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❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦ ❆♣❧✐❝❛❞♦ ❛♦ ❘❡❧✐❣❛♠❡♥t♦ ❘á♣✐❞♦

❞❡ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦

❚❡s❡ ❛♣r❡s❡♥t❛❞❛ à ❈♦♦r❞❡♥❛çã♦ ❞♦ Pr♦❣r❛♠❛ ❞❡ Pós✲
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❆❣r❛❞❡ç♦ ❛ ❉❡✉s ❛❝✐♠❛ ❞❡ t✉❞♦ ♣♦r ♠❡ ❝♦♥❝❡❞❡r ❛ ♦♣♦rt✉♥✐❞❛❞❡ ❞❡ ❝♦♥❝r❡t✐③❛r ♠❛✐s ✉♠❛ ❡t❛♣❛

❞❛ ♠✐♥❤❛ ✈✐❞❛✱ ♠❡ ✐❧✉♠✐♥❛♥❞♦ ❡ ❛❜❡♥ç♦❛♥❞♦ ❛ ❝❛❞❛ ♣❛ss♦✳

❆❧é♠ ❞❡ ❞❡❞✐❝❛r✱ ❛❣r❛❞❡ç♦ ❛ ♠❡✉ ✜❧❤♦ ❆rt❤✉r ❱✐❝t♦r✱ q✉❡ ❝♦♠ t♦❞❛ s✉❛ ✐♥♦❝ê♥❝✐❛✱ ♠❡s♠♦

s❡♠ s❛❜❡r✱ é ♠✐♥❤❛ ❢♦♥t❡ ❞❡ ✐♥s♣✐r❛çã♦ ❡ ❞❡ ❢♦rç❛ ♥♦s ♠♦♠❡♥t♦s ♠❛✐s ❞✐❢í❝❡✐s✱ ❡ ❛ ♠✐♥❤❛ ❡s♣♦s❛

❑é③✐❛✱ ♣♦r t♦❞♦ ❝❛r✐♥❤♦✱ ❛♠♦r✱ ❞❡❞✐❝❛çã♦ ❡ ❝♦♠♣r❡❡♥sã♦✳

❆ ♠❡✉s ♣❛✐s ❏✉❛r❡③ ❡ ❙♦❝♦rr♦✱ ❡ ❛ ♠✐♥❤❛ ✐r♠ã ❑❡❧❧②✱ ♣♦r t♦❞♦ ♦ ✐♥❝❡♥t✐✈♦✱ ❛♣♦✐♦✱ ❝♦♥✜❛♥ç❛

❡ ❡①❡♠♣❧♦ ❞❛❞♦ ♣♦r t♦❞❛ ✈✐❞❛✳ ❙❡♥❞♦ ❡❧❡s ♦s ♠❛✐♦r❡s r❡s♣♦♥sá✈❡✐s ♣♦r ❡st❛ ❝♦♥q✉✐st❛✳

❆ ♠✐♥❤❛ t✐❛ ❈r✐st✐♥❛✱ ♣♦r t♦❞♦ ✐♥❝❡♥t✐✈♦ ❡ ❝❛r✐♥❤♦ ❞❛❞♦ ❛♦ ❧♦♥❣♦ ❞❛ ✈✐❞❛✱ s❡♠♣r❡ ❛❧♠❡❥❛♥❞♦

♦ ♠❡✉ s✉❝❡ss♦✱ ❡ ❛ ♠✐♥❤❛ s❡❣✉♥❞❛ ❢❛♠í❧✐❛ ❋❧♦rê♥❝✐♦✱ ❏♦sé❧✐❛✱ ❑é❧❧❡♥ ❡ ❑✐✈â♥✐❛✱ ♣♦r t♦❞❛ ❝♦♥✜❛♥ç❛

❡ ✐♥❝❡♥t✐✈♦ ♣❛r❛ ❛ ❝♦♥❝❧✉sã♦ ❞❡st❡ tr❛❜❛❧❤♦✳

❆♦s ♣r♦❢❡ss♦r❡s ❉❛♠ás✐♦ ❋❡r♥❛♥❞❡s ❏r✳ ❡ ❲❛s❤✐♥❣t♦♥ ◆❡✈❡s ♣❡❧❛ ♦r✐❡♥t❛çã♦ ♥❡❝❡ssár✐❛ ❛♦

❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❛ t❡s❡ ❡ ♣❡❧❛ ❝♦♥tr✐❜✉✐çã♦ ❡♠ ♠✐♥❤❛ ❢♦r♠❛çã♦ ❛❝❛❞ê♠✐❝❛ ❡ ♣r♦✜ss✐♦♥❛❧✳

❆♦s ♣r♦❢❡ss♦r❡s ❇❡♥❡♠❛r ❆❧❡♥❝❛r✱ ❏♦sé ❈❛r❧♦s ❞❡ ❖❧✐✈❡✐r❛✱ ❙❛♥❞♦✈❛❧ ❈❛r♥❡✐r♦ ❏r✳ ❡ ❲❡❧❧✐♥❣t♦♥

▼♦t❛ ♣❡❧❛s ✈❛❧✐♦s❛s s✉❣❡stõ❡s ❡ ❝♦♥tr✐❜✉✐çõ❡s ❞❛❞❛s ❛ ❡st❡ tr❛❜❛❧❤♦✳

❆♦s ❛♠✐❣♦s ❈é❧✐♦✱ ❊✉❜✐s✱ ❋❛❜rí❝✐❛✱ ❋❧á✈✐♦✱ ●❡♦r❣❡✱ ●✐❧✈❛♥✱ ●✉st❛✈♦✱ ❏♦sé ❆♥tô♥✐♦✱ ❑❧❡❜❡r✱

P❛✉❧♦✱ ❚❛rs♦ ❡ ❲✐❧❦❡r ♣❡❧♦ ❝♦♠♣❛♥❤❡✐r✐s♠♦✱ ❛♠✐③❛❞❡✱ ❝♦♥✜❛♥ç❛ ❡ ❝♦♥tr✐❜✉✐çõ❡s ❞✉r❛♥t❡ t♦❞♦

♦ ❞❡❝♦rr❡r ❞♦ ❞♦✉t♦r❛❞♦✳

❆♦s ❡♥❣❡♥❤❡✐r♦s ▲✉✐③ ❋♦♥s❡❝❛ ❡ ▼❛r❝❡❧♦ ▼❛✐❛ ♣❡❧❛ ♣r❡st❡③❛ ❝♦♠ q✉❡ ♥♦s t❡♠ ❛❥✉❞❛❞♦

s❡♠♣r❡ q✉❡ ♥❡❝❡ssár✐♦ ❡ ❛♦s ♣r♦❢❡ss♦r❡s ❊❞s♦♥ ●✉❡❞❡s ❡ ●❡♥♦✐❧t♦♥ ❈❛r✈❛❧❤♦ ♣♦r ♠❡ r❡❝❡❜❡r❡♠

❞❡ ❜r❛ç♦s ❛❜❡rt♦s ♥♦ ▲❛❜♦r❛tór✐♦ ❞❡ ❆❧t❛ ❚❡♥sã♦✳

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

❞♦✉t♦r❛❞♦✱ ♠❡✉s s✐♥❝❡r♦s ❛❣r❛❞❡❝✐♠❡♥t♦s✳

❑❛r❝✐✉s ▼❛r❝❡❧✉s ❈♦❧❛ç♦ ❉❛♥t❛s

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

r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦ é ♣r♦♣♦st♦ ♥❡st❛ t❡s❡✳ ❊st❡ ♠ét♦❞♦ ❜❛s❡✐❛✲s❡ ❡♠ té❝♥✐❝❛s s✐♠♣❧❡s ♣❛r❛

tr❛t❛♠❡♥t♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❡❝❡ssár✐♦s ♣❛r❛ ♦ ❝♦♥tr♦❧❡ ❞❛s ♠❛♥♦❜r❛s✱ ❝♦♥s✐st✐♥❞♦ ♥❛ ❛♣❧✐✲

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

s♦❜ ❛♥á❧✐s❡✳ ❈♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛ ❞❡ s✉❛ ❛♣❧✐❝❛çã♦✱ ♦❜té♠✲s❡ s✉rt♦s ❞❡ ♠❛♥♦❜r❛s ❞❡ ♠❡♥♦r

❛♠♣❧✐t✉❞❡✳ ❆❧é♠ ❞✐st♦✱ ♦ ♠ét♦❞♦ é ❝❛♣❛③ ❞❡ ❞❡t❡❝t❛r ❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛ ❡ ❢❛s❡✲

❢❛s❡✲t❡rr❛✱ ♦s q✉❛✐s ❝♦rr❡s♣♦♥❞❡♠ ❛ ♠❛✐s ❞❡ ✽✵✪ ❞♦s ❞❡❢❡✐t♦s ♥❛s ❧✐♥❤❛s ❞❡ ✺✵✵ ❡ ✼✺✵ ❦❱ ❞♦

❙■◆ ✭❙✐st❡♠❛ ■♥t❡r❧✐❣❛❞♦ ◆❛❝✐♦♥❛❧✮✳ ❆♦ s❡ ❡♠♣r❡❣❛r ❛ ❛❜♦r❞❛❣❡♠ ♣r♦♣♦st❛✱ ❡✈✐t❛✲s❡ q✉❡ ♦

r❡❧✐❣❛♠❡♥t♦ ♦❝♦rr❛ s♦❜ ❞❡❢❡✐t♦✳ ❆♣ós ✐❞❡♥t✐✜❝❛r ❛ ❡①t✐♥çã♦ ❞❡st❡✱ é ♣♦ssí✈❡❧ r❡❧✐❣❛r ❛ ❧✐♥❤❛ ❡

♠✐♥✐♠✐③❛r ♦ t❡♠♣♦ ♠♦rt♦ ❡♠ q✉❡ ❡st❛ ✜❝❛ ❢♦r❛ ❞❡ ♦♣❡r❛çã♦✳ ❆ss✐♠✱ r❡❞✉③✲s❡ ♦ t❡♠♣♦ ❞❡ r❡❝♦♠✲

♣♦s✐çã♦ ❞♦ s✐st❡♠❛✱ ❛✉♠❡♥t❛♥❞♦ ❛ s✉❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❡ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✳ ❈♦♠♦ ❛♣❧✐❝❛çã♦ ❞❡st❛

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

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

❘❚❉❙❚▼ ✭❘❡❛❧ ❚✐♠❡ ❉✐❣✐t❛❧ ❙✐♠✉❧❛t♦r✮✳ ❆❞✐❝✐♦♥❛❧♠❡♥t❡✱ ✉♠❛ ✈❡rsã♦ ♦✤✐♥❡ ❞♦ ♠ét♦❞♦ ❢♦✐

✐♠♣❧❡♠❡♥t❛❞❛ ♣❛r❛ ❛♥á❧✐s❡s ♣❛r❛♠étr✐❝❛s ❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ♣♦r ♠❡✐♦ ❞❡ r❡❣✐str♦s ♦s❝✐❧♦❣rá✜✲

❝♦s r❡❛✐s ❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ✈✐❛ ❊▼❚P ✭❊❧❡❝tr♦♠❛❣♥❡t✐❝ ❚r❛♥s✐❡♥ts Pr♦❣r❛♠✮✳ ❉❛❞♦s ❞♦ ❙■◆

❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❡st✉❞♦ ❞❡ ❝❛s♦s ❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠♣r♦✈❛♠ ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ♠ét♦❞♦

❡♠ ✐❞❡♥t✐✜❝❛r ❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❜❡♠ ❝♦♠♦ ❡♠ r❡❞✉③✐r ♦s s✉rt♦s ❞❡ ♠❛♥♦❜r❛s✱ ✐♥❞❡♣❡♥❞❡♥t❡

❞♦s ♣❛râ♠❡tr♦s ❛✈❛❧✐❛❞♦s✱ ❛ ❡①❡♠♣❧♦ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❛ ❧✐♥❤❛✱ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦

❡ ❞♦ ❧♦❝❛❧ ❞❡ s✉❛ ♦❝♦rrê♥❝✐❛✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦❀ ❊①t✐♥çã♦ ❞❡ ❉❡❢❡✐t♦s❀ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦❀ ❙♦✲

❜r❡t❡♥sõ❡s ❞❡ ▼❛♥♦❜r❛✳

✈✐✐



❆❇❙❚❘❆❈❚

❆ ♥❡✇ ♠❡t❤♦❞ ❢♦r ❝♦♥tr♦❧❧❡❞ r❡❝❧♦s✐♥❣ ♦❢ tr❛♥s♠✐ss✐♦♥ ❧✐♥❡s ✇✐t❤ s❤✉♥t r❡❛❝t✐✈❡ ❝♦♠♣❡♥s❛t✐♦♥ ✐s

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

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

s❡♣❛r❛t✐♥❣ t❤❡ ❢r❡q✉❡♥❝② ❝♦♠♣♦♥❡♥ts ❝♦♥t❛✐♥❡❞ ✐♥ t❤❡ s✐❣♥❛❧s ❜❡✐♥❣ ❛♥❛❧②③❡❞✳ ❆s ❛ r❡s✉❧t ♦❢

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

❡①t✐♥❝t✐♦♥ t✐♠❡ ♦❢ s✐♥❣❧❡ ❛♥❞ ❞♦✉❜❧❡✲♣❤❛s❡ t♦ ❣r♦✉♥❞ ❢❛✉❧ts✱ ✇❤✐❝❤ ❛❝❝♦✉♥t ❢♦r ♠♦r❡ t❤❛♥ ✽✵✪

♦❢ ❢❛✉❧ts ✐♥ ✺✵✵ ❛♥❞ ✼✺✵ ❦❱ tr❛♥s♠✐ss✐♦♥ ❧✐♥❡s ❛t t❤❡ ❇r❛③✐❧✐❛♥ P♦✇❡r ❙②st❡♠ ●r✐❞✳ ❇② ✉s✐♥❣

t❤❡ ♣r♦♣♦s❡❞ ❛♣♣r♦❛❝❤✱ ✐t ✐s ♣♦ss✐❜❧❡ t♦ ♣r❡✈❡♥t r❡❝❧♦s✐♥❣ ♦♥t♦ ❢❛✉❧t✳ ❆❢t❡r ✐❞❡♥t✐❢②✐♥❣ t❤❡ ❢❛✉❧t

❡①t✐♥❝t✐♦♥ t✐♠❡✱ ✐t ✐s ♣♦ss✐❜❧❡ t♦ r❡❝❧♦s❡ t❤❡ ❧✐♥❡ ❛♥❞ ♠✐♥✐♠✐③❡ t❤❡ ❞❡❛❞ t✐♠❡ ✐♥ ✇❤✐❝❤ ✐t ✐s

♦✉t ♦❢ s❡r✈✐❝❡✳ ❚❤✐s r❡❞✉❝❡s t❤❡ ♣♦✇❡r s②st❡♠ r❡st♦r❛t✐♦♥ t✐♠❡✱ ✐♥❝r❡❛s✐♥❣ ✐ts r❡❧✐❛❜✐❧✐t② ❛♥❞

❛✈❛✐❧❛❜✐❧✐t②✳ ❆s ❛♥ ❛♣♣❧✐❝❛t✐♦♥ ♦❢ t❤✐s ♠❡t❤♦❞♦❧♦❣②✱ ❛ ❞❡✈✐❝❡ t♦ ❝♦♥tr♦❧ t❤❡ ❧✐♥❡ r❡❝❧♦s✐♥❣ ✇❛s

✐♠♣❧❡♠❡♥t❡❞ ❛♥❞ ❡✈❛❧✉❛t❡❞ ✐♥ ❛ ❘❡❛❧ ❚✐♠❡ ❉✐❣✐t❛❧ ❙✐♠✉❧❛t♦r ✭❘❚❉❙❚▼✮✳ ■♥ ❛❞❞✐t✐♦♥✱ ❛♥ ♦✤✐♥❡

✈❡rs✐♦♥ ♦❢ t❤❡ ♠❡t❤♦❞ ✇❛s ✐♠♣❧❡♠❡♥t❡❞ ❢♦r ♣❛r❛♠❡tr✐❝ ❛♥❞ s❡♥s✐t✐✈✐t② ❛♥❛❧②③❡s ❜② ♠❡❛♥s ♦❢

❛❝t✉❛❧ ♦s❝✐❧❧♦❣r❛♣❤✐❝ ❞❛t❛ ❛♥❞ ❞✐❣✐t❛❧ s✐♠✉❧❛t✐♦♥s ✉s✐♥❣ ❊▼❚P ✭❊❧❡❝tr♦♠❛❣♥❡t✐❝ ❚r❛♥s✐❡♥ts

Pr♦❣r❛♠✮✳ ❉❛t❛ ❢r♦♠ t❤❡ ❇r❛③✐❧✐❛♥ P♦✇❡r ❙②st❡♠ ●r✐❞ ✇❡r❡ ✉s❡❞ t♦ ♣r♦❞✉❝❡ s♦♠❡ ❝❛s❡ st✉❞✐❡s

❛♥❞ t❤❡ r❡s✉❧ts ❛tt❡st t❤❡ ❡✣❝✐❡♥❝② ♦❢ t❤❡ ♠❡t❤♦❞ t♦ ✐❞❡♥t✐❢② t❤❡ ❢❛✉❧t ❡①t✐♥❝t✐♦♥ t✐♠❡ ❛s ✇❡❧❧

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

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

❑❡②✇♦r❞s✿ ❈♦♥tr♦❧❧❡❞ ❙✇✐t❝❤✐♥❣❀ ❋❛✉❧t ❊①t✐♥❝t✐♦♥❀ ❙✇✐t❝❤✐♥❣ ❖✈❡r✈♦❧t❛❣❡s❀ ❚r❛♥s♠✐ss✐♦♥

▲✐♥❡s✳

✈✐✐✐



❙❯▼➪❘■❖

▲✐st❛ ❞❡ ❋✐❣✉r❛s ①✐✐✐

▲✐st❛ ❞❡ ❚❛❜❡❧❛s ①①✐✐

▲✐st❛ ❞❡ ❙í♠❜♦❧♦s ①①✐✈

▲✐st❛ ❞❡ ❆❜r❡✈✐❛t✉r❛s ①①✈✐✐✐

❈❛♣ít✉❧♦ ✶ ✕ ■♥tr♦❞✉çã♦ ✶

✶✳✶ ❘❡❧❡✈â♥❝✐❛ ❞❛ ❚❡s❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶

✶✳✷ ❖❜❥❡t✐✈♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

✶✳✸ ❈♦♥tr✐❜✉✐çõ❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

✶✳✹ ❖r❣❛♥✐③❛çã♦ ❞♦ ❚❡①t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻

❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✼

✷✳✶ ❙♦❜r❡t❡♥sõ❡s ❞❡ ▼❛♥♦❜r❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼

✷✳✶✳✶ ❊♥❡r❣✐③❛çã♦ ❞❡ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽

✷✳✶✳✷ ❘❡❧✐❣❛♠❡♥t♦ ❞❡ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾

✷✳✷ ❆♥á❧✐s❡ ❞♦ ❈♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❈❛r❣❛s ❘❡s✐❞✉❛✐s ❡♠ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦ ✳ ✳ ✳ ✶✷

✷✳✷✳✶ ❆❜❡rt✉r❛ ❚r✐❢ás✐❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸

✷✳✷✳✷ ❉❡❢❡✐t♦s ❋❛s❡✲❚❡rr❛ ✭❋❚✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺
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❙✉♠ár✐♦ ①

✷✳✷✳✸ ❉❡❢❡✐t♦s ❋❛s❡✲❋❛s❡✲❚❡rr❛ ✭❋❋❚✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵
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❢❡✐t♦s✳ ✭❛✮ ▲✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ ✭❜✮ ▲✐♥❤❛ ❝♦♠ ✺✽✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳

✭❝✮ ▲✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✹

✻✳✺ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠✲

♣❡♥s❛çã♦✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡

❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✺

✻✳✻ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✺✽✪ ❞❡ ❝♦♠✲

♣❡♥s❛çã♦✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡

❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✺

✻✳✼ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠✲

♣❡♥s❛çã♦✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡

❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✺
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✻✳✽ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♣❛r❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✱ ❞♦ t✐♣♦ ❆❚✱ ❡♠ q✉❡ rdefeito = 0, 1 Ω✳ ✭❛✮

❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭▼✐❧❛❣r❡s✮✳ ✭❜✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦

❞♦ ✐t❡♠ ❛✳ ✭❝✮ ❉❡❢❡✐t♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ✭❞✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦

❞♦ ✐t❡♠ ❝✳ ✭❡✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ✭❙✳ ❏✳ ❞♦ P✐❛✉í✮✳ ✭❢✮ ❉❡t❡r♠✐♥❛çã♦

❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✼

✻✳✾ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♣❛r❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✱ ❞♦ t✐♣♦ ❆❚✱ ❡♠ q✉❡ rdefeito = 10 Ω✳ ✭❛✮

❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭▼✐❧❛❣r❡s✮✳ ✭❜✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦

❞♦ ✐t❡♠ ❛✳ ✭❝✮ ❉❡❢❡✐t♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ✭❞✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦

❞♦ ✐t❡♠ ❝✳ ✭❡✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ✭❙✳ ❏✳ ❞♦ P✐❛✉í✮✳ ✭❢✮ ❉❡t❡r♠✐♥❛çã♦

❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✽

✻✳✶✵ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♣❛r❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✱ ❞♦ t✐♣♦ ❆❚✱ ❡♠ q✉❡ rdefeito = 100 Ω✳ ✭❛✮

❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭▼✐❧❛❣r❡s✮✳ ✭❜✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦

❞♦ ✐t❡♠ ❛✳ ✭❝✮ ❉❡❢❡✐t♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ✭❞✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦

❞♦ ✐t❡♠ ❝✳ ✭❡✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ✭❙✳ ❏✳ ❞♦ P✐❛✉í✮✳ ✭❢✮ ❉❡t❡r♠✐♥❛çã♦

❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✾

✻✳✶✶ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✺✽✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♣❛r❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✱ ❞♦ t✐♣♦ ❆❚✱ ❡♠ q✉❡ rdefeito = 10 Ω✳ ✭❛✮

❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭▼✐❧❛❣r❡s✮✳ ✭❜✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦

❞♦ ✐t❡♠ ❛✳ ✭❝✮ ❉❡❢❡✐t♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ✭❞✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦

❞♦ ✐t❡♠ ❝✳ ✭❡✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ✭❙✳ ❏✳ ❞♦ P✐❛✉í✮✳ ✭❢✮ ❉❡t❡r♠✐♥❛çã♦

❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✶

✻✳✶✷ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♣❛r❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✱ ❞♦ t✐♣♦ ❆❚✱ ❡♠ q✉❡ rdefeito = 10 Ω✳ ✭❛✮

❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭▼✐❧❛❣r❡s✮✳ ✭❜✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦

❞♦ ✐t❡♠ ❛✳ ✭❝✮ ❉❡❢❡✐t♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ✭❞✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦

❞♦ ✐t❡♠ ❝✳ ✭❡✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ✭❙✳ ❏✳ ❞♦ P✐❛✉í✮✳ ✭❢✮ ❉❡t❡r♠✐♥❛çã♦

❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✷
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✻✳✶✸ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥✲

s❛çã♦✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ✭t✐♣♦ ❆❚✮ ❧♦❝❛❧✐③❛❞❛

♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❡ ❝♦♠ rdefeito = 10 Ω✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛

❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✸

✻✳✶✹ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✺✽✪ ❞❡ ❝♦♠♣❡♥✲

s❛çã♦✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ✭t✐♣♦ ❆❚✮ ❧♦❝❛❧✐③❛❞❛

♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❡ ❝♦♠ rdefeito = 10 Ω✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛

❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✸

✻✳✶✺ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥✲

s❛çã♦✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ✭t✐♣♦ ❆❚✮ ❧♦❝❛❧✐③❛❞❛

♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❡ ❝♦♠ rdefeito = 10 Ω✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛

❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✸

✻✳✶✻ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♣❛r❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦s ❢❛s❡✲❢❛s❡✲t❡rr❛✱ ❞♦ t✐♣♦ ❆❇❚✱ ❡♠ q✉❡ rdefeito = 10 Ω✳

✭❛✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭▼✐❧❛❣r❡s✮✳ ✭❜✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡✲

❢❡✐t♦ ❞♦ ✐t❡♠ ❛✱ ♣❛r❛ ❝❛❞❛ ❢❛s❡✳ ✭❝✮ ❉❡❢❡✐t♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ✭❞✮ ❉❡t❡r♠✐♥❛çã♦

❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❝✱ ♣❛r❛ ❝❛❞❛ ❢❛s❡✳ ✭❡✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r

✭❙✳ ❏✳ ❞♦ P✐❛✉í✮✳ ✭❢✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❡✱ ♣❛r❛ ❝❛❞❛

❢❛s❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✹

✻✳✶✼ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠✲

♣❡♥s❛çã♦✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✲t❡rr❛ ✭t✐♣♦ ❆❇❚✮

❧♦❝❛❧✐③❛❞❛ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❡ ❝♦♠ rdefeito = 10 Ω✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮

❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✺

✻✳✶✽ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦s ❢❛s❡✲

❢❛s❡✱ ❞♦ t✐♣♦ ❆❇✱ ❡♠ q✉❡ rdefeito = 10 Ω✳ ✭❛✮ ▲✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳

✭❜✮ ▲✐♥❤❛ ❝♦♠ ✺✽✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ ✭❝✮ ▲✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ ✳ ✳ ✳ ✾✻
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✻✳✶✾ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥✲

s❛çã♦✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ✭t✐♣♦ ❆❇✮ ❧♦❝❛❧✐③❛❞❛

♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❡ ❝♦♠ rdefeito = 10 Ω✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛

❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✼

✻✳✷✵ ❊sq✉❡♠❛ ❞❡ tr❛♥s♣♦s✐çã♦ ✶✴✻ ✲ ✶✴✸ ✲ ✶✴✸ ✲ ✶✴✻✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✽

✻✳✷✶ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❡♠ ✉♠❛ ❞❛s ❢❛s❡s ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ ✺✵✵ ❦❱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛

❞❛ ♠❡s♠❛✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ❧✐♥❤❛ ♣❡r❢❡✐t❛♠❡♥t❡ tr❛♥s♣♦st❛ ❡ ❝♦♠ ❡sq✉❡♠❛ ❞❡

tr❛♥s♣♦s✐çã♦ r❡❛❧ ✶✴✻ ✲ ✶✴✸ ✲ ✶✴✸ ✲ ✶✴✻✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✽

✻✳✷✷ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡

❞❡❢❡✐t♦s✳ ✭❛✮ ▲✐♥❤❛ ✵✺❈✹✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ▲✉✐③ ●♦♥③❛❣❛ ❡ ❙♦❜r❛❞✐♥❤♦✳

✭❜✮ ▲✐♥❤❛ ✵✺▲✽✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ❆♥❣❡❧✐♠ ❡ ❘❡❝✐❢❡ ■■✳ ✭❝✮ ▲✐♥❤❛ ✵✺❱✸✱

❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ▼✐❧❛❣r❡s ❡ ◗✉✐①❛❞á✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✵

✻✳✷✸ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭r❡❛✐s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛

▲✐♥❤❛ ✵✺❈✹✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ▲✉✐③ ●♦♥③❛❣❛ ❡ ❙♦❜r❛❞✐♥❤♦✱ s❡♠ ♦❝♦rrê♥❝✐❛

❞❡ ❞❡❢❡✐t♦s✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳ ✶✵✶

✻✳✷✹ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭r❡❛✐s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛

❞❛ ▲✐♥❤❛ ✵✺▲✽✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ❆♥❣❡❧✐♠ ❡ ❘❡❝✐❢❡ ■■✱ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡

❞❡❢❡✐t♦s✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳ ✳ ✳ ✶✵✶

✻✳✷✺ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭r❡❛✐s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛

❞❛ ▲✐♥❤❛ ✵✺❱✸✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ▼✐❧❛❣r❡s ❡ ◗✉✐①❛❞á✱ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡

❞❡❢❡✐t♦s✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳ ✳ ✳ ✶✵✶

✻✳✷✻ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦ ❢❛s❡✲

t❡rr❛✳ ✭❛✮ ❉❡❢❡✐t♦ ❇❚ ♥❛ ▲✐♥❤❛ ✵✺❱✺✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ❋♦rt❛❧❡③❛ ■■ ❡

◗✉✐①❛❞á❀ ✭❜✮ ❚❡♥sõ❡s ♠♦❞❛✐s ✭−v0✮ ❡ ✭v1 + v2✮❀ ✭❝✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦

❞♦ ❞❡❢❡✐t♦❀ ✭❞✮ ❈♦♠♣♦♥❡♥t❡s ♠♦❞❛✐s ✶ ❡ ✵ ♣❛r❛ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞❡ ✉♠❛ ❢❛s❡ sã✳ ✶✵✸

✻✳✷✼ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦ ❢❛s❡✲

t❡rr❛✳ ✭❛✮ ❉❡❢❡✐t♦ ❈❚ ♥❛ ▲✐♥❤❛ ✵✺❱✸✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ▼✐❧❛❣r❡s ❡ ◗✉✐①❛❞á❀

✭❜✮ ❚❡♥sõ❡s ♠♦❞❛✐s ✭−v0✮ ❡ ✭v1 + v2✮❀ ✭❝✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦❀

✭❞✮ ❈♦♠♣♦♥❡♥t❡s ♠♦❞❛✐s ✶ ❡ ✵ ♣❛r❛ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞❡ ✉♠❛ ❢❛s❡ sã✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✹
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✻✳✷✽ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦ ❢❛s❡✲

t❡rr❛✳ ✭❛✮ ❉❡❢❡✐t♦ ❇❚ ♥❛ ▲✐♥❤❛ ✵✺▲✻✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ❆♥❣❡❧✐♠ ❡ P❛✉❧♦

❆❢♦♥s♦ ■❱❀ ✭❜✮ ❚❡♥sõ❡s ♠♦❞❛✐s ✭−v0✮ ❡ ✭v1 + v2✮❀ ✭❝✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦

❞♦ ❞❡❢❡✐t♦❀ ✭❞✮ ❈♦♠♣♦♥❡♥t❡s ♠♦❞❛✐s ✶ ❡ ✵ ♣❛r❛ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞❡ ✉♠❛ ❢❛s❡ sã✳ ✶✵✺
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✺✳✹ ▼á①✐♠♦s ✈❛❧♦r❡s ❞❡ s♦❜r❡t❡♥sã♦ ❝♦♠ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ♠❡♥♦r q✉❡ ✷✪

✭❱❜❛s❡ ❂ ✺✺✵ ❦❱✮✿ ❆✈❛❧✐❛çã♦ ❡♠ t❡♠♣♦ r❡❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✽

✺✳✺ P❛râ♠❡tr♦s ❞♦ ❚P❈ ❞❡ ✺✵✵ ❦❱ r❡♣♦rt❛❞♦ ♣♦r P❛❥✉❡❧♦ ❡t ❛❧✳ ✭✷✵✵✽✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✷

✺✳✻ ❉❛❞♦s ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛ r❡❢❡r❡♥t❡s ❛♦ s❡❝✉♥❞ár✐♦ ❞♦ ❚P❈ ❞❡ ✺✵✵ ❦❱

r❡♣♦rt❛❞♦ ♣♦r P❛❥✉❡❧♦ ❡t ❛❧✳ ✭✷✵✵✽✮✱ ❡♠ r❡❧❛çã♦ ❛♦ ♣r✐♠ár✐♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✸

✺✳✼ ▼á①✐♠♦s ✈❛❧♦r❡s ❞❡ s♦❜r❡t❡♥sã♦ ❝♦♠ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ♠❡♥♦r q✉❡ ✷✪

✭❱❜❛s❡ ❂ ✺✺✵ ❦❱✮✿ ❆♥á❧✐s❡ ❞❛ r❡s♣♦st❛ ❞♦ ❚P❈ ❡♠ t❡♠♣♦ r❡❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✻
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✻✳✷ ❉❛❞♦s ❞❡ s❡q✉ê♥❝✐❛ ❞❛ ▲❚ ❙ã♦ ❏♦ã♦ ❞♦ P✐❛✉í ✲ ▼✐❧❛❣r❡s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✶
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∆Testatistico ✲ ❱❛r✐❛çã♦ ❡st❛tíst✐❝❛ ❞♦ t❡♠♣♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✳

σ ✲ ❉❡s✈✐♦ ♣❛❞rã♦ ♣❛r❛ ∆Testatistico✳

ωc ✲ ❋r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ ❞♦ ✜❧tr♦ ❇✉tt❡r✇♦rt❤ ♣❛ss❛✲❜❛✐①❛ ✭❡♠ r❛❞✴s✮✳

ωp ✲ ❋r❡q✉ê♥❝✐❛ q✉❡ ❞❡❧✐♠✐t❛ ❛ ❢❛✐①❛ ❞❡ ♣❛ss❛❣❡♠ ❞♦ ✜❧tr♦ ❇✉tt❡r✇♦rt❤ ♣❛ss❛✲
❜❛✐①❛ ✭❡♠ r❛❞✴s✮✳

ωs ✲ ❋r❡q✉ê♥❝✐❛ q✉❡ ❞❡❧✐♠✐t❛ ❛ ❢❛✐①❛ ❞❡ ❝♦rt❡ ❞♦ ✜❧tr♦ ❇✉tt❡r✇♦rt❤ ♣❛ss❛✲❜❛✐①❛
✭❡♠ r❛❞✴s✮✳

|A(jω)|dB ✲ ❆t❡♥✉❛çã♦ ❞♦ s✐♥❛❧ ♣❛r❛ ♦ ✜❧tr♦ ❇✉tt❡r✇♦rt❤ ♣❛ss❛✲❜❛✐①❛✱ ❡♠ ❢✉♥çã♦ ❞❛
❢r❡q✉ê♥❝✐❛ ω✳

Amax ✲ ❆t❡♥✉❛çã♦ ♥❛ ❢❛✐①❛ ❞❡ ♣❛ss❛❣❡♠ ❞♦ ✜❧tr♦ ❇✉tt❡r✇♦rt❤ ♣❛ss❛✲❜❛✐①❛✳

Amin ✲ ❆t❡♥✉❛çã♦ ♥❛ ❢❛✐①❛ ❞❡ ❝♦rt❡ ❞♦ ✜❧tr♦ ❇✉tt❡r✇♦rt❤ ♣❛ss❛✲❜❛✐①❛✳

C0✱ C1✱ C2 ✲ P❛râ♠❡tr♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r r❡❢❡r❡♥t❡s às ❝❛♣❛❝✐tâ♥❝✐❛s ❞❛ ❧✐♥❤❛✱
♣❛r❛ ♦s ♠♦❞♦s ✵✱ ✶ ❡ ✷✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

Ceq ✲ ❈❛♣❛❝✐tâ♥❝✐❛ ❡q✉✐✈❛❧❡♥t❡ ♣❛r❛ ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r ✉t✐✲
❧✐③❛❞♦s ♥❛ ❛♥á❧✐s❡ ❞❡ ❞❡❢❡✐t♦s✳

CF ✲ ❈❛♣❛❝✐tâ♥❝✐❛ ♣❛r❛ ♦ ❝✐r❝✉✐t♦ s✉♣r❡ss♦r ❞❡ ❢❡rr♦r❡ss♦♥â♥❝✐❛ ❞♦ ❚P❈✳

Cp1✱ Cp2 ✲ ❈❛♣❛❝✐tâ♥❝✐❛s ♣❛r❛ ♦ ❞✐✈✐s♦r ❝❛♣❛❝✐t✐✈♦ ❞♦ ❚P❈✳

dvdisj/dt ✲ ❚❛①❛ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛ ❞♦s ❞✐s❥✉♥t♦r❡s✳

f60 ✲ ❋r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❞❡ ♦♣❡r❛çã♦ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ✭✻✵ ❍③✮✳

f0✱ f1 ✲ ❋r❡q✉ê♥❝✐❛s ❞❡ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ♣❛r❛
♣❛r❛ ♦s ♠♦❞♦s ✵ ❡ ✶✳

fc ✲ ❋r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ ❞♦ ✜❧tr♦ ❇✉tt❡r✇♦rt❤ ♣❛ss❛✲❜❛✐①❛ ✭❡♠ ❍③✮✳

fp ✲ ❋r❡q✉ê♥❝✐❛ q✉❡ ❞❡❧✐♠✐t❛ ❛ ❢❛✐①❛ ❞❡ ♣❛ss❛❣❡♠ ❞♦ ✜❧tr♦ ❇✉tt❡r✇♦rt❤ ♣❛ss❛✲
❜❛✐①❛ ✭❡♠ ❍③✮✳

①①✐✈



▲✐st❛ ❞❡ ❙í♠❜♦❧♦s ①①✈

fs ✲ ❋r❡q✉ê♥❝✐❛ q✉❡ ❞❡❧✐♠✐t❛ ❛ ❢❛✐①❛ ❞❡ ❝♦rt❡ ❞♦ ✜❧tr♦ ❇✉tt❡r✇♦rt❤ ♣❛ss❛✲❜❛✐①❛
✭❡♠ ❍③✮✳

icc ✲ ❈♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳

iC0✱ iC1✱ iC2 ✲ ❈♦rr❡♥t❡s ❛tr❛✈és ❞♦s ♣❛râ♠❡tr♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r r❡❢❡r❡♥t❡s às
❝❛♣❛❝✐tâ♥❝✐❛s ❞❛ ❧✐♥❤❛✱ ♣❛r❛ ♦s ♠♦❞♦s ✵✱ ✶ ❡ ✷✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

iL0✱ iL1✱ iL2 ✲ ❈♦rr❡♥t❡s ❛tr❛✈és ❞♦s ♣❛râ♠❡tr♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r r❡❢❡r❡♥t❡s às
✐♥❞✉tâ♥❝✐❛s ❞♦ r❡❛t♦r✱ ♣❛r❛ ♦s ♠♦❞♦s ✵✱ ✶ ❡ ✷✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

k0 ✲ ●r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ r❡❢❡r❡♥t❡ à s❡q✉ê♥❝✐❛ ③❡r♦✳

k1 ✲ ●r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

L0✱ L1✱ L2 ✲ P❛râ♠❡tr♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r r❡❢❡r❡♥t❡s às ✐♥❞✉tâ♥❝✐❛s ❞♦ r❡❛t♦r✱
♣❛r❛ ♦s ♠♦❞♦s ✵✱ ✶ ❡ ✷✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

LC ✲ ■♥❞✉tâ♥❝✐❛ ♣❛r❛ ♦ r❡❛t♦r ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞♦ ❚P❈✳

Leq ✲ ■♥❞✉tâ♥❝✐❛ ❡q✉✐✈❛❧❡♥t❡ ♣❛r❛ ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r ✉t✐❧✐③❛❞♦s
♥❛ ❛♥á❧✐s❡ ❞❡ ❞❡❢❡✐t♦s✳

LF ✲ ■♥❞✉tâ♥❝✐❛ ♣❛r❛ ♦ ❝✐r❝✉✐t♦ s✉♣r❡ss♦r ❞❡ ❢❡rr♦r❡ss♦♥â♥❝✐❛ ❞♦ ❚P❈✳

Ls0 ✲ ■♥❞✉tâ♥❝✐❛ ♣❛r❛ ❛ ❝❛r❣❛ s❡❝✉♥❞ár✐❛ ❞♦ ❚P❈✳

N ✲ ◆ú♠❡r♦ ❞❡ ❛♠♦str❛s ❞❡ ✉♠ s✐♥❛❧✳

NT ✲ ❘❡❧❛çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ♣❛r❛ ♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧ ✐♥t❡r✲
♠❡❞✐ár✐♦ ❞♦ ❚P❈✳

Ql ✲ P♦tê♥❝✐❛ r❡❛t✐✈❛ ✭❝❛♣❛❝✐t✐✈❛✮ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

Qr ✲ P♦tê♥❝✐❛ ❞♦ r❡❛t♦r✳

rdefeito ✲ ❘❡s✐stê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦✳

R2 ✲ P❛râ♠❡tr♦ ❡st❛tíst✐❝♦ q✉❡ q✉❛♥t✐✜❝❛ ❛ q✉❛❧✐❞❛❞❡ ❞♦ ❛❥✉st❡ ❞❡ ❝✉r✈❛s ❡♥tr❡
③❡r♦ ❡ ✉♠✳

RC ✲ ❘❡s✐stê♥❝✐❛ ♣❛r❛ ♦ r❡❛t♦r ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞♦ ❚P❈✳

RF ✱ RCF ✱ RLF ✲ ❘❡s✐stê♥❝✐❛s ♣❛r❛ ♦ ❝✐r❝✉✐t♦ s✉♣r❡ss♦r ❞❡ ❢❡rr♦r❡ss♦♥â♥❝✐❛ ❞♦ ❚P❈✳

RP ✱ RS ✲ ■♥❞✉tâ♥❝✐❛s ❞♦ ❡♥r♦❧❛♠❡♥t♦ ♣r✐♠ár✐♦ ❡ s❡❝✉♥❞ár✐♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❞❡
♣♦t❡♥❝✐❛❧ ✐♥t❡r♠❡❞✐ár✐♦ ❞♦ ❚P❈✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
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RP ✱ RS ✲ ❘❡s✐stê♥❝✐❛s ❞♦ ❡♥r♦❧❛♠❡♥t♦ ♣r✐♠ár✐♦ ❡ s❡❝✉♥❞ár✐♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❞❡
♣♦t❡♥❝✐❛❧ ✐♥t❡r♠❡❞✐ár✐♦ ❞♦ ❚P❈✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

Rp1✱ Rp2 ✲ ❘❡s✐stê♥❝✐❛s ❞♦ ❞✐✈✐s♦r ❝❛♣❛❝✐t✐✈♦ ❞♦ ❚P❈✳

RM ✲ ❘❡s✐stê♥❝✐❛ ❞♦ r❛♠♦ ❞❡ ♠❛❣♥❡t✐③❛çã♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧ ✐♥✲
t❡r♠❡❞✐ár✐♦ ❞♦ ❚P❈✳

Rs0✱ RLs0
✲ ❘❡s✐stê♥❝✐❛s ♣❛r❛ ❛ ❝❛r❣❛ s❡❝✉♥❞ár✐❛ ❞♦ ❚P❈✳

SSE ✲ ❙♦♠❛ q✉❛❞rát✐❝❛ ❞❛s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ♦s s✐♥❛✐s v1 + v2 ❡ −v0✱ t♦♠❛❞❛s
♣♦♥t♦ ❛ ♣♦♥t♦ ❡♠ ✉♠ ✐♥t❡r✈❛❧♦ ❝♦♠ N ❛♠♦str❛s ❞❡ ❝❛❞❛ s✐♥❛❧✳

SST ✲ ❙♦♠❛ q✉❛❞rát✐❝❛ ❞❛s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ❛s ❛♠♦str❛s ❞❡ −v0 ❡ ♦ ✈❛❧♦r ♠é❞✐♦
❞❡st❡ s✐♥❛❧ v0 ♥♦ ✐♥t❡r✈❛❧♦ ❝♦♠ N ❛♠♦str❛s✳

tapropriado ✲ ■♥st❛♥t❡ ❛♣r♦♣r✐❛❞♦ ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❝❛❞❛ ❢❛s❡ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s✲
♠✐ssã♦✳

tcomando ✲ ■♥st❛♥t❡ ❛❧❡❛tór✐♦ ❞❡ ❝♦♠❛♥❞♦ ♣❛r❛ ❡♥❡r❣✐③❛çã♦ ♦✉ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s
❞❡ tr❛♥s♠✐ssã♦✳

textrapolado ✲ Pr✐♠❡✐r♦ ✐♥st❛♥t❡ ❢✉t✉r♦ ❡♠ q✉❡ ♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦
❝♦♥tr♦❧❛❞♦ é ❡①tr❛♣♦❧❛❞♦✳

tinicial ✲ ■♥st❛♥t❡ ✐♥✐❝✐❛❧ ♣❛r❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❡①tr❛♣♦❧❛çã♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❛
❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

tzero1✱ tzero2 ✲ Pr✐♠❡✐r♦ ❡ s❡❣✉♥❞♦ ✐♥st❛♥t❡ ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛
♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♣ós ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦✱
r❡s♣❡❝t✐✈❛♠❡♥t❡✳

tzero3 ✲ Ú❧t✐♠♦ ✐♥st❛♥t❡ ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ♣❛r❛ ♦ ❝❤❛✈❡❛✲
♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♣ós ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦✱ ❛ ♣❛rt✐r ❞♦
q✉❛❧ ✐♥✐❝✐❛✲s❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❡①tr❛♣♦❧❛çã♦ ❞♦s s✐♥❛✐s✳

Tatraso ✲ ■♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛tr❛s❛r tcomando✳

Tcalculo ✲ ■♥t❡r✈❛❧♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ✐♥t❡r♥♦ ❞♦ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❝❤❛✈❡❛✲
♠❡♥t♦ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♠❛♥♦❜r❛s ❞❡
r❡❧✐❣❛♠❡♥t♦ ♦✉ ❡♥❡r❣✐③❛çã♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳

Tcomando ✲ ■♥t❡r✈❛❧♦ ✉t✐❧✐③❛❞♦ ♥❛ ▲ó❣✐❝❛ ❞♦ ❈♦♥tr♦❧❛❞♦ ♣❛r s✐♥❝r♦♥✐③❛r ♦ ✐♥st❛♥t❡
❛♣r♦♣r✐❛❞♦ ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ♦✉ ❡♥❡r❣✐③❛çã♦ ❞❛ ❧✐♥❛❤ ❞❡ tr❛♥s♠✐ssã♦✳

Tnominal ✲ ❚❡♠♣♦ ♥♦♠✐♥❛❧ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✳

Toperacao ✲ ❚❡♠♣♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✳
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Tpre−arco ✲ ■♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❡♥tr❡ ♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ♦ ♣ré✲❛r❝♦ é ❡st❛❜❡❧❡❝✐❞♦ ❡ ♦
✐♥st❛♥t❡ ❡♠ q✉❡ ♦❝♦rr❡ ♦ ❛❝♦♣❧❛♠❡♥t♦ ❢ís✐❝♦ ❞♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✳

Tsincronizacao ✲ ■♥t❡r✈❛❧♦ ♣❛r❛ s✐♥❝r♦♥✐③❛çã♦ ❝♦♠ ♦ ✐♥st❛♥t❡ ❛♣r♦♣r✐❛❞♦ ♣❛r❛ r❡❛❧✐③❛çã♦
❞❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ ♦✉ ❡♥❡r❣✐③❛çã♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳

T1✱ T2 ✲ Pr✐♠❡✐r♦ ❡ s❡❣✉♥❞♦ s❡♠✐✲♣❡rí♦❞♦ ❞♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ♣❛r❛ ♦ ❝❤❛✈❡❛✲
♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ❞❡✜♥✐❞♦s ♣♦r tzero1✱ tzero2 ❡ tzero3✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

V ✲ ❚❡♥sã♦ ♥♦♠✐♥❛❧ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

vbmod1
✲ ❈♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♠♦❞♦ ✶ ❞❡ ❑❛rr❡♥❜❛✉❡r✱

♣❛r❛ ❛ ❢❛s❡ ❇ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

vcmod1
✲ ❈♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♠♦❞♦ ✶ ❞❡ ❑❛rr❡♥❜❛✉❡r✱

♣❛r❛ ❛ ❢❛s❡ ❈ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

vmod1 ✲ ❈♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♠♦❞♦ ✶ ❞❡ ❑❛rr❡♥❜❛✉❡r✳

v0✱ v1✱ v2 ✲ ❚❡♥sõ❡s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r ♥❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ r❡❢❡r❡♥t❡s ❛♦s
♠♦❞♦s ✵✱ ✶ ❡ ✷✳

v0 ✲ ❱❛❧♦r ♠é❞✐♦ ❞♦ s✐♥❛❧ −v0 ♥♦ ✐♥t❡r✈❛❧♦ ❝♦♠ N ❛♠♦str❛s✳

va✱ vb✱ vc ✲ ❚❡♥sõ❡s ❞❡ ❢❛s❡ ♥❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

V0✱ V1✱ V2 ✲ ❚r❛♥s❢♦r♠❛❞❛s ❞❡ ▲❛♣❧❛❝❡ ♣❛r❛ ❛s t❡♥sõ❡s ♠♦❞❛✐s v0✱ v1 ❡ v2✳

Vi ✲ ❙✐♥❛❧ ❞❡ t❡♥sã♦ ♥♦ ♣r✐♠ár✐♦ ❞♦ ❚P❈✳

Vo ✲ ❙✐♥❛❧ ❞❡ t❡♥sã♦ ♥♦ s❡❝✉♥❞ár✐♦ ❞♦ ❚P❈✳

XM ✲ ❘❡❛tâ♥❝✐❛ ❞♦ r❛♠♦ ❞❡ ♠❛❣♥❡t✐③❛çã♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧ ✐♥t❡r✲
♠❡❞✐ár✐♦ ❞♦ ❚P❈✳

Zb ✲ ❈❛r❣❛ s❡❝✉♥❞ár✐❛ ❞♦ ❚P❈✳



▲■❙❚❆ ❉❊ ❆❇❘❊❱■❆❚❯❘❆❙

✸❋ ✲ ❉❡❢❡✐t♦ tr✐❢ás✐❝♦✳

❆❇ ✲ ❉❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ❡♥✈♦❧✈❡♥❞♦ ❛s ❢❛s❡s ❆ ❡ ❇✳

❆❇❚ ✲ ❉❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✲t❡rr❛ ❡♥✈♦❧✈❡♥❞♦ ❛s ❢❛s❡s ❆ ❡ ❇✳

❆❚ ✲ ❉❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ❡♥✈♦❧✈❡♥❞♦ ❛ ❢❛s❡ ❆✳

❆❚P ✲ ❆❧t❡r♥❛t✐✈❡ ❚r❛♥s✐❡♥ts Pr♦❣r❛♠✳

❇❈ ❍②❞r♦ ✲ ❇r✐t✐s❤ ❈♦❧✉♠❜✐❛ ❍②❞r♦ ❛♥❞ P♦✇❡r ❆✉t❤♦r✐t②✳

❇P❆ ✲ ❇♦♥♥❡✈✐❧❧❡ P♦✇❡r ❆❞♠✐♥✐str❛t✐♦♥✳

❈❤❡s❢ ✲ ❈♦♠♣❛♥❤✐❛ ❍✐❞r♦ ❊❧étr✐❝❛ ❞♦ ❙ã♦ ❋r❛♥❝✐s❝♦✳

❈■●❘❊ ✲ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦✉♥❝✐❧ ♦♥ ▲❛r❣❡ ❊❧❡❝tr✐❝ ❙②st❡♠s✳

❈❙❋ ✲ ❈✐r❝✉✐t♦ ❙✉♣r❡ss♦r ❞❡ ❋❡rr♦r❡ss♦♥â♥❝✐❛✳

❉❙P ✲ ❉✐❣✐t❛❧ ❙✐❣♥❛❧ Pr♦❝❡ss♦r✳

❊❆❚ ✲ ❊①tr❛ ❆❧t❛ ❚❡♥sã♦✳

❊▼❚P ✲ ❊❧❡❝tr♦♠❛❣♥❡t✐❝ ❚r❛♥s✐❡♥ts Pr♦❣r❛♠✳

❊P❊ ✲ ❊♠♣r❡s❛ ❞❡ P❡sq✉✐s❛ ❊♥❡r❣ét✐❝❛✳

❋❋ ✲ ❉❡❢❡✐t♦ ❢❛s❡✲t❡rr❛✳

❋❋❚ ✲ ❉❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✲t❡rr❛✳

❋P▲ ✲ ❋❧ór✐❞❛ P♦✇❡r ✫ ▲✐❣❤t ❈♦♠♣❛♥②✳

❋❚ ✲ ❉❡❢❡✐t♦ ❢❛s❡✲t❡rr❛✳

●❖❖❙❊ ✲ ●❡♥❡r✐❝ ❖❜❥❡❝t ❖r✐❡♥t❡❞ ❙✉❜st❛t✐♦♥ ❊✈❡♥t✳

●P❈ ✲ ●✐❣❛ Pr♦❝❡ss♦r ❈❛r❞✳

●❙❊ ✲ ●r✉♣♦ ❞❡ ❙✐st❡♠❛s ❊❧étr✐❝♦s✳

①①✈✐✐✐



▲✐st❛ ❞❡ ❆❜r❡✈✐❛t✉r❛s ①①✐①

●❙❙❊ ✲ ●❡♥❡r✐❝ ❙✉❜st❛t✐♦♥ ❙t❛t❡ ❊✈❡♥ts✳

●❚❆■ ✲ ●✐❣❛❜✐t ❚r❛♥s❝❡✐✈❡r ❆♥❛❧♦❣✉❡ ■♥♣✉t ❈❛r❞✳

●❚❆❖ ✲ ●✐❣❛❜✐t ❚r❛♥s❝❡✐✈❡r ❆♥❛❧♦❣✉❡ ❖✉t♣✉t ❈❛r❞✳

●❚❉■ ✲ ●✐❣❛❜✐t ❚r❛♥s❝❡✐✈❡r ❉✐❣✐t❛❧ ■♥♣✉t ❈❛r❞✳

●❚❉❖ ✲ ●✐❣❛❜✐t ❚r❛♥s❝❡✐✈❡r ❉✐❣✐t❛❧ ❖✉t♣✉t ❈❛r❞✳

●❚❋P■ ✲ ●✐❣❛❜✐t ❚r❛♥s❝❡✐✈❡r ❋r♦♥t P❛✐♥❡❧ ■♥t❡r❢❛❝❡ ❈❛r❞✳

●❚✲■✴❖ ✲ ●✐❣❛❜✐t ❚r❛♥s❝❡✐✈❡r ✲ ■♥♣✉t✴❖✉t♣✉t✳

●❚◆❊❚ ✲ ●✐❣❛❜✐t ❚r❛♥s❝❡✐✈❡r ◆❡t✇♦r❦ ■♥t❡r❢❛❝❡ ❙②st❡♠ ❈❛r❞✳

●❯■ ✲ ●r❛♣❤✐❝❛❧ ❯s❡r ■♥t❡r❢❛❝❡✳

■❊❈ ✲ ■♥t❡r♥❛t✐♦♥❛❧ ❊❧❡❝tr♦t❡❝❤♥✐❝❛❧ ❈♦♠♠✐ss✐♦♥✳

■❘❈ ✲ ■♥t❡r❘❛❝❦ ❈♦♠♠✉♥✐❝❛t✐♦♥✳

▲❚ ✲ ▲✐♥❤❛ ❞❡ ❚r❛♥s♠✐ssã♦✳

▼▲● ✲ ▼✐❧❛❣r❡s✳

❖◆❙ ✲ ❖♣❡r❛❞♦r ◆❛❝✐♦♥❛❧ ❞♦ ❙✐st❡♠❛ ❊❧étr✐❝♦✳

P✫❉ ✲ P❡sq✉✐s❛ ❡ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦✳

P❈ ✲ P❡rs♦♥❛❧ ❈♦♠♣✉t❡r✳

❘P■ ✲ ❘❡s✐st♦r ❞❡ Pré✲✐♥s❡rçã♦✳

❘❙❈❆❉ ✲ ●❯■ ❞♦ ❘❚❉❙❚▼✳

❘❚❉❙❚▼ ✲ ❘❡❛❧ ❚✐♠❡ ❉✐❣✐t❛❧ ❙✐♠✉❧❛t♦r✳

❙❈❈ ✲ ❙✐st❡♠❛ ❞❡ ❈♦♥tr♦❧❡ ❞♦ ❈❤❛✈❡❛♠❡♥t♦✳

❙❊ ✲ ❙✉❜❡st❛çã♦✳

❙■▲ ✲ ❙✉r❣❡ ■♠♣❡❞❛♥❝❡ ▲♦❛❞✐♥❣✳

❙■◆ ✲ ❙✐st❡♠❛ ■♥t❡r❧✐❣❛❞♦ ◆❛❝✐♦♥❛❧✳

❙❏■ ✲ ❙ã♦ ❏♦ã♦ ❞♦ P✐❛✉í✳



▲✐st❛ ❞❡ ❆❜r❡✈✐❛t✉r❛s ①①①

❚❈ ✲ ❚r❛♥s❢♦r♠❛❞♦r ❞❡ ❈♦rr❡♥t❡✳

❚◆❆ ✲ ❚r❛♥s✐❡♥t ◆❡t✇♦r❦ ❆♥❛❧②③❡r✳

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

❚P■ ✲ ❚r❛♥s❢♦r♠❛❞♦r ❞❡ P♦t❡♥❝✐❛❧ ■♥❞✉t✐✈♦✳

❯❆❚ ✲ ❯❧tr❛ ❆❧t❛ ❚❡♥sã♦✳

❯❋❈● ✲ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡✳

❲■❋ ✲ ❲♦r❦st❛t✐♦♥ ■♥t❡r❋❛❝❡✳

❩♥❖ ✲ Ó①✐❞♦ ❞❡ ❩✐♥❝♦✳



❈❆P❮❚❯▲❖ ✶

■◆❚❘❖❉❯➬➹❖

✶✳✶ ❘❊▲❊❱➶◆❈■❆ ❉❆ ❚❊❙❊

❆té ♦s ❛♥♦s ✻✵✱ s✉rt♦s ♦r✐❣✐♥❛❞♦s ❞❡ ❞❡s❝❛r❣❛s ❛t♠♦s❢ér✐❝❛s ❡r❛♠ ♦s ❢❛t♦r❡s ❞❡t❡r♠✐♥❛♥t❡s

♣❛r❛ ❛ ❝♦♦r❞❡♥❛çã♦ ❞❡ ✐s♦❧❛♠❡♥t♦ ❞❡ s✐st❡♠❛s ❡❧étr✐❝♦s✳ ❆ ♣❛rt✐r ❞❛q✉❡❧❛ ❞é❝❛❞❛✱ ❡ss❛ ✜❧♦s♦✜❛

♣r❡❝✐s♦✉ s❡r r❡✈✐st❛ ❝♦♠ ♦ ❛❞✈❡♥t♦ ❞❡ s✐st❡♠❛s ❞❡ tr❛♥s♠✐ssã♦ ❡♠ ✺✵✵ ❦❱✱ ❡♠ q✉❡ s✉rt♦s ❞❡

♠❛♥♦❜r❛s ❡♠ ❧♦♥❣❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❡♠ ❡①tr❛✲❛❧t❛ t❡♥sã♦ ✭❊❆❚✮ ❡ ✉❧tr❛ ❛❧t❛ t❡♥sã♦ ✭❯❆❚✮

♣❛ss❛r❛♠ ❛ t❡r ✉♠❛ ♠❛✐♦r ✐♠♣♦rtâ♥❝✐❛✱ ✐♥✢✉❡♥❝✐❛♥❞♦ ❞✐r❡t❛♠❡♥t❡ ♥♦s ♥í✈❡✐s ❞❡ ✐s♦❧❛♠❡♥t♦ ❞❡

s✐st❡♠❛s ❡❧étr✐❝♦s✱ ❛ ❡①❡♠♣❧♦ ❞♦ ❙✐st❡♠❛ ■♥t❡r❧✐❣❛❞♦ ◆❛❝✐♦♥❛❧ ✭❙■◆✮✳ ❙♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s

❡♠ s✐st❡♠❛s ❞❡ ✺✵✵ ❡ ✽✵✵ ❦❱ ❞❡✈❡♠ s❡r ❧✐♠✐t❛❞❛s ❛ ✶✱✽ ❡ ✶✱✹ ♣✳✉✳✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣❛r❛

♠❛♥t❡r ♦ ✐s♦❧❛♠❡♥t♦ ❡♠ ♥í✈❡✐s ✐♠♣♦st♦s ♣♦r s✉rt♦s ❛t♠♦s❢ér✐❝♦s ✭❍■▲❊▼❆◆✱ ✶✾✾✾✮✳ ❏á ♣❛r❛

s✐st❡♠❛s ❝♦♠ t❡♥sõ❡s ❞❛ ♦r❞❡♠ ❞❡ ✶✷✵✵ ❦❱✱ ❡st❛s s♦❜r❡t❡♥sõ❡s sã♦ ♦ ❢❛t♦r ❞❡t❡r♠✐♥❛♥t❡ ♣❛r❛ ❛

❝♦♦r❞❡♥❛çã♦ ❞❡ ✐s♦❧❛♠❡♥t♦ ❡ ♣♦r q✉❡stõ❡s ❡❝♦♥ô♠✐❝❛s ❡ ♣rát✐❝❛s ❞❡✈❡♠ s❡r ❧✐♠✐t❛❞❛s ❛ ✈❛❧♦r❡s

❛❜❛✐①♦ ❞❡ ✶✱✺ ♣✳✉✳ ✭❉■▲▲❆❘❉ ✫ ❍■▲❊▼❆◆✱ ✶✾✼✵✮✳

❯♠❛ ✈❡③ q✉❡ ❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ♣♦❞❡♠ ❛t✐♥❣✐r ✈❛❧♦r❡s ❞❛ ♦r❞❡♠ ❞❡ ✹ ♣✳✉✳

✭❆❘❆Ú❏❖ ✫ ◆❊❱❊❙✱ ✷✵✵✺✮✱ ❡st✉❞♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦s ♠❡✐♦s ♣❛r❛ r❡❞✉③✐✲❧❛s sã♦ ❞❡ ❡①tr❡♠❛

✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ♦ s❡t♦r ❡❧étr✐❝♦✳ ❚r❛❞✐❝✐♦♥❛❧♠❡♥t❡✱ ❞✐s❥✉♥t♦r❡s ❝♦♠ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦

✭❘P■✮ tê♠ s✐❞♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❡st❡ ✜♠✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❘P■ ❛✉♠❡♥t❛ ❛ ❝♦♠✲

♣❧❡①✐❞❛❞❡ ❞♦s ❞✐s❥✉♥t♦r❡s ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ♦s ❝✉st♦s ❛❣r❡❣❛❞♦s ❞❡ ❢❛❜r✐❝❛çã♦ ❡ ♠❛♥✉t❡♥çã♦

❞❡st❡s ❡q✉✐♣❛♠❡♥t♦s ✭▲❊●❆❚❊ ❡t ❛❧✳✱ ✶✾✽✽❀ ❘■❇❊■❘❖ ✫ ▼❈❈❆▲▲❯▼✱ ✶✾✽✾❀ ❈■●❘❊ ❲♦r❦✐♥❣

●r♦✉♣ ❆✸✳✵✼✱ ✷✵✵✹❀ ❆❇❇✱ ✷✵✵✾✮✳ ❆ ❜✉s❝❛ ♣♦r ❛❧t❡r♥❛t✐✈❛s ♣❛r❛ r❡❞✉çã♦ ❞❡st❛s s♦❜r❡t❡♥sõ❡s

❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ♦❜❥❡t✐✈❛♥❞♦ ❡❧✐♠✐♥❛r ♦s ❘P■✱ é ❛❧✈♦ ❞❡ ♣❡sq✉✐s❛s ❡ ❞✐s❝✉ssõ❡s ♥❛

❝♦♠✉♥✐❞❛❞❡ ❝✐❡♥tí✜❝❛ ✐♥t❡r♥❛❝✐♦♥❛❧ ❞♦ s❡t♦r ❡❧étr✐❝♦✳ ❉❡♥tr❡ ❛s q✉❛✐s ❞❡st❛❝❛♠✲s❡ ❛s té❝♥✐❝❛s

❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✭❈■●❘❊ ❚❛s❦ ❋♦r❝❡ ✶✸✳✵✵✳✶✱ ✶✾✾✺❀ ❈❆❘❱❆▲❍❖ ❡t ❛❧✳✱ ✶✾✾✺❀ ■❚❖✱

✷✵✵✷❀ ❙❆◆❆❨❊✲P❆❙❆◆❉ ❡t ❛❧✳✱ ✷✵✵✺✮✳

✶



❈❛♣ít✉❧♦ ✶ ✕ ■♥tr♦❞✉çã♦ ✷

❈❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ é ♦ t❡r♠♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❞❡s❝r❡✈❡r ♦ ✉s♦ ❞❡ ❡q✉✐♣❛♠❡♥t♦s ❡❧❡trô♥✐✲

❝♦s ♣❛r❛ ❝♦♥tr♦❧❛r ♦ ❢❡❝❤❛♠❡♥t♦ ❡ ❛❜❡rt✉r❛ ♠❡❝â♥✐❝❛ ❞♦s ❝♦♥t❛t♦s ❞♦s ❞✐s❥✉♥t♦r❡s t❡♥❞♦ ❝♦♠♦

r❡❢❡rê♥❝✐❛ s✐♥❛✐s ❡❧étr✐❝♦s ❞❡ t❡♥sã♦ ♦✉ ❝♦rr❡♥t❡ ✭❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ✶✸✳✵✼✱ ✶✾✾✾❛❀ ❈■●❘❊

❲♦r❦✐♥❣ ●r♦✉♣ ✶✸✳✵✼✱ ✶✾✾✾❜✮✳ ❆ ✈✐❛❜✐❧✐❞❛❞❡ ❞♦ ✉s♦ ❞❡st❡ ♠ét♦❞♦ ♣❛r❛ ❧✐♠✐t❛r ❛s s♦❜r❡t❡♥sõ❡s

❞❡ ♠❛♥♦❜r❛s t❡♠ s✐❞♦ ❡st✉❞❛❞❛ ❤á ✈ár✐♦s ❛♥♦s✳ ❊st❡s ❡st✉❞♦s ❛t❡st❛♠ q✉❡ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥✲

tr♦❧❛❞♦ ♣♦❞❡ s❡r ❜❛st❛♥t❡ ❡✜❝✐❡♥t❡ ♣❛r❛ ♦ ✜♠ q✉❡ s❡ ♣r♦♣õ❡✳ ❉❡✈✐❞♦ à ✈✐❛❜✐❧✐❞❛❞❡ ❡❝♦♥ô♠✐❝❛

❡ ❛♦s ❜❡♥❡❢í❝✐♦s ❛✉❢❡r✐❞♦s✱ ❡st❡ t❡♠❛ ❞❡s♣❡rt♦✉ ✐♥t❡r❡ss❡ t❛♥t♦ ❞❛s ❝♦♠♣❛♥❤✐❛s q✉❛♥t♦ ❞♦s ❢❛✲

❜r✐❝❛♥t❡s ❞❡ ❞✐s❥✉♥t♦r❡s ✭❋❘❖❊❍▲■❈❍ ❡t ❛❧✳✱ ✶✾✾✼❛❀ ❚❙❯❚❆❉❆ ❡t ❛❧✳✱ ✷✵✵✷❀ ❆❇❇✱ ✷✵✵✾✮✳ ❆

s❡❣✉✐r sã♦ ❧✐st❛❞♦s ♦s ♣r✐♥❝✐♣❛✐s ❜❡♥❡❢í❝✐♦s ❡ ❛s♣❡❝t♦s ❡❝♦♥ô♠✐❝♦s ❡♥✈♦❧✈❡♥❞♦ ♦ ❝❤❛✈❡❛♠❡♥t♦

❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ✭❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ❆✸✳✵✼✱ ✷✵✵✹✮✿

• ❖ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❡❧✐♠✐♥❛ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞♦ ✉s♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲

✐♥s❡rçã♦✱ s✐♠♣❧✐✜❝❛♥❞♦ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♦ ♣r♦❥❡t♦ ❞♦s ❞✐s❥✉♥t♦r❡s✱ ❜❡♠ ❝♦♠♦ ❜❛r❛t❡❛♥❞♦

s❡✉s ❝✉st♦s ❞❡ ❢❛❜r✐❝❛çã♦ ❡ ♠❛♥✉t❡♥çã♦✳ ❈♦♠ ✐st♦✱ é ♣♦ssí✈❡❧ ❛✉♠❡♥t❛r ❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡

❞♦s ❞✐s❥✉♥t♦r❡s ❞❡✈✐❞♦ ❛ ✉♠ ♥ú♠❡r♦ ♠❡♥♦r ❞❡ ♣❛rt❡s ♠ó✈❡✐s✳

• ❈♦♥tr♦❧❛r ♦ ✐♥st❛♥t❡ ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞♦s ♣ó❧♦s ❞♦ ❞✐s❥✉♥t♦r ❛❝❛rr❡t❛ ❡♠ ♠❡♥♦r❡s tr❛♥✲

s✐tór✐♦s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✱ ♣r♦♣✐❝✐❛♥❞♦ ♠❡❧❤♦r✐❛s ♥❛ q✉❛❧✐❞❛❞❡ ❞❛ ❡♥❡r❣✐❛✱ ❛✉♠❡♥t♦ ❞❛

✈✐❞❛ út✐❧ ❞❡ ❡q✉✐♣❛♠❡♥t♦s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✱ ❛ ❡①❡♠♣❧♦ ❞❡ r❡❛t♦r❡s ❞❡ ❝♦♠♣❡♥s❛çã♦✱

❚Ps ✭tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ♣♦t❡♥❝✐❛❧✮ ❡ ❚❈s ✭tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ❝♦rr❡♥t❡✮ ❡ r❡❞✉çã♦ ❞❛

❡♥❡r❣✐❛ ❛❜s♦r✈✐❞❛ ♣♦r ♣ár❛✲r❛✐♦s ❞❡✈✐❞♦ ❛ s✉rt♦s ❞❡ ♠❛♥♦❜r❛s✳

• ❖ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❡♠ ❊❆❚ ❡ ❯❆❚✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ q✉❛♥❞♦ ✉t✐❧✐③❛❞♦

❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♣❛r❛✲r❛✐♦s✱ ♣❡r♠✐t❡ ❛ r❡❞✉çã♦ ❞♦ ♥í✈❡❧ ❞❡ ✐s♦❧❛♠❡♥t♦ ❞❛ ❧✐♥❤❛✱ ♦ q✉❡

♣♦ss✐❜✐❧✐t❛ ♦ ✉s♦ ❞❡ t♦rr❡s ♠❛✐s ❝♦♠♣❛❝t❛s ❡ ✉♠❛ ❝♦♥s❡q✉❡♥t❡ r❡❞✉çã♦ ♥♦ ❝✉st♦ t♦t❛❧ ❞♦

s✐st❡♠❛✳ P♦r ❡①❡♠♣❧♦✱ ❛ ❝♦♥❝❡♣çã♦ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ ✺✵✵ ❦❱ ❝♦♠ ✸✸✵ ❦♠ ❞❡ ❡①t❡♥sã♦✱

r❡♣♦rt❛❞❛ ♣♦r ❋r♦❡❤❧✐❝❤ ❡t ❛❧✳ ✭✶✾✾✼❛✮✱ ❢♦✐ ❜❛s❡❛❞❛ ❡♠ ✉♠ ♥í✈❡❧ ❞❡ ✐s♦❧❛♠❡♥t♦ ❞❡ ✶✱✼ ♣✳✉✳✱

q✉❡ s❡❣✉♥❞♦ ♦s ❛✉t♦r❡s✱ só ❢♦✐ ♣♦ssí✈❡❧ ❛ ♣❛rt✐r ❞❛ ✉t✐❧✐③❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦

❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♣❛r❛✲r❛✐♦s✳ ◆❡st❡ ❡♠♣r❡❡♥❞✐♠❡♥t♦✱ ♦ ✉s♦ ❞❡ t♦rr❡s ♠❛✐s ❝♦♠♣❛❝t❛s

r❡s✉❧t♦✉ ❡♠ ✉♠❛ ❡❝♦♥♦♠✐❛ t♦t❛❧ ❞❛ ♦r❞❡♠ ❞❡ ✉♠ ♠✐❧❤ã♦ ❞❡ ❞ó❧❛r❡s✱ q✉❛♥❞♦ ❝♦♠♣❛r❛✲s❡

♦s ❝✉st♦s r❡❢❡r❡♥t❡s ❛ ✉t✐❧✐③❛çã♦ ❞❡ t♦rr❡s tr❛❞✐❝✐♦♥❛✐s✳
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• ❆ ✉t✐❧✐③❛çã♦ ❞❡ ❧✐♥❤❛s ❝♦♠♣❛❝t❛s t❛♠❜é♠ ❛✉♠❡♥t❛ ♦ ❙■▲ ✭❙✉r❣❡ ■♠♣❡❞❛♥❝❡ ▲♦❛❞✐♥❣✮

❞❛ ❧✐♥❤❛✱ ♣❡r♠✐t✐♥❞♦ ❛ tr❛♥s♠✐ssã♦ ❞❡ ♠❛✐s ❡♥❡r❣✐❛✳ ❈❛s♦ ✐st♦ t♦r♥❡ ❞❡s♥❡❝❡ssár✐❛ ❛

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

❡❝♦♥♦♠✐❛✳ ❈♦♥t✉❞♦✱ ♦ ✉s♦ ❞❡st❡ ♠ét♦❞♦ é ❛♣❡♥❛s ✉♠ ❞♦s ✈ár✐♦s ❢❛t♦r❡s q✉❡ ❞❡✈❡♠ s❡r

❝♦♥s✐❞❡r❛❞♦s ♥♦ ♣r♦❥❡t♦ ❞❡ ❧✐♥❤❛s ❝♦♠♣❛❝t❛s✳

• ❯♠❛ ❡❧❡✈❛❞❛ s♦❜r❡t❡♥sã♦ ❞❡ ♠❛♥♦❜r❛s ♣♦❞❡ ❝❛✉s❛r ✉♠❛ ❢❛❧❤❛ ♥♦ ✐s♦❧❛♠❡♥t♦ ❞❛ ❧✐♥❤❛ ❡

❢❛③❡r ❝♦♠ q✉❡ ❛ ♣r♦t❡çã♦ ❛t✉❡✱ ❞❡s❧✐❣❛♥❞♦✲❛✳ ❊st❛ s✐t✉❛çã♦✱ tí♣✐❝❛ ♣❛r❛ ✉♠ r❡❧✐❣❛♠❡♥t♦

s❡♠ s✉❝❡ss♦✱ ♣♦❞❡ ❧❡✈❛r ♦ s✐st❡♠❛ à ✐♥st❛❜✐❧✐❞❛❞❡ ♦✉ ❛té ❛ ✉♠ ❜❧❛❝❦♦✉t✳ ❖ ♣r❡❥✉í③♦

