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❆❧②s♦♥ ❍❡♥r✐q✉❡ P❡r❡✐r❛ ❙♦❜r✐♥❤♦

❆✈❛❧✐❛çã♦ ❞♦s ❊❢❡✐t♦s ❞❛ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ s♦❜r❡ ♦s

❚r❛♥s✐tór✐♦s ❊❧❡tr♦♠❛❣♥ét✐❝♦s ❡♠ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦

❉✐ss❡rt❛çã♦ ❞❡ ♠❡str❛❞♦ ❛♣r❡s❡♥t❛❞❛ à ❈♦♦r❞❡♥❛çã♦ ❞♦

Pr♦❣r❛♠❛ ❞❡ Pós✲●r❛❞✉❛çã♦ ❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ❞❛

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡✱ ❡♠ ❝✉♠♣r✐♠❡♥t♦

às ❡①✐❣ê♥❝✐❛s ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ ●r❛✉ ❞❡ ▼❡str❡ ❡♠ ❈✐ê♥❝✐❛s

♥♦ ❉♦♠í♥✐♦ ❞❛ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛✳

➪r❡❛ ❞❡ ❈♦♥❝❡♥tr❛çã♦✿ Pr♦❝❡ss❛♠❡♥t♦ ❞❛ ❊♥❡r❣✐❛

❇❡♥❡♠❛r ❆❧❡♥❝❛r ❞❡ ❙♦✉③❛✱ ❉✳❙❝✳
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❋❧❛✈✐♦ ❇❡③❡rr❛ ❈♦st❛✱ ❉✳❙❝✳
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❆●❘❆❉❊❈■▼❊◆❚❖❙

❆❣r❛❞❡ç♦ ❡ ❣❧♦r✐✜❝♦ ❛ ❉❡✉s✱ ♣r✐♠❡✐r❛♠❡♥t❡✱ ♣❡❧❛ s✉❛ ✐♥✜♥✐t❛ ❜♦♥❞❛❞❡ ❡ ♠✐s❡r✐❝ór❞✐❛ ❡♠ t♦❞♦s

♦s ♠♦♠❡♥t♦s ❞❡ ♠✐♥❤❛ ✈✐❞❛✳ ❙❡♠ ❊❧❡✱ ❡✉ ♥ã♦ s❡r✐❛ ❝❛♣❛③ ❞❡ s✉♣❡r❛r ♦s ♦❜stá❝✉❧♦s q✉❡ ❡♥❝♦♥tr❡✐

❡ q✉❡ ❛✐♥❞❛ ❤❡✐ ❞❡ ❡♥❝♦♥tr❛r ♣❡❧❛ ❢r❡♥t❡✳

❆♦s ♣r♦❢❡ss♦r❡s ♦r✐❡♥t❛❞♦r❡s✱ ❉r✳ ❇❡♥❡♠❛r ❆❧❡♥❝❛r ❞❡ ❙♦✉③❛ ❡ ❉r✳ ❋❧❛✈✐♦ ❇❡③❡rr❛ ❈♦st❛✱

♣❡❧❛ ✈❛❧✐♦s❛ ❝♦♥tr✐❜✉✐çã♦ ♥❛ ♠✐♥❤❛ ♦r✐❡♥t❛çã♦ ❡ ♣❡❧❛s ♦♣♦rt✉♥✐❞❛❞❡s ❞❡ ❛♣r❡♥❞✐③❛❞♦ ♥❛ ♠✐♥❤❛

✈✐❞❛ ❛❝❛❞ê♠✐❝❛✳

❆♦s ♠❡✉s ♣❛✐s✱ ❩é❧✐❛ ▼❛r✐❛ ❡ ❋r❛♥❝✐s❝♦ ❈❛♥✐♥❞é✱ ♣❡❧♦ s❛❝r✐❢í❝✐♦ ❛ ✜♠ ❞❡ ♠❡ ♣r♦♣✐❝✐❛r

❛s ♠❡❧❤♦r❡s ❝♦♥❞✐çõ❡s ♣♦ssí✈❡✐s ❡ ♣❡❧♦ ❡①❡♠♣❧♦ ❞❡ ✈✐❞❛❀ à ♠✐♥❤❛ ✐r♠ã ❊❧✐❛❧❞❛ ❆❧✈❡s ❡ ❛♦

♠❡✉ ❝✉♥❤❛❞♦ ❱✐❝❡♥t❡ ❏♦sé ♣♦r ♠❡ ❣❛r❛♥t✐r❡♠✱ ❞✉r❛♥t❡ ♠✉✐t♦s ❛♥♦s✱ ❝♦♥❞✐çõ❡s ♣❛r❛ q✉❡ ❡✉

♣✉❞❡ss❡ s❡❣✉✐r ❡♠ ❢r❡♥t❡ ♥♦s ♠❡✉s ♦❜❥❡t✐✈♦s❀ ❛♦s ♠❡✉s ❞❡♠❛✐s ✐r♠ã♦s ❡ ♠❡♠❜r♦s ❞❛ ❢❛♠í❧✐❛

s♦✉ ❡t❡r♥❛♠❡♥t❡ ❣r❛t♦ ♣♦r t✉❞♦✳

❆ ▲✐❧✐❛♥❡ ❆③❡✈❡❞♦ ♣❡❧❛ ✈❛❧✐♦s❛ ❝♦♠♣❛♥❤✐❛ ❡ ❝♦♥st❛♥t❡ ✐♥❝❡♥t✐✈♦✳

❆❣r❛❞❡ç♦ ❛♦s ❡st✐♠❛❞♦s ❡ ♥♦❜r❡s ♣r♦❢❡ss♦r❡s ❞❛ ❯❋❘◆ ❡ ❞❛ ❯❋❈● ♣❡❧❛ ❞❡❞✐❝❛çã♦ ❡ r❡s✲

♣♦♥s❛❜✐❧✐❞❛❞❡ ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s✉❛s ❛t✐✈✐❞❛❞❡s ❡ ♣❡❧❛ ✈❛❧✐♦s❛ ❝♦♥tr✐❜✉✐çã♦ ♥♦s ú❧t✐♠♦s

❛♥♦s✳

❆♦s ❛♠✐❣♦s ❞❛ ❯❋❘◆✿ ❆♥❞ré ▼❡❧♦✱ ❘♦❞r✐❣♦ ▲♦♣❡s✱ ❑❧❡❞✐r ❈â♠❛r❛✱ ❚❛❧❡s ❲✐r✐t♦♥✱ ❏✉❧✲

❧✐❛♥ ▲❛✉r❡♥t✐♥♦✱ ▼ár❝✐♦ ❉✐❧❡r♠❛♥♦ ❡ ▼❛r❝✉s ❱✐♥í❝✐✉s ♣❡❧❛ ❛♠✐③❛❞❡ ❝♦♥str✉í❞❛ ❞✉r❛♥t❡ t♦❞♦ ♦

♣❡rí♦❞♦ ❞❛ ❣r❛❞✉❛çã♦✳

❆♦s ❛♠✐❣♦s ❞♦ ●r✉♣♦ ❞❡ ❙✐st❡♠❛s ❊❧étr✐❝♦s ❞❛ ❯❋❈●✿ ❋❡❧✐♣❡ ▲♦♣❡s✱ ❈é❧✐♦ ❆♥és✐♦✱ ❏♦ã♦

❈❛♠♣♦s✱ ❍✉✐❧♠❛♥ ❙❛♥❝❛ ❙❛♥❝❛ ❡ ❋r❛♥❝✐s❝♦ ❙♦✉③❛ ♣❡❧❛ ❛♠✐③❛❞❡ ❝♦♥q✉✐st❛❞❛ ♥❡ss❡ ♣❡rí♦❞♦ ❡

♣❡❧❛s ❝♦♥tr✐❜✉✐çõ❡s✱ ♥❡♠ q✉❡ t❡♥❤❛♠ s✐❞♦ ❡♠ s✐♠♣❧❡s ❝♦♥✈❡rs❛s✱ ♠❛s q✉❡ ❢♦r❛♠ ❞❡ ❣r❛♥❞❡

✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❛ ❡①❡❝✉çã♦ ❞❡ss❡ tr❛❜❛❧❤♦✳

P❛r❛ ♦s ❞❡♠❛✐s q✉❡ ❞✐r❡t❛ ♦✉ ✐♥❞✐r❡t❛♠❡♥t❡ ❝♦♥tr✐❜✉ír❛♠ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✱

✜❝❛ ❛q✉✐ ♦ ♠❡✉ ♠✉✐t♦ ♦❜r✐❣❛❞♦✦

❆❧②s♦♥ ❍❡♥r✐q✉❡ P❡r❡✐r❛ ❙♦❜r✐♥❤♦

✐✐✐



❘❊❙❯▼❖

❆ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ✐♥✢✉❡♥❝✐❛ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡

♣r♦t❡çã♦ q✉❡ s❡ ❜❛s❡✐❛♠ ♥❛ ❡st✐♠❛çã♦ ❞♦s ❢❛s♦r❡s ❢✉♥❞❛♠❡♥t❛✐s ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s✳ P♦ré♠✱

❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ s♦❜r❡ ♦ ❝♦♥t❡ú❞♦ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞❡ss❡s s✐♥❛✐s q✉❛♥❞♦ ❞❛

♦❝♦rrê♥❝✐❛ ❞❡ ✉♠❛ ❢❛❧t❛ ♥❡❝❡ss✐t❛ ❞❡ ♠❡❧❤♦r ❛✈❛❧✐❛çã♦✳ P♦rt❛♥t♦✱ ❡st❡ tr❛❜❛❧❤♦ t❡♠ ❝♦♠♦

♦❜❥❡t✐✈♦ ❛✈❛❧✐❛r ♦s ❡❢❡✐t♦s ❞♦ ❡♠♣r❡❣♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✜①❛✱ ❛ss✐♠ ❝♦♠♦ ❛✈❛❧✐❛r ♦s ❡❢❡✐t♦s

❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ✭â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✱ r❡s✐stê♥❝✐❛ ❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✮✱ ❡♠ r❡❧❛çã♦ ❛♦s

tr❛♥s✐tór✐♦s ✐♥❞✉③✐❞♦s ♣♦r ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ ❆ ✐♥✈❡st✐❣❛çã♦ ❞❡ss❡s ❡❢❡✐t♦s ♣♦❞❡

❛✉①✐❧✐❛r ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡ ❛♣❧✐❝❛çã♦ ❞❡ ♠ét♦❞♦s ❞❡ ❞✐❛❣♥óst✐❝♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛

❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♣❛r❛ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❆ q✉❛♥t✐✜❝❛çã♦ ❞♦s

tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ❢♦✐ r❡❛❧✐③❛❞❛ ♣♦r ♠❡✐♦ ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡

❝♦rr❡♥t❡s✳ ❖s ❞✐❢❡r❡♥t❡s ❝❡♥ár✐♦s ❞❡ ❢❛❧t❛ r❡q✉❡r✐❞♦s ♣❛r❛ ❡ss❛ ❛♥á❧✐s❡ ❢♦r❛♠ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❡

s✐♠✉❧❛çõ❡s✳ ❈♦♠♦ ❢♦r♠❛ ❞❡ ❝♦♠♣❧❡♠❡♥t❛r ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✱ ❞♦✐s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦

❞❡ ❢❛❧t❛s ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞♦s✿ ✉♠ ❜❛s❡❛❞♦ ♥❛ ❡st✐♠❛çã♦ ❞♦s ❢❛s♦r❡s ❢✉♥❞❛♠❡♥t❛✐s ❞❡ t❡♥sã♦ ❡

❝♦rr❡♥t❡ ❡ ♦✉tr♦ ❜❛s❡❛❞♦ ♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✱ ✉s❛♥❞♦ ❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t✳ ❆♠❜♦s

♦s ♠ét♦❞♦s r❡q✉❡r❡♠ ❞❛❞♦s ❞❡ ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ❡ ❢♦r❛♠ ❛✈❛❧✐❛❞♦s ♣❛r❛ ❧✐♥❤❛s s❡♠ ❡ ❝♦♠

❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❯♠❛ ❛♥á❧✐s❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❡♠ r❡❧❛çã♦ ❛♦s ♣❛râ♠❡tr♦s q✉❡ ♠❛✐s ❛❢❡t❛♠

❡ss❡s ♠ét♦❞♦s✱ t❛✐s ❝♦♠♦ ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❡ ♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✱ t❛♠❜é♠ ❢♦✐ r❡❛❧✐③❛❞❛✱

❜❡♠ ❝♦♠♦ ✉♠❛ ❛♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛ ❡♥tr❡ ♦s s❡✉s ❞❡s❡♠♣❡♥❤♦s✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❈♦♠♣❡♥s❛çã♦ sér✐❡ ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦❀ tr❛♥s✐tór✐♦s ✐♥❞✉③✐❞♦s ♣♦r ❢❛❧t❛s❀

❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡ts❀ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✳
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❙❡r✐❡s ❝♦♠♣❡♥s❛t✐♦♥ ♦♥ tr❛♥s♠✐ss✐♦♥ ❧✐♥❡s ❛✛❡❝ts t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ♣r♦t❡❝t✐✈❡ ❞❡✈✐❝❡s ❜❛s❡❞

♦♥ ❡st✐♠❛t✐♦♥ ♦❢ ❢✉♥❞❛♠❡♥t❛❧ ♣❤❛s♦rs ♦❢ ✈♦❧t❛❣❡s ❛♥❞ ❝✉rr❡♥ts✳ ❍♦✇❡✈❡r✱ t❤❡ ✐♥✢✉❡♥❝❡ ♦❢ s❡r✐❡s

❝♦♠♣❡♥s❛t✐♦♥ ♦♥ ❤✐❣❤ ❢r❡q✉❡♥❝② ❝♦♥t❡♥t ♦❢ t❤❡s❡ s✐❣♥❛❧s ✇❤❡♥ ❛ ❢❛✉❧t ♦❝❝✉rs ♥❡❡❞s ❛ t❤♦r♦✉❣❤

✐♥✈❡st✐❣❛t✐♦♥✳ ❚❤❡♥✱ t❤✐s ❞✐ss❡rt❛t✐♦♥ ❛✐♠s t♦ ❛ss❡ss t❤❡ ❡✛❡❝ts ♦❢ ✜①❡❞ s❡r✐❡s ❝♦♠♣❡♥s❛t✐♦♥

❡♠♣❧♦②♠❡♥t✱ ❛s ✇❡❧❧ ❛s t❤❡ ❡✛❡❝ts ♦❢ ❢❛✉❧t ♣❛r❛♠❡t❡rs ✭❢❛✉❧t ✐♥❝❡♣t✐♦♥ ❛♥❣❧❡✱ r❡s✐st❛♥❝❡✱ ❛♥❞

❧♦❝❛t✐♦♥✮✱ ✐♥ ❢✉♥❝t✐♦♥ ♦❢ ❢❛✉❧t✲✐♥❞✉❝❡❞ tr❛♥s✐❡♥ts ♦♥ tr❛♥s♠✐ss✐♦♥ ❧✐♥❡s✳ ❚❤❡ ✐♥✈❡st✐❣❛t✐♦♥ ♦❢

t❤❡s❡ ❡✛❡❝ts ♠❛② ❤❡❧♣ t❤❡ ❞❡✈❡❧♦♣♠❡♥t ❛♥❞ ❛♣♣❧✐❝❛t✐♦♥ ♦❢ tr❛✈❡❧❧✐♥❣ ✇❛✈❡s✲❜❛s❡❞ ❢❛✉❧t ❞✐❛❣✲

♥♦s✐s ♠❡t❤♦❞s ❢♦r s❡r✐❡s ❝♦♠♣❡♥s❛t❡❞ tr❛♥s♠✐ss✐♦♥ ❧✐♥❡s✳ ❚❤❡ q✉❛♥t✐✜❝❛t✐♦♥ ♦❢ ❢❛✉❧t✲✐♥❞✉❝❡❞

tr❛♥s✐❡♥ts ✐s ♣❡r❢♦r♠❡❞ ❜② ♠❡❛♥s ♦❢ t❤❡ ✇❛✈❡❧❡t ❝♦❡✣❝✐❡♥t ❡♥❡r❣✐❡s ❢♦r ❜♦t❤ ✈♦❧t❛❣❡s ❛♥❞ ❝✉r✲

r❡♥ts✳ ❚❤❡ ❞✐✛❡r❡♥t ❢❛✉❧t s❝❡♥❛r✐♦s r❡q✉✐r❡❞ ❜② t❤✐s ❛♥❛❧②s✐s ✇❡r❡ ♦❜t❛✐♥❡❞ ❜② ♠❡❛♥s ♦❢ ❢❛✉❧t

s✐♠✉❧❛t✐♦♥s✳ ■♥ ♦r❞❡r t♦ ❝♦♠♣❧❡♠❡♥t t❤❡ ❛❝❤✐❡✈❡❞ r❡s✉❧ts✱ t✇♦ ❢❛✉❧t ❧♦❝❛t✐♦♥ ♠❡t❤♦❞s ✇❡r❡

✐♠♣❧❡♠❡♥t❡❞✿ ♦♥❡ ❜❛s❡❞ ♦♥ ❢✉♥❞❛♠❡♥t❛❧ ❢r❡q✉❡♥❝② ❡st✐♠❛t✐♦♥ ❛♥❞ ❛♥♦t❤❡r ❜❛s❡❞ ♦♥ tr❛✈❡❧❧✐♥❣

✇❛✈❡s t❤❡♦r②✱ ❜② ✉s✐♥❣ t❤❡ ✇❛✈❡❧❡t tr❛♥s❢♦r♠✳ ❇♦t❤ t❤❡s❡ ♠❡t❤♦❞s r❡q✉✐r❡ ❞❛t❛ r❡❣✐st❡r❡❞ ✐♥

❜♦t❤ t❡r♠✐♥❛❧s ♦❢ t❤❡ ❧✐♥❡ ❛♥❞ ✇❡r❡ ❛ss❡ss❡❞ ❢♦r ♥♦♥✲❝♦♠♣❡♥s❛t❡❞ ❛♥❞ s❡r✐❡s ❝♦♠♣❡♥s❛t❡❞ ❧✐♥❡s✳

❆ s❡♥s✐t✐✈✐t② ❛♥❛❧②s✐s ♦❢ t❤❡ ♣❛r❛♠❡t❡rs t❤❛t ♠♦r❡ ❛✛❡❝t ✐♥ t❤❡s❡ ♠❡t❤♦❞s✱ s✉❝❤ ❛s ❝♦♠♣❡♥✲

s❛t✐♦♥ ❞❡❣r❡❡ ❛♥❞ ❢❛✉❧t ♣❛r❛♠❡t❡rs✱ ✇❡r❡ ❛❧s♦ ♣❡r❢♦r♠❡❞✱ ❛s ✇❡❧❧ ❛s ❛ ❝♦♠♣❛r❛t✐✈❡ ❛♥❛❧②s✐s

❜❡t✇❡❡♥ t❤❡✐r ♣❡r❢♦r♠❛♥❝❡s✳

❑❡②✇♦r❞s✿ ❙❡r✐❡s ❝♦♠♣❡♥s❛t✐♦♥ ♦♥ tr❛♥s♠✐ss✐♦♥ ❧✐♥❡s❀ ❢❛✉❧t✲✐♥❞✉❝❡❞ tr❛♥s✐❡♥ts❀ ✇❛✈❡❧❡t ❝♦❡✣✲

❝✐❡♥t ❡♥❡r❣②❀ ❢❛✉❧t ❧♦❝❛t✐♦♥✳

✈
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▲✐st❛ ❞❡ ❋✐❣✉r❛s ①

▲✐st❛ ❞❡ ❚❛❜❡❧❛s ①✐✈

▲✐st❛ ❞❡ ❙í♠❜♦❧♦s ①✈✐

▲✐st❛ ❞❡ ❙✐❣❧❛s ①✈✐✐✐

❈❛♣ít✉❧♦ ✶✕ ■♥tr♦❞✉çã♦ ✶
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❈❛♣ít✉❧♦ ✷✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ❡♠ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦ ✼

✷✳✶ ■♥tr♦❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼

✷✳✷ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ❋✐①❛ ❡♠ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽

✷✳✷✳✶ ❈♦♥s✐❞❡r❛çõ❡s ●❡r❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽

✷✳✷✳✷ ●r❛✉ ❞❡ ❈♦♠♣❡♥s❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾

✷✳✷✳✸ ❖ ❙✐st❡♠❛ ❞❡ Pr♦t❡çã♦ ❞❛ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ❋✐①❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵
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✷✳✷✳✺ ❊❢❡✐t♦ ❞❛ ▲♦❝❛❧✐③❛çã♦ ❞❛ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ❋✐①❛ ♥❛ ▲✐♥❤❛ ❞❡ ❚r❛♥s♠✐ssã♦ ✶✹

✷✳✸ ❘❡s✉♠♦ ❞♦ ❈❛♣ít✉❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺

❈❛♣ít✉❧♦ ✸✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❚r❛♥s❢♦r♠❛❞❛ ❲❛✈❡❧❡t ✶✻
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❈❛♣ít✉❧♦ ✹✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛ ✷✼
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✼✳✶✵ ❈♦rr❡♥t❡s ♥♦s s❡❝✉♥❞ár✐♦s ❞♦ ❚❈✿ ✭❛✮ ♥ã♦ s❛t✉r❛❞♦ ❀ ✭❜✮ s❛t✉r❛❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✵

✼✳✶✶ ❆♥á❧✐s❡ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣❛r❛ ❞❛❞♦s ♠♦♥✐t♦r❛❞♦s ❡♠

❚❈ s❛t✉r❛❞♦ ❡ ❚P❈ ♥♦ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✿ ✭❛✮ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮❀

✭❜✮ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✶
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✸✳✶ ◆ú♠❡r♦ ❞❡ ❛♠♦str❛s ❡ ❡s♣❡❝tr♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ❛ ♣❛rt✐r ❞❛ ❛♣❧✐❝❛çã♦ ❞❡ três ❡stá❣✐♦s

❞❛ ❚❲❉ s♦❜r❡ ✉♠ s✐♥❛❧ ♦r✐❣✐♥❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵

✹✳✶ ❘❡s✉♠♦ ❞❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ r❡❢❡r❡♥t❡ ❛♦ ❞✐❛❣♥óst✐❝♦ ❞❡ ❢❛❧t❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

✹✳✷ ❘❡s✉♠♦ ❞❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ r❡❢❡r❡♥t❡ à ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

✹✳✸ ❈❛r❛❝t❡ríst✐❝❛s ❛ss♦❝✐❛❞❛s ❛♦s ♣r✐♥❝✐♣❛✐s t✐♣♦s ❞❡ ❧♦❝❛❧✐③❛❞♦r❡s ❞❡ ❢❛❧t❛s✳ ✳ ✳ ✳ ✳ ✳ ✸✾

✺✳✶ ❉❛❞♦s ❞❛s ❢♦♥t❡s ❞♦ s✐st❡♠❛ ❞❡ ✺✵✵ ❦❱✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶

✺✳✷ ❉❛❞♦s ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ s✐st❡♠❛ ❞❡ ✺✵✵ ❦❱✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶

✺✳✸ ❇❛s❡s ❞❡ ❞❛❞♦s ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ s❡♠ ❝♦♠♣❡♥s❛çã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶

✺✳✹ ❇❛s❡s ❞❡ ❞❛❞♦s ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ✳ ✳ ✳ ✹✷

✺✳✺ ❱❛❧♦r❡s ❞♦s r❡s✐st♦r❡s ♣❛r❛ ❛♣❧✐❝❛çã♦ ❞♦s ❞✐✈❡rs♦s t✐♣♦s ❞❡ ❢❛❧t❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✷

✺✳✻ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(θf ) ♣❛r❛ ❢❛❧t❛s ❆❚ ❡♠ ❧✐♥❤❛s s❡♠ ❡

❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻

✺✳✼ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(θf ) ♣❛r❛ ❢❛❧t❛s ❆❇ ❡♠ ❧✐♥❤❛s s❡♠ ❡

❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾

✺✳✽ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(θf ) ♣❛r❛ ❢❛❧t❛s ❆❇❚ ❡♠ ❧✐♥❤❛s s❡♠

❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷

✺✳✾ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(θf ) ♣❛r❛ ❢❛❧t❛s ❆❇❈ ❡♠ ❧✐♥❤❛s s❡♠

❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✺✳✶✵ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(rf ) ♣❛r❛ ❢❛❧t❛s ❆❚ ❡♠ ❧✐♥❤❛s s❡♠ ❡

❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✻

✺✳✶✶ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(rf ) ♣❛r❛ ❢❛❧t❛s ❆❇ ❡♠ ❧✐♥❤❛s s❡♠ ❡

❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽
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✺✳✶✷ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(rf ) ♣❛r❛ ❢❛❧t❛s ❆❇❈ ❡♠ ❧✐♥❤❛s s❡♠

❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✾

✼✳✶ ❘❡s✉♠♦ ❞❛ ❛♥á❧✐s❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✳ ✳ ✳ ✳ ✳ ✾✷
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a ✲ ❋❛t♦r ❞❡ ❡s❝❛❧❛✳

Aj ✲ ▼❛tr✐③ ❝✐r❝✉❧❛♥t❡ ❢♦r♠❛❞❛ ♣❡❧♦s ❝♦❡✜❝✐❡♥t❡s ❞♦s ✜❧tr♦s ❡s❝❛❧❛ ❞❛ ❚❲❉ ♥❛ ❡s❝❛❧❛ j✳

Ãj ✲ ▼❛tr✐③ ❝✐r❝✉❧❛♥t❡ ❢♦r♠❛❞❛ ♣❡❧♦s ❝♦❡✜❝✐❡♥t❡s ❞♦s ✜❧tr♦s ❡s❝❛❧❛ ❞❛ ❚❲❉❘ ♥❛ ❡s❝❛❧❛ j✳

b ✲ ❋❛t♦r ❞❡ ❞❡s❧♦❝❛♠❡♥t♦✳

Bj ✲ ▼❛tr✐③ ❝✐r❝✉❧❛♥t❡ ❢♦r♠❛❞❛ ♣❡❧♦s ❝♦❡✜❝✐❡♥t❡s ❞♦s ✜❧tr♦s ✇❛✈❡❧❡ts ❞❛ ❚❲❉ ♥❛ ❡s❝❛❧❛ j✳

B̃j ✲ ▼❛tr✐③ ❝✐r❝✉❧❛♥t❡ ❢♦r♠❛❞❛ ♣❡❧♦s ❝♦❡✜❝✐❡♥t❡s ❞♦s ✜❧tr♦s ✇❛✈❡❧❡ts ❞❛ ❚❲❉❘ ♥❛ ❡s❝❛❧❛ j✳

❞❜✭n✮ ✲ ❲❛✈❡❧❡t ♠ã❡ ❉❛✉❜❡❝❤✐❡s ❝♦♠ n ❝♦❡✜❝✐❡♥t❡s ♥♦s ✜❧tr♦s ❡s❝❛❧❛ ❡ ✇❛✈❡❧❡t✳

c ✲ ❱❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❛ ❧✉③ ♥♦ ✈á❝✉♦✳

dest ✲ ❉✐stâ♥❝✐❛ ❡st✐♠❛❞❛ ♣♦r ✉♠ ♠ét♦❞♦ ❧♦❝❛❧✐③❛❞♦r ❞❡ ❢❛❧t❛s✳

df ✲ ❉✐stâ♥❝✐❛ ❡♥tr❡ ♦ ❧♦❝❛❧ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠❛ ❢❛❧t❛ ❡ ♦ t❡r♠✐♥❛❧ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ✭❞✐stâ♥❝✐❛

❞❡ ❢❛❧t❛✮✳

dreal ✲ ❉✐stâ♥❝✐❛ r❡❛❧ ❞❡ ❢❛❧t❛✳

∆k ✲ ◆ú♠❡r♦ ❞❡ ❛♠♦str❛s ❡♠ ✉♠ ❝✐❝❧♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✳

∆θ ✲ ➶♥❣✉❧♦ ❞❡ ❞❡❢❛s❛❣❡♠ r❡❧❛t✐✈♦ ❛♦ t❡♠♣♦ ❞❡ trâ♥s✐t♦ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ❞♦ ❧♦❝❛❧ ❞❛ ❢❛❧t❛

❛té ♦ t❡r♠✐♥❛❧ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦✳

EA ✲ ❊rr♦ ❛❜s♦❧✉t♦✳

Ead ✲ ❊rr♦ ❛❞♠✐ssí✈❡❧✳

ER ✲ ❊rr♦ r❡❧❛t✐✈♦✳

Ėj(k) ✲ ❊♥❡r❣✐❛ ❥❛♥❡❧❛❞❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♥❛ ❡s❝❛❧❛ j✳

f ✲ ❋r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✳

F (a, b) ✲ ❚r❛♥s❢♦r♠❛❞❛ ❲❛✈❡❧❡t ❈♦♥tí♥✉❛ ♣❛r❛ ❡s❝❛❧❛ a ❡ ❞❡s❧♦❝❛♠❡♥t♦ b✳

F (m,n) ✲ ❚r❛♥s❢♦r♠❛❞❛ ❲❛✈❡❧❡t ❉✐s❝r❡t❛ ♣❛r❛ ❡s❝❛❧❛ m ❡ ❞❡s❧♦❝❛♠❡♥t♦ n✳

fs ✲ ❋r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠✳

g ✲ ❋✐❧tr♦ ♣❛ss❛✲❜❛✐①❛ ❞❛ ❚❲❉✳

g̃ ✲ ❋✐❧tr♦ ♣❛ss❛✲❜❛✐①❛ ❞❛ ❚❲❉❘✳

h ✲ ❋✐❧tr♦ ♣❛ss❛✲❛❧t❛ ❞❛ ❚❲❉✳

①✈✐



①✈✐✐

h̃ ✲ ❋✐❧tr♦ ♣❛ss❛✲❛❧t❛ ❞❛ ❚❲❉❘✳

iA✱ iB✱ iC ✱ iN ✲ ❈♦rr❡♥t❡s ❞❡ ❢❛s❡ ❡ ❞❡ ♥❡✉tr♦ ♥♦ t❡r♠✐♥❛❧ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦✳

j ✲ j✲és✐♠❛ ❡s❝❛❧❛✳

Jmax ✲ ◆ú♠❡r♦ ♠á①✐♠♦ ❞❡ ❞❡❝♦♠♣♦s✐çõ❡s ✭❡s❝❛❧❛s✮ ❞❡ ✉♠ s✐♥❛❧✳

k ✲ ●r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

k1 ✲ ❆♠♦str❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦ ✐♥st❛♥t❡ ❞❡ ❢❛❧t❛ ♥♦ t❡r♠✐♥❛❧ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦✳

kf ✲ ❆♠♦str❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦ ✐♥st❛♥t❡ ❞❡ ❢❛❧t❛ ♥♦ ❧♦❝❛❧ ❞❛ ❢❛❧t❛✳

ki ✲ ❆♠♦str❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦ ♣❡rí♦❞♦ tr❛♥s✐tór✐♦ i✱ ✐❞❡♥t✐✜❝❛❞❛ ♥❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❞❡ ❢❛s❡✳

kt ✲ ◆ú♠❡r♦ t♦t❛❧ ❞❡ ❛♠♦str❛s ❞❡ ✉♠ s✐♥❛❧✳

L ✲ ◆ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ❞♦s ✜❧tr♦s ❡s❝❛❧❛ ❡ ✇❛✈❡❧❡t✳

nA ✲ ◆ú♠❡r♦ ❞❡ ❛♠♦str❛s ♣♦r ❝✐❝❧♦ ❞❡ ✉♠ s✐♥❛❧✳

P12 ✲ P♦tê♥❝✐❛ ❛t✐✈❛ q✉❡ ✢✉✐ ❞❛ ❜❛rr❛ ✶ ♣❛r❛ ❛ ❜❛rr❛ ✷✳

P12comp ✲ P♦tê♥❝✐❛ ❛t✐✈❛ q✉❡ ✢✉✐ ❞❛ ❜❛rr❛ ✶ ♣❛r❛ ❛ ❜❛rr❛ ✷ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❧✐♥❤❛ ❝♦♠♣❡♥s❛❞❛✳

ψa,b ✲ ❲❛✈❡❧❡t ♠ã❡✳

Q12 ✲ P♦tê♥❝✐❛ r❡❛t✐✈❛ q✉❡ ✢✉✐ ❞❛ ❜❛rr❛ ✶ ♣❛r❛ ❛ ❜❛rr❛ ✷✳

Q12comp ✲ P♦tê♥❝✐❛ r❡❛t✐✈❛ q✉❡ ✢✉✐ ❞❛ ❜❛rr❛ ✶ ♣❛r❛ ❛ ❜❛rr❛ ✷ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❧✐♥❤❛ ❝♦♠♣❡♥s❛❞❛✳

rf ✲ ❘❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✳

sj(k) ✲ ❈♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛ ♥❛ ❡s❝❛❧❛ j✳

s0(k) ✲ ❙✐♥❛❧ ♦r✐❣✐♥❛❧✳

θf ✲ ➶♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✳

θ12 ✲ ❉✐❢❡r❡♥ç❛ ❛♥❣✉❧❛r ❡♥tr❡ ❛s t❡♥sõ❡s ♥❛s ❜❛rr❛s ✶ ❡ ✷✳

Un ✲ ❆♠♣❧✐t✉❞❡ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❤❛r♠ô♥✐❝❛ n✳

vA✱ vB✱ vC ✱ vN ✲ ❚❡♥sõ❡s ❞❡ ❢❛s❡ ❡ ❞❡ ♥❡✉tr♦ ♥♦ t❡r♠✐♥❛❧ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦✳

vABf ✱ vBCf ✱ vCAf ✲ ❚❡♥sõ❡s ❞❡ ❧✐♥❤❛ ♥♦ ❧♦❝❛❧ ❞❛ ❢❛❧t❛✳

x(k) ✲ ❙✐♥❛❧ ❞✐s❝r❡t♦✳

XC ✲ ❘❡❛tâ♥❝✐❛ ❝❛♣❛❝✐t✐✈❛ ❞♦ ❝❛♣❛❝✐t♦r sér✐❡✳

XL ✲ ❘❡❛tâ♥❝✐❛ ✐♥❞✉t✐✈❛ sér✐❡ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

xrp ✲ P❛r❝❡❧❛ ❞❡ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ ❞❡ ✉♠ s✐♥❛❧✳

xt ✲ P❛r❝❡❧❛ ❞❡ r❡❣✐♠❡ tr❛♥s✐tór✐♦ ❞❡ ✉♠ s✐♥❛❧✳

wj(k) ✲ ❈♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♥❛ ❡s❝❛❧❛ j✳

ω ✲ ❋r❡q✉ê♥❝✐❛ ❛♥❣✉❧❛r ❢✉♥❞❛♠❡♥t❛❧✳



▲■❙❚❆ ❉❊ ❙■●▲❆❙

❆❚P ❆❧t❡r♥❛t✐✈❡ ❚r❛♥s✐❡♥t Pr♦❣r❛♠✳

❈❙ ❈♦♠♣❡♥s❛çã♦✴❈❛♣❛❝✐t♦r ❙ér✐❡✳

❋❆❈❚❙ ❋❧❡①✐❜❧❡ ❆❈ ❚r❛♥s♠✐ss✐♦♥ ❙②st❡♠s ✲ ❙✐st❡♠❛s ❋❧❡①í✈❡✐s ❞❡ ❚r❛♥s♠✐ssã♦ ❡♠ ❈♦rr❡♥t❡

❆❧t❡r♥❛❞❛✳

❋❛❧t❛ ❆❇ ❋❛❧t❛ ❡♥tr❡ ❛s ❢❛s❡s ❆ ❡ ❇✳

❋❛❧t❛ ❆❇❈ ❋❛❧t❛ ❡♥tr❡ ❛s ❢❛s❡s ❆✱ ❇ ❡ ❈✳

❋❛❧t❛ ❆❇❚ ❋❛❧t❛ ❡♥tr❡ ❛s ❢❛s❡s ❆ ❡ ❇ ❡ ❛ t❡rr❛✳

❋❛❧t❛ ❆❚ ❋❛❧t❛ ❡♥tr❡ ❛ ❢❛s❡ ❆ ❡ ❛ t❡rr❛✳

❋P❆ ❋✐❧tr♦ P❛ss❛✲❆❧t❛✳

❋P❇ ❋✐❧tr♦ P❛ss❛✲❇❛✐①❛✳

●P❙ ●❧♦❜❛❧ P♦s✐t✐♦♥✐♥❣ ❙②st❡♠✳

▼❛t❧❛❜ ▼❛tr✐① ❧❛❜♦r❛t♦r②✳

▼❖❱ ▼❡t❛❧ ❖①✐❞❡ ❱❛r✐st♦r✳

◗❊❊ ◗✉❛❧✐❞❛❞❡ ❞❛ ❊♥❡r❣✐❛ ❊❧étr✐❝❛✳

❘❉P ❘❡❣✐str❛❞♦r ❉✐❣✐t❛❧ ❞❡ P❡rt✉r❜❛çã♦✳

❘◆❆ ❘❡❞❡ ◆❡✉r❛❧ ❆rt✐✜❝✐❛❧✳

❘P❘❖P ❘❡s✐❧✐❡♥t Pr♦♣❛❣❛t✐♦♥

❘❚❉❙ ❘❡❛❧ ❚✐♠❡ ❉✐❣✐t❛❧ ❙✐♠✉❧❛t♦r ✲ ❙✐♠✉❧❛❞♦r ❞✐❣✐t❛❧ ❡♠ t❡♠♣♦ r❡❛❧✳

❚❈ ❚r❛♥s❢♦r♠❛❞♦r ❞❡ ❈♦rr❡♥t❡✳

❚P❈ ❚r❛♥s❢♦r♠❛❞♦r ❞❡ P♦t❡♥❝✐❛❧ ❈❛♣❛❝✐t✐✈♦✳

❚❉❋ ❚r❛♥s❢♦r♠❛❞❛ ❉✐s❝r❡t❛ ❞❡ ❋♦✉r✐❡r✳

❚❞q✵ ❚r❛♥s❢♦r♠❛❞❛ ❞❡ P❛r❦✳

❚❋ ❚r❛♥s❢♦r♠❛❞❛ ❋♦✉r✐❡r✳

❚❖❱ ❚❡♦r✐❛ ❞❛s ❖♥❞❛s ❱✐❛❥❛♥t❡s✳

❚❲ ❚r❛♥❢♦r♠❛❞❛ ❲❛✈❡❧❡t

❚❲❈ ❚r❛♥❢♦r♠❛❞❛ ❲❛✈❡❧❡t ❈♦♥tí♥✉❛✳

①✈✐✐✐



①✐①

❚❲❉ ❚r❛♥❢♦r♠❛❞❛ ❲❛✈❡❧❡t ❉✐s❝r❡t❛✳

❚❲❉❘ ❚r❛♥❢♦r♠❛❞❛ ❲❛✈❡❧❡t ❉✐s❝r❡t❛ ❘❡❞✉♥❞❛♥t❡✳



❈❆P❮❚❯▲❖ ✶

■◆❚❘❖❉❯➬➹❖

❆t✉❛❧♠❡♥t❡✱ ❛ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ ❝♦♥st✐t✉✐ ✉♠ ❜❡♠ ✐♠♣r❡s❝✐♥❞í✈❡❧ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛

♥❛çã♦✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ❝♦♥t✐♥✉✐❞❛❞❡ ♥♦ s❡✉ ❢♦r♥❡❝✐♠❡♥t♦ é ✐♠♣♦rt❛♥t❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ s❡

tr❛t❛♥❞♦ ❞❡ ❝❧✐❡♥t❡s ✐♥❞✉str✐❛✐s✱ ♦s q✉❛✐s ❡①✐❣❡♠ ♠✉✐t❛s ✈❡③❡s q✉❡ ♠áq✉✐♥❛s ❡❧étr✐❝❛s ❢✉♥❝✐♦♥❡♠

❞❡ ❢♦r♠❛ ✐♥✐♥t❡rr✉♣t❛ ❡♠ ✉♠❛ ❝❛❞❡✐❛ ❞❡ ♣r♦❞✉çã♦✳ P♦ré♠✱ ❞✐✈❡rs♦s ❞✐stúr❜✐♦s ❞❡ ♥❛t✉r❡③❛

❡❧❡tr♦♠❛❣♥ét✐❝❛✱ ♥♦s q✉❛✐s s❡ ❞❡st❛❝❛♠ ❛s ❢❛❧t❛s✱ ♣♦❞❡♠ s❡r r❡s♣♦♥sá✈❡✐s ♣♦r ✐♥t❡rr✉♣çõ❡s ♥♦

❢♦r♥❡❝✐♠❡♥t♦ ❞❛ ❡♥❡r❣✐❛ ❡❧étr✐❝❛✱ ♦ q✉❡ ❛❝❛rr❡t❛ ❡♠ ❡♥♦r♠❡s ♣r❡❥✉í③♦s s♦❜ ❛s ❡s❢❡r❛s ❡❝♦♥ô♠✐❝❛

❡ s♦❝✐❛❧✳

❉❡✈✐❞♦ à ❣r❛♥❞❡ ❡①♣❛♥sã♦ ❡ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦s s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛✱ t♦r♥❛✲s❡ ❝❛❞❛

✈❡③ ♠❛✐s ✐♠♣♦rt❛♥t❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ r❡❧és ❞❡ ♣r♦t❡çã♦ ♠❛✐s rá♣✐❞♦s ❡ ❡✜❝✐❡♥t❡s✳ ❆ ♣r♦t❡çã♦

❞❡ s✐st❡♠❛s ❡❧étr✐❝♦s é ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❛ ♣r❡s❡r✈❛çã♦ ❞♦s ❡q✉✐♣❛♠❡♥t♦s ❡ ♣❛r❛ ❛ ❣❛r❛♥t✐❛ ❞❛

❝♦♥✜❛❜✐❧✐❞❛❞❡ ♥❛ ♦♣❡r❛çã♦ ❞♦ s✐st❡♠❛✱ ❞❡ ❢♦r♠❛ q✉❡ ❤❛❥❛ ❝♦♥t✐♥✉✐❞❛❞❡ ♥♦ ❢♦r♥❡❝✐♠❡♥t♦ ❞❡

❡♥❡r❣✐❛ ❡❧étr✐❝❛✳ ❯♠ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❡✜❝✐❡♥t❡ ❡ ❝♦♥✜á✈❡❧ ❞❡✈❡ ❞❡t❡❝t❛r ❛s ❢❛❧t❛s ❡ ✐s♦❧❛r ❛

♣❛rt❡ ❞❡❢❡✐t✉♦s❛ ❞♦ s✐st❡♠❛✱ ♠❛♥t❡♥❞♦ ✐♥t❛❝t❛ ❛ ♣❛rt❡ r❡st❛♥t❡✳

❆s ❢❛❧t❛s ❡♠ s✐st❡♠❛s ❡❧étr✐❝♦s sã♦ ❝♦♥s✐❞❡r❛❞❛s ❝♦♠♦ ❝♦♥❞✐çõ❡s ❞❡ ❛♥♦r♠❛❧✐❞❛❞❡ ❞❡ ♦♣❡✲

r❛çã♦✱ ❝❛r❛❝t❡r✐③❛❞❛s ♣♦r ❞❡s❧✐❣❛♠❡♥t♦s ♥ã♦ ♣r♦❣r❛♠❛❞♦s ❡♠ q✉❛✐sq✉❡r ❞♦s s❡✉s ❝♦♠♣♦♥❡♥t❡s✳

❆s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ sã♦ ♦s ❝♦♠♣♦♥❡♥t❡s ♠❛✐s s✉s❝❡♣tí✈❡✐s à ♦❝♦rrê♥❝✐❛ ❞❡ ❢❛❧t❛s✱ ❞❛❞♦ s✉❛

✈❛st❛ ❞✐♠❡♥sã♦✱ ❝♦♠♣❧❡①✐❞❛❞❡ ❢✉♥❝✐♦♥❛❧ ❡ ❡①♣♦s✐çã♦ ❛♦ t❡♠♣♦✳ ❆s ❞❡s❝❛r❣❛s ❛t♠♦s❢ér✐❝❛s sã♦

❛s ♣r✐♥❝✐♣❛✐s ❝❛✉s❛s ❞❛s ❢❛❧t❛s ❡♠ ❧✐♥❤❛s✱ s❡♥❞♦✱ ❡♠ ❞❡t❡r♠✐♥❛❞❛s s✐t✉❛çõ❡s✱ r❡s♣♦♥sá✈❡✐s ♣♦r

❝❡r❝❛ ❞❡ ✻✷✪ ❞♦ ♥ú♠❡r♦ ❞❡ ♦❝♦rrê♥❝✐❛s ✭❈❯◆❍❆✱ ✷✵✶✵✮✳ ❆s ❢❛❧t❛s ♣♦❞❡♠ ❛✐♥❞❛ s❡r ❝❛✉s❛❞❛s

♣♦r ❢❛❧❤❛s ♥♦ ✐s♦❧❛♠❡♥t♦ ❞❡ ❝♦♥❞✉t♦r❡s✱ ❡❢❡✐t♦s ❞❡ ✈❡♥t♦s ❡ ❝❤✉✈❛s ❢♦rt❡s✱ ❛t♦s ❞❡ ✈❛♥❞❛❧✐s♠♦✱

❡♥tr❡ ♦✉tr❛s ❝❛✉s❛s✳

◗✉❛♥❞♦ ✉♠❛ ❢❛❧t❛ ♦❝♦rr❡ ❡♠ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ❛ ♠✉❞❛♥ç❛ ❛❜r✉♣t❛ ♥❛ t❡♥sã♦ ♥♦

♣♦♥t♦ ❞❡ ❢❛❧t❛ ❣❡r❛ ✐♠♣✉❧s♦s ❡❧❡tr♦♠❛❣♥ét✐❝♦s ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✱ ❝❤❛♠❛❞♦s ♦♥❞❛s ✈✐❛❥❛♥t❡s✱

❛s q✉❛✐s s❡ ♣r♦♣❛❣❛♠ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❡♠ ❛♠❜❛s ❛s ❞✐r❡çõ❡s ❛ ♣❛rt✐r ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ❡

✶
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❡♠ ✈❡❧♦❝✐❞❛❞❡s ❞❡ ♣r♦♣❛❣❛çã♦ ♣ró①✐♠❛s à ✈❡❧♦❝✐❞❛❞❡ ❞❛ ❧✉③✳ ❈♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛✱ tr❛♥s✐tór✐♦s

✐♥❞✉③✐❞♦s ♣❡❧❛ ❢❛❧t❛ ❝♦♠ ❝♦♠♣♦♥❡♥t❡s ❞❡ ❜❛✐①❛ ❡ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ s✉r❣❡♠ ❡♠ ❝❛❞❛ t❡r♠✐♥❛❧

❞❛ ❧✐♥❤❛✳

❖s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❝♦♥tê♠ ✐♥❢♦r♠❛çõ❡s ✐♠♣♦rt❛♥t❡s ❛❝❡r❝❛ ❞♦ t✐♣♦✱

❧♦❝❛❧✐③❛çã♦✱ ❞✐r❡çã♦ ❡ ✐♥st❛♥t❡ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ✉♠❛ ❢❛❧t❛✳ P♦rt❛♥t♦✱ ❛ ❛♥á❧✐s❡ ❞❡ss❡s tr❛♥s✐tór✐♦s

♣♦❞❡ ❛✉①✐❧✐❛r ♠ét♦❞♦s ♣❛r❛ ♣r♦t❡çã♦ ✉❧tr❛ rá♣✐❞❛ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ t❛✐s ❝♦♠♦ ❛❧❣♦r✐t♠♦s

♣❛r❛ ❞❡t❡❝çã♦✱ ❝❧❛ss✐✜❝❛çã♦ ❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ t❡♠♣♦ r❡❛❧✳ P♦ré♠✱ é ♥❡❝❡ssár✐♦ ✈❡r✐✜❝❛r

♦s ❡❢❡✐t♦s ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✱ t❛✐s ❝♦♠♦ t✐♣♦✱ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✱ r❡s✐stê♥❝✐❛ ❡ ❧♦❝❛❧✐③❛çã♦

❞❡ ❢❛❧t❛✱ s♦❜r❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s tr❛♥s✐tór✐♦s ✭❈❖❙❚❆✱ ✷✵✶✵✮✳

❆❧é♠ ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✱ ❛ ❛♥á❧✐s❡ ❞♦s ♣❛râ♠❡tr♦s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ♥♦ ❞❡s❡♠♣❡♥❤♦

❞♦s s✐st❡♠❛s ❞❡ ♣r♦t❡çã♦ t❛♠❜é♠ é ✐♠♣♦rt❛♥t❡✱ ❡♠ q✉❡ s❡ ❞❡st❛❝❛ ❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡♠ ❧✐♥❤❛s

❞❡ tr❛♥s♠✐ssã♦✱ q✉❡ ❛♣r❡s❡♥t❛ ❞✐✈❡rs❛s ✈❛♥t❛❣❡♥s ♦♣❡r❛❝✐♦♥❛✐s ❛♦s s✐st❡♠❛s ❞❡ tr❛♥s♠✐ssã♦ ❞❡

❡♥❡r❣✐❛ ❡❧étr✐❝❛✱ t❛✐s ❝♦♠♦✿ ❛✉♠❡♥t♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♣♦tê♥❝✐❛✱ ❛✉♠❡♥t♦

❞❛s ❡st❛❜✐❧✐❞❛❞❡s tr❛♥s✐tór✐❛ ❡ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ ❡ r❡❞✉çã♦ ❞❡ ♣❡r❞❛s ❞❡ ♣♦tê♥❝✐❛ ❡ ❞❡

q✉❡❞❛s ❞❡ t❡♥sã♦✳ ❈♦♠♦ ❞❡s✈❛♥t❛❣❡♠✱ ❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ♣♦❞❡ s❡r

r❡s♣♦♥sá✈❡❧ ♣♦r ❢❛❧❤❛s ❡♠ ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ♥♦s ❢❛s♦r❡s ❞❡ ❢r❡q✉ê♥❝✐❛

❢✉♥❞❛♠❡♥t❛❧✳ ❊ss❛ té❝♥✐❝❛ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ♣♦❞❡ ✐♥❝❧✉✐r ♦s❝✐❧❛çõ❡s ❞❡ ❢r❡q✉ê♥❝✐❛s s✉❜✲

❤❛r♠ô♥✐❝❛s ✭❢r❡q✉ê♥❝✐❛s ✐♥❢❡r✐♦r❡s ❛ ✻✵ ❍③✮ ♥♦ s✐st❡♠❛ ❡ ✐♥✈❡rsõ❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✱ ♦

q✉❡ ❛❢❡t❛ ❛ ♦♣❡r❛çã♦ ❞❡ ✉♥✐❞❛❞❡s ❞❡ ♣r♦t❡çã♦ ❞❡ ❞✐stâ♥❝✐❛ ❡ ❞✐r❡❝✐♦♥❛❧ ✭❖▲■❱❊■❘❆✱ ✷✵✵✼✮✳

P♦ré♠✱ ❝♦♠ r❡❧❛çã♦ ❛♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛✱ é ♣r❡❝✐s♦ ✉♠❛ ❛♥á❧✐s❡ ❞❡t❛❧❤❛❞❛ s♦❜r❡ ♦s ❡❢❡✐t♦s

❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❍á ♦✉tr♦s ♣❛râ♠❡tr♦s q✉❡ ✐♥✢✉❡♥❝✐❛♠ ❞❡ ❢♦r♠❛ ❞❡❝✐s✐✈❛ ♥♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡

❢❛❧t❛s✱ ❛ ❡①❡♠♣❧♦ ❞❛ s❛t✉r❛çã♦ ❞♦s tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ❝♦rr❡♥t❡ ✭❚❈✮✱ q✉❡ ❛❢❡t❛ ❢♦rt❡♠❡♥t❡

❛ ♣r❡❝✐s❛ ❡st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s ❢✉♥❞❛♠❡♥t❛✐s ✭❡✱ ❛ss✐♠✱ ❛❢❡t❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♠ét♦❞♦s ❞❡

❧♦❝❛❧✐③❛çã♦ ❝♦♥✈❡♥❝✐♦♥❛✐s✮✱ ❡ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠✱ ❛ q✉❛❧ ❛❢❡t❛ ♠ét♦❞♦s ❜❛s❡❛❞♦s ♥♦

♣r✐♥❝í♣✐♦ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✳

❆ ❛✈❛❧✐❛çã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s tr❛♥s✐tór✐♦s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ♦r✐✉♥❞♦s ❞❡ ❢❛❧t❛s✱ ❡♠

r❡❧❛çã♦ ❛♦s ❞✐✈❡rs♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✱ ❛♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡ ❛ ♦✉tr♦s ♣❛râ♠❡tr♦s✱ ❛

❡①❡♠♣❧♦ ❞❛ s❛t✉r❛çã♦ ❞♦s tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ❝♦rr❡♥t❡ ✭❚❈✮✱ q✉❡ ✐♥✢✉❡♥❝✐❛♠ ❞❡ ❢♦r♠❛ ❞❡❝✐s✐✈❛

♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ♥❛ ❡st✐♠❛çã♦ ❞♦s ❢❛s♦r❡s ❢✉♥❞❛♠❡♥t❛✐s✱ ❡ ❞❛
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❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠✱ q✉❡ ❛❢❡t❛♠ ♠ét♦❞♦s ❜❛s❡❛❞♦s ♥♦ ♣r✐♥❝í♣✐♦ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✱ é

✐♠♣r❡s❝✐♥❞í✈❡❧ ♣❛r❛ ✈❡r✐✜❝❛çã♦ ❞❛ ✈✐❛❜✐❧✐❞❛❞❡ ❞❡ té❝♥✐❝❛s ❞❡ ❞❡t❡❝çã♦ ❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s

❜❛s❡❛❞❛s ♥❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ✭♦♥❞❛s ✈✐❛❥❛♥t❡s✮ ♣❛r❛ ❛♣❧✐❝❛çã♦ ♣rát✐❝❛ ❡♠

r❡❧és ❞❡ ♣r♦t❡çã♦ ❞❡ ❧✐♥❤❛s ❝♦♠ ❡ s❡♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

✶✳✶ ▼❖❚■❱❆➬➹❖

❆ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ r❡❛❧✐③❛ ✉♠ ♣❛♣❡❧ ✐♠♣♦rt❛♥t❡ ♥♦s s❡r✈✐ç♦s

❞❡ tr❛♥s♠✐ssã♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛✳ ❯♠ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ♣r❡❝✐s♦ ♣♦❞❡ ♠✐♥✐♠✐③❛r

❛ ❞✉r❛çã♦ ❞❡ ❞❡s❧✐❣❛♠❡♥t♦s ❝❛✉s❛❞♦s ♣♦r ❢❛❧t❛s ♣❡r♠❛♥❡♥t❡s✱ ❤❛❥❛ ✈✐st♦ q✉❡ ♦ tr❛❜❛❧❤♦ ❞❛s

❡q✉✐♣❡s ❞❡ ♠❛♥✉t❡♥çã♦ é r❡❞✉③✐❞♦ q✉❛♥❞♦ s❡ t❡♠ ✉♠❛ ❜♦❛ ❡st✐♠❛t✐✈❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛✳

◆❛s ú❧t✐♠❛s ❞é❝❛❞❛s✱ ❞✐✈❡rs♦s ❛❧❣♦r✐t♠♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦

❜❛s❡❛❞♦s ♥♦s ❝♦♥t❡ú❞♦s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❢♦r❛♠ ♣r♦♣♦st♦s✳

❊ss❛s té❝♥✐❝❛s s❡ ❛♣r❡s❡♥t❛r❛♠ ❝♦♠♦ ❜♦❛s ❛❧t❡r♥❛t✐✈❛s às té❝♥✐❝❛s ❝♦♥✈❡♥❝✐♦♥❛✐s✱ q✉❡ ❝♦♥s✐s✲

t❡♠ ❜❛s✐❝❛♠❡♥t❡ ♥❛ ❡st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s ❢✉♥❞❛♠❡♥t❛✐s✳ ❯♠ ❜♦♠ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡

❢❛❧t❛s ♥❡❝❡ss✐t❛ s❡r ✐♠✉♥❡ t❛♥t♦ q✉❛♥t♦ ♣♦ssí✈❡❧ ❛♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❡ ❛♦s ♣❛râ♠❡tr♦s ❞♦

s✐st❡♠❛ ❡❧étr✐❝♦✱ ❞❡♥tr❡ ♦s q✉❛✐s s❡ ❞❡st❛❝❛♠ ❛s ✐♠♣❡❞â♥❝✐❛s ❞❡ s❡q✉ê♥❝✐❛s ❞❛s ❧✐♥❤❛s✱ ♦ ❣r❛✉ ❞❡

❝❛rr❡❣❛♠❡♥t♦ ❡ ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ s❡♥❞♦ ❡st❡ ú❧t✐♠♦ ✉♠ ❞♦s ❢♦❝♦s ❞❡ ❛♥á❧✐s❡ ❞❡st❡

tr❛❜❛❧❤♦✳

❖ ❡♠♣r❡❣♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❛♦ ♣❛ss♦ ❡♠ q✉❡ tr❛③ ❜❡♥❡❢í❝✐♦s

té❝♥✐❝♦s ❡ ❡❝♦♥ô♠✐❝♦s ❛♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦✱ ❛❝❛rr❡t❛ ❢❛❧❤❛s ♥❛ ♠❛✐♦r✐❛ ❞♦s ❧♦❝❛❧✐③❛❞♦r❡s

❞❡ ❢❛❧t❛s q✉❡ s❡ ❜❛s❡✐❛♠ ♥❛ ❡st✐♠❛çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✱ ❞❡✈✐❞♦ ❛

✈❛r✐❛çõ❡s q✉❡ ♦❝♦rr❡♠ ♥♦s ♣❡r✜s ❞❡ t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s✳ ❈♦♠ ✐ss♦✱ ❢❛③✲s❡ ♥❡❝❡ssár✐♦ ✉♠ ❡s✲

t✉❞♦ ❛❝❡r❝❛ ❞♦s ❡❢❡✐t♦s ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ s♦❜r❡ ♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛

❡ ♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❜❛s❡❛❞♦s ♥❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✱ ❛ ✜♠ ❞❡ s❡ ✈❡r✐✜❝❛r s❡ ❡st❡s ♠é✲

t♦❞♦s s❡ ❝♦♥st✐t✉❡♠ ❝♦♠♦ ❜♦❛s ❛❧t❡r♥❛t✐✈❛s às té❝♥✐❝❛s ❝♦♥✈❡♥❝✐♦♥❛✐s ♣❛r❛ ❡♠♣r❡❣♦ ❡♠ ❧✐♥❤❛s

❝♦♠♣❡♥s❛❞❛s✳
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✶✳✷ ❖❇❏❊❚■❱❖❙

❖ ♦❜❥❡t✐✈♦ ❣❡r❛❧ ❞❡st❛ ❞✐ss❡rt❛çã♦ é ❛✈❛❧✐❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡♠ ❧✐♥❤❛s

