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❉♦✉t♦r ❡♠ ❈✐ê♥❝✐❛s

Pr♦❣r❛♠❛✿ ❈✐ê♥❝✐❛ ❞❛ ❈♦♠♣✉t❛çã♦

❖r✐❡♥t❛❞♦r✿ Pr♦❢✳ ❉r✳ ▼❛r❝❡❧♦ ◗✉❡✐r♦③

❈♦♦r✐❡♥t❛❞♦r✿ Pr♦❢✳ ❉r✳ ❆♥t♦♥✐♦ ❇♦♥❛❢♦♥t❡

❉✉r❛♥t❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❡ tr❛❜❛❧❤♦ ♦ ❛✉t♦r r❡❝❡❜❡✉ ❛✉①í❧✐♦ ✜♥❛♥❝❡✐r♦ ❞❛ ❈❆P❊❙

❙ã♦ P❛✉❧♦✱ ♠❛✐♦ ❞❡ ✷✵✶✸



❈♦♥✈❡rsã♦ ❞❡ ❱♦③ ■♥t❡r✲▲✐♥❣✉íst✐❝❛

❊st❛ ✈❡rsã♦ ❞❛ t❡s❡ ❝♦♥té♠ ❛s ❝♦rr❡çõ❡s ❡ ❛❧t❡r❛çõ❡s s✉❣❡r✐❞❛s
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r❡❛❧✐③❛❞❛ ❡♠ ✷✶✴✵✺✴✷✵✶✸✳ ❯♠❛ ❝ó♣✐❛ ❞❛ ✈❡rsã♦ ♦r✐❣✐♥❛❧ ❡stá ❞✐s♣♦♥í✈❡❧ ♥♦

■♥st✐t✉t♦ ❞❡ ▼❛t❡♠át✐❝❛ ❡ ❊st❛tíst✐❝❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❞❡ ❙ã♦ P❛✉❧♦✳
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• Pr♦❢✳ ❉r✳ ▼❛r❝❡❧♦ ●♦♠❡s ❞❡ ◗✉❡✐r♦③ ✭♦r✐❡♥t❛❞♦r✮ ✲ ■▼❊✲❯❙P

• Pr♦❢✳ ❉r✳ ❋❛❜✐♦ ❑♦♥ ✲ ■▼❊✲❯❙P

• Pr♦❢✳ ❉r✳ ❋❧á✈✐♦ ❙♦❛r❡s ❈♦rrê❛ ❞❛ ❙✐❧✈❛ ✲ ■▼❊✲❯❙P

• Pr♦❢✳ ❉r✳ ❋❡r♥❛♥❞♦ ❍❡♥r✐q✉❡ ❞❡ ❖❧✐✈❡✐r❛ ■❛③③❡tt❛ ✲ ❊❈❆✲❯❙P

• Pr♦❢✳ ❉r✳ ▼✐❣✉❡❧ ❆r❥♦♥❛ ❘❛♠✐r❡③ ✲ ❊P✲❯❙P



❆❣r❛❞❡❝✐♠❡♥t♦s

❚♦t✐ ❉❡♦ ●❧♦r✐❛✳✳✳

●♦st❛r✐❛ ❞❡ ♣♦❞❡r ❛❣r❛❞❡❝❡r ❛ t♦❞♦s q✉❡ ♠❡ ❛❥✉❞❛r❛♠ ❞❡ ❢♦r♠❛ ❞✐r❡t❛ ❡ ✐♥❞✐r❡t❛ ♥❡st❡ tr❛❜❛✲

❧❤♦✳ ▼❛s ✐♥❢❡❧✐③♠❡♥t❡✱ ♥❡st❡ ❝❛s♦✱ t❡rí❛♠♦s ❝♦♥t❡ú❞♦ s✉✜❝✐❡♥t❡ ♣❛r❛ r❡❞✐❣✐r ♦✉tr❛ t❡s❡ ❝♦♠♦ ❡st❛

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

❝♦♠♦ ❞♦✉t♦r❛♥❞♦✳

Pr✐♠❡✐r❛♠❡♥t❡✱ ❣♦st❛r✐❛ ❞❡ ❡①❛❧t❛r ♦ ♥♦♠❡ ❞♦ ❉❡✉s ❚♦❞♦✲P♦❞❡r♦s♦ ❛ q✉❡♠ s✐r✈♦ ❡ ❞❡❞✐❝♦ ❡st❛

♦❜r❛✳ ❆ ❆q✉❡❧❡ q✉❡ é✱ q✉❡ ❢♦✐✱ ❡ q✉❡ s❡♠♣r❡ s❡rá ♠✐♥❤❛ ❢♦♥t❡ ❞❡ ✐♥s♣✐r❛çã♦ ❡ ♠♦t✐✈♦ ❞❡ tr❛♥s♣✐r❛çã♦✳

▼✉✐t♦ ♦❜r✐❣❛❞♦ ♣❡❧❛s ❝♦♥q✉✐st❛s ❛té ❛q✉✐ ❛❧❝❛♥ç❛❞❛s✦✦✦

❚❛♠❜é♠✱ ❡①♣r❡ss♦ ♠✐♥❤❛ ♣r♦❢✉♥❞❛ ❣r❛t✐❞ã♦ ❛♦ ♠❡✉ ♦r✐❡♥t❛❞♦r✱ ▼❛r❝❡❧♦ ◗✉❡✐r♦③✱ ♣❡❧♦ ❡①❡♠♣❧♦

❞❡ ✐♥t❡❧✐❣ê♥❝✐❛ ❡ s❡r❡♥✐❞❛❞❡✳ ❙❡♥t✐r❡✐ ❢❛❧t❛ ❞❛s ❝♦♥✈❡rs❛s ❞✐✈❡rt✐❞❛s ❡ ❞♦ ❝♦♥t❡ú❞♦ ❛❧t❛♠❡♥t❡ ✐♥s✲

tr✉t✐✈♦ ❛♣r❡s❡♥t❛❞♦ ♣♦r ❡❧❡✳ ▼✉✐t♦ ♦❜r✐❣❛❞♦ ▼❛r❝❡❧♦ ♣♦r ❝❛❞❛ ❝♦♥s❡❧❤♦ ❡ ✐♥❝❡♥t✐✈♦✳✳✳ ♣♦r t❡r ❢❡✐t♦

❞❡ss❛ ❥♦r♥❛❞❛ ♠✉✐t♦ ♠❛✐s q✉❡ ✉♠ ❛♣r❡♥❞✐③❛❞♦ té❝♥✐❝♦✳

■❣✉❛❧♠❡♥t❡ ✐♠♣♦rt❛♥t❡✱ ❡✉ q✉❡r♦ ❛❣r❛❞❡❝❡r ❛ ❤♦s♣✐t❛❧✐❞❛❞❡ ❞❡♠♦♥str❛❞❛ ♣❡❧♦ ♠❡✉ ❝♦♦r✐❡♥t❛❞♦r

❆♥tô♥✐♦ ❇♦♥❛❢♦♥t❡✱ q✉❡♠ ♠❡ r❡❝❡❜❡✉ ❡♠ ❇❛r❝❡❧♦♥❛ ❝♦♠♦ ✉♠ ♠❡♠❜r♦ ❞❡ s✉❛ ❢❛♠í❧✐❛✳ ●r❛❝✐❛s

❚♦♥✐✱ ♣♦r t♦❞❛s ❧❛s ❡♥s❡ñ❛♥③❛s✿ ✈❡r❞❛❞❡r❛s ❧❡❝❝✐♦♥❡s ❞❡ ✈✐❞❛ ✭❛❞❡♠ás ❞❡ ❧❛s té❝♥✐❝❛s ② ♠ét♦❞♦s

❡①tr❛♦r❞✐♥ár✐♦s✮✳ ❆❣r❛❞❡③❝♦ ❛ ❉✐♦s ♣♦r ❡❧ ❡❥❡♠♣❧♦ ❞❡ ♠❛♥s❡❞✉♠❜r❡ ② ❝♦♠♣❛ñ❡r✐s♠♦✳ ◗✉❡ ❉✐♦s t❡

❜❡♥❞✐❣❛✳ ❚❛♠❜é♠✱ ❛❣r❛❞❡ç♦ à ❈❆P❊❙ ♣❡❧❛ ♦♣♦rt✉♥✐❞❛❞❡ ❞❡ r❡❛❧✐③❛r ♠❡✉ ❞♦✉t♦r❛❞♦✲s❛♥❞✉í❝❤❡ ❞❡

✉♠ ❛♥♦ ♥❛ ❊s♣❛♥❤❛ ❡♥tr❡ ♦s ❛♥♦s ❞❡ ✷✵✶✶ ❡ ✷✵✶✷✳

◆ã♦ ♣♦❞❡r✐❛ ❞❡✐①❛r ❞❡ ❛❣r❛❞❡❝❡r ♠✐♥❤❛ ♣r❡❝✐♦s❛ ❢❛♠í❧✐❛✿ ♦s ❣r❛♥❞❡s ❡①❡♠♣❧♦s ❞❡ ❢♦rç❛ ❡ ❞❡t❡r✲

♠✐♥❛çã♦ ❞❡ ♠❡✉ ♣❛✐✱ ❍❡r❝✉❧❛♥♦ ▼❛❝❤❛❞♦ ◆❡t♦✱ ♠❡ ✐♥❝❡♥t✐✈❛r❛♠ ❛ ❧✉t❛r ❡ ❝♦rr❡r ❛trás ❞♦s s♦♥❤♦s

❡ ♣r♦❥❡t♦s ❝♦♠ ❞❡t❡r♠✐♥❛çã♦✱ ❣❛rr❛ ❡ ❝♦r❛❣❡♠✱ ❣✉❛r❞❛♥❞♦ s❡♠♣r❡ ❛ ❤♦♥r❛✱ ❛ ❤♦♥❡st✐❞❛❞❡✱ ❛ ❤✉✲

♠✐❧❞❛❞❡ ❡ ❛ ❞✐❣♥✐❞❛❞❡✳ ❚❛♠❜é♠ ♥ã♦ ♣♦ss♦ ❡sq✉❡❝❡r ❞❡ ♠✐♥❤❛ ♠ã❡ ❆♥❛ ▲✉✐③❛ ❋r❛✐❤❛ ▼❛❝❤❛❞♦✱

❞❡ q✉❡♠ ❤❡r❞❡✐ ✉♠❛ ♣❛rt❡ ♣r❡❝✐♦s❛ ❞❡ ♠✐♥❤❛ ♣❡rs♦♥❛❧✐❞❛❞❡ ❡ ✈❛❧♦r❡s✳ ▼✉❧❤❡r ❝♦r❛❥♦s❛✱ ❧✉t❛❞♦r❛

♣❡r♣ét✉❛✱ ✉♠ ❡①❡♠♣❧♦ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ s❛❜❡❞♦r✐❛✱ ❢♦r❥❛❞❛ ♥❛s ♠✉✐t❛s ❧✉t❛s ❡ ❞✐✜❝✉❧❞❛❞❡s ✐♥tr❛♥s✲

♣♦♥í✈❡✐s ❛♦s ♦❧❤♦s ❤✉♠❛♥♦s✳ ▼✉✐t♦ ♦❜r✐❣❛❞♦ ♠ã❡✱ ♣♦r ♠❡ ❢❛③❡r s❛❜❡r q✉❛❧ ❛ ✈❡r❞❛❞❡✐r❛ r♦❝❤❛ s♦❜r❡

❛ q✉❛❧ ❞❡✈❡♠♦s s❡r ❡❞✐✜❝❛❞♦s✳ ▼✉✐t♦ ♦❜r✐❣❛❞♦ ♠❡✉s ✐r♠ã♦s ❊r✐❝❦✱ Pr✐✱ ▲❡❧② ❡ ▼②❧❡ ♣♦r t♦❞♦ ❛♣♦✐♦

❡ ❝❛r✐♥❤♦ ❞❡♠♦♥str❛❞♦ ❛ ❝❛❞❛ s❡❣✉♥❞♦ ❞❡ ♠✐♥❤❛ ✈✐❞❛✳ ❆♠♦ ❛ t♦❞♦s ✈♦❝ês✳

■❣✉❛❧♠❡♥t❡✱ ❞❡❞✐❝♦ ❡st❛ t❡s❡ ❛ t♦❞❛ ♠✐♥❤❛ ❢❛♠í❧✐❛ ❡st❡♥❞✐❞❛✱ ❡♠ ❡s♣❡❝✐❛❧✱ à ❢❛♠í❧✐❛ ❇♦♥✜♠

❈ór❞♦❜❛✱ q✉❡ ❡s❝♦❧❤❡✉ ♠❡ ❛❝♦❧❤❡r ❡ r❡❝❡❜❡r ❝♦♠♦ ✜❧❤♦ ❛♠❛❞♦ ❛q✉✐ ❡♠ ❙ã♦ P❛✉❧♦✱ ♥ã♦ s❡♥❞♦ ❡✉

♠❡r❡❝❡❞♦r ❞❡ t❛❧ ❤♦♥r❛✳ ❊①♣r❡ss♦ ♥❛ ♠❡s♠❛ ♠❡❞✐❞❛✱ ♠✐♥❤❛ ❣r❛t✐❞ã♦ ❛♦s ✐r♠ã♦s ❞❛ ▲✐❜❡r q✉❡

♠❡ ✜③❡r❛♠ tã♦ ❜❡♠ t♦❞❛ ❡st❛ ❝❛♠✐♥❤❛❞❛✳ ❊♠ ❡s♣❡❝✐❛❧✱ ✉♠ ❛❜r❛ç♦ ❣✐❣❛♥t❡ ♣❛r❛ ♠✐♥❤❛ ❜❛♥❞❛ ❞♦

❝♦r❛çã♦✱ ❛ ❜❛♥❞❛ ❊❳❈❖❘❉❊✱ ♣♦r ♠❡ ❛❝♦❧❤❡r tã♦ ❣❡♥t✐❧♠❡♥t❡ ❛q✉✐ ❡♠ ❙❆▼P❆✳

❯♠ ❛❣r❛❞❡❝✐♠❡♥t♦ ❡s♣❡❝✐❛❧ ❛♦ ♠❡✉ ❛♠✐❣♦✲✐r♠ã♦ ❊❞✇✐♥ ❋❡rr❛③ ♣❡❧♦ t❡♠♣♦ ❜♦♠ q✉❡ ♣❛ss❛♠♦s

❥✉♥t♦s ❡♠ s❡✉ ❛♣❛rt❛♠❡♥t♦✿ ❱❛❧❡✉ ❣✉r✐③ã♦✦✦✦ ❆♦s ❛♠✐❣♦s ❧❛t✐♥♦s✲❣❛ú❝❤♦s ❞❡ ❙❆◆❈❆✱ ❞❡ q✉❡♠ s✐♥t♦

✐



✐✐

t❛♥t❛ s❛✉❞❛❞❡✱ ♠❛♥✐❢❡st♦ ♠✐♥❤❛ ❣r❛♥❞❡ ❡st✐♠❛✳ ❀✲✮

❯♠ ❛❣r❛❞❡❝✐♠❡♥t♦ t♦❞♦ ❡s♣❡❝✐❛❧ ❛♦s ♠❡✉s ✐r♠ã♦s ❞❡ ❇❛r❝❡❧♦♥❛✱ ♣♦r ❤❛✈❡r ♠❡ ❛❣✉❡♥t❛❞♦ ✉♠

❛♥♦ ❡ ♠❡ r❡❝❡❜✐❞♦ tã♦ ❜❡♠✳ ❊♠ ❡s♣❡❝✐❛❧✱ ✉♠ ❣r❛♥❞❡ ❛❜r❛ç♦ às q✉❛tr♦ ❢❛♠í❧✐❛s ♠❛✐s s✐❣♥✐✜❝❛♥t❡s

♣❛r❛ ♠✐♥❤❛ ♣❛ss❛❣❡♠ ♣♦r ❡st❛ t❡rr❛ tã♦ ✐❧✉♠✐♥❛❞❛✿ ❋❛♠í❧✐❛s ❙♦✉s❛✱ ❇❛ss♦❧s✱ ●♦♥③❛❧❡③ ❡ ❖❛❦❧❡②✳

❈❛❞❛ ✉♠ ❞❡ ✈♦❝ês ♦❝✉♣❛♠ ✉♠ ❧✉❣❛r t♦❞♦ ❡s♣❡❝✐❛❧ ❞❡♥tr♦ ❞❡ ♠✐♠✳ ▼✉❝❤❛s ❣r❛❝✐❛s ♠② ♣❡♦♣❧❡✳

❊s♣❡r♦ ♣♦❞❡r r❡tr✐❜✉✐r ❛ ❝❛❞❛ ✉♠ ❞❡ ✈♦❝ês ♦ ❝❛r✐♥❤♦ ❡ ❞❡❞✐❝❛çã♦ ❛ ♠✐♠ ❞❡♠♦♥str❛❞♦s ❞✉r❛♥t❡

t♦❞♦s ❡st❡s ❛♥♦s✳

❋✐♥❛❧✐③♦ ❡st❛s ♣á❣✐♥❛s ❞❡ ❣r❛t✐❞ã♦ ❝♦♠ ❛s ♣❛❧❛✈r❛s ❞♦ ✐❧✉stríss✐♠♦ ♣❡♥s❛❞♦r ❆♥t♦✐♥❡ ❞❡ ❙❛✐♥t✲

❊①✉♣❡r②✿ ✏❆q✉❡❧❡s q✉❡ ♣❛ss❛♠ ♣♦r ♥ós ♥ã♦ ✈ã♦ sós✳ ❉❡✐①❛♠ ✉♠ ♣♦✉❝♦ ❞❡ s✐✱ ❧❡✈❛♠ ✉♠ ♣♦✉❝♦ ❞❡

♥ós✳✑

❉✰ ❀P ✹✷✶

✶❊ss❛ é ♣r❛ ✈♦❝ê ▲▲✳



❘❡s✉♠♦

❆ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ é ✉♠ ♣r♦❜❧❡♠❛ ❡♠❡r❣❡♥t❡ ❡♠ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❢❛❧❛ ❡ ✈♦③ ❝♦♠ ✉♠ ❝r❡s❝❡♥t❡

✐♥t❡r❡ss❡ ❝♦♠❡r❝✐❛❧✱ t❛♥t♦ ❡♠ ❛♣❧✐❝❛çõ❡s ❝♦♠♦ ❚r❛❞✉çã♦ ❋❛❧❛ ♣❛r❛ ❋❛❧❛ ✭❙♣❡❡❝❤✲t♦✲❙♣❡❡❝❤ ❚r❛♥s❧❛✲

t✐♦♥ ✲ ❙❙❚✮ ❡ ❡♠ s✐st❡♠❛s ❚❡①t✲❚♦✲❙♣❡❡❝❤ ✭❚❚❙✮ ♣❡rs♦♥❛❧✐③❛❞♦s✳ ❯♠ s✐st❡♠❛ ❞❡ ❈♦♥✈❡rsã♦ ❞❡ ❱♦③

❞❡✈❡ ♣❡r♠✐t✐r ♦ ♠❛♣❡❛♠❡♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ❞❡ s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s ♣♦r ✉♠ ❢❛❧❛♥t❡

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

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

♥ú♠❡r♦ ❞❡ ❝♦♥tr✐❜✉✐çõ❡s ❝✐❡♥tí✜❝❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ t❡♠ ❝r❡s❝✐❞♦ ❝♦♥✲

s✐❞❡r❛✈❡❧♠❡♥t❡✱ ❡ ✉♠ ♣❛♥♦r❛♠❛ só❧✐❞♦ ❞♦ ♣r♦❝❡ss♦ ❤✐stór✐❝♦✱ ❛ss✐♠ ❝♦♠♦ ❞❡ té❝♥✐❝❛s ♣r♦♣♦st❛s sã♦

✐♥❞✐s♣❡♥sá✈❡✐s ♣❛r❛ ❝♦♥tr✐❜✉✐çã♦ ♥❡st❡ ❝❛♠♣♦✳ ❖ ♦❜❥❡t✐✈♦ ❞❡st❡ tr❛❜❛❧❤♦ é r❡❛❧✐③❛r ✉♠ ❧❡✈❛♥t❛♠❡♥t♦

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

♠ét♦❞♦✱ ❡ ❛ ♣❛rt✐r ❞❡st❡ ❡st✉❞♦✱ ❞❡s❡♥✈♦❧✈❡r ♥♦✈❛s ❢❡rr❛♠❡♥t❛s✳ ❉❡♥tr❡ ❛s ❝♦♥tr✐❜✉✐çõ❡s ❞♦ tr❛❜❛❧❤♦✱

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

❢♦♥ét✐❝♦s ❛rt✐✜❝✐❛✐s✱ ❛❣r✉♣❛♠❡♥t♦s k✲✈❡r♦ssí♠❡✐s✱ ❢✉♥çõ❡s ❞❡ ❡♠♣❡♥❛♠❡♥t♦ ❡♠ ❢r❡q✉ê♥❝✐❛ ❡♥tr❡ ♦✉✲

tr❛s✱ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ✐♠♣❧❡♠❡♥t❛r ✉♠ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝♦ ✐♥❞❡♣❡♥❞❡♥t❡

❞❡ t❡①t♦ ❞❡ ❛❧t❛ q✉❛❧✐❞❛❞❡✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❈♦♥✈❡rsã♦ ❞❡ ✈♦③✱ ❈♦♥✈❡rsã♦ ■♥t❡r✲❧✐♥❣✉íst✐❝❛✳

✐✐✐



✐✈



❆❜str❛❝t

❱♦✐❝❡ ❝♦♥✈❡rs✐♦♥ ✐s ❛♥ ❡♠❡r❣❡♥t ♣r♦❜❧❡♠ ✐♥ ✈♦✐❝❡ ❛♥❞ s♣❡❡❝❤ ♣r♦❝❡ss✐♥❣ ✇✐t❤ ✐♥❝r❡❛s✐♥❣ ❝♦♠✲

♠❡r❝✐❛❧ ✐♥t❡r❡st✱ ❞✉❡ t♦ ❛♣♣❧✐❝❛t✐♦♥s s✉❝❤ ❛s ❙♣❡❡❝❤✲t♦✲❙♣❡❡❝❤ ❚r❛♥s❧❛t✐♦♥ ✭❙❙❚✮ ❛♥❞ ♣❡rs♦♥❛❧✐③❡❞

❚❡①t✲❚♦✲❙♣❡❡❝❤ ✭❚❚❙✮ s②st❡♠s✳ ❆ ❱♦✐❝❡ ❈♦♥✈❡rs✐♦♥ s②st❡♠ s❤♦✉❧❞ ❛❧❧♦✇ t❤❡ ♠❛♣♣✐♥❣ ♦❢ ❛❝♦✉st✐❝❛❧

❢❡❛t✉r❡s ♦❢ s❡♥t❡♥❝❡s ♣r♦♥♦✉♥❝❡❞ ❜② ❛ s♦✉r❝❡ s♣❡❛❦❡r t♦ ✈❛❧✉❡s ❝♦rr❡s♣♦♥❞✐♥❣ t♦ t❤❡ ✈♦✐❝❡ ♦❢ ❛

t❛r❣❡t s♣❡❛❦❡r✱ ✐♥ s✉❝❤ ❛ ✇❛② t❤❛t t❤❡ ♣r♦❝❡ss❡❞ ♦✉t♣✉t ✐s ♣❡r❝❡✐✈❡❞ ❛s ❛ s❡♥t❡♥❝❡ ✉tt❡r❡❞ ❜② t❤❡

t❛r❣❡t s♣❡❛❦❡r✳ ■♥ t❤❡ ❧❛st t✇♦ ❞❡❝❛❞❡s t❤❡ ♥✉♠❜❡r ♦❢ s❝✐❡♥t✐✜❝ ❝♦♥tr✐❜✉t✐♦♥s t♦ t❤❡ ✈♦✐❝❡ ❝♦♥✈❡r✲

s✐♦♥ ♣r♦❜❧❡♠ ❤❛s ❣r♦✇♥ ❝♦♥s✐❞❡r❛❜❧②✱ ❛♥❞ ❛ s♦❧✐❞ ♦✈❡r✈✐❡✇ ♦❢ t❤❡ ❤✐st♦r✐❝❛❧ ♣r♦❝❡ss ❛s ✇❡❧❧ ❛s ♦❢ t❤❡

♣r♦♣♦s❡❞ t❡❝❤♥✐q✉❡s ✐s ✐♥❞✐s♣❡♥s❛❜❧❡ ❢♦r t❤♦s❡ ✇✐❧❧✐♥❣ t♦ ❝♦♥tr✐❜✉t❡ t♦ t❤❡ ✜❡❧❞✳ ❚❤❡ ❣♦❛❧ ♦❢ t❤✐s

✇♦r❦ ✐s t♦ ♣r♦✈✐❞❡ ❛ ❝r✐t✐❝❛❧ s✉r✈❡② t❤❛t ❝♦♠❜✐♥❡s ❤✐st♦r✐❝❛❧ ♣r❡s❡♥t❛t✐♦♥ t♦ t❡❝❤♥✐❝❛❧ ❞✐s❝✉ss✐♦♥

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

♥❡✇ t♦♦❧s✳ ❙♦♠❡ ❝♦♥tr✐❜✉t✐♦♥s ♣r♦♣♦s❡❞ ✐♥ t❤✐s ✇♦r❦ ✐♥❝❧✉❞❡ ❛ ♠❡t❤♦❞ ❢♦r s♣❡❝tr❛❧ ❞❡❝♦♠♣♦s✐t✐♦♥

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

t♦ ✐♠♣❧❡♠❡♥t ❛ t❡①t✲✐♥❞❡♣❡♥❞❡♥t ❝r♦ss❧✐♥❣✉❛❧ ✈♦✐❝❡ ❝♦♥✈❡rs✐♦♥ s②st❡♠ ♦❢ ❤✐❣❤ q✉❛❧✐t②✳

❑❡②✇♦r❞s✿ ❱♦✐❝❡ ❈♦♥✈❡rs✐♦♥✱ ❈r♦ss✲▲✐♥❣✉❛❧ ❱♦✐❝❡ ❈♦♥✈❡rs✐♦♥✳

✈



✈✐



❙✉♠ár✐♦

▲✐st❛ ❞❡ ❆❜r❡✈✐❛t✉r❛s ①✐

▲✐st❛ ❞❡ ❙í♠❜♦❧♦s ①✐✐✐

▲✐st❛ ❞❡ ❋✐❣✉r❛s ①✈

▲✐st❛ ❞❡ ❚❛❜❡❧❛s ①✈✐✐

✶ ■♥tr♦❞✉çã♦ ✶

✶✳✶ ❈♦♥s✐❞❡r❛çõ❡s Pr❡❧✐♠✐♥❛r❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶

✶✳✶✳✶ ■♥tr♦❞✉çã♦ à ❈♦♥✈❡rsã♦ ❞❡ ❱♦③ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷

✶✳✶✳✷ ▼♦t✐✈❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹

✶✳✶✳✸ ❆♣❧✐❝❛çõ❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹

✶✳✷ ❱✐sã♦ ●❡r❛❧ ❞❡ ✉♠ ❙✐st❡♠❛ ❞❡ ❈♦♥✈❡rsã♦ ❚í♣✐❝♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺

✶✳✷✳✶ ❚r❡✐♥❛♠❡♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻

✶✳✷✳✷ ❚r❛♥s❢♦r♠❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻
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❆✳✷ ❊①♣❡r✐♠❡♥t♦ ■■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✼✹

❆✳✸ ❊①♣❡r✐♠❡♥t♦ ■■■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✼✺

❇ ❈♦♥❝❡✐t♦s ❇ás✐❝♦s ❈♦♠♣❧❡♠❡♥t❛r❡s ✶✼✼

❇✳✶ ▲✐♥❣✉íst✐❝❛ ❆♣❧✐❝❛❞❛ à ▲♦❝❛❧✐③❛çã♦ ❞♦s ❋♦r♠❛♥t❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✼✼

❇✳✷ ❇❛s❡s ❞❛ ❚❡♦r✐❛ ❞❡ ●r❛❢♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✼✽

❇✳✸ ❇❛s❡s ❞❛ ▼♦r❢♦❧♦❣✐❛ ▼❛t❡♠át✐❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✼✾



❙❯▼➪❘■❖ ✐①

❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s ✶✽✸



① ❙❯▼➪❘■❖



▲✐st❛ ❞❡ ❆❜r❡✈✐❛t✉r❛s

❆❇❳ ❚❡st❡ P❡r❝❡♣t✉❛❧ ❞❡ ▼ú❧t✐♣❧❛s ❊s❝♦❧❤❛s

❈❋❆ ❈❧❛ss❡ ❋♦♥ét✐❝❛ ❆rt✐✜❝✐❛❧

❉❊❆ ❉✐str✐❜✉✐çã♦ ❊♥❡r❣ét✐❝❛ ❆❝✉♠✉❧❛❞❛

❉❋◆ ❉✐str✐❜✉✐çã♦ ❡♠ ❋r❡q✉ê♥❝✐❛ ◆♦r♠❛❧✐③❛❞❛

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

❋❋❚ ❚r❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❘á♣✐❞❛ ✭❋❛st ❋♦✉r✐❡r ❚r❛♥s❢♦r♠✮

●▼▼ ▼♦❞❡❧♦ ❞❡ ▼✐st✉r❛s ●❛✉ss✐❛♥❛s ✭●❛✉ss✐❛♥ ▼✐①t✉r❡ ▼♦❞❡❧✮

❍▼▼ ▼♦❞❡❧♦ ❖❝✉❧t♦ ❞❡ ▼❛r❦♦✈ ✭❍✐❞❞❡♥ ▼❛r❦♦✈ ▼♦❞❡❧✮

❍❙▼ ▼♦❞❡❧♦ ❍❛r♠ô♥✐❝♦✲❊st♦❝ást✐❝♦ ✭❍❛r♠♦♥✐❝ ♣❧✉s ❙t♦❝❤❛st✐❝ ▼♦❞❡❧✮

▲P❈ ❈♦❡✜❝✐❡♥t❡s ❞❡ Pr❡❞✐çã♦ ▲✐♥❡❛r ✭▲✐♥❡❛r Pr❡❞✐❝t✐✈❡ ❈♦❞✐♥❣✮

▲❚✲❉■❆● ❚r❛♥s❢♦r♠❛çã♦ ▲✐♥❡❛r ✉s❛♥❞♦ s♦♠❡♥t❡ ♠❛tr✐③❡s ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❉✐❛❣♦♥❛❧

▲❚✲❋❯▲▲ ❚r❛♥s❢♦r♠❛çã♦ ▲✐♥❡❛r ✉s❛♥❞♦ ♠❛tr✐③❡s ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❝♦♠♣❧❡t❛s

▼◗❖ ▼í♥✐♠♦s ◗✉❛❞r❛❞♦s ❖r❞✐♥ár✐♦s

▼❋❆ ❆♥á❧✐s❡ ▼✉❧t✐✲❋r❛♠❡s ✭▼✉❧t✐✲❋r❛♠❡ ❆♥❛❧②s✐s✮

▼❋❈❈ ❈♦❡✜❝✐❡♥t❡s ▼❡❧✲❈❡♣str❛✐s ✭▼❡❧✲❋r❡q✉❡♥❝② ❈❡♣str❛❧ ❈♦❡✣❝✐❡♥ts✮

▼❖❙ ❚❡st❡ ❞❡ ❖♣✐♥✐ã♦ ▼é❞✐❛ ✭▼❡❛♥ ❖♣✐♥✐♦♥ ❙❝♦r❡✮

◆❋❲ ❉❡❢♦r♠❛çã♦ ❡♠ ❋r❡q✉ê♥❝✐❛ ◆♦r♠❛❧✐③❛❞❛ ✭◆♦r♠❛❧✐③❡❞ ❋r❡q✉❡♥❝② ❲❛r♣✐♥❣✮

P❙❖▲❆ P✐t❝❤ ❙②♥❝❤r♦♥♦✉s ❖✈❡r❧❛♣ ❛♥❞ ❆❞❞

❘❇❋ ❋✉♥çõ❡s ❞❡ ❇❛s❡ ❘❛❞✐❛❧ ✭❘❛❞✐❛❧ ❇❛s✐s ❋✉♥❝t✐♦♥s✮

❙❚❆❙❈ ❙♣❡❛❦❡r ❚r❛♥s❢♦r♠❛t✐♦♥ ❆❧❣♦r✐t❤♠ ✉s✐♥❣ ❙❡❣♠❡♥t❛❧ ❈♦❞❡❜♦♦❦s

❙❚❘❆■●❍❚ ❙♣❡❡❝❤ ❚r❛♥s❢♦r♠❛t✐♦♥ ❛♥❞ ❘❡♣r❡s❡♥t❛t✐♦♥ ❜② ❆❞❛♣t✐✈❡ ■♥t❡r♣♦❧❛t✐♦♥ ♦❢ ✇❡✐●❍❚❡❞

❱❚❚❋ ❋✉♥çã♦ ❞❡ ❚r❛♥s❢❡rê♥❝✐❛ ❞♦ ❚r❛t♦ ❱♦❝❛❧ ✭❱♦❝❛❧✲❚r❛❝t ❚r❛♥s❢❡r ❋✉♥❝t✐♦♥✮

①✐



①✐✐ ▲■❙❚❆ ❉❊ ❆❇❘❊❱■❆❚❯❘❆❙



▲✐st❛ ❞❡ ❙í♠❜♦❧♦s

ω ❋r❡q✉ê♥❝✐❛ ❆♥❣✉❧❛r

f0 ❋r❡q✉ê♥❝✐❛ ❋✉♥❞❛♠❡♥t❛❧

[a, µ, σ] ❚✉♣❧❛ ❝♦♠♣♦st❛ ♣❡❧❛ ❆♠♣❧✐t✉❞❡✱ ❋r❡q✉ê♥❝✐❛ ❈❡♥tr❛❧ ❡ ▲❛r❣✉r❛ ❞❡ ❇❛♥❞❛ ❞❡ ✉♠❛ ❇❛s❡

Ψ0 ❋r❡q✉ê♥❝✐❛ ❋✉♥❞❛♠❡♥t❛❧

R ❚❛①❛ ❞❡ ❆♠♦str❛❣❡♠

Nw ❚❛♠❛♥❤♦ ❞♦s ❋r❛♠❡s

N❛❞✈ ❆✈❛♥ç♦ ❞❛ ❏❛♥❡❧❛ ❞❡ ❙❡❣♠❡♥t❛çã♦

L∗ ❖r❞❡♠ ❞♦s ❱❡t♦r❡s ◗✉❛♥t✐③❛❞♦s

W❤❛♠♠✐♥❣ ❏❛♥❡❧❛ ❞❡ ❙❡❣♠❡♥t❛çã♦

Fc ❋r❡q✉ê♥❝✐❛ ❞❡ ❈♦rt❡

ǫ ▼❡♥♦r ❱❛❧♦r ❈♦♥s✐❞❡rá✈❡❧ ♥♦ ❙✐st❡♠❛

Bf ▲❛r❣✉r❛ ❞❡ ❇❛♥❞❛ ❞♦s ❋✐❧tr♦s ✉s❛❞♦s ♥♦ ▼❛♣❛ ❋♦♥ét✐❝♦

Mf ❚❛①❛ ❞❡ ❆♠♦str❛❣❡♠ ❞♦ ▼❛♣❛ ❋♦♥ét✐❝♦

Mc ◆ú♠❡r♦ ❞❡ ❈❧❛ss❡s ✉s❛❞❛s ♥❛ ❚r❛♥s❢♦r♠❛çã♦

Ψk ❱❡t♦r ❞❡ ❈❛r❛❝t❡ríst✐❝❛s ❆❝úst✐❝❛s ❞♦ k✲és✐♠♦ ❙❡❣♠❡♥t♦ ❞❡ ❱♦③

①✐✐✐



①✐✈ ▲■❙❚❆ ❉❊ ❙❮▼❇❖▲❖❙



▲✐st❛ ❞❡ ❋✐❣✉r❛s

✶✳✶ ❈♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡♥tr❡ ❢❛❧❛♥t❡s q✉❛✐sq✉❡r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

✶✳✷ Pr♦❝❡ss♦ ❣❡r❛❧ ♥❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻

✷✳✶ ❖ ❛♣❛r❡❧❤♦ ❛✉❞✐t✐✈♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✼

✷✳✷ P❛rt❡ s✉♣❡r✐♦r ❞♦ ❛♣❛r❡❧❤♦ ❢♦♥❛❞♦r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾

✷✳✸ Pr♦❝❡ss♦ ❞❡ ♣r♦❞✉çã♦ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵

✷✳✹ ▼♦❞❡❧♦ ❞❡ ❣❡r❛çã♦ ❞♦ s♦♠ ✐rr❛❞✐❛❞♦ ♣❡❧♦ s✐st❡♠❛ ❢♦♥❛❞♦r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✷✳✺ ▼♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❝❡ss♦ ❞❡ ♣r♦❞✉çã♦ ❞❛ ✈♦③ ♣♦r ✉♠ s✐st❡♠❛ ❢♦♥t❡✲✜❧tr♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸

✷✳✻ ❱✐s✉❛❧✐③❛çã♦ ❞♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❞❛ ✈♦❣❛❧ ❬❛❪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹

✷✳✼ ❉♦✐s ❡①❡♠♣❧♦s ❞❡ ❡st✐♠❛t✐✈❛ ❞♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ✉t✐❧✐③❛♥❞♦ ❝♦❡✜❝✐❡♥t❡s ▲P❈✳ ✳ ✳ ✳ ✷✻

✷✳✽ ✭❛✮ ▲✉❣❛r ❞♦s ③❡r♦s ❞♦s ♣♦❧✐♥ô♠✐♦s H(z)✱ P (z) ❡ Q(z) ♥❛ ❝✐r❝✉♥❢❡rê♥❝✐❛ ❞❡ r❛✐♦

✉♥✐tár✐♦❀ ✭❜✮ ▼ó❞✉❧♦ ❞❛ r❡s♣♦st❛ ❡♠ ❢r❡q✉ê♥❝✐❛ ❞♦ ✜❧tr♦ H(z)−1 ■■❘ ❝♦♠ ✻ ♣♦❧♦s ❡

❛s ♣♦s✐çõ❡s ❛♥❣✉❧❛r❡s ❞♦s ③❡r♦s ❞❡ P (z) ❡ Q(z)✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✼

✷✳✾ ❱✐s✉❛❧✐③❛çã♦ ❞♦s ❢♦r♠❛♥t❡s r❡♣r❡s❡♥t❛❞♦s ❛ ♣❛rt✐r ❞❡ ❝❡♥tr♦✐❞❡s ❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛

❞♦s ♣♦❧♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✽

✷✳✶✵ ❆❝✐♠❛✱ ♦ log ❞♦ ❡s♣❡❝tr♦ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③❀ ❆❜❛✐①♦✱ ♦ ❝❡♣str✉♠ ❞❡st❡ s✐♥❛❧ ❞❡ ✈♦③✳ ✸✵

✷✳✶✶ ❉✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ ▼❊▲✲❝❡♣str✉♠✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶

✷✳✶✷ ❖ ✢✉①♦ ❣❧♦t❛❧ Ug ❡ s✉❛ r❡s♣❡❝t✐✈❛ ❞❡r✐✈❛❞❛ dUg✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✸

✷✳✶✸ ❖ ❞✐❛❣r❛♠❛ ❞♦ ▼♦❞❡❧♦ ❙❡♥♦✐❞❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✺

✷✳✶✹ ❖ ❞✐❛❣r❛♠❛ ❞♦ ▼♦❞❡❧♦ ❍❛r♠ô♥✐❝♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✼

✷✳✶✺ ❉❡❝♦♠♣♦s✐çã♦ ❞♦ s❡❣♠❡♥t♦ s ❡♠ ♣❛rt❡s ❍❛r♠ô♥✐❝❛ (sh) ❡ ❊st♦❝ást✐❝❛ (ss) ♥♦ ❞♦♠í♥✐♦

t❡♠♣♦r❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✷

✷✳✶✻ ❉❡❝♦♠♣♦s✐çã♦ ❡s♣❡❝tr❛❧ ❞♦ s❡❣♠❡♥t♦ S ❡♠ tr❡♠ ❞❡ ♣✉❧s♦s ❍❛r♠ô♥✐❝♦s (Sh) ❡ ❡s♣❡❝tr♦

❊st♦❝ást✐❝♦ (Ss)✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✹

✷✳✶✼ ❆s ❝♦♠♣♦♥❡♥t❡s ❍❛r♠ô♥✐❝❛ ❡ ❊st♦❝ást✐❝❛ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✷✳✶✽ ■❧✉str❛çã♦ ❞♦ ♠ét♦❞♦ ❖✈❡r❧❛♣✲❆❞❞✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✼

✷✳✶✾ ❈♦♥t♦r♥♦ ❞❡ ♣✐t❝❤ ❡ ❡♥❡r❣✐❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾

✷✳✷✵ ❉✐❧❛t❛çã♦ ✭❡sq✉❡r❞❛✮ ❡ ❝♦♠♣r❡ssã♦ ✭❞✐r❡✐t❛✮ ♥❛ ❡s❝❛❧❛ t❡♠♣♦r❛❧ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③✳ ✳ ✺✷

✷✳✷✶ ❉✐♠✐♥✉✐çã♦ ✭❡sq✉❡r❞❛✮ ❡ ❡❧❡✈❛çã♦ ✭❞✐r❡✐t❛✮ ❞♦ ♣✐t❝❤ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷

✷✳✷✷ ❆s ❞✉❛s ❢❛s❡s ❞♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✸

✷✳✷✸ ❆❥✉st❡ ❧✐♥❡❛r ❛ ♣❛rt✐r ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣♦♥t♦s ♥♦ ❡s♣❛ç♦ ❊✉❝❧✐❞❡❛♥♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✶

✷✳✷✹ ❆s ❞✉❛s ❢❛s❡s ❞♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✹

✸✳✶ ❱✐sã♦ ❞♦ s✐st❡♠❛ s♦❜ ♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞❡ ❢❛s❡s ❞❡ ❚r❡✐♥❛♠❡♥t♦ ❡ ❈♦♥✈❡rsã♦✳ ✳ ✳ ✳ ✳ ✳ ✻✽

✸✳✷ ❱✐sã♦ ❞♦ s✐st❡♠❛ s♦❜ ♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞❡ ❢❛s❡s ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ tr❛♥s❢♦r♠❛çã♦✳ ✳ ✳ ✳ ✻✾
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✸✳✸ ❊s♣❛❧❤❛♠❡♥t♦ ❡s♣❡❝tr❛❧ ❞❡ ❛❧❣✉♠❛s ❥❛♥❡❧❛s ❞❡ s❡❣♠❡♥t❛çã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✸

✸✳✹ ❱✐sã♦ ❞♦ s✐st❡♠❛ ❞✐✈✐❞✐❞♦ ❡♠ ♠ó❞✉❧♦s ❢✉♥❝✐♦♥❛✐s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✹

✸✳✺ ▼ó❞✉❧♦ ❞❡ ❆♥á❧✐s❡ ✭❆✮ ❡ ❙í♥t❡s❡ ✭❙✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✺

✸✳✻ ❊✈♦❧✉çã♦ t❡♠♣♦r❛❧ ❞♦s s❡❣♠❡♥t♦s s❡♠ ♦ t❡r♠♦ ❞❡ ❢❛s❡ ❧✐♥❡❛r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✾

✸✳✼ ❖ ❡s♣❡❝tr♦ ❞❡ ❢❛s❡s ✐♥t❡r♣♦❧❛❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✵

✸✳✽ ❋❛s❡ ❞❡ P❛r❛♠❡tr✐③❛çã♦ ✭P✮ ❡ s✉❛ r❡s♣❡❝t✐✈❛ ■♥✈❡rs❛ ✭P−1✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✹

✸✳✾ ❘❡❝♦♥str✉çã♦ ❞❛ ❢✉♥çã♦ ❝♦♥st❛♥t❡ I(x) = 1 ✉s❛♥❞♦ ❞✐✈❡rs♦s ✐♥t❡r♣♦❧❛❞♦r❡s r❛❞✐❛✐s✳ ✳ ✽✼

✸✳✶✵ ❉✐✈❡rs♦s ✐♥t❡r♣♦❧❛❞♦r❡s ❡s♣❡❝tr❛✐s ✉s❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ interpolador✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✾

✸✳✶✶ ❆♥á❧✐s❡ ♠✉❧t✐✲❢r❛♠❡ ✉s❛♥❞♦ ❛❧❣✉♥s ❞♦ ❡♥✈❡❧♦♣❛❞♦r❡s ♣r♦♣♦st♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✵

✸✳✶✷ ❖ ❡s♣❡❝tr♦ ❤❛r♠ô♥✐❝♦ ❞❡ ❛♠♣❧✐t✉❞❡s ❡♥✈❡❧♦♣❛❞♦ ♣❡❧♦ ■♥t❡r♣♦❧❛❞♦r ●❛✉ss✐❛♥♦✳ ✳ ✳ ✳ ✳ ✾✶

✸✳✶✸ ❊①❡♠♣❧♦ ❞❡ ❡st✐♠❛çã♦ ❤❛r♠ô♥✐❝❛ ❝♦♠ ✽✱ ✶✻✱ ✷✹ ❡ ✸✷ ❜❛s❡s ✭◆✉tt❛❧❧✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✽

✸✳✶✹ ❋❛s❡ ❞❡ ❈❧✉st❡r✐③❛çã♦ ❞♦s ❞❛❞♦s ✭❈✮ ❡♠ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✷

✸✳✶✺ P♦s✐çõ❡s ❞♦ ♣r✐♠❡✐r♦ ❡ s❡❣✉♥❞♦ ❢♦r♠❛♥t❡s ✭❡♠ ❍❡rt③✮ ♣❛r❛ ❞✐✈❡rs❛s ✈♦❣❛✐s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✼

✸✳✶✻ ◗✉❛♥t✐③❛çã♦ ❞♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ❡♠ 9× 15 ❜❛♥❞❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✽

✸✳✶✼ ❉✐str✐❜✉✐çã♦ ❢♦r♠â♥t✐❝❛ ✭❡sq✮ ❡ s✉❛ ✈❡rsã♦ ♥♦r♠❛❧✐③❛❞❛ ✭❞✐r✮ ♣❛r❛ ❝❛❞❛ ✈♦❣❛❧ ❡s♣❛✲
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✸✳✶✾ ❊①❡♠♣❧♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ♣♦r ❞❡s✈✐♦ ♣❛❞rã♦ ❧❛t❡r❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✽

✸✳✷✵ ❋❛s❡ ❞❡ ▼❛♣❡❛♠❡♥t♦ ❞❡ ❈❧❛ss❡s ❋♦♥ét✐❝❛s ✭▼✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✾

✸✳✷✶ ▼❛♣❡❛♠❡♥t♦ ❡♥tr❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ✐♥❝♦♠♣❛tí✈❡✐s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✷

✸✳✷✷ ◆♦r♠❛❧✐③❛çã♦ ❞♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ♣❛r❛ ❢❛s❡ ❞❡ ❛❧✐♥❤❛♠❡♥t♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✸

✸✳✷✸ ❘❡❧❛çã♦ ❡①✐st❡♥t❡ ❡♥tr❡ ♦ ♣r♦❜❧❡♠❛ ❞♦ ♠❛♣❡❛♠❡♥t♦ ót✐♠♦ ❡ ♦ ❡♠♣❛r❡❧❤❛♠❡♥t♦ ♣❡r❢❡✐t♦✳✶✷✹

✸✳✷✹ ❖ ♠ét♦❞♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❛♣❧✐❝❛❞♦ ❛♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ s❡♥t❡♥ç❛s ♣❛r❛❧❡❧❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✻

✸✳✷✺ ❖ ♠ét♦❞♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❛♣❧✐❝❛❞♦ ❛♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ s❡♥t❡♥ç❛s ♣❛r❛❧❡❧❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✽

✸✳✷✻ ❉❡✜♥✐çã♦ ❞❛ ❢✉♥çã♦ ❞❡ ❚r❛♥s❢♦r♠❛çã♦ ✭❚✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✾

✸✳✷✼ ❈♦♥✈❡rsã♦ ❞❡ ✉♠ s❡❣♠❡♥t♦ ❞❡ ✈♦③ ✉s❛♥❞♦ ❛♣❡♥❛s ♣❛râ♠❡tr♦s ❣❧♦❜❛✐s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸✶
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✸✳✷✾ ❈♦♥✈❡rsã♦ ❧♦❝❛❧ ✉s❛♥❞♦ ❞❡❢♦r♠❛çã♦ ✭❡♠♣❡♥❛♠❡♥t♦✮ ❡♠ ❢r❡q✉ê♥❝✐❛ ♥♦r♠❛❧✐③❛❞❛✳ ✳ ✳ ✳ ✶✸✽

✹✳✶ ❉✐st♦rçõ❡s ❊s♣❡❝tr❛✐s ❡ ❚❛①❛s ❞❡ ❉❡s❝♦♥t✐♥✉✐❞❛❞❡ ❞♦ ❙✐♥❛❧ ❞❡ ❊♥tr❛❞❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹✺

✹✳✷ ❉✐s❝r✐♠✐♥❛♥t❡s ❞❡ ❋✐s❤❡r ❞♦s ❝♦❡✜❝✐❡♥t❡s ❡s♣❡❝tr❛✐s ❡ s✉❛s ✈❡rsõ❡s ❛❞❛♣t❛❞❛s à ❛❜♦r✲
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✹✳✸ Pr✐♥❝✐♣❛✐s r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ❞♦s ❝♦r♣✉s ♦r✐❣❡♠ ❵❊❙❴✼✺✬ ❡ ❞❡st✐♥♦ ❵❊❙❴✼✻✬✳ ✳ ✳ ✳ ✳ ✳ ✶✹✼
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✹✳✺ ❉❛❞♦s ❞❛ q✉❛rt❛ ❝♦❧✉♥❛ ❞❛ ❚❛❜❡❧❛ ✹✳✷ ❡①✐❜✐❞♦s ❡♠ ❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺✺

✹✳✻ ❚❛①❛ ❞❡ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ♠é❞✐❛ ❞❛ ❝♦♥✈❡rsã♦ ❡♥tr❡ ❝❛❞❛ ♣❛r ❞❡ ❝♦r♣♦r❛ ✐♥❞✐❝❛❞♦✳ ✳ ✶✺✼

✹✳✼ ❱✐s✉❛❧✐③❛çã♦ ❡s♣❡❝tr❛❧ ❞❛s s❡♥t❡♥ç❛s ♦r✐❣❡♠✱ ❞❡st✐♥♦ ❡ tr❛♥s❢♦r♠❛❞❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺✽

✹✳✽ ❱✐s✉❛❧✐③❛çã♦ ❞❛s t❛①❛s ❞❡ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ r❡❧❛❝✐♦♥❛♥❞♦ ❛s s❡♥t❡♥ç❛s ♦r✐❣❡♠✱ ❞❡s✲

t✐♥♦ ❡ tr❛♥s❢♦r♠❛❞❛ ❛❧✐♥❤❛❞❛s ♥♦ t❡♠♣♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺✾

❆✳✶ ❘❡s✉❧t❛❞♦ ♣❡r❝❡♣t✉❛❧ ❞♦s t❡st❡s ❞❡ ❝♦♥✜❣✉r❛çã♦ ❢ás✐❝❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✼✺
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▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✶✳✶ ❘❡❧❛çã♦ ❞❡ tr❛❜❛❧❤♦s ❡♠ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ tí♣✐❝❛✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦∗ ❡ ✐♥t❡r✲
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✷✳✶ ❖ ♣r✐♠❡✐r♦ ❡ ❛ s❡❣✉♥❞♦ ❢♦r♠❛♥t❡ ❞❛s ✈♦❣❛✐s ❝♦♠✉♥s ♥❛ ❧í♥❣✉❛ ♣♦rt✉❣✉❡s❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵

✷✳✷ ▲❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞♦ ❧ó❜✉❧♦ ❝❡♥tr❛❧ ❡ s❡❝✉♥❞ár✐♦s ❞❡ ❥❛♥❡❧❛s ❝❧áss✐❝❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✾
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①✈✐✐
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❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

❆ ❋❛❧❛ é ✉♠❛ ❢❡rr❛♠❡♥t❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ✐♥❡r❡♥t❡ ❛♦ s❡r ❤✉♠❛♥♦✳ ❊❧❛ ❝♦rr❡s♣♦♥❞❡ à ❝❛♣❛✲

❝✐❞❛❞❡ ❞❡ ❡♠✐t✐r s♦♥s ❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠ ♣❛❞rã♦✱ ❛ ✜♠ ❞❡ ♣❡r♠✐t✐r ✉♠❛ ❝♦♠✉♥✐❝❛çã♦ ❡✜❝✐❡♥t❡

❡♥tr❡ ✐♥❞✐✈í❞✉♦s ❞✐st✐♥t♦s✳ ❚❛❧ ♣❛❞rã♦✱ ❝♦♥❤❡❝✐❞♦ ❝♦♠ ❧í♥❣✉❛✱ ❞❡✈❡ s❡r ❝♦♠♣r❡❡♥❞✐❞♦ ♣♦r ❛♠❜❛s

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

sã♦ ♦r❣❛♥✐③❛❞♦s ❡♠ ❢♦♥❡♠❛s✳ ❊ss❡s ❢♦♥❡♠❛s sã♦ ✐♥✈❛r✐❛♥t❡s ❞❛ ❢❛❧❛✱ ✐st♦ é✱ sã♦ r❡❝♦♥❤❡❝í✈❡✐s ♣♦r

q✉❛❧q✉❡r ❢❛❧❛♥t❡ ❞❡ ✉♠❛ r❡s♣❡❝t✐✈❛ ❧í♥❣✉❛ ♥♦ ♠✉♥❞♦ ❡ sã♦ ❡ss❡♥❝✐❛✐s ♥❛ ❝♦♠♣♦s✐çã♦ ❞♦ ❝♦♥t❡ú❞♦

❞❛ ✐♥❢♦r♠❛çã♦ ❝♦♠✉♥✐❝❛❞❛✱ q✉❡ sã♦ ❛s s❡♥t❡♥ç❛s✳

❈♦♠ ❛ ❢❛❧❛✱ ♣♦❞❡♠♦s ❡①♣r❡ss❛r ♥ã♦ só s❡♥t❡♥ç❛s✱ ♠❛s t❛♠❜é♠ ❡♠♦çõ❡s✱ s❡♥s❛çõ❡s✱ ê♥❢❛s❡s ❡

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

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

♦✉ s✐♠♣❧❡s♠❡♥t❡ ✐❞❡♥t✐❞❛❞❡ ❞❛ ❢❛❧❛✱ é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s t❡♠♣♦r❛✐s ❡ ❡s♣❡❝tr❛✐s

✭t❛✐s ❝♦♠♦ ❝♦♥t❡ú❞♦ ❢♦r♠â♥t✐❝♦ ❡ ♣r♦só❞✐❛✮ s✉✜❝✐❡♥t❡s ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ❡ ❞✐st✐♥❣✉✐r ✉♠ ❢❛❧❛♥t❡

❞❡♥tr❡ ✈ár✐♦s ♦✉tr♦s✳ ❊st❡ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❝♦♥tr✐❜✉❡♠ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♣❛r❛

❝❛r❛❝t❡r✐③❛çã♦ ❞♦ t✐♠❜r❡ ❞❡ ✈♦③ ❞♦ ✐♥❞✐✈í❞✉♦✳

❈♦♠♦ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ❛ ❈♦♥✈❡rsã♦ ❞❡ ❱♦③ ❝♦rr❡s♣♦♥❞❡ ❡ss❡♥❝✐❛❧♠❡♥t❡ à

tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♣❛râ♠❡tr♦s ❝❛r❛❝t❡ríst✐❝♦s ❞❛ ✐❞❡♥t✐❞❛❞❡ ❞❛ ❢❛❧❛ ❞❡ ✉♠ ❢❛❧❛♥t❡ ♣❛r❛ ♦✉tr♦✳ ❆

❙❡çã♦ ✶✳✶ ✐♥tr♦❞✉③ ❛❧❣✉♥s ❝♦♥❝❡✐t♦s r❡❧❛❝✐♦♥❛❞♦s ❡ t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ❛♣r❡s❡♥t❛r ❝♦♥❝❡✐t♦s ❣❡r❛✐s s♦❜r❡

❝♦♥✈❡rsã♦ ❞❡ ✈♦③❀ ❛ ❙❡çã♦ ✶✳✷ s❡ ❞❡❞✐❝❛ ❛ ❛♣r❡s❡♥t❛r ✉♠❛ ✈✐sã♦ ❣❡r❛❧ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦

❞❡ ✈♦③ ❣❡♥ér✐❝♦❀ ✉♠❛ ❜r❡✈❡ ✈❛rr❡❞✉r❛ ❞❛ ❧✐t❡r❛t✉r❛ s♦❜r❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ é r❡❛❧✐③❛❞❛ ♥❛ ❙❡çã♦ ✶✳✸❀

❛ ♣❛rt✐r ❞♦s ♣r♦❜❧❡♠❛s ♦❜s❡r✈❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ✭❙❡çã♦ ✶✳✹✮✱ ❡st❡ ❝❛♣ít✉❧♦ s❡❣✉❡ ❛♣r❡s❡♥t❛♥❞♦ ♦s

♦❜❥❡t✐✈♦s ✭❙❡çã♦ ✶✳✺✮ ❞❛ t❡s❡✱ ❜❡♠ ❝♦♠♦ s✉❛s r❡s♣❡❝t✐✈❛s ❝♦♥tr✐❜✉✐çõ❡s ✭❙❡çã♦ ✶✳✻✮✳ ❋✐♥❛❧♠❡♥t❡✱

✉♠❛ ❛♣r❡s❡♥t❛çã♦ ❣❡r❛❧ ❞❡ ❝❛❞❛ ✉♠ ❞♦s ❞❡♠❛✐s ❝❛♣ít✉❧♦s ❞❡st❡ t❡①t♦ é r❡❛❧✐③❛❞❛ ♥❛ ❙❡çã♦ ✶✳✼✳

✶✳✶ ❈♦♥s✐❞❡r❛çõ❡s Pr❡❧✐♠✐♥❛r❡s

❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s✐st❡♠❛s ❝♦♠♣✉t❛❝✐♦♥❛✐s q✉❡ ♣r♦❝❡ss❛♠ ❛ ❢❛❧❛ ❞❡ ✈ár✐♦s ♠♦❞♦s é ✉♠

❞❡s❛✜♦ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡ ❞❡♥tr♦ ❞❛ ❞✐s❝✐♣❧✐♥❛ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❙✐♥❛✐s✳ P♦❞❡♠♦s ❞❡ ✉♠ ♠♦❞♦

❣❡r❛❧ ❞❡✜♥✐r ❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡♥tr❡ ❞♦✐s ✐♥❞✐✈í❞✉♦s ❝♦♠♦ ♦ ♣r♦❝❡ss♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞❛

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

♣r♦só❞✐❛ ❡♥tr❡ ♦s ❢❛❧❛♥t❡s ❡♥✈♦❧✈✐❞♦s✳

✶



✷ ■◆❚❘❖❉❯➬➹❖ ✶✳✶

✶✳✶✳✶ ■♥tr♦❞✉çã♦ à ❈♦♥✈❡rsã♦ ❞❡ ❱♦③

◆❛ ❧✐t❡r❛t✉r❛ ♦s t❡r♠♦s ❱♦✐❝❡ ❚r❛♥s❢♦r♠❛t✐♦♥✱ ❱♦✐❝❡ ❈♦♥✈❡rs✐♦♥ ❡ ❱♦✐❝❡ ▼♦r♣❤✐♥❣ ❛♣❛r❡❝❡♠