✜♥❛♥❝❡✐r♦ r❡s✉❧t❛♥t❡ ❞❡st❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❥á s❡r✐❛ s✉✜❝✐❡♥t❡ ♣❛r❛ ❥✉st✐✜❝❛r ♦s ✐♥✈❡st✐♠❡♥t♦s

♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳

✶✳✷ ❖❇❏❊❚■❱❖❙

❖ ♦❜❥❡t✐✈♦ ❣❡r❛❧ ❞❡st❛ t❡s❡ é ❞❡s❡♥✈♦❧✈❡r ✉♠ ♠ét♦❞♦ ♣❛r❛ ♦ ❝♦♥tr♦❧❡ ❞❡ ♠❛♥♦❜r❛s ❞❡

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

♥❛ ❛♥á❧✐s❡ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s ❝❛r❣❛s r❡s✐❞✉❛✐s ♥❛s ❧✐♥❤❛s✳

❖s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s sã♦✿

• ❘❡❞✉③✐r ❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ♦❝❛s✐♦♥❛❞❛s ♣❡❧♦ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛✳

• ❉❡t❡❝t❛r ❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s q✉❡ r❡s✉❧t❛♠ ♥♦ ❞❡s❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛ ❡ ❡✈✐t❛r ✉♠ r❡❧✐❣❛✲

♠❡♥t♦ s❡♠ s✉❝❡ss♦✳

• ❆✈❛❧✐❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ r❡s♣♦st❛ ❞♦s ❚P❈s ✭❚r❛♥s❢♦r♠❛❞♦r❡s ❞❡ P♦t❡♥❝✐❛❧ ❈❛♣❛❝✐t✐✈♦s✮ ♥♦

❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✳

• ■♠♣❧❡♠❡♥t❛r ❡ ❛✈❛❧✐❛r ♦ ♠ét♦❞♦ ❡♠ t❡♠♣♦ r❡❛❧✳

✶✳✸ ❈❖◆❚❘■❇❯■➬Õ❊❙

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

❛♣❧✐❝❛❞♦ ❛♦ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❝♦♠ ❛s s❡❣✉✐♥t❡s ❝❛r❛❝t❡ríst✐❝❛s✿
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• ❖ ♠ét♦❞♦ ❜❛s❡✐❛✲s❡ ❡♠ té❝♥✐❝❛s s✐♠♣❧❡s ♣❛r❛ tr❛t❛♠❡♥t♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❡❝❡ssár✐♦s

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

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

❛ ❛♥á❧✐s❡ ❞❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ é r❡❛❧✐③❛❞❛ ❝♦♠ ❜❛s❡ ♥❛s r❡s♣❡❝t✐✈❛s ♣❛ss❛❣❡♥s ♣♦r ③❡r♦✳

◆ã♦ s❡ ❢❛③ ♥❡❝❡ssár✐♦ ✉t✐❧✐③❛r q✉❛❧q✉❡r ♦✉tr♦ ♠ét♦❞♦ ♠❛✐s ❡s♣❡❝í✜❝♦ ♣❛r❛ ♦ tr❛t❛♠❡♥t♦

❞♦s s✐♥❛✐s✱ ❛ ❡①❡♠♣❧♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ♦✉ ❞♦ ♠ét♦❞♦ ❞❡ Pr♦♥②✱ ❡ ♦ ❝✉st♦

❝♦♠♣✉t❛❝✐♦♥❛❧ ❞♦ ❛❧❣♦r✐t♠♦ é s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ r❡❞✉③✐❞♦✳

• ❖ ♠ét♦❞♦ é ❝❛♣❛③ ❞❡ ❞❡t❡❝t❛r ❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛ ❡ ❢❛s❡✲❢❛s❡✲t❡rr❛✱ ♦s q✉❛✐s

❝♦rr❡s♣♦♥❞❡♠ ❛ ♠❛✐s ❞❡ ✽✵✪ ❞♦s ❞❡❢❡✐t♦s ♥❛s ❧✐♥❤❛s ❞❡ ✺✵✵ ❡ ✼✺✵ ❦❱ ❞♦ ❙■◆ ✭❙✐st❡♠❛

■♥t❡r❧✐❣❛❞♦ ◆❛❝✐♦♥❛❧✮ ✭❆◗❯■◆❖ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ❆♦ s❡ ❡♠♣r❡❣❛r ❛ ❛❜♦r❞❛❣❡♠ ♣r♦♣♦st❛✱

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

s✉❝❡ss♦ ❝♦♠ ❣r❛♥❞❡ ✐♠♣❛❝t♦ ❛♦ s✐st❡♠❛✳

• ❆♣ós ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ s❡r ❞❡t❡❝t❛❞❛✱ é ♣♦ssí✈❡❧ r❡❧✐❣❛r ❛ ❧✐♥❤❛ ❡ ♠✐♥✐♠✐③❛r ♦ t❡♠♣♦

♠♦rt♦ ❡♠ q✉❡ ❡st❛ ✜❝❛ ❢♦r❛ ❞❡ ♦♣❡r❛çã♦✳ ❆ss✐♠✱ r❡❞✉③✲s❡ ♦ t❡♠♣♦ ❞❡ r❡❝♦♠♣♦s✐çã♦ ❞♦

s✐st❡♠❛✱ ❛✉♠❡♥t❛♥❞♦ ❛ s✉❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❡ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✳

• ◆❛s s✐t✉❛çõ❡s ❡♠ q✉❡ ❛ ❧✐♥❤❛ é ❛❜❡rt❛ s❡♠ q✉❡ ❤❛❥❛ q✉❛❧q✉❡r ❞❡❢❡✐t♦ ❛♦ ❧♦♥❣♦ ❞❡ s✉❛

❡①t❡♥sã♦✱ ❛ r❡❞✉çã♦ ❞♦ t❡♠♣♦ ♠♦rt♦ t❛♠❜é♠ é ♣♦ssí✈❡❧✳

• ❆❧é♠ ❞❡ ♥ã♦ ❛❜♦r❞❛r ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✱ ♦s ♠ét♦❞♦s ❡①✐st❡♥t❡s ♣❛r❛ ❝❤❛✈❡❛♠❡♥t♦

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

❢r❡q✉ê♥❝✐❛ ♥❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ✭r❡❢❡r❡♥t❡ à s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛✮✳ ◆♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ sã♦

❝♦♥s✐❞❡r❛❞❛s s✐t✉❛çõ❡s r❡❛✐s ❡♠ q✉❡ ❤á ♠❛✐s ❞❡ ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛ ✭r❡❢❡r❡♥t❡s

às s❡q✉ê♥❝✐❛s ♣♦s✐t✐✈❛ ❡ ③❡r♦✮✱ ♦ q✉❡ ♣♦ss✐❜✐❧✐t❛ ♣r❡✈❡r ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ r❡✲

❧✐❣❛♠❡♥t♦ ❝♦♠ ♠❛✐s ♣r❡❝✐sã♦✳ ❈♦♠ ✐st♦✱ é ♣♦ssí✈❡❧ ❡st❡♥❞❡r ❛ ❛♣❧✐❝❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦

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

• ❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❡ ❛✈❛❧✐❛çã♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡♠ ✉♠ s✐♠✉❧❛❞♦r ❡♠ t❡♠♣♦ r❡❛❧✱ ❛ss✐♠

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

✈✐❛❜✐❧✐❞❛❞❡ ❞❛ s✉❛ ✉t✐❧✐③❛çã♦ ❡♠ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s✳

◆♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ à ❞✐✈✉❧❣❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♣r❡❧✐♠✐♥❛r❡s ❞❡st❛ ♣❡sq✉✐s❛✱ ❛♣r❡s❡♥t❛♠✲s❡

♥❛s ❚❛❜❡❧❛s ✶✳✶ ❡ ✶✳✷ ❛s ♣r✐♥❝✐♣❛✐s ♣✉❜❧✐❝❛çõ❡s ❡♠ ♣❡r✐ó❞✐❝♦s ❡ ❛♥❛✐s ❞❡ ❡✈❡♥t♦s✳



❈❛♣ít✉❧♦ ✶ ✕ ■♥tr♦❞✉çã♦ ✺

❚❛❜❡❧❛ ✶✳✶✳ ❆rt✐❣♦s ♣✉❜❧✐❝❛❞♦s ❡♠ ♣❡r✐ó❞✐❝♦s✳

P❡r✐ó❞✐❝♦ ❚ít✉❧♦ ❆✉t♦r❡s

❘❡✈✐st❛ ❊❧❡tr♦❊✈♦❧✉çã♦✳ ❆♣❧✐❝❛çã♦ ❞❡ ❈❤❛✈❡❛♠❡♥t♦ ❑✳ ▼✳ ❈✳ ❉❛♥t❛s✱ ❲✳ ▲✳ ❆✳ ◆❡✈❡s✱
✈✳ ✺✽✱ ♣✳ ✺✸✲✻✶✱ ✷✵✶✵ ❈♦♥tr♦❧❛❞♦ ♣❛r❛ ▼❛♥♦❜r❛s ❞❡ ❉✳ ❋❡r♥❛♥❞❡s ❏r✳

❘❡❧✐❣❛♠❡♥t♦ ❞❡ ▲✐♥❤❛s ❞❡
❚r❛♥s♠✐ssã♦✿ ❊st✉❞♦s ❞❡ ❈❛s♦

❘❡✈✐st❛ ❈♦♥tr♦❧❡ ✫ ❆✉t♦♠❛çã♦✳ ❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦ ❞❡ ❑✳ ▼✳ ❈✳ ❉❛♥t❛s✱ ❲✳ ▲✳ ❆✳ ◆❡✈❡s✱
✈✳ ✷✷✱ ♣✳ ✶✺✼✲✶✻✽✱ ✷✵✶✶ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦✿ ❯♠❛ ❉✳ ❋❡r♥❛♥❞❡s ❏r✳✱ ●✳ ❆✳ ❈❛r❞♦s♦✱

❆❜♦r❞❛❣❡♠ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ▲✳ ❈✳ ❋♦♥s❡❝❛
✈✐❛ ❘❚❉❙

❚❛❜❡❧❛ ✶✳✷✳ ❆rt✐❣♦s ♣✉❜❧✐❝❛❞♦s ❡♠ ❛♥❛✐s ❞❡ ❡✈❡♥t♦s ♥❛❝✐♦♥❛✐s ❡ ✐♥t❡r♥❛❝✐♦♥❛✐s✳

❊✈❡♥t♦ ❚ít✉❧♦ ❆✉t♦r❡s

■❊❊❊ P❊❙ ●❡♥❡r❛❧ ▼❡❡t✐♥❣✳ ▼✐t✐❣❛t✐♦♥ ♦❢ ❙✇✐t❝❤✐♥❣ ❑✳ ▼✳ ❈✳ ❉❛♥t❛s✱ ❲✳ ▲✳ ❆✳ ◆❡✈❡s✱
P✐tts❜✉r❣❤ ✲ ❊❯❆✱ ✷✵✵✽ ❖✈❡r✈♦❧t❛❣❡s ✐♥ ❚r❛♥s♠✐ss✐♦♥ ❉✳ ❋❡r♥❛♥❞❡s ❏r✳✱ ❇✳ ❆✳ ❙♦✉③❛✱

▲✐♥❡s ✈✐❛ ❈♦♥tr♦❧❧❡❞ ❙✇✐t❝❤✐♥❣ ▲✳ ❈✳ ❋♦♥s❡❝❛

❙❇❙❊ ✲ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦ ❘❡❞✉çã♦ ❞❡ ❙♦❜r❡t❡♥sõ❡s ❞❡ ❑✳ ▼✳ ❈✳ ❉❛♥t❛s✱ ❲✳ ▲✳ ❆✳ ◆❡✈❡s✱
❞❡ ❙✐st❡♠❛s ❊❧étr✐❝♦s ▼❛♥♦❜r❛s ❡♠ ▲✐♥❤❛s ❞❡ ❉✳ ❋❡r♥❛♥❞❡s ❏r✳✱ ❇✳ ❆✳ ❙♦✉③❛✱

❇❡❧♦ ❍♦r✐③♦♥t❡ ✲ ❇r❛s✐❧✱ ✷✵✵✽ ❚r❛♥s♠✐ssã♦ ✈✐❛ ▲✳ ❈✳ ❋♦♥s❡❝❛
❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦

❳❳ ❙◆P❚❊❊ ✲ ❙❡♠✐♥ár✐♦ ◆❛❝✐♦♥❛❧ ❯♠❛ ❈❤❛✈❡ ❈♦♥tr♦❧❛❞❛ ♣❛r❛ ●✳ ❆✳ ❈❛r❞♦s♦✱ ❲✳ ▲✳ ❆✳ ◆❡✈❡s✱
❞❡ Pr♦❞✉çã♦ ❡ ❚r❛♥s♠✐ssã♦ ❞❡ ❘❡❞✉çã♦ ❞❡ ❙♦❜r❡t❡♥sõ❡s ❞❡ ❉✳ ❋❡r♥❛♥❞❡s ❏r✳✱ ❑✳ ▼✳ ❈✳ ❉❛♥t❛s✱

❊♥❡r❣✐❛ ❊❧étr✐❝❛✳ ▼❛♥♦❜r❛ ❡♠ ▲✐♥❤❛s ❞❡ ▲✳ ❈✳ ❋♦♥s❡❝❛
❘❡❝✐❢❡ ✲ ❇r❛s✐❧✱ ✷✵✵✾ ❚r❛♥s♠✐ssã♦

❳❳ ❙◆P❚❊❊ ✲ ❙❡♠✐♥ár✐♦ ◆❛❝✐♦♥❛❧ ❆✈❛❧✐❛çã♦ ❞❡ ❈❤❛✈❡❛♠❡♥t♦ ❑✳ ▼✳ ❈✳ ❉❛♥t❛s✱ ❲✳ ▲✳ ❆✳ ◆❡✈❡s✱
❞❡ Pr♦❞✉çã♦ ❡ ❚r❛♥s♠✐ssã♦ ❞❡ ❈♦♥tr♦❧❛❞♦ ❞❡ ▲✐♥❤❛s ❞❡ ❉✳ ❋❡r♥❛♥❞❡s ❏r✳✱ ●✳ ❆✳ ❈❛r❞♦s♦✱

❊♥❡r❣✐❛ ❊❧étr✐❝❛✳ ❚r❛♥s♠✐ssã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ▲✳ ❈✳ ❋♦♥s❡❝❛
❘❡❝✐❢❡ ✲ ❇r❛s✐❧✱ ✷✵✵✾ ✈✐❛ ❘❚❉❙

❳■■■ ❊❘■❆❈ ✲ ❉é❝✐♠♦ ❚❡r❝❡r ✶❆♣❧✐❝❛çã♦ ❞❡ ❈❤❛✈❡❛♠❡♥t♦ ❑✳ ▼✳ ❈✳ ❉❛♥t❛s✱ ❲✳ ▲✳ ❆✳ ◆❡✈❡s✱
❊♥❝✉❡♥tr♦ ❘❡❣✐♦♥❛❧ ❈♦♥tr♦❧❛❞♦ ♣❛r❛ ▼❛♥♦❜r❛s ❞❡ ❉✳ ❋❡r♥❛♥❞❡s ❏r✳

■❜❡r♦❛♠❡r✐❝❛♥♦ ❞❡ ❈✐❣ré✳ ❘❡❧✐❣❛♠❡♥t♦ ❞❡ ▲✐♥❤❛s ❞❡
P✉❡rt♦ ■❣✉❛③ú ✲ ❆r❣❡♥t✐♥❛✱ ✷✵✵✾ ❚r❛♥s♠✐ssã♦✿ ❊st✉❞♦s ❞❡ ❈❛s♦

■P❙❚ ✲ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ❖♥ ❆♣♣❧②✐♥❣ ❈♦♥tr♦❧❧❡❞ ❑✳ ▼✳ ❈✳ ❉❛♥t❛s✱ ❲✳ ▲✳ ❆✳ ◆❡✈❡s✱
♦♥ P♦✇❡r ❙②st❡♠s ❚r❛♥s✐❡♥ts✳ ❙✇✐t❝❤✐♥❣ t♦ ❚r❛♥s♠✐ss✐♦♥ ❉✳ ❋❡r♥❛♥❞❡s ❏r✳✱ ●✳ ❆✳ ❈❛r❞♦s♦✱

❑②♦t♦ ✲ ❏❛♣ã♦✱ ✷✵✵✾ ▲✐♥❡s✿ ❈❛s❡ ❙t✉❞✐❡s ▲✳ ❈✳ ❋♦♥s❡❝❛

■P❙❚ ✲ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ❘❡❛❧ ❚✐♠❡ ■♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ❑✳ ▼✳ ❈✳ ❉❛♥t❛s✱ ❲✳ ▲✳ ❆✳ ◆❡✈❡s✱
♦♥ P♦✇❡r ❙②st❡♠s ❚r❛♥s✐❡♥ts✳ ❚r❛♥s♠✐ss✐♦♥ ▲✐♥❡ ❈♦♥tr♦❧❧❡❞ ❉✳ ❋❡r♥❛♥❞❡s ❏r✳✱ ●✳ ❆✳ ❈❛r❞♦s♦✱

❉❡❧❢t ✲ ❍♦❧❛♥❞❛✱ ✷✵✶✶ ❙✇✐t❝❤✐♥❣ ▲✳ ❈✳ ❋♦♥s❡❝❛

❙❇❙❊ ✲ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦ ❉❡t❡❝çã♦ ❞❛ ❊①t✐♥çã♦ ❞❡ ❑✳ ▼✳ ❈✳ ❉❛♥t❛s✱ ❲✳ ▲✳ ❆✳ ◆❡✈❡s✱
❞❡ ❙✐st❡♠❛s ❊❧étr✐❝♦s ❉❡❢❡✐t♦s ❡♠ ▲✐♥❤❛s ❞❡ ❉✳ ❋❡r♥❛♥❞❡s ❏r✳
●♦✐â♥✐❛ ✲ ❇r❛s✐❧✱ ✷✵✶✷ ❚r❛♥s♠✐ssã♦ ♣❛r❛

❘❡❧✐❣❛♠❡♥t♦ ❚r✐❢ás✐❝♦

✶❚r❛❜❛❧❤♦ ♣r❡♠✐❛❞♦ ❝♦♠♦ ✉♠ ❞♦s três ♠❡❧❤♦r❡s ♥♦ ❈♦♠✐tê ❚é❝♥✐❝♦ ❈❊ ❈✹ ✲ ❉❡s❡♠♣❡♥❤♦ ❞❡ ❙✐st❡♠❛s
❊❧étr✐❝♦s ❞♦ ❳■■■ ❊❘■❆❈✱ ❈■●❘➱✳



❈❛♣ít✉❧♦ ✶ ✕ ■♥tr♦❞✉çã♦ ✻

✶✳✹ ❖❘●❆◆■❩❆➬➹❖ ❉❖ ❚❊❳❚❖

❆❧é♠ ❞❡st❡ ❝❛♣ít✉❧♦ ✐♥tr♦❞✉tór✐♦✱ ❡st❛ t❡s❡ ❡stá ♦r❣❛♥✐③❛❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ s❡❣✉✐♥t❡ ❡str✉✲

t✉r❛✿

• ◆♦ ❈❛♣ít✉❧♦ ✷✱ ❛♣r❡s❡♥t❛✲s❡ ❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ❞♦ t❡♠❛ ❛ s❡r ❞❡s❡♥✈♦❧✈✐❞♦✱ ❡♠ q✉❡

sã♦ ❛❜♦r❞❛❞♦s ❝♦♥❝❡✐t♦s ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ❡ é r❡❛❧✐③❛❞❛ ✉♠❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛

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

❞❡❢❡✐t♦s✳ ❆✐♥❞❛ ♥❡st❡ ❝❛♣ít✉❧♦✱ ❞✐s❝✉t❡✲s❡ ♦s ♠ét♦❞♦s ♣❛r❛ ❧✐♠✐t❛r ❛s s♦❜r❡t❡♥sõ❡s ❞❡

♠❛♥♦❜r❛s ♥❛s ❧✐♥❤❛s✱ ❞❛♥❞♦ ê♥❢❛s❡ ❛♦ ✉s♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✱ ♣❛r❛✲r❛✐♦s ❡ té❝✲

♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳

• ◆♦ ❈❛♣ít✉❧♦ ✸✱ ❝♦♥t❡♠♣❧❛✲s❡ ♦ ❧❡✈❛♥t❛♠❡♥t♦ ❞♦ ❡st❛❞♦ ❞❛ ❛rt❡ r❡❢❡r❡♥t❡ às ♣✉❜❧✐❝❛çõ❡s

♠❛✐s s✐❣♥✐✜❝❛t✐✈❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳

• ❆s♣❡❝t♦s r❡❧❛t✐✈♦s ❛♦ ♠ét♦❞♦ ♣r♦♣♦st♦ sã♦ ❞❡s❝r✐t♦s ♥♦ ❈❛♣ít✉❧♦ ✹✱ ❡♠ q✉❡ s❡ ❛♣r❡s❡♥t❛

❞❡ ❢♦r♠❛ ❞❡t❛❧❤❛❞❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s té❝♥✐❝❛s ♣❛r❛ tr❛t❛♠❡♥t♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦

❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦s ❞✐s❥✉♥t♦r❡s✱ ❛❧é♠ ❞❛ ❞❡t❡❝çã♦ ❞❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❡ ❞❡t❡r♠✐♥❛çã♦

❞♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛✳

• ◆♦ ❈❛♣ít✉❧♦ ✺✱ ❛✈❛❧✐❛✲s❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡♠ t❡♠♣♦ r❡❛❧✱ ❢❛③❡♥❞♦

✉s♦ ❞♦ ❘❚❉❙❚▼ ✭❘❡❛❧ ❚✐♠❡ ❉✐❣✐t❛❧ ❙✐♠✉❧❛t♦r✮✱ q✉❡ é ❛ ❢❡rr❛♠❡♥t❛ ❞❡ s✐♠✉❧❛çã♦ ❡♠

t❡♠♣♦ r❡❛❧ ✉t✐❧✐③❛❞❛ ♥❡st❛ t❡s❡✳ ❉❡t❛❧❤❡s ❞❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠ét♦❞♦ ❡ ❞♦ s✐st❡♠❛

❡❧étr✐❝♦ ✉t✐❧✐③❛❞♦ sã♦ ❛♣r❡s❡♥t❛❞♦s✳ ❆ ✐♥✢✉ê♥❝✐❛ ❞❛ r❡s♣♦st❛ ❞♦s ❚P❈s ✭tr❛♥s❢♦r♠❛❞♦r❡s

❞❡ ♣♦t❡♥❝✐❛❧ ❝❛♣❛❝✐t✐✈♦s✮ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ t❛♠❜é♠ é ❛✈❛❧✐❛❞❛ ♥❡st❡ ❝❛♣ít✉❧♦✳

• ◆♦ ❈❛♣ít✉❧♦ ✻✱ ❛✈❛❧✐❛✲s❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❛tr❛✈és ❞❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ♣♦r ♠❡✐♦ ❞❡

♣r♦❣r❛♠❛s ❞♦ t✐♣♦ ❊▼❚P ✭❊❧❡❝tr♦♠❛❣♥❡t✐❝ ❚r❛♥s✐❡♥ts Pr♦❣r❛♠✮✳ P❛r❛ ✐st♦✱ ✉♠❛ ✈❡rsã♦

♦✤✐♥❡ ❞♦ ♠ét♦❞♦ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞❛ ❡ ❛♥á❧✐s❡s ♣❛r❛♠étr✐❝❛s ❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ sã♦ r❡❛❧✐③❛✲

❞❛s ❛ ♣❛rt✐r ❞❡ ❞❛❞♦s ❞♦ ❙■◆✱ ❝♦♥s✐❞❡r❛♥❞♦ ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❞♦ s✐st❡♠❛✱

✐♥❝❧✉s✐✈❡ ❞❡❢❡✐t♦s ❛♦ ❧♦♥❣♦ ❞❛s ❧✐♥❤❛s✳ ❘❡❣✐str♦s ♦s❝✐❧♦❣rá✜❝♦s r❡❛✐s✱ ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❛

r❡❞❡ ❞❡ ♦s❝✐❧♦❣r❛✜❛ ❞❛ ❈❤❡s❢✱ t❛♠❜é♠ sã♦ ✉t✐❧✐③❛❞♦s ♥❛s ❛✈❛❧✐❛çõ❡s✳

• ❆s ❝♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s ❡ ❛s ❞✐r❡tr✐③❡s ♣❛r❛ ❛ ❝♦♥t✐♥✉❛çã♦ ❞❛ ♣❡sq✉✐s❛ sã♦ ❛♣r❡s❡♥t❛❞❛s

♥♦ ❈❛♣ít✉❧♦ ✼✳



❈❆P❮❚❯▲❖ ✷

❋❯◆❉❆▼❊◆❚❆➬➹❖ ❚❊Ó❘■❈❆

❆ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❡ ♣♦tê♥❝✐❛ é ❝♦♥❞✐❝✐♦♥❛❞❛ à ♦❝♦rrê♥❝✐❛ ❞❡ s✉rt♦s ❡ à

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

❞❡ ❊❆❚ ❡ ❯❆❚ ❡♥❝♦♥tr❛♠✲s❡ ❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s✱ q✉❡ ♦❝♦rr❡♠ s❡♠♣r❡ q✉❡ ❤á ✉♠❛

♠✉❞❛♥ç❛ ♥❛ t♦♣♦❧♦❣✐❛ ❞♦ s✐st❡♠❛✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ❡♥❡r❣✐③❛çã♦ ❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡

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

❝❛r❣❛s✱ ❡t❝✳

❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♣r♦✈❡r ✉♠ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡st❛ t❡s❡ ♣❛r❛

❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ é ♦♣♦rt✉♥♦ t❡❝❡r ♥❡st❡ ❝❛♣ít✉❧♦ ❛❧❣✉♠❛s ❝♦♥✲

s✐❞❡r❛çõ❡s ♣❡rt✐♥❡♥t❡s ❛♦s ❝♦♥❝❡✐t♦s ❜ás✐❝♦s ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ❡ ❞✐s❝✉t✐r ♦s ♠ét♦✲

❞♦s ❛t✉❛❧♠❡♥t❡ ❡♠♣r❡❣❛❞♦s ♣❛r❛ ❧✐♠✐tá✲❧❛s✱ t❛✐s ❝♦♠♦ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✱ ♣❛r❛✲r❛✐♦s ❡

❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳ ❆✐♥❞❛ ♥❡st❡ ❝❛♣ít✉❧♦✱ r❡❛❧✐③❛✲s❡ ✉♠❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠

❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s ❛♦ ❧♦♥❣♦

❞❡ s✉❛ ❡①t❡♥sã♦✳ P❛r❛ t❛♥t♦✱ ✉t✐❧✐③❛✲s❡ tr❛♥s❢♦r♠❛çõ❡s ♠♦❞❛✐s ♣❛r❛ s❡♣❛r❛r ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡

❢r❡q✉ê♥❝✐❛ ❝♦♥t✐❞❛s ♥♦s s✐♥❛✐s s♦❜ ❛♥á❧✐s❡✳

✷✳✶ ❙❖❇❘❊❚❊◆❙Õ❊❙ ❉❊ ▼❆◆❖❇❘❆❙

❆s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s sã♦ t❡♥sõ❡s tr❛♥s✐tór✐❛s✱ ✈❛r✐á✈❡✐s ❝♦♠ ♦ t❡♠♣♦ ❡ ♣♦ss✉❡♠

✉♠ ❝❛rát❡r ♣r♦❜❛❜✐❧íst✐❝♦✱ q✉❡ ❞❡♣❡♥❞❡ ♣♦r ❡①❡♠♣❧♦✱ ❞♦ ✐♥st❛♥t❡ ♥♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❡♠ q✉❡

❛ ♠❛♥♦❜r❛ ❢♦✐ ❡❢❡t✉❛❞❛✳ ❙✉❛ ♦❝♦rrê♥❝✐❛ ❡♠ s✐st❡♠❛s ❡❧étr✐❝♦s ❡stá r❡❧❛❝✐♦♥❛❞❛✱ ❞❡♥tr❡ ♦✉tr♦s

❢❛t♦r❡s✱ ❝♦♠ ❛ ❡❧✐♠✐♥❛çã♦ ❞❡ ❞❡❢❡✐t♦s ❛♦ ❧♦♥❣♦ ❞❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ ❙♦❜r❡t❡♥sõ❡s ❞❡st❛

♥❛t✉r❡③❛ ♥ã♦ ♣♦❞❡♠ s❡r t♦t❛❧♠❡♥t❡ ❡✈✐t❛❞❛s✱ ♠❛s s❡✉s ❡❢❡✐t♦s ♣♦❞❡♠ s❡r ♠✐♥✐♠✐③❛❞♦s ❛tr❛✈és ❞❛

✉t✐❧✐③❛çã♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✱ ♣❛r❛✲r❛✐♦s ❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✭●❘❊❊◆❲❖❖❉✱

✶✾✾✶❀ ●❆❘❩❖◆✱ ✶✾✾✼✮✳

✼



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✽

◆❡st❡ tr❛❜❛❧❤♦✱ s❡rá ❞❛❞❛ ❛t❡♥çã♦ às s♦❜r❡t❡♥sõ❡s ♦r✐✉♥❞❛s ❞❡ ❡♥❡r❣✐③❛çã♦ ❡ r❡❧✐❣❛♠❡♥t♦

tr✐❢ás✐❝♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ ❉❡♥tr❡ ♦s ♣❛râ♠❡tr♦s q✉❡ ✐♥✢✉❡♥❝✐❛♠ ♥❛ ❛♠♣❧✐t✉❞❡ ❞❡st❛s

s♦❜r❡t❡♥sõ❡s✱ ❡♥❝♦♥tr❛♠✲s❡ ✭❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ✶✸✳✵✷✱ ✶✾✼✸❀ ❈❆❘◆❊■❘❖ ❏r✳ ✫ ▼❆❘❚■✱

✶✾✾✶✮✿

• P♦tê♥❝✐❛ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❡ t✐♣♦ ❞❡ ❢♦♥t❡ ✭✐♥❞✉t✐✈❛ ♦✉ ❝♦♠♣❧❡①❛✮❀

• Pr❡s❡♥ç❛ ❞❡ ❝❛r❣❛s r❡s✐❞✉❛✐s ❡ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❛ ❧✐♥❤❛❀

• ■♥st❛♥t❡ ❡♠ q✉❡ ♦s ♣ó❧♦s ❞♦ ❞✐s❥✉♥t♦r sã♦ ❢❡❝❤❛❞♦s ❝♦♠ r❡❧❛çã♦ à ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞❛ t❡♥sã♦

❡♥tr❡ s❡✉s ❝♦♥t❛t♦s❀

• ■♥t❡r✈❛❧♦ ❡♥tr❡ ♦s ✐♥st❛♥t❡s ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞♦ ♣r✐♠❡✐r♦ ❡ ❞♦ ú❧t✐♠♦ ♣ó❧♦ ❞♦ ❞✐s❥✉♥t♦r❀

• ❊❢❡✐t♦ ❝♦r♦♥❛✱ ❡t❝✳

✷✳✶✳✶ ❊♥❡r❣✐③❛çã♦ ❞❡ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦

❆ ❡♥❡r❣✐③❛çã♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❞❡✈❡ s❡r ❝♦♥s✐❞❡r❛❞❛ s♦❜ ♦ ♣♦♥t♦ ❞❡ ✈✐st❛ tr✐❢ás✐❝♦✱

t❛♥t♦ ♣❛r❛ ❛ ❧✐♥❤❛ q✉❛♥t♦ ♣❛r❛ ♦ ❞✐s❥✉♥t♦r✱ ♣♦✐s s❡✉s ♣ó❧♦s ♥♦r♠❛❧♠❡♥t❡ ♥ã♦ s❡ ❢❡❝❤❛♠ s✐♠✉❧✲

t❛♥❡❛♠❡♥t❡ ❞❡✈✐❞♦ à ❞✐s♣❡rsã♦ ♠❡❝â♥✐❝❛ ❞♦s ❝♦♥t❛t♦s ❡ à ❛❧❡❛t♦r✐❡❞❛❞❡ ❞♦ ❛r❝♦ ❡❧étr✐❝♦ q✉❡ s❡

❡st❛❜❡❧❡❝❡ ❛♥t❡s q✉❡ ❡st❡s s❡ ❛❝♦♣❧❡♠ ✜s✐❝❛♠❡♥t❡✳ ❆♣ós ♦ ❢❡❝❤❛♠❡♥t♦ ❞♦ ♣r✐♠❡✐r♦ ♣ó❧♦✱ ❞❡✈✐❞♦

❛♦ ❛❝♦♣❧❛♠❡♥t♦ ❡❧❡tr♦♠❛❣♥ét✐❝♦ ❡♥tr❡ ❛s ❢❛s❡s ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ♦❝♦rr❡♠ tr❛♥s✐tór✐♦s

♥❛s ❢❛s❡s ❛✐♥❞❛ ♥ã♦ ❡♥❡r❣✐③❛❞❛s✱ q✉❡ s❡ s✉♣❡r♣õ❡♠ ❛♦s tr❛♥s✐tór✐♦s ❞❡ ❡♥❡r❣✐③❛çã♦✱ q✉❛♥❞♦

♦s r❡s♣❡❝t✐✈♦s ♣ó❧♦s s❡ ❢❡❝❤❛♠✳ ❆♦ s❡ ♣r♦♣❛❣❛r❡♠ ♣❡❧❛ ❧✐♥❤❛✱ ♦s tr❛♥s✐tór✐♦s s❡ r❡✢❡t❡♠ ♥♦

t❡r♠✐♥❛❧ r❡♠♦t♦✱ ♣♦❞❡♥❞♦ ♦❝❛s✐♦♥❛r ❡❧❡✈❛❞❛s s♦❜r❡t❡♥sõ❡s ✭❆❘❆Ú❏❖ ✫ ◆❊❱❊❙✱ ✷✵✵✺✮✳

◆❛ ❋✐❣✉r❛ ✷✳✶ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ♦s❝✐❧♦❣r❛♠❛ tí♣✐❝♦ ❞❡ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ ❡♥❡r❣✐③❛çã♦ ❞❡

❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ♦ q✉❛❧ ❢♦✐ ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ✈✐❛ ❆❚P✳ ◆❡❧❡✱ ♦❜s❡r✈❛✲

s❡ q✉❡ ❛té ♦ ✐♥st❛♥t❡ t0✱ ❡♠ q✉❡ ♦❝♦rr❡ ❛ ❡♥❡r❣✐③❛çã♦✱ ♥ã♦ ❤á s✐♥❛❧ ❞❡ t❡♥sã♦ ♥❛ ❧✐♥❤❛✳ ❉❡♣♦✐s✱

❤á ✉♠ ♣❡rí♦❞♦ tr❛♥s✐tór✐♦ ❝♦♠ ❞✉r❛çã♦ ❞❡ ❛❧❣✉♥s ♠✐❧✐s❡❣✉♥❞♦s✱ ♥♦ q✉❛❧ ♦❝♦rr❡♠ ♦s ♠❛✐♦r❡s

✈❛❧♦r❡s ❞❡ s♦❜r❡t❡♥sã♦✳ ❆♣ós ❡st❡ ♣❡rí♦❞♦✱ ♦ s✐♥❛❧ ❡♥tr❛ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✾

❋✐❣✉r❛ ✷✳✶✳ ❋♦r♠❛ ❞❡ ♦♥❞❛ ❞❛ t❡♥sã♦ ❡♠ ✉♠❛ ❞❛s ❢❛s❡s ❞❛ ▲❚✱ tí♣✐❝❛ ❞❡ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ ❡♥❡r❣✐③❛çã♦✳

✷✳✶✳✷ ❘❡❧✐❣❛♠❡♥t♦ ❞❡ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦

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

♣♦r ♠❡✐♦ ❞♦ ❞❡s❧✐❣❛♠❡♥t♦ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ❡❢❡t✉❛✲s❡ ♦ r❡❧✐❣❛♠❡♥t♦ ❛✉t♦♠át✐❝♦ ❞❛

♠❡s♠❛ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡st❛❜❡❧❡❝❡r ♦ ❢♦r♥❡❝✐♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ♦ ♠❛✐s rá♣✐❞♦ ♣♦ssí✈❡❧ ❡ ❣❛r❛♥t✐r

❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛✳ P❛r❛ q✉❡ ❡st❛ ♠❛♥♦❜r❛ t❡♥❤❛ s✉❝❡ss♦✱ ❝♦♥s✐❞❡r❛✲s❡ ✉♠ r❡t❛r❞♦

♥♦ ✐♥í❝✐♦ ❞♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✳ ❊st❡ r❡t❛r❞♦✱ ❝♦♠✉♠❡♥t❡ ❞❡♥♦♠✐♥❛❞♦ ❞❡

✧t❡♠♣♦ ♠♦rt♦✧✱ ✈❛r✐❛ t✐♣✐❝❛♠❡♥t❡ ❡♥tr❡ ✺✵✵ ♠s ❡ ✶✱✺ s✱ ❛ ❞❡♣❡♥❞❡r ❞❡ ❧✐♠✐t❛çõ❡s ❞✐♥â♠✐❝❛s ❞❡

❡st❛❜✐❧✐❞❛❞❡✱ ❝❧❛ss❡ ❞❡ t❡♥sã♦✱ ❡t❝ ✭■❊❊❊ ❙t❞ ❈✸✼✳✶✵✹✲✷✵✵✷✱ ✷✵✵✸❀ ❋❊❘◆❆◆❉❊❙ ❡t ❛❧✳✱ ✷✵✵✺✮✳

❖ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛ ♣♦❞❡ s❡r ♠♦♥♦♣♦❧❛r ♦✉ tr✐♣♦❧❛r ✭■❊❊❊ P♦✇❡r ❙②st❡♠s ❘❡❧❛②✐♥❣

❈♦♠♠✐tt❡❡✱ ✶✾✽✹✮✳ ❖ ♠♦♥♦♣♦❧❛r é ❛♣❧✐❝❛❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ♣❛r❛ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✳ ◆❡st❡ ❝❛s♦✱

sã♦ ♠❛♥♦❜r❛❞♦s ✭❛❜❡rt♦s ❡ r❡❧✐❣❛❞♦s✮ ❛♣❡♥❛s ♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ r❡❢❡r❡♥t❡s ❛ ❢❛s❡ s♦❜ ❞❡❢❡✐t♦

❡ ♦ ✢✉①♦ ❞❡ ❡♥❡r❣✐❛ ❝♦♥t✐♥✉❛ ❛tr❛✈és ❞❛s ♦✉tr❛s ❢❛s❡s✳ ❊st❡ t✐♣♦ ❞❡ r❡❧✐❣❛♠❡♥t♦ ♣♦❞❡ tr❛③❡r

♠❡❧❤♦r✐❛s ♣❛r❛ ❛ ❡st❛❜✐❧✐❞❛❞❡✱ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❡ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ s✐st❡♠❛s

❡❧étr✐❝♦s r❛❞✐❛✐s ♦✉ ♣♦✉❝♦ ♠❛❧❤❛❞♦s ✭■❊❊❊ P♦✇❡r ❙②st❡♠s ❘❡❧❛②✐♥❣ ❈♦♠♠✐tt❡❡✱ ✶✾✾✷✮✳ ❏á ♥♦

r❡❧✐❣❛♠❡♥t♦ tr✐♣♦❧❛r✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ t✐♣♦ ❞❡ ❞❡❢❡✐t♦✱ ❛s três ❢❛s❡s ❞❛ ❧✐♥❤❛ sã♦ ♠❛♥♦❜r❛❞❛s✳

◆❡st❡ tr❛❜❛❧❤♦✱ é ❞❛❞❛ ❛t❡♥çã♦ às s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ♦r✐✉♥❞❛s ❞❡st❡ ú❧t✐♠♦ t✐♣♦ ❞❡

r❡❧✐❣❛♠❡♥t♦ ♣♦r s❡r ♦ ♠❛✐s ✉t✐❧✐③❛❞♦ ♥♦ ❙■◆ ✭❘❆▼❖❙ ❡t ❛❧✳✱ ✷✵✵✸✮✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✵

◗✉❛♥❞♦ ✉♠ ❞✐s❥✉♥t♦r ♦♣❡r❛ ♥♦ s❡♥t✐❞♦ ❞❡ ❞❡s❧✐❣❛r ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ s❡♠ ❝♦♠♣❡♥✲

s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱ ❛ ❝♦rr❡♥t❡ ❝❛♣❛❝✐t✐✈❛ ❞❛ ❧✐♥❤❛ é ✐♥t❡rr♦♠♣✐❞❛ ♥♦ ✐♥st❛♥t❡ ❞❡ s✉❛

♣❛ss❛❣❡♠ ♣❡❧♦ ③❡r♦✱ q✉❡ s❡ ❛♣r♦①✐♠❛ ❞♦ ✐♥st❛♥t❡ ❞❡ ♠á①✐♠♦ ❞❛ t❡♥sã♦✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ✜❝❛

♥❛ ❧✐♥❤❛ ✉♠❛ ✧❝❛r❣❛ r❡s✐❞✉❛❧✧✱ ❛ q✉❛❧ é ❞✐❢❡r❡♥t❡ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❢❛s❡s ❞❡✈✐❞♦ à ❝❛r❛❝t❡rís✲

t✐❝❛ tr✐❢ás✐❝❛ ❞♦ s✐st❡♠❛✳ ❆ ❞✐❢❡r❡♥ç❛ ❜ás✐❝❛ ❡♥tr❡ ✉♠ r❡❧✐❣❛♠❡♥t♦ ❡ ✉♠❛ ❡♥❡r❣✐③❛çã♦ ❝♦♥s✐st❡

❡♠ q✉❡ ♥♦ r❡❧✐❣❛♠❡♥t♦ ❡①✐st❡ ❛ ♣r❡s❡♥ç❛ ❞❡ ❝❛r❣❛s r❡s✐❞✉❛✐s ♥❛ ❧✐♥❤❛ ♥♦ ✐♥st❛♥t❡ ❞❛ ♠❛♥♦❜r❛

✭❩❆◆❊❚❚❆ ❏r✳✱ ✷✵✵✸✮✳

❖ ❞❡❝❛✐♠❡♥t♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❞❡ ✉♠❛ ❧✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦✱ q✉❛♥❞♦ ❞❛ ♥ã♦ ❡①✐stê♥❝✐❛ ❞❡

❡q✉✐♣❛♠❡♥t♦s ❡s♣❡❝✐❛✐s✱ é ♠✉✐t♦ ❧❡♥t♦✱ s❡♥❞♦ ❣♦✈❡r♥❛❞♦ ♣❡❧❛s ❝♦♥❞✐çõ❡s ❝❧✐♠át✐❝❛s ❡ ♦❝♦rr❡♥❞♦

❛tr❛✈és ❞♦ ❡s❝♦❛♠❡♥t♦ ♣❡❧❛ ❝❛❞❡✐❛ ❞❡ ✐s♦❧❛❞♦r❡s ✭❇❊❊❍▲❊❘✱ ✶✾✻✹✮✳ ❆ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦

♠❛♥té♠✲s❡ ❝❛rr❡❣❛❞❛ ❝♦♠ ♣r❛t✐❝❛♠❡♥t❡ s✉❛ t❡♥sã♦ ♠á①✐♠❛ ♣♦r ✉♠ ❧♦♥❣♦ ♣❡rí♦❞♦ ❛♣ós ❛ ✐♥✲

t❡rr✉♣çã♦ ❞❛ ❝♦rr❡♥t❡✱ ❝♦♠ ❝❡r❝❛ ❞❡ ✷ ❛ ✺ ♠✐♥✉t♦s ♣❛r❛ ❞❡s❝❛r❣❛ t♦t❛❧✳ ❊st❡ t❡♠♣♦✱ ♦ q✉❛❧ é

❜❛st❛♥t❡ s✉♣❡r✐♦r ❛♦ t❡♠♣♦ ♠♦rt♦ ✉t✐❧✐③❛❞♦ ♥♦s ❡sq✉❡♠❛s ❞❡ r❡❧✐❣❛♠❡♥t♦✱ ♣♦❞❡ s❡r r❡❞✉③✐❞♦

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

♣♦t❡♥❝✐❛❧ ✐♥❞✉t✐✈♦s ❝♦♥❡❝t❛❞♦s à ❧✐♥❤❛ ✭❉✬❆❏❯❩ ❡t ❛❧✳✱ ✶✾✽✼✮✳

❊♠ ✉♠ r❡❧✐❣❛♠❡♥t♦✱ ♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r ♣♦❞❡ ♦❝♦rr❡r ♥♦ ✐♥st❛♥t❡

❡♠ q✉❡ ❛ t❡♥sã♦ ❞♦ s✐st❡♠❛ ❡stá ❝♦♠ ♣♦❧❛r✐❞❛❞❡ ♦♣♦st❛ à ❞❛ ❧✐♥❤❛✳ ❈♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛✱

❞❡✈✐❞♦ ❛♦ ❛❝♦♣❧❛♠❡♥t♦ ❡♥tr❡ ❛s ❢❛s❡s ❡ à ♣r♦♣❛❣❛çã♦ ❡ r❡✢❡①ã♦ ❞❛s ♦♥❞❛s ❞❡ t❡♥sã♦ ♥❛ ❧✐♥❤❛✱

❛s s♦❜r❡t❡♥sõ❡s ♣♦❞❡♠ ❛t✐♥❣✐r ✈❛❧♦r❡s ♣ró①✐♠♦s ❛ ✹✱✵ ♣✳✉✳ ◆❛ ❋✐❣✉r❛ ✷✳✷✱ ♣♦❞❡♠ s❡r ✈✐st❛s

s♦❜r❡t❡♥sõ❡s ♦r✐✉♥❞❛s ❞❡ ✉♠❛ ♠❛♥♦❜r❛ ❞❡st❛ ♥❛t✉r❡③❛✱ ❛ q✉❛❧ ❢♦✐ s✐♠✉❧❛❞❛ ✈✐❛ ❆❚P✳ ❆♥t❡s ❞❛

♠❛♥♦❜r❛✱ ❛ t❡♥sã♦ ♥❛ ❧✐♥❤❛ é ❝♦♥st❛♥t❡ ❡ ❞❡ ✈❛❧♦r ✲✶✱✷ ♣✳✉✳ ❊st❛ t❡♥sã♦ r❡❢❡r❡✲s❡ à ❝❛r❣❛ r❡s✐❞✉❛❧

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

❡♠ ❞❡r✐✈❛çã♦✳

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

♣♦rt❛♠❡♥t♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❛ss✉♠❡ ✉♠❛ ❢♦r♠❛ ♦s❝✐❧❛tór✐❛ ❞❡✈✐❞♦ ❛♦ ❝✐r❝✉✐t♦ ❢♦r♠❛❞♦ ❡♥tr❡ ❛

❝❛♣❛❝✐tâ♥❝✐❛ ❞❛ ❧✐♥❤❛ ❡ ❛ ✐♥❞✉tâ♥❝✐❛ ❞♦s r❡❛t♦r❡s✳ ◆❡st❡ ❝❛s♦✱ ♦ ❞❡❝❛✐♠❡♥t♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ é

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

❞❡ q✉❛❧✐❞❛❞❡ ❞♦ r❡❛t♦r ✭❈▲❊❘■❈■ ❡t ❛❧✳✱ ✶✾✼✵✮✳ ❊st❛ ❢♦r♠❛ ♦s❝✐❧❛tór✐❛ ♣♦❞❡ ❝♦♥t❡r ❞✐❢❡r❡♥t❡s

❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛✱ ❛ ❞❡♣❡♥❞❡r ♣♦r ❡①❡♠♣❧♦✱ ❞♦ ❡sq✉❡♠❛ ❞❡ tr❛♥s♣♦s✐çã♦ ❡ ❞♦ ❣r❛✉ ❞❡

❝♦♠♣❡♥s❛çã♦ ❞❛ ❧✐♥❤❛ ✭❉✬❆❏❯❩ ❡t ❛❧✳✱ ✶✾✽✼✮✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✶

❋✐❣✉r❛ ✷✳✷✳ ❋♦r♠❛ ❞❡ ♦♥❞❛ ❞❛ t❡♥sã♦ ❡♠ ✉♠❛ ❞❛s ❢❛s❡s ❞❛ ▲❚✱ tí♣✐❝❛ ❞❡ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦✳

P❛r❛ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦ ❞❛ ♥❛t✉r❡③❛ ♦s❝✐❧❛tór✐❛ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✱ ❝♦♥s✐❞❡r❛✲s❡ ✉♠❛ ❧✐♥❤❛

♣❡r❢❡✐t❛♠❡♥t❡ tr❛♥s♣♦st❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✳ ❉❡✈✐❞♦ ❛♦ ❛❝♦♣❧❛♠❡♥t♦ ❡♥tr❡

❛s ❢❛s❡s ❞❛ ❧✐♥❤❛ ❡ à ❝♦♠♣♦s✐çã♦ tr✐❢ás✐❝❛ ❞♦s r❡❛t♦r❡s✱ ♦ ❝♦♥❥✉♥t♦ ❧✐♥❤❛✲r❡❛t♦r ❞❡✈❡ ♣♦ss✉✐r ❞✉❛s

❢r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s ❞❡ ♦s❝✐❧❛çã♦✱ ✉♠❛ ❞❡ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❡ ♦✉tr❛ ❞❡ s❡q✉ê♥❝✐❛ ③❡r♦✳ ❊st❛s

❢r❡q✉ê♥❝✐❛s ♣♦❞❡♠ s❡r ❞❡t❡r♠✐♥❛❞❛s ❞❡s♣r❡③❛♥❞♦✲s❡ ❛ r❡❛tâ♥❝✐❛ ❞❛ ❧✐♥❤❛✱ ❛ q✉❛❧ é ❜❡♠ ✐♥❢❡r✐♦r

à ❞♦ r❡❛t♦r✱ ❡ ❡①♣r❡ss❛s ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛ ✭❩❆◆❊❚❚❆ ❏r✳✱ ✷✵✵✸✮✿

f1 =
1

2π
√

L1C1

✭✷✳✶✮

❡

f0 =
1

2π
√

L0C0

, ✭✷✳✷✮

❡♠ q✉❡

f1, f0 ✲ ❢r❡q✉ê♥❝✐❛s ❞❡ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ♣❛r❛ ❛s s❡✲
q✉ê♥❝✐❛s ♣♦s✐t✐✈❛ ❡ ③❡r♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

L1, C1 ✲ ♣❛râ♠❡tr♦s ❞❡ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❞♦ r❡❛t♦r ❡ ❞❛ ❧✐♥❤❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

L0, C0 ✲ ♣❛râ♠❡tr♦s ❞❡ s❡q✉ê♥❝✐❛ ③❡r♦ ❞♦ r❡❛t♦r ❡ ❞❛ ❧✐♥❤❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

◆❛ ❋✐❣✉r❛ ✷✳✸ sã♦ ✐❧✉str❛❞♦s ♦s ❝✐r❝✉✐t♦s ❞❡ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❡ ③❡r♦ ♣❛r❛ ❡st❛ s✐t✉❛çã♦✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✷

❋✐❣✉r❛ ✷✳✸✳ ❈✐r❝✉✐t♦s ♣❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✿ ✭❛✮ ❙❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛❀ ✭❜✮ ❙❡q✉ê♥❝✐❛ ③❡r♦✳

❆ ❢r❡q✉ê♥❝✐❛ f1 t❛♠❜é♠ ♣♦❞❡ s❡r ♦❜t✐❞❛ ❛ ♣❛rt✐r ❞❛s ♣♦tê♥❝✐❛s r❡❛t✐✈❛s ❞❛ ❧✐♥❤❛ ✭Ql✮ ❡ ❞♦

r❡❛t♦r ✭Qr✮ ✭❩❆◆❊❚❚❆ ❏r✳✱ ✷✵✵✸✮✿

f1 =
ω

2π

√

k1 , ✭✷✳✸✮

❡♠ q✉❡ k1 é ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❡ é ❞❡✜♥✐❞♦ ❞❛ s❡❣✉✐♥t❡

❢♦r♠❛✿

k1 =
Qr

Ql

. ✭✷✳✹✮

✷✳✷ ❆◆➪▲■❙❊ ❉❖ ❈❖▼P❖❘❚❆▼❊◆❚❖ ❉❊ ❈❆❘●❆❙ ❘❊❙■❉❯❆■❙ ❊▼ ▲■◆❍❆❙ ❉❊

❚❘❆◆❙▼■❙❙➹❖

◆❛ s❡çã♦ ❛♥t❡r✐♦r✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s ❝❛r❣❛s r❡s✐❞✉❛✐s ♥❛s ❧✐♥❤❛s ❞❡

tr❛♥s♠✐ssã♦ é ✐♥✢✉❡♥❝✐❛❞♦ ♣❡❧♦ r❡s♣❡❝t✐✈♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❡ ♣❡❧♦s ♣❛râ♠❡tr♦s ❞❡ s❡q✉ê♥✲

❝✐❛ ♣♦s✐t✐✈❛ ❡ ③❡r♦ ❞♦ ❝♦♥❥✉♥t♦ ❧✐♥❤❛✲r❡❛t♦r✳ ❆ s❡❣✉✐r✱ ❛♣r❡s❡♥t❛✲s❡ ✉♠❛ ❛♥á❧✐s❡ ♠❛✐s ❞❡t❛❧❤❛❞❛

❞❡st❡ ❝♦♠♣♦rt❛♠❡♥t♦✱ ✐♥❝❧✉✐♥❞♦ s✐t✉❛çõ❡s ❞❡ ❞❡s❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡✈✐❞♦ ❛ ♦❝♦rrê♥❝✐❛ ❞❡

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

❢♦r♠❛çõ❡s ♠♦❞❛✐s ✉t✐❧✐③❛♥❞♦ ❛ ♠❛tr✐③ ❞❡ ❑❛rr❡♥❜❛✉❡r✳ ◆♦ ❆♣ê♥❞✐❝❡ ❆✱ ❝♦♠♣❧❡♠❡♥t❛✲s❡ ❡st❛

❛♥á❧✐s❡ ❞❛♥❞♦ ê♥❢❛s❡ ❛s ❧✐❣❛çõ❡s ❡♥tr❡ ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ♣❛r❛ ♦s ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❞❡❢❡✐t♦✳

❊♠ t♦❞♦s ♦s ❝❛s♦s✱ ❝♦♥s✐❞❡r❛✲s❡ q✉❡ ❛s ✐♠♣❡❞â♥❝✐❛s ❞❡ ❞❡❢❡✐t♦ sã♦ ♥✉❧❛s✱ q✉❡ ❛ r❡❛tâ♥❝✐❛ sér✐❡

❞❛ ❧✐♥❤❛ ♣♦❞❡ s❡r ❞❡s♣r❡③❛❞❛ ♣♦r s❡r ❜❡♠ ✐♥❢❡r✐♦r à ❞♦ r❡❛t♦r ❡ q✉❡ ♦s ♣❛râ♠❡tr♦s ♠♦❞❛✐s ✶ ❡

✷ ❞♦ ❝♦♥❥✉♥t♦ ❧✐♥❤❛✲r❡❛t♦r sã♦ ✐❞ê♥t✐❝♦s✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✸

✷✳✷✳✶ ❆❜❡rt✉r❛ ❚r✐❢ás✐❝❛

P❛r❛ ✉♠ s✐st❡♠❛ ❡❧étr✐❝♦ ❡q✉✐❧✐❜r❛❞♦ ❡ ❡♠ ❝♦♥❞✐çõ❡s ♥♦r♠❛✐s ❞❡ ♦♣❡r❛çã♦✱ ❛♣❡♥❛s ❛ ❝♦♠✲

♣♦♥❡♥t❡ ❞❡ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❡stá ♣r❡s❡♥t❡ ♥♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✳ ❊♠ s✐t✉❛çõ❡s ❞❡

❞❡s❡q✉✐❧í❜r✐♦✱ ❛ ❡①❡♠♣❧♦ ❞❡ ❞❡❢❡✐t♦s ❛ss✐♠étr✐❝♦s✱ ❡st❡s s✐♥❛✐s ♣♦❞❡♠ ❛♣r❡s❡♥t❛r ❝♦♠♣♦♥❡♥t❡s

❞❡ s❡q✉ê♥❝✐❛ ③❡r♦✳ ❊st❛s ❝♦♠♣♦♥❡♥t❡s t❛♠❜é♠ ♣♦❞❡♠ s✉r❣✐r ❛ ♣❛rt✐r ❞❡ ♠❛♥♦❜r❛s ❞❡ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ♣♦✐s ♦s ♣ó❧♦s ❞♦ ❞✐s❥✉♥t♦r ♥ã♦ ❛❜r❡♠ s✐♠✉❧t❛♥❡❛♠❡♥t❡ ❞❡✲

✈✐❞♦ ❛♦ ❛r❝♦ ❡❧étr✐❝♦ ❡ à ❞✐s♣❡rsã♦ ♠❡❝â♥✐❝❛ ✐♥❡r❡♥t❡ ❛♦ ♣r♦❝❡ss♦ ❞❡ ❛❜❡rt✉r❛✳ ◆♦ ✐♥st❛♥t❡ ❡♠

q✉❡ ❛ ♣r✐♠❡✐r❛ ❢❛s❡ é ❛❜❡rt❛✱ ❛s ❞❡♠❛✐s ❛✐♥❞❛ ❡♥❝♦♥tr❛♠✲s❡ ❡♥❡r❣✐③❛❞❛s✱ ♦ q✉❡ ❝❛r❛❝t❡r✐③❛ ✉♠

❞❡s❡q✉✐❧í❜r✐♦ ♣❛r❛ ♦ s✐st❡♠❛✳

❖ ♦s❝✐❧♦❣r❛♠❛ ❞❛ ❋✐❣✉r❛ ✷✳✹✱ ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ✈✐❛ ❆❚P✱ é tí♣✐❝♦ ❞❡

❛❜❡rt✉r❛s tr✐❢ás✐❝❛s ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✳

◆❡❧❡✱ s❡ ♣❡r❝❡❜❡ q✉❡ ❛♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✱ ♥♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ t = ✷✵✵ ♠s✱ ❛ ❝❛r❣❛

r❡s✐❞✉❛❧ t❡♠ ✈❛r✐❛çã♦ ❞❡ ♥❛t✉r❡③❛ ♦s❝✐❧❛tór✐❛✳ ◆❛ ❋✐❣✉r❛ ✷✳✺ sã♦ ✐❧✉str❛❞❛s ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡

s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❡ ③❡r♦ q✉❡ ❝♦♠♣õ❡♠ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞❛ ❋✐❣✉r❛ ✷✳✹✭❛✮✳ ❖❜s❡r✈❛✲s❡ q✉❡ ❛

❝♦♠♣♦♥❡♥t❡ ❞❡ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ é ♣r❡❞♦♠✐♥❛♥t❡ ♥♦ s✐♥❛❧✳

❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ✈❛❧✐❞❛r ♦ ❡q✉❛❝✐♦♥❛♠❡♥t♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✷✳✶✳✷✱ ❛ ♣❛rt✐r ❞♦s s✐♥❛✐s

❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✷✳✺✱ ❢♦r❛♠ ❞❡t❡r♠✐♥❛❞❛s ❛s ❢r❡q✉ê♥❝✐❛s ❞❡ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✿

f1 = 53, 20 ❍③ ❡ f0 = 45, 11 ❍③✳ ❊♠ s❡❣✉✐❞❛✱ ❞❡ ♣♦ss❡ ❞♦s ♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s ♥❛ s✐♠✉❧❛çã♦

♣❛r❛ ♦ ❝♦♥❥✉♥t♦ ❧✐♥❤❛✲r❡❛t♦r✱ ♦s q✉❛✐s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✷✳✷✱ ❛s ❢r❡q✉ê♥❝✐❛s ❞❡ ♦s❝✐❧❛çã♦

❢♦r❛♠ ❝❛❧❝✉❧❛❞❛s ❛ ♣❛rt✐r ❞❡ ✭✷✳✶✮ ❡ ✭✷✳✷✮✿ f1 = 53, 66 ❍③ ❡ f0 = 45, 78 ❍③✳ ❖s ❡rr♦s ✈❡r✐✜❝❛❞♦s

♥❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛s ❢r❡q✉ê♥❝✐❛s sã♦ ❞❛ ♦r❞❡♠ ❞❡ ✶✪✱ ❤❛✈❡♥❞♦✱ ♣♦rt❛♥t♦✱ ❝♦♥❢♦r♠✐❞❛❞❡ ❡♥tr❡

♦s ✈❛❧♦r❡s t❡ór✐❝♦s ❡ s✐♠✉❧❛❞♦s✳

❚❛❜❡❧❛ ✷✳✷✳ P❛râ♠❡tr♦s ❞❛ ❧✐♥❤❛ ❡ ❞♦ r❡❛t♦r ✉t✐❧✐③❛❞♦s ♥❛ s✐♠✉❧❛çã♦ ❞❡ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛

P❛râ♠❡tr♦s ❞❛ ▲✐♥❤❛ P❛râ♠❡tr♦s ❞♦ ❘❡❛t♦r

C1 ✭µ❋✮ C0 ✭µ❋✮ L1 ✭❍✮ L0 ✭❍✮

✻✱✹✾✼✽ ✸✱✵✻✻✹ ✶✱✸✺✸✻ ✸✱✾✸✾✾



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✹

❋✐❣✉r❛ ✷✳✹✳ ❋♦r♠❛ ❞❡ ♦♥❞❛ ❞❛ t❡♥sã♦ ♥❛ ❧✐♥❤❛ ♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛✿ ✭❛✮ ❚❡♥sã♦ ♥❛ ❢❛s❡ ❆❀ ✭❜✮
❚❡♥sã♦ ♥❛ ❢❛s❡ ❇❀ ✭❝✮ ❚❡♥sã♦ ♥❛ ❢❛s❡ ❈✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✺

❋✐❣✉r❛ ✷✳✺✳ ❈♦♠♣♦♥❡♥t❡s ❞❡ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❡ ③❡r♦ q✉❡ ❝♦♠♣õ❡♠ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞❛ ❢❛s❡s ❆ ❞❛
❧✐♥❤❛✱ ♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛✳

◆❛s ❋✐❣✉r❛s ✷✳✹ ❡ ✷✳✺✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛ ❛♣r❡s❡♥t❛ ✉♠ ❛♠♦rt❡❝✐♠❡♥t♦

❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳ ■st♦ ♦❝♦rr❡ ❞❡✈✐❞♦ ❛ ♣r❡s❡♥ç❛ ❞❛s r❡s✐stê♥❝✐❛s ❞❛ ❧✐♥❤❛ ❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❞♦

r❡❛t♦r✱ ❛ q✉❛❧ é q✉❛♥t✐✜❝❛❞❛ ❛tr❛✈és ❞♦ ❢❛t♦r ❞❡ q✉❛❧✐❞❛❞❡ ❞❡st❡ ❡q✉✐♣❛♠❡♥t♦✳ ◆❛ ❢♦r♠✉❧❛çã♦

♠❛t❡♠át✐❝❛ ❛♣r❡s❡♥t❛❞❛ ♥❡st❛ t❡s❡✱ ❡st❛ r❡s✐stê♥❝✐❛ é ❞❡s♣r❡③❛❞❛ ♣♦r s❡r ❜❡♠ ✐♥❢❡r✐♦r à r❡❛tâ♥❝✐❛

❞♦ r❡❛t♦r ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ♦ ❛♠♦rt❡❝✐♠❡♥t♦ ♥ã♦ é ❝♦♥t❡♠♣❧❛❞♦✳ ❊st✉❞♦s r❡♣♦rt❛❞♦s ♣♦r

❉✉♣♦♥t ✫ ❘♦❜❡rt ✭✶✾✻✽✮ ❡ ❈❧❡r✐❝✐ ❡t ❛❧✳ ✭✶✾✼✵✮ ✐♥❞✐❝❛♠ q✉❡ ❞❡✈✐❞♦ às ❜❛✐①❛s ♣❡r❞❛s ❡♥✈♦❧✈✐❞❛s✱

❡st❡ ❛♠♦rt❡❝✐♠❡♥t♦ ♥ã♦ é ❛❝❡♥t✉❛❞♦ ❡ ❛ ❛♠♣❧✐t✉❞❡ ❞❛s ♦s❝✐❧❛çõ❡s ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣♦❞❡ ♥ã♦

s♦❢r❡r ❣r❛♥❞❡s ❛❧t❡r❛çõ❡s ❡♠ ♣❡rí♦❞♦s ❞❡ ❛té ✷✺ ❝✐❝❧♦s✳

✷✳✷✳✷ ❉❡❢❡✐t♦s ❋❛s❡✲❚❡rr❛ ✭❋❚✮

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

❞❡ s❡q✉ê♥❝✐❛ ③❡r♦ ♣♦❞❡ s❡r ♠❛✐s ❛❝❡♥t✉❛❞♦ q✉❡ ♥♦ ❝❛s♦ ❛♣r❡s❡♥t❛❞♦ ♥❛s ❋✐❣✉r❛s ✷✳✹ ❡ ✷✳✺✱ t❛❧

❝♦♠♦ ✐❧✉str❛❞♦ ♥♦ ♦s❝✐❧♦❣r❛♠❛ ❞❛ ❋✐❣✉r❛ ✷✳✻✱ ♦ q✉❛❧ ❢♦✐ ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s

✈✐❛ ❆❚P ❡ é tí♣✐❝♦ ❞❡ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ❡♠ ❧✐♥❤❛s ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠

❞❡r✐✈❛çã♦✳ ◆❡❧❡✱ ♦ ❞❡❢❡✐t♦ t❡♠ ✐♥í❝✐♦ ❡♠ t = ✶✵✵ ♠s ❡ é s❡❣✉✐❞♦ ❞❡ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛ ❧✐♥❤❛

❡♠ t = ✷✵✵ ♠s✳ ◆♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ t = ✻✵✵ ♠s✱ ♦ ❞❡❢❡✐t♦ é ❡①t✐♥t♦✳
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❋✐❣✉r❛ ✷✳✻✳ ❋♦r♠❛ ❞❡ ♦♥❞❛ ❞❛ t❡♥sã♦ ♥❛ ❧✐♥❤❛✱ ❛♣ós ❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞♦ ❞✐s❥✉♥t♦r ❞❡✈✐❞♦ ❛ ✉♠
❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ❡♥✈♦❧✈❡♥❞♦ ❛ ❢❛s❡ ❆✿ ✭❛✮ ❚❡♥sã♦ ♥❛ ❢❛s❡ ❆❀ ✭❜✮ ❚❡♥sã♦ ♥❛ ❢❛s❡ ❇❀ ✭❝✮ ❚❡♥sã♦ ♥❛ ❢❛s❡
❈✳
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❆♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✱ ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s r❡❢❡r❡♥t❡s ❛♦ ❝♦♥❥✉♥t♦ ❧✐♥❤❛✲r❡❛t♦r ♣♦❞❡♠

s❡r ❝♦♥❡❝t❛❞♦s ❡♠ sér✐❡✱ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✷✳✼✳

❋✐❣✉r❛ ✷✳✼✳ ❈♦♥❡①ã♦ ❞♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣❛r❛ ❛ ▲❚ s♦❜
❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛✳ Li ❡ Ci (i = 0, 1, 2) sã♦ ♦s ♣❛râ♠❡tr♦s ♠♦❞❛✐s ❞♦ r❡❛t♦r ❡ ❞❛ ❧✐♥❤❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❈♦♠ ❜❛s❡ ♥♦ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ r❡♣r❡s❡♥t❛❞♦ ♥❡st❛ ✜❣✉r❛✱ ❛s s❡❣✉✐♥t❡s ❡q✉❛çõ❡s sã♦ ♦❜t✐❞❛s✿

v1 = L1

di

dt
− L1C1

d2v1

dt2
, ✭✷✳✺✮

v2 = L2

di

dt
− L2C2

d2v2

dt2
✭✷✳✻✮

❡

v0 = L0

di

dt
− L0C0

d2v0

dt2
. ✭✷✳✼✮

❆♣❧✐❝❛♥❞♦ ❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ▲❛♣❧❛❝❡ à ✭✷✳✺✮✱ ✭✷✳✻✮ ❡ ✭✷✳✼✮✱ t❡♠✲s❡✿

V1[1 + s2L1C1] − sL1C1v1(0) = sL1I , ✭✷✳✽✮

V2[1 + s2L2C2] − sL2C2v2(0) = sL2I ✭✷✳✾✮

❡

V0[1 + s2L0C0] − sL0C0v0(0) = sL0I . ✭✷✳✶✵✮

❊♠ q✉❡ V1✱ V2✱ V0 ❡ I sã♦ ❛s tr❛♥s❢♦r♠❛❞❛s ❞❡ ▲❛♣❧❛❝❡ ♣❛r❛ v1(t)✱ v2(t)✱ v0(t) ❡ i(t)✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡ v1(0)✱ v2(0) ❡ v0(0) sã♦ ❛s ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✳ ❙♦♠❛♥❞♦ ♠❡♠❜r♦ ❛ ♠❡♠❜r♦

✭✷✳✽✮ ❡ ✭✷✳✾✮✱ ♦❜té♠✲s❡ ❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿
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I =
C1v0(0)

2
− V0[1 + s2L1C1]

2sL1

. ✭✷✳✶✶✮

❙✉❜st✐t✉✐♥❞♦ ✭✷✳✶✶✮ ❡♠ ✭✷✳✶✵✮✿

V0 = v0(0)
s

s2 + 2L1 + L0

L1L0(C1 + 2C0)

. ✭✷✳✶✷✮

❆♣❧✐❝❛♥❞♦ ❛ tr❛♥s❢♦r♠❛❞❛ ✐♥✈❡rs❛ ❞❡ ▲❛♣❧❛❝❡ ❛ ✭✷✳✶✷✮✿

v0(t) = v0(0) cos

(
√

2L1 + L0

L1L0(C1 + 2C0)
t

)

. ✭✷✳✶✸✮

❆❣♦r❛✱ s✉❜st✐t✉✐♥❞♦ ✭✷✳✶✶✮ ❡♠ ✭✷✳✾✮✿

V2 = −V0

2
+

[

v0(0)

2
+ v2(0)

]

.
s

s2 + 1

L1C1

. ✭✷✳✶✹✮

❆♣❧✐❝❛♥❞♦ ❛ tr❛♥s❢♦r♠❛❞❛ ✐♥✈❡rs❛ ❞❡ ▲❛♣❧❛❝❡ ❛ ✭✷✳✶✹✮ ❡ s❛❜❡♥❞♦ q✉❡ v1(t)+v2(t)+v0(t) = 0✿

v2(t) = −v0(t)

2
+

[

v2(0) − v1(0)

2

]

. cos

(
√

1

L1C1

t

)

✭✷✳✶✺✮

❡

v1(t) = −v0(t)

2
−
[

v2(0) − v1(0)

2

]

. cos

(
√

1

L1C1

t

)

. ✭✷✳✶✻✮

❆ ♣❛rt✐r ❞❡ ✭✷✳✶✸✮✱ ✭✷✳✶✺✮ ❡ ✭✷✳✶✻✮✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ❛s ❢r❡q✉ê♥❝✐❛s ❞❡ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛

r❡s✐❞✉❛❧✱ ♣❛r❛ ✉♠❛ ❧✐♥❤❛ s♦❜ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛✱ sã♦✿

1

2π

√

1

L1C1

Hz ✭✷✳✶✼✮

❡

1

2π

√

2L1 + L0

L1L0(C1 + 2C0)
Hz. ✭✷✳✶✽✮
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◆♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ ♦ ❞❡❢❡✐t♦ é ❡①t✐♥t♦✱ ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s sã♦ ❞❡s❛❝♦♣❧❛❞♦s ❡ ❝♦♥s❡q✉❡♥t❡✲

♠❡♥t❡✱ ❛s ❢r❡q✉ê♥❝✐❛s ❞❡ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣❛ss❛♠ ❛ s❡r ❞❡t❡r♠✐♥❛❞❛s ♣♦r ✭✷✳✶✮ ❡ ✭✷✳✷✮✳

❊♠ sí♥t❡s❡✱ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦s❝✐❧❛çã♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♠♦❞♦ ✶ é ❛ ♠❡s♠❛ ❞✉r❛♥t❡ ❡ ❛♣ós ❛

❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦✳ ❏á ❛ ❢r❡q✉ê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♠♦❞♦ ✵✱ ♣♦ss✉✐ ✉♠ ✈❛❧♦r ❞❡t❡r♠✐♥❛❞♦

♣♦r ✭✷✳✶✽✮ ❞✉r❛♥t❡ ♦ ❞❡❢❡✐t♦ ❡ ♦✉tr♦ ✈❛❧♦r✱ ❞❡t❡r♠✐♥❛❞♦ ♣♦r ✭✷✳✷✮✱ ❛♣ós ❛ s✉❛ ❡①t✐♥çã♦✳ ❊st❡

❢❡♥ô♠❡♥♦ ♣♦❞❡ s❡r ✈❡r✐✜❝❛❞♦ ❝♦♠ ♦ ❛✉①í❧✐♦ ❞❛ ❋✐❣✉r❛ ✷✳✽✱ ♥❛ q✉❛❧ sã♦ ✐❧✉str❛❞❛s ❛s ❝♦♠♣♦♥❡♥t❡s

❞❡ ❢r❡q✉ê♥❝✐❛ r❡❢❡r❡♥t❡s ❛♦s ♠♦❞♦s ✶ ❡ ✵ q✉❡ ❝♦♠♣õ❡♠ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞❛ ❋✐❣✉r❛ ✷✳✻✭❜✮✳ ❆

♣❛rt✐r ❞❡st❡ ♦s❝✐❧♦❣r❛♠❛✱ ❢♦r❛♠ ❞❡t❡r♠✐♥❛❞♦s ♦s ✈❛❧♦r❡s ❞❛s ❢r❡q✉ê♥❝✐❛s f1 ❡ f0 ❞✉r❛♥t❡ ❡ ❛♣ós

♦ ❞❡❢❡✐t♦✱ ♦s q✉❛✐s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✷✳✸✳ ❖s ✈❛❧♦r❡s t❡ór✐❝♦s ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❡ ✭✷✳✶✮✱

✭✷✳✷✮ ❡ ✭✷✳✶✽✮ t❛♠❜é♠ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❡st❛ t❛❜❡❧❛✳ ❖s ❞❛❞♦s ❞❛ ❧✐♥❤❛ ❡ ❞♦ r❡❛t♦r ✉t✐❧✐③❛❞♦s

