
❋ís✐❝❛ ✸ ●✉✐❛ ✺ ✲ ❈♦rr✐❡♥t❡s ✈❛r✐❛❜❧❡s ❱❡r❛♥♦ ✷✵✶✻

❚r❛♥s✐t♦r✐♦s✱ ❈✐r❝✉✐t♦s ❞❡ ❈♦rr✐❡♥t❡ ❆❧t❡r♥❛✱ ❚r❛♥s❢♦r♠❛❞♦r❡s✳

✶✳ ❯♥ ❝♦♥❞❡♥s❛❞♦r ❞❡ ✸µ❋ s❡ ❝❛r❣❛ ❛ ✷✼✵❱ ② ❧✉❡❣♦ s❡ ❞❡s❝❛r❣❛ ❛ tr❛✈és ❞❡ ✉♥❛ r❡s✐s✲
t❡♥❝✐❛ ❞❡ ✶▼Ω✳ ❈❛❧❝✉❧❛r✿

❛✮ ❊❧ ✈♦❧t❛❥❡ s♦❜r❡ ❡❧ ❝♦♥❞❡♥s❛❞♦r ❧✉❡❣♦ ❞❡ ✸ s❡❣✉♥❞♦s✳

❜✮ ❊❧ ❝❛❧♦r ❞✐s✐♣❛❞♦ ❡♥ ❧❛ r❡s✐st❡♥❝✐❛ ❞✉r❛♥t❡ ❧❛ ❞❡s❝❛r❣❛ ❝♦♠♣❧❡t❛ ❞❡❧ ❝♦♥❞❡♥s❛❞♦r✳
❈♦♠♣❛r❛r ❡❧ ✈❛❧♦r ♦❜t❡♥✐❞♦ ❝♦♥ ❧❛ ❡♥❡r❣í❛ ❛❧♠❛❝❡♥❛❞❛ ❡♥ ❡❧ ❝♦♥❞❡♥s❛❞♦r ❛❧
❝♦♠✐❡♥③♦ ❞❡ ❧❛ ❞❡s❝❛r❣❛✳

✷✳ ▲❛ ✜❣✉r❛ ♠✉❡str❛ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡❧ ❝✐r❝✉✐t♦ ❛♥t❡s ❞❡ t = 0✱ ✐♥st❛♥t❡ ❡♥ q✉❡ s❡
❝✐❡rr❛ ❧❛ ❧❧❛✈❡ ❙✳ ❈❛❧❝✉❧❛r ♣❛r❛ t♦❞♦ t > 0 ❡❧ ✈♦❧t❛❥❡ s♦❜r❡ ❡❧ ❝♦♥❞❡♥s❛❞♦r C2 ② ❧❛
❝♦rr✐❡♥t❡ ❡♥ ❡❧ ❝✐r❝✉✐t♦✳

✸✳ ❊♥ ❡❧ ❝✐r❝✉✐t♦ s❡r✐❡ ❞❡ ❧❛ ✜❣✉r❛ s❡ ♣♦♥❡ ❡❧ ✐♥t❡rr✉♣t♦r ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ✶ ❡♥ t = 0 ② s❡
❛♣❧✐❝❛ ✉♥❛ t❡♥s✐ó♥ ❞❡ ✶✵✵❱✳ ❊♥ t = 500µs s❡ ♣❛s❛ ❧❛ ❧❧❛✈❡ ❛ ❧❛ ♣♦s✐❝✐ó♥ ✷✳ ❈❛❧❝✉❧❛r
❧❛ ✐♥t❡♥s✐❞❛❞ i = i(t) ❡♥ t♦❞♦ ✐♥st❛♥t❡ ② ❣r❛✜❝❛r❧❛✳

✹✳ ❯♥❛ ❢✳❡✳♠✳ ❞❡ ✹✵✵❱ s❡ ❝♦♥❡❝t❛ ❡♥ t = 0 ❛ ✉♥ ❝✐r❝✉✐t♦ s❡r✐❡ ❢♦r♠❛❞♦ ♣♦r L = 2❍✱
R = 20Ω ② C = 8µ❋✳

❛✮ ❉❡♠♦str❛r q✉❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ❝❛r❣❛ ❡s ♦s❝✐❧❛t♦r✐♦ ② ❝❛❧❝✉❧❛r ❧❛ ❢r❡❝✉❡♥❝✐❛ ❞❡ ❧❛s
♦s❝✐❧❛❝✐♦♥❡s✳ ❈♦♠♣❛r❛r ❡st❛ ❢r❡❝✉❡♥❝✐❛ ❝♦♥ ❡❧ ✈❛❧♦r ❞❡ (LC)−1/2✳

