̍ ̖̅̏̋̓̏̑̒̋̉ ̪̒̓̔̅̉́
̒̔ ̣̓́̋̏̆ ̂̉̌̉ ̏̅ ̘̪̈̎́́́.

˛̗̓́ ˯̣̏̑̏ ̪̆ ̐̑̆̄̌̆̅́̏ ̅̉̏ ̑̔̋̏̐̉̒́, ́ ̣̑̏́̋́ ˑ̗̑́̄̉́ ̉ ̖̒̎́́ ˞̮̆̇́̎́,
̗̐̑̏̆̒̏̑̉̆̕ ̒̑̐̒̋̏̄ ̪̆̈̉̋́, ̒̔ ̐̏̍̏̄̌̆ ̏̋̏ ̣̖̏̅̑̆̆̎̉ ̖̐̑́̃̏̐̉̒̎̉ ̐̑́̃̉̌́
̪̉̆̋́̃̒̋̏̄ ̉̈̄̏̃̏̑́ ̎́ ̘̆̍̔ ̒́̍ ̉̍ ̖̈́̃́̌́̎.

˚́ ̪̋̑́̔ ̖̂̉ ̒̆ ̖̈́̃́̌̉̏ ̏̒̓́̓̋̔ ̗̐̏̑̏̅̉̆, ̑̏̅̂̉̎̉, ̋̔̍̏̃̉̍́ ̉ ̪̭̐̑̉́̓̆̉̍́ ̎́
̙̗̐̏̅̑̉ ̉ ̯̐̏̍̏̉ ̎̆ ̒́̍̏ ̓̏̋̏̍ ̖̅̏̋̓̏̑̒̋̉ ̪̒̓̔̅̉́ ̯̃̆ ̉ ̓̏̋̏̍ ̘̉̓́̃̏̄ ̙̮̋̏̌̏̃́́.
ˍ ̪̗̅̆́, ˶̏̃́̎́ ̉ ˏ̪́̒̉̌̉̆, ̒̔ ̪̔̃̉̆̋ ̂̉̌̉ ̗̪̉̎̒̐̉̑́̉́ ̈́ ̍̎̏̄̏ ̓̏̄́ ̅̏̂̑̏̄ ̔ ̇̉̃̏̓̔.
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˚́̒̌̏̃ ̅̏̋̓̏̑̒̋̆ ̗̪̅̉̒̆̑̓́̉̆:

˜̘̑̆̓̃́̑́ ̒́ ́̋̓̉̃̎̉̍ ̪̗̮̏̅̒̉̆́̆̍ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ ̋́̏
̯̐̏̍̏̎̏ ̪̮̎́̐́́̆ ̐̑̉̍́̑̎̆ ̒̓̑́̎̆ ̒̉̒̓̆̍́ ̈́ ̘̂̆̇̉̎̏ ̉̎̅̔̋̓̉̃̎̏

̮̮̐̔̆̆ ̪̂́̓̆̑̉́ ̘̖̆̌̆̋̓̑̉̎̉ ́̔̓̏̍̏̂̉̌́

˞́̇̆̓́̋:

ˠ ̪̏̃̏ ̗̪̅̉̒̆̑̓́̉̉ ̭̐̑̆̅̒̓́̃̆̎̏ ̪̆ ̪̮̐̑̏̆̋̓̏̃́̆ ̉ ́̎́̌̉̈́ ̑́̅́ active-clamped
flyback (ACF) dc-dc ̘̐̑̆̓̃́̑́́ 57 W ̔ ̔̌̏̈̉ ̯̐̏̍̏̎̏̄ ̪̮̎́̐́́́ ̐̑̉̍́̑̎̆ ̒̓̑́̎̆
̘̂̆̇̉̎̏̄ ̉̎̅̔̋̓̉̃̎̏̄ ̮̘̐̔́́ ̪̂́̓̆̑̉́ ̘̖̆̌̆̋̓̑̉̎̉ ̃̏̈̉̌́. ˜̘̑̆̓̃́̑́ ̪̆ ̂̉̏ ̪̎́̐́́̎
̒́ ̪̪̆̅̎̏̒̍̆̑̎̏̄ ̣̍̆̔̋̏̌́ 800 V. ˟̏ ̪̆ ̂̉̏ ̉̈́̈̏̃ ̔ ̏̅̎̏̒̔ ̎́ ̮̆̄̏̃̆ ̘̓̉̐̉̎̆ ̪̐̑̉̍̆̎̆.
˜̘̮̑̏̔́̃́̆̍ ̑́̒̐̏̌̏̇̉̃̆ ̌̉̓̆̑́̓̔̑̆ ̘̔̏̆̎̏ ̪̆ ̍̎̏̄̏ ̣̖̎̆̏̂̑́̆̎̉ ̓̆̍́ ̪̋̏̆ ̒̔ ̪̏̃̅̆
̐̏̋̑̉̃̆̎̆ ̐̏ ̐̑̃̉ ̐̔̓. ˘̉̒̓́ ̘̖̎́̔̎̉ ̅̏̐̑̉̎̏̒́ ̪̆ ̃̆̌̉̋́ ̉ ̒́̍̏ ̐́̑ ̮̖̉ ̯̆ ̂̉̓̉
̐̏̍̆̎̔̓̏. ˎ́̌́̎̒ ̣̉̈̍̆̔ ̘̖̎́̔̎̉ ̉ ̘̖̐̑́̋̓̉̎̉ ̅̏̐̑̉̎̏̒́ ̪̆ ̐̏̒̓̉̄̎̔̓ ̘̯̉̎̆̉ ̏̃̔
̗̪̅̉̒̆̑̓́̉̔ ̋̏̑̉̒̎̏̍ ̉ ̈́ ̪̑́̈̃̏̎̆ ̮̉̎̇̆̆̑̆. ˜̑̆̄̌̆̅ ̭̘̖̔̐̑́̃́̋̉ ̋̏̌́ ̪̆ ̅́̓
̪̯̏̓̋̑̉̃́̔̉ ̎́̍ ̅́ ̒́̍̏ ̅̃́ ̣̘̐̑̏̉̈̃̏́́ ̪̉̍́̔ ̪̯̏̅̄̏̃́̑́̔̆ ̋̏̍̐̏̎̆̎̓̆ ̐̏̅̆̒̎̆ ̈́
̏̃̔ ̪̐̑̉̍̆̎̔. ˕̈̂̏̑ ̭̘̖̋̔̎̉ ̋̏̍̐̏̎̆̎̓̉ ̪̆ ̅́̓ ̋́̏ ̉ ̪̐̑̉̆̅̌̏̄ ̖̐̏̓̑̆̂̎̉ ̪̒̃̏̒̓́̃́
̯̖̂̔̅̔̉. ˚̆̋̏̌̉̋̏ ̖̎̏̃̉ ̘̖̍́̓̆̍́̓̉̋̉ ̉̈̑́̈́ ̪̆ ̭̐̑̆̅̒̓́̃̆̎̏ ̉̌̉ ̒̔ ̪̯̐̏̒̓̏̆̉
̭̉̒̐̑́̃̆̎̉. ˙̪̮̆̑̆́ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̉ ̑́̒̉̐̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̓̑́̎̒-
̏̑̍́̓̏̑́̕ ̒̔ ̐̏̋́̈́̌́ ̋̏̌̉̋̏ ̑́̈̌̉̋̆ ̍̏̄̔ ̅́ ̂̔̅̔ ̃̆̌̉̋̆ ̈́̃̉̒̎̏ ̏̅ ̭̘̅̏̂́̃́́
̖̉̒̓̉. ˍ̎́̌̉̈́ ̙̮̐̏̎́́́ ̐̑̉ ̋̑́̓̋̉̍ ̪̒̐̏̆̃̉̍́ ̪̆ ̐̏̋́̈́̌́ ̅́ ̪̆ ̔̐̏̓̑̆̂́ ̖̉̂̑̉̅̎̆
̄̑́̎̆ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ ̏̂́̃̆̈̎́ ̋̏̅ ̙̖̃̉̆̑̆̇̉̍̒̋̉
̭̘̖̔̐̑́̃́̋̉ ̋̏̌́. ˠ ̗̪̅̉̒̆̑̓́̉̉ ̪̆ ̐̑̉̋́̈́̎ ̉ ̄̑́̉̋̕ ̪̐̑̏̍̆̎̆ (̖̘̉̐̏̓̆̓̉̋̉)
̍́̋̒̉̍́̌̎̏̄ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̔ ̏̅̎̏̒̔ ̎́ ̉̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́. ˙̪̮̆̑̆́
̄̔̂̉̓́̋́ ̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ ̒̔ ́̎́̌̉̈̉̑́̎́ ̉ ̣̔̐̏̑̆̆̎́ ̈́ ̎̆̋̏̌̉̋̏
̓̑́̎̒̏̑̍́̓̏̑́̕. ˛̃̉ ̗̄̔̂̉̉ ̒̔ ̑̆̅́ ̘̃̆̌̉̉̎̆ ̎̆̋̏̌̉̋̏ W ̉ ̑́̒̓̔ ̒́ ̐̏̑́̒̓̏̍ ̔̌́̈̎̏̄
̎́̐̏̎́. ˑ̉̒̋̔̓̏̃́̎́ ̒̔ ̉ ̪̮̍̆̑̆́ ̐̑̏̐̔̒̎̏̄ ̏̐̒̆̄́, ̑̆̈̆̑̃̆ ́̈̆̕ ̉ ̑̆̈̆̑̃̆ ̪̘̮̐̏́́́.
˛̃̆ ̘̃̆̌̉̉̎̆ ̒̔ ̂̉̌̆ ̪̭̐̑̏̍̆̎̉̃̆ ̔ ̏̅̎̏̒̔ ̎́ ̔̌́̈̎̉ ̎́̐̏̎ ̉ ̯̮̏̐̓̆̑̆̆̆ Ʉ ̙̓̏ ̒̍̏ ̉
̘̏̆̋̉̃́̌̉. ˜̣̮̏̑̆̆̆ ̖̒̉̍̔̌̉̑́̎̉ ̉ ̪̖̉̈̍̆̑̆̎̉ ˎ̖̏̅̆̏̃̉ ̪̅̉́̄̑́̍́ ̪̆ ̐̏̋́̈́̌̏ ̅́ ̪̆,
̘́̋ ̉ ̋́̅́ ̒̔ ̮̏̅̒̓̔̐́́ ̃̆̌̉̋́, ̯̍̏̄̔̆ ̪̉̒̐̑̏̆̋̓̏̃́̓̉ ̑̆̄̔̌́̓̏̑ ̪̋̏̉ ̯̏̍̏̄̔́̃́
̒̓́̂̉̌́̎ ̑́̅ ̘̐̑̆̓̃́̑́́. ˑ̭́̆, ̐̏̋́̈́̎̏ ̪̆ ̅́ ̒̔ ̗̋̏̎̃̆̎̉̏̎́̌̎̉ ̉ ̋̃́̈̉ ̑̆̈̏̎́̎̓̎̉
(QRF) flyback ̘̐̑̆̓̃́̑́̉ 23% ̪̪̆̓̉̎̉̉̕, ̅́ ̪̈́̔̈̉̍́̔ 11% ̮̍́̆ ̐̑̏̒̓̏̑́ ̉ ̅́ ̪̉̍́̔
̘̒̌̉̎̆ ̉̌̉ ̯̃̆̆ ̒̓̆̐̆̎̆ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̎̆̄̏ ACF ̘̐̑̆̓̃́̑́. ˍ̎́̌̉̈́ ̔̎́̋̑̒̎̆
̗̪̑̆̄̔̌́̉̆, ̋́̅́ ̪̆ ̑̆̄̔̌̉̒́̎ ̉̈̌́̈ ̒́ ̮̍́̏̍ ̒̎́̄̏̍ (9,6% ̏̅ ̔̋̔̐̎̆), ̪̆ ̐̏̋́̈́̌́ ̅́ ̪̆
̉ ̓́̋́̃ ̐̑̉̒̓̔̐ ̯̍̏̄̔. ˠ̣̐̏̑̆̆̎̉ ̒̔ ̉ ̐̑̏̐̔̒̎̉ ̏̐̒̆̄, ̑̆̈̆̑̃́ ́̈̆̕ ̉ ̑̆̈̆̑̃́ ̪̘̮̐̏́́́
ACF, ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ flyback ̉ QRF ̘̐̑̆̓̃́̑́́. ˜̏̋́̈́̎̏ ̪̆ ̅́, ̈́ ̉̒̓̔ ̗̗̪̒̐̆̉̉̋́̉̔̕,
̏̃̉ ̘̐̑̆̓̃́̑́̉ ̎̆ ̍̏̄̔ ̅́ ̪̉̍́̔ ̉̒̓̉ ̋̏̍̐̆̎̈́̓̏̑ ̋́̏ ACF. ACF ̘̐̑̆̓̃́̑́ ̪̆ ̐̏̈̎́̓ ̉
̐̏ ̮̍́̉̍ ̆̌̆̋̓̑̏̍́̄̎̆̓̒̋̉̍ ̮̒̍̆̓́̍́ ̙̓̏ ̍̏̇̆ ̅́ ̂̔̅̆ ̭̘̋̔̎́ ̐̑̆̅̎̏̒̓ ̈́ ̏̃̔
̪̐̑̉̍̆̎̔ ̔ ̎́̒̓́̎̋̔. ˶̆̅̎́ ̏̅ ̐̑̆̐̑̆̋́ ̈́ ̪̍́̒̏̃̎̉̔ ̔̐̏̓̑̆̂̔ ACF ̘̐̑̆̓̃́̑́́ ̔ ̪̏̃̏
̪̐̑̉̍̆̎̉ ̪̆ ̎̆̅̏̒̓́̓́̋ ̪̯̖̏̅̄̏̃́̑́̔̉ ̋̏̍̐̏̎̆̎̓̉ ̎́ ̙̓̑̇̉̓̔.
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Dissertation title:

Active-clamped converter as an auxiliary primary-side power supply of a
system for wireless inductive battery-charging of electric vehicles

Abstract:

In this dissertation design and investigation of active-clamped flyback (ACF) dc-dc
converter 57 W used as the auxiliary power-supply of an inductive charging system (ICS) is
presented. The ACF was supplied from variable-dc-link 800 V which was challenging
compared to its typical usage as power adapter. Having reviewed available literature many
gaps in literature were identified and they are covered here for the first time. List of scientific
contributions is large and only few ones will be briefly covered here. A balance between
academic and practical contributions is tried to be achieved hence expanding its usefulness to
development engineers too. An overview of ACF control ICs is presented revealing that only
two vendors have appropriate devices for ICS. The key-parts’ choice and suggestion of new
features targeting ACF in this emerging application are given. In addition, several
mathematical expressions are introduced or corrected. Measurements of magnetizing and
leakage inductances for several transformers demonstrated how big differences between
them could be depending on vendors. The short-circuit behaviour is analysed showing that
usage of the hybrid-clamp with multi-mode control ICs is mandatory. Unique measured
(hypothetical) maximum efficiency vs. magnetizing inductance is shown. Measurements of
circulating-power losses vs. input voltage are analysed and compared for several
transformers. Those losses are in the range of few watts and increase with input voltage.
Measurements of bandwidth, phase margin and gain margin vs. input power are discussed.
Those quantities were changeable with load and input voltage as expected. Comparison of
simulated and measured Bode plots showed that, even when those plots were not matched,
one could design a compensator that ensures stable operation. Comparison with conventional
flyback and quasi-resonant (QRF) flyback converters showed that both are 23ױ% cheaper,
occupy 11ױ% less board space, and have similar or higher efficiencies than ACF. Evaluation of
cross regulation, when output with low power (9.6ױ% of total) was regulated, showed that
such approach was feasible too. Comparison of bandwidth, phase margin and gain margin
between the ACF and conventional and QRF flyback converter were discussed too. It was
shown that, for the same specification, those converters cannot have the same compensator as
an ACF. The ACF is known for lower electromagnetic interferences and that might be the key
advantage in this emerging application. One of the obstacles for wider usage of ACF in ICS
applications is lack of appropriate components on the market.

Keywords: Active-clamped, auxiliary power supply, control, dc-dc converter, flyback, high-
frequency transformer, quasi-resonant, wireless inductive charging-system.

Scientific field: technical sciences Ʉ electrical engineering

Scientific subfield: power converters and drives Ʉ power electronics

UDC code: 621.3



viii

˞̪́̅̑̇́
˞̐̉̒́̋ ̒̌̉̋́ ......................................................................................................................................... x

˞̐̉̒́̋ ̓́̂̆̌́ .................................................................................................................................... xiv

ˍ̋̑̏̎̉̍̉ ............................................................................................................................................. xv

1 ˠ̃̏̅ .................................................................................................................................................. 1

1.1˽˾˩˨˸˩́, ̇ˮ˷ ˮ ˭˹ˢ̉ˢ˳ ˮ˿́˾ˢˬˮˤˢ˺ˢ .................................................................................................................. 1
1.2ˢ˹ˢ˶ˮ˭ˢ ˶ˮ́˩˾ˢ́̂˾˩ ˮ ˽˻˶ˢ˭˹˩ ̆ˮ˽˻́˩˭˩ .............................................................................................................. 4
1.3˸˩́˻˨˩ ˮ˿́˾ˢˬˮˤˢ˺ˢ......................................................................................................................................... 7
1.4 ˿́˾̂˴́̂˾ˢ ˨˻˴́˻˾˿˴˻˥ ˾ˢ˨ˢ ................................................................................................................................. 7
1.5˻ˣ˳ˢˤ˷˩˹ˮ ˹ˢ̂̉˹ˮ ˾ˢ˨˻ˤˮ .................................................................................................................................. 8

2 ˍctive-clamped flyback dc-dc ̘̐̑̆̓̃́̑́ ........................................................................... 10

2.1˽˾˩˥˶˩˨ ̂˽˾ˢˤ˷ˢ̉˴ˮ̆ ˴˻˶ˢ ................................................................................................................................11
2.2ˢ˾̆ˮ́˩˴́̂˾ˢ ˹ˢ˽ˢ˳ˢ˺ˢ ˮ ˿˽˩̇ˮ̅ˮ˴ˢ̇ˮ˳ˢ ˽˾˩́ˤˢ˾ˢ̉ˢ ............................................................................................15
2.3˽˾ˮ˹̇ˮ˽ ˾ˢ˨ˢ ˮ ˻˿˹˻ˤ˹ˮ ́ˢ˶ˢ˿˹ˮ ˻ˣ˶ˮ̇ˮ ..........................................................................................................18
2.4ˤˮ˿˻˴˻̅˾˩˴ˤ˩˹́˹ˮ ́˾ˢ˹˿̅˻˾˸ˢ́˻˾ ˭ˢ ACF ˽˾˩́ˤˢ˾ˢ̉ ..........................................................................................20

2.4.1 ˿͔ͨͼ͙ͺ͙͊͟ͼ͙͊͞ ͙ ͔͍͔ͨͪͦͭͦ͊ͥ͟͞ ..............................................................................................................20
2.4.2 ˸͔͔͔ͪͥ͞ ͙͙͍͙ͤ͒ͯͭͤͦͫͭ͟..........................................................................................................................24

2.5ˮ˭ˣ˻˾ ˴˷̂̉˹ˮ̆ ˴˻˸˽˻˹˩˹́ˮ ..............................................................................................................................27
2.5.1 ˻͙͒͊͋ͪ ͔͙ͨͪ͒͊͟;͊, ͍͔͒ͪ͊ͪ͊͞ ͙ ͙͎ͨͪͯ΄͙ͤͼ͔ ...........................................................................................27
2.5.2 ˽͔ͪͨͦͪͯ͟  ͊͊͘ ͍͍ͫͦͫͭ͊͞ ͋ͯ͒ͯΐ͙ͻ ͍ͯͨͪ͊͊͢;͙͟ͻ ͦ͟͡  ͊.................................................................................29

2.6˻˨˿ˮ˳˩̇ˢ˺˩ ˤ˾̊˹˻˥ ˹ˢ˽˻˹ˢ ˽˾˩˴ˮ˨ˢ̉ˢ ..............................................................................................................29
2.6.1 ˻͙͒͊͋ͪ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ .................................................................................................................................30
2.6.2 ˹͊ͨͦͤ ͔ͦͤ͒ͤ͊ͭͦͪ͊͘͟ ................................................................................................................................31

2.7 ZERO-VOLTAGE SWITCHING (ZVS) .............................................................................................................................33
2.8˽˾˻˳˩˴́˻ˤˢ˺˩ ˾˩˥̂˶ˢ́˻˾ˢ ..................................................................................................................................34

3 ˞̗̪̉̍̔̌́̉̆ ̎́ ̘̑́̔̎́̑̔ ........................................................................................................ 38

3.1 ˿ˮ˸̂˶ˢ̇ˮ˳ˢ ˾ˢ˨ˢ ACF ˽˾˩́ˤˢ˾ˢ̉ˢ ̂ ˤ˾˩˸˩˹˿˴˻˸ ˨˻˸˩˹̂ .....................................................................................38
3.1.1 ACF ͔͍ͨͪͭ͊ͪ͊; 57 W ͫ͊ ͭͪ͊ͤͫͺͦͪͣ͊ͭͦͪͦ  ͣ́3..........................................................................................38
3.1.2 ACF ͔͍ͨͪͭ͊ͪ͊; 57 W ͫ͊ ͭͪ͊ͤͫͺͦͪͣ͊ͭͦͪͦ  ͣ́2..........................................................................................41
3.1.3 ˽͔ͦͪΏ͔͔ͥ ACF ͔͍ͨͪͭ͊ͪ͊;͊ ͫ͊ ͭͪ͊ͤͫͺ͙ͦͪͣ͊ͭͦͪͣ͊ ́2 ͙ ́3 .....................................................................42

3.2˨ˮ˹ˢ˸ˮ̉˴ˢ ˽˾˻˸˳˩˹ˢ ˻˽́˩˾˩̔˩˺ˢ ......................................................................................................................43
3.3 ˣ˻˨˩˻ˤˮ ˨ˮ˳ˢ˥˾ˢ˸ˮ ...........................................................................................................................................46

4 ˒̋̒̐̆̑̉̍̆̎̓́̌̎̉ ̑̆̈̔̌̓́̓̉ ̉ ̪̅̉̒̋̔̒̉́ ....................................................................... 48

4.1 ˾ˢ˨ ACF ˽˾˩́ˤˢ˾ˢ̉ˢ ˴ˢ˨ˢ ˿ˮ˿́˩˸ ˽˾˩˹˻˿ˮ ˩˹˩˾˥ˮ˳̂ .............................................................................................51
4.1.1 ACF ͔͍ͨͪͭ͊ͪ͊; 57 W ͫ͊ ͭͪ͊ͤͫͺͦͪͣ͊ͭͦͪͦ  ͣ́3..........................................................................................51
4.1.2 ACF ͔͍ͨͪͭ͊ͪ͊; 57 W ͫ͊ ͭͪ͊ͤͫͺͦͪͣ͊ͭͦͪͦ  ͣ́2..........................................................................................53
4.1.3 ˽͔ͦͪΏ͔͔ͥ ACF ͔͍ͨͪͭ͊ͪ͊;͊ ͫ͊ ͭͪ͊ͤͫͺ͙ͦͪͣ͊ͭͦͪͣ͊ ́2 ͙ ́3 .....................................................................57

4.2 ˾ˢ˨ACF ˽˾˩́ˤˢ˾ˢ̉ˢ ˴ˢ˨ˢ ˳˩ ˿ˮ˿́˩˸ ̂ ˿́ˢ˺̂ ˽˾ˮ˽˾ˢˤ˹˻˿́ˮ ...................................................................................59
4.2.1 ACF ͔͍ͨͪͭ͊ͪ͊; 13 W .................................................................................................................................60

4.3ˢ˶́˩˾˹ˢ́ˮˤ˹ˮ ˥˾ˢ̅ˮ̇ˮ ˿́˩˽˩˹ˢ ˴˻˾ˮ˿˹˻˥ ˨˩˳˿́ˤˢ ................................................................................................61
4.4 ˥̂ˣˮ̇ˮ ̂˿˷˩˨ ̇ˮ˾˴̂˶ˮ̊̂̔˩ ˩˹˩˾˥ˮ˳˩ ..................................................................................................................64
4.5˸˳˩˾˩˺˩ ́˩˸˽˩˾ˢ́̂˾˩.........................................................................................................................................67
4.6˽˻˹ˢ̊ˢ˺˩ ACF ˽˾˩́ˤˢ˾ˢ̉ˢ ˽˾ˮ ˴˾ˢ́˴ˮ˸ ˿˽˻˳˩ˤˮ˸ˢ ............................................................................................68
4.7 ̂˽˾ˢˤ˷ˢ̉˴ˮ ˢ˿˽˩˴́ˮ .........................................................................................................................................70

4.7.1 ˣ͔͍͙ͦ͒ͦ ͙͎͙͒͊ͪ͊ͣ͞ ͯ ACM .......................................................................................................................70



ix

4.7.2 ̂ͤ͊ͪͫͤ͊͟ ͔͎ͪͯ͊͡ͼ͙͊͞ ................................................................................................................................74
4.7.3 ˨͙͙ͤ͊ͣ;͊͟ ͔ͨͪͦͣͤ͊͞ ͔͔ͦͨͭͪΐ͔ͥ  ͊..........................................................................................................77

4.8˽˻˾˩̓˩˺˩ ˿ˢ ˴˻˹ˤ˩˹̇ˮ˻˹ˢ˶˹ˮ˸ FLYBACK ˽˾˩́ˤˢ˾ˢ̉˩˸ ̂ DCM ˾˩ˬˮ˸̂ ˾ˢ˨ˢ ...........................................................78
4.9˽˻˾˩̓˩˺˩ ˿ˢ QRF ˽˾˩́ˤˢ˾ˢ̉˩˸ ̂ VALLEY-SWITCHING ˾˩ˬˮ˸̂ ˾ˢ˨ˢ ...........................................................................80
4.10 ˩˶˩˴́˾˻˸ˢ˥˹˩́˿˴ˢ ˴˻˸˽ˢ́ˮˣˮ˶˹˻˿́ .................................................................................................................84

5 ˔̭̘́̋̔́̋ ..................................................................................................................................... 86

5.1˽˾˩˥˶˩˨ ˹ˢ̂̉˹ˮ̆ ˨˻˽˾ˮ˹˻˿ˢ ..............................................................................................................................86
5.2˽˾ˢ˴́ˮ̉˹ˢ ˽˾ˮ˸˳˩˹ˢ ..........................................................................................................................................88
5.3˻˥˾ˢ˹ˮ̉˩˺ˢ ˿́̂˨ˮ˳˩ ..........................................................................................................................................88
5.4˽˾ˢˤ̇ˮ ˨ˢ˷ˮ̆ ˮ˿́˾ˢˬˮˤˢ˺ˢ .............................................................................................................................89

˝̗̆̆̑̆̎̆̕ ........................................................................................................................................... 90

˞̐̉̒́̋ ̙̯̋̏̑̉̆̎̏̄ ̒̌̏̂̏̅̎̏̄ ̉ ̂̆̒̐̌́̓̎̏̄ ̒̏̓̃̆̑́̕.................................................. 104

List of used free software ............................................................................................................... 104

ˎ̪̉̏̄̑́̉́̕ ́̔̓̏̑́ ......................................................................................................................... 105

ˎ̪̉̂̌̉̏̄̑́̉́̕ ́̔̓̏̑́ ................................................................................................................. 106

Statements ......................................................................................................................................... 108

˜̑̉̌̏̈̉ ............................................................................................................................................. 110

˜̑̉̌̏̄ 1............................................................................................................................................. 111

˜̑̉̌̏̄ 2............................................................................................................................................. 112

˜̑̉̌̏̄ 3............................................................................................................................................. 113



x

˞̐̉̒́̋ ̒̌̉̋́

˞̌̉̋́ 1.1 ˜̪̑̉̍̆̑ ̐̑̉̍́̑̎̆ ̒̓̑́̎̆ ̘̂̆̇̉̎̏̄ ̮̘̐̔́́ ̪̂́̓̆̑̉́ ˒ˏ .............................................. 3
˞̌̉̋́ 1.2 ˑ̪̉́̄̑́̍ ̓̏̋́ ̪̆̎̆̑̄̉̆ ̘̓̉̐̉̎̏̄ ICS ̒̉̒̓̆̍́ [58] ............................................................. 3
˞̌̉̋́ 1.3 ˜̑̆̄̌̆̅ ̪̂̑̏́ ̪̭̖̏̂́̃̆̎̉ ̘̌́̎́̋́ ̐̏ ̄̏̅̉̎́̍́ ̈́ ACF ̘̐̑̆̓̃́̑́ .......................... 5
˞̌̉̋́ 1.4 ˛̅̎̏̒ ̪̂̑̏́ ACF ̘̌́̎́̋́ ̐̏ ̪̋́̓̆̄̏̑̉́̍́: ̗̪̋̏̎̆̑̆̎̉̆̕ ̐̑̆̍́ ˟˶˙ ..................... 6
˞̌̉̋́ 1.5 ˛̒̎̏̃̎́ ̭̐̏̄̌́̃́ ̅̏̋̓̏̑̒̋̏̄ ̑́̅́ ̒́ ̘̐̑̆̐̏̑̔̆̎̉̍ ̓̏̋̏̍ ̘̮̉̓́́ ..................... 8
˞̌̉̋́ 2.1 ˛̙̐̓́ ̙̆̍́ ACF ̘̐̑̆̓̃́̑́́ .......................................................................................................... 10
˞̌̉̋́ 2.2 ˝́̒̐̏̑̆̅ ̗̎̏̇̉́ NCP1568 ............................................................................................................... 14
˞̌̉̋́ 2.3 ˜̑̃̏̂̉̓̎́ ̖́̑̉̓̆̋̓̔̑́ ̯̐̏̍̏̎̏̄ ̪̮̎́̐́́́ ........................................................................ 15
˞̌̉̋́ 2.4 ˟̘́̋́ ̮̐̏̃̆̈̉̃́́ ̯̐̏̍̏̎̏̄ ̪̮̎́̐́́́ ̔ ICS ̒̉̒̓̆̍̔ ...................................................... 16
˞̌̉̋́ 2.5 ˙̯̏̄̔̆ ̖́̑̉̓̆̋̓̔̑̆ ̯̐̏̍̏̎̏̄ ̪̮̎́̐́́́ ̐̏̃̆̈́̎̏̄ ̎́ ̪̪̆̅̎̏̒̍̆̑̎̏ ̣̍̆̔̋̏̌̏

 ......................................................................................................................................................................................... 16
˞̌̉̋́ 2.6 ˟́̌́̒̎̉ ̗̏̂̌̉̉ ACF ̘̐̑̆̓̃́̑́́ ̔ CrCM (DCM ACM) ̑̆̇̉̍̔ ̑́̅́ ......................... 19
˞̌̉̋́ 2.7 ˒̋̃̉̃́̌̆̎̓̎́ ̋̏̌́ ACF ̘̐̑̆̓̃́̑́́ ̔ CrCM (DCM ACM) ̑̆̇̉̍̔ ̑́̅́ (© 2020

IEEE)............................................................................................................................................................................. 19
˞̌̉̋́ 2.8 ˞̉̍̂̏̌ ̔ ̘̪̆̌̆̋̓̑̉̎̏ ̙̆̍̉ ̈́ ̙̯̋̏̑̉̆̎̉ ̓̑́̎̒̏̑̍́̓̏̑̕ 60 W ......................... 21
˞̌̉̋́ 2.9 ˞̌̉̋́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟2 ................................................................................................................ 21
˞̌̉̋́ 2.10 ˔́̃̉̒̎̏̒̓ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟3-1 ̏̅ ̪̒̓̑̔̆

̐̑̉̍́̑́ ..................................................................................................................................................................... 24
˞̌̉̋́ 2.11 ˔́̃̉̒̎̏̒̓ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟3 ̏̅ ̪̒̓̑̔̆ ̐̑̉̍́̑́

 ......................................................................................................................................................................................... 25
˞̌̉̋́ 2.12 ˔́̃̉̒̎̏̒̓ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟2 ̏̅ ̪̒̓̑̔̆ ̐̑̉̍́̑́

 ......................................................................................................................................................................................... 25
˞̌̉̋́ 2.13 ˜̪̑̏̍̆̎́ ̑́̒̉̐̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ˟3 ̏̅ ̪̒̓̑̔̆ ̎́ ̪̒̏̂̎̏ ̓̆̍̐̆̑́̓̔̑̉ .......... 26
˞̌̉̋́ 2.14 ˜̪̑̏̍̆̎́ ̑́̒̉̐̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ˟2 ̏̅ ̪̒̓̑̔̆ ̎́ ̪̒̏̂̎̏ ̓̆̍̐̆̑́̓̔̑̉ .......... 26
˞̌̉̋́ 2.15 ˜̪̑̉̍̆̑ ̙̔̎̉̓̆̎̏̄ ACF ̘̐̑̆̓̃́̑́́....................................................................................... 28
˞̌̉̋́ 2.16 ˞̉̍̔̌̉̑́̎̉ ̎́̐̏̎ ̎́ ̋̏̎̅̆̎̈́̓̏̑̔ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ 88 nF .... 32
˞̌̉̋́ 2.17 ˞̉̍̔̌̉̑́̎̉ ̎́̐̏̎ ̎́ ̋̏̎̅̆̎̈́̓̏̑̔ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ 66 nF .... 32
˞̌̉̋́ 2.18 ˛̙̐̓̉ ̏̂̌̉̋ Type-2 ̋̏̍̐̆̎̈́̓̏̑́ ̒́ ̙́̎̓-̑̆̄̔̌́̓̏̑̏̍ ̉ ̏̐̓̏̋́̐̌̆̑̏̍ . 35
˞̌̉̋́ 3.1 ˞̉̍̔̌̉̑́̎̉ ̎́̐̏̎̉ ̪̄̆̓́ QL (̄̏̑̆) ̉ ̪̅̑̆̎́ QL (̭̅̏̆) ACF ̘̐̑̆̓̃́̑́́ ̔ ACM

̑̆̇̉̍̔ ̑́̅́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 620 V ̉ ̯̮̏̐̓̆̑̆̆̔ 57 W .................................................. 39
˞̌̉̋́ 3.2 ˞̉̍̔̌̉̑́̎̆ ̪̒̓̑̔̆ ̯̮̍́̄̎̆̆́ (̐̌́̃́ ̪̌̉̎̉́) ̉ ̐̑̉̍́̑́ (̗̑̎́ ̪̌̉̎̉́) ACF

̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 620 V ̉ ̯̮̏̐̓̆̑̆̆̔ 57 W ........ 39
˞̌̉̋́ 3.3 ˞̉̍̔̌̉̑́̎̉ ̎́̐̏̎̉ ̪̄̆̓́ QL (̄̏̑̆) ̉ ̪̅̑̆̎́ QL (̭̅̏̆) ACF ̘̐̑̆̓̃́̑́́ ̔ ACM

̑̆̇̉̍̔ ̑́̅́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 850 V ̉ ̯̮̏̐̓̆̑̆̆̔ 57 W .................................................. 40
˞̌̉̋́ 3.4 ˞̉̍̔̌̉̑́̎̆ ̪̒̓̑̔̆ ̯̮̍́̄̎̆̆́ (̐̌́̃́ ̪̌̉̎̉́) ̉ ̐̑̉̍́̑́ (̗̑̎́ ̪̌̉̎̉́) ACF

̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 850 V ̉ ̯̮̏̐̓̆̑̆̆̔ 57 W ........ 40
˞̌̉̋́ 3.5 ˞̉̍̔̌̉̑́̎̉ ̎́̐̏̎ ̘̐̑̆̋̉̅́́ ACF ̘̐̑̆̓̃́̑́́, ̂̆̈ hybrid-clamp, ̔ DCM ̑̆̇̉̍̔

̑́̅́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 640 V ̉ ̯̮̏̐̓̆̑̆̆̔ 10,5 W ................................................................. 41
˞̌̉̋́ 3.6 ˞̉̍̔̌̉̑́̎̉ ̎́̐̏̎̉ ̪̅̑̆̎́ ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟2 ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ 620

V (̗̑̎́  ̪̌̉̎̉́) ̉ 850 V (̐̌́̃́ ̪̌̉̎̉́) ̉ ̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔ ................................. 41



xi

˞̌̉̋́ 3.7 ˞̉̍̔̌̉̑́̎̆ ̪̒̓̑̔̆ ̐̑̉̍́̑́ ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟2 ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ 620
V (̗̑̎́  ̪̌̉̎̉́) ̉ 850 V (̐̌́̃́ ̪̌̉̎̉́) ̉ ̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔ ................................. 42

˞̌̉̋́ 3.8 ˑ̘̉̎́̍̉̋́ ̪̐̑̏̍̆̎́ ̯̮̏̐̓̆̑̆̆́ ACF ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 620 V ......................... 44
˞̌̉̋́ 3.9 ˑ̘̉̎́̍̉̋́ ̪̐̑̏̍̆̎́ ̯̮̏̐̓̆̑̆̆́ ACF ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 850 V ......................... 44
˞̌̉̋́ 3.10 ː̑́̉̋̕ ̪̐̑̏̍̆̎̆ ̪̒̓̑̔̆ ̎́ ̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔ .............................................................. 45
˞̌̉̋́ 3.11 ː̗̑́̉̉̕ ̪̐̑̏̍̆̎̆ ̎́̐̏̎́ ̐̏̃̑́̓̎̆ ̒̐̑̆̄̆ ....................................................................... 45
˞̌̉̋́ 3.12 ː̗̑́̉̉̕ ̪̐̑̏̍̆̎̆ ́̋̓̏̑́̕ ̉̒̐̔̎̆ (duty-cycle) ................................................................ 45
˞̌̉̋́ 3.13 ˜̙̮̏̅̆́̃́́ ̐́̑́̍̆̓̑̉̈̉̑́̎̏̄ ̏̐̓̏̋́̐̌̆̑́ ̔ ˞̉̍̐̌̉̒̔ ...................................... 46
˞̌̉̋́ 3.14 ˞̉̍̔̌̉̑́̎̉ ˎ̏̅̆̏̃̉ ̪̅̉́̄̑́̍̉ ACF ̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉

̔̌́̈̎̏̍ ̎́̐̏̎̔ 620 V ....................................................................................................................................... 47
˞̌̉̋́ 3.15 ˞̉̍̔̌̉̑́̎̉ ˎ̏̅̆̏̃̉ ̪̅̉́̄̑́̍̉ ACF ̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉

̔̌́̈̎̏̍ ̎́̐̏̎̔ 850 V ....................................................................................................................................... 47
˞̌̉̋́ 4.1 ˑ̆̍̏-̘̐̌̏́ ACF ̘̐̑̆̓̃́̑́́ 57 W (̐̏̄̌̆̅ ̏̅̏̈̄̏)........................................................... 48
˞̌̉̋́ 4.2 ˕̗̪̍̐̌̆̍̆̎̓́̉́ ACF ̘̐̑̆̓̃́̑́́ ̔ ICS (̐̏̄̌̆̅ ̏̅̏̈̄̏) ................................................ 50
˞̌̉̋́ 4.3  ˕̗̪̍̐̌̆̍̆̎̓́̉́ ACF ̘̐̑̆̓̃́̑́́ ̔ ICS (̐̏̄̌̆̅ ̏̅̏̈̅̏) .............................................. 50
˞̌̉̋́ 4.4 ˑ̉̏ ̪̌́̂̏̑́̓̏̑̉̒̋̆ ̐̏̒̓́̃̋̆ ̈́ ̪̑́̈̃̏ ̉ ̮̓̆̒̓̉̑́̆ ACF ̘̐̑̆̓̃́̑́́ ................. 51
˞̌̉̋́ 4.5 ˕̪̈̍̆̑̆̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟3 ̔ ACM ̐̑̉ 620 V ̉

̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔ ............................................................................................................................... 52
˞̌̉̋́ 4.6 ˕̪̈̍̆̑̆̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟3 ̔ ACM ̐̑̉ 850 V ̉

̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔ ............................................................................................................................... 52
˞̌̉̋́ 4.7 ˞̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̈́ ACF 57 W ̒́ ˟3 ̔ ACM............................................................. 53
˞̌̉̋́ 4.8 ˕̪̈̍̆̑̆̎̉ ̎́̐̏̎̉ ̪̅̑̆̎́ QL ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟2 ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ 620

V (̗̑̎́  ̪̌̉̎̉́) ̉ 850 V (̐̌́̃́ ̪̌̉̎̉́) ̉ ̐̑̉ ̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔ ........................ 54
˞̌̉̋́ 4.9 ˕̪̈̍̆̑̆̎̆ ̪̒̓̑̔̆ ̐̑̉̍́̑́ ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟2 ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ 620 V

(̗̑̎́  ̪̌̉̎̉́) ̉ 850 V (̐̌́̃́ ̪̌̉̎̉́) ̉ ̐̑̉ ̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔ ............................ 54
˞̌̉̋́ 4.10 ˕̪̈̍̆̑̆̎̉ ̎́̐̏̎̉ ̪̄̆̓́ QL ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟2 ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ 620

V (̗̑̎́  ̪̌̉̎̉́) ̉ 850 V (̐̌́̃́ ̪̌̉̎̉́) ̉ ̐̑̉ ̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔ ........................ 55
˞̌̉̋́ 4.11 ˕̪̈̍̆̑̆̎̉ ̎́̐̏̎̉ ̋̏̎̅̆̎̈́̓̏̑́ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́

̐̑̉ 620 V (̗̑̎́  ̪̌̉̎̉́) ̉ 850 V (̐̌́̃́ ̪̌̉̎̉́) ̉ ̐̑̉ ̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔..... 55
˞̌̉̋́ 4.12 ˜̪̑̏̍̆̎́ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̈́ ACF 57 W ̒́ ˟2 ̔ ACM ̐̑̉ ̎́̐̏̎̔

620 V ............................................................................................................................................................................ 56
˞̌̉̋́ 4.13 ˜̪̑̏̍̆̎́ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̈́ ACF 57 W ̒́ ˟2 ̔ ACM ̐̑̉ ̎́̐̏̎̔

850 V ............................................................................................................................................................................ 56
˞̌̉̋́ 4.14 ˜̪̑̏̍̆̎́ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ ACM ̑̆̇̉̍̔ ........ 57
˞̌̉̋́ 4.15 ˜̪̑̏̍̆̎́ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ QL ̋̏̅ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ ACM

̑̆̇̉̍̔ ̑́̅́............................................................................................................................................................ 57
˞̌̉̋́ 4.16 ˞̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ ̒́ T3-2 ̉ T2-1 ............................................ 58
˞̌̉̋́ 4.17 ˟́̌́̒̎̉ ̗̏̂̌̉̉ ACF ̘̐̑̆̓̃́̑́́ 57 W ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 640 V ̉

̯̮̏̐̓̆̑̆̆̔ 10,5 W (̑̆̇̉̍ ̐̑̉̐̑́̃̎̏̒̓̉ ̒̉̒̓̆̍́) ̂̆̈ hybrid-clamp ............................... 59
˞̌̉̋́ 4.18 ˞̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ DCM ̒́ ̍́̌̉̍ ̯̮̏̐̓̆̑̆̆̆̍

(̑̆̇̉̍ ̐̑̉̐̑́̃̎̏̒̓̉ ̒̉̒̓̆̍́) ................................................................................................................. 60
˞̌̉̋́ 4.19 ˞̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ 13 W (©2021 IEEE) ................................ 60
˞̌̉̋́ 4.20 ˜̪̑̏̍̆̎́ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ ACF ̘̐̑̆̓̃́̑́́ 13 W ̔ ACM ̑̆̇̉̍̔

(©2021 IEEE) .......................................................................................................................................................... 61
˞̌̉̋́ 4.21 ˜̪̑̏̍̆̎́ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ ACF ̘̐̑̆̓̃́̑́́ 13 W (©2021 IEEE) .......... 61



xii

˞̌̉̋́ 4.22 ˞̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ ACM ̒́ ̋̏̎̒̓́̎̓̎̉̍
̯̮̏̐̓̆̑̆̆̆̍ 30% ̉ 99% ................................................................................................................................ 62

˞̌̉̋́ 4.23 ː̑́̉̋̕ ̖̘̉̐̏̓̆̓̉̋̉ ̍́̋̒̉̍́̌̎̏̄ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́
57 W ̔ ACM ̒́ ̘̑́̈̌̉̉̓̉̍ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ ............................................................................... 63

˞̌̉̋́ 4.24 ː̗̔̂̉̉ ̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ ACF ̘̐̑̆̓̃́̑́́ 57 W ̈́ ̘̆̓̉̑̉
̘̑́̈̌̉̉̓́ ̓̑́̎̒̏̑̍́̓̏̑́̕ .......................................................................................................................... 66

˞̌̉̋́ 4.25 ː̗̔̂̉̉ ̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ ACF ̘̐̑̆̓̃́̑́́ 57 W ̒́
̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ T1-2 ̉ T1-3 .................................................................................................................. 66

˞̌̉̋́ 4.26 ˝̪́̒̐̏̅̆̌́ ̓̆̍̐̆̑́̓̔̑̆ ACF ̘̐̑̆̓̃́̑́́ ̎́ ̅̆̍̏-̘̐̌̏̉ ̐̑̉ ̐̔̎̏̍
̯̮̏̐̓̆̑̆̆̔ ............................................................................................................................................................. 67

˞̌̉̋́ 4.27 ˤ̘̆̓̃̏̑̏́̒̏̃̎̉ ̓̆̒̓ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ ̒̉̒̓̆̍̔ ̐̑̉ ̎́̐̏̎̔ 850 V ........ 68
˞̌̉̋́ 4.28 ˗̑́̓́̋ ̪̒̐̏ ACF ̘̐̑̆̓̃́̑́́ ̔ pulse-skipping ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔

̏̅ 550 V ̉ ̐̑́̈̎̏̍ ̖̏̅̔ .................................................................................................................................. 69
˞̌̉̋́ 4.29 ˗̏̎̓̑̏̌̎̉ ̐̑̏̈̏̑ ̔ Bode Analyzer Suite............................................................................... 71
˞̌̉̋́ 4.30 ˗̗̪̏̎̉̄̔̑́̉́̕ ̖́̑̅̃̆̑́ (Transmission/Gain) ̔ Bode Analyzer Suite .................... 71
˞̌̉̋́ 4.31 ˞̉̍̔̌̉̑́̎̉ (̗̑̃̆̎̏) ̉ ̪̉̈̍̆̑̆̎̉ (̗̑̎̏) ˎ̏̅̆̏̃̉ ̪̅̉́̄̑́̍̉ ̐̑̉ ̔̌́̈̎̏̍

̎́̐̏̎̔ 620 V ̉ ̎́̈̉̃̎̏̍ ̯̮̏̐̓̆̑̆̆̔ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ...................................................... 72
˞̌̉̋́ 4.32 ˞̉̍̔̌̉̑́̎̉ (̗̑̃̆̎̏) ̉ ̪̉̈̍̆̑̆̎̉ (̗̑̎̏) ˎ̏̅̆̏̃̉ ̪̅̉́̄̑́̍̉ ̐̑̉ ̔̌́̈̎̏̍

̎́̐̏̎̔ 850 V ̉ ̎́̈̉̃̎̏̍ ̯̮̏̐̓̆̑̆̆̔ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ...................................................... 72
˞̌̉̋́ 4.33 ACF ̘̐̑̆̓̃́̑́ 57 W ̔ ACM: ̪̐̑̏̍̆̎́ ̐̑̏̐̔̒̎̏̄ ̏̐̒̆̄́ ̔ ̏̅̎̏̒̔ ̎́

̯̮̏̐̓̆̑̆̆̆ ̉ ̔̌́̈̎̆ ̎́̐̏̎̆ ....................................................................................................................... 73
˞̌̉̋́ 4.34 ACF ̘̐̑̆̓̃́̑́ 57 W ̔ ACM: ̪̐̑̏̍̆̎́ ̑̆̈̆̑̃̆ ́̈̆̕ ̔ ̏̅̎̏̒̔ ̎́ ̯̮̏̐̓̆̑̆̆̆ ̉

̔̌́̈̎̆ ̎́̐̏̎̆ ........................................................................................................................................................ 74
˞̌̉̋́ 4.35 ACF ̘̐̑̆̓̃́̑́ 57 W ̔ ACM: ̪̐̑̏̍̆̎́ ̑̆̈̆̑̃̆ ̪̘̮̐̏́́́ ̔ ̏̅̎̏̒̔ ̎́

̯̮̏̐̓̆̑̆̆̆ ̉ ̔̌́̈̎̆ ̎́̐̏̎̆ ....................................................................................................................... 74
˞̌̉̋́ 4.36 ˝̆̄̔̌̉̒́̎̉ (̐̔̎̆ ̪̌̉̎̉̆) ̉ ̎̆̑̆̄̔̌̉̒́̎̉ (̉̒̐̑̆̋̉̅́̎̆ ̪̌̉̎̉̆) ̉̈̌́̈̉ 5,5 V

ACF ̘̐̑̆̓̃́̑́́ 57 W ̒́ ˟3-1 ̔ ACM ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ 620 V (̗̑̎̏) ̉ 850 V
(̗̑̃̆̎̏) ..................................................................................................................................................................... 75

V (̐̔̎̆ ̪̌̉̎̉̆) ̉ 22 V (̉̒̐̑̆̋̉̅́̎̆ ̪̌̉̎̉̆) ACF 11ױ+ ̉̈́̌̈̉ ̉̎́̒̉̌̔̄̆̑̆˚ 4.37 ́̋̉̌˞
̘̐̑̆̓̃́̑́́ 57 W ̒́ ˟3-1 ̔ ACM ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ 620 V (̗̑̎̏) ̉ 850 V
(̗̑̃̆̎̏) ..................................................................................................................................................................... 76

˞̌̉̋́ 4.38 ˝̆̄̔̌̉̒́̎̉ (̐̔̎̆ ̪̌̉̎̉̆) ̉ ̎̆̑̆̄̔̌̉̒́̎̉ (̉̒̐̑̆̋̉̅́̎̆ ̪̌̉̎̉̆) ̉̈̌́̈̉ 5,5 V
ACF ̘̐̑̆̓̃́̑́́ 57 W ̒́ ˟3-1 ̔ DCM ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ 460 V (̗̑̎̏) ̉ 640 V
(̗̑̃̆̎̏) ..................................................................................................................................................................... 76

V (̐̔̎̆ ̪̌̉̎̉̆) ̉ 22 V (̉̒̐̑̆̋̉̅́̎̆ ̪̌̉̎̉̆) ACF 11ױ+ ̉̈́̌̈̉ ̉̎́̒̉̌̔̄̆̑̆˚ 4.39 ́̋̉̌˞
̘̐̑̆̓̃́̑́́ 57 W ̒́ ˟3-1 ̔ DCM ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ 460 V (̗̑̎̏) ̉ 640 V
(̗̑̃̆̎̏) ..................................................................................................................................................................... 77

˞̌̉̋́ 4.40 ACF ̘̐̑̆̓̃́̑́ 57 W ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̒́ ̘̅̉̎́̍̉̋̏̍ ̪̐̑̏̍̆̎̏̍
̯̮̏̐̓̆̑̆̆́ ̎́ ̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔ 5,5 V. a) ̪̐̑̏̍̆̎́ ̪̒̓̑̔̆ 0,1 AƂ 1 A; b) ̪̐̑̏̍̆̎́
̪̒̓̑̔̆ 1 AƂ 0,1 A. ................................................................................................................................................ 77

˞̌̉̋́ 4.41 ˞̓̆̐̆̎̉ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ DCM flyback ̉ ACF ̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔ ̑́̅́
 ......................................................................................................................................................................................... 78

˞̌̉̋́ 4.42 ˜̣̮̏̑̆̆̆ ̪̐̑̏̍̆̎́ ̐̑̏̐̔̒̎̏̄ ̏̐̒̆̄́ DCM flyback ̉ ACF ̘̐̑̆̓̃́̑́́ ............... 79
˞̌̉̋́ 4.43 ˜̣̮̏̑̆̆̆ ̪̐̑̏̍̆̎́ ̑̆̈̆̑̃̆ ́̈̆̕ DCM flyback ̉ ACF ̘̐̑̆̓̃́̑́́ ......................... 79
˞̌̉̋́ 4.44 ˜̣̮̏̑̆̆̆ ̪̐̑̏̍̆̎́ ̑̆̈̆̑̃̆ ̪̘̮̐̏́́́ DCM flyback ̉ ACF ̘̐̑̆̓̃́̑́́ ............... 79



xiii

˞̌̉̋́ 4.45 ˑ̆̍̏-̘̐̌̏́ QRF ̘̐̑̆̓̃́̑́́ (̐̏̄̌̆̅ ̏̅̏̈̄̏) .................................................................... 81
˞̌̉̋́ 4.46 ˞̓̆̐̆̎̉ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ QRF ̉ ACF ̘̐̑̆̓̃́̑́́ ........................................................... 81
˞̌̉̋́ 4.47 ˝̪́̒̐̏̅̆̌́ ̓̆̍̐̆̑́̓̔̑́ ̋̏̅ QRF ̘̐̑̆̓̃́̑́́ ̐̑̉ ̐̔̎̏̍ ̯̮̏̐̓̆̑̆̆̔ .............. 82
˞̌̉̋́ 4.48 ˜̣̮̏̑̆̆̆ ̪̐̑̏̍̆̎́ ̐̑̏̐̔̒̎̏̄ ̏̐̒̆̄́ QRF ̉ ACF ̘̐̑̆̓̃́̑́́ ................................ 83
˞̌̉̋́ 4.49 ˜̣̮̏̑̆̆̆ ̪̐̑̏̍̆̎́ ̑̆̈̆̑̃̆ ́̈̆̕ QRF ̉ ACF ̘̐̑̆̓̃́̑́́ .......................................... 83
˞̌̉̋́ 4.50 ˜̣̮̏̑̆̆̆ ̪̐̑̏̍̆̎́ ̑̆̈̆̑̃̆ ̪̘̮̐̏́́́ QRF ̉ ACF ̘̐̑̆̓̃́̑́́ ................................ 83
˞̌̉̋́ 4.51 ˗̗̏̎̅̔̋̉̏̎̆ ̪̆̍̉̒̉̆ ACF ̘̐̑̆̓̃́̑́́ ̔ ̒̉̒̓̆̍̔ ........................................................... 84
˞̌̉̋́ 4.52 ˒̪̍̉̒̉̆ ̘̆̌̆̋̓̑̉̎̏̄ ̭̐̏́ ̔ ̒̉̒̓̆̍̔..................................................................................... 85



xiv

˞̐̉̒́̋ ̓́̂̆̌́

˟́̂̆̌́ 1.1 ˛̪̭̂́̃̆̎̉ ̘̎́̔̎̉ ̑́̅̏̃̉ ̔ ̃̆̈̉ ̗̪̅̉̒̆̑̓́̉̆ ..................................................................... 8
˟́̂̆̌́ 2.1 ˜̣̮̏̑̆̆̆ ̭̘̖̔̐̑́̃́̋̉ ̋̏̌́ ACF ̘̐̑̆̓̃́̑́́ ................................................................... 12
˟́̂̆̌́ 2.2 ˜̑̆̄̌̆̅ ̪̖̉̒̐̑̏̆̋̓̏̃́̎̉ ACF ̘̐̑̆̓̃́̑́́ .......................................................................... 13
˟́̂̆̌́ 2.3 ˛̐̉̒ ̗̪̔̎̋̉́̕ ̗̎̏̇̉́ ̋̏̎̓̑̏̌̆̑́ NCP1568 [83] .......................................................... 13
˟́̂̆̌́ 2.4 ˞̗̗̪̐̆̉̉̋́̉́̕ ACF ̘̐̑̆̓̃́̑́́ 57 W ..................................................................................... 17
˟́̂̆̌́ 2.5 ˞̗̗̪̐̆̉̉̋́̉́̕ ACF ̘̐̑̆̓̃́̑́́ 13 W ..................................................................................... 17
˟́̂̆̌́ 2.6 ˞̗̗̪̐̆̉̉̋́̉́̕ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟3......................................................................................... 20
˟́̂̆̌́ 2.7 ˞̗̗̪̐̆̉̉̋́̉́̕ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟2......................................................................................... 20
˟́̂̆̌́ 2.8 ˞̗̗̪̐̆̉̉̋́̉́̕ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̈́ ACF ̘̐̑̆̓̃́̑́ 13 W ........................................... 22
˟́̂̆̌́ 2.9 ˜̑̆̄̌̆̅ ̙̯̖̋̏̑̉̆̎̉ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟2 ̉ ˟3 ̒́ ̆̆̋̓̉̃̎̉̍̕ ̐̑̆̎̏̒̎̉̍

̏̅̎̏̒̉̍́ ................................................................................................................................................................... 23
˟́̂̆̌́ 2.10 ˜̑̆̄̌̆̅ ̎́̐̏̎́ ̎́ ̋̏̎̅̆̎̈́̓̏̑̉̍́ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ................ 32
˟́̂̆̌́ 2.11 ˜̑̆̄̌̆̅ ̙̖̔̒̋̌́̅̉̓̆̎̉ ̪̆̎̆̑̄̉́ ̔ ̑̆̈̏̎́̎̓̎̏̍ ̋̏̌̔ ACF ̘̐̑̆̓̃́̑́́ ....... 34
˟́̂̆̌́ 3.1 ˜̣̮̏̑̆̆̆ ACF ̘̐̑̆̓̃́̑́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ ˟2 ̉ ˟3 ......................................... 42
˟́̂̆̌́ 3.2 ˜̑̆̄̌̆̅ ̘̪̐̑̆̂́́́ ̉ ̘̪̐̏̅̂́́́ ̐̑̉ ̗̪̒̉̍̔̌́̉̉ ̘̅̉̎́̍̉̋̆ ̪̐̑̏̍̆̎̆

̯̮̏̐̓̆̑̆̆́ ............................................................................................................................................................. 43
˟́̂̆̌́ 4.1 ˜̑̆̄̌̆̅ ̭̘̖̋̔̎̉ ̪̖̉̈̍̆̑̆̎̉ ̘̃̆̌̉̉̎́ ̈́ ˟3 ̉ ˟2 ........................................................ 58
˟́̂̆̌́ 4.2 ˜̑̆̄̌̆̅ ̖̒̃̉ ̙̯̖̋̏̑̉̆̎̉ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̒́ ̐́̑́̍̆̓̑̉̍́ ̑̆̈̏̎́̎̓̎̏̄

̋̏̌́ .............................................................................................................................................................................. 62
˟́̂̆̌́ 4.3 ˜̑̆̄̌̆̅ ̖̘̉̐̏̓̆̓̉̋̉ ̖̍́̋̒̉̍́̌̎̉ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF

̘̐̑̆̓̃́̑́́ ............................................................................................................................................................... 64
˟́̂̆̌́ 4.4 ˗̭̘̔̎̉ ̐́̑́̍̆̓̑̉ ̉̈ ˎ̖̏̅̆̏̃̉ ̪̅̉́̄̑́̍́ ACF ̘̐̑̆̓̃́̑́́ 57 W ........................ 73
˟́̂̆̌́ 4.5 ˞̗̗̪̐̆̉̉̋́̉́̕ QRF ̘̐̑̆̓̃́̑́́ 57 W ..................................................................................... 80



xv

ˍ̋̑̏̎̉̍̉

ACF active-clamped flyback

ACM active-clamping mode

APS auxiliary power-supply

BEV battery electric vehicle

BOM bill-of-material

CCM continuous conduction-mode

CrCM critical conduction-mode

CTR current-transfer ratio

DCM discontinuous conduction-mode

DOI digital object identifier

EF electric field

EMI electro-magnetic interference

EMC electro-magnetic compatibility

EV electric vehicle

FET field-effect transistor

GaN Gallium-Nitride

GM gain margin

HDCIV higher-dc-input-voltage

HV high voltage

IC integrated circuit

ICS inductive charging-system

IPT inductive power-transfer

LEB leading edge blanking

MOSFET metal-oxide-semiconductor field-effect transistor

PCB printed-circuit board

PES power-electronic system

PFC power-factor corrector

PHEV plug-in hybrid electric vehicle



xvi

PM phase margin

PT power transfer

PWB printed-wiring board

PWM pulse-width modulation

QP quasi peak

QRF quasi-resonant flyback

RCD resistor-capacitor-diode

SiC Silicon Carbide

SMD surface-mounted device

SW switching node

TIM thermal-interface material

TVS transient voltage suppressor

USB-PD universal serial bus-power delivery

ZCS zero-current switching

ZVS zero-voltage switching

VSM valley-switching mode

WPT wireless power-transfer

˒ˏ ̘̆̌̆̋̓̑̉̎̏ ̃̏̈̉̌̏

˒˙˕ ̆̌̆̋̓̑̏̍́̄̎̆̓̒̋̆ ̗̪̉̎̓̆̑̆̑̆̎̉̆̕



ʤʨ ɼʘʨʢʦ ɺʨʘʯʘʨ ƅ ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ
CC BY-NC-ND 4.0 international license 1

1 ˠ̃̏̅

˗́̋̏ ̔̐̏̓̑̆̂́ ̘̖̆̌̆̋̓̑̉̎̉ ̃̏̈̉̌́ (˒ˏ) ̪̐̏̒̓́̆ ̒̃̆ ̙̪̑́̉̑̆̎̉́ [1] ̓́̋̏ ̪̆ ̉ ̒̃̆
̯̃̆̆ ̮̉̎̓̆̑̆̒̏̃́̆ ̘̉̒̓̑́̇̉̃́́ ̈́ ̘̂̆̇̉̎̏ ̉̎̅̔̋̓̉̃̎̏ ̮̮̐̔̆̆ ̮̖̖̉̏̃̉ ̪̂́̓̆̑̉́ [2],
[3], [4], [5], [6], [7], [8], [9], [10], [11],[12], ̯̐̑́̓̆̆ ̙̈́̓̉̓̎̆ ̗̪̔̎̋̉̆̕ ̉ ̒̓́̎̅́̑̅̆ [13],
[14], [15], ̋́̏ ̉ ̉̎̓̆̑̆̒ ̈́ ̪̭̮̏̂́̃̉̃́̆ ̙̖̍́̑̋̆̓̉̎̋̉ ̪̒̓̔̅̉́ [16]. ˤ̆̒̓̉ ̉̈̑́̈̉ ̔
̌̉̓̆̑́̓̔̑̉ ̒̔ inductive power-transfer (IPT) ̉̌̉ ̒́̍̏ wireless power-transfer (WPT). ˠ
̪̋̏̍̐́̎̉̉ Brusa Elektronik AG, ̪̄̅̆ ̪̆ ́̔̓̏̑ ̈́̐̏̒̌̆̎, ̒̆ ̋̏̑̉̒̓̉ ̉̈̑́̈ inductive-charging
system (ICS) [17]. ˔̂̏̄ ̓̏̄́ ̯̆ ̒̆ ̯̗̒̋̑́̆̎̉́ ICS ̉̌̉ ̒́̍̏ ̉̈̑́̈ „̒̉̒̓̆̍” ̋̏̑̉̒̓̉̓̉ ̔
̭̅́̆̍ ̓̆̋̒̓̔, ́ ̉ ̑́̅̉ ̯̌́̋̏̆ ̮̐̉̒́́.

˚́ ̗̒̌̉̉ ̪̅́̓̏ ̔ [1] (̒̓̑́̎́ 14) ̐̑̉̋́̈́̎ ̪̆ ̓̑̆̎̅ ̔̐̏̓̑̆̂̆ ˒ˏ ̎́ ̄̌́̃̎̉̍
̪̒̃̆̓̒̋̉̍ ̙̓̑̇̉̓̉̍́. ˟̔ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̪̆ ̔ 2021. ̄̏̅̉̎̉ ̂̉̌̏ ̏̋̏ 16,5 ̍̉̌̉̏̎́
̘̖̐̔̓̎̉̋̉ ̃̏̈̉̌́ (BEV ̉ PHEV)1 ̎́ ̐̔̓̆̃̉̍́ ̖́̎́̌̉̈̉̑́̎̉ ̙̓̑̇̉̓́ ̉ ̅́ ̪̆ ̮̖̉̏̃ ̪̂̑̏
̘̔̓̑̏̒̓̑̔̆̎ ̈́ ̭̮̐̏̒̆̅̆ ̓̑̉ ̄̏̅̉̎̆ [1] Ʉ ̙̓̏ ̪̆ ̘̪̈̎́́́̎ ̐̏̑́̒̓. ˟̣́̋̏̆, ̓̔ ̪̒́̈̎́̆̍̏
̅́ ̒̔ ̪̯̎́̃̆́ ̙̓̑̇̉̓́ ˒ˏ ˗̉̎́, ˒ˠ ̉ ˞ˍˑ [1].

˕̈ [16] ̪̒́̈̎́̆̍̏ ̅́ ̪̆ ̈́ ̄̌̏̂́̌̎̏ ̙̓̑̇̉̓̆ ̘̂̆̇̉̎̏̄ ̉̎̅̔̋̓̉̃̎̏̄ ̮̮̐̔̆́ ˒ˏ
̪̐̑̏̆̋̓̏̃́̎ ̑́̒̓ ̒́ 15 ̍̉̌̉̏̎́ ̅̏̌́̑́ (USD) ̔ 2022. ̄̏̅̉̎̉ ̎́ 377 ̍̉̌̉̏̎́ ̅̏̌́̑́
(USD) ̔ 2027. ̄̏̅̉̎̉, ̔̈ CAGR2 ̏̅ 88,5% Ʉ ̙̓̏ ̪̆ ̉̈̔̈̆̓̎̏ ̍̎̏̄̏. ˑ̉̎́̍̉̋́ ̏̃̏̄
̙̓̑̇̉̓́ ̪̆ ̭̯̒̆̅̆́ [16]: ̄̌́̃̎̉ ̘̐̏̋̑̆̓́ ̒̔ ̐̑̆̅̎̏̒̓̉ ̘̂̆̇̉̎̏̄ ̮̮̐̔̆́ ̪̂́̓̆̑̉́ ̔
̏̅̎̏̒̔ ̎́ ̘̇̉̎̏, ̐̑̆̐̑̆̋́ ̒̔ ̙̓̑̏̋̏̃̉ ̮̎́̅̏̄̑́̅̆ ̃̏̈̉̌́ ̎́ ̪̏̃́ ̒̉̒̓̆̍, ́̌̉
̙̐̏̅̑̋́ ̪̖̐̏̆̅̉̎̉ ̅̑̇́̃́ ̪̆ ̐̑̉̌̉̋́ ̈́ ̣̮̒̐̑̏̃̏̆̆ ̔ ̪̅̆̌̏ ̏̃̆ ̎̏̃̆ ̖̪̓̆̎̏̌̏̄̉̆.
ː̌́̃̎̉ ̉̈́̈̏̃ ̪̆ ̯̮̐̏̃̆́̆ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̒̉̒̓̆̍́ [16], ̮̮̒̍́̆̆ ̈́̐̑̆̍̉̎̆,
̍́̒̆ ̉ ̗̪̉̆̎̆. ˟̣́̋̏̆, ́̔̓̏̑̉ ̪̒̓̔̅̉̆ ̓̃̑̅̆ ̅́ ̯̆ ̄̌́̃̎̉ ̐̏̑́̒̓ ̂̉̓̉ ̔ ̒̆̄̍̆̎̓̔
̘̖̐̔̓̎̉̋̉ ˒ˏ (BEV), ̮̘̐̔́́ ̏̐̒̆̄́ ̒̎́̄́ 3Ʉ11 kW, ̉ ̓̏ ̔ ̑̆̄̉̏̎̔ ˍ̪̈̉́-˜̗́̉̉̋̕ [16].
˟̆̍́ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆ ̐̑̉̐́̅́ ̔̐̑́̃̏ ̐̏̍̆̎̔̓̉̍ ̒̆̄̍̆̎̓̉̍́ ̙̓̑̇̉̓́ ̘̖̂̆̇̉̎̉
̖̉̎̅̔̋̓̉̃̎̉ ̮̘̐̔́́ ˒ˏ ̒́ ̪̂́̓̆̑̉́̍́ (BEV).

ˍ̎́̌̉̈̏̍ ̖̐̑̆̓̏̅̎̏ ̖̎́̃̆̅̆̎̉ ̘̌́̎́̋́ [2]Ʉ[15], ̋́̏ ̉ ̮̖̖̉̏̃̉ ̗̑̆̆̑̆̎̉̕,
̣̔̓̃̑̆̎̏ ̪̆ ̅́ ̪̆ ̏̋̔̒̕ ̘̉̒̓̑́̇̉̃́́ ̔ ̮̉̍́ ̔̄̌́̃̎̏̍ ̂̉̏ ̎́ ̮̐̑̆̓̃́̑́̔ ̪̆̎̆̑̄̉̆,
̯̮̐̏̃̆́̔ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́, ̭̮̔̐̑́̃́̔, ̪̮̐̑̏̆̋̓̏̃́̔ ̪̎́̍̏̓́́, ̪̍́̓̆̑̉́̌̉̍́,
̗̪̋̏̍̐̆̎̈́̉̉ ̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́, ̙̈́̓̉̓́̍́, ̯̐̏̍̏̎̉̍ ̗̪̔̎̋̉́̍́̕ ̉ ̒̓́̎̅́̑̅̉̍́.
ˑ̑̔̄̉̍ ̪̘̑̉̆̉̍́, ̔ ̪̭̪̏̂́̃̆̎̏ ̌̉̓̆̑́̓̔̑̉ ̎̉̋̏ ̪̎̉̆ ̯̏̂̑́́̏ ̮̐́̇̔ ̎́ ̯̐̏̍̏̎́
̪̮̎́̐́́́ ̖̏̃́̋̃̉ ̒̉̒̓̆̍́ ̪̋̏̉ ̒̆ ̪̪̎́̐́́̔ ̉̈ ̓̑̏́̈̎̆̕ ̍̑̆̇̆ [19]. ˞̓̏̄́ ̪̆ ̏̋̔̒̕
̮̉̒̓̑́̇̉̃́́ ́̔̓̏̑́ ̂̉̏ ̪̔̒̍̆̑̆̎ ̔̐̑́̃̏ ̎́ ̐̏̍̆̎̔̓́ ̯̐̏̍̏̎́ ̪̮̎́̐́́́ ̙̓̏ ̪̆
̑̆̈̔̌̓̏̃́̌̏ ̑́̅̏̃̉̍́ [19], [20], [21], [22], [23]. ˕̈ ́̔̓̏̑̏̃̏̄ ̉̒̋̔̒̓̃́ ̔ ̪̑́̈̃̏̔ ̖̍̎̏̄̉
̣̪̔̑̆́́ ̏̋̔̒̕ ̪̆ ̎́ ̒̉̒̓̆̍, ́ ̯̐̏̍̏̎̏ ̪̮̎́̐́́̆ ̖̉̒̓̉ ̒̆ ̒̍́̓̑́ ̋́̏ ̙̎̆̓̏ ̏̅ ̒̐̏̑̆̅̎̏̄
̘̪̈̎́́́. ˙̣̆̔̓̉̍, ̓̑̆̂́ ̉̍́̓̉ ̎́ ̔̍̔ ̅́ ́̋̏ ̯̐̏̍̏̎̏ ̪̮̎́̐́́̆ ̎̆ ̑́̅̉ ̏̎̅́ ̎̉ ̒̉̒̓̆̍
̯̎̆̆ ̑́̅̉̓̉ [19].

1.1 ˜̑̆̅̍̆̓, ̗̭̉ ̉ ̘̪̈̎́́ ̮̉̒̓̑́̇̉̃́́

ˍctive-clamped flyback (ACF) dc-dc ̘̐̑̆̓̃́̑́ ̪̆ ̐̏̈̎́̓ 30-́̋ ̄̏̅̉̎́ [24], [25], [26],
[27]. ˙̣̆̔̓̉̍, ̐̏̒̓́̏ ̪̆ ̐̏̐̔̌́̑́̎ ̓̆̋ ̭̮̖̐̏̒̆̅̉ ̎̆̋̏̌̉̋̏ ̄̏̅̉̎́ ̉ ̓̏ ̔̄̌́̃̎̏̍ ̋́̏
̮̘̐̔́ ̖̐̑̆̎̏̒̎̉ ̘̑́̔̎́̑́, ̓́̂̌̆̓́, ̓̆̌̆̏̎́̕ ̉ ̘̖̒̌̉̎̉ ̣̪̔̑̆́́ ̙̘̐̏̓̑̏́̋̆
̆̌̆̋̓̑̏̎̉̋̆ [28], [29], [30], ̉̌̉ ̋́̏ USB-PD (Universal Serial Bus-Power Delivery) ́̅́̐̓̆̑

1 BEV – battery electric vehicle, PHEV – plug-in hybrid electric vehicle
2 CAGR – compound annual growth-rate [18]
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[31]. ˠ ̓̏̍ ̒̆̄̍̆̎̓̔ ̙̓̑̇̉̓́ ̮̉̒̓̑́̇̉̃́́ ̒̔ ̂̉̌́ ̪̔̒̍̆̑̆̎́ ̎́ ̘̐̑̆̓̃́̑́̆ ̒̎́̄̆ ̅̏
65 W ̉ ̉̈̌́̈̎̏̄ ̎́̐̏̎́ ̅̏ 20 V [28], [31], [32], [33], [34] Ʉ ̙̓̏ ̮̖̍́̉ ̪̅̉̍̆̎̈̉́. ˟̏̍̆
̪̆ ̐̏̄̏̅̏̃́̌́ ̉ ̔̐̏̓̑̆̂́ GaN (Gallium Nitride) ̓̑́̎̈̉̒̓̏̑́ [35], [36] ̪̋̏̉ ̍̏̄̔ ̅́ ̑́̅̆
̎́ ̃̑̌̏ ̃̉̒̏̋̉̍ ̘̐̑̆̋̉̅́̋̉̍ ̘̔̆̒̓́̎̏̒̓̉̍́ (̎̐̑. ̅̏ 1 MHz) [28], [31], [32], [37]. ˠ
̐̏̍̆̎̔̓̏̍ ̒̆̄̍̆̎̓̔ ̙̓̑̇̉̓́ ACF ̘̐̑̆̓̃́̑́̉ ̒̆ ̪̪̎́̐́́̔ ̍̏̎̏́̈̎̏̕ ̉̈ ̅̉̒̓̑̉̂̔̓̉̃̎̆
̍̑̆̇̆ ̔̎̉̃̆̑̈́̌̎̏̄ ̏̐̒̆̄́ ̎́̐̏̎́ 90Ʉ264 V [31], [33].

ˠ [38] ̈́ flyback dc-dc ̘̐̑̆̓̃́̑́ ̒̔ ̙̯̋̏̑̉̆̎̉ ̉̈̑́̈̉ ̎̆̐̑̏̐̔̒̎̉ ̉̌̉
̉̎̅̉̑̆̋̓̎̉ ̘̐̑̆̓̃́̑́.  ˠ ̗̪̅̉̒̆̑̓́̉̉ ̯̆ ̒̆ ̉̐́̋ ̋̏̑̉̒̓̉̓̉ ̆̎̄̌̆̒̋̉ ̉̈̑́̈ flyback
(̪̌́̂̆̋̕) ̪̆̑ ̪̆ ̍̎̏̄̏ ̯̪̏̅̏̍́̆̎̉̉ ̔ ̪̒̃́̋̏̅̎̆̃̎̏ ̮̪̉̎̇̆̆̑̒̋̏ ̗̪̋̏̍̔̎̉̋́̉̉. ˕̘̎́̆,
̉̍̆ flyback ̅̏̌́̈̉ ̉̈ ̖̆̌̆̋̓̑̏̎̒̋̉ ̋̏̌́ ́̎́̌̏̄̎̆ ̪̓̆̌̆̃̉̈̉̆ [39]. ˠ ̎́̒̌̏̃̔
̗̪̅̉̒̆̑̓́̉̆ ACF ̘̐̑̆̓̃́̑́ ̪̆ ̐̑̆̃̆̅̆̎ ̎́ ̒̑̐̒̋̉ ̋́̏ „̘̐̑̆̓̃́̑́ ̒́ ́̋̓̉̃̎̉̍
̪̗̮̏̅̒̉̆́̆̍ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́”. ˝́̅̉ ̯̌́̋̏̆ ̮̐̉̒́́ ̔ ̗̪̅̉̒̆̑̓́̉̉ ̯̆ ̒̆
̋̏̑̉̒̓̉̓̉ ̆̎̄̌̆̒̋̉ ́̋̑̏̎̉̍ ACF.

˕̎̓̆̑̆̒́̎̓̎̏ ̪̆ ̪̐̑̉̍̆̓̉̓̉ ̅́ ̒̆ ACF dc-dc ̘̐̑̆̓̃́̑́̉ ̋̏̑̉̒̓̆ ̉ ̔ ̑́̈̎̉̍
„̘̆̄̈̏̓̉̎̉̍” ̗̪́̐̌̉̋́̉́̍́ ̏̅ ̪̗̪́̃̉́̉̆ [40], ̐̑̆̋̏ ̍́̄̎̆̓̑̏̎́ ̒́ ̉̈̌́̈̎̉̍ ̎́̐̏̎̏̍
̏̅ 1400 V [41], [42] ̅̏ ̪̮̎́̐́́́ ̪̅̑́̃̆̑́ ̘̐̑̆̋̉̅́́ ̔ ̘̐̑̆̓̃́̑́̉̍́ ̯̖̃̆̉ ̒̎́̄́ [43],
[44]. ˤ̆̒̓̉ ̒̔ ̉ ̪̐̑̉̍̆̑̉, ̎̐̑. ̋̏̅ ̍̉̋̑̏̉̎̃̆̑̓̏̑́ ̈́ ̏̓̏̎́̐̏̎̒̋̆̕ ̗̪́̐̌̉̋́̉̆, ̪̄̅̆ ̪̆
̐̑̉̍́̑̎́ ̒̓̑́̎́ ̘̐̑̆̓̃́̑́́ ̉̒̓́ ̋́̏ ̋̏̅ ACF dc-dc ̘̐̑̆̓̃́̑́́, ́̌̉ ̪̆ ̒̆̋̔̎̅́̑
̘̪̅̑̔̄́̉̉ [45], [46], [47]. ˜̪̏̒̓̏̆ ̉ ̪̙̮̑̆̆́ ̍̉̋̑̏̉̎̃̆̑̓̏̑́ ̒́ ̅̃́ ACF dc-dc
̘̐̑̆̓̃́̑́́ ̎́ ̐̑̉̍́̑̔, ́̌̉ ̒́ ̘̪̅̑̔̄́̉̉̍ ̒̆̋̔̎̅́̑̉̍́, ̔ ̪̯̐̑̆̋̌́̐́̔̆̍ ̑̆̇̉̍̔ ̑́̅́
(interleaved mode) [48], [49]. ˠ ̌̉̓̆̑́̓̔̑̉ ̪̆ ̭̐̑̆̅̒̓́̃̆̎ ̉ ACF ̘̐̑̆̓̃́̑́ ̒́
̪̅̃̏̒̍̆̑̎̉̍ (bidirectional) ̐̑̆̎̏̒̏̍ ̪̆̎̆̑̄̉̆ [50]. ˞̎́̄̆ ACF ̘̐̑̆̓̃́̑́́ ̍̏̄̔ ̅́ ̉̅̔
̘́̋ ̅̏ 3,3 kW ̙̓̏ ̪̆ ̏̃̆ ̄̏̅̉̎̆ ̅̆̍̏̎̒̓̑̉̑́̎̏ ̋̏̅ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ ̮̘̐̔́́ ̂a̪̓̆̑̉́
˒ˏ (on-board charger) [51].

ː̌́̃̎́ ̐̑̆̅̎̏̒̓ ACF ̘̐̑̆̓̃́̑́́ ̪̆ ̯̍̏̄̔̎̏̒̓ ̗̮̑̆̉̋̌̉̑́́ ̪̆̎̆̑̄̉̆ ̉̈ ̑́̒̉̐̎̆
.[32] 94%ױ̏̋̆̑̐ ́̎ ̪́̃̓̒̆̅ ̄̏̎̒̉̑̏̋ ́̎̆̐̆̓̒ ̮̯̆́̆̃̏̐ ,̍̉̓ ̍̉̍́̒ ,̉ ̉̓̒̏̎̃̉̓̋̔̅̎̉
ˑ̑̔̄́ ̐̑̆̅̎̏̒̓ ̪̆ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̮̅̏̆̄ ̘̐̑̆̋̉̅́́ (QL) ̉, ̋́̏ ̑̆̈̔̌̓́̓,
̮̍́̆ ̆̌̆̋̓̑̏̍́̄̎̆̓̒̋̆ ̮̒̍̆̓̆ [52]. ˙́̎̆ ̒̔ ̍̔ ̯̐̏̃̆́̎́ ̒̌̏̇̆̎̏̒̓ (̎̐̑. ̅̏̅́̓̎̉
̘̐̑̆̋̉̅́ ̉ ̪̅̑́̃̆̑), ̗̪̉̆̎́ ̉ ̈́̔̈̆̓̉ ̐̑̏̒̓̏̑ ̎́ ̙̪̓́̍̐́̎̏ ̘̐̌̏̉ [19].