♥❛ s✐♠✉❧❛çã♦ ❡♥❝♦♥tr❛♠✲s❡ ♥❛ ❚❛❜❡❧❛ ✷✳✷✳ ❈♦♠ ❜❛s❡ ♥♦ ❡①♣♦st♦✱ ♦❜s❡r✈❛✲s❡ ❛ ❝♦♥❝♦r❞â♥❝✐❛ ❡♥✲

tr❡ ♦s ✈❛❧♦r❡s t❡ór✐❝♦s ❡ s✐♠✉❧❛❞♦s ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞♦s ♦s❝✐❧♦❣r❛♠❛s ♣r♦✈❡♥✐❡♥t❡s ❞❡ s✐♠✉❧❛çõ❡s

❞✐❣✐t❛✐s ✈✐❛ ❆❚P✳

❚❛❜❡❧❛ ✷✳✸✳ ❋r❡q✉ê♥❝✐❛s ❞❡ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ♥❛ ❧✐♥❤❛✳

❋r❡q✉ê♥❝✐❛s ❞❡
❉✉r❛♥t❡ ♦ ❞❡❢❡✐t♦ ❆♣ós ♦ ❞❡❢❡✐t♦

❖s❝✐❧❛çã♦ f1 ✭❍③✮ f0 ✭❍③✮ f1 ✭❍③✮ f0 ✭❍③✮

❱❛❧♦r t❡ór✐❝♦ ✺✸✱✻✻ ✹✾✱✾✾ ✺✸✱✻✻ ✹✺✱✼✽

❱❛❧♦r s✐♠✉❧❛❞♦✯ ✺✸✱✺✻ ✹✾✱✻✾ ✺✸✱✺✻ ✹✺✱✷✶

✯❖❜t✐❞♦ ❛ ♣❛rt✐r ❞♦s ♦s❝✐❧♦❣r❛♠❛s ❞❛ ❋✐❣✉r❛ ✷✳✽

❋✐❣✉r❛ ✷✳✽✳ ❈♦♠♣♦♥❡♥t❡s ♠♦❞❛✐s ✶ ❡ ✵ q✉❡ ❝♦♠♣õ❡♠ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞❛ ❢❛s❡ ❇ ❞❛ ❧✐♥❤❛✱ ♣❛r❛ ✉♠❛
❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞♦ ❞✐s❥✉♥t♦r ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ❡♥✈♦❧✈❡♥❞♦ ❛ ❢❛s❡ ❆✳
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✷✳✷✳✸ ❉❡❢❡✐t♦s ❋❛s❡✲❋❛s❡✲❚❡rr❛ ✭❋❋❚✮

P❛r❛ ❞❡❢❡✐t♦s q✉❡ ❡♥✈♦❧✈❡♠ ❞✉❛s ❢❛s❡s ❡ ❛ t❡rr❛✱ ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞♦ ❝♦♥❥✉♥t♦ ❧✐♥❤❛✲r❡❛t♦r✱

❛♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✱ sã♦ ❝♦♥❡❝t❛❞♦s ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✷✳✾✳

❋✐❣✉r❛ ✷✳✾✳ ✭❛✮ ❈♦♥❡①ã♦ ❞♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣❛r❛ ❛
▲❚ s♦❜ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✲t❡rr❛✳ ✭❜✮ ❈✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡✳ Li ❡ Ci (i = 0, 1, 2) sã♦ ♦s ♣❛râ♠❡tr♦s ♠♦❞❛✐s
❞♦ r❡❛t♦r ❡ ❞❛ ❧✐♥❤❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆ ♣❛rt✐r ❞❡st❛ ✜❣✉r❛✱ ❛s s❡❣✉✐♥t❡s ❡q✉❛çõ❡s ♣♦❞❡♠ s❡r ❞❡r✐✈❛❞❛s✿

v0 = v1 = v2 = v , ✭✷✳✶✾✮

Leq =
L0L1

L1 + 2L0

✭✷✳✷✵✮

❡

Ceq = C0 + 2C1 . ✭✷✳✷✶✮

❈♦♥❝❧✉✐✲s❡ q✉❡ ❞✉r❛♥t❡ ♦ ❞❡❢❡✐t♦✱ ❤á ♥❛ ❢❛s❡ sã ❛♣❡♥❛s ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦s❝✐❧❛çã♦✱ ❛ q✉❛❧

é ❞❛❞❛ ♣♦r ✭✷✳✷✷✮✳ ◗✉❛♥❞♦ ♦ ❞❡❢❡✐t♦ é ❡①t✐♥t♦✱ ❛ ✐❣✉❛❧❞❛❞❡ ❡st❛❜❡❧❡❝✐❞❛ ❡♠ ✭✷✳✶✾✮ t♦r♥❛✲s❡

✐♥✈á❧✐❞❛ ❡ ❛s ❢r❡q✉ê♥❝✐❛s ❞❡ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣❛ss❛♠ ❛ s❡r ❞❡t❡r♠✐♥❛❞❛s ♣♦r ✭✷✳✶✮ ❡

✭✷✳✷✮✳

1

2π

√

L1 + 2L0

L1L0(C0 + 2C1)
Hz. ✭✷✳✷✷✮



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✶

✷✳✷✳✹ ❉❡❢❡✐t♦s ❋❛s❡✲❋❛s❡ ✭❋❋✮

◆♦ ❝❛s♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲❢❛s❡✱ ❡♠ q✉❡ ♥ã♦ ❤á ♦ ❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ t❡rr❛✱ ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s

❞♦ ❝♦♥❥✉♥t♦ ❧✐♥❤❛✲r❡❛t♦r✱ ❛♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✱ sã♦ ❝♦♥❡❝t❛❞♦s ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✷✳✶✵✳

❖❜s❡r✈❛✲s❡ q✉❡ ♦ ❝✐r❝✉✐t♦ ♠♦❞❛❧ ✵ ♥ã♦ ❡stá ❡♥✈♦❧✈✐❞♦ ♥♦ ❞❡❢❡✐t♦✳ ◆♦ ❡♥t❛♥t♦✱ é ♣♦ssí✈❡❧ q✉❡

❛ ❝♦♠♣♦♥❡♥t❡ ❞♦ ♠♦❞♦ ✵ s❡❥❛ ❡①❝✐t❛❞❛ ❞✉r❛♥t❡ ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ❡ ✉♠❛ ❞❛s ❢r❡q✉ê♥❝✐❛s ❞❡

♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ s❡rá ❞❛❞❛ ♣♦r ✭✷✳✷✮✳

❋✐❣✉r❛ ✷✳✶✵✳ ✭❛✮ ❈♦♥❡①ã♦ ❞♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣❛r❛ ❛
▲❚ s♦❜ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✳ ✭❜✮ ❈✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡✳ Li ❡ Ci (i = 0, 1, 2) sã♦ ♦s ♣❛râ♠❡tr♦s ♠♦❞❛✐s ❞♦
r❡❛t♦r ❡ ❞❛ ❧✐♥❤❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆ ♣❛rt✐r ❞❡st❛ ✜❣✉r❛✱ t❡♠✲s❡✿

v1 = v2 = v , ✭✷✳✷✸✮

Leq =
L1

2
✭✷✳✷✹✮

❡

Ceq = 2C1 . ✭✷✳✷✺✮

❈♦♥❝❧✉✐✲s❡ q✉❡ ❤á ♥❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦s❝✐❧❛çã♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♠♦❞♦ ✵

❡ ♦✉tr❛ ❞❛❞❛ ♣♦r ✭✷✳✷✻✮✳ ❊st❛s ❢r❡q✉ê♥❝✐❛s ❡stã♦ ♣r❡s❡♥t❡s ♥❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❞✉r❛♥t❡ ♦ ❞❡❢❡✐t♦

❡ ❛♣ós ❛ s✉❛ ❡①t✐♥çã♦✳

1

2π
√

L1C1

Hz. ✭✷✳✷✻✮



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✷

✷✳✷✳✺ ❉❡❢❡✐t♦s ❚r✐❢ás✐❝♦s ✭✸❋✮

P❛r❛ ❞❡❢❡✐t♦s tr✐❢ás✐❝♦s✱ ❛ ❛♥á❧✐s❡ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛ t❛♠❜é♠

❞❡✈❡ ❧❡✈❛r ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ ❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ t❡rr❛✳ ◆❛ s✐t✉❛çã♦ ❡♠ q✉❡ s❡ t❡♠ ✉♠ ❞❡❢❡✐t♦

❡♥tr❡ ❛s três ❢❛s❡s ❡ ❛ t❡rr❛✱ ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞♦ ❝♦♥❥✉♥t♦ ❧✐♥❤❛✲r❡❛t♦r✱ ❛♣ós ❛ ❛❜❡rt✉r❛ ❞❛

❧✐♥❤❛✱ sã♦ ❝♦♥❡❝t❛❞♦s ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✷✳✶✶✳ ❏á ♣❛r❛ ♦ ❝❛s♦ ❡♠ q✉❡ ♦ ❝✉rt♦ tr✐❢ás✐❝♦ ♥ã♦

❡♥✈♦❧✈❡ ❛ t❡rr❛✱ ♦s r❡s♣❡❝t✐✈♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s sã♦ ❝♦♥❡❝t❛❞♦s ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✷✳✶✷✳

❋✐❣✉r❛ ✷✳✶✶✳ ❈♦♥❡①ã♦ ❞♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣❛r❛ ❛ ▲❚
s♦❜ ❞❡❢❡✐t♦ tr✐❢ás✐❝♦ ❡♥✈♦❧✈❡♥❞♦ ❛ t❡rr❛✳ Li ❡ Ci (i = 0, 1, 2) sã♦ ♦s ♣❛râ♠❡tr♦s ♠♦❞❛✐s ❞♦ r❡❛t♦r ❡ ❞❛
❧✐♥❤❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❋✐❣✉r❛ ✷✳✶✷✳ ❈♦♥❡①ã♦ ❞♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣❛r❛ ❛ ▲❚
s♦❜ ❞❡❢❡✐t♦ tr✐❢ás✐❝♦ s❡♠ ♦ ❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ t❡rr❛✳ Li ❡ Ci (i = 0, 1, 2) sã♦ ♦s ♣❛râ♠❡tr♦s ♠♦❞❛✐s ❞♦
r❡❛t♦r ❡ ❞❛ ❧✐♥❤❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

◆❛ s✐t✉❛çã♦ ❡♠ q✉❡ ❛ t❡rr❛ é ❡♥✈♦❧✈✐❞❛ ♥♦ ❞❡❢❡✐t♦✱ ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ✶✱ ✷ ❡ ✵ sã♦ ❝✉rt♦✲

❝✐r❝✉✐t❛❞♦s ❡ ♥ã♦ ❤á ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ✉♠❛ ✈❡③ q✉❡ ♥ã♦ ❤á ❡♥❡r❣✐❛

❛r♠❛③❡♥❛❞❛ ♥❛s ❝❛♣❛❝✐tâ♥❝✐❛s ❞❛ ❧✐♥❤❛✳ ◆❛ ♣rát✐❝❛✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ❛ ♣r❡s❡♥ç❛ ❞❡ ❛❧❣✉♠❛

❝❛r❣❛ r❡s✐❞✉❛❧ ❞❡✈✐❞♦ à r❡❛tâ♥❝✐❛ sér✐❡ ❞❛ ❧✐♥❤❛ ❡ à ✐♠♣❡❞â♥❝✐❛ ❞♦ ❞❡❢❡✐t♦✳ P♦ré♠✱ ♣♦r ❝♦♥t❛

❞❡st❡✱ ❡st❛s ❝❛r❣❛s sã♦ r❛♣✐❞❛♠❡♥t❡ ❛♠♦rt❡❝✐❞❛s✳ ❏á ♥❛ s✐t✉❛çã♦ ❡♠ q✉❡ ❛ t❡rr❛ ♥ã♦ é ❡♥✈♦❧✈✐❞❛

♥♦ ❞❡❢❡✐t♦✱ ❛♣❡♥❛s ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ✶ ❡ ✷ sã♦ ❝✉rt♦✲❝✐r❝✉✐t❛❞♦s✳ ❯♠❛ ✈❡③ q✉❡ ♦ ❝✐r❝✉✐t♦

♠♦❞❛❧ ✵ ♣♦❞❡ s❡r ❡①❝✐t❛❞♦ ♥♦ ♠♦♠❡♥t♦ ❞❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✱ t❛❧ ❝♦♠♦ ❞✐s❝✉t✐❞♦ ♥❛ s❡çã♦ ✷✳✷✳✶✱

❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣♦❞❡ ♣♦ss✉✐r ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡t❡r♠✐♥❛❞❛ ♣♦r ✭✷✳✷✮✳ ❈♦♥t✉❞♦✱

❡st❛ ❝♦♠♣♦♥❡♥t❡ t❛♠❜é♠ é r❛♣✐❞❛♠❡♥t❡ ❛♠♦rt❡❝✐❞❛ ❡ ❛♣ós ♦ t❡♠♣♦ ♠♦rt♦✱ ♣♦❞❡✲s❡ ❝♦♥s✐❞❡r❛r

q✉❡ ♥ã♦ ❤á ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛ ♣❛r❛ ❞❡❢❡✐t♦s tr✐❢ás✐❝♦s✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✸

✷✳✸ ▼➱❚❖❉❖❙ P❆❘❆ ▲■▼■❚❆➬➹❖ ❉❊ ❙❖❇❘❊❚❊◆❙Õ❊❙ ❉❊ ▼❆◆❖❇❘❆❙

◆❡st❛ s❡çã♦✱ ♦s ♣r✐♥❝✐♣❛✐s ♠ét♦❞♦s ♣❛r❛ ❧✐♠✐t❛çã♦ ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ❡♠ ❧✐♥❤❛s

❞❡ tr❛♥s♠✐ssã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s✳ ❆❜♦r❞❛✲s❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❡q✉✐♣❛♠❡♥t♦s ❝♦♠♦ r❡s✐st♦r❡s ❞❡

♣ré✲✐♥s❡rçã♦ ❡ ♣❛r❛✲r❛✐♦s✱ ❛❧é♠ ❞♦s ♣r✐♥❝í♣✐♦s ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❛♣❧✐❝❛❞♦ ❛ ♠❛♥♦❜r❛s

❞❡ ❡♥❡r❣✐③❛çã♦ ❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s✳

✷✳✸✳✶ ❘❡s✐st♦r ❞❡ Pré✲✐♥s❡rçã♦

❉♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❡❧étr✐❝♦✱ ✉♠ ❞✐s❥✉♥t♦r ❝♦♠ r❡s✐st♦r ❞❡ ♣ré✲✐♥s❡rçã♦ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦

♣❡❧♦ ❢❡❝❤❛♠❡♥t♦ s❡q✉❡♥❝✐❛❧ ❞❡ ❞✉❛s ❝❤❛✈❡s✱ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✷✳✶✸✱ ❞❡ ❢♦r♠❛ q✉❡ q✉❛♥❞♦ ❛

❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ é ❡♥❡r❣✐③❛❞❛✱ ✐♥✐❝✐❛❧♠❡♥t❡✱ s❡ ❢❡❝❤❛ ♦ ❝♦♥t❛t♦ ❛✉①✐❧✐❛r q✉❡ ✐♥s❡r❡ ♦ r❡s✐st♦r

❡♠ sér✐❡ ❡♥tr❡ ❛ ❢♦♥t❡ ❡ ❛ ❧✐♥❤❛✳ ❆♣ós ✉♠ ❝✉rt♦ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦ ♦ ❝♦♥t❛t♦ ♣r✐♥❝✐♣❛❧ s❡ ❢❡❝❤❛✱

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

❋✐❣✉r❛ ✷✳✶✸✳ ▼♦❞❡❧♦ ❞♦ r❡s✐st♦r ❞❡ ♣ré✲✐♥s❡rçã♦✳

❈♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❘P■✱ ❛ ❧✐♥❤❛ é ❡♥❡r❣✐③❛❞❛ ❡♠ ❞♦✐s ❡stá❣✐♦s✳ ◆♦ ♣r✐♠❡✐r♦✱ ❛♦ ✐♥s❡r✐r

♦ r❡s✐st♦r✱ r❡❞✉③✲s❡ ❛s ♦♥❞❛s ❞❡ t❡♥sã♦ ❛♣❧✐❝❛❞❛s à ❧✐♥❤❛ ❞❡✈✐❞♦ ❛♦ ❞✐✈✐s♦r ❞❡ t❡♥sã♦ q✉❡ s❡

❡st❛❜❡❧❡❝❡ ❡♥tr❡ ♦ r❡s✐st♦r ❞❡ ♣ré✲✐♥s❡rçã♦ ❡ ❛ ♣ró♣r✐❛ ❧✐♥❤❛✳ ❈♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛✱ ♣♦❞❡✲s❡

✐♠❛❣✐♥❛r q✉❡ ❛✉♠❡♥t❛♥❞♦ ♦ ✈❛❧♦r ❞♦ r❡s✐st♦r ❞✐♠✐♥✉✐✲s❡ ❛s s♦❜r❡t❡♥sõ❡s✱ ♣♦ré♠✱ q✉❛♥❞♦ ♦

r❡s✐st♦r é ❝✉rt♦✲❝✐r❝✉✐t❛❞♦ ♥❛ s❡❣✉♥❞❛ ❡t❛♣❛✱ ✐♥tr♦❞✉③✲s❡ ♥♦✈❛s s♦❜r❡t❡♥sõ❡s q✉❡ ❛✉♠❡♥t❛♠

❝♦♠ ♦ ✈❛❧♦r ❞♦ r❡s✐st♦r ✭❩❆◆❊❚❚❆ ❏r✳✱ ✷✵✵✸✮✳ ❊♠❜♦r❛ ❝❛❞❛ ❡stá❣✐♦ ♣r♦❞✉③❛ s♦❜r❡t❡♥sõ❡s

❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✱ ❛ ❡s❝♦❧❤❛ ❛❞❡q✉❛❞❛ ❞♦ ✈❛❧♦r ❞♦ r❡s✐st♦r ❡ ❞♦ t❡♠♣♦ ❞❡ ✐♥s❡rçã♦ ❞♦ ♠❡s♠♦

❛ss❡❣✉r❛ q✉❡ ❛s ❛♠♣❧✐t✉❞❡s ❞❛s s♦❜r❡t❡♥sõ❡s s❡❥❛♠ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ✐♥❢❡r✐♦r❡s àq✉❡❧❛s ♦❜t✐❞❛s

s❡♠ ♦ r❡s✐st♦r ✭❉■▲▲❆❘❉ ❡t ❛❧✳✱ ✶✾✼✵✮✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✹

❆ ❡✜❝✐ê♥❝✐❛ ❞♦ ❘P■ ♣❛r❛ ♦ ✜♠ q✉❡ s❡ ♣r♦♣õ❡ ♥ã♦ é ❝♦♥t❡st❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✱ ♣❡❧♦ ❝♦♥trár✐♦✱

♦s r❡s✉❧t❛❞♦s ♦r❛ ♦❜t✐❞♦s ❝♦♠ ❡st❡ ♠ét♦❞♦ ❛t❡st❛♠ s✉❛ ❡✜❝á❝✐❛✳ ◆♦ ❡♥t❛♥t♦✱ ♦ r❡s✐st♦r ❞❡ ♣ré✲

✐♥s❡rçã♦ s❡ ❝♦♥✜❣✉r❛ ❝♦♠♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♠❡❝❛♥✐s♠♦s ❡ ♣❡ç❛s q✉❡ ❛❝r❡s❝❡♥t❛ ❛♦ ❞✐s❥✉♥t♦r

✉♠❛ ♦✉ ♠❛✐s ❝â♠❛r❛s ❞❡ ♠❛♥♦❜r❛✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛ s✉❛ ❝❧❛ss❡ ❞❡ t❡♥sã♦✳ ■st♦ ✐♠♣❧✐❝❛ ♥♦

❛✉♠❡♥t♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❞♦ ❞✐s❥✉♥t♦r ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❝✉st♦ ♠❛✐s ❡❧❡✈❛❞♦

✭❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷✺✪ ❛ ♠❛✐s✮✱ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠❛✐s tr❛❜❛❧❤♦ ❞❡ ♠❛♥✉t❡♥çã♦ ❡ ❞❡ ♣❡ç❛s ❞❡

r❡♣♦s✐çã♦ ✭●❖▲❉❙❲❖❘❚❍❨ ❡t ❛❧✳✱ ✷✵✵✽✮✳ ❆ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❛ ❡❧✐♠✐♥❛çã♦ ❞♦ ❘P■ ♣❡r♠✐t❡ q✉❡

♦ ❞✐s❥✉♥t♦r s❡❥❛ ✉t✐❧✐③❛❞♦ ❝♦♠ ✉♠ ♥ú♠❡r♦ ♠❡♥♦r ❞❡ ❝♦♠♣♦♥❡♥t❡s ♠❡❝â♥✐❝♦s✱ ❛✉♠❡♥t❛♥❞♦ ❛ s✉❛

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

✷✳✸✳✷ P❛r❛✲r❛✐♦s

❙♦❧✉çõ❡s ❛❧t❡r♥❛t✐✈❛s ❛♦ ✉s♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦ s✉r❣✐r❛♠✱ ❛ ❡①❡♠♣❧♦ ❞♦ ✉s♦ ♠❛✐s

❡❢❡t✐✈♦ ❞♦s ♣❛r❛✲r❛✐♦s ❞❡ ó①✐❞♦ ❞❡ ③✐♥❝♦ ✭❩♥❖✮✱ q✉❡ s❡ ❞á ❞❡✈✐❞♦ ❛♦s ❜❛✐①♦s ♥í✈❡✐s ❞❡ ♣r♦t❡çã♦

❡ à ❛❧t❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❜s♦rçã♦ ❞❡ ❡♥❡r❣✐❛ ❞❡st❡s ❡q✉✐♣❛♠❡♥t♦s ✭▼❆❘❚■◆❊❩ ✫ ❩❆◆❊❚❚❆

❏r✳✱ ✶✾✾✾✮✳ ❖s ♥í✈❡✐s ❞❡ ♣r♦t❡çã♦ sã♦ ❞❡✜♥✐❞♦s ♣❡❧❛s t❡♥sõ❡s r❡s✐❞✉❛✐s q✉❡ ❛♣❛r❡❝❡♠ ❡♥tr❡ ♦s

t❡r♠✐♥❛✐s ❞♦s ♣❛r❛✲r❛✐♦s ❞✉r❛♥t❡ ❛ s♦❜r❡t❡♥sã♦ tr❛♥s✐tór✐❛✳ ❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♦❜t❡r ♦s ✈❛❧♦r❡s ❞❛s

t❡♥sõ❡s r❡s✐❞✉❛✐s✱ ♦s ♣❛r❛✲r❛✐♦s sã♦ s✉❜♠❡t✐❞♦s ❛ ❡♥s❛✐♦s ❡♠ ❧❛❜♦r❛tór✐♦ ❛tr❛✈és ❞❛ ❛♣❧✐❝❛çã♦

❞❡ ✐♠♣✉❧s♦s ❞❡ ❝♦rr❡♥t❡ ❝♦♠ ❞✐❢❡r❡♥t❡s ❢♦r♠❛s ❞❡ ♦♥❞❛✳ ❖s r❡s✉❧t❛❞♦s ❞❡st❡s ❡♥s❛✐♦s sã♦

♥♦r♠❛❧♠❡♥t❡ ❢♦r♥❡❝✐❞♦s ♣❡❧♦s ❢❛❜r✐❝❛♥t❡s✳ ◆❛ ❋✐❣✉r❛ ✷✳✶✹ ❛♣r❡s❡♥t❛✲s❡ ❛ ✈❛r✐❛çã♦ ❞❛ t❡♥sã♦

r❡s✐❞✉❛❧ ❡♠ ❢✉♥çã♦ ❞❛ ❝♦rr❡♥t❡ ♣❛r❛ ❞✐✈❡rs♦s t✐♣♦s ❞❡ ✐♠♣✉❧s♦s ❛♣❧✐❝❛❞♦s ❛ ♣❛r❛✲r❛✐♦s ❞❛ ❆❇❇

✭❆❇❇✱ ✷✵✵✹✮✳ P❛r❛ ✐♠♣✉❧s♦s ❞❡ ♠❛♥♦❜r❛✱ ♦ ♥í✈❡❧ ❞❡ ♣r♦t❡çã♦ é ❝♦♠✉♠❡♥t❡ ❞❡✜♥✐❞♦ ♣❛r❛ ✉♠❛

❝♦rr❡♥t❡ ❞❡ ❝♦♥❞✉çã♦ ❞❡ ✷ ❦❆ ✭❉✬❆❏❯❩ ❡t ❛❧✳✱ ✶✾✽✼✮✳

❆ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❜s♦rçã♦ ❞❡ ❡♥❡r❣✐❛ ❞♦s ♣❛r❛✲r❛✐♦s é ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♥♦s s✐st❡♠❛s ❞❡

❊❆❚ ❡ ❯❆❚✱ ♦♥❞❡ ❛ ❡♥❡r❣✐❛ ❞✐s♣♦♥í✈❡❧ é ♠✉✐t♦ ❡❧❡✈❛❞❛✳ ❆ ❡♥❡r❣✐❛ ❛❜s♦r✈✐❞❛ ♣♦r ✉♠ ♣❛r❛✲r❛✐♦s

❞❡ ❩♥❖ é ♠✉✐t♦ ❞❡♣❡♥❞❡♥t❡ ❞❛s s✉❛s ❝❛r❛❝t❡ríst✐❝❛s ❡ ❞♦s ❞❡t❛❧❤❡s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✱ s❡♥❞♦

❞❡t❡r♠✐♥❛❞❛ ❛❞❡q✉❛❞❛♠❡♥t❡ ❛tr❛✈és ❞❡ ✉♠ ❡st✉❞♦ ❞❡ s✉rt♦s ❞❡ ♠❛♥♦❜r❛s✳ ◆♦s ❝❛s♦s ❡♠ q✉❡✱

♠❡s♠♦ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞♦s ♣❛r❛✲r❛✐♦s✱ ♦ r❡s✐st♦r ❞❡ ♣ré✲✐♥s❡rçã♦ ♥ã♦ ♣♦❞❡ s❡r ❡❧✐♠✐♥❛❞♦ ♣♦r

r❛③õ❡s ❞✐✈❡rs❛s✱ ♦ ✉s♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ s✉r❣❡ ❝♦♠♦ ✉♠❛ ❛❧t❡r♥❛t✐✈❛✱ ❝❛♣❛③ ❞❡ r❡❞✉③✐r

❛s s♦❜r❡t❡♥sõ❡s tr❛♥s✐tór✐❛s ❡ ❛ ❡♥❡r❣✐❛ ❞✐ss✐♣❛❞❛ ♣❡❧♦s ♣❛r❛✲r❛✐♦s ❛ ♥í✈❡✐s ♠❛✐s ❛❞❡q✉❛❞♦s ❞♦

q✉❡ ❛q✉❡❧❡s ♦❜t✐❞♦s s♦♠❡♥t❡ ❝♦♠ ♣❛r❛✲r❛✐♦s ❞❡ ❩♥❖ ✭❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✵✾✮✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✺

❋✐❣✉r❛ ✷✳✶✹✳ ❱❛r✐❛çã♦ ❞❛ t❡♥sã♦ r❡s✐❞✉❛❧ ❡♠ ❢✉♥çã♦ ❞❛ ❝♦rr❡♥t❡ ♣❛r❛ ❞✐✈❡rs♦s t✐♣♦s ❞❡ ✐♠♣✉❧s♦s
✭❋♦♥t❡✿ ❆❇❇ ✭✷✵✵✹✮✮✳

✷✳✸✳✸ ❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦

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

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

♠✐♥✐♠✐③❛❞♦s ❝♦♥tr♦❧❛♥❞♦✲s❡ ❛ ❛❜❡rt✉r❛ ♦✉ ♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s ❞♦s ❞✐s❥✉♥t♦r❡s ✭❙❚❆◆❊❑

❡t ❛❧✳✱ ✷✵✵✸❀ ❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✵✼✮✳ P❛r❛ t❛♥t♦✱ ❛ ♠❛♥♦❜r❛ ❞❡✈❡ s❡r r❡❛❧✐③❛❞❛ ❡♠ ✉♠ ✐♥st❛♥t❡

ót✐♠♦ ♣ré✲❞❡t❡r♠✐♥❛❞♦✱ t♦♠❛♥❞♦✲s❡ ❝♦♠♦ r❡❢❡rê♥❝✐❛ s✐♥❛✐s ❡❧étr✐❝♦s ❞❡ t❡♥sã♦ ♦✉ ❝♦rr❡♥t❡✳ ◆♦

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

sã♦ ❛s t❡♥sõ❡s ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞❡ ❝❛❞❛ ♣ó❧♦ ❞♦ ❞✐s❥✉♥t♦r ❡ ♦s ✐♥st❛♥t❡s ót✐♠♦s ♦❝♦rr❡♠ ♥❛s

♣❛ss❛❣❡♥s ♣♦r ③❡r♦ ❞❡st❡s s✐♥❛✐s ✭❉❆◆❚❆❙✱ ✷✵✵✼✮✳

◆♦r♠❛❧♠❡♥t❡✱ ♦ ❝♦♠❛♥❞♦ ♣❛r❛ ♦ ❢❡❝❤❛♠❡♥t♦ ❞♦ ❞✐s❥✉♥t♦r ♦❝♦rr❡ ❡♠ ✉♠ ✐♥st❛♥t❡ ❛❧❡❛tór✐♦

✭tcomando✮ ❡♠ r❡❧❛çã♦ ❛♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ❡ ❛ ♠❛♥♦❜r❛ s♦♠❡♥t❡ é ❡❢❡t✐✈❛❞❛ ❛♣ós ♦ t❡♠♣♦ ❞❡

♦♣❡r❛çã♦ ❞❡st❡ ❡q✉✐♣❛♠❡♥t♦ ✭Toperacao✮✱ ♦ q✉❛❧ ♣♦ss✉✐ ✉♠ ✈❛❧♦r tí♣✐❝♦ ❞❡ ✺✵ ♠s ✭●❆❘❩❖◆✱

✶✾✾✼✮✳ ❆♦ r❡❛❧✐③❛r ✉♠❛ ♠❛♥♦❜r❛ ❝♦♠♦ ❡st❛✱ ❛♥t❡s q✉❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r s❡ ❛❝♦♣❧❡♠

✜s✐❝❛♠❡♥t❡✱ ♣♦❞❡ s❡r ✐♥✐❝✐❛❞❛ ✉♠❛ ❝♦rr❡♥t❡ ♣♦r ♠❡✐♦ ❞♦ ♣ré✲❛r❝♦✳ ❖ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❡♥tr❡

♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ♦ ♣ré✲❛r❝♦ é ❡st❛❜❡❧❡❝✐❞♦ ❡ ♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ♦❝♦rr❡ ♦ ❛❝♦♣❧❛♠❡♥t♦ ❢ís✐❝♦ ❞♦s

❝♦♥t❛t♦s é ❞❡♥♦♠✐♥❛❞♦ t❡♠♣♦ ❞❡ ♣ré✲❛r❝♦ ✭Tpre−arco✮✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✻

◆❛ ❋✐❣✉r❛ ✷✳✶✺ é ✐❧✉str❛❞❛ ❛ ❡str❛té❣✐❛ ♣❛r❛ ❝♦♥tr♦❧❡ ❞❡ ♠❛♥♦❜r❛s ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞❡ ❞✐s✲

❥✉♥t♦r❡s✳ P❛r❛ ❢❛❝✐❧✐t❛r ♦ ❡♥t❡♥❞✐♠❡♥t♦✱ ♦ ❡❢❡✐t♦ ❞♦ ♣ré✲❛r❝♦ é ❞❡s♣r❡③❛❞♦ ❡ ♦ ✐♥st❛♥t❡ ót✐♠♦

✭totimo✮ ♦❝♦rr❡ ♥♦ ③❡r♦ ❞♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛✳ ❖ ♣r♦❝❡❞✐♠❡♥t♦ ❝♦♥s✐st❡ ❡♠ ❝♦♥tr♦❧❛r ♦ ✐♥st❛♥t❡

tcomando ❛tr❛s❛♥❞♦✲♦ ♣♦r ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ Tatraso ❞❡ ❢♦r♠❛ q✉❡ totimo✱ ❥á ♣r❡✈✐❛♠❡♥t❡ ❞❡✲

t❡r♠✐♥❛❞♦✱ ♦❝♦rr❛ ❡♠ ✉♠ ✐♥st❛♥t❡ Tatraso✰Toperacao ❞❡♣♦✐s ❞❡ tcomando✳ ❖ ✐♥t❡r✈❛❧♦ Tatraso ♣♦❞❡

s❡r ❞❡t❡r♠✐♥❛❞♦ ♣♦r três s✉❜✐♥t❡r✈❛❧♦s✿

• Tcalculo✿ ✐♥t❡r✈❛❧♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ✐♥t❡r♥♦ ❞♦ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ♣❛r❛

❞❡t❡r♠✐♥❛çã♦ ❞♦s ✐♥st❛♥t❡s ót✐♠♦s❀

• Tpre−arco✿ ♥♦s ❝❛s♦s ❡♠ q✉❡ ♦ t❡♠♣♦ ❞❡ ♣ré✲❛r❝♦ é ❝♦♥s✐❞❡r❛❞♦❀

• Tsincronizacao✿ ✐♥t❡r✈❛❧♦ ♣❛r❛ s✐♥❝r♦♥✐③❛çã♦ ❝♦♠ ♦ ✐♥st❛♥t❡ ót✐♠♦ ♣ré✲❞❡t❡r♠✐♥❛❞♦✱ ❝♦♥✲

s✐❞❡r❛♥❞♦ Toperacao✳

❋✐❣✉r❛ ✷✳✶✺✳ ❚❡♠♣♦r✐③❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳

❆ s❡❣✉✐r✱ sã♦ ❞✐s❝✉t✐❞❛s ❛s ❞✐❢❡r❡♥t❡s ❡str❛té❣✐❛s ♣❛r❛ ❛♣❧✐❝❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦

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

✷✳✸✳✸✳✶ ❊str❛té❣✐❛ ♣❛r❛ ❊♥❡r❣✐③❛çã♦ ❞❡ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦

●❡r❛❧♠❡♥t❡✱ ❡♥❡r❣✐③❛çõ❡s ❡ ❞❡s❧✐❣❛♠❡♥t♦s ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ sã♦ ♠❛♥♦❜r❛s ♣r♦✲

❣r❛♠❛❞❛s q✉❡ ♣♦❞❡♠ ♦❝♦rr❡r r♦t✐♥❡✐r❛♠❡♥t❡ ❡♠ s✐st❡♠❛s ❞❡ ♣♦tê♥❝✐❛✳ ❖ t❡♠♣♦ ❡♥tr❡ ❡st❛s

♠❛♥♦❜r❛s é s✉✜❝✐❡♥t❡ ♣❛r❛ q✉❡ ♣♦ssí✈❡✐s ❝❛r❣❛s r❡s✐❞✉❛✐s ♣r❡s❡♥t❡s ♥❛ ❧✐♥❤❛ s❡❥❛♠ ❞❡s❝❛rr❡❣❛❞❛s✳

❊st❛ ❝♦♥❞✐çã♦ é ❝❡rt❛♠❡♥t❡ ❛ ♠❛✐s s✐♠♣❧❡s ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ♣♦✐s

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

é ♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛✳ ❊st❡s ✐♥st❛♥t❡s ❡stã♦ ✐♥❞✐❝❛❞♦s ♥❛ ❋✐❣✉r❛ ✷✳✶✻ ❛tr❛✈és ❞❡ s❡t❛s✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✼

❋✐❣✉r❛ ✷✳✶✻✳ ❚❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r ♣❛r❛ ▲❚s s❡♠ ❝❛r❣❛ r❡s✐❞✉❛❧✳

✷✳✸✳✸✳✷ ❊str❛té❣✐❛ ♣❛r❛ ❘❡❧✐❣❛♠❡♥t♦ ❞❡ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦ s❡♠ ❈♦♠♣❡♥s❛çã♦

❖♣❡r❛çõ❡s ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❡♠ ❊❆❚✱ ♥♦r♠❛❧♠❡♥t❡ sã♦ ❡❢❡t✐✈❛❞❛s

❝♦♠ ❛ ♣r❡s❡♥ç❛ ❞❡ ❝❛r❣❛s r❡s✐❞✉❛✐s✳ ◆♦ ❝❛s♦ ❡♠ ❛ ❧✐♥❤❛ ♥ã♦ ♣♦ss✉✐ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠

❞❡r✐✈❛çã♦✱ ✐❞❡❛❧♠❡♥t❡ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣❡r♠❛♥❡❝❡ ❝♦♥st❛♥t❡ ❡ ❛ t❡♥sã♦ ♥❛ ❧✐♥❤❛ ✜❝❛ ❡♠ t♦r♥♦ ❞❡

±1 ♣✳✉✳ ❞❡✈✐❞♦ ❛ s❡✉ ❡❢❡✐t♦ ❝❛♣❛❝✐t✐✈♦✳ ◆❛ ♣rát✐❝❛✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❛♣r❡s❡♥t❛ ✉♠❛ ❛t❡♥✉❛çã♦

❡①♣♦♥❡♥❝✐❛❧ ❝♦♠ ✉♠❛ ❝♦♥st❛♥t❡ ❞❡ t❡♠♣♦ r❡❧❛t✐✈❛♠❡♥t❡ ❛❧t❛✱ ❞❡✈✐❞♦ à ❜❛✐①❛ ❝♦♥❞✉tâ♥❝✐❛ ❞❛

❧✐♥❤❛ ♣❛r❛ ❛ t❡rr❛ ✭❋❊❘◆❆◆❉❊❙ ❡t ❛❧✳✱ ✷✵✵✺✮✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❛♣ós ♦ t❡♠♣♦ ♠♦rt♦✱ ❛

t❡♥sã♦ ♥❛ ❧✐♥❤❛ ❛✐♥❞❛ ❛♣r❡s❡♥t❛ ✈❛❧♦r❡s s✐❣♥✐✜❝❛t✐✈♦s✳

❖ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦ é ❛ t❡♥sã♦ ❡♥tr❡ ♦s

❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✱ ❛ q✉❛❧ é ✐❧✉str❛❞❛ ♥❛ ❋✐❣✉r❛ ✷✳✶✼ ♣❛r❛ ✉♠❛ ❞❛s ❢❛s❡s✳ ◆❡st❛ ✜❣✉r❛ sã♦

♠♦str❛❞♦s ♦s ♣♦ssí✈❡✐s ✐♥st❛♥t❡s ót✐♠♦s✱ ♦s q✉❛✐s ❝♦rr❡s♣♦♥❞❡♠ ✐❞❡❛❧♠❡♥t❡ ❛♦s ✐♥st❛♥t❡s ❞❡

♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛✳

❋✐❣✉r❛ ✷✳✶✼✳ ❚❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r ♣❛r❛ ▲❚s s❡♠ ❝♦♠♣❡♥s❛çã♦✳
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✷✳✸✳✸✳✸ ❊str❛té❣✐❛ ♣❛r❛ ❘❡❧✐❣❛♠❡♥t♦ ❞❡ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦ ❝♦♠ ❈♦♠♣❡♥s❛çã♦

❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♣r♦✈❡r ✉♠❛ ♠❡❧❤♦r ❝♦♠♣r❡❡♥sã♦ ❞❛ ❡str❛té❣✐❛ ❛ s❡r ❛❞♦t❛❞❛ ♣❛r❛ ♦

r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱ ❝♦♥s✐❞❡r❛✲s❡ ✐♥✐✲

❝✐❛❧♠❡♥t❡ ❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛ ❧✐♥❤❛ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ q✉❛❧q✉❡r ❞❡❢❡✐t♦✳ ◆❡st❡ ❝❛s♦✱ ❛

❝❛r❣❛ r❡s✐❞✉❛❧ ❛♣r❡s❡♥t❛ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ♦s❝✐❧❛tór✐♦✱ t❛❧ ❝♦♠♦ ❞✐s❝✉t✐❞♦ ♥❛ ❙❡çã♦ ✷✳✶✳✷✱ ❡♠

q✉❡ ❛ ❢r❡q✉ê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡♥t❡ à s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ é ♣r❡❞♦♠✐♥❛♥t❡ ❡ ♣♦ss✉✐ ✈❛❧♦r❡s tí♣✐❝♦s

❡♥tr❡ ✸✵ ❡ ✺✺ ❍③ ✭❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✶✵✮✳

P❛r❛ t❛❧ s✐t✉❛çã♦✱ ♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ é ❛ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✱ ♦ q✉❛❧

♣♦ss✉✐ ❞✉❛s ❢r❡q✉ê♥❝✐❛s✿ ❛ ❢r❡q✉ê♥❝✐❛ ♥♦♠✐♥❛❧ ❞♦ s✐st❡♠❛ ✭f60 ✲ r❡❧❛t✐✈❛ ❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛

❢♦♥t❡✮ ❡ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ✭f1 ✲ q✉❡ ❞❡♣❡♥❞❡ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦

❞❛ ❧✐♥❤❛✮✳ P❛r❛ ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦ ❡❧❡✈❛❞♦s ✭❋✐❣✉r❛ ✷✳✶✽✮✱ ❛ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦

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

❝♦♠♣❡♥s❛çã♦ ♠❡♥♦r❡s r❡s✉❧t❛♠ ❡♠ ❢♦r♠❛s ❞❡ ♦♥❞❛ ♠❛✐s ❝♦♠♣❧❡①❛s ✭❋✐❣✉r❛ ✷✳✶✾✮✳ ❊♠ ❛♠❜♦s

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

❋✐❣✉r❛s ✷✳✶✽ ❡ ✷✳✶✾✱ ♦❝♦rr❡♠ ♥❛ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ❡ ♥♦ ♣❡rí♦❞♦ ❞❡

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

❞♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✱ ❛✉♠❡♥t❛♥❞♦ ❛ss✐♠ ❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❞♦ ❝❤❛✈❡❛♠❡♥t♦

❝♦♥tr♦❧❛❞♦ ✭❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✵✽✮✳

❋✐❣✉r❛ ✷✳✶✽✳ ❚❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r ♣❛r❛ ▲❚s ❝♦♠ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❡ ✽✵✪✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✾

❋✐❣✉r❛ ✷✳✶✾✳ ❚❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r ♣❛r❛ ▲❚s ❝♦♠ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❡ ✸✵✪✳

❆♦ ❝♦♥s✐❞❡r❛r ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s ♥❛ ❧✐♥❤❛✱ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦s❝✐❧❛çã♦ ❝♦rr❡s♣♦♥❞❡♥t❡

à s❡q✉ê♥❝✐❛ ③❡r♦ ✭f0✮ ♣♦❞❡ ❡st❛r ♣r❡s❡♥t❡ ♥❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡ ♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ♣❛r❛ ♦

❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣♦ss✉✐rá três ❢r❡q✉ê♥❝✐❛s✿ f60✱ f1 ❡ f0✳ ◆❡st❡ ❝❛s♦✱ ♦s ✐♥st❛♥t❡s ót✐♠♦s

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

✷✳✶✽ ❡ ✷✳✶✾✿ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛✱ ♥♦ ♣❡rí♦❞♦ ❞❡ ♠❡♥♦r ♣✉❧s❛çã♦ ❞❡st❡ s✐♥❛❧✳

◆❛ ❋✐❣✉r❛ ✷✳✷✵ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❢♦r♠❛s ❞❡ ♦♥❞❛ ❞❛s t❡♥sõ❡s ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r

♣❛r❛ ♦ ♠❡s♠♦ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✻✳ ❊st❡s s✐♥❛✐s s❡r✈❡♠ ❞❡ r❡❢❡rê♥❝✐❛

♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛ ❡ ♣♦ss✉❡♠ ❛s três ❢r❡q✉ê♥❝✐❛s ❝✐t❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡✳ ◆❡st❡ ❝❛s♦✱ ❛

❧✐♥❤❛ ❡♠ q✉❡stã♦ ♣♦ss✉✐ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❡ ♣♦❞❡✲s❡ ❝♦♥s✐❞❡r❛r q✉❡ ❛ ❋✐❣✉r❛ ✷✳✶✽ r❡♣r❡s❡♥t❛

❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡st❛ ❧✐♥❤❛ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳

❆♦ ❝♦♠♣❛r❛r ❛s ❋✐❣✉r❛s ✷✳✶✽ ❡ ✷✳✷✵✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛ ❝♦rr❡s✲

♣♦♥❞❡♥t❡ à s❡q✉ê♥❝✐❛ ③❡r♦✱ ❛❧t❡r❛ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛✳

❯♠❛ ✈❡③ q✉❡ ❡st❛ ❝♦♠♣♦♥❡♥t❡ ♣♦❞❡ s❡r ❞✐st✐♥t❛ ❞✉r❛♥t❡ ❡ ❛♣ós ♦ ❞❡❢❡✐t♦✱ t❛❧ ❝♦♠♦ ❞✐s❝✉t✐❞♦ ♥❛

❙❡çã♦ ✷✳✷✱ ❛ ❡st✐♠❛t✐✈❛ ❞♦s ✐♥st❛♥t❡s ót✐♠♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ♣♦❞❡ s❡ t♦r♥❛r ♠❛✐s

❝♦♠♣❧❡①❛ ♣❛r❛ ❡st❛ s✐t✉❛çã♦✳ ❊st❡s ✐♥st❛♥t❡s ❡stã♦ ✐♥❞✐❝❛❞♦s ♥❛ ❋✐❣✉r❛ ✷✳✷✵ ❡ sã♦ ❞❡✜♥✐❞♦s

❛♣ós ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦✱ q✉❡ ♦❝♦rr❡ ❡♠ t = 600 ♠s✳ ❉❡✈✐❞♦ ❛ ♦❝♦rrê♥❝✐❛ ❞❡st❡✱ ♦❜s❡r✈❛✲s❡

♥❡st❛ ú❧t✐♠❛ ✜❣✉r❛ q✉❡ ❛s r❡❣✐õ❡s ❞❡ ♠❡♥♦r ♣✉❧s❛çã♦ ♣❛r❛ ♦s s✐♥❛✐s ❞❡ ❝❛❞❛ ❢❛s❡ ♥ã♦ ♦❝♦rr❡♠

s✐♠✉❧t❛♥❡❛♠❡♥t❡✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✸✵

❋✐❣✉r❛ ✷✳✷✵✳ ❋♦r♠❛ ❞❡ ♦♥❞❛ ❞❛ t❡♥sã♦ ♥❛ ❧✐♥❤❛ ❝♦♠ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❡ ✽✵✪✱ ❛♣ós ❛❜❡rt✉r❛
tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ❡♥✈♦❧✈❡♥❞♦ ❛ ❢❛s❡ ❆✿ ✭❛✮ ❚❡♥sã♦ ♥❛ ❢❛s❡ ❆❀ ✭❜✮ ❚❡♥sã♦ ♥❛ ❢❛s❡
❇❀ ✭❝✮ ❚❡♥sã♦ ♥❛ ❢❛s❡ ❈✳



❈❆P❮❚❯▲❖ ✸

❘❊❱■❙➹❖ ❇■❇▲■❖●❘➪❋■❈❆

❆♣r❡s❡♥t❛✲s❡ ❛ s❡❣✉✐r ✉♠ ❧❡✈❛♥t❛♠❡♥t♦ ❞♦ ❡st❛❞♦ ❞❛ ❛rt❡ s♦❜r❡ r❡❞✉çã♦ ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡

♠❛♥♦❜r❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❞❛♥❞♦ ê♥❢❛s❡ às ♣✉❜❧✐❝❛çõ❡s ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛s r❡❢❡r❡♥t❡s

❛♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s✳ P♦r ✜♠✱ r❡❛❧✐③❛✲s❡ ✉♠❛ ❛♥á❧✐s❡ ❞♦s ♣r✐♥❝✐♣❛✐s ♠ét♦❞♦s

❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛✱ ♦s q✉❛✐s ❡stã♦ ❞✐r❡t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ♦ t❡♠❛ ❞❡st❛ t❡s❡✱ ❡♠

q✉❡ sã♦ ❞✐s❝✉t✐❞❛s s✉❛s ❛♣❧✐❝❛çõ❡s✱ ✈❛♥t❛❣❡♥s ❡ ❧✐♠✐t❛çõ❡s✳

✸✳✶ ❘❊❉❯➬➹❖ ❉❊ ❙❖❇❘❊❚❊◆❙Õ❊❙ ❉❊ ▼❆◆❖❇❘❆❙ ❊▼ ▲❚s

❉❡♥tr❡ ♦s ♠ét♦❞♦s ♠❛✐s tr❛❞✐❝✐♦♥❛✐s ♣❛r❛ r❡❞✉çã♦ ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ❡♠ ❧✐♥❤❛s

❞❡ tr❛♥s♠✐ssã♦ ❡stá ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❞✐s❥✉♥t♦r❡s ❝♦♠ ✉♠ ♦✉ ♠❛✐s r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦ ♣♦r

❢❛s❡ ✭❲❆●◆❊❘ ✫ ❇❆◆❑❖❙❑❊✱ ✶✾✻✼❀ ❈❖▲❈▲❆❙❊❘ ❡t ❛❧✳✱ ✶✾✻✾❀ ❉■▲▲❆❘❉ ❡t ❛❧✳✱ ✶✾✼✵✮✳

❊st❡ ♠ét♦❞♦ ♣♦❞❡ ❧✐♠✐t❛r ❛s s♦❜r❡t❡♥sõ❡s ❛ ✶✱✺ ♣✳✉✳ ❡♠ ✾✽✪ ❞♦s ❝❛s♦s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ q✉❛♥❞♦

✉t✐❧✐③❛❞♦ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✭❙❚❊▼▲❊❘✱ ✶✾✼✻✮✳

❊♠ ♠❡❛❞♦s ❞❛ ❞é❝❛❞❛ ❞❡ ✼✵✱ ❑♦♥❦❡❧ ❡t ❛❧✳ ✭✶✾✼✼✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ♣r♦tót✐♣♦ ♣❛r❛ ❝❤❛✈❡❛✲

♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❞✐s❥✉♥t♦r❡s ❡q✉✐♣❛❞♦s ❝♦♠ ❛♣❡♥❛s ✉♠ ❘P■ ♣♦r ❢❛s❡✱ ♦ q✉❛❧ ❢♦✐ ✐♥❝♦r♣♦r❛❞♦

❛✐♥❞❛ ❡♠ ❡s❝❛❧❛ ♣✐❧♦t♦✱ ❛♦ s✐st❡♠❛ ❞❛ ❇♦♥♥❡✈✐❧❧❡ P♦✇❡r ❆❞♠✐♥✐str❛t✐♦♥ ✭❇P❆✮ ♣❛r❛ ❝❤❛✈❡❛r

✉♠❛ ❧✐♥❤❛ ❞❡ ✺✵✵ ❦❱✳ ❆ ❡✜❝✐ê♥❝✐❛ ❞♦ ♠ét♦❞♦ ❢♦✐ ❛✈❛❧✐❛❞❛ ❝♦♠ t❡st❡s ❡♠ ❝❛♠♣♦ ❡ ❛s s♦❜r❡t❡♥sõ❡s

♣r♦✈❡♥✐❡♥t❡s ❞❡ ❡♥❡r❣✐③❛çõ❡s ❞❡ ❧✐♥❤❛s ❢♦r❛♠ ❧✐♠✐t❛❞❛s ❛ ✈❛❧♦r❡s s❡♠❡❧❤❛♥t❡s ❛♦s ♦❜t✐❞♦s ❝♦♠

✈ár✐♦s ❘P■✳ ❆✐♥❞❛ ❛ss✐♠✱ ❛ ✉t✐❧✐③❛çã♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦ ❡♥❝❛r❡❝❡ ❛ ❢❛❜r✐❝❛çã♦ ❡ ❛

♠❛♥✉t❡♥çã♦ ❞♦s ❞✐s❥✉♥t♦r❡s✳ ❊♠ ✷✵✵✹✱ ❢♦✐ r❡❧❛t❛❞♦ q✉❡ ✉♠❛ ❝♦♠♣❛♥❤✐❛ r❡❛❧✐③♦✉ ♣r♦❣r❛♠❛s ❞❡

♠❛♥✉t❡♥çã♦ ❡♠ ❞✐s❥✉♥t♦r❡s ❞❡ ✺✵✵ ❦❱ ❛♦ ❝✉st♦ ❞❡ ❯❙✩ ✷✵✵✳✵✵✵✱✵✵ ❝❛❞❛✱ ❡ ♦s ❘P■ r❡♣r❡s❡♥t❛r❛♠

✉♠ t❡rç♦ ❞♦ ❝✉st♦ t♦t❛❧ ✭❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ❆✸✳✵✼✱ ✷✵✵✹✮✳ ❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❡❧✐♠✐♥á✲❧♦s✱

♦✉tr♦s ♠ét♦❞♦s ❢♦r❛♠ ♣r♦♣♦st♦s ♣❛r❛ r❡❞✉çã♦ ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s✳

✸✶



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✸✷

❆ ❇P❆ ✈❡r✐✜❝♦✉ q✉❡ ♦s r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦ ❡♠ ❞✐s❥✉♥t♦r❡s ❞❡ ❊❆❚ ♣♦❞❡♠ s❡r ❡❧✐♠✐♥❛✲

❞♦s q✉❛♥❞♦ ♣❛r❛✲r❛✐♦s ❞❡ ó①✐❞♦ ♠❡tá❧✐❝♦ sã♦ ✉t✐❧✐③❛❞♦s ♥♦s t❡r♠✐♥❛✐s ❞❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦

✭❡♥tr❛❞❛s ❡ s❛í❞❛s ❞❛s s✉❜❡st❛çõ❡s✮ ❡ ♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s ❞♦s ❞✐s❥✉♥t♦r❡s ❧❡✈❛ ❡♠ ❝♦♥s✐✲

❞❡r❛çã♦ ❛ ♣♦❧❛r✐❞❛❞❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛ ✭▲❊●❆❚❊ ❡t ❛❧✳✱ ✶✾✽✽✮✳ ❙✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ❡

t❡st❡s ❞❡ ❝❛♠♣♦ ✈❛❧✐❞❛r❛♠ ♦ ♠ét♦❞♦✱ q✉❡ ❧✐♠✐t♦✉ ❛s s♦❜r❡t❡♥sõ❡s ❛ ♠❡♥♦s ❞❡ ✶✱✼ ♣✳✉✳ ❡♠ ✾✽✪

❞♦s ❝❛s♦s ❛♥❛❧✐s❛❞♦s✳

❘❡s✉❧t❛❞♦s s❡♠❡❧❤❛♥t❡s ❢♦r❛♠ ♦❜t✐❞♦s ♥❛ ❋❧♦r✐❞❛ P♦✇❡r ✫ ▲✐❣❤t ❈♦♠♣❛♥② ✭❋P▲✮ ✭❘■❇❊■❘❖

✫ ▼❈❈❆▲▲❯▼✱ ✶✾✽✾✮✱ ♦♥❞❡ s❡ ✈❡r✐✜❝♦✉ ❛tr❛✈és ❞❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s q✉❡ ♦s r✐s❝♦s ❞❡ ❢❛❧❤❛s

❞❡ ✐s♦❧❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ é r❡❧❛t✐✈❛♠❡♥t❡ ❜❛✐①♦✱ ❝❡r❝❛ ❞❡ ✉♠❛ ❢❛❧❤❛ ♣❛r❛ ❝❛❞❛

✶✸✺ ♠❛♥♦❜r❛s✱ q✉❛♥❞♦ s❡ ❡❧✐♠✐♥❛ ♦s r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦ ❡ s❡ ✉t✐❧✐③❛ ♣❛r❛✲r❛✐♦s ❞❡ ó①✐❞♦

♠❡tá❧✐❝♦ ❝♦♠ ❛❧t❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❞✐ss✐♣❛çã♦ ❞❡ ❡♥❡r❣✐❛✳ ❱❡r✐✜❝♦✉✲s❡ q✉❡ ❡♠ ✾✾✱✼✪ ❞♦s ❝❛s♦s

❛✈❛❧✐❛❞♦s✱ ❛ ♠á①✐♠❛ ❡♥❡r❣✐❛ ❛❜s♦r✈✐❞❛ ♣❡❧♦s ♣❛r❛✲r❛✐♦s ❢♦✐ ✐♥❢❡r✐♦r ❛ ✷✱✸✺ ▼❲s ❡♥q✉❛♥t♦ q✉❡ ♥❛

♣✐♦r s✐t✉❛çã♦ ❢♦✐ ✷✱✻✵ ▼❲s✳ ❈♦♥t✉❞♦✱ ❝❛s♦ ❡st❡s ♣❛r❛✲r❛✐♦s s❡❥❛♠ s♦❧✐❝✐t❛❞♦s ❛ ♦♣❡r❛r ♠❛✐s ❞❡

✉♠❛ ✈❡③ ❡♠ ✉♠ ❝✉rt♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦✱ ❛ ❡♥❡r❣✐❛ ❛❜s♦r✈✐❞❛ ❞❡✈✐❞♦ às s♦❧✐❝✐t❛çõ❡s ❝♦♥s❡❝✉t✐✈❛s

♣♦❞❡ ❡①❝❡❞❡r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡st❡s ❡q✉✐♣❛♠❡♥t♦s✱ q✉❡ é ❞❡ ✹✱✻✵ ▼❲s✱ ❡ ❞❛♥✐✜❝á✲❧♦s✳

❙t❡♥str♦♠ ✫ ▼♦❜❡❞❥✐♥❛ ✭✶✾✾✽✮ ❞✐s❝✉t✐r❛♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♣❛r❛✲r❛✐♦s ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s✲

♠✐ssã♦✱ ❝✉❥❛ ✐♥st❛❧❛çã♦ ♣♦❞❡ s❡r ❢❡✐t❛ ❞✐r❡t❛♠❡♥t❡ ♥❛s t♦rr❡s✱ ♥♦s ❝❛s♦s ❡♠ q✉❡ ♣❛r❛✲r❛✐♦s

❧♦❝❛❧✐③❛❞♦s ♥♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ♥ã♦ sã♦ s✉✜❝✐❡♥t❡s ♣❛r❛ ❧✐♠✐t❛r ❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s

❛ ✈❛❧♦r❡s ❛❜❛✐①♦ ❞♦ ♥í✈❡❧ ❞❡ ♣r♦t❡çã♦ ❡st❛❜❡❧❡❝✐❞♦✳ ❋♦✐ ✈❡r✐✜❝❛❞♦ ❛tr❛✈és ❞❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s

✈✐❛ ❊▼❚P✱ q✉❡ ❝♦♠ ✉♠ ♥ú♠❡r♦ r❛③♦á✈❡❧ ❞❡ ♣❛r❛✲r❛✐♦s ❞✐str✐❜✉í❞♦s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✱ é ♣♦ssí✈❡❧

❧✐♠✐t❛r ❛s s♦❜r❡t❡♥sõ❡s ❛ ✈❛❧♦r❡s ❛❝❡✐tá✈❡✐s ✭✷ ♣✳✉✳✮ ❡ ❡❧✐♠✐♥❛r ❛ ♥❡❝❡ss✐❞❛❞❡ ❞♦s r❡s✐st♦r❡s ❞❡

♣ré✲✐♥s❡rçã♦✳

❙❡②❡❞✐ ❡t ❛❧✳ ✭✷✵✵✺✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠ét♦❞♦ s❡♠❡❧❤❛♥t❡ q✉❡ ❝♦♥s✐st❡ ❡♠ ✉t✐❧✐③❛r ♣❛r❛✲

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

❞❡st❡ ♣♦♥t♦ é ❞❡t❡r♠✐♥❛❞❛ ❝♦♠ ❜❛s❡ ♥♦s ♥í✈❡✐s ❞❡ s♦❜r❡t❡♥sõ❡s ♦r✐✉♥❞❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦s ❡♠

❛♠❜♦s ♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✳ ◆❡st❡ ❝❛s♦✱ ❝♦♥❝❧✉✐✉✲s❡ q✉❡ ♦ ♠ét♦❞♦ ♣♦❞❡ ♣r♦♣✐❝✐❛r ✉♠ ♣❡r✜❧ ❞❡

s♦❜r❡t❡♥sã♦ ❤♦♠♦❣ê♥❡♦ ❡ ❡❧✐♠✐♥❛r ♦s r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✳ ◆♦ ❡♥t❛♥t♦✱ ❡♠ ❛❧❣✉♥s ❝❛s♦s

♣♦❞❡ ♥ã♦ s❡r ❝❛♣❛③ ❞❡ r❡❞✉③✐r ♦s ♥í✈❡✐s ❞❡ s♦❜r❡t❡♥sõ❡s ❛ ✈❛❧♦r❡s ❛❝❡✐tá✈❡✐s✱ ❡ ♦✉tr♦s ♠ét♦❞♦s✱

❝♦♠♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ❞❡✈❡♠ s❡r ✉t✐❧✐③❛❞♦s✳



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✸✸

❈❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❞✐s❥✉♥t♦r❡s é ✉♠ ♠ét♦❞♦ ❛❧♠❡❥❛❞♦ ❤á ✈ár✐♦s ❛♥♦s ♣❛r❛ r❡❞✉çã♦

❞♦s ♥í✈❡✐s ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛✳ P♦ré♠✱ s✉❛ ♣r❛t✐❝❛❜✐❧✐❞❛❞❡ ❛♣❡♥❛s s❡ t♦r♥♦✉ ✈✐á✈❡❧

❝♦♠ ♦ ❛✈❛♥ç♦ ❞❛ t❡❝♥♦❧♦❣✐❛ ❞❡ ❡q✉✐♣❛♠❡♥t♦s ❡❧❡trô♥✐❝♦s✱ ❜❛r❛t❡❛♥❞♦ s❡✉s ❝✉st♦s ❡ ❛♠♣❧✐❛♥❞♦

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

s❡t♦r ❡❧étr✐❝♦✱ ❡♠ ❝♦♠❜✐♥❛r ❛ ❡❧❡trô♥✐❝❛ ❝♦♠ ❞✐s❥✉♥t♦r❡s ❝♦♥✈❡♥❝✐♦♥❛✐s✳ ❆♣❡s❛r ❞❡ ❛♣r❡s❡♥t❛r

✉♠ ❞❡s❡♠♣❡♥❤♦ ❡❧étr✐❝♦ s✐♠✐❧❛r ❛♦ r❡s✐st♦r ❞❡ ♣ré✲✐♥s❡rçã♦✱ ❡st❛ té❝♥✐❝❛ ♣♦ss✉✐ ✉♠ ❝✉st♦ ✐♥✐❝✐❛❧

♠❡♥♦r ❡ ❛✉♠❡♥t❛ ❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❞♦s ❞✐s❥✉♥t♦r❡s ❞❡✈✐❞♦ ❛ ✉♠ ♥ú♠❡r♦ ♠❡♥♦r ❞❡ ♣❛rt❡s ♠ó✈❡✐s

✭❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ❆✸✳✵✼✱ ✷✵✵✹✮✳

❖s ❜❡♥❡❢í❝✐♦s ❡ ❛ ♣r❛t✐❝❛❜✐❧✐❞❛❞❡ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❢♦r❛♠ ❞✐s❝✉t✐❞♦s ♣♦r ❈■●❘❊

❚❛s❦ ❋♦r❝❡ ✶✸✳✵✵✳✶ ✭✶✾✾✺✮ ❡ ❈■●❘❊ ❚❛s❦ ❋♦r❝❡ ✶✸✳✵✵✳✶ ✭✶✾✾✻✮✱ ❡♠ q✉❡ s❡ ❡♥❢❛t✐③♦✉ ❛ r❡❞✉çã♦

❞❡ s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛ ❡ ❛s r❡s♣❡❝t✐✈❛s q✉❡stõ❡s ❡❝♦♥ô♠✐❝❛s r❡❢❡r❡♥t❡s à r❡❞✉çã♦ ❞♦ ♥í✈❡❧

❞❡ ✐s♦❧❛♠❡♥t♦ ❞❡ ❣r❛♥❞❡s ❜❛♥❝♦s ❞❡ ❝❛♣❛❝✐t♦r❡s✱ ❡❧✐♠✐♥❛çã♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✱ ❝♦♠✲

♣❛❝t❛çã♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ r❡❞✉çã♦ ❞♦ ♥í✈❡❧ ❞❡ ♣r♦t❡çã♦ ❞♦s ♣❛r❛✲r❛✐♦s✱ ❡t❝✳

❊♠ ✶✾✾✾✱ ♦ ❈■●❘➱ ❲♦r❦✐♥❣ ●r♦✉♣ ✶✸✳✵✼ ❜❛s❡❛❞♦ ❡♠ s✉❛s ♣❡sq✉✐s❛s ❡ ❡①♣❡r✐ê♥❝✐❛s ❡♠

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

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

❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ✭❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ✶✸✳✵✼✱ ✶✾✾✾❛❀ ❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ✶✸✳✵✼✱

✶✾✾✾❜✮✳ ❊♠ ✷✵✵✶✱ ❡st❡ ♠❡s♠♦ ❣r✉♣♦ ❞❡ tr❛❜❛❧❤♦ ♣✉❜❧✐❝♦✉ ✉♠ ♥♦✈♦ ❞♦❝✉♠❡♥t♦ ❝♦♠ ❛s♣❡❝✲

t♦s ♣rát✐❝♦s ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ❛❜♦r❞❛♥❞♦ q✉❡stõ❡s ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✱ ❡s♣❡❝✐✜❝❛çã♦ ❡

t❡st❡s ❞❡ s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❞✐s❥✉♥t♦r❡s ✭❈■●❘❊ ❲♦r❦✐♥❣

●r♦✉♣ ✶✸✳✵✼✱ ✷✵✵✶✮

❈❛r✈❛❧❤♦ ❡t ❛❧✳ ✭✶✾✾✺✮ ❛✈❛❧✐❛r❛♠ ❛ r❡❞✉çã♦ ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ❡♠ ▲❚s ✉t✐❧✐③❛♥❞♦

♣❛r❛✲r❛✐♦s ♥♦s s❡✉s t❡r♠✐♥❛✐s ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳ P❛r❛ t❛♥t♦✱

♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çõ❡s ❡ r❡❧✐❣❛♠❡♥t♦s ❞❡ ❧✐♥❤❛s ❞❡ ✺✺✵ ❦❱ ❝♦♠ ❞✐❢❡r❡♥t❡s ❝♦♠♣r✐♠❡♥t♦s ❡

❞✐❢❡r❡♥t❡s ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦ ❢♦r❛♠ ❛♥❛❧✐s❛❞❛s ❛tr❛✈és ❞❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s

✈✐❛ ❆❚P✳ ❖ t❡♠♣♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r ❡ ❛ ♣r❡❝✐sã♦ ♥❛ ❡st✐♠❛çã♦ ❞♦ ✐♥st❛♥t❡ ót✐♠♦ ♣❛r❛ ♦

s❡✉ ❝❤❛✈❡❛♠❡♥t♦ ❢♦r❛♠ r❡♣r❡s❡♥t❛❞♦s ♣♦r ❞✐str✐❜✉✐çõ❡s ❡st❛tíst✐❝❛s✳ ❱❡r✐✜❝♦✉✲s❡ q✉❡ ❛ ✉t✐❧✐③❛çã♦

❞❡ ♣❛r❛✲r❛✐♦s ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣♦❞❡ ❡❧✐♠✐♥❛r ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ r❡s✐st♦r❡s

❞❡ ♣ré✲✐♥s❡rçã♦ ❡♠ ❞✐s❥✉♥t♦r❡s ❞❡ ❊❆❚✱ ❧✐♠✐t❛♥❞♦ ❛s s♦❜r❡t❡♥sõ❡s ❛ ✈❛❧♦r❡s ✐♥❢❡r✐♦r❡s ❛ ✶✱✼ ♣✳✉✳



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✸✹

■t♦ ✭✷✵✵✷✮ ❞✐s❝✉t✐✉ ♦ ❡st❛❞♦ ❞❛ ❛rt❡ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ❞❛♥❞♦ ê♥❢❛s❡ às ❡s♣❡❝✐✜✲

❝❛çõ❡s ♥❡❝❡ssár✐❛s ❛♦ ♠❡❝❛♥✐s♠♦ ❞❡ ♦♣❡r❛çã♦ ❞♦s ❞✐s❥✉♥t♦r❡s✱ ❛♦ ❝r❡s❝❡♥t❡ ♥ú♠❡r♦ ❞❡ ✐♥st❛❧❛çõ❡s

❡ ❛♣❧✐❝❛çõ❡s ❡♠ ❝❛♠♣♦ ❡ ❛♦s ❜❡♥❡❢í❝✐♦s ✐♥❡r❡♥t❡s ❞♦ ♠ét♦❞♦✳ ❏á ❙❛♠✐t③ ❡t ❛❧✳ ✭✷✵✵✷✮ ❞✐s❝✉t✐r❛♠

❛ ❛♣❧✐❝❛çã♦ ❞❡st❛ té❝♥✐❝❛ ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦ ❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦

❝♦♠ ❡ s❡♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✳ ◆❛q✉❡❧❡ tr❛❜❛❧❤♦✱ ❡♥❢❛t✐③♦✉✲s❡ ❛ ✐♠♣♦rtâ♥❝✐❛

❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ ❡✜❝✐❡♥t❡ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦

r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛ ❡ ❞✐s❝✉t✐✉✲s❡ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦s tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ♣♦t❡♥❝✐❛❧✱ ❞♦s ♣❛r❛✲r❛✐♦s

♥♦s t❡r♠✐♥❛✐s ❞❛s ❧✐♥❤❛s ❡ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❡❧étr✐❝❛s ❡ ♠❡❝â♥✐❝❛s ❞♦s ❞✐s❥✉♥t♦r❡s✳

❊♠ ✷✵✵✹✱ ❋❡r♥❛♥❞❡③ ❡t ❛❧✳ ✭✷✵✵✹✮ ❛♣r❡s❡♥t❛r❛♠ ♦ ✉s♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣❛r❛

r❡❞✉③✐r s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ♥♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❜r❛s✐❧❡✐r♦✱ ❞✐s❝✉t✐♥❞♦ q✉❡stõ❡s ❡❝♦♥ô♠✐❝❛s

❡ ✐♠♣❧✐❝❛çõ❡s ♥❛ ❝♦♦r❞❡♥❛çã♦ ❞❡ ✐s♦❧❛♠❡♥t♦ ❡ ♥❛ q✉❛❧✐❞❛❞❡ ❞❛ ❡♥❡r❣✐❛✳ ◆❡st❡ ♠❡s♠♦ ❛♥♦✱

♦ ❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ❆✸✳✵✼ ✭✷✵✵✹✮✱ ❛♥t❡r✐♦r♠❡♥t❡ ✶✸✳✵✼✱ ❞❡✉ ❝♦♥t✐♥✉✐❞❛❞❡ ❛ ✉♠❛ sér✐❡

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

q✉❛♥t✐t❛t✐✈♦s ❞♦s ❜❡♥❡❢í❝✐♦s ❡❝♦♥ô♠✐❝♦s q✉❡ ❡st❛ té❝♥✐❝❛ ♣♦❞❡ ♣r♦♣✐❝✐❛r✳ ❆s ❞❡s✈❛♥t❛❣❡♥s ❡

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

❙❛♥❛②❡✲P❛s❛♥❞ ❡t ❛❧✳ ✭✷✵✵✺✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠ét♦❞♦ ❞❡ ❡st✉❞♦ ❡st❛tíst✐❝♦ ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡

♠❛♥♦❜r❛s ❛❞❡q✉❛❞♦ às ♥❡❝❡ss✐❞❛❞❡s ❞❡ r❡❧és q✉❡ ✉t✐❧✐③❛♠ té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳

❯♠❛ ✈❡③ q✉❡ ❛s ❛♠♣❧✐t✉❞❡s ❞❡st❛s s♦❜r❡t❡♥sõ❡s ❞❡♣❡♥❞❡♠ ❞❡ ❞✐✈❡rs♦s ❢❛t♦r❡s t❛✐s ❝♦♠♦ ❛

❝♦♥✜❣✉r❛çã♦ ❞♦ s✐st❡♠❛ ❡ ❛ ♣r❡s❡♥ç❛ ❞❡ ❝❛r❣❛s r❡s✐❞✉❛✐s ♥❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❡st✉❞♦s

❡st❛tíst✐❝♦s sã♦ ♥❡❝❡ssár✐♦s ♣❛r❛ ❞❡t❡r♠✐♥á✲❧❛s✳

❱❛❧❡r♦ ✭✷✵✵✼✮ r❡❛❧✐③♦✉ ✉♠❛ ❛♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛ ❡♥tr❡ ❞✐❢❡r❡♥t❡s té❝♥✐❝❛s ❞❡ ❝♦♥tr♦❧❡ ❞❡

s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❛ s❛❜❡r✱ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✱ ♣❛r❛✲

r❛✐♦s ♥♦s t❡r♠✐♥❛✐s ❡ ❛♦ ❧♦♥❣♦ ❞❛s ❧✐♥❤❛s ❡ té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳ ▼❛♥♦❜r❛s ❞❡

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

❞✐❣✐t❛✐s ❡♠ ♣r♦❣r❛♠❛s ❞♦ t✐♣♦ ❊▼❚P✱ ✉t✐❧✐③❛♥❞♦ ♣❛r❛ ✐st♦✱ ❞❛❞♦s ❞❡ ✉♠ s✐st❡♠❛ ❡❧étr✐❝♦ r❡❛❧ ❞❡

✺✵✵ ❦❱✳ ❖s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❛q✉❡❧❡ tr❛❜❛❧❤♦ ❡ r❛t✐✜❝❛❞♦s ♣♦r ▼❡st❛s ✫ ❚❛✈❛r❡s ✭✷✵✵✼✮✱

❛t❡st❛r❛♠ ♠❛✐s ✉♠❛ ✈❡③ ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♠✐t❛r ❛s s♦❜r❡t❡♥sõ❡s

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

❛❜♦r❞❛❞❛s✱ ❧✐♠✐t❛♥❞♦ ❛s ♠á①✐♠❛s s♦❜r❡t❡♥sõ❡s ❛ ✶✱✼✶ ♣✳✉✳



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✸✺

●♦❧❞s✇♦rt❤② ❡t ❛❧✳ ✭✷✵✵✽✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠ t✉t♦r✐❛❧ s♦❜r❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❞✐s✲

