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❆❣r❛❞❡ç♦ ❡♠ ♣r✐♠❡✐r♦ ❧✉❣❛r ❛♦s ♠❡✉s ♣❛✐s✱ q✉❡ s❡♠♣r❡ ♠❡ ❛♣♦✐❛r❛♠ ❡ ❞❡r❛♠ ❢♦rç❛

♣❛r❛ q✉❡ ❡✉ ❝♦♥t✐♥✉❛ss❡ ❛ ❜✉s❝❛r ♠❡✉s ♦❜❥❡t✐✈♦s✱ ❛♦ ♠❡✉ ✐r♠ã♦ q✉❡ ♠❡ ❛❝♦♠♣❛♥❤♦✉

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

❛♣❡s❛r ❞❡ ❡st❛r❡♠ ❧♦♥❣❡ s❡♠♣r❡ ✜③❡r❛♠ ♣❛rt❡ ❞❛ ♠✐♥❤❛ ✈✐❞❛✱ à ♠✐♥❤❛ ♥♦✐✈❛ q✉❡ s❡♠♣r❡

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

♠✐♥❤❛ ❞✐ss❡rt❛çã♦✱ ❡ ♠❡s♠♦ ❛ss✐♠ ♠❡ ❛♣♦✐♦✉ ❡ ❡st❡✈❡ s❡♠♣r❡ ❛♦ ♠❡✉ ❧❛❞♦ ❡♠ t♦❞♦s ♦s

♠♦♠❡♥t♦s✳

❆♦ ♠❡✉ ♦r✐❡♥t❛❞♦r✱ ❆♥❞ré ◆♦❧❧✱ q✉❡ ❢♦✐ ❢✉♥❞❛♠❡♥t❛❧✱ ❝♦♠ s❡✉s ❡♥s✐♥❛♠❡♥t♦s✱ ♣❛r❛ ❛

r❡❛❧✐③❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✳ ❙❡♠♣r❡ r❡❝❡♣t✐✈♦ às ♠✐♥❤❛s ❞ú✈✐❞❛s ❡ ❝♦♠ ❞✐s♣♦s✐çã♦ ♣❛r❛

s❛♥á✲❧❛s✳

❆ t♦❞♦s ❛q✉❡❧❡s q✉❡✱ ❞✐r❡t❛ ♦✉ ✐♥❞✐r❡t❛♠❡♥t❡✱ ❛❝r❡❞✐t❛r❛♠ ❡ ♠❡ ✐♥❝❡♥t✐✈❛r❛♠ ❛ ❝♦rr❡r

❛trás ❞♦s ♠❡✉s ✐❞❡❛✐s✳ ❖❜r✐❣❛❞♦ ❛ t♦❞♦s✳
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❡ ❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ❞♦ s✐♥❛❧ ✭P❆P❘ ✲ P❡❛❦ t♦ ❆✈❡r❛❣❡ P♦✇❡r ❘❛t✐♦✮ ♦s q✉❛✐s sã♦ ❛♣❧✐❝❛❞♦s ❛♦

❡♥❧❛❝❡ ❞✐r❡t♦ ❞❛ t❡❝♥♦❧♦❣✐❛ ❲✐▼❆❳ ✉t✐❧✐③❛♥❞♦ ✉♠ s✐♠✉❧❛❞♦r ❞❡ ❡♥❧❛❝❡ ❜❛s❡❛❞♦ ♥♦ ♣❛❞rã♦ ■❊❊❊
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❖s ♠ét♦❞♦s ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘ ❛♥❛❧✐s❛❞♦s sã♦ ♦ ❞❡ ❧✐♠✐t❛çã♦✱ ❥❛♥❡❧❛♠❡♥t♦✱ s✉❜♣♦rt❛❞♦r❛s

✈✐rt✉❛✐s✱ ♠♦❞✐✜❝❛çã♦ ❞♦ ❝❛♥❛✐s ❛t✐✈♦s ❡ tr❛♥s♠✐ssã♦ ♣❛r❝✐❛❧ ❞❡ s❡q✉ê♥❝✐❛s✳ ❊st❡s ♠ét♦❞♦s t❛♠❜é♠

sã♦ ❝♦♠❜✐♥❛❞♦s ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ t♦r♥❛r ♠❛✐s ❡✜❝✐❡♥t❡ ♦ ❝♦♠❜❛t❡ ❛♦s ❡❢❡✐t♦s ❞❛s ❞✐st♦rçõ❡s ♥ã♦

❧✐♥❡❛r❡s ✐♥❡r❡♥t❡s à ❛♠♣❧✐✜❝❛çã♦ ❞❡ s✐♥❛✐s ❖❋❉▼ ❡ ❖❋❉▼❆✳

❆❧é♠ ❞❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s ❝✐t❛❞♦s✱ ❢♦✐ ♣r♦♣♦st❛ ✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡✲

r❡r ❡ P♦❧❧❡② ✭s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✮ ✐♥s❡r✐♥❞♦ ♣♦tê♥❝✐❛ ♥♦s s✉❜❝❛♥❛✐s ♣r❡✈✐st♦s ♥♦ ♣❛❞rã♦ ■❊❊❊

✽✵✷✳✶✻✲✷✵✵✾✳ ◆♦ ♠ét♦❞♦ ♦r✐❣✐♥❛❧ é ♣r❡✈✐st❛ ❛ ✉t✐❧✐③❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ♥✉❧❛s ♣❛r❛ ❛ r❡❞✉çã♦

❞❛ P❆P❘✳ ❈♦♠ ❛ ♠♦❞✐✜❝❛çã♦ ♣r♦♣♦st❛✱ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s✱ ❛❧é♠ ❞❛s s✉❜♣♦rt❛❞♦r❛s ♥✉❧❛s✱ ❛s

s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s q✉❡ ❝♦♠♣õ❡♠ ✉♠ s✉❜❝❛♥❛❧ ❞♦ ♣❛❞rã♦ ❲✐❳❆❳ ❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡❧❛s✳

P❛r❛ ❛♥á❧✐s❡ ❞♦s ♠ét♦❞♦s ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘ sã♦ ❛✈❛❧✐❛❞❛s ❛ ❞❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞❡ ♣♦tê♥❝✐❛✱

❛ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❝✉♠✉❧❛t✐✈❛ ❞❛ P❆P❘✱ ❛ t❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t✱ ❛ ♠❛❣♥✐t✉❞❡ ❞♦ ✈❡t♦r

❞❡ ❡rr♦✱ r❛③ã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ♥♦ ❝❛♥❛❧ ❞❡ tr❛♥s♠✐ssã♦ ❡ ❛ ♣♦tê♥❝✐❛ ♥♦ ❝❛♥❛❧ ❛❞❥❛❝❡♥t❡✱ ❛ ✈❛③ã♦

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

❊st❛s ♠étr✐❝❛s ♣r♦♣♦r❝✐♦♥❛♠ ✉♠❛ ✈✐sã♦ r❡❛❧✐st❛ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❝❛❞❛ ♠ét♦❞♦✳ ❊❧❛s ♣♦❞❡♠

s❡r ✉t✐❧✐③❛❞❛s ♥❛ ❡s❝♦❧❤❛ ❞♦ ♠ét♦❞♦ ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘✱ ♠❛s ❛❞❡q✉❛❞♦ ❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ s✐st❡♠❛

❞❡ ❝♦♠✉♥✐❝❛çã♦ s❡♠ ✜♦✱ ♥❡st❡ ❝❛s♦ ♦ ❲✐▼❆❳✳
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■♥ t❤✐s ✇♦r❦ ✇❡ st✉❞② s♦♠❡ P❆P❘ ✭P❡❛❦✲t♦✲❆✈❡r❛❣❡ P♦✇❡r ❘❛t✐♦✮ r❡❞✉❝t✐♦♥ ♠❡t❤♦❞s✱ ✇❤✐❝❤ ❛r❡

❛♣♣❧✐❡❞ t♦ t❤❡ ❞♦✇♥❧✐♥❦ ♦❢ t❤❡ ❲✐▼❆❳ st❛♥❞❛r❞ ✉s✐♥❣ ❛ s✐♠✉❧❛t♦r ❜❛s❡❞ ♦♥ t❤❡ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾✳

❚❤❡ ♠❡t❤♦❞s ❛♥❛❧②③❡❞ ❤❡r❡ ❛r❡ ❝❧✐♣♣✐♥❣✱ t❤❡ ✉s❡ ♦❢ ❝♦rr❡❝t✐♦♥ ❢✉♥❝t✐♦♥s✱ ❞✉♠♠② s❡q✉❡♥❝❡

✐♥s❡rt✐♦♥✱ ❛❝t✐✈❡ ❝♦♥st❡❧❧❛t✐♦♥ ❡①t❡♥s✐♦♥ ❛♥❞ ♣❛rt✐❛❧ tr❛♥s♠✐t s❡q✉❡♥❝❡s✳ ❚❤❡s❡ ♠❡t❤♦❞s ❛r❡ ❛❧s♦
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✻✳✺✾ ❉❡❣r❛❞❛çã♦ ❚♦t❛❧ ❞♦ s✐st❡♠❛ ❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱

❏♦♥❡s ❡ P❚❙✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✾✽

✻✳✻✵ ❈♦♠♣❧❡①✐❞❛❞❡ ❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱ ❏♦♥❡s ❡ P❚❙ ✳✳✳✳ ✾✾
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✹✳✶ ❚❛❜❡❧❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✸✼

✹✳✷ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦ ♠ét♦❞♦ ❞❡ P❚❙ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛ t❛❜❡❧❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❡ ♦

♣r♦♣♦st♦ ❡♠ ❬✷❪✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✸✼

✺✳✶ ❈❛r❛❝t❡ríst✐❝❛s ❜ás✐❝❛s ❡s♣❡❝✐✜❝❛❞❛s ♣❛r❛ ❝❛❞❛ ♣❛❞rã♦ ❲✐▼❆❳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✹✸

✺✳✷ P❛râ♠❡tr♦s ❞♦ s✐st❡♠❛ ❖❋❉▼ ♣❛r❛ ✐♠♣❧❛♥t❛çã♦ ❞❛ t❡❝♥♦❧♦❣✐❛ ❲✐▼❆❳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✹✺

✈✐✐✐



▲■❙❚❆ ❉❊ ❙❮▼❇❖▲❖❙

❙✐❣❧❛s

❆❲●◆ ❆❞❞✐t✐✈❡ ❲❤✐t❡ ●❛✉ss✐❛♥ ◆♦✐s❡ ❘✉í❞♦ ❣❛✉ss✐❛♥♦ ❜r❛♥❝♦

❉▲ ❉♦✇♥❧✐♥❦ ❊♥❧❛❝❡ ❞✐r❡t♦

❯▲ ❯♣❧✐♥❦ ❊♥❧❛❝❡ r❡✈❡rs♦

❋❉❉ ❋r❡q✉❡♥❝② ❞✐✈✐s✐♦♥ ❞✉♣❧❡① ❉✉♣❧❡①❛çã♦ ♣♦r ❞✐✈✐sã♦ ❡♠ ❢r❡qüê♥❝✐❛

P❆P❘ P❡❛❦✲t♦✲❛✈❡r❛❣❡✲♣♦✇❡r r❛t✐♦ ❘❛③ã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ❞❡ P✐❝♦ ❡ ❛ ♣♦✲

tê♥❝✐❛ ♠é❞✐❛

❋❉▼❆ ❋r❡q✉❡♥❝② ❞✐✈✐s✐♦♥ ♠✉❧t✐♣❧❡ ❛❝❝❡ss ▼✉❧t✐♣❧❡①❛çã♦ ♣♦r ❞✐✈✐sã♦ ❢r❡q✉ê♥❝✐❛

❖❋❉▼ ❖rt❤♦❣♦♥❛❧ ❋r❡q✉❡♥❝② ❉✐✈✐s✐♦♥ ▼✉❧t✐✲

♣❧❡①✐♥❣

▼✉❧t✐♣❧❡①❛çã♦ ♣♦r ❞✐✈✐sã♦ ❡♠ ❢r❡qüê♥✲

❝✐❛s ♦rt♦❣♦♥❛✐s

❖❋❉▼❆ ❖rt❤♦❣♦♥❛❧ ❋r❡q✉❡♥❝② ❉✐✈✐s✐♦♥ ▼✉❧t✐✲

♣❧❡ ❆❝❝❡ss

❆❝❡ss♦ ▼ú❧t✐♣❧♦ ♣♦r ❞✐✈✐sã♦ ❡♠

❢r❡q✉ê♥❝✐❛s ♦rt♦❣♦♥❛✐s

❉❋❚ ❉✐s❝r❡t ❋♦✉r✐❡r ❚r❛♥s❢♦r♠ ❚r❛♥s❢♦r♠❛❞❛ ❞✐r❡t❛ ❞❡ ❋♦✉r✐❡r

■❉❋❚ ■♥✈❡rs❡ ❉✐s❝r❡t ❋♦✉r✐❡r ❚r❛♥s❢♦r♠ ❚r❛♥s❢♦r♠❛❞❛ ✐♥✈❡rs❛ ❞❡ ❋♦✉r✐❡r

❋❋❚ ❋❛st ❋♦✉r✐❡r ❚r❛♥s❢♦r♠ ❚r❛♥s❢♦r♠❛❞❛ rá♣✐❞❛ ❞✐r❡t❛ ❞❡ ❋♦✉r✐❡r

■❋❋❚ ■♥✈❡rs❡ ❋❛st ❋♦✉r✐❡r ❚r❛♥s❢♦r♠ ❚r❛♥s❢♦r♠❛❞❛ rá♣✐❞❛ ✐♥✈❡rs❛ ❞❡ ❋♦✉r✐❡r

■❙■ ■♥t❡r✲s②♠❜♦❧ ✐♥t❡r❢❡r❡♥❝❡ ✐♥t❡r❢❡rê♥❝✐❛ ✐♥t❡r s✐♠❜ó❧✐❝❛

■❈■ ■♥t❡r✲❈❤❛♥♥❡❧ ■♥t❡r❢❡r❡♥❝❡ ■♥t❡r❢❡rê♥❝✐❛s ❡♥tr❡ ❝❛♥❛✐s

❇P❙❑ ❇✐♥❛r② P❤❛s❡ ❙❤✐❢t ❑❡②✐♥❣ ❈❤❛✈❡❛♠❡♥t♦ ♣♦r ❞❡s❧♦❝❛♠❡♥t♦ ❞❡ ❢❛s❡

❜✐♥ár✐❛

◗❆▼ ◗✉❛❞r❛t✉r❡ ❆♠♣❧✐t✉❞❡ ▼♦❞✉❧❛t✐♦♥ ▼♦❞✉❧❛çã♦ ♣♦r ❛♠♣❧✐t✉❞❡ ❡♠ q✉❛❞r❛✲

t✉r❛

◗P❙❑ ◗✉❛❞r❛t✉r❡ P❤❛s❡ ❙❤✐❢t ❑❡②✐♥❣ ❈❤❛✈❡❛♠❡♥t♦ ♣♦r ❞❡s❧♦❝❛♠❡♥t♦ ❞❡ ❢❛s❡

❡♠ q✉❛❞r❛t✉r❛

❈P ❈②❝❧✐❝ Pr❡✜① Pr❡✜①♦ ❝í❝❧✐❝♦

❘❋ ❘á❞✐♦ ❢r❡q✉❡♥❝② ❘á❞✐♦ ❋r❡q✉ê♥❝✐❛

❍P❆ ❍✐❣❤ P♦✇❡r ❆♠♣❧✐✜❡r ❆♠♣❧✐✜❝❛❞♦r ❞❡ ❆❧t❛ P♦tê♥❝✐❛

✐①



❙■◆❘ ❙✐❣♥❛❧ t♦ ■♥t❡r❢❡r❡♥❝❡ ♣❧✉s ◆♦✐s❡ ❘❛t✐♦ ❘❛③ã♦ ❡♥tr❡ ♣♦tê♥❝✐❛ ❞♦ s✐♥❛❧ r❡❝❡❜✐❞♦

❡ s♦♠❛ ❞❛s ♣♦tê♥❝✐❛s ❞❡ r✉í❞♦ ❡ ✐♥t❡r✲

❢❡rê♥❝✐❛

❙◆❘ ❙✐❣♥❛❧ t♦ ◆♦✐s❡ ❘❛t✐♦ ❘❛③ã♦ ❡♥tr❡ ♣♦tê♥❝✐❛ ❞♦ s✐♥❛❧ r❡❝❡❜✐❞♦

❡ ♣♦tê♥❝✐❛ ❞❡ r✉í❞♦

❚❉❉ ❚✐♠❡ ❞✐✈✐s✐♦♥ ❞✉♣❧❡① ❉✉♣❧❡①❛çã♦ ♣♦r ❞✐✈✐sã♦ ♥♦ t❡♠♣♦

❚❉▼❆ ❚✐♠❡ ❞✐✈✐s✐♦♥ ♠✉❧t✐♣❧❡ ❛❝❝❡ss ▼✉❧t✐♣❧❡①❛çã♦ ♣♦r ❞✐✈✐sã♦ ❞♦ t❡♠♣♦



❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

◆❡st❡ ❝❛♣ít✉❧♦ s❡rá ❢❡✐t❛ ✉♠❛ ❜r❡✈❡ ✐♥tr♦❞✉çã♦

❛❝❡r❝❛ ❞♦s ♣r♦❜❧❡♠❛s ❝❛✉s❛❞♦s ♣❡❧❛ ❛❧t❛ r❛③ã♦ ❡♥✲

tr❡ ❛ ♣♦tê♥❝✐❛ ❞❡ ♣✐❝♦ ❡ ❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ✭P❆P❘✮

♥♦ ❡♥❧❛❝❡ ❞✐r❡t♦ ❞♦ s✐st❡♠❛ ❲✐▼❆❳ ✭❲♦r❧❞ ■♥✲

t❡r♦♣❡r❛❜✐❧✐t② ❢♦r ▼✐❝r♦✇❛✈❡ ❆❝❝❡ss✮✱ ❞❡✜♥✐♥❞♦✱

❝♦♥t❡①t✉❛❧✐③❛♥❞♦ ❡ ❞❡♠♦♥str❛♥❞♦ ♦s ♦❜❥❡t✐✈♦s ❛

s❡r❡♠ ❛❧❝❛♥ç❛❞♦s ❝♦♠ ❡st❡ ❡st✉❞♦✳

✶✳✶ ❈♦♥t❡①t✉❛❧✐③❛çã♦

❆s r❡❞❡s s❡♠ ✜♦ ♦❢❡r❡❝❡♠ ❣r❛♥❞❡s ❜❡♥❡❢í❝✐♦s ❛♦s s❡✉s ✉s✉ár✐♦s ♣♦r ♣❡r♠✐t✐r❡♠ ❛❝❡ss♦ ♠ó✈❡❧

às ✐♥❢♦r♠❛çõ❡s✱ ❛♣❧✐❝❛çõ❡s ❡ s✐st❡♠❛s ❡♠ ❛♠❜✐❡♥t❡s ✈❛r✐❛❞♦s✳ ❖ ✉s♦ ❞❛s t❡❝♥♦❧♦❣✐❛s s❡♠ ✜♦ ✈❡♠

❛✉♠❡♥t❛♥❞♦ ❞❡ ♠❛♥❡✐r❛ s✉r♣r❡❡♥❞❡♥t❡ ❡♠ t♦❞♦ ♦ ♠✉♥❞♦✱ t♦r♥❛♥❞♦✲s❡ ✉♠❛ ♦♣çã♦ ♠❛✐s ♣rát✐❝❛✱

✢❡①í✈❡❧ ❡ ❝♦♠ ♠❡♥♦r ❝✉st♦ q✉❡ ❛s r❡❞❡s ❝❛❜❡❛❞❛s✳

❊st❛ ❞✐❢✉sã♦ ❡ ❛s ♦♣♦rt✉♥✐❞❛❞❡s ✐♥❡r❡♥t❡s ❛♦ ❡♠♣r❡❣♦ ❞❛s r❡❞❡s s❡♠ ✜♦ ❛❜r❡♠ ♥♦✈♦s ❝❛♠♣♦s

♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ♠❡r❝❛❞♦ ❞❡ ❝♦♠✉♥✐❝❛çõ❡s✳ ❙✉r❣❡ ❡♥tã♦ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠❛✐♦r❡s ❡st✉❞♦s

❛❝❡r❝❛ ❞❛s ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡s ❡ ❞❡✜❝✐ê♥❝✐❛s ❞❛s té❝♥✐❝❛s ❖❋❉▼ ❡ ❖❋❉▼❆✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ❡st❛s

sã♦ ❛♠♣❧❛♠❡♥t❡ ❡♠♣r❡❣❛❞❛s ♥❛s r❡❞❡s ❞❡ ❝♦♠✉♥✐❝❛çã♦ s❡♠ ✜♦ ❡ s✉❛ ✉t✐❧✐③❛çã♦ ❡stá ❡♠ ❝♦♥tí♥✉♦

❝r❡s❝✐♠❡♥t♦✳

❊st❡ tr❛❜❛❧❤♦ s❡ ♣r♦♣õ❡ ❛ ❡st✉❞❛r ♦s ❡❢❡✐t♦s ❞❛ ❞✐st♦rçã♦ ♥ã♦ ❧✐♥❡❛r ❡♠ s✐st❡♠❛s ❖❋❉▼ ❡

❖❋❉▼❆✳ ➱ ❢❡✐t❛ t❛♠❜é♠ ❛ ❛♥á❧✐s❡ ❞❡ ❛❧❣✉♥s ♠ét♦❞♦s ✉t✐❧✐③❛❞♦s ❛t✉❛❧♠❡♥t❡ ♣❛r❛ r❡❞✉③✐r ❡st❛s

❞✐st♦rçõ❡s✱ q✉❡ ♦❝♦rr❡ q✉❛♥❞♦ ♦s s✐♥❛✐s sã♦ ❛♠♣❧✐✜❝❛❞♦s✱ ❝❛✉s❛♥❞♦ ✉♠ ❝♦rt❡ ♥♦ s✐♥❛❧ tr❛♥s♠✐t✐❞♦✱

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

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

❞♦ s✐♥❛❧ r❡❝❡❜✐❞♦✳

◆❡st❡ tr❛❜❛❧❤♦ s❡rã♦ ❛♥❛❧✐s❛❞♦s ❛❧❣✉♥s ♠ét♦❞♦s ❞❡ r❡❞✉çã♦ ❞❛ r❛③ã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ❞❡ ♣✐❝♦ ❡

❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ✭P❆P❘✮✱ ♥♦ ❡♥❧❛❝❡ ❞✐r❡t♦ ❞♦s s✐st❡♠❛s ❲✐▼❆❳ ❝♦♠ ✐♥t✉✐t♦ ❞❡ ♣r♦♣♦r ♠❡❧❤♦r✐❛s

❡♠ s✉❛ ✐♠♣❧❡♠❡♥t❛çã♦✳

✶



✶✳✷ ❉❡✜♥✐çã♦ ❞♦ ♣r♦❜❧❡♠❛

❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❖❋❉▼ é ❢❡✐t❛ ❞✐✈✐❞✐♥❞♦ ✉♠ ✢✉①♦ ❞✐❣✐t❛❧ ❞❡ ❛❧t❛ t❛①❛ ❞❡ ❜✐ts✱ ❡♠ ✉♠

❡sq✉❡♠❛ ❞❡ ❜❛✐①❛ t❛①❛ ❡ tr❛♥s♠✐ssã♦ ♣❛r❛❧❡❧❛ ✉s❛♥❞♦ s✉❜♣♦rt❛❞♦r❛s✳ ❊♠ ✉♠ s✐♥❛❧ ❖❋❉▼ é

♣♦ssí✈❡❧ ♦r❣❛♥✐③❛r ❛s s✉❜♣♦rt❛❞♦r❛s ❞❡ ❢♦r♠❛ q✉❡ s✉❛s ❜❛♥❞❛s ❧❛t❡r❛✐s s❡ s♦❜r❡♣♦♥❤❛♠ s❡♠ q✉❡

❤❛❥❛ ✐♥t❡r❢❡rê♥❝✐❛ ❡♥tr❡ ❡❧❛s✳ P❛r❛ ✐ss♦✱ ❛s s✉❜♣♦rt❛❞♦r❛s ❞❡✈❡♠ s❡r ♠❛t❡♠❛t✐❝❛♠❡♥t❡ ♦rt♦❣♦♥❛✐s✳

❆ ✉t✐❧✐③❛çã♦ ❞♦ ❖❋❉▼ ❡♠ s✐st❡♠❛s ❞❡ ❝♦♠✉♥✐❝❛çã♦ s❡♠ ✜♦ ♦❢❡r❡❝❡ ✐♥ú♠❡r❛s ✈❛♥t❛❣❡♥s✱ q✉❡

r❡s✉❧t❛♠ ❡♠ ♠❛✐♦r ❡✜❝✐ê♥❝✐❛ ❡s♣❡❝tr❛❧✳ ❚❛❧ ❢❛t♦ é ❡s♣❡❝✐❛❧♠❡♥t❡ ✐♠♣♦rt❛♥t❡ ❡♠ ❡s♣❡❝tr♦ ❧✐❝❡♥❝✐❛❞♦✱

❝✉❥❛ ✉t✐❧✐③❛çã♦ r❡q✉❡r ♦ ♠á①✐♠♦ ❞❡ ❡✜❝✐ê♥❝✐❛✱ ❞❡✈✐❞♦ ❛♦ ❛❧t♦ ❝✉st♦ ❡♥✈♦❧✈✐❞♦ ♥❛ ❛q✉✐s✐çã♦ ❞❡

❡s♣❡❝tr♦✳ ◆❡st❛ ❞✐ss❡rt❛çã♦✱ ❛ ❝❛♠❛❞❛ ❢ís✐❝❛ ❞♦ ♣❛❞rã♦ ❲✐▼❆❳ ❬✶❪ é ❡st✉❞❛❞❛ ❝♦♠ ♠❛✐s ❞❡t❛❧❤❡s✳

P❛r❛ q✉❡ ♦s ❛♠♣❧✐✜❝❛❞♦r❡s ✉t✐❧✐③❛❞♦s ♥❛ tr❛♥s♠✐ssã♦ ❞❡ s✐♥❛✐s ❞❡ ❘❋ ✭❘á❞✐♦ ❋r❡q✉ê♥❝✐❛✮ ♣♦s✲

s✉❛♠ ❛❧t♦ r❡♥❞✐♠❡♥t♦✱ ❞❡✈❡♠ tr❛❜❛❧❤❛r ♣ró①✐♠♦s ❛♦ s❡✉ ♣♦♥t♦ ❞❡ s❛t✉r❛çã♦✳ ❈♦♠ ✐ss♦✱ ♦s ♣✐❝♦s ❞❡

❛♠♣❧✐t✉❞❡ ❞♦ s✐♥❛❧ ❖❋❉▼ ❧❡✈❛♠ ♦ ❛♠♣❧✐✜❝❛❞♦r à ❝♦♥❞✐çã♦ ❞❡ ❝♦rt❡✱ ❞✐st♦r❝❡♥❞♦ ♦ s✐♥❛❧ ❛♠♣❧✐✜❝❛❞♦

❡ ✐♥tr♦❞✉③✐♥❞♦ ♦ ❝❡✐❢❛♠❡♥t♦✳

❆ ❛♥á❧✐s❡ ❞❡st❛s ❞✐st♦rçõ❡s é ❢❡✐t❛ ❝♦♠ ❜❛s❡ ♥❛ r❛③ã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ❞❡ ♣✐❝♦ ❡ ❛ ♣♦tê♥❝✐❛

♠é❞✐❛ ✭P❆P❘✮✳ ❊st❛ r❛③ã♦ é ✐♠♣♦rt❛♥t❡✱ ♣♦✐s ♦s ❛♠♣❧✐✜❝❛❞♦r❡s ✉t✐❧✐③❛❞♦s ♥❛ tr❛♥s♠✐ssã♦ ❞❡✈❡♠

s❡r ❧✐♥❡❛r❡s ❡♠ t♦❞❛ ❛ ❢❛✐①❛ ❞❡ ❛♠♣❧✐t✉❞❡s q✉❡ ♦ sí♠❜♦❧♦ ❖❋❉▼ ♣♦❞❡ ❛ss✉♠✐r✳ ❉♦ ❝♦♥trár✐♦ ❤❛✈❡rá

✉♠❛ q✉❡❜r❛ ❞❡ ♦rt♦❣♦♥❛❧✐❞❛❞❡ ♥♦ sí♠❜♦❧♦ tr❛♥s♠✐t✐❞♦✱ ❣❡r❛♥❞♦ ✐♥t❡r❢❡rê♥❝✐❛ ❡♥tr❡ ❝❛♥❛✐s✭■❈■✮✳

❯♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♠ét♦❞♦s ♣❛r❛ ❛ r❡❞✉çã♦ ❞♦s ❡❢❡✐t♦s ❞❛ P❆P❘ ♥♦s s✐♥❛✐s ❖❋❉▼

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

♦ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ r❡q✉❡r✐❞♦ ❞♦s ❛♠♣❧✐✜❝❛❞♦r❡s ❞❡ ♣♦tê♥❝✐❛ ❡ ♦s ❡❢❡✐t♦s ❞❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✳

◆❡st❡ ❡st✉❞♦ ❛❧❣✉♠❛s ❞❡st❡s ♠ét♦❞♦s s❡rã♦ ❛♥❛❧✐s❛❞❛s✱ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♣r♦♣♦r ♠❡❧❤♦r✐❛s ❡♠

s✉❛ ✐♠♣❧❡♠❡♥t❛çã♦✳ ❖ ❢♦❝♦ ❞❡st❛ ❞✐ss❡rt❛çã♦ é ♦ ❡♥❧❛❝❡ ❞✐r❡t♦ ❞♦ s✐st❡♠❛ ❲✐▼❆❳✳

❖ ❲✐▼❆❳ ❬✶❪ é ✉♠ ♣❛❞rã♦ ♠✉♥❞✐❛❧ ❞❡ r❡❞❡s s❡♠ ✜♦✱ q✉❡ ❢♦✐ ♣❧❛♥❡❥❛❞♦ ♣❛r❛ s❡r ✉♠ ♣❛❞rã♦

❛❜❡rt♦ ❝♦♠ ❛❧t❛ t❛①❛ ❞❡ tr❛♥s❢❡rê♥❝✐❛✳ ❋♦✐ ❡st❛❜❡❧❡❝✐❞♦ ✐♥✐❝✐❛❧♠❡♥t❡ ♣❡❧♦ ❣r✉♣♦ ❞❡ tr❛❜❛❧❤♦ ■❊❊❊

✽✵✷✳✶✻ ❡♠ ❥✉♥❤♦ ❞❡ ✷✵✵✶ ❬✸❪✱ ❝♦♠ ♦ ❛♣♦✐♦ ❞❡ ✉♠ ❝♦♥sór❝✐♦ ❞❡♥♦♠✐♥❛❞♦ ❲✐▼❆❳ ❋ór✉♠ ❬✹❪✱ q✉❡

❛t✉❛❧♠❡♥t❡ t❡♠ ♠❛✐s ❞❡ ✺✵✵ ♠❡♠❜r♦s✳

❖ ♣❛❞rã♦ ❲✐▼❆❳ ♣❡r♠✐t❡ q✉❡ ❝❛r❛❝t❡ríst✐❝❛s t❛✐s ❝♦♠♦ t❛①❛ ❞❡ tr❛♥s❢❡rê♥❝✐❛✱ ♣♦tê♥❝✐❛✱ ❡s✲

q✉❡♠❛ ❞❡ ♠♦❞✉❧❛çã♦ ❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣♦ss❛♠ s❡r ♣❡rs♦♥❛❧✐③❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❝❛r❛❝t❡ríst✐❝❛s

❣❡♦❣rá✜❝❛s ❡ ♣♦♣✉❧❛❝✐♦♥❛✐s ❞❡ ❝❛❞❛ ❧♦❝❛❧✐❞❛❞❡✳ ❊❧❡ s❡ ❜❛s❡✐❛ ♥♦ ♣❛❞rã♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❡❧♦ ❣r✉♣♦ ❞❡

tr❛❜❛❧❤♦ ❞♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪✱ ♦ q✉❛❧ ♥♦r♠❛t✐③❛ ❛s r❡❞❡s s❡♠ ✜♦ ❡①t❡r♥❛s ♣❛r❛ ✉s✉ár✐♦s ✜①♦s

♦✉ ♠ó✈❡✐s✳

■♥✐❝✐❛❧♠❡♥t❡ ❡st❡ ♣❛❞rã♦ ❡r❛ ❡s♣❡❝✐✜❝❛❞♦ ♣❡❧❛s ♥♦r♠❛s ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✹ ❬✺❪ ❡ ■❊❊❊ ✽✵✷✳✶✻✲

✷✵✵✺ ❬✻❪✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ❡s♣❡❝✐✜❝❛çã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪ ❢❛③ ❛ r❡✈✐sã♦ ❞♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✹ ❬✺❪✱ ❡

❝♦♥s♦❧✐❞❛ ❞❛s ❛❧t❡r❛çõ❡s ❢❡✐t❛s ♥♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✺ ❬✻❪ ❛♦ ❧♦♥❣♦ ❞♦s ú❧t✐♠♦s ❛♥♦s✳ ❆ ❡s♣❡❝✐✜❝❛çã♦

■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪ s✉❜st✐t✉✐ ❡ t♦r♥❛ ♦❜s♦❧❡t❛ ❛ ❡s♣❡❝✐✜❝❛çã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✹ ❬✺❪ ❡ t♦❞❛s ❛s

s✉❛s ❛❧t❡r❛çõ❡s ❡ r❡t✐✜❝❛çõ❡s✳

❆♣❡s❛r ❞❡st❡ tr❛❜❛❧❤♦ t❡r ❢♦❝♦ ♥❛s ♣❡❝✉❧✐❛r✐❞❛❞❡s ❞❛ t❡❝♥♦❧♦❣✐❛ ❲✐▼❆❳✱ ♦s ♠ét♦❞♦s ❞❡ r❡❞✉çã♦

❞❛ r❛③ã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ❞❡ ♣✐❝♦ ❡ ❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ✭P❆P❘✮ ❛q✉✐ ❞✐s❝✉t✐❞♦s ♣♦❞❡♠ s❡r ❛♣❧✐❝❛❞♦s

♥❛ ♠❛✐♦r✐❛ ❞♦s s✐st❡♠❛s ❞❡ ❝♦♠✉♥✐❝❛çã♦ s❡♠ ✜♦✳

✷



✶✳✸ ❖❜❥❡t✐✈♦s ❞❛ ❞✐ss❡rt❛çã♦

❊st❛ ❞✐ss❡rt❛çã♦ s❡ ♣r♦♣õ❡ ❛ ❡st✉❞❛r ♦s ❡❢❡✐t♦s ❞❛ ❞✐st♦rçã♦ ♥ã♦ ❧✐♥❡❛r ❡♠ s✐st❡♠❛s ❖❋❉▼ ❡

❖❋❉▼❆✱ q✉❡ ♦❝♦rr❡♠ q✉❛♥❞♦ ♦s s✐♥❛✐s sã♦ ❛♠♣❧✐✜❝❛❞♦s✱ ❝❛✉s❛♥❞♦ ✉♠ ❝♦rt❡ ♥♦ s✐♥❛❧ tr❛♥s♠✐t✐❞♦✱

❝♦♥❤❡❝✐❞♦ ♣♦r ❝❡✐❢❛♠❡♥t♦✳ ■st♦ ✐♥t❡r❢❡r❡ ❞✐r❡t❛♠❡♥t❡ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛ ❡ ❝❛✉s❛ ❞✐✈❡rs♦s

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

s✐♥❛❧ r❡❝❡❜✐❞♦✳

❚❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ♦s ♣r♦❜❧❡♠❛s ✐♥❡r❡♥t❡s às ❞✐st♦rçõ❡s ♥ã♦ ❧✐♥❡❛r❡s ❝❛✉s❛❞❛s ♣❡❧♦s ❛♠♣❧✐✜✲

❝❛❞♦r❡s ❛❢❡t❛♠ ❞✐r❡t❛♠❡♥t❡ ♦ ♣❛❞rã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪✱ ❡st❡ tr❛❜❛❧❤♦ ❜✉s❝❛ ♠ét♦❞♦s ♣❛r❛ ❛

r❡❞✉çã♦ ❞♦s ❡❢❡✐t♦s ❞❛ P❆P❘ q✉❡ ♠❡❧❤♦r s❡ ❡♥q✉❛❞r❡♠ ♥❡st❡ ♣❛❞rã♦✳

❖ ♣❛❞rã♦ ❲✐▼❆❳ ♥ã♦ ♠❡♥❝✐♦♥❛ ❡s♣❡❝✐✜❝❛♠❡♥t❡ ✉♠ ❝❡♥ár✐♦ ♣❛r❛ ❛ r❡❞✉çã♦ ❞❛ P❆P❘✱ ♠❛s

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

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

s✐♥❛❧ ❬✼❪✱ q✉❡ é ✉♠ ❞♦s ♠ét♦❞♦s ♠❛✐s s✐♠♣❧❡s ❡ ❝♦♥s✐st❡ ❛♣❡♥❛s ♥❛ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧ ❛ ✉♠❛ ❝❡rt❛

❛♠♣❧✐t✉❞❡❀ ❛ ✉t✐❧✐③❛çã♦ ❞❛s ❢✉♥çõ❡s ❞❡ ❝♦rr❡çã♦ ❬✽❪✱ ❬✾❪ ❡ ❬✶✵❪✱ ❝✉❥❛ ✐❞é✐❛ é ♠✉❧t✐♣❧✐❝❛r ♦s ♣✐❝♦s ❞♦

s✐♥❛❧ ❝♦♠ ✉♠❛ ❥❛♥❡❧❛ ♥ã♦ r❡t❛♥❣✉❧❛r❀ ♦ ♠ét♦❞♦ ❞❡ ♠♦❞✐✜❝❛çã♦ ♥♦s ❝❛♥❛✐s ❛t✐✈♦s ✭❆❈❊✮ ❬✶✶❪✱ ❬✶✷❪ ❡

❬✶✸❪✱ q✉❡ ♥ã♦ r❡q✉❡r ♠♦❞✐✜❝❛çõ❡s ♥❛ ❝❛♠❛❞❛ ❢ís✐❝❛❀ ♦ ♠ét♦❞♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ✭❉❙■✮ ❬✶✹❪✱

❬✶✺❪ ❡ ❬✶✻❪✱ ❡♠ q✉❡ ♣♦❞❡♠♦s r❡s❡r✈❛r ❛❧❣✉♥s s✉❜❝❛♥❛✐s ♣❛r❛ ❛ r❡❞✉çã♦ ❞❛ P❆P❘❀ ❡ ♦ ❞❡ tr❛♥s♠✐ssã♦

♣❛r❝✐❛❧ ❞❡ s❡q✉ê♥❝✐❛s ✭P❚❙✮ ❬✶✼❪ ❡ ❬✷❪✱ q✉❡ ❢♦✐ ❝♦♥❝❡❜✐❞♦ ❝♦♠ s✐♥❛❧✐③❛çã♦ ❛❞✐❝✐♦♥❛❧✱ ❡ ♣♦❞❡ s❡r

❡♠♣r❡❣❛❞♦ ❝♦♠ ♣♦✉❝❛s ♠♦❞✐✜❝❛çõ❡s ♥❛s s✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦ ❞♦ ❡♥❧❛❝❡ ❞✐r❡t♦✳

✶✳✹ ❆♣r❡s❡♥t❛çã♦ ❞♦ ♠❛♥✉s❝r✐t♦

P❛r❛ ❛♥á❧✐s❡ ❞♦s ❡❢❡✐t♦s ❝❛✉s❛❞♦s ♣❡❧❛ ❛❧t❛ r❛③ã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ❞❡ ♣✐❝♦ ❡ ❛ ♣♦tê♥❝✐❛ ♠é❞✐❛

✭P❆P❘✮ é ✐♠♣r❡s❝✐♥❞í✈❡❧ ❝♦♥❤❡❝❡r ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❜ás✐❝♦ ❞♦s ❛♠♣❧✐✜❝❛❞♦r❡s ❞❡ ♣♦tê♥❝✐❛ ❡ ❞❛

té❝♥✐❝❛ ❞❡ tr❛♥s♠✐ssã♦ ❖❋❉▼✳ ❉✐❛♥t❡ ❞✐ss♦✱ ♥♦ ❈❛♣ít✉❧♦ ✷ sã♦ ❞❡s❝r✐t♦s ♦s ❞✐✈❡rs♦s t✐♣♦s ❞❡

❛♠♣❧✐✜❝❛❞♦r❡s ✉t✐❧✐③❛❞♦s ❛t✉❛❧♠❡♥t❡ ❡♠ s✐st❡♠❛s ❞❡ ❝♦♠✉♥✐❝❛çã♦ s❡♠ ✜♦✳ ❊ ♥♦ ❈❛♣ít✉❧♦ ✸ é ❢❡✐t♦ ♦

❞❡t❛❧❤❛♠❡♥t♦ ❞❛ té❝♥✐❝❛ ❖❋❉▼✳ ❆ ♣❛rt✐r ❞❡st❡ ❡♠❜❛s❛♠❡♥t♦ t❡ór✐❝♦✱ ❞✐s❝✉t✐r❡♠♦s ❡ ❛♥❛❧✐s❛r❡♠♦s

❛❧❣✉♥s ♠ét♦❞♦s ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘ ❞❡s❝r✐t♦s ❛t✉❛❧♠❡♥t❡ ♥❛ ❧✐t❡r❛t✉r❛✱ ❝♦♠♦ ♠♦str❛ ♦ ❈❛♣ít✉❧♦ ✹✳

❆ ❛♣❧✐❝❛çã♦ ♣rát✐❝❛ ♣r♦♣♦st❛ ♥❡st❡ tr❛❜❛❧❤♦ ♣r❡✈ê ❛ ✉t✐❧✐③❛çã♦ ❞♦ s✐st❡♠❛ ❲✐▼❆❳ ❝♦♠♦ ♣❧❛♥♦ ❞❡

❢✉♥❞♦ ❞♦ ❡♠♣r❡❣♦ ❞♦s ♠ét♦❞♦s ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘✳ P❛r❛ ✐ss♦✱ ❛ t❡❝♥♦❧♦❣✐❛ ❲✐▼❆❳ é ❛❜♦r❞❛❞❛

♥♦ ❈❛♣ít✉❧♦ ✺✳

❆♣ós ❛ ✐♥tr♦❞✉çã♦ t❡ór✐❝❛✱ ♥♦ ❈❛♣ít✉❧♦ ✻ sã♦ ❞❡♠♦♥str❛❞♦s ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦ s✐♠✉❧❛✲

❞♦r ✐♠♣❧❡♠❡♥t❛❞♦✱ ❡ t❛♠❜é♠ sã♦ ❢❡✐t❛s ❛s ❝♦♠♣❛r❛çõ❡s ❡ ❛♥á❧✐s❡s ❞❡ ❝❛❞❛ ♠ét♦❞♦ ❞❡ r❡❞✉çã♦ ❞♦s

❡❢❡✐t♦s ❞❛ P❆P❘ ❡♠♣r❡❣❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✳ ❋✐♥❛❧♠❡♥t❡✱ ♥♦ ❈❛♣ít✉❧♦ ✼ ❛♣r❡s❡♥t❛♠✲s❡ ❛s ❝♦♥❝❧✉sõ❡s

❞♦ tr❛❜❛❧❤♦ ❡ ❛s ♣r♦♣♦st❛s ❞❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳

✸



❈❛♣ít✉❧♦ ✷

❆♠♣❧✐✜❝❛❞♦r❡s

◆❡st❡ ❝❛♣ít✉❧♦ s❡rá ✐♥tr♦❞✉③✐❞♦ ❜r❡✈❡♠❡♥t❡ ♦s

❝♦♥❝❡✐t♦ ❜ás✐❝♦s s♦❜r❡ ♦s ❛♠♣❧✐✜❝❛❞♦r❡s ✉t✐❧✐③❛✲

❞♦s ❡♠ ❡q✉✐♣❛♠❡♥t♦s ❞❡ ❝♦♠✉♥✐❝❛çõ❡s s❡♠ ✜♦✱

❞❡s❝r❡✈❡♥❞♦ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ♣r✐♥❝✐♣❛✐s ❝❧❛s✲

s❡s ❞❡ ♦♣❡r❛çã♦ ❡ ❞✐s❝♦rr❡♥❞♦ s♦❜r❡ ♦ ♠♦❞❡❧♦ ❞❡

❘❛♣♣✱ q✉❡ é ❛ r❡❢❡rê♥❝✐❛ ♥❡st❡ tr❛❜❛❧❤♦

✷✳✶ ■♥tr♦❞✉çã♦

❖s ❛♠♣❧✐✜❝❛❞♦r❡s ❞❡ ♣♦tê♥❝✐❛ ♣r♦♣♦r❝✐♦♥❛♠ t♦❞❛ ❛ ❛♠♣❧✐✜❝❛çã♦ ❞❡ ♣♦tê♥❝✐❛ ❛♥t❡s ❞❛ ❛♥t❡♥❛

tr❛♥s♠✐ss♦r❛✱ ♣❛r❛ ❛ ✐rr❛❞✐❛çã♦ ❞♦ s✐♥❛❧ ❞❡ r❛❞✐♦ ❢r❡q✉ê♥❝✐❛ ♥♦ ❡s♣❛ç♦✳ ❊✜❝✐ê♥❝✐❛ é ❞❡ ✐♠♣♦rtâ♥✲

❝✐❛ ♣r✐♠ár✐❛ ♥❡st❡s ❛♠♣❧✐✜❝❛❞♦r❡s✱ ♣♦✐s q✉❛❧q✉❡r ♣❡r❞❛ ❞❡ ♣♦tê♥❝✐❛ s✐❣♥✐✜❝❛ ♠❡♥♦r q✉❛♥t✐❞❛❞❡

❞✐s♣♦♥í✈❡❧ ♣❛r❛ ❛ ✐rr❛❞✐❛çã♦✳

❖ ❛♠♣❧✐✜❝❛❞♦r ❞❡ ♣♦tê♥❝✐❛ r❡❝❡❜❡ ♦ s✐♥❛❧ ❡ ♦ ❛♠♣❧✐✜❝❛ ❛té ♦ ♥í✈❡❧ ❞❡ s✐♥❛❧ ❡s♣❡❝✐✜❝❛❞♦ ❞❡

tr❛♥s♠✐ssã♦✳ ❖s tr❛♥s✐st♦r❡s✱ ❛♣❡s❛r ❞❡ s❡r❡♠ ♠♦❞❡❧❛❞♦s ♣♦r ❡q✉❛çõ❡s ♥ã♦ ❧✐♥❡❛r❡s✱ ♣♦❞❡♠ s❡r

✉s❛❞♦s ♣❛r❛ ❝♦♥str✉✐r ❛♠♣❧✐✜❝❛❞♦r❡s ❧✐♥❡❛r❡s✳ ❙❡ ♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ é ♠❛♥t✐❞♦ ♣❡q✉❡♥♦✱ é ♣♦ssí✈❡❧

❢❛③❡r ♦ tr❛♥s✐st♦r s❡ ❝♦♠♣♦rt❛r ❧✐♥❡❛r♠❡♥t❡✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ ❡♥tã♦ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ❛♠♣❧✐✜❝❛❞♦r❡s

❧✐♥❡❛r❡s ❬✶✽❪✳

❖s ❛♠♣❧✐✜❝❛❞♦r❡s tê♠ ❢❛✐①❛ ❧✐♠✐t❛❞❛ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❧✐♥❡❛r✱ ❡ ❛s ❞✐st♦rçõ❡s ♥ã♦ ❧✐♥❡❛r❡s

t♦r♥❛♠✲s❡ ♠❛✐s ♣r♦❡♠✐♥❡♥t❡s q✉❛♥❞♦ ❛ ♣♦tê♥❝✐❛ ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ é ❛✉♠❡♥t❛❞❛✱ ♣♦✐s ♦s ❛♠✲

♣❧✐✜❝❛❞♦r❡s ❧✐♠✐t❛♠ s✉❛ ♣♦tê♥❝✐❛ ❞❡ s❛í❞❛✳ ➚ ♠❡❞✐❞❛ q✉❡ ♦ s✐♥❛❧ s❡ ❛♣r♦①✐♠❛ ❞❡st❡ ❧✐♠✐t❡✱ ❛s

❞✐st♦rçõ❡s ❛✉♠❡♥t❛♠ r❛♣✐❞❛♠❡♥t❡✱ ❛♥✉❧❛♥❞♦ t♦❞♦s ♦s ❜❡♥❡❢í❝✐♦s ♦❜t✐❞♦s ♣❡❧♦ s✐st❡♠❛ ❝♦♠ ♦ ❛✉✲

♠❡♥t♦ ❞❛ ♣♦tê♥❝✐❛✳ ❆ ❝❛r❛❝t❡ríst✐❝❛ ❞❛ ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡ ❞♦s ❛♠♣❧✐✜❝❛❞♦r❡s ❞❡ ♣♦tê♥❝✐❛ é ✉♠ ♣♦♥t♦

❝rít✐❝♦✱ ✉♠❛ ✈❡③ q✉❡ ❛ ♣♦tê♥❝✐❛ ❞❡ tr❛♥s♠✐ssã♦ é ✉♠ ♣❛râ♠❡tr♦ ❢✉♥❞❛♠❡♥t❛❧ ♥♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦

❞♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛✱ ♥ã♦ ♣♦❞❡♥❞♦ s❡r ❛r❜✐tr❛r✐❛♠❡♥t❡ ❞✐♠✐♥✉í❞❛✳

P❛r❛ q✉❡ ♦s ❛♠♣❧✐✜❝❛❞♦r❡s ✉t✐❧✐③❛❞♦s ♥❛ tr❛♥s♠✐ssã♦ ❞❡ s✐♥❛✐s ❞❡ ❘❋ ✭❘❛❞✐♦ ❋r❡q✉ê♥❝✐❛✮ ♣♦s✲

s✉❛♠ ❛❧t♦ r❡♥❞✐♠❡♥t♦✱ ❞❡✈❡♠ tr❛❜❛❧❤❛r ♣ró①✐♠♦s ❛♦ s❡✉ ♣♦♥t♦ ❞❡ s❛t✉r❛çã♦✳ ❈♦♠ ✐ss♦✱ ♦s ♣✐❝♦s

❞❡ ❛♠♣❧✐t✉❞❡ ❣❡r❛❞♦s ♣❡❧♦ s✐♥❛❧ ❖❋❉▼✱ ✐❧✉str❛❞♦s ♥❛ ❋✐❣✉r❛ ✷✳✶ ❧❡✈❛♠ ♦ ❛♠♣❧✐✜❝❛❞♦r à ❝♦♥❞✐çã♦

❞❡ ❝♦rt❡✱ ❞✐st♦r❝❡♥❞♦ ♦ s✐♥❛❧ ❛♠♣❧✐✜❝❛❞♦ ❡ ✐♥tr♦❞✉③✐♥❞♦ ♦ ❝❡✐❢❛♠❡♥t♦✳

✹



❋✐❣✉r❛ ✷✳✶✿ P✐❝♦s ❞❡ ❛♠♣❧✐t✉❞❡ ❞♦ s✐♥❛❧ ❖❋❉▼

✷✳✷ ❆♠♣❧✐✜❝❛❞♦r❡s

❖s ❛♠♣❧✐✜❝❛❞♦r❡s sã♦ ❞✐✈✐❞✐❞♦s ❡♠ ❝❧❛ss❡s ❞❡ ♦♣❡r❛çã♦✳ ❖ q✉❡ ❞❡t❡r♠✐♥❛ ♦ t✐♣♦ ❞❡ ❝❧❛ss❡

❞❡ ♦♣❡r❛çã♦ ❞❡ ✉♠ ❛♠♣❧✐✜❝❛❞♦r é ♦ ♠♦❞♦ ❝♦♠♦ ♦s tr❛♥s✐st♦r❡s ❞♦ ❡stá❣✐♦ ❞❡ s❛í❞❛ ♦♣❡r❛♠✱ ♥❛

t❡♥t❛t✐✈❛ ❞❡ s❡ ♦❜t❡r ♠❛✐♦r ❧✐♥❡❛r✐❞❛❞❡ ✭♠❡♥♦r ❞✐st♦rçã♦✮ ❡✴♦✉ r❡♥❞✐♠❡♥t♦✳

❊①✐st❡♠ ❞✐✈❡rs♦s ♠♦❞❡❧♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❞❡s❝r❡✈❡r ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s ❛♠♣❧✐✜❝❛❞♦r❡s ♥ã♦

❧✐♥❡❛r❡s✱ ✉♠❛ ✈❡③ q✉❡ ♦s s✐st❡♠❛s ❖❋❉▼ ❡♠♣r❡❣❛♠ ❝♦♠✉♠❡♥t❡ ❛♠♣❧✐✜❝❛❞♦r ❞❡ ♣♦tê♥❝✐❛ ❞❡ ❡s✲

t❛❞♦ só❧✐❞♦ ❬✶✵❪✱ ♥❡st❡ ❡st✉❞♦ ❛ ❛♥á❧✐s❡ ❞❛ r❛③ã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ❞❡ ♣✐❝♦ ❡ ❛ ♣♦tê♥❝✐❛ ♠é❞✐❛

✭P❆P❘✮ é ❢❡✐t❛ ❝♦♠ ❜❛s❡ ♥♦ ♠♦❞❡❧♦ ❞❡ ❘❛♣♣ ❬✶✾❪✱ q✉❡ é ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ❞❡

❛♠♣❧✐✜❝❛❞♦r❡s ❞❡st❡ t✐♣♦✳

❈♦♥❢♦r♠❡ ❞❡♠♦♥str❛❞♦ ❡♠ ❬✶✽❪✱ ♣❛r❛ s❡ ❡✈✐t❛r ♦ tã♦ ✐♥❞❡s❡❥❛❞♦ ❡❢❡✐t♦ ❞❡ ❞✐st♦rçã♦ ♥ã♦✲❧✐♥❡❛r✱

✉♠ s✐♥❛❧ ❝♦♠ ❛❧t♦ ♣✐❝♦ ❞❡ ♣♦tê♥❝✐❛ ❞❡✈❡ s❡r tr❛♥s♠✐t✐❞♦ ♥❛ r❡❣✐ã♦ ❧✐♥❡❛r ❞♦ ❛♠♣❧✐✜❝❛❞♦r ❞❡ ❛❧t❛

♣♦tê♥❝✐❛✱ ♦ q✉❡ r❡❞✉③ ❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛✳ ■st♦ é ❝❤❛♠❛❞♦ ❞❡ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛

❞❛ ❡♥tr❛❞❛ ✭■❇❖ ✲ ■♥♣✉t ❇❛❝❦♦✛ ✮ q✉❡ r❡s✉❧t❛ ❡♠ ✉♠ ♣r♦♣♦r❝✐♦♥❛❧ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ ❞❛ s❛✐❞❛

✭❖❇❖ ✲ ❖✉t♣✉t ❇❛❝❦♦✛ ✮

❆ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡ ❞❡ ✉♠ ❛♠♣❧✐✜❝❛❞♦r ♣♦❞❡ s❡r ❝❛r❛❝t❡r✐③❛❞❛ ♣❡❧❛s r❡s♣♦st❛s ❆▼✴❆▼ ✭❆♠♣❧✐✲

t✉❞❡ ▼♦❞✉❧❛t✐♦♥ ✴ ❆♠♣❧✐t✉❞❡ ▼♦❞✉❧❛t✐♦♥✮ ❡ ❆▼✴P▼ ✭❆♠♣❧✐t✉❞❡ ▼♦❞✉❧❛t✐♦♥ ✴ P❤❛s❡ ▼♦❞✉❧❛✲

t✐♦♥✮✳ ❆ ❋✐❣✉r❛ ✷✳✷ ❞❡♠♦♥str❛ ✉♠❛ tí♣✐❝❛ r❡s♣♦st❛ ❆▼✴❆▼ ❞❡ ✉♠ ❛♠♣❧✐✜❝❛❞♦r ❞❡ ❛❧t❛ ♣♦tê♥❝✐❛

✭❍P❆✮✳

❈♦♠♦ ♣♦❞❡♠♦s ♥♦t❛r ♥❛ ❋✐❣✉r❛ ✷✳✷✱ ❛♣ós ❛ ❢❛✐①❛ ❞❡ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛✱ ♦ ❛♠♣❧✐✜❝❛❞♦r ♥ã♦

t❡♠ ♠❛✐s ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡s❡❥❛❞♦✱ ♣♦✐s✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ ♣♦tê♥❝✐❛ ❛♣❧✐❝❛❞❛ ♥❛ ❡♥tr❛❞❛ ❞♦

✺



❋✐❣✉r❛ ✷✳✷✿ ❘❡s♣♦st❛ ❆▼✴❆▼ ❞❡ ✉♠ ❛♠♣❧✐✜❝❛❞♦r ❞❡ ❛❧t❛ ♣♦tê♥❝✐❛

❛♠♣❧✐✜❝❛❞♦r ❛ s✉❛ s❛í❞❛ ♥ã♦ t❡rá ♦ ♠❡s♠♦ ❣❛♥❤♦✱ ✐st♦ é✱ ❛ s❛í❞❛ ♥ã♦ é ♠❛✐s ♣r♦♣♦r❝✐♦♥❛❧ ❝♦♠♦ s❡

❡st✐✈❡ss❡ ♥❛ r❡❣✐ã♦ ❧✐♥❡❛r ❞♦ ❛♠♣❧✐✜❝❛❞♦r✳

✷✳✸ ❘❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ ❡♠ ✉♠ ❛♠♣❧✐✜❝❛❞♦r ♥ã♦ ❧✐♥❡❛r

❖ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ ❞❛ s❛í❞❛ ✭❖❇❖✮ é ♦ ♣❛râ♠❡tr♦ q✉❡ ❞❡✜♥❡ ❛ r❛③ã♦ ❡♥tr❡ ❛s ♣♦tê♥❝✐❛s ❞❡

s❛í❞❛ ♠á①✐♠❛ ❡ ❛ ♣♦tê♥❝✐❛ ❞❡ s❛í❞❛ ♠é❞✐❛✳ P❛r❛ ✉♠❛ ❛♠♣❧✐✜❝❛çã♦ ❧✐♥❡❛r✱ q✉❛♥t♦ ♠❛✐♦r ♦ ❖❇❖✱

♠❡♥♦r ❛ ♣❛r❝❡❧❛ ❞❡ ❡♥❡r❣✐❛ ❞❛ ❢♦♥t❡ ❝♦♥tí♥✉❛ ✭❜❛t❡r✐❛✮ ❡❢❡t✐✈❛♠❡♥t❡ ❝♦♥✈❡rt✐❞❛ ❡♠ ❡♥❡r❣✐❛ ❞❡ r❛❞✐♦

❢r❡q✉ê♥❝✐❛✳ ❈♦♠♦ ❡♠ ❛♣❧✐❝❛çõ❡s s❡♠ ✜♦ ❞❡s❡❥❛✲s❡ q✉❡ ♦ ❖❇❖ s❡❥❛ ♦ ♠❡♥♦r ♣♦ssí✈❡❧✱ ♣❡r♠✐t✐♥❞♦

❛❧t❛ ❞✉r❛❜✐❧✐❞❛❞❡ ❡ ♠✐♥✐❛t✉r✐③❛çã♦ ❞❛ ❜❛t❡r✐❛✱ ❞❡✈❡✲s❡ ❜✉s❝❛r s♦❧✉çõ❡s q✉❡ ❛♣r❡s❡♥t❡♠ ❜❛✐①♦ ❖❇❖