ˑ̏ ̒́̅́ ̪̎̉̆ ̣̐̑̏̎́̆̎́ ̎̉ ̪̆̅̎́ ̗̪̐̔̂̌̉̋́̉́, ̏̒̉̍ ̖́̔̓̏̑̏̃̉, ̪̄̅̆ ̪̆ ACF
̘̐̑̆̓̃́̑́ ̪̭̐̑̉̍̆̎̉̃́̎ ̋́̏ ̯̐̏̍̏̎̏ ̪̮̎́̐́́̆ ̒̉̒̓̆̍́ ̘̂̆̇̉̎̏̄ ̉̎̅̔̋̓̉̃̎̏̄
̐̑̆̎̏̒́ ̪̆̎̆̑̄̉̆ [19]. ˕̘̎́̆, flyback dc-dc ̘̐̑̆̓̃́̑́, ̔ ̑́̈̎̉̍ ̪̃́̑̉́̎̓́̍́, ̪̆
̄̆̎̆̑́̌̎̏ ̃̆̏̍́ ̐̏̐̔̌́̑́̎ ̋́̏ ̯̐̏̍̏̎̏ ̪̮̎́̐́́̆ ̣̪̔̑̆́́ ̆̎̆̑̄̆̓̒̋̆ ̆̌̆̋̓̑̏̎̉̋̆
[19].

˜̑̆̅̍̆̓ ̏̃̏̄ ̮̉̒̓̑́̇̉̃́́ ̪̆ ACF ̘̐̑̆̓̃́̑́, ̔ ̘̪̎̆̓̉̐̉̎̏ ̪̐̑̉̍̆̎̉, ̋́̏
̯̐̏̍̏̎̏ ̪̮̎́̐́́̆ ̐̑̉̍́̑̎̆ ̒̓̑́̎̆ ̘̂̆̇̉̎̏̄ ̉̎̅̔̋̓̉̃̎̏̄ ̮̘̐̔́́ ̪̂́̓̆̑̉́
̘̖̆̌̆̋̓̑̉̎̉ ́̔̓̏̍̏̂̉̌́ [19] ̋́̏ ̙̓̏ ̪̆ ̎̐̑. ICS. ˛̃̏ ̪̆ ̒̆̄̍̆̎̓ ̙̓̑̇̉̓́ ̔ ̪̮̎́̒̓́́̔
(emerging application). ˠ ̭̅́̆̍ ̓̆̋̒̓̔, ̑́̅̉ ̯̌́̋̏̆, ̯̋̏̑̉̒̓̉̆ ̒̆ ̉̈̑́̈̉ ICS, ̮̘̐̔́ ̉̌̉
̒̉̒̓̆̍, ̑́̃̎̏̐̑́̃̎̏. ˜̏̍̆̎̔̓̉ ̐̑̉̍́̑̎̉ ̅̉̏ ̮̘̐̔́́ ̍̏̇̆ ̅́ ̒̆ ̎́̌́̈̉ ̎́ ̐̏̅̔ (̎̐̑.
̄́̑́̇̆) ̉̌̉ ̎́ ̏̓̃̏̑̆̎̏̍ (̎̐̑. ̎́ ̐́̑̋̉̎̈̉̍́).

˜̪̑̉̍̆̑ ̪̆̅̎̏̄ ̓́̋̃̏̄ ̒̉̒̓̆̍́, ̐̑̃̆ ̗̪̄̆̎̆̑́̉̆, ̪̆ ̅́̓ ̎́ ̗̒̌̉̉ 1.1 [17]. ˚́
̭̈̆̍̉ ̒̆ ̎́̌́̈̉ ̐̑̉̍́̑̎̉ ̅̉̏ (ground assembly [53]), ́ ̒̆̋̔̎̅́̑̎̉ ̅̉̏ (vehicle
assembly [53]) ̪̆ ̍̏̎̓̉̑́̎ ̔ ̐̏̅̔ ́̔̓̏̍̏̂̉̌́ (̏̓̐̑̉̌̉̋̆ ̣̉̈̍̆̔ ̮̖̐̑̆̅̉ ̘̓̏̋̏̃́).
˗́̋̏ ̓̏ ̑́̅̉ ̔ ̐̑́̋̒̉ ̍̏̇̆ ̒̆ ̐̏̄̌̆̅́̓̉ ̎́ ̃̉̅̆̏ ̗̒̎̉̍̉̍́ [54], [55] ̉ [56]. ˏ̙̉̆
̗̪̉̎̏̑̍́̉́̕ ̏ ̙̏̐̓̉̍ ̗̐̑̉̎̉̐̉̍́ ̘̂̆̇̉̎̏̄ ̐̑̆̎̏̒́ ̪̆̎̆̑̄̉̆ ̍̏̇̆ ̒̆ ̯̎́̉ ̔ [57].
˛̙̐̓̉ ̂̌̏̋-̪̅̉́̄̑́̍ ̓̏̋́ ̪̆̎̆̑̄̉̆ ̪̆̅̎̏̄ ̏̃́̋̃̏̄ ̒̉̒̓̆̍́ ̪̆ ̅́̓ ̎́ ̗̒̌̉̉ 1.2 [58].
˜̯̏̍̏̎̏ ̪̮̎́̐́́̆, ̗̪̋̏̍̔̎̉̋́̉́ ̉ ̙̈́̓̉̓̎̆ ̗̪̔̎̋̉̆̕ ̎̉̒̔ ̐̑̉̋́̈́̎̉ ̎́ ̗̒̌̉̉ 1.2.
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˞̌̉̋́ 1.1 ˜̪̑̉̍̆̑ ̐̑̉̍́̑̎̆ ̒̓̑́̎̆ ̘̂̆̇̉̎̏̄ ̮̘̐̔́́ ̪̂́̓̆̑̉́ ˒ˏ3

ˠ̌́̈ ACF ̘̐̑̆̓̃́̑́́  ̪̆ ̐̏̃̆̈́̎ ̎́ ̪̪̆̅̎̏̒̍̆̑̎̏ ̣̍̆̔̋̏̌̏ (dc link) ̐̏̍̆̎̔̓̏̄
̒̉̒̓̆̍́ ̪̋̏̆ ̉̍́ ̪̭̐̑̏̍̆̎̉̃̉ ̎́̐̏̎ ̔ ̏̐̒̆̄̔ 650Ʉ850 V. ˑ̏̅́̓̎̏, ACF ̘̐̑̆̓̃́̑́
̓̑̆̂́ ̅́ ̑́̅̉ ̉ ̔ ̑̆̇̉̍̔ ̐̑̉̐̑́̃̎̏̒̓̉ ̒̉̒̓̆̍́ (ICS stand-by), ̪̓. ̋́̅́ ̒̆ ̎̆ ̐̔̎̆
̪̂́̓̆̑̉̆ ́̔̓́, ́̌̉ ̓́̅́ ̪̆ ̏̐̒̆̄ ̔̌́̈̎̏̄ ̎́̐̏̎́ 460 VɄ640 V ̪̪̆̅̎̏̒̍̆̑̎̏. ˛̃̏ ̪̆
̑̆̈̔̌̓́̓ ̐́̒̉̃̎̏̄ ̭̮̉̒̐̑́̃́́ ̓̑̏́̈̎̏̄̕ ̍̑̆̇̎̏̄ ̎́̐̏̎́ ̯̐̏̍̏̔ ̪̖̈́̍́̎̉ ̅̉̏̅́
́̋̓̉̃̎̏̄ ̋̏̑̆̋̓̏̑́ ́̋̓̏̑́̕ ̒̎́̄̆ (PFC - power factor corrector). ˑ̏̅́̓̎̉ ̐̑̏̂̌̆̍ ̪̆
̙̓̏, ̔ ̓̏̍ ̘̪̒̌̔́̔, ̪̐̏̆̅̉̎̉ ̒̆̋̔̎̅́̑̎̉ ̪̎́̍̏̓́̉ ̯̎̆̆ ̂̉̓̉ ̙̯̋̏̑̉̆̎̉ ̐́ ̮̖̉̏̃̉
̎́̐̏̎̉ ̍̏̄̔ ̅́ ̅̏̒̓̉̄̎̔ ̃̉̒̏̋̆ ̪̃̑̉̆̅̎̏̒̓̉.

˞̌̉̋́ 1.2 ˑ̪̉́̄̑́̍ ̓̏̋́ ̪̆̎̆̑̄̉̆ ̘̓̉̐̉̎̏̄ ICS ̒̉̒̓̆̍́ [58]4

3 Used with permission of  Brusa Elektronik (München) GmbH, Munich, Germany.
4 Used with permission of  Brusa Elektronik (München) GmbH, Munich, Germany.
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ˠ ̘̗̌́̎̉̍́ [19], [20] ̉ [22] ACF ̘̐̑̆̓̃́̑́ ̪̆ ̪̎́̐́́̎ ̎́̐̏̎̉̍́ ̔ ̏̐̒̆̄̔ ̏̅ 460 V
̅̏ 850 V ̪̪̆̅̎̏̒̍̆̑̎̏. ˟̏ ̪̆ ̂̉̌̏ ̍̎̏̄̏ ̘̪̅̑̔̄́̉̆ ̔ ̣̮̐̏̑̆̆̔ ̒́ ̘̓̉̐̉̎̏̍ ̪̐̑̉̍̆̎̏̍
ACF ̘̐̑̆̓̃́̑́́ ̪̋̏̉ ̒̆ ̪̎́̐́́ ̎́̐̏̎̏̍ ̒́ ̭̉̒̐̑́̃̆̎̆ ̍̏̎̏́̈̎̆̕ ̍̑̆̇̆ ̔̎̉̃̆̑̈́̌̎̏̄
̏̐̒̆̄́ ̎́̐̏̎́ 90Ʉ264 V (̪̓. ̔̌́̈̎̉  ̎́̐̏̎ ̪̆ ̮̍́̉ ̏̅400ױ V ̪̪̆̅̎̏̒̍̆̑̎̏). ˔̂̏̄ ̓̏̄́ ̪̆ ̔
[19] ̔̃̆̅̆̎ ̉̈̑́̈ „̙̃̉̉ ̪̪̆̅̎̏̒̍̆̑̎̉ ̎́̐̏̎” (HDCIV Ʉ higher-dc-input-voltage). ˜̏̅
̙̃̉̉̍ ̪̪̆̅̎̏̒̍̆̑̎̉̍ ̎́̐̏̎̏̍ ̓̔ ̒̆ ̍̉̒̌̉̌̏ ̎́ ̔̌́̈̎̆ ̎́̐̏̎̆ ̯̃̆̆ ̏̅ 400 V, ́ ̮̍́̆ ̏̅
1500 V ̅́ ̂̉̒̍̏ ̪̉̈̂̆̄̌̉ ̈́̂̔̎̔ ̒́ ̗̪̅̆̉̎̉̉̏̍̕ „̃̉̒̏̋̏̄ ̎́̐̏̎́” ̐̑̆̍́ IEC 60038
[59]. ˙̣̆̔̓̉̍, ̓̑̆̂́ ̉̍́̓̉ ̔ ̃̉̅̔ ̅́ ̒̆ ̔ ̪́̔̓̏̍̏̂̉̌̒̋̏ ̪̉̎̅̔̒̓̑̉̉ ̉̈̑́̈ „̃̉̒̏̋̉
̎́̐̏̎” ̏̅̎̏̒̉ ̎́ ̎́̐̏̎̆ ̯̃̆̆ ̏̅ 60 V, ́ ̮̍́̆ ̏̅ 1500 V ̪̪̆̅̎̏̒̍̆̑̎̏; ̋́̏ ̉ ̯̃̆̆ ̏̅
30 V, ́ ̮̍́̆ ̏̅ 1000 V ̪̘̎́̉̈̍̆̎̉̎̏, ̐̑̆̍́ ECE R 100 [60]. ˑ̏̅́̓̎̏, ̔ ˺̘̪̆̍́̋̏ ̅́ ̂̉
̎̆̋̏ ̔ ̪̑́̈̃̏̔ ̒̍̉̏ ̅́ ̑́̅̉ ̒́ ̏̃̉̍ ̎́̐̏̎̒̋̉̍ ̎̉̃̏̉̍́ ̍̏̑́ ̅́ ̪̪̐̏̒̆̅̔̆ 2˒ ̉ 3˒
̒̆̑̓̉̉̋́̓̆̕ ̐̑̆̍́ DGUV Information 209-093 [61].

ˣ̭̉ ̏̃̆ ̅̏̋̓̏̑̒̋̆ ̗̪̅̉̒̆̑̓́̉̆ ̪̆ ̅́ ̒̔̍̉̑́ ̉̒̋̔̒̓̃̏, ̉̈́̈̏̃̆ ̐̑̉ ̪̮̐̑̏̆̋̓̏̃́̔
̉ ̑́̅̔, ̋́̏ ̉ ̅́ ̐̑̆̅̒̓́̃̉ ̎̏̃́ ̮̈̎́́ ̪̋̏́ ̯̆ ̂̉̓̉ ̋̑̆̉̑́̎́ ̓̏̋̏̍ ̗̪̒̉̍̔̌́̉́ ̎́
̘̑́̔̎́̑̔ ̉ ̆̋̒̐̆̑̉̍̆̎̓̉̍́ ̔ ̪̌́̂̏̑́̓̏̑̉̉. ˎ̯̉̆ ̅́̓̉ ̏̅̄̏̃̏̑̉ ̎́, ̅̏ ̒́̅́,
̣̎̆̏̂̑́̆̎̆ ̓̆̍̆ ̪̋̏̆ ̒̔ ̔̎̉̃̆̑̈́̌̎̏ ̪̭̐̑̉̍̆̎̉̃̆ ̈́ ̂̉̌̏ ̪̋̏̉ ACF ̘̐̑̆̓̃́̑́ ̐́ ̘́̋ ̉
̋̏̅ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ flyback ̘̐̑̆̓̃́̑́́ ̉̌̉ ̋̃́̈̉-̑̆̈̏̎́̎̓̎̏̄ (QRF Ʉ quasi-resonant
flyback) ̘̐̑̆̓̃́̑́́. ˔̘̎́̉, ̪̏̃̅̆ ̯̎̆̆ ̂̉̓̉ ̭̐̑̆̅̒̓́̃̆̎́ ̎̉̋́̋̃́ ̎̏̃́ ̪̓̏̐̏̌̏̄̉́
̘̐̑̆̓̃́̑́́ ̎̉̓̉ ̍̆̓̏̅́ ̭̮̔̐̑́̃́́ ̉̒̓̉̍, ̯̃̆ ̪̐̑̉̍̆̎́ ̪̯̐̏̒̓̏̆̆ ̪̓̏̐̏̌̏̄̉̆ ̔ ̎̏̃̏̍
̒̆̄̍̆̎̓̔ ̙̓̑̇̉̓́, ̪̓. ̘̪̎̆̓̉̐̉̎̏ ̗̪́̐̌̉̋́̉̉. ˙̣̆̔̓̉̍, ̪̆̅́̎ ̅̉̏ ̪̖̅̏̂̉̆̎̉ ̑̆̈̔̌̓́̓́
̯̆ ̂̉̓̉ ̔̎̉̃̆̑̈́̌̎̏ ̪̭̐̑̉̍̆̎̉̃ ̈́ ̂̉̌̏ ̪̋̏̉ ACF ̘̐̑̆̓̃́̑́ Ʉ ̙̓̏ ̉̍́ ̘̎́̔̎̉
̋́̑́̋̓̆̑.

˔̘̪̎́́ ̪̆ ̔ ̓̏̍̆ ̙̓̏ ̒̆ ̏̃̉̍ ̪̅́̆ ̯̍̏̄̔̎̏̒̓ ̣̘̐̑̏̉̈̃̏́̉̍́ ̋̏̍̐̏̎̆̎̓̉ ̅́
̭̙̪̐̏̂̏́̔ ̪̯̐̏̒̓̏̆̆ ̉̌̉ ̎́̐̑́̃̆ ̎̏̃̆ ̪̋̏̆ ̂̉ ̂̉̌̆ ̪̯̏̅̄̏̃́̑́̔̆ ̈́ ̪̏̃́ ̎̏̃̉ ̒̆̄̍̆̎̓
̙̓̑̇̉̓́. ˑ̏̅́̓̎̏, ̐̑̆̅̌̏̇̆̎̉ ̯̂̔̅̔̉ ̗̐̑́̃̉ ̮̉̒̓̑́̇̉̃́́ ̂̉ ̍̏̄̌̉ ̅́ ̙̒̓̉̍̔̌̉̔
̏̒̓́̌̆ ̘̉̒̓̑́̇̉̃́̆ ̅́ ̒̆ ̙̃̉̆ ̐̏̈́̂́̃̆ ACF ̘̐̑̆̓̃́̑́̆̍. ˜̘̑́̋̓̉̎̉ ́̒̐̆̋̓̉ ̯̆
̙̏̌́̋́̓̉ ̪̮̐̑̏̆̋̓̏̃́̆ ̖̏̃̉ ̘̐̑̆̓̃́̑́́ ̉ ̙̔̓̆̅̉̓̉ ̪̃̑̉̆̍̆ ̪̑́̈̃̏̎̉̍ ̮̉̎̇̆̆̑̉̍́.
˟̉̍̆ ̂̉ ̒̆ ̏̓̃̏̑̉̌́ ̯̍̏̄̔̎̏̒̓ ̈́ ̪̍́̒̏̃̎̉̔ ̪̐̑̉̍̆̎̔ ACF ̘̐̑̆̓̃́̑́́ ̔ ̏̃̏̍ ̎̏̃̏̍
̒̆̄̍̆̎̓̔ ̙̓̑̇̉̓́.

˚́̐̏̍̆̎̆:

¶ ˛̃̏ ̪̮̐̑̉̍̆̆̎̏ ̮̉̒̓̑́̇̉̃́̆ ̪̆ ̅̉̏ ̗̪̋̏̍̆̑̉́̌̎̏̄ ̪̐̑̏̆̋̓́ ̓́̋̏ ̅́ ̒̃̉
̖̘̓̆̎̉̋̉ ̭̅̆̓́̉ ̎̆ ̍̏̄̔ ̂̉̓̉ ̅̏̒̓̔̐̎̉ ̪́̃̎̏̒̓̉, ̪̓. ̯̎̆̆ ̯̍̏̉ ̂̉̓̉ ̭̘̔̋̔̆̎̉ ̔
̗̪̅̉̒̆̑̓́̉̔. ˎ̯̉̆ ̐̑̉̋́̈́̎̏ ̒́̍̏ ̏̎̏ ̙̓̏ ̪̆ ̍̉̎̉̍́̌̎̏ ̐̏̓̑̆̂̎̏ ̅́ ̂̉ ̒̆
̐̏̅̑̇́̌̆ ̮̓̃̑̅̆ ̉ ̭̘̗̈́̋̔̉ ́̔̓̏̑́.

¶ ˠ̪̍̆̒̓̏ ̪̐̑́̃̉̌̎̉̆̄ ̉̈̑́̈́ „̒̐̑̆̄̎̔̓̆ ̙̗̐̑̉̄̔̎̉̆”, ̋̏̅ flyback ̘̐̑̆̓̃́̑́́, ̔
̓̆̋̒̓̔ ̯̆ ̂̉̓̉ ̙̯̋̏̑̉̆̎ ̔ ̐̑́̋̒̉ ̘̪̔̏̂̉́̆̎̉ ̉̈̑́̈ (̃̉̒̏̋̏̑̆̋̃̆̎̓̎̉̕)
̓̑́̎̒̏̑̍́̓̏̑̕ [20], [21], [62], [63]. ˛̃̏ ̪̆ ̅̏̎̆̋̌̆ ̉ ̖̭̐̑̉̃́̓̉̃̏ ̈́ ACF ̋̏̅
̪̋̏̆̄ ̪̒̓̑̔́ ̯̮̍́̄̎̆̆́ ̐̑̆̌́̈̉ ̔ ̎̆̄́̓̉̃̎̔ ̒̓̑́̎̔ ̉ ̍́̄̎̆̓̎̉ ̌̔̋̒̕ ̒̆
̙̐̏̎̉̓́̃́ [28] Ʉ ̙̓̏ ̪̆ ̘̪̒̌̔́ ̋̏̅ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆ [19].

1.2 ˍ̎́̌̉̈́ ̌̉̓̆̑́̓̔̑̆ ̉ ̐̏̌́̈̎̆ ̖̉̐̏̓̆̈̆

ˑ̏ ̒́̅́ ̪̆ ̪̭̏̂́̃̆̎̏ 87 ̘̌́̎́̋́ (̅̏ 25.8.2022. ̄̏̅̉̎̆) ̔ ̘́̒̏̐̉̒̉̍́ ̉
̗̪̋̏̎̆̑̆̎̉́̍́̕ ̪̋̏̉ ̒̔ ̅̉̑̆̋̓̎̏ ̉̌̉ ̉̎̅̉̑̆̋̓̎̏ ̐̏̃̆̈́̎̉ ̒́ ACF ̘̐̑̆̓̃́̑́̆̍.
ˑ̏̅́̓̎̏, ̪̐̏̒̓̏̉ ̉ ̎̆̋̏̌̉̋̏ ̐́̓̆̎́̓́, ̏̅ ̪̖̋̏̉ ̪̆ ̒́̍̏ [64] ̂̉̓́̎ ̈́ ̏̃̔ ̗̪̅̉̒̆̑̓́̉̔,
̋́̏ ̉ ̐́̑ ̗̪̅̉̒̆̑̓́̉́ [36], [65] ̉ ̪̆̅̎́ ̍́̒̓̆̑ ̓̆̈́ [66].
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ː̘̑́̉̋̉̕ ̐̑̆̄̌̆̅ ̪̂̑̏́ ̪̭̖̏̂́̃̆̎̉ ̘̌́̎́̋́ ̖̃̆̈́̎̉ ̈́ ACF ̘̐̑̆̓̃́̑́ ̔ ̐̆̑̉̏̅̔
̏̅ 1992. ̄̏̅̉̎̆ ̅̏ ̅́̎́̒ ̪̆ ̐̑̉̋́̈́̎ ̎́ ̗̒̌̉̉ 1.3. ˜̗̏̅́̉ ̭̘̪̔̋̔̔̔ ̉ ́̔̓̏̑̏̃̆ ̑́̅̏̃̆, ́
̈́ ̄̏̅̉̎̔ ̪̭̮̏̂́̃̉̃́́ ̪̆ ̔̈̉̍́̎́ ̏̎́ ̔ ̪̪̋̏̏ ̪̆ ̘̌́̎̋̔ ̪̭̅̏̅̉̆̆̎ DOI (digital object
identifier) ̋̏̅. ˞́ ̒̌̉̋̆ 1.3 ̃̉̅̉̍̏ ̅́ ̪̆ ̓̆̋ ̏̅ 2016. ̄̏̅̉̎̆ ̘̪̈̎́́̎̏ ̐̏̑́̒̌̏
̮̉̎̓̆̑̆̒̏̃́̆ ̈́ ACF ̘̐̑̆̓̃́̑́ ̔ ̘̪̎́̔̎̏ ̌̉̓̆̑́̓̔̑̉, ́ ̖̗̃̑̔̎́ ̒̆ ̐̏̋̌́̐́ ̒́ 2020.
̄̏̅̉̎̏̍ ̋́̅́ ̪̆ ̏̃̏ ̮̉̒̓̑́̇̉̃́̆ ̘̈́̐̏̆̓̏. ˚́ ̗̒̌̉̉ 1.4 ̅́̓ ̪̆ ̐̑̉̋́̈ ̏̅̎̏̒́ ̪̂̑̏́ ACF
̘̌́̎́̋́ ̐̏ ̪̋́̓̆̄̏̑̉́̍́ (̅̏ 25.8.2022. ̄̏̅̉̎̆). ˟̔ ̃̉̅̉̍̏ ̅́ ̗̪̋̏̎̆̑̆̎̉̆̕ ̪̈́̔̈̉̍́̔
66,7% (2/3, ̪̓. 58) ̅̏̋ ˟˶˙ (transactions, journals, magazines) ̪̈́̔̈̉̍́̔ ̓̆̋ 33,3% (1/3, ̪̓.
29) ̏̅ ̔̋̔̐̎̏̄ ̪̂̑̏́ ̪̭̖̏̂́̃̆̎̉ ̘̌́̎́̋́ ̖̃̆̈́̎̉ ̈́ ACF ̘̐̑̆̓̃́̑́.

ˠ ̪̭̪̏̂́̃̆̎̏ ̌̉̓̆̑́̓̔̑̉ ACF ̘̐̑̆̓̃́̑́ ̪̆ ̪̎́̐́́̎ ̉̌̉ ̒́ ̐́̒̉̃̎̏-̭̉̒̐̑́̃̆̎̏̄
̎́̐̏̎́ ̍̏̎̏̑́̈̎̆̕ ̍̑̆̇̆ ̉̌̉ ̅̉̑̆̋̓̎̏ ̒́ ̪̂́̓̆̑̉́ ̉̌̉ ̎̆̋̏̄ ̅̑̔̄̏̄ ̉̈̃̏̑́ ̎́
̪̪̆̅̎̏̒̍̆̑̎̏̍ ̎́̐̏̎̔ [63], [67], [68]. ˠ ̒́̍̏ ̓̑̉ ̘̌́̎̋́ ̭̐̑̆̅̒̓́̃̆̎ ̪̆ ACF ̘̐̑̆̓̃́̑́
̪̆ ̏̃̏ ̮̆̑̆̆̇̎̉ ̪̆̎̏̃̈́̑ ́˔ .[51] ,[42] ,[41] (V 400ױ<) ̍̏̎̏̐́̎ ̍̉̎̈́̌̈̉ ̙̍̉̉̃ ́̒
̙̌́̋́ ̗̪̒̉̓̔́̉́ ̪̆̑ ̪̐̏̒̓̏̉ ̍̎̏̄̏ ̖̏̐̑̏̂́̎̉ ̪̙̮̑̆̆́ ̔ ̪̉̎̅̔̒̓̑̉̉ ̋́̏ ̉
̗̪̅̏̋̔̍̆̎̓́̉́ ̣̘̐̑̏̉̈̃̏́́ ̭̘̖̔̐̑́̃́̋̉ ̖̉̎̓̆̄̑̉̒́̎̉ ̋̏̌́. ˔́ ̓̆̍̔ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆,
̪̓. ACF ̘̐̑̆̓̃́̑́ ̔ HDCIV ̪̐̑̉̍̆̎̉ ̉ ICS, ̒́̍̏ ̪̆ ̍́̌̉ ̪̂̑̏ ̘̌́̎́̋́ ̂̉̏ ̏̅ ̉̎̓̆̑̆̒́.

˞̌̉̋́ 1.3 ˜̑̆̄̌̆̅ ̪̂̑̏́ ̪̭̖̏̂́̃̆̎̉ ̘̌́̎́̋́ ̐̏ ̄̏̅̉̎́̍́ ̈́ ACF ̘̐̑̆̓̃́̑́

˜̑̆̄̌̆̅̏̍ ̖̐̏̍̆̎̔̓̉ 87 ̘̌́̎́̋́ ̘̔̏̆̎̏ ̪̆ ̅́ ̒̆ ̓̑̆̎̔̓̎̉ ̏̋̔̒̕ ̮̉̒̓̑́̇̉̃́́ ̔
̏̂̌́̒̓̉ ACF ̘̐̑̆̓̃́̑́́ ̍̏̇̆ ̄̑̔̐̉̒́̓̉ ̔ ̎̆̋̏̌̉̋̏ ̪̋́̓̆̄̏̑̉́:

¶ ́̎́̌̉̈́, ̪̮̐̑̏̆̋̓̏̃́̆ ̉̌̉ ̗̪̏̐̓̉̍̉̈́̉́ ̐̆̑̏̑̍́̎̒̉̕ ̒́ ̮̔̃́̇́̃́̆̍
̋̏̍̐̑̏̍̉̒́ ̐̏ ̮̐̉̓́̔: ̔̐̏̓̑̆̂̆ GaN/SiC ̓̑́̎̈̉̒̓̏̑́, ̯̮̐̏̃̆́̔ ̘̐̑̆̋̉̅́̋̆-
̘̔̆̒̓́̎̏̒̓̉, ̮̮̒̍́̆́ ̪̅̉̍̆̎̈̉́, ̗̪̉̎̓̆̄̑́̉̆ ̉ ̒̓̆̐̆̎a ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́;

¶ ̗̘̒̐̆̉̉̎̆̕ ̪̐̑̉̍̆̎̆ ̉̌̉ ̪̐̑̉̍̆̎̆ ̔ ̪̮̎́̒̓́́̔ (emerging applications);

¶ ́̎́̌̉̈́ ̔ ̑̆̋̃̆̎̓̎̏̍̕ ̅̏̍̆̎̔ ̉ ̮̍̏̅̆̌̏̃́̆ ̈́ ̍́̌̆ ̒̉̄̎́̌̆;

¶ ̅̉̄̉̓́̌̎̏ ̭̮̔̐̑́̃́̆;

¶ ̆̌̆̋̓̑̏̍́̄̎̆̓̒̋́ ̋̏̍̐́̓̉̂̉̌̎̏̒̓.

˛̂̌́̒̓ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆ ̐̑̉̐́̅́ ̐̑̃̉̍ ̓̑̉̍́ ̪̋́̓̆̄̏̑̉́̍́.
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˞̌̉̋́ 1.4 ˛̅̎̏̒ ̪̂̑̏́ ACF ̘̌́̎́̋́ ̐̏ ̪̋́̓̆̄̏̑̉́̍́: ̗̪̋̏̎̆̑̆̎̉̆̕ ̐̑̆̍́ ˟˶˙

ˠ ̯̃̆̉̎̉ ̘̌́̎́̋́ ̗̉̒̓̉́̎ ̪̆ ̍̎̏̄̏ ̯̃̆̉ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́
̋́̏ ̉ ̮̒̍́̆̎̆ ̪̅̉̍̆̎̈̉̆ ̔ ̏̅̎̏̒̔ ̎́ ̗̋̏̎̃̆̎̉̏̎́̌̎̆ flyback ̉̌̉ QRF ̘̐̑̆̓̃́̑́̆. ˔́
̏̃̔ ̪̒̓̔̅̉̔ ̯̂̉̆ ̭̈́̎̉̍̉̃̏ ̪̐̑̏̃̆̑̉̓̉ ̅́ ̌̉ ̓̏ ̃́̇̉ ̉ ̈́ ACF ̘̐̑̆̓̃́̑́ ̔ 800 V
̒̉̒̓̆̍̔. ˙̯̏̄̔̎̏̒̓ ̅́ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́  ̍̏̇̆ ̂̉̓̉ ̪̆̅̎́̋ ̉̌̉
̮̍́̉ ̏̅ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ Ǩyback ̘̐̑̆̓̃́̑́́ ̪̎̉̆ ̭̅̏̃̏̎̏
̣̏̂̑́̆̎́ ̔ ̌̉̓̆̑́̓̔̑̉. ˟̏ ̪̆ ̒́̍̏ ̋̑́̓̋̏ ̪̭̎́́̃̆̎̏ ̋́̏ ̯̍̏̄̔̎̏̒̓ ̔ [69] ̉ [70]. ˞̘̌̉̎̔
̯̍̏̄̔̎̏̒̓ ́̔̓̏̑̔ ̪̆ ̎́̐̏̍̆̎̔̏ ̉ ̪̆̅́̎ ̮̉̎̇̆̆̑ ̓̏̋̏̍ ̪̆̅̎̏̄ ̃̆̂̉̎́̑́.

˜̪̮̑̏̆̋̓̏̃́̆ ACF ̘̐̑̆̓̃́̑́́ ̈́ ̔̌́̈̎̉ ̎́̐̏̎ ̅̏ 880 V ̉ ̃̆̌̉̋̉̍ ̐̑̆̎̏̒̎̉̍
̏̅̎̏̒̏̍ ̪̪̆̅̎̏̒̍̆̑̎̏̄ ̎́̐̏̎́ (dc-voltage-conversion-ratio), ̅̃́ ̔̌́̈̎́ ̏̐̒̆̄́ ̎́̐̏̎́ ̒́
̘̑́̈̌̉̉̓̉̍ ̎̉̃̏̉̍́ ̯̏̐̓̆̑̆̆̎̏̒̓̉ ̉̈̌́̈́, ̉ ̐̆̓ ̖̒̆̋̔̎̅́̑̎̉ ̪̎́̍̏̓́́ ̯̆ ̂̉̓̉ ̉̈́̈̏̃
̪̋̏̉ ̯̆ ̄̆̎̆̑̉̒́̓̉ ̎̏̃̏ ̮̈̎́̆ ̐̏ ̮̐̉̓́̔ ̉̈̂̏̑́ ̋̏̍̐̏̎̆̎̓̉ ̉ ̮̆̄̏̃̏̄ ̑́̅́. ˛̃̏ ̅̏
̒́̅́ ̪̎̉̆ ̣̏̂̑́̉̃́̎̏ ̔ ̌̉̓̆̑́̓̔̑̉ ̉ ̓̉̍̆ ̏̓̃́̑́̍̏ ̎̏̃̉ ̒̆̄̍̆̎̓ ̯̍̏̄̔̆ ̪̐̑̉̍̆̎̆ ACF
̘̐̑̆̓̃́̑́́.

ː̗̔̂̉̉ ̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ ̎̉̒̔ ̂̉̌̉ ́̎́̌̉̈̉̑́̎̉ ̈́ ACF ̘̐̑̆̓̃́̑́ ̔
̐̑̆̋̉̅̎̏̍ ̑̆̇̉̍̔ ̑́̅́ (DCM Ʉ discontinuous conduction mode) ̉ ̋̏̍̐̌̆̍̆̎̓́̑̎̏̍
̑́̅̔ ̮̄̏̑̆̄ ̉ ̮̅̏̆̄ ̘̐̑̆̋̉̅́́ (complementary switching). ˑ̏̅́̓̎̏, ̔ ̌̉̓̆̑́̓̔̑̉ ̎̉̋̏
̪̎̉̆ ̘̄̑́̉̋̉̕ ̐̑̆̅̒̓́̃̉̏ ̈́̃̉̒̎̏̒̓̉ ̄̔̂̉̓́̋́ ̒̎́̄̆, ̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆, ̏̅
̔̌́̈̎̏̄ ̎́̐̏̎́. ˠ [63] ̪̆ ̋̑́̓̋̏ ̒̓̔̅̉̑́̎ ̘̪̒̌̔́ ACF ̘̐̑̆̓̃́̑́́ ̔ ̎̆̐̑̆̋̉̅̎̏̍ ̑̆̇̉̍̔
̑́̅́ (CCM Ʉ continuous conduction mode) ̉ complementary switching. ACF ̘̐̑̆̓̃́̑́ ̔
̎̆̋̏̍̐̌̆̍̆̎̓́̑̎̏̍ ̑́̅̔ ̮̄̏̑̆̄ ̉ ̮̅̏̆̄ ̘̐̑̆̋̉̅́́ (non-complementary switching) ̪̆
̒́̍̏ ̪̓̆̏̑̉̒̋̉ ̣̏̂̑́̆̎  ̔ [69] (̈́ DCM ̉ CCM ̑̆̇̉̍ ̑́̅́) ̋́̏ ̉ ̔ [71] ̒́̍̏ ̈́ CCM
̑̆̇̉̍ ̑́̅́.

ˠ ̌̉̓̆̑́̓̔̑̉ ̏̅ ̉̎̓̆̑̆̒́ ̅̏ ̒́̅́ ̪̎̉̆ ̣̏̂̑́̆̎́ ̭̯̒̆̅̆́ ̐̑̏̂̌̆̍́̓̉̋́:

¶ ̈́̃̉̒̎̏̒̓ ̍́̋̒̉̍́̌̎̏̄ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̏̅ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́
̓̑́̎̒̏̑̍́̓̏̑́̕, ̐̑̆̎̏̒̎̏̄ ̏̅̎̏̒́ ̉̒̓̏̄, ̋́̏ ̉ ̐́̑́̍̆̓́̑́ ̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́;

¶ ̈́̃̉̒̎̏̒̓ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̉ ̑́̒̉̐̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̓̑́̎̒̏̑̍́̓̏̑́̕
̏̅ ̐̑̉̍́̑̎̆ ̪̒̓̑̔̆;

¶ ̪̐̑̏̍̆̎̆ ̐̑̏̐̔̒̎̏̄ ̏̐̒̆̄́, ̑̆̈̆̑̃̆ ́̈̆̕ ̉ ̑̆̈̆̑̃̆ ̪̘̮̐̏́́́ ̔ ̈́̃̉̒̎̏̒̓̉ ̏̅
̔̌́̈̎̆ ̒̎́̄̆ ̉ ̎́̐̏̎́;

¶ ̭̅̆̓́̎̏ ̣̮̐̏̑̆̆̆ ACF ̘̐̑̆̓̃́̑́́ ̒́ ̗̋̏̎̃̆̎̉̏̎́̌̎̉̍ flyback ̉ QRF
̘̐̑̆̓̃́̑́̉̍́ (̗̪̉̆̎́, ̐̑̏̒̓̏̑, ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̉ ̭̮̔̐̑́̃́̆);
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¶ ̆̆̋́̓̕ ̔̎́̋̑̒̎̆-̗̪̑̆̄̔̌́̉̆ (cross-regulation) ̋́̅́ ̒̆ ̙̑̆̄̔̌̉̆ ̉̈̌́̈ ̒́
̪̮̎́̍́̉̍ ̯̮̏̐̓̆̑̆̆̆̍ Ʉ ̙̓̏ ̪̆ ̒̔̐̑̏̓̎̏ ̏̅ ̘̓̉̐̉̎̏̄ ̐̑̉̒̓̔̐́ ̪̄̅̆ ̒̆
̙̑̆̄̔̌̉̆ ̉̈̌́̈ ̒́ ̪̯̎́̃̆̉̍ ̯̮̏̐̓̆̑̆̆̆̍;

¶ ̪̐̑̏̍̆̎́ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ ̉ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ ̔ ̈́̃̉̒̎̏̒̓̉ ̏̅
̯̮̏̐̓̆̑̆̆́;

¶ ̙̮̐̏̎́́̆ ACF ̘̐̑̆̓̃́̑́́ ̐̑̉ ̋̑́̓̋̏̍-̪̒̐̏̔ ̎́ ̒̆̋̔̎̅́̑̎̉̍ ̪̎́̍̏̓́̉̍́.

ˠ ̪̏̃̏ ̗̪̅̉̒̆̑̓́̉̉ ̮̉̒̓̑́̇̉̃́̆ ̉ ̘̎́̔̎̉ ̅̏̐̑̉̎̏̒̉ ̯̆ ̂̉̓̉ ̪̔̒̍̆̑̆̎̉ ̎́ ̏̃̆ ̓̆̍̆ ̉
̪̯̅̏̐̑̉̎̉̆̆ ̭̂̏̆̍ ̪̮̑́̈̔̍̉̆̃́̔ ACF ̘̐̑̆̓̃́̑́́ ̈́ ̂̉̌̏ ̪̋̏̔ ̪̐̑̉̍̆̎̔. ˑ̏̅́̓̎̏,
̘̋̑̉̓̉̋́ ́̎́̌̉̈́ ̖̏̒̓́̌̉ ̗̑̆̆̑̆̎̉̕ ̏̅ ̉̎̓̆̑̆̒́ ̯̆ ̂̉̓̉ ̭̏̂́̃́̎́ ̉ ̔ ̎́̑̆̅̎̉̍
̭̐̏̄̌́̃̉̍́.

1.3 ˙̆̓̏̅̆ ̮̉̒̓̑́̇̉̃́́

˙̆̓̏̅̆ ̮̉̒̓̑́̇̉̃́́ ̪̮̐̑̉̍̆̆̎̆ ̔ ̏̃̏̍ ̑́̅̔, ̋́̏ ̉ ̑̆̈̔̌̓́̓̉ ̖̉̒̓̉, ̍̏̄̔ ̒̆
̪̐̏̅̉̆̌̉̓̉ ̔ ̓̑̉ ̄̑̔̐̆ .

¶ ˜̑̃̔ ̄̑̔̐̔ ̘̉̎̉̌́ ̪̆ ́̎́̌̉̈́ ̘̎́̔̎̆ ̉ ̘̒̓̑̔̎̆ ̌̉̓̆̑́̓̔̑̆, ̐́̓̆̎́̓́, ̋́̏ ̉
̗̪̅̏̋̔̍̆̎̓́̉̆ ̣̘̐̑̏̉̈̃̏́́ ̖̆̌̆̋̓̑̏̎̒̋̉ ̋̏̍̐̏̎̆̎̓̉ ̉ ̪̖̍̆̑̎̉ ̣̪̔̑̆́́. ˟̏ ̪̆
̯̏̍̏̄̔̉̌̏ ̗̪̉̅̆̎̓̉̉̋́̉̔̕ ̖̏̓̃̏̑̆̎̉ ̮̐̉̓́́ ̉ ̓̆̍́ ̪̋̏̆ ̅̏ ̒́̅́ ̎̉̒̔ ̣̏̂̑́̆̎̆
̔ ̘̪̎́̔̎̏ ̌̉̓̆̑́̓̔̑̉ ̏ ACF ̘̐̑̆̓̃́̑́̉̍́.

¶ ˑ̑̔̄̉ ̅̉̏ ̑̆̈̔̌̓́̓́ ̪̆ ̪̅̏̂̉̆̎ ̘̑́̔̎́̑̒̋̉̍ ̗̪̒̉̍̔̌́̉́̍́, ́̎́̌̉̈́̍́ ̉
̮̅̏̋̔̍̆̎̓̏̃́̔ ̖̉̒̓̉.

¶ ˟̯̑̆̉ ̅̉̏ ̑̆̈̔̌̓́̓́ ̪̆ ̈́̒̎̏̃́̎ ̎́ ̆̋̒̐̆̑̉̍̆̎̓̉̍́ ̔ ̪̌́̂̏̑́̓̏̑̉̉ ̎́̅ ̙̃̉̆
̘̖̑́̈̌̉̉̓̉ ̐̑̏̓̏̓̉̐̏̃́ (̅̆̍̏-̘̐̌̏́) ̋́̏ ̉ ̋̏̍̐̌̆̓̎̏̍ ̒̉̒̓̆̍̔ (ICS). ˟̉
̑̆̈̔̌̓́̓̉ ̒̔ ̣̓́̋̏̆ ̅̏̋̔̍̆̎̓̏̃́̎̉ ̉ ́̎́̌̉̈̉̑́̎̉.

1.4 ˞̓̑̔̋̓̔̑́ ̅̏̋̓̏̑̒̋̏̄ ̑́̅́

˛̃́ ̅̏̋̓̏̑̒̋́ ̗̪̅̉̒̆̑̓́̉́, ̪̓. ̅̏̋̓̏̑̒̋̉ ̑́̅, ̒́̅̑̇̉ ̐̆̓ ̖̏̒̎̏̃̎̉ ̭̐̏̄̌́̃́,
̒̐̉̒́̋ ̙̯̖̋̏̑̉̆̎̉ ̗̑̆̆̑̆̎̉̕, ̐̏̅́̓̋̆ ̏ ̍̆̎̓̏̑̔ ̉ ̘̌́̎̏̃̉̍́ ˗̪̏̍̉̒̉̆, ̒́̇̆̓́̋,
̪̂̉̏̄̑́̉̔̕ ̉ ̪̂̉̂̌̉̏̄̑́̉̔̕ ́̔̓̏̑́ ̋́̏ ̉ ̪̉̈́̃̆. ː̘̑́̉̋̉̕ ̐̑̉̋́̈ ̏̒̎̏̃̎̆ ̒̓̑̔̋̓̔̑̆
̑́̅́ ̪̆ ̅́̓ ̎́ ̗̒̌̉̉ 1.5 ̒́ ̘̐̑̆̐̏̑̔̆̎̉̍ ̓̏̋̏̍ ̘̮̉̓́́.

˜̑̃̏ ̭̐̏̄̌́̃̆ ̎́̒ ̔̃̏̅̉ ̔ ̐̑̏̂̌̆̍́̓̉̋̔ ̪̋̏́ ̯̆ ̂̉̓̉ ̑́̈̍́̓̑́̎́ ̔ ̪̏̃̏
̗̪̅̉̒̆̑̓́̉̉. ˑ̑̔̄̏ ̭̐̏̄̌́̃̆ ̐̏̋̑̉̃́ ACF ̘̐̑̆̓̃́̑́, ̮̆̄̏̃ ̗̐̑̉̎̉̐ ̑́̅́, ̐̑̆̅̎̏̒̓̉ ̉
̍́̎̆, ̉̈́̈̏̃̆ ̐̑̉ ̪̮̐̑̏̆̋̓̏̃́̔, ̖́̑̉̓̆̋̓̔̑̔ ̪̮̎́̐́́́, ̐̑̆̄̌̆̅ ̭̘̖̔̐̑́̃́̋̉
̖̉̎̓̆̄̑̉̒́̎̉ ̋̏̌́ ̉ ̉̈̂̏̑́ ̋̏̍̐̏̎̆̎̓̉ ̗̘̖̒̐̆̉̉̎̉̕ ̈́ ICS ̪̐̑̉̍̆̎̔.

ˠ ̯̓̑̆̆̍ ̭̐̏̄̌́̃̔ ̯́̎́̌̉̈̉̑́̆̍̏ ̑̆̈̔̌̓́̓̆ ̗̪̒̉̍̔̌́̉́. ˤ̆̓̃̑̓̏ ̭̐̏̄̌́̃̆
̭̅̆̓́̎̏ ̣̪̏̂̑́̔̆ ̑̆̈̔̌̓́̓̆ ̆̋̒̐̆̑̉̍̆̎́̓́ ̒́ ̋̏̍̆̎̓́̑̉̍́ ̉ ̣̮̐̏̑̆̆̆̍ ̒́
̑̆̈̔̌̓́̓̉̍́ ̗̪̒̉̍̔̌́̉́.

˜̆̓̏ ̭̐̏̄̌́̃̆ ̒̔̍̉̑́ ̙̓́ ̪̆ ̒̃̆ ̣̏̂̑́̆̎̏ ̔ ̪̏̃̏ ̗̪̅̉̒̆̑̓́̉̉, ̪̅́̆ ̐̑̆̄̌̆̅
̘̖̎́̔̎̉ ̅̏̐̑̉̎̏̒́, ̘̐̑́̋̓̉̎̔ ̪̐̑̉̍̆̎̔, ̘̮̏̄̑́̎̉̆́ ̪̒̓̔̅̉̆ ̋́̏ ̉ ̯̍̏̄̔̆ ̗̐̑́̃̆
̯̖̂̔̅̔̉ ̮̉̒̓̑́̇̉̃́́.
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˞̌̉̋́ 1.5 ˛̒̎̏̃̎́ ̭̐̏̄̌́̃́ ̅̏̋̓̏̑̒̋̏̄ ̑́̅́ ̒́ ̘̐̑̆̐̏̑̔̆̎̉̍ ̓̏̋̏̍ ̘̮̉̓́́

1.5 ˛̪̭̂́̃̆̎̉ ̘̎́̔̎̉ ̑́̅̏̃̉

˚̪̪́̃́̇̎̉̉ ̑̆̈̔̌̓́̓̉ ̮̉̒̓̑́̇̉̃́́ ̉̈ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆ ̒̔ ̪̭̏̂́̃̆̎̉ ̔ ̘̎́̔̎̉̍
̑́̅̏̃̉̍́ ̐̑̉̋́̈́̎̉̍ ̔ ̓́̂̆̌̉ 1.1 ̉ ̯̂̉̆ ̗̉̓̉̑́̎̉ ̔ ̓̆̋̒̓̔. ˝́̅̏̃̉ ̒̔ ̖̙̑̏̎̏̌̏̋̉
̣̐̏̑̆́̎̉, ́̌̉ ̏̅ ̪̪̎́̒̓́̑̉̆̄ ̋́ ̪̪̎́̎̏̃̉̆̍ ̒́ ̗̭̉̆̍ ̅́ ̘̗̉̓́̏̉ ̍̏̄̔ ̅́ ̃̉̅̆ ̋́̋̏ ̒̔
̮̉̒̓̑́̇̉̃́̆ ̉ ̪̭̮̏̂́̃̉̃́́ ̎́̐̑̆̅̏̃́̌̉. ˑ̏̅́̓̎̏, ̓̏ ̍̏̇̆ ̅́ ̒̆ ̘̔̏̉ ̉ ̐̏ ̪̯̏̐́̅́̔̆̍
̪̂̑̏̔ ̗̉̓́̓́.

˟́̂̆̌́ 1.1 ˛̪̭̂́̃̆̎̉ ̘̎́̔̎̉ ̑́̅̏̃̉ ̔ ̃̆̈̉ ̗̪̅̉̒̆̑̓́̉̆

˚́̈̉̃ ˗́̓̆-
̪̄̏̑̉́

Impact
factor

*ˎ̪̑̏
̗̉̓́̓́

*ˎ̪̑̏
̐̑̆̄̌̆̅́

D. Vraéar and M. Pavlovský, “Implementation of active-
clamped Flyback dc-dc converter in an 800 V system,” in
PCIM Europe digital days, 2021, pp. 1163Ʉ1170,
ISBN 978-3-8007-5515-8.
https://ieeexplore.ieee.org/document/9472384.

˙33 - 4 65

D. Vraéar, M. Pavlovský, and P. Pejoviç, “Active-clamped
Flyback dc-dc converter in three-phase application,” in
2021 21st International Symposium on Power Electronics
(Ee), Novi Sad, Serbia, Oct. 2021, pp. 1Ʉ6.
doi: 10.1109/Ee53374.2021.9628263.
https://ieeexplore.ieee.org/document/9628263

˙33 - 3 83

D. Vraéar and P. Pejoviç, “Active-clamp flyback as auxiliary
power-supply of an 800 V inductive-charging system for
electric vehicles,” in IEEE Access, vol. 10, pp.
38254Ʉ38271, 2022, doi: 10.1109/ACCESS.2022.3165059.
Electronic ISSN: 2169-3536
https://ieeexplore.ieee.org/document/9749268

˙22 3,476 3 1067

D. Vraéar and P. Pejoviç, “Active-Clamped Flyback DC-DC
Converter in an 800 V Application:  Design Notes and
Control Aspects,” Journal of Electrical Engineering, vol. 73,
no. 4, pp. 237Ʉ247, 2022, doi: 10.2478/jee-2022-0032
On-line ISSN: 1339-309X
http://iris.elf.stuba.sk/cgi-bin/jeeec?act=pr&no=4_122

M23 0,840 1 ˚̪̉̆
̅̏̒̓̔̐̎̏
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D. Vraéar, “Quasi-resonant flyback converter as auxiliary
power-supply of an 800 V inductive-charging system for
electric vehicles,” in IEEE Access, vol. 10, pp. 109609-
109625, 2022, doi: 10.1109/ACCESS.2022.3214526.
Electronic ISSN: 2169-3536
https://ieeexplore.ieee.org/document/9919182

M22 3,476 0 157

* ˎ̪̑̏ ̗̉̓́̓́ ̉ ̪̂̑̏ ̐̑̆̄̌̆̅́ (download ̉̌̉ full-text view) ̒̔ ̅́̓̉ ̈́ ̅́̎ 05.12.2022. ̄̏̅̉̎̆ (̉̈̃̏̑̉:
SCOPUS5 ̉ IEEE Xplore®).

ˠ ̗̪̅̉̒̆̑̓́̉̉ ̪̆ ̙̯̋̏̑̉̆̎ ̉ ̪̍́̓̆̑̉́̌ ̉̈ ̮̐̑̆̅́̃́́ ̐̏ ̐̏̈̉̃̔ (keynote speech,
˙32) ̪̋̏̆ ̪̆ ̏̅̑̇́̎̏ 10.11.2022. ̄̏̅̉̎̆ ̔ ˎ̮̗́́̌̔̉:

D. Vraéar, “Wireless Inductive Charging of Electric Vehicles is Coming”, XIV International
Symposium on Industrial Electronics and Applications - INDEL 2022, 9Ʉ11 November 2022, Banja
Luka, RS, Bosnia and Herzegovina. http://indel.etfbl.net/keynote.html

5 www.scopus.com



ʤʨ ɼʘʨʢʦ ɺʨʘʯʘʨ ƅ ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ
CC BY-NC-ND 4.0 international license 10

2 ˍctive-clamped flyback dc-dc ̘̐̑̆̓̃́̑́

ˠ ̏̃̏̍ ̭̐̏̄̌́̃̔ ̯̏̂̑́̅̉̆̍̏ ACF ̘̐̑̆̓̃́̑́, ̮̆̄̏̃ ̗̐̑̉̎̉̐ ̑́̅́, ̐̑̆̅̎̏̒̓̉ ̉
̍́̎̆, ̉̈́̈̏̃̆ ̐̑̉ ̪̮̐̑̏̆̋̓̏̃́̔, ̖́̑̉̓̆̋̓̔̑̔ ̯̐̏̍̏̎̏̄ ̪̮̎́̐́́́ ICS, ̐̑̆̄̌̆̅
̭̘̖̔̐̑́̃́̋̉ ̖̉̎̓̆̄̑̉̒́̎̉ ̋̏̌́ ̉ ̉̈̂̏̑ ̋̏̍̐̏̎̆̎̓̉ ̗̘̖̒̐̆̉̉̎̉̕ ̈́ ICS ̪̐̑̉̍̆̎̔.
˛̙̐̓̆ ̐̏̈̎́̓̉ ̗̐̏̒̓̔̐̉ ̐̑̉ ̪̮̐̑̏̆̋̓̏̃́̔ flyback ̘̐̑̆̓̃́̑́́ , ̋́̏ ̙̓̏ ̒̔ ̏̅́̂̉̑
̐̑̉̍́̑̎̏̄ ̘̐̑̆̋̉̅́́, ̪̮̐̑̏̆̋̓̏̃́̆ ̓̑́̎̒̏̑̍́̓̏̑́̕, ̉̈̂̏̑ ̖̉̈̌́̈̎̉ ̋̏̎̅̆̎̈́̓̏̑́ ̉
̅̉̏̅́, ̒̔ ̉̒̓̉ ̋́̏ ̋̏̅ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ [69] ̉ ̈́̓̏ ̯̆ ̂̉̓̉ ̘̐̑̆̒̋̏̆̎̉. ˠ ̏̃̏̍
̭̐̏̄̌́̃̔ ̯̆ ̂̉̓̉ ̣̏̂̑́̆̎̏ ̒́̍̏ ̏̎̏ ̙̓̏ ̪̆ ̗̘̒̐̆̉̉̎̏̕ ̈́ ACF ̘̐̑̆̓̃́̑́.

˛̙̐̓́ ̙̆̍́ ACF ̘̐̑̆̓̃́̑́́ ̪̆ ̅́̓́ ̎́ ̗̒̌̉̉ 2.1 [19]. ˛̈̎́̋̆ ̎́ ̮̪̏ ̒̔: Vin ̪̆
̎́̐̏̎ ̎́ ̔̌́̈̎̏̍ ̋̏̎̅̆̎̈́̓̏̑̔ (̪̓. ̎́̐̏̎ ̪̪̆̅̎̏̒̍̆̑̎̏̄ ̣̍̆̔̋̏̌́ ̔ ̙̎́̆̍ ̘̪̒̌̔́̔), QH
̉ QL ̒̔ ̮̄̏̑̉ ̉ ̮̅̏̉ ̘̐̑̆̋̉̅́̉ (high-, low-side switch), ̑̆̅̏̍; ̉̎̅̔̋̓̉̃̎̏̒̓ Lr ̒̆
̪̒́̒̓̏̉ ̏̅ ̭̒̐̏̎̆ ̙̗̐̑̉̄̔̎̉̆ ̉ ̑́̒̉̐̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̓̑́̎̒̏̑̍́̓̏̑́̕; CC ̪̆
̋̏̎̅̆̎̈́̓̏̑ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̎́̐̏̎́ (clamping capacitor); RC ̪̆
̙̈́̓̉̓̎̉ ̏̓̐̏̑̎̉̋ (clamping resistor); Lm ̪̆ ̉̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́ ̓̑́̎̒̏̑̍́̓̏̑́̕
(̪̎̉̆ ̘̏̈̎́̆̎́ ̎́ ̗̒̌̉̉); n ̪̆ ̐̑̆̎̏̒̎̉ ̏̅̎̏̒ ̓̑́̎̒̏̑̍́̓̏̑́̕, D ̪̆ ̉̈̌́̈̎́ ̅̉̏̅́ ̉ Vout

̪̆ ̉̈̌́̈̎̉ ̎́̐̏̎, ̪̓. ̎́̐̏̎ ̖̆̌̆̋̓̑̏̌̉̓̒̋̉ ̋̏̎̅̆̎̈́̓̏̑́ ̎́ ̉̈̌́̈̔.

ACF ̘̐̑̆̓̃́̑́ ̪̆ ̪̑́̈̌̉̋̔̆ ̏̅ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ flyback ̘̐̑̆̓̃́̑́́ ̔ ̒̍̉̒̌̔ ̅́
̒̆ ̘̐̑̆̋̉̅́ QH ̋̏̑̉̒̓̉ ̪̔̍̆̒̓̏ ̅̉̏̅̆ ̔ ̐́̒̉̃̎̏̍ RCD (resistor-capacitor-diode) ̒̎́̂̆̑-
̋̏̌̔ (snubber circuit)6. QH ̪̆ ́̋̓̉̃̎̏ ̭̔̐̑́̃́̎ ̅́ ̂̉ ̒̆ ̯̐̏̃̆́̏ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́
̗̮̑̆̉̋̌̉̑́̆̍ ̪̆̎̆̑̄̉̆ ̪̋̏́ ̪̆ ̙̔̒̋̌́̅̉̓̆̎́ ̔ ̪̑́̒̉̐̎̏ ̉̎̅̔̋̓̉̃̎̏̒̓̉ [19], [20]. ˔̂̏̄
̓̏̄́ ̒̆ ̉ ̪̎̆̄̅̆ ̋̏̑̉̒̓̉  ̉̈̑́̈ ́̋̓̉̃̎̏ ̒̎́̂̆̑-̋̏̌̏ [51]. ˠ HDCIV ̗̪́̐̌̉̋́̉́̍́ ̍̏̑́̍̏
̋̏̑̉̒̓̉̓̉ ̅̏̅́̓̎̔ ̙̗̐̑̉̄̔̎̉̔, ̎́ ̑̆̅ ̒́ ̐̑̉̍́̑̎̉̍ ̪̎́̍̏̓́̆̍ ̓̑́̎̒̏̑̍́̓̏̑́̕, ̅́
̂̉̒̍̏ ̏̒̓̃́̑̉̌̉ ̍̆̋̏ ̮̐̑̆̋̉̅́̆ QL ̐̑̉ ̎̔̌̓̏̍ ̎́̐̏̎̔ (ZVS - zero-voltage switching)
[20], [21]. ˠ ̭̅́̆̍ ̓̆̋̒̓̔ ̯̋̏̑̉̒̓̉̆ ̒̆ ̯̗̒̋̑́̆̎̉́ ZVS ̑́̅̉ ̯̌́̋̏̆ ̮̐̉̒́́. ˟̘́̋́ SW
(switching node) ̭̐̑̆̅̒̓́̃́ ̎́̐̏̎ ̪̅̑̆̎́ (drain-source voltage) ̮̅̏̆̄ ̘̐̑̆̋̉̅́́ (QL) ̉
̓̏ ̪̆ ̪̘̪̎́̋̑̉̓̉̎̉́ ̘̓́̋́ ̘̐̑̆̓̃́̑́́ ̒́ ́̒̐̆̋̓́ ̙̖̃̑̎̉ ̪̃̑̉̆̅̎̏̒̓̉ ̎́̐̏̎́ ̉
̑́̒̐̏̑̆̅́ ̋̏̍̐̏̎̆̎̓̉ ̎́ ̙̪̓́̍̐́̎̏ ̘̐̌̏̉.

˞̌̉̋́ 2.1 ˛̙̐̓́ ̙̆̍́ ACF ̘̐̑̆̓̃́̑́́

6 ˞̎́̂̆̑-̋̏̌̏ ̉̍́ ̔̌̏̄̔ ̙̮̐̑̉̄̔̆́ ̙̖̃̑̎̉ ̪̃̑̉̆̅̎̏̒̓̉ ̎́̐̏̎́ ̮̑́̒̉̐́̆̍ ̪̅̉̆̌́ ̪̆̎̆̑̄̉̆
̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́. ˜̑́̃̉̌́̎ ̐̑̆̃̏̅ ̂̉ ̂̉̏ ̙̐̑̉̄̔̎̏-̋̏̌̏, ́̌̉ ̒̆ ̪̏̃̅̆ ̯̎̆̆ ̋̏̑̉̒̓̉̓̉ ̪̆̑ ̒̆ ̉̈̑́̈
̒̎́̂̆̑ ̯̏̅̏̍́̉̏ ̔ ̪̒̃́̋̏̅̎̆̃̎̏ ̮̪̉̎̇̆̆̑̒̋̏ ̗̪̋̏̍̔̎̉̋́̉̉.
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˜̑̆̅̎̏̒̓̉ ̉ ̍́̎̆ ACF ̘̐̑̆̓̃́̑́́, ̔ ̏̅̎̏̒̔ ̎́ ̗̋̏̎̃̆̎̉̏̎́̌̎̉ flyback
̘̐̑̆̓̃́̑́, ̔ ̒̉̒̓̆̍̉̍́ ̒́ ̍̏̎̏́̈̎̉̍̕ (̪̆̅̎̏́̈̎̉̍̕) ̔̌́̈̎̉̍ ̎́̐̏̎̏̍ ̒̔
́̎́̌̉̈̉̑́̎̆ ̔ [20] ̉ [21] ̉ ̪̏̃̅̆ ̯̆̍̏ ̖̉ ̔̋̑́̓̋̏ ̐̏̎̏̃̉̓̉. ː̌́̃̎̆ ̐̑̆̅̎̏̒̓̉ ̒̔:

¶ ̯̃̆̉ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́;

¶ ZVS ̭̘̮̔̋̔̆̆ ̮̅̏̆̄ ̘̐̑̆̋̉̅́́ (QL), ̪̓. ̮̍́̉ ̘̐̑̆̋̉̅́̋̉ ̗̄̔̂̉̉;

¶ ̮̍́̆ ̆̌̆̋̓̑̏̍́̄̎̆̓̒̋̆ ̗̪̉̎̓̆̑̆̑̆̎̉̆̕ (˒˙˕; ̎́ ̆̎̄̌̆̒̋̏̍ EMI Ʉ electro-
magnetic interference) [52] ̈̂̏̄ ́̋̓̉̃̎̏̄ ̪̗̮̏̅̒̉̆́́ ̙̃̑̎̏̄ ̎́̐̏̎́ QL.

˙́̎̆ ACF ̘̐̑̆̓̃́̑́́ ̔ ̒̉̒̓̆̍̉̍́ ̒́ ̍̏̎̏́̈̎̉̍̕ ̔̌́̈̎̉̍ ̎́̐̏̎̏̍:

¶ ̯̃̆́ ̒̌̏̇̆̎̏̒̓ ̉ ̗̪̉̆̎́ ̈̂̏̄ ̔̐̏̓̑̆̂̆ ̅̏̅́̓̎̏̄ ̘̐̑̆̋̉̅́́ (QH), ̪̅̑́̃̆̑́ (high-
side driver) ̉, ̔ ̎̆̋̉̍ ̘̪̒̌̔́̆̃̉̍́, ̅̏̅́̓̎̆ ̙̗̐̑̉̄̔̎̉̆;

¶ ̈́̔̈̆̓̉ ̐̑̏̒̓̏̑ ̎́ ̙̪̓́̍̐́̎̏ ̘̐̌̏̉ ̪̆ ̯̃̆̉ ̘̉̍̆ ̒̆ ̅̏̅́̓̎̏ ̯̪̐̏̃̆́̃́̔
̐̑̏̉̈̃̏̅̎̉ ̙̓̑̏̋̏̃̉.

˙̣̆̔̓̉̍, ̈́ ̘̐̑̆̓̃́̑́̆ ̒́ ̓̑̏́̈̎̉̍̕ ̎́̐̏̎̏̍ ̎́ ̔̌́̈̔, ̪̓. ̈́ HDCIV ̪̐̑̉̍̆̎̔, ̉
̄̏̎̒̉̑̏̋ ̎̆̐̆̓̒ ̪̆ ́̅ ̪̆ ̘̏̎̆̏̔ (80ױ< .̑̐̎) ̍̏̒̏̎̅̏ ̍̉̎̒̏̎̆̑̐ ̍̉̋̒̎̏̐́̎ ̍̏̋̒̉̃ ́̒
̪̅̆̒̓̃́ ̔̐̏̑̆̅̉̃ ̉̌̉ ̘́̋ ̮̍́̉ ̎̆̄̏ ̋̏̅ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ flyback ̘̐̑̆̓̃́̑́́ ̉ ̅́ ̪̆
̔̐̏̓̑̆̂́ ̅̏̅́̓̎̆ ̙̗̐̑̉̄̔̎̉̆ ̏̂́̃̆̈̎́ [19]. ˑ̏̅́̓̎́ ̍́̎́ ̪̆ ̐̏̓̑̆̂́ ̈́ ̖̣̮̌́̆̆̍ ̓̆
̙̗̐̑̉̄̔̎̉̆ ̙̓̏ ̪̙̏ ̙̃̉̆ ̯̐̏̃̆́̃́ ̗̪̉̆̎̔ ̘̐̑̆̓̃́̑́́ [19].

˕̪̈̃̆̒̓́̎ ̐̑̏̂̌̆̍ ̈́ ̪̍́̒̏̃̎̉̔ ̪̐̑̉̍̆̎̔ ACF ̘̐̑̆̓̃́̑́́ ̔ ICS ̗̪́̐̌̉̋́̉̉ ̪̆
̎̆̅̏̒̓́̓́̋ ̪̯̖̏̅̄̏̃́̑́̔̉ ̋̏̍̐̏̎̆̎̓̉ ̎́ ̙̓̑̇̉̓̔. ˙̣̆̔̓̉̍, ̋́̏ ̙̓̏ ̪̆ ̯̃̆ ̘̑̆̆̎̏,
ACF ̘̐̑̆̓̃́̑́ ̪̆ ̐̏̈̎́̓ ̐̏ ̮̒̍́̆̎̉̍ ̐̑̏̂̌̆̍̉̍́ ̒́ ˒˙˕ [52] ̙̓̏ ̍̏̇̆ ̂̉̓̉ ̭̘̋̔̎́
̐̑̆̅̎̏̒̓ ̈́ ICS ̪̐̑̉̍̆̎̔ [19].

2.1 ˜̑̆̄̌̆̅ ̭̘̖̔̐̑́̃́̋̉ ̋̏̌́

˔́ ̯̐̏̍̏̎̏ ̪̮̎́̐́́̆ ̂̉̌̏ ̋̏̄ ̒̋̌̏̐́ (̪̓. ̒̉̒̓̆̍́) ̆̎̆̑̄̆̓̒̋̆ ̆̌̆̋̓̑̏̎̉̋̆ (PES
Ʉ power-electronic system) ̐̏̓̑̆̂̎̏ ̎́̍ ̪̆ ̎̆̋̏ (́̎́̌̏̄̎̏) ̭̘̔̐̑́̃́̋̏ ̋̏̌̏ (control IC).
˜̯̏̍̏̎̏ ̪̮̎́̐́́̆ ̉̍́ ̅̃́ ̏̒̎̏̃̎́ ̖̪̈́̓̆̃́. ˜̑̃̏, ̪̔̃̉̆̋ ̍̏̑́ ̅́ ̒̆ ̐̏̋̑̆̎̆ ̒́
̮̐̏̋̑̆̓́̆̍ ̒̉̒̓̆̍́ ̉, ̅̑̔̄̏, ̍̏̑́ ̅́ ̑́̅̉ ̐̏̔̈̅́̎̏ ̔ ̒̃̉̍ ̑́̅̎̉̍ ̔̒̌̏̃̉̍́ ̈́
̣̐̑̆̅̃̉̆̎̉ ̑́̅̎̉ ̪̃̉̆̋ ̐̏̍̆̎̔̓̏̄ ̒̉̒̓̆̍́ [19]. ˞̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̯̐̏̍̏̎̏̄
̪̮̎́̐́́́ ̪̎̉̆ ̭̘̋̔̎̉ ̐́̑́̍̆̓́̑ ̒̃̆ ̅̏̋ ̎̆̍́̍̏ ̐̑̏̂̌̆̍̆ ̒́ ̪̮̐̑̆̄̑̉́̃́̆̍ ̪̖̐̏̆̅̉̎̉
̋̏̍̐̏̎̆̎̓̉ [19]. ˕̈ ́̔̓̏̑̏̃̏̄ ̉̒̋̔̒̓̃́ ̭̘̋̔̎̉ ̐́̑́̍̆̓̑̉ ̂̉̌̏ ̋̏̄ ̯̐̏̍̏̎̏̄
̪̮̎́̐́́́ ̒̔: ̐̏̔̈̅́̎̏̒̓, ̗̔̎̋̉̏̎́̌̎̏̒̓̕, ̙̈́̓̉̓̎̆ ̗̪̔̎̋̉̆̕, ̈́̔̈̆̓̉ ̐̑̏̒̓̏̑ ̉
̗̪̉̆̎́ [19].

Flyback dc-dc ̘̐̑̆̓̃́̑́ ̪̆ ̪̪̎́̐̏̐̔̌́̑̎̉̉ dc-dc ̘̐̑̆̓̃́̑́ ̪̋̏̉ ̒̆ ̋̏̑̉̒̓̉ ̋̏̅
̯̖̐̏̍̏̎̉ ̪̮̎́̐́́́ [19]. ˙̏̇̆ ̂̉̓̉ ̔ DCM, CCM, ̒́̍̏-̗̪̯̪̏̒̉̌̔̔̏ (self-oscillating) [72],
̋̃́̈̉-̪̑̆̈̏̎́̎̓̎̏ (QR) [34], [73], ̉̌̉ active-clamped [24] ̪̃́̑̉́̎̓̉. ˟̣́̋̏̆, ̪̐̏̒̓̏̉ ̉
̪̃́̑̉́̎̓́ ̒́ ̅̃́ ̘̐̑̆̋̉̅́́ [74], [75]. ˔́ ̙̃̉̆ ̗̪̉̎̏̑̍́̉́̕ ̏ ̣̮̐̏̑̆̆̔ DCM ̉ CCM
̑̆̇̉̍́ ̑́̅́ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ flyback ̘̐̑̆̓̃́̑́́ ̐̏̄̌̆̅́̓̉ [76].

Flyback dc-dc ̘̐̑̆̓̃́̑́ ̪̆ ̪̆̓̉̎̕, ̪̆̅̎̏̒̓́̃́̎, ̌́̋ ̈́ ̪̮̐̑̏̆̋̓̏̃́̆, ̌́̋̏ ̪̆
̎́̐̑́̃̉̓̉ ̙̃̉̆ ̉̈̌́̈́ ̋́̏ ̉ ̯̏̍̏̄̔̉̓̉ ̗̪̉̈̏̌́̉̔ ̣̉̈̍̆̔ ̐̑̉̍́̑̎̏̄ ̉ ̖̒̆̋̔̎̅́̑̎̉
̪̎́̍̏̓́́, ̉ ̐̏̌́̑̉̓̆̓ ̉̈̌́̈́ ̒̆ ̌́̋̏ ̍̏̇̆ ̪̐̑̏̍̉̆̎̉̓̉ [77], [78]. ˑ̏̅́̓̎̏, flyback
̘̐̑̆̓̃́̑́ ̍̏̇̆ ̂̉̓̉ ̒́ ̐̑̉̍́̑̎̏̍ [79], [80] ̉̌̉ ̒̆̋̔̎̅́̑̎̏̍ ̗̪̑̆̄̔̌́̉̏̍; ̒́ [81] ̉̌̉
̂̆̈ ̖̒̉̎̑̏̎̏̄ ̭̮̉̒̐̑́̃́́ (synchronous rectification) ̎́ ̉̈̌́̈̉̍́ [19]. ˠ ̐̑́̋̒̉ ̉
̌̉̓̆̑́̓̔̑̉ ̒̔ ̘̙̯̆̉ ̘̪̒̌̔́̆̃̉ ̒́ ̒̆̋̔̎̅́̑̎̏̍ ̗̪̑̆̄̔̌́̉̏̍ ̉ ̐̑̉̍́̑̎̏̍ ̑̆̈̏̎́̎̒̏̍
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̂̆̈ ̖̒̉̎̑̏̎̏̄ ̭̮̉̒̐̑́̃́́ Ʉ ̙̓̏ ̪̆ ̘̪̒̌̔́ ̉ ̋̏̅ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆. ˔́ ̏̎̆ ̪̋̏̉ ̇̆̌̆ ̅́
̪̈̎́̔ ̙̃̉̆ ̘̪̐̑̆̐̏̑̔̔̆ ̒̆ ̑́̅ [75] ̪̄̅̆ ̪̆ ̅́̓̏ ̣̮̐̏̑̆̆̆ ̘̆̓̉̑̉ ̪̃́̑̉́̎̓̆ flyback dc-dc
̘̐̑̆̓̃́̑́́ ̒́ Si ̉ GaN ̘̐̑̆̋̉̅́̉̍́.

ˠ ̪̏̃̏ ̗̪̅̉̒̆̑̓́̉̉ ACF ̘̐̑̆̓̃́̑́ ̪̆ ̏̅́̂̑́̎ ̈́ ̪̓̏̐̏̌̏̄̉̔ ̯̐̏̍̏̎̏̄ ̪̮̎́̐́́́
ICS ̪̆̑ ̒̔ ̔ ̌̉̓̆̑́̓̔̑̉ ̭̐̑̆̅̒̓́̃̆̎́ ̍̎̏̄́ ̪̙̮̑̆̆́ ̒́ ̃̆̌̉̋̉̍ ̒̓̆̐̆̎̏̍ ̋̏̑̉̒̎̏̄
.[52] ̮̆̓̆̍̒ ̆̋̒̓̆̎̄́̍̏̑̓̋̆̌̆ ̮̆́̍ ́̍̉ ́̅ ̪̆ ̏̎̆̅̆̃́̎ ̉ ,[82] ,[69] ,[29](90%ױ<) ̪́̃̓̒̆̅
ˠ ̆̋̒̐̆̑̉̍̆̎̓́̌̎̏̍ ̭̐̏̄̌́̃̔ ̯̆̍̏ ̪̃̉̅̆̓̉ ̅́ ̌̉ ̪̆ ̓̏ ̈́̉̒̓́ ̓́̋̏ ̉ ̋̏̅ HDCIV
̪̐̑̉̍̆̎́, ̪̓. ICS.

˔́ ̒́̅́ ̒́̍̏ ̓̑̉ ̣̘̐̑̏̉̈̃̏́́ ̐̑́̃̆ ̭̘̔̐̑́̃́̋́ ̋̏̌́ ̈́ ACF ̘̐̑̆̓̃́̑́ ̉ ̓̏:
onsemi [83], TI [84] ̉ Sillana Semi [85]. ˜̣̮̏̑̆̆̆ ̣̉̈̍̆̔ ̮̖̉ ̪̆ ̅́̓̏ ̔ ̓́̂̆̌̉ 2.1 [19].
˜́̑́̍̆̓̑̉ ̈́ ̣̮̐̏̑̆̆̆ ̒̔ ̏̅̂̑́̎̉ ̎́ ̏̒̎̏̃̔ ̘̖̐̑́̋̓̉̎̉ ́̒̐̆̋́̓́ ̐̏ ̮̐̉̓́̔
̪̮̐̑̏̆̋̓̏̃́́ ̘̆̌̆̋̓̑̉̎̆ ̙̆̍̆ ̉ ̑́̅́ ̘̐̑̆̓̃́̑́́, ́ ̂́̈̉̑́̎̏ ̎́ ́̔̓̏̑̏̃̏̍
̙̮̅̔̄̏̄̏̅̉̆̍ ̉̒̋̔̒̓̃̔. ˠ̭̘̐̑́̃́̋̏ ̋̏̌̏ SZ1130 ̪̎̉̆ ̭̈́̅̏̃̏̉̌̏ ̎̆̋̏̌̉̋̏ ̖̏̒̎̏̃̎̉
̖̪̈́̓̆̃́ (̘̏̈̎́̆̎̉ ̗̑̃̆̎̏ ̔ ̓́̂̆̌̉ 2.1). ˚̪̪́̃́̇̎̉̉ ̪̆ ̅́ ̈̂̏̄ ̉̎̓̆̄̑̉̒́̎̏̄ ̮̄̏̑̆̄
̘̐̑̆̋̉̅́́ (620 V FET) ̪̎̉̆ ̄́ ̂̉̌̏ ̯̍̏̄̔̆ ̋̏̑̉̒̓̉̓̉ ̈́ ICS [19]. ˟̑̆̂́ ̉̍́̓̉ ̔ ̃̉̅̔ ̅́
Sillana Semi ̉̍́ ̪̙̏ ̅̃́ ̭̘̔̐̑́̃́̋́ ̋̏̌́ ̔ ̐̏̎̔̅̉ (SZ1110 ̉ SZ1131) [86], ́̌̉ ̉ ̏̎̉
̪̉̍́̔ ̉̎̓̆̄̑̉̒́̎ 620 V FET ̘̐̑̆̋̉̅́. ˔̂̏̄ ̓̏̄́ ̎̉ ̪̆̅̎̏ ̪̎̉̆ ̐̏̅̆̒̎̏ ̈́ HDCIV
̪̐̑̉̍̆̎̔.

˟́̂̆̌́ 2.1 ˜̣̮̏̑̆̆̆ ̭̘̖̔̐̑́̃́̋̉ ̋̏̌́ ACF ̘̐̑̆̓̃́̑́́

˞̓́̃̋́/˜̣̘̑̏̉̈̃̏́ onsemi7 TI8 Sillana Semiconductor
˛̈̎́̋́ ̣̘̐̑̏̉̈̃̏́́ NCP1568 UCC28780 SZ1130
HV start-up 700 V ˑ́ ˑ́ ˚̆
Enable ̒̉̄̎́̌ ˑ́ ˑ́ (NTC) ˚̆
FET ̉ GaN ̙̐̏̅̑̋́ ˑ́ ˑ́ ˞́̍̏ FET
˙́̋̒. ̘̐̑̆̋̉̅́̋́ ̘̔̆̒̓́̎̏̒̓ 1 MHz 1 MHz 146 kHz
ZVS ̑́̅ ˑ́ ˑ́ ˑ́
ˍ̅́̐̓̉̃̎̉ multi-mode ̑́̅ ˑ́ ˑ́ ˑ́
Stand-by ̑̆̇̉̍ ̑́̅́ ˑ́ ˑ́ ˑ́
˞̭̐̏̎̉ ̪̅̑́̃̆̑ ̐̏̓̑̆̂́̎ ̈́ QL ˚̆ ˑ́ ˚̆
˕̎̓̆̄̑̉̒́̎ clamp-FET ˚̆ ˚̆ ˑ́
SIMPLIS ̍̏̅̆̌ ̑́̒̐̏̌̏̇̉̃ ˑ́ ˑ́ ˚̆
˗̯̙̔̉̓̆ TSSOP-16 SOIC-16

WQFN-16
SOIC-16

˕̈̂̏̑ ̣̉̈̍̆̔ NCP1568 [83] ̉ UCC28780 [84] ̪̎̉̆ ̂̉̏ ̪̆̅̎̏̒̓́̃́̎ ̪̆̑ ̒̔
̮̉̒̐̔́̃́̌̉ ̒̋̏̑̏ ̒̃̆ ̪̋̑̉̓̆̑̉̔̍̆ ̉̈ ̓́̂̆̌̆ 2.1. ˠ̐̏̓̑̆̂́ ̅̏̅́̓̎̏̄ ̐̏̌̔̍̏̒̎̏̄
̪̅̑́̃̆̑́ ̪̆ ̂̉̌́ ̒̃́̋́̋̏ ̏̐̑́̃̅́̎́ ̔ ̪̏̃̏ ̗̪̒̉̓̔́̉̉ ̓́̋̏ ̅́ ̒̓́̃̋́ ̏ ̙̯̮̋̏̑̉̆̔
̭̒̐̏̎̆̄ ̪̅̑́̃̆̑́ (̓́̂̆̌́ 2.1) ̪̎̉̆ ̂̉̌́ ̐̑̆̒̔̅̎́. ˔̂̏̄ ̒̃̆̄́ ̓̏̄́ ̪̆ ̘̏̅̌̔̆̎̏ ̅́ ̒̆
̪̪̉̒̐̑̏̆̋̓̔̔ ̅̃́ ̘̑́̈̌̉̉̓́ ACF ̘̐̑̆̓̃́̑́́ (ACF 1 ̉ ACF 2) ̉ ̮̖̉̏̃ ̐̑̆̄̌̆̅ ̪̆ ̅́̓ ̔
̓́̂̆̌̉ 2.2. ˠ ̓́̂̆̌̉ 2.2, ̑́̅̉ ̐̑̆̄̌̆̅̎̏̒̓̉, ̭̘̔̋̔̆̎ ̪̆ ̉ ̘̐̑̆̓̃́̑́ 57 W (ACF 3) Ʉ ̪̋̏̉
̪̆ ̭̅̆̓́̎̏ ̣̏̂̑́̆̎ ̔ ̪̏̃̏ ̗̪̅̉̒̆̑̓́̉̉. ˢ̙̑̏̎̏̌̏̋̉ ̄̌̆̅́̎̏, ̐̑̃̏ ̒̔ ̪̉̒̐̑̏̆̋̓̏̃́̎̉
ACF  1 ̉ ACF 2, ́ ̈́̓̉̍, ̋́̅́ ̪̆ ̏̅́̂̑́̎̏ ̭̘̔̐̑́̃́̋̏ ̋̏̌̏, ̉ ACF 3. ˟́̂̆̌́ 2.2 ̣̓́̋̏̆
̒́̅̑̇̉ ̪̂̑̏ ̘̖̑́̈̌̉̉̓̉ ̪̃̆̑̈̉́ ̪̋̏̆ ̒̔ ̭̎́̐̑́̃̆̎̆ ̓̏̋̏̍ ̮̉̒̓̑́̇̉̃́́ ̉ ̪̑́̈̃̏́.
˜̪̑̏̍̆̎́ ̖́̑̉̓̆̋̓̔̑̆ ̪̮̎́̐́́́ ̉ ̗̪̐̑̆̉̈̎̉́ ̗̪̏̆̎́ ̙̮̐̏̓̑̏̆ ̪̆ ̉̍́̌́ ̗̪̔̓̉́ ̎́
̮̋̑̆̉̑́̆ ̗̗̪̒̐̆̉̉̋́̉̆̕ ̘̐̑̆̓̃́̑́́ ACF 3.