❜✮ ❈❛❧❝✉❧❛r ❧❛ ❞❡r✐✈❛❞❛ t❡♠♣♦r❛❧ ✐♥✐❝✐❛❧ ❞❡ ❧❛ ❝♦rr✐❡♥t❡✳

❝✮ ❍❛❧❧❛r✱ ❡♥ ❢♦r♠❛ ❛♣r♦①✐♠❛❞❛✱ ❧❛ ♠á①✐♠❛ t❡♥s✐ó♥ s♦❜r❡ C✳

❞✮ ➽◗✉é r❡s✐st❡♥❝✐❛ ❞❡❜❡ ❛❣r❡❣❛rs❡ ❡♥ s❡r✐❡ ♣❛r❛ q✉❡ ❡❧ ❛♠♦rt✐❣✉❛♠✐❡♥t♦ ❞❡❧ ❝✐r❝✉✐t♦
s❡❛ ❝rít✐❝♦❄

✶
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✺✳ ❊♥ ❡❧ ❝✐r❝✉✐t♦ ❞❡ ❧❛ ✜❣✉r❛ s❡ ❝✐❡rr❛ ❧❛ ❧❧❛✈❡ ❙ ❡♥ t = 0✳ ❈❛❧❝✉❧❛r ❧❛s ❝♦rr✐❡♥t❡s q✉❡
❝✐r❝✉❧❛♥ s♦❜r❡ ❝❛❞❛ r❛♠❛✳ ❈♦♠♣❛r❡ ❡❧ tr❛❜❛❥♦ ❞❡ ❧❛ ❢✳❡✳♠✳ ❝♦♥ ❧❛ ❡♥❡r❣í❛ ❞✐s✐♣❛❞❛ ❡♥
❧❛s r❡s✐st❡♥❝✐❛s✱ ❛❧ ❝❛❜♦ ❞❡ ✶✵ s✳ ➽P♦r q✉é ❞✐✜❡r❡♥❄

✻✳ ❯♥ ❝♦♥❞❡♥s❛❞♦r C = 1µ❋ ❡stá ❝♦♥❡❝t❛❞♦ ❡♥ ♣❛r❛❧❡❧♦ ❝♦♥ ✉♥❛ ✐♥❞✉❝t❛♥❝✐❛ L = 0, 1❍
❝✉②❛ r❡s✐st❡♥❝✐❛ ✐♥t❡r♥❛ ✈❛❧❡R = 1Ω✳ ❆❧ ❝♦♥❡❝t❛r ❧❛ ❝♦♠❜✐♥❛❝✐ó♥ ❛ ✉♥❛ ❢✉❡♥t❡ ❛❧t❡r♥❛
❞❡ ✷✷✵❱ ② ✺✵❍③ ❞❡t❡r♠✐♥❛r✿

❛✮ ▲❛ ❝♦rr✐❡♥t❡ ❡♥ ❝❛❞❛ ❡❧❡♠❡♥t♦ ❞❡❧ ❝✐r❝✉✐t♦✳

❜✮ ▲❛ ❝♦rr✐❡♥t❡ t♦t❛❧ ♣♦r ❧❛ ❢✉❡♥t❡✳

❝✮ ▲❛ ♣♦t❡♥❝✐❛ t♦t❛❧ ❞✐s✐♣❛❞❛✳

❈♦♥str✉✐r ❡❧ ❞✐❛❣r❛♠❛ ✈❡❝t♦r✐❛❧ ❡♥ ❡❧ ♣❧❛♥♦ ❝♦♠♣❧❡❥♦ ♣❛r❛ ❝❛❞❛ ♣❛s♦✳

✼✳ ❚r❡s ✐♠♣❡❞❛♥❝✐❛s Z1✱ Z2 ② Z3 ❡stá♥ ❝♦♥❡❝t❛❞❛s ❡♥ ♣❛r❛❧❡❧♦ ❛ ✉♥❛ ❢✉❡♥t❡ ❞❡ ✹✵❱ ②
✺✵❍③✳ ❙✉♣♦♥✐❡♥❞♦ q✉❡ Z1 = 10Ω✱ Z2 = (20 + j 20)Ω ② Z3 = (3− j 40)Ω✿