❢r❡q✉❡♥t❡♠❡♥t❡✱ ❡ ♥ã♦ ❞❡✈❡♠ ❞❡ ♠♦❞♦ ❛❧❣✉♠ s❡r ❝♦♥❢✉♥❞✐❞♦s✳ ❆ tr❛♥s❢♦r♠❛çã♦ ❞❛ ✈♦③ ✭✈♦✐❝❡ tr❛♥s✲

❢♦r♠❛t✐♦♥✮ ❡♥❣❧♦❜❛ t♦❞❛s ❛s t❛r❡❢❛s ❡ ♠ét♦❞♦s q✉❡ ♠♦❞✐✜❝❛♠ q✉❛❧q✉❡r ✉♠ ❞♦s ♣❛râ♠❡tr♦s ❞❛ ❢❛❧❛❀

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

♣❛rt✐❝✉❧❛r✱ ❛s ♠❛♥✐♣✉❧❛çõ❡s ❡s♣❡❝í✜❝❛s ❞❡♥♦♠✐♥❛❞❛s ✈♦✐❝❡ ♠♦r♣❤✐♥❣ ❡ ✈♦✐❝❡ ❝♦♥✈❡rs✐♦♥ sã♦ ♠ét♦❞♦s

❞❡ tr❛♥s❢♦r♠❛çã♦ ❞❡ ✈♦③✳

❱♦✐❝❡ ▼♦r♣❤✐♥❣ é ✉♠ t❡r♠♦ ♣r♦✈❡♥✐❡♥t❡ ❞❛ ❞✐s❝✐♣❧✐♥❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s✱ ❡ é ✉♠ ❝❛s♦

❡s♣❡❝✐❛❧ ❞❛ tr❛♥s❢♦r♠❛çã♦ ❞❡ ✈♦③ ♦♥❞❡ ❞✉❛s ✈♦③❡s sã♦ ♠❡s❝❧❛❞❛s ❝r✐❛♥❞♦ ✉♠❛ t❡r❝❡✐r❛ ✈♦③ ✭✈✐rt✉❛❧✮✱

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

❱♦✐❝❡ ❈♦♥✈❡rs✐♦♥ s❡ r❡❢❡r❡ ❛♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s q✉❡ tr❛♥s❢♦r♠❛♠

s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s ♣♦r ✉♠ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ✭♥♦ ■♥❣❧ês✱ s♦✉r❝❡ s♣❡❛❦❡r✮ ❡♠ s❡♥t❡♥ç❛s q✉❡ ♣❛r❡ç❛♠

t❡r❡♠ s✐❞♦s ♣r♦♥✉♥❝✐❛❞❛s ♣♦r ✉♠ ❢❛❧❛♥t❡ ❞❡st✐♥♦ ✭♥♦ ✐♥❣❧ês✱ t❛r❣❡t s♣❡❛❦❡r✮✱ ❝♦♥❢♦r♠❡ ❛ ❢♦r♠✉❧❛çã♦

♦r✐❣✐♥❛❧ ❞♦ ♣r♦❜❧❡♠❛ ♣r♦♣♦st❛ ❡♠ ✶✾✽✺ ♣♦r ❈❤✐❧❞❡rs ❡ ❝♦✲❛✉t♦r❡s ❬✸✸❪✳

❖ q✉❡ ❞✐❢❡r❡♥❝✐❛ s✉❜st❛♥❝✐❛❧♠❡♥t❡ ❡ss❡s ❞♦✐s ♣r♦❝❡ss♦s é ♦ ❢❛t♦ ❞❡ q✉❡ ❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✭❞♦

✐♥❣❧ês✱ ✈♦✐❝❡ ❝♦♥✈❡rs✐♦♥✮ é ✉♠ ♠ét♦❞♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ✭t✐♠❜r❡ ❡ ♣r♦só❞✐❛✮

❞❡ ✉♠ ❢❛❧❛♥t❡ ♣❛r❛ ♦✉tr♦✱ ❡♥q✉❛♥t♦ q✉❡ ♦ ✈♦✐❝❡ ♠♦r♣❤✐♥❣ ♣r♦❞✉③ ✉♠❛ s❡♥t❡♥ç❛ ❞❡ ❢❛❧❛ ❝♦rr❡s✲

♣♦♥❞❡♥t❡ à ♠✐st✉r❛ ❞❛s ✐❞❡♥t✐❞❛❞❡s s♦♥♦r❛s ❞❡ ❞♦✐s ❢❛❧❛♥t❡s✳ ❊①❡♠♣❧♦s ♣♦♣✉❧❛r❡s ❞❡st❛s té❝♥✐❝❛s

♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ❡♠ ✜❧♠❡s ❝♦♠♦ ✏❋❛r✐♥❡❧❧✐✑ ✭♦♥❞❡ ✉♠ s♦♣r❛♥♦ ❡ ✉♠ ❝♦♥tr❛t❡♥♦r sã♦ ❝♦♠✲

❜✐♥❛❞♦s ♣♦r ♠♦r♣❤✐♥❣ ❛ ✜♠ ❞❡ s❡ ♦❜t❡r ✉♠❛ ✈♦③ ❡q✉✐✈❛❧❡♥t❡ à ❞❡ ✉♠ ❝❛str❛tt♦✮ ♦✉ ✏❆❧✈✐♥ ❡ ♦s

❊sq✉✐❧♦s✑ ✭♦♥❞❡ ❛s ✈♦③❡s ❞♦s ❛t♦r❡s sã♦ ♠♦❞✉❧❛❞❛s ❡♠ ❢r❡q✉ê♥❝✐❛ ❡ tê♠ s❡✉s ❢♦r♠❛♥t❡s ❛❧t❡r❛❞♦s✱

s✉❣❡r✐♥❞♦ ❢❛♥t❛s✐♦s❛♠❡♥t❡ ❛ ✐♠✐t❛çã♦ ❞❡ ✈♦③❡s ❞❡ ❡sq✉✐❧♦s✮✳

❖ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦ ❞❡ ✉♠ ❙✐st❡♠❛ ❞❡ ❈♦♥✈❡rsã♦ ❞❡ ❱♦③ ✭❙❈❱✮ é ♣♦rt❛♥t♦ ♠♦❞✐✜❝❛r ❛ ✈♦③

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

♣❡❧❛ ✈♦③ ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦✳ ❖ ❢❛❧❛♥t❡ ♦r✐❣❡♠✱ ❞❡♥♦♠✐♥❛❞♦ s✐♠♣❧❡s♠❡♥t❡ ♦r✐❣❡♠✱ ❝♦rr❡s♣♦♥❞❡ ❛♦

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

❛♦ ❧♦❝✉t♦r r❡❢❡r❡♥❝✐❛❧ ❛ q✉❡♠ s❡ ❞❡s❡❥❛ r❡❧❛❝✐♦♥❛r ❛ ✈♦③ r❡s✉❧t❛♥t❡ ❞❛ tr❛♥s❢♦r♠❛çã♦✳

❯♠ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❧❡✈❛ ❡♠ ❝♦♥t❛ ♦ t✐♠❜r❡ ❡ ❛ ♣r♦só❞✐❛ ❞♦s ❢❛❧❛♥t❡s ♦r✐❣❡♠ ❡

❞❡st✐♥♦✳ ❊♥q✉❛♥t♦ ♦ t✐♠❜r❡ ❡ ❛ ♣r♦só❞✐❛ sã♦ ❛s♣❡❝t♦s ❢❛❝✐❧♠❡♥t❡ r❡❝♦♥❤❡❝í✈❡✐s ❡ ❞❡ ❞✐❢í❝✐❧ ❞❡✜♥✐çã♦

❡♠ t❡r♠♦s ❣❡r❛✐s✱ ♥✉♠ ❝♦♥t❡①t♦ ❡s♣❡❝í✜❝♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ t✐♠❜r❡ sã♦

✉s✉❛❧♠❡♥t❡ ❛ss♦❝✐❛❞❛s ❝♦♠ ❛ ❡♥✈♦❧tór✐❛ ❡s♣❡❝tr❛❧ ❞✐♥â♠✐❝❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❡♥q✉❛♥t♦ ❛ ♣r♦só❞✐❛

❡stá ❛ss♦❝✐❛❞❛ ❛♦s ❝♦♥t♦r♥♦s ♠❡❧ó❞✐❝♦s ❡ ❞❡ ❡♥❡r❣✐❛✱ ❜❡♠ ❝♦♠♦ à ❞✐str✐❜✉✐çã♦ rít♠✐❝❛ ❞♦s ❢♦♥❡♠❛s✳

❚✐♣♦s ❞❡ ❈♦♥✈❡rsã♦

❆ ✜♠ ❞❡ ❞❡✜♥✐r ❛s tr❛♥s❢♦r♠❛çõ❡s r❡❧❛❝✐♦♥❛❞❛s ❛♦ t✐♠❜r❡ ❡ ♣r♦só❞✐❛✱ ♦s s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡

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

❞❡ t❡①t♦✳ ◆♦ ♣r✐♠❡✐r♦ ❝❛s♦✱ t❛♥t♦ ♦ ♦r✐❣❡♠ q✉❛♥t♦ ♦ ❞❡st✐♥♦ ❣r❛✈❛♠ ❛s ♠❡s♠❛s s❡♥t❡♥ç❛s✱ q✉❡ sã♦

❡♥tã♦ ❛❧✐♥❤❛❞❛s ♥♦ t❡♠♣♦ ✭✉s❛♥❞♦ ♣♦r ❡①❡♠♣❧♦ ♦ ❛❧❣♦r✐t♠♦ ❉②♥❛♠✐❝ ❚✐♠❡ ❲❛r♣✐♥❣ ✭❉❚❲✮ ❬✶✺❀

✹✺❀ ✻✵❪✮✱ ❡ ♣♦st❡r✐♦r♠❡♥t❡ tê♠ s✉❛s ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ♠❛♣❡❛❞❛s ❞❡ ♠♦❞♦ sí♥❝r♦♥♦✳

◆❛ ❛❜♦r❞❛❣❡♠ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦ ❬✹✽❪✱ ❛s s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s ♣❡❧♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ♥ã♦

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

s❡❣♠❡♥t❛❞❛s ❡♠ tr❡❝❤♦s ❞❡ ✈♦③ ✭❢r❛♠❡s✮ q✉❡ sã♦ ♠❛♣❡❛❞♦s ❡♠ ✉♠ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡ ❛❣r✉✲
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♣❛❞♦s ❡♠ ❝♦♥❥✉♥t♦s ❞❡ s❡❣♠❡♥t♦s s✐♠✐❧❛r❡s✱ ❞❡♥♦♠✐♥❛❞♦s ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s✱ q✉❡ ♣♦❞❡♠ ♦✉

♥ã♦ ❝♦✐♥❝✐❞✐r ❝♦♠ ❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❝♦♥✈❡♥❝✐♦♥❛✐s ❞❛ r❡s♣❡❝t✐✈❛ ❧í♥❣✉❛✳ ❖s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s

❞❛s s❡♥t❡♥ç❛s ❞♦ ♦r✐❣❡♠ sã♦ ❡♥tã♦ ♠❛♣❡❛❞♦s ♣❛r❛ ❝❛❞❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ s✐♠✐❧❛r✐❞❛❞❡

❡♥tr❡ s❡❣♠❡♥t♦s ❞♦ ♦r✐❣❡♠ ❡ ❞♦ ❞❡st✐♥♦✳

❯♠ ♦✉tr♦ ❛s♣❡❝t♦ ❞✐st✐♥t♦ ❡♠ s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡stá r❡❧❛❝✐♦♥❛❞♦ ❛♦ ❝♦♥t❡ú❞♦ ❢♦♥ét✐❝♦

❞❛s ❧í♥❣✉❛s ✉t✐❧✐③❛❞❛s ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ ♥❛ ❢❛s❡ ❞❡ ❝♦♥✈❡rsã♦ ♣r♦♣r✐❛♠❡♥t❡ ❞✐t❛✳ ◆❛ ❝♦♥✈❡rsã♦

❡♥tr❡ ❢❛❧❛♥t❡s ❞❡ ✉♠❛ ♠❡s♠❛ ❧í♥❣✉❛ ❬✷✾✵❪✱ t❛♥t♦ ♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ q✉❛♥t♦ ♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦ sã♦ ✢✉❡♥t❡s

♥✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❧í♥❣✉❛ L✱ ❡ t❛♥t♦ ♦ tr❡✐♥❛♠❡♥t♦ q✉❛♥t♦ ❛ tr❛♥s❢♦r♠❛çã♦ sã♦ r❡❛❧✐③❛❞♦s ♥❡st❛

♠❡s♠❛ ❧í♥❣✉❛✳ ◆❛ ❋✐❣✉r❛ ✶✳✶✱ ❡st❡ ❝❛s♦ ❡①✐❣❡ q✉❡ t♦❞❛s ❛s s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s ♣❡❧♦s ❢❛❧❛♥t❡s

♣❡rt❡♥ç❛♠ à ♠❡s♠❛ ❧í♥❣✉❛✱ ♦✉ s❡❥❛✱ S0✱ T0✱ Sf ❡ Tf sã♦ ♣r♦♥✉♥❝✐❛❞❛s ♥❛ ❧í♥❣✉❛ L✳ ◆❡st❡ ❝❛s♦✱

♣♦❞❡✲s❡ ♦♣t❛r ♣♦r r❡❛❧✐③❛r t❛♥t♦ ✉♠ tr❡✐♥❛♠❡♥t♦ ❞❡♣❡♥❞❡♥t❡ q✉❛♥t♦ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦✳

❋✐❣✉r❛ ✶✳✶✿ ❈♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡♥tr❡ ❢❛❧❛♥t❡s q✉❛✐sq✉❡r✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ ✭❞♦ ✐♥❣❧ês ❈r♦ss✲❧✐♥❣✉❛❧ ❱♦✐❝❡ ❈♦♥✈❡r✲

s✐♦♥ ❬✹✾❀ ✷✹✼❀ ✷✼✹❪✮ ♣r❡ss✉♣õ❡ q✉❡ ♦s s✉❥❡✐t♦s ♦r✐❣❡♠ ❡ ❞❡st✐♥♦ ❢❛❧❛♠ ❧í♥❣✉❛s ❞✐❢❡r❡♥t❡s ✭L0 ❡ Lf ✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✮✱ ❡ ✉♠❛ s❡♥t❡♥ç❛ ✭♥❛ ❧í♥❣✉❛ L0✮ ♣r♦♥✉♥❝✐❛❞❛ ♣❡❧♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ❛♣ós ❛ ❝♦♥✈❡rsã♦

❞❡✈❡r✐❛ s♦❛r ❝♦♠♦ ❛ ♠❡s♠❛ s❡♥t❡♥ç❛ ♥❛ ❧í♥❣✉❛ L0✱ ♣♦ré♠ ❝♦♠ ❛ ✐❞❡♥t✐❞❛❞❡ ✈♦❝❛❧ ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦

✭q✉❡ ❡♠ ❣❡r❛❧ ♥ã♦ ❢❛❧❛ ❛ ❧í♥❣✉❛ L0✮✳ ➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r ♦ ❢❛t♦ ❞❡ q✉❡ ♥❡♥❤✉♠ t✐♣♦ ❞❡ ♣r♦❝❡s✲

s❛♠❡♥t♦ s✐♠❜ó❧✐❝♦✲t❡①t✉❛❧ ✭❝♦♠♦ ❛ tr❛❞✉çã♦ ❡♥tr❡ Lf ❡ L0✮ é ♣r❡ss✉♣♦st♦ ♥❡st❡ t✐♣♦ ❝♦♥✈❡rsã♦✳

❆ ❋✐❣✉r❛ ✶✳✶ ❝♦♥t❡♠♣❧❛ t❛♠❜é♠ ❛ s✐t✉❛çã♦ ❡s♣❡❝✐❛❧ ❞❡ ❢❛❧❛♥t❡s ❜✐❧í♥❣✉❡s✳ ❙❡ ♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠

é ✢✉❡♥t❡ t❛♥t♦ ❡♠ s✉❛ ❧í♥❣✉❛ L0 ✭♦♥❞❡ ♣r♦❞✉③ s❡♥t❡♥ç❛s S0✮ q✉❛♥t♦ ♥❛ ❧í♥❣✉❛ Lf ✱ s❡✉ ♠❛♣❛

❢♦♥ét✐❝♦ ♣♦❞❡ s❡r✈✐r ❞❡ ♣♦♥t❡ ♥❛ tr❛♥s❢♦r♠❛çã♦ ❡♥tr❡ s✉❛s ❝❛r❛❝t❡ríst✐❝❛s ❢♦♥ét✐❝❛s ♥❛ ❧í♥❣✉❛ L0

♦r✐❣✐♥❛❧ ❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❢♦♥ét✐❝❛s ❞♦ ❞❡st✐♥♦ ♥❛ ❧í♥❣✉❛ Lf ✳ ❙❡✱ ♣♦r ♦✉tr♦ ❧❛❞♦✱ ♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦

é ✢✉❡♥t❡ ♥❛s ❞✉❛s ❧í♥❣✉❛s✱ ❡❧❡ ♣♦❞❡r✐❛ ❡♠ ♣r✐♥❝í♣✐♦ r❡❣✐str❛r ❛s ♠❡s♠❛s ❢r❛s❡s ✭❡♠ L0✮ ✉s❛❞❛s

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

♣❛r❛ ❡①tr❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✱ ♥✉♠❛ ❛❜♦r❞❛❣❡♠ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲

❧✐♥❣✉íst✐❝❛ ❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦✳

❊♥tr❡t❛♥t♦✱ ♦ q✉❡ ♦❝♦rr❡ é q✉❡ ♠✉✐t❛s ✈❡③❡s ❛ ✢✉ê♥❝✐❛ ❞♦s ❢❛❧❛♥t❡s ♥❛ s❡❣✉♥❞❛ ❧í♥❣✉❛ ♥ã♦ é

tã♦ ❜♦❛ q✉❛♥t♦ s❡ ❡s♣❡r❛ ❛ ✜♠ ❞❡ s❡ ♦❜t❡r ✉♠❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❞❡ ❛❧t❛ q✉❛❧✐❞❛❞❡✳ ❊s♣❡r❛✲s❡

❞❡st❛ ❢♦r♠❛✱ ❡①❡❝✉t❛r ✉♠❛ ❝♦♥✈❡rsã♦ ❣❡♥✉í♥❛✱ ♦♥❞❡ ❝❛❞❛ ❢❛❧❛♥t❡ ♣r♦♥✉♥❝✐❛ ❛♣❡♥❛s s❡♥t❡♥ç❛s ❡♠

s✉❛ ❧í♥❣✉❛ ♦r✐❣✐♥❛❧✳ ◆❡st❡ ❝❛s♦✱ ♦ ♣r♦❜❧❡♠❛ t♦r♥❛✲s❡ ♠❛✐s ❝♦♠♣❧❡①♦✱ ♣♦✐s ♦ tr❡✐♥❛♠❡♥t♦ t♦r♥❛✲s❡

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

❧í♥❣✉❛s ❞✐st✐♥t❛s ❬✷✹✶❪✳ ◆❡st❡ ❝❛s♦✱ ♥❛ ❋✐❣✉r❛ ✶✳✶ ❛s s❡♥t❡♥ç❛s S0✱ Sf ❡ Tf ♣❡rt❡♥❝❡♠ à ❧í♥❣✉❛ L0✱
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❡♥q✉❛♥t♦ s♦♠❡♥t❡ ❛s s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s ♣❡❧♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦ ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦ ✭✐st♦ é✱

T0✮ ♣❡rt❡♥❝❡♠ à ❧í♥❣✉❛ Lf ✳ ❚❛❧ ❛❜♦r❞❛❣❡♠ é ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛

✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦ ❬✷✹✸❀ ✷✹✹❪✱ ❡ ❝♦rr❡s♣♦♥❞❡ ❛♦ ❢♦❝♦ ❞❡st❡ tr❛❜❛❧❤♦✳

✶✳✶✳✷ ▼♦t✐✈❛çã♦

❖ ❝✐♥❡♠❛ é ✉♠ r❛♠♦ ❞♦ ♠❡r❝❛❞♦ ❞❡ ❡♥tr❡t❡♥✐♠❡♥t♦ q✉❡ ♠♦✈✐♠❡♥t❛ ❜✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s t♦❞♦

❛♥♦✳ ❊①✐st❡ ✉♠ ♠♦✈✐♠❡♥t♦ ❞❡ ❞❡♠♦❝r❛t✐③❛çã♦ ♥❛ ♣r♦❞✉çã♦ ❝✐♥❡♠❛t♦❣rá✜❝❛✱ q✉❡ ✐♥❝❡♥t✐✈❛ ❛ ❧❛♥ç❛r

✜❧♠❡s ♥♦ ♠❡r❝❛❞♦ ❞❡ ♣r♦❞✉t♦r❛s ✐♥❞❡♣❡♥❞❡♥t❡s ❞❡ ❞✐✈❡rs❛s ♥❛❝✐♦♥❛❧✐❞❛❞❡s✳ ❈♦♠ ✐ss♦✱ ♦ ❝r❡s❝❡♥t❡

❧❛♥ç❛♠❡♥t♦ ❞❡ ✜❧♠❡s ❡str❛♥❣❡✐r♦s é ✐♥❡✈✐tá✈❡❧✳ P❛r❛ ❛ ❡✜❝✐❡♥t❡ ❞✐str✐❜✉✐çã♦ ❞❡st❛s ♣r♦❞✉çõ❡s ❡♠

✉♠ ♠❡r❝❛❞♦ ♠❛✐s ❛♠♣❧♦ s❡r✐❛ ♠✉✐t♦ ✐♥t❡r❡ss❛♥t❡ s❡ ♣✉❞éss❡♠♦s ♦✉✈✐r ❛s ♥❛rr❛t✐✈❛s ❞♦ ✜❧♠❡ ❡♠

❞✐✈❡rs♦s ✐❞✐♦♠❛s✳

❆t✉❛❧♠❡♥t❡✱ ❛ ♦❢❡rt❛ ❞❡ ❞✉❜❧❛❞♦r❡s ♥ã♦ é s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡ ♣❛r❛ ❝♦❜r✐r ❛ ✈❛r✐❡❞❛❞❡ ❞❡

❛t♦r❡s ❞♦s ♠✉✐t♦s ✜❧♠❡s ❡①✐st❡♥t❡s ♥♦ ♠❡r❝❛❞♦✳ ❋❛t❛❧♠❡♥t❡✱ ❞❡❝♦rr❡ ❞❡st❛ ❢❛❧t❛ ❞❡ ❝♦❜❡rt✉r❛ ❛

❛❧♦❝❛çã♦ ❞❡ ✉♠❛ ♠❡s♠❛ ✈♦③ ♣❛r❛ ✈ár✐♦s ❛t♦r❡s ❞✐st✐♥t♦s✳ ❆❧é♠ ❞✐ss♦✱ ❝♦rr❡✲s❡ ♦ r✐s❝♦ ❞❡ ✉♠ ❞✉❜❧❛❞♦r

♣♦ss✉✐r ✉♠❛ ❜♦❛ ✐♥t❡r♣r❡t❛çã♦ ✈♦❝❛❧✱ ♣♦ré♠✱ ❝♦♠ ✉♠ t✐♠❜r❡ ❞❡ ✈♦③ ♠✉✐t♦ ❞✐st❛♥t❡ ❞♦ ♦r✐❣✐♥❛❧✳ ➱

ó❜✈✐♦ q✉❡ ❛ q✉❛❧✐❞❛❞❡ ❞♦ s♦♠ ✐♥✢✉❡♥❝✐❛ ❞✐r❡t❛♠❡♥t❡ ♥❛ q✉❛❧✐❞❛❞❡ ❞♦ ✜❧♠❡❀ ❛ss✐♠✱ ✉♠❛ ♣éss✐♠❛

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

❞❡ ❜♦❛ q✉❛❧✐❞❛❞❡✳ ◆❡st❡ ❝♦♥t❡①t♦✱ ♦ ✉s♦ ❞❡ ✉♠ s♦❢t✇❛r❡ q✉❡ tr❛♥s❢❡r❡ ❛ ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛ ❞♦ ❛t♦r

♣❛r❛ ♦ ❞✉❜❧❛❞♦r s❡r✐❛ ❞❡ ❣r❛♥❞❡ ✐♥t❡r❡ss❡✳ ◆❡st❡ ❝❛s♦✱ s❡r✐❛ ♥❡❝❡ssár✐♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠

s✐st❡♠❛ q✉❡ ❛❞❛♣t❛ss❡ ✉♠❛ ❞✉❜❧❛❣❡♠ s✉❜st✐t✉✐♥❞♦ ♦ t✐♠❜r❡ ❞❡ ✈♦③ ❞❡ ✉♠ ❞✉❜❧❛❞♦r q✉❛❧q✉❡r ♣♦r

♦✉tr♦ t✐♠❜r❡ ♦ ♠❛✐s ♣ró①✐♠♦ q✉❛♥t♦ ♣♦ssí✈❡❧ ❞♦ t✐♠❜r❡ ❞❡ ✈♦③ ❞♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛t♦r ♦r✐❣✐♥❛❧✳

✶✳✶✳✸ ❆♣❧✐❝❛çõ❡s

❖ ✐♥t❡r❡ss❡ ❡♠ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ é ♠✉✐t♦ ❣r❛♥❞❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦ r❛♠♦

❝♦♠❡r❝✐❛❧✳ ❙❡❣✉❡♠ ❛❧❣✉♠❛s ❛♣❧✐❝❛çõ❡s ♣❛r❛ ♦ ✉s♦ ❞❡ s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✳

❊❞✐çã♦ ●❡r❛❧ ❞❡ ❱♦③ ❝♦♠ ❈❛rát❡r ■♠✐t❛t✐✈♦

❊♠ ♣r♦❣r❛♠❛s ❞❡ ❝♦♠é❞✐❛✱ é s✉r♣r❡❡♥❞❡♥t❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❧❣✉♠❛s ♣❡ss♦❛s ❡♠ ✐♠✐t❛r ✈♦③❡s

❞❡ ♦✉tr❛s ♣❡ss♦❛s✳ ❆ss✐♠✐❧❛r ❛ ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛ ❡ r❡♣r♦❞✉③✐r s❡♥t❡♥ç❛s ❞❡ ✈♦③ ❞❡ ♦✉tr♦ ✐♥❞✐✈í❞✉♦

s❡r✐❛ út✐❧✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ ❛♣❧✐❝❛çõ❡s ♥♦ r❛♠♦ ❛rtíst✐❝♦✳ ❉❡♥tr❡ ❡st❛s ❛♣❧✐❝❛çõ❡s s❡ ❞❡st❛❝❛♠✿

• P❡rs♦♥✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s ✐♥t❡r❛t✐✈♦s ❞❡ sí♥t❡s❡ ❞❡ ❢❛❧❛ ❛ ♣❛rt✐r ❞♦ t❡①t♦✱ ♦s ❝❤❛♠❛❞♦s s✐st❡✲

♠❛s ❚❚❙ ✭❞♦ ✐♥❣❧ês✱ ❚❡①t✲❚♦✲❙♣❡❡❝❤✮✿ ❉❡s❡♥✈♦❧✈❡r ✉♠ s✐st❡♠❛ ❚❚❙ q✉❡ é ❝❛♣❛③ ❞❡ ♣r♦♥✉♥❝✐❛r

s❡♥t❡♥ç❛s ❝♦♠ ✈♦③❡s ❞❡ ♣❡ss♦❛s r❡❛✐s✳ ❘❡❝❡♥t❡♠❡♥t❡✱ ❉✉①❛♥s ❬✹✻❪ ❡ ❑❛✐♥ ❬✶✵✼❀ ✶✵✽❪ ❞❡s❡♥✈♦❧✲

✈❡r❛♠ ✉♠ tr❛❜❛❧❤♦ s♦❜r❡ ❛ ♣❡rs♦♥✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s ❚❚❙ ✐♥t❡r❛t✐✈♦s❀

• ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❦❛r❛♦❦ê ♥♦ q✉❛❧ ❛ ✈♦③ ❞♦ ❝❛♥t♦r ❛♠❛❞♦r s❡ ❝♦♥✈❡rt❡ ♥❛

✈♦③ ❞♦ ❝❛♥t♦r ♦r✐❣✐♥❛❧ ❬✸✵✹❪❀

• ❘❡♣r♦❞✉çã♦ ❞❡ ✈♦③❡s ❞❡ ♣❡ss♦❛s q✉❡ ❥á ❢❛❧❡❝❡r❛♠✱ ♣❡r♠✐t✐♥❞♦ ❛ r❡❝r✐❛çã♦ ❞❡ ❝❡♥❛s ❛ ♣❛rt✐r ❞❛

✈♦③ ❞❡ ✉♠❛ ♦✉tr❛ ♣❡ss♦❛ q✉❛❧q✉❡r ❬✷✼✼❀ ✷✽✽❪✳

❉❡♥tr❡ ♦s s✐st❡♠❛s ❚❚❙✱ ❞❡st❛❝❛✲s❡ ♦ s✐st❡♠❛ ❋❊❙❚■❱❆▲✱ q✉❡ ♣r♦♣õ❡ ❛ sí♥t❡s❡ ❞❡ ✈♦③ ❛ ♣❛rt✐r

❞❡ t❡①t♦s ❞❡ ✈ár✐❛s ❧í♥❣✉❛s✱ ♣r♦❞✉③✐♥❞♦ s❡♥t❡♥ç❛s ❡♠ t❡♠♣♦ r❡❛❧ q✉❡ s♦❛♠ ❝♦♠ ♠✉✐t❛ ♥❛t✉r❛❧✐❞❛❞❡



✶✳✷ ❱■❙➹❖ ●❊❘❆▲ ❉❊ ❯▼ ❙■❙❚❊▼❆ ❉❊ ❈❖◆❱❊❘❙➹❖ ❚❮P■❈❖ ✺

❬✶✾❀ ✷✵❀ ✷✻✹❪✳ ❆♣❧✐❝❛r ✉♠❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡♠ s✐st❡♠❛s ❚❚❙ ❝♦♠♦ ❡st❡ ❛✉♠❡♥t❛r✐❛ s❡✉ ✐♥t❡r❡ss❡

❝♦♠❡r❝✐❛❧✱ ✉♠❛ ✈❡③ q✉❡ ♣♦❞❡rí❛♠♦s ♣❡rs♦♥❛❧✐③❛r t❛✐s s✐st❡♠❛s ❛ ♣❛rt✐r ❞❡ ❛♠♦str❛s ❞❡ ✈♦③❡s ❞❡

♣❡ss♦❛s r❡❛✐s✳

❆♣❧✐❝❛çõ❡s ❡♠ ▼✉❧t✐♠í❞✐❛

❖s s✐st❡♠❛s ❞❡ ♣❡rs♦♥❛❧✐③❛çã♦ ❞❡ ✈♦③ t❛♠❜é♠ s❡r✐❛♠ út❡✐s ❡♠ s✐st❡♠❛s ✐♥t❡r❛t✐✈♦s✱ t❛✐s ❝♦♠♦✿

• ❋❡rr❛♠❡♥t❛s ❡❞✉❝❛❝✐♦♥❛✐s ♣❛r❛ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ❧í♥❣✉❛ ❡str❛♥❣❡✐r❛✱ q✉❡ ♣r♦♣✐❝✐❡♠ ❛ ❞❡♠♦♥s✲

tr❛çã♦ ❞❡ ❝♦♠♦ s❡r✐❛ s❡ ♦ ♣ró♣r✐♦ ❛❧✉♥♦ ❡st✐✈❡ss❡ ♣r♦♥✉♥❝✐❛❞♦ ✉♠❛ s❡♥t❡♥ç❛ ❡♠ ✉♠ ✐❞✐♦♠❛

q✉❡ ❡❧❡ ❛✐♥❞❛ ♥ã♦ ❢❛❧❛ ❬✶✽✹❪❀

• ■♥tér♣r❡t❡s ✈✐rt✉❛✐s ♣❡rs♦♥❛❧✐③❛❞♦s✱ ❝❛♣❛③❡s ❞❡ s✐♠✉❧t❛♥❡❛♠❡♥t❡ tr❛❞✉③✐r ✉♠❛ s❡♥t❡♥ç❛ ♣r♦✲

♥✉♥❝✐❛❞❛ ❞❡ ✉♠❛ ❧í♥❣✉❛ ♣❛r❛ ♦✉tr❛✱ ♠❛♥t❡♥❞♦ ♦ t✐♠❜r❡ ❞❡ ✈♦③ ❞♦ ❢❛❧❛♥t❡ ♦r✐❣✐♥❛❧ ❬✷✹✼❪✳

❖s ❙✐st❡♠❛s ■♥tér♣r❡t❡s ❱✐rt✉❛✐s P❡rs♦♥❛❧✐③❛❞♦s ❡♠ ❣❡r❛❧ ✉t✐❧✐③❛♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ s✐st❡♠❛s

r❡s♣♦♥sá✈❡✐s ♣❡❧♦ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ tr❛❞✉çã♦ ❡ sí♥t❡s❡ ❞❛ ❢❛❧❛✳ ❖ ❝❛♠♣♦ ♥❛ ❝♦♠♣✉t❛çã♦ q✉❡

r❡❛❧✐③❛ ♣❡sq✉✐s❛s s♦❜r❡ s✐st❡♠❛s ❞❡ tr❛❞✉çã♦ ❡♥tr❡ ❧í♥❣✉❛s ❞✐st✐♥t❛s é ❝❤❛♠❛❞♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦

❞❡ ▲✐♥❣✉❛❣❡♠ ◆❛t✉r❛❧✳ ❘❡❝❡♥t❡♠❡♥t❡✱ ❛❧❣✉♥s ♣r♦❥❡t♦s ❝♦♥tr✐❜✉ír❛♠ ♣❛r❛ ♦ ❛✈❛♥ç♦ ❞❡st❡s t❡♠❛s✿ ♦

♣r♦❥❡t♦ ❱❡r❜♠♦❜✐❧ ❬✶✶✹❪ t❡✈❡ ❝♦♠♦ ♦❜❥❡t✐✈♦ r❡❛❧✐③❛r ❛ tr❛❞✉çã♦ ❡♠ t❡♠♣♦ r❡❛❧ ❡♥tr❡ ♦s ✐❞✐♦♠❛s

❆❧❡♠ã♦✴■♥❣❧ês ❡ ❆❧❡♠ã♦✴❏❛♣♦♥ês✶ ♣♦r ✉♠ ✐♥tér♣r❡t❡ ✈✐rt✉❛❧ ❡♠ t❡❧❡❢♦♥✐❛ ♠ó✈❡❧❀ t❛♠❜é♠ ❞❡st❛❝❛✲

s❡ ♦ ♣r♦❥❡t♦ ❚❈✲❙❚❆❘ ❬✷✸❀ ✷✹✷❪ ✭❤tt♣✿✴✴t❝✲st❛r✳♦r❣✮✱ ♦ q✉❛❧ ✈✐❛❜✐❧✐③♦✉ r❡s✉❧t❛❞♦s ❝♦♥t✉♥❞❡♥t❡s

❡♠ s✐st❡♠❛s ❞❡ tr❛❞✉çã♦ s✐♠✉❧tâ♥❡❛ ✭❙♣❡❡❝❤✲t♦✲❙♣❡❡❝❤ ❚r❛♥s❧❛t✐♦♥ ✕ ❙❙❚ ✮ ❡♥tr❡ ❞✐✈❡rs❛s ❧í♥❣✉❛s✳

❱ár✐♦s ♦✉tr♦s tr❛❜❛❧❤♦s ❬✹✼❀ ✹✽❀ ✹✾❀ ✺✵❀ ✶✼✺❀ ✶✼✻❀ ✷✸✸❀ ✷✸✹❀ ✷✹✹❪ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ❞❡♥tr♦ ❞♦

♣r♦❥❡t♦ ❚❈✲❙❚❆❘ ❡♠ ♣❛r❝❡r✐❛ ❝♦♠ ❛ ❡♠♣r❡s❛ ■❇▼✳

❖✉tr❛s ❆♣❧✐❝❛çõ❡s

P♦r ✜♠✱ ❡①✐st❡♠ ❛✐♥❞❛ ♦✉tr❛s ❛♣❧✐❝❛çõ❡s ❝♦♠♦✿

• ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s✐st❡♠❛s q✉❡ ❜✉r❧❛♠ s✐st❡♠❛s ❞❡ ❛✉t❡♥t✐❝❛çã♦ ❜✐♦♠étr✐❝♦ ❞❡ ✈♦③✱ ❛ ✜♠

❞❡ ❛♣♦♥t❛r ❢r❛❣✐❧✐❞❛❞❡s ♥❡st❡s s✐st❡♠❛s ❡ ♣❡r♠✐t✐r ♠❡❧❤♦r✐❛s ❬✷✽✽❪❀

• ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s✐st❡♠❛s ❞❡ r❡st❛✉r❛çã♦ ❞❡ ✈♦③✱ ❞❡st✐♥❛❞♦s à r❡st❛✉r❛çã♦ ❞❡ ✈♦③❡s ❞❡

♣❡ss♦❛s q✉❡ s♦❢r❡r❛♠ ❞❡ ❛❧❣✉♠❛ ♣❛t♦❧♦❣✐❛ q✉❡ ♣r❡❥✉❞✐❝❛ ❛ ❡♠✐ssã♦ ✈♦❝❛❧✱ t❛✐s ❝♦♠♦ ✈ít✐♠❛s

❞❡ ♦♣❡r❛çõ❡s ♠❛❧✲s✉❝❡❞✐❞❛s ♥❛ ❧❛r✐♥❣❡ ❬✷✷✷❪✳

✶✳✷ ❱✐sã♦ ●❡r❛❧ ❞❡ ✉♠ ❙✐st❡♠❛ ❞❡ ❈♦♥✈❡rsã♦ ❚í♣✐❝♦

❆ ❋✐❣✉r❛ ✶✳✷ ❛♣r❡s❡♥t❛ ✉♠ ❡sq✉❡❧❡t♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ tí♣✐❝♦✳ ❖ s✐st❡♠❛ r❡❝❡❜❡

s❡♥t❡♥ç❛s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ✭S0✮ ❡ ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦ ✭T0✮✱ q✉❡ sã♦ ✉s❛❞♦s ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦

♣❛r❛ ❞❡✜♥✐r ❛ tr❛♥s❢♦r♠❛çã♦ ✭T✮ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ❞♦ ♦r✐❣❡♠ ✭q✉❡ ♣♦❞❡♠ s❡r ❧♦❝❛✐s ♦✉

❣❧♦❜❛✐s✮ ♣❛r❛ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ❞♦ ❞❡st✐♥♦✳ ❆♣ós ❡st❛ ❢❛s❡✱ ♦ s✐st❡♠❛ r❡❝❡❜❡ ♥♦✈❛s s❡♥t❡♥ç❛s

Sf ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ❡ s✐♥t❡t✐③❛ ❛ s❡♥t❡♥ç❛ Tf ✱ q✉❡ ❞❡✈❡r✐❛ ❝❛rr❡❣❛r ❛ ♠❡s♠❛ ♠❡♥s❛❣❡♠ Sf ✱ t♦❞❛✈✐❛

❝♦♠ ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛ ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦✳
✶❱❡r ❞❡t❛❧❤❡s ❡♠ ❤tt♣✿✴✴✈❡r❜♠♦❜✐❧✳❞❢❦✐✳❞❡✴♦✈❡r✈✐❡✇✲✉s✳❤t♠❧

http://tc-star.org
http://verbmobil.dfki.de/overview-us.html
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❋✐❣✉r❛ ✶✳✷✿ Pr♦❝❡ss♦ ❣❡r❛❧ ♥❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✳

✶✳✷✳✶ ❚r❡✐♥❛♠❡♥t♦

❆ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦ é ♥♦r♠❛❧♠❡♥t❡ ❛ ♣r✐♠❡✐r❛ ❡t❛♣❛ ♣❛r❛ tr❛♥s❢♦r♠❛çõ❡s ❞❡ ✈♦③ ❡♠ ❣❡r❛❧✳

❊st❡ é ♦ ❡stá❣✐♦ ♦♥❞❡ ❞❛❞♦s ❞❡ ❛♠❜♦s ♦s ❢❛❧❛♥t❡s sã♦ ❝♦❧❡t❛❞♦s ❡ ♣r♦❝❡ss❛❞♦s✱ ❛ ✜♠ ❞❡ ♦❜t❡r ✉♠❛

❝❛r❛❝t❡r✐③❛çã♦ r❛③♦á✈❡❧ ❞♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝❛s ❞❡ ❝❛❞❛ ❢❛❧❛♥t❡✱ ❡ ❛ss✐♠ ♣❡r♠✐t✐r ❛ ❞❡✜♥✐çã♦ ❞❛

tr❛♥s❢♦r♠❛çã♦ q✉❡ s❡rá ✉s❛❞❛ ♥♦ ❡stá❣✐♦ s✉❜s❡q✉❡♥t❡✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✶✳✷✱ ♥❡st❛ ❢❛s❡ ♦

❙❈❱✿

✶✳ ❘❡❝❡❜❡ ❙❡♥t❡♥ç❛s S0 ❡ T0❀

✷✳ ❘❡❛❧✐③❛ ✉♠❛ ❡①tr❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s r❡❧❡✈❛♥t❡s ♣❛r❛ ❝❛❞❛ ❢❛❧❛♥t❡✱ ❝r✐❛♥❞♦ r❡♣r❡s❡♥✲

t❛çõ❡s ❛❧t❡r♥❛t✐✈❛s Σ0 ❡ Θ0 ♣❛r❛ ♦s ❢❛❧❛♥t❡s ♦r✐❣❡♠ ❡ ❞❡st✐♥♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✸✳ Pr♦❝❡ss❛ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s Σ0 ❡ Θ0 ❛ ✜♠ ❞❡ ♦❜t❡r ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞❡ ❞❡s❝r✐t♦r❡s

❛❝úst✐❝♦s t❛♥t♦ ❧♦❝❛❧ ✭❜❛s❡❛❞❛ ❡♠ s❡❣♠❡♥t♦s✮✱ q✉❛♥t♦ ❣❧♦❜❛❧ ✭❜❛s❡❛❞❛ ♥❛s s❡♥t❡♥ç❛s✮✱ ♣❛r❛

❛♠❜♦s ♦s ❢❛❧❛♥t❡s✳

✹✳ ❉❡✜♥❡ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❞♦s ❞❡s❝r✐t♦r❡s ❧♦❝❛✐s ❡ ❣❧♦❜❛✐s ❞♦ ♦r✐❣❡♠ ♣❛r❛ ♦s ❞❡s❝r✐t♦r❡s ❧♦❝❛✐s

❡ ❣❧♦❜❛✐s ❞♦ ❞❡st✐♥♦✳

❉❡s❝r✐t♦r❡s ❛❝úst✐❝♦s sã♦ ❞✐t♦s ❧♦❝❛✐s s❡ ❡st❡s ❞❡s❝r❡✈❡♠ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✉♠ ú♥✐❝♦ s❡❣♠❡♥t♦✱

❡ sã♦ ❞✐t♦s ❣❧♦❜❛✐s s❡ ❡st❡s ❝♦rr❡s♣♦♥❞❡♠ ❛ ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ♠♦❞❡❧❛♠ ❛ s❡♥t❡♥ç❛ ✐♥t❡✐r❛ q✉❡

❢♦✐ ♣r♦♥✉♥❝✐❛❞❛ ♣♦r ✉♠ ❢❛❧❛♥t❡✳ ❊①❡♠♣❧♦s ❞❡ ❞❡s❝r✐t♦r❡s ❧♦❝❛✐s sã♦ ❛ ❛❧t✉r❛ ♠✉s✐❝❛❧ ✐♥st❛♥tâ♥❡❛✱ ❛

❡♥❡r❣✐❛✱ ❡ ❛ ❡♥✈♦❧tór✐❛ ❡s♣❡❝tr❛❧✱ ♦✉ ❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧ à q✉❛❧ ♦ ♣❛rt✐❝✉❧❛r s❡❣♠❡♥t♦ ♣❡rt❡♥❝❡✳

❊①❡♠♣❧♦s ❞❡ ❞❡s❝r✐t♦r❡s ❣❧♦❜❛✐s sã♦ ♠é❞✐❛s ❡ ❞❡s✈✐♦s ♣❛❞rõ❡s ❞❛ ❛❧t✉r❛ ♠✉s✐❝❛❧ ♦✉ ❞❛ ❡♥❡r❣✐❛ ❞❡

✉♠ s✐♥❛❧ ❞❡ ✈♦③✳

❆♣ós ♦❜t✐❞❛ ❛ tr❛♥s❢♦r♠❛çã♦T✱ ❜❛st❛ ✉t✐❧✐③á✲❧❛ ♥❛ ❢❛s❡ ❞❡ ❝♦♥✈❡rsã♦✳ ❆ tr❛♥s❢♦r♠❛çã♦T ❡♥❣❧♦❜❛

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

❞❛ ♣r♦♥ú♥❝✐❛✳

✶✳✷✳✷ ❚r❛♥s❢♦r♠❛çã♦

❊st❛ ❢❛s❡ ❝♦♥s✐st❡ ❡♠ tr❛♥s♣♦r ♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s q✉❡ r❡♣r❡s❡♥t❛♠ ♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❛ ✜♠ ❞❡

❝♦♥✈❡rt❡r ♦s tr❡❝❤♦s s♦♥♦r♦s ❞❡ ✉♠❛ s❡♥t❡♥ç❛ ❞♦ ♦r✐❣❡♠ ❡♠ ✉♠ s✐♥❛❧ q✉❡ s❡ ♣❛r❡ç❛ ❝♦♠ ❛ ♠❡s♠❛

s❡♥t❡♥ç❛ ♣r♦♥✉♥❝✐❛❞❛ ♣❡❧♦ ❞❡st✐♥♦✳



✶✳✸ ❊❙❚❆❉❖ ❉❆ ❆❘❚❊ ❊▼ ❈❖◆❱❊❘❙➹❖ ❉❊ ❱❖❩ ✼

❆ ❢❛s❡ ❞❡ tr❛♥s❢♦r♠❛çã♦ t❡♠ ✉♠❛ ❡str✉t✉r❛ s❡♠❡❧❤❛♥t❡ à ❞♦ tr❡✐♥❛♠❡♥t♦✿ ❛s s❡♥t❡♥ç❛s ❞❡

❡♥tr❛❞❛ Sf sã♦ r❡♣r❡s❡♥t❛❞❛s ❝♦♠♦ Σf ♥✉♠ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s✱ ❛s q✉❛✐s sã♦ ❝♦♥✲

✈❡rt✐❞❛s ♣❡❧❛ tr❛♥s❢♦r♠❛çã♦ T ❞❡✜♥✐❞❛ ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦ ♣❛r❛ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ Θf ✱ q✉❡ é

✜♥❛❧♠❡♥t❡ tr❛♥s❢♦r♠❛❞❛ ✭♣♦r ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ✐♥✈❡rs❛✮ ♥❛ s❡♥t❡♥ç❛ Tf ✳

❆ r❡♣r❡s❡♥t❛çã♦ ❛❧t❡r♥❛t✐✈❛ ❞❡st❛s s❡♥t❡♥ç❛s ♥✉♠ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ✭Σ ❡ Θ

♥♦ ❞✐❛❣r❛♠❛✮ s✉♣♦st❛♠❡♥t❡ ♣r❡s❡r✈❛ ✐♥❢♦r♠❛çõ❡s s✉✜❝✐❡♥t❡s ❛ ♣♦♥t♦ ❞❡ ♥ã♦ s♦♠❡♥t❡ ❣❛r❛♥t✐r ❛

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

t✐♠❜r❡ ❡ ♣r♦só❞✐❛ ❞♦ s✐♥❛❧✳ ❯♠❛ ✈❡③ q✉❡ ♠✉✐t♦s ❞❡st❡s ❛s♣❡❝t♦s sã♦ ❛tr✐❜✉t♦s ✈❛r✐á✈❡✐s ♥♦ t❡♠♣♦✱

❛ ❡①tr❛çã♦ ❞❡st❡s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞♦ s✐♥❛❧ ❞❡ ✈♦③ é r❡❛❧✐③❛❞❛ tr❡❝❤♦ ❛ tr❡❝❤♦ ✭s❡❣♠❡♥t♦ ❛

s❡❣♠❡♥t♦✮✳

❆ r❡❝♦♥str✉çã♦ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ ❛ ♣❛rt✐r ❞❡ s❡❣♠❡♥t♦s ♣r♦❝❡ss❛❞♦s ❞❡✈❡ s❡r ❜❛st❛♥t❡ ❝✉✐❞❛✲

❞♦s❛✱ ✉♠❛ ✈❡③ q✉❡ ♠✉❞❛♥ç❛s ♥♦ ❝♦♥t❡ú❞♦ ❡s♣❡❝tr❛❧ ♣♦❞❡♠ ✐♥tr♦❞✉③✐r ❛rt❡❢❛t♦s ❞❡✈✐❞♦ ❛ ❞✐❢❡r❡♥ç❛s

❡♥tr❡ s❡❣♠❡♥t♦s ❛❞❥❛❝❡♥t❡s✱ ❡ ♣♦❞❡♠ s❡ ♣❡r❝❡❜✐❞♦s ❝♦♠♦ r✉í❞♦ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✱ ✏❝❧✐q✉❡s✑ ♦✉

❝❛r❛❝t❡ríst✐❝❛s ♥ã♦✲♥❛t✉r❛✐s ❞❛ ✈♦③ ✭❝♦♠♦ ❞❡s❧♦❝❛♠❡♥t♦s ❞❡ ❢♦r♠❛♥t❡s✮✳

❆ s❡çã♦ s❡❣✉✐♥t❡ ❛♣r❡s❡♥t❛ ✉♠❛ ✈✐sã♦ ❤✐stór✐❝❛ ❣❡r❛❧ ❞♦s ❛rt✐❣♦s r❡❧❛❝✐♦♥❛❞♦s à ❝♦♥✈❡rsã♦ ❞❡

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

✶✳✸ ❊st❛❞♦ ❞❛ ❆rt❡ ❡♠ ❈♦♥✈❡rsã♦ ❞❡ ❱♦③

❖ ♦❜❥❡t✐✈♦ ❞❡st❛ s❡çã♦ é ✐♥tr♦❞✉③✐r tr❛❜❛❧❤♦s ❛♥t❡r✐♦r❡s✱ ❜❡♠ ❝♦♠♦ r❡❧❛❝✐♦♥á✲❧♦s ❡♥tr❡ s✐✱ s❡❣✉♥❞♦

❝r✐tér✐♦s ❞❡ té❝♥✐❝❛s ❞❡ tr❛♥s❢♦r♠❛çã♦ ✉t✐❧✐③❛❞❛s ❡ ♠♦❞❡❧♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞♦ s✐♥❛❧✳ ❆♥t❡s ❞❡

❝❧❛ss✐✜❝❛r♠♦s ♦s tr❛❜❛❧❤♦s✱ s❡❣✉❡ ✉♠❛ ❜r❡✈❡ ❞❡s❝r✐çã♦ ❞❛s té❝♥✐❝❛s ♠❛✐s ✐♠♣♦rt❛♥t❡s ❡♠ ❝♦♥✈❡rsã♦

❞❡ ✈♦③✱ ♣♦r ♦r❞❡♠ ❝r♦♥♦❧ó❣✐❝❛✳

✶✳✸✳✶ ❱✐sã♦ ❍✐stór✐❝❛ ❞❛s ❚é❝♥✐❝❛s ❞❡ ❈♦♥✈❡rsã♦ ❞❡ ❱♦③

❍✐st♦r✐❝❛♠❡♥t❡✱ ♦ ♣r♦❜❧❡♠❛ s❡ ✐♥st❛✉r❛ ❡♠ ✶✾✽✺ q✉❛♥❞♦ ❈❤✐❧❞❡rs ❬✸✸❪ t❡♠ ❛ ✐❞é✐❛ ❞❡ tr❛♥s♣♦r

♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞❡ s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s ❞❡ ✉♠ ❢❛❧❛♥t❡ ♣❛r❛ ♦✉tr♦✳ ◆♦ ❛♥♦ s❡❣✉✐♥t❡✱ ❙❤✐✲

❦❛♥♦ ❬✷✸✶❪ tr❛③ ✉♠❛ ♣r♦♣♦st❛ ✉t✐❧✐③❛♥❞♦ té❝♥✐❝❛s ❞❡ ✈❡❝t♦r q✉❛♥t✐③❛t✐♦♥ ✭❱◗✮ ❡ s❡♥t❡♥ç❛s ❝♦❞❡❜♦♦❦s✳

❊♠ ✶✾✽✽✱ ❆❜❡ ❬✶❀ ✷❪ ✐♥tr♦❞✉③ ♦ ❝♦♥❝❡✐t♦ ❞❡ s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ ✭❙❈❱■✮

♣❛r❛ ❢❛❧❛♥t❡s ❜✐❧í♥❣✉❡s✳

❊♠ ✶✾✾✶✱ ❱❛❧❜r❡t ❬✷✽✹❪ r❡❛❝❡♥❞❡ ❛ ❞✐s❝✉ssã♦✱ ✐♥tr♦❞✉③✐♥❞♦ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❉②♥❛♠✐❝ ❋r❡q✉❡♥❝②

❲❛r♣✐♥❣ ✭❉❋❲✮ ❡♠ ❙❈❱s ❡ s✉❣❡r✐♥❞♦ ❛ ✐❞é✐❛ ❞❡ s❡ ♣❡rs♦♥❛❧✐③❛r s✐st❡♠❛s ❚❡①t✲t♦✲❙♣❡❡❝❤✳ ❉❡♣♦✐s

❞❡ ✹ ❛♥♦s✱ ❈❤✐❧❞❡rs ❬✸✷❪ ♣r♦♣õ❡ ✉♠ ❙❈❱ ❛ ♣❛rt✐r ❞❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧✱ ❡ ♥♦ ♠❡s♠♦ ❛♥♦

◆❛r❡♥❞r❛♥❛t❤ ❬✶✻✾❪ ✐♥tr♦❞✉③ ❝♦♥❝❡✐t♦s ❞❡ ❘❡❞❡s ◆❡✉r❛✐s ❆rt✐✜❝✐❛✐s ✭❆◆◆✮ ❡♠ ❙❈❱s✳ ❊♠ ✶✾✾✻✱ ❇❛❧✲

❞♦✐♥ ❬✶✹❪ ❛♣r❡s❡♥t❛ ✉♠ s✉r✈❡② s♦❜r❡ ❙❈❱s✱ ❝♦♠♣❛r❛♥❞♦ ♠ét♦❞♦s ♣❛r❛ tr❛♥s❢♦r♠❛çã♦ ❞❛ ❡♥✈♦❧tór✐❛

❡s♣❡❝tr❛❧ ❝♦♠♦ ❆◆◆✱ ❱◗▼✱ ▲▼❘ ❡ ●▼▼✳

❊♠ ✶✾✾✽✱ ❆rs❧❛♥ ❬✻❀ ✽❪ ❞❡s❡♥✈♦❧✈❡ ♦ ❛❧❣♦r✐t♠♦ ❙❚❆❙❈ ✭❙♣❡❛❦❡r ❚r❛♥s❢♦r♠❛t✐♦♥ ❆❧❣♦r✐t❤♠ ✉s✐♥❣

❙❡❣♠❡♥t❛❧ ❈♦❞❡❜♦♦❦s✮ ♣❛r❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡ ✉t✐❧✐③❛ ▲✐♥❡ ❙♣❡❝tr❛❧ ❋r❡q✉❡♥❝✐❡s ♥❛ r❡♣r❡s❡♥t❛çã♦

❞❛ ❡♥✈♦❧tór✐❛ ❡s♣❡❝tr❛❧✳ ❆✐♥❞❛ ♥❡st❡ ❛♥♦✱ ❙t②❧✐❛♥♦✉ ❬✷✺✼❪ ✐♥tr♦❞✉③ ❝♦♥❝❡✐t♦s ♣r♦❜❛❜✐❧íst✐❝♦s ❝♦♠♦ ♦

▼♦❞❡❧♦ ❞❡ ▼✐st✉r❛s ●❛✉ss✐❛♥❛s ✭●▼▼✮ ❡♠ ❙❈❱■s✱ ♣❛ss❛♥❞♦ ❛ ✉t✐❧✐③❛r ▼❋❈❈s ♥❛ r❡♣r❡s❡♥t❛çã♦

❞❛ ❡♥✈♦❧tór✐❛ ❡s♣❡❝tr❛❧✱ s❡♥❞♦ ♦s r❡s✉❧t❛❞♦s ❛♣r✐♠♦r❛❞♦s ❧♦❣♦ ❡♠ s❡❣✉✐❞❛ ♣♦r ❑❛✐♥ ❬✶✵✼❀ ✶✵✽❪✳

❊♠ ✷✵✵✶✱ ❚♦❞❛ ❡t ❛❧ ❬✷✼✵❪ ♣r♦♣õ❡♠ ✉♠❛ ♥♦✈❛ té❝♥✐❝❛ ♣❛r❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡ r❡♣r❡s❡♥t❛çã♦ ❞♦

❡s♣❡❝tr♦✱ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❙❚❘❆■●❍❚ ✭❙♣❡❡❝❤ ❚r❛♥s❢♦r♠❛t✐♦♥ ❛♥❞ ❘❡♣r❡s❡♥t❛t✐♦♥ ❜② ❆❞❛♣t✐✈❡ ■♥✲



✽ ■◆❚❘❖❉❯➬➹❖ ✶✳✸

t❡r♣♦❧❛t✐♦♥ ♦❢ ✇❡✐●❍❚❡❞ s♣❡❝tr✉♠✮✱ ♥❛ q✉❛❧ é ♣♦ssí✈❡❧ ♠❛♥✐♣✉❧❛r ♣❛râ♠❡tr♦s t❛✐s ❝♦♠♦ ❛ ❡♥✈♦❧tór✐❛

❡s♣❡❝tr❛❧✱ ❛ t❛①❛ ❞❡ ♣r♦♥ú♥❝✐❛✱ ❛ ❛❧t✉r❛ ♠✉s✐❝❛❧ ❡ ♦✉tr♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✳

◆♦ ❛♥♦ s❡❣✉✐♥t❡✱ ❚ür❦ ❬✷✼✺❪ ❝♦♠❜✐♥❛ ♦ ❛❧❣♦r✐t♠♦ ❙❚❆❙❈ ❞❡ ❆rs❧❛♥ ❝♦♠ ❛ tr❛♥s❢♦r♠❛❞❛ ❲❛✈❡❧❡t

❞✐s❝r❡t❛ ✭❉❲❚ ✮ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳ ❆✐♥❞❛ ❡♠ ✷✵✵✷✱ ▼❛s❤✐♠♦ ❬✶✹✽❪ ♣r♦♣õ❡ ✉♠❛ ❛✈❛❧✐❛çã♦ ❝♦♠♣❛r❛✲

t✐✈❛ ❡♥tr❡ ❛s ❛❜♦r❞❛❣❡♥s ❞❡♣❡♥❞❡♥t❡s ❞❡ t❡①t♦ ✭♣❛r❛ ❢❛❧❛♥t❡s ❜✐❧í♥❣✉❡s✮ ❡ ✐♥❞❡♣❡♥❞❡♥t❡s ❞❡ t❡①t♦