7 ON Semiconductor ̪̆ ̔ 2021. ̄̏̅̉̎̉ ̪̐̑̏̍̉̆̎̉̏ ̉̍̆ (rebranding) ̔ onsemi [87].
8 Texas Instruments Inc.
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˟́̂̆̌́ 2.2 ˜̑̆̄̌̆̅ ̪̖̉̒̐̑̏̆̋̓̏̃́̎̉ ACF ̘̐̑̆̓̃́̑́́

˕̍̆ ˠ̭̘̐̑́̃́̋̏ ̋̏̌̏ ˠ̌́̈̎̉ ̎́̐̏̎ ˞̎́̄́ ˎ̪̑̏ ̪̃̆̑̈̉́
ACF 1 NCP1568 ˕̭̒̐̑́̃̆̎́ ̓̑̏́̈̎́̕ ̍̑̆̇́ 13 W 1
ACF 2 UCC28780 ˕̭̒̐̑́̃̆̎́ ̓̑̏́̈̎́̕ ̍̑̆̇́ 75 W 1
ACF 3 NCP1568 ˶̪̆̅̎̏̒̍̆̑̎̏ ̣̍̆̔̋̏̌̏ 800 V 57 W 3

˛̂́ ̘̐̑̆̓̃́̑́́ (ACF 1 ̉ ACF 2) ̒̔ ̭̎́̐̑́̃̆̎́ ̉ ̂̉̌́ ̒̔ ̪̎́̐́́̎́ ̒́ ̭̉̒̐̑́̃̆̎̏̄
̎́̐̏̎́ ̓̑̏́̈̎̆̕ ̍̑̆̇̆. ˔́ ̭̮̉̒̐̑́̃́̆ ̍̑̆̇̎̏̄ ̎́̐̏̎́ ̙̯̋̏̑̉̆̎ ̪̆ ̗̋̏̎̃̆̎̉̏̎́̌̎̉
̓̑̏́̈̎̉̕ ̅̉̏̅̎̉ ̍̏̒̓ [88]. ˚́̋̏̎ ̮̓̆̒̓̉̑́́ ̔ ̪̌́̂̏̑́̓̏̑̉̉ ̏̅́̂̑́̎̏ ̪̆ ̭̘̔̐̑́̃́̋̏
̋̏̌̏ NCP1568 [83] ̈́ ̭̅́̉ ̑́̅ ̉̈ ̅̃́ ̑́̈̌̏̄́:

¶ ̘̆̌̆̋̓̑̉̎́ ̙̆̍́ ACF ̘̐̑̆̓̃́̑́́ ̒́ NCP1568 ̪̆ ̂̉̌́ ̍̎̏̄̏ ̪̪̆̅̎̏̒̓́̃̎̉́ ̉
̈́̔̈̉̍́̌́ ̪̆ ̮̍́̉ ̐̑̏̒̓̏̑ ̎́ ̙̪̓́̍̐́̎̏ ̘̐̌̏̉ ̉, ̒́̍̉̍ ̓̉̍, ̪̆ ̂̉̌́ ̉
̪̪̆̓̉̎̉́̕;

¶ ACF ̘̐̑̆̓̃́̑́ ̒́ UCC28780 ̎̉̋́̅ ̪̎̉̆ ̎̉ ̐̑̏̑́̅̉̏, ́ ̪̎̉̆ ̂̉̌̏ ̭̅̏̃̏̎̏
̃̑̆̍̆̎́ ̈́ ̭̪̅̆̓́̎̉̔ ̪̅̉́̄̎̏̒̓̉̋̔ ̪̆̑ ̒̆ ̏̅̌̔̋́ ̍̏̑́̌́ ̪̅̏̎̉̆̓̉ ̂̑̈̏.

˔̂̏̄ ̓̏̄́ ̪̆ ̉ ̑́̅ ̒́ ̘̐̑̆̓̃́̑́̆̍ ACF 3, ̪̋̏̉ ̪̆ ̓̆̍́ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆, ̋́̏ ̉ ̒̃̉
̪̭̏̂́̃̆̎̉ ̑́̅̏̃̉ ́̔̓̏̑́ [19], [20], [21], [22], ̣̔̑́̆̎ ̒́ ̭̘̔̐̑́̃́̋̉̍ ̋̏̌̏̍ NCP1568. ˠ
̭̅́̆̍ ̓̆̋̒̓̔ ̏̎ ̯̆ ̂̉̓̉ ̗̑̆̆̑̆̎̉̑́̎̕ ̋́̏ ACF ̉̌̉ ACF ̘̐̑̆̓̃́̑́ 57 W. ˝́̒̐̏̑̆̅
̗̎̏̇̉́ (̐̉̎̏̃́) ̭̘̔̐̑́̃́̋̏̄ ̋̏̌́ NCP1568 ̪̆ ̅́̓ ̎́ ̗̒̌̉̉ 2.2 [83], ́ ̐̑̆̄̌̆̅ ̎́̈̉̃́ ̉
̗̪̔̎̋̉́̕ ̖̉̒̓̉ ̪̆ ̅́̓ ̔ ̓́̂̆̌̉ 2.3 [83].

˟́̂̆̌́ 2.3 ˛̐̉̒ ̗̪̔̎̋̉́̕ ̗̎̏̇̉́ ̋̏̎̓̑̏̌̆̑́ NCP1568 [83]

ˎ̪̑̏
̗̎̏̇̉̆

˚́̈̉̃ ˡ̗̪̔̎̋̉́

1 HV ˠ̌́̈ ̒̓́̑̓-̋̏̌́ ̈́ ̃̉̒̏̋̉ ̎́̐̏̎ (HV start-up 700 V).
2, 3, 14, 15 - ˠ̮̋̌̏̆̎̉ ̈̂̏̄ ̖̒̉̄̔̑̎̏̒̎̉ ̪̮̑́̒̓̏́́.

4 FLT ˗̏̎̓̑̏̌̆̑ ̔̌́̈̉ ̔ ̑̆̇̉̍ ̋̃́̑́ ́̋̏ ̎́̐̏̎ ̣̐̑̆̆/̐́̅̎̆ ̉̒̐̏̅ ̐̑́̄̏̃́ ̈́
̗̪̅̆̓̆̋̉̔ ̋̃́̑̏̃́.

5 RT ˛̓̐̏̑̎̉̋ ̭̐̏̒̓́̃̆̎ ̋́ ̍́̒̉ ̣̪̏̅̑̆̔̆ ̍̉̎̉̍́̌̎̔ ̘̔̆̒̓́̎̏̒̓ ̉̎̓̆̑̎̏̄
̗̏̒̉̌́̓̏̑́.

6 DTH ˛̓̐̏̑̎̉̋ ̭̐̏̒̓́̃̆̎ ̋́ ̍́̒̉ ̣̪̏̅̑̆̔̆ ̐̑́̄ ̐̑̆̌́̈́ ̣̉̈̍̆̔ ATH ̉ DCM
̑̆̇̉̍́ ̑́̅́.

7 FB ˠ̌́̈ ̈́ ̐̏̃̑́̓̎̔ ̒̐̑̆̄̔ ̪̋̏̉ ̭̅̏̈̃̏́̃́ ̅̉̑̆̋̓̎̏ ̮̐̏̃̆̈̉̃́̆
̏̐̓̏̋́̐̌̆̑́.

8 CS ˠ̌́̈ ̈́ ̪̮̍̆̑̆̆ ̪̒̓̑̔̆.
9 GND ˙́̒́.

10 LDRV ˑ̪̑́̃̆̑ ̮̅̏̆̄ ̘̐̑̆̋̉̅́́ (12 V).
11 Vcc ˠ̌́̈ ̈́ ̪̮̎́̐́́̆.
12 ADRV ˑ̪̑́̃̆̑ ̮̄̏̑̆̄ ̘̐̑̆̋̉̅́́ (5 V).
13 ATH ˛̓̐̏̑̎̉̋ ̭̐̏̒̓́̃̆̎ ̋́ ̍́̒̉ ̣̪̏̅̑̆̔̆ ̐̑́̄ ̐̑̆̌́̈́ ̣̉̈̍̆̔ DCM ̉ ATH

̑̆̇̉̍́ ̑́̅́.
16 SW ˜̪̏̃̆̈̔̆ ̒̆ ̎́ SW ̘̓́̋̔ ̉ ̒̌̔̇̉ ̈́ ́̅́̐̓̉̃̎̏ ̭̮̔̐̑́̃́̆ ̍̑̓̃̉̍

̃̑̆̍̆̎̏̍ ̉ ZVS-̂́̈̉̑́̎̔ ̗̪̍̏̅̔̌́̉̔ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉.

ˑ̏̅́̓̎̏, ̎̆̋̉ ̏̅ ̑̆̈̔̌̓́̓́ ̒́ ̘̐̑̆̓̃́̑́̆̍ ACF 1 ̯̆ ̂̉̓̉ ̐̑̉̋́̈́̎̉ ̔
̗̪̅̉̒̆̑̓́̉̉ ̉ ̏̎ ̯̆ ̂̉̓̉ ̗̑̆̆̑̆̎̉̑́̎̕ ̋́̏ ACF ̘̐̑̆̓̃́̑́ 13 W. ˔̭́̎̉̍̉̃̏ ̪̆ ̅́ ̪̆,
̏̒̉̍ ̋̏̅ ́̔̓̏̑́ ̗̪̅̉̒̆̑̓́̉̆, ̭̘̔̐̑́̃́̋̏ ̋̏̌̏ NCP1568 ̐̏̍̆̎̔̓̏ ̔ ̪̙̏ ̒́̍̏ ̪̆̅̎̏̍
̘̌́̎̋̔ ̏ ACF ̘̐̑̆̓̃́̑́̉̍́ [89]. ˙̣̆̔̓̉̍, ̔ ̎̆̋̏̌̉̋̏ ̖̅̑̔̄̉ ̒̆ ̮̐̏̍̉̆ UCC28780 [70],
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[34], [43], [90], [91]. ˜̭̑̆̓̐̏̒̓́̃́̍̏ ̅́ ̪̆ ̪̆̅́̎ ̏̅ ̑́̈̌̏̄́ ̈́ ̯̃̆̔ ̐̏̐̔̌́̑̎̏̒̓
UCC28780 ̔ ̘̗̌́̎̉̍́ ̓̏ ̙̓̏ ̎̆̋̉ ̏̅ ́̔̓̏̑́ ̉̌̉ ̑́̅̆ ̈́ TI ̉̌̉ ̪̉̍́̔ ̐̏̒̌̏̃̎̆ ̏̅̎̏̒̆
̒́ ̮̉̍́.

˕̘̎́̆, ̘̐̑̆̓̃́̑́ ̒́ UCC28780 ̪̆ ̉̍́̏ ̋̏̍̐̌̉̋̏̃́̎̏ ̃̉̒̏̋̏̎́̐̏̎̒̋̏ ̋̏̌̏ ̈́
̒̓́̑̓. ˟̔ ̪̆ ̔̐̏̓̑̆̂́ N-̋́̎́̌̎̏̄ MOSFET ̘̐̑̆̋̉̅́́ ̒́ ̉̎̅̔̋̏̃́̎̉̍ ̋́̎́̌̏̍ (normally-
on ̉̌̉ depletion mode) ̂̉̌́ ̏̂́̃̆̈̎́ [84]. ˜̑̆̓̐̏̒̓́̃̋́ ̪̆ ̅́ ̪̆ ̔ ̓̏̍ ̋̏̌̔ ̉ ̔̈̑̏̋
̙̈́̓̏ ̘̐̑̆̓̃́̑́ ACF 2 ̎̉̋́̅ ̪̎̉̆ ̐̑̏̑́̅̉̏, ́̌̉ ̓̏, ̈́ ̒́̅́, ̪̏̒̓́̆ ̪̙̎̆̑̉̆̆̎ ̐̑̏̂̌̆̍.
ˍ̔̓̏̑ ̪̆ ̒̓́̃́ ̅́, ̉́̋̏ ̒̆ ̒̍́̓̑́ ̅́ ̪̆ ̯̃̆̉̎́ ̘̖̎́̔̎̉ ̑́̅̏̃́ ̐̏̌́̑̉̈̏̃́̎́ ̋́
̪̭̮̏̂́̃̉̃́̔ ̒́̍̏ ̖̐̏̈̉̓̉̃̎̉ ̑̆̈̔̌̓́̓́ [92], ̓̑̆̂́ ̪̭̏̂́̃̉̃́̓̉ ̉ ̎̆̄́̓̉̃̆ ̑̆̈̔̌̓́̓̆.
˟̉̍̆ ̒̆ ̎̆ ̒́̍̏ ̘̐̏̅̒̓̉̆ ̘̋̑̉̓̉̋̏ ̙̭̮̑́̈̍̉́̆ [93], ̯̃̆ ̐̏̎̆̋́̅ ̙̓̆̅̉ ̓̑̔̅,
̪̃̑̉̆̍̆, ̗̎̏̃́ ̉ ̅̑̔̄̉ ̑̆̒̔̑̒̉ ̖̏̒̓́̌̉ ̘̉̒̓̑́̇̉̃́́.

˞̌̉̋́ 2.2 ˝́̒̐̏̑̆̅ ̗̎̏̇̉́ NCP1568

ˠ̐̏̓̑̆̂́ ̭̘̔̐̑́̃́̋̏̄ ̋̏̌́ NCP1568 ̘̉̎̉ ̅́ ACF ̘̐̑̆̓̃́̑́ ̑́̅̉ ̒́ ̐̑̉̍́̑̎̏̍-
̑̆̈̏̎́̎̒̏̍ (primary-resonance), ̭̮̔̐̑́̃́̆̍ ̎́ ̪̒̆̋̔̎̅́̑̎̏ ̒̓̑́̎̉ (secondary-side
regulation), ̪̗̮̏̅̒̉̆́̆̍ ̙̃̑̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̎́̐̏̎́ ̯̐̏̍̏̔ MOSFET ̘̐̑̆̋̉̅́́ N-̓̉̐́
(N-type clamp) [69], ́̅́̐̓̉̃̎̉̍ ̙̃̉̆-̑̆̇̉̍̒̋̉̍ (adaptive multi-mode) ̑́̅̏̍ ̒́
̪̭̐̑̏̍̆̎̉̃̏̍ ̘̐̑̆̋̉̅́̋̏̍ ̘̙̯̔̆̒̓́̎̏̔ ̉ ̋̏̍̐̌̆̍̆̎̓́̑̎̉̍ ̮̐̑̆̋̉̅́̆̍
(complementary switching) ̔ DCM ACM (active-clamping mode) ̑̆̇̉̍̔ ̑́̅́. ˛̃̏ ̂̉ ̂̉̌́
̐̔̎́ ̗̪̅̆̉̎̉̉́̕ ACF ̘̐̑̆̓̃́̑́́ ̪̋̏̉ ̪̆ ̐̑̆̅̍̆̓ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆. ˔́ ̙̃̉̆
̗̪̉̎̏̑̍́̉́̕ ̏ ̑́̅̔ ̏̃́̋̃̏̄ ACF ̘̐̑̆̓̃́̑́́ ̐̏̄̌̆̅́̓̉ [64], [82], [83] ̉ [94].

˕̘̎́̆, ̅̃́ ̅̏̅́̓̎́ ̭̘̔̐̑́̃́̋́ ̋̏̌́, NCP1568D [95] ̉ UCC28782 [96], ̎̉̒̔ ̂̉̌́
̑́̒̐̏̌̏̇̉̃́ ̎́ ̙̓̑̇̉̓̔ ̔ ̓̑̆̎̔̓̋̔ ̋́̅́ ̪̆ ̑́̅ ̎́ ICS ̪̐̑̏̆̋̓̔ ̘̈́̐̏̆̏ [19]. ˔̂̏̄ ̓̏̄́
̎̉̒̔ ̎̉ ̑́̈̍́̓̑́̎̉ ̔ ̓́̂̆̌̉ 2.1. ˙̣̆̔̓̉̍, NCP1568D ̪̆ ̉ ̭̅́̆ ̔ „product preview” ́̈̉̕,
́ UCC28782 ̪̆ ̙̃̉̆ ̪̮̎́̍̉̆̆̎ ̈́ ac-dc ̪̐̑̉̍̆̎̆. ˔̂̏̄ ̓̏̄́ ̍̏̇̆̍̏ ̯̑̆̉ ̅́ ̙̎̉̓́
̎̉̒̍̏ ̎̉ ̐̑̏̐̔̒̓̉̌̉. ˕̪̍́̍̏ ̔ ̃̉̅̔ ̅́ ̪̆ ̉ ̪̋̏̍̐́̎̉́ Power Integrations ̎̆̅́̃̎̏
̐̑̆̅̒̓́̃̉̌́ ̪̒̆̑̉̔ ClampZero [97]. ˙̣̆̔̓̉̍, ̓́ ̄̑̔̐́ ̐̑̏̉̈̃̏̅́ ̒̆ ̍̏̑́ ̋̏̑̉̒̓̉̓̉
̪̈́̆̅̎̏ ̒́ ̮̖̉̏̃̉̍ ̅̑̔̄̉̍ ̐̑̏̉̈̃̏̅̉̍́, ́̌̉ ̒́̍̏ ̈́ ̍̏̎̏́̈̎̔̕ ̪̐̑̉̍̆̎̔. ˔̂̏̄ ̒̃̆̄́
̓̏̄́ ̭̘̪̈́̋̔̔̆̍̏ ̅́ ̎̉ ̓̆ ̋̏̍̐̏̎̆̎̓̆ ̎̉̒̔ ̐̏̅̆̒̎̆ ̈́ HDCIV ̪̐̑̉̍̆̎̆ [19].

ˠ ̌̉̓̆̑́̓̔̑̉ ̒̆ ̉̈̑́̈̉ DCM ̉̌̉ CCM ̋̏̑̉̒̓̆ ̉ ̋̏̅ ACF ̘̐̑̆̓̃́̑́́ ̪̋̏̉ ̑́̅̉ ̔
ACM. ˟̏ ̈́̃̉̒̉ ̏̅ ̓̏̄́ ̅́ ̌̉ ̪̆ ̪̒̓̑̔́ ̯̮̍́̄̎̆̆́ ̒̓́̌̎̏ ̐̏̈̉̓̉̃̎́ (CCM: [27], [98],
[99]), ̉̌̉ ̉̅̆ ̔ ̎̆̄́̓̉̃̎̔ ̒̓̑́̎̔ ̓̏̋̏̍ ̃̑̆̍̆̎́ ̭̘̮̉̒̋̔̆́ (DCM: [33], [67], [69]). ˍ̌̉,
́̋̏ ̉̒̓̉ ACF ̘̐̑̆̓̃́̑́ ̑́̅̉ ̒́ ̯̏̎̆̍̏̄̔̆̎̏̍ ̄̑́̎̏̍ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́
̮̅̏̆̄ ̘̐̑̆̋̉̅́́ (disabled clamping), ̐̑̉ ̍́̌̏̍ ̯̮̏̐̓̆̑̆̆̔, ̏̎̅́ ̪̆ ̘̮̈̎́̆̆ DCM ̉̒̓̏
̋́̏ ̋̏̅ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ flyback ̘̐̑̆̓̃́̑́́ ̔ ̐̑̆̋̉̅̎̏̍ ̑̆̇̉̍̔ ̣̮̃̏̆́ (DCM). ˔̂̏̄
̓̏̄́ ̯̆ ̒̆ ̔ ̗̪̅̉̒̆̑̓́̉̉ ̉̈̑́̈̉ DCM ̉̌̉ disabled-ACM ̑́̃̎̏̐̑́̃̎̏ ̋̏̑̉̒̓̉̓̉ ̈́ ̓́̋́̃
̑̆̇̉̍ ̑́̅́. ˍ ̉̈̑́̈̉ ACM ̉̌̉ DCM ACM ̯̆ ̒̆ ̑́̃̎̏̐̑́̃̎̏ ̋̏̑̉̒̓̉̓̉ ̈́ ACF ̘̐̑̆̓̃́̑́
̋̏̅ ̪̋̏̆̄ ̪̒̓̑̔́ ̯̮̍́̄̎̆̆́ ̉̅̆ ̔ ̎̆̄́̓̉̃̎̔ ̒̓̑́̎̔. ˏ́̇̎̏ ̪̆ ̎́̐̏̍̆̎̔̓̉ ̅́ ́̔̓̏̑̉ ̔
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[29], [89] ̉ [94] ̋̏̑̉̒̓̆ ̉̈̑́̈ „̑̆̇̉̍ ̘̋̑̉̓̉̎̏̄ ̣̮̐̑̏̃̏̆́” (CrCM Ʉ critical conduction-
mode) ̪̔̍̆̒̓̏ DCM (ACM) ̈́ ̐̆̑̉̏̅ ̋́̅́ ̪̒̓̑̔́ ̯̮̍́̄̎̆̆́ ACF ̘̐̑̆̓̃́̑́́ ̐̑̆̌́̈̉ ̔
̎̆̄́̓̉̃̎̔ ̒̓̑́̎̔. ˛̪̃́ ̉̈̑́̈ ̪̆ ̈́̐̑́̃̏ ̪̐̑́̃̉̌̎̉̉ ̪̆̑ ̪̒̓̑̔́ ̯̮̍́̄̎̆̆́ ̒́̍̏ ̅̃́ ̐̔̓́
̐̑̏̌́̈̉ ̋̑̏̈ ̎̔̌̔, ̔ ̪̆̅̎̏̍ ̘̐̑̆̋̉̅́̋̏̍ ̗̉̋̌̔̒̔, ́̌̉ ̎̉̋́̅ ̪̎̉̆ ̎̔̌́ ̔ ̎̆̋̏̍
̘̋̏̎́̎̏̍ ̉̎̓̆̑̃́̌̔ ̃̑̆̍̆̎́ Ʉ ̙̓̏ ̪̆ ̘̪̒̌̔́ ̋̏̅ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ DCM ̑́̅́ ̂̉̌̏ ̋̏̄
̘̐̑̆̓̃́̑́́ (̐̏ ̗̪̅̆̉̎̉̉̉̕). ˙̣̆̔̓̉̍, ̓̏̋̏̍ ̮̉̒̓̑́̇̉̃́́ ́̔̓̏̑ ̗̪̅̉̒̆̑̓́̉̆ ̪̆ ̂̉̏
̐̏̅ ̗̪̔̓̉́̆̍ ̖̅̑̔̄̉ ́̔̓̏̑́, ̪̋̏̉ ̒̔ ̭̔̐̏̓̑̆̂́̃́̌̉ ̉̈̑́̈ DCM, ̐́ ̪̆ ̔̃̆̏ ̎̏̃̉ ̉̈̑́̈
DCM ACM, ̅́ ̂̉ ̒̆ ̪̉̈̂̆̄̌́ ̈́̂̔̎́, ̉ ̪̓́ ̉̈̑́̈ ̒̆ ̋̏̑̉̒̓̉̏ ̔ [19], [22].

ˏ̯̆ ̪̆ ̘̑̆̆̎̏ ̅́ ̭̘̔̐̑́̃́̋̏ ̋̏̌̏, ̪̋̏̆ ̋̏̑̉̒̓̉̍̏ ̔ ̪̏̃̏ ̗̪̅̉̒̆̑̓́̉̉, ̑́̅̉ ̒́
̋̏̍̐̌̆̍̆̎̓́̑̎̉̍ ̮̐̑̆̋̉̅́̆̍ QL ̉ QH ̘̐̑̆̋̉̅́́. ˚̆̋̏̍̐̌̆̍̆̎̓́̑̎̏ ̮̐̑̆̋̉̅́̆ ̈́
̒́̅́ ̪̎̉̆ ̐̏̐̔̌́̑̎̏ ̔ ̪̉̎̅̔̒̓̑̉̉ [62] Ʉ ̉́̋̏ ̒̆ ̮̉̍̆ ̍̏̇̆ ̯̐̏̒̓̉̉ ̯̃̆̉ ̒̓̆̐̆̎
̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ [69], [71]. ˜̑̆̓̐̏̒̓́̃̋́ ̪̆ ̅́ ̪̆ ̏̃́ ̖̓̆̎̉̋́ ̭̮̔̐̑́̃́́ ̉̌̉
̐́̓̆̎̓̉̑́̎́, ̐́ ̣̘̐̑̏̉̈̃̏́̉ ̭̘̖̔̐̑́̃́̋̉ ̋̏̌́ ̎̆ ̇̆̌̆ ̅́ ̪̆ ̋̏̑̉̒̓̆, ̉̌̉ ̪̐̏̒̓̏̆ ̎̆̋̆
̅̑̔̄̆ ̍́̎̆ ̪̋̏̆ ́̔̓̏̑ ̅̏ ̒́̅́ ̪̎̉̆ ̔ ̐̏̓̐̔̎̏̒̓̉ ̒́̄̌̆̅́̏ (̎̐̑. ̗̪̔̓̉́ ˒˙˕). ˛̃̆
̘̮̗̉̆̎̉̆ ̍̏̄̔ ̂̉̓̉ ̓̆̍́ ̈́ ̎̆̋̏ ̯̂̔̅̔̆ ̮̉̒̓̑́̇̉̃́̆.

˟̑̆̂́ ̎́̐̏̍̆̎̔̓̉ ̅́ ̪̐̏̒̓̏̉ ̉ ̪̃́̑̉́̎̓́ ACF ̘̐̑̆̓̃́̑́́ ̒́ ̪̗̮̏̅̒̉̆́̆̍ ̙̃̑̎̆
̪̃̑̉̆̅̎̏̒̓̉ ̯̐̏̍̏̔ P-̋́̎́̌̎̏̄ MOSFET ̘̐̑̆̋̉̅́́ (P-type clamp) [100], [101], [102], ́̌̉
̏̎́ ̪̎̉̆ ̐̏̐̔̌́̑̎́ ̉́̋̏ ́̔̓̏̑̉ ̔ [100] ̓̃̑̅̆ ̅́ ̪̆ ̪̪̆̓̉̎̉́̕ (̔ ̮̖̉̏̃̏̍ ̘̪̒̌̔́̔).
ˍ̔̓̏̑ ̗̪̅̉̒̆̑̓́̉̆ ̪̆ ̒̓́̃́ ̅́ ̪̆ P-̋́̎́̌̎̉ MOSFET ̄̆̎̆̑́̌̎̏ ̭̒̋̔̐̉ ̏̅ N-̋́̎́̌̎̏̄ ̉
̉̍́ ̯̃̆̆ ̄̔̂̉̓̋̆ ̣̮̐̑̏̃̏̆́ ̈̂̏̄ ̯̃̆̆ ̏̓̐̏̑̎̏̒̓̉ RDS_ON, ́ ̈́ HDCIV ̗̪́̐̌̉̋́̉̔ ̂̉̏ ̓̏
̪̙̏ ̂̉̌̏ ̪̉̈̑́̇̆̎̉̆ ̉ ̐̏ ̮̐̉̓́̔ ̄̔̂̉̓́̋́ ̉ ̐̏ ̮̐̉̓́̔ ̑́̒̐̏̌̏̇̉̃̏̒̓̉ ̖̓́̋̃̉
̓̑́̎̈̉̒̓̏̑́. ˠ ̪̒̃̏ ̪̏̒̓́̌̏ ̪̐̑̆̄̌̆̅́̎̏ ̌̉̓̆̑́̓̔̑̉ ̣̪̏̂̑́̔̆ ̒̆ N-type clamp ACF
̘̐̑̆̓̃́̑́, ̋́̏ ̉ ̔ ̪̏̃̏ ̗̪̅̉̒̆̑̓́̉̉, ̉ ̈́̓̏ ̓̏ ̯̎̆̆̍̏ ̐̏̒̆̂̎̏ ̙̎́̄̌́́̃́̓̉ ̪̆̑ ̯̆ ̒̆
̒̍́̓̑́̓̉ ̅́ ̪̆ ̪̐̏̅̑́̈̔̍̉̆̃́̎̏.

˕̈ [83], [84], [85] ̉ [86] ̪̆ ̘̏̉̄̌̆̅̎̏ ̅́ ̣̘̐̑̏̉̈̃̏́̉ ̭̘̖̔̐̑́̃́̋̉ ̋̏̌́ ̒̔ ̉̍́̌̉
̔ ̃̉̅̔ ̒́̍̏ ̪̐̑̉̍̆̎̆ ̋̏̅ ̖̍̏̎̏́̈̎̉̕ ̒̉̒̓̆̍́. ˕̗̪̎̉̉́̌̎̉ ̪̐̑̉̆̅̌̏̈̉ ̖̎̏̃̉ ̪̒̃̏̒̓́̃́
̭̘̖̔̐̑́̃́̋̉ ̋̏̌́ ACF ̘̐̑̆̓̃́̑́́ ̈́ ̔̐̏̓̑̆̂̔ ̔ HDCIV ̒̉̒̓̆̍̉̍́ ̒̔ ̅́̓̉ ̔ [20], ́ ̔
[19] ̒̔ ̙̐̑̏̉̑̆̎̉ ̉ ̯̂̉̆ ̎́̃̆̅̆̎̉ ̔ ̭̐̏̄̌́̃̔ 2.5.

2.2 ˍ̖̑̉̓̆̋̓̔̑́ ̪̮̎́̐́́́ ̉ ̗̗̪̒̐̆̉̉̋́̉́̕ ̘̐̑̆̓̃́̑́́

ˠ ̭̐̏̄̌́̃̔ 2.1 ̪̆ ̘̑̆̆̎̏ ̅́ ̒̔, ̓̏̋̏̍ ̗̪̆̃́̌̔́̉̆ ̘̖̑́̈̌̉̉̓̉ ̭̘̖̔̐̑́̃́̋̉ ̋̏̌́,
̭̎́̐̑́̃̆̎́ ̅̃́ ̘̐̑̆̓̃́̑́́ ̪̎́̐́́̎́ ̒́ ̭̉̒̐̑́̃̆̎̆ ̓̑̏́̈̎̆̕ ̍̑̆̇̆ (̓́̂̆̌́ 2.2). ˎ̌̏̋-
̪̅̉́̄̑́̍ ̓́̋̃̏̄ ̗̋̏̎̆̐̓́, ̪̓. ̖́̑̉̓̆̋̓̔̑̆, ̪̮̎́̐́́́ ̪̆ ̅́̓ ̎́ ̗̒̌̉̉ 2.3. ˑ̭̆̓́̎́
́̎́̌̉̈́ ACF ̘̐̑̆̓̃́̑́́ 13 W, ̪̋̏̉ ̪̆ ̋̏̑̉̒̓̉̏ ̓̔ ̖́̑̉̓̆̋̓̔̑̔, ̪̆ ̭̐̑̆̅̒̓́̃̆̎́ ̔ [21].
˛̎ ̪̆ ̂̉̏ ̐̌́̎̉̑́̎ ̒́̍̏ ̅́ ̪̎́̐́́ ̙̘̐̏̓̑̏́̆ ̪̋̏̉ ̑́̅̆ ̔ ̑̆̇̉̍̔ ̐̑̉̐̑́̃̎̏̒̓̉ ICS.
˛̃́̋̏ ̪̎́̐́́̎ ̘̐̑̆̓̃́̑́ ̣̓́̋̏̆ ̐̑̉̐́̅́ HDCIV ̒̉̒̓̆̍̉̍́. ˙̣̆̔̓̉̍, ̪̓́ ̐̑̉̒̓̔̐ ̋̏̅
ICS ̪̆ ̙̎́̐̔̓̆̎ ̈̂̏̄ ̖̪̈́̓̆̃́ ̅́ ACF ̘̐̑̆̓̃́̑́ ̍̏̑́ ̅́ ̉̈̅̑̇̉ ̉ ̓̆̒̓ ̒́
̃̉̒̏̋̏̆̎̆̑̄̆̓̒̋̉̍ ̐̑̆̎́̐̏̎̒̋̉̍ ̓́̌́̒̉̍́ (surge-voltage tests) ̐̑̆̍́ IEC 61000-4-5
[103] Ʉ ̙̓̏ ̪̆ ̎̏̒̉̌̏ ̣̏̅̑̆̆̎̆ ̑̉̈̉̋̆.

˞̌̉̋́ 2.3 ˜̑̃̏̂̉̓̎́ ̖́̑̉̓̆̋̓̔̑́ ̯̐̏̍̏̎̏̄ ̪̮̎́̐́́́
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˔̂̏̄ ̓̏̄́ ̒̆ ̐̑̉̒̓̔̐̉̌̏ ̘̪̪̅̑̔̄́̉̏ ̖́̑̉̓̆̋̓̔̑̉ ̪̮̎́̐́́́. ˚́̉̍̆, ̯̐̏̍̏̎̏
̪̮̎́̐́́̆ ICS (APS - auxiliary power-supply)9 ̪̆ ̐̏̃̆̈́̎̏ ̎́ ̪̪̆̅̎̏̒̍̆̑̎̏ ̣̍̆̔̋̏̌̏ (dc
link)10 ̒̉̒̓̆̍́ ̎́ ̘̎́̉̎ ̐̑̉̋́̈́̎ ̎́ ̗̒̌̉̉ 2.4 [22] Ʉ ̙̓̏ ̪̆ ̘̉̎́̆ ̉ ̘̓̉̐̉̎̏ ̋̏̅
̪̖̉̎̅̔̒̓̑̉̒̋̉ ̪̮̎́̐́́́ [22].

˞̌̉̋́ 2.4 ˟̘́̋́ ̮̐̏̃̆̈̉̃́́ ̯̐̏̍̏̎̏̄ ̪̮̎́̐́́́ ̔ ICS ̒̉̒̓̆̍̔

˞̌̉̋́ 2.5 ˙̯̏̄̔̆ ̖́̑̉̓̆̋̓̔̑̆ ̯̐̏̍̏̎̏̄ ̪̮̎́̐́́́ ̐̏̃̆̈́̎̏̄ ̎́ ̪̪̆̅̎̏̒̍̆̑̎̏ ̣̍̆̔̋̏̌̏

ˍ̎́̌̉̈̉̑́̎̆ ̒̔ ̪̅̃̉̆ ̯̍̏̄̔̆ ̪̃̆̑̈̉̆ ̖́̑̉̓̆̋̓̔̑̆ ̯̐̏̍̏̎̏̄ ̪̮̎́̐́́́ ICS
̖̐̏̃̆̈́̎̉ ̎́ ̪̪̆̅̎̏̒̍̆̑̎̏ ̣̍̆̔̋̏̌̏. ˎ̌̏̋-̪̅̉́̄̑́̍̉ ̖̉̒̓̉ ̒̔ ̅́̓̉ ̎́ ̗̒̌̉̉ 2.5 ̉
̘̒̌̉̎̉ ̒̔ ̗̋̏̎̆̐̓̔ ̭̐̑̆̅̒̓́̃̆̎̏̍ ̔ [23]. ˠ ̙̎́̆̍ ̘̪̒̌̔́̔ ̙̯̋̏̑̉̆̎́ ̪̆ ̐̑̃́
̪̃́̑̉́̎̓́ (́) ̈̂̏̄ ̘̮̏̄̑́̎̉̆́ ̐̑̏̒̓̏̑́ ̎́ ̙̪̓́̍̐́̎̏ ̘̐̌̏̉. ˙̣̆̔̓̉̍, ̪̃́̑̉́̎̓́ ̒́ ̅̃́
̘̐̑̆̓̃́̑́̋́ ̒̓̆̐̆̎́ ̔ ̋́̒̋́̅̉ (̂) ̂̉ ̍̏̄̌́ ̅́ ̉̍́ ̯̃̆̉ ̔̋̔̐́̎ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄
̪̅̆̒̓̃́, ̪̪̆̅̎̏̒̓́̃̎̉̆ ̉ ̪̪̆̓̉̎̉̆̕ ̪̙̮̑̆̆̆ ACF ̘̐̑̆̓̃́̑́́ ̋́̏ ̉ ̓̑́̎̒̏̑̍́̓̏̑̕. ˍ̌̉, ̔
̓̏̍ ̘̪̒̌̔́̔, ̍̏̑́̌̉ ̂̉̒̍̏ ̃̏̅̉̓̉ ̘̑́̔̎́ ̉ ̏ ̋̏̌̔ ̈́ ̮̐̏̋̑̆̓́̆ ̐̑̃̏̄ (̎̆̉̈̏̌̏̃́̎̏̄)
dc-dc ̘̐̑̆̓̃́̑́́ (HV start-up). ˑ̏̅́̓̎̏, ̏̃̉̍ ̪̙̮̑̆̆̆̍ ̂̉ ̒̆ ̯̐̏̃̆́̏ ̈́̔̈̆̓̉ ̐̑̏̒̓̏̑
̎́ ̙̪̓́̍̐́̎̏ ̘̐̌̏̉ ̋́̏ ̉ ̒̌̏̇̆̎̏̒̓ ̘̉̓́̃̏̄ ̪̙̮̑̆̆́ ̯̐̏̍̏̎̏̄ ̪̮̎́̐́́́. ˜̏̔̋́ ̪̆ ̅́
̪̆ ̈́ ̒̃́̋̉ ̋̏̎̋̑̆̓́̎ ̘̪̒̌̔́ ̐̏̓̑̆̂̎́ ̭̅̆̓́̎́ ̖̓̆̎̏-̆̋̏̎̏̍̒̋́ ́̎́̌̉̈́, ̪̓. ̎̆ ̪̐̏̒̓̏̆
̪̔̎́̐̑̉̆̅ ̅̆̉̎̉̒́̎́̕ ̪̙̮̑̆̆́.

˞̗̗̪̐̆̉̉̋́̉́̕ ACF ̘̐̑̆̓̃́̑́́ 800 V ̪̆ ̉̒̓́ ̋́̏ ̔ [19], [20] ̉̌̉ [22] ̉ ̐̑̉̋́̈́̎́
̪̆ ̔ ̓́̂̆̌̉ 2.4. ˠ ̓́̂̆̌̉ 2.4 ̏̐̒̆̄ ̔̌́̈̎̏̄ ̎́̐̏̎́ ̔ ̑̆̇̉̍̔ ̐̑̉̐̑́̃̎̏̒̓̉ (stand-by)
̪̑̆̌̆̋̓̔̆̕ ̐́̒̉̃̎̏-̭̉̒̐̑́̃̆̎̉ ̪̌̉̎̉̒̋̉ ̎́̐̏̎ ̓̑̏́̈̎̆̕ ̅̉̒̓̑̉̂̔̓̉̃̎̆ ̍̑̆̇̆ (̪̓.
325Ʉ450 V) [20]. ː̌́̃̎̉ ̏̋̔̒̕ ̉ ̘̎́̔̎̉ ̅̏̐̑̉̎̏̒̉ ̗̪̅̉̒̆̑̓́̉̆ ̒̔ ̪̅̏̂̉̆̎̉ ̑́̅̏̍ ̎́
.(99%ױ<) ̘̔́̑́̃̓̆̑̐ ̍̏̃̏

˙̣̆̔̓̉̍, ̙̐̏̓̏ ̒̔ ̎̆̋̉ ̑̆̈̔̌̓́̓̉ ̈́ ACF ̘̐̑̆̓̃́̑́ 13 W ̘̆̒̓̏ ̗̉̓̉̑́̎̉ ̉̌̉
̎́̃̆̅̆̎̉ ̘̏̅̌̔̆̎̏ ̪̆ ̅́ ̒̆ ̐̑̉̋́̇̆ ̉ ̮̆̄̏̃́ ̗̗̪̒̐̆̉̉̋́̉́̕ (̓́̂̆̌́ 2.5) Ʉ ̪̋̏́ ̪̆
̗̪̍̏̅̉̉̋́̉́̕ ̓́̂̆̌̆ ̉̈ [21] (TABLE I). ˕̪̍́̍̏ ̎́ ̔̍̔ ̅́, ́̋̏ ̪̎̉̆ ̘̪̅̑̔̄́̉̆ ̎́̃̆̅̆̎̏ ̔
̓̆̋̒̓̔, ̒̃̉ ̑̆̈̔̌̓́̓̉ ̗̪̅̉̒̆̑̓́̉̆ ̯̆ ̒̆ ̏̅̎̏̒̉̓̉ ̎́ 800 V ACF ̘̐̑̆̓̃́̑́ 57 W.

9 ˚̪̆̄̅̆ ̒̆ ̋̏̑̉̒̓̆ ̉ ̉̈̑́̈̉ “Housekeeping supply” ̉̌̉ “Low-voltage power supply”; ̮̆̍.
„Hilfsstromversorgung”.
10 ˚̪̆̄̅̆ ̒̆ ̋̏̑̉̒̓̉ ̉ ̉̈̑́̈ “Bulk voltage”; ̮̆̍. „Zwischenkreis”.
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˟́̂̆̌́ 2.4 ˞̗̗̪̐̆̉̉̋́̉́̕ ACF ̘̐̑̆̓̃́̑́́ 57 W

ˏ̘̆̌̉̉̎́ ˏ̪̑̉̆̅̎̏̒̓
ˠ̌́̈̎̉ ̪̪̆̅̎̏̒̍̆̑̎̉ ̎́̐̏̎ (ICS power transfer) 620Ʉ880 V
ˠ̌́̈̎̉ ̪̪̆̅̎̏̒̍̆̑̎̉ ̎́̐̏̎ (ICS stand-by) 460Ʉ640 V
˕̈̌́̈ 1: ̑̆̄̔̌̉̒́̎̉ ̎́̐̏̎ V 5,5ױ+
˕̈̌́̈ 1: ̪̒̓̑̔́ ̯̮̏̐̓̆̑̆̆́ 1 A
˕̈̌́̈ 2: ̎́̐̏̎ V 5,5ױ+
˕̈̌́̈ 2: ̪̒̓̑̔́ ̯̮̏̐̓̆̑̆̆́ 2,2 A
˕̈̌́̈ 3: ̎́̐̏̎ V 22ױ+
˕̈̌́̈ 3: ̪̒̓̑̔́ ̯̮̏̐̓̆̑̆̆́ 1,7 A
˕̈̌́̈̉ 4 ̉ 5: ̎́̐̏̎ V 11ױ±
˕̈̌́̈̉ 4 ̉ 5: ̪̒̓̑̔́ ̯̮̏̐̓̆̑̆̆́ mA 40ױ±
˚́̈̉̃̎́ ̒̎́̄́ 57 W
˕̈̌́̈̎́ ̒̎́̄́ ̋́̅ ̪̆ ̒̉̒̓̆̍ ̔ stand-by ̑̆̇̉̍̔ W 10ױ>
˚́̐̏̎̒̋̉ ̐̑̆̎̏̒̎̉ ̏̅̎̏̒ ̋́ ̉̈̌́̈̔ 5,5 V 112,7Ʉ154,5
˙̉̎̉̍́̌̎́ ̘̐̑̆̋̉̅́̋́ ̘̔̆̒̓́̎̏̒̓, fsw_min 63 kHz

˟́̂̆̌́ 2.5 ˞̗̗̪̐̆̉̉̋́̉́̕ ACF ̘̐̑̆̓̃́̑́́ 13 W

ˏ̘̆̌̉̉̎́ ˏ̪̑̉̆̅̎̏̒̓
ˠ̌́̈̎̉ ̪̪̆̅̎̏̒̍̆̑̎̉ ̎́̐̏̎ 460Ʉ640 V
˕̈̌́̈ 1: ̑̆̄̔̌̉̒́̎̉ ̎́̐̏̎ V 5,5ױ+
˕̈̌́̈ 1: ̪̒̓̑̔́ ̯̮̏̐̓̆̑̆̆́ 2,2 A
˕̈̌́̈̉ 2 ̉ 3: ̎́̐̏̎ V 11ױ±
˕̈̌́̈̉ 2 ̉ 3: ̪̒̓̑̔́ ̯̮̏̐̓̆̑̆̆́ mA 40ױ±
˚́̈̉̃̎́ ̒̎́̄́ 13 W
˙̉̎̉̍́̌̎́ ̘̐̑̆̋̉̅́̋́ ̘̔̆̒̓́̎̏̒̓, fsw_min 63 kHz

˙̉̎̉̍́̌̎́ ̘̐̑̆̋̉̅́̋́ ̘̔̆̒̓́̎̏̒̓ ̪̆ ̘̏̄̑́̎̉̆̎́ ̎́ ̏̋̏ 63 kHz ̯̐̏̍̏̔ ̅̏̅́̓̏̄
̏̓̐̏̑̎̉̋́ 160 kɱ (̗̎̏̇̉́, ̪̓. ̐̉̎, ̪̂̑̏ 5: RT ̋́ ̍́̒̉ [83]; ̓́̂̆̌́ 2.3). ˠ [83] ̪̆ ̅́̓́
̏̑̍̔̌́̕ ̈́ ̍̉̎̉̍́̌̎̔ ̘̔̆̒̓́̎̏̒̓ ̉̎̓̆̑̎̏̄ ̗̏̒̉̌́̓̏̑́

1
160 100OSCf

k pF
=

WÖ
(2.1)

̉ ̑̆̈̔̌̓́̓ ̪̆ ̂̉̏ 62,5 kHz, ́̌̉ ̐̑̉̌̉̋̏̍ ̮̓̆̒̓̉̑́́ ̏̂́ ˍCF ̘̐̑̆̓̃́̑́́ (13 W ̉ 57 W)
̍̉̎̉̍́̌̎́ ̘̐̑̆̋̉̅́̋́ ̘̔̆̒̓́̎̏̒̓ ̒̆ ̋̑̆̓́̌́ ̔ ̏̐̒̆̄̔ 63Ʉ66 kHz ̉ ̈́̓̏ ̪̆ 63 kHz
̎́̃̆̅̆̎̏ ̔ ̓́̂̆̌́̍́ 2.4 ̉ 2.5.

˛̃̏ ̪̆ ̂̉̌̏ ̃́̎ ̗̗̪̒̐̆̉̉̋́̉̆̕ NCP1568, ́̌̉ ̪̆ ̏̅̏̂̑̆̎̏ ̏̅ ̒̓̑́̎̆ onsemi ̓̉̍́
̈́ ̙̐̏̅̑̋̔ [104]. ˕̘̎́̆, ̪̐̏̅̑́̈̔̍̉̆̃́̎́ ̍̉̎̉̍́̌̎́ ̘̐̑̆̋̉̅́̋́ ̘̔̆̒̓́̎̏̒̓ ̏̃̏̄ ̋̏̌́
̪̆ ̏̋̏ 100 kHz [83]. ˗́̏ „̐̑́̃̉̌̏ ̗̐́̌́” (“rule-of-thumb”), ̘̐̑̆̋̉̅́̋́ ̘̔̆̒̓́̎̏̒̓ ̏̅ ̏̋̏
65 kHz ̪̆ ̘̓̉̐̉́̎ ̋̏̍̐̑̏̍̉̒ ̣̉̈̍̆̔ ̪̅̉̍̆̎̈̉́ ̘̐̑̆̓̃́̑́́ ̉ ̘̖̐̑̆̋̉̅́̋̉ ̄̔̂̉̓́̋́
[19], [77]. ˛̙̐̓̆ ̔̐̔̓̒̓̃̏ ̈́ ̪̮̐̑̏̆̋̓̏̃́̆ ̘̐̑̆̓̃́̑́́ ̒́ NCP1568 ̪̆ ̅́̓̏ ̔ [82], ́
̋̏̑̉̒̎̏ ̪̆ ̐̏̄̌̆̅́̓̉ [65] ̉ [84].

ˠ ̏̃̏̍ ̪̐̑̏̆̋̓̔ ̪̎̉̆ ̙̯̋̏̑̉̆̎̏ ̖̒̉̎̑̏̎̏ ̭̮̉̒̐̑́̃́̆ ̎́ ̉̈̌́̈̔ ̘̐̑̆̓̃́̑́́ ̪̆̑
̪̆ ACF ̯̃̆ ̂̉̏ ̭̅̏̃̏̎̏ ̋̏̍̐̌̉̋̏̃́̎. ˞̖̉̎̑̏̎̏ ̭̮̉̒̐̑́̃́̆ ̘̈̎́̉ ̅́ ̒̆ ̪̔̍̆̒̓̏ ̅̉̏̅̆
̋̏̑̉̒̓̉ N-̋́̎́̌̎̉ MOSFET ̘̐̑̆̋̉̅́ ̒́ ̗̪̒̐̆̉́̌̎̉̍ ̪̅̑́̃̆̑̏̍ ̈́ ̓̔ ̖̒̃̑̔. ˑ̏̅́̓̎̏, ̔
[29] ́̔̓̏̑̉ ̒̔ ̒̓́̃́ ̅́ ˍCF ̘̐̑̆̓̃́̑́ ̒́ ̑̆̈̏̎́̎̒̏̍ ̎́ ̐̑̉̍́̑̔ (̙̎́ ̘̪̒̌̔́) ̍̏̇̆
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̉̍́̓̉ ̎̆̒̓́̂̉̌̎̏̒̓̉ ́̋̏ ̒̆ ̋̏̑̉̒̓̉ ̖̒̉̎̑̏̎̏ ̭̮̉̒̐̑́̃́̆ ̎́ ̒̆̋̔̎̅́̑̔ [19]. ˕̘̎́̆, ̒́
̑̆̈̏̎́̎̒̏̍ ̎́ ̒̆̋̔̎̅́̑̔ ̍̏̇̆ ̅́ ̒̆ ̋̏̑̉̒̓̉ ̖̒̉̎̑̏̎̏ ̭̮̉̒̐̑́̃́̆ [81]. ˜̏̈̎́̓̏ ̪̆ ̅́
̒̆ ̒́ ̖̒̉̎̑̏̎̉̍ ̭̮̉̒̐̑́̃́̆̍ ̍̏̄̔ ̯̐̏̒̓̉̉ ̯̃̆̉ ̒̓̆̐̆̎̉ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ [99]. ˏ̙̉̆
̗̪̉̎̏̑̍́̉́̕ ̏ ̖̒̉̎̑̏̎̏̍ ̭̮̉̒̐̑́̃́̔ ̋̏̅ flyback ̘̐̑̆̓̃́̑́́ ̍̏̇̆ ̒̆ ̯̎́̉ ̔ [105] ̉
[106].

-ICS ̔ ̑̆̇̉̍̔ ̐̑̉̐̑́̃̎̏̒̓̉ (stand ̪̆ ̅́̋ .̪̓ ,(W 10ױ>) ̮̯́̍̉̆̆̑̆̓̐̏ ̮̍̉́̍ ̉̑˜
by mode), ACF ̘̐̑̆̓̃́̑́ je ̑́̅̉o ̋́̏ ̗̋̏̎̃̆̎̉̏̎́̌̎̉ flyback ̘̐̑̆̓̃́̑́ ̔ DCM ̉̌̉
pulse-skipping ̑̆̇̉̍̔ ̅́ ̂̉ ̯̐̏̃̆́̏ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́. ˜̑̉ ̯̃̆̉̍ ̯̮̏̐̓̆̑̆̆̉̍́
ACF ̘̐̑̆̓̃́̑́ ̪̆ ̑́̅̉̏ ̔ ̑̆̇̉̍̔ ́̋̓̉̃̎̏̄ ̪̗̮̏̅̒̉̆́́ ̙̃̑̎̏̄ ̎́̐̏̎́ ̮̅̏̆̄ ̘̐̑̆̋̉̅́́
(ACM).

ˠ ̪̏̃̏ ̪̐̑̉̍̆̎̉ ̉̍́̌̉ ̒̍̏ ̉̈́̈̏̃ ̒́̒̃̉̍ ̅̑̔̄̆ ̃̑̒̓̆. ˚́̉̍̆, ˍCF ̉̍́ ̅̃́ ̔̌́̈̎́
̏̐̒̆̄́ ̎́̐̏̎́ (̓́̂̆̌́ 2.4), ̒́ ̘̑́̈̌̉̉̓̉̍ ̔̋̔̐̎̉̍ ̯̮̏̐̓̆̑̆̆̆̍, ̉ ̘̑́̈̌̉̉̓̉̍
̯̮̏̐̓̆̑̆̆̉̍́ ̪̖̐̏̆̅̉̎̉ ̉̈̌́̈́. ˔́ ̑̆̇̉̍ ̑́̅́ ICS, ̋́̅́ ̒̆ ̙̃̑̉ ̐̑̆̎̏̒ ̪̆̎̆̑̄̉̆
(power-transfer mode), ̗̪̮̏̉̆̆̎̏ je ̍́̋̒̉̍́̌̎̏ ̯̮̏̐̓̆̑̆̆̆ ACF ̘̐̑̆̓̃́̑́́ ̏̅ 57 W Ʉ
̐̑̉ ̒̃̉̍ ̯̏̐̓̆̑̆̆̎̉̍ ̉̈̌́̈̉̍́. ˜̑̉ ̓̉̍ ̔̒̌̏̃̉̍́ ACF ̪̆ ̑́̅̉̏ ̔ DCM ACM ̑̆̇̉̍̔. ˔́
̑̆̇̉̍ ̐̑̉̐̑́̃̎̏̒̓̉ (stand-by) ICS, ̋́̅́ ̒̔ ̒́̍̏ ̯̐̏̍̏̎̆ ̗̪̔̎̋̉̆̕ ̒̉̒̓̆̍́ ́̋̓̉̃̎̆
(̎̐̑. ̙̈́̓̉̓́ ̖̇̉̃̉ ̯̂̉́, ̗̪̅̆̓̆̋̉́ ̖̒̓̑́̎̉ ̪̓̉̆̌́ ̉ ̗̮̐̏̈̉̉̏̎̉̑́̆), ̍́̋̒̉̍́̌̎̏
W. ˠ ̪̓́̋̃̏ ̗̪̒̉̓̔́̉̉ ̪̆̅́̎ 5,5 V ̉̈̌́̈ ̋́̏ ̉ ̉̈̌́̈ 22 V 10ױ> ́̎ ̮̪̗̏̎̆̆̉̏ ̪̆ ̮̯̆̆̆̑̆̓̐̏
̒̔ ̒̋̏̑̏ ̂̆̈ ̯̮̏̐̓̆̑̆̆́. ˜̑̉ ̓̏̍ ̗̪̒̆̎́̑̉̔ ACF ̘̐̑̆̓̃́̑́ ̪̆ ̑́̅̉̏ ̒́ disabled-ACM
̄̑́̎̏̍, ̪̓. ̋́̏ ̗̋̏̎̃̆̎̉̏̎́̌̎̉ flyback ̘̐̑̆̓̃́̑́ ̔ DCM. ˟́̋́̃ ̑̆̇̉̍ ̑́̅́ ̪̆ ̏̓̆̇́̏
̪̮̐̑̏̆̋̓̏̃́̆ ́̎́̌̏̄̎̏̄ ̭̮̔̐̑́̃́́ ACF ̈̂̏̄ ̆̆̋̓́̕ ̔̎́̋̑̒̎̆-̗̪̑̆̄̔̌́̉̆. ˔̂̏̄ ̓̏̄́
̒̍̏ ̍̏̑́̌̉ ̋̏̑̉̒̓̉̓̉ ˔̆̎̆̑ (Zener) ̅̉̏̅̆ ̉ ̂̌̉̅̆̑ (bleeder)11 ̏̓̐̏̑̎̉̋̆ ̅́ ̂̉
̉̈̌́̈̎̆ ̎́̐̏̎̆ ̅̑̇́̌̉ ̐̏̅ ̋̏̎̓̑̏̌̏̍ ̋́̅́ ̪̆ ̒̉̒̓̆̍ ̔ ̑̆̇̉̍̔ ̐̑̉̐̑́̃̎̏̒̓̉. ˠ
̯̃̆̉̎̉ ̪̭̖̏̂́̃̆̎̉ ̘̌́̎́̋́, ̖̃̆̈́̎̉ ̈́ ACF ̘̐̑̆̓̃́̑́, ́̔̓̏̑̉ ̒̔ ̔̄̌́̃̎̏̍ ̉̍́̌̉ ̒́̍̏
̪̆̅́̎ ̉̈̌́̈ Ʉ ̙̓̏ ̪̆ ̍̎̏̄̏ ̙̌́̋̆ ̈́ ̑́̅ ̉ ́̎́̌̉̈̔.

2.3 ˜̗̑̉̎̉̐ ̑́̅́ ̉ ̏̒̎̏̃̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉

ˑ̭̆̓́́̎ ̏̐̉̒ ̑́̅́ ˍCF ̘̐̑̆̓̃́̑́́ ̒́ ̋̏̍̐̌̆̍̆̎̓́̑̎̉̍ ̮̐̑̆̋̉̅́̆̍, ̔ DCM
ACM (CrCM) ̑̆̇̉̍̔ ̑́̅́, ̔ ̃̑̆̍̆̎̒̋̏̍ ̅̏̍̆̎̔ ̒́ ̒̆̅́̍ ̖̆̋̃̉̃́̌̆̎̓̎̉ ̋̏̌́
(̪̓̏̐̏̌̏̄̉́), ̓̏̋̏̍ ̪̆̅̎̆ ̘̐̑̆̋̉̅́̋̆ ̐̆̑̉̏̅̆, ̪̆ ̅́̓ ̔ [33] ̉ [67]. ˙̣̆̔̓̉̍, ̪̏̃̅̆ ̯̆̍̏
̋̏̑̉̒̓̉̓̉ ̪̭̐̏̆̅̎̏̒̓́̃̆̎̉ ̐̑̉̒̓̔̐ ̭̐̑̆̅̒̓́̃̆̎ ̔ [94]. ˏ̙̉̆ ̗̪̉̎̏̑̍́̉́̕ ̏ ˍCF
̘̐̑̆̓̃́̑́̔ ̒́ ̋̏̍̐̌̆̍̆̎̓́̑̎̉̍ ̮̐̑̆̋̉̅́̆̍ ̔ CCM ̪̆ ̅́̓̏ ̔ [27], [98], [99], ̅̏̋ ̪̆ ACF
̘̐̑̆̓̃́̑́ ̒́ ̎̆̋̏̍̐̌̆̍̆̎̓́̑̎̉̍ ̮̐̑̆̋̉̅́̆̍ ̔ DCM ̉ CCM ̑̆̇̉̍̉̍́ ̏̐̉̒́̎ ̔ [69].

˚́ ̗̒̌̉̉ 2.6, ̪̂́̈̉̑́̎̏ ̎́ [94], ̐̑̉̋́̈́̎̉ ̒̔ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ACF ̘̐̑̆̓̃́̑́́ ̔
CrCM (DCM ACM) ̑̆̇̉̍̔ ̑́̅́. ˟̔ ̒̔ ˟d1 ̉ ˟d2 „̍̑̓̃́” ̃̑̆̍̆̎́ (dead-time), ̪̋̏́ ̒̔ ̪̔̃̉̆̋
̘̑́̈̌̉̉̓́, ́ TSW ̪̆ ̘̐̑̆̋̉̅́̋́ ̐̆̑̉̏̅́. ˚́ ̗̒̌̉̉ 2.7, ̪̂́̈̉̑́̎̏ ̎́ [94], ̅́̓́ ̒̔
̪̯̏̅̄̏̃́̑́̔́ ̆̋̃̉̃́̌̆̎̓̎́ ̋̏̌́ ACF ̘̐̑̆̓̃́̑́́ ̈́ ̃̑̆̍̆̎̒̋̉ ̪̅̉́̄̑́̍ ̉ ̓́̌́̒̎̆
̏̂̌̉̋̆ ̒́ ̒̌̉̋̆ 2.6. ˟̔ ̒̔ ̏̈̎́̋̆ ̒̔ ̍́̌̏ ̘̪̅̑̔̄́̉̆ ̔ ̏̅̎̏̒̔ ̎́ ̒̌̉̋̔ 2.1. ˘̆̄̆̎̅́: S1 =
QL, S2 = QH, SD = D, Cr = Cc, RL ̪̆ ̯̮̏̐̓̆̑̆̆̆, ́ VO ̪̆ ̉̈̌́̈̎̉ ̎́̐̏̎.

ACF ̘̐̑̆̓̃́̑́ ̔ CrCM (DCM ACM) ̑̆̇̉̍̔ ̑́̅́ ̉̍́ ̓̑̉ ̪̅̉̆̌́ ̔ ̓̏̋̔ ̪̆̅̎̆
̘̐̑̆̋̉̅́̋̆ ̐̆̑̉̏̅̆ [94]. ˜̑̃̉ ̅̉̏ ̪̆ ̙̮̒̋̌́̅̉̓̆̆ ̪̆̎̆̑̄̉̆ (I) ̏̅ t0 ̅̏ t1 (̒̌̉̋́ 2.6)
[94]. ˠ ̓̏̍ ̪̅̉̆̌̔ ̔̌́̈̎̉ ̎́̐̏̎ ̪̆ ̅̏̃̆̅̆̎ ̎́ ̑̆̅̎̔ ̃̆̈̔ Lm ̉ Lr, ̪̒̓̑̔̆ ̐̑̉̍́̑́ (Ipri) ̉
̯̮̍́̄̎̆̆́ (Im) ̑́̒̓̔ ̌̉̎̆́̑̎̏, ́ ̪̆̎̆̑̄̉́ ̒̆ ̙̒̋̌́̅̉̓̉ ̔ Lm ̉ Lr [94]. ˜̙̏̓̏ ̓́̅́ ̎̆̍́
̐̑̆̎̏̒́ ̪̆̎̆̑̄̉̆ ̏̅ ̐̑̉̍́̑́ ̋́ ̒̆̋̔̎̅́̑̔, ̉̈̌́̈̎̉ ̎́̐̏̎ ̪̆ ̪̆̅̎́̋ ̎́̐̏̎̔ ̉̈̌́̈̎̏̄
̋̏̎̅̆̎̈́̓̏̑́ [94]. ˒̋̃̉̃́̌̆̎̓̎̏ ̋̏̌̏ ̪̆ ̅́̓̏ ̎́ ̗̒̌̉̉ 2.7́ [94]. ˚́̋̏̎ ̓̏̄́ ̉̍́̍̏

11 ˕̈̑́̈ bleeder ̅̏̒̌̏̃̎̏ ̘̈̎́̉ „̪̏̎́ ̪̋̏̉ ̌́̋̏ ̋̑̃́̑̉“, ̙̓̏ ̪̆ ̘̪̒̌̔́ ̋̏̅ ̂̏̌̆̒̓̉ ̖̪̆̍̏̉̌̉̆̕, ̉ ̈́̓̏ ̪̎̉̆
̎̉ ̣̐̑̆̃̏̆̎ ̎́ ̒̑̐̒̋̉ ̎̆̄̏ ̪̆ ̒́̍̏ ̏̎̆̓̒̋̉̕ ̈́̐̉̒́̎ ̋́̏ ̂̌̉̅̆̑ Ʉ ̙̓̏ ̪̆ ̉ ̯̏̅̏̍́̆̎̏ ̔ ̐̑́̋̒̉.
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̐̑̆̎̏̒ ̪̆̎̆̑̄̉̆ (II) ̏̅ t2 ̅̏ t3 (̒̌̉̋́ 2.6) ̒́ ̆̋̃̉̃́̌̆̎̓̎̉̍ ̋̏̌̏̍ ̅́̓̉̍ ̎́ ̗̒̌̉̉ 2.7̂
[94]. ˠ ̏̃̏̍ ̪̅̉̆̌̔ ̉̍́̍̏ ̐̏̓̐̔̎̉ ̐̑̆̎̏̒ ̪̆̎̆̑̄̉̆ ̏̅ ̐̑̉̍́̑́ ̋́ ̒̆̋̔̎̅́̑̔, Lr ̪̆ ̔
̑̆̈̏̎́̎̒̉ ̒́ Cc, ́ ̎́̐̏̎ ̎́ Lm ̪̆ ̪̆̅̎́̋ (clamped) ̉̈̌́̈̎̏̍ ̎́̐̏̎̔ ̘̐̑̆̓̃́̑́́ [94].
˟̯̑̆̉ ̅̉̏ ̪̆ ̗̪̑̆́̌̉̈́̉́ ZVS (III) ̏̅ t3 ̅̏ t4 ̒́ ̆̋̃̉̃́̌̆̎̓̎̉̍ ̋̏̌̏̍ ̅́̓̉̍ ̎́ ̗̒̌̉̉
2.7̃ [94]. ˠ ̏̃̏̍ ̘̪̒̌̔́̔ Lm ̉ Lr ̘̪̔̆̒̓̃̔̔ ̔ ̗̪̑̆́̌̉̈́̉̉ ZVS (̭̐̏̄̌́̃̆ 2.7) [94]. ˕̈̌́̈̎̉
̎́̐̏̎ ̘̐̑̆̓̃́̑́́ ̪̆ ̐̏̎̏̃̏ ̪̆̅̎́̋ ̎́̐̏̎̔ ̉̈̌́̈̎̏̄ ̋̏̎̅̆̎̈́̓̏̑́ [94].

˞̌̉̋́ 2.6 ˟́̌́̒̎̉ ̗̏̂̌̉̉ ACF ̘̐̑̆̓̃́̑́́ ̔ CrCM (DCM ACM) ̑̆̇̉̍̔ ̑́̅́

(́) (© 2020 IEEE) (̂) (© 2020 IEEE)

 (̃) (© 2020 IEEE)

˞̌̉̋́ 2.7 ˒̋̃̉̃́̌̆̎̓̎́ ̋̏̌́ ACF ̘̐̑̆̓̃́̑́́ ̔ CrCM (DCM ACM) ̑̆̇̉̍̔ ̑́̅́ (© 2020 IEEE)



ɸctive-clamped flyback dc-dc ʧʨʝʪʚʘʨʘʯ

20

2.4 ˏ̉̒̏̋̏̑̆̋̃̆̎̓̎̉̕ ̓̑́̎̒̏̑̍́̓̏̑̕ ̈́ ACF ̘̐̑̆̓̃́̑́

2.4.1 ˞̗̗̪̐̆̉̉̋́̉́̕ ̉ ̪̮̐̑̏̆̋̓̏̃́̆
˜̪̮̑̏̆̋̓̏̃́̆ (̃̉̒̏̋̏̑̆̋̃̆̎̓̎̏̄̕) ̓̑́̎̒̏̑̍́̓̏̑́̕ ̈́ ACF ̘̐̑̆̓̃́̑́ ̪̆ ̘̒̌̉̎̏

̪̮̐̑̏̆̋̓̏̃́̔ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̈́ ̂̉̌̏ ̪̋̏̉ ̅̑̔̄̉ flyback dc-dc ̘̐̑̆̓̃́̑́. ˔̂̏̄ ̓̏̄́
̯̆̍̏ ̪̏̃̅̆ ̅́̓̉ ̒́̍̏ ̐́̑ ̎́̐̏̍̆̎́. ˑ̭̆̓́̎́ ̪̒̓̔̅̉́ ̏ ̪̮̐̑̏̆̋̓̏̃́̔ ̓̑́̎̒̏̑̍́̓̏̑́̕
̈́ DCM flyback ̘̐̑̆̓̃́̑́ ̒́ ̙̃̉̆ ̉̈̌́̈́ ̪̆ ̭̐̑̆̅̒̓́̃̆̎́ ̔ [107]. ˠ [108] ́̔̓̏̑̉ ̒̔
̒̓́̃́ ̅́ ̯̃̆̉̎́ ̄̔̂̉̓́̋́ ̔ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̍ DCM flyback ̘̐̑̆̓̃́̑́̔ ̅̏̌́̈̉ ̏̅
̓̑́̎̒̏̑̍́̓̏̑́̕. ˑ̏̅́̓̎̏, ̔ [67] ̪̆ ̎́̐̏̍̆̎̔̓̏ ̅́ ̪̆ ̙̔̒̋̌́̅̉̓̆̎́ ̪̆̎̆̑̄̉́ ̔ ACF
̘̐̑̆̓̃́̑́̔ ̮̍́́ ̎̆̄̏ ̋̏̅ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ flyback ̘̐̑̆̓̃́̑́́ ̙̓̏ ̘̈̎́̉ ̅́ ̒̆ ̍̏̄̔
̮̒̍́̉̓̉ ̪̅̉̍̆̎̈̉̆ ̮̆̄̏̃̏̄ ̓̑́̎̒̏̑̍́̓̏̑́̕.

˔́ ̭̅́̉ ̑́̅ ̐̏̄̌̆̅́̓̉ ̮̋̉̄̆ ̈́ ́̎́̌̉̈̔ ̉ ̪̮̐̑̏̆̋̓̏̃́̆ ̖̃̉̒̏̋̏̑̆̋̃̆̎̓̎̉̕
̖̍́̄̎̆̓̎̉ ̋̏̍̐̏̎̆̎̓̉ [109], [110] ̉ [111]. ˙̯̏̄̔̎̏̒̓̉ ̗̪̉̍̐̌̆̍̆̎̓́̉̆ ̅̏̅́̓̎̆
̙̗̐̑̉̄̔̎̉̆ ̉ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̋̏̅ ACF ̘̐̑̆̓̃́̑́́ ̒̔ ̑́̈̍́̓̑́̎̆ ̔ [100], ́ ̔
[112] ̪̆ ̅́̓ ̪̐̑̉̍̆̑ ̒́ ̐̌́̎́̑̎̉̍ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕.

˟́̂̆̌́ 2.6 ˞̗̗̪̐̆̉̉̋́̉́̕ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟3

ˏ̘̆̌̉̉̎́ ˏ̪̑̉̆̅̎̏̒̓
˙́̋̒̉̍́̌̎̉ ̙̃̑̎̉ ̎́̐̏̎ ̎́ ̐̑̉̍́̑̔ V 960ױ<
˞̉̄̔̑̎̏̒̎́ ̪̮̑́̒̓̏́́ mm 7,9ױ<
˜̑̆̎̏̒̎̉ ̏̅̎̏̒ ̐̑̉̍́̑ Ʉ ̉̈̌́̈̉ 1 ̉ 2 15
˜̑̆̎̏̒̎̉ ̏̅̎̏̒ ̐̑̉̍́̑ Ʉ ̉̈̌́̈ 3 3,75
˜̑̆̎̏̒̎̉ ̏̅̎̏̒ ̐̑̉̍́̑ Ʉ ̉̈̌́̈̉ 4 ̉ 5 7,5
˛̂̌̉̋ ̪̆̈̄̑́ ETD29
˙̪́̓̆̑̉́̌ ̪̆̈̄̑́ N87, TP4, DMR40
˕̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́, Lm 0,6 mH
˙́̋̒̉̍́̌̎́ ̙̃̑̎́ ̪̒̓̑̔́ ̎́ ̐̑̉̍́̑̔, Ipri_max 1,83 A

˟́̂̆̌́ 2.7 ˞̗̗̪̐̆̉̉̋́̉́̕ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟2

ˏ̘̆̌̉̉̎́ ˏ̪̑̉̆̅̎̏̒̓
˙́̋̒̉̍́̌̎̉ ̙̃̑̎̉ ̎́̐̏̎ ̎́ ̐̑̉̍́̑̔ V 960ױ<
˞̉̄̔̑̎̏̒̎́ ̪̮̑́̒̓̏́́ mm 7,9ױ<
˜̑̆̎̏̒̎̉ ̏̅̎̏̒ ̐̑̉̍́̑ Ʉ ̉̈̌́̈̉ 1 ̉ 2 15
˜̑̆̎̏̒̎̉ ̏̅̎̏̒ ̐̑̉̍́̑ Ʉ ̉̈̌́̈ 3 3,75
˜̑̆̎̏̒̎̉ ̏̅̎̏̒ ̐̑̉̍́̑ Ʉ ̉̈̌́̈̉ 4 ̉ 5 7,5
˛̂̌̉̋ ̪̆̈̄̑́ ETD29
˙̪́̓̆̑̉́̌ ̪̆̈̄̑́ N87, TP4, DMR40
˕̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́, Lm 0,4 mH
˙́̋̒̉̍́̌̎́ ̙̃̑̎́ ̪̒̓̑̔́ ̎́ ̐̑̉̍́̑̔, Ipri_max 2,32 A

˜̙̏̓̏ ̪̎̉̆ ̂̉̌̏ ̯̍̏̄̔̎̏̒̓̉ ̈́ ̪̑́̈̃̏ ̗̏̐̓̉̍̉̈́̉̏̎̏̄ ́̌̄̏̑̉̓̍́ ̈́
̪̮̐̑̏̆̋̓̏̃́̆ ̓̑́̎̒̏̑̍́̓̏̑́̕, ̘̏̅̌̔̆̎̏ ̪̆ ̅́ ̒̆ ̎́̐̑́̃̉ ̎̆̋̏̌̉̋̏ ̪̃̆̑̈̉́
̓̑́̎̒̏̑̍́̓̏̑́̕ ̒́ ̘̑́̈̌̉̉̓̉̍ ̉̎̅̔̋̓̉̃̎̏̒̓̉̍́ ̯̮̍́̄̎̆̆́ ̉ ̅́ ̒̆ ̪̉̈̍̆̑̉ ̒̓̆̐̆̎
̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̈́ ̒̃́̋̉ ̏̅ ̮̖̉. ˗̭̘̔̎̉ ̗̐̏̅́̉ ̈́ ̅̃́ ̓̑́̎̒̏̑̍́̓̏̑́̕ 60 W (˟3 ̉
˟2), ̪̋̏̉ ̒̔ ̪̙̎́̃̉̆ ̙̯̋̏̑̉̆̎̉ ̔ ̪̏̃̏ ̗̪̅̉̒̆̑̓́̉̉ ̉ ̔ ̪̭̖̏̂́̃̆̎̉ ̘̎́̔̎̉̍ ̑́̅̏̃̉̍́,
̒̔ ̅́̓̉ ̔ ̓́̂̆̌́̍́ 2.6 ̉ 2.7. ˕̈ ̓́̂̆̌̆ 2.7 ̃̉̅̉̍̏ ̅́ ̒̆ ̓̑́̎̒̏̑̍́̓̏̑̕ ˟2 ̪̑́̈̌̉̋̔̆
̒́̍̏ ̈́ ̪̃̑̉̆̅̎̏̒̓ ̉̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́ ̉, ̋́̏ ̭̗̐̏̒̆̅̉̉ ̓̏̄́, ̪̍́̋̒̉̍́̌̎̏
̙̪̃̑̎̏ ̪̒̓̑̔̉ ̐̑̉̍́̑́ ̐́ ̉ ̗̄̔̂̉̉̍́. ˺̖̉̏̃ ̒̉̍̂̏̌, ̙̯̋̏̑̉̆̎ ̔ ̘̪̆̌̆̋̓̑̉̎̏ ̙̆̍̉, ̪̆
̐̑̉̋́̈́̎ ̎́ ̗̒̌̉̉ 2.8, ́ ̪̐̑̉̍̆̑ ̉̈̃̆̅̂̆ ̪̆ ̅́̓ ̎́ ̗̒̌̉̉ 2.9 [22]. ˕̘̎́̆, ̭̒̐̏́ ̄̌̆̅́̎̏,
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̏̂́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟2 ̉ ˟3 ̪̉̈̄̌̆̅́̔ ̉̒̓̏. ˟̑́̎̒̏̑̍́̓̏̑̕ ̪̆ ̍́̌̏ ̐̑̆̅̉̍̆̎̈̉̏̎̉̒́̎
(̏̋̏ 5,3%) ̔ ̏̅̎̏̒̔ ̎́ ̐̏̓̑̆̂̎̔ ̒̎́̄̔ ̏̅ 57 W (̓́̂̆̌́ 2.4) ̅́ ̂̉̒̍̏ ̉̍́̌̉ ̑̆̈̆̑̃̔ ́̋̏
̒̆ ̪̐̑̏̆̋̓̎̉ ̖̪̈́̓̆̃̉ ̪̋́̒̎̉̆ ̪̐̑̏̍̉̆̎̆. ˠ̌̏̄́ ̯̐̏̍̏̎̏̄ ̪̎́̍̏̓́́ (AUX; ̒̌̉̋́ 2.8) ̪̆
̪̮̒̎́̂̅̉̆̃́̆ ̪̆̎̆̑̄̉̏̍ ̭̘̔̐̑́̃́̋̏̄ ̋̏̌́ NCP1568 ̉ ̐̏̌̔̍̏̒̎̏̄ ̪̅̑́̃̆̑́ ̘̐̑̆̋̉̅́́
QL ̉ QH.

˞̌̉̋́ 2.8 ˞̉̍̂̏̌ ̔ ̘̪̆̌̆̋̓̑̉̎̏ ̙̆̍̉ ̈́ ̙̯̋̏̑̉̆̎̉ ̓̑́̎̒̏̑̍́̓̏̑̕ 60 W

˞̌̉̋́ 2.9 ˞̌̉̋́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟2

˞̓́̎̅́̑̅̎̏ ̋́̌̆̍̒̋̏ ̪̓̉̆̌̏ (bobbin), ̪̓. ̘̎̏̒́ ̪̎́̍̏̓́́ ̉ ̪̆̈̄̑́, ̈́ ETD29 [113]
̪̆ ̙̯̋̏̑̉̆̎̏ ̅́ ̂̉̒̍̏ ̍̏̄̌̉ ̘̉̈̉̋̉̕ ̪̒̍̆̒̓̉̓̉ ̅̃́ ̐̑̉̍́̑̎́ ̉ ̐̆̓ ̖̒̆̋̔̎̅́̑̎̉
̪̎́̍̏̓́́, ̎́ ̘̑́̈̌̉̉̓̉̍ ̗̪̐̏̓̆̎̉́̌̉̍́ (̪̓. ̍́̒́̍́), ̋́̏ ̉ ̅́ ̂̉ ̒̆ ̙̉̒̐̏̓̏̃́̌̉
̖̪̈́̓̆̃̉ ̈́ ̒̉̄̔̑̎̏̒̎́ ̪̮̑́̒̓̏́́ ̔ ̖̃́̈̅̔̔ (clearance) ̉ ̐̏ ̙̐̏̃̑̉̎̉ ̪̍́̓̆̑̉́̌́
(creepage) ̏̅ ̐̑̆̋̏7,9ױ mm [19]. ˑ́ ̂̉ ̒̆ ̮̒̍́̉̌́ ̏̃́ ̒̉̄̔̑̎̏̒̎́ ̪̮̑́̒̓̏́́ ̋́̏ ̉ ̅́ ̂̉
̒̆ ̪̑́̒̐̏̅̆̌́ ̓̆̍̐̆̑́̓̔̑̆ ̪̘̉̈̆̅̎́̉̌́ ̙̯̋̏̑̉̆̎ ̪̆ ̐̏̒̓̔̐́̋ ̮̈́̌̉̃́́ (potting).
˞̉̄̔̑̎̏̒̎́ ̪̮̑́̒̓̏́́ ̈́ ̓̑́̎̒̏̑̍́̓̏̑̕ ̒̔ ̘̉̈̑́̔̎́̓́ ̐̑̆̍́ IEC 61558-1 [114] ̉ IEC
61558-2-16 [115]. ˔̂̏̄ ̒̃̆̄́ ̖̐̑̆̓̏̅̎̏ ̘̑̆̆̎̏̄, ̋́̏ ̉ ̃̉̒̏̋̏̄ ̎́̐̏̎́ ̎́ ̐̑̉̍́̑̎̏̍
̪̎́̍̏̓́̔ (̓́̂̆̌̆ 2.6 ̉ 2.7), ̍̏̇̆̍̏ ̯̑̆̉ ̅́ ̪̆ ̪̭̔̐̏̓̑̉̆̂̆̎̏ ̋́̌̆̍̒̋̏ ̪̓̉̆̌̏ ETD29
̂̉̌̏ ̉ ̪̆̅̎̏ ̏̅ ̪̮̖̎́̍́̉ ̯̖̍̏̄̔̉ ̈́ ̏̃̔ ̪̐̑̉̍̆̎̔. ˟̏ ̘̈̎́̉ ̅́, ̔ ̙̎́̆̍ ̘̪̒̌̔́̔, ̑́̅ ̒́
̘̐̑̆̋̉̅́̋̏̍ ̘̙̯̔̆̒̓́̎̏̔ ̯̃̆̏̍ ̏̅ ̎̐̑. 70 kHz ̎̆ ̂̉ ̅̏̎̉̏ ̎̉̋́̋̃̆ ̐̑̆̅̎̏̒̓̉ ̐̏
̮̐̉̓́̔ ̗̪̐̏̓̆̎̉́̌̎̏̄ ̮̮̒̍́̆́ ̪̅̉̍̆̎̈̉́ ̓̑́̎̒̏̑̍́̓̏̑́̕ [20], ̎̆̄̏ ̂̉ ̒́̍̏ ̯̐̏̃̆́̏
̘̐̑̆̋̉̅́̋̆ ̄̔̂̉̓̋̆ ̘̐̑̆̓̃́̑́́ [22]. ˑ̏̅́̓̎̏, ̑́̒̉̐̎́ ̉̎̅̔̋̓̉̃̎̏̒̓ ̓̑́̎̒̏̑̍́̓̏̑́̕
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(Ѕ9ױ µH) ̪̎̉̆ ̂̉̌́ ̭̅̏̃̏̎́ ̅́ ̯̏̍̏̄̔̉ ZVS ̑́̅ QL ̘̐̑̆̋̉̅́́. ˔̂̏̄ ̓̏̄́ ̒̔ ̙̯̋̏̑̉̆̎̆
̅̏̅́̓̎̆ ̙̗̐̑̉̄̔̎̉̆ 68 µH ̉ 100 µH ̈́ ̓̑́̎̒̏̑̍́̓̏̑̆̕ ˟2 ̉ ˟3, ̑̆̅̏̍.