❡✱ ♥♦ ❝❛s♦ ❞❛ tr❛♥s♠✐ssã♦ ❖❋❉▼✱ ❧✐♥❡❛r✐❞❛❞❡ ❬✶✽❪✳

❖ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ ❞❛ ❡♥tr❛❞❛ ✭■❇❖✮ é ❞❡✜♥✐❞♦ ♣❡❧❛ r❛③ã♦ ❞❛ ♣♦tê♥❝✐❛ ❞❡ ❡♥tr❛❞❛ r❡q✉❡r✐❞❛

♣❛r❛ s❡ ♦❜t❡r ❛ s❛t✉r❛çã♦ ❞♦ s✐♥❛❧ ✭PentradaSat✮ ♣❡❧❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ❞❡ ❡♥tr❛❞❛ ✭Pentrada✮✳

IBOdB = 10log10

(
PentradaSat

Pentrada

)
✭✷✳✶✮

❖ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ ❞❛ s❛í❞❛ ✭❖❇❖✮ é ❞❡✜♥✐❞♦ ♣❡❧❛ r❛③ã♦ ❞❛ ♣♦tê♥❝✐❛ ❞❡ s❛í❞❛ q✉❡ ❡q✉✐✈❛❧❡ ❛

♣♦tê♥❝✐❛ ❞❡ s❛t✉r❛çã♦ ✭PsaidaSat✮ ♣❡❧❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ❞❡ s❛í❞❛ ✭Psaida✮✳

OBOdB = 10log10

(
PsaidaSat

Psaida

)
✭✷✳✷✮

✻



✷✳✹ ❈❧❛ss❡s ❞❡ ❆♠♣❧✐✜❝❛❞♦r❡s

✷✳✹✳✶ ❈❧❛ss❡ ❆

❊st❛ ❝❧❛ss❡ ❛♣r❡s❡♥t❛ ❛ ♠❡❧❤♦r ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ❧✐♥❡❛r✐❞❛❞❡ ❡♥tr❡ t♦❞❛s ✭t❡ór✐❝♦✮✱ ♠❛s t❛♠❜é♠

t❡♠ ♦ ♠❡♥♦r r❡♥❞✐♠❡♥t♦ q✉❡✱ ✐❞❡❛❧♠❡♥t❡✱ ♥ã♦ ♣❛ss❛ ❞❡ ✺✵✪✳ ■ss♦ s❡ ❞❡✈❡ ❛♦ ❢❛t♦ ❞❡ q✉❡ ♦s

tr❛♥s✐st♦r❡s ❞❡ s❛í❞❛ ❡stã♦ s❡♠♣r❡ ❡♠ ❝♦♥❞✉çã♦✱ ♣♦✐s ❡①✐st❡ ✉♠❛ ❝♦rr❡♥t❡ ❞❡ ♣♦❧❛r✐③❛çã♦ ❝♦♥st❛♥t❡✱

❝♦♠ ✈❛❧♦r ♥♦ ♠í♥✐♠♦ ✐❣✉❛❧ à ♠❡t❛❞❡ ❞❛ ♠á①✐♠❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ❬✷✵❪✳

◆❡st❛ ❝❧❛ss❡✱ ♦ ❞✐s♣♦s✐t✐✈♦ tr❛❜❛❧❤❛ ♥❛ ♣❛rt❡ ❧✐♥❡❛r ❞❛ ❝✉r✈❛ ❡ t❡♦r✐❝❛♠❡♥t❡ ♥ã♦ ❤á ❞✐st♦rçã♦

❞♦ s✐♥❛❧✳ ❊st❛ ❝♦♥❞✐çã♦ é ❞❡♥♦♠✐♥❛❞❛ ❝❧❛ss❡ ❆ ❞❡ ♦♣❡r❛çã♦✳

❊♠ ❝♦♥tr❛♣❛rt✐❞❛✱ à ❛✉sê♥❝✐❛ t❡ór✐❝❛ ❞❡ ❞✐st♦rçã♦ ✭♦✉ ♠✉✐t♦ ❜❛✐①❛ ♥❛ ♣rát✐❝❛✮✱ ❤á ✉♠❛ ❞❡s✲

✈❛♥t❛❣❡♠ ❡✈✐❞❡♥t❡✱ ♣♦✐s✱ ♥❛ ❛✉sê♥❝✐❛ ❞♦ s✐♥❛❧✱ ❛✐♥❞❛ ✜❝❛ ✉♠❛ ❝♦rr❡♥t❡ ❝✐r❝✉❧❛♥❞♦ ♥♦ ❞✐s♣♦s✐t✐✈♦✱

❝❤❛♠❛❞❛ ❞❡ ❝♦rr❡♥t❡ q✉✐❡s❝❡♥t❡ ❬✷✵❪✳

❆ ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ ❝♦rr❡♥t❡ ♥❛ s❛í❞❛ ♠❡s♠♦ s❡♠ s✐♥❛❧ é ✉♠ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ q✉❡✱ ♥❛

♣rát✐❝❛✱ r❡♣r❡s❡♥t❛ ♠❛✐s q✉❡ ✺✵✪ ❞♦ t♦t❛❧✱ ♦✉ s❡❥❛✱ ✐♠♣❧✐❝❛ ✉♠❛ ❜❛✐①❛ ❡✜❝✐ê♥❝✐❛ ❡♥❡r❣ét✐❝❛✱ ❢❛t♦r

❝r✉❝✐❛❧ ♥♦s t❡♠♣♦s ❛t✉❛✐s✱ t♦r♥❛♥❞♦ ✐♥✈✐á✈❡❧ ♦ ❡♠♣r❡❣♦ ♥♦s ❡q✉✐♣❛♠❡♥t♦s ♣♦rtát❡✐s ❛❧✐♠❡♥t❛❞♦s

♣♦r ❜❛t❡r✐❛s✳ P♦r ✐ss♦✱ ❛♠♣❧✐✜❝❛❞♦r❡s ❞❛ ❝❧❛ss❡ ❆ sã♦ ✉s❛❞♦s ❡♠ ❣❡r❛❧ ❡♠ ❡t❛♣❛s ✐♥t❡r♠❡❞✐ár✐❛s✱

❡♠ q✉❡ ❛ ♣♦tê♥❝✐❛ ❞✐ss✐♣❛❞❛ é ♣❡q✉❡♥❛ ❬✷✵❪✳

✷✳✹✳✷ ❆♠♣❧✐✜❝❛❞♦r❡s ❈❧❛ss❡ ❇

❊st❛ ❝❧❛ss❡ ❝❛r❛❝t❡r✐③❛✲s❡ ♣♦r ♥ã♦ t❡r ❝♦rr❡♥t❡ ❞❡ ♣♦❧❛r✐③❛çã♦ ♥♦s tr❛♥s✐st♦r❡s ❞❡ s❛í❞❛✱ ♦ q✉❡

❢❛③ ❛✉♠❡♥t❛r ♦ r❡♥❞✐♠❡♥t♦ ❞♦ ❝✐r❝✉✐t♦✱ ✐❞❡❛❧♠❡♥t❡✱ ♣❛r❛ ✼✽✱✺✪✳ ❖s tr❛♥s✐st♦r❡s ♣❛ss❛♠ ❛ ❝♦♥❞✉③✐r

❛♣❡♥❛s q✉❛♥❞♦ sã♦ ❡①❝✐t❛❞♦s ♣❡❧♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛✳ ◆♦ ❡♥t❛♥t♦✱ é ♥❡❝❡ssár✐♦ ✉♠ ♣❛r ❞❡ tr❛♥s✐st♦r❡s✱

♣♦✐s ❝❛❞❛ ✉♠ ✜❝❛ r❡s♣♦♥sá✈❡❧ ♣♦r ✉♠ s❡♠✐✲❝✐❝❧♦ ❞♦ s✐♥❛❧ ❞❡ s❛í❞❛ ❬✷✵❪✳

✷✳✹✳✸ ❆♠♣❧✐✜❝❛❞♦r❡s ❈❧❛ss❡ ❆❇

❊st❛ ❝❧❛ss❡ ❞❡ ♦♣❡r❛çã♦ é ✐♥t❡r♠❡❞✐ár✐❛ às ❝❧❛ss❡s ❆ ❡ ❇ ❡♠ q✉❡✱ ❝♦♠ ✉♠❛ ♣♦❧❛r✐③❛çã♦ ❞♦

❡stá❣✐♦ ❞❡ s❛í❞❛✱ ♠✐♥✐♠✐③❛✲s❡ ❛ ❞✐st♦rçã♦✳ ❉❡st❛ ❢♦r♠❛✱ ❡①✐st✐rá ✉♠❛ ❝♦rr❡♥t❡ ♥♦s tr❛♥s✐st♦r❡s ❞❡

s❛í❞❛ ✭♣♦❧❛r✐③❛çã♦✮✱ ♣♦❞❡♥❞♦ ❡st❛ s❡r ❜❡♠ ♣❡q✉❡♥❛✱ s❡ ❝♦♠♣❛r❛❞❛ à ❝♦rr❡♥t❡ ❞❡ ♣♦❧❛r✐③❛çã♦ ❞❛

❝❧❛ss❡ ❆✱ ❢❛③❡♥❞♦ ❝♦♠ q✉❡ ♦ r❡♥❞✐♠❡♥t♦ s❡ ❛♣r♦①✐♠❡ ❛♦ ❞❛ ❝❧❛ss❡ ❇ ❬✷✵❪✳

◗✉❛♥t♦ ♠❡♥♦r ❛ ❝♦rr❡♥t❡ q✉✐❡s❝❡♥t❡✱ ♠❛✐♦r ❛ ❡✜❝✐ê♥❝✐❛ ❡♥❡r❣ét✐❝❛✳ ❊♥tr❡t❛♥t♦✱ ❞❡✈✐❞♦ ❛♦

tr❛❜❛❧❤♦ ❡♠ ✉♠❛ r❡❣✐ã♦ ♣❛r❝✐❛❧♠❡♥t❡ ♥ã♦ ❧✐♥❡❛r ❡ ❛♦ ❝♦rt❡ ❞❡ ✉♠❛ ♣❛rt❡ ❞♦ s✐♥❛❧✱ ❛ ❞✐st♦rçã♦ é

❝♦♥s✐❞❡rá✈❡❧✱ ♦ q✉❡ ❧✐♠✐t❛ ♦ ✉s♦ ❞❡ss❛ ❝♦♥❞✐çã♦ ❞❡ ♦♣❡r❛çã♦ ❬✷✵❪✳

✷✳✺ ▼♦❞❡❧♦ ❞❡ ❘❛♣♣

❖s s✐♥❛✐s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞❡ ✉♠ ❛♠♣❧✐✜❝❛❞♦r✱ x(t) ❡ y(t)✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣♦❞❡♠ s❡r

❡①♣r❡ss♦s ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛ ❬✶✾❪✿

✼



x(t) = A(t)cos(ω0t + θ(t)) ✭✷✳✸✮

y(t) = g(A(t))cos(ω0t + θ(t) + φ(A(t))) ✭✷✳✹✮

❊♠ ✉♠ ❛♠♣❧✐✜❝❛❞♦r✱ ❞✉❛s ❢♦r♠❛s ❞❡ ❞✐st♦rçã♦ ♥ã♦✲❧✐♥❡❛r ❞❡✈❡♠ s❡r ❝♦♥s✐❞❡r❛❞❛s✿ ❞✐st♦rçã♦

❞❡ ❛♠♣❧✐t✉❞❡ ✭❆▼✲❆▼✮✱ q✉❡ é ❛ ❝♦♠♣r❡ssã♦ ❞♦ ❣❛♥❤♦ ❞♦ ❛♠♣❧✐✜❝❛❞♦r ❝♦♥❢♦r♠❡ ❛ ♣♦tê♥❝✐❛ ✐♥s✲

t❛♥tâ♥❡❛ ❛✉♠❡♥t❛✱ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❊q✉❛çã♦ ✷✳✹ ♣♦r g(A(t))✱ ❡ ❛ ❞✐st♦rçã♦ ❞❡ ❢❛s❡ ✭❆▼✲P▼✮ q✉❡

é ❛ ✈❛r✐❛çã♦ ❞❛ ❢❛s❡ ❞♦ s✐♥❛❧ ❞❡ s❛í❞❛ ❝♦♠ ♣♦tê♥❝✐❛ ✐♥st❛♥tâ♥❡❛✱ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❊q✉❛çã♦ ✷✳✹ ♣♦r

φ(A(t))✳

P❛r❛ ❛♠♣❧✐✜❝❛❞♦r❡s ❞❡ ❡st❛❞♦ só❧✐❞♦ ♦ ✈❛❧♦r ❞❡ φ(A(t)) é ❜❡♠ ♣r♦①✐♠♦ ❞❡ ③❡r♦✳ P♦r ✐ss♦✱ ♥♦

♠♦❞❡❧♦ ❞❡ ❘❛♣♣ ❬✶✾❪ ❛ s❛í❞❛ ❞♦ ❛♠♣❧✐✜❝❛❞♦r é ❞✐st♦r❝✐❞❛ s♦♠❡♥t❡ ❡♠ ❛♠♣❧✐t✉❞❡ ✭❆▼✲❆▼✮✱ ♣♦✐s ❛

❝♦♥✈❡rsã♦ ❆▼✴P▼ ❞❡ ✉♠ ❛♠♣❧✐✜❝❛❞♦r ❞❡ ❡st❛❞♦ só❧✐❞♦ é ♣❡q✉❡♥❛ ♦ s✉✜❝✐❡♥t❡ ♣❛r❛ s❡r ❞❡s♣r❡③❛❞❛✳

❆ ❞✐st♦rçã♦ ❞❡ ❛♠♣❧✐t✉❞❡ ✭❆▼✲❆▼✮ ♥♦ ♠♦❞❡❧♦ ❞❡ ❘❛♣♣ ❬✶✾❪ é ❞❡✜♥✐❞❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

g(A) =
A

[1 + ( A
As

)
2p

]
1
2p

✭✷✳✺✮

❡♠ q✉❡ A é ❛ ❛♠♣❧✐t✉❞❡ ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛✱ As é ❛ ❛♠♣❧✐t✉❞❡ ❞❡ s❛t✉r❛çã♦ ❞❛ s❛✐❞❛ ❡ p é

♦ ♣❛râ♠❡tr♦ q✉❡ ❝♦♥tr♦❧❛ ❛ s✉❛✈✐③❛çã♦ ❞❛ tr❛♥s✐çã♦ ❧✐♥❡❛r ♣❛r❛ ❛ ♥ã♦ ❧✐♥❡❛r ✭♥❡st❡ tr❛❜❛❧❤♦ ❢♦✐

✉t✐❧✐③❛❞♦ ♣❂✸✮✳

❆ ❋✐❣✉r❛ ✷✳✸ ❞❡♠♦♥str❛ ❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ♣❛r❛ ❛❧❣✉♥s ✈❛❧♦r❡s ❞❡ ♣✳

❖❜s❡r✈❛✲s❡ q✉❡ ❡♠ ✉♠ ❛♠♣❧✐✜❝❛❞♦r ♥ã♦ é ♣♦ssí✈❡❧ ❛✉♠❡♥t❛r ❛ ♣♦t❡♥❝✐❛ ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛

✐♥❞❡✜♥✐❞❛♠❡♥t❡✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ❛ r❡❣✐ã♦ ❞❡ s❛t✉r❛çã♦ s❡rá ❛t✐♥❣✐❞❛✱ ❝❛✉s❛♥❞♦ ❛ ❞✐st♦rçã♦ ❞♦

s✐♥❛❧✳ ▲♦❣♦✱ ❞❡✈❡✲s❡ ❢❛③❡r ✉♠ r❡❝✉♦ ♥❛ ♣♦t❡♥❝✐❛ ❞♦ s✐♥❛❧ ❡♠ r❡❧❛çã♦ à r❡❣✐ã♦ ❞❡ s❛t✉r❛çã♦ ❞❡✜♥✐❞❛

♣❛r❛ ♦ ❛♠♣❧✐✜❝❛❞♦r ♣❛r❛ q✉❡ ❡❧❡ tr❛❜❛❧❤❡ ♣❡rt♦ ❞❡ s✉❛ r❡❣✐ã♦ ❧✐♥❡❛r✳

✽



❋✐❣✉r❛ ✷✳✸✿ ▼♦❞❡❧♦ ❞❡ ❘❛♣♣

✾



❈❛♣ít✉❧♦ ✸

▼✉❧t✐♣❧❡①❛çã♦ ♣♦r ❉✐✈✐sã♦ ❞❡ ❋r❡q✉ê♥❝✐❛
❖rt♦❣♦♥❛❧ ✲❖rt❤♦❣♦♥❛❧ ❋r❡q✉❡♥❝②
❉✐✈✐s✐♦♥ ▼✉❧t✐♣❧❡①✐♥❣ ✭❖❋❉▼✮

❊st❡ ❝❛♣ít✉❧♦ ❢❛③ ✉♠ ❜r❡✈❡ ❞❡s❝r✐t✐✈♦ ❞❛ té❝♥✐❝❛

❞❡ ▼✉❧t✐♣❧❡①❛çã♦ ♣♦r ❉✐✈✐sã♦ ❞❡ ❋r❡q✉ê♥❝✐❛ ❖r✲

t♦❣♦♥❛❧✱ q✉❡ é ❛ ❜❛s❡ ♣❛r❛ ♦ ❡st✉❞♦ ❞♦s ❡❢❡✐t♦s

❞❛s ❞✐st♦rçõ❡s ❡♠ ❞✐s♣♦s✐t✐✈♦s ♥ã♦ ❧✐♥❡❛r❡s✱ ❞❡✲

t❛❧❤❛♥❞♦ s✉❛s ❝❛r❛❝t❡ríst✐❝❛s té❝♥✐❝❛s✱ t❛✐s ❝♦♠♦✿

❞✉r❛çã♦ ❞♦ sí♠❜♦❧♦✱ ♥ú♠❡r♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s✱ ❡s✲

q✉❡♠❛ ❞❡ ♠♦❞✉❧❛çã♦✱ ✐♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛✱ ♠♦❞❡✲

❧❛❣❡♠ ❞♦ s✐st❡♠❛✱ ❡sq✉❡♠❛ ❞❡ ❝♦❞✐✜❝❛çã♦✱ ✈❛♥t❛✲

❣❡♥s ❡ ❞❡s✈❛♥t❛❣❡♥s ❞❛ ✉t✐❧✐③❛çã♦ ❞❡st❛ té❝♥✐❝❛

✸✳✶ ■♥tr♦❞✉çã♦

❆ té❝♥✐❝❛ ❞❡ ♠✉❧t✐♣❧❡①❛çã♦ ♣♦r ❞✐✈✐sã♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ♦rt♦❣♦♥❛❧ ♣❡rt❡♥❝❡ à ❢❛♠í❧✐❛ ❞❡ té❝♥✐❝❛s

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

❡♥tr❛❞❛ ❞❡ ❞❛❞♦s ❝♦♠ ❛❧t❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ❡♠ ❜❧♦❝♦s ❞❡ ❞❛❞♦s ♣❛r❛❧❡❧♦s ❝♦♠ ❜❛✐①❛ t❛①❛

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

♦rt♦❣♦♥❛✐s ❬✷✶❪✳

❆ té❝♥✐❝❛ ❖❋❉▼ s✉r❣✐✉ ❝♦♠♦ ✉♠❛ ❡✈♦❧✉çã♦ ❞❛ té❝♥✐❝❛ ❞❡ ♠✉❧t✐♣❧❡①❛çã♦ ♣♦r ❞✐✈✐sã♦ ❞❡ ❢r❡q✉ê♥✲

❝✐❛ ✭❋❉▼✮✳ P♦ré♠✱ ❡♠ ✈❡③ ❞❡ ✉t✐❧✐③❛r ❜❛♥❞❛s ❞❡ ❣✉❛r❞❛ ♣❛r❛ ❛ s❡♣❛r❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s✱

tr❛❜❛❧❤❛✲s❡ ❝♦♠ ✉♠❛ ♣❛rt✐❝✉❧❛r s♦❜r❡♣♦s✐çã♦ ❡s♣❡❝tr❛❧ ❞❡ s✉❜♣♦rt❛❞♦r❛s✳

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

❢r❡q✉ê♥❝✐❛s ♣❛r❛ q✉❡ ♥ã♦ ❤❛❥❛ ✐♥t❡r❢❡rê♥❝✐❛ ❡♥tr❡ ❡❧❛s✳ ❏á ♥♦ ❖❋❉▼✱ ♦ ❡s♣❡❝tr♦ ❞❡ ❝❛❞❛ s✐♥❛❧ é

s♦❜r❡♣♦st♦ ❡ ♠❡s♠♦ ❛ss✐♠ ♥ã♦ ❡①✐st❡ ✐♥t❡r❢❡rê♥❝✐❛ ❡♥tr❡ ❛s s✉❜♣♦rt❛❞♦r❛s✱ ♣♦✐s ❡❧❛s sã♦ ♦rt♦❣♦♥❛✐s

❡♥tr❡ s✐✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶✱ ♦♥❞❡ ▲ é ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜♣♦rt❛❞♦r❛s✳

✶✵



❋✐❣✉r❛ ✸✳✶✿ ▼ét♦❞♦ ❖❋❉▼ ✈❡rs✉s ♠ét♦❞♦ ❞❡ ♠✉❧t✐♣❧❡①❛çã♦ ♣♦r ❞✐✈✐sã♦ ❞❡ ❢r❡q✉ê♥❝✐❛

✸✳✷ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❖❋❉▼

❊♠ ❬✷✷❪✱ ♦ tr❛♥s♠✐ss♦r ❖❋❉▼ é ❞❡s❝r✐t♦ ❝♦♠♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ L ♠♦❞✉❧❛❞♦r❡s✱ ❡♠ q✉❡ ❝❛❞❛ ♠♦✲

❞✉❧❛❞♦r ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ s✉❜♣♦rt❛❞♦r❛ ❖❋❉▼✳ ❆ ❊q✉❛çã♦ ✸✳✶ ❞❡s❝r❡✈❡ ✉♠ ♠♦❞✉❧❛❞♦r ❖❋❉▼

❡♠ t❡r♠♦s ♠❛t❡♠át✐❝♦s ❝♦♠ ✉♠ s✐♥❛❧ xm (t)✱ ❞✉r❛♥t❡ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ mTs ≤ t < (m + 1) Ts✱

❡♠ q✉❡ ♠ é ♦ ♠✲és✐♠♦ sí♠❜♦❧♦ ❖❋❉▼ ❡ Ts é ♦ t❡♠♣♦ ❞❡ ❞✉r❛çã♦ ❞♦ sí♠❜♦❧♦ ❖❋❉▼✳

xm (t) =
L−1∑

l=0

xl (t) =
L−1∑

l=0

a
(m)
l e2πflt ✭✸✳✶✮

❆ ✈❛r✐á✈❡❧ a
(m)
l r❡♣r❡s❡♥t❛ ♦ sí♠❜♦❧♦ ❝♦♠♣❧❡①♦ ♠♦❞✉❧❛❞♦ ❛♣❧✐❝❛❞♦ ❛ ❧✲és✐♠❛ s✉❜♣♦rt❛❞♦r❛

❞✉r❛♥t❡ ♦ ♠✲és✐♠♦ ✐♥t❡r✈❛❧♦ ❞❡ sí♠❜♦❧♦ ❖❋❉▼✳ ❖ xl (t) é ❛ ❧✲és✐♠❛ s✉❜♣♦rt❛❞♦r❛ ♠♦❞✉❧❛❞❛ ❝♦♠

❢r❡q✉ê♥❝✐❛ fl✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ mTs ≤ t < (m + 1)Ts✳

❆ ❢r❡q✉ê♥❝✐❛ fl é ❛ ♣♦s✐çã♦ ❡♠ ❢r❡q✉ê♥❝✐❛ ❞❛ ❧✲és✐♠❛ s✉❜♣♦rt❛❞♦r❛✱ q✉❡ s❛t✐s❢❛③ ♦ ♣r✐♥❝í♣✐♦ ❞❛

♦rt♦❣♦♥❛❧✐❞❛❞❡ s❡✿

fl = l∆f, l = 0, 1, · · ·L − 1 ✭✸✳✷✮

✶✶



∆f = 1/Ts ✭✸✳✸✮

❡♠ q✉❡ Ts é ♦ t❡♠♣♦ ❞❡ ❞✉r❛çã♦ ❞♦ sí♠❜♦❧♦ ❖❋❉▼ ❡ ∆f = 1/Ts é ♦ ❡s♣❛ç❛♠❡♥t♦ ❡♥tr❡

s✉❜♣♦rt❛❞♦r❛s✳

❈♦♠♦ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✷✱ ♣❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠ s✐st❡♠❛ ♠✉❧t✐♣♦rt❛❞♦r❛s✱ é ♥❡❝❡s✲

sár✐♦ ✉♠ ❜❛♥❝♦ ❞❡ ♠♦❞✉❧❛❞♦r❡s ❡♠ ♣❛r❛❧❡❧♦✳ ❈❛❞❛ sí♠❜♦❧♦ a
(m)
0 ❛té a

(m)
L−1 é ✉♠ sí♠❜♦❧♦ ♠♦❞✉❧❛❞♦

q✉❡ s❡rá ♠❛♣❡❛❞♦ ❡♠ ✉♠❛ s✉❜♣♦rt❛❞♦r❛✳ ❊ss❡ ♠❛♣❡❛♠❡♥t♦ ❛❝♦♥t❡❝❡ ♥♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ ❡ss❡s

sí♠❜♦❧♦s ♣❛ss❛♠ ❞❡ s❡r✐❛❧ ♣❛r❛ ♣❛r❛❧❡❧♦ ❡ sã♦ ♠✉❧t✐♣❧✐❝❛❞♦s ♣♦r ❡①♣♦♥❡♥❝✐❛✐s ❝♦♠♣❧❡①❛s✳

❆s ❋✐❣✉r❛s ✸✳✷ ❡ ✸✳✸ ✐❧✉str❛♠ ♦s ❞✐❛❣r❛♠❛s ❞❡ ✉♠ ♠♦❞✉❧❛❞♦r ❡ ❞❡♠♦❞✉❧❛❞♦r ❖❋❉▼ ❜ás✐❝♦✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❋✐❣✉r❛ ✸✳✷✿ ▼♦❞✉❧❛❞♦r ❖❋❉▼

❖ s✐♥❛❧ r❡❝❡❜✐❞♦ ♥♦ ❞❡♠♦❞✉❧❛❞♦r é r❡♣r❡s❡♥t❛❞♦ ♣♦r r (t)✱ q✉❡ ❛♣ós ♣❛ss❛r ♣❡❧♦ ❝♦♥✈❡rs♦r

s❡r✐❛❧✴♣❛r❛❧❡❧♦✱ é ♠✉❧t✐♣❧✐❝❛❞♦ ♣❡❧❛ ❡①♣♦♥❡♥❝✐❛❧ ♥❡❣❛t✐✈❛ ♦✉ ❞✐✈✐❞✐❞♦ ♣❡❧❛ ❡①♣♦♥❡♥❝✐❛❧ ❝♦♠♣❧❡①❛

❡ ❡♥tã♦ ❞❡♠♦❞✉❧❛❞♦✱ ❞❛♥❞♦ ♦r✐❣❡♠ ❛♦s sí♠❜♦❧♦s ❝♦♠♣❧❡①♦s â
(m)
0 , â

(m)
1 , · · · , â

(m)
L−1✱ ❞❡♠♦❞✉❧❛❞♦s ❡

❛♣❧✐❝❛❞♦s ❛ ❧✲és✐♠❛ s✉❜♣♦rt❛❞♦r❛ ❞✉r❛♥t❡ ♦ ♠✲és✐♠♦ ✐♥t❡r✈❛❧♦ ❞❡ sí♠❜♦❧♦ ❖❋❉▼✳

❋✐❣✉r❛ ✸✳✸✿ ❉❡♠♦❞✉❧❛❞♦r ❖❋❉▼

✶✷



✸✳✸ ■♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❖❋❉▼ ✉s❛♥❞♦ ■❋❋❚✴❋❋❚

◆❡st❡ ❡st✉❞♦✱ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦s tr❛♥s♠✐ss♦r❡s ❡ r❡❝❡♣t♦r❡s é ❢❡✐t❛ ♣♦r ♠❡✐♦ ❞♦s ❛❧❣♦r✐t♠♦s ❞❡

■❋❋❚ ✭■♥✈❡rs❡ ❋❛st ❋♦✉r✐❡r ❚r❛♥s❢♦r♠✮ ❡ ❋❋❚ ✭❋❛st ❋♦✉r✐❡r ❚r❛♥s❢♦r♠✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊st❡s

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

s✐st❡♠❛ ❬✷✸❪✳

❖s ❛✈❛♥ç♦s ♥❛ ár❡❛ ❞❛ ❝♦♠♣✉t❛çã♦ ♣❡r♠✐t✐r❛♠ q✉❡ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛ té❝♥✐❝❛ ❖❋❉▼ ✉s❛♥❞♦

❛ ■❋❋❚✴❋❋❚ s❡ t♦r♥❛ss❡ ✉♠❛ s♦❧✉çã♦ ✈✐á✈❡❧ ❡ ♠✉✐t♦ ❛tr❛❡♥t❡✳ ◆♦ ♣❛ss❛❞♦ ♦s r❡❝✉rs♦s t❡❝♥♦❧ó❣✐❝♦s

❡r❛♠ ❡s❝❛ss♦s ❡ ♠✉✐t♦ ❝❛r♦s✱ ♠❛s ❝♦♠ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s té❝♥✐❝❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞✐❣✐t❛❧ ❞❡

s✐♥❛✐s ❡ ❞❛ ❝♦♠♣✉t❛çã♦✱ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛ ■❋❋❚✴❋❋❚ t♦r♥♦✉✲s❡ ♠❛✐s ❛❝❡ssí✈❡❧ ❬✷✸❪✳

◆❛ tr❛♥s♠✐ssã♦ ♣❛r❛❧❡❧❛✱ ❝♦♠♦ ❛ ❜❛♥❞❛ ❞❡ ❢r❡q✉ê♥❝✐❛ é s❡❣♠❡♥t❛❞❛ ❡♠ ✈ár✐❛s ♣❡q✉❡♥❛s s✉❜✲

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

t✐❞♦ ♣❡❧♦s ❡q✉❛❧✐③❛❞♦r❡s✳ ❏á ♥❛ tr❛♥s♠✐ssã♦ s❡r✐❛❧✱ ♦ ❞❡s✈❛♥❡❝✐♠❡♥t♦ é s❡❧❡t✐✈♦ ❡♠ ❢r❡q✉ê♥❝✐❛ s♦❜r❡

t♦❞❛ ❛ ❜❛♥❞❛ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❡①✐❣❡ ♦ ✉s♦ ❞❡ ❡q✉❛❧✐③❛❞♦r❡s ♠❛✐s s♦✜st✐❝❛❞♦s ❬✷✸❪✳

❆ té❝♥✐❝❛ ❖❋❉▼ é ✐♠♣❧❡♠❡♥t❛❞❛ ✐♥✐❝✐❛❧♠❡♥t❡ ❝♦♠ ♦ ♠❛♣❡❛♠❡♥t♦ ❡♠ ❢❛s❡ ❡ q✉❛❞r❛t✉r❛ ❞❡

✉♠❛ ❡♥tr❛❞❛ ❞❡ ❞❛❞♦s s❡r✐❛❧✱ ♦❜t❡♥❞♦✲s❡ ✉♠❛ ❝♦♥st❡❧❛çã♦ ❞❡ sí♠❜♦❧♦s q✉❡ ♣♦❞❡♠ s❡r ♦❜t✐❞❛s ❝♦♠

❛ ✉t✐❧✐③❛çã♦ ❞❡ té❝♥✐❝❛s ❞❡ ♠♦❞✉❧❛çã♦ ◗P❙❑ ♦✉ ◗❆▼✳ ❉❡♣♦✐s ❞✐ss♦✱ ♦s sí♠❜♦❧♦s ♠❛♣❡❛❞♦s ♣❛ss❛♠

♣♦r ✉♠ ❝♦♥✈❡rs♦r s❡r✐❛❧✴♣❛r❛❧❡❧♦ q✉❡ ♦s ❞✐✈✐❞❡ ❡♠ ▲ s❡q✉ê♥❝✐❛s ♣❛r❛❧❡❧❛s✱ r❡♣r❡s❡♥t❛♥❞♦ ♦ ♥ú♠❡r♦

❞❡ s✉❜♣♦rt❛❞♦r❛s ❞♦ s✐st❡♠❛✳

❏á ❝♦♠ ♦s s✐♥❛✐s ♣❛r❛❧❡❧♦s ❡ ❞✐✈✐❞✐❞♦s ❡♠ s✉❜♣♦rt❛❞♦r❛s✱ é ❛♣❧✐❝❛❞❛ ❛ ■❋❋❚ q✉❡ é ✉t✐❧✐③❛❞❛ ♣❛r❛

❝♦♠❜✐♥❛r ❛s s✉❜♣♦rt❛❞♦r❛s✳ ❖ s✐♥❛❧ q✉❡ ❛té ❡♥tã♦ ❡st❛✈❛ ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✱ ❛❣♦r❛ ♣❛ss❛ ❛

❡st❛r ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✳

❖s ❛❧❣♦r✐t♠♦s ❞❡ ❋❋❚ ❡ ■❋❋❚✱ ❢♦r❛♠ ❝♦♥str✉í❞♦s ✉t✐❧✐③❛♥❞♦ ❛s ♣r♦♣r✐❡❞❛❞❡s ❞❡ ♣❡r✐♦❞✐❝✐❞❛❞❡

❡ s✐♠❡tr✐❛ ❞❛s s❡q✉ê♥❝✐❛s ❡①♣♦♥❡♥❝✐❛✐s ❝♦♠♣❧❡①❛s✱ ❞❡s❡♥✈♦❧✈❡♥❞♦ ❛ss✐♠ ✉♠ ❛❧❣♦r✐t♠♦ rá♣✐❞♦ ♣❛r❛

❝á❧❝✉❧♦ ❞❛ ❉❋❚ ❡ ■❉❋❚✳ P❛r❛ ✉♠❛ s❡q✉ê♥❝✐❛ ✜♥✐t❛ ❞❡ ❝♦♠♣r✐♠❡♥t♦ ◆ ♦ ❝á❧❝✉❧♦ ❞❛ ❉❋❚ ❡ ■❉❋❚

é ❞❛ ♦r❞❡♠ ❞❡ O(N2) ❡ ♦ ❞❛ ❋❋❚ é ❞❛ ♦r❞❡♠ ❞❡ O(NLog (N)) ♦♣❡r❛çõ❡s ❝♦♠♣❧❡①❛s✳

❆s ❛♠♦str❛s ♦❜t✐❞❛s ♥❛ s❛í❞❛ ❞❛ ■❋❋❚✱ q✉❡ ❡stã♦ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✱ ❢♦r♠❛♠ ♦ s✐♥❛❧ ❡♠

❜❛♥❞❛ ❜❛s❡ ❝❛rr❡❣❛♥❞♦ ♦s sí♠❜♦❧♦s ❡♠ s✉❜♣♦rt❛❞♦r❛s ♦rt♦❣♦♥❛✐s✳

❆♣ós ❛ ✉t✐❧✐③❛çã♦ ❞❛ ■❋❋❚✱ ❡♠ ❝❛❞❛ sí♠❜♦❧♦ ❖❋❉▼ é ✐♥s❡r✐❞♦ ♦ ♣r❡✜①♦ ❝í❝❧✐❝♦✱ ❝✉❥♦ ❝♦♠♣r✐✲

♠❡♥t♦ ❞❡✈❡ s❡r ♠❛✐♦r q✉❡ ♦ ♠á①✐♠♦ ❛tr❛s♦ ❞♦ ❝❛♥❛❧ ❞❡ ♣r♦♣❛❣❛çã♦✳

P♦st❡r✐♦r♠❡♥t❡✱ ♦s sí♠❜♦❧♦s ♠♦❞✉❧❛❞♦s ❡ ♦ ♣r❡✜①♦ ❝í❝❧✐❝♦ ✐♥s❡r✐❞♦ sã♦ ❝♦♥✈❡rt✐❞♦s ♣❛r❛ ✉♠❛

s❡q✉ê♥❝✐❛ s❡r✐❛❧✱ ❛♠♣❧✐✜❝❛❞♦s ❡ tr❛♥s♠✐t✐❞♦s ❡♠ ✉♠ ❝❛♥❛❧ ❞❡ rá❞✐♦✳ ❊st❡ ❝❛♥❛❧ é ♥♦r♠❛❧♠❡♥t❡

s❡❧❡t✐✈♦ ❡♠ ❢r❡q✉ê♥❝✐❛ ❡ t❡♥❞❡ ❛ ❛t❡♥✉❛r s❡✈❡r❛♠❡♥t❡ ♦s sí♠❜♦❧♦s tr❛♥s♠✐t✐❞♦s ❡♠ ✉♠❛ ♦✉ ❞✐✈❡rs❛s

s✉❜♣♦rt❛❞♦r❛s✱ ❣❡r❛♥❞♦ ❡rr♦s ❞❡ ❜✐t✳

P❛r❛ ❝♦rr✐❣✐r ♦s ❡rr♦s ❞❡ ❜✐t é ♥♦r♠❛❧♠❡♥t❡ ✐♠♣❧❡♠❡♥t❛❞♦ ✉♠ ❡sq✉❡♠❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❡✜❝✐❡♥t❡✱

❛ ✜♠ ❞❡ ❡①♣❧♦r❛r ❛ ❞✐✈❡rs✐❞❛❞❡ ❡♠ ❢r❡q✉ê♥❝✐❛ ❞♦ ❝❛♥❛❧✳

◆❛ r❡❝❡♣çã♦✱ ♦ ♣r❡✜①♦ ❝í❝❧✐❝♦ é r❡♠♦✈✐❞♦ ❡ ♦ s✐♥❛❧ ♣❛ss❛ ♣♦r ✉♠ ❝♦♥✈❡rs♦r s❡r✐❛❧✴♣❛r❛❧❡❧♦✱ ♥♦

q✉❛❧ ♦s sí♠❜♦❧♦s r❡❝❡❜✐❞♦s sã♦ ♥♦✈❛♠❡♥t❡ ❞✐✈✐❞✐❞♦s ❡♠ ▲ s❡q✉ê♥❝✐❛s ♣❛r❛❧❡❧❛s✱ ❛♣❧✐❝❛♥❞♦✲s❡ ❛ ❋❋❚

❡♠ ❝❛❞❛ ❜❧♦❝♦ ❞❡ ❞❛❞♦s✱ ❡ ❡♥tã♦ ♦ s✐♥❛❧ é ♥♦✈❛♠❡♥t❡ tr❛♥s❢♦r♠❛❞♦ ♣❛r❛ ♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✳
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❆♣ós ❛ ❋❋❚✱ ♦s sí♠❜♦❧♦s sã♦ ❞❡♠♦❞✉❧❛❞♦s ❡ ❡♥tr❡❣✉❡s ♥❛ s❛í❞❛ ❞♦ s✐st❡♠❛✳

❆ ❋✐❣✉r❛ ✸✳✹ ♠♦str❛ ♦ ❞✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ❞❡ ✉♠ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ s✐♠♣❧❡① ♣♦♥t♦ ❛ ♣♦♥t♦

✉s❛♥❞♦ ❛ té❝♥✐❝❛ ❖❋❉▼✳

❋✐❣✉r❛ ✸✳✹✿ ❉✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ❞❡ ✉♠ s✐st❡♠❛ ❖❋❉▼

✸✳✹ ■♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛

❖ ✐♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛ ♣♦❞❡ s❡r ❝r✐❛❞♦ ✉t✐❧✐③❛♥❞♦✲s❡ ✉♠ ♣r❡✜①♦ ❝í❝❧✐❝♦ ♦✉ ❛♣❡♥❛s ❝♦♠ ❛ ❛✉sê♥❝✐❛

❞❡ s✐♥❛❧ ❬✷✶❪✳ ❊❧❡ é ✐♥tr♦❞✉③✐❞♦ ❛ ❝❛❞❛ sí♠❜♦❧♦ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♣r❡s❡r✈❛r ❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡

♦s sí♠❜♦❧♦s ❛❞❥❛❝❡♥t❡s✱ ❡❧✐♠✐♥❛♥❞♦ ❛ ✐♥t❡r❢❡rê♥❝✐❛ ❡♥tr❡ sí♠❜♦❧♦s ✭■❙■✮✳ ❊st❡ ✐♥t❡r✈❛❧♦ é ♣r♦❥❡t❛❞♦

❞❡ ❢♦r♠❛ q✉❡ ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ♠✉❧t✐♣❡r❝✉rs♦ ❞❡ ✉♠ sí♠❜♦❧♦ ♥ã♦ ♣♦ss❛♠ ✐♥t❡r❢❡r✐r ♥❛ r❡❝❡♣çã♦✳

❆ ❋✐❣✉r❛ ✸✳✺ ♠♦str❛ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛✳

❆ ❋✐❣✉r❛ ✸✳✺✲❛ ✐❧✉str❛ ❛ tr❛♥s♠✐ssã♦ ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ sí♠❜♦❧♦s ❖❋❉▼✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦

❝❛♥❛❧ ♥ã♦ é ✐❞❡❛❧✱ t❡r❡♠♦s s✐♥❛✐s ❝❤❡❣❛♥❞♦ ❛♦ r❡❝❡♣t♦r ❞❡❢❛s❛❞♦s ❡ ❛tr❛s❛❞♦s✳ ❊♥tã♦✱ é ✐❧✉str❛❞♦ ♥❛

✸✳✺✲❜ ❝♦♠♦ ❡st❡s sí♠❜♦❧♦s ❝♦♠❡ç❛♠ ❛ ✐♥t❡r❢❡r✐r ✉♠ ♥♦ ♦✉tr♦ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❣❡r❛r ✐♥t❡r❢❡rê♥❝✐❛

❡♥tr❡ sí♠❜♦❧♦s ✭■❙■✮✳ ❆ss✐♠✱ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛ ❡st❛ ✐♥t❡r❢❡rê♥❝✐❛ é ❡❧✐♠✐♥❛❞❛✳

▲❡♠❜r❛♥❞♦ q✉❡ ❛ ❋✐❣✉r❛ ✸✳✺✲❝ ♠♦str❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛ ❛♣❡♥❛s ❝♦♠ ❛

❛✉sê♥❝✐❛ ❞❡ s✐♥❛❧✳

❆ ✐♥s❡rçã♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛ r❡s✉❧t❛ ♥❛ ❞✐♠✐♥✉✐çã♦ ❞❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦✱ ✉♠❛ ✈❡③ q✉❡

✐♥❢♦r♠❛çõ❡s r❡❞✉♥❞❛♥t❡s ❡stã♦ s❡♥❞♦ tr❛♥s♠✐t✐❞❛s ♥♦ ❧✉❣❛r ❞♦s ❞❛❞♦s✳ P♦ré♠✱ s✉❛ ✉t✐❧✐③❛çã♦ é

❡①tr❡♠❛♠❡♥t❡ ✐♠♣♦rt❛♥t❡ ♣❛r❛ ❣❛r❛♥t✐r q✉❡ ✐♥t❡r❢❡rê♥❝✐❛s ❡♥tr❡ sí♠❜♦❧♦s ♥ã♦ ♦❝♦rr❛♠✳

❈♦♥❢♦r♠❡ ❬✶✵❪✱ ♦ t❡♠♣♦ ❞❡ ❞✉r❛çã♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛ ✭Tg✮ ❞❡✈❡ s❡r ❝❡r❝❛ ❞❡ ✷ ❛ ✹ ✈❡③❡s

♦ t❛♠❛♥❤♦ ❞♦ ❛tr❛s♦ ♠é❞✐♦ ❞❡ ❡s♣❛❧❤❛♠❡♥t♦ ❞❡ r❡t❛r❞♦ ❞♦ ❝❛♥❛❧ (τ)✳ ❆❧❣✉♥s ❛✉t♦r❡s ♣r❡❢❡r❡♠

♣r♦❥❡t❛r Tg ❝♦♠♦ t❡♥❞♦ ❛♣❡♥❛s ✉♠ ✈❛❧♦r ♠❛✐♦r ❞♦ q✉❡ ♦ ✈❛❧♦r ❞❡ r❡t❛r❞♦ ♠á①✐♠♦ ❞♦ ❝❛♥❛❧ ❬✷✹❪
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❋✐❣✉r❛ ✸✳✺✿ ■♥❝❧✉sã♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛

❬✷✶❪✳

✸✳✺ Pr❡✜①♦ ❝í❝❧✐❝♦

❖ ♣r❡✜①♦ ❝í❝❧✐❝♦ é ✉t✐❧✐③❛❞♦ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❝r✐❛r ✉♠ ❝❛♥❛❧ ❧✐✈r❡ ❞❛ ✐♥t❡r❢❡rê♥❝✐❛ ❡♥tr❡

sí♠❜♦❧♦s✳ ■st♦ é ❢❡✐t♦✱ ✉t✐❧✐③❛♥❞♦ ■❋❋❚✴❋❋❚ ❛ss♦❝✐❛❞❛ à ❝♦♥✈♦❧✉çã♦ ❝✐r❝✉❧❛r✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱

♦s ú❧t✐♠♦s sí♠❜♦❧♦s sã♦ r❡♣❡t✐❞♦s ♥♦ ✐♥í❝✐♦ ❞♦ ❜❧♦❝♦✱ ♦✉ s❡❥❛✱ ♦ ♣r❡✜①♦ ❝í❝❧✐❝♦ é ❛ ❝ó♣✐❛ ❞❛ ✉❧t✐♠❛

♣❛rt❡ ❞♦ sí♠❜♦❧♦ ❞❡s❧♦❝❛❞❛ ♣❛r❛ ♣❛rt❡ ❞❛ ❢r❡♥t❡ ❞♦ sí♠❜♦❧♦ ❡ tr❛♥s♠✐t✐❞❛ ❛♥t❡s ❞❛ ✧♣❛rt❡ ❡❢❡t✐✈❛✧❞♦

sí♠❜♦❧♦✱ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✻ ❬✷✹❪✳

◗✉❛♥❞♦ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❞❛❞♦s x [n] é tr❛♥s♠✐t✐❞❛ ❛tr❛✈és ❞❡ ✉♠ ❝❛♥❛❧ ❧✐♥❡❛r ✐♥✈❛r✐❛♥t❡ ♥♦

t❡♠♣♦ ❝♦♠ r❡s♣♦st❛ ❛♦ ✐♠♣✉❧s♦ ✜♥✐t♦ ✭❋■❘✮✱ ❛ s❛í❞❛ é ✉♠❛ ❝♦♥✈♦❧✉çã♦ ❧✐♥❡❛r ❞❛ ❡♥tr❛❞❛ ❝♦♠ ♦

❝❛♥❛❧ h [n] ❬✷✶❪✳

y [n] = x [n] ∗ h [n] =
L−1∑

k=0

h [k] x[n − k] ✭✸✳✹✮

❊♥tr❡t❛♥t♦✱ s❡❥❛♠ x [n] ❡ h [n] ❞✉❛s s❡q✉ê♥❝✐❛s ♣❡r✐ó❞✐❝❛s ❝♦♠ ♣❡rí♦❞♦ ▲✱ ♣♦❞❡♠♦s ✐♠❛❣✐♥❛r

❢❛③❡r ✉♠❛ ❝♦♥✈♦❧✉çã♦ ❝✐r❝✉❧❛r ❞❡ ❢♦r♠❛ q✉❡✿

y [n] = x [n] ⊙ h [n] =

L−1∑

k=0

h [k] x[n − k]L ✭✸✳✺✮

❖♥❞❡✱ x[n]L = x [n mod L] é ❛ ✈❡rsã♦ ♣❡r✐ó❞✐❝❛ ❞❡ x [n]✱ ❡♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ❝❛❞❛ ✈❛❧♦r ❞❡

y [n] = x [n] ⊙ h [n] é ❛ s♦♠❛ ❞❡ ✉♠ ♣r♦❞✉t♦ ❞❡ ▲ t❡r♠♦s✳

❈♦♥❢♦r♠❡ ❬✷✶❪✱ ♣❛r❛ ❝r✐❛r ✉♠ ❝❛♥❛❧ ❧✐✈r❡ ❞❡ ✐♥t❡r❢❡rê♥❝✐❛ ❡♥tr❡ sí♠❜♦❧♦s ✭■❙■✮✱ ❢❛③✲s❡ ❛ ❝♦♥✈♦❧✉çã♦

❝✐r❝✉❧❛r ❞♦ ❝❛♥❛❧ ❝♦♠ sí♠❜♦❧♦ ❖❋❉▼ ❛❞✐❝✐♦♥❛❞♦ ❞♦ ♣r❡✜①♦ ❝í❝❧✐❝♦✱ ❝r✐❛♥❞♦ ✉♠ s✐♥❛❧ ♣❛r❡❝✐❞♦ ❝♦♠

x[n]L✳
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❋✐❣✉r❛ ✸✳✻✿ ■♥❝❧✉sã♦ ❞♦ ♣r❡✜①♦ ❝í❝❧✐❝♦

DFT {y [n]} = DFT {x [n] ⊙ h [n]} ⇐⇒ Y [m] = X [m]H [m] ✭✸✳✻✮

❙✉♣♦♥❤❛♠♦s q✉❡ ♦ ♠á①✐♠♦ ❞❡ ❡s♣❛❧❤❛♠❡♥t♦ ❞❡ r❡t❛r❞♦s é ❞❡ ✈ ✰ ✶ ❛♠♦str❛s✱ ❛❞✐❝✐♦♥❛♠♦s

✉♠❛ ❜❛♥❞❛ ❞❡ ❣✉❛r❞❛ ❞❡ ✈ ❛♠♦str❛s ❡♥tr❡ ♦s sí♠❜♦❧♦s ❖❋❉▼✱ t♦r♥❛♥❞♦ ♦s sí♠❜♦❧♦s ❖❋❉▼

✐♥❞❡♣❡♥❞❡♥t❡s ✉♠ ❞♦s ♦✉tr♦s✳ ❊st❡ sí♠❜♦❧♦ t❡♠ ▲ ❛♠♦str❛s ❡ é r❡♣r❡s❡♥t❛❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

[x0, x1, x2, . . . , xL] ✭✸✳✼✮

❆♣ós ❛♣❧✐❝❛r♠♦s ♦ ♣r❡✜①♦ ❝í❝❧✐❝♦ ❞❡ t❛♠❛♥❤♦ ✈✱ ♦ s✐♥❛❧ tr❛♥s♠✐t✐❞♦ é✿

xcp = [xL−v, xL−v+1, . . . , xL−1 |x0, x1, x2, . . . , xL−1] ✭✸✳✽✮

❊♥tã♦✱ ❛ s❛í❞❛ ❞♦ ❝❛♥❛❧ é ❞❡✜♥✐❞❛ ♣♦r✿

ycp = h ∗ xcp ✭✸✳✾✮

❡♠ q✉❡ ❤ é ❛ r❡s♣♦st❛ ❛♦ ✐♠♣✉❧s♦ ❞♦ ❝❛♥❛❧ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❡♠ q✉❡ ♦ sí♠❜♦❧♦ ❖❋❉▼ é

tr❛♥s♠✐t✐❞♦✳ ❆s ♣r✐♠❡✐r❛s ✈ ❛♠♦str❛s ❝♦♥tê♠ ✐♥t❡r❢❡rê♥❝✐❛ ✐♥❡r❡♥t❡s à tr❛♥s♠✐ssã♦ ❞♦ sí♠❜♦❧♦

❖❋❉▼ ♥♦ ❝❛♥❛❧✳ ❆ss✐♠✱ q✉❛♥❞♦ ♦ s✐♥❛❧ ❢♦r r❡❝❡❜✐❞♦ ♣❡❧♦ r❡❝❡♣t♦r ❡st❡ ❞❡s❝❛rt❛rá ♦s ♣r✐♠❡✐r♦s ✈

sí♠❜♦❧♦s ❡ ✜❝❛rá s♦♠❡♥t❡ ❝♦♠ ❛s ▲ ❛♠♦str❛s✳

✶✻



✸✳✻ ❉✉r❛çã♦ ❞♦ sí♠❜♦❧♦ ❡ ♥ú♠❡r♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s

❊♠ r❡❧❛çã♦ ❛♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✱ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ♦rt♦❣♦♥❛❧✐❞❛❞❡ ❡♥tr❡ s✉❜♣♦rt❛❞♦r❛s✱

✐♠♣❧✐❝❛ q✉❡ ❞✉❛s s✉❜♣♦rt❛❞♦r❛s q✉❛✐sq✉❡r✱ ❞✐❢❡r❡♠ ❡①❛t❛♠❡♥t❡ ♣♦r ✉♠ ♥ú♠❡r♦ ✐♥t❡✐r♦ ❞❡ ❝✐❝❧♦s✱

❞✉r❛♥t❡ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ sí♠❜♦❧♦ ❖❋❉▼✱ ✉♠❛ ✈❡③ q✉❡ ❡st❛s ❡st❛rã♦ s❡♣❛r❛❞❛s ♣♦r ♠ú❧t✐♣❧♦ ❞❡

1/Ts✱ ❡♠ q✉❡ Ts é ♦ t❡♠♣♦ ❞❡ ❞✉r❛çã♦ ❞♦ sí♠❜♦❧♦ ❖❋❉▼✳

❆ ❞✉r❛çã♦ ❞♦ sí♠❜♦❧♦ ❖❋❉▼ ❡stá r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ♦ ❡s♣❛ç❛♠❡♥t♦ ❡♥tr❡ s✉❜♣♦rt❛❞♦r❛s ❞❛

s❡❣✉✐♥t❡ ❢♦r♠❛✿ ∆f = 1/Ts✳ ❆ ❞✉r❛çã♦ ❞♦ sí♠❜♦❧♦ é ❞❡✜♥✐❞❛ ❝♦♠♦ s❡♥❞♦ ♦ t❛♠❛♥❤♦ ❡❢❡t✐✈♦ ❞❛

✐♥❢♦r♠❛çã♦ tr❛♥s♠✐t✐❞❛ ❛❞✐❝✐♦♥❛❞❛ ❞♦ ♣r❡✜①♦ ❝í❝❧✐❝♦ ✭Ts = T + Tg✮✳

❖ ♥ú♠❡r♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s ♣♦❞❡ s❡r ❞❡t❡r♠✐♥❛❞♦ ♣❡❧❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞✐s♣♦♥í✈❡❧ ♣❛r❛ tr❛♥s✲

♠✐ssã♦ ❡ ❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ❝❛❞❛ s✉❜♣♦rt❛❞♦r❛✳ ❖ ♥ú♠❡r♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s ❞♦ s✐st❡♠❛

✭✐♥❝❧✉✐♥❞♦ ❛s s✉❜♣♦rt❛❞♦r❛s ♥✉❧❛s✮ ♥♦r♠❛❧♠❡♥t❡ ♣♦ss✉✐ ♦ ♠❡s♠♦ ♥ú♠❡r♦ ❞❡ ♣♦♥t♦s ❞❛ ❋❋❚✳

✸✳✼ ❖rt♦❣♦♥❛❧✐❞❛❞❡ ❡♥tr❡ s✉❜♣♦rt❛❞♦r❛s

❊♠ ✉♠ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ q✉❡ ✉t✐❧✐③❛ ♣♦rt❛❞♦r❛ ú♥✐❝❛✱ ♦s sí♠❜♦❧♦s sã♦ ❡♥✈✐❛❞♦s ❡♠ s❡q✉ê♥✲

❝✐❛ ❛tr❛✈és ❞❡st❛ ♣♦rt❛❞♦r❛ ✭♠♦❞✉❧❛❞❛ ♥❛ t❛①❛ ❞❡ sí♠❜♦❧♦s ❞❛ ❢♦♥t❡ ❞❡ ✐♥❢♦r♠❛çã♦✮✱ ❝✉❥♦ ❡s♣❡❝tr♦

♦❝✉♣❛ t♦❞❛ ❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞✐s♣♦♥í✈❡❧✳ ❏á ♥♦ ❖❋❉▼✱ ♦s ❞❛❞♦s ❞♦s ✉s✉ár✐♦s ✭✐♥❢♦r♠❛çõ❡s✮ sã♦

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

❞♦ ♣❡rí♦❞♦ ❞♦ sí♠❜♦❧♦ ❖❋❉▼✱ ♦♥❞❡ ∆f = 1/Ts é ♦ ❡s♣❛ç❛♠❡♥t♦ ❡♥tr❡ s✉❜♣♦rt❛❞♦r❛s✳

P❛r❛ ❛s s✉❜♣♦rt❛❞♦r❛s s❡r❡♠ ♦rt♦❣♦♥❛✐s é ♥❡❝❡ssár✐♦ q✉❡ ♦ ❡s♣❛ç❛♠❡♥t♦ ❡♥tr❡ ❡❧❛s ❛t❡♥❞❛ ❛

s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

∫ T2

T1

ej2πf1tej2π(f1+∆f)tdt = 0 ✭✸✳✶✵✮

❉♦✐s s✐♥❛✐s xk1(t) ❡ xk2(t) sã♦ ♠✉t✉❛♠❡♥t❡ ♦rt♦❣♦♥❛✐s ♥♦ ✐♥t❡r✈❛❧♦ T1 < t < T2 s❡ s❛t✐s❢❛③❡♠ ❛

s❡❣✉✐♥t❡ r❡❧❛çã♦✿

∫ T2

T1

xk1(t)x
∗

k2
(t)dt = 0, k1 6= k2 ✭✸✳✶✶✮

❆ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠ ♥ú♠❡r♦ ❞❡ s✐♥❛✐s ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✱ ✐❧✉str❛❞❛ ♥❛ ❋✐❣✉r❛ ✸✳✼✱

❡♥❢❛t✐③❛ ❛ ♥❛t✉r❡③❛ ♦rt♦❣♦♥❛❧ ❞♦s s✐♥❛✐s ✉s❛❞♦s ♥♦ s✐st❡♠❛ ❖❋❉▼✳ ❉✐③❡r q✉❡ ❛s s✉❜♣♦rt❛❞♦r❛s

sã♦ ♦rt♦❣♦♥❛✐s s✐❣♥✐✜❝❛ q✉❡✱♥♦ ✐♥st❛♥t❡ q✉❡ ✉♠❛ s✉❜♣♦rt❛❞♦r❛ t✐✈❡r s✉❛ ❛♠♣❧✐t✉❞❡ ♠á①✐♠❛ ♥♦

❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✱ t♦❞❛s ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛s ❞❛s ♦✉tr❛s s✉❜♣♦rt❛❞♦r❛s s❡rã♦ ③❡r♦✱

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

✸✳✽ ❙✐♥❝r♦♥✐③❛çã♦ ❞♦ sí♠❜♦❧♦

P❛r❛ q✉❡ s❡❥❛ ❢❡✐t❛ ❛ ❞❡♠♦❞✉❧❛çã♦ ❞♦ s✐♥❛❧ ❖❋❉▼✱ ♦ ❞❡♠♦❞✉❧❛❞♦r ❞❡✈❡ r❡❛❧✐③❛r ❞✉❛s t❛r❡❢❛s✿

❛ s✐♥❝r♦♥✐③❛çã♦ ❞♦ sí♠❜♦❧♦ ♥♦ t❡♠♣♦ ❡ ❛ s✐♥❝r♦♥✐③❛çã♦ ❞♦ sí♠❜♦❧♦ ❡♠ ❢r❡q✉ê♥❝✐❛ ❬✷✺❪✳

✶✼



❋✐❣✉r❛ ✸✳✼✿ ❖rt♦❣♦♥❛❧✐❞❛❞❡ ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛

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

s✐st❡♠❛✱ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ♦ s✉r❣✐♠❡♥t♦ ❞❡ ✐♥t❡r❢❡rê♥❝✐❛ ❡♥tr❡ s✉❜♣♦rt❛❞♦r❛s ✭■❈■✮✳ ❊♠ r❡❧❛çã♦ à

s✐♥❝r♦♥✐③❛çã♦ ♥♦ t❡♠♣♦✱ ❛ té❝♥✐❝❛ ❖❋❉▼ ❛♣r❡s❡♥t❛ ♠❛✐♦r r♦❜✉st❡③ ❛ ✉♠ ❞❡s❧♦❝❛♠❡♥t♦ ❞♦ ✐♥st❛♥t❡

❞❡ r❡❝❡♣çã♦ ❞♦ sí♠❜♦❧♦✱ ✉♠❛ ✈❡③ q✉❡ ❡st❡ ✐♥st❛♥t❡ ♣♦❞❡ ✈❛r✐❛r s♦❜r❡ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❞❡

❞✉r❛çã♦ ✐❣✉❛❧ ❛♦ ✐♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛✱ s❡♠ ❝❛✉s❛r ✐♥t❡r❢❡rê♥❝✐❛ ❡♥tr❡ sí♠❜♦❧♦s ✭■❙■✮ ❡ ✐♥t❡r❢❡rê♥❝✐❛

❡♥tr❡ s✉❜♣♦rt❛❞♦r❛s ✭■❈■✮✳

❯♠ ♣r♦❜❧❡♠❛ ♥❛s r❡❞❡s ❞❡ ❝♦♠✉♥✐❝❛çõ❡s s❡♠ ✜♦ sã♦ ♦s ❝❛♥❛✐s ✈❛r✐❛♥t❡s ♥♦ t❡♠♣♦✳ ❊ss❛ ✈❛r✐❛çã♦

♥♦ t❡♠♣♦ ❝❛✉s❛rá ✉♠ ❡s♣❛❧❤❛♠❡♥t♦ ❞♦s sí♠❜♦❧♦s tr❛♥s♠✐t✐❞♦s ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ✉♠ ❞❡s✈✐♦ ♥❛

❢r❡q✉ê♥❝✐❛ q✉❡ ♣♦❞❡rá ❛❝❛rr❡t❛r ♥❛ ♣❡r❞❛ ❞❛ ♦rt♦❣♦♥❛❧✐❞❛❞❡✳ ❈♦♠ ✐ss♦✱ ♦ ❞❡♠♦❞✉❧❛❞♦r✱ q✉❡ é

♣r♦❥❡t❛❞♦ ♣❛r❛ ❢❛③❡r ❛ ❛♠♦str❛❣❡♠ ♥♦ ♣✐❝♦ ❞❡ ❝❛❞❛ s✉❜♣♦rt❛❞♦r❛ ❡♠ q✉❡ ❛ ❛♠♣❧✐t✉❞❡ é ♠á①✐♠❛

❡ ❛ ✐♥t❡r❢❡rê♥❝✐❛ ❡♥tr❡ ♣♦rt❛❞♦r❛s ✭■❈■✮ é ③❡r♦✱ ❢❛rá ❛ ❛♠♦str❛❣❡♠ ❞❡❢❛s❛❞♦✳ ❚❡r❡♠♦s ❛ss✐♠ ✉♠❛

■❈■ ♠❛✐♦r ❡ ❛✐♥❞❛ ♣❡r❞❛s ❞❡ ❡♥❡r❣✐❛✳

❈♦♠ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠ s✐st❡♠❛ ❖❋❉▼✱ ❜✉s❝❛✲s❡ ✉♠ s✐st❡♠❛ ❝♦♠ ❛❧t❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦

❡ ❧✐✈r❡ ❞❡ ✐♥t❡r❢❡rê♥❝✐❛ ❡♥tr❡ sí♠❜♦❧♦s ✭■❙■✮✳ P❛r❛ ❝♦♥s❡❣✉✐r ✉♠ ❝❛♥❛❧ ❧✐✈r❡ ❞❡ ■❙■✱ ♦ t❡♠♣♦ ❞❡ ❞✉✲

r❛çã♦ ❞♦ sí♠❜♦❧♦ (Ts) ❞❡✈❡ s❡r s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❣r❛♥❞❡✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦ ❡s♣❛❧❤❛♠❡♥t♦

❞❡ r❡t❛r❞♦s (τ)✳

◆❛ ♣rát✐❝❛✱ ❛ ❞✐✈✐sã♦ ❞❛ ❡♥tr❛❞❛ ❞❡ ❞❛❞♦s ❡♠ s✉❜♣♦rt❛❞♦r❛s é ❢❡✐t❛ ♣♦r ✉♠ ❝♦♥✈❡rs♦r s❡✲

r✐❛❧✴♣❛r❛❧❡❧♦ q✉❡ ❝♦♥✈❡rt❡ ❛ ❡♥tr❛❞❛ ❞❡ ❞❛❞♦s ❡♠ ▲ s✉❜♣♦rt❛❞♦r❛s ♣❛r❛❧❡❧❛s✳ ◆♦s ❞❛❞♦s ♣r❡s❡♥t❡s

❡♠ ❝❛❞❛ s✉❜♣♦rt❛❞♦r❛ é ❛♣❧✐❝❛❞❛ ✉♠❛ té❝♥✐❝❛ ❞❡ ♠♦❞✉❧❛çã♦ ✭◗P❙❑ ♦✉ ◗❆▼✮ t❛❧ q✉❡ ♣❛r❛ ❛s ▲

s✉❜♣♦rt❛❞♦r❛s ❡①✐st❡♠ ▲ ♠♦❞✉❧❛❞♦r❡s ❝✉❥❛s ❢r❡q✉ê♥❝✐❛s sã♦ f0, f1, ..., fk✳

❖ ❜❧♦❝♦ ❞❡ ❞❛❞♦s ❞❛ ❡♥tr❛❞❛ ❞♦ s✐st❡♠❛ ❖❋❉▼ é ❞✐✈✐❞✐❞♦ ❡♠ ▲ s✉❜♣♦rt❛❞♦r❛s ❝♦♠ ❜❛✐①❛

✶✽



t❛①❛ ❞❡ tr❛♥s♠✐ssã♦✱ ❡♠ q✉❡ ❝❛❞❛ ✉♠❛ ❞❡st❛s s✉❜♣♦rt❛❞♦r❛s t❡♠ Ts >> τ ✳ ❖s ❞❛❞♦s✱ ❛✐♥❞❛ q✉❡

tr❛♥s♠✐t✐❞♦s s❡♣❛r❛❞❛♠❡♥t❡ s♦❜r❡ ▲ s✉❜♣♦rt❛❞♦r❛s ♣❛r❛❧❡❧❛s✱ ♠❛♥té♠ ❛ ❛❧t❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦

t♦t❛❧ ❞❡s❡❥❛❞❛✳ ❆❧é♠ ❞✐ss♦✱ ❝♦♠ ❛ ✐♥❝❧✉sã♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛ ♣♦❞❡✲s❡ ❣❛r❛♥t✐r ✉♠ s✐st❡♠❛

❧✐✈r❡ ❞❡ ■❙■ ❬✷✶❪✳

▼♦str❛✲s❡ ♥❛ ❋✐❣✉r❛ ✸✳✽ ♦ ❞✐❛❣r❛♠❛ ❜ás✐❝♦ ❞❡ ✉♠ tr❛♥s♠✐ss♦r ❖❋❉▼✳

❋✐❣✉r❛ ✸✳✽✿ ❉✐❛❣r❛♠❛ ❜ás✐❝♦ ❞❡ ✉♠ tr❛♥s♠✐ss♦r ❖❋❉▼

✸✳✾ ❊sq✉❡♠❛ ❞❡ ♠♦❞✉❧❛çã♦ ❡ ❝♦❞✐✜❝❛çã♦

❖ ❡sq✉❡♠❛ ❞❡ ♠♦❞✉❧❛çã♦✱ q✉❡ tr❛♥s❢♦r♠❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❜✐ts ❡♠ sí♠❜♦❧♦s✱ tr❛♥s♠✐t✐rá ♠❛✐s

❜✐ts ♥❛ ♠❡❞✐❞❛ q✉❡ s✉❛ ❝♦♥st❡❧❛çã♦ t✐✈❡r ♠❛✐s ♣♦♥t♦s✳ ◆♦r♠❛❧♠❡♥t❡✱ ❛ ❡s❝♦❧❤❛ ❞♦ ❡sq✉❡♠❛ ❞❡

♠♦❞✉❧❛çã♦ s❡ ❞á ♣❡❧♦ ❝♦♠♣r♦♠✐ss♦ ❡♥tr❡ ❛ t❛①❛ ❞❡ ❞❛❞♦s tr❛♥s♠✐t✐❞❛ ❡ ❛ r♦❜✉st❡③ ❝♦♥tr❛ r✉í❞♦s

❞♦ ❝❛♥❛❧✳

❖s s✐st❡♠❛s ❞❡ tr❛♥s♠✐ssã♦ ❖❋❉▼ ❛♣r❡s❡♥t❛♠ ♠❛✐♦r r♦❜✉st❡③ ❛♦s r✉í❞♦s ❞♦ ❝❛♥❛❧✱ ❞❡✈✐❞♦ ❛♦

❛✉♠❡♥t♦ ♥♦ t❡♠♣♦ ❞❡ ❞✉r❛çã♦ ❞♦s sí♠❜♦❧♦s✳ ❈❛s♦ ❤❛❥❛♠ ❡rr♦s✱ ♦s sí♠❜♦❧♦s ♣♦❞❡♠ s❡r r❡❝✉♣❡✲

r❛❞♦s ♥❛ r❡❝❡♣çã♦ ♣♦r ♠❡✐♦ ❞❡ ❡sq✉❡♠❛s ❛♣r♦♣r✐❛❞♦s ❞❡ ❝♦❞✐✜❝❛çã♦✳ ❆ss✐♠✱ ❛♥t❡s ❞❡ ❡s❝♦❧❤❡r ♦s

♣❛râ♠❡tr♦s ❞❡ ❝♦❞✐✜❝❛çã♦ ❞❛ ✐♥❢♦r♠❛çã♦✱ é ♥❡❝❡ssár✐♦ ♦ ❡st✉❞♦ ❞♦ ♥í✈❡❧ ❞❡ r✉í❞♦ ❞♦ ❝❛♥❛❧✱ ♣❛r❛

q✉❡ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ót✐♠❛ s❡❥❛ s❡❧❡❝✐♦♥❛❞❛✳

❖✉tr❛ ✈❛♥t❛❣❡♠ ❞♦ ❖❋❉▼ é q✉❡ ♦s ❞❛❞♦s ❞❡ ❝❛❞❛ s✉❜♣♦rt❛❞♦r❛ ♣♦❞❡♠ s❡r ♠❛♣❡❛❞♦s ♣♦r

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

❞❡ ❞❛❞♦s tr❛♥s♠✐t✐❞♦s✳

✶✾



✸✳✶✵ ❈❖❋❉▼ ✭❈♦❞❡❞ ❖rt♦❣♦♥❛❧ ❋r❡q✉❡♥❝② ❉✐✈✐s✐♦♥ ▼✉❧t✐♣❧❡①✐♥❣✮

❖ ❡sq✉❡♠❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❡♠♣r❡❣❛❞♦ ✐♥✢✉❡♥❝✐❛rá ❞✐r❡t❛♠❡♥t❡ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ tr❛♥s♠✐ssã♦✳

❖ ❈❖❋❉▼ ❝♦♥té♠ ❡♥tr❡ s❡✉s ❡❧❡♠❡♥t♦s ❜ás✐❝♦s✿ ♦ ❡♥tr❡❧❛ç❛❞♦r ❡ ♦s ❝♦❞✐✜❝❛❞♦r❡s ✐♥t❡r♥♦s ❡

❡①t❡r♥♦s✳

❖ ❡♥tr❡❧❛ç❛❞♦r ❡❢❡t✉❛ ✉♠ ❡♠❜❛r❛❧❤❛♠❡♥t♦ ♥♦s ❞❛❞♦s✱ ❡ t♦r♥❛ ♦ ❡❢❡✐t♦ ❞♦s ❞❡s✈❛♥❡❝✐♠❡♥t♦s

♠❡♥♦s ❛❣r❡ss✐✈♦s✳ ■st♦ ♣♦r q✉❡ ♦s ❡rr♦s ♣r♦✈♦❝❛❞♦s ♣❡❧♦ ❞❡s✈❛♥❡❝✐♠❡♥t♦ ♥ã♦ ❛t✉❛rã♦ ❡♠ ❜❧♦❝♦s✱ ❡

s✐♠ ❞❡ ❢♦r♠❛ ❡s♣❛❧❤❛❞❛✳

❆ ❡s❝♦❧❤❛ ❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ❝♦❞✐✜❝❛çã♦ ✐♥t❡r♥❛ ❡ ❡①t❡r♥❛ t❛♠❜é♠ sã♦ ❞❡ ❢✉♥❞❛♠❡♥t❛❧ ✐♠♣♦r✲

tâ♥❝✐❛✱ ♣♦✐s q✉❛♥t♦ ♠❛✐♦r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❝♦rr❡çã♦ ❞❡st❡s ❝ó❞✐❣♦s✱ ♠❡♥♦s s✉s❝❡♣tí✈❡❧ ❛♦s ❡❢❡✐t♦s

❞♦ ❝❛♥❛❧ s❡rá ♦ s✐st❡♠❛ ❡ ♠❡❧❤♦r ♦ s❡✉ ❞❡s❡♠♣❡♥❤♦✳ ❖ ✉s♦ ❞❛ ❝♦❞✐✜❝❛çã♦ ❛❧✐❛❞❛ à tr❛♥s♠✐ssã♦

❖❋❉▼ é ❝♦♥❤❡❝✐❞❛ ♣♦r ❈❖❋❉▼ ✭❈♦❞❡❞ ❖rt♦❣♦♥❛❧ ❋r❡q✉❡♥❝② ❉✐✈✐s✐♦♥ ▼✉❧t✐♣❧❡①✐♥❣✮✳

✸✳✶✶ ❱❛♥t❛❣❡♥s ❡ ❞❡s✈❛♥t❛❣❡♥s

❈♦♠♦ ✈❛♥t❛❣❡♥s ❡ ❞❡s✈❛♥t❛❣❡♥s ❞♦ s✐st❡♠❛ ❖❋❉▼ ♣♦❞❡♠♦s ❝✐t❛r ❛s s❡❣✉✐♥t❡s✿

❱❛♥t❛❣❡♥s

• ❋á❝✐❧ ❛❞❛♣t❛çã♦ à ❝♦♥❞✐çõ❡s ❛❞✈❡rs❛s ❞♦s ❝❛♥❛✐s ❞❡ ❝♦♠✉♥✐❝❛çã♦ s❡♠ ✜♦✱ s❡♠ ♥❡❝❡ss✐t❛r ❞❡

❡q✉❛❧✐③❛çõ❡s ❝♦♠♣❧❡①❛s❀

• ❆❧t❛ r♦❜✉st❡③ ❡♠ r❡❧❛çã♦ às ✐♥t❡r❢❡rê♥❝✐❛s ❡♥tr❡ sí♠❜♦❧♦s ✭■❙■✮ ❡ ❞❡s✈❛♥❡❝✐♠❡♥t♦s ❝❛✉s❛❞♦s

♣♦r ♣r♦♣❛❣❛çã♦ ♠✉❧t✐♣❡r❝✉rs♦❀

• ❋á❝✐❧ ✐♠♣❧❡♠❡♥t❛çã♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ✉t✐❧✐③❛♥❞♦ ♦♣❡r❛çõ❡s ❝♦♠ ❋❋❚✴■❋❋❚❀

• ❇❛✐①❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❛ ❡rr♦s ❞❡ s✐♥❝r♦♥✐③❛çã♦ ❞♦ t❡♠♣♦❀

• ◆ã♦ sã♦ ♥❡❝❡ssár✐♦s ❛❥✉st❡s ♥♦s s✉❜❝❛♥❛✐s ❝♦♠ ✜❧tr♦s r❡❝❡♣t♦r❡s ✭❛♦ ❝♦♥trár✐♦ ❞♦ ❝♦♥✈❡♥❝✐♦♥❛❧

❋❉▼✮✳

• P♦❞❡ s❡r ✐♠♣❧❡♠❡♥t❛❞❛ ✉♠❛ ❛❞❛♣t❛çã♦ ❡s♣❡❝tr❛❧ ✢❡①í✈❡❧❀

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

❛❞❛♣t❛❞❛s ♣❛r❛ ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ❞❡ tr❛♥s♠✐ssã♦✳

❉❡s✈❛♥t❛❣❡♥s

• ❆ ❞✐st♦rçã♦ ❝❛✉s❛❞❛ ♣❡❧❛ ❛♠♣❧✐✜❝❛çã♦ ♥ã♦ ❧✐♥❡❛r ❛✐♥❞❛ é ✉♠ ❞♦s ♣r✐♥❝✐♣❛✐s ♣r♦❜❧❡♠❛s ❞❛

tr❛♥s♠✐ssã♦ ❖❋❉▼✱ ❞❡✈✐❞♦ à ❛❧t❛ r❛③ã♦ ❡♥tr❡ ❛s ♣♦tê♥❝✐❛s ❞❡ ♣✐❝♦ ❡ ❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ✭P❆P❘✮

q✉❡ ❝❛✉s❛ ❞✐st♦rçã♦ ❞♦ s✐♥❛❧ tr❛♥s♠✐t✐❞♦✳ P♦r ✐ss♦✱ ❛ ❛♥á❧✐s❡ ❞❛ P❆P❘ é ✐♠♣♦rt❛♥t❡ ♣❛r❛

❡✈✐t❛r ❛ ❞❡❣r❛❞❛çã♦ ❞♦ s✐st❡♠❛✱ ❛✉♠❡♥t♦ ❞❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛✱ ❛✉♠❡♥t♦ ❞❛ t❛①❛ ❞❡

❡rr♦ ❞❡ ❜✐t ❡ r❡❞✉çã♦ ❞❛ ✈❛③ã♦ ❞♦ s✐st❡♠❛✳

✷✵



• P❡r❞❛ ♥❛ ❡✜❝✐ê♥❝✐❛ ❡s♣❡❝tr❛❧ ❡ ♥❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❡✈✐❞♦ à ✐♥s❡rçã♦ ❞❡ ✐♥t❡r✈❛❧♦ ❞❡

❣✉❛r❞❛❀

• ❘✉í❞♦ ❞❡ ❢❛s❡ ❝❛✉s❛❞♦ ♣♦r ✐♠♣❡r❢❡✐çõ❡s ♥♦s ♦s❝✐❧❛❞♦r❡s t❛♥t♦ ❞♦ tr❛♥s♠✐ss♦r q✉❛♥t♦ ❞♦ r❡✲

❝❡♣t♦r ✐♥✢✉❡♥❝✐❛ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛❀

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

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

❞♦ s✐st❡♠❛✳

✷✶



❈❛♣ít✉❧♦ ✹

❘❛③ã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ❞❡ ♣✐❝♦ ❡ ❛
♣♦tê♥❝✐❛ ♠é❞✐❛ ✭P❆P❘✮

❖ ♣r♦❜❧❡♠❛ ❞❛ ❛❧t❛ r❛③ã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ❞❡ ♣✐❝♦

❡ ❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ✭P❆P❘✮ ✈❡♠ s❡♥❞♦ ❜❛st❛♥t❡

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

❢✉sã♦ ❞❛s r❡❞❡s s❡♠ ✜♦ ♦❝♦rr✐❞❛ ♥♦s ú❧t✐♠♦s ❝✐♥❝♦

❛♥♦s✳ ❆t✉❛❧♠❡♥t❡ sã♦ ✉t✐❧✐③❛❞♦s ❞✐✈❡rs♦s ♠ét♦❞♦s

♣❛r❛ r❡❞✉çã♦ ❞❛ P❆P❘ ♥♦s s✐♥❛✐s ❖❋❉▼✱ ❝❛❞❛

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

t❛❣❡♥s✱ ❛s q✉❛✐s s❡rã♦ ❛♣r❡s❡♥t❛❞❛s ❡ ❞✐s❝✉t✐❞❛s

♥❡st❡ ❝❛♣ít✉❧♦

✹✳✶ ■♥tr♦❞✉çã♦

❆ t❡❝♥♦❧♦❣✐❛ ❖❋❉▼ t❡♠ ❝❡rt❛s ❞❡✜❝✐ê♥❝✐❛s q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛ ❝♦♠ s✐st❡♠❛s ❞❡ ♣♦rt❛❞♦r❛

ú♥✐❝❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦ q✉❡ t❛♥❣❡ às ❞✐st♦rçõ❡s ❣❡r❛❞❛s ♣❡❧❛ ♣❛ss❛❣❡♠ ❞❡ s✐♥❛✐s ♣♦r ❞✐s♣♦s✐t✐✈♦s

♥ã♦ ❧✐♥❡❛r❡s✱ ❡❢❡✐t♦s ❞♦ r✉í❞♦ ❞❡ ❢❛s❡ ♥♦s ♦s❝✐❧❛❞♦r❡s ❡ ♣r♦❜❧❡♠❛s ❞❡ s✐♥❝r♦♥✐③❛çã♦ ❞❡ ❢r❡q✉ê♥❝✐❛

❞❛s s✉❜♣♦rt❛❞♦r❛s✳ ◆❡st❡ tr❛❜❛❧❤♦✱ é ♣r♦♣♦st♦ ♦ ❡st✉❞♦ ❞♦s ♣r♦❜❧❡♠❛s ❞❡❝♦rr❡♥t❡s ❞❛ ♣❛ss❛❣❡♠

❞❡ s✐♥❛✐s ♣♦r ❞✐s♣♦s✐t✐✈♦s ♥ã♦ ❧✐♥❡❛r❡s✱ q✉❡ s❡rá ♦ tó♣✐❝♦ ♠❛✐s ✐♠♣♦rt❛♥t❡ ❛ s❡r ❞✐s❝✉t✐❞♦✳

❆ ❛♥á❧✐s❡ ❞❡st❛s ❞✐st♦rçõ❡s é ❢❡✐t❛ ❝♦♠ ❜❛s❡ ♥❛ r❛③ã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ❞❡ ♣✐❝♦ ❡ ❛ ♣♦tê♥❝✐❛

♠é❞✐❛ ✭P❆P❘✮✳ ❊st❛ r❛③ã♦ é ✐♠♣♦rt❛♥t❡✱ ♣♦✐s ♦s ❛♠♣❧✐✜❝❛❞♦r❡s ✉t✐❧✐③❛❞♦s ♥❛ tr❛♥s♠✐ssã♦ ❞❡✈❡♠

s❡r ❧✐♥❡❛r❡s ❡♠ t♦❞❛ ❛ ❢❛✐①❛ ❞❡ ❛♠♣❧✐t✉❞❡s q✉❡ ♦ sí♠❜♦❧♦ ❖❋❉▼ ♣♦❞❡ ❛ss✉♠✐r✱ ❞♦ ❝♦♥trár✐♦ ❤❛✈❡rá

✉♠❛ q✉❡❜r❛ ❞❡ ♦rt♦❣♦♥❛❧✐❞❛❞❡ ♥♦ sí♠❜♦❧♦ tr❛♥s♠✐t✐❞♦ ❣❡r❛♥❞♦ ✐♥t❡r❢❡rê♥❝✐❛ ❡♥tr❡ ❝❛♥❛✐s ✭■❈■✮✳

❊st❡ ♣r♦❜❧❡♠❛ ❡stá ♣r❡s❡♥t❡ t❛♥t♦ ♥❛ r❛❞✐♦❞✐❢✉sã♦ ✈✐❛ s❛té❧✐t❡✱ ❡♠ q✉❡ ❛♠♣❧✐✜❝❛❞♦r❡s ❞❡ ❛❧t❛

♣♦tê♥❝✐❛ ✭❍P❆✮ ❡ tr❛♥s♣♦♥❞❡rs ♥ã♦ ❧✐♥❡❛r❡s ❡stã♦ ♣r❡s❡♥t❡s✱ q✉❛♥t♦ ♥❛ r❛❞✐♦❞✐❢✉sã♦ t❡rr❡str❡ ❡♠

q✉❡ sã♦ ✉t✐❧✐③❛❞♦s ❛♠♣❧✐✜❝❛❞♦r❡s ♦♣❡r❛♥❞♦ ❡♠ s✉❛ r❡❣✐ã♦ ♥ã♦ ❧✐♥❡❛r✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❛♠♣❧✐❛r ❛♦

♠á①✐♠♦ ♦ t❛♠❛♥❤♦ ❞❛ ár❡❛ ❣❡♦❣rá✜❝❛ ❡♠ q✉❡ ♦ s❡r✈✐ç♦ é ♦❢❡r❡❝✐❞♦✳

◗✉❛♥❞♦ ✉♠ s✐♥❛❧ é tr❛♥s♠✐t✐❞♦ ❛tr❛✈és ❞❡ ✉♠ ❞✐s♣♦s✐t✐✈♦ ♥ã♦ ❧✐♥❡❛r✱ ❝♦♠♦ ✉♠ ❛♠♣❧✐✜❝❛❞♦r ❞❡

❛❧t❛ ♣♦tê♥❝✐❛ ✭❍P❆✮✱ ❛ ❡♥❡r❣✐❛ ❣❡r❛❞❛ ❢♦r❛ ❞❛ ❜❛♥❞❛ ❡ ❛ ❞✐st♦rçã♦ ❞❡♥tr♦ ❞❛ ❜❛♥❞❛ ♣♦❞❡♠ ❝❛✉s❛r

✐♥t❡r❢❡rê♥❝✐❛s✱ ❛❢❡t❛♥❞♦ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡✳

✷✷



◆❡st❡ tr❛❜❛❧❤♦✱ ❛s ❞✐st♦rçõ❡s ❝❛r❛❝t❡r✐③❛❞❛s ♣❡❧❛ r❛③ã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ❞❡ ♣✐❝♦ ❡ ❛ ♣♦tê♥❝✐❛

♠é❞✐❛ ✭P❆P❘✮ s♦❜r❡ ♦ s✐♥❛❧ ❖❋❉▼✱ s❡rã♦ ❛✈❛❧✐❛❞❛s ❝♦♠ ❜❛s❡ ♥❛ ❛♥á❧✐s❡ ❞❛ ❝♦♥st❡❧❛çã♦ ❞♦ s✐♥❛❧

tr❛♥s♠✐t✐❞♦ ✈❡rs✉s r❡❝❡❜✐❞♦✱ ♥❛ ♠❛❣♥✐t✉❞❡ ❞♦ ✈❡t♦r ❞❡ ❡rr♦ ✭❊❱▼✮ ❞♦ s✐♥❛❧ r❡❝❡❜✐❞♦✱ ♥❛ r❛③ã♦

❞❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ♥♦ ❝❛♥❛❧ ❞❡ ❢r❡q✉ê♥❝✐❛ ❛❞❥❛❝❡♥t❡ ♣❡❧❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ♥♦ ❝❛♥❛❧ ❞❡ tr❛♥s♠✐ssã♦

❞❡ ❢r❡q✉ê♥❝✐❛ ✭❆❈P❘✮✱ ♥❛ t❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t✱ ❞❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ s✐st❡♠❛ ✭❚❉✮ ❡ ♥❛ ❞❡♥s✐❞❛❞❡

❡s♣❡❝tr❛❧ ❞❡ ♣♦tê♥❝✐❛ ❞♦ s✐♥❛❧ ✭P❙❉✮✳

✹✳✷ ◗✉❛♥t✐✜❝❛♥❞♦ ❛ r❛③ã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ❞❡ ♣✐❝♦ ❡ ❛ ♣♦tê♥❝✐❛

♠é❞✐❛ ❞♦ s✐♥❛❧ ✭P❆P❘✮

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

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

♣❛rt✐❝✉❧❛r✱ ❝❛❞❛ ✉♠❛ ❞❛s s❛í❞❛s ❛♠♦str❛❞❛s ❞❛ ■❋❋❚ ❡♥✈♦❧✈❡ ❛ s♦♠❛ ❞❡ ▲ ♥ú♠❡r♦s ❝♦♠♣❧❡①♦s✳

❊♠ ❬✷✻❪✱ é ❞❡✜♥✐❞♦ ♦ ❝♦♥❝❡✐t♦ ❞♦ t❡♦r❡♠❛ ❞♦ ❧✐♠✐t❡ ❝❡♥tr❛❧ ✭❚▲❈✮✱ q✉❡ ❛✜r♠❛ q✉❡ ❛ s♦♠❛ ❞❡

♠✉✐t❛s ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s ✐♥❞❡♣❡♥❞❡♥t❡s ❡ ❝♦♠ ♠❡s♠❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❝♦♥✈❡r❣❡ à

❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❞✐str✐❜✉✐çã♦ ●❛✉ss✐❛♥❛✳

❈♦♠ ❜❛s❡ ♥❡st❡ t❡♦r❡♠❛✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ♦ r❡s✉❧t❛❞♦ ❞♦s ✈❛❧♦r❡s ♥❛ s❛í❞❛ ❞❛ ■❋❋❚ ♣♦❞❡ s❡r

♠♦❞❡❧❛❞♦ ♣❛r❛ ✈❛❧♦r❡s ❣r❛♥❞❡s ❞❡ ▲ ❝♦♠♦ ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ♥♦r♠❛❧✳

❈♦♥s✐❞❡r❛♥❞♦ ✉♠ s✐♥❛❧ ❝♦♥tí♥✉♦ ♥♦ t❡♠♣♦ ①✭t✮✱ ♣❛r❛ ♦❜t❡r♠♦s ♦ ✈❛❧♦r ❞❛ P❆P❘ ❞❡✈❡✲s❡ ❝♦♥❤❡✲

❝❡r ❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ❡ ❛ ❛♠♣❧✐t✉❞❡ ♠á①✐♠❛ ❞♦ s✐♥❛❧✳ ❆ ❛♠♣❧✐t✉❞❡ ♠á①✐♠❛ ❞♦ s✐♥❛❧ s❡rá ♦ ✈❛❧♦r

♠á①✐♠♦ ❞❡ ❛♠♣❧✐t✉❞❡ ❡♥tr❡ ❝❛❞❛ sí♠❜♦❧♦ ❖❋❉▼ ❡ ♣♦tê♥❝✐❛ ♠é❞✐❛ ❞♦ s✐♥❛❧ é ♦ ✈❛❧♦r ❡s♣❡r❛❞♦ ❞❡

|x (t)|2✱ ♦✉ s❡❥❛✱ mx = E
[
|x (t)|2

]
✳ ❉❛❞♦ q✉❡ PAPRm r❡♣r❡s❡♥t❛ ♦ ✈❛❧♦r ❞❛ P❆P❘ ❡♠ ✉♠ sí♠❜♦❧♦

♠✱ t❡♠♦s✿

PAPRm =
max |x (t)|2

E
(
|x (t)|2

) ✭✹✳✶✮

❆ ❛♥á❧✐s❡ ❞❛ P❆P❘ ❞❡✈❡ s❡r ❜❛s❡❛❞❛ ♥❛ tr❛♥s♠✐ssã♦ ❞❡ ✉♠ s✐♥❛❧ ❛♥❛❧ó❣✐❝♦✱ ♣♦ré♠✱ ♣❛r❛ q✉❡ ♦

s✐♥❛❧ s❡❥❛ ✐♠♣❧❡♠❡♥t❛❞♦ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡✱ ♦ s✐♥❛❧ ❞✐s❝r❡t♦ ♥♦ t❡♠♣♦ x [n] ❞❡✈❡ s❡r s✉♣❡r❛♠♦s✲

tr❛❞♦ ❝♦♠ ✉♠ ❢❛t♦r ❛❞✐❝✐♦♥❛❧ ❞❡ ❛♠♦str❛s✱ ✉t✐❧✐③❛❞♦ ♣❛r❛ ✐♥t❡r♣♦❧❛r ♦ s✐♥❛❧ ❞✐❣✐t❛❧ ❡ ❞❡✐①á✲❧♦ ♠❛✐s

♣ró①✐♠♦ ❞❡ ✉♠ s✐♥❛❧ ❛♥❛❧ó❣✐❝♦✳

❖ ❢❛t♦r ❞❡✜♥✐❞♦ ♣❛r❛ ✐♥t❡r♣♦❧❛çã♦ ❢♦✐ ❞❡♥♦♠✐♥❛❞♦ ❞❡ fos✱ ❡ ♥❡st❡ tr❛❜❛❧❤♦ ❝♦♥s✐❞❡r♦✉✲s❡ fos = 4✳

❆ P❆P❘ é ❝❛❧❝✉❧❛❞❛ s♦❜r❡ ✉♠ ú♥✐❝♦ sí♠❜♦❧♦ ❖❋❉▼✱ ♦ q✉❛❧ ❝♦♥s✐st❡ ❡♠ ((L+Ng)∗fos) ❛♠♦str❛s

♦✉ ♦ t❡♠♣♦ ❞❡ ❞✉r❛çã♦ ❞♦ sí♠❜♦❧♦ (Ts)✳ ❆ P❆P❘ ❞❡ ✉♠ s✐♥❛❧ ❞✐s❝r❡t♦ ♥♦ t❡♠♣♦ ♣♦❞❡ s❡r ♦❜t✐❞❛

❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

PAPRm =
max |x [n]|2

E
[
|x [n]|2

] ✭✹✳✷✮

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ s✐♥❛❧ ❖❋❉▼ é ❛ s✉♣❡r♣♦s✐çã♦ ❞❡ ▲ s✉❜♣♦rt❛❞♦r❛s ♠♦❞✉❧❛❞❛s✱ ♣♦❞❡ ❛❝♦♥✲

t❡❝❡r ❞♦s ▲ s✐♥❛✐s s❡r❡♠ ❛❞✐❝✐♦♥❛❞♦s ❝♦♠ ❛ ♠❡s♠❛ ❢❛s❡✱ ♣r♦❞✉③✐♥❞♦ ✉♠ ♣✐❝♦ ❞❡ ♣♦tê♥❝✐❛ q✉❡ é ▲

✷✸



✈❡③❡s ❛ ♣♦tê♥❝✐❛ ♠é❞✐❛✳ ❆ ❞✐str✐❜✉✐çã♦ ❞❡ ❛♠♣❧✐t✉❞❡ ❞❡♣❡♥❞❡ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ ▲ ❡ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡

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

✹✳✸ ▼ét♦❞♦s ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘

❯♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♠ét♦❞♦s ❞❡ r❡❞✉çã♦ ❞♦s ❡❢❡✐t♦s ❞❛ P❆P❘ ♥♦s s✐♥❛✐s ❖❋❉▼ t❡♠

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

❞❡ ♣♦tê♥❝✐❛ r❡q✉❡r✐❞♦ ❞♦s ❛♠♣❧✐✜❝❛❞♦r❡s ❡ ♦s ❡❢❡✐t♦s ❞❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✳

✹✳✸✳✶ ▼ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧ ✭❝❧✐♣♣✐♥❣✮

❖ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧ ❝♦♥s✐st❡ s✐♠♣❧❡s♠❡♥t❡ ❡♠ ❧✐♠✐t❛r ♦ s✐♥❛❧ ❛ ✉♠❛ ❝❡rt❛ ❛♠♣❧✐t✉❞❡✱

♦✉ s❡❥❛✱ ❛tr✐❜✉✐ ✉♠ ✈❛❧♦r ❞❡✜♥✐❞♦ ♣❛r❛ ❛ ❛♠♣❧✐t✉❞❡ ❞♦ s✐♥❛❧ q✉❛♥❞♦ ❡st❛ ✉❧tr❛♣❛ss❛ ✉♠ ✈❛❧♦r

❧✐♠✐t❡✳ ❆ ✈❛♥t❛❣❡♠ ❞❡st❡ ♠ét♦❞♦ é s✉❛ s✐♠♣❧✐❝✐❞❛❞❡✱ ❡♥q✉❛♥t♦ q✉❡ ❛ ❞❡s✈❛♥t❛❣❡♠ é ✉♠ ❛✉♠❡♥t♦

❞❛ ✐♥t❡r❢❡rê♥❝✐❛ ❢♦r❛ ❞❡ ❜❛♥❞❛ ❡ ❛ ❞✐st♦rçã♦ ❞♦ s✐♥❛❧✳ ❉❡✈✐❞♦ ❛ ❡st❛ ❞✐st♦rçã♦✱ ✉♠ t✐♣♦ ❞❡ ❛✉t♦✲

✐♥t❡r❢❡rê♥❝✐❛ é ✐♥tr♦❞✉③✐❞♦✱ ❛✉♠❡♥t❛♥❞♦ ❛ t❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t ✭❇❊❘✮✳

❊♠❜♦r❛ ❡st❡ ♠ét♦❞♦ s❡❥❛ ❞❡✜♥✐t✐✈❛♠❡♥t❡ ❛ s♦❧✉çã♦ ♠❛✐s s✐♠♣❧❡s✱ ❡①✐st❡♠ ❛❧❣✉♥s ♣r♦❜❧❡♠❛s

❛ss♦❝✐❛❞♦s ❛ ❡st❡ ♠ét♦❞♦ q✉❡ s❡rã♦ ♠♦str❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✻✳

❆ ❧✐♠✐t❛çã♦ ✐♠♣❧❡♠❡♥t❛❞❛ ✈❛✐ ❞❡♣❡♥❞❡r ❞♦ ❛♠♣❧✐✜❝❛❞♦r ✉t✐❧✐③❛❞♦✳ ❖ s✐♥❛❧ ♣♦❞❡ s❡r ❧✐♠✐t❛❞♦

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

♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ♦ ✈❛❧♦r ♠á①✐♠♦ ❞❛ ❡♥tr❛❞❛ ❞♦ ❛♠♣❧✐✜❝❛❞♦r✱ ❛♥t❡s ❞❛ ❢❛✐①❛ ❞❡ s❛t✉r❛çã♦✳ ◆♦

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

❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✳

❆ ❋✐❣✉r❛ ✹✳✶ ♠♦str❛ ♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛ r❡❞✉çã♦ ❞❛ P❆P❘ ♥♦ s✐♥❛❧ ❖❋❉▼✳

P❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦✱ ❝♦♥s✐❞❡r♦✉✲s❡ ♦ ♠♦❞❡❧♦ t❡ór✐❝♦ ❞❡s❝r✐t♦ ❡♠ ❬✼❪✱

q✉❡ ❞❡s❝r❡✈❡ ❛ ❧✐♠✐t❛çã♦ ❞❡ ✉♠ s✐♥❛❧ ❖❋❉▼ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

x(t) =

{
s(t) = A(t)e

jϕ(t) s❡ |s(t)| ≤ Amax

Amaxejϕ(t) s❡ |s(t)| > Amax

✭✹✳✸✮

❡♠ q✉❡ s✭t✮ é ❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠ s✐♥❛❧ ❖❋❉▼ ❡♠ ❜❛♥❞❛ ❜❛s❡✱ Amax é ❛ ❛♠♣❧✐t✉❞❡ ♠á①✐♠❛

❞❡s❡❥❛❞❛ ❡ ϕ (t) é ❛ ❢❛s❡ ❞❡ s✭t✮✳

❖ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞✐♠✐♥✉✐ ❛ ❢❛✐①❛ ❞✐♥â♠✐❝❛ ❞❡ ❛♠♣❧✐t✉❞❡ ❞❡ ✉♠ s✐♥❛❧ ❖❋❉▼✱ ♦ q✉❡ r❡s✉❧t❛

❡♠ r❡❞✉çã♦ ❞❡ P❆P❘✳ ◆♦ ❡♥t❛♥t♦✱ s✉❛ ✉t✐❧✐③❛çã♦ ✐♥t❡♥s✐✜❝❛ ❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛✳

◆❡st❡ tr❛❜❛❧❤♦✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ✉♠ ✜❧tr♦ ♣❛ss❛ ❜❛✐①❛ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡❞✉③✐r ♦s ❡❢❡✐t♦s ❞❛

r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛ r❡s✉❧t❛♥t❡ ❞❡st❡ ♠ét♦❞♦ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❛✉♠❡♥t❛r ❛ r❛③ã♦ ❡♥tr❡ ❛

♣♦tê♥❝✐❛ ♠é❞✐❛ ♥♦ ❝❛♥❛❧ ❞❡ ❢r❡q✉ê♥❝✐❛ ❛❞❥❛❝❡♥t❡ ❡ ❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ♥♦ ❝❛♥❛❧ ❞❡ tr❛♥s♠✐ssã♦ ❞❡

❢r❡q✉ê♥❝✐❛ ✭❆❈P❘ ✲ ❆❞❥❛❝❡♥t ❈❤❛♥♥❡❧ P♦✇❡r ❘❛t✐♦✮✳

✷✹



❋✐❣✉r❛ ✹✳✶✿ ■♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧

◆❡st❡ ❝❛s♦✱ ❛ ✈❛r✐❛çã♦ ❞❛ P❆P❘ ♦❝♦rr❡ s♦♠❡♥t❡ q✉❛♥❞♦ ♦ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ é ♣❡q✉❡♥♦✱ ♦✉ s❡❥❛✱

♦ s✐♥❛❧ ❡stá ❜❛st❛♥t❡ ❞✐st♦r❝✐❞♦✳ ◆❛ ♠❡❞✐❞❛ q✉❡ ♦ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ ❛✉♠❡♥t❛✱ ❛ ❆❈P❘ é q✉❛s❡ ❛

♠❡s♠❛ ❞❛ tr❛♥s♠✐ssã♦ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♥❡♥❤✉♠ ♠ét♦❞♦ ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘✱ ♣♦✐s ♣❛r❛ r❡❝✉♦s

❞❡ ♣♦tê♥❝✐❛ ♠❛✐♦r❡s ♦ s✐♥❛❧ é ♣♦✉❝♦ ❞✐st♦r❝✐❞♦✳

❉❡♣❡♥❞❡♥❞♦ ❞♦ ♥í✈❡❧ ❞❡ ❧✐♠✐t❛çã♦ ✉t✐❧✐③❛❞♦✱ ♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ q✉❛♥❞♦ ✐♠♣❧❡♠❡♥t❛❞♦ s❡♠

❛ ✉t✐❧✐③❛çã♦ ❞❡ ✜❧tr♦ ♦✉ s❡♠ s❡r ❝♦♠❜✐♥❛❞♦ ❝♦♠ ♦✉tr♦ ♠ét♦❞♦ ♥ã♦ ❛t❡♥❞❡ às ♠ás❝❛r❛s ❡s♣❡❝tr❛✐s

♥♦r♠❛t✐③❛❞❛s ♣❛r❛ ♦s ♣❛❞rõ❡s ❊❚❙■ ❊▼ ✸✵✶ ✵✷✶ ❬✷✼❪ ❡ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪✱ ♥♦ q✉❡ t❛♥❣❡ ❛

❞❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞❡ ♣♦tê♥❝✐❛✳

❆♣❡s❛r ❞♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ♣r♦♣✐❝✐❛r ✉♠❛ ❣r❛♥❞❡ r❡❞✉çã♦ ❞❛ P❆P❘ ❡ s❡r ✉♠ ❞♦s ♠ét♦❞♦s

♠❛✐s s✐♠♣❧❡s ❞❡ s❡r ✐♠♣❧❡♠❡♥t❛❞♦✱ ❡❧❡ ❝♦♥tr✐❜✉✐ ❞✐r❡t❛♠❡♥t❡ ♣❛r❛ ♦ ❛✉♠❡♥t♦ ❞♦ r✉í❞♦ ❡ ❞❛ t❛①❛

❞❡ ❡rr♦ ❞❡ ❜✐t ✭❇❊❘✮✳ ◆❡st❡ ❛s♣❡❝t♦✱ ❞❡✈❡♠♦s ♣❡♥s❛r ♥❛s r❡❛✐s ♥❡❝❡ss✐❞❛❞❡s ❞♦ ♥♦ss♦ s✐st❡♠❛✱ ♦✉

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

❝❛s♦ s❡❥❛ ♠❛❧ ❡♠♣r❡❣❛❞❛✳

✹✳✸✳✷ ▼ét♦❞♦ ❞❡ ❥❛♥❡❧❛♠❡♥t♦ ❞❡ ♣✐❝♦ ♦✉ ❢✉♥çã♦ ❞❡ ❝♦rr❡çã♦

❊st❡ ♠ét♦❞♦ ✉t✐❧✐③❛ ✉♠ ❡♥❢♦q✉❡ ❞✐❢❡r❡♥t❡ ❞♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧✳ ❆ ✐❞é✐❛ ❛q✉✐ é

♠✉❧t✐♣❧✐❝❛r ♦✉ ❛❞✐❝✐♦♥❛r ✉♠❛ ❥❛♥❡❧❛ ♥ã♦ r❡t❛♥❣✉❧❛r ♥♦s ♣✐❝♦s ❞♦ s✐♥❛❧✱ ❝♦♠ ❛ ♠á①✐♠❛ ❛♠♣❧✐t✉❞❡

❧✐♠✐t❛❞❛ ❛♦ ♥í✈❡❧ ❞❡ ❝♦rt❡✳

❯♠❛ ❞❛s ✈❛♥t❛❣❡♥s ❞❡st❡ ♠ét♦❞♦ é q✉❡ ❡❧❡ ❧✐♠✐t❛ ❛s ❡♠✐ssõ❡s ❡s♣❡❝tr❛✐s ❢♦r❛ ❞❡ ❜❛♥❞❛✱ ❛♦

✷✺



❝♦♥trár✐♦ ❞♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧✱ q✉❡ ❛✉♠❡♥t❛ ❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛✳ ❆ ✐♠♣❧❡♠❡♥t❛çã♦

✉s✉❛❧ ❡♥❝♦♥tr❛❞❛ ♥❛ ❧✐t❡r❛t✉r❛ é ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❢✉♥çõ❡s ❞❡ ❥❛♥❡❧❛♠❡♥t♦ ❝♦♠♦ ❛ ♠✉❧t✐♣❧✐❝❛çã♦ ❞❡

✉♠❛ ❥❛♥❡❧❛ ❣❛✉ss✐❛♥❛ ❝❡♥tr❛❞❛ ♥♦s ♣✐❝♦s ❞♦ s✐♥❛❧ ❬✽❪✱ ♦✉ ❛ ❛❞✐çã♦ ❞❡ ✉♠❛ ❢✉♥çã♦ s✐♥❝ ❛♦ s✐♥❛❧

♦r✐❣✐♥❛❧ ❬✾❪✳ ◆♦ ❡♥t❛♥t♦✱ ❞✐✈❡rs❛s ❥❛♥❡❧❛s ✈ê♠ s❡♥❞♦ ❡①♣❡r✐♠❡♥t❛❞❛s ♣❛r❛ r❡❞✉③✐r ❛ P❆P❘✱ ❝♦♠♦

❛s ❥❛♥❡❧❛s ❞❡ ❤❛♠♠✐♥❣✱ ❦❛✐s❡r ❡ ❝♦ss❡♥♦ ❧❡✈❛♥t❛❞♦ ✐♠♣❧❡♠❡♥t❛❞❛s ❡♠ ❬✶✵❪✳

❈♦♥❢♦r♠❡ ❬✷✽❪✱ ✉♠❛ ❜♦❛ ❥❛♥❡❧❛ ❞❡ ♠✉❧t✐♣❧✐❝❛çã♦ é ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❝♦♠♣r✐♠❡♥t♦ ✜♥✐t♦ ❝✉❥❛

r❡s♣♦st❛ ♥❛ ❢r❡q✉ê♥❝✐❛✱ q✉❛♥❞♦ ❝♦♥✈♦❧✉í❞❛ ❝♦♠ ✉♠❛ r❡s♣♦st❛ ♥❛ ❢r❡q✉ê♥❝✐❛ ✐❞❡❛❧✱ ♣r♦❞✉③ ❛ ♠❡♥♦r

❞✐st♦rçã♦ ♣♦ssí✈❡❧✳ ❊ss❛ ♠í♥✐♠❛ ❞✐st♦rçã♦ ♦❝♦rr❡ q✉❛♥❞♦ ❛ r❡s♣♦st❛ ♥❛ ❢r❡q✉ê♥❝✐❛ ❞❛ ❥❛♥❡❧❛ t❡♠

✉♠❛ ❢♦r♠❛ ♣❛r❡❝✐❞❛ ❝♦♠ ❛ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✹✳✷✳ ❈♦♥t✉❞♦✱ s✐♥❛✐s ❝♦♠ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛

❧✐♠✐t❛❞❛ ♥ã♦ ♣♦❞❡♠ s❡r ❧✐♠✐t❛❞♦s ♥♦ t❡♠♣♦✱ ♦ q✉❡ ❝♦♥tr❛❞✐③ ♥♦ss♦ ♣r✐♥❝✐♣❛❧ r❡q✉✐s✐t♦✳ ■ss♦ s✐❣♥✐✜❝❛

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

♠❛✐♦r ♣❛rt❡ ❞❡ s✉❛ ❡♥❡r❣✐❛ ❝♦♥❝❡♥tr❛❞❛ ❡♠ t♦r♥♦ ω = 0✳

❋✐❣✉r❛ ✹✳✷✿ ❘❡s♣♦st❛ ♥❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✉♠❛ ❢✉♥çã♦ ❥❛♥❡❧❛ ω(n)

❆ ❥❛♥❡❧❛s ♠❛✐s ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❥❛♥❡❧❛♠❡♥t♦ sã♦ ❛s ❞❡ ❣❛✉ss ❬✽❪

❡ s✐♥❝ ❬✾❪✳ ❊st❛s ❥❛♥❡❧❛s sã♦ ❛♣❧✐❝❛❞❛s ❡♠ ❝❛❞❛ ♣✐❝♦ ❞❡ ♣♦tê♥❝✐❛✱ ❧✐♠✐t❛♥❞♦ ❛ ❛♠♣❧✐t✉❞❡ ❞♦ s✐♥❛❧✳

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

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

♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✳ ❏á ❛ ❢✉♥çã♦ ❥❛♥❡❧❛ s✐♥❝ ❞❡✈❡ s❡r s♦♠❛❞❛ ❛♦ s✐♥❛❧ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✳

❖ q✉❡ r❡♣r❡s❡♥t❛ ❛ s♦♠❛ ❞❡ ✉♠❛ ❢✉♥çã♦ r❡t❛♥❣✉❧❛r ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✳

❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡st❡ ♠ét♦❞♦ é ❜❛st❛♥t❡ út✐❧ ♣❛r❛ r❡❞✉③✐r ❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❛ ❜❛♥❞❛ r❡s✉❧t❛♥t❡

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

♠ét♦❞♦ ✐♥tr♦❞✉③ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡ ♥♦ s✐♥❛❧✱ ♣♦ré♠ ♦ ❛✉♠❡♥t♦ ❞❡ ✐♥t❡r❢❡rê♥❝✐❛ ❢♦r❛ ❞❛ ❜❛♥❞❛ ❞❡s❡❥❛❞❛

só ♦❝♦rr❡ ♥❛s ♣r♦①✐♠✐❞❛❞❡s ❞❡st❛ ❜❛♥❞❛✱ ♣♦❞❡♥❞♦ s❡r ❝❛r❛❝t❡r✐③❛❞❛ ❝♦♠♦ ✉♠ ♣❡q✉❡♥♦ ❛✉♠❡♥t♦ ♥❛

❜❛♥❞❛ ❞♦ s✐♥❛❧ tr❛♥s♠✐t✐❞♦✳

❖ ❥❛♥❡❧❛♠❡♥t♦ é ✉♠ ♠ét♦❞♦ ❜❡♠ ❝♦♥❤❡❝✐❞♦ ♣❛r❛ r❡❞✉③✐r ♦ ♥í✈❡❧ ❞♦s ❧ó❜✉❧♦s ❧❛t❡r❛✐s ❡ ❛ss✐♠

r❡❞✉③✐r ❛s ❡♠✐ssõ❡s ❞❡ ♣♦tê♥❝✐❛ ❢♦r❛ ❞❡ ❜❛♥❞❛✱ ❛❧é♠ t❛♠❜é♠ ❞❡ s❡r✈✐r ❝♦♠♦ ✉♠ ♠ét♦❞♦ ❞❡ r❡❞✉çã♦
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❋✐❣✉r❛ ✹✳✸✿ ▼ét♦❞♦ ❞❡ ❥❛♥❡❧❛♠❡♥t♦ ✉t✐❧✐③❛♥❞♦ ❛ ❥❛♥❡❧❛ ❣❛✉ss✐❛♥❛

❞❡ P❆P❘✳ ❆ ❋✐❣✉r❛ ✹✳✸ ✐❧✉str❛ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡st❡ ♠ét♦❞♦✳

❆ ❋✐❣✉r❛ ✹✳✸✲❛ ♠♦str❛ ♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ ❝♦♠ ♦s ♣✐❝♦s ❞❡ ❛♠♣❧✐t✉❞❡ ♠❛✐♦r❡s q✉❡ ♦ ❧✐♠✐t❡ ♣ré✲

❞❡✜♥✐❞♦✳ ❊♠ ✹✳✸✲❜ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ❛ ❥❛♥❡❧❛ ❣❛✉ss✐❛♥❛ q✉❡ s❡rá ✉t✐❧✐③❛❞❛ ♥❛ ♠✉❧t✐♣❧✐❝❛çã♦ ❞♦s ♣✐❝♦s

❞❡ ❛♠♣❧✐t✉❞❡✳ ◆❛ ❋✐❣✉r❛ ✹✳✸✲❝ ♠♦str❛✲s❡ ♦ s✐♥❛❧ ❛♣ós ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❥❛♥❡❧❛♠❡♥t♦✳

✹✳✸✳✸ ❙✉❜♣♦rt❛❞♦r❛s ❱✐rt✉❛✐s ✭❉❙■ ✲ ❉✉♠♠② ❙❡q✉❡♥❝❡ ■♥s❡rt✐♦♥ ✮

❊st❡ ♠ét♦❞♦ ❝♦♥s✐❞❡r❛ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ✉t✐❧✐③❛r ❛s s✉❜♣♦rt❛❞♦r❛s ❞♦ ♣❛❞rã♦ ❖❋❉▼ q✉❡ ♥ã♦

❝❛rr❡❣❛♠ ✐♥❢♦r♠❛çõ❡s✳ ◆♦r♠❛❧♠❡♥t❡✱ é ✐♠♣❧❡♠❡♥t❛❞❛ ♥❛s ❜❛♥❞❛s ❞❡ ❣✉❛r❞❛ ❡ ♥❛s s✉❜♣♦rt❛❞♦r❛s

♥✉❧❛s✱ ♣r❡✈✐st❛s ♥❛ ❝❛♠❛❞❛ ❢ís✐❝❛ ❞♦ ♣❛❞rã♦ ❲✐▼❆❳✳ ◆❡st❛s s✉❜♣♦rt❛❞♦r❛s sã♦ ✐♥s❡r✐❞♦s sí♠❜♦❧♦s

r❡❞✉♥❞❛♥t❡s ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡❞✉③✐r ♦ ❡♥✈❡❧♦♣❡ ❞♦ s✐♥❛❧ tr❛♥s♠✐t✐❞♦ ❡ ❛ P❆P❘✳

❆ ✐♥s❡rçã♦ ❞❡ sí♠❜♦❧♦s ♣♦❞❡ s❡r ❢❡✐t❛ ❡♠ q✉❛❧q✉❡r s✉❜♣♦rt❛❞♦r❛✱ ♠❛s✱ ♥♦r♠❛❧♠❡♥t❡✱ sã♦ ✉t✐❧✐✲

③❛❞❛s ❛s s✉❜♣♦rt❛❞♦r❛s ♥✉❧❛s✱ ♣r❡s❡r✈❛♥❞♦ ❛ ❡✜❝✐ê♥❝✐❛ ❡s♣❡❝tr❛❧ ❞♦ s✐st❡♠❛✳ ❊st❛s s✉❜♣♦rt❛❞♦r❛s

sã♦ ❞❡♥♦♠✐♥❛❞❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s ♣❛r❛ r❡❞✉③✐r ❛ P❆P❘ s❡♠ ❝❛✉s❛r

✐♥t❡r❢❡rê♥❝✐❛ ♥❛s s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s✳

❯♠❛s ❞❛s ❣r❛♥❞❡s ✈❛♥t❛❣❡♥s ❞❡st❡ ♠ét♦❞♦ é q✉❡ s✉❛ ✐♠♣❧❡♠❡♥t❛çã♦ s❡ r❡str✐♥❣❡ ❛ ♠♦❞✐✜❝❛r

❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ♥♦ tr❛♥s♠✐ss♦r✱ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠♦❞✐✜❝❛çõ❡s ♥♦ r❡❝❡♣t♦r✳

❆ ❋✐❣✉r❛ ✹✳✹ ♠♦str❛ ❛ ❡str✉t✉r❛ ❞♦s sí♠❜♦❧♦s ❖❋❉▼ ♣r♦♣♦st❛ ♣❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛s

s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✱ r❡♣r❡s❡♥t❛❞♦s ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✱ ♦♥❞❡ ▲ é ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜♣♦r✲

t❛❞♦r❛s ❞♦ s✐st❡♠❛✱ ❙ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜♣♦rt❛❞♦r❛s q✉❡ sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ tr❛♥s♠✐t✐r ♦s sí♠❜♦❧♦s
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r❡❞✉♥❞❛♥t❡s✱ s❡♥❞♦ q✉❡ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ❙ ❁ ▲✱ ❡ ❉ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜♣♦rt❛❞♦r❛s ✉t✐❧✐③❛❞❛s ♣❛r❛

❝❛rr❡❣❛r ❞❛❞♦s✱ s❡♥❞♦ q✉❡ ❉ ❂ ▲ ✲ ❙✳

❋✐❣✉r❛ ✹✳✹✿ ❉✐❛❣r❛♠❛ ❞❛ té❝♥✐❝❛ ❞❡ s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s

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

♣♦st♦ ♣♦r ●❛t❤❡r❡r ❡ P♦❧❧❡② ❬✶✹❪✱ q✉❡ ❞❡s❝r❡✈❡ ✉♠ ❛❧❣♦r✐t♠♦ ✐t❡r❛t✐✈♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦t✐♠✐③❛r ❛

❢❛s❡ ❞♦s sí♠❜♦❧♦s tr❛♥s♠✐t✐❞♦s ♥❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✳ ❖ ❛❧❣♦r✐t♠♦ é ✐♠♣❧❡♠❡♥t❛❞♦ ♣♦r ♠❡✐♦

❞♦s s❡❣✉✐♥t❡s ♣❛ss♦s✿

✶✳ ❖ ✈❡t♦r ❞❡ ❞❛❞♦s✱ X✱ ♣❛ss❛ ♣❡❧❛ ■❋❋❚ ♦❜t❡♥❞♦✲s❡ x = IFFT {X}❀

✷✳ ❙❡ ♦ s✐♥❛❧ ❛♣ós ❛ ■❋❋❚ ❡♠ ❛❧❣✉♠❛ ❛♠♦str❛ ❢♦r ♠❛✐♦r q✉❡ ♦ ❧✐♠✐t❡ ♣ré✲❞❡✜♥✐❞♦ ✱ x > Amax✱

❡♥tã♦ ❡❧❡ é ❧✐♠✐t❛❞♦ ♣♦r ♠❡✐♦ ❞❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦✱ x = Amaxejθl ❀

✸✳ ❋❛③✲s❡ ❛ ❛✈❛❧✐❛çã♦ s❡ ❛❧❣✉♠ sí♠❜♦❧♦ ❢♦✐ ❧✐♠✐t❛❞♦✳ ❊♠ ❝❛s♦ ❛✜r♠❛t✐✈♦✱ s❡❣✉❡✲s❡ ♣❛r❛ ♦ ♣ró①✐♠♦