❡♠ s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ ♥♦s ✐❞✐♦♠❛s ❥❛♣♦♥ês✴✐♥❣❧ês✳ ❏á ❡♠ ✷✵✵✸✱ ❙ü♥❞❡r✲

♠❛♥♥ ❬✷✹✺❀ ✷✹✻❀ ✷✹✼❪ r❡✐♥tr♦❞✉③ ✉♠❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♣♦r ❑❛♠♠ ❡t ❛❧✳ ❬✶✶✵❪✱ ❛ ♥♦r♠❛❧✐③❛çã♦ ❞♦

tr❛t♦ ✈♦❝❛❧ ❞❡♥♦♠✐♥❛❞❛ ❱❚▲◆✱ ♣❛r❛ r❡♣r❡s❡♥t❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❡s♣❡❝tr❛✐s ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳ ❆

♣❛rt✐r ❞♦ ❧❡✈❛♥t❛♠❡♥t♦ ❜✐❜❧✐♦❣rá✜❝♦ r❡❛❧✐③❛❞♦ t❡♠✲s❡ q✉❡ ❙ü♥❞❡r♠❛♥♥ ❡st❛❜❡❧❡❝❡✉ ♦ ❝♦♥❝❡✐t♦ ❞❡

❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦✱ ❜❡♠ ❝♦♠♦ ❢♦✐ ♦ ♣r✐♠❡✐r♦ ❛ ♣r♦♣♦r ✉♠ ❙❈❱■ ✐♥❞❡♣❡♥❞❡♥t❡

❞❡ t❡①t♦✳

❆ ♣❛rt✐r ❞❡ ✷✵✵✹✱ ❤♦✉✈❡ ✉♠ ❛✉♠❡♥t♦ ❞♦ ♥ú♠❡r♦ ❞❡ tr❛❜❛❧❤♦s ♥❡st❛ ár❡❛ ❬✶✾✸❀ ✶✾✹❀ ✶✾✺❀ ✷✵✸❀

✷✵✼❀ ✷✽✷❀ ✷✽✸❀ ✷✾✾❀ ✸✵✵❀ ✸✵✺❀ ✸✶✸❪✱ ❝♦♠ ♣❡sq✉✐s❛s ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ té❝♥✐❝❛s ♣r♦❜❛❜✐❧íst✐❝❛s✱ ❡♠

♣❛rt✐❝✉❧❛r ●▼▼s✱ s❡♥t❡♥ç❛s ❝♦❞❡❜♦♦❦ ❡ ♦✉tr❛s té❝♥✐❝❛s ❝♦♠♦ ❆◆◆ ❡ ❉❋❲✳ ❈♦♠♣❛r❛çõ❡s ❡♥tr❡

❛❧❣✉♥s ❞❡st❡s tr❛❜❛❧❤♦s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ♣♦r ❚ür❦ ❡ ❙❝❤rö❞❡r ❬✷✼✾❪ ♦♥❞❡ ♠ét♦❞♦s ❞❡ ❝♦♥✈❡rsã♦ ❡

sí♥t❡s❡ ❞❡ ✈♦③ ❢♦r❛♠ ❛✈❛❧✐❛❞♦s ♣❡❧❛ q✉❛❧✐❞❛❞❡ ❞❛ ❝♦♥✈❡rsã♦✳ ◆♦ ❛♥♦ ❞❡ ✷✵✵✹✱ ❙ü♥❞❡r♠❛♥♥ ❬✷✸✾❀ ✷✹✵❪

❛♣r❡s❡♥t♦✉ ✉♠ ❛r❝❛❜♦✉ç♦ ❣❡r❛❧ ♣❛r❛ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦✳

❆♣r❡s❡♥t❛♠♦s ❛ s❡❣✉✐r ❛❧❣✉♥s tr❛❜❛❧❤♦s q✉❡ ❛t❛❝❛♠ ❡st❡ ♣r♦❜❧❡♠❛ ✉t✐❧✐③❛♥❞♦ ❞✐✈❡rs❛s té❝♥✐❝❛s

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

✶✳✸✳✷ ❈❧❛ss✐✜❝❛çã♦ ❞❛s ❚é❝♥✐❝❛s ❞❡ ❈♦♥✈❡rsã♦ ❞❡ ❱♦③

P❛r❛ s✐♠♣❧✐✜❝❛r ❛ ❛♣r❡s❡♥t❛çã♦ ❞❛s ❝♦♥tr✐❜✉✐çõ❡s ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ ❬✶✸✾❀ ✶✹✵❪ ❝❧❛ss✐✜❝❛✲

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

✈♦③✱ ❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s té❝♥✐❝❛s ❡♥✈♦❧✈✐❞❛s ♥❛ ❢❛s❡ ❞❡ tr❛♥s❢♦r♠❛çã♦✳

◗✉❛♥t♦ ❛♦s ▼♦❞❡❧♦s ❞❡ ❘❡♣r❡s❡♥t❛çã♦

❊♠ ✉♠ s❡❣♠❡♥t♦ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ q✉❛s❡ ❡st❛❝✐♦♥ár✐♦ ❛ ❡♥✈♦❧tór✐❛ ❡s♣❡❝tr❛❧ é s✉✜❝✐❡♥t❡ ♣❛r❛

❝❛r❛❝t❡r✐③❛r ♦ t✐♠❜r❡ ✭✐♥st❛♥tâ♥❡♦✮ ❞❛ ❢❛❧❛✳ ❚♦❞❛✈✐❛✱ ❡①✐st❡♠ ❛✐♥❞❛ ♦✉tr♦s ♣❛râ♠❡tr♦s q✉❡ ✉s✉❛❧✲

♠❡♥t❡ sã♦ ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ❝❛❞❛ s❡❣♠❡♥t♦✱ ❝♦♠♦ ❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ✭F0✮✱ ❛ ❡♥❡r❣✐❛ ✭r♠s✮ ❡

✐♥❢♦r♠❛çõ❡s ❞♦ ❝♦♥t❡ú❞♦ ❤❛r♠ô♥✐❝♦✱ ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦ ❡ tr❛♥s❢♦r♠❛çã♦ ❞❛ ✐❞❡♥t✐❞❛❞❡

❞❛ ✈♦③✳ ❆❧é♠ ❞♦ ❡s♣❡❝tr♦ ❞❡ ❋♦✉r✐❡r ❡ s❡✉ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧✱ ♦s s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③

✉s✉❛❧♠❡♥t❡ ✉t✐❧✐③❛♠✲s❡ ❞❡ ♠✉✐t♦s ♦✉tr♦s ♠♦❞❡❧♦s ♣❛r❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ❝♦♠♦✿

✶✳ ▼♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠ ✈♦③✿ ❱♦❝❛❧ ❚r❛❝t ▲❡♥❣t❤ ◆♦r♠❛❧✐③❛t✐♦♥ ✭❱❚▲◆✮✱ ❋r❡q✉ê♥❝✐❛s ❋♦r✲

♠❛♥t❡s✱ ❡ ♠♦❞❡❧♦s ❞❡ ❡st✐♠❛çã♦ ❞❡ ❋❧✉①♦ ●❧♦t❛❧✳

✷✳ ▼♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠ ✈♦③✴s✐♥❛❧✿ ▲✐♥❡❛r Pr❡❞✐❝t✐♦♥ ❈♦❞✐♥❣ ✭▲P❈✮✱ ▲✐♥❡ ❙♣❡❝tr❛❧ ❋r❡q✉❡♥✲

❝✐❡s ✭▲❙❋✮✱ ❈❡♣str❛❧ ❈♦❡✣❝✐❡♥ts✱ ❡ ❙♣❡❡❝❤ ❚r❛♥s❢♦r♠❛t✐♦♥ ❛♥❞ ❘❡♣r❡s❡♥t❛t✐♦♥ ✉s✐♥❣ ❆❞❛♣t❛✲

t✐✈❡ ■♥t❡r♣♦❧❛t✐♦♥ ♦❢ ✇❡✐●❍❚❡❞ s♣❡❝tr✉♠ ✭❙❚❘❆■●❍❚✮✳

✸✳ ▼♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠ s✐♥❛❧✿ ■♠♣r♦✈❡❞ P♦✇❡r ❙♣❡❝tr✉♠ ❊♥✈❡❧♦♣❡ ✭■P❙❊✮✱ ❉✐s❝r❡t❡ ❲❛✈❡❧❡t

❚r❛♥s❢♦r♠ ✭❉❲❚✮ ❡ ❍❛r♠♦♥✐❝ ♣❧✉s ◆♦✐s❡ ▼♦❞❡❧ ✭❍◆▼✮✳

▼♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠ ✈♦③ sã♦ r❡♣r❡s❡♥t❛çõ❡s ❜❛s❡❛❞❛s ♥♦s ♠❡❝❛♥✐s♠♦s ❞❡ ♣r♦❞✉çã♦ ❞❛ ✈♦③

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



✶✳✸ ❊❙❚❆❉❖ ❉❆ ❆❘❚❊ ❊▼ ❈❖◆❱❊❘❙➹❖ ❉❊ ❱❖❩ ✾

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

❞❡♥t❡s ❡ ❧á❜✐♦s✱ ♦s q✉❛✐s sã♦ r❡s♣♦♥sá✈❡✐s ♣♦r ❝❛r❛❝t❡r✐③❛r ❣r❛♥❞❡ ♣❛rt❡ ❞❛ ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛ ❞❡ ✉♠

❢❛❧❛♥t❡✳

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

♣❛❝t❛ ❞❡st❡s s✐♥❛✐s✳ ❯♠❛ ✈❡③ q✉❡ sã♦ ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞♦s ♣❡❧❛ ❝♦♠✉♥✐❞❛❞❡ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦

❞❡ ❢❛❧❛✱ ❡st❡s ♠♦❞❡❧♦s ✐♥❝♦r♣♦r❛r❛♠ ♠✉✐t❛s ✐♥t❡r♣r❡t❛çõ❡s r❡❧❛❝✐♦♥❛❞❛s à ❢❛❧❛✳ P♦r ❡①❡♠♣❧♦✱ r❡❣✐õ❡s

❞♦ ❝❡♣str✉♠ sã♦ ❢r❡q✉❡♥t❡♠❡♥t❡ r❡❧❛❝✐♦♥❛❞❛s ♦✉ às r❡❣✐õ❡s ❢♦r♠❛♥t❡s ✭❡ ❛ss✐♠✱ ❝♦♥tr✐❜✉❡♠ ♣❛r❛ ♦

tr❛t♦ ✈♦❝❛❧✮ ♦✉ à ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✱ ❛ss✐♠ ❝♦♠♦ ♦s ❝♦❡✜❝✐❡♥t❡s ▲P❈ ❡ ♦s r❡sí❞✉♦s ▲P❈ ♣♦❞❡♠

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

❞❡ sí♥t❡s❡ s✉❜tr❛t✐✈❛✮✳

▼♦❞❡❧♦s ♣✉r❛♠❡♥t❡ ❜❛s❡❛❞♦s ❡♠ s✐♥❛✐s sã♦ r❡♣r❡s❡♥t❛çõ❡s ❣❡r❛✐s ❞♦ s✐♥❛❧ ♥♦s ❞♦♠í♥✐♦s ❞♦ t❡♠♣♦

❡ ❢r❡q✉ê♥❝✐❛✱ ❡ ✉s✉❛❧♠❡♥t❡ ♥ã♦ ❝❛rr❡❣❛♠ ♥❡♥❤✉♠ ❝♦♥t❡ú❞♦ s❡♠â♥t✐❝♦ ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ às ❡s♣❡✲

❝✐✜❝❛çõ❡s ❞❛ ❢❛❧❛ ♦✉ ✐♥❢♦r♠❛çã♦ ❢♦♥ét✐❝❛✳ ❖ ♠♦❞❡❧♦ ❤❛r♠ô♥✐❝♦ ♠❛✐s r✉í❞♦ ✭❍❛r♠♦♥✐❝ ♣❧✉s ◆♦✐s❡

▼♦❞❡❧ ✕ ❍◆▼✮ é ♠❛✐s ❡s♣❡❝í✜❝♦ ❞♦ q✉❡ ♦s ♦✉tr♦s✱ ♣♦ré♠ ♣♦❞❡ s❡r ♠✉✐t♦ út✐❧ ♣❛r❛ r❡♣r❡s❡♥t❛r

♣♦rçõ❡s ❞❡ s✐♥❛✐s ✈♦③❡❛❞❛s ✭✏✈♦✐❝❡❞✑✮ ❞♦ s✐♥❛❧✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ❛s ✈♦❣❛✐s✳

❱ár✐❛s ❞❡st❛s té❝♥✐❝❛s ♣❡r♠✐t❡♠ ♦ ✉s♦ ❞❡ ❝♦♥❥✉♥t♦s ❛❧t❡r♥❛t✐✈♦s ❞❡ ❢r❡q✉ê♥❝✐❛s✱ t❛✐s ❝♦♠♦ ❛s

❡s❝❛❧❛s ♣❡r❝❡♣t✉❛✐s ❇❆❘❑ ❡ ▼❊▲ ✭✈❡r ❙❡çã♦ ✷✳✶✮✳ ❊st❛s té❝♥✐❝❛s ♣♦❞❡♠ s❡r ✈✐st❛s ❞❡t❛❧❤❛❞❛♠❡♥t❡

♥♦ ❈❛♣ít✉❧♦ ✷✳

◗✉❛♥t♦ às ❚é❝♥✐❝❛s ❞❡ ❚r❛♥s❢♦r♠❛çã♦

❆ ❢❛s❡ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞♦ s✐♥❛❧ ❡♠ s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❧❡✈❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦ t♦❞❛s

❛s ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ✉s❛❞❛s ♥❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳ ❊st❛ ❢❛s❡ ✐♥❝❧✉✐ ♥ã♦ s♦♠❡♥t❡ ❛

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

❞♦ ❝♦♥t❡ú❞♦ ❤❛r♠ô♥✐❝♦ ♥❛s q✉❛✐s ♦s ❛s♣❡❝t♦s ❞❡ t✐♠❜r❡ ❡ ✐♥t❡❧✐❣✐❜✐❧✐❞❛❞❡ sã♦ ❧❡✈❛❞♦s ❡♠ ❝♦♥s✐✲

❞❡r❛çã♦✳ ◆♦ ❡st❛❞♦✲❞❛✲❛rt❡ ❡♠ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❞❡st❛❝❛♠✲s❡ ♦ ❊♠♣❡♥❛♠❡♥t♦ ✭♦✉ ❉❡❢♦r♠❛çã♦✮

❉✐♥â♠✐❝♦ ❡♠ ❋r❡q✉ê♥❝✐❛ ❬✶✼✶❪ ✭❉②♥❛♠✐❝ ❋r❡q✉❡♥❝② ❲❛r♣✐♥❣ ✕ ❉❋❲✮ ❡ ♦ ▼♦❞❡❧♦ ❞❡ ▼✐st✉r❛s

●❛✉ss✐❛♥❛s ❬✺✷❀ ✶✺✸❀ ✷✻✼❪ ✭●❛✉ss✐❛♥ ▼✐①t✉r❡ ▼♦❞❡❧ ✕ ●▼▼✮ ❝♦♠♦ ❢✉♥çõ❡s ❞❡ tr❛♥s❢♦r♠❛çã♦ ❡s♣❡❝✲

tr❛❧✳ ❚é❝♥✐❝❛s ❞❡ tr❛♥s❢♦r♠❛çã♦ ❡stã♦ ❡str❡✐t❛♠❡♥t❡ ❧✐❣❛❞❛s ❛♦s ♠♦❞❡❧♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❡ s❡rã♦

❞❡t❛❧❤❛❞❛s ♣♦st❡r✐♦r♠❡♥t❡ ♥❛ ❙❡çã♦ ✷✳✹✳ ❆❧❣✉♠❛s ❞❛s té❝♥✐❝❛s ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞❛s ❬✶✸✾❀ ✶✹✵❪ sã♦✿

✶✳ ❚é❝♥✐❝❛s ❊st❛tíst✐❝❛s✿ ▼♦❞❡❧♦s ❞❡ ▼✐st✉r❛s ●❛✉ss✐❛♥❛s ✭●❛✉ss✐❛♥ ▼✐①t✉r❡ ▼♦❞❡❧s ✕

●▼▼✮✱ ▼♦❞❡❧♦s ❖❝✉❧t♦s ❞❡ ▼❛r❦♦✈ ✭❍✐❞❞❡♥ ▼❛r❦♦✈ ▼♦❞❡❧s ✕ ❍▼▼✮✱ ❉✐str✐❜✉✐çõ❡s ❞❡ Pr♦✲

❜❛❜✐❧✐❞❛❞❡ ▼✉❧t✐✲❊s♣❛❝✐❛✐s ✭▼✉❧t✐✲❙♣❛❝❡ Pr♦❜❛❜✐❧✐t② ❉✐str✐❜✉t✐♦♥s ✕ ▼❙❉✮✱ ❊st✐♠❛❞♦r❡s ❞❡

▼á①✐♠❛ ❱❡r♦ss✐♠✐❧❤❛♥ç❛ ✭▼❛①✐♠✉♠ ▲✐❦❡❧✐❤♦♦❞ ❊st✐♠❛t♦rs ✕ ▼▲❊✮✱ ❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s

Pr✐♥❝✐♣❛✐s ✭Pr✐♥❝✐♣❛❧ ❈♦♠♣♦♥❡♥t ❆♥❛❧②s✐s ✕ P❈❆✮ ❡ ❚é❝♥✐❝❛s ❞❡ ❈❧✉st❡r✐③❛çã♦ ✭❯♥✐t ❙❡❧❡❝✲

t✐♦♥✱ ❋r❛♠❡ ❙❡❧❡❝t✐♦♥✱ ❑✲♠❡❛♥s✱ ❑✲❤✐st♦❣r❛♠s✮✳

✷✳ ❚é❝♥✐❝❛s ❈♦❣♥✐t✐✈❛s✿ ❘❡❞❡s ◆❡✉r❛✐s ❆rt✐✜❝✐❛✐s ✭❆rt✐✜❝✐❛❧ ◆❡✉r❛❧ ◆❡t✇♦r❦s ✕ ❆◆◆✮✱ ❘❡❞❡s

◆❡✉r❛✐s ❝♦♠ ❋✉♥çõ❡s ❞❡ ❇❛s❡ ❘❛❞✐❛❧ ✭❘❛❞✐❛❧ ❇❛s✐s ❋✉♥❝t✐♦♥ ◆❡✉r❛❧ ◆❡t✇♦r❦s ✕ ❘❇❋◆◆✮✱

▼❛♣❡❛♠❡♥t♦ ❞❡ ❈❛r❛❝t❡ríst✐❝❛s ❚♦♣♦❧ó❣✐❝❛s ✭❚♦♣♦❧♦❣✐❝❛❧ ❋❡❛t✉r❡ ▼❛♣♣✐♥❣ ✕ ❚❋▼✮ ❡ ▼❛♣❡✲

❛♠❡♥t♦ ❚♦♣♦❣rá✜❝♦ ●❡♥❡r❛t✐✈♦ ✭●❡♥❡r❛t✐✈❡ ❚♦♣♦❣r❛♣❤✐❝ ▼❛♣♣✐♥❣ ✕ ●❚▼✮✳

✸✳ ❚é❝♥✐❝❛s ❞❡ ➪❧❣❡❜r❛ ▲✐♥❡❛r✿ ▼♦❞❡❧♦s ❇✐❧✐♥❡❛r❡s✱ ❉❡❝♦♠♣♦s✐çã♦ ❡♠ ❱❛❧♦r❡s ❙✐♥❣✉❧❛r❡s

✭❙✐♥❣✉❧❛r ❱❛❧✉❡ ❉❡❝♦♠♣♦s✐t✐♦♥ ✕ ❙❱❉✮✱ ■♥t❡r♣♦❧❛çõ❡s ▲✐♥❡❛r❡s P♦♥❞❡r❛❞❛s ✭❲❡✐❣❤t❡❞ ▲✐♥❡❛r



✶✵ ■◆❚❘❖❉❯➬➹❖ ✶✳✹

■♥t❡r♣♦❧❛t✐♦♥s✮✱ ❚r❛♥s❢♦r♠❛çõ❡s ▲✐♥❡❛r❡s P❡r❝❡♣t✉❛❧♠❡♥t❡ P♦♥❞❡r❛❞❛s ✭P❡r❝❡♣t✉❛❧❧② ❲❡✐❣❤✲

t❡❞ ▲✐♥❡❛r ❚r❛♥s❢♦r♠❛t✐♦♥s ✕ P❲▲❚✮ ❡ ❘❡❣r❡ssã♦ ▲✐♥❡❛r ✭▲❘❊✱ ▲▼❘✱ ▼▲▲❘✮✳

✹✳ ❚é❝♥✐❝❛s ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❙✐♥❛✐s✿ ◗✉❛♥t✐③❛çã♦ ❞❡ ❱❡t♦r ✭❱❡❝t♦r ◗✉❛♥t✐③❛t✐♦♥ ✕

❱◗✮✱ ❙❡♥t❡♥ç❛s ❈♦❞❡❜♦♦❦✱ ♦ ❛❧❣♦r✐t♠♦ ❙❚❆❙❈ ✭❙♣❡❛❦❡r ❚r❛♥s❢♦r♠❛t✐♦♥ ❆❧❣♦r✐t❤♠ ✉s✐♥❣

❙❡❣♠❡♥t❛❧ ❈♦❞❡❜♦♦❦s✮ ❡ ❊♠♣❡♥❛♠❡♥t♦ ❞❡ ❋r❡q✉ê♥❝✐❛s ✭❉❋❲✱ ❲❋❲✮✳

❊st❛s té❝♥✐❝❛s s❡ ❞✐❢❡r❡♥❝✐❛♠ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♠♦❞♦ ♣❡❧♦ q✉❛❧ ❡❧❛s ❡♥①❡r❣❛♠ ♦s ❞❛❞♦s✳ P♦r

❡①❡♠♣❧♦✱ té❝♥✐❝❛s ❡st❛tíst✐❝❛s ✉s✉❛❧♠❡♥t❡ s✉♣õ❡♠ q✉❡ ♦s ❞❛❞♦s ✭✈❡t♦r❡s ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♦✉ ♣❛râ✲

♠❡tr♦s ✈♦❝❛✐s✮ ♣♦ss✉❡♠ ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ❛❧❡❛tór✐❛ ❡ ♣♦r ❡st❛ r❛③ã♦ ♣♦❞❡♠ s❡r ❞❡s❝r✐t♦s ♣♦r ♠é❞✐❛s

❡ ❞❡s✈✐♦s ♣❛❞rõ❡s ✭♠♦❞❡❧♦s ●❛✉ss✐❛♥♦s✮✱ ♦✉ q✉❡ ❡st❡s ❡stã♦ ❞✐str✐❜✉í❞♦s ♥♦ t❡♠♣♦ ❞❡ ❛❝♦r❞♦ ❝♦♠

r❡❣r❛s s✐♠♣❧❡s ❜❛s❡❛❞❛s ♥♦ ♣❛ss❛❞♦ r❡❝❡♥t❡ ✭♠♦❞❡❧♦s ▼❛r❦♦✈✐❛♥♦s✮✳

❚é❝♥✐❝❛s ❝♦❣♥✐t✐✈❛s sã♦ ❜❛s❡❛❞❛s ❡♠ ♣r♦❝❡ss♦s ❞❡ ❛♣r❡♥❞✐③❛❞♦ ✉s❛♥❞♦ ❡str✉t✉r❛s ♥❡✉r❛✐s ❛❜s✲

tr❛t❛s✱ ❡ ✐♥tr✐♥s❡❝❛♠❡♥t❡ ❞❡♣❡♥❞❡♠ ❞❡ ✉♠❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦ ✭♦♥❞❡ t❛♥t♦ ❛s ❡♥tr❛❞❛s ❝♦♠♦ ❛s

s❛í❞❛s sã♦ ❞✐s♣♦♥í✈❡✐s✮✳ ❋r❡q✉❡♥t❡♠❡♥t❡ ❡st❡ ❛♣r❡♥❞✐③❛❞♦ s❡ r❡❢❡r❡ ❛ ♣r♦❜❧❡♠❛s ❞❡ ❞❡❝✐sã♦ ✭♦♥❞❡

s♦♠❡♥t❡ ❞♦✐s ✈❛❧♦r❡s ❞❡ s❛í❞❛ sã♦ ♣♦ssí✈❡✐s✮✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ❡♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛✱ ♦♥❞❡

✉♠❛ r❡❞❡ ♣❛rt✐❝✉❧❛r é tr❡✐♥❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ❢♦♥❡♠❛ ❡s♣❡❝í✜❝♦ ❞❡ ✉♠❛ ♣❛❧❛✈r❛ ♦✉ s❡♥t❡♥ç❛ q✉❡

s❡rá r❡❝♦♥❤❡❝✐❞❛✳

❚é❝♥✐❝❛s ❞❡ ➪❧❣❡❜r❛ ▲✐♥❡❛r sã♦ ❜❛s❡❛❞❛s ❡♠ ✐♥t❡r♣r❡t❛çõ❡s ❣❡♦♠étr✐❝❛s ❞♦s ❞❛❞♦s✱ t❛✐s ❝♦♠♦

♠♦❞❡❧♦s s✐♠♣❧✐✜❝❛❞♦s ✉s❛♥❞♦ ♣r♦❥❡çõ❡s ♦rt♦❣♦♥❛✐s ✭r❡❣r❡ssã♦ ❧✐♥❡❛r✮✱ ❝♦♠❜✐♥❛çõ❡s ❝♦♥✈❡①❛s ❞♦s

❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ✭✐♥t❡r♣♦❧❛çõ❡s ♣♦♥❞❡r❛❞❛s✮ ♦✉ ❞❡❝♦♠♣♦s✐çõ❡s ❡♠ ✈❛❧♦r❡s s✐♥❣✉❧❛r❡s ✭❙❱❉✮✳

❚é❝♥✐❝❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛✐s ❞❡✜♥❡♠ tr❛♥s❢♦r♠❛çõ❡s ❞♦ s✐♥❛❧ ❜❛s❡❛❞❛s ❡♠ r❡♣r❡s❡♥t❛çõ❡s

♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ ♦✉ ❢r❡q✉ê♥❝✐❛✳ ❊st❛s t❡♥t❛♠ ❝♦❞✐✜❝❛r ♦ s✐♥❛❧ ✉s❛♥❞♦ ❢r❡q✉❡♥t❡♠❡♥t❡ ✉♠❛

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

❞❛ ❢❛❧❛ ❛tr❛✈és ❞❛ ♠♦❞✐✜❝❛çã♦ ❞❛s ❡s❝❛❧❛s ❞❡ r❡♣r❡s❡♥t❛çõ❡s ❞❛s ❢r❡q✉ê♥❝✐❛s ✭✇❛r♣✐♥❣✮✳

❆s ❝❛t❡❣♦r✐❛s ❛❝✐♠❛ ♥ã♦ sã♦ ❞✐s❥✉♥t❛s✳ P♦r ❡①❡♠♣❧♦✱ ▲❘❊ ❡ ❙❱❉ sã♦ ✉s❛❞♦s ❢r❡q✉❡♥t❡♠❡♥t❡

❝♦♠♦ ❢❡rr❛♠❡♥t❛s ❡st❛tíst✐❝❛s✱ ❛ss✐♠ ❝♦♠♦ P❈❆ ❡ ❱◗ sã♦ ❝♦♥str✉í❞♦s ✉s❛♥❞♦ ❢❡rr❛♠❡♥t❛❧ ♣r♦✈❡♥✐✲

❡♥t❡ ❞❛ á❧❣❡❜r❛ ❧✐♥❡❛r✳

❆ ❚❛❜❡❧❛ ✶✳✶ ❞✐s❝r✐♠✐♥❛ ❛s té❝♥✐❝❛s ❡ ♦s ♠♦❞❡❧♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞♦ s✐♥❛❧ ✉t✐❧✐③❛❞❛s ♣♦r ❝❛❞❛

❛✉t♦r✳ ◆❡st❛ t❛❜❡❧❛✱ ❛✉t♦r❡s ♠❛r❝❛❞♦s ❝♦♠ ❛st❡r✐s❝♦ ✭∗✮ ♣✉❜❧✐❝❛r❛♠ tr❛❜❛❧❤♦s ❛ r❡s♣❡✐t♦ ❞❡ ❙❈❱s

✐♥❞❡♣❡♥❞❡♥t❡s ❞❡ t❡①t♦ ❡ ❛✉t♦r❡s ♠❛r❝❛❞♦s ❝♦♠ ❞✐❛♠❛♥t❡s ✭⋄✮ ♣✉❜❧✐❝❛r❛♠ tr❛❜❛❧❤♦s s♦❜r❡ ❝♦♥✈❡rsã♦

❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛✳

✶✳✹ ▲✐♠✐t❛çõ❡s ❡ ❉❡s❛✜♦s

❊①✐st❡♠ ♠✉✐t♦s ♣r♦❜❧❡♠❛s ❡♠ ❛❜❡rt♦ ♥❛ ♣❡sq✉✐s❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛✱ ♦s q✉❛✐s

❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s ❡♠ ❛❧❣✉♥s ❞♦s ❛rt✐❣♦s ❛♥t❡r✐♦r❡s✿

• Pr♦❜❧❡♠❛s ❢♦♥ét✐❝♦s✿ ❊♠ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛✱ s❛❜❡✲s❡ q✉❡ ❡①✐st❡♠ ♠✉✐t♦s

❢♦♥❡♠❛s ❞❛ ❧í♥❣✉❛ ❞♦ ♦r✐❣❡♠ q✉❡ ♥ã♦ ❡①✐st❡♠ ♥❛ ❧í♥❣✉❛ ❞♦ ❞❡st✐♥♦✳ ❋❛❧❛♥t❡s ❜✐❧í♥❣✉❡s tê♠

s✐❞♦ ✉s❛❞♦s ❬✼❀ ✶✹✽❀ ✷✸✵❪ ❛ ✜♠ ❞❡ ❞❡r✐✈❛r tr❛♥s❢♦r♠❛çõ❡s ❢♦♥ét✐❝❛s q✉❡ ♣❡r♠✐t❡♠ ❛♣r♦①✐♠❛r

✭♠❛s ♥ã♦ t♦r♥❛r ✐❞ê♥t✐❝♦s✮ ♦s ❢♦♥❡♠❛s ❛ s❡r❡♠ ❝♦♥✈❡rt✐❞♦s ❡♥tr❡ ❧í♥❣✉❛s ❞✐st✐♥t❛s✳ ❙❡ t❛✐s

tr❛♥s❢♦r♠❛çõ❡s ♣♦❞❡r✐❛♠ s❡r ❜❡♠ s✉❝❡❞✐❞❛s ✉t✐❧✐③❛♥❞♦ ♦✉tr♦s s✉❥❡✐t♦s ✭♥ã♦ ❜✐❧í♥❣✉❡s✮ é ✉♠

♣r♦❜❧❡♠❛ ❡♠ ❛❜❡rt♦✳



✶✳✹ ▲■▼■❚❆➬Õ❊❙ ❊ ❉❊❙❆❋■❖❙ ✶✶

❆♥♦ ❆✉t♦r ❚é❝♥✐❝❛ ❞❡ tr❛♥s❢♦r♠❛çã♦ ▼♦❞❡❧♦ ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞♦ s✐♥❛❧
✶✾✽✻ ❙❤✐❦❛♥♦ ❬✷✸✶❪ ❱◗ ❡ ❈♦❞❡❜♦♦❦ ▲P❈

✶✾✽✽ ❆❜❡ ❬✶❪ ❈♦❞❡❜♦♦❦ P❛râ♠❡tr♦s ❊s♣❡❝tr❛✐s ❉✐✈❡rs♦s

✶✾✾✵ ❆❜❡⋄ ❬✷❪ ❈♦❞❡❜♦♦❦ ❡ ❍▼▼ ▲P❈

✶✾✾✶ ❱❛❧❜r❡t ❬✷✽✹❪ ❘❡❣r❡ssã♦ ▲✐♥❡❛r ❡ ❉❋❲ ▲P❈

✶✾✾✺ ❈❤✐❧❞❡rs ❬✸✷❪ ●❧♦tt❛❧ ♦r✐❣❡♠ ▼♦❞❡❧✐♥❣ ▲❋ ●❧♦t❛❧ ❡ ▲P❈

✶✾✾✺ ◆❛r❡♥❞r❛♥❛t❤ ❬✶✻✾❪ ❆◆◆ ❋r❡q✉ê♥❝✐❛s ❋♦r♠❛♥t❡s

✶✾✾✻ ❘✐♥s❝❤❡✐❞ ❬✷✵✾❪ ❚♦♣♦❧♦❣✐❝❛❧ ❋❡❛t✉r❡s ▼❛♣ ▲P❈

✶✾✾✻ ❱❡r❤❡❧st ❬✷✽✼❪ ❱◗ ❡ ❈♦❞❡❜♦♦❦ ▲P❈

✶✾✾✻ ▲❡❡ ❬✶✸✵❪ ❆◆◆ ▲P❈ ❞♦ ❈❡♣str✉♠ ❡ ❘❡sí❞✉♦ ❞♦ ▲P❈

✶✾✾✼ ❑✐♠ ❬✶✶✽❪ ❍▼▼✱ ❱◗ ❡ ❈♦❞❡❜♦♦❦ ▲P❈ ❡ ❈❡♣str✉♠

✶✾✾✽ ❆rr✐♦❧❛ ❬✽✵❪ ▲❘❊ ❈♦❡✜❝✐❡♥t❡s ❡ ❘❡sí❞✉♦ ▲P❈

✶✾✾✽ ❆rs❧❛♥ ❬✽❪ ❍▼▼ ❡ ❙❚❆❙❈ ▲❙❋

✶✾✾✽ ❑❛✐♥ ❬✶✵✼❀ ✶✵✽❪ ●▼▼ ❇❛r❦ ❡ ▲❙❋

✶✾✾✽ ❙t②❧✐❛♥♦✉ ❬✷✺✼❪ ●▼▼ ❍◆▼✱ ❇❛r❦ ❡ ▼❋❈❈

✶✾✾✾ ❆rs❧❛♥ ❬✻❪ ❙❚❆❙❈ ▲❙❋

✷✵✵✶ ❑❛✐♥ ❬✶✵✾❪ ●▼▼ ▲P❈

✷✵✵✶ ❩❤❛♥❣ ❬✸✶✹❪ ▼▲▲❘ ▼❋❈❈ ❡ ▲❙❋

✷✵✵✶ ▲♦♣❡③ ❬✶✸✺❪ ❱◗ ❡ ❆◆◆ ❈♦❡✜❝✐❡♥t❡s ❡ ❘❡sí❞✉♦ ▲P❈

✷✵✵✶ ▼❛s❤✐♠♦⋄ ❬✶✹✾❪ ●▼▼ ▼❋❈❈ ❡ ❙❚❘❆■●❍❚

✷✵✵✶ ❚♦❞❛ ❬✷✼✵❪ ●▼▼ ❡ ❉❋❲ ❙❚❘❆■●❍❚

✷✵✵✷ ❚ür❦ ❬✷✼✺❪ ❙❚❆❙❈ ❉❲❚

✷✵✵✷ ❲❛t❛♥❛❜❡ ❬✷✾✷❪ ❆◆◆ ❊♥✈❡❧♦♣❡ ❊s♣❡❝tr❛❧

✷✵✵✸ ❙ü♥❞❡r♠❛♥♥⋄∗ ❬✷✹✺❀ ✷✹✻❀ ✷✹✼❪ ❉❋❲ ❱❚▲◆

✷✵✵✸ ❑✉♠❛r∗ ❬✶✷✺❪ ●▼▼ ▼❋❈❈

✷✵✵✸ ❚ür❦ ❬✷✼✻❪ ❈♦❞❡❜♦♦❦ ▲❙❋

✷✵✵✸ ❨❡ ❡ ❨♦✉♥❣ ❬✷✾✽❪ ●▼▼ ❡ P❲▲❚ ▼❊▲

✷✵✵✸ ❖r♣❤❛♥✐❞♦✉ ❬✶✽✷❪ ❈♦❞❡❜♦♦❦ ❡ ●❚▼ ▲P❈

✷✵✵✸ ❘❡♥t③♦s ❬✷✵✻❪ ❍▼▼ ▼❋❈❈✱ ▲P❈ ❡ ▲❋ ●❧♦t❛❧

✷✵✵✹ ❘❡♥t③♦s ❬✷✵✼❪ ❍▼▼ ▼❋❈❈✱ ▲P❈ ❡ ▲❋ ●❧♦t❛❧

✷✵✵✹ ❉✉①❛♥s ❬✹✼❪ ●▼▼✱ ❍▼▼ ❡ ár✈♦r❡ ❞❡ ❞❡❝✐sã♦ ▲❙❋

✷✵✵✹ ❖r♣❤❛♥✐❞♦✉ ❬✶✽✸❪ ❘❇❋◆◆ ❉❲❚

✷✵✵✹ ❨❡ ❡ ❨♦✉♥❣ ❬✸✵✵❪ ●▼▼ ❡ ❈♦❞❡❜♦♦❦ ▲❙❋

✷✵✵✹ ❲✐❧❞❡ ❬✷✾✹❪ PP❈❆ ▲❙❋

✷✵✵✹ Pr✐❜✐❧♦✈❛ ❬✶✾✺❪ ◆♦♥✲❧✐♥❡❛r ❋r❡q✉❡♥❝② ❙❝❛❧❡ ▼❛♣♣✐♥❣ ❍◆▼

✷✵✵✹ P✜t③✐♥❣❡r ❬✶✽✾❪ ❲❡✐❣❤t❡❞ ▲✐♥❡❛r ■♥t❡r♣♦❧❛t✐♦♥ ❈♦❡✜❝✐❡♥t❡s ❡ ❘❡sí❞✉♦ ▲P❈

✷✵✵✺ ❚♦❞❛ ❬✷✻✽❪ ▼❛①✐♠✉♠ ▲✐❦❡❧✐❤♦♦❞ ▼❋❈❈ ❡ ❙❚❘❆■●❍❚

✷✵✵✺ ❩❤❛♥❣ ❬✸✶✵❪ ●▼▼ ❘❡sí❞✉♦ ▲P❈✱ ❇❛r❦ ❡ ▲❙❋

✷✵✵✺ ❑❛♥❣ ❬✶✶✶❪ ●▼▼ ❡ ❈♦❞❡❜♦♦❦ ❙❚❘❆■●❍❚ ❡ ▲❙❋

✷✵✵✻ ◆✉r♠✐♥❡♥ ❬✶✼✺❪ ●▼▼ ❇❛r❦ ❡ ▲❙❋

✷✵✵✻ ◆✉r♠✐♥❡♥ ❬✶✼✻❪ ●▼▼ ❡ ❑✲♠❡❛♥s ▲❙❋

✷✵✵✻ ❉✉①❛♥s⋄∗ ❬✹✽❪ ●▼▼✱ ❍▼▼ ❡ ❈❆❘❚ ❍◆▼✱ ▲P❈ ❡ ▲❙❋

✷✵✵✻ ❨❡ ❡ ❨♦✉♥❣ ❬✸✵✶❪ ●▼▼ ▲P❈ ❡ ▲❙❋

✷✵✵✻ ❙ü♥❞❡r♠❛♥♥⋄∗ ❬✷✹✹❪ ❯♥✐t ❙❡❧❡❝t✐♦♥ ❱❚▲◆

✷✵✵✻ ❘❛♦ ❬✷✵✸❪ ❚r❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r ▲P❈

✷✵✵✻ ❙❤✉❛♥❣⋄∗ ❬✷✸✸❪ ❋r❡q✉❡♥❝② ❲❛r♣✐♥❣ ❋r❡q✉ê♥❝✐❛s ❋♦r♠❛♥t❡s

✷✵✵✼ ❉✉t♦✐t ❬✹✺❪ ❋r❛♠❡ ❙❡❧❡❝t✐♦♥ ▼❋❈❈ ❡ ▲P❈

✷✵✵✼ ❊rr♦⋄∗ ❬✹✾❀ ✺✵❪ ❲❋❲ ❍◆▼ ❡ ▲❙❋

✷✵✵✼ ❋✉❥✐✐ ❬✻✵❪ ❯♥✐t ❙❡❧❡❝t✐♦♥ ▲P❈ ❡ ▼❋❈❈

✷✵✵✼ ●✉✐❞♦ ❬✼✾❪ ❆◆◆ ❉❲❚

✷✵✵✼ ❍❛♥③❧✐❝❡❦ ❬✽✸❪ ●▼▼ ▲❙❋

✷✵✵✽ ❍❛♥③❧✐❝❡❦ ❬✽✹❪ ❲❛r♣✐♥❣s ❋✉♥❝t✐♦♥s ▲❙❋

✷✵✵✽ ❙❤✉❛♥❣⋄ ❬✷✸✹❪ ❋r❡q✉❡♥❝② ❲❛r♣✐♥❣ ❋r❡q✉ê♥❝✐❛s ❋♦r♠❛♥t❡s

✷✵✵✽ ❨✉❡ ❬✸✵✺❪ ●▼▼ ❡ ❍▼▼ ▲P❈ ❡ ▲❙❋

✷✵✵✽ ❩❤❛♥❣⋄∗ ❬✸✶✶❀ ✸✶✸❪ ❈♦❞❡❜♦♦❦ ❙❚❘❆■●❍❚ ❡ ▲❙❋

✷✵✵✽ ❉❡s❛✐ ❬✹✶❀ ✹✷❪ ❆◆◆ ❈♦❡✜❝✐❡♥t❡s ❈❡♣str❛✐s

✷✵✵✽ P♦③♦ ❬✶✾✹❪ ●▼▼ ▲❋ ●❧♦t❛❧ ❡ ▲P❈

✷✵✵✾ P♦♣❛ ❬✶✾✸❪ ❙❱❉ ❡ ❆s②♠♠❡tr✐❝ ❇✐❧✐♥❡❛r ▼♦❞❡❧ ▲❙❋

✷✵✵✾ ❯r✐③∗ ❬✷✽✷❪ ❋r❡q✉❡♥❝② ❲❛r♣✐♥❣ ❡ ❋r❛♠❡ ❙❡❧❡❝t✐♦♥ ▲❙❋

✷✵✵✾ ❯r✐③∗ ❬✷✽✸❪ ❑✲❍✐st♦❣r❛♠❛s ❡ ❋r❛♠❡ ❙❡❧❡❝t✐♦♥ ▲❙❋

✷✵✵✾ ❩❤❛♥❣⋄∗ ❬✸✶✷❪ ❈♦❞❡❜♦♦❦ ❙❚❘❆■●❍❚ ❡ ▲❙❋

✷✵✵✾ ❨✉t❛♥✐ ❬✸✵✻❪ ▼❙❉✱ ●▼▼ ❡ ❍▼▼ ▼❋❈❈ ❡ F0
✷✵✶✵ ❉❡s❛✐ ❬✹✶❪ ❆◆◆ ❈♦❡✜❝✐❡♥t❡s ❈❡♣str❛✐s

✷✵✶✵ ●♦❞♦②∗ ❬✼✷❪ ❉❋❲ ❡ ●▼▼ ❈♦❡✜❝✐❡♥t❡s ❈❡♣str❛✐s

✷✵✶✵ ❍❡❧❛♥❞❡r ❬✽✾❪ ❘❡❣r❡ssã♦ ▲✐♥❡❛r ❡ ●▼▼ ❈♦❡✜❝✐❡♥t❡s ❈❡♣str❛✐s

✷✵✶✵ ▲❛♥❝❤❛♥t✐♥ ❬✶✷✼❪ ❉▼❙ ▲❙❋

✷✵✶✷ ❩♦r✐❧✉❛ ❬✸✶✽❪ ❉❋❲ ❡ ●▼▼ ❍◆▼ ❡ ▲P❈

✷✵✶✷ ❙♦♥❣ ❬✷✹✾❪ ❙❱❘ ❡ ●▼▼ ❙❚❘❆■●❍❚

❚❛❜❡❧❛ ✶✳✶✿ ❘❡❧❛çã♦ ❞❡ tr❛❜❛❧❤♦s ❡♠ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ tí♣✐❝❛✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦∗ ❡ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛⋄✳

• Pr♦❜❧❡♠❛s ❞❛ ♣r♦só❞✐❛✷✿ ◆ã♦ s♦♠❡♥t❡ ♦ t✐♠❜r❡ ❞❡ ✈♦③✱ ♠❛s t❛♠❜é♠ ❛ ♣r♦só❞✐❛ é ✉♠ ❢❛t♦r

♣r❡♣♦♥❞❡r❛♥t❡ ♥❛ ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛✱ ❡ ❞❡✈❡ s❡r ❧❡✈❛❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❬✶✶✸❀ ✷✻✵❪✳ ❊①✐st❡♠

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

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

❞❛s ❛♦ r✐t♠♦ ❞❡ ❛rt✐❝✉❧❛çã♦ ♥❛ ♣r♦♥ú♥❝✐❛✳ ❆❧❣✉♠❛s ❞❡st❛s sã♦ ❞✐s❝✉t✐❞❛s ♣♦r ❍❡❧❛♥❞❡r ❬✾✵❪✱

❍❛♥③❧✐❝❡❦ ❬✽✷❪ ❡ ❈❡②ss❡♥s ❬✷✼❀ ✷✽❪✳

• Pr♦❜❧❡♠❛s ❞❛ q✉❛❧✐❞❛❞❡ ❞❛ ❢❛❧❛✿ ❆ q✉❛❧✐❞❛❞❡ ❞❛ ❢❛❧❛ é ✉♠❛ ♠❡❞✐❞❛ s✉❜❥❡t✐✈❛ q✉❡ s❡ r❡❢❡r❡

❛♦ ❣r❛✉ ❞❡ q✉❛❧✐❞❛❞❡ ❞♦ á✉❞✐♦ ♣r♦♣r✐❛♠❡♥t❡✳ ❆❧❣✉♥s ♣r♦❜❧❡♠❛s q✉❡ sã♦ ♣❡r❝❡❜✐❞♦s ❝♦♠♦ ❢❛❧t❛

✷❆ ♣r♦só❞✐❛ ♣♦❞❡ s❡r ❡♥t❡♥❞✐❞❛ s✐♠♣❧✐✜❝❛❞❛♠❡♥t❡ ❝♦♠♦ ♦s ♣❛râ♠❡tr♦s q✉❡ ❝♦♥tr♦❧❛♠ ❛ ❛❧t✉r❛✱ ✐♥t❡♥s✐❞❛❞❡ ❡
✈❡❧♦❝✐❞❛❞❡ ❞❡ ❡①❡❝✉çã♦ ❞❛s s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s✳
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❞❡ q✉❛❧✐❞❛❞❡ ♥♦ s✐♥❛❧ ❝♦♥✈❡rt✐❞♦ sã♦ r✉í❞♦s ❞❡ ❢✉♥❞♦✱ t♦♥s ✐♥❡①✐st❡♥t❡s✱ ❝❧✐q✉❡s ❡ ♦✉tr♦s ❛s♣❡❝✲

t♦s ♥♦ t✐♠❜r❡ q✉❡ ♣♦❞❡♠ s❡r ❞❡s❝r✐t♦s ❝♦♠♦ ✉♠❛ ✈♦③ s✐♥tét✐❝❛ ♦✉ ♥ã♦✲♥❛t✉r❛❧✳ ◆ã♦ s♦♠❡♥t❡

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

à ♣❡r❝❡♣çã♦ ❤✉♠❛♥❛✱ ❝♦♠♦ ❛ ♥❛t✉r❛❧✐❞❛❞❡ ❞❛ ♣r♦♥✉♥❝✐❛✳ P♦r ❡①❡♠♣❧♦✱ ❞❡s❧♦❝❛♠❡♥t♦s ❞❡ ❛❧✲

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

q✉❛❧✐❞❛❞❡ ✭❛❧é♠ ❞❛ ✐♥t❡❧✐❣✐❜✐❧✐❞❛❞❡✮ ❞❛ ✈♦③ ❝♦♥✈❡rt✐❞❛✳ ❊st❡ ♣r♦❜❧❡♠❛✱ ❝✐t❛❞♦ ✈ár✐❛s ✈❡③❡s ♥❛

❧✐t❡r❛t✉r❛ ❬✻✵❀ ✶✵✽❀ ✷✹✽❀ ✷✺✼❪✱ é ❢❛❝✐❧♠❡♥t❡ ♣❡r❝❡❜✐❞♦ ❡♠ t❡st❡s s✉❜❥❡t✐✈♦s✳

• Pr♦❜❧❡♠❛s ♥❛ s✐♠✐❧❛r✐❞❛❞❡ ❞❛ ❢❛❧❛✿ ❊st❡s ❡stã♦ r❡❧❛❝✐♦♥❛❞♦s à q✉❛❧✐❞❛❞❡ ❞♦ t✐♠❜r❡ ❡

à ✐❞❡♥t✐❞❛❞❡ ✈♦❝❛❧✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦s ❛s♣❡❝t♦s ❢♦♥ét✐❝♦s ❞❛ ❢❛❧❛✱ ❡♠❜♦r❛ s❡❥❛♠ ❢❛❝✐❧♠❡♥t❡

❝♦♥❢✉♥❞✐❞♦s ❝♦♠ ♣r♦❜❧❡♠❛s r❡❧❛❝✐♦♥❛❞♦s à q✉❛❧✐❞❛❞❡ ❡ ♣r♦só❞✐❛ ❡♠ t❡st❡s ❡①♣❡r✐♠❡♥t❛✐s✳ ◆❛

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

♠❛s s✐♠✐❧❛r ❡♠ t❡r♠♦s ❞❡ t✐♠❜r❡ ❛ ✉♠❛ ✈♦③ ❞♦ ❞❡st✐♥♦✳ ❆ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡♥tr❡ ❢❛❧❛♥t❡s ❞❡

❣ê♥❡r♦s ❞✐❢❡r❡♥t❡s é ♣❛rt✐❝✉❧❛r♠❡♥t❡ s✉s❝❡tí✈❡❧ ❛ ❡st❡ t✐♣♦ ❞❡ ♣r♦❜❧❡♠❛ ❬✶✵✽❀ ✶✵✾❀ ✶✻✾❪✳

• Pr♦❜❧❡♠❛s ♥❛ ❛✈❛❧✐❛çã♦ ❞❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✿ ❆✐♥❞❛ s❡ ❞❡s❝♦♥❤❡❝❡ ✉♠❛ ❢❡rr❛♠❡♥t❛ ♣❛✲

❞rã♦ q✉❡ ❛✈❛❧✐❡ ♦❜❥❡t✐✈❛♠❡♥t❡ ✉♠❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✳ ➱ ❝♦♠✉♠ ❝❛❞❛ tr❛❜❛❧❤♦ r❡❛❧✐③❛r s❡✉s

♣ró♣r✐♦s t❡st❡s ❛ ♣❛rt✐r ❞❡ ♠étr✐❝❛s ♣r❡❢❡r✐❞❛s ♣♦r ❝❛❞❛ ❛✉t♦r✱ ❝♦♠♦ ❛ ❞✐stâ♥❝✐❛ ■t❛❦✉r❛ ❬✷✾✺❪✱

♦ t❡st❡ ❖●■ ❬✷✾✽❀ ✷✾✾❀ ✸✵✵❪✱ ❛ ❞✐stâ♥❝✐❛ P ❬✷✽✷❀ ✷✽✸❪ ♦✉ ❛ ❞✐st♦rçã♦ ❝❡♣str❛❧ ❈❉ ❬✶✹✾❀ ✷✼✵❪✱

❡♥tr❡ ♦✉tr❛s✳ ❙❛❜❡✲s❡ q✉❡ t❛✐s ♠❡❞✐❞❛s ♦❜❥❡t✐✈❛s ♥ã♦ ❡stã♦ ♣r♦♣r✐❛♠❡♥t❡ ❝♦rr❡❧❛❝✐♦♥❛❞❛s ❝♦♠

❛ ♣❡r❝❡♣çã♦ ❤✉♠❛♥❛✱ ❡ ❡♠ ❛❧❣✉♥s ❝❛s♦s ❞✐stâ♥❝✐❛s ❡s♣❡❝tr❛✐s ♥ã♦ tã♦ ♣❡q✉❡♥❛s ❛✐♥❞❛ ♣♦❞❡♠

❢♦r♥❡❝❡r ✉♠❛ ❜♦❛ tr❛♥s❢♦r♠❛çã♦ ❬✷✸✽❀ ✷✼✺❪✳ ◆♦r♠❛❧♠❡♥t❡ ❝♦st✉♠❛✲s❡ ❛❞♦t❛r ♠étr✐❝❛s s✉❜❥❡t✐✲

✈❛s ♥❛ ❛✈❛❧✐❛çã♦ ❞❛ ♣r♦♣♦st❛✱ ♦ q✉❡ ❞✐✜❝✉❧t❛ ❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♠ét♦❞♦s ❡①✐st❡♥t❡s✳ ❖s t❡st❡s

s✉❜❥❡t✐✈♦s ✭♦✉ ♣❡r❝❡♣t✉❛✐s✮ ♠❛✐s ♣♦♣✉❧❛r❡s sã♦ ♦ ❞❡ ♦♣✐♥✐ã♦ ♠é❞✐❛ ✭▼❡❛♥ ❖♣✐♥✐♦♥ ❙❝♦r❡ ✕

▼❖❙ ✮ ❡ ♦ ♠ét♦❞♦ ❝♦♠ ❞✉❛s ❡s❝♦❧❤❛s ❢♦rç❛❞❛s ✭❆❇❳ ✮ ❬✶✵✼❪✳ ❖ t❡st❡ ▼❖❙ é ❜❛st❛♥t❡ ✉t✐❧✐③❛❞♦

♣❛r❛ ❛♥á❧✐s❡ ❞❛ q✉❛❧✐❞❛❞❡ ❞❛ ❢❛❧❛ ❝♦♥✈❡rt✐❞❛ ❡ ♦ t❡st❡ ❆❇❳ é ♠✉✐t♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛♥á❧✐s❡ ❞❛

s✐♠✐❧❛r✐❞❛❞❡ ❞❛ ❢❛❧❛ ❝♦♥✈❡rt✐❞❛✳

• Pr♦❜❧❡♠❛s ❝♦♠ s✉❛✈✐③❛çã♦ ❡①❝❡ss✐✈❛✿ ➱ ✉♠ ♣r♦❜❧❡♠❛ ❝❛✉s❛❞♦ ♣♦r ♠ét♦❞♦s ✐♥t❡r♣♦❧❛❞♦✲

r❡s ✭●▼▼ ♣♦r ❡①❡♠♣❧♦✮ ♥❛ ❢❛s❡ ❞❡ tr❛♥s❢♦r♠❛çã♦✱ q✉❡ ❞❡❣r❛❞❛ ♦ ❡s♣❡❝tr♦ ❞♦ s✐♥❛❧ ❛♦ ❡❧✐♠✐♥❛r

❞❡t❛❧❤❡s ✐♠♣♦rt❛♥t❡s ❞♦ ♠❡s♠♦✳ ❚❛❧ ❞❡❣r❛❞❛çã♦ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ❛❧t❛ s✉❛✈✐③❛çã♦ ✭❞♦ ✐♥❣❧ês

❊①❝❡ss✐✈❡ ❙♠♦♦t❤✐♥❣✮ ❞♦ ❡s♣❡❝tr♦✱ r❡❞✉③✐♥❞♦ ♠✉✐t♦ ❛ s✐♠✐❧❛r✐❞❛❞❡ ❡♥tr❡ ❛ ✈♦③ ❝♦♥✈❡rt✐❞❛ ❡ ❛

✈♦③ ❞♦ ❞❡st✐♥♦ ❬✷✷✶❀ ✷✻✽❀ ✷✻✾❪✳

• Pr♦❜❧❡♠❛s ❞❡ ❛❥✉st❡ ❡①❝❡ss✐✈♦ ✭♦✈❡r✲✜tt✐♥❣✮✿ ➱ ❝♦♠✉♠ ♣❡♥s❛r ❡♠ ❛✉♠❡♥t❛r ♦ ❝♦♥❥✉♥t♦

❞❡ ❞❛❞♦s ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦ ❛✜♠ ❞❡ s❡ ♦❜t❡r ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ♠❛✐s ✜❞❡❞✐❣♥❛✳ ❊♥tr❡✲

t❛♥t♦✱ t❛❧ ❡str❛té❣✐❛ t❡♥❞❡ ❛ ♣r♦✈♦❝❛r ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s ✭♠✉❞❛♥ç❛s ❛❜r✉♣t❛s✮ ❡♥tr❡ s❡❣♠❡♥t♦s

❝♦♥s❡❝✉t✐✈♦s ♥❛ ❢❛s❡ ❞❡ sí♥t❡s❡ ❞♦ s✐♥❛❧ ❬✶✺✺❪✳ ❚❛✐s ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s ❝❛r❛❝t❡r✐③❛♠ ♦s ♣r♦❜❧❡♠❛s

❞❡ ❡①❝❡ss♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ✭❖✈❡r✲✜tt✐♥❣ ♣r♦❜❧❡♠s✮✳

❆❧❣✉♥s ❝✉✐❞❛❞♦s ❡ ❞✐r❡çõ❡s s♦❜r❡ ❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ ❬✷✻✵❪✳

P♦r ❡①❡♠♣❧♦✱ tr❛♥s❢♦r♠❛çõ❡s ♥❛ ❡s❝❛❧❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ♣♦r ✉♠ ❢❛t♦r ♠❛✐♦r q✉❡ 1.2 ♦✉ ♠❡♥♦r q✉❡ 0.8

✐♥✢✉❡♥❝✐❛♠ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♥❛ q✉❛❧✐❞❛❞❡ ❞❛ ✈♦③ ❝♦♥✈❡rt✐❞❛✱ ♣♦r ❝❛✉s❛ ❞❡ ❡❢❡✐t♦s ❞❡❝♦rr❡♥t❡s ❞❛

❞✐st♦rçã♦ ❞❛s r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ❡ ❞❡ ♣❡q✉❡♥♦s ❞❡t❛❧❤❡s ❞♦ ❡s♣❡❝tr♦✳ ❚❛✐s ♣r♦❜❧❡♠❛s ♣♦❞❡♠ s❡r

s♦❧✉❝✐♦♥❛❞♦s ♣♦r ❡str❛té❣✐❛s ❞❡ r❡❛❞❡q✉❛çã♦ ❞❛ ❡♥✈♦❧tór✐❛ ❡s♣❡❝tr❛❧ ❬✽✷❀ ✾✵❀ ✷✻✸❪✳ ❖ ♣r♦❝❡ss♦ ❞❡



✶✳✼ ❖❇❏❊❚■❱❖❙ ✶✸

❛♥á❧✐s❡✱ ♠♦❞✐✜❝❛çã♦ ❡ sí♥t❡s❡ ❞♦ ❡st✐❧♦ ❞❡ ❢❛❧❛ ❞❡ ✉♠ ❧♦❝✉t♦r t❛♠❜é♠ é ✉♠ ♣r♦❜❧❡♠❛ ❡♠❡r❣❡♥t❡ ❡♠

s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❬✷✶✾❀ ✷✼✽❀ ✷✼✾❀ ✷✽✵❪✳

✶✳✺ ❖❜❥❡t✐✈♦s

❈♦♠♦ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧✱ ❡st❡ tr❛❜❛❧❤♦ ✈✐s❛ ♣r♦♣♦r ✉♠ s✐st❡♠❛ ❝♦♠♣❧❡t♦ ❡ r♦❜✉st♦ ♣❛r❛ ❝♦♥✈❡r✲

sã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛✳ P❛r❛ t❛♥t♦✱ ❝♦♠♦ ♦❜❥❡t✐✈♦s s❡❝✉♥❞ár✐♦s✱ ❞❡✈❡♠♦s✿