❛✮ ❈❛❧❝✉❧❛r ❧❛ ❛❞♠✐t❛♥❝✐❛✱ ❝♦♥❞✉❝t❛♥❝✐❛ ② s✉s❝❡♣t❛♥❝✐❛ ❡♥ ❝❛❞❛ r❛♠❛✳

❜✮ ❈❛❧❝✉❧❛r ❧❛ ❝♦♥❞✉❝t❛♥❝✐❛ ② ❧❛ s✉s❝❡♣t❛♥❝✐❛ r❡s✉❧t❛♥t❡ ❞❡ ❧❛ ❝♦♠❜✐♥❛❝✐ó♥✳

❝✮ ❈❛❧❝✉❧❛r ❧❛ ❝♦rr✐❡♥t❡ ❡♥ ❝❛❞❛ r❛♠❛✱ ❧❛ ❝♦rr✐❡♥t❡ r❡s✉❧t❛♥t❡ ② ❧❛ ♣♦t❡♥❝✐❛ t♦t❛❧
❞✐s✐♣❛❞❛✳

❞✮ ❚r❛③❛r ❡❧ ❞✐❛❣r❛♠❛ ✈❡❝t♦r✐❛❧ ❞❡❧ ❝✐r❝✉✐t♦✳

✽✳ ❯♥❛ ✐♥❞✉❝t❛♥❝✐❛ L q✉❡ t✐❡♥❡ ✉♥❛ r❡s✐st❡♥❝✐❛ ✐♥t❡r♥❛ r ❡stá ❝♦♥❡❝t❛❞❛ ❡♥ s❡r✐❡ ❝♦♥
♦tr❛ r❡s✐st❡♥❝✐❛ R = 200Ω✳ ❈✉❛♥❞♦ ❡st♦s ❡❧❡♠❡♥t♦s ❡stá♥ ❝♦♥❡❝t❛❞♦s ❛ ✉♥❛ ❢✉❡♥t❡
❞❡ ✷✷✵❱ ② ✺✵❍③ ❧❛ ❝❛í❞❛ ❞❡ t❡♥s✐ó♥ s♦❜r❡ ❧❛ r❡s✐st❡♥❝✐❛ R ❡s ❞❡ ✺✵❱✳ ❙✐ s❡ ❛❧t❡r❛
s♦❧❛♠❡♥t❡ ❧❛ ❢r❡❝✉❡♥❝✐❛ ❞❡ ❧❛ ❢✉❡♥t❡ ❞❡ ♠♦❞♦ q✉❡ s❡❛ ✻✵❍③✱ ❧❛ t❡♥s✐ó♥ s♦❜r❡ R ♣❛s❛
❛ s❡r ✹✹❱✳ ❉❡t❡r♠✐♥❛r ❧♦s ✈❛❧♦r❡s ❞❡ L ② r✳

✷



✾✳ ❊♥ ❡❧ ❝✐r❝✉✐t♦ ✐♥❞✐❝❛❞♦ ❧❛ ❢✉❡♥t❡ ❞❡ t❡♥s✐ó♥ ❱ t✐❡♥❡ ✶✵✵❱ ② ✺✵❍③✱ C = 20µ❋✱
L = 0, 25❍✱ R1 = R2 = R3 = 10Ω✳

❛✮ ❈❛❧❝✉❧❛r ❧❛ ✐♠♣❡❞❛♥❝✐❛ ❡q✉✐✈❛❧❡♥t❡ ❛ ❧❛ ❞❡r❡❝❤❛ ❞❡ ❧♦s ♣✉♥t♦s ❆ ② ❇✳

❜✮ ❈❛❧❝✉❧❛r ❧❛ ❝♦rr✐❡♥t❡ q✉❡ ❝✐r❝✉❧❛ ♣♦r ❝❛❞❛ r❡s✐st❡♥❝✐❛✳

❝✮ ❈♦♥str✉✐r ❡❧ ❞✐❛❣r❛♠❛ ✈❡❝t♦r✐❛❧ ❞❡❧ ❝✐r❝✉✐t♦✳

✶✵✳ ❉❡❞✉❝✐r ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❡q✉✐❧✐❜r✐♦ ♣❛r❛ ❡❧ ♣✉❡♥t❡ ❞❡ ❲✐❡♥ ❞❡ ❧❛ ✜❣✉r❛✳ ❊♥ ♣❛rt✐✲
❝✉❧❛r✱ s✐ C1 = C2 ② R1 = R2✱ ❤❛❧❧❛r ❡❧ ❝♦❝✐❡♥t❡ R3/R4 r❡q✉❡r✐❞♦ ♣❛r❛ ❡❧ ❡q✉✐❧✐❜r✐♦
✭❆✿ ❞❡t❡❝t♦r✮✳