♣❛ss♦✳ ❊♠ ❝❛s♦ ♥❡❣❛t✐✈♦✱ ♦ ♣r♦❣r❛♠❛ é t❡r♠✐♥❛❞♦✱ ❤❛❥❛ ✈✐st❛ q✉❡ ♥ã♦ ❡①✐st❡♠ ♣✐❝♦s ♠❛✐♦r❡s

q✉❡ ❛ ❛♠♣❧✐t✉❞❡ ♠á①✐♠❛✳

✹✳ ❆♣ós ❛ ❧✐♠✐t❛çã♦ ❞♦s sí♠❜♦❧♦s é ❛♣❧✐❝❛❞❛ ❛ ❋❋❚✱ X = FFT {x}✳

✺✳ ◆❡st❡ ♣❛ss♦ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡♥❝♦♥tr❛♠✲s❡ ❝♦♠ ✈❛❧♦r❡s ♦❜t✐❞♦s ♥❛ ■❋❋❚ ❡ ♥❛ ❋❋❚✳

❆s s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s sã♦ r❡st❛✉r❛❞❛s ❛♦s ✈❛❧♦r❡s ♦r✐❣✐♥❛✐s ❡ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s

sã♦ ♠❛♥t✐❞❛s ❝♦♠ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ❛♣ós ♦s ✹ ♣❛ss♦s ❛♥t❡r✐♦r❡s✳

✻✳ ❈♦♠ ❛s s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s ❝♦♠ ✈❛❧♦r❡s ♦r✐❣✐♥❛✐s ❡ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❝♦♠ ♦s

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

✉♠❛ ✐t❡r❛çã♦✳ ❖ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s ❝♦♥✈❡r❣❡ ❛ ✉♠ ✈❛❧♦r ✜♥✐t♦✳

✷✽



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

❉❛r❞❛r✐✲❚r❛❧❧✐✲❱❛❝❝❛r✐ ❬✶✺❪✱ q✉❡ é ❜❛st❛♥t❡ ❛❞❡q✉❛❞♦ à ✉t✐❧✐③❛çã♦ ♥❛ ♣rát✐❝❛ ❡ ♣♦ss✉✐ ♣♦✉❝❛ ❝♦♠✲

♣❧❡①✐❞❛❞❡ ❝♦♠♣✉t❛❝✐♦♥❛❧✳

❊♠ ❬✶✺❪✱ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦ ✈❛❧♦r ❞♦s sí♠❜♦❧♦s r❡❞✉♥❞❛♥t❡s q✉❡ ❞❡✈❡♠ s❡r tr❛♥s♠✐t✐❞♦s✱ é

✐♥s❡r✐❞♦ ♥♦ s✐st❡♠❛ ✉♠ ❜❧♦❝♦ ❛❞✐❝✐♦♥❛❧ ❝❤❛♠❛❞♦ ❞❡ ❜❧♦❝♦ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦✳ ❊st❡ ❜❧♦❝♦ é

❛❧✐♠❡♥t❛❞♦ ♣♦r ✉♠ ✈❡t♦r ❞❡ ❞❛❞♦s ❝♦♥t✐❞♦ ❡♠ ✉♠ sí♠❜♦❧♦ ❖❋❉▼✱ ♦♥❞❡ d = {dk}✱ ❝♦♠ ♦ í♥❞✐❝❡

k = {0, 1, 2, . . . , L − 1}✳ ❈♦♠♦ s♦♠❡♥t❡ ▲ ✲ ❙ s✉❜♣♦rt❛❞♦r❛s ❝❛rr❡❣❛♠ ❞❛❞♦s✱ ❡♥tã♦ ♣♦❞❡♠♦s

❝♦♥s✐❞❡r❛r dk = 0 ♣❛r❛ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✳

❆ s❛í❞❛ ❞♦ ❜❧♦❝♦ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ♣r♦❞✉③ ✉♠ ✈❡t♦r b = {bk}✱ ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦ s♦♠❡♥t❡

♥❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✱ ❡♥tã♦ ❡st❡ ✈❡t♦r é s♦♠❛❞♦ ❛♦ ✈❡t♦r ❞ ❞❛♥❞♦ ♦r✐❣❡♠ ❛♦ ✈❡t♦r ❛✱ q✉❡

❛❧✐♠❡♥t❛ ❛ ❡♥tr❛❞❛ ❞❛ ■❋❋❚✳ ❉❡st❛ ❢♦r♠❛✱ ♦ ❡❧❡♠❡♥t♦ ak ❞❡ ✉♠ ✈❡t♦r ❛ é ❞❛❞♦ ♣♦r✿

ak =

{
dk ❝♦♠ k ∈ D

bk ❝♦♠ k ∈ S

✭✹✳✹✮

❖ ❞✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ❜ás✐❝♦ ♣❛r❛ ✐♥s❡rçã♦ ❞♦s sí♠❜♦❧♦s r❡❞✉♥❞❛♥t❡s ♥❛ té❝♥✐❝❛ ❖❋❉▼✱ ♣r♦✲

♣♦st♦ ♣♦r ❬✶✺❪✱ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✺✳

❋✐❣✉r❛ ✹✳✺✿ ❉✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ♣❛r❛ ✐♥s❡rçã♦ ❞❡ sí♠❜♦❧♦s ♥❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s

❈♦♥❢♦♠❡ ❞❡s❝r✐t♦ ❡♠ ❬✶✺❪✱ ♦s sí♠❜♦❧♦s r❡❞✉♥❞❛♥t❡s sã♦ ✐♥❝❧✉í❞♦s ♥♦ s✐st❡♠❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❞♦✐s

❝r✐tér✐♦s ❞❡ ♦t✐♠✐③❛çã♦✿ ♠✐♥✐♠✐③❛çã♦ ❞♦s ♣✐❝♦s ❞❡ ♣♦tê♥❝✐❛ ✭▼PP✮ ❡ ♠✐♥✐♠✐③❛çã♦ ❞❛s ✈❛r✐❛çõ❡s ❞❡

♣♦tê♥❝✐❛ ✐♥st❛♥tâ♥❡❛ ✭▼P❱✮✳

❊♠ ❬✶✺❪✱ é ❞❡♠♦♥str❛❞❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ ✐t❡r❛t✐✈♦ ❜❛s❡❛❞♦ ♥♦ ❝r✐tér✐♦ ❞❡

♦t✐♠✐③❛çã♦ ♣♦r ♠✐♥✐♠✐③❛çã♦ ❞❛s ✈❛r✐❛çõ❡s ❞❡ ♣♦tê♥❝✐❛ ✐♥st❛♥tâ♥❡❛ ✭▼P❱✮✱ ❡st❡ ❝r✐tér✐♦ ♣r❡✈ê ❛

♠♦❞✐✜❝❛çã♦ ❞♦ ❞✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✺✱ ♣❛ss❛♥❞♦ ♦ ✈❡t♦r ❞❡ ❞❛❞♦s dk ❛

❛❧✐♠❡♥t❛r ❞✐r❡t❛♠❡♥t❡ ❛ ■❋❋❚ ❡ t❛♠❜é♠ ♦ ❜❧♦❝♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ P✬✱ q✉❡ é ❛❧✐♠❡♥t❛❞♦ ♣❡❧♦s

✈❡t♦r❡s ❞ ❡ r✱ q✉❡ é ❛ s❛í❞❛ ❞❛ ■❋❋❚✳

❆ ❋✐❣✉r❛ ✹✳✻ ♠♦str❛ ♦ ❞✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ❞♦ ❝r✐tér✐♦ ❞❡ ♦t✐♠✐③❛çã♦ ♣♦r ♠✐♥✐♠✐③❛çã♦ ❞❛s

✈❛r✐❛çõ❡s ❞❡ ♣♦tê♥❝✐❛ ✐♥st❛♥tâ♥❡❛ ✭▼P❱✮✳

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ S = {f (s)} , s = 0, 1, 2, . . . , S − 1✱ ♦♥❞❡ ❙ é ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜♣♦rt❛❞♦r❛s

✷✾



❋✐❣✉r❛ ✹✳✻✿ ❉✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ♣❡❧♦ ❝r✐tér✐♦ ▼P❱

✈✐rt✉❛✐s ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛ ♦t✐♠✐③❛çã♦ ❞❛ P❆P❘ ❡ ❢✭s✮ é ❛ ❢✉♥çã♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ ❞♦s sì♠❜♦❧♦s

r❡❞✉♥❞❛♥t❡s✱ ❡♥tã♦✱ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ♣♦❞❡ s❡r ❡str✉t✉r❛❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

r ❂ ■❋❋❚✭❞✮

❛ ❂ ❞

P =
∑L−1

i=0 |ai|
2

s ❂ ✵

❢❛ç❛

❦ ❂ ❢✭s✮

◆❯▼ ❂ ✵✱ ❉❊◆ ❂ ✵

P❛r❛ ❝❛❞❛ n ∈ L ❢❛ç❛

C = P − |rn|
2

D = 2Re
{
rne−j2πnk/Le−jϕk

}

◆❯▼ ❂ ◆❯◆ ✰ ❉✳❈

❉❊◆ ❂ ❉❊◆ ✰ D2

❋✐♠ ❞♦ ❧❛ç♦

ak = NUM
DEN .e−jϕk

P❛r❛ ❝❛❞❛ n ∈ L ❢❛ç❛

rn = rn + ake
j2πnk/N

❋✐♠ ❞♦ ❧❛ç♦

P = P + |a + k|2

s ❂ s✰✶

❆té q✉❡ s ❂ ❙

✸✵



■ ❂ r

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

♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦s ❛❧❣♦r✐t♠♦s✳ ◆♦r♠❛❧♠❡♥t❡✱ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s

❞✐✈❡rs♦s ♠ét♦❞♦s ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ é ❛ ❢♦r♠❛ ❞❡ ✐♥s❡r✐r ♣♦tê♥❝✐❛ ♥❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✳

✹✳✸✳✹ ▼♦❞✐✜❝❛çã♦ ♥♦s ❈❛♥❛✐s ❆t✐✈♦s ✭❆❈❊✮

◆❡st❡ ♠ét♦❞♦✱ sã♦ ✉t✐❧✐③❛❞♦s ♦s ❝❛♥❛✐s ❛t✐✈♦s ❞♦ s✐st❡♠❛ ❖❋❉▼ ✭s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s✮ q✉❡

❞✐♥❛♠✐❝❛♠❡♥t❡ ♠♦✈❡♠ ♦s ♣♦♥t♦s ❡①t❡r♥♦s ❞❛ ❝♦♥st❡❧❛çã♦✱ ❞❡♥tr♦ ❞❛ ♠❛r❣❡♠ ❞❡ ♣r❡s❡r✈❛çã♦ ❞♦

s✐♥❛❧✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠✐♥✐♠✐③❛r ♦s ♣✐❝♦s ❞❡ ❛♠♣❧✐t✉❞❡✳

❖ ♠ét♦❞♦ ❞❡ ♠♦❞✐✜❝❛çã♦ ♥♦s ❝❛♥❛✐s ❛t✐✈♦s ✭❆❈❊✮ ❢♦✐ ♦ ♣r♦♣♦st♦ ♣♦r ❉✳ ▲✳ ❏♦♥❡s ❬✶✶❪✱ ♥❛ ❞é❝❛❞❛

❞❡ ✾✵✳ ❉❡s❞❡ ❡♥tã♦✱ s❡✉ tr❛❜❛❧❤♦ é r❡❢❡rê♥❝✐❛ ♥❛ ❧✐t❡r❛t✉r❛ ♣❛r❛ ❞✐✈❡rs♦s ❡st✉❞♦s ❞❡ ♦t✐♠✐③❛çã♦ ❞♦

♠ét♦❞♦ ❞❡ ❆❈❊✳ ◆❛ ❧✐t❡r❛t✉r❛✱ sã♦ ❡♥❝♦♥tr❛❞❛s ❞✐✈❡rs❛s ❢♦r♠❛s ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡st❡ ♠ét♦❞♦✳

◆♦ ❡♥t❛♥t♦✱ ❣r❛♥❞❡ ♣❛rt❡ ❞❡ s✉❛ ❛♥á❧✐s❡ é ❢♦❝❛❞❛ ♥❛ ♦t✐♠✐③❛çã♦ ❞♦ ❝ó❞✐❣♦ ♣r♦♣♦st♦ ✐♥✐❝✐❛❧♠❡♥t❡

♣♦r ❏♦♥❡s ❬✶✶❪✳

❖ ♣ró♣r✐♦ ❏♦♥❡s ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❑r♦♥❣♦❧❞ ♣r♦♣õ❡ ✉♠❛ ♥♦✈❛ ♦t✐♠✐③❛çã♦ ❞❛ té❝♥✐❝❛ ❞❡ ❆❈❊ ❡♠

✷✵✵✸ ❬✶✷❪✳ ❆t✉❛❧♠❡♥t❡✱ ❛✐♥❞❛ ❡①✐st❡♠ ♠✉✐t♦s ❡st✉❞♦s q✉❡ ❝♦♥❝❡♥tr❛♠ ❡s❢♦rç♦s ♥♦ ❛♣❡r❢❡✐ç♦❛♠❡♥t♦

❞❡st❛ té❝♥✐❝❛✱ ❞❡♥tr❡ ❡❧❡s ❞❡st❛❝❛✲s❡ ❬✶✸❪✳

❖ ♠ét♦❞♦ ❞❡ ❆❈❊ ♣♦❞❡ s❡r ❡♥t❡♥❞✐❞♦ ♠❛✐s ❢❛❝✐❧♠❡♥t❡ ❝♦♥s✐❞❡r❛♥❞♦✲s❡ ✉♠ ❝❛s♦ ❡s♣❡❝í✜❝♦ ❡♠

q✉❡ ♦ s✐st❡♠❛ ❖❋❉▼ tr❛❜❛❧❤❛ ❝♦♠ ❛ ♠♦❞✉❧❛çã♦ ◗P❙❑ ❡♠ ❝❛❞❛ ❝❛♥❛❧ ❞❡ ❢r❡q✉ê♥❝✐❛ ♦rt♦❣♦♥❛❧✳

P❛r❛ ✉♠ ú♥✐❝♦ ❝❛♥❛❧✱ ♦s q✉❛tr♦ ♣♦♥t♦s ♣♦ssí✈❡✐s ♥❛ ❝♦♥st❡❧❛çã♦ ❡stã♦ ♣♦s✐❝✐♦♥❛❞♦s ❡♠ ❝❛❞❛ q✉❛✲

❞r❛♥t❡ ♥♦ ♣❧❛♥♦ ❝♦♠♣❧❡①♦ ❝♦♠ ❛ ♠❡s♠❛ ❞✐stâ♥❝✐❛ ❞♦s ❡✐①♦s r❡❛❧ ❡ ✐♠❛❣✐♥ár✐♦✳

◆♦ s✐st❡♠❛ ❖❋❉▼ tr❛❞✐❝✐♦♥❛❧✱ s♦♠❡♥t❡ ✉♠ ❞♦s q✉❛tr♦ ♣♦♥t♦s ❞❛ ❝♦♥st❡❧❛çã♦ ♣♦❞❡♠ s❡r tr❛♥s✲

♠✐t✐❞♦s✳ ◆♦t❡✱ ♥♦ ❡♥t❛♥t♦✱ q✉❡ ♣❛r❛ ❛ tr❛♥s♠✐ssã♦ s❡♠ ❡rr♦s ♦✉ r✉í❞♦s✱ q✉❛❧q✉❡r ♣♦♥t♦ ♥♦ ♣ró♣r✐♦

q✉❛❞r❛♥t❡ r❡s✉❧t❛rá ♥❛ r❡❝✉♣❡r❛çã♦ ❝♦rr❡t❛ ❞♦s ❞❛❞♦s✳

❆ ❋✐❣✉r❛ ✹✳✼ ♠♦str❛ ❛s r❡❣✐õ❡s ❞❛ ❝♦♥st❡❧❛çã♦ ❞❡ ✉♠ s✐♥❛❧ ♠♦❞✉❧❛❞♦ ❝♦♠ ✶✻✲◗❆▼ q✉❡ ♣♦❞❡♠

s❡r ✉t✐❧✐③❛❞❛s ♣❛r❛ r❡❞✉③✐r ❛ P❆P❘ s❡♠ ❛❢❡t❛r ❛ t❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t✳

P❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡st❡ ♠ét♦❞♦✱ é ♣r♦♣♦st❛ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ s♦♠❡♥t❡ ♣❛r❛

❛ ♠♦❞✐✜❝❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s✳ ❊st❡ ❝❡♥ár✐♦ ❝♦♥s✐st❡ ♥❛ ♠♦❞✐✜❝❛çã♦ ❞♦s ♣♦♥t♦s ❞❛

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

❞❡ ❜✐t ✭❇❊❘✮✳

❖ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ♣♦r ❏♦♥❡s ❬✶✶❪ é ❜❛st❛♥t❡ ♣❛r❡❝✐❞♦ ❝♦♠ ♦ ❝♦♥❝❡✐t♦ ✐♥tr♦❞✉③✐❞♦ ♣♦r ●❛t❤❡✲

r❡r ❡ P♦❧❧❡② ❬✶✹❪✱ ♣♦r ✐ss♦✱ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡st❡s ♠ét♦❞♦s ♣♦❞❡ s❡r s❛❧✉t❛r à r❡❞✉çã♦ ❞❛ P❆P❘✳

❖ ❛❧❣♦r✐t♠♦ ♠♦❞✐✜❝❛ ❛♣❡♥❛s ❛s s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s✱ ❞❡✐①❛♥❞♦ ❛s s✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦ ❡

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

❡①❡❝✉t❛❞♦s ❡♠ ❝❛❞❛ sí♠❜♦❧♦✿

✶✳ ➱ ❢❡✐t♦ ♦ ♠❛♣❡❛♠❡♥t♦ ❞♦ s✐♥❛❧ tr❛♥s♠✐t✐❞♦ ♥♦ q✉❛❧ sã♦ ❛tr✐❜✉í❞♦s ♦s ♣♦♥t♦s ❞❛ ❝♦♥st❡❧❛çã♦

♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡♥tr❛❞❛ ❞❡ ❞❛❞♦s❀

✸✶



❋✐❣✉r❛ ✹✳✼✿ ❈♦♥st❡❧❛çã♦ ✶✻✲◗❆▼ ❝♦♠ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❆❈❊

✷✳ ❖ ✈❡t♦r ❞❡ ❞❛❞♦s ♣❛ss❛ ♣❡❧❛ ■❋❋❚✱ ❝♦♥str✉✐♥❞♦ ✉♠ s✐♥❛❧ ❛♠♦str❛❞♦ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦

xl❀

✸✳ ❈♦♠♣❛r❛✲s❡ ❛ ♠❛❣♥✐t✉❞❡ ❞❡ t♦❞❛s ❛s ❛♠♦str❛s ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ ❝♦♠ ♥í✈❡❧ ❞❡ ♣✐❝♦✱ Amax❀

✹✳ ❈❛s♦ ♦ s✐♥❛❧ ❛♣ós ❛ ■❋❋❚ s❡❥❛ ♠❛✐♦r q✉❡ ♦ ❧✐♠✐t❡ ♣ré✲❞❡✜♥✐❞♦ (Amax)✱ ❡♥tã♦ ❛ ♠❛❣♥✐t✉❞❡

❞♦ s✐♥❛❧ é ♣r♦❥❡t❛❞❛ ❞❡ ❢♦r♠❛ q✉❡ x̃l = Amaxejθl ✱ ♦♥❞❡ xl = |xl| e
jθl ✳ P❡r❝❡❜❛ q✉❡ ♦ s✐♥❛❧ é

♠♦❞✐✜❝❛❞♦ ❡ ❧✐♠✐t❛❞♦ à ❛♠♣❧✐t✉❞❡ Amax❀

✺✳ ❋❛③✲s❡ ❛ ❛✈❛❧✐❛çã♦ s❡ ❛❧❣✉♠ sí♠❜♦❧♦ ❢♦✐ ❧✐♠✐t❛❞♦ ♦✉ ❞❡s❧♦❝❛❞♦✳ ❊♠ ❝❛s♦ ❛✜r♠❛t✐✈♦✱ s❡❣✉❡✲s❡

♣❛r❛ ♦ ♣ró①✐♠♦ ♣❛ss♦✱ ❡♠ ❝❛s♦ ♥❡❣❛t✐✈♦✱ ♦ ♣r♦❣r❛♠❛ é t❡r♠✐♥❛❞♦ ❤❛❥❛ ✈✐st❛ q✉❡ ♥ã♦ ❡①✐st❡♠

♣✐❝♦s ♠❛✐♦r❡s q✉❡ ❛ ❛♠♣❧✐t✉❞❡ ♠á①✐♠❛❀

✻✳ ❘❡t♦r♥❛✲s❡ ♣❛r❛ ♦s ✈❛❧♦r❡s ♦r✐❣✐♥❛✐s ❛s s✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦ ❡ ❉❈✱ ❡ t❛♠❜é♠ ♦s ♣♦♥t♦s ❞❛

❝♦♥st❡❧❛çã♦ ✐♥t❡r✐♦r✳ Pr♦❥❡t❛✲s❡ ♦s ♣♦♥t♦s ❞❛ ❝♦♥st❡❧❛çã♦ ❡①t❡r✐♦r ♣❛r❛ ❛ r❡❣✐ã♦ ❞❡♥tr♦ ❞❛

♠❛r❣❡♠ ❞❡ ♣r❡s❡r✈❛çã♦ ❞♦ s✐♥❛❧✳

✼✳ ❖ ❛❧❣♦r✐t♠♦ r❡t♦r♥❛ ❛♦ ♣❛ss♦ ✷ ♣❛r❛ q✉❡ s❡❥❛ ❢❡✐t❛ ♠❛✐s ✉♠❛ ✐t❡r❛çã♦✳ ❖ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s

❝♦♥✈❡r❣❡ ❛ ✉♠ ✈❛❧♦r ✜♥✐t♦✳

❏♦♥❡s ❬✶✶❪✱ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❑r♦♥❣♦❧❞✱ ♣r♦♣õ❡ ❡♠ ❬✶✷❪ ✉♠❛ ♦t✐♠✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❛♣r❡s❡♥t❛❞♦

❡♠ ❬✶✶❪✳ ◆❡st❛ ♦t✐♠✐③❛çã♦✱ é ♣r♦❥❡t❛❞♦ ✉♠ ❣r❛❞✐❡♥t❡ ❝♦♥s✐❞❡r❛♥❞♦ ♦ s✐♥❛❧ ♥ã♦ ❧✐♠✐t❛❞♦✳ ❖✉ s❡❥❛✱

❛♣ós ♦ ♣❛ss♦ ✹ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❏♦♥❡s ❬✶✶❪✱ ♦s sí♠❜♦❧♦s q✉❡ ♥ã♦ ❢♦r❛♠ ❧✐♠✐t❛❞♦s sã♦ ♠❛♣❡❛❞♦s ❡

❡♥tã♦ é ❛♣❧✐❝❛❞❛ ❛ ❋❋❚ ♥♦ s✐♥❛❧✳

❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡❞✉③✐r ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ ❛❧❣♦r✐t♠♦✱ ❛♣❡♥❛s ♦s sí♠❜♦❧♦s q✉❡ ❢♦r❛♠ ❧✐♠✐t❛❞♦s

sã♦ ❛❥✉st❛❞♦s ♥❛s ✐t❡r❛çõ❡s s❡❣✉✐♥t❡s✳ P♦r ✐ss♦✱ ❛♣ós ❛ ❋❋❚✱ ♦s ❝♦♠♣♦♥❡♥t❡s ❞♦ s✐♥❛❧ ❝✉❥♦s sí♠❜♦❧♦s

♥ã♦ ❢♦r❛♠ ❧✐♠✐t❛❞♦s sã♦ ♠❛♥t✐❞♦s ✐♥❛❧t❡r❛❞♦s ❡ ♦s ❞❡♠❛✐s sí♠❜♦❧♦s sã♦ ③❡r❛❞♦s ❡ ❛ ■❋❋❚ é ❛♣❧✐❝❛❞❛

♥♦✈❛♠❡♥t❡✳

✸✷



❈♦♠ ❡st❛ ♦t✐♠✐③❛çã♦✱ é ❞❡♠♦♥str❛❞♦ ❡♠ ❬✶✷❪ q✉❡ ♣❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠ét♦❞♦ sã♦ ♥❡❝❡s✲

sár✐❛s ❛♣❡♥❛s ❞✉❛s ✐t❡r❛çõ❡s✱ ❝♦♥tr❛ ♦✐t♦ ✐t❡r❛çõ❡s ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡♠ ❬✶✶❪✱ ❢❛③❡♥❞♦ ❝♦♠ q✉❡

♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡①✐❣✐❞♦ s❡❥❛ ❞✐♠✐♥✉í❞♦ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡✳

❊♠ ❡st✉❞♦ ♠❛✐s r❡❝❡♥t❡ s♦❜r❡ ♦ ♠ét♦❞♦ ❞❡ ❆❈❊ ❬✶✸❪✱ é ♣r♦♣♦st❛ ✉♠❛ ♥♦✈❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛

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

❛❧t♦s ♣❛r❛ ♠✐♥✐♠✐③❛r ❛ P❆P❘ ❞❡ ✉♠ sí♠❜♦❧♦ ❖❋❉▼✳ ▼❡s♠♦ ❝♦♠ ❛ r❡❞✉çã♦ ❞❛ P❆P❘ ♥ã♦ ❤á

♣❡r❞❛ ♥❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ❞❛❞♦s ❡ ♥ã♦ é ♥❡❝❡ssár✐❛ ✐♥❢♦r♠❛çã♦ ❛❞❥❛❝❡♥t❡✳

✹✳✸✳✺ ▼❛♣❡❛♠❡♥t♦ ❞♦ ❙✐♥❛❧

❊①✐st❡♠ ❞✉❛s s✉❜❝❛t❡❣♦r✐❛s ❞❡ ♠❛♣❡❛♠❡♥t♦ ❞❡ s✐♥❛❧✿ ♦ ♠❛♣❡❛♠❡♥t♦ s❡❧❡t✐✈♦ ✭❙▲▼ ✲ ❙❡❧❡❝t❡❞

▼❛♣♣✐♥❣✮✱ ❡ ❛ tr❛♥s♠✐ssã♦ ❞❡ s❡q✉ê♥❝✐❛s ♣❛r❝✐❛✐s ✭P❚❙ ✲ P❛rt✐❛❧ ❚r❛♥s♠✐t ❙❡q✉❡♥❝❡s✮✳ ❖s ♠ét♦❞♦s

❞❡ ♠❛♣❡❛♠❡♥t♦ ❞❡ s✐♥❛❧ tê♠ ❡♠ ❝♦♠✉♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❡♥✈✐❛r ✐♥❢♦r♠❛çõ❡s r❡❞✉♥❞❛♥t❡s ♥♦s s✐♥❛✐s

tr❛♥s♠✐t✐❞♦s✳

❊st❡s ♠ét♦❞♦s sã♦ ✐♠♣❧❡♠❡♥t❛❞♦s ♣♦r ♠❡✐♦ ❞❡ ❞✐❢❡r❡♥t❡s ❝ó❞✐❣♦s✱ ♦s q✉❛✐s sã♦ ❛♣❧✐❝❛❞♦s ♥♦s ❞❛✲

❞♦s ❛ s❡r❡♠ tr❛♥s♠✐t✐❞♦s✱ ❡ ♦ s✐♥❛❧ ❞❡ ♠❡♥♦r P❆P❘ é ❡s❝♦❧❤✐❞♦ ♣❛r❛ ❛ tr❛♥s♠✐ssã♦✳ ❖ ♠❛♣❡❛♠❡♥t♦

s❡❧❡t✐✈♦ ❞♦ s✐♥❛❧ ❡ ❛ tr❛♥s♠✐ssã♦ ❞❡ s❡q✉ê♥❝✐❛s ❡①✐❣❡♠ ♠♦❞✐✜❝❛çõ❡s s✐❣♥✐✜❝❛t✐✈❛s ♥❛ ❡str✉t✉r❛ ❞♦

r❡❝❡♣t♦r ♣❛r❛ s✉❛ ✐♠♣❧❡♠❡♥t❛çã♦✳

✹✳✸✳✺✳✶ ▼❛♣❡❛♠❡♥t♦ ❙❡❧❡t✐✈♦ ✭❙▲▼ ✲ ❙❡❧❡❝t❡❞ ▼❛♣♣✐♥❣✮

◆♦ ♠ét♦❞♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ s❡❧❡t✐✈♦✱ ❛ s❡q✉ê♥❝✐❛ ❞❡ ❞❛❞♦s é ♠✉❧t✐♣❧✐❝❛❞❛ ❡♠ t♦❞❛s ❛s s✉❜♣♦r✲

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

■❋❋❚ ❡ ❡♥tã♦ é ❡s❝♦❧❤✐❞❛ ❛ s❡q✉ê♥❝✐❛ ❞❡ ♠❡♥♦r P❆P❘ ♣❛r❛ ❛ tr❛♥s♠✐ssã♦✳

❆ ✐❞é✐❛ ♣r✐♥❝✐♣❛❧ ❞❡st❡ ♠ét♦❞♦ é s❡❧❡❝✐♦♥❛r ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❜❛✐①❛ P❆P❘✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ♠❛✐♦✲

r✐❛ ❞❛s té❝♥✐❝❛s ✉t✐❧✐③❛❞❛s ♣❛r❛ ❡♥❝♦♥tr❛r ♦s ❝ó❞✐❣♦s q✉❡ s❡r✈✐rã♦ ❝♦♠♦ ♣❛râ♠❡tr♦ ❞❡ ♠✉❧t✐♣❧✐❝❛çã♦

❞❛s s❡q✉ê♥❝✐❛s r❡q✉❡r ✉♠❛ ♣r♦❝✉r❛ ❡①❛✉st✐✈❛ ❡ sã♦ út❡✐s s♦♠❡♥t❡ ♣❛r❛ ✉♠ ♣❡q✉❡♥♦ ♥ú♠❡r♦ ❞❡

s✉❜♣♦rt❛❞♦r❛s✳

❈♦♥s✐❞❡r❡ ✉♠ sí♠❜♦❧♦ ❖❋❉▼✱ ak✳ P❛r❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❙▲▼✱ ❡st❡ sí♠❜♦❧♦ é r❡♣r❡s❡♥t❛❞♦

❝♦♠ ❛ ♠❡s♠❛ ✐♥❢♦r♠❛çã♦ ❯ ✈❡③❡s✱ ❝❛❞❛ ✉♠ ❞❡st❡s ❯ ✈❡t♦r❡s ♣♦ss✉✐ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ sí♠❜♦❧♦

❖❋❉▼✱ ❞❡♥♦♠✐♥❛❞♦ ❞❡ au
k ✱ ♦ q✉❛❧ é ♠✉❧t✐♣❧✐❝❛❞♦ ♣♦r ✉♠ ✈❡t♦r ❞❡ ❢❛s❡ P (u)✱ r♦t❛❝✐♦♥❛♥❞♦ ❛ ❢❛s❡

❞❡ ❝❛❞❛ ✉♠❛ ❞❡st❛s r❡♣r❡s❡♥t❛çõ❡s✱ t✉❞♦ ✐ss♦ ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✳

ãu
k = au

k .P (u) ✭✹✳✺✮

❡♠ q✉❡✱ ♦ ✈❡t♦r ❞❡ ❢❛s❡ P (u)✱ ❝♦♠ 1 ≤ u < U ✱ é r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

P (u) = ejϕ
(u)
k , ϕ

(u)
k ∈ [0, 2π) ✭✹✳✻✮

❉❡♣♦✐s q✉❡ ❝❛❞❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ sí♠❜♦❧♦ ❖❋❉▼✱ au
k ✱ é ♠✉❧t✐♣❧✐❝❛❞❛ ♣❡❧♦ ✈❡t♦r ❞❡ ❢❛s❡ P (u)✱

t❡♠♦s ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ sí♠❜♦❧♦ ❖❋❉▼ ❞❡❢❛s❛❞♦✳ ãu
k ✱ q✉❡ é tr❛♥s❢♦r♠❛❞♦ ♣❛r❛ ♦ ❞♦♠í♥✐♦ ❞♦

✸✸



t❡♠♣♦✳

Au
k = IFFT {ãu

k} ✭✹✳✼✮

❆♣ós ❛ ■❋❋❚✱ é ❢❡✐t♦ ♦ ♠❛♣❡❛♠❡♥t♦ ❞♦s sí♠❜♦❧♦s ❝♦♠ ♠❡♥♦r P❆P❘✱ ❣❡r❛♥❞♦ ✉♠ ✈❡t♦r ❝♦♠

♠❡♥♦r P❆P❘ ❞❡♥tr❡ ♦s ❯ ❝❛♥❞✐❞❛t♦s✱ ❞❡♥♦♠✐♥❛❞♦ Ãk✱ ❡♠ q✉❡ ❛ ❢❛s❡ ❣❡r❛❞♦r❛ ❞❡st❡ sí♠❜♦❧♦ ♠♦❞✐✲

✜❝❛❞♦ é ❛r♠❛③❡♥❛❞❛ ❡ tr❛♥s♠✐t✐❞❛ ♣❛r❛ ♦ r❡❝❡♣t♦r ♣❛r❛ q✉❡ ♦s ❞❛❞♦s ❞❡ ♦r✐❣❡♠ s❡❥❛♠ r❡❝✉♣❡r❛❞♦s✳

❆ ❋✐❣✉r❛ ✹✳✽ ♠♦str❛ ♦ ❞✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ♣r♦♣♦st♦ ❡♠ ❬✷✾❪ ♣❛r❛ ♠♦❞❡❧❛r ❡st❡ ♠ét♦❞♦✳ P❛r❛

♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦✱ ♦ ❞✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✽ ❝♦♥s✐❞❡r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦

♠ét♦❞♦ ❡♠ ✉♠❛ s✉❜♣♦rt❛❞♦r❛✳

❋✐❣✉r❛ ✹✳✽✿ ❉✐❛❣r❛♠❛ ❜ás✐❝♦ ❞❛ té❝♥✐❝❛ ❞❡ ▼❛♣❡❛♠❡♥t♦ ❙❡❧❡t✐✈♦

P❛r❛ ❡①❛♠✐♥❛r t♦❞♦s ♦s ♣♦ssí✈❡✐s ✈❡t♦r❡s✱ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ é ♠✉✐t♦ ❛❧t❛✳ P♦r ❡①❡♠♣❧♦✱ s❡ ❛ t❛❜❡❧❛

❞❡ ❢❛s❡s é ❧✐♠✐t❛❞❛ ❡♠ ✽ ❡❧❡♠❡♥t♦s✱ ❡ ❡①✐st❡♠ ✻✹ s✉❜♣♦rt❛❞♦r❛s✱ ♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❝❛♥❞✐❞❛t♦s s❡rá

tã♦ ❣r❛♥❞❡ q✉❛♥t♦ 864 = 6, 2 × 1057✱ ✉♠ ✈❡t♦r ♠✉✐t♦ ❣r❛♥❞❡ ♣❛r❛ s❡r ✐♠♣❧❡♠❡♥t❛❞♦✱ t♦r♥❛♥❞♦ ❛

✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ s✐st❡♠❛ ✐♥✈✐á✈❡❧✳

P❛r❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡st❡ ♠ét♦❞♦✱ é ♥❡❝❡ssár✐♦ q✉❡ ♦ ❛❧❣♦r✐t♠♦ ❡♠♣r❡❣❛❞♦ r❡❛❧✐③❡ ❞✐✈❡rs❛s ✐t❡✲

r❛çõ❡s✱ ❛té q✉❡ s❡ ♦❜t❡♥❤❛ ✉♠ ❜♦♠ ✈❛❧♦r ♣❛r❛ ♦ ❢❛t♦r ❞❡ ❢❛s❡✱ q✉❡ s❡rá ♣♦st❡r✐♦r♠❡♥t❡ ♠✉❧t✐♣❧✐❝❛❞♦

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

P❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠❛♣❡❛♠❡♥t♦ s❡❧❡t✐✈♦✱ sã♦ ♥❡❝❡ssár✐♦s ❛❧❣✉♥s ❛❥✉st❡s ♥♦ tr❛♥s♠✐ss♦r ❡

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

❞♦s ❛❥✉st❡s ♥❡❝❡ssár✐♦s ♥♦ tr❛♥s♠✐ss♦r é ♦ ❡♥✈✐♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❛❞✐❝✐♦♥❛✐s ♣❛r❛ ♦ r❡❝❡♣t♦r✳ ❊st❛s

✐♥❢♦r♠❛çõ❡s sã♦ ✐♠♣♦rt❛♥t❡s✱ ♣♦✐s r❡❣✐str❛♠ ❛s tr❛♥s❢♦r♠❛çõ❡s ❢❡✐t❛ ♥♦ ❜❧♦❝♦ ❞❡ ❞❛❞♦s ♦r✐❣✐♥❛❧✳

❊❧❛s ❢✉♥❝✐♦♥❛♠ ❝♦♠♦ ✉♠ ❝❛❜❡ç❛❧❤♦✱ só q✉❡ ♣❛r❛ ❛ tr❛♥s♠✐ssã♦ ❞❡st❛s é ♥❡❝❡ssár✐♦ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛

❡ ❡♥❡r❣✐❛✱ q✉❡ ❞❡✈❡rá s❡r ❞✐♠✐♥✉í❞❛ ❞❛ ❡♥❡r❣✐❛ ❡ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ t♦t❛❧ ❞♦ s✐st❡♠❛✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ❛ ❡✜❝✐ê♥❝✐❛ ❞❛ r❡❞✉çã♦ ❞❛ P❆P❘ ♣♦❞❡ ❝♦♠♣❡♥s❛r ❛s ♣❡r❞❛s ❞❡ ❝❛♣❛❝✐❞❛❞❡

❞♦ s✐st❡♠❛✱ ♣r♦✈❡♥✐❡♥t❡ ❞♦ ❡♥✈✐♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❛❞✐❝✐♦♥❛✐s✱ ♣♦✐s ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ P❆P❘ t❛♠❜é♠

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

❆ ❧✐t❡r❛t✉r❛ ❬✸✵❪ ❬✸✶❪ ❬✸✷❪ ❬✸✸❪ ❞✐s❝♦rr❡ ❛♣❡♥❛s s♦❜r❡ ♦ ♠ét♦❞♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ s❡❧❡t✐✈♦✱ ❞❡s❝♦♥✲

✸✹



s✐❞❡r❛♥❞♦ ❛ ✐♥✢✉ê♥❝✐❛ ❞❛s ✐♥❢♦r♠❛çõ❡s ❛❞✐❝✐♦♥❛✐s✳ ❖✉ s❡❥❛✱ ❡st❛s ✐♥❢♦r♠❛çõ❡s ♥ã♦ sã♦ r❡❧❛❝✐♦♥❛❞❛s

❝♦♠ ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ s✐st❡♠❛✱ ❞❡s❝♦♥s✐❞❡r❛♥❞♦✲s❡ ❛s ♣❡r❞❛s ✐♥❡r❡♥t❡s à tr❛♥s♠✐ssã♦ ❞❡st❛s ✐♥❢♦r♠❛✲

çõ❡s ❡ ❛ ❝♦♠♣❡♥s❛çã♦ ♦❜t✐❞❛ ❝♦♠ ❛ r❡❞✉çã♦ ❞❛ P❆P❘ ♥♦ s✐st❡♠❛✳

✹✳✸✳✺✳✷ ❚r❛♥s♠✐ssã♦ P❛r❝✐❛❧ ❞❡ ❙❡q✉ê♥❝✐❛s ✭P❚❙✮

◆❡st❡ ♠ét♦❞♦✱ ❛ s❡q✉ê♥❝✐❛ ❞❡ ❞❛❞♦s é ❞✐✈✐❞✐❞❛ ❡♠ s✉❜✲❜❧♦❝♦s✱ ♦s q✉❛✐s ♣❛ss❛♠ ♣❡❧❛ ■❋❋❚✱ ❡ ♣♦s✲

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

❛ P❆P❘✳

❆ tr❛♥s♠✐ssã♦ ♣❛r❝✐❛❧ ❞❡ s❡q✉ê♥❝✐❛s é ❜❛s❡❛❞❛ ♥❛ ❝♦♠❜✐♥❛çã♦ ❞❡ s✉❜✲❜❧♦❝♦s ❞♦ s✐♥❛❧ ♦s q✉❛✐s sã♦

❞❡❢❛s❛❞♦s ♣♦r ❞✐❢❡r❡♥t❡s ❢❛t♦r❡s ❞❡ ❢❛s❡✱ ❣❡r❛♥❞♦ ♠ú❧t✐♣❧♦s s✐♥❛✐s ❝❛♥❞✐❞❛t♦s✱ ❡ ❡♥tã♦ é s❡❧❡❝✐♦♥❛❞♦

♦ s✐♥❛❧ ❝♦♠ ♠❡♥♦r P❆P❘✳ ❊♠ ❬✶✼❪✱ ♦ ♠ét♦❞♦ ❞❡ P❚❙ é ❞❡✜♥✐❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

✶✳ ❯♠❛ ❡♥tr❛❞❛ ❞❡ ❞❛❞♦s ❳ é ♣❛rt✐❝✐♦♥❛❞❛ ❡♠ ▼ s✉❜✲❜❧♦❝♦s Xm❀

X = [X1, X2, . . . , XM ]T , m = 1, 2, . . . ,M ✭✹✳✽✮

P❛r❛ ❝❛❞❛ s✉❜✲❜❧♦❝♦ é ❡♠♣r❡❣❛❞❛ ❛ ■❋❋❚❀

xm = IFFT {Xm} ✭✹✳✾✮

✷✳ ➱ ✐♥tr♦❞✉③✐❞♦ ♦ ❢❛t♦r ❞❡ ❢❛s❡ ♣❛r❛ ❝❛❞❛ s✉❜✲❜❧♦❝♦❀

bm,w = ejθw, m = 1, 2, . . . ,M,w = 1, 2, . . . ,W. ✭✹✳✶✵✮

✸✳ ❖ s✐♥❛❧ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ ❞❡♣♦✐s ❞❡ ❝♦♠❜✐♥❛❞♦ é r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

X
′

l =
M∑

m=1

bm,wxm (l = 1, 2, . . . , L) ✭✹✳✶✶✮

❡♠ q✉❡ ▲ é ♦ ♥ú♠❡r♦ ❞❡ s✐♥❛✐s ❝❛♥❞✐❞❛t♦s✱ ❡ bm,w ∈
{
ejθ0 , ejθ1 , . . . , ejθW

}
❡♠ q✉❡❲ é ♦ ♥ú♠❡r♦

❞❡ ❢❛t♦r❡s ❞❡ ❢❛s❡✳

❆ ❋✐❣✉r❛ ✹✳✾ ✐❧✉str❛ ♦ ❞✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ❜ás✐❝♦ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙✳ ◆❡st❡ ❞✐❛❣r❛♠❛✱ ♣♦❞❡✲s❡

♦❜s❡r✈❛r q✉❡ ❛ ❡str✉t✉r❛ ❞♦ tr❛♥s♠✐ss♦r ❖❋❉▼ é ❜❡♠ ♣❛r❡❝✐❞❛ ❝♦♠ ❛ ❡str✉t✉r❛ ❜ás✐❝❛✳ ◆♦ ❡♥t❛♥t♦✱

é ✐♥tr♦❞✉③✐❞♦ ✉♠ ♥♦✈♦ ❡❧❡♠❡♥t♦ ❝❤❛♠❛❞♦ ❞❡ ♦t✐♠✐③❛❞♦r✳ ◆❡st❡ ♦t✐♠✐③❛❞♦r✱ é ✐♠♣❧❡♠❡♥t❛❞♦ ♦

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

■♥❢❡❧✐③♠❡♥t❡✱ ❛❝❤❛r ✉♠ ❜♦♠ ❢❛t♦r ❞❡ ❢❛s❡ é ✉♠❛ t❛r❡❢❛ ❜❛st❛♥t❡ ❝♦♠♣❧❡①❛✱ ♠❛s✱ ♣❛r❛ r❡❞✉③✐r

❡st❛ ❝♦♠♣❧❡①✐❞❛❞❡✱ ♣♦❞❡✲s❡ r❡str✐♥❣✐r ❛ ❢❛s❡ ❞♦s s✐♥❛✐s ❛ ✵ ❡ π✱ ♦✉ 0✱ π/2✱ π ❡ 3π/2✳

❊♠ ❬✶✼❪✱ é ♣r♦♣♦st♦ ✉♠ ❧✐♠✐❛r ❝♦♠ ♦❜❥❡t✐✈♦ ❞❡ r❡❞✉③✐r ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♠ét♦❞♦ P❚❙✳ ❆

❝♦♠♣❧❡①✐❞❛❞❡ ❞❡st❡ ♠ét♦❞♦ é ❞❡✜♥✐❞❛ ♣❡❧♦ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s✱ ❡♠ q✉❡ ❝❛❞❛ ✐t❡r❛çã♦ é ✉♠ ♣r♦❝❡ss♦

❞❡ ❣❡r❛çã♦ ❞❡ ✉♠ s✐♥❛❧ ❝❛♥❞✐❞❛t♦✳

❆ ✈❛♥t❛❣❡♠ ❞♦ ❧✐♠✐❛r ♣r♦♣♦st♦ ❡♠ ❬✶✼❪ é q✉❡ ♦s ❞✐❢❡r❡♥t❡s s✉❜✲❜❧♦❝♦s ♣❛rt✐❝✐♦♥❛❞♦s ❡ ♦s ✈❛❧♦r❡s

❞♦s ❢❛t♦r❡s ❞❡ ❢❛s❡ r❡❞✉③✐rã♦ ❛ ❝♦rr❡❧❛çã♦ ❞♦s s✐♥❛✐s ❝❛♥❞✐❞❛t♦s ❞✉r❛♥t❡ ❝❛❞❛ ❡stá❣✐♦ ❞♦ ♣r♦❝❡ss♦✳
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❋✐❣✉r❛ ✹✳✾✿ ❉✐❛❣r❛♠❛ ❜ás✐❝♦ ❞❛ té❝♥✐❝❛ ❞❡ ❚r❛♥s♠✐ssã♦ P❛r❝✐❛❧ ❞❡ ❙❡q✉ê♥❝✐❛s

❆ss✐♠✱ q✉❛♥❞♦ ♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ s✐♥❛✐s ❝❛♥❞✐❞❛t♦s é ✜①❛❞♦✱ ❛ r❡❞✉çã♦ ❞❛ P❆P❘ é ♠❛✐♦r s❡

❝♦♠♣❛r❛❞❛ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ P❚❙ s❡♠ ♦ ✉s♦ ❞♦ ❧✐♠✐❛r✳

P❛r❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡st❡ ❧✐♠✐❛r✱ s❡❧❡❝✐♦♥❛✲s❡ ♦ s✐♥❛❧ ót✐♠♦ Xl
′

opt ❝♦♠ ♠❡♥♦r P❆P❘ ❞❡♥tr❡ ♦s

▲ s✐♥❛✐s ❝❛♥❞✐❞❛t♦s✱ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

lopt = argminL
l=1

maxN−1
n=0

∣∣∣X ′

l,n

∣∣∣
2

σ2
✭✹✳✶✷✮

❖♥❞❡✱ σ2 é ❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ❞♦ s✐♥❛❧ ❖❋❉▼✳

❈♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜✲❜❧♦❝♦s ▼✱ ❛ P❆P❘ t❡♥❞❡ ❛ s❡r r❡❞✉③✐❞♦✳ ◆♦ ❡♥t❛♥t♦✱ ♦

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

❬✷❪ é ♣r♦♣♦st❛ ✉♠❛ té❝♥✐❝❛ ♣❛r❛ ❝♦❞✐✜❝❛r ❛s ✐♥❢♦r♠❛çõ❡s ❛❞✐❝✐♦♥❛✐s ✉t✐❧✐③❛❞❛s ♥♦ ♠ét♦❞♦ ❞❡ P❚❙✱

❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡❞✉③✐r ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♠ét♦❞♦✳ ❆ té❝♥✐❝❛ ♣r♦♣♦st❛ ❡♠ ❬✷❪ ❜✉s❝❛ ✉♠❛ ❜♦❛

r❡❧❛çã♦ ❡♥tr❡ ❛ r❡❞✉çã♦ ❞❛ P❆P❘ ❡ ♦ ❝✉st♦ ♣❛r❛ s❡❧❡❝✐♦♥❛r ✉♠ ❜♦♠ ❢❛t♦r ❞❡ ❢❛s❡✳

◆❡ss❡ s❡♥t✐❞♦✱ ❡♠ ❬✷❪✱ é ♣r♦♣♦st♦ ❛ ❝r✐❛çã♦ ❞❡ ✉♠❛ t❛❜❡❧❛ ❞❡ ❝♦❞✐✜❝❛çã♦ q✉❡ é ❛r♠❛③❡♥❛❞❛ ♥♦

tr❛♥s♠✐ss♦r ❡ ♥♦ r❡❝❡♣t♦r✳ ◆♦ tr❛♥s♠✐ss♦r✱ ✉♠ ❞♦s ✈❡t♦r❡s ❞❛ t❛❜❡❧❛ é ✉t✐❧✐③❛❞♦ ♥♦ ♣r♦❝❡ss♦ ❞❡

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

❊st❡ t❛❜❡❧❛ ❞❡ ❝♦❞✐✜❝❛çã♦ é ❝♦♥str✉í❞❛ s❡❣✉✐♥❞♦ ♦s s❡❣✉✐♥t❡s ♣❛ss♦s✿

✶✳ ❈♦♥s✐❞❡r❡ ▼✱ ❡♠ q✉❡ ▼ ✐♥❞✐❝❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜✲❜❧♦❝♦s❀

✷✳ ❉❡✜♥❛ ❦✱ ❡♠ q✉❡ ❦ é ♦ ♥ú♠❡r♦ ❞❡ ❜✐ts q✉❡ ❣❡r❛ 2k ✈❡t♦r❡s✳ ❈❛❞❛ ✉♠ ❞❡st❡s ✈❡t♦r❡s ♣♦ss✉✐ ❦

❜✐ts q✉❡ ❢♦r♠❛♠ ♣❛❧❛✈r❛s✲❝ó❞✐❣♦❀

✸✳ P❛r❛ ❞❡❝✐❞✐r ♦s ✈❡t♦r❡s ❝❛♥❞✐❞❛t♦s ❞❡ r♦t❛çã♦ ❞❡ ❢❛s❡✱ ♦s ✈❡t♦r❡s sã♦ s❡❧❡❝✐♦♥❛❞♦s ❞❡ ❢♦r♠❛

❛❧❡❛tór✐❛ ❞❡♥tr❡ ♦s 2k ✈❡t♦r❡s✳

❆ ❚❛❜❡❧❛ ✹✳✶ ♠♦str❛ ✉♠ ❡①❡♠♣❧♦ ❞❡ t❛❜❡❧❛ ❞❡ ❝♦❞✐✜❝❛çã♦✳
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P❛❧❛✈r❛ ❝ó❞✐❣♦ ❋❛t♦r❡s ❞❡ ❢❛s❡ ❝❛♥❞✐❞❛t♦s

a1 a2 a3 a4 a5 a6 b1 b2 b3 ✳ ✳ ✳ b32

✵ ✵ ✵ ✵ ✵ ✵ ✶ ✐ ✲✐ ✲✶

✵ ✵ ✵ ✵ ✵ ✶ ✶ ✲✐ ✐ ✲✶

✵ ✵ ✵ ✵ ✶ ✵ ✶ ✲✶ ✲✐ ✳ ✳ ✳ ✐

✵ ✵ ✵ ✵ ✶ ✶ ✶ ✶ ✶ ✲✶

✵ ✵ ✵ ✶ ✵ ✵ ✶ ✲✐ ✲✶ ✶
✳✳✳

✳✳✳

✶ ✶ ✶ ✶ ✶ ✶ ✶ ✐ ✲✶ ✶

❚❛❜❡❧❛ ✹✳✶✿ ❚❛❜❡❧❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙

❖ ❡①❡♠♣❧♦ ❞❡s❝r✐t♦ ♥❛ ❚❛❜❡❧❛ ✹✳✶ ❝♦♥s✐❞❡r❛ k = 6 ❜✐ts ❡ M = 32 s✉❜✲❜❧♦❝♦s✳ ❈❛❞❛ ✈❡t♦r é

r❡♣r❡s❡♥t❛❞♦ ♣♦r ❦ ❜✐ts✱ ❣❡r❛♥❞♦ 26 = 64 ✈❡t♦r❡s✱ ❡♠ q✉❡ ❝❛❞❛ ✉♠ ❞❡st❡s ✈❡t♦r❡s s❡r✈❡ ❝♦♠♦ ❜❛s❡

♣❛r❛ ❡s❝♦❧❤❛ ❞♦ ❢❛t♦r ❞❡ ❢❛s❡✳ ❆ s❡❧❡çã♦ ❞♦ ✈❡t♦r é ❢❡✐t❛ ❞❡ ❢♦r♠❛ ❛❧❡❛tór✐❛ ❞❡♥tr❡ ♦s 26 = 64

✈❡t♦r❡s ❡ ❢❡✐t♦ ✐ss♦✱ ♦s ❢❛t♦r❡s ❞❡ ❢❛s❡ q✉❡ ♠✉❧t✐♣❧✐❝❛♠ ❝❛❞❛ s✉❜✲❜❧♦❝♦ ▼ sã♦ ❜✉s❝❛❞♦s ❞♦ ♠❡s♠♦

✈❡t♦r✳ ◆❡st❡ ❡①❡♠♣❧♦✱ ❝♦♥s✐❞❡r❛r❛♠✲s❡ ♦s ❢❛t♦r❡s ❞❡ ❢❛s❡ bw ∈ {±1,±i} (W = 4)✳

◆♦ ♠ét♦❞♦ ❞❡ P❚❙ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛ t❛❜❡❧❛ ❞❡ ❝♦❞✐✜❝❛çã♦✱ q✉❛♥❞♦ M = 32 ❡ k = 6✱ ♦

♥ú♠❡r♦ t♦t❛❧ ❞❡ ✈❡t♦r❡s ❝❛♥❞✐❞❛t♦s é 432−1 ❡ ♦ ❢❛t♦r ❞❡ ❢❛s❡ é ❡s❝♦❧❤✐❞♦ ❡♥tr❡ ❡st❡s ❝❛♥❞✐❞❛t♦s✳

❈♦♠ ❛ t❛❜❡❧❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ♣r♦♣♦st❛ ❡♠ ❬✷❪✱ ❛ ❡s❝♦❧❤❛ ❞♦s ❢❛t♦r❡s ❞❡ ❢❛s❡ s❡ r❡str✐♥❣❡♠ ❛ 26 = 64

✈❡t♦r❡s✳

◆❛ ❚❛❜❡❧❛ ✹✳✷ é ❢❡✐t❛ ❛ ❝♦♠♣❛r❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛ t❛❜❡❧❛ ❞❡ ❝♦❞✐✜❝❛çã♦

✭❞❡s❝r✐t♦ ♥❛ t❛❜❡❧❛ ❝♦♠♦ ✧P❚❙✧✮ ❡ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛ t❛❜❡❧❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ♣r♦♣♦st❛ ❡♠ ❬✷❪

✭❞❡s❝r✐t♦ ♥❛ t❛❜❡❧❛ ❝♦♠♦ ✧Pr♦♣♦st♦✧✮✳

◆ú♠❡r♦ ❞❡ s✉❜✲❜❧♦❝♦s ◆ú♠❡r♦ ❞❡ ✈❡t♦r❡s ◆ú♠❡r♦ ❞❡ ❜✐ts ♣♦r

❝❛♥❞✐❞❛t♦s ✐♥❢♦r♠❛çã♦ ❛❞✐❝✐♦♥❛❧

P❚❙ Pr♦♣♦st♦ P❚❙ Pr♦♣♦st♦ P❚❙ Pr♦♣♦st♦

✭▼✮ ✭▼✮ ✭WM−1✮ (2k) (log2W
M−1) ✭❑✮

✹ ✹ 43 = 64 26 = 64 ✻ ✻

✶✻ ✶✻ 415 26 = 64 ✸✵ ✻

✻✹ ✻✹ 463 26 = 64 ✶✷✻ ✻

❚❛❜❡❧❛ ✹✳✷✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦ ♠ét♦❞♦ ❞❡ P❚❙ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛ t❛❜❡❧❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❡ ♦

♣r♦♣♦st♦ ❡♠ ❬✷❪

◆❛ t❛❜❡❧❛ ❞❡ ❝♦❞✐✜❝❛çã♦✱ sã♦ ❞❡❝✐❞✐❞♦s ♦s ✈❡t♦r❡s ❞❡ r♦t❛çã♦ ❞❡ ❢❛s❡ ♣❛r❛ ❝❛❞❛ s✉❜✲❜❧♦❝♦✱ ❡st❡s

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

◆♦ r❡❝❡♣t♦r✱ ♣♦r ❡①❡♠♣❧♦✱ s❡ ♦s ❞❛❞♦s r❡❝❡❜✐❞♦s ❢♦r❛♠ ✵✵✵✵✵✶ ❡ ✵✵✵✶✵✵✱ ❡♥tã♦ ✈❡t♦r❡s r❡✲

❝❡❜✐❞♦s ❢♦r❛♠ ✶ ❡ ✺✱ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ♦s ❢❛t♦r❡s ❞❡ ❢❛s❡ sã♦ [1 − i . . . − 1] ❡ [1 − i − 1 . . . 1]✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆ tr❛♥s♠✐ssã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❛❞✐❝✐♦♥❛✐s ♣❛r❛ ♦ r❡❝❡♣t♦r r❡q✉❡r ♣♦tê♥❝✐❛ ❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱

❡♥tã♦ ❡st❛s sã♦ ✉t✐❧✐③❛❞❛s ❞❛ ♣♦tê♥❝✐❛ t♦t❛❧ ❞♦ s✐st❡♠❛ ❡ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ t❡rá ♦ ❝✉st♦ ❞❛

✸✼



❞✐♠✐♥✉✐çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡✳

✹✳✸✳✻ ❉❡❢❛s❛♠❡♥t♦

❊st❡ ♠ét♦❞♦ ❝♦♥s✐st❡ ♥❛ ♠♦❞✐✜❝❛çã♦ ❞♦s ❝ó❞✐❣♦s tr❛♥s♠✐t✐❞♦s✱ ❞❡❢❛s❛♥❞♦ ♦ s✐♥❛❧ ♣❛r❛ q✉❡

s❡ ❝♦♥s✐❣❛ ❛ r❡❞✉çã♦ ❞❛ P❆P❘✳ ❊♠ ❬✸✹❪ ♦ s✐♥❛❧ tr❛♥s♠✐t✐❞♦ ❡♠ ✉♠❛ s✉❜♣♦rt❛❞♦r❛ ▲✱ ❛♣ós ❛

♠♦❞✐✜❝❛çã♦✱ é ❞❡✜♥✐❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

x̃k = xke
jθk ✭✹✳✶✸✮

❊♠ q✉❡ θk é ♦ ❢❛t♦r ❞❡ ❢❛s❡✱ q✉❡ é ❛❧t❡r❛❞♦ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡❞✉③✐r ❛ P❆P❘ ❞♦ s✐♥❛❧✱ ❡ ❛

✈❛r✐á✈❡❧ x̃k r❡♣r❡s❡♥t❛ ♦ s✐♥❛❧ ♠♦❞✐✜❝❛❞♦ ❡ ❞❡❢❛s❛❞♦✳ ❊st❡ s✐♥❛❧ ♣♦ss✉✐ ❛s ♠❡s♠❛s ♣r♦♣r✐❡❞❛❞❡s ❞❡

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

❆ ❢❛s❡ é ♦t✐♠✐③❛❞❛ ♣❛r❛ ❛s s❡q✉ê♥❝✐❛s ❞❡ ❜✐ts ❝♦♠ ❛❧t♦ ♣✐❝♦ ❞❡ ♣♦tê♥❝✐❛✱ ♠❛s ✐st♦ ♦❝♦rr❡