˗́̏ ̙̓̏ ̪̆ ̯̃̆ ̘̑̆̆̎̏ ̔ ̭̐̏̄̌́̃̔ 2.2, ̄̌́̃̎̉ ̏̋̔̒̕ ̉ ̘̎́̔̎̉ ̅̏̐̑̉̎̏̒̉
̗̪̅̉̒̆̑̓́̉̆ ̒̔ ̪̅̏̂̉̆̎̉ ̑́̅̏̍ ̎́ ̘̐̑̆̓̃́̑́̔ 57 W ̉ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ ˟2 ̉ ˟3
̉̌̉ ̗̉̎́̑̉̓̉ ̘̏̓̒̆ ACF ̘̐̑̆̓̃́̑́́ 13 W ̉̓́̓̌̔̈̆̑ ̉̋̆̎ ̔̒ ̙̏̓̏̐ ,̣̍̉̓̔̆˙ .(99%ױ<)
̎́̃̆̅̆̎̉ ̘̏̅̌̔̆̎̏ ̪̆ ̅́ ̒̆ ̐̑̉̋́̇̆ ̉ ̗̗̪̒̐̆̉̉̋́̉́̕ ̮̆̄̏̃̏̄ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̔
̓́̂̆̌̉ 2.8 Ʉ ̪̋̏́ ̪̆ ̗̪̍̏̅̉̉̋́̉́̕ ̓́̂̆̌̆ (TABLE II) ̉̈ [21]. ˍ̋̏ ̪̎̉̆ ̘̪̅̑̔̄́̉̆
̎́̃̆̅̆̎̏ ̔ ̓̆̋̒̓̔, ̒̃̉ ̏̒̓́̌̉ ̑̆̈̔̌̓́̓̉ ̗̪̅̉̒̆̑̓́̉̆ ̯̆ ̒̆ ̏̅̎̏̒̉̓̉ ̎́ 800 V ACF
̘̐̑̆̓̃́̑́ 57 W ̒́ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ ˟2 ̉ ˟3.

˟́̂̆̌́ 2.8 ˞̗̗̪̐̆̉̉̋́̉́̕ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̈́ ACF ̘̐̑̆̓̃́̑́ 13 W

ˏ̘̆̌̉̉̎́ ˏ̪̑̉̆̅̎̏̒̓
˙́̋̒̉̍́̌̎̉ ̙̃̑̎̉ ̎́̐̏̎ ̎́ ̐̑̉̍́̑̔ V 690ױ<
˜̑̆̎̏̒̎̉ ̏̅̎̏̒ ̐̑̉̍́̑ Ʉ ̉̈̌́̈ 1 18
˜̑̆̎̏̒̎̉ ̏̅̎̏̒ ̐̑̉̍́̑ Ʉ ̉̈̌́̈̉ 2 ̉ 3 9
˛̂̌̉̋ ̪̆̈̄̑́ PQ20/20
˙̪́̓̆̑̉́̌ ̪̆̈̄̑́ N87, TP4, DMR40
˕̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́, Lm 0,85 mH
˙́̋̒̉̍́̌̎́ ̙̃̑̎́ ̪̒̓̑̔́ ̎́ ̐̑̉̍́̑̔, Ipri_max 1,1 A (̐̑̉ 65 kHz)

ˠ ̓́̂̆̌́̍́ 2.6, 2.7 ̉ 2.8 ̒̔ ̘̐̑̆̐̏̑̔̆̎̉ ̪̪̆̓̉̎̉̉̕ MnZn ̆̑̉̓̉̕ ̈́ ̪̍́̓̆̑̉́̌̆
̪̆̈̄́̑́. ˕̈ ́̔̓̏̑̏̃̏̄ ̉̒̋̔̒̓̃́, ̔ ˒̃̑̏̐̉ ̪̆ ̈́ ̍́̄̎̆̓̎̆ ̋̏̍̐̏̎̆̎̓̆ ̉ ̘̔̆̒̓́̎̏̒̓̉
< 500 kHz ̐̏̐̔̌́̑́̎ ̒̓́̎̅́̑̅̎̉ ̆̑̉̓̕ N87 [116].

˜̑̆̄̌̆̅̏̍ ̌̉̓̆̑́̓̔̑̆ ̣̔̓̃̑̆̎̏ ̪̆ ̅́ ̒̔ ̯̃̆̉̎́ ̘̉̒̓̑́̇̉̃́́ ̂̉̌̉ ̏̋̔̒̉̑́̎̉̕
̎́ ̮̐̏̒̓̉̈́̆ ̙̓̏ ̯̃̆̆ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ ̅́ ̂̉ ̮̒̍́̉̌̉ ̪̅̉̍̆̎̈̉̆ ACF
̘̐̑̆̓̃́̑́́. ˛̃̏ ̪̆ ̏̐̑́̃̅́̎̏ ́̋̏ ̐̏̒̍́̓̑́̍̏ ̘̓̉̐̉̎̆ ̪̐̑̉̍̆̎̆ ̉̒̓̏̄ ̋́̏ ̮̘̐̔́́ ̉̌̉
̪̮̎́̐́́́ ̣̪̔̑̆́́ ̙̘̐̏̓̑̏́̋̆ ̆̌̆̋̓̑̏̎̉̋̆. ˙̣̆̔̓̉̍, ̪̃̉̅̆̌̉ ̒̍̏ ̅́ ACF ̘̐̑̆̓̃́̑́ ̋́̏
̯̐̏̍̏̎̏ ̪̮̎́̐́́̆ ̔ HDCIV ̗̪́̐̌̉̋́̉̉ ̉̍́ ̐̏̓̐̔̎̏ ̘̪̅̑̔̄́̉̆ ̖̪̈́̓̆̃̆ (̓́̂̆̌́ 2.4,
̓́̂̆̌́ 2.6). ˛̃̉̍ ̪̆ ̆̌̉̍̉̎̉̒́̎́ ̘̪̔̏̂̉́̆̎́ ̐̏̓̑̆̂́ ̈́ ̮̮̒̍́̆̆̍ ̪̅̉̍̆̎̈̉́
̓̑́̎̒̏̑̍́̓̏̑́̕, ̪̓. ̘̐̑̆̓̃́̑́́ ̔ ̗̪̆̌̉̎̉.

ˠ̪̍̆̒̓̏ ̪̐̑́̃̉̌̎̉̆̄ ̉̈̑́̈́ „̒̐̑̆̄̎̔̓̆ ̙̗̐̑̉̄̔̎̉̆”, ̋̏̅ flyback ̘̐̑̆̓̃́̑́́, ̔
̓̆̋̒̓̔ ̯̆ ̂̉̓̉ ̙̯̋̏̑̉̆̎ ̔ ̐̑́̋̒̉ ̘̪̔̏̂̉́̆̎̉ ̉̈̑́̈ „̓̑́̎̒̏̑̍́̓̏̑̕” [20], [21], [62],
[63]. ˛̃̏ ̪̆ ̅̏̎̆̋̌̆ ̉ ̖̭̐̑̉̃́̓̉̃̏ ̈́ ACF ̋̏̅ ̪̋̏̆̄ ̪̒̓̑̔́ ̯̮̍́̄̎̆̆́ ̐̑̆̌́̈̉ ̔
̎̆̄́̓̉̃̎̔ ̒̓̑́̎̔ ̉ ̓̉̍̆ ̪̘̅̆̌̉̍̉̎̏ ̙̐̏̎̉̓́̃́ ̍́̄̎̆̓̎̉ ̌̔̋̒̕ [28] Ʉ ̙̓̏ ̪̆ ̘̪̒̌̔́
̋̏̅ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆ [19].

˚̆̋̏̌̉̋̏ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̪̆ ̪̉̒̐̑̏̆̋̓̏̃́̎̏ ̉ ̭̎́̐̑́̃̆̎̏ ̏̅ ̒̓̑́̎̆ ̓̑̉
̭̘̅̏̂́̃́́ ̐̑̆̍́ ̗̗̪̒̐̆̉̉̋́̉́̍́̕ ̉̈ ̓́̂̆̌́ 2.6 ̉ 2.7. ˚̭́̐̑́̃̆̎̉ ̪̗̐̑̉̍̆̑̉ ̒̔
̣̔̑́̆̎̉ ̈́ ̓̆̍̐̆̑́̓̔̑̎̔ ̋̌́̒̔ ˎ (class B, 130ױ°C) [117]. ˜̑̆̄̌̆̅ ̖̉̒̓̉ ̪̆ ̅́̓ ̔ ̓́̂̆̌̉ 2.9
[22], [23]. ˞̃̉ ̭̅̆̓́̉ ̘̐̑̏̑́̔̎́ ̉ ̗̪̋̏̎̒̓̑̔̋̉̆ ̖̏̃̉ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̎́̍ ̎̉̒̔
̐̏̈̎́̓̉. ˜̑̆̓̐̏̒̓́̃̋́ ̪̆ ̅́ ̄̌́̃̎́ ̑́̈̌̉̋́ ̣̉̈̍̆̔ ̪̖̐̏̆̅̉̎̉ ̉̈̃̆̅̂̉ ̓̑́̎̒̏̑̍́̓̏̑́̕
̅̏̌́̈̉ ̏̅ ̃̑̒̓̆ ̙̯̖̋̏̑̉̆̎̉ ̗̇̉́ ̈́ ̪̎́̍̏̓́̆ ̉ ̙̃́̈̅̔̎̏̄ ̈́̈̏̑́. ː̌́̃̎̉ ̉̈́̈̏̃ ̐̑̉
̑́̅̔ ̒́ ̭̘̅̏̂́̃́̉̍́ ̖̍́̄̎̆̓̎̉ ̋̏̍̐̏̎̆̎̓̉, ̭̖̐̑́̃̆̎̉ ̐̏ ̪̍̆̑̉ ̗̋̔̐́ (custom-
design), ̪̆ ̪́̋̏ ̅̔̄̏ ̪̃̑̉̆̍̆ ̉̒̐̏̑̔̋̆ (̎̐̑. 7Ʉ11 ̗̒̆̅̍̉́) [19] ̒́ ̗̪̓̆̎̅̆̎̉̏̍ ̑́̒̓́
̈̂̏̄ ̄̌̏̂́̌̎̏̄ ̎̆̅̏̒̓́̓̋́ ̪̍́̓̆̑̉́̌́ ̉ ̐̑̏̂̌̆̍́ ̔ ̗̌́̎̔ ̪̮̒̎́̂̅̉̆̃́́ [118] ̔ 2021. ̉
2022. ̄̏̅̉̎̉. ˔̂̏̄ ̓̏̄́ ̪̆, ̐̑̉̌̉̋̏̍ ̪̑́̈̃̏́ ̂̉̌̏ ̋̏̄ ̘̐̑̆̓̃́̑́́ ̔ ̙̮̅́̎́̆ ̪̃̑̉̆̍̆
̂̉̓̎̏ ̅́ ̗̈́̅́̉ ̂̔̅̔ ̅̏̂̑̏ ̉̒̐̌́̎̉̑́̎̉ ̉ ̋̏̏̑̅̉̎̉̒́̎̉.
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˕̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́ ̉̈ ̓́̂̆̌́ 2.6 ̉ 2.7 ̪̆ ̘̉̈̑́̔̎́̓́ ̋́̏

0,95 min( , )m msb mptL L L< Ö (2.2)

̪̄̅̆ ̒̔ Lmsb ̉ Lmpt ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̈́ ICS stand-by (sb) ̉ power-transfer (pt)
̑̆̇̉̍̆ ̑́̅́, ̑̆̅̏̍, ́ 0,95 ̪̆ ́̋̓̏̑̕ ̈́ ̮̔̃́̇́̃́̆ ̗̪̓̏̌̆̑́̎̉́ ̪̍́̓̆̑̉́̌́ [19].
˕̎̅̔̋̓̉̃̎̏̒̓̉ ̒̔ ̘̉̈̑́̔̎́̓̆ ̐̑̆̍́ ̍̏̅̉̉̋̏̃́̎̏̍̕ ̉̈̑́̈̔ ̉̈ [84]
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̪̄̅̆ x ̘̏̈̎́́̃́ sb ̉̌̉ pt ̉̎̅̆̋̒̆, Dmax ̪̆ ̍́̋̒̉̍́̌̎̉ ́̋̓̏̑̕ ̉̒̐̔̎̆ (duty-cycle) (16%
̉̌̉ 12%), Vinmin ̪̆ ̍̉̎̉̍́̌̎̉ ̔̌́̈̎̉ ̪̪̆̅̎̏̒̍̆̑̎̉ ̎́̐̏̎ (460 V ̉̌̉ 620 V), ʂ ̪̆
̭̐̑̆̓̐̏̒̓́̃̆̎̉ ̍́̋̒̉̍́̌̎̉ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ (70% ̉̌̉ 85%), Poutx ̔̋̔̐̎́
̉̈̌́̈̎́ ̒̎́̄́ (10 W ̉̌̉ 57 W), ́ fsw_min ̪̆ ̍̉̎̉̍́̌̎́ ̘̐̑̆̋̉̅́̋́ ̘̔̆̒̓́̎̏̒̓ (66 kHz)
[19]. ˚̘̔̍̆̑̉̋̆ ̪̃̑̉̆̅̎̏̒̓̉ ̈́ Lmsb ̉ Lmpt ̒̔ 3,44 mH ̉ 0,66 mH, ̑̆̅̏̍. ˔̂̏̄ ̓̏̄́ ̪̆ Lm

̏̅́̂̑́̎́ ̅́ ̂̔̅̆ 0,4 mH (˟2) ̉ 0,6 mH (˟3).

˚̆̋̉ ̏̅ ̑̆̈̔̌̓́̓́ ̔ ̪̆̋̒̐̆̑̉̍̆̎̓́̌̎̏ ̗̪̒̆̋̉̉ ̒̔ ̅́̓̉ ̈́ ACF ̘̐̑̆̓̃́̑́̆ ̒́
̘̪̅̑̔̄́̉̉̍ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ ̏̅ ˟2 ̉̌̉ ˟3. ˛̎̉ ̒̔ ̉̍́̌̉ ̘̒̌̉̎̔ ̗̗̪̒̐̆̉̉̋́̉̔̕ ̋́̏ ̔
̓́̂̆̌́̍́ 2.6 ̉̌̉ 2.7, ̏̒̉̍ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̉ ̪̐̏̎̆̄̅̆ ̐̑̆̎̏̒̎̏̄ ̏̅̎̏̒́
(̐̑̉̍́̑-̒̆̋̔̎̅́̑ 5,5 V). ˏ̙̉̆ ̗̪̉̎̏̑̍́̉́̕ ̏ ̓̏̍̆ ̯̆ ̂̉̓̉ ̅́̓̏ ̔ ̆̋̒̐̆̑̉̍̆̎̓́̌̎̏̍
̭̐̏̄̌́̃̔ (̓́̂̆̌́ 4.2). ˕̘̎́̆, ̔  ̒̉̒̓̆̍̉̍́ ICS ̙̯̋̏̑̉̆̎ ̪̆ ̒́̍̏ ACF ̘̐̑̆̓̃́̑́ ̒́ ˟3
̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ̅̏̋ ̒̔ ˟2 ̉ ̏̒̓́̌̉ ̙̯̋̏̑̉̆̎̉ ̒́̍̏ ̔ ̅̆̍̏-̘̐̌̏́̍́. ˛̪̙̮̮̂́̆́ ̈́
̓̔ ̏̅̌̔̋̔ ̒̔ ̅́̓́ ̔ ̭̐̏̄̌́̃̉̍́ 4.1.3 ̉ 4.3.

ˏ̯̆̉̎́ ̖̐̑̉̋́̈́̎̉ ̑̆̈̔̌̓́̓́ ̔ ̎́̑̆̅̎̉̍ ̭̐̏̄̌́̃̉̍́ ̒̔ ̪̅̏̂̉̆̎̉ ̈́ ˟2 ̉ ˟3
̓̑́̎̒̏̑̍́̓̏̑̆̕. ˜̑̆̄̌̆̅ ̖̉̒̓̉ ̒́ ̆̆̋̓̉̃̎̉̍̕ ̐̑̆̎̏̒̎̉̍ ̏̅̎̏̒̏̍ ̪̆ ̅́̓ ̔ ̓́̂̆̌̉ 2.9
[22], [23]. ˚́̐̏̍̆̎́: ̔ [22] (Table 3) ̒̆ ̐̏̓̋̑́̌́ ̙̄̑̆̋́ ̔ ̏̈̎́̋́̍́ ̈́ ̓̑́̎̒̏̑̍́̓̏̑̆̕
˟3 ̉ ̓̏ ̪̆ ̭̉̒̐̑́̃̆̎̏ ̔ [23]. ˝́̒̉̐̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̈́ ̓̑́̎̒̏̑̍́̓̏̑̆̕ ̔ ̓́̂̆̌̉ 2.9 ̒̔
̂̉̌̆ Ѕ9ױ µH. ˝̘́̔̎̒̋̉ ̐̑̆̎̏̒̎̉ ̏̅̎̏̒ (̐̑̉̍́̑ ̋́ ̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔ 5,5 V) ̪̆ ̂̉̏ 15
(̓́̂̆̌̆ 2.6 ̉ 2.7). ˙̣̆̔̓̉̍, ̔ ̓́̂̆̌̉ 2.9 ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̆̆̋̓̉̃̎̉̕ ̐̑̆̎̏̒̎̉
̏̅̎̏̒ (2.4) ̃́̑̉̑́ ̔ ̏̐̒̆̄̔ ̏̅ Ϻ5.4%ױ+ ̏̅ 3.8%ױ (̋̏̅ 400 µH) ̉ ̔ ̏̐̒̆̄̔ ̏̅ Ϻ3.6%ױ+ ̏̅ 9%ױ
(̋̏̅ 600 µH) ̔ ̏̅̎̏̒̔ ̎́ ̘̉̈̑́̔̎́̓̉ Ʉ ̙̓̏ ̪̆ ̘̏̆̋̉̃́̎̏ [22], ́̌̉ ̪̆ ̖̭̐̑̉̃́̓̉̃̏.
˝́̈̌̏̄ ̈́ ̮̏̅̒̓̔̐́̆ ̪̆ ̔ ̪̑́̒̉̐̎̏ ̉̎̅̔̋̓̉̃̎̏̒̓̉. ˒̆̋̓̉̃̎̉̕ ̐̑̆̎̏̒̎̉ ̏̅̎̏̒
̓̑́̎̒̏̑̍́̓̏̑́̕ ̪̆ ̘̑́̔̎́̓ ̋́̏ [22]
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̪̄̅̆ ̪̆ Lm_meas ̪̉̈̍̆̑̆̎́ ̉̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́ (̎́ ̐̑̉̍́̑̔), ́ Lout1_meas ̪̆ ̪̉̈̍̆̑̆̎́
̉̎̅̔̋̓̉̃̎̏̒̓ ̎́ ̉̈̌́̈̔ 1. ˛̃̆ ̘̃̆̌̉̉̎̆ ̒̔ ̪̉̈̍̆̑̆̎̆ ̯̐̏̍̏̔ ̗̐̑̆̉̈̎̏̄ LCR-̍̆̓̑́.

˟́̂̆̌́ 2.9 ˜̑̆̄̌̆̅ ̙̯̖̋̏̑̉̆̎̉ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟2 ̉ ˟3 ̒́ ̆̆̋̓̉̃̎̉̍̕ ̐̑̆̎̏̒̎̉̍ ̏̅̎̏̒̉̍́

˞̓́̃̋́ neff

T2-1: 400 µH, ̣̘̐̑̏̉̈̃̏́ 2 14,43
T2-2: 400 µH, ̣̘̐̑̏̉̈̃̏́ 3 14,90Ʉ15,74
T2-3: 400 µH, ̣̘̐̑̏̉̈̃̏́ 1 15,76Ʉ15,81
T3-1: 600 µH, ̣̘̐̑̏̉̈̃̏́ 1, ̪̃̆̑̈̉́ 1 15,53Ʉ15,54
T3-2: 600 µH, ̣̘̐̑̏̉̈̃̏́ 2 13,65
T3-3: 600 µH, ̣̘̐̑̏̉̈̃̏́ 3 14,81Ʉ15,54
T3-4: 600 µH, ̣̘̐̑̏̉̈̃̏́ 1, ̪̃̆̑̈̉́ 2 14,96Ʉ15,03
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˜̑̉̌̉̋̏̍ ́̎́̌̉̈̆ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̔ [19] ̉ [20] ̘̔̏̆̎̏ ̪̆ ̅́ ̒̔ ̪̯̎́̃̆̆
̪̃̑̉̆̅̎̏̒̓̉ ̪̅̏̂̉̆̎̆ ̓́̍̏ ̪̄̅̆ ̒̔ ̙̯̋̏̑̉̆̎̉ ̓̑́̎̒̏̑̍́̓̏̑̉̕ ̣̘̐̑̏̉̈̃̏́́ 2 (T2-1 ̉
T3-2). ˛̃̏ ̎́̍ ̙̒̔̄̆̑̉̆ ̅́ ̋̏̍̐̏̎̆̎̓̆ ̣̘̐̑̏̉̈̃̏́́ 2 ̪̉̍́̔ ̮̍́̆ ̄̔̂̉̓̋̆ ̉/̉̌̉ ̅́ ̪̆
̏̐̓̉̍́̌̎̉ ̐̑̆̎̏̒̎̉ ̏̅̎̏̒ ̮̍́̉ ̏̅ 15 [22]. ˛̃̏ ̍̏̇̆ ̂̉̓̉ ̓̆̍́ ̮̉̒̓̑́̇̉̃́́ ̈́ ̎̆̋̔
̯̂̔̅̔̔ ̪̒̓̔̅̉̔.

2.4.2 ˙̪̮̆̑̆̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉
ˠ ̑̆́̌̎̏̍ ̑́̅̔ ̂̉̌̏ ̋̏̄ dc-dc ̘̐̑̆̓̃́̑́́ ̉̍́̍̏ ̘̆̓̃̑̓̋̆ ̎́̐̏̎́  (square-wave

voltage) ̎́ ̐̑̉̍́̑̎̏̍ ̪̎́̍̏̓́̔, ́ ̎̆ ̒̉̎̔̒̏̉̅̔ [21]. ˑ̏̅́̓̎̏, ̐̑̉̍́̑̎́ ̪̒̓̑̔́ ̪̆
̘̑́̈̌̉̉̓́ ̏̅ ̎̔̌̆ ̉ ̮̆̎ ̪̄̑́̅̉̆̎̓ di/dt ̉̍́ ̗̪̔̓̉́ ̎́ ̪̃̑̉̆̅̎̏̒̓ ̉̎̅̔̋̓̉̃̎̏̒̓̉
̯̮̍́̄̎̆̆́ [21]. ˔̂̏̄ ̓̏̄́ ̪̆ ̙̐̏̄̑̆̎̏ ̒̍́̓̑́̓̉ ̅́ ̪̆ ̉̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́
̓̑́̎̒̏̑̍́̓̏̑́̕ ̉̌̉ ̉̎̅̔̋̓̉̃̎̏̒̓ ̙̗̐̑̉̄̔̎̉̆ ̔ ̎̆̋̏̍ ̘̐̑̆̓̃́̑́̔ ̋̏̎̒̓́̎̓̎́. ˟̆̍́
̏̃̏̄ ̭̐̏̄̌́̃́ ̒̔ ̪̮̍̆̑̆́ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̉ ̑́̒̉̐̎̆
̉̎̅̔̋̓̉̃̎̏̒̓̉ ̉ ́̎́̌̉̈́ ̑̆̈̔̌̓́̓́ ̖̉̒̓̉.

˚́ ̗̒̌̉̉ 2.10 ̐̑̉̋́̈́̎́ ̪̆ ̈́̃̉̒̎̏̒̓ ̪̉̈̍̆̑̆̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̏̅
̪̒̓̑̔̆ ̐̑̉̍́̑́ ̈́ ̓̑́̎̒̏̑̍́̓̏̑̕ ˟3-1. ˟̔ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̐̑̉ ̪̪̋̏̏ ̪̒̓̑̔̉ ̐̑̉̍́̑́
̒̆ ̙̅̆́̃́ ̯̮̈́̒̉̆̆ ̉ ̋́̋́̃ ̪̆ ̏̂̌̉̋ ̉̒̓̏̄. ˛̃̔ ̋́̑́̋̓̆̑̉̒̓̉̋̔ „̃̉̅̉” ̘̐̑̆̓̃́̑́ ̓̏̋̏̍
̑̆́̌̎̏̄ ̑́̅́. ˜̑̉̌̉̋̏̍ ̑́̅́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 620 V ̙̃̑̎́ ̪̒̓̑̔́ ̐̑̉̍́̑́ ̪̆ 1,83 A
̙̓̏ ̏̅̄̏̃̏̑́ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̏̅ 515 µH ̎́ ̗̋́̑́̋̓̆̑̉̒̓̉̉ ̒́ ̒̌̉̋̆ 2.10. ˟́ ̘̓́̋́ ̒̆
̎́̌́̈̉ ̎́ ̭̋̏̆̎̔ (̐̑̆̄̉̂̔) ̋́̑́̋̓̆̑̉̒̓̉̋̆, ̎́ ̘̐̏̆̓̋̔ ̯̮̈́̒̉̆́, ́̌̉ ̪̆ ̓̏ ̉ ̭̅́̆
̖̭̐̑̉̃́̓̉̃̏. ˤ́̋ ̉ ̐̑̉ ̯̃̆̉̍ ̑́̅̎̉̍ ̓̆̍̐̆̑́̓̔̑́̍́, ̋́̅́ ̂̉ ̒̆ ̋́̑́̋̓̆̑̉̒̓̉̋́
̪̐̏̍̆̑̉̌́ ̪̔̌̉̆̃̏,  ̉̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́ ̂̉ ̂̉̌́ ̮̍́́ ̐̑̉ 1,83 A, ̔ ̏̅̎̏̒̔ ̎́ ̏̎̔
̒́ ̒̌̉̋̆ 2.10, ́̌̉ ̂̉ ̉̍́̌̉ ̉ ̭̅́̆ ̭̅̏̃̏̎̏ ̑̆̈̆̑̃̆ (̅̏ 400 µH). ˛̃́̋̃̏ ̪̮̐̑̏̆̋̓̏̃́̆
̓̑́̎̒̏̑̍́̓̏̑́̕ ̏̒̉̄̔̑́̃́ ̏̐̓̉̍́̌̎̏ ̙̯̮̉̒̋̏̑̉̆̆ ̍́̄̎̆̓̒̋̏̄ ̪̍́̓̆̑̉́̌́ ̉ ̮̮̒̍́̆̆
̙̓̑̏̋̏̃́ [21], [22].

˞̌̉̋́ 2.10 ˔́̃̉̒̎̏̒̓ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟3-1 ̏̅ ̪̒̓̑̔̆ ̐̑̉̍́̑́

˗́̑́̋̓̆̑̉̒̓̉̋́ Lm(I) ̒́ ̒̌̉̋̆ 2.10  (dc-bias characteristics) ̪̆ ̪̅̏̂̉̆̎́ ̔̐̏̓̑̆̂̏̍
̪̍̆̑̎̏̄ ̣̪̔̑̆́́ Power Choke Tester DPG10 [119]. ˠ̣̪̑̆́ DPG10 ̋̏̑̉̒̓̉ ̉̍̐̔̌̒̎̔ ̍̆̓̏̅̔
̪̮̍̆̑̆́ ̒́ ̃̆̌̉̋̉̍ ̒̉̄̎́̌̉̍́ ̅́ ̂̉ ̐̑̉̋́̈́̏ ̋̑̉̃̔ ̈́̃̉̒̎̏̒̓̉ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̏̅
̪̒̓̑̔̆ ̉̌̉ ̌̔̋̒́̕ (time-voltage-integral) [119]. ˏ̙̉̆ ̗̪̉̎̏̑̍́̉́̕ ̏ ̏̃̏̍ ̣̪̔̑̆́̔ ̉
̍̆̓̏̅̉ ̪̮̍̆̑̆́ ̍̏̇̆ ̒̆ ̯̎́̉ ̔ [119], [120] ̉ [121]. ˟̑̆̂́ ̉̍́̓̉ ̔ ̃̉̅̔ ̅́ ̒̆ ̔  [119]
̋́̑́̋̓̆̑̉̒̓̉̋́ ̒́ ̒̌̉̋̆ 2.10 ̈̏̃̆ ̉ ̉̎̋̑̆̍̆̎̓́̌̎́ ̉̎̅̔̋̓̉̃̎̏̒̓.

ˠ [122] ̪̆ ̙̎́̄̌́̆̎̏ ̅́ ̪̆ ̗̪̏̐̓̉̍̉̈́̉́ ̖̍́̄̎̆̓̎̉ ̋̏̍̐̏̎̆̎̓̉ ̭̘̋̔ ̈́
̯̮̐̏̃̆́̆ ̔̋̔̐̎̏̄ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̂̉̌̏ ̋̏̄ ̘̐̑̆̓̃́̑́́ ̉ ́̔̓̏̑ ̒̆ ̒̌́̇̆ ̒́
̓̉̍. ˙̣̆̔̓̉̍, ̈́ ̏̃̔ ̪̒̓̔̅̉̔ ̗̗̪̒̐̆̉̉̋́̉́̕ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̪̆ ̣̔̑́̆̎́ ̂̆̈ ̔̐̏̓̑̆̂̆
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̘̖̑́̔̎́̑̒̋̉ ́̌̄̏̑̉̓́̍́ ̗̪̏̐̓̉̍̉̈́̉̆ ̪̆̑ ̪̎̉̆ ̂̉̌̏ ̎̉ ̃̑̆̍̆̎́ ̎̉ ̑̆̒̔̑̒́ ̈́ ̪̑́̈̃̏
̖̉̒̓̉. ˗́̏ ̙̓̏ ̒̍̏ ̯̃̆ ̑̆̋̌̉, ̗̪̋̏̎̒̓̑̔̋̉́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̪̆ ̣̔̑́̆̎́ ̏̅ ̒̓̑́̎̆
̭̖̒̐̏̎̉ ̭̘̅̏̂́̃́́ (̋̏̏̐̆̑́̎́̓́ ̯̐̑̆̅̔̈̆́ Brusa Elektronik). ˚́ ̗̒̌̉̉ 2.11 ̪̆ ̅́̓̏
̣̮̐̏̑̆̆̆ ̈́̃̉̒̎̏̒̓̉ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̈́ ̓̑́̎̒̏̑̍́̓̏̑̆̕ ˟3 ̘̖̑́̈̌̉̉̓̉
̣̘̐̑̏̉̈̃̏́́, ́ ̎́ ̗̒̌̉̉ 2.12 [22] ̪̆ ̅́̓̏ ̘̒̌̉̎̏ ̣̮̐̏̑̆̆̆ ̒́̍̏ ̈́ ˟2 ̓̑́̎̒̏̑̍́̓̏̑̆̕
(̓́̂̆̌́ 2.9). ˞̃́̋́ ̪̂̏́ ̏̅̄̏̃́̑́ ̉̒̓̏̍ ̣̘̐̑̏̉̈̃̏́̔ ̉ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́
̓̑́̎̒̏̑̍́̓̏̑̉̕ ̣̘̐̑̏̉̈̃̏́́ 1 ̪̉̍́̔ ̪̮̎́̍́̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́. ˙̪̮̆̑̆́ ̒̔
̙̉̈̃̑̆̎́ ̎́ ̪̒̏̂̎̏ ̓̆̍̐̆̑́̓̔̑̉. ˞́ ̏̂̆ ̒̌̉̋̆ ̭̘̪̈́̋̔̔̆̍̏ ̋́̋̏, ̈́ ̉̒̓̔
̗̗̪̒̐̆̉̉̋́̉̔̕, ̘̋̏̎́̎̆ ̋́̑́̋̓̆̑̉̒̓̉̋̆ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̍̏̄̔ ̂̉̓̉ ̪́̋̏ ̘̑́̈̌̉̉̓̆ Ʉ
̈́̃̉̒̎̏ ̏̅ ̮̖̉̏̃̆ ̗̪̋̏̎̒̓̑̔̋̉̆. ˔̘̎́̉, ̏ ̒̃̆̍̔ ̏̃̏̍̆ ̓̑̆̂́ ̃̏̅̉̓̉ ̘̑́̔̎́ ̐̑̉̌̉̋̏̍
̉̈̂̏̑́ ̭̘̅̏̂́̃́́ ̖̍́̄̎̆̓̎̉ ̋̏̍̐̏̎̆̎̓̉.

˞̌̉̋́ 2.11 ˔́̃̉̒̎̏̒̓ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟3 ̏̅ ̪̒̓̑̔̆ ̐̑̉̍́̑́

˞̌̉̋́ 2.12 ˔́̃̉̒̎̏̒̓ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟2 ̏̅ ̪̒̓̑̔̆ ̐̑̉̍́̑́

˞̘̌̉́̎ ̭̘̈́̋̔́̋ ̃́̇̉ ̉ ̈́ ̪̐̑̏̍̆̎̔ ̑́̒̉̐̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ Lk(I) Ʉ ̙̓̏ ̪̆
̉̌̔̒̓̑̏̃́̎̏ ̎́ ̒̌̉̋́̍́ 2.13 ̉ 2.14 [22] ̈́ ̓̑́̎̒̏̑̍́̓̏̑̆̕ ˟3 ̉ ˟2, ̑̆̅̏̍. ˞̃̉
̒̆̋̔̎̅́̑̎̉ ̪̎́̍̏̓́̉ ̋́̏ ̉ ̯̐̏̍̏̎̉ ̪̎́̍̏̓́ ̎́ ̐̑̉̍́̑̔ ̒̔ ̂̉̌̉ ̋̑́̓̋̏ ̪̒̐̏̆̎̉ ̓̏̋̏̍
̪̮̍̆̑̆́ ̖̑́̒̉̐̎̉ ̉̎̅̔̋̓̉̃̎̏̒̓̉. ˞́ ̒̌̉̋́ 2.13 ̉ 2.14 ̃̉̅̉̍̏ ̅́ ̑́̒̉̐̎́
̉̎̅̔̋̓̉̃̎̏̒̓ ̉̍́ ̌̉̎̆́̑̎̔ ̈́̃̉̒̎̏̒̓ ̏̅ ̪̒̓̑̔̆ ̐̑̉̍́̑́ Ʉ ̙̓̏ ̪̆ ̉ ̂̉̌̏ ̘̏̆̋̉̃́̎̏.
˞̘̌̉́̎ ̑̆̈̔̌̓́̓ ̈́ ̑́̒̉̐̎̔ ̉̎̅̔̋̓̉̃̎̏̒̓ ̒̍̏ ̉̍́̌̉ ̉ ̔ [21] ̙̓̏ ̎́̍ ̪̄́̑́̎̓̔̆
̪̪̃̆̑̏̅̏̒̓̏̎̏̒̓ ̖̏̃̉ ̑̆̈̔̌̓́̓́. ˛̐̆̓ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̋̏̌̉̋̆ ̑́̈̌̉̋̆ ̍̏̄̔ ̅́ ̂̔̅̔
̈́̃̉̒̎̏ ̏̅ ̏̅́̂̑́̎̏̄ ̣̘̐̑̏̉̈̃̏́́. ˔̂̏̄ ̓̏̄́ ̉ ̪̏̃́ ̆̆̋́̓̕ ̓̑̆̂́ ̔̈̆̓̉ ̔ ̏̂̈̉̑
̐̑̉̌̉̋̏̍ ̪̮̐̑̏̆̋̓̏̃́́ ̘̐̑̆̓̃́̑́́ ̉ ̏̅́̂̉̑́ ̭̘̅̏̂́̃́́. ˞́ ̏̂̆ ̒̌̉̋̆ ̃̉̅̉̍̏ ̉ ̅́ ̪̆
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̙̄̑̆̋́ ̪̮̍̆̑̆́ ̯̃̆́ ̐̑̉ ̍́̌̉̍ ̪̒̓̑̔́̍́ ̓́̋̏ ̅́ ̪̓́ ̅̉̏ ̋́̑́̋̓̆̑̉̒̓̉̋̆ ̪̎̉̆
̐̑̉̋́̈́̎. ˙̣̆̔̓̉̍, ̈́ ̘̐̑́̋̓̉̎̆ ̐̏̓̑̆̂̆ ̓̏ ̉ ̪̎̉̆ ̂̉̌̏ ̏̅ ̎̆̋̆ ̃́̇̎̏̒̓̉.

˞̌̉̋́ 2.13 ˜̪̑̏̍̆̎́ ̑́̒̉̐̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ˟3 ̏̅ ̪̒̓̑̔̆ ̎́ ̪̒̏̂̎̏ ̓̆̍̐̆̑́̓̔̑̉

˞̌̉̋́ 2.14 ˜̪̑̏̍̆̎́ ̑́̒̉̐̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ˟2 ̏̅ ̪̒̓̑̔̆ ̎́ ̪̒̏̂̎̏ ̓̆̍̐̆̑́̓̔̑̉

˟̘̉̐̉̎́ ̪̮̍̆̑̆́ ̔ ̐̑́̋̒̉ ̒̆ ̙̃̑̆ ̒́ ̃̉̒̏̋̏-̑̆̋̃̆̎̓̎̉̍̕ ̒̉̎̔̒̏̉̅́̌̎̉̍
̒̉̄̎́̌̏̍ ̍́̌̆ ́̍̐̌̉̓̔̅̆ (̎̐̑. Ѕ2ױ V). ˚́ ̪̐̑̉̍̆̑, ̔ ̙̎́̆̍ ̘̪̒̌̔́̔, ̒́ ̒̉̎̔̒̏̉̅́̌̎̉̍
̒̉̄̎́̌̏̍ 1 V ̐̑̉ 65 kHz ̉̍́̌̉ ̂̉̒̍̏ ̈́ T2-3 ̪̉̈̍̆̑̆̎̔ ̑́̒̉̐̎̔ ̉̎̅̔̋̓̉̃̎̏̒̓ ̏̅ 6 µH,
́ ̎́ ̗̒̌̉̉ 2.14 ̃̉̅̉̍̏ ̅́ ̌̉̎̆́̑̎̏ ̃́̑̉̑́ ̣̉̈̍̆̔ 5 µH ̉ 9 µH. ˔́ ̉̒̓̉ ̓̑́̎̒̏̑̍́̓̏̑̕
̪̉̈̍̆̑̆̎́ ̪̆ ̉̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́ ̏̅ 400 µH, ́ ̎́ ̗̒̌̉̉ 2.12 ̃̉̅̉̍̏ ̋́̋̏ ̈́̉̒̓́
̉̈̄̌̆̅́ ̔ ̑̆́̌̎̏̍ ̑́̅̔. ˗́̏ ̙̓̏ ̪̆ ̑́̈̍́̓̑́̎̏ ̔ [21] ̉ ̪̏̃̅̆ ̍̏̇̆̍̏ ̯̑̆̉: ̅́ ̒̍̏
̋̏̑̉̒̓̉̌̉ ̗̐̑̆̉̈̎̉ LCR-̍̆̓́̑ ̙̐̏̄̑̆̎̏ ̂̉̒̍̏ ̭̘̈́̋̔̉̌̉ ̅́ ̒̔ ̪̉̈̍̆̑̆̎̆
̉̎̅̔̋̓̉̃̎̏̒̓̉ ̋̏̎̒̓́̎̓̎̆ Ʉ ̙̓̏ ̪̎̉̆ ̘̪̒̌̔́ ̐̑̉ ̑̆́̌̎̏̍ ̑́̅̔ ̘̐̑̆̓̃́̑́́.

˔́̃̉̒̎̏̒̓ Lm(I) ̪̆ ̃́̇̎̏ ̉̍́̓̉ ̅́ ̂̉̒̍̏ ̍̏̄̌̉ ̗̐̑̆̉̈̎̏ ̪̃̉̅̆̓̉ ̐̑̉ ̪̪̋̏̏
̙̪̃̑̎̏ ̪̒̓̑̔̉ ̅̏̌́̈̉ ̅̏ ̯̮̈́̒̉̆́ ̉ ̋́̋̏ ̓̏ ̯̮̈́̒̉̆̆ ̉̈̄̌̆̅́, ̪̓. ̋̏̌̉̋̏ ̪̆ ̒̓̑̍ ̪̓́
̐̑̆̌́̈. ˍ̋̏ ̪̆ ̐̏̓̑̆̂̎̏, ̍̏̇̆̍̏ ̉ ̪̈́̄̑̉́̓̉ ̭̇̆̆̎̔ ̍́̄̎̆̓̎̔ ̋̏̍̐̏̎̆̎̓̔ ̔
̪̓̆̍̐̆̑́̓̔̑̎̏ ̋̏̍̏̑̉. ˔́̓̉̍ ̪̉̈̍̆̑̉̓̉ Lm(I) ̉ ̔̐̏̑̆̅̉̓̉ ̒́ ̋́̑́̋̓̆̑̉̒̓̉̋̏̍
̪̪̅̏̂̉̆̎̏ ̎́ ̪̒̏̂̎̏ ̓̆̍̐̆̑́̓̔̑̉. ˠ ̏̃̏̍ ̘̪̒̌̔́̔ ̪̎̉̆ ̂̉̌̏ ̖̘̖̓̆̎̉̋̉ ̯̍̏̄̔̎̏̒̓̉ ̈́
̣̮̉̈̃̏̆̆ ̓́̋̃̏̄ ̆̋̒̐̆̑̉̍̆̎̓́.

ˠ ̏̃̏̍ ̪̐̑̏̆̋̓̔ ̑́̒̉̐̎́ ̉̎̅̔̋̓̉̃̎̏̒̓ ̪̆ ̂̉̌́ ̮̍́́ ̏̅ 9 µH, ̪̓. <ױ1,5%ױLm Ʉ ̙̓̏
̪̆ ̅̏̂̑̏. ˕̘̎́̆, ̅́ ̪̆ ̂̉̌́ ̯̃̆́, ̉̍́̌̉ ̂̉̒̍̏ ̯̃̆̉ ̗̪̔̓̉́ ̆̆̋̓́̕ ̔̎́̋̑̒̎̆-̗̪̑̆̄̔̌́̉̆
̎́ ̎̆̑̆̄̔̌̉̒́̎̆ ̉̈̌́̈̆ ̘̐̑̆̓̃́̑́́ Ʉ ̙̓̏ ̪̎̉̆ ̭̐̏̇̆̎̏. ˔́ ̎̆̋̆ ̘̪̒̌̔́̆̃̆ ̔
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̐̏̐̔̌́̑̎̉̍ ̪̐̑̉̍̆̎́̍́ ACF ̘̐̑̆̓̃́̑́́ ̒̔̄̆̑̉̒́̎̏ ̪̆ ̅́ ̒̆ ̎̆ ̍̏̑́ ̋̏̑̉̒̓̉̓̉ ̅̏̅́̓̎́
̙̗̐̑̉̄̔̎̉́ ́̋̏ ̪̆ ̑́̒̉̐̎́ ̉̎̅̔̋̓̉̃̎̏̒̓ ̭̅̏̃̏̎̏ ̃̆̌̉̋́ [82]. ˙̣̆̔̓̉̍, ̈́ HDCIV
̪̐̑̉̍̆̎̆ ̓̏ ̪̆ ̂̉̌̏ ̯̎̆̍̏̄̔̆ ̪̯̉̈̂̆̉ [19], [20], [21], [22]. ˑ̏̅́̓̎̏, ̯̐̏̍̏̎̏ ̪̮̎́̐́́̆
ICS ̉̍́ ̎̆̋̏̌̉̋̏ ̉̈̌́̈́ ̙̓̏ ̘̉̎̉ ̅́ ̏̅̎̏̒̉ ̣̉̈̍̆̔ ̖̑́̒̉̐̎̉ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̪̐̏̒̓́̔
̪̋̏̍̐̌̆̋̒̎̉̉, ́ ̓̏ ̍̏̇̆ ̉̍́̓̉ ̘̪̈̎́́́̎ ̗̪̔̓̉́ ̎́ ̆̆̋́̓̕ ̔̎́̋̑̒̎̆-̗̪̑̆̄̔̌́̉̆ ̐̑̉
̍́̌̉̍ ̯̮̏̐̓̆̑̆̆̉̍́ ̉̈̌́̈́ [123], [124]. ˜̪̏́̍ ̔̎́̋̑̒̎̆-̗̪̑̆̄̔̌́̉̆ ̯̆ ̂̉̓̉ ̪̙̮̐̏́̆̎
̔ ̭̐̏̄̌́̃̔ 4.7.2.

ˠ [21] ̪̆ ̐̑̉̋́̈́̎ ̉ ̪̐̑̉̍̆̑ ̗̪̒̉̍̔̌́̉̆ Lm(I) ̋́̑́̋̓̆̑̉̒̓̉̋̆ ̯̐̏̍̏̔ ̂̆̒̐̌́̓̎̏̄
̐̑̏̄̑́̍́ „SOFT POWER” [125]. ˟́̍̏ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̒̆, ̔ ̏̐̒̆̄̔ ̉̎̅̔̋̓̉̃̎̏̒̓̉
̏̅ ̉̎̓̆̑̆̒́, ̒̉̍̔̌̉̑́̎́ ̉ ̪̉̈̍̆̑̆̎́ ̉̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́ ̑̆̌́̓̉̃̎̏ ̅̏̂̑̏
̪̐̏̅̔̅́̑́̔. ˠ ̏̃̏̍ ̗̪̅̉̒̆̑̓́̉̉ ̗̪̒̉̍̔̌́̉́ Lm(I) ̪̎̉̆ ̣̑́̆̎́ ̪̆̑ ETD29 ̪̆̈̄̑̏ ̪̎̉̆ ̂̉̌̏
̑́̒̐̏̌̏̇̉̃̏ ̔ ̂́̈̉ ̐̏̍̆̎̔̓̏̄ ̐̑̏̄̑́̍́. ˟̑̆̂́ ̉̍́̓̉ ̔ ̃̉̅̔ ̉ ̅́ ̒́ „SOFT POWER” ̪̎̉̆
̯̍̏̄̔̆ ̮̒̉̍̔̌̉̑́̆ ̪̐̑̏̍̆̎̆ ̑́̒̉̐̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ [21].

˚́ ̏̒̎̏̃̔ ̒̃̆̄́ ̘̑̆̆̎̏̄ ̔ ̏̃̏̍ ̭̐̏̄̌́̃̔  ̍̏̇̆̍̏ ̅́ ̭̘̈́̋̔̉̍̏ ̅́ ̪̆ ̔̐̏̓̑̆̂́
̣̪̔̑̆́́ Power Choke Tester [119] ̓̏̋̏̍ ̮̓̆̒̓̉̑́́ ̉ ̭̙̮̐̏̂̏́́ ̖̃̉̒̏̋̏̑̆̋̃̆̎̓̎̉̕
̖̍́̄̎̆̓̎̉ ̋̏̍̐̏̎̆̎̓̉ ̂̉̌́ ̏̅ ̃̆̌̉̋̆ ̋̏̑̉̒̓̉.

2.5 ˕̈̂̏̑ ̭̘̖̋̔̎̉ ̋̏̍̐̏̎̆̎̓̉

ˠ ̏̃̏̍ ̭̐̏̄̌́̃̔ ̯̏̂̑́̅̉̆̍̏ ̎̆̋̆ ̘̐̑́̋̓̉̎̆ ́̒̐̆̋̓̆ ̉̈̂̏̑́ ̋̏̍̐̏̎̆̎̓̉,
̮̖̖̉̏̃̉ (̭̖̐̏̇̆̎̉) ̪̒̃̏̒̓́̃́ ̉ ̑́̒̐̏̌̏̇̉̃̏̒̓̉ ̎́ ̙̓̑̇̉̓̔. ˟̏̋̏̍ ̑́̅́ ̒̆
̉̒̐̏̒̓́̃̉̌̏ ̒̔ ̒̃̆ ̭̘̋̔̎̆ ̋̏̍̐̏̎̆̎̓̆ (̎̐̑. ̭̘̔̐̑́̃́̋̏ ̋̏̌̏, ̘̐̑̆̋̉̅́, ̐̏̌̔̍̏̒̎̉
̪̅̑́̃̆̑, bootstrap ̅̉̏̅́ ̉̌̉ ̙̗̐̑̉̄̔̎̉́) ̂̉̌̆ ̅̏̒̓̔̐̎̆ ̏̅ ̐̏ ̒́̍̏ ̪̆̅̎̏̄ ̣̘̐̑̏̉̈̃̏́́
(single-sourced). ˛̃́̋̃́ ̗̪̒̉̓̔́̉́ ̪̆ ̐̏̎̆̋́̅ ̔̒̐̏̑́̃́̌́ ̪̑́̈̃̏ ̉ ̮̉̒̓̑́̇̉̃́̆ ̔ ̃̆̈̉
̓̆̍̆ ̗̪̅̉̒̆̑̓́̉̆.

2.5.1 ˛̅́̂̉̑ ̘̐̑̆̋̉̅́́, ̪̅̑́̃̆̑́ ̉ ̙̗̐̑̉̄̔̎̉̆
ˑ̮̉̍̆̎̈̉̏̎̉̒́̆ ̘̐̑̆̋̉̅́́ ̒̆ ̎̏̑̍́̌̎̏ ̙̃̑̉ ̈́ ̍́̋̒̉̍́̌̎̉ ̔̌́̈̎̉ ̎́̐̏̎. ˗̏̅

ACF ̘̐̑̆̓̃́̑́́ ̏̂́ ̘̐̑̆̋̉̅́́ ̓̑̆̂́ ̅́ ̂̔̅̔ ̉̒̓́. ˜̙̏̓̏ ̪̏̃̅̆ ̉̍́̍̏ ̙̃̉̆̑̆̇̉̍̒̋̉
̑́̅ ̘̐̑̆̓̃́̑́́ (ACM DCM ̉ DCM), ̋́̏ ̉ ̅̏̅́̓̎̔ ̙̗̐̑̉̄̔̎̉̔, ̐̏̓̑̆̂̎̏ ̪̆ ̘̉̈̑́̔̎́̓̉
̙̃̑̎̆ ̑́̅̎̆ ̎́̐̏̎̆ ̈́ ̏̂́ ̘̪̒̌̔́́. ˛̃̏ ̪̆ ̪̆̅̎́ ̏̅ ̗̘̒̐̆̉̉̎̏̒̓̉̕ ICS ̒̉̒̓̆̍́.
˝̪̯̆̈̔̌̓̔̔̉ ̎́̐̏̎ ̘̐̑̆̋̉̅́́ ̒̆ ̪̅̏̂̉́ ̉̈ ̭̯̒̆̅̆̆ ̗̪̑̆̌́̉̆

_ _1,2 max ( , )DS DS PT DS SBV V V> Ö (2.5)

̪̄̅̆ ̪̆ 1,2 ̑̆̈̆̑̃́ (̍́̑̄̉̎́) ̏̅ 20% Ʉ ̙̓̏ ̪̆ ̍̉̎̉̍́̌̎̏ ̈́ FET ̘̐̑̆̋̉̅́̆, ́ VDS_PT ̉
VDS_SB ̒̔ ̎́̐̏̎̉ ̪̅̑̆̎́ ̘̐̑̆̋̉̅́́ ̋́̅́ ̒̉̒̓̆̍ ̐̑̆̎̏̒̉ ̪̆̎̆̑̄̉̔ (power transfer) ̉ ̋́̅́
̪̆ ̒̉̒̓̆̍ ̔ ̑̆̇̉̍̔ ̐̑̉̐̑́̃̎̏̒̓̉ (stand-by), ̑̆̅̏̍. ˕̘̎́̆, ̎̆̋̉ ̪̐̑̏̆̋̓́̎̓̉ ̪̔̈̉̍́̔
̏̃̔ ̑̆̈̆̑̃̔ ̉ ̅̏ 30%, ́̌̉ ̉̒̐̏̅ 20% ̎̆ ̪̒̍̉̆ ̅́ ̒̆ ̉̅̆ ̎̉ ̔ ̋̏̍ ̘̪̒̌̔́̔. ˚́̐̏̎
̘̐̑̆̋̉̅́́ ̋́̅́ ̒̉̒̓̆̍ ̐̑̆̎̏̒̉ ̪̆̎̆̑̄̉̔ ̒̆ ̍̏̇̆ ̘̉̈̑́̔̎́̓̉ ̋́̏ [19]
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̉ ̈́ ̍́̋̒̉̍́̌̎̉ ̔̌́̈̎̉ ̎́̐̏̎ ̏̅ 880 V (̙̃̑̎̏) ̂̉ ̉̈̎̏̒̉̏ 982,66 V. ˠ̯̮̃̆́̆̍ ̈́ 20%
̪̅̏̂̉́̍̏ ̉̈̎̏̒ 1179,19 V. ˜̘̑̆̋̉̅́̋́ ̘̓́̋́ SW, ̎́ ̗̒̌̉̉ 2.1, ̍̏̇̆ ̅́ ̅̏̒̓̉̄̎̆ ̅̏
1350 V ̐̑̉ ̍́̌̏̍ ̯̮̏̐̓̆̑̆̆̔ ̔ DCM (disabled-ACM) ̑̆̇̉̍̔ ̑́̅́. ˚́ ̗̒̌̉̉ 4.15
̪̉̈̍̆̑̆̎̏ ̪̆ 1340 V ̔ ̑̆́̌̎̏̍ ̑́̅̔, ́ ̪̏̃̅̆ ̒̍̏ ̈́̏̋̑̔̇̉̌̉ ̎́ 1350 V ̈̂̏̄ ̗̪̓̏̌̆̑́̎̉́
̋̏̍̐̏̎̆̎̓̉. ˟̏ ̪̆ ̪̔̆̅̎̏ ̉ ̎́̐̏̎ VDS_SB. ˍ̋̏ ̎́ ̓̏ ̅̏̅́̍̏ ̑̆̈̆̑̃̔ ̏̅ 20% ̯̅̏̂̉̆̍̏
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̉̈̎̏̒ ̏̅ 1620 V. ˚́ ̏̒̎̏̃̔ (2.5) ̭̘̪̈́̋̔̔̆̍̏ ̅́ ̘̐̏̌̔̐̑̏̃̏̅̎̉̋̉ ̘̐̑̆̋̉̅́̉ ̪̍̏̑́̔ ̅́
̂̔̅̔ ̏̅ ̐̏ 1700 V Ʉ ̙̓̏ ̪̆ ̭̯̒̆̅̆́ ̙̃̉́ ̒̓́̎̅́̑̅̎́ ̪̃̑̉̆̅̎̏̒̓ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́.

ˏ̉̅̉̍̏ ̅́ ̔ ̉̈̑́̈̔ (2.6) ̙̉̄̔̑̉̆̕ ̘̌́̎ ρ ὒ Ⱦὒ  ̪̋̏̉ ̭̐̑̆̅̒̓́̃́ ̎́̐̏̎̒̋̉
̪̑́̈̅̆̌̎̉̋ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̉ ̅̏̅́̓̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ (̃̉̅̉ ̒̌̉̋̔ 2.1). ˠ
̙̎́̆̍ ̘̪̒̌̔́̔ Lr ̪̎̉̆ ̭̈́̎̆̍́̑̉̃̏ (18%Ʉ27% Lm) ̉ ̈̂̏̄ ̓̏̄́ ̍̏̑́̍̏ ̉̍́̓̉ ̪̓́ ̘̌́̎.
˟̘̉̐̉̎̏ ̔ ̅̑̔̄̉̍ ̑́̅̏̃̉̍́ ̂̉ ̒̆ ̐̑̆̓̐̏̒̓́̃̉̌̏ ̅́ ̒̔ ̎́̐̏̎ ̎́ ̋̏̎̅̆̎̈́̓̏̑̔ ̈́
̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ ̉ ̎́̐̏̎ ̎́ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̉̒̓̉ [67]
̪̆̑ ̪̆ ὒ Ḻ ὒ  ̉ ̏̎̅́ ̎̆ ̂̉̒̍̏ ̉̍́̌̉ ̪̓́ ̘̌́̎, ̪̓. ̂̉̏ ̂̉ ̪̆̅̎́̋ 1.

˔̂̏̄ ̘̮̏̄̑́̎̉̆́ ̐̑̏̒̓̏̑́, ̪̓. ̭̅̏̈̃̏̆̎̆ ̃̉̒̉̎̆, ̘̐̑̆̋̉̅́̉ ̒̔ ̍̏̑́̌̉ ̂̉̓̉ ̔
̯̙̋̔̉̓̔ ̈́ ̙̐̏̃̑̉̎̒̋̔ ̍̏̎̓́̇̔ (SMD Ʉ surface-mounted device). ˚̪̭́̂̏̉ ̉̈̂̏̑ ̐̏
̮̐̉̓́̔ ̖̍́̌̉ ̄̔̂̉̓́̋́ ̉ ̍̎̏̄̏ ̮̍́̆ ̗̪̉̆̎̆ ̔ ̏̅̎̏̒̔ ̎́ ̒̓́̎̅́̑̅̎̆ ̃̉̒̏̋̏̎́̐̏̎̒̋̆ Si
MOSFET-̏̃̆ ̪̆ ̂̉̏ UnitedSiC SiC FET 1700 V, 5 A, 410 mɱ [126]. ˕̘̎́̆, ̙̃̉̆ ̗̪̉̎̏̑̍́̉́̕
̏ SiC FET ̖̪̓̆̎̏̌̏̄̉̉ ̍̏̇̆ ̒̆ ̯̎́̉ ̔ [127] ̉ [128], ́ ̏ ̍̏̅̆̑̎̉̍ ̗̐̏̌̔̐̑̏̃̏̅̎̉̉̍́ (Si,
SiC ̉ GaN) ̔ [129].

˞̭̯̆̅̆̉ ̉̈́̈̏̃ ̐̑̉ ̪̮̐̑̏̆̋̓̏̃́̔ ACF ̘̐̑̆̓̃́̑́́ ̪̆ ̂̉̏ ̏̅́̂̉̑ high-side
̪̅̑́̃̆̑́ ̉ ̪̯̏̅̄̏̃́̑́̔̆ bootstrap ̅̉̏̅̆ ̪̋̏́ ̍̔ ̪̆ ̐̑̉̅̑̔̇̆̎́. ˛̅́̂̑́̎ ̪̆ ̐̏̌̔̍̏̒̓̎̉
̪̅̑́̃̆̑, ̒́ ̗̪̉̈̏̌́̉̏̍ 1500 V ̉ bootstrap ̋̏̌̏̍, ̈́ ̭̮̔̐̑́̃́̆ ̏̂́ ̘̐̑̆̋̉̅́́. ˛̃́̋̃̉̍
̐̑̉̒̓̔̐̏̍ ̏̒̉̄̔̑́̎̏ ̪̆ ̅́ ̉̍́̍̏ ̭̅̏̃̏̎̏ „̍̑̓̃̏̄” ̃̑̆̍̆̎́ (dead-time) ̣̉̈̍̆̔
̗̪̋̏̍̔̓́̉́ QL ̉ QH ̘̐̑̆̋̉̅́́ ̘̉̍̆ ̂̉̒̍̏ ̪̉̈̂̆̄̌̉ ̋̑́̓́̋ ̪̒̐̏ (shoot-through).
˚́̑́̃̎̏, ̭̘̔̐̑́̃́̋̏ ̋̏̌̏ NCP1568 ̃̏̅̉ ̘̑́̔̎́ ̏ „̍̑̓̃̏̍” ̃̑̆̍̆̎̔, ́̌̉ ̏̃̉̍ ̒̍̏
̅̏̅́̌̉ ̑̆̈̆̑̃̔ ̎́ ̓̏. Bootstrap ̅̉̏̅́ ̓̑̆̂́ ̅́ ̂̔̅̆ ̔ ̮̍́̆̍ SMD ̯̙̋̔̉̓̔ (̎̐̑. ̓̉̐
SMA), ̅́ ̪̪̏ ̎́̈̉̃̎̉ ̎́̐̏̎ ̂̔̅̆ ̂́̑ 1500 V, ̅́ ̉̍́ ̐́̅ ̎́̐̏̎́ (forward voltage-drop)
.̪̓ ,ns 75ױ> V ̉ ̪̃̑̉̆̍̆ ̏̐̏̑́̃̋́ (reverse-recovery time) 1,25ױ> ultra-fast recovery
̋́̑́̋̓̆̑̉̒̓̉̋̔. ˍ̌̉, ̓́̋̃́ ̅̉̏̅́ ̪̙̏ ̪̔̃̉̆̋ ̎̆ ̪̐̏̒̓̏̉ ̎́ ̙̓̑̇̉̓̔. ˔̂̏̄ ̓̏̄́ ̪̆ ̔ ̏̃̏̍
̪̐̑̏̆̋̓̔ ̙̯̋̏̑̉̆̎́ 1300 V ̅̉̏̅́. ˑ̑̔̄̆ ̑́̒̐̏̌̏̇̉̃̆ ̅̉̏̅̆ ̎́̐̏̎́ І1500ױ V ̒̔ ̂̉̌̆
̉̌̉ ̒́ standard-recovery ̋́̑́̋̓̆̑̉̒̓̉̋̏̍, ̪̓. ̒̐̏̑̆, ̉̌̉ ̒́ ̐́̅̏̍ ̎́̐̏̎́ ̔ ̏̐̒̆̄̔ 3Ʉ6 V
Ʉ ̙̓̏ ̪̆ ̂̉̌̏ ̖̭̎̆̐̑̉̃́̓̉̃̏. ˒̋̒̐̆̑̉̍̆̎̓̉ ̒́ ̓́̋̃̉̍ ̙̌̏̉̍ (sloppy) ̅̉̏̅́̍́, ̉̌̉
̅̑̔̄̉̍ ̐̏̌̔̍̏̒̎̉̍ ̪̅̑́̃̆̑̉̍́, ̐̏ ̐̑́̃̉̌̔ ̒̔ ̅̏̃̏̅̉̌̉ ̅̏ ̙̮̔̎̉̓̆́ ACF ̘̐̑̆̓̃́̑́́
́̎ ̓́̅ ̪̆ ̘́́̑́̃̓̆̑̐ V. ˜̪̑̉̍̆̑ ̪̆̅̎̏̄ ̓́̋̏ ̙̔̎̉̓̆̎̏̄ ACF 800ױ< ́̍̉̎̏̐́̎ ́̒ ̔̅́̑ ̉̑̐
̗̒̌̉̉ 2.15 (̪̑́̎̉́ ̪̃̆̑̈̉́ ̐̑̏̓̏̓̉̐́).

˞̌̉̋́ 2.15 ˜̪̑̉̍̆̑ ̙̔̎̉̓̆̎̏̄ ACF ̘̐̑̆̓̃́̑́́12

˜̭̮̏̒̆̅̉ ̉̈́̈̏̃ ̪̆ ̂̉̏ ̉̈̂̏̑ ̅̏̅́̓̎̆ ̙̗̐̑̉̄̔̎̉̆ ̪̋̏́ ̂̉ ̯̏̍̏̄̔́̃́̌́ ZVS ̑́̅
̘̐̑̆̋̉̅́́. ˠ ̪̏̃̏ ̪̐̑̉̍̆̎̉ (ICS) ̏̎́ ̪̆ ̍̏̑́̌́ ̅́ ̂̔̅̆ ̔ SMD ̯̙̋̔̉̓̔ ̍́̋̒̉̍́̌̎̆

12 Used with permission of  Brusa Elektronik (München) GmbH, Munich, Germany.
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̉ (ɱ 0,15ױ>) ̉̓̒̏̎̑̏̐̓̏ ̆̌́̍ ,C°ױ125ױ< ̆̑̔̓́̑̆̐̍̆̓ ̆̎̅́̑ ̆̎̌́̍̉̒̋́̍ ,mm 8ױ> ̆̎̉̒̉̃
̍̉̎̉̍́̌̎̆ ̙̃̑̎̆ ̪̒̓̑̔̆ ̏̅ ̂́̑ 2 A. ˞́̍̏ ̪̆ ̪̆̅̎́ ̋̏̍̐̏̎̆̎̓́ ̉̒̐̔̎̉̌́ ̏̃̆ ̔̒̌̏̃̆. ˟́
̙̗̐̑̉̄̔̎̉́ ̪̆ ̉̒̓̏̃̑̆̍̆̎̏ ̂̉̌́ ̉ ̪̪̎́̓̏̐̌̉́ ̋̏̍̐̏̎̆̎̓́ ACF ̘̐̑̆̓̃́̑́́ ̉ ̍̏̑́̌́ ̪̆
̅́ ̂̔̅̆ ̐́̒̉̃̎̏ ̖̣̌́̆̎́. ˕̘̎́̆, ̏̃̏ ̪̆ ̂̉̏ ̉ ̪̯̎́̃̆̉ ̎̆̅̏̒̓́̓́̋ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔
̪̏̃̏ ̗̘̪̒̐̆̉̉̎̏̕ ̪̐̑̉̍̆̎̉.

2.5.2 ˜̑̆̐̏̑̔̋́ ̈́ ̪̒̃̏̒̓̃́ ̯̖̂̔̅̔̉ ̭̘̖̔̐̑́̃́̋̉ ̋̏̌́
˜̭̏̇̆̎́ ̪̒̃̏̒̓̃́ ̭̘̖̔̐̑́̃́̋̉ ̋̏̌́ ̈́ ACF ̘̐̑̆̓̃́̑́̆ ̈́ ̪̐̑̉̍̆̎̔ ̔ HDCIV

̒̉̒̓̆̍̉̍́ ̂̉ ̂̉̌́ [19]:

¶ HV start-up ̉ ̒̏̐̒̓̃̆̎́ ̙̮̐̏̓̑̏́ (self-supply) ̅́ ̑́̅̆ ̔ ̏̐̒̆̄̔ 240Ʉ950 V
̔̌́̈̎̏̄ ̪̪̆̅̎̏̒̍̆̑̎̏̄ ̎́̐̏̎́. ˝́̈̌̏̄ ̈́ 240 V ̪̆ ̅́ ̂̉̒̍̏ ̍̏̄̌̉ ACF ̘̐̑̆̓̃́̑́
̋̏̑̉̒̓̉̓̉ ̎́ ̙̓̑̇̉̓̉̍́ ˞ˍˑ ̉̌̉ ˶́̐́̎́.

¶ ˙̉̎̉̍́̌̎́ ̘̐̑̆̋̉̅́̋́ ̘̔̆̒̓́̎̏̒̓ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̅́ ̂̔̅̆ 60 kHz.

¶ ˛̒̉̄̔̑́̓̉ ̅́ ̪̮̋̑́̉ ̋̏̑̉̒̎̉̋ ̍̏̇̆ ̘̑̔̎̏ ̙̐̏̅̆́̃́̓̉ ̐̑́̄̏̃̆ ̐̑̆̌́̒̋́ ̣̉̈̍̆̔
ACM ̉ DCM ̑̆̇̉̍́. ˑ̏̅́̓̎̏, ̔ multi-mode ̑́̅̔ ̅́ ̉̍́̍̏ ̪́̒́̎ ̐̑̆̌́̈ DCM-ACM ̉
̏̂̑̎̔̓̏, ̪̓. ̅́ ̪̏̃́ ̐̑̆̌́̈ ̂̔̅̆ ̏̓̐̏̑́̎ ̎́ ̙̔̍ ̉ ̅́ ̎̆̍́ ̋̃́̈̉-̒̓́̂̉̌́̎ ̑́̅ ̏̋̏
̖̓̉ ̐̑́̄̏̃́.

¶ ˚̗̏̇̉́ (̐̉̎) ̭̘̔̐̑́̃́̋̏̄ ̋̏̌́ ̐̏̃̆̈́̎́ ̎́ SW ̘̓́̋̔ ̅́ ̂̔̅̆ ̒̐̏̒̏̂̎́ ̅́
̉̈̅̑̇̉ ̂́̑ 950 V ̅́ ̂̉̒̍̏ ̪̉̈̂̆̄̌̉ ̯̃̆̆ ̪̮̐̏̍̆̑́̆ ̐̑́̄́ ̈́ ̗̪̅̆̓̆̋̉̔ ZVS.
˕̅̆́̌̎̏, ́̋̏ ̂̉ ̪̓́ ̐̉̎ ̍̏̄́̏ ̅́ ̉̈̅̑̇̉ 1500 V ̓̉̍̆ ̂̉̒̍̏ ̆̌̉̍̉̎̉̒́̌̉
̅̏̅́̓̎̉ ̪̑́̈̅̆̌̎̉̋ ̎́̐̏̎́, ̪̓. ̮̒̍́̉̌̉ ̂̉̒̍̏ ̙̓̑̏̋̏̃̆ ̉ ̯̈́̔̈̆̆ ̐̑̏̒̓̏̑́
̙̓́̍̐́̎̆ ̘̐̌̏̆.

2.6 ˛̪̗̮̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́

˜̏̈̎́̓̏ ̪̆ ̅́ ̋̏̅ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ flyback ̘̐̑̆̓̃́̑́́ ̍̏̑́̍̏ ̉̍́̓̉ ̒̎́̂̆̑-
̋̏̌̏ ̅́ ̂̉̒̍̏ ̙̈́̓̉̓̉̌̉ ̘̐̑̆̋̉̅́ ̔ ̓̑̆̎̔̓̋̔ ̭̘̮̉̒̋̔̆́. ˎ̆̈ ̓̏̄ ̋̏̌́ ̎́ ̘̐̑̆̋̉̅́̔
̂̉ ̒̆ ̪́̃̉̏ ̐̑̆̎́̐̏̎ ̋́̏ ̭̗̐̏̒̆̅̉́ ̑̆̈̏̎́̎̒̆ ̐́̑́̈̉̓̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉
̓̑́̎̒̏̑̍́̓̏̑́̕ ̉ ̉̈̌́̈̎̆ ̗̋́̐́̉̓̉̃̎̏̒̓̉ MOSFET ̘̐̑̆̋̉̅́́ [130]. ˟̘̉̐̉̎̏ ̒̆
̋̏̑̉̒̓̉ RCD ̒̎́̂̆̑-̋̏̌̏ ̉ ̏̎̏ ̐̑̏̒̓̏ ̑́̒̉̐́ ̪̆̎̆̑̄̉̔ ̙̔̒̋̌́̅̉̓̆̎̔ ̔ ̐́̑́̈̉̓̎̉̍
̆̌̆̍̆̎̓̉̍́ ̋̏̌́ ̎́ ̏̓̐̏̑̎̉̋̔. ˔́ ̪̮̐̑̏̆̋̓̏̃́̆ ̉̒̓̏̄ ̐̏̄̌̆̅́̓̉ ̗̑̆̆̑̆̎̔̕ [130].

ˍCF ̘̐̑̆̓̃́̑́, ̋́̏ ̙̓̏ ̍̔ ̉ ̉̍̆ ̋́̇̆, ̉̍́ ́̋̓̉̃̎̏ ̪̗̮̏̅̒̉̆́̆ ̐̏̍̆̎̔̓̏̄
̙̃̑̎̏̄ (̐̑̆)̎́̐̏̎́ ̉ ̯̍̏̄̔̎̏̒̓ ̗̮̑̆̉̋̌̉̑́́, ́ ̎̆ ̮̑́̒̉̐́́, ̪̆̎̆̑̄̉̆ ̑̆̈̏̎́̎̓̎̏̄
̋̏̌́. ˙̣̆̔̓̉̍, ̔ ̒̓́̎̅́̑̅̎̏̍ ˍCF ̘̐̑̆̓̃́̑́̔ ̪̔̃̉̆̋ ̉̍́̍̏ ̎̆̋̉ ̃̆̌̉̋̉ ̏̓̐̏̑̎̉̋
(1Ʉ10 Mɱ), ̐́̑́̌̆̌̎̏ ̋̏̎̅̆̎̈́̓̏̑̔ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́, ̪̋̏̉ ̒̌̔̇̉ ̈́
̮̮̐̑́̇̆̆ ̉̒̓̏̄ ̎́̋̏̎ ̭̘̮̉̒̋̔̆́ ̪̮̎́̐́́́ ̉ ̙̈́̓̉̓̔ ̔ ̐̑̆̌́̈̎̉̍ ̗̐̑̏̆̒̉̍́ [20],
[21], [62].

˕̈̑́̈ ̖̉̂̑̉̅̎̏ ̪̗̮̏̅̒̉̆́̆ (hybrid-clamp) ̙̃̑̎̏̄ ̎́̐̏̎́ ̈́ ACF ̘̐̑̆̓̃́̑́ ̪̆
̭̐̑̆̅̒̓́̃̆̎ ̔ [131] (̪̙̮̑̆̆̆ ̒́ ̏̓̐̏̑̎̉̋̏̍) ̉ ̔ [132] (̪̙̮̑̆̆̆ ̒́ TVS ̅̉̏̅̏̍).
ˑ̏̅́̓̎̏, ̔ [133] ́̔̓̏̑̉ ̓̃̑̅̆ ̅́, ̔ stand-by ̑̆̇̉̍̔, ́̋̓̉̃̎̏ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄
̎́̐̏̎́ ̪̎̉̆ ̐̏̓̑̆̂̎̏ ̙̐̏̓̏ ̒̔ ̪̒̓̑̔̆ ̍́̌̆, ́ ̓̉̍̆ ̉ ̙̃̑̎́ ̪̃̑̉̆̅̎̏̒̓ ̎́̐̏̎́ QL.
˙̣̆̔̓̉̍, ̓̑̆̂́̍̏ ̉̍́̓̉ ̔ ̃̉̅̔ ̅́ ̒̔ ̔ ̒̃̉̍ ̏̃̉̍ ̘̗̌́̎̉̍́ ́̔̓̏̑̉ ̋̏̑̉̒̓̉̌̉ ACF
̘̐̑̆̓̃́̑́ ̒́ ̍̏̎̏́̈̎̉̍̕ ̔̌́̈̎̉̍ ̎́̐̏̎̏̍ Ʉ ̙̓̏ ̪̆ ̭̪̐̏̃̏̎̉́ ̗̪̒̉̓̔́̉́. ˠ ̏̃̏̍
̭̐̏̄̌́̃̔ ̯̆̍̏ ́̎́̌̉̈̉̑́̓̉ ̉ ̐̏̓̑̆̂̔ ̈́ ̖̉̂̑̉̅̎̉̍ ̪̗̮̏̅̒̉̆́̆̍ ̙̃̑̎̏̄ ̎́̐̏̎́ ̋̏̅
800 V ACF ̘̐̑̆̓̃́̑́́.
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ˠ ̘̓̉̐̉̎̉̍ ̪̐̑̉̍̆̎́̍́ ACF ̘̐̑̆̓̃́̑́́, ̋́̏ ̮̘̐̔́́ ̉̌̉ ̪̮̎́̐́́́ ̣̪̔̑̆́́
̙̘̐̏̓̑̏́̋̆ ̆̌̆̋̓̑̏̎̉̋̆, ̏̎ ̒̆ ̪̎́̐́́ ̉̈ ̍̏̎̏́̈̎̆̕ ̅̉̒̓̑̉̂̔̓̉̃̎̆ ̍̑̆̇̆. ˠ ̓̏̍
̘̪̒̌̔́̔ multi-mode ̑́̅ ̎̆ ̭̐̑̆̅̒̓́̃́ ̎̉̋́̋́̃ ̐̑̏̂̌̆̍. ˍ̌̉, ̔ ICS ̗̪́̐̌̉̋́̉̉, SW
̘̓́̋́, ̪̓. ̎́̐̏̎ ̪̅̑̆̎́ QL, ̍̏̇̆ ̅́ ̉̅̆ ̅̏ 1350 V ̐̑̉ ̍́̌̏̍ ̯̮̏̐̓̆̑̆̆̔, ̪̓. ̔ disabled-
ACM ̑̆̇̉̍̔ ̑́̅́. ˔̂̏̄ ̓̏̄́ ̪̆ ̔̐̏̓̑̆̂́ ̖̉̂̑̉̅̎̏̄ ̪̗̮̏̅̒̉̆́́ ̏̂́̃̆̈̎́. ˛̪̃̅̆ ̪̆
̘̏̅̌̔̆̎̏ ̅́ ̒̆ ̋̏̑̉̒̓̆ ̗̏̓̐̏̑̎̉̉.

ˑ̏̅́̓̎̉ ̑́̈̌̏̄ ̈́ ̔̐̏̓̑̆̂̔ ̖̉̂̑̉̅̎̏̄ ̪̗̮̏̅̒̉̆́́ ̪̆ ̙̈́̓̉̓́ ̐̑̉̍́̑̎̆ ̒̓̑́̎̆
ˍCF ̘̐̑̆̓̃́̑́́ ̐̑̉̌̉̋̏̍ ̖̋̑́̓̋̉ ̪̒̐̏̆̃́ ̎́ ̒̆̋̔̎̅́̑̔. ˏ̙̉̆ ̗̪̉̎̏̑̍́̉́̕ ̏
̙̮̐̏̎́́̔ ˍCF ̘̐̑̆̓̃́̑́́ ̐̑̉̌̉̋̏̍ ̖̋̑́̓̋̉ ̪̒̐̏̆̃́ ̯̂̉̆ ̅́̓̏ ̔ ̭̐̏̄̌́̃̔ 4.6.

2.6.1 ˛̅́̂̉̑ ̐́̑́̍̆̓́̑́
ˏ̯̆ ̒̍̏ ̪̑́̎̉̆ ̑̆̋̌̉ ̅́ ̋̏̅ ACF ̘̐̑̆̓̃́̑́́ ̘̓̉̐̉̎̏ ̉̍́̍̏ ̃̆̌̉̋̉ ̏̓̐̏̑̎̉̋

̑̆̅́ ̘̃̆̌̉̉̎̆ ̎̆̋̏̌̉̋̏ ˙ɱ ̐́̑́̌̆̌̎̏ ̋̏̎̅̆̎̈́̓̏̑̔ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́
̘̐̑̆̋̉̅́́. ˙̣̆̔̓̉̍, ̓̏ ̪̎̉̆ ̃̆̈́̎̏ ̈́ ̖̉̂̑̉̅̎̏ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̈́̓̏ ̙̓̏
̂̉̒̍̏ ̈́ ̓̔ ̖̒̃̑̔ ̉̍́̌̉ ̏̓̐̏̑̎̉̋̆ ̑̆̅́ ̘̃̆̌̉̉̎̆ „100 kɱ”.

ˑ́ ̂̉̒̍̏ ̐̑́̃̉̌̎̏ ̏̅́̂̑́̌̉ ̏̓̐̏̑̎̉̋ (clamping resistor) ̔ ̒̎́̂̆̑-̋̏̌̔ ̓̑̆̂́̍̏
̉̍́̓̉ ̔ ̃̉̅̔ ̅́ ̒̆ ̉̈̂̏̑ ̋̏̎̅̆̎̈́̓̏̑́ (clamping capacitor) ̙̃̑̉ ̐̏ ̅̑̔̄̉̍
̪̋̑̉̓̆̑̉̔̍̉̍́, ̪̓. ̈́ ̑́̅ ̔ ACM ̑̆̇̉̍̔, ́ ̎̆ ̋́̏ ̋̏̅ RCD ̒̎́̂̆̑-̋̏̌́ ̋̏̅
̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ flyback ̘̐̑̆̓̃́̑́́. ˚́̐̏̎ ̪̗̮̏̅̒̉̆́́ ̔ DCM ̑̆̇̉̍̔ ̑́̅́ ̓̑̆̂́ ̅́
̂̔̅̆ ̯̃̆̉ ̎̆̄̏ ̔ ACM ̑̆̇̉̍̔ ̑́̅́.  ˛̃̉̍ ̒̆ ̯̏̍̏̄̔́̃́ ̅́ ACF ̘̐̑̆̓̃́̑́ ̒́ ̖̉̂̑̉̅̎̉̍
̪̗̮̏̅̒̉̆́̆̍ ̙̃̑̎̏̄ ̎́̐̏̎́ (hybrid-clamp) ̎̆̍́ ̅̏̅́̓̎̆ ̄̔̂̉̓̋̆ ̓̏̋̏̍ ̑́̅́ ̔ ACM
̑̆̇̉̍̔. ˠ ̙̎́̆̍ ̘̪̒̌̔́̔ ̪̃̑̉̆̅̎̏̒̓ ̏̓̐̏̑̎̉̋́ ̪̆ ̂̉̌́ 300 kɱ.