❞❡ tr❛♥s♠✐ssã♦ ❡ ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✱ t❛✐s ❝♦♠♦ t✐♣♦✱ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✱ r❡s✐stê♥❝✐❛ ❡

❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✱ s♦❜r❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s tr❛♥s✐tór✐♦s ♥❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s q✉❛♥❞♦ ❞❛

♦❝♦rrê♥❝✐❛ ❞❡ ❢❛❧t❛s✳ ❆❧é♠ ❞✐ss♦✱ ♦❜❥❡t✐✈❛✲s❡ t❛♠❜é♠ ❛ ✈❡r✐✜❝❛çã♦ ❞♦ ❡❢❡✐t♦ ❞❡st❡s ♣❛râ♠❡tr♦s

♥♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♠ét♦❞♦s ❞❡ ♣r♦t❡çã♦ ❝♦♥✈❡♥❝✐♦♥❛✐s ❡ ❜❛s❡❛❞♦ ♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✳

❖s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s sã♦✿

• ■♥✈❡st✐❣❛r ♦s ❡❢❡✐t♦s ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ♥♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ♣❛r❛ ❧✐♥❤❛s

❞❡ tr❛♥s♠✐ssã♦ s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣♦r ♠❡✐♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t❀

• ■♥✈❡st✐❣❛r ♦s ❡❢❡✐t♦s ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ♥♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ♣❛r❛ ❧✐♥❤❛s ❞❡ tr❛♥s✲

♠✐ssã♦ s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣♦r ♠❡✐♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t❀

• ■♥✈❡st✐❣❛r ♦s ❡❢❡✐t♦s ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ ♥♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ♣❛r❛ ❧✐♥❤❛s ❞❡ tr❛♥s✲

♠✐ssã♦ s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣♦r ♠❡✐♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t❀

• ■♥✈❡st✐❣❛r ♦s ❡❢❡✐t♦s ❞♦ t✐♣♦ ❞❡ ❢❛❧t❛ ♥♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ♣❛r❛ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦

s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣♦r ♠❡✐♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t❀

• ❆✈❛❧✐❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ s♦❜r❡ ♦s tr❛♥✲

s✐tór✐♦s ❞❡ ❢❛❧t❛ ♣♦r ♠❡✐♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t❀

• ■♠♣❧❡♠❡♥t❛r ❞♦✐s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✿ ✉♠ ♠ét♦❞♦ ❝♦♥✈❡♥❝✐♦♥❛❧ ❜❛s❡❛❞♦

♥❛ ❡st✐♠❛çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❡ ♦✉tr♦ ❜❛s❡❛❞♦ ♥❛ t❡♦r✐❛ ❞❛s

♦♥❞❛s ✈✐❛❥❛♥t❡s✱ ✉s❛♥❞♦ ❛s ✇❛✈❡❧❡ts❀

• ❘❡❛❧✐③❛r ✉♠❛ ❛♥á❧✐s❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❞❡ss❡s ❛❧❣♦r✐t♠♦s ❛❝❡r❝❛ ❞♦s ♣❛râ♠❡tr♦s q✉❡ ✐♥✢✉✲

❡♥❝✐❛♠ ♥♦s s❡✉s ❞❡s❡♠♣❡♥❤♦s❀

• ❖❜s❡r✈❛r s❡ ♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ♥❛s ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ♣♦❞❡♠ s❡r

✉♠❛ ❛❧t❡r♥❛t✐✈❛ ❛♦s ♠ét♦❞♦s ❝♦♥✈❡♥❝✐♦♥❛✐s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ❝♦♠♣❡♥s❛çã♦

sér✐❡✳
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✶✳✸ ❈❖◆❚❘■❇❯■➬Õ❊❙ ❉❆ ❉■❙❙❊❘❚❆➬➹❖

❆ ♣r✐♥❝✐♣❛❧ ❝♦♥tr✐❜✉✐çã♦ ❞❡st❛ ❞✐ss❡rt❛çã♦ é ♦ ❡st✉❞♦ r❡❛❧✐③❛❞♦ ❛❝❡r❝❛ ❞♦s ❡❢❡✐t♦s ❞♦s ♣❛✲

râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❡ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ s♦❜r❡ ♦s tr❛♥s✐tór✐♦s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❡ s♦❜r❡ ♦s

♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❝♦♥✈❡♥❝✐♦♥❛❧ ❡ ❜❛s❡❛❞♦ ♥❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✳ ❊ss❡ ❡st✉❞♦ ❞❡

❝❛rát❡r ❝♦♠♣❛r❛t✐✈♦ ♣♦❞❡ s❡r ✉♠ ✐♥❞✐❝❛t✐✈♦ ❞❛ ✈✐❛❜✐❧✐❞❛❞❡✱ ♦✉ ♥ã♦✱ ❞❡ ♠ét♦❞♦s ❜❛s❡❛❞♦s ♥❛

♦♥❞❛s ✈✐❛❥❛♥t❡s✱ ♠❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡ ✉s❛♥❞♦ ❛s ✇❛✈❡❧❡ts✱ ✈✐st♦ q✉❡ ♠ét♦❞♦s ❝♦♥✈❡♥❝✐♦♥❛✐s

❝♦st✉♠❛♠ ❛♣r❡s❡♥t❛r ❢❛❧❤❛s q✉❛♥❞♦ ❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ é ❡♠♣r❡❣❛❞❛✳

◆♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ à ♣✉❜❧✐❝❛çã♦ ❞❡ r❡s✉❧t❛❞♦s ♣r❡❧✐♠✐♥❛r❡s ❞❡st❛ ❞✐ss❡rt❛çã♦✱ ♦ s❡❣✉✐♥t❡

❛rt✐❣♦ ❢♦✐ ♣✉❜❧✐❝❛❞♦✿

• ❙❖❇❘■◆❍❖✱ ❆✳ ❍✳ P✳❀ ❈❖❙❚❆✱ ❋✳ ❇✳❀ ❙❖❯❩❆✱ ❇✳ ❆✳ ❚❤❡ ❊✛❡❝ts ♦❢ t❤❡ ❋❛✉❧t ■♥❝❡♣✲

t✐♦♥ ❆♥❣❧❡ ✐♥ ❋❛✉❧t✲■♥❞✉❝❡❞ ❚r❛♥s✐❡♥ts ♦♥ ◆♦♥✲❈♦♠♣❡♥s❛t❡❞ ❛♥❞ ❙❡r✐❡s ❈♦♠♣❡♥s❛t❡❞

❚r❛♥s♠✐ss✐♦♥ ▲✐♥❡s✳ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ P♦✇❡r ❙②st❡♠s ❚r❛♥s✐❡♥ts ✭■P❙❚ ✷✵✶✸✮✱

❱❛♥❝♦✉✈❡r✱ ❈❛♥❛❞❛✱ ❏✉❧② ✶✽✲✷✵✱ ✷✵✶✸✳

✶✳✹ ▼❊❚❖❉❖▲❖●■❆

■♥✐❝✐❛❧♠❡♥t❡✱ ✉♠❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ s♦❜r❡ ♦s ♣r✐♥❝✐♣❛✐s tr❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ♦s

t❡♠❛s ♣r❡❞♦♠✐♥❛t❡s ❞❡st❛ ❞✐ss❡rt❛çã♦ ❢♦✐ r❡❛❧✐③❛❞❛✳ ❖ ❡st✉❞♦ ❞❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ❞❛s

✇❛✈❡❧❡ts✱ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧ ❡ t❡♦r✐❛ ❞❛s ♦♥❞❛s

✈✐❛❥❛♥t❡s t❛♠❜é♠ ❢♦✐ r❡❛❧✐③❛❞♦✳

❖s r❡s✉❧t❛❞♦s q✉❛♥t✐t❛t✐✈♦s ❞❛ ❛♥á❧✐s❡ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❡ ❞❛ ❝♦♠♣❡♥✲

s❛çã♦ sér✐❡ s♦❜r❡ ♦s tr❛♥s✐tór✐♦s ❡❧❡tr♦♠❛❣♥ét✐❝♦s q✉❛♥❞♦ ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠❛ ❢❛❧t❛ ❢♦r❛♠

t♦♠❛❞♦s ♣♦r ♠❡✐♦ ❞❡ s✐♠✉❧❛çõ❡s ❞❡ ❢❛❧t❛s ♥♦ s✐♠✉❧❛❞♦r ❞✐❣✐t❛❧ ❘❚❉❙❚▼ ✭❘❡❛❧ ❚✐♠❡ ❉✐❣✐t❛❧

❙✐♠✉❧❛t♦r✮ ♣❛r❛ ✉♠ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ s✐♠♣❧✐✜❝❛❞♦ ❞❡ ✺✵✵ ❦❱✱ ❡♠ q✉❡ ❞✐✈❡rs❛s ❜❛s❡s ❞❡

❞❛❞♦s ♣❛r❛ ♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❡ ♣❛r❛ ❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❢♦r❛♠ ❣❡r❛❞❛s✳ ❖ ❝♦♠♣♦rt❛✲

♠❡♥t♦ ❞♦s tr❛♥s✐tór✐♦s ❢♦✐ ❛✈❛❧✐❛❞♦ ♣♦r ♠❡✐♦ ❞❡ s✉❛s ❡♥❡r❣✐❛s✱ q✉❡✱ ♣♦r s✉❛ ✈❡③✱ ❢♦r❛♠ ❡①tr❛í❞❛s

♣♦r ♠❡✐♦ ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛ ❚r❛♥s❢♦r♠❛❞❛ ❲❛✈❡❧❡t ❉✐s❝r❡t❛ ❘❡❞✉♥❞❛♥t❡

✭❚❲❉❘✮✱ ✐♠♣❧❡♠❡♥t❛❞❛ ♥♦ ❛♠❜✐❡♥t❡ ▼❛t❧❛❜✳
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P❛r❛ ❝♦♠♣❧❡♠❡♥t❛r ❛❧❣✉♥s r❡s✉❧t❛❞♦s ❛♣♦♥t❛❞♦s ♣♦r ❡ss❛ ❛♥á❧✐s❡✱ ❞♦✐s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛✲

çã♦ ❞❡ ❢❛❧t❛s ♣r♦♣♦st♦s ♥❛ ❧✐t❡r❛t✉r❛ ❡ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞✐❢❡r❡♥t❡s✱ ✉♠ ❜❛s❡❛❞♦ ♥❛ ❢r❡q✉ê♥❝✐❛

❢✉♥❞❛♠❡♥t❛❧ ❡ ♦✉tr♦ ❜❛s❡❛❞♦ ♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✱ ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞♦s ❞❡ ❢♦r♠❛ ♦❢✲

✢✐♥❡ ♥♦ ▼❛t❧❛❜✳ ❊ss❡s ♠ét♦❞♦s t✐✈❡r❛♠ s❡✉s ❞❡s❡♠♣❡♥❤♦s ❛✈❛❧✐❛❞♦s ♣♦r ♠❡✐♦ ❞❡ ✈❛r✐❛çõ❡s ♥♦s

♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✱ ♥♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡ ♥❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠✳ ❆❧é♠ ❞✐ss♦✱

❢♦✐ ❛✈❛❧✐❛❞♦ ♦ ❡❢❡✐t♦ ❞❛ s❛t✉r❛çã♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ❝♦rr❡♥t❡✳ P❛r❛ ❛✈❛❧✐❛çã♦ ❞♦s ♠ét♦❞♦s

❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ✐♠♣❧❡♠❡♥t❛❞♦s✱ ✉♠ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ s✐♠♣❧✐✜❝❛❞♦ ❞❡ ✷✸✵ ❦❱ ❢♦✐

♠♦❞❡❧❛❞♦ ❡ s✐♠✉❧❛❞♦ ♥♦ ♣r♦❣r❛♠❛ ❆❚P ✭❆❧t❡r♥❛t✐✈❡ ❚r❛♥s✐❡♥t Pr♦❣r❛♠✮✳

✶✳✺ ❊❙❚❘❯❚❯❘❆ ❉❆ ❉■❙❙❊❘❚❆➬➹❖

❊st❛ ❞✐ss❡rt❛çã♦ é ♦r❣❛♥✐③❛❞❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

• ◆♦s ❈❛♣ít✉❧♦s ✷ ❡ ✸ sã♦ ❛♣r❡s❡♥t❛❞❛s ❢✉♥❞❛♠❡♥t❛çõ❡s t❡ór✐❝❛s ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡♠

❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❡ ❞❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t✱ r❡s♣❡❝t✐✈❛♠❡♥t❡❀

• ◆♦ ❈❛♣ít✉❧♦ ✹ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ ❝♦♥t❡♥❞♦ ❛❧❣✉♥s ❞♦s ♣r✐♥❝✐♣❛✐s

tr❛❜❛❧❤♦s s♦❜r❡ t❡♠❛s ✐♠♣♦rt❛♥t❡s ♥❡st❛ ❞✐ss❡rt❛çã♦✱ ❝♦♠♦ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t ❡ ❧♦❝❛✲

❧✐③❛çã♦ ❞❡ ❢❛❧t❛s❀

• ◆♦ ❈❛♣ít✉❧♦ ✺ sã♦ r❡❛❧✐③❛❞❛s ❛s ❛♥á❧✐s❡s ❞♦s ❡❢❡✐t♦s ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❡ ❞♦ ❣r❛✉ ❞❡

❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡♠ r❡❧❛çã♦ ❛♦s tr❛♥s✐tór✐♦s ✐♥❞✉③✐❞♦s ♣♦r ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐s✲

sã♦❀

• ◆♦ ❈❛♣ít✉❧♦ ✻ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❢✉♥❞❛♠❡♥t❛çõ❡s t❡ór✐❝❛s ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦

❞❡ ❢❛❧t❛s ❛✈❛❧✐❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦❀

• ◆♦ ❈❛♣ít✉❧♦ ✼ é r❡❛❧✐③❛❞❛ ✉♠❛ ❛♥á❧✐s❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦s ♠ét♦❞♦s ❛✈❛❧✐❛❞♦s ❢r❡♥t❡ ❛♦s

❞✐✈❡rs♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✱ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❡

s❛t✉r❛çã♦ ❞♦ ❚❈❀

• ◆♦ ❈❛♣ít✉❧♦ ✽ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥❝❧✉sõ❡s ❡ ♣❡rs♣❡❝t✐✈❛s ❞❡ ❝♦♥t✐♥✉❛çã♦ ❞❡st❡ tr❛❜❛✲

❧❤♦✳
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◆❡st❡ ❝❛♣ít✉❧♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ❝♦♥❝❡✐t♦s ❜ás✐❝♦s ❛❝❡r❝❛ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✜①❛ ❡♠ ❧✐♥❤❛s

❞❡ tr❛♥s♠✐ssã♦✳ ❆s ♣r✐♥❝✐♣❛✐s ✈❛♥t❛❣❡♥s ❡ ❞❡s✈❛♥t❛❣❡♠ ❞❡st❛ té❝♥✐❝❛ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛

sã♦ ❛❜♦r❞❛❞❛s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ à ♣r♦t❡çã♦ ❞♦s s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛✳

✷✳✶ ■◆❚❘❖❉❯➬➹❖

❆ ♥❡❝❡ss✐❞❛❞❡ ❞❛ tr❛♥s♠✐ssã♦✱ ❡♠ ❧♦♥❣❛ ❞✐stâ♥❝✐❛✱ ❞❡ ❣r❛♥❞❡s ❜❧♦❝♦s ❞❡ ♣♦tê♥❝✐❛ ♣♦r ♠❡✐♦

❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ t❡♠ ❝r❡s❝✐❞♦ ❛❝❡♥t✉❛❞❛♠❡♥t❡ ♥♦s ú❧t✐♠♦s ❛♥♦s✳ ❆❧é♠ ❞✐ss♦✱ ❛ ♠❡✲

❧❤♦r❛ ♥❛ q✉❛❧✐❞❛❞❡ ❡ ♥❛ ❡✜❝✐ê♥❝✐❛ ❡♠ tr❛♥s♠✐ssã♦ ❞❛ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ t❡♠ s✐❞♦ ✉♠❛ q✉❡stã♦

❜❛st❛♥t❡ ❞✐s❝✉t✐❞❛ ♥❛s ú❧t✐♠❛s ❞é❝❛❞❛s✳ ◆❡ss❡ ♣❡rí♦❞♦✱ ♠✉✐t♦s ❡st✉❞♦s tê♠ s✐❞♦ ❞✐r❡❝✐♦♥❛❞♦s

♣❛r❛ ❡ss❛ ár❡❛✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❣❛r❛♥t✐r s✐st❡♠❛s ❡❧étr✐❝♦s ❝❛❞❛ ✈❡③ ♠❛✐s ❝♦♥✜á✈❡✐s✱ ❡✜❝✐❡♥t❡s

❡ ❡❝♦♥ô♠✐❝♦s✳

❙ã♦ ♠✉✐t♦s ♦s ❢❛t♦r❡s q✉❡ ✐♥t❡r❢❡r❡♠ ♥❛ ◗✉❛❧✐❞❛❞❡ ❞❛ ❊♥❡r❣✐❛ ❊❧étr✐❝❛ ✭◗❊❊✮✱ ♦✉ s❡❥❛✱ q✉❡

❧❡✈❛♠ ❛ ❞✐s❝r❡♣â♥❝✐❛s ♥♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❡ ♥❛ ❢r❡q✉ê♥❝✐❛ ❞❛ r❡❞❡ ❡❧étr✐❝❛✳ ❉❡♥tr❡

❡ss❡s✱ ❞❡st❛❝❛♠✲s❡✿

• ❋❛❧t❛s❀

• ❆❢✉♥❞❛♠❡♥t♦s ❞❡ t❡♥sã♦❀

• ❚r❛♥s✐tór✐♦s ♦r✐❣✐♥❛❞♦s ♣♦r ♠❛♥♦❜r❛s ❞❡ ❜❛♥❝♦s ❞❡ ❝❛♣❛❝✐t♦r❡s ♦✉ ♣♦r ❡♥❡r❣✐③❛çõ❡s ❡

❞❡s❧✐❣❛♠❡♥t♦s ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦❀

• ❉✐st♦rçã♦ ❞❛ ♦♥❞❛ ❞❡ t❡♥sã♦ ✭❤❛r♠ô♥✐❝❛s✱ ♥♦t❝❤✐♥❣ ❡ r✉í❞♦s✮❀

• ❉❡s❡q✉✐❧í❜r✐♦ ❞❡ t❡♥sõ❡s✳

✼
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P❛r❛ ❣❛r❛♥t✐r ❛♦s s✐st❡♠❛s ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ ✉♠❛ ♠❛✐♦r ❡st❛❜✐❧✐❞❛❞❡✱ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❡ ❡❝♦♥♦✲

♠✐❛✱ ❡♠♣r❡❣❛✲s❡ ❛t✉❛❧♠❡♥t❡ ❛ t❡❝♥♦❧♦❣✐❛ ❋❆❈❚❙ ✭❞♦ ✐♥❣❧ês ❋❧❡①✐❜❧❡ ❆❈ ❚r❛♥s♠✐ss✐♦♥ ❙②st❡♠s✱

tr❛❞✉③✐❞♦ ♣♦r ❙✐st❡♠❛s ❋❧❡①í✈❡✐s ❞❡ ❚r❛♥s♠✐ssã♦ ❡♠ ❈♦rr❡♥t❡ ❆❧t❡r♥❛❞❛✮✱ q✉❡ sã♦ ❡q✉✐♣❛♠❡♥✲

t♦s ❜❛s❡❛❞♦s ♥❛ ❊❧❡trô♥✐❝❛ ❞❡ P♦tê♥❝✐❛ ♣❛r❛ ❝♦♥tr♦❧❡ ❞❡ ✢✉①♦ ❞❡ ❝❛r❣❛ ❡♠ r♦t❛s ❡st❛❜❡❧❡❝✐❞❛s

♣❛r❛ ❛s ❧✐♥❤❛s✳ ❉❡ss❛ ❢♦r♠❛✱ ❝♦♥s❡❣✉❡✲s❡ ✉♠❛ ♠❛✐♦r ✢❡①✐❜✐❧✐❞❛❞❡ ❞❡ ❝♦♥tr♦❧❡ ❞♦s s✐st❡♠❛s

❡❧étr✐❝♦s✱ ♦✉ s❡❥❛✱ t❡♠✲s❡ ✉♠❛ ♠❛✐♦r ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❧t❡r❛çã♦ rá♣✐❞❛ ❡ ❝♦♥tí♥✉❛ ❞♦s ♣❛râ♠❡✲

tr♦s q✉❡ ❝♦♥tr♦❧❛♠ ❛ ❞✐♥â♠✐❝❛ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✱ ❛❧é♠ ❞❡ ✉♠ ❛✉♠❡♥t♦ ♥❛

❝❛♣❛❝✐❞❛❞❡ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ♣♦tê♥❝✐❛ ♥❛s ❧✐♥❤❛s✳

❈♦♠ ♦ ❡♠♣r❡❣♦ ❞❡ s✐st❡♠❛s s♦✜st✐❝❛❞♦s ❡ ❝♦♠ t❡❝♥♦❧♦❣✐❛ ❞❡ ♣♦♥t❛✱ ❝♦♠♦ ♦s ❋❆❈❚❙✱ r❡❛❧✐③❛✲

s❡ ✉♠❛ ♦t✐♠✐③❛çã♦ ❞❛ ✐♥❢r❛❡str✉t✉r❛ ❡①✐st❡♥t❡ ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦✱ ❛ ✜♠ ❞❡ s❡ tr❛♥s♠✐t✐r

♣♦tê♥❝✐❛ ❡♠ ❝♦♥❞✐çõ❡s ót✐♠❛s ❡ ❝♦♠ ♠á①✐♠❛ q✉❛❧✐❞❛❞❡ ❡ ❡✜❝✐ê♥❝✐❛✳ ❆ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ♣♦r

♠❡✐♦ ❞❡ ❋❆❈❚❙ ❝♦❧♦❝❛ ♦ ❧✐♠✐t❡ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ♠❛✐s ♣ró①✐♠♦ ❞❛ ❧✐♠✐t❛çã♦ tér♠✐❝❛ ❞♦s s✐st❡♠❛s

❡❧étr✐❝♦s✱ ❡①♣❧♦r❛♥❞♦ ♠❡❧❤♦r s✉❛ ❝❛♣❛❝✐❞❛❞❡ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❝♦♥str✉çã♦ ❞❡ ♥♦✈❛s ❧✐♥❤❛s✳

✷✳✷ ❈❖▼P❊◆❙❆➬➹❖ ❙➱❘■❊ ❋■❳❆ ❊▼ ▲■◆❍❆❙ ❉❊ ❚❘❆◆❙▼■❙❙➹❖

✷✳✷✳✶ ❈♦♥s✐❞❡r❛çõ❡s ●❡r❛✐s

❆s ❣r❛♥❞❡s q✉❡❞❛s ❞❡ t❡♥sã♦ ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ s❡ ❞❡✈❡♠✱ ❡♠ ❣r❛♥❞❡ ♣❛rt❡✱ ❛♦s s❡✉s

♣❛râ♠❡tr♦s sér✐❡ ✭r❡s✐stê♥❝✐❛ ❡ r❡❛tâ♥❝✐❛ ✐♥❞✉t✐✈❛✮✳ ❆ r❡❛tâ♥❝✐❛ ✐♥❞✉t✐✈❛ é ✉♠❛ ❞❛s r❡s♣♦♥sá✈❡✐s

♣❡❧♦ â♥❣✉❧♦ ❞❡ ♣♦tê♥❝✐❛ ♥❛ ❧✐♥❤❛ ❡✱ ❛ss✐♠✱ ♣❡❧❛ ❡st❛❜✐❧✐❞❛❞❡ tr❛♥s✐tór✐❛ ♥♦ s✐st❡♠❛ ❞❡ tr❛♥s✲

♠✐ssã♦✳ ❆❧é♠ ❞✐ss♦✱ ❛ tr❛♥s♠✐ssã♦ ❞❡ ♣♦tê♥❝✐❛ ❛t✐✈❛ ❡♠ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ é ❧✐♠✐t❛❞❛

♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❡❧❛ s✉❛ ✐♠♣❡❞â♥❝✐❛ sér✐❡✳

❆ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✜①❛ ✈✐s❛ ❛ r❡❞✉çã♦ ❞❛ ✐♠♣❡❞â♥❝✐❛ ❞❛ ❧✐♥❤❛✱ ♦❝❛s✐♦♥❛♥❞♦✱ ❞❡ss❛ ❢♦r♠❛✱

✉♠ ❛✉♠❡♥t♦ ♥❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♣♦tê♥❝✐❛ ♣❛r❛ ✈❛❧♦r❡s ♠❛✐s ♣ró①✐♠♦s ❞❛ ❝❛♣❛✲

❝✐❞❛❞❡ tér♠✐❝❛ ❞♦s ❝♦♥❞✉t♦r❡s ❞❛ ❧✐♥❤❛✳ ❆ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♦❢❡r❡❝❡ ❞✐✈❡rs❛s ✈❛♥t❛❣❡♥s ♣❛r❛

❛s r❡❞❡s ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛✱ t❛✐s ❝♦♠♦ ✭❆◆❉❊❘❙❖◆❀ ❋❆❘▼❊❘✱ ✶✾✾✻✮✿

• ▼❡❧❤♦r✐❛ ♥❛ q✉❛❧✐❞❛❞❡ ❡ ❡✜❝✐ê♥❝✐❛ ❞❡ tr❛♥s♠✐ssã♦❀

• ❆✉♠❡♥t♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ♣♦tê♥❝✐❛ ❛t✐✈❛✱ ❞❡✈✐❞♦ ❛♦ ❛✉♠❡♥t♦ ❞♦ ❧✐♠✐t❡

❞❛ ❡st❛❜✐❧✐❞❛❞❡ tr❛♥s✐tór✐❛❀
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• ❘❡❞✉çã♦ ❞♦s ❝✉st♦s ❞❡ tr❛♥s♠✐ssã♦✱ ❞❡✈✐❞♦ à ❞✐♠✐♥✉✐çã♦ ❞❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❝♦♥str✉çã♦ ❞❡

♥♦✈❛s ❧✐♥❤❛s❀

• ▼❡❧❤♦r❛ ♥♦ ❜❛❧❛♥ç♦ ❞❡ ♣♦tê♥❝✐❛ r❡❛t✐✈❛❀

• ❘❡❞✉çã♦ ❞❛s ♣❡r❞❛s ❡❧étr✐❝❛s❀

• ❘❡♣❛rt✐çã♦ ❞❛ ❝❛r❣❛ ❛t✐✈❛ ❡♥tr❡ ❧✐♥❤❛s ❡♠ ♣❛r❛❧❡❧♦✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ❛ ✉t✐❧✐③❛çã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ t❛♠❜é♠ tr❛③ ❛❧❣✉♠❛s ❞❡s✈❛♥t❛❣❡♥s✱ t❛✐s

❝♦♠♦ ✭❆◆❉❊❘❙❖◆❀ ❋❆❘▼❊❘✱ ✶✾✾✻✮✿

• ■♠♣❛❝t♦ ♥❛ ♣r♦t❡çã♦ ❞❡ ❞✐stâ♥❝✐❛ ❝♦♥✈❡♥❝✐♦♥❛❧ ❞❡ ❧✐♥❤❛s ❝♦♠♣❡♥s❛❞❛s✱ ❞❡✈✐❞♦ à ✐♥tr♦❞✉✲

çã♦ ❞❡ ❢r❡q✉ê♥❝✐❛s s✉❜✲❤❛r♠ô♥✐❝❛s q✉❡ ❞✐✜❝✉❧t❛♠ ❛ ♦❜t❡♥çã♦ ❞♦s ❢❛s♦r❡s ❢✉♥❞❛♠❡♥t❛✐s

❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡❀

• ■♠♣❛❝t♦ ♥❛ ♣r♦t❡çã♦ ❞✐r❡❝✐♦♥❛❧ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❞❡✈✐❞♦ à ❞✐✜❝✉❧❞❛❞❡ ❞❛ ❞❡t❡r✲

♠✐♥❛çã♦ ❞❛ ❞✐r❡çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❢❛❧t❛✱ q✉❡ ♣♦❞❡ ❛♣r❡s❡♥t❛r â♥❣✉❧♦ ❝❛♣❛❝✐t✐✈♦ ❡♠ ❧✐♥❤❛s

❝♦♠♣❡♥s❛❞❛s❀

• ❘❡ss♦♥â♥❝✐❛ s✉❜sí♥❝r♦♥❛✿ ✐♥tr♦❞✉çã♦ ❞❡ ♦s❝✐❧❛çõ❡s ❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛ ❡♠ r❡ss♦♥â♥❝✐❛

❝♦♠ ❛s ♦s❝✐❧❛çõ❡s ❞♦s r♦t♦r❡s ❞♦s ❣❡r❛❞♦r❡s✱ ❤❛✈❡♥❞♦ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ r✉♣t✉r❛ ❞♦s ❡✐①♦s❀

• ❈♦rr❡♥t❡s ❞❡ ❢❛❧t❛ ❡❧❡✈❛❞❛s ♥❛s ♣r♦①✐♠✐❞❛❞❡s ❞❛ ✐♥st❛❧❛çã♦ ❞❡ ❜❛♥❝♦s ❞❡ ❝❛♣❛❝✐t♦r❡s❀

• Pr♦❜❧❡♠❛s ❞❡ ❛✉t♦✲❡①❝✐t❛çã♦ ❞❡ ❣❡r❛❞♦r❡s✳

❆ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣♦❞❡ s❡r ❞♦ t✐♣♦ ✜①❛ ✭✉t✐❧✐③❛❞❛ ❛ ♣❛rt✐r ❞❡ ✶✾✺✵✮ ♦✉ ❝♦♥tr♦❧á✈❡❧ ✭❛

♣❛rt✐r ❞❡ ✶✾✾✼✮ ✭❆▲❚❯❱❊ ❡t ❛❧✳✱ ✷✵✵✾✮✳

✷✳✷✳✷ ●r❛✉ ❞❡ ❈♦♠♣❡♥s❛çã♦

❖ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ✭k✮ ❛ss♦❝✐❛❞♦ à ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✜①❛ é ❞❡✜♥✐❞♦ ❝♦♠♦ ❛ r❛③ã♦

❡♥tr❡ ❛s r❡❛tâ♥❝✐❛s ❝❛♣❛❝✐t✐✈❛ XC ❡ ✐♥❞✉t✐✈❛ XL ❞❡ ✉♠❛ ❧✐♥❤❛ ✭❑❯▼❆❘ ❡t ❛❧✳✱ ✶✾✼✵✮✱ ♦✉ s❡❥❛✱

k =
XC

XL

, ✭✷✳✶✮
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❡♠ q✉❡ XC = 1
ωC

❡ XL = ωL✱ s❡♥❞♦ ω = 2πf ✱ f = 60 ❍③✱ C ♦ ✈❛❧♦r ❞❛ ❝❛♣❛❝✐tâ♥❝✐❛ sér✐❡

❡♠♣r❡❣❛❞❛ ❡ L ♦ ✈❛❧♦r ❞❛ ✐♥❞✉tâ♥❝✐❛ ❞❛ ❧✐♥❤❛ ❛ s❡r ❝♦♠♣❡♥s❛❞❛✳

❉❛ ❊q✉❛çã♦ ✷✳✶✱ ♣♦❞❡✲s❡ r❡❧❛❝✐♦♥❛r ♦ ✈❛❧♦r ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❝♦♠ ❛ ❢r❡q✉ê♥❝✐❛ ❡

❝♦♠ ♦s ✈❛❧♦r❡s ❞❡ L ❡ C✱ ❝♦♠♦ s❡❣✉❡✿

k =
1

ω2LC
. ✭✷✳✷✮

◆❛ ♣rát✐❝❛✱ ♦ ✈❛❧♦r ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❡♠♣r❡❣❛❞♦ ❡stá ❡♥tr❡ ✸✵✪ ❡ ✼✵✪✳ ❊ss❛ ❧✐♠✐t❛çã♦

é ❞❡✈✐❞❛ ❛ ❢❛t♦r❡s ❝♦♠♦ tr❛♥s✐tór✐♦s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ✭s♦❜r❡t❡♥sõ❡s tr❛♥s✐tór✐❛s✮✱ r❡ss♦♥â♥❝✐❛

s✉❜sí♥❝r♦♥❛ ❡ ❡st❛❜✐❧✐❞❛❞❡ s✉❜❤❛r♠ô♥✐❝❛ ✭❖▲■❱❊■❘❆✱ ✷✵✵✼✮✳ ❱❛❧♦r❡s ❞❡ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦

s✉♣❡r✐♦r❡s ❛ ✼✵✪ ♣♦❞❡♠ ♦❝❛s✐♦♥❛r ♦s❝✐❧❛çõ❡s ❡♥tr❡ ❛ r❡❞❡ ❡❧étr✐❝❛ ❡ ♦s ❡✐①♦s ❞❛s ♠áq✉✐♥❛s

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

♣r♦♣♦r❝✐♦♥❛❧ ❝♦♠ ♦ ✈❛❧♦r r❡q✉❡r✐❞♦ ♣❛r❛ ♦ ❝❛♣❛❝✐t♦r sér✐❡ ✭❊q✉❛çã♦ ✷✳✷✮✱ ❝♦♠♣❡♥s❛r ♠❡♥♦s

q✉❡ ✸✵✪ ❞❛ r❡❛tâ♥❝✐❛ ✐♥❞✉t✐✈❛ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ✉♠❛ ♦♣çã♦

❡❝♦♥♦♠✐❝❛♠❡♥t❡ ✐♥✈✐á✈❡❧✳

✷✳✷✳✸ ❖ ❙✐st❡♠❛ ❞❡ Pr♦t❡çã♦ ❞❛ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ❋✐①❛

P❛r❛ ❛ ✉t✐❧✐③❛çã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✜①❛✱ é ♥❡❝❡ssár✐♦ ✉♠ ❡st✉❞♦ ❞❡t❛❧❤❛❞♦ ❛❝❡r❝❛ ❞❛

♣r♦t❡çã♦ ❛♦s ❝❛♣❛❝✐t♦r❡s sér✐❡ q✉❛♥❞♦ ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❢❛❧❤❛s ♥❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ♦✉✱

❛té ♠❡s♠♦✱ ♥♦s ♣ró♣r✐♦s ❝❛♣❛❝✐t♦r❡s✳ P❛r❛ ❛ ♣r♦t❡çã♦ ❝♦♥tr❛ s♦❜r❡❝♦rr❡♥t❡s ❡ s♦❜r❡t❡♥sõ❡s

♥❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❣❡r❛❧♠❡♥t❡ sã♦ ❡♠♣r❡❣❛❞♦s ❱❛r✐st♦r❡s ❞❡ Ó①✐❞♦ ▼❡tá❧✐❝♦s ✭▼❖❱✱ ❞♦

✐♥❣❧ês ▼❡t❛❧ ❖①✐❞❡ ❱❛r✐st♦rs✮ ✭❆▲❚❯❱❊ ❡t ❛❧✳✱ ✷✵✵✾✮✳ ❖s ▼❖❱ tê♠ ❛ ❢✉♥çã♦ ❞❡ ♦❢❡r❡❝❡r ✉♠

❝❛♠✐♥❤♦ ❞❡ ♠❡♥♦r r❡s✐stê♥❝✐❛ ♣❛r❛ ❛ ❝♦rr❡♥t❡ ❡❧étr✐❝❛ q✉❛♥❞♦ ❛ t❡♥sã♦ ♥♦ ❝❛♣❛❝✐t♦r sér✐❡ ❛t✐♥❣❡

♦✉ ✉❧tr❛♣❛ss❛ ❧✐♠✐❛r❡s ✭❣❡r❛❧♠❡♥t❡ ✷✱✸ ✈❡③❡s ♦ ✈❛❧♦r ♥♦♠✐♥❛❧✮✳ ❆ ♣r♦t❡çã♦ ♣♦r ▼❖❱ ❛♣r❡s❡♥t❛

✉♠ ❧✐♠✐t❡✱ r❡❧❛❝✐♦♥❛❞♦ à s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❜s♦rçã♦ ❞❡ ❡♥❡r❣✐❛✱ ❛ q✉❛❧ ♣♦❞❡ s❡r r❡s♣♦♥sá✈❡❧

♣♦r ❡❧❡✈❛çõ❡s ❞❡ t❡♠♣❡r❛t✉r❛ ♥♦ ❡❧❡♠❡♥t♦ ♥ã♦✲❧✐♥❡❛r✳

❆❧é♠ ❞♦s ▼❖❱✱ ❝❡♥t❡❧❤❛❞♦r❡s ❡ ❞✐s❥✉♥t♦r❡s ❞❡ ❞❡s✈✐♦ t❛♠❜é♠ sã♦ ❡♠♣r❡❣❛❞♦s ♣❛r❛ ❛

♣r♦t❡çã♦ ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡✳ ❖s ❝❡♥t❡❧❤❛❞♦r❡s ✭♦✉ s♣❛r❦ ❣❛♣s✮ sã♦ ❝♦♥❥✉♥t♦s ❞❡ ❡❧❡tr♦❞♦s ❞❡

♣♦tê♥❝✐❛ ❝✉❥❛ ❢✉♥çã♦ é ❛ ♣r♦t❡çã♦ ❞♦s ▼❖❱ ❡ ❞♦s ❝❛♣❛❝✐t♦r❡s sér✐❡ q✉❛♥❞♦ ❛ ❡♥❡r❣✐❛ ❛❜s♦r✈✐❞❛

♣❡❧♦s ✈❛r✐st♦r❡s ✉❧tr❛♣❛ss❛ ❛ s✉❛ ❝❛♣❛❝✐❞❛❞❡✳ ❖s ❞✐s❥✉♥t♦r❡s ❞❡ ❞❡s✈✐♦ sã♦ ❞✐s♣♦s✐t✐✈♦s ❞❡



❈❆P❮❚❯▲❖ ✷✿ ❋❯◆❉❆▼❊◆❚❖❙ ❉❆ ❈❖▼P❊◆❙❆➬➹❖ ❙➱❘■❊ ❊▼ ▲■◆❍❆❙ ❉❊ ❚❘❆◆❙▼■❙❙➹❖✶✶

❛❝✐♦♥❛♠❡♥t♦ ♠❛♥✉❛❧✱ ♦✉ ❛✉t♦♠át✐❝♦✱ q✉❡ ✈✐s❛♠ ❞❡s✈✐❛r ✭❢✉♥çã♦ ❞❡ ❜②♣❛ss✮ ❛ ❝♦rr❡♥t❡ ❡❧étr✐❝❛

❞❡ t♦❞♦s ♦s ❞✐s♣♦s✐t✐✈♦s ♠❡♥❝✐♦♥❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡ ✭◆❊❑❖❯❇■◆✱ ✷✵✶✶✮✳

❖ ❛rr❛♥❥♦ ❞♦s ❝❛♣❛❝✐t♦r❡s sér✐❡ ❡ ▼❖❱ é ❞✐s♣♦st♦ ❡♠ sér✐❡ ❝♦♠ ✉♠ ❝✐r❝✉✐t♦ ❞❡ ❛♠♦rt❡❝✐✲

♠❡♥t♦✱ ♦ q✉❛❧ é ❝♦♠♣♦st♦ ♣♦r ✉♠ r❡❛t♦r ❞❡ ♥ú❝❧❡♦ ❞❡ ❛r ❡♠ ♣❛r❛❧❡❧♦ ❝♦♠ ♦ ❛rr❛♥❥♦ sér✐❡ ❞❡ ✉♠

r❡s✐st♦r ❞❡ ❝❛r❜♦♥♦ ❡ ✉♠ ♣❡q✉❡♥♦ ❝❡♥t❡❧❤❛❞♦r ✭♠✐♥✐ s♣❛r❦ ❣❛♣✮✳ ❯♠❛ ❝❤❛✈❡ s❡❝❝✐♦♥❛❞♦r❛ ❞❡

❞❡s✈✐♦ ❡ ❞✉❛s ❝❤❛✈❡s s❡❝❝✐♦♥❛❞♦r❛s ❞❡ ✐s♦❧❛♠❡♥t♦ ✭♣❛r❛ ❢✉♥çõ❡s ❞❡ ♠❛♥♦❜r❛ ❞❡ r❡t✐r❛❞❛ ❡ ❝♦❧♦✲

❝❛çã♦ ❞♦ ❝❛♣❛❝✐t♦r sér✐❡ ♥♦ s✐st❡♠❛✮ ❝♦♠♣õ❡♠ ♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✜①❛✳

❯♠ ❞✐❛❣r❛♠❛ ❡❧étr✐❝♦ ❣❡r❛❧ ❡ s✐♠♣❧✐✜❝❛❞♦ ❞♦s ❡❧❡♠❡♥t♦s ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ é ❛♣r❡s❡♥t❛❞♦

♥❛ ❋✐❣✉r❛ ✷✳✶✳

Chave seccionadora de desvio

Capacitor
Série

Reator

Chave
seccionadora

isoladora

Resistor MOV

Spark gap

Chave
seccionadora

isoladora

Mini spark gap

Disjuntor de desvio

❋✐❣✉r❛ ✷✳✶✳ ❉✐❛❣r❛♠❛ ❡❧étr✐❝♦ s✐♠♣❧✐✜❝❛❞♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✜①❛✳

✷✳✷✳✹ ❈♦♥s✐❞❡r❛çõ❡s s♦❜r❡ ♦ ❋❧✉①♦ ❞❡ P♦tê♥❝✐❛ ♣❛r❛ ❛ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡

◆❛ ❋✐❣✉r❛ ✷✳✷ é ✐❧✉str❛❞♦ ✉♠ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ s✐♠♣❧✐✜❝❛❞♦✱ ❝♦♠♣♦st♦ ♣♦r ❞✉❛s ❢♦♥t❡s

✭S1 ❡ S2✮ ❡ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ r❡❛tâ♥❝✐❛ sér✐❡ XL✳ P❛r❛ ❡ss❡ s✐st❡♠❛✱ t❡♠✲s❡ q✉❡

❛s ♣♦tê♥❝✐❛s ❛t✐✈❛ ❡ r❡❛t✐✈❛ tr❛♥s♠✐t✐❞❛s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ sã♦ ✭❙❚❊❱❊◆❙❖◆ ❏❘✳❀ ●❘❆■◆●❊❘✱

✶✾✾✹✮✿
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1 2
S1

V ,1 1θ

S2

V ,2 2θ

XL

P  + jQ1 1 P  + jQ2 2

❋✐❣✉r❛ ✷✳✷✳ ❙✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ s✐♠♣❧✐✜❝❛❞♦✳

P12 =
V1V2
XL

s❡♥(θ12), ✭✷✳✸✮

Q12 =
V 2
1

XL

− V1V2
XL

❝♦s(θ12), ✭✷✳✹✮

❡♠ q✉❡ P12 ❡ Q12 sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛s ♣♦tê♥❝✐❛s ❛t✐✈❛ ❡ r❡❛t✐✈❛ tr❛♥s♠✐t✐❞❛s ❞❛ ❜❛rr❛ ✶

♣❛r❛ ❛ ❜❛rr❛ ✷ ❡ θ12 = θ1 − θ2 é ❛ ❞✐❢❡r❡♥ç❛ ❛♥❣✉❧❛r ❡♥tr❡ ❛s t❡♥sõ❡s ♥❡ss❛s ❜❛rr❛s✳

P❛r❛ ♦ ❝❛s♦ ❞❛ ✐♥❝❧✉sã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥❛ ❧✐♥❤❛✱ ❝♦♠♦ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✸✱ ❛s

♣♦tê♥❝✐❛s ❛t✐✈❛ ❡ r❡❛t✐✈❛ tr❛♥s❢❡r✐❞❛s ❛♦ ❧♦♥❣♦ ❞❡st❛ sã♦✿

P12comp =
V1V2

XL −XC

s❡♥(θ12), ✭✷✳✺✮

Q12comp =
V 2
1

XL −XC

− V1V2
XL −XC

❝♦s(θ12), ✭✷✳✻✮

❡♠ q✉❡ P12comp ❡ Q12comp sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛s ♣♦tê♥❝✐❛s ❛t✐✈❛ ❡ r❡❛t✐✈❛ tr❛♥s♠✐t✐❞❛s ❞❛

❜❛rr❛ ✶ ♣❛r❛ ❛ ❜❛rr❛ ✷ ♣❛r❛ ♦ ❝❛s♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡ XC é ❛ r❡❛tâ♥❝✐❛ ❞♦

❝❛♣❛❝✐t♦r sér✐❡ ❡♠♣r❡❣❛❞♦✳

1 2
S1

V ,1 1θ

S2

V ,2 2θ

X /2L X /2L

XC

MOV

P  + jQ1 1 P  + jQ2 2

❋✐❣✉r❛ ✷✳✸✳ ❙✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ s✐♠♣❧✐✜❝❛❞♦ ❝♦♠ ❛ ♣r❡s❡♥ç❛ ❞❛ ❝♦♠♣❡♥s❛çã♦

sér✐❡ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳
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❆s ❊q✉❛çõ❡s ✷✳✺ ❡ ✷✳✻ ♣♦❞❡♠ s❡r r❡❡s❝r✐t❛s ❡♠ ❢✉♥çã♦ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ k ❝♦♠♦✿

P12comp =
V1V2

XL(1− k)
s❡♥(θ12), ✭✷✳✼✮

Q12comp =
V 2
1

XL(1− k)
− V1V2
XL(1− k)

❝♦s(θ12). ✭✷✳✽✮

❙✉♣♦♥❞♦✲s❡ q✉❡ ❛s t❡♥sõ❡s ♥❛s ❜❛rr❛s ✶ ❡ ✷ s❡❥❛♠ V1 = V2 = 500 ❦❱ ❡ q✉❡ ❛ r❡❛tâ♥❝✐❛

sér✐❡ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ s❡❥❛ XL = 126, 8 Ω✱ ❛s ❝✉r✈❛s ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♣♦tê♥❝✐❛ ❛t✐✈❛

❡♠ ❢✉♥çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ♣♦tê♥❝✐❛ ✭θ12✮ ♣❛r❛ ❛ ❧✐♥❤❛ ♥ã♦ ❝♦♠♣❡♥s❛❞❛ ✭❊q✉❛çã♦ ✷✳✸✮ ❡ ♣❛r❛ ♦s

❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ k = {30%, 40%, 50%, 60% ❡ 70%} ✭❊q✉❛çã♦ ✷✳✼✮ sã♦ ✐❧✉str❛❞❛s ♥❛

❋✐❣✉r❛ ✷✳✹✳
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❋✐❣✉r❛ ✷✳✹✳ ❊❢❡✐t♦ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♥❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♣♦tê♥❝✐❛ ❡♠ ✉♠❛ ❧✐♥❤❛

❞❡ tr❛♥s♠✐ssã♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✷✳✹✱ ❛ ❧✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ é ❝❛♣❛③ ❞❡ tr❛♥s❢❡r✐r✱ ♥♦ ♠á✲

①✐♠♦✱ ❝❡r❝❛ ❞❡ ✷ ●❲ ❞❡ ♣♦tê♥❝✐❛ ❛t✐✈❛ ❡♥tr❡ ❛s ❜❛rr❛s ✶ ❡ ✷✱ ❡♥q✉❛♥t♦ q✉❡✱ ♣❛r❛ ✉♠ ❣r❛✉ ❞❡

❝♦♠♣❡♥s❛çã♦ ❞❡ ✺✵✪✱ ♣♦r ❡①❡♠♣❧♦✱ ❡ss❛ ❝❛♣❛❝✐❞❛❞❡ é q✉❛s❡ ❞♦❜r❛❞❛✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ❝♦♠✲

♣❡♥s❛çã♦ sér✐❡ ❛t✉❛ ♥❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ❢♦r♠❛ ❛ r❡❞✉③✐r ❛ s✉❛ ✐♠♣❡❞â♥❝✐❛ ❛♣❛r❡♥t❡ ❡✱

❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❛✉♠❡♥t❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♠á①✐♠❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♣♦tê♥❝✐❛ à ♠❡❞✐❞❛ ❡♠

q✉❡ ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❛✉♠❡♥t❛✳
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✷✳✷✳✺ ❊❢❡✐t♦ ❞❛ ▲♦❝❛❧✐③❛çã♦ ❞❛ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ❋✐①❛ ♥❛ ▲✐♥❤❛ ❞❡ ❚r❛♥s♠✐ssã♦

❆ ♠❛♥❡✐r❛ ❝♦♠♦ ♦ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡ ❡stá ❧♦❝❛❧✐③❛❞♦ ♥❛ ❧✐♥❤❛ é ✉♠ ❢❛t♦r ✐♠♣♦rt❛♥t❡

❡ q✉❡ ✐♥t❡r❢❡r❡ ❞✐r❡t❛♠❡♥t❡ ❡♠ ❛s♣❡❝t♦s té❝♥✐❝♦s ❡ ❡❝♦♥ô♠✐❝♦s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❡ ♣♦tê♥❝✐❛✳

❆ s❡❣✉✐r✱ sã♦ ❜r❡✈❡♠❡♥t❡ ❞❡s❝r✐t❛s ❛s ♣r✐♥❝✐♣❛✐s ❝♦♥✜❣✉r❛çõ❡s ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡ s✉❛s

❝❛r❛❝t❡ríst✐❝❛s ♠❛✐s r❡❧❡✈❛♥t❡s✿

• ❈♦♠♣❡♥s❛çã♦ sér✐❡ ✜①❛ ❡♠ ✉♠ ❞♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✿ ❡st❛ é ❛ ❝♦♥✜❣✉r❛çã♦

♠❛✐s ✉t✐❧✐③❛❞❛ ♥♦ s✐st❡♠❛ ❡❧étr✐❝♦✱ s❡♥❞♦ t❛♠❜é♠ ❛ ♠❛✐s ❡❝♦♥ô♠✐❝❛✱ ❥á q✉❡ ❛ ❡str✉t✉r❛

❞❛ s✉❜❡st❛çã♦ ♣♦❞❡ s❡r ❛♣r♦✈❡✐t❛❞❛ ♣❛r❛ ❛ ✐♥st❛❧❛çã♦ ❞❡ss❡ t✐♣♦ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

• ❈♦♠♣❡♥s❛çã♦ sér✐❡ ✜①❛ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✿ ♣❛r❛ ❡st❛ ❝♦♥✜❣✉r❛çã♦✱ ❛ ✐♥✈❡rsã♦ ❞❡

❝♦rr❡♥t❡ ❞❡✐①❛ ❞❡ ♦❝♦rr❡r✳ ❖ ❢❡♥ô♠❡♥♦ ❞❛ ✐♥✈❡rsã♦ ❞❡ t❡♥sã♦ é r❛r♦ ❡ ♦❝♦rr❡ s♦♠❡♥t❡

♣❛r❛ ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦ ❛❝✐♠❛ ❞❡ ✺✵✪✳ P♦ré♠✱ ♣r♦❜❧❡♠❛s ❞❡ ❛❧❝❛♥❝❡✱ ❝♦♦r❞❡♥❛çã♦

❡ tr❛♥s✐tór✐♦s ♥♦ s✐st❡♠❛ s❡rã♦ ✐♥❝❧✉í❞♦s✳ ❊ss❡ t✐♣♦ ❞❡ ❝♦♥✜❣✉r❛çã♦ é✱ ❞❡ ❧♦♥❣❡✱ ♦ ♠❛✐s

❝❛r♦✱ ❥á q✉❡ ✉♠❛ ♥♦✈❛ s✉❜❡st❛çã♦ ❞❡✈❡rá s❡r ❝♦♥str✉í❞❛ ♣❛r❛ r❡❝❡❜❡r ❛s s✉❛s ✐♥st❛❧❛çõ❡s✳

❆❧é♠ ❞✐ss♦✱ ♦s ❜❡♥❡❢í❝✐♦s ❝♦♠ ❛ r❡❞✉çã♦ ❞❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦s ❢❡♥ô♠❡♥♦s ❞❡

✐♥✈❡rsã♦ ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❞❡✈❡♠ s❡r ❝♦♥tr❛❜❛❧❛♥❝❡❛❞♦s ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ ♣♦ss✐❜✐❧✐❞❛❞❡

❞❛ ♦❝♦rrê♥❝✐❛ ❞♦s ❞❡♠❛✐s ❢❡♥ô♠❡♥♦s ❝✐t❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡ ❡♠ ♣✐♦r❡s ♣r♦♣♦rçõ❡s✳

• ❈♦♠♣❡♥s❛çã♦ sér✐❡ ✜①❛ ❞✐✈✐❞✐❞❛ ♥♦s ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✿ ♥❡st❡ t✐♣♦ ❞❡ ❝♦♥✜✲

❣✉r❛çã♦✱ ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ t♦t❛❧ ❣❡r❛❧♠❡♥t❡ é ♠❡♥♦r q✉❡ ♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛ ❝♦♠♣❡♥✲

s❛çã♦ ❡♠ ✉♠ ú♥✐❝♦ ♣♦♥t♦✳ ❈♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛✱ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❢❡♥ô♠❡♥♦s ❞❡ ✐♥✈❡rsã♦ ❞❡

t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❡ ♦✉tr♦s ♣r♦❜❧❡♠❛s é ♠❡♥♦s s✉s❝❡♣tí✈❡❧✱ r❡❞✉③✐♥❞♦✲s❡ ♦s ♣r♦❜❧❡♠❛s r❡❧❛✲

❝✐♦♥❛❞♦s ❛♦s ❡sq✉❡♠❛s ❞❡ ♣r♦t❡çã♦✳ ❊ss❡ ♠♦❞❡❧♦ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❞❡✈❡ s❡r ❛✈❛❧✐❛❞♦

té❝♥✐❝❛ ❡ ❡❝♦♥♦♠✐❝❛♠❡♥t❡✱ ♣♦✐s ❛♣❡s❛r ❞❛ r❡❞✉çã♦ ❞♦s ♣r♦❜❧❡♠❛s r❡❧❛❝✐♦♥❛❞♦s ❛♦s ❢❡♥ô✲

♠❡♥♦s ❛♥t❡r✐♦r♠❡♥t❡ ♠❡♥❝✐♦♥❛❞♦s✱ ♦ ❝✉st♦ ❞❡ss❛ ❝♦♥✜❣✉r❛çã♦ é ♠❛✐♦r q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦

❛♦ ❞❛ ✐♥st❛❧❛çã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡♠ ✉♠ ú♥✐❝♦ ♣♦♥t♦✳



❈❆P❮❚❯▲❖ ✷✿ ❋❯◆❉❆▼❊◆❚❖❙ ❉❆ ❈❖▼P❊◆❙❆➬➹❖ ❙➱❘■❊ ❊▼ ▲■◆❍❆❙ ❉❊ ❚❘❆◆❙▼■❙❙➹❖✶✺

✷✳✸ ❘❊❙❯▼❖ ❉❖ ❈❆P❮❚❯▲❖

❊st❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t♦✉ ✉♠❛ ❜r❡✈❡ ❞❡s❝r✐çã♦ ❞♦s ♣r✐♥❝✐♣❛✐s ❛s♣❡❝t♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦ ❡♠✲

♣r❡❣♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✜①❛ ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ ❋♦✐ ♦❜s❡r✈❛❞♦ q✉❡✱ ❛♣❡s❛r ❞❛s

❞✐✈❡rs❛s ✈❛♥t❛❣❡♥s✱ ❞❡♥tr❡ ❛s q✉❛✐s s❡ ❞❡st❛❝❛♠ ♦ ❛✉♠❡♥t♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡

♣♦tê♥❝✐❛ ❡ ❞❛ ❡st❛❜✐❧✐❞❛❞❡ tr❛♥s✐tór✐❛ ❡ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✱ ❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ tr❛③ ❛❧❣✉♥s

♣r♦❜❧❡♠❛s ♣❛r❛ ♦ ❝♦rr❡t♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦s r❡❧és ❞❡ ♣r♦t❡çã♦ ✭❜❛s❡❛❞♦s ♥❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛✲

♠❡♥t❛❧✮✳ ❯♠ s✐♠♣❧❡s ❡①❡♠♣❧♦ ♥✉♠ér✐❝♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ♣❛r❛ ✐❧✉str❛r ♦ ❡♠♣r❡❣♦ ❞❛ ❝♦♠♣❡♥s❛çã♦

sér✐❡ ❡ ❛❧❣✉♥s ❛s♣❡❝t♦s r❡❧❛t✐✈♦s à s✉❛ ❧♦❝❛❧✐③❛çã♦ ♥❛ ❧✐♥❤❛ ❢♦r❛♠ ❛❜♦r❞❛❞♦s✳



❈❆P❮❚❯▲❖ ✸

❋❯◆❉❆▼❊◆❚❖❙ ❉❆ ❚❘❆◆❙❋❖❘▼❆❉❆ ❲❆❱❊▲❊❚

◆❡st❡ ❝❛♣ít✉❧♦ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ s♦❜r❡ ❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t ✭❚❲✮✱

❞❡st❛❝❛♥❞♦✲s❡ s✉❛s ✈❡rsõ❡s ❝♦♥tí♥✉❛ ❡ ❞✐s❝r❡t❛s✳ ❆ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t✱ ✉t✐❧✐③❛❞❛

♥❛ ❛♥á❧✐s❡ ❞♦s tr❛♥s✐tór✐♦s ♥❡st❛ ❞✐ss❡rt❛çã♦✱ é t❛♠❜é♠ ❛❜♦r❞❛❞❛✳

✸✳✶ ■◆❚❘❖❉❯➬➹❖

❆ ❚❲ ❢♦r♥❡❝❡ ✉♠❛ ❛♥á❧✐s❡ ❞❡ s✐♥❛✐s ♥♦s ❞♦♠í♥✐♦s ❞♦ t❡♠♣♦ ❡ ❞❛ ❢r❡q✉ê♥❝✐❛✱ ❡♠ ❡s❝❛❧❛s

✈❛r✐á✈❡✐s✳ ❊ss❛ ❢❡rr❛♠❡♥t❛ ❢♦✐ ✐♥tr♦❞✉③✐❞❛ ♣♦r ❏✳ ▼♦r❧❡t ❡ t❡✈❡ s✉❛ ❜❛s❡ ♠❛t❡♠át✐❝❛ ❢♦r♠❛❧✐✲

③❛❞❛ ♣❡❧♦ ❢ís✐❝♦ t❡ór✐❝♦ ❆❧❡① ●r♦ss♠❛♥♥✳ ❊❧❛ s✉r❣✐✉ ♣❛r❛ s✉❜st✐t✉✐r✱ ❡♠ ❞✐✈❡rs❛s ❛♣❧✐❝❛çõ❡s✱ ❛

tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ✭❚❋✮✱ q✉❡ ♥ã♦ é tã♦ ❡✜❝❛③ ❡ ♣r❡❝✐s❛ ♥❛ ❛♥á❧✐s❡ ❞❡ s✐♥❛✐s ❝✉❥♦s ❝♦♥t❡ú❞♦s

❞❡ ❢r❡q✉ê♥❝✐❛ ✈❛r✐❛♠ r❛♣✐❞❛♠❡♥t❡ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦ ✭❇❘■❚❖✱ ✷✵✵✶✮✳

❆ ❚❲ é ✉♠❛ ❢❡rr❛♠❡♥t❛ ♠❛t❡♠át✐❝❛ ♣❛r❛ ❞❡❝♦♠♣♦s✐çã♦ ❞❡ ✉♠ s✐♥❛❧ ❡♠ ❞✐❢❡r❡♥t❡s ❜❛♥❞❛s ❞❡

❢r❡q✉ê♥❝✐❛ ♣♦r ✉♠ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❡ ❞❡s❧♦❝❛♠❡♥t♦ s♦❜r❡ ✉♠❛ ❢✉♥çã♦ ❜❛s❡✱ ❝❤❛♠❛❞❛

✇❛✈❡❧❡t ♠ã❡✳ ❈♦♠ r❡❧❛çã♦ às ✈❡rsõ❡s ❞✐s❝r❡t❛s✱ ❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t ❞✐s❝r❡t❛ ✭❚❲❉✮ ❡

❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t ❞✐s❝r❡t❛ r❡❞✉♥❞❛♥t❡ ✭❚❲❉❘✮ sã♦ ✉s❛❞❛s ❡♠ ✐♥ú♠❡r❛s ❛♣❧✐❝❛çõ❡s ❞❡

❛♥á❧✐s❡ ❞❡ ❞✐stúr❜✐♦s ❡♠ s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛✱ s❡♥❞♦ ❛♠❜❛s ❝♦♠✉♠❡♥t❡ ✐♠♣❧❡♠❡♥t❛❞❛s

❝♦♠♦ ❜❛♥❝♦s ❞❡ ✜❧tr♦s✳

✸✳✷ ❆ ❚❘❆◆❙❋❖❘▼❆❉❆ ❲❆❱❊▲❊❚ ❈❖◆❚❮◆❯❆

❆ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t ❝♦♥tí♥✉❛ ✭❚❲❈✮ ♠❛♣❡✐❛ ✉♠ s✐♥❛❧ ❞♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ ♣❛r❛ ♦

❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✲❢r❡q✉ê♥❝✐❛✳ ❉❛❞♦ ✉♠ s✐♥❛❧ ❝♦♥tí♥✉♦ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ f(t)✱ ❛ ❚❲❈ é

❞❡✜♥✐❞❛ ❝♦♠♦ s❡♥❞♦✿

F (a, b) =

∫ +∞

−∞

f(t).ψa,b(t)dt, ✭✸✳✶✮

✶✻
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❡♠ q✉❡ ψa,b(t) é ❛ ✇❛✈❡❧❡t ♠ã❡✱ ❢✉♥çã♦ ❜❛s❡ ❞❡✜♥✐❞❛ ❝♦♠♦

ψa,b(t) =
1

√

|a|
ψ

(

t− b

a

)

, ✭✸✳✷✮

❡♠ q✉❡ ♦s ♣❛râ♠❡tr♦s a ❡ b r❡♣r❡s❡♥t❛♠ ✈❛r✐❛çõ❡s ❡♠ ℜ ♣❛r❛ ❢❛t♦r❡s ❞❡ ❡s❝❛❧❛ ❡ ❞❡ ❞❡s❧♦❝❛♠❡♥t♦✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖ ❢❛t♦r 1√
|a|

é ✉s❛❞♦ ♣❛r❛ ❡❢❡✐t♦ ❞❡ ♥♦r♠❛❧✐③❛çã♦✳ ❈♦♠ ✐ss♦✱ ❛ ❚❲❈ ❞❡ f(t)

s❡ t♦r♥❛✿

F (a, b) =
1

√

‖a‖

∫ +∞

−∞

f(t)ψ

(

t− b

a

)

dt. ✭✸✳✸✮

❆ ❊q✉❛çã♦ ✸✳✸ ✐♥❞✐❝❛ q✉❡ ❛ ❚❲❈ ♠❛♣❡✐❛ ✉♠❛ ❢✉♥çã♦ ✉♥✐❞✐♠❡♥s✐♦♥❛❧ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦

♣❛r❛ ✉♠❛ ♦✉tr❛ ❢✉♥çã♦✱ q✉❡ é ❜✐❞✐♠❡♥s✐♦♥❛❧✱ ❛ ✉♠❛ ❡s❝❛❧❛ a ❡ ❞❡s❧♦❝❛♠❡♥t♦ b✳ ❆ ❚❲❈ é ❛

✐♥t❡❣r❛❧✱ ❡♠ t♦❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❞❡✜♥✐çã♦✱ ❞❛ ❢✉♥çã♦ ♠✉❧t✐♣❧✐❝❛❞❛ ♣❡❧❛s ✈❡rsõ❡s ❡s❝❛❧♦♥❛❞❛s ❡

❞❡s❧♦❝❛❞❛s ❞❛ ✇❛✈❡❧❡t ♠ã❡ ✭❇❘■❚❖✱ ✶✾✾✻✮✳

❆ s❡❣✉✐r✱ é ❛♣r❡s❡♥t❛❞♦ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❝♦♥tí♥✉♦s

❞❡ ✉♠ s✐♥❛❧✱ ✉s❛♥❞♦✲s❡ ❛ ✇❛✈❡❧❡t ♠ã❡ ❉❛✉❜❡❝❤✐❡s ✹✱ ♦✉ ❞❜✭✹✮✳

• ✶◦ P❛ss♦✿ ❆❧✐♥❤❛♠✲s❡ ♦s tr❡❝❤♦s ✐♥✐❝✐❛✐s ❞♦ s✐♥❛❧ ❛♥❛❧✐s❛❞♦ ❡ ❞❛ ✇❛✈❡❧❡t ♠ã❡ ❡s❝♦❧❤✐❞❛✱

❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶❀

• ✷◦ P❛ss♦✿ ❈❛❧❝✉❧❛✲s❡ ♦ ❣r❛✉ ❞❡ ❝♦rr❡❧❛çã♦ C ❡♥tr❡ ❛s ❞✉❛s ❢✉♥çõ❡s ❛❝✐♠❛✳ ❖ ✈❛❧♦r ❞❡ C

s❡rá tã♦ ♠❛✐♦r q✉ã♦ ♠❛✐s s✐♠✐❧❛r❡s ❢♦r❡♠ ❡ss❛s ❢✉♥çõ❡s❀

Sinal

Wavelet

C = ?