❥✉♥t♦r❡s✱ ❡♥❢❛t✐③❛♥❞♦ ♦s ❜❡♥❡❢í❝✐♦s✱ ❛ t❡♦r✐❛ ❡ ❛ t❡❝♥♦❧♦❣✐❛ ✐♠♣❧❡♠❡♥t❛❞❛ ❛té ❡♥tã♦✳ ❆ ❡①♣❡✲

r✐ê♥❝✐❛ ❞❛ ❇P❆ ❝♦♠ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❞❡ ❜❛♥❝♦s ❞❡ ❝❛♣❛❝✐t♦r❡s✱ r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦✱ tr❛♥s❢♦r✲

♠❛❞♦r❡s ❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ t❛♠❜é♠ é ❛♣r❡s❡♥t❛❞❛✳ ❖s ❛✉t♦r❡s ❛✜r♠❛♠ q✉❡ ❛ ❇P❆ ❛✐♥❞❛

♥ã♦ ✉t✐❧✐③❛ té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦ rá♣✐❞♦ ❡♠ ❧✐♥❤❛s

❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦ ❡ ❝❡r❝❛ ❞❡ ✽✵✪ ❞♦s ❞✐s❥✉♥t♦r❡s ❞❡ ✺✵✵ ❦❱ sã♦ ❞❡s♣r♦✈✐❞♦s

❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✳ ❈♦♥t✉❞♦✱ ❛ ❧✐♠✐t❛çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s é ❢❡✐t❛ ✉t✐✲

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

♣ó❧♦ ❞♦ ❞✐s❥✉♥t♦r✳ ❚❛♠❜é♠ ❞✐s❝✉t❡✲s❡ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s t❡r♠✐♥❛❞❛s ❡♠ tr❛♥s❢♦r♠❛❞♦r❡s✱

❢♦❝❛♥❞♦ ♥❛ r❡❞✉çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ✐♥r✉s❤ ❡♠ ❞❡tr✐♠❡♥t♦ ❛♦ ❝♦♥tr♦❧❡ ❞❛s s♦❜r❡t❡♥sõ❡s✳

❈♦♠ ❜❛s❡ ♥♦ q✉❡ ❢♦✐ ❛♣r❡s❡♥t❛❞♦✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❛♣❧✐❝❛❞♦ à

❡♥❡r❣✐③❛çã♦ ❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ♣♦❞❡ ❡❧✐♠✐♥❛r ❛ ♥❡❝❡ss✐❞❛❞❡ ❞♦s r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✱

❧✐♠✐t❛♥❞♦ ❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ❛ ✈❛❧♦r❡s ❛❝❡✐tá✈❡✐s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ q✉❛♥❞♦ ✉s❛❞♦ ❡♠

❝♦♥❥✉♥t♦ ❝♦♠ ♣❛r❛✲r❛✐♦s✳ ❆ s❡❣✉✐r✱ ♦s ♣r✐♥❝✐♣❛✐s ♠ét♦❞♦s ♣❛r❛ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡

❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ sã♦ ❛♣r❡s❡♥t❛❞♦s ❡ ❞✐s❝✉t✐❞♦s✳

✸✳✷ ▼➱❚❖❉❖❙ P❆❘❆ ❈❍❆❱❊❆▼❊◆❚❖ ❈❖◆❚❘❖▲❆❉❖ ❉❊ ▲❚s

✸✳✷✳✶ ❋r♦❡❤❧✐❝❤ ❡t ❛❧✳ ✭✶✾✾✼❛✮

❋r♦❡❤❧✐❝❤ ❡t ❛❧✳ ✭✶✾✾✼❛✮ ❛♣r❡s❡♥t❛r❛♠ ♦ ♣r✐♠❡✐r♦ ❞✐s♣♦s✐t✐✈♦ ♣❛r❛ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦

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

ót✐♠♦s ♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❜❛s❡❛♥❞♦✲s❡ ♥❛s ♣❛ss❛❣❡♥s ♣♦r ③❡r♦ ❞❛ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦

❞✐s❥✉♥t♦r ❡ é ❢✉♥❞❛♠❡♥t❛❞♦ ❡♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s✳ ❖ ♠ét♦❞♦ ❢♦✐ ❛✈❛❧✐❛❞♦ ❡♠ ❝♦♥❥✉♥t♦

❝♦♠ ♣❛r❛✲r❛✐♦s ♣♦r ♠❡✐♦ ❞❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ✈✐❛ ❊▼❚P ❡ ❛♥❛❧✐s❛❞♦r❡s ❞❡ r❡❞❡s✱ ♠♦str❛♥❞♦✲s❡

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

❚❡st❡s ❡♠ ❝❛♠♣♦ ❝♦♠ ❛ ✐♥st❛❧❛çã♦ ❞♦ ❞✐s♣♦s✐t✐✈♦ ❡♠ ✉♠❛ ❧✐♥❤❛ ❞❡ ✺✵✵ ❦❱ ❞♦ s✐st❡♠❛ ❞❛

❇r✐t✐s❤ ❈♦❧✉♠❜✐❛ ❍②❞r♦ ❛♥❞ P♦✇❡r ❆✉t❤♦r✐t② ✭❇❈ ❍②❞r♦✮✱ ❝♦♥✜r♠❛r❛♠ ❛ s✉❛ ❡✜❝✐ê♥❝✐❛ ❡♠

r❡❞✉③✐r ❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✳ P♦ré♠✱ ♣❛r❛

❜❛✐①♦s ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦✱ ❞❡✈✐❞♦ ❛ ♠❛✐♦r ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦s s✐♥❛✐s ❛ s❡r❡♠ ❛♥❛❧✐s❛❞♦s✱ ♦

♠ét♦❞♦ ♣♦❞❡ ❛♣r❡s❡♥t❛r ❞✐✜❝✉❧❞❛❞❡s ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ✐♥st❛♥t❡s ót✐♠♦s✱ t❛❧ ❝♦♠♦ ❞✐s❝✉t✐❞♦

♣❡❧♦s ♣ró♣r✐♦s ❛✉t♦r❡s ❡♠ ❋r♦❡❤❧✐❝❤ ❡t ❛❧✳ ✭✶✾✾✼❜✮✳



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✸✻

✸✳✷✳✷ P✐❧③ ❡t ❛❧✳ ✭✷✵✵✹✮

P✐❧③ ❡t ❛❧✳ ✭✷✵✵✹✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ❛❧❣♦r✐t♠♦ q✉❡ ❢❛③ ✉s♦ ❞♦ ♠ét♦❞♦ ❞❡ Pr♦♥②✶ ♣❛r❛ ❡st✐♠❛r

❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ✭t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦s ❞✐s❥✉♥t♦r❡s✮ ❡♠ ✐♥st❛♥t❡s

❢✉t✉r♦s✳ ❊st❡s s✐♥❛✐s ❡st✐♠❛❞♦s sã♦ ❞✐✈✐❞✐❞♦s ❡♠ ❥❛♥❡❧❛s ❡ ♣❛r❛ ❝❛❞❛ ✉♠❛✱ ♦s ✐♥st❛♥t❡s ❞❡

♣❛ss❛❣❡♠ ♣♦r ③❡r♦ q✉❡ ❛♣r❡s❡♥t❛♠ ❛ ♠❡♥♦r t❛①❛ ❞❡ ✈❛r✐❛çã♦ ❞❛ t❡♥sã♦✱ sã♦ ❞❡✜♥✐❞♦s ❝♦♠♦

✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦✳ P❛r❛ ❡✈✐t❛r ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ♣ré✲❛r❝♦✱ ❡st❡s ✐♥st❛♥t❡s

♣♦❞❡♠ s♦❢r❡r ✉♠ ❞❡s❧♦❝❛♠❡♥t♦ ♥♦ t❡♠♣♦ ❝❛s♦ ❛ t❛①❛ ❞❡ ✈❛r✐❛çã♦ ❞❛ t❡♥sã♦ ♥♦ r❡s♣❡❝t✐✈♦

✐♥st❛♥t❡ ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ s❡❥❛ ♠❛✐♦r q✉❡ ❛ t❛①❛ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❞❛ r✐❣✐❞❡③ ❞✐❡❧étr✐❝❛ ❡♥tr❡

♦s ❝♦♥t❛t♦s ❞♦s ❞✐s❥✉♥t♦r❡s✳ ❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ r❡❞✉③✐r ❛s s♦❜r❡t❡♥sõ❡s tr❛♥s✐tór✐❛s ❡ ❛ ✐♥✢✉ê♥❝✐❛

❞♦ ❛❝♦♣❧❛♠❡♥t♦ ❞♦s três ♣ó❧♦s✱ ❢♦✐ ❞❡✜♥✐❞♦ q✉❡ ❛ ❢❛s❡ q✉❡ ❛♣r❡s❡♥t❛r ❛ ♠❡♥♦r t❛①❛ ❞❡ ✈❛r✐❛çã♦

❞❡ t❡♥sã♦ ❞❡♥tr♦ ❞❡ ✉♠❛ ❥❛♥❡❧❛✱ é ❛ ú❧t✐♠❛ ❛ s❡r ❢❡❝❤❛❞❛✳ ❆s ❞❡♠❛✐s ❢❛s❡s sã♦ ❢❡❝❤❛❞❛s ♥❛s

r❡s♣❡❝t✐✈❛s ♣❛ss❛❣❡♥s ♣♦r ③❡r♦ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♥t❡r✐♦r✳

❙✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ❡♠ ♣r♦❣r❛♠❛s ❞♦ t✐♣♦ ❊▼❚P ❢♦r❛♠ r❡❛❧✐③❛❞❛s ♣❛r❛ ❛✈❛❧✐❛r ♦ ❞❡s❡♠✲

♣❡♥❤♦ ❞♦ ♠ét♦❞♦✳ ❖s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❛q✉❡❧❡ tr❛❜❛❧❤♦✱ ❡ ♣♦st❡r✐♦r♠❡♥t❡ ♣♦r P✐❧③ ❡t

❛❧✳ ✭✷✵✵✺✮✱ ❛t❡st❛♠ ❛ s✉❛ ❡✜❝✐ê♥❝✐❛ ❡♠ r❡❞✉③✐r ❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s✲

♠✐ssã♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✳

❈♦♥t✉❞♦✱ ❛ss✐♠ ❝♦♠♦ ❞✐s❝✉t✐❞♦ ♣❡❧♦s ❛✉t♦r❡s✱ ♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ ❛q✉❡❧❡ ♠ét♦❞♦ t♦r♥❛✲

s❡ ♠✉✐t♦ s✉♣❡r✐♦r ❝♦♠ r❡❧❛çã♦ ❛♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s✳

✸✳✷✳✸ ❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✵✽✮

❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✵✽✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ♦✉tr♦ ♠ét♦❞♦ ♣❛r❛ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s

❞❡ tr❛♥s♠✐ssã♦✱ ♦ q✉❛❧ ❞❡t❡r♠✐♥❛ ♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❜❛s❡❛♥❞♦✲s❡

♥❛s ♣❛ss❛❣❡♥s ♣♦r ③❡r♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❡ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡✱ ❞❡ ❢♦r♠❛

✐♥❞❡♣❡♥❞❡♥t❡ ❞❛s ♣❛ss❛❣❡♥s ♣♦r ③❡r♦ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✳ ❈♦♠

✐st♦✱ ❛s ❞✐✜❝✉❧❞❛❞❡s ❞❡s❝r✐t❛s ♣♦r ❋r♦❡❤❧✐❝❤ ❡t ❛❧✳ ✭✶✾✾✼❜✮✱ ♣❛r❛ ❧✐♥❤❛s ❝♦♠ ❜❛✐①♦ ❣r❛✉ ❞❡

❝♦♠♣❡♥s❛çã♦✱ ❢♦r❛♠ s✉♣❡r❛❞❛s s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ té❝♥✐❝❛s ♠❛✐s s♦✜st✐❝❛❞❛s ♣❛r❛ tr❛t❛♠❡♥t♦

❞❡ s✐♥❛✐s✳
✶❖ ♠ét♦❞♦ ❞❡ Pr♦♥② é ✉♠❛ té❝♥✐❝❛ ❞❡ ❡st✐♠❛çã♦ ♣❛r❛♠étr✐❝❛ q✉❡ é ❝❛♣❛③ ❞❡ ❛❥✉st❛r s❡♥ó✐❞❡s ❡①♣♦♥❡♥✲

❝✐❛❧♠❡♥t❡ ❛♠♦rt❡❝✐❞❛s ❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❛♠♦str❛s ❞❡ ✉♠ s✐♥❛❧ ❞❡ ❞❛❞♦s✳ ❉❡t❛❧❤❡s ❞❡st❡ ♠ét♦❞♦ ♣♦❞❡♠ s❡r
❡♥❝♦♥tr❛❞♦s ❡♠ ❍✐❧❞❡r❜r❛♥❞ ✭✶✾✺✻✮ ♦✉ ▼❛r♣❧❡ ✭✶✾✽✼✮✳



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✸✼

◆❛q✉❡❧❡ ♠ét♦❞♦✱ ♦s ✐♥st❛♥t❡s ót✐♠♦s sã♦ ❞❡t❡r♠✐♥❛❞♦s ❞❡ ❢♦r♠❛ ❛ s❡ ♦❜t❡r ❛s ♠❡♥♦r❡s

t❡♥sõ❡s tr❛♥s✐tór✐❛s ✐♥❞✉③✐❞❛s ♥♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ ❝❛✉s❛❞❛s ♣❡❧♦ ❡❢❡✐t♦ ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ❡❧❡tr♦♠❛❣✲

♥ét✐❝♦ ❞❡✈✐❞♦ ❛♦ ❝❤❛✈❡❛♠❡♥t♦ ❞❡ ❝❛❞❛ ♣ó❧♦ ❞♦ ❞✐s❥✉♥t♦r✳ ❊st❡s ✐♥st❛♥t❡s ♦❝♦rr❡♠ q✉❛♥❞♦ ❛

t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r é ③❡r♦ ❡ ❛ ❞✐s♣❡rsã♦ ❡♥tr❡ ♦ ✐♥st❛♥t❡ ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞♦

♣r✐♠❡✐r♦ ♣ó❧♦ ❡ ♦ ✐♥st❛♥t❡ ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞♦ ú❧t✐♠♦ ♣ó❧♦ é ❛ ♠❡♥♦r ♣♦ssí✈❡❧✳

❖ ♠ét♦❞♦ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ❡ ❛✈❛❧✐❛❞♦ ❞✐r❡t❛♠❡♥t❡ ❡♠ ✉♠ ♣r♦❣r❛♠❛ ❞♦ t✐♣♦ ❊▼❚P✱ ♠❛✐s

❡s♣❡❝✐✜❝❛♠❡♥t❡ ♦ ❆❚P✱ ❢❛③❡♥❞♦ ✉s♦ ❞❛ ❧✐♥❣✉❛❣❡♠ ▼❖❉❊▲❙ ✭❉❯❇❊✱ ✶✾✾✻✮✳ ❖s r❡s✉❧t❛❞♦s

♦❜t✐❞♦s ✈✐❛ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ❞❡ ❡♥❡r❣✐③❛çõ❡s ❡ r❡❧✐❣❛♠❡♥t♦s tr✐♣♦❧❛r ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐s✲

sã♦ ❝♦♠♣r♦✈❛r❛♠ ❛ s✉❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❧✐♠✐t❛r ❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ❛ ✈❛❧♦r❡s ✐♥❢❡r✐♦r❡s

❛ ✶✱✼✺ ♣✳✉✳ ❡♠ ✾✽✪ ❞♦s ❝❛s♦s ❛✈❛❧✐❛❞♦s✳ ❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✶✶❛✮ ❡st❡♥❞❡r❛♠ ❛q✉❡❧❡ ♠ét♦❞♦

♣❛r❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ t❡♠♣♦ r❡❛❧ ❢❛③❡♥❞♦ ✉s♦ ❞♦ ❘❚❉❙❚▼ ✭❘❡❛❧ ❚✐♠❡ ❉✐❣✐t❛❧ ❙✐♠✉❧❛t♦r✮ ❡

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

✸✳✷✳✹ ▼❡st❛s ❡t ❛❧✳ ✭✷✵✶✶❛✮

▼❡st❛s ❡t ❛❧✳ ✭✷✵✶✶❛✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠♠ét♦❞♦ ♣❛r❛ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦

r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱ ♦ q✉❛❧ é ❜❛s❡❛❞♦ ♥❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s

❞♦ ❞✐s❥✉♥t♦r ❡ ❛♣❡♥❛s ✉♠❛s ❞❛s ❢❛s❡s é ♠♦♥✐t♦r❛❞❛ ♣❛r❛ ❞❡t❡❝t❛r ✉♠❛ r❡❣✐ã♦ ❛♣r♦♣r✐❛❞❛ ♣❛r❛ ♦

r❡❧✐❣❛♠❡♥t♦ ❞❛s três ❢❛s❡s✳ ❊st❛ r❡❣✐ã♦ é ❞❡✜♥✐❞❛ ❛♣ós ♦ t❡♠♣♦ ♠♦rt♦ ❞❛ ❧✐♥❤❛ ❝♦♠♦ ❛ ♣r✐♠❡✐r❛

r❡❣✐ã♦ ❞❡ ❜❛t✐♠❡♥t♦ ♠í♥✐♠♦ ❞❛q✉❡❧❡ s✐♥❛❧ ❡ ❛ ♠❛♥♦❜r❛ ♦❝♦rr❡ s✐♠✉❧t❛♥❡❛♠❡♥t❡ ♣❛r❛ ❛s três

❢❛s❡s✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛s ♣❛ss❛❣❡♥s ♣♦r ③❡r♦ ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛✳ ❖ ♠ét♦❞♦ ❢♦✐ ❛✈❛❧✐❛❞♦

❡♠ t❡♠♣♦ r❡❛❧ ✉s❛♥❞♦ ♦ ❘❚❉❙❚▼ ❡ é ❝❛♣❛③ ❞❡ ❧✐♠✐t❛r ❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ❛ ✈❛❧♦r❡s

❝♦♠♣❛tí✈❡✐s ❝♦♠ ♠ét♦❞♦s ❡①✐st❡♥t❡s ✭❋❘❖❊❍▲■❈❍ ❡t ❛❧✳✱ ✶✾✾✼❛❀ ❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✵✽✮✳

◆♦ ❙■◆✱ é ❝♦♠✉♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✺✵✵ ♠s ♣❛r❛ ♦ t❡♠♣♦ ♠♦rt♦ ✭❖◆❙✱ ✷✵✵✷✮ ❡ t✐♣✐❝❛♠❡♥t❡✱

❡st❡ t❡♠♣♦ ✈❛r✐❛ ❡♥tr❡ ✺✵✵ ❡ ✶✳✺✵✵ ♠s ✭■❊❊❊ ❙t❞ ❈✸✼✳✶✵✹✲✷✵✵✷✱ ✷✵✵✸✮✳ ❈♦♥t✉❞♦✱ ♦s ❛✉t♦r❡s

❝♦♥s✐❞❡r❛♠ ❡♠ s✉❛s ❛✈❛❧✐❛çõ❡s ✉♠ t❡♠♣♦ ♠♦rt♦ ❞❡ ✷✵✵ ♠s ❡ r❡❛❧✐③❛♠ ♦ r❡❧✐❣❛♠❡♥t♦ ♥♦ ♣r✐♠❡✐r♦

❜❛t✐♠❡♥t♦ ♠í♥✐♠♦ s✉❜s❡q✉❡♥t❡✳ ■st♦ é ♥❡❝❡ssár✐♦ ♣♦✐s ❛q✉❡❧❡ ♠ét♦❞♦ ♥ã♦ ❞❡t❡r♠✐♥❛ ✉♠ ✐♥s✲

t❛♥t❡ ❛♣r♦♣r✐❛❞♦ ♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦✱ ♠❛s s✐♠✱ ✉♠❛ r❡❣✐ã♦ ❛♣r♦♣r✐❛❞❛✳ ❆♦ ❝♦♥s✐❞❡r❛r ✉♠

t❡♠♣♦ ♠❛✐♦r✱ ✺✵✵ ♠s ♣♦r ❡①❡♠♣❧♦✱ ❡st❛ r❡❣✐ã♦ ♣♦ss✉✐rá ✈❛❧♦r❡s ❝♦♥s✐❞❡rá✈❡✐s ❞❡ t❡♥sã♦ ❡ ❝♦♥s❡✲

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

♣❡❧♦s ♣ró♣r✐♦s ❛✉t♦r❡s ♥❛q✉❡❧❡ tr❛❜❛❧❤♦✳



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✸✽

❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✶✶❜✮ ♠♦str❛r❛♠ q✉❡ t❛❧ ♣r♦❜❧❡♠❛ ♥ã♦ é ✈❡r✐✜❝❛❞♦ ❡♠ ♦✉tr♦s ♠ét♦❞♦s q✉❡

❜✉s❝❛♠ ✉♠ ✐♥st❛♥t❡ ❛♣r♦♣r✐❛❞♦ ✭♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦s

❞✐s❥✉♥t♦r❡s✮ ♣❛r❛ r❡❛❧✐③❛r ♦ ❝❤❛✈❡❛♠❡♥t♦✱ ❛ ❡①❡♠♣❧♦ ❞♦s ♠ét♦❞♦s ❛♣r❡s❡♥t❛❞♦s ♣♦r ❋r♦❡❤❧✐❝❤

❡t ❛❧✳ ✭✶✾✾✼❛✮ ❡ ❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✵✽✮✳

✸✳✷✳✺ ❆♥á❧✐s❡ ❞♦s ▼ét♦❞♦s ❆♣r❡s❡♥t❛❞♦s

❆ ♣r✐♥❝✐♣❛❧ r❛③ã♦ ♣❛r❛ q✉❡ ❤❛❥❛ ✉♠ r❡❧✐❣❛♠❡♥t♦ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ é ❛ ♦❝♦rrê♥❝✐❛

❞❡ ✉♠ ❞❡❢❡✐t♦ ♥❛ ❧✐♥❤❛ ❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ r❡❝♦♠♣♦r ♦ s✐st❡♠❛ ♦ ♠❛✐s rá♣✐❞♦ ♣♦ssí✈❡❧✳ ❆♣❡s❛r

❞✐st♦✱ ♦s ♠ét♦❞♦s ❡①✐st❡♥t❡s ♥ã♦ ❝♦♥s✐❞❡r❛♠ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ❝❛r❣❛s r❡s✐❞✉❛✐s ♥❛ ❧✐♥❤❛

♣❛r❛ ❡st❛ ♦❝♦rrê♥❝✐❛✱ tã♦ ♣♦✉❝♦ ❝♦♥s✐❞❡r❛♠ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞♦ ❞❡❢❡✐t♦ s❡r ♣❡r♠❛♥❡♥t❡ ✭❈■●❘❊

❲♦r❦✐♥❣ ●r♦✉♣ ❆✸✳✵✼✱ ✷✵✵✹✮✱ ♦ q✉❡ ♣♦❞❡r✐❛ r❡s✉❧t❛r ❡♠ ✉♠ r❡❧✐❣❛♠❡♥t♦ s❡♠ s✉❝❡ss♦✳

◆♦ ♠ét♦❞♦ ❛♣r❡s❡♥t❛❞♦ ♣♦r ❋r♦❡❤❧✐❝❤ ❡t ❛❧✳ ✭✶✾✾✼❛✮✱ ♦s ❞❡❢❡✐t♦s sã♦ tr❛t❛❞♦s ❞❡ ❢♦r♠❛

❜❛st❛♥t❡ s✐♠♣❧✐✜❝❛❞❛✳ ■♥❞❡♣❡♥❞❡♥t❡ ❞❡st❡s s❡r❡♠ t❡♠♣♦rár✐♦s ♦✉ ♣❡r♠❛♥❡♥t❡s✱ ❝♦♥s✐❞❡r❛✲s❡

q✉❡ ♦ ♠❡❧❤♦r ✐♥st❛♥t❡ ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❢❛s❡ q✉❡ s❡ ❡♥❝♦♥tr❛ s♦❜ ❞❡❢❡✐t♦ é ♦ ③❡r♦ ❞❛

t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡✳ P❛r❛ ❛s ❢❛s❡s sãs✱ ♦ ♠ét♦❞♦ é ❛♣❧✐❝❛❞♦ ♥♦r♠❛❧♠❡♥t❡✳ P♦ré♠✱ ♥ã♦

sã♦ ❛♣r❡s❡♥t❛❞♦s r❡s✉❧t❛❞♦s ❞❡ r❡❧✐❣❛♠❡♥t♦s ♣❛r❛ ❧✐♥❤❛s s♦❜ t❛✐s ❝♦♥❞✐çõ❡s✳ ❖ ♠❡s♠♦ ♣♦❞❡ s❡r

♦❜s❡r✈❛❞♦ ♥♦ tr❛❜❛❧❤♦ ❞❡ ❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✵✽✮✱ ❡♠ q✉❡ sã♦ ❛♣r❡s❡♥t❛❞♦s ❡st✉❞♦s ❛♣❡♥❛s ♣❛r❛

s✐t✉❛çõ❡s ❡♠ q✉❡ ♥ã♦ ❤á ❞❡❢❡✐t♦s ♥❛s ❧✐♥❤❛s✳

❊st❡s ❞♦✐s ú❧t✐♠♦s tr❛❜❛❧❤♦s ❜❛s❡✐❛♠✲s❡ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ♥♦ ♣r✐♥❝í♣✐♦ ❞❡ q✉❡ ❛ t❡♥sã♦ ♥❛

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

❛ q✉❛❧ ❝♦rr❡s♣♦♥❞❡ à s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❞♦ ❝♦♥❥✉♥t♦ ❧✐♥❤❛✲r❡❛t♦r✳ ◆♦ ❡♥t❛♥t♦✱ ❞✉r❛♥t❡ ✉♠

❞❡❢❡✐t♦✱ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❛ ❧✐♥❤❛ ♣♦❞❡♠ ❛♣r❡s❡♥t❛r ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ♠❛✐s ❝♦♠♣❧❡①♦ ❞❡✈✐❞♦

❛ ♣r❡s❡♥ç❛ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ s❡q✉ê♥❝✐❛ ③❡r♦✳ P♦r ❝♦♥s❡❣✉✐♥t❡✱ ❛ ❞❡♣❡♥❞❡r ❞❛s ❝❛r❛❝t❡ríst✐❝❛s

❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ s♦❜ ❛♥á❧✐s❡✱ ❛ ❛♣❧✐❝❛çã♦ ❞❡st❡s ❞♦✐s ♠ét♦❞♦s ♣♦❞❡ s❡ t♦r♥❛r ✐♥✈✐á✈❡❧ ❝❛s♦

❤❛❥❛ ♥❡st❡s s✐♥❛✐s ♠❛✐s ❞❡ ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛ ❝♦♠ ✈❛❧♦r❡s s✐❣♥✐✜❝❛t✐✈♦s✳

◆♦s ❝❛s♦s ❡♠ q✉❡ ❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ é ❞❡s❧✐❣❛❞❛ ❞❡✈✐❞♦ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❞❡❢❡✐t♦✱

❡♥q✉❛♥t♦ ❡st❡ ♣❡rs✐st✐r✱ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❛ ❧✐♥❤❛ sã♦ ❞❡t❡r♠✐♥❛❞❛s ♣❡❧♦

t✐♣♦ ❞❡ ❞❡❢❡✐t♦✱ ❡ ❛♣ós ❛ s✉❛ ❡①t✐♥çã♦✱ ❡st❛s ❝❛r❛❝t❡ríst✐❝❛s ♣♦❞❡♠ s♦❢r❡r ❛❧t❡r❛çõ❡s s✐❣♥✐✜❝❛t✐✈❛s✱

❝♦♥❢♦r♠❡ ❞✐s❝✉t✐❞♦ ♥❛ ❙❡çã♦ ✷✳✷✳ ◆❡st❡ ❝❛s♦✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♣♦r P✐❧③ ❡t ❛❧✳ ✭✷✵✵✹✮ ♣♦❞❡

❛♣r❡s❡♥t❛r ❞✐✜❝✉❧❞❛❞❡s ❡♠ ❡st✐♠❛r ❝♦rr❡t❛♠❡♥t❡ ♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ❡♠ ✐♥st❛♥t❡s ❢✉t✉r♦s✳



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✸✾

❏á ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♣♦r ▼❡st❛s ❡t ❛❧✳ ✭✷✵✶✶❛✮ é ❛♣r♦♣r✐❛❞♦ ❛♣❡♥❛s ♣❛r❛ ❛ s✐t✉❛çã♦ ♣❛rt✐✲

❝✉❧❛r ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s q✉❡ ❢♦r❛♠ ❞❡s❧✐❣❛❞❛s ❞❡✈✐❞♦ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s ❡①t❡r♥♦s✱ t❛❧

❝♦♠♦ ❞✐s❝✉t✐❞♦ ♣❡❧♦s ❛✉t♦r❡s ❡♠ ▼❡st❛s ❡t ❛❧✳ ✭✷✵✶✶❜✮✳ ❊st❛ s✐t✉❛çã♦ ♣♦❞❡ ♦❝♦rr❡r ♣♦r ❝♦♥t❛ ❞❡

✉♠❛ ❛t✉❛çã♦ ✐♥❞❡✈✐❞❛ ❞❛ ♣r♦t❡çã♦✱ ♦ q✉❡ t♦r♥❛ r❡str✐t❛ ❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞❛q✉❡❧❡ ♠ét♦❞♦✳ ■st♦

♦❝♦rr❡ ❞❡✈✐❞♦ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❞✉r❛♥t❡ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠

❞❡❢❡✐t♦✱ ♦ q✉❡ ✐♠♣♦ss✐❜✐❧✐t❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❛♣r♦♣r✐❛❞❛ ❞♦s ♣❡rí♦❞♦s ❞❡ ❜❛t✐♠❡♥t♦ ♠í♥✐♠♦ ❞♦s

s✐♥❛✐s ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✳ ❆❧é♠ ❞✐st♦✱ ❛ ❛♥á❧✐s❡ ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛

♣❛r❛ ❛♣❡♥❛s ✉♠❛ ❞❛s ❢❛s❡s ♥ã♦ é s✉✜❝✐❡♥t❡✱ ♣♦✐s ❡♠ ✉♠❛ s✐t✉❛çã♦ ❞❡ ❞❡❢❡✐t♦✱ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦

♥❛s três ❢❛s❡s ♣♦❞❡♠ ♥ã♦ ❛♣r❡s❡♥t❛r ❛s r❡s♣❡❝t✐✈❛s r❡❣✐õ❡s ❞❡ ❜❛t✐♠❡♥t♦ ♠í♥✐♠♦ ♥♦ ♠❡s♠♦

✐♥st❛♥t❡ ✭❇❆◆ ❡t ❛❧✳✱ ✷✵✵✸✮✳

✸✳✸ ❘❊❙❯▼❖

◆❛ ❚❛❜❡❧❛ ✸✳✶ ❡♥❝♦♥tr❛✲s❡ ✉♠ r❡s✉♠♦ ❞♦s ❛rt✐❣♦s r❡❢❡r❡♥❝✐❛❞♦s✱ s❡♣❛r❛❞♦s ❝r♦♥♦❧♦❣✐❝❛✲

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

tr❛♥s♠✐ssã♦✳ P♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ❛ ♣❛rt✐r ❞♦ ✜♠ ❞❛ ❞é❝❛❞❛ ❞❡ ✽✵✱ ❞✐✈❡rs♦s tr❛❜❛❧❤♦s ❢♦r❛♠

❞❡s❡♥✈♦❧✈✐❞♦s ✈✐s❛♥❞♦ ❛ ❡❧✐♠✐♥❛çã♦ ❞♦s r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦ ♣♦r ♠❡✐♦ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡

♣❛r❛✲r❛✐♦s ♥♦s t❡r♠✐♥❛✐s ❞❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ♦✉ ❛♦ ❧♦♥❣♦ ❞❡ s✉❛ ❡①t❡♥sã♦✱ ❛❧é♠ ❞❛ ✉t✐✲

❧✐③❛çã♦ ❞❡ té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♣❛r❛✲r❛✐♦s✳ ❖❜s❡r✈❛✲s❡ ❛✐♥❞❛

q✉❡ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♥ã♦ é ✉♠❛ ✐❞❡✐❛ ♥♦✈❛✱ ✉♠❛ ✈❡③ q✉❡ ♥❛ ❞é❝❛❞❛ ❞❡ ✼✵ ❥á ❤❛✈✐❛

tr❛❜❛❧❤♦s q✉❡ ✉t✐❧✐③❛✈❛♠ ♦s s❡✉s ♣r✐♥❝í♣✐♦s✳ ▼❛s s♦♠❡♥t❡ ❛ ♣❛rt✐r ❞❛ ❞é❝❛❞❛ ❞❡ ✾✵✱ ❝♦♠ ♦

❛✈❛♥ç♦ ❞❛ t❡❝♥♦❧♦❣✐❛ ❡ ✉♠❛ ♠❛✐♦r ❛❝❡✐t❛çã♦ ❞❛ ❡❧❡trô♥✐❝❛ ❛♣❧✐❝❛❞❛ ❛♦s s✐st❡♠❛s ❞❡ ♣♦tê♥❝✐❛✱ é

q✉❡ ❡st❛ té❝♥✐❝❛ ❣❛♥❤♦✉ ♠❛✐s ê♥❢❛s❡✳ ◆❡st❡ ❝♦♥t❡①t♦✱ ♠❡r❡❝❡ ❞❡st❛q✉❡ ♦ tr❛❜❛❧❤♦ ❞❡ ❋r♦❡❤❧✐❝❤

❡t ❛❧✳ ✭✶✾✾✼❛✮ ♣♦r s❡r ♦ ♣r✐♠❡✐r♦ ❛ ❛♣r❡s❡♥t❛r ✉♠ ❞✐s♣♦s✐t✐✈♦ ♣❛r❛ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡

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



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✹✵

❚❛❜❡❧❛ ✸✳✶✳ ❘❡s✉♠♦ ❞❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ r❡❢❡r❡♥t❡ à r❡❞✉çã♦ ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛ ❡♠ ▲❚s✳

❘❡❢❡rê♥❝✐❛
▼ét♦❞♦ ❯t✐❧✐③❛❞♦

❘❡s✐st♦r❡s Pár❛✲r❛✐♦s ♥♦s Pár❛✲r❛✐♦s ❈❤❛✈❡❛♠❡♥t♦
❞❡ Pré✲✐♥s❡rçã♦ t❡r♠✐♥❛✐s ❞❛ ▲❚ ❞❡ ▲❚ ❈♦♥tr♦❧❛❞♦

❙t❡♠❧❡r ✭✶✾✼✻✮
√

✲ ✲
√

❑♦♥❦❡❧ ❡t ❛❧✳ ✭✶✾✼✼✮
√

✲ ✲
√

▲❡❣❛t❡ ❡t ❛❧✳ ✭✶✾✽✽✮ ✲
√

✲
√

❘✐❜❡✐r♦ ✫ ▼❝❈❛❧❧✉♠ ✭✶✾✽✾✮ ✲
√

✲ ✲

❙t❡♥str♦♠ ✫ ▼♦❜❡❞❥✐♥❛ ✭✶✾✾✽✮ ✲
√ √

✲
❙❡②❡❞✐ ❡t ❛❧✳ ✭✷✵✵✺✮ ✲

√ √
✲

❈❛r✈❛❧❤♦ ❡t ❛❧✳ ✭✶✾✾✺✮ ✲
√

✲
√

❋r♦❡❤❧✐❝❤ ❡t ❛❧✳ ✭✶✾✾✼❛✮ ✲
√ √ √

❙❛♠✐t③ ❡t ❛❧✳ ✭✷✵✵✷✮ ✲
√

✲
√

■t♦ ✭✷✵✵✷✮ ✲
√

✲
√

❋❡r♥❛♥❞❡③ ❡t ❛❧✳ ✭✷✵✵✹✮ ✲
√

✲
√

❙❛♥❛②❡✲P❛s❛♥❞ ❡t ❛❧✳ ✭✷✵✵✺✮ ✲
√

✲
√

❱❛❧❡r♦ ✭✷✵✵✼✮ ✲
√ √ √

●♦❧❞s✇♦rt❤② ❡t ❛❧✳ ✭✷✵✵✽✮ ✲
√

✲
√

❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✵✽✮ ✲
√

✲
√

▼❡st❛s ❡t ❛❧✳ ✭✷✵✶✶❛✮ ✲
√

✲
√

❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✶✶❛✮ ✲
√

✲
√



❈❆P❮❚❯▲❖ ✹

▼➱❚❖❉❖ P❘❖P❖❙❚❖

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❡①♣♦st♦ ♥♦s ❝❛♣ít✉❧♦s ❛♥t❡r✐♦r❡s✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ♠❡s♠♦ ❝♦♠ t♦❞♦s ♦s ❡s❢♦rç♦s

❞♦s ♣❡sq✉✐s❛❞♦r❡s✱ ❡①✐st❡ ❛✐♥❞❛ ✉♠❛ ❝❛rê♥❝✐❛ ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❛❞❡q✉❛❞❛ ❞♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐✲

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

❧♦♥❣♦ ❞❡ s✉❛ ❡①t❡♥sã♦✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ♣r♦❝✉r❛✲s❡ ♣r❡❡♥❝❤❡r ❡st❛ ❧❛❝✉♥❛ ❝♦♠ ❛ ♣r♦♣♦s✐çã♦ ❞❡

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

♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ sã♦ ❞❡t❡r♠✐♥❛❞♦s ❛ ♣❛rt✐r ❞❛ ❛♥á❧✐s❡ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ❝❛r❣❛s r❡s✐❞✉❛✐s

♥❛s ❧✐♥❤❛s✳ ❈♦♠ ❡st❛ ❛♥á❧✐s❡✱ t❛♠❜é♠ é ♣♦ssí✈❡❧ ❞❡t❡❝t❛r ❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛ ❡

❢❛s❡✲❢❛s❡✲t❡rr❛✱ ♦s q✉❛✐s ❝♦rr❡s♣♦♥❞❡♠ ❛ ♠❛✐s ❞❡ ✽✵✪ ❞♦s ❞❡❢❡✐t♦s ❡♠ ❧✐♥❤❛s ❞❡ ✺✵✵ ❡ ✼✺✵ ❦❱ ♥♦

❙■◆ ✭❆◗❯■◆❖ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ❈♦♠ ✐st♦✱ é ♣♦ssí✈❡❧ ✐♠♣❡❞✐r q✉❡ ♦ r❡❧✐❣❛♠❡♥t♦ ♦❝♦rr❛ s♦❜ ❞❡❢❡✐t♦✱

❡✈✐t❛♥❞♦ ✉♠❛ ♠❛♥♦❜r❛ s❡♠ s✉❝❡ss♦ q✉❡ ♣♦❞❡r✐❛ ❧❡✈❛r ♦ s✐st❡♠❛ à ✐♥st❛❜✐❧✐❞❛❞❡ ♦✉ ❛té à ✉♠

❜❧❛❝❦♦✉t✳

❖ ♠ét♦❞♦ ♣r♦♣♦st♦ é ❜❛s❡❛❞♦ ❡♠ ✉♠ ❛❧❣♦r✐t♠♦ s✐♠♣❧❡s ❞❡ ❞❡t❡❝çã♦ ❞❡ ♣❛ss❛❣❡♥s ♣♦r ③❡r♦

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

♥❛s ❝❛r❣❛s r❡s✐❞✉❛✐s ♥❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ ❊st❡ ♠ét♦❞♦ é ✉♠ ♠❡❧❤♦r❛♠❡♥t♦ ❞❛q✉❡❧❡

♣r♦♣♦st♦ ♣♦r ❉❛♥t❛s ✭✷✵✵✼✮ ❡ ❝♦♥s✐st❡ ❡♠ ❡st✐♠❛r ♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ❡♠ ✐♥st❛♥t❡s ❢✉t✉r♦s✱

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

❊st❡s ✐♥st❛♥t❡s ♦❝♦rr❡♠ q✉❛♥❞♦ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r é ③❡r♦ ❡ sã♦

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

♠❡♥♦r ♣♦ssí✈❡❧✱ ♦ q✉❡ ❛✉♠❡♥t❛ ❛ ❡✜❝✐ê♥❝✐❛ ❞❛ té❝♥✐❝❛ ✭❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✵✽✮✳

◆❛ ❋✐❣✉r❛ ✹✳✶✱ é ❛♣r❡s❡♥t❛❞♦ ♦ ✢✉①♦❣r❛♠❛ q✉❡ ❞❡s❝r❡✈❡ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ♠ét♦❞♦ ♣r♦✲

♣♦st♦✱ ♦ q✉❛❧ é ❞✐s❝✉t✐❞♦ ❡♠ s❡❣✉✐❞❛✳

✹✶



❈❛♣ít✉❧♦ ✹ ✕ ▼ét♦❞♦ Pr♦♣♦st♦ ✹✷

❋✐❣✉r❛ ✹✳✶✳ ❋❧✉①♦❣r❛♠❛ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✳

✹✳✶ ❋■▲❚❘❆●❊▼ ❊ ❆▼❖❙❚❘❆●❊▼

❖ ❙✐st❡♠❛ ❞❡ ❈♦♥tr♦❧❡ ❞♦ ❈❤❛✈❡❛♠❡♥t♦ ✭❙❈❈✮ r❡❝❡❜❡ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❡ ♣♦tê♥❝✐❛ ♦s

s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ✭t❡♥sõ❡s ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❡ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡✮ ♥❡❝❡ssár✐♦s ♣❛r❛ ❛ r❡❛❧✐③❛çã♦

❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳ ❊♠ s❡❣✉✐❞❛✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠✐♥✐♠✐③❛r ♦ ❡❢❡✐t♦ ❞❡ ❛❧✐❛s✐♥❣ ❡

❛t❡♥✉❛r ❝♦♠♣♦♥❡♥t❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✱ ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧ ❇✉tt❡r✇♦rt❤ ♣❛ss❛✲❜❛✐①❛ ❞❡ t❡r❝❡✐r❛

♦r❞❡♠ ❢♦✐ ♣r♦❥❡t❛❞♦ ❡ ❛♣❧✐❝❛❞♦ ❛ ❡st❡s s✐♥❛✐s✳ ❯♠❛ ❞❡s❝r✐çã♦ s✉❝✐♥t❛ ❞❡st❡ t✐♣♦ ❞❡ ✜❧tr♦ ♣♦❞❡

s❡r ❡♥❝♦♥tr❛❞❛ ❡♠ ❧✐✈r♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛✐s ❝♦♠♦ ❖♣♣❡♥❤❡✐♠ ✫ ❙❝❤❛❢❡r ✭✶✾✽✾✮✳

❆ ❋✐❣✉r❛ ✹✳✷ é ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❞❛s ❡s♣❡❝✐✜❝❛çõ❡s ❞❡ ♣r♦❥❡t♦ ❞❡ ✉♠ ✜❧tr♦ ❇✉tt❡r✲

✇♦rt❤ ♣❛ss❛✲❜❛✐①❛✱ ❡♠ q✉❡ |A(jω)|dB r❡♣r❡s❡♥t❛ ❛ ❛t❡♥✉❛çã♦ ❞♦ s✐♥❛❧ ✭❡♠ ❞❇✮ ❡♠ ❢✉♥çã♦ ❞❛

❢r❡q✉ê♥❝✐❛ ω✳ ❆s ❢r❡q✉ê♥❝✐❛s ωp ❡ ωs ❞✐✈✐❞❡♠ ❛s ❢r❡q✉ê♥❝✐❛s ♥❛s ❢❛✐①❛s ❞❡ ♣❛ss❛❣❡♠✱ tr❛♥s✐çã♦

❡ ❝♦rt❡✳ ❆ ❢r❡q✉ê♥❝✐❛ ωc é ❞❡♥♦♠✐♥❛❞❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ ❞♦ ✜❧tr♦ ❡ r❡♣r❡s❡♥t❛ ❛ ❢r❡q✉ê♥❝✐❛

♥❛ q✉❛❧ ❛ ❛t❡♥✉❛çã♦ ❞♦ ✜❧tr♦ é ❞❡ ✸ ❞❇✳ ❆s ✈❛r✐á✈❡✐s Amax ❡ Amin r❡♣r❡s❡♥t❛♠ ❛s ❛t❡♥✉❛çõ❡s

♥❛s ❢❛✐①❛s ❞❡ ♣❛ss❛❣❡♠ ❡ ❝♦rt❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
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❋✐❣✉r❛ ✹✳✷✳ ❊s♣❡❝✐✜❝❛çõ❡s ❞❡ ♣r♦❥❡t♦ ❞❡ ✉♠ ✜❧tr♦ ❇✉tt❡r✇♦rt❤ ♣❛ss❛✲❜❛✐①❛✳

❈♦♠♦ ❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡ ✐♥t❡r❡ss❡ ✈❛r✐❛ ❡♠ t♦r♥♦ ❞❡ ✸✵ ❛ ✻✵ ❍③✱ ❛s s❡❣✉✐♥t❡s ❡s♣❡❝✐✲

✜❝❛çõ❡s ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s ♣❛r❛ ♦ ♣r♦❥❡t♦ ❞♦ ✜❧tr♦✿ fp = 150 ❍③❀ fs = 240 ❍③❀ Amax = 1 ❞❇❀

Amin = 60 ❞❇✱ ❡♠ q✉❡ ωp = 2πfp ❡ ωs = 2πfs✳ ❈♦♠ ❜❛s❡ ♥❡st❡s ♣❛râ♠❡tr♦s ❡ ❛ ♣❛rt✐r ❞❛

❡q✉❛çã♦ ✹✳✶✱ ❝❛❧❝✉❧❛✲s❡ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ fc = 187, 89 ❍③✱ ❡♠ q✉❡ n é ❛ ♦r❞❡♠ ❞♦ ✜❧tr♦ ❡

ωc = 2πfc ✭❖PP❊◆❍❊■▼ ✫ ❙❈❍❆❋❊❘✱ ✶✾✽✾✮✳

ωc =
ωp

(100,1Amax − 1)
1

2n

✭✹✳✶✮

❆♣ós ❛ ✜❧tr❛❣❡♠✱ ♦s s✐♥❛✐s sã♦ ❛♠♦str❛❞♦s ❛ ✉♠❛ t❛①❛ ❞❡ ✶✻ ❛♠♦str❛s ♣♦r ❝✐❝❧♦ ❞❛ ❢r❡q✉ê♥❝✐❛

❢✉♥❞❛♠❡♥t❛❧ ❞♦ s✐st❡♠❛✱ ❛ q✉❛❧ é s✉✜❝✐❡♥t❡ ♣❛r❛ q✉❡ ♦ s✐♥❛❧ ♣♦ss❛ s❡r r❡♣r♦❞✉③✐❞♦ ✐♥t❡❣r❛❧♠❡♥t❡

s❡♠ ❡rr♦ ❞❡ ❛❧✐❛s✐♥❣ ❡ é ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞❛ ❡♠ s✐st❡♠❛s ❞❡ ♣r♦t❡çã♦ ❞✐❣✐t❛❧ ✭❙❈❍❲❊■❚❩❊❘

✫ ❍❖❯✱ ✶✾✾✸✮✳

✹✳✷ ■❉❊◆❚■❋■❈❆➬➹❖ ❉❆ ❈❆❯❙❆ ❉❊ ❆❇❊❘❚❯❘❆ ❉❆ ▲■◆❍❆

❊♠ ❣❡r❛❧✱ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ♦❝♦rr❡ ❛♣ós ❛ ❛t✉❛çã♦

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

❡♠ q✉❡ ❛ ❧✐♥❤❛ é ❛❜❡rt❛✱ ♦ ❙❈❈ ❞❡✈❡ ✐❞❡♥t✐✜❝❛r ❛ r❛③ã♦ ❞❡st❛ ❛❜❡rt✉r❛ ❡ q✉❛♥❞♦ ❢♦r ♦ ❝❛s♦✱

❝❧❛ss✐✜❝❛r ♦ t✐♣♦ ❞❡ ❞❡❢❡✐t♦✳ P♦ré♠✱ ♥ã♦ é ♦❜❥❡t✐✈♦ ❞❡st❡ tr❛❜❛❧❤♦ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❡ ❛ ❝❧❛ss✐✜❝❛çã♦

❞❡ ❞❡❢❡✐t♦s✳ P❛r❛ ❡st❡ ✜♠✱ ♠ét♦❞♦s ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ✭❙■▲❱❆ ❡t ❛❧✳✱
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✷✵✵✼❀ P❊❘❊■❘❆ ❡t ❛❧✳✱ ✷✵✵✾❀ ❙■▲❱❆ ❡t ❛❧✳✱ ✷✵✶✵❀ ❈❖❙❚❆ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ◆♦s ❝❛s♦s ❛✈❛❧✐❛❞♦s ♥❡st❛

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

❝♦♥❤❡❝✐❞❛s✳

✹✳✸ ❆◆➪▲■❙❊ ❉❆ ❈❆❘●❆ ❘❊❙■❉❯❆▲

❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ❞❡t❡r♠✐♥❛r ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✱ ♣r♦♣õ❡✲s❡

♦ ✉s♦ ❞❡ tr❛♥s❢♦r♠❛çõ❡s ♠♦❞❛✐s ❛tr❛✈és ❞❛ ❛♣❧✐❝❛çã♦ ❞❛ ♠❛tr✐③ ❞❡ ❑❛rr❡♥❜❛✉❡r ❛♦s s✐♥❛✐s ❞❡

t❡♥sã♦ ♥❛ ❧✐♥❤❛✳ ❆ r❡❧❛çã♦ ❡♥tr❡ ❡st❛s t❡♥sõ❡s ♥♦ ❞♦♠í♥✐♦ ❞❡ ❢❛s❡s ✭va✱ vb ❡ vc✮ ❡ ♥♦ ❞♦♠í♥✐♦

♠♦❞❛❧ ✭v0✱ v1 ❡ v2✮ ♣♦❞❡ s❡r ❡①♣r❡ss❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛ ✭❆❘❆Ú❏❖ ✫ ◆❊❱❊❙✱ ✷✵✵✺✮✿





va

vb

vc



 =





1 1 1
1 −2 1
1 1 −2



 .





v0

v1

v2



 . ✭✹✳✷✮

❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❛s t❡♥sõ❡s ♥♦ ❞♦♠í♥✐♦ ♠♦❞❛❧ ♣♦❞❡♠ s❡r ♦❜t✐❞❛s ❛ ♣❛rt✐r ❞❛s t❡♥sõ❡s ♥♦

❞♦♠í♥✐♦ ❞❡ ❢❛s❡s✱ ❛ ♣❛rt✐r ❞❡ ✭✹✳✸✮✳





v0

v1

v2



 = 1

3





1 1 1
1 −1 0
1 0 −1



 .





va

vb

vc



 . ✭✹✳✸✮

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

❧✐♥❤❛✱ é ❛♣r❡s❡♥t❛❞❛ ❛ s❡❣✉✐r ♣❛r❛ ❝❛❞❛ ❝❛s♦ ❛❜♦r❞❛❞♦✳

✹✳✸✳✶ ❆❜❡rt✉r❛ ❚r✐❢ás✐❝❛

P❛r❛ ♦ ❝❛s♦ ❞❡ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✱ ❢♦✐ ✈❡r✐✜❝❛❞♦ ♥❛ ❙❡çã♦ ✷✳✷✳✶

q✉❡ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣♦❞❡ ♦s❝✐❧❛r ❝♦♠ ❞✉❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛✳ ❊st❛s ❝♦♠♣♦♥❡♥t❡s

♣♦❞❡♠ s❡r ♦❜t✐❞❛s ❢❛③❡♥❞♦ ✉s♦ ❞❡ ✭✹✳✷✮ ❡ ✭✹✳✸✮✳ ❱❡r✐✜❝❛✲s❡ q✉❡ ❛ ♣❛rt✐r ❞❡ ✭✹✳✷✮ t❡♠✲s❡ ❛s

s❡❣✉✐♥t❡s ❡q✉❛çõ❡s✿

va = v0 + v1 + v2, ✭✹✳✹✮
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vb = v0 − 2v1 + v2 ✭✹✳✺✮

❡

vc = v0 + v1 − 2v2. ✭✹✳✻✮

❆ ♣❛rt✐r ❞❡ ✭✹✳✸✮✿

v0 =
1

3
(va + vb + vc) , ✭✹✳✼✮

v1 =
1

3
(va − vb) ✭✹✳✽✮

❡

v2 =
1

3
(va − vc) . ✭✹✳✾✮

❈♦♠ ❜❛s❡ ❡♠ ✭✹✳✹✮✱ t❡♠✲s❡ q✉❡ ✉♠❛ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ❝♦♥t✐❞❛ ♥❛ ❝❛r❣❛ r❡s✐❞✉❛❧

♥❛ ❢❛s❡ ❆ ❞❛ ❧✐♥❤❛✱ é ❞❛❞❛ ♣♦r v0✱ ♦✉ s❡❥❛✱ ♣♦r ✭✹✳✼✮✳ ❏á ❛ ♦✉tr❛ ❝♦♠♣♦♥❡♥t❡✱ é ❞❛❞❛ ♣♦r (v1+v2)✱

♦✉ s❡❥❛✱ ♣♦r ✭✹✳✶✵✮✱ ❛ q✉❛❧ é ♦❜t✐❞❛ s♦♠❛♥❞♦✲s❡ ♠❡♠❜r♦ ❛ ♠❡♠❜r♦ ✭✹✳✽✮ ❡ ✭✹✳✾✮✿

(v1 + v2) =
1

3
(2va − vb − vc) . ✭✹✳✶✵✮

❯♠❛ ❛♥á❧✐s❡ s❡♠❡❧❤❛♥t❡ ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ♣❛r❛ ❛s ❞❡♠❛✐s ❢❛s❡s✳ ❈♦♠ ❜❛s❡ ❡♠ ✭✹✳✺✮ ❡ ✭✹✳✻✮✱

✈❡r✐✜❝❛✲s❡ q✉❡ ❛s ❢❛s❡s ❇ ❡ ❈ t❛♠❜é♠ ♣♦ss✉❡♠ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❛❞❛ ♣♦r ✭✹✳✼✮✳ ❆

s❡❣✉♥❞❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛ ♣❛r❛ ❛ ❢❛s❡ ❇ é ❞❛❞❛ ♣♦r ✭✹✳✶✶✮✱ ❡♥q✉❛♥t♦ q✉❡ ♣❛r❛ ❛ ❢❛s❡

❈✱ é ❞❛❞❛ ♣♦r ✭✹✳✶✷✮✳

(−2v1 + v2) =
1

3
(−va + 2vb − vc) . ✭✹✳✶✶✮

(v1 − 2v2) =
1

3
(−va − vb + 2vc) . ✭✹✳✶✷✮
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❯♠❛ ✈❡③ q✉❡ ❝❛❞❛ ✉♠❛ ❞❡st❛s ❝♦♠♣♦♥❡♥t❡s ❛ss✉♠❡ ✉♠❛ ❢♦r♠❛ s❡♥♦✐❞❛❧✱ é ♣♦ssí✈❡❧ ❡st✐♠❛r

♦s ♣❛râ♠❡tr♦s ❞❡ ❛♠♣❧✐t✉❞❡ ❡ ❢r❡q✉ê♥❝✐❛ ❛tr❛✈és ❞❛ ❞❡t❡❝çã♦ ❞❛s ♣❛ss❛❣❡♥s ♣♦r ③❡r♦ ❞❡st❡s

s✐♥❛✐s ✭❉❆◆❚❆❙✱ ✷✵✵✼✮✳ ❯♠❛ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ é ❞❡t❡❝t❛❞❛ s❡♠♣r❡ q✉❡ ✉♠ s✐♥❛❧ s❡♥♦✐❞❛❧

♠✉❞❛ ❞❡ ♣♦❧❛r✐❞❛❞❡ ❡♥tr❡ ❞✉❛s ❛♠♦str❛s ❝♦♥s❡❝✉t✐✈❛s✳ ❈♦♠ ✐ss♦✱ ❛s ❢r❡q✉ê♥❝✐❛s ❞❡st❡s s✐♥❛✐s sã♦

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

sã♦ ❞❡t❡r♠✐♥❛❞❛s ❞❡t❡❝t❛♥❞♦✲s❡ ♦ ✈❛❧♦r ❞❡ ♣✐❝♦ ❡♥tr❡ ❡st❡s ③❡r♦s✳ ❊st❡ ♣r♦❝❡❞✐♠❡♥t♦ t❛♠❜é♠

é r❡❛❧✐③❛❞♦ ♣❛r❛ ♦s ❞❡♠❛✐s ❝❛s♦s ❞❡ ❞❡❢❡✐t♦s ❛❜♦r❞❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳

❆♣ós ♦ t❡♠♣♦ ♠♦rt♦ ❞❛ ❧✐♥❤❛✱ ♣♦❞❡✲s❡ ❝♦♥s✐❞❡r❛r q✉❡ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛ r❡❢❡r❡♥t❡

❛♦ ♠♦❞♦ ✶ ♣❛r❛ ❝❛❞❛ ❢❛s❡✱ ❞❛❞❛s ♣♦r ✭✹✳✶✵✮✱ ✭✹✳✶✶✮ ❡ ✭✹✳✶✷✮✱ é s✉✜❝✐❡♥t❡ ♣❛r❛ s❡ ❞❡t❡r♠✐♥❛r

♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ✭❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✵✾✮✳ P♦ré♠✱ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦

♣r♦♣♦st♦ ♥❡st❡ tr❛❜❛❧❤♦ ♣r♦♣✐❝✐❛ ✉♠❛ ♠❡❧❤♦r ♣r❡❝✐sã♦ ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡st❛ ❝♦♠♣♦♥❡♥t❡✱

❞❡s❞❡ ♦s ♣r✐♠❡✐r♦s ✐♥st❛♥t❡s ❛♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✳

✹✳✸✳✷ ❉❡❢❡✐t♦s ❋❛s❡✲❚❡rr❛

P❛r❛ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✱ ❝♦♥s✐❞❡r❛✲s❡ ♦ ❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ❢❛s❡ ❆ ❡ ❛s ❡q✉❛çõ❡s ✭✹✳✷✮ ❛ ✭✹✳✶✷✮

❝♦♥t✐♥✉❛♠ ✈á❧✐❞❛s✳ ❆ss✐♠ ❝♦♠♦ ❞✐s❝✉t✐❞♦ ♥❛ ❙❡çã♦ ✷✳✷✳✷✱ ❛ ❛♥á❧✐s❡ s❡ ❞á ❡♠ ❞✉❛s ❡t❛♣❛s✿

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

s♦♠❡♥t❡ é ❛✈❛❧✐❛❞❛ ❛♣ós ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦✱ s❡♥❞♦ ❞❡t❡r♠✐♥❛❞❛ ♣♦r ✭✹✳✼✮✳ ❏á ❛ ❝♦♠♣♦♥❡♥t❡

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

q✉❡ ❛ ❧✐♥❤❛ é ❛❜❡rt❛✳ ❉✉r❛♥t❡ ♦ ❞❡❢❡✐t♦✱ ❡st❛ ❝♦♠♣♦♥❡♥t❡ é ♦❜t✐❞❛ ♦❜s❡r✈❛♥❞♦✲s❡ ✭✹✳✺✮ ❡ ✭✹✳✻✮✱

❛❧é♠ ❞❡ ✭✷✳✶✺✮ ❡ ✭✷✳✶✻✮✱ q✉❡ ♣♦r ❝♦♥✈❡♥✐ê♥❝✐❛ sã♦ r❡♣❡t✐❞❛s ❛❜❛✐①♦✿

v2(t) = −v0(t)

2
+

[

v2(0) − v1(0)

2

]

. cos

(
√

1

L1C1

t

)

✭✹✳✶✸✮

❡

v1(t) = −v0(t)

2
−
[

v2(0) − v1(0)

2

]

. cos

(
√

1

L1C1

t

)

. ✭✹✳✶✹✮
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P❛r❛ ❛s ❢❛s❡s ❇ ❡ ❈✱ ❡st❛s ❝♦♠♣♦♥❡♥t❡s ✭vbmod1
❡ vcmod1

✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮ sã♦ ♦❜t✐❞❛s ❛ ♣❛rt✐r

❞❡ ✭✹✳✶✺✮ ❡ ✭✹✳✶✻✮✳ ❖ t❡r♠♦
(

−1

2
v0

)

❛♣❛r❡❝❡ ♥❡st❛s ❞✉❛s ú❧t✐♠❛s ❡q✉❛çõ❡s ♣❛r❛ ❝♦♠♣❡♥s❛r ♦

t❡r♠♦ ❡♥✈♦❧✈❡♥❞♦ v0 ❡♠ ✭✹✳✶✸✮ ❡ ✭✹✳✶✹✮✳ ❆♣ós ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦✱ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛

❡♠ q✉❡stã♦✱ ♣❛ss❛ ❛ s❡r ❞❡t❡r♠✐♥❛❞❛ ♣♦r ✭✹✳✶✶✮ ❡ ✭✹✳✶✷✮✳

vbmod1
= −2v1 + v2 −

1

2
v0 . ✭✹✳✶✺✮

vcmod1
= v1 − 2v2 −

1

2
v0 . ✭✹✳✶✻✮

❆♣ós ♦ ❞❡❢❡✐t♦ s❡r ❡①t✐♥t♦✱ ♣♦❞❡ ❛♣❛r❡❝❡r ♥❛ ❢❛s❡ ❆ ✉♠❛ t❡♥sã♦ ✐♥❞✉③✐❞❛ ♣❡❧❛s ❢❛s❡s sãs✱

❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✷✳✻✳ P❛r❛ ❡st❛ ❢❛s❡✱ ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ r❡❢❡r❡♥t❡s ❛♦s ♠♦❞♦s ✵ ❡ ✶

sã♦ ❞❡t❡r♠✐♥❛❞❛s ♣♦r ✭✹✳✼✮ ❡ ✭✹✳✶✵✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❯♠❛ ✈❡③ ❞❡t❡r♠✐♥❛❞❛s ❛s ❝♦♠♣♦♥❡♥t❡s

❞❡ ❢r❡q✉ê♥❝✐❛ ♣❛r❛ ❝❛❞❛ ❢❛s❡✱ ❡st✐♠❛✲s❡ ♦s ♣❛râ♠❡tr♦s ❞❡ ❛♠♣❧✐t✉❞❡ ❡ ❢r❡q✉ê♥❝✐❛ ❛tr❛✈és ❞❛

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

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

✹✳✸✳✸ ❉❡❢❡✐t♦s ❋❛s❡✲❋❛s❡✲❚❡rr❛

P❛r❛ ❡st❡ t✐♣♦ ❞❡ ❞❡❢❡✐t♦✱ ❡♥q✉❛♥t♦ ♦ ♠❡s♠♦ ♣❡rs✐st✐r ♥❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ❛ ❢r❡q✉ê♥❝✐❛

❞❡ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❢❛s❡ sã é ❞❡t❡r♠✐♥❛❞❛ ♣♦r ✭✷✳✷✷✮✱ q✉❡ é r❡♣❡t✐❞❛ ❛❜❛✐①♦ ♣♦r

❝♦♥✈❡♥✐ê♥❝✐❛✳

1

2π

√

L1 + 2L0

L1L0(C0 + 2C1)
Hz. ✭✹✳✶✼✮

❆♣ós ♦ ✜♠ ❞♦ ❞❡❢❡✐t♦✱ ✉♠❛ ♥♦✈❛ ❝♦♠♣♦s✐çã♦ ❞❡ ❢r❡q✉ê♥❝✐❛s é ♦❜s❡r✈❛❞❛ ♥❛ ❝❛r❣❛ r❡s✐❞✉❛❧✱

❛s q✉❛✐s sã♦ ❞❡t❡r♠✐♥❛❞❛s ♣♦r ✭✷✳✶✮ ❡ ✭✷✳✷✮✱ q✉❡ sã♦ r❡♣❡t✐❞❛s ❛ s❡❣✉✐r✿

f1 =
1

2π
√

L1C1

✭✹✳✶✽✮

❡

f0 =
1

2π
√

L0C0

. ✭✹✳✶✾✮
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❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♣r❡✈❡r ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛✱ ❛ ❛♥á❧✐s❡ ❞❛

❝❛r❣❛ r❡s✐❞✉❛❧ s♦♠❡♥t❡ ❞❡✈❡ s❡r ✐♥✐❝✐❛❞❛ ❛♣ós ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦✳ P♦ré♠✱ ❛♥t❡s ❞❡ s❡ ❡①t✐♥❣✉✐r

❝♦♠♣❧❡t❛♠❡♥t❡✱ ♦ ❞❡❢❡✐t♦ ♣♦❞❡ ♣❛ss❛r ❛ ❡♥✈♦❧✈❡r ❛♣❡♥❛s ✉♠❛ ❢❛s❡ ❡ ❛ t❡rr❛✳ ◆❡st❛ s✐t✉❛çã♦✱ ❛

❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣♦❞❡ s❡r ✐♥✐❝✐❛❞❛ ❝♦♥❢♦r♠❡ ❛ ❙❡çã♦ ✹✳✸✳✷✳

✹✳✸✳✹ ❉❡❢❡✐t♦s ❋❛s❡✲❋❛s❡ ❡ ❚r✐❢ás✐❝♦s

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❛♥á❧✐s❡ ♣❛r❛ ❞❡❢❡✐t♦s ❢❛s❡✲❢❛s❡ r❡❛❧✐③❛❞❛ ♥❛ ❙❡çã♦ ✷✳✷✳✹✱ t❡♠✲s❡ q✉❡ ❛s

❢r❡q✉ê♥❝✐❛s ❞❡ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ sã♦ ❛s ♠❡s♠❛s ❞✉r❛♥t❡ ❡ ❛♣ós ♦ ❞❡❢❡✐t♦✱ s❡♥❞♦ ❞❡✲

t❡r♠✐♥❛❞❛s ♣♦r ✭✹✳✶✽✮ ❡ ✭✹✳✶✾✮✳ P♦r ❝♦♥s❡❣✉✐♥t❡✱ ♣♦❞❡✲s❡ ✐♥✐❝✐❛r ❛ ❛♥á❧✐s❡ ♥♦ ♠♦♠❡♥t♦ ❞❡

❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✱ ❛ q✉❛❧ é r❡❛❧✐③❛❞❛ ❞❛ ♠❡s♠❛ ❢♦r♠❛ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❙❡çã♦ ✹✳✸✳✶✳ ❏á ❝♦♠

r❡❧❛çã♦ ❛♦s ❞❡❢❡✐t♦s tr✐❢ás✐❝♦s✱ ♥❡♥❤✉♠❛ ❛♥á❧✐s❡ r❡❢❡r❡♥t❡ ❛♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧

s❡ ❢❛③ ♥❡❝❡ssár✐❛✱ ♣♦✐s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❡①♣♦st♦ ♥❛ ❙❡çã♦ ✷✳✷✳✺✱ ♥❡♥❤✉♠❛ ❝❛r❣❛ r❡s✐❞✉❛❧ é ❡s✲

♣❡r❛❞❛ ♥❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳ ◆❡st❡ ❝❛s♦✱ ❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ ♣❛ss❛ ❛ t❡r ❛s ♠❡s♠❛s

❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ ❡♥❡r❣✐③❛çã♦✳

❆♣❡s❛r ❞❡ s❡r❡♠ ❝♦♥t❡♠♣❧❛❞❛s ♥❡st❡ tr❛❜❛❧❤♦ s✐t✉❛çõ❡s ❞❡ r❡❧✐❣❛♠❡♥t♦ ❛♣ós ❛ ♦❝♦rrê♥❝✐❛

❞❡ ❞❡❢❡✐t♦s q✉❡ ❡♥✈♦❧✈❡♠ ♠❛✐s ❞❡ ✉♠❛ ❢❛s❡ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ r❡ss❛❧t❛✲s❡ q✉❡ ♥♦ ❙■◆ ❡st❛

♠❛♥♦❜r❛ ♣♦❞❡ s❡r ❜❧♦q✉❡❛❞❛ ✭❆◗❯■◆❖ ❡t ❛❧✳✱ ✷✵✶✵✮✳

✹✳✹ ■❉❊◆❚■❋■❈❆➬➹❖ ❉❆ ❊❳❚■◆➬➹❖ ❉❖ ❉❊❋❊■❚❖

❚♦❞❛ ❛ ❛♥á❧✐s❡ ❛♣r❡s❡♥t❛❞❛ ♥❛ s❡çã♦ ❛♥t❡r✐♦r✱ ❜❛s❡✐❛✲s❡ ♥❛ ❝❛✉s❛ ❞❡ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛

❞❡ tr❛♥s♠✐ssã♦✳ ❈❛s♦ ❡st❛ ❝❛✉s❛ s❡❥❛ ✉♠ ❞❡❢❡✐t♦ ♥❛ ❧✐♥❤❛✱ é ♥❡❝❡ssár✐♦ ✈❡r✐✜❝❛r s❡ ♦ ♠❡s♠♦

❢♦✐ ❡①t✐♥t♦ ❞✉r❛♥t❡ ♦ t❡♠♣♦ ♠♦rt♦✳ ❙❡ ❡st❛ ❝♦♥❞✐çã♦ ♥ã♦ ❢♦r ✈❡r✐✜❝❛❞❛✱ ❞❡✈❡✲s❡ ❜❧♦q✉❡❛r ♦

r❡❧✐❣❛♠❡♥t♦ ❡ ❛ss✐♠✱ ❣❛r❛♥t✐r q✉❡ ❡st❛ ♠❛♥♦❜r❛ ♥ã♦ ♦❝♦rr❛ s♦❜ ❞❡❢❡✐t♦✳

❆té ♦ ♣r❡s❡♥t❡ ♠♦♠❡♥t♦ ❞❛ ♣❡sq✉✐s❛✱ é ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ❛♣❡♥❛s ❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲

t❡rr❛ ❡ ❢❛s❡✲❢❛s❡✲t❡rr❛✳ ❆ ❞✐✜❝✉❧❞❛❞❡ ❡♥❝♦♥tr❛❞❛ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲❢❛s❡

❡ tr✐❢ás✐❝♦s ♣r♦✈é♠ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ❝❛r❣❛s r❡s✐❞✉❛✐s ♥❛s ❧✐♥❤❛s ♣❛r❛ ❡st❛s s✐t✉❛çõ❡s✱ ❛s

q✉❛✐s ❢♦r❛♠ ❞✐s❝✉t✐❞❛s ♥❛s ❙❡çõ❡s ✷✳✷✳✹ ❡ ✷✳✷✳✺✳ ❆ s❡❣✉✐r✱ ❛♣r❡s❡♥t❛✲s❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♣❛r❛

✐❞❡♥t✐✜❝❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❛♣ós ❛ s✉❛ ❛❜❡rt✉r❛✳
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✹✳✹✳✶ ❊①t✐♥çã♦ ❞❡ ❉❡❢❡✐t♦s ❋❛s❡✲❚❡rr❛

❊♥q✉❛♥t♦ ♦ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ♣❡rs✐st✐r ♥❛ ❧✐♥❤❛✱ ❛ ❋✐❣✉r❛ ✷✳✼ é ❝♦♥s✐❞❡r❛❞❛ ♣❛r❛ ❛♥á❧✐s❡ ❞❛

❝❛r❣❛ r❡s✐❞✉❛❧✳ ❉❡st❛ ✜❣✉r❛✿

v0 + v1 + v2 = 0 . ✭✹✳✷✵✮

❆ ♣❛rt✐r ❞❡ ✭✷✳✶✸✮✱ q✉❡ é r❡♣❡t✐❞❛ ❛❜❛✐①♦ ♣♦r ❝♦♥✈❡♥✐ê♥❝✐❛✱

v0(t) = v0(0) cos

(
√

2L1 + L0

L1L0(C1 + 2C0)
t

)

, ✭✹✳✷✶✮

❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ✭✹✳✶✸✮ ❡ ✭✹✳✶✹✮✱ t❡♠✲s❡✿

v1 + v2 = −v0 = −v0(0) cos

(
√

2L1 + L0

L1L0(C1 + 2C0)
t

)

. ✭✹✳✷✷✮

❈♦♥❝❧✉✐✲s❡ q✉❡ ❞✉r❛♥t❡ ♦ ❞❡❢❡✐t♦✱ ♦s s✐♥❛✐s (−v0) ❡ (v1 +v2) sã♦ ✐❣✉❛✐s ❡ ♣♦ss✉❡♠ ✉♠❛ ❢♦r♠❛

s❡♥♦✐❞❛❧ ❝✉❥❛ ❢r❡q✉ê♥❝✐❛ é ❞❡t❡r♠✐♥❛❞❛ ♣❡❧♦ ❛r❣✉♠❡♥t♦ ❞❛ ❢✉♥çã♦ ❝♦ss❡♥♦ ❡♠ ✭✹✳✷✷✮✳ ❆♣ós ❛

❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦✱ v0 ♦s❝✐❧❛ ❝♦♠ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡t❡r♠✐♥❛❞❛ ♣♦r ✭✹✳✶✾✮✱ ❡♥q✉❛♥t♦ ✭v1 + v2✮

♦s❝✐❧❛ ❝♦♠ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡t❡r♠✐♥❛❞❛ ♣♦r ✭✹✳✶✽✮✳ ❆ ♣❛rt✐r ❞❡st❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ♣r♦♣õ❡✲s❡

✉♠ ♥♦✈♦ ♠ét♦❞♦ ♣❛r❛ s❡ ❞❡t❡r♠✐♥❛r ❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛ ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱

❝♦♠ ❜❛s❡ ♥❛s s❡❣✉✐♥t❡s ♣r♦♣♦s✐çõ❡s✿

• ❆♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✱ ❡♥q✉❛♥t♦ v1 + v2 = −v0✱ ❛✜r♠❛✲s❡ q✉❡ ♦ ❞❡❢❡✐t♦ ❛✐♥❞❛ ♣❡rs✐st❡✳

• ◆♦ ✐♥st❛♥t❡ ❡♠ q✉❡ s❡ ✈❡r✐✜❝❛ ❛ ❞❡s✐❣✉❛❧❞❛❞❡ v1 + v2 6= −v0✱ ❛✜r♠❛✲s❡ q✉❡ ♦ ❞❡❢❡✐t♦ ❢♦✐