ˠ ̌̉̓̆̑́̓̔̑̉ ̪̆ ̣̐̑̏̎́̆̎̏ ̎̆̋̏̌̉̋̏ ̏̑̍̔̌́̕ ̈́ ̘̮̑́̔̎́̆ ̪̃̑̉̆̅̎̏̒̓̉
̗̋́̐́̉̓̉̃̎̏̒̓̉ ̋̏̎̅̆̎̈́̓̏̑́ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ (Cc) ̋̏̅ ACF ̘̐̑̆̓̃́̑́́ ̔
DCM ACM (CrCM) ̑̆̇̉̍̔ ̑́̅́ [24], [32], [82] ̉ [84]. ˟̆ ̏̑̍̔̌̆̕ ̒̔ ̐̑̉̋́̈́̎̆ ̔
(2.7)Ʉ(2.10), ́̌̉ ̒̔ ̅́̌̆ ̣̍̆̔̒̏̂̎̏ ̘̪̈̎́́̎̏ ̘̑́̈̌̉̉̓̆ ̑̆̈̔̌̓́̓̆ Ʉ ̙̓̏ ̪̆ ̏̓̆̇́̌̏
̗̐̑̏̆̒ ̪̮̐̑̏̆̋̓̏̃́́. ˚̆̋̉ ̏̅ ̐́̑́̍̆̓́̑́, ̪̋̏̉ ̒̆ ̋̏̑̉̒̓̆ ̔ (2.7)Ʉ(2.10), ̒̔ ̯̃̆ ̅́̓̉ ̔
̓́̂̆̌́̍́ 2.4 ̉ 2.6. ˚̪̆̅̏̒̓́̔ ̐́̅ ̎́̐̏̎́ ̎́ ̉̈̌́̈̎̉̍ ˥̏̓̋̉ (Schottky) ̅̉̏̅́̍́ VF ̏̅
0,3 V ̉ ̍́̋̒̉̍́̌̎́ ̘̐̑̆̋̉̅́̋́ ̘̔̆̒̓́̎̏̒̓ fsw_max ̏̅ 68 kHz. ˝̆̈̏̎́̎̓̎́ ̉̎̅̔̋̓̉̃̎̏̒̓
Lr (̉̌̉ ̪̮̏̂̆̅̉̆̎́ ̑́̒̉̐̎́ ̉̎̅̔̋̓̉̃̎̏̒̓) ̒̆ ̪̒́̒̓̏̉ ̏̅ ̅̏̅́̓̎̆ ̙̗̐̑̉̄̔̎̉̆ 100 µH ̉
̑́̒̉̐̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̓̑́̎̒̏̑̍́̓̏̑́̕ 8 µH. ˙̉̎̉̍́̌̎̉ ̉ ̍́̋̒̉̍́̌̎̉ ́̋̓̏̑̉̕
̉̒̐̔̎̆ (duty-cycle), ̔ power-transfer ̑̆̇̉̍̔ ̑́̅́ ICS, ̒̔ 9% ̉ 12%, ̑̆̅̏̍. ˕̈̑́̈ (2.7)
(̪̘̆̅̎́̉̎́ 21 ̔ [82]) ̪̆ ̉̍́̏ ̍́̌̔ ̙̄̑̆̋̔, ̪̋̏́ ̪̆ ̪̏̃̅̆ ̭̉̒̐̑́̃̆̎́, ́̌̉ je ̉ ̭̅́̆ ̅́o
̃̆̌̉̋̔ ̪̃̑̉̆̅̎̏̒̓ ̗̋́̐́̉̓̉̃̎̏̒̓̉ (357 nF). ˗̙̯̮̏̑̉̆̆̍ (2.8) [84] ̪̅̏̂̉́̍̏ ̭̂̏̉
̑̆̈̔̌̓́̓ (66 nF). ˚́ ̪̋̑́̔, ̉̈ (2.9) ̉ (2.10), ̪̋̏̉ ̒̔ ̣̐̑̉̌́̄̏̆̎̉ ̉̈ ̉̈̑́̈́ ̖̅́̓̉ ̔ [24] ̉
[32], ̍̏̇̆̍̏ ̘̉̈̑́̔̎́̓̉ ̍̉̎̉̍́̌̎̔ (42 nF) ̉ ̍́̋̒̉̍́̌̎̔ (166 nF) ̪̃̑̉̆̅̎̏̒̓
̗̋́̐́̉̓̉̃̎̏̒̓̉, ̑̆̅̏̍.

˔̂̏̄ ̓̏̄́ ̪̆, ̔ ̙̎́̆̍ ̘̪̒̌̔́̔, ̆̋̒̐̆̑̉̍̆̎̓́̌̎̏ ̣̔̓̃̑̆̎̏ ̅́ Cc ̏̅ 88 nF ̉ Lr ̏̅
108 µH ̪̅́̔ ̪̯̎́̃̆̉ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ ̒́ Lm=0,6 mH ̉ n=15. ˚́
̘̒̌̉́̎ ̘̎́̉̎ ̪̆ ̣̔̓̃̑̆̎̏ ̅́ ̈́ Lm=0,4 mH ̉ n=15 ̎́̍ ̪̓̑̆̂́̔ Cc ̏̅ 66 nF ̉ Lr ̏̅ 76 µH.
˛̃̉ ̑̆̈̔̌̓́̓̉  ̒̆ ̎́̌́̈̆ ̔ ̏̐̒̆̄̔ ̘̉̈̑́̔̎́̓̏̍ ̔ (2.9) ̉ (2.10) Ʉ ̙̓̏ ̣̪̐̏̓̃̑̔̆
̭̃́́̎̏̒̓ ̓̏̄ ̐̑̉̒̓̔̐́ [19], ̪̓. ̅́ ̓̆ ̏̑̍̔̌̆̕ ̓̑̆̂́̍̏ ̋̏̑̉̒̓̉̓̉ ̔ ̪̏̃̏ ̗̪́̐̌̉̋́̉̉.
˜̏̔̋́ ̒̃̆̄́ ̏̃̏̄ ̪̆ ̅́ ̒̆ ̎̉̋́̅ ̎̆ ̪̒̍̉̆̍̏ ̮̏̒̌́́̓̉ ̒́̍̏ ̎́ ̘̍́̓̆̍́̓̉̋̆ ̏̑̍̔̌̆̕ ̔
̌̉̓̆̑́̓̔̑̉ ̎̆̄̏ ̅́ ̒̃̆ ̓̏ ̍̏̑́̍̏ ̉ ̆̋̒̐̆̑̉̍̆̎̓́̌̎̏ ̅́ ̐̏̓̃̑̅̉̍̏. ˠ ̃̆̈̉ ̏̃̏̄
̍̏̇̆̍̏ ̘̐̑̆̐̏̑̔̉̓̉ ̉ ̑́̅ [134] ̪̄̅̆ ̪̆ ̅́̓́ ̋̑́̓̋́ ́̎́̌̉̈́ ̙̖̐̏̄̑̆̎̉ ̏̑̍̔̌́̕ ̔
̪̆̅̎̏̍ ̍̎̏̄̏ ̗̉̓̉̑́̎̏̍ ̘̌́̎̋̔.



ɸctive-clamped flyback dc-dc ʧʨʝʪʚʘʨʘʯ

31

2
min

_ 2 2
_ min

(1 )
0.5clamp onsemi

sw r

DC
f L
-=

Ö Ö Öp
(2.7)

2
_ max

_
1

1.5 ( )
m pri

clamp TI
r out F

L I
C

L n V V
Öè ø

= Ö é ùÖpÖ Ö +ê ú
(2.8)

2
min

_ min 2 2
_ max

(1 )
4clamp

sw r

DC
f L

-=
Ö Ö Ö p

(2.9)

2
max

_ max 2 2
_ min

(1 )
clamp

sw r

D
C

f L
-

=
Ö Öp

(2.10)

ˠ ̙̎́̆̍ ̘̪̒̌̔́̔ ̆̋̒̐̆̑̉̍̆̎̓́̌̎́ ̪̐̑̏̃̆̑́ ̪̎̉̆ ̂̉̌́ ̙̐̑̆̃̉̆ ̖̪̈́̓̆̃̎́ ̙̐̏̓̏
̒̔ ̆̋̒̐̆̑̉̍̆̎̓̉ ̣̔̑́̆̎̉ ̈́ ̗̋́̐́̉̓̉̃̎̏̒̓̉ 66 nF, 88 nF ̉ 110 nF ̉ ̒́ 68 µH ̉ 100 µH
̙̗̐̑̉̄̔̎̉́̍́ [19]. ˟̏ ̪̆̒̓, ̔̋̔̐̎̏ ̪̆ ̙̉̈̃̑̆̎̏ ̙̆̒̓ ̪̮̍̆̑̆́. ˠ ICS ̪̐̑̏̆̋̓̔, ̍̏̑́̌̉
̒̍̏ ̅́ ̋̏̑̉̒̓̉̍̏ SMD ̋̏̎̅̆̎̈́̓̏̑ 22 nF, 1 kV ̈̂̏̄ ̖̅̑̔̄̉ ̑́̈̌̏̄́ [19]. ˔̂̏̄ ̓̏̄́ ̪̆ ̉
̗̪̉̆̎́ ̖̓̉ ̋̏̎̅̆̎̈́̓̏̑́ ̂̉̌́ ̍́̌́ ̉  ̈́̓̏ ̪̆ ̏̅́̂̑́̎ ̅́ ̒̆ ̋̏̑̉̒̓̉ ̉ ̔ ̋̏̌̔ ̈́
̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́. ˛̎̏ ̙̓̏ ̍̏̇̆̍̏ ̌́̋̏ ̅́ ̘̔̏̉̍̏ ̪̆ ̅́ ̒̔
̪̃̑̉̆̅̎̏̒̓̉ Cc ̒́̍̏ ̙̗̔̍̎̏̉ 22 nF [19].

2.6.2 ˚́̐̏̎ ̋̏̎̅̆̎̈́̓̏̑́
ˠ ̌̉̓̆̑́̓̔̑̉ ̪̆ ̘̆̒̓̏ ̭̐̑̆̓̐̏̒̓́̃́̎̏ ̅́ ̪̆ ̎́̐̏̎ ̋̏̎̅̆̎̈́̓̏̑́ ̈́ ̪̗̮̏̅̒̉̆́̆

̙̃̑̎̏̄ ̎́̐̏̎́ ̋̏̎̒̓́̎̓́̎, ̪̓. ̅́ ̪̆ ̮̆̄̏̃́ ̗̋́̐́̉̓̉̃̎̏̒̓ ̃̆̌̉̋́. ˝́̈̌̏̄ ̈́ ̏̃̏ ̪̆ ̂̉̏
̙̌́̋̆ ̣̮̉̈̃̏̆̆ ̪̘̆̅̎́̉̎́ ̉, ̋́̏ ̭̗̐̏̒̆̅̉́, ̭̮̐̑́̃̆̆ ̣̖̏̅̑̆̆̎̉ ̭̘̈́̋̔́̋́.

˙̣̆̔̓̉̍, ̔ ̒̓̃́̑̎̏̒̓̉ ̉̍́̍̏ ̎̆̋̏̌̉̋̏ ̘̮̏̄̑́̎̉̆́ ̐̑̉̌̉̋̏̍ ̗̪̑̆́̌̉̈́̉̆:
̑́̒̐̏̌̏̇̉̃̉ ̐̑̏̒̓̏̑ ̎́ ̙̪̓́̍̐́̎̏ ̘̐̌̏̉, ̒̉̄̔̑̎̏̒̎́ ̪̮̑́̒̓̏́́ (clearance ̉ creepage),
̘̃̆̌̉̉̎́ SMD ̯̙̋̔̉̓́, ̎́̈̉̃̎̉ ̎́̐̏̎ ̋̏̎̅̆̎̈́̓̏̑́ ̉ ̗̪̉̆̎́. ˑ̏̅́̓̎̏, ̓̑̆̂́ ̉̍́̓̉
̎́ ̔̍̔ ̅́ ̏̐̓̉̍́̌̎́ ̪̃̑̉̆̅̎̏̒̓ ̗̋́̐́̉̓̉̃̎̏̒̓̉ ̎̆ ̍̏̑́ ̅́ ̂̔̅̆ ̃̆̌̉̋́ Ʉ ̙̓̏ ̒̍̏ ̯̃̆
̪̃̉̅̆̌̉ ̔ ̙̎́̆̍ ̪̐̑̉̍̆̑̔. ˗́̏ ̭̗̐̏̒̆̅̉́ ̏̃̏̄ ̎́̐̏̎ ̋̏̎̅̆̎̈́̓̏̑́ ̈́ ̪̗̮̏̅̒̉̆́̆ ̪̆
̪́̋̏ ̪̭̐̑̏̍̆̎̉̃ ̔ ̑̆́̌̎̏̍ ̑́̅̔.

˞̉̍̔̌̉̑́̎̉ ̪̐̑̉̍̆̑ ̔ ̙̎́̆̍ ̘̪̒̌̔́̔ ̪̆ ̅́̓ ̎́ ̗̒̌̉̉ 2.16 ̈́ ̑́̅ ̒́
̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3 ̐̑̉ ̍́̋̒̉̍́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔ (57 W). ˙́̋̒̉̍́̌̎́ ̪̃̑̉̆̅̎̏̒̓
̎́̐̏̎́ ̋̏̎̅̆̎̈́̓̏̑́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ ̏̅ 620 V ̪̆ ̂̉̌́ 145,6 V, ́ ̐̑̉ 850 V ̂̉̌́ ̪̆
144,6 V. ˙̉̎̉̍́̌̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̒̔ ̂̉̌̆ ̉̒̐̏̅ 70 V ̙̓̏ ̘̈̎́̉ ̅́ ̪̆ ̪̐̑̏̍̆̎́ ̎́̐̏̎́
̋̏̎̅̆̎̈́̓̏̑́ ̂̉̌́ ̙̃̉̆ ̎̆̄̏ ̅̃̏̒̓̑̔̋̏ ̯̃̆́. ˗́̏ ̅̏̐̔̎́, ̎́ ̗̒̌̉̉ 2.17, ̭̘̔̋̔̆̎́ ̪̆ ̉
̗̪̒̉̍̔̌́̉́ ̎́̐̏̎́ ̎́ ̋̏̎̅̆̎̈́̓̏̑̔ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̈́ ̑́̅ ̒́
̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟2 ̐̑̉ ̍́̋̒̉̍́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔ (57 W).

˜̑̆̄̌̆̅ ̖̆̋̒̓̑̆̍̎̉ ̪̃̑̉̆̅̎̏̒̓̉ ̎́̐̏̎́ ̎́ ̋̏̎̅̆̎̈́̓̏̑̔ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄
̎́̐̏̎́ ̘̐̑̆̋̉̅́́, ̈́ ̏̂́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟2 ̉ ˟3, ̪̆ ̅́̓ ̔ ̓́̂̆̌̉ 2.10. ˜̙̏̓̏ ̪̆
̪̃̑̉̆̅̎̏̒̓ ̗̋́̐́̉̓̉̃̎̏̒̓̉ ̈́ ̪̃́̑̉́̎̓̔ ACF ̘̐̑̆̓̃́̑́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3
(88 nF) ̈́ 33% ̯̃̆́ ̎̆̄̏ ̋̏̅ ̪̃́̑̉́̎̓̆ ̒́ T2 (66 nF), ̍̏̇̆̍̏ ̅́ ̘̔̏̉̍̏ ̅́ ̪̆ ̪̐̑̏̍̆̎́
̎́̐̏̎́ ̎́ ̮̆̍̔ (voltage  swing) ̮̍́́ Ʉ ̙̓̏ ̪̆ ̂̉̌̏ ̉ ̘̏̆̋̉̃́̎̏ (̑́̈̌̉̋́ ̪̆ ̏̋̏ 40 V)
[20]. ˟̣́̋̏̆, ̔ ̓́̂̆̌̉ 2.10 ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̒̔ ̍́̋̒̉̍́̌̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̎́̐̏̎́
̐̑̉̂̌̉̇̎̏ ̉̒̓̆ (̙̄̑̆̋́ ̮̍́́ ̏̅ 1,03 V), ̈́ ̒̃́̋̔ ̪̃́̑̉́̎̓̔ ̐̏̎́̏̒̏̂, ̈́ ̆̋̒̓̑̆̍̎̆
̪̃̑̉̆̅̎̏̒̓̉ ̔̌́̈̎̏̄ ̎́̐̏̎́ [20]. ˑ̑̔̄̉̍ ̪̘̑̉̆̉̍́, ̏̃̉̍ ̒̍̏ ̐̏̋́̈́̌̉ ̅́ ̍́̋̒̉̍́̌̎̆
̪̃̑̉̆̅̎̏̒̓̉ ̎́̐̏̎́ ̎́ ̋̏̎̅̆̎̈́̓̏̑̔ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑́̋̓̉̎̏ ̎̆
̈́̃̉̒̆ ̏̅ ̔̌́̈̎̏̄ ̎́̐̏̎́, ̯̃̆ ̒́̍̏ ̏̅ ̐́̑́̍̆̓́̑́ ̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́. ˑ̏̅́̓̎̏, ̪̏̃̅̆ ̒̍̏
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̉ ̐̏̋́̈́̌̉ ̅́ ̒̆ ̔ ̐̑́̋̒̉ ̎̆ ̍̏̇̆ ̭̐̑̆̓̐̏̒̓́̃́̓̉ ̅́ ̪̆ ̗̋́̐́̉̓̉̃̎̏̒̓ ̋̏̎̅̆̎̈́̓̏̑́
̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̃̆̌̉̋́, ̪̓. ̅́ ̪̆ ̮̆̄̏̃ ̎́̐̏̎ ̋̏̎̒̓́̎̓́̎, ̉̌̉ ̅́ ̘́̋ ̍̏̇̆̍̏
̪̐̑̉̍̉̆̎̉̓̉ ̘̉̈̑́̔̎́̓̔ ̪̃̑̉̆̅̎̏̒̓ ̉̒̓̏̄. ˞̘̌̉̎̆ ̑̆̈̔̌̓́̓̆, ̪̓. ̭̘̈́̋̔̋̆, ̒̍̏ ̉̍́̌̉ ̉
̔ [21] ̈́ ACF ̘̐̑̆̓̃́̑́ 13 W Ʉ ̙̓̏ ̎́̍ ̪̄́̑́̎̓̔̆ ̪̪̃̆̑̏̅̏̒̓̏̎̏̒̓ ̖̏̃̉ ̑̆̈̔̌̓́̓́ ̉
̭̘̈́̋̔́̋́. ˝̆́̌̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̎́̐̏̎́ ̎́ ̋̏̎̅̆̎̈́̓̏̑̔ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄
̎́̐̏̎́ ̘̐̑̆̋̉̅́́ ̒̔ ̐̏̋́̈́̎̉ ̔ ̪̆̋̒̐̆̑̉̍̆̎̓́̌̎̏ ̗̪̒̆̋̉̉ (̒̌̉̋̆ 4.5 ̉ 4.6).

˞̌̉̋́ 2.16 ˞̉̍̔̌̉̑́̎̉ ̎́̐̏̎ ̎́ ̋̏̎̅̆̎̈́̓̏̑̔ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ 88 nF

˞̌̉̋́ 2.17 ˞̉̍̔̌̉̑́̎̉ ̎́̐̏̎ ̎́ ̋̏̎̅̆̎̈́̓̏̑̔ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ 66 nF

˟́̂̆̌́ 2.10 ˜̑̆̄̌̆̅ ̎́̐̏̎́ ̎́ ̋̏̎̅̆̎̈́̓̏̑̉̍́ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́

Vclamp T3 (88 nF) T2 (66 nF)
620 V
Vclamp_min < 70 V < 40 V
Vclamp_max 145,63 V 152,49 V
850 V
Vclamp_min < 70 V < 40 V
Vclamp_max 144,60 V 152,03 V

˚
́̐
̏̎

[V
]

˚
́̐
̏̎

[V
]
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2.7 Zero-voltage switching (ZVS)

˶̆̅̎̏ ̏̅ ̖̐̏̈̉̓̉̃̎̉ ̪̒̃̏̒̓́̃́ ACF ̘̐̑̆̓̃́̑́́ ̪̆ ̯̍̏̄̔̎̏̒̓ ZVS ̗̪̋̏̍̔̓́̉́
̘̐̑̆̋̉̅́́ QL ̘̉̍̆ ̒̆ ̮̪̒̍́̔̔ ̘̐̑̆̋̉̅́̋̉ ̗̄̔̂̉̉ ̉̒̓̏̄. ˑ̏̅́̓̎̏ Ʉ ̈́̃̉̒̎̏ ̏̅ ̍̆̓̏̅̆
̭̮̔̐̑́̃́́ ̉ ̐́̑́̍̆̓́̑́ ̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́ Ʉ ̯̍̏̄̔̆ ̪̆ ̏̒̓̃́̑̉̓̉ ̉ ZVS ̗̪̋̏̍̔̓́̉̆
̘̐̑̆̋̉̅́́ QH [70]. ˑ́ ̂̉̒̍̏ ̏̒̓̃́̑̉̌̉ ZVS ̗̪̋̏̍̔̓́̉̆ ̘̐̑̆̋̉̅́́ QL ̔ HDCIV
̗̪́̐̌̉̋́̉̉ ACF ̘̐̑̆̓̃́̑́́ ̍̏̑́̍̏ ̋̏̑̉̒̓̉̓̉ ̅̏̅́̓̎̔ ̙̗̐̑̉̄̔̎̉̔ [20], [21]. ZVS
̗̪̋̏̍̔̓́̉̆ ̘̐̑̆̋̉̅́́ ̎̉̒̔ ̒́̍̏ ̋̏̑̉̒̎̆ ̈́ ̯̮̐̏̃̆́̆ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̎̆̄̏ ̉
̈́ ̮̮̒̍́̆̆ ̖̆̌̆̋̓̑̏̍́̄̎̆̓̒̋̉ ̮̒̍̆̓̉ (EMI) [52]. ˑ̏̅́̓̎̏, ̐̑̉ ̅̏̂̑̏̍ ̉̈̂̏̑̔
̐́̑́̍̆̓́̑́ ̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́, ̯̍̏̄̔̆ ̪̆ ̯̐̏̒̓̉̉ ̉ ZCS (zero-current switching)
̗̪̋̏̍̔̓́̉̆ ̅̉̏̅́ ̎́ ̒̆̋̔̎̅́̑̔ [32], [135] Ʉ ̙̓̏ ̪̆ ̪́̋̏ ̭̐̏̇̆̎̏. ˔́ ̭̅́̆ ̘̮̉̓́̆
̘̪̐̑̆̐̏̑̔̔̆̍̏ ́̎́̌̉̈̔ ̗̪̔̓̉́́ ̉̈̂̏̑́ ̋̏̎̅̆̎̈́̓̏̑́ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̔
[70] ̉ [136].

˔̂̏̄ ̃̉̒̏̋̏̄ ̎́̐̏̎́ SW ̘̓́̋̆ ̂̉̌̏ ̪̆ ̐̏̓̑̆̂̎̏ ̔̑́̅̉̓̉ ̮̆̄̏̃̏ ̮̒̋́̌̉̑́̆ ̎́
;V ̔ ̘̓́̋̉ ̮̐̏̃̆̈̉̃́́ ̎́ ̭̘̔̐̑́̃́̋̏ ̋̏̌̏ (̗̎̏̇̉́ ̪̂̑̏ 16: SW 700ױ> ̪̉̓̒̏̎̅̆̉̑̃
̓́̂̆̌́ 2.3) [20], [83]. NCP1568 ̋̏̑̉̒̓̉ ̗̪̉̎̏̑̍́̉̔̕ ̒́ ̏̃̏̄ ̔̌́̈́ ̑́̅̉ ́̅́̐̓̉̃̎̆
̋̏̎̓̑̏̌̆ „̍̑̓̃̏̄” ̃̑̆̍̆̎́ ̔ ̙̯̈́̓̉̆̎̏̍ (proprietary) ́̌̄̏̑̉̓̍̔ ZVS-̂́̈̉̑́̎̆
̗̪̍̏̅̔̌́̉̆ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ [20]. ˞̮̋́̌̉̑́̆ ̎́̐̏̎́ SW ̘̓́̋̆ ́̋̓̏̑̏̍̕ 0,47
̑̆́̌̎̏ ̘̈̎́̉ ̅́ ̒̍̏ ̯̐̏̃̆́̌̉ ̐̑́̄ ̈́ ̗̪̅̆̓̆̋̉̔ ZVS ̒́ 9,6 V ̎́ 20,4 V [20]. ˙̣̆̔̓̉̍,
̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̘̐̑̆̓̃́̑́́ ̪̎̉̆ ̮̒̍́̆̎ ̈̂̏̄ ̓̏̄́ ̙̐̏̓̏ ̪̆ ̉̈̌́̈̎́
̗̋́̐́̉̓̉̃̎̏̒̓ ̙̯̋̏̑̉̆̎̏̄ SiC FET ̘̐̑̆̋̉̅́́ [126] ̮̍́́ ̔ ̮̐̏̓̏̆̍ ̘̪̒̌̔́̔ [20].

˚̆ ̈́̂̏̑́̃̉̍̏ ̅́ ACF ̘̐̑̆̓̃́̑́ ̒́ NCP1568 ̑́̅̉ ̔ DCM ACM (CrCM) ̑̆̇̉̍̔.
˔̂̏̄ ̓̏̄́ ̯̆ ̓̏ ̉̍́̓̉ ̗̪̔̓̉́ ̎́ ̘̮̉̈̑́̔̎́̃́̆ ̐́̑́̍̆̓́̑́ ̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́ (Lr ̉ Cc).
˜̏̈̎́̓̏ ̪̆ ̅́ ̪̆ ̐̏̓̑̆̂́̎ ̔̒̌̏̃ ̈́ ZVS ̘̐̑̆̋̉̅́́ QL ̅́ ̙̔̒̋̌́̅̉̓̆̎́ ̪̆̎̆̑̄̉́ ̔
̪̑̆̈̏̎́̎̓̎̏ ̉̎̅̔̋̓̉̃̎̏̒̓̉ WL ̍̏̑́ ̂̉̓̉ ̯̃̆́ ̏̅ ̙̔̒̋̌́̅̉̓̆̎̆ ̪̆̎̆̑̄̉̆ ̔
̪̮̪̏̂̆̅̉̆̎̏ ̪̐́̑́̈̉̓̎̏ ̗̋́̐́̉̓̉̃̎̏̒̓̉ (lumped parasitic-capacitance), WC [24], [27].
˚̆̋̉ ́̔̓̏̑̉ ̈̏̃̔ ̓́̋̃̔ ̗̪̑̆̌́̉̔ „̪̘̆̅̎́̉̎́ ̆̎̆̑̄̆̓̒̋̏̄ ̂́̌́̎̒́” (energy-balance
equation) [70] ̉ ̏̎́ ̪̆ ̅́̓́ ̔ (2.11). ˜̑̉ ̍̉̎̉̍́̌̎̏̍ ̔̌́̈̎̏̍ ̎́̐̏̎̔ ̪̎̉̆ ̐̑̏̂̌̆̍ ̅́
̓́ ̗̪̑̆̌́̉́ ̂̔̅̆ ̭̈́̅̏̃̏̆̎́ ̙̐̏̓̏ ̪̆ ̙̃̑̎́ ̪̒̓̑̔́ ̎́ ̐̑̉̍́̑̔ ̓́̅́ ̪̯̎́̃̆́. ˍ̌̉, ̐̑̉
̍́̋̒̉̍́̌̎̏̍ ̔̌́̈̎̏̍ (̑̆̄̔̌̉̒́̎̏̍) ̎́̐̏̎̔ (850 V), ̪̆̎̆̑̄̉́ WC ̪̆ ̪̯̎́̃̆́ ̯̍̏̄̔́ ̅̏̋
̪̆ ̙̃̑̎́ ̪̒̓̑̔́ ̐̑̉̍́̑́ ̪̮̎́̍́́ ̉, ̒́̍̉̍ ̓̉̍, ̉ ̪̆̎̆̑̄̉́ WL. ˔̂̏̄ ̓̏̄́ ̪̆ ̔̐̏̓̑̆̂́
̅̏̅́̓̎̆ ̙̗̐̑̉̄̔̎̉̆ ̂̉̌́ ̏̂́̃̆̈̎́ [20], [21].

L CW W> (2.11)

˛̪̮̂̆̅̉̆̎́ ̐́̑́̈̉̓̎́ ̗̋́̐́̉̓̉̃̎̏̒̓ (Clump) ̔ ̘̓́̋̉ SW ̒̆ ̪̒́̒̓̏̉ ̏̅ ̉̈̌́̈̎̆
̗̋́̐́̉̓̉̃̎̏̒̓̉ FET ̘̐̑̆̋̉̅́́ (Coss), ̖̐́̑́̈̉̓̎̉ ̗̋́̐́̉̓̉̃̎̏̒̓̉ ̖̉̈̌́̈̎̉ ̅̉̏̅́
̖̑̆̌̆̋̓̏̃́̎̉̕ ̎́ ̐̑̉̍́̑̎̔ ̒̓̑́̎̔ ̉ ̐́̑́̈̉̓̎̆ ̗̋́̐́̉̓̉̃̎̏̒̓̉ ̐̑̉̍́̑̎̏̄ ̪̎́̍̏̓́́.
˚́̋̏̎ ́̎́̌̉̈̆ ̖̓́̌́̒̎̉ ̏̂̌̉̋́ ̎́̐̏̎́ ̔ ̘̓́̋̉ SW ̯̐̏̍̏̔ ̗̏̒̉̌̏̒̋̏̐́, ̐̑̆̍́
̔̐̔̓̒̓̃̔  ̉̈ [137], ̣̔̓̃̑̆̎̏ ̪̆ ̅́  ̔̋̔̐̎́ ̐́̑́̈̉̓̎́ ̗̋́̐́̉̓̉̃̎̏̒̓ ̉̈̎̏̒̉ ̏̋̏ 186 pF
[19]. ˝̆̈̏̎́̎̓̎́ ̉̎̅̔̋̓̉̃̎̏̒̓ Lr ̪̆ ̅̆̉̎̉̒́̎́̕ ̔ ̭̐̏̄̌́̃̔ 2.6.

ˠ ̙̎́̆̍ ̘̪̒̌̔́̔ ̋̏̎̅̆̎̈́̓̏̑ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̪̆ ̏̅́̂̑́̎ ̅́ ̂̔̅̆
̭̅̏̃̏̎̏ ̃̆̌̉̋ (88 nF) ̓́̋̏ ̅́ ̒̆ ̑̆̈̏̎́̎̓̎̉ ̐̆̑̉̏̅ ̎̆ ̙̈́̃̑̉ ̪̐̑̉̆ ̭̘̮̉̒̋̔̆́ QH
̘̐̑̆̋̉̅́́ (̃̉̅̉ ̒̌̉̋̆ 3.2 ̉ 3.4). ˛̃̏ ̘̈̎́̉ ̅́ ̔ ̪̘̆̅̎́̉̎̉ ̆̎̆̑̄̆̓̒̋̏̄ ̂́̌́̎̒́ (2.11)
̙̔̒̋̌́̅̉̓̆̎̆ ̪̆̎̆̑̄̉̆ ̔ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̉ ̪̑̆̈̏̎́̎̓̎̏ ̉̎̅̔̋̓̉̃̎̏̒̓̉
̅̏̐̑̉̎̏̒̆ ZVS ̗̪̋̏̍̔̓́̉̉ ̘̐̑̆̋̉̅́́ QL [70]. ˒̪̎̆̑̄̉̆ ̉̈ (2.11) ̒̔ ̘̉̈̑́̔̎́̓̆ ̋́̏ [19],
[70]

2 2
( ) ( )0,5 0,5L r clamp m mW L I L I- -= Ö Ö + Ö Ö (2.12)
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̉

20,5C lump SWW C V= Ö Ö , (2.13)

̑̆̅̏̍. ˠ (2.12) ̉ (2.13), Im(-) ̪̆ ̎̆̄́̓̉̃̎́ ̪̒̓̑̔́ ̯̮̍́̄̎̆̆́, Iclamp(-) ̪̆ ̎̆̄́̓̉̃̎́ ̪̒̓̑̔́ ̔
̄̑́̎̉ ̈́ ̪̗̮̏̅̒̉̆́̆ ̋́̅́ ̪̆ ̘̐̑̆̋̉̅́ QH ̭̘̉̒̋̔̆̎, ́ VSW ̪̆ ̎́̐̏̎ ̪̮̏̂̆̅̉̆̎̆
̐́̑́̈̉̓̎̆ ̗̋́̐́̉̓̉̃̎̏̒̓̉ (̪̓. ̎́̐̏̎ SW ̘̓́̋̆ ̉̌̉ ̪̅̑̆̎́ ̘̐̑̆̋̉̅́́ QL) [19]. ˟̑̆̂́
̉̍́̓̉ ̔ ̃̉̅̔ ̅́, ̔ ̙̎́̆̍ ̘̪̒̌̔́̔, ̑̆̈̏̎́̎̓̎́ ̉̎̅̔̋̓̉̃̎̏̒̓ Lr ̪̎̉̆ ̭̈́̎̆̍́̑̉̃́ ̔
̣̮̐̏̑̆̆̔ ̒́ ̙̯̉̎̅̔̋̓̉̃̎̏̔ ̯̮̍́̄̎̆̆́ Lm, ̉ ̈̂̏̄ ̓̏̄́ VSW ̍̏̑́ ̅́ ̂̔̅̆ ̘̉̈̑́̔̎́̓
̐̑̆̍́ (2.6) [19] ̉ ̈́ ̍́̋̒̉̍́̌̎̉ ̔̌́̈̎̉ ̎́̐̏̎ 850 V ̂̉ ̉̈̎̏̒̉̏ 952,66 V.

˜̑̆̄̌̆̅ ̘̖̉̈̑́̔̎́̓̉ ̙̖̔̒̋̌́̅̉̓̆̎̉ ̪̆̎̆̑̄̉́ ̔ ̑̆̈̏̎́̎̓̎̏̍ ̋̏̌̔ ACF
̘̐̑̆̓̃́̑́́, ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3, ̪̆ ̅́̓ ̔ ̓́̂̆̌̉ 2.11 [19]. ˏ́̇̎̏ ̪̆ ̎́̐̏̍̆̎̔̓̉ ̅́ ̪̆
̏̃́̋̃́ ̓́̂̆̌́ ̭̐̑̆̅̒̓́̃̆̎́ ̐̏ ̐̑̃̉ ̐̔̓ ̈́ ̎̆̋̉ ACF ̘̐̑̆̓̃́̑́. ˏ̪̑̉̆̅̎̏̒̓̉ ̪̒̓̑̔́ ̒̔
̔̈̆̓̆ ̒́ ̒̌̉̋́ 3.2 ̉ 3.4. ˕̪̍́̍̏ ̔ ̃̉̅̔ ̅́ ̪̒̓̑̔́ Iclamp(-) ̪̎̉̆ ́̐̒̏̌̔̓̎̏ ̪̮̎́̍́́ ̯̍̏̄̔́,
̋́̏ ̙̓̏ ̪̆ ̘̪̒̌̔́ ̔ [70], ̎̆̄̏ ̪̆ ̔̈̆̓́ ̔ ̓̑̆̎̔̓̋̔ ̋́̅́ ̪̆ ̘̐̑̆̋̉̅́ QH ̭̘̉̒̋̔̆̎ Ʉ ̙̓̏ ̪̆
̪̑̆́̌̎̉̆ ̉ ̅́̌̏ ̪̆ ̍́̌̏ ̮̍́̔ ̪̃̑̉̆̅̎̏̒̓ ̪̆̎̆̑̄̉̆ ̔ ̑́̒̉̐̎̉̍ ̉̎̅̔̋̓̉̃̎̏̒̓̉̍́ [19].
˕̈ ̓́̂̆̌̆ 2.7 ̍̏̇̆̍̏ ̭̘̈́̋̔̉̓̉ ̅́ ̏̅́̂̑́̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̐́̑́̍̆̓́̑́ ̑̆̈̏̎́̎̓̎̏̄
̋̏̌́ ̮̪̉̒̐̔́̃́̔ ̔̒̌̏̃̆ ̈́ ZVS ̗̪̋̏̍̔̓́̉̆ ̘̐̑̆̋̉̅́́ QL [19]. ˑ̏̅́̓̎̏, ̏̃̏ ̪̆ ̣̐̏̓̃̑̆̎̏
̗̪̒̉̍̔̌́̉́̍́ ̉ ̆̋̒̐̆̑̉̍̆̎̓́̌̎̏.

˟́̂̆̌́ 2.11 ˜̑̆̄̌̆̅ ̙̖̔̒̋̌́̅̉̓̆̎̉ ̪̆̎̆̑̄̉́ ̔ ̑̆̈̏̎́̎̓̎̏̍ ̋̏̌̔ ACF ̘̐̑̆̓̃́̑́́

ˏ̘̆̌̉̉̎́ ˏ̪̑̉̆̅̎̏̒̓
˒̪̎̆̑̄̉́ ̔ ̪̮̪̏̂̆̅̉̆̎̏ ̪̐́̑́̈̉̓̎̏ ̗̋́̐́̉̓̉̃̎̏̒̓̉ ̐̑̉ 620 V 47,9 µJ
˒̪̎̆̑̄̉́ ̔ ̪̮̪̏̂̆̅̉̆̎̏ ̪̐́̑́̈̉̓̎̏ ̗̋́̐́̉̓̉̃̎̏̒̓̉ ̐̑̉ 850 V 88,8 µJ
˒̪̎̆̑̄̉́ ̔ ̉̎̅̔̋̓̉̃̎̏̒̓̉̍́ ̐̑̉ 620 V (̐̑̉ Iclamp(-) Ϻ1,12 A) 132,5 µJ
˒̪̎̆̑̄̉́ ̔ ̉̎̅̔̋̓̉̃̎̏̒̓̉̍́ ̐̑̉ 850 V (̐̑̉ Iclamp(-) Ϻ1,12 A) 150,5 µJ

˗̏̅ ACF ̘̐̑̆̓̃́̑́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟2 ̐́̑́̍̆̓̑̉ ̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́ ̒̔
̏̅́̂̑́̎̉ ̓́̋̏ ̅́ ̒̆ ̑̆̈̏̎́̎̓̎̉ ̐̆̑̉̏̅ ̙̈́̃̑̉ ̪̐̑̉̆ ̭̘̮̉̒̋̔̆́ QH ̘̐̑̆̋̉̅́́ (̒̌̉̋́
3.6) Ʉ ̙̓̏ ̪̆ ̒̔̐̑̏̓̎̏ ̏̅ ̘̪̒̌̔́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3. ˟̏ ̘̈̎́̉ ̅́ ̔ ̉̈̑́̈̔ (2.12)
̎̆̍́̍̏ ̙̃̉̆ ̘̌́̎ 0,5 Ͻ ὒ Ͻ Ὅ ( ), ̪̓. ̑̆̈̏̎́̎̓̎́ ̉̎̅̔̋̓̉̃̎̏̒̓ ̙̃̉̆ ̎̆ ̅̏̐̑̉̎̏̒̉
ZVS ̗̪̋̏̍̔̓́̉́̍́ ̘̐̑̆̋̉̅́́ QL.

2.8 ˜̪̮̑̏̆̋̓̏̃́̆ ̑̆̄̔̌́̓̏̑́

˕́̋̏ ̪̆ ACF ̘̐̑̆̓̃́̑́ ̐̏̈̎́̓ ̯̃̆ 30 ̄̏̅̉̎́ [24] ́̎́̌̉̈́ ̉ ̍̏̅̆̌ ̈́ ̍́̌̆ ̒̉̄̎́̌̆
(small-signal analysis) ̒̔ ̂̉̌̉ ̐̑̆̅̍̆̓ ̮̉̒̓̑́̇̉̃́́ ̓̆̋ ̭̮̖̐̏̒̆̅̉ ̎̆̋̏̌̉̋̏ ̄̏̅̉̎́
[89], [90],  [94], [138]. ˠ ̘̐̏̆̓̋̔ ̮̐́̇́ ̪̆ ̂̉̌́ ̯̐̏̒̃̆̆̎́ ACF ̘̐̑̆̓̃́̑́̔ ̔ CCM ̑̆̇̉̍̔
̑́̅́ [27], [98], ̉ ̒̍́̓̑́ ̒̆ ̅́ ̪̆ CCM ACF ̙̃̉̆ ̘̒̌̉́̎ PW˙ ̘̐̑̆̓̃́̑́̔ [94]. ˙̣̆̔̓̉̍,
ACF ̘̐̑̆̓̃́̑́ ̔ DCM ACM (CrCM) ̑̆̇̉̍̔ ̑́̅́ ̪̆ ̗̪̋̏̍̂̉̎́̉́ PWM ̘̐̑̆̓̃́̑́́ (̓̏̋̏̍
̃̑̆̍̆̎́ ̣̮̃̏̆́ ̄̌́̃̎̏̄ ̘̐̑̆̋̉̅́́; on-time) ̉ ̑̆̈̏̎́̎̓̎̏̄ ̘̐̑̆̓̃́̑́́ (̓̏̋̏̍ ̃̑̆̍̆̎́
̭̘̮̉̒̋̔̆́ ̓̏̄ ̘̐̑̆̋̉̅́́; off-time) [94], [138]. ˛̃̏ ̪̒̃̏̒̓̃̏ CrCM ACF ̘̐̑̆̓̃́̑́́ ̪̆
̏̓̆̇́̌̏ ̮̆̄̏̃̔ ́̎́̌̉̈̔ ̉ ̪̃̆̑̏̃́̓̎̏ ̪̅̏̐̑̉̎̉̆̌̏ ̙̮̮̋́̆̔ ̘̖̉̒̓̑́̇̉̃́̋̉
́̋̓̉̃̎̏̒̓̉ ̐̏ ̮̐̉̓́̔ ́̎́̌̉̈̆ ̙̮̐̏̎́́́ ̈́ ̍́̌̆ ̒̉̄̎́̌̆ [19]. ˙̣̆̔̓̉̍, ̒́ ̑́̅̏̃̉̍́
[89], [90], [94], [138] ̏̃́ ̓̆̍́ ̪̆ ̪̃̆̑̏̃́̓̎̏ ̭̘̈́̋̔̆̎́ [19]. ˗̭̘̔̎̉ ̘̌́̎́̋ ̈́
̪̮̑́̈̔̍̉̆̃́̆ ̑́̅́ ̭̘̔̐̑́̃́̋̏̄ ̋̏̌́ NCP1568 ̒́ ̓̑̉ ̋̏̎̓̑̏̌̎̆ ̭̐̆̓̆ (̐̏ ̎́̐̏̎̔,
̪̒̓̑̔̉ ̉ ̘̪̐̑̆̋̉̅́̋̏ ̐̆̑̉̏̅̉) [22] ̪̆ [89].
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˛̅́̂̑́̎ ̪̆ ̋̏̍̐̆̎̈́̓̏̑ Type-2 (dc gain, integrator, one pole, one zero) [77] ̒́ ̙́̎̓-
̑̆̄̔̌́̓̏̑̏̍ (shunt-regulator) ATL431 [139] ̉ ̏̐̓̏̋́̐̌̆̑̏̍13 (optocoupler) [19], [22],
[140]. ˺̆̄̏̃́ ̙̏̐̓́ ̙̆̍́ ̪̆ ̐̑̉̋́̈́̎́ ̎́ ̗̒̌̉̉ 2.18 [140], ́ ̗̪̔̎̋̉́̕ ̐̑̆̎̏̒́ ̪̆
̏̐̉̒́̎́ ̪̘̆̅̎́̉̎́̍́ (2.14)Ʉ(2.18) [77], [140]. ˑ̭̆̓́̎̏ ̣̮̉̈̃̏̆̆ ̗̪̔̎̋̉̆̕ ̐̑̆̎̏̒́ ̪̆
̅́̓̏ ̔ [77]. ˚́ ̗̒̌̉̉ 2.18 VDD ̪̆ ̉̎̓̆̑̎̉ ̎́̐̏̎ +5ױ V ̔ NCP1568, a VOUT ̪̆ ̎́̐̏̎
̑̆̄̔̌̉̒́̎̏̄ ̉̈̌́̈́ (̉̈̌́̈ 1: 5,5 V; ̓́̂̆̌́ 2.4). ˛̙̐̓̉ ̏̂̌̉̋ ́̍̐̌̉̓̔̅̒̋̆ ( G(f) ) ̉
́̈̎̆̕ ( G(f)) ̋́̑́̋̓̆̑̉̒̓̉̋̆ Type-2 ̋̏̍̐̆̎̈́̓̏̑́ ̒̔ ̐̑̉̋́̈́̎̉ ̔ [141] (̒̓̑́̎́ 72). ˟̔
̍̏̇̆̍̏ ̉ ̅́ ̃̉̅̉̍̏ ̅́ ̪̏̃́ ̓̉̐ ̋̏̍̐̆̎̈́̓̏̑́ ̍̏̇̆ ̯̐̏̃̆́̓̉ ́̈̔̕ (phase boost) ̒́̍̏
̅̏ 90° [141].

˕̘̎́̆, ̪̙̮̑̆̆̆ ̒́ ̙́̎̓-̑̆̄̔̌́̓̏̑̏̍ TL43̖ [142], ̪̓. ̮̆̄̏̃̉̍ ̪̃́̑̉́̎̓́̍́ ̏̅
̖̉̒̓̉ ̉̌̉ ̘̖̑́̈̌̉̉̓̉ ̣̘̐̑̏̉̈̃̏́́, ̒̆ ̘̆̒̓̏ ̋̏̑̉̒̓̉ ̔ ̪̉̎̅̔̒̓̑̉̉ ̈̂̏̄ ̪̆̅̎̏̒̓́̃̎̏̒̓̉
̉ ̍́̌̆ ̗̪̉̆̎̆. ˙̣̆̔̓̉̍, ̓̑̆̂́ ̏̂̑́̓̉̓̉ ̮̐́̇̔ ̅́ ̒̆ ̔ ̑́̈̎̉̍ ̮̋̉̄́̍́ (̎̐̑.  [78] ̉
[143]) ̘̆̒̓̏ ̪̅́̔ ̒́̍̏ ̪̐̑̉̍̆̑̉ ̒́ ̗̏̐̆̑́̉̏̎̉̍ ̪̘̘̐̏́́̃́̉̍́ [144]. ˔̂̏̄ ̗̪̋̏̍̆̑̉́̌̎̆
̐̑̉̑̏̅̆ ̏̃̏̄ ̖̐̏̅̔̃́̓́ ̪̎̉̆ ̂̉̌̏ ̯̍̏̄̔̆ ̎́̃̆̒̓̉ ̒̃̆ ̐́̑́̍̆̓̑̆ ̖̆̌̆̋̓̑̏̎̒̋̉
̋̏̍̐̏̎̆̎̓̉ ̪̋̏̆ ̒̔ ̙̯̋̏̑̉̆̎̆. ˜́̑́̍̆̓̑̉ ̋̏̍̐̆̎̈́̓̏̑́ ̒̔ ̐̑̃̏ ̘̉̈̑́̔̎́̓̉, ́ ̈́̓̉̍
̃̆̑̉̉̋̏̃́̎̉̕ ̉̌̉ ̙̐̏̅̆̆̎̉ ̓̏̋̏̍ ̗̪̒̉̍̔̌́̉́ ̉ ̔ ̪̌́̂̏̑́̓̏̑̉̉ [19]. ˗̭̘̔̎̉
̐́̑́̍̆̓̑̉ ̋̏̍̐̆̎̈́̓̏̑́ ̒̔ ̪̪̆̅̎̏̒̍̆̑̎̏ ̪̘̮̐̏́́̆ (dc-gain) ̏̅ 34,1 dB, ̎̔̌́ (zero) ̎́
8,8 Hz ̉ ̐̏̌ (pole) ̎́ 4,97 kHz [19], [22].

˞̌̉̋́ 2.18 ˛̙̐̓̉ ̏̂̌̉̋ Type-2 ̋̏̍̐̆̎̈́̓̏̑́ ̒́ ̙́̎̓-̑̆̄̔̌́̓̏̑̏̍ ̉ ̏̐̓̏̋́̐̌̆̑̏̍

˗̙̯̏̑̉̆̎̉ ̏̐̓̏̋́̐̌̆̑ ̪̆ ̉̍́̏ ̍̉̎̉̍́̌̎̏ ̪̒̓̑̔̎̏ ̪̘̮̐̏́́̆ (CTR Ʉ current-
transfer ratio) ̏̅ 1,6 [145], ́ ̐́̑́̈̉̓̎́ ̗̋́̐́̉̓̉̃̎̏̒̓ ̏̅ 3,07 nF [22] ̪̆ ̗̪̮̏̉̆̆̎́
̯̐̏̍̏̔ ̍̆̓̏̅̆ ̏̐̉̒́̎̆ ̔ [146]. ˠ [22] ̓́ ̍̆̓̏̅́ ̪̆ ̍́̌̏ ̭̙̐̏̂̏́̎́ ̔ ̒̍̉̒̌̔ ̅́ ̪̆
̪̯̑̆̈̔̌̓̔̔́ ̐́̑́̈̉̓̎́ ̗̋́̐́̉̓̉̃̎̏̒̓ ̪̅̏̂̉̆̎́ ̋́̏ ̮̒̑̆̅́ ̪̃̑̉̆̅̎̏̒̓ ̅̃́ ̪̮̍̆̑̆́ ̈́
̘̑́̈̌̉̉̓̆ ̑́̅̎̆ ̘̓́̋̆ [22]. ˛̃̉̍ ̪̆ ̭̙̐̏̂̏́̎́ ̘̓́̎̏̒̓ ̉ ̪̪̃̆̑̏̅̏̒̓̏̎̏̒̓ ̪̅̏̂̉̆̎̏̄
̑̆̈̔̌̓́̓́ [22]. ˒̋̒̐̆̑̉̍̆̎̓́̌̎́ ̙̆̍́ ̮̐̏̃̆̈̉̃́́ ̋̏̍̐̏̎̆̎̓̉ ̪̆ ̅́̓́ ̔ [146] ̉ ̈́̓̏
̪̏̃̅̆ ̯̎̆̆ ̂̉̓̉ ̭̐̏̎́̃́̎́. ˛̃́ ̪̮̍̆̑̆́ ̒̔ ̙̉̈̃̑̆̎́ ̈́ ̘̑́̈̌̉̉̓̆ ̪̃̑̉̆̅̎̏̒̓̉
̪̗̖̉̎̆̋̉̏̎̉ ̏̓̐̏̑̎̉̋́ [146] (1 kɱ ̉ 13 kɱ) [22]. ˗́̏ ̭̗̐̏̒̆̅̉́ ̓̏̄́, ̪̒̓̑̔̆ ̋̑̏̈ ̅̉̏̅̔
̏̐̑̏̋́̐̌̆̑́ ̒̔ ̂̉̌̆ 1,7 mA ̉ 0,4 mA, ̑̆̅̏̍ [22]. ˠ ̏̂́ ̓̆̒̓́ ̎́̐̏̎ ̪̮̎́̐́́́
̏̐̓̏̋́̐̌̆̑́ (VCC) ̪̆ ̂̉̏ +5ױ V. ˑ̏̅́̓̎̏, ̔ [147] ̪̆ ̐̑̉̋́̈́̎́ ̍́̌̏ ̘̪̅̑̔̄́̉́ ̍̆̓̏̅́ ̈́
̣̮̏̅̑̆̉̃́̆ ̐́̑́̈̉̓̎̆ ̗̋́̐́̉̓̉̃̎̏̒̓̉ ̏̐̓̏̋́̐̌̆̑́, ́̌̉ ̪̎̉̆ ̙̯̋̏̑̉̆̎́ ̪̆̑ ̎̉̒̍̏
̉̍́̌̉, ̓́̍̏ ̐̏̍̆̎̔̓̉, ̅̏̅́̓́̋ ̪̍̆̑̎̏̍ ̣̪̔̑̆́̔. ˕̘̎́̆, ̉ ̔ [141] ̒̆ ̘̪̐̑̆̐̏̑̔̔̆ ̅́
̪̐̑̏̆̋̓́̎̓ ̓̑̆̂́ ̅́ ̙̉̈̃̑̉ ̗̪̋́̑́̋̓̆̑̉̈́̉̔ ̏̐̓̏̋́̐̌̆̑́ ̪̐̑̉̆ ̪̮̐̑̏̆̋̓̏̃́́
̋̏̍̐̆̎̈́̓̏̑́.

13 ˑ̏̒̌̏̃̎̉ ̐̑̆̃̏̅ ̂̉̏ ̂̉̏ ̏̐̓̏-̒̐̑̆̇̎̉̋, ́̌̉ ̒̆ ̏̎̆̓̒̋̉̕ ̉̈̑́̈ ̏̐̓̏̋́̐̌̆̑ ̯̏̅̏̍́̉̏ ̣̍̆̔
̮̉̎̇̆̆̑̉̍́.
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ˡ̗̪̔̎̋̉́ ̐̑̆̎̏̒́ (transfer function) Type-2 ̋̏̍̐̆̎̈́̓̏̑́ ̒́ ̒̌̉̋̆ 2.18 ̪̆ ̅́̓́
̋́̏ [77], [140]
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̪̄̅̆ ̪̆ G0 ̪̪̆̅̎̏̒̍̆̑̎̏ ̪̘̮̐̏́́̆, ʖz ̋̑̔̇̎́ ̘̔̆̒̓́̎̏̒̓ ̎̔̌̆, ʖp ̋̑̔̇̎́ ̘̔̆̒̓́̎̏̒̓ ̐̏̌́,
a ʖp0 ̋̑̔̇̎́ ̘̔̆̒̓́̎̏̒̓ ̐̏̌́ ̔ ̋̏̏̑̅̉̎́̓̎̏̍ ̘̐̏̆̓̋̔. ˶̪̆̅̎̏̒̍̆̑̎̏ ̪̘̮̐̏́́̆ ̪̆
̘̉̈̑́̔̎́̓̏ ̐̑̆̍́ [22], [140]
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̪̄̅̆ ̒̔ Rpull-up ̉ RLED ̐̑̉̋́̈́̎̉ ̎́ ̗̒̌̉̉ 2.18. ˛̓̐̏̑̎̉̋ RLED ̘̔̓̉̆ ̎́ ̪̪̆̅̎̏̒̍̆̑̎̏
̪̘̮̐̏́́̆ ̉ ̪̐̏̒̓̏̉ ̍́̋̒̉̍́̌̎́ ̪̃̑̉̆̅̎̏̒̓ ̐̑̆̋̏ ̪̋̏̉ ̎̆ ̪̒̍̉̆ ̅́ ̒̆ ̉̅̆ [140]. ˗̑̔̇̎̆
̘̔̆̒̓́̎̏̒̓̉ ̐̏̌́ ̔ ̋̏̏̑̅̉̎́̓̎̏̍ ̘̐̏̆̓̋̔ (0 dB crossover pole-frequency [140]), ̎̔̌̆ ̉
̐̏̌́ ̒̔ ̑̆̅̏̍ ̘̉̈̑́̔̎́̓̆ ̐̑̆̍́ [77], [140]
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̪̄̅̆ ̒̔ ̋̏̎̅̆̎̈́̓̏̑̉ Czero ̉ Cpole ̐̑̉̋́̈́̎̉ ̎́ ̗̒̌̉̉ 2.18. ˕̪̍́̍̏ ̎́ ̔̍̔ ̅́ Cpole

̭̐̑̆̅̒̓́̃́ ̐́̑́̌̆̌̎̔ ̃̆̈̔ ̭̒̐̏̎̏̄ ̋̏̎̅̆̎̈́̓̏̑́ (́̋̏ ̪̆ ̣̐̑̆̅̃̉̆̎) ̉ ̐́̑́̈̉̓̎̆
̗̋́̐́̉̓̉̃̎̏̒̓̉ ̏̐̓̏̋́̐̌̆̑́ Ʉ ̪̋̏̔ ̒̍̏ ̪̑́̎̉̆ ̆̋̒̐̆̑̉̍̆̎̓́̌̎̏ ̔̓̃̑̅̉̌̉ [22].
˟̣́̋̏̆, ̉̈ ̉̈̑́̈́ (2.15)Ʉ(2.18) ̃̉̅̉̍̏ ̅́ Rbias (̒̌̉̋́ 2.18) ̎̆ ̘̪̔̆̒̓̃̔̆ ̔ ̗̪̔̎̋̉̉̕
̐̑̆̎̏̒́. ˺̆̄̏̃́ ̖̒̃̑́ ̪̆ ̅́ ̐̑̆̓̃̏̑̉ ̅̉̏̅̔ ̏̐̓̏̋́̐̌̆̑́ ̔ ̉̈̃̏̑ ̋̏̎̒̓́̎̓̎̆ ̪̒̓̑̔̆,
̭̅̏̃̏̎̆ ̪̘́̉̎̆, ̘̉̍̆ ̂̉ ̒̆ ̯̏̍̏̄̔̉̏ ̐̑́̃̉̌́̎ ̑́̅ ATL431. ˜̑̆̅̎̏̒̓ ATL431 ̪̆ ̅́ ̉̍́
̪́̋̏ ̍́̌̔ ̐̏̓̑̆̂̎̔ ̪̒̓̑̔̔ ̗̪̐̏̌́̑̉̈́̉̆ (bias current) ̏̅ ̍́̋̒̉̍́̌̎̏ 35 µA [139] ̉ ̈́̓̏
̪̆ ̪̏̃̅̆ ̉ ̙̯̋̏̑̉̆̎.

ˠ [77] ̪̆ ̅́̓ ̉ ̭̅̆̓́́̎ ̪̐̑̉̍̆̑ ̘̐̑̏̑́̔̎́ ̉ ̗̪̒̉̍̔̌́̉́ ̋̏̍̐̆̎̈́̓̏̑́ ̒́ TL43̖.
˕̎̓̆̑̆̒́̎̓̎̏ ̪̆ ̘̔̏̉̓̉ ̅́ ̒̔ ̉̈̑́̈̉ (2.16) ̉ (2.17) ̉̒̓̉ ̙̓̏ ̪̆ ̭̗̐̏̒̆̅̉́ ̔̐̏̓̑̆̂̆
TL43̖ [77]. ˟̏ ̘̈̎́̉ ̅́ ̒̆ ̪̐̑̏̍̆̎́ ̎́̄̉̂́ ́̍̐̌̉̓̔̅̒̋̆ ̋́̑́̋̓̆̑̉̒̓̉̋̆ ̙̅̆́̃́ ̘̓́̎̏
̔ ̘̓́̋̉ 0 dB ̉ ̅́ ̭̇̆̆̎̏ ̪̘̮̐̏́́̆ ̐̑̏̒̓̏ ̈́̃̉̒̉ ̏̅ (2.16), ́ ̎̆ ̏̅ ̗̪̐̏̈̉̉́ ̎̔̌̆ ̉ ̐̏̌́
[77].

˜̏̎̆̋́̅ ̒̆ ̔ ̐̑́̋̒̉ (̉̌̉ ̔ application notes ̅̏̋̔̍̆̎̓̉̍́) ̍̏̇̆ ̪̃̉̅̆̓̉ ̪̙̮̑̆̆̆
Type-2 ̋̏̍̐̆̎̈́̓̏̑́ ̒́ TL43̖ ̪̄̅̆ ̪̆ ̪̆̅́̎ ̏̓̐̏̑̎̉̋ ̅̏̅́̓ ̎́ ̑̆̅ ̒́ Czero. ˠ [148] ̪̆
̐̏̋́̈́̎̏ ̅́ ̪̆ ̓́̋̏ ̙̎̆̓̏ ̎̆̐̏̓̑̆̂̎̏ ̪̆̑ ̒̆ ̘̋̏̎́̎̉ ̏̅̈̉̃ ̉̐́̋ ̒̃̏̅̉ ̎́ ̪̏̎́ ̋́̏ ̋́̅́
̂̉̒̍̏ ̒́̍̏ ̋̏̑̉̒̓̉̌̉ Czero. ˛̐̑́̃̅́̎̏̒̓ ̏̃̏̄ ̐̑̉̒̓̔̐́ ̪̆ ̣̐̏̓̃̑̆̎́ ̆̋̒̐̆̑̉̍̆̎̓́̌̎̏
̔ ̗̑̆̆̑̆̎́̍́̕ [19], [20], [21], [22] ̉ [23], ̎́ ̪̋̏̉̍́ ̒̆ ̉ ̂́̈̉̑́ ̏̃́ ̗̪̅̉̒̆̑̓́̉́.

˕̒̓̉ ̋̏̍̐̆̎̈́̓̏̑, ̪̓. ̮̆̄̏̃̉ ̐́̑́̍̆̓̑̉, ̪̆ ̙̯̋̏̑̉̆̎ ̈́ ACF ̘̐̑̆̓̃́̑́̆ ̒́
̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ ˟2 ̉ ˟3. ˜̙̏̓̏ ̙̮̐̏̎́́̆ ̘̐̑̆̓̃́̑́́ ̈́ ̍́̌̆ ̒̉̄̎́̌̆ ̎̆ ̈́̃̉̒̉ ̏̅
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̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́, ̗̪̒̉̍̔̌́̉̆ ̉̌̉ ̆̋̒̐̆̑̉̍̆̎̓̉ ̒̔ ̘̆̒̓̏ ̐̑̉̋́̈́̎̉ ̒́̍̏ ̈́
̪̆̅́̎ ̏̅ ̮̖̉, ́̌̉ ̭̘̗̈́̋̔̉ ̃́̇̆ ̈́ ̏̂́. ˛̃̏ ̓̑̆̂́ ̉̍́̓̉ ̎́ ̔̍̔ ̐̑̉̌̉̋̏̍ ̘̮̉̓́́
̭̐̏̄̌́̃́ 3 ̉ 4.

ˏ̙̉̆ ̭̅̆̓́́ ̏ ̪̮̐̑̏̆̋̓̏̃́̔ ̖̑́̈̎̉ ̖́̎́̌̏̄̎̉ ̑̆̄̔̌́̓̏̑́ ̉ ̏ ̭̮̔̐̑́̃́̔
̘̐̑̆̓̃́̑́̉̍́ ̍̏̇̆ ̒̆ ̯̎́̉ ̔ [77], [143] ̉ [149]. ˔́ ̏̎̆ ̒́ ̮̍́̆ ̉̒̋̔̒̓̃́ ̔ ̪̆̎̆̑̄̆̓̒̋̏
̗̆̌̆̋̓̑̏̎̉̉ ̘̪̐̑̆̐̏̑̔̔̔ ̒̆ ̉ ̗̪̐̑̆̈̆̎̓́̉̆ [141], [150] ̉ [151].
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3 ˞̗̪̉̍̔̌́̉̆ ̎́ ̘̑́̔̎́̑̔

˞̗̪̉̍̔̌́̉́ ̑́̅́ ACF ̘̐̑̆̓̃́̑́́ 57 W ̪̆ ̣̔̑́̆̎́ ̔ ̐̑̏̄̑́̍̔ ˞̉̍̐̌̉̒ (SIMPLIS -
SIMulation of Piecewise LInear Systems) [152] ̪̆̑ ̪̆ ̍̏̅̆̌ NCP1568 ̈́ ̮̆̄́ ̂̉̏ ̅̏̒̓̔̐́̎
̎́ ̉̎̓̆̑̎̆̓ ̗̒̓̑́̎̉̉ ̣̘̐̑̏̉̈̃̏́́ onsemi [83] ̋́̏ ̉ ̈̂̏̄ ̃̆̌̉̋̆ ̂̑̈̉̎̆ ̙̮̉̈̃̑̆́
̗̪̒̉̍̔̌́̉́ [153]. ˕̘̎́̆, ̏̃̏ ̋̏̍̐̌̆̋̒̎̏ ̭̘̔̐̑́̃́̋̏ ̋̏̌̏ ̂̉̌̏ ̂̉ ̍̎̏̄̏ ̓̆̇̆, ́ ̍̏̇̅́
̉ ̯̎̆̍̏̄̔̆, ̍̏̅̆̌̏̃́̓̉ ̔ Spice-̂́̈̉̑́̎̉̍ ̐̑̏̄̑́̍̉̍́ (̎̐̑. PSpice, LTspice) [20]. ˚́
̉̎̓̆̑̎̆̓ ̗̒̓̑́̎̉̉ ̣̘̐̑̏̉̈̃̏́́ ̪̐̏̒̓̏̉ ̅̏̂̑́ ̗̪̅̏̋̔̍̆̎̓́̉́ ̈́ ̘̮̔̆̆ ˞̉̍̐̌̉̒́ [153],
́ ̈́ ̒̃́̋̔ ̐̑̆̐̏̑̔̋̔ ̪̆ ̉ ̗̪̐̑̆̈̆̎̓́̉́ [154].

˟̑̆̂́ ̉̍́̓̉ ̎́ ̔̍̔ ̅́ ̪̆ ̑́̒̐̏̌̏̇̉̃̉ ̍̏̅̆̌ NCP1568 ̙̯̈́̓̉̆̎ ̌̏̈̉̎̋̏̍ ̉
̐̑̆̍́ ̓̏̍̆ ̮̆̄̏̃́ ̒̓̑̔̋̓̔̑́ ̪̆ ̎̆̐̏̈̎́̓́. ˑ̏̅́̓̎̏, ̪̐̏̒̓̏̆ ̅̃́ ̍̏̅̆̌́ NCP1568 ̔
˞̉̍̐̌̉̒̔ [21]. ˙̏̅̆̌ ̪̋̏̉ ̒̆ ̎́̌́̈̉ ̎́ ̉̎̓̆̑̎̆̓ ̗̒̓̑́̎̉̉ ̣̘̐̑̏̉̈̃̏́́ ̒̆ ̍̏̇̆
̋̏̑̉̒̓̉̓̉ ̈́ ́̎́̌̉̈̔ ̖̐̑̆̌́̈̎̉ ̪̐̏́̃́ (transient analysis), ̪̓. ̈́ ̑́̅ ̒́ ̪̭̐̑̏̍̆̎̉̃̏̍
̘̐̑̆̋̉̅́̋̏̍ ̘̙̯̔̆̒̓́̎̏̔ [21] Ʉ ̙̓̏ ̪̆ ̉ ̎̏̑̍́̌̎̉ ̑̆̇̉̍ ̑́̅́ ̏̃̏̄ ̭̘̔̐̑́̃́̋̏̄
̋̏̌́. ˑ̑̔̄̉ ̍̏̅̆̌ ̪̆ ̣̐̑̆̅̃̉̆̎ ̈́ ̑́̅ ̒́ ̉̋̒̎̏̍̕ ̘̐̑̆̋̉̅́̋̏̍ ̘̙̯̔̆̒̓́̎̏̔, ̪̓. ̍̏̇̆
̅́ ̒̆ ̋̏̑̉̒̓̉ ̈́ ́̎́̌̉̈̔ ̙̮̐̏̎́́́ ̈́ ̍́̌̆ ̒̉̄̎́̌̆ (ac analysis), ́̌̉ ̍̏̑́ ̅́ ̒̆ ̓̑́̇̉
̏̅ onsemi ̓̉̍́ ̈́ ̙̐̏̅̑̋̔ [20], [21], [104]. ˠ ̪̏̃̏ ̗̪̅̉̒̆̑̓́̉̉, ̮̐̏̓̏̉ ̍̏̅̆̌ ̪̆
̙̯̋̏̑̉̆̎ ̪̆̑ ̪̆ ̓̏̋̏̍ ̆̋̒̐̆̑̉̍̆̎́̓́ ̪̯̐̑̉̍̉̆̆̎̏ ̅́ ̪̆ ̘̐̑̆̋̉̅́̋́ ̘̔̆̒̓́̎̏̒̓ ̍́̌̏
̃́̑̉̑́̌́ ̈́̃̉̒̎̏ ̏̅ ̯̮̏̐̓̆̑̆̆́ ̉̌̉ ̔̌́̈̎̏̄ ̎́̐̏̎́ (̎̐̑. ̏̅ 66 kHz ̅̏ 68,5 kHz). ˔̂̏̄
̓̏̄́ ̒̔ ̗̪̒̉̍̔̌́̉̆ ̉ ̔ ̃̑̆̍̆̎̒̋̏̍ ̅̏̍̆̎̔ ̉ ̈́ ̍́̌̆ ̒̉̄̎́̌̆ ̙̉̈̃̑̆̎̆ ̎́ ̍̏̅̆̌̔
NCP1568 ̈́ ̍́̌̆ ̒̉̄̎́̌̆ ̉ ̉̋̒̎̏̍̕ ̘̐̑̆̋̉̅́̋̏̍ ̘̙̯̔̆̒̓́̎̏̔ ̏̅ 67 kHz [22]. ˛̃̏ ̪̆ ̔
̒̋̌́̅̔ ̒́ ̑̆̈̔̌̓́̓̉̍́ ̎́ ̒̌̉̋́̍́ 4.5 ̉ 4.6. ˟̘̉̐̉̎̏ ̪̃̑̉̆̍̆ ̙̮̉̈̃̑̆́ ̗̪̒̉̍̔̌́̉́ ̏̅
50,2 ms ̪̆ ̂̉̌̏ ̏̋̏ 10Ʉ12 s [22] Ʉ ̙̓̏ ̪̆ ̪́̋̏ ̂̑̈̏.

˞̓́̎̅́̑̅̎̆ ̋̏̍̐̏̎̆̎̓̆ ̉̈ ˞̉̍̐̌̉̒ ̂̉̂̌̉̏̓̆̋̆ ̒̔ ̙̯̋̏̑̉̆̎̆ ̔ ̗̒̉̍̔̌́̉̏̎̏̍
̍̏̅̆̌̔ ̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́ [19] ̋́̏ ̉ ̘̉̓́̃̏̄ ACF ̘̐̑̆̓̃́̑́́. ˝̪́̎̉̆ ̒̍̏ ̑̆̋̌̉ ̅́ ̪̆
̪̮̏̂̆̅̉̆̎́ ̐́̑́̈̉̓̎́ ̗̋́̐́̉̓̉̃̎̏̒̓ SW ̘̓́̋̆ ̂̉̌́ 186 pF. ˑ̏̅́̓̎́ ̙̗̐̑̉̄̔̎̉́ ̉
̋̏̎̅̆̎̈́̓̏̑ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̒̔ ̂̉̌̉ ̘̑́̈̌̉̉̓̉ ̈́ ̓̑́̎̒̏̑̍́̓̏̑̆̕ T3
(100 µH, 88 nF) ̉ T2 (68 µH, 66 nF). ˠ ̌̉̓̆̑́̓̔̑̉ ̒̆ ̏̎̉ ̈̏̃̔ ̉ ̐́̑́̍̆̓̑̉ ̑̆̈̏̎́̎̓̎̏̄
̋̏̌́ ̉ ̪̉̍́̔ ̗̪̔̓̉́ ̎́ ̄̔̂̉̓̋̆ ̘̐̑̆̓̃́̑́́, ̪̓. ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ [70], [21].

3.1 ˞̗̪̉̍̔̌́̉́ ̑́̅́ ACF ̘̐̑̆̓̃́̑́́ ̔ ̃̑̆̍̆̎̒̋̏̍ ̅̏̍̆̎̔

ˠ ̏̃̏̍ ̭̐̏̄̌́̃̔ ̏̋̔̒̕ ̯̆ ̂̉̓̉ ̎́ ̑́̅ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ ACM ̑̆̇̉̍̔ ̑́̅́,
̒́ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ ˟3 ̉ ˟2. ˕̈̔̈̆̓́̋ ̯̆ ̂̉̓̉ ̗̪̒̉̍̔̌́̉́ ̑́̅́ ̘̐̑̆̓̃́̑́́ ̔ DCM
(disabled-ACM) ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 640 V, ̒́ ̍́̌̉̍ ̯̮̏̐̓̆̑̆̆̆̍ ̉ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕
˟3, ̅́ ̂̉̒̍̏ ̍̏̄̌̉ ̔̐̏̑̆̅̉̓̉ ̎́̐̏̎ ̘̐̑̆̋̉̅́́ ̒́ ̆̋̒̐̆̑̉̍̆̎̓́̌̎̏ ̪̉̈̍̆̑̆̎̉̍
̎́̐̏̎̏̍ ̔ ̭̐̏̄̌́̃̔ 4.2. ˞̗̪̉̍̔̌́̉́ ̑́̅́ ̘̐̑̆̓̃́̑́́ ̔ ̃̑̆̍̆̎̒̋̏̍ ̅̏̍̆̎̔ ̈́ ̔̌́̈̎̉
̎́̐̏̎ 460 V ̔ DCM ̑̆̇̉̍̔ ̪̎̉̆ ̭̘̔̋̔̆̎́ ̈́̓̏ ̙̓̏ ̒̔ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̘̒̌̉̎̉ ̋́̏ ̋̏̅
̘̪̒̌̔́́ ̒́ 640 V ̒́̍̏ ̒́ ̮̍́̉̍ ̙̃̑̎̉̍ ̪̃̑̉̆̅̎̏̒̓̉̍́ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́.

3.1.1 ACF ̘̐̑̆̓̃́̑́ 57 W ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3
˞̉̍̔̌̉̑́̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̎́̐̏̎́ ̪̄̆̓́ (gate-source) ̉ ̪̅̑̆̎́ (drain-source) QL

̘̐̑̆̋̉̅́́ ACF ̘̐̑̆̓̃́̑́́ 57 W ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3, ̔ ̗̒̓́̉̏̎́̑̎̏̍ ̮̒̓́̔, ̐̑̉
̔̌́̈̎̏̍ ̎́̐̏̎̔ ̏̅ 620 V ̉ ̎́̈̉̃̎̏̍ ̯̮̏̐̓̆̑̆̆̔ 57 W, ̔ ACM ̑̆̇̉̍̔ ̑́̅́, ̒̔
̐̑̉̋́̈́̎̉ ̎́ ̗̒̌̉̉ 3.1 [19]. ˟̔ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ́̋̓̉̃̎̏ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄
̎́̐̏̎́ (active-clamping) ̑́̅̉ ̋́̋̏ ̪̆ ̉ ̘̏̆̋̉̃́̎̏ ̒́ ZVS ̗̪̋̏̍̔̓́̉́̍́ ̘̐̑̆̋̉̅́́ QL
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[19]. ˙́̋̒̉̍́̌̎̉ ̎́̐̏̎ ̪̅̑̆̎́ ̘̐̑̆̋̉̅́́ QL ̪̆ ̂̉̏ ̏̋̏ 766 V [19] ̉ ̏̅ ̪̑́̎̉̆ ̈̎́̍̏ ̅́
̃́̇̉ Vds(QL)=VSW.

˚́ ̗̒̌̉̉ 3.2 [19] ̐̑̉̋́̈́̎̆ ̒̔ ̪̒̓̑̔̆ ̯̮̍́̄̎̆̆́ ̉ ̐̑̉̍́̑́ ACF ̘̐̑̆̓̃́̑́́ ̔
̗̒̓́̉̏̎́̑̎̏̍ ̮̒̓́̔ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ ̏̅ 620 V ̉ ̎́̈̉̃̎̏̍ ̯̮̏̐̓̆̑̆̆̔ 57 W ̔ ACM
̑̆̇̉̍̔ ̑́̅́. ˏ̯̆ ̪̆ ̘̑̆̆̎̏ ̅́ ̋̏̅ ACF ̘̐̑̆̓̃́̑́́, ̪̋̏̉ ̑́̅̉ ̔ DCM ACM (CrCM) ̑̆̇̉̍̔,
̪̒̓̑̔́ ̯̮̍́̄̎̆̆́, ̪̓. ̪̒̓̑̔́ ̐̑̉̍́̑́, ̍̏̑́ ̅́ ̉̅̆ ̔ ̎̆̄́̓̉̃̎̔ ̒̓̑́̎̔ ̅́ ̂̉ ̉̒̐̑́̈̎̉̌́
̪̆̎̆̑̄̉̔ ̉̈ ̪̮̏̂̆̅̉̆̎̆ ̐́̑́̈̉̓̎̆ ̗̋́̐́̉̓̉̃̎̏̒̓̉ SW ̘̓́̋̆ ̉ ̓̉̍̆ ̯̏̍̏̄̔̉̌́ ZVS
̭̘̮̔̋̔̆̆ ̘̐̑̆̋̉̅́́ QL. ˚́ ̗̒̌̉̉ 3.2 ̘̏̈̎́̆̎̆ ̒̔ ̉ ̎̆̄́̓̉̃̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̖̏̃̉ ̪̒̓̑̔́.
˟̣́̋̏̆, ̎́ ̗̒̌̉̉ 3.2 ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̑̆̈̏̎́̎̓̎̉ ̐̆̑̉̏̅ ̪̎̉̆ ̙̈́̃̑̆̎ ̪̐̑̉̆ ̎̆̄̏
̒̆ ̘̐̑̆̋̉̅́ QH ̭̘̉̒̋̔̉ [19]. ˟̏ ̪̆ ̑̆̈̔̌̓́̓ ̉̈̂̏̑́ ̪̃̑̉̆̅̎̏̒̓̉ ̆̌̆̍̆̎́̓́
̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́ ̉ ̉̍́ ̗̪̔̓̉́ ̎́ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̘̐̑̆̓̃́̑́́ [19], [70]. ˠ
̒̋̌́̅̔ ̒́ ̮̑́̈̍́̓̑́̉̍́ ̔ 2.7 ̓̏ ̘̈̎́̉ ̅́ ̉̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́ ̉ ̑̆̈̏̎́̎̓̎́
̉̎̅̔̋̓̉̃̎̏̒̓ ̅̏̐̑̉̎̏̒̆ ZVS ̗̪̋̏̍̔̓́̉̉ ̘̐̑̆̋̉̅́́ QL.

˞̌̉̋́ 3.1 ˞̉̍̔̌̉̑́̎̉ ̎́̐̏̎̉ ̪̄̆̓́ QL (̄̏̑̆) ̉ ̪̅̑̆̎́ QL (̭̅̏̆) ACF ̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔
̑́̅́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 620 V ̉ ̯̮̏̐̓̆̑̆̆̔ 57 W

˞̌̉̋́ 3.2 ˞̉̍̔̌̉̑́̎̆ ̪̒̓̑̔̆ ̯̮̍́̄̎̆̆́ (̐̌́̃́ ̪̌̉̎̉́) ̉ ̐̑̉̍́̑́ (̗̑̎́ ̪̌̉̎̉́) ACF
̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 620 V ̉ ̯̮̏̐̓̆̑̆̆̔ 57 W

˞̉̍̔̌̉̑́̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̎́̐̏̎́ ̪̄̆̓́ (gate-source) ̉ ̪̅̑̆̎́ (drain-source) QL
̘̐̑̆̋̉̅́́ ACF ̘̐̑̆̓̃́̑́́ 57 W ̒́ ˟3 ̓̑́̎̒̏̑̍́̓̏̑̏̍̕, ̔ ̗̒̓́̉̏̎́̑̎̏̍ ̮̒̓́̔, ̐̑̉
̔̌́̈̎̏̍ ̎́̐̏̎̔ ̏̅ 850 V ̉ ̎́̈̉̃̎̏̍ ̯̮̏̐̓̆̑̆̆̔ 57 W, ̔ ACM ̑̆̇̉̍̔ ̑́̅́, ̒̔
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̐̑̉̋́̈́̎̉ ̎́ ̗̒̌̉̉ 3.3 [19]. ˕ ̓̔ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ́̋̓̉̃̎̏ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄
̎́̐̏̎́ (active-clamping) ̑́̅̉ ̋́̋̏ ̪̆ ̉ ̘̏̆̋̉̃́̎̏ ̒́ ZVS ̗̪̋̏̍̔̓́̉́̍́ ̘̐̑̆̋̉̅́́ QL
[19]. ˙́̋̒̉̍́̌̎̉ ̎́̐̏̎ ̪̅̑̆̎́ ̘̐̑̆̋̉̅́́ QL ̪̆ ̂̉̏ ̏̋̏ 995 V [19].

˚́ ̗̒̌̉̉ 3.4 [19] ̐̑̉̋́̈́̎̆ ̒̔ ̪̒̓̑̔̆ ̯̮̍́̄̎̆̆́ ̉ ̐̑̉̍́̑́ ACF ̘̐̑̆̓̃́̑́́ ̔
̗̒̓́̉̏̎́̑̎̏̍ ̮̒̓́̔ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ ̏̅ 850 V ̉ ̎́̈̉̃̎̏̍ ̯̮̏̐̓̆̑̆̆̔ 57 W ̔ ACM
̑̆̇̉̍̔ ̑́̅́. ˕̒̓̉ ̋̏̍̆̎̓́̑̉ ̃́̇̆ ̋́̏ ̉ ̋̏̅ ̒̌̉̋̆ 3.2 (̑́̅ ̐̑̉ 620 V). ˍ̋̏ ̔̐̏̑̆̅̉̍̏
̒̌̉̋̆ 3.2 ̉ 3.4 ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̒̔ ̙̃̑̎̆ ̐̏̈̉̓̉̃̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̪̒̓̑̔́ ̒̋̏̑̏ ̉̒̓̆
̅̏̋ ̒̆ ̎̆̄́̓̉̃̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̍́̌̏ ̪̑́̈̌̉̋̔̔.