❋✐❣✉r❛ ✸✳✶✳ ❲❛✈❡❧❡t ♠ã❡ ❛❧✐♥❤❛❞❛ ❝♦♠ ♦ s✐♥❛❧✳

• ✸◦ P❛ss♦✿ Pr♦❝❡❞❡✲s❡ ♦ ❞❡s❧♦❝❛♠❡♥t♦ ♣❛r❛ ❛ ❞✐r❡✐t❛ ❞❛ ✇❛✈❡❧❡t ♠ã❡ ❡♠ r❡❧❛çã♦ ❛♦ s✐♥❛❧

❛♥❛❧✐s❛❞♦ ❡ r❡♣❡t❡♠✲s❡ ♦s ♣❛ss♦s ✶ ❡ ✷ ❞✉r❛♥t❡ t♦❞❛ ❛ ❞❡✜♥✐çã♦ ❞❡st❡ s✐♥❛❧✱ t❛❧ ❝♦♠♦

✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✷❀
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Sinal

Wavelet

C = ?

deslocamento

❋✐❣✉r❛ ✸✳✷✳ ❖♣❡r❛çã♦ ❝♦♥tí♥✉❛ ❞❡ ❞❡s❧♦❝❛♠❡♥t♦✳

• ✹♦ P❛ss♦✿ Pr♦❝❡❞❡✲s❡ ❛ ♦♣❡r❛çã♦ ❞❡ ❡s❝❛❧❛ ✭❞✐❧❛t❛çã♦✮ ❞❛ ✇❛✈❡❧❡t ♠ã❡✱ ❝♦♠♦ r❡♣r❡s❡♥t❛❞♦

♥❛ ❋✐❣✉r❛ ✸✳✸✱ ❡ r❡♣❡t❡♠✲s❡ ♦s ♣❛ss♦s ❞❡ ✶ ❛ ✸ ❞✉r❛♥t❡ t♦❞❛ ❛ ❞❡✜♥✐çã♦ ❞♦ s✐♥❛❧ ❛♥❛❧✐s❛❞♦✳

❊st❡ ♣❛ss♦ é r❡❛❧✐③❛❞♦ ♣❛r❛ t♦❞❛s ❛s ❡s❝❛❧❛s❀

Sinal

Wavelet

C = ?

dilatação

❋✐❣✉r❛ ✸✳✸✳ ❖♣❡r❛çã♦ ❝♦♥tí♥✉❛ ❞❡ ❞✐❧❛t❛çã♦✳

❆♦ tér♠✐♥♦ ❞❡ss❡ ♣r♦❝❡❞✐♠❡♥t♦✱ ♦❜tê♠✲s❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ ❚❲❈ ❡♠ ❞✐❢❡r❡♥t❡s ❡s❝❛❧❛s✱

♣r♦❞✉③✐❞♦s ♣♦r ❞✐❢❡r❡♥t❡s tr❡❝❤♦s ❞♦ s✐♥❛❧ ❛♥❛❧✐s❛❞♦✳

✸✳✸ ❆ ❚❘❆◆❙❋❖❘▼❆❉❆ ❲❆❱❊▲❊❚ ❉■❙❈❘❊❚❆

❊♠❜♦r❛ ❛ ❚❲❈ s❡❥❛ ❞❡ ❣r❛♥❞❡ ✐♥t❡r❡ss❡ t❡ór✐❝♦✱ ❛ s✉❛ ❞✐s❝r❡t✐③❛çã♦ é ♥❡❝❡ssár✐❛ ♣❛r❛

❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s ❡♠ s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛ ✭❇❘■❚❖✱ ✶✾✾✻✮✳ ◆❛ ❚❲❉ sã♦ ❞✐s❝r❡t✐③❛❞♦s

♦s ♣❛râ♠❡tr♦s ❞❡ ❡s❝❛❧❛ a ❡ ❞❡ tr❛♥s❧❛çã♦ b✱ ♦s q✉❛✐s s❡ t♦r♥❛♠✿

a = am0 , ✭✸✳✹✮

b = nam0 b0, ✭✸✳✺✮
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❝♦♠ m ❡ n ∈ Z✱ a0 > 1 ❡ b0 6= 0✳ P♦rt❛♥t♦✱ ❛ ❞❡✜♥✐çã♦ ❞❛ ❚❲❉✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❊q✉❛✲

çõ❡s ✸✳✸✱ ✸✳✹ ❡ ✸✳✺✱ é

F (m,n) =
1

√

(‖am0 ‖)
∑

n

f(n)ψ

(

t− nb0a
m
0

am0

)

, ✭✸✳✻✮

❡♠ q✉❡ ψ é ❛ ✇❛✈❡❧❡t ♠ã❡✳

✸✳✸✳✶ ❖ ❆❧❣♦r✐t♠♦ ❞❡ ▼❛❧❧❛t ♣❛r❛ ❛ ❚❲❉

❖ ❛❧❣♦r✐t♠♦ ❞❡ ▼❛❧❧❛t é ✉♠ ♠ét♦❞♦ rá♣✐❞♦ ❡ ❡✜❝✐❡♥t❡✱ ❜❛s❡❛❞♦ ♥❛ ❛♥á❧✐s❡ ♠✉❧t✐r❡s♦❧✉çã♦✱

♣❛r❛ ❝á❧❝✉❧♦ ❞❛ ❚❲❉ ✭▼❆▲▲❆❚✱ ✶✾✽✾✮✳ ❆ ❚❲❉✱ ♣❛r❛ ❝❛❞❛ ❡s❝❛❧❛✱ ♣♦❞❡ s❡r ✐♥t❡r♣r❡t❛❞❛ ❝♦♠♦

✉♠ ❜❛♥❝♦ ❞❡ ✜❧tr♦s ♣❛ss❛✲❜❛✐①❛s ✭❋P❇✮ ❡ ♣❛ss❛✲❛❧t❛s ✭❋P❆✮✱ ♦s q✉❛✐s ♣♦ss✉❡♠ ❝♦❡✜❝✐❡♥t❡s g(k)

❡ h(k)✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ q✉❡ ❞❡♣❡♥❞❡♠ ❞❛ ✇❛✈❡❧❡t ♠ã❡ ✉t✐❧✐③❛❞❛✳ ❖s ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛ ✭sj(k)✮

❡ ✇❛✈❡❧❡t ✭wj(k)✮✱ ♥❛ ❡s❝❛❧❛ j✱ sã♦ ♠❛t❡♠❛t✐❝❛♠❡♥t❡ ❞❡✜♥✐❞♦s ♣♦r ✭P❊❘❈■❱❆▲❀ ❲❆▲❉❊◆✱ ✷✵✵✵✮✿

sj(k) =
∑

n

g(n− 2k)sj−1(n), ✭✸✳✼✮

wj(k) =
∑

n

h(n− 2k)sj−1(n). ✭✸✳✽✮

❖ ♣r♦❝❡ss♦ ❞❡ s✉❜❛♠♦str❛❣❡♠ ✭r❡❞✉çã♦ ♣❡❧❛ ♠❡t❛❞❡ ♥♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❞♦s s✐♥❛✐s

♦❜t✐❞♦s ❛♣ós ✜❧tr❛❣❡♥s✮ ❥á ❡stá ✐♥❝♦r♣♦r❛❞♦ às ❊q✉❛çõ❡s ✸✳✼ ❡ ✸✳✽✳ ❖s ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛ ♣❛r❛

✉♠❛ ❡s❝❛❧❛ j sã♦ ♦❜t✐❞♦s ♣❡❧❛ ❝♦♥✈♦❧✉çã♦ ❞♦ ❋P❇ g ❝♦♠ ♦s ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛ ♥❛ ❡s❝❛❧❛ j − 1✱

❡♥q✉❛♥t♦ q✉❡ ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t sã♦ ♦❜t✐❞♦s ♣❡❧❛ ❝♦♥✈♦❧✉çã♦ ❞♦ ❋P❆ h ❝♦♠ ♦s ❝♦❡✜❝✐❡♥t❡s

❡s❝❛❧❛ ♥❛ ❡s❝❛❧❛ j − 1✳ P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ❛ ♣r✐♠❡✐r❛ ❡s❝❛❧❛ ✭j = 1✮✱ ♦s ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛ ❡

✇❛✈❡❧❡t sã♦✿

s1(k) =
∑

n

g(n− 2k)s0(n), ✭✸✳✾✮

w1(k) =
∑

n

h(n− 2k)s0(n), ✭✸✳✶✵✮

❡♠ q✉❡ s0 r❡♣r❡s❡♥t❛ ❛s ❛♠♦str❛s ❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧✳

❖ ♣r♦❝❡❞✐♠❡♥t♦ r❡❛❧✐③❛❞♦ ♣❡❧❛s ❊q✉❛çõ❡s ✸✳✾ ❡ ✸✳✶✵ ♣♦❞❡ s❡r r❡♣❡t✐❞♦ ❞✐✈❡rs❛s ✈❡③❡s✳ P♦✲

ré♠✱ ❝♦♠♦ ♠❡♥❝✐♦♥❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❡①✐st❡ ✉♠❛ ❧✐♠✐t❛çã♦ ♥❛ ❚❲❉✱ ❞❡✈✐❞♦ ❛♦ ♣r♦❝❡ss♦ ❞❡

s✉❜❛♠♦str❛❣❡♠✳ ❖ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ ✭kt✮ ❞❡✈❡ s❡r ✉♠❛ ♣♦tê♥❝✐❛ ❞❡ 2J ♣❛r❛

q✉❡ ❛ ❚❲❉ s❡❥❛ ❛♣❧✐❝❛❞❛ ❛té ❛ ❡s❝❛❧❛ J ✳ P❛r❛ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ fs✱ ♦ ❡s♣❡❝tr♦ ❞♦
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s✐♥❛❧ ♦r✐❣✐♥❛❧ ✜❝❛ ❧✐♠✐t❛❞♦ ❛ ❬0− fs/2❪✳ ❈♦♠♦ ❝❛❞❛ ❡s❝❛❧❛ ❞❛ ❚❲❉ ❞✐✈✐❞❡ ❛♦ ♠❡✐♦ ♦ ❡s♣❡❝tr♦

❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ ♥♦ ❜❛♥❝♦ ❞❡ ✜❧tr♦s✱ ❡♠ ✉♠❛ t❡r❝❡✐r❛ ❡s❝❛❧❛✱ ♦ ❡s♣❡❝tr♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ♣❛r❛

♦s ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛ ❧✐♠✐t❛✲s❡ ❛ ❬0− fs/16❪❀ ❥á ♣❛r❛ ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t✱ ♦ ❡s♣❡❝tr♦ ✜❝❛ ❧✐♠✐✲

t❛❞♦ ❛ ❬fs/16 − fs/8❪✳ ❊ss❡ ❡sq✉❡♠❛ é r❡♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✹✱ ❡♥q✉❛♥t♦ q✉❡ ♦s ❞❛❞♦s ❞❡

♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❡ ❡s♣❡❝tr♦ ❞❡ ❢r❡q✉ê♥❝✐❛ sã♦ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✸✳✶ ♣❛r❛ ♦ s✐♥❛❧ ♦r✐❣✐♥❛❧

❡ ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛ ❡ ✇❛✈❡❧❡t ❛té ❛ t❡r❝❡✐r❛ ❡s❝❛❧❛✳ ❖s ❜❧♦❝♦s ❝♦♠ ♦ sí♠❜♦❧♦ ↓ 2 r❡♣r❡s❡♥t❛♠

♦ ♣r♦❝❡ss♦ ❞❡ s✉❜❛♠♦str❛❣❡♠ ♣♦r ❞♦✐s✳

g

h

2

2

TWD

s0

s1

w1

g

h

2

2

TWD

s2

w2

g

h

2

2

TWD

s3

w3

❋✐❣✉r❛ ✸✳✹✳ ❉❡❝♦♠♣♦s✐çã♦ ❡♠ três ❡stá❣✐♦s ❞❛ ❚❲❉✳

❚❛❜❡❧❛ ✸✳✶✳ ◆ú♠❡r♦ ❞❡ ❛♠♦str❛s ❡ ❡s♣❡❝tr♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ❛ ♣❛rt✐r ❞❛ ❛♣❧✐❝❛çã♦ ❞❡ três ❡stá❣✐♦s ❞❛

❚❲❉ s♦❜r❡ ✉♠ s✐♥❛❧ ♦r✐❣✐♥❛❧✳

❙✐♥❛❧ ◆ú♠❡r♦ ❞❡ ❛♠♦str❛s ❊s♣❡❝tr♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ✭❍③✮
s0 ❦t ❬0− fs/2❪
s1 ❦t/2 ❬0− fs/4❪
w1 ❦t/2 ❬fs/4− fs/2❪
s2 ❦t/4 ❬0− fs/8❪
w2 ❦t/4 ❬fs/8− fs/4❪
s3 ❦t/8 ❬0− fs/16❪
w3 ❦t/8 ❬fs/16− fs/8❪

❖ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ❞❡❝♦♠♣♦s✐çõ❡s Jmax ❞❛ ❚❲❉ ❞❡♣❡♥❞❡ ❞♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❛♠♦str❛s

❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ kt✱ ❝♦♠♦ s❡❣✉❡✿

kt = 2JMax−1. ✭✸✳✶✶✮

✸✳✸✳✷ ❆❧❣♦r✐t♠♦ P✐r❛♠✐❞❛❧ ♣❛r❛ ❈á❧❝✉❧♦ ❞❛ ❚❲❉

❉❡✈✐❞♦ ❛♦ ♣r♦❝❡ss♦ ❞❡ s✉❜❛♠♦str❛❣❡♠✱ ♦s ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛ s1 ❡ ✇❛✈❡❧❡t w1✱ ♣❛r❛ ❛ ♣r✐♠❡✐r❛

❡s❝❛❧❛✱ ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❡ ✉♠ s✐♥❛❧ x ❝♦♠ kt ❛♠♦str❛s✱ ♣♦ss✉❡♠ kt/2 ❛♠♦str❛s ❝❛❞❛ ✭✈❡r
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❚❛❜❡❧❛ ✸✳✶✮✳ ❈♦♥s✐❞❡r❛♥❞♦✲s❡ ✜❧tr♦s ✇❛✈❡❧❡t q✉❡ ♣♦ss✉❛♠ L ❝♦❡✜❝✐❡♥t❡s✱ ♦ ♥ú♠❡r♦ ♠í♥✐♠♦ ❞❡

❛♠♦str❛s ❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ ❞❡✈❡ s❡r kt ≥ L✳ ❆ ✇❛✈❡❧❡t ♠ã❡ ❞❜✭✹✮ ♣♦ss✉✐ ❝♦♠♦ ❝♦❡✜❝✐❡♥t❡s ❞♦s

❋P❇ ❡ ❋P❆✭❉❆❯❇❊❈❍■❊❙✱ ✶✾✾✷✮✿

{g(1), g(2), g(3), g(4)} =

{

1 +
√
3

4
√
2
,
3 +

√
3

4
√
2
,
3−

√
3

4
√
2
,
1−

√
3

4
√
2

}

, ✭✸✳✶✷✮

{h(1), h(2), h(3), h(4)} = {g(4), − g(3), g(2), − g(1)}. ✭✸✳✶✸✮

❖s ❝♦❡✜❝✐❡♥t❡s s1 ❡ w1 ❝❛❧❝✉❧❛❞♦s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ♣✐r❛♠✐❞❛❧ sã♦✿

s1 = A1x, ✭✸✳✶✹✮

w1 = B1x, ✭✸✳✶✺✮

❡♠ q✉❡ A1 ❡ B1 sã♦ ♠❛tr✐③❡s ❞❡ ♦r❞❡♠ ✭kt/2✮×kt✳

❉❡ ❛❝♦r❞♦ ❝♦♠ P❡r❝✐✈❛❧ ✫ ❲❛❧❞❡♥ ✭✷✵✵✵✮✱ ❛s ♠❛tr✐③❡s A1 ❡ B1 ♣❛r❛ ❛ ✇❛✈❡❧❡t ♠ã❡ ❞❜✭✹✮

sã♦

A1 =















g(3) g(4) 0 0 0 0 · · · 0 0 g(1) g(2)
g(1) g(2) g(3) g(4) 0 0 · · · 0 0 0 0
0 0 g(1) g(2) g(3) g(4) · · · 0 0 0 0
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

0 0 0 0 0 0 · · · g(1) g(2) g(3) g(4)















, ✭✸✳✶✻✮

B1 =















h(3) h(4) 0 0 0 0 · · · 0 0 h(1) h(2)
h(1) h(2) h(3) h(4) 0 0 · · · 0 0 0 0
0 0 h(1) h(2) h(3) h(4) · · · 0 0 0 0
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

0 0 0 0 0 0 · · · h(1) h(2) h(3) h(4)















. ✭✸✳✶✼✮

❆s ♠❛tr✐③❡s A1 ❡ B1 sã♦ ♠❛tr✐③❡s ❝✐r❝✉❧❛♥t❡s✱ ❞❡✈✐❞♦ ❛♦ ❢❛t♦ ❞❡ s❡r❡♠ ❢♦r♠❛❞❛s ♣♦r ❞❡s✲

❧♦❝❛♠❡♥t♦s ❝✐r❝✉❧❛r❡s ❞♦s ❡❧❡♠❡♥t♦s ♥❛ s✉❛ ♣r✐♠❡✐r❛ ❧✐♥❤❛✳ ❖ ♣r♦❝❡ss♦ ❞❡ s✉❜❛♠♦str❛❣❡♠ é

✐♥❝♦r♣♦r❛❞♦ às ♠❛tr✐③❡s ♣❡❧♦s ❞♦✐s ❞❡s❧♦❝❛♠❡♥t♦s ❡①✐st❡♥t❡s ❞❡ ✉♠❛ ❧✐♥❤❛ ♣❛r❛ ♦✉tr❛✳ P♦rt❛♥t♦✱

❛s ❊q✉❛çõ❡s ✸✳✶✹ ❡ ✸✳✶✺ ♣♦❞❡♠ s❡r r❡❡s❝r✐t❛s ❝♦♠♦✿

s1 =















g(3) g(4) 0 0 0 · · · 0 0 g(1) g(2)
g(1) g(2) g(3) g(4) 0 · · · 0 0 0 0
0 0 g(1) g(2) g(3) · · · 0 0 0 0
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
0 0 0 0 0 · · · g(1) g(2) g(3) g(4)





























x(1)
x(2)
x(3)
✳✳✳

x(kt)















=















s1(1)
s1(2)
s1(3)
✳✳✳

s1(kt/2)















,

✭✸✳✶✽✮
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w1 =















h(3) h(4) 0 0 0 · · · 0 0 h(1) h(2)
h(1) h(2) h(3) h(4) 0 · · · 0 0 0 0
0 0 h(1) h(2) h(3) · · · 0 0 0 0
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
0 0 0 0 0 · · · h(1) h(2) h(3) h(4)





























x(1)
x(2)
x(3)
✳✳✳

x(kt)















=















w1(1)
w1(2)
w1(3)

✳✳✳
w1(kt/2)















.

✭✸✳✶✾✮

❖ ❛❧❣♦r✐t♠♦ ♣✐r❛♠✐❞❛❧ é ✐♥✐❝✐❛❧♠❡♥t❡ ✐♠♣❧❡♠❡♥t❛❞♦ ❛ ♣❛rt✐r ❞❛ ❝r✐❛çã♦ ❞❛s ♠❛tr✐③❡s A1 ❡

B1✱ ❛s q✉❛✐s ❞❡♣❡♥❞❡♠ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞♦s ❋P❇ ❡ ❋P❆✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣❛r❛ ❛ ✇❛✈❡❧❡t ♠ã❡

❡s❝♦❧❤✐❞❛ ❡ ❞♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❞♦ s✐♥❛❧ ❛♥❛❧✐s❛❞♦✳ ❖s ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛ ❡ ✇❛✈❡❧❡t sã♦

♦❜t✐❞♦s ♣❡❧❛ ♠✉❧t✐♣❧✐❝❛çã♦ ❞❡ss❛s ♠❛tr✐③❡s ♣❡❧♦s ✈❡t♦r❡s ❞❡ ❛♠♦str❛s ❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧✱ ♣❛r❛ ❛

♣r✐♠❡✐r❛ ❡s❝❛❧❛✱ ♦✉ ♣❡❧♦s ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛ ❞❛ ❡s❝❛❧❛ j − 1 ♣❛r❛ ✉♠❛ ❡s❝❛❧❛ j✳

✸✳✸✳✸ ❆❧❣♦r✐t♠♦ P✐r❛♠✐❞❛❧ ♣❛r❛ ❈á❧❝✉❧♦ ❞❛ ❚❲❉❘

❆♦ ❝♦♥trár✐♦ ❞♦ q✉❡ ♦❝♦rr❡ ♥❛ ❚❲❉✱ ♦ ♣r♦❝❡ss♦ ❞❡ s✉❜❛♠♦str❛❣❡♠ ♥ã♦ ❡stá ♣r❡s❡♥t❡ ♥❛

❚❲❉❘ ✭P❊❘❈■❱❆▲❀ ❲❆▲❉❊◆✱ ✷✵✵✵✮✳ ■ss♦ ✐♥❞✐❝❛ q✉❡ ❛ ❚❲❉❘ é ♠❛✐s ❛♣r♦♣r✐❛❞❛ ♣❛r❛ ❛❧❣✉♠❛s

❛♣❧✐❝❛çõ❡s ❡♠ s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥❛ ❞❡t❡❝çã♦ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s

q✉❛♥❞♦ ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞✐stúr❜✐♦s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ✭❈❖❙❚❆✱ ✷✵✶✵✮ ❡ ♥❛ ❧♦❝❛❧✐③❛çã♦ ❞❡

❢❛❧t❛s ❜❛s❡❛❞❛ ♥♦s ❝♦♥t❡ú❞♦s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ✭❈❖❙❚❆❀ ❙❖❯❩❆✱ ✷✵✶✶✮✳

❖s ❝♦❡✜❝✐❡♥t❡s ❞♦s ✜❧tr♦s ❡s❝❛❧❛ g̃(l) ❡ ❞♦s ✜❧tr♦s ✇❛✈❡❧❡t h̃(l) ❞❛ ❚❲❉❘ sã♦ ♦❜t✐❞♦s ❛ ♣❛rt✐r

❞♦s ✜❧tr♦s ❡s❝❛❧❛ g(l) ❡ ✇❛✈❡❧❡t h(l) ❞❛ ❚❲❉✱ ❝♦♠♦ s❡♥❞♦ ✭P❊❘❈■❱❆▲❀ ❲❆▲❉❊◆✱ ✷✵✵✵✮✿

g̃(l) = g(l)/
√
2, ✭✸✳✷✵✮

h̃(l) = h(l)/
√
2. ✭✸✳✷✶✮

❚♦♠❛♥❞♦✲s❡ ❝♦♠♦ ❡①❡♠♣❧♦ ❛ ✇❛✈❡❧❡t ♠ã❡ ❞❜✭✹✮✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❊q✉❛çõ❡s ✸✳✶✷ ❡ ✸✳✶✸✱ ♦s

❝♦❡✜❝✐❡♥t❡s ❞♦s ✜❧tr♦s ❡s❝❛❧❛ ❡ ✇❛✈❡❧❡ts ♣❛r❛ ❛ ❚❲❉❘ sã♦

{g̃(1), g̃(2), g̃(3), g̃(4)} =

{

1 +
√
3

8
,
3 +

√
3

8
,
3−

√
3

8
,
1−

√
3

8

}

, ✭✸✳✷✷✮

{h̃(1), h̃(2), h̃(3), h̃(4)} = {g̃(4), − g̃(3), g̃(2), − g̃(1)}. ✭✸✳✷✸✮



❈❆P❮❚❯▲❖ ✸✿ ❋❯◆❉❆▼❊◆❚❖❙ ❉❆ ❚❘❆◆❙❋❖❘▼❆❉❆ ❲❆❱❊▲❊❚ ✷✸

❉❛❞♦ ✉♠ s✐♥❛❧ x ❝♦♠ kt ❛♠♦str❛s✱ ♦s ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛ s1 ❡ ✇❛✈❡❧❡t w1✱ ♣❛r❛ ❛ ♣r✐♠❡✐r❛

❡s❝❛❧❛ ❞❛ ❚❲❉❘✱ sã♦

s1 = Ã1x, ✭✸✳✷✹✮

w1 = B̃1x, ✭✸✳✷✺✮

❡♠ q✉❡ Ã1 ❡ B̃1 sã♦ ♠❛tr✐③❡s ❞❡ ♦r❞❡♠ kt×kt✱ ❥á q✉❡ s1 ❡ w1 tê♠ kt ❛♠♦str❛s✳

❆s ♠❛tr✐③❡s Ã1 ❡ B̃1 ♣❛r❛ ❛ ✇❛✈❡❧❡t ♠ã❡ ❞❜✭✹✮ sã♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛ ✭P❊❘❈■❱❆▲❀ ❲❆▲❉❊◆✱

✷✵✵✵✮✿

Ã1 =



















g̃(4) 0 0 0 0 0 · · · 0 g̃(1) g̃(2) g̃(3)
g̃(3) g̃(4) 0 0 0 0 · · · 0 0 g̃(1) g̃(2)
g̃(2) g̃(3) g̃(4) 0 0 0 · · · 0 0 0 g̃(1)
g̃(1) g̃(2) g̃(3) g̃(4) 0 · · · 0 0 0 0 0
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

0 0 0 0 0 0 · · · g̃(1) g̃(2) g̃(3) g̃(4)



















, ✭✸✳✷✻✮

B̃1 =



















h̃(4) 0 0 0 0 0 · · · 0 h̃(1) h̃(2) h̃(3)

h̃(3) h̃(4) 0 0 0 0 · · · 0 0 h̃(1) h̃(2)

h̃(2) h̃(3) h̃(4) 0 0 0 · · · 0 0 0 h̃(1)

h̃(1) h̃(2) h̃(3) h̃(4) 0 · · · 0 0 0 0
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

0 0 0 0 0 0 · · · h̃(1) h̃(2) h̃(3) h̃(4)



















. ✭✸✳✷✼✮

P♦rt❛♥t♦✱ ❛s ❊q✉❛çõ❡s ✸✳✷✹ ❡ ✸✳✷✺ ♣♦❞❡♠ s❡r r❡❡s❝r✐t❛s ❝♦♠♦✿

s1 =



















g̃(4) 0 0 0 0 0 · · · 0 g̃(1) g̃(2) g̃(3)
g̃(3) g̃(4) 0 0 0 0 · · · 0 0 g̃(1) g̃(2)
g̃(2) g̃(3) g̃(4) 0 0 0 · · · 0 0 0 g̃(1)
g̃(1) g̃(2) g̃(3) g̃(4) 0 · · · 0 0 0 0 0
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

0 0 0 0 0 0 · · · g̃(1) g̃(2) g̃(3) g̃(4)





































x(1)
x(2)
x(3)
x(4)
✳✳✳

x(kt)



















=



















s1(1)
s1(2)
s1(3)
s1(4)
✳✳✳

s1(kt)



















,

✭✸✳✷✽✮

w1 =



















h̃(4) 0 0 0 0 0 · · · 0 h̃(1) h̃(2) h̃(3)

h̃(3) h̃(4) 0 0 0 0 · · · 0 0 h̃(1) h̃(2)

h̃(2) h̃(3) h̃(4) 0 0 0 · · · 0 0 0 h̃(1)

h̃(1) h̃(2) h̃(3) h̃(4) 0 · · · 0 0 0 0 0
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

0 0 0 0 0 0 · · · h̃(1) h̃(2) h̃(3) h̃(4)





































x(1)
x(2)
x(3)
x(4)
✳✳✳

x(kt)



















=



















w1(1)
w1(2)
w1(3)
w1(4)

✳✳✳
w1(kt)



















.

✭✸✳✷✾✮

P❛r❛ ❡①❡♠♣❧♦ ❞❡ ❛♣❧✐❝❛çã♦ ❞❛ ❚❲❉❘✱ ❝♦♥s✐❞❡r❡ ✉♠ s✐♥❛❧ s✐♥tét✐❝♦ s❡♥♦✐❞❛❧ x ❞❡ ✶✼✾✷

❛♠♦str❛s ❡♠ ✶✹ ❝✐❝❧♦s✱ ❝♦♠♣♦st♦ ♣♦r ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ❢✉♥❞❛♠❡♥t❛❧✱ ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s

❞❡ t❡r❝❡✐r❛✱ q✉✐♥t❛ ❡ sét✐♠❛ ♦r❞❡♥s ❡ tr❛♥s✐tór✐♦s ✐♥❝❧✉í❞♦s ❡♥tr❡ ♦ q✉✐♥t♦ ❡ ♦ ♥♦♥♦ ❝✐❝❧♦s✱ s✐♠✐❧❛r



❈❆P❮❚❯▲❖ ✸✿ ❋❯◆❉❆▼❊◆❚❖❙ ❉❆ ❚❘❆◆❙❋❖❘▼❆❉❆ ❲❆❱❊▲❊❚ ✷✹

❛♦ s✐♥❛❧ s✐♥tét✐❝♦ ❝♦♠ tr❛♥s✐tór✐♦s ♣r♦♣♦st♦ ♣♦r ✭❇❖▲▲❊◆❀ ●❯✱ ✷✵✵✻✮✳ ❆s ♣❛r❝❡❧❛s ❞❡ r❡❣✐♠❡

♣❡r♠❛♥❡♥t❡ xrp ❡ ❞❡ r❡❣✐♠❡ tr❛♥s✐tór✐♦ xt sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✿

xrp(n) = U1

√
2s❡♥(ωn/fs)+U3

√
2s❡♥(3ωn/fs)+U5

√
2s❡♥(5ωn/fs)+U7

√
2s❡♥(7ωn/fs), ✭✸✳✸✵✮

xt(n) = 10s❡♥(θπ/180)
√
2❝♦s(2π960n/fs)e(−n/nA) −

15s❡♥(θπ/180)
√
2❝♦s(2π1920n/fs)e(−n/nA), ✭✸✳✸✶✮

❡♠ q✉❡ {U1;U3;U5;U7} = {230; 5, 75; 6, 9; 3, 45} sã♦ ❛s ❛♠♣❧✐t✉❞❡s ❞❛ ❝♦♠♣♦♥❡♥t❡ ❢✉♥❞❛♠❡♥t❛❧

❡ ❞❛s ❤❛r♠ô♥✐❝❛s❀ ω = 2πf ✱ f = 60 ❍③❀ θ = 90◦❀ fs = 7680 ❍③ é ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠❀

nA = 128 é ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ♣♦r ❝✐❝❧♦ ❞♦ s✐♥❛❧✳

❆ ❛♣❧✐❝❛çã♦ ❞❛ ❚❲❉❘ ♥♦ s✐♥❛❧ s✐♥tét✐❝♦ ❛♥❛❧✐s❛❞♦✱ ♣❛r❛ ❛ ♣r✐♠❡✐r❛ ❡s❝❛❧❛✱ ❣❡r❛ ❝♦❡✜❝✐❡♥t❡s

❡s❝❛❧❛ ❡ ✇❛✈❡❧❡t ❝♦♠ ♦ ♠❡s♠♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛✱ ✈✐st♦ q✉❡ ♥ã♦ ♦❝♦rr❡

♣r♦❝❡ss♦ ❞❡ s✉❜❛♠♦str❛❣❡♠✳ ❖ r❡s✉❧t❛❞♦ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✺✳

Amostra

S
in

a
l

s
in

té
ti
c
o

C
o
e
fi
c
ie

n
te

s
w

a
v
e
le

ts

C
o
e
fi
c
ie

n
te

s
e
s
c
a
la

(a)

1 169 337 505 673 841 1009 1177 1345 1513 1681 1792
-400

-200

0

200

400

1 169 337 505 673 841 1009 1177 1345 1513 1681 1792
-20

-10

0

10

20

1 169 337 505 673 841 1009 1177 1345 1513 1681 1792
-400

-200

0

200

400

Amostra

(b)

Amostra

(c)

Ocorrência de transitório

Extração dos transitórios de alta frequência

Extração das componentes de baixa frequência

❋✐❣✉r❛ ✸✳✺✳ ❊①❡♠♣❧♦ ❞❡ ❛♣❧✐❝❛çã♦ ❞❛ ❚❲❉❘ ♥❛ ♣r✐♠❡✐r❛ ❡s❝❛❧❛✿ ✭❛✮ s✐♥❛❧ s✐♥tét✐❝♦❀ ✭❜✮ ❝♦❡✜❝✐❡♥t❡s

✇❛✈❡❧❡t❀ ✭❝✮ ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛✳
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❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✸✳✺✱ ❛ ❚❲❉❘ ❛♣r❡s❡♥t❛ ❣r❛♥❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ às ❝♦♠♣♦♥❡♥t❡s ❞❡

❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞♦ s✐♥❛❧ ❛♥❛❧✐s❛❞♦✱ ✈✐st♦ q✉❡ ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❛♣r❡s❡♥t❛♠ ✈❛❧♦r❡s ♠❛✐s

r❡❧❡✈❛♥t❡s ♥♦ ♣❡rí♦❞♦ ❞❡ r❡❣✐♠❡ tr❛♥s✐tór✐♦ ❞♦ s✐♥❛❧✳ ❊ss❛ ❝❛r❛❝t❡ríst✐❝❛ t♦r♥❛ ❛ ❚❲❉❘ ❢♦rt❡

❝❛♥❞✐❞❛t❛ ❛♦ ✉s♦ ❡♠ ❛♥á❧✐s❡ ❞❡ ❢❛❧t❛s ❡♠ s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛ ✭❈❖❙❚❆ ❡t ❛❧✳✱ ✷✵✶✷✮✳

✸✳✹ ❊◆❊❘●■❆ ❉❖❙ ❈❖❊❋■❈■❊◆❚❊❙ ❲❆❱❊▲❊❚

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❚❡♦r❡♠❛ ❞❡ P❛rs❡✈❛❧✱ ❛ ❡♥❡r❣✐❛ ❞❡ ✉♠ s✐♥❛❧ x ♣♦❞❡ s❡r ❞❡❝♦♠♣♦st❛ ❡♠

t❡r♠♦s ❞❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♥❛s ❡s❝❛❧❛s j = {1, 2, ..., J} ❡ ❞❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜✲

❝✐❡♥t❡s ❡s❝❛❧❛ ♥❛ ❡s❝❛❧❛ J ❞❛ ❚❲❉❘✱ ❝♦♥s✐❞❡r❛♥❞♦✲s❡ J ≤ JMax✱ ❝♦♠♦ s❡❣✉❡ ✭❇❯❘❘❯❙ ❡t ❛❧✳✱

✶✾✾✽❀ P❊❘❈■❱❆▲❀ ❲❆▲❉❊◆✱ ✷✵✵✵✮✿

kt
∑

k=1

|x(k)|2 =
kt
∑

k=1

|sJ(k)|2 +
J
∑

j=1

kt
∑

k=1

|wj(k)|2, ✭✸✳✸✷✮

❡♠ q✉❡ sJ sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛ ♥❛ ❡s❝❛❧❛ J ❀ wj sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♥❛ ❡s❝❛❧❛

j ≤ ❏;
∑kt

k=1 |sJ(k)|2 é ❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧❛ ♥❛ ❡s❝❛❧❛ J ❀
∑kt

k=1 |wj(k)|2 é ❛ ❡♥❡r❣✐❛

❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♥❛ ❡s❝❛❧❛ j❀
∑kt

k=1 |x(k)|2 é ❛ ❡♥❡r❣✐❛ ❡s♣❡❝tr❛❧ ❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧❀ kt é ♦

♥ú♠❡r♦ t♦t❛❧ ❞❡ ❛♠♦str❛s ❞♦ s✐♥❛❧✳

❯t✐❧✐③❛♥❞♦✲s❡ ✉♠❛ ❥❛♥❡❧❛ ❞❡s❧✐③❛♥t❡ ❡♠ ✉♠ ❝✐❝❧♦ ❞❡ ❛♠♦str❛s✱ ❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s

✇❛✈❡❧❡t ✭Ė✮ ❞❛ ❚❲❉❘✱ ❝❛❧❝✉❧❛❞❛ ♥❛ ❛♠♦str❛ ki ≤ kt✱ ♥❛ ♣r✐♠❡✐r❛ ❡s❝❛❧❛✱ é ❞❡✜♥✐❞❛ ❝♦♠♦

✭❈❖❙❚❆ ❡t ❛❧✳✱ ✷✵✶✷✮✿

Ė =

ki
∑

k=ki−∆k+1

|w(k)|2, ✭✸✳✸✸✮

❡♠ q✉❡∆k = fs/f é ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❛♠♦str❛s ❡q✉✐✈❛❧❡♥t❡ ❛ ✉♠ ❝✐❝❧♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧

f ❀ fs é ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠✳

◆❛ ❋✐❣✉r❛ ✸✳✻ é ❛♣r❡s❡♥t❛❞❛ ❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞♦ s✐♥❛❧ s✐♥tét✐❝♦ ❞❛ ❋✐✲

❣✉r❛ ✸✳✺✭❛✮✳ ❆ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❛♣r❡s❡♥t❛ ✈❛❧♦r❡s ♠❛✐s r❡❧❡✈❛♥t❡s ♥♦ ♣❡rí♦❞♦

tr❛♥s✐tór✐♦ ❞♦ s✐♥❛❧ ❛♥❛❧✐s❛❞♦✱ ❝❛r❛❝t❡ríst✐❝❛ q✉❡ ♣♦❞❡ ❝♦❧♦❝❛r ❡ss❛ ❢❡rr❛♠❡♥t❛ ❞❡♥tr❡ ❛s ♠❛✐s

❛❞❡q✉❛❞❛s ♣❛r❛ ❛ t❛r❡❢❛ ❞❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ✭❈❖❙❚❆ ❡t ❛❧✳✱ ✷✵✶✷✮✳

❈♦♠♦ ❛ ❡♥❡r❣✐❛ ❡s♣❡❝tr❛❧ ❞❡ ✉♠ s✐♥❛❧ é ♣r♦♣♦r❝✐♦♥❛❧ à ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t✱ ❡♥tã♦ ♦

❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❡♥❡r❣✐❛ ❞♦s tr❛♥s✐tór✐♦s ♥♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♣♦❞❡ s❡r ♦❜t✐❞❛ ♣❡❧♦

❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♥❡st❡s s✐♥❛✐s ✭❈❖❙❚❆ ❡t ❛❧✳✱ ✷✵✶✷✮✳
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Ocorrência de transitório

Extração dos transitórios de alta frequência

Energia dos coeficientes wavelet

❋✐❣✉r❛ ✸✳✻✳ ❊①❡♠♣❧♦ ❞❡ ❝á❧❝✉❧♦ ❞❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛ ❚❲❉❘✿ ✭❛✮ s✐♥❛❧ s✐♥tét✐❝♦❀

✭❜✮ ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t❀ ✭❝✮ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t✳

✸✳✺ ❘❊❙❯▼❖ ❉❖ ❈❆P❮❚❯▲❖

◆❡st❡ ❝❛♣ít✉❧♦ ❢♦✐ ❛♣r❡s❡♥t❛❞❛ ❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ❞❛ ❚❲❈✱ ❚❲❉ ❡ ❚❲❉❘✳ P❛r❛

♦ ♣r♦♣ós✐t♦ ❞❡ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s✱ ❛ ❚❲❉ ❡ ❛ ❚❲❉❘ sã♦ ❡♠♣r❡❣❛❞❛s✱ s❡♥❞♦ ❡st❛ ú❧t✐♠❛ ❛

♠❛✐s ❛♣r♦♣r✐❛❞❛ ♣❛r❛ ❛♣❧✐❝❛çõ❡s ❞❡ ❞❡t❡❝çã♦ ❞❡ ❢❛❧t❛s ❡♠ t❡♠♣♦ r❡❛❧✱ ❞❡✈✐❞♦ à ✐♥❡①✐stê♥❝✐❛ ❞♦

♣r♦❝❡ss♦ ❞❡ s✉❜❛♠♦str❛❣❡♠✳ ❋♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣✐r❛♠✐❞❛✐s ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s

✈❡rsõ❡s ❞✐s❝r❡t❛s ❞❛ ❚❲ ✉t✐❧✐③❛♥❞♦✲s❡ ❛ ✇❛✈❡❧❡t ♠ã❡ ❞❜✭✹✮✱ q✉❡ é ✉♠❛ ❞❛s ✇❛✈❡❧❡ts ♠❛✐s ❛❞❡✲

q✉❛❞❛s ♣❛r❛ ❛♣❧✐❝❛çõ❡s ❡♠ tr❛♥s✐tór✐♦s ♦r✐✉♥❞♦s ❞❡ ❞✐stúr❜✐♦s ❡♠ s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛✳

❋♦✐ ❛♣r❡s❡♥t❛❞♦ t❛♠❜é♠ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t✱ ♦ q✉❛❧ é ❜❛st❛♥t❡ ✐♠✲

♣♦rt❛♥t❡ ♣❛r❛ s❡ ♦❜t❡r ✉♠❛ ❛♥á❧✐s❡ q✉❛♥t✐t❛t✐✈❛ ❛❝❡r❝❛ ❞❛ s❡✈❡r✐❞❛❞❡ ❞♦s tr❛♥s✐tór✐♦s ❡✱ ❞❡ss❛

❢♦r♠❛✱ ♣♦❞❡r s❡r ❡♠♣r❡❣❛❞♦ ❡♠ ♠ét♦❞♦s ❞❡ ❞✐❛❣♥óst✐❝♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ♥❛ ❚❲✳
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◆❡st❡ ❝❛♣ít✉❧♦ s❡rá ❛♣r❡s❡♥t❛❞♦ ✉♠ ❧❡✈❛♥t❛♠❡♥t♦ ❜✐❜❧✐♦❣rá✜❝♦ ❞♦s ♣r✐♥❝✐♣❛✐s tr❛❜❛❧❤♦s r❡❧❛❝✐♦✲

♥❛❞♦s ❝♦♠ ♦s t❡♠❛s ♣r❡❞♦♠✐♥❛t❡s ❞❡st❛ ❞✐ss❡rt❛çã♦✿ ❞✐❛❣♥óst✐❝♦ ❛✉t♦♠át✐❝♦ ❞❡ ❢❛❧t❛s ✈✐❛ ❚❲

❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳

✹✳✶ ❉■❆●◆Ó❙❚■❈❖ ❆❯❚❖▼➪❚■❈❖ ❉❊ ❋❆▲❚❆❙ ❊▼ ▲■◆❍❆❙ ❉❊ ❚❘❆◆❙▼■❙❙➹❖

❖ ✉s♦ ❞❛ ❚❲ t❡♠ s✐❞♦ ❜❛st❛♥t❡ ❞✐❢✉♥❞✐❞♦ ❡♠ ❛♣❧✐❝❛çõ❡s r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❞✐❛❣♥óst✐❝♦ ❞❡

❞✐✈❡rs♦s ❞✐stúr❜✐♦s ❡♠ s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛✳ ❈♦♠ r❡❧❛çã♦ à ❞❡t❡❝çã♦ ❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡

❢❛❧t❛s ❡ ❞❡ ❞✐stúr❜✐♦s ❞❛ ◗❊❊✱ ❞✐✈❡rs♦s ♠ét♦❞♦s tê♠ s✐❞♦ ❛♣r❡s❡♥t❛❞♦s ♥♦ ❞❡❝♦rr❡r ❞♦s ❛♥♦s ❡

❛❧❣✉♥s ❞♦s ♣r✐♥❝✐♣❛✐s sã♦ ❛❜♦r❞❛❞♦s ❛ s❡❣✉✐r✳

P♦✐ss♦♥ ❡t ❛❧✳ ✭✶✾✾✽✮ ✉t✐❧✐③❛r❛♠ ❛ ❚❲❈ ♣❛r❛ ❞❡t❡❝t❛r ❛❢✉♥❞❛♠❡♥t♦s ❞❡ t❡♥sã♦ ❡ tr❛♥s✐tór✐♦s

♦s❝✐❧❛tór✐♦s✳ ❖s ✈❛❧♦r❡s ❞❡ ♣✐❝♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❡♠ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ❢♦r❛♠ ✉t✐❧✐③❛❞♦s

♣❛r❛ ❞❡t❡❝t❛r ♠✉❞❛♥ç❛s ❜r✉s❝❛s ♥♦s s✐♥❛✐s ❞❡ t❡♥sã♦✳ ❆ ❞❡t❡❝çã♦ ❞♦s ❞✐stúr❜✐♦s ❢♦✐ r❡❛❧✐③❛❞❛

❝♦♠♣❛r❛♥❞♦✲s❡ ♦s ♣✐❝♦s ❝♦♠ ✈❛❧♦r❡s ♣ré✲❞❡✜♥✐❞♦s ♥♦ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✳ ❆ ❞✐st✐♥çã♦ ❡♥tr❡

❛❢✉♥❞❛♠❡♥t♦ ❞❡ t❡♥sã♦ ❡ tr❛♥s✐tór✐♦ é ❜❛s❡❛❞❛ ♥❛ ❞✉r❛çã♦ ❡ ♥♦ ♥ú♠❡r♦ ❞❡ ♣✐❝♦s ❡①❝❡❞❡♥❞♦ ✉♠

❝❡rt♦ ❧✐♠✐❛r✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❛ ❞❡t❡❝çã♦ ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ❝♦♠ ♠ét♦❞♦s ❝❧áss✐❝♦s✳ ❖

♥ú♠❡r♦ t♦t❛❧ ❞❡ r❡❣✐str♦s ❝♦♠ ❛❢✉♥❞❛♠❡♥t♦s ❞❡ t❡♥sã♦ ♥ã♦ ❢♦✐ ❡s♣❡❝✐✜❝❛❞♦✱ ♠❛s ✺✶✽ r❡❣✐str♦s

❞❡ss❛ ♥❛t✉r❡③❛ ❢♦r❛♠ ❞❡✈✐❞❛♠❡♥t❡ ❞❡t❡❝t❛❞♦s✳ ❊♠ ✺✺✪ ❞♦s ❝❛s♦s✱ ♦❜t❡✈❡✲s❡ ✉♠ ❡rr♦ ❞❡ ✷✵

♠s ✭✶ ❝✐❝❧♦ ❛ ✺✵ ❍③✮ ❞✉r❛♥t❡ ❛ ❡t❛♣❛ ❞❡ ❧♦❝❛❧✐③❛çã♦ ♥♦ t❡♠♣♦✳ ❯♠ t♦t❛❧ ❞❡ ✶✷✵✵ r❡❣✐str♦s

r❡❛✐s ❝♦♠ tr❛♥s✐tór✐♦s ❢♦r❛♠ t❡st❛❞♦s ❡ ✽✾✷ r❡❣✐str♦s ❢♦r❛♠ ❞✐❛❣♥♦st✐❝❛❞♦s ❝♦rr❡t❛♠❡♥t❡✳ ❆

♠❡t♦❞♦❧♦❣✐❛ ❞❡❧✐♥❡❛❞❛ ♣♦r P♦✐ss♦♥ ❡t ❛❧✳ ✭✶✾✾✽✮ s❡ ❞❡st❛❝❛ ♣❡❧❛ ✉t✐❧✐③❛çã♦ ❞❡ ❞❛❞♦s r❡❛✐s ❝♦♠

❞✐✈❡rs❛s t❛①❛s ❞❡ ❛♠♦str❛❣❡♠✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ❚❲❈ é ✉♠❛ té❝♥✐❝❛ r❡❞✉♥❞❛♥t❡ ❡ r❡q✉❡r ✉♠

t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ s✉♣❡r✐♦r ❛ ❚❲❉✱ ♦ q✉❡ ❧✐♠✐t❛ s✉❛s ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s ❡♠ t❡♠♣♦ r❡❛❧✳

✷✼
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❑✐♠ ✫ ❆❣❣❛r✇❛❧ ✭✷✵✵✶✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❞❡t❡❝çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡

tr❛♥s♠✐ssã♦ ❜❛s❡❛❞♦ ♥♦ s♦♠❛tór✐♦ ❞♦s ✈❛❧♦r❡s ❛❜s♦❧✉t♦s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛ ♣r✐♠❡✐r❛

❡s❝❛❧❛ ❞❛ ❚❲❉ ♣❛r❛ ❛s ❝♦rr❡♥t❡s✳ ❖s ✈❛❧♦r❡s ❞♦s s♦♠❛tór✐♦s sã♦ t♦♠❛❞♦s ♣❛r❛ ❝❛❞❛ ❥❛♥❡❧❛ ❞❡

❞❛❞♦s ❡ ❛ ❢❛❧t❛ é ❞❡t❡❝t❛❞❛ q✉❛♥❞♦ ♦ ✈❛❧♦r✱ ❡♠ ✉♠❛ ❥❛♥❡❧❛✱ ♣❛r❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❝♦rr❡♥t❡✱

✉❧tr❛♣❛ss❛r ✉♠ ❧✐♠✐❛r ♣r❡✈✐❛♠❡♥t❡ ❡st❛❜❡❧❡❝✐❞♦✳ ❆❧é♠ ❞✐ss♦✱ ♦s ✈❛❧♦r❡s ❞♦s ♠ó❞✉❧♦s ❥❛♥❡❧❛❞♦s

♣♦❞❡♠ ✐♥❞✐❝❛r q✉❛✐s ❛s ❢❛s❡s ❞❛s ❝♦rr❡♥t❡s ❡stã♦ ❡♥✈♦❧✈✐❞❛s ♥❛ ❢❛❧t❛✱ ♣♦❞❡♥❞♦ ❞❡s❡♠♣❡♥❤❛r ❛

❢✉♥çã♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞❛ ❢❛❧t❛✳ ❆s ✇❛✈❡❧❡ts ♠ã❡ ❞❜✭✹✮ ❡ ❞❜✭✻✮ ❢♦r❛♠ ✐♥❞✐❝❛❞❛s ❝♦♠♦ s❡♥❞♦ ❛s

♠❛✐s ❛♣r♦♣r✐❛❞❛s ♣❛r❛ ❛s ✐♠♣❧❡♠❡♥t❛çõ❡s ❛❜♦r❞❛❞❛s✳

❈❤❛♥❞❛ ❡t ❛❧✳ ✭✷✵✵✹✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❞❡t❡❝çã♦ ❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡✲

❛❞♦ ♥❛ ❚❲❉✱ ❡♠ q✉❡ ♦s ✈❛❧♦r❡s ♠á①✐♠♦s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t sã♦ t♦♠❛❞♦s ❝♦♠♦ r❡❢❡rê♥❝✐❛

♣❛r❛ ❝♦♠♣❛r❛çã♦✳ ❆ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❛s ❝♦rr❡♥t❡s ❞❡ ❢❛❧t❛ ❛♥❛❧✐s❛❞❛ ❡stá ❝♦♠♣r❡❡♥❞✐❞❛

❡♥tr❡ ❛ s❡❣✉♥❞❛ ❡ ❛ t❡r❝❡✐r❛ ❤❛r♠ô♥✐❝❛s ✭✶✵✵ ❡ ✶✺✵ ❍③ ♣❛r❛ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❞❡

✺✵ ❍③✮✳ ■ss♦ ❢❛③ ❝♦♠ q✉❡✱ ♣❛r❛ ✉♠❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✶✷✺✵✵ ❛♠♦str❛s✴s✱ ♦s ❝♦❡✜❝✐❡♥t❡s

✇❛✈❡❧❡t t❡♥❤❛♠ q✉❡ s❡r ♦❜t✐❞♦s ♥❛ s❡①t❛ ❡s❝❛❧❛✳ ❆ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡

❡stá❣✐♦s ❞❛ ❚❲❉ ♣♦❞❡ r❡♣r❡s❡♥t❛r ✉♠❛ ❧✐♠✐t❛çã♦ ♣❛r❛ ❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❡♠ t❡♠♣♦ r❡❛❧✳ ❖s

❛✉t♦r❡s ❛✜r♠❛r❛♠ q✉❡ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ é ✐♠✉♥❡ ❛♦s ❡❢❡✐t♦s ❞❡ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✱ r❡s✐s✲

tê♥❝✐❛ ❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✳ P♦ré♠✱ ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t sã♦ ❛❢❡t❛❞♦s ♣♦r ❜❛✐①❛s ❢r❡q✉ê♥❝✐❛s✱

♦ q✉❡ ✐♠♣❧✐❝❛ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ❞❡ t❡♠♣♦✱ ♣♦❞❡♥❞♦ ❤❛✈❡r ❛tr❛s♦s ♥❛ ❞❡t❡❝çã♦ ❞♦s ❞✐stúr❜✐♦s