❡①t✐♥t♦✳

❊st❛s ♣r♦♣♦s✐çõ❡s sã♦ ✈á❧✐❞❛s ❛♣❡♥❛s ♣❛r❛ ❛ s✐t✉❛çã♦ ✐❞❡❛❧ ❡♠ q✉❡ ❛ ✐♠♣❡❞â♥❝✐❛ ❞❡ ❞❡❢❡✐t♦

❡ ❛ r❡❛tâ♥❝✐❛ sér✐❡ ❞❛ ❧✐♥❤❛ sã♦ ❞❡s♣r❡③❛❞❛s✱ ♦ q✉❡ t♦r♥❛ ✭✹✳✷✵✮ ✈á❧✐❞❛ ♣❛r❛ q✉❛❧q✉❡r ♣♦♥t♦

❞❛ ❧✐♥❤❛✳ ◆❛ ♣rát✐❝❛✱ ❛ s♦♠❛ ❞❛s t❡♥sõ❡s ♠♦❞❛✐s ✭v0 + v1 + v2✮ é ❞✐r❡t❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ à

✐♠♣❡❞â♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ✭●Ö◆❊◆✱ ✷✵✵✾✮✱ ❡ ❛ s✐♠♣❧❡s ❛♣❧✐❝❛çã♦ ❞❡st❛s ♣r♦♣♦s✐çõ❡s é é s✉✜❝✐❡♥t❡

♣❛r❛ s❡ ❞❡t❡r♠✐♥❛r ❛ s✉❛ ❡①t✐♥çã♦✳
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❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ s✉♣❡r❛r ❡st❛ ❞✐✜❝✉❧❞❛❞❡✱ ❛♦ ✐♥✈és ❞❡ ✈❡r✐✜❝❛r ❛ ✐❣✉❛❧❞❛❞❡ v1 + v2 = −v0

♣♦♥t♦ ❛ ♣♦♥t♦✱ ✈❡r✐✜❝❛✲s❡ s❡ ♦s s✐♥❛✐s (v1+v2) ❡ (−v0) sã♦ ♣ró①✐♠♦s ✉♠ ❞♦ ♦✉tr♦ ❞✉r❛♥t❡ ✉♠ ❞❡✲

t❡r♠✐♥❛❞♦ ✐♥t❡r✈❛❧♦✳ P❛r❛ ✐st♦✱ ✉s❛✲s❡ té❝♥✐❝❛s ❡♠♣r❡❣❛❞❛s ♥❛ ❛✈❛❧✐❛çã♦ ❞❛ q✉❛❧✐❞❛❞❡ ❞♦ ❛❥✉st❡

❞❡ ❝✉r✈❛s✱ q✉❛♥❞♦ t❡♥t❛✲s❡ ❛❥✉st❛r ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❢✉♥çã♦ ❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣♦♥t♦s✳ ❯♠

♣❛râ♠❡tr♦ ❡st❛tíst✐❝♦ ❛♣r♦♣r✐❛❞♦ ♣❛r❛ ❡st❡ ✜♠ é ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞❡t❡r♠✐♥❛çã♦ R2 ✭❙P■❊●❊▲

❡t ❛❧✳✱ ✷✵✵✶✮✳ ❊st❡ ❝♦❡✜❝✐❡♥t❡ ❛❞✐♠❡♥s✐♦♥❛❧ q✉❛♥t✐✜❝❛ ❛ q✉❛❧✐❞❛❞❡ ❞♦ ❛❥✉st❡ ❡♥tr❡ ③❡r♦ ❡ ✉♠✱

❡♠ q✉❡ ✈❛❧♦r❡s ♠❛✐s ♣ró①✐♠♦s ❞❡ ✉♠ ✐♥❞✐❝❛♠ ✉♠ ♠❡❧❤♦r ❛❥✉st❡✱ ❡ é ❞❡✜♥✐❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛

✭❚❍❊ ▼❆❚❍❲❖❘❑❙✱ ■◆❈✳✱ ✷✵✵✼✮✿

R2 = 1 − SSE

SST
, ✭✹✳✷✸✮

❡♠ q✉❡ SSE é ❛ s♦♠❛ q✉❛❞rát✐❝❛ ❞❛s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ♦s s✐♥❛✐s (v1 + v2) ❡ (−v0)✱ t♦♠❛❞❛s

♣♦♥t♦ ❛ ♣♦♥t♦ ❡♠ ✉♠ ✐♥t❡r✈❛❧♦ ❝♦♠ N ❛♠♦str❛s ❞❡ ❝❛❞❛ s✐♥❛❧✿

SSE =
N
∑

k=1

{[v1(k) + v2(k)] − [−v0(k)]}2 ✭✹✳✷✹✮

❡ SST é ❛ s♦♠❛ q✉❛❞rát✐❝❛ ❞❛s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ❛s ❛♠♦str❛s ❞❡ (−v0) ❡ ♦ ✈❛❧♦r ♠é❞✐♦ ❞❡st❡

s✐♥❛❧ ✭v0✮ ♥♦ ✐♥t❡r✈❛❧♦ ❝♦♠ N ❛♠♦str❛s✿

SST =
N
∑

k=1

{[−v0(k)] − v0}2. ✭✹✳✷✺✮

❈❛s♦ SST s❡❥❛ ♠❡♥♦r q✉❡ SSE✱ é ♣♦ssí✈❡❧ ♦❜t❡r ✉♠ ✈❛❧♦r ♥❡❣❛t✐✈♦ ♣❛r❛ R2✳ ■st♦ ✐♥❞✐❝❛

✉♠❛ ❝♦♠♣❧❡t❛ ❞✐s❝r❡♣â♥❝✐❛ ❡♥tr❡ ♦s s✐♥❛✐s (v1 + v2) ❡ (−v0)✳ ❆♣❡♥❛s ♣❛r❛ ❡❢❡✐t♦ ❞❡ ✈✐s✉❛❧✐③❛çã♦

❞♦s r❡s✉❧t❛❞♦s ❡ s❡♠ ♣r❡❥✉í③♦ ❞❡ q✉❛❧q✉❡r ♥❛t✉r❡③❛✱ ❝❛s♦ R2 < 0✱ ❝♦♥s✐❞❡r❛✲s❡ ♥❡st❡ tr❛❜❛❧❤♦

q✉❡ R2 = 0✳

❈♦♥s✐❞❡r❛♥❞♦ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ ✶✻✱✻✼ ♠s ✭❝♦rr❡s♣♦♥❞❡♥t❡ ❛ ✉♠ ❝✐❝❧♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥✲

t❛❧✮ ❡ ✉♠❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✶✻ ❛♠♦str❛s ♣♦r ❝✐❝❧♦✱ t❡♠✲s❡ q✉❡ ♦ ✈❛❧♦r ❞❡ R2 é ❝❛❧❝✉❧❛❞♦

♣❛r❛ N = 16✳ ❆ ❝❛❞❛ ♥♦✈❛ ❛♠♦str❛ ♦❜t✐❞❛✱ ✉♠ ♥♦✈♦ ✈❛❧♦r ♣❛r❛ R2 é ❝❛❧❝✉❧❛❞♦ ❝♦♠ ❜❛s❡ ♥❛s

ú❧t✐♠❛s ✶✻ ❛♠♦str❛s✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✱ ♦ ✈❛❧♦r ❞❡

R2 ❞❡✈❡ s❡r ♣ró①✐♠♦ ❞❡ ✉♠✱ ✉♠❛ ✈❡③ q✉❡ ♦s s✐♥❛✐s (v1 + v2) ❡ (−v0) ❞❡✈❡♠ ❡st❛r ♣ró①✐♠♦s ✉♠

❞♦ ♦✉tr♦✳ ◗✉❛♥❞♦ ♦ ❞❡❢❡✐t♦ é ❡①t✐♥t♦✱ t❡♠✲s❡ q✉❡ ❡st❡s s✐♥❛✐s ♣❛ss❛♠ ❛ s❡r ❞✐st✐♥t♦s ❡ ❞❡✈❡✲s❡

♦❜t❡r ✉♠ ✈❛❧♦r ♥✉❧♦ ♣❛r❛ R2✳
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❈♦♠ ❜❛s❡ ♥♦ ✈❛❧♦r ❞❡ R2✱ é ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r ❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✱ ❝♦♥❢♦r♠❡

✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✸✭❝✮✳ ◆❡st❡ ❡①❡♠♣❧♦✱ ♦ q✉❛❧ é ♦ ♠❡s♠♦ ❛❜♦r❞❛❞♦ ♥❛ ❙❡çã♦ ✷✳✷✳✷✱ ✈❡r✐✜❝❛✲

s❡ q✉❡ ❛♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ❡♠ t = ✷✵✵ ♠s✱ R2 ❛t✐♥❣❡ ♦ ♣❛t❛♠❛r ❝♦♠ ✈❛❧♦r ✉♥✐tár✐♦ ❛♣ós

❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✉♠ ❝✐❝❧♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✳ ❆♣ós ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❡♠ t = ✻✵✵

♠s✱ R2 s❛✐ ❞♦ ♣❛t❛♠❛r ✉♥✐tár✐♦ ❡ ♣❛ss❛ ♣❛r❛ ✉♠ ✈❛❧♦r ♥✉❧♦✳ ◆❡st❡ ✐♥st❛♥t❡✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ♦

❞❡❢❡✐t♦ ❢♦✐ ❡①t✐♥t♦ ♥❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

❆ ✐♥❞✐❝❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ♦❝♦rr❡✉ ❝♦♠ ❝❡r❝❛ ❞❡ ✶✻✱✻✼ ♠s ❞❡ ❛tr❛s♦✳ ❈♦♥s✐❞❡r❛♥❞♦

✉♠ t❡♠♣♦ ♠♦rt♦ tí♣✐❝♦ ❞❡ ✺✵✵ ♠s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦✱ ❡st❡ ❛tr❛s♦ r❡♣r❡s❡♥t❛ ♠❡♥♦s ❞❡ ✹✪

❞❡st❡ t❡♠♣♦ ♠♦rt♦✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ♥ã♦ ❛❝❛rr❡t❛ ❣r❛♥❞❡s ♣r♦❜❧❡♠❛s ♣❛r❛ ❛ ♠❛♥♦❜r❛ ❞❡

r❡❧✐❣❛♠❡♥t♦✳ ◆❛ ❋✐❣✉r❛ ✹✳✸✭❜✮✱ ♦❜s❡r✈❛✲s❡ ♦s s✐♥❛✐s (v1 + v2) ❡ (−v0)✱ ♦s q✉❛✐s sã♦ s❡♠❡❧❤❛♥t❡s

❛♣❡♥❛s ♥♦ ♣❡rí♦❞♦ ❡♠ q✉❡ ♦ ❞❡❢❡✐t♦ ♣❡rs✐st❡ ♥❛ ❧✐♥❤❛✳

✹✳✹✳✷ ❊①t✐♥çã♦ ❞❡ ❉❡❢❡✐t♦s ❋❛s❡✲❋❛s❡✲❚❡rr❛

❆ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❡♥✈♦❧✈❡♥❞♦ ❞✉❛s ❢❛s❡s ❡ ❛ t❡rr❛ é ❞❡t❡r♠✐♥❛❞❛ ❞❡ ❢♦r♠❛ s❡♠❡❧❤❛♥t❡

❛♦ ❝❛s♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✳ ◆❡st❛ s✐t✉❛çã♦✱ ❛♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ❡ ❡♥q✉❛♥t♦ ♦ ❞❡❢❡✐t♦

♣❡rs✐st✐r✱ t❡♠✲s❡ ❛ ✐❣✉❛❧❞❛❞❡ ❡st❛❜❡❧❡❝✐❞❛ ❡♠ ✭✷✳✶✾✮ ❡ r❡♣❡t✐❞❛ ❛❜❛✐①♦✳

v0 = v1 = v2. ✭✹✳✷✻✮

❆ ✐❞❡♥t✐✜❝❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲❢❛s❡✲t❡rr❛ ♣♦❞❡r✐❛ s❡r r❡❛❧✐③❛❞❛ ❝♦♠♣❛r❛♥❞♦✲s❡ ❛s

t❡♥sõ❡s ♠♦❞❛✐s v0✱ v1 ❡ v2✳ ◆♦ ❡♥t❛♥t♦✱ ❛♥t❡s ❞❡ s✉❛ ❝♦♠♣❧❡t❛ ❡①t✐♥çã♦✱ ❡st❡ ❞❡❢❡✐t♦ ♣♦❞❡ ♣❛ss❛r

❛ ❡♥✈♦❧✈❡r ❛♣❡♥❛s ✉♠❛ ❞❛s ❢❛s❡s ❡ ❛ t❡rr❛✳ ❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ✉♥✐❢♦r♠✐③❛r ♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱

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

♦❝♦rr❡ss❡ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❡st❛s ❢❛s❡s✳

P❛r❛ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦✱ ❝♦♥s✐❞❡r❛✲s❡ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✲t❡rr❛ ❡♥✈♦❧✈❡♥❞♦ ❛s ❢❛s❡s ❆ ❡

❇ ✭❞❡❢❡✐t♦ ❆❇❚✮✳ ◆❡st❛ ❝♦♥❞✐çã♦✱ t❡♠✲s❡ q✉❡ va = vb = 0✳ ■♥✐❝✐❛❧♠❡♥t❡✱ r❡❛❧✐③❛♥❞♦ ❛ ❛♥á❧✐s❡

❛♣❡♥❛s ♣❛r❛ ❛ ❢❛s❡ ❆✱ ❛ ♣❛rt✐r ❞❡ ✭✹✳✼✮✱ ✭✹✳✽✮ ❡ ✭✹✳✾✮ t❡♠✲s❡✿
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❞❡❢❡✐t♦❀ ✭❜✮ ❚❡♥sõ❡s ♠♦❞❛✐s ✭−v0✮ ❡ ✭v1 + v2✮❀ ✭❝✮ ❱❛❧♦r ❝❛❧❝✉❧❛❞♦ ♣❛r❛ R2✳
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v0 =
1

3
(vc) , ✭✹✳✷✼✮

v1 = 0 ✭✹✳✷✽✮

❡

v2 =
1

3
(−vc) . ✭✹✳✷✾✮

❉❛í✱

v1 + v2 = −v0 =
1

3
(−vc). ✭✹✳✸✵✮

❖❜s❡r✈❛✲s❡ q✉❡ ❛ ❝♦♥❞✐çã♦ ❡st❛❜❡❧❡❝✐❞❛ ♣❛r❛ q✉❡ ❤❛❥❛ ✉♠ ❞❡❢❡✐t♦ ❆❇❚ é ❛ ♠❡s♠❛ ♣❛r❛

✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ❡♥✈♦❧✈❡♥❞♦ ❛ ❢❛s❡ ❆ ✭❞❡❢❡✐t♦ ❆❚✮✳ ❊♠ s❡❣✉✐❞❛✱ ❝❛s♦ ❡st❛ ❢❛s❡ ♣❛ss❡ ❛ s❡r

❛ ú♥✐❝❛ ❡♥✈♦❧✈✐❞❛✱ t❡♠✲s❡ ❞❡ ❢❛t♦ ♦ ❞❡❢❡✐t♦ ❆❚ ❡ ❛ ✐❣✉❛❧❞❛❞❡ v1 + v2 = −v0 ❝♦♥t✐♥✉❛ ✈á❧✐❞❛✱

♣♦ré♠ ♣❛ss❛ ❛ s❡r ❞❡✜♥✐❞❛ ❝♦♥❢♦r♠❡ ✭✹✳✷✷✮✳ ❯♠❛ ❛♥á❧✐s❡ s✐♠✐❧❛r ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ♣❛r❛ ❛

❢❛s❡ ❇✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ♦ ♠ét♦❞♦ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲❢❛s❡✲t❡rr❛

r❡s✉♠❡✲s❡ ❛♦ ♠❡s♠♦ ♠ét♦❞♦ ❡♠♣r❡❣❛❞♦ ♣❛r❛ ❛♥á❧✐s❡ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✱ ♣♦ré♠ ❛s ❞✉❛s ❢❛s❡s

❡♥✈♦❧✈✐❞❛s ❞❡✈❡♠ s❡r ❛♥❛❧✐s❛❞❛s✳

◆❛ ❋✐❣✉r❛ ✹✳✹ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ❡①❡♠♣❧♦ ❞❡ ❞❡❢❡✐t♦ ❆❇❚✱ ♦ q✉❛❧ ♦❝♦rr❡ ❡♠ t = ✶✵✵ ♠s✳ ❊♠

t = ✷✵✵ ♠s ❛ ❧✐♥❤❛ é ❛❜❡rt❛ ❡ ❡♠ t = ✹✵✵ ♠s✱ ❛ ❢❛s❡ ❇ ❞❡✐①❛ ❞❡ s❡r ❡♥✈♦❧✈✐❞❛ ♥♦ ❞❡❢❡✐t♦✱ ♦ q✉❛❧ é

❝♦♠♣❧❡t❛♠❡♥t❡ ❡①t✐♥t♦ ❡♠ t = ✻✵✵ ♠s✳ ❆s ❋✐❣✉r❛s ✹✳✺ ❡ ✹✳✻ ✐❧✉str❛♠ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡

❞❡ ❞❡t❡r♠✐♥❛çã♦ R2 ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛ ❡①t✐♥çã♦ ❞❡st❡ ❞❡❢❡✐t♦✳ ◆❛s ❋✐❣✉r❛s ✹✳✺✭❜✮ ❡ ✹✳✻✭❜✮✱

❛♣r❡s❡♥t❛♠✲s❡ ♦s s✐♥❛✐s ✭v1 + v2✮ ❡ ✭−v0✮✱ ♦s q✉❛✐s sã♦ ♦❜t✐❞♦s ❝♦♥s✐❞❡r❛♥❞♦ ♦ ❡q✉❛❝✐♦♥❛♠❡♥t♦

♣❛r❛ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛ ❡♥✈♦❧✈❡♥❞♦ ❛s ❢❛s❡s ❇ ❡ ❆✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ ❋✐❣✉r❛ ✹✳✺✭❝✮ ✐♥❞✐❝❛ ♦

♠♦♠❡♥t♦ ❡♠ q✉❡ ❛ ❢❛s❡ ❇ ❞❡✐①❛ ❞❡ s❡r ❡♥✈♦❧✈✐❞❛ ✭❡♠ t♦r♥♦ ❞❡ ✹✵✵ ♠s✮✳ ❆ ♣❛rt✐r ❞❛í✱ t❡♠✲s❡

♥❛ ❧✐♥❤❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ❡♥✈♦❧✈❡♥❞♦ ❛♣❡♥❛s ❛ ❢❛s❡ ❆✳ ❆ ❡①t✐♥çã♦ ❝♦♠♣❧❡t❛ ❞♦ ❞❡❢❡✐t♦ é

✐♥❞✐❝❛❞❛ ♥❛ ❋✐❣✉r❛ ✹✳✻✭❝✮✳
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❞❡❢❡✐t♦ ❆❇❚✿ ✭❛✮ ❚❡♥sã♦ ♥❛ ❢❛s❡ ❆❀ ✭❜✮ ❚❡♥sã♦ ♥❛ ❢❛s❡ ❇❀ ✭❝✮ ❚❡♥sã♦ ♥❛ ❢❛s❡ ❈✳
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❇❀ ✭❜✮ ❚❡♥sõ❡s ♠♦❞❛✐s ✭−v0✮ ❡ ✭v1 + v2✮✱ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ❡♥✈♦❧✈❡♥❞♦ ❛ ❢❛s❡ ❇❀ ✭❝✮
❱❛❧♦r ❝❛❧❝✉❧❛❞♦ ♣❛r❛ R2✳
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❆❀ ✭❜✮ ❚❡♥sõ❡s ♠♦❞❛✐s ✭−v0✮ ❡ ✭v1 + v2✮✱ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ❡♥✈♦❧✈❡♥❞♦ ❛ ❢❛s❡ ❆❀ ✭❝✮
❱❛❧♦r ❝❛❧❝✉❧❛❞♦ ♣❛r❛ R2✳
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✹✳✺ ❊❳❚❘❆P❖▲❆➬➹❖ ❉❖❙ ❙■◆❆■❙

❆♣ós ❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡✱ ❝❛s♦ ♥❡❝❡ssár✐♦✱ ✉♠❛ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛çã♦ ❞❛ ❡①t✐♥çã♦

❞♦ ❞❡❢❡✐t♦ ♥❛ ❧✐♥❤❛✱ ♦ ❙❈❈ ❡st✐♠❛ ♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ❡♠ ✐♥st❛♥t❡s ❢✉t✉r♦s ❜❛s❡❛♥❞♦✲s❡

♥❛ ❡①tr❛♣♦❧❛çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ❝♦♥t✐❞❛s ♥♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡♠ ❝❛❞❛ ❢❛s❡

❞❛ ❧✐♥❤❛✳ ❯♠❛ ✈❡③ q✉❡ ❡st❛s ❝♦♠♣♦♥❡♥t❡s ♣♦ss✉❡♠ ❝❛r❛❝t❡ríst✐❝❛s ❞✐st✐♥t❛s ❞✉r❛♥t❡ ❡ ❛♣ós ♦

❞❡❢❡✐t♦✱ ♦ ♣r♦❝❡ss♦ ❞❡ ❡①tr❛♣♦❧❛çã♦ é ✐♥✐❝✐❛❞♦ ❛♣❡♥❛s q✉❛♥❞♦ ❡st❡ é ❡①t✐♥t♦✳ ❆♣ós ❡st❡ ✐♥st❛♥t❡✱

♦ ♠ét♦❞♦ ❛❣✉❛r❞❛ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ três ♣❛ss❛❣❡♥s ♣♦r ③❡r♦ ❞❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛✱

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

◆❛ ❋✐❣✉r❛ ✹✳✼✱ ❛ q✉❛❧ é ♠❡r❛♠❡♥t❡ ✐❧✉str❛t✐✈❛✱ ❛♣r❡s❡♥t❛✲s❡ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❛❞♦t❛❞♦ ♣❛r❛

❡①tr❛♣♦❧❛r ❡st❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛✳ P❛r❛ t❛♥t♦✱ ❝♦♥s✐❞❡r❛✲s❡ ❛♣❡♥❛s ❛ ❝♦♠♣♦♥❡♥t❡

r❡❢❡r❡♥t❡ ❛♦ ♠♦❞♦ ✶ ✭vmod1✮ ❡ q✉❡ ♦ ❞❡❢❡✐t♦ ❢♦✐ ❡①t✐♥t♦ ♥♦ ✐♥st❛♥t❡ tinicial✳ tzero1✱ tzero2 ❡ tzero3

sã♦ ♦s três ✐♥st❛♥t❡s ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♣ós tinicial✳

❋✐❣✉r❛ ✹✳✼✳ ❊①tr❛♣♦❧❛çã♦ ❞♦s s✐♥❛✐s s❡♥♦✐❞❛✐s ❡♠ ✐♥st❛♥t❡s ❢✉t✉r♦s✳

❚♦♠❛♥❞♦ tzero3 ❝♦♠♦ r❡❢❡rê♥❝✐❛ ✭ú❧t✐♠♦ ✐♥st❛♥t❡ ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦✮ ❡ ❝♦♥s✐❞❡r❛♥❞♦

Toperacao✱ ❡①tr❛♣♦❧❛✲s❡ vmod1 ♣♦r ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ ✶✵✵ ♠s ❛ ♣❛rt✐r ❞❡ textrapolado✱ ❞❡ ❛❝♦r❞♦ ❝♦♠

✭✹✳✸✶✮✳

vmod1(t) = A · s❡♥ [2πf1 · (t + Toperacao)] , ✭✹✳✸✶✮

❡♠ q✉❡ A é ❛ ❛♠♣❧✐t✉❞❡ ❞♦ s✐♥❛❧ ❡ ❛ s✉❛ ❢r❡q✉ê♥❝✐❛ é ❞❛❞❛ ♣❡❧❛ s❡❣✉✐♥t❡ ♠é❞✐❛ ❛r✐t♠ét✐❝❛✿

f1 =
1

2

(

1

2T1

+
1

2T2

)

. ✭✹✳✸✷✮
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❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♦❜t❡r ♠❛✐♦r ♣r❡❝✐sã♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡①tr❛♣♦❧❛çã♦ ❞♦s s✐♥❛✐s✱ ♦s ✈❛❧♦r❡s ❞❡

❛♠♣❧✐t✉❞❡ ❡ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ sã♦ ❛t✉❛❧✐③❛❞♦s ❛ ❝❛❞❛ ♥♦✈❛ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞❛

s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

• ❆♠♣❧✐t✉❞❡✿ ♠á①✐♠♦ ✈❛❧♦r ❛❜s♦❧✉t♦ ❡♥tr❡ ❛s ❞✉❛s ú❧t✐♠❛s ♣❛ss❛❣❡♥s ♣♦r ③❡r♦✳

• ❋r❡q✉ê♥❝✐❛✿ ♠é❞✐❛ ❛r✐t♠ét✐❝❛ ❞♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ❛ ❝❛❞❛ ❞✉❛s ♣❛ss❛❣❡♥s ♣♦r ③❡r♦✳

❈♦♠ ❜❛s❡ ♥❡st❡ ♣r♦❝❡❞✐♠❡♥t♦✱ ♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ sã♦ ❡st✐♠❛❞♦s ❡♠ ✐♥st❛♥t❡s ❢✉t✉r♦s✱

♣♦r ✉♠ ♣❡rí♦❞♦ ❞❡ ✶✵✵ ♠s ❛♣ós ♦ t❡♠♣♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✳ ❉❡✈✐❞♦ às ❝♦♥st❛♥t❡s ❞❡

t❡♠♣♦ ❡♥✈♦❧✈✐❞❛s ♥♦ ❛♠♦rt❡❝✐♠❡♥t♦✱ ❡st❡ ♣❡rí♦❞♦ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❣❛r❛♥t✐r ✉♠ ♣r♦❝❡ss♦ ❞❡

❡①tr❛♣♦❧❛çã♦ ❝♦♥✜á✈❡❧✱ ❛❧é♠ ❞❡ ♣♦ss✐❜✐❧✐t❛r ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦

r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛✱ ❝♦♠ ❛ ❛♥t❡❝❡❞ê♥❝✐❛ ♥❡❝❡ssár✐❛ ♣❛r❛ ❡♥✈✐❛r ✉♠ ❝♦♠❛♥❞♦ ❝♦♥tr♦❧❛❞♦ ♣❛r❛

♦ r❡❧✐❣❛♠❡♥t♦✳ ❖ ♣r♦❝❡ss♦ ❞❡ ❡st✐♠❛çã♦ ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ é r❡❛❧✐③❛❞♦ ❛té q✉❡ s❡❥❛♠

❞❡t❡r♠✐♥❛❞♦s ♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡st❛ ♠❛♥♦❜r❛✳ ❆ s❡❣✉✐r✱ ❞❡s❝r❡✈❡✲s❡

♦ ♠ét♦❞♦ ❡♠♣r❡❣❛❞♦ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❡st❡s ✐♥st❛♥t❡s✳

✹✳✻ ❈➪▲❈❯▲❖ ❉❖❙ ■◆❙❚❆◆❚❊❙ ❆P❘❖P❘■❆❉❖❙ P❆❘❆ ❖ ❘❊▲■●❆▼❊◆❚❖

❈♦♠ ❛ ❡st✐♠❛çã♦ ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ❡♠ ✐♥st❛♥t❡s ❢✉t✉r♦s✱ ❞❡t❡r♠✐♥❛✲s❡ ♦s ♣♦ssí✈❡✐s

✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ ❢❡❝❤❛♠❡♥t♦ ❞❡ ❝❛❞❛ ♣ó❧♦ ❞♦ ❞✐s❥✉♥t♦r ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝♦♥❞✐çã♦

❞❡ ♦♣❡r❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳ P❛r❛ ❛ ♠❛♥♦❜r❛ ❞❡ ❡♥❡r❣✐③❛çã♦✱ ❝♦♠♦ ❥á ❡①♣♦st♦✱ ♦s

✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♦❝♦rr❡♠ ♥❛ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡ ❡ ❛ ❢♦r♠❛ ❞❡

❞❡t❡r♠✐♥❛çã♦ ❞❡st❡s ✐♥st❛♥t❡s ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ❡♠ ❉❛♥t❛s ✭✷✵✵✼✮✳

P❛r❛ ❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱ ❞❡✈✐❞♦ ❛

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

♣r✐❛❞♦s t♦r♥❛✲s❡ ✉♠ ♣♦✉❝♦ ♠❛✐s ❝♦♠♣❧❡①♦✳ ❚❛❧ ♣r♦❝❡❞✐♠❡♥t♦ é ❞❡s❝r✐t♦ ❛ s❡❣✉✐r ❝♦♠ ❛✉①í❧✐♦

❞❛ ❋✐❣✉r❛ ✹✳✽✱ ❛ q✉❛❧ é ♠❡r❛♠❡♥t❡ ✐❧✉str❛t✐✈❛✳ ◆❡st❛ ✜❣✉r❛✱ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡

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

❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♠♦❞♦ ✶✳
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❋✐❣✉r❛ ✹✳✽✳ ❊st✐♠❛çã♦ ❞♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠✲
♣❡♥s❛çã♦✳

❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡❞✉③✐r ♦s ❡s❢♦rç♦s r❡q✉❡r✐❞♦s ♣❛r❛ ❡st✐♠❛r ♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛

❡st❛ ♠❛♥♦❜r❛✱ ❛s t❡♥sõ❡s ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡ ❡ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ sã♦ ❛♥❛❧✐s❛❞❛s s❡♣❛r❛❞❛♠❡♥t❡✱

s❡♥❞♦ ♥❡❝❡ssár✐♦ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦s ❞♦✐s s✐♥❛✐s✳ ❆♣ós ❛ ❛♣❧✐❝❛çã♦ ❞❛ ♠❛tr✐③ ❞❡ ❑❛rr❡♥❜❛✉❡r

♣❛r❛ s❡♣❛r❛r ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ♥♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ ❛♣❡♥❛s s✐♥❛✐s s❡♥♦✐❞❛✐s sã♦ ❛✈❛❧✐❛✲

❞♦s ❛♦ ✐♥✈és ❞❡ s✐♥❛✐s ♠❛✐s ❝♦♠♣❧❡①♦s ❝♦♠♦ ♦s ❞❛s ❋✐❣✉r❛s ✷✳✶✽ ❡ ✷✳✶✾✳ ❊♠ s❡❣✉✐❞❛✱ ❡st❡s s✐♥❛✐s

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

■♥✐❝✐❛❧♠❡♥t❡✱ ❞❡ ♣♦ss❡ ❞♦s ❞❛❞♦s r❡❧❛t✐✈♦s ❛♦s ♣❡rí♦❞♦s✱ ❛♠♣❧✐t✉❞❡s ❡ ú❧t✐♠♦s ✐♥st❛♥t❡s ❞❡

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

❧❛❞♦ ❞❛ ❧✐♥❤❛✱ ♦s ✐♥st❛♥t❡s ❢✉t✉r♦s ♣❛r❛ ❝❛❞❛ s✐♥❛❧ ✭✐❧✉str❛❞♦s ♥❛ ❋✐❣✉r❛ ✹✳✽ ♣♦r ❝ír❝✉❧♦s ❡♠

♥❡❣r✐t♦✮ sã♦ ❞❡t❡r♠✐♥❛❞♦s ❛ ♣❛rt✐r ❞❡ ✭✹✳✸✶✮✳ P❛r❛ t❛♥t♦✱ ✉♠ ♣❛ss♦ ❞❡ ❝á❧❝✉❧♦ ❞❡ 1/960 s❡❣✉♥❞♦s

é ❝♦♥s✐❞❡r❛❞♦ t♦♠❛♥❞♦ ❝♦♠♦ ❜❛s❡ ❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✶✻ ❛♠♦str❛s ♣♦r ❝✐❝❧♦ ✉t✐❧✐③❛❞❛

♥❡st❡ tr❛❜❛❧❤♦✳

P❛r❛ r❡♣r❡s❡♥t❛r ♦s s✐♥❛✐s ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❡ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡ ❡♥tr❡ ❝❛❞❛ ❞♦✐s ✐♥st❛♥t❡s

❢✉t✉r♦s✱ é r❡❛❧✐③❛❞❛ ✉♠❛ ✐♥t❡r♣♦❧❛çã♦ ❧✐♥❡❛r✳ ❊♠ s❡❣✉✐❞❛ ♦s s❡❣♠❡♥t♦s ❞❡ r❡t❛ sã♦ ♣♦st♦s ❡♠

❝♦♥❥✉♥t♦✱ ❞❡ ❢♦r♠❛ ❛ ✈❡r✐✜❝❛r s❡ ❡❧❡s ✐♥t❡r❝❡♣t❛♠✲s❡ ♥♦ ✐♥t❡r✈❛❧♦ ❞❡✜♥✐❞♦ ♣♦r ❡st❡s ✐♥st❛♥t❡s✳

❈❛s♦ ♦s s❡❣♠❡♥t♦s s❡ ✐♥t❡r❝❡♣t❡♠✱ ❞❡t❡r♠✐♥❛♠✲s❡ ❛s s✉❛s ❞❡r✐✈❛❞❛s ✭✐♥❝❧✐♥❛çõ❡s✮✳ ❙❡ ♦s ✈❛❧♦r❡s

❞❛s ❞❡r✐✈❛❞❛s t✐✈❡r❡♠ ♦ ♠❡s♠♦ s✐♥❛❧ ✭♣♦s✐t✐✈♦ ♦✉ ♥❡❣❛t✐✈♦✮✱ ♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ❡st❡s s❡❣♠❡♥t♦s

❞❡ r❡t❛ s❡ ✐♥t❡r❝❡♣t❛♠ é ❞❡✜♥✐❞♦ ❝♦♠♦ ❛♣r♦♣r✐❛❞♦ ♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦✳ ❈❛s♦ ❝♦♥trár✐♦✱ ❝♦♥❝❧✉✐✲

s❡ q✉❡ ❛♣❡s❛r ❞❡ ❤❛✈❡r ✉♠ ✐♥st❛♥t❡ ❡♠ q✉❡ ♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ é ③❡r♦✱ ❡st❡ ♥ã♦ é ❝♦♥s✐❞❡r❛❞♦

❛♣r♦♣r✐❛❞♦✱ ♣♦✐s ♥ã♦ s❡ s✐t✉❛ ♥♦ ♣❡rí♦❞♦ ❞❡ ♠❡♥♦r ♣✉❧s❛çã♦ ❞❡st❡ s✐♥❛❧✳
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◆❛ ❋✐❣✉r❛ ✹✳✽✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❡♥tr❡ t3 ❡ t4 ❡♥❝♦♥tr❛✲s❡ ✉♠ ✐♥st❛♥t❡ ❛♣r♦♣r✐❛❞♦ ♣❛r❛ ♦ ❝❤❛✈❡❛✲

♠❡♥t♦✱ ♦ q✉❛❧ é ✐♥❞✐❝❛❞♦ ♣♦r ✉♠❛ s❡t❛✳ ❏á ❡♥tr❡ t1 ❡ t2✱ ❛♣❡s❛r ❞❡ ♦s s✐♥❛✐s s❡ ✐♥t❡r❝❡♣t❛r❡♠

♥❡st❡ ✐♥t❡r✈❛❧♦✱ ♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ♦❝♦rr❡ ❡st❡ ❝r✉③❛♠❡♥t♦ ♥ã♦ é ❝♦♥s✐❞❡r❛❞♦ ❛♣r♦♣r✐❛❞♦✳ ◆♦s

❝❛s♦s ❡♠ q✉❡ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ é ❝♦♠♣♦st♦ ♣♦r ♠❛✐s ❞❡ ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ❞❡

❢r❡q✉ê♥❝✐❛✱ ❡st❡ ♠ét♦❞♦ é ❛♣❧✐❝❛❞♦ ❞❛ ♠❡s♠❛ ❢♦r♠❛✳

✹✳✼ ▲Ó●■❈❆ ❉❖ ❙❈❈

❈♦♠ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❝❛❞❛ ❢❛s❡ ✭tapropriado✮✱

❛ ▲ó❣✐❝❛ ❞♦ ❈♦♥tr♦❧❛❞♦r ❛t✉❛✱ ❡♥✈✐❛♥❞♦ ♦ ❝♦♠❛♥❞♦ ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❛♣❡♥❛s q✉❛♥❞♦ ❞❡❝♦rr✐❞♦

✉♠ ♣❡rí♦❞♦ Tcomando ❛♣ós ♦ ú❧t✐♠♦ ✐♥st❛♥t❡ ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛

❛✈❛❧✐❛❞❛s ✭tzero3✮✳ ❊st❡ ♣❡rí♦❞♦ é ❞❡t❡r♠✐♥❛❞♦ ♣♦r ✭✹✳✸✸✮✱ ❡♠ q✉❡ ❝♦♥s✐❞❡r❛✲s❡ ♦ t❡♠♣♦ ♥♦♠✐♥❛❧

❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r ✭Tnominal✮✿

Tcomando = (tapropriado − tzero3) − Tnominal . ✭✹✳✸✸✮

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❡①♣♦st♦✱ é ♣♦ssí✈❡❧ ❡♥✈✐❛r ✉♠ ❝♦♠❛♥❞♦ ♣❛r❛ q✉❡ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❛

❧✐♥❤❛ ♦❝♦rr❛ ♥♦s ♣r✐♠❡✐r♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s q✉❡ s❡❣✉❡♠ ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦✱ ♥ã♦ s❡♥❞♦

♥❡❝❡ssár✐♦ ❡s♣❡r❛r ♦ t❡♠♣♦ ♠♦rt♦ ♣r❡✈✐❛♠❡♥t❡ ❡st❛❜❡❧❡❝✐❞♦ ♣❛r❛ ❡❢❡t✐✈❛r ❡st❛ ♠❛♥♦❜r❛✳ P♦r

❝♦♥s❡❣✉✐♥t❡✱ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♣♦❞❡ r❡❞✉③✐r ♦ t❡♠♣♦ q✉❡ ❛ ❧✐♥❤❛ ✜❝❛ ❢♦r❛ ❞❡ ♦♣❡✲

r❛çã♦✱ ❡ ❛ss✐♠✱ ❛✉♠❡♥t❛r ❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❞♦s s✐st❡♠❛s ❡❧étr✐❝♦s r❡❞✉③✐♥❞♦ ♦ r❡s♣❡❝t✐✈♦ t❡♠♣♦

❞❡ r❡❝♦♠♣♦s✐çã♦ ✭❆◗❯■◆❖ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ◆❛s s✐t✉❛çõ❡s ❡♠ q✉❡ ❛ ❧✐♥❤❛ é ❛❜❡rt❛ s❡♠ q✉❡ ❤❛❥❛

q✉❛❧q✉❡r ❞❡❢❡✐t♦ ❛♦ ❧♦♥❣♦ ❞❡ s✉❛ ❡①t❡♥sã♦✱ ❛ r❡❞✉çã♦ ❞♦ t❡♠♣♦ ♠♦rt♦ t❛♠❜é♠ é ♣♦ssí✈❡❧✱ ♣♦✐s ♦s

♣r♦❝❡ss♦s ❞❡ ❡st✐♠❛çã♦ ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ❡ ❝á❧❝✉❧♦ ❞♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s sã♦ ✐♥✐❝✐❛❞♦s

✐♠❡❞✐❛t❛♠❡♥t❡ ❛♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✳

❆♣❡s❛r ❞❡ t♦r♥❛r ♣♦ssí✈❡❧ ❛ r❡❞✉çã♦ ❞♦ t❡♠♣♦ ♠♦rt♦ ❞❛ ❧✐♥❤❛✱ ❛ ❛❞♦çã♦ ❞♦ r❡❧✐❣❛♠❡♥t♦

rá♣✐❞♦ ❡ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡❝❡ss✐t❛ ❞❡ ❛♥á❧✐s❡s q✉❛♥t♦ à ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛✳ ❙❡❣✉♥❞♦

❖◆❙ ✭✷✵✵✷✮✱ ❛❧é♠ ❞❡ ❛✉t♦♠❛t✐③❛r ♦ r❡t♦r♥♦ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❛♦ s❡r✈✐ç♦✱ ♦ r❡❧✐❣❛♠❡♥t♦

❛✉t♦♠át✐❝♦ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❛ ♠❛♥✉t❡♥çã♦ ❞❛ ❡st❛❜✐❧✐❞❛❞❡ ❡❧❡tr♦♠❡❝â♥✐❝❛ ❞❛s ♠áq✉✐♥❛s

sí♥❝r♦♥❛s ♣r❡s❡♥t❡s ♥♦ s✐st❡♠❛✳ ❖s ❡st✉❞♦s r❡❢❡r❡♥t❡s ❛ ❡st❛ ♠❛♥♦❜r❛ ❞❡✈❡♠ ❛✈❛❧✐❛r ♦s ❡❢❡✐t♦s

s♦❜r❡ ❛s ✉♥✐❞❛❞❡s ❣❡r❛❞♦r❛s✱ ♥♦ s❡♥t✐❞♦ ❞❡ s❡ ❡✈✐t❛r❡♠ ❡s❢♦rç♦s ♠❡❝â♥✐❝♦s ❡①❝❡ss✐✈♦s ❡♠ s❡✉s
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❡✐①♦s✳ P❛r❛ ✉♥✐❞❛❞❡s t❡r♠♦❡❧étr✐❝❛s✱ ✉♠ ❢❛t♦r r❡❧❡✈❛♥t❡ é ❛ ❢❛❞✐❣❛ ❝í❝❧✐❝❛ ❛ q✉❡ ♦ ♠❛t❡r✐❛❧ ❞♦

❡✐①♦ ❞♦ t✉r❜♦❣❡r❛❞♦r é s✉❜♠❡t✐❞♦✱ ❞❡❝♦rr❡♥t❡ ❞❡ ♦s❝✐❧❛çõ❡s t♦r❝✐♦♥❛✐s✱ ❡ ❡♠ ❛❧❣✉♠❛s s✐t✉❛çõ❡s✱

♦ r❡❧✐❣❛♠❡♥t♦ tr✐♣♦❧❛r rá♣✐❞♦ ❛♣❧✐❝❛❞♦ ♥❛s ♣r♦①✐♠✐❞❛❞❡s ❞❡st❛s ✉♥✐❞❛❞❡s ♣♦❞❡ s❡r ♣r♦✐❜✐t✐✈♦

✭❘❆▼❖❙ ❡t ❛❧✳✱ ✷✵✵✸✮✳

✹✳✽ ❆❈❖P▲❆▼❊◆❚❖ ❊▲❊❚❘❖▼❆●◆➱❚■❈❖

❖ ❛❝♦♣❧❛♠❡♥t♦ ❡❧❡tr♦♠❛❣♥ét✐❝♦ ❡♥tr❡ ❛s ❢❛s❡s ❞❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ♣♦❞❡ ♦❝❛s✐♦♥❛r

❞❡s✈✐♦s s✐❣♥✐✜❝❛t✐✈♦s ♥♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s

♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦✱ r❡s✉❧t❛♥❞♦ ❡♠ ♣❡r❞❛ ❞❡ ❡✜❝✐ê♥❝✐❛ ♥❛ r❡❞✉çã♦ ❞❡ s♦❜r❡t❡♥sõ❡s ♣♦r ♠❡✐♦ ❞♦

❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✭❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ✶✸✳✵✼✱ ✶✾✾✾❛✮✳ ❊st❡ ❢❡♥ô♠❡♥♦ ♦❝♦rr❡✱ ♣♦✐s

q✉❛♥❞♦ ♦ ♣r✐♠❡✐r♦ ♣ó❧♦ ❞♦ ❞✐s❥✉♥t♦r é ❢❡❝❤❛❞♦✱ ✉♠❛ t❡♥sã♦ é ✐♥❞✉③✐❞❛ ♥❛s ♦✉tr❛s ❢❛s❡s✱ ❡ ♦

♠❡s♠♦ ❛❝♦♥t❡❝❡ ❝♦♠ ❛ t❡r❝❡✐r❛ ❢❛s❡ ❛♣ós ❛ s❡❣✉♥❞❛ ❢❛s❡ s❡r ❡♥❡r❣✐③❛❞❛✳

◆❛ ❋✐❣✉r❛ ✹✳✾✱ ♦❜t✐❞❛ ❛tr❛✈és ❞❡ s✐♠✉❧❛çã♦ ❞✐❣✐t❛❧ ❞❡ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ✉♠❛

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

❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r ❛♣ós ♦ ❢❡❝❤❛♠❡♥t♦ ❞❡ ❝❛❞❛ ❢❛s❡ ♥♦s ✐♥st❛♥t❡s ✐♥❞✐❝❛❞♦s

♣♦r s❡t❛s ✈❡r♠❡❧❤❛s✳ ❖❜s❡r✈❛✲s❡ q✉❡ ♦ ❡❢❡✐t♦ ❞♦ ❛❝♦♣❧❛♠❡♥t♦ é ♠❛✐s s✐❣♥✐✜❝❛t✐✈♦ ♣❛r❛ ❛ t❡r❝❡✐r❛

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

♣♦r ③❡r♦ ♣r❡✈✐st♦ ♣❛r❛ ❛ t❡r❝❡✐r❛✳

❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ r❡❞✉③✐r ♦s ❞❡s✈✐♦s ♥♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛✱ ❝❛✉s❛❞♦s ♣❡❧♦ ❡❢❡✐t♦ ❞♦ ❛❝♦♣❧❛✲

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

q✉❛♥❞♦ ❛ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r é ③❡r♦ ❡ ♦ ✐♥t❡r✈❛❧♦ ❡♥tr❡ ♦ ✐♥st❛♥t❡ ❞❡ ❢❡❝❤❛✲

♠❡♥t♦ ❞♦ ♣r✐♠❡✐r♦ ❡ ❞♦ ú❧t✐♠♦ ♣ó❧♦ é ♦ ♠❡♥♦r ♣♦ssí✈❡❧ ✭❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✵✽✮✳ ❊st❡s ✐♥st❛♥t❡s

sã♦ ✐♥❞✐❝❛❞♦s ♥❛ ❋✐❣✉r❛ ✹✳✾ ♣♦r s❡t❛s ❛③✉✐s✳



❈❛♣ít✉❧♦ ✹ ✕ ▼ét♦❞♦ Pr♦♣♦st♦ ✻✷

❋✐❣✉r❛ ✹✳✾✳ ❊❢❡✐t♦ ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ❡❧❡tr♦♠❛❣♥ét✐❝♦✳



❈❆P❮❚❯▲❖ ✺

■▼P▲❊▼❊◆❚❆➬➹❖ ❊ ❆❱❆▲■❆➬➹❖ ❊▼ ❚❊▼P❖ ❘❊❆▲

❈♦♠ ❜❛s❡ ♥♦ ❙✐st❡♠❛ ❞❡ ❈♦♥tr♦❧❡ ❞♦ ❈❤❛✈❡❛♠❡♥t♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♥❡st❛ t❡s❡✱ ♣r♦♣õ❡✲s❡ ✉♠ ❞✐s✲

♣♦s✐t✐✈♦ ♣❛r❛ ❝♦♥tr♦❧❛r ♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦ ❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ ❊st❡

❞✐s♣♦s✐t✐✈♦ é ✐♠♣❧❡♠❡♥t❛❞♦ ❡ ❛✈❛❧✐❛❞♦ ❢❛③❡♥❞♦ ✉s♦ ❞♦ ❘❚❉❙❚▼ ✭❘❡❛❧✲❚✐♠❡ ❉✐❣✐t❛❧ ❙✐♠✉❧❛t♦r✮✱

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

♣♦tê♥❝✐❛ ❡♠ t❡♠♣♦ r❡❛❧ ✭❑❯❋❋❊▲ ❡t ❛❧✳✱ ✶✾✾✺✮✳ ❊st❛ ❢❡rr❛♠❡♥t❛ ♣❡r♠✐t❡ ❛♦ ✉s✉ár✐♦ ✐♠♣❧❡✲

♠❡♥t❛r ❡ ✐♥❝♦r♣♦r❛r s❡✉s ♣ró♣r✐♦s ♠♦❞❡❧♦s ❡ ❛❧❣♦r✐t♠♦s às s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ❡♠ t❡♠♣♦ r❡❛❧✱

✈✐❛❜✐❧✐③❛♥❞♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♠ét♦❞♦s ❡♠♣r❡❣❛❞♦s ❡♠ ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❡ ❝♦♥tr♦❧❡

✭❲❆◆● ❡t ❛❧✳✱ ✶✾✾✻❀ ●■❊❙❇❘❊❈❍❚ ❡t ❛❧✳✱ ✶✾✾✽❀ ❖❯❊▲▲❊❚❚❊ ❡t ❛❧✳✱ ✷✵✵✹❀ ◗■❆◆ ❡t ❛❧✳✱ ✷✵✵✽❀

❖❯❊▲▲❊❚❚❊ ❡t ❛❧✳✱ ✷✵✵✽✮✱ ❛ ❡①❡♠♣❧♦ ❞♦ ♣r♦♣♦st♦ ♥❡st❛ t❡s❡✳ ◆❡st❡ ❝❛♣ít✉❧♦✱ ❞✐s❝✉t❡✲s❡ ❞❡t❛✲

❧❤❡s ❞❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡st❡ ❞✐s♣♦s✐t✐✈♦✱ ❜❡♠ ❝♦♠♦ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛✈❛❧✐❛r ♦

s❡✉ ❞❡s❡♠♣❡♥❤♦✳ ❆s ❛♣❧✐❝❛çõ❡s ❡ ♦ ♣r✐♥❝í♣✐♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ❘❚❉❙❚▼ sã♦ ❛♣r❡s❡♥t❛❞♦s

♥♦ ❆♣ê♥❞✐❝❡ ❇✱ ❞❡st❛❝❛♥❞♦✲s❡ s❡✉s ❝♦♠♣♦♥❡♥t❡s ❡♠ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡✳

✺✳✶ ❉■❙P❖❙■❚■❱❖ P❆❘❆ ❈❍❆❱❊❆▼❊◆❚❖ ❈❖◆❚❘❖▲❆❉❖ ❉❊ ▲❚s

◆❛ ❋✐❣✉r❛ ✺✳✶ é ❛♣r❡s❡♥t❛❞♦ ♦ ❞✐❛❣r❛♠❛ ❞♦ ❞✐s♣♦s✐t✐✈♦ ♣r♦♣♦st♦ ♣❛r❛ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦✲

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

✉s♦ ❞♦ ♠ó❞✉❧♦ ❈❜✉✐❧❞❡r ❞♦ ❘❚❉❙❚▼✳ ❊st❡ ♠ó❞✉❧♦ s❡ ❝♦♥st✐t✉✐ ❝♦♠♦ ✉♠ ❛♠❜✐❡♥t❡ ❞❡ ❝r✐❛çã♦ ❞❡

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

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

❖ ❞✐s♣♦s✐t✐✈♦ é ❢✉♥❞❛♠❡♥t❛❞♦ ♥♦ ❙✐st❡♠❛ ❞❡ ❈♦♥tr♦❧❡ ❞♦ ❈❤❛✈❡❛♠❡♥t♦✱ ❞✐s❝✉t✐❞♦ ♥♦ ❈❛♣í✲

t✉❧♦ ✹✱ ❡ ❝♦♥s✐st❡ ❡♠ ❝♦♥tr♦❧❛r ♦s ✐♥st❛♥t❡s ♣❛r❛ ❡♥❡r❣✐③❛çã♦ ❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s✲

♠✐ssã♦✳ ❆♣ós ❛ ❛❜❡rt✉r❛ ❞♦s ❞✐s❥✉♥t♦r❡s✱ ♣♦r ♠❡✐♦ ❞❡ ❡♥tr❛❞❛s ❛♥❛❧ó❣✐❝❛s✱ ♦ ❞✐s♣♦s✐t✐✈♦ r❡❝❡❜❡

❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ♥❡❝❡ssár✐♦s ♣❛r❛ ♣r♦✈❡r ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✿

✻✸



❈❛♣ít✉❧♦ ✺ ✕ ■♠♣❧❡♠❡♥t❛çã♦ ❡ ❆✈❛❧✐❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✻✹

t❡♥sã♦ ❡♠ ❝❛❞❛ ❢❛s❡ ❞❛ ❧✐♥❤❛ ❡ ❞❛ ❢♦♥t❡✳ ❊♠ t❡♠♣♦ r❡❛❧✱ ❡st❡s s✐♥❛✐s sã♦ ♣r♦❝❡ss❛❞♦s ❛tr❛✈és

❞❡ ✜❧tr♦s ❛♥t✐✲❛❧✐❛s✐♥❣ ❡ ❛♠♦str❛❞♦s ♣♦r ✉♠ ❝♦♥✈❡rs♦r ❛♥❛❧ó❣✐❝♦✲❞✐❣✐t❛❧ ✭❆✴❉✮✳ ❊♠ s❡❣✉✐❞❛✱

❝♦♠ ❜❛s❡ ♥❛s ❝❛r❛❝t❡ríst✐❝❛s ♦❜t✐❞❛s ♣❛r❛ ❛s ❝❛r❣❛s r❡s✐❞✉❛✐s ♥❛ ❧✐♥❤❛✱ ❞❡t❡r♠✐♥❛✲s❡ ♦s ✐♥st❛♥✲

t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❛s ♠❛♥♦❜r❛s✳ ❖ ❡st❛❞♦ ❧ó❣✐❝♦ ❞♦s ❞✐s❥✉♥t♦r❡s ✭❛❜❡rt♦ ♦✉

❢❡❝❤❛❞♦✮ é ♠♦♥✐t♦r❛❞♦ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❡♥tr❛❞❛ ❞✐❣✐t❛❧ ❡ ❛tr❛✈és ❞❡ ✉♠❛ s❛í❞❛ ❞✐❣✐t❛❧✱ ❝♦♥tr♦❧❛✲

s❡ ♦ ❝♦♠❛♥❞♦ ♣❛r❛ s❡✉ ❢❡❝❤❛♠❡♥t♦✳ ❆✐♥❞❛ ❡♠ t❡♠♣♦ r❡❛❧✱ é ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ❛ ❡①t✐♥çã♦ ❞❡

❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛ ❡ ❢❛s❡✲❢❛s❡✲t❡rr❛✱ ✉t✐❧✐③❛♥❞♦ ♦ ❝♦❡✜❝✐❡♥t❡ R2✱ ❡ ✐♠♣❡❞✐r ♦ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛

s♦❜ ❡st❛s ❝♦♥❞✐çõ❡s✳

❋✐❣✉r❛ ✺✳✶✳ ❉✐❛❣r❛♠❛ ❞♦ ❞✐s♣♦s✐t✐✈♦ ♣❛r❛ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ▲❚s ♥♦ ❘❚❉❙❚▼✳

✺✳✷ ❙■❙❚❊▼❆ ❊▲➱❚❘■❈❖ ▼❖❉❊▲❆❉❖

❇❛s❡❛♥❞♦✲s❡ ❡♠ ❞❛❞♦s r❡❛✐s ♦❜t✐❞♦s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❡ ♣♦tê♥❝✐❛ ❞❡ ✺✵✵ ❦❱ ❞❛ ❈❤❡s❢✱

✉♠ s✐st❡♠❛ ❡❧étr✐❝♦ s✐♠♣❧✐✜❝❛❞♦ ❢♦✐ ❡❧❛❜♦r❛❞♦ ♣❛r❛ ❛✈❛❧✐❛çã♦ ❞♦ ❞✐s♣♦s✐t✐✈♦ ♣r♦♣♦st♦ ❡♠ t❡♠♣♦

r❡❛❧✳ ❊st❡ s✐st❡♠❛ ❢♦✐ ♠♦❞❡❧❛❞♦ ♥♦ ❘❚❉❙❚▼✱ ❢❛③❡♥❞♦ ✉s♦ ❞♦ ♠ó❞✉❧♦ ❉r❛❢t✱ ❡ é ❛♣r❡s❡♥t❛❞♦ ♥❛

❋✐❣✉r❛ ✺✳✷✱ ❝♦♥s✐st✐♥❞♦ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ✹✵✵ ❦♠ ❞❡ ❡①t❡♥sã♦✱ ❝♦♠ ♣❛r❛✲r❛✐♦s

❡ r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦ ❡♠ ❝❛❞❛ ❡①tr❡♠✐❞❛❞❡ ❡ ❞✉❛s ❢♦♥t❡s ❝♦♠ s✉❛s r❡s♣❡❝t✐✈❛s ✐♠♣❡❞â♥❝✐❛s✳

❖s ❞❛❞♦s ❞❡st❡ s✐st❡♠❛ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❚❛❜❡❧❛s ✺✳✶✱ ✺✳✷ ❡ ✺✳✸✳ ❉✉❛s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦

❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s✱ s❡♥❞♦ ♦ t❡r♠✐♥❛❧ ❛ ❡sq✉❡r❞❛ ♦ ❡♠✐ss♦r ✭♣r✐♠❡✐r♦ ❛ s❡r r❡❧✐❣❛❞♦✮✿

• ❘❡❛t♦r❡s ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s ✭✻✹✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮❀

• ❘❡❛t♦r❡s ❛♣❡♥❛s ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭✸✷✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮❀



❈❛♣ít✉❧♦ ✺ ✕ ■♠♣❧❡♠❡♥t❛çã♦ ❡ ❆✈❛❧✐❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✻✺

❋✐❣✉r❛ ✺✳✷✳ ❙✐st❡♠❛ ❡❧étr✐❝♦ ♠♦❞❡❧❛❞♦ ♥♦ ♠ó❞✉❧♦ ❉r❛❢t✳

❚❛❜❡❧❛ ✺✳✶✳ ❉❛❞♦s ❞❡ s❡q✉ê♥❝✐❛ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

❙❡q✉ê♥❝✐❛ R ✭Ω/❦♠✮ X ✭Ω/❦♠✮ ωC ✭µ℧/❦♠✮

❩❡r♦ ✵✱✸✾✾✻ ✵✱✾✾✷✶ ✸✱✵✽✸✾
P♦s✐t✐✈❛ ✵✱✵✸✸✸ ✵✱✸✶✼✵ ✺✱✷✵✸✸

❚❛❜❡❧❛ ✺✳✷✳ ❚❡♥sã♦ ❞❛s ❢♦♥t❡s ✭Vbase ❂ ✺✺✵ ❦❱✮✳

❇❛rr❛ ▼ó❞✉❧♦ ✭♣✳✉✳✮ ❋❛s❡ ✭◦✮

❋♦♥t❡ ✶ ✶✱✵✵ ✵
❋♦♥t❡ ✷ ✵✱✾✾ ✲✶✵

❚❛❜❡❧❛ ✺✳✸✳ ■♠♣❡❞â♥❝✐❛s ❞❛s ❋♦♥t❡s✳

❋♦♥t❡
❙❡q✉ê♥❝✐❛ ③❡r♦ ❙❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛

R0 ✭Ω✮ X0 ✭Ω✮ R1 ✭Ω✮ X1 ✭Ω✮

❋♦♥t❡ ✶ ✶✱✶✷✻✽ ✷✵✱✽✸✽ ✵✱✾✻✽✶ ✷✽✱✺✶✸

❋♦♥t❡ ✷ ✶✱✶✷✻✽ ✷✵✱✽✸✽ ✵✱✾✻✽✶ ✷✽✱✺✶✸

◆❛s s✐♠✉❧❛çõ❡s✱ ❛s q✉❛✐s sã♦ r❡❛❧✐③❛❞❛s ♥♦ ♠ó❞✉❧♦ ❘✉♥t✐♠❡ ❞♦ ❘❚❉❙❚▼✱ ✉t✐❧✐③♦✉✲s❡ ♣❛r❛✲

r❛✐♦s ❞❡ ó①✐❞♦ ❞❡ ③✐♥❝♦ ✭❩♥❖✮ ❝♦♠ t❡♥sã♦ ♥♦♠✐♥❛❧ ❞❡ ✹✷✵ ❦❱ ❡ ✉♠ ♥í✈❡❧ ❞❡ ♣r♦t❡çã♦ ❛ ✐♠♣✉❧s♦ ❞❡

♠❛♥♦❜r❛ ❞❡ ✽✸✵ ❦❱ ❡♠ ✷ ❦❆✳ ❊st❡ t✐♣♦ ❞❡ ♣❛r❛✲r❛✐♦s é ❝♦♠✉♠❡♥t❡ ❡s♣❡❝✐✜❝❛❞♦ ♣❛r❛ s✐st❡♠❛s ❞❡

✺✵✵ ❦❱ ❡ sã♦ ❝♦♥❡❝t❛❞♦s ♥♦s t❡r♠✐♥❛✐s ❞❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ✭❊❙▼❊❘❆▲❉❖ ❡t ❛❧✳✱ ✶✾✾✾✮✳



❈❛♣ít✉❧♦ ✺ ✕ ■♠♣❧❡♠❡♥t❛çã♦ ❡ ❆✈❛❧✐❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✻✻

✺✳✸ ❆◆➪▲■❙❊ ❉❆ ❊❳❚■◆➬➹❖ ❉❊ ❉❊❋❊■❚❖❙ ❊ ❙❖❇❘❊❚❊◆❙Õ❊❙

◆❡st❛ s❡çã♦✱ ❛✈❛❧✐❛✲s❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❞✐s♣♦s✐t✐✈♦ ♣r♦♣♦st♦ ♣❛r❛ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦

❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ q✉❛♥t♦ ❛♦s ♥í✈❡✐s ❞❡ s♦❜r❡t❡♥sõ❡s ♦r✐✉♥❞❛s ❞❡ ♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦

❡ r❡❧✐❣❛♠❡♥t♦ tr✐❢ás✐❝♦✱ ❝♦♠ ♦ s✐st❡♠❛ í♥t❡❣r♦✳ ❆❧é♠ ❞✐st♦✱ s✐t✉❛çõ❡s ❡♠ q✉❡ ❛ ❧✐♥❤❛ é ❞❡s❧✐❣❛❞❛

❡ r❡❧✐❣❛❞❛ ❞❡✈✐❞♦ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛ t❛♠❜é♠ sã♦ ❛♥❛❧✐s❛❞❛s✳ ❆✈❛❧✐❛✲s❡ ❛✐♥❞❛ ❛

✉t✐❧✐③❛çã♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✱ ❡♠ q✉❡ ✉♠❛ r❡s✐stê♥❝✐❛ ❞❡ ✹✵✵ Ω ❡ ✉♠ t❡♠♣♦ ❞❡ ✐♥s❡rçã♦

❞❡ ✽ ♠s ❢♦r❛♠ ❛❞♦t❛❞♦s ♣♦r s❡r❡♠ ✈❛❧♦r❡s tí♣✐❝♦s ✉s❛❞♦s ♥♦ ❙■◆✳ P❛r❛ ✜♥s ❞❡ ❝♦♠♣❛r❛çã♦✱

t❛♠❜é♠ sã♦ ❛✈❛❧✐❛❞❛s s✐t✉❛çõ❡s ❡♠ q✉❡ ❤á ❛♣❡♥❛s ♦s ♣❛r❛✲r❛✐♦s ♥❛s ❡①tr❡♠✐❞❛❞❡s ❞❛ ❧✐♥❤❛✳

❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ s❡ ♦❜t❡r r❡s✉❧t❛❞♦s ♠❛✐s r❡❛❧✐st❛s✱ é ♥❡❝❡ssár✐♦ q✉❡ ♦s ❞✐s❥✉♥t♦r❡s s❡❥❛♠

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

t❡♠♣♦ ❞❡ ♦♣❡r❛çã♦✱ ❞❡✈✐❞♦ às ✐♥❝❡rt❡③❛s ✉s✉❛✐s ❞❡ ❢❡❝❤❛♠❡♥t♦ ❤✐❞rá✉❧✐❝♦ ♠❡❝â♥✐❝♦✳ ❊st❛s ✈❛r✐✲

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

✐♥❡r❡♥t❡ ❛♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳ ❯♠❛ ❞❡s❝r✐çã♦ ❞♦s ✈❛❧♦r❡s tí♣✐❝♦s ♣❛r❛ ❡st❛s ✈❛r✐❛çõ❡s ❡♠

❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❞✐s❥✉♥t♦r❡s ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ❡♠ ❈■●❘❊ ❚❛s❦ ❋♦r❝❡ ✶✸✳✵✵✳✶ ✭✶✾✾✺✮✳ ❆♦

❝♦♥s✐❞❡r❛r ❞✐s♣❡rsõ❡s ❡st❛tíst✐❝❛s✱ ♦ t❡♠♣♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r ♣♦❞❡ s❡r ❞❛❞♦ ♣♦r ✭✺✳✶✮✳

Toperacao = Tnominal + ∆Testatistico , ✭✺✳✶✮

❡♠ q✉❡✿

• Tnominal é ♦ t❡♠♣♦ ♥♦♠✐♥❛❧ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r ✉t✐❧✐③❛❞♦ ♥❛ ▲ó❣✐❝❛ ❞♦ ❙❈❈✳

• ∆Testatistico é ❛ ❞✐s♣❡rsã♦ ❡st❛tíst✐❝❛ ❞♦ t❡♠♣♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✳

◆❛s s✐♠✉❧❛çõ❡s✱ ❡st❛ ❞✐s♣❡rsã♦ ❢♦✐ r❡♣r❡s❡♥t❛❞❛ ♣♦r ✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ●❛✉s✲

s✐❛♥❛ ❞❡s❝r✐t❛ ♣♦r ✉♠ ❞❡s✈✐♦ ♣❛❞rã♦ ✭σ✮ ✭▼❆❘❚■◆❊❩ ❡t ❛❧✳✱ ✷✵✵✵✮✳ ❙❡❣✉♥❞♦ ❈■●❘❊ ❲♦r❦✐♥❣

●r♦✉♣ ✶✸✳✵✼ ✭✶✾✾✾❛✮✱ ❛ ♠á①✐♠❛ ❞✐s♣❡rsã♦ ♣♦❞❡ s❡r ❞❛❞❛ ❡♠ ❢✉♥çã♦ ❞♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❛tr❛✈és ❞❡

✭✺✳✷✮✳ ◆♦s ❝❛s♦s ❛✈❛❧✐❛❞♦s✱ ❝♦♥s✐❞❡r♦✉✲s❡ ✉♠❛ ❞✐s♣❡rsã♦ ♠á①✐♠❛ ❞❡ ✷ ♠s ♣♦r s❡r ✉♠ ✈❛❧♦r ❝♦♥✲

s❡r✈❛t✐✈♦ ✉t✐❧✐③❛❞♦ ❡♠ ❡st✉❞♦s ❞❡ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✭❈■●❘❊ ❲♦r❦✐♥❣

●r♦✉♣ ✶✸✳✵✼✱ ✶✾✾✾❛✮✳

∆Testatistico = 3σ . ✭✺✳✷✮



❈❛♣ít✉❧♦ ✺ ✕ ■♠♣❧❡♠❡♥t❛çã♦ ❡ ❆✈❛❧✐❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✻✼

❖✉tr❛ ❝❛r❛❝t❡ríst✐❝❛ ✐♠♣♦rt❛♥t❡ ❛ s❡r ❝♦♥s✐❞❡r❛❞❛ é ❛ t❛①❛ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡

❞✐❡❧étr✐❝❛ ❞♦s ❞✐s❥✉♥t♦r❡s ✭dvdisj/dt✮✳ ❊st❛ t❛①❛ ♣♦❞❡ s❡r ❛♣r♦①✐♠❛❞❛ ♣♦r ✉♠❛ ❢✉♥çã♦ ❧✐♥❡❛r ♥♦s

✐♥st❛♥t❡s ❡♠ q✉❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r ❡stã♦ ♣ró①✐♠♦s ❞❡ s❡ ❛❝♦♣❧❛r❡♠ ✜s✐❝❛♠❡♥t❡ ❞✉r❛♥t❡

❛ ♠❛♥♦❜r❛ ❞❡ ❢❡❝❤❛♠❡♥t♦ ✭●❆❘❩❖◆✱ ✶✾✾✼✮✳ P❛r❛ ❛♥á❧✐s❡ ❞❡ ✉♠ ❞✐s❥✉♥t♦r ❡s♣❡❝í✜❝♦✱ dvdisj/dt

❞❡✈❡ s❡r ♠♦❞❡❧❛❞❛ ❛♣r♦♣r✐❛❞❛♠❡♥t❡ ✭❘❖❈❍❆ ❡t ❛❧✳✱ ✶✾✾✼✮✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ❝♦♥s✐❞❡r♦✉✲s❡

dvdisj/dt ♠❛✐♦r q✉❡ ♦ ♠á①✐♠♦ ✈❛❧♦r ❞❛ ❞❡r✐✈❛❞❛ ❞❛ t❡♥sã♦ ❞♦ s✐st❡♠❛ ✭❊❙▼❊❘❆▲❉❖ ❡t ❛❧✳✱

✶✾✾✾✮✳

P❛r❛ ❝❛❞❛ ❝❛s♦ ❛✈❛❧✐❛❞♦✱ ✉♠ t♦t❛❧ ❞❡ ✹✵✵ s✐♠✉❧❛çõ❡s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❝♦♥s✐❞❡r❛♥❞♦ ❛s

❞✐s♣❡rsõ❡s ❡st❛tíst✐❝❛s ♥♦ t❡♠♣♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✳ ❉❡st❛s s✐♠✉❧❛çõ❡s✱ ♦s ♠á①✐♠♦s

✈❛❧♦r❡s ❞❡ s♦❜r❡t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✱ ♦s q✉❛✐s tê♠ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ♠❡♥♦r ♦✉

✐❣✉❛❧ ❛ ✷✪✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✺✳✸ ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦ ❡ r❡❧✐❣❛♠❡♥t♦ tr✐♣♦❧❛r✱

❝♦♠ ❡ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ❊st❡s ✈❛❧♦r❡s ❡st❛tíst✐❝♦s sã♦ ♥♦r♠❛❧♠❡♥t❡ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛

❝♦♦r❞❡♥❛çã♦ ❞❡ ✐s♦❧❛♠❡♥t♦ ❞❡ s✐st❡♠❛s ❡❧étr✐❝♦s ✭■❊❊❊ ❙t❞ ✶✸✶✸✳✶✲✶✾✾✻✱ ✶✾✾✻✮✳ ❆s s♦❜r❡t❡♥sõ❡s

sã♦ ❛✈❛❧✐❛❞❛s ♥♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ❡ ❛ ✷✺✱ ✺✵ ❡ ✼✺✪ ❞♦ s❡✉ ❝♦♠♣r✐♠❡♥t♦ t♦t❛❧✳

❋✐❣✉r❛ ✺✳✸✳ ❙♦❜r❡t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ▲❚✿ ✭❛✮ ❊♥❡r❣✐③❛çã♦ ✭✻✹✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮❀✭❜✮ ❊♥❡r❣✐③❛çã♦ ✭✸✷✪
❞❡ ❝♦♠♣❡♥s❛çã♦✮❀✭❝✮ ❘❡❧✐❣❛♠❡♥t♦ ✭✻✹✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮❀✭❞✮ ❘❡❧✐❣❛♠❡♥t♦ ✭✸✷✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮✳



❈❛♣ít✉❧♦ ✺ ✕ ■♠♣❧❡♠❡♥t❛çã♦ ❡ ❆✈❛❧✐❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✻✽

❖❜s❡r✈❛✲s❡ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❘P■ ♦✉ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✭❞✐s♣♦s✐t✐✈♦ ♣r♦♣♦st♦✮ ❡♠

❝♦♥❥✉♥t♦ ❝♦♠ ♦s ♣❛r❛✲r❛✐♦s ❧✐♠✐t❛♠ ❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛ ❞❡ ❢♦r♠❛ ❡✜❝✐❡♥t❡✱ ❛t✐♥❣✐♥❞♦

♥í✈❡✐s ❜❡♠ ✐♥❢❡r✐♦r❡s àq✉❡❧❡s ♦❜t✐❞♦s ❛♣❡♥❛s ❝♦♠ ♣❛r❛✲r❛✐♦s✳ ❆ ✜♠ ❞❡ ❢❛❝✐❧✐t❛r ❛ ❛♥á❧✐s❡ ❝♦♠✲

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

tr❛♥s♠✐ssã♦ ❡♠ q✉❡stã♦✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✺✳✹ ♦s ♠á①✐♠♦s ✈❛❧♦r❡s ❞❡ s♦❜r❡t❡♥sã♦ ❝♦♠

♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ♠❡♥♦r ♦✉ ✐❣✉❛❧ ❛ ✷✪ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦

❛❜♦r❞❛❞❛s✳

❚❛❜❡❧❛ ✺✳✹✳ ▼á①✐♠♦s ✈❛❧♦r❡s ❞❡ s♦❜r❡t❡♥sã♦ ❝♦♠ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ♠❡♥♦r q✉❡ ✷✪ ✭❱❜❛s❡
❂ ✺✺✵ ❦❱✮✿ ❆✈❛❧✐❛çã♦ ❡♠ t❡♠♣♦ r❡❛❧✳

❈♦♥❞✐çã♦
▼á①✐♠❛ s♦❜r❡t❡♥sã♦ ✭♣✳✉✳✮

❞❡ ♦♣❡r❛çã♦
❊♥❡r❣✐③❛çã♦ ❘❡❧✐❣❛♠❡♥t♦ tr✐♣♦❧❛r

P❘ ✭❙❉✮ ❘P■ ✭❙❉✮ ❈❈ ✭❙❉✮ P❘ ✭❙❉✮ ❘P■ ✭❙❉✮ ❈❈ ✭❙❉✮ ❈❈ ✭❈❉✮

✻✹✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ✷✱✵✽ ✶✱✺✺ ✶✱✼✷ ✷✱✹✺ ✶✱✼✽ ✶✱✹✷ ✶✱✼✷
✸✷✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ✷✱✶✾ ✶✱✼✽ ✶✱✼✻ ✷✱✹✶ ✶✱✽✹ ✶✱✻✻ ✶✱✼✻

P❘ ✲ Pár❛✲r❛✐♦s✳
❘P■ ✲ ❘❡s✐st♦r ❞❡ ♣ré✲✐♥s❡rçã♦ ❡ ♣❛r❛✲r❛✐♦s✳
❈❈ ✲ ❈❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡ ♣❛r❛✲r❛✐♦s✳
❙❉ ✲ ❙❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳
❈❉ ✲ ❈♦♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳

❈♦♠ ❜❛s❡ ♥♦s ❞❛❞♦s ❡①♣♦st♦s✱ ✈❡r✐✜❝❛✲s❡ ♦ ❝♦rr❡t♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡♠

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

❞❡s❡♠♣❡♥❤♦ s✉♣❡r✐♦r ❛♦ ❞♦ ❘P■✱ t♦r♥❛♥❞♦ ♣♦ssí✈❡❧ ❡❧✐♠✐♥❛r ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡st❡

❡q✉✐♣❛♠❡♥t♦✳ ◗✉❛♥❞♦ ❝♦♠♣❛r❛✲s❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ ❝♦♠ ❡ s❡♠ ❛ ♦❝♦rrê♥❝✐❛

❞❡ ❞❡❢❡✐t♦s✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ♠❛✐♦r❡s s♦❜r❡t❡♥sõ❡s sã♦ ♦❜t✐❞❛s q✉❛♥❞♦ ❛ ❧✐♥❤❛ é ❞❡s❧✐❣❛❞❛ ❡ r❡❧✐❣❛❞❛

♣♦r ❝♦♥t❛ ❞♦ ❞❡❢❡✐t♦✳ ❘❡ss❛❧t❛✲s❡ q✉❡ ❡st❛s s♦❜r❡t❡♥sõ❡s ❛t✐♥❣❡♠ ✈❛❧♦r❡s s❡♠❡❧❤❛♥t❡s àq✉❡❧❡s

♦❜t✐❞♦s ❝♦♠ ♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦ ♣♦r ♠❡✐♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳ ❆s ♣r✐♥❝✐♣❛✐s

r❛③õ❡s ♣❛r❛ ❡st❡s ❢❛t♦s sã♦✿

• ◗✉❛♥❞♦ ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✱ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦s ❞✐s❥✉♥t♦r❡s ♥❛s

três ❢❛s❡s ♣♦❞❡♠ ♥ã♦ ❛♣r❡s❡♥t❛r ❛s r❡❣✐õ❡s ❞❡ ❜❛t✐♠❡♥t♦ ♠í♥✐♠♦ ♥♦s ♠❡s♠♦s ✐♥st❛♥t❡s✱

t❛❧ ❝♦♠♦ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✷✵✳ ❉❡✈✐❞♦ ❛♦ ❡❢❡✐t♦ ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ❡❧❡tr♦♠❛❣♥ét✐❝♦✱ ❛♦

s❡ ❢❡❝❤❛r ❛ s❡❣✉♥❞❛ ❡ ❛ t❡r❝❡✐r❛ ❢❛s❡✱ ♣♦❞❡✲s❡ ♦❝❛s✐♦♥❛r s♦❜r❡t❡♥sõ❡s ♠❛✐♦r❡s q✉❡ ♥♦ ❝❛s♦

❡♠ q✉❡ ❛ ❧✐♥❤❛ é r❡❧✐❣❛❞❛ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳



❈❛♣ít✉❧♦ ✺ ✕ ■♠♣❧❡♠❡♥t❛çã♦ ❡ ❆✈❛❧✐❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✻✾

• ❆♣ós ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❡♠ ✉♠❛ ❞❛s ❢❛s❡s ❞❛ ❧✐♥❤❛✱ ❡s♣❡r❛✲s❡ ✈❛❧♦r❡s r❡❧❛t✐✈❛♠❡♥t❡

♠❛✐s ❜❛✐①♦s ♣❛r❛ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❡st❛ ❢❛s❡✱ q✉❛♥❞♦ s❡ ❝♦♠♣❛r❛ ❝♦♠ ♦s ✈❛❧♦r❡s ❞❛s

❢❛s❡s sãs✳ ■st♦ ✐♠♣❧✐❝❛ q✉❡ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ♣ó❧♦s ❞♦ ❞✐s❥✉♥t♦r ♣❛r❛ ❡st❛ ❢❛s❡

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

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

♠❛✐♦r❡s s♦❜r❡t❡♥sõ❡s✱ t❛❧ ❝♦♠♦ ♦❝♦rr❡ ❡♠ ♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦✳

◆❛s ❋✐❣✉r❛s ✺✳✹ ❡ ✺✳✺✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❛ ❧✐♥❤❛ ♣❛r❛ ❛ ♠❛♥♦❜r❛ ❞❡ ❛❜❡r✲

t✉r❛ ❡ r❡❧✐❣❛♠❡♥t♦ tr✐♣♦❧❛r✱ ❝♦♠ ❡ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖ r❡❧✐❣❛♠❡♥t♦

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

❜❛✐①♦s ♥í✈❡✐s ❞❡ s♦❜r❡t❡♥sõ❡s ❛♣ós ❡st❛ ♠❛♥♦❜r❛✳ ❖❜s❡r✈❛✲s❡ ♥❡st❛s ✜❣✉r❛s q✉❡ ♦ t❡♠♣♦ ♠♦rt♦

♥❡❝❡ssár✐♦ ♣❛r❛ r❡❧✐❣❛r ❛ ❧✐♥❤❛ ♥♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ❢♦r❛♠ ❜❡♠ ✐♥❢❡r✐♦r❡s ❛♦s ✺✵✵ ♠s t✐♣✐❝❛✲

♠❡♥t❡ ❛❞♦t❛❞♦s ♥♦ ❙■◆ ✭❖◆❙✱ ✷✵✵✷✮✱ r❡❞✉③✐♥❞♦ ♦ t❡♠♣♦ ❡♠ q✉❡ ❛ ❧✐♥❤❛ ✜❝❛ ❢♦r❛ ❞❡ ♦♣❡r❛çã♦ ❡

❛✉♠❡♥t❛♥❞♦ ❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❡ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✳ ◆❛s ❋✐❣✉r❛s ✺✳✹✭❜✮ ❡ ✺✳✹✭❞✮

t❡♠✲s❡ ❛ ❞❡t❡❝çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ♥❛ ❢❛s❡ ❆ ❞❛ ❧✐♥❤❛✳ ◆❡st❛s ❡ ❡♠ t♦❞❛s ❛s ❞❡♠❛✐s

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

❋✐❣✉r❛ ✺✳✹✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡❣✉✐❞❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ tr✐♣♦❧❛r✱
❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✳ ✭❛✮ ▲✐♥❤❛ ❝♦♠ ✻✹✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ ✭❜✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛
❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ✭❛✮✳ ✭❝✮ ▲✐♥❤❛ ❝♦♠ ✸✷✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ ✭❞✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦
❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ✭❝✮✳



❈❛♣ít✉❧♦ ✺ ✕ ■♠♣❧❡♠❡♥t❛çã♦ ❡ ❆✈❛❧✐❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✼✵

❋✐❣✉r❛ ✺✳✺✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡❣✉✐❞❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ tr✐♣♦❧❛r✱
s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ✭❛✮ ▲✐♥❤❛ ❝♦♠ ✻✹✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ ✭❜✮ ▲✐♥❤❛ ❝♦♠ ✸✷✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳

✺✳✹ ❆◆➪▲■❙❊ ❉❆ ■◆❋▲❯✃◆❈■❆ ❉❊ ❚P❈s

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

❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ r❡q✉❡r ♠❡❞✐çõ❡s ❞❛s t❡♥sõ❡s ♥♦s ❝✐r❝✉✐t♦s ♣r✐♠ár✐♦s ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❡ ❞❛

❢♦♥t❡✳ P♦r r❛③õ❡s ❡❝♦♥ô♠✐❝❛s✱ s✐st❡♠❛s ❡❧étr✐❝♦s ❡♠ ❊❆❚ ❡ ❯❆❚ ❢❛③❡♠ ✉s♦ ❞❡ tr❛♥s❢♦r♠❛❞♦r❡s

❞❡ ♣♦t❡♥❝✐❛❧ ❝❛♣❛❝✐t✐✈♦s ✭❚P❈s✮ ♣❛r❛ s✉♣r✐r ✐♥str✉♠❡♥t♦s ❞❡ ♠❡❞✐çã♦✱ ♣r♦t❡çã♦ ❡ ❝♦♥tr♦❧❡✳

❖ ❡sq✉❡♠❛ ❡❧étr✐❝♦ s✐♠♣❧✐✜❝❛❞♦ ♣❛r❛ ✉♠ ❚P❈ tí♣✐❝♦ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✻✳ ◆❡st❡

❡sq✉❡♠❛✱ ❛s ❝❛♣❛❝✐tâ♥❝✐❛s Cp1 ❡ Cp2 ♣♦ss✉❡♠ ❛ ❢✉♥çã♦ ❞❡ r❡❞✉③✐r ♦ ♥í✈❡❧ ❞❡ t❡♥sã♦ ❞♦ s✐st❡♠❛

♣❛r❛ ❛❧✐♠❡♥t❛r ♦ ❡♥r♦❧❛♠❡♥t♦ ♣r✐♠ár✐♦ ❞❡ ✉♠ tr❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧ ✐♥❞✉t✐✈♦ ✭❚P■✮✱ ❝✉❥❛

t❡♥sã♦ s❡❝✉♥❞ár✐❛✱ ♣♦r s✉❛ ✈❡③✱ ❛❧✐♠❡♥t❛ ♦s ✐♥str✉♠❡♥t♦s ❞❡ ♠❡❞✐çã♦✱ ♣r♦t❡çã♦ ❡ ❝♦♥tr♦❧❡✳ ❖

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

❡✈✐t❛♥❞♦ ❞✐❢❡r❡♥ç❛s ❞❡ ❢❛s❡ ❡♥tr❡ ❛s t❡♥sõ❡s Vi ❡ Vo✱ ♥❡ss❛ ❢r❡q✉ê♥❝✐❛ ✭❉✬❆❏❯❩ ❡t ❛❧✳✱ ✶✾✽✺✮✳

❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❡✈✐t❛r ♦ ❢❡♥ô♠❡♥♦ ❞❡ ❢❡rr♦r❡ss♦♥â♥❝✐❛ ❡♥tr❡ ❛s ❝❛♣❛❝✐tâ♥❝✐❛s ❞♦ ❝✐r❝✉✐t♦ ❡

❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥♦ ♥ú❝❧❡♦ ❢❡rr♦♠❛❣♥ét✐❝♦ ❞❡ Lc ❡ ❞♦ ❚P■✱ ♦s ❚P❈s sã♦ ❡q✉✐♣❛❞♦s ❝♦♠ ✉♠

❝✐r❝✉✐t♦ s✉♣r❡ss♦r ❞❡ ❢❡rr♦r❡ss♦♥â♥❝✐❛ ✭❈❙❋✮✱ ♥♦r♠❛❧♠❡♥t❡ ❝♦♥❡❝t❛❞♦ ♥♦ ❧❛❞♦ s❡❝✉♥❞ár✐♦ ❞♦

❚P■ ✭❚❩■❖❯❱❆❘❆❙ ❡t ❛❧✳✱ ✷✵✵✵✮✳ ❆ ✐♠♣❡❞â♥❝✐❛ Zb r❡♣r❡s❡♥t❛ ❛ ❝❛r❣❛ ❞♦ ❚P❈✳



❈❛♣ít✉❧♦ ✺ ✕ ■♠♣❧❡♠❡♥t❛çã♦ ❡ ❆✈❛❧✐❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✼✶

❋✐❣✉r❛ ✺✳✻✳ ❊sq✉❡♠❛ ❡❧étr✐❝♦ s✐♠♣❧✐✜❝❛❞♦ ♣❛r❛ ✉♠ ❚P❈ tí♣✐❝♦✳

❯♠❛ r❡s♣♦st❛ tí♣✐❝❛ ♣❛r❛ ✉♠ ❚P❈ ❛♣r❡s❡♥t❛ ❣❛♥❤♦ ✉♥✐tár✐♦ ❡ ❞❡❢❛s❛❣❡♠ ♥✉❧❛ ♥❛ ❢r❡q✉ê♥❝✐❛

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

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

❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❡ ❉❈ ✭❑❊❩❯◆❖❱■❈ ❡t ❛❧✳✱ ✶✾✾✷❀ ❋❊❘◆❆◆❉❊❙ ❏r✳ ❡t ❛❧✳✱ ✷✵✵✼✮✳ ❈♦♥✲

s❡q✉❡♥t❡♠❡♥t❡✱ ❡♠ ❝♦♥❞✐çõ❡s ♥♦r♠❛✐s ❞❡ ♦♣❡r❛çã♦ ❞♦ s✐st❡♠❛✱ ❛ r❡s♣♦st❛ ❞♦ ❚P❈ é ❜❛st❛♥t❡

♣r❡❝✐s❛✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦ s❡✉ ❞❡s❡♠♣❡♥❤♦ ♥ã♦ é ✐❞❡❛❧ q✉❛♥❞♦ ❡st❡ ❡q✉✐♣❛♠❡♥t♦ é s✉❜♠❡t✐❞♦ à

s✐t✉❛çõ❡s tr❛♥s✐tór✐❛s✱ ❛ ❡①❡♠♣❧♦ ❞❡ ❞❡❢❡✐t♦s ❛♦ ❧♦♥❣♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ✭❙❲❊❊❚❆◆❆✱

✶✾✼✶✮✳ ◆❡st❛s ❝♦♥❞✐çõ❡s✱ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ♥♦ s❡❝✉♥❞ár✐♦ ❞♦ ❚P❈ ♣♦❞❡ ❛♣r❡s❡♥t❛r ✐♠♣r❡❝✐sõ❡s

❝♦♠ r❡❧❛çã♦ à t❡♥sã♦ ♥♦ ♣r✐♠ár✐♦ ❡ ❝❛✉s❛r✱ ♣♦r ❡①❡♠♣❧♦✱ ♦ ♠❛❧ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ ♠ét♦❞♦s ❡♠✲

♣r❡❣❛❞♦s ♥❛ ♣r♦t❡çã♦ ❞❡ ❞✐stâ♥❝✐❛ ❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❞❡❢❡✐t♦s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ✭P❆❏❯❊▲❖

❡t ❛❧✳✱ ✷✵✵✽❀ ❈❆❘❱❆▲❍❖ ✫ ❈❆❘◆❊■❘❖ ❏r✳✱ ✷✵✵✻✮✳

◆❡st❛ s❡çã♦✱ ❛✈❛❧✐❛✲s❡ ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ r❡s♣♦st❛ ❞♦s ❚P❈s ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦

q✉❛♥t♦ à ❞❡t❡r♠✐♥❛çã♦ ❞♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❡ ▲❚s ❡ às s♦❜r❡t❡♥sõ❡s

r❡s✉❧t❛♥t❡s✳ ❆ r❡s♣♦st❛ tr❛♥s✐tór✐❛ ❞♦ ❚P❈ ♥ã♦ é ♦ ❢♦❝♦ ❞❡st❛ ❛♥á❧✐s❡✱ ♠❛s s✐♠✱ ❛s ✐♠♣r❡❝✐sõ❡s

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

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

✸✵ ❡ ✺✺ ❍③✳



❈❛♣ít✉❧♦ ✺ ✕ ■♠♣❧❡♠❡♥t❛çã♦ ❡ ❆✈❛❧✐❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✼✷

✺✳✹✳✶ ▼♦❞❡❧♦ ❞❡ ❚P❈ ❯t✐❧✐③❛❞♦ ♥❛s ❙✐♠✉❧❛çõ❡s

◆❛ ❋✐❣✉r❛ ✺✳✼ é ✐❧✉str❛❞♦ ♦ ❝✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ♣❛r❛ ✉♠ ❚P❈ ❞❡ ✺✵✵ ❦❱✱ ♦ q✉❛❧ ❢♦✐ ✉t✐❧✐③❛❞♦

♣♦r P❛❥✉❡❧♦ ❡t ❛❧✳ ✭✷✵✵✽✮ ♣❛r❛ ❛♥á❧✐s❡ ❞♦ ✐♠♣❛❝t♦ ❞❛ r❡s♣♦st❛ tr❛♥s✐tór✐❛ ❞♦ tr❛♥s❢♦r♠❛❞♦r ♥❛

♣r♦t❡çã♦ ❞❡ ❞✐stâ♥❝✐❛✳ ❊st❡ ♠♦❞❡❧♦ é ❝♦♠♣♦st♦ ♣❡❧♦s s❡❣✉✐♥t❡s ❡❧❡♠❡♥t♦s✿ ❞✐✈✐s♦r ❝❛♣❛❝✐t✐✈♦✱

r❡❛t♦r ❞❡ ❝♦♠♣❡♥s❛çã♦✱ tr❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧ ✐♥t❡r♠❡❞✐ár✐♦✱ ❝✐r❝✉✐t♦ s✉♣r❡ss♦r ❞❡ ❢❡r✲

r♦r❡ss♦♥â♥❝✐❛ ❡ ❝❛r❣❛ s❡❝✉♥❞ár✐❛✳ ❖s ♣❛râ♠❡tr♦s ❞♦ ❝✐r❝✉✐t♦ ❡ ❛ r❡s♣♦st❛ ❡♠ ❢r❡q✉ê♥❝✐❛ sã♦

❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✺✳✺ ❡ ♥❛ ❋✐❣✉r❛ ✺✳✽✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ ♣❛rt✐r ❞❡st❛ ✜❣✉r❛✱ ♦❜s❡r✈❛✲s❡

q✉❡ ❛♣❡♥❛s ♥❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ✭✻✵ ❍③✮ ♦ ❚P❈ é ❝❛♣❛③ ❞❡ ♦❜t❡r ✉♠❛ ré♣❧✐❝❛ ❞❛ t❡♥sã♦

♣r✐♠ár✐❛ ♥♦ t❡r♠✐♥❛❧ s❡❝✉♥❞ár✐♦✱ ❝♦♠ ❣❛♥❤♦ ✉♥✐tár✐♦ ❡ ❞❡❢❛s❛❣❡♠ ♥✉❧❛✳

❋✐❣✉r❛ ✺✳✼✳ ▼♦❞❡❧♦ ❞♦ ❚P❈ ❞❡ ✺✵✵ ❦❱ r❡♣♦rt❛❞♦ ♣♦r P❛❥✉❡❧♦ ❡t ❛❧✳ ✭✷✵✵✽✮✳

❚❛❜❡❧❛ ✺✳✺✳ P❛râ♠❡tr♦s ❞♦ ❚P❈ ❞❡ ✺✵✵ ❦❱ r❡♣♦rt❛❞♦ ♣♦r P❛❥✉❡❧♦ ❡t ❛❧✳ ✭✷✵✵✽✮✳

❉✐✈✐s♦r ❘❡❛t♦r ❞❡ ❚P■ ❈✐r❝✉✐t♦ ❙✉♣r❡ss♦r ❈❛r❣❛
❈❛♣❛❝✐t✐✈♦ ❈♦♠♣❡♥s❛çã♦ ✐♥t❡r♠❡❞✐ár✐♦ ❞❡ ❋❡rr♦r❡ss♦♥â♥❝✐❛ ❙❡❝✉♥❞ár✐❛

Rp1 = 3, 33 ❦Ω RC = 950, 06 Ω RP = 850, 02 ❦Ω RF = 13, 33 Ω Rs0 = 29, 55 Ω

Cp1 = 1, 60 ♥❋ LC = 67, 92 ❍ LP = 4, 44 ❍ RCF = 0, 08 Ω RLs0
= 0 Ω

Rp2 = 59, 03 Ω RS = 0, 25 Ω CF = 165, 36 µ❋ Ls0 = 98, 2 ♠❍

Cp2 = 90, 0 ♥❋ LS = 0, 65 ♠❍ RLF = 1, 23 Ω

◆❚ ❂ ✺✵✺✽✴✻✻✱✼ ❱ LF = 54, 3 ♠❍



❈❛♣ít✉❧♦ ✺ ✕ ■♠♣❧❡♠❡♥t❛çã♦ ❡ ❆✈❛❧✐❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✼✸

❋✐❣✉r❛ ✺✳✽✳ ❘❡s♣♦st❛ ❡♠ ❢r❡q✉ê♥❝✐❛ ❞♦ ❚P❈ ❞❡ ✺✵✵ ❦❱ r❡♣♦rt❛❞♦ ♣♦r P❛❥✉❡❧♦ ❡t ❛❧✳ ✭✷✵✵✽✮✿ ✭❛✮
●❛♥❤♦✳ ✭❜✮ ❋❛s❡✳

✺✳✹✳✷ ❘❡s✉❧t❛❞♦s

P❛r❛ ❛s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❛❜♦r❞❛❞❛s ✭▲❚ ❝♦♠ ✸✷ ❡ ✻✹✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠

❞❡r✐✈❛çã♦✮ t❡♠✲s❡ q✉❡ ❛s ❢r❡q✉ê♥❝✐❛s ❞❡ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛✱ ❛♣ós ❛ s✉❛ ❛❜❡rt✉r❛✱

sã♦ ✸✸✱✾ ❡ ✹✽✱✵ ❍③✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P❛r❛ ❝❛❞❛ ✉♠❛ ❞❡st❛s ❢r❡q✉ê♥❝✐❛s ❡ ❝♦♠ ❛✉①í❧✐♦ ❞❛ ❋✐❣✉r❛

✺✳✽✱ ❛♣r❡s❡♥t❛✲s❡ ♥❛ ❚❛❜❡❧❛ ✺✳✻✱ ♦s ❞❛❞♦s r❡❢❡r❡♥t❡s ❛ ❣❛♥❤♦s ❡ ❞❡❢❛s❛❣❡♥s ♦❜t✐❞♦s ♥♦s t❡r♠✐♥❛✐s

s❡❝✉♥❞ár✐♦s ❞♦ ❚P❈ ❞❡ ✺✵✵ ❦❱ r❡♣♦rt❛❞♦ ♣♦r P❛❥✉❡❧♦ ❡t ❛❧✳ ✭✷✵✵✽✮✱ ❡♠ r❡❧❛çã♦ ❛♦ ♣r✐♠ár✐♦✳

P♦✉❝❛ ✐♠♣r❡❝✐sã♦ ♥♦ s❡❝✉♥❞ár✐♦ ❞♦ ❚P❈ é ♦❜s❡r✈❛❞❛ ♣❛r❛ ✉♠ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❡ ✻✹✪✱ ❡♠

q✉❡ t❡♠✲s❡ ✉♠❛ ❛♠♣❧✐✜❝❛çã♦ ♥♦ s✐♥❛❧ ❞❡ ❛♣❡♥❛s ✵✱✸✪ ❡ ✉♠❛ ❞❡❢❛s❛❣❡♠ ❞❡ 2, 3o✳ ❏á ♣❛r❛ ✸✷✪

❞❡ ❝♦♠♣❡♥s❛çã♦✱ ❛ ✐♠♣r❡❝✐sã♦ ♥♦ s✐♥❛❧ é ♠❛✐s ❛❝❡♥t✉❛❞❛✱ ❛❝❛rr❡t❛♥❞♦ ❡♠ ✉♠❛ ❛♠♣❧✐✜❝❛çã♦ ❞❡

✶✺✪ ❡ ✉♠❛ ❞❡❢❛s❛❣❡♠ ❞❡ 13, 6o✳

❚❛❜❡❧❛ ✺✳✻✳ ❉❛❞♦s ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛ r❡❢❡r❡♥t❡s ❛♦ s❡❝✉♥❞ár✐♦ ❞♦ ❚P❈ ❞❡ ✺✵✵ ❦❱ r❡♣♦rt❛❞♦
♣♦r P❛❥✉❡❧♦ ❡t ❛❧✳ ✭✷✵✵✽✮✱ ❡♠ r❡❧❛çã♦ ❛♦ ♣r✐♠ár✐♦✳

●r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❛ ▲❚ ❋r❡q✉ê♥❝✐❛ ❞❡ ♦s❝✐❧❛çã♦ ●❛♥❤♦ ❉❡❢❛s❛❣❡♠

✻✹✪ ✹✽✱✵ ❍③ ✵✱✵✸ ❞❇ ✭✶✱✵✵✸ ♣✳✉✳✮ 2, 3o ❛❞✐❛♥t❛❞♦

✸✷✪ ✸✸✱✾ ❍③ ✶✱✷✺ ❞❇ ✭✶✱✶✺✺ ♣✳✉✳✮ 13, 6o ❛❞✐❛♥t❛❞♦

❖ ❡❢❡✐t♦ ❞❛ r❡s♣♦st❛ ❞♦ ❚P❈ ✜❝❛ ♠❛✐s ❡✈✐❞❡♥t❡ ❛♦ s❡ ❛♥❛❧✐s❛r ❛s ❋✐❣✉r❛s ✺✳✾ ❡ ✺✳✶✵✱ ♥❛s

q✉❛✐s s❡ ❛♣r❡s❡♥t❛♠ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❛ ❧✐♥❤❛ ❛♥t❡s ❡ ❛♣ós ❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛ ♠❡s♠❛✱

❝♦♠ ✸✷ ❡ ✻✹✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ◆❡st❛s ✜❣✉r❛s✱ t❡♠✲s❡ ♦s s✐♥❛✐s ❞❡ ❛♣❡♥❛s ✉♠❛

❞❛s ❢❛s❡s✱ ♦s q✉❛✐s ❢♦r❛♠ ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞♦ s❡❝✉♥❞ár✐♦ ❞❡ ✉♠ ❚P❈ ✐❞❡❛❧✱ ❜❡♠ ❝♦♠♦ ❞♦ ❚P❈
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r❡♣♦rt❛❞♦ ♣♦r P❛❥✉❡❧♦ ❡t ❛❧✳ ✭✷✵✵✽✮✳ ❖s❝✐❧♦❣r❛♠❛s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛ ✉♠ ❝✐❝❧♦ ❞❡ ♦s❝✐❧❛çã♦ ❞❛

❝❛r❣❛ r❡s✐❞✉❛❧ ♣❛r❛ ❛s ❝♦♥❞✐çõ❡s ❛❜♦r❞❛❞❛s ❞❡ ♦♣❡r❛çã♦ ❞❛ ❧✐♥❤❛✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣✉r❛s

✺✳✾✭❜✮ ❡ ✺✳✶✵✭❜✮✳

❋✐❣✉r❛ ✺✳✾✳ ❆♥á❧✐s❡ ❞❛ r❡s♣♦st❛ ❞♦ ❚P❈✱ r❡♣♦rt❛❞♦ ♣♦r P❛❥✉❡❧♦ ❡t ❛❧✳ ✭✷✵✵✽✮✱ ♣❛r❛ ❛ ▲❚ ❝♦♠ ✸✷✪ ❞❡
❝♦♠♣❡♥s❛çã♦✿ ✭❛✮ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ✉♠❛ ❞❛s ❢❛s❡s✱ ❛♥t❡s ❡ ❛♣ós ❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛
❞❛ ♠❡s♠❛✳ ✭❜✮ ❉❡t❛❧❤❡ ❞❡ ✉♠ ❝✐❝❧♦ ❞❛ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✳ ✭❝✮ ❚❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦
❞✐s❥✉♥t♦r✳
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❋✐❣✉r❛ ✺✳✶✵✳ ❆♥á❧✐s❡ ❞❛ r❡s♣♦st❛ ❞♦ ❚P❈✱ r❡♣♦rt❛❞♦ ♣♦r P❛❥✉❡❧♦ ❡t ❛❧✳ ✭✷✵✵✽✮✱ ♣❛r❛ ❛ ▲❚ ❝♦♠ ✻✹✪
❞❡ ❝♦♠♣❡♥s❛çã♦✿ ✭❛✮ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ✉♠❛ ❞❛s ❢❛s❡s✱ ❛♥t❡s ❡ ❛♣ós ❛ ❛❜❡rt✉r❛
tr✐❢ás✐❝❛ ❞❛ ♠❡s♠❛✳ ✭❜✮ ❉❡t❛❧❤❡ ❞❡ ✉♠ ❝✐❝❧♦ ❞❛ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✳ ✭❝✮ ❚❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s
❞♦ ❞✐s❥✉♥t♦r✳

❆ ♣❛rt✐r ❞❡st❛s ✜❣✉r❛s✱ ♦❜s❡r✈❛✲s❡ ❛ s✐♠✐❧❛r✐❞❛❞❡ ❡♥tr❡ ♦s s✐♥❛✐s ♣r♦✈❡♥✐❡♥t❡s ❞♦ ❚P❈ ✐❞❡❛❧

❡ ❞♦ ❚P❈ ♠♦❞❡❧❛❞♦ ❛♣❡♥❛s ♣❛r❛ ♦ ❝❛s♦ ❡♠ q✉❡ ❛ ❧✐♥❤❛ ♣♦ss✉✐ ✻✹✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ P❛r❛ ❛

❧✐♥❤❛ ❝♦♠ ✸✷✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✱ ❡✈✐❞❡♥❝✐❛✲s❡ ❛ ✐♠♣r❡❝✐sã♦ ♥♦s s✐♥❛✐s✱ ❡♠ r❡❧❛çã♦ à ❛♠♣❧✐✜❝❛çã♦
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❡ à ❞❡❢❛s❛❣❡♠✱ ♣r♦✈♦❝❛❞❛ ♣❡❧♦ ❚P❈ ♠♦❞❡❧❛❞♦✳ ❊st❛s ✐♠♣r❡❝✐sõ❡s s❡ r❡✢❡t❡♠ ♥♦s s✐♥❛✐s ❞❡

t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦s ❞✐s❥✉♥t♦r❡s ✭❋✐❣✉r❛s ✺✳✾✭❝✮ ❡ ✺✳✶✵✭❝✮✮✱ ♦s q✉❛✐s sã♦ ✉t✐❧✐③❛❞♦s ♣❡❧♦

♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡st❛ t❡s❡ ♣❛r❛ ❞❡t❡r♠✐♥❛r ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛✳

P❛r❛ ❛✈❛❧✐❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ r❡s♣♦st❛ ❞♦ ❚P❈ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ ❝♦♥s✐❞❡r❛✲

s❡ ♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✺✳✷ ❡ ♣❛r❛ ❝❛❞❛ ❝❛s♦ ❛✈❛❧✐❛❞♦ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ✹✵✵

s✐♠✉❧❛çõ❡s ❡st❛tíst✐❝❛s✱ ✈❛r✐❛♥❞♦ ♦ t❡♠♣♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✱ ❝♦♥❢♦r♠❡ ❞✐s❝✉t✐❞♦ ♥❛ ❙❡çã♦

✺✳✸✳ ◆❛ ❋✐❣✉r❛ ✺✳✶✶✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ❞❡ s♦❜r❡t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✱ ♦s q✉❛✐s

tê♠ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ♠❡♥♦r ♦✉ ✐❣✉❛❧ ❛ ✷✪✱ r❡❢❡r❡♥t❡s à ❛♣❧✐❝❛çã♦ ❞♦ ❞✐s♣♦s✐t✐✈♦

♣r♦♣♦st♦ ♥❡st❛ t❡s❡ ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛✱ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ❉✉❛s

s✐t✉❛çõ❡s sã♦ ❝♦♥s✐❞❡r❛❞❛s✿ ♥❛ ♣r✐♠❡✐r❛✱ ✉♠ ❚P❈ ✐❞❡❛❧ ❢♦r♥❡❝❡ ❛♦ ❞✐s♣♦s✐t✐✈♦ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦

♥❡❝❡ssár✐♦s ♣❛r❛ ♣r❡✈❡r ♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦❀ ♥❛ s❡❣✉♥❞❛✱ ❡st❡s s✐♥❛✐s

sã♦ ♣r♦✈❡♥✐❡♥t❡s ❞♦ ❚P❈ ♠♦❞❡❧❛❞♦✱ r❡♣♦rt❛❞♦ ♣♦r P❛❥✉❡❧♦ ❡t ❛❧✳ ✭✷✵✵✽✮✳

❋✐❣✉r❛ ✺✳✶✶✳ ❙♦❜r❡t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ▲❚✿ ❆✈❛❧✐❛çã♦ ❞❛ r❡s♣♦st❛ ❞♦ ❚P❈ ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛✲
♠❡♥t♦✳

❖s ❞❛❞♦s r❡❢❡r❡♥t❡s às ♠á①✐♠❛s s♦❜r❡t❡♥sõ❡s ❝♦♠ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ♠❡♥♦r ♦✉

✐❣✉❛❧ ❛ ✷✪ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✺✳✼✳

❚❛❜❡❧❛ ✺✳✼✳ ▼á①✐♠♦s ✈❛❧♦r❡s ❞❡ s♦❜r❡t❡♥sã♦ ❝♦♠ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ♠❡♥♦r q✉❡ ✷✪ ✭❱❜❛s❡
❂ ✺✺✵ ❦❱✮✿ ❆♥á❧✐s❡ ❞❛ r❡s♣♦st❛ ❞♦ ❚P❈ ❡♠ t❡♠♣♦ r❡❛❧✳

❈♦♥❞✐çã♦ ❞❡ ❖♣❡r❛çã♦ ❚P❈ ■❞❡❛❧ ❚P❈ ✭P❆❏❯❊▲❖ ❡t ❛❧✳✱ ✷✵✵✽✮

✸✷✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ✶✱✻✻ ♣✳✉✳ ✶✱✼✷ ♣✳✉✳

✻✹✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ✶✱✹✷ ♣✳✉✳ ✶✱✹✸ ♣✳✉✳



❈❛♣ít✉❧♦ ✺ ✕ ■♠♣❧❡♠❡♥t❛çã♦ ❡ ❆✈❛❧✐❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✼✼

❈♦♠ ❜❛s❡ ♥♦ ❡①♣♦st♦✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♣❛r❛ ♦ ❝❛s♦ ❡♠ q✉❡ ❛ ❧✐♥❤❛ t❡♠ ✻✹✪ ❞❡ ❝♦♠♣❡♥s❛çã♦

r❡❛t✐✈❛✱ ♦ ❚P❈ ♣r❛t✐❝❛♠❡♥t❡ ♥ã♦ ✐♥✢✉❡♥❝✐♦✉ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❞✐s♣♦s✐t✐✈♦ ♣r♦♣♦st♦✳ ❉✐❢❡r✲

❡♥ç❛s ❞❡ ❛♣❡♥❛s ✶✪ ♥❛s ♠á①✐♠❛s s♦❜r❡t❡♥sõ❡s ❢♦r❛♠ ♦❜t✐❞❛s ❝♦♠ r❡❧❛çã♦ ❛♦ ✉s♦ ❞♦ ❚P❈ ✐❞❡❛❧ ❡

❞♦ ❚P❈ r❡♣♦rt❛❞♦ ♣♦r P❛❥✉❡❧♦ ❡t ❛❧✳ ✭✷✵✵✽✮✳ ❏á ♣❛r❛ ♦ ❝❛s♦ ❡♠ q✉❡ t❡♠✲s❡ ✸✷✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✱

♦❜s❡r✈❛✲s❡ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡st❡ ú❧t✐♠♦ ❚P❈ ❛❝❛rr❡t❛ ❡♠ ✉♠❛ ❡❧❡✈❛çã♦ ❞❡ ✻✪ ♥❛s ♠á①✐♠❛s

s♦❜r❡t❡♥sõ❡s✱ ❝♦♠ r❡❧❛çã♦ ❛♦ ❚P❈ ✐❞❡❛❧✳ ■st♦ ❞❡✈❡✲s❡ à ❝❛r❛❝t❡ríst✐❝❛ ❞❛ r❡s♣♦st❛ ❡♠ ❢r❡q✉ê♥❝✐❛

❞♦ ❚P❈ ♠♦❞❡❧❛❞♦✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✽✳ ➚ ♠❡❞✐❞❛ q✉❡ ❛s ❢r❡q✉ê♥❝✐❛s ❞♦s s✐♥❛✐s s❡

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

♣❛r❛ ❡st❛ ú❧t✐♠❛ ❝♦♥❞✐çã♦ ❞❡ ♦♣❡r❛çã♦ ❛❜♦r❞❛❞❛✱ ✈❡r✐✜❝❛♠✲s❡ ❡rr♦s ♠❛✐♦r❡s ♥❛ ❞❡t❡r♠✐♥❛çã♦

❞♦ ✐♥st❛♥t❡ ❛♣r♦♣r✐❛❞♦ ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦✳ ◆♦ ❡♥t❛♥t♦✱ ❡st❡s ❡rr♦s sã♦ ❛❝❡✐tá✈❡✐s✱ ✉♠❛ ✈❡③ q✉❡

❛s s♦❜r❡t❡♥sõ❡s ♦r✐✉♥❞❛s ❞♦ r❡❧✐❣❛♠❡♥t♦ ❢♦r❛♠ ❧✐♠✐t❛❞❛s ❛ ✈❛❧♦r❡s ❛❜❛✐①♦ ❞❛q✉❡❧❛s ♦❜t✐❞❛s ❛

♣❛rt✐r ❞❡ ♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦ ❞❛ ❧✐♥❤❛✱ q✉❡ ❢♦r❛♠ ❞❡ ✶✱✼✻ ♣✳✉✳✱ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥❛

❚❛❜❡❧❛ ✺✳✹✳



❈❆P❮❚❯▲❖ ✻

❆◆➪▲■❙❊ P❆❘❆▼➱❚❘■❈❆ ❊ ❉❊ ❙❊◆❙■❇■▲■❉❆❉❊

◆❡st❡ ❝❛♣ít✉❧♦✱ ✉♠❛ ✈❡rsã♦ ♦✤✐♥❡ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞❛ ♣❛r❛ ❛♥á❧✐s❡s ♣❛r❛♠étr✐✲

❝❛s ❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ♣♦r ♠❡✐♦ ❞❡ r❡❣✐str♦s ♦s❝✐❧♦❣rá✜❝♦s r❡❛✐s✱ ❛❞✈✐♥❞♦s ❞❛ r❡❞❡ ❞❡ ♦s❝✐❧♦❣r❛✜❛

❞❛ ❈❤❡s❢✱ ❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ✈✐❛ ❊▼❚P ✭❊❧❡❝tr♦♠❛❣♥❡t✐❝ ❚r❛♥s✐❡♥ts Pr♦❣r❛♠✮✳ ❉❛❞♦s ❞♦

❙■◆ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❡st✉❞♦ ❞❡ ❝❛s♦s ❡♠ q✉❡ ❛✈❛❧✐❛✲s❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ q✉❛♥t♦

à ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❡ à ❡①tr❛♣♦❧❛çã♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❛ ❧✐♥❤❛✳ ❈♦♠ r❡❧❛çã♦ ❛♦s ♥í✈❡✐s

❞❡ s♦❜r❡t❡♥sõ❡s ♦r✐❣✐♥❛❞❛s ❞❡ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦ tr✐❢ás✐❝♦✱ ♦s r❡s✉❧t❛❞♦s ❞❛ ❛♣❧✐❝❛çã♦

❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ sã♦ ❝♦♠♣❛r❛❞♦s ❝♦♠ ❛q✉❡❧❡s ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞♦ ✉s♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲

✐♥s❡rçã♦ ❡ ❞❡ ♣❛r❛✲r❛✐♦s ♥❛s ❡①tr❡♠✐❞❛❞❡s ❞❛ ❧✐♥❤❛✳ ◆❡st❡ â♠❜✐t♦✱ ❛s ❛♥á❧✐s❡s sã♦ r❡❛❧✐③❛❞❛s ❛

♣❛rt✐r ❞♦s s❡❣✉✐♥t❡s tó♣✐❝♦s✿

• ❉❡s❝r✐çã♦ ❡ ♠♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❛ s❡r ❛♥❛❧✐s❛❞♦❀

• ❙✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ❞❡ ❛❜❡rt✉r❛s tr✐❢ás✐❝❛s ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ♣♦r ♠❡✐♦ ❞♦ ♣r♦❣r❛♠❛

❆❚P ✭▲❊❯❱❊◆ ❊▼❚P ❈❊◆❚❊❘✱ ✶✾✽✼✮✱ ✐♥❝❧✉✐♥❞♦ s✐t✉❛çõ❡s ❞❡ ❞❡❢❡✐t♦s ❛♦ ❧♦♥❣♦ ❞❡ s✉❛

❡①t❡♥sã♦❀

• ❊st✉❞♦s ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ q✉❛♥t♦ ❛♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s ❝❛r❣❛s r❡s✐❞✉❛✐s ♥❛ ❧✐♥❤❛ ♣❛r❛

❞✐❢❡r❡♥t❡s ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦✳

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

❞❡❢❡✐t♦s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✱ ❜❡♠ ❝♦♠♦✱ ❞✐❢❡r❡♥t❡s r❡s✐stê♥❝✐❛s ❞❡ ❞❡❢❡✐t♦✳

• ❆♥á❧✐s❡ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ q✉❛♥t♦ ❛♦ ❡sq✉❡♠❛ ❞❡ tr❛♥s♣♦s✐çã♦ ❞❛ ❧✐♥❤❛✳

• ❆♥á❧✐s❡ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ t❛♥t♦ ♣❛r❛ ❝❛s♦s s✐♠✉❧❛❞♦s ♥♦ ❆❚P q✉❛♥t♦

♣❛r❛ ❝❛s♦s r❡❛✐s ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❛ r❡❞❡ ❞❡ ♦s❝✐❧♦❣r❛✜❛ ❞❛ ❈❤❡s❢✳

✼✽



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✼✾

✻✳✶ ❙■❙❚❊▼❆ ❊▲➱❚❘■❈❖ ▼❖❉❊▲❆❉❖

❊st✉❞♦s r❡❛❧✐③❛❞♦s ♣❡❧❛ ❊♠♣r❡s❛ ❞❡ P❡sq✉✐s❛ ❊♥❡r❣ét✐❝❛ ✭❊P❊✮ ✐♥❞✐❝❛r❛♠ q✉❡ ♣❛r❛ tr❛♥s✲

❢❡r✐r ♣❛rt❡ ❞❛ ❡♥❡r❣✐❛ ❞✐s♣♦♥í✈❡❧ ♥❛ r❡❣✐ã♦ ◆♦rt❡ ♣❛r❛ ❛ r❡❣✐ã♦ ◆♦r❞❡st❡✱ s❡r✐❛ ♥❡❝❡ssár✐❛ ❛

❛♠♣❧✐❛çã♦ ❞❛ ✐♥t❡r❧✐❣❛çã♦ ❡♥tr❡ ❡st❛s r❡❣✐õ❡s ❛tr❛✈és ❞♦ s❡❣✉♥❞♦ ❝✐r❝✉✐t♦ ❞❛ ▲❚ ✺✵✵ ❦❱ ❈♦❧✐♥❛s

✲ ❘✐❜❡✐r♦ ●♦♥ç❛❧✈❡s ✲ ❙ã♦ ❏♦ã♦ ❞♦ P✐❛✉í ❡ ❞❛ ▲❚ ✺✵✵ ❦❱ ❙ã♦ ❏♦ã♦ ❞♦ P✐❛✉í ✲ ▼✐❧❛❣r❡s ✭▲❚ ❙❏■✲

▼▲●✮✳ ❊st❛ ✐♥t❡r❧✐❣❛çã♦ ❥á s❡ ❡♥❝♦♥tr❛ ❡♠ ♦♣❡r❛çã♦ ❡ ❛ ❝♦♥✜❣✉r❛çã♦ ❞❡st❡ ❡♠♣r❡❡♥❞✐♠❡♥t♦ ❢♦✐

❞❡✜♥✐❞❛ ♥♦s ❡st✉❞♦s ❡❧❛❜♦r❛❞♦s s♦❜ ❛ ❝♦♦r❞❡♥❛çã♦ ❞❛ ❊P❊ ✭❊P❊✱ ✷✵✵✻✮✳ ❖ ❞✐❛❣r❛♠❛ ✉♥✐✜❧❛r é

❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✶ ❡ ♥❛ ❋✐❣✉r❛ ✻✳✷ t❡♠✲s❡ ♦ ♠❛♣❛ ❡❧❡tr♦✲❣❡♦❣rá✜❝♦ ❞❛ ár❡❛ ❞❡ ✐♥t❡r❡ss❡✱

✐❧✉str❛♥❞♦ ❛ ❝♦♥✜❣✉r❛çã♦ ❥á ❡①✐st❡♥t❡ ♦✉ ❡♠ ❢❛s❡ ❞❡ ✐♠♣❧❛♥t❛çã♦✱ ❛ss✐♠ ❝♦♠♦ ❛ r❡❞❡ r❡❢❡r❡♥t❡

❛♦ ❡♠♣r❡❡♥❞✐♠❡♥t♦✳

❋✐❣✉r❛ ✻✳✶✳ ❉✐❛❣r❛♠❛ ✉♥✐✜❧❛r ❞❛ ❛♠♣❧✐❛çã♦ ❞❛ ✐♥t❡r❧✐❣❛çã♦ ◆♦rt❡✲◆♦r❞❡st❡✳

❖ ❞✐❛❣r❛♠❛ ✉♥✐✜❧❛r ❞❡ ♣❛rt❡ ❞♦ ❙■◆ ❝♦rr❡s♣♦♥❞❡♥t❡ à ❝♦♥✜❣✉r❛çã♦ ♥♦ ❛♥♦ ❞❡ ✷✵✵✾✱ ❛ q✉❛❧

❢♦✐ ♠♦❞❡❧❛❞❛ ♥♦ ❆❚P✱ ❜❡♠ ❝♦♠♦ ♦s ❞❛❞♦s ❞♦ s✐st❡♠❛✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥♦ ❆♣ê♥❞✐❝❡ ❈✳ ◆❡ss❛

❝♦♥✜❣✉r❛çã♦✱ ❝♦♥s✐❞❡r❛✲s❡ ✉♠❛ ♠♦❞❡❧❛❣❡♠ ❞❡t❛❧❤❛❞❛ ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ✺✵✵ ❦❱ ❡ ♦

s✐st❡♠❛ ❡①t❡r♥♦ é ♠♦❞❡❧❛❞♦ ♣♦r ♠❡✐♦ ❞❡ ❡q✉✐✈❛❧❡♥t❡s ❞❡ ❚❤é✈❡♥✐♥✳ ❆s ❢♦♥t❡s ❞❡ t❡♥sã♦ ❢♦r❛♠

❛❥✉st❛❞❛s ♣❛r❛ ❛ ♠á①✐♠❛ t❡♥sã♦ ♦♣❡r❛t✐✈❛ ❞❡✜♥✐❞❛ ♣❛r❛ ✉♠ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❡ ✺✵✵ ❦❱✱ ♦✉ s❡❥❛✱

✺✺✵ ❦❱ ✭❖◆❙✱ ✷✵✵✷✮✳ ❊st❡ ✈❛❧♦r ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ✶✱✵ ♣✳✉✳ ♣♦r s❡r ❝♦♠✉♠❡♥t❡ ❛❞♦t❛❞♦ ❝♦♠♦ ❜❛s❡

❡♠ ❡st✉❞♦s ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ♥♦ ❙■◆ ✭❊P❊✱ ✷✵✵✻✮✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✽✵

❋✐❣✉r❛ ✻✳✷✳ ▼❛♣❛ ❡❧❡tr♦✲❣❡♦❣rá✜❝♦ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ✭❋♦♥t❡✿ ❊P❊ ✭✷✵✵✻✮✮✳

P❛r❛ ❡st✉❞♦ ❞❡ ❝❛s♦✱ ❢♦✐ ✉t✐❧✐③❛❞❛ ♠❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡ ❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ r❡❢❡r❡♥t❡ ❛♦

tr❡❝❤♦ ❙ã♦ ❏♦ã♦ ❞♦ P✐❛✉í ✲ ▼✐❧❛❣r❡s✱ q✉❡ t❡♠ ✹✵✵ ❦♠ ❞❡ ❡①t❡♥sã♦ ❡ r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦ ❞❡

✶✽✵ ▼✈❛r ❡♠ ❝❛❞❛ ❡①tr❡♠✐❞❛❞❡✳ ❆ ❣❡♦♠❡tr✐❛ ❞❡st❛ ❧✐♥❤❛ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✸✱ ❛ q✉❛❧

❝♦♥s✐st❡ ❞❡ ✉♠❛ t♦rr❡ ❞❡ ❛ç♦ ❡st❛✐❛❞❛✱ ❝♦♠ q✉❛tr♦ ❝♦♥❞✉t♦r❡s ❣❡♠✐♥❛❞♦s ♣♦r ❢❛s❡ ❡ ❝♦♠ ♦ ❢❡✐①❡

❡①♣❛♥❞✐❞♦✳ ❖s ❞❛❞♦s ❞♦s ❝♦♥❞✉t♦r❡s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✶✳ ❆ ❧✐♥❤❛ ❢♦✐ ♠♦❞❡❧❛❞❛ ❝♦♠

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

sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✷✱ ❡♠ q✉❡ s❡ ❝♦♥s✐❞❡r❛ ❛ ❧✐♥❤❛ ♣❡r❢❡✐t❛♠❡♥t❡ tr❛♥s♣♦st❛✳ ❆

r❡s✐st✐✈✐❞❛❞❡ ❞♦ s♦❧♦ ❛❞♦t❛❞❛ ♥❛s s✐♠✉❧❛çõ❡s ❢♦✐ ❞❡ ✶✵✵✵ Ω·♠✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✽✶

❋✐❣✉r❛ ✻✳✸✳ ●❡♦♠❡tr✐❛ ❞❛ ▲❚ ✺✵✵ ❦❱ ❙ã♦ ❏♦ã♦ ❞♦ P✐❛✉í ✲ ▼✐❧❛❣r❡s✳

❚❛❜❡❧❛ ✻✳✶✳ ❉❛❞♦s ❞♦s ❝♦♥❞✉t♦r❡s ❞❛ ▲❚ ❙ã♦ ❏♦ã♦ ❞♦ P✐❛✉í ✲ ▼✐❧❛❣r❡s✳

P❛râ♠❡tr♦s ❈♦♥❞✉t♦r ❢❛s❡ ❈♦♥❞✉t♦r ♣❛r❛✲r❛✐♦s

❚✐♣♦ ❞❡ ❝❛❜♦ ❈❛❜♦ ❘❛✐❧ ❈❛❜♦ ❊❍❙ ✸✴✽✑
❉✐â♠❡tr♦ ❡①t❡r♥♦ ✭❝♠✮ ✷✱✾✻ ✵✱✾✶✹

❘❛✐♦ ♠é❞✐♦ ❣❡♦♠étr✐❝♦ ✭❝♠✮ ✶✱✶✼✸✺ ✵✱✵✸✵✷
❘❡s✐stê♥❝✐❛ ❆❈ ✭Ω/km✮ ✵✱✵✻✼✹ ✹✱✷✼✶

❚❛❜❡❧❛ ✻✳✷✳ ❉❛❞♦s ❞❡ s❡q✉ê♥❝✐❛ ❞❛ ▲❚ ❙ã♦ ❏♦ã♦ ❞♦ P✐❛✉í ✲ ▼✐❧❛❣r❡s✳

❙❡q✉ê♥❝✐❛ R ✭Ω/❦♠✮ X ✭Ω/❦♠✮ ωC ✭µ℧/❦♠✮

❩❡r♦ ✵✱✹✾✸✵ ✶✱✸✸✾ ✷✱✽✾✵
P♦s✐t✐✈❛ ✵✱✵✶✽✻ ✵✱✷✻✼ ✻✱✶✷✹

❆s t❡♥sõ❡s ❞❡ ♣ré✲♠❛♥♦❜r❛ ♣❛r❛ ❛s ❜❛rr❛s ❞❡ ❙ã♦ ❏♦ã♦ ❞♦ P✐❛✉í ❡ ▼✐❧❛❣r❡s sã♦ ❛♣r❡s❡♥t❛❞❛s

♥❛ ❚❛❜❡❧❛ ✻✳✸✳

❚❛❜❡❧❛ ✻✳✸✳ ❚❡♥sã♦ ♣ré✲♠❛♥♦❜r❛ ❡♠ ❙✳ ❏✳ ❞♦ P✐❛✉í ❡ ▼✐❧❛❣r❡s ✭Vbase ❂ ✺✺✵ ❦❱✮✳

❇❛rr❛ ❚❡♥sã♦ ♣ré✲♠❛♥♦❜r❛ ✭♣✳✉✳✮

❙✳ ❏✳ ❞♦ P✐❛✉í ✶✱✵✵
▼✐❧❛❣r❡s ✶✱✵✷



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✽✷

◆❛s s✐♠✉❧❛çõ❡s✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♣❛r❛✲r❛✐♦s ❞❡ ó①✐❞♦ ❞❡ ③✐♥❝♦ ✭❩♥❖✮✱ ❝♦♥❡❝t❛❞♦s ♥♦s t❡r♠✐✲

♥❛✐s ❞❛ ❧✐♥❤❛✱ ❝♦♠ t❡♥sã♦ ♥♦♠✐♥❛❧ ❞❡ ✹✷✵ ❦❱ ❡ ✉♠ ♥í✈❡❧ ❞❡ ♣r♦t❡çã♦ ❛ ✐♠♣✉❧s♦ ❞❡ ♠❛♥♦❜r❛ ❞❡

✽✸✵ ❦❱ ❡♠ ✷ ❦❆✳ ❖s ♣❛r❛✲r❛✐♦s sã♦ r❡♣r❡s❡♥t❛❞♦s ❛tr❛✈és ❞❡ s✉❛s ❝❛r❛❝t❡ríst✐❝❛s ❱✲■✱ ❛s q✉❛✐s

❢♦r❛♠ ♦❜t✐❞❛s ❛ ♣❛rt✐r ❞❛ ❋✐❣✉r❛ ✷✳✶✹✱ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠ ✐♠♣✉❧s♦ ❞❡ ♠❛♥♦❜r❛ ❝♦♠ ❢♦r♠❛ ❞❡

♦♥❞❛ ✸✵✴✻✵ µs✳ ❊st❛ ❝❛r❛❝t❡ríst✐❝❛ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❚❛❜❡❧❛ ✻✳✹✳

❚❛❜❡❧❛ ✻✳✹✳ ❈❛r❛❝t❡ríst✐❝❛ ❞♦s ♣❛r❛✲r❛✐♦s ❞❡ ❩♥❖ ❝♦♠ t❡♥sã♦ ♥♦♠✐♥❛❧ ❞❡ ✹✷✵ ❦❱✳

❈♦rr❡♥t❡ ✭❦❆✮ ❚❡♥sã♦ ❢❛s❡✲t❡rr❛ ✭❦❱✮

✵✱✵✵✶ ✻✹✸✱✼✷
✵✱✵✶✵ ✻✽✶✱✷✸
✵✱✵✺✵ ✼✷✶✱✷✼
✵✱✶✵✵ ✼✸✽✱✼✵
✵✱✷✵✵ ✼✺✻✱✶✹
✵✱✹✵✵ ✼✼✺✱✼✺
✵✱✼✵✵ ✼✾✸✱✶✽
✶✱✵✵✵ ✽✵✻✱✷✻
✷✱✵✵✵ ✽✸✵✱✷✸
✺✱✵✵✵ ✽✼✸✱✽✶

❉✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❞❛ ❧✐♥❤❛ ❡♠ q✉❡stã♦ ❢♦r❛♠ ❛✈❛❧✐❛❞❛s ❝♦♥s✐❞❡r❛♥❞♦ ▼✐❧❛✲

❣r❡s ❝♦♠♦ ♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ❡ ✉♠ t❡♠♣♦ ♠♦rt♦ ❞❡ ✺✵✵ ♠s ♣❛r❛ ❛s ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦

tr✐♣♦❧❛r✳ ❋♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s s✐t✉❛çõ❡s ❡♠ q✉❡ ♦ s✐st❡♠❛ s❡ ❡♥❝♦♥tr❛ í♥t❡❣r♦✱ ❜❡♠ ❝♦♠♦ s✐t✉✲

❛çõ❡s ❡♠ q✉❡ ❛ ❧✐♥❤❛ ❢♦✐ ❞❡s❧✐❣❛❞❛ ♣♦r ❝♦♥t❛ ❞❡ ❞❡❢❡✐t♦s ❛♦ ❧♦♥❣♦ ❞❡ s✉❛ ❡①t❡♥sã♦✳ ❆ s❡❣✉✐r✱

sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥❞✐çõ❡s ❛❜♦r❞❛❞❛s ♣❛r❛ ❛ ❧✐♥❤❛ ❙✳ ❏✳ ❞♦ P✐❛✉í ✲ ▼✐❧❛❣r❡s✿

• ▲✐♥❤❛ ❝♦♠ r❡❛t♦r❡s ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s ✭❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✺✽✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮ ❡

r❡❧❛çã♦ X0/X1 = 1, 73 ♣❛r❛ ♦s r❡❛t♦r❡s❀

• ❙✐t✉❛çã♦ ❤✐♣♦tét✐❝❛ ❞❛ ❧✐♥❤❛ ❝♦♠ r❡❛t♦r❡s ❛♣❡♥❛s ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭❛♣r♦①✐♠❛❞❛♠❡♥t❡

✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮ ❡ r❡❧❛çã♦ X0/X1 = 1, 73 ♣❛r❛ ♦s r❡❛t♦r❡s❀

• ❙✐t✉❛çã♦ ❤✐♣♦tét✐❝❛ ❞❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦ ✭❝♦♠ r❡❛t♦r❡s

❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s✮ ❡ r❡❧❛çã♦ X0/X1 = 2, 9 ♣❛r❛ ♦s r❡❛t♦r❡s✳
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✻✳✷ ❆◆➪▲■❙❊ ❉❆ ❊❳❚■◆➬➹❖ ❉❊ ❉❊❋❊■❚❖❙ ❊ ❊❳❚❘❆P❖▲❆➬➹❖ ❉❖❙ ❙■◆❆■❙

❈❖▼ ❉❆❉❖❙ ❙■▼❯▲❆❉❖❙

❈♦♠ ❜❛s❡ ❡♠ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ❞❡ ❞❡❢❡✐t♦s ❡ ❛❜❡rt✉r❛s tr✐❢ás✐❝❛s ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦

❡ ❢❛③❡♥❞♦ ✉s♦ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ú❧t✐♠❛ s❡çã♦✱ r❡❛❧✐③❛✲s❡ ❛q✉✐ ✉♠❛ ❛♥á❧✐s❡

❞♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ q✉❛♥t♦ à ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❡ ❡①tr❛♣♦❧❛çã♦ ❞♦s s✐♥❛✐s

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

✻✳✷✳✶ ❆❜❡rt✉r❛ ❚r✐❢ás✐❝❛

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

tr❛♥s♠✐ssã♦ s♦❜ ❛♥á❧✐s❡✱ r❡❛❧✐③❛✲s❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ❞❡ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛✱ s❡♠ ❛ ♦❝♦rrê♥❝✐❛

❞❡ ❞❡❢❡✐t♦s✱ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦✿ ✷✾✪✱ ✺✽✪ ❡ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛

❡♠ ❞❡r✐✈❛çã♦✳ ❖s r❡s✉❧t❛❞♦s ❞❡st❛s s✐♠✉❧❛çõ❡s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✹✱ ❡♠ q✉❡ ❛ ❧✐♥❤❛

é ❛❜❡rt❛ ♥♦ ✐♥st❛♥t❡ t = ✷✵✵ ♠s✳ ❆ ♣❛rt✐r ❞❡st❛ ✜❣✉r❛✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦

❛❧t❡r❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✱ ✐♥✢✉❡♥❝✐❛♥❞♦ ♥❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ♣r❡✲

s❡♥t❡s ♥♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❛ ❧✐♥❤❛✱ t❛❧ ❝♦♠♦ ❞✐s❝✉t✐❞♦ ♥❛ ❙❡çã♦ ✷✳✶✳✷✳ ❱❡r✐✜❝❛✲s❡ q✉❡ q✉❛♥t♦

♠❛✐♦r ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❛ ❧✐♥❤❛✱ ♠❛✐♦r ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✳

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

♥❛ ❧✐♥❤❛ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❢❛s❡s✳ ❖s r❡s✉❧t❛❞♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣✉r❛s ✻✳✺✱ ✻✳✻ ❡ ✻✳✼✱

r❡s♣❡❝t✐✈❛♠❡♥t❡ ♣❛r❛ ✷✾✪✱ ✺✽✪ ❡ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ P❛r❛ ❡st❛s ✜❣✉r❛s✱ ❛♣ós ❛ ❛❜❡rt✉r❛ ❞❛

❧✐♥❤❛ ❡ ❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✱ ❝♦♥❢♦r♠❡ ❙❡çã♦ ✹✳✸✳✶✱ ❡①tr❛♣♦❧❛✲s❡ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡♠

✉♠ ✐♥t❡r✈❛❧♦ ❞❡ ✶✺✵ ♠s ❛ ❢r❡♥t❡ ❞♦ ú❧t✐♠♦ ✐♥st❛♥t❡ ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡

❢r❡q✉ê♥❝✐❛ ❞❡st❡s s✐♥❛✐s✱ ❡♠ q✉❡ ♦❜s❡r✈❛✲s❡ ❛ s✐♠✐❧❛r✐❞❛❞❡ ❡♥tr❡ ♦s s✐♥❛✐s s✐♠✉❧❛❞♦s ❡ ♦s s✐♥❛✐s

❡①tr❛♣♦❧❛❞♦s✳ P♦r ❝♦♥s❡❣✉✐♥t❡✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ♦ ♠ét♦❞♦ é ❝❛♣❛③ ❞❡ ❡①tr❛♣♦❧❛r ♦s s✐♥❛✐s ❞❡

t❡♥sã♦ ❝♦♠ ♣r❡❝✐sã♦✱ ❡ ❛ss✐♠✱ ❞❡t❡r♠✐♥❛r ♦s ♣♦ssí✈❡✐s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦

❞❛ ❧✐♥❤❛✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✽✹

❋✐❣✉r❛ ✻✳✹✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳
✭❛✮ ▲✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ ✭❜✮ ▲✐♥❤❛ ❝♦♠ ✺✽✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ ✭❝✮ ▲✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡
❝♦♠♣❡♥s❛çã♦✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✽✺

❋✐❣✉r❛ ✻✳✺✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✱
♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮
❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳

❋✐❣✉r❛ ✻✳✻✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✺✽✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✱
♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮
❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳

❋✐❣✉r❛ ✻✳✼✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✱
♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮
❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳
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✻✳✷✳✷ ❉❡❢❡✐t♦s ❋❛s❡✲❚❡rr❛ ❡ ❋❛s❡✲❋❛s❡✲❚❡rr❛

P❛r❛ ❛s s✐t✉❛çõ❡s ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛ ❡ ❢❛s❡✲❢❛s❡✲t❡rr❛✱ ❛✈❛❧✐❛✲s❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦

♣r♦♣♦st♦ q✉❛♥t♦ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦s ❞❡❢❡✐t♦s ❡ ❛ s✉❜s❡q✉❡♥t❡ ❡①tr❛♣♦❧❛çã♦ ❞♦s

s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❛ ❧✐♥❤❛✳ P❛r❛ t❛♥t♦✱ ❢❛③✲s❡ ✉♠❛ ❛♥á❧✐s❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❝♦♠ r❡❧❛çã♦ ❛♦ ❧♦❝❛❧

❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❞❡❢❡✐t♦ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✱ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❡ ❞✐❢❡r❡♥t❡s r❡s✐stê♥❝✐❛s ❞❡

❞❡❢❡✐t♦✳ ❊♠ t♦❞❛s ❛s s✐t✉❛çõ❡s ❝♦♥s✐❞❡r❛✲s❡ q✉❡ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ é r❡❛❧✐③❛❞♦

♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r✱ ♦✉ s❡❥❛✱ ❡♠ ▼✐❧❛❣r❡s✳

■♥✐❝✐❛❧♠❡♥t❡✱ ❛✈❛❧✐❛✲s❡ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦ ♠ét♦❞♦ q✉❛♥t♦ ❛♦ ❧♦❝❛❧ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❞❡❢❡✐t♦✳

◆❡st❡ ❝❛s♦✱ ❝♦♥s✐❞❡r❛✲s❡ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛✱ ❡♥✈♦❧✈❡♥❞♦ ❛ ❢❛s❡ ❆ ✭❞❡❢❡✐t♦ ❆❚✮✱ ❡♠ três ♣♦♥t♦s

❞✐st✐♥t♦s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✿ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭▼✐❧❛❣r❡s✮✱ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❡ ♥♦ t❡r♠✐♥❛❧

r❡❝❡♣t♦r ✭❙✳ ❏✳ ❞♦ P✐❛✉í✮✳ ◆❛ ❋✐❣✉r❛ ✻✳✽✱ ❝♦♥s✐❞❡r❛✲s❡ ❛ ❧✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛

❡ ✉♠❛ r❡s✐stê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ✭rdefeito✮ ❞❡ 0, 1 Ω✳ ❆ ✐❞❡♥t✐✜❝❛çã♦ ❞❛ r❡s♣❡❝t✐✈❛ ❡①t✐♥çã♦ é ❢❡✐t❛

❝♦♥❢♦r♠❡ ❞✐s❝✉t✐❞♦ ♥❛ ❙❡çã♦ ✹✳✹✳✶✳ ◆❡st❡ ❝❛s♦ ❡ ❡♠ t♦❞♦s ♦s ❞❡♠❛✐s q✉❡ s❡❣✉❡♠✱ ♦ ❞❡❢❡✐t♦ é

✐♥✐❝✐❛❞♦ ♥♦ ✐♥st❛♥t❡ t = ✶✵✵ ♠s ❡ ❡♠ t = ✷✵✵ ♠s✱ ❛ ❧✐♥❤❛ é ❛❜❡rt❛✳ ❊♠ t♦r♥♦ ✻✵✵ ♠s✱ ♦ ❞❡❢❡✐t♦

é ❡①t✐♥t♦✳ ❖❜s❡r✈❛✲s❡ ♥❛ ❋✐❣✉r❛ ✻✳✽ q✉❡ ❛♣❡s❛r ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ R2 s❡r ♠❡❧❤♦r ❞❡✜♥✐❞♦

♣❛r❛ ♦ ❝❛s♦ ❡♠ q✉❡ ♦ ❞❡❢❡✐t♦ ♦❝♦rr❡ ♥♦ t❡r♠✐♥❛❧ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ✭❋✐❣✉r❛ ✻✳✽✭❜✮✮✱ ❛ ✐♥❞✐❝❛çã♦

❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ t❛♠❜é♠ é r❡❛❧✐③❛❞❛ ❝♦♠ s✉❝❡ss♦ ♣❛r❛ ❛s s✐t✉❛çõ❡s ❡♠ q✉❡ ❡st❡ ♦❝♦rr❡

♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ✭❋✐❣✉r❛ ✻✳✽✭❞✮✮ ❡ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ✭❋✐❣✉r❛ ✻✳✽✭❢✮✮✳

◆❛s ❋✐❣✉r❛s ✻✳✾ ❡ ✻✳✶✵✱ ❝♦♥s✐❞❡r❛✲s❡ ♦ ♠❡s♠♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ♦ ❝❛s♦

❛❜♦r❞❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✽✱ ❜❡♠ ❝♦♠♦ ♦s ♠❡s♠♦s ❧♦❝❛✐s ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦s ❞❡❢❡✐t♦s✳ P♦ré♠✱ ❛✈❛❧✐❛✲

s❡ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦ ♠ét♦❞♦ q✉❛♥t♦ ❛♦s s❡❣✉✐♥t❡s ✈❛❧♦r❡s ♣❛r❛ r❡s✐stê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦✿ 10 Ω ❡

100 Ω✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ♣❛r❛ ❛s ❋✐❣✉r❛s ✻✳✾ ❡ ✻✳✶✵✳ ❈♦♠ ❜❛s❡ ♥❡st❛s ✜❣✉r❛s✱ ♦❜s❡r✈❛✲s❡ q✉❡

✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ ❧♦❝❛❧ ❞❡ ♦❝♦rrê♥❝✐❛ ❡ ❞♦ ✈❛❧♦r ❞❛ r❡s✐stê♥❝✐❛ ❞♦ ❞❡❢❡✐t♦✱ ♦ ♠ét♦❞♦ é ❝❛♣❛③ ❞❡

✐❞❡♥t✐✜❝❛r ❛ ❡①t✐♥çã♦ ❞♦ ♠❡s♠♦✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✽✼

❋✐❣✉r❛ ✻✳✽✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦
❛ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✱ ❞♦ t✐♣♦ ❆❚✱ ❡♠ q✉❡ rdefeito = 0, 1 Ω✳ ✭❛✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭▼✐❧❛❣r❡s✮✳
✭❜✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❛✳ ✭❝✮ ❉❡❢❡✐t♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ✭❞✮ ❉❡t❡r♠✐♥❛çã♦
❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❝✳ ✭❡✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ✭❙✳ ❏✳ ❞♦ P✐❛✉í✮✳ ✭❢✮ ❉❡t❡r♠✐♥❛çã♦
❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❡✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✽✽

❋✐❣✉r❛ ✻✳✾✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦
❛ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✱ ❞♦ t✐♣♦ ❆❚✱ ❡♠ q✉❡ rdefeito = 10 Ω✳ ✭❛✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭▼✐❧❛❣r❡s✮✳
✭❜✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❛✳ ✭❝✮ ❉❡❢❡✐t♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ✭❞✮ ❉❡t❡r♠✐♥❛çã♦
❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❝✳ ✭❡✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ✭❙✳ ❏✳ ❞♦ P✐❛✉í✮✳ ✭❢✮ ❉❡t❡r♠✐♥❛çã♦
❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❡✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✽✾

❋✐❣✉r❛ ✻✳✶✵✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛
❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✱ ❞♦ t✐♣♦ ❆❚✱ ❡♠ q✉❡ rdefeito = 100 Ω✳ ✭❛✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r
✭▼✐❧❛❣r❡s✮✳ ✭❜✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❛✳ ✭❝✮ ❉❡❢❡✐t♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ✭❞✮
❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❝✳ ✭❡✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ✭❙✳ ❏✳ ❞♦ P✐❛✉í✮✳ ✭❢✮
❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❡✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✾✵

◆❛s ❋✐❣✉r❛s ✻✳✶✶ ❡ ✻✳✶✷✱ ❝♦♥s✐❞❡r❛✲s❡ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❞❡❢❡✐t♦ ❆❚ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✱

❝♦♠ r❡s✐stê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❞❡ 10 Ω✱ ♣❛r❛ ✺✽✪ ❡ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❈♦♠ ❡st❡s ❝❛s♦s✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ♦ ♠ét♦❞♦ é ❝❛♣❛③ ❞❡ ✐❞❡♥t✐✜❝❛r ❛ ❡①t✐♥çã♦ ❞❡

❞❡❢❡✐t♦s✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❛ ❧✐♥❤❛✳

P❛r❛ ♦ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✱ ❝♦♠ r❡s✐stê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❞❡ 10 Ω✱ ❛✈❛❧✐❛✲

s❡ ❛ ❡①tr❛♣♦❧❛çã♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❛ ❧✐♥❤❛ ♣❛r❛ ❝❛❞❛ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❛♥❛❧✐s❛❞♦✳ ❖s

r❡s✉❧t❛❞♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣✉r❛s ✻✳✶✸✱ ✻✳✶✹ ❡ ✻✳✶✺✱ ♣❛r❛ ✷✾✪✱ ✺✽✪ ❡ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P❛r❛ ❡st❛s ✜❣✉r❛s✱ ❛♣ós ❛ ✐♥❞✐❝❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❡ ❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛

r❡s✐❞✉❛❧✱ ❝♦♥❢♦r♠❡ ❙❡çã♦ ✹✳✸✳✷✱ ❡①tr❛♣♦❧❛✲s❡ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡♠ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ ✶✺✵ ♠s ❛

❢r❡♥t❡ ❞♦ ú❧t✐♠♦ ✐♥st❛♥t❡ ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡st❡s s✐♥❛✐s✳

❖❜s❡r✈❛✲s❡ ♠❛✐s ✉♠❛ ✈❡③ ❛ s✐♠✐❧❛r✐❞❛❞❡ ❡♥tr❡ ♦s s✐♥❛✐s s✐♠✉❧❛❞♦s ❡ ♦s s✐♥❛✐s ❡①tr❛♣♦❧❛❞♦s✳

❈♦♠ ✐st♦✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ❛❧é♠ ❞❡ ✐♥❞✐❝❛r ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ é ❝❛♣❛③ ❞❡

❞❡t❡r♠✐♥❛r ♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛✱ ♠❡s♠♦ q✉❛♥❞♦ ❤á ♥❛ ❝❛r❣❛

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

❖ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ t❛♠❜é♠ é ❛✈❛❧✐❛❞♦ ♣❛r❛ s✐t✉❛çõ❡s ❝♦♠ ❞❡❢❡✐t♦s ❢❛s❡✲❢❛s❡✲t❡rr❛✳

◆❡st❡ ❝❛s♦✱ ❝♦♥s✐❞❡r❛✲s❡ ✉♠ ❞❡❢❡✐t♦ ❞♦ t✐♣♦ ❆❇❚ ❝♦♠ r❡s✐stê♥❝✐❛ ❞❡ 10 Ω✱ ♦❝♦rr❡♥❞♦ ❛♦ ❧♦♥❣♦

❞❛ ❧✐♥❤❛ ❝♦♠ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❞❡ ✽✵✪✳ ❖s r❡s✉❧t❛❞♦s ♣❛r❛ ❡st❛s s✐♠✉❧❛çõ❡s sã♦

❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✻✱ ❡♠ q✉❡ ❛ ✐♥❞✐❝❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ é r❡❛❧✐③❛❞❛ ❝♦♥❢♦r♠❡

❛ ❙❡çã♦ ✹✳✹✳✷✳ ❊♠ t♦❞♦s ♦s ❝❛s♦s✱ ♦ ❞❡❢❡✐t♦ é ✐♥✐❝✐❛❞♦ ♥♦ ✐♥st❛♥t❡ t = ✶✵✵ ♠s ❡ ❡♠ t = ✷✵✵

♠s✱ ❛ ❧✐♥❤❛ é ❛❜❡rt❛✳ ❊♠ t♦r♥♦ ❞❡ ✹✵✵ ♠s ❡ ✻✵✵ ♠s✱ ♦ ❞❡❢❡✐t♦ é ❡①t✐♥t♦ ♥❛s ❢❛s❡s ❇ ❡ ❆✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ ♣❛rt✐r ❞❡st❛ ✜❣✉r❛✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♦ ♠ét♦❞♦ é ❝❛♣❛③ ❞❡ ✐♥❞✐❝❛r ❛ ❡①t✐♥çã♦

❞♦ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✲t❡rr❛✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ ❧♦❝❛❧ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ♠❡s♠♦✳

P❛r❛ ❡st❛ ú❧t✐♠❛ s✐t✉❛çã♦ ❞❡ ❞❡❢❡✐t♦✱ ❛✈❛❧✐❛✲s❡ ❛ ❡①tr❛♣♦❧❛çã♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❛ ❧✐♥❤❛

❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✱ ♣❛r❛ ♦ ♠❡s♠♦ ♦❝♦rr❡♥❞♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✉♠❛ r❡s✐stê♥❝✐❛ ❞❡

10 Ω✳ ❖s r❡s✉❧t❛❞♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✼✳ ❆♣ós ❛ ✐♥❞✐❝❛çã♦ ❞❡ s✉❛ ❡①t✐♥çã♦ ❡♠

❛♠❜❛s ❛s ❢❛s❡s ❡♥✈♦❧✈✐❞❛s ❡ ❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✱ ❝♦♥❢♦r♠❡ ❙❡çã♦ ✹✳✸✳✸✱ ❡①tr❛♣♦❧❛✲s❡ ♦s

s✐♥❛✐s ❞❡ t❡♥sã♦ ❡♠ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ ✶✺✵ ♠s✱ t❛❧ ❝♦♠♦ ❞✐s❝✉t✐❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳ ❈♦♥❝❧✉sõ❡s

s❡♠❡❧❤❛♥t❡s ❛♦ ❝❛s♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛ ♣♦❞❡♠ s❡r ✈❡r✐✜❝❛❞❛s✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✾✶

❋✐❣✉r❛ ✻✳✶✶✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✺✽✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦
❛ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✱ ❞♦ t✐♣♦ ❆❚✱ ❡♠ q✉❡ rdefeito = 10 Ω✳ ✭❛✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭▼✐❧❛❣r❡s✮✳
✭❜✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❛✳ ✭❝✮ ❉❡❢❡✐t♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ✭❞✮ ❉❡t❡r♠✐♥❛çã♦
❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❝✳ ✭❡✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ✭❙✳ ❏✳ ❞♦ P✐❛✉í✮✳ ✭❢✮ ❉❡t❡r♠✐♥❛çã♦
❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❡✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✾✷

❋✐❣✉r❛ ✻✳✶✷✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦
❛ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛✱ ❞♦ t✐♣♦ ❆❚✱ ❡♠ q✉❡ rdefeito = 10 Ω✳ ✭❛✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭▼✐❧❛❣r❡s✮✳
✭❜✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❛✳ ✭❝✮ ❉❡❢❡✐t♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ✭❞✮ ❉❡t❡r♠✐♥❛çã♦
❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❝✳ ✭❡✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ✭❙✳ ❏✳ ❞♦ P✐❛✉í✮✳ ✭❢✮ ❉❡t❡r♠✐♥❛çã♦
❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❡✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✾✸

❋✐❣✉r❛ ✻✳✶✸✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✱
♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ✭t✐♣♦ ❆❚✮ ❧♦❝❛❧✐③❛❞❛ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❡ ❝♦♠
rdefeito = 10 Ω✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳

❋✐❣✉r❛ ✻✳✶✹✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✺✽✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✱
♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ✭t✐♣♦ ❆❚✮ ❧♦❝❛❧✐③❛❞❛ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❡ ❝♦♠
rdefeito = 10 Ω✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳

❋✐❣✉r❛ ✻✳✶✺✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✱
♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ✭t✐♣♦ ❆❚✮ ❧♦❝❛❧✐③❛❞❛ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❡ ❝♦♠
rdefeito = 10 Ω✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✾✹

❋✐❣✉r❛ ✻✳✶✻✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛
❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦s ❢❛s❡✲❢❛s❡✲t❡rr❛✱ ❞♦ t✐♣♦ ❆❇❚✱ ❡♠ q✉❡ rdefeito = 10 Ω✳ ✭❛✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r
✭▼✐❧❛❣r❡s✮✳ ✭❜✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❛✱ ♣❛r❛ ❝❛❞❛ ❢❛s❡✳ ✭❝✮ ❉❡❢❡✐t♦ ♥♦ ♠❡✐♦
❞❛ ❧✐♥❤❛✳ ✭❞✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❝✱ ♣❛r❛ ❝❛❞❛ ❢❛s❡✳ ✭❡✮ ❉❡❢❡✐t♦ ♥♦ t❡r♠✐♥❛❧
r❡❝❡♣t♦r ✭❙✳ ❏✳ ❞♦ P✐❛✉í✮✳ ✭❢✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❞♦ ✐t❡♠ ❡✱ ♣❛r❛ ❝❛❞❛ ❢❛s❡✳
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❋✐❣✉r❛ ✻✳✶✼✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✱
♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✲t❡rr❛ ✭t✐♣♦ ❆❇❚✮ ❧♦❝❛❧✐③❛❞❛ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❡
❝♦♠ rdefeito = 10 Ω✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳

✻✳✷✳✸ ❉❡❢❡✐t♦s ❋❛s❡✲❋❛s❡

P❛r❛ ♦ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✱ ❝♦♥s✐❞❡r❛✲s❡ ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ♠❡s♠♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✱ ❝♦♠ r❡✲

s✐stê♥❝✐❛ ❞❡ 10 Ω ❡ ❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s ❢❛s❡s ❆ ❡ ❇ ✭❞❡❢❡✐t♦ ❆❇✮✳ ❖s r❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s sã♦

❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✽✱ ❡♠ q✉❡ s❡ ✈❡r✐✜❝❛ ♠❛✐s ✉♠❛ ✈❡③ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥✲

s❛çã♦ ❞❛ ❧✐♥❤❛ ♥♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✳ ◆❡st❡s ❝❛s♦s✱ ♦ ❞❡❢❡✐t♦ ♦❝♦rr❡ ♥♦ ✐♥st❛♥t❡

t = ✶✵✵ ♠s ❡ ❡♠ ✷✵✵ ♠s ❛ ❧✐♥❤❛ é ❛❜❡rt❛✳ ❖ ❞❡❢❡✐t♦ é ❡①t✐♥t♦ ❡♠ t♦r♥♦ ❞❡ ✻✵✵ ♠s✳

❯♠❛ ✈❡③ q✉❡ ❛té ♦ ♣r❡s❡♥t❡ ♠♦♠❡♥t♦ ❞❛ ♣❡sq✉✐s❛ ♥ã♦ é ♣♦ssí✈❡❧ ✐♥❞✐❝❛r ❛ ❡①t✐♥çã♦ ❞❡

❞❡❢❡✐t♦s ❢❛s❡✲❢❛s❡✱ ❛ ❛✈❛❧✐❛çã♦ ❞❛ ❡①tr❛♣♦❧❛çã♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ s♦♠❡♥t❡

é ✐♥✐❝✐❛❞❛ ❛♣ós ♦ t❡♠♣♦ ♠♦rt♦ ❞❡ ✺✵✵ ♠s✳ ❖s r❡s✉❧t❛❞♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✾✱

♣❛r❛ ❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ ❆ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♦❝♦rr❡ ❝♦♥❢♦r♠❡ ❛ ❙❡çã♦

✹✳✸✳✹✳ ◆♦✈❛♠❡♥t❡✱ ♦❜s❡r✈❛✲s❡ ❛ s✐♠✐❧❛r✐❞❛❞❡ ❡♥tr❡ ♦s s✐♥❛✐s s✐♠✉❧❛❞♦s ❡ ♦s s✐♥❛✐s ❡①tr❛♣♦❧❛❞♦s

♣❡❧♦ ♠ét♦❞♦✱ ♦ q✉❡ ♣♦ss✐❜✐❧✐t❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❛

❧✐♥❤❛✱ q✉❛♥❞♦ s✉❜♠❡t✐❞❛ ❛ ❡st❡ ❞❡❢❡✐t♦✳
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❋✐❣✉r❛ ✻✳✶✽✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦s ❢❛s❡✲❢❛s❡✱
❞♦ t✐♣♦ ❆❇✱ ❡♠ q✉❡ rdefeito = 10 Ω✳ ✭❛✮ ▲✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ ✭❜✮ ▲✐♥❤❛ ❝♦♠ ✺✽✪ ❞❡
❝♦♠♣❡♥s❛çã♦✳ ✭❝✮ ▲✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳
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❋✐❣✉r❛ ✻✳✶✾✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭s✐♠✉❧❛❞♦s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✱
♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ✭t✐♣♦ ❆❇✮ ❧♦❝❛❧✐③❛❞❛ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❡ ❝♦♠
rdefeito = 10 Ω✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳

✻✳✸ ❆◆➪▲■❙❊ ❉❖ ❈❖▼P❖❘❚❆▼❊◆❚❖ ❉❆ ❈❆❘●❆ ❘❊❙■❉❯❆▲ ❊▼ ▲❚s ◗❯❆◆❚❖

❆❖ ❊❙◗❯❊▼❆ ❉❊ ❚❘❆◆❙P❖❙■➬➹❖

❆té ❡♥tã♦✱ ❛s ❛♥á❧✐s❡s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❝♦♥s✐❞❡r❛♥❞♦ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ♣❡r❢❡✐t❛♠❡♥t❡

tr❛♥s♣♦st❛s✳ ◆❡st❛ ❝♦♥❞✐çã♦✱ ♦s ♣❛râ♠❡tr♦s r❡❢❡r❡♥t❡s ❛♦s ♠♦❞♦s ✶ ❡ ✷ ❞❛ ❧✐♥❤❛ sã♦ ✐❣✉❛✐s ❡ ❝❛s♦

❡st❛ ♣♦ss✉❛ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱ ❛♣ós ❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛ ♠❡s♠❛✱ ❛ ❝❛r❣❛

r❡s✐❞✉❛❧ ❛♣r❡s❡♥t❛rá ❞✉❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛✱ r❡❢❡r❡♥t❡s ❛♦s ♠♦❞♦s ✶ ❡ ✵✳

◆♦ ❝❛s♦ ❡♠ q✉❡ ❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ♥ã♦ é tr❛♥s♣♦st❛✱ ♦s ♣❛râ♠❡tr♦s ♠♦❞❛✐s ✶ ❡ ✷

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

r❡❢❡r❡♥t❡s ❛♦s ♠♦❞♦s ✶✱ ✷ ❡ ✵ ✭❈▲❊❘■❈■ ❡t ❛❧✳✱ ✶✾✼✵✮✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦

♣r♦♣♦st♦ ♥❡st❛ t❡s❡ ♣♦❞❡ ♥ã♦ s❡r ❛♣r♦♣r✐❛❞❛ ♣❛r❛ ❡st❛ s✐t✉❛çã♦✳ ◆♦ ❡♥t❛♥t♦✱ ♥♦ ❙■◆ ♥ã♦ é

❝♦♠✉♠ ❡♥❝♦♥tr❛r ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ t♦t❛❧♠❡♥t❡ ♥ã♦ tr❛♥s♣♦st❛s✳ ◆♦r♠❛❧♠❡♥t❡✱ ❡♠♣r❡❣❛✲s❡

✉♠ ❡sq✉❡♠❛ ❞❡ tr❛♥s♣♦s✐çã♦ ❝♦♠ três t♦rr❡s✱ ♦ q✉❛❧ é ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✷✵✱ ❡♠ q✉❡ ❛ ❧✐♥❤❛

é ❞✐✈✐❞✐❞❛ ❡♠ q✉❛tr♦ ♣❛rt❡s ❝♦♠ ✶✴✻✱ ✶✴✸✱ ✶✴✸ ❡ ✶✴✻ ❞♦ s❡✉ ❝♦♠♣r✐♠❡♥t♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
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❋✐❣✉r❛ ✻✳✷✵✳ ❊sq✉❡♠❛ ❞❡ tr❛♥s♣♦s✐çã♦ ✶✴✻ ✲ ✶✴✸ ✲ ✶✴✸ ✲ ✶✴✻✳

◆❛ ❋✐❣✉r❛ ✻✳✷✶ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡♠ ✉♠❛ ▲❚ ❞❡ ✺✵✵ ❦❱✱ ❝♦♠ ✷✹✽ ❦♠ ❞❡

❡①t❡♥sã♦ ❡ ✸✽✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱ ♣❛r❛ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛

❞❛ ♠❡s♠❛✱ ❡♠ q✉❡ ❝♦♥s✐❞❡r❛✲s❡ ♦ ❡sq✉❡♠❛ ❞❡ tr❛♥s♣♦s✐çã♦ ✶✴✻ ✲ ✶✴✸ ✲ ✶✴✸ ✲ ✶✴✻ ❡ ❛ ❧✐♥❤❛

♣❡r❢❡✐t❛♠❡♥t❡ tr❛♥s♣♦st❛ ✭❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✵✾✮✳ ❆ ♠❛♥♦❜r❛ ❞❡ ❛❜❡rt✉r❛ ♦❝♦rr❡ ❡♠ t = 100

♠s✳ ❆ ♣❛rt✐r ❞❡st❛ ✜❣✉r❛✱ t❡♠✲s❡ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❡♠ r❡❧❛çã♦ ❛♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝❛r❣❛

r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛ q✉❛♥t♦ ❛♦ ❡sq✉❡♠❛ ❞❡ tr❛♥s♣♦s✐çã♦✳ ❖❜s❡r✈❛✲s❡ q✉❡ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♣❛r❛

♦s ❞♦✐s ❡sq✉❡♠❛s ❞❡ tr❛♥s♣♦s✐çã♦ ❛✈❛❧✐❛❞♦s sã♦ ♣r❛t✐❝❛♠❡♥t❡ ✐❣✉❛✐s✳ ❈♦♠ ✐st♦✱ ♣♦❞❡✲s❡ ❝♦♥❝❧✉✐r

q✉❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ é ❛♣❧✐❝á✈❡❧ ❛ s✐t✉❛çõ❡s ♣rát✐❝❛s ❡♠ q✉❡ ❛ ❧✐♥❤❛ ♥ã♦ é ♣❡r❢❡✐t❛♠❡♥t❡

tr❛♥s♣♦st❛ ♠❛s ♣♦ss✉✐ ✉♠ ❡sq✉❡♠❛ ❞❡ tr❛♥s♣♦s✐çã♦✳

❋✐❣✉r❛ ✻✳✷✶✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❡♠ ✉♠❛ ❞❛s ❢❛s❡s ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ ✺✵✵ ❦❱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛
♠❡s♠❛✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ❧✐♥❤❛ ♣❡r❢❡✐t❛♠❡♥t❡ tr❛♥s♣♦st❛ ❡ ❝♦♠ ❡sq✉❡♠❛ ❞❡ tr❛♥s♣♦s✐çã♦ r❡❛❧ ✶✴✻ ✲ ✶✴✸
✲ ✶✴✸ ✲ ✶✴✻✳
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❆ s❡❣✉✐r✱ r❡❛❧✐③❛✲s❡ ✉♠❛ ❛♥á❧✐s❡ ❞❛ ❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ q✉❛♥t♦ à ❞❡t❡❝çã♦ ❞❛

❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❡ ❡①tr❛♣♦❧❛çã♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦✱ ♣❛r❛ s✐t✉❛çõ❡s r❡❛✐s ♦❝♦rr✐❞❛s ♥♦ ❙■◆

❡ r❡❣✐str❛❞❛s ♣♦r ♠❡✐♦ ❞❡ ♦s❝✐❧♦❣r❛✜❛s✳

✻✳✹ ❆◆➪▲■❙❊ ❉❆ ❊❳❚■◆➬➹❖ ❉❊ ❉❊❋❊■❚❖❙ ❊ ❊❳❚❘❆P❖▲❆➬➹❖ ❉❖❙ ❙■◆❆■❙

❈❖▼ ❉❆❉❖❙ ❘❊❆■❙

❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ✈❛❧✐❞❛r ♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s r❡❣✐str♦s ♦s❝✐❧♦❣rá✜❝♦s r❡❛✐s✱

♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❛ r❡❞❡ ❞❡ ♦s❝✐❧♦❣r❛✜❛ ❞❛ ❈❤❡s❢✱ ❞❡ ❞✐❢❡r❡♥t❡s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ✺✵✵

❦❱✱ ❛s q✉❛✐s ♥ã♦ sã♦ ♣❡r❢❡✐t❛♠❡♥t❡ tr❛♥s♣♦st❛s✳ ❆ss✐♠ ❝♦♠♦ ♥❛ ❙❡çã♦ ✻✳✷✱ ❛✈❛❧✐❛✲s❡ ❛q✉✐ ♦

❞❡s❡♠♣❡♥❤♦ ❞❡st❡ ♠ét♦❞♦ q✉❛♥t♦ à ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❡ ❡①tr❛♣♦❧❛çã♦ ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛

♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳ ◆♦ t♦t❛❧✱ ❢♦r❛♠ ❛✈❛❧✐❛❞♦s ❝❡r❝❛ ❞❡ ✶✼✵ r❡❣✐str♦s ❞❡ ♠❛✐s ❞❡ ✶✵

❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ ❉❡♥tr❡ ❡st❡s✱ ✹✾ r❡❣✐str♦s ❝♦♥t❡♠♣❧❛♠ ❞❡❢❡✐t♦s ❡ ♦s ❞❡♠❛✐s r❡❢❡r❡♠✲s❡

❛ ❞❡s❧✐❣❛♠❡♥t♦s ♣r♦❣r❛♠❛❞♦s✱ q✉❡ ❝♦rr❡s♣♦♥❞❡♠ ❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛s ❧✐♥❤❛s✳ ❆ s❡❣✉✐r✱ sã♦

❛♣r❡s❡♥t❛❞♦s ❛❧❣✉♥s r❡❣✐str♦s tí♣✐❝♦s ❞❡♥tr❡ ♦s ❛♥❛❧✐s❛❞♦s✳

✻✳✹✳✶ ❆❜❡rt✉r❛ ❚r✐❢ás✐❝❛

◆❛ ❋✐❣✉r❛ ✻✳✷✷ sã♦ ❛♣r❡s❡♥t❛❞♦s r❡❣✐str♦s ♦s❝✐❧♦❣rá✜❝♦s tí♣✐❝♦s ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❞❡ ▲❚s✳ ◆❡st❡s r❡❣✐str♦s✱ ❛s ❧✐♥❤❛s sã♦ ❛❜❡rt❛s ♥♦ ✐♥st❛♥t❡ t = ✶✽✵ ♠s✱ ❛ ♣❛rt✐r ❞♦

q✉❛❧✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✳ ❱❡r✐✜❝❛✲s❡ q✉❡ ❡st❡ ❝♦♠♣♦rt❛♠❡♥t♦

é ❞✐st✐♥t♦ ♣❛r❛ ❝❛❞❛ ❝❛s♦ ❛♣r❡s❡♥t❛❞♦✳ ❈♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥❛s ❋✐❣✉r❛s ✻✳✷✸✱ ✻✳✷✹ ❡ ✻✳✷✺✱ ♣❛r❛

t♦❞♦s ♦s ❝❛s♦s✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡st❡ tr❛❜❛❧❤♦ é ❝❛♣❛③ ❞❡ ❡①tr❛♣♦❧❛r ♦s s✐♥❛✐s ❞❡ t❡♥sã♦

❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ♣r❡❝✐sã♦ s✉✜❝✐❡♥t❡ ♣❛r❛ s❡ ❞❡t❡r♠✐♥❛r ♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦

r❡❧✐❣❛♠❡♥t♦✳ ❆♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ❡ ❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✱ ❡①tr❛♣♦❧❛✲s❡ ♦s s✐♥❛✐s ❞❡

t❡♥sã♦ ❡♠ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ ✶✺✵ ♠s t❛❧ ❝♦♠♦ ❞✐s❝✉t✐❞♦ ♥❛s s❡çõ❡s ❛♥t❡r✐♦r❡s✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✶✵✵

❋✐❣✉r❛ ✻✳✷✷✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ✭❛✮
▲✐♥❤❛ ✵✺❈✹✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ▲✉✐③ ●♦♥③❛❣❛ ❡ ❙♦❜r❛❞✐♥❤♦✳ ✭❜✮ ▲✐♥❤❛ ✵✺▲✽✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s
❞❡ ❆♥❣❡❧✐♠ ❡ ❘❡❝✐❢❡ ■■✳ ✭❝✮ ▲✐♥❤❛ ✵✺❱✸✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ▼✐❧❛❣r❡s ❡ ◗✉✐①❛❞á✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✶✵✶

❋✐❣✉r❛ ✻✳✷✸✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭r❡❛✐s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛ ▲✐♥❤❛
✵✺❈✹✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ▲✉✐③ ●♦♥③❛❣❛ ❡ ❙♦❜r❛❞✐♥❤♦✱ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ✭❛✮ ❚❡♥sõ❡s ♥❛
❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳

❋✐❣✉r❛ ✻✳✷✹✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭r❡❛✐s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛ ▲✐♥❤❛
✵✺▲✽✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ❆♥❣❡❧✐♠ ❡ ❘❡❝✐❢❡ ■■✱ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳
✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳

❋✐❣✉r❛ ✻✳✷✺✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭r❡❛✐s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛ ▲✐♥❤❛
✵✺❱✸✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ▼✐❧❛❣r❡s ❡ ◗✉✐①❛❞á✱ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳
✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳
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✻✳✹✳✷ ❉❡❢❡✐t♦s ❋❛s❡✲❚❡rr❛

❉❡♥tr❡ ♦s r❡❣✐str♦s ♦s❝✐❧♦❣r❛✜❝♦s ♦❜t✐❞♦s ♥❛ r❡❞❡ ❞❡ ♦s❝✐❧♦❣r❛✜❛ ❞❛ ❈❤❡s❢✱ ❛♣❡♥❛s ❞❡❢❡✐t♦s

❢❛s❡✲t❡rr❛ ❢♦r❛♠ ❡♥❝♦♥tr❛❞♦s✳ ◆❛s ❋✐❣✉r❛s ✻✳✷✻✱ ✻✳✷✼ ❡ ✻✳✷✽ sã♦ ❛♣r❡s❡♥t❛❞♦s ❛❧❣✉♥s r❡❣✐str♦s

tí♣✐❝♦s ♣❛r❛ ❡st❡ t✐♣♦ ❞❡ ❞❡❢❡✐t♦ ❡♠ ❧✐♥❤❛s ❞❡ ✺✵✵ ❦❱✱ ❜❡♠ ❝♦♠♦ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦

♣r♦♣♦st♦ q✉❛♥t♦ à ✐❞❡♥t✐✜❝❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦s ♠❡s♠♦s✳ ❖❜s❡r✈❛✲s❡ q✉❡ ❛ ❞❡♣❡♥❞❡r ❞❛s ❝❛✲

r❛❝t❡ríst✐❝❛s ❞❛s ❧✐♥❤❛s ❡ ❞♦s r❡❛t♦r❡s✱ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣♦❞❡ s❡r ❜❛st❛♥t❡

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

❝✐❛ r❡❢❡r❡♥t❡ ❛♦ ♠♦❞♦ ③❡r♦✳ ◆❛ ❋✐❣✉r❛ ✻✳✷✻✱ ♣♦r ❡①❡♠♣❧♦✱ ♦ ❞❡❢❡✐t♦ ♦❝♦rr❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ♥♦

✐♥st❛♥t❡ t = 50 ♠s ❡ ❛♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ❡♠ t♦r♥♦ ❞❡ t = ✶✵✵ ♠s✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♦s❝✐❧❛

❝♦♠ ❞✉❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ✭r❡❢❡r❡♥t❡s ❛♦s ♠♦❞♦s ✶ ❡ ✵✮✱ ❛s q✉❛✐s tê♠ s❡✉ ❝♦♠♣♦rt❛✲

♠❡♥t♦ ❛❧t❡r❛❞♦ ❛♣ós ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦✳ ❖ ♠❡s♠♦ ❢❡♥ô♠❡♥♦ ♦❝♦rr❡ ♣❛r❛ ❛s ❋✐❣✉r❛s ✻✳✷✼ ❡

✻✳✷✽✳ ❖❜s❡r✈❛✲s❡ ❛✐♥❞❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥❛ ❋✐❣✉r❛ ✻✳✷✻✱ q✉❡ ♠❡s♠♦ ❛♣ós ♦ ❞❡❢❡✐t♦ s❡r ❡①t✐♥t♦✱

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

r❡❧❛çã♦ à ❋✐❣✉r❛ ✻✳✷✽✱ ❡st❡ ❢❡♥ô♠❡♥♦ ♦❝♦rr❡ ❞❡ ❢♦r♠❛ ❜❡♠ ♠❛✐s ❞✐s❝r❡t❛✳

❊♠ s✐t✉❛çõ❡s r❡❛✐s✱ ♥ã♦ ❤á ✐♥❢♦r♠❛çõ❡s s✉✜❝✐❡♥t❡s s♦❜r❡ ❡st❛s ♦❝♦rrê♥❝✐❛s✱ t❛✐s ❝♦♠♦✿

❝♦♥❞✐çã♦ ❞❡ ♦♣❡r❛çã♦ ❞❛ ❧✐♥❤❛✱ r❡s✐stê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦✱ ❧♦❝❛❧ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❞❡❢❡✐t♦✱ ✐♥st❛♥t❡

❡①❛t♦ ❡♠ q✉❡ ♦ ❞❡❢❡✐t♦ ❢♦✐ ❡①t✐♥t♦✱ ❡t❝✳ ❆♣❡s❛r ❞✐st♦✱ ❛♦ ♦❜s❡r✈❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s ❝❛r❣❛s

r❡s✐❞✉❛✐s✱ t❛♥t♦ ♣❛r❛ ❛s ❢❛s❡s sãs q✉❛♥t♦ ♣❛r❛ ❛s ❢❛s❡s s♦❜ ❞❡❢❡✐t♦✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ♦ ♠ét♦❞♦

♣r♦♣♦st♦ é ❝❛♣❛③ ❞❡ ✐❞❡♥t✐✜❝❛r ❛ s✉❛ ❡①t✐♥çã♦ ❝♦rr❡t❛♠❡♥t❡✳ ❖❜s❡r✈❛✲s❡ ❛✐♥❞❛ q✉❡ ❡♥q✉❛♥t♦ ♦

❞❡❢❡✐t♦ ♣❡rs✐st❡ ✭R2 > 0✮✱ ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ♥❛s ❢❛s❡s sãs sã♦ ❝❧❛r❛♠❡♥t❡ ❞✐st✐♥t❛s

❞❛q✉❡❧❛s ❝♦♠♣♦♥❡♥t❡s ❛♣ós ❛ ❡①t✐♥çã♦ ❞♦ ♠❡s♠♦✳ ❖ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ♥❛ ❢❛s❡

s♦❜ ❞❡❢❡✐t♦ t❛♠❜é♠ é ❞✐st✐♥t♦ ❞✉r❛♥t❡ ❡ ❛♣ós ❛ s✉❛ ❡①t✐♥çã♦✳

◆❛s ❋✐❣✉r❛s ✻✳✷✾✱ ✻✳✸✵ ❡ ✻✳✸✶✱ ❛✈❛❧✐❛✲s❡ ❛ ❡①tr❛♣♦❧❛çã♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛

♣❛r❛ ❝❛❞❛ ❞❡❢❡✐t♦ ❛❜♦r❞❛❞♦ ♥❡st❛ s❡çã♦✳ ❆♣ós ❛ ✐♥❞✐❝❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ ❡ ❛ ❛♥á❧✐s❡ ❞❛

❝❛r❣❛ r❡s✐❞✉❛❧✱ ❝♦♥❢♦r♠❡ ❙❡çã♦ ✹✳✸✳✷✱ ❡①tr❛♣♦❧❛✲s❡ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡♠ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ ✶✺✵

♠s✱ t❛❧ ❝♦♠♦ ❞✐s❝✉t✐❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳ ❆ ♣❛rt✐r ❞❡st❛s ✜❣✉r❛s✱ ♦❜s❡r✈❛✲s❡ ❛ s✐♠✐❧❛r✐❞❛❞❡ ❡♥tr❡

♦s s✐♥❛✐s r❡❛✐s ❡ ♦s s✐♥❛✐s ❡①tr❛♣♦❧❛❞♦s✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✶✵✸

❋✐❣✉r❛ ✻✳✷✻✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛✳ ✭❛✮
❉❡❢❡✐t♦ ❇❚ ♥❛ ▲✐♥❤❛ ✵✺❱✺✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ❋♦rt❛❧❡③❛ ■■ ❡ ◗✉✐①❛❞á❀ ✭❜✮ ❚❡♥sõ❡s ♠♦❞❛✐s ✭−v0✮
❡ ✭v1 + v2✮❀ ✭❝✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦❀ ✭❞✮ ❈♦♠♣♦♥❡♥t❡s ♠♦❞❛✐s ✶ ❡ ✵ ♣❛r❛ ♦ s✐♥❛❧ ❞❡
t❡♥sã♦ ❞❡ ✉♠❛ ❢❛s❡ sã✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✶✵✹

❋✐❣✉r❛ ✻✳✷✼✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛✳ ✭❛✮
❉❡❢❡✐t♦ ❈❚ ♥❛ ▲✐♥❤❛ ✵✺❱✸✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ▼✐❧❛❣r❡s ❡ ◗✉✐①❛❞á❀ ✭❜✮ ❚❡♥sõ❡s ♠♦❞❛✐s ✭−v0✮
❡ ✭v1 + v2✮❀ ✭❝✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦❀ ✭❞✮ ❈♦♠♣♦♥❡♥t❡s ♠♦❞❛✐s ✶ ❡ ✵ ♣❛r❛ ♦ s✐♥❛❧ ❞❡
t❡♥sã♦ ❞❡ ✉♠❛ ❢❛s❡ sã✳
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❋✐❣✉r❛ ✻✳✷✽✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛✳ ✭❛✮
❉❡❢❡✐t♦ ❇❚ ♥❛ ▲✐♥❤❛ ✵✺▲✻✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ❆♥❣❡❧✐♠ ❡ P❛✉❧♦ ❆❢♦♥s♦ ■❱❀ ✭❜✮ ❚❡♥sõ❡s ♠♦❞❛✐s
✭−v0✮ ❡ ✭v1 + v2✮❀ ✭❝✮ ❉❡t❡r♠✐♥❛çã♦ ❞❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦❀ ✭❞✮ ❈♦♠♣♦♥❡♥t❡s ♠♦❞❛✐s ✶ ❡ ✵ ♣❛r❛ ♦ s✐♥❛❧
❞❡ t❡♥sã♦ ❞❡ ✉♠❛ ❢❛s❡ sã✳
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❋✐❣✉r❛ ✻✳✷✾✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭r❡❛✐s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛ ▲✐♥❤❛
✵✺❱✺✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ❋♦rt❛❧❡③❛ ■■ ❡ ◗✉✐①❛❞á✱ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ✭t✐♣♦ ❇❚✮✳ ✭❛✮
❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳

❋✐❣✉r❛ ✻✳✸✵✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭r❡❛✐s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛
▲✐♥❤❛ ✵✺❱✸✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ▼✐❧❛❣r❡s ❡ ◗✉✐①❛❞á✱ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ✭t✐♣♦ ❈❚✮✳ ✭❛✮
❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳

❋✐❣✉r❛ ✻✳✸✶✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ✭r❡❛✐s ❡ ❡①tr❛♣♦❧❛❞♦s✮ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛ ▲✐♥❤❛
✵✺▲✻✱ ❡♥tr❡ ❛s s✉❜❡st❛çõ❡s ❞❡ ❆♥❣❡❧✐♠ ❡ P❛✉❧♦ ❆❢♦♥s♦ ■❱✱ ❞❡✈✐❞♦ ❛ ✉♠ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ✭t✐♣♦ ❇❚✮✳
✭❛✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❆✳ ✭❜✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❇✳ ✭❝✮ ❚❡♥sõ❡s ♥❛ ❢❛s❡ ❈✳
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✻✳✺ ❆◆➪▲■❙❊ ❉❊ ❙❖❇❘❊❚❊◆❙Õ❊❙

◆❡st❛ s❡çã♦✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ é ❛✈❛❧✐❛❞♦ q✉❛♥t♦ ❛♦s ♥í✈❡✐s ❞❡ s♦❜r❡t❡♥sõ❡s

♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❡ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ P❛r❛ ✜♥s ❞❡ ❝♦♠♣❛r❛✲

çã♦ ❡ ✈❡r✐✜❝❛çã♦ ❞❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ t❛♠❜é♠ ❛✈❛❧✐❛✲s❡ ♦s ♥í✈❡✐s ❞❡

s♦❜r❡t❡♥sõ❡s ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❡ ♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦ ❞❡ ❧✐♥❤❛s✱ ❝✉❥❛ ❡str❛té❣✐❛ ♣❛r❛ ♦

❝❤❛✈❡❛♠❡♥t♦ é ❞❡s❝r✐t❛ ♥❛ ❙❡çã♦ ✷✳✸✳✸✳✶✳ ❖ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❛♥á❧✐s❡ é ♦ ♠❡s♠♦ ❛❞♦t❛❞♦ ♥❛

❙❡çã♦ ✺✳✸✱ ❡♠ q✉❡ ❛✈❛❧✐❛✲s❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✱ ❜❡♠ ❝♦♠♦ s✐t✉❛çõ❡s ❡♠

q✉❡ ❤á ❛♣❡♥❛s ♦s ♣❛r❛✲r❛✐♦s ♥❛s ❡①tr❡♠✐❞❛❞❡s ❞❛ ❧✐♥❤❛✳

P❛r❛ ❝❛❞❛ ❝❛s♦ ❛✈❛❧✐❛❞♦✱ ✉♠ t♦t❛❧ ❞❡ ✸✵✵ s✐♠✉❧❛çõ❡s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❝♦♥s✐❞❡r❛♥❞♦ ✈❛r✐❛çõ❡s

❡st❛tíst✐❝❛s ♥♦ t❡♠♣♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✳ ❉❡st❛s s✐♠✉❧❛çõ❡s✱ ♦s ♠á①✐♠♦s ✈❛❧♦r❡s ❞❡

s♦❜r❡t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ♦s q✉❛✐s tê♠ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ♠❡♥♦r

♦✉ ✐❣✉❛❧ ❛ ✷✪✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✸✷ ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦ ❡ r❡❧✐❣❛♠❡♥t♦

tr✐♣♦❧❛r s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ❆s s♦❜r❡t❡♥sõ❡s sã♦ ❛✈❛❧✐❛❞❛s ♥♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ❡ ❛

✷✺✱ ✺✵ ❡ ✼✺✪ ❞♦ s❡✉ ❝♦♠♣r✐♠❡♥t♦ t♦t❛❧✳

▼❛✐s ✉♠❛ ✈❡③✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❘P■ ♦✉ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠ ❝♦♥✲

❥✉♥t♦ ❝♦♠ ♦s ♣❛r❛✲r❛✐♦s ❧✐♠✐t❛♠ ❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛ ❞❡ ❢♦r♠❛ ❡✜❝✐❡♥t❡✳ P❛r❛ ♠❛♥♦❜r❛s

❞❡ ❡♥❡r❣✐③❛çã♦✱ t❡♠✲s❡ q✉❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ é s✐♠✐❧❛r ❛♦ ❞♦ ❘P■✱ ❝♦♠ ❧✐❣❡✐r❛

✈❛♥t❛❣❡♠ ♣❛r❛ ♦ ú❧t✐♠♦✳ ❏á ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱

❡♠ t♦❞❛s ❛s s✐t✉❛çõ❡s ❛❜♦r❞❛❞❛s✱ é ❝❧❛r❛♠❡♥t❡ s✉♣❡r✐♦r ❛♦ ❞♦ ❘P■✳ ❈♦♠ ✐st♦✱ ✈❡r✐✜❝❛✲s❡ q✉❡

❛ ♣❛rt✐r ❞❛ ❛♣❧✐❝❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ❛s ♠á①✐♠❛s s♦❜r❡t❡♥sõ❡s ♣❛ss❛♠ ❛ s❡r ♦❝❛✲

s✐♦♥❛❞❛s ♣♦r ♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦✳ ◆❛ ❚❛❜❡❧❛ ✻✳✺ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♠á①✐♠♦s ✈❛❧♦r❡s ❞❡

s♦❜r❡t❡♥sã♦ ❝♦♠ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ♠❡♥♦r ♦✉ ✐❣✉❛❧ ❛ ✷✪ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❝♦♥❞✐çõ❡s

❞❡ ♦♣❡r❛çã♦ ❛❜♦r❞❛❞❛s✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✶✵✽

❋✐❣✉r❛ ✻✳✸✷✳ ❙♦❜r❡t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ▲❚✿ ✭❛✮ ❊♥❡r❣✐③❛çã♦ ✭✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮❀ ✭❜✮ ❊♥❡r❣✐③❛çã♦
✭✺✽✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮❀ ✭❝✮ ❊♥❡r❣✐③❛çã♦ ✭✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮❀ ✭❞✮ ❘❡❧✐❣❛♠❡♥t♦ ✭✽✵✪ ❞❡ ❝♦♠♣❡♥✲
s❛çã♦✮❀ ✭❡✮ ❘❡❧✐❣❛♠❡♥t♦ ✭✺✽✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮❀ ✭❢✮ ❘❡❧✐❣❛♠❡♥t♦ ✭✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮✳

❚❛❜❡❧❛ ✻✳✺✳ ▼á①✐♠♦s ✈❛❧♦r❡s ❞❡ s♦❜r❡t❡♥sã♦ ❝♦♠ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ♠❡♥♦r q✉❡ ✷✪ ✭❱❜❛s❡
❂ ✺✺✵ ❦❱✮✳

❈♦♥❞✐çã♦
▼á①✐♠❛ s♦❜r❡t❡♥sã♦ ✭♣✳✉✳✮

❞❡ ❖♣❡r❛çã♦
❊♥❡r❣✐③❛çã♦ ❘❡❧✐❣❛♠❡♥t♦

❞❛ ▲✐♥❤❛ P❘ ❘P■✲P❘ ❙❈❈✲P❘ P❘ ❘P■✲P❘ ❙❈❈✲P❘

✽✵✪ ❞❡ ❈♦♠♣❡♥s❛çã♦ ✷✱✵✺ ✶✱✻✵ ✶✱✼✺ ✷✱✹✵ ✶✱✽✵ ✶✱✸✵

✺✽✪ ❞❡ ❈♦♠♣❡♥s❛çã♦ ✷✱✶✵ ✶✱✼✵ ✶✱✽✵ ✷✱✺✺ ✶✱✽✺ ✶✱✹✺

✷✾✪ ❞❡ ❈♦♠♣❡♥s❛çã♦ ✷✱✷✺ ✶✱✽✺ ✶✱✽✺ ✷✱✻✺ ✶✱✾✺ ✶✱✻✺

P❘ ✲ Pár❛✲r❛✐♦s✳
❘P■✲P❘ ✲ ❘❡s✐st♦r ❞❡ ♣ré✲✐♥s❡rçã♦ ❡ ♣❛r❛✲r❛✐♦s✳
❙❈❈✲P❘ ✲ ❈❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡ ♣❛r❛✲r❛✐♦s✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✶✵✾

❈♦♠ ❜❛s❡ ♥♦s ❞❛❞♦s ❡①♣♦st♦s✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ❛s ♠❛✐♦r❡s s♦❜r❡t❡♥sõ❡s ♦❝♦rr❡♠ ♣❛r❛ ❜❛✐①♦s

❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❛ ❧✐♥❤❛ ✭✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ t✐♣♦ ❞❡ ♠❛♥♦❜r❛

✭❡♥❡r❣✐③❛çã♦ ♦✉ r❡❧✐❣❛♠❡♥t♦✮✳ ❈♦♠ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ à ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦✱

❛s ♠❛✐♦r❡s s♦❜r❡t❡♥sõ❡s sã♦ ❧✐♠✐t❛❞❛s ❛ ✶✱✻✺ ♣✳✉✳✱ ❡♥q✉❛♥t♦ q✉❡ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞♦ r❡s✐st♦r

❞❡ ♣ré✲✐♥s❡rçã♦✱ sã♦ ❧✐♠✐t❛❞❛s ❛ ✶✱✾✺ ♣✳✉✳ ❆ ✈❛♥t❛❣❡♠ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✜❝❛ ♠❛✐s

❡✈✐❞❡♥t❡ q✉❛♥❞♦ ❝♦♥s✐❞❡r❛✲s❡ ❡❧❡✈❛❞♦s ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦✱ ❛ ❡①❡♠♣❧♦ ❞❡ ✽✵✪✱ ❡♠ q✉❡ ❛s

♠á①✐♠❛s s♦❜r❡t❡♥sõ❡s ♦r✐✉♥❞❛s ❞❡ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦ sã♦ ❧✐♠✐t❛❞❛s ❛ ✶✱✸✵ ♣✳✉✳ ❡♥q✉❛♥t♦

q✉❡ ❝♦♠ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ❘P■✱ ❡st❛s s♦❜r❡t❡♥sõ❡s sã♦ ❧✐♠✐t❛❞❛s ❛ ✶✱✽✵ ♣✳✉✳

❏á ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡ ❞♦ ❘P■ é

❜❛st❛♥t❡ s✐♠✐❧❛r✱ ❝♦♠ ✉♠❛ ❧✐❣❡✐r❛ ✈❛♥t❛❣❡♠ ❞♦ ú❧t✐♠♦ q✉❛♥❞♦ ❝♦♥s✐❞❡r❛✲s❡ ❡❧❡✈❛❞♦s ❣r❛✉s ❞❡

❝♦♠♣❡♥s❛çã♦✳ ◆❛ s✐t✉❛çã♦ ♠❛✐s ❢❛✈♦rá✈❡❧ ♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ❛s s♦❜r❡t❡♥sõ❡s sã♦

❧✐♠✐t❛❞❛s ❛ ✈❛❧♦r❡s ♥ã♦ s✉♣❡r✐♦r❡s ❛ ✶✱✼✺ ♣✳✉✳ ❡ ♥❛ s✐t✉❛çã♦ ♠❛✐s ❛❞✈❡rs❛✱ ❡st❛s sã♦ ❧✐♠✐t❛❞❛s ❛

✶✱✽✺ ♣✳✉✳ ❈♦♠ r❡❧❛çã♦ ❛♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❘P■✱ ♥❛ s✐t✉❛çã♦ ♠❛✐s ❢❛✈♦rá✈❡❧✱ ❛s s♦❜r❡t❡♥sõ❡s sã♦

❧✐♠✐t❛❞❛s ❛ ✶✱✻✵ ♣✳✉✳✱ ❡♥q✉❛♥t♦ q✉❡ ♥❛ s✐t✉❛çã♦ ♠❛✐s ❛❞✈❡rs❛✱ ❡st❛s sã♦ ❧✐♠✐t❛❞❛s ❛ ✶✱✽✺ ♣✳✉✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❛♥á❧✐s❡s r❡❛❧✐③❛❞❛s ❛ ♣❛rt✐r ❞❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s✱ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ❝❤❛✈❡❛✲

♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣♦❞❡ ❡❧✐♠✐♥❛r ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✳ ❆

❥✉st✐✜❝❛t✐✈❛ ♣❛r❛ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ s❡ ❞❡✈❡ ❛♦ ♣r♦❝❡ss♦

❞❡ ❡①tr❛♣♦❧❛çã♦ ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ❡♠ ✐♥st❛♥t❡s ❢✉t✉r♦s✱ ♦ q✉❛❧ ♣♦ss✐❜✐❧✐t❛ ❛ ❞❡t❡r♠✐♥❛çã♦

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

◆❛ ❋✐❣✉r❛ ✻✳✸✸✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❛ ❧✐♥❤❛ ♣❛r❛ ❛ ♠❛♥♦❜r❛ ❞❡ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛✱ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✱ ♣❛r❛ ❝❛❞❛ ❝♦♥❞✐çã♦ ❞❡ ♦♣❡r❛çã♦ ❛❜♦r❞❛❞❛ ✭✽✵✱ ✺✽ ❡

✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✮✳ ❊st❛ ♠❛♥♦❜r❛ é s❡❣✉✐❞❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ tr✐♣♦❧❛r✱ ♦ q✉❛❧ ♦❝♦rr❡ ♥♦s

✐♥st❛♥t❡s ♣r❡✈✐st♦s ♣❡❧♦ ♠ét♦❞♦ ♣r♦♣♦st♦✳ P❛r❛ t♦❞♦s ♦s ❝❛s♦s✱ ❞❡st❛❝❛♠✲s❡ ♦s ❜❛✐①♦s ♥í✈❡✐s

❞❡ s♦❜r❡t❡♥sõ❡s ❛♣ós ♦ r❡❧✐❣❛♠❡♥t♦✳ ❆ss✐♠ ❝♦♠♦ ♥❛ ❙❡çã♦ ✺✳✸✱ ♦❜s❡r✈❛✲s❡ ♥❡st❛ ú❧t✐♠❛ ✜❣✉r❛

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

✐♥❢❡r✐♦r❡s ❛♦s ✺✵✵ ♠s t✐♣✐❝❛♠❡♥t❡ ❛❞♦t❛❞♦s ♥♦ ❙■◆✳



❈❛♣ít✉❧♦ ✻ ✕ ❆♥á❧✐s❡ P❛r❛♠étr✐❝❛ ❡ ❞❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ✶✶✵

❋✐❣✉r❛ ✻✳✸✸✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❡♥tr❡ ❙✳ ❏✳ ❞♦ P✐❛✉í ❡ ▼✐❧❛❣r❡s ♣❛r❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛
s❡❣✉✐❞❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ tr✐♣♦❧❛r✱ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s✳ ✭❛✮ ▲✐♥❤❛ ❝♦♠ ✽✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ ✭❜✮
▲✐♥❤❛ ❝♦♠ ✺✽✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ ✭❝✮ ▲✐♥❤❛ ❝♦♠ ✷✾✪ ❞❡ ❝♦♠♣❡♥s❛çã♦✳



❈❆P❮❚❯▲❖ ✼

❈❖◆❈▲❯❙Õ❊❙

◆❡st❛ t❡s❡✱ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ✉♠ ♥♦✈♦ ♠ét♦❞♦ ♣❛r❛ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s✲

♠✐ssã♦ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱ ♦ q✉❛❧ ❜❛s❡✐❛✲s❡ ♥❛ ❛♣❧✐❝❛çã♦ ❞❡ tr❛♥s❢♦r♠❛çõ❡s

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

❈♦♠ ✐st♦✱ é ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r ❝♦♠ ♠❛✐s ♣r❡❝✐sã♦ ♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ ❢❡❝❤❛♠❡♥t♦

❞♦s ❞✐s❥✉♥t♦r❡s✱ ♦ q✉❡ r❡s✉❧t❛ ❡♠ s✉rt♦s ❞❡ ♠❛♥♦❜r❛s ❞❡ ♠❡♥♦r ❛♠♣❧✐t✉❞❡✳ ❆❧é♠ ❞✐st♦✱ ♦ ♠ét♦❞♦

é ❝❛♣❛③ ❞❡ ✐❞❡♥t✐✜❝❛r ❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛ ❡ ❢❛s❡✲❢❛s❡✲t❡rr❛ ❡ ✐♠♣❡❞✐r q✉❡ ♠❛♥♦❜r❛s

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

❜❧❛❝❦♦✉t✳ ❆♣ós ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦ s❡r ✈❡r✐✜❝❛❞❛✱ é ♣♦ssí✈❡❧ r❡❧✐❣❛r ❛ ❧✐♥❤❛ ❡ ♠✐♥✐♠✐③❛r ♦

t❡♠♣♦ ♠♦rt♦ ❡♠ q✉❡ ❡st❛ ✜❝❛ ❢♦r❛ ❞❡ ♦♣❡r❛çã♦✳ ❆ss✐♠✱ r❡❞✉③✲s❡ ♦ t❡♠♣♦ ❞❡ r❡❝♦♠♣♦s✐çã♦ ❞♦

s✐st❡♠❛✱ ❛✉♠❡♥t❛♥❞♦ ❛ s✉❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❡ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✳

❯♠❛ ✈❛♥t❛❣❡♠ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ é q✉❡ ❡st❡ ✉t✐❧✐③❛ té❝♥✐❝❛s s✐♠♣❧❡s ♣❛r❛ tr❛t❛♠❡♥t♦ ❞♦s

s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❡❝❡ssár✐♦s ♣❛r❛ ♦ ❝♦♥tr♦❧❡ ❞♦ ❝❤❛✈❡❛♠❡♥t♦✱ ❛ ❡①❡♠♣❧♦ ❞❛ ❞❡t❡❝çã♦ ❞❡ ♣❛ss❛❣❡♥s

♣♦r ③❡r♦✳ ❈♦♠ ✐st♦✱ ♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ r❡q✉❡r✐❞♦ ♣♦r ❡st❡ ♠ét♦❞♦ ♥ã♦ é s✐❣♥✐✜❝❛t✐✈♦✱

t♦r♥❛♥❞♦✲♦ ❛♣r♦♣r✐❛❞♦ ♣❛r❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ t❡♠♣♦ r❡❛❧✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ✉♠ ❞✐s♣♦s✐t✐✈♦

❜❛s❡❛❞♦ ♥♦ ❙✐st❡♠❛ ❞❡ ❈♦♥tr♦❧❡ ❞♦ ❈❤❛✈❡❛♠❡♥t♦ ♣r♦♣♦st♦ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ♥♦ ❘❚❉❙❚▼ ♣❛r❛

❛✈❛❧✐❛çã♦ ❡♠ t❡♠♣♦ r❡❛❧✱ ❝♦♥✜r♠❛♥❞♦ ❛ ✈✐❛❜✐❧✐❞❛❞❡ ❞❡ s✉❛ ✉t✐❧✐③❛çã♦ ❡♠ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s✳

❆✐♥❞❛ ❝♦♠ ❛✉①í❧✐♦ ❞♦ ❘❚❉❙❚▼✱ ❢♦✐ ❛♥❛❧✐s❛❞❛ ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ r❡s♣♦st❛ ❞♦s ❚P❈s ♥♦ ❞❡s❡♠✲

♣❡♥❤♦ ❞♦ ♠ét♦❞♦✳ ❱❡r✐✜❝♦✉✲s❡ q✉❡ q✉❛♥t♦ ♠❡♥♦r ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❛ ❧✐♥❤❛✱ ♠❛✐♦r❡s

sã♦ ❛s ✐♠♣r❡❝✐sõ❡s ❡♥tr❡ ♦ ♣r✐♠ár✐♦ ❡ ♦ s❡❝✉♥❞ár✐♦ ❞❡st❡ ❡q✉✐♣❛♠❡♥t♦✳ ❈♦♥t✉❞♦✱ ♥♦s ❝❛s♦s

❛✈❛❧✐❛❞♦s✱ ❡st❛s ✐♠♣r❡❝✐sõ❡s ♥ã♦ ❝♦♠♣r♦♠❡t❡r❛♠ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦

q✉❛♥t♦ à ❧✐♠✐t❛çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ❞❡✈✐❞♦ ❛♦ r❡❧✐❣❛♠❡♥t♦ tr✐❢ás✐❝♦ ❞❛ ❧✐♥❤❛✳

❯♠❛ ✈❡rsã♦ ♦✤✐♥❡ ❞♦ ♠ét♦❞♦ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞❛ ♣❛r❛ ❛♥á❧✐s❡s ♣❛r❛♠étr✐❝❛s ❡ ❞❡ s❡♥s✐✲

❜✐❧✐❞❛❞❡ ♣♦r ♠❡✐♦ ❞❡ r❡❣✐str♦s ♦s❝✐❧♦❣rá✜❝♦s r❡❛✐s✱ ❛❞✈✐♥❞♦s ❞❛ r❡❞❡ ❞❡ ♦s❝✐❧♦❣r❛✜❛ ❞❛ ❈❤❡s❢✱

❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ✈✐❛ ❊▼❚P ✭❊❧❡❝tr♦♠❛❣♥❡t✐❝ ❚r❛♥s✐❡♥ts Pr♦❣r❛♠✮✳ ❉✐❢❡r❡♥t❡s ❧✐♥❤❛s ❞❡

✶✶✶



❈❛♣ít✉❧♦ ✼ ✕ ❈♦♥❝❧✉sõ❡s ✶✶✷

tr❛♥s♠✐ssã♦ ❞♦ ❙✐st❡♠❛ ■♥t❡r❧✐❣❛❞♦ ◆❛❝✐♦♥❛❧ ❢♦r❛♠ ❛✈❛❧✐❛❞❛s ❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠♣r♦✲

✈❛♠ ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ♠ét♦❞♦ ❡♠ ✐❞❡♥t✐✜❝❛r ❛ ❡①t✐♥çã♦ ❞❡ ❞❡❢❡✐t♦s ❢❛s❡✲t❡rr❛ ❡ ❢❛s❡✲❢❛s❡✲t❡rr❛✱

❜❡♠ ❝♦♠♦✱ ❡♠ ❡①tr❛♣♦❧❛r ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ s❡ ❞❡t❡r♠✐♥❛r

✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦✳ ❊st❛s ❛♥á❧✐s❡s ♠♦str❛r❛♠ q✉❡ ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ♠ét♦❞♦

♥ã♦ ❞❡♣❡♥❞❡ ❞♦s ♣❛râ♠❡tr♦s ❛✈❛❧✐❛❞♦s✱ ❛ ❡①❡♠♣❧♦ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦✱ ❞❛ r❡s✐stê♥❝✐❛ ❞❡

❞❡❢❡✐t♦ ❡ ❞♦ ❧♦❝❛❧ ❞❡ s✉❛ ♦❝♦rrê♥❝✐❛✳ ❱❡r✐✜❝♦✉✲s❡ ❛✐♥❞❛ q✉❡ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦

❛❝❛rr❡t♦✉ ❡♠ ♥í✈❡✐s ❞❡ s♦❜r❡t❡♥sõ❡s s❡♠❡❧❤❛♥t❡s ❛♦s ♦❜t✐❞♦s ❝♦♠ ♦s r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦

❡ ❡♠ ✈ár✐❛s s✐t✉❛çõ❡s ❡st❡s r❡s✉❧t❛❞♦s ❢♦r❛♠ ❛✐♥❞❛ ❢❛✈♦rá✈❡✐s ❛♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳ P♦r

❝♦♥s❡❣✉✐♥t❡✱ t♦r♥❛✲s❡ ♣♦ssí✈❡❧ ❡❧✐♠✐♥❛r ♦ ✉s♦ ❞♦s r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✱ ♦ q✉❡ ❛✉♠❡♥t❛ ❛

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

▲✐♠✐t❛çõ❡s ✐♥❡r❡♥t❡s ❛♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ sã♦ ✐♠♣♦st❛s

♣❡❧♦ ❡❢❡✐t♦ ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ❡❧❡tr♦♠❛❣♥ét✐❝♦ ❡♥tr❡ ❛s ❢❛s❡s ❞❛ ❧✐♥❤❛ ❡ ♣❡❧❛ ✈❛r✐❛çã♦ ❡st❛tíst✐❝❛

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

♣♦❞❡ ♥ã♦ ♦❝♦rr❡r ❡①❛t❛♠❡♥t❡ ♥♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s ♣r❡✈✐st♦s ♣❡❧♦ ❙✐st❡♠❛ ❞❡ ❈♦♥tr♦❧❡ ❞♦

❈❤❛✈❡❛♠❡♥t♦✱ r❡s✉❧t❛♥❞♦ ❡♠ ♣❡r❞❛ ❞❡ ❡✜❝✐ê♥❝✐❛ ♥♦ ❝♦♥tr♦❧❡ ❞❡ s♦❜r❡t❡♥sõ❡s✳ ❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡

♠✐♥✐♠✐③❛r ❡st❛ ♣❡r❞❛ ❡ ❣❛r❛♥t✐r ♠❡♥♦r❡s s♦❜r❡t❡♥sõ❡s✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❞❡✈❡ s❡r ✉t✐❧✐③❛❞♦ ❡♠

❝♦♥❥✉♥t♦ ❝♦♠ ♣❛r❛✲r❛✐♦s ❧♦❝❛❧✐③❛❞♦s ♥❛s ❡①tr❡♠✐❞❛❞❡s ❞❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ♦ q✉❡ ♣r♦♣✐❝✐❛

❛✐♥❞❛ s❡❣✉r❛♥ç❛ ❡♠ ❝❛s♦ ❞❡ ❢❛❧❤❛ ❞♦ ❙✐st❡♠❛ ❞❡ ❈♦♥tr♦❧❡ ❞♦ ❈❤❛✈❡❛♠❡♥t♦✳

❈♦♠♦ ❝♦♥t✐♥✉❛çã♦ ❞♦ ❡st✉❞♦ ❛q✉✐ r❡❛❧✐③❛❞♦✱ sã♦ ♣r❡✈✐st❛s ❛s s❡❣✉✐♥t❡s ❛t✐✈✐❞❛❞❡s ❞❡ ♣❡sq✉✐s❛✿

• ◆❡st❡ tr❛❜❛❧❤♦✱ ❝♦♥s✐❞❡r♦✉✲s❡ ❛ t❛①❛ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛ ❞♦s

❞✐s❥✉♥t♦r❡s ✭dvdisj/dt✮ ♠❛✐♦r q✉❡ ♦ ♠á①✐♠♦ ✈❛❧♦r ❞❛ ❞❡r✐✈❛❞❛ ❞❛ t❡♥sã♦ ❞♦ s✐st❡♠❛✳ P❛r❛

❛♣❧✐❝❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❛ ❞✐s❥✉♥t♦r❡s ❡s♣❡❝í✜❝♦s✱ dvdisj/dt ❞❡✈❡ s❡r ♠♦❞❡❧❛❞❛

❛♣r♦♣r✐❛❞❛♠❡♥t❡✳ ❊♠ tr❛❜❛❧❤♦s ❢✉t✉r♦s✱ ♣r❡t❡♥❞❡✲s❡ ❛♥❛❧✐s❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❡st❡ ❢❡♥ô♠❡♥♦

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

❛♣r✐♠♦r❛♠❡♥t♦s ♥♦ ♠ét♦❞♦✱ ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ à ❞❡✜♥✐çã♦ ❞♦s ✐♥st❛♥t❡s ❛♣r♦♣r✐❛❞♦s

♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦✱ q✉❛♥❞♦ ❝♦♥s✐❞❡r❛✲s❡ ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ♣ré✲❛r❝♦✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ♣♦❞❡✲s❡

r❡❛❧✐③❛r ❡st❛ ❛♥á❧✐s❡ ❛♣r♦①✐♠❛♥❞♦ dvdisj/dt ♣♦r ✉♠❛ ❢✉♥çã♦ ❧✐♥❡❛r ✭●❆❘❩❖◆✱ ✶✾✾✼✮✳ ❊♠

s❡❣✉✐❞❛✱ ✉♠❛ ❛♥á❧✐s❡ ♠❛✐s ❞❡t❛❧❤❛❞❛ ♣♦❞❡ s❡r ❢❡✐t❛ ✉t✐❧✐③❛♥❞♦ ♠♦❞❡❧♦s ♠❛✐s ❛♣r♦♣r✐❛❞♦s

❞❡ ❛r❝♦ ❡❧étr✐❝♦✱ ❛ ❡①❡♠♣❧♦ ❞♦s ♠♦❞❡❧♦s ❞❡ ❈❛ss✐❡ ❡ ▼❛②r ✭●❆❘❩❖◆✱ ✶✾✾✼✮✳
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• ❉❡s❡♥✈♦❧✈❡r ✉♠ ❞✐s♣♦s✐t✐✈♦ ❝♦♠❡r❝✐❛❧ q✉❡ ♣♦ss✐❜✐❧✐t❡ ♦ ❝❤❛✈❡❛♠❡♥t♦ s✐♥❝r♦♥✐③❛❞♦ ❞❡ ❧✐♥❤❛s

❞❡ tr❛♥s♠✐ssã♦ ❜❛s❡❛❞♦ ♥♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡st❛ t❡s❡✳ P❛r❛ ✐st♦ s❡rá ♥❡❝❡ssár✐♦ ✐♠♣❧❡✲

♠❡♥t❛r ♦ ♠ét♦❞♦ ❡♠ ✉♠ ♣r♦❝❡ss❛❞♦r ❞✐❣✐t❛❧ ❞❡ s✐♥❛✐s ✭❉❙P✮ ❡ ❞❡s❡♥✈♦❧✈❡r ✉♠ s✐st❡♠❛

❞❡ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ❞❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞❛s t❡♥sõ❡s ♥♦s t❡r♠✐♥❛✐s ❞♦ ❞✐s❥✉♥t♦r✳ ❆✐♥❞❛✱

❞❡✈❡✲s❡ ❝♦♥t❡♠♣❧❛r r❡q✉✐s✐t♦s r❡❧❛t✐✈♦s à ❝♦♠♣❛t✐❜✐❧✐❞❛❞❡ ❡❧❡tr♦♠❛❣♥ét✐❝❛ ❡ ♥í✈❡✐s ❞❡ ✐s♦✲

❧❛♠❡♥t♦✳ ❈♦♠♦ ✉♠❛ ❡t❛♣❛ ✐♥t❡r♠❡❞✐ár✐❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❞✐s♣♦s✐t✐✈♦

✜♥❛❧✱ ✉♠❛ ✈❡③ ❝♦♥❝❡❜✐❞♦✱ ❡st❡ ♣♦❞❡ s❡r t❡st❛❞♦ ❝♦♠ ♦ ❛✉①í❧✐♦ ❞♦ ❘❚❉❙❚▼✳

• ❈♦♠ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❞✐s♣♦s✐t✐✈♦✱ ♣r❡t❡♥❞❡✲s❡ ✐♥❝♦r♣♦r❛r ♥♦ ♠❡s♠♦ ♣r♦❞✉t♦✱ ❢✉♥✲

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

♣❛r❛ ❝♦rr❡çã♦ ❞❛ r❡s♣♦st❛ s❡❝✉♥❞ár✐❛ ❞❡ ❚P❈s✳

• ❙✐t✉❛çõ❡s ❡♥✈♦❧✈❡♥❞♦ ❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❞♦s ♥ú❝❧❡♦s ❞♦s r❡❛t♦r❡s ❡ ❚P❈s ♥ã♦ ❢♦r❛♠ ❛❜♦r✲

❞❛❞❛s ♥❡st❡ tr❛❜❛❧❤♦✳ ❊♠ ❛t✐✈✐❞❛❞❡s ❢✉t✉r❛s✱ ♣r❡t❡♥❞❡✲s❡ ❛✈❛❧✐❛r ❝❛s♦s ❡♠ q✉❡ ♣♦ss❛♠

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

❞❡st❡ ❢❡♥ô♠❡♥♦ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s✳

• ▼♦❞✐✜❝❛r ❡ ✐♥❝r❡♠❡♥t❛r ♦ ♠ét♦❞♦ ♦r❛ ❛♣r❡s❡♥t❛❞♦ ♣❛r❛ ❛❜♦r❞❛r s✐t✉❛çõ❡s ❡♠ q✉❡ ❧✐✲

♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ♣♦ss❛♠ ❛♣r❡s❡♥t❛r ❡❧❡✈❛❞♦ ❣r❛✉ ❞❡ ❛ss✐♠❡tr✐❛✱ t❛✐s ❝♦♠♦ ❧✐♥❤❛s ♥ã♦

tr❛♥s♣♦st❛s✱ ✉♠❛ ✈❡③ q✉❡ ♥❡st❛s s✐t✉❛çõ❡s ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣♦❞❡♠ ❛♣✲

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

♠❡s♠♦ s❡♥t✐❞♦✱ ♣r❡t❡♥❞❡✲s❡ ❛✈❛❧✐❛r s✐t✉❛çõ❡s ❡♠ q✉❡ t❡♠✲s❡ ❧✐♥❤❛s ❞❡ ❝✐r❝✉✐t♦ ❞✉♣❧♦✳

• ◆❡st❡ tr❛❜❛❧❤♦✱ ❢♦r❛♠ ❛❜♦r❞❛❞❛s s✐t✉❛çõ❡s ❡♠ q✉❡ ❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❛♣r❡s❡♥t❛♠

❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✳ ❚❛♠❜é♠ é ❝♦♠✉♠ ❡♠ s✐st❡♠❛s ❞❡ ❊❆❚ ❡ ❯❆❚✱ ❛

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

❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛ ♣♦❞❡ ❛♣r❡s❡♥t❛r ❝❛r❛❝t❡ríst✐❝❛s ❞✐st✐♥t❛s ❞❛q✉❡❧❛s ❛♣r❡s❡♥t❛❞❛s

♥❡st❡ tr❛❜❛❧❤♦✳ P♦rt❛♥t♦✱ ♣r❡t❡♥❞❡✲s❡ ❛✈❛❧✐❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♥❛

❧✐♥❤❛✱ ❛♣ós ❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❛ ♠❡s♠❛✱ ❛ ✜♠ ❞❡ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦

♣r♦♣♦st♦ ❡✱ ❝❛s♦ ♥❡❝❡ssár✐♦✱ ♣r♦✈❡r ♠❡❧❤♦r✐❛s ♥♦ ♠ét♦❞♦✳
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• ❆ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦s ❛♦ ❧♦♥❣♦ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ é ✉♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ❝❛✉s❛s

♣❛r❛ ♦ ❞❡s❧✐❣❛♠❡♥t♦ ❞❛ ♠❡s♠❛✳ ❈♦♠ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ é ♣♦ssí✈❡❧ ❞❡t❡❝t❛r ❛ ❡①t✐♥çã♦

❞❡ ❞❡❢❡✐t♦s ❞♦ t✐♣♦ ❢❛s❡✲t❡rr❛ ❡ ❢❛s❡✲❢❛s❡✲t❡rr❛✱ ❛♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✳ ❊♠ tr❛❜❛❧❤♦s

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

❞❡ ❞❡❢❡✐t♦s✱ s❡❥❛♠ ❡st❡s ❞♦ t✐♣♦ ❢❛s❡✲❢❛s❡ ♦✉ tr✐❢ás✐❝♦s✳ P❛r❛ ✐st♦✱ ✉♠❛ ♣♦ssí✈❡❧ ❢❡rr❛♠❡♥t❛

❛ s❡r ✉t✐❧✐③❛❞❛ é ❛ tr❛♥s❢♦r♠❛❞❛❲❛✈❡❧❡t✱ q✉❡ ♣♦❞❡ ❞❡t❡❝t❛r ✈❛r✐❛çõ❡s ♥♦s s✐♥❛✐s ❛♥❛❧✐s❛❞♦s

❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ q✉❛♥❞♦ ❤á tr❛♥s✐tór✐♦s ♥♦s s✐♥❛✐s✳

• ❆♣❡s❛r ❞❡ t♦r♥❛r ♣♦ssí✈❡❧ ❛ r❡❞✉çã♦ ❞♦ t❡♠♣♦ ♠♦rt♦ ❞❛ ❧✐♥❤❛✱ ❛ ❛❞♦çã♦ ❞♦ r❡❧✐❣❛♠❡♥t♦

rá♣✐❞♦ ❡ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡❝❡ss✐t❛ ❞❡ ❛♥á❧✐s❡s q✉❛♥t♦ à ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛✱

❝♦♥s✐❞❡r❛♥❞♦ ♦s ❡❢❡✐t♦s s♦❜r❡ ❛s ✉♥✐❞❛❞❡s ❣❡r❛❞♦r❛s✱ ♥♦ s❡♥t✐❞♦ ❞❡ s❡ ❡✈✐t❛r❡♠ ❡s❢♦rç♦s

♠❡❝â♥✐❝♦s ❡①❝❡ss✐✈♦s ❡♠ s❡✉s ❡✐①♦s✳ ❊st❛s ❛♥á❧✐s❡s s❡ ❝♦♥✜❣✉r❛♠ ❝♦♠♦ ❛t✐✈✐❞❛❞❡s ❢✉t✉r❛s✳

• ❉✐✈❡rs♦s tr❛❜❛❧❤♦s ♣r♦♣õ❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♣❛r❛✲r❛✐♦s ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ♣❛r❛

❧✐♠✐t❛r ♦s s✉rt♦s ❞❡ ♠❛♥♦❜r❛s✳ ◆❡st❡ s❡♥t✐❞♦✱ ♣r❡t❡♥❞❡✲s❡ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦

♣r♦♣♦st♦ q✉❛♥t♦ à r❡❞✉çã♦ ❞♦s ♥í✈❡✐s ❞❡ ✐s♦❧❛♠❡♥t♦ ❞❛s ❧✐♥❤❛s q✉❛♥❞♦ t❡♠✲s❡ ♦ ✉s♦ ♠❛✐s

❡❢❡t✐✈♦ ❞❡ ♣❛r❛✲r❛✐♦s ❛♦ ❧♦♥❣♦ ❞❡ s✉❛ ❡①t❡♥sã♦✳



❆P✃◆❉■❈❊ ❆

❆P▲■❈❆➬➹❖ ❉❆ ▼❆❚❘■❩ ❉❊ ❑❆❘❘❊◆❇❆❯❊❘ P❆❘❆
❆◆➪▲■❙❊ ❉❊ ❉❊❋❊■❚❖❙

❆ r❡❧❛çã♦ ❡♥tr❡ ❛s t❡♥sõ❡s ♥♦ ❞♦♠í♥✐♦ ❞❡ ❢❛s❡s ✭va✱ vb ❡ vc✮ ❡ ♥♦ ❞♦♠í♥✐♦ ♠♦❞❛❧ ✭v0✱ v1 ❡ v2✮✱

✉t✐❧✐③❛♥❞♦ ❛ ♠❛tr✐③ ❞❡ ❑❛rr❡♥❜❛✉❡r✱ ♣♦❞❡ s❡r ❡①♣r❡ss❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿





va

vb

vc



 =





1 1 1
1 −2 1
1 1 −2



 .





v0

v1

v2



 . ✭❆✳✶✮

❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❛s t❡♥sõ❡s ♥♦ ❞♦♠í♥✐♦ ♠♦❞❛❧ sã♦ ♦❜t✐❞❛s ❛ ♣❛rt✐r ❞❛s t❡♥sõ❡s ♥♦ ❞♦♠í♥✐♦

❞❡ ❢❛s❡s✱ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿





v0

v1

v2



 = 1

3





1 1 1
1 −1 0
1 0 −1



 .





va

vb

vc



 . ✭❆✳✷✮

❆s ♠❡s♠❛s r❡❧❛çõ❡s sã♦ ✈❡r✐✜❝❛❞❛s ♣❛r❛ ❛s ❝♦rr❡♥t❡s ♥♦ ❞♦♠í♥✐♦ ❞❡ ❢❛s❡s ✭ia✱ ib ❡ ic✮ ❡ ♥♦

❞♦♠í♥✐♦ ♠♦❞❛❧ ✭i0✱ i1 ❡ i2✮✳

❆✳✶ ❉❊❋❊■❚❖❙ ❋❆❙❊✲❚❊❘❘❆

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

♥✉❧❛ ❡ ❞❡s♣r❡③❛✲s❡ ❛ r❡❛tâ♥❝✐❛ sér✐❡ ❞❛ ❧✐♥❤❛✱ ✉♠❛ ✈❡③ q✉❡ ❡st❛ é ❜❡♠ ✐♥❢❡r✐♦r à ❞♦ r❡❛t♦r✳

P❛r❛ ❡st❛ s✐t✉❛çã♦✱ ❝♦♥s✐❞❡r❛✲s❡ ✉♠ ❞❡❢❡✐t♦ ❡♥✈♦❧✈❡♥❞♦ ❛ ❢❛s❡ ❆ ❡ ❛ t❡rr❛ ✭❞❡❢❡✐t♦ ❆❚✮✳

◆♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦✱ t❡♠✲s❡ q✉❡ va = 0✱ ib = ic = 0 ❡ ia = icc✱ ❡♠ q✉❡ icc é ❛ ❝♦rr❡♥t❡ ❞❡

❝✉rt♦✲❝✐r❝✉✐t♦✱ ❡ ❛ ♣❛rt✐r ❞❡ ✭❆✳✷✮✿

v0 =
1

3
(vb + vc) , ✭❆✳✸✮

✶✶✺



❆♣ê♥❞✐❝❡ ❆ ✕ ❆♣❧✐❝❛çã♦ ❞❛ ▼❛tr✐③ ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❆♥á❧✐s❡ ❞❡ ❉❡❢❡✐t♦s ✶✶✻

v1 =
1

3
(−vb) ✭❆✳✹✮

❡

v2 =
1

3
(−vc) . ✭❆✳✺✮

❉❡st❛s ❡q✉❛çõ❡s✱ ❝♦♥❝❧✉✐✲s❡ q✉❡✿

v0 + v1 + v2 = 0. ✭❆✳✻✮

❈♦♠ r❡❧❛çã♦ às ❝♦rr❡♥t❡s✿





i0
i1
i2



 = 1

3





1 1 1
1 −1 0
1 0 −1



 .





icc
0
0



 . ✭❆✳✼✮

❉❛í✿

i0 = i1 = i2 =
1

3
icc. ✭❆✳✽✮

❈♦♠ ❜❛s❡ ♥❡st❡ ❡q✉❛❝✐♦♥❛♠❡♥t♦✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ♣❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s

s♦❜ ❝♦♥❞✐çã♦ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛✱ ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ✵✱ ✶ ❡ ✷ ❞❡✈❡♠ s❡r ❝♦♥❡❝t❛❞♦s ❡♠ sér✐❡

♥♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ❆✳✶✳

❋✐❣✉r❛ ❆✳✶✳ ❈♦♥❡①ã♦ ❞♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s
s♦❜ ❝♦♥❞✐çã♦ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛✳ Li ❡ Ci (i = 0, 1, 2) sã♦ ♦s ♣❛râ♠❡tr♦s ♠♦❞❛✐s ❞♦ r❡❛t♦r ❡ ❞❛ ❧✐♥❤❛✱
r❡s♣❡❝t✐✈❛♠❡♥t❡✳



❆♣ê♥❞✐❝❡ ❆ ✕ ❆♣❧✐❝❛çã♦ ❞❛ ▼❛tr✐③ ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❆♥á❧✐s❡ ❞❡ ❉❡❢❡✐t♦s ✶✶✼

❆✳✷ ❉❊❋❊■❚❖❙ ❋❆❙❊✲❋❆❙❊

P❛r❛ ❞❡❢❡✐t♦s ❡♥✈♦❧✈❡♥❞♦ ❛s ❢❛s❡s ❇ ❡ ❈ ✭❞❡❢❡✐t♦ ❇❈✮✱ ♥♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦ t❡♠✲s❡ q✉❡ vb = vc✱

ib = −ic ❡ ia = 0✳ ❆ ♣❛rt✐r ❞❡ ✭❆✳✷✮✿

v0 =
1

3
(va + 2vb) , ✭❆✳✾✮

v1 =
1

3
(va − vb) ✭❆✳✶✵✮

❡

v2 =
1

3
(va − vb) . ✭❆✳✶✶✮

❉❡ ♦♥❞❡ ❝♦♥❝❧✉✐✲s❡ q✉❡✿

v1 = v2. ✭❆✳✶✷✮

❈♦♠ r❡❧❛çã♦ às ❝♦rr❡♥t❡s✿





i0
i1
i2



 = 1

3





1 1 1
1 −1 0
1 0 −1



 .