˞̌̉̋́ 3.3 ˞̉̍̔̌̉̑́̎̉ ̎́̐̏̎̉ ̪̄̆̓́ QL (̄̏̑̆) ̉ ̪̅̑̆̎́ QL (̭̅̏̆) ACF ̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔
̑́̅́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 850 V ̉ ̯̮̏̐̓̆̑̆̆̔ 57 W

˞̌̉̋́ 3.4 ˞̉̍̔̌̉̑́̎̆ ̪̒̓̑̔̆ ̯̮̍́̄̎̆̆́ (̐̌́̃́ ̪̌̉̎̉́) ̉ ̐̑̉̍́̑́ (̗̑̎́ ̪̌̉̎̉́) ACF
̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 850 V ̉ ̯̮̏̐̓̆̑̆̆̔ 57 W

˞̉̍̔̌̉̑́̎̉ ̎́̐̏̎ ̪̅̑̆̎́ QL ̘̐̑̆̋̉̅́́ ACF ̘̐̑̆̓̃́̑́́, ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3,
̂̆̈ hybrid-clamp, ̔ DCM ̑̆̇̉̍̔ ̑́̅́, ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 640 V ̉ ̍́̌̏̍ ̯̮̏̐̓̆̑̆̆̔
10,5 W, ̪̆ ̐̑̉̋́̈́̎ ̎́ ̗̒̌̉̉ 3.5. ˛̃̏ ̪̆ ̑̆̇̉̍ ̐̑̉̐̑́̃̎̏̒̓̉ ̒̉̒̓̆̍́ ̋́̅́ ̉̈̌́̈ 22 V
̎̆̍́ ̯̮̏̐̓̆̑̆̆̆. ˝̆̄̔̌̉̒́̎̉ ̉̈̌́̈ 5,5 V ̪̆ ̉̍́̏ ̯̮̏̐̓̆̑̆̆̆ 0,7 ˍ, ̅̏̋ ̪̆ ̎̆̑̆̄̔̌̉̒́̎̉
̉̈̌́̈ 5,5 V ̉̍́̏ ̯̮̏̐̓̆̑̆̆̆ 1,2 ˍ. ˏ̉̅̉̍̏ ̅́ ̎́̐̏̎ ̪̅̑̆̎́ ̅̏̒̓̉̇̆ ̙̃̑̎̔ ̪̃̑̉̆̅̎̏̒̓
̏̅ ̏̋̏ 1444 V Ʉ ̙̓̏ ̪̆ ̪́̋̏ ̍̎̏̄̏. ˔̂̏̄ ̏̃̏̄́ ̒̍̏ ̍̏̑́̌̉ ̅́ ̋̏̑̉̒̓̉̍̏ ̘̐̑̆̋̉̅́
1700 V. ˞̘̪̌̔́ ̑́̅́ ̔ DCM ̑̆̇̉̍̔ ̒́ ̔̌́̈̎̉̍ ̎́̐̏̎̏̍ 460 V ̪̎̉̆ ̑́̈̍́̓̑́̎ ̙̐̏̓̏ ̪̆
̮̍́̆ ̘̋̑̉̓̉́̎.
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˞̌̉̋́ 3.5 ˞̉̍̔̌̉̑́̎̉ ̎́̐̏̎ ̘̐̑̆̋̉̅́́ ACF ̘̐̑̆̓̃́̑́́, ̂̆̈ hybrid-clamp, ̔ DCM ̑̆̇̉̍̔ ̑́̅́
̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 640 V ̉ ̯̮̏̐̓̆̑̆̆̔ 10,5 W

3.1.2 ACF ̘̐̑̆̓̃́̑́ 57 W ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟2
˗̭̘̔̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̔ ̏̃̏̍ ̘̪̒̌̔́̔ ̒̔ ̅́̓̉ ̎́ ̒̌̉̋́̍́ 3.6 ̉ 3.7 [22]. ˛̃̉

̑̆̈̔̌̓́̓̉ ̒̔ ̐̑̉̋́̈́̎̉ ̎́ ̘̪̅̑̔̄́̉̉ ̘̎́̉̎ ̔ ̏̅̎̏̒̔ ̎́ ̒̌̉̋̆ 3.1Ʉ3.4, ̅́ ̂̉̒̍̏ ̙̌́̋̆
̘̔̏̉̌̉ ̑̆̌́̓̉̃̎̆ ̏̅̎̏̒̆.

˞̉̍̔̌̉̑́̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̎́̐̏̎́ ̪̅̑̆̎́ (drain-source) QL ̘̐̑̆̋̉̅́́ ACF
̘̐̑̆̓̃́̑́́ 57 W ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟2, ̔ ̗̒̓́̉̏̎́̑̎̏̍ ̮̒̓́̔, ̐̑̉ ̔̌́̈̎̉̍
̎́̐̏̎̉̍́ ̏̅ 620 V (̗̑̎́ ̪̌̉̎̉́) ̉ 850 V (̐̌́̃́ ̉̒̐̑̆̋̉̅́̎́ ̪̌̉̎̉́) ̉ ̎́̈̉̃̎̏̍
̯̮̏̐̓̆̑̆̆̔ 57 W, ̔ ACM ̑̆̇̉̍̔ ̑́̅́, ̒̔ ̐̑̉̋́̈́̎̉ ̎́ ̗̒̌̉̉ 3.6 [22]. ˟̔ ̍̏̇̆̍̏ ̅́
̃̉̅̉̍̏ ̅́ ́̋̓̉̃̎̏ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ (active-clamping) ̑́̅̉ ̋́̋̏ ̪̆ ̉
̘̏̆̋̉̃́̎̏, ̒́ ZVS ̗̪̋̏̍̔̓́̉́̍́ ̘̐̑̆̋̉̅́́ QL [22]. ˙́̋̒̉̍́̌̎̉ ̎́̐̏̎̉ ̪̅̑̆̎́
̘̐̑̆̋̉̅́́ QL, ̪̓. ̘̓́̋̆ SW, ̒̔ ̂̉̌̉ ̏̋̏ 773 V (̐̑̉ 620 V) ̉ ̏̋̏ 1002 V (̐̑̉ 850 V) [22].

˞̌̉̋́ 3.6 ˞̉̍̔̌̉̑́̎̉ ̎́̐̏̎̉ ̪̅̑̆̎́ ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟2 ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ 620 V (̗̑̎́
̪̌̉̎̉́) ̉ 850 V (̐̌́̃́ ̪̌̉̎̉́) ̉ ̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔

˞̉̍̔̌̉̑́̎̆ ̪̒̓̑̔̆ ̐̑̉̍́̑́ ACF ̘̐̑̆̓̃́̑́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟2, ̔
̗̒̓́̉̏̎́̑̎̏̍ ̮̒̓́̔, ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ ̏̅ 620 V (̗̑̎́ ̪̌̉̎̉́) ̉ 850 V (̐̌́̃́
̉̒̐̑̆̋̉̅́̎́ ̪̌̉̎̉́) ̉ ̎́̈̉̃̎̏̍ ̯̮̏̐̓̆̑̆̆̔ 57 W ̔ ACM ̑̆̇̉̍̔ ̑́̅́, ̒̔ ̐̑̉̋́̈́̎̆ ̎́
̗̒̌̉̉ 3.7 [22]. ˕ ̪̏̃̅̆ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̪̒̓̑̔́ ̐̑̉̍́̑́ ̍̏̑́ ̅́ ̉̅̆ ̔ ̎̆̄́̓̉̃̎̔
̒̓̑́̎̔ ̅́ ̂̉ ̉̒̐̑́̈̎̉̌́ ̪̆̎̆̑̄̉̔ ̉̈ ̪̮̏̂̆̅̉̆̎̆ ̐́̑́̈̉̓̎̆ ̗̋́̐́̉̓̉̃̎̏̒̓̉ SW ̘̓́̋̆ ̉
̓̉̍̆ ̯̏̍̏̄̔̉̌́ ZVS ̭̘̮̔̋̔̆̆ ̘̐̑̆̋̉̅́́ QL [22]. ˟̣́̋̏̆, ̎́ ̗̒̌̉̉ 3.7 ̍̏̇̆̍̏ ̅́
̃̉̅̉̍̏ ̅́ ̪̆ ̑̆̈̏̎́̎̓̎̉ ̐̆̑̉̏̅ ̙̈́̃̑̆̎ ̪̐̑̉̆ ̎̆̄̏ ̒̆ ̘̐̑̆̋̉̅́ QH ̭̘̉̒̋̔̉ Ʉ ̙̓̏ ̪̆
̒̔̐̑̏̓̎̏ ̔ ̏̅̎̏̒̔ ̎́ ̘̪̒̌̔́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3 ̉ ̮̆̄̏̃̉̍ ̑̆̈̏̎́̎̓̎̉̍ ̋̏̌̏̍.
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˞̌̉̋́ 3.7 ˞̉̍̔̌̉̑́̎̆ ̪̒̓̑̔̆ ̐̑̉̍́̑́ ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟2 ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ 620 V
(̗̑̎́  ̪̌̉̎̉́) ̉ 850 V (̐̌́̃́ ̪̌̉̎̉́) ̉ ̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔

3.1.3 ˜̣̮̏̑̆̆̆ ACF ̘̐̑̆̓̃́̑́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ ˟2 ̉ ˟3
ˠ ̓́̂̆̌̉ 3.1 ̅́̓ ̪̆ ̐̑̆̄̌̆̅ ̘̖̋́̑́̋̓̆̑̉̒̓̉̎̉ ̘̃̆̌̉̉̎́ ACF ̘̐̑̆̓̃́̑́́ ̒́

̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ ˟2 ̉ ˟3 ̈́ ̍̉̎̉̍́̌̎̉ ̉ ̍́̋̒̉̍́̌̎̉ ̔̌́̈̎̉ ̎́̐̏̎. ˟̣́̋̏̆, ̅́̓̆ ̒̔
̉ ́̐̒̏̌̔̓̎̆ ̉ ̗̐̑̏̆̎̓̔́̌̎̆ ̑́̈̌̉̋̆ ̣̉̈̍̆̔ ̪̖̐̏̆̅̉̎̉ ̘̃̆̌̉̉̎́. ˟̔ ̃̉̅̉̍̏ ̅́ ̑́̈̌̉̋́
̔ ̙̃̑̎̉̍ ̪̃̑̉̆̅̎̏̒̓̉̍́ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ ̉ ̪̎̉̆ ̘̪̈̎́́̎́. ˙̣̆̔̓̉̍, ̑́̈̌̉̋̆ ̔
̆̋̒̓̑̆̍̎̉̍ ̪̃̑̉̆̅̎̏̒̓̉̍́ ̪̒̓̑̔̆ ̐̑̉̍́̑́ ̉ ̪̒̓̑̔̆ ̯̮̍́̄̎̆̆́ ̒̔ ̍̎̏̄̏ ̯̃̆̆ Ʉ ̙̓̏ ̪̆
̂̉̌̏ ̉ ̘̏̆̋̉̃́̎̏ ̪̆̑ ̪̆ ̉̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́ ̮̍́́ ̈́ 33%. ˛̃̏ ̎́̍ ̄̏̃̏̑̉ ̅́ ̂̉
̉̐́̋ ̐̑̆̅̎̏̒̓ ̓̑̆̂́̌̏ ̅́̓̉ ̪̃́̑̉́̎̓̉ ̘̐̑̆̓̃́̑́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3. ˏ̪̯̉̅̆̆̍̏
̪̋́̒̎̉̆ ̋́̋̃̉ ̒̔ ̑̆̈̔̌̓́̓̉ ̆̋̒̐̆̑̉̍̆̎́̓́.

˟́̂̆̌́ 3.1 ˜̣̮̏̑̆̆̆ ACF ̘̐̑̆̓̃́̑́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ ˟2 ̉ ˟3

T3 (88 nF) T2 (66 nF) ˝́̈̌̉̋́
620 V T3ϺT2
VDS_max 766 V 773 V Ϻ7ױ V 0,9%
D 15,28% 13,32% 1,96% Ϻ0,13%ױ
Imag_neg Ϻ0,24ױ ˍ Ϻ0,55ױ ˍ 0,31 A 1,29 ̐̔̓́
Ipri_min Ϻ1,39ױ ˍ Ϻ1,64ױ ˍ 0,25 A 17,9%
Ipri_max 1,74 A 2,14 A Ϻ0,4ױ A 22,9%
850 V T3ϺT2
VDS_max 995 V 1002 V Ϻ7ױ V 0,7%
D 10,49% 9,22% 1,27% Ϻ0,12%ױ
Imag_neg Ϻ0,30ױ ˍ Ϻ0,57ױ ˍ 0,27 A 90,0%
Ipri_min Ϻ1,37ױ ˍ Ϻ1,64ױ ˍ 0,27 A 19,7%
Ipri_max 1,74 A 2,14 A Ϻ0,4ױ A 22,9%
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3.2 ˑ̘̉̎́̍̉̋́ ̪̐̑̏̍̆̎́ ̯̮̏̐̓̆̑̆̆́

ˑ́ ̂̉̒̍̏ ̪̐̑̏̃̆̑̉̌̉ ̅́ ̌̉ ̪̆ ̎̆̋̉ ̑̆̄̔̌́̓̏̑ ̅̏̂̑̏ ̪̉̒̐̑̏̆̋̓̏̃́̎ ̐̏̓̑̆̂̎̏ ̪̆
̙̉̈̃̑̉̓̉ ̉ ̓̆̒̓ ̒́ ̘̅̉̎́̍̉̋̏̍ ̪̐̑̏̍̆̎̏̍ ̪̒̓̑̔̆ ̯̮̏̐̓̆̑̆̆́ ̉ ̪̉̈̍̆̑̉̓̉ ̘̪̐̑̆̂́́̆
(overshoot) ̉̌̉ ̘̪̐̏̅̂́́̆ (undershoot) ̉̈̌́̈̎̏̄ ̎́̐̏̎́. ˟̆ ̪̐̑̏̍̆̎̆ ̎́̐̏̎́ ̓̑̆̂́ ̅́
̂̔̅̔ ̔ ̈́̅́̓̉̍ ̗̄̑́̎̉́̍́ ̪̋̏̆ ̒̔ ̘̏̂̉̎̏ ̅́̓̆ ̔ ̗̗̪̒̐̆̉̉̋́̉̉̕ ̘̐̑̆̓̃́̑́́. ˟̘̉̐̉̎́
̪̐̑̏̍̆̎́ ̪̒̓̑̔̆ ̯̮̏̐̓̆̑̆̆́ ̪̆ ̏̅ 10Ʉ20% ̅̏ 90Ʉ100%, ̉ ̏̂̑̎̔̓̏. ˙̏̇̆ ̂̉̓̉ ̉
̘̪̅̑̔̄́̉̉ ̏̅̎̏̒ ́̋̏ ̪̆ ̐̑̉̑̏̅́ ̪̐̑̏̍̆̎̆ ̯̮̏̐̓̆̑̆̆́ ̘̪̅̑̔̄́̉́. ˠ ̏̃̏̍ ̭̐̏̄̌́̃̔
̙̯̋̏̑̉̆̎́ ̪̆ ̪̐̑̏̍̆̎́ ̯̮̏̐̓̆̑̆̆́ ̏̅ 20% ̅̏ 100% ̉ ̏̂̑̎̔̓̏, ̒́ 100% ̯̮̏̐̓̆̑̆̆̆̍
̎̆̑̆̄̔̌̉̒́̎̏̄ ̉̈̌́̈́ 5,5 V Ʉ ̙̓̏ ̪̆ ̘̪̋̑̉̓̉̎̉̆ ̈́ ̑̆̄̔̌́̓̏̑, ́̌̉ ̪̎̉̆ ̑̆́̌̎̏ ̅́ ̒̆
̅̆̒̉ ̔ ̒̉̒̓̆̍̔. ˔̂̏̄ ̓̏̄́ ̒̔ ̆̋̒̐̆̑̉̍̆̎̓̉ ̔ ̭̐̏̄̌́̃̔ 4.7.3 ̣̔̑́̆̎̉ ̒́ ̪̐̑̏̍̆̎̏̍
̯̮̏̐̓̆̑̆̆́ ̏̅ 10% ̅̏ 100% ̉ ̏̂̑̎̔̓̏, ́̌̉ ̒́ 45,5% ̯̮̏̐̓̆̑̆̆̆̍ ̎̆̑̆̄̔̌̉̒́̎̏̄
̉̈̌́̈́ 5,5 V.

˞̗̪̉̍̔̌́̉́ ̘̅̉̎́̍̉̋̆ ̪̐̑̏̍̆̎̆ ̯̮̏̐̓̆̑̆̆́ ̎́ ̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔ 5,5 V ACF
̘̐̑̆̓̃́̑́́ ̒́ ˟2 ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 620 V ̪̆
̐̑̉̋́̈́̎́ ̎́ ̗̒̌̉̉ 3.8 [22]. ˞̉̍̐̌̉̒ ̪̆ ̉ ̔ ̏̃̏̍ ̘̪̒̌̔́̔ ̂̑̈̏ ̙̉̈̃̑́̃́̏ ̗̪̒̉̍̔̌́̉̆
(37Ʉ41 s). ː̮̏̑̉ ̓́̌́̒̎̉ ̏̂̌̉̋ ̎́ ̗̒̌̉̉ 3.8 ̪̆ ̎̆̑̆̄̔̌̉̒́̎̉ 5,5 V ̉̈̌́̈ ̒́
̋̏̎̒̓́̎̓̎̉̍ ̯̮̏̐̓̆̑̆̆̆̍ 2,2 A. ˑ̮̏̉ ̓́̌́̒̎̉ ̏̂̌̉̋ ̎́ ̗̒̌̉̉ 3.8 ̪̆ ̑̆̄̔̌̉̒́̎̉ 5,5 V
̉̈̌́̈ ̒́ ̘̅̉̎́̍̉̋̏̍ ̪̐̑̏̍̆̎̏̍ ̯̮̏̐̓̆̑̆̆́ ̏̅ 0,2 A ̅̏ 1 A ̉ ̏̂̑̎̔̓̏. ˟̔ ̍̏̇̆̍̏ ̅́
̃̉̅̉̍̏ ̅́ ̑̆̄̔̌́̓̏̑ ̅̏̂̑̏ ̑́̅̉ ̒́ ̍̉̎̉̍́̌̎̉̍ ̮̏̅̒̓̔̐́̉̍́ ̎́̐̏̎́ ̑̆̄̔̌̉̒́̎̏̄
(5,473Ʉ5,543 V) ̉ ̎̆̑̆̄̔̌̉̒́̎̏̄ (5,274Ʉ5,454 V) 5,5 V ̉̈̌́̈́ [22]. ˛̃̏ ̪̆ ̒̔̍̉̑́̎̏,
̪̈́̆̅̎̏ ̒́ ̘̪̐̑̆̂́́̉̍́ ̉ ̘̪̐̏̅̂́́̉̍́ ̎́̐̏̎́, ̔ ̓́̂̆̌̉ 3.2 Ʉ ̑́̅̉ ̭̂̏̆ ̐̑̆̄̌̆̅̎̏̒̓̉.

ˑ̏̅́̓̎̏, ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̪̆ ̎́ ̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔ ̃́̌̏̃̉̓̏̒̓ (ripple)
̎́̐̏̎́ ̯̃̆́ ̐̑̉ ̯̃̆̆̍ ̯̮̏̐̓̆̑̆̆̔ Ʉ ̋́̏ ̙̓̏ ̒̍̏ ̉ ̘̏̆̋̉̃́̌̉ [22]. ˕̪̍́̍̏ ̔ ̃̉̅̔ ̅́ ̪̆
̉̈̌́̈̎̉  ̎́̐̏̎ ̎́ ̎̆̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔ ̮̍́̉ ̏̅ ̎́̈̉̃̎̏̄ ̐̑̉ ̮̍́̆̍ ̯̮̏̐̓̆̑̆̆̔
̑̆̄̔̌̉̒́̎̏̄ ̉̈̌́̈́ [22]. ˝́̈̌̏̄ ̪̆ ̗̪̔̓̉́ ̯̮̏̐̓̆̑̆̆́ ̎́ ̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔, ̪̓. ̒́ 0,2 ˍ
̎̆̍́̍̏ ̭̅̏̃̏̎̏ ̪̘̮̐̏́́́ [22] ̉ ̈́̓̏ ̪̆ ̪̓́ ̎́̐̏̎ ̣̉̈̍̆̔ 5,30 V ̉ 5,35 V. ˕̈ ̉̒̓̏̄
̑́̈̌̏̄́, ̋́̅ ̒̆ ̯̐̏̃̆́ ̯̮̏̐̓̆̑̆̆̆, ̉̍́̍̏ ̐̏̑́̒̓ Ʉ ́ ̎̆ ̐̑̏̐́̅ Ʉ ̎́̐̏̎́
̎̆̑̆̄̔̌̉̒́̎̏̄ ̉̈̌́̈́. ˞̃́̋́̋̏ ̪̆ ̂̉̌̏ ̭̈́̎̉̍̉̃̏ ̪̃̉̅̆̓̉ ̪̏̃́ ̆̎̏̍̆̎̕ ̉ ̐̑̉
̗̪̒̉̍̔̌́̉́̍́ ̉ ̐̑̉ ̆̋̒̐̆̑̉̍̆̎̓̉̍́. ˛̒̓́̌̉ ̎̆̑̆̄̔̌̉̒́̎̉ ̉̈̌́̈̉ ̒̔ ̉̍́̌̉ ̎́̈̉̃̎̏
̯̮̏̐̓̆̑̆̆̆, ́̌̉ ̮̖̉̏̃̆ ̪̐̑̏̍̆̎̆ ̎̉̒̔ ̂̉̌̆ ̏̅ ̉̎̓̆̑̆̒́ ̪̆̑ ̪̉̍́̔ ̍̎̏̄̏ ̯̃̆̉
̭̅̏̈̃̏̆̎̉ ̏̐̒̆̄ ̪̐̑̏̍̆̎́.

˝̆̈̔̌̓́̓̉ ̘̅̉̎́̍̉̋̆ ̪̐̑̏̍̆̎̆ ̯̮̏̐̓̆̑̆̆́ ̈́ ̔̌́̈̎̉ ̎́̐̏̎ 850 V ̒̔ ̐̑̉̋́̈́̎̉
̎́ ̗̒̌̉̉ 3.9 ̉ ̃̉̅̉̍̏ ̅́ ̒̔ ̍́̌̏ ̭̂̏̉ ̎́ ̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔ ̏̅ ̖̏̎̉ ̐̑̉ 620 V.
˞̘̌̉̎̉ ̋̏̍̆̎̓́̑̉ ̃́̇̆ ̋́̏ ̉ ̈́ ̘̪̒̌̔́ ̒́ 620 V. ˟́̌́̒̎̉ ̏̂̌̉̋ ̪̐̑̏̍̆̎̆ ̪̒̓̑̔̆ ̎́
̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔ ̪̆ ̅́̓ ̎́ ̗̒̌̉̉ 3.10 ̉ ̓̔ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̪̆ ̪̄̑́̅̉̆̎̓
.̉̒̋́̑̐ ̔ ̉̓̉̒̆̅ ̆̒ ̯̆ ́̅ ̪̘̏̍̆̔̋̆̏ ̆̎ ̉ ̏̄̏̑̓̒ ̪̆ ̙̏̓ ms Ʉ/ˍ 0,8ױ± ̪̆̔̑̓̒ ̪̆̎̆̍̏̑̐
˜̪̑̏̍̆̎̆ ̎́̐̏̎́ ̐̏̃̑́̓̎̆ ̒̐̑̆̄̆ ̋́̏ ̉ ́̋̓̏̑́̕ ̉̒̐̔̎̆ ̒̔ ̅́̓̆ ̎́ ̒̌̉̋́̍́ 3.11 ̉ 3.12,
̑̆̅̏̍. ˟̣́̋̏̆, ̉ ̓̔ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̒̔ ̑̆̈̔̌̓́̓̉ ̔ ̒̋̌́̅̔ ̒́ ̘̏̆̋̉̃́̎̉̍.

˟́̂̆̌́ 3.2 ˜̑̆̄̌̆̅ ̘̪̐̑̆̂́́́ ̉ ̘̪̐̏̅̂́́́ ̐̑̉ ̗̪̒̉̍̔̌́̉̉ ̘̅̉̎́̍̉̋̆ ̪̐̑̏̍̆̎̆ ̯̮̏̐̓̆̑̆̆́

+ 5,5 V ̑̆̄̔̌̉̒́̎ + 5,5 V ̎̆̑̆̄̔̌̉̒́̎
620 V
20% ᴼ 100% 5,473 V Ϻ27ױ mV 5,274 V Ϻ226ױ mV
100% ᴼ 20% 5,543 V 43ױ+ mV 5,454 V Ϻ46ױ mV
850 V
20% ᴼ 100% 5,492 Ϻ8ױ mV 5,273 Ϻ227ױ mV
100% ᴼ 20% 5,542 42ױ+ mV 5,449 Ϻ51ױ mV
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˞̌̉̋́ 3.8 ˑ̘̉̎́̍̉̋́ ̪̐̑̏̍̆̎́ ̯̮̏̐̓̆̑̆̆́ ACF ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 620 V

˞̌̉̋́ 3.9 ˑ̘̉̎́̍̉̋́ ̪̐̑̏̍̆̎́ ̯̮̏̐̓̆̑̆̆́ ACF ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 850 V
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˞̌̉̋́ 3.10 ː̑́̉̋̕ ̪̐̑̏̍̆̎̆ ̪̒̓̑̔̆ ̎́ ̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔

˞̌̉̋́ 3.11 ː̗̑́̉̉̕ ̪̐̑̏̍̆̎̆ ̎́̐̏̎́ ̐̏̃̑́̓̎̆ ̒̐̑̆̄̆

˞̌̉̋́ 3.12 ː̗̑́̉̉̕ ̪̐̑̏̍̆̎̆ ́̋̓̏̑́̕ ̉̒̐̔̎̆ (duty-cycle)

ˏ̪̑̉̆̍̆ [ms]

ˏ̪̑̉̆̍̆ [ms]

ˏ̪̑̉̆̍̆ [ms]
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3.3 ˎ̏̅̆̏̃̉ ̪̅̉́̄̑́̍̉

˛̒̉̍ ̓̆̒̓́ ̔ ̭̐̏̄̌́̃̔ 3.2 ̐̏̓̃̑̅́ ̉̒̐̑́̃̎̏̄ ̪̮̐̑̏̆̋̓̏̃́́ ̑̆̄̔̌́̓̏̑́ ̍̏̑́ ̒̆
̔̑́̅̉̓̉ ̉ ̔ ̑̆̋̃̆̎̓̎̏̍̕ ̅̏̍̆̎̔. ˟̏ ̪̆ ̓̆̍́ ̏̃̏̄ ̭̐̏̄̌́̃́, ́̌̉ ̒́ ́̒̐̆̋̓́ ̗̪̒̉̍̔̌́̉́.
ˎ̏̅̆̏̃̉ ̪̅̉́̄̑́̍̉ (Bode plots) ̒̆ ̋̏̑̉̒̓̆ ̐̑̉̌̉̋̏̍ ́̎́̌̉̈̆ ̒̓́̂̉̌̎̏̒̓̉ ̒̉̒̓̆̍́
̭̮̔̐̑́̃́́ [155]. ˺̉̍́ ̒̆ ̪̆̅̎̏̒̓́̃̎̏ ̪̏̐̉̒̔̆ ̑̆̋̃̆̎̓̎̉̕ ̏̅̈̉̃ ̖̌̉̎̆́̑̎̉
̃̑̆̍̆̎̒̋̉ ̪̭̖̎̆̐̑̏̍̆̎̉̃̉ ̒̉̒̓̆̍́ [155]. ˛̎̉ ̪̐̑̉̋́̈̔̔ ̪̐̑̏̍̆̎̔ ̪̘̮̐̏́́́ ̉ ́̈̆̕
̎̆̋̏̄ ̒̉̒̓̆̍́ ̔ ̈́̃̉̒̎̏̒̓̉ ̏̅ ̘̔̆̒̓́̎̏̒̓̉ ̉ ̙̃̉̆ ̏ ̮̉̍́ ̘̗̉̓́̌́ ̍̏̇̆ ̯̎́̉ ̔ [155].

ˠ ˞̉̍̐̌̉̒̔ ̪̆ ̂̉̌̏ ̌́̋̏ ̉ ̂̑̈̏ ̄̆̎̆̑̉̒́̓̉ ˎ̏̅̆̏̃̆ ̪̅̉́̄̑́̍̆. ˞̘̌̉́̎ ̭̘̈́̋̔́̋
̉̍́̍̏ ̉ ̔ [154]. ˟̘̉̐̉̎̏ ̪̃̑̉̆̍̆ ̙̮̉̈̃̑̆́ ̗̪̒̉̍̔̌́̉́ ̪̆ ̂̉̌̏ 5Ʉ7 s [22]. ˑ̏̅́̓̎̏,
̣̐̑̉̌́̄̏̆̎́ ̙̮̐̏̅̆́̃́́ ̐́̑́̍̆̓̑̉̈̏̃́̎̏̄ ̏̐̓̏̋́̐̌̆̑́ (optocoupler) ̔ ˞̉̍̐̌̉̒̔ ̒̔:
̪̒̓̑̔̎̏ ̪̘̮̐̏́́̆ (CTR) 1,6; ̘̔̆̒̓́̎̏̒̓ ̐̑̃̏̄ ̐̏̌́ (1st pole frequency) 4 kHz ̉ ̉̈̌́̈̎́
(̐́̑́̈̉̓̎́) ̗̋́̐́̉̓̉̃̎̏̒̓ (output capacitance) 3,07 nF [22]. ˝̆̈̔̌̓́̓ ̪̆ ̐̑̉̋́̈́̎ ̎́
̗̒̌̉̉ 3.13.

˞̉̍̔̌̉̑́̎̉ ˎ̏̅̆̏̃̉ ̪̅̉́̄̑́̍̉ ACF ̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̒́ ̐̔̎̉̍
̯̮̏̐̓̆̑̆̆̆̍, ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ 620 V ̉ 850 V ̒̔ ̅́̓̉ ̎́ ̒̌̉̋́̍́ 3.14 ̉ 3.15,
̑̆̅̏̍ [22]. ˛̂̆ ̗̪̒̉̍̔̌́̉̆ ̒̔ ̙̉̈̃̑̆̎̆ ̈́ ̎́̈̉̃̎̏ ̯̮̏̐̓̆̑̆̆̆ 57 W. ˗̙̯̏̑̉̆̎ ̪̆ ˟2
̓̒̏̎̃̉̓̋̔̅̎˕ .µH [22] (77 = 9ױ+ױ68) ̓̒̏̎̃̉̓̋̔̅̎̉ ́̎̓̎́̎̏̈̆̑ ̉ ̑̏̓́̍̑̏̒̎́̑̓̕
̯̮̍́̄̎̆̆́ ̎̆̍́ ̗̪̔̓̉́ ̎́ ̍́̌̆ ̒̉̄̎́̌̆ ̉ ̈́̓̏ ̪̎̉̆ ̂̉̌̏ ̂̉̓̎̏ ̪̋̏̉ ̪̆ ̓̑́̎̒̏̑̍́̓̏̑̕
̙̯̋̏̑̉̆̎.

˞̌̉̋́ 3.13 ˜̙̮̏̅̆́̃́́ ̐́̑́̍̆̓̑̉̈̉̑́̎̏̄ ̏̐̓̏̋́̐̌̆̑́ ̔ ˞̉̍̐̌̉̒̔

ˍ̋̏ ̔̐̏̑̆̅̉̍̏ ̑̆̈̔̌̓́̓̆ ̒́ ̒̌̉̋́ 3.14 ̉ 3.15 ̘̯̔̏̉̆̍̏ ̅́ ̎̆̍́ ̘̪̈̎́́̎̆ ̑́̈̌̉̋̆
̣̉̈̍̆̔ ̑́̅́ ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ 620 V ̉̌̉ 850 V [22]. ˑ́ ̌̉ ̉̒̓̏ ̃́̇̉ ̉ ̔ ̐̑́̋̒̉
̪̯̃̉̅̆̆̍̏ ̔ ̭̐̏̄̌́̃̔ 4.7.1. ˞́ ̒̌̉̋́ 3.14 ̉ 3.15 ̭̘̪̈́̋̔̔̆̍̏ ̅́ ̪̆ ̙̎́ ̒̉̒̓̆̍ ̒̓́̂̉̌́̎
̪̆̑ ́̍̐̌̉̓̔̅̒̋́ ̋́̑́̋̓̆̑̉̒̓̉̋́ (gain vs. frequency) ̐̑̏̌́̈̉ ̋̑̏̈ ̎̔̌̔ (0 dB) ̐̏̅
̎́̄̉̂̏̍ ̏̅ Ϻ20ױ dB/̅̆̋́̅̉, ̉̍́̍̏ ̭̅̏̃̏̎̔ ̑̆̈̆̑̃̔ ́̈̆̕ (phase margin) ̉ ̉̍́̍̏
̭̅̏̃̏̎̔ ̑̆̈̆̑̃̔ ̪̘̮̐̏́́́ (gain margin). ˑ̏̅́̓̎̏, ̎́ ̒̌̉̋́̍́ 3.14 ̉ 3.15 ̍̏̇̆̍̏ ̅́
̘̔̏̉̍̏ ̏̅̈̉̃ ̐̑̃̏̄ ̑̆̅́ (first-order response) Ʉ ̪̋̏̉ ̪̆ ̘̏̆̋̉̃́̎ ̈́ ̂̉̌̏ ̪̋̏̉ flyback dc-
dc ̘̐̑̆̓̃́̑́ ̒́ ̋̏̎̓̑̏̌̏̍ ̙̃̑̎̆ ̪̒̓̑̔̆ (peak-current controlled) [22], [77].
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˞̌̉̋́ 3.14 ˞̉̍̔̌̉̑́̎̉ ˎ̏̅̆̏̃̉ ̪̅̉́̄̑́̍̉ ACF ̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ ̔̌́̈̎̏̍
̎́̐̏̎̔ 620 V

˞̌̉̋́ 3.15 ˞̉̍̔̌̉̑́̎̉ ˎ̏̅̆̏̃̉ ̪̅̉́̄̑́̍̉ ACF ̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ ̔̌́̈̎̏̍
̎́̐̏̎̔ 850 V
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4 ˒̋̒̐̆̑̉̍̆̎̓́̌̎̉ ̑̆̈̔̌̓́̓̉ ̉ ̪̅̉̒̋̔̒̉́

˚̆̋̏̌̉̋̏ ACF ̘̐̑̆̓̃́̑́́ 57 W ̪̆ ̭̎́̐̑́̃̆̎̏ ̐̑̆̍́ ̗̗̪̒̐̆̉̉̋́̉̉̕ ̪̅́̓̏ ̔
̓́̂̆̌̉ 2.4 ̉ ̓̆̒̓̉̑́̎̏. ˝̆̈̔̌̓́̓̉ ̆̋̒̐̆̑̉̍̆̎́̓́ ̉ ̪̅̉̒̋̔̒̉́ ̖̉̒̓̉ ̒̔ ̓̆̍́ ̏̃̏̄
̭̐̏̄̌́̃́. ˚̭́̐̑́̃̆̎̆ ̒̔ ̓̑̉ ̪̃̆̑̈̉̆ ̐̑̏̓̏̓̉̐̏̃́ 57 W, ̪̓. ̅̆̍̏-̘̐̌̏́ (demonstration
boards), ̒́ ̘̑́̈̌̉̉̓̉̍ ̪̅̑́̃̆̑̉̍́ ̉ ̪̌̆́̔̓̏̍14 (layout), ́ ̭̮̐̏̒̆̅́ (̉ ̪̭̎́̂̏́) ̪̆
̐̑̉̋́̈́̎́ ̎́ ̗̒̌̉̉ 4.1 ̒́ ̪̯̏̅̄̏̃́̑́̔̉̍ ̏̈̎́̋́̍́.

˥̓́̍̐́̎́ ̘̐̌̏́ (PWB - printed-wiring board) ̪̆ ̪̅̉̍̆̎̈̉́ 9 ̖ 13 cm. ˠ̣̑́̆̎́ ̪̆
̋́̏ ̘̪̆̓̃̏̑̏̒̌̏̎́ (4-layer) ̒́ ̒̓́̎̅́̑̅̎̉̍ ̪̍́̓̆̑̉́̌̏̍ FR-4 [156] ̉ ̭̅̆̂̉̎̏̍
̖̂́̋́̑̎̉ ̃̏̅̏̃́ ̎́ ̭̒̐̏̎̉̍ ̪̒̌̏̆̃̉̍́ (top, bottom) ̏̅ ̐̏ 70 µm. ˞̉̄̎́̌̎̉ ̪̒̌̏̆̃̉ ̒̔
̒́ ̭̅̆̂̉̎̏̍ ̂́̋̑́ ̏̅ ̐̏ 35 µm. ˒̘̌̆̋̓̑̉̎́ ̙̆̍́ ̉ ̪̌̆́̔̓, ̪̓. ̑́̒̐̏̑̆̅ ̋̏̍̐̏̎̆̎̓̉,
̃̏̅̏̃́ ̉ ̐̏̌̉̄̏̎́ ̎́ ̙̪̓́̍̐́̎̏ ̘̐̌̏̉, ̒̔ ̣̔̑́̆̎̉ ̔ ̐̑̏̄̑́̍̒̋̏̍ ̐́̋̆̓̔ Altium
Designer® [157]. ˕̘̎́̆, ̓̑̆̂́ ̉̍́̓̉ ̎́ ̔̍̔ ̪̆ ̉̈̑́̈ PWB ̐̑́̃̉̌́̎, ́ ̎̆ ̘̆̒̓̏
̙̯̋̏̑̉̆̎̉ PCB (printed-circuit board). ˏ̏̅̏̃̉ ̒̔ ̙̏̅̓́̍̐́̎̉, ́ ̎̆ ̋̏̌̏. ˛̪̃́ ̓̆̑̍̉̎ ̒̆
̋̏̑̉̒̓̉ ̎̐̑. ̔ ̪̋̏̍̐́̎̉̉ Delta Electronics [158] ̉ ̔ ̒̓́̎̅́̑̅̔ IEC 62477-1 [117].

˞̌̉̋́ 4.1 ˑ̆̍̏-̘̐̌̏́ ACF ̘̐̑̆̓̃́̑́́ 57 W (̐̏̄̌̆̅ ̏̅̏̈̄̏)

˔́ ̘̐̑̏̑́̔̎̆ ̖̒̉̄̔̑̎̏̒̎̉ ̪̮̑́̒̓̏́́ ̔ ̖̃́̈̅̔̔ (clearance) ̉ ̐̏ ̙̐̏̃̑̉̎̉
(creepage) ̘̐̌̏̆ ̙̯̋̏̑̉̆̎̉ ̒̔ ̒̓́̎̅́̑̅̉ IEC 60664-1 [159] ̉ IEC 60664-4 [160]. ˠ
̘̪̒̌̔́̔ ̪̯̎̆́̒̎̏́ ̐̑̉̌̉̋̏̍ ̪̮̐̑̏̆̋̓̏̃́́, ̪̋̏̆ ̒̆ ̎̆ ̍̏̄̔ ̏̅̄̏̎̆̓̎̔̓̉ ̮̑́̈̍́̓̑́̆̍
̖̐̑̆̓̏̅̎̏ ̖̐̏̍̆̎̔̓̉ ̒̓́̎̅́̑̅́, ̪̮̪̐̑̉̍̆̔̆ ̒̆ ̙̏̐̓̉ ̒̓́̎̅́̑̅ IEC 62477-1 [117].
˕̘̎́̆, ̪̆̅́̎ ̏̅ ̪̪̖̎́̃́̇̎̉̉ ̒̓́̎̅́̑̅́ ̈́ ̒̉̒̓̆̍̆ ̘̂̆̇̉̎̏̄-̉̎̅̔̋̓̉̃̎̏̄ ̮̮̐̔̆́
̪̂́̓̆̑̉́ ̘̖̆̌̆̋̓̑̉̎̉ ́̔̓̏̍̏̂̉̌́ ̪̆ IEC 61980-1 [53].

ˡ̪̏̓̏̄̑́̉̆̕ ACF ̘̐̑̆̓̃́̑́́ 57 W, ̣̔̄̑́̆̎̏̄ ̔ ICS, ̒́ ̏̈̎́̋́̍́ ̪̖̐̏̆̅̉̎̉
̆̌̆̍̆̎́̓́  ̒̔ ̅́̓̆ ̎́ ̒̌̉̋́̍́ 4.2 [19] ̉ 4.3 [19]. ˙̣̆̔̓̉̍, ̒̃̉ ̑̆̈̔̌̓́̓̉, ̏̒̉̍ ̪̮̍̆̑̆́
̓̆̍̐̆̑́̓̔̑̆ ̔ ̒̉̒̓̆̍̔ ̉ ̖̆̌̆̋̓̑̏̍́̄̎̆̓̒̋̉ ̪̆̍̉̒̉́, ̒̔ ̏̒̓̃́̑̆̎̉ ̎́ ̅̆̍̏-̘̐̌̏́̍́.

14 ˑ̏̒̌̏̃̎̉ ̐̑̆̃̏̅ ̎́ ̒̑̐̒̋̉ ̂̉ ̂̉̏ ̑́̒̐̏̑̆̅, ́̌̉ ̒̆ ̏̎̆̓̒̋̉̕ ̉̈̑́̈ ̪̌̆́̔̓ ̯̏̅̏̍́̉̏ ̣̍̆̔
̮̉̎̇̆̆̑̉̍́.
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˛̃́̋́̃ ̐̑̉̒̓̔̐ ̪̆ ̂̉̏ ̍̎̏̄̏ ̙̌́̋̉, ́ ̉ ̪̪̂̆̈̂̆̅̎̉̉. ˞̌̉̋́ ̪̅̉̆̌́ ̪̌́̂̏̑́̓̏̑̉̒̋̆
̐̏̒̓́̃̋̆ ̪̆ ̅́̓́ ̎́ ̗̒̌̉̉ 4.4. ˟̔ ̍̏̇̆̍̏ ̉ ̅́ ̃̉̅̉̍̏ ̎́ ̗̏̒̉̌̏̒̋̏̐̔ ̅́ ̪̆ ACF
̘̐̑̆̓̃́̑́ ̓́̅́ ̂̉̏ ̔ ̑́̅̔.

˛̒̎̏̃̎́ ̏̐̑̆̍́ ̪̋̏́ ̪̆ ̙̯̋̏̑̉̆̎́ ̐̑̉̌̉̋̏̍ ̪̑́̈̃̏́ ̉ ̮̓̆̒̓̉̑́́ ACF
̘̐̑̆̓̃́̑́́ ̭̖̐̑̆̅̒̓́̃̆̎̉ ̔ ́̔̓̏̑̏̃̉̍ ̘̗̌́̎̉̍́ ̉ ̔ ̅̏̋̓̏̑̒̋̏̍ ̑́̅̔ ̪̆:

¶ ̅̉̄̉̓́̌̎̉ ̘̆̓̃̏̑̏̋́̎́̌̎̉ ̗̏̒̉̌̏̒̋̏̐ Agilent Infinii Vision DSO-X-3034A;

¶ ̉̈̃̏̑ ̪̪̆̅̎̏̒̍̆̑̎̏̄ ̎́̐̏̎́ Agilent Technologies N5752A dc power supply;

¶ ̉̈̃̏̑ ̪̪̆̅̎̏̒̍̆̑̎̏̄ ̎́̐̏̎́ Regatron TopCon Quadro - programmable dc power
supply;

¶ ̉̈̃̏̑ ̪̪̆̅̎̏̒̍̆̑̎̏̄ ̎́̐̏̎́ Magna-Power SL1000-1.5/UI dc power supply;

¶ ̗̐̑̆̉̈̎̉ ́̎́̌̉̈́̓̏̑ ̒̎́̄̆ ZES Zimmer Precision Power Analyzer LMG-671;

¶ ̗̐̑̆̉̈̎̉ ́̎́̌̉̈́̓̏̑ ̒̎́̄̆ ZES Zimmer Precision Power Analyzer LMG-641;

¶ ̆̌̆̋̓̑̏̎̒̋̏ ̯̮̏̐̓̆̑̆̆̆ Chroma 63202 dc electronic load;

¶ ̆̌̆̋̓̑̏̎̒̋̏ ̯̮̏̐̓̆̑̆̆̆ EA EL 3500-10B dc electronic load;

¶ ̆̌̆̋̓̑̏̎̒̋̏ ̯̮̏̐̓̆̑̆̆̆ Teledyne LeCroy T3EL150302P dc electronic load;

¶ ̣̪̔̑̆́ ̈́ ̪̮̍̆̑̆̆ ̪̘̮̐̏́́́ ̉ ́̈̆̕ (̪̓. ́̎́̌̉̈́̓̏̑ ̑̆̋̃̆̎̓̎̏̄̕ ̏̅̈̉̃́) Omicron
Lab Bode 100 Vector Network Analyzer;

¶ ̣̪̔̑̆́ ̈́ ̪̮̍̆̑̆̆ ̈́̃̉̒̎̏̒̓̉ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̏̅ ̪̒̓̑̔̆ ED-K Power Choke Tester
DPG-100B;

¶ ̗̐̑̆̉̈̎̉ LCR ̍̆̓́̑ GW INSTEK LCR-8101G;

¶ ̅̉̄̉̓́̌̎̉-̍̔̌̓̉̍̆̓́̑ Agilent U1272A true rms multi-meter;

¶ ̅̉̄̉̓́̌̎̉-̍̔̌̓̉̍̆̓́̑ Fluke 117 true rms multi-meter;

¶ ̅̉̄̉̓́̌̎̉-̍̔̌̓̉̍̆̓́̑ Agilent 34410A 6 1/2 digit muti-meter;

¶ ̓̆̑̍̏ ̋́̍̆̑́ Agilent U5855ˍ;

¶ ̗̪̅̉̆̑̆̎̉́̌̎̆̕ ̎́̐̏̎̒̋̆ ̒̏̎̅̆ Keysights (Agilent Technologies) N2790A;

¶ ̪̒̓̑̔̎́ ̒̏̎̅́ Keysights N2893A;

¶ ̪̒̓̑̔̎́ ̒̏̎̅́ PEM CWTmini HF06R Rogowski current transducer.

˟̮̆̒̓̉̑́̆ ̪̆ ̭̏̂́̃̆̎̏ ̎́ ̘̎́̉̎ ̅́ ̒̔ ̏̂́ 5,5 V ̉̈̌́̈́ ̉ ̉̈̌́̈ 22 V ̂̉̌̉
̆̋̉̎̑̏̐̓̏ ̑̆̅̉̌̂ ̏̍́̒ ̉̌́̍̉ ̔̒ ̉̈́̌̈̉  V 11ױ± ́ ,̮̯́̆̆̑̆̓̐̏ ́̋̒̎̏̑̓̋̆̌̆ ́̎ ̉̎́̈̆̃̏̐
̏̅ ̐̏ 10 kɱ  [19]. ˛̃̏ ̪̆ ̣̔̑́̆̎̏ ̅́ ̂̉ ̒̆ ̮̓̆̒̓̉̑́̆ ̙̏̌́̋́̌̏, ́ ̪̎̉̆ ̉̍́̌̏ ̗̪̔̓̉́́  ̎́
̑̆̈̔̌̓́̓̆ [19]. ˘̆̄̆̎̅́ ̈́ ̓́̌́̒̎̆ ̏̂̌̉̋̆ ̗̏̒̉̌̏̒̋̏̐́ ̔ ̏̃̏̍ ̭̐̏̄̌́̃̔ ̪̆:

¶ CH1 (̇̔̓́; 1 A/̐̏̅̉̏̋̔; ̐̑̉̍́̑̎́ ̪̒̓̑̔́);

¶ CH2 (̈̆̌̆̎́; 200 V/̐̏̅̉̏̋̔; ̎́̐̏̎ drain-source QL);
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¶ CH3 (̐̌́̃́; 5 V/̐̏̅̉̏̋̔; ̎́̐̏̎ gate-source QL);

¶ CH4 (̗̑̃̆̎́; 50Ʉ200 V/̐̏̅̉̏̋̔; ̎́̐̏̎ ̋̏̎̅̆̎̈́̓̏̑́ ̈́ ̪̗̮̏̅̒̉̆́̆).

˗̗̪̏̍̆̑̉́̌̎̉ ̐̑̏̄̑́̍̉ ̪̋̏̉ ̒̔ ̙̯̋̏̑̉̆̎̉ ̐̑̉̌̉̋̏̍ ̪̑́̈̃̏́ ̉ ̪̮̐̑̏̆̋̓̏̃́́
̘̐̑̆̓̃́̑́́ ̒̔:

¶ Altium Designer®,

¶ SIMPLIS/Simmetrix®,

¶ MathCAD Prime®.

˞̌̉̋́ 4.2 ˕̗̪̍̐̌̆̍̆̎̓́̉́ ACF ̘̐̑̆̓̃́̑́́ ̔ ICS (̐̏̄̌̆̅ ̏̅̏̈̄̏)

˞̌̉̋́ 4.3  ˕̗̪̍̐̌̆̍̆̎̓́̉́ ACF ̘̐̑̆̓̃́̑́́ ̔ ICS (̐̏̄̌̆̅ ̏̅̏̈̅̏)
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˞̌̉̋́ 4.4 ˑ̉̏ ̪̌́̂̏̑́̓̏̑̉̒̋̆ ̐̏̒̓́̃̋̆ ̈́ ̪̑́̈̃̏ ̉ ̮̓̆̒̓̉̑́̆ ACF ̘̐̑̆̓̃́̑́́15

4.1 ˝́̅  ACF ̘̐̑̆̓̃́̑́́ ̋́̅́ ̒̉̒̓̆̍ ̐̑̆̎̏̒̉ ̪̆̎̆̑̄̉̔

4.1.1 ACF ̘̐̑̆̓̃́̑́ 57 W ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3
˕̪̈̍̆̑̆̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̎́̐̏̎́ ̪̄̆̓́ (gate-source, VGS(QL)) ̉ ̪̅̑̆̎́ (drain-source,

VDS(QL)) QL ̘̐̑̆̋̉̅́́ ACF ̘̐̑̆̓̃́̑́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3, ̔ ̗̒̓́̉̏̎́̑̎̏̍ ̮̒̓́̔,
̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔  ̏̅  620 V  ̉  ̎́̈̉̃̎̏̍  ̯̮̏̐̓̆̑̆̆̔  57 W,  ̔  ACM  ̑̆̇̉̍̔  ̑́̅́,  ̒̔
̐̑̉̋́̈́̎̉  ̎́ ̗̒̌̉̉ 4.5 [19]. ˟̔  ̍̏̇̆̍̏  ̅́  ̃̉̅̉̍̏  ̅́  ́̋̓̉̃̎̏  ̪̗̮̏̅̒̉̆́̆  ̙̃̑̎̏̄
̎́̐̏̎́  (active-clamping)  ̑́̅̉  ̋́̋̏  ̪̆  ̉  ̘̏̆̋̉̃́̎̏  ̒́  ZVS  ̗̪̋̏̍̔̓́̉́̍́  ̘̐̑̆̋̉̅́́
QL [19]. ˑ̏̅́̓̎̏, ̪̅̏̂̉̆̎̉ ̑̆̈̔̌̓́̓̉ ̒̔ ̣̔̒̋̌́̆̎̉ ̒́ ̑̆̈̔̌̓́̓̉̍́ ̗̪̒̉̍̔̌́̉́
̐̑̉̋́̈́̎̉̍ ̎́ ̗̒̌̉̉ 3.1.

˟̣́̋̏̆, ̎́ ̗̒̌̉̉ 4.5 ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̉ ̓́̌́̒̎̆ ̏̂̌̉̋̆ ̎́̐̏̎́ ̋̏̎̅̆̎̈́̓̏̑́
̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ (Vclamp) ̉ ̪̒̓̑̔̆ ̐̑̉̍́̑́ (Ipri). ˟̔ ̍̏̇̆̍̏ ̅́ ̘̔̏̉̍̏ ̅́ ̪̆
̍́̋̒̉̍́̌̎́ ̪̉̈̍̆̑̆̎́ ̪̃̑̉̆̅̎̏̒̓ Vclamp ̈́ ̏̋̏ 11 V ̮̍́́ ̎̆̄̏ ̒̉̍̔̌̉̑́̎́ (̒̌̉̋́ 2.16)
[19]. ˛̃̏ ̪̆ ̅̏̂̑̏ ̪̆̑ ̒̍̏ ̓́̅́ ̎́ ̒̓̑́̎̉ ̒̉̄̔̑̎̏̒̓̉. ˑ̏̅́̓̎̏, ̎́ ̏̒̎̏̃̔ ̓́̌́̒̎̏̄
̏̂̌̉̋́ ̪̒̓̑̔̆ ̒́ ̒̌̉̋̆ 4.5 ̭̘̪̈́̋̔̔̆̍̏ ̉ ̅́ ̎̆̍́̍̏ ̯̮̈́̒̉̆̆ ̓̑́̎̒̏̑̍́̓̏̑́̕ [19].
˛̮̅̒̓̔̐́́ ̙̖̃̑̎̉ (̖̐̏̈̉̓̉̃̎̉ ̉ ̖̎̆̄́̓̉̃̎̉) ̪̃̑̉̆̅̎̏̒̓̉ ̪̒̓̑̔́ ̐̑̉̍́̑́ (̒̌̉̋́ 4.5)
̔ ̏̅̎̏̒̔ ̎́ ̒̉̍̔̌̉̑́̎̆ (̒̌̉̋́ 3.2) ̒̔ ̖̭̐̑̉̃́̓̉̃́.

˕́̋̏ ̪̆ ̪̌̆́̔̓ ̣̔̑́̆̎ ̭̐́̇̉̃̏, ̗̗̪̏̒̉̌́̉̆ (ringing) ̐̑̉̍́̑̎̆ ̪̒̓̑̔̆ ̓̏̋̏̍
„̍̑̓̃̏̄” ̃̑̆̍̆̎́ (dead-time), ̐̑̉̌̉̋̏̍ ̗̪̋̏̍̔̓́̉̆ ̣̉̈̍̆̔ ̘̐̑̆̋̉̅́́ QL ̉ ̪̈́̍́̎̆
̅̉̏̅̆ (free-wheeling diode) ̘̐̑̆̋̉̅́́ QH, ̒̔ ̂̉̌̆ ̪̎̆̉̈̂̆̇̎̆ (̒̌̉̋̆ 4.5 ̉ 4.6). ˠ ̏̃̏̍
̐̆̑̉̏̅̔, ̔ ̒̓̃́̑̉, ̉̍́̍̏ ̑̆̈̏̎́̎̓̎̏ ̋̏̌̏ ̭̒́̒̓́̃̆̎̏ ̏̅ ̪̮̏̂̆̅̉̆̎̆ ̐́̑́̈̉̓̎̆
̗̋́̐́̉̓̉̃̎̏̒̓̉ ̘̓́̋̆ CSW, ̋̏̎̅̆̎̈́̓̏̑́ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́, ̉̎̅̔̋̓̉̃̎̏̒̓̉
̯̮̍́̄̎̆̆́ ̉ ̑̆̈̏̎́̎̓̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉.

˚́ ̗̒̌̉̉ 4.6 [19] ̒̔ ̐̑̉̋́̈́̎̉ ̑̆̈̔̌̓́̓̉ ̘̒̌̉̎̉ ̏̎̉̍́ ̒́ ̒̌̉̋̆ 4.5 ̒́̍̏ ̈́
̔̌́̈̎̉ ̎́̐̏̎ ̏̅ 850 V. ˕ ̓̔ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ́̋̓̉̃̎̏ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́
̑́̅̉  ̋́̋̏ ̪̆ ̉ ̘̏̆̋̉̃́̎̏ ̒́ ZVS ̗̪̋̏̍̔̓́̉́̍́  ̘̐̑̆̋̉̅́́  QL. ˑ̏̅́̓̎̏, ̪̅̏̂̉̆̎̉

15 Used with permission of  Brusa Elektronik (München) GmbH, Munich, Germany.
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̑̆̈̔̌̓́̓̉ ̒̔ ̣̔̒̋̌́̆̎̉ ̒́ ̑̆̈̔̌̓́̓̉̍́ ̗̪̒̉̍̔̌́̉́ ̐̑̉̋́̈́̎̉̍ ̎́ ̗̒̌̉̉ 3.3 Ʉ ̏̒̉̍ ̈́
̗̪̐́̑̉́̌̎̆ ZVS ̗̪̋̏̍̔̓́̉̆ QL ̐̑̉ ̭̘̮̔̋̔̆̔ [19]. ˛̪̃́ ̆̆̋́̓̕ ̒̆ ̪̭́̃́̏ ̒́̍̏ ̐̑̉ ̯̃̆̆̍
̪̗̆̎̌́̉̑́̐ ́̅ .̪̓ ,[70] ̔ ̪̔̉̒̔̋̒̉̅ ̔̅̉̃ ̔ ̯̪̉̔́̍̉ ̪̆ ̭̖̃̉̓́̃̉̑̐ ̉ (75%ױ<) ̮̯̔̆̆̑̆̓̐̏
ZVS ̗̪̋̏̍̔̓́̉̆ ̍̏̄̔ ̘́̋ ̅́ ̍́̌̏ ̮̒̍́̆ ̔̋̔̐̎̆ ̄̔̂̉̓̋̆ ̘̐̑̆̓̃́̑́́ [19]. ˑ̏̅́̓̎̏, ̉́̋̏
̪̆ ̪̆̎̆̑̄̉́ ̔ ̙̗̐̑̉̄̔̎̉̉ ̐̑̉ 850 V (̓́̂̆̌́ 2.11) ̂̉̌́ ̭̅̏̃̏̎̏ ̃̆̌̉̋́ ̉̈̄̌̆̅́ ̅́
̍̑̓̃̏-̪̃̑̉̆̍̆ ̪̎̉̆ ̂̉̌̏ ̭̅̏̃̏̎̏ ̅̔̄̏ ̅́ ̂̉ ̒̆ ̏̒̓̃́̑̉̌́ ̐̔̎́ ZVS ̗̪̋̏̍̔̓́̉́ [161],
[19]. ˟̣́̋̏̆, ̎́ ̗̒̌̉̉ 4.6 ̒̔ ̅́̓̉ ̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̎́̐̏̎́ ̋̏̎̅̆̎̈́̓̏̑́ ̈́ ̪̗̮̏̅̒̉̆́̆
̙̃̑̎̏̄ ̎́̐̏̎́ (Vclamp). ˟̔ ̍̏̇̆̍̏ ̅́ ̘̔̏̉̍̏ ̅́ ̪̆ ̍́̋̒̉̍́̌̎́ ̪̉̈̍̆̑̆̎́ ̪̃̑̉̆̅̎̏̒̓
Vclamp ̈́ ̏̋̏ 8ױ V ̮̍́́ ̎̆̄̏ ̒̉̍̔̌̉̑́̎́ (̒̌̉̋́ 2.16) [19]. ˟̏ ̪̆ ̅̏̂̑̏ ̪̆̑ ̒̍̏ ̓́̅́ ̎́
̒̓̑́̎̉ ̒̉̄̔̑̎̏̒̓̉. ˛̒̓́̓́̋ ̋̏̍̆̎̓́̑́, ̭̘̪̯̔̋̔̔̔̉ ̉ ̪̒̓̑̔̆, ̪̆ ̘̒̌̉́̎ ̋́̏ ̋̏̅ ̘̪̒̌̔́́ ̈́
̑́̅ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 620 V.

˞̌̉̋́ 4.5 ˕̪̈̍̆̑̆̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟3 ̔ ACM ̐̑̉ 620 V ̉ ̎̏̍̉̎́̌̎̏̍
̯̮̏̐̓̆̑̆̆̔

˞̌̉̋́ 4.6 ˕̪̈̍̆̑̆̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟3 ̔ ACM ̐̑̉ 850 V ̉ ̎̏̍̉̎́̌̎̏̍
̯̮̏̐̓̆̑̆̆̔

˔́̃̉̒̎̏̒̓ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔ ̑́̅́, ̈́
̓̑́̎̒̏̑̍́̓̏̑̕ ˟3 ̉ ̘̑́̈̌̉̉̓̆ ̣̘̐̑̏̉̈̃̏́̆, ̪̆ ̭̐̑̆̅̒̓́̃̆̎́ ̎́ ̗̒̌̉̉ 4.7. ˙́̋̒̉̍́̌̎̆
̪̃̑̉̆̅̎̏̒̓̉ ̒̔ 84,5% ̐̑̉ 620 V ̉ 81,2% ̐̑̉ 850 V, ̏̂̆ ̈́ ̓̑́̎̒̏̑̍́̓̏̑̕ ˟3-2. ˶́̒̎̏
̎́̍ ̪̆ ̅́ ̒̔ ̗̄̔̂̉̉ ̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ (circulating-power losses) ̯̃̆̉ ̐̑̉
̯̃̆̆̍ ̔̌́̈̎̏̍ ̎́̐̏̎̔, ̪̓. ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̪̆ ̮̍́̉ [20], [136]. ˛̙̐̓̉ ̑́̈̌̏̈̉
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̈́, ̎̆ ̓́̋̏ ̃̆̌̉̋̉, ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̒̔ ̐̏̍̆̎̔̓̉ ̗̄̔̂̉̉ ̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆
̪̆̎̆̑̄̉̆ ̋́̏ ̉ ̃̆̌̉̋̉ ̐̑̆̎̏̒̎̉ ̏̅̎̏̒ (dc-voltage-conversion-ratio) [19], [21].

˞̌̉̋́ 4.7 ˞̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̈́ ACF 57 W ̒́ ˟3 ̔ ACM

4.1.2 ACF ̘̐̑̆̓̃́̑́ 57 W ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟2
˗̭̘̔̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̔ ̏̃̏̍ ̘̪̒̌̔́̔ ̒̔ ̅́̓̉ ̎́ ̒̌̉̋́̍́ 4.8 ̉ 4.9 [22]. ˛̃̉

̑̆̈̔̌̓́̓̉ ̒̔ ̭̐̑̆̅̒̓́̃̆̎̉ ̎́ ̘̪̅̑̔̄́̉̉ ̘̎́̉̎ ̔ ̏̅̎̏̒̔ ̎́ ̒̌̉̋̆ 4.5 ̉ 4.6, ̅́ ̂̉̒̍̏
̙̌́̋̆ ̘̔̏̉̌̉ ̑̆̌́̓̉̃̎̆ ̏̅̎̏̒̆ ̉ ̙̌́̋̆ ̔̐̏̑̆̅̉̌̉ ̒́ ̒̌̉̋́̍́ 3.5 ̉ 3.6, ̑̆̅̏̍. ˟̑̆̂́
̉̍́̓̉ ̔ ̃̉̅̔ ̅́ ̒̔ ̪̏̃̅̆ ̙̯̋̏̑̉̆̎̉ ̭̒̎̉̍̆̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̒́ ̗̏̒̉̌̏̒̋̏̐́, ́ ̎̆
̒̌̉̋̆ ̆̋̑́̎́ (screenshot) ̋́̏ ̋̏̅ ̒̌̉̋́ 4.5 ̉ 4.6. ˔̂̏̄ ̓̏̄́ ̎́ ̒̌̉̋́̍́ 4.8 ̉ 4.9 ̉̍́̍̏
̎̆̄́̓̉̃̎̏ ̪̃̑̉̆̍̆ ̪̆̑ ̪̆ ̓̏ ̭̗̐̏̒̆̅̉́ ̮̏̋̉̅́́ ̗̏̒̉̌̏̒̋̏̐́ ̔ ̎̔̌̓̏̍ ̓̑̆̎̔̓̋̔.

˕̪̈̍̆̑̆̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̎́̐̏̎́ ̪̅̑̆̎́ (drain-source, VDS(QL)) QL ̘̐̑̆̋̉̅́́ ̋̏̅
ACF ̘̐̑̆̓̃́̑́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟2-1 (̓́̂̆̌́ 2.9), ̔ ̗̒̓́̉̏̎́̑̎̏̍ ̮̒̓́̔, ̐̑̉
̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ ̏̅ 620 V ̉ 850 V, ̉ ̐̑̉ ̎́̈̉̃̎̏̍ ̯̮̏̐̓̆̑̆̆̔ 57 W,  ̔  ACM  ̑̆̇̉̍̔
̑́̅́,  ̒̔  ̐̑̉̋́̈́̎̉ ̎́ ̗̒̌̉̉ 4.8 [22]. ˙́̋̒̉̍́̌̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̒̔ ̂̉̌̆ 761 V ̉ 994 V,
̑̆̅̏̍ [22]. ˑ̏̅́̓̎̏, ̍̏̇̆̍̏ ̅́ ̘̔̏̉̍̏ ̅́ ̒̔ ̓̆ ̍́̋̒̉̍́̌̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̎́̐̏̎́ ̍́̌̏
̍̏̎̈́̌̔ ̉̑̐ V 12ױ̏̋̏ ̔̒ ̆̋̉̌̈́˝ .(3.5 ́̋̉̌̒) ̪̗́̍́̉́̌̔̍̉̒ ̪̆̎̆̉̂̏̅ ̆̎̏ ̏̄̆̎ ̮̆́̍
̎́̐̏̎̔ 620 V ̉ ̏̋̏8ױ V ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 850 V [22]. ˛̃̏ ̪̆ ̅̏̂̑̏ ̈́ ̒́̍ ̪̐̑̏̆̋́̓
̘̐̑̆̓̃́̑́́ ̪̆̑ ̒̍̏ ̎́ ̒̓̑́̎̉ ̒̉̄̔̑̎̏̒̓̉. ˛̂̑̎̔̓ ̘̪̒̌̔́ ̪̎̉̆ ̭̐̏̇̆́̎.

˕̪̈̍̆̑̆̎̆ ̪̒̓̑̔̆ ̐̑̉̍́̑́ ̒̔ ̐̑̉̋́̈́̎̆ ̎́ ̗̒̌̉̉ 4.9 [22]. ˟̔ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏
̅́ ̒̔ ̪̒̓̑̔̆ ̍́̌̏ ̯̃̆̆ ̎̆̄̏ ̒̉̍̔̌̉̑́̎̆ (̒̌̉̋́ 3.6). ˙̉̎̉̍́̌̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̒̔ ̂̉̌̆
Ϻ1,89 A (620 V) ̉ Ϻ1,85 A (850 V) [22]. ˔̂̏̄ ̗̗̪̏̒̉̌́̉́ ̙̓̆̋̏ ̪̆ ̂̉̌̏ ̗̪̏̉̆̎̉̓̉ ̋̏̌̉̋̆
̒̔ ̍́̋̒̉̍́̌̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̪̒̓̑̔̆. ˔́ ̎̆̄́̓̉̃̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ́̐̒̏̌̔̓̎̆ ̑́̈̌̉̋̆ ̒̔ ̂̉̌̆
245 mA (+14,9%) ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 620 V ̉ 208 mA (+12,7%) ̔̌́̈̎̏̍ ̎́̐̏̎̔ 850 V,
́̌̉ ̒̔ ̉̐́̋ ̖̭̐̑̉̃́̓̉̃̆ [22]. ˑ̏̅́̓̎̏, ̎́ ̗̒̌̉̉ 4.9 ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̒̔
̑̆̈̏̎́̎̓̎̉ ̐̆̑̉̏̅̉ ̍́̌̏ ̅̔̇̉ ̎̆̄̏ ̋̏̅ ̗̪̒̉̍̔̌́̉́ (̒̌̉̋́ 3.6) Ʉ ̙̓̏ ̪̆ ̪̃̆̑̏̃́̓̎̏
̭̗̐̏̒̆̅̉́ ̗̪̓̏̌̆̑́̎̉́ ̋̏̍̐̏̎̆̎̓̉ [22].

˕́̋̏ ̪̆ ̪̌̆́̔̓ ̣̔̑́̆̎ ̭̐́̇̉̃̏, ̗̗̪̏̒̉̌́̉̆ (ringing) ̐̑̉̍́̑̎̆ ̪̒̓̑̔̆ ̓̏̋̏̍
„̍̑̓̃̏̄” ̃̑̆̍̆̎́ (dead-time), ̐̑̉̌̉̋̏̍ ̗̪̋̏̍̔̓́̉̆ ̣̉̈̍̆̔ ̘̐̑̆̋̉̅́́ QL ̉ ̪̈́̍́̎̆
̅̉̏̅̆ (free-wheeling diode) ̘̐̑̆̋̉̅́́ QH, ̒̔ ̂̉̌̆ ̪̎̆̉̈̂̆̇̎̆ (̒̌̉̋́ 4.9) [22]. ˠ ̏̃̏̍
̐̆̑̉̏̅̔, ̔ ̒̓̃́̑̉, ̉̍́̍̏ ̑̆̈̏̎́̎̓̎̏ ̋̏̌̏ ̭̒́̒̓́̃̆̎̏ ̏̅ ̪̮̏̂̆̅̉̆̎̆ ̐́̑́̈̉̓̎̆
̗̋́̐́̉̓̉̃̎̏̒̓̉ ̘̓́̋̆ CSW, ̋̏̎̅̆̎̈́̓̏̑́ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́, ̉̎̅̔̋̓̉̃̎̏̒̓̉
̯̮̍́̄̎̆̆́ ̉ ̑̆̈̏̎́̎̓̎̆ ̉̎̅̔̋̓̉̃̎̏̒̓̉.
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˞̌̉̋́ 4.8 ˕̪̈̍̆̑̆̎̉ ̎́̐̏̎̉ ̪̅̑̆̎́ QL ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟2 ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ 620 V
(̗̑̎́  ̪̌̉̎̉́) ̉ 850 V (̐̌́̃́ ̪̌̉̎̉́) ̉ ̐̑̉ ̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔

˞̌̉̋́ 4.9 ˕̪̈̍̆̑̆̎̆ ̪̒̓̑̔̆ ̐̑̉̍́̑́ ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟2 ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ 620 V (̗̑̎́
̪̌̉̎̉́) ̉ 850 V (̐̌́̃́ ̪̌̉̎̉́) ̉ ̐̑̉ ̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔

˕̪̈̍̆̑̆̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̎́̐̏̎́ ̪̄̆̓́ (gate-source, VGS(QL)) QL ̘̐̑̆̋̉̅́́ ̋̏̅
ACF ̘̐̑̆̓̃́̑́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟2-1 (̓́̂̆̌́ 2.9), ̔ ̗̒̓́̉̏̎́̑̎̏̍ ̮̒̓́̔, ̐̑̉
̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ ̏̅ 620 V ̉ 850 V, ̉ ̐̑̉ ̎́̈̉̃̎̏̍ ̯̮̏̐̓̆̑̆̆̔ 57 W,  ̔  ACM  ̑̆̇̉̍̔
̑́̅́,  ̒̔  ̐̑̉̋́̈́̎̉ ̎́ ̗̒̌̉̉ 4.10. ˟̔ ̍̏̇̆̍̏ ̅́ ̘̔̏̉̍̏ ̅́ ̒̔ ̒̉̄̎́̌̉ ̪́̋̏ „̘̉̒̓̉” ̒́
̍́̋̒̉̍́̌̎̉̍ ̪̃̑̉̆̅̎̏̒̓̉̍́ ̏̅ ̐̏ 17,2 V ̉ ̅́ ̪̆ ̒̃̆ ̔ ̑̆̅̔. ˕̪̈̍̆̑̆̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉
̎́̐̏̎́ ̋̏̎̅̆̎̈́̓̏̑́ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ QL ̋̏̅ ACF ̘̐̑̆̓̃́̑́́
̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟2-1 (̓́̂̆̌́ 2.9), ̔ ̗̒̓́̉̏̎́̑̎̏̍ ̮̒̓́̔, ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́
̏̅ 620 V ̉ 850 V, ̉ ̐̑̉ ̎́̈̉̃̎̏̍ ̯̮̏̐̓̆̑̆̆̔ 57 W,  ̔  ACM  ̑̆̇̉̍̔  ̑́̅́,  ̒̔  ̐̑̉̋́̈́̎̉
̎́ ̗̒̌̉̉ 4.11. ˕̗̈̑̆̋́̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̒̔ ̭̗̐̏̒̆̅̉́ ̭̎̆̅̏̃̏̎̏̄ ̪̂̑̏́ ̏̅̂̉̑́̋́, ̪̓.
̔ ̑̆́̌̎̏̍ ̒̉̒̓̆̍̔ ̏̃̆ ̋́̑́̋̓̆̑̉̒̓̉̋̆ ̒̔ ̂̉̌̆ ̋̏̎̓̉̎̔́̌̎̆. ˟̔ ̃̉̅̉̍̏ ̅́ ̒̔
̍̉̎̉̍́̌̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̏̃̏̄ ̎́̐̏̎́ ̣̉̈̍̆̔ 30 V ̉ 40 V, ́ ̍́̋̒̉̍́̌̎̆ ̒̔ ̅́̓̆ ̔ ̓́̂̆̌̉
4.1.
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˞̌̉̋́ 4.10 ˕̪̈̍̆̑̆̎̉ ̎́̐̏̎̉ ̪̄̆̓́ QL ACF ̘̐̑̆̓̃́̑́́ ̒́ ˟2 ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ 620 V
(̗̑̎́  ̪̌̉̎̉́) ̉ 850 V (̐̌́̃́ ̪̌̉̎̉́) ̉ ̐̑̉ ̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔

˞̌̉̋́ 4.11 ˕̪̈̍̆̑̆̎̉ ̎́̐̏̎̉ ̋̏̎̅̆̎̈́̓̏̑́ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ ̐̑̉ 620 V
(̗̑̎́  ̪̌̉̎̉́) ̉ 850 V (̐̌́̃́ ̪̌̉̎̉́) ̉ ̐̑̉ ̎̏̍̉̎́̌̎̏̍ ̯̮̏̐̓̆̑̆̆̔

ː̗̑́̉̉̕ ̪̐̑̏̍̆̎̆ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́, ̐̑̉ ̔̌́̈̎̉̍
̎́̐̏̎̉̍́ 620 V ̉ 850 V, ̈́ ̓̑̉ ̓̑́̎̒̏̑̍́̓̏̑́̕ ˟2 (̓́̂̆̌́ 2.9) ̒̔ ̅́̓̉ ̎́ ̒̌̉̋́̍́ 4.12
̉ 4.13, ̑̆̅̏̍ [22]. ˞̏̐̒̓̃̆̎́ ̙̮̐̏̓̑̏́ ̎́ ̪̐̑̉̍́̑̎̏ ̒̓̑́̎̉ ̪̆ ̂̉̌́ ̘̔̑́̔̎́̓́. ˛̃̉
̗̄̑́̉̉̕ ̪́̒̎̏ ̪̐̏̋́̈̔̔ ̋́̋̏ ̘̑́̈̌̉̉̓̆ ̗̪̋̏̎̒̓̑̔̋̉̆ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̘̔̓̉̔ ̎́ ̒̓̆̐̆̎
̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̘̐̑̆̓̃́̑́́ [22]. ˏ̯̆ ̪̆ ̘̑̆̆̎̏ ̅́ ̭̐̑̆̓̐̏̒̓́̃́̍̏ ̅́ ̒̔ ̄̌́̃̎̆
̑́̈̌̉̋̆ ̣̍̆̔ ̪̐̏̆̅̉̎̉̍ ̪̃̆̑̈̉́̍́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̔ ̉̈̂̏̑̔ ̗̇̉́ ̉ ̙̃́̈̅̔̎̏̄ ̈́̈̏̑́.
˔̭́̎̉̍̉̃̏ ̪̆ ̘̔̏̉̓̉ ̅́ ̒̔ ̒̃̉ ̗̄̑́̉̉̕ ̣̍̆̔̒̏̂̎̏ ̓̑́̎̒̌̉̑́̎̉, ̪̓. ̐́̑́̌̆̌̆̎̏
̪̐̏̍̆̑̆̎̉. ˗́̏ ̙̓̏ ̒̍̏ ̉ ̘̏̆̋̉̃́̌̉, ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̪̆ ̯̃̆̉ ̐̑̉ ̮̍́̉̍
̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ ̈̂̏̄ ̮̖̍́̉ ̄̔̂̉̓́̋́ ̔ ̑̆̈̏̎́̎̓̎̏̍ ̋̏̌̔ [19], [21].

˙́̋̒̉̍́̌̎̉ ̒̓̆̐̆̎̉ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̏̅ 86,1% ̐̑̉ 620 V ̉ 83,5% ̐̑̉ 850 V ̒̔
̐̏̒̓̉̄̎̔̓̉ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ T2-1 ̉ ̯̮̏̐̓̆̑̆̆̆̍ ̏̅ ̏̋̏ 55,8 W. ː̗̑́̉̉̕ ̒̓̆̐̆̎́
̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ ̐̑̉̋́̈́̎̉ ̔ [19], [20] ̉ [21] ̪̉̍́̔ ̘̒̌̉́̎ ̓̑̆̎̅ ̉
̏̂̌̉̋ Ʉ ̙̓̏ ̪̄́̑́̎̓̔̆ ̪̪̃̆̑̏̅̏̒̓̏̎̏̒̓ ̉ ̖̏̃̉ ̑̆̈̔̌̓́̓́.
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˞̌̉̋́ 4.12 ˜̪̑̏̍̆̎́ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̈́ ACF 57 W ̒́ ˟2 ̔ ACM ̐̑̉ ̎́̐̏̎̔ 620 V

˞̌̉̋́ 4.13 ˜̪̑̏̍̆̎́ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̈́ ACF 57 W ̒́ ˟2 ̔ ACM ̐̑̉ ̎́̐̏̎̔ 850 V

˔́̃̉̒̎̏̒̓ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ AC˙ ̑̆̇̉̍̔ ̑́̅́, ̒́
̓̑́̎̒̏̑̍́̓̏̑̏̍̕ T2-2, ̏̅ ̯̮̏̐̓̆̑̆̆́ ̉ ̔̌́̈̎̏̄ ̎́̐̏̎́ ̪̆ ̐̑̉̋́̈́̎́ ̎́ ̗̒̌̉̉ 4.14
[22]. ˛̃̏ ̪̆ ̐̑̃̉ ̑̆̈̔̌̓́̓ ̔ ̌̉̓̆̑́̓̔̑̉ ̈́ ̎̆̋̉ ACF ̘̐̑̆̓̃́̑́ ̔ 800 V ̗̪́̐̌̉̋́̉̉ [22].
˕̘̎́̆, ̐̑̃́ ̈́̃̉̒̎̏̒̓ ̏̃́̋̃̆ ̃̑̒̓̆ ̈́ ̂̉̌̏ ̪̋̏̉ ACF ̘̐̑̆̓̃́̑́ ̪̆ ̭̐̑̆̅̒̓́̃̆̎́ ̔ [21] ̉
̏ ̓̏̍̆ ̯̆ ̙̃̉̆ ̂̉̓̉ ̪̘̑̉̆̉ ̔ ̭̐̏̄̌́̃̔ 4.2. ˗́̏ ̙̓̏ ̪̆ ̯̃̆ ̘̑̆̆̎̏ ̔ ̅̑̔̄̏̍ ̭̐̏̄̌́̃̔,
̭̘̔̐̑́̃́̋̏ ̋̏̌̏ NCP1568 ̋̏̑̉̒̓̉ ̅̏̅́̓̎̉ ̏̓̐̏̑̎̉̋ ̎́ ̗̎̏̇̉̉ ̪̂̑̏ 5 (RT), ̐̏̃̆̈́̎
̋́ ̍́̒̉, ̪̋̏̉̍ ̒̆ ̙̐̏̅̆́̃́ ̍̉̎̉̍́̌̎́ ̘̔̆̒̓́̎̏̒̓ ̉̎̓̆̑̎̏̄ ̗̏̒̉̌́̓̏̑́ [83]. ˠ ̙̎́̆̍
̘̪̒̌̔́̔, ̓̏̋̏̍ ̮̓̆̒̓̉̑́́, ̍̉̎̉̍́̌̎́  ̘̐̑̆̋̉̅́̋́ ̘̔̆̒̓́̎̏̒̓ ̪̆ ̂̉̌́ ̏̋̏ 63Ʉ64 kHz ̈́
̏̓̐̏̑̎̉̋ ̏̅ 160 kɱ [22].

˜̪̯̑̉̍̉̆̆̎̏ ̪̆ ̅́ ̒̆, ̐̑̉ ̘̑́̈̌̉̉̓̉̍ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ ̉ ̯̮̏̐̓̆̑̆̆̉̍́,
̘̐̑̆̋̉̅́̋́ ̘̔̆̒̓́̎̏̒̓ ̪̎̉̆ ̍̎̏̄̏ ̪̮̍̉̆́̌́ Ʉ ̒̔̐̑̏̓̎̏ ̔ ̏̅̎̏̒̔ ̎́ ̑̆̈̔̌̓́̓̆ ̔
̌̉̓̆̑́̓̔̑̉ [22]. ˜̭̑̆̓̐̏̒̓́̃́̍̏ ̅́ ̪̆ ̑́̈̌̏̄ ̈́ ̓̏ ̒́̒̃̉̍ ̘̪̅̑̔̄́̉́ ̪̐̑̉̍̆̎́, ̪̓.
HDCIV ̒̉̒̓̆̍, ̔ ̏̅̎̏̒̔ ̎́ ̏̎̔ ̈́ ̪̋̏̔ ̪̆ ̭̘̔̐̑́̃́̋̏ ̋̏̌̏ ̪̐̑̏̆̋̓̏̃́̎̏ ̉̌̉
̪̭̏̂́̃̉̃́̎̉ ̑́̅̏̃̉ ̖̅̑̔̄̉ ́̔̓̏̑́. ˑ̏̅́̓̎̏, ̎́ ̗̒̌̉̉ 4.12 ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̒̆ ̒́
̯̮̐̏̃̆́̆̍ ̯̮̏̐̓̆̑̆̆́ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ ̪̐̑̉̂̌̉̇̔̔ ̪̆̅̎́ ̪̅̑̔̄̏. ˟̣́̋̏̆,
̑̆̈̔̌̓́̓̉ ̈́ 13 W ACF ̘̐̑̆̓̃́̑́, ̐̑̉̋́̈́̎̉ ̎́ ̒̌̉̋́̍́ 4.18 ̉ 4.19, ̪̐̏̋́̈̔̔ ̘̒̌̉́̎
̓̑̆̎̅ ̙̓̏ ̎́̍ ̪̄́̑́̎̓̔̆ ̅́ ̒̔ ̉ ̏̃̉ ̑̆̈̔̌̓́̓̉ ̪̪̃̆̑̏̅̏̒̓̏̎̉ [22].
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˞̌̉̋́ 4.14 ˜̪̑̏̍̆̎́ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ ACM ̑̆̇̉̍̔

˚́ ̗̒̌̉̉ 4.15 [22] ̭̐̑̆̅̒̓́̃̆̎́ ̪̆ ̪̐̑̏̍̆̎́ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ QL (drain-
source voltage) ̔ ̈́̃̉̒̎̏̒̓̉ ̏̅ ̯̮̏̐̓̆̑̆̆́ ̉ ̔̌́̈̎̏̄ ̎́̐̏̎́ Ʉ ̣̓́̋̏̆ ̐̏ ̐̑̃̉ ̐̔̓ ̈́
̎̆̋̉ ACF ̘̐̑̆̓̃́̑́ [22]. ˟̔ ̍̏̇̆̍̏ ̪́̒̎̏ ̅́ ̃̉̅̉̍̏ ̅́ ̪̓́  ̎́̐̏̎ ̪̎̉̆ ̋̏̎̒̓́̎̓́̎ ̉ ̅́
̒̆ ̯̐̏̃̆́̃́ ̗̐̑̏̐̏̑̉̏̎́̌̎̏ ̯̮̐̏̃̆́̔ ̯̮̏̐̓̆̑̆̆́ Ʉ ̙̓̏ ̉̍́ ̒̍̉̒̌́ ̪̆̑ ̪̆ ̓́̅́ ̯̃̆́ ̉
̙̔̒̋̌́̅̉̓̆̎́ ̪̆̎̆̑̄̉́ ̔ ̪̑̆̈̏̎́̎̓̎̏ ̉̎̅̔̋̓̉̃̎̏̒̓̉ [22]. ˔̂̏̄ ̓̏̄́ ̪̐̑̏̆̋̓́̎̓ ̉ ̪̏̃́
̆̆̋́̓̕ ̓̑̆̂́ ̅́ ̔̈̍̆ ̔ ̏̂̈̉̑. ˜̏̑́̒̓ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ ̪̆ ̂̉̏ 24 V (+3,2%) ̐̑̉ ̔̌́̈̎̏̍
̎́̐̏̎̔ 620 V ̉ 32 V (+3,3%) ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 850 V [22]. ˕̪̍́̍̏ ̎́ ̔̍̔ ̅́ ̒̔
̘̃̆̌̉̉̎̆ ̐̑̉̋́̈́̎̆ ̎́ ̒̌̉̋́̍́ 4.14 ̉ 4.15 ̘̏̉̓́̃́̎̆ ̅̉̑̆̋̓̎̏ ̒́ ̆̋̑́̎́ ̗̏̒̉̌̏̒̋̏̐́
̉ ̍̏̄̔ ̂̉̓̉ ̐̏̅̌̏̇̎̆ ̙̄̑̆̋́̍́ ̪̮̍̆̑̆́ [22].