♠✉✐t♦ r❛r❛♠❡♥t❡✱ ♦✉ s❡❥❛✱ ❡st❡ ♠ét♦❞♦ r❡❞✉③ ♦s ❡❢❡✐t♦s ❞❡ P❆P❘ ❞❡ ❢♦r♠❛ ❣❧♦❜❛❧ ♥ã♦ tr❛t❛♥❞♦

♣♦♥t✉❛❧♠❡♥t❡ ♦s ❝❛s♦s ❞❡ ❛❧t♦s ♣✐❝♦s ❞❡ ♣♦tê♥❝✐❛ ♣❛r❛ ❛ ❣r❛♥❞❡ ♠❛✐♦r✐❛ ❞♦s sí♠❜♦❧♦s✳

❊st❛ té❝♥✐❝❛ é ♠✉✐t♦ ❡❢❡t✐✈❛ ♣❛r❛ ♣❡q✉❡♥♦s ♣❛❝♦t❡s ❞❡ ❞❛❞♦s✱ ♣♦ré♠ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ t❡♠♣♦

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

♣r♦❝❡ss❛❞♦s ❡ ❞❡✈❡✲s❡ ❛♣❧✐❝❛r ♦ ❞❡❢❛s❛♠❡♥t♦ ❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ ❝❛s♦ ❛ P❆P❘ s❡❥❛ ♠✉✐t♦ ❡❧❡✈❛❞♦✱

t✉❞♦ ✐ss♦ ❛♥t❡s ❞❛ tr❛♥s♠✐ssã♦✳

❖ ❞❡❢❛s❛♠❡♥t♦ é r❡❝❛❧❝✉❧❛❞♦ ❛♥t❡s ❞❛ tr❛♥s♠✐ssã♦ ❞❡ ❝❛❞❛ ♣❛❝♦t❡✳ ❊st❡s ♣❛❝♦t❡s ❞❡❢❛s❛❞♦s

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

❛❧❣♦r✐t♠♦s ❝♦♥✈❡♥❝✐♦♥❛✐s ❞❡ ❡st✐♠❛çã♦ ❞❡ ❝❛♥❛❧ ✉s❛♥❞♦ ♦ ♣r❡â♠❜✉❧♦✱ ♦✉ s❡❥❛✱ ♥ã♦ é ♣r❡❝✐s♦ ✐♥❝❧✉✐r

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

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

♦ ♣r♦❝❡ss♦ ❞❡ ♦t✐♠✐③❛çã♦ ❞❡ ❢❛s❡ ♣♦❞❡ s❡r s✐♠♣❧✐✜❝❛❞♦ s❡ ❛♣❡♥❛s ❛❧❣✉♠❛s▼ ❢❛t♦r❡s ❞❡ ❢❛s❡ ❞✐s❝r❡t♦s

❡st✐✈❡r❡♠ ❞✐s♣♦♥í✈❡✐s✳ ■st♦ é✿

θk =
2πm(k)

M
, 0 ≤ m(k) < M ✭✹✳✶✹✮

P❛r❛ s✐♠♣❧✐✜❝❛r ❛ ♦t✐♠✐③❛çã♦ ❞❛ ❢❛s❡✱ ❡❧❛s ♥ã♦ sã♦ ❝❛❧❝✉❧❛❞❛s ❛♦ ♠❡s♠♦ t❡♠♣♦✱ ♠❛s s✉❝❡ss✐✈❛✲

♠❡♥t❡ ♣❛r❛ ❝❛❞❛ s✉❜♣♦rt❛❞♦r❛✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ❛❜❛✐①♦✿

✶✳ ❚♦♠❛✲s❡ θk = 0 ♣❛r❛ t♦❞♦ 0 ≤ k < L✳

✷✳ ❚♦♠❛✲s❡ k = 0❀

✸✳ ❈❛❧❝✉❧❛✲s❡ ✉♠ ♣❛❝♦t❡ ❞❡ ♠étr✐❝❛s ♣❛r❛ t♦❞♦s ♦s ✈❛❧♦r❡s ♣♦ssí✈❡✐s θk ❞❡✜♥✐❞♦ ❡♠ ✹✳✶✹✿

✹✳ ➱ ❡s❝♦❧❤✐❞♦ ♦ ✈❛❧♦r ❞❡ θk ❝♦♠ ♠❡♥♦r P❆P❘✳

✺✳ ❚♦♠❛✲s❡ k = k + 1✱ s❡ k ≥ L✱ ❡♥tã♦ ✈❛✐ ♣❛r❛ ♦ ♣ró①✐♠♦ ♣❛ss♦✱ s❡♥ã♦✱ ✈♦❧t❛ ♣❛r❛ ♦ ♣❛ss♦

❛♥t❡r✐♦r✳

✸✽



✻✳ ❙❡ ❛❧❣✉♠ θk ❢♦✐ ♠♦❞✐✜❝❛❞♦ ❡♥tã♦ ✈♦❧t❛ ♣❛r❛ ♦ ♣❛ss♦ ✷✱ s❡♥ã♦✱ t❡r♠✐♥❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦✳

◆❛ ♣rát✐❝❛✱ ♦t✐♠✐③❛r ❛ ❢❛s❡ ❞❡ t♦❞❛s ❛s s✉❜♣♦rt❛❞♦r❛s é ✉♠ t❛r❡❢❛ ♠✉✐t♦ ❞✐❢í❝✐❧ ❡ ❞✐s♣❡♥❞✐♦s❛✱

❛ss✐♠✱ ♥♦r♠❛❧♠❡♥t❡ é ✉t✐❧✐③❛❞♦ ✉♠ ♥ú♠❡r♦ r❡❞✉③✐❞♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s ♣❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡st❛

té❝♥✐❝❛✳ ◆♦r♠❛❧♠❡♥t❡✱ sã♦ ❡s❝♦❧❤✐❞♦s ♦s sí♠❜♦❧♦s ❝♦♠ ♠❛✐♦r P❆P❘✳

✸✾



❈❛♣ít✉❧♦ ✺

❲✐▼❆❳ ✭❲♦r❧❞✇✐❞❡ ■♥t❡r♦♣❡r❛❜✐❧✐t②

❢♦r ▼✐❝r♦✇❛✈❡✮

◆❡st❡ ❝❛♣ít✉❧♦ s❡rá ❞✐s❝✉t✐❞❛ ❛ t❡❝♥♦❧♦❣✐❛ ❲✐✲

▼❆❳✱ ❞❡s❝r❡✈❡♥❞♦ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ♣❛❞rã♦

■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪✱ s✉❛ ❝❛♠❛❞❛ ❢ís✐❝❛✱ ♠♦❞✉✲

❧❛çã♦✱ ❝♦❞✐✜❝❛çã♦✱ ❡s❝❛❧❛❜✐❧✐❞❛❞❡✱ s✉❜❝❛♥❛❧✐③❛çã♦

❡ ♣❡r♠✉t❛çã♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s✱ ❛❧é♠ ❞♦s ♣❛râ♠❡✲

tr♦s ❞❡ ✉t✐❧✐③❛çã♦ ♥♦s s✐st❡♠❛s ❖❋❉▼ ❡ ❖❋❉▼❆

✺✳✶ ❆ t❡❝♥♦❧♦❣✐❛ ❲✐▼❆❳

❆ t❡❝♥♦❧♦❣✐❛ ❲✐▼❆❳ é ✉♠ ♣❛❞rã♦ ♠✉♥❞✐❛❧ ❞❡ r❡❞❡s s❡♠ ✜♦ ❜❛s❡❛❞♦ ♥♦ ♣❛❞rã♦ ■❊❊❊ ✽✵✷✳✶✻✳

❊❧❛ ♦❢❡r❡❝❡ ✉♠❛ ❛❧t❡r♥❛t✐✈❛ s❡♠ ✜♦ às r❡❞❡s ❝❛❜❡❛❞❛s ❞❡ ❛❧t❛ ❝❛♣❛❝✐❞❛❞❡ ♣❛r❛ ✐♠♣❧❡♠❡♥t❛çõ❡s

❞❡ ú❧t✐♠❛ ♠✐❧❤❛✳ ❊st❛ t❡❝♥♦❧♦❣✐❛ ♣❡r♠✐t❡ q✉❡ ❝❛r❛❝t❡ríst✐❝❛s t❛✐s ❝♦♠♦ t❛①❛ ❞❡ tr❛♥s❢❡rê♥❝✐❛✱

♣♦tê♥❝✐❛✱ ❡sq✉❡♠❛ ❞❡ ♠♦❞✉❧❛çã♦ ❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣♦ss❛♠ s❡r ♣❡rs♦♥❛❧✐③❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s

❝❛r❛❝t❡ríst✐❝❛s ❣❡♦❣rá✜❝❛s ❡ ♣♦♣✉❧❛❝✐♦♥❛✐s ❞❡ ❝❛❞❛ ❧♦❝❛❧✐❞❛❞❡✳

❆ t❡♥❞ê♥❝✐❛ é q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡st❛ t❡❝♥♦❧♦❣✐❛ ❡♥s❡❥❡ ♥❛ s✉❜st✐t✉✐çã♦ ❣r❛❞✉❛❧ ❞❡ ♣❛rt❡ ❞❛s

t❡❝♥♦❧♦❣✐❛s ❞❡ ❛❝❡ss♦ ❞❡ ❜❛♥❞❛ ❧❛r❣❛ ♣♦r ❝❛❜♦ ❡ ❆❉❙▲✱ ❞✉r❛♥t❡ ♦s ♣ró①✐♠♦s ❛♥♦s✳ ❖ ❲✐▼❆❳

♣❡r♠✐t❡ ❛ ❝♦♠✉♥✐❝❛çã♦ ✜①❛ ❡ ♠ó✈❡❧ ❡♥tr❡ ✉♠ ♦✉ ♠❛✐s ♣♦♥t♦s s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✈✐s❛❞❛ ❞✐r❡t❛

❝♦♠ ❛ ❡st❛çã♦ rá❞✐♦ ❜❛s❡ ✭❊❘❇✮✳

❆ ❞❡♠❛♥❞❛ ♣♦r s✐st❡♠❛s s❡♠ ✜♦ é ❝❛❞❛ ✈❡③ ♠❛✐♦r ❡ ❛♣❡♥❛s ❛ ♣♦rt❛❜✐❧✐❞❛❞❡ ❞♦ ❤❛r❞✇❛r❡ ♥ã♦

é s✉✜❝✐❡♥t❡✱ ♣♦✐s ❛ ♠❛✐♦r✐❛ ❞❡ss❛s ❛♣❧✐❝❛çõ❡s ♥❡❝❡ss✐t❛ ❡st❛r ❝♦♥❡❝t❛❞❛ à r❡❞❡✳ ❆ ✐♥❢r❛❡str✉t✉r❛

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

✢❡①✐❜✐❧✐❞❛❞❡✱ ♣r❛t✐❝✐❞❛❞❡✱ r❛♣✐❞❡③ ❞❡ ✐♥st❛❧❛çã♦ ❡ ❡❝♦♥♦♠✐❛✳ ◆♦s ú❧t✐♠♦s ❛♥♦s✱ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s

✈ár✐♦s ♣❛❞rõ❡s ❞❡ r❡❞❡s s❡♠ ✜♦✱ q✉❡ ♣♦❞❡♠ s❡r ❡♥❝❛r❛❞♦s ❝♦♠♦ ✉♠❛ ❛❧t❡r♥❛t✐✈❛ ♦✉ ❡①t❡♥sã♦ ❞❛s

r❡❞❡s ❝❛❜❡❛❞❛s✳

❆ t❡❝♥♦❧♦❣✐❛ ❲✐▼❆❳ t❡♠ ❝♦♠♦ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦ ♦❢❡r❡❝❡r ❛❧t❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❛tr❛✈és ❞❡

✉♠❛ r❡❞❡ s❡♠ ✜♦✳ ❈♦♠ ❡st❛ t❡❝♥♦❧♦❣✐❛✱ t❡♦r✐❝❛♠❡♥t❡✱ é ♣♦ssí✈❡❧ ❝♦❜r✐r ár❡❛s ❞❡ ❛té ✶✵❦♠ ❛ ✉♠❛

✈❡❧♦❝✐❞❛❞❡ ❞❡ ✼✵▼❜♣s✳ ❊ss❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ♣♦❞❡ ♦❢❡r❡❝❡r s✉♣♦rt❡ s✐♠✉❧tâ♥❡♦ ♣❛r❛ ❞✐✈❡rs❛s

❝♦♥❡①õ❡s r❡s✐❞❡♥❝✐❛✐s q✉❡ ✉t✐❧✐③❛♠ ❆❉❙▲ ✭t❛①❛s ❞❡ tr❛♥s♠✐ssã♦ ❛té ✶ ▼❜♣s✮✳

✹✵



❍♦❥❡ ❡stã♦ ❞❡✜♥✐❞♦s ♥♦ ♣❛❞rã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪ ♦ ❲✐▼❆❳ ✜①♦ ❡ ♠ó✈❡❧✳ ❖ ❲✐▼❆❳ ✜①♦

é ✈♦❧t❛❞♦ ♣❛r❛ ❜❛♥❞❛ ❧❛r❣❛ ✜①❛ ❡✱ ♥♦ ❇r❛s✐❧✱ ♦♣❡r❛ ♥❛s ❢❛✐①❛s ❞❡ ❢r❡q✉ê♥❝✐❛ ✺✱✽ ✭♥ã♦ ❧✐❝❡♥❝✐❛❞❛✮ ❡

✷✱✺ ❡ ✸✱✺ ●❍③ ✭❧✐❝❡♥❝✐❛❞❛s✮✳ ❏á ♦ ❲✐▼❆❳ ♠ó✈❡❧ é ❞❡st✐♥❛❞♦ ❛ ❛♣❧✐❝❛çõ❡s ♠ó✈❡✐s ❡ ✉t✐❧✐③❛ ❛s ❢❛✐①❛s

❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡ ✷●❍③ ❛ ✻●❍③✳

❆ ❞❡s❝r✐çã♦ ❞♦ s✐st❡♠❛ ❲✐▼❆❳ ♥❡st❡ tr❛❜❛❧❤♦ t❡♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ✐♥tr♦❞✉③✐r ♦s ❝♦♥❝❡✐t♦s ❞❛

t❡❝♥♦❧♦❣✐❛✱ s❡♠ ❛♣r♦❢✉♥❞❛r ♥❛s ❝❛r❛❝t❡ríst✐❝❛s té❝♥✐❝❛s ✐♥trí♥s❡❝❛s ❛ ❡st❛ t❡❝♥♦❧♦❣✐❛✳ ❖ ❝♦♥❝❡✐t♦

té❝♥✐❝♦ ❞❛ ❝❛r❛❝t❡r✐③❛çã♦ ❞♦ s✐st❡♠❛ ❲✐▼❆❳ s❡ ❢❛③ ♥❡❝❡ssár✐♦✱ ♣♦✐s ♦s ♣r♦❜❧❡♠❛s ❞❛ P❆P❘ ❛♥❛✲

❧✐s❛❞♦s s❡rã♦ r❡❧❛❝✐♦♥❛❞♦s ❛ ❡st❡ s✐st❡♠❛✳

❆ té❝♥✐❝❛ ❞❡ tr❛♥s♠✐ssã♦ ❖❋❉▼ só ♥ã♦ é ✉t✐❧✐③❛❞❛ ♥❛ ♣r✐♠❡✐r❛ ✈❡rsã♦ ❞♦ ♣❛❞rã♦ ■❊❊❊ ✽✵✷✳✶✻✱

♣♦✐s ❡st❡ ♦♣❡r❛ ❝♦♠ ✉♠ s✐st❡♠❛ ❞❡ ♣♦rt❛❞♦r❛ ú♥✐❝❛✳ P♦ré♠✱ t❛♥t♦ ♦ ♣❛❞rã♦ ❞♦ ❲✐▼❆❳ ✜①♦

✭■❊❊❊ ✽✵✷✳✶✻❞✮ q✉❛♥t♦ ♦ ♣❛❞rã♦ ❞♦ ❲✐▼❆❳ ♠ó✈❡❧ ✭■❊❊❊ ✽✵✷✳✶✻❡✮✱ ❝♦♥s♦❧✐❞❛❞♦s ♥♦ ♣❛❞rã♦ ■❊❊❊

✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪✱ tr❛❜❛❧❤❛♠ ❝♦♠ ♦ ❖❋❉▼ ♥❛ tr❛♥s♠✐ssã♦✳ ◆♦ ❲✐▼❆❳ ✜①♦ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛

✉♠❛ ú♥✐❝❛ ♣♦rt❛❞♦r❛✱ ✷✺✻ ♦✉ ✷✵✹✽ s✉❜♣♦rt❛❞♦r❛s ❝♦♠ ❛ té❝♥✐❝❛ ❖❋❉▼✳ ❏á ♥♦ ❲✐▼❆❳ ♠ó✈❡❧✱ ❛

té❝♥✐❝❛ ❞❡ ❖❋❉▼ é ✉t✐❧✐③❛❞❛ ❞❡ ❢♦r♠❛ ❡s❝❛❧á✈❡❧ ♣r❡✈❡♥❞♦ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶✷✽✱ ✺✶✷✱ ✶✵✷✹ ❡ ✷✵✹✽

s✉❜♣♦rt❛❞♦r❛s✳

❆s ❝❛r❛❝t❡ríst✐❝❛s té❝♥✐❝❛s ❞❛ t❡❝♥♦❧♦❣✐❛ ❲✐▼❆❳ sã♦ ✐♥tr♦❞✉③✐❞❛s ♥♦s ✐t❡♥s s✉❜s❡q✉❡♥t❡s ❞❡

❢♦r♠❛ ❛ ❞❡❧✐♠✐t❛r ❡ ❝❛r❛❝t❡r✐③❛r ♦s ♣❛râ♠❡tr♦s ❞❡t❛❧❤❛❞♦s ❡ ♣❛❞r♦♥✐③❛❞♦s ♣❛r❛ ❡st❛ t❡❝♥♦❧♦❣✐❛✳

✺✳✷ ❈♦♥t❡①t♦ ❤✐stór✐❝♦

❊♠ ✶✾✾✽✱ ♦ ■❊❊❊ ✭■♥st✐t✉t❡ ♦❢ ❊❧❡❝tr✐❝❛❧ ❛♥❞ ❊❧❡❝tr♦♥✐❝ ❊♥❣✐♥❡❡rs✮ ✐♥✐❝✐♦✉ ♣♦r ♠❡✐♦ ❞♦ ❣r✉♣♦

❞❡ tr❛❜❛❧❤♦ ✽✵✷✳✶✻✳ ❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ ♣❛❞rã♦ ❞❡ r❡❞❡ s❡♠ ✜♦ ♣❛r❛ ❛ ❝❤❛♠❛❞❛ ❲▼❆◆

✭❲✐r❡❧❡ss ▼❡tr♦♣♦❧✐t❛♥ ❆r❡❛ ◆❡t✇♦r❦✮✳ ❖ ♣r✐♠❡✐r♦ ♣❛❞rã♦ ❛♣r♦✈❛❞♦ ♣r♦❞✉③✐❞♦ ♣♦r ❡st❡ ❣r✉♣♦ ❢♦✐

♦ ❲✐r❡❧❡ss▼❆◆✲❙❈✱ ❧❛♥ç❛❞♦ ❡♠ ❞❡③❡♠❜r♦ ❞❡ ✷✵✵✶ ♣r❡✈❡♥❞♦ ❡♠ s✉❛ ❡s♣❡❝✐✜❝❛çã♦ ✉♠❛ ❝❛♠❛❞❛

❢ís✐❝❛ ✉t✐❧✐③❛♥❞♦ té❝♥✐❝❛s ❞❡ ♠♦❞✉❧❛çã♦ ❝♦♠ ♣♦rt❛❞♦r❛ ú♥✐❝❛ ❡ ✉♠❛ ❝❛♠❛❞❛ ▼❆❈ ❝♦♠ ❡str✉t✉r❛

❚❉▼ ❡♠ r❛❥❛❞❛✳ ❊st❛ s♦❧✉çã♦ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ♣❛r❛ ❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛s ❝♦♠♣r❡❡♥❞✐❞❛s ❡♥tr❡

✶✵ ❡ ✻✻ ●❍③✳

P♦st❡r✐♦r♠❡♥t❡✱ ♦ ❣r✉♣♦ ✐♥✐❝✐♦✉ ❡st✉❞♦s ✈✐s❛♥❞♦ ❛♠♣❧✐❛r ♦ ♣❛❞rã♦ ♣❛r❛ ❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛s

❛ ♣❛rt✐r ❞❡ ✷ ●❍③✳ ❊st❛ ❡♠❡♥❞❛✱ ❞❡♥♦♠✐♥❛❞❛ ■❊❊❊ ✽✵✷✳✶✻❛✱ ♥♦r♠❛t✐③♦✉ ♦ ✉s♦ ❞❛ té❝♥✐❝❛ ❖❋❉▼

♣❛r❛ ❛ ❝❛♠❛❞❛ ❢ís✐❝❛✱ ♦ q✉❡ ♣♦ss✐❜✐❧✐t♦✉ ♦ ✉s♦ ❞❡st❡ ♣❛❞rã♦ ❡♠ s✐t✉❛çõ❡s s❡♠ ✈✐s❛❞❛ ❞✐r❡t❛✳ ❋♦r❛♠

❞❡✜♥✐❞❛s t❛♠❜é♠ ♦♣çõ❡s ♥❛ ❝❛♠❛❞❛ ▼❆❈✱ ❡♥tr❡ ❡❧❛s ♦ s✉♣♦rt❡ ❛ t❡❝♥♦❧♦❣✐❛ ❖❋❉▼❆✳

❆♦ ❧♦♥❣♦ ❞❡st❛ ❡✈♦❧✉çã♦✱ ❢♦r❛♠ ❢❡✐t❛s ✈ár✐❛s ❞✐s❝✉ssõ❡s ❛té q✉❡ ❛s ❡s♣❡❝✐✜❝❛çõ❡s ♣❡r♠✐t✐ss❡♠

♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s♦❧✉çõ❡s ✐♥t❡r♦♣❡rá✈❡✐s✳ P❛r❛ ✐st♦✱ ❢♦✐ ❝r✐❛❞♦ ♦ ❲✐▼❆❳ ❋ór✉♠ ❬✹❪✱ ✉♠❛

♦r❣❛♥✐③❛çã♦ s❡♠ ✜♥s ❧✉❝r❛t✐✈♦s ❧✐❞❡r❛❞❛ ♣♦r ✐♥❞ústr✐❛s✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❝❡rt✐✜❝❛r ❡ ♣r♦♠♦✈❡r ❛

❝♦♠♣❛t✐❜✐❧✐❞❛❞❡ ❡ ✐♥t❡r♦♣❡r❛❜✐❧✐❞❛❞❡ ❞❡ ♣r♦❞✉t♦s ❜❛♥❞❛ ❧❛r❣❛ s❡♠ ✜♦ ❜❛s❡❛❞♦s ♥♦ ♣❛❞rã♦ ■❊❊❊

✽✵✷✳✶✻ ❬✶❪ ❡ ❊❚❙■ ❍✐♣❡r▼❆◆✳

❖ ❲✐▼❆❳ ❋ór✉♠ ❬✹❪ ❢♦✐ ❡st❛❜❡❧❡❝✐❞♦ ❡♠ ❥✉♥❤♦ ❞❡ ✷✵✵✶✳ ❈♦♠♦ ♦ ❛❝❡ss♦ s❡♠ ✜♦ ❜❛♥❞❛ ❧❛r❣❛

❝♦♥q✉✐st♦✉ ♦ ✐♥t❡r❡ss❡ ❞♦ ♣ú❜❧✐❝♦ ♣♦r ✈♦❧t❛ ❞❡ ✷✵✵✹✱ ♦ ❲✐▼❆❳ ❋ór✉♠ ❬✹❪ ✈❡♠ ❛❝r❡s❝❡♥t❛♥❞♦

❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✵✵ ♥♦✈❛s ❡♠♣r❡s❛s✲♠❡♠❜r♦ ♣♦r ❛♥♦✳ ❊♠ ✷✵✵✽✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♠❡♠❜r♦s ❥á

♣❛ss❛✈❛ ❞❡ ✺✵✵✳

✹✶



❊♠ ✷✵✵✹✱ ❛♣ós ❛❧❣✉♠❛s r❛t✐✜❝❛çõ❡s ❞❛ ❡s♣❡❝✐✜❝❛çã♦ ✭■❊❊❊ ✽✵✷✳✶✻❛✴❜✴❝✮✱ q✉❡ ♣♦st❡r✐♦r♠❡♥t❡

❢♦r❛♠ r❡t✐r❛❞❛s✱ ❛s ❡s♣❡❝✐✜❝❛çõ❡s ❞♦s s❡r✈✐ç♦s ❞❡ ✐♥t❡r♥❡t ✜①❛ s❡♠ ✜♦ ✭❲✐▼❆❳ ✜①♦✮ ❢♦r❛♠ ❧❛♥✲

ç❛❞❛s ❡♠ ♦✉t✉❜r♦ ❞❡ ✷✵✵✹ ✭■❊❊❊ ✽✵✷✳✶✻❞ ♦✉ ✽✵✷✳✶✻✲✷✵✵✹✮ ❬✺❪✳ ❊st❡ ♥♦✈♦ ♣❛❞rã♦✱ q✉❡ ❢♦✐ ❧❛♥ç❛❞♦

❢♦r♠❛❧♠❡♥t❡ ❝♦♠♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✹ ❬✺❪✱ é ✉s✉❛❧♠❡♥t❡ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ■❊❊❊ ✽✵✷✳✶✻❞ ❡ ❡s♣❡❝✐✲

✜❝❛ s✐st❡♠❛s ✜①♦s ❡ ♥ô♠❛❞❡s ❡♠ ❛♠❜✐❡♥t❡s ❝♦♠ ♦✉ s❡♠ ❧✐♥❤❛ ❞❡ ✈✐s❛❞❛ ♦♣❡r❛♥❞♦ ❡♠ ❢r❡q✉ê♥❝✐❛s

❛❜❛✐①♦ ❞❡ ✶✶ ●❍③✳ ❊st❡ ♣❛❞rã♦ ❢♦✐ ❛❞♦t❛❞♦ ♣❡❧❛ ❊❚❙■ ✭❊✉r♦♣❡❛♥ ❚❡❧❡❝♦♠♠✉♥✐❝❛t✐♦♥s ❙t❛♥❞❛r❞s

■♥st✐t✉t❡✮ ❝♦♠♦ ❜❛s❡ ♣❛r❛ ❛ r❡❞❡ ♠❡tr♦♣♦❧✐t❛♥❛ ❞❡ ❛❧t♦ ❞❡s❡♠♣❡♥❤♦ ❍✐♣❡r▼❆◆✭❍✐❣❤ P❡r❢♦r♠❛♥❝❡

▼❡tr♦♣♦❧✐t❛♥ ❆r❡❛ ◆❡t✇♦r❦✮✳

P❛r❛❧❡❧❛♠❡♥t❡✱ ✐♥✐❝✐♦✉✲s❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ ♠❡❧❤♦r❛♠❡♥t♦ ❞❛s ❡s♣❡❝✐✜❝❛çõ❡s ♣❛r❛ t♦r♥❛r

♦ ♣❛❞rã♦ ❝♦♠♣❛tí✈❡❧ ❝♦♠ ❛♣❧✐❝❛çõ❡s ♠ó✈❡✐s✱ ❛❞✐❝✐♦♥❛♥❞♦ ♣♦rt❛❜✐❧✐❞❛❞❡ ❡ ❤❛❜✐❧✐t❛♥❞♦ ♦s ❝❧✐❡♥t❡s

♠ó✈❡✐s ♣❛r❛ ❛❝❡ss♦ ❞✐r❡t♦ ❛ r❡❞❡ ❲✐▼❆❳✳ ❉❛í ♥❛s❝❡✉ ♦ ♣❛❞rã♦ ❲✐▼❆❳ ♠ó✈❡❧ ✭■❊❊❊ ✽✵✷✳✶✻❡

♦✉ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✺✮❬✻❪✱ ❧❛♥ç❛❞♦ ❡♠ ✷✵✵✺ ❝♦♠♦ ✉♠❛ r❛t✐✜❝❛çã♦ ❞❛ ♥♦r♠❛ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✹✳

❖t✐♠✐③❛❞♦ ♣❛r❛ ♠♦❜✐❧✐❞❛❞❡✱ t❡♠ s✉♣♦rt❡ ❛ ❤❛♥❞♦✈❡rs ❡♥tr❡ ❝é❧✉❧❛s ❡ r♦❛♠✐♥❣✳ ❯t✐❧✐③❛ ❖❋❉▼❆ ❡

❖❋❉▼❆ ❡s❝❛❧á✈❡❧ ✭❙❖❋❉▼❆✮✳

❊♠ ✷✵✵✾✱ ❛ ❡s♣❡❝✐✜❝❛çã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪ ❢❡③ ❛ r❡✈✐sã♦ ❞♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✹ ❬✺❪✱ ❡ ❝♦♥✲

s♦❧✐❞♦✉ ❛s ❛❧t❡r❛çõ❡s ❢❡✐t❛s ♥♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✺ ❬✻❪ ❛♦ ❧♦♥❣♦ ❞♦s ú❧t✐♠♦s ❛♥♦s✳ ❆ ❡s♣❡❝✐✜❝❛çã♦

■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪ s✉❜st✐t✉✐ ❡ t♦r♥❛ ♦❜s♦❧❡t❛ ❛ ❡s♣❡❝✐✜❝❛çã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✹ ❬✺❪ ❡ t♦❞❛s ❛s

s✉❛s ❛❧t❡r❛çõ❡s ❡ r❡t✐✜❝❛çõ❡s✳

P♦r r❛③õ❡s ♣rát✐❝❛s ❞❡ ✐♥t❡r♦♣❡r❛❜✐❧✐❞❛❞❡✱ ♦ ❡s❝♦♣♦ ❞❛ ♣❛❞r♦♥✐③❛çã♦ r❡❛❧✐③❛❞❛ ♣❡❧♦ ❣r✉♣♦ ❞❡

tr❛❜❛❧❤♦ ■❊❊❊ ✽✵✷✳✶✻ ❢♦✐ r❡❞✉③✐❞♦ ❞❡ ❢♦r♠❛ q✉❡ ❛s ♣r✐♥❝✐♣❛✐s ❞❡✜♥✐çõ❡s ❞❡✈❡r✐❛♠ s❡r ♣❛r❛ ❛s

❝❛♠❛❞❛s ❢ís✐❝❛s ✭P❍❨✮ ❡ ❞❡ ❡♥❧❛❝❡ ✭▼❆❈✮✳ ❖ ❲✐▼❆❳ ❋ór✉♠ ❬✹❪ ❝♦♠♣❧❡♠❡♥t❛ ❛ ♣❛❞r♦♥✐③❛çã♦

❝♦♠ ❛s ❝❛♠❛❞❛s s✉♣❡r✐♦r❡s ❞❛ r❡❞❡✳

✺✳✸ ❈❛r❛❝t❡ríst✐❝❛s ❞♦ ♣❛❞rã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪

❊st❡ ♣❛❞rã♦ ♦❢❡r❡❝❡ ✉♠❛ ✈❛r✐❡❞❛❞❡ ❞❡ ♦♣çõ❡s ♣❛r❛ ❛ ♠♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛✳ P♦r ❡①❡♠♣❧♦✱

❡①✐st❡♠ ✈ár✐❛s ❡s❝♦❧❤❛s ♣❛r❛ ❛ ❝❛♠❛❞❛ ❢ís✐❝❛✿ ✉♠ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠ ✉♠❛ ú♥✐❝❛ ♣♦rt❛❞♦r❛ ❝❤❛♠❛❞♦

❞❡ ❲✐r❡❧❡ss▼❆◆✲❙❈❛✱ ✉♠❛ ❝❛♠❛❞❛ ❢ís✐❝❛ ❜❛s❡❛❞❛ ♥❛ té❝♥✐❝❛ ❖❋❉▼✱ ❝❤❛♠❛❞❛ ❞❡ ❲✐r❡❧❡ss▼❆◆✲

❖❋❉▼✱ ❡ ✉♠❛ ❝❛♠❛❞❛ ❢ís✐❝❛ ❜❛s❡❛❞❛ ♥❛ té❝♥✐❝❛ ❞❡ ❖❋❉▼❆✱ ❝❤❛♠❛❞❛ ❞❡ ❲✐r❡❧❡ss▼❆◆✲❖❋❉▼❆✱

❡♥tr❡ ♦✉tr❛s ❡s❝♦❧❤❛s q✉❡ s❡rã♦ ❝♦♠❡♥t❛❞❛s ♣♦st❡r✐♦r♠❡♥t❡✳ ❆s ❝❛r❛❝t❡ríst✐❝❛s ❜ás✐❝❛s ❞❡st❡ ♣❛❞rã♦

sã♦ ❞❡s❝r✐t❛s ❡♠ ❬✷✶❪✳

P❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛ ❝❛♠❛❞❛ ▼❆❈✱ ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çã♦✱ ❞✉♣❧❡①❛çã♦✱

t❛①❛ ❞❡ tr❛♥s♠✐ssã♦✱ ♠♦❞✉❧❛çã♦✱ ❝♦❞✐✜❝❛çã♦✱ ❡t❝✳ ❊st❡ ♣❛❞rã♦ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ ❛t❡♥❞❡r ❛

❞✐✈❡rs❛s ❛♣❧✐❝❛çõ❡s ❡ ❛ss✐♠ ❢❛❝✐❧✐t❛r ❛ ❝♦♥str✉çã♦ ❞❡st❡s s✐st❡♠❛s✳

❆s ❝❛r❛❝t❡ríst✐❝❛s ❜ás✐❝❛s ❡s♣❡❝✐✜❝❛❞❛s ♣❛r❛ ♦ ♣❛❞rã♦ ❲✐▼❆❳ sã♦ ❞❡s❝r✐t❛s ♥❛ ❚❛❜❡❧❛ ✺✳✶✿

✺✳✹ ❈❛♠❛❞❛ ❢ís✐❝❛

❖ ♣❛❞rã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪ é ❜❛s❡ ♣❛r❛ ❛ ❞❡✜♥✐çã♦ ❞❛ ❝❛♠❛❞❛ ❢ís✐❝❛ ❞❛ t❡❝♥♦❧♦❣✐❛ ❲✐▼❆❳✱

❡ ❞❡♥tr♦ ❞♦ s❡✉ ❡s❝♦♣♦ ❞❡✜♥❡ ✺ t✐♣♦s ❞❡ ❝❛♠❛❞❛s ❢ís✐❝❛s✳ ◗✉❛❧q✉❡r ✉♠❛ ❞❡st❛s ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛

✹✷



■❊❊❊ ✽✵✷✳✶✻ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾

❙✐t✉❛çã♦ ❋✐♥❛❧✐③❛❞♦ ✷✵✵✶ ❋✐♥❛❧✐③❛❞♦ ✷✵✵✾

❋r❡q✉ê♥❝✐❛ ❞❡ ✶✵●❍③✲✻✻●❍③ ✷●❍③✲✶✶●❍③ ♣❛r❛ ✜①♦

♦♣❡r❛çã♦ ✷●❍③✲✻●❍③ ♣❛r❛ ♠ó✈❡❧

❆♣❧✐❝❛çã♦ ❋✐①♦ ❝♦♠ ✈✐s❛❞❛ ❞✐r❡t❛ ❋✐①♦ ❡ ♠ó✈❡❧ s❡♠ ✈✐s❛❞❛ ❞✐r❡t❛

❆rq✉✐t❡t✉r❛ ▼❆❈ P♦♥t♦✲♠✉❧t✐♣♦♥t♦ ❡ ▼❡s❤ P♦♥t♦✲♠✉❧t✐♣♦♥t♦ ❡ ▼❡s❤

❚é❝♥✐❝❛ ❞❡ P♦rt❛❞♦r❛ ú♥✐❝❛ P♦rt❛❞♦r❛ ú♥✐❝❛

tr❛♥s♠✐ssã♦ ❖❋❉▼ ❝♦♠ ✷✺✻ s✉❜♣♦rt❛❞♦r❛s

❖❋❉▼ ❝♦♠ ✷✵✹✽ s✉❜♣♦rt❛❞♦r❛s

❊s❝❛❧á✈❡❧ ❖❋❉▼ ❝♦♠ ✶✷✽✱ ✺✶✷✱

✶✵✷✹ ♦✉ ✷✵✹✽ s✉❜♣♦rt❛❞♦r❛s

▼♦❞✉❧❛çã♦ ◗P❙❑✱ ✶✻◗❆▼ ❡ ✻✹◗❆▼ ◗P❙❑✱ ✶✻◗❆▼ ❡ ✻✹◗❆▼

❚❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ✸✷▼❜♣s✲✶✸✹✱✹▼❜♣s ✶▼❜♣s✲✼✺▼❜♣s

▼✉❧t✐♣❧❡①❛çã♦ ❚❉▼✴❚❉▼❆ ❚❉▼✴❚❉▼❆✴❖❋❉▼❆

❉✉♣❧❡①❛çã♦ ❚❉❉ ❡ ❋❉❉ ❚❉❉ ❡ ❋❉❉

▲❛r❣✉r❛ ❞❡ ✷✵✱ ✷✺✱ ✷✽▼❍③ ✶✳✷✺✱ ✶✳✼✺✱ ✸✳✺✱ ✺✱ ✼✱

❜❛♥❞❛ ✽✳✼✺✱ ✶✵✱ ✶✹✱ ✶✺▼❍③

❉❡s✐❣♥❛çã♦ ❞❛ ❲✐r❡❧❡ss▼❆◆✲❙❈ ❲✐r❡❧❡ss▼❆◆✲❙❝❛

✐♥t❡r❢❛❝❡ ❛ér❡❛ ❲✐r❡❧❡ss▼❆◆✲❖❋❉▼

❲✐r❡❧❡ss▼❆◆✲❖❋❉▼❆

❲✐r❡❧❡ss❍❯▼❆◆

❚❛❜❡❧❛ ✺✳✶✿ ❈❛r❛❝t❡ríst✐❝❛s ❜ás✐❝❛s ❡s♣❡❝✐✜❝❛❞❛s ♣❛r❛ ❝❛❞❛ ♣❛❞rã♦ ❲✐▼❆❳

✹✸



❝♦♠ ❛ ❝❛♠❛❞❛ ❞❡ ❝♦♥tr♦❧❡ ❞❡ ❛❝❡ss♦ ❛♦ ♠❡✐♦ ✭▼❆❈✮ ♣❛r❛ ❞❡s❡♥✈♦❧✈❡r ✉♠ s✐st❡♠❛ ❞❡ r❡❞❡ s❡♠ ✜♦

❜❛♥❞❛ ❧❛r❣❛✳ ❆s ❝❛♠❛❞❛s ❢ís✐❝❛s ❞❡✜♥✐❞❛s ♥♦ ✽✵✷✳✶✻ sã♦✿

❲✐r❡❧❡ss▼❆◆✲❙❈✿ ❚r❛t❛✲s❡ ❞❛ ✈❡rsã♦ ❝♦♠ ✉♠❛ ú♥✐❝❛ ♣♦rt❛❞♦r❛✱ ♣r♦❥❡t❛❞❛ ♣❛r❛ ♦♣❡r❛çã♦

❝♦♠ ❧✐♥❤❛ ❞❡ ✈✐s❛❞❛ ♥❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡ ✶✵ ❛ ✻✻●❍③✳ ❊ss❛ ✈❡rsã♦ ❡stá ❢♦❝❛❞❛ ❡♠ ❢❛❝✐❧✐❞❛❞❡

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

❲✐r❡❧❡ss▼❆◆✲❙❈❛✿ ❊st❛ ✈❡rsã♦ ♣♦ss✉✐ ✉♠❛ ú♥✐❝❛ ♣♦rt❛❞♦r❛ ♣❛r❛ ❢r❡q✉ê♥❝✐❛s ❞❡ ❛té ✶✶●❍③✳

❈♦♠♣r❡❡♥❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s q✉❡ ❞ã♦ s✉♣♦rt❡ ❛ ♦♣❡r❛çõ❡s s❡♠ ❧✐♥❤❛ ❞❡ ✈✐s❛❞❛✱

✐♥❝❧✉✐♥❞♦ ✉♠❛ ❡str✉t✉r❛ ❞❡ q✉❛❞r♦s r♦❜✉st❛ ❛ ♠✉❧t✐♣❡r❝✉rs♦✱ ❡st✐♠❛çã♦ ❡ ❡q✉❛❧✐③❛çã♦ ❞❡ ❝❛♥❛❧✱

♠♦❞✉❧❛çã♦ ❛❞❛♣t❛t✐✈❛✱ ♠ú❧t✐♣❧♦s ❡sq✉❡♠❛s ❞❡ ❝♦❞✐✜❝❛çã♦✱ ❛♥t❡♥❛s ❛❞❛♣t❛t✐✈❛s✱ ❞✐✈❡rs✐❞❛❞❡ ❞❡

tr❛♥s♠✐ssã♦ ❡ ❝♦♥tr♦❧❡ ❞❡ ♣♦tê♥❝✐❛✳

❲✐r❡❧❡ss▼❆◆✲❖❋❉▼✿ Pr♦❥❡t❛❞❛ ♣❛r❛ ♦♣❡r❛çã♦ s❡♠ ❧✐♥❤❛ ❞❡ ✈✐s❛❞❛✱ ❡♠ ❢r❡q✉ê♥❝✐❛s ❛❜❛✐①♦

❞❡ ✶✶●❍③✱ ❜❛s❡❛❞❛ ♥❛ té❝♥✐❝❛ ❖❋❉▼✳ ❆❧é♠ ❞❛s ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ❡s♣❡❝✐✜❝❛❞❛s ♥❛ ❲✐r❡❧❡ss▼❆◆✲

❙❈❛✱ ❡st❛ ✈❡rsã♦ ♣♦❞❡ s❡r ✐♠♣❧❡♠❡♥t❛❞❛ ❝♦♠ ❛ t❡❝♥♦❧♦❣✐❛▼❡s❤ ❡ s✉❜❝❛♥❛❧✐③❛çã♦ ♥♦ ❡♥❧❛❝❡ r❡✈❡rs♦✱

q✉❡ r❡♣r❡s❡♥t❛♠ ✐♠♣♦rt❛♥t❡s ❢❡rr❛♠❡♥t❛s ♣❛r❛ ❛ ♦t✐♠✐③❛çã♦ ❞❛ ❝♦❜❡rt✉r❛ ❞♦ s✐st❡♠❛✳

❲✐r❡❧❡ss▼❆◆✲❖❋❉▼❆✿ ➱ ✐♠♣❧❡♠❡♥t❛❞♦ s❡♠ ✈✐s❛❞❛ ❞✐r❡t❛ ❡♠ ❢r❡q✉ê♥❝✐❛s ❛❜❛✐①♦ ❞❡ ✶✶●❍③

❡ s❡ ❜❛s❡✐❛ ♥♦ ❡sq✉❡♠❛ ❞❡ ♠ú❧t✐♣❧♦ ❛❝❡ss♦ ❞❡♥♦♠✐♥❛❞♦ ❖❋❉▼❆✳ ❚r❛t❛✲s❡ ❞❡ ✉♠❛ ❡①t❡♥sã♦ ❞❛ té❝✲

♥✐❝❛ ❖❋❉▼ ♣❛r❛ ♣❡r♠✐t✐r ♦ ❝♦♠♣❛rt✐❧❤❛♠❡♥t♦ ❞❡ ✉♠ ❝❛♥❛❧ ♣♦r ♠ú❧t✐♣❧♦s ✉s✉ár✐♦s✳ ❆❧é♠ ❞❛s

❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ❡s♣❡❝✐✜❝❛❞❛s ♥❛ ❲✐r❡❧❡ss▼❆◆✲❙❈❛✱ ♦s ❡♥❧❛❝❡s ❞✐r❡t♦ ❡ r❡✈❡rs♦ ♣♦❞❡♠ s❡r s✉❜❝❛✲

♥❛❧✐③❛❞♦s✳

❲✐r❡❧❡ss▼❆◆✲❍❯▼❆◆✿ ❈♦♠♣r❡❡♥❞❡ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ❡s♣❡❝í✜❝❛s ♣❛r❛ ♦♣❡r❛çã♦ ❡♠ ❜❛♥❞❛s

♥ã♦ ❧✐❝❡♥❝✐❛❞❛s✱ s❡♥❞♦ ♣♦r ✐ss♦ ❞❡♥♦♠✐♥❛❞❛ ✧❲✐r❡❧❡ss ❍✐❣❤✲s♣❡❡❞ ❯♥❧✐❝❡♥s❡❞ ▼❡tr♦♣♦❧✐t❛♥ ❆r❡❛

◆❡t✇♦r❦✧✳ ❊s♣❡❝✐✜❝❛ ❛ ♦♣❡r❛çã♦ ♥❛s ❢❛✐①❛s ❞❡ ✺ ❛ ✻●❍③✱ ❝♦♠ ❜❛s❡ ❡♠ ✉♠ ❡sq✉❡♠❛ ✢❡①í✈❡❧ ❞❡

❝❛♥❛❧✐③❛çã♦✱ q✉❡ ✐♥❝❧✉✐ ❝❛♥❛✐s ❞❡ ✶✵ ❡ ✷✵▼❍③ ❞❡ ❧❛r❣✉r❛✱ ❝♦♠ ❡s♣❛ç❛♠❡♥t♦ ❞❡ ✺▼❍③✳ ❖ ❡sq✉❡♠❛

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

✺✳✹✳✵✳✶ P❛râ♠❡tr♦s ❞♦ s✐st❡♠❛ ❖❋❉▼ ♣❛r❛ ✐♠♣❧❛♥t❛çã♦ ❞❛ t❡❝♥♦❧♦❣✐❛ ❲✐▼❆❳

❆ ❝❛♠❛❞❛ ❢ís✐❝❛ ❞♦ ❲✐▼❆❳ ✜①♦ ✉t✐❧✐③❛ ✉♠❛ ❋❋❚ ❝♦♠ ❝♦♠♣r✐♠❡♥t♦ ✜①❛❞♦ ❡♠ ✷✺✻✱ ❞❛s q✉❛✐s✱

✶✾✷ s✉❜♣♦rt❛❞♦r❛s sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❝❛rr❡❣❛r ❞❛❞♦s✱ ✽ sã♦ ✉t✐❧✐③❛❞❛s ❝♦♠♦ s✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦✱

♣❛r❛ ❡st✐♠❛çã♦ ❞♦ ❝❛♥❛❧ ❡ s✐♥❝r♦♥✐③❛çã♦✱ ❡ ❛s ✺✻ r❡st❛♥t❡s sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❜❛♥❞❛ ❞❡ ❣✉❛r❞❛✳ ❏á

q✉❡ ♦ t❛♠❛♥❤♦ ❞❛ ❋❋❚ é ✜①♦✱ ♦ ❡s♣❛ç❛♠❡♥t♦ ❡♥tr❡ s✉❜♣♦rt❛❞♦r❛s ✈❛r✐❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❧❛r❣✉r❛ ❞❡

❜❛♥❞❛ ❞♦ ❝❛♥❛❧ ❬✷✶❪✳ ❏á ♦ ❲✐▼❆❳ ♠ó✈❡❧ ✉s❛ ♦ ❖❋❉▼❆ ❡s❝❛❧á✈❡❧ ✭❙❖❋❉▼❆✮ ♣❛r❛ ❛ s✉❛ ❝❛♠❛❞❛

❢ís✐❝❛ ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜♣♦rt❛❞♦r❛s ♣♦❞❡ ✈❛r✐❛r ❞❡ ✶✷✽ ❛ ✷✵✹✽ ❬✷✶❪✳

◆♦ ❲✐▼❆❳ ♠ó✈❡❧✱ ♦ t❛♠❛♥❤♦ ❞❛ ❋❋❚ ♣♦❞❡ ✈❛r✐❛r ❞❡ ✶✷✽ ❛té ✷✵✹✽✳ ◗✉❛♥❞♦ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛

❛✉♠❡♥t❛✱ ♦ t❛♠❛♥❤♦ ❞❛ ❋❋❚ é ❛✉♠❡♥t❛❞♦ ❞❡ ❢♦r♠❛ q✉❡ ♦ ❡s♣❛ç❛♠❡♥t♦ ❡♥tr❡ ❛s s✉❜♣♦rt❛❞♦r❛s s❡❥❛

s❡♠♣r❡ ✶✵✳✾✹❑❍③ ❬✷✶❪✳ ■st♦ ♠❛♥té♠ ❛ ❞✉r❛çã♦ ❞♦ sí♠❜♦❧♦ ❖❋❉▼ ✜①♦ ♠✐♥✐♠✐③❛♥❞♦ ♦s ✐♠♣❛❝t♦s

♥❛s ❝❛♠❛❞❛s s✉♣❡r✐♦r❡s ❡ ♦ ❝✉st♦ ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦✳ ❊st❡ ❡s♣❛ç❛♠❡♥t♦ ✐♠♣❧✐❝❛ q✉❡ ♦s t❛♠❛♥❤♦s

❞❛ ❋❋❚ ❞❡ ✶✷✽✱ ✺✶✷✱ ✶✵✷✹ ❡ ✷✵✹✽ sã♦ ✉t✐❧✐③❛❞♦s q✉❛♥❞♦ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦ ❝❛♥❛❧ é ❞❡ ✶✳✷✺ ▼❍③✱

✺ ▼❍③✱ ✶✵ ▼❍③✱ ✷✵ ▼❍③✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆ ❚❛❜❡❧❛ ✺✳✷ ♠♦str❛ ♦s ♣❛râ♠❡tr♦s r❡❧❛❝✐♦♥❛❞♦s à ❛♣❧✐❝❛çã♦ ❞♦s s✐st❡♠❛s ❖❋❉▼ ♥❛ ❝❛♠❛❞❛

✹✹



❢ís✐❝❛ ❞♦s ♣❛❞rõ❡s ✜①♦ ❡ ♠ó✈❡❧ ❞❛ t❡❝♥♦❧♦❣✐❛ ❲✐▼❆❳✳

❲✐▼❆❳ ✜①♦ ❲✐▼❆❳ ♠ó✈❡❧

❚❛♠❛♥❤♦ ❞❛ ❋❋❚ ✷✺✻ ✶✷✽ ✺✶✷ ✶✵✷✹ ✷✵✹✽

❙✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s ✶✾✷ ✼✷ ✸✻✵ ✼✷✵ ✶✹✹✵

❙✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦ ✽ ✶✷ ✻✵ ✶✷✵ ✷✹✵

❙✉❜♣♦rt❛❞♦r❛s ♥✉❧❛s ✺✻ ✹✹ ✾✷ ✶✽✹ ✸✻✽

♦✉ ✐♥t❡r✈❛❧♦s ❞❡ ❣✉❛r❞❛

▲❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦ ❝❛♥❛❧ ✭▼❍③✮ ✸✳✺ ✶✳✷✺ ✺ ✶✵ ✷✵

❊s♣❛ç❛♠❡♥t♦ ❡♥tr❡ s✉❜♣♦rt❛❞♦r❛s ✭❑❍③✮ ✶✺✱✻✷✺ ✶✵✱✾✹

❚❡♠♣♦ út✐❧ ❞❡ ❞✉r❛çã♦ ❞♦ sí♠❜♦❧♦ (µs) ✻✹ ✾✶✱✹

❚❡♠♣♦ ❞❡ ❞✉r❛çã♦ ❞♦ sí♠❜♦❧♦ ❖❋❉▼ (µs) ✼✷ ✶✵✷✱✾

❚❛❜❡❧❛ ✺✳✷✿ P❛râ♠❡tr♦s ❞♦ s✐st❡♠❛ ❖❋❉▼ ♣❛r❛ ✐♠♣❧❛♥t❛çã♦ ❞❛ t❡❝♥♦❧♦❣✐❛ ❲✐▼❆❳

❆ q✉❛♥t✐❞❛❞❡ ❞❡ ❛♠♦str❛s ❛❧♦❝❛❞❛s ♣❛r❛ ❢♦r♠❛çã♦ ❞♦ ♣r❡✜①♦ ❝í❝❧✐❝♦ ♣♦❞❡ ✈❛r✐❛r ❡♥tr❡ ✶✴✸✷✱

✶✴✶✻✱ ✶✴✽ ❡ ✶✴✹ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❛♠♦str❛s ❞❡ ✉♠ sí♠❜♦❧♦ ❞♦ s✐st❡♠❛✳

✺✳✹✳✵✳✷ ▼♦❞✉❧❛çã♦ ❡ ❝♦❞✐✜❝❛çã♦ ♥♦s s✐st❡♠❛s ❲✐▼❆❳

❖ s✐st❡♠❛ ❲✐▼❆❳ ♣♦❞❡ s❡r ✐♠♣❧❡♠❡♥t❛❞♦ ❝♦♠ ❞✐✈❡rs♦s t✐♣♦s ❞❡ ♠♦❞✉❧❛çã♦ ❡ ❝♦❞✐✜❝❛çã♦✱

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

◆❡st❡ ♣❛❞rã♦✱ ❡stã♦ ❞✐s♣♦♥í✈❡✐s ❝❡r❝❛ ❞❡ ✺✷ ❝♦♠❜✐♥❛çõ❡s ❞❡ ♠♦❞✉❧❛çã♦ ❡ ❝♦❞✐✜❝❛çã♦✳ ❖ ♣❛❞rã♦

❲✐▼❆❳ ♣♦❞❡ ✉t✐❧✐③❛r ♦s ❡sq✉❡♠❛s ❞❡ ♠♦❞✉❧❛çã♦ ◗P❙❑✱ ✶✻◗❆▼ ❡ ✻✹◗❆▼✱ ♥♦ ❡♥❧❛❝❡ ❞✐r❡t♦✱ q✉❡

sã♦ ♠❛♥❞❛tór✐♦s ♣❛r❛ ❛♠❜♦s ♦s ♣❛❞rõ❡s ✭✜①♦ ❡ ♠ó✈❡❧✮✳ ❏á ❛ ♠♦❞✉❧❛çã♦ ✻✹ ◗❆▼ é ♦♣❝✐♦♥❛❧ ❞♦

❡♥❧❛❝❡ r❡✈❡rs♦✳

❖ ❡sq✉❡♠❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❋❊❈ ✭❋♦r✇❛r❞ ❊rr♦r ❈♦rr❡❝t✐♦♥✮ ✉s❛♥❞♦ ❝ó❞✐❣♦s ❝♦♥✈♦❧✉❝✐♦♥❛✐s

t❛♠❜é♠ é ♠❛♥❞❛tór✐♦✳ ◆♦ ❝❛s♦ ♠❛✐s ❡s♣❡❝✐✜❝♦ ❞❛ ❝❛♠❛❞❛ ❢ís✐❝❛ ❲✐r❡❧❡ss▼❆◆✲❖❋❉▼✱ ❝ó❞✐❣♦s

❝♦♥✈♦❧✉❝✐♦♥❛✐s sã♦ ❝♦♠❜✐♥❛❞♦s ❝♦♠ ❝ó❞✐❣♦ ❞❡ ❘❡❡❞✲❙♦❧♦♠♦♥ ♥♦ ❡♥❧❛❝❡ ❞✐r❡t♦✳ ❖ ♣❛❞rã♦ ❲✐▼❆❳

♣♦❞❡ s❡r ✐♠♣❧❡♠❡♥t❛❞♦ t❛♠❜é♠ ❝♦♠ ♦s ❝ó❞✐❣♦s t✉r❜♦ ❡ ▲❉P❈ ✭▲♦✇✲❞❡♥s✐t② ♣❛r✐t② ❝❤❡❝❦✮✳

◆♦ ♣❛❞rã♦ ❲✐▼❆❳✱ ❛ ❝♦❞✐✜❝❛çã♦ ❞❡✈❡ ♦❜r✐❣❛t♦r✐❛♠❡♥t❡ s❡r ❢❡✐t❛ ❝♦♠ ❝ó❞✐❣♦s ❝♦♥✈♦❧✉❝✐♦♥❛✐s

❝♦♠ t❛①❛s ❞❡ ✶✴✷✱ ✷✴✸✱ ✸✴✹ ❡ ✺✴✻ ❡ ♦♣❝✐♦♥❛❧♠❡♥t❡ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ❝ó❞✐❣♦s ❝♦♥✈♦❧✉❝✐♦♥❛✐s t✉r❜♦

❝♦♠ t❛①❛s ❞❡ ✶✴✷✱ ✷✴✸✱ ✸✴✹ ❡ ✺✴✻✱ ❝ó❞✐❣♦s ❞❡ r❡♣❡t✐çã♦ ❝♦♠ t❛①❛s ❞❡ ✶✴✷✱ ✶✴✸ ❡ ✶✴✻✱ ▲❉P❈✳ ❊st❛

❝♦❞✐✜❝❛çã♦ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ t❛♥t♦ ♥♦ ❡♥❧❛❝❡ ❞✐r❡t♦ q✉❛♥t♦ ♥♦ ❡♥❧❛❝❡ r❡✈❡rs♦✳ ❖✉tr❛ ♦♣çã♦ ♣❛r❛ ♦

❡♥❧❛❝❡ ❞✐r❡t♦ é ❛ ✉t✐❧✐③❛çã♦ ❞♦s ❝ó❞✐❣♦s ❞❡ ❘❡❡❞✲❙♦❧♦♠♦♥ ♣❛r❛ ❛ ❝❛♠❛❞❛ ❢ís✐❝❛ ❜❛s❡❛❞❛ ❡♠ ❖❋❉▼✳

❖ ♣r✐♥❝✐♣❛❧ ❡sq✉❡♠❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❞❡✜♥✐❞♦ ♥♦ ♣❛❞rã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪ é ❜❛s❡❛❞♦ ❡♠ ❝ó✲

❞✐❣♦ ❝♦♥✈♦❧✉❝✐♦♥❛❧✳ ❚❛♠❜é♠ sã♦ ❞❡✜♥✐❞♦s ❡sq✉❡♠❛s ❛❧t❡r♥❛t✐✈♦s ❞❡ ❝♦❞✐✜❝❛çã♦✱ s❡♥❞♦ ♦ ♣r✐♥❝✐♣❛❧

❞❡❧❡s ♦ ❝ó❞✐❣♦ t✉r❜♦✳

✺✳✹✳✶ ▼♦❞✉❧❛çã♦ ❆❞❛♣t❛t✐✈❛

❯♠❛ ♠♦❞✉❧❛çã♦ ❞✐♥â♠✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣❡r♠✐t❡ q✉❡ ✉♠❛ ❡st❛çã♦ rá❞✐♦ ❜❛s❡ ✭❊❘❇✮ ♥❡❣♦❝✐❡ ❛

t❛①❛ ❞❡ ✈❛③ã♦ ❞♦ s✐st❡♠❛ ❡ ♦ ❛❧❝❛♥❝❡ ❞♦ s✐♥❛❧ ❬✷✸❪✳ P♦r ❡①❡♠♣❧♦✱ s❡ ❛ ❡st❛çã♦ rá❞✐♦ ❜❛s❡ ♥ã♦ ♣♦❞❡

✹✺



❡st❛❜❡❧❡❝❡r ✉♠ ❡♥❧❛❝❡ r♦❜✉st♦ ❝♦♠ ✉♠ ❛ss✐♥❛♥t❡ ❧♦❝❛❧✐③❛❞♦ ❛ ✉♠❛ ❣r❛♥❞❡ ❞✐stâ♥❝✐❛✱ ✉t✐❧✐③❛♥❞♦

♦ ❡sq✉❡♠❛ ❞❡ ♠♦❞✉❧❛çã♦ ❞❡ ♠❛✐♦r ♦r❞❡♠✱ ✻✹ ◗❆▼✱ ❛ ♠♦❞✉❧❛çã♦ é r❡❞✉③✐❞❛ ♣❛r❛ ✶✻ ◗❆▼ ♦✉