❡♠ t❡♠♣♦ r❡❛❧✳ ❆ ✇❛✈❡❧❡t ♠ã❡ ❡♠♣r❡❣❛❞❛ ❢♦✐ ❛ ❞❜✭✽✮✳

❙✐❧✈❛ ✭✷✵✵✺✮ ♣r♦♣ôs ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❛♥á❧✐s❡ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❜❛s❡❛❞♦ ♥❛

❚❲❉ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❛s ❘❡❞❡s ◆❡✉r❛✐s ❆rt✐✜❝✐❛✐s ✭❘◆❆s✮✳ ❆ ❡♥❡r❣✐❛ ❥❛♥❡❧❛❞❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s

✇❛✈❡❧❡t ❞❛s ❝♦rr❡♥t❡s ❞❡ ❢❛s❡✱ ♥❛ ♣r✐♠❡✐r❛ ❡s❝❛❧❛✱ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛ ❞❡t❡❝çã♦ ❞❛ ❢❛❧t❛✳ ❖s

✐♥st❛♥t❡s ✐♥✐❝✐❛❧ ❡ ✜♥❛❧ ❞❛ ❢❛❧t❛ sã♦ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s ❝♦rr❡♥t❡s✱

t❛♠❜é♠ ♥❛ ♣r✐♠❡✐r❛ ❡s❝❛❧❛✳ ❆ ❡t❛♣❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞❛ ❢❛❧t❛ é ❜❛s❡❛❞❛ ♥♦ ✉s♦ ❞❡ ✉♠❛ ❘◆❆

❞♦ t✐♣♦ ♣❡r❝❡♣tr♦♥ ❞❡ ♠ú❧t✐♣❧❛s ❝❛♠❛❞❛s✱ ❝✉❥❛s ❡♥tr❛❞❛s sã♦ ❛s ❛♠♦str❛s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡

❛♣ós ❛ ✐♥❝✐❞ê♥❝✐❛ ❞❛ ❢❛❧t❛✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ✉t✐❧✐③❛❞♦ ❢♦✐ ♦ ❘P❘❖P ✭❘❡s✐❧✐❡♥t

Pr♦♣❛❣❛t✐♦♥✮✳ ❖ ♠ét♦❞♦ ♣r♦♣♦st♦ ❢♦✐ ❛✈❛❧✐❛❞♦ ❝♦♠ r❡❣✐str♦s ♦s❝✐❧♦❣rá✜❝♦s r❡❛✐s ❡ s✐♠✉❧❛❞♦s

❡ ❜♦♥s r❡s✉❧t❛❞♦s ❢♦r❛♠ ♦❜t✐❞♦s✳ ❆❧é♠ ❞❛s ❢❛❧t❛s✱ r❡❣✐str♦s ❝♦♠ ❛❢✉♥❞❛♠❡♥t♦s ❞❡ t❡♥sã♦ ❡

tr❛♥s✐tór✐♦s ♦❝❛s✐♦♥❛❞♦s ♣♦r ♠❛♥♦❜r❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ t❛♠❜é♠ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♥❛ ❛✈❛❧✐❛çã♦

❞♦ ♠ét♦❞♦ ❞❡ ❞❡t❡❝çã♦ ❞❡ ❢❛❧t❛s✳



❈❆P❮❚❯▲❖ ✹✿ ❘❊❱■❙➹❖ ❇■❇▲■❖●❘➪❋■❈❆ ✷✾

❈♦st❛ ✭✷✵✵✻✮ ♣r♦♣ôs ✉♠ ♠ét♦❞♦ ❜❛s❡❛❞♦ ♥❛ ❚❲❉ ♣❛r❛ ❞❡t❡❝çã♦✱ ❞❡❧✐♠✐t❛çã♦ ❞❛ ❞✉r❛çã♦ ❡

❝❧❛ss✐✜❝❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ ❆ ❞❡t❡❝çã♦ ❞❛ ❢❛❧t❛ ❢♦✐ r❡❛❧✐③❛❞❛ ❝♦♠ ❜❛s❡ ♥❛

❛♥á❧✐s❡ ❞❛ ❡♥❡r❣✐❛ ❥❛♥❡❧❛❞❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s ❝♦rr❡♥t❡s ❞❡ ❢❛s❡✱ ♥❛ ♣r✐♠❡✐r❛ ❡s❝❛❧❛✳ ❆

❞❡t❡r♠✐♥❛çã♦ ❞❛ ❞✉r❛çã♦ ❞❛ ❢❛❧t❛ ❢♦✐ ❜❛s❡❛❞❛ ♥❛ ❛♥á❧✐s❡ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s ❝♦rr❡♥t❡s ❞❡

❢❛s❡ ❡ ❞❡ ♥❡✉tr♦✳ ❆ ❝❧❛ss✐✜❝❛çã♦ ❞❛ ❢❛❧t❛ ❢♦✐ r❡❛❧✐③❛❞❛ ❝♦♠ ❜❛s❡ ♥❛ ❛♥á❧✐s❡ ❞❛ ❡♥❡r❣✐❛ ❝♦♥❝❡♥tr❛❞❛

❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s ❝♦rr❡♥t❡s ❞❡ ❢❛s❡ ❡ ♥❡✉tr♦ ❞✉r❛♥t❡ ♦ ✐♥st❛♥t❡ ❞❡ ❢❛❧t❛✳ ▼❛✐s ❞❡ ✉♠❛

❡s❝❛❧❛ ✇❛✈❡❧❡t é ♥❡❝❡ssár✐❛ ♣❛r❛ ❛s ❡t❛♣❛s ❞❡ ❞❡❧✐♠✐t❛çã♦ ❞❛ ❞✉r❛çã♦ ❡ ❝❧❛ss✐✜❝❛çã♦ ❞❛ ❢❛❧t❛✱

s❡♥❞♦ ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t t♦♠❛❞♦s ❞❡ ❢♦r♠❛ ❛ ❝♦♥t❡♠♣❧❛r ❛ q✉✐♥t❛ ❤❛r♠ô♥✐❝❛ ✭✸✵✵ ❍③ ♣❛r❛

✉♠❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❞❡ ✻✵ ❍③✮✱ ♦ q✉❡ s❡ ❝❛r❛❝t❡r✐③❛ ❝♦♠♦ ❛ ♣r✐♥❝✐♣❛❧ ❞❡s✈❛♥t❛❣❡♠ ❞♦

❛❧❣♦r✐t♠♦✱ ✈✐st♦ q✉❡ ♦ ✉s♦ ❞❡ ✈ár✐❛s ❡s❝❛❧❛s ✇❛✈❡❧❡t r❡♣r❡s❡t❛ ♠❛✐♦r ❛tr❛s♦ ♥♦ t❡♠♣♦ ❞❡ ❞❡t❡❝çã♦

❡♠ ❛♣❧✐❝❛çõ❡s ❡♠ t❡♠♣♦ r❡❛❧✳ ❖ ♠ét♦❞♦ ❢♦✐ ❛✈❛❧✐❛❞♦ ❝♦♠ r❡❣✐str♦s s✐♠✉❧❛❞♦s ❡ ❝♦♠ r❡❣✐str♦s

r❡❛✐s ❝❛♣t✉r❛❞♦s ♣♦r r❡❣✐str❛❞♦r❡s ❞✐❣✐t❛✐s ❞❡ ♣❡rt✉r❜❛çã♦ ✭❘❉P✮ ❡♠ ❞✐✈❡rs❛s ❧✐♥❤❛s ❞♦ s✐st❡♠❛

❞❡ tr❛♥s♠✐ssã♦ ❞❛ ❈❤❡s❢✳

❙❛❧✐♠ ❡t ❛❧✳ ✭✷✵✵✽✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❞❡t❡❝çã♦✱ ❝❧❛ss✐✜❝❛çã♦ ❡ ❧♦❝❛❧✐③❛çã♦ ❞❡

❢❛❧t❛s ❡♠ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦✳ P❛r❛ ❛s ❡t❛♣❛s ❞❡ ❞❡t❡❝çã♦ ❡ ❝❧❛ss✐✜❝❛çã♦✱ ❛s ❡♥❡r❣✐❛s ❞♦s

❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛ ❚❲❉❘ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ❞❡ ❢♦r♠❛ ❛ ❝♦♥t❡♠♣❧❛r ❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡

✼✺✵ ❛ ✶✵✵✵ ❍③✱ ♦ q✉❡ r❡q✉❡r ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ♠❛✐s ❞❡ ✉♠❛ ❡s❝❛❧❛ ❞❛ ❚❲❉❘✳ ❖ ✐♥st❛♥t❡ ❞❡

✐♥❝✐❞ê♥❝✐❛ ❞❛ ❢❛❧t❛ é ♦❜t✐❞♦ ♣♦r ♠❡✐♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t✳ ❆ ❡t❛♣❛ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❢❛❧t❛

✉t✐❧✐③❛ ♦s ❢❛s♦r❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♣❛r❛ ❝á❧❝✉❧♦ ❞❛ ✐♠♣❡❞â♥❝✐❛ ❞❡ ❢❛❧t❛ ❡ ♦ s❡✉ ❡q✉❛❝✐♦♥❛♠❡♥t♦

♠✉❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t✐♣♦ ❞❡ ❢❛❧t❛✱ ♦ q✉❡ ♣♦❞❡ r❡♣r❡s❡♥t❛r ✉♠❛ ❞❡s✈❛♥t❛❣❡♠ ❡♠ r❡❧❛çã♦ à

♠❛✐♦r✐❛ ❞♦s ♠ét♦❞♦s ❝♦♥✈❡♥❝✐♦♥❛✐s ❞❡ ❧♦❝❛❧✐③❛çã♦✳ ❖ ♠ét♦❞♦ ♣r♦♣♦st♦ t❛♠❜é♠ ✉t✐❧✐③❛ ❘◆❆

♣❛r❛ ✐❞❡♥t✐✜❝❛r ♦ r❛♠♦ ❡♠ q✉❡ ❛ ❢❛❧t❛ ♦❝♦rr❡✉✳ ❆ ❛✈❛❧✐❛çã♦ ❞♦ ♠ét♦❞♦ ❢♦✐ ❢❡✐t❛ ❝♦♠ ❞❛❞♦s

s✐♠✉❧❛❞♦s ♥♦ ♣r♦❣r❛♠❛ ❆❚P✳

❈♦st❛ ✭✷✵✶✵✮ ♣r♦♣ôs ✉♠ ♠ét♦❞♦ ❞❡ ❞✐❛❣♥óst✐❝♦ ❞❡ ❞✐stúr❜✐♦s tr❛♥s✐tór✐♦s ❜❛s❡❛❞♦ ♥❛ ❛♥á❧✐s❡

❡♠ t❡♠♣♦ r❡❛❧ ❞❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t✱ ✉t✐❧✐③❛♥❞♦ ❛ ❚❲❉ ❡ ❛ ❚❲❉❘ ❞❛s t❡♥sõ❡s ❡

❝♦rr❡♥t❡s ❡♠ s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛✳ ❖ ♠ét♦❞♦ é ❝❛♣❛③ ❞❡ ❞❡t❡❝t❛r ❡ ❝❧❛ss✐✜❝❛r ❞✐stúr❜✐♦s

❞❛ ◗❊❊ ❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❡ ❢♦✐ ❛✈❛❧✐❛❞♦✱ ❡♠ t❡♠♣♦ r❡❛❧✱ ♥♦ s✐♠✉❧❛❞♦r ❘❚❉❙❚▼✱

❝♦♥s✐❞❡r❛♥❞♦ ❞♦✐s ♠♦❞❡❧♦s ❞❡ s✐st❡♠❛s ❡❧étr✐❝♦s ❡♠ ✈ár✐❛s s✐t✉❛çõ❡s ❞❡ ❞✐stúr❜✐♦s✳ ❆ ✈❡rsã♦

♦✤✐♥❡ ❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ t❛♠❜é♠ ❢♦✐ ❛✈❛❧✐❛❞❛ ❝♦♠ ♠❛✐s ❞❡ ❞♦✐s ♠✐❧ r❡❣✐str♦s ♦s❝✐❧♦❣rá✜❝♦s

r❡❛✐s✱ ❝❛♣t✉r❛❞♦s ♣♦r r❡❣✐str❛❞♦r❡s ❞✐❣✐t❛✐s ❞❡ ♣❡rt✉r❜❛çã♦ ✐♥st❛❧❛❞♦s ♥♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦
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❞❛ ❈❤❡s❢✱ ❛♣r❡s❡♥t❛♥❞♦ ❜♦♥s r❡s✉❧t❛❞♦s✳

❆❧✲❑❛❜❛❜❥✐❡ ❡t ❛❧✳ ✭✷✵✶✷✮ ❞❡s❝r❡✈❡r❛♠ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❞❡t❡❝çã♦ ❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡

❢❛❧t❛s ❜❛s❡❛❞❛ ♥❛s ✇❛✈❡❧❡ts✳ ❆ ♣r♦♣♦st❛ ❞♦ ♠ét♦❞♦ é ✉t✐❧✐③❛r ❛ ❝♦♠♣♦♥❡♥t❡ ❞❝ ❞❛ ❝♦rr❡♥t❡

❞❡ ❢❛❧t❛ ♣❛r❛ ♦❜t❡r s❡✉ ✐♥st❛♥t❡ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❡ ❛s ❢❛s❡s ❡♥✈♦❧✈✐❞❛s ♥❛ ❢❛❧t❛✳ ❆ ✇❛✈❡❧❡t ♠ã❡

❍❛❛r é ✉t✐❧✐③❛❞❛ ♥♦ ♠ét♦❞♦ ♥❛ sét✐♠❛ ❡s❝❛❧❛✱ ❞❡ ❢♦r♠❛ ❛ ❡①tr❛✐r ❛s ✐♥❢♦r♠❛çõ❡s r❡❢❡r❡♥t❡s à

❝♦♠♣♦♥❡♥t❡ ❝♦♥tí♥✉❛ ❞❛ ❝♦rr❡♥t❡✱ ❛ q✉❛❧ é ♥✉❧❛ ♥♦ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❡

❛♣r❡s❡♥t❛ ✉♠❛ ♠✉❞❛♥ç❛ ❜r✉s❝❛ ♥♦ ♠♦♠❡♥t♦ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❛ ❢❛❧t❛✳ ❱❛r✐á✈❡✐s ❞❡ ❞❡t❡❝çã♦ ♣❛r❛

❝❛❞❛ ❝♦rr❡♥t❡ ❞❡ ❢❛s❡ sã♦ ✉s❛❞❛s ♣❛r❛ ❛ ❝❧❛ss✐✜❝❛çã♦ ❞❛ ❢❛❧t❛✳ ❈♦♠♦ ❞❡s✈❛♥t❛❣❡♥s ❞♦ ❛❧❣♦r✐t♠♦

♣r♦♣♦st♦✱ t❡♠✲s❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠ú❧t✐♣❧❛s ❡s❝❛❧❛s ❞❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t ❡ ♦ ❢❛t♦ ❞❡ q✉❡

❛ ❝♦♠♣♦♥❡♥t❡ ❞❝ ❞❛ ❝♦rr❡♥t❡ ♣♦❞❡ ♥ã♦ ❡①✐st✐r ♣❛r❛ â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ♣❛rt✐❝✉❧❛r❡s

✭❈❖❙❚❆ ❡t ❛❧✳✱ ✷✵✵✾✮✳

❙❛r❛✈❛♥❛❜❛❜✉ ❡t ❛❧✳ ✭✷✵✶✸✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠ét♦❞♦ ♣❛r❛ ♣r♦t❡çã♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦

❜❛s❡❛❞♦ ♥❛ ❚❲❉✳ P♦r ♠❡✐♦ ❞♦ ❝♦♥t❡ú❞♦ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞❛s ❝♦rr❡♥t❡s✱ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞♦s

❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛ ❞❜✭✻✮✱ ♣♦❞❡✲s❡ ❞❡t❡❝t❛r✱ ❝❧❛ss✐✜❝❛r ❡ ❧♦❝❛❧✐③❛r ❛ ❢❛❧t❛✳ ❆ tr❛♥s❢♦r♠❛çã♦

❞❡ ❑❛rr❡♥❜❛✉r é ✉t✐❧✐③❛❞❛ ♥❛ ❡t❛♣❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞❛ ❢❛❧t❛✱ ❡♠ q✉❡ ❛ ♠❛tr✐③ ♣♦❞❡ s❡r ✐♠♣❧❡✲

♠❡♥t❛❞❛ ❛♣❡♥❛s ♣♦r s♦♠❛❞♦r❡s✱ ❞❡ ❢♦r♠❛ ❛ ❛♥✉❧❛r ♦ ❡❢❡✐t♦ ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ♠út✉♦ ❡♥tr❡ ❢❛s❡s✳

P♦ré♠✱ ❝♦♠♦ ❞❡s✈❛♥t❛❣❡♠ ❞❡ss❛ ♠❡t♦❞♦❧♦❣✐❛✱ ❞❡st❛❝❛♠✲s❡ ❛s ❞✐❢❡r❡♥t❡s ❝❛r❛❝t❡r✐③❛çõ❡s ♣❛r❛

❢❛❧t❛s q✉❡ ❡♥✈♦❧✈❡♠ ♦✉ ♥ã♦ ❛ t❡rr❛✳ ◆❛ ❡t❛♣❛ ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❢❛❧t❛✱ s✐♥❛✐s ❞❡ ❝♦rr❡♥t❡ s♦❜

❢❛❧t❛ ❞❡ ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ sã♦ ✉t✐❧✐③❛❞♦s✳

❈♦st❛ ✭✷✵✶✸✮ ❛♣r❡s❡♥t♦✉ ✉♠❛ ♥♦✈❛ ♠❡t♦❞♦❧♦❣✐❛ ❜❛s❡❛❞❛ ♥❛ ❚❲❉ ❡ ♥❛ ❚❲❉❘ ♣❛r❛ ❞❡t❡❝çã♦

❡♠ t❡♠♣♦ r❡❛❧ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❡♠ q✉❡ ❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❧❡✈❛

❡♠ ❝♦♥t❛ ♦ ❡❢❡✐t♦ ❞❡ ❜♦r❞❛ ♥❛s ❥❛♥❡❧❛s ❞❡s❧✐③❛♥t❡s✳ ❉❡ss❛ ❢♦r♠❛✱ ❛s ❧✐♠✐t❛çõ❡s r❡❢❡r❡♥t❡s ❛♦s

tr❛♥s✐tór✐♦s s♦❜r❡❛♠♦rt❡❝✐❞♦s ✭❢❛❧t❛s ❆❚ ❝♦♠ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ✐❣✉❛❧ ❛ ③❡r♦✱ ♣♦r ❡①❡♠♣❧♦✮

❡ à ❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ✇❛✈❡❧❡t ♠ã❡ ❡s❝♦❧❤✐❞❛ ❞❡✐①❛♠ ❞❡ ❡①✐st✐r✳ ❖ ❛✉t♦r t❛♠❜é♠ s✉❣❡r❡ q✉❡ ❛

♠❡t♦❞♦❧♦❣✐❛ ♣♦❞❡ s❡r ❡①t❡♥❞✐❞❛ ♣❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠ r❡❧é ❞✐❣✐t❛❧ ♣❛r❛ ♦ ❞✐❛❣♥óst✐❝♦

❝♦♠♣❧❡t♦ ❞❡ ❢❛❧t❛s✱ ♥ã♦ ✜❝❛♥❞♦ r❡str✐t♦ ❛♣❡♥❛s à ❢✉♥çã♦ ❞❡ ❞❡t❡❝çã♦ ❞❡ ❢❛❧t❛s✳
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✹✳✷ ▲❖❈❆▲■❩❆➬➹❖ ❉❊ ❋❆▲❚❆❙ ❊▼ ▲■◆❍❆❙ ❉❊ ❚❘❆◆❙▼■❙❙➹❖

❆ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ s♦❜r❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ é ❞✐✈✐❞✐❞❛ ❡♠

❞✉❛s ❝❛t❡❣♦r✐❛s ♥❡st❛ ❞✐ss❡rt❛çã♦✿ ♠ét♦❞♦s ❜❛s❡❛❞♦s ♥❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❡ ♠ét♦❞♦s

❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✳

✹✳✷✳✶ ▼ét♦❞♦s ❜❛s❡❛❞♦s ♥❛ ❋r❡q✉ê♥❝✐❛ ❋✉♥❞❛♠❡♥t❛❧

❆ ♠❛✐♦r ♣❛rt❡ ❞♦s ♠ét♦❞♦s ❝♦♥✈❡♥❝✐♦♥❛✐s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✱ q✉❡ s❡ ❜❛s❡✐❛♠ ♥❛ ❡s✲

t✐♠❛çã♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❢✉♥❞❛♠❡♥t❛❧ ❞❡ ❢r❡q✉ê♥❝✐❛✱ ❝♦♥s✐st❡ ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ✐♠♣❡❞â♥❝✐❛

❛♣❛r❡♥t❡ ❡♥tr❡ ♦ t❡r♠✐♥❛❧ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ♦ ❧♦❝❛❧ ❞❛ ❢❛❧t❛✳ ❊ss❡s ❛❧❣♦r✐t♠♦s sã♦ s✉❜❞✐✈✐❞✐❞♦s

❡♠ ♠ét♦❞♦s q✉❡ ✉t✐❧✐③❛♠ ❞❛❞♦s ❞❡ ✉♠ ♦✉ ♠ú❧t✐♣❧♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

❖s ♠ét♦❞♦s ❜❛s❡❛❞♦s ♥❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ q✉❡ ✉t✐❧✐③❛♠ ❞❛❞♦s ❞❡ ❛♣❡♥❛s ✉♠ t❡r♠✐♥❛❧

❞❛ ❧✐♥❤❛ ❣❡r❛❧♠❡♥t❡ sã♦ ♠❛✐s ❢❛❝✐❧♠❡♥t❡ ✐♠♣❧❡♠❡♥t❛❞♦s✳ P♦ré♠✱ ❡st❡s ♠ét♦❞♦s sã♦ s✉s❝❡♣tí✈❡✐s

❛ ❡rr♦s ❞❡✈✐❞♦ ❛ ❛❧❣✉♥s ❢❛t♦r❡s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ♦✉tr♦s ❛❧✐♠❡♥t❛❞♦r❡s ❡ ✈❛r✐✲

❛çõ❡s ♥❛ r❡s✐stê♥❝✐❛ ❡ ♥♦ t✐♣♦ ❞❡ ❢❛❧t❛✱ ♦ q✉❛❧ ❣❡r❛❧♠❡♥t❡ ♣r❡❝✐s❛ s❡r ❞❡t❡r♠✐♥❛❞♦ ♣r❡✈✐❛♠❡♥t❡✱

❞❛❞❛ ❛ s✉❛ ✐♥✢✉ê♥❝✐❛ ♥♦ ❡q✉❛❝✐♦♥❛♠❡♥t♦ q✉❡ ♣r❡❝✐s❛ s❡r ❛♣❧✐❝❛❞♦ ♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ♣♦♥t♦

❞❡ ❢❛❧t❛✳

❚❛❦❛❣✐ ❡t ❛❧✳ ✭✶✾✽✶✮ ✉t✐❧✐③♦✉ ❛ ❚r❛♥s❢♦r♠❛❞❛ ❉✐s❝r❡t❛ ❞❡ ❋♦✉r✐❡r ♣❛r❛ ❡①tr❛✐r ♦s ❢❛s♦r❡s ♥❛

❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❞❡ t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ♠❡❞✐❞♦s ❡♠ ✉♠ ú♥✐❝♦ t❡r♠✐♥❛❧ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡

tr❛♥s♠✐ssã♦✱ ♥♦ q✉❛❧ ❛ t❡♦r✐❛ ❞❛ s✉♣❡r♣♦s✐çã♦ é ❛♣❧✐❝❛❞❛ ♣❛r❛ s❡♣❛r❛r ♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦

s♦❜ ❢❛❧t❛ ❡♠ ❞✉❛s r❡❞❡s ❞❡r✐✈❛❞❛s✿ ✉♠❛ ❞❡ ♣ré✲❢❛❧t❛ ❡ ♦✉tr❛ ❞❡ ❢❛❧t❛ ✐s♦❧❛❞❛✳ ❯t✐❧✐③❛♥❞♦✲s❡ ❞❛s

❡q✉❛çõ❡s ❞❡ q✉❛❞r✐♣♦❧♦ ♣❛r❛ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ♦s ✈❡t♦r❡s ❞❛ t❡♥sã♦ ❡ ❞❛ ❝♦rr❡♥t❡ ♥❛

❢❛❧t❛ ♣♦❞❡♠ s❡r ❡st✐♠❛❞♦s ❛ ♣❛rt✐r ❞♦s ✈❡t♦r❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❞❡ ♣ré✲❢❛❧t❛ ♥♦ t❡r♠✐♥❛❧

❧♦❝❛❧✳ ❊♥tã♦✱ ✉♠❛ ❡q✉❛çã♦ q✉❡ r❡❧❛❝✐♦♥❛ ❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ ❡♠ ✉♠❛ ❧✐♥❤❛ s✐♠♣❧❡s ❡♠ ❢✉♥çã♦

❞♦s ✈❡t♦r❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♣❛r❛ ❛s r❡❞❡s ❞❡ ♣ré✲❢❛❧t❛ ❡ ❞❡ ❢❛❧t❛ ✐s♦❧❛❞❛ é ♣r♦♣♦st❛✳ P♦r

s❡ tr❛t❛r ❞❡ ✉♠❛ ❡q✉❛çã♦ ♥ã♦✲❧✐♥❡❛r✱ ✉♠❛ s♦❧✉çã♦ ✐t❡r❛t✐✈❛ é ♥❡❝❡ssár✐❛✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ❛

té❝♥✐❝❛ ❞❡ ◆❡✇t♦♥✲❘❛♣❤s♦♥✳ ❘❡s✉❧t❛❞♦s s❛t✐s❢❛tór✐♦s ♣❛r❛ ❡ss❡ ♠ét♦❞♦ ❢♦r❛♠ ♦❜t✐❞♦s ❛♣❡♥❛s

q✉❛♥❞♦ ❛s ♣❡r❞❛s ♥❛ ❧✐♥❤❛ ❢♦r❛♠ ❞❡s♣r❡③❛❞❛s✳
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❚❛❦❛❣✐ ❡t ❛❧✳ ✭✶✾✽✷❛✮ ✐♥❝r❡♠❡♥t♦✉ à ♣❡sq✉✐s❛ r❡❛❧✐③❛❞❛ ♣♦r ❚❛❦❛❣✐ ❡t ❛❧✳ ✭✶✾✽✶✮ ❡ ♣r♦♣ôs ♦

✉s♦ ❞❛ ❚r❛♥s❢♦r♠❛❞❛ ❞❡ ▲❛♣❧❛❝❡ ♥♦ ❡q✉❛❝✐♦♥❛♠❡♥t♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❡♠ s✉❜st✐t✉✐çã♦ ❛♦

✉s♦ ❞❛ ❚r❛♥s❢♦r♠❛❞❛ ❉✐s❝r❡t❛ ❞❡ ❋♦✉r✐❡r✳ ❆s ❡q✉❛çõ❡s ❞❡ q✉❛❞r✐♣♦❧♦ ❡ ❛ t❡♦r✐❛ ❞❛ s✉♣❡r♣♦s✐çã♦

♣❡r♠❛♥❡❝❡r❛♠ ♥♦ ♠ét♦❞♦✱ ❛ss✐♠ ❝♦♠♦ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉♠❛ s♦❧✉çã♦ ✐t❡r❛t✐✈❛ ♣❛r❛ ❛ ❡q✉❛çã♦

♥ã♦✲❧✐♥❡❛r ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛✳ ❆ ❚r❛♥s❢♦r♠❛❞❛ ❞❡ ▲❛♣❧❛❝❡ ♣♦ss✐❜✐❧✐t♦✉ ✉♠ ♠❛✐♦r ❞❡s❡♠♣❡♥❤♦

♥♦ ❝á❧❝✉❧♦ ❞❛s r❡❧❛çõ❡s ❡♥tr❡ ♦s ❢❛s♦r❡s ❞❡ ❝♦rr❡♥t❡ ♥❛ r❡❞❡ ❞❡ ❢❛❧t❛ ✐s♦❧❛❞❛✳ ❆ ♣r❡❝✐sã♦ ❞♦

❛❧❣♦r✐t♠♦ ❡stá ❝♦♥❞✐❝✐♦♥❛❞❛ à ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ ❛❧t❛ r❡❧❛çã♦ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥♦ s✐st❡♠❛✱ ♥ã♦

❛♣r❡s❡♥t❛♥❞♦ ❣❛r❛♥t✐❛ ❞❡ ❜♦♠ ❞❡s❡♠♣❡♥❤♦ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ✉♠❛ ❜❛✐①❛ r❡❧❛çã♦ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳

P♦r r❡q✉❡r❡r ❛ r❡❛❧✐③❛çã♦ ❞❡ ✉♠ ♣r♦❝❡ss♦ ✐t❡r❛t✐✈♦ ♣❛r❛ ❝á❧❝✉❧♦ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛✱ ♦s ❛❧❣♦r✐t♠♦s

♣r♦♣♦st♦s ♣♦r ❚❛❦❛❣✐ ❡t ❛❧✳ ✭✶✾✽✶✮ ❡ ❚❛❦❛❣✐ ❡t ❛❧✳ ✭✶✾✽✷❛✮ sã♦ ❝♦♥s✐❞❡r❛❞♦s ❝♦♠♣❧❡①♦s ❡ ❧❡♥t♦s✳

P♦r ❡st❡ ♠♦t✐✈♦✱ ♦s ❛✉t♦r❡s ♣r♦♣õ❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ♠✐❝r♦♣r♦❝❡ss❛❞♦r ♣❛r❛ r❡❛❧✐③❛r ♦s

♣r♦❝❡❞✐♠❡♥t♦s ♠❛t❡♠át✐❝♦s✳ ❆♣❡s❛r ❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ✉♠ ❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ❧♦❝❛❧✐③❛çã♦

❞❡ ❢❛❧t❛s ♠❛✐s tr❛❞✐❝✐♦♥❛✐s✱ ♦s ♠ét♦❞♦s sã♦ ❜❛st❛♥t❡ s❡♥sí✈❡✐s t❛♥t♦ ❛♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛

q✉❛♥t♦ ❛♦s ♣❛râ♠❡tr♦s ❞❡ s✐st❡♠❛ ❡❧étr✐❝♦ ❛♥❛❧✐s❛❞♦✳

❚❛❦❛❣✐ ❡t ❛❧✳ ✭✶✾✽✷❜✮ ♣r♦♣✉s❡r❛♠ ❝♦rr❡çõ❡s ❛♦s ♠ét♦❞♦s ❛♣r❡s❡♥t❛❞♦s ❡♠ ❚❛❦❛❣✐ ❡t ❛❧✳ ✭✶✾✽✶✮

❡ ❚❛❦❛❣✐ ❡t ❛❧✳ ✭✶✾✽✷❛✮ ♥♦ q✉❡ s❡ r❡❢❡r❡ ❛♦s ❡rr♦s ❝❛✉s❛❞♦s ♣♦r ✢✉①♦ ❞❡ ❝❛r❣❛✱ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛

❡ ❛rr❛♥❥♦s ♥ã♦✲s✐♠étr✐❝♦s ✭❡❢❡✐t♦s ❞❡ ✐♥❞✉tâ♥❝✐❛ ♠út✉❛✮ ♥❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ ❆❧é♠ ❞✐ss♦✱

❝♦♥s✐❞❡r❛❞❛s ❛❧❣✉♠❛s ❛♣r♦①✐♠❛çõ❡s✱ ♦ ❡q✉❛❝✐♦♥❛♠❡♥t♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ é ❛❣♦r❛ ♦❜t✐❞❛ ❞❡

❢♦r♠❛ ❞✐r❡t❛✱ ❞✐s♣❡♥s❛♥❞♦ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❝á❧❝✉❧♦s ✐t❡r❛t✐✈♦s✳

❏♦❤♥s ✫ ❏❛♠❛❧✐ ✭✶✾✾✵✮ ❞❡s❝r❡✈❡r❛♠ ✉♠❛ té❝♥✐❝❛ ♣❛r❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s q✉❡ ❡♥✈♦❧✈❡ ♦

♠♦♥✐t♦r❛♠❡♥t♦ ❡ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s

❞❛ ❧✐♥❤❛✱ s❡♥❞♦ r❡q✉❡r✐❞♦s✱ t❛♠❜é♠✱ ♦s ♣❛râ♠❡tr♦s ❞❡ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❞♦s ❝♦♥❞✉t♦r❡s✳ ❖

❡q✉❛❝✐♦♥❛♠❡♥t♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ é ❜❛s❡❛❞♦ ♥❛ t❡♦r✐❛ ❞♦s q✉❛❞r✐♣♦❧♦s ❡ ❡♠ ❡q✉❛çõ❡s ❤✐♣❡r✲

❜ó❧✐❝❛s✳ ❖ ♠ét♦❞♦ ♣r♦♣♦st♦ ✐♥❞❡♣❡♥❞❡ ❞♦ t✐♣♦ ❡ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❡ ♥ã♦ ❡①✐❣❡ q✉❛❧q✉❡r

✐♥❢♦r♠❛çã♦ ❛❝❡r❝❛ ❞❛s ✐♠♣❡❞â♥❝✐❛s ❞❡ ❢♦♥t❡✳ ❋♦r❛♠ ♦❜t✐❞♦s ❜♦♥s r❡s✉❧t❛❞♦s✱ ✐♥❝❧✉s✐✈❡ ♣❛r❛ ♦

❝❛s♦ ❞❡ ❧✐♥❤❛s ♥ã♦ tr❛♥s♣♦st❛s✳ P♦ré♠✱ ♦ ♠ét♦❞♦ é ❜❛st❛♥t❡ s❡♥sí✈❡❧ à ❝♦♥✜❣✉r❛çã♦ ❞♦ s✐s✲

t❡♠❛ ❡❧étr✐❝♦ ❛♥❛❧✐s❛❞♦✳ ❉❡ss❛ ❢♦r♠❛✱ ♣❛r❛ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ss❛

té❝♥✐❝❛ ♣♦❞❡ s❡r ❝♦♠♣r♦♠❡t✐❞♦ ❞❡ ❢♦r♠❛ ❛ ❢♦r♥❡❝❡r ❡st✐♠❛t✐✈❛s ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ❝♦♠ ❡rr♦s

❝♦♥s✐❞❡rá✈❡✐s✳
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●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ ♣r♦♣✉s❡r❛♠ ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s✲

♠✐ssã♦ ❜❛s❡❛❞♦ ♥❛ ❡st✐♠❛çã♦ ❞♦s ❢❛s♦r❡s ❢✉♥❞❛♠❡♥t❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✱ ♣♦❞❡♥❞♦ ❡st❡s

s✐♥❛✐s s❡r❡♠ t♦♠❛❞♦s ❡♠ ❞♦✐s ♦✉ três t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✳ ❖ ♠ét♦❞♦ ♣r♦♣♦st♦ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞♦

❞❡ ❢♦r♠❛ ❞✐r❡t❛ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❞❛❞♦s s✐♥❝r♦♥✐③❛❞♦s ♦✉ ❞❡ ❢♦r♠❛ ✐t❡r❛t✐✈❛ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❞❛❞♦s

♥ã♦ s✐♥❝r♦♥✐③❛❞♦s✳ ❖ ❡q✉❛❝✐♦♥❛♠❡♥t♦ ❞♦ ❧♦❝❛❧ ❞❡ ❢❛❧t❛ é ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ t✐♣♦ ❞❡ ❢❛❧t❛✳ P♦ré♠✱

❛ss✐♠ ❝♦♠♦ ♦ ♠ét♦❞♦ ❞❡ ❏♦❤♥s ✫ ❏❛♠❛❧✐ ✭✶✾✾✵✮✱ tr❛t❛✲s❡ ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ ❜❛st❛♥t❡ s❡♥sí✈❡❧ à

❝♦♥✜❣✉r❛çã♦ ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ ❛♥❛❧✐s❛❞♦✱ s❡♥❞♦✱ ♣♦rt❛♥t♦✱ ❜❛st❛♥t❡ ✐♥✢✉❡♥❝✐❛❞♦ ♣❡❧♦

❡♠♣r❡❣♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❆s ♠❛✐♦r❡s t❛①❛s ❞❡ ❡rr♦s ❢♦r❛♠ ♦❜t✐❞❛s ♣❛r❛ ❞❛❞♦s ♥ã♦ s✐♥✲

❝r♦♥✐③❛❞♦s✱ ❛t✐♥❣✐♥❞♦ ♦ ♣❛t❛♠❛r ❞❡ ✷✪❀ ♣♦r ♦✉tr♦ ❧❛❞♦✱ ❝♦♠ ♠❡❞✐❞❛s s✐♥❝r♦♥✐③❛❞❛s✱ ♦s ❡rr♦s

♠é❞✐♦s ❢♦r❛♠ ❞❛ ♦r❞❡♠ ❞❡ ✵✱✺✪✳

❘❛♥❥❜❛r ❡t ❛❧✳ ✭✶✾✾✷✮ ♣r♦♣✉s❡r❛♠ ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡

tr❛♥s♠✐ssã♦ ♠♦❞❡❧❛❞❛s ♣♦r ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s✱ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥t❛ ♦ ❡❢❡✐t♦ ❞❛ ❝❛♣❛❝✐✲

tâ♥❝✐❛ ❞❛ ❧✐♥❤❛✳ ❖ ♠ét♦❞♦ ♣r♦♣♦st♦ ❝♦♥s✐st❡ ♥♦ ❝á❧❝✉❧♦ s✉❝❡ss✐✈♦ ❞❛ t❡♥sã♦ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✱

s❡♥❞♦ ❛ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❢❛❧t❛ ❡st✐♠❛❞❛ q✉❛♥❞♦ ❛ t❡♥sã♦ ❛♣r❡s❡♥t❛ s❡✉ ✈❛❧♦r ♠í♥✐♠♦ ❡♠ ❝♦♠♣❛✲

r❛çã♦ ❛ ♠❡❞✐❞❛s t♦♠❛❞❛s ❡♠ ✈ár✐♦s ♣♦♥t♦s ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳ ❆ q✉❛♥t✐✜❝❛çã♦ ❞❛ t❡♥sã♦

é r❡❛❧✐③❛❞❛ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❢✉♥çã♦ G(x)✱ q✉❡ é ♣r♦♣♦r❝✐♦♥❛❧ à ✐♥t❡❣r❛❧ ❞❛ t❡♥sã♦ s♦❜r❡ ✉♠

✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❧✐♠✐t❛❞♦ ❡ q✉❡ é ❝❛❧❝✉❧❛❞❛ ♣♦r ♠❡✐♦ ❞❛s ❡q✉❛çõ❡s t❡❧❡❣rá✜❝❛s✳ ❙❡♥❞♦ Dx

❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❞♦✐s ♣♦♥t♦s ❞❡ ♠❡❞✐çã♦ ❝♦♥s❡❝✉t✐✈♦s✱ ♦ ♠❛✐♦r ❡rr♦ ♦❜t✐❞♦ ❢♦✐ ♠❡♥♦r ❞♦ q✉❡

Dx/2✳ ❖ ♠ét♦❞♦ é ❝❛♣❛③ ❞❡ ❧♦❝❛❧✐③❛r ❛ ❢❛❧t❛✱ ♠❡s♠♦ q✉❡ ❡st❛ ♦❝♦rr❛ ❝♦♠ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛

✐❣✉❛❧ ❛ ③❡r♦✳

❙❛❞❡❤ ❡t ❛❧✳ ✭✶✾✾✾✮ ❞❡r❛♠ ✉♠ ❡♥❢♦q✉❡ ♥♦ ♣r♦❜❧❡♠❛ ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛ ❝♦♠♦ s❡♥❞♦ ✉♠

♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦✳ ❯♠ ❡q✉✐✈❛❧❡♥t❡ ❞❡ ❚❤❡✈❡♥✐♥ ♣❛r❛ ❛ ❧✐♥❤❛ s♦❜ ❢❛❧t❛ é ✉t✐❧✐③❛❞♦ ♣❛r❛

q✉❡ ♦s ❞❛❞♦s r❡q✉❡r✐❞♦s ♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ s❡❥❛♠ ❝❛❧❝✉❧❛❞❛s✳ ❈♦♠♦

♣r✐♥❝✐♣❛❧ ✈❛♥t❛❣❡♠✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♠♦str♦✉✲s❡ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ ✜❧tr❛❣❡♠ ❞❛ ❝♦♠♣♦♥❡♥t❡

❞❡ ❝♦rr❡♥t❡ ❝♦♥tí♥✉❛ ❡ ❞♦s ❤❛r♠ô♥✐❝♦s ❞❡ ❛❧t❛s ♦r❞❡♥s ♣r❡s❡♥t❡s q✉❛♥❞♦ ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠❛

❢❛❧t❛✳ ❈♦♠♦ r❡s✉❧t❛❞♦s✱ ✉♠❛ ♣r❡❝✐sã♦ s❛t✐s❢❛tór✐❛ ♥❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ t♦❞♦s ♦s t✐♣♦s ❞❡ ❢❛❧t❛s ❢♦✐

♦❜t✐❞❛✱ ♥ã♦ ❤❛✈❡♥❞♦ ✐♥✢✉ê♥❝✐❛ ❞❡ ♣❛râ♠❡tr♦s ❝♦♠♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❡ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✳
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●♦♣❛❧❛❦r✐s❤♥❛♥ ❡t ❛❧✳ ✭✷✵✵✵✮✱ ❈❤❡♥ ❡t ❛❧✳ ✭✷✵✵✶✮ ❡ ❍❛ ❡t ❛❧✳ ✭✷✵✵✸✮ ♣r♦♣✉s❡r❛♠ ❛ ❧♦❝❛❧✐③❛çã♦

❞❡ ❢❛❧t❛s ✉t✐❧✐③❛♥❞♦ ❛ ❞✐str✐❜✉✐çã♦ ❞❛ t❡♥sã♦ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✳ ❆ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ é ❞❡t❡r♠✐✲

♥❛❞❛ ❝♦♠ ❜❛s❡ ❡♠ ❝♦♠♣♦rt❛♠❡♥t♦s ❡s♣❡r❛❞♦s ♣❛r❛ ❛ t❡♥sã♦✳ P♦r ❡①❡♠♣❧♦✱ ❛ t❡♥sã♦ é ♥✉❧❛ ♣❛r❛

❢❛❧t❛s q✉❡ ❡♥✈♦❧✈❡♠ ❛ t❡rr❛ s❡♠ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ♦✉ ❛♣r❡s❡♥t❛ ✈❛❧♦r ❜❡♠ ♠❡♥♦r✱ s❡ ❝♦♠♣❛✲

r❛❞♦ à t❡♥sã♦ ❡♠ ♦✉tr♦s ♣♦♥t♦s ❞❛ ❧✐♥❤❛✱ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❢❛❧t❛s q✉❡ ♥ã♦ ❡♥✈♦❧✈❛♠ ❛ t❡rr❛ ♦✉ q✉❡

❛♣r❡s❡♥t❡♠ ❛❧❣✉♠ ✈❛❧♦r ❞❡ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✳ ❆♣❡s❛r ❞❡ s❡r ✐♠✉♥❡ ❛♦s ❞✐✈❡rs♦s ♣❛râ♠❡tr♦s

❞❡ ❢❛❧t❛✱ ❡ss❡s ♠ét♦❞♦s ❡①✐❣❡♠ ❛❧t♦s r❡❝✉rs♦s ❞❡ ❤❛r❞✇❛r❡ ❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛ r❡s♦❧✉çã♦ ❞❛s

❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s q✉❡ r❡❣❡♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ t❡♥sã♦ ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳

❘❛❞♦❥❡✈✐❝ ❡t ❛❧✳ ✭✷✵✵✾✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s q✉❡ ♥ã♦ r❡q✉❡r

♦s ♣❛râ♠❡tr♦s ❞❛ ❧✐♥❤❛ ✭✐♠♣❡❞â♥❝✐❛s ❞❡ s❡q✉ê♥❝✐❛s ❡ ❝♦♠♣r✐♠❡♥t♦✮ ❝♦♠♦ ❡♥tr❛❞❛✱ ✉t✐❧✐③❛♥❞♦✲

s❡ ❛♣❡♥❛s ♦s ❢❛s♦r❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❞♦s ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✱ ❡①tr❛í❞♦s ♣♦r ♠❡✐♦

❞❛ tr❛♥s❢♦r♠❛❞❛ rá♣✐❞❛ ❞❡ ❋♦✉r✐❡r✳ ❆ s✐♥❝r♦♥✐③❛çã♦ ❞♦s ❞❛❞♦s é r❡❛❧✐③❛❞❛ ✈✐❛ ●P❙ ✭●❧♦❜❛❧

P♦s✐t✐♦♥✐♥❣ ❙②st❡♠✮✱ ♦ q✉❡ ♣♦❞❡ s❡r ✉♠❛ ❢♦♥t❡ ❞❡ ❡rr♦ ♥❛ ❡st✐♠❛t✐✈❛ ❞♦ ♣♦♥t♦ ❞❡ ♦❝♦rrê♥❝✐❛

❞❛ ❢❛❧t❛✳ ❊♠ ✉♠❛ ❜❛t❡r✐❛ ✐♥✐❝✐❛❧ ❞❡ t❡st❡s✱ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s ❢♦r❛♠ ❛✈❛❧✐❛❞❛s ❡ ♦ ♠ét♦❞♦ s❡

♠♦str♦✉ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✳ ◗✉❛♥t♦ ❛♦ ❡❢❡✐t♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❡st❛ ♣♦❞❡

✐♥✢✉❡♥❝✐❛r ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦✱ ❤❛❥❛ ✈✐st♦ q✉❡ ♣♦❞❡♠ ♦❝♦rr❡r ♠✉❞❛♥ç❛s ♥♦s ♣❡r✜s ❞❡

t❡♥sã♦ ❡ ❝♦rr❡♥t❡✳

❱✐❡✐r❛ ❡t ❛❧✳ ✭✷✵✶✸❛✮ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦ ♥❛ ❢♦r♠✉✲

❧❛çã♦ ❛♣r❡s❡♥t❛❞❛ ♣♦r ❘❛❞♦❥❡✈✐❝ ❡t ❛❧✳ ✭✷✵✵✾✮✱ ♣♦ré♠✱ ❝♦♠ ❛ ✐♥❝❧✉sã♦ ❞❡ ♥♦✈♦s ❡❧❡♠❡♥t♦s ♣❛r❛

s♦❧✉❝✐♦♥❛r ♦ ♣r♦❜❧❡♠❛ ❞❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❛♦ s✐♥❝r♦♥✐s♠♦ ❡♥tr❡ ♦s ❞❛❞♦s✳ ❖s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥✲

t❛❞♦s ♣❡❧♦ ♠ét♦❞♦ ❞❡st❛❝❛♠ ❛ ♣r❡❝✐sã♦ ❞❛s s♦❧✉çõ❡s ♣❛r❛ ❞✐❢❡r❡♥t❡s ❞❡❢❛s❛❣❡♥s ❞❡ s✐♥❝r♦♥✐s♠♦

❡♥tr❡ ♦s t❡r♠✐♥❛✐s✳ ❆❧❣✉♥s ❝❛s♦s r❡❛✐s ❞❡ ❢❛❧t❛ t❛♠❜é♠ ❢♦r❛♠ ❛✈❛❧✐❛❞♦s✱ ♦❜t❡♥❞♦✲s❡ ❜❛✐①♦s

♣❡r❝❡♥t✉❛✐s ❞❡ ❡rr♦s✳ ❉❡ss❡ ♠♦❞♦✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ✉♥❡ ❛ ✈❛♥t❛❣❡♠ ❞❡ ♥ã♦ ❞❡♣❡♥❞❡r ❞♦s

♣❛râ♠❡tr♦s ❞❛ ❧✐♥❤❛ ❝♦♠ ❛ t♦❧❡râ♥❝✐❛ ❛ ❞✐❢❡r❡♥ç❛s ♥♦ s✐♥❝r♦♥✐s♠♦✳ P♦ré♠✱ ♣♦r ✉t✐❧✐③❛r ❝♦♠♣♦✲

♥❡♥t❡s s✐♠étr✐❝❛s✱ ♦ ❛❧❣♦r✐t♠♦ é ♠❛✐s ✐♥❞✐❝❛❞♦ ♣❛r❛ ❧✐♥❤❛s tr❛♥s♣♦st❛s✳ ❱✐s❛♥❞♦ s✉♣❡r❛r ❡ss❛

❧✐♠✐t❛çã♦✱ ❱✐❡✐r❛ ❡t ❛❧✳ ✭✷✵✶✸❜✮ ♣r♦♣✉s❡r❛♠ ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ❧✐♥❤❛s ♥ã♦ tr❛♥s♣♦st❛s ❡ ❝♦♠

❞❛❞♦s ♥ã♦ s✐♥❝r♦♥✐③❛❞♦s ❛ ♣❛rt✐r ❞❛ r❡♣r❡s❡♥t❛çã♦ ❢❛s♦r✐❛❧ ❞❡ s✉❛s ❝♦♠♣♦♥❡♥t❡s✳
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✹✳✷✳✷ ▼ét♦❞♦s ❜❛s❡❛❞♦s ♥❛ ❚❡♦r✐❛ ❞❛s ❖♥❞❛s ❱✐❛❥❛♥t❡s

❖s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❢✉♥❞❛♠❡♥t❛❞♦s ♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s s❡ ❜❛s❡✐❛♠

♥❛ ♦❜t❡♥çã♦ ❞♦s ✐♥st❛♥t❡s ❞❡ ❝❤❡❣❛❞❛ ❞❛s ♣r✐♠❡✐r❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♥♦✭s✮ t❡r♠✐♥❛❧✭✐s✮ ❞❡ ♠♦✲

♥✐t♦r❛♠❡♥t♦✳ ❈♦♠ ❛ ✐♥❢♦r♠❛çã♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❡ss❛s ♦♥❞❛s ♥❛ ❧✐♥❤❛✱ ♣♦❞❡✲s❡

❡st✐♠❛r ♦ ♣♦♥t♦ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❛ ❢❛❧t❛✳

▼❛❣♥❛❣♦ ✫ ❆❜✉r ✭✶✾✾✽✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s✲

♠✐ssã♦ ♣♦r ♠❡✐♦ ❞❛ ❛♥á❧✐s❡ ❞❡ tr❛♥s✐tór✐♦s ♣❡❧❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✱ ♠❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡

❝♦♠ ♦ ✉s♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t✳ ❖s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ sã♦ tr❛t❛❞♦s ♥♦ ❞♦♠í♥✐♦

♠♦❞❛❧ ❡✱ ❛♣ós ✐ss♦✱ sã♦ ❧❡✈❛❞♦s ♣❛r❛ ♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✲❢r❡q✉ê♥❝✐❛✳ ❖s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡ts

♥❛s ❞✉❛s ♣r✐♠❡✐r❛s ❡s❝❛❧❛s sã♦ ✉s❛❞♦s ♥♦ ❛❧❣♦r✐t♠♦✳ ❊ss❡s ❝♦❡✜❝✐❡♥t❡s ❞♦ s✐♥❛❧ ♥♦ ♠♦❞♦ ❛ér❡♦

sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❢❛❧t❛✱ ❡♥q✉❛♥t♦ q✉❡ ♦s ❞♦ ♠♦❞♦ t❡rr❛ sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛

✐❞❡♥t✐✜❝❛r ❛s ❢❛❧t❛s q✉❡ ❡♥✈♦❧✈❡♠ ❛ t❡rr❛ ❡ ❛ ♠❡t❛❞❡ ❞❛ ❧✐♥❤❛ ❛ q✉❛❧ ❡ss❛s ❢❛❧t❛s s❡ ❡♥❝♦♥tr❛♠✳

❖ ♠ét♦❞♦ ♠♦str♦✉✲s❡ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✳ ❆❧é♠ ❞✐ss♦✱ ♦ ♠ét♦❞♦ ♣♦❞❡ s❡r ❛❞❡✲

q✉❛❞♦ ♣❛r❛ ❛♣❧✐❝❛çã♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡ ♣♦❞❡ ✉t✐❧✐③❛r ♦s ❞❛❞♦s ♣r♦✈❡♥✐❡♥t❡s ❞❡

✉♠ ♦✉ ❞♦s ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✳ P❛r❛ ♦ ❝❛s♦ ❞♦ ✉s♦ ❞♦s ❞❛❞♦s ❞❡ ❞♦✐s t❡r♠✐♥❛✐s✱ ♦ ♠ét♦❞♦ é

♠❛✐s s✐♠♣❧❡s✱ ♣♦ré♠✱ é ♥❡❝❡ssár✐♦ ❝♦♠✉♥✐❝❛çã♦ ❡ s✐♥❝r♦♥✐③❛çã♦ ❞❡ss❡s ❞❛❞♦s✱ ♦ q✉❡ ❣❡r❛❧♠❡♥t❡

é r❡❛❧✐③❛❞♦ ♣♦r ♠❡✐♦ ❞❡ ●P❙✳ ❆ ♣r❡❝✐sã♦ ❞♦ ♠ét♦❞♦ é ♣r♦♣♦r❝✐♦♥❛❧ à ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠

✉t✐❧✐③❛❞❛ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s✱ s❡♥❞♦ ❡ss❛ ❛ ♣r✐♥❝✐♣❛❧ ❧✐♠✐t❛çã♦ ❡♥❝♦♥tr❛❞❛✳

❆❜✉r ✫ ▼❛❣♥❛♥♦ ✭✷✵✵✵✮ ✐♥❝r❡♠❡♥t❛r❛♠ r❡❝✉rs♦s ❛♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♣♦r ▼❛❣♥❛❣♦ ✫ ❆❜✉r

✭✶✾✾✽✮✳ ◆♦ ♥♦✈♦ ♠ét♦❞♦✱ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ t❡♠♣♦ ❡♥tr❡ ♦s ♠♦❞♦s ❛ér❡♦ ❡ t❡rr❛ é ✉t✐❧✐③❛❞❛ ♣❛r❛

❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❛t❡rr❛❞❛s✳ ❉❛❞♦s ♣r♦✈❡♥✐❡♥t❡s ❞❡ ❛♣❡♥❛s ✉♠ t❡r♠✐♥❛❧ ❞❛ ❧✐♥❤❛ sã♦

r❡q✉❡r✐❞♦s ❡ ♦ ♥♦✈♦ ❛❧❣♦r✐t♠♦ ♠♦str♦✉✲s❡ ✐♠✉♥❡ ❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ♣r❡s❡♥ç❛ ❞❛ ❝♦♠♣❡♥s❛çã♦

sér✐❡ ❡ ❡❢❡✐t♦ ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ♠út✉♦✳ ❆ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ é ♦ ❢❛t♦r ❧✐♠✐t❛♥t❡ ♥❛ ♣r❡❝✐sã♦

❞❛ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❢❛❧t❛✳

❑✐♠ ❡t ❛❧✳ ✭✷✵✵✶✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦ ♥❛ tr❛♥s❢♦r♠❛❞❛

✇❛✈❡❧❡t ❡ q✉❡ ✉t✐❧✐③❛ ❞❛❞♦s ❞❡ ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ♦s q✉❛✐s sã♦ s✐♥❝r♦♥✐③❛❞♦s

✈✐❛ ●P❙✳ ❉❡♣♦✐s ❞❛ ♦❜t❡♥çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❞♦ ❝♦♥t❡ú❞♦ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞❡ss❡s s✐♥❛✐s✱ ❡ss❛s

❛♠♦str❛s sã♦ ❧❡✈❛❞❛s ❛ ✉♠ s❡r✈✐❞♦r ❝❡♥tr❛❧✱ ❛ ♣❛rt✐r ❞❡ ♦♥❞❡ é ❝❛❧❝✉❧❛❞❛ ❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛✳ ❖

❛❧❣♦r✐t♠♦ ❢♦✐ t❡st❛❞♦ ♣❛r❛ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❡ r❡s✉❧t❛❞♦s s❛t✐s❢❛tór✐♦s q✉❡ ❝♦♥✜r♠❛r❛♠ s✉❛
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✈✐❛❜✐❧✐❞❛❞❡ ❢♦r❛♠ ♦❜t✐❞♦s✳

❈❤❛♥❞❛ ❡t ❛❧✳ ✭✷✵✵✸✮ ❛❧✐❛r❛♠ ♦ ✉s♦ ❞❡ ✐♥t❡r♣♦❧❛çã♦ ❝ú❜✐❝❛ ❛♦ ✉s♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t

♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ✉♠ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❝♦♠ ❜❛s❡ ♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✳

❊ss❡ ♠ét♦❞♦ ✉t✐❧✐③❛ ♦s ❞❛❞♦s ❞❡ ❝♦rr❡♥t❡s ♦❜t✐❞♦s ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s ❞❡ ✉♠❛ ❧✐♥❤❛✳ ❋♦✐

❝♦♥st❛t❛❞♦ q✉❡ ♦ ❛❧❣♦r✐t♠♦✱ ❞❡♣♦✐s ❞❡ ❡①❝❡ss✐✈❛s s✐♠✉❧❛çõ❡s✱ ♦❜t❡✈❡ ✉♠❛ ❡❧❡✈❛❞❛ ♣r❡❝✐sã♦ ❡

♠♦str♦✉✲s❡ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✱ r❡s✐stê♥❝✐❛ ❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✳ ❊st✉❞♦s

♠❛✐s r❡❝❡♥t❡s ✐♥❞✐❝❛♠ q✉❡ ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❡♠ ✉♠❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ✐♥✢✉❡♥❝✐❛❞❛

❛♣❡♥❛s ♣❡❧♦s tr❛♥s✐tór✐♦s ♥ã♦ sã♦ ❝❛♣❛③❡s ❞❡ ❞❡t❡❝t❛r ❢❛❧t❛s ♥♦s ❝❛s♦s ❡♠ q✉❡ ♦s tr❛♥s✐tór✐♦s

sã♦ ❛♠♦rt❡❝✐❞♦s✱ ❛ ❡①❡♠♣❧♦ ❞❡ ✉♠❛ ❢❛❧t❛ ❆❚ ❝♦♠ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ✐❣✉❛❧ ❛ ③❡r♦ ✭❈❖❙❚❆ ❡t

❛❧✳✱ ✷✵✶✷✮✳

❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❞❡t❡❝çã♦ ❡ ❧♦❝❛❧✐③❛çã♦ ❡♠ t❡♠♣♦ r❡❛❧

❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ✉s❛♥❞♦ ❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t✳ ❯♠ ❡st✉❞♦ ❝♦♠♣❛r❛t✐✈♦

q✉❛♥t♦ às ❡✜❝✐ê♥❝✐❛s ❞❛ ❚❲❉ ❡ ❞❛ ❚❲❉❘ é r❡❛❧✐③❛❞♦✱ ❛♣♦♥t❛♥❞♦ ❡st❛ ú❧t✐♠❛ ❝♦♠♦ s❡♥❞♦