˞̌̉̋́ 4.15 ˜̪̑̏̍̆̎́ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ QL ̋̏̅ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ ACM ̑̆̇̉̍̔
̑́̅́

4.1.3 ˜̣̮̏̑̆̆̆ ACF ̘̐̑̆̓̃́̑́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ ˟2 ̉ ˟3
˔̂̏̄ ̐̑̉̑̏̅̆ ̯̮̏̐̓̆̑̆̆́ ̔ ̒̉̒̓̆̍̔, ̓̏̋̏̍ ̘̂̆̇̉̎̏̄ ̐̑̆̎̏̒́ ̪̆̎̆̑̄̉̆, ACF

̘̐̑̆̓̃́̑́ ̪̆ ̪̔̃̉̆̋ ̑́̅̉̏ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ Ʉ ̎̆̂̉̓̎̏ ̪̋̏̉ ̓̑́̎̒̏̑̍́̓̏̑̕ ̪̆ ̂̉̏
̙̯̋̏̑̉̆̎ Ʉ ̙̓̏ ̪̆ ̅̏̂̑̏. ˠ ̓́̂̆̌̉ 4.1 ̅́̓ ̪̆ ̐̑̆̄̌̆̅ ̘̖̋́̑́̋̓̆̑̉̒̓̉̎̉ ̘̃̆̌̉̉̎́ ACF
̘̐̑̆̓̃́̑́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ ˟2 ̉ ˟3 ̈́ ̍̉̎̉̍́̌̎̉ ̉ ̍́̋̒̉̍́̌̎̉ ̔̌́̈̎̉ ̎́̐̏̎.
˟̣́̋̏̆, ̅́̓̆ ̒̔ ̉ ́̐̒̏̌̔̓̎̆ ̉ ̗̐̑̏̆̎̓̔́̌̎̆ ̑́̈̌̉̋̆ ̣̉̈̍̆̔ ̪̖̐̏̆̅̉̎̉ ̘̃̆̌̉̉̎́. ˟̔
̃̉̅̉̍̏ ̅́ ̑́̈̌̉̋́ ̔ ̙̃̑̎̉̍ ̪̃̑̉̆̅̎̏̒̓̉̍́ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ ̪̎̉̆ ̘̪̈̎́́̎́. ˙̣̆̔̓̉̍,
̑́̈̌̉̋̆ ̔ ̆̋̒̓̑̆̍̎̉̍ ̪̃̑̉̆̅̎̏̒̓̉̍́ ̪̒̓̑̔̆ ̐̑̉̍́̑́ ̉ ̪̒̓̑̔̆ ̯̮̍́̄̎̆̆́ ̒̔ ̍̎̏̄̏ ̯̃̆̆
Ʉ ̙̓̏ ̪̆ ̂̉̌̏ ̉ ̘̏̆̋̉̃́̎̏ ̪̆̑ ̪̆ ̉̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́ ̮̍́́ ̈́ 33%. ˝́̈̌̉̋̆ ̎̉̒̔
̘̑́̔̎́̓̆ ̈́ ̪̒̓̑̔̆ ̙̐̏̓̏ ̎̉̒̔ ̍̏̄̌̆ ̂̉̓̉ ̗̐̑̆̉̈̎̏ ̘̉̓́̎̆ ̒́ ̒̌̉̋́ ̆̋̑́̎́
̗̏̒̉̌̏̒̋̏̐́.
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˚́ ̗̒̌̉̉ 4.16 ̣̔̐̏̑̆̆̎̉ ̒̔ ̒̓̆̐̆̎̉ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ ̒́
̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ ˟2-1 ̉ ˟3-2 Ʉ ̪̋̏̉ ̒̔ ̭̎́̐̑́̃̆̎̉ ̏̅ ̒̓̑́̎̆ ̉̒̓̏̄ ̣̘̐̑̏̉̈̃̏́́
(vendor 2; ̓́̂̆̌́ 2.9). ˛̃̏ ̪̆ ̣̔̑́̆̎̏ ̑́̅̉ ̪̪̪̃̆̑̏̅̏̒̓̏̎̉̆̄ ̣̮̐̏̑̆̆́. ˟̔ ̍̏̇̆̍̏ ̅́
̃̉̅̉̍̏ ̅́ ̘̐̑̆̓̃́̑́ ̒́ ˟2-1 ̉̍́ ̍̎̏̄̏ ̯̃̆̉ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̉ ̓̏ ̔ ̏̐̒̆̈̉̍́
1,6Ʉ2,6% (̐̑̉ 620 V) ̉ 2,3Ʉ3,5% (̐̑̉ 850 V). ˛̒̓̃́̑̆̎̉ ̒̔ ̍́̋̒̉̍́̌̎̉ ̒̓̆̐̆̎̉
̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̏̅ 86,1% (̐̑̉ 620 V) ̉ 83,5% (̐̑̉ 850 V). ˙̣̆̔̓̉̍, ̔ ̑̆́̌̎̏̍ ̒̉̒̓̆̍̔
̪̆ ̙̯̋̏̑̉̆̎ ̓̑́̎̒̏̑̍́̓̏̑̕ ˟3-1 ̪̆̑ ̪̆ ̘̐̑̆̓̃́̑́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟2 ̉̍́̏
̪̎̆̒̓́̂̉̌̎̉̉ ̑́̅ ̔ ̑̆̇̉̍̔ ̐̑̉̐̑́̃̎̏̒̓̉. ˛̪̃́ ̆̆̋́̓̕ ̪̎̉̆ ̍̏̄́̏ ̎̉̋́̋̏ ̅́ ̒̆
̐̑̆̅̃̉̅̉. ˜̏̔̋́ ̒̃̆̄́ ̏̃̏̄ ̪̆ ̅́ ̪̔̃̉̆̋ ̍̏̑́̍̏ ̓̆̒̓̉̑́̓̉ ̘̐̑̆̓̃́̑́ ̔ ̪̌́̂̏̑́̓̏̑̉̉ ̉
̓̏ ̐̑̉ ̒̃̉̍ ̯̍̏̄̔̉̍ ̔̒̌̏̃̉̍́ ̑́̅́. ˔̘̎́̉, ̉́̋̏ ̪̆ ̘̐̑̆̓̃́̑́ ̒́ ˟2-1 ̉̍́̏ ̪̯̎́̃̆̉
̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̉̐́̋ ̪̎̉̆ ̍̏̄́̏ ̅́ ̒̆ ̋̏̑̉̒̓̉ ̔ ̒̉̒̓̆̍̔. ˛̃̉̍ ̒̍̏ ̉
̐̏̓̃̑̅̉̌̉ ̉ ̒̓́̃ ̉̈ ̔̃̏̅́ ̅̑̔̄̏̄ ̭̐̏̄̌́̃́ ̅́ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̯̐̏̍̏̎̏̄
̪̮̎́̐́́́ ̪̎̉̆ ̐̑̆̒̔̅́̎ ́̋̓̏̑̕ ̐̑̉ ̉̈̂̏̑̔ ̪̓̏̐̏̌̏̄̉̆ ̉̌̉ ̋̏̎̋̑̆̓̎̏̄ ̪̙̮̑̆̆́.

˟́̂̆̌́ 4.1 ˜̑̆̄̌̆̅ ̭̘̖̋̔̎̉ ̪̖̉̈̍̆̑̆̎̉ ̘̃̆̌̉̉̎́ ̈́ ˟3 ̉ ˟2

T3 (88 nF) T2 (66 nF) ˝́̈̌̉̋́
620 V T3ϺT2
VDS_max 761 V 760,8 V 0,2 V Ϻ0,02%ױ
ʂmax 84,5% 86,1% Ϻ1,6%ױ 1,9%
Ipri_min ЂϺ1,5ױ A Ϻ1,89ױ A - -
Vclamp 134,7 V 140,7 V Ϻ6ױ V 4,5%
850 V T3ϺT2
VDS_max 994 V 993,9 V 0,1 V 0,01%
ʂmax 81,2% 83,5% Ϻ2,3%ױ Ϻ2,8%ױ
Ipri_min ЂϺ1,6ױ A Ϻ1,85ױ A - -
Vclamp 136,7 V 142,7 V Ϻ6ױ V 4,4%

 ˞̌̉̋́ 4.16 ˞̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ ̒́ T3-2 ̉ T2-1

˟̏̋̏̍ ̮̆̋̒̐̆̑̉̍̆̎̓̉̒́́ ̪̯̐̑̉̍̉̆̆̎̏ ̪̆ ̅́ ̪̆ ACF ̘̐̑̆̓̃́̑́ 57 W, ̂̆̈ ̏̂̈̉̑́ ̎́
̓̑́̎̒̏̑̍́̓̏̑̆̕ ˟2 ̉̌̉ ˟3, ̍̏̑́̏ ̅́ ̉̍́ ̔̋̔̐̎̏ ̯̮̏̐̓̆̑̆̆̆ ̂́̑ 10 W (̪̭̑́̒̐̏̅̉̆̆̎̏
̐̏ ̉̈̌́̈̉̍́) ̅́ ̂̉ ̒̉̄̔̑̎̏ ̑́̅̉̏ ̔ ACM DCM (CrCM) ̑̆̇̉̍̔ ̑́̅́ [22]. ˔̂̏̄ ̓̏̄́
̗̄̑́̉̉̕ ̎́ ̒̌̉̋́̍́ 4.7 ̉ 4.12Ʉ4.16 ̪̉̍́̔ ̍̉̎̉̍́̌̎̔ ̒̎́̄̔ ̏̅ ̏̋̏ 10 W. ˔́ ̑̆́̌̎̉ ̑́̅
̒̉̒̓̆̍́ ̓̏ ̪̎̉̆ ̂̉̏ ̐̑̏̂̌̆̍ ̙̐̏̓̏ ̪̆ ̈́ ̑̆̇̉̍ ̐̑̆̎̏̒́ ̪̆̎̆̑̄̉̆ ̘̏̆̋̉̃́̎̏ ̍̉̎̉̍́̌̎̏
̯̮̏̐̓̆̑̆̆̆ ̂́̑ 15 W ̓́̋̏ ̅́ ̉̍́̍̏ ̭̅̏̃̏̎̔ ̑̆̈̆̑̃̔ [22]. ˙̣̆̔̓̉̍, ̐̑̉ ̯̮̏̐̓̆̑̆̆̉̍́
̮̍́̉̍ ̏̅ 10 W ACF ̘̐̑̆̓̃́̑́ ̪̆ ̑́̅̉̏ ̉̌̉ ̔ pulse-skip/DCM ̑̆̇̉̍̔, ̋́̏
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̗̋̏̎̃̆̎̉̏̎́̌̎̉ flyback ̘̐̑̆̓̃́̑́, ̉̌̉ ̔ ̗̪̓̑́̎̈̉̉̉ ̣̉̈̍̆̔ DCM ̉ DCM ACM (CrCM)
[22]. ˛̃̏ ̭̮̐̏̒̆̅̆ ̙̂́ ̉ ̪̎̉̆ ̪̐̑̉́̓̎̏ ̉̍́̓̉ ̪̓̑́̎̏ ̉ ̯̂̉̆ ́̎́̌̉̈̉̑́̎̏ ̔ ̎̆̋̏̍ ̏̅
̯̖̂̔̅̔̉ ̮̉̒̓̑́̇̉̃́́. ˠ̈̑̏̋ ̪̃̆̑̏̃́̓̎̏ ̌̆̇̉ ̔ ̓̏̍̆ ̋́̋̏ NCP1568 „̘̪̏̅̌̔̔̆” ̏
̐̑́̄̏̃̉̍́ ̐̑̆̌́̈́ ̣̍̆̔ ̑̆̇̉̍̉̍́ ̑́̅́ [22]. ˚̆ ̈́̂̏̑́̃̉̍̏ ̅́ ̏̃̏ ̋̏̌̏ ̉ ̪̎̉̆ ̂̉̌̏
̪̐̑̏̆̋̓̏̃́̎̏ ̈́ ICS ̪̐̑̉̍̆̎̔ Ʉ ̙̓̏ ̍̏̇̆ ̂̉̓̉ ̉ ̅̏̅́̓̎̉ ̑́̈̌̏̄.

4.2 ˝́̅ ACF ̘̐̑̆̓̃́̑́́ ̋́̅́ ̪̆ ̒̉̒̓̆̍ ̔ ̮̒̓́̔ ̐̑̉̐̑́̃̎̏̒̓̉

˕̪̈̍̆̑̆̎̉ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ̎́̐̏̎́ ̪̄̆̓́ (gate-source, VGS(QL)) ̉ ̪̅̑̆̎́ (drain-source,
VDS(QL)) QL ̘̐̑̆̋̉̅́́ ACF ̘̐̑̆̓̃́̑́́ 57 W ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3, ̔ ̗̒̓́̉̏̎́̑̎̏̍
̮̒̓́̔, ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ ̏̅ 640 V ̉ ̯̮̏̐̓̆̑̆̆̔ ̏̅ 10,5 W,  ̔  DCM  ̑̆̇̉̍̔  ̑́̅́,  ̒̔
̐̑̉̋́̈́̎̉ ̎́ ̗̒̌̉̉ 4.17 [19]. ˟̣́̋̏̆, ̎́ ̗̒̌̉̉ 4.17 ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̉ ̓́̌́̒̎̆
̏̂̌̉̋̆ ̎́̐̏̎́ ̋̏̎̅̆̎̈́̓̏̑́ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ (Vclamp) ̉ ̪̒̓̑̔̆ ̐̑̉̍́̑́
(Ipri). ˟̔ ̍̏̇̆̍̏ ̅́ ̘̔̏̉̍̏ ̅́ ̪̆ ̄̑́̎́ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̭̘̉̒̋̔̆̎́ ̐́ ̪̆ ̉
Vclamp ̋̏̎̒̓́̎̓́̎. ˝̆̈̔̌̓́̓̉ ̈́ ̔̌́̈̎̉ ̎́̐̏̎ 460 V ̎̉̒̔ ̐̑̉̋́̈́̎̉ ̪̆̑ ̪̉̈̄̌̆̅́̔ ̘̒̌̉̎̏
̋́̏ ̈́ 640 V ̒́̍̏ ̒̔ ̙̃̑̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̎́̐̏̎́ ̮̍́̆, ́ ̪̒̓̑̔̆ ̯̃̆̆ [19]. ˙̣̆̔̓̉̍, ̘̪̒̌̔́
̒́ ̔̌́̈̏̍ ̏̅ 640 V ̪̆ ̘̪̋̑̉̓̉̎̉̉ ̈́ ̉̈̂̏̑ ̘̐̑̆̋̉̅́́.

˟́̌́̒̎̉ ̗̏̂̌̉̉ ̎́ ̗̒̌̉̉ 4.17 ̒̔ ̂̆̈ ̔̐̏̓̑̆̂̆ ̖̉̂̑̉̅̎̆ ̄̑́̎̆ ̈́ ̪̗̮̏̅̒̉̆́̆
̙̃̑̎̏̄ ̎́̐̏̎́ (hybrid-clamp) ̘̐̑̆̋̉̅́́ [19]. ˟̔ ̍̏̇̆̍̏ ̅́ ̘̏̉̓́̍̏ ̅́ ̪̆ ̙̃̑̎́
̪̃̑̉̆̅̎̏̒̓ ̎́̐̏̎́ QL ̘̐̑̆̋̉̅́́ (̓.̪. ̘̓́̋́ SW) 1340 V [19] Ʉ ̙̓̏ ̪̆ ̪́̋̏ ̭̎̆̐̏̃̏̎̏.
ˑ̏̅́̓̎̏, ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̃̆̌̉̋̆ ̗̗̪̏̒̉̌́̉̆ (ringing) ̋́̏ ̭̗̐̏̒̆̅̉̔ ̔̐̏̓̑̆̂̆
̅̏̅́̓̎̆ ̙̗̐̑̉̄̔̎̉̆, ̪̓. ̃̆̌̉̋̆ ̙̔̒̋̌́̅̉̓̆̎̆ ̪̆̎̆̑̄̉̆ ̪̋̏́ ̂̉ ̎́̍ ̂̉̌́ ̐̏̓̑̆̂̎́ ̈́
ZVS ̗̪̋̏̍̔̓́̉̆ ̘̐̑̆̋̉̅́́ ̔ ACM ̑̆̇̉̍̔ ̑́̅́ [19]. ˞̌̉̋́ 4.17 ̎́̍ ̪́̒̎̏ ̄̏̃̏̑̉ ̅́ ̪̆
̔̐̏̓̑̆̂́ ̖̉̂̑̉̅̎̆ ̄̑́̎̆ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ ̋̏̅ ACF ̘̐̑̆̓̃́̑́́
̒́ ̙̃̉̆̑̆̇̉̍̒̋̉̍ ̘̎́̉̎̏̍ ̑́̅́ (multi-mode) ̔ ICS ̪̐̑̉̍̆̎̉ ̏̂́̃̆̈̎́ [19]. ˍ̋̏ ̪̏̃́
̑̆̈̔̌̓́̓ ̔̐̏̑̆̅̉̍̏ ̒́ ̑̆̈̔̌̓́̓̉̍́ ̗̪̒̉̍̔̌́̉́ (̒̌̉̋́ 3.5) ̪̯̃̉̅̆̆̍̏ ̅́ ̒̔ ̪́̋̏ ̘̒̌̉̎̉
̔̈ ̑́̈̌̉̋̔ ̅́ ̪̆ ̙̃̑̎́ ̪̃̑̉̆̅̎̏̒̓ ̔ ̗̪̒̉̍̔̌́̉̉ ̈́ 104 V ̯̃̆́ Ʉ ̙̓̏ ̪̆ ̅̏̂̑̏ ̪̆̑ ̒̍̏ ̎́
̒̓̑́̎̉ ̒̉̄̔̑̎̏̒̓̉. ˟̏ ̘̈̎́̉ ̅́ ̔ ̑̆́̌̎̏̍ ̑̆̈̏̎́̎̓̎̏̍ ̋̏̌̔ ̉̍́̍̏ ̯̃̆̆ ̄̔̂̉̓̋̆ ̏̅
̖̏̎̉ ̪̋̏̉ ̒̔ ̍̏̅̆̌̏̃́̎̉ ̔ ̗̪̒̉̍̔̌́̉́̍́. ˛̂̑̎̔̓ ̘̪̒̌̔́ ̎̆ ̂̉ ̂̉̏ ̭̐̏̇̆́̎.

˞̌̉̋́ 4.17 ˟́̌́̒̎̉ ̗̏̂̌̉̉ ACF ̘̐̑̆̓̃́̑́́ 57 W ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ 640 V ̉ ̯̮̏̐̓̆̑̆̆̔
10,5 W (̑̆̇̉̍ ̐̑̉̐̑́̃̎̏̒̓̉ ̒̉̒̓̆̍́) ̂̆̈ hybrid-clamp

˚́ ̗̒̌̉̉ 4.18 [19] ̒̔ ̐̑̉̋́̈́̎̉ ̗̄̑́̉̉̕ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̐̑̉ ̔̌́̈̎̉̍
̎́̐̏̎̉̍́ 460 V ̉ 640 V. ˗́̏ ̙̓̏ ̪̆ ̉ ̘̏̆̋̉̃́̎̏ ̒́ ̯̃̆̉̍ ̔̌́̈̎̉̍ ̎́̐̏̎̏̍ ̯̃̆̉ ̒̔ ̉
̗̄̔̂̉̉ ̐́ ̪̆ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̮̍́̉ [19]. ˍ̋̏ ̔̐̏̑̆̅̉̍̏ ̏̃̆ ̑̆̈̔̌̓́̓̆ ̒́
̪̮̍̆̑̆̉̍́ ̋̏̅ ACF ̘̐̑̆̓̃́̑́́ 13 W (̒̌̉̋́ 4.19) ̍̏̇̆̍̏ ̘̔̏̉̓̉ ̅́ ̪̆ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄
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̪̅̆̒̓̃́ ̮̍́̉ ̋̏̅ ACF ̘̐̑̆̓̃́̑́́ 57 W [19]. ˟̏ ̉̍́ ̒̍̉̒̌́ ̪̆̑ ACF ̘̐̑̆̓̃́̑́ 13 W ̑́̅̉
̔ ACM ̑̆̇̉̍̔ ̉ ̈́ ̎̏̍̉̎́̌̎̏ ̯̮̏̐̓̆̑̆̆̆, ́ ̘̐̑̆̓̃́̑́ 57 W ̑́̅̉ ̒́ ̍́̌̉̍
̯̮̏̐̓̆̑̆̆̆̍ ̔ ̏̅̎̏̒̔ ̎́ ̎̏̍̉̎́̌̎̏ (light load) ̉ ̔ disabled-ACM ̑̆̇̉̍̔ [19] ̒́
̃̆̌̉̋̉̍ ̗̗̪̏̒̉̌́̉́̍́ ̎́̐̏̎́ ̪̅̑̆̎́. ˙́̌̏ ̯̮̏̐̓̆̑̆̆̆ ACF ̘̐̑̆̓̃́̑́́ 57 W ̪̆ <17%ױ ̔
̏̅̎̏̒̔ ̎́ ̎̏̍̉̎́̌̎̏ [19].

˞̌̉̋́ 4.18 ˞̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ DCM ̒́ ̍́̌̉̍ ̯̮̏̐̓̆̑̆̆̆̍ (̑̆̇̉̍
̐̑̉̐̑́̃̎̏̒̓̉ ̒̉̒̓̆̍́)

4.2.1 ACF ̘̐̑̆̓̃́̑́ 13 W
˚́ ̗̒̌̉̉ 4.19 [21] ̐̑̉̋́̈́̎̉ ̒̔ ̗̄̑́̉̉̕ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF

̘̐̑̆̓̃́̑́́ 13 W ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ 460 V ̉ 640 V. ˗́̏ ̙̓̏ ̪̆ ̉ ̘̏̆̋̉̃́̎̏ ̒́ ̯̃̆̉̍
̔̌́̈̎̉̍ ̎́̐̏̎̏̍ ̯̃̆̉ ̒̔ ̉ ̗̄̔̂̉̉ ̐́ ̪̆ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̮̍́̉ [21]. ˝́̅ ̐̑̉
640 V ̪̆ ̔ ACM ̑̆̇̉̍̔ ̅̏̋ ̪̆ ̈́ 460 V ̪̎́̍̆̑̎̏ ̭̏̒̓́̃̆̎̏ ̅́ ̃̉̅̉̍̏ ̐̑̆̌́̈ ̉̈
DCM/pulse-skip ̑̆̇̉̍́ ̔ ACM [21]. ˞́ ̄̑́̉̋́̕ ̈́ 460 V ̒̆ ̪́̒̎̏ ̃̉̅̉ ̙̈́̓̏ ̪̆ ̭̪̐̏̇̆̎̉̆
̉̍́̓̉ multi-mode ̭̘̔̐̑́̃́̋́ ̋̏̌́ Ʉ ̐̏̄̏̓̏̃̏ ̋̏̅ ̣̪̔̑̆́́ ̙̘̐̏̓̑̏́̋̆ ̆̌̆̋̓̑̏̎̉̋̆, ̉
̆̒ ́̅́̋ (10%ױ<) ̆̅̔̂ ́̅ ̆̇̏̍ ̪́̃̓̒̆̅ ̄̏̎̒̉̑̏̋ ̔̎̆̐̆̓̒ ̔ ́̋̉̌̈́̑ ́̋̉̌̆̃ ̏̋̉̌̏̋
̭̘̉̒̋̔̉ ̄̑́̎́ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́.

˞̌̉̋́ 4.19 ˞̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ 13 W (©2021 IEEE)

˔́̃̉̒̎̏̒̓ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ ACF ̘̐̑̆̓̃́̑́́ 13 W, ̔ AC˙ ̑̆̇̉̍̔ ̑́̅́, ̏̅
̯̮̏̐̓̆̑̆̆́ ̉ ̔̌́̈̎̏̄ ̎́̐̏̎́ ̪̆ ̐̑̉̋́̈́̎́ ̎́ ̗̒̌̉̉ 4.20 [21]. ˟̔ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏
̘̒̌̉́̎ ̓̑̆̎̅ ̋́̏ ̋̏̅ ACF ̘̐̑̆̓̃́̑́́ 57 W (̒̌̉̋́ 4.14), ̪̓. ̅́ ̒̆ ̒́ ̯̮̐̏̃̆́̆̍
̯̮̏̐̓̆̑̆̆́ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ ̐̏̌́̋̏ ̪̐̑̉̂̌̉̇̔̔ ̪̆̅̎́ ̪̅̑̔̄̏. ˚́ ̗̒̌̉̉ 4.21
[21] ̅́̓́ ̪̆ ̈́̃̉̒̎̏̒̓ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ ACF ̘̐̑̆̓̃́̑́́ 13 W ̈́ ̐̔̎ ̏̐̒̆̄
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̯̮̏̐̓̆̑̆̆́. ˟̔ ̍̏̇̆̍̏ ̉ ̅́ ̃̉̅̉̍̏ ̐̑̆̌́̈ ̉̈ DCM/pulse-skip ̑̆̇̉̍́ ̔ ACM.
ˠ̘̆̒̓́̎̏̒̓ ̏̅ ̏̋̏ 25 kHz ̔ pulse-skip ̑̆̇̉̍̔ ̪̆ ̘̏̆̋̉̃́̎́ ̔ ̒̋̌́̅̔ ̒́ ̗̪̅̏̋̔̍̆̎̓́̉̏̍
̣̘̐̑̏̉̈̃̏́́ [83]. ː̗̑́̉̉̕ ̎́ ̒̌̉̋́̍́ 4.20 ̉ 4.21 ̒̔ ̐̑̃̉ ̓́̋̃̆ ̃̑̒̓̆ ̉̋́̅
̭̐̑̆̅̒̓́̃̆̎̉ ̈́ ̂̉̌̏ ̪̋̏̉ ACF ̘̐̑̆̓̃́̑́ [21].

˞̌̉̋́ 4.20 ˜̪̑̏̍̆̎́ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ ACF ̘̐̑̆̓̃́̑́́ 13 W ̔ ACM ̑̆̇̉̍̔
(©2021 IEEE)

˞̌̉̋́ 4.21 ˜̪̑̏̍̆̎́ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ ACF ̘̐̑̆̓̃́̑́́ 13 W (©2021 IEEE)

4.3 ˍ̌̓̆̑̎́̓̉̃̎̉ ̗̄̑́̉̉̕ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́

ˑ̏ ̂̉̒̍̏ ̭̂̏̆ ̪̑́̈̔̍̆̌̉ ACF ̘̐̑̆̓̃́̑́ ̔ ICS ̪̐̑̉̍̆̎̉ ̘̏̅̌̔̆̎̏ ̅́ ̪̆ ̒̆
̐̑̉̋́̇̆ ̪̙̏ ̐́̑ ̄̑́̉̋́̕ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ Ʉ ̒́̍̏ ̒́ ̘̖̑́̈̌̉̉̓̉ ́̒̐̆̋́̓́. ˔̂̏̄
̓̏̄́ ̪̆ ̂̉̌̏ ̖̎̆̏̐̏̅̎̏ ̪̉̒̐̑̏̆̋̓̏̃́̓̉ ̉ ̎́̐̑́̃̉̓̉ ̎̆̋̏̌̉̋̏ ̘̖̑́̈̌̉̉̓̉
̓̑́̎̒̏̑̍́̓̏̑́̕ ̋́̏ ̙̓̏ ̪̆ ̪̭̎́́̃̆̎̏ ̔ ̭̐̏̄̌́̃̔ 2.4. ˚́̋̏̎ ̓̏̄́ ̣̔̑́̆̎̏ ̪̆ ̍̎̏̄̏
̆̋̒̐̆̑̉̍̆̎́̓́ ̒́ ̒̃̉̍ ̓̉̍ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕.

ˠ ̓́̂̆̌̉ 4.2 ̅́̓ ̪̆ ̐̑̆̄̌̆̅ ̖̒̃̉ 12 ̓̑́̎̒̏̑̍́̓̏̑́̕ ̪̋̏̉ ̒̔ ̙̯̋̏̑̉̆̎̉
̐̑̉̌̉̋̏̍ ̮̉̒̓̑́̇̉̃́́. ˛̎́ ̪̆ ̙̐̑̏̉̑̆̎́ ̈́ ̅̃́ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̔ ̏̅̎̏̒̔ ̎́ ̓́̂̆̌̔
(TABLE 5) ̅́̓̔ ̔ [19]. ˟̔ ̉̍́̍̏, ̏̒̉̍ ̏̈̎́̋́ ̉ ̣̘̐̑̏̉̈̃̏́́, ̐̏̅́̓̋̆ ̏ ̉̎̅̔̋̓̉̃̎̏̒̓̉
̯̮̍́̄̎̆̆́ (Lm), ̐̑̆̎̏̒̎̏̍ ̏̅̎̏̒̔ ̐̑̉̍́̑-̒̆̋̔̎̅́̑ 5,5 V (n), ̋́̏ ̉ ̐́̑́̍̆̓̑̆
̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́ Le (̅̏̅́̓̎́ ̙̗̐̑̉̄̔̎̉́) ̉ Cc (̋̏̎̅̆̎̈́̓̏̑ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄
̎́̐̏̎́ ̘̐̑̆̋̉̅́́) [19]. ˜́̑́̍̆̓̑̉ ̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́ ̒̔ ̘̑̔̎̏ ̏̅́̂̑́̎̉ (trial-and-error
̐̑̉̒̓̔̐) ̓́̋̏ ̅́ ̪̆ ACF ̘̐̑̆̓̃́̑́ ̉̍́̏ ̪̯̎́̃̆̉ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̈́ ̅́̓̉
̓̑́̎̒̏̑̍́̓̏̑̕. ˟̑́̎̒̏̑̍́̓̏̑̉̕ ̒̔ ̪̐̑̏̆̋̓̏̃́̎̉ ̓́̋̏ ̅́ ̑́̒̉̐̎́ ̉̎̅̔̋̓̉̃̎̏̒̓ ̂̔̅̆
̙̓̏ ̮̍́́. ˔́ ̒̃̆ ̓̑́̎̒̏̑̍́̓̏̑̆̕ ̏̎́ ̪̆ ̂̉̌́ ̮̍́́ ̏̅ 9 µH ̉ ̈́̓̏ ̪̎̉̆ ̎̉ ̐̑̉̋́̈́̎́ ̔
̓́̂̆̌̉ 4.2.
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ˏ̯̆̉̎́ ̑̆̈̔̌̓́̓́ ̗̪̅̉̒̆̑̓́̉̆ ̅̏ ̒́̅́ ̪̆ ̅́̓́ ̈́ ̓̑́̎̒̏̑̍́̓̏̑̆̕ T3 ̉ ˟2 (̓́̂̆̌̆
2.9 ̉ 4.2), ́ ̔ ̏̃̏̍ ̭̐̏̄̌́̃̔ ̯̆ ̂̉̓̉ ̭̘̔̋̔̆̎̉ ̉ ̏̒̓́̌̉. ˝́̈̌̏̈̉ ̈́ ̏̃́̋́̃ ̙́̑̏̌̉̋
̐̑̉̒̓̔̐ ̮̆̋̒̐̆̑̉̍̆̎̓̉̒́̔ ̒́ ̙̃̉̆ ̘̖̑́̈̌̉̉̓̉ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̒̔ ̂̉̌̉ [19]:

¶ ̓̑̆̂́̌̏ ̪̆ ̗̪̏̉̆̎̉̓̉ ̎̆̋̏̌̉̋̏ ̘̖̑́̈̌̉̉̓̉ ̣̘̐̑̏̉̈̃̏́́ ̎̆ ̒́̍̏ ̐̏ ̮̐̉̓́̔
̖̘̖̓̆̎̉̋̉ ̐̆̑̏̑̍́̎̒̉̕ ̎̆̄̏ ̉ ̐̏ ̮̐̉̓́̔ ̖̆̋̏̎̏̍̒̋̉ ̔̒̌̏̃́ (̎̐̑. ̗̪̉̆̎̆ ̉
̃̑̆̍̆̎́ ̉̒̐̏̑̔̋̆);

¶ ̈̂̏̄ ̘̏̄̑́̎̉̆̎̏̄ ̱̂̔̆̓́ ̘̎́̑̔̉̃́̎ ̪̆ ̮̍́̉ ̪̂̑̏ ̔̈̏̑́̋́ (1Ʉ2) ̉ ̮̍́̉ ̪̂̑̏
̪̐̑̉̍̆̑́̋́ ̪̋̏̉ ̂̉ ̒̆ ̋̏̑̉̒̓̉̌̉ ̔ ̒̉̒̓̆̍̔;

¶ ̋́̏ ̭̗̐̏̒̆̅̉́ ̓̏̄́, ̓̏̋̏̍ ̙̮̉̈̃̑̆́ ̪̐̑̏̆̋̓́ ̉ ̔̐̏̓̑̆̂̆ ̋̏̍̐̏̎̆̎̓̉, ̎̆̋̉ ̏̅
̍̏̅̆̌́ ̙̃̉̆ ̎̉̒̔ ̂̉̌̉ ̑́̒̐̏̌̏̇̉̃̉ ̓́̋̏ ̒̆ ̍̏̑́̌̏ ̋̏̑̉̒̓̉̓̉ ̏̎̏ ̙̓̏ ̪̆
̓̑̆̎̔̓̎̏ ̂̉̌̏ ̎́ ̮̒̓́̔.

˟́̂̆̌́ 4.2 ˜̑̆̄̌̆̅ ̖̒̃̉ ̙̯̖̋̏̑̉̆̎̉ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̒́ ̐́̑́̍̆̓̑̉̍́ ̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́

˛̈̎́̋́: Lm, ̣̘̐̑̏̉̈̃̏́ n Le [µH] Cc [nF]
T1-1: 200 µH, ̣̘̐̑̏̉̈̃̏́ 1 10 47 88
T1-2: 200 µH, ̣̘̐̑̏̉̈̃̏́ 3 10 47 88
T1-3: 200 µH, ̣̘̐̑̏̉̈̃̏́ 3 15 47 88
T2-1: 400 µH, ̣̘̐̑̏̉̈̃̏́ 2 15 68 66
T2-2: 400 µH, ̣̘̐̑̏̉̈̃̏́ 3 15 68 66
T2-3: 400 µH, ̣̘̐̑̏̉̈̃̏́ 1 15 68 66
T3-1: 600 µH, ̣̘̐̑̏̉̈̃̏́ 1, ̃̆̑. 1 15 100 88
T3-2: 600 µH, ̣̘̐̑̏̉̈̃̏́ 2 15 100 88
T3-3: 600 µH, ̣̘̐̑̏̉̈̃̏́ 3 15 100 88
T3-4: 600 µH, ̣̘̐̑̏̉̈̃̏́ 1, ̃̆̑. 2 15 100 88
T4-1: 800 µH, ̣̘̐̑̏̉̈̃̏́ 1 15 100 66
T4-2: 800 µH, ̣̘̐̑̏̉̈̃̏́ 3 30 100 66

˞̌̉̋́ 4.22 ˞̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ ACM ̒́ ̋̏̎̒̓́̎̓̎̉̍ ̯̮̏̐̓̆̑̆̆̆̍
30% ̉ 99%

˚́ ̗̒̌̉̉ 4.22 [19] ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̈́̃̉̒̎̏̒̓ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF
̘̐̑̆̓̃́̑́́ ̏̅ ̔̌́̈̎̏̄ ̎́̐̏̎́ ̐̑̉ ̋̏̎̒̓́̎̓̎̉̍ ̯̮̏̐̓̆̑̆̆̉̍́ 30% ̉ 99% ̒́ T2-1
̓̑́̎̒̏̑̍́̓̏̑̏̍̕ (̓́̂̆̌́ 4.2). ˚́ ̪̐̑̉̍̆̑, ̅́ ̒̍̏ ̈́ ̪̏̃́ ̆̋̒̐̆̑̉̍̆̎̓ ̋̏̑̉̒̓̉̌̉ T3-1
̓̑́̎̒̏̑̍́̓̏̑̕ ̏̎̅́ ̂̉ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̂̉̏ ̮̍́̉ (̪̓. ̪̐̏̍̆̑̆̎ ̎́ ̭̅̏̆ ̈́ ̏̋̏
1Ʉ2%), ́̌̉ ̂̉ ̐̏̋́̈̉̃́̏ ̘̒̌̉́̎ ̓̑̆̎̅ ̋́̏ ̉ ̈́ ˟2-1 [19]. ˘̪̉̎̉̆ ̎́ ̗̒̌̉̉ 4.22 ̒̔ ̒̋̏̑̏
̌̉̎̆́̑̎̆ ̉ ̉̎̃̆̑̈̎̏-̗̐̑̏̐̏̑̉̏̎́̌̎̆ ̔̌́̈̎̏̍ ̎́̐̏̎̔ Ʉ ̙̓̏ ̪̆ ̂̉̌̏ ̉ ̘̏̆̋̉̃́̎̏ [19].
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˙̣̆̔̓̉̍, ̭̈́̎̉̍̉̃̏ ̪̆ ̯̏̓̋̑̉̆ ̅́, ̐̑̉ ̮̍́̉̍ ̯̮̏̐̓̆̑̆̆̉̍́ (̪̓. 30%), ̎́̄̉̂
̋́̑́̋̓̆̑̉̒̓̉̋̆ ̪̆ ̪̒̓̑̍̉̉, ̒́ ̐̏̑́̒̓̏̍ ̔̌́̈̎̏̄ ̎́̐̏̎́, ̔ ̏̅̎̏̒̔ ̎́ ̘̪̒̌̔́ ̒́ 99%
̯̮̏̐̓̆̑̆̆̆̍ [19]. ˝́̈̌̏̄ ̪̆ ̅́, ̐̑̉ ̮̍́̉̍ ̯̮̏̐̓̆̑̆̆̉̍́ ̘̐̑̆̋̉̅́̋̉ ̗̄̔̂̉̉ ̉ ̗̄̔̂̉̉
̔ ̪̆̈̄̑̔ ̓̑́̎̒̏̑̍́̓̏̑́̕, ̪̋̏̉ ̒̔ ̗̐̑̏̐̏̑̉̏̎́̌̎̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔, ̒̔ ̪̅̏̍̉̎́̎̓̎̉̉ ̔
̏̅̎̏̒̔ ̎́ ̅̑̔̄̆ ̄̔̂̉̓̋̆ [19]. ˛̃̏ ̪̙̮̏̂́́̃́ ̙̈́̓̏ ̪̌̉̎̉̆ ̎́ ̗̒̌̉̉ 4.22 ̪̉̍́̔
̘̪̅̑̔̄́̉̆ ̎́̄̉̂̆.

˚́ ̗̒̌̉̉ 4.23 [19] je ̭̐̑̆̅̒̓́̃̆̎́ ̈́̃̉̒̎̏̒̓ ̍́̋̒̉̍́̌̎̏̄ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄
̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ ACM ̏̅ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́. ˛̃́̋̃̉ ̑̆̈̔̌̓́̓̉ ̏
ACF ̘̐̑̆̓̃́̑́̉̍́ ̒̔ ̭̐̑̆̅̒̓́̃̆̎̉ ̐̏ ̐̑̃̉ ̐̔̓ ̔ ̌̉̓̆̑́̓̔̑̉ [19]. ˔́ ̪̏̃́ ̆̋̒̐̆̑̉̍̆̎̓
̙̯̋̏̑̉̆̎́ ̒̔ ̘̆̓̉̑̉ ̘̑́̈̌̉̉̓́ ̓̑́̎̒̏̑̍́̓̏̑́̕: T1-1, T2-1, T3-2 ̉ T4-1  (̓́̂̆̌́ 4.2).
˟̉ ̗̄̑́̉̉̕ ̒̔ ̖̘̉̐̏̓̆̓̉̋̉ ̪̆̑ ̒̔ ̭̎́̐̑́̃̆̎̉ ̓́̋̏ ̙̓̏ ̒̔ ̔̈̉̍́̎̉ ̍́̋̒̉̍́̌̎̉
̒̓̆̐̆̎̉ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̘̆̓̉̑̉ ACF ̘̐̑̆̓̃́̑́́, ̒́ ̘̑́̈̌̉̉̓̉̍ ̑̆̈̏̎́̎̓̎̉̍ ̋̏̌̉̍́,
̈́ ̅̃́ ̔̌́̈̎́ ̎́̐̏̎́ [19]. ˗́̏ ̙̓̏ ̪̆ ̪̑́̎̉̆ ̘̑̆̆̎̏, ̐́̑́̍̆̓̑̉ ̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́, ̪̋̏̉
̪̅́̔ ̍́̋̒̉̍́̌̎̉ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́, ̒̔ ̏̅́̂̑́̎̉ ̘̑̔̎̏. ˟́̂̆̌́̑̎̉ ̐̑̆̄̌̆̅ ̏̃́̋̏
̪̖̅̏̂̉̆̎̉ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̒̔ ̅́̓̉ ̔ ̓́̂̆̌̉ 4.3. ˛̈̎́̋̆ ̎́ ̗̒̌̉̉ 4.23 ̒̔
̭̯̒̆̅̆̆16:

¶ ̐̌́̃̆ ̪̌̉̎̉̆: Microsoft® Excel® XY plots, smooth lines;

¶ ̗̑̎̆ ̪̌̉̎̉̆: Microsoft® Excel® polynomial trend-lines.

˞̌̉̋́ 4.23 ː̑́̉̋̕ ̖̘̉̐̏̓̆̓̉̋̉ ̍́̋̒̉̍́̌̎̏̄ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔
ACM ̒́ ̘̑́̈̌̉̉̓̉̍ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕

˞̌̉̋́ 4.23 ̪́̒̎̏ ̪̐̏̋́̈̔̆ ̅́ ̯̆ ACF ̘̐̑̆̓̃́̑́, ̗̗̒̐̆̉̉̉̑́̎̕ ̔ ̓́̂̆̌̉ 2.4, ̉̍́̓̉
̍́̋̒̉̍́̌̎̆ ̒̓̆̐̆̎̆ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ (86,1% ̉ 83,5%), ̈́ ̍̉̎̉̍́̌̎̆ ̉ ̍́̋̒̉̍́̌̎̆
̔̌́̈̎̆ ̎́̐̏̎̆, ̑̆̅̏̍, ́̋̏ ̪̆ ̉̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́ ̏̋̏ 400 µH ̈́ ̏̅́̂̑́̎̉ ̐̑̆̎̏̒̎̉
̏̅̎̏̒ ̉ ̐́̑́̍̆̓̑̆ ̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́ [19]. ˑ̏̅́̓̎̏, ̍̏̇̆̍̏ ̘̔̏̉̓̉ ̅́ ̒̔, ̐̑̉ ̔̌́̈̎̏̍
̎́̐̏̎̔ 850 V, ̗̄̔̂̉̉ ̯̃̆̉ ̈́ ̅̑̔̄̆ ̉̈̃̆̅̂̆ ̘̐̑̆̓̃́̑́́ ̉ ̈́̓̏ ̓́ ̋́̑́̋̓̆̑̉̒̓̉̋́ ̪̎̉̆
̐́̑́̌̆̌̎́ ̪̏̎̏ ̐̑̉ 620 V, ̯̃̆ ̉̍́ ̘̑́̈̌̉̉̓ ̎́̄̉̂ [19]. ˛̪̙̮̮̂́̆̆ ̈́ ̯̃̆̉ ̎́̄̉̂ ̐̑̉
̎́̐̏̎̔ 850 V, ̔ ̏̐̒̆̄̔ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ 400Ʉ800 µH, ̪̆ ̘̒̌̉̎̏ ̋́̏ ̈́ ̒̌̉̋̔

16 ˟̆̋̒̓ ̪̆ ̪̎́̍̆̑̎̏ ̭̏̒̓́̃̆̎ ̎́ ̆̎̄̌̆̒̋̏̍ ̅́ ̂̉ ̒̆ ̓́ ̪̒̃̏̒̓̃́ ̌́̋̏ ̐̑̆̐̏̈̎́̌́ ̔ ̒́̍̏̍ Microsoft® Excel®

̐̑̏̄̑́̍̔.
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4.22 [19]. ˔́ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ ̔ ̏̐̒̆̄̔ 200Ʉ400 µH ̯̃̆̉ ̎́̄̉̂ ̋́̑́̋̓̆̑̉̒-
̓̉̋̆ ̐̑̉ ̎́̐̏̎̔ 850 V ̪̆ ̈̂̏̄ ̯̖̃̆̉ ̙̖̃̑̎̉ ̪̃̑̉̆̅̎̏̒̓̉ ̪̒̓̑̔̆ ̐̑̉̍́̑́ ̉, ̒́̍̉̍ ̓̉̍,
̪̯̖̏̅̄̏̃́̑́̔̉ ̄̔̂̉̓́̋́ ̔ ̘̐̑̆̓̃́̑́̔ [19].

ˑ̏̅́̓̎̏, ̎́ ̗̒̌̉̉ 4.23 ̒̔ ̐̑̉̋́̈́̎̆ ̉ ̋̑̉̃̆ (̗̪̔̎̋̉̆̕) ̪̋̏̆ ̒̔ ̑̆̈̔̌̓́̓
̮̉̓̏̃́́̕ ̐̏̌̉̎̏̍́ (polynomial curve-fitting) Poly.(620 V) ̉ Poly.(850 V). ˟̆ ̗̪̔̎̋̉̆̕
̪̐̏̋́̈̔̔ ̅́ ̍́̋̒̉̍́̌̎̉ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ (ʂmax) ̉̍́  (̒̌́̂̔) ̋̔̂̎̔ ̈́̃̉̒̎̏̒̓ ̏̅
̉̎̅̔̋̓̉̃̎̏̒̓̉ ̯̮̍́̄̎̆̆́ [19]. ˙̣̆̔̓̉̍, ̅́ ̌̉ ̏̃́̋̃̉ ̉̈̑́̈̉ ̈́̉̒̓́ ̭̪̐̑̆̅̒̓́̃́̔
̒̓̃́̑̎̆ ̘̉̈̉̋̆̕ ̏̅̎̏̒̆ ̯̂̉̆ ̉̒̓̑́̇̉̃́̎̏ ̔ ̯̂̔̅̔̉̍ ̪̒̓̔̅̉́̍́ ̪̈́̆̅̎̏ ̒́ ́̎́̌̉̈́̍́
̘̓́̎̏̒̓̉, ̪̓. ́̎́̌̉̈́̍́ ̙̄̑̆̋̉. ˚́̑́̃̎̏, ̎̆ ̓̑̆̂́ ̈́̂̏̑́̃̉̓̉ ̅́ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄
̪̅̆̒̓̃́ ̈́̃̉̒̉ ̏̅ ̖̍̎̏̄̉ ̖̅̑̔̄̉ ́̋̓̏̑́̕ ̋́̏ ̙̓̏ ̒̔ ̐̑̆̎̏̒̎̉ ̏̅̎̏̒ ̓̑́̎̒̏̑̍́̓̏̑́̕ ̉
̮̆̄̏̃́ ̗̪̋̏̎̒̓̑̔̋̉́, ̐́̑́̍̆̓̑̉ ̑̆̈̏̎́̎̓̎̏̄ ̋̏̌́, ̉̈̂̏̑ ̐̏̌̔̐̑̏̃̏̅̎̉̋́, ̍̆̓̏̅́
̭̮̔̐̑́̃́́, ̉̓̅. [19].

˟́̂̆̌́ 4.3 ˜̑̆̄̌̆̅ ̖̘̉̐̏̓̆̓̉̋̉ ̖̍́̋̒̉̍́̌̎̉ ̒̓̆̐̆̎́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́

˛̈̎́̋́: Lm, ̣̘̐̑̏̉̈̃̏́ n 620 V 850 V
T1-1: 200 µH, ̣̘̐̑̏̉̈̃̏́ 1 10 82,7% 78,6%
T2-1: 400 µH, ̣̘̐̑̏̉̈̃̏́ 2 15 86,1% 83,5%
T3-2: 600 µH, ̣̘̐̑̏̉̈̃̏́ 2 15 84,5% 81,2%
T4-1: 800 µH, ̣̘̐̑̏̉̈̃̏́ 1 15 82,2% 76,8%

 ˏ̯̆ ̒̍̏ ̑̆̋̌̉ ̔ ̭̐̏̄̌́̃̔ 4.1.3 ̅́ ̪̆ ̔ ICS ̒̉̒̓̆̍̔ ̙̯̋̏̑̉̆̎ ̓̑́̎̒̏̑̍́̓̏̑̕ T3-
1 ̉́̋̏ ̒̍̏ ̪̃̉̅̆̌̉ ̅́ ̪̆ ̍́̋̒̉̍́̌̎̉ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́
̐̏̒̓̉̄̎̔̓ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟2-1 (̒̌̉̋́ 4.23, ̓́̂̆̌́ 4.3). ˜̘̑̆̓̃́̑́ ̒́
̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟2-1 ̪̆ ̉̍́̏ ̍̎̏̄̏ ̯̃̆̆ ̙̃̑̎̆ ̪̃̑̉̆̅̎̏̒̓̉ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ (̘̓́̋́
SW) ̔ ̑̆̇̉̍̔ ̐̑̉̐̑́̃̎̏̒̓̉ ̒̉̒̓̆̍́ (ICS stand-by mode). ˜̑̉̒̓̔̐̏̍ ̙̯̋̏̑̉̆̎̉̍ ̔
̏̃̏̍ ̑́̅̔ ̒̍̏ ̪̉̈̂̆̄̌̉ ̈́̍̋̔ ̪̄̅̆ ̒̆ ̘̉̒̓̑́̇̉̃́̉ ̪̏̋̔̒̉̑́̔̕ ̎́ ̍̆̓̏̅̆ ̗̪̏̐̓̉̍̉̈́̉̆,
̪̋̏̆ ̂̉ ̅́̌̆ ̪̯̎́̃̆̉ ̉̌̉ ̏̐̓̉̍́̌́̎ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́, ́̌̉ ̂̆̈ ̮̔̃́̇́̃́́
̯̍̏̄̔̎̏̒̓̉ ̅́ ̘̐̑̆̓̃́̑́ ̎̆ ̂̉ ̍̏̄́̏ ̑́̅̉̓̉ ̒̓́̂̉̌̎̏ ̉̌̉ ̪̂̆̈̂̆̅̎̏ ̔ ̒̃̉̍ ̑́̅̎̉̍
̑̆̇̉̍̉̍́.

4.4 ː̗̔̂̉̉ ̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆

ˠ ̏̃̏̍ ̭̐̏̄̌́̃̔ ̯̂́̃̉̆̍̏ ̒̆ ̆̎̏̍̆̎̏̍̕ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ (circulating-
power) ̪̋̏̉ ̪̆ ̐̑̉̒̔̓́̎ ̋̏̅ ̘̐̑̆̓̃́̑́́ ̪̋̏̉ ̪̉̍́̔ ̑̆̈̏̎́̎̓̎̏ ̋̏̌̏. ˠ [69] ̉ [71] ́̔̓̏̑̉
̒̔ ̒̓́̃́ ̅́ ̪̆ ̗̙̯̉̑̋̔̌̉̔́ ̪̆̎̆̑̄̉́ ̔ ̘̪̒̌̔́̔ ̋̏̍̐̌̆̍̆̎̓́̑̎̏̄ ̮̐̑̆̋̉̅́́
(complementary-switching) ̯̃̆́ ̔ ̏̅̎̏̒̔ ̎́ ̎̆̋̏̍̐̌̆̍̆̎̓́̑̎̏ (non-complementary-
switching). ˟̏ ̪̆ ̘̓́̎̏, ̙̐̏̓̏ ̪̆ ̔ ̋̏̍̐̌̆̍̆̎̓́̑̎̏̍ ̘̪̒̌̔́̔ ̪̃̑̉̆̍̆ ̣̮̐̑̏̃̏̆́ (turn-on
time) ̘̐̑̆̋̉̅́́ QH ̍̎̏̄̏ ̅̔̇̆ ̎̆̄̏ ̔ ̎̆̋̏̍̐̌̆̍̆̎̓́̑̎̏̍ ̘̪̒̌̔́̔ [19].

ˑ̏ ̒́̅́ ̒̔ ̒́̍̏ ̓̑̉ ̘̌́̎̋́ ̣̏̂̑́̉̃́̌́ ̓̆̍̔ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ ̋̏̅ ACF
̘̐̑̆̓̃́̑́́ ̉ ̓̏ [63], [69] ̉ [71]. ˑ̭̆̓́̎̉ ̪̓̆̏̑̉̒̋̉ ̑́̅ ̪̆ ̣̔̑́̆̎ ̈́ ̎̆̋̏̍̐̌̆̍̆̎̓́̑̎̏
̮̐̑̆̋̉̅́̆ ̔ [14] ̈́ ̏̂́ ̑̆̇̉̍́ ̑́̅́ (DCM ACM ̉ CCM) [19]. ˠ [71] ̪̆ ̘̒̌̉̎̏ ̣̔̑́̆̎̏
̒́̍̏ ̈́ CCM ̘̪̒̌̔́ [19]. ACF ̘̐̑̆̓̃́̑́ ̒́ ̋̏̍̐̌̆̍̆̎̓́̑̎̉̍ ̮̐̑̆̋̉̅́̆̍ ̔ CCM ̪̆
́̎́̌̉̈̉̑́̎ ̔ [63] (̃̉̅̉ ̒̌̉̋̆ Fig. 9 ̉ Fig. 10, ̉ ̓́̂̆̌̔ Table I). ˟̔ ̪̆ ̪̙̮̑́̈́̆̎̏ ̅́,
̓̏̋̏̍ ̮̮̐̔̆́ Cc, ̗̄̔̂̉̉ ̪̎́̒̓́̔ ̭̔̒̆̅ ̣̮̐̑̏̃̏̆́ ̪̈́̍́̎̆ ̅̉̏̅̆ QH ̘̐̑̆̋̉̅́́, ̪̓. ̅́ ̪̆
̓̔ ̔̌̏̄̔ ̉̄̑́ ̮̒̑̆̅́ ̪̃̑̉̆̅̎̏̒̓ ̪̒̓̑̔̆ ̔ ̄̑́̎̉ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ (average
clamping-current) [19], [63]. ˍ̌̉, ̓̏̋̏̍ ̐̑̆̎̏̒́ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ ̋́ ̪̒̆̋̔̎̅́̑̎̏
̒̓̑́̎̉ ̗̄̔̂̉̉ ̅̏̌́̈̆ ̏̅ ̣̮̐̑̏̃̏̆́ QH ̘̐̑̆̋̉̅́́, ̪̓. ̓̔ ̔̌̏̄̔ ̉̄̑́ ̆̆̋̓̉̃̎́̕
̪̃̑̉̆̅̎̏̒̓ ̪̒̓̑̔̆ ̔ ̄̑́̎̉ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ (rms clamping-current) [19], [63].
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˙̣̆̔̓̉̍, ̘̪̒̌̔́ DCM ACM (CrCM), ̒́ ̋̏̍̐̌̆̍̆̎̓́̑̎̉̍ ̮̐̑̆̋̉̅́̆̍, ̪̋̏̉ ̪̆ ̓̆̍́
̏̃̆ ̗̪̅̉̒̆̑̓́̉̆, ̪̎̉̆ ̑́̈̍́̓̑́̎ ̔ ̌̉̓̆̑́̓̔̑̉ ̅̏ ̒́̅́. ˑ̏̅́̓̎̏, ̔ [69] ̅́̓̉ ̒̔
̘̍́̓̆̍́̓̉̋̉ ̉̈̑́̈̉ ̈́ ̗̙̯̉̑̋̔̌̉̔̔ ̪̆̎̆̑̄̉̔, ́̌̉ ̪̋̏̉ ̒̔ ̅́̃́̌̉ ̙̐̏̄̑̆̎̆ ̑̆̈̔̌̓́̓̆
̔ ̙̎́̆̍ ̘̪̒̌̔́̔. ˟̣́̋̏̆, ̪̮̍̆̑̆́ ̉ ́̎́̌̉̈́ ̄̔̂̉̓́̋́ ̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ ̎̉̒̔
̅̏ ̒́̅́ ̂̉̌́ ̭̐̑̆̅̒̓́̃̆̎́ ̔ ̘̪̎́̔̎̏ ̌̉̓̆̑́̓̔̑̉ ̉ ̓̏ ̯̆ ̂̉̓̉ ̣̔̑́̆̎̏ ̔ ̏̃̏̍ ̭̐̏̄̌́̃̔,
́̌̉ ̒́̍̏ ̈́ DCM ACM (CrCM) ̘̪̒̌̔́. ˑ̏̅́̓̎̏, ̣̮̉̈̃̏̆̆ ̘̖̍́̓̆̍́̓̉̋̉ ̉̈̑́̈́ ̈́
̗̙̯̉̑̋̔̌̉̔̔ ̪̆̎̆̑̄̉̔ ̔ DCM ACM (CrCM) ̑̆̇̉̍̔ ̯̆ ̂̉̓̉ ̓̆̍́ ̎̆̋̏̄ ̯̂̔̅̔̆̄
̮̉̒̓̑́̇̉̃́́.

˚́ ̒̌̉̋́̍́ 4.24 [19] ̉ 4.25 [19] ̐̑̉̋́̈́̎̉ ̒̔ ̗̄̑́̉̉̕ ̈́̃̉̒̎̏̒̓̉ ̄̔̂̉̓́̋́
̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ ̉ ̔̌́̈̎̏̄ ̎́̐̏̎́ ̈́ ̙̆̒̓ ̓̑́̎̒̏̑̍́̓̏̑́̕ (̔̈
̪̯̏̅̄̏̃́̑́̔́ ̑̆̈̏̎́̎̓̎́ ̋̏̌́) ̉̈ ̓́̂̆̌̆ 4.2. ˞̌̉̋́ 4.24 ̪̐̑̉̋́̈̔̆ ̄̑́̉̋̆̕ ̈́
̓̑́̎̒̏̑̍́̓̏̑̆̕ T2-1, T3-1, T4-1 ̉ T4-2, ̅̏̋ ̒̔ ̎́ ̗̒̌̉̉ 4.25 ̅́̓̉ ̗̄̑́̉̉̕ ̈́
̓̑́̎̒̏̑̍́̓̏̑̆̕ ˟1-3 ̉ ˟1-2. ˛̃́̋̃̉ ̑̆̈̔̌̓́̓̉ ̏ ACF ̘̐̑̆̓̃́̑́̉̍́ ̒̔ ̭̐̑̆̅̒̓́̃̆̎̉
̐̏ ̐̑̃̉ ̐̔̓ ̔ ̌̉̓̆̑́̓̔̑̉ [19]. ː̗̑́̉̉̕ ̎́ ̒̌̉̋́̍́ 4.24 ̉ 4.25 ̒̔ ̭̎́̐̑́̃̆̎̉ ̓́̋̏ ̙̓̏
̪̆ ACF ̘̐̑̆̓̃́̑́ ̑́̅̉̏ ̒̋̏̑̏ ̂̆̈ ̯̮̏̐̓̆̑̆̆́ (́̋̏ ̈́̎̆̍́̑̉̍̏ ̒̏̐̒̓̃̆̎̔ ̙̮̐̏̓̑̏̔ ̉
̮̑́̒̉̐́̆ ̪̆̎̆̑̄̉̆ ̎́ ̂̌̉̅̆̑ ̗̏̓̐̏̑̎̉̉̍́) [19].

ˠ̭̘̐̑́̃́̋̏ ̋̏̌̏ NCP1568 ̉̍́ ̯̍̏̄̔̎̏̒̓ ̙̮̐̏̅̆́̃́́ ̐̑́̄̏̃́ ̐̑̆̌́̈́ ̣̉̈̍̆̔
DCM ̉ ACM ̑̆̇̉̍́ ̑́̅́, ̉ ̏̂̑̎̔̓̏, ̯̐̏̍̏̔ ̅̃́ ̏̓̐̏̑̎̉̋́ ̋́ ̍́̒̉ (̐̉̎ 6: DTH ̉ ̐̉̎
13: ATH; ̓́̂̆̌́ 2.3) [83], [19]. ˟̣́̋̏̆, ̏̃̏ ̋̏̌̏ ̍̏̇̆ ̅́ ̒̆ ̏̑̒̉̑́̕ ̅́ ̑́̅̉ ̒́̍̏ ̔
̪̆̅̎̏̍ ̏̅ ̖̐̏̍̆̎̔̓̉ ̑̆̇̉̍́ ̑́̅́ (DCM ̉̌̉ ACM). ˑ̏̋̔̍̆̎̓ [162] ̪̋̏̉ ̓̏ ̪̏̐̉̒̔̆ ̍̏̑́
̅́ ̒̆ ̓̑́̇̉ ̏̅ onsemi ̓̉̍́ ̈́ ̙̐̏̅̑̋̔ [104]. ˙̣̆̔̓̉̍, ̙̐̏̓̏ ̪̓́ ̅̏̋̔̍̆̎̓ ̪̎̉̆ ̪́̃̎̏
̑́̒̐̏̌̏̇̉̃ ̎̆ ̍̏̇̆̍̏ ̪̏̃̅̆ ̅́ ̗̉̓̉̑́̍̏ ̐̏̒̓̔̐́̋ ̋́̋̏ ̒̆ ̓̏ ̑́̅̉.

˝̆̈̔̌̓́̓̉ ̎́ ̒̌̉̋́̍́ 4.24 ̉ 4.25 ̒̔ ̪̅̏̂̉̆̎̉ ̎́ ̭̯̒̆̅̆̉ ̘̎́̉̎. ˜̘̑̆̓̃́̑́ ̪̆
̐̑̃̏ ̂̉̏ ̏̑̒̉̑́̎̕ ̅́ ̑́̅̉ ̒́̍̏ ̔ ACM ̑̆̇̉̍̔ [19]. ˔́̓̉̍ ̪̆ ̪̉̈̍̆̑̆̎́ ̔̌́̈̎́ ̒̎́̄́
̯̐̏̍̏̔ ̗̐̑̆̉̈̎̏̄ ́̎́̌̉̈́̓̏̑́ ̒̎́̄̆ (precision power-analyzer). ˚́̋̏̎ ̓̏̄́, ̘̐̑̆̓̃́̑́ ̪̆
̂̉̏ ̏̑̒̉̑́̎̕ ̅́ ̑́̅̉ ̒́̍̏ ̔ DCM ̑̆̇̉̍̔ (̋́̏ ̗̋̏̎̃̆̎̉̏̎́̌̎̉ flyback ̘̐̑̆̓̃́̑́) [19].
˔́̓̉̍ ̪̆ ̐̏̎̏̃̏ ̪̉̈̍̆̑̆̎́ ̔̌́̈̎́ ̒̎́̄́ ̯̐̏̍̏̔ ̗̐̑̆̉̈̎̏̄ ́̎́̌̉̈́̓̏̑́ ̒̎́̄̆. ˝́̈̌̉̋́
̣̉̈̍̆̔ ̏̃́̋̏ ̪̖̉̈̍̆̑̆̎̉ ̖̔̌́̈̎̉ ̒̎́̄́ ̭̐̑̆̅̒̓́̃́ ̄̔̂̉̓̋̆ ̔ ̄̑́̎̉ ̈́ ̪̗̮̏̅̒̉̆́̆
̙̃̑̎̏̄ ̎́̐̏̎́, ̪̓. ̄̔̂̉̓̋̆ ̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ [19].

˞́ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕, ̪̋̏̉ ̒̔ ̙̯̋̏̑̉̆̎̉ ̈́ ̑̆̈̔̌̓́̓̆ ̎́ ̗̒̌̉̉ 4.24, ̂̉̌̏ ̪̆
̯̍̏̄̔̆ ̏̑̒̉̑́̓̉̕ ACF ̘̐̑̆̓̃́̑́ ̅́ ̑́̅̉ ̔ ̏̂́ ̑̆̇̉̍́ (ACM ̉ DCM) ̒́̍̏ ̅̏ ̔̌́̈̎̏̄
̎́̐̏̎́ 640 V [19]. ˞́ ̯̃̆̉̍ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ ̒́̍̏ ̪̆ ̑́̅ ̔ DCM ̯̍̏̄̔. ˛̃̏ ̎́̍ ̄̏̃̏̑̉
̅́ ̈́ ̒̃́̋̉ ACF ̘̐̑̆̓̃́̑́ ̪̐̏̒̓̏̆ ̣̏̅̑̆̆̎̉ ̐̑́̄̏̃̉ ̯̮̏̐̓̆̑̆̆́ ̐̑̆̋̏ ̪̖̋̏̉ ̪̆ ̯̍̏̄̔̆
̑́̅̉̓̉ ̔ ACM ̑̆̇̉̍̔. ˑ̏̅́̓̎̏, ̓̔ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̒̔, ̈́ ̯̃̆̉ ̐̑̆̎̏̒̎̉ ̏̅̎̏̒,
̗̄̔̂̉̉ ̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ ̯̃̆̉ ̔ ̏̅̎̏̒̔ ̎́ ̓̑́̎̒̏̑̍́̓̏̑̕ ̒́ ̮̍́̉̍
̐̑̆̎̏̒̎̉̍ ̏̅̎̏̒̏̍ (˟4-1 ̉ ˟4-2). ˑ̙̏̅̔̆, ˟4-2 ̪̆ ̭̎́̐̑́̃̆̎ ̏̅ ̒̓̑́̎̆ ̅̑̔̄̏̄
̣̘̐̑̏̉̈̃̏́́ ̓́̋̏ ̅́ ̪̆ ̏̃̔ ̮̓̃̑̅̔ ̐̏̓̑̆̂̎̏ ̭̅́̆ ̉̒̓̑́̇̉̓̉ ̔ ̪̎̆̋̏ ̯̪̂̔̅̔̏ ̪̒̓̔̅̉̉.

˔́ ̓̑́̎̒̏̑̍́̓̏̑̆̕ T1-1 ̉ T1-2, ̎́ ̗̒̌̉̉ 4.25, ̂̉̌̏ ̪̆ ̯̍̏̄̔̆ ̏̑̒̉̑́̓̉̕ ACF ̅́
̑́̅̉ ̔ ̏̂́ ̑̆̇̉̍́ (ACM ̉ DCM) ̅̏ ̔̌́̈̎̏̄ ̎́̐̏̎́ 850 V [19]. ˚́̑́̃̎̏, ̏̃́̋́̃ ̗̒̆̎́̑̉̏
̔ ̐̑́̋̒̉ ̪̎̉̆ ̯̍̏̄̔ Ʉ ̒̆̍ ̍̏̇̅́ ̐̑̉ ̋̃́̑̏̃̉̍́, ̪̆̑ ACF ̘̐̑̆̓̃́̑́ ̍̏̇̆ ̂̉̓̉ ̂̆̈
̯̮̏̐̓̆̑̆̆́ ̒́̍̏ ̔ ̑̆̇̉̍̔ ̐̑̉̐̑́̃̎̏̒̓̉ ̒̉̒̓̆̍́, ̪̓. ̅̏ ̔̌́̈̎̏̄ ̎́̐̏̎́ ̏̅ 640 V
(̓́̂̆̌́ 2.4).

˝́̈̌̏̄ ̈́ ̏̃̏ ̪̃̆̑̏̃́̓̎̏ ̌̆̇̉ ̔ ̘̎́̉̎̔ ̋́̋̏ ̒̆ NCP1568 ̯̐̏̋̑̆̆ ̉ ̪̋́̒̎̉̆
„̘̪̏̅̌̔̔̆” ̏ ̐̑́̄̏̃̉̍́ ̐̑̆̌́̈́ ̣̍̆̔ ̑̆̇̉̍̉̍́ [19]. ˑ̏̅́̓̎̏, ̔ ̉̈̃̆̅̂́̍́ ̘̐̑̆̓̃́̑́́
̒́ T1-1 ̉ T1-2 ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕ (200 µH) ̉̍́̍̏ ̯̃̆̆ ̙̃̑̎̆ ̪̒̓̑̔̆ ̋́̋̏ ̐̑̉ ̭̘̮̔̋̔̆̔
̘̐̑̆̓̃́̑́́ ̓́̋̏ ̉ ̐̑̉ ̎̏̑̍́̌̎̏̍ ̑́̅̔ Ʉ ́̋̏ ̖̉ ̔̐̏̑̆̅̉̍̏ ̒́ ̏̒̓́̌̉̍ ̐̏̍̆̎̔̓̉̍
̉̈̃̆̅̂́̍́ ̘̐̑̆̓̃́̑́́ [19]. ˟̑̆̂́ ̈̎́̓̉ ̅́ ̒̆ ̘̐̑̆̓̃́̑́ ̒́ NCP1568 ̪̔̃̉̆̋ ̯̐̏̋̑̆̆ ̔
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ACM ̑̆̇̉̍̔ (̓̏̋̏̍ ̮̮̐̔̆́ ̖̉̈̌́̈̎̉ ̋̏̎̅̆̎̈́̓̏̑́) ̉ ̏̎̅́, ̈́̃̉̒̎̏ ̏̅ ̯̮̏̐̓̆̑̆̆́,
„̘̪̏̅̌̔̔̆” ̅́ ̌̉ ̪̏̒̓́̆ ̔ ̮̆̍̔ ̉̌̉ ̐̑̆̌́̈̉ ̔ DCM [83]. ˟̑̆̂́ ̉̍́̓̉ ̎́ ̔̍̔ ̅́ ̏̃̏ ACF
̭̘̔̐̑́̃́̋̏ ̋̏̌̏, ̋́̏ ̉ ̒̃́ ̏̒̓́̌́ ̈́ ACF ̘̐̑̆̓̃́̑́̆ ̎́ ̙̓̑̇̉̓̔, ̪̎̉̆ ̎̉ ̂̉̌̏
̪̮̎́̍̉̆̆̎̏, ̪̓. ̣̐̑̉̌́̄̏̆̎̏, ̈́ ̏̃́̋̃̔ ̖̪̈́̓̆̃̎̔ ̪̐̑̉̍̆̎̔ (̪̓. ICS). ˙̏̇̅́ ̔ ̏̃̏̍̆
̪̘̅̆̌̉̍̉̎̏ ̌̆̇̉ ̔̈̑̏̋ ̏̃́̋̃̏̄ ̙̮̐̏̎́́́ Ʉ ̪̋̏̆ ̪̆ ̐̑̃̉ ̐̔̓ ̐̏̍̆̎̔̓̏ ̔ [19]. ˚̪́̅́̍̏
̒̆ ̅́ ̯̆ ̏̃̉ ̑̆̈̔̌̓́̓̉ ̍̏̓̉̃̉̒́̓̉ ̣̘̐̑̏̉̈̃̏́̆ ACF ̭̘̖̔̐̑́̃́̋̉ ̋̏̌́ ̅́ ̔ ̯̂̔̅̔̎̏̒̓̉
̪̑́̈̃̉̔ ̭̘̔̐̑́̃́̋̏ ̋̏̌̏ ̈́ HDCIV ̪̐̑̉̍̆̎̆ [19].

˞̌̉̋́ 4.24 ː̗̔̂̉̉ ̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ ACF ̘̐̑̆̓̃́̑́́ 57 W ̈́ ̘̆̓̉̑̉ ̘̑́̈̌̉̉̓́
̓̑́̎̒̏̑̍́̓̏̑́̕

˞̌̉̋́ 4.25 ː̗̔̂̉̉ ̭̔̒̆̅ ̗̙̯̉̑̋̔̌̉̔̆ ̪̆̎̆̑̄̉̆ ACF ̘̐̑̆̓̃́̑́́ 57 W ̒́ ̓̑́̎̒̏̑̍́̓̏̑̉̍́̕
T1-2 ̉ T1-3
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4.5 ˙̪̮̆̑̆̆ ̓̆̍̐̆̑́̓̔̑̆

ˠ ̏̃̏̍ ̭̐̏̄̌́̃̔ ̯̂́̃̉̆̍̏ ̒̆ ̘̐̑́̋̓̉̎̉̍ ̘̓̆̑̍̉̋̉̍ ́̒̐̆̋̓̉̍́ ACF
̘̐̑̆̓̃́̑́́. ˟̏̋̏̍ ̪̮̐̑̏̆̋̓̏̃́́ ̗̄̔̂̉̉ ̔ ̗̐̏̌̔̐̑̏̃̏̅̎̉̉̍́ ̎̉̒̔ ̎̉ ̘̑́̔̎́̓̉ ̪̆̑ ̪̆
̉̈̃̆̅̂́ ̘̐̑̆̓̃́̑́́ ̍̏̑́̌́ ̂̉̓̉ ̒́ SMD ̋̏̍̐̏̎̆̎̓́̍́ ̐́ ̪̆ ̯̍̏̄̔̎̏̒̓ ̖̣̮̌́̆́ ̂̉̌́
̘̏̄̑́̎̉̆̎́ ̒́̍̏ ̎́ ̙̐̏̃̑̉̎̔ ̂́̋̑́ ̙̓́̍̐́̎̆ ̘̐̌̏̆. ˍ ̣̘̐̑̏̉̈̃̏́̉ ̓̑́̎̒̏̑̍́̓̏̑́̕
̒̔ ̒̆ ̐̏̓̑̔̅̉̌̉ ̅́ ̮̖̉̏̃̉ ̗̄̔̂̉̉ ̂̔̅̔ ̖̭̐̑̉̃́̓̉̃̉ (< 1 W). ˟́̋̏ ̅́ ̘̐̑́̄̍́̓̉́̎
̐̑̉̒̓̔̐  ̪̆ ̂̉̏ ̅́ ̒̆ ̓̆̍̐̆̑́̓̔̑̆ ̐̑̏̒̓̏ ̒́̍̏ ̪̉̈̍̆̑̆ ̎́ ̪̋̑́̔.

˞̎̉̍́̋ ̓̆̑̍̏-̋́̍̆̑̆ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ ACM, ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3, ̐̑̉
̔̌́̈̎̏̍ ̎́̐̏̎̔ ̏̅ 850 V ̉ ̐̔̎̏̍ ̯̮̏̐̓̆̑̆̆̔ ̪̆ ̅́̓ ̎́ ̗̒̌̉̉ 4.26. ˛̪̃́ ̑̆̈̔̌̓́̓ ̪̆
̏̒̓̃́̑̆̎ ̎́ ̅̆̍̏-̘̐̌̏̉. ˟̔ ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̎̉̋́̋̃̆ ̅̏̅́̓̎̆ ̪̍̆̑̆ ̖̣̮̌́̆́ ̎̉̒̔
̂̉̌̆ ̐̑̆̅̔̈̆̓̆ ̅́ ̂̉̒̍̏ ̪̃̉̅̆̌̉ ̋́̋̏ ̒̆ ̘̐̑̆̓̃́̑́ ̙̐̏̎́́. ˟̣́̋̏̆, ̃̉̅̉̍̏ ̅́ ̪̆
̪̪̎́̓̏̐̌̉́ ̋̏̍̐̏̎̆̎̓́ ̂̉̌́ ̅̏̅́̓̎́ ̙̗̐̑̉̄̔̎̉́ (125°C) [20] ̅̏̋ ̪̆ ̘̐̑̆̋̉̅́ QH ̂̉̏
̉̒̐̏̅ 100°C, ́ ̘̐̑̆̋̉̅́ QL ̪̎̉̆ ̎̉̋́̅ ̎̉ ̂̉̏ ̘̋̑̉̓̉́̎. ˔̂̏̄ ̏̃̏̄́ ̘̏̅̌̔̆̎̏ ̪̆ ̅́ ̒̆ ̔
̒̉̒̓̆̍̔ ̪̐̑̉̍̆̎̉ ̖̣̮̌́̆̆ ̙̗̐̑̉̄̔̎̉̆ ̉ ̘̐̑̆̋̉̅́́ QH ̮̐̏̃̆̈̉̃́̆̍ ̎́ ̍̆̓́̌̎̉
̗̐̏̋̌̏̐́ ̯̐̏̍̏̔ TIM ̪̍́̓̆̑̉́̌́ (TIM - thermal-interface material). ˛̃̏ ̪̆ ̪̔̆̅̎̏ ̂̉̏ ̉
̪̯̎́̃̆̉ ̎̆̅̏̒̓́̓́̋ ACF ̘̐̑̆̓̃́̑́́ ̔ ̪̏̃̏ ̪̐̑̉̍̆̎̉ [19]. ˟̣́̋̏̆, ̓̑́̎̒̏̑̍́̓̏̑̕ ̪̆
̐̑̆̃̆̎̓̉̃̎̏ ̂̉̏ ̐̏̃̆̈́̎ ̎́ ̯̙̋̔̉̓̆ ̒̉̒̓̆̍́ ̉́̋̏ ̮̆̄̏̃́ ̓̆̍̐̆̑́̓̔̑́ ̎́ ̑́̅̎̏̍
̒̓̏̌̔, ̪̓. ̅̆̍̏-̘̐̌̏̉, ̎̉̋́̅ ̪̎̉̆ ̐̑̆̌́̈̉̌́ 65°C. ˙̣̆̔̓̉̍, ̏̃̏ ̪̆ ̂̉̌̏ ̣̐̑̆̅̃̉̆̎̏
̐̑̉̌̉̋̏̍ ̪̮̐̑̏̆̋̓̏̃́́ ̯̙̋̔̉̓́ ̒̉̒̓̆̍́ ̐́ ̉ ̪̎̉̆ ̂̉̏ ̎̉̋́̋̃ ̐̏̒̆̂́̎ ̖̘̓̆̎̉̋̉
̉̈́̈̏̃ ̋́̏ ̙̓̏ ̪̆ ̂̉̏ ̖̣̮̌́̆̆ SMD ̋̏̍̐̏̎̆̎̓̉ (QH ̉ ̙̗̐̑̉̄̔̎̉̆). ˞̎̉̍́̋ ̈́ ̑́̅ ̐̑̉
620 V ̪̎̉̆ ̐̑̉̋́̈́̎ ̪̆̑ ̪̆ ̂̉̏ ̮̍́̆ ̘̋̑̉̓̉́̎.