✶✶✳ ❉❡❞✉❝✐r ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❡q✉✐❧✐❜r✐♦ ♣❛r❛ ❡❧ ♣✉❡♥t❡ q✉❡ s❡ ♠✉❡str❛ ❡♥ ❧❛ ✜❣✉r❛✱ ❞♦♥❞❡
Z1 = R1+j X1 ② Z3 = R3+j X3✳ ❉✐s❝✉t✐r ❧❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❧♦s s✐❣♥♦s ♣♦s✐❜❧❡s ❞❡ X1

② X3 ❡♥ ❡❧ ❡q✉✐❧✐❜r✐♦✳ ❘❡s♦❧✈❡r Z3 ♣❛r❛ ❡❧ ❝❛s♦ ♣❛rt✐❝✉❧❛r ❡♥ q✉❡ R2 = 2R4 = 10Ω✱
R1 = 1Ω ② X1 = 0, 5Ω✳

✸



✶✷✳ ▲❛ ✜❣✉r❛ ♠✉❡str❛ ✉♥ ❞❡s❢❛s❛❞♦r ❞❡ ✈♦❧t❛❥❡✳

❛✮ ❈❛❧❝✉❧❛r ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❢❛s❡ ❡♥tr❡ ❧❛s t❡♥s✐♦♥❡s V ② V ′✳

❜✮ ❉❡♠♦str❛r q✉❡ |V | = |V ′|✳

❝✮ ❊st✉❞✐❛r ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❢❛s❡ ❝✉❛♥❞♦ s❡ ✈❛rí❛ ❡❧ ♣r♦❞✉❝t♦ ωRC

❡♥tr❡ ❝❡r♦ ❡ ✐♥✜♥✐t♦✳ ●r❛✜❝❛r✳

✶✸✳ ❊❧ ❝✐r❝✉✐t♦ ❞❡ ❧❛ ✜❣✉r❛ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♥ ❞✐✈✐s♦r ❞❡ t❡♥s✐ó♥ ❝♦♠♣❡♥s❛❞♦✱ ❞♦♥❞❡ V0/Vi

❡s ❡❧ ❝♦❝✐❡♥t❡ ❡♥tr❡ ❧❛s t❡♥s✐♦♥❡s ❞❡ s❛❧✐❞❛ ✭V0 = VA − VB✮ ② ❞❡ ❡♥tr❛❞❛✳

❛✮ ❍❛❧❧❛r ❧❛ ❝♦♥❞✐❝✐ó♥ ♣❛r❛ q✉❡ V0/Vi s❡❛ ✐♥❞❡♣❡♥❞✐❡♥t❡ ❞❡ ❧❛ ❢r❡❝✉❡♥❝✐❛✳

❜✮ ❈❛❧❝✉❧❛r ❡❧ ✈❛❧♦r ❞❡ V0/Vi ❝✉❛♥❞♦ s❡ ❝✉♠♣❧❡ ❞✐❝❤❛ ❝♦♥❞✐❝✐ó♥✳

✹



✶✹✳ ❍❛❧❧❛r ❡❧ ❡q✉✐✈❛❧❡♥t❡ ❞❡ ❚❤❡✈❡♥✐♥ ❞❡❧ ❝✐r❝✉✐t♦ ❞❡ ❧❛ ✜❣✉r❛ ❡♥tr❡ ❧♦s ♣✉♥t♦s ❆ ② ❇ ②
❧✉❡❣♦ ❝❛❧❝✉❧❛r ❧❛ ❝♦rr✐❡♥t❡ ② ❧❛ ♣♦t❡♥❝✐❛ ❞✐s✐♣❛❞❛ ❡♥ ❧❛ ✐♠♣❡❞❛♥❝✐❛ Z = (2 − j 2)Ω
❝✉❛♥❞♦ s❡ ❝♦♥❡❝t❛ ❡♥tr❡ ❆ ② ❇✳

❉❛t♦s✿ V = 10 ejωt❱✱ Z1 = (5− j 2)Ω✱ Z2 = 3Ω✱ Z3 = j 5Ω ② Z4 = (2− j 2)Ω✳

✶✺✳ ❯♥❛ r❡s✐st❡♥❝✐❛ R✱ ✉♥ ❝♦♥❞❡♥s❛❞♦r C ② ✉♥❛ ✐♥❞✉❝t❛♥❝✐❛ L ❡stá♥ ❝♦♥❡❝t❛❞♦s ❡♥ s❡r✐❡✳