✶✳ ❋✉♥❞❛♠❡♥t❛r t❡♦r✐❝❛♠❡♥t❡ ♦ ♣r♦❜❧❡♠❛ ❞❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛✱ ❛ ✜♠ ❞❡ ♦❜t❡r

❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐ ❡♠ t❡r♠♦s ♣❡r❝❡♣t✉❛✐s ❞❛ ❝♦♥✈❡rsã♦ ❡♠ q✉❡stã♦✳

✷✳ ❆✈❛❧✐❛r ❞✐❢❡r❡♥t❡s ♠♦❞❡❧♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳

✸✳ ❖r❣❛♥✐③❛r ❛s s♦❧✉çõ❡s ❡①✐st❡♥t❡s✱ ❝❧❛ss✐✜❝❛♥❞♦✲❛s ❡ r❡❧❛❝✐♦♥❛♥❞♦✲❛s ❡♥tr❡ s✐✳

✹✳ Pr♦♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ té❝♥✐❝❛s ❡ ❢❡rr❛♠❡♥t❛s út❡✐s ♣❛r❛ tr❛♥s❢♦r♠❛çã♦ ❞❡ s✐♥❛✐s ❞❡ ✈♦③ ❡♠

❣❡r❛❧✳

✺✳ ❆♣r❡s❡♥t❛r ✉♠ s✐st❡♠❛ ❝♦♠♣❧❡t♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝♦✳

✶✳✻ ❈♦♥tr✐❜✉✐çõ❡s

❆s ❝♦♥tr✐❜✉✐çõ❡s ❛♣r❡s❡♥t❛❞❛s ♣♦r ❡st❡ tr❛❜❛❧❤♦ ❝♦♠♣õ❡♠ ♦ ❈❛♣ít✉❧♦ ✸ ❞❡st❛ t❡s❡✳ ❆s ♣r✐♥❝✐♣❛✐s

❝♦♥tr✐❜✉✐çõ❡s ❞❡st❡ tr❛❜❛❧❤♦ ❡stã♦ ❞✐s❝r✐♠✐♥❛❞❛s ❛❜❛✐①♦✿

✶✳ ❊①t❡♥sã♦ ❞♦ ▼♦❞❡❧♦ ❍❛r♠ô♥✐❝♦✴❊st♦❝ást✐❝♦ ✭❍❙▼✮ ♠❡❞✐❛♥t❡ ❛ ✐♥tr♦❞✉çã♦ ❞❛ ♠♦❞❡❧❛❣❡♠ ❞❡

❝♦❡✜❝✐❡♥t❡s ❞❡ ❝♦♥✜❣✉r❛çã♦ ❢ás✐❝❛✱ ♦ q✉❛❧ é ❞❡t❛❧❤❛❞♦ ♥❛ ❙❡çã♦ ✸✳✷✳

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

❡s♣❡❝tr❛❧ ✉s❛♥❞♦ s♦♠❛ ❞❡ ❜❛s❡s r❛❞✐❛✐s✱ ♦ q✉❛❧ é ❞❡t❛❧❤❛❞♦ ♥❛ ❙❡çã♦ ✸✳✸✳

✸✳ ❈♦♠♣♦s✐çã♦ ❞❡ ✉♠ ♠❛♣❛ ❢♦♥ét✐❝♦ ❛rt✐✜❝✐❛❧ ✉t✐❧✐③❛♥❞♦ ♣r❡ss✉♣♦st♦s ❧✐♥❣✉íst✐❝♦s✱ t❛✐s ❝♦♠♦

r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s✱ ❡♥tr❡ ♦✉tr❛s ✭❙❡çã♦ ✸✳✹✮✳ ❆❧é♠ ❞✐st♦✱ ✉♠❛ ♥♦✈❛ té❝♥✐❝❛ ❞❡ ❝❧✉st❡r✐③❛✲

çã♦ ❞❡♥♦♠✐♥❛❞❛ ❛❣r✉♣❛♠❡♥t♦ k✲✈❡r♦ssí♠✐❧ t❛♠❜é♠ é ✉♠❛ ❝♦♥tr✐❜✉✐çã♦ ✐♠♣♦rt❛♥t❡ ❞♦

tr❛❜❛❧❤♦ ❝♦♥t✐❞❛ ♥❡ss❛ ♠❡s♠❛ s❡çã♦✳

✹✳ Pr♦♣♦st❛ ❞❡ ✉♠ ♠ét♦❞♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s ❡ s❡❣♠❡♥t♦s ❞❡ ✈♦③✱ ✉s❛♥❞♦

♠ét♦❞♦s ❞❡ ❡♠♣❛r❡❧❤❛♠❡♥t♦ ♦r✐✉♥❞♦s ❞❛ ❚❡♦r✐❛ ❞♦s ●r❛❢♦s✱ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡✲

çã♦ ✸✳✺✳

✺✳ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢❡rr❛♠❡♥t❛s ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞❡ ✈♦③ ❜❛s❡❛❞❛s ♥♦ ❝♦♥❝❡✐t♦

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

♦s q✉❛✐s sã♦ ❞✐s❝✉t✐❞♦s ♥❛ ❙❡çã♦ ✸✳✻✳

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

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

✸❤tt♣✿✴✴s❝♦r❡✳✐♠❡✳✉s♣✳❜r✴✄❞❛♥❞②✴



✶✹ ■◆❚❘❖❉❯➬➹❖ ✶✳✼

✶✳✼ ❖r❣❛♥✐③❛çã♦ ❞♦ ❚r❛❜❛❧❤♦

❊st❛ t❡s❡ ❡stá ❡str✉t✉r❛❞❛ ❡♠ três ❝❛♣ít✉❧♦s ♣r✐♥❝✐♣❛✐s✱ ✉♠ ❞❡ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛✱ ♦ ❈❛✲

♣ít✉❧♦ ✷✱ ✉♠ r❡❧❛❝✐♦♥❛❞♦ ❛♦ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ♣r♦♣r✐❛♠❡♥t❡ ❞✐t♦✱ ♦ ❈❛♣ít✉❧♦ ✸✱ ❡ ✉♠

❞❡❞✐❝❛❞♦ à ♣❛rt❡ ❡①♣❡r✐♠❡♥t❛❧✱ ♦ ❈❛♣ít✉❧♦ ✹✳

❖ ❈❛♣ít✉❧♦ ✷ ❛♣r❡s❡♥t❛ ♦ ❛r❝❛❜♦✉ç♦ t❡ór✐❝♦ s♦❜r❡ ♦ q✉❛❧ é ♣♦ssí✈❡❧ ❞❡s❡♥✈♦❧✈❡r ✉♠ s✐st❡♠❛

❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝♦✳ ◆❡st❡ ❝❛♣ít✉❧♦ sã♦ ❞✐s❝✉t✐❞❛s ❛❧❣✉♠❛s ❜❛s❡s ❢✉♥❞❛♠❡♥t❛✐s

❛ r❡s♣❡✐t♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✈♦③ ❡♠ ❣❡r❛❧ ✭❙❡çã♦ ✷✳✶✮✱ ❡ ♣♦st❡r✐♦r♠❡♥t❡ sã♦ r❡✈✐s✐t❛❞♦s ❛❧❣✉♥s

♠♦❞❡❧♦s ❝❧áss✐❝♦s ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ✭❙❡çã♦ ✷✳✷✮✱ t❛♥t♦ ❞❛ ♣❛rt❡ ❡s♣❡❝tr❛❧ ✭t❛✐s ❝♦♠♦ ▲P❈✱ ❈❡♣str✉♠ ❡

▼♦❞❡❧♦s ❙❡♥♦✐❞❛✐s✮ q✉❛♥t♦ ❞❛ ♣r♦só❞✐❛ ✭P❙❖▲❆✱ ❋✉❥✐s❛❦②✱ ❡t❝✳✮✳ ❖ t❡①t♦ ♣❛ss❛ ❡♥tã♦ ❛ ❛♣r❡s❡♥t❛r

❝♦♥❥✉♥t♦s ❞❡ ❢❡rr❛♠❡♥t❛s út❡✐s ♥❛ tr❛♥s❢♦r♠❛çã♦ ❞❡ ❡❧❡♠❡♥t♦s ♣r♦só❞✐❝♦s ❞❛ ❢❛❧❛✱ t❛✐s ❝♦♠♦ ❛ ❛❧t✉r❛

♠✉s✐❝❛❧ ♦✉ r✐t♠♦ ❞❡ ❛rt✐❝✉❧❛çã♦ ✭❙❡çã♦ ✷✳✸✳✶✮✱ ❡ tr❛♥s❢♦r♠❛çõ❡s ❡s♣❡❝tr❛✐s ✭❙❡çã♦ ✷✳✹✮✳

❖ ❈❛♣ít✉❧♦ ✸ ❝♦♥❞❡♥s❛ ❛ ♠❛✐♦r ♣❛rt❡ ❞❛s ❝♦♥tr✐❜✉✐çõ❡s ❞♦ tr❛❜❛❧❤♦✱ ♦♥❞❡ ♦ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦

❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝♦ é ❛♣r❡s❡♥t❛❞♦ ❡ ✐♠♣❧❡♠❡♥t❛❞♦ ❡♠ ♣s❡✉❞♦✲❝ó❞✐❣♦✱ ♠ó❞✉❧♦ ♣♦r ♠ó❞✉❧♦✳ ❆

❙❡çã♦ ✸✳✶ ❛♣r❡s❡♥t❛ ♦ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡♠ ✉♠❛ ✈✐sã♦ ❡str✉t✉r❛❞❛ ❡ ❣❧♦❜❛❧✱ ❡ ❡♥tr❡ ❛s

❙❡çõ❡s ✸✳✷ ❡ ✸✳✻ sã♦ ❞❡t❛❧❤❛❞♦s ❝❛❞❛ ✉♠ ❞♦s ♠ó❞✉❧♦s ❞♦ s✐st❡♠❛ ❞❡✜♥✐❞♦s ♥❛ ✈✐sã♦ ❡str✉t✉r❛❞❛✳

❖ ❈❛♣ít✉❧♦ ✹✱ ♣♦r s✉❛ ✈❡③✱ r❡❛❧✐③❛ ❞♦✐s t✐♣♦s ❞❡ ❛✈❛❧✐❛çõ❡s ❞♦ s✐st❡♠❛✱ ❜❡♠ ❝♦♠♦ ❞❡ s✉❛s

♣r✐♥❝✐♣❛✐s ❝♦♠♣♦♥❡♥t❡s✳ ❆ ♣r✐♠❡✐r❛ s❡çã♦ ❞❡st❡ ❝❛♣ít✉❧♦ ✭❙❡çã♦ ✹✳✶✮ ✐♥tr♦❞✉③ ♦s ❛s♣❡❝t♦s ❛ s❡r❡♠

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

❞❛❞♦s ✉t✐❧✐③❛❞❛s ♥♦ s✐st❡♠❛✳ ❆ ✈❛❧✐❞❛çã♦ ❞♦s ♠ét♦❞♦s ♣r♦♣♦st♦s é r❡❛❧✐③❛❞❛ ❡♠ ❞✉❛s ❝❛t❡❣♦r✐❛s✿

❛✈❛❧✐❛çã♦ s✉❜❥❡t✐✈❛ ❡ ♦❜❥❡t✐✈❛✳ ❆ ❛✈❛❧✐❛çã♦ ♦❜❥❡t✐✈❛ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❙❡çã♦ ✹✳✷ ✉t✐❧✐③❛ ♠étr✐❝❛s q✉❛♥✲

t✐t❛t✐✈❛s ♣❛r❛ ❛✈❛❧✐❛r ♦ q✉ã♦ s❛t✐s❢❛tór✐♦ é ❝❛❞❛ ♠ét♦❞♦ ♣r♦♣♦st♦✳ ◆❛ ♣❛rt❡ s✉❜❥❡t✐✈❛ ✭❙❡çã♦ ✹✳✸✮✱

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

r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❛ ❝♦♥✈❡rsã♦✳

❋✐♥❛❧♠❡♥t❡✱ ♥♦ ❈❛♣ít✉❧♦ ✺ ❞✐s❝✉t✐r❡♠♦s ❛❧❣✉♠❛s ❝♦♥❝❧✉sõ❡s ♦❜t✐❞❛s ♥❡st❡ tr❛❜❛❧❤♦✱ ❛♥❛❧✐s❛♥❞♦

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

❞❡ ❝♦♥t✐♥✉✐❞❛❞❡ ❞❡st❡ tr❛❜❛❧❤♦✳



❈❛♣ít✉❧♦ ✷

❋❡rr❛♠❡♥t❛s ❡ ▼ét♦❞♦s

❆ ❡①♣❧♦r❛çã♦ ❞❡ ❢❡rr❛♠❡♥t❛s ❡ ♠ét♦❞♦s ❥á ❝♦♥❤❡❝✐❞♦s ❛ ✜♠ ❞❡ ❛❧❝❛♥ç❛r ♦ ♦❜❥❡t✐✈♦ ❞♦ tr❛❜❛❧❤♦

é ❞❡ ❢✉♥❞❛♠❡♥t❛❧ ✐♠♣♦rtâ♥❝✐❛ ♥❛ ❢❛s❡ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✳ ❊♥tr❡t❛♥t♦✱ ❡♠ ❝❡rt❛s ♦❝❛s✐õ❡s é ♣r❡❝✐s♦

♣r♦♣♦r ♥♦✈♦s ♠ét♦❞♦s ❛❞❛♣t❛❞♦s ❛♦ ♣r♦❜❧❡♠❛ ❛ ✜♠ ❞❡ s♦❧✉❝✐♦♥❛r ❞❡t❛❧❤❡s té❝♥✐❝♦s q✉❡ ♥ã♦ sã♦

❛t❡♥❞✐❞♦s ♣❡❧♦s ♠ét♦❞♦s ❝♦♥✈❡♥❝✐♦♥❛✐s✳ ◆♦ ❝❛s♦ ❞❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ ♥ã♦ é ❞✐❢❡r❡♥t❡✳

❆ ♠❡t♦❞♦❧♦❣✐❛ ❛❞♦t❛❞❛ ♣♦r ❡st❡ tr❛❜❛❧❤♦ s❡❣✉❡ ♦ s❡❣✉✐♥t❡ ✢✉①♦ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✿ ✭✶✮ ▼❛♥t❡r ♦

❡♥❢♦q✉❡ ♥❛ r❡✉t✐❧✐③❛çã♦ ❞❡ ♠ét♦❞♦s ❡ r❡❝✉rs♦s té❝♥✐❝♦s ❞✐s♣♦♥í✈❡✐s ♥❛ ❧✐t❡r❛t✉r❛✱ ♣r♦❝✉r❛♥❞♦ ✉t✐❧✐③❛r

❛s ❢❡rr❛♠❡♥t❛s ♠❛✐s ❛❞❡q✉❛❞❛s ♣❛r❛ ❛ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ♣r♦♣♦st♦❀ ✭✷✮ ❊♠ ❝❛s♦s ❞❡ ♥❡❝❡ss✐❞❛❞❡✱

♣r♦♣♦r ♥♦✈♦s ♠ét♦❞♦s ❡ ❢❡rr❛♠❡♥t❛s ❛ ✜♠ ❞❡ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛ ❡♠ q✉❡stã♦✳

P♦r s❡ tr❛t❛r ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ♥ã♦ ♠✉✐t♦ ❡①♣❧♦r❛❞♦ ❡♠ r❡❧❛çã♦ à ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❝♦♥✈❡♥❝✐♦♥❛❧✱

✐st♦ é✱ ❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥tr❛✲❧✐♥❣✉íst✐❝❛ ❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦✱ ♦ ♦❜❥❡t✐✈♦ ❞❡st❡ ❝❛♣ít✉❧♦ é r❡✈✐s❛r

❛❧❣✉♥s ❝♦♥❝❡✐t♦s ❡ té❝♥✐❝❛s ❛♣❧✐❝á✈❡✐s à ❝♦♥✈❡rsã♦ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦✳

❉❡st❡ ♠♦❞♦✱ ✉♠ ❧❡✈❛♥t❛♠❡♥t♦ ❣❡r❛❧ ❞❛s ♣r✐♥❝✐♣❛✐s ❢❡rr❛♠❡♥t❛s ✉t✐❧✐③❛❞❛s ❞❡ ♠♦❞♦ ❞✐r❡t♦ ❡ ✐♥❞✐r❡t♦

♥❛ t❛r❡❢❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ é ♠♦str❛❞♦ ♥♦ ❝❛♣ít✉❧♦ ❝♦♥s❡❣✉✐♥t❡✳

❖ ❝❛♣ít✉❧♦ ❡stá ❡str✉t✉r❛❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

✲ ❆ ❙❡çã♦ ✷✳✶ ❛♣r❡s❡♥t❛rá ❝♦♥❝❡✐t♦s t❡ór✐❝♦s r✉❞✐♠❡♥t❛r❡s s♦❜r❡ ❛ ✈♦③ ❡ s✉❛s ♣r♦♣r✐❡❞❛❞❡s✱

❛❜♦r❞❛♥❞♦ ❛s♣❡❝t♦s ❜ás✐❝♦s ❝♦♥❝❡r♥❡♥t❡s à ❢❛❧❛ ❤✉♠❛♥❛ ❡ s❡✉s t❡r♠♦s té❝♥✐❝♦s✳

✲ ❊♠ s❡❣✉✐❞❛✱ ♥❛ ❙❡çã♦ ✷✳✷ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ❞♦✐s ♠♦❞❡❧♦s ❞❡t❛❧❤❛❞♦s✱ s♦❜r❡ ♦s q✉❛✐s s❡

❢✉♥❞❛♠❡♥t❛♠ ❛s té❝♥✐❝❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✈♦③✳ ❚❛❧ s❡çã♦ ❡s♣❡❝✐✜❝❛ ❞❡t❛❧❤❛❞❛♠❡♥t❡ ♦

♠♦❞❡❧♦ ❢♦♥t❡✲✜❧tr♦ ❡ ♦ ♠♦❞❡❧♦ s♦❜r❡ ♦ q✉❛❧ s❡ ❢✉♥❞❛♠❡♥t❛ ♦ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③

❛♣r❡s❡♥t❛❞♦ ♥❡st❛ t❡s❡✿ ♦ ▼♦❞❡❧♦ ❍❛r♠ô♥✐❝♦✲❊st♦❝ást✐❝♦❀

✲ ❊ ✜♥❛❧♠❡♥t❡✱ ❛ ❙❡çã♦ ✷✳✸ r❡❛❧✐③❛ ✉♠❛ ❛♠♣❧❛ ✈❛rr❡❞✉r❛ ❡①♣❧♦r❛tór✐❛ ❞♦ ❛r❝❛❜♦✉ç♦ ❞✐s♣♦♥í✈❡❧

♣❛r❛ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞✐❣✐t❛❧ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳ ❊st❛ s❡çã♦ ♦r❣❛♥✐③❛ ♦ ❝♦♠♣ê♥❞✐♦ ❞❡ té❝♥✐❝❛s ❡

❢❡rr❛♠❡♥t❛s ❡♠ ❞✉❛s s✉❜s❡çõ❡s✱ ✉♠❛ ❛♣❧✐❝❛❞❛ à ❝♦♥✈❡rsã♦ ❞❡ ♣r♦só❞✐❛✱ ❡ ♦✉tr❛ à ❝♦♥✈❡rsã♦

❡s♣❡❝tr❛❧✳

✷✳✶ ❘✉❞✐♠❡♥t♦s ❞♦ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❱♦③

❖ Pr♦❝❡ss❛♠❡♥t♦ ❉✐❣✐t❛❧ ❞❡ ❙✐♥❛✐s é ✉♠❛ ❞✐s❝✐♣❧✐♥❛ ❡ss❡♥❝✐❛❧ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ q✉❛❧✲

q✉❡r t✐♣♦ ❞❡ s✐st❡♠❛ ❞✐❣✐t❛❧✳ ❚❛❧ ❞✐s❝✐♣❧✐♥❛ ❢♦r♥❡❝❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♠ét♦❞♦s ♣❛r❛ ❛♥á❧✐s❡ ❞❡ s✐♥❛✐s

❞♦ ♠✉♥❞♦ r❡❛❧ ✉s❛♥❞♦ ❢❡rr❛♠❡♥t❛s ♠❛t❡♠át✐❝❛s✱ ❛ ✜♠ ❞❡ r❡❛❧✐③❛r tr❛♥s❢♦r♠❛çõ❡s✱ ♦✉ s✐♠♣❧❡s♠❡♥t❡

✶✺



✶✻ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✶

❡①tr❛✐r ✐♥❢♦r♠❛çõ❡s ❞❡ss❡s s✐♥❛✐s✳ P❛rt✐❝✉❧❛r♠❡♥t❡✱ ♦ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❋❛❧❛ ❡ ❱♦③ é ✉♠❛ ❞❛s ár❡❛s

❞❡ ❝♦♥❤❡❝✐♠❡♥t♦ q✉❡ ♠❛✐s t❡♠ ❝r❡s❝✐❞♦ ♥❛ ú❧t✐♠❛ ❞é❝❛❞❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♠❡❞✐❛♥t❡ ♦ ❛✈❛♥ç♦ t❡❝♥♦✲

❧ó❣✐❝♦ ❡♠ ár❡❛s ❝♦♠♦ sí♥t❡s❡ ❬✷✵❀ ✶✻✹❀ ✷✺✽❀ ✷✻✹❪✱ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✈♦③ ❬✷✷✷❀ ✸✵✽❪ ❡ ❞❡ ❢❛❧❛♥t❡ ❬✷✺✹❪✳

❆❧é♠ ❞❡st❛s ❢❡rr❛♠❡♥t❛s✱ ✉♠ ❝♦♥❤❡❝✐♠❡♥t♦ ❜ás✐❝♦ é r❡q✉❡r✐❞♦ ❡♠ r❡❧❛çã♦ ❛♦s ❛s♣❡❝t♦s ✜s✐♦❧ó❣✐❝♦s

❞❛ ❢❛❧❛ ❤✉♠❛♥❛✳

❋❛❧❛ é ❛ ❢❛❝✉❧❞❛❞❡ ❤✉♠❛♥❛ ❞❡ ✉t✐❧✐③❛r ❞❡ ✉♠❛ ❝❡rt❛ ♠❛♥❡✐r❛ ♦s r❡❝✉rs♦s ❡①♣r❡ss✐✈♦s ♦❢❡r❡❝✐❞♦s

♣♦r ✉♠❛ ❧í♥❣✉❛ ❡ ❝♦♠♣r❡❡♥❞❡ ❢❛t♦r❡s ❧✐♥❣✉íst✐❝♦s ❞❡ q✉❛❧q✉❡r t✐♣♦ ❡❢❡t✐✈❛♠❡♥t❡ r❡❛❧✐③❛❞♦s ♣❡❧♦s

❢❛❧❛♥t❡s✳ ❆ ✈♦③ é ♦ ♠❡✐♦ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❡♠♣r❡❣❛❞♦ ♥❛ ❢❛❧❛ ❬✷✷✵❪✳ ❊①✐st❡♠ ✈ár✐♦s ❛s♣❡❝t♦s q✉❡

❞✐s❝r✐♠✐♥❛♠ ❛ ✈♦③ ❤✉♠❛♥❛ ❡ ❝♦♥❤❡❝❡r ❛❧❣✉♥s ❝♦♥❝❡✐t♦s r✉❞✐♠❡♥t❛r❡s ❡ ✐♥❡r❡♥t❡s à ✈♦③ é ❞❡ ❣r❛♥❞❡

✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ✉♠❛ ❡①♣❧♦r❛çã♦ ♦❜❥❡t✐✈❛ ❞❛s ❢❡rr❛♠❡♥t❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✳

❊①✐st❡♠ ❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ✈♦③ q✉❡ ❞❡✈❡♠ s❡r ✐♥✈❛r✐❛♥t❡s ❞❡♥tr♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡

❢❛❧❛♥t❡s ❞❡ ♠❡s♠❛ ❧í♥❣✉❛✱ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ s❡ ❡st❛❜❡❧❡❝❡r ✉♠❛ ❝♦♠✉♥✐❝❛çã♦ ❜❡♠✲s✉❝❡❞✐❞❛❀ ❡♥tr❡✲

t❛♥t♦✱ ❡①✐st❡♠ ♦✉tr❛s ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ❝♦♥tr✐❜✉❡♠ ♣❛r❛ ❛ ❡s♣❡❝✐✜❝❛çã♦ ❞❛ ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛ ❞❡

✉♠ ✐♥❞✐✈í❞✉♦✳ ❊♠❜♦r❛ ❛ ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛ s❡❥❛ ✉♠ ❝♦♥❝❡✐t♦ ❛♠♣❧♦ ❡ ♥ã♦ ♠✉✐t♦ ❜❡♠ ❞❡✜♥✐❞♦ ♣❡❧❛

❧✐t❡r❛t✉r❛✱ é ♣♦ssí✈❡❧ ♠♦❞❡❧❛r ❡ ❝❛r❛❝t❡r✐③❛r tr❛ç♦s ❞❛ ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛ ❛ ♣❛rt✐r ❞❡ ❛tr✐❜✉t♦s ❢ís✐❝♦s

❞♦ s♦♠ ♣r❡s❡♥t❡s ♥♦ s✐♥❛❧ ❞❡ ✈♦③✳

❆tr✐❜✉t♦s ❋ís✐❝♦s ❞♦ ❙♦♠

❙❛❜❡✲s❡ q✉❡ ♦ s♦♠ é ❛ ♣r♦♣❛❣❛çã♦ ❞❡ ✉♠❛ ❢r❡♥t❡ ❞❡ ❝♦♠♣r❡ssã♦ ♠❡❝â♥✐❝❛ ♦✉ ♦♥❞❛ ♠❡❝â♥✐❝❛❀

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

✈♦❧✉♠❡✱ ❝♦♠♦ ♦s só❧✐❞♦s✱ ❧íq✉✐❞♦s ♦✉ ❣❛s♦s♦s✳ ❖s s♦♥s ✈♦❝❛✐s sã♦✱ ♥❛ s✉❛ ♠❛✐♦r ♣❛rt❡✱ ❝♦♠❜✐♥❛çõ❡s

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

♦✉ ❢r❡q✉ê♥❝✐❛ ❡ ✉♠❛ ❛♠♣❧✐t✉❞❡✳

❆ ❢r❡q✉ê♥❝✐❛ (f) é ✉♠❛ ❣r❛♥❞❡③❛ ❢ís✐❝❛ q✉❡ ✐♥❞✐❝❛ ♦ ♥ú♠❡r♦ ❞❡ ♦❝♦rrê♥❝✐❛s ❞❡ ✉♠ ❡✈❡♥t♦ ✭❝✐❝❧♦s✱

✈♦❧t❛s✱ ♦s❝✐❧❛çõ❡s✱ ❡t❝✮ ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦✳ ❆❧t❡r♥❛t✐✈❛♠❡♥t❡✱ ♣♦❞❡♠♦s ♠❡❞✐r

♦ t❡♠♣♦ ❞❡❝♦rr✐❞♦ ♣❛r❛ ✉♠❛ ♦s❝✐❧❛çã♦ ❝♦♠♣❧❡t❛✱ q✉❡ r❡❝❡❜❡ ♦ ♥♦♠❡ ❞❡ ♣❡rí♦❞♦ ❞❡ ♦s❝✐❧❛çã♦ (T )✳

❉❡ss❡ ♠♦❞♦✱ ❛ ❢r❡q✉ê♥❝✐❛ é ♦ ✐♥✈❡rs♦ ❞♦ ♣❡rí♦❞♦✿

f =
1

T
.

❆ ✉♥✐❞❛❞❡ ❞❡ ♠❡❞✐❞❛ ♣❛r❛ ❢r❡q✉ê♥❝✐❛ é ♦ ❍❡rt③ ✭❍③✮✱ ♦✉ ❝✐❝❧♦s ♣♦r s❡❣✉♥❞♦ ✭s−1✮✳ ❆ ❢r❡q✉ê♥❝✐❛

❛♥❣✉❧❛r (ω) ♣♦r s✉❛ ✈❡③✱ é ❛ t❛①❛ ❞❡ ✈❛r✐❛çã♦ ❛♥❣✉❧❛r ❡♠ ♠♦✈✐♠❡♥t♦s ❝✐r❝✉❧❛r❡s✳ ◆♦ ❙✐st❡♠❛

■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❯♥✐❞❛❞❡s✱ é ♠❡❞✐❞❛ ❡♠ r❛❞✐❛♥♦s ♣♦r s❡❣✉♥❞♦✱ ❡ s❡ r❡❧❛❝✐♦♥❛ ❝♦♠ ❛ ❢r❡q✉ê♥❝✐❛ ❡♠

❍❡rt③ ♣❡❧❛ ❡q✉❛çã♦✿

ω = 2πf =
2π

T
.

❖ ❞❡❝✐❜❡❧ ✭❞❇✮ é ✉♠❛ ♠❡❞✐❞❛ ❞❛ r❛③ã♦ ❡♥tr❡ ❞✉❛s ❣r❛♥❞❡③❛s✱ t✐♣✐❝❛♠❡♥t❡ ❡♥❡r❣✐❛✱ ♣♦tê♥❝✐❛ ♦✉

❛♠♣❧✐t✉❞❡✱ s❡♥❞♦ ✉s❛❞♦ ♣❛r❛ ✉♠❛ ❣r❛♥❞❡ ✈❛r✐❡❞❛❞❡ ❞❡ ♠❡❞✐çõ❡s ❡♠ ❛❝úst✐❝❛✱ ❢ís✐❝❛ ❡ ❡❧❡trô♥✐❝❛✱

❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ♥❛ ♠❡❞✐❞❛ ❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞❡ s♦♥s✳ ❆ ❞❡✜♥✐çã♦ ❞♦ ❞❇ é ♦❜t✐❞❛ ❝♦♠ ♦ ✉s♦ ❞♦

❧♦❣❛r✐t♠♦✳ ❯♠❛ ✐♥t❡♥s✐❞❛❞❡ s♦♥♦r❛ I ♣♦❞❡ s❡r ❡①♣r❡ss❛ ❡♠ ❞❡❝✐❜é✐s ❛tr❛✈és ❞❛ ❡q✉❛çã♦

IdB = 10 log10(
I

I0
),

♦♥❞❡ I0 é ❛ ✐♥t❡♥s✐❞❛❞❡ ❞❡ r❡❢❡rê♥❝✐❛✳ ◆♦ ❝❛s♦ ❞❡ s❡ r❡♣r❡s❡♥t❛r ❛ ♣r❡ssã♦ s♦♥♦r❛ ❡♠ ❞❡❝✐❜é✐s✱ ♦



✷✳✶ ❘❯❉■▼❊◆❚❖❙ ❉❖ P❘❖❈❊❙❙❆▼❊◆❚❖ ❉❊ ❱❖❩ ✶✼

❢❛t♦r ♠✉❧t✐♣❧✐❝❛t✐✈♦ 10 é s✉❜st✐t✉í❞♦ ♣♦r 20✱ ✉♠❛ ✈❡③ q✉❡ ❛ ✐♥t❡♥s✐❞❛❞❡ s♦♥♦r❛ é ✉♠❛ ❣r❛♥❞❡③❛

q✉❛❞rát✐❝❛ ❡♠ r❡❧❛çã♦ à ♣r❡ssã♦ s♦♥♦r❛ ✭❞♦❜r❛r ❛ ❝♦♥st❛♥t❡ é ❡q✉✐✈❛❧❡♥t❡ ❛ ❡❧❡✈❛r ❛♦ q✉❛❞r❛❞♦ ♦

q✉♦❝✐❡♥t❡✮✳

P❡r❝❡♣çã♦ ❍✉♠❛♥❛

❆ ❛✉❞✐çã♦ é ✉♠ ♠❡❝❛♥✐s♠♦ s♦✜st✐❝❛❞♦✳ ❙❡r❡s ❤✉♠❛♥♦s ❡ ✈ár✐♦s ❛♥✐♠❛✐s ♣❡r❝❡❜❡♠ s♦♥s ❝♦♠

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

✭❛✉❞✐çã♦ ❡st❡r❡♦❢ô♥✐❝❛✮✳ ■ss♦ ♣❡r♠✐t❡✱ ♣♦r ❡①❡♠♣❧♦✱ q✉❡ ♣r❡❞❛❞♦r❡s ❝❛❝❡♠ s✉❛s ♣r❡s❛s ❡✜❝✐❡♥t❡♠❡♥t❡

✭♥♦ ❝❛s♦ ❞❡ ♠♦r❝❡❣♦s✮✱ ❜❡♠ ❝♦♠♦ ♣❡r♠✐t❡ ❛ ❢✉❣❛ ❞❡ ♣r❡s❛s ❛r✐s❝❛s ❞✐❛♥t❡ ❞♦ ❜r❛♠✐❞♦ ❞❡ ✉♠ ❧❡ã♦

✈♦r❛③✳ ◆♦ ❝❛s♦ ❞♦s ❤✉♠❛♥♦s✱ ❛ ❛✉❞✐çã♦ s❡ ❞❡st❛❝❛ ❝♦♠♦ ✉♠ ❞♦s ♣r✐♥❝✐♣❛✐s s❡♥t✐❞♦s r❡❝❡♣t✐✈♦s ❞❛

❝♦♠✉♥✐❝❛çã♦ à ❛♣r❡❝✐❛çã♦ ♠✉s✐❝❛❧✳

❋✐❣✉r❛ ✷✳✶✿ ❖ ❛♣❛r❡❧❤♦ ❛✉❞✐t✐✈♦✳

❖ ❛♣❛r❡❧❤♦ ❛✉❞✐t✐✈♦✱ ♦ ♦✉✈✐❞♦✱ é ❝♦♥st✐t✉í❞♦ ♣♦r três ♣❛rt❡s✿ ♦ ♦✉✈✐❞♦ ❡①t❡r♥♦✱ ♦ ♦✉✈✐❞♦ ♠é❞✐♦

❡ ♦ ♦✉✈✐❞♦ ✐♥t❡r♥♦✳ ❖❜s❡r✈❡ ❛ ❋✐❣✉r❛ ✷✳✶ ❡ ❛❝♦♠♣❛♥❤❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ ❛✉❞✐çã♦✶✿

✶✳ ❖ s♦♠ ♣r♦♣❛❣❛✲s❡ ❞❡s❞❡ ❛ ❢♦♥t❡ s♦♥♦r❛ ❛té ♦s ♥♦ss♦s ♦✉✈✐❞♦s✳

✷✳ ❖ ♣❛✈✐❧❤ã♦ ❛✉r✐❝✉❧❛r ✭♦✉✈✐❞♦ ❡①t❡r♥♦✮ r❡❝❡❜❡ ❛s ♦♥❞❛s s♦♥♦r❛s✱ ❡♥❝❛♠✐♥❤❛♥❞♦✲❛s ❛tr❛✈és ❞♦

❝❛♥❛❧ ❛✉❞✐t✐✈♦ ❛té ♦ ♦✉✈✐❞♦ ♠é❞✐♦✳

✸✳ ❖ tí♠♣❛♥♦✱ ❛ ♣❡q✉❡♥❛ ♠❡♠❜r❛♥❛ q✉❡ s❡♣❛r❛ ♦ ♦✉✈✐❞♦ ❡①t❡r♥♦ ❞♦ ♠é❞✐♦✱ ✈❛✐ ❡♥tã♦ ✈✐❜r❛r ❞❡

❛❝♦r❞♦ ❝♦♠ ❛s ♠♦❧é❝✉❧❛s ❞♦ ❛r ❛♦ r❡❞♦r✳

✹✳ ❊ss❛s ✈✐❜r❛çõ❡s ✈ã♦ ❡♥tã♦ s❡r tr❛♥s♠✐t✐❞❛s ♣❛r❛ ♦ ✐♥t❡r✐♦r ❞❛ ❝ó❝❧❡❛ ✭♥♦ ♦✉✈✐❞♦ ✐♥t❡r♥♦✮ ❛tr❛✈és

❞♦s três ♦ssí❝✉❧♦s✿ ♦ ♠❛rt❡❧♦✱ ❛ ❜✐❣♦r♥❛ ❡ ♦ ❡str✐❜♦✱ ❧✐❣❛❞♦s ❡♠ sér✐❡ ❡♥tr❡ ♦ tí♠♣❛♥♦ ❡ ❛ ❥❛♥❡❧❛

♦✈❛❧✱ ❡ ❢✉♥❝✐♦♥❛♥❞♦ ❝♦♠♦ tr❛♥s♣♦rt❛❞♦r❡s ❞♦ s♦♠ r❡❝❡❜✐❞♦✳

✺✳ ❆s ✈✐❜r❛çõ❡s sã♦ ❡♥tã♦ tr❛♥s♠✐t✐❞❛s à ❝ó❝❧❡❛✱ ♣r♦✈♦❝❛♥❞♦ ❛ ♦s❝✐❧❛çã♦ ❞❛ ♠❡♠❜r❛♥❛ ❜❛s✐❧❛r✳

✻✳ ❈❛❞❛ r❡❣✐ã♦ ❞❛ ♠❡♠❜r❛♥❛ ❜❛s✐❧❛r é ❡s♣❡❝✐❛❧✐③❛❞❛ ❡♠ r❡s♣♦♥❞❡r ❛♦s ❡stí♠✉❧♦s ♣r♦✈♦❝❛❞♦s ♣♦r

♦s❝✐❧❛çõ❡s ❞❡ ✉♠❛ ❢❛✐①❛ ❡str❡✐t❛ ❞❡ ❢r❡q✉ê♥❝✐❛s✳

✶❆ ❝♦♠✉♥✐❞❛❞❡ ❲✐❦✐♠❡❞✐❛ ❈♦♠♠♦♥s ❝♦♥❝❡❞❡ ❛♦ ❛✉t♦r ❛ ♣❡r♠✐ssã♦ ♣❛r❛ ❛ ❧✐✈r❡ ✉t✐❧✐③❛çã♦ ❞❛ ✐♠❛❣❡♠ ❤tt♣✿
✴✴❝♦♠♠♦♥s✳✇✐❦✐♠❡❞✐❛✳♦r❣✴✇✐❦✐✴❋✐❧❡✿❆♥❛t♦♠✐❛❴❞♦❴❖✉✈✐❞♦❴❍✉♠❛♥♦✳s✈❣

http://commons.wikimedia.org/wiki/File:Anatomia_do_Ouvido_Humano.svg
http://commons.wikimedia.org/wiki/File:Anatomia_do_Ouvido_Humano.svg


✶✽ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✶

❆ ♠❡♠❜r❛♥❛ ❜❛s✐❧❛r é ✉♠❛ r❡❣✐ã♦ ✐♥t❡r♥❛ ♥❛ ❝ó❝❧❡❛ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❛s ❢r❡q✉ê♥✲

❝✐❛s s♦♥♦r❛s✳ ❙❛❜❡✲s❡ q✉❡ ❛♦ ❧♦♥❣♦ ❞❡st❛ ♠❡♠❜r❛♥❛ ❛s ❢r❡q✉ê♥❝✐❛s sã♦ ♣❡r❝❡❜✐❞❛s ❞❡♥tr♦ ❞❡ ✉♠❛

❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛ ❞❡ ❢r❡q✉ê♥❝✐❛✳ ❖s s♦♥s ❛✉❞í✈❡✐s ♣❡❧♦ ♦✉✈✐❞♦ ❤✉♠❛♥♦ tê♠ ❢r❡q✉ê♥❝✐❛s ❡♥tr❡ ✷✵

❍③ ❡ ✷✵ ❦❍③✳ ❆❝✐♠❛ ❡ ❛❜❛✐①♦ ❞❡st❛ ❢❛✐①❛ ❡stã♦ ✉❧tr❛✲s♦♠ ❡ ✐♥❢r❛✲s♦♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❉❛í s✉r❣❡♠

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

❉♦✐s ❞❡st❡s ♠♦❞❡❧♦s s❡rã♦ ❞❡st❛❝❛❞♦s ❛♦ ❧♦♥❣♦ ❞❡st❡ tr❛❜❛❧❤♦✿ ❛ ❊s❝❛❧❛ ▼❊▲✱ ♣r♦♣♦st❛ ♣♦r ❙t❡✲

✈❡♥s✱ ❱♦❧❦♠❛♥ ❡ ◆❡✇♠❛♥♥ ❡♠ ✶✾✸✼ ❬✷✺✷❪❀ ❡ ❛ ❊s❝❛❧❛ ❞❡ ❇❛r❦✱ ♣r♦♣♦st❛ ♣♦r ❊❜❡r❤❛r❞ ❩✇✐❝❦❡r ❡♠

✶✾✻✶ ❬✸✶✾❪✳

❆ ❡s❝❛❧❛ ▼❊▲ é ✉♠❛ ❡s❝❛❧❛ ♣❡r❝❡♣t✉❛❧ ♠✉s✐❝❛❧ ❜❛s❡❛❞❛ ♥❛ ♣❡r❝❡♣çã♦ ❞❡ ✐♥t❡r✈❛❧♦s ♠❡❧ó❞✐❝♦s

s❡❣✉♥❞♦ ♦❜s❡r✈❛❞♦r❡s ❡s♣❡❝✐❛❧✐③❛❞♦s✳ ❙✉❛ ❡s❝❛❧❛ ❞❡ ❝♦♥✈❡rsã♦ é ❞❛❞❛ ♣❡❧❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

m = 1127.01048 loge(1 + f/700),

❡ s✉❛ ✐♥✈❡rs❛ é✿

f = 700(em/1127.01048 − 1),

♦♥❞❡ f é ❛ ❢r❡q✉ê♥❝✐❛ ❡♠ ❍❡rt③ ❡ m é ❛ ❛❧t✉r❛ ♠✉s✐❝❛❧ ❡♠ ▼❊▲❙✳

❆ ❊s❝❛❧❛ ❞❡ ❇❛r❦ é ✉♠❛ ❡s❝❛❧❛ ♣s✐❝♦❛❝úst✐❝❛ ❞❡ ✉s♦ ❣❡r❛❧ ❡♠ ❛❝úst✐❝❛✳ ❖ ♥♦♠❡ ❇❛r❦ é ✉♠❛

❤♦♠❡♥❛❣❡♠ à ❍❡✐♥r✐❝❤ ❇❛r❦❤❛✉s❡♥ ❬✸✶✾❪✱ q✉❡ ♣r♦♣ôs ❛ ♣r✐♠❡✐r❛ ♠❡❞✐çã♦ s✉❜❥❡t✐✈❛ ❞❡ ✐♥t❡♥s✐❞❛❞❡

s♦♥♦r❛✳ ❚❛❧ ❡s❝❛❧❛ s✉❜❞✐✈✐❞❡ ❛s ❢r❡q✉ê♥❝✐❛s ❡♠ ✷✹ ❢❛✐①❛s ❞❡ ✈❛❧♦r❡s✱ ❞❡♥♦♠✐♥❛❞❛s ❜❛♥❞❛s ❝rít✐❝❛s✳

❈❛❞❛ ❜❛♥❞❛ ❝rít✐❝❛ ♣♦ss✉✐ ✉♠ ❢r❡q✉ê♥❝✐❛ ❜❛s❡✳ ❆s ❢r❡q✉ê♥❝✐❛s ❜❛s❡ ❞❛ ❡s❝❛❧❛ ❇❛r❦ ❞❡ ❛✉❞✐♦♠❡tr✐❛

sã♦✱ ❡♠ ❍③✿ ✷✵✱ ✶✵✵✱ ✷✵✵✱ ✸✵✵✱ ✹✵✵✱ ✺✶✵✱ ✻✸✵✱ ✼✼✵✱ ✾✷✵✱ ✶✵✽✵✱ ✶✷✼✵✱ ✶✹✽✵✱ ✶✼✷✵✱ ✷✵✵✵✱ ✷✸✷✵✱ ✷✼✵✵✱

✸✶✺✵✱ ✸✼✵✵✱ ✹✹✵✵✱ ✺✸✵✵✱ ✻✹✵✵✱ ✼✼✵✵✱ ✾✺✵✵✱ ✶✷✵✵✵✱ ✶✺✺✵✵✳ ❙✉❛ ❡s❝❛❧❛ ❞❡ ❝♦♥✈❡rsã♦ é ❞❛❞❛ ♣❡❧❛ s❡❣✉✐♥t❡

❡q✉❛çã♦✿

b = 13 arctan(0.76f/1000) + 3.5 arctan((f/7500)2),

♦♥❞❡ f é ❛ ❢r❡q✉ê♥❝✐❛ ❡♠ ❍❡rt③ ❡ b é ❛ ❢r❡q✉ê♥❝✐❛ ❡♠ ❇❛r❦✳ P❛r❛ ❡♥❝♦♥tr❛r ❛ ❜❛♥❞❛ ❝rít✐❝❛ ❞❡ ✉♠❛

❞❡t❡r♠✐♥❛❞❛ ❢r❡q✉ê♥❝✐❛ ❇❛r❦ b✱ ❜❛st❛ t♦♠❛r ♦ ♣✐s♦ ❞❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

Bc = 52548/(b2 − 52.56b+ 690.39),

♦♥❞❡ Bc é ❛ ❜❛♥❞❛ ❝rít✐❝❛ ❡♠ ❍❡rt③ ❡ b é ❛ ❢r❡q✉ê♥❝✐❛ ❡♠ ❜❛r❦✳

❚❛✐s ❡s❝❛❧❛s s❡r✈❡♠ ❝♦♠♦ ❜❛s❡ ♣❛r❛ ♠♦❞❡❧♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳ ❆❧é♠ ❞♦ s✐st❡♠❛

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

❞♦ s✐♥❛❧✳

Pr♦❝❡ss♦ ❞❡ Pr♦❞✉çã♦ ❞❛ ❱♦③

❖ ❛♣❛r❡❧❤♦ ❢♦♥❛❞♦r ❝♦♠♣r❡❡♥❞❡ ♦s ór❣ã♦s ❡♥❝❛rr❡❣❛❞♦s ♣♦r ♣r♦❞✉③✐r ❛ ❢❛❧❛✳ ❖s ór❣ã♦s ❞♦ ❛♣❛✲

r❡❧❤♦ ❢♦♥❛❞♦r sã♦ ❝❛t❡❣♦r✐③❛❞♦s ❡♠ três ❣r✉♣♦s✿

✶✳ ❖s ❢♦❧❡s ❣❡r❛♠ ✉♠❛ ❝♦❧✉♥❛ ❡①♣✐r❛tór✐❛ ❞❡ ❛r ❞❡♥tr♦ ❞❛ r❡❣✐ã♦ s✉❜❣❧ót✐❝❛ ✭❝❛✐①❛ t♦rá❝✐❝❛✱

♣✉❧♠õ❡s ❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ♦ ❞✐❛❢r❛❣♠❛✮❀

✷✳ ❖s ✈✐❜r❛❞♦r❡s tr❛♥s❢♦r♠❛♠ ❛ ❝♦❧✉♥❛ ❞❡ ❛r ❡♠ ✈✐❜r❛çõ❡s s♦♥♦r❛s ✭❧❛r✐♥❣❡ ❡✱ ❡s♣❡❝✐❛❧♠❡♥t❡✱

❛s ❝♦r❞❛s ✈♦❝❛✐s✮❀

✸✳ ❖s r❡ss♦❛❞♦r❡s ♠♦❞✐✜❝❛♠ ♣❛ss✐✈❛♠❡♥t❡ ❛s ✈✐❜r❛çõ❡s s♦♥♦r❛s ✭♥❛r✐③✱ ❜♦❝❛✱ ❡ ❢❛r✐♥❣❡✮❀



✷✳✶ ❘❯❉■▼❊◆❚❖❙ ❉❖ P❘❖❈❊❙❙❆▼❊◆❚❖ ❉❊ ❱❖❩ ✶✾

❋✐❣✉r❛ ✷✳✷✿ P❛rt❡ s✉♣❡r✐♦r ❞♦ ❛♣❛r❡❧❤♦ ❢♦♥❛❞♦r✳

✹✳ ❖s ❛rt✐❝✉❧❛❞♦r❡s s❡ ♠♦✈✐♠❡♥t❛♠ ❞❡ ♠♦❞♦ ❛ tr❛♥s❢♦r♠❛r ❛s ✈✐❜r❛çõ❡s s♦♥♦r❛s ❡♠ ❢❛❧❛ ✭❧á❜✐♦s✱

❧í♥❣✉❛✱ ❞❡♥t❡s✱ ♣❛❧❛t♦ ❞✉r♦ ❡ ♠♦❧❡✮✳

❖❜s❡r✈❡ ♥❛ ❋✐❣✉r❛ ✷✳✷ ♦♥❞❡ s❡ ❧♦❝❛❧✐③❛♠ ❛❧❣✉♥s ❞❡st❡s ór❣ã♦s ❞♦ ❛♣❛r❡❧❤♦ ❢♦♥❛❞♦r✳ ❇❛s✐❝❛♠❡♥t❡✱ ❛s

✈✐❜r❛çõ❡s s♦♥♦r❛s sã♦ ♣r♦❞✉③✐❞❛s ♣❡❧♦ ❛❢❛st❛♠❡♥t♦ ❡ r❡❛♣r♦①✐♠❛çã♦ ❞❛s ❝♦r❞❛s ✈♦❝❛✐s ✭♦✉ ♣r❡❣❛s

✈♦❝❛✐s✮✳ ❚❛❧ ♠♦✈✐♠❡♥t❛çã♦ ❞❛s ❝♦r❞❛s é r❡s✉❧t❛❞♦ ❞❛ ♣r❡ssã♦ ❡①❡r❝✐❞❛ s♦❜r❡ ❡❧❛s ♣❡❧❛ ❝♦❧✉♥❛ ❛r

❞❡♥tr♦ ❞❛ ❧❛r✐♥❣❡ ❬✷✽✺❪✳ ❖ ✢✉①♦ ❞❡ ❛r r❡s✉❧t❛♥t❡ ❞❡st❛s ✈✐❜r❛çõ❡s é ❝❤❛♠❛❞♦ ❞❡ ♣✉❧s♦ ❣❧♦t❛❧✱

♦✉ ❛✐♥❞❛✱ ❢♦♥t❡ ❡①❝✐t❛❞♦r❛✳ ❆ ❋✐❣✉r❛ ✷✳✸ ✐❧✉str❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❣❡r❛çã♦ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧✳ ❆ ♣❛rt❡

s✉♣❡r✐♦r ❞❡st❛ ✜❣✉r❛ ❡①✐❜❡ ❛ ❢✉♥çã♦ ❞❛ ♣r❡ssã♦ ❞♦ ❛r ♣❡❧♦ t❡♠♣♦✳ ❆ ♣❛rt❡ ✐♥❢❡r✐♦r ❞❡st❛ ✜❣✉r❛

♠♦str❛ ✉♠ ❞✐❛❣r❛♠❛ s✐♠♣❧✐✜❝❛❞♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥tr♦❧❡ ❞❛ ♣❛ss❛❣❡♠ ❞❡ ❛r ♣❡❧❛s ♣r❡❣❛s ✈♦❝❛✐s✳

➱ ❝❧❛r❛ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧ ♥❛ ❝♦♠♣♦s✐çã♦ ❞❛ ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛ ❞♦ ❢❛❧❛♥t❡✳ ❊♥tr❡✲

t❛♥t♦✱ ❡①✐st❡♠ ♦✉tr♦s ❛s♣❡❝t♦s ❧✐❣❛❞♦s à ♣ró♣r✐❛ ❧í♥❣✉❛ q✉❡ ❞❡✈❡♠ s❡r ♦❜s❡r✈❛❞♦s✳ ❊♥tã♦✱ ❛❧❣✉♠❛s

♣❡r❣✉♥t❛s sã♦ ❧❡✈❛♥t❛❞❛s✿ ✏❈♦♠♦ ✉♠ s❡r ❤✉♠❛♥♦ ♣♦❞❡ ❞✐❢❡r❡♥❝✐❛r ✉♠ ❢♦♥❡♠❛ ✴❛✴ ❞❡ ✉♠ ❢♦♥❡♠❛

✴✐✴✱ ❛♠❜♦s ❡♠✐t✐❞♦s ❡♠ ✉♠❛ ♠❡s♠❛ ❛❧t✉r❛ ♠✉s✐❝❛❧❄ ✑✳ ❖✉ ❡♥tã♦✿ ✏❈♦♠♦ ♣♦❞❡♠♦s ❛ss♦❝✐❛r ❢♦♥❡♠❛s

❡q✉✐✈❛❧❡♥t❡s s❡♥❞♦ ❡st❡s ❡♠✐t✐❞♦s ❡♠ ❛❧t✉r❛s ♠✉s✐❝❛✐s ❞✐❢❡r❡♥t❡s❄ ✑✳ ❆s r❡s♣♦st❛s ❞❡st❛s ♣❡r❣✉♥t❛s

❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❞✐r❡t❛♠❡♥t❡ ❝♦♠ ❛s ❢r❡q✉ê♥❝✐❛s ❢♦r♠❛♥t❡s ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳

❯♠ ❢♦r♠❛♥t❡ é ✉♠ ♣✐❝♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ✉♠❛ r❡❣✐ã♦ ❞❡ ❢r❡q✉ê♥❝✐❛s ♥♦ ❡s♣❡❝tr♦ ❞❡ ✉♠ s♦♠✱ ❝♦r✲

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

❢♦r♠❛♥t❡✮✳ ▼❛t❡♠❛t✐❝❛♠❡♥t❡✱ ❛s ❢r❡q✉ê♥❝✐❛s ❢♦r♠❛♥t❡s sã♦ r❡s✉❧t❛♥t❡s ❞♦ ♣r♦❝❡ss♦ ❞❡ ✜❧tr❛❣❡♠ ❞❛

❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ ❣❧♦t❛❧ ♣❡❧❛s r❡ss♦♥â♥❝✐❛s ♣r♦❞✉③✐❞❛s ♣❡❧♦ tr❛t♦ ✈♦❝❛❧✱ ❢♦r♠❛❞❛s ♣❡❧❛ ❝♦♥✜❣✉r❛çã♦

❞♦s r❡ss♦❛❞♦r❡s ❡ ❛rt✐❝✉❧❛❞♦r❡s ❞❛ ❢❛❧❛ ✭✈❡r ❙❡çã♦ ✷✳✷✮✳

◆❛ ❢❛❧❛✱ ❛s ❢r❡q✉ê♥❝✐❛s ❢♦r♠❛♥t❡s sã♦ r❡s♣♦♥sá✈❡✐s ♣♦r ♠❛♥t❡r ♦ ♠❡s♠♦ ❢♦♥❡♠❛ ✐♥❞❡♣❡♥❞❡♥✲

t❡♠❡♥t❡ ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❡♠✐t✐❞❛ ♣❡❧♦ ❢❛❧❛♥t❡✳ ❆ss✐♠✱ ❝❛❞❛ ❢♦♥❡♠❛ ❞✐st✐♥t♦ ♣♦ss✉✐ ✉♠

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

❡s♣❡❝tr❛❧✳

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

❞❡ ❝❛❞❛ ❢♦♥❡♠❛✳ ❚❛✐s r❡❣✐õ❡s s❡ ❝❛r❛❝t❡r✐③❛♠ ♣♦r s❡r❡♠ ❛❣❧✉t✐♥❛❞♦r❡s ❞❡ ❢r❡q✉ê♥❝✐❛s ❢♦r♠❛♥t❡s

♠❛✐s ✐♠♣♦rt❛♥t❡s ♣❛r❛ ❡s♣❡❝✐✜❝❛çã♦ ❞❡ ✉♠ r❡s♣❡❝t✐✈♦ ❢♦♥❡♠❛✳ ❆ r❡❣✐ã♦ ❢♦r♠â♥t✐❝❛ ❞❛ ✈♦❣❛❧ ✴❛✴✱



✷✵ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✶

❋✐❣✉r❛ ✷✳✸✿ Pr♦❝❡ss♦ ❞❡ ♣r♦❞✉çã♦ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧✳

♣♦r ❡①❡♠♣❧♦✱ ❝♦♠♣r❡❡♥❞❡ ❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛s ❡♥tr❡ 800 ❡ 1200Hz✳ ❆s ✈♦❣❛✐s ✴♦✴ ❡ ✴✉✴ ♣♦ss✉❡♠

r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ♥❛ ❢❛✐①❛ ❞❡ 400 ❛ 600Hz ❡ 200 ❛ 400Hz✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P❛r❛ ❛s ❞❡♠❛✐s ✈♦❣❛✐s

✴❡✴ ❡ ✴✐✴ ❡①✐st❡♠ ❞✉❛s r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ♣r✐♥❝✐♣❛✐s✿ ❞❡ 400 ❛ 600 ❡ 2200 ❛ 2600Hz ♣❛r❛ ❛ ✈♦❣❛❧

✴❡✴ ❡ ❞❡ 200 ❛ 400 ❡ 3000 ❛ 3500Hz ♣❛r❛ ❛ ✈♦❣❛❧ ✴✐✴

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

❖ ❢♦r♠❛♥t❡ F1 t❡♠ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ♠❛✐s ❛❧t❛ q✉❛♥❞♦ ❛ ❧í♥❣✉❛ ❡stá ♠❛✐s ❜❛✐①❛✱ ♦✉ s❡❥❛✱ q✉❛♥t♦ ♠❛✐♦r

❢♦r ❛ ❛❜❡rt✉r❛ ❞❛ ✈♦❣❛❧✱ ♠❛✐♦r é ❛ ❢r❡q✉ê♥❝✐❛ q✉❡ ❛♣❛r❡❝❡ ❡♠ F1✳ ❖ ❢♦r♠❛♥t❡ F2 t❡♠ ✉♠❛ ❢r❡q✉ê♥❝✐❛

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

♠❛✐♦r é F2✳ ❆ ❚❛❜❡❧❛ ✷✳✶ ❡①✐❜❡ ❛ ♣♦s✐çã♦ tí♣✐❝❛ ❞♦s ❢♦r♠❛♥t❡s F1 ❡ F2 ♥❛ ♣r♦♥ú♥❝✐❛ ❞❛s ✈♦❣❛✐s ❞❛

❧í♥❣✉❛ ♣♦rt✉❣✉❡s❛✳

❱♦❣❛❧ ❋♦r♠❛♥t❡ F1 ❋♦r♠❛♥t❡ F2

✴❛✴ 1000Hz 1400Hz

✴❡✴ 500Hz 2300Hz

✴✐✴ 320Hz 3200Hz

✴♦✴ 500Hz 1000Hz

✴✉✴ 320Hz 800Hz

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

❆❧é♠ ❞♦s ❢♦r♠❛♥t❡s✱ ❡①✐st❡♠ ♦✉tr❛s ❝❛r❛❝t❡ríst✐❝❛s ❡s♣❡❝í✜❝❛s ❞❛ ❢❛❧❛ ❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ ♦s

❡❧❡♠❡♥t♦s ♣r♦só❞✐❝♦s✱ q✉❡ ♥♦s ♣❡r♠✐t❡♠ ❞✐s❝r✐♠✐♥❛r ✉♠ ✐♥❞✐✈í❞✉♦ ❞❡♥tr❡ ♦✉tr♦s ❢❛❧❛♥t❡s ❛ ♣❛rt✐r