❛ ♠❛✐s ❛♣r♦♣r✐❛❞❛ ♣❛r❛ ♦ ♦❜❥❡t✐✈♦ ❞♦ ❛❧❣♦r✐t♠♦✱ ❞❡✈✐❞♦ à ✐♥❡①✐stê♥❝✐❛ ❞♦ ♣r♦❝❡ss♦ ❞❡ s✉❜❛✲

♠♦str❛❣❡♠✳ ❆ ♣❛rt✐r ❞♦ ✐♥st❛♥t❡ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ✉♠❛ ❢❛❧t❛ ❡♠ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ❛s

❛♠♦str❛s ❞❡ t❡♥sã♦ ♦✉ ❝♦rr❡♥t❡ r❡❧❛t✐✈❛s ❛♦s ✐♥st❛♥t❡s ❞❡ ❝❤❡❣❛❞❛ ❞❛s ♣r✐♠❡✐r❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s

❛♦s ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ sã♦ ♦❜t✐❞❛s ♣❡❧❛ ❛♥á❧✐s❡ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t✳ ◆♦ ♣❡rí♦❞♦ ❞❡ r❡✲

❣✐♠❡ ♣❡r♠❛♥❡♥t❡ ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦✱ ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❛♣r❡s❡♥t❛♠ ❞✐str✐❜✉✐çã♦ ❞❡

♣r♦❜❛❜✐❧✐❞❛❞❡ ●❛✉ss✐❛♥❛✱ ❡♠ q✉❡ ❛ ♠é❞✐❛ ✭w✮ ❡ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ✭σ✮ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t sã♦

❝❛❧❝✉❧❛❞♦s ❡ ❧✐♠✐❛r❡s sã♦ ❞❡✜♥✐❞♦s ❝♦♠♦ [w−4σ, w+4σ]✳ ❆s ❛♠♦str❛s ♥❡❝❡ssár✐❛s ❛♦ ❝á❧❝✉❧♦ ❞❛

❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ sã♦ t♦♠❛❞❛s q✉❛♥❞♦ ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ✉❧tr❛♣❛ss❛♠ ❡ss❡ ✐♥t❡r✈❛❧♦✳ ❋♦r❛♠

♦❜t✐❞♦s ❜♦♥s r❡s✉❧t❛❞♦s ♣❛r❛ s✐♠✉❧❛çõ❡s r❡❛❧✐③❛❞❛s ♥♦ s✐♠✉❧❛❞♦r ❡♠ t❡♠♣♦ r❡❛❧ ❘❚❉❙❚▼✳

▼❡t❡❧❧♦ ✭✷✵✶✷✮ ♣r♦♣ôs ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s s✐♠✐❧❛r ❛♦ ♠ét♦❞♦ ❞❡ ❈♦st❛

✫ ❙♦✉③❛ ✭✷✵✶✶✮✱ ♣♦ré♠✱ ❝♦♠ ❛ ❛♣❧✐❝❛çã♦ ❞❛ ❚r❛♥s❢♦r♠❛❞❛ ▼♦❞❛❧ ♥❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s✳ ❖s

❞❡s❡♠♣❡♥❤♦s ❞❛ ❚❲❉ ❡ ❞❛ ❚❲❉❘ ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s✱ ❝♦♥st❛t❛♥❞♦✲s❡✱ t❛♠❜é♠✱ ✉♠❛ ♠❡❧❤♦r

❡✜❝✐ê♥❝✐❛ ♣♦r ♣❛rt❡ ❞❛ s❡❣✉♥❞❛ ♠❡t♦❞♦❧♦❣✐❛✳ ❉✐✈❡rs❛s ✇❛✈❡❧❡ts ♠ã❡ ❞❛ ❢❛♠í❧✐❛ ❉❛✉❜❡❝❤✐❡s

t✐✈❡r❛♠ s❡✉s ❞❡s❡♠♣❡♥❤♦s ❛✈❛❧✐❛❞♦s ❡♠ ❢✉♥çã♦ ❞❡ ❞✐❢❡r❡♥t❡s t❛①❛s ❞❡ ❛♠♦str❛❣❡♠ ❞♦s s✐♥❛✐s

tr✐❢ás✐❝♦s✱ ❞❡♠♦♥str❛♥❞♦ ❛ ❞❡♣❡❞ê♥❝✐❛ ❞♦ ♠ét♦❞♦ ❛ ❡ss❡s ♣❛râ♠❡tr♦s✳ ❈♦♠♦ ❧✐♠✐t❛çã♦ ❞♦

♠ét♦❞♦✱ ❡stá ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ❝♦♥s✐❞❡r❛r ❧✐♥❤❛s tr❛♥s♣♦st❛s ❡ s✐♠étr✐❝❛s ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❞❛

❚r❛♥s❢♦r♠❛❞❛ ▼♦❞❛❧✳



❈❆P❮❚❯▲❖ ✹✿ ❘❊❱■❙➹❖ ❇■❇▲■❖●❘➪❋■❈❆ ✸✼

▲♦♣❡s ❡t ❛❧✳ ✭✷✵✶✸✮ ♣r♦♣✉s❡r❛♠ ♦ ✉s♦ ❞❛ ❚r❛♥s❢♦r♠❛❞❛ ❞❡ P❛r❦ ✭❚❞q✵✮ ♣❛r❛ ❛ ❧♦❝❛❧✐③❛çã♦ ❞❡

❢❛❧t❛s✳ ❊ss❛ té❝♥✐❝❛ s✉r❣✐✉ ❝♦♠♦ ✉♠❛ ❛❧t❡r♥❛t✐✈❛ ❛♦ ❞✐❢✉♥❞✐❞♦ ✉s♦ ❞❛s ✇❛✈❡❧❡ts ♣❛r❛ ❛ ❞❡t❡❝çã♦

❞♦s tr❛♥s✐tór✐♦s ✐♥❞✉③✐❞♦s ♣♦r ❢❛❧t❛s✳ ❖ ♠ét♦❞♦ ❛♣r❡s❡♥t❛❞♦ r❡q✉❡r ❞❛❞♦s ❞❡ ❞♦✐s t❡r♠✐♥❛✐s ❞❛

❧✐♥❤❛✳ ❆ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s ✐♥st❛♥t❡s ❞❡ ❝❤❡❣❛❞❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ❡♠ ❝❛❞❛ t❡r♠✐♥❛❧ é r❡❛❧✐③❛❞❛

♣♦r ♠❡✐♦ ❞♦ ❝á❧❝✉❧♦ ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❞✐❢❡r❡♥ç❛ ✭cdif ✮✱ ♦s q✉❛✐s sã♦ ♦❜t✐❞♦s ❞❛s

t❡♥sõ❡s ❞❡ ❡✐①♦ ❞✐r❡t♦ ✭vd✮ ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦✳ ❖s ❛✉t♦r❡s ❞❡st❛❝❛♠

❛❧❣✉♠❛s ✈❛♥t❛❣❡♥s ❡ ❞❡s✈❛♥t❛❣❡♥s ❞❛ ❚❞q✵ ❡♠ r❡❧❛çã♦ ❛ ❚❲❉ ❡ ❛ ❚❲❉❘✳ ❙♦❜ ♦ ♣♦♥t♦ ❞❡

✈✐st❛ ❞❛ ❞❡t❡❝çã♦ ❞♦s tr❛♥s✐tór✐♦s✱ ❛ ❚❞q✵ ❛♣r❡s❡♥t❛ ✉♠❛ ✐♠♣❧❡♠❡♥t❛çã♦ ♠❛✐s s✐♠♣❧❡s ❞♦ q✉❡

❛s ❚❲❉✱ ❤❛❥❛ ✈✐st♦ q✉❡ ♥ã♦ sã♦ ♥❡❝❡ssár✐♦s ❜✉✛❡rs ♣❛r❛ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡ ❛♠♦str❛s ♣❛ss❛❞❛s✳

❏á ♣❛r❛ ♦ ❝❛s♦ ❡♠ q✉❡ ❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❢❛❧t❛s é ♥❡❝❡ssár✐❛✱ ♦ ✉s♦ ❞❛ ❚❞q✵ é ❧✐♠✐t❛❞♦✱ ♣♦✐s ❛

♦❜t❡♥çã♦ ❞❛s ❢❛s❡s s♦❜ ❢❛❧t❛ ♣♦r ♠❡✐♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❡✐①♦ ❞✐r❡t♦ é ✐♥✈✐á✈❡❧✳ ❖ ♠ét♦❞♦

❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ♣r♦♣♦st♦ t❡♠ ❛♣r❡s❡♥t❛❞♦ ❜♦♥s r❡s✉❧t❛❞♦s q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛ ❛❧❣✉♥s

❛❧❣♦r✐t♠♦s tr❛❞✐❝✐♦♥❛✐s✱ ♦❜s❡r✈❛♥❞♦✲s❡ ❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❡ ❞♦s s✐st❡♠❛ ❡❧étr✐❝♦✱

❛❧é♠ ❞♦s ❡❢❡✐t♦s ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❞❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳
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❖s r❡s✉♠♦s ❞❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ r❡❛❧✐③❛❞❛ ♣❛r❛ ♦s ♠ét♦❞♦s ❞❡ ❞❡t❡❝çã♦✱ ❝❧❛ss✐✜❝❛çã♦

❡ ❡st✐♠❛çã♦ ❞♦s ✐♥st❛♥t❡s ✐♥✐❝✐❛❧ ❡ ✜♥❛❧ ✭❞✉r❛çã♦✮ ❞❡ ❢❛❧t❛s ✈✐❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t ❡ ♣❛r❛

♦s ♠ét♦❞♦s ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❚❛❜❡❧❛s ✹✳✶

❡ ✹✳✷✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆s r❡❢❡rê♥❝✐❛s ♣❛r❛ ♦ ❞✐❛❣♥óst✐❝♦ ❞❡ ❢❛❧t❛s ❡stã♦ ❞✐s♣♦st❛s ❡♠ ♦r❞❡♠

❝r♦♥♦❧ó❣✐❝❛✱ ❞❡st❛❝❛♥❞♦✲s❡ ❛ té❝♥✐❝❛ ❡♠♣r❡❣❛❞❛✱ ♦ ♦❜❥❡t✐✈♦ ❞♦ ♠ét♦❞♦ ✭❞❡t❡❝çã♦✱ ❝❧❛ss✐✜❝❛çã♦

♦✉ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❞✉r❛çã♦ ❞❡ ❢❛❧t❛✮ ❡ ♦ s✐♥❛❧ ❛♥❛❧✐s❛❞♦ ✭❚❡♥sã♦ V ♦✉ ❝♦rr❡♥t❡ I✮✳ ❆s r❡❢❡rê♥✲

❝✐❛s ♣❛r❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s t❛♠❜é♠ ❡stã♦ s❡♣❛r❛❞❛s ♣❡❧♦ ♥ú♠❡r♦ ❞❡ t❡r♠✐♥❛✐s ❛✈❛❧✐❛❞♦s ❞❛

❧✐♥❤❛ ✭◆❚✮✱ ♣❡❧❛ té❝♥✐❝❛ ❡♠♣r❡❣❛❞❛✱ q✉❡ ♣♦❞❡ s❡r ❞✐str✐❜✉✐çã♦ ❞❡ t❡♥sã♦ ✭❉❚✮✱ ❢❛s♦r❡s✱ t❡♦r✐❛

❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ✭❚❖❱✮ ♦✉ ♣♦r ✉s♦ ❞❡ té❝♥✐❝❛s ❞❡ ♦t✐♠✐③❛çã♦✱ ♣❡❧♦ s✐♥❛❧ ❛✈❛❧✐❛❞♦ ❡ ♣❡❧❛

❝♦♥s✐❞❡r❛çã♦ ♦✉ ♥ã♦ ❞♦ ❡♠♣r❡❣♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭❈❙✮✳

❈♦♠ ❜❛s❡ ♥❛ r❡✈✐sã♦ ❞❡ ❧✐t❡r❛t✉r❛ ♣❛r❛ ♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡

tr❛♥s♠✐ssã♦✱ ♦s ♠ét♦❞♦s ❞❡ ♠❛✐♦r ❞❡st❛q✉❡ sã♦ ♦s q✉❡ s❡ ❜❛s❡✐❛♠ ♥❛ ❡st✐♠❛çã♦ ❞♦s ❢❛s♦r❡s

❢✉♥❞❛♠❡♥t❛✐s ❡ ♦s q✉❡ s❡ ✉t✐❧✐③❛♠ ❞❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✳ ◆❛ ❚❛❜❡❧❛ ✹✳✸ ❡stã♦ r❡s✉♠✐❞❛s

❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ✐♠♣♦rt❛♥t❡s r❡❧❛❝✐♦♥❛❞❛s ❛ ❡ss❡s t✐♣♦s ❞❡ ❛❧❣♦r✐t♠♦s✳
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❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❚❛❜❡❧❛ ✹✳✸✱ ♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ♥❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❛♣r❡s❡♥t❛♠

❞❡s❡♠♣❡♥❤♦ ❝♦♠♣r♦♠❡t✐❞♦ ♣❡❧♦ ❡♠♣r❡❣♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♠❡s♠♦ r❡q✉❡✲

r❡♥❞♦ ❛❧t❛s t❛①❛s ❞❡ ❛♠♦str❛❣❡♠ ❡ s❡♥❞♦ ❛❢❡t❛❞♦s ♣♦r tr❛♥s✐tór✐♦s ❛♠♦rt❡❝✐❞♦s✱ ♦s ♠ét♦❞♦s

❜❛s❡❛❞♦s ♥❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♣♦❞❡♠ ❛♣r❡s❡♥t❛r ❢♦rt❡ ♣♦t❡♥❝✐❛❧ ♣❛r❛ ❡♠♣r❡❣♦ ❡♠ ❧✐♥❤❛s ❝♦♠✲

♣❡♥s❛❞❛s✳

❚❛❜❡❧❛ ✹✳✶✳ ❘❡s✉♠♦ ❞❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ r❡❢❡r❡♥t❡ ❛♦ ❞✐❛❣♥óst✐❝♦ ❞❡ ❢❛❧t❛s✳

❖❜❥❡t✐✈♦ ❙✐♥❛✐s
❘❡❢❡rê♥❝✐❛ ❚é❝♥✐❝❛ ❉❡t❡❝çã♦ ❉✉r❛çã♦ ❈❧❛ss✐✜❝❛çã♦ V I

P♦✐ss♦♥ ❡t ❛❧✳ ✭✶✾✾✽✮ ❚❲❈
√ − − √ −

❑✐♠ ✫ ❆❣❣❛r✇❛❧ ✭✷✵✵✶✮ ❚❲❉
√ − − − √

❈❤❛♥❞❛ ❡t ❛❧✳ ✭✷✵✵✹✮ ❚❲❉
√ − √ − √

❙✐❧✈❛ ✭✷✵✵✺✮ ❚❲❉ + ❘◆❆
√ √ √ √ √

❈♦st❛ ✭✷✵✵✻✮ ❚❲❉
√ √ √ − √

❙❛❧✐♠ ❡t ❛❧✳ ✭✷✵✵✽✮ ❚❲❉❘ + ❘◆❆
√ √ √ √ √

❈♦st❛ ✭✷✵✶✵✮ ❚❲❉ + ❚❲❉❘
√ − √ √ √

❆❧✲❑❛❜❛❜❥✐❡ ❡t ❛❧✳ ✭✷✵✶✷✮ ❚❲❉
√ − √ − √

❙❛r❛✈❛♥❛❜❛❜✉ ❡t ❛❧✳ ✭✷✵✶✸✮ ❚❲❉
√ − √ − √

❈♦st❛ ✭✷✵✶✸✮ ❚❲❉ + ❚❲❉❘
√ − − √ √

❚❛❜❡❧❛ ✹✳✷✳ ❘❡s✉♠♦ ❞❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ r❡❢❡r❡♥t❡ à ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✳

◆❚ ❚é❝♥✐❝❛ ❙✐♥❛✐s
❘❡❢❡rê♥❝✐❛ ✶ ✷ ❉❚ ❋❛s♦r❡s ❚❖❱ ❖t✐♠✳ V I ❈❙

❚❛❦❛❣✐ ❡t ❛❧✳ ✭✶✾✽✶✮
√ − − √ − − √ √ −

❚❛❦❛❣✐ ❡t ❛❧✳ ✭✶✾✽✷❛✮
√ − − √ − − √ √ −

❏♦❤♥s ✫ ❏❛♠❛❧✐ ✭✶✾✾✵✮ − √ − √ − − √ √ −
●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ − √ − √ − − √ √ −
❘❛♥❥❜❛r ❡t ❛❧✳ ✭✶✾✾✷✮

√ − √ − − − √ − −
❙❛❞❡❤ ❡t ❛❧✳ ✭✶✾✾✾✮ − √ − − − √ √ √ −

●♦♣❛❧❛❦r✐s❤♥❛♥ ❡t ❛❧✳ ✭✷✵✵✵✮
√ − √ − − − √ − −

❈❤❡♥ ❡t ❛❧✳ ✭✷✵✵✶✮
√ − √ − − − √ − −

❍❛ ❡t ❛❧✳ ✭✷✵✵✸✮
√ − √ − − − √ − −

❘❛❞♦❥❡✈✐❝ ❡t ❛❧✳ ✭✷✵✵✾✮ − √ − √ − − √ √ −
❱✐❡✐r❛ ❡t ❛❧✳ ✭✷✵✶✸❛✮ − √ − √ − − √ √ −
❱✐❡✐r❛ ❡t ❛❧✳ ✭✷✵✶✸❜✮ − √ − √ − − √ √ −

▼❛❣♥❛❣♦ ✫ ❆❜✉r ✭✶✾✾✽✮
√ √ − − √ − √ √ √

❆❜✉r ✫ ▼❛❣♥❛♥♦ ✭✷✵✵✵✮
√ − − − √ − √ √ √

❑✐♠ ❡t ❛❧✳ ✭✷✵✵✶✮ − √ − − √ − √ √ −
❈❤❛♥❞❛ ❡t ❛❧✳ ✭✷✵✵✸✮ − √ − − √ √ − √ −
❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ − √ − − √ − √ √ −

▼❡t❡❧❧♦ ✭✷✵✶✷✮ − √ − − √ − √ √ −
▲♦♣❡s ❡t ❛❧✳ ✭✷✵✶✸✮ − √ − − √ − √ − √
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❚❛❜❡❧❛ ✹✳✸✳ ❈❛r❛❝t❡ríst✐❝❛s ❛ss♦❝✐❛❞❛s ❛♦s ♣r✐♥❝✐♣❛✐s t✐♣♦s ❞❡ ❧♦❝❛❧✐③❛❞♦r❡s ❞❡ ❢❛❧t❛s✳

❚✐♣♦ ❞❡ ♠ét♦❞♦
❈❛r❛❝t❡ríst✐❝❛ ❊st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s ❖♥❞❛s ✈✐❛❥❛♥t❡s

❆❢❡t❛❞♦ ♣❡❧❛ ❝♦♠♣❡♥s❛çã♦
√ −

❉❡♣❡♥❞❡♥❞❡ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ − √

❆❢❡t❛❞♦ ♣♦r tr❛♥s✐tór✐♦s ❛♠♦rt❡❝✐❞♦s − √

❆❢❡t❛❞♦ ♣❡❧❛ ❝♦♠♣♦♥❡♥t❡ ❞❝
√ −

❆❧❣♦r✐t♠♦s ❞❡ ✉♠ ♦✉ ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛
√ √



❈❆P❮❚❯▲❖ ✺

❊❋❊■❚❖ ❉❖❙ P❆❘➶▼❊❚❘❖❙ ❉❊ ❋❆▲❚❆ ◆❖❙
❚❘❆◆❙■❚Ó❘■❖❙

❖s ❡❢❡✐t♦s ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✱ ❞❛ r❡s✐stê♥❝✐❛ ❡ ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✱ ❛ss✐♠ ❝♦♠♦ ❞♦

❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥♦s tr❛♥s✐tór✐♦s ✐♥❞✉③✐❞♦s ♣♦r ❢❛❧t❛ ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ sã♦

❛✈❛❧✐❛❞♦s ♥❡st❡ ❝❛♣ít✉❧♦✳ ❖s r❡s✉❧t❛❞♦s ❞❡ss❛ ❛♥á❧✐s❡ sã♦ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❡ ❞❛❞♦s s✐♠✉❧❛❞♦s

♥♦ s✐♠✉❧❛❞♦r ❞✐❣✐t❛❧ ❘❚❉❙❚▼✳

✺✳✶ ▼❖❉❊▲❖ ❉❖ ❙■❙❚❊▼❆ ❉❊ ❚❘❆◆❙▼■❙❙➹❖ P❆❘❆ ❙■▼❯▲❆➬➹❖ ❉❊ ❋❆▲❚❆❙

◆❛ ❋✐❣✉r❛ ✺✳✶ é ✐❧✉str❛❞♦ ♦ ♠♦❞❡❧♦ ♣❛r❛ s✐♠✉❧❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ✉♠❛ ❧✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦

sér✐❡✳ ❖ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦✱ s✐♠✐❧❛r ❛♦ ✉t✐❧✐③❛❞♦ ♣♦r ❈♦st❛ ✭✷✵✶✵✮✱ ❢♦✐ ♠♦❞❡❧❛❞♦ ✉t✐❧✐③❛♥❞♦✲

s❡ ♦ ❘❚❉❙❚▼ ❡ é ❝♦♠♣♦st♦ ♣♦r ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ✺✵✵ ❦❱✴✹✵✵ ❦♠✱ ❞♦✐s ❞✐s❥✉♥t♦r❡s

✭D1 ❡ D2✮ ❡ ❞✉❛s ❢♦♥t❡s ✭S1 ❡ S2✮ ❝♦♠ s✉❛s r❡s♣❡❝t✐✈❛s ✐♠♣❡❞â♥❝✐❛s ❡q✉✐✈❛❧❡♥t❡s ✭Z1 ❡ Z2✮✳ ❖s

♣❛râ♠❡tr♦s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❚❛❜❡❧❛s ✺✳✶ ❡ ✺✳✷✳ ❆s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s

♦❜t✐❞❛s ❞❛s s✐♠✉❧❛çõ❡s ♥♦ ❘❚❉❙❚▼ sã♦ s✐♥❛✐s ❞✐s❝r❡t♦s ❝♦♠ ♣❛ss♦ ❞❡ ❛♠♦str❛❣❡♠ ∆t = 50 µs✱

♦ q✉❡ ❡q✉✐✈❛❧❡ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ fs = 20 ❦❍③✳

1 2
S

1

S
2

LTZ
1

D
1 Z

2
D

2

❋✐❣✉r❛ ✺✳✶✳ ▼♦❞❡❧♦ ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ s✐♠♣❧✐✜❝❛❞♦ s❡♠ ✉s♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

P❛r❛ ❛✈❛❧✐❛r ♦s ❡❢❡✐t♦s ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ♥♦s tr❛♥s✐tór✐♦s ♣❛r❛ ✉♠❛ ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥✲

s❛çã♦ sér✐❡✱ ✉♠ ❡sq✉❡♠❛ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭CS✮ ❢♦✐ ✐♥❝❧✉í❞♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❞♦ s✐st❡♠❛

❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✶✱ r❡s✉❧t❛♥❞♦ ❡♠ ❞♦✐s tr❡❝❤♦s ❞❡ ❧✐♥❤❛ ✭LT1 ❡ LT2✮✱ ❝♦♠ ✷✵✵ ❦♠ ❝❛❞❛

✭❋✐❣✉r❛ ✺✳✷✮✳

✹✵
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1 2
S

1 S
2LT

1Z
1

D
1 Z

2
D

2

LT
2

C
S

MOV

❋✐❣✉r❛ ✺✳✷✳ ▼♦❞❡❧♦ ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ s✐♠♣❧✐✜❝❛❞♦ ❝♦♠ ❡♠♣r❡❣♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❚❛❜❡❧❛ ✺✳✶✳ ❉❛❞♦s ❞❛s ❢♦♥t❡s ❞♦ s✐st❡♠❛ ❞❡ ✺✵✵ ❦❱✳

❋♦♥t❡ ❚❡♥sã♦ ✭❦❱✮ ❋❛s❡ ✭♦✮ ❙❡q✉ê♥❝✐❛ ■♠♣❡❞â♥❝✐❛ ❊q✉✐✈❛❧❡♥t❡ ✭Ω)
S1 ✺✵✵ ✵ P♦s✐t✐✈❛ ✵✱✾✻✽✶ ✰ ❥✷✽✱✺✶✸ ❂ ✷✽✱✺✸∠88, 05♦

❩❡r♦ ✶✱✶✷✻✽ ✰ ❥✷✵✱✽✸✽ ❂ ✷✵✱✽✼∠86, 90♦

S2 ✹✾✺ ✶✵ P♦s✐t✐✈❛ ✵✱✾✻✽✶ ✰ ❥✷✽✱✺✶✸ ❂ ✷✽✱✺✸∠88, 05♦

❩❡r♦ ✶✱✶✷✻✽ ✰ ❥✷✵✱✽✸✽ ❂ ✷✵✱✽✼∠86, 90♦

❚❛❜❡❧❛ ✺✳✷✳ ❉❛❞♦s ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ s✐st❡♠❛ ❞❡ ✺✵✵ ❦❱✳

❙❡q✉ê♥❝✐❛ ❘❡s✐stê♥❝✐❛ ✭Ω/❦♠) ❘❡❛tâ♥❝✐❛ ✭Ω/❦♠) ❆❞♠✐tâ♥❝✐❛ ✭µΩ−1/❦♠)
P♦s✐t✐✈❛ ✵✱✵✸✸✸ ✵✱✸✶✼✵ ✺✱✷✵✸✸
❩❡r♦ ✵✱✸✾✾✻ ✵✱✾✾✷✶ ✸✱✵✽✸✾

❇❛s❡s ❞❡ ❞❛❞♦s ❢♦r❛♠ ❝r✐❛❞❛s ♣❛r❛ ❛✈❛❧✐❛çã♦ ❞♦s ❡❢❡✐t♦s ❞❡ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ✭θ✮✱ r❡✲

s✐stê♥❝✐❛ ✭r✮ ❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛ ✭d✮ ❡ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ✭k✮✳ ◆❛s ❚❛❜❡❧❛s ✺✳✸ ❡ ✺✳✹

s✉♠❛r✐③❛♠✲s❡ ❛s ❜❛s❡s ❞❡ ❞❛❞♦s ♣❛r❛ ♦s ❝❛s♦s ❞❡ ❧✐♥❤❛ s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ r❡s♣❡❝t✐✲

✈❛♠❡♥t❡✳

❚❛❜❡❧❛ ✺✳✸✳ ❇❛s❡s ❞❡ ❞❛❞♦s ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ s❡♠ ❝♦♠♣❡♥s❛çã♦✳

❇❛s❡ ✶ ❇❛s❡ ✷ ❇❛s❡ ✸

P❛râ♠❡tr♦s

0 ≤ θ ≤ 180◦ θ = 90◦ θ = 90◦

r = 10 Ω 0 ≤ r ≤ 100 Ω r = 10 Ω
d = 100 ❦♠ d = 100 ❦♠ 15 ≤ d ≤ 385 ❦♠

❚♦❞❛s ❛s ❢❛❧t❛s
❆❚✱ ❆❇✱ ❆❚✱ ❆❇✱

❆❇❚ ❡ ❆❇❈ ❆❇❚ ❡ ❆❇❈
◗✉❛♥t✐❞❛❞❡ ✶✽✶✵ ✹✵✹ ✶✹✽✹

❚♦t❛❧ ❂ ✸✻✾✽
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❚❛❜❡❧❛ ✺✳✹✳ ❇❛s❡s ❞❡ ❞❛❞♦s ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❇❛s❡ ✹ ❇❛s❡ ✺ ❇❛s❡ ✻ ❇❛s❡ ✼

P❛râ♠❡tr♦s

0 ≤ θ ≤ 180◦ θ = 90◦ θ = 90◦ θ = 90◦

r = 10 Ω 0 ≤ r ≤ 100 Ω r = 10 Ω r = 10 Ω
d = 100 ❦♠ d = 100 ❦♠ 15 ≤ d ≤ 385 ❦♠ d = 100 ❦♠
k = 40% k = 40% k = 40% 30% ≤ k ≤ 70%

❚♦❞❛s ❛s ❢❛❧t❛s
❆❚✱ ❆❇✱ ❆❚✱ ❆❇✱ ❆❚✱ ❆❇✱

❆❇❚ ❡ ❆❇❈ ❆❇❚ ❡ ❆❇❈ ❆❇❚ ❡ ❆❇❈
◗✉❛♥t✐❞❛❞❡ ✶✽✶✵ ✹✵✹ ✶✹✽✹ ✶✻✹

❚♦t❛❧ ❂ ✸✽✻✷

◆❛ ❋✐❣✉r❛ ✺✳✸ é ❛♣r❡s❡♥t❛❞♦ ♦ ❡sq✉❡♠❛ ❞♦ ❘❚❉❙❚▼ ❝♦♠ ❛s r❡s✐stê♥❝✐❛s ♣❛r❛ ❝♦♥✜❣✉r❛çã♦

❞♦ t✐♣♦ ❞❡ ❢❛❧t❛ q✉❡ s❡ ❞❡s❡❥❛ s✐♠✉❧❛r✱ ❝✉❥♦ ♣r♦❝❡❞✐♠❡♥t♦ ♣❛r❛ ❛ s✐♠✉❧❛çã♦ ❞♦s ❞✐✈❡rs♦s t✐♣♦s

❞❡ ❢❛❧t❛ é r❡s✉♠✐❞♦ ♥❛ ❚❛❜❡❧❛ ✺✳✺✳ P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ✉♠❛ ❢❛❧t❛ ❆❚✱ t❡♠✲s❡ Rat = r✱ ❡♥q✉❛♥t♦

q✉❡ ❛s ❞❡♠❛✐s r❡s✐stê♥❝✐❛s ❛♣r❡s❡♥t❛♠ ✈❛❧♦r❡s ❡❧❡✈❛❞♦s✱ ❡♠✉❧❛♥❞♦ ✉♠❛ s✐t✉❛çã♦ ❡♠ ❛❜❡rt♦✳

a b c

R
ab

R
bc

R
ca

R
at

R
bt

R
ct

❋✐❣✉r❛ ✺✳✸✳ ❊sq✉❡♠❛ ♣❛r❛ ❛♣❧✐❝❛çã♦ ❞❛s ❢❛❧t❛s✳

❚❛❜❡❧❛ ✺✳✺✳ ❱❛❧♦r❡s ❞♦s r❡s✐st♦r❡s ♣❛r❛ ❛♣❧✐❝❛çã♦ ❞♦s ❞✐✈❡rs♦s t✐♣♦s ❞❡ ❢❛❧t❛✳

❚✐♣♦ ❞❡ ❋❛❧t❛ Rat Rbt Rct Rab Rbc Rca

❆❚ r ∞ ∞ ∞ ∞ ∞
❇❚ ∞ r ∞ ∞ ∞ ∞
❈❚ ∞ ∞ r ∞ ∞ ∞
❆❇ ∞ ∞ ∞ r ∞ ∞
❇❈ ∞ ∞ ∞ ∞ r ∞
❈❆ ∞ ∞ ∞ ∞ ∞ r
❆❇❚ 2r 2r ∞ 0 ∞ ∞
❇❈❚ ∞ 2r 2r ∞ 0 ∞
❈❆❚ 2r ∞ 2r ∞ ∞ 0
❆❇❈ ∞ ∞ ∞ r r r
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❖ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ é ❞❡✜♥✐❞♦ ❝♦♠♦ ♦ â♥❣✉❧♦ ❞❛ t❡♥sã♦ ♥❛ ❢❛s❡ ❆✱ t♦♠❛❞❛ ♥♦ ❧♦❝❛❧ ❞❛

❢❛❧t❛ ✭vAf ✮ ❡ ♥♦ ✐♥st❛♥t❡ ❞❡ s✉❛ ♦❝♦rrê♥❝✐❛✱ t❛❧ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✹✳ ◆♦ ❧♦❝❛❧ ❞❛

❢❛❧t❛✱ ❛ ❛♠♦str❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦ ✐♥st❛♥t❡ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❛ ❢❛❧t❛ é kf ✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛♦ â♥❣✉❧♦

❞❡ ❢❛s❡ θf ❞❛ t❡♥sã♦ vAf ✳ P♦ré♠✱ ❞❡✈✐❞♦ ❛♦ t❡♠♣♦ ❞❡ trâ♥s✐t♦ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ❞♦ ❧♦❝❛❧ ❞❛

❢❛❧t❛ ❛té ❛ ❜❛rr❛ ✶✱ ♦s tr❛♥s✐tór✐♦s ♥❛ ❜❛rr❛ ✶ sã♦ ✐♥✐❝✐❛❞♦s ♥❛ ❛♠♦str❛ kf1✱ ❡♠ q✉❡ kf1 > kf ✳

◆♦ ❡①❡♠♣❧♦ ❞❛ ❋✐❣✉r❛ ✺✳✹✱ ♦s ✐♥st❛♥t❡s ❞❡ ❛♠♦str❛❣❡♠ ❞❡ vA ❡ vAf ❡stã♦ s✐♥❝r♦♥✐③❛❞♦s ❡ t❡♠✲s❡

✉♠ ❛tr❛s♦ ❞❡ s❡✐s ❛♠♦str❛s ✭kf = 1267 ❡ kf1 = 1273✮ ♣❛r❛ q✉❡ ❛ ❢❛❧t❛ ♣♦ss❛ s❡r ❞❡t❡❝t❛❞❛

♥❛ ❜❛rr❛ ✶✱ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥t❛ ❛ ❝❤❡❣❛❞❛ ❞❛s ♣r✐♠❡✐r❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✳ ◆❛ ❛♠♦str❛ kf1✱ ♦

â♥❣✉❧♦ ❞❡ ❢❛s❡ ❞❛ t❡♥sã♦ ♥❛ ❜❛rr❛ ✶ ✭vA✮ é θ1✳

1 2
Falta

k =f 1267k =f1 1273

S
1

S
2

LT

kf

vA vAf

Ângulo de incidência
de falta

❋✐❣✉r❛ ✺✳✹✳ ■❧✉str❛çã♦ ♣❛r❛ ❞❡✜♥✐çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✳

❆ ❡♥❡r❣✐❛ ❞♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ é ♣r♦♣♦r❝✐♦♥❛❧ à ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♣❛r❛

s✐♥❛✐s ❝♦♠ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❛❧t❛✱ ❝✉❥♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t s❡❥❛♠ s❡♥sí✈❡✐s ❛♣❡♥❛s ❛♦s tr❛♥✲

s✐tór✐♦s ✭❈❖❙❚❆ ❡t ❛❧✳✱ ✷✵✶✷✮✳ P♦rt❛♥t♦✱ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ❡♠ r❡❧❛çã♦

❛♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ♣❛r❛ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣♦❞❡ s❡r

✈❡r✐✜❝❛❞♦ ♣♦r ♠❡✐♦ ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ✭ĖF
va ✱ ĖF

vb
✱ ĖF

vc ✱

ĖF
vn ✱ ĖF

ia ✱ ĖF
ib
✱ ĖF

ic ❡ ĖF
in✮✱ ♣❛r❛ fs = 20 ❦❍③✱ ❡♠ q✉❡ F ♣♦❞❡ s❡r q✉❛❧q✉❡r t✐♣♦ ❞❡ ❢❛❧t❛ ✭❆❚✱ ❇❚✱

❈❚✱ ❆❇✱ ❇❈✱ ❈❆✱ ❆❇❚✱ ❇❈❚✱ ❈❆❚ ♦✉ ❆❇❈✮✳ ❊st❛ ♥♦t❛çã♦ s❡rá ❡①t❡♥❞✐❞❛ ♣❛r❛ ❛s ❛♥á❧✐s❡s

❞♦s ❞❡♠❛✐s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✳

❆ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t é ❝❛❧❝✉❧❛❞❛ ❡♠ ✉♠ ❝✐❝❧♦ ❛ ♣❛rt✐r ❞♦ ✐♥st❛♥t❡ ❞❡ ✐♥❝✐❞ê♥❝✐❛

❞❛ ❢❛❧t❛✱ ♣❡rí♦❞♦ ❡♠ q✉❡ s❡ ♣♦❞❡ ❡①tr❛✐r ❛s ✐♥❢♦r♠❛çõ❡s ♠❛✐s ✐♠♣♦rt❛♥t❡s ❞♦s tr❛♥s✐tór✐♦s✱ ❝♦♠♦

s❡❣✉❡✿

Ė =

kf1+nA−1
∑

k=kf1

|w(k)|2. ✭✺✳✶✮
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◆❛ ❋✐❣✉r❛ ✺✳✺ é ✐❧✉str❛❞♦ ✉♠ ❡①❡♠♣❧♦ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t

❞❛ t❡♥sã♦ vA✱ ❝♦♥❢♦r♠❡ ❛ ❊q✉❛çã♦ ✺✳✶✳ ❆ ❡♥❡r❣✐❛ ĖvA é ❝❛❧❝✉❧❛❞❛ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦

❛♣❡♥❛s ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t wvA ❞❡♥tr♦ ❞❛ ❥❛♥❡❧❛ ✜①❛ ❞❡ ✉♠ ❝✐❝❧♦✱ ❡♥tr❡ kf1 ❡ kf1 + nA✱ ❡♠

q✉❡ nA = fs/f é ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ♣♦r ❝✐❝❧♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✳

T
en

sã
o

C
o

ef
ic

ie
n

te
w

a
ve

le
t

kf1 k + nAf1 Amostra
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❋✐❣✉r❛ ✺✳✺✳ ■❧✉str❛çã♦ ❞♦ ❝á❧❝✉❧♦ ❞❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t✿ ✭❛✮ t❡♥sã♦❀ ✭❜✮ ❝♦❡✜❝✐❡♥t❡ ✇❛✈❡❧❡t✳

✺✳✷✳✶ ❋❛❧t❛s ▼♦♥♦❢ás✐❝❛s

❈♦♥s✐❞❡r❛♥❞♦✲s❡ ✉♠ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ tr✐❢ás✐❝♦ ❡ ❜❛❧❛♥❝❡❛❞♦✱ ❛s t❡♥sõ❡s ❞❡ ❢❛s❡ ♥♦

❧♦❝❛❧ ❞❛ ❢❛❧t❛✱ q✉❛♥❞♦ ❞❛ s✉❛ ✐♥❝✐❞ê♥❝✐❛✱ sã♦ ❞❛ ❢♦r♠❛ ✭❈❖❙❚❆ ❡t ❛❧✳✱ ✷✵✶✷✮

vf (θf ) = V s❡♥(θf + δ), ✭✺✳✷✮

❡♠ q✉❡ vf é ❛ t❡♥sã♦ ❡♠ q✉❛❧q✉❡r ❞❛s ❢❛s❡s ✭vAf ✱ vBf ♦✉ vCf ✮✱ V é ❛ ❛♠♣❧✐t✉❞❡ ❞❛ t❡♥sã♦✱ θf

é ♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❡ δ = {δA, δB ♦✉ δC} é ♦ â♥❣✉❧♦ r❡❧❛❝✐♦♥❛❞♦ ❛♦ ❞❡❢❛s❛♠❡♥t♦ ❞❛s ❢❛s❡s✱

q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ 0◦✱ −120◦ ❡ 120◦ ♣❛r❛ ❛s ❢❛s❡s ❆✱ ❇ ❡ ❈✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣❛r❛ s❡q✉ê♥❝✐❛

♣♦s✐t✐✈❛✳

P❛r❛ ❢❛❧t❛s ❆❚✱ ♦s tr❛♥s✐tór✐♦s sã♦ ♠❛✐s s❡✈❡r♦s q✉❛♥❞♦ ❛ t❡♥sã♦ vAf ♥♦ ✐♥st❛♥t❡ ❞❛ ❢❛❧t❛

♣❛ss❛ ♣❡❧♦ s❡✉ ✈❛❧♦r ♠á①✐♠♦ ✭❘❖❇❊❘❚❙❖◆ ❡t ❛❧✳✱ ✶✾✾✻✮✳ P♦rt❛♥t♦✱ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❢❛❧t❛s ♠♦✲

♥♦❢ás✐❝❛s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❊q✉❛çã♦ ✺✳✷✱ ♦s tr❛♥s✐tór✐♦s ❛♣r❡s❡♥t❛♠ ♠❛✐♦r ✐♥t❡♥s✐❞❛❞❡ q✉❛♥❞♦

✭❈❖❙❚❆ ❡t ❛❧✳✱ ✷✵✶✷✮

θf = 90◦ − δ ± n180◦, ✭✺✳✸✮
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❝♦♠ n = {0, 1, 2, ...}✳ P♦rt❛♥t♦✱ ♣❛r❛ ❢❛❧t❛s ❞♦ t✐♣♦ ❆❚✱ ❇❚ ❡ ❈❚✱ ♦s tr❛♥s✐tór✐♦s ❞❡✈❡♠

❛♣r❡s❡♥t❛r ✐♥t❡♥s✐❞❛❞❡ ♠á①✐♠❛ q✉❛♥❞♦ θf = 90◦, 30◦❡ 150◦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

◆❛ ❋✐❣✉r❛ ✺✳✻ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝✉r✈❛s ❞❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡♠

❢✉♥çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ♣❛r❛ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s ✭❆❚✱ ❇❚ ❡ ❈❚✮✱ ❝♦♥s✐❞❡r❛♥❞♦✲s❡

♦s ❝❛s♦s ❞❡ ❧✐♥❤❛ ♥ã♦ ❝♦♠♣❡♥s❛❞❛ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ◆❛ ❋✐❣✉r❛ ✺✳✼ sã♦ ❛♣r❡s❡♥t❛❞♦s

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

P♦r ♠❡✐♦ ❞♦ ✉s♦ ❞❡ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦✱ ❢♦✐ ✈❡r✐✜❝❛❞♦ q✉❡ ❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t

✭Ė✮ sã♦ ❢✉♥çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❝♦♠♦ s❡❣✉❡ ✭❈❖❙❚❆ ❡t ❛❧✳✱ ✷✵✶✷✮✿

Ė(θf ) = E1s❡♥2(θf + δ), ✭✺✳✹✮

♣❛r❛ t♦❞❛s ❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s✱ ❡♠ q✉❡ E1 é ❛ ❛♠♣❧✐t✉❞❡ ❞❛ ❡♥❡r❣✐❛ ❡ δ = {0,−120◦, ❡ 120◦⑥

♣❛r❛ ❢❛❧t❛s ❆❚✱ ❇❚ ❡ ❈❚✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
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❋✐❣✉r❛ ✺✳✻✳ ❊♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ♥❛ ❜❛rr❛ ✶✱ ❡♠ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s✱ ❡♠ ❧✐♥❤❛s

s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ✈❡rs✉s â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ✭❛✮ ❢❛❧t❛s ❆❚❀ ✭❜✮ ❢❛❧t❛s ❇❚❀ ✭❝✮ ❢❛❧t❛s

❈❚✳

◆❛ ❚❛❜❡❧❛ ✺✳✻ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ♣❛r❛ t♦❞♦s ♦s ❝❛s♦s ❞❡

❢❛❧t❛s ❆❚ ❞❛s ❋✐❣✉r❛s ✺✳✻✭❛✮ ❡ ✺✳✼✭❛✮✱ q✉❡ ❝♦♥s✐st❡ ♥❛s ❡q✉❛çõ❡s ❛♣r♦①✐♠❛❞❛s ♣❛r❛ ❛s ❡♥❡r❣✐❛s

❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❡♠ ❝❛❞❛ ❢❛s❡ ❡ ♥♦ ♥❡✉tr♦✱ ♣❛r❛ ♦s ❝❛s♦s ❞❡ ❧✐♥❤❛
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❝♦♠♣❡♥s❛❞❛ ❡ ♥ã♦ ❝♦♠♣❡♥s❛❞❛✳ ❆s ❡q✉❛çõ❡s ❢♦r❛♠ ❡st✐♠❛❞❛s ♣❡❧♦ t♦♦❧❜♦① ❝❢t♦♦❧ ❞♦ ♣r♦❣r❛♠❛

▼❛t❧❛❜✱ s❡♥❞♦ ♦❜t✐❞♦ ✉♠ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛çã♦ R2 ≈ 0, 9998✳

Ângulo de Incidência θ ( )° Ângulo de Incidência θ ( )° Ângulo de Incidência θ ( )°
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❋✐❣✉r❛ ✺✳✼✳ ❊♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s ❝♦rr❡♥t❡s ♥❛ ❜❛rr❛ ✶✱ ❡♠ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s✱ ❡♠

❧✐♥❤❛s s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ✈❡rs✉s â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ✭❛✮ ❢❛❧t❛s ❆❚❀ ✭❜✮ ❢❛❧t❛s ❇❚❀

✭❝✮ ❢❛❧t❛s ❈❚✳

❚❛❜❡❧❛ ✺✳✻✳ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(θf ) ♣❛r❛ ❢❛❧t❛s ❆❚ ❡♠ ❧✐♥❤❛s s❡♠ ❡ ❝♦♠

❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❙✐♥❛❧ ▲✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦ ▲✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡
va ĖAT

va = 0, 38.1011s❡♥2(θf + 1, 89◦) ĖAT
va = 0, 41.1011s❡♥2(θf + 2, 61◦)

vb ĖAT
vb

= 0, 27.1011s❡♥2(θf + 1, 89◦) ĖAT
vb

= 0, 31.1011s❡♥2(θf + 2, 21◦)

vc ĖAT
vc = 0, 27.1011s❡♥2(θf + 1, 89◦) ĖAT

vc = 0, 31.1011s❡♥2(θf + 2, 21◦)

vn ĖAT
vn = 1, 89.1011s❡♥2(θf + 1, 89◦) ĖAT

vn = 1, 90.1011s❡♥2(θf + 2, 30◦)

ia ĖAT
ia = 2, 52.104s❡♥2(θf + 1, 91◦) ĖAT

ia = 2, 79.104s❡♥2(θf + 2, 47◦)

ib ĖAT
ib

= 1, 54.104s❡♥2(θf + 1, 89◦) ĖAT
ib

= 1, 42.104s❡♥2(θf + 2, 75◦)

ic ĖAT
ic = 1, 54.104s❡♥2(θf + 1, 89◦) ĖAT

ic = 1, 42.104s❡♥2(θf + 2, 75◦)

in ĖAT
in = 12, 39.104s❡♥2(θf + 1, 89◦) ĖAT

in = 11, 16.104s❡♥2(θf + 2, 51◦)

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❋✐❣✉r❛s ✺✳✻ ❡ ✺✳✼✱ ❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ✭❡♥❡r❣✐❛s ❞♦s tr❛♥✲

s✐tór✐♦s ❞❡ ❢❛❧t❛✮ ♣❛r❛ t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❡♠ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s ❛♣r❡s❡♥t❛♠ ❛s s❡❣✉✐♥t❡s ❝❛r❛❝✲

t❡ríst✐❝❛s✿
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✶✳ ❆s ❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ sã♦ ❢✉♥çã♦ s❡♥♦ q✉❛❞r❛❞♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡

❢❛❧t❛ ✭❊q✉❛çã♦ ✺✳✹✮❀

✷✳ ❖s ✈❛❧♦r❡s ❞❡ ♣✐❝♦ ❞❡ ❡♥❡r❣✐❛ ✭r❡❧❛❝✐♦♥❛❞♦s ❛♦s tr❛♥s✐tór✐♦s ♠❛✐s ✐♥t❡♥s♦s✮ ❝♦rr❡s♣♦♥❞❡♠

❛♦ ♠á①✐♠♦ ✈❛❧♦r ❞❡ t❡♥sã♦ ♥❛ ❢❛s❡ s♦❜ ❢❛❧t❛✳ P♦rt❛♥t♦✱ ♣❛r❛ ❛s ❢❛❧t❛s ❆❚✱ ❇❚ ❡ ❈❚✱ ♦s

tr❛♥s✐tór✐♦s sã♦ ♠❛✐s s❡✈❡r♦s q✉❛♥❞♦ θf = 90◦, 30◦ ❡ 150◦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡❀

✸✳ ❍á â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ♣❛r❛ ♦s q✉❛✐s ❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t sã♦

q✉❛s❡ ♥✉❧❛s ✭❛✉sê♥❝✐❛ ❞❡ tr❛♥s✐tór✐♦s✮✿ θf = 0, 120◦ ❡ 60◦ ♣❛r❛ ❢❛❧t❛s ❆❚✱ ❇❚ ❡ ❈❚✱ r❡s✲

♣❡❝t✐✈❛♠❡♥t❡✳ P♦rt❛♥t♦✱ ❛❧❣♦r✐t♠♦s ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♣❛r❛ ❞❡t❡çã♦

❞❡ ❢❛❧t❛s ♣♦❞❡rã♦ ✈✐r ❛ ❢❛❧❤❛r ♣❛r❛ ❡ss❡s â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ♣❛rt✐❝✉❧❛r❡s✳ ◆♦ ❡♥t❛♥t♦✱

❞❡ ❛❝♦r❞♦ ❝♦♠ ❙❤♦rt ✭✷✵✵✹✮✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠❛ ❢❛❧t❛ ♥♦ ♠í♥✐♠♦ ❞❛

t❡♥sã♦ é ♣r❛t✐❝❛♠❡♥t❡ ♥✉❧❛ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ♣❡r❞❛ ❞❡ ✐s♦❧❛♠❡♥t♦❀

✹✳ ❉❡✈✐❞♦ ❛♦s ❡❢❡✐t♦s ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ❡❧❡tr♦♠❛❣♥ét✐❝♦ ♠út✉♦ ❡♥tr❡ ❛s ❢❛s❡s✱ s✐♥❛✐s ❞❡ t❡♥sã♦

❡ ❝♦rr❡♥t❡ ❡♠ ❢❛s❡s sãs sã♦ t❛♠❜é♠ ❛❢❡t❛❞♦s ♣♦r tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛✳ P♦ré♠✱ ❝♦♠♦

❡s♣❡r❛❞♦✱ ❛s ❡♥❡r❣✐❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦s tr❛♥s✐tór✐♦s ❡♠ ❢❛s❡s s♦❜ ❢❛❧t❛ sã♦ ❜❡♠ ♠❛✐♦r❡s

❞♦ q✉❡ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❢❛s❡s sãs✳ P♦rt❛♥t♦✱ ❛ ❛♥á❧✐s❡ ❜❛s❡❛❞❛ ♥♦s tr❛♥s✐tór✐♦s ♣♦❞❡ s❡r

❛❞❡q✉❛❞❛♠❡♥t❡ ✉s❛❞❛ ♥❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s❀

✺✳ ❖s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ sã♦ ❞❡t❡❝t❛❞♦s ♥❛ ❛♠♦str❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦ â♥❣✉❧♦ θf + ∆θ ♥♦

t❡r♠✐♥❛❧ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦✱ s❡♥❞♦ ∆θ ♦ â♥❣✉❧♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ t❡♠♣♦ ❞❡ trâ♥s✐t♦ ❞❛s

♦♥❞❛s ✈✐❛❥❛♥t❡s ❞♦ ❧♦❝❛❧ ❞❛ ❢❛❧t❛ ❛té ❛ ❜❛rr❛ ✶✳ P♦ré♠✱ ❛ ❡♥❡r❣✐❛ ❞♦s tr❛♥s✐tór✐♦s é ❢✉♥çã♦

❞❡ θf+δ ✭✈✐❞❡ ❊q✉❛çã♦ ✺✳✹✮✱ ❡♠ q✉❡ δ ❞❡♣❡♥❞❡ ❞♦ t✐♣♦ ❞❡ ❢❛❧t❛✳ P♦rt❛♥t♦✱ ✐❞❡♥t✐✜❝❛♥❞♦✲s❡

♦ â♥❣✉❧♦ ∆θ✱ é ♣♦ssí✈❡❧ q✉❡ ❛ ❢❛❧t❛ s❡❥❛ ❧♦❝❛❧✐③❛❞❛ ✉s❛♥❞♦✲s❡ ❛♣❡♥❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ✉♠

t❡r♠✐♥❛❧ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦❀

✻✳ ❖ ❝♦♠♣♦rt❛♠❡♥t♦ ❣❡r❛❧ ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♥ã♦ ❢♦✐ ❛❧t❡r❛❞♦ ❝♦♠ ❛ ✐♥❝❧✉✲

sã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❖s tr❛♥s✐tór✐♦s ❛♣❡♥❛s s❡ ♠♦str❛r❛♠ ✉♠ ♣♦✉❝♦ ♠❛✐s ✐♥t❡♥s♦s

♣❛r❛ ❡ss❡s ❝❛s♦s✳ P♦rt❛♥t♦✱ ❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥ã♦ ❞❡✈❡ ❛❢❡t❛r ♠ét♦❞♦s ❞❡ ❞❡t❡❝çã♦ ❞❡

❢❛❧t❛s ❜❛s❡❛❞♦s ♥❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✳

❈♦♠ ❡①❝❡çã♦ ❞❛s ❛♥á❧✐s❡s ♣❛r❛ ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❛s ❝♦♥❝❧✉sõ❡s ❛♣r❡s❡♥t❛❞❛s

t❛♠❜é♠ ❢♦r❛♠ ✈❡r✐✜❝❛❞❛s ♣♦r ❈♦st❛ ❡t ❛❧✳ ✭✷✵✶✷✮✳
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✺✳✷✳✷ ❋❛❧t❛s ❇✐❢ás✐❝❛s

❈♦♥s✐❞❡r❛♥❞♦✲s❡ ✉♠ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ tr✐❢ás✐❝♦ ❡ ❜❛❧❛♥❝❡❛❞♦✱ ❛s t❡♥sõ❡s ❞❡ ❧✐♥❤❛ ♥♦

❧♦❝❛❧ ❞❛ ❢❛❧t❛ ✭vABf ✱ vBCf ❡ vCAf ✮✱ ♥♦ ✐♥st❛♥t❡ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❛ ❢❛❧t❛✱ sã♦ ❞❛ ❢♦r♠❛✿

vABf =
√
3V s❡♥(θf + δA + 30◦) =

√
3V s❡♥(θf + δAB), ✭✺✳✺✮

vBCf =
√
3V s❡♥(θf + δB + 30◦) =

√
3V s❡♥(θf + δBC), ✭✺✳✻✮

vCAf =
√
3V s❡♥(θf + δC + 30◦) =

√
3V s❡♥(θf + δCA), ✭✺✳✼✮

s❡♥❞♦ {δAB, δBC , δCA} = {δA + 30◦, δB + 30◦, δC + 30◦} = {30◦,−90◦, 150◦}✳

❈♦♠♦ ♣❛r❛ ♦ ❝❛s♦ ❞❛s ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s✱ ♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ♠❛✐s s❡✈❡r♦s ♦❝♦rr❡♠

q✉❛♥❞♦ ❛ t❡♥sã♦ s♦❜ ❢❛❧t❛ ♣❛ss❛ ♣❡❧♦ s❡✉ ✈❛❧♦r ♠á①✐♠♦✳ P♦rt❛♥t♦✱ ♣❛r❛ ✉♠❛ ❢❛❧t❛ ❆❇✱ ♣♦r

❡①❡♠♣❧♦✱ ♦s tr❛♥s✐tór✐♦s s❡rã♦ ♠á①✐♠♦s q✉❛♥❞♦ θf + δAB = 90◦ ⇒ θf = 60◦✳ P❛r❛ ♦s ❝❛s♦s ❞❛s

❢❛❧t❛s ❇❈ ❡ ❈❆✱ ♦s tr❛♥s✐tór✐♦s ♠á①✐♠♦s ♦❝♦rr❡rã♦ q✉❛♥❞♦ θf = 0◦ ❡ 120◦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

◆❛ ❋✐❣✉r❛ ✺✳✽ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝✉r✈❛s ❞❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡♠

❢✉♥çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ♣❛r❛ ❢❛❧t❛s ❜✐❢ás✐❝❛s ✭❆❇✱ ❇❈ ❡ ❈❆✮✱ ❝♦♥s✐❞❡r❛♥❞♦✲s❡

♦s ❝❛s♦s ❞❡ ❧✐♥❤❛ ♥ã♦ ❝♦♠♣❡♥s❛❞❛ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ◆❛ ❋✐❣✉r❛ ✺✳✾ sã♦ ❛♣r❡s❡♥t❛❞♦s

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

Ângulo de Incidência θ ( )° Ângulo de Incidência θ ( )° Ângulo de Incidência θ ( )°

(a) (b) (c)

Fase A Fase B Fase C Neutro
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❋✐❣✉r❛ ✺✳✽✳ ❊♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ♥❛ ❜❛rr❛ ✶✱ ❡♠ ❢❛❧t❛s ❜✐❢ás✐❝❛s✱ ❡♠ ❧✐♥❤❛s

s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ✈❡rs✉s â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ✭❛✮ ❢❛❧t❛s ❆❇❀ ✭❜✮ ❢❛❧t❛s ❇❈❀ ✭❝✮ ❢❛❧t❛s

❈❆✳
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❯♠❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❢♦✐ r❡❛❧✐③❛❞❛ ♣❛r❛ t♦❞♦s ♦s ❝❛s♦s ❞❡ ❢❛❧t❛s ❆❇ ❡①♣r❡ss♦s ♥❛s

❋✐❣✉r❛s ✺✳✽✭❛✮ ❡ ✺✳✾✭❛✮✱ ❝✉❥♦s r❡s✉❧t❛❞♦s ❢♦r❛♠ ♦r❣❛♥✐③❛❞♦s ♥❛ ❚❛❜❡❧❛ ✺✳✼✳ ❆s ❡q✉❛çõ❡s ❢♦r❛♠

❡st✐♠❛❞❛s ♣❡❧♦ t♦♦❧❜♦① ❝❢t♦♦❧ ❞♦ ♣r♦❣r❛♠❛ ▼❛t❧❛❜✱ s❡♥❞♦ ♦❜t✐❞♦ ✉♠ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛çã♦

R2 ≈ 0, 9998✳

Ângulo de Incidência θ ( )° Ângulo de Incidência θ ( )° Ângulo de Incidência θ ( )°
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❋✐❣✉r❛ ✺✳✾✳ ❊♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s ❝♦rr❡♥t❡s ♥❛ ❜❛rr❛ ✶✱ ❡♠ ❢❛❧t❛s ❜✐❢ás✐❝❛s✱ ❡♠ ❧✐♥❤❛s

s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ✈❡rs✉s â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ✭❛✮ ❢❛❧t❛s ❆❇❀ ✭❜✮ ❢❛❧t❛s ❇❈❀ ✭❝✮ ❢❛❧t❛s

❈❆✳

❚❛❜❡❧❛ ✺✳✼✳ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(θf ) ♣❛r❛ ❢❛❧t❛s ❆❇ ❡♠ ❧✐♥❤❛s s❡♠ ❡ ❝♦♠

❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❙✐♥❛❧ ▲✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦ ▲✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡
va ĖAB

va = 0, 872.1011s❡♥2(θf + 32, 21◦) ĖAB
va = 1, 06.1011s❡♥2(θf + 31, 99◦)

vb ĖAB
vb

= 0, 87.1011s❡♥2(θf + 32, 21◦) ĖAB
vb

= 1, 06.1011s❡♥2(θf + 31, 99◦)

vc ĖAB
vc ≈ 0 ĖAB

vc ≈ 0

vn ĖAB
vn ≈ 0 ĖAB

vn ≈ 0

ia ĖAB
ia = 4, 93.104s❡♥2(θf + 32, 22◦) ĖAB

ia = 5, 25.104s❡♥2(θf + 32, 13◦)

ib ĖAB
ib

= 4, 93.104s❡♥2(θf + 32, 22◦) ĖAB
ib

= 5, 25.104s❡♥2(θf + 32, 13◦)

ic ĖAB
ic ≈ 0 ĖAB

ic ≈ 0

in ĖAB
in ≈ 0 ĖAB

in ≈ 0

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❋✐❣✉r❛s ✺✳✽ ❡ ✺✳✾✱ ❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ✭❡♥❡r❣✐❛ ❞♦s tr❛♥✲

s✐tór✐♦s✮ ♣❛r❛ t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❡♠ ❢❛❧t❛s ❜✐❢ás✐❝❛s ❛♣r❡s❡♥t❛♠ ❛s s❡❣✉✐♥t❡s ❝❛r❛❝t❡ríst✐❝❛s✿
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✶✳ ❆s ❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s sã♦ ❢✉♥çã♦ s❡♥♦ q✉❛❞r❛❞♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛

✭❊q✉❛çã♦ ✺✳✹✮❀

✷✳ ❯♠❛ ✈❡③ q✉❡ ❛ ❛♠♣❧✐t✉❞❡ ❞❛ t❡♥sã♦ ❞❡ ❧✐♥❤❛ é ♠❛✐♦r ❞♦ q✉❡ ❛ ❞❛ t❡♥sã♦ ❞❡ ❢❛s❡✱ ❢❛❧t❛s

❜✐❢ás✐❝❛s ❣❡r❛♠ ❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ♠❛✐s ✐♥t❡♥s❛s ❞♦ q✉❡ ♣❛r❛ ♦ ❝❛s♦ ❞❡

❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s❀

✸✳ P❛r❛ ❛s ❢❛❧t❛s ❆❇✱ ❇❈ ❡ ❈❆✱ ♦s tr❛♥s✐tór✐♦s sã♦ ♠❛✐s s❡✈❡r♦s q✉❛♥❞♦ θf = 60◦, 0◦ ❡ 120◦✱

r❡s♣❡❝t✐✈❛♠❡♥t❡❀

✹✳ ❆s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t sã♦ q✉❛s❡ ♥✉❧❛s q✉❛♥❞♦ ♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ é

θf = 150◦, 90◦ ❡ 30◦ ♣❛r❛ ❢❛❧t❛s ❆❇✱ ❇❈ ❡ ❈❆✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P♦rt❛♥t♦✱ ❛❧❣♦r✐t♠♦s

❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♣❛r❛ ❞❡t❡çã♦ ❞❡ ❢❛❧t❛s ♣♦❞❡rã♦ ❢❛❧❤❛r ♣❛r❛ ❡ss❡s

✈❛❧♦r❡s ❞❡ â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛❀

✺✳ ❉❡✈✐❞♦ ❛♦s ❡❢❡✐t♦s ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ♠út✉♦ ❡♥tr❡ ❢❛s❡s✱ ❛♠❜❛s ❛s ❢❛s❡s s♦❜ ❢❛❧t❛ ✐♥❞✉③❡♠

tr❛♥s✐tór✐♦s ♥❛ ❢❛s❡ sã ❡ ♥♦ ♥❡✉tr♦✱ ❝♦♠ ❛♠♣❧✐t✉❞❡s ❡q✉✐✈❛❧❡♥t❡s✱ ♣♦ré♠ ❝♦♠ ❞✐❢❡r❡♥t❡s

♣♦❧❛r✐❞❛❞❡s ✭❈❖❙❚❆ ❡t ❛❧✳✱ ✷✵✶✷✮✳ ■ss♦ s✐❣♥✐✜❝❛ q✉❡ ❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t

♣❛r❛ ❛ ❢❛s❡ sã ❡ ♣❛r❛ ♦ ♥❡✉tr♦ sã♦ q✉❛s❡ ♥✉❧❛s✳ ❊♥tã♦✱ ❛ ♣r♦♣♦st❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡

❢❛❧t❛s ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ❝♦♠ ✉s♦ ❞❛s ❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s❀

✻✳ ❖ ❝♦♠♣♦rt❛♠❡♥t♦ ❣❡r❛❧ ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♥ã♦ ♠✉❞♦✉ ❝♦♠ ❛ ✐♥❝❧✉sã♦

❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ◆♦ ❡♥t❛♥t♦✱ ❛♣❡♥❛s ✉♠ ♣❡q✉❡♥♦ ❛✉♠❡♥t♦ ♥❛s ✐♥t❡♥s✐❞❛❞❡s ❞♦s

tr❛♥s✐tór✐♦s ❢♦✐ ❝♦♥st❛t❛❞♦✳ P♦rt❛♥t♦✱ ❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥ã♦ ❞❡✈❡ ❛❢❡t❛r ♠ét♦❞♦s ❞❡

❞❡t❡❝çã♦ ❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ♥♦s ❝♦♥t❡ú❞♦s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞❛s t❡♥sõ❡s ❡

❝♦rr❡♥t❡s✳

✺✳✷✳✸ ❋❛❧t❛s ❇✐❢ás✐❝❛s ♣❛r❛ ❛ ❚❡rr❛

◆❛ ❋✐❣✉r❛ ✺✳✶✵ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝✉r✈❛s ❞❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡♠

❢✉♥çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ♣❛r❛ ❢❛❧t❛s ❜✐❢ás✐❝❛s ♣❛r❛ ❛ t❡rr❛ ✭❆❇❚✱ ❇❈❚ ❡ ❈❆❚✮✱

❝♦♥s✐❞❡r❛♥❞♦✲s❡ ♦s ❝❛s♦s ❞❡ ❧✐♥❤❛ ♥ã♦ ❝♦♠♣❡♥s❛❞❛ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ◆❛ ❋✐❣✉r❛ ✺✳✶✶

sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ❞❡st❛ ♠❡s♠❛ ❛♥á❧✐s❡ q✉❛♥❞♦ ❛♣❧✐❝❛❞❛ às ❝♦rr❡♥t❡s✳
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Ângulo de Incidência θ ( )° Ângulo de Incidência θ ( )° Ângulo de Incidência θ ( )°

(a) (b) (c)

Fase A Fase B Fase C Neutro
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Ângulo de Incidência θ ( )° Ângulo de Incidência θ ( )° Ângulo de Incidência θ ( )°
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❋✐❣✉r❛ ✺✳✶✶✳ ❊♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s ❝♦rr❡♥t❡s ♥❛ ❜❛rr❛ ✶✱ ❡♠ ❢❛❧t❛s ❜✐❢ás✐❝❛s ♣❛r❛ ❛

t❡rr❛✱ ❡♠ ❧✐♥❤❛s s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ✈❡rs✉s â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ✭❛✮ ❢❛❧t❛s ❆❇❚❀ ✭❜✮ ❢❛❧t❛s

❇❈❚❀ ✭❝✮ ❢❛❧t❛s ❈❆❚✳

❯♠❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❢♦✐ r❡❛❧✐③❛❞❛ ♣❛r❛ t♦❞♦s ♦s ❝❛s♦s ❞❡ ❢❛❧t❛s ❆❇❚ ❞❛s ❋✐❣✉r❛s ✺✳✶✵✭❛✮

❡ ✺✳✶✶✭❛✮✱ ❝✉❥♦s r❡s✉❧t❛❞♦s ❢♦r❛♠ ♦r❣❛♥✐③❛❞♦s ♥❛ ❚❛❜❡❧❛ ✺✳✽✳ ❆s ❡q✉❛çõ❡s ❢♦r❛♠ ❡st✐♠❛❞❛s ♣❡❧♦
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t♦♦❧❜♦① ❝❢t♦♦❧ ❞♦ ♣r♦❣r❛♠❛ ▼❛t❧❛❜✱ ♥♦ q✉❛❧ ❢♦✐ ♦❜t✐❞♦ ✉♠ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛çã♦ R2 ≈ 0, 9998✳

❚❛❜❡❧❛ ✺✳✽✳ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(θf ) ♣❛r❛ ❢❛❧t❛s ❆❇❚ ❡♠ ❧✐♥❤❛s s❡♠ ❡ ❝♦♠

❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❙✐♥❛❧ ▲✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦ ▲✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡
va ĖABT

va = 1, 10.1011s❡♥2(θf + 31, 42◦) ĖABT
va = 1, 22.1011s❡♥2(θf + 31, 21◦)

vb ĖABT
vb

= 1, 10.1011s❡♥2(θf + 32, 43◦) ĖABT
vb

= 1, 22.1011s❡♥2(θf + 33, 29◦)

vc ĖABT
vc = 0, 13.1011s❡♥2(θf − 58, 08◦) ĖABT

vc = 0, 17.1011s❡♥2(θf − 57, 65◦)

vn ĖABT
vn = 0, 84.1011s❡♥2(θf − 58, 08◦) ĖABT

vn = 0, 90.1011s❡♥2(θf − 57, 65◦)

ia ĖABT
ia = 7, 19.104s❡♥2(θf + 31, 79◦) ĖABT

ia = 7, 28.104s❡♥2(θf + 31, 38◦)

ib ĖABT
ib

= 7, 19.104s❡♥2(θf + 32, 05◦) ĖABT
ib

= 7, 29.104s❡♥2(θf + 33, 10◦)

ic ĖABT
ic = 0, 73.104s❡♥2(θf − 58, 08◦) ĖABT

ic = 0, 75.104s❡♥2(θf − 57, 13◦)

in ĖABT
in = 5, 03.104s❡♥2(θf − 58, 08◦) ĖABT

in = 4, 70.104s❡♥2(θf − 57, 13◦)

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❋✐❣✉r❛s ✺✳✶✵ ❡ ✺✳✶✶✱ ❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♣❛r❛ t❡♥sõ❡s ❡

❝♦rr❡♥t❡s ♣❛r❛ ❢❛❧t❛s ❜✐❢ás✐❝❛s ♣❛r❛ ❛ t❡rr❛ ❛♣r❡s❡♥t❛♠ ❛s s❡❣✉✐♥t❡s ❝❛r❛❝t❡ríst✐❝❛s✿

✶✳ ❆s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t sã♦ ❢✉♥çã♦ s❡♥♦ q✉❛❞r❛❞♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡

❢❛❧t❛ ✭❊q✉❛çã♦ ✺✳✹✮❀

✷✳ ❋❛❧t❛s ❜✐❢ás✐❝❛s ♣❛r❛ ❛ t❡rr❛ ✐♥❞✉③❡♠ tr❛♥s✐tór✐♦s ♣❛r❛ t♦❞♦s ♦s â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛

♣♦ssí✈❡✐s ❡ ❛ ❢❛❧t❛ ♣♦❞❡ s❡♠♣r❡ s❡r ❞❡t❡❝t❛❞❛ ♣♦r ♠❡✐♦ ❞❛ ❛♥á❧✐s❡ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♦✉

tr❛♥s✐tór✐♦s❀

✸✳ ❈♦♥s✐❞❡r❛♥❞♦✲s❡ ❛ ♠❡s♠❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛ ❡ ❝♦♥❞✐çã♦ ❞❡ ❝❛rr❡✲

❣❛♠❡♥t♦ ❞♦ s✐st❡♠❛✱ ♦s ✈❛❧♦r❡s ♠á①✐♠♦s ❞❡ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t sã♦ ♠❛✐♦r❡s

♣❛r❛ ❢❛❧t❛s ❜✐❢ás✐❝❛s ♣❛r❛ ❛ t❡rr❛ ❞♦ q✉❡ ♣❛r❛ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s ❡ ❜✐❢ás✐❝❛s ✭✈✐❞❡ ❋✐❣✉✲

r❛s ✺✳✻✱ ✺✳✽ ❡ ✺✳✶✵✮✳ P♦rt❛♥t♦✱ ♦s tr❛♥s✐tór✐♦s ✐♥❞✉③✐❞♦s ♣♦r ❢❛❧t❛s ❜✐❢ás✐❝❛s ♣❛r❛ ❛ t❡rr❛

sã♦ ♠❛✐s ✐♥t❡♥s♦s ❞♦ q✉❡ ♣❛r❛ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s ❡ ❜✐❢ás✐❝❛s❀

✹✳ ❍á â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ♥♦s q✉❛✐s ♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛s ❜✐❢ás✐❝❛s ♣❛r❛ ❛ t❡rr❛

❛♣r❡s❡♥t❛♠ ❛s ♠❡s♠❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛s ❜✐❢ás✐❝❛s✳ P♦r ❡①❡♠♣❧♦✱ ❞❡

❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✺✳✶✵✭❛✮✱ q✉❛♥❞♦ θf = 60◦✱ ĖABT
va ≈ ĖABT

vb
6= 0 ❡ ĖABT

vc ≈ ĖABT
vn ≈ 0✱

♦ q✉❡ é ❝❛r❛❝t❡ríst✐❝♦ ❞❡ ✉♠❛ ❢❛❧t❛ ❜✐❢ás✐❝❛✳ ❊♥tã♦✱ ♠ét♦❞♦s ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❢❛❧t❛s

❜❛s❡❛❞♦ ♥❛ ❛♥á❧✐s❡ ❞❡ tr❛♥s✐tór✐♦s ♣♦❞❡rã♦ ❢❛❧❤❛r ❡♠ ❛❧❣✉♥s ❝❛s♦s ❡s♣❡❝í✜❝♦s ❞❡ â♥❣✉❧♦

❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛❀
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✺✳ ❆ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ♥ã♦ ❞❡✈❡ ❛❢❡t❛r ♠ét♦❞♦s ❞❡ ❞❡t❡❝çã♦ ❞❡ ❢❛❧t❛s

❜❛s❡❛❞♦s ♥❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✱ ✉♠❛ ✈❡③ q✉❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s

sã♦ ❛s ♠❡s♠❛s ♣❛r❛ ♦s ❝❛s♦s ❞❡ ❧✐♥❤❛ ❝♦♠ ♦✉ s❡♠ ❝♦♠♣❡♥s❛çã♦✳

✺✳✷✳✹ ❋❛❧t❛s ❚r✐❢ás✐❝❛s

◆❛ ❋✐❣✉r❛ ✺✳✶✷ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❢♦r♠❛s ❞❡ ♦♥❞❛ ❞❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❡♠

❢✉♥çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ♣❛r❛ ❢❛❧t❛s tr✐❢ás✐❝❛s✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ❝❛s♦s ❞❡ ❧✐♥❤❛

♥ã♦ ❝♦♠♣❡♥s❛❞❛ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❯♠❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❢♦✐ r❡❛❧✐③❛❞❛ ♣❛r❛ t♦❞♦s

♦s ❝❛s♦s ❞❡ ❢❛❧t❛s tr✐❢ás✐❝❛s✱ ❝✉❥♦s r❡s✉❧t❛❞♦s ❢♦r❛♠ ♦r❣❛♥✐③❛❞♦s ♥❛ ❚❛❜❡❧❛ ✺✳✾✳ ❆s ❡q✉❛çõ❡s

❢♦r❛♠ ❡st✐♠❛❞❛s ♣❡❧♦ t♦♦❧❜♦① ❝❢t♦♦❧ ❞♦ ♣r♦❣r❛♠❛ ▼❛t❧❛❜✱ ❡♠ q✉❡ ❢♦✐ ♦❜t✐❞♦ ✉♠ ❝♦❡✜❝✐❡♥t❡ ❞❡

❝♦rr❡❧❛çã♦ R2 ≈ 0, 9998✳
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❋✐❣✉r❛ ✺✳✶✷✳ ❊♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ♥❛ ❜❛rr❛ ✶✱ ♣❛r❛ ❢❛❧t❛s tr✐❢ás✐❝❛s✱

✈❡rs✉s â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ✭❛✮ ❧✐♥❤❛ ♥ã♦ ❝♦♠♣❡♥s❛❞❛❀ ✭❜✮ ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳
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❚❛❜❡❧❛ ✺✳✾✳ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(θf ) ♣❛r❛ ❢❛❧t❛s ❆❇❈ ❡♠ ❧✐♥❤❛s s❡♠ ❡ ❝♦♠

❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❙✐♥❛❧ ▲✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦ ▲✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡
va ĖABC

va = 1, 25.1011s❡♥2(θf + 1, 95◦) ĖABC
va = 1, 52.1011s❡♥2(θf + 1, 90◦)

vb ĖABC
vb

= 1, 25.1011s❡♥2(θf + 61, 90◦) ĖABC
vb

= 1, 52.1011s❡♥2(θf + 61, 86◦)

vc ĖABC
vc = 1, 25.1011s❡♥2(θf − 58, 04◦) ĖABC

vc = 1, 52.1011s❡♥2(θf − 58, 09◦)

vn ĖABC
vn ≈ 0 ĖABC

vn ≈ 0

ia ĖABC
ia = 7, 55.104s❡♥2(θf + 1, 95◦) ĖABC

ia = 7, 88.104s❡♥2(θf + 2, 00◦)

ib ĖABC
ib

= 7, 55.104s❡♥2(θf + 61, 90◦) ĖABC
ib

= 7, 88.104s❡♥2(θf + 61, 96◦)

ic ĖABC
ic = 7, 55.104s❡♥2(θf − 58, 04◦) ĖABC

ic = 7, 88.104s❡♥2(θf − 57, 98◦)

in ĖABC
in ≈ 0 ĖABC

in ≈ 0

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✺✳✶✷✱ ❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ✭❡♥❡r❣✐❛ ❞♦s tr❛♥s✐tór✐♦s✮

♣❛r❛ t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ♣❛r❛ ❢❛❧t❛s tr✐❢ás✐❝❛s ❛♣r❡s❡♥t❛♠ ❛s s❡❣✉✐♥t❡s ❝❛r❛❝t❡ríst✐❝❛s✿

✶✳ ❆s ❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s sã♦ ❢✉♥çã♦ s❡♥♦ q✉❛❞r❛❞♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛

✭❊q✉❛çã♦ ✺✳✹✮❀

✷✳ ❆s ❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s ♣❛r❛ t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s sã♦ ❞❡❢❛s❛❞❛s ❞❡ 60◦❀

✸✳ P❛r❛ ♦s â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ θf = 0◦, 60◦ ❡ 120◦✱ ♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛s ❆❇❈ ❛♣r❡s❡♥✲

t❛♠ ❝❛r❛❝t❡ríst✐❝❛s s✐♠✐❧❛r❡s ❛♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛s ❇❈✱ ❆❇ ❡ ❆❈✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P♦r

❡①❡♠♣❧♦✱ q✉❛♥❞♦ θf = 60◦✱ ĖABC
va ≈ ĖABC

vb
>> 0 ❡ ĖABC

vc ≈ ĖABC
vn ≈ 0✱ ♦ q✉❡ ❝❛r❛❝t❡r✐③❛

✉♠❛ ❢❛❧t❛ ❆❇✳ P♦rt❛♥t♦✱ ✉♠❛ ❢❛❧t❛ tr✐❢ás✐❝❛ ♣♦❞❡ s❡r ❝❧❛ss✐✜❝❛❞❛ ❝♦♠♦ ❜✐❢ás✐❝❛ ✉s❛♥❞♦✲s❡

♠ét♦❞♦s ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s❀

✹✳ P❛r❛ ♦s â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ θf = 30◦, 90◦ ❡ 150◦✱ ♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛s ❆❇❈ ❛♣r❡✲

s❡♥t❛♠ ❝❛r❛❝t❡ríst✐❝❛s s✐♠✐❧❛r❡s ❛♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛s ❇❚✱ ❆❚ ❡ ❈❚✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

P♦r ❡①❡♠♣❧♦✱ q✉❛♥❞♦ θf = 90◦✱ ĖABC
va >> (ĖABC

vb
≈ ĖABC

vc )✱ ♦ q✉❡ ❝❛r❛❝t❡r✐③❛ ✉♠❛ ❢❛❧t❛

❆❚✳ P♦rt❛♥t♦✱ ✉♠❛ ❢❛❧t❛ tr✐❢ás✐❝❛✱ ❡♠ â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❡s♣❡❝í✜❝♦s✱ ♣♦❞❡ s❡r ❝❧❛ss✐✜✲

❝❛❞❛ ❝♦♠♦ ♠♦♥♦❢ás✐❝❛ ✉s❛♥❞♦✲s❡ ♠ét♦❞♦s ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s

✈✐❛❥❛♥t❡s❀

✺✳ ❆ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ♥ã♦ ❞❡✈❡ ❛❢❡t❛r ♠ét♦❞♦s ❞❡ ❞❡t❡❝çã♦ ❞❡ ❢❛❧t❛s

❜❛s❡❛❞♦s ♥❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✱ ✉♠❛ ✈❡③ q✉❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s

✇❛✈❡❧❡t sã♦ ❛s ♠❡s♠❛s ♣❛r❛ ♦s ❝❛s♦s ❝♦♠ ♦✉ s❡♠ ❝♦♠♣❡♥s❛çã♦✳



❈❆P❮❚❯▲❖ ✺✿ ❊❋❊■❚❖ ❉❖❙ P❆❘➶▼❊❚❘❖❙ ❉❊ ❋❆▲❚❆ ◆❖❙ ❚❘❆◆❙■❚Ó❘■❖❙ ✺✺

✺✳✸ ❊❋❊■❚❖ ❉❆ ❘❊❙■❙❚✃◆❈■❆ ❉❊ ❋❆▲❚❆ ◆❖❙ ❚❘❆◆❙■❚Ó❘■❖❙

❆s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❞❛ ❜❛rr❛ ✶ ❡♠ ❢✉♥çã♦ ❞❛ r❡s✐s✲

tê♥❝✐❛ ❞❡ ❢❛❧t❛ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛✈❛❧✐❛r ♦ ❡❢❡✐t♦ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ♥♦s tr❛♥s✐tór✐♦s ♣❛r❛

❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❜❛s❡ ✷ ❞❛ ❚❛❜❡❧❛ ✺✳✸ ❡ ❝♦♠

❛ ❜❛s❡ ✺ ❞❛ ❚❛❜❡❧❛ ✺✳✹✳

◆❛ ❋✐❣✉r❛ ✺✳✶✸ sã♦ ✐❧✉str❛❞❛s ❛s ❡♥❡r❣✐❛s ĖAT
vA

(rf )✱ ĖAT
vB

(rf )✱ ĖAT
vC

(rf )✱ ĖAT
vN

(rf )✱ ĖAT
iA

(rf )✱

ĖAT
iB

(rf )✱ ĖAT
iC

(rf ) ❡ ĖAT
iN

(rf )✱ ♣❛r❛ ❢❛❧t❛s ❆❚✱ r❡❢❡r❡♥t❡s ❛♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s

❡ ❝♦rr❡♥t❡s ♥♦ ♣r✐♠❡✐r♦ ❝✐❝❧♦ ❝♦♠ tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛✱ ♣❛r❛ ❢❛❧t❛s s✐♠✉❧❛❞❛s ❡♠ ❧✐♥❤❛s s❡♠

❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❯♠❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❢♦✐ r❡❛❧✐③❛❞❛ ♣❛r❛ t♦❞❛s ❛s ❢❛❧t❛s ❆❚✱

❝✉❥❛s ❡q✉❛çõ❡s ♦❜t✐❞❛s ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❡♠ ❝❛❞❛

❢❛s❡ ❡ ♥♦ ♥❡✉tr♦✱ ❝♦♥s✐❞❡r❛♥❞♦✲s❡ ❛s ❧✐♥❤❛s s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛

❚❛❜❡❧❛ ✺✳✶✵✳
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❋✐❣✉r❛ ✺✳✶✸✳ ❊♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❞❛ ❜❛rr❛ ✶✱ ♣❛r❛ ❢❛❧t❛s ❆❚✱

✈❡rs✉s r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ✭❛✮ ❧✐♥❤❛ ♥ã♦ ❝♦♠♣❡♥s❛❞❛❀ ✭❜✮ ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳
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❚❛❜❡❧❛ ✺✳✶✵✳ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(rf ) ♣❛r❛ ❢❛❧t❛s ❆❚ ❡♠ ❧✐♥❤❛s s❡♠ ❡ ❝♦♠

❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❙✐♥❛❧ ▲✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦ ▲✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡
v∗a ĖAT

va = 1, 42e−0,0413rf + 3, 14e−0,0070rf ĖAT
va = 1, 35e−0,0413rf + 3, 01e−0,0070rf

v∗b ĖAT
vb

= 1, 10e−0,0398rf + 2, 20e−0,0070rf ĖAT
vb

= 1, 05e−0,0400rf + 2, 10e−0,0070rf

v∗c ĖAT
vc = 1, 10e−0,0398rf + 2, 20e−0,0070rf ĖAT

vc = 1, 05e−0,0400rf + 2, 10e−0,0070rf

v∗n ĖAT
vn = 7, 07e−0,0407rf + 15, 26e−0,0070rf ĖAT

vn = 6, 71e−0,0408rf + 14, 60e−0,0070rf

i+a ĖAT
ia = 1, 67e−0,0556rf + 1, 73e−0,0092rf ĖAT

ia = 1, 60−0,0554rf + 1, 66e−0,0092rf

i+b ĖAT
ib

= 0, 78e−0,0459rf + 1, 14e−0,0080rf ĖAT
ib

= 0, 75e−0,0460rf + 1, 09e−0,0080rf

i+c ĖAT
ic = 0, 78e−0,0459rf + 1, 14e−0,0080rf ĖAT

ic = 0, 75e−0,0460rf + 1, 09e−0,0080rf

i+n ĖAT
in = 6, 97e−0,0509rf + 8, 99e−0,0080rf ĖAT

in = 6, 67e−0,0509rf + 8, 61e−0,0080rf

∗ ❆s ❛♠♣❧✐t✉❞❡s ❞❛s ❡①♣♦♥❡♥❝✐❛✐s ❞❡✈❡♠ s❡r ♠✉❧t✐♣❧✐❝❛❞❛s ♣♦r ✶✵10.
+ ❆s ❛♠♣❧✐t✉❞❡s ❞❛s ❡①♣♦♥❡♥❝✐❛✐s ❞❡✈❡♠ s❡r ♠✉❧t✐♣❧✐❝❛❞❛s ♣♦r ✶✵4.

❉❡ ❛❝♦r❞♦ ❝♦♠ ❈♦st❛ ✭✷✵✶✵✮✱ ♣❛r❛ ✉♠ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ s✐♠♣❧✐✜❝❛❞♦ ❝♦♠ ✉♠❛ ❢♦♥t❡

❡ ✉♠❛ ❝❛r❣❛ ♥❛s ❡①tr❡♠✐❞❛❞❡s ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t s❡

r❡❧❛❝✐♦♥❛ ❝♦♠ ❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❝♦♠♦ s❡❣✉❡✿

Ė(rf ) = E1e
−arf . ✭✺✳✽✮

P❛r❛ ♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ✉♠ ❡q✉✐✈❛❧❡♥t❡ ❝♦♠♣♦st♦ ♣♦r ✉♠❛ ❢♦♥t❡ ❡ ✉♠❛ ✐♠♣❡✲

❞â♥❝✐❛ ❡♠ ❝❛❞❛ t❡r♠✐♥❛❧ ❞❛ ❧✐♥❤❛✱ ❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❡♠ ❢✉♥çã♦ ❞❛ r❡s✐stê♥❝✐❛

❞❡ ❢❛❧t❛ é ❞❛❞❛ ♣♦r✿

Ė(rf ) = E1e
−arf + E2e

−brf , ✭✺✳✾✮

s❡♥❞♦ ♦❜t✐❞♦ ✉♠ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛çã♦ R2 ≈ 1, 0000✳

◆❛ ❋✐❣✉r❛ ✺✳✶✹ sã♦ ✐❧✉str❛❞❛s ❛s ❡♥❡r❣✐❛s ĖAB
vA

(rf )✱ ĖAB
vB

(rf )✱ ĖAB
vC

(rf )✱ ĖAB
vN

(rf )✱ ĖAB
iA

(rf )✱

ĖAB
iB

(rf )✱ ĖAB
iC

(rf ) ❡ ĖAB
iN

(rf )✱ ♣❛r❛ ❢❛❧t❛s ❆❇✱ r❡❢❡r❡♥t❡s ❛♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡

❝♦rr❡♥t❡s ♥♦ ♣r✐♠❡✐r♦ ❝✐❝❧♦ ❝♦♠ tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛✱ ♣❛r❛ ♦s ❝❛s♦s ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s s❡♠

❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❯♠❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❢♦✐ r❡❛❧✐③❛❞❛ ♣❛r❛ t♦❞❛s ❛s ❢❛❧t❛s ❆❇✱

❝✉❥❛s ❡q✉❛çõ❡s ♦❜t✐❞❛s ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❡♠ ❝❛❞❛

❢❛s❡ ❡ ♥♦ ♥❡✉tr♦✱ ❝♦♥s✐❞❡r❛♥❞♦✲s❡ ❛s ❧✐♥❤❛s s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛

❚❛❜❡❧❛ ✺✳✶✶✳ ❚♦❞❛s ❛s ❡q✉❛çõ❡s ❢♦r❛♠ ♦❜t✐❞❛s ❝♦♠ R2 ≈ 1, 0000✳
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◆❛ ❋✐❣✉r❛ ✺✳✶✺ sã♦ ✐❧✉str❛❞❛s ❛s ❡♥❡r❣✐❛s ĖABC
vA

(rf )✱ ĖABC
vB

(rf )✱ ĖABC
vC

(rf )✱ ĖABC
vN

(rf )✱ ĖABC
iA

(rf )✱

ĖABC
iB

(rf )✱ ĖABC
iC

(rf ) ❡ ĖABC
iN

(rf )✱ ♣❛r❛ ❢❛❧t❛s tr✐❢ás✐❝❛s✱ r❡❢❡r❡♥t❡s ❛♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s

t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ♥♦ ♣r✐♠❡✐r♦ ❝✐❝❧♦ ❝♦♠ tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛✱ ♣❛r❛ ❢❛❧t❛s s✐♠✉❧❛❞❛s ❡♠ ❧✐♥❤❛s

s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❯♠❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❢♦✐ r❡❛❧✐③❛❞❛ ♣❛r❛ t♦❞❛s ❛s ❢❛❧t❛s ❆❇❈✱

❝✉❥❛s ❡q✉❛çõ❡s ♦❜t✐❞❛s ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❡♠ ❝❛❞❛

❢❛s❡ ❡ ♥♦ ♥❡✉tr♦✱ ❝♦♥s✐❞❡r❛♥❞♦✲s❡ ❛s ❧✐♥❤❛s s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛

❚❛❜❡❧❛ ✺✳✶✷✳ ❚♦❞❛s ❛s ❡q✉❛çõ❡s ❢♦r❛♠ ♦❜t✐❞❛s ❝♦♠ R2 ≈ 1, 0000✳

(a)

Resistência r W( )

(b)

Resistência r W( )
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Fase A Fase B Fase C Neutro

❋✐❣✉r❛ ✺✳✶✹✳ ❊♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❞❛ ❜❛rr❛ ✶✱ ♣❛r❛ ❢❛❧t❛s ❆❇✱

✈❡rs✉s r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ✭❛✮ ❧✐♥❤❛ ♥ã♦ ❝♦♠♣❡♥s❛❞❛❀ ✭❜✮ ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳
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❚❛❜❡❧❛ ✺✳✶✶✳ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(rf ) ♣❛r❛ ❢❛❧t❛s ❆❇ ❡♠ ❧✐♥❤❛s s❡♠ ❡ ❝♦♠

❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❙✐♥❛❧ ▲✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦ ▲✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡
v∗a ĖAB

va = 2, 76e−0,0563rf + 5, 19e−0,0078rf ĖAB
va = 2, 63e−0,0565rf + 4, 88e−0,0078rf

v∗b ĖAB
vb

= 2, 76e−0,0563rf + 5, 19e−0,0078rf ĖAB
va = 2, 63e−0,0565rf + 4, 88e−0,0078rf

v∗c ĖAB
vc ≈ 0 ĖAB

vc ≈ 0

v∗n ĖAB
vn ≈ 0 ĖAB

vn ≈ 0

i+a ĖAB
ia = 3, 26e−0,0781rf + 2, 39e−0,0112rf ĖAB

ia = 3, 15−0,0777rf + 2, 28e−0,0112rf

i+b ĖAB
ib

= 3, 26e−0,0781rf + 2, 39e−0,0112rf ĖAB
ib

= 3, 15−0,0778rf + 2, 28e−0,0112rf

i+c ĖAB
ic ≈ 0 ĖAB

ic ≈ 0

i+n ĖAB
in ≈ 0 ĖAB

in ≈ 0
∗ ❆s ❛♠♣❧✐t✉❞❡s ❞❛s ❡①♣♦♥❡♥❝✐❛✐s ❞❡✈❡♠ s❡r ♠✉❧t✐♣❧✐❝❛❞❛s ♣♦r ✶✵10.
+ ❆s ❛♠♣❧✐t✉❞❡s ❞❛s ❡①♣♦♥❡♥❝✐❛✐s ❞❡✈❡♠ s❡r ♠✉❧t✐♣❧✐❝❛❞❛s ♣♦r ✶✵4.

(a)

Resistência r W( )

(b)

Resistência r W( )
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Fase A Fase B Fase C Neutro

❋✐❣✉r❛ ✺✳✶✺✳ ❊♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❞❛ ❜❛rr❛ ✶✱ ♣❛r❛ ❢❛❧t❛s ❆❇❈✱

✈❡rs✉s r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ✭❛✮ ❧✐♥❤❛ ♥ã♦ ❝♦♠♣❡♥s❛❞❛❀ ✭❜✮ ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳
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❚❛❜❡❧❛ ✺✳✶✷✳ ❘❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❞❡ Ė = f(rf ) ♣❛r❛ ❢❛❧t❛s ❆❇❈ ❡♠ ❧✐♥❤❛s s❡♠ ❡ ❝♦♠

❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❙✐♥❛❧ ▲✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦ ▲✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡
v∗a ĖABC

va = 4, 34e−0,0434rf + 10, 28e−0,0059rf ĖABC
va = 4, 19e−0,0436rf + 9, 83e−0,0059rf

v∗b ĖABC
vb

= 1, 26e−0,0325rf + 2, 02e−0,0046rf ĖABC
va = 1, 40e−0,0293rf + 1, 75e−0,0045rf

v∗c ĖABC
vc = 1, 01e−0,0575rf + 3, 05e−0,0067rf ĖABC

vc = 1, 05e−0,0526rf + 2, 83e−0,0059rf

v∗n ĖABC
vn ≈ 0 ĖABC

vn ≈ 0

i+a ĖABC
ia = 5, 444e−0,0576rf + 4, 958e−0,0089rf ĖABC

ia = 5, 347−0,0586rf + 4, 839e−0,009rf

i+b ĖABC
ib

= 1, 333e−0,0508rf + 1, 028e−0,0077rf ĖABC
ib

= 1, 224−0,0561rf + 1, 118e−0,0093rf

i+c ĖABC
ic = 1, 421e−0,0655rf + 1, 505e−0,0098rf ĖABC

ic = 1, 495−0,0589rf + 1, 369e−0,0085rf

i+n ĖABC
in ≈ 0 ĖABC

in ≈ 0
∗ ❆s ❛♠♣❧✐t✉❞❡s ❞❛s ❡①♣♦♥❡♥❝✐❛✐s ❞❡✈❡♠ s❡r ♠✉❧t✐♣❧✐❝❛❞❛s ♣♦r ✶✵10.
+ ❆s ❛♠♣❧✐t✉❞❡s ❞❛s ❡①♣♦♥❡♥❝✐❛✐s ❞❡✈❡♠ s❡r ♠✉❧t✐♣❧✐❝❛❞❛s ♣♦r ✶✵4.

❈♦♠ ♦s ❞❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣✉r❛s ✺✳✶✸✱ ✺✳✶✹ ❡ ✺✳✶✺ ❡ ♥❛s ❚❛❜❡❧❛s ✺✳✶✵✱ ✺✳✶✶ ❡ ✺✳✶✷✱ ❛s

❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s ❞❡❝❛❡♠ ❡①♣♦♥❡♥❝✐❛❧♠❡♥t❡ à ♠❡❞✐❞❛ ❡♠ q✉❡ ❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❛✉✲

♠❡♥t❛ ✭❈❖❙❚❆✱ ✷✵✶✵✮✳ ❈♦♠ ✐ss♦✱ ♠ét♦❞♦s ❞❡ ❞✐❛❣♥óst✐❝♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦ ♥❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s

sã♦ ❛❢❡t❛❞♦s ♣♦r ❢❛❧t❛s ❝♦♠ r❡s✐stê♥❝✐❛ ❡❧❡✈❛❞❛✳

❆ ✐♥❝❧✉sã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥ã♦ ❛❢❡t❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❣❡r❛❧ ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜✲

❝✐❡♥t❡s ✇❛✈❡❧❡t ✭❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✮ ❡♠ r❡❧❛çã♦ à r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✱

♦ q✉❡ ✐♥❞✐❝❛ q✉❡ ♠ét♦❞♦s ❞❡ ❞✐❛❣♥óst✐❝♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦ ♥❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s t❛♠❜é♠ ♥ã♦

❞❡✈❡♠ s❡r ❛❢❡t❛❞♦s✳

✺✳✹ ❊❋❊■❚❖ ❉❆ ❉■❙❚➶◆❈■❆ ❉❊ ❋❆▲❚❆ ◆❖❙ ❚❘❆◆❙■❚Ó❘■❖❙

◆❛ ❋✐❣✉r❛ ✺✳✶✻ ❛♣r❡s❡♥t❛♠✲s❡ ❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s

❡♠ ❢✉♥çã♦ ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✱ r❡❢❡r❡♥t❡s ❛ ❢❛❧t❛s ❆❚✱ ❝♦♥s✐❞❡r❛♥❞♦✲s❡ ♦s ❝❛s♦s ❞❡ ❛✉sê♥❝✐❛

❡ ♣r❡s❡♥ç❛ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳ ❉✐❢❡r❡♥t❡♠❡♥t❡ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐✲

❞♦s ♣❛r❛ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❡ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❝♦♠♦

❢✉♥çã♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ ♥ã♦ ♣✉❞❡r❛♠ s❡r ✉t✐❧✐③❛❞❛s ♣❛r❛ ❡①tr❛çã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s

tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛s ❡♠ ❢✉♥çã♦ ❞❛ ❞✐stâ♥❝✐❛✱ ♣♦✐s✿

• ❖ ❝♦♥t❡ú❞♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞♦s tr❛♥s✐tór✐♦s ✈❛r✐❛ ❝♦♠ ❛ ❞✐stâ♥❝✐❛✳ P♦r ❡①❡♠♣❧♦✱ ❢❛❧t❛s ♣ró✲

①✐♠❛s ❛♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦ ❛♣r❡s❡♥t❛♠ tr❛♥s✐tór✐♦s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✱ ❡♥q✉❛♥t♦ q✉❡

❢❛❧t❛s ❧♦♥❣❡ ❞♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦ ❛♣r❡s❡♥t❛♠ ❝♦♥t❡ú❞♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ♠❡♥♦r✳ P♦r ❡①❡♠✲
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♣❧♦✱ ♥❛ ❋✐❣✉r❛ ✺✳✶✼ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦rr❡♥t❡s ♥❛ ❢❛s❡ ❆✱ ♣❛r❛ ❢❛❧t❛s ❆❚✱ ♥❛s ❞✐stâ♥❝✐❛s

df = {40, 250, 360} ❦♠ ♥❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❛ ❋✐❣✉r❛ ✺✳✶❀

• ❈♦♠♦ ♦ ❝♦♥t❡ú❞♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ✈❛r✐❛ ❝♦♠ ❛ ❞✐stâ♥❝✐❛ ❡ ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t sã♦ ❝❛❧❝✉❧❛✲

❞♦s ❡♠ ✉♠❛ ❢❛✐①❛ ✜①❛ ❞❡ ❢r❡q✉ê♥❝✐❛✱ ❡♥tã♦ ♦ ❡❢❡✐t♦ ❞❛ ♠✉❞❛♥ç❛ ❞♦ ❝♦♥t❡ú❞♦ ❞❡ ❢r❡q✉ê♥❝✐❛

❞♦s tr❛♥s✐tór✐♦s ✐♥t❡r❢❡r❡ ♥❛ ❛♥á❧✐s❡ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❡♥❡r❣✐❛ ❞♦s tr❛♥s✐tór✐♦s✱ ❡♠ ✉♠

❡s♣❡❝tr♦ ✜①♦✱ ❡♠ ❢✉♥çã♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛❀

• ❖ ❡❢❡✐t♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ t❛♠❜é♠ ✐♥t❡r❢❡r✐✉ ♥❛ ❛♥á❧✐s❡✱ ✈✐st♦ q✉❡✱ ❛♦ ✈❛r✐❛r ❛

❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛✱ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ❛♣❧✐❝❛r ❛s ❢❛❧t❛s ❝♦♠ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ 90◦ ❡ ❛

♠❡s♠❛ ❞✐stâ♥❝✐❛ ❛♥❣✉❧❛r ❞❛ ♣r✐♠❡✐r❛ ❛♠♦str❛ ❝♦♠ ❢❛❧t❛✳
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❋✐❣✉r❛ ✺✳✶✻✳ ❊♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♦❜t✐❞❛s ♥❛ ❜❛rr❛ ✶ ♣❛r❛ ❢❛❧t❛s ❆❚ ✈❡rs✉s ❞✐stâ♥❝✐❛ ❞❡

❢❛❧t❛ ♣❛r❛✿ ✭❛✮ t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ♥❛ ❧✐♥❤❛ ♥ã♦ ❝♦♠♣❡♥s❛❞❛❀ ✭❜✮ t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ♥❛ ❧✐♥❤❛ ❝♦♠

❝♦♠♣❡♥s❛çã♦ sér✐❡✳
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Diferentes conteúdos de frequência
nos transitórios de falta

df = 40 km

df = 250 km

df = 360 km

❋✐❣✉r❛ ✺✳✶✼✳ ❈♦rr❡♥t❡s ♥❛ ❢❛s❡ ❆ ♣❛r❛ ❢❛❧t❛s ❛♣❧✐❝❛❞❛s ❡♠ ❞✐❢❡r❡♥t❡s ❞✐stâ♥❝✐❛s ❞♦ t❡r♠✐♥❛❧ ❞❡ ♠♦♥✐✲

t♦r❛♠❡♥t♦✳

P❛r❛ ♥❡✉tr❛❧✐③❛r ♦s ❡❢❡✐t♦s ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ✉♠ ♠♦❞❡❧♦ ♠♦♥♦❢ás✐❝♦ ♠❛✐s

s✐♠♣❧✐✜❝❛❞♦ ❞❛ ❧✐♥❤❛ ❢♦✐ ✉t✐❧✐③❛❞♦✳ ◆❛ ❋✐❣✉r❛ ✺✳✶✽ é ✐❧✉str❛❞♦ ♦ ❝✐r❝✉✐t♦✱ ♦ q✉❛❧ r❡♣r❡s❡♥t❛

✉♠ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ s✐♠♣❧✐✜❝❛❞♦ ❞❡ ✺✵✵ ❦❱✱ ❝♦♠♣♦st♦ ♣♦r ✉♠❛ ❢♦♥t❡ ❡ s✉❛ ✐♠♣❡❞â♥❝✐❛

❡q✉✐✈❛❧❡♥t❡✱ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ♠♦❞❡❧❛❞❛ ♣♦r ♣❛râ♠❡tr♦s ❝♦♥❝❡♥tr❛❞♦s ❡ ✉♠❛ ❝❛r❣❛✳

❋♦r❛♠ s✐♠✉❧❛❞❛s ❢❛❧t❛s ♥♦ ♣r♦❣r❛♠❛ ❙✐♠✉❧✐♥❦✴▼❛t❧❛❜✱ ✈❛r✐❛♥❞♦✲s❡ ❛ ♣❡r❝❡♥t❛❣❡♠ ❞❡ ❞✐stâ♥❝✐❛

x ❡ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥t❛ ♦ ✉s♦ ❞❡ N = {50, 100} s❡çõ❡s P■✳ ❆ ✈❛r✐❛çã♦ ❞❡ x s❡ ❞❡✉ ❞❡ ❢♦r♠❛ ❛

r❡❛❧✐③❛r ✉♠❛ s✐♠✉❧❛çã♦ ❞❡ ❢❛❧t❛ ♣❛r❛ ❝❛❞❛ q✉✐❧ô♠❡tr♦ ❞❡ ❧✐♥❤❛✳

d

v1

l = 400 km

Z1

ZL

Sf

Rf

xR xL (1 - x)R (1 - x)L

v1 = 1,00 /_0º pu

x = d/l

xC/2 xC/2 xC/2 xC/2

1 seção PI

Z1 = 0,9681 + j28,513 W

R= 0,0333 /kmW

L = 0,84085 mH/km

C= 13,8 nF/km

ZL = 845,6 + j423,8 W

Rf = 5 W

v

i

❋✐❣✉r❛ ✺✳✶✽✳ ❈✐r❝✉✐t♦ ♠♦♥♦❢ás✐❝♦ s✐♠♣❧✐✜❝❛❞♦ ❝♦♠ ❧✐♥❤❛ ♠♦❞❡❧❛❞❛ ♣♦r ♣❛râ♠❡tr♦s ❝♦♥❝❡♥tr❛❞♦s ❡♠

s❡çõ❡s P■✳

❖s s✐♥❛✐s ❞❡ t❡♥sã♦ v ♦r✐✉♥❞♦s ❞❛s s✐♠✉❧❛çõ❡s ❢♦r❛♠ s✉❜♠❡t✐❞♦s ❛♦ ✉s♦ ❞❛ ❚❲❉❘ ♣❛r❛

❝á❧❝✉❧♦ ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❡♠ ✉♠ ❝✐❝❧♦ ❛ ♣❛rt✐r ❞❛ ✐♥❝✐❞ê♥❝✐❛ ❞❛ ❢❛❧t❛ ♣❛r❛

❝❛❞❛ s✐♠✉❧❛çã♦✳ ❉❡ss❛ ❢♦r♠❛✱ ❢♦r❛♠ ♦❜t✐❞❛s ❛s ❢♦r♠❛s ❞❡ ♦♥❞❛ ❞❡ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s

✇❛✈❡❧❡t ✈❡rs✉s ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ ♣❛r❛ ❝❛❞❛ ❧✐♥❤❛ ❞❡ N = {50, 100} s❡çõ❡s P■✱ ❝✉❥♦s r❡s✉❧t❛❞♦s

❡stã♦ ✐❧✉str❛❞♦s ♥❛ ❋✐❣✉r❛ ✺✳✶✾✳
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❋✐❣✉r❛ ✺✳✶✾✳ ❊♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ✈❡rs✉s ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ ♣❛r❛ ❧✐♥❤❛ ♠♦♥♦❢ás✐❝❛ ♠♦❞❡❧❛❞❛

♣♦r ♣❛râ♠❡tr♦s ❝♦♥❝❡♥tr❛❞♦s✳

❆♣❡s❛r ❞❛ ✐♥t❡r❢❡rê♥❝✐❛ ❞❡ ♦✉tr♦s ♣❛râ♠❡tr♦s✱ ❛ ❡①❡♠♣❧♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ❡

❞❛ ✈❛r✐❛çã♦ ❞♦ ❝♦♥t❡ú❞♦ ❞❡ ❢r❡q✉ê♥❝✐❛✱ é ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ✉♠ ❧❡✈❡ ❞❡❝❛✐♠❡♥t♦ ❞❛ ❡♥❡r❣✐❛ ❞♦s

tr❛♥s✐tór✐♦s ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛✱ ✈✐st♦ q✉❡ ❛ r❡s✐stê♥❝✐❛ ❞❛ ❧✐♥❤❛ é ❧❡✈❡♠❡♥t❡

❛✉♠❡♥t❛❞❛ ❡♥tr❡ ♦ ♣♦♥t♦ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ♦ ❧♦❝❛❧ ❞❛ ❢❛❧t❛✳ ❊st❡ ❝♦♠♣♦rt❛♠❡♥t♦ t❛♠❜é♠

❡stá ♣r❡s❡♥t❡ ♥❛ ❋✐❣✉r❛ ✺✳✶✻✳

✺✳✺ ❊❋❊■❚❖ ❉❖ ●❘❆❯ ❉❊ ❈❖▼P❊◆❙❆➬➹❖ ❙➱❘■❊ ◆❖❙ ❚❘❆◆❙■❚Ó❘■❖❙

P❛r❛ ❛✈❛❧✐❛r ♦ ❡❢❡✐t♦ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥♦s tr❛♥s✐tór✐♦s ✐♥❞✉③✐❞♦s ♣♦r ❢❛❧t❛s✱

❢♦r❛♠ s✐♠✉❧❛❞❛s ♥♦ ❘❚❉❙❚▼ ❢❛❧t❛s ❛ ✶✵✵ ❦♠ ❞❛ ❜❛rr❛ ✶✱ ❝♦♠ r❡s✐stê♥❝✐❛ ✶✵ Ω✱ â♥❣✉❧♦ ❞❡

✐♥❝✐❞ê♥❝✐❛ 90◦ ❡ ❝❛♣❛❝✐t♦r❡s sér✐❡ ❧♦❝❛❧✐③❛❞♦s ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ❣r❛✉ ❞❡

❝♦♠♣❡♥s❛çã♦ ✈❛r✐❛♥❞♦ ❞❡ ✸✵ ❛ ✼✵✪✱ ❝♦♥❢♦r♠❡ ❛ ❜❛s❡ ✼ ❞❛ ❚❛❜❡❧❛ ✺✳✹✳

◆❛s ❋✐❣✉r❛s ✺✳✷✵✱ ✺✳✷✶✱ ✺✳✷✷ ❡ ✺✳✷✸ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜✲

❝✐❡♥t❡s ✇❛✈❡❧❡t ❡ ♦s ❞✐❢❡r❡♥t❡s ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦ ❡♠♣r❡❣❛❞♦s ♣❛r❛ ❢❛❧t❛s ❆❚✱ ❆❇✱ ❆❇❚ ❡

❆❇❈✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖s ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥❛ ❢❛✐①❛ ❞❡ ✸✵ ❛ ✼✵✪ ♣r❛t✐❝❛♠❡♥t❡ ♥ã♦

✐♥✢✉❡♥❝✐❛♠ ♥❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛s ♣❛r❛ t♦❞♦s ♦s t✐♣♦s ❞❡ ❢❛❧t❛✱ ✈✐st♦ q✉❡

❛s ❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s s❡ ♠❛♥t✐✈❡r❛♠ ♣r❛t✐❝❛♠❡♥t❡ ❝♦♥st❛♥t❡ ❝♦♠ ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦✳

❈♦♠ ✐ss♦✱ ✐♥❢❡r❡✲s❡ q✉❡ ♠ét♦❞♦s ❞❡ ❞❡t❡❝çã♦ ❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ♥♦s tr❛♥s✐tór✐♦s

♥ã♦ ❞❡✈❡♠ s♦❢r❡r ✐♥✢✉ê♥❝✐❛ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ■ss♦ ♣♦❞❡ s❡r ✉♠ ✐♥❞✐❝❛t✐✈♦ ❞❡ q✉❡ ♦ ❞✐❛❣♥ós✲

t✐❝♦ ❞❡ ❢❛❧t❛s ♣♦r ♠❡✐♦ ❞❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♣♦❞❡ ❛♣r❡s❡♥t❛r ❢✉♥❝✐♦♥❛❧✐❞❛❞❡ ❛❞❡q✉❛❞❛
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❝♦♠♣❡♥s❛çã♦ sér✐❡✿ ✭❛✮ t❡♥sõ❡s❀ ✭❜✮ ❝♦rr❡♥t❡s✳

❈♦♠♦ ❞✐s❝✉t✐❞♦ ♥♦ ❈❛♣ít✉❧♦ ✷✱ ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦s ❝❛♣❛❝✐t♦r❡s sér✐❡ ♥❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦

é ✉♠ ♣♦♥t♦ ✐♠♣♦rt❛♥t❡ ♥♦ ❡♠♣r❡❣♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ q✉❡ r❡s✉❧t❛ ❡♠ ✈❛♥t❛❣❡♥s ❡ ❞❡s✲

✈❛♥t❛❣❡♥s s♦❜ ♦s ♣♦♥t♦s ❞❡ ✈✐st❛ té❝♥✐❝♦ ❡ ❡❝♦♥ô♠✐❝♦✳ ❱✐s❛♥❞♦ ❡①t❡♥❞❡r ❡ss❛ ❛♥á❧✐s❡ ♣❛r❛ ❛

❛✈❛❧✐❛çã♦ ❞♦s ❡❢❡✐t♦s ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❢❛❧t❛s ❢♦r❛♠ s✐♠✉❧❛❞❛s ✈❛r✐❛♥❞♦✲s❡

♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♣❛r❛ ♦s ❝❛s♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❝♦♥❝❡♥tr❛❞❛ ❡♠ ✉♠❛ ❡①tr❡♠✐❞❛❞❡✱

❞✐✈✐❞✐❞❛ ♥♦s ❞♦✐s t❡r♠✐♥❛✐s ❡ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ✭❋✐❣✉r❛ ✺✳✷✹✮✳ ❆s s✐♠✉❧❛çõ❡s ❢♦r❛♠ r❡❛❧✐③❛❞❛s

♥♦ ♣r♦❣r❛♠❛ ❙✐♠✉❧✐♥❦✴▼❛t❧❛❜✱ ❡♠ q✉❡ ✉♠ ❡q✉✐✈❛❧❡♥t❡ ♠♦♥♦❢ás✐❝♦ ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦
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❞❡ ✺✵✵ ❦❱ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✺✳✶ ❢♦✐ ♠♦❞❡❧❛❞♦✳

❯♠❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❞❡ 5 Ω ❡ ✉♠ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ 90◦ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ♥❛s

s✐♠✉❧❛çõ❡s✳ ◗✉❛♥t♦ ❛♦ ♣♦♥t♦ ❞❡ ❛♣❧✐❝❛çã♦ ❞❛s ❢❛❧t❛s✱ ❡st❛s ❢♦r❛♠ s✐♠✉❧❛❞❛s ♥❛ ♠❡t❛❞❡ ❞❛

❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ✭df = 200 ❦♠✮ ♣❛r❛ ♦s ❝❛s♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ ❡♠ ✉♠❛ ❡ ❡♠ ❛♠❜❛s ❛s

❡①tr❡♠✐❞❛❞❡s ❞❛ ❧✐♥❤❛ ❡ ❡♠ df = 100 ❦♠ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ❖s

✈❛❧♦r❡s ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ✉t✐❧✐③❛❞♦s ❡stã♦ ♥❛ ❢❛✐①❛ ❞❡ ✸✵ ❛ ✼✵✪✱ ✈❛r✐❛♥❞♦✲s❡ ❞❡ ✉♠ ❡♠

✉♠✳ ❆s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛ ❚❲❉❘ ❡♠ ✉♠ ❝✐❝❧♦ ❞♦s tr❛♥s✐tór✐♦s ❢♦r❛♠ ♦❜t✐❞❛s

♣❛r❛ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♠❡❞✐❞♦s ♥❛ ❜❛rr❛ ✶✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s r❡❧❛❝✐♦♥❛♠ ❛s
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✈✐❞✐❞❛ ♥❛s ❞✉❛s ❡①tr❡♠✐❞❛❞❡s ❞❛ ❧✐♥❤❛❀ ✭❝✮ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳

P❛r❛ ♦ ❝❛s♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❛♣❧✐❝❛❞❛ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ✭❋✐❣✉r❛ ✺✳✷✺✭❝✮✮✱

♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s tr❛♥s✐tór✐♦s ❢♦✐ ❝♦♥s♦❛♥t❡ ❛♦ ❡♥❝♦♥tr❛❞♦ ♣❛r❛ ♦ ❝❛s♦ tr✐❢ás✐❝♦ ❛❜♦r❞❛❞♦ ♥❛

❋✐❣✉r❛ ✺✳✷✵✳ P❛r❛ ♦s ❝❛s♦s ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❛♣❧✐❝❛❞❛ ❡♠ ✉♠❛ ❡ ❡♠ ❛♠❜❛s ❛s ❡①tr❡♠✐❞❛❞❡s

❞❛ ❧✐♥❤❛✱ t❡♠✲s❡ ✉♠ s✉t✐❧ ❞❡❝❛✐♠❡♥t♦ ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t à ♠❡❞✐❞❛ ❡♠ q✉❡

s❡ ❛✉♠❡♥t❛ ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭❋✐❣✉r❛s ✺✳✷✺✭❛✮ ❡ ✺✳✷✺✭❜✮✮✳ P❛r❛ ❡ss❛s ❞✉❛s ú❧t✐♠❛s

❢♦r♠❛s ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❣❡r❛❧ ❞♦s tr❛♥s✐tór✐♦s ♣❛r❛ ✉♠ s✐st❡♠❛ tr✐❢ás✐❝♦
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t❡r✐❛ ❝❛r❛❝t❡ríst✐❝❛s ❡q✉✐✈❛❧❡♥t❡s ❛♦ ❝❛s♦ ♦❜t✐❞♦ ♣❛r❛ ❛ ❝♦♠♣❡♥s❛çã♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ P♦rt❛♥t♦✱

❛ ❛♣❧✐❝❛çã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡♠ ✉♠❛ ♦✉ ❡♠ ❛♠❜❛s ❛s ❡①tr❡♠✐❞❛❞❡s ❞❛ ❧✐♥❤❛ ♥ã♦ ❞❡✈❡ ❛❢❡t❛r

♠ét♦❞♦s ❞❡ ❞✐❛❣♥óst✐❝♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✳
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❋✐❣✉r❛ ✺✳✷✺✳ ❊♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♣❛r❛ t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ♥♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦

♠♦♥♦❢ás✐❝♦ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❧♦❝❛✐s ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✿ ✭❛✮ ❡♠ ✉♠❛ ❡①tr❡♠✐❞❛❞❡ ❞❛ ❧✐♥❤❛❀ ✭❜✮ ❞✐✈✐❞✐❞❛

♥❛s ❞✉❛s ❡①tr❡♠✐❞❛❞❡s ❞❛ ❧✐♥❤❛❀ ✭❝✮ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳
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❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❈r✐tér✐♦ ❞❡ ◆②q✉✐st✱ ♣❛r❛ q✉❡ ♥ã♦ ❤❛❥❛ s♦❜r❡♣♦s✐çã♦ ❞❡ ❡s♣❡❝tr♦s✱ ✉♠ s✐♥❛❧