0
ib
−ib



 . ✭❆✳✶✸✮

❉❛í✿

i0 = 0 ✭❆✳✶✹✮

❡

i2 = −i1 =
1

3
ib. ✭❆✳✶✺✮

❈♦♥❝❧✉✐✲s❡ q✉❡ ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ✶ ❡ ✷ ❞❡✈❡♠ s❡r ❝♦♥❡❝t❛❞♦s ❡♠ ♣❛r❛❧❡❧♦ ♥♦ ♣♦♥t♦ ❞❡

❞❡❢❡✐t♦ ❡ ♦ ❝✐r❝✉✐t♦ r❡❢❡r❡♥t❡ ❛♦ ♠♦❞♦ ✵ ♥ã♦ é ❡♥✈♦❧✈✐❞♦ ♥❡st❛ s✐t✉❛çã♦✳ P❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛



❆♣ê♥❞✐❝❡ ❆ ✕ ❆♣❧✐❝❛çã♦ ❞❛ ▼❛tr✐③ ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❆♥á❧✐s❡ ❞❡ ❉❡❢❡✐t♦s ✶✶✽

r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s s♦❜ ❝♦♥❞✐çã♦ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✱ ❡st❡s ❝✐r❝✉✐t♦s sã♦ ❝♦♥❡❝t❛❞♦s ❝♦♥❢♦r♠❡ ❛

❋✐❣✉r❛ ❆✳✷✳

❋✐❣✉r❛ ❆✳✷✳ ✭❛✮ ❈♦♥❡①ã♦ ❞♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠
❧✐♥❤❛s s♦❜ ❝♦♥❞✐çã♦ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✳ Li ❡ Ci (i = 0, 1, 2) sã♦ ♦s ♣❛râ♠❡tr♦s ♠♦❞❛✐s ❞♦ r❡❛t♦r ❡ ❞❛
❧✐♥❤❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ✭❜✮ ❈✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ♣❛r❛ ♦s ♠♦❞♦s ✶ ❡ ✷✳

❆✳✸ ❉❊❋❊■❚❖❙ ❋❆❙❊✲❋❆❙❊✲❚❊❘❘❆

P❛r❛ ❞❡❢❡✐t♦s ❡♥✈♦❧✈❡♥❞♦ ❛ t❡rr❛ ❡ ❛s ❢❛s❡s ❇ ❡ ❈ ✭❞❡❢❡✐t♦ ❇❈❚✮✱ ♥♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦ t❡♠✲s❡

q✉❡ vb = vc = 0✱ ia = 0 ❡ ib + ic = icc✱ ❡♠ q✉❡ icc é ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳ ❆ ♣❛rt✐r ❞❡

✭❆✳✷✮✿

v0 = v1 = v2 =
1

3
(va) . ✭❆✳✶✻✮

❈♦♠ r❡❧❛çã♦ às ❝♦rr❡♥t❡s✿





i0
i1
i2



 = 1

3





1 1 1
1 −1 0
1 0 −1



 .





0
ib
ic



 . ✭❆✳✶✼✮

❉❛í✿

i0 = ib + ic, ✭❆✳✶✽✮

i1 = −ib ✭❆✳✶✾✮

❡



❆♣ê♥❞✐❝❡ ❆ ✕ ❆♣❧✐❝❛çã♦ ❞❛ ▼❛tr✐③ ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❆♥á❧✐s❡ ❞❡ ❉❡❢❡✐t♦s ✶✶✾

i2 = −ic. ✭❆✳✷✵✮

❚❡♠✲s❡ q✉❡✿

i0 + i1 + i2 = 0. ✭❆✳✷✶✮

❈♦♠ ❜❛s❡ ♥❡st❡ ❡q✉❛❝✐♦♥❛♠❡♥t♦✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ♣❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s

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

♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦✱ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ❆✳✸✳

❋✐❣✉r❛ ❆✳✸✳ ✭❛✮ ❈♦♥❡①ã♦ ❞♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠
❧✐♥❤❛s s♦❜ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✲t❡rr❛✳ Li ❡ Ci (i = 0, 1, 2) sã♦ ♦s ♣❛râ♠❡tr♦s ♠♦❞❛✐s ❞♦ r❡❛t♦r ❡ ❞❛ ❧✐♥❤❛✱
r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ✭❜✮ ❈✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ♣❛r❛ ♦s ♠♦❞♦s ✵✱ ✶ ❡ ✷✳

❆✳✹ ❉❊❋❊■❚❖❙ ❚❘■❋➪❙■❈❖❙ ❙❊▼ ❊◆❱❖▲❱■▼❊◆❚❖ ❉❆ ❚❊❘❘❆

P❛r❛ ❡st❛ s✐t✉❛çã♦✱ ❝♦♥s✐❞❡r❛✲s❡ ✉♠ ❞❡❢❡✐t♦ ❡♥✈♦❧✈❡♥❞♦ ❛♣❡♥❛s ❛s ❢❛s❡s✳ ◆♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦✱

t❡♠✲s❡ q✉❡ va = vb = vc ❡ ia + ib + ic = 0✳ ❆ ♣❛rt✐r ❞❡ ✭❆✳✷✮✿

v0 = va ✭❆✳✷✷✮

❡

v1 = v2 = 0. ✭❆✳✷✸✮

❖✉ s❡❥❛✱ ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ✶ ❡ ✷ ❞❡✈❡♠ s❡r ❝✉rt♦✲❝✐r❝✉✐t❛❞♦s ♥♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦ ❡ ♦

❝✐r❝✉✐t♦ r❡❢❡r❡♥t❡ ❛♦ ♠♦❞♦ ✵✱ ♥ã♦ é ❡♥✈♦❧✈✐❞♦ ♥❡st❛ s✐t✉❛çã♦✳ P❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠



❆♣ê♥❞✐❝❡ ❆ ✕ ❆♣❧✐❝❛çã♦ ❞❛ ▼❛tr✐③ ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❆♥á❧✐s❡ ❞❡ ❉❡❢❡✐t♦s ✶✷✵

❧✐♥❤❛s s♦❜ ❞❡❢❡✐t♦ tr✐❢ás✐❝♦ s❡♠ ❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ t❡rr❛✱ ❡st❡s ❝✐r❝✉✐t♦s sã♦ ❝♦♥❡❝t❛❞♦s ❝♦♥❢♦r♠❡

❛ ❋✐❣✉r❛ ❆✳✹✳

❋✐❣✉r❛ ❆✳✹✳ ❈♦♥❡①ã♦ ❞♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s
s♦❜ ❝♦♥❞✐çã♦ ❞❡ ❞❡❢❡✐t♦ tr✐❢ás✐❝♦ s❡♠ ♦ ❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ t❡rr❛✳ Li ❡ Ci (i = 0, 1, 2) sã♦ ♦s ♣❛râ♠❡tr♦s
♠♦❞❛✐s ❞♦ r❡❛t♦r ❡ ❞❛ ❧✐♥❤❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆✳✺ ❉❊❋❊■❚❖❙ ❚❘■❋➪❙■❈❖❙ ❊◆❱❖▲❱❊◆❉❖ ❆ ❚❊❘❘❆

P❛r❛ ❡st❛ s✐t✉❛çã♦✱ ❝♦♥s✐❞❡r❛✲s❡ ✉♠ ❞❡❢❡✐t♦ ❡♥✈♦❧✈❡♥❞♦ ❛s ❢❛s❡s ❡ ❛ t❡rr❛✳ ◆♦ ♣♦♥t♦ ❞❡

❞❡❢❡✐t♦✱ t❡♠✲s❡ q✉❡ va = vb = vc = 0✳ ❆ ♣❛rt✐r ❞❡ ✭❆✳✷✮✿

v0 = v1 = v2 = 0. ✭❆✳✷✹✮

❖✉ s❡❥❛✱ ♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ✵✱ ✶ ❡ ✷ ❞❡✈❡♠ s❡r ❝✉rt♦✲❝✐r❝✉✐t❛❞♦s ♥♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦✳ P❛r❛

❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s s♦❜ ❞❡❢❡✐t♦ tr✐❢ás✐❝♦ ❡♥✈♦❧✈❡♥❞♦ ❛ t❡rr❛✱ ❡st❡s ❝✐r❝✉✐t♦s sã♦

❝♦♥❡❝t❛❞♦s ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ❆✳✺✳

❋✐❣✉r❛ ❆✳✺✳ ❈♦♥❡①ã♦ ❞♦s ❝✐r❝✉✐t♦s ♠♦❞❛✐s ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s
s♦❜ ❞❡❢❡✐t♦ tr✐❢ás✐❝♦ ❡♥✈♦❧✈❡♥❞♦ ❛ t❡rr❛✳ Li ❡ Ci (i = 0, 1, 2) sã♦ ♦s ♣❛râ♠❡tr♦s ♠♦❞❛✐s ❞♦ r❡❛t♦r ❡ ❞❛
❧✐♥❤❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳



❆P✃◆❉■❈❊ ❇

❋❊❘❘❆▼❊◆❚❆ ❉❊ ❙■▼❯▲❆➬➹❖ ❊▼ ❚❊▼P❖ ❘❊❆▲

❇✳✶ P❘■◆❈❮P■❖ ❉❊ ❋❯◆❈■❖◆❆▼❊◆❚❖ ❊ ❆P▲■❈❆➬Õ❊❙

■♥✐❝✐❛❧♠❡♥t❡✱ ❛ ❛♥á❧✐s❡ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ s✐st❡♠❛s ❡❧étr✐❝♦s ❡ ❞❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ ❝♦♥tr♦❧❡

❡♠ t❡♠♣♦ r❡❛❧ ❡r❛ ❢❡✐t❛ ♠❛❥♦r✐t❛r✐❛♠❡♥t❡ ♣♦r ♠❡✐♦s ❛♥❛❧ó❣✐❝♦s ❛tr❛✈és ❞❡ ♠♦❞❡❧♦s ❞❡ s✐st❡♠❛s

❡❧étr✐❝♦s ❡♠ ♠✐♥✐❛t✉r❛✱ ❝♦♥❤❡❝✐❞♦s ❝♦♠♦ ❆♥❛❧✐s❛❞♦r❡s ❞❡ ❘❡❞❡ ♦✉ ❚r❛♥s✐❡♥t ◆❡t✇♦r❦ ❆♥❛❧②③❡rs

✭❚◆❆✮ ✭❉❖■ ❡t ❛❧✳✱ ✶✾✾✵✮✳ ❈♦♠ ♦ ❛✈❛♥ç♦ ❞❛ t❡❝♥♦❧♦❣✐❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡ ♦ ❛❞✈❡♥t♦ ❞❡ ❞✐s♣♦s✐✲

t✐✈♦s ❝❛❞❛ ✈❡③ ♠❛✐s ❡✜❝❛③❡s ♣❛r❛ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞✐❣✐t❛❧✱ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ❛❧❣♦r✐t♠♦s ♣❛r❛

s♦❧✉çã♦ ❞✐❣✐t❛❧ ❞❡ tr❛♥s✐tór✐♦s ❡❧❡tr♦♠❛❣♥ét✐❝♦s ❡♠ t❡♠♣♦ r❡❛❧ t♦r♥♦✉✲s❡ ✈✐á✈❡❧ ❡ ❡q✉✐♣❛♠❡♥✲

t♦s ♣❛r❛ s✐♠✉❧❛çã♦ ❞✐❣✐t❛❧ ❡♠ t❡♠♣♦ r❡❛❧ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s✱ ❛ ❡①❡♠♣❧♦ ❞♦ ❘❡❛❧ ❚✐♠❡ ❉✐❣✐t❛❧

❙✐♠✉❧❛t♦r ✭❘❚❉❙❚▼✮ ✭▼❈▲❆❘❊◆ ❡t ❛❧✳✱ ✶✾✾✷✮✳ ❊st❡ ❡q✉✐♣❛♠❡♥t♦✱ ♦ q✉❛❧ é ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛

❇✳✶✱ s❡ ❝♦♥✜❣✉r❛ ❝♦♠♦ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡ ❢✉♥❝✐♦♥❛♥❞♦ ❝♦♠♦ ✉♠ ❚◆❆

❞✐❣✐t❛❧ ❡ s❡ ❝❛r❛❝t❡r✐③❛ ❝♦♠♦ ✉♠❛ ♣♦❞❡r♦s❛ ❢❡rr❛♠❡♥t❛ ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♠♦❞❡❧❛r ♦ s✐st❡♠❛

❡❧étr✐❝♦ ❞❡ ♣♦tê♥❝✐❛ ❞❡ ❢♦r♠❛ r❡❛❧✐st❛ ❡ ♣r♦♣✐❝✐❛r ♠❛✐♦r ✢❡①✐❜✐❧✐❞❛❞❡ ❡ ❝♦♥✜❛❜✐❧✐❞❛❞❡ às s✐♠✉❧❛✲

çõ❡s ❞✐❣✐t❛✐s✳ ❖ ❘❚❉❙❚▼ ✉t✐❧✐③❛ ♦s ♠❡s♠♦s ❛❧❣♦r✐t♠♦s ❡ ❡q✉❛çõ❡s ❡♥❝♦♥tr❛❞❛s ❡♠ ♣r♦❣r❛♠❛s

❞♦ t✐♣♦ ❊▼❚P✳ P♦ré♠✱ ❛ s✐♠✉❧❛çã♦ é ❝♦♥s✐❞❡r❛❞❛ ❡♠ t❡♠♣♦ r❡❛❧ ❞❡✈✐❞♦ às s♦❧✉çõ❡s ❞♦ s✐st❡♠❛

❡❧étr✐❝♦ s❡r❡♠ ♦❜t✐❞❛s ❡♠ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ♠✉✐t♦ ♠❡♥♦r q✉❡ ❛s ❝♦♥st❛♥t❡s ❞❡ t❡♠♣♦ ❞♦

s✐st❡♠❛ ✭❑❯❋❋❊▲ ❡t ❛❧✳✱ ✶✾✾✺✮✳

❖ ❘❚❉❙❚▼ ❛♣r❡s❡♥t❛ ✉♠❛ ✐♥t❡r❢❛❝❡ ♣❛r❛ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞❡ ❞❛❞♦s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✱ t❛✐s

❝♦♠♦ s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❛❧é♠ ❞❡ tr✐♣s ❞❡ r❡❧és✳ ❚❛❧ ✐♥t❡r❢❛❝❡ ♣❡r♠✐t❡ ❛ ❝♦♠✉♥✐❝❛çã♦

❝♦♠ ❡q✉✐♣❛♠❡♥t♦s ❡①t❡r♥♦s✱ ♦ q✉❡ t♦r♥❛ ♦ ❘❚❉❙❚▼ ✐❞❡❛❧ ♣❛r❛ t❡st❡s ❞❡ ❡q✉✐♣❛♠❡♥t♦s ❞❡

♠♦♥✐t♦r❛♠❡♥t♦ ❡ ❝♦♥tr♦❧❡ ❞♦ s✐st❡♠❛✱ ❛ ❡①❡♠♣❧♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❡ ❝♦♥tr♦❧❛❞♦r❡s

q✉❡ ❛t✉❛♠ ❡♠ ❞✐s❥✉♥t♦r❡s ✭❉■❈❑ ❡t ❛❧✳✱ ✶✾✾✻❀ ❖▲■❱❊■❘❆ ✫ ❙■▲❱❊■❘❆✱ ✷✵✵✻✮✳

✶✷✶



❆♣ê♥❞✐❝❡ ❇ ✕ ❋❡rr❛♠❡♥t❛ ❞❡ ❙✐♠✉❧❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✶✷✷

❋✐❣✉r❛ ❇✳✶✳ ❘❛❝❦ ❞♦ ❘❚❉❙❚▼✳

❊♠ ✷✵✵✶✱ ▼❝▲❛r❡♥ ❡t ❛❧✳ ✭✷✵✵✶✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠ tr❛❜❛❧❤♦ ❝♦♠♣❛r❛t✐✈♦ ❡♥tr❡ ❛ ✉t✐❧✐③❛çã♦

❞❡ s✐♠✉❧❛❞♦r❡s ❛♥❛❧ó❣✐❝♦s✱ ❛ ❡①❡♠♣❧♦ ❞♦s ❚◆❆✱ ❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♦✉tr❛s ❢❡rr❛♠❡♥t❛s✱ ❛ ❡①❡♠♣❧♦

❞♦ ❘❚❉❙❚▼✱ ♣❛r❛ s✐♠✉❧❛çõ❡s ❞❡ s✐st❡♠❛s ❡❧étr✐❝♦s ❡♠ t❡♠♣♦ r❡❛❧ ❡ r❡❛❧✐③❛çã♦ ❞❡ t❡st❡s ❡♠

r❡❧és✳ ❆s ✈❛♥t❛❣❡♥s ❞♦ ❘❚❉❙❚▼ ❢r❡♥t❡ ❛♦s ❞❡♠❛✐s s✐♠✉❧❛❞♦r❡s sã♦ ❛❜♦r❞❛❞❛s✱ ❡♥❢❛t✐③❛♥❞♦ ❛

✢❡①✐❜✐❧✐❞❛❞❡ ❡ ❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❞❛s s✐♠✉❧❛çõ❡s ❡ ♦ ❢❛t♦ ❞❡ q✉❡ ♦s s✐♠✉❧❛❞♦r❡s ❞✐❣✐t❛✐s sã♦ ♠❡♥♦r❡s

❡ ♠❛✐s ❜❛r❛t♦s ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦s ❛♥❛❧ó❣✐❝♦s✳

❖ ❘❚❉❙❚▼ ♣❡r♠✐t❡ ❛ s✐♠✉❧❛çã♦ ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❡ ♣♦tê♥❝✐❛ ❥✉♥t❛✲

♠❡♥t❡ ❝♦♠ ❞✐s♣♦s✐t✐✈♦s ❞❡ ❝♦♥tr♦❧❡ ❡ ❞❡ ♣r♦t❡çã♦ ✭❋❖❘❙❨❚❍ ❡t ❛❧✳✱ ✷✵✵✹✮✳ ❈♦♠ ✐st♦✱ ✉♠ ♦✉

♠❛✐s ❞✐s♣♦s✐t✐✈♦s ♣♦❞❡♠ s❡r t❡st❛❞♦s ❢❛❝✐❧♠❡♥t❡ ♣❛r❛ ❞✐✈❡rs❛s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❡♠ ❞✐❢❡✲

r❡♥t❡s s✐st❡♠❛s ❡❧étr✐❝♦s✳ ❊st❡s t❡st❡s sã♦ ❡①tr❡♠❛♠❡♥t❡ ✐♠♣♦rt❛♥t❡s t❛♥t♦ ♣❛r❛ ♦s ❢❛❜r✐❝❛♥t❡s

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

❝♦♠✉♥s ✭▼❈▲❆❘❊◆ ❡t ❛❧✳✱ ✶✾✾✹❀ ❉❯❈❍❊◆ ❡t ❛❧✳✱ ✶✾✾✺❀ ❱❖▲❖❍ ❡t ❛❧✳✱ ✷✵✵✶❀ ❙▼■❚❍ ❡t ❛❧✳✱

✷✵✵✹❀ ❉❯ ❡t ❛❧✳✱ ✷✵✵✻❀ ❋❖❘❙❨❚❍ ✫ ❑❯❋❋❊▲✱ ✷✵✵✼❀ ❑■▼ ❡t ❛❧✳✱ ✷✵✵✽✮✳

❯♠❛ s✐♠✉❧❛çã♦ ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛ ❞❡ ✉♠ r❡❧é é ✐❧✉str❛❞❛ ♥❛ ❋✐❣✉r❛ ❇✳✷✳ ❆s s❛í❞❛s ❛♥❛❧ó✲

❣✐❝❛s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❞♦ ❘❚❉❙❚▼ ❡♥tr❛♠ ♥✉♠ ♠ó❞✉❧♦ ❛♠♣❧✐✜❝❛❞♦r ♣❛r❛ ❛❞❡q✉á✲❧❛s ❛♦s

♥í✈❡✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ s❡❝✉♥❞ár✐❛s ❞❡ tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ♣♦t❡♥❝✐❛❧ ❝❛♣❛❝✐t✐✈♦s ✭❚P❈✮ ❡

tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ❝♦rr❡♥t❡ ✭❚❈✮✳ ❆ s❛í❞❛ ❞♦ ❛♠♣❧✐✜❝❛❞♦r ❡♥tr❛ ♥♦ r❡❧é✱ q✉❡ ♣♦r s✉❛ ✈❡③ ♣♦❞❡

❡♥✈✐❛r ❝♦♠❛♥❞♦s ❞❡ tr✐♣✱ ❜❧♦q✉❡✐♦✱ ♠❡♥s❛❣❡♥s ❞❡ t❡❧❡♣r♦t❡çã♦✱ ♠❡♥s❛❣❡♥s ●❖❖❙❊ ■❊❈ ✻✶✽✺✵✱

♠❡♥s❛❣❡♥s ❝♦♠ ❛♠♦str❛s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♥♦r♠❛ ■❊❈ ✻✶✽✺✵✱ ❡t❝✳ ◆❡ss❡



❆♣ê♥❞✐❝❡ ❇ ✕ ❋❡rr❛♠❡♥t❛ ❞❡ ❙✐♠✉❧❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✶✷✸

❡①❡♠♣❧♦✱ ❛♣❡♥❛s ✉♠ r❡❧é é ✐❧✉str❛❞♦✱ ♠❛s ✈ár✐♦s r❡❧és✱ ❞❡ q✉❛❧q✉❡r ❢❛❜r✐❝❛♥t❡✱ ♣♦❞❡♠ s❡r t❡s✲

t❛❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡✱ r❡♣r♦❞✉③✐♥❞♦ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❝♦♠♦ ✉♠ t♦❞♦

❛♣ós ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞✐stúr❜✐♦s ♥♦ s✐st❡♠❛ ❡❧étr✐❝♦✱ ❛ ❡①❡♠♣❧♦ ❞❡ ❢❛❧t❛s✱ r❡❥❡✐çõ❡s ❞❡ ❝❛r❣❛✱

♣❡r❞❛s ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛✱ ❡t❝✳

❋✐❣✉r❛ ❇✳✷✳ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ s✐♠✉❧❛çã♦ ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛ ❝♦♠ ♦ ❘❚❉❙❚▼✳

❖✉tr❛ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡ ❞❡st❛ ❢❡rr❛♠❡♥t❛ é ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞♦ ✉s✉ár✐♦ ✐♠♣❧❡♠❡♥t❛r ❡ ✐♥❝♦r✲

♣♦r❛r s❡✉s ♣ró♣r✐♦s ♠♦❞❡❧♦s ❡ ❛❧❣♦r✐t♠♦s às s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ❡♠ t❡♠♣♦ r❡❛❧✱ ❞❡ ❢♦r♠❛ q✉❡

❡ss❡s ♥♦✈♦s ♠♦❞❡❧♦s ♣♦ss❛♠ ✐♥t❡r❛❣✐r ❝♦♠ ♦s ♠♦❞❡❧♦s ❥á ❡①✐st❡♥t❡s ♥♦ ❘❚❉❙❚▼✳ ❊st❛ ❢✉♥❝✐♦♥❛❧✲

✐❞❛❞❡ é ❞❡ ❣r❛♥❞❡ r❡❧❡✈â♥❝✐❛ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♠♦❞❡❧♦s ❞❡ ❝♦♠♣♦♥❡♥t❡s ❞♦ s✐st❡♠❛

❡❧étr✐❝♦✱ ❜❡♠ ❝♦♠♦✱ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛❧❣♦r✐t♠♦s ♣❛r❛ ❞✐s♣♦s✐t✐✈♦s ❞❡ ❝♦♥tr♦❧❡ ❡ ♣r♦✲

t❡çã♦ ✭❲❆◆● ❡t ❛❧✳✱ ✶✾✾✻❀ ●■❊❙❇❘❊❈❍❚ ❡t ❛❧✳✱ ✶✾✾✽❀ ❖❯❊▲▲❊❚❚❊ ❡t ❛❧✳✱ ✷✵✵✹❀ ◗■❆◆ ❡t

❛❧✳✱ ✷✵✵✽❀ ❖❯❊▲▲❊❚❚❊ ❡t ❛❧✳✱ ✷✵✵✽✮✳

❆♣r❡s❡♥t❛✲s❡ ❛ s❡❣✉✐r ✉♠❛ ❜r❡✈❡ ❞❡s❝r✐çã♦ ❞♦ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡ ❞♦ ❘❚❉❙❚▼✳

❇✳✷ ❍❆❘❉❲❆❘❊ ❉❖ ❘❚❉❙❚▼

◆♦ ✐♥í❝✐♦ ❞❛ ❞é❝❛❞❛ ❞❡ ✾✵✱ ❞✐✈❡rs♦s ❡st✉❞♦s ♠♦str❛r❛♠ q✉❡ ♣❛r❛ s✐st❡♠❛s ❡❧étr✐❝♦s r❡❧❛t✐✲

✈❛♠❡♥t❡ s✐♠♣❧❡s✱ ❛ s✐♠✉❧❛çã♦ ❞✐❣✐t❛❧ ❡♠ t❡♠♣♦ r❡❛❧ ❥á ❡r❛ ❢❛❝tí✈❡❧ ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦ ❝♦♠ ❛

t❡❝♥♦❧♦❣✐❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❞❛ é♣♦❝❛ ✭❉❯❘■❊ ✫ P❖❚❚▲❊✱ ✶✾✾✸❀ ▼❆❘❚■ ✫ ▲■◆❆❘❊❙✱ ✶✾✾✹❀

❑❊❩❯◆❖❱■❈ ❡t ❛❧✳✱ ✶✾✾✹✮✳ ❆✐♥❞❛ ♥❡st❡ ♣❡rí♦❞♦✱ ▼❝▲❛r❡♥ ❡t ❛❧✳ ✭✶✾✾✷✮ ❡ ❑✉✛❡❧ ❡t ❛❧✳ ✭✶✾✾✺✮



❆♣ê♥❞✐❝❡ ❇ ✕ ❋❡rr❛♠❡♥t❛ ❞❡ ❙✐♠✉❧❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✶✷✹

❛♣r❡s❡♥t❛r❛♠ ♦ ❘❚❉❙❚▼✳ ❊st❡ ❡q✉✐♣❛♠❡♥t♦ ❢♦✐ ♦ ♣r✐♠❡✐r♦ s✐♠✉❧❛❞♦r ❡♠ t❡♠♣♦ r❡❛❧ ❝♦♠✲

♣❧❡t❛♠❡♥t❡ ❞✐❣✐t❛❧ ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡ r❡❛❧✐③❛r t❡st❡s ❝♦♠ ❡q✉✐♣❛♠❡♥t♦s ❡①t❡r♥♦s✱ ❛ ❡①❡♠♣❧♦

❞❡ r❡❧és✳ ❙❡✉ ❤❛r❞✇❛r❡ é ❜❛s❡❛❞♦ ♥❛ ✉t✐❧✐③❛çã♦ ❞❡ ❉✐❣✐t❛❧ ❙✐❣♥❛❧ Pr♦❝❡ss♦rs ✭❉❙P✮ ❝♦♠ ✉♠❛

❛rq✉✐t❡t✉r❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡♠ ♣❛r❛❧❡❧♦ ❡ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ❡s♣❡❝✐✜❝❛♠❡♥t❡ ♣❛r❛ s♦❧✉çã♦ ❞❡

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

❊▼❚P ✭❉❖▼▼❊▲✱ ✶✾✾✻✮✳

❖ ❘❚❉❙❚▼ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ t❡♥❞♦ ✉♠❛ ❡str✉t✉r❛ ♠♦❞✉❧❛r ❜❛s❡❛❞❛ ❡♠ ✉♥✐❞❛❞❡s ❞❡♥♦♠✐♥❛✲

❞❛s r❛❝❦s✳ ❈❛❞❛ r❛❝❦ ♣♦ss✉✐ ❝❛rtõ❡s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❡ é ❝❛♣❛③ ❞❡ s✐♠✉❧❛r

s✐st❡♠❛s ❡❧étr✐❝♦s ❝♦♠ ✉♠ ♥ú♠❡r♦ ❧✐♠✐t❛❞♦ ❞❡ ❜❛rr❛s ❡ ❡q✉✐♣❛♠❡♥t♦s✳ ❆ s✐♠✉❧❛çã♦ ❞❡ s✐st❡♠❛s

♠❛✐s ❝♦♠♣❧❡①♦s ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✈ár✐♦s r❛❝❦s ❢✉♥❝✐♦♥❛♥❞♦ ❡♠ ❝♦♥❥✉♥t♦✱

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

✉♠ r❛❝❦ ❞✐st✐♥t♦✳ ❆ tr♦❝❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ❡♥tr❡ ♦s s✉❜s✐st❡♠❛s é r❡❛❧✐③❛❞❛ ♣♦r ♠❡✐♦ ❞♦ ❝❛rtã♦

■❘❈ ✭■♥t❡r❘❛❝❦ ❈♦♠♠✉♥✐❝❛t✐♦♥✮✳ ❈❛❞❛ r❛❝❦ ❝♦♥té♠ ✉♠ ❝❛rtã♦ ❲■❋ ✭❲♦r❦st❛t✐♦♥ ■♥t❡r❋❛❝❡✮✱

q✉❡ s✐♥❝r♦♥✐③❛ ❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♦r❞❡♥❛ ❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ♦s ❝❛rtõ❡s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❜❡♠

❝♦♠♦ ❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ♦s r❛❝❦s✳ ❖ ❝❛rtã♦ ❲■❋ é r❡s♣♦♥sá✈❡❧ ♣♦r ❛ss❡❣✉r❛r ❛ s✐♠✉❧❛çã♦ ❡♠

t❡♠♣♦ r❡❛❧✱ ❝✉❥♦ ♣❛ss♦ ❞❡ t❡♠♣♦ é ❞❡ ✺✵ µs✳

❖s ❝❛rtõ❡s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ sã♦ r❡s♣♦♥sá✈❡✐s ♣♦r r❡❛❧✐③❛r t♦❞♦s ♦s ❝á❧❝✉❧♦s r❡❧❛t✐✈♦s à

s✐♠✉❧❛çã♦ ❞✐❣✐t❛❧✳ ❉✐❢❡r❡♥t❡s ❝♦♠♣♦♥❡♥t❡s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ sã♦ ❞❡s✐❣♥❛❞♦s ♣❛r❛ ❞✐❢❡r❡♥t❡s

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

❝✉❧❛❞❛s ❡♠ ♣❛r❛❧❡❧♦✳ ❆t✉❛❧♠❡♥t❡✱ ♦ ❘❚❉❙❚▼ ♣❡rt❡♥❝❡♥t❡ ❛ ❯❋❈● ♣♦ss✉✐ ✉♠ r❛❝❦ ❝♦♠ três

❝❛rtõ❡s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ t✐♣♦ ●P❈ ✭●✐❣❛ Pr♦❝❡ss♦r ❈❛r❞✮✳ ❉❡✈✐❞♦ ❛ s✉❛ ♣♦t❡♥❝✐❛❧✐❞❛❞❡✱

♦ ●P❈ é ❝♦♠✉♠❡♥t❡ ✉s❛❞♦ ♣❛r❛ s♦❧✉❝✐♦♥❛r ♠❛✐s ❞❡ ✉♠ ♠♦❞❡❧♦ ❞❡ ❝♦♠♣♦♥❡♥t❡ ❞♦ s✐st❡♠❛ ❛♦

♠❡s♠♦ t❡♠♣♦✳

❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♣♦ss✐❜✐❧✐t❛r ❛ r❡❛❧✐③❛çã♦ ❞❡ t❡st❡s ❝♦♠ ❞✐s♣♦s✐t✐✈♦s ❞❡ ❝♦♥tr♦❧❡ ❡ ♣r♦t❡çã♦✱

✐♥t❡r❢❛❝❡s ♣❛r❛ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞❡ ❞❛❞♦s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s ♥♦ ❘❚❉❙❚▼✳

P❛r❛ ❡st❡ ✜♠✱ ❡st❡ ❡q✉✐♣❛♠❡♥t♦ ♣♦ss✉✐ ✉♠❛ ❢❛♠í❧✐❛ ❞❡ ❝❛rtõ❡s ❞❡♥♦♠✐♥❛❞❛ ●❚✲■✴❖ ✭●✐❣❛❜✐t

❚r❛♥s❝❡✐✈❡r ✲ ■♥♣✉t✴❖✉t♣✉t✮✳ ❊st❡s ❝❛rtõ❡s sã♦ ❝♦♥❡❝t❛❞♦s ❛♦ ●P❈ ♣♦r ♠❡✐♦ ❞❡ ❧✐♥❦s ❞❡ ✜❜r❛

ót✐❝❛ ❞❡ ✷ ●❍③ ❡ ❢♦r♥❡❝❡♠ ✐s♦❧❛çã♦ ót✐❝❛ ❝♦♠ r❡❧❛çã♦ ❛♦ s✐♠✉❧❛❞♦r✳ ❆ ❢❛♠í❧✐❛ ●❚✲■✴❖ é

❝♦♠♣♦st❛ ♣❡❧♦s s❡❣✉✐♥t❡s ❝♦♠♣♦♥❡♥t❡s✿



❆♣ê♥❞✐❝❡ ❇ ✕ ❋❡rr❛♠❡♥t❛ ❞❡ ❙✐♠✉❧❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✶✷✺

• ●❚❆❖ ✭●✐❣❛❜✐t ❚r❛♥s❝❡✐✈❡r ❆♥❛❧♦❣✉❡ ❖✉t♣✉t ❈❛r❞✮✿ ❊st❡ ❝❛rtã♦ é ✉s❛❞♦ ♣❛r❛ ❣❡r❛r

s✐♥❛✐s ❛♥❛❧ó❣✐❝♦s ❝♦♠ ✈❛❧♦r❡s ❞❡ ♣✐❝♦ ❡♥tr❡ ±✶✵ ❱ ❛tr❛✈és ❞❡ ✶✷ ❝❛♥❛✐s ❞❡ s❛í❞❛ ❞❡ ✶✻

❜✐ts✳ ❖ ●❚❆❖ r❡❛❧✐③❛ ✉♠ ♣r♦❝❡ss♦ ❞❡ ♦✈❡rs❛♠♣❧✐♥❣ ❡ ❛ s❛í❞❛ é ❢♦r♥❡❝✐❞❛ ❛ ❝❛❞❛ ✶ µs✳

• ●❚❆■ ✭●✐❣❛❜✐t ❚r❛♥s❝❡✐✈❡r ❆♥❛❧♦❣✉❡ ■♥♣✉t ❈❛r❞✮✿ ❊st❡ ❝❛rtã♦ é ✉s❛❞♦ ♣❛r❛ ❡♥tr❛❞❛ ❞❡

s✐♥❛✐s ❛♥❛❧ó❣✐❝♦s ❡①t❡r♥♦s ❛♦ ❘❚❉❙❚▼✳ ❖ ●❚❆■ ♣♦ss✉✐ ❞♦✐s ❝❛♥❛✐s ❝♦♥✈❡rs♦r❡s ❞❡ s✐♥❛✐s

❛♥❛❧ó❣✐❝♦s ♣❛r❛ ❞✐❣✐t❛✐s ❞❡ ✶✻ ❜✐ts ❝♦♠ s❡✐s ❡♥tr❛❞❛s ❝❛❞❛✳ ❊st❡s ❝❛♥❛✐s sã♦ ❝♦♥✜❣✉r❛❞♦s

❝♦♠♦ ❡♥tr❛❞❛s ❞✐❢❡r❡♥❝✐❛✐s ❞❡ ±✶✵ ❱ ❞❡ ♣✐❝♦✳

• ●❚❉❖ ✭●✐❣❛❜✐t ❚r❛♥s❝❡✐✈❡r ❉✐❣✐t❛❧ ❖✉t♣✉t ❈❛r❞✮✿ ❊st❡ ❝❛rtã♦ é ✉s❛❞♦ ♣❛r❛ ❣❡r❛r s✐♥❛✐s

❞✐❣✐t❛✐s ❞❡ ✼ ❛ ✷✹ ❱ ❛tr❛✈és ❞❡ ✻✹ ❝❛♥❛✐s ❞✐❣✐t❛✐s ❞❡ s❛í❞❛✱ ♦ q✉❡ ♣r♦♣✐❝✐❛ ❛ ❝♦♠✉♥✐❝❛çã♦

❝♦♠ ❡q✉✐♣❛♠❡♥t♦s ❡①t❡r♥♦s✳

• ●❚❉■ ✭●✐❣❛❜✐t ❚r❛♥s❝❡✐✈❡r ❉✐❣✐t❛❧ ■♥♣✉t ❈❛r❞✮✿ ❊st❡ ❝❛rtã♦ é ✉s❛❞♦ ❝♦♠♦ ✐♥t❡r❢❛❝❡ ❞❡

❡♥tr❛❞❛ ♣❛r❛ s✐♥❛✐s ❞✐❣✐t❛✐s ✭✵✲✺ ❱✮ ♣r♦✈❡♥✐❡♥t❡s ❞❡ ❡q✉✐♣❛♠❡♥t♦s ❡①t❡r♥♦s ❛♦ ❘❚❉❙❚▼✳

❖ ●❚❉■ ♣♦ss✉✐ ✻✹ ❝❛♥❛✐s ❞❡ ❡♥tr❛❞❛ ❞✐❣✐t❛❧✳

• ●❚❋P■ ✭●✐❣❛❜✐t ❚r❛♥s❝❡✐✈❡r ❋r♦♥t P❛✐♥❡❧ ■♥t❡r❢❛❝❡ ❈❛r❞✮✿ ❊st❡ ❝❛rtã♦ é ✉s❛❞♦ ♣❛r❛

✐♥t❡r❢❛❝❡ ❞❡ ❡♥tr❛❞❛ ♦✉ s❛í❞❛ ❞❡ s✐♥❛✐s ❛ ♣❛rt✐r ❞♦ ❢r♦♥t ♣❛✐♥❡❧ ❞♦ ❘❚❉❙❚▼✳ ❖ ●❚❋P■

♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ❝♦♠ ♦ ♣❛✐♥❡❧ ❢r♦♥t❛❧ ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞✐❣✐t❛❧ ❡ t❛♠❜é♠ ❝♦♠ ♦ ♣❛✐♥❡❧

❞❡ ❛❧t❛ t❡♥sã♦✳

• ●❚◆❊❚ ✭●✐❣❛❜✐t ❚r❛♥s❝❡✐✈❡r ◆❡t✇♦r❦ ■♥t❡r❢❛❝❡ ❙②st❡♠ ❈❛r❞✮✿ ❊st❡ ❝❛rtã♦ é ✉s❛❞♦ ♣❛r❛

✐♥t❡r❢❛❝❡ ❞❡ ♣r♦t♦❝♦❧♦s ❞❡ r❡❞❡ ❝♦♠ ♦ ❘❚❉❙❚▼✳ ❉❡♥tr❡ ♦s ♣r♦t♦❝♦❧♦s ♣ré✲✐♥st❛❧❛❞♦s ♥❡st❡

❝❛rtã♦ ❡♥❝♦♥tr❛✲s❡ ♦ ■❊❈ ✻✶✽✺✵✳ ❈♦♠ ✐st♦✱ ♦ ●❚◆❊❚ ♣♦❞❡ s❡r ❝♦♥✜❣✉r❛❞♦ ♣❛r❛ ❡♥✈✐❛r

♠❡♥s❛❣❡♥s ●❙❙❊ ♦✉ ●❖❖❙❊ ❝♦♥t❡♥❞♦ ♦ st❛t✉s ❞❡ ❛té ✸✷ s❛í❞❛s ❜✐♥ár✐❛s ❞♦ s✐♠✉❧❛❞♦r✱

♦✉ ♣❛r❛ r❡❝❡❜❡r ♠❡♥s❛❣❡♥s ●❙❙❊ ♦✉ ●❖❖❙❊ ❞❡ ✺ ■❊❉ ✭■♥t❡❧❧✐❣❡♥t ❊❧❡❝tr♦♥✐❝ ❉❡✈✐❝❡s✮

❡①t❡r♥♦s✱ ♣❛r❛ ✉♠ t♦t❛❧ ❞❡ ✸✷ ❡♥tr❛❞❛s ❜✐♥ár✐❛s✳

❊st❡ ❝❛rtã♦ t❛♠❜é♠ ❢♦r♥❡❝❡ ❛ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡ ♣❧❛②❜❛❝❦ ❡♥❝♦♥tr❛❞❛ ♥❛s ❝❛✐①❛s ❞❡ t❡st❡ ❞❡

r❡❧és✱ ❛ q✉❛❧ ♣❡r♠✐t❡ q✉❡ r❡❣✐str♦s ♦s❝✐❧♦❣rá✜❝♦s ❝❛♣t✉r❛❞♦s ♣♦r ■❊❉ ♣♦ss❛♠ s❡r ❝❛rr❡❣❛❞♦s

❡ r❡♣r♦❞✉③✐❞♦s ♣❡❧♦ ❘❚❉❙❚▼✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ ❛ss✐♠ ❛ ❛♥á❧✐s❡ ❞❡ ♣♦ssí✈❡✐s ❝❛✉s❛s ❞❡ ❢❛❧❤❛s

❞❡ ♦♣❡r❛çã♦ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ q✉❛♥❞♦ ❞❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❞✐stúr❜✐♦ r❡❣✐str❛❞♦✳



❆♣ê♥❞✐❝❡ ❇ ✕ ❋❡rr❛♠❡♥t❛ ❞❡ ❙✐♠✉❧❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✶✷✻

❇✳✸ ❙❖❋❚❲❆❘❊ ❉❖ ❘❚❉❙❚▼

❉✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ s♦❢t✇❛r❡ ❝♦♠♣õ❡♠ ♦ ❘❚❉❙❚▼✳ ◆♦ ♥í✈❡❧ ♠❛✐s ❜❛✐①♦ ❡stã♦ ♦s ♠♦❞❡❧♦s

❞♦s ❝♦♠♣♦♥❡♥t❡s ❞❡ s✐st❡♠❛s ❡❧étr✐❝♦s ✭❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ tr❛♥s❢♦r♠❛❞♦r❡s✱ ❣❡r❛❞♦r❡s✱ ❡t❝✮✱

♦s q✉❛✐s sã♦ ❜❛s❡❛❞♦s ♥♦s ❛❧❣♦r✐t♠♦s ❡ ❡q✉❛çõ❡s ❡♥❝♦♥tr❛❞❛s ❡♠ ♣r♦❣r❛♠❛s ❞♦ t✐♣♦ ❊▼❚P✱

♣♦ré♠ ♦t✐♠✐③❛❞♦s ♣❛r❛ s✐♠✉❧❛çã♦ ❡♠ t❡♠♣♦ r❡❛❧✳ ❏á ♥♦ ♥í✈❡❧ ♠❛✐s ❛❧t♦✱ ❡♥❝♦♥tr❛✲s❡ ❛ ●❯■

✭●r❛♣❤✐❝❛❧ ❯s❡r ■♥t❡r❢❛❝❡✮ ❞❡♥♦♠✐♥❛❞❛ ❘❙❈❆❉✳ ❊st❛ ✐♥t❡r❢❛❝❡ ♣❡r♠✐t❡ ❛ ❝♦♥str✉çã♦ ❡ ❡❧❛❜♦✲

r❛çã♦ ❞❡ ❝✐r❝✉✐t♦s ❡ ❝♦♠♣♦♥❡♥t❡s ❞♦ s✐st❡♠❛✱ ❜❡♠ ❝♦♠♦ ❛ s✐♠✉❧❛çã♦ ❞♦s ♠❡s♠♦s ❡ ❛ ✈✐s✉❛❧✐③❛çã♦

❞♦s r❡s✉❧t❛❞♦s✱ ♦s q✉❛✐s ♣♦❞❡♠ s❡r ❣r❛✈❛❞♦s ❡ ❞♦❝✉♠❡♥t❛❞♦s✳ ❖ ❘❙❈❆❉ é ❝♦♠♣♦st♦ ♣♦r ✉♠

❝♦♥❥✉♥t♦ ❞❡ ♠ó❞✉❧♦s ✐♥❞✐✈✐❞✉❛✐s✱ ❝✉❥♦s ♠❛✐s ✐♠♣♦rt❛♥t❡s sã♦ ❞❡s❝r✐t♦s ❛ s❡❣✉✐r✳

❖ ♠ó❞✉❧♦ ❉r❛❢t ❞♦ ❘❙❈❆❉✱ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ❇✳✸✱ ♣♦ss✐❜✐❧✐t❛ ❛ ❝♦♥str✉çã♦ ❣rá✜❝❛ ❞❛

s✐♠✉❧❛çã♦✳ ❖ s✐st❡♠❛ ❡❧étr✐❝♦ ❡ ♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ❝♦♥tr♦❧❡ ❡ ♣r♦t❡çã♦ ❛ s❡r❡♠ s✐♠✉❧❛❞♦s sã♦

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

❞♦s ♥♦ ♠ó❞✉❧♦ ❈❇✉✐❧❞❡r✳ ❖s ♣❛râ♠❡tr♦s r❡❧❛t✐✈♦s ❛ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ ♣♦❞❡♠ s❡r ❡❞✐t❛❞♦s ♣♦r

♠❡✐♦ ❞❡ ♠❡♥✉s✳ ❯♠❛ ✈❡③ q✉❡ ♦ s✐st❡♠❛ ❡stá ❝♦♠♣❧❡t♦ ❡ ❛ ❡t❛♣❛ ❞❡ ❝♦♥str✉çã♦ ❡stá ✜♥❛❧✐③❛❞❛✱

♦ ❝❛s♦ é ❝♦♠♣✐❧❛❞♦ ♣❛r❛ q✉❡ s❡❥❛♠ ❣❡r❛❞♦s ♦s ❝ó❞✐❣♦s ❞❡ s✐♠✉❧❛çã♦ r❡q✉❡r✐❞♦s ♣❡❧♦ ❘❚❉❙❚▼✳

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

♠ó❞✉❧♦ ❘✉♥❚✐♠❡✳

❋✐❣✉r❛ ❇✳✸✳ ▼ó❞✉❧♦ ❉r❛❢t✳

❖ ❘✉♥❚✐♠❡✱ ♦ q✉❛❧ ♦♣❡r❛ ❡♠ ✉♠ ❝♦♠♣✉t❛❞♦r ♣❡ss♦❛❧ ✭P❈✮✱ s❡ ❝♦♠✉♥✐❝❛ ❝♦♠ ♦ ❝❛rtã♦ ❲■❋

❡♥✈✐❛♥❞♦ ❡ r❡❝❡❜❡♥❞♦ ❞❛❞♦s ✈✐❛ ❊t❤❡r♥❡t✳ ❆ ❝♦♠✉♥✐❝❛çã♦ ❜✐❞✐r❡❝✐♦♥❛❧ ♣❡r♠✐t❡ q✉❡ ❛s s✐♠✉❧❛✲



❆♣ê♥❞✐❝❡ ❇ ✕ ❋❡rr❛♠❡♥t❛ ❞❡ ❙✐♠✉❧❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✶✷✼

çõ❡s ❞♦s s✐st❡♠❛s ❝♦♥str✉í❞♦s ♥♦ ❉r❛❢t s❡❥❛♠ ❡①❡❝✉t❛❞❛s ❡ q✉❡ ♦s r❡s✉❧t❛❞♦s s❡❥❛♠ tr❛♥s❢❡r✐❞♦s

♣❛r❛ ❛ t❡❧❛ ❞♦ ❘✉♥❚✐♠❡✳ ❆ ♦♣❡r❛çã♦ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ♣♦r ♠❡✐♦ ❞♦ ❘✉♥✲

❚✐♠❡ ♠♦❞✐✜❝❛♥❞♦✲s❡✱ ♣♦r ❡①❡♠♣❧♦✱ ♦s ❡st❛❞♦s ❞❛s ❝❤❛✈❡s ❡ ❞✐s❥✉♥t♦r❡s ❞♦ s✐st❡♠❛✳ ❈♦♠ ✐st♦✱

❛s ❣r❛♥❞❡③❛s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✱ t❛✐s ❝♦♠♦ t❡♥sã♦✱ ❝♦rr❡♥t❡ ❡ ♣♦tê♥❝✐❛✱ ♣♦❞❡♠ s❡r ♠♦♥✐t♦r❛❞❛s

❝♦♥t✐♥✉❛♠❡♥t❡ ♦❜s❡r✈❛♥❞♦✲s❡ ❛✐♥❞❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ tr❛♥s✐tór✐♦ s❡♠♣r❡ q✉❡ ❤♦✉✈❡r ❛❧❣✉♠❛

♠✉❞❛♥ç❛ ♥❛ t♦♣♦❧♦❣✐❛ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ s✐♠✉❧❛❞♦✳

◆❛ ❋✐❣✉r❛ ❇✳✹ é ✐❧✉str❛❞♦ ♦ ♠ó❞✉❧♦ ❘✉♥❚✐♠❡ r❡❢❡r❡♥t❡ ❛♦ r❡s✉❧t❛❞♦ ❞❡ ✉♠❛ s✐♠✉❧❛çã♦

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

❞❡r✐✈❛çã♦✳ ◆❡st❛ ✜❣✉r❛ t❡♠✲s❡ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡♠ ✈ár✐♦s ♣♦♥t♦s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✳

❋✐❣✉r❛ ❇✳✹✳ ▼ó❞✉❧♦ ❘✉♥❚✐♠❡✳

❖ ❘❙❈❆❉ ❢♦r♥❡❝❡ ❛✐♥❞❛ ♦ ♠ó❞✉❧♦ ❈♦♠♣♦♥❡♥t ❇✉✐❧❞❡r ✭❈❇✉✐❧❞❡r✮✱ ♦ q✉❛❧ s❡ ❝♦♥st✐t✉✐ ❝♦♠♦

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

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

♣❡❧♦ ✉s✉ár✐♦✳ ❊st❡s ♥♦✈♦s ❝♦♠♣♦♥❡♥t❡s ♣♦❞❡♠ s❡r ✐♥❝♦r♣♦r❛❞♦s às s✐♠✉❧❛çõ❡s ❡♠ t❡♠♣♦ r❡❛❧✱

✐♥t❡r❛❣✐♥❞♦ ❝♦♠ ♦s ❝♦♠♣♦♥❡♥t❡s ❥á ❢♦r♥❡❝✐❞♦s ♣❡❧♦ ❘❚❉❙❚▼✳

◆❛ ❋✐❣✉r❛ ❇✳✺ é ✐❧✉str❛❞♦ ♦ ♠ó❞✉❧♦ ❈❇✉✐❧❞❡r✱ ♦ q✉❛❧ ❢♦✐ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

❞♦ ❙✐st❡♠❛ ❞❡ ❈♦♥tr♦❧❡ ❞♦ ❈❤❛✈❡❛♠❡♥t♦ ♣r♦♣♦st♦ ♥❛ t❡s❡✳ ◆❛ ✐♥t❡r❢❛❝❡ ❞❛ ❡sq✉❡r❞❛✱ t❡♠✲s❡ ❛

❡str✉t✉r❛ ❞♦ ❝♦♠♣♦♥❡♥t❡✱ ❝♦♠ ❛s r❡s♣❡❝t✐✈❛s ❡♥tr❛❞❛s ❡ s❛í❞❛s✳ ◆❛ ✐♥t❡r❢❛❝❡ ❞❛ ❞✐r❡✐t❛✱ t❡♠✲s❡

❛ ♣❛rt❡ ❞❡ ❝♦♥✜❣✉r❛çã♦ ❞♦ ♠❡s♠♦✱ ❡♠ q✉❡ ❞❡✜♥❡✲s❡ ❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✱ ❜❡♠ ❝♦♠♦

❛ ♣ró♣r✐❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ❛tr❛✈és ❞❛ ❧✐♥❣✉❛❣❡♠ ❈✳



❆♣ê♥❞✐❝❡ ❇ ✕ ❋❡rr❛♠❡♥t❛ ❞❡ ❙✐♠✉❧❛çã♦ ❡♠ ❚❡♠♣♦ ❘❡❛❧ ✶✷✽

❋✐❣✉r❛ ❇✳✺✳ ▼ó❞✉❧♦ ❈❇✉✐❧❞❡r✳



❆P✃◆❉■❈❊ ❈

❉❆❉❖❙ ❉❖ ❙■❙❚❊▼❆ ❊▲➱❚❘■❈❖ ❘❊❋❊❘❊◆❚❊ ❆
■◆❚❊❘▲■●❆➬➹❖ ◆❖❘❚❊✲◆❖❘❉❊❙❚❊

❋✐❣✉r❛ ❈✳✶✳ ❉✐❛❣r❛♠❛ ✉♥✐✜❧❛r ❞❡ ♣❛rt❡ ❞♦ ❙■◆ r❡❢❡r❡♥t❡ ❛ ✐♥t❡r❧✐❣❛çã♦ ◆♦rt❡✲◆♦r❞❡st❡ ✭❈♦♥✜❣✉r❛çã♦
❛♥❛❧✐s❛❞❛ ♣❛r❛ ✷✵✵✾✮✳

✶✷✾



❆♣ê♥❞✐❝❡ ❈ ✕ ❉❛❞♦s ❞♦ ❙✐st❡♠❛ ❊❧étr✐❝♦ ❘❡❢❡r❡♥t❡ ❛ ■♥t❡r❧✐❣❛çã♦ ◆♦rt❡✲◆♦r❞❡st❡ ✶✸✵

❚❛❜❡❧❛ ❈✳✶✳ ▲✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ✺✵✵ ❦❱ ✲ P❛râ♠❡tr♦s ❡❧étr✐❝♦s✳

▲✐♥❤❛ ❞❡ ❚r❛♥s♠✐ssã♦
❙❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❙❡q✉ê♥❝✐❛ ③❡r♦

❈♦♠♣✳
R1 X1 Y1 R0 X0 Y0

✭❦♠✮
✭Ω✴❦♠✮ ✭Ω✴❦♠✮ ✭µ℧✴❦♠✮ ✭Ω✴❦♠✮ ✭Ω✴❦♠✮ ✭µ℧✴❦♠✮

▲❚ ❋♦rt❛❧❡③❛ ■■ ✲ ◗✉✐①❛❞á ✵✱✵✷✻✵ ✵✱✷✽✷✵ ✺✱✽✼✼✵ ✵✱✷✷✸✵ ✵✱✾✵✵✵ ✸✱✹✶✵✵ ✶✸✼✱✽

▲❚ ◗✉✐①❛❞á ✲ ▼✐❧❛❣r❡s ✵✱✵✷✻✵ ✵✱✷✽✷✵ ✺✱✽✽✶✵ ✵✱✷✹✷✵ ✵✱✽✼✷✵ ✸✱✹✹✽✵ ✷✻✽✱✼

▲❚ ▼✐❧❛❣r❡s ✲ ▲✳ ●♦♥③❛❣❛ ✵✱✵✷✹✵ ✵✱✷✽✸✵ ✺✱✽✾✺✵ ✵✱✷✹✷✵ ✵✱✽✺✽✵ ✸✱✹✷✶✵ ✷✸✶✱✷

▲❚ ❙♦❜r❛❞✐♥❤♦ ✲ ▲✳ ●♦♥③❛❣❛✱ ❈✶ ✵✱✵✷✹✹ ✵✱✸✷✶✾ ✺✱✵✽✽✵ ✵✱✸✷✷✶ ✶✱✸✺✸✵ ✷✱✼✽✷✵ ✷✽✾✱✺

▲❚ ❙♦❜r❛❞✐♥❤♦ ✲ ▲✳ ●♦♥③❛❣❛✱ ❈✷ ✵✱✵✷✹✹ ✵✱✸✷✶✾ ✺✱✵✽✼✵ ✵✱✸✷✹✵ ✶✱✸✺✽✵ ✷✱✼✽✶✵ ✸✶✾✱✵

▲❚ ▼✐❧❛❣r❡s ✲ ❙✳❏✳ P✐❛✉í ✵✱✵✶✽✻ ✵✱✷✻✼✵ ✻✱✶✷✹✵ ✵✱✹✾✸✵ ✶✱✸✸✾✵ ✷✱✽✾✵✵ ✹✵✵✱✵

▲❚ ❙✳❏✳ P✐❛✉í ✲ ❙♦❜r❛❞✐♥❤♦✱ ❈✷ ✵✱✵✷✹✻ ✵✱✸✷✶✾ ✺✱✶✷✹✵ ✵✱✸✼✻✹ ✶✱✹✶✶✵ ✸✱✵✾✷✵ ✷✶✶✱✵

▲❚ ❙✳❏✳ P✐❛✉í ✲ ❙♦❜r❛❞✐♥❤♦✱ ❈✷ ✵✱✵✶✽✻ ✵✱✷✻✼✵ ✻✱✶✷✹✵ ✵✱✹✾✸✵ ✶✱✸✸✾✵ ✷✱✽✾✵✵ ✷✶✵✱✵

▲❚ ❇♦❛ ❊s♣❡r❛♥ç❛ ✲ ❙✳❏✳ P✐❛✉í ✵✱✵✷✹✻ ✵✱✸✷✶✾ ✺✱✶✷✵✵ ✵✱✸✼✻✸ ✶✱✹✶✶✵ ✸✱✵✻✹✵ ✷✸✸✱✽

▲❚ ❙✳❏✳ P✐❛✉í ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✶ ✵✱✵✶✽✻ ✵✱✷✻✼✵ ✻✱✶✷✹✵ ✵✱✹✾✸✵ ✶✱✸✸✾✵ ✷✱✽✾✵✵ ✸✺✸✱✵

▲❚ ❙✳❏✳ P✐❛✉í ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✷ ✵✱✵✶✽✻ ✵✱✷✻✼✵ ✻✱✶✷✹✵ ✵✱✹✾✸✵ ✶✱✸✸✾✵ ✷✱✽✾✵✵ ✸✺✸✱✵

▲❚ ❈♦❧✐♥❛s✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✶ ✵✱✵✶✽✻ ✵✱✷✻✼✵ ✻✱✶✷✹✵ ✵✱✹✾✸✵ ✶✱✸✸✾✵ ✷✱✽✾✵✵ ✸✼✾✱✵

▲❚ ❈♦❧✐♥❛s✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✷ ✵✱✵✶✽✻ ✵✱✷✻✼✵ ✻✱✶✷✹✵ ✵✱✹✾✸✵ ✶✱✸✸✾✵ ✷✱✽✾✵✵ ✸✼✾✱✵

▲❚ ❈♦❧✐♥❛s ✲ ■♠♣❡r❛tr✐③✱ ❈✶ ✵✱✵✶✼✵ ✵✱✷✻✻✵ ✻✱✵✽✻✵ ✵✱✹✷✸✵ ✶✱✸✺✼✵ ✷✱✼✵✽✵ ✸✹✸✱✵

▲❚ ❈♦❧✐♥❛s ✲ ■♠♣❡r❛tr✐③✱ ❈✷ ✵✱✵✶✼✵ ✵✱✷✻✻✵ ✻✱✵✽✻✵ ✵✱✹✷✸✵ ✶✱✸✺✼✵ ✷✱✼✵✽✵ ✸✹✸✱✵

▲❚ ▼✐r❛❝❡♠❛ ✲ ❈♦❧✐♥❛s✱ ❈✶ ✵✱✵✶✼✵ ✵✱✷✻✻✵ ✻✱✵✽✻✵ ✵✱✹✷✸✵ ✶✱✸✺✼✵ ✷✱✼✵✽✵ ✶✻✶✱✵

▲❚ ▼✐r❛❝❡♠❛ ✲ ❈♦❧✐♥❛s✱ ❈✷ ✵✱✵✶✼✵ ✵✱✷✻✻✵ ✻✱✵✽✻✵ ✵✱✹✷✸✵ ✶✱✸✺✼✵ ✷✱✼✵✽✵ ✶✻✶✱✵

▲❚ ▼✐r❛❝❡♠❛ ✲ ❈♦❧✐♥❛s✱ ❈✸ ✵✱✵✶✼✵ ✵✱✷✻✻✵ ✻✱✵✽✻✵ ✵✱✹✷✸✵ ✶✱✸✺✼✵ ✷✱✼✵✽✵ ✶✻✶✱✵

▲❚ ▼❛r❛❜á ✲ ■♠♣❡r❛tr✐③✱ ❈✶ ✵✱✵✷✺✾ ✵✱✸✷✻✵ ✺✱✵✼✵✵ ✵✱✹✸✶✵ ✶✱✷✻✽✵ ✸✱✸✼✵✵ ✶✽✷✱✵

▲❚ ▼❛r❛❜á ✲ ■♠♣❡r❛tr✐③✱ ❈✷ ✵✱✵✶✼✵ ✵✱✷✻✻✵ ✻✱✵✽✻✵ ✵✱✹✷✹✵ ✶✱✸✺✼✵ ✷✱✼✵✽✵ ✶✽✷✱✵

▲❚ ▼❛r❛❜á ✲ ■t❛❝❛✐ú♥❛s✱ ❈✶ ✵✱✵✶✽✵ ✵✱✸✶✶✵ ✺✱✸✽✻✵ ✵✱✸✹✾✵ ✶✱✸✾✹✵ ✸✱✷✻✸✵ ✸✾✱✷

▲❚ ▼❛r❛❜á ✲ ■t❛❝❛✐ú♥❛s✱ ❈✷ ✵✱✵✶✽✵ ✵✱✸✶✶✵ ✺✱✸✽✻✵ ✵✱✸✹✾✵ ✶✱✸✾✹✵ ✸✱✷✻✸✵ ✸✾✱✷

▲❚ ❈♦❧✐♥❛s ✲ ■t❛❝❛✐ú♥❛s ✵✱✵✶✼✵ ✵✱✷✻✽✵ ✻✱✷✵✷✵ ✵✱✷✶✽✵ ✵✱✾✷✶✵ ✸✱✺✾✷✵ ✸✵✹✱✻



❆♣ê♥❞✐❝❡ ❈ ✕ ❉❛❞♦s ❞♦ ❙✐st❡♠❛ ❊❧étr✐❝♦ ❘❡❢❡r❡♥t❡ ❛ ■♥t❡r❧✐❣❛çã♦ ◆♦rt❡✲◆♦r❞❡st❡ ✶✸✶

❚❛❜❡❧❛ ❈✳✷✳ P♦tê♥❝✐❛ ♥♦♠✐♥❛❧ ❡ r❡❧❛çã♦ X0/X1 ❞♦s r❡❛t♦r❡s ❞❡ ❧✐♥❤❛✳

▲✐♥❤❛ ❞❡ ❚r❛♥s♠✐ssã♦ ❙✉❜❡st❛çã♦ Vbase ✭❦❱✮ P♦tê♥❝✐❛ ✭▼✈❛r✮ X0/X1

◗✉✐①❛❞á ✲ ❋♦rt❛❧❡③❛ ■■ ❋♦rt❛❧❡③❛ ■■ ✺✵✵ ✶✺✵ ✲

◗✉✐①❛❞á ✲ ❋♦rt❛❧❡③❛ ■■ ◗✉✐①❛❞á ✺✵✵ ✶✺✵ ✲

◗✉✐①❛❞á ✲ ▼✐❧❛❣r❡s ▼✐❧❛❣r❡s ✺✵✵ ✶✺✵ ✲

❇✳ ❊s♣❡r❛♥ç❛ ✲ ❙✳❏✳ P✐❛✉í ❇✳❊s♣❡r❛♥ç❛ ✺✵✵ ✶✵✵ ✶✱✼✸

❇✳ ❊s♣❡r❛♥ç❛ ✲ ❙✳❏✳ P✐❛✉í ❙✳❏✳ P✐❛✉í ✺✵✵ ✶✵✵ ✶✱✼✵

▲✳ ●♦♥③❛❣❛ ✲ ▼✐❧❛❣r❡s ▲✳ ●♦♥③❛❣❛ ✺✵✵ ✷✵✵ ✲

▲✳ ●♦♥③❛❣❛ ✲ ▼✐❧❛❣r❡s ▼✐❧❛❣r❡s ✺✵✵ ✶✵✵ ✲

▼✐❧❛❣r❡s ✲ ❙✳❏✳ P✐❛✉í ▼✐❧❛❣r❡s ✺✵✵ ✶✽✵ ✲

▼✐❧❛❣r❡s ✲ ❙✳❏✳ P✐❛✉í ❙✳❏✳ P✐❛✉í ✺✵✵ ✶✽✵ ✲

❙✳❏✳ P✐❛✉í ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✶ ❙✳❏✳ P✐❛✉í ✺✵✵ ✶✽✵ ✲

❙✳❏✳ P✐❛✉í ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✶ ❘✳ ●♦♥ç❛❧✈❡s ✺✵✵ ✶✽✵ ✲

❙✳❏✳ P✐❛✉í ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✷ ❙✳❏✳ P✐❛✉í ✺✵✵ ✶✽✵ ✲

❙✳❏✳ P✐❛✉í ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✷ ❘✳ ●♦♥ç❛❧✈❡s ✺✵✵ ✶✽✵ ✲

❈♦❧✐♥❛s ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✶ ❈♦❧✐♥❛s ✺✵✵ ✶✽✵ ✲

❈♦❧✐♥❛s ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✶ ❘✳ ●♦♥ç❛❧✈❡s ✺✵✵ ✶✽✵ ✲

❈♦❧✐♥❛s ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✷ ❈♦❧✐♥❛s ✺✵✵ ✶✽✵ ✲

❈♦❧✐♥❛s ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✷ ❘✳ ●♦♥ç❛❧✈❡s ✺✵✵ ✶✽✵ ✲

❙✳❏✳ P✐❛✉í ✲ ❙♦❜r❛❞✐♥❤♦✱ ❈✶ ❙✳❏✳ P✐❛✉í ✺✵✵ ✶✵✵ ✶✱✻✼

❙✳❏✳ P✐❛✉í ✲ ❙♦❜r❛❞✐♥❤♦✱ ❈✶ ❙♦❜r❛❞✐♥❤♦ ✺✵✵ ✷✵✵ ✶✱✻✻

❙✳❏✳ P✐❛✉í ✲ ❙♦❜r❛❞✐♥❤♦✱ ❈✷ ❙✳❏✳ P✐❛✉í ✺✵✵ ✶✵✵ ✶✱✻✼

❙✳❏✳ P✐❛✉í ✲ ❙♦❜r❛❞✐♥❤♦✱ ❈✷ ❙♦❜r❛❞✐♥❤♦ ✺✵✵ ✷✵✵ ✶✱✻✻

❙♦❜r❛❞✐♥❤♦ ✲ ▲✳ ●♦♥③❛❣❛✱ ❈✶ ❙♦❜r❛❞✐♥❤♦ ✺✵✵ ✶✵✵ ✶✱✻✻

❙♦❜r❛❞✐♥❤♦ ✲ ▲✳ ●♦♥③❛❣❛✱ ❈✶ ▲✳ ●♦♥③❛❣❛ ✺✵✵ ✶✺✵ ✶✱✻✸

❙♦❜r❛❞✐♥❤♦ ✲ ▲✳ ●♦♥③❛❣❛✱ ❈✷ ❙♦❜r❛❞✐♥❤♦ ✺✵✵ ✶✵✵ ✶✱✻✻

❙♦❜r❛❞✐♥❤♦ ✲ ▲✳ ●♦♥③❛❣❛✱ ❈✷ ▲✳ ●♦♥③❛❣❛ ✺✵✵ ✶✺✵ ✶✱✻✽

▼❛r❛❜á ✲ ■♠♣❡r❛tr✐③✱ ❈✶ ■♠♣❡r❛tr✐③ ✺✵✵ ✶✹✾ ✲

▼❛r❛❜á ✲ ■♠♣❡r❛tr✐③✱ ❈✶ ▼❛r❛❜á ✺✵✵ ✶✸✷ ✲

▼❛r❛❜á ✲ ■♠♣❡r❛tr✐③✱ ❈✷ ■♠♣❡r❛tr✐③ ✺✵✵ ✶✵✵ ✲

▼❛r❛❜á ✲ ■♠♣❡r❛tr✐③✱ ❈✷ ▼❛r❛❜á ✺✵✵ ✶✸✷ ✲

❈♦❧✐♥❛s ✲ ■t❛❝❛✐ú♥❛s ❈♦❧✐♥❛s ✺✵✵ ✶✸✻ ✲

❈♦❧✐♥❛s ✲ ■t❛❝❛✐ú♥❛s ■t❛❝❛✐ú♥❛s ✺✵✵ ✶✸✻ ✲

❈♦❧✐♥❛s ✲ ■♠♣❡r❛tr✐③✱ ❈✶ ❈♦❧✐♥❛s ✺✵✵ ✷✼✷ ✲

❈♦❧✐♥❛s ✲ ■♠♣❡r❛tr✐③✱ ❈✶ ■♠♣❡r❛tr✐③ ✺✵✵ ✶✸✻ ✲

❈♦❧✐♥❛s ✲ ■♠♣❡r❛tr✐③✱ ❈✷ ❈♦❧✐♥❛s ✺✵✵ ✷✼✷ ✲

❈♦❧✐♥❛s ✲ ■♠♣❡r❛tr✐③✱ ❈✷ ■♠♣❡r❛tr✐③ ✺✵✵ ✶✸✻ ✲

❈♦❧✐♥❛s ✲ ▼✐r❛❝❡♠❛✱ ❈✶ ▼✐r❛❝❡♠❛ ✺✵✵ ✶✸✻ ✲

❈♦❧✐♥❛s ✲ ▼✐r❛❝❡♠❛✱ ❈✷ ▼✐r❛❝❡♠❛ ✺✵✵ ✶✸✻ ✲

❈♦❧✐♥❛s ✲ ▼✐r❛❝❡♠❛✱ ❈✸ ▼✐r❛❝❡♠❛ ✺✵✵ ✶✸✻ ✲



❆♣ê♥❞✐❝❡ ❈ ✕ ❉❛❞♦s ❞♦ ❙✐st❡♠❛ ❊❧étr✐❝♦ ❘❡❢❡r❡♥t❡ ❛ ■♥t❡r❧✐❣❛çã♦ ◆♦rt❡✲◆♦r❞❡st❡ ✶✸✷

❚❛❜❡❧❛ ❈✳✸✳ ❘❡❛tâ♥❝✐❛ ❞♦s ❜❛♥❝♦s ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡✳

▲✐♥❤❛ ❞❡ ❚r❛♥s♠✐ssã♦ ❙✉❜❡st❛çã♦ ❘❡❛tâ♥❝✐❛ ✭✪✮

❇✳ ❊s♣❡r❛♥ç❛ ✲ ❙✳❏✳ P✐❛✉í ❙✳❏✳ P✐❛✉í ✷✱✶✶

❙✳❏✳ P✐❛✉í ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✶ ❘✳ ●♦♥ç❛❧✈❡s ✶✱✼✺

❙✳❏✳ P✐❛✉í ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✷ ❘✳ ●♦♥ç❛❧✈❡s ✶✱✼✺

❈♦❧✐♥❛s ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✶ ❘✳ ●♦♥ç❛❧✈❡s ✶✱✾✷

❈♦❧✐♥❛s ✲ ❘✳ ●♦♥ç❛❧✈❡s✱ ❈✷ ❘✳ ●♦♥ç❛❧✈❡s ✶✱✾✷

❙✳❏✳ P✐❛✉í ✲ ❙♦❜r❛❞✐♥❤♦✱ ❈✶ ❙✳❏✳ P✐❛✉í ✶✱✾✵

❙✳❏✳ P✐❛✉í ✲ ❙♦❜r❛❞✐♥❤♦✱ ❈✷ ❙✳❏✳ P✐❛✉í ✶✱✹✹

❈♦❧✐♥❛s ✲ ■t❛❝❛✐ú♥❛s ■t❛❝❛✐ú♥❛s ✶✱✻✸

❈♦❧✐♥❛s ✲ ■♠♣❡r❛tr✐③✱ ❈✶ ❈♦❧✐♥❛s ✵✱✾✺✷

❈♦❧✐♥❛s ✲ ■♠♣❡r❛tr✐③✱ ❈✷ ❈♦❧✐♥❛s ✵✱✾✺✷

❈♦❧✐♥❛s ✲ ■♠♣❡r❛tr✐③✱ ❈✶ ■♠♣❡r❛tr✐③ ✵✱✾✺✷

❈♦❧✐♥❛s ✲ ■♠♣❡r❛tr✐③✱ ❈✷ ■♠♣❡r❛tr✐③ ✵✱✾✺✷

❈♦❧✐♥❛s ✲ ▼✐r❛❝❡♠❛✱ ❈✶ ❈♦❧✐♥❛s ✵✱✾✺✷

❈♦❧✐♥❛s ✲ ▼✐r❛❝❡♠❛✱ ❈✷ ❈♦❧✐♥❛s ✵✱✾✺✷

❈♦❧✐♥❛s ✲ ▼✐r❛❝❡♠❛✱ ❈✸ ❈♦❧✐♥❛s ✵✱✾✺✷

❈♦❧✐♥❛s ✲ ■♠♣❡r❛tr✐③✱ ❈✶ ■♠♣❡r❛tr✐③ ✵✱✻✹

❈♦❧✐♥❛s ✲ ■♠♣❡r❛tr✐③✱ ❈✷ ■♠♣❡r❛tr✐③ ✵✱✻✹

❚❛❜❡❧❛ ❈✳✹✳ ❈❛r❣❛s r❡♣r❡s❡♥t❛❞❛s ❝♦♠♦ ✐♠♣❡❞â♥❝✐❛s ❝♦♥st❛♥t❡s ✲ ❈♦♥✜❣✉r❛çã♦ ✷✵✵✾✳

❙✉❜❡st❛çã♦ ❈❛r❣❛ ✭▼❱❆✮

❙❊ ■t❛❝❛✐ú♥❛s✱ ✷✸✵ ❦❱ ✭✸✹✵✱✺✵ ✰ ❥✸✻✱✾✵✮

❚❛❜❡❧❛ ❈✳✺✳ ❚r❛♥s❢♦r♠❛❞♦r❡s ✲ ■♠♣❡❞â♥❝✐❛s✳
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