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

Pr♦só❞✐❛✿ P✐t❝❤✱ ❉✉r❛çã♦ ❡ ❊♥❡r❣✐❛

❊♠ t❡r♠♦s ❞❡ ❧✐♥❣✉íst✐❝❛✱ ❛ ♣r♦só❞✐❛ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ❛ ❝♦rr❡t❛ ❛❝❡♥t✉❛çã♦ ❞❛s ♣❛❧❛✈r❛s

t♦♠❛♥❞♦ ❝♦♠♦ ♣❛❞rã♦ ❛ ❧í♥❣✉❛ ❝♦♥s✐❞❡r❛❞❛ ❝✉❧t❛✳ ❆❧é♠ ❞✐ss♦✱ ❛ ♣r♦só❞✐❛ r❡❧❛❝✐♦♥❛ t♦❞♦s ♦s ❡❧❡✲

♠❡♥t♦s rít♠✐❝♦s✱ ♠❡❧ó❞✐❝♦s ❡ ❞❡ ❞✐♥â♠✐❝❛ ❞❛ ❢❛❧❛✳ ❚❛✐s ❢❛t♦r❡s ❞❡✈❡♠ s❡r ❧❡✈❛❞♦s ❡♠ ❝♦♥s✐❞❡r❛çã♦

♥❛ t❛r❡❢❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✳ ▼✉✐t❛s ✈❡③❡s✱ ❛té ♠❡s♠♦ ❡♥tr❡ ♦s s❡r❡s ❤✉♠❛♥♦s✱ ✉♠ ú♥✐❝♦ ❡rr♦ ❞❡

♣r♦♥ú♥❝✐❛ t♦r♥❛ ✉♠❛ s✐♠♣❧❡s s❡♥t❡♥ç❛ ✐♥✐♥t❡❧✐❣í✈❡❧✳

❆ ❛❧t✉r❛ ♠✉s✐❝❛❧ ♣r❡s❡♥t❡ ❡♠ ✉♠❛ ✈♦③ ❤✉♠❛♥❛✱ r❡s♣❡❝t✐✈❛ à ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ♣❡r❝❡❜✐❞❛

♣♦r ❝❛❞❛ ✐♥❞✐✈í❞✉♦✱ é ❝♦♥❤❡❝✐❞❛ t❛♠❜é♠ ❝♦♠♦ ♣✐t❝❤✷✳ ❈♦♠♦ ❡♠ ✈ár✐♦s ♦✉tr♦s ❛s♣❡❝t♦s ❞❛ ♠ús✐❝❛✱

❛ ♣❡r❝❡♣çã♦ ❞❛s ❛❧t✉r❛s ♠✉s✐❝❛✐s é r❡❧❛t✐✈❛✳ P♦✉❝❛s ♣❡ss♦❛s tê♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣❡r❝❡❜❡r ❝❛❞❛

❢r❡q✉ê♥❝✐❛ ❞❡ ♠♦❞♦ ❛❜s♦❧✉t♦✱ ❡ q✉❛♥❞♦ ✐st♦ ♦❝♦rr❡ ❞✐③❡♠♦s q✉❡ ❡❧❛s ♣♦ss✉❡♠ ♦✉✈✐❞♦ ❛❜s♦❧✉t♦✳

✷❆❞♦t❛r❡♠♦s ♦ t❡r♠♦ ♣✐t❝❤ ❡♠ ■♥❣❧ês ♣♦r ❢❛❧t❛ ❞❡ ♥♦♠❡♥❝❧❛t✉r❛ ♣❛❞r♦♥✐③❛❞❛ ❡♠ P♦rt✉❣✉ês ♥❛ ár❡❛ ❞❡ ♣r♦❝❡ss❛✲
♠❡♥t♦ ❞❡ ✈♦③✳



✷✳✷ ▼❖❉❊▲❖❙ ❈▲➪❙❙■❈❖❙ ❉❖ ❙■◆❆▲ ❉❊ ❱❖❩ ✷✶

❈❛❞❛ s❡r ❤✉♠❛♥♦ t❡♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❡♠✐t✐r s♦♥s ♥✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛✱ ❝❤❛♠❛❞❛ ❞❡

❡①t❡♥sã♦ ✈♦❝❛❧ ❞♦ ✐♥❞✐✈í❞✉♦✳ ❉❡ ✉♠ ♠♦❞♦ ❣❡r❛❧✱ s❡ ♦❜s❡r✈❛ q✉❡ ❛ ♣❡r❝❡♣çã♦ ❞♦ ♣✐t❝❤ ❞❛ ♣ró♣r✐❛

✈♦③ ❡♠✐t✐❞❛ ♣♦r ✉♠ ✐♥❞✐✈í❞✉♦ ♦ t♦r♥❛ ❛♣t♦ ❛ ♠❛♥t❡r ✉♠❛ ❝❡rt❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ f0 ✐♥✈❛r✐á✈❡❧

❡♠ ✉♠ ❝✉rt♦ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦✳

❆ ✈♦③ ❤✉♠❛♥❛✱ ❜❡♠ ❝♦♠♦ ❛ ♠❛✐♦r✐❛ ❞♦s s♦♥s ♥❛t✉r❛✐s✱ sã♦ s♦♥s ❝♦♠♣♦st♦s ♣♦r ✉♠❛ sér✐❡

❤❛r♠ô♥✐❝❛ ❛❞✐❝✐♦♥❛❞♦s ❞❡ ✉♠❛ ❝♦♠♣♦♥❡♥t❡ r✉✐❞♦s❛✳ ❯♠ ❤❛r♠ô♥✐❝♦ ❞❡ ✉♠ s✐♥❛❧ q✉❛❧q✉❡r é ✉♠❛

❝♦♠♣♦♥❡♥t❡ ❝✉❥❛ ❢r❡q✉ê♥❝✐❛ é ✉♠ ♠ú❧t✐♣❧♦ ✐♥t❡✐r♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ✭f0✮✳ ❖s ♠ú❧t✐♣❧♦s

♥ã♦✲✐♥t❡✐r♦s sã♦ ❝❤❛♠❛❞♦s ❞❡ ♣❛r❝✐❛✐s✳ ❖ ❝♦♥❥✉♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛s ❤❛r♠ô♥✐❝❛s {f0, 2f0, 3f0, . . .} é

❞❡♥♦♠✐♥❛❞♦ sér✐❡ ❤❛r♠ô♥✐❝❛✳

❖✉tr♦ ❛s♣❡❝t♦ ✐♠♣♦rt❛♥t❡ ♥❛ ❡♠✐ssã♦ ❞❡ ✉♠ s♦♠ é s✉❛ ❞✉r❛çã♦✳ ◆♦ s♦♠ ❢❛❧❛❞♦ ❡①✐st❡♠ ✐♥ú♠❡✲

r♦s tr❡❝❤♦s s♦♥♦r♦s ❝♦♠ ❞✐❢❡r❡♥t❡s t✐♠❜r❡s✱ ♥❛ ♠❛✐♦r✐❛ ❞❛s ✈❡③❡s ♥✉♠❛ ♠❡s♠❛ s❡♥t❡♥ç❛ ♣r♦♥✉♥❝✐❛❞❛✳

❆ ♠❡❞✐❞❛ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡♠ q✉❡ ✉♠❛ s❡♥t❡♥ç❛ é ♣r♦♥✉♥❝✐❛❞❛ é ❝❤❛♠❛❞❛ ❞❡ t❛①❛ ❞❡ ♣r♦♥ú♥❝✐❛✱

♦✉ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♥ú♥❝✐❛✳

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

✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛ ❞❡ ✉♠ ❢❛❧❛♥t❡✳ ◆♦ss❛ ♣❡r❝❡♣çã♦ ❤✉♠❛♥❛ ❛ss♦❝✐❛ ♣♦r ❡①❡♠♣❧♦ ✈♦③❡s ♠❛✐s ❛❣✉❞❛s

❛ ♠✉❧❤❡r❡s ❡ ✈♦③❡s ♠❛✐s ❣r❛✈❡s ❛ ❤♦♠❡♥s✳ ❚❛♠❜é♠ ♦ ✈♦❧✉♠❡ ❞❡ s♦♠ ✐rr❛❞✐❛❞♦✱ ❜❡♠ ❝♦♠♦ ♦ r✐t♠♦

❞❡ ❛rt✐❝✉❧❛çã♦✱ sã♦ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡s ♥❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ✉♠ ❧♦❝✉t♦r✳

✷✳✷ ▼♦❞❡❧♦s ❈❧áss✐❝♦s ❞♦ ❙✐♥❛❧ ❞❡ ❱♦③

❊♠❜♦r❛ ❛ ♠❛✐♦r✐❛ ❞♦s ❛✉t♦r❡s ❬✺✸❀ ✽✺❀ ✶✷✽❪ ❛❝r❡❞✐t❡♠ q✉❡ ❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❝❡ss♦ ❞❡ ♣r♦❞✉çã♦

❞❛ ✈♦③ é ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❧✐♥❡❛r✱ ♥ã♦ ❡①✐st❡ ✉♠❛ ♣❛❧❛✈r❛ ✜♥❛❧ s♦❜r❡ ♦ t❡♠❛✳ ❆❧❣✉♥s ♣❡sq✉✐s❛❞♦r❡s

♣r❡ss✉♣õ❡♠ ❛ ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡ ❞❛ ✈♦③ ❡ s❡ ❡s♣❡❝✐❛❧✐③❛♠ ❡♠ té❝♥✐❝❛s ♥ã♦✲❧✐♥❡❛r❡s s♦✜st✐❝❛❞❛s ❬✾✼❀

✶✵✷❪✱ ❡ tê♠ ♦❜t✐❞♦ ê①✐t♦ ♥♦s ú❧t✐♠♦s ❛♥♦s✳ ◆ã♦ ♦❜st❛♥t❡✱ ❡st❡ tr❛❜❛❧❤♦ ❝♦♥s✐❞❡r❛ q✉❡ ✉♠ ♠♦❞❡❧♦

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

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

• ❆ ♣r♦❞✉çã♦ ❞❛ ✈♦③ ♣♦❞❡ s❡r ❞❡s❝r✐t❛ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ♣♦r ❝♦♠♣♦rt❛♠❡♥t♦s ❧✐♥❡❛r❡s✱ ✈✐st♦

q✉❡ ❛s ❝♦r❞❛s ✈♦❝❛✐s ♣r♦❞✉③❡♠ ✉♠❛ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ ❡stá✈❡❧ s❡♠✐✲♣❡r✐ó❞✐❝❛✱ ❝❛❜❡♥❞♦ ❛♦s

r❡ss♦❛❞♦r❡s ♠♦❞❡❧❛r ♦ ❡s♣❡❝tr♦ ❞♦ s✐♥❛❧ ✭❝♦♠♦ ✉♠ ✜❧tr♦✮✳

• ❖ ❛r❝❛❜♦✉ç♦ ❝♦♥❝❡✐t✉❛❧ ❞♦s s✐st❡♠❛s ❧✐♥❡❛r❡s ❢♦r♥❡❝❡ ♣♦❞❡r♦s❛s ❢❡rr❛♠❡♥t❛s ♣❛r❛ ❛♥á❧✐s❡ ❡

sí♥t❡s❡ ❞❡ ❝♦♠♣♦rt❛♠❡♥t♦s ❧✐♥❡❛r❡s✳

• ◗✉❛s❡ ♣♦r ✉♥❛♥✐♠✐❞❛❞❡ ♦s ❛✉t♦r❡s ♠♦❞❡❧❛♠ ♦ ♣r♦❝❡ss♦ ❞❡ ♣r♦❞✉çã♦ ❞❡ ✈♦③ ❛ ♣❛rt✐r ❞❡ s✐st❡♠❛s

❢♦♥t❡✲✜❧tr♦✱ ❞✐s♣♦♥✐❜✐❧✐③❛♥❞♦ ❛ss✐♠ ❞✐✈❡rs❛s ❢❡rr❛♠❡♥t❛s ❧✐♥❡❛r❡s ♣❛r❛ ❛♥á❧✐s❡✴sí♥t❡s❡ ❞❡st❡s

s✐♥❛✐s✳

❉❛❞♦ ♦ ❞✐r❡❝✐♦♥❛♠❡♥t♦ ♣❛r❛ ❛ ♠♦❞❡❧❛❣❡♠ ❧✐♥❡❛r ❞♦s s✐♥❛✐s ❞❡ ✈♦③✱ ♣❛ss❡♠♦s à ❡s♣❡❝✐✜❝❛çã♦ ❞♦

♠♦❞❡❧♦ ❝❧áss✐❝♦ ❞❡ ♣r♦❞✉çã♦ ❞❡ ✈♦③✱ ❡①♣❧♦r❛♥❞♦ ❛ ❡str❡✐t❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢♦♥t❡ ❡

✜❧tr♦ ❞♦ s✐st❡♠❛✳

✷✳✷✳✶ ▼♦❞❡❧♦ ❋♦♥t❡✲❋✐❧tr♦

❊♠ ❣❡r❛❧✱ ♦ ♠♦❞❡❧♦ ❢♦♥t❡✲✜❧tr♦ ❞❡❝♦♠♣õ❡ ♦s ❢❡♥ô♠❡♥♦s ❛❝úst✐❝♦s ❡♠ ❞✉❛s ♣❛rt❡s s✉♣♦st❛✲

♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s✿ ❛ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ s♦♥♦r❛✱ ❝♦♠♣♦♥❡♥t❡ ❛❧✐♠❡♥t❛❞♦r❛ ❞♦ s✐st❡♠❛✱ ❡ ♦



✷✷ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✷

✜❧tr♦ ❛❝úst✐❝♦ q✉❡ ❞❡❢♦r♠❛ ❛ ❢♦♥t❡✱ r❡s✉❧t❛♥❞♦ ❛ss✐♠ ♥♦ s♦♠ ✐rr❛❞✐❛❞♦ ❬✷✽✾❪✳ ❉❛❞♦ ♦ ♣r♦❝❡ss♦ ❞❡

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

♥❡♥t❡ ❞❛ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦✱ ❜❡♠ ❝♦♠♦ ♦s ❞❡♠❛✐s ❡❧❡♠❡♥t♦s✱ ✐st♦ é✱ ♦s r❡ss♦❛❞♦r❡s ❡ ❛rt✐❝✉❧❛❞♦r❡s✱

❛♦ ✜❧tr♦ ♠♦❞❡❧❛❞♦r ❞♦ s✐♥❛❧ ❞❡ ❡①❝✐t❛çã♦✱ ♦ tr❛t♦ ✈♦❝❛❧✳

❆ ❋✐❣✉r❛ ✷✳✹ ✐❧✉str❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♠♣♦s✐çã♦ ❞❛ ✈♦③ ♣r♦❞✉③✐❞❛ ♣❡❧♦ ❛♣❛r❡❧❤♦ ❢♦♥❛❞♦r✱ s♦❜

✉♠ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛✐s✳ ❖ s♦♠ ♣r♦❞✉③✐❞♦ ♣❡❧❛s ❝♦r❞❛s ✈♦❝❛✐s ❛tr❛✈❡ss❛ ❛

r❡❣✐ã♦ ❞♦ tr❛t♦ ✈♦❝❛❧✱ ❡ é ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❝♦♥❢♦r♠❛❞♦ s❡❣✉♥❞♦ ❛ ❝♦♥✜❣✉r❛çã♦ ❞♦s r❡ss♦❛❞♦r❡s ❡

❛rt✐❝✉❧❛❞♦r❡s✳ ❖ r❡s✉❧t❛❞♦ ✜♥❛❧ é ♦ s♦♠ ✐rr❛❞✐❛❞♦✳

❋✐❣✉r❛ ✷✳✹✿ ▼♦❞❡❧♦ ❞❡ ❣❡r❛çã♦ ❞♦ s♦♠ ✐rr❛❞✐❛❞♦ ♣❡❧♦ s✐st❡♠❛ ❢♦♥❛❞♦r✳

❖ tr❛t♦ ✈♦❝❛❧ é✱ s❡♠ ❞ú✈✐❞❛s✱ ❛ ❝♦♠♣♦♥❡♥t❡ q✉❡ ♠❛✐s ❞✐s❝r✐♠✐♥❛ ✉♠ ❢❛❧❛♥t❡ ❞❡ ♦✉tr♦✱ ❞❛❞❛

❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❛ ❝♦♥✜❣✉r❛çã♦ ❞♦s ❡❧❡♠❡♥t♦s r❡ss♦♥❛❞♦r❡s✳ P❛r❛ s❡ t❡r ✐❞❡✐❛ ❞❛ ✐♠♣♦rtâ♥❝✐❛ ❞♦

tr❛t♦ ✈♦❝❛❧ ♥❛ ❝♦♠♣♦s✐çã♦ ❢♦♥ét✐❝❛✱ t♦♠❡ ❝♦♠♦ ❡①❡♠♣❧♦ ❛ ♣r♦♥ú♥❝✐❛ ❞♦ ❢♦♥❡♠❛ ✴❡✴✳ P❡r❝❡❜❛ q✉❡

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

♦ s♦♠ ♣❛ss❛ ❛ s❡r r❡❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ♦ ❢♦♥❡♠❛ ✴✐✴✸✳ ◆❡st❡ ❝♦♥t❡①t♦✱ ♦s r❡ss♦❛❞♦r❡s ❡ ♦s ❛rt✐❝✉❧❛❞♦r❡s

r❡❛❧✐③❛♠ ✉♠ tr❛t❛♠❡♥t♦ ✈♦❝❛❧ ♥♦ s✐♥❛❧ ❞❡ ❡①❝✐t❛çã♦✱ ❞❛í ❛ t❡r♠✐♥♦❧♦❣✐❛ ❞❛❞❛ ❛♦ tr❛t♦ ✈♦❝❛❧✳

❖ ♣✉❧s♦ ❣❧♦t❛❧✱ ❡♠❜♦r❛ s✐♠♣❧❡s✱ é r❡s♣♦♥sá✈❡❧ ♣♦r ❝♦♥tr♦❧❛r ❡❧❡♠❡♥t♦s ❞❡ ♣r♦só❞✐❛ ❞❡ ❡①tr❡♠❛

✐♠♣♦rtâ♥❝✐❛ ♥❛ ❝❛r❛❝t❡r✐③❛çã♦ ❞♦ ❢❛❧❛♥t❡✿ ♦ ♣✐t❝❤ ❡ ❛ ❡♥❡r❣✐❛✳ ❆♦ r❡♣r❡s❡♥t❛r ❞✐❣✐t❛❧♠❡♥t❡ ♦s s♦♥s

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

✉♠❛ s♦♠❛ ❞❡ ❤❛r♠ô♥✐❝♦s✱ ❝✉❥❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ s❡ ❛♣r♦①✐♠❛ ❞♦ ♣✐t❝❤✳ ❖s s♦♥s ♣r♦❞✉③✐❞♦s ♣♦r

❡st❡ t✐♣♦ ❞❡ ❢♦♥t❡ sã♦ ❝♦♥❤❡❝✐❞♦s ❝♦♠♦ s♦♥s ✈♦③❡❛❞♦s ✭❞♦ ✐♥❣❧ês✱ ✈♦✐❝❡❞✮ ❬✶✵✻❪✳ ❚♦❞❛s ❛s ✈♦❣❛✐s sã♦

❡①❡♠♣❧♦s ❞❡ s♦♥s ✈♦③❡❛❞♦s✳ ❊♠ ❝♦♥tr❛♣❛rt✐❞❛✱ s❛❜❡✲s❡ q✉❡ ❛ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ t❛♠❜é♠ ♣♦❞❡ s❡r

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

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

s❡♥❞♦ ♠♦❞❡❧❛❞❛ ♣❡❧♦ tr❛t♦ ✈♦❝❛❧✳ ❖s s♦♥s ♣r♦❞✉③✐❞♦s ♥❡st❡ ❝❛s♦ ❛♣r❡s❡♥t❛♠ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦

❞❡ ✉♠ s✐♥❛❧ r✉✐❞♦s♦✱ ❝♦♠♦ ♦ r✉í❞♦ ❜r❛♥❝♦ ●❛✉ss✐❛♥♦✳ ❊st❡s s♦♥s ❣❡r❛❞♦s s❡♠ ❛ ❡①❝✐t❛çã♦ ❣❧♦t❛❧

sã♦ ❝♦♥❤❡❝✐❞♦s ❝♦♠♦ s♦♥s ♥ã♦✲✈♦③❡❛❞♦s ✭❞♦ ■♥❣❧ês✱ ✉♥✈♦✐❝❡❞✮✳ ❈♦♥s♦❛♥t❡s s❡♠ ✈✐❜r❛çã♦ ❞❡ ❝♦r❞❛s

❛❝úst✐❝❛s✱ ❝♦♠♦ ❛s ❢r✐❝❛t✐✈❛s [s] ❡ [x]✱ ❜❡♠ ❝♦♠♦ ❛s ♣❧♦s✐✈❛s [b] ❡ [p] sã♦ ❡①❡♠♣❧♦s ❞❡ s♦♥s ♥ã♦✲

✈♦③❡❛❞♦s✳ ■♥t✉✐t✐✈❛♠❡♥t❡✱ ❝♦st✉♠❛✲s❡ ❛ss♦❝✐❛r ❡q✉✐✈♦❝❛❞❛♠❡♥t❡ ♦s s♦♥s ✈♦③❡❛❞♦s s♦♠❡♥t❡ às ✈♦❣❛✐s

❡ ♦s s♦♥s ♥ã♦✲✈♦③❡❛❞♦s às ❝♦♥s♦❛♥t❡s✱ ❡♠❜♦r❛ ❤❛❥❛ ✉♠❛ ❝❡rt❛ r❡❧❛çã♦ ❡♥tr❡ ❛♠❜❛s ❛s ♣❛rt❡s✳ ❉❡ ❢❛t♦✱

❛❧❣✉♠❛s ❝♦♥s♦❛♥t❡s ❝♦♠♦ [m]✱ [n]✱ [l] ❡ [r] sã♦ ❝♦♥s✐❞❡r❛❞❛s ❝♦♥s♦❛♥t❡s ✈♦③❡❛❞❛s✳ ❖ q✉❡ ♦❝♦rr❡ ♥❛

♠❛✐♦r✐❛ ❞♦s ❝❛s♦s r❡❛✐s é ✉♠❛ ♠✐st✉r❛ ❡①tr❡♠❛♠❡♥t❡ ❝♦♠♣❧❡①❛ ❡ r✐❝❛ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s

✸❋♦♥t❡✿ ❤tt♣✿✴✴✇✇✇✳❜r✐t❛♥♥✐❝❛✳❝♦♠✴❊❇❝❤❡❝❦❡❞✴t♦♣✐❝✲❛rt✴✹✺✼✷✺✺✴✸✺✾✽✴❚♦♥❣✉❡✲♣♦s✐t✐♦♥✲❢♦r✲s❡✈❡r❛❧✲✈♦✇❡❧✲s♦✉♥❞s

http://www.britannica.com/EBchecked/topic-art/457255/3598/Tongue-position-for-several-vowel-sounds
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❡ r✉í❞♦✱ t♦❞❛s r❡ss♦♥❛♥❞♦ ❛♦ ♠❡s♠♦ t❡♠♣♦✳

❈♦♥❝❡✐t✉❛❧♠❡♥t❡✱ ♣♦❞❡✲s❡ ❞✐③❡r q✉❡ ♦ s♦♠ ✐rr❛❞✐❛❞♦ ♣♦❞❡ s❡r ✐♥t❡r♣r❡t❛❞♦ ❝♦♠♦ ❛ ♣❛ss❛❣❡♠ ❞❛

❢♦♥t❡ ❡①❝✐t❛❞♦r❛ ❤❛r♠ô♥✐❝❛ ✭♦✉ r✉✐❞♦s❛✮ ♣♦r ✉♠❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ tr❛t♦

✈♦❝❛❧✱ ❝♦♥❢♦r♠❡ s❡ ♣♦❞❡ ✈❡r ♥❛ ❋✐❣✉r❛ ✷✳✺✳ P♦r ✉♠ ❧❛❞♦✱ ♦ tr❛t♦ ✈♦❝❛❧ ❢✉♥❝✐♦♥❛ ❝♦♠♦ ✉♠ ✜❧tr♦ q✉❡

s❡ ❛♣❧✐❝❛ à ❢♦♥t❡ ❡①❝✐t❛❞♦r❛ ❞♦ s✐st❡♠❛✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦ ♣✉❧s♦ ❣❧♦t❛❧ é✱ ♥♦r♠❛❧♠❡♥t❡✱ ❝❛r❛❝t❡r✐③❛❞♦

❝♦♠♦ ✉♠❛ ❝♦♠♣♦s✐çã♦ ❞❡ ❤❛r♠ô♥✐❝♦s✱ q✉❡ ♥♦ ❞♦♠í♥✐♦ ❡s♣❡❝tr❛❧ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ tr❡♠ ❞❡ ♣✉❧s♦s

❞❡ ❛♠♣❧✐t✉❞❡s ❞✐✈❡rs❛s✱ ❝♦♠♦ ❢♦✐ ❡①✐❜✐❞♦ ♥❛ ❋✐❣✳ ✷✳✹✳

❋✐❣✉r❛ ✷✳✺✿ ▼♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❝❡ss♦ ❞❡ ♣r♦❞✉çã♦ ❞❛ ✈♦③ ♣♦r ✉♠ s✐st❡♠❛ ❢♦♥t❡✲✜❧tr♦✳

❊♠ t❡r♠♦s ♠❛t❡♠át✐❝♦s✱ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ s(n) ♣♦❞❡ s❡r ♦❜t✐❞♦ ♣❡❧❛ ❝♦♥✈♦❧✉çã♦ ❡♥tr❡ ♦ s✐♥❛❧

❞❡ ❡①❝✐t❛çã♦ x(n) ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♣✉❧s♦ ❣❧♦t❛❧ ❡ ❛ r❡s♣♦st❛ ✐♠♣✉❧s✐✈❛ h(n) ❝♦rr❡s♣♦♥❞❡♥t❡ à

❝♦♥✜❣✉r❛çã♦ ❞♦ tr❛t♦ ✈♦❝❛❧✿

s(n) = x(n) ∗ h(n). ✭✷✳✶✮

◆♦ ❞♦♠í♥✐♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ Z✱ ♦❜s❡r✈❛✲s❡ ❛ s❡❣✉✐♥t❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛✿

S(z) = X(z)H(z). ✭✷✳✷✮

❖✉tr♦ ❛s♣❡❝t♦ ✐♠♣♦rt❛♥t❡ ❞❡st❛ ♠♦❞❡❧❛❣❡♠ é ❛ ♣r❡♠✐ss❛ ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ❡♠ s❡♥t✐❞♦ ❛♠♣❧♦

✭❲✐❞❡✲❙❡♥s❡ ❙t❛t✐♦♥❛r② ✕ ❲❙❙ ✮✱ ♦✉ s❡❥❛✱ ♦s ♣r✐♠❡✐r♦s ❡ s❡❣✉♥❞♦s ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❞❡ ❝❛❞❛ tr❡✲

❝❤♦ ❝✉rt♦ t♦♠❛❞♦ ❛♦ ❧♦♥❣♦ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ ❞❡✈❡♠ s❡r ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ♦s ♠❡s♠♦s✳ ❙❛❜❡✲s❡ q✉❡

❡♠ tr❡❝❤♦s ❝✉rt♦s ❞❡ ✈♦③ ✭❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 15 ms✮ ♦s s✐♥❛✐s sã♦ ❝♦♥s✐❞❡r❛❞♦s q✉❛s❡✲♣❡r✐ó❞✐❝♦s✱

❡ ♣♦rt❛♥t♦✱ s❛t✐s❢❛③❡♠ ❡st❛ ♣r♦♣r✐❡❞❛❞❡✳ ❚❛✐s tr❡❝❤♦s ❝✉rt♦s ❞❡ ✈♦③ sã♦ ❞❡♥♦♠✐♥❛❞♦s s❡❣♠❡♥t♦s

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

❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦✿ tr❡♠ ❞❡ ♣✉❧s♦s ❡ r✉í❞♦ ❜r❛♥❝♦ ❝♦♠ s❡✉s r❡s♣❡❝t✐✈♦s ❣❛♥❤♦s❀ ❡ ✉♠❛ ❢✉♥çã♦ ❞❡

tr❛♥s❢❡rê♥❝✐❛ ✭✉♠ ✜❧tr♦ ❞✐❣✐t❛❧✮ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛♦ tr❛t♦ ✈♦❝❛❧✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ❛ ❝♦♠♣♦s✐çã♦ ❞♦

s✐♥❛❧ ❡♠ ♣❡q✉❡♥♦s s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s✳ ❆s ♠♦❞❡❧❛❣❡♥s ❛ s❡❣✉✐r s❡rã♦ ❛♣r❡s❡♥t❛❞❛s ✈✐s❛♥❞♦ ❛

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

❆ ♠♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❢♦♥t❡✲❢♦♥t❡ s❡ ❞✐✈✐❞❡ ❡♠ ❞✉❛s ♣❛rt❡s✿ ❛ ♠♦❞❡❧❛❣❡♠ ❞♦ tr❛t♦ ✈♦❝❛❧

✭❝♦♠♣♦♥❡♥t❡ ❞♦ ✜❧tr♦✮ ❡ ❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧ ✭❝♦♠♣♦♥❡♥t❡ ❞❛ ❢♦♥t❡✮✳

▼♦❞❡❧❛❣❡♠ ❞♦ ❚r❛t♦ ❱♦❝❛❧

❊①✐st❡♠ ✈ár✐♦s ♠ét♦❞♦s ♣❛r❛ ❛ ♠♦❞❡❧❛❣❡♠ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❞♦ ✜❧tr♦✳ ◆♦r♠❛❧♠❡♥t❡✱ ❝♦st✉♠❛✲s❡

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

♠❛✐s s✐❣♥✐✜❝❛t✐✈❛ ❞❛ ✈♦③✱ ❡♠ t❡r♠♦s ♣❡r❝❡♣t✉❛✐s✱ ❥á q✉❡ ♥♦ss♦ ♦✉✈✐❞♦ é ♠❡♥♦s s❡♥sí✈❡❧ ❛ ❞❡t❛❧❤❡s

❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞❛ ♠❛✐♦r✐❛ ❞♦s r✉í❞♦s ♥ã♦✲✈♦③❡❛❞♦s✳

❈♦♠♦ ❞✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❛ ✈♦③ é r❡s✉❧t❛♥t❡ ❞♦ s♦♠ ♣r♦❞✉③✐❞♦ ♣♦r ✉♠❛ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦✱

♠♦❞✐✜❝❛❞♦ ♣♦r ✉♠ s✐st❡♠❛ r❡ss♦♥❛❞♦r✳ ◗✉❛❧q✉❡r ♠✉❞❛♥ç❛ ♥❛ ❢♦r♠❛ ❡ ♣♦s✐çã♦ ❞❛s ❡str✉t✉r❛s ❞♦

tr❛t♦ ✈♦❝❛❧ r❡s✉❧t❛ ❡♠ ♠♦❞✐✜❝❛çõ❡s ❛❝úst✐❝❛s r❡❧❡✈❛♥t❡s ♥♦ s♦♠ ✐rr❛❞✐❛❞♦✳ ❚❛❧ ❝♦♥✜❣✉r❛çã♦ ❞♦ tr❛t♦



✷✹ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✷

✈♦❝❛❧ é ♣❡r❝❡❜✐❞❛ ✈✐s✉❛❧♠❡♥t❡ ♥♦ ❡s♣❡❝tr♦ ❝♦♠♦ ♦ ❡♥✈❡❧♦♣❡ q✉❡ t❛♥❣❡♥❝✐❛ ♦s ♣✐❝♦s ❝♦rr❡s♣♦♥❞❡♥t❡s

às ❢r❡q✉ê♥❝✐❛s ❤❛r♠ô♥✐❝❛s ❞♦ ❡s♣❡❝tr♦✱ ❝♦♥❢♦r♠❡ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✷✳✻✳

❋✐❣✉r❛ ✷✳✻✿ ❱✐s✉❛❧✐③❛çã♦ ❞♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❞❛ ✈♦❣❛❧ ❬❛❪✳

❆ ❡st✐♠❛çã♦ ❞♦ ❡♥✈❡❧♦♣❡ ✭♦✉ ❡♥✈♦❧tór✐❛✮ ❡s♣❡❝tr❛❧ é ✉♠❛ ❞❛s ♠❛✐s ✐♠♣♦rt❛♥t❡s ❡ ❜❡♠ ❡st❛❜❡❧❡✲

❝✐❞❛s t❛r❡❢❛s ❣❡r❛✐s ❡♠ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❙✐♥❛✐s✱ ❡ ♣❛rt✐❝✉❧❛r♠❡♥t❡ ❡♠ t❡❝♥♦❧♦❣✐❛ ❞❡ ❢❛❧❛✳ ■♥ú♠❡r❛s

❛♣❧✐❝❛çõ❡s✱ ❝♦♠♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛✱ ❝♦♠♣r❡ssã♦ ❞❡ s✐♥❛❧ ❞❡ ✈♦③✱ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❧♦❝✉t♦r✱

sí♥t❡s❡ ❞❡ ❢❛❧❛ ♦✉ ♠❡s♠♦ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ ❡①✐❣❡♠ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ✜❡❧ ❞♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧

✉s❛♥❞♦ ♣♦✉❝♦s ♣❛râ♠❡tr♦s✳ ❆❧é♠ ❞✐ss♦✱ ❛ ♠❛✐♦r ♣❛rt❡ ❞❡st❛s ❛♣❧✐❝❛çõ❡s r❡q✉❡r❡♠ q✉❡ ♦ ❡♥✈❡❧♦♣❡

s❡❥❛ r❡♣r❡s❡♥t❛❞♦ ✉s❛♥❞♦ ✉♠ ♥ú♠❡r♦ ✜①♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✳ ❊♠ ❝♦♥tr❛♣❛rt✐❞❛✱ q✉❛♥❞♦ ♦ s✐♥❛❧ ❞❡ ❢❛❧❛

é r❡❝♦♥str✉í❞♦ ❛ ♣❛rt✐r ❞♦ ❡♥✈❡❧♦♣❡✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞❛ sí♥t❡s❡ ❡st❛tíst✐❝❛ ❞❡ ❢❛❧❛ ❡ ❞❛ ❝♦♥✈❡rsã♦ ❞❡

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

❊①✐st❡♠ ♠✉✐t❛s ♠❛♥❡✐r❛s ❞❡ s❡ r❡♣r❡s❡♥t❛r t❛❧ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧✱ s❡♥❞♦ q✉❡ ♥ã♦ ❡①✐st❡ ♥❡♥❤✉♠❛

q✉❡ s❡❥❛ ✉♥✐✈❡rs❛❧♠❡♥t❡ ❛❝❡✐t❛ ❝♦♠♦ r❡♣r❡s❡♥t❛çã♦ ❝❛♥ô♥✐❝❛✳ P♦r ❡①❡♠♣❧♦✱ ♥♦ ❝♦♥t❡①t♦ ❞❡st❡ tr❛❜❛✲

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

t❡♠ s✐❞♦ ❜❛st❛♥t❡ ❡st✉❞❛❞❛ r❡❝❡♥t❡♠❡♥t❡ ❬✼✷❪✳ ❯♠ ❝❛s♦ ♣❛rt✐❝✉❧❛r é ❛ s♦♠❛ ❞❡ ●❛✉ss✐❛♥❛s ❬✶✸✼❪✳

❆❧❣✉♥s tr❛❜❛❧❤♦s ❛♥t❡r✐♦r❡s t❛♠❜é♠ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ❛ ✜♠ ❞❡ ❛❥✉st❛r ❛ s♦♠❛ ❞❡ ●❛✉ss✐❛♥❛s

❛ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❡s♣❡❝tr❛❧✳ ❊♠ ✶✾✾✻✱ ❩♦❧❢❛❣❤❛r✐ ❬✸✶✻❪ ❛♣r❡s❡♥t♦✉ à ❝♦♠✉♥✐❞❛❞❡ ❝✐❡♥tí✜❝❛ ✉♠

♠ét♦❞♦ ❜❛s❡❛❞♦ ♥♦ ❆❧❣♦r✐t♠♦ ❊▼ ❬✸✽❪ ♣❛r❛ ❡st✐♠❛çã♦ ❢♦r♠â♥t✐❝❛ ✉s❛♥❞♦ ♠✐st✉r❛ ❞❡ ●❛✉ss✐❛♥❛s

✭●▼▼✮✳ ❖ ♠❡s♠♦ ❛✉t♦r ❬✸✶✼❪ t❛♠❜é♠ ♣r♦♣ôs ✉♠❛ ♠♦❞❡❧❛❣❡♠ ❇❛②❡s✐❛♥❛ ❞♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧

❝♦♥❤❡❝✐❞♦ ♣♦r ❙❚❘❆■●❍❚ ❬✶✶✷❪ ✉s❛♥❞♦ ●▼▼s✳ ❊♠❜♦r❛ ❡st❡ ú❧t✐♠♦ ❛♣r❡s❡♥t❡ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✱

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

❛♣r♦♣r✐❛❞♦s ♣❛r❛ ❝❛r❛❝t❡r✐③❛r r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s✳ ●♦s❤t❛s❜② ❡ ❖✬◆❡✐❧❧ ❬✼✺❪ ♣r♦♣✉s❡r❛♠ ✉♠ s✐st❡♠❛

❜❛s❡❛❞♦ ♥♦ ❆❧❣♦r✐t♠♦ ❞❡ ▼❛rq✉❛r❞t✱ ❝✉❥❛ ✐♥✐❝✐❛❧✐③❛çã♦ é ❞❡t❡r♠✐♥❛❞❛ ♣♦r ❞❡r✐✈❛❞❛s ❡ t❛①❛s ❞❡

❝r✉③❛♠❡♥t♦ ♣♦r ③❡r♦ ✭❩❡r♦✲❈r♦ss✐♥❣ ❘❛t❡s ✕ ❩❈❘✮✳

❯♠ ♦✉tr♦ t✐♣♦ ❞❡ r❡♣r❡s❡♥t❛çã♦ ❡s♣❡❝tr❛❧ ❝♦♥s✐st❡ ❡♠ ✉t✐❧✐③❛r ❝♦❡✜❝✐❡♥t❡s ❞❡ ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧ ❞♦

t✐♣♦ ❋■❘ ❛♣❧✐❝❛❞♦ s♦❜r❡ ❛ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ ❣❧♦t❛❧✳ ◆♦ ❡st❛❞♦✲❞❛✲❛rt❡ ❡♠ ♠♦❞❡❧❛❣❡♠ ❡s♣❡❝tr❛❧✱ ♦s

❝♦❡✜❝✐❡♥t❡s ❞❡ ♣r❡❞✐çã♦ ❧✐♥❡❛r ✭▲P❈✮ sã♦ ♦s ♠❛✐s ✉t✐❧✐③❛❞♦s ♥❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧✳

▲P❈ é ♦ ♠ét♦❞♦ ♠❛✐s ❡①t❡♥s✐✈❛♠❡♥t❡ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❞❡ s✐♥❛✐s ❞❡

✈♦③✳ ❊st❡ ♠ét♦❞♦ t❡♠ ✉♠❛ t❛①❛ ❞❡ ❛❥✉st❡ ❝♦♥st❛♥t❡ ❡♠ t♦❞❛ ❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛s✱ ❡ ❝❛♣t✉r❛

❜❡♠ ❛s r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ❞♦ ❡s♣❡❝tr♦✳ ◆♦ ❡♥t❛♥t♦✱ ♦ ▲P❈ t❛♠❜é♠ ✐♥tr♦❞✉③ ❞✐st♦rçã♦ ♥❛s ❜❛✐①❛s

❢r❡q✉ê♥❝✐❛s✱ ❛ss✐♠ ❝♦♠♦ ❡♠ ❛❧❣✉♠❛s ❢r❡q✉ê♥❝✐❛s ❞❡ r❡ss♦♥â♥❝✐❛✳ ❊♠ ❝♦❞✐✜❝❛❞♦r❡s ❞❡ ❝❡❧✉❧❛r❡s✱ ❛s

❧✐♠✐t❛çõ❡s ❞❛ ♠♦❞❡❧❛❣❡♠ ▲P❈ sã♦ ❝♦♠♣❡♥s❛❞❛s ♣❡❧❛ ❛❧t❛ q✉❛❧✐❞❛❞❡ ♥❛ r❡♣r❡s❡♥t❛çã♦ ❞♦s ❡rr♦s

❞❡ ♣r❡❞✐çã♦ ❡ t❛♠❜é♠ ♣❡❧❛ r❡❞✉çã♦ ❞✐♥â♠✐❝❛ ❞♦ s✐♥❛❧✱ ❛♣❧✐❝❛♥❞♦ ❡①♣❛♥sã♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱

❡♥tr❡ ♦✉tr❛s té❝♥✐❝❛s✳ Pr❡❞✐çã♦ ▲✐♥❡❛r P❡r❝❡♣t✉❛❧ ✭❞♦ ✐♥❣❧ês✱ P❡r❝❡♣t✉❛❧ ▲✐♥❡❛r Pr❡❞✐❝t✐♦♥ ❬✾✷❪✮ é



✷✳✷ ▼❖❉❊▲❖❙ ❈▲➪❙❙■❈❖❙ ❉❖ ❙■◆❆▲ ❉❊ ❱❖❩ ✷✺

✉♠❛ ❡①t❡♥sã♦ ❞❛ ❡st✐♠❛t✐✈❛ ▲P❈ q✉❡ ❧❡✈❛ ❡♠ ❝♦♥t❛ ❛ r❡s♦❧✉çã♦ ♥ã♦✲❧✐♥❡❛r ❡♠ ❢r❡q✉ê♥❝✐❛ s❡❣✉♥❞♦

♦ s✐st❡♠❛ ❛✉❞✐t✐✈♦ ❤✉♠❛♥♦✳

❆ ♣r❡❞✐çã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s s❡♠♣r❡ ❢♦✐ ✉♠ t❡♠❛ ❞❡ ❣r❛♥❞❡ r❡❧❡✈â♥❝✐❛✱ ❥á q✉❡ ❡①❡♠♣❧♦s ❞❡

sér✐❡s t❡♠♣♦r❛✐s sã♦ ♠✉✐t♦ ❛❜✉♥❞❛♥t❡s ❡♠ ❝✐ê♥❝✐❛s ❡❝♦♥ô♠✐❝❛s✱ ❡♥❣❡♥❤❛r✐❛s✱ ❡♠ ✐♥ú♠❡r♦s ❢❡♥ô♠❡♥♦s

♥❛t✉r❛✐s✱ ❡ ❡♠ ♣❛rt✐❝✉❧❛r✱ ♥❛ ✈♦③✳ ❆ ♣r❡❞✐çã♦ ❧✐♥❡❛r ❬✽✼❪✱ ♣r♦♣r✐❛♠❡♥t❡✱ ❝♦♥s✐st❡ ♥❛ ♣r❡✈✐sã♦ ❞❡ ✉♠❛

❛♠♦str❛ ❢✉t✉r❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ✜♥✐t❛ ❞❡ ❛♠♦str❛s ❛♥t❡r✐♦r❡s✳ ❯♠❛ sér✐❡ t❡♠♣♦r❛❧

s[n] ♣♦❞❡ s❡r ❡st✐♠❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❞❡ p ❛♠♦str❛s ♣❛ss❛❞❛s✿

ŝ[n] =

p
∑

k=1

aks[n− k],

♦♥❞❡ ak sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ ♣r❡❞✐çã♦ ✭♣❡s♦s ❞❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r✮ ❡ p é ❛ ♦r❞❡♠ ❞❛ ♣r❡❞✐çã♦✳

❖s ❝♦❡✜❝✐❡♥t❡s ❞❡st❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r sã♦ ❝❛❧❝✉❧❛❞♦s ❛tr❛✈és ❞❛ ♠✐♥✐♠✐③❛çã♦ ❞♦ ❡rr♦ q✉❛❞rát✐❝♦

♠é❞✐♦ ❞❛❞♦ ♣♦r✿

Em =
∑

n

e[n]2 =
∑

n

(s[n]− ŝ[n])2, ✭✷✳✸✮

♦♥❞❡ e é ♦ ❡rr♦ ✭♦✉ r❡sí❞✉♦✮ ❞❛ ♣r❡❞✐çã♦✳

❊①✐st❡♠ ❛❧❣♦r✐t♠♦s ❡✜❝✐❡♥t❡s t❛✐s ❝♦♠♦ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ▲❡✈✐♥s♦♥✲❉✉r❜✐♥ ❬✶✼✾❪ ♣❛r❛ ♦ ❝á❧❝✉❧♦

❞❡st❡s ❝♦❡✜❝✐❡♥t❡s ❛ ♣❛rt✐r ❞❡ ♠ét♦❞♦s ❝❧áss✐❝♦s ❞❡ ♠✐♥✐♠✐③❛çã♦✱ ❝♦♠♦ ♦ ▼ét♦❞♦ ❞❛ ❆✉t♦❝♦rr❡❧❛✲

çã♦ ❬✶✹✸❪✱ ❡♥tr❡ ♦✉tr♦s ❬✾❀ ✶✹✹❀ ✶✻✵❪✳

❯♠❛ ✈❡③ q✉❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ♣r❡❞✐çã♦ ❧✐♥❡❛r ak sã♦ ❡♥❝♦♥tr❛❞♦s✱ ❛ ❊q✉❛çã♦ ✷✳✸ ❛❝✐♠❛ ♣♦❞❡

s❡r ✉s❛❞❛ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ❡rr♦ ❞❡ ♣r❡❞✐çã♦ ❞❛ s❡q✉ê♥❝✐❛ ŝ(n)✳ ❆♣❧✐❝❛♥❞♦ ❛ tr❛♥s❢♦r♠❛❞❛ Z ♥❡st❛

❡q✉❛çã♦ t❡♠♦s✿

E(z) = S(z)− Ŝ(z) = S(z)−A(z)S(z) = S(z)(1−A(z)) = S(z)H(z)

❉❡st❛ ❢♦r♠❛✱ ❛ ♣❛rt✐r ❞❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ H(z) = 1−A(z) ♣♦❞❡♠♦s ❡♥❝♦♥tr❛r ♦ r❡sí❞✉♦

e(n) ❞❛❞♦ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ s(n)✱ ❛ss✐♠ ❝♦♠♦ ❛ ♣❛rt✐r ❞❛ ✐♥✈❡rs❛ ❞❡st❛✱ ✐st♦ é H(z)−1 = 1
1−A(z) ✱

♣♦❞❡♠♦s ❡♥❝♦♥tr❛r ♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ s(n) ❞❛❞♦ ✉♠ r❡sí❞✉♦ e(n)✳

❯♠❛ ✈❡③ q✉❡ ♦s ❝♦❡✜❝✐❡♥t❡s ▲P❈ ❡stã♦ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ❛ ♣❛rt❡ ♣r❡✈✐sí✈❡❧ ❞♦ s✐♥❛❧ s(n)✱ ♦

r❡sí❞✉♦ ♦✉ ❡rr♦ ❞❡ ♣r❡❞✐çã♦ e(n) t❡♥❞❡ ❛ t❡r ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ♣✉r❛♠❡♥t❡ ❛❧❡❛tór✐♦✳ ❆ss✐♠✱ ❛♦

✉s❛r ✉♠ ♥ú♠❡r♦ s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡ ❞❡ ❝♦❡✜❝✐❡♥t❡s✱ ♣♦❞❡♠♦s s✉♣♦r q✉❡ ♦ s✐♥❛❧ s(n) ❢♦✐ ❣❡r❛❞♦

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

❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ é

H(z)−1 = (1−

p
∑

k=1

akz
−k)−1.

❊♠ s✐♥❛✐s ❞❡ ✈♦③ é ❝♦♠✉♠ ✉t✐❧✐③❛r ✉♠❛ ♦r❞❡♠ ♣❡q✉❡♥❛ ❞❡ ♣r❡❞✐çã♦✱ p ❡♥tr❡ ✶✵ ❡ ✸✵✱ ♣❛r❛ ✉♠❛

❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❡♥tr❡ ✽ kHz ❡ ✹✹ kHz✱ ♦ q✉❡ ❢❛③ ❝♦♠ q✉❡ ♦ ✜❧tr♦ ■■❘ r❡s✉❧t❛♥t❡ ❞♦

♠♦❞❡❧♦ ▲P❈ ♣♦ss✉❛ ♣♦✉❝♦s ♣♦❧♦s✱ t♦r♥❛♥❞♦✲♦ ✐♥❝❛♣❛③ ❞❡ ♠♦❞❡❧❛r t♦❞♦s ♦s ❞❡t❛❧❤❡s ❞♦ ❡s♣❡❝tr♦ ❞♦

s✐♥❛❧ ❞❡ ✈♦③ ♦r✐❣✐♥❛❧ s(n)✳ ◆❡st❡ ❝❛s♦✱ ❛ s❛í❞❛ ❞♦ ♠♦❞❡❧♦ t❡♥❞❡ ❛ ❛♣r♦①✐♠❛r✲s❡ ❞♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧

❞❡ s(n) ❡♠ t♦r♥♦ ❞❡ s❡✉s ♣✐❝♦s ❞♦♠✐♥❛♥t❡s✳

❆ ❋✐❣✉r❛ ✷✳✼ ❡①❡♠♣❧✐✜❝❛ ❡st❡ ❢❛t♦✱ ❛♦ t♦♠❛r ✉♠ s❡❣♠❡♥t♦ ❞❡ ✈♦③ ❝♦♠ ✶✵✷✹ ♣♦♥t♦s ❞❡ ✉♠ s✐♥❛❧ ❞❡

✈♦③ ✲ ♦ ❢♦♥❡♠❛ ✴❡✿✴ s✉st❡♥t❛❞♦ ✲ ❛♠♦str❛❞♦ ❛ ✉♠❛ t❛①❛ ❞❡ ✹✹✶✵✵ Hz✳ ◆❡st❛ ✜❣✉r❛✱ ❢♦r❛♠ ❡st✐♠❛❞♦s
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❞♦✐s ❡♥✈❡❧♦♣❡s ❡s♣❡❝tr❛✐s ❛ ♣❛rt✐r ❞♦ ✜❧tr♦ ■■❘ H(z)−1 ❝♦♠ p ✐❣✉❛❧ ❛ ✸✷ ❡ ✶✷✵✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

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

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

❞♦ ▲P❈ ✭✶✷✵✮ ❢❡③ ❝♦♠ q✉❡ ♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ s❡ ❛❥✉st❛ss❡ ♠❡❧❤♦r ❛♦ ❡s♣❡❝tr♦ ❞♦ s✐♥❛❧✱ ♥♦ ❡♥t❛♥t♦✱

❡st❡ ❡♥✈❡❧♦♣❡ tr❛③ ✐♥❢♦r♠❛çõ❡s ♠✉✐t♦ ❡s♣❡❝í✜❝❛s ❞♦ s✐♥❛❧✱ s✐t✉❛çã♦ ❡ss❛ ❝♦♠✉♠❡♥t❡ r❡❢❡r❡♥❝✐❛❞❛

♣❡❧♦ t❡r♠♦ ❡♠ ■♥❣❧ês ♦✈❡r✜tt✐♥❣✱ ❡ q✉❡ ♣♦❞❡ ✈✐r ❛ s❡r ✉♠ ♣r♦❜❧❡♠❛ ❞❡♣❡♥❞❡♥❞♦ ❞♦ ✉s♦ q✉❡ s❡ ✈á

❢❛③❡r ❞❡st❡ ❡♥✈❡❧♦♣❡✳

❋✐❣✉r❛ ✷✳✼✿ ❉♦✐s ❡①❡♠♣❧♦s ❞❡ ❡st✐♠❛t✐✈❛ ❞♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ✉t✐❧✐③❛♥❞♦ ❝♦❡✜❝✐❡♥t❡s ▲P❈✳

❆♥❛❧♦❣❛♠❡♥t❡✱ ♣♦❞❡♠♦s ♣❡♥s❛r q✉❡ ❛ r❡s♣♦st❛ ❞♦ ✜❧tr♦ ■■❘ H(z)−1 ❛♦ ✐♠♣✉❧s♦ ✉♥✐tár✐♦ t❛♠❜é♠

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

❝♦❡✜❝✐❡♥t❡s ▲P❈✳ ❚❛❧ r❡s✉❧t❛❞♦ ❞❡❝♦rr❡ ❞❛ ♣r♦♣r✐❡❞❛❞❡ ❞❡ ❧✐♥❡❛r✐❞❛❞❡ ✭s❡♣❛r❛❜✐❧✐❞❛❞❡ ❞❛s ❡♥tr❛❞❛s✮

❞♦ ✜❧tr♦ ❞✐❣✐t❛❧✳

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

✈❡③✱ ♣♦r ❝♦❡✜❝✐❡♥t❡s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞❡ ❡♥✈❡❧♦♣❡s ✭❝♦♠♦ ♦s ❝♦❡✜❝✐❡♥t❡s ▲P❈✮✱ ❛♣ós ❛ ♠❛♥✐♣✉❧❛çã♦

❞❡st❡s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞❡✈❡✲s❡ ❣❛r❛♥t✐r ✉♠❛ r❡❝♦♥str✉çã♦ ✜❞❡❞✐❣♥❛ ❞♦ ❡s♣❡❝tr♦ ❞❛ ❢❛❧❛✳ ❘❡✲

s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❬✶✻✸❪ ♠♦str❛♠ q✉❡ ♠♦❞✐✜❝❛çõ❡s✴✐♥t❡r♣♦❧❛çõ❡s ♥♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ♣r❡❞✐çã♦

❧✐♥❡❛r ✭▲P❈✮ r❡s✉❧t❛♠ ❡♠ ❡rr♦s ♥❛ r❡❝♦♥str✉çã♦ ❞♦ ❡s♣❡❝tr♦ ❞❛ ❢❛❧❛✳ ❖ ♣r♦❜❧❡♠❛ é q✉❡ ❡st❡ ❡rr♦

♣♦❞❡ ♦❝♦rr❡r ❡♠ q✉❛❧q✉❡r r❡❣✐ã♦ ❞♦ ❡s♣❡❝tr♦✱ ✐st♦ é✱ ❡♠ q✉❛❧q✉❡r ❢r❡q✉ê♥❝✐❛ r❡ss♦♥❛♥t❡✳ ❉❛í s✉r❣❡

❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ✉t✐❧✐③❛r ✉♠❛ ♥♦✈❛ té❝♥✐❝❛ ❜❛st❛♥t❡ ♣♦♣✉❧❛r ♥❛ ❧✐t❡r❛t✉r❛✿ ❛ ▲❙❋ ❬✶✸✷❀ ✶✽✺❀ ✶✽✻❪✳

◆❡st❛ té❝♥✐❝❛✱ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ r❡ss♦♥❛♥t❡ ♥♦ ❡s♣❡❝tr♦ ❞❛ ❢❛❧❛ ❡stá ❞✐r❡t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞❛ ❛ ✉♠❛

❝♦rr❡s♣♦♥❞❡♥t❡ ▲❙❋✳ ❙❡ ❡①✐st❡ ✉♠ ❡rr♦ ♥✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡ r❡ss♦♥â♥❝✐❛ ❝❛✉s❛❞❛ ♣❡❧❛ tr❛♥s❢♦r♠❛✲

çã♦ ✭q✉❛♥t✐③❛çã♦✮✱ t❛❧ ❡rr♦ é ❧♦❝❛❧✐③á✈❡❧✳ ❆ss✐♠✱ é ❝♦♠✉♠ ✉t✐❧✐③❛r ❝♦❡✜❝✐❡♥t❡s ▲❙❋ ♣❛r❛ ❡st✐♠❛r

❢r❡q✉ê♥❝✐❛s ❢♦r♠❛♥t❡s ❞❡ s✐♥❛✐s ❞❡ ✈♦③ ❬✸✻❪✳

❖s ❝♦❡✜❝✐❡♥t❡s ▲❙❋ sã♦ ❝❛❧❝✉❧❛❞♦s ❛ ♣❛rt✐r ❞❛s r❛í③❡s ❞♦s ♣♦❧✐♥ô♠✐♦s s✐♠étr✐❝♦ P (z) ❡ ❛♥t✐✲

s✐♠étr✐❝♦ Q(z)✱ ❞❡✜♥✐❞♦s ❛ ♣❛rt✐r ❞♦ ♣♦❧✐♥ô♠✐♦ H(z) ❞❛ ❊q✉❛çã♦ ✷✳✷✳✶ ❝♦♠♦✿

P (z) = H(z) + z−(p+1)H(z−1),
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Q(z) = H(z)− z−(p+1)H(z−1),

♦♥❞❡ H(z) = P (z)+Q(z)
2 = 1−

∑p
k=1 akz

−k✱ ak sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ ♣r❡❞✐çã♦ ✭♣❡s♦s ❞❛ ❝♦♠❜✐♥❛çã♦

❧✐♥❡❛r✮ ❡ p é ❛ ♦r❞❡♠ ❞❛ ♣r❡❞✐çã♦✳

❖ ♣♦❧✐♥ô♠✐♦ P (z) ❝♦rr❡s♣♦♥❞❡ à ❝♦♥✜❣✉r❛çã♦ ❞♦ tr❛t♦ ✈♦❝❛❧ ♥♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ❛ ❣❧♦t❡ ❡stá

❢❡❝❤❛❞❛ ❡ Q(z) q✉❛♥❞♦ ❛ ❣❧♦t❡ ❡stá ❛❜❡rt❛✱ ❡ ❛♠❜♦s ♦s ♣♦❧✐♥ô♠✐♦s ♣♦ss✉❡♠ s✉❛s r❛í③❡s ❝♦♠ ♠ó❞✉❧♦

✐❣✉❛❧ ❛ ✶✱ ❛♣❛r❡❝❡♥❞♦ ✐♥t❡r❝❛❧❛❞❛s ♥❛ ❝✐r❝✉♥❢❡rê♥❝✐❛ ❞❡ r❛✐♦ ✉♥✐tár✐♦ s❡♠♣r❡ q✉❡ ❛s r❛í③❡s ❞❡ H(z)

tê♠ ♠ó❞✉❧♦ ♠❡♥♦r q✉❡ ✶✳ ❙❡♠♣r❡ ❡①✐st❡ ✉♠❛ r❛✐③ ❞❡ Q(z) ❡♠ z = 1 ❡ ✉♠❛ r❛✐③ ❞❡ P (z) ❡♠ z = −1✳

❖s ❝♦❡✜❝✐❡♥t❡s ▲❙❋ sã♦ ❞❛❞♦s ♣❡❧♦s â♥❣✉❧♦s ❞❛s r❛í③❡s ❞❡ P (z) ❡ Q(z)✱ ❡ ❝♦♠ ❡ss❛ ✐♥❢♦r♠❛çã♦ é

♣♦ssí✈❡❧ r❡❝♦♥str✉✐r ♣❡r❢❡✐t❛♠❡♥t❡ H(z) ❬✷✺✵❪✳

❆ ❋✐❣✉r❛ ✷✳✽ ✐❧✉str❛✱ à ❡sq✉❡r❞❛✱ ♦ ❧✉❣❛r ❞❛s r❛í③❡s ❞❡ H(z)✱ P (z) ❡ Q(z) s♦❜r❡ ♦ ❡s♣❛ç♦ ℜ×ℑ✱