◗P❙❑✱ ♦ q✉❡ r❡❞✉③ ❛ ✈❛③ã♦ ❞♦ s✐st❡♠❛✱ ♣♦ré♠ ❛✉♠❡♥t❛ ♦ ❛❧❝❛♥❝❡ ❞♦ s✐♥❛❧✳

❆ ♠♦❞✉❧❛çã♦ ◗P❙❑ ♣❡r♠✐t❡ ✉♠ r❛✐♦ ❞❡ ❝♦❜❡rt✉r❛ ♠❛✐♦r✱ ♣♦ré♠ ❝♦♠ ✉♠❛ t❛①❛ ❞❡ tr❛♥s❢❡rê♥❝✐❛

♠❡♥♦r ❡♥q✉❛♥t♦ ❛s ♠♦❞✉❧❛çõ❡s ✶✻◗❆▼ ❡ ✻✹ ◗❆▼ ♣♦ss✉❡♠ ✉♠❛ t❛①❛ ❞❡ ✈❛③ã♦ ❞♦ s✐st❡♠❛ ♠❛✐♦r✱

♣♦ré♠ ❝♦♠ ✉♠ r❛✐♦ ❞❡ ❝♦❜❡rt✉r❛ ♠❡♥♦r✳

❊st❡ t✐♣♦ ❞❡ ❛❞❛♣t❛çã♦ ♣❡r♠✐t❡ ❛♦ s✐st❡♠❛ ❛❥✉st❛r ♦ ❡sq✉❡♠❛ ❞❡ ♠♦❞✉❧❛çã♦ ❞❡ ❛❝♦r❞♦ ❝♦♠

❛ r❡❧❛çã♦ s✐♥❛❧✲r✉í❞♦ ❞♦ ❡♥❧❛❝❡ ❞❡ rá❞✐♦✱ ❣❛r❛♥t✐♥❞♦ ✉♠ ❡♥❧❛❝❡ r♦❜✉st♦ ❛♦ ♠❡s♠♦ t❡♠♣♦ ❡♠ q✉❡

❣❛r❛♥t❡ ✉♠❛ t❛①❛ ♦t✐♠✐③❛❞❛ ♣❛r❛ ❝❛❞❛ ✉s✉ár✐♦✳

◗✉❛♥❞♦ ❛ r❡❧❛çã♦ s✐♥❛❧✲r✉í❞♦ ❞✐♠✐♥✉✐✱ ♦ s✐st❡♠❛ ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ♠✉❞❛ ♦ t✐♣♦ ❞❡ ♠♦❞✉❧❛çã♦

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

r♦❜✉st❡③ ✐♠♣❧✐❝❛ ❞✐r❡t❛♠❡♥t❡ ❡♠ r❡❞✉çã♦ ❞❛ t❛①❛ ❞❡ ✈❛③ã♦ ❞♦ s✐st❡♠❛✳

❆ ♠♦❞✉❧❛çã♦ ❛❞❛♣t❛t✐✈❛ ❢❛③ ♦ ❜❛❧❛♥❝❡❛♠❡♥t♦ ❡♥tr❡ ❛s ❞✐❢❡r❡♥t❡s t❛①❛s ❞❡ ✈❛③ã♦ ❞♦ s✐st❡♠❛ ❡

❛s ❞✐✈❡rs❛s ❝♦♥❞✐çõ❡s ❞♦ ❡♥❧❛❝❡✳ ❖ ❡sq✉❡♠❛ ❞❡ ♠♦❞✉❧❛çã♦ ♣♦❞❡ s❡r ❛❥✉st❛❞♦ ♣♦ss✐❜✐❧✐t❛♥❞♦ ✉♠

♠❡❧❤♦r ✉s♦ ❞♦ ❡s♣❡❝tr♦✳

✺✳✹✳✷ ❊s❝❛❧❛❜✐❧✐❞❛❞❡

❖ ♣❛❞rã♦ ❲✐▼❆❳ ♣r❡✈ê ❛ ❛❞♦çã♦ ❞❡ ❞✐❢❡r❡♥t❡s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ❝❛♥❛❧✐③❛çã♦✱ ❞❡ ✶✱✷✺ ❛ ✷✵

▼❍③✱ ♣❛r❛ ❛❝♦♠♦❞❛r ❝♦♠ ❢❛❝✐❧✐❞❛❞❡ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❛ ❝é❧✉❧❛ ❲✐▼❆❳✱ t❛♥t♦ ♥❛s ❢❛✐①❛s ❧✐❝❡♥❝✐❛❞❛s

q✉❛♥t♦ ♥❛s ♥ã♦ ❧✐❝❡♥❝✐❛❞❛s✳ P❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❲✐▼❆❳ ❡①✐st❡♠ ❞✐✈❡rs❛s ♦♣çõ❡s ❞❡ ❧❛r❣✉r❛s

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

às ❞✐❢❡r❡♥t❡s r❡❛❧✐❞❛❞❡s ♠✉♥❞✐❛✐s ❞❡ ❛❧♦❝❛çã♦ ❞❡ ❢r❡q✉ê♥❝✐❛s✳

✺✳✹✳✸ ❚❛①❛ ❞❡ tr❛♥s♠✐ssã♦

❉✐❛♥t❡ ❞❛ ❣r❛♥❞❡ ✢❡①✐❜✐❧✐❞❛❞❡ ❞❛ ❝❛♠❛❞❛ ❢ís✐❝❛ ❞♦ ♣❛❞rã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪✱ ❛s t❛①❛s ❞❡

tr❛♥s♠✐ssã♦ ♦❜t✐❞❛s ✈❛r✐❛♠ ❜❛st❛♥t❡✱ ❞❡♣❡♥❞❡♥❞♦ ❞♦s ♣❛râ♠❡tr♦s ❡♠ ♦♣❡r❛çã♦✳ ❖s ♣❛râ♠❡tr♦s

❞❛ ❝❛♠❛❞❛ ❢ís✐❝❛ q✉❡ tê♠ ♠❛✐s ✐♠♣❛❝t♦ ♥❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ sã♦ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦ ❝❛✲

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

❖❋❉▼✳

❆ ✐♥❝❧✉sã♦ ❞❡ té❝♥✐❝❛s ❞❡ ♠ú❧t✐♣❧❛s ❛♥t❡♥❛s✱ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❡sq✉❡♠❛s ❞❡ s✉❜❝❛♥❛❧✐③❛çã♦✱ té❝✲

♥✐❝❛s ❛✈❛♥ç❛❞❛s ❞❡ ❝♦❞✐✜❝❛çõ❡s ❞❡ ❝❛♥❛❧ ❡ ♠♦❞✉❧❛çã♦ ❛❞❛♣t❛t✐✈❛✱ ♣❡r♠✐t❡♠ q✉❡ ♦ ♣❛❞rã♦ ❲✐▼❆❳

❛t✐♥❥❛ t❛①❛s ❞❡ tr❛♥s♠✐ssã♦ r❡❧❛t✐✈❛♠❡♥t❡ ❛❧t❛s✳

✺✳✹✳✹ ❖❋❉▼❆ ✭❖rt❤♦❣♦♥❛❧ ❋r❡q✉❡♥❝② ❉✐✈✐s✐♦♥ ▼✉❧t✐♣❧❡ ❆❝❝❡ss✮

❖❋❉▼❆ é ✉♠❛ ✈❛r✐❛çã♦ ❞❛ té❝♥✐❝❛ ❖❋❉▼✱ ♥❛ q✉❛❧ ❞✐❢❡r❡♥t❡s s✉❜♣♦rt❛❞♦r❛s ♣♦❞❡♠ s❡r ❛❧♦✲

❝❛❞❛s ❛ ❞✐❢❡r❡♥t❡s ✉s✉ár✐♦s✳ ❖ ❖❋❉▼❆ é ❛❞❡q✉❛❞♦ ♣❛r❛ ❛ tr❛♥s♠✐ssã♦ ❞❡ s✐♥❛✐s ❝♦♠ ❛❧t❛ t❛①❛

❞❡ sí♠❜♦❧♦s ❡♠ ❝❛♥❛✐s ❝♦♠ ♠ú❧t✐♣❧♦s ♣❡r❝✉rs♦s✱ ❝♦♠♦ ♦ ❡♥❝♦♥tr❛❞♦ ❡♠ s✐st❡♠❛s ❞❡ ❝♦♠✉♥✐❝❛çõ❡s

s❡♠ ✜♦✳

✹✻



❊st❛ t❡❝♥♦❧♦❣✐❛ ❢♦r♥❡❝❡ ♠❛✐♦r ✢❡①✐❜✐❧✐❞❛❞❡ ❡♠ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ❡ ❝♦♥❞✉③

❛ ✉♠ ✉s♦ ♠❛✐s ❡✜❝✐❡♥t❡ ❞♦s r❡❝✉rs♦s ❞✐s♣♦♥í✈❡✐s✳ ■st♦ é ♣♦ssí✈❡❧ ♣♦rq✉❡ ♦s s✉❜❝❛♥❛✐s ♣♦❞❡♠ s❡r

❛❧♦❝❛❞♦s ❛ ❞✐❢❡r❡♥t❡s ❛ss✐♥❛♥t❡s ❞❡♣❡♥❞❡♥❞♦ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❝❛♥❛❧✳

❖s r❡❝✉rs♦s ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ ❡ ❢r❡q✉ê♥❝✐❛ ♣♦❞❡♠ s❡r ♦r❣❛♥✐③❛❞♦s ❡♠ s✉❜❝❛♥❛✐s ♣❛r❛

❛❧♦❝❛çã♦ ❛♦s ✉s✉ár✐♦s✳ ❆ té❝♥✐❝❛ ❖❋❉▼❆ é ✉♠ ❡sq✉❡♠❛ ❞❡ ❛❝❡ss♦ ♠ú❧t✐♣❧♦✴♠✉❧t✐♣❧❡①❛çã♦ q✉❡

r❡❛❧✐③❛ ❛ ♦♣❡r❛çã♦ ❖❋❉▼ ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ❞❛❞♦s ❞❡ ♠ú❧t✐♣❧♦s ✉s✉ár✐♦s ♥♦s s✉❜❝❛♥❛✐s ❞♦ ❡♥❧❛❝❡

❞✐r❡t♦ ❡ ❛❝❡ss♦ ♠ú❧t✐♣❧♦ ♥♦ ❡♥❧❛❝❡ r❡✈❡rs♦ ❛tr❛✈és ❞♦s s✉❜❝❛♥❛✐s✳

◆♦ s✐st❡♠❛ ❖❋❉▼✱ sã♦ ❞❡s✐❣♥❛❞♦s ❛♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ✉s✉ár✐♦s ✐♥t❡r✈❛❧♦s ❞❡ tr❛♥s♠✐ssã♦✱ ♠❛s

❛♣❡♥❛s ✉♠ ❞✐s♣♦s✐t✐✈♦ ❞❡ ✉s✉ár✐♦ ♣♦❞❡ tr❛♥s♠✐t✐r ❞✉r❛♥t❡ ❝❡rt♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦✳ ◆♦ s✐st❡♠❛

❖❋❉▼❆✱ ❛ s✉❜❝❛♥❛❧✐③❛çã♦ ♣❡r♠✐t❡ q✉❡ ✈ár✐♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ✉s✉ár✐♦s tr❛♥s♠✐t❛♠ s✐♠✉❧t❛♥❡❛✲

♠❡♥t❡ ♥♦ ♠❡s♠♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦✳ ❆ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ❛s té❝♥✐❝❛s ❖❋❉▼ ❡ ❖❋❉▼❆ ♣♦❞❡ s❡r

♦❜s❡r✈❛❞❛ ♥❛s ❋✐❣✉r❛s ✺✳✶ ❡ ✺✳✷✳

❋✐❣✉r❛ ✺✳✶✿ ❙✐st❡♠❛ ❖❋❉▼

❋✐❣✉r❛ ✺✳✷✿ ❙✐st❡♠❛ ❖❋❉▼❆

✹✼



❆ ✐♥t❡r❢❛❝❡ ❛ér❡❛ ❞♦ ❲✐▼❆❳ ♠ó✈❡❧ ✉t✐❧✐③❛ ❛ té❝♥✐❝❛ ❞❡ ❛❝❡ss♦ ❖❋❉▼❆ q✉❡ ♠❡❧❤♦r❛ ♦ ❞❡s❡♠✲

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

✺✳✹✳✺ ❖❋❉▼❆ ❊s❝❛❧á✈❡❧ ✭❙❖❋❉▼❆✮

❆ ♥♦r♠❛ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪ ♣r❡✈ê ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❙❖❋❉▼❆ ✭❙❝❛❧❛❜❧❡ ❖rt❤♦❣♦♥❛❧ ❋r❡q✉❡♥❝②

❉✐✈✐s✐♦♥ ▼✉❧t✐♣❧❡①✐♥❣ ❆❝❝❡ss✮ q✉❡ é ✉♠❛ té❝♥✐❝❛ ❞❡ ♠ú❧t✐♣❧♦ ❛❝❡ss♦ q✉❡ ✉s❛ s✉❜❝❛♥❛❧✐③❛çã♦ ❡ s❡ ❜❛✲

s❡✐❛ ♥❛ té❝♥✐❝❛ ❞❡ tr❛♥s♠✐ssã♦ ❖❋❉▼❆✳ ❖ ❙❖❋❉▼❆ é ❜❛st❛♥t❡ ✐♠♣♦rt❛♥t❡ ♣❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦

❞♦ ❲✐▼❆❳ ♠ó✈❡❧✳

❈♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ❡♠ ❬✸✺❪✱ ♥♦ ❙❖❋❉▼❆ ❛s ❞✐❢❡r❡♥t❡s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ sã♦ ❛❧❝❛♥ç❛❞❛s ❝♦♠

❞✐❢❡r❡♥t❡s ♥ú♠❡r♦s ❞❡ s✉❜♣♦rt❛❞♦r❛s ✭❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s ❞❛ ❋❋❚✮✱ ♠❛♥t❡♥❞♦✲s❡ ✜①♦ ♦ ✐♥t❡r✈❛❧♦

❡♥tr❡ ❡❧❛s✳ ❉❡st❛ ♠❛♥❡✐r❛✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ tr❛♥s♠✐ssã♦ ❡♠ r❡❧❛çã♦ ❛♦ ♣❡r✜❧ ❞❡ ♠ú❧t✐♣❧♦s ♣❡r❝✉rs♦s

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

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

✺✳✹✳✻ ❊str✉t✉r❛ ❞♦ ❢r❛♠❡

❆ ❝❛♠❛❞❛ ❢ís✐❝❛ ❞♦s ♣❛❞rõ❡s ❲✐▼❆❳ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❛❧♦❝❛çã♦ ❡ ❞✐✈✐sã♦ ❞♦s s❧♦ts ♥♦ t❡♠♣♦

❡ ❢r❡q✉ê♥❝✐❛✳ ❯♠ s❧♦t é ❞❡✜♥✐❞♦ ❡♠ ❬✺❪ ❝♦♠♦ ♦ ♠í♥✐♠♦ r❡❝✉rs♦ ❞❡ t❡♠♣♦ ❡ ❢r❡q✉ê♥❝✐❛ q✉❡ ♣♦❞❡

s❡r ❛❧♦❝❛❞♦ ❡♠ ❝❡rt❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳ ❈❛❞❛ s❧♦t ❝♦♥s✐st❡ ❡♠ ✉♠ s✉❜❝❛♥❛❧ s♦❜r❡ ✉♠✱ ❞♦✐s ♦✉

três sí♠❜♦❧♦s ❖❋❉▼✱ ❞❡♣❡♥❞❡♥❞♦ ❞♦ ♠ét♦❞♦ ❞❡ s✉❜❝❛♥❛❧✐③❛çã♦ ✉t✐❧✐③❛❞♦✳ ❯♠❛ s❡q✉ê♥❝✐❛ ❞❡ s❧♦ts

❢♦r♠❛ ✉♠ ❢r❛♠❡ q✉❡ ❛ss♦❝✐❛❞♦ ❛ ✉♠ ✉s✉ár✐♦ r❡❝❡❜❡♠ ♦ ♥♦♠❡ ❞❡ r❡❣✐ã♦ ❞❡ ❞❛❞♦s✳ ❯♠❛ r❡❣✐ã♦ ❞❡

❞❛❞♦s é ✉♠❛ ❛❧♦❝❛çã♦ ❜✐❞✐♠❡♥s✐♦♥❛❧ ❞❡ s❧♦ts✳

❖ ❢r❛♠❡ é ❞✐✈✐❞✐❞♦ ❡♠ ❞♦✐s s✉❜❢r❛♠❡s✿ ❯♠ s✉❜q✉❛❞r♦ ❞♦ ❡♥❧❛❝❡ ❞✐r❡t♦ s❡❣✉✐❞♦ ♣♦r ✉♠ ❢r❛♠❡

❞♦ ❡♥❧❛❝❡ r❡✈❡rs♦ ❞❡♣♦✐s ❞❡ ✉♠ ♣❡q✉❡♥♦ ✐♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛✳ ❆ r❛③ã♦ ❡♥tr❡ ♦s t❛♠❛♥❤♦s ❞♦s

s✉❜q✉❛❞r♦s ❞♦ ❡♥❧❛❝❡ ❞✐r❡t♦ ❡ r❡✈❡rs♦ ♣♦❞❡ ✈❛r✐❛r ❞❡ ✸✿✶ ❛té ✶✿✶ ♣❛r❛ s✉♣♦rt❛r ❞✐❢❡r❡♥t❡s ♣❡r✜s ❞❡

trá❢❡❣♦✳

❖ s✉❜❢r❛♠❡ ❞♦ ❡♥❧❛❝❡ ❞✐r❡t♦ ❝♦♠❡ç❛ ❝♦♠ ✉♠ ♣r❡â♠❜✉❧♦ q✉❡ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ♣r♦❝❡❞✐♠❡♥t♦s ❞❛

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

✈❡♠ ♦ ❝❛❜❡ç❛❧❤♦ ❞❡ ❝♦♥tr♦❧❡ ❞❡ q✉❛❞r♦ ✭❋❈❍✮✱ ♦ q✉❛❧ ♣r♦✈ê ✐♥❢♦r♠❛çõ❡s ♣❛r❛ ❛ ❝♦♥✜❣✉r❛çã♦ ❞♦s

❢r❛♠❡s✱ t❛❧ ❝♦♠♦ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ♠❡♥s❛❣❡♠ ▼❆P✱ ❛s té❝♥✐❝❛s ❞❡ ♠♦❞✉❧❛çã♦ ❡ ❝♦❞✐✜❝❛çã♦ ❡ ❛s

s✉❜♣♦rt❛❞♦r❛s ✉t✐❧✐③❛❞❛s✳

▼ú❧t✐♣❧♦s ✉s✉ár✐♦s sã♦ ❛❧♦❝❛❞♦s ♥❛s r❡❣✐õ❡s ❞❡ ❞❛❞♦s✱ ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❢r❛♠❡✱ ❡ ❡ss❛s ❛❧♦❝❛çõ❡s

sã♦ ❡s♣❡❝✐✜❝❛❞❛s ♥♦ ❡♥❧❛❝❡ r❡✈❡rs♦ ❡ ♥♦ ❡♥❧❛❝❡ ❞✐r❡t♦ ❝♦♠♦ ❉▲✲▼❆P ❡ ❯▲✲▼❆P✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱

❡ sã♦ tr❛♥s♠✐t✐❞❛s ♥♦ s✉❜❢r❛♠❡ ❡♥❧❛❝❡ ❞✐r❡t♦✳ ▼❡♥s❛❣❡♥s ▼❆P ✐♥❝❧✉❡♠ ♦ ♣❡r✜❧ ❞❡ ❝❛❞❛ ✉s✉ár✐♦✱

❞❡✜♥✐♥❞♦ ❛ ♠♦❞✉❧❛çã♦ ❡ ❝♦❞✐✜❝❛çã♦ ✉s❛❞❛ ♥❛q✉❡❧❡ ❡♥❧❛❝❡✳

✺✳✹✳✼ ❙✉❜❝❛♥❛✐s ❡ ♣❡r♠✉t❛çã♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s

❯♠ s✉❜❝❛♥❛❧ é ❞❡✜♥✐❞♦ ♥♦ ♣❛❞rã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪ ❝♦♠♦ ✉♠❛ ❝♦❧❡çã♦ ❧ó❣✐❝❛ ❞❡ s✉❜♣♦rt❛✲

❞♦r❛s✳ ❖ ♥ú♠❡r♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s ❡ s✉❛ ❡①❛t❛ ❞✐str✐❜✉✐çã♦ ❡♠ ✉♠ s✉❜❝❛♥❛❧ ❞❡♣❡♥❞❡ ❞♦ ♠♦❞♦ ❞❡

✹✽



♣❡r♠✉t❛çã♦✱ q✉❡ ♣♦❞❡ s❡r ❋❯❙❈ ✭❋✉❧❧ ❯s❛❣❡ ♦❢ ❙✉❜❝❛rr✐❡s✮✱ P❯❙❈ ✭P❛rt✐❛❧ ❯s❛❣❡ ♦❢ ❙✉❜❝❛rr✐❡s✮✱

❇❆▼❈ ✭❇❛♥❞ ❆❞❛♣t❛t✐✈❡ ▼♦❞✉❧❛t✐♦♥ ❛♥❞ ❈♦❞✐♥❣✮✱ ❡♥tr❡ ♦✉tr♦s✳ ❖ ♥ú♠❡r♦ ❞❡ s✉❜❝❛♥❛✐s ❛❧♦❝❛❞♦s

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

❞❛❞♦s✱ ❛ ♠♦❞✉❧❛çã♦ ❡ ❛ t❛①❛ ❞❡ ❝♦❞✐✜❝❛çã♦✳

◆♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪ ❛ ❛❧♦❝❛çã♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s ♥♦ ❖❋❉▼❆ é r❡❛❧✐③❛❞❛ s✉❜tr❛✐♥❞♦✲s❡

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

q✉❛♥t♦ ♥♦ ❡♥❧❛❝❡ ❞✐r❡t♦✱ ❡st❛s s✉❜♣♦rt❛❞♦r❛s ❛t✐✈❛s sã♦ ❛❧♦❝❛❞❛s ♣❛r❛ ❛ tr❛♥s♠✐ssã♦ ❞❡ ❞❛❞♦s ❡

s✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦✳

❖s ♣r✐♥❝✐♣❛✐s ❡sq✉❡♠❛ ❞❡ s✉❜❝❛♥❛❧✐③❛❝ã♦ sã♦✿

❉▲ ❋❯❙❈ ✭❉♦✇♥❧✐♥❦ ❋✉❧❧ ❯s❛❣❡ ♦❢ ❙✉❜❝❛rr✐❡s✮

◆♦ ❝❛s♦ ❞♦ ❉▲ ❋❯❙❈✱ t♦❞❛s ❛s s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❝r✐❛r ✈ár✐♦s s✉❜❝❛✲

♥❛✐s✳ ❈❛❞❛ s✉❜❝❛♥❛❧ ♣♦ss✉✐ ✉♠ s❧♦t ❡q✉✐✈❛❧❡♥t❡ ❛ ✹✽ s✉❜♣♦rt❛❞♦r❛s ♣❛r❛ ❝❛❞❛ sí♠❜♦❧♦ ❖❋❉▼✱ ♦✉

s❡❥❛✱ ✹✽ s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s q✉❡ sã♦ ❞✐str✐❜✉í❞❛s ❛❧❡❛t♦r✐❛♠❡♥t❡ ♥❛ ❜❛♥❞❛ ❞❡ ❢r❡q✉ê♥❝✐❛✳

◆♦ ❋❯❙❈✱ ❛s s✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦ sã♦ ❛❧♦❝❛❞❛s ♣r✐♠❡✐r♦ ❡ ❡♥tã♦ ♦ r❡st❛♥t❡ ❞❛s s✉❜♣♦rt❛❞♦r❛s

sã♦ ♠❛♣❡❛❞❛s ❡♠ ✈ár✐♦s s✉❜❝❛♥❛✐s✱ ✉s❛♥❞♦ ♣❡r♠✉t❛çã♦✳ ❆s s✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦ sã♦ ❞✐✈✐❞✐❞❛s ❡♠

❞✉❛s ❝♦♥st❛♥t❡s ❡ ❞✉❛s ✈❛r✐á✈❡✐s✳ ❆ ✐♥❞❡①❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦ ❞❡✜♥✐❞❛s ❝♦♠♦ ✈❛r✐á✈❡❧

♠✉❞❛ ♥♦ ♣ró①✐♠♦ sí♠❜♦❧♦✱ q✉❛♥❞♦ q✉❡ ❛ ♣♦s✐çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ❞❡✜♥✐❞❛s ❝♦♠♦ ❝♦♥st❛♥t❡ ♥ã♦

♠✉❞❛✳

❆ ❋✐❣✉r❛ ✺✳✸ ❞❡♠♦♥str❛ ✉♠ ❞✐❛❣r❛♠❛ ❜ás✐❝♦ ❞♦ ♠ét♦❞♦ ❞❡ s✉❜❝❛♥❛❧✐③❛çã♦ ❉▲ ❋❯❙❈✳ ❆ ❞✐s✲

tr✐❜✉✐çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ♥❛ ❜❛♥❞❛ ❞❡ ❢r❡q✉ê♥❝✐❛ é ❞❡✜♥✐❞❛ ♥♦ ♣❛❞rã♦ ❲✐▼❆❳✳

❋✐❣✉r❛ ✺✳✸✿ ❊sq✉❡♠❛ ❞❡ s✉❜❝❛♥❛❧✐③❛çã♦ ❉▲ ❋❯❙❈

❉▲ P❯❙❈ ✭❉♦✇♥❧✐♥❦ P❛rt✐❛❧ ❯s❛❣❡ ♦❢ ❙✉❜❝❛rr✐❡s✮

❖ ❉▲ P❯❙❈ é s❡♠❡❧❤❛♥t❡ ❛♦ ❋❯❙❈ ❡①❝❡t♦ ♣❡❧♦ ❢❛t♦ ❞❡ q✉❡ t♦❞❛s ❛s s✉❜♣♦rt❛❞♦r❛s sã♦ ♣r✐♠❡✐r♦

❞✐✈✐❞✐❞❛s ❡♠ ✻ ❣r✉♣♦s✳ ❆ ♣❡r♠✉t❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ♣❛r❛ ❝r✐❛r ♦s s✉❜❝❛♥❛✐s é r❡❛❧✐③❛❞❛

✐♥❞❡♣❡♥❞❡♥t❡ ❡♠ ❝❛❞❛ ❣r✉♣♦✱ ❡✱ ♦s ❣r✉♣♦s sã♦ ❧♦❣✐❝❛♠❡♥t❡ s❡♣❛r❛❞♦s ✉♥s ❞♦s ♦✉tr♦s✳ ◆♦ ❝❛s♦ ❞♦

P❯❙❈ t♦❞❛s ❛s s✉❜♣♦rt❛❞♦r❛s ❝♦♠ ❡①❝❡çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ♥✉❧❛s sã♦ ♣r✐♠❡✐r❛♠❡♥t❡ ❞✐✈✐❞✐❞❛s

❡♠ ❝❧✉st❡rs✱ ❝❛❞❛ ❝❧✉st❡r ❝♦♥s✐st❡ ❡♠ ✶✹ s✉❜♣♦rt❛❞♦r❛s ❛❞❥❛❝❡♥t❡s s♦❜r❡ ❞♦✐s sí♠❜♦❧♦s ❖❋❉▼✳ ❊♠

✹✾



❝❛❞❛ ❝❧✉st❡r ❛s s✉❜♣♦rt❛❞♦r❛s sã♦ ❞✐✈✐❞✐❞❛s ❡♠ ✷✹ s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s ❡ ✹ s✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦✳

❖ ❝❧✉st❡r é ❡♥tã♦ r❡♥✉♠❡r❛❞♦ ✉t✐❧✐③❛♥❞♦✲s❡ ✉♠❛ r❡♥✉♠❡r❛çã♦ ♣s❡✉❞♦✲❛❧❡❛tór✐❛ q✉❡ r❡❞✐str✐❜✉✐ ❛s

✐❞❡♥t✐❞❛❞❡s ❧ó❣✐❝❛s ❞♦ ❝❧✉st❡r✳ ❉❡♣♦✐s ❞❡ r❡♥✉♠❡r❛❞♦s✱ t♦❞♦s ♦s ❝❧✉st❡rs sã♦ ❞✐✈✐❞✐❞♦s ❡♠ s❡✐s

❣r✉♣♦s✳ ❆ss✐♠✱ ✉♠ s✉❜❝❛♥❛❧ é ❝r✐❛❞♦ ✉t✐❧✐③❛♥❞♦✲s❡ ❛s s✉❜♣♦rt❛❞♦r❛s ❡s❝♦❧❤✐❞❛s ❞❡♥tr♦ ❞❡ ❝❛❞❛

❣r✉♣♦✳

◆♦ P❯❙❈ é ♣♦ssí✈❡❧ ❛❧♦❝❛r t♦❞♦s ♦✉ s♦♠❡♥t❡ ✉♠ ❞♦s ❣r✉♣♦s ♣❛r❛ ❛ tr❛♥s♠✐ssã♦✱ ❛❧é♠ ❞✐ss♦✱

❞✐❢❡r❡♥t❡s ❣r✉♣♦s ♣♦❞❡♠ s❡r ❛❧♦❝❛❞♦s ❡♠ s❡t♦r❡s ❞✐❢❡r❡♥t❡s✳ ◆❡st❡ ♠ét♦❞♦ ❞❡ ♣❡r♠✉t❛çã♦ ❝❛❞❛

s❧♦t ♣♦ss✉✐ ✷✹ s✉❜♣♦rt❛❞♦r❛s ♣❛r❛ ❝❛❞❛ ✷ sí♠❜♦❧♦s ❖❋❉▼✳ ❈♦♠♦ ❞❡♠♦♥str❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✹✳

❋✐❣✉r❛ ✺✳✹✿ ❊sq✉❡♠❛ ❞❡ s✉❜❝❛♥❛❧✐③❛çã♦ ❉▲ P❯❙❈

❖s s✉❜❝❛♥❛✐s ✉t✐❧✐③❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦ ❢♦r❛♠ ❜❛s❡❛❞♦s ♥♦ ♠ét♦❞♦ ❞❡ ♣❡r♠✉t❛çã♦ P❯❙❈ ♥♦

❡♥❧❛❝❡ ❞✐r❡t♦✳ ❆ ♣❡r♠✉t❛çã♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s ✐♠♣❧❡♠❡♥t❛❞❛ ♥ã♦ ❢♦✐ ❡①❛t❛♠❡♥t❡ ❛ ❞♦ ❲✐▼❆❳✱

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

❛♥á❧✐s❡ ❞♦s ❡❢❡✐t♦s ❞❛ P❆P❘ ❝♦♥s✐❞❡r♦✉✲s❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶✱ ✷✱ ✸✱ ✹✱ ✺✱ ✶✵✱ ✷✵ ❡ ✸✵ s✉❜❝❛♥❛✐s✳

❯▲ P❯❙❈ ✭❯♣❧✐♥❦ P❛rt✐❛❧ ❯s❛❣❡ ♦❢ ❙✉❜❝❛rr✐❡s✮

◆♦ ❯▲ P❯❙❈✱ ❛s s✉❜♣♦rt❛❞♦r❛s sã♦ ❞✐✈✐❞✐❞❛s ❡♠ ✈ár✐♦s t✐❧❡s q✉❡ sã♦ s❡♠❡❧❤❛♥t❡s ❛♦s ❝❧✉st❡rs

❞♦ ❡♥❧❛❝❡ ❞✐r❡t♦✳ ❈❛❞❛ t✐❧❡ ❝♦♥s✐st❡ ❡♠ q✉❛tr♦ s✉❜♣♦rt❛❞♦r❛s s♦❜r❡ três sí♠❜♦❧♦s ❖❋❉▼✳ ❆

s✉❜♣♦rt❛❞♦r❛ ❝♦♠ t✐❧❡ é ❞✐✈✐❞✐❞❛ ❡♠ ✽ s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s ❡ ✹ s✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦✳

❖ ♠♦❞♦ ✐❞❡❛❧ ❞♦ ❯▲ P❯❙❈ t❡♠ ✉♠❛ r❡❧❛çã♦ ❜❛✐①❛ ❡♥tr❡ ❛s s✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦ ❡ ❛s s✉❜♣♦r✲

t❛❞♦r❛s ❞❡ ❞❛❞♦s✱ ♣r♦✈❡♥❞♦ ❛ss✐♠ ♠❛✐♦r t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ♣♦ré♠ ♠❡♥♦r ❝❛♣❛❝✐❞❛❞❡ ♥♦ ❝❛♥❛❧ ❞❡

tr❛♥s♠✐ssã♦✳ ❉❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♦ ❉▲ P❯❙❈ ♦s t✐❧❡s sã♦ r❡♥✉♠❡r❛❞♦s ❞❡ ❢♦r♠❛ ♣s❡✉❞♦✲❛❧❡❛tór✐❛

❡ ❞✐✈✐❞✐❞♦s ❡♠ s❡✐s ❣r✉♣♦s✳ ❈❛❞❛ s✉❜❝❛♥❛❧ é ❝r✐❛❞♦ ✉t✐❧✐③❛♥❞♦✲s❡ ✻ t✐❧❡s ❞❡ ✉♠ ú♥✐❝♦ ❣r✉♣♦✳

❊st❡ ❡sq✉❡♠❛ ❞❡ s✉❜❝❛♥❛❧✐③❛çã♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✺

❇❆▼❈ ✭❇❛♥❞ ❆❞❛♣t❛t✐✈❡ ▼♦❞✉❧❛t✐♦♥ ❛♥❞ ❈♦❞✐♥❣✮
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❋✐❣✉r❛ ✺✳✺✿ ❊sq✉❡♠❛ ❞❡ s✉❜❝❛♥❛❧✐③❛çã♦ ❯▲ P❯❙❈

◆❡st❡ ♠♦❞♦ ❞❡ ♣❡r♠✉t❛çã♦ t♦❞❛s ❛s s✉❜♣♦rt❛❞♦r❛s q✉❡ ❝♦♥st✐t✉❡♠ ✉♠ s✉❜❝❛♥❛❧ sã♦ ❛❞❥❛❝❡♥t❡s

✉♠❛s às ♦✉tr❛s✳ ◆❡st❡ ♠ét♦❞♦✱ ♥♦✈❡ s✉❜♣♦rt❛❞♦r❛s ❛❞❥❛❝❡♥t❡s✱ s❡♥❞♦ q✉❡ ✽ ❞❡st❛s sã♦ ❞❡ ❞❛❞♦s ❡ ✶

é ♣✐❧♦t♦✱ sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❢♦r♠❛r ✉♠ ❜✐♥✳ ✹ ❜✐♥s ❛❞❥❛❝❡♥t❡s ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❝♦♥st✐t✉❡♠

✉♠❛ ❜❛♥❞❛✳ ❯♠ s✉❜❝❛♥❛❧ ❆▼❈ ❝♦♥s✐st❡ ❡♠ ✻ ❜✐♥s ❝♦♥tí❣✉♦s✳ ❆ss✐♠ ✉♠ s✉❜❝❛♥❛❧ ❆▼❈ ♣♦❞❡

❝♦♥s✐st✐r ❡♠ ✶ ❜✐♥ s♦❜r❡ ✻ sí♠❜♦❧♦s ❝♦♥s❡❝✉t✐✈♦s✱ ✷ ❜✐♥s s♦❜r❡ ✸ sí♠❜♦❧♦s ❝♦♥s❡❝✉t✐✈♦s ❡ ✸ ❜✐♥ s♦❜r❡

✷ sí♠❜♦❧♦s ❝♦♥s❡❝✉t✐✈♦s✳

◆❡st❡ ♠ét♦❞♦ ❝❛❞❛ s❧♦t ♣♦ss✉✐ ✽✱ ✶✻ ♦✉ ✷✹ s✉❜♣♦rt❛❞♦r❛s ♣❛r❛ ❝❛❞❛ ✻✱ ✸ ♦✉ ✷ sí♠❜♦❧♦s ❖❋❉▼✱

❝♦♥❢♦r♠❡ ❞❡♠♦♥str❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✻✳

✺✶



❋✐❣✉r❛ ✺✳✻✿ ❊sq✉❡♠❛ ❞❡ s✉❜❝❛♥❛❧✐③❛çã♦ ❆▼❈
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❈❛♣ít✉❧♦ ✻

❆♥á❧✐s❡ ❞♦s ❘❡s✉❧t❛❞♦s
◆❡st❡ ❝❛♣ít✉❧♦ é ❢❡✐t❛ ❛ ❛♥á❧✐s❡ ❞♦s ❡❢❡✐t♦s ❞♦

P❆P❘ ❝♦♠ ❜❛s❡ ❡♠ ✉♠ s✐♠✉❧❛❞♦r ♣r♦❥❡t❛❞♦ ❝♦♠

❛ ✉t✐❧✐③❛çã♦ ❞❛ ❢❡rr❛♠❡♥t❛ ▼❆❚▲❆❇✱ ❝♦♠ ♦ ♦❜✲

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

❞✐r❡t♦ ❞♦s s✐st❡♠❛s ❲✐▼❆❳ ❞❡✈✐❞♦ ❛♦ ✉s♦ ❞❡ ❛♠✲

♣❧✐✜❝❛❞♦r❡s ♥ã♦ ❧✐♥❡❛r❡s✳ P❛r❛ ❛♥á❧✐s❡ ❞♦s r❡s✉❧✲

t❛❞♦s ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ❛s ♠étr✐❝❛s ❞❡ ❞❡❣r❛❞❛çã♦

t♦t❛❧ ❞♦ s✐st❡♠❛✱ ❞❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞❡ ♣♦tê♥❝✐❛✱

❞✐str✐❜✉✐çã♦ ❝✉♠✉❧❛t✐✈❛ ❞♦ P❆P❘✱ ❡♥tr❡ ♦✉tr❛s✳

✻✳✶ ❆♥á❧✐s❡ ❞❡ ❘❡s✉❧t❛❞♦s

P❛r❛ ❛♥á❧✐s❡ ❞♦s ❡❢❡✐t♦s ❞❛ P❆P❘✱ ❢♦✐ ♣r♦❥❡t❛❞♦ ✉♠ s✐♠✉❧❛❞♦r ❜❛s❡❛❞♦ ♥♦s ♣❛râ♠❡tr♦s ❞❡✜♥✐❞♦s

♣❡❧♦ ♣❛❞rã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛ ❢❡rr❛♠❡♥t❛ ▼❆❚▲❆❇✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡

❡st✉❞❛r ♦s ✐♠♣❛❝t♦s ❝❛✉s❛❞♦s ♥♦ ❡♥❧❛❝❡ ❞✐r❡t♦ ❞♦s s✐st❡♠❛s ❲✐▼❆❳ ❞❡✈✐❞♦ ❛♦ ✉s♦ ❞❡ ❛♠♣❧✐✜❝❛❞♦r❡s

♥ã♦✲❧✐♥❡❛r❡s✳

❖s ♠ét♦❞♦s ♣❛r❛ ❛ r❡❞✉çã♦ ❞❛ P❆P❘ ✐♠♣❧❡♠❡♥t❛❞♦s ♥❡st❡ s✐♠✉❧❛❞♦r ❢♦r❛♠ ♦s ❞❡ ❧✐♠✐t❛çã♦ ❞♦

s✐♥❛❧ ❬✷✾❪✱ ❢✉♥çõ❡s ❞❡ ❝♦rr❡çã♦ ✭❥❛♥❡❧❛ ❣❛✉ss✐❛♥❛ ❬✽❪✱ ❢✉♥çã♦ s✐♥❝ ❬✾❪ ❡ ❥❛♥❡❧❛ ❞❡ ❤❛♠♠✐♥❣ ❬✶✵❪✮✱ s✉❜✲

♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ✭●❛t❤❡r❡r ❡ P♦❧❧❡②✮ ❬✶✹❪✱ ♠♦❞✐✜❝❛çã♦ ♥♦s ❝❛♥❛✐s ❛t✐✈♦s ✭❏♦♥❡s✮ ❬✶✶❪✱ tr❛♥s♠✐ssã♦

♣❛r❝✐❛❧ ❞❡ s❡q✉ê♥❝✐❛s ❬✶✼❪✱ ❛ss✐♠ ❝♦♠♦ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡❧❛s✳

◆♦ s✐♠✉❧❛❞♦r ❝♦♥str✉í❞♦✱ ❞✐✈❡rs♦s ♣❛râ♠❡tr♦s ♣♦❞❡♠ s❡r ❝♦♥✜❣✉r❛❞♦s✱ t❛✐s ❝♦♠♦✿ té❝♥✐❝❛

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

✈✐rt✉❛✐s✱ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s✱ q✉❛♥t✐❞❛❞❡ ❞❡ sí♠❜♦❧♦s ♠♦❞✉❧❛❞♦s✱ q✉❛♥t✐❞❛❞❡ ❞❡ sí♠❜♦❧♦s

❖❋❉▼✱ t❛♠❛♥❤♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛✱ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦ s✐♥❛❧✱ q✉❛♥t✐❞❛❞❡s ❞❡ ❜✐ts ❞❡ ❡♥tr❛❞❛✱

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

◆❡st❡ tr❛❜❛❧❤♦ ♦ s✐♠✉❧❛❞♦r ❢♦✐ ❝♦♥✜❣✉r❛❞♦ ✉♠ ❝❡♥ár✐♦ ❜ás✐❝♦ ❝♦♠ ♦s s❡❣✉✐♥t❡s ♣❛râ♠❡tr♦s✿

• ▼♦❞✉❧❛çã♦ ✶✻✲◗❆▼❀

• ✼✷✵ s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s❀

• ✶✽✹ s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s❀
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• ✶✷✵ s✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦❀

• 64 × 104 sí♠❜♦❧♦s ♠♦❞✉❧❛❞♦s❀

• ✻✷✺ sí♠❜♦❧♦s ❖❋❉▼❀

• ✶✵✱✾✹ ❑❍③ ❞❡ ❡s♣❛ç❛♠❡♥t♦ ❡♥tr❡ s✉❜♣♦rt❛❞♦r❛s❀

• ✶✵ ▼❍③ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦ ❝❛♥❛❧❀

• ❈❛♥❛❧ ❆❲●◆❀

• ❆♠♣❧✐✜❝❛❞♦r ❜❛s❡❛❞♦ ♥♦ ♠♦❞❡❧♦ ❞❡ ❘❛♣♣❀

• ❋❛t♦r ❞❡ s✉♣❡r❛♠♦str❛❣❡♠ ✐❣✉❛❧ ❛ ✹❀

◆♦ s✐♠✉❧❛❞♦r ♥ã♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❝♦❞✐✜❝❛çã♦ ❞❡ ❝❛♥❛❧✳ ❆ ❡st✐♠❛çã♦ ❞❡ ❝❛♥❛❧ ❡ ❛ s✐♥❝r♦♥✐③❛çã♦

sã♦ ✐❞❡❛✐s✳

P❛r❛ ❛♥á❧✐s❡ ❞♦s ❡❢❡✐t♦s ❞❛ P❆P❘ ❡ ❝♦♠♣❛r❛çã♦ ❞♦s ♠ét♦❞♦s ❡♠♣r❡❣❛❞♦s✱ ❢♦r❛♠ ❝❛❧❝✉❧❛❞♦s

♦s ✈❛❧♦r❡s ❞❛ ♠❛❣♥✐t✉❞❡ ❞♦ ✈❡t♦r ❞❡ ❡rr♦ ✭❊❱▼✮✱ r❛③ã♦ ❞❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ♥♦ ❝❛♥❛❧ ❛❞❥❛❝❡♥t❡

♣❡❧❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ♥♦ ❝❛♥❛❧ ❞❡ tr❛♥s♠✐ssã♦ ✭❆❈P❘✮✱ ❞❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞❡ ♣♦tê♥❝✐❛ ✭P❙❉✮✱

❞❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ s✐st❡♠❛ ✭❚❉✮ ❡ ❛ ❞✐str✐❜✉✐çã♦ ❝✉♠✉❧❛t✐✈❛ ❞♦ ✈❛❧♦r ❞❛ P❆P❘ ✭❈❉❋✮✳

✻✳✶✳✶ ❉❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞❡ ♣♦tê♥❝✐❛

❖ ♣r✐♠❡✐r♦ ♣❛râ♠❡tr♦ ❛✈❛❧✐❛❞♦ ♥♦s ♠ét♦❞♦s ✐♠♣❧❡♠❡♥t❛❞♦s ❢♦✐ ❛ ❛❞❡rê♥❝✐❛ ❞♦ ❡s♣❡❝tr♦ ❞❡

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

♠ás❝❛r❛s ❡s♣❡❝tr❛✐s ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❞❡✜♥✐r ♦ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ ❞❡ s❛✐❞❛ ✭❖❇❖✮ ♠í♥✐♠♦

♥❡❝❡ssár✐♦ à ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ s✐st❡♠❛ ❲✐▼❆❳ ❣❛r❛♥t✐♥❞♦ q✉❡ ♦ s✐♥❛❧ ❛t❡♥❞❛ ❛♦ r❡❣✉❧❛♠❡♥t❛❞♦✳

❆ ♥♦r♠❛ ❊❚❙■ ❊▼ ✸✵✶ ✵✷✶ ❬✷✼❪ ❡s♣❡❝✐✜❝❛ ❞✐✈❡rs♦s t✐♣♦s ❞❡ s✐st❡♠❛s ❞❡ ❝♦♠✉♥✐❝❛çã♦ s❡♠ ✜♦ q✉❡

♦♣❡r❛♠ ❡♥tr❡ ✸●❍③ ❡ ✶✶●❍③✳ ◆❛ ♥♦r♠❛ ❊❚❙■ ❊▼ ✸✵✶ ✵✷✶ ❬✷✼❪✱ ❛ ♠ás❝❛r❛ ❡s♣❡❝tr❛❧ é ❡s♣❡❝✐✜❝❛❞❛

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

❛ ♠ás❝❛r❛ ❡s♣❡❝tr❛❧ ♠✉❞❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜♣♦rt❛❞♦r❛s ❡ ❝♦♠ ❛ ♠♦❞✉❧❛çã♦

❡♠♣r❡❣❛❞❛✳ ❏á ❛ ♠ás❝❛r❛ ❡s♣❡❝tr❛❧ ❡s♣❡❝✐✜❝❛❞❛ ♥♦ ♣❛❞rã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪✱ ♣r❡✈ê ❛♣❡♥❛s

✈❛r✐❛çõ❡s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜♣♦rt❛❞♦r❛s✳

❆ ❋✐❣✉r❛ ✻✳✶ ✐❧✉str❛ ❛s ♠ás❝❛r❛s ❡s♣❡❝tr❛✐s q✉❡ ♦ s✐st❡♠❛ ❲✐▼❆❳ ❞❡✈❡ ❛t❡♥❞❡r ❞❡ ❢♦r♠❛ ❛

❣❛r❛♥t✐r ❛ ♦❝✉♣❛çã♦ ❡s♣❡❝tr❛❧ ❝♦♠♣❛tí✈❡❧ ❝♦♠ ❛s ♥♦r♠❛s ❊❚❙■ ❊▼ ✸✵✶ ✵✷✶ ❬✷✼❪ ❡ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾

❬✶❪✳

❈♦♠ ❜❛s❡ ♥❛s ♠ás❝❛r❛s ❡s♣❡❝tr❛✐s ♥♦r♠❛t✐③❛❞❛s✱ ❢♦r❛♠ s✐♠✉❧❛❞♦s ❞✐✈❡rs♦s ✈❛❧♦r❡s ❞❡ ❖❇❖

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

❞❡ ♣♦tê♥❝✐❛ ❡st❡❥❛ ❞❡♥tr♦ ❞♦s ❧✐♠✐t❡s ♥♦r♠❛t✐③❛❞♦s✳ ◆❡ss❡ s❡♥t✐❞♦✱ ❢♦✐ s✐♠✉❧❛❞♦ ✉♠ s✐st❡♠❛❲✐▼❆❳

❝♦♠ ♦s ♣❛râ♠❡tr♦s ❞♦ ❝❡♥ár✐♦ ❜ás✐❝♦✱ ✈❛r✐❛♥❞♦ ❛s ♠♦❞✉❧❛çõ❡s ❡♥tr❡ ◗P❙❑✱ ✶✻ ◗❆▼ ❡ ✻✹ ◗❆▼✳

◆❛s ❋✐❣✉r❛s ✻✳✷✱ ✻✳✸ ❡ ✻✳✹✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛ ❞❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞❡ ♣♦tê♥❝✐❛ ♦❜t✐❞❛ ❝♦♠ ❛

✈❛r✐❛çã♦ ❞♦ ❖❇❖ ♥ã♦ ❛t❡♥❞❡ ❛ ♥♦r♠❛ ❊❚❙■ ❊▼ ✸✵✶ ✵✷✶ ❬✷✼❪ ❝♦♠ ♠♦❞✉❧❛çã♦ ✶✻◗❆▼ ❡ ✻✹◗❆▼✱

✺✹



❋✐❣✉r❛ ✻✳✶✿ ▼ás❝❛r❛ ♥♦r♠❛t✐③❛❞❛ ❞❛ ❞❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ q✉❡ ❞❡✈❡ s❡r ❛t❡♥❞✐❞❛ ♣❡❧♦ ❲✐▼❆❳

♥❡♠ ❛ ♥♦r♠❛ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪ ❝♦♠ ♠♦❞✉❧❛çã♦ ◗P❙❑✱ ✶✻◗❆▼ ❡ ✻✹◗❆▼✱ ❜❛s✐❝❛♠❡♥t❡ ♥♦ q✉❡

s❡ r❡❢❡r❡ à r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ❖❇❖ ♠❡♥♦r❡s q✉❡ ✸❞❇✳ ■♥t❡r❡ss❛♥t❡ ♥♦t❛r q✉❡ ❛ ✉t✐❧✐③❛çã♦

❞❡ s✉❜♣♦rt❛❞♦r❛s ♥✉❧❛s ❣❛r❛♥t❡ q✉❡ ♦ ❡s♣❡❝tr♦ ❞❡ ♣♦tê♥❝✐❛ ❡st❡❥❛ ❛❞❡r❡♥t❡ ❛ ♥♦r♠❛✳

✻✳✶✳✷ ❚❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t ✭❇❊❘✮

➱ ❛ r❡❧❛çã♦ ❡♥tr❡ ♦ ♥ú♠❡r♦ ❞❡ ❜✐ts ❝♦♠ ❡rr♦ ❡ ♦ t♦t❛❧ ❞❡ ❜✐ts ❡♥✈✐❛❞♦s ♥✉♠❛ tr❛♥s♠✐ssã♦✳

❖❜s❡r✈❛♥❞♦ ❛ ❋✐❣✉r❛ ✻✳✺✱♦❜t✐❞❛ ❝♦♠ ♦s ♣❛râ♠❡tr♦s ❞♦ ❝❡♥ár✐♦ ♣❛❞rã♦ ✱ ♣♦❞❡♠♦s ♥♦t❛r q✉❡ ❛ t❛①❛

❞❡ ❡rr♦ ❞❡ ❜✐t ✭❇❊❘✮ ❞♦ s✐st❡♠❛ ❛✉♠❡♥t❛ ♥❛ ♠❡❞✐❞❛ q✉❡ ♦ ❖❇❖ ❞✐♠✐♥✉✐✱ ♦✉ s❡❥❛✱ ♦ s✐♥❛❧ ✜❝❛

❝❛❞❛ ✈❡③ ♠❛✐s ❞✐st♦r❝✐❞♦ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜✐ts r❡❝❡❜✐❞♦s ❝♦♠ ❡rr♦s ❛✉♠❡♥t❛✳

◆❡st❡ ❝❛s♦ ❡s♣❡❝í✜❝♦✱ ❡♠ q✉❡ ♦ ❖❇❖ ❂ ✸❞❇ ♦ s✐♥❛❧ ❛❧é♠ ❞❡ ❝♦♠♣❧❡t❛♠❡♥t❡ ❞✐st♦r❝✐❞♦✱ ❛ r❛❞✐❛çã♦

❢♦r❛ ❞❡ ❜❛♥❞❛ ❡stá ❡♠ ❞❡s❛❝♦r❞♦ ❝♦♠ ❛s ♥♦r♠❛s✱ ❝♦♥❢♦r♠❡ ❝♦♠❡♥t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❝❛✉s❛♥❞♦

❛ ❞❡❣r❛❞❛çã♦ ❞♦ s✐st❡♠❛✳ ◆♦t❡ q✉❡✱ ♣❛r❛ ✈❛❧♦r❡s ❜❛✐①♦ ❞❡ ❖❇❖✱ ❛ ✈❛r✐❛çã♦ ❞❡ ✶❞❇ ✐♥✢✉❡♥❝✐❛

❞✐r❡t❛♠❡♥t❡ ♥❛ t❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t ❞♦ s✐st❡♠❛ ✭❇❊❘✮✳

✻✳✶✳✸ ❈♦♥st❡❧❛çã♦ ❞♦ s✐♥❛❧ tr❛♥s♠✐t✐❞♦ ❡ r❡❝❡❜✐❞♦

❆s ❞✐st♦rçõ❡s r❡s✉❧t❛♥t❡s ❞❛ ❛♠♣❧✐✜❝❛çã♦ ♥ã♦✲❧✐♥❡❛r ♣♦❞❡♠ s❡r ♦❜s❡r✈❛❞❛s ♥❛ ❝♦♥st❡❧❛çã♦ ❞♦

s✐♥❛❧ r❡❝❡❜✐❞♦✱ ❛ ❋✐❣✉r❛ ✻✳✻ ❞❡♠♦♥str❛ ❛ ❝♦♥st❡❧❛çã♦ tr❛♥s♠✐t✐❞❛ ✈❡rs✉s ❛ ❝♦♥st❡❧❛çã♦ r❡❝❡❜✐❞❛✱

♥♦t❡ q✉❡ ♦ s✐♥❛❧ ❝♦♠ ❖❇❖ ❂ ✸❞❇ ❡stá ❝♦♠♣❧❡t❛♠❡♥t❡ ❞✐st♦r❝✐❞♦ ❛♦ ❝♦♥trár✐♦ ❞♦ s✐♥❛❧ ❝♦♠ ❖❇❖

❂ ✶✷❞❇✱ ❡♠ q✉❡ ❛ ❝♦♥st❡❧❛çã♦ ❞♦ s✐♥❛❧ tr❛♥s♠✐t✐❞♦ é ♣r❛t✐❝❛♠❡♥t❡ ✐❣✉❛❧ ❛ ❝♦♥st❡❧❛çã♦ ❞♦ s✐♥❛❧

✺✺



❋✐❣✉r❛ ✻✳✷✿ ❉❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ✈❛r✐❛çã♦ ❞♦ ❖❇❖ ❡ s✐st❡♠❛ ❝♦♠ ♠♦❞✉❧❛çã♦ ◗P❙❑

✺✻



❋✐❣✉r❛ ✻✳✸✿ ❉❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ✈❛r✐❛çã♦ ❞♦ ❖❇❖ ❡ s✐st❡♠❛ ❝♦♠ ♠♦❞✉❧❛çã♦ ✶✻

◗❆▼

✺✼



❋✐❣✉r❛ ✻✳✹✿ ❉❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ✈❛r✐❛çã♦ ❞♦ ❖❇❖ ❡ s✐st❡♠❛ ❝♦♠ ♠♦❞✉❧❛çã♦ ✻✹

◗❆▼

❋✐❣✉r❛ ✻✳✺✿ ❚❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ✈❛r✐❛çã♦ ❞♦ ❖❇❖

✺✽



r❡❝❡❜✐❞♦✳

❋✐❣✉r❛ ✻✳✻✿ ❈♦♥st❡❧❛çã♦ ❞♦ s✐♥❛❧ tr❛♥s♠✐t✐❞♦ ✈❡rs✉s r❡❝❡❜✐❞♦✱ ❝♦♠ ❛♠♣❧✐✜❝❛❞♦r ❘❛♣♣ ❡ ♠♦❞✉❧❛çã♦

✶✻ ◗❆▼

✻✳✶✳✹ ❉✐str✐❜✉✐çã♦ ❝✉♠✉❧❛t✐✈❛ ❞❛ P❆P❘

❖ ✈❛❧♦r ❞❛ P❆P❘ ♣♦ss✉✐ ✉♠ ❧✐♠✐t❡ q✉❡ ♦❝♦rr❡ q✉❛♥❞♦ t♦❞♦s ♦s sí♠❜♦❧♦s ♣♦ss✉❡♠ ❛ ♠❡s♠❛

❢❛s❡ ❛♦ s❡r❡♠ s♦♠❛❞♦s✱ ♦ q✉❡ r❡s✉❧t❛ ❡♠ ✉♠❛ s♦♠❛ ❝♦♥str✉t✐✈❛✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ss❡

✈❛❧♦r ❧✐♠✐t❡ é ❡①tr❡♠❛♠❡♥t❡ r❛r❛ ❡ s✉❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ s❡ t♦r♥❛ ❞❡s♣r❡③í✈❡❧ q✉❛♥❞♦ ❛

q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜♣♦rt❛❞♦r❛s ❛✉♠❡♥t❛✳

❈♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛✱ ✉♠❛ ❛♥á❧✐s❡ ❞❛ ❞✐str✐❜✉✐çã♦ ❡st❛tíst✐❝❛ ❞❛ ♠étr✐❝❛ ❡♠ q✉❡stã♦ é ❝♦♠✉♠❡♥t❡

✺✾



✉t✐❧✐③❛❞❛✳ ❆ ❢✉♥çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ ❛❝✉♠✉❧❛❞❛ ✭❈❉❋✮ ❞❛ P❆P❘ ❞❡ ✉♠ s✐♥❛❧ ❖❋❉▼ é ✉t✐❧✐③❛❞❛ ♣❛r❛

❛♥❛❧✐s❛r ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❛❧t♦s ♣✐❝♦s ♥♦ s✐♥❛❧✳ P♦rt❛♥t♦✱ é ♣♦ssí✈❡❧ ♠❡♥s✉r❛r ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡

♦❝♦rrê♥❝✐❛ ❞❡ ✈❛❧♦r❡s ❞❡ P❆P❘ ♠❡♥♦r❡s q✉❡ ❞❡t❡r♠✐♥❛❞♦ ✈❛❧♦r✳

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

s❡rã♦ ♦t✐♠✐st❛s ❡♠ r❡❧❛çã♦ à r❡❛❧✐❞❛❞❡✳ P❛r❛ s❡ ♣r♦❞✉③✐r ❛❧❣♦ ♣❡rt♦ ❞❛ r❡❛❧✐❞❛❞❡✱ ♥❡st❡ tr❛❜❛❧❤♦

♦ s✐♥❛❧ ❢♦✐ s✉♣❡r ❛♠♦str❛❞♦ ✹ ✈❡③❡s✱ ❞❡ss❡ ♠♦❞♦✱ ♦ s✐♥❛❧ ♣♦❞❡ ♣❛ss❛r ❛ t❡r ♣✐❝♦s ♠❛✐♦r❡s ♣♦✐s ❛

q✉❛♥t✐❞❛❞❡ ❞❡ ❛♠♦str❛s s❡rá ❛✉♠❡♥t❛❞❛✳

✻✳✶✳✺ ▼❛❣♥✐t✉❞❡ ❞♦ ❱❡t♦r ❞❡ ❊rr♦ ✭❊❱▼✮

❖ ❊❱▼ ✭❊rr♦r ❱❡❝t♦r ▼❛❣♥✐t✉❞❡✮ é ❡ss❡♥❝✐❛❧♠❡♥t❡ ♦ ✈❡t♦r ❞❡ ❡rr♦ ♠é❞✐♦ r❡❧❛t✐✈♦ ❛♦s ♣♦♥t♦s