❛✮ ❈❛❧❝✉❧❛r ❧❛ ✐♠♣❡❞❛♥❝✐❛ ❝♦♠♣❧❡❥❛ ❞❡ ❧❛ ❝♦♠❜✐♥❛❝✐ó♥ ② s✉ ✈❛❧♦r ❡♥ r❡s♦♥❛♥❝✐❛
✭❡st♦ ❡s✱ ❝✉❛♥❞♦ ❧❛ r❡❛❝t❛♥❝✐❛ X s❡ ❛♥✉❧❛✮✳

❜✮ ❈♦♥str✉✐r ❡❧ ❞✐❛❣r❛♠❛ ✈❡❝t♦r✐❛❧✳ ❊♠♣❧❡á♥❞♦❧♦✱ ❤❛❧❧❛r ❡❧ ✈❛❧♦r ❞❡ ❧❛ ✐♠♣❡❞❛♥❝✐❛
♣❛r❛ X = R ② ♣❛r❛ ❧❛ r❡s♦♥❛♥❝✐❛✳ ◆♦t❛r q✉❡ ❡①✐st❡♥ ❞♦s ✈❛❧♦r❡s ❞❡ ❢r❡❝✉❡♥❝✐❛
♣❛r❛ ❧♦s ❝✉❛❧❡s s❡ t✐❡♥❡ X = R✳

❝✮ ❚r❛③❛r ❧❛ ❝✉r✈❛ ❞❡ r❡s♦♥❛♥❝✐❛ ② ❤❛❧❧❛r ❡❧ ❛♥❝❤♦ ❞❡ ❜❛♥❞❛ ✭ω2 − ω1✮✳

❞✮ ❘❡♣❡t✐r ❧♦s ♣✉♥t♦s ❛♥t❡r✐♦r❡s s✉♣♦♥✐❡♥❞♦ ❛❤♦r❛ q✉❡ ❧♦s ♠✐s♠♦s ❝♦♠♣♦♥❡♥t❡s s❡
❝♦♥❡❝t❛♥ ❡♥ ♣❛r❛❧❡❧♦✳

✶✻✳ ❊♥ ❡❧ ❝✐r❝✉✐t♦ ❞❡ ❧❛ ✜❣✉r❛ s❡ ♠✉❡str❛ ✉♥ tr❛♥s❢♦r♠❛❞♦r ✐❞❡❛❧ ❝♦♥ N1 ② N2 ❡s♣✐r❛s ❡♥
❡❧ ❞❡✈❛♥❛❞♦ ♣r✐♠❛r✐♦ ② s❡❝✉♥❞❛r✐♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❛✮ ❉✐s❝✉t✐r ❞❡t❛❧❧❛❞❛♠❡♥t❡ ❧❛s r❡❧❛❝✐♦♥❡s ❡♥tr❡ ❧❛s ✐♠♣❡❞❛♥❝✐❛s q✉❡ ❝♦rr❡s♣♦♥❞❡♥
❛ ✉♥ tr❛♥s❢♦r♠❛❞♦r ✐❞❡❛❧✳ ❆♥❛❧✐③❛r ❧❛s ❛♣r♦①✐♠❛❝✐♦♥❡s✳

❜✮ ❍❛❧❧❛r ❧❛s ❝♦rr✐❡♥t❡s q✉❡ ❝✐r❝✉❧❛♥ ♣♦r ❡❧ ♣r✐♠❛r✐♦ ② ♣♦r ❡❧ s❡❝✉♥❞❛r✐♦✳

❝✮ ❉❡t❡r♠✐♥❛r ❧❛s t❡♥s✐♦♥❡s s♦❜r❡ ❝❛❞❛ ❡❧❡♠❡♥t♦ ❞❡❧ ❝✐r❝✉✐t♦✳

❞✮ ❍❛❧❧❛r ❧❛s r❡❧❛❝✐♦♥❡s i2/i1 ② v2/v1✳

✺



✶✼✳ ❊♥ ❡❧ ❝✐r❝✉✐t♦ ❞❡ ❧❛ ✜❣✉r❛ s❡ ♠✉❡str❛ ✉♥ tr❛♥s❢♦r♠❛❞♦r ✐❞❡❛❧✳ ❈❛❧❝✉❧❛r ❡❧ ✈❛❧♦r ❞❡ C
q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛❧ ♠á①✐♠♦ ✈❛❧♦r ❞❡ ❝♦rr✐❡♥t❡ ♣♦r ❡❧ ♣r✐♠❛r✐♦✳