❡ à ❞✐r❡✐t❛✱ ♦ ♠ó❞✉❧♦ ❞❛ r❡s♣♦st❛ ❡♠ ❢r❡q✉ê♥❝✐❛ ❞❡ H(z)−1 ✭✜❧tr♦ ■■❘ ❝♦♠ ✻ ♣♦❧♦s✮ ❡ ❛s r❡s♣❡❝t✐✈❛s

♣♦s✐çõ❡s ❛♥❣✉❧❛r❡s ❞♦s ③❡r♦s ❞❡ P (z) ❡ Q(z)✱ ♦s ❝❤❛♠❛❞♦s ❝♦❡✜❝✐❡♥t❡s ▲❙❋✳ ◆♦t❡ ♥❡st❛ ✜❣✉r❛ q✉❡

♦s ♣❛r❡s ❞❡ ❝♦❡✜❝✐❡♥t❡s ▲❙❋ s❡ ❛♣r♦①✐♠❛♠ ❞♦s ♣♦♥t♦s ❞❡ r❡ss♦♥â♥❝✐❛ ❞❡ ✉♠ tr❛t♦ ✈♦❝❛❧ ♠♦❞❡❧❛❞♦

♣♦r H(z)−1✳

❋✐❣✉r❛ ✷✳✽✿ ✭❛✮ ▲✉❣❛r ❞♦s ③❡r♦s ❞♦s ♣♦❧✐♥ô♠✐♦s H(z)✱ P (z) ❡ Q(z) ♥❛ ❝✐r❝✉♥❢❡rê♥❝✐❛ ❞❡ r❛✐♦ ✉♥✐tár✐♦❀ ✭❜✮
▼ó❞✉❧♦ ❞❛ r❡s♣♦st❛ ❡♠ ❢r❡q✉ê♥❝✐❛ ❞♦ ✜❧tr♦ H(z)−1 ■■❘ ❝♦♠ ✻ ♣♦❧♦s ❡ ❛s ♣♦s✐çõ❡s ❛♥❣✉❧❛r❡s ❞♦s ③❡r♦s ❞❡
P (z) ❡ Q(z)✳

❆s ▲❙❋ ♣♦ss✉❡♠ ❛s s❡❣✉✐♥t❡s ♣r♦♣r✐❡❞❛❞❡s✿

✶✳ ❖s ③❡r♦s ✭r❛í③❡s✮ ❞❡ P (z) ❡ Q(z) ♦❝♦rr❡rã♦ ✐♥t❡r❝❛❧❛❞♦s✳

✷✳ ❖s ③❡r♦s ❞❡ P (z) ❡ Q(z) ❡stã♦ ❧♦❝❛❧✐③❛❞♦s s♦❜r❡ ♦ ❝ír❝✉❧♦ ✉♥✐tár✐♦✳

✸✳ ❖ ✜❧tr♦ é ❡stá✈❡❧✳

✹✳ ❆ ✐♥t❡r♣♦❧❛çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s é ♣♦ssí✈❡❧✳

✺✳ ❯♠❛ ✈❡③ q✉❡ ❛s ▲❙❋s ❡stã♦ ❢♦rt❡♠❡♥t❡ r❡❧❛❝✐♦♥❛❞❛s ❡♥tr❡ s✐✱ ❡❧❛s ♣♦❞❡♠ s❡r q✉❛♥t✐③❛❞❛s

❡✜❝✐❡♥t❡♠❡♥t❡✳

✻✳ ◗✉❛♥❞♦ ❞✉❛s ▲❙❋s ❡stã♦ ♣ró①✐♠❛s ✉♠❛ ❞❛ ♦✉tr❛✱ ✉♠ ♣✐❝♦ ❡s♣❡❝tr❛❧ é ♠✉✐t♦ ♣r♦✈á✈❡❧ ❞❡

♦❝♦rr❡r ❡♥tr❡ ❡st❛s✳ ❚❛❧ ✐♥❢♦r♠❛çã♦ é ♠✉✐t♦ út✐❧ ♣❛r❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ r❡❣✐õ❡s ❢♦r♠❛♥t❡s ❡ ♣✐❝♦s

❡s♣❡❝tr❛✐s✳

✼✳ ❆ ❛❞❛♣t❛çã♦ ♠❡❞✐❛♥t❡ ✉♠❛ ❡s❝❛❧❛ ♣❡r❝❡♣t✉❛❧ é ♠✉✐t♦ ♠❛✐s ❢á❝✐❧ ❡ ♥❛t✉r❛❧✱ ✉♠❛ ✈❡③ q✉❡ ❛s

▲❙❋s sã♦ ✈❛❧♦r❡s ❛tô♠✐❝♦s ❞❡ ❢r❡q✉ê♥❝✐❛✳



✷✽ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✷

❆ ❣r❛♥❞❡ ❞❡s✈❛♥t❛❣❡♠ ❞❡ ✉t✐❧✐③❛r ▲❙❋s é ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ❝❛❧❝✉❧❛r ❛s r❛í③❡s ❞❡ P (z) ❡ Q(z)✱

♦ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ r❡s♦❧✈❡r ❡q✉❛çõ❡s ♣♦❧✐♥♦♠✐❛✐s ❞❡ ♦r❞❡♠ p✳ ❖ ♣r♦❜❧❡♠❛ é ❛✐♥❞❛ ♠❛✐♦r q✉❛♥❞♦

❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❡✴♦✉ ❛ ♦r❞❡♠ ❞❡ ♣r❡❞✐çã♦ sã♦ ❛❧t❛s✱ ♦ q✉❡ ♣r❡❥✉❞✐❝❛ ♠✉✐t♦ ♦ ❞❡s❡♠♣❡♥❤♦

❞♦ ❛❧❣♦r✐t♠♦ q✉❡ ❡♥❝♦♥tr❛ ❛s r❛í③❡s ❞❡st❛s ❡q✉❛çõ❡s ❬✷✶✷❪✳ ❊①✐st❡♠ ❛❧❣✉♥s tr❛❜❛❧❤♦s ❬✶✶✺❀ ✷✶✻❪

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

▲P❈ ❬✸✵✷❪✱ ♦✉ ♣♦❧✐♥ô♠✐♦s ❞❡ ❈❤❡❜②s❤❡✈ ❬✶✵✺❪✳

❊①✐st❡♠ ❛✐♥❞❛ ♦✉tr♦s ♠ét♦❞♦s ❞❡ ♠♦❞❡❧❛❣❡♠ ❞♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❛ ♣❛rt✐r ❞❡ ❝♦♠♣♦s✐çã♦

❞❡ ❢r❡q✉ê♥❝✐❛s ❢♦r♠❛♥t❡s✳ ❚❛✐s ❢♦r♠❛♥t❡s sã♦ r❡♣r❡s❡♥t❛❞♦s ♣♦r ✈❛❧♦r❡s ❞♦ ❝❡♥tr♦✐❞❡ ❡ ❧❛r❣✉r❛ ❞❡

❜❛♥❞❛ ❞❡ ❝❛❞❛ r❡❣✐ã♦ ❢♦r♠❛♥t❡ ✭✈❡r ❋✐❣✉r❛ ✷✳✾✮✱ ♦❜t✐❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡st✐♠❛t✐✈❛ ❞♦s ♣♦❧♦s q✉❡

r❡♣r❡s❡♥t❛♠ ❡st❛s r❡❣✐õ❡s ❬✶✺✻❪✳

❋✐❣✉r❛ ✷✳✾✿ ❱✐s✉❛❧✐③❛çã♦ ❞♦s ❢♦r♠❛♥t❡s r❡♣r❡s❡♥t❛❞♦s ❛ ♣❛rt✐r ❞❡ ❝❡♥tr♦✐❞❡s ❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦s ♣♦❧♦s✳

◆✉♠ ❝♦♥t❡①t♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ t❛✐s ❝❡♥tr♦✐❞❡s ❡ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ sã♦ r❡❛❞❛♣t❛❞♦s ♣❛r❛

r❡❛❧✐③❛çã♦ ❞❛ tr❛♥s❢♦r♠❛çã♦ ❞♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❬✶✻✾❪✳

❖✉tr❛s té❝♥✐❝❛s ♠❛✐s ❡s♣❡❝í✜❝❛s ❡ s♦✜st✐❝❛❞❛s t❛♠❜é♠ ❢♦r❛♠ ♣r♦♣♦st❛s ❝♦♠♦ ✉♠❛ t❡♥t❛t✐✈❛ ❞❡

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

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

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

✉♠ ❞❡t❡r♠✐♥❛❞♦ ❢❛❧❛♥t❡ ❛ ♣❛rt✐r ❞❛ ❛♣❧✐❝❛çã♦ ❞❡ ❢✉♥çõ❡s ❞❡ ❞❡❢♦r♠❛çã♦ ♥♦ ❡✐①♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞♦

❡s♣❡❝tr♦ ❞❡ ♣♦tê♥❝✐❛ ❞♦ s✐♥❛❧✳

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

✭❞♦ ■♥❣❧ês✱ ❱♦❝❛❧ ❚r❛❝t ▲❡♥❣t❤ ◆♦r♠❛❧✐③❛t✐♦♥ ✕ ❱❚▲◆✮ é ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞❛ ♣❛r❛ tr❛♥s❢♦r♠❛r

❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ❡♠ s✐st❡♠❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❢❛❧❛ ❬✻✽❀ ✷✾✸❀ ✸✵✽❪✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠

s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❬✺✼❀ ✶✶✵❀ ✶✽✼❪✳ ❱❚▲◆ é ✉♠❛ té❝♥✐❝❛ q✉❡ ❛❞❛♣t❛ ❛ ❡s❝❛❧❛ ❞♦ ❡✐①♦

❞❡ ❢r❡q✉ê♥❝✐❛s ❞♦s ✈❡t♦r❡s ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞❡ ♠♦❞♦ q✉❡ ❛s ♦❜s❡r✈❛çõ❡s s❡❥❛♠ ♠❛✐s s✐♠✐❧❛r❡s

❡♥tr❡ t♦❞♦s ♦s ❢❛❧❛♥t❡s✳ ❊st❛ ❛❜♦r❞❛❣❡♠ t❡♠ s✐❞♦ ❛♣❧✐❝❛❞❛ ❡♠ sí♥t❡s❡ ❡st❛tíst✐❝❛ ❞❡ ❢❛❧❛ ♦❜t❡♥❞♦

s❡♥t❡♥ç❛s ❞❡ ❢❛❧❛ ✐♥❞❡♣❡♥❞❡♥t❡s ❞❡ ❢❛❧❛♥t❡✱ ❛s q✉❛✐s ♣♦❞❡♠ s❡r r❡❛❞❛♣t❛❞♦s ❛ ✉♠ ❢❛❧❛♥t❡ ❡s♣❡❝í✜❝♦

♣♦r ✉♠ ❝♦♥❥✉♥t♦ ♣❡q✉❡♥♦ ❞❡ ❞❛❞♦s✱ ❡ t❡♠ s✐❞♦ ✉s❛❞❛ ❡♠ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❬✷✹✻❀ ✷✹✼❀ ✷✹✽❪ ♣❛r❛

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

✉s✉❛❧ ❡♠ s✐st❡♠❛s ❣ê♥❡r♦✲✐♥❞❡♣❡♥❞❡♥t❡s✱ ✉♠❛ ✈❡③ q✉❡ ❛ ❞✐❢❡r❡♥ç❛ ♠é❞✐❛ ❞♦s r❡ss♦❛❞♦r❡s ❞♦ tr❛t♦

✈♦❝❛❧ ❡♥tr❡ ❤♦♠❡♥s ❡ ♠✉❧❤❡r❡s é ❞❛ ♦r❞❡♠ ❞❡ ✷ ❛ ✸ ❝♠✱ ♦ q✉❡ ♦❝❛s✐♦♥❛ ❡❢❡✐t♦s ❞✐r❡t❛♠❡♥t❡ ❧✐❣❛❞♦s

às ❢r❡q✉ê♥❝✐❛s ❢♦r♠❛♥t❡s❀ ♣♦r ❡①❡♠♣❧♦✱ ❡♠ ✈♦③❡s ❢❡♠✐♥✐♥❛s✱ ❛s ❢r❡q✉ê♥❝✐❛s ❢♦r♠❛♥t❡s sã♦ ❝❡r❝❛ ❞❡

✶✺✪ ♠❛✐s ❛❣✉❞❛s ❞♦ q✉❡ ❡♠ ✈♦③❡s ♠❛s❝✉❧✐♥❛s ♣❛r❛ ❛s ♠❡s♠❛s ✈♦❣❛✐s ❬✺✼❪✳

❱❚▲◆ r❡❛❧✐③❛ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ s♦❜r❡ ♦ ❡✐①♦ ❞❛s ❢r❡q✉ê♥❝✐❛s✱ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❢✉♥çã♦ ❞❡ ❞❡✲



✷✳✷ ▼❖❉❊▲❖❙ ❈▲➪❙❙■❈❖❙ ❉❖ ❙■◆❆▲ ❉❊ ❱❖❩ ✷✾

❢♦r♠❛çã♦ ✭✇❛r♣✐♥❣✮✱ q✉❡ ♠❛♣❡✐❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ ω ❞♦ s❡❣✉✐♥t❡ ♠♦❞♦✿

ω̃α(ω) = f(ω, α).

❚❛❧ ❢✉♥çã♦ f é ✉♠❛ ❢✉♥çã♦ ❞❡ ❞❡❢♦r♠❛çã♦ ❞❡♣❡♥❞❡♥t❡ ❞❡ ✉♠ ❢❛t♦r ❞❡ ❡♠♣❡♥❛♠❡♥t♦ α✳ ❆ ♠❛✐♦r✐❛

❞♦s ♠ét♦❞♦s ♣❛r❛ ❡♥❝♦♥tr❛r t❛✐s ❢❛t♦r❡s ❞❡ ❡♠♣❡♥❛♠❡♥t♦ ♣❛r❛ ❱❚▲◆ ✉t✐❧✐③❛ ♠ét♦❞♦s ❞❡ ♦t✐♠✐③❛çã♦

♣r♦❜❛❜✐❧íst✐❝♦s✱ ❛ ♣❛rt✐r ❞♦ ❝r✐tér✐♦ ❞❡ ▼á①✐♠❛ ❱❡r♦ss✐♠✐❧❤❛♥ç❛ ✭❞♦ ■♥❣❧ês✱ ▼❛①✐♠✉♠ ▲✐❦❡❧✐❤♦♦❞ ✕

▼▲✮ ❬✶✸✵❪✳

❖ ❝♦♥❥✉♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛s ❞✐st♦r❝✐❞❛s ω̃ ❝♦rr❡s♣♦♥❞❡ à ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛s ♥♦r♠❛❧✐③❛❞❛ ❡♠

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

❞❡ ✈♦③✳ ❆ ♥♦r♠❛❧✐③❛çã♦ ❞♦ tr❛t♦ ✈♦❝❛❧ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ♥♦r♠❛❧✐③❛çã♦ ❧✐♥❡❛r ❞♦ s✐♥❛❧ ♥♦ ❞♦♠í♥✐♦

❝❡♣str❛❧ ❬✶✽✼❀ ✶✾✵❀ ✶✾✶❪✳

❆❧é♠ ❞❡ ❱❚▲◆✱ ♦✉tr♦s ♠ét♦❞♦s r❡❛❧✐③❛♠ ❛ ♥♦r♠❛❧✐③❛çã♦ ❞♦ tr❛t♦ ✈♦❝❛❧✳ ❖ ♠ét♦❞♦ ♣♦♣✉❧❛r✲

♠❡♥t❡ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❙❚❘❆■●❍❚ ✭❙♣❡❡❝❤ ❚r❛♥s❢♦r♠❛t✐♦♥ ❛♥❞ ❘❡♣r❡s❡♥t❛t✐♦♥ ✉s✐♥❣ ❆❞❛♣t❛t✐✈❡

■♥t❡r♣♦❧❛t✐♦♥ ♦❢ ✇❡✐●❍❚❡❞ s♣❡❝tr✉♠✮ r❡❛❧✐③❛ ✉♠❛ ♥♦r♠❛❧✐③❛çã♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ❛ ♣❛rt✐r ❞❛ ❛♥á❧✐s❡

❡s♣❡❝tr❛❧ ❛❞❛♣t❛❞❛ ❛♦ ♣✐t❝❤ ❝♦♠❜✐♥❛❞❛ ❛ ✉♠ ♠ét♦❞♦ ❞❡ r❡❝♦♥str✉çã♦ ❞❛ s✉♣❡r❢í❝✐❡ t❡♠♣♦✲❢r❡q✉ê♥❝✐❛

❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞❡ t❡♠♣♦ r❡❞✉③✐❞♦ ❬✶✶✷❀ ✷✶✹❪✳ ❆ ✐❞❡✐❛ ❝❡♥tr❛❧ ❞❡st❡ ♠ét♦❞♦ é ❝♦♥s✐❞❡r❛r

q✉❡ ♦ s✐♥❛❧ ❞❡ ❡①❝✐t❛çã♦ ❞❛ ✈♦③ é ♣❡r✐ó❞✐❝♦✱ ❛♠♦str❛❞♦ ♥♦ ❡s♣❛ç♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❡✜♥✐❞♦ ♣❡❧♦s ❡✐①♦s

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

♣❡❝t♦s ❞❡ ❝♦♥✜❣✉r❛çã♦ ❞♦ tr❛t♦ ✈♦❝❛❧✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♦ ❙❚❘❆■●❍❚ r❡❝♦♥stró✐ ♦ s✐♥❛❧ ❡♠ ✉♠❛

r❡♣r❡s❡♥t❛çã♦ s✉❛✈✐③❛❞❛ ♥♦ ❡s♣❛ç♦ t❡♠♣♦✴❢r❡q✉ê♥❝✐❛ q✉❡ ❡❧✐♠✐♥❛ ❛ ✐♥t❡r❢❡rê♥❝✐❛ ❞❛ ♣❡r✐♦❞✐❝✐❞❛❞❡

♥♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❛♥á❧✐s❡ ❛❞❛♣t❛t✐✈❛ r❡❛❧✐③❛❞❛ ❛♥t❡r✐♦r♠❡♥t❡✳

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

❝♦♠♦ ❝♦❡✜❝✐❡♥t❡s ❝❡♣str❛✐s✳ ❖ ♣r✐♠❡✐r♦ tr❛❜❛❧❤♦ ❡♥✈♦❧✈❡♥❞♦ ♦ ❝❡♣str✉♠ ❢♦✐ r❡❛❧✐③❛❞♦ ❡♠ ✶✾✻✸ ♣♦r

❇♦❣❡rt✱ ❍❡❛❧②✱ ❡ ❚✉❦❡② ❬✷✷❪✱ ♦♥❞❡ ❢♦✐ ✐♥✐❝✐❛❧♠❡♥t❡ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ♦s ❡❝♦s ❞❛s ♦♥❞❛s

t❡❝tô♥✐❝❛s ♣r♦✈❡♥✐❡♥t❡s ❞❡ t❡rr❡♠♦t♦s ❡ ❡①♣❧♦sõ❡s✳ ❉❡♥tr❡ ❛s ❛♣❧✐❝❛çõ❡s ❞♦ ❝❡♣str✉♠ s❡ ❞❡st❛❝❛♠

❛♥á❧✐s❡ ❞❡ ❡❝♦ ❡♠ s✐♥❛✐s sís♠✐❝♦s ❬✶✽✶❪✱ ❞❡t❡❝çã♦ ❞♦ ♣✐t❝❤ ❬✶✼✹❪✱ ❞❡❝♦♥✈♦❧✉çã♦ ❡ ♣r♦❝❡ss❛♠❡♥t♦

❤♦♠♦♠ór✜❝♦ ❞❡ s✐♥❛✐s ❬✶✼✾❀ ✷✺✸❪ ❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛✐s ❞❡ ✈♦③✳ ❆ ❞❡❝♦♥✈♦❧✉çã♦ ❤♦♠♦♠ór✜❝❛✱

♣❛rt✐❝✉❧❛r♠❡♥t❡✱ t❡✈❡ ❣r❛♥❞❡ ê①✐t♦ ♥♦ ✜♠ ❞♦s ❛♥♦s ✻✵ ♥❛ s❡♣❛r❛çã♦ ❞♦ s✐♥❛❧ ❞❡ ❡①❝✐t❛çã♦ ❣❧♦t❛❧ ❞❛

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

❖ t❡r♠♦ ✏❝❡♣str✉♠✑ é ✉♠❛ ❝♦♠❜✐♥❛çã♦ ✐♥✈❡rt❡♥❞♦ ❛ ♦r❞❡♠ ❞❛s ♣r✐♠❡✐r❛s q✉❛tr♦ ❧❡tr❛s ❞❡

✏s♣❡❝tr✉♠✑✳ ❖✉tr♦s ❝♦♥❝❡✐t♦s ❢♦r❛♠ ❜❛t✐③❛❞♦s s❡❣✉♥❞♦ ❡st❛s r❡❣r❛s ❞❡ r❡❝♦♠❜✐♥❛çã♦ ❞❡ ❧❡tr❛s✱ t❛✐s

❝♦♠♦ q✉❡❢r❡♥❝② ✭❞❡r✐✈❛❞♦ ❞❡ ❢r❡q✉❡♥❝②✮✱ s❛♣❤❡ ✭❞❡ ♣❤❛s❡✮✱ ❣❛♠♥✐t✉❞❡ ✭❞❡ ♠❛❣♥✐t✉❞❡✮✱ ❧✐❢t❡r✐♥❣

✭✜❧t❡r✐♥❣✮✱ r❛❤♠♦♥✐❝ ✭❞❡ ❤❛r♠♦♥✐❝✮ ❡ r❡♣✐♦❞ ✭❞❡ ♣❡r✐♦❞✮✳ ❖ ❝❡♣str✉♠✱ ♦✉ ❝❡♣str♦✱ é ✉♠ t✐♣♦ ❡s♣❡❝✐❛❧

❞❡ ❡s♣❡❝tr♦ ❞❡s❡♥✈♦❧✈✐❞♦ ❛ ♣❛rt✐r ❞❡ ♦❜s❡r✈❛çõ❡s s♦❜r❡ ♦ ❡s♣❡❝tr♦ ❞❡ ♣♦tê♥❝✐❛ ✭♠ó❞✉❧♦ q✉❛❞r❛❞♦ ❞❛

❋❋❚✮ ❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧✱ ❡ é ❞❡✜♥✐❞♦ ❝♦♠♦ ❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞♦ ❡s♣❡❝tr♦ ❧♦❣❛rít♠✐❝♦ ❞❡ ✉♠

s✐♥❛❧✳ ❆ ❞❡❝♦♥✈♦❧✉çã♦ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ ♣r❡ss✉♣õ❡ q✉❡ ❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛s ❞♦ s✐♥❛❧ ❞❡ ❡①❝✐t❛çã♦ é

❧✐♥❡❛r♠❡♥t❡ s❡♣❛rá✈❡❧ ✭♦✉ ❝♦♠ ♣❡q✉❡♥❛ s♦❜r❡♣♦s✐çã♦ ♥♦ ❡s♣❡❝tr♦✮ ❞❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛s ❞❛ r❡❣✐ã♦

❞❡ r❡ss♦♥â♥❝✐❛ ❞♦ tr❛t♦ ✈♦❝❛❧✳ ❙❡ ♣❛rt✐♠♦s ❞♦ ♣r✐♥❝í♣✐♦ ❞❡ q✉❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ é ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞❛

❝♦♥✈♦❧✉çã♦ ❞❛ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ ❝♦♠ ♦ tr❛t♦ ✈♦❝❛❧ s(n) = h(n) ∗ x(n) ✭❊q✉❛çã♦ ✷✳✶✮✱ ❛♣❧✐❝❛♥❞♦✲

s❡ ❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ♦❜t❡♠♦s S(ω) = H(ω)X(ω)✳ ❯♠❛ ✈❡③ q✉❡ ❛ ♦♣❡r❛çã♦ log t❡♠ ❛

♣r♦♣r✐❡❞❛❞❡ log(ab) = log(a)+ log(b)✱ t❡♠♦s q✉❡ log(S(ω)) = log(X(ω))+ log(H(ω))✳ ❆♣❧✐❝❛♥❞♦✲s❡



✸✵ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✷

✜♥❛❧♠❡♥t❡ ❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ✐♥✈❡rs❛ F−1✱ ♦❜t❡♠♦s ♦ ❝❡♣str✉♠✿

C{s(n)} = F−1{log(S(ω))} = F−1{log(X(ω))}+ F−1{log(H(ω))} = Cs(ω). ✭✷✳✹✮

❆ tr❛♥s❢♦r♠❛çã♦ ❝❡♣str❛❧ ✐♥✈❡rs❛ é ❞❡✜♥✐❞❛ ❝♦♠♦✿

C−1{Cs(ω)} = F
−1{exp(F{Cs(ω)})}. ✭✷✳✺✮

P❡❧♦ ♣r❡ss✉♣♦st♦ ❞❡ s❡♣❛r❛❜✐❧✐❞❛❞❡ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ q✉❛♥t♦ à ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ ❡ ♦ tr❛t♦ ✈♦❝❛❧✱

❡s♣❡r❛✲s❡ q✉❡ ♥♦ ❝❡♣str✉♠ s❡❥❛♠ ✈✐sí✈❡✐s ❛s r❡❣✐õ❡s ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞♦ tr❛t♦ ✈♦❝❛❧✱ ❛ss✐♠ ❝♦♠♦ ❛

r❡❣✐ã♦ ♦♥❞❡ s❡ ♦❜s❡r✈❛ ❛ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦✳ ❖✉ s❡❥❛✱ ❢❛③❡♥❞♦✲s❡ ✉♠❛ ✏❛♥á❧✐s❡ ❡s♣❡❝tr❛❧ ❞♦ ❡s♣❡❝tr♦✑

❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③✱ ♦❜s❡r✈❛♠✲s❡ ❝♦♠♣♦♥❡♥t❡s ❞❡ ❜❛✐①❛s ❢r❡q✉ê♥❝✐❛s r❡s♣❡❝t✐✈❛s à ✐♥✢✉ê♥❝✐❛ ❞♦ tr❛t♦

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

❞❡ ❡①❝✐t❛çã♦ ✭q✉❡ ✈❛r✐❛ r❛♣✐❞❛♠❡♥t❡ ❡♠ ❢✉♥çã♦ ❞❡ ω✮ ❬✸✻❪✳ ❆ ❋✐❣✉r❛ ✷✳✶✵ ❡①✐❜❡ ♦ ❡s♣❡❝tr♦ ❞♦ tr❡❝❤♦

❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ ✈♦③❡❛❞♦ ✭✈♦✐❝❡❞✮✳ ❆❝✐♠❛✱ é ♣♦ssí✈❡❧ ♣❡r❝❡❜❡r ❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ✭♣r✐♠❡✐r♦

❧ó❜✉❧♦✮ ❡ ♦ ♣✐t❝❤ ♥♦ ❡s♣❡❝tr♦ ❧♦❣❛rít♠✐❝♦ ❞❡st❡ s✐♥❛❧✳ ❆❜❛✐①♦✱ ♣♦❞❡♠♦s ♣❡r❝❡❜❡r ♥♦ ❝❡♣str✉♠ ❞❡st❡

s✐♥❛❧ ❞❡ ✈♦③ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠ ♣✐❝♦ ✐s♦❧❛❞♦ ♥❛ ❢❛✐①❛ ❞❡ ✶✷✳✺ ♠✐❧✐ss❡❣✉♥❞♦s✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛♦

♣❡rí♦❞♦ ❞❡ ♦s❝✐❧❛çã♦✳ ❖❜s❡r✈❛ ❛✐♥❞❛ ♥♦ ❣rá✜❝♦ s✉♣❡r✐♦r✱ ❡♠ ✈❡r♠❡❧❤♦✱ ♦ ❝♦♥t♦r♥♦ ❡s♣❡❝tr❛❧ r❡s✉❧t❛♥t❡

❞❛ ♣❛ss❛❣❡♠ ❞❡ ✉♠ ✜❧tr♦ ✭❧✐❢t❡r✮ ♣❛ss❛✲❜❛✐①❛s ♥♦ ❝❡♣str✉♠ ❞❡st❡ s✐♥❛❧✳ ❚❛❧ ✜❧tr♦ ❡❧✐♠✐♥❛ t♦❞❛s ❛s

q✉❡❢rê♥❝✐❛s ❛❝✐♠❛ ❞❡ ✉♠ ❝❡rt♦ ❧✐♠✐❛r✱ ❝♦♥❢♦r♠❡ ✐♥❞✐❝❛❞♦ ♥♦ ❣rá✜❝♦ ✐♥❢❡r✐♦r✳

❋✐❣✉r❛ ✷✳✶✵✿ ❆❝✐♠❛✱ ♦ log ❞♦ ❡s♣❡❝tr♦ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③❀ ❆❜❛✐①♦✱ ♦ ❝❡♣str✉♠ ❞❡st❡ s✐♥❛❧ ❞❡ ✈♦③✳

❊♠ ❝❛s♦s ♦♥❞❡ ❛ r❡❝♦♥str✉çã♦ ❞♦ s✐♥❛❧ ♥ã♦ é ♥❡❝❡ssár✐❛✱ ♦ ❝á❧❝✉❧♦ ❞♦ ❝❡♣str✉♠ é s✐♠♣❧✐✜❝❛❞♦ ❞❡

❢♦r♠❛ q✉❡ s♦♠❡♥t❡ ♦ ♠ó❞✉❧♦ ❞♦ ❡s♣❡❝tr♦ ❞♦ s✐♥❛❧ é ❛♥❛❧✐s❛❞♦✳ ❊♠ ♠✉✐t♦s ❝❛s♦s t♦♠❛✲s❡ s✐♠♣❧❡s✲

♠❡♥t❡ ❛ ♣♦tê♥❝✐❛ ❞♦ ❝❡♣str✉♠✱ ❞❡✜♥✐❞❛ ❝♦♠♦✿

P[C{s(n)}] = |F−1{log(|S(ω)|2)}|2. ✭✷✳✻✮



✷✳✷ ▼❖❉❊▲❖❙ ❈▲➪❙❙■❈❖❙ ❉❖ ❙■◆❆▲ ❉❊ ❱❖❩ ✸✶

❖s ❝♦❡✜❝✐❡♥t❡s ❞❡st❛ tr❛♥s❢♦r♠❛çã♦ sã♦ ❝❤❛♠❛❞♦s ❞❡ ❝❡♣str✉♠ r❡❛❧✱ sã♦ ♠✉✐t♦ út❡✐s ❡♠ s✐st❡♠❛s

❞❡ ❞❡t❡❝çã♦ ❞❡ ♣✐t❝❤ ❡ tê♠ s❡ ♠♦str❛❞♦ ♠✉✐t♦ ❛❞❡q✉❛❞♦s q✉❛♥❞♦ ❛♣❧✐❝❛❞♦s ❛♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡

✈♦③ ❬✸✻❀ ✸✵✸❪✳ ❆♦ s❡ tr❛♥s❢♦r♠❛r ❡st❡s ❝♦❡✜❝✐❡♥t❡s✱ ♦✉ ♠❡s♠♦ r❡❛❧✐③❛r ✉♠❛ ✜❧tr❛❣❡♠ ✭❧✐❢t❡r✐♥❣✮ ♥♦

❝❡♣str✉♠✱ ❞❡✈❡♠♦s ❣❛r❛♥t✐r q✉❡ ❡①✐st❛ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ✐♥✈❡rs❛ q✉❡ r❡❝♦♥stró✐ ♣❡r❢❡✐t❛♠❡♥t❡ ♦

s✐♥❛❧✳ ◆♦t❡ q✉❡✱ ❞❛❞♦ ✉♠ ♥ú♠❡r♦ ❝♦♠♣❧❡①♦ A exp jω✱ t❡♠♦s q✉❡ log(A exp jω) = log(A) + jω✱ ♦✉

s❡❥❛✱ ♣♦❞❡♠♦s s❡♣❛r❛r ♦ ❝á❧❝✉❧♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❝❡♣str❛✐s ❡♠ ✉♠❛ ♣❛rt❡ r❡❧❛t✐✈❛ ❛♦ ♠ó❞✉❧♦ ❡ ♦✉tr❛

r❡❧❛t✐✈❛ à ❢❛s❡ ❞❛ ❋❋❚ ❬✶✼✾❪✳

❘❡❝❡♥t❡♠❡♥t❡✱ ❛ ❛♥á❧✐s❡ ❝❡♣str❛❧ t❡♠ ❣❛♥❤❛❞♦ ❣r❛♥❞❡ ❞❡st❛q✉❡ ♥❛ ❧✐t❡r❛t✉r❛ ❬✶✷✻❀ ✶✽✽❪ q✉❛♥❞♦

✉t✐❧✐③❛❞❛ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❡s❝❛❧❛s ♣❡r❝❡♣t✉❛✐s✱ ❡♠ ♣❛rt✐❝✉❧❛r ❝♦♠ ♦s ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s ✭▼❡❧✲

❋r❡q✉❡♥❝② ❈❡♣str✉♠ ❈♦❡✣❝✐❡♥ts ✲ ▼❋❈❈✮ ❬✶✻✼❀ ✶✾✵❀ ✸✶✺❪✳ ❖s ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s sã♦ t♦♠❛❞♦s

❛ ♣❛rt✐r ❞♦ ❝❡♣str✉♠ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ ❛❞❛♣t❛❞♦ à ❡s❝❛❧❛ ▼❊▲✳ ❆ ❋✐❣✉r❛ ✷✳✶✶ ❛♣r❡s❡♥t❛ ❛ s❡q✉ê♥❝✐❛

❞❡ ♦♣❡r❛çõ❡s ♥❡❝❡ssár✐❛s ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ ❝❡♣str✉♠ ♥❛ ❡s❝❛❧❛ ▼❊▲✳

❋✐❣✉r❛ ✷✳✶✶✿ ❉✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ ▼❊▲✲❝❡♣str✉♠✳

❊st❛ ✜❣✉r❛ ♠♦str❛ ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ♦r❣❛♥✐③❛❞♦ ❡♠ ✺ ✭❝✐♥❝♦✮ ♣❛ss♦s✿

✶✳ ❆♣❧✐❝❛r ❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞♦ tr❡❝❤♦ ❞❡ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛✳

✷✳ ▼❛♣❡❛r ❛s ♣♦tê♥❝✐❛s ❞♦ ❡s♣❡❝tr♦ ♦❜t✐❞♦ s♦❜r❡ ❛ ❡s❝❛❧❛ ▼❊▲✱ ✉s❛♥❞♦ ♦✈❡r❧❛♣♣✐♥❣ ❞❡ ❥❛♥❡❧❛s

tr✐❛♥❣✉❧❛r❡s✳

✸✳ ❆♣❧✐❝❛r ❛ ♦♣❡r❛çã♦ ❧♦❣ ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s ❢r❡q✉ê♥❝✐❛s ❡♠♣❡♥❛❞❛s ♥❛ ❡s❝❛❧❛ ▼❊▲✳

✹✳ ❚♦♠❛r ❛ tr❛♥s❢♦r♠❛❞❛ ❞✐s❝r❡t❛ ❞♦ ❝♦ss❡♥♦ ❞❛ ❧✐st❛ ❞❡ ♣♦tê♥❝✐❛s ❧♦❣✲♠❡❧✳

✺✳ ❖s ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s ✭▼❋❈❈s✮ sã♦ ❛s ❛♠♣❧✐t✉❞❡s ❞♦ ❡s♣❡❝tr♦ r❡s✉❧t❛♥t❡✳

▼❛✐s ❞❡t❛❧❤❡s s♦❜r❡ ❡st❡ ♣r♦❝❡❞✐♠❡♥t♦ ♣♦❞❡♠ s❡r ❢❛❝✐❧♠❡♥t❡ ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ❬✶✽✼❪✳

❖s ❝♦❡✜❝✐❡♥t❡s ▼❡❧✲❈❡♣str❛✐s ✭▼❋❈❈✮ sã♦ ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞♦s ❡♠ q✉❛♥t✐③❛çã♦ ❞♦ ❡♥✈❡❧♦♣❡

♣❛r❛ t❛r❡❢❛s ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❢❛❧❛ ✭♣♦r ❡①❡♠♣❧♦ ♥♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦

❞❡ ❢❛❧❛♥t❡✮✱ ❡ t❛♠❜é♠ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ♥❛ r❡❝♦♥str✉çã♦ ❞❛ ❢❛❧❛ ❝♦♠ ❜♦♥s r❡s✉❧t❛❞♦s ❬✸✵❪✳

❊♥tr❡t❛♥t♦✱ ♥♦ ✉s♦ ❞❡ ▼❋❈❈s ♦ ♣r♦❥❡t♦ ❞♦ ❜❛♥❝♦ ❞❡ ✜❧tr♦s é ✜①♦ ❡ ♥ã♦ ❞❡♣❡♥❞❡ ❞♦ s✐♥❛❧ ❞❡

❡♥tr❛❞❛✳ ❈❤❛③❛♥ ❡t ❛❧✳ ❬✸✵❪ s✉❣❡r❡♠ q✉❡ ✉♠❛ ❡s❝♦❧❤❛ ❛♣r♦♣r✐❛❞❛ ❞❛ ❢✉♥çã♦ ❜❛s❡ ❞♦ ❜❛♥❝♦ ❞❡ ✜❧tr♦s

é ❝rít✐❝❛ ♣❛r❛ ✉♠❛ ❜♦❛ r❡❝♦♥str✉çã♦✳

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

r✐③❛r ♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ✉s❛♥❞♦ ♣♦✉❝♦s ♣❛râ♠❡tr♦s✳ ❊♥tr❡t❛♥t♦✱ ❡st❛ r❡♣r❡s❡♥t❛çã♦ ❛✐♥❞❛ ♥ã♦ é

s✉✜❝✐❡♥t❡♠❡♥t❡ ♣r❡❝✐s❛ ❡ ♠✉✐t♦ ♠❡♥♦s é ❢❛❝✐❧♠❡♥t❡ ❡st✐♠❛❞❛ s♦❜ ❝♦♥❞✐çõ❡s ♥♦r♠❛✐s ✭♥ã♦ ❝♦♠♣❧❡✲

t❛♠❡♥t❡ ❝♦♥tr♦❧❛❞❛s✮✳ ❯♠ ♠♦❞❡❧♦ ❢♦✐ ✐♥tr♦❞✉③✐❞♦ ♣♦r ❩♦❧❢❛❣❤❛r✐ ❬✸✶✻❪✱ ♦♥❞❡ ♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ é

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

❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❝♦♠ ❛s r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ♣r✐♥❝✐♣❛✐s✳ ▼♦❞❡❧♦s ❞❡ ♠✐st✉r❛s ❣❛✉ss✐❛♥❛s sã♦ ❢r❡q✉❡♥✲

t❡♠❡♥t❡ ✉s❛❞♦s ❡♠ t❡❝♥♦❧♦❣✐❛ ❞❡ ❢❛❧❛ ♣❛r❛ r❡♣r❡s❡♥t❛r ❢✉♥çõ❡s ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✭❋❉P✮

❞❡ ♣❛râ♠❡tr♦s ❡s♣❡❝tr❛✐s ❬✾✻❪✳ ▼❡s♠♦ q✉❡ ❛ ❋❉P ♥ã♦ s❡ ❛❥✉st❡ ❡str✐t❛♠❡♥t❡ ❛♦ ♠♦❞❡❧♦✱ ❡st❛ ❢♦r♥❡❝❡

✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❛❝✉r❛❞❛ ❡♠ s✐t✉❛çõ❡s ♣rát✐❝❛s✱ s❡ ✉♠ ♥ú♠❡r♦ s✉✜❝✐❡♥t❡ ❞❡ ●❛✉ss✐❛♥❛s ❢♦r❡♠



✸✷ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✷

❛❞✐❝✐♦♥❛❞❛s✳ ❊①✐st❡♠ ❛❧❣♦r✐t♠♦s ❜❡♠ ❝♦♥❤❡❝✐❞♦s ♣❛r❛ ❡st✐♠❛r ♦s ♣❛râ♠❡tr♦s ❞❛ ❋❉P✱ t❛✐s ❝♦♠♦

♦ ❛❧❣♦r✐t♠♦ ❊▼ ♣❛r❛ ❡st✐♠❛çã♦ ❞❡ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❬✸✵✶❪✳ ▼✉✐t❛s ♦✉tr❛s té❝♥✐❝❛s ❢♦r❛♠

♣r♦♣♦st❛s ♣❛r❛ ❛❞❛♣t❛r ♦✉ tr❛♥s❢♦r♠❛r ❛ s♦♠❛ ❞❡ ●❛✉ss✐❛♥❛s ❞❡ ✉♠❛ ❝❧❛ss❡ ❛❝úst✐❝❛ ♣❛r❛ ♦✉tr❛

❡♠ ❝♦♥✈❡rsã♦ ❞❡ ❣ê♥❡r♦ ❞❡ ✈♦③ ❬✶✼✷❪ ♦✉ ❡♠ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ♣r♦♣r✐❛♠❡♥t❡ ❞✐t❛ ❬✼✸❪✳

❆ ♣❛rt✐r ❞❛ ♠♦❞❡❧❛❣❡♠ ❞♦ tr❛t♦ ✈♦❝❛❧ é ♣♦ssí✈❡❧ ❡①tr❛✐r ❛ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ ♣♦r ❞❡❝♦♥✈♦❧✉çã♦✳

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

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

▼♦❞❡❧❛❣❡♠ ❞❛ ❋♦♥t❡ ❞❡ ❊①❝✐t❛çã♦

P♦r ❝♦♥✈❡♥çã♦✱ ♦ s✐♥❛❧ ❞❡ ❡①❝✐t❛çã♦ ❞♦ s✐st❡♠❛ ❢♦♥t❡✲✜❧tr♦ t❛♠❜é♠ é ❝❤❛♠❛❞♦ ❞❡ ❝♦♠♣♦♥❡♥t❡

❞❛ ❢♦♥t❡✳ ❚❛❧ ❝♦♠♣♦♥❡♥t❡ q✉❡ r❡♣r❡s❡♥t❛ ♦ ♣✉❧s♦ ❣❧♦t❛❧ é ✉♠ s✐♥❛❧ q✉❡ ❛❧é♠ ❞❡ ❛tr❛✈❡ss❛r ♦ ✜❧tr♦ ✭♦

tr❛t♦ ✈♦❝❛❧✮✱ ❞❡t❡r♠✐♥❛ ❝❛r❛❝t❡ríst✐❝❛s ✐♠♣♦rt❛♥t❡s ❞❛ ❢❛❧❛✱ t❛✐s ❝♦♠♦ ♦ ♣✐t❝❤✱ ❡♥❡r❣✐❛ ❡ ✈❡❧♦❝✐❞❛❞❡

❞❡ ♣r♦♥ú♥❝✐❛ ❞♦ s✐♥❛❧✳ ➱ ♣♦ssí✈❡❧ s❡ ❡st✐♠❛r ❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧ ❛ ♣❛rt✐r ❞❡ r❡s✉❧t❛❞♦s

❡①♣❡r✐♠❡♥t❛✐s ❬✷✶✵❪✱ s❡♠ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ❡①tr❛✐r ♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧✳ ❖s ♣✉❧s♦s ❣❧♦t❛✐s ♣♦❞❡♠ s❡r

♠♦❞❡❧❛❞♦s ❛tr❛✈és ❞❡ ✉♠ tr❡♠ ❞❡ ✐♠♣✉❧s♦s q✉❛s❡✲♣❡r✐ó❞✐❝♦s✱ r❡♣r❡s❡♥t❛♥❞♦ ❛s ✈❛r✐❛çõ❡s ❧❡♥t❛s ❞❛

❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✳ ❉❡♥tr❡ ❛s ♠♦❞❡❧❛❣❡♥s✱ ❛ ♠♦❞❡❧❛❣❡♠ r❡s✐❞✉❛❧ é ❛ ♠❛✐s ❝♦♠✉♠ ❡ ✉t✐❧✐③❛❞❛

❡♠ s✐st❡♠❛s ❞❡ t❡❧❡❝♦♠✉♥✐❝❛çõ❡s✳

❆ ♠♦❞❡❧❛❣❡♠ r❡s✐❞✉❛❧ é ❛ ♠♦❞❡❧❛❣❡♠ ♠❛✐s s✐♠♣❧❡s ❞♦ ♣✉❧s♦ ❣❧♦t❛❧✱ q✉❡ ❞❡❝♦rr❡ ❛ ♣❛rt✐r ❞❛

♠♦❞❡❧❛❣❡♠ ❞♦ tr❛t♦ ✈♦❝❛❧✱ ♦✉ s❡❥❛✱ ❞♦s ❡♥✈❡❧♦♣❡s ❡s♣❡❝tr❛✐s✳ P❡❧♦ ♠♦❞❡❧♦ ❢♦♥t❡✲✜❧tr♦✱ ✉♠ s✐♥❛❧ ❞❡

✈♦③ s(n) é r❡s✉❧t❛❞♦ ❞❛ ♣❛ss❛❣❡♠ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧ x(n) ♣❡❧♦ ✜❧tr♦ ❞♦ tr❛t♦ ✈♦❝❛❧ h(n)✱ ♦✉ s❡❥❛✱ ❡♠

t❡r♠♦s ❞❡ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ S(z) = H(z)X(z)✳ ❆ss✐♠✱ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❛ ❢♦♥t❡ ♣♦❞❡ s❡r ♦❜t✐❞❛

❛tr❛✈és ❞♦ q✉♦❝✐❡♥t❡ X(z) = S(z)
H(z) ✳ ❉❡st❛ ❢♦r♠❛✱ ♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ♠♦❞❡❧❛❞♦ ❛ ♣❛rt✐r ❞❡ ✉♠

❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s ✭▲P❈✱ ▲❙❋✱ ▼❋❈❈✱ . . .✮ ❞✐r❡❝✐♦♥❛ ❛ ♠♦❞❡❧❛❣❡♠ r❡s✐❞✉❛❧ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧

❡ ✈✐❝❡✲✈❡rs❛✱ t♦r♥❛♥❞♦✲❛s ✐♥t❡r✲❞❡♣❡♥❞❡♥t❡s✳ ❚❛❧ ❞✉❛❧✐❞❛❞❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞❛ ♥❛ s✐t✉❛çã♦ ❡♠ q✉❡

❞❛❞♦ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ s(n)✱ ❝♦♥❤❡❝❡r x(n) ✐♠♣❧✐❝❛ ❡♠ ♦❜t❡r h(n)✱ ❛ss✐♠ ❝♦♠♦ ❛ ♣❛rt✐r ❞❡ h(n) s❡

♦❜té♠ x(n)✳ ❚❛❧ ♣r♦❝❡ss♦ ❞❡ ♦❜t❡♥çã♦ ❞❡ x(n) ❛ ♣❛rt✐r ❞❡ h(n) ✭♦✉ ✈✐❝❡✲✈❡rs❛✮ é ❝♦♥❤❡❝✐❞♦ ❝♦♠♦

❞❡❝♦♥✈♦❧✉çã♦✳

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

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

❧❛❣❡♠ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧ s❡❥❛ ✜❞❡❞✐❣♥❛✳ ◆❡st❡ s❡♥t✐❞♦✱ s✉r❣❡♠ ❛s ♠♦❞❡❧❛❣❡♥s ♣❛r❛♠étr✐❝❛s ❞♦ ✢✉①♦

❣❧♦t❛❧✳

❖ ♠♦❞❡❧♦ ▲✐❧❥❡♥❝r❛♥ts✲❋❛♥t ❬✺✸❀ ✺✹❀ ✺✺❀ ✺✻❀ ✾✽❪ ♦✉ ▲❋ é ✉♠ ♠♦❞❡❧♦ ❝❧áss✐❝♦ ❞❡ ✢✉①♦ ❣❧♦t❛❧✱

❝❛r❛❝t❡r✐③❛❞♦ ♣♦r q✉❛tr♦ ♣❛râ♠❡tr♦s ✐♥❞❡♣❡♥❞❡♥t❡s✿ ❢r❡q✉ê♥❝✐❛ ωg✱ ❛♠♣❧✐t✉❞❡ E0✱ ✉♠❛ ❝♦♥st❛♥t❡ α

❞❡ ❝r❡s❝✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧ ❞♦ ♠♦❞❡❧♦ ❡ ✉♠ ♣❛râ♠❡tr♦ ǫ q✉❡ ❝♦rr❡s♣♦♥❞❡ à ❝♦♥st❛♥t❡ ❞❡ t❡♠♣♦ ❞❡

✉♠❛ r❡❝✉♣❡r❛çã♦ ❡①♣♦♥❡♥❝✐❛❧✱ ✐st♦ é✱ ❞❛ ❢❛s❡ ❞❡ r❡t♦r♥♦ ❞❡s❞❡ ♦ ♣♦♥t♦ ❞❡ ♠á①✐♠❛ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡

❛té ♦ ❢❡❝❤❛♠❡♥t♦ t♦t❛❧ ❞❛ ❣❧♦t❡✳

❖ ♠♦❞❡❧♦ ▲❋ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ❛ ♣❛rt✐r ❞♦s s❡❣✉✐♥t❡s ♣❛râ♠❡tr♦s t❡♠♣♦r❛✐s ✭♦s ♣❛râ♠❡tr♦s

T ❞♦ ♠♦❞❡❧♦✮ ♣r♦✈❡♥✐❡♥t❡s ❞❛ ❞❡r✐✈❛❞❛ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧✿

• T0✿ ✐♥st❛♥t❡ ❞❡ ❛❜❡rt✉r❛ ❣❧♦t❛❧✱

• Tp ❡ U0✿ ✐♥st❛♥t❡ ❡ ✈❛❧♦r ❞♦ ♠á①✐♠♦ ✢✉①♦ ❣❧♦t❛❧✱

• Te ❡ Ee✿ ✐♥st❛♥t❡ ❡ ✈❛❧♦r ❛❜s♦❧✉t♦ ❞♦ ♠í♥✐♠♦ ❞❛ ❞❡r✐✈❛❞❛ ❞♦ ✢✉①♦ ❣❧♦t❛❧✱



✷✳✷ ▼❖❉❊▲❖❙ ❈▲➪❙❙■❈❖❙ ❉❖ ❙■◆❆▲ ❉❊ ❱❖❩ ✸✸

• Ta✿ ❢❛s❡ ❞❡ r❡t♦r♥♦ q✉❡ ♣♦❞❡ s❡r ❞❡✜♥✐❞❛ ❝♦♠♦ ❛ ❞✐❢❡r❡♥ç❛ ❛❜s♦❧✉t❛ ❡♥tr❡ ♦ t❡♠♣♦ Te ❡ ❛

♣r♦❥❡çã♦ ❞❛ t❛♥❣❡♥t❡ ❞❛ ❞❡r✐✈❛❞❛ ❞♦ ✢✉①♦ ❣❧♦t❛❧ ❡♠ Te✱

• Tc✿ ✐♥st❛♥t❡ ❞❡ ❢❡❝❤❛♠❡♥t♦ ❣❧♦t❛❧✳

❖❜s❡r✈❡ ♥❛ ✜❣✉r❛ ✷✳✶✷ t❛✐s ♣❛râ♠❡tr♦s t❡♠♣♦r❛✐s ❡♠ r❡❧❛çã♦ ❛♦ ✢✉①♦ ❣❧♦t❛❧ ✭Ug✮ ❡ s✉❛ r❡s♣❡❝t✐✈❛

❞❡r✐✈❛❞❛ ✭dUg✮ ♥♦ ♠♦❞❡❧♦ ▲❋✳ ◆♦ ♠♦❞❡❧♦ ▲❋✱ ❛ ❞❡r✐✈❛❞❛ ❞♦ ✢✉①♦ ❣❧♦t❛❧ é ❝♦♠♣♦st❛ ♣♦r ❞✉❛s ♣❛rt❡s✿

❛ ♣r✐♠❡✐r❛ r❡♣r❡s❡♥t❛ ❛ ❞❡r✐✈❛❞❛ ❞♦ ✢✉①♦ ❣❧♦t❛❧ ❞❡s❞❡ ❛ ❛❜❡rt✉r❛ ❣❧♦t❛❧ ❛té ♦ ✈❛❧♦r ♠❛✐s ♥❡❣❛t✐✈♦❀

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

❋✐❣✉r❛ ✷✳✶✷✿ ❖ ✢✉①♦ ❣❧♦t❛❧ Ug ❡ s✉❛ r❡s♣❡❝t✐✈❛ ❞❡r✐✈❛❞❛ dUg✳

❆ ♣❛rt✐r ❞❡st❡s ♣❛râ♠❡tr♦s t❡♠♣♦r❛✐s✱ ♣♦❞❡♠♦s ❡♥❝♦♥tr❛r ♦s q✉❛tr♦ ♣❛râ♠❡tr♦s ✐♥❞❡♣❡♥❞❡♥t❡s

ωg✱ E0✱ α ❡ ǫ ❞♦ ♠♦❞❡❧♦ ▲❋✿

ωg =
π

Tp
;

E0 = −
Ee

eαTe sinωgTe
;

α =
− ln(− sinπωgTe)

Te
;

ǫ =
1− e−ǫ(Tc−Te)

Ta
;

❊ ❛ ♣❛rt✐r ❞❡st❡s✱ ♦ ✢✉①♦ ❣❧♦t❛❧ g(t) é ❞❡✜♥✐❞♦ ❝♦♠♦✿

g(t) =

{

Eoe
αt sinωgt, 0 ≤ t ≤ Te

− Ee

ǫTa

[

e−ǫ(t−Te) − e−ǫ(Tc−Te)
]

, Te ≤ t ≤ Tc ≤ T0

♦♥❞❡
∫ T0
0 g(t)dt = 0✳

❖❜s❡r✈❡ q✉❡ ❛ ❡①tr❛çã♦ ❞♦ ♣❛râ♠❡tr♦ ǫ ❞❡♣❡♥❞❡ ❞❛ r❡s♦❧✉çã♦ ❞❡ ✉♠❛ ❡q✉❛çã♦ ♥ã♦✲❧✐♥❡❛r✱ ❡ ♣♦r

❡st❛ r❛③ã♦✱ ❡st❡ ♣❛râ♠❡tr♦ é ✉♠ ✈❛❧♦r ❛♣r♦①✐♠❛❞♦ ❞❡ ❢♦r♠❛ q✉❡ ♣❛r❛ ✉♠ Ta ♣❡q✉❡♥♦✱ ǫTa t❡♥❞❛

❛ ✶✳ ❉❡✈✐❞♦ ❛♦ ❛❧t♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ s❡ ❡st✐♠❛r t❛❧ ♣❛râ♠❡tr♦ ♥❡st❡ ♠♦❞❡❧♦✱ ♠♦❞❡❧❛❣❡♥s

❛❧t❡r♥❛t✐✈❛s ❞❡ ♣✉❧s♦ ❣❧♦t❛❧ ✉t✐❧✐③❛♥❞♦ ♦s ♠❡s♠♦s ♣❛râ♠❡tr♦s T ❞♦ ♠♦❞❡❧♦ ▲❋ sã♦ ♣r♦♣♦st♦s ❬✷✽✻❪✳

❈♦♠ ♦ t❡♠♣♦✱ ♦s ♠♦❞❡❧♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❡✈♦❧✉ír❛♠ ❞❡ ♠♦❞♦ ❛ r❡♣r❡s❡♥t❛r ❛ ❝♦♠♣♦♥❡♥t❡ ❞❛ ❢♦♥t❡

✉s❛♥❞♦ ♦s❝✐❧❛❞♦r❡s ❛ss♦❝✐❛❞♦s às ❢❛✐①❛s ❞❡ ❢r❡q✉ê♥❝✐❛ ❡s♣❡❝tr❛✐s✳

❖ ♠♦❞❡❧♦ ❞❡ ❡①❝✐t❛çã♦ ♠✉❧t✐❜❛♥❞❛✱ ❞♦ ■♥❣❧ês ▼✉❧t✐❜❛♥❞ ❊①❝✐t❛t✐♦♥ ❱♦❝♦❞❡r ✭▼❇❊✮✱ q✉❡ ❢♦✐

♣r♦♣♦st♦ ♣♦r ●r✐✣♥ ❡♠ ✶✾✽✼ ❡ t❡♠ s❡ t♦r♥❛❞♦ ✉♠ ♠♦❞❡❧♦ ❜❛st❛♥t❡ ♣♦♣✉❧❛r ♣❛r❛ ❝♦❞✐✜❝❛çã♦ ❡

sí♥t❡s❡ ❡♠ ❛♣❧✐❝❛çõ❡s ❞✐✈❡rs❛s ❬✷✾❀ ✼✶❀ ✷✺✶❪✱ é ✉♠ t✐♣♦ ❞❡ ♠♦❞❡❧❛❣❡♠ s❡♥♦✐❞❛❧ ❛♣❧✐❝❛❞❛ à ❝♦♠♣♦♥❡♥t❡

❞❡ ❢♦♥t❡ ❞♦ s✐♥❛❧✳ ❊st❡ ♠♦❞❡❧♦ é ♣r♦♣♦st♦ ❛ ♣❛rt✐r ❞❡ ♦❜s❡r✈❛çõ❡s ❡♠ ❝❛❞❛ s✉❜✲❜❛♥❞❛ ❞♦ ❡s♣❡❝tr♦

❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③✳ ❚❛✐s s✉❜✲❜❛♥❞❛s sã♦ ❞❡t❡r♠✐♥❛❞❛s ❛ ♣❛rt✐r ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✱ ❡ ♣♦r



✸✹ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✷

❡st❛ r❛③ã♦ ❡st❛s s✉❜✲❜❛♥❞❛s sã♦ ❞✐t❛s s✉❜✲❜❛♥❞❛s ❤❛r♠ô♥✐❝❛s✳ ❖ ♠ét♦❞♦ ❝♦♥s✐❞❡r❛ q✉❡ ❝❛❞❛ s✉❜✲

❜❛♥❞❛ ❤❛r♠ô♥✐❝❛ ♣♦❞❡ s❡r ✈♦③❡❛❞❛ ♦✉ ♥ã♦✲✈♦③❡❛❞❛✳ ❆❧é♠ ❞✐ss♦✱ ❝♦♥s✐❞❡r❛✲s❡ q✉❡ ❛s r❡❣✐õ❡s ❞❡

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

✐♠♣✉❧s♦s✱ ❡ ♣♦r ❡st❛ r❛③ã♦✱ sã♦ ♠♦❞❡❧❛❞❛s ❛ ♣❛rt✐r ❞❡ r✉í❞♦s✳

❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ❞❡st❡ ♠ét♦❞♦ é ♦ ❡stá❣✐♦ ❞❡ ❛♥á❧✐s❡✳ Pr✐♠❡✐r❛♠❡♥t❡ é ❞❡t❡r♠✐♥❛❞♦ ♦ ♣✐t❝❤ ❞♦

tr❡❝❤♦ ❞❡ ✈♦③ ❛ s❡r ❝♦❞✐✜❝❛❞♦✳ ❖ ❛✉t♦r s✉❣❡r❡ ✉t✐❧✐③❛r ✉♠ ♠ét♦❞♦ ❜❛s❡❛❞♦ ❡♠ ❛✉t♦❝♦rr❡❧❛çã♦✱ ♥♦

❡♥t❛♥t♦✱ ✉♠ ❞❡t❡❝t♦r r♦❜✉st♦ ❞❡ ♣✐t❝❤ é ♥❡❝❡ssár✐♦ ♥❡st❛ ❢❛s❡✱ ❡ ♣♦r ❡st❛ r❛③ã♦ ♦✉tr♦s ♠ét♦❞♦s ❞❡