❞❛ ❝♦♥st❡❧❛çã♦ tr❛♥s♠✐t✐❞♦s ❡ r❡❝❡❜✐❞♦s ❡ ♣♦❞❡ s❡r ❝❛✉s❛❞♦ ♣❡❧❛ ❞❡❣r❛❞❛çã♦ ♥♦ s✐st❡♠❛✳ ❖ ❊❱▼

s♦❜r❡ ✉♠ sí♠❜♦❧♦ é ❞❡✜♥✐❞♦ ❝♦♠♦✿

EV M (dB) = 10log10

(
Pe

Ptx

)
✭✻✳✶✮

❡♠ q✉❡ Pe é ❛ ♣♦tê♥❝✐❛ ❞♦ ❡rr♦ ❡ Ptx é ❛ ♣♦tê♥❝✐❛ ❞♦ s✐♥❛❧ tr❛♥s♠✐t✐❞♦✳

❖ ❊❱▼ é ✉♠❛ ♠étr✐❝❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ q✉❛♥t✐✜❝❛r ❛ q✉❛❧✐❞❛❞❡ ❞❛s ♠♦❞✉❧❛çõ❡s ❡♠♣r❡❣❛❞❛s

❡♠ ❞✐❢❡r❡♥t❡s t❡❝♥♦❧♦❣✐❛s ❞❡ tr❛♥s♠✐ssã♦ ❞✐❣✐t❛❧✳ ●r❛♥❞❡ ♣❛rt❡ ❞❛s t❡❝♥♦❧♦❣✐❛s s❡♠ ✜♦ ✉t✐❧✐③❛❞❛s

❛t✉❛❧♠❡♥t❡ ✉t✐❧✐③❛♠ ✈❛r✐❛♥t❡s ❞♦ ◗❆▼✳ ■st♦ q✉❡ é ❣❡r❛❧♠❡♥t❡ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛✈❛❧✐❛r ❛ q✉❛❧✐❞❛❞❡

❞♦ s✐♥❛❧ tr❛♥s♠✐t✐❞♦ ❡ ❞❡t❡r♠✐♥❛r ❛ ❞❡❣r❛❞❛çã♦ ❞♦ s✐♥❛❧ r❡❝❡❜✐❞♦✱ ✐st♦ é✱ ♦ ❞❡s✈✐♦ ♦❜t✐❞♦ ❡♥tr❡ ❛

❝♦♥st❡❧❛çã♦ tr❛♥s♠✐t✐❞❛ ❡ ❛ r❡❝❡❜✐❞❛✳

❖ ❊❱▼ é ✉♠ ♣❛râ♠❡tr♦ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞♦ ❡♠ t❡st❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞♦s tr❛♥s♠✐ss♦r❡s ❞❡

r❡❞❡s s❡♠ ✜♦✱ ❡ ♣♦❞❡ s❡r ❡♥t❡♥❞✐❞♦ ✈✐s✉❛❧✐③❛♥❞♦✲s❡ ❛ ❋✐❣✉r❛ ✻✳✼

❋✐❣✉r❛ ✻✳✼✿ ▼❛❣♥✐t✉❞❡ ❞♦ ✈❡t♦r ❞❡ ❡rr♦✭❊❱▼✮

❈♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ❡♠ ❬✸✻❪✱ ♦ ❊❱▼ é ❢r❡q✉❡♥t❡♠❡♥t❡ ✉t✐❧✐③❛❞♦ ♣❛r❛ q✉❛♥t✐✜❝❛r ❛ ❞✐st♦rçã♦

✻✵



❞❡♥tr♦ ❞❛ ❜❛♥❞❛ ❡♠ ♣❛❞rõ❡s ❞❡ ❝♦♠✉♥✐❝❛çã♦ s❡♠ ✜♦✳ ❖ ❊❱▼ ❡stá ❞✐r❡t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ❛

t❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t ✭❇❊❘✮ ❡ ♣♦❞❡ s❡r ❝❛✉s❛❞♦ ♣♦r ❞✐✈❡rs♦s ❝♦♠♣♦♥❡♥t❡s ♥ã♦ ❧✐♥❡❛r❡s ❡♠♣r❡❣❛❞♦s

❞✉r❛♥t❡ ❛ tr❛♥s♠✐ssã♦ ❞♦s s✐♥❛✐s✱ ✐♥❝❧✉✐♥❞♦ ♦s ❛♠♣❧✐✜❝❛❞♦r❡s ❞❡ ♣♦tê♥❝✐❛✳

✻✳✶✳✻ ❘❛③ã♦ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ♥♦ ❝❛♥❛❧ ❛❞❥❛❝❡♥t❡ ❡ ♣♦tê♥❝✐❛ ♠é❞✐❛ ♥♦
❝❛♥❛❧ ❞❡ tr❛♥s♠✐ssã♦ ✭❆❈P❘✮

❆s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❝❛✉s❛❞❛s ♣❡❧❛ ❛♠♣❧✐✜❝❛çã♦ ❞❡ s✐♥❛✐s ♠✉❧t✐♣♦rt❛❞♦r❛s ❣❡r❛ ♠✉✐t❛s ♣❡rt✉r❜❛✲

çõ❡s✱ ❡ ✉♠❛s ❞❡st❛s é ♦ ❛✉♠❡♥t♦ ❞❡ ♣♦tê♥❝✐❛ ♥♦s ❝❛♥❛✐s ❛❞❥❛❝❡♥t❡s✳ ❊st❡ ❢❡♥ô♠❡♥♦ é ❝❛r❛❝t❡r✐③❛❞♦

♣❡❧♦ ♣❛râ♠❡tr♦ ❆❈P❘ ✭❆❞❥❛❝❡♥t ❈❤❛♥♥❡❧ P♦✇❡r ❘❛t✐♦✮✳

❆ ❆❈P❘ é ♠✉✐t❛s ❞❛s ✈❡③❡s ✉t✐❧✐③❛❞❛ ♣❛r❛ s✐♥❛✐s ♠♦❞✉❧❛❞♦s ❞✐❣✐t❛✐s ❡ ❛♥❛❧ó❣✐❝♦s✳ ❆ ❆❈P❘ é

♠❡♥s✉r❛❞❛ ♣❡❧❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♣♦tê♥❝✐❛ q✉❡ ♣❛ss❛ ♣❛r❛ ♦ ❝❛♥❛❧ ❛❞❥❛❝❡♥t❡ ❞❡✈✐❞♦ ❛ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡

❞❛ ♠♦❞✉❧❛çã♦ ❞✐❣✐t❛❧ ❞♦ s✐♥❛❧ ♥♦ ❝❛♥❛❧ ❝❡♥tr❛❧✳

ACPR (dB) = 10log10

(
Pin

Pout

)
✭✻✳✷✮

❖♥❞❡ Pin é ❛ ♣♦tê♥❝✐❛ ♥❛ ❜❛♥❞❛ ❞❡ tr❛♥s♠✐ssã♦ ❡ Pout é ❛ ♣♦tê♥❝✐❛ ♥♦ ❝❛♥❛❧ ❛❞❥❛❝❡♥t❡✳

◆❛ ❧✐t❡r❛t✉r❛ ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ❞✐✈❡rs♦s tr❛❜❛❧❤♦s ❢❡✐t♦s ♣❛r❛ ❛ ❝❛r❛❝t❡r✐③❛çã♦ ❞♦s P❆P❘✱

♥♦ ❡♥t❛♥t♦✱ é ❡s❝❛ss❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ tr❛❜❛❧❤♦s q✉❡ ✉t✐❧✐③❛♠ ❡st❡ ♣❛râ♠❡tr♦ ♣❛r❛ ❛♥á❧✐s❡ ❞❛

r❡❞✉çã♦ ❞♦s ❡❢❡✐t♦s ❞❛ P❆P❘✳ ❆ss✐♠✱ ❡♠ ❬✸✼❪ é ♣r♦♣♦st❛ ✉♠❛ ❡①♣r❡ssã♦ ❣❡r❛❧ q✉❡ ❝❛r❛❝t❡r✐③❛ ❡st❡

♣❛râ♠❡tr♦ ♣❡❧♦ ♥ú♠❡r♦s ❞❡ s✉❜♣♦rt❛❞♦r❛s ♥♦ s✐♥❛❧✳

❆ ❆❈P❘ ♠❡♥s✉r❛ ♦s ❡❢❡✐t♦s ❞♦ ❛✉♠❡♥t♦ ❞❛ ❞❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞♦s s✐♥❛✐s✳ ❊st❡s s✐♥❛✐s ❡st❛✲

❝✐♦♥ár✐♦s sã♦ ♣r♦❞✉③✐❞♦s ♣❡❧♦ ♣r♦❞✉t♦ ❞❛ ✐♥t❡r♠♦❞✉❧❛çã♦ ❣❡r❛❞❛ ♣❡❧❛s ❝❛r❛❝t❡ríst✐❝❛s ♥ã♦ ❧✐♥❡❛r❡s

❞❡ ❛❧❣✉♥s ❝♦♠♣♦♥❡♥t❡s ❞✉r❛♥t❡ ❛ tr❛♥s♠✐ssã♦ ❞♦s s✐♥❛✐s ❬✸✼❪✳

❆ ❆❈P❘ é ❞❡✜♥✐❞❛ ❝♦♠♦ ❛ r❛③ã♦ ❞❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ♥♦ ❝❛♥❛❧ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ❢r❡q✉ê♥❝✐❛

♣❡❧❛ ♣♦tê♥❝✐❛ ♠é❞✐❛ ♥♦ ❝❛♥❛❧ ❞❡ ❢r❡q✉ê♥❝✐❛ ❛❞❥❛❝❡♥t❡✳ ❆ ❆❈P❘ é t❛♠❜é♠ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❆❈▲❘

✭❆❞❥❛❝❡♥t❡ ❈❤❛♥♥❡❧ ▲❡❛❦❛❣❡ ❘❛t✐♦✮✱ ❡ ♦s ❞♦✐s t❡r♠♦s sã♦ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛✳ ❉❡✲

♣❡♥❞❡♥❞♦ ❞♦ ❝♦♥t❡①t♦✱ ❛ s✐❣❧❛ ❆❈P❘ ♣♦❞❡ s❡r ❞❡✜♥✐❞❛ ❝♦♠♦ ❆❞❥❛❝❡♥t ❈❤❛♥♥❡❧ P♦✇❡r ❘❛t✐♦ ♦✉

❆❞❥❛❝❡♥t❡ ❈❤❛♥♥❡❧ Pr♦t❡❝t✐♦♥ ❘❛t✐♦✳

✻✳✶✳✼ ❉❡❣r❛❞❛çã♦ ❚♦t❛❧ ✭❚❉✮

❆ ♠❛✐♦r✐❛ ❞❛s ❝♦♥tr✐❜✉✐çõ❡s ♥❛ ❧✐t❡r❛t✉r❛ s❡ ❝♦♥❝❡♥tr❛ s♦♠❡♥t❡ ♥❛ r❡❞✉çã♦ ❞❛ P❆P❘✳ ◆♦

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

s❡❥❛ ❣❛r❛♥t✐❞♦✳ ◗✉❛♥❞♦ ✉♠ ❛♠♣❧✐✜❝❛❞♦r ♥ã♦✲❧✐♥❡❛r é ✉t✐❧✐③❛❞♦✱ ❛ ❛♥á❧✐s❡ ❞♦ s✐st❡♠❛ ❖❋❉▼ ❞❡✈❡

❝♦♥s✐❞❡r❛r ❛❧❣✉♠❛s ♠étr✐❝❛s ❝♦♠♦ t❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t✭❇❊❘✮✱ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛✱ r❛❞✐❛çã♦ ❢♦r❛ ❞❡

❜❛♥❞❛✱ ❡♥tr❡ ♦✉tr❛s✳

❖ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ ❞❡✈❡ s❡r ✐♥❝❧✉í❞♦ ♥❛ ❛♥á❧✐s❡ ❞❡ ✉♠ s✐st❡♠❛ ❛♠♣❧✐✜❝❛❞♦✱ ♣♦rq✉❡ ✐st♦ r❡✲

♣r❡s❡♥t❛ ✉♠❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ♣♦tê♥❝✐❛ q✉❡ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛✳ ▼❛s ❛ ❛♥á❧✐s❡ s♦♠❡♥t❡ ❞♦ r❡❝✉♦

❞❡ ♣♦tê♥❝✐❛ ♥ã♦ ❢❛③ s❡♥t✐❞♦✱ ❡ ❛ss✐♠ ♥ós ❞❡✈❡♠♦s ❝♦♥s✐❞❡r❛r t❛♠❜é♠ ❛s ♣❡r❞❛s ❞❡ ❞❡s❡♠♣❡♥❤♦

✐♥❡r❡♥t❡s ❛ t❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t✳

✻✶



◆❡st❡ ❝♦♥t❡①t♦✱ ✉♠ ❞♦s ♣❛râ♠❡tr♦s ♠❛✐s r❡❛❧✐st❛ ♣❛r❛ ♠❡♥s✉r❛r ❛s ♣❡r❞❛s ♥♦ s✐st❡♠❛ ❝❛✉s❛✲

❞❛s ♣❡❧❛ ❛♠♣❧✐✜❝❛çã♦ ♥ã♦ ❧✐♥❡❛r✱ ♣❛r❛ ✉♠❛ ❞❛❞❛ t❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t ❡ ✉♠ ❝❛♥❛❧ ♣❛rt✐❝✉❧❛r✱ é ❛

❞❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ s✐st❡♠❛✱ q✉❡ é ❞❡s❝r✐t❛ ❡♠ ❞❇ ❝♦♠♦✿

TDdB = OBOdB +
[
Eb/N0(OBO) − Eb/N0(linear)

]
BER

✭✻✳✸✮

❡♠ q✉❡✱ Eb/N0(OBO) ❡ Eb/N0(linear) sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛ r❛③ã♦ ❡♥tr❡ ❛ ❡♥❡r❣✐❛ ❞❡ ❜✐t ❡ ❛

❞❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞❡ r✉í❞♦ Eb/N0 ❡♠ ❞❇ ♣❛r❛ ✉♠ ❛♠♣❧✐✜❝❛❞♦r ♥ã♦ ❧✐♥❡❛r ❡ ♣❛r❛ ✉♠ ❛♠♣❧✐✜❝❛❞♦r

✐❞❡❛❧ ❧✐♥❡❛r ♣❛r❛ ✉♠ ❞❛❞♦ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ ❞❡ s❛í❞❛ OBOdB✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♦ ♣r✐♠❡✐r♦

t❡r♠♦ ✐♥❞✐❝❛ ❛ r❡❞✉çã♦ ♥❛ ♣♦tê♥❝✐❛ tr❛♥s♠✐t✐❞❛ ♥♦ ❛♠♣❧✐✜❝❛❞♦r✱ ❡♥q✉❛♥t♦ q✉❡ ♦ s❡❣✉♥❞♦ t❡r♠♦

r❡♣r❡s❡♥t❛ ❛ ❞❡❣r❛❞❛çã♦ ❞❡✈✐❞♦ ❛ ✉♠❛ ❞✐st♦rçã♦ ♥ã♦ ❧✐♥❡❛r ❝❛✉s❛❞❛ ♣❡❧♦ ❛♠♣❧✐✜❝❛❞♦r✳ ❊st❛ ♠étr✐❝❛

❞❡♣❡♥❞❡ ❞♦ ❝❛♥❛❧ ❡ ❞♦ ❇❊❘✱ ♥❡st❡ tr❛❜❛❧❤♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ✉♠ ❝❛♥❛❧ ❆❲●◆ ❝♦♠ BER = 10−3

✻✳✶✳✽ ❱❛③ã♦ ❞♦ ❙✐st❡♠❛

❯♠ ❞♦s ♠ét♦❞♦s ✐♠♣❧❡♠❡♥t❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦ é ♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✱ q✉❡ r❡q✉❡r ♦

✉s♦ ❞❡ ❛❧❣✉♥s s✉❜❝❛♥❛✐s ♣❛r❛ ❛ r❡❞✉çã♦ ❞❛ P❆P❘✱ ❡♠ ✈❡③ ❞❡ ✉s❛r ❡st❡s s✉❜❝❛♥❛✐s ♣❛r❛ ❝❛rr❡❣❛r

❞❛❞♦s✳ ❈♦♠ ✐ss♦✱ s❡ t❡♠ ✉♠❛ r❡❞✉çã♦ ♥❛ ✈❛③ã♦ ❞♦ s✐st❡♠❛ q✉❡ ♣♦❞❡ ♦✉ ♥ã♦ s❡r ❝♦♠♣❡♥s❛❞❛ ❝♦♠

❛ r❡❞✉çã♦ ❞❛ P❆P❘✳ ◆❡ss❡ s❡♥t✐❞♦✱ é ❡ss❡♥❝✐❛❧ ❡st✐♠❛r ❛ ✈❛③ã♦ ❞♦ s✐st❡♠❛ ♣❛r❛ ✈❛❧✐❞❛r ❛ ❡✜❝✐ê♥❝✐❛

❞❛ ♠♦❞✐✜❝❛çã♦ ♣r♦♣♦st❛✳

◆♦ s✐♠✉❧❛❞♦r ✐♠♣❧❡♠❡♥t❛❞♦✱ ♥ã♦ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ♣❛❝♦t❡s ❡ q✉❛❞r♦s✱ s♦♠❡♥t❡ ❝❛❧❝✉❧❛❞❛ ❛

t❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t ❞❡ ✉♠ s✐st❡♠❛ ❲✐▼❆❳ s❡♠ ❝♦❞✐✜❝❛çã♦✳

❚♦♠❛♥❞♦ Rb ❝♦♠♦ ❛ t❛①❛ ❞❡ ✈❛③ã♦ t❡ór✐❝❛ ❞♦ ❝❛♥❛❧✱ t❡♠♦s✿

Rb =
(Kdados − Kvirtuais) log2 (M)

Ts + Tg
✭✻✳✹✮

❡♠ q✉❡ Kdados é ♦ ♥ú♠❡r♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s ❞✐s♣♦♥í✈❡❧✱ Kvirtuais é ♦ ♥ú♠❡r♦ ❞❡ s✉❜✲

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

t❛♠❛♥❤♦ ❞♦ sí♠❜♦❧♦ ❖❋❉▼ ❡ ❚❣ é ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❣✉❛r❞❛✳

❖s ❜✐ts ❞❡ ❞❛❞♦s sã♦ tr❛♥s♠✐t✐❞♦s s❡♠ ❡st❛r❡♠ ❝♦❞✐✜❝❛❞♦s✱ ❝♦♠ ✉♠❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❡rr♦ ❞❡

❜✐t pb✱ q✉❡ ♣♦❞❡ s❡r ♦❜t✐❞♦ ♣♦r ♠❡✐♦ ❞❡ s✐♠✉❧❛çõ❡s✳ ❙❛❜❡♠♦s q✉❡ ✉♠❛ tr❛♥s♠✐ssã♦ ❧✐✈r❡ ❞❡ ❡rr♦s

♣♦❞❡ s❡r ♦❜t✐❞❛ t❡♦r✐❝❛♠❡♥t❡ ♣♦r ♠❡✐♦ ❞❡ ❝♦❞✐✜❝❛çã♦ ❝♦♠ ✉♠❛ t❛①❛ C (pb)✱ q✉❡ é ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡

✉♠ ❝❛♥❛❧ ❜✐♥ár✐♦ s✐♠étr✐❝♦✱ ❞❛❞♦ ♣♦r✿

C (pb = (1 − pb) log2 (2 (1 − pb)) + pblog2 (2pb) ✭✻✳✺✮

❊♥tã♦✱ ♣❛r❛ ✉♠❛ ❞❛❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❡rr♦✱ ❛ ✈❛③ã♦ ❛❧❝❛♥çá✈❡❧ ❞♦ s✐st❡♠❛ s❡ t✐✈éss❡♠♦s

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

Tput (pb) = RbC (pb) ✭✻✳✻✮
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✻✳✶✳✾ ❆♥á❧✐s❡ ❞♦s ♠ét♦❞♦s ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘

■♥✐❝✐❛❧♠❡♥t❡✱ ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞♦s ♦s ♠ét♦❞♦s ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧ ❡ ❥❛♥❡❧❛♠❡♥t♦✱ ❡ ♥❡st❡s

♠ét♦❞♦s ❛ r❡❞✉çã♦ ❞❛ P❆P❘ é ❜❡♠ s✐❣♥✐✜❝❛t✐✈❛✳ P♦ré♠ ❛ ❛♥á❧✐s❡ ❞❛s ❞❡♠❛✐s ♠étr✐❝❛s ✐♠♣❧❡♠❡♥✲

t❛❞❛s ❞❡♠♦♥str❛ q✉❡ ❡st❡s ♠ét♦❞♦s ♥ã♦ sã♦ ♠✉✐t♦ ❡❢❡t✐✈♦s ❞❡✈✐❞♦ ❛ ❣r❛♥❞❡ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛

♣r♦✈❡♥✐❡♥t❡ ❞♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧ ❡ ❞❛ ❡❧❡✈❛❞❛ ❞❡❣r❛❞❛çã♦ ♥♦ s✐st❡♠❛ ❝❛✉s❛❞❛ ♣❡❧♦s

♠ét♦❞♦s ❞❡ ❥❛♥❡❧❛♠❡♥t♦✳

❖ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧ q✉❛♥❞♦ ✐♠♣❧❡♠❡♥t❛❞♦ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✜❧tr♦ ♦✉ s❡♠ s❡r

❝♦♠❜✐♥❛❞♦ ❝♦♠ ♦✉tr♦ ♠ét♦❞♦ ♥ã♦ ❛t❡♥❞❡ às ♠ás❝❛r❛s ❡s♣❡❝tr❛✐s ♥♦r♠❛t✐③❛❞❛s ♣❛r❛ ♦s ♣❛❞rõ❡s

❊❚❙■ ❊▼ ✸✵✶ ✵✷✶ ❬✷✼❪ ❡ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪✱ ♥♦ q✉❡ t❛♥❣❡ à ❞❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞❡ ♣♦tê♥❝✐❛✳ ❖

♠❡s♠♦ ❛❝♦♥t❡❝❡ ♥❛ tr❛♥s♠✐ssã♦ ❝♦♥✈❡♥❝✐♦♥❛❧ ✭s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♥❡♥❤✉♠ ♠ét♦❞♦ ❞❡ r❡❞✉çã♦ ❞❛

P❆P❘✮ q✉❛♥❞♦ ♦ ❖❇❖ é ♠❡♥♦r q✉❡ ✸❞❇✳

❈♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛s ❋✐❣✉r❛s ✻✳✽ ❡ ✻✳✾✱ ❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛ é ❜❡♠ ❛❝❡♥t✉❛❞❛ ♥♦

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

❛ ❆❈P❘ é ♠❡♥♦r ♥♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧ ❡ ♠❛✐♦r ♥♦ ♠ét♦❞♦ ❞❡ ❥❛♥❡❧❛♠❡♥t♦✳

❋✐❣✉r❛ ✻✳✽✿ ❉❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞♦s ♠ét♦❞♦s ❞❡ ❧✐♠✐t❛çã♦ ❡ ❥❛♥❡❧❛♠❡♥t♦

❯t✐❧✐③♦✉✲s❡ ✉♠ ✜❧tr♦ ♣❛ss❛ ❜❛✐①❛ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡❞✉③✐r ♦s ❡❢❡✐t♦s ❞❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛

r❡s✉❧t❛♥t❡ ❞♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧✱ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❛✉♠❡♥t❛r ♦ ✈❛❧♦r ❞❛ ❆❈P❘✱ q✉❡

é ♠❡♥♦r q✉❛♥❞♦ ❛ ♣♦tê♥❝✐❛ ❢♦r❛ ❞❡ ❜❛♥❞❛ é ♠❛✐♦r ❞♦ q✉❡ ❛ ♣♦tê♥❝✐❛ ❞❡♥tr♦ ❞❛ ❜❛♥❞❛✳ ◆❡st❡ ❝❛s♦✱

❛ ✈❛r✐❛çã♦ ❞❛ P❆P❘ ♦❝♦rr❡ s♦♠❡♥t❡ q✉❛♥❞♦ ♦ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ é ♣❡q✉❡♥♦✱ ♦✉ s❡❥❛✱ ♦ s✐♥❛❧ ❡stá

❜❛st❛♥t❡ ❞✐st♦r❝✐❞♦✳ ◆❛ ♠❡❞✐❞❛ q✉❡ ♦ r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ ❛✉♠❡♥t❛✱ ❛ ❆❈P❘ é q✉❛s❡ ❛ ♠❡s♠❛ ❞❛

tr❛♥s♠✐ssã♦ ❝♦♥✈❡♥❝✐♦♥❛❧ ✭s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♥❡♥❤✉♠ ♠ét♦❞♦ ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘✮✱ ♣♦✐s ♣❛r❛

✻✸



r❡❝✉♦ ❞❡ ♣♦tê♥❝✐❛ ♠❛✐♦r❡s ♦ s✐♥❛❧ é ♣♦✉❝♦ ❞✐st♦r❝✐❞♦✳

◆❛s ❋✐❣✉r❛s ✻✳✽ ❡ ✻✳✾ é ❞❡♠♦♥str❛❞♦ q✉❡ ❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛ ❞♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦

s✐♥❛❧ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛ é ♠✉✐t♦ ♠❡♥♦r ❞♦ q✉❡ q✉❛♥❞♦ ✉t✐❧✐③❛❞❛ ❛♣❡♥❛s ♦

♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧✳ ❈♦♠ ♦ ✜❧tr♦ ♦❜té♠✲s❡ t❛♠❜é♠ ✉♠ ❣❛♥❤♦ ♥♦ ✈❛❧♦r ❞❛ ❆❈P❘ s✉♣❡r✐♦r

❛♦ ❞❛ tr❛♥s♠✐ssã♦ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♥❡♥❤✉♠ ♠ét♦❞♦ ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘✳

●❡r❛❧♠❡♥t❡✱ ♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧ é ❢❡✐t♦ ♥♦ tr❛♥s♠✐ss♦r✳ ◆♦ ❡♥t❛♥t♦✱ ♦ r❡❝❡♣t♦r

♣r❡❝✐s❛ ❡st✐♠❛r ❛ ❧✐♠✐t❛çã♦ r❡❛❧✐③❛❞❛ ♥♦ tr❛♥s♠✐ss♦r ❡ ❝♦♠♣❡♥sá✲❧❛✳ ❚✐♣✐❝❛♠❡♥t❡✱ ❛ ❧✐♠✐t❛çã♦ ❞♦

s✐♥❛❧ é r❡❛❧✐③❛❞❛ ♣♦r sí♠❜♦❧♦✱ ❡ ❛ss✐♠ ♦ r❡❝❡♣t♦r t❡♠ q✉❡ ❡st✐♠❛r ❞♦✐s ♣❛râ♠❡tr♦s✿ ❧♦❝❛❧✐③❛çã♦ ❡ ♦

t❛♠❛♥❤♦ ❞❛ ❧✐♠✐t❛çã♦✳ ◆❛ ♣rát✐❝❛✱ ❡st❛ ✐♥❢♦r♠❛çã♦ é ❜❛st❛♥t❡ ❞✐❢í❝✐❧ ❞❡ ♦❜t❡r✱ t♦❞❛✈✐❛ ♦ ♠ét♦❞♦

❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧ ✐♥tr♦❞✉③ r❛❞✐❛çã♦ ❞❡♥tr♦ ❡ ❢♦r❛ ❞❡ ❜❛♥❞❛ ♥♦ s✐♥❛❧ ❖❋❉▼✱ ❞❡❣r❛❞❛♥❞♦ ♦

❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛✱ ❛✉♠❡♥t❛♥❞♦ ❛ t❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t ❡ ❞✐♠✐♥✉✐♥❞♦ ❛ ❡✜❝✐ê♥❝✐❛ ❡s♣❡❝tr❛❧✳

❈♦♠ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ❥❛♥❡❧❛♠❡♥t♦✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ❡①✐st❡ ✉♠❛ ♠❡❧❤♦r❛ ❝♦♥s✐❞❡✲

rá✈❡❧ ♥❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛✱ ✐ss♦ ♣♦rq✉❡ ♦ ♥í✈❡❧ ❞♦s ❧ó❜✉❧♦s ❧❛t❡r❛✐s é ❞✐♠✐♥✉í❞♦ ♠✉❧t✐♣❧✐❝❛♥❞♦✲s❡

✉♠❛ ❥❛♥❡❧❛ ♥ã♦ r❡t❛♥❣✉❧❛r ❝❡♥tr❛❞❛ ♥♦s ♣✐❝♦s ❞♦ s✐♥❛❧ ❡ ❧✐♠✐t❛❞❛ ♣❡❧♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧✳

❋✐❣✉r❛ ✻✳✾✿ ❆❈P❘ ❞♦s ♠ét♦❞♦s ❞❡ ❧✐♠✐t❛çã♦✱ ❧✐♠✐t❛çã♦ ❝♦♠ ✜❧tr♦ ❡ ❥❛♥❡❧❛♠❡♥t♦

❆ ❛♥á❧✐s❡ ❞❛ r❡❞✉çã♦ ❞❛ P❆P❘ ♦❜s❡r✈❛❞❛ ❛♣❡♥❛s ♣❡❧♦ ♣r✐s♠❛ ❞❛ ❞✐str✐❜✉✐çã♦ ❝✉♠✉❧❛t✐✈❛ ✭❈❉❋✮

♣♦❞❡ ✐♥❞✉③✐r ❛ ❛❧❣✉♥s ❡q✉í✈♦❝♦s✳ ➱ ❞❡♠♦♥str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✶✵ ♦ ✈❛❧♦r ❞❛ P❆P❘ ❞❛ tr❛♥s♠✐ssã♦

s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠ét♦❞♦ ♣❛r❛ r❡❞✉çã♦ ❞❛ P❆P❘✱ ❞♦s ♠ét♦❞♦s ❞❡ ❥❛♥❡❧❛♠❡♥t♦ ❡ ❧✐♠✐t❛çã♦ ❞♦

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

♦❜t❡♥❞♦✲s❡ r❡s✉❧t❛❞♦s ♠❡❧❤♦r❡s q✉❡ ♦s ♠ét♦❞♦s ❞❡ ❥❛♥❡❧❛♠❡♥t♦✳ ❚❛♥t♦ ♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦

s✐♥❛❧ q✉❛♥t♦ ♦s ❞❡ ❥❛♥❡❧❛♠❡♥t♦✱ ♣r♦✈ê❡♠ ✉♠❛ ♠❡❧❤♦r❛ ♥❛ P❆P❘ ❡♠ r❡❧❛çã♦ à tr❛♥s♠✐ssã♦ s❡♠ ❛

✻✹



✉t✐❧✐③❛çã♦ ❞❡ ♠ét♦❞♦s ♣❛r❛ ❛ r❡❞✉çã♦ ❞❛ P❆P❘✳

❋✐❣✉r❛ ✻✳✶✵✿ ❈❉❋ ❞♦s ♠ét♦❞♦s ❞❡ ❧✐♠✐t❛çã♦✱ ❧✐♠✐t❛çã♦ ❝♦♠ ✜❧tr♦ ❡ ❥❛♥❡❧❛♠❡♥t♦

❆♥❛❧✐s❛♥❞♦ ♦ ❊❱▼✱ ♣♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ ♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧ ♣♦ss✉✐ ♠❡♥♦s ❡rr♦s ♥❛

❝♦♥st❡❧❛çã♦ r❡❝❡❜✐❞❛✳ ■♥❝❧✉s✐✈❡✱ ✐st♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥♦ ❝á❧❝✉❧♦ ❞❛ ❞❡❣r❛❞❛çã♦ t♦t❛❧✱ ✐❧✉str❛❞♦

♥❛ ❋✐❣✉r❛ ✻✳✶✷✱ ❡♠ q✉❡ ❛ ❞❡❣r❛❞❛çã♦ ❞♦ s✐st❡♠❛ é ♠❛✐♦r ♥♦s ♠ét♦❞♦s ❞❡ ❥❛♥❡❧❛♠❡♥t♦ ❞♦ q✉❡ ♥♦

❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧✳

❆♣❡s❛r ❞♦s ♥í✈❡✐s ❞♦s ❧ó❜✉❧♦s ❧❛t❡r❛✐s s❡r❡♠ r❡❞✉③✐❞♦s ❝♦♠ ♦s ♠ét♦❞♦s ❞❡ ❥❛♥❡❧❛♠❡♥t♦✱ ♦s ❡❢❡✐t♦s

❝❛✉s❛❞♦s ♣❡❧❛ ♠✉❧t✐♣❧✐❝❛çã♦ ❞❛s ❥❛♥❡❧❛s ❝❡♥tr❛❞❛s ♥♦s ♣✐❝♦s ❞❡ ❛♠♣❧✐t✉❞❡ ❝❛✉s❛♠ ❞✐st♦rçã♦ ♥❛s

❛♠♦str❛s ♣ró①✐♠❛s✳ ❊st❡ ❡❢❡✐t♦ ❝❛✉s❛ ❛ ❞✐st♦rçã♦ ❞♦s sí♠❜♦❧♦s ❖❋❉▼✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦

♥❛ ❋✐❣✉r❛ ✻✳✶✶✳

❈♦♥❢♦r♠❡ ❝♦♠❡♥t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❛ ❞❡❣r❛❞❛çã♦ ❞♦ s✐st❡♠❛ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡

❥❛♥❡❧❛♠❡♥t♦ é ♠❛✐♦r ❞♦ q✉❡ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧ ✭❝♦♠ ♦✉ s❡♠ ♦ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛✮✳

◆♦t❛✲s❡ t❛♠❜é♠ q✉❡ ❛♠❜♦s ♦s ♠ét♦❞♦s ❞❡❣r❛❞❛♠ ♠❛✐s ♦ s✐st❡♠❛ q✉❡ ♦ ♠ét♦❞♦ ❞❡ tr❛♥s♠✐ssã♦

❝♦♥✈❡♥❝✐♦♥❛❧✱ ❡✱ ♣♦r ✐ss♦✱ ❡st❡s ♠ét♦❞♦s ♥ã♦ sã♦ ✐♥t❡r❡ss❛♥t❡s ♣❛r❛ ❛ ♦t✐♠✐③❛çã♦ ❞♦s s✐st❡♠❛s

❲✐▼❆❳✳

❆ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦s ♠ét♦❞♦s ❞❡ ❧✐♠✐t❛çã♦ ❡ ❥❛♥❡❧❛♠❡♥t♦ ❢♦✐ ❛♥❛❧✐s❛❞❛ ❝♦♠ ❜❛s❡ ♥♦ t❡♠♣♦ ❞❡

♣r♦❝❡ss❛♠❡♥t♦ ✭❡♠ s❡❣✉♥❞♦s✮ ❞❡ ❝❛❞❛ ❛❧❣♦rít✐♠♦ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ❝❡♥ár✐♦ ♣❛❞rã♦ ❞❡s❝r✐t♦ ❛♥t❡r✐♦r✲

♠❡♥t❡✳ ❋♦✐ ✉t✐❧✐③❛❞❛ ✉♠❛ ♠áq✉✐♥❛ ❝♦♠ ✷●❤③ ❞❡ ❘❆▼ ❡ ♣r♦❝❡ss❛❞♦r ■♥t❡❧ ❈♦r❡ ❉✉♦ ✶✳✻✻●❤③✱ ✻✻✼

▼❤③ ❋❙❇✱ ✷ ▼❇ ▲✷ ❝❛❝❤❡✳

◆❛ ✻✳✶✸ ♠♦str❛✲s❡ q✉❡ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♠ét♦❞♦ ❞❡ ❧✐♠✐t❛çã♦ é ❛✉♠❡♥t❛❞❛ q✉❛♥❞♦ é ✉t✐❧✐③❛❞♦

♦ ✜❧tr♦ ♣❛ss❛ ❜❛✐①❛✳ ❏á ♥♦ ♠ét♦❞♦ ❞❡ ❥❛♥❡❧❛♠❡♥t♦✱ ❛ s♦♠❛ ❞❡ ✉♠❛ ❥❛♥❡❧❛ s✐♥❝ é ♠❡♥♦s ❝♦♠♣❧❡①❛

✻✺



❋✐❣✉r❛ ✻✳✶✶✿ ❊❱▼ ❞♦s ♠ét♦❞♦s ❞❡ ❧✐♠✐t❛çã♦✱ ❧✐♠✐t❛çã♦ ❝♦♠ ✜❧tr♦ ❡ ❥❛♥❡❧❛♠❡♥t♦

❋✐❣✉r❛ ✻✳✶✷✿ ❉❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦s ♠ét♦❞♦s ❞❡ ❧✐♠✐t❛çã♦✱ ❧✐♠✐t❛çã♦ ❝♦♠ ✜❧tr♦ ❡ ❥❛♥❡❧❛♠❡♥t♦

✻✻



q✉❡ ❛ ♠✉❧t✐♣❧✐❝❛çã♦ ❞❡ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ❣❛✉ss ♦✉ ❤❛♠♠✐♥❣✳

❋✐❣✉r❛ ✻✳✶✸✿ ❈♦♠♣❧❡①✐❞❛❞❡ ❞♦s ♠ét♦❞♦s ❞❡ ❧✐♠✐t❛çã♦✱ ❧✐♠✐t❛çã♦ ❝♦♠ ✜❧tr♦ ❡ ❥❛♥❡❧❛♠❡♥t♦

❉✐❛♥t❡ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ❧✐♠✐t❛çã♦ ❞♦ s✐♥❛❧ ❡ ❥❛♥❡❧❛✲

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

❞♦s s✐st❡♠❛s ❲✐▼❆❳✳

❊♥tã♦✱ ❜✉s❝❛♥❞♦✲s❡ ✉♠ ♠ét♦❞♦ q✉❡ ♠❡❧❤♦r s❡ ❛❞❡q✉❡ às ♥❡❝❡ss✐❞❛❞❡s ❞♦ ♣❛❞rã♦ ❲✐▼❆❳✱

✉t✐❧✐③♦✉✲s❡ ♦ ♠ét♦❞♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✳ P❛r❛ ❡st✉❞♦ ❞❡st❡ ♠ét♦❞♦✱ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ♦

♠ét♦❞♦ ♣r♦♣♦st♦ ♣♦r ●❛t❤❡r❡r ❡ P♦❧❧❡② ❬✶✹❪✱ ❤❛❥❛ ✈✐st❛ q✉❡ ❡st❡ é ✉♠ ❞♦s ♠ét♦❞♦s ♠❛✐s ❝♦♥❤❡❝✐❞♦s

q✉❡ ❡♠♣r❡❣❛♠ ♦ ❝♦♥❝❡✐t♦ ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘ ✉t✐❧✐③❛♥❞♦ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✳

❆♣❡s❛r ❞♦s ót✐♠♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱ ♥❡st❡ ❡st✉❞♦ sã♦

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

q✉❛♥❞♦ ✐♠♣❧❡♠❡♥t❛❞♦ ❡♠ ✉♠ s✐st❡♠❛ ❜❛s❡❛❞♦ ♥♦ ♣❛❞rã♦ ❲✐▼❆❳✳

P❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ s✉❜♣♦r❛❞♦r❛s ✈✐rt✉❛✐s ♥♦ ♣❛❞rã♦ ❲✐▼❆❳ ❝♦♥s✐❞❡r♦✉✲s❡

♦s ♣❛râ♠❡tr♦s ❞❡s❝r✐t♦s ❡♠ ❬✷✶❪✱ ❛ s❛❜❡r✿ ✶✵✷✹ s✉❜♣♦rt❛❞♦r❛s✱ ❞❡♥tr❡ ❡❧❛s ✼✷✵ ♣❛r❛ ❞❛❞♦s✱ ✶✷✵

s✉❜♣♦rt❛❞♦r❛s ♣✐❧♦t♦ ❡ ✶✽✹ ♥✉❧❛s✱ ✉t✐❧✐③❛❞❛s ♥❛ té❝♥✐❝❛ ❞❡ s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✳

◆♦ s✐st❡♠❛ ❲✐▼❆❳ sã♦ ✉t✐❧✐③❛❞♦s s✉❜❝❛♥❛✐s q✉❡ sã♦ ✐♠♣❧❡♠❡♥t❛❞♦s ♣♦r ♠❡✐♦s ❞❡ ♠ét♦❞♦s

❞❡ s✉❜❝❛♥❛❧✐③❛çã♦✳ ❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠❡❧❤♦r❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱

é ♣r♦♣♦st♦ ♥❡st❡ tr❛❜❛❧❤♦ ❛ ✉t✐❧✐③❛çã♦ ❞❡ s✉❜❝❛♥❛✐s ♣r❡✈✐st♦s ♥♦ ♣❛❞rã♦ ■❊❊❊ ✽✵✷✳✶✻✲✷✵✵✾ ❬✶❪✱

❝♦♠❜✐♥❛❞♦s ❝♦♠ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡♠♣r❡❣❛❞❛s ♥♦r♠❛❧♠❡♥t❡ ♥♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡

P♦❧❧❡②✳

❖ ♠ét♦❞♦ ❞❡ ♣❡r♠✉t❛çã♦ ❝♦♥s✐❞❡r❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦ ❢♦✐ ♦ P❯❙❈ ♥♦ ❡♥❧❛❝❡ ❞✐r❡t♦✱ ❡♠ q✉❡ ❝❛❞❛

s❧♦t ♣♦ss✉✐ ✷✹ s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s ♣❛r❛ ❝❛❞❛ ✷ sí♠❜♦❧♦s ❖❋❉▼✳

◆❛ ♠♦❞✐✜❝❛çã♦ ♣r♦♣♦st❛✱ ❛❧❣✉♥s s✉❜❝❛♥❛✐s sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛ r❡❞✉çã♦ ❞❛ P❆P❘✳ ◆❡st❛ ❛♥á✲

❧✐s❡✱ ❢♦r❛♠ t❡st❛❞❛s ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡♠ s❡♣❛r❛❞♦✱ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡♠ ❝♦♥❥✉♥t♦
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❝♦♠ ♦s s✉❜❝❛♥❛✐s ❡ ❛♣❡♥❛s ♦s s✉❜❝❛♥❛✐s✳ ❆ ❢♦r♠❛ ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦ é s✐♠✐❧❛r ❛♦ ✐♠♣❧❡♠❡♥t❛❞♦

♥♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱ ❡♥tr❡t❛♥t♦ ♦ ❞✐❢❡r❡♥❝✐❛❧ é ✐♥❥❡t❛r ♣♦tê♥❝✐❛ ♥❛s s✉❜♣♦rt❛❞♦r❛s ❞❡

❞❛❞♦s q✉❡ ❝♦♠♣õ❡ ♦ s✉❜❝❛♥❛❧✳

◆❛ ❋✐❣✉r❛ ✻✳✶✹✱ é ❞❡♠♦♥str❛❞❛ ❛ ❞❡♥s✐❞❛❞❡ ❞❡ ❡s♣❡❝tr♦ ❞♦ s✐♥❛❧ ♠♦❞✐✜❝❛❞♦ ♣❡❧♦ ♠ét♦❞♦ ❞❡

●❛t❤❡r❡r ❡ P♦❧❧❡② ✉t✐❧✐③❛♥❞♦ ❛♣❡♥❛s ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✱ ✉t✐❧✐③❛♥❞♦ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s

♠❛✐s ♦s s✉❜❝❛♥❛✐s P❯❙❈ ❡ ✉t✐❧✐③❛♥❞♦ ❛♣❡♥❛s ♦s s✉❜❝❛♥❛✐s✳

P❡r❝❡❜❛ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ♣❛❞rã♦ ✭❛♣❡♥❛s s✉❜♣♦rt❛❞♦r❛s ✈✐r✲

t✉❛✐s✮ ❣❡r❛ ✉♠ ❡s♣❡❝tr♦ ❞❡ ♣♦tê♥❝✐❛ ❜❡♠ ♣ró①✐♠♦ ❞♦ ❣❡r❛❞♦ ♥❛ tr❛♥s♠✐ssã♦ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡

♥❡♥❤✉♠ ♠ét♦❞♦ ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘✱ ❞✐❢❡r❡♥❝✐❛♥❞♦✲s❡ ❛♣❡♥❛s ♣❡❧❛ ♣♦tê♥❝✐❛ ✐♥s❡r✐❞❛ ♥❛s s✉❜♣♦r✲

t❛❞♦r❛s ✈✐rt✉❛✐s✱ ❛s q✉❛✐s sã♦ tr❛♥s♠✐t✐❞❛s ③❡r❛❞❛s ♥♦ ♣❛❞rã♦ ❲✐▼❆❳✳ P♦ré♠✱ q✉❛♥❞♦ ♦ ♠ét♦❞♦

❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② é ✉t✐❧✐③❛❞♦ ❛♣❡♥❛s ❝♦♠ ♦s s✉❜❝❛♥❛✐s✱ ♦ ❡s♣❡❝tr♦ ❞❡ ♣♦tê♥❝✐❛ ❣❡r❛❞♦ é ♣r❛t✐✲

❝❛♠❡♥t❡ ♦ ♠❡s♠♦ ❞❛ tr❛♥s♠✐ssã♦ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠ét♦❞♦ ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘✳

❆ ✉t✐❧✐③❛çã♦ ❞♦s s✉❜❝❛♥❛✐s ✐♥✢✉❡♥❝✐❛ ❞✐r❡t❛♠❡♥t❡ ♥❛ ❞❡♥s✐❞❛❞❡ ❞❡ ❡s♣❡❝tr♦ ❞♦ s✐♥❛❧ ♠♦❞✐✜❝❛❞♦

♣❡❧♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ✉t✐❧✐③❛♥❞♦ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡ ♦s s✉❜❝❛♥❛✐s✳ ❈♦♥❢♦r♠❡

✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✶✺✱ ♥❛ ♠❡❞✐❞❛ q✉❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s é ✐♥❝r❡♠❡♥t❛❞❛✱ ❛ ❞❡♥s✐❞❛❞❡ ❞❡

❡s♣❡❝tr♦ s❡ ❛♣r♦①✐♠❛ ❞❛ ♦❜t✐❞❛ ♥❛ tr❛♥s♠✐ssã♦ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠ét♦❞♦ ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘✳

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

✈❛③ã♦ ❞♦ s✐st❡♠❛✳

❋✐❣✉r❛ ✻✳✶✹✿ ❉❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②

❈♦♠ ❛ ❛♥á❧✐s❡ ❞❛ r❡❞✉çã♦ ❞❛ P❆P❘ ❞❡♠♦♥str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✶✻ ♣❡r❝❡❜❡✲s❡ q✉❡ ❛ ❝♦♠❜✐♥❛çã♦

❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ✉t✐❧✐③❛♥❞♦ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡ ♦s s✉❜❝❛♥❛✐s ♣r♦♣✐❝✐❛ ✉♠❛
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❋✐❣✉r❛ ✻✳✶✺✿ ❉❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✈❛r✐❛çã♦ ❞♦s s✉❜❝❛♥❛✐s

r❡❞✉çã♦ ♥❛ P❆P❘ ♠❛✐♦r ❞♦ q✉❡ ❛♣❡♥❛s ✉t✐❧✐③❛♥❞♦ ❡st❡s ♠ét♦❞♦s s❡♣❛r❛❞❛♠❡♥t❡✳

◆❛s ❋✐❣✉r❛s ✻✳✶✻✱ ✻✳✶✼✱ ✻✳✶✽✱ ✻✳✶✾ ❡ ✻✳✷✵ ♣♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦s s✉❜❝❛♥❛✐s

✐♥✢✉❡♥❝✐❛ ❞✐r❡t❛♠❡♥t❡ ♥❛ r❡❞✉çã♦ ❞❛ P❆P❘✳ ❖✉ s❡❥❛✱ q✉❛♥t♦ ♠❛✐♦r ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s

❡♠♣r❡❣❛❞♦s ♠❡♥♦r é ♦ ✈❛❧♦r ❞❛ P❆P❘✳ ❈♦♠♦ ❡s♣❡r❛❞♦✱ ❛ r❡❞✉çã♦ ❞❛ P❆P❘ ♥ã♦ é s✐♠♣❧❡s ❡

tr❛③ ❛❧❣✉♥s ❡❢❡✐t♦s ♣❛r❛ ♦ s✐st❡♠❛✱ ♥❡st❡ ❝❛s♦✱ ♦ ❛✉♠❡♥t♦ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s ✐♥✢✉❡♥❝✐❛

❞✐r❡t❛♠❡♥t❡ ♥❛ ✈❛③ã♦ ❞♦ s✐st❡♠❛ ❡ ♥❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡st❡✳

◆❛ ❋✐❣✉r❛ ✻✳✶✻ é ♠♦str❛❞♦ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛♣❡♥❛s

✷ s✉❜❝❛♥❛✐s ♣r♦✈ê ✉♠ ❣❛♥❤♦ ✉♠ ♣♦✉❝♦ ♠❡♥♦r ❞♦ q✉❡ ♦ ♦❜t✐❞♦ ❛♣❡♥❛s ❝♦♠ ❛s s✉❜♣♦rt❛❞♦r❛s

✈✐rt✉❛✐s✳ P♦ré♠✱ ♦❜tê♠✲s❡ ❣❛♥❤♦s s✐❣♥✐✜❝❛t✐✈♦s ❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡ ♦s

✷ s✉❜❝❛♥❛✐s✳

❈♦♥❢♦r♠❡ ❋✐❣✉r❛ ✻✳✶✼✱ ♣♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ ❛ ✐♥❝❧✉sã♦ ❞❡ ♠❛✐s ✸ s✉❜❝❛♥❛✐s✱ ♣❛ss❛♥❞♦ ♣❛r❛ ✺

s✉❜❝❛♥❛✐s✱ tr❛③ r❡s✉❧t❛❞♦s ❜❡♠ ♠❛✐s ❡①♣r❡ss✐✈♦s q✉❛♥❞♦ ❞❛ ✉t✐❧✐③❛çã♦ ❛♣❡♥❛s ❞♦s s✉❜❝❛♥❛✐s✳ P♦ré♠✱

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

❞♦s s✉❜❝❛♥❛✐s é ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✳

❖ ❛✉♠❡♥t♦ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s ❣❡r❛ ❣❛♥❤♦s ♥♦ ❝♦♠❜❛t❡ ❞♦s ❡❢❡✐t♦s ❞❛ P❆P❘✱ ♠❛s

❞❡✈❡ s❡r ❛✈❛❧✐❛❞♦ ❝♦♠ ❝❛✉t❡❧❛✳

◆❛ ❋✐❣✉r❛ ✻✳✷✵✱ ♥♦t❛✲s❡ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✷✵ ❡ ✸✵ s✉❜❝❛♥❛✐s ❣❡r❛ r❡s✉❧t❛❞♦s q✉❛s❡ ✐❞ê♥t✐❝♦s✱ ♦

q✉❡ ❞❡♠♦♥str❛ q✉❡ ♥ã♦ é ♥❡❝❡ssár✐♦ ❛✉♠❡♥t❛r ❞❡ ❢♦r♠❛ ❡①❝❡ss✐✈❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s ♣❛r❛

❝♦♠❜❛t❡r ♦s ❡❢❡✐t♦s ❞❛ P❆P❘✳

◗✉❛♥❞♦ ✉t✐❧✐③❛❞❛s ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡ ♦s s✉❜❝❛♥❛✐s✱ ♦ ❊❱▼ é r❡❞✉③✐❞♦✱ ❞❡♠♦♥str❛♥❞♦

q✉❡✱ ❛❧é♠ ❞❛ r❡❞✉çã♦ ❞♦ ✈❛❧♦r ❞❛ P❆P❘✱ ♦❜té♠✲s❡ t❛♠❜é♠ ❛ r❡❞✉çã♦ s✐❣♥✐✜❝❛t✐✈❛ ❞♦s ❡rr♦s ♥❛

✻✾



❋✐❣✉r❛ ✻✳✶✻✿ ❈❉❋ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✷ s✉❜❝❛♥❛✐s

❋✐❣✉r❛ ✻✳✶✼✿ ❈❉❋ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✺ s✉❜❝❛♥❛✐s

✼✵



❋✐❣✉r❛ ✻✳✶✽✿ ❈❉❋ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶✱ ✷✱ ✸✱ ✹ ❡ ✺ s✉❜❝❛♥❛✐s

❋✐❣✉r❛ ✻✳✶✾✿ ❈❉❋ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶✱ ✺✱ ✶✵✱ ✷✵ ❡ ✸✵ s✉❜❝❛♥❛✐s

✼✶



❋✐❣✉r❛ ✻✳✷✵✿ ❈❉❋ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡

❞❡ ✶ ❛ ✸✵ s✉❜❝❛♥❛✐s

❝♦♥st❡❧❛çã♦ ❞♦ s✐♥❛❧ r❡❝❡❜✐❞♦ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❞❛ t❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐ts ❞♦ s✐st❡♠❛✳

◆❛ ❛♥á❧✐s❡ ❞♦ ❊❱▼✱ ✈✐s✉❛❧✐③❛❞❛ ♥❛s ❋✐❣✉r❛s ✻✳✷✶✱ ✻✳✷✷✱ ✻✳✷✸✱ ✻✳✷✹ ❡ ✻✳✷✺ ✱ ✈❡r✐✜❝❛♠✲s❡ ♦s

❣❛♥❤♦s ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s✳ ❈♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶✱ ✷✱ ✸✱ ✹ ♦✉ ✺ s✉❜❝❛♥❛✐s✱

❛ r❡❞✉çã♦ ❞♦ ❊❱▼ é ❜❡♠ ♣ró①✐♠❛✱ ❥á ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶✵ ❛ ✸✵ ❝❛♥❛✐s ♦s ❣❛♥❤♦s sã♦ ❜❡♠ ♠❛✐s

s✐❣♥✐✜❝❛t✐✈♦s✳

➱ ✐♥t❡r❡ss❛♥t❡ ♥♦t❛r q✉❡ ♦s ❣❛♥❤♦s r❡❢❡r❡♥t❡s ❛♦ ❊❱▼ sã♦ ♦❜t✐❞♦s ♣❛r❛ ❖❇❖ ♠❡♥♦r❡s q✉❡ ✺❞❇✳

❏á ♣❛r❛ ❖❇❖ ♠❛✐♦r❡s✱ ♦ ❊❱▼ ❡stá ❜❡♠ ♣ró①✐♠♦ ❞❛ tr❛♥s♠✐ssã♦ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠ét♦❞♦ ❞❡

r❡❞✉çã♦ ❞❛ P❆P❘✳

❈♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❛♣❡♥❛s ❝♦♠ ✷ s✉❜❝❛♥❛✐s✱ ♦ ❊❱▼ ♦❜t✐❞♦ é

♠❛✐♦r ❞♦ q✉❡ ♦ ♦❜t✐❞♦ ❛♣❡♥❛s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s✳ ◆❛ ♠❡❞✐❞❛ q✉❡ sã♦ ✐♥❝❧✉í❞♦s

s✉❜❝❛♥❛✐s✱ ♦ ✈❛❧♦r ❞♦ ❊❱▼ ♣❛ss❛ ❛ s❡r ♠❛✐♦r q✉❛♥❞♦ sã♦ ✉t✐❧✐③❛❞❛s ❛♣❡♥❛s ❛s s✉❜♣♦rt❛❞♦r❛s

✈✐rt✉❛✐s✳

❆ ✉t✐❧✐③❛çã♦ ❞❡ ✷✵ ♦✉ ✸✵ ❝❛♥❛✐s é ✐♥❞✐❢❡r❡♥t❡ ♥❛ ❛♥á❧✐s❡ ❞♦ ❊❱▼✱ ❤❛❥❛ ✈✐st❛ q✉❡ ♦s r❡s✉❧t❛❞♦s

sã♦ ✐❞ê♥t✐❝♦s✱ ♥❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♥❛ ❛♥á❧✐s❡ ❞❛ P❆P❘✳ ❊st❛ ❛♥á❧✐s❡ é ❛♣❡♥❛s ♣❛r❛ ❞❡♠♦♥str❛r q✉❡

❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠❛✐s ❞♦ q✉❡ ✶✵ s✉❜❝❛♥❛✐s ♥ã♦ tr❛③ ❣❛♥❤♦s s✐❣♥✐✜❝❛t✐✈♦s q✉❡ ❢❛ç❛♠ s✉❛ ✉t✐❧✐③❛çã♦

s❡r ❛tr❛t✐✈❛✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ❛ r❡❞✉çã♦ ♥❛ ✈❛③ã♦ ❞♦ s✐st❡♠❛ é r❡❞✉③✐❞❛ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❝♦♠

♠❛✐s ❞❡ ✶✵ s✉❜❝❛♥❛✐s✳

◆❛s ✜❣✉r❛s ✻✳✷✻✱ ✻✳✷✼✱ ✻✳✷✽✱ ✻✳✷✾ ❡ ✻✳✸✵ ♣♦❞❡♠♦s ✈❡r✐✜❝❛r q✉❡ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡

s✉❜❝❛♥❛✐s ✉t✐❧✐③❛❞♦s✱ s❡♠♣r❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦s s✉❜❝❛♥❛✐s s❡♣❛r❛❞❛♠❡♥t❡ ❣❡r❛♠ ✈❛❧♦r❡s ❞❡ ❆❈P❘

✼✷



❋✐❣✉r❛ ✻✳✷✶✿ ❊❱▼ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✷ s✉❜❝❛♥❛✐s

❋✐❣✉r❛ ✻✳✷✷✿ ❊❱▼ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✺ s✉❜❝❛♥❛✐s

✼✸



❋✐❣✉r❛ ✻✳✷✸✿ ❊❱▼ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶ ❛ ✺ s✉❜❝❛♥❛✐s

❋✐❣✉r❛ ✻✳✷✹✿ ❊❱▼ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶✱ ✺✱ ✶✵✱ ✷✵ ❡ ✸✵ s✉❜❝❛♥❛✐s

✼✹



❋✐❣✉r❛ ✻✳✷✺✿ ❊❱▼ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡

❞❡ ✶ ❛ ✸✵ s✉❜❝❛♥❛✐s

♠❛✐♦r❡s ❞♦ q✉❡ q✉❛♥❞♦ ✉t✐❧✐③❛❞❛s ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✳ ■ss♦ ♦❝♦rr❡ ♣♦rq✉❡ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦

❞♦s s✉❜❝❛♥❛✐s ❛♣❡♥❛s ❛s s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s sã♦ ❛❧t❡r❛❞❛s✳ ◗✉❛♥❞♦ ✉t✐❧✐③❛❞❛s ❛s s✉❜♣♦rt❛❞♦r❛s

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

❞❛ ❆❈P❘✳

❆♣ós ❛ ✈❡r✐✜❝❛çã♦ ❞❛s ♠étr✐❝❛s ❞❡ P❙❉✱ P❆P❘ ❡ ❊❱▼✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦

❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡ ❝♦♠ ♦s s✉❜❝❛♥❛✐s ✈❛r✐❛♥❞♦ ❞❡ ✶ ❛ ✺ ♣♦❞❡♠ s❡r

✐♠♣❧❡♠❡♥t❛❞♦s ❝♦♠ ❣❛♥❤♦s ❜❡♠ ♣ró①✐♠♦s✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ✉t✐❧✐③❛çã♦ ❞❡ s✉❜❝❛♥❛✐s ❞❡✈❡ s❡r ❛✈❛❧✐❛❞❛

❝♦♠ ❝❛✉t❡❧❛✱ ♣♦✐s sã♦ ✉t✐❧✐③❛❞♦s ♦s s✉❜❝❛♥❛✐s r❡s❡r✈❛❞♦s ♣❛r❛ ♦ trá❢❡❣♦ ❞❡ ❞❛❞♦s ❡ s✉❛ ✉t✐❧✐③❛çã♦