˞̌̉̋́ 4.26 ˝̪́̒̐̏̅̆̌́ ̓̆̍̐̆̑́̓̔̑̆ ACF ̘̐̑̆̓̃́̑́́ ̎́ ̅̆̍̏-̘̐̌̏̉ ̐̑̉ ̐̔̎̏̍ ̯̮̏̐̓̆̑̆̆̔

˚́̋̏̎ ̏̃̏̄́ ̐̑̉̒̓̔̐̉̌̏ ̒̆ ̪̮̍̆̑̆̔ ̓̆̍̐̆̑́̓̔̑̆ ̘̐̑̆̓̃́̑́́ ̔ ̒̉̒̓̆̍̔. ICS ̪̆ ̂̉̏
.̮́́̑̉̓̒̆̓ ̍̏̋̏̓ ̮̣̖̆̆́̌ ̙̏̎̔̅̈́̃ ̏̎́̑̉̒̑̏̕ ̪̆ ̏́̍̉ ̉ (IP67ױ<) ̎̆̑̏̃̓́̈ ̘̖̉̋̉̓̆̍̑̆
˗́̏ ̙̓̏ ̒̍̏ ̯̃̆ ̑̆̋̌̉ ̓̑́̎̒̏̑̍́̓̏̑̕, ̙̗̐̑̉̄̔̎̉́ ̉ ̘̐̑̆̋̉̅́ QH ̒̔ ̂̉̌̉ ̐̏̃̆̈́̎̉ ̎́
̯̙̋̔̉̓̆ ̒̉̒̓̆̍́ ̑́̅̉ ̭̂̏̆̄ ̖̣̮̌́̆́ ̣̮̐̑̏̃̏̆̆̍ (conduction-cooling) [20].
˟̆̍̐̆̑́̓̔̑́ ̏̋̏̌̉̎̆, ̪̓. ̪̌́̂̏̑́̓̏̑̉̆, ̪̆ ̂̉̌́ ̏̋̏ 25°C. ˝̆̈̔̌̓́̓̉ ̘̘̆̓̃̏̑̏́̒̏̃̎̏̄
̓̆̒̓́ ACF ̘̐̑̆̓̃́̑́́ ̔ ICS ̒̔ ̐̑̉̋́̈́̎̉ ̎́ ̗̒̌̉̉ 4.27 [19] ̉ ̭̪̯̈́̅̏̃̏́̃́̔̉ ̒̔. ˗́̏
̯́̎̆́̑̐ (C°ױ71,4) ́̓̎̆̎̏̐̍̏̋ ̪̪́̉̌̐̏̓́̎ ́̌̉̂ ̪̆ ̗̙́̉̎̔̄̉̑̐ ̘̉̌́̃̉̋̆̏ ̏̍̒ ̙̏̓
̘̐̑̆̋̉̅́̆̍ QH. ˛̗̪̮̉̆̆̎̏ ̯̮̏̐̓̆̑̆̆̆ ACF ̘̐̑̆̓̃́̑́́ ̪̆ ̂̉̌̏ ̏̋̏ 40% ̙̐̏̓̏, ̔ ̓̏̍
̓̑̆̎̔̓̋̔, ̒̃̆ ̗̪̔̎̋̉̆̕ ̒̉̒̓̆̍́ ̎̉̒̔ ̂̉̌̆ ̉̍̐̌̆̍̆̎̓̉̑́̎̆ [19]. ˑ̏̅́̓̎̏, ̘̐̑̆̓̃́̑́ ̪̆
̂̉̏ ̍́̌̏ ̐̑̆̅̉̍̆̎̈̉̏̎̉̒́̎ ̅́ ̂̉̒̍̏ ̉̍́̌̉ ̑̆̈̆̑̃̔ ̒̎́̄̆ [19]. ˠ ̒̃́̋̏̍ ̘̪̒̌̔́̔, ̎́
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̏̒̎̏̃̔ ̖̏̃̉ ̑̆̈̔̌̓́̓́, ̍̏̇̆̍̏ ̘̏̆̋̉̃́̓̉ ̅́ ̒́ ̎́̈̉̃̎̉̍ ̯̮̏̐̓̆̑̆̆̆̍ ̉ ̯̃̆̏̍
̓̆̍̐̆̑́̓̔̑̏̍ ̏̋̏̌̉̎̆ (̅̏ 50°C), ̍́̋̒̉̍́̌̎̆ ̓̆̍̐̆̑́̓̔̑̆ ̯̆ ̂̉̓̉ ̉̒̐̏̅110°ױC Ʉ ̙̓̏
̪̆ ̉ ̂̉̏ ̗̭̉ [19].

˞̌̉̋́ 4.27 ˤ̘̆̓̃̏̑̏́̒̏̃̎̉ ̓̆̒̓ ACF ̘̐̑̆̓̃́̑́́ 57 W ̔ ̒̉̒̓̆̍̔ ̐̑̉ ̎́̐̏̎̔ 850 V

4.6 ˜̙̮̏̎́́̆ ACF ̘̐̑̆̓̃́̑́́ ̐̑̉ ̋̑́̓̋̉̍ ̪̒̐̏̆̃̉̍́

ˠ ̏̃̏̍ ̭̐̏̄̌́̃̔ ̯́̎́̌̉̈̉̑́̆̍̏ ̘̐̑́̋̓̉̎̏ ̙̮̐̏̎́́̆ ACF ̘̐̑̆̓̃́̑́́ ̐̑̉
̋̑́̓̋̉̍ ̪̒̐̏̆̃̉̍́ ̎́ ̘̑́̈̌̉̉̓̉̍ ̒̆̋̔̎̅́̑̉̍́. ˔̙́̓̉̓́ ̏̅ ̋̑́̓̋̏̄ ̪̒̐̏́ ̪̆ ̪̆̅̎̏ ̏̅
̖̂̉̓̎̉ ̪̒̃̏̒̓́̃́ ̂̉̌̏ ̋̏̄ dc-dc ̘̐̑̆̓̃́̑́́ ̉ ̅̉̏ ̪̆ ̒̓́̎̅́̑̅̎̆ ̗̐̑̏̆̅̔̑̆ ̐̑̉̌̉̋̏̍
̪̮̐̑̏̆̋̓̏̃́́ [19]. ˙̣̆̔̓̉̍, ́̎́̌̉̈̏̍ ̪̯̏̅̄̏̃́̑́̔̆ ̌̉̓̆̑́̓̔̑̆ ̘̔̏̆̎̏ ̪̆ ̅́ ̎̉̋̏ ̪̎̉̆
̣̏̂̑́̉̃́̏ ̏̃̔ ̓̆̍̔ ̅̏ ̒́̅́ ̈́ ACF ̘̐̑̆̓̃́̑́̆.

˛̅́̂̑́̎̏ ̭̘̔̐̑́̃́̋̏ ̋̏̌̏ NCP1568 ̋̏̑̉̒̓̉ ̭̮̔̐̑́̃́̆ ̙̃̑̎̏̍ ̪̒̓̑̔̏̍
̘̐̑̆̋̉̅́́ [83] ̉, ̒́̍̉̍ ̓̉̍, ̪̆ ̌́̋̏ ̏̒̓̃́̑̉̓̉ ̘̮̏̄̑́̎̉̆̆ ̙̃̑̎̆ ̪̒̓̑̔̆ ̘̐̑̆̋̉̅́́ ̉ ̔
̘̪̒̌̔́̔ ̋̑́̓̋̏̄ ̪̒̐̏́ [19]. ˑ̏̅́̓̎̏, ̋̏̌̏ NCP1568 ̪̪̐̏̒̆̅̔̆ ̐̏̒̆̂̎̔ ̌̏̄̉̋̔ ̈́
̗̪̅̆̓̆̋̉̔ ̋̑́̓̋̏̄ ̪̒̐̏́ [83] Ʉ ̪̋̏́ ̒̆ ̪̑́̈̌̉̋̔̆ ̏̅ ̘̮̏̄̑́̎̉̆́ ̙̃̑̎̆ ̪̒̓̑̔̆ ̔
̎̏̑̍́̌̎̏̍ ̑́̅̔. ˚́̐̏̎̒̋̉ ̐̑́̄ ̮̑̆́̄̏̃́́ ̪̐̑̆̋̏̒̓̑̔̎̆ ̙̈́̓̉̓̆ ̔ ̎̏̑̍́̌̎̏̍ ̑́̅̔ ̪̆
̘̓̉̐̉̎̏ 785 mV, ̅̏̋ ̪̆ ̔ ̘̪̒̌̔́̔ ̋̑́̓̋̏̄ ̪̒̐̏́  1,19 V ̉ ̒́ ̘̪̅̑̔̄́̉̉̍ Leading Edge
Blanking (LEB) ̃̑̆̍̆̎̉̍́ ̏̅ 195 ns ̉ 147 ns, ̑̆̅̏̍ (Table 4 ̔ [83]). ˜̣̘̑̏̉̈̃̏́
̘̪̐̑̆̐̏̑̔̔̆ ̅́ ̒̆ ̒̓́̃̉ ́̎́̌̏̄̎̉ R-C ̉̌̓́̑̕ ̎́ ̪̯̏̅̄̏̃́̑́̔̆̍ ̔̌́̈̔ (̐̉̎ 8: CS; ̓́̂̆̌́
2.3) [83] ̈̂̏̄ ̖̑́̈̎̉ ̮̒̍̆̓̉ ̉ ̙̔̍̏̃́ ̪̋̏̉ ̒̔ ̎̏̑̍́̌̎̏ ̐̑̉̒̔̓̎̉ ̋̏̅ ̒̃́̋̏̄
̘̐̑̆̓̃́̑́́. ˙̣̆̔̓̉̍, ̔ ̐̑́̋̒̉ ̪̃̑̉̆̅̎̏̒̓̉ ̏̓̐̏̑̎̉̋́ ̉ ̋̏̎̅̆̎̈́̓̏̑́ ̒̔ ̙̐̏̅̆̆̎̆ ̎́
̯̃̆̆ ̪̃̑̉̆̅̎̏̒̓̉ ̏̅ ̘̖̐̑̆̐̏̑̔̆̎̉, ̎́̋̏̎ ̐́̑ ̗̪̉̓̆̑́̉́, ̅́ ̂̉̒̍̏ ̪̉̈̂̆̄̌̉ ̌́̇̎̏
̮̑̆́̄̏̃́̆ ̙̈́̓̉̓̆ ̏̅ ̋̑́̓̋̏̄ ̪̒̐̏́ ̐̑̉̌̉̋̏̍ ̮̐̏̋̑̆̓́́ ̘̐̑̆̓̃́̑́́.

˞̪̓̑̔́ ̋̑́̓̋̏̄ ̪̒̐̏́ ̎́ ̐̑̉̍́̑̔ ̒̆, ̔ ̙̏̐̓̆̍ ̘̪̒̌̔́̔, ̘̑́̔̎́ ̋́̏

_max
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m

VI I t
L

= + Ö (4.1)

̪̄̅̆ ̒̔ Ipri_max ̍́̋̒̉̍́̌̎́ ̙̃̑̎́ ̪̒̓̑̔́ ̎́ ̐̑̉̍́̑̔, Vin ̔̌́̈̎̉ ̪̪̆̅̎̏̒̍̆̑̎̉ ̎́̐̏̎
(̓́̂̆̌́ 2.4), Lm ̉̎̅̔̋̓̉̃̎̏̒̓ ̯̮̍́̄̎̆̆́ (600 µH) ̉ tdelay ̔̋̔̐̎̏ ̪̃̑̉̆̍̆ ̙̮̮̋́̆́
̔̎̔̓́̑ ̭̘̔̐̑́̃́̋̏̄ ̋̏̌́ ̏̅ ̓̑̆̎̔̓̋́ ̗̪̅̆̓̆̋̉̆ ̋̑́̓̋̏̄ ̪̒̐̏́ ̓̏ ̪̐̑̏̍̆̎̆ ̮̒̓́́ ̎́
̉̈̌́̈̔ ̋́ ̪̄̆̓̔ ̘̐̑̆̋̉̅́́ (147 ns + 43 ns; [83]). ˞̪̓̑̔̔ ̋̑́̓̋̏̄ ̪̒̐̏́ ̐̏̓̑̆̂̎̏ ̪̆
̪̐̑̏̃̆̑̉̓̉ ̈́ ̏̂́ ̔̌́̈̎́ ̎́̐̏̎́ (650 V ̉̌̉ 850 V) ̐̑̉ ̐̔̎̏̍ ̯̮̏̐̓̆̑̆̆̔. ˠ ̙̎́̆̍
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̘̪̒̌̔́̔ ̏̎̆ ̉̈̎̏̒̆ 2,03 ˍ (̈́ 650 V ̉ ̪̒̓̑̔̔ ̐̑̉̍́̑́ 1,83 ˍ) ̉ 2,09 ˍ (̈́ 850 V ̉ ̪̒̓̑̔̔
̐̑̉̍́̑́ 1,82 ˍ). ˑ̑̔̄̉ ̘̌́̎ ̔ (4.1) ̔ ̐̑́̋̒̉ ̎̆̋̉ ̮̉̎̇̆̆̑̉ ̐̏̎̆̋́̅ ̈́̂̏̑́̃̆ Ʉ ̙̓̏ ̪̆
̙̐̏̄̑̆̎̏. ˕̈ ̙̎́̆̄ ̪̐̑̉̍̆̑́ ̃̉̅̉̍̏ ̅́ ̪̃̑̉̆̍̆ ̙̮̮̋́̆́ ̉̈̎̏̒̉ 190 ns Ʉ ́ ̓̏ ̪̎̉̆
̭̈́̎̆̍́̑̉̃̏.

ACF ̘̐̑̆̓̃́̑́ ̪̆ ̓̆̒̓̉̑́̎ ̒́ ̋̑́̓̋̉̍ ̪̒̐̏̆̃̉̍́ ̎́ ̘̑́̈̌̉̉̓̉̍ ̒̆̋̔̎̅́̑̉̍́ ̔
̘̑́̈̌̉̉̓̉̍ ̑̆̇̉̍̉̍́ ̑́̅́. ˗̑́̓́̋ ̪̒̐̏ ̪̆ ̉̈́̈̃́̎ ̯̐̏̍̏̔ ̪̯̏̅̄̏̃́̑́̔̆̄ ̘̐̑̆̋̉̅́́
̐̏̃̆̈́̎̏̄ ̎́ ̭̇̆̆̎̉ ̉̈̌́̈ ̘̐̑̆̓̃́̑́́. ˜̑̆̄̌̆̅ ̖̒̃̉ ̐̆̓ ̆̋̒̐̆̑̉̍̆̎́̓́ ̪̆ ̅́̓ ̉̒̐̏̅
[19]:

¶ ˝̆̄̔̌̉̒́̎̉ ̉̈̌́̈ 5,5 V ̋̑́̓̋̏-̪̒̐̏̆̎ ̪̐̑̉̆ ̭̘̮̔̋̔̆́ ̘̐̑̆̓̃́̑́́, ̪̓. ̘̐̑̆̓̃́̑́
̒̆ ̯̐̏̋̑̆̆ ̔ ̋̑́̓̋̏̍ ̪̒̐̏̔.

¶ ˝̆̄̔̌̉̒́̎̉ ̉̈̌́̈ 5,5 V ̋̑́̓̋̏-̪̒̐̏̆̎ ̓̏̋̏̍ ̑́̅́ ̔ ACM ̑̆̇̉̍̔.

¶ ˚̆̑̆̄̔̌̉̒́̎̉ ̉̈̌́̈ 22 V (̒́ ̪̯̎́̃̆̉̍ ̪̘̐̏̆̅̉̎́̎̉̍ ̯̮̏̐̓̆̑̆̆̆̍) ̋̑́̓̋̏-
̪̒̐̏̆̎ ̪̐̑̉̆ ̭̘̮̔̋̔̆́ ̘̐̑̆̓̃́̑́́, ̪̓. ̘̐̑̆̓̃́̑́ ̒̆ ̯̐̏̋̑̆̆ ̔ ̋̑́̓̋̏̍ ̪̒̐̏̔.

¶ ˚̆̑̆̄̔̌̉̒́̎̉ ̉̈̌́̈ 22 V (̒́ ̪̯̎́̃̆̉̍ ̪̘̐̏̆̅̉̎́̎̉̍ ̯̮̏̐̓̆̑̆̆̆̍) ̋̑́̓̋̏-
̪̒̐̏̆̎ ̓̏̋̏̍ ̑́̅́ ̔ ACM ̑̆̇̉̍̔.

¶ ˝̆̄̔̌̉̒́̎̉ ̉̈̌́̈ 5,5 V ̋̑́̓̋̏-̪̒̐̏̆̎ ̓̏̋̏̍ ̑́̅́ ̔ DCM (̪̓. disabled-ACM) ̑̆̇̉̍̔.

ACF ̪̆ ̂̆̈ ̐̑̏̂̌̆̍́ ̉ ̙̯̮̏̓̆̆́ ̒́̃̌́̅́̏ ̒̃̆ ̓̆̒̓̏̃̆. ˏ̙̑̎́ ̪̒̓̑̔́ ̪̆ ̂̉̌́
̘̏̄̑́̎̉̆̎́, ́ ̘̐̑̆̓̃́̑́ ̪̆ ̙̐̏̋̔́̃́̏ ́̔̓̏̍́̓̒̋̏ ̐̏̎̏̃̎̏ ̮̐̏̋̑̆̓́̆ (auto-restart)
̖̒̃́̋̉ 1,6 s Ʉ ̋́̏ ̙̓̏ ̪̆ ̉ ̣̐̑̆̅̃̉̆̎̏ [83], ̪̓. ̓̏ ̪̆ ̂̉̌́ ̎̆̋́ ̃̑̒̓́ ̖̉̋́̐ (hiccup17)
̑̆̇̉̍́ [19].

˞̌̉̋́ 4.28 ˗̑́̓́̋ ̪̒̐̏ ACF ̘̐̑̆̓̃́̑́́ ̔ pulse-skipping ̑̆̇̉̍̔ ̑́̅́ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ ̏̅
550 V ̉ ̐̑́̈̎̏̍ ̖̏̅̔

˙̣̆̔̓̉̍, ̉̒̐̏̒̓́̃̉̌̏ ̒̆ ̅́ ̪̆ ̪̯̎́̃̆̉ ̉̈́̈̏̃ ̈́ ACF ̘̐̑̆̓̃́̑́ ̘̪̒̌̔́ ́̋̏ ̂̉ ̒̆
̋̑́̓́̋ ̪̒̐̏ ̅̆̒̉̏ ̓̏̋̏̍ pulse-skipping ̉̌̉ DCM (̪̓. disabled-ACM) ̑̆̇̉̍́ ̑́̅́ ̂̆̈
̖̉̂̑̉̅̎̆ ̄̑́̎̆ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̘̐̑̆̋̉̅́́ (hybrid-clamp) [19]. ˛̃̏ ̪̆
̅̏̅́̓̎̉ ̑́̈̌̏̄ ̙̈́̓̏ ̪̆ ̖̉̂̑̉̅̎́ ̄̑́̍́ ̐̏̓̑̆̂̎́  ̋̏̅ ACF ̘̐̑̆̓̃́̑́́ ̒́ ̙̃̉̆
̑̆̇̉̍̒̋̉̍ (multi-mode) ̭̘̔̐̑́̃́̋̉̍ ̋̏̌̉̍́. ˗́̏ ̗̪̉̌̔̒̓̑́̉́ ̏̃̆ ̮̓̃̑̅̆, ̎́ ̗̒̌̉̉
4.28 [19] ̅́̓̉ ̒̔ ̓́̌́̒̎̉ ̗̏̂̌̉̉ ACF ̘̐̑̆̓̃́̑́́, ̂̆̈ ̖̉̂̑̉̅̎̆ ̄̑́̎̆, ̓̏̋̏̍ ̋̑́̓̋̏̄

17 ˑ̏̒̌̏̃̎̏ ̘̈̎́̉ ̙̗̮̓̔́̆ ̐́ ̈́̓̏ ̪̎̉̆ ̎̉ ̣̐̑̆̃̏̆̎̏ ̎́ ̒̑̐̒̋̉.
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̪̒̐̏́ ̎́ ̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔ 5,5 V ̔ pulse-skipping ̑̆̇̉̍̔ ̑́̅́ ̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔ ̏̅
550 V ̔ ̐̑́̈̎̏̍ ̖̏̅̔. ˗̑́̓́̋ ̪̒̐̏ ̪̆ ̪̮̐̑̉̍̆̆̎ ̔ ̓̑̆̎̔̓̋̔ t=0. ˚́ ̗̒̌̉̉ 4.28 ̍̏̇̆̍̏ ̅́
̃̉̅̉̍̏ ̅́ ̪̆ ̍́̋̒̉̍́̌̎̉ ̎́̐̏̎ ̪̅̑̆̎́ ̮̅̏̆̄ ̘̐̑̆̋̉̅́́, ̪̓. SW ̘̓́̋̆ ̎́ ̗̒̌̉̉ 2.1,
̅̏̒̓̉̄́̏ 1452 V, ́ ̪̒̓̑̔́ ̐̑̉̍́̑́ ̪̆ ̂̉̌́ 5,1 ˍ. ˜̑̉ ̪̏̃̏̌̉̋̏ ̪̒̓̑̔̉ ̐̑̉̍́̑́
̓̑́̎̒̏̑̍́̓̏̑̕ ̪̆ ̔ ̅̔̂̏̋̏̍ ̯̮̈́̒̉̆̔ (̒̌̉̋́ 2.10). ˏ̉̅̉̍̏ ̅́ ̪̆, ̔ ̏̃̏̍ ̘̪̒̌̔́̔, ̪̒̓̑̔́
̍̎̏̄̏ ̯̃̆́ ̏̅ ̘̉̈̑́̔̎́̓̆ ̐̑̆̍́ (4.1) ̪̃̆̑̏̃́̓̎̏ ̈̂̏̄ ̯̃̆̆ ̪̆̎̆̑̄̉̆ ̔ ̑̆̈̏̎́̎̓̎̏̍
̋̏̌̔.

˚́ ̗̒̌̉̉ 4.28 (̎́̐̏̎ 5,5 V; ̐̌́̃́ ̪̂̏́) ̍̏̇̆̍̏ ̘̔̏̉̓̉ ̉ ̗̮̏̒̉̌̏̃́̆ ̋̏̎̓́̋́̓́
̏̌́̍̉ ̪̆̉̎ ̏̃̏ ,̣̍̉̓̔̆˙ .[19] ̪̏̐̒ ̋́̓́̑̋ ̎́̃̈́̈̉ ̪̆ ̪̍̉̏̋ ̘́́̅̉̋̆̑̐ ̭̄̏̎̏̐̒ (ms 2ױ>)
̗̪̔̓̉́́ ̎́ ̭̘̈́̋̔̋̆ [19].

˗́̏ ̭̘̈́̋̔́̋, ̅́ ̂̉̒̍̏ ̉̍́̌̉ ̪̑̏̂̔̒̎̉̉ ˍCF ̘̐̑̆̓̃́̑́ ̈́ ̪̐̑̉̍̆̎̆ ̔ HDCIV
̒̉̒̓̆̍̉̍́ ̐̏̑̆̅ ̔̐̏̓̑̆̂̆ ̖̉̂̑̉̅̎̆ ̄̑́̎̆ ̈́ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̐̏̓̑̆̂̎̏ ̪̆
̉̍́̓̉ ̉ ̭̂̏̆ ̐̏̌̔̍̏̒̎̆ ̪̅̑́̃̆̑̆ ̉ ̯̐̑́̓̆̆ bootstrap ̅̉̏̅̆ [19]. ˙̣̆̔̓̉̍, ̎̉̒̍̏
̍̏̄̌̉ ̭̘̈́̋̔̉̓̉ ̅́ ̌̉ ̪̆ ̯̍̏̄̔̆ ̉̌̉ ̐̏̓̑̆̂̎̏ ̭̙̐̏̂̏́̓̉ ̍̆̓̏̅̆ ̗̪̅̆̓̆̋̉̆ ̋̑́̓̋̏̄
̪̒̐̏́ ̭̘̖̔̐̑́̃́̋̉ ̋̏̌́ ACF ̘̐̑̆̓̃́̑́́ [19] ̪̆̑ ̒̔ ̍̏̅̆̑̎̆ ̍̆̓̏̅̆ ̗̪̅̆̓̆̋̉̆ ̋̑́̓̋̏̄
̪̒̐̏́ ̯̃̆ ̪̮̐̑̉̍̆̆̎̆ ̋̏̅ ̖́̎́̌̉̈̉̑́̎̉ ̭̘̖̔̐̑́̃́̋̉ ̋̏̌́ [83], [84].

4.7 ˠ̭̘̐̑́̃́̋̉ ́̒̐̆̋̓̉

ˠ ̏̃̏̍ ̭̐̏̄̌́̃̔ ̯̑́̈̍́̓̑́̆̍̏ ̆̋̒̐̆̑̉̍̆̎̓́̌̎̆ ̑̆̈̔̌̓́̓̆ ̃̆̈́̎̆ ̈́
̭̮̔̐̑́̃́̆ ACF ̘̐̑̆̓̃́̑́̆̍.

4.7.1 ˎ̏̅̆̏̃̉ ̪̅̉́̄̑́̍̉ ̔ ACM
ˎ̏̅̆̏̃̉ ̪̅̉́̄̑́̍̉ ACF ̘̐̑̆̓̃́̑́́ ̒̔ ̪̉̈̍̆̑̆̎̉ ̯̐̏̍̏̔ ́̎́̌̉̈́̓̏̑́

̑̆̋̃̆̎̓̎̏̄̕ ̏̅̈̉̃́ Bode 100 [163]. ˔́ ̘̐̑́̋̓̉́̎ ̑́̅ ̔ ̪̌́̂̏̑́̓̏̑̉̉ ̙̯̋̏̑̉̆̎̉ ̒̔
̅̏̋̔̍̆̎̓̉ [164] ̉ [165]. ˑ́ ̂̉̒̍̏ ̭̔̐̑́̃́̌̉ ̣̪̔̑̆́̆̍ Bode 100 ̐̏̓̑̆̂́̎ ̎́̍ ̪̆ ̉
̐̑̏̄̑́̍ Bode Analyzer Suite [166] ̪̋̏̉ ̒̆ ̉̎̒̓́̌̉̑́ ̎́ ̐̑̆̎̏̒̎̉ ̘̑́̔̎́̑. ˜̪̑̉̍̆̑
̋̏̎̓̑̏̌̎̏̄ ̐̑̏̈̏̑́ ̒́ ̘̓̉̐̉̎̉̍ ̙̮̐̏̅̆́̃́̉̍́ Bode Analyzer Suite ̪̆ ̅́̓ ̎́ ̗̒̌̉̉
4.29. ˑ̏̅́̓̎̏, ̗̪̋̏̎̉̄̔̑́̉́̕ ̖́̑̅̃̆̑́ ̒̆ ̑́̅̉ ̉̈ ̐̑̏̈̏̑́ „Transmission/Gain” ̉
̘̓̉̐̉̎̏ ̙̮̐̏̅̆́̃́̆ ̪̆ ̐̑̉̋́̈́̎̏ ̎́ ̗̒̌̉̉ 4.30.

˝̆̈̔̌̓́̓̉ ̪̮̍̆̑̆́ ˎ̖̏̅̆̏̃̉ ̪̅̉́̄̑́̍́ ACF ̘̐̑̆̓̃́̑́́ 57 W, ̪̋̏̉ ̪̆ ̑́̅̉̏ ̔ DCM
ACM (CrCM) ̑̆̇̉̍̔ ̑́̅́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ T2-2 ̉ ̎́̈̉̃̎̉̍ ̯̮̏̐̓̆̑̆̆̆̍, ̐̑̉
̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ 620 V ̉ 850 V, ̒̔ ̐̑̉̋́̈́̎̉ ̎́ ̒̌̉̋́̍́ 4.31 ̉ 4.32, ̑̆̅̏̍ [22]. ˛̂́
̑̆̋̃̆̎̓̎́̕ ̏̅̈̉̃́ ̪̐̏̋́̈̔̔ ̏̅̈̉̃ ̐̑̃̏̄ ̑̆̅́ Ʉ ̙̓̏ ̒̍̏ ̉ ̘̏̆̋̉̃́̌̉, ́ ̪̋̏̉ ̪̆ ̘̓̉̐̉́̎
̈́ ̂̉̌̏ ̪̋̏̉ flyback ̘̐̑̆̓̃́̑́ ̒́ ̭̮̔̐̑́̃́̆̍ ̐̏ ̙̪̃̑̎̏ ̪̒̓̑̔̉ [22], [77]. ˑ̏̅́̓̎̏,
̪̯̏̅̄̏̃́̑́̔̉ ̑̆̈̔̌̓́̓̉ ̗̪̒̉̍̔̌́̉́, ̉̈ ̭̐̏̄̌́̃́ 3 (̒̌̉̋̆ 3.14 ̉ 3.15), ̒̔ ̭̘̔̋̔̆̎̉ ̎́
̒̌̉̋́̍́ 4.31 ̉ 4.32 ̑́̅̉ ̭̂̏̆̄ ̣̮̐̏̑̆̆́.

˟́̂̆̌́̑̎̉ ̐̑̆̄̌̆̅ ̭̘̖̋̔̎̉ ̐́̑́̍̆̓́̑́ ̒́ ̒̌̉̋́ 4.31 ̉ 4.32 ̪̆ ̅́̓ ̔ ̓́̂̆̌̉ 4.4
[22] ̈̂̏̄ ̙̌́̋̆̄ ̣̮̐̏̑̆̆́. ˜̙̏̓̏ ̒̔ ̪̉̈̍̆̑̆̎̆ ̑̆̈̆̑̃̆ ́̈̆̕ ̉ ̪̘̮̐̏́́́ ̂̉̌̆ ̭̅̏̃̏̎̏
-zero) ̔̌̔̎ ̈̏̑̋ ̆̌̉̈́̌̏̑̐ ̔̒ ̮̘̪́́́̏̐ ̆̋̉̓̒̉̑̆̓̋́̑́̋ ́ ,(̍̏̅̆̑ ,dBױ9ױ< ,40°ױ<) ̆̋̉̌̆̃
gain-point) ̒́ ̎́̄̉̂̏̍ ̏̅ Ϻױ20ױdB/̅̆̋́̅̉, ̭̘̪̈́̋̔̔̆̍̏ ̅́ ̪̆ ACF ̘̐̑̆̓̃́̑́ 57 W
̒̓́̂̉̌́̎ [22]. ˛̗̗̪̒̉̌́̉̆ ́̈́̕, ̭̃̉̅̉̃̆ ̎́ ̘̔̆̒̓́̎̏̒̓̉̍́ ̯̃̆̉̍ ̏̅ 10 kHz, ̒̔
̪̃̆̑̏̃́̓̎̏ ̭̗̐̏̒̆̅̉́ ̙̄̑̆̋̉ ̈̂̏̄ ̮̐̑̉̂̌̉̇́̃́́ ̐̏̌̏̃̉̎̉ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉,
̪̓. ˚̪̉̋̃̉̒̓̏̃̏ ̘̔̆̒̓́̎̏̒̓̉ [167]. ˠ ̓́̂̆̌̉ 4.4 ̍̏̇̆̍̏ ̅́ ̘̔̏̉̍̏ ̉ ̘̪̈̎́́̎́ ̮̏̅̒̓̔̐́́
̣̉̈̍̆̔ ̑̆̈̔̌̓́̓́ ̗̪̒̉̍̔̌́̉́ ̉ ̪̮̍̆̑̆́ ̈́ ̏̂́ ̔̌́̈̎́ ̎́̐̏̎́ [22]. ˙̣̆̔̓̉̍,
̪̉̒̐̑̏̆̋̓̏̃́̎̉ ̘̐̑̆̓̃́̑́ ̪̆ ̑́̅̉̏ ̒̓́̂̉̌̎̏ ̐̑̉ ̒̃̉̍ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ ̉
̯̮̏̐̓̆̑̆̆̉̍́, ́ ̓̏ ̪̆ ̂̉̓̎̏ ̔ ̐̑́̋̒̉ [22]. ˝̆̈̔̌̓́̓̉ ̗̪̒̉̍̔̌́̉́ ̒̔ ̒́̍̏ ̐̏̍̏̄̌̉ ̅́
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̘̔̏̉̍̏ ̓̑̆̎̅̏̃̆ ̪̐̑̏̍̆̎́ ̐̑̉ ̪̐̑̏̍̆̎́̍́ ̣̖̏̅̑̆̆̎̉ ̐́̑́̍̆̓́̑́ Ʉ ̙̓̏ ̪̆ ̂̉̌̏ ̏̅
̋̏̑̉̒̓̉ ̐̑̉̌̉̋̏̍ ̉̎̏̄̕ ̙̮̐̏̅̆́̃́́ ̐́̑́̍̆̓́̑́ ̋̏̍̐̆̎̈́̓̏̑́ [22].

˞̌̉̋́ 4.29 ˗̏̎̓̑̏̌̎̉ ̐̑̏̈̏̑ ̔ Bode Analyzer Suite

˞̌̉̋́ 4.30 ˗̗̪̏̎̉̄̔̑́̉́̕ ̖́̑̅̃̆̑́ (Transmission/Gain) ̔ Bode Analyzer Suite
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˞̌̉̋́ 4.31 ˞̉̍̔̌̉̑́̎̉ (̗̑̃̆̎̏) ̉ ̪̉̈̍̆̑̆̎̉ (̗̑̎̏) ˎ̏̅̆̏̃̉ ̪̅̉́̄̑́̍̉ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔
620 V ̉ ̎́̈̉̃̎̏̍ ̯̮̏̐̓̆̑̆̆̔ ̔ ACM ̑̆̇̉̍̔ ̑́̅́

˞̌̉̋́ 4.32 ˞̉̍̔̌̉̑́̎̉ (̗̑̃̆̎̏) ̉ ̪̉̈̍̆̑̆̎̉ (̗̑̎̏) ˎ̏̅̆̏̃̉ ̪̅̉́̄̑́̍̉ ̐̑̉ ̔̌́̈̎̏̍ ̎́̐̏̎̔
850 V ̉ ̎́̈̉̃̎̏̍ ̯̮̏̐̓̆̑̆̆̔ ̔ ACM ̑̆̇̉̍̔ ̑́̅́

ˠ ̒̃̉̍ ̑́̅̏̃̉̍́ ̪̋̏̉ ̒̔ ̒̆ ̂́̃̉̌̉ ́̎́̌̉̈̏̍ ACF ̘̐̑̆̓̃́̑́́ ̈́ ̍́̌̆ ̒̉̄̎́̌̆ ̉̌̉
̪̮̐̑̏̆̋̓̏̃́̆̍ ̋̏̍̐̆̎̈́̓̏̑́ ̈́ ̉̒̓̆ ́̔̓̏̑̉ ̂̉ ̘̓̉̐̉̎̏ ̐̑̆̅̒̓́̃̉̌̉ ̒́̍̏ ̎̆̋̏̌̉̋̏
ˎ̖̏̅̆̏̃̉ ̪̅̉́̄̑́̍́, ̈́ ̭̘̋̔̎̆ ̑́̅̎̆ ̑̆̇̉̍̆ [89], ̉ ̘̅̉̎́̍̉̋̔ ̪̐̑̏̍̆̎̔ ̯̮̏̐̓̆̑̆̆́
(̘̆̒̓̏ ̒́̍̏ ̔ ̪̆̅̎̏̍ ̪̒̍̆̑̔ [89]) ̅́ ̂̉ ̅̏̋́̈́̌̉ ̆̆̋̓̉̃̎̏̒̓̕ ̮̖̉̏̃̆ ̐̑̆̅̌̏̇̆̎̆
̍̆̓̏̅̆ [19]. ˙̣̆̔̓̉̍, ̘̄̑́̉̋́̕ ̐̑̆̅̒̓́̃́ ̪̐̑̏̍̆̎́ ̐̑̏̐̔̒̎̏̄ ̏̐̒̆̄́ (fc Ʉ cross-over
frequency), ̑̆̈̆̑̃̆ ́̈̆̕ (PM Ʉ phase-margin) ̉ ̑̆̈̆̑̃̆ ̪̘̮̐̏́́́ (GM Ʉ gain-margin), ̔
̈́̃̉̒̎̏̒̓̉ ̏̅ ̐̔̎̏̄ ̏̐̒̆̄́ ̯̮̏̐̓̆̑̆̆́ ̉ ̖̔̌́̈̎̉ ̎́̐̏̎́, ̪̆ ̪̎̆̅̏̒̓́́̌́ [19]. ˔̂̏̄ ̓̏̄́
̒̔ ̎́ ̒̌̉̋́̍́ 4.33Ʉ4.35 ̓́̋̃̉ ̗̄̑́̉̉̕ ̭̐̑̆̅̒̓́̃̆̎̉ ̐̏ ̐̑̃̉ ̐̔̓ ̔ ̌̉̓̆̑́̓̔̑̉ ̏
̭̮̔̐̑́̃́̔ ACF ̘̐̑̆̓̃́̑́̉̍́ [19].

ˠ̘̆̒̓́̎̏̒̓ [Hz]
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˟́̂̆̌́ 4.4 ˗̭̘̔̎̉ ̐́̑́̍̆̓̑̉ ̉̈ ˎ̖̏̅̆̏̃̉ ̪̅̉́̄̑́̍́ ACF ̘̐̑̆̓̃́̑́́ 57 W

˞̗̪̉̍̔̌́̉́ ˙̪̮̆̑̆̆
620 V
˜̑̏̐̔̒̎̉ ̏̐̒̆̄ [Hz] 1718 938
˝̆̈̆̑̃́ ́̈̆̕ [°] 31,4 73,4
˝̆̈̆̑̃́ ̪̘̮̐̏́́́ [dB] 9,3 11,5
850 V
˜̑̏̐̔̒̎̉ ̏̐̒̆̄ [Hz] 1832 1211
˝̆̈̆̑̃́ ́̈̆̕ [°] 27,8 59,9
˝̆̈̆̑̃́ ̪̘̮̐̏́́́ [dB] 8,4 9,6

˝̆̈̔̌̓́̓̉ ̎́ ̒̌̉̋́̍́ 4.33Ʉ4.35 ̒̆ ̏̅̎̏̒̆ ̎́ ACF ̘̐̑̆̓̃́̑́ 57 W, ̪̋̏̉ ̪̆ ̑́̅̉̏ ̔
DCM ACM (CrcM) ̑̆̇̉̍̔ ̑́̅́, ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ T2-2 ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ 620 V,
750 V ̉ 850 V. ˜̏̂̔̅̎̉ ̒̉̄̎́̌̉ ́̎́̌̉̈́̓̏̑́ ̑̆̋̃̆̎̓̎̏̄̕ ̏̅̈̉̃́ ̒̔ ̂̉̌̉ ̔ ̏̐̒̆̄̔
20Ʉ30 mV (peak-to-peak) [19]. ː̗̑́̉̉̕ ̎́ ̒̌̉̋́̍́ 4.33Ʉ4.35 ̒̔ ̪̅̏̂̉̆̎̉ ̎́ ̭̯̒̆̅̆̉
̘̎́̉̎. ˔́ ̒̃́̋̔ ̑́̅̎̔ ̘̓́̋̔ ̘̐̑̆̓̃́̑́́ ̭̒̎̉̍̆̎ ̪̆ ˎ̏̅̆̏̃ ̪̅̉́̄̑́̍. ˞́ ̒̃́̋̏̄ ̏̅ ̖̓̉
̪̅̉́̄̑́̍́ ̪̉̈̅̃̏̆̎̉ ̒̔ ̐̑̏̐̔̒̎̉ ̏̐̒̆̄, ̑̆̈̆̑̃́ ́̈̆̕ ̉ ̑̆̈̆̑̃́ ̪̘̮̐̏́́́, ̉ ̒̔̍̉̑́̎̉ ̔
̓́̂̆̌́̍́. ˚́ ̪̋̑́̔, ̘̋̏̎́̎̉ ̑̆̈̔̌̓́̓̉ ̒̔ ̐̑̉̋́̈́̎̉ ̎́ ̒̌̉̋́̍́ 4.33Ʉ4.35. ˛̃̆
̘̃̆̌̉̉̎̆ ̒̔ ̅́̓̆ ̔ ̈́̃̉̒̎̏̒̓̉ ̏̅ ̔̌́̈̎̆ ̒̎́̄̆ ̪̆̑ ̪̆ ̓́̋̏ ̂̉̌̏ ̍̎̏̄̏ ̂̑̇̆ ̈́ ̑́̅ ̎̆̄̏
̘̉̈̑́̔̎́̃́̓̉ ̔̋̔̐̎̔ ̉̈̌́̈̎̔ ̒̎́̄̔ ̈́ ̐̆̓ ̘̖̑́̈̌̉̉̓̉ ̉̈̌́̈́ [19]. ˗́̏ ̉ ̋̏̅ ́̎́̌̉̈̆
̏́̋ ̆̋̉̎̑̏̐̓̏ ̑̆̅̉̌̂ ̏̍́̒ ̉̌́̍̉ V 11ױ± ̉̈́̌̈̉ ̔̒ ̪̆̅̃̏ ̉ ́̋̉̌̂̏ ̖̉̎̒́̌́̓
̯̮̏̐̓̆̑̆̆̆. ˚́ ̒̌̉̋́̍́ 4.33Ʉ4.35 ̃̉̅̉̍̏ ̅́ ̪̆ ̑́̈̍́̓̑́̎ ̑́̅ ̒́ ̙̆̒̓ ̯̮̏̐̓̆̑̆̆́ ̉
̓̑̉ ̔̌́̈̎́ ̎́̐̏̎́ [19].

˚́ ̒̌̉̋́̍́ 4.33Ʉ4.35 ̍̏̇̆̍̏ ̅́ ̘̔̏̉̍̏ ̅́ ̒̔ ̒̃̆ ̓̑̉ ̑́̈̍́̓̑́̎̆ ̘̃̆̌̉̉̎̆ ̂̉̌̆
̪̭̐̑̏̍̆̎̉̃̆ ̔ ̏̅̎̏̒̔ ̎́ ̯̮̏̐̓̆̑̆̆̆ ̉ ̔̌́̈̎̉ ̎́̐̏̎ Ʉ ̙̓̏ ̪̆ ̉ ̂̉̌̏ ̘̏̆̋̉̃́̎̏ [19].
˕̪̈̍̆̑̆̎́ ̘̓́̋́ ̈́ ̎́̐̏̎ 850 V ̉ ̒̎́̄̔ 61,3 W ̪̎̉̆ ̙̄̑̆̋́ [19]. ˛̃̏ ̪̮̍̆̑̆̆ ̪̆
̭̐̏̎̏̃̆̎̏ ̈́ ̘̑́̈̌̉̉̓ ̅́̎ ̒́ ̘̑́̈̌̉̉̓̉̍ ̒̉̄̎́̌̏̍ ̐̏̂̔̅̆ (30 mV, peak-to-peak) ̉
̪̅̏̂̉̆̎̉ ̑̆̈̔̌̓́̓ ̪̆ ̂̉̏ ̉̒̓̉ Ʉ ̙̓̏ ̘̈̎́̉ ̅́ ̪̆ ̪̪̃̆̑̏̅̏̒̓̏̎̏ [19]. ˙̣̆̔̓̉̍, ̙̈́̓̏
̙̂́ ̓̔ ̋́̑́̋̓̆̑̉̒̓̉̋́ ̏̅̒̓̔̐́ ̏̅ ̘̏̆̋̉̃́̎̆, ̪̋̏́ ̂̉ ̎̐̑. ̂̉̌́ ̂̌́̄̏ ̐́̑́̌̆̌̎́ ̏̎̉̍́
̈́ 620 V ̉ 750 V, ̪̎̉̆ ̒́̒̃̉̍ ̪́̒̎̏ ̉ ̍̏̇̆ ̂̉̓̉ ̐̑̆̅̍̆̓ ̎̆̋̆ ̯̂̔̅̔̆ ̪̒̓̔̅̉̆.

˞̌̉̋́ 4.33 ACF ̘̐̑̆̓̃́̑́ 57 W ̔ ACM: ̪̐̑̏̍̆̎́ ̐̑̏̐̔̒̎̏̄ ̏̐̒̆̄́ ̔ ̏̅̎̏̒̔ ̎́ ̯̮̏̐̓̆̑̆̆̆ ̉
̔̌́̈̎̆ ̎́̐̏̎̆
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˞̌̉̋́ 4.34 ACF ̘̐̑̆̓̃́̑́ 57 W ̔ ACM: ̪̐̑̏̍̆̎́ ̑̆̈̆̑̃̆ ́̈̆̕ ̔ ̏̅̎̏̒̔ ̎́ ̯̮̏̐̓̆̑̆̆̆ ̉ ̔̌́̈̎̆
̎́̐̏̎̆

˞̌̉̋́ 4.35 ACF ̘̐̑̆̓̃́̑́ 57 W ̔ ACM: ̪̐̑̏̍̆̎́ ̑̆̈̆̑̃̆ ̪̘̮̐̏́́́ ̔ ̏̅̎̏̒̔ ̎́ ̯̮̏̐̓̆̑̆̆̆ ̉
̔̌́̈̎̆ ̎́̐̏̎̆

˕̈ ̘̐̑́̋̓̉̎̏̄ ̉̒̋̔̒̓̃́, ̑̆̈̆̑̃̆ ́̈̆̕ ̉ ̪̘̮̐̏́́́ ̂̉ ̓̑̆̂́̌̏ ̅́ ̂̔̅̔ ̯̃̆̆ ̏̅
̆̍̆̌̂̏̑̐ ̉̓́̍̉ ̯̏̍̆̆̎ ́̅ ̉̎̑̔̄̉̒ ̉̌̉̂ ̏̍̒̉̂ ́̅ ̆̃̏̌̒̔ ̆̎̅́̑ ̆̃̒ ́̈ 35Ʉ40° ̉ 6Ʉ9 dBױ
̒́ ̙̯̒̓́̂̉̌̎̏̔ ̓̏̋̏̍ ̑́̅̎̏̄ ̪̃̉̆̋́ ̘̐̑̆̓̃́̑́́ (̎̐̑. 10 ̄̏̅̉̎́). ˙̣̆̔̓̉̍, ̍̏̇̆̍̏ ̅́
̃̉̅̉̍̏ ̅́ ̪̆ ̓̏ ̮̉̒̐̔̆̎̏ ̒́̍̏ ̈́ ̑́̅ ̐̑̉ ̎́̐̏̎̔ 620 V [19]. ˙̣̆̔̓̉̍, ̋́̅́ ICS ̑́̅̉ ̔
̑̆̇̉̍̔ ̐̑̆̎̏̒́ ̪̆̎̆̑̄̉̆ (power-transfer mode), ACF ̘̐̑̆̓̃́̑́ ̯̆ ̑́̅̉̓̉ ̔ ACM ̑̆̇̉̍̔
̉ ̔̌́̈̎́ ̒̎́̄́ ̯̆ ̂̉̓̉ ̯̃̆́ ̏̅ 35 W. ˛̃̏ ̘̈̎́̉ ̅́ ̎̆ ̘̪̏̆̋̔̆̍̏ ̐̑̏̂̌̆̍̆ ̒́
̙̯̒̓́̂̉̌̎̏̔ ̯̐̏̍̏̎̏̄ ̪̮̎́̐́́́ ̈́ ̔̌́̈̎̆ ̎́̐̏̎̆ ̯̃̆̆ ̏̅ 650 V.

ˑ̏̅́̓̎̏, ̒́ ̒̌̉̋̆ 4.33 ̃̉̅̉̍̏ ̅́ ̒̆ ̐̑̏̐̔̒̎̉ ̏̐̒̆̄ ̋̑̆̓́̏ ̔ ̏̐̒̆̄̔ 0,9Ʉ2 kHz Ʉ
̙̓̏ ̪̆ ̭̅̏̃̏̎̏ ̅̏̂̑̏ [19] ̈́ ̪̒̓̑̔̎̏-̭̔̐̑́̃́̎̉ flyback ̘̐̑̆̓̃́̑́. ˏ̪̑̉̆̅̎̏ ̪̆
̎́̐̏̍̆̎̔̓̉ ̅́ ̪̆ ̪̯̑̆̈̔̌̓̔̔̉ ̐̑̏̐̔̒̎̉ ̏̐̒̆̄ ̮̍́̉ ̏̅ 1/30 ̍̉̎̉̍́̌̎̆ ̘̐̑̆̋̉̅́̋̆
̘̔̆̒̓́̎̏̒̓̉ [19]. ˠ ̮̪̉̎̇̆̆̑̒̋̏ ̐̑́̋̒̉ ̉ ̗̪̅̏̋̔̍̆̎̓́̉̉ ̘̓̉̐̉̎̉ ̪̒́̃̆̓̉ ̒̔ ̅́
̐̑̏̐̔̒̎̉ ̏̐̒̆̄ ̓̑̆̂́ ̅́ ̪̆ ̮̍́̉ ̏̅ 1/10 ̍̉̎̉̍́̌̎̆ ̘̐̑̆̋̉̅́̋̆ ̘̔̆̒̓́̎̏̒̓̉ Ʉ ̙̓̏ ̪̆
̪̏̃̅̆ ̉ ̮̉̒̐̔̆̎̏.

4.7.2 ˠ̎́̋̑̒̎́ ̗̪̑̆̄̔̌́̉́
˜̏̅ ̔̎́̋̑̒̎̏̍ ̗̪̑̆̄̔̌́̉̏̍ (cross-regulation) ̍̉̒̌̉ ̒̆ ̎́ ̖̓̆̎̉̋̔ ̋̏̅ dc-dc

̘̐̑̆̓̃́̑́́ ̒́ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ̪̄̅̆ ̒̆ ̪̆̅́̎ ̉̈̌́̈ ̙̑̆̄̔̌̉̆, ́ ̪̐̑̏̍̆̎̆ ̎́̐̏̎́ ̎́
̏̒̓́̌̉̍ ̎̆̑̆̄̔̌̉̒́̎̉̍ ̉̈̌́̈̉̍́ ̈́̃̉̒̆ ̏̅ ̖̑́̒̉̐̎̉ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̣̉̈̍̆̔ ̪̎́̍̏̓́́
̓̑́̎̒̏̑̍́̓̏̑́̕ [168]. Flyback dc-dc ̘̐̑̆̓̃́̑́ ̪̆ ̐̏̈̎́̓ ̐̏ ̙̪̌̏̏ ̪̔̎́̋̑̒̎̏ ̗̪̑̆̄̔̌́̉̉
[124]. ˍ̎́̌̉̈́ ̉ ̘̍́̓̆̍́̓̉̋̏ ̮̍̏̅̆̌̏̃́̆ ̆̆̋̓́̕ ̔̎́̋̑̒̎̆ ̗̪̑̆̄̔̌́̉̆ ̋̏̅ flyback
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̘̐̑̆̓̃́̑́́ ̒̔ ̅̏̂̑̏ ̣̏̂̑́̆̎̉ ̔ ̌̉̓̆̑́̓̔̑̉ [123], [124]. ˠ [169], ̯̐̏̍̏̔ ̍̆̓̏̅̆
̘̖̋̏̎́̎̉ ̆̌̆̍̆̎́̓́, ̅́̓̏ ̪̆ ̄̌̏̂́̌̎̏ ̪̙̮̮̏̂́̆̆ ̗̪̔̓̉́́ ̗̪̋̏̎̒̓̑̔̋̉̆
̓̑́̎̒̏̑̍́̓̏̑́̕ ̎́ ̔̎́̋̑̒̎̔ ̗̪̑̆̄̔̌́̉̔ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ DCM flyback ̘̐̑̆̓̃́̑́́ ̒́
̙̃̉̆ ̉̈̌́̈́. ˑ̏̅́̓̎̉ ̘̐̑́̋̓̉̎̉ ̪̒́̃̆̓̉ ̒̔ ̅́̓̉ ̔ [170] ̉ [171]. ˛̪̃́ ̆̆̋́̓̕ ̒̆ ̎̆ ̍̏̇̆
̪̯̉̈̂̆̉, ̋̏̌̉̋̏ ̄̏̅ ̅́ ̪̆ ̓̑́̎̒̏̑̍́̓̏̑̕ ̅̏̂̑̏ ̭̎́̐̑́̃̆̎, ́ ̈́̃̉̒̉ ̏̅ ̉̎̅̔̋̓̉̃̎̏̒̓̉
̯̮̍́̄̎̆̆́, ̖̑́̒̉̐̎̉ ̉̎̅̔̋̓̉̃̎̏̒̓̉ ̐̑̉̍́̑̎̏̄ ̉ ̖̒̆̋̔̎̅́̑̎̉ ̪̎́̍̏̓́́ ̋́̏ ̉ ̎́̐̏̎́
̪̗̮̏̅̒̉̆́́ (clamp-voltage) ̒̎́̂̆̑-̋̏̌́ [22], [124].

ˠ ̏̃̏̍ ̭̐̏̄̌́̃̔ ̯̏̂̑́̅̉̆̍̏ ̘̐̑́̋̓̉̎̆ ́̒̐̆̋̓̆ ̔̎́̋̑̒̎̆ ̗̪̑̆̄̔̌́̉̆ ̋̏̅ ACF
̘̐̑̆̓̃́̑́́ 57 W ̒́ ̐̆̓ ̉̈̌́̈́ ̉ ̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3-1 (̓́̂̆̌̆ 2.4, 2.6 ̉ 2.9). ˠ
̖̘̓̆̎̉̋̏̍ ̪̙̮̑̆̆̔ ̘̐̑̆̓̃́̑́́ ̪̐̑̏̍̆̎̆ ̎́̐̏̎́ ̎́ ̎̆̑̆̄̔̌̉̒́̎̉̍ ̉̈̌́̈̉̍́ ̅̑̇́̎̆ ̒̔
̐̏̅ ̋̏̎̓̑̏̌̏̍ ̯̐̏̍̏̔ ̂̌̉̅̆̑ (bleeder) ̏̓̐̏̑̎̉̋́, ˔̆̎̆̑ ̅̉̏̅́ ̉ ̭̖̎́̒̓́̃̆̎̉
(stacked) ̖̒̆̋̔̎̅́̑̎̉ ̪̎́̍̏̓́́  [22], [170]. ˏ̯̆ ̈̎́̍̏ ̅́ ̒̆ ˟3-1 ̋̏̑̉̒̓̉ ̔ ̒̉̒̓̆̍̔ ̉
̈́̓̏ ̑̆̈̔̌̓́̓̉ ̔̎́̋̑̒̎̆ ̗̪̑̆̄̔̌́̉̆ ̈́ ˟2-2 (̅́̓̉ ̔ [22]) ̪̏̃̅̆ ̎̉̒̔ ̍̏̄̌̉ ̂̉̓̉
̭̐̏̎̏̃̆̎̉, ́̌̉ ̐̏̒̓̔̐́̋ ̉ ̮̏̂̑́̈̌̏̇̆́ ̒̔ ̉̒̓̉. ˑ̏̅́̓̎̏, ˟3-3 ̪̆ ́̎́̌̉̈̉̑́̎ ̔ ̘̌́̎̋̔
̏ QRF ̘̐̑̆̓̃́̑́̔ [23], ́̌̉ ̪̆ ̓̔ ̗̪̑̆̄̔̌́̉́ ̣̑́̆̎́ ̎́ ̉̈̌́̈̔ 2 (̓́̂̆̌́ 4.5), ̪̋̏̉ ̉̍́
̯̃̆̆ ̯̮̏̐̓̆̑̆̆̆ ̎̆̄̏ ̉̈̌́̈ 1 ̋̏̅ ACF ̘̐̑̆̓̃́̑́́ (̓́̂̆̌́ 2.4), ̐́ ̑̆̈̔̌̓́̓̉ ̎̉̒̔ 100%
̉̒̓̉, ́̌̉ ̒̔ ̘̒̌̉̎̉. ˑ̏̅́̓̎̏, QRF ̘̐̑̆̓̃́̑́ ̪̆ ̍̏̄́̏ ̅́ ̑́̅̉ ̒́ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ ̏̅
250 V (̓́̂̆̌́ 4.5) ̐́ ̒̔ ̉ ̓̉ ̑̆̈̔̌̓́̓̉ ̭̘̔̋̔̆̎̉ ̔ [23].

˝̆̄̔̌̉̒́̎̉ ̉̈̌́̈ ̪̆ ̂̉̏ 5,5 V ̒́ 5,5 W ̯̮̏̐̓̆̑̆̆̆̍ (̓́̂̆̌́ 2.4), ̪̓. 9,62% ̔̋̔̐̎̆
̒̎́̄̆ ̘̐̑̆̓̃́̑́́ [22]. ˛̃́̋́̃ ̐̑̉̒̓̔̐ ̪̆ ̂̉̏ ̒̔̐̑̏̓́̎ ̏̅ ̘̪̔̏̂̉́̆̎̏̄ ̔ ̐̑́̋̒̉ ̪̄̅̆ ̒̆
̘̓̉̐̉̎̏ ̙̑̆̄̔̌̉̆ ̉̈̌́̈ ̒́ ̪̯̎́̃̆̉̍ ̯̮̏̐̓̆̑̆̆̆̍ [22]. ˠ ̙̎́̆̍ ̘̪̒̌̔́̔ ̓̏ ̂̉̏ ̉̈̌́̈
22 V ̒́ ̯̮̏̐̓̆̑̆̆̆̍ ̏̅ 38,4 W (̓́̂̆̌́ 2.4), ̪̓. 67,22% ̔̋̔̐̎̆ ̒̎́̄̆ ̘̐̑̆̓̃́̑́́ [22].
˝́̈̌̏̈̉ ̈́ ̏̃́̋́̃ ̐̑̉̒̓̔̐ ̒̔ ̂̉̌̉ ̙̃̉̆̒̓̑̔̋̉ [22]:

¶ ̪̭̏̒̆̓̉̃̏̒̓ ̙̘̐̏̓̑̏́́ ̎́ 5,5 V ̉̈̌́̈̔ ̎́ ̐̑̆̎́̐̏̎̆;

¶ ̘̑́̈̌̉̉̓̆ ̍́̒̆, ̪̓. ̑̆̆̑̆̎̓̎̉̕ ̗̪̐̏̓̆̎̉́̌̉; ̉

¶ ̘̑́̈̌̉̉̓̏ ̯̮̏̐̓̆̑̆̉̃́̆ ̉̈̌́̈́ ̈́̃̉̒̎̏ ̏̅ ̖̑́̅̎̉ ̑̆̇̉̍́ ̒̉̒̓̆̍́.

˞̌̉̋́ 4.36 ˝̆̄̔̌̉̒́̎̉ (̐̔̎̆ ̪̌̉̎̉̆) ̉ ̎̆̑̆̄̔̌̉̒́̎̉ (̉̒̐̑̆̋̉̅́̎̆ ̪̌̉̎̉̆) ̉̈̌́̈̉ 5,5 V ACF
̘̐̑̆̓̃́̑́́ 57 W ̒́ ˟3-1 ̔ ACM ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ 620 V (̗̑̎̏) ̉ 850 V (̗̑̃̆̎̏)

˚́ ̒̌̉̋́̍́ 4.36 ̉ 4.37 ̐̑̉̋́̈́̎̆ ̒̔ ̪̐̑̏̍̆̎̆ ̎́̐̏̎́ ACF ̘̐̑̆̓̃́̑́́ 57 W ̒́
̓̑́̎̒̏̑̍́̓̏̑̏̍̕ ˟3-1 ̔ ACM ̑̆̇̉̍̔ ̑́̅́. ˚́ ̗̒̌̉̉ 4.36 ̃̉̅̉̍̏ ̅́ ̒̆ ̎́̐̏̎ ̎́
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̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔ 5,5 V (5V5_reg_*18) ̙̐̏̎́́ ̔ ̒̋̌́̅̔ ̒́ ̘̮̏̆̋̉̃́̉̍́. ˟̣́̋̏̆, ̎́ ̏̂̆
̒̌̉̋̆ ̃̉̅̉̍̏ ̅́ ̒̔ ̪̐̑̏̍̆̎̆ ̎́̐̏̎́ ̎́ ̎̆̑̆̄̔̌̉̒́̎̉̍ ̉̈̌́̈̉̍́ ̖̭̐̑̉̃́̓̉̃̆ ̈́ ̏̃̔
̪̐̑̉̍̆̎̔, ̪̓. ̙̘̐̏̓̑̏́̉ ̎̉̒̔ ̂̉̌̉ ̔̄̑̏̇̆̎̉. ˟̑̆̂́ ̉̍́̓̉ ̔ ̃̉̅̔ ̅́ ̒̔ ̪̐̑̏̍̆̎̆ ̎́̐̏̎́
̎́ ̎̆̑̆̄̔̌̉̒́̎̉̍ ̉̈̌́̈̉̍́ ̈́̃̉̒̉̌̆ ̏̅ ̪̑̆̅̏̒̌̉̆̅́ ̉ ̘̎́̉̎́ ̯̮̏̐̓̆̑̆̉̃́́
̪̖̐̏̆̅̉̎̉ ̉̈̌́̈́. ˠ ̐̑̉̋́̈́̎̉̍ ̆̋̒̐̆̑̉̍̆̎̓̉̍́ ̓̏ ̪̆ ̣̔̑́̆̎̏ ̈́ ̘̏̆̋̉̃́̎̏ ̙̮̐̏̎́́̆
̒̉̒̓̆̍́. ˑ̏̅́̓̎̏, ̍̏̇̆̍̏ ̅́ ̭̘̈́̋̔̉̍̏ ̅́ ̪̐̑̏̍̆̎̆ ̎́̐̏̎́ ̎́ ̉̈̌́̈̔ ̎̆ ̈́̃̉̒̆ ̏̅
̔̌́̈̎̏̄ ̎́̐̏̎́. ˛̃̉ ̑̆̈̔̌̓́̓̉ ̪̐̏̋́̈̔̔ ̅́, ̔ ̎̏̑̍́̌̎̏̍ ̑́̅̔, ̎̆ ̓̑̆̂́ ̘̏̆̋̉̃́̓̉
̎̉̋́̋̃̆ ̐̑̏̂̌̆̍̆, ̪̓. ̪̐̑̏̆̋̓́̎̓̒̋̉ ̗̭̉ ̪̆ ̮̉̒̐̔̆̎.

˞̌̉̋́ 4.37 V (̐̔̎̆ ̪̌̉̎̉̆) ̉ 22 V (̉̒̐̑̆̋̉̅́̎̆ ̪̌̉̎̉̆) ACF 11ױ+ ̉̈́̌̈̉ ̉̎́̒̉̌̔̄̆̑̆˚
̘̐̑̆̓̃́̑́́ 57 W ̒́ ˟3-1 ̔ ACM ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ 620 V (̗̑̎̏) ̉ 850 V (̗̑̃̆̎̏)

˞̌̉̋́ 4.38 ˝̆̄̔̌̉̒́̎̉ (̐̔̎̆ ̪̌̉̎̉̆) ̉ ̎̆̑̆̄̔̌̉̒́̎̉ (̉̒̐̑̆̋̉̅́̎̆ ̪̌̉̎̉̆) ̉̈̌́̈̉ 5,5 V ACF
̘̐̑̆̓̃́̑́́ 57 W ̒́ ˟3-1 ̔ DCM ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ 460 V (̗̑̎̏) ̉ 640 V (̗̑̃̆̎̏)

˚́ ̒̌̉̋́̍́ 4.38 ̉ 4.39 ̐̑̉̋́̈́̎̆ ̒̔ ̪̐̑̏̍̆̎̆ ̖̉̒̓̉ ̎́̐̏̎́, ̋́̏ ̎́ ̒̌̉̋́̍́ 4.37
̉ 4.38, ̒́̍̏ ̈́ DCM ̑̆̇̉̍ ̑́̅́, ̪̓. ̋́̅́ ̪̆ ̒̉̒̓̆̍ ̔ ̑̆̇̉̍̔ ̐̑̉̐̑́̃̎̏̒̓̉. ˕̈̔̈̆̓́̋ ̪̆
̘̓́̋́ ̎́ ̘̐̏̆̓̋̔ (̏̋̏ 110 mW) ̋́̅́ ̪̆ ̘̐̑̆̓̃́̑́, ̔ ̒̓̃́̑̉, ̑́̅̉̏ ̔ ACM ̑̆̇̉̍̔ ̋́̏
̭̗̐̏̒̆̅̉́ ̗̐̑̏̆̅̔̑̆ ̐̏̌́̒̋́ (start-up). ˟́̅́ ̒̍̏ ̍̏̄̌̉ ̅́ ̃̉̅̉̍̏ ̉ ̪̒̓̑̔̔ ̯̮̍́̄̎̆̆́
̔ ̐̑̉̍́̑̎̏̍ ̋̏̌̔. ˙̣̆̔̓̉̍, ̘̉̍ ̂̉ ̒̆ ̯̮̏̐̓̆̑̆̆̆ ̍́̌̏ ̯̐̏̃̆́̌̏ ̘̐̑̆̓̃́̑́ ̂̉ ̒̆,
̐̑́̃̉̌̎̏, ̗̐̑̆̂́̉̏ ̔ ACM DCM (CrCM) ̑̆̇̉̍ ̑́̅́. ˝̆̈̔̌̓́̓̉ ̎́ ̒̌̉̋́̍́ 4.38 ̉ 4.39 ̒̔
̖̭̐̑̉̃́̓̉̃̉ ̉ ̃̉̅̉̍̏ ̅́ ̒̔ ̉̈̌́̈̎̉ ̎́̐̏̎̉ ̔ ̭̅̏̈̃̏̆̎̉̍ ̗̄̑́̎̉́̍́.

18 * = 620 V ̉̌̉ 850 V
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˞̌̉̋́ 4.39 V (̐̔̎̆ ̪̌̉̎̉̆) ̉ 22 V (̉̒̐̑̆̋̉̅́̎̆ ̪̌̉̎̉̆) ACF 11ױ+ ̉̈́̌̈̉ ̉̎́̒̉̌̔̄̆̑̆˚
̘̐̑̆̓̃́̑́́ 57 W ̒́ ˟3-1 ̔ DCM ̐̑̉ ̔̌́̈̎̉̍ ̎́̐̏̎̉̍́ 460 V (̗̑̎̏) ̉ 640 V (̗̑̃̆̎̏)

 4.7.3 ˑ̘̉̎́̍̉̋́ ̪̐̑̏̍̆̎́ ̯̮̏̐̓̆̑̆̆́
ˑ̘̉̎́̍̉̋́ ̪̐̑̏̍̆̎́ ̯̮̏̐̓̆̑̆̆́ ACF ̘̐̑̆̓̃́̑́́ 57 W, ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̉

̔̌́̈̎̏̍ ̎́̐̏̎̔ 620 V, ̎́ ̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔ 5,5 V (10% ̅̏ 100% ̉ ̏̂̑̎̔̓̏) ̪̆
̭̐̑̆̅̒̓́̃̆̎́ ̎́ ̗̒̌̉̉ 4.40 [19]. ˚̆̑̆̄̔̌̉̒́̎̉ ̉̈̌́̈ 5,5 V (̓́̂̆̌́ 2.4) ̪̆ ̉̍́̏
̋̏̎̒̓́̎̓̎̏ ̯̮̏̐̓̆̑̆̆̆ ̏̅ 1 ˍ (̪̓. 45,5% ̏̅ ̎̏̍̉̎́̌̎̏̄). ˛̃̉ ̆̋̒̐̆̑̉̍̆̎̓̉ ̒̔ ̣̔̑́̆̎̉
̍́̌̏ ̘̪̅̑̔̄́̉̆ ̔ ̏̅̎̏̒̔ ̎́ ̗̪̒̉̍̔̌́̉̆ (̒̌̉̋̆ 3.8 ̉ 3.9, ̓́̂̆̌́ 3.2) ̪̆̑ ̒̆ ̒̍́̓̑́̌̏ ̅́ ̪̆
̏̃̏ ̪̪̃̆̑̏̃́̓̎̉̆ ̅́ ̒̆ ̅̆̒̉ ̋́̅́ ̘̐̏̎̆ ̐̑̆̎̏̒ ̪̆̎̆̑̄̉̆ ̒̉̒̓̆̍́. ˠ ̑̆̇̉̍̔
̐̑̉̐̑́̃̎̏̒̓̉ ̒̉̒̓̆̍́ ̎̆ ̘̪̏̆̋̔̔ ̒̆ ̏̃́̋̏ ̎́̄̌̉ ̒̋̏̋̏̃̉ ̯̮̏̐̓̆̑̆̆́. ˚́ ̗̒̌̉̉ 4.40
̍̏̇̆̍̏ ̘̔̏̉̓̉ ̅́ ̪̉̒̐̑̏̆̋̓̏̃́̎̉ ̋̏̍̐̆̎̈́̓̏̑ ̑́̅̉ ̋́̋̏ ̪̆ ̉ ̘̏̆̋̉̃́̎̏ ̒́ ̘̪̐̑̆̂́́̆̍
(overshoot) ̉ ̘̪̐̏̅̂́́̆̍ (undershoot) ̔ ̏̐̒̆̄̔ ±300 ̅̏ ̮̆́̍ .̪̓) 5,5%ױ mV ), ̑̆̅̏̍ [19].
˛̃̉ ̑̆̈̔̌̓́̓̉ ̒̔ ̭̪̯̈́̅̏̃̏́̃́̔̉ ̈́ ̏̃̔ ̪̐̑̉̍̆̎̔. ˕̘̎́̆, ̙̔̍ ̭̃̉̅̉̃ ̎́ ̒̉̄̎́̌̉̍́ ̒́
̒̌̉̋̆ 4.40 ̪̆ ̑̆̈̔̌̓́̓ ̙̯̮̋̏̑̉̆́ ̉ ̮̐̏̃̆̈̉̃́́ ̖̎́̐̏̎̒̋̉ ̒̏̎̅̉ (noise pick-up), ̪̓. ̓̏
̎̆̍́ ̃̆̈̆ ̒́ ̋̃́̌̉̓̆̓̏̍ ̉̈̌́̈̎̏̄ ̎́̐̏̎́ ̘̐̑̆̓̃́̑́́ [19].

˞̌̉̋́ 4.40 ACF ̘̐̑̆̓̃́̑́ 57 W ̔ ACM ̑̆̇̉̍̔ ̑́̅́ ̒́ ̘̅̉̎́̍̉̋̏̍ ̪̐̑̏̍̆̎̏̍ ̯̮̏̐̓̆̑̆̆́ ̎́
̑̆̄̔̌̉̒́̎̏̍ ̉̈̌́̈̔ 5,5 V. a) ̪̐̑̏̍̆̎́ ̪̒̓̑̔̆ 0,1 AƂ 1 A; b) ̪̐̑̏̍̆̎́ ̪̒̓̑̔̆ 1 AƂ 0,1 A.
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4.8 ˜̣̮̏̑̆̆̆ ̒́ ̗̋̏̎̃̆̎̉̏̎́̌̎̉̍ flyback ̘̐̑̆̓̃́̑́̆̍ ̔ DCM
̑̆̇̉̍̔ ̑́̅́

ACF ̘̐̑̆̓̃́̑́ ̪̆ ̌́̋̏ ̭̐̑̆̐̑́̃̆̎ ̔ ̗̋̏̎̃̆̎̉̏̎́̌̎̉ DCM flyback ̘̐̑̆̓̃́̑́
̯̮̏̎̆̍̏̄̔́̃́̆̍ ̒̉̄̎́̌́ ̪̄̆̓́ ̈́ ̘̐̑̆̋̉̅́ QH, ̭̮̐̏̒̓́̃́̆̍ ̋̑́̓̋̆ ̃̆̈̆ ̪̔̍̆̒̓̏
̙̗̐̑̉̄̔̎̉̆ ̉ ̮̮̒̍́̆̆̍ ̏̓̐̏̑̎̉̋́ Rc ̎́ 31 kɱ [19], [22]. ˜̑̆̅̎̏̒̓ ̏̃́̋̃̏̄ ̐̑̉̒̓̔̐́ ̪̆
̓́ ̅́ ̉̍́̍̏ ̉̒̓̏ ̭̘̔̐̑́̃́̋̏ ̋̏̌̏, ̋̏̍̐̆̎̈́̓̏̑, ̓̑́̎̒̏̑̍́̓̏̑̕ ̉ ̏̒̓́̌́ ̋̏̌́ ̎́
̒̆̋̔̎̅́̑̎̉̍ ̒̓̑́̎́̍́ [19], [22]. ˔̂̏̄ ̓̏̄́ ̑́̈̌̉̋́ ̔ ̗̄̔̂̉̉̍́ ̒̎́̄̆ ̅̏̌́̈̉ ̒́̍̏ ̏̅
̄̑́̎̆ ̈́ ́̋̓̉̃̎̏ ̪̗̮̏̅̒̉̆́̆ ̙̃̑̎̏̄ ̎́̐̏̎́ ̮̅̏̆̄ ̘̐̑̆̋̉̅́́ [19].

˚́ ̗̒̌̉̉ 4.41 [19] ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̑́̈̌̉̋̆ ̔ ̒̓̆̐̆̎̉̍́ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̏̂́
̘̐̑̆̓̃́̑́́. ACF ̘̐̑̆̓̃́̑́ ̪̆ ̑́̅̉̏ ̔ ACM ̑̆̇̉̍̔. ˗̙̯̏̑̉̆̎ ̪̆ ̓̑́̎̒̏̑̍́̓̏̑̕ T2-2
(̓́̂̆̌̆ 2.7 ̉ 2.9), ́ ̏̎ ̪̆ ̔ [20] ̂̉̏ ́̎́̌̉̈̉̑́̎ ̐̏̅ ̉̍̆̎̏̍ „T2”. ˗́̏ ̙̓̏ ̒̍̏
̘̏̆̋̉̃́̌̉, DCM flyback ̘̐̑̆̓̃́̑́ ̉̍́ ̯̃̆̉ ̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ̈́ ̮̍́̆ ̒̎́̄̆. ˟̆̋
.̘̉̎̉̌̒ ̉̌̉̂ ̔̒ ̪́̃̓̒̆̅ ̄̏̎̒̉̑̏̋ ̉̎̆̐̆̓̒ ,W, ̪̓. 50% 29ױ̅̏ ̯̍̉̆̃ ̮̯́̍̉̆̆̑̆̓̐̏ ̉̑̐
˛̃̏ ̎́̍ ̪̔̋́̈̔̆ ̅́ ̂̉ HDCIV ACF ̘̐̑̆̓̃́̑́ ̍̏̄́̏ ̂̉̓̉ ̐̏̅̆̒́̎ ̉ ̈́ ̍̎̏̄̏ ̯̃̆̆ ̒̎́̄̆ ̏̅
60 W [19] Ʉ ̙̓̏ ̪̆ ̉ ̏̃̆ ̄̏̅̉̎̆ ̅̆̍̏̎̒̓̑̉̑́̎̏ ̔ [51].

˜̣̮̏̑̆̆̆̍ ̗̗̪̒̐̆̉̉̋́̉́̕ ̪̍́̓̆̑̉́̌́ (BOM Ʉ bill-of-material) ̉ ̮̑́̈̍́̓̑́̆̍
̪̪̆̓̉̎̉̆̄̕ ̭̘̔̐̑́̃́̋̏̄ ̋̏̌́, ̂̆̈ ̅̏̅́̓̎̏̄ ̪̅̑́̃̆̑́, ̘̉̈̑́̔̎́̓̏ ̪̆ ̅́ ̪̆ DCM flyback
̘̐̑̆̓̃́̑́ ̏̋̏ 23% ̪̪̆̓̉̎̉̉̕ ̎̆̄̏ ACF ̘̐̑̆̓̃́̑́ [19]. ˚́̐̏̍̆̎́, ̪̏̃̅̆ ̎̉̒̔ ̘̔̑́̔̎́̓̉
̙̓̑̏̋̏̃̉ ̖̣̮̌́̆́ ̙̗̐̑̉̄̔̎̉̆ ACF ̘̐̑̆̓̃́̑́́, ́̌̉ ̪̆ ̓̏ ̋̏̍̐̆̎̈̏̃́̎̏ ̐̏̓̑̆̂̏̍ ̅́
̗̋̏̎̃̆̎̉̏̎́̌̎̉ DCM flyback ̘̐̑̆̓̃́̑́ ̒́, ̎̐̑. UCC28C44 [172], ̪̐̏̓̑̆̂̔̆ ̉
̃̉̒̏̋̏̎́̐̏̎̒̋̏ ̋̏̌̏ ̈́ ̒̓́̑̓. ˑ̏̅́̓̎̏, ACF ̘̐̑̆̓̃́̑́ ̈́̔̈̉̍́ ̏̋̏11%ױ ̙̃̉̆ ̐̑̏̒̓̏̑́
̎́ ̙̪̓́̍̐́̎̏ ̘̐̌̏̉ ̉, ̒́̍̉̍ ̓̉̍, ̅̏̅́̓̎̏ ̭̪̐̏̒̋̔̐̔̆ ̉̈̃̆̅̂̔ [19]. ˜̑̆̍́ ̓̏̍̆, ́̋̏ ̪̆
̒̓̆̐̆̎ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ ACF ̘̐̑̆̓̃́̑́́ ̍̎̏̄̏ ̮̍́̉ ̏̅ DCM flyback ̘̐̑̆̓̃́̑́́, ̪̆̅̉̎̉
̐̑̆̏̒̓́̌̉ ̑́̈̌̏̄ ̈́ ̙̯̮̋̏̑̉̆̆ ACF ̘̐̑̆̓̃́̑́́ ̂̉ ̂̉̌̆ ̮̒̍́̆̎̆ ̆̌̆̋̓̑̏̍́̄̎̆̓̒̋̆
̮̒̍̆̓̆ (EMI) [52] ̔ ̪̐̑̉̍̆̎́̍́ ̪̄̅̆ ̙̓̑̏̋̏̃̉ ̎̆ ̪̉̄̑́̔ ̃́̇̎̔ ̔̌̏̄̔ [21], ́̌̉ ̪̄̅̆ ̪̆
EMI ̗̪̒̆̑̓̉̉̋́̉́̕ ̉̈́̈̏̃ (̎̐̑. ̋̏̅ ICS).

˞̌̉̋́ 4.41 ˞̓̆̐̆̎̉ ̋̏̑̉̒̎̏̄ ̪̅̆̒̓̃́ DCM flyback ̉ ACF ̘̐̑̆̓̃́̑́́ ̔ ACM ̑̆̇̉̍̔ ̑́̅́

˚́ ̒̌̉̋́̍́ 4.42Ʉ4.44 [22] ̭̐̑̆̅̒̓́̃̆̎̏ ̪̆ ̣̮̐̏̑̆̆̆ ̭̘̖̋̔̎̉ ̐́̑́̍̆̓́̑́ ̒́
ˎ̖̏̅̆̏̃̉ ̪̅̉́̄̑́̍́  ACF (̒̌̉̋̆ 4.33Ʉ4.35) ̉ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ DCM flyback ̘̐̑̆̓̃́̑́́
̖̅́̓̉ ̔ [22]. ˞̉̄̎́̌̉ ̐̏̂̔̅̆ ̒̔ ̂̉̌̉ ̔ ̏̐̒̆̄̔ 35Ʉ40 mV (peak-to-peak). ˕̒̓̉ ̗̐̑̉̎̉̐
̐̑̉ ̮̆̋̒̐̆̑̉̍̆̎̓̉̒́̔ ̉ ̗̮̑̓́̔ ̄̑́̉̋́̕ ̪̆ ̪̮̐̑̉̍̆̆̎ ̋́̏ ̋̏̅ ̒̌̉̋́ 4.33Ʉ4.35.
˶̆̅̉̎́ ̑́̈̌̉̋́ ̪̆ ̅́ ̒̍̏ ̪̏̃̅̆ ̑́̈̍́̓̑́̌̉ ̒́̍̏ ̅̃́ ̔̌́̈̎́ ̎́̐̏̎́ ̉ ̙̆̒̓ ̖̑́̅̎̉
̘̓́́̋́, ̪̓. ̯̮̏̐̓̆̑̆̆́. ˚́ ̒̌̉̋́̍́ 4.42Ʉ4.44 ̍̏̇̆̍̏ ̅́ ̃̉̅̉̍̏ ̅́ ̗̋̏̎̃̆̎̉̏̎́̌̎̉
DCM flyback ̘̐̑̆̓̃́̑́ ̉̍́ ̯̃̆̉ ̐̑̏̐̔̒̎̉ ̏̐̒̆̄ ̎̆̄̏ ACF ̙̓̏ ̪̆ ̑̆̈̔̌̓̏̃́̌̏  ̮̍́̉̍
̑̆̈̆̑̃́̍́ ́̈̆̕ ̉ ̪̘̮̐̏́́́ [22]. ˛̃̏ ̎́̍ ̄̏̃̏̑̉ ̅́ ̋̏̍̐̆̎̈́̓̏̑ ̍̏̑́ ̅́ ̒̆ ̐̑̆̐̏̅̆̒̉
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̅́ ̂̉̒̍̏ ̐̏̐̑́̃̉̌̉ ̒̓́̂̉̌̎̏̒̓ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ DCM flyback ̘̐̑̆̓̃́̑́́ [22]. ˠ
̭̘̈́̋̔̋̔: ̈́ ̉̒̓̔ ̗̗̪̒̐̆̉̉̋́̉̔̕ ̘̐̑̆̓̃́̑́́ ̗̋̏̎̃̆̎̉̏̎́̌̎̉ flyback ̘̐̑̆̓̃́̑́, ̔ DCM
̑̆̇̉̍̔ ̑́̅́, ̉ ACF ̘̐̑̆̓̃́̑́, ̔ DCM ACM (CrCM) ̑̆̇̉̍̔ ̑́̅́, ̎̆ ̍̏̄̔ ̅́ ̋̏̑̉̒̓̆ ̉̒̓̆
̋̏̍̐̆̎̈́̓̏̑̆. ˑ̭̪̆̓́̎̉́ ̪̓̆̏̑̉̒̋́ ́̎́̌̉̈́ ̖̏̃̉ ̑́̈̌̉̋́ ̍̏̇̆ ̅́ ̂̔̅̆ ̓̆̍́ ̎̆̋̏̄
̯̂̔̅̔̆̄ ̮̉̒̓̑́̇̉̃́́.

˞̌̉̋́ 4.42 ˜̣̮̏̑̆̆̆ ̪̐̑̏̍̆̎́ ̐̑̏̐̔̒̎̏̄ ̏̐̒̆̄́ DCM flyback ̉ ACF ̘̐̑̆̓̃́̑́́

˞̌̉̋́ 4.43 ˜̣̮̏̑̆̆̆ ̪̐̑̏̍̆̎́ ̑̆̈̆̑̃̆ ́̈̆̕ DCM flyback ̉ ACF ̘̐̑̆̓̃́̑́́

˞̌̉̋́ 4.44 ˜̣̮̏̑̆̆̆ ̪̐̑̏̍̆̎́ ̑̆̈̆̑̃̆ ̪̘̮̐̏́́́ DCM flyback ̉ ACF ̘̐̑̆̓̃́̑́́








































