❞❡t❡❝çã♦ ❞❡ ♣✐t❝❤ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ❬✷✹❀ ✷✶✺❀ ✷✻✷❪✳ ❖ ❡s♣❡❝tr♦ ❞❡ ❡①❝✐t❛çã♦ é ❞✐✈✐❞✐❞♦ ❡♠ ❜❛♥❞❛s

❤❛r♠ô♥✐❝❛s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♣❡rí♦❞♦ ❞♦ s✐♥❛❧✳ ❯♠ ♠ó❞✉❧♦ ❞❡ ❞❡❝✐sã♦ ✈♦③❡❛❞♦✴♥ã♦✲✈♦③❡❛❞♦ ✭❱♦✐✲

❝❡❞✴❯♥✈♦✐❝❡❞✮ é ✉t✐❧✐③❛❞♦ ❡♠ ❝❛❞❛ s✉❜✲❜❛♥❞❛ ❤❛r♠ô♥✐❝❛✱ s❡♥❞♦ ❡st❛s ❝❡♥tr❛❞❛s ❡♠ ❝❛❞❛ ♠ú❧t✐♣❧♦

❞❡ f0 ❡ ❝♦❜r✐♥❞♦ ✉♠❛ ❢❛✐①❛ ❞❡ ❧❛r❣✉r❛ f0 ❡♠ t♦r♥♦ ❞❡st❡✳ ❊♠ s❡❣✉✐❞❛✱ ❛ ❡st✐♠❛t✐✈❛ ❞♦ ♣❡rí♦❞♦ ❞❡

♦s❝✐❧❛çã♦ é r❡✜♥❛❞❛ ❡ ♦s ♣❛râ♠❡tr♦s sã♦ r❡✲❡st✐♠❛❞♦s✱ ❛✉♠❡♥t❛♥❞♦ ❛ r♦❜✉st❡③ ❡♠ ❝❛s♦s ❞❡ ❡rr♦ ❞❡

❞❡t❡❝çã♦ ❞❡ ♣✐t❝❤✳

◆♦ s❡❣✉♥❞♦ ♣❛ss♦✱ ♦ ❡stá❣✐♦ ❞❡ sí♥t❡s❡✱ ❛s ❛♠♣❧✐t✉❞❡s✱ ❢❛s❡s ❡ ❢r❡q✉ê♥❝✐❛s ❝❡♥tr❛✐s sã♦ ✐♥t❡r✲

♣♦❧❛❞❛s ❡♥tr❡ s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s✳ ❆s ♣♦rçõ❡s ✈♦③❡❛❞❛s ❞♦ s✐♥❛❧ sã♦ s✐♥t❡t✐③❛❞❛s ✉s❛♥❞♦ ♦s

❝♦rr❡s♣♦♥❞❡♥t❡s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ s❡♥♦✐❞❛❧✱ ❡♥q✉❛♥t♦ q✉❡ ❛s ♣♦rçõ❡s ♥ã♦✲✈♦③❡❛❞❛s sã♦ s✐♥t❡✲

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

❢r❡q✉ê♥❝✐❛✳ ❊♥tã♦✱ é t♦♠❛❞❛ ❛ ❋❋❚ ✐♥✈❡rs❛ ❞♦s s❡❣♠❡♥t♦s r❡❝♦♥str✉í❞♦s ❛ ✜♠ ❞❡ s❡ ♦❜t❡r ❛ ❢♦r♠❛

❞❡ ♦♥❞❛ ❞❡st❡s ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✳ ❋✐♥❛❧♠❡♥t❡✱ ❡st❛s ♣♦rçõ❡s ✈♦③❡❛❞❛s ❡ ♥ã♦✲✈♦③❡❛❞❛s sã♦ s♦✲

♠❛❞❛s ❛ ✜♠ ❞❡ ♦❜t❡r ♦s s❡❣♠❡♥t♦s s✐♥tét✐❝♦s✳ ❚❛✐s s❡❣♠❡♥t♦s sã♦ ❝♦♥❝❛t❡♥❛❞♦s ✉t✐❧✐③❛♥❞♦ ♠ét♦❞♦s

❞❡ s♦❜r❡♣♦s✐çã♦ ❝♦♠ s♦♠❛s ♣♦♥❞❡r❛❞❛s ✭❖✈❡r❧❛♣ ❆❞❞✮✱ s✐♠✐❧❛r❡s ❛♦s ♠ét♦❞♦s P❙❖▲❆ ❬✶✻✺❪✳

❆ ♠❛✐♦r ✈❛♥t❛❣❡♠ ❞♦ ♠♦❞❡❧♦ ▼❇❊ é ♦ ❢❛t♦ ❞❡ q✉❡ ♦ ❡s♣❡❝tr♦ ❞❛ ❡①❝✐t❛çã♦ é r❡♣r❡s❡♥t❛❞♦ ❞❡t❛✲

❧❤❛❞❛♠❡♥t❡✳ ➱ ♣♦ssí✈❡❧ q✉❛♥t✐③❛r ♦✉ ✐♥t❡r♣♦❧❛r ♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ s❡♥♦✐❞❛❧✳ ❆s ❞❡s✈❛♥t❛❣❡♥s

❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ♦s r❡q✉❡r✐♠❡♥t♦s ❞❡ r♦❜✉st❡③ ♥❛ ❞❡t❡❝çã♦ ❞♦ ♣✐t❝❤✱ ❛s ❞❡❝✐sõ❡s ✈♦③❡❛❞♦✴♥ã♦✲

✈♦③❡❛❞♦ ❡♠ ❝❛❞❛ s✉❜✲❜❛♥❞❛ ❤❛r♠ô♥✐❝❛✱ ❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ♦ ♣r♦❜❧❡♠❛ ❞❛ ✐♥t❡r♣♦❧❛çã♦ ❞❛s ❢❛s❡s✳ ◆♦

❡♥t❛♥t♦✱ ♣r♦❣r❡ss♦s r❡❝❡♥t❡s ❡♠ ♠♦❞❡❧❛❣❡♠ ❤❛r♠ô♥✐❝❛✱ ❜❡♠ ❝♦♠♦ ♦ ❛✉♠❡♥t♦ ❞❛ ❛❝✉rá❝✐❛ ❞♦s ❞❡✲

t❡❝t♦r❡s ❞❡ ♣✐t❝❤ ✈ê♠ ❝♦♥tr✐❜✉✐♥❞♦ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♣❛r❛ ❛ r❡♣r❡s❡♥t❛çã♦ ♥ã♦ só ❞❛ ❝♦♠♣♦♥❡♥t❡

❞❡ ❢♦♥t❡✱ ♠❛s ❞❡ ❛♠❜❛s ❛s ❝♦♠♣♦♥❡♥t❡s ❞♦ s✐♥❛❧ ❞❡ ✈♦③ s♦❜ ✉♠❛ ♣❡rs♣❡❝t✐✈❛ ❞✐❢❡r❡♥t❡✱ ❛ q✉❛❧ s❡rá

❛❜♦r❞❛❞❛ ♥❛ s❡çã♦ s❡❣✉✐♥t❡✳

✷✳✷✳✷ ▼♦❞❡❧♦ ❍❛r♠ô♥✐❝♦✲❊st♦❝ást✐❝♦

❊ss❡♥❝✐❛❧♠❡♥t❡✱ ♦ ▼♦❞❡❧♦ ❍❛r♠ô♥✐❝♦✲❊st♦❝ást✐❝♦ ❬✷✺✺❪ t❡♠ s✉❛s r❛í③❡s ❡str✉t✉r❛❞❛s ❡♠ ♠♦❞❡❧♦s

s❡♥♦✐❞❛✐s✳ ❖s ♠♦❞❡❧♦s s❡♥♦✐❞❛✐s ♣r❡ss✉♣õ❡♠ q✉❡ ✉♠ tr❡❝❤♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ♣♦❞❡ s❡r s❡❣♠❡♥t❛❞♦ ❡♠

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

s❡♥♦✐❞❡s✱ ❝✉❥♦s ♣❛râ♠❡tr♦s ✈❛r✐❛♠ ❧❡♥t❛♠❡♥t❡ ♥♦ t❡♠♣♦✳ ❆ r❡❝♦♥str✉çã♦ ❞♦ s✐♥❛❧ é ♦❜t✐❞❛ ♣❡❧❛ s♦♠❛

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

❡ ❢❛s❡ ✐♥✐❝✐❛❧✳ ❖ ♠♦❞❡❧♦ ❤❛r♠ô♥✐❝♦✱ ♣♦r s✉❛ ✈❡③✱ é ✉♠ t✐♣♦ ❞❡ ♠♦❞❡❧♦ s❡♥♦✐❞❛❧ ♥♦ q✉❛❧ ❛s ❢r❡q✉ê♥❝✐❛s

❡♠ ❝❛❞❛ ❜❛♥❝♦ sã♦ ♠ú❧t✐♣❧♦s ✐♥t❡✐r♦s ❞❡ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✳ ❉❛❞❛ ❛ ✢❡①✐❜✐❧✐❞❛❞❡ ♥❛

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

❝♦♠♦ ♠♦❞❡❧♦ ❡str✉t✉r❛❧ ❞♦ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❛♣r❡s❡♥t❛❞♦ ♣♦r ❡st❡ tr❛❜❛❧❤♦✱ ♦ q✉❛❧ s❡rá

♠❡❧❤♦r ❡①♣❧♦r❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✸✳

❖ ♣r✐♠❡✐r♦ ♠♦❞❡❧♦ s❡♥♦✐❞❛❧ ❢♦✐ ✉s❛❞♦ ♣♦r ❍❡❞❡❧✐♥ ❬✽✽❪ ❡♠ ❝♦♠♣r❡ssã♦ ❞❡ ✈♦③ ❡♠ ✶✾✽✶✳ ❆ ✐❞❡✐❛

❞❡❧❡ ❢♦✐ ❛ ❞❡ ✉s❛r ✉♠ ♠♦❞❡❧♦ ❞❡ ♣✐t❝❤ ✐♥❞❡♣❡♥❞❡♥t❡ ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ❝❛❞❛ ❢❛✐①❛ ♥♦ ❡s♣❡❝tr♦ ❞♦



✷✳✷ ▼❖❉❊▲❖❙ ❈▲➪❙❙■❈❖❙ ❉❖ ❙■◆❆▲ ❉❊ ❱❖❩ ✸✺

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

❡ ❛s ❢❛s❡s ❞❡ ❝❛❞❛ s❡♥♦✐❞❡ ❢♦r❛♠ ❞❡✜♥✐❞❛s ❝♦♠♦ ❛ ✐♥t❡❣r❛❧ ❞❛ ❢r❡q✉ê♥❝✐❛ ✐♥st❛♥tâ♥❡❛ ❛ss♦❝✐❛❞❛✳

❊♠ ♠❡❛❞♦s ❞♦s ❛♥♦s ✽✵✱ ❘✳ ❏✳ ▼❝❆✉❧❛② ❡ ❚✳ ❋✳ ◗✉❛t✐❡r✐ ❬✶✺✷❪✱ ♣r♦♣✉s❡r❛♠ ♦ ♠♦❞❡❧♦ s❡♥♦✐❞❛❧

❛♣❧✐❝❛❞♦ à ❛♥á❧✐s❡ ❡ sí♥t❡s❡ ❞❡ ✈♦③✱ ♦ q✉❛❧ ❝♦♥❤❡❝❡♠♦s ❛té ❤♦❥❡✱ ❡ q✉❡ t❡♠ s✐❞♦ ✉t✐❧✐③❛❞♦ ❡♠ ✉♠

r❛♠♦ ✈❛st♦ ❞❡ ❛♣❧✐❝❛çõ❡s ❬✶✹✶❪✳ ❊st❛ ❢❡rr❛♠❡♥t❛ t❡♠ s✐❞♦ ✈✐st❛ ❝♦♠♦ ✉♠ ♠♦❞❡❧♦ ❝♦♠♣❧❡t♦ ♣❛r❛

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

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

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

s✐♥❛❧✳

❯♠ ♠♦❞❡❧♦ s❡♥♦✐❞❛❧ ❝♦♥s✐❞❡r❛ q✉❡ ♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ s(k)(n) ✭❡♠ ❣❡r❛❧✱ ♦ k✲és✐♠♦ s❡❣♠❡♥t♦

❡st❛❝✐♦♥ár✐♦✮ é ❝♦♠♣♦st♦ ♣❡❧❛ s♦♠❛ ❞❡ M s❡♥♦✐❞❡s✳ ❯t✐❧✐③❛✲s❡ ♦ ♠♦❞❡❧♦ s❡♥♦✐❞❛❧ ♣❛r❛ ❛♣r♦①✐♠❛r

✉♠❛ s❡q✉ê♥❝✐❛ s(k)(n) ❞❡ ✉♠❛ s♦♠❛ ❞❡ ♦s❝✐❧❛❞♦r❡s

s(k)(n) ≈
M
∑

m=1

Ωkm(n)

❞❡ ♠♦❞♦ q✉❡

Ωkm(n) = Cm +Am cos

(

2πfkmn

R
+ φkm

)

+ εkm,

♦♥❞❡ R é ❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠✱ Cm é ❛ ❝♦♥st❛♥t❡ ❉❈✱ Akm é ❛ ❛♠♣❧✐t✉❞❡ ❞❡ ✉♠❛ ❝♦♠♣♦♥❡♥t❡

s❡♥♦✐❞❛❧✱ fkm é ❛ s✉❛ ❢r❡q✉ê♥❝✐❛✱ n é ♦ t❡♠♣♦ ❞✐s❝r❡t♦✱ φkm é ❛ ❢❛s❡✱ ❡ εkm é ♦ ❡rr♦ ♥❛ ❝♦♠♣♦♥❡♥t❡ k

❞♦ ♠♦❞❡❧♦✳

❆s ❛♠♣❧✐t✉❞❡s✱ ❢r❡q✉ê♥❝✐❛s ❡ ❢❛s❡s ❞❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ s❡♥♦✐❞❛❧ sã♦ ♦❜t✐❞❛s ❛ ✉♠❛ t❛①❛ ❞❡

s❡❣♠❡♥t♦s ❝♦♥st❛♥t❡✱ ✉s❛♥❞♦ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❞❡t❡❝çã♦ ❞❡ ♣✐❝♦s ❛♣❧✐❝❛❞♦ à ❚r❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r

❞❡ ❚❡♠♣♦ ❘❡❞✉③✐❞♦ ✕ ❙❚❋❚ ❞❡ ❝❛❞❛ s❡❣♠❡♥t♦✳ ❆ r❡ssí♥t❡s❡ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ é ❢❡✐t❛ ❞❡ ♠♦❞♦

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

❝♦♥s❡❝✉t✐✈♦s✱ ❡ ❛s ❢❛s❡s ✐♥✐❝✐❛✐s sã♦ ✐♥t❡r♣♦❧❛❞❛s ❝♦♠ ♦ ✉s♦ ❞❡ ♣♦❧✐♥ô♠✐♦s ❞❡ ♦r❞❡♠ ❝ú❜✐❝❛✳

❋✐❣✉r❛ ✷✳✶✸✿ ❖ ❞✐❛❣r❛♠❛ ❞♦ ▼♦❞❡❧♦ ❙❡♥♦✐❞❛❧✳

❆ ❋✐❣✉r❛ ✷✳✶✸ ❡①✐❜❡ ✉♠ ❞✐❛❣r❛♠❛ q✉❡ ❡①♣❧✐❝❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❛♥á❧✐s❡✱ tr❛♥s❢♦r♠❛çã♦ ❞❡ ♣r♦só❞✐❛ ❡

sí♥t❡s❡ ✉s❛♥❞♦ ♦ ♠♦❞❡❧♦ s❡♥♦✐❞❛❧✳ ❙❡❣✉♥❞♦ ❡st❡ ❞✐❛❣r❛♠❛✱ ✉♠ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ s é s❡❣♠❡♥t❛❞♦ ♣❡❧♦

❥❛♥❡❧❛♠❡♥t♦ w ❡♠ ♣❡q✉❡♥♦s s❡❣♠❡♥t♦s ❝✉rt♦s s(k) ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 15 ms✳ P♦st❡r✐♦r♠❡♥t❡✱

❝❛❞❛ ✉♠ ❞❡st❡s é s✉❜♠❡t✐❞♦ ❛ ✉♠ ♠ó❞✉❧♦ ❞❡ ❞❡t❡❝çã♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ f0✱ ❡ ❛tr❛✈és ❞♦

❛♥❛❧✐s❛❞♦r s❡♥♦✐❞❛❧✱ s❡ ♦❜té♠ ❛s M ❛♠♣❧✐t✉❞❡s Akm✱ ❢r❡q✉ê♥❝✐❛s f
k
m ❡ ❢❛s❡s ✐♥✐❝✐❛✐s φkm ♣❛r❛ ❝❛❞❛

♦s❝✐❧❛❞♦r✳ ❆ ♣❛rt✐r ❞❛í✱ ♦ s✐st❡♠❛ ♣♦❞❡ r❡❛❧✐③❛r ❛s ♠✉❞❛♥ç❛s ❞❡ ♣r♦só❞✐❛✱ t❛✐s ❝♦♠♦ ♦ ❝♦♥t♦r♥♦

❞❡ ❡♥❡r❣✐❛ ❝♦♥tr♦❧❛❞♦ ♣❡❧♦ ❢❛t♦r αk✱ ♦ ❝♦♥t♦r♥♦ ❞♦ ♣✐t❝❤ ❛❥✉st❛❞♦ ♣❡❧♦ ❢❛t♦r βk ❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡

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

❝❛❞❛ s❡❣♠❡♥t♦ s∗k✱ ❣❡r❛❞♦ ♣❡❧♦s ❝♦❡✜❝✐❡♥t❡s ♠♦❞✐✜❝❛❞♦s {A∗k
m , f

∗k
m , φ∗km }✳

❆❧❣✉♠ t❡♠♣♦ ❞❡♣♦✐s✱ ♦ ♠ét♦❞♦ ❖▲❆ ✲ ❖✈❡r❧❛♣ ❆❞❞ ❢♦✐ ❛❣r❡❣❛❞♦ ❛♦ ♠♦❞❡❧♦ s❡♥♦✐❞❛❧ ❬✼✵❪✳ ❊st❡



✸✻ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✷

♠ét♦❞♦ ✉t✐❧✐③❛ ♦t✐♠✐③❛çã♦ ♣♦r ♠í♥✐♠♦s q✉❛❞r❛❞♦s ♦r❞✐♥ár✐♦s ❬✻✾❪ ♣❛r❛ ❡♥❝♦♥tr❛r ✈❛❧♦r❡s ót✐♠♦s ❞❡

❛♠♣❧✐t✉❞❡ ❡ ❢❛s❡s ✐♥✐❝✐❛✐s ❞❡ ❝❛❞❛ ♦s❝✐❧❛❞♦r✳ ❖ ♠ét♦❞♦s ❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s é ✉♠❛ té❝♥✐❝❛ ❞❡

♦t✐♠✐③❛çã♦ ♠❛t❡♠át✐❝❛ q✉❡ ♣r♦❝✉r❛ ❡♥❝♦♥tr❛r ♦ ♠❡❧❤♦r ❛❥✉st❛♠❡♥t♦ ♣❛r❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s

t❡♥t❛♥❞♦ ♠✐♥✐♠✐③❛r ❛ s♦♠❛ ❞♦s q✉❛❞r❛❞♦s ❞❛s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ❛ ❝✉r✈❛ ❛❥✉st❛❞❛ ❡ ♦s ❞❛❞♦s ✭t❛✐s

❞✐❢❡r❡♥ç❛s sã♦ ❝❤❛♠❛❞❛s r❡sí❞✉♦s✮✳ ▼❛✐♦r❡s ❞❡t❛❧❤❡s ❞❡ ❝♦♠♦ ❛❥✉st❛r ❢✉♥çõ❡s ✉t✐❧✐③❛♥❞♦ ♦ ♠ét♦❞♦

❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ❡♠ ❬✾✶❪✳ P❛r❛ ♦❜t❡r ✉♠ ❜♦♠ ❛❥✉st❡✱ ♦ ♠ét♦❞♦

❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s ♥ã♦✲❧✐♥❡❛r ♣r❡❝✐s❛ ❞❡ ❜♦♥s ✈❛❧♦r❡s ❞❡ ♣❛rt✐❞❛ ♣❛r❛ ❛s ❝♦♥st❛♥t❡s Cm✱ ❛s

❛♠♣❧✐t✉❞❡s Am ❡ ❛s ❢r❡q✉ê♥❝✐❛s ωm✳ ❯♠ ❜♦♠ ✈❛❧♦r ✐♥✐❝✐❛❧ ♣❛r❛ ❝❛❞❛ Cm ♣♦❞❡ s❡r ♦❜t✐❞♦ ❝❛❧❝✉❧❛♥❞♦✲

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

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

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

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

❞❡ r❡ssí♥t❡s❡ ♥ã♦ é ♠❛✐s ♥❡❝❡ssár✐❛✳ ❏á ♥♦ ❝❛s♦ ❞❡ ♠♦❞✐✜❝❛çã♦ ♣r♦só❞✐❝❛✱ ❛s ❢❛s❡s ✐♥✐❝✐❛✐s ❞❡ ❝❛❞❛

❝♦♠♣♦♥❡♥t❡ ❤❛r♠ô♥✐❝❛ ❞❡✈❡♠ s❡r ❝✉✐❞❛❞♦s❛♠❡♥t❡ ❛t✉❛❧✐③❛❞❛s✳ ❙❛❜❡✲s❡ q✉❡ ❝❛❞❛ ❢❛s❡ ❝♦♥té♠ ❞♦✐s

t❡r♠♦s ❞✐st✐♥t♦s✿ ♦ t❡r♠♦ ✐♥❡r❡♥t❡ à ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞♦ s✐♥❛❧✱ ♦ ❝❤❛♠❛❞♦ t❡r♠♦ ❞♦ tr❛t♦ ✈♦❝❛❧✱ ❡ ♦

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

❙❡♥❞♦ ❛ss✐♠✱ ♣❛r❛ t❛r❡❢❛s s✐♠♣❧❡s ❝♦♠♦ ♦ ❞❡s❧♦❝❛♠❡♥t♦ ❞♦ ♣✐t❝❤✱ é ♥❡❝❡ssár✐♦ ✐s♦❧❛r ❛♠❜♦s ♦s

t❡r♠♦s✱ ❡ tr❛t❛r s❡♣❛r❛❞❛♠❡♥t❡ ♦ t❡r♠♦ ❧✐♥❡❛r ❞♦ t❡r♠♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ tr❛t♦ ✈♦❝❛❧✳ ❊st❛ sér✐❡

❞❡ ❝♦♠♣❧✐❝❛çõ❡s ❝♦♠ ♦s ❞❡s❧♦❝❛♠❡♥t♦s ❞❡ ❢❛s❡s ❢❡③ ❝♦♠ q✉❡ ❇❛♥❣❛ ❡t ❛❧ ❬✶✷❪ ♣r♦♣✉s❡ss❡♠ ✉♠❛

❛❜♦r❞❛❣❡♠ ✉t✐❧✐③❛♥❞♦ s❡❣♠❡♥t♦s s✐♥❝r♦♥✐③❛❞♦s ❝♦♠ ♦ ♣❡rí♦❞♦ ❞❡ ♦s❝✐❧❛çã♦ ❞♦ s✐♥❛❧✱ ♦s ❝❤❛♠❛❞♦s

s❡❣♠❡♥t♦s ♣✐t❝❤✲s✐♥❝r♦♥✐③❛❞♦s✳

❆ ❛❜♦r❞❛❣❡♠ s❡♥♦✐❞❛❧ ✉s❛♥❞♦ s❡❣♠❡♥t♦s ♣✐t❝❤✲s✐♥❝r♦♥✐③❛❞♦s ❡✈✐t❛ ❞❡ ❝❡rt❛ ❢♦r♠❛ ❞✐st♦rçõ❡s

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

♠❛r❝❛çõ❡s ♣❡r✐ó❞✐❝❛s ❞♦ s✐♥❛❧ ♥♦ t❡♠♣♦✱ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ♠❛r❝❛s ❞❡ ♣✐t❝❤✳ ❖ r❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡

♣✐t❝❤✲s✐♥❝r♦♥✐③❛❞❛ ♠♦str❛ q✉❡ ❛s ❢❛s❡s ✐♥✐❝✐❛✐s ♥ã♦ ♣♦ss✉❡♠ ♦ t❡r♠♦ ❧✐♥❡❛r ❛ss♦❝✐❛❞♦ à ❛t✉❛❧✐③❛çã♦ ❞❛

❢r❡q✉ê♥❝✐❛ ✐♥st❛♥tâ♥❡❛ ❞❡ ✉♠ s❡❣♠❡♥t♦ ♣❛r❛ ♦ ♦✉tr♦✱ ♦✉ s❡❥❛✱ ❛ ♠✉❞❛♥ç❛ ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧

♥ã♦ ✐♠♣❧✐❝❛ ❡♠ ✉♠❛ ♣ré✈✐❛ ❛t✉❛❧✐③❛çã♦ ❞❛s ❢❛s❡s✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ❛s ❡st✐♠❛çõ❡s ❞❛s ♠❛r❝❛s ❞❡ ♣✐t❝❤

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

❋♦✐ ❡♥tã♦ q✉❡ ❖✬❇r✐❡♥ ❡ ▼♦♥❛❣❤❛♥ ❬✶✼✼❪ ❞❡❝✐❞✐r❛♠ s✐♠♣❧✐✜❝❛r ✉♠ ♣♦✉❝♦ ♦ ♠♦❞❡❧♦ ❡ ❞❡s❝❛rt❛r

❛s ♠❛r❝❛s ❞❡ ♣✐t❝❤ ❡ r❡str✐♥❣✐r t♦❞❛s ❛s ❢r❡q✉ê♥❝✐❛s ❞❡ ♠♦❞♦ q✉❡ fkm = mfk0 ✳ ❙✉r❣❡ ❡♥tã♦ ♦ ♣r✐♠❡✐r♦

s✐st❡♠❛ ❤❛r♠ô♥✐❝♦ ♣❛r❛ ❛♥á❧✐s❡ ❡ sí♥t❡s❡ ❞❡ ✈♦③✳ ◆♦✈❛♠❡♥t❡✱ ♦s ♣♦❧✐♥ô♠✐♦s ❞❡ 3a ♦r❞❡♠ ❞❡ ▼❝❆✉❧❛②

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

❝♦♠♣❧❡①♦s ❞❡ s✉❜tr❛çã♦ ❞♦s t❡r♠♦s ❧✐♥❡❛r❡s ❞❡st❛s✳

❈♦♠♦ ❡✈♦❧✉çã♦ ❞❡st❡ ♠♦❞❡❧♦✱ s✉r❣❡♠ ♦s ♣r✐♠❡✐r♦s ♣r♦tót✐♣♦s ❞❡ ♠♦❞❡❧♦s ❤í❜r✐❞♦s✱ ❛ s❛❜❡r✱

♠❡s❝❧❛♥❞♦ ❛ ♠♦❞❡❧❛❣❡♠ ❡st♦❝ást✐❝❛ à ♠♦❞❡❧❛❣❡♠ ❤❛r♠ô♥✐❝❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳ ❆ ✐❞❡✐❛ ❡♠❜r✐♦♥ár✐❛ ❞❡

s❡ ❞❡s❡♥✈♦❧✈❡r ✉♠ s✐st❡♠❛ ❤í❜r✐❞♦ s✉r❣❡ ❡♠ ✶✾✽✽ ❝♦♠ ●r✐✣♥ ❡ ▲✐♠ ❬✼✼❪ ♣r♦♣♦♥❞♦ ✉♠ ♥♦✈♦ s✐st❡♠❛

❝❤❛♠❛❞♦ ▼✉❧t✐❜❛♥❞ ❊①❝✐t❛t✐♦♥ ❱♦❝♦❞❡r✳ ◆❡st❡ ♠♦❞❡❧♦✱ ♦ s✐♥❛❧ é ♠♦❞❡❧❛❞♦ ♣♦r ✉♠❛ ❝♦♠♣♦♥❡♥t❡

❞❡ ❢♦♥t❡ ❝✉❥♦ ❡s♣❡❝tr♦ é ❝♦♠♣♦st♦ ♣♦r ✉♠ tr❡♠ ❞❡ ♣✉❧s♦s ❧✐♥❡❛r♠❡♥t❡ ❡s♣❛ç❛❞♦s ✭❞❡ ❛❝♦r❞♦ ❝♦♠

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

t♦♠❛❞❛ ❜❛s✐❝❛♠❡♥t❡ ♣❡❧❛ ✈❡rsã♦ s✉❛✈✐③❛❞❛ ❞♦ ❡s♣❡❝tr♦✱ ♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧✳ ❙❛❜❡✲s❡ q✉❡ ❡st❡ ❢♦✐ ♦

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

❞❡ ✈♦③✳

❯♠ ❛♥♦ ❞❡♣♦✐s✱ ❙❡rr❛ ❬✷✷✺❀ ✷✷✻❪✱ ♣r♦♣õ❡ ✉♠ ❛r❝❛❜♦✉ç♦ ♠✉✐t♦ ♣❛r❡❝✐❞♦ ❝♦♠ ♦ ❞❡ ▼❝❆✉❧❛② ❡



✷✳✷ ▼❖❉❊▲❖❙ ❈▲➪❙❙■❈❖❙ ❉❖ ❙■◆❆▲ ❉❊ ❱❖❩ ✸✼

◗✉❛t✐❡r✐✱ ♣♦ré♠ ❝♦♠ ❛ ❛❞✐çã♦ ❞❡ ✉♠❛ ❝♦♠♣♦♥❡♥t❡ r✉✐❞♦s❛ ✭r✉✐❞♦ ❜r❛♥❝♦ ●❛✉ss✐❛♥♦✮ ♠♦❞❡❧❛❞❛

❛ ♣❛rt✐r ❞❛ ♣❛ss❛❣❡♠ ❞♦ r✉í❞♦ ❜r❛♥❝♦ ●❛✉ss✐❛♥♦ ♣♦r ✉♠ ✜❧tr♦ r❡ss♦♥❛❞♦r✱ ❛ ✜♠ ❞❡ ♦❜t❡r ♠❛✐♦r

♥❛t✉r❛❧✐❞❛❞❡ ♥♦ s✐♥❛❧ s✐♥t❡t✐③❛❞♦✳ ❊st❛ ❝♦♠♣♦♥❡♥t❡ r❡s✐❞✉❛❧ é ♠✉✐t♦ ❜❡♠ ❝❛r❛❝t❡r✐③❛❞❛ ❛♣❡♥❛s ♣❡❧♦

❡♥✈❡❧♦♣❡ ❞♦ ❡s♣❡❝tr♦ ❞❡ ♣♦tê♥❝✐❛✱ ♠♦❞❡❧❛❞❛ ❝♦♠ ❝♦❡✜❝✐❡♥t❡s ▲P❈ ❞❡ ❜❛✐①❛ ♦r❞❡♠✳ ◆♦ ❝❛s♦ ❞❡st❡

♠♦❞❡❧♦✱ ❛s ❢❛s❡s ✐♥✐❝✐❛✐s ❞❡ ❝❛❞❛ ♦s❝✐❧❛❞♦r sã♦ ❞❡s❝❛rt❛❞❛s ❡ ❛s ❢❛s❡s ❞❡ ❝❛❞❛ s❡❣♠❡♥t♦ sã♦ ❣❡r❛❞❛s

r❡❝✉rs✐✈❛♠❡♥t❡ t♦♠❛♥❞♦✲s❡ ❛s ❢❛s❡s ✜♥❛✐s ❞♦s s❡❣♠❡♥t♦s ❛♥t❡r✐♦r❡s✳ ❈♦♠♦ ♦ t❡r♠♦ ❞❛s ❢❛s❡s ✐♥✐❝✐❛✐s

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

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

❋✐♥❛❧♠❡♥t❡✱ ♦ ▼♦❞❡❧♦ ❍❛r♠ô♥✐❝♦ ♠❛✐s ❘✉í❞♦ ♣r♦♣♦st♦ ♣♦r ❙t②❧✐❛♥♦✉ ❬✷✺✺❀ ✷✺✻❪ ✭❞♦ ■♥❣❧ês✱

❍❛r♠♦♥✐❝✲♣❧✉s✲◆♦✐s❡ ▼♦❞❡❧ ✕ ❍◆▼✮ ❢♦✐ ♦ ♣r✐♠❡✐r♦ ♠♦❞❡❧♦ ❤í❜r✐❞♦✱ ❝✉❥❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ s✐♥❛❧

❞❡ ✈♦③ é ❞✐✈✐❞✐❞❛ ❡♠ ❞✉❛s ♣❛rt❡s✿ ❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛ ❞♦ s✐♥❛❧ ❝♦rr❡s♣♦♥❞❡ às ❝♦♠♣♦♥❡♥t❡s q✉❛s❡✲

♣❡r✐ó❞✐❝❛s ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ❡ ❛ ♣❛rt❡ r✉✐❞♦s❛ ❞♦ ♠♦❞❡❧♦ ❝♦rr❡s♣♦♥❞❡ às ❝♦♠♣♦♥❡♥t❡s ♥ã♦ ♣❡r✐ó❞✐❝❛s

❞♦ s✐♥❛❧✱ q✉❡ ❝♦rr❡s♣♦♥❞❡♠ ❛ r✉í❞♦s ❝♦♥s♦♥❛♥t❛✐s ❡ ✈❛r✐❛çõ❡s ❛♣❡r✐ó❞✐❝❛s ❞❛ ❡①❝✐t❛çã♦ ❣❧♦t❛❧✳ ❆

❋✐❣✉r❛ ✷✳✶✹ ✐❧✉str❛ ❛s ❛❞❛♣t❛çõ❡s ❢❡✐t❛s ♣♦r ❙t②❧✐❛♥♦✉ ❡♠ ❝✐♠❛ ❞♦ ♠♦❞❡❧♦ s❡♥♦✐❞❛❧ ♣r♦♣♦st♦ ♣♦r

▼❝❆✉❧❛② ❡ ◗✉❛t✐❡r✐✳ ❆ ♣r✐♥❝✐♣❛❧ ❞✐❢❡r❡♥ç❛ ❞❡st❡ ❞✐❛❣r❛♠❛ ❡♠ r❡❧❛çã♦ ❛♦ ❛♥t❡r✐♦r é ✉♠ ♠ó❞✉❧♦ ❛♥❛✲

❧✐s❛❞♦r ❞❛ ❝♦♠♣♦♥❡♥t❡ ❡st♦❝ást✐❝❛ q✉❡ ❞❡✈♦❧✈❡ ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧ Hk(z) ❝♦♠ ♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❞❛

❝♦♠♣♦♥❡♥t❡ ♥ã♦✲❤❛r♠ô♥✐❝❛ ❞♦ k✲és✐♠♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③✳ ❆❧é♠ ❞✐ss♦✱ ❝♦♠♦ t♦❞♦ ♠♦❞❡❧♦ ❤❛r♠ô♥✐❝♦✱

❛ r❡♣r❡s❡♥t❛çã♦ ❞❛s ❢r❡q✉ê♥❝✐❛s ❤❛r♠ô♥✐❝❛s sã♦ ♠ú❧t✐♣❧♦s ✐♥t❡✐r♦s ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ fk0 ✱

♦ q✉❡ ❝♦♠♣❛❝t❛ ❛✐♥❞❛ ♠❛✐s ❛ r❡♣r❡s❡♥t❛çã♦✳ ◆♦t❡ q✉❡ ♥❛ ❢❛s❡ ❞❡ sí♥t❡s❡✱ ❞♦✐s s✐♥❛✐s sã♦ s♦♠❛❞♦s

♣❛r❛ ❝♦♠♣♦r ♦ s✐♥❛❧ r❡❝♦♥str✉í❞♦✿ ❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛ s∗kh ❡ ❡st♦❝ást✐❝❛ s∗ks ❞♦ s✐♥❛❧✳ ◆❡st❡ ❡sq✉❡♠❛✱

♦ r✉í❞♦ ✉s❛❞♦ é ♦ r✉í❞♦ ❜r❛♥❝♦ ●❛✉ss✐❛♥♦✱ ❡ w[.] é ✉♠❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣ ❝❡♥tr❛❞❛ ❝♦♠ ♠❡s♠♦

t❛♠❛♥❤♦ ❞♦ s❡❣♠❡♥t♦ s(k)✳

❋✐❣✉r❛ ✷✳✶✹✿ ❖ ❞✐❛❣r❛♠❛ ❞♦ ▼♦❞❡❧♦ ❍❛r♠ô♥✐❝♦✳

▼❛✐s t❛r❞❡✱ ✉♠❛ ✈❡rsã♦ ♠❛✐s r❡✜♥❛❞❛ ❞♦ ♠♦❞❡❧♦ ❍◆▼ ♣❛ss♦✉ ❛ s❡r ❛ ♠❛✐s ♣♦♣✉❧❛r ❞❡♥tr❡

♦s ♠ét♦❞♦s ♣r♦♣♦st♦s ♣♦r ❙t②❧✐❛♥♦✉ ❬✷✺✽❪✱ ❛❞❡q✉❛♥❞♦ ❞❡t❛❧❤❡s ❞❡ ❥❛♥❡❧❛♠❡♥t♦ ❡ ♦✉tr❛s ♣❡q✉❡♥❛s

❝♦♥tr✐❜✉✐çõ❡s✳ ❚❛❧ ♣r♦♣♦st❛ ✜❝♦✉ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ▼♦❞❡❧♦ ❍❛r♠ô♥✐❝♦✲❊st♦❝ást✐❝♦ ✭❍❛r♠♦♥✐❝ ♣❧✉s

❙t♦❝❤❛st✐❝ ▼♦❞❡❧ ✕ ❍❙▼✮✱ ♦ q✉❛❧ s❡rá ♠❡❧❤♦r ❛♣r❡s❡♥t❛❞♦ ❛ s❡❣✉✐r✳ P♦r s✐♠♣❧✐✜❝❛çã♦✱ ♦ ♠♦❞❡❧♦ s❡rá

❛♣r❡s❡♥t❛❞♦ ❡♠ ❞♦✐s ♠ó❞✉❧♦s✿ ❆♥á❧✐s❡ ❡ ❙í♥t❡s❡✳

▼ó❞✉❧♦ ❞❡ ❆♥á❧✐s❡ ❞♦ ❙✐st❡♠❛ ❍❙▼

❙❡❣✉❡ ✉♠❛ ❞❡s❝r✐çã♦ ❞❡t❛❧❤❛❞❛ ❞❛ ❛♥á❧✐s❡ ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛✱ ❞❡t❛❧❤❛♥❞♦ ❝❛❞❛ ♣❛ss♦ ❞♦ ♣r♦✲

❝❡❞✐♠❡♥t♦✳ ❆ ❞❡❝♦♠♣♦s✐çã♦ ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ é ♦ ♣r✐♠❡✐r♦ ♣❛ss♦ ❞❡♥tr♦ ❞♦ ♠ó❞✉❧♦ ❞❡ ❛♥á❧✐s❡ ❞♦



✸✽ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✷

♠♦❞❡❧♦ ❍❙▼✳

❙✐♥❛❧ ❞❡ ❊♥tr❛❞❛✿ ❖ s✐st❡♠❛ ❍❙▼ é ✉♠❛ ❢❡rr❛♠❡♥t❛ r♦❜✉st❛ ♥❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ s✐♥❛✐s ❞❡

✈♦③ ❡ ♦✉tr♦s t✐♣♦s ❞❡ s✐♥❛✐s ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❤❛r♠ô♥✐❝♦s✳ ❆ ❝♦❧❡t❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ✜❞❡❞✐❣♥❛s

❞❡st❡s s✐♥❛✐s ❞❡♣❡♥❞❡ ❞✐r❡t❛♠❡♥t❡ ❞❛ q✉❛❧✐❞❛❞❡ ❞♦ á✉❞✐♦ ❡♠ q✉❡stã♦✳ ❊♠❜♦r❛ ❛ ♦❜t❡♥çã♦ ❞♦ á✉❞✐♦

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

❡✈✐t❛r ♣r♦❜❧❡♠❛s ❝♦♠♦✿

• ●r❛✈❛çã♦ ❞❡ á✉❞✐♦ ❝♦♠ ❜❛✐①❛ q✉❛❧✐❞❛❞❡✿ ♠✉✐t❛s ✈❡③❡s✱ ❛s ❝♦♥❞✐çõ❡s ❡①t❡r♥❛s ♥♦ ♠♦♠❡♥t♦ ❞❛

❣r❛✈❛çã♦ ✭r✉í❞♦s ❞❡ ❢✉♥❞♦✮✱ ♦s ❡q✉✐♣❛♠❡♥t♦s ✐♥❛❞❡q✉❛❞♦s ❡ ❛té ♠❡s♠♦ ❛ ❝❛♣t❛çã♦ ✐♥❛❞❡q✉❛❞❛

❞♦ á✉❞✐♦ ✭♣♦r ❡①❡♠♣❧♦✱ ❣r❛✈❛r ♠✉✐t♦ ♣ró①✐♠♦ ❞♦ ♠✐❝r♦❢♦♥❡✮ ♣♦❞❡♠ r❡s✉❧t❛r ❡♠ s✐♥❛✐s ❞❡ á✉❞✐♦

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

✈❡③ q✉❡ ❛ ♠❛✐♦r✐❛ ❞❛s ❝♦♥s♦❛♥t❡s ❛♣r❡s❡♥t❛♠ ❝♦♠♣♦rt❛♠❡♥t♦ r✉✐❞♦s♦✳ ❯♠ ❞♦s ❝r✐tér✐♦s ❞❡

❡s❝♦❧❤❛ ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ♣❛r❛ t❡st❡ é s❡♠ ❞ú✈✐❞❛ ❛ q✉❛❧✐❞❛❞❡ ❞♦ á✉❞✐♦

• ❘❡♣r❡s❡♥t❛çã♦ ♠✉✐t♦ ♣♦❜r❡ ❞♦ ❛rq✉✐✈♦ ❞❡ á✉❞✐♦✿ ❛ ❡s❝♦❧❤❛ ❞❡ ❜❛✐①❛s t❛①❛s ❞❡ ❛♠♦str❛❣❡♠✱

❜❡♠ ❝♦♠♦ ✉♠❛ q✉❛♥t✐③❛çã♦ ♣♦❜r❡ ❞❛s ❛♠♦str❛s ❞♦ s✐♥❛❧ ❞❡ á✉❞✐♦ ✭♥♦r♠❛❧♠❡♥t❡ r❡♣r❡s❡♥t❛❞♦

❝♦♠ ❛ ❝♦❞✐✜❝❛çã♦ P❈▼✱ ♠✉✐t❛s ✈❡③❡s é ✐♥s✉✜❝✐❡♥t❡ ♣❛r❛ ✉♠❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✜❞❡❞✐❣♥❛✳

◆♦r♠❛❧♠❡♥t❡ sã♦ ❛❞♦t❛❞❛s t❛①❛s ❞❡ ❛♠♦str❛❣❡♠ ❛ ♣❛rt✐r ❞❡ 8 KHz ❬✸✶✵❪ ♦✉ 16 KHz ❬✶✷✺❪✱

❝♦♠ ❛♠♦str❛s q✉❛♥t✐③❛❞❛s ❛❝✐♠❛ ❞❡ 16 ❜✐ts ♣♦r ❛♠♦str❛✱ s❡♥❞♦ q✉❡ t❛①❛s ❞❡ ❛♠♦str❛❣❡♠

♠❛✐♦r❡s ✐♠♣❧✐❝❛♠ ❡♠ ✉♠❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❞❡ ♠❛✐♦r q✉❛❧✐❞❛❞❡ ❬✷✼✺❪✳

❚♦❞♦s ❡st❡s ❛s♣❡❝t♦s ❞❡✈❡♠ s❡r ♦❜s❡r✈❛❞♦s ❛♦ ♣r✐♥❝í♣✐♦ ❞❡ ✉♠❛ ♠♦❞❡❧❛❣❡♠ ❤❛r♠ô♥✐❝❛✴❡st♦❝ás✲

t✐❝❛✳

❙❡❣♠❡♥t❛çã♦✿ ❆ s❡❣♠❡♥t❛çã♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ é ✉♠❛ ♦✉tr❛ ❡t❛♣❛ ❢✉♥❞❛♠❡♥t❛❧ ♥♦ ♣r♦❝❡ss♦ ❞❡

❛♥á❧✐s❡ ❡ sí♥t❡s❡ ❞♦ s✐♥❛❧ ❞❡ á✉❞✐♦✳ ❊♠❜♦r❛ ♦s ❛s♣❡❝t♦s ❣❧♦❜❛✐s s❡❥❛♠ ♣❡r❝❡❜✐❞♦s ♥♦ ❝♦♥t❡①t♦ ❞❡

s❡♥t❡♥ç❛s✱ ❛s tr❛♥s❢♦r♠❛çõ❡s ❞♦s ♣❛râ♠❡tr♦s ♠♦❞❡❧❛❞♦s s❡rã♦ ❢❡✐t❛s ❡♠ ❡s❝❛❧❛s ♠❡♥♦r❡s✳ ❙❡♥❞♦

❛ss✐♠✱ ♥❛ ❢❛s❡ ❞❡ s❡❣♠❡♥t❛çã♦✱ ♦ s❡❣♠❡♥t❛❞♦r ❞❡✈❡ ♠♦❞❡❧❛r ❧♦❝❛❧♠❡♥t❡ ❛s ✐♥❢♦r♠❛çõ❡s ❣❧♦❜❛✐s ❞❡

♣r♦só❞✐❛✱ ❛r♠❛③❡♥❛♥❞♦✲❛s tr❛♥s♣❛r❡♥t❡♠❡♥t❡ ♣❛r❛ ♣♦st❡r✐♦r ♠♦❞❡❧❛❣❡♠ ♥❛ ❢♦r♠❛ ❞❡ ♠♦♠❡♥t♦s

❡st❛tíst✐❝♦s ♦✉ ♦✉tr♦s ♠♦❞❡❧♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❬✷✶✾❪ ❝♦♠♦ ♥♦ ❝❛s♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✳

❙❛❜❡✲s❡ q✉❡ ❛ ❡s❝♦❧❤❛ ❞♦ t❛♠❛♥❤♦ ❞♦ s❡❣♠❡♥t♦ ♣♦❞❡ s❡❣✉✐r ❞❡ ❞✉❛s ❛❜♦r❞❛❣❡♥s ❞✐st✐♥t❛s✿ ❛

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

❞♦ ♠❡s♠♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✱ ♦s ❝❤❛♠❛❞♦s s❡❣♠❡♥t♦s ♣✐t❝❤✲s②♥❝❤r♦♥♦✉s ❬✶✻✹❪✳

❈♦♠♦ ✈✐st♦ ♥❛ s❡çã♦ ❛♥t❡r✐♦r✱ ♦s s❡❣♠❡♥t♦s ♣✐t❝❤✲s✐♥❝r♦♥✐③❛❞♦s ❬✺✵❀ ✶✵✾❀ ✷✹✻❀ ✷✹✼❪ ♣r❡ss✉♣õ❡♠

q✉❡ ♦ t❛♠❛♥❤♦ ❞♦s s❡❣♠❡♥t♦s é ❛❥✉st❛❞♦ ❞❡ t❛❧ ❢♦r♠❛ q✉❡ ❝♦♥t❡♥❤❛ ✉♠ ♥ú♠❡r♦ ✐♥t❡✐r♦ ❞❡ ♣❡rí♦❞♦s

❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ q✉❛s❡✲♣❡r✐ó❞✐❝♦✳ ◆❡st❡ ❝❛s♦✱ ❛s ♠❛r❝❛s ❞❡ ♣✐t❝❤ sã♦ ❡ss❡♥❝✐❛✐s ♣❛r❛ s❡♣❛r❛r

✉♠ s❡❣♠❡♥t♦ ❞♦ ♦✉tr♦✳ ❊✈✐❞❡♥t❡♠❡♥t❡✱ ❛ ✉t✐❧✐③❛çã♦ ❞❡st❛ té❝♥✐❝❛ ❝♦♥s✐❞❡r❛ q✉❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ é

✈♦③❡❛❞♦✱ ✉♠❛ ✈❡③ q✉❡ ✉♠ tr❡❝❤♦ ♥ã♦✲✈♦③❡❛❞♦ ♥ã♦ ♣♦ss✉✐ ✉♠❛ sér✐❡ ❤❛r♠ô♥✐❝❛✳ ◆♦ ❝❛s♦ ❞❡ s❡❣♠❡♥t♦s

♥ã♦✲✈♦③❡❛❞♦s✱ ♦ s❡❣♠❡♥t♦ ❛ss✉♠❡ ✉♠ t❛♠❛♥❤♦ ✜①♦ ♣ré✲❞❡t❡r♠✐♥❛❞♦✳ ❆ ❞✐✜❝✉❧❞❛❞❡ ❡♠ s❡ ✉t✐❧✐③❛r

s❡❣♠❡♥t♦s ♣✐t❝❤✲s✐♥❝r♦♥✐③❛❞♦s é ❛ ❛❧t❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❡♠ ❡rr♦s ❞❡ ♠❛r❝❛çõ❡s ❞❡ ♣❡rí♦❞♦s ❛ss♦❝✐❛❞♦s

❛♦ ♣✐t❝❤✳

◆❛ ❝❛s♦ ❞❛ ❛❜♦r❞❛❣❡♠ ✜①❛✱ ♥ã♦ ❡①✐st❡ ✉♠ ❝♦♥s❡♥s♦ ❣❡r❛❧ q✉❛♥t♦ ❛♦ t❛♠❛♥❤♦ ✐❞❡❛❧ ❞❡st❡s

s❡❣♠❡♥t♦s✳ ◆❛ t❡♦r✐❛✱ s❡❣♠❡♥t♦s ♠❡♥♦r❡s ❞♦ q✉❡ 15 ms sã♦ ❝♦♥s✐❞❡r❛❞♦s q✉❛s❡✲♣❡r✐ó❞✐❝♦s ♣❛r❛

s✐♥❛✐s ❞❡ ✈♦③✳ ■st♦ s❡ ❞❡✈❡ ❛♦ ❢❛t♦ ❞❡ q✉❡ t❛♥t♦ ♦ ♣r♦❝❡ss♦ ❞❡ ♣r♦❞✉çã♦ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧ ♣❡❧❛s



✷✳✷ ▼❖❉❊▲❖❙ ❈▲➪❙❙■❈❖❙ ❉❖ ❙■◆❆▲ ❉❊ ❱❖❩ ✸✾

❏❛♥❡❧❛

▲❛r❣✉r❛ ❞♦ ❧♦❜♦
❝❡♥tr❛❧ ❛ −3dB

✭❡♠ ❜✐♥s✮

▲❛r❣✉r❛ ❞♦ ❧♦❜♦
❝❡♥tr❛❧ ❛ −6dB

✭❡♠ ❜✐♥s✮

◆í✈❡❧ ♠á①✐♠♦ ❞♦
❧ó❜✉❧♦ s❡❝✉♥❞ár✐♦

✭❡♠ dB✮

❘❡t❛♥❣✉❧❛r ✵✳✽✽ ✶✳✷✶ ✲✶✸
❍❛♠♠✐♥❣ ✶✳✸✵ ✶✳✽✶ ✲✹✸
❍❛♥♥✐♥❣ ✶✳✹✹ ✷✳✵✵ ✲✸✷

❇❧❛❝❦♠❛♥✲❍❛rr✐s ✶✳✻✷ ✷✳✷✼ ✲✼✶
❇❧❛❝❦♠❛♥ ✶✳✻✹ ✷✳✸✵ ✲✺✽
❋❧❛♣ ❚♦♣ ✷✳✾✹ ✸✳✺✻ ✲✹✹

❚❛❜❡❧❛ ✷✳✷✿ ▲❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞♦ ❧ó❜✉❧♦ ❝❡♥tr❛❧ ❡ s❡❝✉♥❞ár✐♦s ❞❡ ❥❛♥❡❧❛s ❝❧áss✐❝❛s

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

❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❡stá✈❡✐s ❡♠ ♣❡rí♦❞♦s ❝♦♠ ❡st❛s ❞✉r❛çõ❡s ❬✶✻✻❀ ✷✽✶❪✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ✐♥❢♦r♠❛çã♦

❤❛r♠ô♥✐❝❛ ❝♦♥t✐❞❛ ❞❡♥tr♦ ❞❡st❡ ♣❡q✉❡♥♦ ❢r❛❣♠❡♥t♦ ❞❡ ✈♦③ é ♠✉✐t❛s ✈❡③❡s ✐♥s✉✜❝✐❡♥t❡ ♣❛r❛ ❛ ❞❡t❡❝çã♦

s❡❣✉r❛ ❞♦ ♣✐t❝❤✳ P♦r ❡st❡ ♠♦t✐✈♦✱ ♥❛ ♣rát✐❝❛✱ s❡❣♠❡♥t♦s ❝♦♠ t❛♠❛♥❤♦s ❡♥tr❡ 15 ms ❡ 25 ms sã♦

❢r❡q✉❡♥t❡♠❡♥t❡ ❛❞♦t❛❞♦s ❬✷❀ ✸✷❀ ✽✵❪✱ s♦❜ ❛ ❤✐♣ót❡s❡ ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ❞♦ tr❡❝❤♦ ❡♠ s❡♥t✐❞♦ ❛♠♣❧♦

✭❲❙❙✮ ❬✷✸✷❪✳ ◆♦ s✐st❡♠❛ ❍❙▼ ❛♣r❡s❡♥t❛❞♦✱ ❛❞♦t❛✲s❡ ❛ ❛❜♦r❞❛❣❡♠ ✜①❛ ❝♦♠ 16 ms✱ ♥♦ q✉❛❧ ❡①✐st❡

s♦❜r❡♣♦s✐çã♦ ❞❡ 50% ❡♥tr❡ s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s✱ ❛ ✜♠ ❞❡ ♠❡❧❤♦r❛r ❛ ❡st✐♠❛çã♦ ❤❛r♠ô♥✐❝❛ ♥❛

♣♦rçã♦ ❝❡♥tr❛❧ ❞♦ s❡❣♠❡♥t♦ ❡ ❛✉♠❡♥t❛r ♦ ❛❧❝❛♥❝❡ ❞❡ ❝❛❞❛ s❡❣♠❡♥t♦✳ ❆ ❡s❝♦❧❤❛ ❞♦ t❛♠❛♥❤♦ ❞♦

s❡❣♠❡♥t♦ t❛♠❜é♠ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ❛ ❡s❝♦❧❤❛ ❞❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠✱ ✉♠❛ ✈❡③ q✉❡ ❡st❛s ❞✉❛s

❞❡t❡r♠✐♥❛♠ ❛ ❛❝✉✐❞❛❞❡ ❡s♣❡❝tr❛❧✳

❖✉tr♦ ❛s♣❡❝t♦ ✐♠♣♦rt❛♥t❡ é ❛ ❡s❝♦❧❤❛ ❞❛ ❥❛♥❡❧❛ ✉s❛❞❛ ♥❛ s❡❣♠❡♥t❛çã♦ ❞❡ ♠♦❞♦ q✉❡ ♦ ❥❛♥❡❧❛✲

♠❡♥t♦ ♣♦ss✐❜✐❧✐t❡ ✉♠❛ ❡st✐♠❛çã♦ ♣r❡❝✐s❛ ❞❛s ❛♠♣❧✐t✉❞❡s ❡ ❢r❡q✉ê♥❝✐❛s ❤❛r♠ô♥✐❝❛s✳ ❙❛❜❡✲s❡ q✉❡ ❛

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

❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❬✸✻❪✳ ❖ ❥❛♥❡❧❛♠❡♥t♦ ✐❞❡❛❧ ❞❡✈❡r✐❛ s❡r ❛✈❛❧✐❛❞♦ ❡♠ ✉♠❛ ❥❛♥❡❧❛ ❝✉❥❛ r❡s♣♦st❛

❞❡ ♠❛❣♥✐t✉❞❡ ❢♦ss❡ tã♦ ❡str❡✐t❛ q✉❛♥t♦ ♣♦ssí✈❡❧ ♥♦ ❧ó❜✉❧♦ ❝❡♥tr❛❧ ♣❛r❛ q✉❡ ❤❛❥❛ ♠❛✐♦r r❡s♦❧✉çã♦ ❞♦s

♣✐❝♦s ❡s♣❡❝tr❛✐s ✭s❡♠ ✐♥t❡r❢❡rê♥❝✐❛s ❝♦♥str✉t✐✈❛s✮✱ ❜❡♠ ❝♦♠♦ ♣♦ss✉✐r ✐♥t❡r❢❡rê♥❝✐❛ ✭q✉❛s❡✲✮♥✉❧❛ ❞♦s

❧ó❜✉❧♦s s❡❝✉♥❞ár✐♦s ❛ ✜♠ ❞❡ ❡✈✐t❛r ❛ ❞❡❣r❛❞❛çã♦ ❞♦ ✈❛❧♦r r❡❛❧ ❞❛s ❛♠♣❧✐t✉❞❡s ❡st✐♠❛❞❛s✳ ◆♦ ❡♥t❛♥t♦✱

❡①✐st❡ ✉♠ ♣r♦❜❧❡♠❛ ✐♥tr❛♥s♣♦♥í✈❡❧ tí♣✐❝♦ ❞❛ r❡s♦❧✉çã♦ t❡♠♣♦✲❢r❡q✉ê♥❝✐❛✱ ❡♠ q✉❡ ❛ r❡s♦❧✉çã♦ ❛❧t❛

❞♦ ❧ó❜✉❧♦ ❝❡♥tr❛❧✱ ✐♠♣❧✐❝❛ ❡♠ ❛❧t♦ ❣r❛✉ ❞❡ ✐♥t❡r❢❡rê♥❝✐❛ ❞♦s ❧ó❜✉❧♦s s❡❝✉♥❞ár✐♦s✱ ❡ ✈✐❝❡✲✈❡rs❛✳ ◆❡st❡

♣♦♥t♦✱ ♦ ♣r♦❜❧❡♠❛ ❞✉❛❧ ❡♥tr❡ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦ ❧ó❜✉❧♦ ❝❡♥tr❛❧ ❡ ❛ ✐♥t❡r❢❡rê♥❝✐❛ ❞♦s ❧ó❜✉❧♦s

s❡❝✉♥❞ár✐♦s ❝♦♥t✐♥✉❛ s❡♥❞♦ ✉♠ ❡♥tr❛✈❡ ♥❛ ❡s❝♦❧❤❛ ❞❛ ❥❛♥❡❧❛ ✐❞❡❛❧ ♣❛r❛ s❡❣♠❡♥t❛çã♦ ❞♦ s✐♥❛❧✳

❆ ❚❛❜❡❧❛ ✷✳✷ ❡①✐❜❡ ✈❛❧♦r❡s ❞♦ ❧❛r❣✉r❛ ❞♦ ❧ó❜✉❧♦ ♣r✐♥❝✐♣❛❧✱ r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ❡s♣❛❧❤❛♠❡♥t♦ ❡s♣❡❝✲

tr❛❧ ❞♦ ❧ó❜✉❧♦ ❝❡♥tr❛❧✱ ❜❡♠ ❝♦♠♦ ♦ ♥í✈❡❧ ♠á①✐♠♦ ❞♦ ❧ó❜✉❧♦ s❡❝✉♥❞ár✐♦ ❝✉❥♦ ✈❛❧♦r ❛❧t♦ ✐♠♣❧✐❝❛ ❡♠