♣❛r❛ r❡❞✉çã♦ ❞❛ P❆P❘ ✐♥✢✉ê♥❝✐❛ ❞✐r❡t❛♠❡♥t❡ ♥❛ ✈❛③ã♦ ❞♦ s✐st❡♠❛✳

❆ss✐♠✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❡♥❝♦♥tr❛r ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s q✉❡ ♠❡❧❤♦r s❡ ❛❞❛♣t❛ ❛♦ s✐s✲

t❡♠❛ ❲✐▼❆❳✱ ❛♥❛❧✐s♦✉✲s❡ ❛ ✈❛r✐❛çã♦ ❞❛ ✈❛③ã♦ ❞♦ s✐st❡♠❛ ❡ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ❛ ✈❛③ã♦ ❞♦ s✐st❡♠❛

❛✉♠❡♥t❛ q✉❛♥❞♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s ✉t✐❧✐③❛❞♦s é ✐♥❝r❡♠❡♥t❛❞❛✳ ❈♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦

♥❛ ❋✐❣✉r❛ ✻✳✸✶✳ P♦ré♠✱ ❡st❛ ♠❡❧❤♦r❛ é ♦❜t✐❞❛ s♦♠❡♥t❡ ❡♠ s✐st❡♠❛s ❝♦♠ ❞✐st♦rçã♦ ♠✉✐t♦ ❡❧❡✈❛❞❛

✭❖❇❖ ❂ ✷❞❇✮✱ q✉❛♥❞♦ ❛ ❞✐st♦rçã♦ é r❡❞✉③✐❞❛ ✭❖❇❖ ❂ ✻❞❇✮ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s ✉t✐❧✐③❛❞❛s

✐♥t❡r❢❡r❡ ♥❡❣❛t✐✈❛♠❡♥t❡ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛✱ r❡❞✉③✐♥❞♦ ❛ ✈❛③ã♦ ❞♦ s✐st❡♠❛ ♥❛ ♠❡❞✐❞❛ q✉❡

♦s s✉❜❝❛♥❛✐s sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ r❡❞✉③✐r ❛ P❆P❘✳

❉❡st❛ ❢♦r♠❛✱ ❞❡✜♥✐✉✲s❡ q✉❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✷ s✉❜❝❛♥❛✐s é ❛ q✉❡ ♠❡❧❤♦r s❡ ❡♥❝❛✐①❛ ♥❡st❡ ❡st✉❞♦

q✉❛♥❞♦ ❛♥❛❧✐s❛❞♦ ♦s ❡❢❡✐t♦s ❞❛ ❞❡♥s✐❞❛❞❡ ❞❡ ❡s♣❡❝tr♦✱ P❆P❘✱ ❊❱▼✱ ❆❈P❘ ❡ ✈❛③ã♦ ❞♦ s✐st❡♠❛✳

❆ ♠❡❧❤♦r❛ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② é ❝♦rr♦❜♦r❛❞❛ ❝♦♠ ❛ ❞❡♠♦♥str❛çã♦

✼✺



❋✐❣✉r❛ ✻✳✷✻✿ ❆❈P❘ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✷ s✉❜❝❛♥❛✐s

❋✐❣✉r❛ ✻✳✷✼✿ ❆❈P❘ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✺ s✉❜❝❛♥❛✐s

✼✻



❋✐❣✉r❛ ✻✳✷✽✿ ❆❈P❘ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶ ❛ ✺ s✉❜❝❛♥❛✐s

❋✐❣✉r❛ ✻✳✷✾✿ ❆❈P❘ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶✱ ✺✱ ✶✵✱ ✷✵ ❡ ✸✵ s✉❜❝❛♥❛✐s

✼✼



❋✐❣✉r❛ ✻✳✸✵✿ ❆❈P❘ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶ ❛ ✸✵ s✉❜❝❛♥❛✐s

❋✐❣✉r❛ ✻✳✸✶✿ ❱❛③ã♦ ❞♦ s✐st❡♠❛ ✈❡rs✉s ❊❜✴◆✵ ❝♦♠ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②

✼✽



❞❛ ♠étr✐❝❛ ❞❡ ❞❡❣r❛❞❛çã♦ t♦t❛❧✱ ✐❧✉str❛❞❛ ♥❛s ❋✐❣✉r❛s ✻✳✸✷✱ ✻✳✸✸✱ ✻✳✸✹ ❡ ✻✳✸✺ ✱ ❡♠ q✉❡ é ✈✐st❛

✉♠❛ r❡❞✉çã♦ s✐❣♥✐✜❝❛t✐✈❛ ♥❛ ❞❡❣r❛❞❛çã♦ ❞♦ s✐st❡♠❛ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡

P♦❧❧❡②✱ ❝♦♠ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡ ❝♦♠ ✷ s✉❜❝❛♥❛✐s✳ P❡r❝❡❜❛ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡

●❛t❤❡r❡r ❡ P♦❧❧❡② ❛♣❡♥❛s ❝♦♠ ♦s s✉❜❝❛♥❛✐s t❡♠ ❛ ❞❡❣r❛❞❛çã♦ ♠❛✐♦r ❞♦ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r

❡ P♦❧❧❡② ❛♣❡♥❛s ❝♦♠ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✳ ◗✉❛♥❞♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s é ✐♥❝r❡♠❡♥t❛❞❛

❛ ❞❡❣r❛❞❛çã♦ ♦❜t✐❞❛ ❛♣❡♥❛s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞♦s s✉❜❝❛♥❛✐s t❡♥❞❡ ❛ s❡r ♠❡♥♦r q✉❡ ❛ ❞♦ ♠ét♦❞♦ ❞❡

●❛t❤❡r❡r ❡ P♦❧❧❡② ❛♣❡♥❛s ❝♦♠ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✳

◆♦ ❡♥t❛♥t♦✱ ❝♦♥❢♦r♠❡ ❝♦♠❡♥t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❛ ✉t✐❧✐③❛çã♦ ❞♦s s✉❜❝❛♥❛✐s ❞❡✈❡ s❡r ❛♥❛❧✐s❛❞❛

❝✉✐❞❛❞♦s❛♠❡♥t❡✱ ♣♦✐s ❝♦♠ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡r❝❡❜❡✲s❡ q✉❡ ♦ ❣❛♥❤♦ ♥❛ r❡❞✉çã♦ ❞❛ P❆P❘✱

❊❱▼ ❡ ❞❡❣r❛❞❛çã♦ sã♦ ❝♦♥s❡❣✉✐❞♦s ❛✉♠❡♥t❛♥❞♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s✱ ♠❛s ❛s ❝♦♥s❡q✉ê♥❝✐❛s

❞❡✈❡♠ s❡r ❛✈❛❧✐❛❞❛s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❝❛❞❛ s✐st❡♠❛ ❛♥❛❧✐s❛❞♦✳ ❆s ❋✐❣✉r❛s ✻✳✸✷✱ ✻✳✸✸✱ ✻✳✸✹ ❡ ✻✳✸✺

✐❧✉str❛♠ ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ ❞❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ s✐st❡♠❛ ♥❛ ♠❡❞✐❞❛ q✉❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s é

❡♠♣r❡❣❛❞❛✳

❋✐❣✉r❛ ✻✳✸✷✿ ❉❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✷ s✉❜❝❛♥❛✐s

❖s r❡s✉❧t❛❞♦s ♦t✐❞♦s ♥❡st❡ ❡st✉❞♦ ❞❡♠♦♥str❛♠ q✉❡ ❛ ♠❡❧❤♦r ❢♦r♠❛ ❞❡ ✉t✐❧✐③❛r ♦s s✉❜❝❛♥❛✐s é ❡♠

❝♦♥❥✉♥t♦ ❝♦♠ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡✱ ♥♦ ❝❛s♦ ❡s♣❡❝í✜❝♦ ♥♦ s✐st❡♠❛ ❜❛s❡❛❞♦ ♥♦ ♣❛❞rã♦❲✐▼❆❳✱

❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✷ s✉❜❝❛♥❛✐s✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ❡st❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜❝❛♥❛✐s ❛♣r❡s❡♥t❛ ♠❡♥♦s

♣❡r❞❛s ❡♠ s✐st❡♠❛s ❝♦♠ ❖❇❖ ❛❧t♦s ❡ ❜❛✐①♦s✳

❆ ❋✐❣✉r❛ ✻✳✸✻ ♠♦str❛ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛

✉t✐❧✐③❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡ ❞♦s s✉❜❝❛♥❛✐s✳ ❖❜s❡r✈❡ q✉❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡

✷✱ ✸ ♦✉ ✹ s✉❜❝❛♥❛✐s é ♣r❛t✐❝❛♠❡♥t❡ ♦ ♠❡s♠♦✱ ❡ ❛ ❞✐❢❡r❡♥ç❛ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✶ ♣❛r❛

✼✾



❋✐❣✉r❛ ✻✳✸✸✿ ❉❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✺ s✉❜❝❛♥❛✐s

❋✐❣✉r❛ ✻✳✸✹✿ ❉❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s

✈✐rt✉❛✐s ❡ ❞❡ ✶ ❛ ✺ s✉❜❝❛♥❛✐s

✽✵



❋✐❣✉r❛ ✻✳✸✺✿ ❉❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s

✈✐rt✉❛✐s ❡ ❞❡ ✶ ❛ ✸✵ s✉❜❝❛♥❛✐s

✽✶



✸✵ s✉❜❝❛♥❛✐s é ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✵

❋✐❣✉r❛ ✻✳✸✻✿ ❈♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s

✈✐rt✉❛✐s ❡ ❞❡ ✶ ❛ ✸✵ s✉❜❝❛♥❛✐s

❆❧é♠ ❞❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠❜✐♥❛❞♦ ❝♦♠ ♦s s✉❜❝❛♥❛✐s ❞♦ s✐st❡♠❛

❲✐▼❆❳✱ ❢♦✐ ❛✈❛❧✐❛❞♦ t❛♠❜é♠ ♦ ♠ét♦❞♦ ❞❡ ♠♦❞✐✜❝❛çã♦ ♥♦s ❝❛♥❛✐s ❛t✐✈♦s ✭❆❈❊✮✱ ♦ q✉❛❧ ❢♦✐ ✐♠♣❧❡✲

♠❡♥t❛❞♦ ♣❡❧♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♣♦r ❏♦♥❡s ❬✶✶❪✳

❖ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② é ❜❛st❛♥t❡ ♣❛r❡❝✐❞♦ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ❏♦♥❡s ❡ ♣♦❞❡ s❡r ♠❡❧❤♦r

❛♣r♦✈❡✐t❛❞♦ ✉t✐❧✐③❛♥❞♦✲♦ ❡♠ ❝♦♥❥✉♥t♦✱ ♠❡❧❤♦r❛♥❞♦ ♦ ❆❈P❘✱ ❊❱▼ ❡ ❛ ❞❡❣r❛❞❛çã♦ t♦t❛❧✳ ❖ ♠ét♦❞♦

❞❡ ❏♦♥❡s ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡

tr❛③❡r ❣❛♥❤♦s ♠❡❧❤♦r❡s ❛♦ s✐st❡♠❛ ❲✐▼❆❳✳

◆❛ ❋✐❣✉r❛ ✻✳✸✼✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ♦ ❡s♣❡❝tr♦ ❞❡ ♣♦tê♥❝✐❛ ♦❜t✐❞♦ ❛tr❛✈és ❞♦ ♠ét♦❞♦ ❞❡ ❏♦♥❡s é

♣r❛t✐❝❛♠❡♥t❡ ♦ ♠❡s♠♦ ❞❛ tr❛♥s♠✐ssã♦ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♥❡♥❤✉♠ ♠ét♦❞♦ ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘✱

♣♦✐s sã♦ ♠♦❞✐✜❝❛❞❛s ❛♣❡♥❛s ❛s s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s✳ P♦ré♠✱ ❡st❡ ♠ét♦❞♦ s❡ ♠♦str♦✉ ♠❡♥♦s

❡❢❡t✐✈♦ ❞♦ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② q✉❛♥❞♦ ❛♣❧✐❝❛❞♦ ❡♠ s✐st❡♠❛s ❲✐▼❆❳✳

◗✉❛♥❞♦ ♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② é ❝♦♠❜✐♥❛❞♦ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ❏♦♥❡s✱ ❛ ❞❡♥s✐❞❛❞❡ ❞❡

❡s♣❡❝tr♦ é ❛❧t❡r❛❞❛✱ ♣♦✐s✱ ❛❧é♠ ❞❛s s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s✱ sã♦ ♠♦❞✐✜❝❛❞❛s t❛♠❜é♠ ❛s s✉❜♣♦rt❛✲

❞♦r❛s ✈✐rt✉❛✐s ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✸✼✳

❆ r❡❞✉çã♦ ❞❛ P❆P❘ ❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ●❛t❤❡r❡r ✲ P♦❧❧❡② ❡ ❏♦♥❡s ♣♦❞❡ s❡r

♦❜s❡r✈❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✸✽✳ ◆♦t❡ q✉❡ é ♦❜t✐❞❛ ✉♠❛ ♣❡q✉❡♥❛ r❡❞✉çã♦ ❞❛ P❆P❘ ❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦

❞❡st❡s ♠ét♦❞♦s✳ P♦ré♠✱ ♠♦str❛✲s❡ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ❏♦♥❡s ♣r♦✈ê ❣❛♥❤♦s ♥❛ P❆P❘ ✐♥❢❡r✐♦r❡s ❛♦s

♦❜t✐❞♦s ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✳

P♦❞❡♠♦s ♣❡r❝❡❜❡r ✉♠❛ ♠❡❧❤♦r❛ ♥♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✷ s✉❜✲

❝❛♥❛✐s✳ ◆❛ ❋✐❣✉r❛ ✻✳✸✽ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❝♦♠ ✷

s✉❜❝❛♥❛✐s tr❛③ r❡s✉❧t❛❞♦s s❛t✐s❢❛tór✐♦s ♥❛ r❡❞✉çã♦ ❞❛ P❆P❘ ❡ q✉❡ só ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡
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❋✐❣✉r❛ ✻✳✸✼✿ ❉❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ✰ ❏♦♥❡s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✷

s✉❜❝❛♥❛✐s ❡ ❞❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s

●❛t❤❡r❡r ❡ P♦❧❧❡② ❥á ✐♥✢✉❡♥❝✐❛ ♥❛ P❆P❘✳ ◆♦t❡ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ❏♦♥❡s q✉❛♥❞♦ ✉t✐❧✐③❛❞♦ s❡♣❛r❛❞❛✲

♠❡♥t❡ ❛♣r❡s❡♥t❛ ❛ ♠❡♥♦r r❡❞✉çã♦ ♥❛ P❆P❘ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦s ♦✉tr♦s ♠ét♦❞♦s✱ ✐♥❝❧✉s✐✈❡

❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❛♣❡♥❛s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✷ s✉❜❝❛♥❛✐s✳

❈♦♠ ❛ ♠♦❞✐✜❝❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ❞❡ ❞❛❞♦s ✐♥❡r❡♥t❡s ❛♦ ♠ét♦❞♦ ❞❡ ❏♦♥❡s✱ ❛ ❝♦♥st❡❧❛çã♦

❞♦ s✐♥❛❧ r❡❝❡❜✐❞♦ é ❛❧t❡r❛❞❛ ❝❛✉s❛♥❞♦ s✉❛ ❞✐st♦rçã♦✱ ♣♦ré♠✱ s❡♠ ❛❢❡t❛r ❛ t❛①❛ ❞❡ ❡rr♦ ❞❡ ❜✐t✳ ❉❡st❛

❢♦r♠❛✱ ♦ ❊❱▼ ♠❡❞✐❞♦ ♣❛r❛ ❡st❡ ♠ét♦❞♦ ♥ã♦ é ✉♠❛ ❜♦❛ ♠étr✐❝❛ ♣❛r❛ ❛✈❛❧✐❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦

❞♦ s✐st❡♠❛✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✸✾✱ ♦ ♣❛râ♠❡tr♦ ♠❛✐s r❡❛❧✐st❛ ♥❡st❡ ❝❛s♦ é ❛

❞❡❣r❛❞❛çã♦ t♦t❛❧✳

❆♣❡s❛r ❞❛ r❡❞✉çã♦ ❞❛ ❞❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ ♠ét♦❞♦ ❞❡ ❏♦♥❡s✱ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ s✉❜✲

♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ♣r♦♣♦st♦ ♣♦r ●❛t❤❡r❡r ❡ P♦❧❧❡② s❡ ♠♦str♦✉ ♠❛✐s ❡❢❡t✐✈❛✳ ◆❡st❡ ♠ét♦❞♦ ❛

❞❡❣r❛❞❛çã♦ é r❡❞✉③✐❞❛ s❡♠ ♦ ❛✉♠❡♥t♦ ♥❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛✱ ❝♦♥❢♦r♠❡ ♠♦str❛ ❛ ❋✐❣✉r❛ ✻✳✹✵✱

♦❜t❡♥❞♦✲s❡ r❡s✉❧t❛❞♦s ❜❡♠ ❡①♣r❡ss✐✈♦s t❛♥t♦ ♥❛ ❆❈P❘ q✉❛♥t♦ ♥❛ r❡❞✉çã♦ ❡❢❡t✐✈❛ ❞❛ P❆P❘✳

◆❛s ❋✐❣✉r❛s ✻✳✹✶✱ ✻✳✹✷ ❡ ✻✳✹✸ ❡stá ✐❧✉str❛❞❛ ❛ ❞❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ s✐st❡♠❛ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦

❞♦s ♠ét♦❞♦s ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱ ❏♦♥❡s ❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡❧❛s✱ ❛❧é♠ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡ s✉❜❝❛♥❛✐s

♣r♦♣♦st❛ ♥❡st❡ ❡st✉❞♦✳ ❆ ❝♦♠❜✐♥❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❝♦♠ ❏♦♥❡s ✉t✐❧✐③❛♥❞♦ ❛♣❡♥❛s

✶ s✉❜❝❛♥❛❧ ❥á tr❛③ ❜❡♥❡❢í❝✐♦s ♥♦ q✉❡ s❡ r❡❢❡r❡ à ❞❡❣r❛❞❛çã♦ ❞♦ s✐st❡♠❛✳ P❡r❝❡❜❛ q✉❡ ♦ ❛✉♠❡♥t♦

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

✉t✐❧✐③❛çã♦ ❞❡ ✺ s✉❜❝❛♥❛✐s✱ ♥♦t❛✲s❡ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❛♣❡♥❛s ❞♦s s✉❜❝❛♥❛✐s ❥á é ♠❛✐s ❡❢❡t✐✈❛ ♥❛ r❡❞✉çã♦

❞❛ ❞❡❣r❛❞❛çã♦ ❞♦ q✉❡ ❛♣❡♥❛s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✳

❖ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ♠ét♦❞♦ ❞❡ ❥♦♥❡s ❝♦♠❜✐♥❛❞♦ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱
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❋✐❣✉r❛ ✻✳✸✽✿ ❈❉❋ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ✰ ❏♦♥❡s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✷ s✉❜❝❛♥❛✐s ❡ ❞❛s

s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s

❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡ ✷ s✉❜❝❛♥❛✐s✱ é ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✹✹✳ ❖ ♠ét♦❞♦

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

❖✉tr♦ ♠ét♦❞♦ ❛♥❛❧✐s❛❞♦ é ♦ ❞❡ P❚❙ ❬✶✼❪ ❡♠ q✉❡ ❛ s❡q✉ê♥❝✐❛ ❞❡ ❞❛❞♦s é ❞✐✈✐❞✐❞❛ ❡♠ s✉❜✲❜❧♦❝♦s✱

♣❛ss❛ ♣❡❧❛ ■❋❋❚✱ ❡ é ♠✉❧t✐♣❧✐❝❛❞❛ ♣♦r ❞✐❢❡r❡♥t❡s ❝ó❞✐❣♦s ❞❡ ❡♠❜❛r❛❧❤❛♠❡♥t♦ q✉❡ ✜♥❛❧♠❡♥t❡ sã♦

❝♦♠❜✐♥❛❞♦s ♠✐♥✐♠✐③❛♥❞♦ ❛ P❆P❘✳

■♥✐❝✐❛❧♠❡♥t❡✱ ♦ ♠ét♦❞♦ ❞❡ tr❛♥s♠✐ssã♦ ♣❛r❝✐❛❧ ❞❡ s❡q✉❡♥❝✐❛s ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ❝♦♠ ✷ ❡ ✹ ❢❛s❡s✱

❝♦♥s✐❞❡r❛♥❞♦ ✵ ❡ π q✉❛♥❞♦ ✉t✐❧✐③❛❞❛s ❛♣❡♥❛s ✷ ❢❛s❡s ❡ ✵✱ π/2✱ π/3✱ 2π/3 q✉❛♥❞♦ ✉t✐❧✐③❛❞❛s ✹

❢❛s❡s✳ P❛r❛ ❝♦♠♣❛r❛çã♦ ❞♦ ✈❛❧♦r ❞❛ P❆P❘ ♥♦ s✐♥❛❧ ♠♦❞✐✜❝❛❞♦ ❡ ♥♦ ♦r✐❣✐♥❛❧ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ❞✉❛s

♠étr✐❝❛s ❞❡ ❝❛❧❝✉❧♦✿ ✈❛❧♦r ♠á①✐♠♦✱ ♥❛ q✉❛❧ s❡ ❝❛❧❝✉❧❛ ♦ ✈❛❧♦r ❞♦ ♠❛✐♦r ♣✐❝♦ ❡♠ ❝❛❞❛ s✐♥❛❧✱ ❡ ♦ ❞❡

♠✐♥✐♠✐③❛çã♦ ❞♦s ♣✐❝♦s ❞❡ ♣♦tê♥❝✐❛ ✭P❆P✮✱ q✉❡ ❝❛❧❝✉❧❛ ❛ ♣♦tê♥❝✐❛ t♦t❛❧ ❞❛ ❞✐st♦rçã♦✳

❊st❛s ♠étr✐❝❛s ♣♦❞❡♠ s❡r ❞❡✜♥✐❞❛s ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

✶✳ ❱❛❧♦r ♠á①✐♠♦

Pd = max |x (t)|2 ✭✻✳✼✮

✷✳ ▼✐♥✐♠✐③❛çã♦ ❞♦s ♣✐❝♦s ❞❡ ♣♦tê♥❝✐❛ ✭P❆P✮

Pd = E
[
|x (t) − xd (t)|2

]
✭✻✳✽✮
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❋✐❣✉r❛ ✻✳✸✾✿ ❊❱▼ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ✰ ❏♦♥❡s ❝♦♠ ✉t✐❧✐③❛çã♦ ❞❡ ✷ s✉❜❝❛♥❛✐s ❡ ❞❛s

s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s

❖♥❞❡ x(t) é ♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ ❡ xd(t) é ♦ s✐♥❛❧ ❞✐st♦r❝✐❞♦ ♣❡❧❛ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡✳

❊st❛s ♠étr✐❝❛s ❢♦r❛♠ t❡st❛❞❛s ♥♦ ♠ét♦❞♦ ❞❡ P❚❙ ❝♦♠ ✷ ❡ ✹ ❢❛s❡s ❡✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛s

❋✐❣✉r❛s ✻✳✹✾ ❡ ✻✳✺✵✱ ♦ ♠ét♦❞♦ ♣r♦✈ê ✉♠❛ ❧✐❣❡✐r❛ r❡❞✉çã♦ ♥❛ P❆P❘✱ ♥♦ ❡♥t❛♥t♦✱ ♦❜s❡r✈❛✲s❡ q✉❡ ✉♠❛

❞❛s ✈❛♥t❛❣❡♥s ❞❡st❡ ♠ét♦❞♦ é ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛ ❡♠ r❡❧❛çã♦ à tr❛♥s♠✐ssã♦

❝♦♥✈❡♥❝✐♦♥❛❧✳ P❡r❝❡❜❛ q✉❡ ❛ ❞❡♥s✐❞❛❞❡ ❞❡ ❡s♣❡❝tr♦ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✹ ❡ ✻ ❜❧♦❝♦s sã♦ q✉❛s❡

✐❞ê♥t✐❝❛s✱ ❝♦♠♦ ❞❡♠♦♥str❛❞♦ ♥❛s ❋✐❣✉r❛s ✻✳✹✺ ❡ ✻✳✹✻✳

❖ ❣❛♥❤♦ ♥❛ r❡❞✉çã♦ ❞❛ P❆P❘ ❞❡♣❡♥❞❡ ❞♦ ♥ú♠❡r♦ ❞❡ s✉❜✲❜❧♦❝♦s ❡ ♦ ♠ét♦❞♦ ❞❡ ♣❛rt✐❝✐♦♥❛♠❡♥t♦

❡♠♣r❡❣❛❞♦✳ ❖ ❛✉♠❡♥t♦ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ s✉❜✲❜❧♦❝♦s ❡❧❡✈❛ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ♣❛r❛

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

s✉❜✲❜❧♦❝♦s ❡♠♣r❡❣❛❞❛✳

❆ ❛♥á❧✐s❡ ❞❛ ❆❈P❘ ❝♦rr♦❜♦r❛ ❛ ❛✜r♠❛t✐✈❛ ❞❡ q✉❡ ♦ P❚❙ ✐♥✢✉❡♥❝✐❛ ♣♦s✐t✐✈❛♠❡♥t❡ ♥❛ r❡❞✉çã♦

❞❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛s ❋✐❣✉r❛s ✻✳✹✼ ❡ ✻✳✹✽✳

❆s ❋✐❣✉r❛s ✻✳✹✼ ❡ ✻✳✹✽ ♠♦str❛♠ q✉❡ ♣❛r❛ ✈❛❧♦r❡s ❞❡ ❖❇❖ ♠❡♥♦r❡s q✉❡ ✹✳✺❞❇ ♦ ♠ét♦❞♦ ❞❡ P❚❙

✉t✐❧✐③❛♥❞♦ ❛ ♠étr✐❝❛ ❞❡ ✈❛❧♦r ♠á①✐♠♦ é ♠❛✐s ❡❢❡t✐✈♦✱ ❝♦♠ ✷ ♦✉ ✹ ❢❛s❡s✱ ❡ ❛ ♣❛rt✐r ❞❡st❡ ♣♦♥t♦✱ ♦

♠ét♦❞♦ ❞❡ P❚❙ ❝♦♠ ❛ ♠étr✐❝❛ P❆P ♣❛ss❛ ❛ s❡r ♠❛✐s ❡❢❡t✐✈♦ ♥❛ r❡❞✉çã♦ ❞❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛

❞♦ q✉❡ ♦ P❚❙ ❝♦♠ ✷ ❢❛s❡s✱ ♣♦ré♠✱ ♦ ♠ét♦❞♦ P❚❙ ❝♦♠ ❛ ♠étr✐❝❛ ❞❡ ✈❛❧♦r ♠á①✐♠♦ ❡ ✹ ❢❛s❡s é ♣✐♦r

❞♦ q✉❡ ♦ P❚❙ P❆P ❝♦♠ ✷ ❡ ✹ ❢❛s❡s ❛ ♣❛rt✐r ❞❡ ✼ ❞❇ ❞❡ ❖❇❖✳ ❊st❛ s✐t✉❛çã♦ é ✐❣✉❛❧ ♣❛r❛ ♦ ♠ét♦❞♦

❞❡ P❚❙ ❝♦♠ ✹ ♦✉ ✻ ❜❧♦❝♦s✳

✽✺



❋✐❣✉r❛ ✻✳✹✵✿ ❆❈P❘ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ✰ ❏♦♥❡s ❝♦♠ ✉t✐❧✐③❛çã♦ ❞❡ ✷ s✉❜❝❛♥❛✐s ❡ ❞❛s

s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s

✽✻



❋✐❣✉r❛ ✻✳✹✶✿ ❉❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ✰ ❏♦♥❡s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶

s✉❜❝❛♥❛❧

■♥t❡r❡ss❛♥t❡ ♥♦t❛r q✉❡ ❛ ♠étr✐❝❛ ❞❡ ❝á❧❝✉❧♦ ❞❡ ♠✐♥✐♠✐③❛çã♦ ❞♦s ♣✐❝♦s ❞❡ ♣♦tê♥❝✐❛ ✭P❆P✮ é ♠❛✐s

❡❢❡t✐✈❛ ♥❛ r❡❞✉çã♦ ❞❛ P❆P❘ q✉❡ ❛ ♠étr✐❝❛ ♣❛❞rã♦ ❝❛❧❝✉❧❛❞❛ ♣♦r ♠❡✐♦ ❞♦ ✈❛❧♦r ❞♦ ♠❛✐♦r ♣✐❝♦ ❡♠

❝❛❞❛ s✐♥❛❧✱ ❝♦♥❢♦r♠❡ ♠♦str❛ ❛s ❋✐❣✉r❛s ✻✳✹✾ ❡ ✻✳✺✵✳

❆ ✈❛♥t❛❣❡♠ ❞♦ ❛✉♠❡♥t♦ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜❧♦❝♦s ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❛♥á❧✐s❡ ❞♦ ❊❱▼✱

❋✐❣✉r❛s ✻✳✺✶ ❡ ✻✳✺✷✳ ◗✉❛♥❞♦ sã♦ ✉t✐❧✐③❛❞♦s ✻ ❜❧♦❝♦s ❛ r❡❞✉çã♦ ❞♦ ❊❱▼ é ❧✐❣❡✐r❛♠❡♥t❡ ♠❡♥♦r✱

♣♦ré♠✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜❧♦❝♦s ❛ s❡r ✐♠♣❧❡♠❡♥t❛❞❛ ❞❡✈❡ s❡r ❛✈❛❧✐❛❞❛ ❝♦♠ ❝❛✉t❡❧❛✱ ♣♦✐s✱ ❡st❛ ♥ã♦

✐♥✢✉❡♥❝✐❛ ❞❡ ❢♦r♠❛ s✐❣♥✐✜❝❛t✐✈❛ ♥❛ r❡❞✉çã♦ ❞❛ P❆P❘✱ ❆❈P❘ ❡ ❉❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧✳

◆❛s ❋✐❣✉r❛s✻✳✺✹ ❡ ✻✳✺✺✱ ✈❡♠♦s ❛ ❞❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ s✐st❡♠❛ ❝♦♠ ♦ ❡♠♣r❡❣♦ ❞♦ ♠ét♦❞♦ ❞❡

P❚❙ ❝♦♠ ✻ ❜❧♦❝♦s ❡ ✹ ❜❧♦❝♦s✱ ❡♠ q✉❡ é ❞❡♠♦♥str❛❞♦ q✉❡ ♦ ♠ét♦❞♦ ❞❡ P❚❙ ❝♦♠ ✻ ❜❧♦❝♦s ❡ ❝♦♠

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

❢❛s❡s ❝♦♠ ❛ ♠étr✐❝❛ ❞♦ ✈❛❧♦r ♠á①✐♠♦ é ❜❡♠ ♣ró①✐♠❛ ❞❛ ♠étr✐❝❛ P❆P ❝♦♠ ✹ ❢❛s❡s✳

❈♦♥❝❧✉✐✲s❡ t❛♠❜é♠ q✉❡ ♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ ❞✐✈✐❞✐❞♦ ❡♠ ✹ ❜❧♦❝♦s ❝♦♠ ❛♠❜❛s ❛s ♠étr✐❝❛s ❞❡ ❝á❧✲

❝✉❧♦ ❞❛ P❆P❘ ❣❡r❛♠ r❡s✉❧t❛❞♦s ❜❡♠ ♣❛r❡❝✐❞♦s✳ ➱ ✐♠♣♦rt❛♥t❡ ❧❡♠❜r❛r q✉❡ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦

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

♦ ❡♠♣r❡❣♦ ❞♦ ♠ét♦❞♦ ❜❛st❛♥t❡ ❝♦♠♣❧❡①♦ ❡ ♦♥❡r♦s♦✳

❆♣❡s❛r ❞♦ ❛✉♠❡♥t♦ ❞❛ ❝♦♠♣❧❡①✐❞❛❞❡✱ à ♠❡❞✐❞❛ q✉❡ ♦s ❜❧♦❝♦s sã♦ ❛✉♠❡♥t❛❞♦s✱ ♥♦t♦✉✲s❡ q✉❡

❛ r❡❞✉çã♦ ❞❛ P❆P❘✱ ❞❛ ❞❡❣r❛❞❛çã♦ ❡ ❞♦ ❊❱▼ é ❜❡♠ ♣❡q✉❡♥❛✱ ❝♦rr♦❜♦r❛♥❞♦ ❛ ✐❞é✐❛ ❞❡ q✉❡ ♦

❛✉♠❡♥t♦ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜❧♦❝♦s ♥❡♠ s❡♠♣r❡ é ✈✐á✈❡❧✱ ❞❡✈❡♥❞♦ s❡r ❛♥❛❧✐s❛❞❛ ♠✐♥✉❝✐♦s❛♠❡♥t❡

❝❛s♦ ❛ ❝❛s♦✳

✽✼



❋✐❣✉r❛ ✻✳✹✷✿ ❉❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ✰ ❏♦♥❡s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✷

s✉❜❝❛♥❛✐s

✽✽



❋✐❣✉r❛ ✻✳✹✸✿ ❉❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ✰ ❏♦♥❡s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✺

s✉❜❝❛♥❛✐s

❋✐❣✉r❛ ✻✳✹✹✿ ❈♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ✰ ❏♦♥❡s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✷ s✉❜❝❛♥❛✐s

✽✾



❋✐❣✉r❛ ✻✳✹✺✿ ❉❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙ ❝♦♠ ✉t✐❧✐③❛çã♦ ❞❡ ✹ ❜❧♦❝♦s

❋✐❣✉r❛ ✻✳✹✻✿ ❉❡♥s✐❞❛❞❡ ❡s♣❡❝tr❛❧ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙ ❝♦♠ ✉t✐❧✐③❛çã♦ ❞❡ ✻ ❜❧♦❝♦s

✾✵



❋✐❣✉r❛ ✻✳✹✼✿ ❆❈P❘ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✹ ❜❧♦❝♦s

❋✐❣✉r❛ ✻✳✹✽✿ ❆❈P❘ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✻ ❜❧♦❝♦s

✾✶



❋✐❣✉r❛ ✻✳✹✾✿ ❈❉❋ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✹ ❜❧♦❝♦s

❋✐❣✉r❛ ✻✳✺✵✿ ❈❉❋ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✻ ❜❧♦❝♦s

✾✷



❋✐❣✉r❛ ✻✳✺✶✿ ❊❱▼ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✹ ❜❧♦❝♦s

❋✐❣✉r❛ ✻✳✺✷✿ ❊❱▼ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✻ ❜❧♦❝♦s

✾✸



❆❧é♠ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙ s❡r ♠❛✐s ❝♦♠♣❧❡①♦ ❡ r❡q✉❡r❡r ♠❛✐s ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ q✉❡

♦s ♦✉tr♦s ♠ét♦❞♦s ❛q✉✐ ❛♣r❡s❡♥t❛❞♦s✱ s✉❛ ❡✜❝✐ê♥❝✐❛ ❡stá ❜❡♠ ❛q✉é♠ ❞♦ ♠ét♦❞♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s

✈✐rt✉❛✐s ❝♦♠❜✐♥❛❞♦ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ❏♦♥❡s✳ ◆❡st❡ ❡st✉❞♦ ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞♦s ✹ ❡ ✻ ❜❧♦❝♦s✱

❝♦♥st❛t❛♥❞♦✲s❡ q✉❡ ❛ r❡❞✉çã♦ ❞❛ P❆P❘ ♦❜t✐❞❛ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✻ ❜❧♦❝♦s é ❜❡♠ ♣ró①✐♠❛ ❞❛

♦❜t✐❞❛ ❝♦♠ ✹ ❜❧♦❝♦s✳ P♦ré♠✱ ❝♦♠ ✹ ❜❧♦❝♦s ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ é ♠✉✐t♦ ✐♥❢❡r✐♦r✱ ❝♦♥❢♦r♠❡

✐❧✉str❛❞♦ ♥❛ ✜❣✉r❛ ✻✳✺✸✳

❋✐❣✉r❛ ✻✳✺✸✿ ❈♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙

▼❡s♠♦ ❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❏♦♥❡s ❝♦♠ ♦ P❚❙✱ ❛✐♥❞❛ ❛ss✐♠ ♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r

❡ P♦❧❧❡② é ♠❛✐s ❡❢❡t✐✈♦✱ t❛♥t♦ ♥❛ r❡❞✉çã♦ ❞❛ P❆P❘ ❡ ❞♦ ❊❱▼ q✉❛♥t♦ ♥❛ ❞❡❣r❛❞❛çã♦ ❞♦ s✐st❡♠❛✳

❆ ú♥✐❝❛ ✈❛♥t❛❣❡♠ ❞❛ ❝♦♠❜✐♥❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❏♦♥❡s ❝♦♠ ♦ P❚❙ é ♥❛ r❡❞✉çã♦ ❞❛ ❡♠✐ssã♦ ❞❡

r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛✱ q✉❡ é ✉♠ ❞♦s ❜❡♥❡❢í❝✐♦s ❞♦ ♠ét♦❞♦ ❞❡ P❚❙✳

❊♥tã♦✱ ❜✉s❝❛♥❞♦ ♦ ♠❡❧❤♦r ❞❡ ❝❛❞❛ ♠ét♦❞♦ ❢♦r❛♠ ❝♦♠❜✐♥❛❞♦s ♦s ♠ét♦❞♦s ❞❡ P❚❙✱ ❞❡ ●❛t❤❡r❡r

❡ P♦❧❧❡② ❡ ❞❡ ❏♦♥❡s✱ ❞❡♠♦♥str❛♥❞♦ q✉❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ❞✐✈❡rs♦s ♠ét♦❞♦s ♣♦❞❡ s❡r ❜❛st❛♥t❡ út✐❧

♥♦ ❝♦♠❜❛t❡ ❛❛ P❆P❘✳

❈♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱ ❏♦♥❡s ❡ P❚❙✱ ♣♦❞❡♠♦s ♦❜s❡r✈❛r ♥❛

❋✐❣✉r❛ ✻✳✺✻ q✉❡ ❛ r❡❞✉çã♦ ♥♦s ❡❢❡✐t♦s ❞❛ P❆P❘ é ♦❜t✐❞❛ ❞❡ ❢♦r♠❛ s✐❣♥✐✜❝❛t✐✈❛✳ ❈♦♠ ❛ ✉t✐❧✐③❛çã♦

❞♦s ♠ét♦❞♦s ❞❡ ❏♦♥❡s ❡ P❚❙ t❛♠❜é♠ ❡①✐st❡ ✉♠❛ ♠❡❧❤♦r❛ ♥❛ r❡❞✉çã♦ ❞❛ P❆P❘✳ ◆♦ ❡♥t❛♥t♦ ❡st❛

r❡❞✉çã♦✱ ❛♣❡s❛r ❞❡ r❡♣r❡s❡♥t❛t✐✈❛ q✉❛♥❞♦ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡st❡s ♠ét♦❞♦s✱ é ♠❡♥♦r ❞♦ q✉❡ ❛ r❡❞✉çã♦

♦❜t✐❞❛ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❛♣❡♥❛s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ❡ ✷

s✉❜❝❛♥❛✐s✳

❆ ♠♦❞✐✜❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ♣r♦♣♦st❛ ♣♦❞❡ s❡r ❝♦♠❜✐♥❛❞❛ t❛♥t♦ ❝♦♠ ♦ ♠é✲

t♦❞♦ ❞❡ P❚❙ q✉❛♥t♦ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ❏♦♥❡s ❡ ❛ r❡❞✉çã♦ ❞❛ P❆P❘ ♦❜t✐❞❛ é ❜❛st❛♥t❡ ♣❛r❡❝✐❞❛✱ ❝♦♠♦

♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✺✻✳ ❈♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱ ❏♦♥❡s ❡

P❚❙ ❝♦♥s❡❣✉✐♠♦s ✉♠❛ r❡❞✉çã♦ ❜❛st❛♥t❡ s✐❣♥✐✜❝❛t✐✈❛ ❡♠ r❡❧❛çã♦ ❛ tr❛♥s♠✐ssã♦ ❝♦♥✈❡♥❝✐♦♥❛❧✳

❖ ❊❱▼ ♦❜t✐❞♦ ❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✺✼✱ ❡♠ q✉❡

✈❡r✐✜❝❛✲s❡ q✉❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦s ♠ét♦❞♦s ❞❡ P❚❙ ❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙

✾✹



❋✐❣✉r❛ ✻✳✺✹✿ ❉❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✹ ❜❧♦❝♦s

❋✐❣✉r❛ ✻✳✺✺✿ ❉❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✻ ❜❧♦❝♦s

✾✺



❋✐❣✉r❛ ✻✳✺✻✿ ❈❉❋ ❞♦s ♠ét♦❞♦s ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱ ❏♦♥❡s ❡ P❚❙

❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ❏♦♥❡s ♣r♦♣✐❝✐❛ ✉♠❛ r❡❞✉çã♦ ❞♦ ✈❡t♦r ❞❡ ❡rr♦ ❜❛s✐❝❛♠❡♥t❡ ♣❛r❛ ❖❇❖ ♠❛✐♦r❡s q✉❡

✹❞❇✳ ◆♦s ❝❛s♦s q✉❡ ♦ ❖❇❖ é ♠❛✐♦r q✉❡ ❡st❡ ✈❛❧♦r✱ ♦ ❊❱▼ t❡♥❞❡ ❛♦ ❞❛ tr❛♥s♠✐ssã♦ ❝♦♥✈❡♥❝✐♦♥❛❧✳

❖ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❡ s✉❛ ❝♦♠❜✐♥❛çã♦ ❝♦♠ ♦s ♠ét♦❞♦s ❞❡ ❏♦♥❡s ❡ P❚❙ ❛♣r❡s❡♥t❛♠

✈❛❧♦r❡s ❞❡ ❊❱▼ ❜❡♠ ♠❡♥♦r❡s q✉❡ ♥❛ tr❛♥s♠✐ssã♦ ❝♦♥✈❡♥❝✐♦♥❛❧✱ ❡ q✉❡ ❛ r❡❞✉çã♦ ❞♦ ❊❱▼ ♦❝♦rr❡

♣❛r❛ q✉❛s❡ t♦❞♦s ♦s ✈❛❧♦r❡s ❞❡ ❖❇❖ ❛♥❛❧✐s❛❞♦s✳

❆ ❋✐❣✉r❛ ✻✳✺✽ ♠♦str❛ ❛ ❛♥á❧✐s❡ ❞♦ ❆❈P❘✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡

●❛t❤❡r❡r ❡ P♦❧❧❡② ❡ ❏♦♥❡s ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ P❚❙ ♣r♦✈ê ✉♠❛ r❡❞✉çã♦ ♥❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛

❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ♦ ❛✉♠❡♥t♦ ❞♦ ❆❈P❘✳ ➱ ✐♥t❡r❡ss❛♥t❡ ♥♦t❛r q✉❡ t❛♥t♦ ♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r

❡ P♦❧❧❡② q✉❛♥t♦ ♦ ♠ét♦❞♦ ❞❡ ❏♦♥❡s q✉❛♥❞♦ ❝♦♠❜✐♥❛❞♦s ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ P❚❙

r❡s✉❧t❛♠ ❡♠ ✈❛❧♦r❡s ❜❡♠ ♣ró①✐♠♦s ❞❡ ❆❈P❘✱ ❝♦rr♦❜♦r❛♥❞♦ ♦ ❢❛t♦ ❞❡ q✉❡ ♥❛ ❝♦♠❜✐♥❛çã♦ ❞♦s

♠ét♦❞♦s sã♦ ♠❛♥t✐❞❛s ❛s ❝❛r❛❝t❡ríst✐❝❛s ♠❛r❝❛♥t❡s ❞❡ ❝❛❞❛ ✉♠ ❞❡❧❡s✱ ♥❡st❡ ❝❛s♦✱ ❛ r❡❞✉çã♦ ❞❛

r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛ ♦❜t✐❞❛ ♣❡❧♦ ♠ét♦❞♦ ❞❡ P❚❙✳

❆ ❞❡❣r❛❞❛çã♦ t♦t❛❧ ❞♦ s✐st❡♠❛ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞❛ ♥❛ ✻✳✺✾✱ ❡♠ q✉❡ é ❞❡♠♦♥str❛❞♦ q✉❡ ❛

❝♦♠❜✐♥❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱ ❏♦♥❡s ❡ P❚❙ ♣r♦♣♦r❝✐♦♥❛ ✉♠❛ ♣❡q✉❡♥❛ r❡❞✉çã♦ ❡♠

r❡❧❛çã♦ ❛♦ s✐st❡♠❛ ✉t✐❧✐③❛♥❞♦ ♦s ♠ét♦❞♦s ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❡ ❏♦♥❡s ❛♣❡♥❛s✳ ❉❛ ♠❡s♠❛ ❢♦r♠❛

q✉❡ s❡ ♦❜té♠ ✉♠❛ r❡❞✉çã♦ ❞❛ ❞❡❣r❛❞❛çã♦ t♦t❛❧ ♠❛✐♦r ❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r

❡ P♦❧❧❡② ❝♦♠ ❏♦♥❡s✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ❡♠

s❡♣❛r❛❞♦✳

➱ ♥❡❝❡ssár✐♦ t❡r ❡♠ ♠❡♥t❡ q✉❡ ♦s ♠ét♦❞♦s ❞❡s❝r✐t♦s ♥ã♦ sã♦ ♠✉t✉❛♠❡♥t❡ ❡①❝❧✉s✐✈♦s✱ ❡ ♣♦❞❡♠ s❡r

❡♠♣r❡❣❛❞♦s ❥✉♥t♦s✳ ❖s ♠ét♦❞♦s ❞❡ s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✱ ❏♦♥❡s ❡ P❚❙ ♣♦❞❡♠ s❡r ✐♠♣❧❡♠❡♥t❛❞♦s

✾✻



❋✐❣✉r❛ ✻✳✺✼✿ ❊❱▼ ❞♦s ♠ét♦❞♦s ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱ ❏♦♥❡s ❡ P❚❙

❋✐❣✉r❛ ✻✳✺✽✿ ❆❈P❘ ❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱ ❏♦♥❡s ❡ P❚❙

✾✼



❥✉♥t♦s ❡ ♥ós ♣♦❞❡♠♦s ✈❡r q✉❡ ♦ ♠ét♦❞♦ ❞❡ s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s ✐♠♣❧❡♠❡♥t❛❞♦ s♦③✐♥❤♦ é ♠❛✐s

❡❢❡t✐✈♦✳ ◆♦ ❡♥t❛♥t♦✱ ✐st♦ ❝❛✉s❛ ✉♠❛ r❡❞✉çã♦ ♥❛ ✈❛③ã♦ ❞♦ s✐st❡♠❛✱ P♦r ✐ss♦ ♥ós t❡♠♦s ✉♠ ♥ú♠❡r♦

❞❡ s✉❜❝❛♥❛✐s ❧✐♠✐t❛❞♦s ❛ ✷✳ ❖ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛ é ♦❜t✐❞♦ ❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s três

♠ét♦❞♦s✱ ❣❡r❛♥❞♦ ❣❛♥❤♦s ❞❡ ❞❡s❡♠♣❡♥❤♦ ❡♠ t♦r♥♦ ❞❡ ✶✳✺ ❞❇✳

❋✐❣✉r❛ ✻✳✺✾✿ ❉❡❣r❛❞❛çã♦ ❚♦t❛❧ ❞♦ s✐st❡♠❛ ❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱

❏♦♥❡s ❡ P❚❙

❈♦♠ ❜❛s❡ ♥♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❡st❡ tr❛❜❛❧❤♦✱ ❝♦♥❝❧✉✐♠♦s q✉❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s

❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱ ❏♦♥❡s ❡ P❚❙ tr❛③ ✐♥ú♠❡r♦s ❜❡♥❡❢í❝✐♦s ❛♦ s✐st❡♠❛s ❲✐▼❆❳✱ ♣♦✐s✱ ❝♦♠ ❛

❝♦♠❜✐♥❛çã♦ ❞❡st❡s ♠ét♦❞♦s sã♦ ♠❛♥t✐❞❛s ❛s ❝❛r❛❝t❡ríst✐❝❛s ♠❛✐s r❡❧❡✈❛♥t❡s ❞❡ ❝❛❞❛ ✉♠ ❞❡❧❡s✱ ❝♦♠♦

♦ ❛✉♠❡♥t♦ ❞❛ ❆❈P❘ ❝♦♠ ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ r❛❞✐❛çã♦ ❢♦r❛ ❞❡ ❜❛♥❞❛ ♦❜t✐❞❛ ♥♦ P❚❙ ❡ ❛ r❡❞✉çã♦ ❞❛

❞❡❣r❛❞❛çã♦ t♦t❛❧✱ ❞❛ P❆P❘ ❡ ❞♦ ❊❱▼ ♦❜t✐❞❛ ♥♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ♠♦❞✐✜❝❛❞♦ ♣❡❧❛

✉t✐❧✐③❛çã♦ ❞♦s s✉❜❝❛♥❛✐s ❡ ❛ ❝♦♠❜✐♥❛çã♦ ❝♦♠ ❏♦♥❡s✳

❆ ✜❣✉r❛ ✻✳✻✵ ♠♦str❛ q✉❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❝♦♠ à ❝♦♠❜✐♥❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r

❡ P♦❧❧❡②✱ ❏♦♥❡s ❡ P❚❙ é ❛✉♠❡♥t❛❞♦ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❞❡✈✐❞♦ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ P❚❙✳

✾✽



❋✐❣✉r❛ ✻✳✻✵✿ ❈♦♠♣❧❡①✐❞❛❞❡ ❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱ ❏♦♥❡s ❡ P❚❙

✾✾



❈❛♣ít✉❧♦ ✼

❈♦♥❝❧✉sõ❡s ❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s

P❛r❛ r❡❞✉çã♦ ❞❛ P❆P❘ ❢♦r❛♠ ❛♥❛❧✐s❛❞♦s ♦s ♠ét♦❞♦s ❞❡ ❧✐♠✐t❛çã♦✱ ❥❛♥❡❧❛♠❡♥t♦✱ s✉❜♣♦rt❛❞♦r❛s

✈✐rt✉❛✐s ✭●❛t❤❡r❡r ❡ P♦❧❧❡② ✲ ✉t✐❧✐③❛♥❞♦ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✱ ♦s s✉❜❝❛♥❛✐s ❡ ❛s s✉❜♣♦rt❛❞♦r❛s

✈✐rt✉❛✐s ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦s s✉❜❝❛♥❛✐s✮✱ ♠♦❞✐✜❝❛çã♦ ♥♦s ❝❛♥❛✐s ❛t✐✈♦s ✭❏♦♥❡s✮✱ tr❛♥s♠✐ssã♦ ♣❛r❝✐❛❧

❞❡ s❡q✉ê♥❝✐❛s ❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡❧❡s✳

❖s ♠ét♦❞♦s ❞❡ ❧✐♠✐t❛çã♦ ❡ ❥❛♥❡❧❛♠❡♥t♦ s❡ ♠♦str❛r❛♠ ♣♦✉❝♦ ❡❢❡t✐✈♦s✱ ❞❡❣r❛❞❛♥❞♦ ❡ ❞✐st♦r❝❡♥❞♦

♦ s✐♥❛❧✳ ❖ ♠ét♦❞♦ ❞❡ ❏♦♥❡s t❛♠❜é♠ ♥ã♦ ❛♣r❡s❡♥t♦✉ r❡s✉❧t❛❞♦s ♠✉✐t♦ ❡①♣r❡ss✐✈♦s✳ ❆♣❡s❛r ❞❡

r❡❞✉③✐r ❛ P❆P❘ ❡ ❛ ❞❡❣r❛❞❛çã♦ ❞♦ s✐st❡♠❛✱ ♦s r❡s✉❧t❛❞♦s ✜❝❛r❛♠ ❛q✉é♠ ❞♦s ♦❜t✐❞♦s ❝♦♠ ♦s

♠ét♦❞♦s ❞❡ ●❛t❤❡r❡r ✲ P♦❧❧❡② ❡ P❚❙✳

❏á ♦ ♠ét♦❞♦ ❞❡ P❚❙ ❛♣r❡s❡♥t♦✉ ❜♦♥s r❡s✉❧t❛❞♦s ♥♦ q✉❡ t❛♥❣❡ ❛ r❡❞✉çã♦ ❞❡ r❛❞✐❛çã♦ ❢♦r❛ ❞❡

❜❛♥❞❛✱ P❆P❘ ❡ ❞❡❣r❛❞❛çã♦ ❞♦ s✐st❡♠❛✳ ◆♦ ❡♥t❛♥t♦✱ ♦s r❡s✉❧t❛❞♦s ♠♦str❛r❛♠ q✉❡ ♦ ♠ét♦❞♦ r❡❞✉③

❛ P❆P❘ à ♠❡❞✐❞❛ q✉❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜❧♦❝♦s ❛✉♠❡♥t❛✳

❖ ♠ét♦❞♦ q✉❡ ♠♦str♦✉ ♠❡❧❤♦r r❡s✉❧t❛❞♦ t❛♥t♦ ♥❛ r❡❞✉çã♦ ❞❛ P❆P❘ q✉❛♥t♦ ♥❛ ❞✐♠✐♥✉✐çã♦ ❞❛

❞❡❣r❛❞❛çã♦ ❞♦ s✐st❡♠❛✱ ❢♦✐ ♦ ♠ét♦❞♦ ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✳ ❆❧é♠ ❞✐ss♦✱ ❛ ♠♦❞✐✜❝❛çã♦ ♥♦ ♠ét♦❞♦

❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡② ♣r♦♣♦st❛✱ q✉❡ ✉t✐❧✐③❛ t❛♥t♦ ♦s s✉❜❝❛♥❛✐s q✉❛♥t♦ ❛s s✉❜♣♦rt❛❞♦r❛s ✈✐rt✉❛✐s✱

❝♦♥tr✐❜✉✐✉ ♣❛r❛ q✉❡ ❛ r❡❞✉çã♦ ❞♦s ❡❢❡✐t♦s ❞❛s ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡s ❢♦ss❡ s✐❣♥✐✜❝❛t✐✈❛ ❡♠ r❡❧❛çã♦ à

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

❖s ♠ét♦❞♦s ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘ ❢♦r❛♠ ❛♥❛❧✐s❛❞♦s ♥♦ ❡♥❧❛❝❡ ❞✐r❡t♦ ❞❡ s✐st❡♠❛s ❲✐▼❆❳✱

♠❛s ♣♦❞❡♠ s❡r ❛❞❛♣t❛❞♦s ❝♦♠ ♣♦✉❝❛ ♠♦❞✐✜❝❛çã♦ ♣❛r❛ ♦ ❡♥❧❛❝❡ r❡✈❡rs♦ ❡ t❛♠❜é♠ ♣❛r❛ ♦✉tr❛s

t❡❝♥♦❧♦❣✐❛s ❞❡ r❡❞❡ s❡♠ ✜♦ ❝♦♠♦ ❲▲❆◆ ❡ ▲❚❊✳

❆ ❝♦♠❜✐♥❛çã♦ ❞❡ ✈ár✐♦s ♠ét♦❞♦s ❞❡ r❡❞✉çã♦ ❞❛ P❆P❘ é ❜❛st❛♥t❡ s❛❧✉t❛r ♣❛r❛ ❛ r❡❞✉çã♦ ❞♦s

❡❢❡✐t♦s ❞❛s ❞✐st♦rçõ❡s ♥ã♦✲❧✐♥❡❛r❡s ❡ s❡✉s r❡✢❡①♦s ♥♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦✳

❈❛❞❛ ✉♠ ❞♦s ♠ét♦❞♦s t❡♠ s✉❛s ❝❛r❛❝t❡ríst✐❝❛s ❡ ❜❡♥❡❢í❝✐♦s✱ ❡ ❛ss✐♠✱ s✉❛ ❝♦♠❜✐♥❛çã♦ s❡r✈❡

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

té❝♥✐❝❛s ❞❡ ●❛t❤❡r❡r ❡ P♦❧❧❡②✱ ❏♦♥❡s ❡ P❚❙ ❞❡♠♦♥str❛❞❛s ❞✉r❛♥t❡ ♦ tr❛❜❛❧❤♦✳

P❛r❛ ♦s tr❛❜❛❧❤♦s ❢✉t✉r♦s✱ ❡st❡ ♣r♦❜❧❡♠❛ s❡rá ✐♠♣❧❡♠❡♥t❛❞♦ ❡♠ ✉♠ ❝❡♥ár✐♦ ♠❛✐s r❡❛❧íst✐❝♦✱

✐♥❝❧✉✐♥❞♦ ❝♦❞✐✜❝❛çã♦ ❞❡ ❝❛♥❛❧ ❡ ❝❛♥❛✐s s❡❧❡t✐✈♦s ❡♠ ❢r❡q✉ê♥❝✐❛✳ ❈♦♠ ❝❡rt❡③❛✱ ❛ ♣r♦❝✉r❛ ♣♦r ✉♠

♠ét♦❞♦ ♠❡♥♦s ❝♦♠♣❧❡①♦ ❡ ♠❛✐s ❡✜❝✐❡♥t❡ ❛✐♥❞❛ ♥ã♦ ❢♦✐ ❡①❛✉r✐❞❛✱ ❡ ♣r♦♣♦r❝✐♦♥❛rá ♥♦✈♦s ❡st✉❞♦s✳

✶✵✵



❘❊❋❊❘✃◆❈■❆❙ ❇■❇▲■❖●❘➪❋■❈❆❙

❬✶❪ ❚❍❊ ■◆❙❚■❚❯❚❊ ❖❋ ❊▲❊❈❚❘■❈❆▲ ❆◆❉ ❊▲❊❈❚❘❖◆■❈❙ ❊◆●■◆❊❊❘❙✳ P❛rt ✶✻✿ ❆✐r

■♥t❡r❢❛❝❡ ❢♦r ❋✐①❡❞ ❛♥❞ ▼♦❜✐❧❡ ❇r♦❛❞❜❛♥❞ ❲✐r❡❧❡ss ❆❝❝❡ss ❙②st❡♠s✳ ■❊❊❊ st❛♥❞❛r❞ ❢♦r ❧♦❝❛❧ ❛♥❞

♠❡tr♦♣♦❧✐t❛♥ ❛r❡❛ ♥❡t✇♦r❦s✳ ❬❙✳❧✳❪✱ ▼❛✐♦ ✷✵✵✾✳ ❉✐s♣♦♥í✈❡❧ ❡♠ ✇✇✇✳✐❡❡❡✳♦r❣✳

❬✷❪ ❈❍❯❙■❚✱ P✳ ❡t ❛❧✳ ✧◆❡✇ P❚❙ ♠❡t❤♦❞ ✇✐t❤ ❝♦❞❡❞ s✐❞❡ ✐♥❢♦r♠❛t✐♦♥ t❡❝❤♥✐q✉❡ ❢♦r P❆P❘ r❡✲

❞✉❝t✐♦♥ ✐♥ ❖❋❉▼ s②st❡♠s✧✳ ■♥t❡r♥❛t✐♦♥❛❧ ❙②♠♣♦s✐✉♠ ♦♥ ❈♦♠♠✉♥✐❝❛t✐♦♥s ❛♥❞ ■♥❢♦r♠❛t✐♦♥

❚❡❝❤♥♦❧♦❣✐❡s✱ ♣✳ ✶✵✹✕✶✵✾✱ ❖✉t✉❜r♦ ✷✵✵✽✳

❬✸❪ ❚❍❊ ■◆❙❚■❚❯❚❊ ❖❋ ❊▲❊❈❚❘■❈❆▲ ❆◆❉ ❊▲❊❈❚❘❖◆■❈❙ ❊◆●■◆❊❊❘❙✳ ■❊❊❊ st❛♥❞❛r❞

❢♦r ❧♦❝❛❧ ❛♥❞ ♠❡tr♦♣♦❧✐t❛♥ ❛r❡❛ ♥❡t✇♦r❦s✳ ❬❙✳❧✳❪✱ ❙❡t❡♠❜r♦ ✷✵✵✶✳ ❉✐s♣♦♥í✈❡❧ ❡♠ ✇✇✇✳✐❡❡❡✳♦r❣✳

❬✹❪ ❲■▼❆❳ ❋ór✉♠✳ ❬❙✳❧✳❪✳ ❉✐s♣♦♥í✈❡❧ ❡♠ ✇✇✇✳✇✐♠❛①❢♦r✉♠✳♦r❣✳
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