❝♦♠ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ fs ❛♣r❡s❡♥t❛ ✉♠ ❡s♣❡❝tr♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ♥❛ ❢❛✐①❛ ❞❡ ✵ ❛ fs/2

✭▲❆❚❍■✱ ✷✵✵✼✮✳ P♦rt❛♥t♦✱ ♣❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✷✵ ❦❍③✱ ✉t✐❧✐③❛❞❛ ♥❛s s✐♠✉❧❛çõ❡s

♥♦ ❘❚❉❙❚▼✱ ❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❛♣r❡s❡♥t❛♠ ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡✱ ♥♦ ♠á①✐♠♦✱

✶✵ ❦❍③✳ ◆❛ ♣r✐♠❡✐r❛ ❡s❝❛❧❛ ❞❛ ❚❲❉❘✱ ✐❞❡❛❧♠❡♥t❡✱ ♦s ✜❧tr♦s ❡s❝❛❧❛ ❡①tr❛❡♠ ❛s ❝♦♠♣♦♥❡♥t❡s

❞❡ ✵ ❛ ✺ ❦❍③✱ ❡♥q✉❛♥t♦ q✉❡ ♦s ✜❧tr♦s ✇❛✈❡❧❡t ❡①tr❛❡♠ ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡ ✺ ❛

✶✵ ❦❍③✳ ◆❛ s❡❣✉♥❞❛ ❡ t❡r❝❡✐r❛ ❡s❝❛❧❛s✱ ♦s ✜❧tr♦s ✇❛✈❡❧❡t ❡①tr❛❡♠ ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛

♥❛s ❢❛✐①❛s ❞❡ ✷✱✺ ❛ ✺ ❦❍③ ❡ ✶✱✷✺ ❛ ✷✱✺ ❦❍③✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P♦r ♥ã♦ s❡ tr❛t❛r ❞❡ ✜❧tr♦s ✐❞❡❛✐s✱ ♦s

✜❧tr♦s ♣❛ss❛✲❛❧t❛ sã♦ ❛❢❡t❛❞♦s ♣❡❧❛s ❜❛✐①❛s ❢r❡q✉ê♥❝✐❛s ❡ ♦s ✜❧tr♦s ♣❛ss❛✲❜❛✐①❛ sã♦ ❛❢❡t❛❞♦s ♣❡❧❛s

❛❧t❛s ❢r❡q✉ê♥❝✐❛s✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✷✻✱ ♥❛ q✉❛❧ é ❛♣r❡s❡♥t❛❞❛ ❛ r❡s♣♦st❛

❡♠ ❢r❡q✉ê♥❝✐❛✱ ♥❛ ❢❛✐①❛ ❞❡ ✵ ❛ ✶✵✵✵✵ ❍③✱ ❞♦s ✜❧tr♦s ❡s❝❛❧❛ ❡ ✇❛✈❡❧❡t ♣❛r❛ ❛ ✇❛✈❡❧❡t ♠ã❡ ❞❜✭✹✮✱

♥❛s três ♣r✐♠❡✐r❛s ❡s❝❛❧❛s✳

◆❛s ❋✐❣✉r❛s ✺✳✷✼ ❡ ✺✳✷✽ é ❛♣r❡s❡♥t❛❞♦ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❡♥❡r❣✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t

♣❡r❛♥t❡ ❛s três ♣r✐♠❡✐r❛s ❡s❝❛❧❛s ✇❛✈❡❧❡t ❡♠ ❢✉♥çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❡ ❞❛ r❡s✐stê♥❝✐❛ ❞❡

❢❛❧t❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❋✐❣✉r❛s ✺✳✷✼ ❡ ✺✳✷✽✱ t❡♠✲s❡ q✉❡✿

✶✳ ❆s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❛♣r❡s❡♥t❛r❛♠ ♦ ♠❡s♠♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❣❡r❛❧ ♥❛s três

♣r✐♠❡✐r❛s ❡s❝❛❧❛s✱ ♦ q✉❡ ✐♥❞✐❝❛ q✉❡ ❛ ❡♥❡r❣✐❛ ❞♦s tr❛♥s✐tór✐♦s ❛♣r❡s❡♥t❛ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦

ú♥✐❝♦ ❡♠ ✉♠❛ ❛♠♣❧❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛❀

✷✳ ❆ ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❛♣r❡s❡♥t❛♠ ♠❛✐♦r ✐♥t❡♥s✐❞❛❞❡ ♥❛ ♣r✐♠❡✐r❛ ❡s❝❛❧❛✳

P♦rt❛♥t♦✱ ♣❛r❛ fs = 20 ❦❍③✱ ❛ ❡♥❡r❣✐❛ ❞♦s tr❛♥s✐tór✐♦s ♥❛ ❢❛✐①❛ ❞❡ ♠❛✐s ❛❧t❛ ❢r❡q✉ê♥❝✐❛

é ♠❛✐s ❛❞❡q✉❛❞❛ ♣❛r❛ ❛ ❞❡t❡❝çã♦ ❞❡ ❢❛❧t❛s✱ ❥á q✉❡ é ❣❛r❛♥t✐❞❛ ✉♠❛ ♠❛✐♦r r❡s♦❧✉çã♦ ♥♦

t❡♠♣♦ ❞❡ ❞❡t❡çã♦✱ ♠❡❧❤♦r❛♥❞♦ ❛ ❡st✐♠❛çã♦ ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✱ ❝♦♠♦ ❞✐s❝✉t✐❞♦ ♥♦

♣ró①✐♠♦ ❝❛♣ít✉❧♦✳ ❆❧é♠ ❞♦ ♠❛✐s✱ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ❛♣❡♥❛s ✉♠ ❡stá❣✐♦ ❞❛ ❚❲❉❘

s✐❣♥✐✜❝❛ ✉♠ ♠❡♥♦r ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ r❡q✉❡r✐❞♦✳
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Fase A Fase B Fase C Neutro

❋✐❣✉r❛ ✺✳✷✼✳ ❊❢❡✐t♦ ❞❛ ❡s❝❛❧❛ ✇❛✈❡❧❡t ♥❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♣❛r❛ ❢❛❧t❛s ❆❚ ✈❛r✐❛♥❞♦✲s❡

♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ✭❛✮ ♣r✐♠❡✐r❛ ❡s❝❛❧❛❀ ✭❜✮ s❡❣✉♥❞❛ ❡s❝❛❧❛❀ ✭❝✮ t❡r❝❡✐r❛ ❡s❝❛❧❛✳
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Resistência r W( ) Resistência r W( ) Resistência r W( )

Fase A Fase B Fase C Neutro

❋✐❣✉r❛ ✺✳✷✽✳ ❊❢❡✐t♦ ❞❛ ❡s❝❛❧❛ ✇❛✈❡❧❡t ♥❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ♣❛r❛ ❢❛❧t❛s ❆❚ ✈❛r✐❛♥❞♦✲s❡

❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ✭❛✮ ♣r✐♠❡✐r❛ ❡s❝❛❧❛❀ ✭❜✮ s❡❣✉♥❞❛ ❡s❝❛❧❛❀ ✭❝✮ t❡r❝❡✐r❛ ❡s❝❛❧❛✳

✺✳✼ ❘❊❙❯▼❖ ❉❖ ❈❆P❮❚❯▲❖

◆❡st❡ ❝❛♣ít✉❧♦ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s ❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ✭q✉❛♥✲

t✐✜❝❛❞❛s ♣❡❧❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t✮ ❡♠ ❢✉♥çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✱ ❞❛ r❡s✐stê♥✲

❝✐❛ ❡ ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✱ ❜❡♠ ❝♦♠♦ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

❆❧é♠ ❞✐ss♦✱ ✉♠❛ ❛♥á❧✐s❡ ❡♠ ✈ár✐❛s ❢❛✐①❛s ❞❡ ❢r❡q✉ê♥❝✐❛✱ ♣♦r ♠❡✐♦ ❞❛s ❡s❝❛❧❛s ✇❛✈❡❧❡t✱ t❛♠❜é♠

❢♦✐ ❢❡✐t❛ ♥❡st❡ ❝❛♣ít✉❧♦✳ ❖s r❡s✉❧t❛❞♦s ❢♦r❛♠ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❡ ❞❛❞♦s s✐♠✉❧❛❞♦s ♥♦ s✐♠✉❧❛❞♦r

❞✐❣✐t❛❧ ❘❚❉❙❚▼ ❡ ♥♦ ♣r♦❣r❛♠❛ ❙✐♠✉❧✐♥❦✴▼❛t❧❛❜✳ P♦r ♠❡✐♦ ❞❡ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ r❡❛❧✐③❛❞❛

s♦❜r❡ ♦s ❞❛❞♦s s✐♠✉❧❛❞♦s✱ ❡q✉❛çõ❡s ❞❛ ❡♥❡r❣✐❛ ❞♦s tr❛♥s✐tór✐♦s ❡♠ ❢✉♥çã♦ ❞❡ ❛❧❣✉♥s ♣❛râ♠❡tr♦s

❞❡ ❢❛❧t❛ ❢♦r❛♠ ♦❜t✐❞❛s✳
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◆❡st❡ ❝❛♣ít✉❧♦ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ❜ás✐❝❛ ❛❝❡r❝❛ ❞❛ ❡st✐♠❛çã♦ ❞♦s ❢❛s♦r❡s

❢✉♥❞❛♠❡♥t❛✐s ♣❡❧♦ ♠ét♦❞♦ ❞❡ ❋♦✉r✐❡r ❡ ❞❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✱ ❜❡♠ ❝♦♠♦ ♦s ❢✉♥❞❛♠❡♥t♦s

❞❡ ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s q✉❡ ✉s❛♠ ❡st❡s ♣r✐♥❝í♣✐♦s✳

✻✳✶ ▼➱❚❖❉❖ ❇❆❙❊❆❉❖ ◆❆ ❋❘❊◗❯✃◆❈■❆ ❋❯◆❉❆▼❊◆❚❆▲

✻✳✶✳✶ ❊st✐♠❛çã♦ ❞♦s ❋❛s♦r❡s ❋✉♥❞❛♠❡♥t❛✐s

❆ ♦❜t❡♥çã♦ ❞♦s ❢❛s♦r❡s ❢✉♥❞❛♠❡♥t❛✐s ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❝♦♥st✐t✉✐ ❡t❛♣❛ ✐♠♣♦r✲

t❛♥t❡ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❜❛s❡❛❞♦ ♥❛ ❝♦♠♣♦♥❡♥t❡

❞❡ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✳ ❆ tr❛♥s❢♦r♠❛❞❛ ❞✐s❝r❡t❛ ❞❡ ❋♦✉r✐❡r ✭❚❉❋✮ é ❛ té❝♥✐❝❛ ♠❛✐s ✉t✐❧✐✲

③❛❞❛ ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ♥❛ ♣r♦t❡çã♦ ❞❡ ❞✐stâ♥❝✐❛ ❡♠ s✐st❡♠❛s ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛

✭P❍❆❉❑❊❀ ❚❍❖❘P✱ ✷✵✵✾✮✳

❖ ♠ét♦❞♦ ❞❡ ❋♦✉r✐❡r ❞❡ ✉♠ ❝✐❝❧♦ é ✉♠ ❞♦s ❛❧❣♦r✐t♠♦s ♠❛✐s ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛

♦❜t❡♥çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❡ ❢♦✐ ♣✐♦♥❡✐r❛♠❡♥t❡

✉s❛❞♦ ♣♦r ❘❛♠❛♠♦♦rt② ✭✶✾✼✷✮ ❡ P❤❛❞❦❡ ❡t ❛❧✳ ✭✶✾✼✼✮✳

❯♠ s✐♥❛❧ ♣❡r✐ó❞✐❝♦ x(t) ♣♦❞❡ s❡r ❡①♣r❡ss♦ ♥❛ sér✐❡ ❞❡ ❋♦✉r✐❡r ♣♦r ✭▲❆❚❍■✱ ✷✵✵✼✮

x(t) = a0 +
∞
∑

n=1

[an❝♦s(2πnft) + bns❡♥(2πnft)], ✭✻✳✶✮

❡♠ q✉❡ f é ❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✱ n = {1, 2, 3, ...} é ❛ ♦r❞❡♠ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❤❛r♠ô♥✐❝❛ ❡

a0✱ an ❡ bn sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ sér✐❡ ❞❡ ❋♦✉r✐❡r✱ ♦s q✉❛✐s sã♦ ❞❡t❡r♠✐♥❛❞♦s ❝♦♠♦✿

a0 =
1

T

∫

T

x(t)dt, ✭✻✳✷✮

an =
2

T

∫

T

x(t)❝♦s(nωt)dt, ✭✻✳✸✮

✼✵
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bn =
2

T

∫

T

x(t)s❡♥(nωt)dt, ✭✻✳✹✮

❡♠ q✉❡ T é ♦ ♣❡rí♦❞♦ ❞♦ s✐♥❛❧ x(t) ❡ ω = 2πf é ❛ ❢r❡q✉ê♥❝✐❛ ❛♥❣✉❧❛r ❢✉♥❞❛♠❡♥t❛❧✳

❖ ♠❡s♠♦ s✐♥❛❧ ♣♦❞❡ s❡r ❡s❝r✐t♦ s❡❣✉♥❞♦ ❛ ❢♦r♠❛ ❝♦♠♣❛❝t❛ ❞❛ sér✐❡ ❞❡ ❋♦✉r✐❡r ❝♦♠♦ s❡♥❞♦

x(t) = c0 +
∞
∑

n=1

[cn❝♦s(2πnft+ θn)], ✭✻✳✺✮

❡♠ q✉❡ c0✱ cn ❡ θn sã♦ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ sér✐❡ ❞❡ ❋♦✉r✐❡r ♣♦r

c0 = a0, ✭✻✳✻✮

cn =
√

a2n + b2n, ✭✻✳✼✮

θn = t❣−1

(

− bn
an

)

. ✭✻✳✽✮

❖ ❛❧❣♦r✐t♠♦ ❞❡ ❋♦✉r✐❡r ❞❡ ✉♠ ❝✐❝❧♦ ❝♦♥s✐st❡ ♥❛ ❡①tr❛çã♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛

❢✉♥❞❛♠❡♥t❛❧ ❞♦ s✐♥❛❧ x(t) ❛ ♣❛rt✐r ❞♦ ♣r♦❞✉t♦ ❞❛ ❥❛♥❡❧❛ ❞❡ ✉♠ ❝✐❝❧♦ ❞❡ ❛♠♦str❛s ❞❡st❡ s✐♥❛❧

❝♦♠ ❛s ❢✉♥çõ❡s s❡♥♦ ❡ ❝♦ss❡♥♦✳ P♦rt❛♥t♦✱ ❛s ❊q✉❛çõ❡s ✻✳✸ ❡ ✻✳✹ sã♦ r❡❡s❝r✐t❛s ❝♦♠♦✿

Yreal =
2

T

∫ t+T

t

x(t)❝♦s(nωt)dt, ✭✻✳✾✮

Yimag =
2

T

∫ t+T

t

x(t)s❡♥(nωt)dt, ✭✻✳✶✵✮

❡♠ q✉❡ Yreal ❡ Yimag sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛s ♣❛rt❡s r❡❛❧ ❡ ✐♠❛❣✐♥ár✐❛ ❞♦ ❢❛s♦r✳

❈♦♥s✐❞❡r❛♥❞♦✲s❡ q✉❡ ♦ s✐♥❛❧ x(t) ❛♣r❡s❡♥t❛ ∆k = fs/f ❛♠♦str❛s ♣♦r ❝✐❝❧♦✱ ❛s ✐♥t❡❣r❛✐s ❞❛s

❊q✉❛çõ❡s ✻✳✾ ❡ ✻✳✶✵ sã♦ ❛♣r❡s❡♥t❛❞❛s ❡♠ t❡r♠♦s ❞❡ s♦♠❛tór✐♦s ✭❏❖❍◆❙❀ ❙❆▲▼❆◆✱ ✶✾✾✺✮✿

Yreal =
2

∆k

k−∆k−1
∑

k=0

x(k)❝♦s
(

2πk

∆k

)

, ✭✻✳✶✶✮

Yimag =
2

∆k

k−∆k−1
∑

k=0

x(k)s❡♥
(

2πk

∆k

)

, ✭✻✳✶✷✮

q✉❡ ❝♦♥s✐st❡♠ ❡♠ ✉♠ ♣r♦❝❡ss♦ ❞❡ ✜❧tr❛❣❡♠ ♣♦r ♠❡✐♦ ❞❡ ✜❧tr♦s s❡♥♦ ❡ ❝♦ss❡♥♦✱ q✉❡ ♣♦❞❡♠ s❡r

❡①♣r❡ss♦s ❝♦♠♦✿

Yreal =
2

∆k

k−∆k−1
∑

k=0

x(k)hc(k), ✭✻✳✶✸✮

Yimag =
2

∆k

∆k−1
∑

k=0

x(k)hs(k), ✭✻✳✶✹✮
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❡♠ q✉❡ hc ❡ hs sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ❞♦s ✜❧tr♦s s❡♥♦ ❡ ❝♦ss❡♥♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ r❡♣r❡s❡♥t❛❞♦s

♣♦r✿

hc =
[

1 ❝♦s(n 2π
∆k

) ❝♦s(n 4π
∆k

) ... ❝♦s(n2π(∆k−1)
∆k

)
]

, ✭✻✳✶✺✮

hs =
[

0 s❡♥(n 2π
∆k

) s❡♥(n 4π
∆k

) ... s❡♥(n2π(∆k−1)
∆k

)
]

. ✭✻✳✶✻✮

✻✳✶✳✷ ▼ét♦❞♦ ❞❡ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮

◆❛ ❋✐❣✉r❛ ✻✳✶ ❛♣r❡s❡♥t❛✲s❡ ✉♠ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ s✐♠♣❧✐✜❝❛❞♦✱ ❡♠ q✉❡ ❛s t❡♥sõ❡s ❡

❝♦rr❡♥t❡s ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ sã♦ ♠♦♥✐t♦r❛❞♦s✳ ❆s ❝♦rr❡♥t❡s sã♦ ❝♦♥s✐❞❡r❛❞❛s ♥♦

s❡♥t✐❞♦ ❡♥tr❛♥❞♦ ♥❛ ❧✐♥❤❛✳ ❆ ❢❛❧t❛ ♦❝♦rr❡ ❛ ✉♠❛ ❞✐stâ♥❝✐❛ d ❞❛ ❜❛rr❛ ✶✳

V
abc1

d

V
abc2

I
abc2

I
abc1

l - d

l

Falta

1 2

❋✐❣✉r❛ ✻✳✶✳ ❊sq✉❡♠❛ ❞❡ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ❞❛❞♦s ♥♦s ❞♦✐s ❜❛rr❛♠❡♥t♦s✳

❖ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ♣♦r ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ ♣❛r❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s✲

♠✐ssã♦ é ❜❛s❡❛❞♦ ♥♦s ❢❛s♦r❡s ❢✉♥❞❛♠❡♥t❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s✳ ◆♦

❧♦❝❛❧ ❞❛ ❢❛❧t❛✱ ❛s t❡♥sõ❡s ✭VFabc✮ ♣♦❞❡♠ s❡r ❡①♣r❡ss❛s ❡♠ ❢✉♥çã♦ ❞♦s ❞❛❞♦s ♠♦♥✐t♦r❛❞♦s ♥♦s

t❡r♠✐♥❛✐s✱ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❛ ❢❛❧t❛ ✭d✮✱ ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ❧✐♥❤❛ ✭l✮ ❡ ❞❛ ♠❛tr✐③ ❞❡

✐♠♣❡❞â♥❝✐❛ sér✐❡ ❞❛ ❧✐♥❤❛ ♣♦r ✉♥✐❞❛❞❡ ❞❡ ❝♦♠♣r✐♠❡♥t♦ ✭Zabc✮✱ ♦✉ s❡❥❛✱

VFabc = Vabc1 − dZabcIabc1, ✭✻✳✶✼✮

VFabc = Vabc2 − (l − d)ZabcIabc2, ✭✻✳✶✽✮

❡♠ q✉❡✿

• Vabc1 ❡ Vabc2 sã♦ ♦s ❢❛s♦r❡s ❞❡ t❡♥sã♦ tr✐❢ás✐❝❛ ♥♦s t❡r♠✐♥❛✐s ✶ ❡ ✷✱ r❡s♣❡❝t✐✈❛♠❡♥t❡❀

• Iabc1 ❡ Iabc2 sã♦ ♦s ❢❛s♦r❡s ❞❡ ❝♦rr❡♥t❡ tr✐❢ás✐❝❛ ♥♦s t❡r♠✐♥❛✐s ✶ ❡ ✷✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
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❈♦♠❜✐♥❛♥❞♦✲s❡ ❛s ❊q✉❛çõ❡s ✻✳✶✼ ❡ ✻✳✶✽✱ ♦❜t❡♠✲s❡✿

Vabc1 − Vabc2 + lZabcIabc2 = dZabc(Iabc1 + Iabc2). ✭✻✳✶✾✮

❆ ♠❛tr✐③ ✐♠♣❡❞â♥❝✐❛ sér✐❡ ♣♦r ✉♥✐❞❛❞❡ ❞❡ ❝♦♠♣r✐♠❡♥t♦ é ♦❜t✐❞❛ ❝♦♠ ❜❛s❡ ♥♦s ♣❛râ♠❡tr♦s

❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❛♥❛❧✐s❛❞❛ ❡ é ❝♦♠♣♦st❛ ♣♦r ❡❧❡♠❡♥t♦s ❞❡ ✐♠♣❡❞â♥❝✐❛ ♣ró♣r✐❛ ❡ ♠út✉❛✱

♦r❣❛♥✐③❛❞♦s ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

Zabc =





ZP ZM ZM

ZM ZP ZM

ZM ZM ZP



 , ✭✻✳✷✵✮

❡♠ q✉❡ ZP ❡ ZM sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛s ✐♠♣❡❞â♥❝✐❛ ♣ró♣r✐❛ ❡ ♠út✉❛✱ ❛s q✉❛✐s sã♦ ♦❜t✐❞❛s

❞❛s ✐♠♣❡❞â♥❝✐❛s ❞❡ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ✭Z1✮ ❡ ③❡r♦ ✭Z0✮ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠♦ ✭❚▲❊■❙✱

✷✵✵✽✮✿

ZM =
Z0 − Z1

3
, ✭✻✳✷✶✮

ZP =
Z0 + 2Z1

3
. ✭✻✳✷✷✮

❆ ❊q✉❛çã♦ ✻✳✶✾ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞❛ ❞❡ ❢♦r♠❛ ♠❛✐s ❝♦♠♣❛❝t❛ ❝♦♠♦




Ya
Yb
Yc



 =





Ma

Mb

Mc



 d ✭✻✳✷✸✮

♦✉

Y =Md, ✭✻✳✷✹✮

❡♠ q✉❡

Yj = Vj1 − Vj2 + l
∑

i=a,b,c

ZjiIi2, ✭✻✳✷✺✮

Mj =
∑

i=a,b,c

Zji(Ii1 + Ii2), ✭✻✳✷✻✮

❝♦♠ j = a, b, c✳

❖❜t❡♥❞♦✲s❡ ♦s ✈❡t♦r❡s ❝♦❧✉♥❛ Y ❡ M ✱ ♦s q✉❛✐s ❞❡♣❡♥❞❡♠ ❞♦s ❞❛❞♦s ♠♦♥✐t♦r❛❞♦s ❡ ❞♦s

♣❛râ♠❡tr♦s ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦✱ é ♣♦ssí✈❡❧ ♦ ❝á❧❝✉❧♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ ❡♠ r❡❧❛çã♦ à

❜❛rr❛ ✶ ♣♦r ♠❡✐♦ ❞♦ ♠ét♦❞♦ ❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s✱ ❛ q✉❛❧ é ❡①♣r❡ss❛ ♣♦r

d = (M+M)−1M+Y, ✭✻✳✷✼✮

s❡♥❞♦ M+ ❛ tr❛♥s♣♦st❛ ❝♦♥❥✉❣❛❞❛ ❞❛ ♠❛tr✐③ M ✳
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❖ ✈❛❧♦r ❞❡ d ♦❜t✐❞♦ é ✉♠ ♥ú♠❡r♦ ❝♦♠♣❧❡①♦ ❡ ❛ ❡st✐♠❛t✐✈❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ é t♦♠❛❞❛

❝♦♠♦ ❛ ♣❛rt❡ r❡❛❧ ❞❡ss❡ ♥ú♠❡r♦✱ s❡♥❞♦ ❛ ♣❛rt❡ ✐♠❛❣✐♥ár✐❛ ♠✉✐t♦ ♣❡q✉❡♥❛ ❡✱ ❛ss✐♠✱ ❝♦♥s✐❞❡r❛❞❛

❞❡s♣r❡③í✈❡❧✳

✻✳✷ ▼➱❚❖❉❖ ❇❆❙❊❆❉❖ ◆❆ ❚❊❖❘■❆ ❉❆❙ ❖◆❉❆❙ ❱■❆❏❆◆❚❊❙

✻✳✷✳✶ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❚❡♦r✐❛ ❞❛s ❖♥❞❛s ❱✐❛❥❛♥t❡s

◗✉❛♥❞♦ ✉♠❛ ❢❛❧t❛ ♦❝♦rr❡ ❡♠ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ❛ ♠✉❞❛♥ç❛ ❛❜r✉♣t❛ ♥❛ t❡♥sã♦ ♥♦

♣♦♥t♦ ❞❡ ❢❛❧t❛ ❣❡r❛ ✐♠♣✉❧s♦s ❡❧❡tr♦♠❛❣♥ét✐❝♦s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❝❤❛♠❛❞♦s ♦♥❞❛s ✈✐❛❥❛♥t❡s✱

❛s q✉❛✐s s❡ ♣r♦♣❛❣❛♠ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❡♠ ❛♠❜❛s ❛s ❞✐r❡çõ❡s ❛ ♣❛rt✐r ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ❡ ♥❛

✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❛ ❧✐♥❤❛✱ ♣ró①✐♠❛ à ✈❡❧♦❝✐❞❛❞❡ ❞❛ ❧✉③✳ P♦rt❛♥t♦✱ ♦s ❡❢❡✐t♦s ❞❡ ✉♠❛

❢❛❧t❛ só ✐rã♦ s❡r s❡♥t✐❞♦s ❡♠ ✉♠ t❡r♠✐♥❛❧ ❞❛ ❧✐♥❤❛ ❛♣ós ♦ t❡♠♣♦ ♥❡❝❡ssár✐♦ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❛s

♦♥❞❛s ✈✐❛❥❛♥t❡s✳

❆ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♣❡r♠✐t❡ ❛ ❞❡✜♥✐çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ r❡✢❡①ã♦ ❡ r❡❢r❛çã♦

❞❛ ♦♥❞❛ ❡♠ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s✱ ❞❡ s✉❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛❣❛çã♦ ❡ ❞❛ ✐♠♣❡❞â♥❝✐❛ ❞❡ s✉rt♦ ❞❛

❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ✭❩❆◆❊❚❚❆ ❏r✳✱ ✷✵✵✸✮✳ ❆♦ s❡ ♣r♦♣❛❣❛r❡♠ ♥❛ ❧✐♥❤❛✱ ❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s

sã♦ ❛t❡♥✉❛❞❛s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ♣♦r ❝♦♠♣♦♥❡♥t❡s r❡s✐st✐✈❛s ❡ ♣♦r ❝♦rr❡♥t❡s ❞❡ ❢✉❣❛✱ ♣♦❞❡♥❞♦

t❛♠❜é♠ ❛♣r❡s❡♥t❛r ❞✐st♦rçõ❡s ❡♠ s✉❛s ❢♦r♠❛s ❞❡ ♦♥❞❛ ✭◆❆■❉❯✱ ✶✾✽✺✮✳ ❯♠ ❞❡t❛❧❤❛♠❡♥t♦

q✉❛♥t♦ à ❢✉♥❞❛♠❡♥t❛çã♦ ♠❛t❡♠át✐❝❛ ♣❛r❛ ❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♣♦❞❡ s❡r ❝♦♥s✉❧t❛❞❛ ❡♠

✭❇❊❲▲❊❨✱ ✶✾✻✸✮✳

P❛r❛ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❛❞❡q✉❛❞❛ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s tr❛♥s✐tór✐♦s ♥❛s ♦♥❞❛s ❡❧❡tr♦✲

♠❛❣♥ét✐❝❛s ❡♠ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ é ♥❡❝❡ssár✐❛ ❛ ❛❞♦çã♦ ❞♦ ♠♦❞❡❧♦ ♣♦r ♣❛râ♠❡tr♦s

❞✐str✐❜✉í❞♦s ♥♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ❧✐♥❤❛✳ ❊st❡ ♠♦❞❡❧♦ ♣♦❞❡ ❛♣r❡s❡♥t❛r ♣❛râ♠❡tr♦s ❝♦♥st❛♥t❡s ♦✉

✈❛r✐á✈❡✐s ❡♠ ❢✉♥çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ✭❆❘❆ú❏❖❀ ◆❊❱❊❙✱ ✷✵✵✺✮✳ ❆♣❡s❛r ❞♦ ♠♦❞❡❧♦ ♣♦r ♣❛râ♠❡tr♦s

❝♦♥st❛♥t❡s ♥❛ ❢r❡q✉ê♥❝✐❛ ♥ã♦ s❡ ♠♦str❛r ❛❞❡q✉❛❞♦ ♣❛r❛ ❞❡t❡r♠✐♥❛❞❛s ❢❛✐①❛s ❞❡ ❢r❡q✉ê♥❝✐❛ ❞♦s

tr❛♥s✐tór✐♦s ✭▼❆❘❚■✱ ✶✾✽✷✮✱ ❡st❡ ♣♦❞❡ s❡r ❡♠♣r❡❣❛❞♦ s❛t✐s❢❛t♦r✐❛♠❡♥t❡ ♥❛ ♠❛✐♦r✐❛ ❞♦s ❡st✉❞♦s

❞❡ tr❛♥s✐tór✐♦s ❡❧❡tr♦♠❛❣♥ét✐❝♦s ❡♠ s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛ ✭▲❊❯❱❊◆ ❊▼❚P ❈❊◆❚❊❘✱

✶✾✽✼✮✳
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✻✳✷✳✶✳✶ ❘❡✢❡①õ❡s ❡ ❘❡❢r❛çõ❡s ❞❡ ❖♥❞❛s ❱✐❛❥❛♥t❡s

◗✉❛♥❞♦ ✉♠❛ ♦♥❞❛ ✈✐❛❥❛♥t❡ ❡♥❝♦♥tr❛ ✉♠❛ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡ ❡♠ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱

♥❛ q✉❛❧ ❡①✐st❡ ✉♠❛ ♠✉❞❛♥ç❛ ❛❜r✉♣t❛ ❞❛s ❝♦♥st❛♥t❡s ❞♦ ❝✐r❝✉✐t♦✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ♥♦ ❧♦❝❛❧

❞❡ ✉♠❛ ❢❛❧t❛✱ ✉♠❛ ♣❛rt❡ ❞❡ss❛ ♦♥❞❛ é r❡✢❡t✐❞❛✱ ❡♥q✉❛♥t♦ q✉❡ ❛ ♦✉tr❛ ♣❛rt❡ é tr❛♥s♠✐t✐❞❛ ♣❛r❛

♦✉tr❛s s❡ssõ❡s ❞♦ ❝✐r❝✉✐t♦✳ ❆ ♦♥❞❛ q✉❡ ❝❤❡❣❛ ♥♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ é ❝❤❛♠❛❞❛ ❞❡ ♦♥❞❛ ✐♥❝✐❞❡♥t❡ ❡

❛s ❞✉❛s ♦♥❞❛s ♦r✐✉♥❞❛s ❞❡ss❡ ♣♦♥t♦ sã♦ ❝❤❛♠❛❞❛s ❞❡ ♦♥❞❛s r❡✢❡t✐❞❛s ❡ r❡❢r❛t❛❞❛s✳ ❚❛✐s ♦♥❞❛s

sã♦ ❢♦r♠❛❞❛s ♥♦ ♣♦♥t♦ ❞❡ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❧❡✐s ❞❡ ❑✐r❝❤❤♦✛✱ ❡ s❛t✐s❢❛③❡♠ ❛s

❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ❞❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ t❛♠❜é♠ s❡♥❞♦ ❝♦♥❞✐③❡♥t❡s ❝♦♠ ♦s ♣r✐♥❝í♣✐♦s

❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ ❡♥❡r❣✐❛ ✭❇❊❲▲❊❨✱ ✶✾✻✸✮✳

❯♠❛ ❢♦r♠❛ ✐❧✉str❛t✐✈❛ ♣❛r❛ ♦ ❡st✉❞♦ ❞❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ❡♠ q✉❛❧q✉❡r ♣♦♥t♦

❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ é ♦ ❞✐❛❣r❛♠❛ ▲❛tt✐❝❡✱ ♣r♦♣♦st♦ ♣♦r ▲✳ ❱✳ ❇❡✇❧❡② ❡♠ ✶✾✸✸✳ ❊ss❛

r❡♣r❡s❡♥t❛çã♦ ❡stá ❜❛s❡❛❞❛ ❡♠ ✉♠ ❞✐❛❣r❛♠❛ ❡s♣❛ç♦✲t❡♠♣♦ ❡ ✐♥❞✐❝❛ ❛ ♣♦s✐çã♦ ❡ ❛ ❞✐r❡çã♦ ❞❡

❝❛❞❛ ♦♥❞❛ ✈✐❛❥❛♥t❡✱ s❡❥❛ ❡❧❛ ✐♥❝✐❞❡♥t❡✱ r❡✢❡t✐❞❛ ♦✉ r❡❢r❛t❛❞❛ ❡♠ q✉❛❧q✉❡r ✐♥st❛♥t❡ ❞❡ t❡♠♣♦✳

❊ss❡ ❞✐❛❣r❛♠❛ ❢❛❝✐❧✐t❛ ♦ ❝á❧❝✉❧♦ ❞❛ ❢♦r♠❛ ❞❛s ♦♥❞❛s r❡✢❡t✐❞❛s ❡ r❡❢r❛t❛❞❛s ❡ t❛♠❜é♠ ♠♦str❛

✉♠❛ ✈✐sã♦ ❝♦♠♣❧❡t❛ ❞♦ ❤✐stór✐❝♦ ❞❡ ❝❛❞❛ ♦♥❞❛✳ ❈♦♥❤❡❝❡♥❞♦✲s❡ ❛s ❢✉♥çõ❡s ❞❡ ❛t❡♥✉❛çã♦ ❡

❞✐st♦rçã♦✱ t❛✐s ❡❢❡✐t♦s ♣♦❞❡♠ s❡r ✐♥❝❧✉í❞♦s ♥♦ ❞✐❛❣r❛♠❛ ✭◆❆■❉❯✱ ✶✾✽✺✮✳

➚ ♠❡❞✐❞❛ ❡♠ q✉❡ ❝❛❞❛ ♦♥❞❛ ❛t✐♥❣❡ ✉♠❛ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡✱ ♦♥❞❛s r❡✢❡t✐❞❛s ❡ r❡❢r❛t❛❞❛s sã♦

❣❡r❛❞❛s ♥❛q✉❡❧❡ ♣♦♥t♦✳ ◆❛ ❋✐❣✉r❛ ✻✳✷ é ✐❧✉str❛❞♦ ✉♠ ❞✐❛❣r❛♠❛ ▲❛tt✐❝❡ ♣❛r❛ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❡♠

✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ q✉❛♥❞♦ ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠❛ ❢❛❧t❛✳ ❆ ♣❛rt✐r ❞♦ ♣♦♥t♦ ❞❡ ❞❡s❝♦♥t✐♥✉✐✲

❞❛❞❡ ✭❧♦❝❛❧ ❞❛ ❢❛❧t❛✮✱ ❞✉❛s ❢r❡♥t❡s ❞❡ ♦♥❞❛ sã♦ ❣❡r❛❞❛s ❡ s❡ ♣r♦♣❛❣❛♠ ♥❛s ❞✐r❡çõ❡s ❞❡ ❛♠❜♦s ♦s

t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✳ ❚♦♠❛♥❞♦ ❝♦♠♦ ❡①❡♠♣❧♦ ♦ t❡r♠✐♥❛❧ ✶✱ ❛s ♣r✐♠❡✐r❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ❝❤❡❣❛♠

♥❡ss❡ t❡r♠✐♥❛❧ ♥♦ t❡♠♣♦ t11 ❡ sã♦ r❡✢❡t✐❞❛s ❛té ♦ ❧♦❝❛❧ ❞❛ ❢❛❧t❛✳ ◆❡ss❡ ♣♦♥t♦✱ ♣❛rt❡ ❞❛s ♦♥❞❛s

✈✐❛❥❛♥t❡s é r❡✢❡t✐❞❛ ♥❛ ❞✐r❡çã♦ ❞♦ t❡r♠✐♥❛❧ ✶✱ ❝❤❡❣❛♥❞♦ ♥♦ t❡♠♣♦ t12 ❡ ♦✉tr❛ ♣❛rt❡ é r❡❢r❛t❛❞❛

♥❛ ❞✐r❡çã♦ ❞♦ t❡r♠✐♥❛❧ ✷✱ ❝❤❡❣❛♥❞♦ ♥♦ t❡♠♣♦ t
′

11✳ ❯♠ r❛❝✐♦❝í♥✐♦ ❛♥á❧♦❣♦ ♣♦❞❡ s❡r ✉s❛❞♦ ♣❛r❛

♦ t❡r♠✐♥❛❧ ✷✳
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1 2
Falta

t11

t12

t ’12

t21

t22

t ’11

Instante inicial da
falta na barra 1

Instante inicial da
falta na barra 2

Ondas
transmitidas

Ondas
refratadas

Ondas
refletidas

Ondas incidentes do local
da falta ao terminal 1

Ondas incidentes do local
da falta ao terminal 2

Tempo contínuo e discreto Tempo contínuo e discreto

k /f11 s

k  /f12 s

k /f12 s

’

k  /f21 s

k /f11 s

’

k  /f22 s

❋✐❣✉r❛ ✻✳✷✳ ❉✐❛❣r❛♠❛ ▲❛tt✐❝❡ r❡♣r❡s❡♥t❛♥❞♦ r❡✢❡①õ❡s ❡ r❡❢r❛çõ❡s ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ❡♠ ✉♠❛ ❧✐♥❤❛

❞❡ tr❛♥s♠✐ssã♦✳

✻✳✷✳✶✳✷ ▲♦❝❛❧✐③❛çã♦ ❞❡ ❋❛❧t❛s

❖s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ♥❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s s❡ ❝❛r❛❝t❡r✐③❛♠ ♣❡❧❛

✐❞❡♥t✐✜❝❛çã♦ ❞♦s ✐♥st❛♥t❡s ❞❡ ❝❤❡❣❛❞❛s ❞❛s ♦♥❞❛s ♥♦s ❧♦❝❛✐s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦✳ ❊ss❡s ♠ét♦❞♦s

♣♦❞❡♠ ✉t✐❧✐③❛r ✐♥❢♦r♠❛çõ❡s ❞❡ ✉♠ ♦✉ ♠ú❧t✐♣❧♦s t❡r♠✐♥❛✐s ♥❛ ❧✐♥❤❛✳ ❖s ❛❧❣♦r✐t♠♦s q✉❡ s❡

✉t✐❧✐③❛♠ ❞❡ ❞❛❞♦s ❛♣❡♥❛s ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ♥❡❝❡ss✐t❛♠ ❞♦s ✐♥st❛♥t❡s k11/fs ❡ k12/fs ♣❛r❛ ❡st✐♠❛r

❛ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❢❛❧t❛✱ ❡♥q✉❛♥t♦ q✉❡ ♦s ♠ét♦❞♦s ❞❡ ❞♦✐s t❡r♠✐♥❛✐s✱ ♣♦r ❡①❡♠♣❧♦✱ ✉t✐❧✐③❛♠ ♦s

✐♥st❛♥t❡s k11/fs ❡ k21/fs✱ ❛❧é♠ ❞❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ♦s t❡r♠✐♥❛✐s ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❛ ❞✐stâ♥❝✐❛

❞❡ ❢❛❧t❛✳

❆ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ é ❢❛t♦r ✐♠♣r❡s❝✐♥❞í✈❡❧ ♣❛r❛ ❛ ♣r❡❝✐sã♦ ❞❡ss❡s ♠ét♦❞♦s✳ ❈♦♠♦

❡①❡♠♣❧♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✻✳✷✱ ❛s ♣r✐♠❡✐r❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ✐♥❝✐❞❡♥t❡s ♥♦ t❡r♠✐♥❛❧ ✶ ❞❛

❧✐♥❤❛✱ ♥♦ t❡♠♣♦ t11✱ ❡ só s❡rã♦ ❝♦♠♣✉t❛❞❛s ♣❡❧♦ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ♥♦ ✐♥st❛♥t❡ k11/fs✱ ♦

q✉❛❧ s❡rá tã♦ ♣ró①✐♠♦ ❞♦ ✐♥st❛♥t❡ t11 q✉ã♦ ♠❛✐♦r s❡❥❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠✳
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✻✳✷✳✷ ▼ét♦❞♦ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮

❉❡♥tr❡ ♦s ❞✐✈❡rs♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s q✉❡ s❡ ✉t✐❧✐③❛♠ ❞❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s

✈✐❛❥❛♥t❡s✱ ♦♣t♦✉✲s❡ ♣❡❧❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮✱ ♦ q✉❛❧ s❡ ❜❛s❡✐❛

♥❛ ♦❜t❡♥çã♦ ❞♦s ✐♥st❛♥t❡s ❞❡ ❝❤❡❣❛❞❛ ❞❛s ♣r✐♠❡✐r❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ❡♠ t♦❞❛s ❛s t❡♥sõ❡s ❡

❝♦rr❡♥t❡s ❞❡ ❢❛s❡ ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ♣♦r ♠❡✐♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s

✇❛✈❡❧❡t ❞❛ ❚❲❉ ♦✉ ❚❲❉❘✱ s❡♥❞♦ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ ❚❲❉❘ ♠❡❧❤♦r ❛✈❛❧✐❛❞♦ ❡♠ r❡❧❛çã♦ ❛

❚❲❉✱ ♣♦r ♥ã♦ ❛♣r❡s❡♥t❛r s✉❜❛♠♦str❛❣❡♠ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t✳

◆♦ ♣❡rí♦❞♦ ❞❡ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✱ ❝♦♠♣r♦✈♦✉✲s❡ q✉❡ ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❛♣r❡s❡♥t❛♠

❢✉♥çã♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ●❛✉ss✐❛♥❛✱ ❝♦♠ ♠é❞✐❛ ✭w✮ ❡ ❞❡s✈✐♦ ♣❛❞rã♦ ✭σ✮✱ ♥♦s

q✉❛✐s ❢♦r❛♠ ❞❡✜♥✐❞♦s ♦s ❧✐♠✐❛r❡s [w − 4σ, w + 4σ]✳ P♦rt❛♥t♦✱ ❝❛s♦ ♦ ✈❛❧♦r ❞❡ ✉♠ ❝♦❡✜❝✐❡♥t❡

✇❛✈❡❧❡t ✉❧tr❛♣❛ss❡ ❡ss❡s ❧✐♠✐❛r❡s✱ ❛ ❢❛❧t❛ é ❞❡t❡❝t❛❞❛ ❡ sã♦ ♦❜t✐❞♦s ♦s ✐♥st❛♥t❡s kfi ❡ kfj ♥❛s

❜❛rr❛s i ❡ j✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆♣ós ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s ✐♥st❛♥t❡s kfi ❡ kfj✱ ❡ ❝♦♠✉♥✐❝❛çã♦ ❞♦s ❞❡t❡❝t♦r❡s ❞❡ ❢❛❧t❛ ♥❛s ❜❛rr❛s

i ❡ j✱ ❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ é ❡st✐♠❛❞❛ ♣♦r

dij =
l −∆t(kfj − kfi)v

2
, ✭✻✳✷✽✮

❡♠ q✉❡ dij é ❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ ✈✐st❛ ♣❡❧❛ ❜❛rr❛ i✱ ✉s❛♥❞♦ ✐♥❢♦r♠❛çã♦ ❞❛ ❜❛rr❛ j✱ l é ♦

❝♦♠♣r✐♠❡♥t♦ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ∆t é ♦ ♣❛ss♦ ❞❡ ❛♠♦str❛❣❡♠ ❡ v é ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡

♣r♦♣❛❣❛çã♦ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♥❛ ❧✐♥❤❛✱ t♦♠❛❞❛ ❝♦♠♦ ✾✽✪ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ ❧✉③✳

❈♦♠♦ ❡①❡♠♣❧♦✱ ❝♦♥s✐❞❡r❛♥❞♦✲s❡ ✉♠❛ ❢❛❧t❛ ❛ ✼✷ ❦♠ ❞❛ ❜❛rr❛ ✶ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦

❞❡ ✶✽✵ ❦♠✱ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✸✱ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❛ ❢❛s❡ ❆ ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s

❞❛ ❧✐♥❤❛ sã♦ t♦♠❛❞♦s ♣❛r❛ ♦❜t❡♥çã♦ ❞♦s ✐♥st❛♥t❡s ❞❡ ❝❤❡❣❛❞❛ ❞❛s ♣r✐♠❡✐r❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s

❡♠ ❝❛❞❛ t❡r♠✐♥❛❧ ♣♦r ♠❡✐♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛ ❚❲❉❘✳ ❆ ❢❛❧t❛ é ❞❡t❡❝t❛❞❛ ♥❛ ❛♠♦str❛

kf1 = 1286 ♣❛r❛ ♦ t❡r♠✐♥❛❧ ✶ ❡ ♥❛ ❛♠♦str❛ kf2 = 1288 ♣❛r❛ ♦ t❡r♠✐♥❛❧ ✷✳ ❈♦♥s✐❞❡r❛♥❞♦✲s❡

q✉❡ ❛s ♦♥❞❛s s❡ ♣r♦♣❛❣❛♠ ♥❛ ❧✐♥❤❛ ❛ ✉♠❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ 0, 98× 300000 ❦♠✴s = 294000 ❦♠✴s✱

❝♦♠ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❞♦s s✐♥❛✐s ✐❣✉❛❧ ❛ ✶✺✸✻✵ ❍③ ✭∆t = 65, 1 µs✮✱ ❛ ❡st✐♠❛t✐✈❛ ❞❡

❧♦❝❛❧✐③❛çã♦ ❞❛ ❢❛❧t❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❊q✉❛çã♦ ✻✳✷✾ é

d12 =
180− 65, 1× 10−6(1288− 1286)294000

2
≈ 70, 8606 ❦♠, ✭✻✳✷✾✮
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♦ q✉❡ r❡♣r❡s❡♥t❛ ✉♠ ❡rr♦ r❡❧❛t✐✈♦ ❞❡ ✵✱✻✸✪✳ ❊♠ s❡ tr❛t❛♥❞♦ ❞❡ ✉♠ ♠ét♦❞♦ ❜❛s❡❛❞♦ ♥❛s ♦♥❞❛s

✈✐❛❥❛♥t❡s✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ s❡r✐❛ ♠❡❧❤♦r ♣❛r❛ ✉♠❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ♠❛✐♦r✳

d 180 - d

180 km
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Início da falta

na barra 1

1286k =f1

Amostra

Início da falta

na barra 2

1288k =f2

❋✐❣✉r❛ ✻✳✸✳ ❊①❡♠♣❧♦ ❞❡ ❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮✳

✻✳✸ ❘❊❙❯▼❖ ❉❖ ❈❆P❮❚❯▲❖

❖s ❢✉♥❞❛♠❡♥t♦s ❞❛ ❡st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❞❡ ❋♦✉r✐❡r ❡ ❛ ✐❞❡✐❛ ❜ás✐❝❛ ❞❛ t❡♦r✐❛

❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ❢♦r❛♠ ❛❜♦r❞❛❞♦s ♥❡st❡ ❝❛♣ít✉❧♦✳ ❆❧é♠ ❞✐ss♦✱ ♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡

❢❛❧t❛s ♣r♦♣♦st♦ ♣♦r ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ ❡ ♣♦r ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ t❛♠❜é♠ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s✳
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◆❡st❡ ❝❛♣ít✉❧♦✱ ♦s ❞❡s❡♠♣❡♥❤♦s ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛ ♣r♦♣♦st♦s ♣♦r ●✐r❣✐s ❡t

❛❧✳ ✭✶✾✾✷✮ ✭❜❛s❡❛❞♦ ♥❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✮ ❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ ✭❜❛s❡❛❞♦ ♥❛ t❡♦r✐❛

❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✮ sã♦ ❛✈❛❧✐❛❞♦s ❢r❡♥t❡ ❛ ✈❛r✐❛çõ❡s ♥♦s ❞✐✈❡rs♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❡ ❣r❛✉

❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ◆❛s ❛♥á❧✐s❡s ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✱

♣❛râ♠❡tr♦s ❛❞✐❝✐♦♥❛✐s t❛♠❜é♠ sã♦ ❛✈❛❧✐❛❞♦s✱ ❛ ❡①❡♠♣❧♦ ❞♦ ❡❢❡✐t♦ ❞❛ s❛t✉r❛çã♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r

❞❡ ❝♦rr❡♥t❡ ❡ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ♥❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✳

✼✳✶ ❊❘❘❖❙ ◆❆ ▲❖❈❆▲■❩❆➬➹❖ ❉❊ ❋❆▲❚❆❙

✼✳✶✳✶ ❊rr♦ ❆❜s♦❧✉t♦

❖ ❡rr♦ ❛❜s♦❧✉t♦ ✭EA✮ é ❞❡✜♥✐❞♦ ❝♦♠♦ ♦ ♠ó❞✉❧♦ ❞❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛ ❞✐stâ♥❝✐❛ r❡❛❧ ❞❡ ❢❛❧t❛

✭dreal✮ ❡ ❛ ❞✐stâ♥❝✐❛ ❡st✐♠❛❞❛ ♣❡❧♦ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ✭dest✮✱ ♦✉ s❡❥❛✱

EA = |dreal − dest|, ✭✼✳✶✮

❡♠ q✉❡ t♦❞❛s ❛s ❣r❛♥❞❡③❛s sã♦ ❞❛❞❛s ❡♠ ❦♠✳

✼✳✶✳✷ ❊rr♦ ❘❡❧❛t✐✈♦

❖ ❡rr♦ r❡❧❛t✐✈♦ ✭ER✮ é ✉s❛❞♦ ♣❛r❛ ❛♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛ ❡♥tr❡ ❛s ♣r❡❝✐sõ❡s ❞❡ ❞✐❢❡r❡♥t❡s ♠ét♦✲

❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✱ s❡♥❞♦ ❞❡✜♥✐❞♦ ❝♦♠♦ ❛ r❛③ã♦ ❡♥tr❡ ♦ ❡rr♦ ❛❜s♦❧✉t♦ ❡ ♦ ❝♦♠♣r✐♠❡♥t♦

❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ✭l✮✱ ❝♦♠♦ s❡❣✉❡✿

✼✾
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ER =
|dreal − dest|

l
100, ✭✼✳✷✮

s❡♥❞♦ ER ❡①♣r❡ss♦ ❡♠ ♣❡r❝❡♥t❛❣❡♠✳

✼✳✶✳✸ ❊rr♦ ❆❞♠✐ssí✈❡❧

❖s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s sã♦ ❡①tr❡♠❛♠❡♥t❡

❞❡♣❡♥❞❡♥t❡s ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ✉t✐❧✐③❛❞❛ ♥♦s ❝♦♥✈❡rs♦r❡s ❆✴❉ ❞♦s ❡q✉✐♣❛♠❡♥t♦s ❞❡

♠❡❞✐çã♦✳ ❖ ❡rr♦ ❛❞♠✐ssí✈❡❧ ✭Ead✮✱ ❡♠ ♠ó❞✉❧♦✱ ♣❛r❛ ❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛ é ♣r♦♣♦r❝✐♦♥❛❧ à

♠❡t❛❞❡ ❞♦ ♣❡rí♦❞♦ ❞❡ ❛♠♦str❛❣❡♠ ∆t ✭❘❚❉❙ ❚❊❈❍◆❖▲❖●■❊❙ ■◆❈✳✱ ✷✵✵✽✮✱ ❝♦♠♦ s❡❣✉❡✿

Ead =
∆t.c

2
=

c

2fs
, ✭✼✳✸✮

❡♠ q✉❡ c é ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❛ ❧✉③ ♥♦ ✈á❝✉♦ ✭≈ 300000❦♠✴s✮✳ P♦r ❡①❡♠♣❧♦✱

♣❛r❛ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✶✺✸✻✵ ❍③✱ ♦ q✉❡ ❡q✉✐✈❛❧❡ ❛ ✉♠ ♣❛ss♦ ❞❡ ❛♠♦str❛✲

❣❡♠ ∆t = 65, 10 µs✱ ♦ ❡rr♦ ♠á①✐♠♦ ❛❞♠✐ssí✈❡❧ é ✐❣✉❛❧ ❛ ✾✱✼✻ ❦♠✱ ♦ q✉❡✱ ♣❛r❛ ✉♠❛ ❧✐♥❤❛ ❞❡

✶✽✵ ❦♠ ❞❡ ❝♦♠♣r✐♠❡♥t♦✱ ❡q✉✐✈❛❧❡ ❛ ✉♠ ❡rr♦ ❛❞♠✐ssí✈❡❧ ❞❡ ✺✱✹✷✪✳ P♦rt❛♥t♦✱ ❡rr♦s ❞❡ ❡st✐♠❛t✐✈❛

❞❡ ❧♦❝❛❧✐③❛çã♦ ✐♥❢❡r✐♦r❡s ❛ ❡ss❡ ❡rr♦ ❛❞♠✐ssí✈❡❧ sã♦ t♦♠❛❞♦s ❝♦♠♦ s❡♥❞♦ s❛t✐s❢❛tór✐♦s✳

✼✳✷ ❈❊◆➪❘■❖❙ ❉❊ ❋❆▲❚❆❙

P❛r❛ ❛ ❛✈❛❧✐❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ✐♠♣❧❡♠❡♥t❛❞♦s ♥❡st❛ ❞✐ss❡rt❛çã♦✱

❞✐✈❡rs♦s ❝❡♥ár✐♦s ❞❡ ❢❛❧t❛ ❢♦r❛♠ s✐♠✉❧❛❞♦s ♥♦ ♣r♦❣r❛♠❛ ❆❚P ♣❛r❛ ✉♠ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦

s✐♠♣❧✐✜❝❛❞♦ ❞❡ ✷✸✵ ❦❱✱ s✐♠✐❧❛r ❛♦ ✉t✐❧✐③❛❞♦ ♣♦r ❈♦st❛ ✭✷✵✵✻✮✱ ❝✉❥❛ r❡♣r❡s❡♥t❛çã♦ ❡sq✉❡♠át✐❝❛

❡ ♣❛râ♠❡tr♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✼✳✶✳ ❆s s✐♠✉❧❛çõ❡s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❛ ✉♠❛ ❢r❡q✉ê♥❝✐❛

❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✷✶✺✱✵✺✸ ❦❍③✱ s❡♥❞♦ ❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❞❡♣♦✐s r❡❛♠♦str❛❞❛s ❡♠ ✉♠❛

❢r❡q✉ê♥❝✐❛ ❞❡ ✶✺✸✻✵ ❍③✳
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S1

Z1 D1 D2LT Z2

S2

1 2

Fonte

= 0,871 + 25,661

=

S

Z j

Z

1

1

0

W

1,014 + 18,754j W

Fonte

= 0,968 + 28,513

=

S

Z j

Z

2

1

0

W

1,127 + 20,838j W

Linha de Transmissão

230kV, 180 km

= 0,098 /kmR1 W R

X X

Y Y

0

1 0

1 0

= 0,532 /km

= 0,510 /km = 1,541 /km

= 3,252 /km = 2,293 /km

W

W W

µW µW
-1 -1

❋✐❣✉r❛ ✼✳✶✳ ❙✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ s✐♠♣❧✐✜❝❛❞♦ ❞❡ ✷✸✵ ❦❱✳

P❛r❛ ❛ ❛✈❛❧✐❛çã♦ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ❧♦❝❛❧✐③❛çã♦✱ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✱ r❡s✐stê♥❝✐❛ ❡ t✐♣♦ ❞❡ ❢❛❧t❛✱

❛ss✐♠ ❝♦♠♦ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ s♦❜r❡ ♦s ❞❡s❡♠♣❡♥❤♦s ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡

❢❛❧t❛s ✐♠♣❧❡♠❡♥t❛❞♦s✱ ❞✐✈❡rs♦s ❝❡♥ár✐♦s ❞❡ ❢❛❧t❛s ❢♦r❛♠ ❝r✐❛❞♦s✱ ♥♦s q✉❛✐s ❢♦r❛♠ ❛♣❧✐❝❛❞❛s ❢❛❧t❛s

❛ ❝❛❞❛ ✾ ❦♠✱ ♥❛s ❞✐stâ♥❝✐❛s df = {18, 27, 36, ✳✳✳, 153, 162} ❦♠✳ P❛r❛ t♦❞❛s ❡ss❛s ❞✐stâ♥❝✐❛s

❞❡ ❢❛❧t❛✱ ❛s s❡❣✉✐♥t❡s ❜❛s❡s ❞❡ ❞❛❞♦s ❢♦r❛♠ s✐♠✉❧❛❞❛s✿

✶✳ ➶♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ❋♦r❛♠ ❛✈❛❧✐❛❞♦s ♦s â♥❣✉❧♦s θf = {10◦, 40◦, 60◦, 90◦}

♣❛r❛ ❢❛❧t❛s ❞♦ t✐♣♦ ❆❚✱ ❝♦♠ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❞❡ 10 Ω ❡ s❡♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

✷✳ ❘❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ❋♦r❛♠ ❛✈❛❧✐❛❞❛s ❛s r❡s✐stê♥❝✐❛s rf = {1, 5, 10, 50, 100} Ω ♣❛r❛

❢❛❧t❛s ❞♦ t✐♣♦ ❆❚✱ ❝♦♠ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ 90◦ ❡ s❡♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

✸✳ ❚✐♣♦ ❞❡ ❢❛❧t❛✿ ❋♦r❛♠ ❛✈❛❧✐❛❞❛s ❛s ❢❛❧t❛s ❞♦ t✐♣♦ ❆❚✱ ❆❇✱ ❆❇❚ ❡ ❆❇❈✱ ❝♦♠ r❡s✐stê♥❝✐❛

❞❡ 10 Ω✱ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ 90◦ ❡ s❡♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

✹✳ ●r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦✿ ❋♦r❛♠ ❛✈❛❧✐❛❞❛s ❢❛❧t❛s ❆❚ ❡♠ ❧✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡

❝♦♠ ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦ k = {30, 40, 50, 60, 70}✪✱ ❝♦♠ r❡s✐stê♥❝✐❛ ❞❡ 10 Ω ❡ â♥❣✉❧♦

❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ 90◦✳

✺✳ ❋r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠✿ ❋♦r❛♠ ❛✈❛❧✐❛❞❛s ❢❛❧t❛s ❆❚ ❡♠ ❧✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦

sér✐❡ ❝♦♠ ❢r❡q✉ê♥❝✐❛s ❞❡ ❛♠♦str❛❣❡♠ fs = {5160, 15360, 30720, 107520} ❍③✱ ❝♦♠ r❡s✐s✲

tê♥❝✐❛ ❞❡ 10 Ω ❡ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ 90◦✳

✻✳ ❙❛t✉r❛çã♦ ❞♦ ❚❈✿ ❋♦r❛♠ s✐♠✉❧❛❞❛s ❢❛❧t❛s s✐♠✐❧❛r❡s às ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞♦ ❣r❛✉ ❞❡

❝♦♠♣❡♥s❛çã♦✱ ♣♦ré♠✱ ❝♦♠ ♦ ❚❈ s❛t✉r❛❞♦✳
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✼✳✸ ▼❖❉❊▲❖❙ ❉❖❙ ❚❘❆◆❙❋❖❘▼❆❉❖❘❊❙ ❉❊ ■◆❙❚❘❯▼❊◆❚❖

❆ ❢✉♥çã♦ ❞♦s tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ❝♦rr❡♥t❡ ✭❚❈✮ ❡ ❞♦s tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ♣♦t❡♥❝✐❛❧ ❝❛♣❛❝✐✲

t✐✈♦ ✭❚P❈✮ é tr❛♥s❢♦r♠❛r ❝♦rr❡♥t❡s ❡ t❡♥sõ❡s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ♣❛r❛ ✈❛❧♦r❡s ❝♦♠♣❛tí✈❡✐s ❛♦s

r❡❧és ❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦✱ ❣❛r❛♥t✐♥❞♦ ✐s♦❧❛çã♦ ❣❛❧✈â♥✐❝❛ ❡♥tr❡ ♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❡

♦s ❞✐s♣♦s✐t✐✈♦s ❝♦♥❡❝t❛❞♦s ♥♦ s❡❝✉♥❞ár✐♦ ❞♦s tr❛♥s❢♦r♠❛❞♦r❡s ✭P❍❆❉❑❊✱ ✷✵✵✽✮✳

■♥✐❝✐❛❧♠❡♥t❡✱ ♦ ❚❈ ❡ ♦ ❚P❈ ❞❡✈❡♠ r❡♣r♦❞✉③✐r ❝ó♣✐❛s ✜é✐s ❞❛s ❝♦rr❡♥t❡s ❡ t❡♥sõ❡s✱ r❡s♣❡❝✲

t✐✈❛♠❡♥t❡✱ ❡♠ s❡✉s ❡♥r♦❧❛♠❡♥t♦s s❡❝✉♥❞ár✐♦s✳ P♦ré♠✱ ❝♦♥❞✐çõ❡s ❞❡ tr❛♥s✐tór✐♦s ❡ s❛t✉r❛çã♦

❝❛✉s❛❞❛s ♣♦r ❢❛❧t❛s ♣♦❞❡♠ ❝♦♠♣r♦♠❡t❡r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ss❡s tr❛♥s❢♦r♠❛❞♦r❡s✱ ❛❢❡t❛♥❞♦ t❛♠✲

❜é♠ ❛ ❢✉♥çã♦ ❞♦s r❡❧és ❞❡ ♣r♦t❡çã♦ ❡ ❧♦❝❛❧✐③❛❞♦r❡s ❞❡ ❢❛❧t❛s✳

P❛r❛ ❛ ❛✈❛❧✐❛çã♦ ❞♦s ❞❡s❡♠♣❡♥❤♦s ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡st✉❞❛❞♦s ♥❡st❛

❞✐ss❡rt❛çã♦✱ ♦ ❚❈ ❡ ♦ ❚P❈ ♣r♦♣♦st♦s ♣❡❧♦ ■❊❊❊ ✭■❊❊❊ P❖❲❊❘ ❙❨❙❚❊▼ ❘❊▲❆❨■◆● ❈❖▼▼■❚❚❊❊✱

✷✵✵✹✮ ❢♦r❛♠ ✐♥❝❧✉í❞♦s ♥❛s ❜❛rr❛s ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❛ ❋✐❣✉r❛ ✼✳✶✳ ◆❛ ❋✐❣✉r❛ ✼✳✷ é

r❡♣r❡s❡♥t❛❞♦ ♦ ♠♦❞❡❧♦ ❞♦ ❚❈✱ ❜❡♠ ❝♦♠♦ ♦s s❡✉s ♣❛râ♠❡tr♦s ❞❡ ❝✐r❝✉✐t♦✱ ❡♥q✉❛♥t♦ q✉❡ ♥❛

❋✐❣✉r❛ ✼✳✸ é r❡♣r❡s❡♥t❛❞♦ ♦ ♠♦❞❡❧♦ ❞♦ ❚P❈ ❡ ♦s ✈❛❧♦r❡s ❞♦s s❡✉s ♣❛râ♠❡tr♦s✳

Corrente secundária do TC

Xp Rp Xs Rs

Xm Rb

Corrente primária do TC

ip is
2000:5

R

X  = 10

R = 0,75

X  = 10

R  = 4

p

p

s

p

b

= 10
-5
W

-5

-5

W

W

W

W

Parâmetros:

❋✐❣✉r❛ ✼✳✷✳ ▼♦❞❡❧♦ ❞♦ ❝✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❞♦ ❚❈✳

P❛r❛ ♦ ❡st✉❞♦ ♣r♦♣♦st♦ ♥❡st❛ ❞✐ss❡rt❛çã♦✱ ♦s tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ✐♥str✉♠❡♥t♦ ❢♦r❛♠ ❝♦♥s✐✲

❞❡r❛❞♦s ❝♦♠♦ ❡st❛♥❞♦ ♣♦s✐❝✐♦♥❛❞♦s ❧♦❣♦ à ❥✉s❛♥t❡ ❞❛s ❜❛rr❛s ✶ ❡ ✷ ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦

❞❛ ❋✐❣✉r❛ ✼✳✶✱ ♦✉ s❡❥❛✱ à ♠♦♥t❛♥t❡ ❞♦ ❡sq✉❡♠❛ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❧♦❝❛❧✐③❛❞♦ ♥❛ ❡①tr❡♠✐❞❛❞❡

❞❛ ❧✐♥❤❛ ♣ró①✐♠❛ à ❜❛rr❛ ✶✳
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Barra de alta tensão

Tensão secundária do TPC

C1

C2

Cc

Xc Rc

Cp

Xp Rp

Xm Rm

Xs Rs

Lf

Cf

Rf

Rb

C1 = 2,43 nF, C  =

R = X = C =

R  = X  = C  =

R = X =

2

c c c

p p p

s s

82 nF

228 , 58 k , 100 pF

400 , 2997 , 150 pF

0,001 , 0,001

W W

W W

W W

Parâmetros:

❋✐❣✉r❛ ✼✳✸✳ ▼♦❞❡❧♦ ❞♦ ❝✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❞♦ ❚P❈✳

✼✳✹ ❆◆➪▲■❙❊ ❉❊ ❙❊◆❙■❇■▲■❉❆❉❊ ❉❖❙ ▼➱❚❖❉❖❙ ❉❊ ▲❖❈❆▲■❩❆➬➹❖ ❉❊ ❋❆▲❚❆

◆❡st❛ s❡çã♦✱ ♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❞❡ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮✱ ❜❛s❡❛❞♦ ♥❛ ❢r❡q✉ê♥❝✐❛

❢✉♥❞❛♠❡♥t❛❧✱ ❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮✱ ❜❛s❡❛❞♦ ♥❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✱ sã♦ ❛✈❛❧✐❛❞♦s ❢r❡♥t❡ ❛

✈❛r✐❛çõ❡s ♥♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❡ ♥♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❜❡♠ ❝♦♠♦ ❛♦s ❡❢❡✐t♦s ❞❡

❞✐❢❡r❡♥t❡s ❢r❡q✉ê♥❝✐❛s ❞❡ ❛♠♦str❛❣❡♠ ❡ s❛t✉r❛çã♦ ❞♦ ❚❈✳

✼✳✹✳✶ ❊❢❡✐t♦ ❞❛ ❉✐stâ♥❝✐❛ ❞❡ ❋❛❧t❛

◆❛ ❋✐❣✉r❛ ✼✳✹ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❞❡s❡♠♣❡♥❤♦s ❞♦s ♠ét♦❞♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❢❛❧t❛s ❆❚ ❝♦♠

❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ df = {18, 27, 36, ✳✳✳, 153, 162} ❦♠✱ ❝♦♠ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ 90◦✱ ❝♦♠

r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❞❡ 10 Ω ❡ ❛✉sê♥❝✐❛ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❆♠❜♦s ♦s ♠ét♦❞♦s ❛♣r❡s❡♥t❛✲

r❛♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♣❛r❛ ❢❛❧t❛s ❧♦❝❛❧✐③❛❞❛s ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❡ ❡rr♦s ♠❛✐s

r❡❧❡✈❛♥t❡s ♣❛r❛ ❢❛❧t❛s ♣ró①✐♠❛s às ❡①tr❡♠✐❞❛❞❡s ❞❛ ❧✐♥❤❛✳

❆ ✐❞❡✐❛ ❞♦ ❡st✉❞♦ ❛♣r❡s❡♥t❛❞♦ ♥❡st❡ ❝❛♣ít✉❧♦ ♥ã♦ é ❛ ♠❡r❛ ❝♦♠♣❛r❛çã♦ ❞♦s ❡rr♦s r❡❧❛t✐✈♦s

❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ♦❜t✐❞♦s ♣❡❧♦s ❞♦✐s ♠ét♦❞♦s✱ ❡ s✐♠✱ ❛ ❛✈❛❧✐❛çã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡

❝❛❞❛ ♠ét♦❞♦ ❡♠ ❢✉♥çã♦ ❞♦ ♣❛râ♠❡tr♦ ❛✈❛❧✐❛❞♦✳ P❛r❛ q✉❡ ❤♦✉✈❡ss❡ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦s ❡rr♦s

r❡❧❛t✐✈♦s ♦❜t✐❞♦s ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s✱ ♦ ♠ét♦❞♦ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ ♥❡❝❡ss✐t❛r✐❛ ❞❡ ✉♠❛

♠❛✐♦r ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠✳ P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ q✉❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❈♦st❛

✫ ❙♦✉③❛ ✭✷✵✶✶✮ ❡st✐✈❡ss❡ ♣ró①✐♠♦ ❛♦ ♦❜t✐❞♦ ♣❡❧♦ ♠ét♦❞♦ ❞❡ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮✱ s❡r✐❛ ♥❡❝❡ssár✐❛
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✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✼✺✼✱✺ ❦❍③✳
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= 5,42%

❋✐❣✉r❛ ✼✳✹✳ ❆♥á❧✐s❡ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ ♥♦ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✿ ✭❛✮ ●✐r❣✐s

❡t ❛❧✳ ✭✶✾✾✷✮❀ ✭❜✮ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮✳

✼✳✹✳✷ ❊❢❡✐t♦ ❞♦ ➶♥❣✉❧♦ ❞❡ ■♥❝✐❞ê♥❝✐❛ ❞❡ ❋❛❧t❛

◆❛ ❋✐❣✉r❛ ✼✳✺ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❞❡s❡♠♣❡♥❤♦s ❞♦s ♠ét♦❞♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❢❛❧t❛s ❆❚ ❝♦♠

â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ θf = {10◦, 40◦, 60◦, 90◦}✱ ❡♠ ❞✐✈❡rs♦s ❧♦❝❛✐s ❞❡ ❢❛❧t❛✱ ❝♦♠

r❡s✐stê♥❝✐❛ ❞❡ 10 Ω ❡ ❛✉sê♥❝✐❛ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✼✳✺✱ ♦ ♠ét♦❞♦ ❞❡ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ s❡ ♠♦str♦✉ ♣r❛t✐❝❛♠❡♥t❡ ✐♥✲

s❡♥sí✈❡❧ ❛ ✈❛r✐❛çõ❡s ♥♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❡♥q✉❛♥t♦ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛

✭✷✵✶✶✮ t❡♠ s❡✉ ❞❡s❡♠♣❡♥❤♦ ✐♥✢✉❡♥❝✐❛❞♦ ♣♦r ❡st❡ ♣❛râ♠❡tr♦✱ ❤❛❥❛ ✈✐st♦ q✉❡ ❡❧❡ ✐♥✢✉✐ ❞✐r❡t❛✲

♠❡♥t❡ ♥❛ ✐♥t❡♥s✐❞❛❞❡ ❞♦s tr❛♥s✐tór✐♦s✱ ❢❛t♦r q✉❡ ❛❢❡t❛ ❞✐r❡t❛♠❡♥t❡ ♥❛ ❞❡t❡❝çã♦ ❞❛s ♣r✐♠❡✐r❛s
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♦♥❞❛s ✈✐❛❥❛♥t❡s✳ ❈♦♠♦ ✈✐st♦ ♥♦ ❈❛♣ít✉❧♦ ✺✱ ♦s tr❛♥s✐tór✐♦s ❡♠ ❢❛❧t❛s ❆❚ sã♦ ♠❛✐s ❛♠♦rt❡❝✐❞♦s

q✉❛♥❞♦ ♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ t❡♥❞❡ ❛ 0 ♦✉ 180◦✱ ♦ q✉❡ ♣♦❞❡ ❛✉♠❡♥t❛r ♦ ❡rr♦ ❞❡

❧♦❝❛❧✐③❛çã♦ ♣❛r❛ ❡st❡s â♥❣✉❧♦s✳ ◆♦ ❡♥t❛♥t♦✱ ♦s ❡rr♦s ♦❜t✐❞♦s sã♦ ❛❝❡✐tá✈❡✐s ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠

♦ ❡rr♦ ❛❞♠✐sí✈❡❧ ♣❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✶✺✸✻✵ ❍③✳
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= 5,42%

❋✐❣✉r❛ ✼✳✺✳ ❆♥á❧✐s❡ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ♥♦ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✿

✭❛✮ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮❀ ✭❜✮ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮✳

✼✳✹✳✸ ❊❢❡✐t♦ ❞❛ ❘❡s✐stê♥❝✐❛ ❞❡ ❋❛❧t❛

◆❛ ❋✐❣✉r❛ ✼✳✻ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❞❡s❡♠♣❡♥❤♦s ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ♣❛r❛

❢❛❧t❛s ❆❚ ❝♦♠ ❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s ❞❡ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ rf = {1, 5, 10, 50, 100} Ω✱ ❝♦♠ â♥❣✉❧♦

❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ 90◦ ❡ ❛✉sê♥❝✐❛ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✼✳✻✱ ♣♦r s❡ tr❛t❛r

❞❡ ♠ét♦❞♦s ❞❡ ❞♦✐s t❡r♠✐♥❛✐s✱ ♦s ♠ét♦❞♦s ❞❡ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ ❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ ♥ã♦ sã♦

❛❢❡t❛❞♦s ❞❡ ❢♦r♠❛ r❡❧❡✈❛♥t❡ ♣♦r ✈❛r✐❛çõ❡s ♥❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✳ P♦ré♠✱ ♣❛r❛ r❡s✐stê♥❝✐❛s ❜❡♠
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♠❛✐♦r❡s ❞♦ q✉❡ ❛s ❛✈❛❧✐❛❞❛s ♥❡st❡ tr❛❜❛❧❤♦✱ ♦ ♠ét♦❞♦ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ ♣♦ss✐✈❡❧♠❡♥t❡

♣♦❞❡rá ❛♣r❡s❡♥t❛r ❢❛❧❤❛s✱ ❤❛❥❛ ✈✐st♦ q✉❡ ♦s tr❛♥s✐tór✐♦s t❡♥❞❡rã♦ ❛ s❡r ♠❛✐s ❛♠♦rt❡❝✐❞♦s✳

0 20 40 60 80 100 120 140 160 180
0

0,05

0,1

0,15

0,2

0,25
1 W

5 W

10 W

50 W

100 W

Distância de falta (km)

E
rr

o
 r

e
la

ti
v
o

 (
%

)

(a)

0 20 40 60 80 100 120 140 160 180
0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

Distância de falta (km)

E
rr

o
 r

e
la

ti
v
o

 (
%

)

(b)

1 W

5 W

10 W

50 W

100 W

E
ad

= 5,42%

❋✐❣✉r❛ ✼✳✻✳ ❆♥á❧✐s❡ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ♥♦ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✿ ✭❛✮ ●✐r❣✐s

❡t ❛❧✳ ✭✶✾✾✷✮❀ ✭❜✮ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮✳

✼✳✹✳✹ ❊❢❡✐t♦ ❞♦ ❚✐♣♦ ❞❡ ❋❛❧t❛

◆❛ ❋✐❣✉r❛ ✼✳✼ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❞❡s❡♠♣❡♥❤♦s ❞♦s ♠ét♦❞♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❢❛❧t❛s ❞♦ t✐♣♦

❆❚✱ ❆❇✱ ❆❇❚ ❡ ❆❇❈✱ ❝♦♠ r❡s✐stê♥❝✐❛ ❞❡ 10 Ω✱ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ 90◦ ❡ ❛✉sê♥❝✐❛ ❞❡

❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❖ ♠ét♦❞♦ ❞❡ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♣❛r❛

❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s ❡ ❜✐❢ás✐❝❛s ♣❛r❛ ❛ t❡rr❛✱ ❡♥q✉❛♥t♦ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮

❛♣r❡s❡♥t♦✉✲s❡ ♣r❛t✐❝❛♠❡♥t❡ ✐♠✉♥❡ ❛♦ t✐♣♦ ❞❡ ❢❛❧t❛✳
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= 5,42%

❋✐❣✉r❛ ✼✳✼✳ ❆♥á❧✐s❡ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞♦ t✐♣♦ ❞❡ ❢❛❧t❛ ♥♦ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✿ ✭❛✮ ●✐r❣✐s ❡t ❛❧✳

✭✶✾✾✷✮❀ ✭❜✮ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮✳

✼✳✹✳✺ ❊❢❡✐t♦ ❞♦ ●r❛✉ ❞❡ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡

◆❛ ❋✐❣✉r❛ ✼✳✽ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❞❡s❡♠♣❡♥❤♦s ❞♦s ♠ét♦❞♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❢❛❧t❛s ❆❚ ❝♦♠

❛✉sê♥❝✐❛ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡ ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦ k = {30, 40, 50, 60, 70}✪✱ r❡s✐stê♥❝✐❛

❞❡ 10 Ω ❡ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ 90◦✳ ❋♦✐ ❝♦♥s✐❞❡r❛❞❛ ❛ ✐♥st❛❧❛çã♦ ❞♦s ❝❛♣❛❝✐t♦r❡s sér✐❡

❝♦♥❝❡♥tr❛❞❛ ❡♠ ✉♠ ú♥✐❝♦ t❡r♠✐♥❛❧ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ✭♣ró①✐♠♦ à ❜❛rr❛ ✶✮✳

❈♦♠♦ ❢♦✐ ❛❜♦r❞❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✷✱ ❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ é ✉♠❛ ❣r❛♥❞❡ ❢♦♥t❡ ❞❡ ❡rr♦s ♣❛r❛

♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ♥❛ ❡st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s ❢✉♥❞❛♠❡♥t❛✐s✱ ❞❛❞❛s ❛s ❛❧✲

t❡r❛çõ❡s ❞❡ ♣❡r✜❧ ❞❡ t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s q✉❡ ❡st❛ té❝♥✐❝❛ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ♦❝❛s✐♦♥❛✳ ❉❡

❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✼✳✽✱ ♦ ♠ét♦❞♦ ❞❡ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ t❡✈❡ s❡✉ ❞❡s❡♠♣❡♥❤♦ ❢♦rt❡♠❡♥t❡

❛❢❡t❛❞♦ ♣❡❧❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛ ❢❛❧t❛s ♠❛✐s ♣ró①✐♠❛s ❛♦s ❜❛♥❝♦s ❞❡ ❝❛♣❛✲
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❝✐t♦r❡s✳ ➚ ♠❡❞✐❞❛ ❡♠ q✉❡ ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❛✉♠❡♥t❛✱ ♦s ❡rr♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❛✉♠❡♥t❛♠✳

❖ ♠ét♦❞♦ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ ♥ã♦ t❡✈❡ s❡✉ ❞❡s❡♠♣❡♥❤♦ ❛❢❡t❛❞♦ ❞❡ ❢♦r♠❛ r❡❧❡✈❛♥t❡ ♣❡❧❛

✐♥❝❧✉sã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡ ♣❡❧♦s ❞✐❢❡r❡♥t❡s ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦✳
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= 5,42%

❋✐❣✉r❛ ✼✳✽✳ ❆♥á❧✐s❡ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥♦ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✿

✭❛✮ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮❀ ✭❜✮ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮✳

❖s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ q✉❡ s❡ ❜❛s❡✐❛♠ ♥❛ t❡♦r✐❛ ❞❛s

♦♥❞❛s ✈✐❛❥❛♥t❡s ❛♣r❡s❡♥t❛♠ ♠❡❧❤♦r ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❡ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ♣❛r❛ s✐st❡♠❛s ❞❡ tr❛♥s♠✐s✲

sã♦ ❝♦♠ ❡♠♣r❡❣♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭▲❖P❊❙ ❡t ❛❧✳✱ ✷✵✶✶✮✳ ❉❡ ♠♦❞♦ ❝♦♥trár✐♦✱ ♦s ♠ét♦❞♦s

❝♦♥✈❡♥❝✐♦♥❛✐s sã♦ ❢♦rt❡♠❡♥t❡ ❛❢❡t❛❞♦s ♣♦r ❡st❛ té❝♥✐❝❛ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✱ ❤❛❥❛ ✈✐st♦ q✉❡

sã♦ ♣r♦✈♦❝❛❞❛s ❛❧t❡r❛çõ❡s ❞❛ ✐♠♣❡❞â♥❝✐❛ ❛♣❛r❡♥t❡ ❞❛ ❧✐♥❤❛✱ ♥♦ ❝❛s♦ ❞❡ s❡ ❝♦♥s✐❞❡r❛r ♦s tr❛♥s✲

❢♦r♠❛❞♦r❡s ❞❡ ✐♥str✉♠❡♥t♦ ♣♦s✐❝✐♦♥❛❞♦s à ♠♦♥t❛♥t❡ ❞♦ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r❡s✳
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✼✳✹✳✻ ❊❢❡✐t♦ ❞❛ ❋r❡q✉ê♥❝✐❛ ❞❡ ❆♠♦str❛❣❡♠

◆❛ ❋✐❣✉r❛ ✼✳✾ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❞❡s❡♠♣❡♥❤♦s ❞♦s ♠ét♦❞♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❛s ❢r❡q✉ê♥❝✐❛s

❞❡ ❛♠♦str❛❣❡♠ fs = {5160, 15360, 30720, 107520} ❍③✱ ♣❛r❛ ❢❛❧t❛s ❆❚✱ r❡s✐stê♥❝✐❛ ❞❡ 10 Ω ❡

â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ 90◦✳ ❖ ♠ét♦❞♦ ❞❡ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ é ♣r❛t✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛

t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❝♦♥s✐❞❡r❛❞❛✱ ❡♥q✉❛♥t♦ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ é ❡①tr❡♠❛✲

♠❡♥t❡ ❞❡♣❡♥❞❡♥t❡ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠✱ ❛ q✉❛❧ ✐♥✢✉✐ ❞✐r❡t❛♠❡♥t❡ ♥❛ ♦❜t❡♥çã♦ ♣r❡❝✐s❛

❞❛s ❛♠♦str❛s ❞❡ ♦❝♦rrê♥❝✐❛ ❞❛ ❢❛❧t❛ ❡✱ ❛ss✐♠✱ ♥❛ s✉❛ ♣r❡❝✐s❛ ❧♦❝❛❧✐③❛çã♦✳
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5160 Hz
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E
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= 16,15%

E
ad

= 5,42%

E
ad

= 2,71%

E
ad

= 0,77%

❋✐❣✉r❛ ✼✳✾✳ ❆♥á❧✐s❡ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ♥♦ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✿

✭❛✮ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮❀ ✭❜✮ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮✳

✼✳✹✳✼ ❊❢❡✐t♦ ❞❛ ❙❛t✉r❛çã♦ ❞♦ ❚r❛♥s❢♦r♠❛❞♦r ❞❡ ❈♦rr❡♥t❡

❆ s❛t✉r❛çã♦ ❞♦ ❚❈ ❝♦♠♣r♦♠❡t❡ s✉❛ ❢✉♥çã♦ ❞❡ r❡♣r♦❞✉③✐r ❝♦♠ ✜❞❡❧✐❞❛❞❡ ❛s ❝♦rr❡♥t❡s ❞♦

s✐st❡♠❛ ❡❧étr✐❝♦✱ s❡♥❞♦✱ ❞❡ss❛ ❢♦r♠❛✱ r❡s♣♦♥sá✈❡❧ ♣♦r ❞✐s❢✉♥çã♦ ❞♦s r❡❧és ❞❡ ♣r♦t❡çã♦ ❡ ❧♦❝❛❧✐✲
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③❛❞♦r❡s ❞❡ ❢❛❧t❛s✳ ◆❛ ❋✐❣✉r❛ ✼✳✶✵ sã♦ r❡♣r❡s❡♥t❛❞❛s ❛s ❝♦rr❡♥t❡s s❡❝✉♥❞ár✐❛s ❞❛ ❢❛s❡ ❆ ❞♦ ❚❈

s❡♠ ❡ ❝♦♠ s❛t✉r❛çã♦ ♣❛r❛ ✉♠❛ ❝♦♥❞✐çã♦ ❞❡ ❢❛❧t❛ ❆❚✱ ❝♦♠ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ 90◦✱ r❡s✐stê♥❝✐❛

❞❡ ✶✵ Ω ❡ ❛♣❧✐❝❛❞❛ ❛ ✾✵ ❦♠ ❞❛ ❜❛rr❛ ✶ ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❛ ❋✐❣✉r❛ ✼✳✶✳ ❆ ❝♦♥❞✐çã♦

❞❡ s❛t✉r❛çã♦ ❞✐st♦r❝❡ ♦ s✐♥❛❧ ❞❡ ❝♦rr❡♥t❡✱ ♦ q✉❡ ♣♦❞❡rá ✐♠♣❧✐❝❛r ❡♠ ❡rr♦s ❞❡ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧

♣❛r❛ ♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❜❛s❡❛❞♦s ♥❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✳

◆❛ ❋✐❣✉r❛ ✼✳✶✶✱ ♦s ❞❡s❡♠♣❡♥❤♦s ❞♦s ♠ét♦❞♦s ❞❡ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ ❡ ❈♦st❛ ✫ ❙♦✉③❛

✭✷✵✶✶✮ sã♦ ❛✈❛❧✐❛❞♦s ♣❛r❛ ❢❛❧t❛s ❆❚ ❝♦♠ ❛✉sê♥❝✐❛ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡ ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦

❞❡ ✸✵✪✱ ✹✵✪✱ ✺✵✪✱ ✻✵✪ ❡ ✼✵✪✱ r❡s✐stê♥❝✐❛ ❞❡ 10Ω✱ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ 90◦ ❡ ❚❈ s❛t✉r❛❞♦✳
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❋✐❣✉r❛ ✼✳✶✵✳ ❈♦rr❡♥t❡s ♥♦s s❡❝✉♥❞ár✐♦s ❞♦ ❚❈✿ ✭❛✮ ♥ã♦ s❛t✉r❛❞♦ ❀ ✭❜✮ s❛t✉r❛❞♦✳

❈♦♠♦ ❡s♣❡r❛❞♦✱ ♦ ♠ét♦❞♦ ❞❡ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ ❢♦✐ ❢♦rt❡♠❡♥t❡ ❛❢❡t❛❞♦ ♣❡❧❛ s❛t✉r❛çã♦ ❞♦

❚❈✱ ❡♥q✉❛♥t♦ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮✱ ♦ q✉❛❧ ❥á s❡ ❛♣r❡s❡♥t♦✉ ♣r❛t✐❝❛♠❡♥t❡

✐♠✉♥❡ ❛♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ♠♦str♦✉✲s❡ ❜❛st❛♥t❡ r♦❜✉st♦ ❛♦ ❡❢❡✐t♦ ❞❛ s❛t✉r❛çã♦ ❞♦

❚❈✱ ❤❛❥❛ ✈✐st♦ q✉❡ ❞❡♣❡♥❞❡ ❛♣❡♥❛s ❞❛ ❝♦rr❡t❛ ♦❜t❡♥çã♦ ❞❛s ❛♠♦str❛s r❡❢❡r❡♥t❡s ❛♦ ✐♥st❛♥t❡

✐♥✐❝✐❛❧ ❞❛ ❢❛❧t❛ ❡♠ ❝❛❞❛ t❡r♠✐♥❛❧ ❞❛ ❧✐♥❤❛✳
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= 5,42%

❋✐❣✉r❛ ✼✳✶✶✳ ❆♥á❧✐s❡ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣❛r❛ ❞❛❞♦s ♠♦♥✐t♦r❛❞♦s ❡♠ ❚❈

s❛t✉r❛❞♦ ❡ ❚P❈ ♥♦ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✿ ✭❛✮ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮❀ ✭❜✮ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮✳

✼✳✹✳✽ ❘❡s✉♠♦ ❞❛ ❆♥á❧✐s❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡

❖s r❡s✉❧t❛❞♦s ❞❛ ❛♥á❧✐s❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮

❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ r❡❛❧✐③❛❞❛ ♥❡st❛ s❡çã♦ sã♦ s✉♠❛r✐③❛❞♦s ♥❛ ❚❛❜❡❧❛ ✼✳✶✳ ❚r❛t❛✲s❡ ❞❡ ❞♦✐s

♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❝♦♠♣❧❡t❛♠❡♥t❡ ❞✐st✐♥t❛s ❡ q✉❡ ❛♣r❡s❡♥t❛♠ ✈❛♥t❛❣❡♥s

❡ ❞❡s✈❛♥t❛❣❡♥s ♣❛rt✐❝✉❧❛r❡s ❝♦♠ r❡s♣❡✐t♦ ❛♦s ♣❛râ♠❡tr♦s ❛✈❛❧✐❛❞♦s✳ ❖ ♠ét♦❞♦ ❞❡ ●✐r❣✐s ❡t

❛❧✳ ✭✶✾✾✷✮ é ❜❛st❛♥t❡ r♦❜✉st♦ ❛ ✈❛r✐❛çõ❡s ♥♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❡ ♥ã♦ ♥❡❝❡ss✐t❛ ❞❡ ❛❧t❛s

❢r❡q✉ê♥❝✐❛s ❞❡ ❛♠♦str❛❣❡♠✱ ♣♦ré♠✱ t❡♠ s❡✉ ❞❡s❡♠♣❡♥❤♦ ❜❛st❛♥t❡ ✐♥✢✉❡♥❝✐❛❞♦ ♣❡❧♦ ❡♠♣r❡❣♦

❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭♣❛r❛ ♦s tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ✐♥str✉♠❡♥t♦ ♣♦s✐❝✐♦♥❛❞♦s à ♠♦♥t❛♥t❡ ❞♦

❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡✮ ❡ ♣❡❧❛ s❛t✉r❛çã♦ ❞♦ ❚❈✳ ◆♦ q✉❡ ❝♦♥❝❡r♥❡ ❛♦ ❛❧❣♦r✐t♠♦ ❞❡ ❈♦st❛ ✫

❙♦✉③❛ ✭✷✵✶✶✮✱ ❡st❡ ❛♣r❡s❡♥t❛✲s❡ ❜❛st❛♥t❡ r♦❜✉st♦ à ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭t❛♥t♦ à ♠♦♥t❛♥t❡ q✉❛♥t♦

à ❥✉s❛♥t❡ ❞♦ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡✮ ❡ à s❛t✉r❛çã♦ ❞♦ ❚❈✱ ♣♦ré♠✱ s✉❛ ♠❛✐♦r ❧✐♠✐t❛çã♦ s❡
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❞❡✈❡ à ❢♦rt❡ ❞❡♣❡♥❞ê♥❝✐❛ ❞❡ ❛❧t❛s t❛①❛s ❞❡ ❛♠♦str❛❣❡♠✳

❚❛❜❡❧❛ ✼✳✶✳ ❘❡s✉♠♦ ❞❛ ❛♥á❧✐s❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✳

▼ét♦❞♦ ❞❡ ▲♦❝❛❧✐③❛çã♦
P❛râ♠❡tr♦ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮

df ▼❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ▼❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛
θf Pr❛t✐❝❛♠❡♥t❡ ✐♠✉♥❡ ■♥✢✉❡♥❝✐❛❞♦ ♣❛r❛ â♥❣✉❧♦s ❡s♣❡❝í✜❝♦s ♥♦s

q✉❛✐s ♥ã♦ s❡ t❡♠ tr❛♥s✐tór✐♦s
rf P♦✉❝♦ ❛❢❡t❛❞♦ P♦✉❝♦ ❛❢❡t❛❞♦∗∗

❚✐♣♦ ▼❡❧❤♦r ♣❛r❛ ❢❛❧t❛s q✉❡ ❡♥✈♦❧✈❡♠ ❛ t❡rr❛ Pr❛t✐❝❛♠❡♥t❡ ✐♠✉♥❡
k ❋♦rt❡♠❡♥t❡ ✐♥✢✉❡♥❝✐❛❞♦ Pr❛t✐❝❛♠❡♥t❡ ✐♠✉♥❡
fs Pr❛t✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡ ❊①tr❡♠❛♠❡♥t❡ ❞❡♣❡♥❞❡♥t❡

❙❚❈∗ ❋♦rt❡♠❡♥t❡ ✐♥✢✉❡♥❝✐❛❞♦ Pr❛t✐❝❛♠❡♥t❡ ✐♠✉♥❡
∗ ❙❛t✉r❛çã♦ ❞♦ ❚❈✳
∗∗ P♦✉❝♦ ❛❢❡t❛❞♦ ♣❛r❛ ❛ ❢❛✐①❛ ❞❡ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❝♦♥s✐❞❡r❛❞❛ ♥❡st❛ ❞✐ss❡rt❛çã♦✳

✼✳✺ ❘❊❙❯▼❖ ❉❖ ❈❆P❮❚❯▲❖

❊st❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t♦✉ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❞❡ ●✐r❣✐s ❡t

❛❧✳ ✭✶✾✾✷✮ ✭❜❛s❡❛❞♦ ♥❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✮ ❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ ✭❜❛s❡❛❞♦ ♥❛ t❡♦r✐❛

❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✮ ❢r❡♥t❡ ❛ ✈❛r✐❛çõ❡s ♥♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✱ ♥♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡

✜①❛✱ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❡ s❛t✉r❛çã♦ ❞♦ ❚❈✳ ❖ ♠ét♦❞♦ ❜❛s❡❛❞♦ ♥❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s

s❡ ♠♦str♦✉ ❜❛st❛♥t❡ r♦❜✉st♦ ♣❛r❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠♣❡♥s❛❞❛✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ ❣r❛✉ ❞❡

❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❡ s❛t✉r❛çã♦ ❞♦ ❚❈✱ ❛♣r❡s❡♥t❛♥❞♦ ❢❛❧❤❛s ❛♣❡♥❛s ♥♦s ❝❛s♦s ❡♠ q✉❡ ♦s tr❛♥✲

s✐tór✐♦s sã♦ ❛♠♦rt❡❝✐❞♦s✳ ❆❧é♠ ❞✐ss♦✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦ é ❜❛st❛♥t❡ ❞❡♣❡♥❞❡♥❞❡ ❞❛

❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ✉t✐❧✐③❛❞❛✳ ❖ ♠ét♦❞♦ ❜❛s❡❛❞♦ ♥❛ ❡①tr❛çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛✲

♠❡♥t❛✐s ♥ã♦ é ❛❢❡t❛❞♦ ♣♦r ♣❛râ♠❡tr♦s ❝♦♠♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❡ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❜❡♠

❝♦♠♦ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠✳ P♦ré♠✱ ❡st❡ ♠ét♦❞♦ ♥ã♦ s❡ ♠♦str♦✉ ❛❞❡q✉❛❞♦ ♣❛r❛ ❧✐♥❤❛s

❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡ ♣❛r❛ ♦ ❝❛s♦ ❞❡ s❛t✉r❛çã♦ ❞♦ ❚❈✳ ❖ ♣♦s✐❝✐♦♥❛♠❡♥t♦

❞♦s tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ✐♥str✉♠❡♥t♦ à ❥✉s❛♥t❡ ❞♦ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡✱ ♣❛r❛ ♦ ❝❛s♦ ❞❡

❝♦♠♣❡♥s❛çã♦ ❡♠ ✉♠❛ ❡①tr❡♠✐❞❛❞❡ ❞❛ ❧✐♥❤❛✱ ♣♦❞❡ ❛♣r❡s❡♥t❛r ♠❡♥♦r ✐♥✢✉ê♥❝✐❛ ♥♦ ❞❡s❡♠♣❡♥❤♦

❞♦ ♠ét♦❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❝♦♥✈❡♥❝✐♦♥❛❧✳



❈❆P❮❚❯▲❖ ✽

❈❖◆❈▲❯❙Õ❊❙ ❊ P❊❘❙P❊❈❚■❱❆❙ ❉❊ ❈❖◆❚■◆❯❆➬➹❖

✽✳✶ ❈❖◆❈▲❯❙Õ❊❙

◆❡st❛ ❞✐ss❡rt❛çã♦✱ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❡ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ❡♠ r❡❧❛çã♦

❛♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ✭â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✱ r❡s✐stê♥❝✐❛ ❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✮ ❡ ❛♦ ❣r❛✉ ❞❡

❝♦♠♣❡♥s❛çã♦ sér✐❡ ❢♦r❛♠ ❛✈❛❧✐❛❞♦s ♣♦r ♠❡✐♦ ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t✳ ❖ ❞❡s❡♠♣❡✲

♥❤♦ ❞❡ ✉♠ ♠ét♦❞♦ ❝♦♥✈❡♥❝✐♦♥❛❧ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✱ ❜❛s❡❛❞♦ ♥❛ ❡①tr❛çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s

❢✉♥❞❛♠❡♥t❛✐s✱ ❡ ❞❡ ✉♠ ♠ét♦❞♦ ❜❛s❡❛❞♦ ♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s t❛♠❜é♠ ❢♦✐ ❛✈❛❧✐❛❞♦

❢r❡♥t❡ ❛♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✱ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦✱ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❡ s❛t✉r❛çã♦ ❞♦

tr❛♥s❢♦r♠❛❞♦r ❞❡ ❝♦rr❡♥t❡✳

❆s ❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s ❢♦r❛♠ ✐♥✐❝✐❛❧♠❡♥t❡ ❛✈❛❧✐❛❞❛s ❡♠ ❢✉♥çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛

❞❡ ❢❛❧t❛✱ ❡♠ ✉♠❛ ❢❛✐①❛ ❞❡ ✵ ❛ 180◦✱ ♣❛r❛ t♦❞♦s ♦s t✐♣♦s ❞❡ ❢❛❧t❛ ❡ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❧✐♥❤❛s ❞❡

tr❛♥s♠✐ssã♦ s❡♠ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ❆ ❡♥❡r❣✐❛ ❞♦s tr❛♥s✐tór✐♦s é ❢✉♥çã♦

s❡♥♦ q✉❛❞r❛❞♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✱ t❡♥❞♦ s❡✉ ❝♦♠♣♦rt❛♠❡♥t♦ ❣❡r❛❧ ✐♥❞❡♣❡♥❞❡♥t❡

❞♦ ✉s♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥❛s ❢❛✐①❛s ❞❡ ❢r❡q✉ê♥❝✐❛ ❛✈❛❧✐❛❞❛s✳ ❍á â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛

❡s♣❡❝í✜❝♦s✱ ♣❛r❛ ❝❛❞❛ t✐♣♦ ❞❡ ❢❛❧t❛✱ ♥♦s q✉❛✐s ♦s tr❛♥s✐tór✐♦s sã♦ ❜❛st❛♥t❡ ❛♠♦rt❡❝✐❞♦s✱ ♦ q✉❡

♣♦❞❡ ❝♦♠♣r♦♠❡t❡r ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ ♠ét♦❞♦s ❞❡ ❞❡t❡❝çã♦ ❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s

♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✳

❈♦♠ r❡❧❛çã♦ à r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❛✈❛❧✐❛❞❛ ❡♠ ✉♠❛ ❢❛✐①❛ ❞❡ ✵ ❛ 100 Ω✱ ❝♦♥st❛t♦✉✲s❡

q✉❡ ❛s ❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s ❛♣r❡s❡♥t❛♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧ ❝♦♠ ♦

❛✉♠❡♥t♦ ❞❛ r❡s✐stê♥❝✐❛✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ ✐♥❝❧✉sã♦✱ ♦✉ ♥ã♦✱ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥❛ ❧✐♥❤❛ ❞❡

tr❛♥s♠✐ssã♦✳ P♦ré♠✱ ♣❛r❛ ✈❛❧♦r❡s ♠✉✐t♦ ❡❧❡✈❛❞♦s ❞❡ r❡s✐stê♥❝✐❛✱ ♦s tr❛♥s✐tór✐♦s t❡♥❞❡rã♦ ❛ s❡r

♠❛✐s ❛♠♦rt❡❝✐❞♦s✱ ♦ q✉❡ t❛♠❜é♠ ♣♦❞❡ ✈✐r ❛ ❛❢❡t❛r ♠ét♦❞♦s ❞❡ ❞❡t❡❝çã♦ ❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❢❛❧t❛s

❜❛s❡❛❞♦s ♥♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛s✳

✾✸
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◆♦ q✉❡ ❝♦♥❝❡r♥❡ à ✐♥✢✉ê♥❝✐❛ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ ♥♦s tr❛♥s✐tór✐♦s✱ ❢♦✐ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r

✉♠ ❧❡✈❡ ❞❡❝❛✐♠❡♥t♦ ❞❛ ❡♥❡r❣✐❛ ❞♦s tr❛♥s✐tór✐♦s ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛✱ ✈✐st♦ q✉❡ ❛

r❡s✐stê♥❝✐❛ ❞❛ ❧✐♥❤❛ é ❧❡✈❡♠❡♥t❡ ❛✉♠❡♥t❛❞❛ ❡♥tr❡ ♦ ♣♦♥t♦ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ♦ ❧♦❝❛❧ ❞❛ ❢❛❧t❛✳

P❛r❛ ❛ ❛✈❛❧✐❛çã♦ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ s♦❜r❡ ❛s ❡♥❡r❣✐❛s ❞♦s tr❛♥✲

s✐tór✐♦s✱ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s três ❢♦r♠❛s ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✿ ❝♦♥❝❡♥tr❛❞❛ ❡♠ ✉♠ t❡r♠✐♥❛❧

❞❛ ❧✐♥❤❛✱ ❞✐✈✐❞✐❞❛ ❡♠ ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ❡ ❝♦♥❝❡♥tr❛❞❛ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ P❛r❛ ❛s ❞✉❛s

♣r✐♠❡✐r❛s ❢♦r♠❛s✱ ❢♦✐ ♦❜t✐❞♦ ✉♠ ❧✐❣❡✐r♦ ❞❡❝❛✐♠❡♥t♦ ❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞♦s tr❛♥s✐tór✐♦s à ♠❡❞✐❞❛

❡♠ q✉❡ s❡ ❛✉♠❡♥t❛ ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦✱ ❡♠ ✉♠❛ ❢❛✐①❛ ❞❡ ✸✵ ❛ ✼✵✪✳ ❏á ♣❛r❛ ♦ ❝❛s♦ ❞❛

❝♦♠♣❡♥s❛çã♦ sér✐❡ ❝♦♥❝❡♥tr❛❞❛ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ❛s ❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s

❢♦r❛♠ ♣r❛t✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✉t✐❧✐③❛❞♦✳

❖ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s tr❛♥s✐tór✐♦s ❡♠ ❢✉♥çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❢♦✐ ❛✈❛❧✐❛❞♦ ❡♠ ✉♠❛

❛♠♣❧❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ♣❡❧❛ ✉t✐❧✐③❛çã♦ ❞❛s ❞✐✈❡rs❛s ❡s❝❛❧❛s ✇❛✈❡❧❡t✱ ❡♠ q✉❡ s❡ ♦❜s❡r✈♦✉ q✉❡

❛ ❝❛r❛❝t❡ríst✐❝❛ ❞♦s tr❛♥s✐tór✐♦s ❢♦✐ ❛ ♠❡s♠❛ ♣❛r❛ t♦❞❛ ❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ❛✈❛❧✐❛❞❛✳

❈♦♥❝❧✉í❞❛ ❛ ❛♥á❧✐s❡ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❡ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡

s♦❜r❡ ♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛✱ ♦s ❞❡s❡♠♣❡♥❤♦s ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❞❡ ●✐r❣✐s ❡t

❛❧✳ ✭✶✾✾✷✮ ✭❜❛s❡❛❞♦ ♥❛ ❡st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s ❢✉♥❞❛♠❡♥t❛✐s✮ ❡ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ ✭❜❛s❡❛❞♦

♥❛ t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✮ ❢♦r❛♠ ❛♥❛❧✐s❛❞♦s ❢r❡♥t❡ ❛ ✈❛r✐❛çõ❡s ♥♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❡

♥♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✜①❛✱ ❛❧é♠ ❞♦ ❡❢❡✐t♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❡ s❛t✉r❛çã♦ ❞♦

tr❛♥s❢♦r♠❛❞♦r ❞❡ ❝♦rr❡♥t❡✳

❊♠ r❡❧❛çã♦ ❛♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✱ ❛♠❜♦s ♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❛♣r❡s❡♥t❛r❛♠

❝♦♥s✐❞❡rá✈❡❧ r♦❜✉st❡③✱ ❝♦♠ ❛ r❡ss❛❧✈❛ ❞❡ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ é ❜❛st❛♥t❡

❞❡♣❡♥❞❡♥t❡ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❤❛❥❛ ✈✐st♦ q✉❡ ❡st❡ ♣❛râ♠❡tr♦ ✐♥✢✉✐ ❞✐r❡t❛♠❡♥t❡

♥❛ ✐♥t❡♥s✐❞❛❞❡ ❞♦s tr❛♥s✐tór✐♦s ❡❧❡tr♦♠❛❣♥ét✐❝♦s✳

◗✉❛♥t♦ ❛♦ ❡❢❡✐t♦ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ♦ ♠ét♦❞♦ ❞❡ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ ♠♦str♦✉✲s❡

❜❛st❛♥t❡ ❛❢❡t❛❞♦ ♣❡❧♦ ❢❛t♦ ❞❡ s❡r s❡♥sí✈❡❧ à ❝♦♥✜❣✉r❛çã♦ ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ ❛♥❛❧✐s❛❞♦✱

❝❛s♦ ♦s tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ✐♥str✉♠❡♥t♦ ❡st❡❥❛♠ ♣♦s✐❝✐♦♥❛❞♦s à ♠♦♥t❛♥t❡ ❞♦ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐✲

t♦r❡s ❞❡ ❝♦♠♣❡♥s❛çã♦✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦ ♠ét♦❞♦ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮ ♠♦str♦✉✲s❡ r♦❜✉st♦

❛♦ ❡♠♣r❡❣♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ■ss♦ ♣♦❞❡ s❡r ✉♠ ✐♥❞✐❝❛t✐✈♦ ❞❡ q✉❡ ♠ét♦❞♦s ❜❛s❡❛❞♦s ♥❛

t❡♦r✐❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♣♦❞❡♠ s❡r ♦♣çõ❡s ✐♥t❡r❡ss❛♥t❡s ♣❛r❛ ❝♦♥t♦r♥❛r ❛s ❧✐♠✐t❛çõ❡s q✉❡

❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❝❛✉s❛ ❛♦s ♠ét♦❞♦s ❝♦♥✈❡♥❝✐♦♥❛✐s✳ ❈♦♠ ✐ss♦✱ ❛s ✈❛♥t❛❣❡♥s q✉❡ ❡ss❡ t✐♣♦



❈❆P❮❚❯▲❖ ✽✿ ❈❖◆❈▲❯❙Õ❊❙ ❊ P❊❘❙P❊❈❚■❱❆❙ ❉❊ ❈❖◆❚■◆❯❆➬➹❖ ✾✺

❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ♦❢❡r❡❝❡ ♣♦❞❡r✐❛♠ s❡r ♠❡❧❤♦r ❡①♣❧♦r❛❞❛s s❡♠ ❛ ♣r❡♦❝✉♣❛çã♦ ❝♦♠ ❛

❞✐s❢✉♥çã♦ ♥♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❜❛s❡❛❞♦ ❡♠ té❝♥✐❝❛s ❝♦♥✈❡♥❝✐♦♥❛✐s✳

◆♦ q✉❡ ❝♦♥❝❡r♥❡ ❛♦ ❡❢❡✐t♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠✱ ♦ ♠ét♦❞♦ ❞❡ ●✐r❣✐s ❡t ❛❧✳ ✭✶✾✾✷✮ é

♣r❛t✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡st❡ ♣❛râ♠❡tr♦✱ ❡♥q✉❛♥t♦ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ❈♦st❛ ✫ ❙♦✉③❛ ✭✷✵✶✶✮

t❡♠ s❡✉ ❞❡s❡♠♣❡♥❤♦ ❝♦♥❞✐❝✐♦♥❛❞♦ ❛ ✉♠❛ ❛❧t❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠✱ ❛ q✉❛❧ ✐♥✢✉✐ ❞✐r❡t❛♠❡♥t❡

♥❛ ♦❜t❡♥çã♦ ♣r❡❝✐s❛ ❞❛s ❛♠♦str❛s ❞❡ ♦❝♦rrê♥❝✐❛ ❞❛ ❢❛❧t❛ ❡✱ ❛ss✐♠✱ ♥❛ s✉❛ ♣r❡❝✐s❛ ❧♦❝❛❧✐③❛çã♦✳

◆♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ à s❛t✉r❛çã♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ❝♦rr❡♥t❡✱ ♦ ♠ét♦❞♦ ❞❡ ●✐r❣✐s ❡t ❛❧✳

✭✶✾✾✷✮ ❛♣r❡s❡♥t♦✉✲s❡ ❢♦rt❡♠❡♥t❡ ❛❢❡t❛❞♦ ♣♦r ❡st❡ ❡❢❡✐t♦✱ ❡♥q✉❛♥t♦ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ❈♦st❛ ✫

❙♦✉③❛ ✭✷✵✶✶✮ ♠♦str♦✉✲s❡ ❜❛st❛♥t❡ r♦❜✉st♦✱ ❤❛❥❛ ✈✐st♦ q✉❡ ❞❡♣❡♥❞❡ ❛♣❡♥❛s ❞❛ ❝♦rr❡t❛ ♦❜t❡♥çã♦

❞❛s ❛♠♦str❛s ♥❛s q✉❛✐s ❛ ❢❛❧t❛ é ❞❡t❡❝t❛❞❛ ❡♠ ❝❛❞❛ t❡r♠✐♥❛❧ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛ ❧✐♥❤❛✳

✽✳✷ ❚❘❆❇❆▲❍❖❙ ❋❯❚❯❘❖❙

❈♦♠♦ ❝♦♥t✐♥✉❛çã♦ ❞♦s ❡st✉❞♦s r❡❛❧✐③❛❞♦s ♣❛r❛ ❛ ❡❧❛❜♦r❛çã♦ ❞❡st❛ ❞✐ss❡rt❛çã♦✱ s✉❣❡r❡✲s❡ ❛s

s❡❣✉✐♥t❡s ♣r♦♣♦st❛s ❞❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s✿

• ❯♠❛ ✈❡③ ❝♦♥❤❡❝✐❞♦ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ❡♠ ❢✉♥çã♦ ❞♦s ♣❛râ♠❡tr♦s✱

❛ ♣ró①✐♠❛ ❡t❛♣❛ ❝♦♥s✐st❡ ♥❛ ❡①tr❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❞❛s ❡♥❡r❣✐❛s ❞♦s tr❛♥s✐tór✐♦s

♣♦r ♠❡✐♦ ❞❛s ❡♥❡r❣✐❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t❀

• ❯t✐❧✐③❛r ❛s ✐♥❢♦r♠❛çõ❡s ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ♣❛r❛ ♠❡❧❤♦r❛r ❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❞❡

♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❝♦♠ t❛①❛s ❞❡ ❛♠♦str❛❣❡♠ ❞❛ ♦r❞❡♠ ❞❡ ♣♦✉❝♦s ❦❍③❀

• ■♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠ r❡❧é ❞✐❣✐t❛❧ ✉s❛♥❞♦ ♦ ♣r✐♥❝í♣✐♦ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✱ ❜❛s❡❛❞♦ ♥❛s

✇❛✈❡❧❡ts❀
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❆❇❯❘✱ ❆✳❀ ▼❆●◆❆◆❖✱ ❋✳ ❍✳ ❯s❡ ♦❢ t✐♠❡ ❞❡❧❛②s ❜❡t✇❡❡♥ ♠♦❞❛❧ ❝♦♠♣♦♥❡♥ts ✐♥ ✇❛✈❡❧❡t ❜❛s❡❞

❢❛✉❧t ❧♦❝❛t✐♦♥✳ ❊▲❙❊❱■❊❘ ❊❧❡❝tr✐❝❛❧ P♦✇❡r ❛♥❞ ❊♥❡r❣② ❙②st❡♠s✱ ✈✳ ✷✷✱ ✷✵✵✵✳

❆▲✲❑❆❇❆❇❏■❊✱ ▼✳❀ ❆▲✲❉❯❘❩■✱ ❋✳❀ ❆▲✲◆❯❆■▼■✱ ◆✳ ❆ ❢❛✉❧t ❞❡t❡❝t✐♦♥ ❛♥❞ ❝❧❛ss✐✜❝❛t✐♦♥ ✉s✐♥❣

♥❡✇ ❞✐st❛♥❝❡ r❡❧❛②✳ ■♥✿ ❘❡♥❡✇❛❜❧❡ ❊♥❡r❣✐❡s ❛♥❞ ❱❡❤✐❝✉❧❛r ❚❡❝❤♥♦❧♦❣② ✭❘❊❱❊❚✮✱ ✷✵✶✷

❋✐rst ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✷✵✶✷✳ ♣✳ ✷✸✼✕✷✹✸✳

❆▲❚❯❱❊✱ ❍✳❀ ▼❖❖◆❊❨✱ ❏✳❀ ❆▲❊❳❆◆❉❊❘✱ ●✳ ❆❞✈❛♥❝❡s ✐♥ s❡r✐❡s✲❝♦♠♣❡♥s❛t❡❞ ❧✐♥❡ ♣r♦t❡❝✲

t✐♦♥✳ ■♥✿ Pr♦t❡❝t✐✈❡ ❘❡❧❛② ❊♥❣✐♥❡❡rs✱ ✷✵✵✾ ✻✷♥❞ ❆♥♥✉❛❧ ❈♦♥❢❡r❡♥❝❡ ❢♦r✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✷✵✵✾✳

♣✳ ✷✻✸✕✷✼✺✳

❆◆❉❊❘❙❖◆✱ P✳❀ ❋❆❘▼❊❘✱ ❘✳ ●✳ ❙❡r✐❡s ❈♦♠♣❡♥s❛t✐♦♥ ♦❢ P♦✇❡r ❙②st❡♠s✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✶✾✾✻✳

❆❘❆ú❏❖✱ ❆✳ ❊✳ ❆✳❀ ◆❊❱❊❙✱ ❲✳ ▲✳ ❆✳ ❈á❧❝✉❧♦ ❞❡ ❚r❛♥s✐tór✐♦s ❊❧❡tr♦♠❛❣♥ét✐❝♦s ❡♠ ❙✐st❡♠❛s

❞❡ ❊♥❡r❣✐❛✳ ❇❡❧♦ ❍♦r✐③♦♥t❡✱ ▼●✿ ❊❞✐t♦r❛ ❯❋▼●✱ ✷✵✵✺✳

❇❊❲▲❊❨✱ ▲✳ ❱✳ ❚r❛✈❡❧❧✐♥❣ ❲❛✈❡s ♦♥ ❚r❛♥s♠✐ss✐♦♥ ❙②st❡♠s✳ ◆❡✇ ❨♦r❦✿ ❏♦❤♥ ❲✐❧❡② ✫ ❙♦♥s✱

■♥❝✱ ✶✾✻✸✳

❇❖▲▲❊◆✱ ▼✳ ❍✳ ❏✳❀ ●❯✱ ■✳ ❨✳ ❍✳ ❙✐❣♥❛❧ Pr♦❝❡ss✐♥❣ ♦❢ P♦✇❡r ◗✉❛❧✐t② ❉✐st✉r❜❛♥❝❡s✳ ◆❡✇ ❨♦r❦✱

❯❙❆✿ ■❊❊❊✱ ✷✵✵✻✳

❇❘■❚❖✱ ◆✳ ❙✳ ❉✳ ❚❡♦r✐❛ ❲❛✈❡❧❡t ❡ s✉❛ ❆♣❧✐❝❛çã♦ ❡♠ ❙✐st❡♠❛s ❞❡ ❊♥❡r❣✐❛ ❊❧étr✐❝❛✳ ❉✐ss❡rt❛çã♦

✭▼❡str❛❞♦✮ ✖ ❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s✱ ❈❛♠♣✐♥❛s✱ ❙ã♦ P❛✉❧♦✱ ✶✾✾✻✳

❇❘■❚❖✱ ◆✳ ❙✳ ❉✳ ❚❡♦r✐❛ ❞❛s ❲❛✈❡❧❡ts ✲ ❊st✉❞♦ ❡ ❆♣❧✐❝❛çã♦ ♥❛ ❆♥á❧✐s❡ ❞❡ ❚r❛♥s✐tór✐♦s ❡♠

❙✐st❡♠❛s ❞❡ P♦tê♥❝✐❛✳ ❚❡s❡ ✭❉♦✉t♦r❛❞♦✮ ✖ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❛ P❛r❛í❜❛✱ ❈❛♠♣✐♥❛

●r❛♥❞❡✱ P❛r❛í❜❛✱ ✷✵✵✶✳

❇❯❘❘❯❙✱ ❈✳ ❙✳❀ ❘❆▼❊❙❍✱ ❆✳ ●✳❀ ●❯❖✱ ❍✳ ■♥tr♦❞✉❝t✐♦♥ t♦ ❲❛✈❡❧❡ts ❛♥❞ ❲❛✈❡❧❡t ❚r❛♥s❢♦r♠s✳

◆❡✇ ❏❡rs❡②✱ ❯❙❆✿ Pr❡♥t✐❝❡ ❍❛❧❧✱ ✶✾✾✽✳

✾✻
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❈❍❆◆❉❆✱ ❉✳❀ ❑■❙❍❖❘❊✱ ◆✳ ❑✳❀ ❙■◆❍❆✱ ❆✳ ❑✳ ❆ ✇❛✈❡❧❡t ♠✉❧t✐r❡s♦❧✉t✐♦♥ ❛♥❛❧②s✐s ❢♦r ❧♦❝❛t✐♦♥
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