✶✽✳ ❊♥ ❡❧ ❝✐r❝✉✐t♦ ❞❡ ❧❛ ✜❣✉r❛✱ ➽q✉é ✈❛❧♦r ✭❝♦♠♣❧❡❥♦✮ ❞❡ ❧❛ ✐♠♣❡❞❛♥❝✐❛ ❞❡ ❝❛r❣❛ Zc

❝♦rr❡s♣♦♥❞❡ ❛ ❧❛ ♠á①✐♠❛ tr❛♥s❢❡r❡♥❝✐❛ ❞❡ ♣♦t❡♥❝✐❛ ❛❧ s❡❝✉♥❞❛r✐♦❄

✶✾✳ P❛r❛ ❡❧ ❝✐r❝✉✐t♦ ❞❡ ❧❛ ✜❣✉r❛ ❝❛❧❝✉❧❛r✿

❛✮ ▲❛s ❝♦rr✐❡♥t❡s q✉❡ ❝✐r❝✉❧❛♥ ♣♦r ❝❛❞❛ ♠❛❧❧❛✳

❜✮ ▲❛ ❝♦♥❞✐❝✐ó♥ ❞❡ ♠á①✐♠❛ tr❛♥s❢❡r❡♥❝✐❛ ❞❡ ♣♦t❡♥❝✐❛ ❛ ❝❛❞❛ ✐♠♣❡❞❛♥❝✐❛✱ s✉♣♦♥✐❡♥✲
❞♦ ❡♥ ❝❛❞❛ ❝❛s♦ ❧❛s r❡st❛♥t❡s ✜❥❛s✳

❝✮ ❊❧ ❝✐r❝✉✐t♦ ❞❡ ❧❛ ✜❣✉r❛ ♣✉❡❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ✉♥ ❡sq✉❡♠❛ ❞❡ ✉♥❛ ❧í♥❡❛ ❞❡
tr❛♥s♠✐s✐ó♥ ❞❡ ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛✳ ❊♥tr❡ ❧❛ ♣❧❛♥t❛ ❣❡♥❡r❛❞♦r❛ V ② ❧❛ ❝❛r❣❛ Z3✱
q✉❡ r❡♣r❡s❡♥t❛ ❧❛ ✐♠♣❡❞❛♥❝✐❛ ❡q✉✐✈❛❧❡♥t❡ ❞❡ t♦❞♦s ❧♦s ❞✐s♣♦s✐t✐✈♦s ❝♦♥❡❝t❛❞♦s ❛
❧❛ ❧í♥❡❛✱ ❡①✐st❡♥ ❞♦s ♣❧❛♥t❛s tr❛♥s❢♦r♠❛❞♦r❛s✳ Z2 ❡s ❧❛ ✐♠♣❡❞❛♥❝✐❛ ❞❡ ❧❛ ❧í♥❡❛ ❞❡
tr❛♥s♠✐s✐ó♥✳ ❈♦♥s✐❞❡r❛r❡♠♦s ❞❡s♣r❡❝✐❛❜❧❡ ❛ Z1✳ ❙✉♣♦♥❣❛ q✉❡ V = 3000❱ ② q✉❡
s❡ ❞❡s❡❛ ✉♥❛ t❡♥s✐ó♥ ❡♥ ❧❛ ❝❛r❣❛ ❞❡ ✷✷✵❱✳ ❊❧✐❥❛ N2/N1 ② N4/N3 ❞❡ ❢♦r♠❛ t❛❧
q✉❡ ❧❛ ♣ér❞✐❞❛ ❞❡ ❡♥❡r❣í❛ ❡♥ ❧❛ ❧í♥❡❛ ❞❡ tr❛♥s♠✐s✐ó♥ s❡❛ ♠❡♥♦r q✉❡ ✉♥ ✶✵✪ ❞❡
❧❛ ❡♥❡r❣í❛ ❡♥tr❡❣❛❞❛ ❛ ❧❛ ❝❛r❣❛✳ ✭❊❧ r❡s✉❧t❛❞♦ ❞❡ ❡st❡ ♣r♦❜❧❡♠❛ ❡①♣❧✐❝❛ ♣♦r q✉é
❧❛s ❧í♥❡❛s ❞❡ tr❛♥s♠✐s✐ó♥ ❞❡ ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛ s♦♥ ❞❡ ❛❧t❛ t❡♥s✐ó♥✮✳

✻
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