✉♠ ✈❛③❛♠❡♥t♦ ❡s♣❡❝tr❛❧ ❧❛t❡r❛❧ ❞❡❝♦rr❡♥t❡ ❞❛ ✐♥t❡r❢❡rê♥❝✐❛ ❞♦s ❧ó❜✉❧♦s s❡❝✉♥❞ár✐♦s✳

❉❛❞♦s ♦s r❡s✉❧t❛❞♦s ❞❛ t❛❜❡❧❛ ❛♥t❡r✐♦r✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♦ ♣r♦❜❧❡♠❛ ❞✉❛❧ ❝✐t❛❞♦ ❛♥t❡r✐♦r✲

♠❡♥t❡✳ ❙❡♥❞♦ ❛ss✐♠✱ ♦ q✉❡ s❡ ❝♦st✉♠❛ ❢❛③❡r é ✉t✐❧✐③❛r ❛s ❥❛♥❡❧❛s ♣❛r❛ ♣r♦♣ós✐t♦s ❡s♣❡❝í✜❝♦s✳ P♦r

❡①❡♠♣❧♦✱ ✉s❛r ❛ ❥❛♥❡❧❛ r❡t❛♥❣✉❧❛r✱ ❝✉❥❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦ ❧ó❜✉❧♦ ❝❡♥tr❛❧ é ❛ ♠❡♥♦r ❞❡♥tr❡ t♦❞❛s✱

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

❜✉❧♦s ❧❛t❡r❛✐s✱ ❝♦♠♦ ❛ ❥❛♥❡❧❛ ❇❧❛❝❦♠❛♥✲❍❛rr✐s✱ ♣❛r❛ ❡st✐♠❛t✐✈❛ ❞❛s ❛♠♣❧✐t✉❞❡s ❞♦s ♦s❝✐❧❛❞♦r❡s✱ ♣♦r

❡①❡♠♣❧♦✳

●r❛♥❞❡ ♣❛rt❡ ❞♦s ♣❡sq✉✐s❛❞♦r❡s tr❛❜❛❧❤❛♠ ❝♦♠ ❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣✱ ♣♦r s❡r ❡st❛ ♠❛✐s r♦❜✉st❛

❡♠ s✐t✉❛çõ❡s ❣❡r❛✐s✱ ❡♠ ❡s♣❡❝✐❛❧ ♥❛ ♣r❡s❡♥ç❛ ❞❡ r✉í❞♦✱ ✉♠❛ ✈❡③ q✉❡ s❡✉ ❧ó❜✉❧♦ ❝❡♥tr❛❧ é r❡❧❛t✐✈❛♠❡♥t❡



✹✵ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✷

❡str❡✐t♦✱ ❡ s✉❛ t❛①❛ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❧❛t❡r❛❧ é ❛❝❡✐tá✈❡❧ ❬✺✶❀ ✷✺✽❪✳ ❙✉♣♦♥❞♦ s❡❧❡❝✐♦♥❛❞❛ ❛ ❥❛♥❡❧❛ ❞❡

s❡❣♠❡♥t❛çã♦✱ ❛ ❧❛r❣✉r❛ ❞❛ ❥❛♥❡❧❛ ❡ ♦ ❞❡s❧♦❝❛♠❡♥t♦ ❞❛ ♠❡s♠❛✱ ❛ s❡❣♠❡♥t❛çã♦ é ✐♠❡❞✐❛t❛✳ ❯♠❛ ✈❡③

r❡❛❧✐③❛❞❛ ❛ s❡❣♠❡♥t❛çã♦✱ ♦ s✐st❡♠❛ ♣❛ss❛ ❛ ❞❡t❡❝t❛r ❛ ♣r❡s❡♥ç❛ ❞❡ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧

❞♦♠✐♥❛♥t❡✳

❉❡t❡❝çã♦ ❞❛ ❋r❡q✉ê♥❝✐❛ ❋✉♥❞❛♠❡♥t❛❧✿ ❆♥t❡s ❞❡ ❞❡t❡❝t❛r ✉♠❛ ♣♦ssí✈❡❧ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛✲

♠❡♥t❛❧✱ é ♥❡❝❡ssár✐♦ s❛❜❡r ❞❡ ❛♥t❡♠ã♦ s❡ ❞❡ ❢❛t♦ ♦ tr❡❝❤♦ ❞❡ ✈♦③ é ✈♦③❡❛❞♦ ♦✉ ♥ã♦✳ ❆ ❞❡❝✐sã♦

✈♦✐❝❡❞✴✉♥✈♦✐❝❡❞✱ ♦✉ ❞❡❝✐sã♦ ❱✴❯❱ ❝♦♠♦ é ❝♦♥❤❡❝✐❞❛✱ ❡stá ✐♥t✐♠❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞❛ ❛♦ ♣r♦❜❧❡♠❛

❞❡ ❡st✐♠❛çã♦ ❞❡ ✉♠❛ ♣♦ssí✈❡❧ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❬✶✹✻❪✳ ❖✉ s❡❥❛✱ ❛ ♣ró♣r✐❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛

❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❡❧✐♠✐♥❛ ❛ ❤✐♣ót❡s❡ ❞❡ q✉❡ ♦ s❡❣♠❡♥t♦ s❡❥❛ ♥ã♦✲✈♦③❡❛❞♦✳ ❊♠❜♦r❛ ❞❡❝✐❞✐r s❡

✉♠ tr❡❝❤♦ ❞❡ ✈♦③ é ✈♦③❡❛❞♦ ♦✉ ♥ã♦ s❡❥❛ ✉♠ ♣r♦❜❧❡♠❛ ❜❛st❛♥t❡ ❛♥t✐❣♦ ❡♠ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛✐s

❞✐❣✐t❛✐s ❬✶✽✵❪✱ ♦ ♠❡s♠♦ ❝♦♥t✐♥✉❛ s❡♥❞♦ ❜❛st❛♥t❡ ❡st✉❞❛❞♦ ♥❛s ú❧t✐♠❛s ❞é❝❛❞❛s ❬✽✺❀ ✷✸✺❀ ✷✻✷❪✳ ❊①✐s✲

t❡♠ ✐♥ú♠❡r❛s té❝♥✐❝❛s q✉❡ ❛❜♦r❞❛♠ ❡st❡ ♣r♦❜❧❡♠❛ ✉t✐❧✐③❛♥❞♦ ♠❡❞✐❞❛s t❛✐s ❝♦♠♦ r❛③ã♦ ❞❡ ❜❛♥❞❛s ❞❡

❢r❡q✉ê♥❝✐❛s ❬✶✼✸❪✱ r❡❞❡s ♥❡✉r❛✐s ❬✸✹❪✱ ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡ts ❬✶✵✶❪✱ t❛①❛s ❞❡ ❝r✉③❛♠❡♥t♦ ❝♦♠ ③❡r♦ ❬✶✵❪✱

❝♦❡✜❝✐❡♥t❡s ❞❡ ♣r❡❞✐çã♦ ❧✐♥❡❛r ❬✶✾✾❀ ✷✵✵❪ ❡ ❝❡♣str✉♠ ❬✸❪✱ ❡♥tr❡ ♦✉tr❛s✳ ◆♦ ❡♥t❛♥t♦✱ ❡①✐st❡♠ ❛t✉❛❧✲

♠❡♥t❡ ✉♠ ♥ú♠❡r♦ ❣r❛♥❞❡ ❞❡ ❛❧❣♦r✐t♠♦ ❞❡t❡❝t♦r❡s ❞❡ ♣✐t❝❤ ✭❞♦ ■♥❣❧ês✱ P✐t❝❤ ❉❡t❡❝t✐♦♥ ❆❧❣♦r✐t❤♠ ✕

P❉❆✮ q✉❡ ❞❡❝✐❞❡♠ ❛♦ ♠❡s♠♦ t❡♠♣♦ s❡ ✉♠ s❡❣♠❡♥t♦ é ✈♦③❡❛❞♦ ♦✉ ♥ã♦✳

❯♠ ❛❧❣♦r✐t♠♦ ❞❡t❡❝t♦r ❞❡ ♣✐t❝❤ ❞❡ ✈♦③ t❡♠ ♦ ♣r♦♣ós✐t♦ ❞❡ ❧♦❝❛❧✐③❛r ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧

❞❡ ✉♠ s✐♥❛❧ q✉❛s❡✲♣❡r✐ó❞✐❝♦ ❡ q✉❡ ❡st❡❥❛ ❞❡♥tr♦ ❞❡ ✉♠❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ❛❞❡q✉❛❞❛ ❡♠ r❡❧❛çã♦ à

❡①t❡♥sã♦ ✈♦❝❛❧ ❤✉♠❛♥❛✳ ■♥❢❡❧✐③♠❡♥t❡ ♥ã♦ ❡①✐st❡ ✉♠ ❛❧❣♦r✐t♠♦ ✐❞❡❛❧ ♣❛r❛ ❞❡t❡❝çã♦ ❞♦ ♣✐t❝❤ ❞❡ ✈♦③

❡♠ t♦❞♦ ❡ q✉❛❧q✉❡r ❝❛s♦ r❡❛❧íst✐❝♦✱ ♠❛s ❡①✐st❡♠ ❜♦♥s ❛❧❣♦r✐t♠♦s ❛❞❡q✉❛❞♦s às ❝♦♥❞✐çõ❡s ❡s♣❡❝í✜❝❛s

❞♦ r❡❣✐str♦ ❞❡ ✈♦③✱ t❛✐s ❝♦♠♦ ❛ ♣r❡s❡♥ç❛ ❞❡ r✉í❞♦ ❞❡ ❢✉♥❞♦✱ ♣r❡❞♦♠✐♥â♥❝✐❛ ✈♦❝á❧✐❝❛✱ ❡t❝✳ ❊①✐st❡♠

❛❧❣♦r✐t♠♦s ♣r♦♣♦st♦s ♥♦s ❞♦♠í♥✐♦s t❡♠♣♦r❛❧ ❡ ❡s♣❡❝tr❛❧✱ ❛❧é♠ ❞❡ ❛❧❣♦r✐t♠♦s q✉❡ ✉s❛♠ ❛♠❜♦s ♦s

❞♦♠í♥✐♦s✳

❯♠ ❜♦♠ ❛❧❣♦r✐t♠♦ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ é ♦ ❛❧❣♦r✐t♠♦ ❨■◆ ❬✸✶❪✱ ♦ q✉❛❧ ✉t✐❧✐③❛ ❛ ❛✉t♦❝♦rr❡❧❛çã♦

❝❧áss✐❝❛✱ ❝♦♠❜✐♥❛❞❛ à ❢✉♥çã♦ ❞❛ ❞✐❢❡r❡♥ç❛ ✭❆✈❡r❛❣❡ ▼❛❣♥✐t✉❞❡ ❉✐✛❡r❡♥❝❡ ❋✉♥❝t✐♦♥ ✕ ❆▼❉❋ ✮ ❞❡

✉♠ s✐♥❛❧ x ❞❡ t❛♠❛♥❤♦ N ❞❡✜♥✐❞❛ ❝♦♠♦

d(τ) =
N
∑

n=1

(x[n]− x[n+ τ ])2,

♣❛r❛ t♦❞♦s ♦s ❧❛❣s τ = [1, N ]✱ ♣❛r❛ ❡♥❝♦♥tr❛r ♣✐❝♦s ♠❛✐s s✐❣♥✐✜❝❛t✐✈♦s✱ ❝❛♥❞✐❞❛t♦s à f0✳ ❉❡♥tr❡ ♦s

♣✐❝♦s ❝❛♥❞✐❞❛t♦s✱ t♦♠❛✲s❡ ❛q✉❡❧❡ ❞❡ ♠❡♥♦r ❢r❡q✉ê♥❝✐❛ ❡♥tr❡ ❡❧❡s✳ ❊♠❜♦r❛ s❡❥❛ ✉♠ ❛❧❣♦r✐t♠♦ r❛③♦❛✲

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

♣♦✉❝♦s ❡rr♦s ❞❡ ♦✐t❛✈❛ ✭♦s ❝❤❛♠❛❞♦s ❡rr♦s ❣r♦ss❡✐r♦s✮✳

❆✐♥❞❛ ♥♦ ❞♦♠í♥✐♦ t❡♠♣♦r❛❧✱ ✉♠ ♦✉tr♦ ❛❧❣♦r✐t♠♦✱ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ Pr❛❛t ❬✷✶❪✱ é ✉♠ ❛❧❣♦r✐t♠♦

r♦❜✉st♦ ♥❛ ♣r❡s❡♥ç❛ ❞❡ r✉í❞♦✱ ❡s♣❡❝✐❛❧✐③❛❞♦ ❡♠ ❞❡t❡❝çã♦ ❞❡ ♣✐t❝❤ ❡♠ s✐♥❛✐s ❞❡ ✈♦③✳ ❖ ♠❡s♠♦ ✉t✐❧✐③❛

❝♦♠♦ ❜❛s❡ ❛ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ♥♦r♠❛❧✐③❛❞❛ ♣❛r❛ ♣ré✲❡st✐♠❛t✐✈❛ ❞❛s ♣r♦✈á✈❡✐s ❢r❡q✉ê♥❝✐❛s

❢✉♥❞❛♠❡♥t❛✐s ✭✉♠❛ ❡st✐♠❛t✐✈❛ ♣♦r s❡❣♠❡♥t♦✮✱ ❡ ♣♦st❡r✐♦r♠❡♥t❡ r❡✜♥❛ ❛ ❜✉s❝❛ ✉s❛♥❞♦ ♣r♦❣r❛♠❛çã♦

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

s❡❣♠❡♥t♦s ✈♦③❡❛❞♦s✳ ❯♠❛ ♠❛♥❡✐r❛ ❞❡ s❡ ❛✉♠❡♥t❛r ♦ ❣r❛✉ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡st❛ ❡st✐♠❛çã♦ ✐♥✐❝✐❛❧ é ❛❧❛r✲

❣❛r ♦ t❛♠❛♥❤♦ ❞❛ ❥❛♥❡❧❛ ❞❡ ❛♥á❧✐s❡✱ ♠❛♥t❡♥❞♦ ✉♠❛ s♦❜r❡♣♦s✐çã♦ ❡♥tr❡ ♦s s❡❣♠❡♥t♦s ✭♥♦r♠❛❧♠❡♥t❡

❞❡ 50%✮✳

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



✷✳✷ ▼❖❉❊▲❖❙ ❈▲➪❙❙■❈❖❙ ❉❖ ❙■◆❆▲ ❉❊ ❱❖❩ ✹✶

♣♦❧✐❢ô♥✐❝♦s✱ ✉s❛♥❞♦ ❢❡rr❛♠❡♥t❛s ❝♦♠♦ r❡❧❛çã♦ ❤❛r♠ô♥✐❝♦✲r✉í❞♦ ✭❍◆❘✮ ❬✷✶❪ ❡ ❛♥á❧✐s❡ ❝❡♣str❛❧ ❬✶✽✶❪✱

❡♥tr❡ ♦✉tr❛s✳ ❊ ❞❡♥tr❡ ♦s ❛❧❣♦r✐t♠♦s q✉❡ ✉s❛♠ ❛ ❛❜♦r❞❛❣❡♠ ♠✐st❛✱ s❡ ❞❡st❛❝❛ ♦ ❛❧❣♦r✐t♠♦ ❨❆✲

❆P❚ ❬✸✵✼❪✱ ✉♠❛ r❡❝❡♥t❡ ♣r♦♣♦st❛ q✉❡ ♠♦♥t❛ ✉♠❛ ❧✐st❛ ❞❡ ❝❛♥❞✐❞❛t♦s ❛❞✈✐♥❞♦s ❞❛ ❢✉♥çã♦ ❞❡ ❛✉✲

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

❡s♣❡❝tr♦ ❞❡ ♠❛❣♥✐t✉❞❡✳ ❆ ♣❛rt✐r ❞❡st❛s ❧✐st❛s ❞❡ ♣♦ssí✈❡✐s ❝❛♥❞✐❞❛t♦s✱ ♦ ❛❧❣♦r✐t♠♦ t❛♠❜é♠ ✉s❛ ♣r♦✲

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

✉♠ ❝r✐tér✐♦ ❞❡ ♠✐♥✐♠✐③❛çã♦ ❞❡ ❡rr♦✳

◆♦ ❝♦♥t❡①t♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ❛❞♦t❛❞❛ ❛ t❛①❛ ❞❡ s♦❜r❡♣♦s✐çã♦ ❡♥tr❡ s❡❣♠❡♥t♦s ❞❡ 50%✱ ♦ ❛❧❣♦r✐t♠♦

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

♥ã♦ ❞❡s❝❛rt❛ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ✉s❛r q✉❛❧q✉❡r ♦✉tr♦ P❉❆ r♦❜✉st♦ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡ t❛❧ t❛r❡❢❛✳

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

q✉❛s❡ t♦❞♦s ♦s ♠ét♦❞♦s r❡✜♥❛♠ ❛ ❜✉s❝❛ ✉s❛♥❞♦ ♦ ♠ét♦❞♦ ❞❡ ✐♥t❡r♣♦❧❛çã♦ ♣❛r❛❜ó❧✐❝❛✳ ❖✉tr♦ ❢❛t♦r

✐♠♣♦rt❛♥t❡ é ❛ ❞❡✜♥✐çã♦ ❞❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛s ❢✉♥❞❛♠❡♥t❛✐s ♣❛r❛ ❛s q✉❛✐s ♦ s❡❣♠❡♥t♦ é ❝♦♥s✐❞❡r❛❞♦

✈♦③❡❛❞♦ ✭♥♦r♠❛❧♠❡♥t❡ ❡♥tr❡ 80 ❡ 300 Hz✮✳

❊st✐♠❛t✐✈❛ ❞❛ P❛rt❡ ❍❛r♠ô♥✐❝❛✿ ❆ ♣❛rt✐r ❞❛ ❞❡t❡❝çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ✭❡ ❝♦♥s❡✲

q✉❡♥t❡♠❡♥t❡ ❞❡ s✉❛s ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s✮✱ ❛ ❡st✐♠❛t✐✈❛ ❞❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛ ❞♦ s✐♥❛❧ ❝♦♥s✐st❡

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

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

r✐t♠♦ ❞❡t❡❝t♦r ❞❡ ♣✐❝♦s ❤❛r♠ô♥✐❝♦s ❛ ✜♠ ❞❡ ❧♦❝❛❧✐③❛r ❝♦♠♣♦♥❡♥t❡s s❡♥♦✐❞❛✐s ♥♦ ❞♦♠í♥✐♦ ❡s♣❡❝tr❛❧

❞❛ ❙❚❋❚ ❞♦ s✐♥❛❧ ❬✶✺✷❪✳ ◆❡st❛ ❛❜♦r❞❛❣❡♠ ❡✈✐❞❡♥t❡♠❡♥t❡ ❡①✐st❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ r❡✜♥❛r ❛ ❜✉s❝❛

❞♦ ♣✐❝♦ ❡s♣❡❝tr❛❧✱ ❞❛❞❛ ❛ ❜❛✐①❛ r❡s♦❧✉çã♦ ❞♦s ❜✐♥s ❞❛ ❙❚❋❚✳ ◆❛ ♠❛✐♦r✐❛ ❞♦s ❝❛s♦s✱ ❛ ✐♥t❡r♣♦❧❛çã♦

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

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

❛ ❞❡t❡❝çã♦ ❞❛s ❛♠♣❧✐t✉❞❡s ❡ ❢❛s❡s ✐♥✐❝✐❛✐s✱ ❛❧é♠ ❞❡ ✐❣♥♦r❛r ❛ ✐♥t❡r❢❡rê♥❝✐❛ ❡♥tr❡ ♦s ❧ó❜✉❧♦s ❧❛t❡r❛✐s

♥❛ ❝♦♥✜❣✉r❛çã♦ ❡s♣❡❝tr❛❧✳

❚r❛❜❛❧❤♦s ❛♥t❡r✐♦r❡s ♠♦str❛♠ ❞✉❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ s❡ ♠❡❞✐r ❝♦♠ ❛❧t❛ ♣r❡❝✐sã♦ ❛s ❛♠♣❧✐t✉❞❡s

❡ ❢❛s❡s ✐♥✐❝✐❛✐s ❞❛s ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s ❞❡ ✉♠ s❡❣♠❡♥t♦ ❥❛♥❡❧❛❞♦ ❝♦♠ ❞♦✐s ♣❡rí♦❞♦s✱ ✉s❛♥❞♦

♦ ♠ét♦❞♦ ❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s ♦r❞✐♥ár✐♦s✱ s✉♣♦♥❞♦ q✉❡ ♦ ♣✐t❝❤ ❢♦✐ ❛♥t❡r✐♦r♠❡♥t❡ ❡st✐♠❛❞♦ ❝♦♠

s✉✜❝✐❡♥t❡ ♣r❡❝✐sã♦✳ ◆❛ ♣r✐♠❡✐r❛ ❛❜♦r❞❛❣❡♠✱ ❛ ♦t✐♠✐③❛çã♦ é r❡❛❧✐③❛❞❛ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ ❬✷✺✺❪✱ ❡

♥❛ s❡❣✉♥❞❛ s❡ ✉t✐❧✐③❛ ♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❬✹✵❪✳

◆❛ ✐♠♣❧❡♠❡♥t❛çã♦ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✱ ♣❛r❛ ✉♠ ❞❛❞♦ s❡❣♠❡♥t♦ k ❞❡ t❛♠❛♥❤♦ N + 1 ❝♦♠ L

❤❛r♠ô♥✐❝♦s✱ ♦ ❡rr♦ ❛ s❡r ♠✐♥✐♠✐③❛❞♦ ♣♦❞❡ s❡r ❡①♣r❡ss♦ ❝♦♠♦✿

ε =

N/2
∑

n=−N/2

(w[n]s[n]− w[n]sh[n])
2, sh[n] =

L
∑

l=−L

cle
jlω0n, ✭✷✳✼✮

♦♥❞❡ s é ♦ k✲és✐♠♦ s❡❣♠❡♥t♦✱ sh é ❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛ ❞❡st❡ s❡❣♠❡♥t♦✱ cl sã♦ ✈❛❧♦r❡s ❞❡ ❛♠♣❧✐t✉❞❡s

❝♦♠♣❧❡①❛s ♥♦s q✉❛✐s s❡ ✈❡r✐✜❝❛♠ ❛ ❝♦♥❞✐çã♦ c−l = c∗l ❡ w é ❛ ❢✉♥çã♦ ❞❡ ❥❛♥❡❧❛♠❡♥t♦ ❝♦♠ ✈❛❧♦r

♠á①✐♠♦ ❧♦❝❛❧✐③❛❞♦ ♥♦ ❝❡♥tr♦ ✭t✐♣✐❝❛♠❡♥t❡ ❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣✮✳

❆ q✉❛♥t✐❞❛❞❡ ❞❡ ❤❛r♠ô♥✐❝♦s L ❞❡♣❡♥❞❡ ❞✐r❡t❛♠❡♥t❡ ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ f0✳ ❖ ✈❛❧♦r ❞❡

L ❡stá t❛♠❜é♠ ❛ss♦❝✐❛❞♦ ❛ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ♠á①✐♠❛ ❞❡ ❝♦rt❡ ♣❛r❛ r❡♣r❡s❡♥t❛çã♦ ❤❛r♠ô♥✐❝❛✳ ❚❛❧

❢r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ é ✉♠ ❧✐♠✐❛r ❤✐♣♦tét✐❝♦✱ ❝♦rr❡s♣♦♥❞❡♥❞♦ à ♠á①✐♠❛ ❢r❡q✉ê♥❝✐❛ ❤❛r♠ô♥✐❝❛ ❛ ♣❛rt✐r

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



✹✷ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✷

❞❡ r✉í❞♦ ❬✺✶❪✳ ❊st❡ tr❛❜❛❧❤♦ ❝♦♥s✐❞❡r❛ q✉❡ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ é ❞❡ 5 kHz✳ ❉❡✜♥✐❞❛ ❛ ❢r❡q✉ê♥❝✐❛

❞❡ ❝♦rt❡ Fc✱ ♦ ❝á❧❝✉❧♦ ❞❡ L é ✐♠❡❞✐❛t♦✿

L =

⌊

Fc
f0

⌋

❘❡❡s❝r❡✈❡♥❞♦ ❛ ❢♦r♠✉❧❛çã♦ ❡♠ ♥♦t❛çã♦ ♠❛tr✐❝✐❛❧✱ t❡♠♦s q✉❡

c = [c∗L, c
∗
L−1, . . . , c0, . . . , cL−1, cL]

t

❡ ❛ ♠❛tr✐③ B é ❞❡✜♥✐❞❛ ❝♦♠♦

B =













ej(−L)ω0(−N/2) ej(−L+1)ω0(−N/2) · · · ej(L)ω0(−N/2)

ej(−L)ω0(−N/2+1) ej(−L+1)ω0(−N/2+1) · · · ej(L)ω0(−N/2)+1

✳✳✳
✳✳✳

✳ ✳ ✳
✳✳✳

ej(−L)ω0(N/2) ej(−L+1)ω0(N/2) · · · ej(L)ω0(N/2)













✭✷✳✽✮

❡ ✜♥❛❧♠❡♥t❡✱ ❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ é ❞❡✜♥✐❞❛ ❝♦♠♦ sh = cB✳ ❖ ♦❜❥❡t✐✈♦ ❞❛ ❡st✐♠❛t✐✈❛

é ❡♥❝♦♥tr❛r ♦ ♠í♥✐♠♦ ❣❧♦❜❛❧ ❞♦ ❡rr♦

ε = [W (s−Bc)]t [W (s−Bc)] ,

♦♥❞❡ Dw é ♦ ✈❡t♦r (w) ❞✐❛❣♦♥❛❧✐③❛❞♦✳ ❊♥❝♦♥tr❛r ♦ ♣♦♥t♦ ♠í♥✐♠♦ ❞❛ ❢✉♥çã♦ ❡rr♦ ✐♠♣❧✐❝❛ ❡♥❝♦♥tr❛r

♦ ♠í♥✐♠♦ ❧♦❝❛❧ ❞❡st❛ ❢✉♥çã♦ ♣❛r❛❜ó❧✐❝❛✱ ❢❛③❡♥❞♦ ❝♦♠ q✉❡ ❛ ❞❡r✐✈❛❞❛ ❞♦ ❡rr♦ dε
dc = 0✱ ♦✉ s❡❥❛✱

[

BHDH
wDwB

]

c =
[

BHDH
wDws

]

, ✭✷✳✾✮

♦♥❞❡ BH é ♦ ❤❡r♠✐t✐❛♥♦ ❞❡ B✳ ◆♦t❡ q✉❡ DH
w = Dw✳

❖s ❝♦❡✜❝✐❡♥t❡s ♦t✐♠✐③❛❞♦s ♣❛r❛ c sã♦ ♦❜t✐❞♦s t♦♠❛♥❞♦✲s❡

c∗ =
[

BHDwDwB
]−1 [

BHDwDws
]

▼❡❞✐❛♥t❡ ♦ ❥❛♥❡❧❛♠❡♥t♦ ♣♦r w✱ é ❞❡ s❡ ❡s♣❡r❛r q✉❡ ♦ ❡rr♦ ❞❡ ❡st✐♠❛çã♦ s❡❥❛ ♠í♥✐♠♦ ♥❛ ♣♦rçã♦

❝❡♥tr❛❧ ❞❛ ❥❛♥❡❧❛✳ ❚❛❧ ♦❜s❡r✈❛çã♦ ❥✉st✐✜❝❛ ♦ ✉s♦ ❞❡ ❥❛♥❡❧❛♠❡♥t♦ ❝♦♠ s♦❜r❡♣♦s✐çã♦✳ ❆ ❋✐❣✉r❛ ✷✳✶✺

❡①✐❜❡ ✉♠ ❡①❡♠♣❧♦ q✉❡ ❡✈✐❞❡♥❝✐❛ ❡st❡ ❢❛t♦✳ ◆♦t❡ q✉❡ ♦ ❡rr♦ ❞❡ ❡st✐♠❛çã♦ é ❝r❡s❝❡♥t❡ ♥❛s ❡①tr❡♠✐❞❛❞❡s

❞❛ ❥❛♥❡❧❛✳ ❚❛❧ ❡rr♦ s❡rá ❛t❡♥✉❛❞♦ ♥❛ ❢❛s❡ ❞❡ r❡❝♦♥str✉çã♦ ♣❡❧♦ ❥❛♥❡❧❛♠❡♥t♦ tr✐❛♥❣✉❧❛r✳
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A
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de

 

 
Sinal Original Sinal Harmônico Sinal Estocástico

❋✐❣✉r❛ ✷✳✶✺✿ ❉❡❝♦♠♣♦s✐çã♦ ❞♦ s❡❣♠❡♥t♦ s ❡♠ ♣❛rt❡s ❍❛r♠ô♥✐❝❛ (sh) ❡ ❊st♦❝ást✐❝❛ (ss) ♥♦ ❞♦♠í♥✐♦ t❡♠✲
♣♦r❛❧✳



✷✳✷ ▼❖❉❊▲❖❙ ❈▲➪❙❙■❈❖❙ ❉❖ ❙■◆❆▲ ❉❊ ❱❖❩ ✹✸

❆ ♣r✐♥❝✐♣❛❧ ✈❛♥t❛❣❡♠ ❞❡st❛ ✈❡rsã♦ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ é q✉❡ ❛ ♠❛tr✐③
[

BHDwDwB
]−1

é

❚♦❡♣❧✐t③✱ ❝✉❥❛ s♦❧✉çã♦ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ❡✜❝✐❡♥t❡♠❡♥t❡ ♣❡❧♦ ❝❧áss✐❝♦ ❛❧❣♦r✐t♠♦ ❞❡ ▲❡✈✐♥s♦♥ ❬✸✼❀

✶✼✾❪✳ ❉❛❞♦s ♦s ❝♦❡✜❝✐❡♥t❡s c✱ ❛s ❛♠♣❧✐t✉❞❡s ❡ ❢❛s❡s ❞❛s ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s sã♦ ❞❛❞❛s ♣♦r

Al =

{

|cl|, l = 0

2|cl| = 2|c−l|, ∀l 6= 0
, φl = ∠cl = −∠c−l, l = [−L,L]. ✭✷✳✶✵✮

❆ s❡❣✉♥❞❛ ❛❜♦r❞❛❣❡♠ r❡❛❧✐③❛❞❛ ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❝♦♥s✐❞❡r❛ q✉❡ ❛ ❚r❛♥s❢♦r♠❛❞❛ ❞❡

❋♦✉r✐❡r ❞❡ ❚❡♠♣♦ ❘❡❞✉③✐❞♦ ✭❙❚❋❚✮ S ❞♦ k✲és✐♠♦ s❡❣♠❡♥t♦ s ♣♦❞❡ s❡r ❛♣r♦①✐♠❛❞❛ ❞❡ ♠♦❞♦ q✉❡

S(f) ≈ 0.5
L
∑

l=1

Al
(

ejωW (f − lf0) + e−jωW (f + lf0)
)

,

♦♥❞❡ W (f − lf0) é ❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞❛ ❥❛♥❡❧❛ w ❝❡♥tr❛❞❛ ♥♦ l✲és✐♠♦ ❤❛r♠ô♥✐❝♦ ❞❛

❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ f0✳

❖ ❡s♣❡❝tr♦ S ♣♦❞❡ s❡r ❡①♣r❡ss♦ ❝♦♠♦ S = cH✱ ♦♥❞❡ H é ✉♠❛ ♠❛tr✐③ ❝♦♠ 2L+1 ❝♦❧✉♥❛s✱ s❡♥❞♦

q✉❡ ❛ l✲és✐♠❛ ❝♦❧✉♥❛ é ✉♠❛ ❝ó♣✐❛ ❞♦ ❡s♣❡❝tr♦ Hl ❞❡✜♥✐❞♦ ❝♦♠♦

Hl =

{

1
2 [W (f − lf0) +W (f + lf0)] , 0 ≤ l ≤ L
j
2 [W (f − lf0)−W (f + lf0)] , L < l ≤ 2L

❖ ✈❛❧♦r ót✐♠♦ ❞❡

c = [2A0, A1 cos(φ1), A2 cos(φ2), . . . , AL cos(φL), A1 sin(φ1), . . . , AL sin(φL)]
t

é ❞❛❞♦ ♣♦r

c∗ = (HHH)−1(HHS)

❖ ♣r♦❝❡ss♦ ❞❡ ❡①tr❛çã♦ ❞❛s ❛♠♣❧✐t✉❞❡s ❡ ❢❛s❡s é ❜❛st❛♥t❡ s✐♠♣❧❡s✳ ❆s ❛♠♣❧✐t✉❞❡s sã♦ t♦♠❛❞❛s

❝♦♠♦ Al =
√

c2l + c2L+l ❡ ❛s ❢❛s❡s φl = ∠(cl) = −∠(cL+l)✳ ▼❛t❡♠❛t✐❝❛♠❡♥t❡✱ ❛♠❜♦s ♦s r❡s✉❧t❛❞♦s

sã♦ ❡q✉✐✈❛❧❡♥t❡s✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ✐♥✈❡rsã♦ ♠❛tr✐❝✐❛❧ r❡❛❧✐③❛❞❛ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❞❡ ▲❡✈✐♥s♦♥ ♥❛ ❢♦r♠✉❧❛✲

çã♦ ❞♦ ❞♦♠í♥✐♦ t❡♠♣♦r❛❧ é ♠❛✐s ❡✜❝✐❡♥t❡✱ ♦ q✉❡ ❝♦♥❝❡❞❡ ✉♠❛ r❛③♦á✈❡❧ ✈❛♥t❛❣❡♠ ❛ ❡st❛ ❛❜♦r❞❛❣❡♠✳

❆ ❋✐❣✉r❛ ✷✳✶✻ ❡①✐❜❡ ❛ ❞❡❝♦♠♣♦s✐çã♦ ❞♦ ♠❡s♠♦ s✐♥❛❧ ♠♦str❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡ ♥❛ ❋✐❣✉r❛ ✷✳✶✺✱

♣♦ré♠ s♦❜ ✉♠ ♣♦♥t♦ ❞❡ ✈✐st❛ ❡s♣❡❝tr❛❧✳ ◆♦t❡ q✉❡ ♦ tr❡♠ ❞❡ ♣✉❧s♦s ❤❛r♠ô♥✐❝♦s ♥ã♦ ❡①❝❡❞❡ à

❢r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ Fc✳ ❊♠ ❛♠❜❛s ❛s ✜❣✉r❛s✱ ♦ ❡rr♦ ❞❡ ❡st✐♠❛çã♦ é ❝♦♥s✐❞❡r❛❞♦ ❛ ♣❛rt❡ ❡st♦❝ást✐❝❛

❞♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③✳

❊st✐♠❛t✐✈❛ ❞❛ P❛rt❡ ❊st♦❝ást✐❝❛✿ ❙❡ ❡♥t❡♥❞❡ ♣♦r ♣❛rt❡ ❡st♦❝ást✐❝❛ ❞♦ s✐♥❛❧ t♦❞❛ ❝♦♠♣♦♥❡♥t❡

❝✉❥❛ ❡✈♦❧✉çã♦ t❡♠♣♦r❛❧ é ❡ss❡♥❝✐❛❧♠❡♥t❡ ✐♠♣r❡✈✐sí✈❡❧✱ ❛✐♥❞❛ q✉❡ ❛ ♠❡s♠❛ s❡❥❛ ❛♥❛❧✐sá✈❡❧ ❡♠ t❡r♠♦s

❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s✳ ❯♠❛ ✈❡③ q✉❡ ❛ ❡st✐♠❛t✐✈❛ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❤❛r♠ô♥✐❝❛ é ❢❡✐t❛ ❝♦♠ ♠ét♦❞♦s ❞❡

♦t✐♠✐③❛çã♦ s❡❣✉♥❞♦ ♦ ❝r✐tér✐♦ ❞❡ ♠í♥✐♠♦s q✉❛❞r❛❞♦s✱ ♦ ❡rr♦ ❞❡ ❡st✐♠❛çã♦ ❡♥tr❡ ♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ ❡ ♦

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

❛❧❡❛tór✐❛ ❡ q✉❡ ♣♦❞❡ s❡r ❡s♣❡❝tr❛❧♠❡♥t❡ ♠♦❞❡❧❛❞♦✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♦ r✉í❞♦ ❞❡✜♥✐❞♦ ❝♦♠♦

ss[n] = w[n](s[n]− sh[n])

❝♦rr❡s♣♦♥❞❡ à ♣❛rt❡ ❡st♦❝ást✐❝❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ s✳



✹✹ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✷

❋✐❣✉r❛ ✷✳✶✻✿ ❉❡❝♦♠♣♦s✐çã♦ ❡s♣❡❝tr❛❧ ❞♦ s❡❣♠❡♥t♦ S ❡♠ tr❡♠ ❞❡ ♣✉❧s♦s ❍❛r♠ô♥✐❝♦s (Sh) ❡ ❡s♣❡❝tr♦ ❊st♦✲
❝ást✐❝♦ (Ss)✳

❆ ❋✐❣✉r❛ ✷✳✶✼ ❡①✐❜❡ ❛ ❞❡❝♦♠♣♦s✐çã♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ✭♣❛rt❡ s✉♣❡r✐♦r✮ ♥❛s ❞✉❛s ❝♦♠♣♦♥❡♥t❡s✿

❛ ❤❛r♠ô♥✐❝❛ ✭♣❛rt❡ ❝❡♥tr❛❧✮ ❡ ❛ ❡st♦❝ást✐❝❛ ✭♣❛rt❡ ✐♥❢❡r✐♦r✮✳ ❊✈✐❞❡♥t❡♠❡♥t❡ s❡ ♦❜s❡r✈❛ ✉♠❛ ❢♦rt❡

❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛♠❜❛s ❛s ♣❛rt❡s✱ ❞❡✈✐❞♦ ❛♦s ❡rr♦s ❞❡ ❡st✐♠❛t✐✈❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ tr❛♥s✐çõ❡s ❡♥tr❡

❢♦♥❡♠❛s ✈♦③❡❛❞♦s ❡ ♥ã♦✲✈♦③❡❛❞♦s ♦✉ s✐❧ê♥❝✐♦✳

❆❧❣✉♥s tr❛❜❛❧❤♦s r❡❝❡♥t❡s ❞❡s❝❛rt❛♠ s❡❣♠❡♥t♦s ♥ã♦✲✈♦③❡❛❞♦s ♥❛ ❢❛s❡ ❞♦ tr❡✐♥❛♠❡♥t♦✱ ❛❧❡❣❛♥❞♦

q✉❡ ❡st❡s ♥ã♦ ❝❛r❛❝t❡r✐③❛♠ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❛ ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛ ❞❡ ✉♠ ✐♥❞✐✈í❞✉♦ ❬✹✾❀ ✸✵✺❪✳ ◆♦

❡♥t❛♥t♦✱ ❛❧❣✉♥s ❛✉t♦r❡s ♣r❡❢❡r❡♠ tr❛t❛r ❡st❡s s❡❣♠❡♥t♦s ♥ã♦✲✈♦③❡❛❞♦s ❝♦♠♦ s❡ ❢♦ss❡♠ ❛ ♣❛rt❡ ❡st♦✲

❝ást✐❝❛ ❞♦ s✐♥❛❧ ❬✸✷❀ ✶✻✾❪✳

❉❛❞♦ ✉♠ s✐♥❛❧ ❡st♦❝ást✐❝♦✱ ♦ ♦❜❥❡t✐✈♦ ❞♦ s✐st❡♠❛ ❍❙▼ ♣❛ss❛ ❛ s❡r ♠♦❞❡❧❛r t❛❧ s✐♥❛❧ ✉s❛♥❞♦

❛ ❞❡❝♦♠♣♦s✐çã♦ ❢♦♥t❡✲✜❧tr♦ ❝✐t❛❞❛ ♥❛ s❡çã♦ ❛♥t❡r✐♦r✳ ❖ s✐♥❛❧ ❞❡ ❡①❝✐t❛çã♦ ❞♦ s✐st❡♠❛ é ♦ r✉í❞♦

❜r❛♥❝♦ ●❛✉ss✐❛♥♦ ♥♦r♠❛❧✐③❛❞♦✱ ❡ ❛ ❝♦♠♣♦♥❡♥t❡ ❞♦ ✜❧tr♦ é ✉♠ ✜❧tr♦ ♣❛ss❛✲❢❛✐①❛s ❣❡r❛❞♦ ♣❡❧❛ ✈❡rsã♦

s✉❛✈✐③❛❞❛ ❞♦ ❡s♣❡❝tr♦ ❞❡ ♠❛❣♥✐t✉❞❡ ❞♦ s✐♥❛❧ ❡st♦❝ást✐❝♦ ♦r✐❣✐♥❛❧ ✭❡♥✈❡❧♦♣❡ ❡st♦❝ást✐❝♦✮✳ ❊①✐st❡♠

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

▲P❈✳ ❚❛✐s ❝♦❡✜❝✐❡♥t❡s r❡♣r❡s❡♥t❛♠ ✉♠ ✜❧tr♦ ♣❛ss❛✲❢❛✐①❛s Hs(z)✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛♦ ✜❧tr♦ ❣❡r❛❞♦r

❞❛ ♣❛rt❡ ❡st♦❝ást✐❝❛ ❞♦ ♠♦❞❡❧♦ ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞❛ ✈♦③✳ ❉❛❞❛s ❛s ♥♦✈❛s ♣r♦♣♦st❛s ❞❡st❡ tr❛❜❛❧❤♦✱

❛s ❡st✐♠❛t✐✈❛s t❛♥t♦ ❞♦s ❡♥✈❡❧♦♣❡s ❞❛s ❝♦♠♣♦♥❡♥t❡s ❡st♦❝ást✐❝❛s q✉❛♥t♦ ❞♦s ❡♥✈❡❧♦♣❡s ❤❛r♠ô♥✐❝♦s

s❡rã♦ ❞✐s❝✉t✐❞❛s ♥♦ ❈❛♣ít✉❧♦ ✸✳

▼ó❞✉❧♦ ❞❡ ❙í♥t❡s❡ ❞♦ ❙✐st❡♠❛ ❍❙▼

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

♠❡s♠♦ ✉s❛♥❞♦ ✉♠❛ ❢✉♥çã♦ ❞❡ ❥❛♥❡❧❛♠❡♥t♦ w ❝♦♠ s♦❜r❡♣♦s✐çã♦ ❞❡ 50% ❡♠ s❡❣♠❡♥t♦s ❞❡ ❛♣r♦①✐♠❛✲

❞❛♠❡♥t❡ 15 ms ❞❡ ❝♦♠♣r✐♠❡♥t♦✱ ❡ ❞❡✈♦❧✈❡ ♣❛r❛ ♦ k✲és✐♠♦ s❡❣♠❡♥t♦ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧

fk0 ✱ ✉♠ ✈❡t♦r ❝♦♥t❡♥❞♦ L ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s Akl ❡ ❢❛s❡s φkl ✱ ❛❧é♠ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ✉♠ ✜❧tr♦

Hk
s (z) q✉❡ ♠♦❞❡❧❛ ❛ ♣❛rt❡ ❡st♦❝ást✐❝❛✳ ❖ ♦❜❥❡t✐✈♦ ❞❡st❡ ♠ó❞✉❧♦ é r❡ss✐♥t❡t✐③❛r ♦ s✐♥❛❧ ✉s❛♥❞♦ t❛✐s

✐♥❢♦r♠❛çõ❡s✳

❊♥tr❡t❛♥t♦✱ ♦ ♠ó❞✉❧♦ ❞❡ ♠♦♥t❛❣❡♠ ♥❡❝❡ss✐t❛ ❞❡ ❛♠❜❛s ❛s ♣❛rt❡s ❤❛r♠ô♥✐❝❛ ❡ ❡st♦❝ást✐❝❛ ❞♦



✷✳✷ ▼❖❉❊▲❖❙ ❈▲➪❙❙■❈❖❙ ❉❖ ❙■◆❆▲ ❉❊ ❱❖❩ ✹✺

❋✐❣✉r❛ ✷✳✶✼✿ ❆s ❝♦♠♣♦♥❡♥t❡s ❍❛r♠ô♥✐❝❛ ❡ ❊st♦❝ást✐❝❛ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③✳

s❡❣♠❡♥t♦ ❛ s❡r r❡❝♦♥str✉í❞♦✳ ❆ss✐♠✱ s❡❣✉❡✲s❡ ♦ tó♣✐❝♦ ❞❡ r❡ssí♥t❡s❡ ❞❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛ ❞♦ s✐♥❛❧✳

❘❡ssí♥t❡s❡ ❍❛r♠ô♥✐❝❛✿ ◆❛ r❡❝♦♥str✉çã♦ ❞❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ♠✉✐t♦s ❛✉t♦r❡s

s❡ ♣r❡♦❝✉♣❛♠ ❝♦♠ ❛ ✐♥t❡r♣♦❧❛çã♦ ❞❡ ❢❛s❡ ❡ ❛♠♣❧✐t✉❞❡ ❡♥tr❡ s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s ❬✾✶❀ ✶✺✷❀ ✶✼✼❪✳

❊♥tr❡t❛♥t♦✱ ❝♦♠ ♦ ❛❞✈❡♥t♦ ❞♦ ♠ét♦❞♦ ❖✈❡r❧❛♣✲❆❞❞✱ ❛ t❛r❡❢❛ ❞❡ r❡ssí♥t❡s❡ ❤❛r♠ô♥✐❝❛ ♣❛ss♦✉ ❛ s❡r

tr✐✈✐❛❧✿ ❜❛st❛ r❡ss✐♥t❡t✐③❛r ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❝❛❞❛ s❡❣♠❡♥t♦ ❤❛r♠ô♥✐❝♦ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❡ s❡✉s

❛❞❥❛❝❡♥t❡s✱ ❡ ❛♣❧✐❝❛r ❛s s♦❜r❡♣♦s✐çõ❡s ❝♦♠ s♦♠❛ ❞♦ ♠ét♦❞♦ ❖▲❆ s♦❜r❡ ❡st❡s s❡❣♠❡♥t♦s✱ ❛ ✜♠ ❞❡

♦❜t❡r ♦ s✐♥❛❧ r❡❝♦♥str✉í❞♦✳ ❖ tr❛t❛♠❡♥t♦ ❞❛s ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s ❞♦ s✐♥❛❧ r❡s✉❧t❛♥t❡ é ❛❞♠✐♥✐str❛❞♦

♣❡❧♦ ♣ró♣r✐♦ ♠ó❞✉❧♦ ❞❡ ♠♦♥t❛❣❡♠✱ ♦ q✉❛❧ s❡rá ❛♣r❡s❡♥t❛❞♦ ♥✉♠ ♣ró①✐♠♦ tó♣✐❝♦✳

❉❛❞❛ ✉♠❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ R✱ ❜❡♠ ❝♦♠♦ ❛s ❢❛s❡s ✐♥✐❝✐❛✐s φk ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s L ❝♦♠♣♦♥❡♥✲

t❡s ❤❛r♠ô♥✐❝❛s ❝❡♥tr❛❞❛s ♥♦ s❡❣♠❡♥t♦ k✱ ❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ωk0 = 2πfk0 /R ❡ ❛s ❛♠♣❧✐t✉❞❡s

❤❛r♠ô♥✐❝❛s Ak ❞♦ r❡s♣❡❝t✐✈♦ s❡❣♠❡♥t♦ ❤❛r♠ô♥✐❝♦✱ ❛ r❡❝♦♥str✉çã♦ ❞♦ s✐♥❛❧ ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ s❡✲

q✉❡♥❝✐❛❧♠❡♥t❡ ♣❛r❛ ❝❛❞❛ n✱ ❝♦♠♦

s
(k)
h [n] =

L
∑

m=0

Akm cos(ωkmn+ φkm), ✭✷✳✶✶✮

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

sh
(k) = AkΩk,

♦♥❞❡ Ω ❝♦rr❡s♣♦♥❞❡ à ♠❛tr✐③ ❞❡✜♥✐❞❛ ❝♦♠♦

Ωk =



















1 cos(−N2 ω0 + φk1) cos(−N2 2ω0 + φk2) · · · cos(−N2 Lω0 + φkL)

1 cos(−N+1
2 ω0 + φk1) cos(−N+1

2 2ω0 + φk2) · · · cos(−N+1
2 Lω0 + φkL)

✳✳✳
✳✳✳

✳✳✳
✳ ✳ ✳

✳✳✳

1 cos(N−1
2 ω0 + φk1) cos(N−1

2 2ω0 + φk2) · · · cos(N−1
2 Lω0 + φkL)

1 cos(N2 ω0 + φk1) cos(N2 2ω0 + φk2) · · · cos(N2 Lω0 + φkL)





















✹✻ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✷

❡ ♦s ❝♦❡✜❝✐❡♥t❡s A ❞❡✜♥✐❞♦s ❝♦♠♦

A = [Ak0, A
k
1, . . . , A

k
L]
t.

❯♠❛ ✈❡③ ♦❜t✐❞❛ ❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛ ❞♦ s✐♥❛❧✱ é ♥❡❝❡ssár✐♦ r❡st❛✉r❛r ❛ ♣❛rt❡ ❡st♦❝ást✐❝❛ ❞♦ ♠❡s♠♦✳

❘❡ssí♥t❡s❡ ❊st♦❝ást✐❝❛✿ ❆ ♣❛rt❡ ❡st♦❝ást✐❝❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ♣♦r s❡ tr❛t❛r ❞❡ ✉♠❛ ❝♦♠♣♦♥❡♥t❡

❞❡ ❞✐❢í❝✐❧ ❡st✐♠❛çã♦✱ é r❡❣❡♥❡r❛❞❛ ✉s❛♥❞♦ ♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ Hk
s (z) ❞❡ ♠♦❞♦ q✉❡ t❡♥❤❛ ♦ ♠❡s♠♦

t❛♠❛♥❤♦ ❞♦ s❡❣♠❡♥t♦ ❤❛r♠ô♥✐❝♦ s(k)h ✭♦✉ s❡❥❛✱ N +1✮✳ ◆❡st❡ ❝❛s♦✱ ♦ s❡❣♠❡♥t♦ ❡st♦❝ást✐❝♦ é ♦❜t✐❞♦

s❡q✉❡♥❝✐❛❧♠❡♥t❡ ♣♦r ❝♦♥✈♦❧✉çã♦

s(k)s [n] = η[n] ∗ hks [n]

✱ ♦♥❞❡ η[n] é ✉♠❛ s❡q✉ê♥❝✐❛ ❝♦♠♣♦st❛ ♣♦r r✉í❞♦ ❜r❛♥❝♦ ●❛✉ss✐❛♥♦ ❡

hks [n] = F
−1{Hk

s (z)}

✳ ❆❧t❡r♥❛t✐✈❛♠❡♥t❡✱ ♦ s❡❣♠❡♥t♦ ❡st♦❝ást✐❝♦ ♣♦❞❡ s❡r ♦❜t✐❞♦ ✭✐♥❞✐r❡t❛♠❡♥t❡✮ ✈✐❛ ✜❧tr❛❣❡♠ ❡s♣❡❝tr❛❧

ss
(k) = F−1{Hk

s (z) · F{η[n]}}✳ ◆❡st❡ ú❧t✐♠♦ ❝❛s♦✱ ♦ ❝á❧❝✉❧♦ é r❡❛❧✐③❛❞♦ ❡♠ ❜❧♦❝♦s ♣❛r❛❧❡❧♦s✳

❆♣ós t❡r ❡♠ ♠ã♦s ❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛ ❡ ❡st♦❝ást✐❝❛ ❞♦ s✐♥❛❧✱ ❜❛st❛ ❣❡r❛r ♦ s❡❣♠❡♥t♦ ŝ(k) r❡❝♦♥s✲

tr✉í❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

ŝ(k)[n] = s
(k)
h [n] + s(k)s [n].

❋✐♥❛❧♠❡♥t❡✱ ♦ ♠ó❞✉❧♦ ❞❡ sí♥t❡s❡ t♦♠❛ ❝❛❞❛ s❡❣♠❡♥t♦ r❡❝♦♥str✉í❞♦ ŝ(k)✱ ❡ r❡♠♦♥t❛ ♦ s✐♥❛❧ ❞❡

s❛í❞❛ ✉s❛♥❞♦ s♦♠❛s s♦❜r❡♣♦st❛s ❞❡st❡s s❡❣♠❡♥t♦s✳

▼♦♥t❛❣❡♠ ✉s❛♥❞♦ ❖✈❡r❧❛♣ ❆❞❞ ✿ ❆ té❝♥✐❝❛ ❞❡ s♦❜r❡♣♦s✐çã♦ ❝♦♠ s♦♠❛✱ ♠❛✐s ❝♦♥❤❡❝✐❞❛ ❝♦♠♦

❖▲❆ ✭❞♦ ■♥❣❧ês✱ ❖✈❡r❧❛♣ ❆❞❞✮ é ✉♠ ❡✜❝✐❡♥t❡ ♠♦❞♦ ❞❡ r❡❛❧✐③❛r ❛ ❝♦♥✈♦❧✉çã♦ ❞✐s❝r❡t❛ ❞❡ ✉♠ s✐♥❛❧

♣♦r ✉♠ ✜❧tr♦ ❞❡ r❡s♣♦st❛ ✜♥✐t❛✱ ♥♦r♠❛❧♠❡♥t❡ r❡♣r❡s❡♥t❛❞♦ ♣♦r ✉♠❛ ❥❛♥❡❧❛ ❞✐s❝r❡t❛✿ ❚r✐❛♥❣✉❧❛r✱

❍❛♥♥ ♦✉ ❍❛♠♠✐♠❣ ❬✸✻❪✳ ❖ ♠ét♦❞♦ s❡r✈❡ ♣❛r❛ ❝♦♥❝❛t❡♥❛r ♦s s❡❣♠❡♥t♦s r❡❝♦♥str✉í❞♦s ♣❡❧♦ ♠♦❞❡❧♦

❍❙▼✳ ❆ss✐♠ ❝♦♠♦ ♥♦ ♠ó❞✉❧♦ ❞❡ ❡♥tr❛❞❛ ❡①✐st❡ ♦ ❣❡r❡♥❝✐❛❞♦r ❞❡ s❡❣♠❡♥t❛çã♦ ❞♦ s✐♥❛❧✱ ♥❛ sí♥t❡s❡

❡①✐st❡ ♦ ♠♦♥t❛❞♦r q✉❡ ❡①❡❝✉t❛rá ❛s s♦❜r❡♣♦s✐çõ❡s ❡ s♦♠❛s ❝♦♠ t❛①❛ ❞❡ s♦❜r❡♣♦s✐çã♦ ✭♦✈❡r❧❛♣✮ ❞❡

✺✵✪✱ ❛ ✜♠ ❞❡ ❝♦♠♣♦r ♦ s✐♥❛❧ r❡s✉❧t❛♥t❡✳

❙♦❜ ✉♠ ♣♦♥t♦ ❞❡ ✈✐s❛ ♣rát✐❝♦✱ ❛ r❡❝♦♥str✉çã♦ ❞♦ s✐♥❛❧ ❞❡ s❛í❞❛ ♣r❡ss✉♣õ❡ q✉❡ ❛ tr❛♥s✐çã♦ ❞❡

✉♠ k✲és✐♠♦ s❡❣♠❡♥t♦ ŝ(k−1) ♣❛r❛ ♦ s❡❣♠❡♥t♦ ŝ(k)✱ ❛♠❜♦s ❞❡ t❛♠❛♥❤♦ N +1 ❡ ❝❡♥tr❛❞♦s ♥❛ ♦r✐❣❡♠✱

s❡❥❛ ❧✐♥❡❛r✳ ▼❛t❡♠❛t✐❝❛♠❡♥t❡✱ ♦ s✐♥❛❧ ❞❡ s❛í❞❛ r❡❝♦♥str✉í❞♦ ŝ é ❞❡✜♥✐❞♦ ♣❛r❛ t♦❞♦ k ❝♦♠♦

ŝ[n+ kN ] =

(

N − 2n

N

)

ŝ(k−1)[n] +

(

2n

N

)

ŝ(k)[n+ 0.5N ], n = [0, 0.5N ], ✭✷✳✶✷✮

♦ q✉❡ ♣♦❞❡ s❡r ✐♥t❡r♣r❡t❛❞♦ ❝♦♠♦ ❖▲❆ ✉s❛♥❞♦ ❥❛♥❡❧❛ tr✐❛♥❣✉❧❛r✳ ❆ ❋✐❣✉r❛ ✷✳✶✽ ✐❧✉str❛ ❡st❡ ♣r♦❝❡ss♦✳

❖ ❥❛♥❡❧❛♠❡♥t♦ tr✐❛♥❣✉❧❛r ❢♦✐ ❡s❝♦❧❤✐❞♦ ❝♦♠ ❜❛s❡ ❡♠ r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✳ ❊♥tr❡t❛♥t♦✱ ♦✉tr❛s

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

t❡♠ ❛ ♣r♦♣r✐❡❞❛❞❡ ❡♠ ❖▲❆ ❞❡ s♦♠❛ ❝♦♥st❛♥t❡ ✐❣✉❛❧ ❛ ✶✳

❯♠❛ ✈❡③ ❞❡✜♥✐❞♦ ♦ ♠♦❞❡❧♦ q✉❡ r❡♣r❡s❡♥t❛ ♦s s✐♥❛✐s ❞❡ ✈♦③✱ ✐st♦ é✱ ♦ ♠♦❞❡❧♦ ❍❛r♠ô♥✐❝♦✲

❊st♦❝ást✐❝♦✱ ♦ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛rá ❛❧❣✉♠❛s ❞❛s ♣r✐♥❝✐♣❛✐s té❝♥✐❝❛s ❞❡ ♠❛♥✐♣✉❧❛çã♦ ❞❡st❡s ❝♦❡✲

✜❝✐❡♥t❡s✱ ❞❡ ♠♦❞♦ ❛ tr❛♥s❢♦r♠❛r t❛♥t♦ ♦ ❝♦♥t❡ú❞♦ ♣r♦só❞✐❝♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ✭♣✐t❝❤✱ ❡♥❡r❣✐❛ ❡✱



✷✳✸ ❚ÓP■❈❖❙ ❊▼ ❈❖◆❱❊❘❙➹❖ ❉❊ P❘❖❙Ó❉■❆ ✹✼

❋✐❣✉r❛ ✷✳✶✽✿ ■❧✉str❛çã♦ ❞♦ ♠ét♦❞♦ ❖✈❡r❧❛♣✲❆❞❞✳

♦♣❝✐♦♥❛❧♠❡♥t❡ ❛ ❞✉r❛çã♦✮✱ ❜❡♠ ❝♦♠♦ tr❛♥s❢♦r♠❛r ♦ ❝♦♥t❡ú❞♦ ❡s♣❡❝tr❛❧ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳

✷✳✸ ❚ó♣✐❝♦s ❡♠ ❈♦♥✈❡rsã♦ ❞❡ Pr♦só❞✐❛

❖ ♣r♦❝❡ss♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ s❡♥t❡♥ç❛s ❞❡ ❢❛❧❛ é ✉♠ ♣r♦❝❡ss♦ q✉❡ ❞❡✈❡ ❧❡✈❛r ❡♠ ❝♦♥s✐❞❡r❛çã♦

♥ã♦ s♦♠❡♥t❡ ❛s♣❡❝t♦s ❣❧♦❜❛✐s ❞❛ s❡♥t❡♥ç❛✱ ❝♦♠♦ ❡❧❡♠❡♥t♦s ♣r♦só❞✐❝♦s✱ ♠❛s t❛♠❜é♠ ❛s♣❡❝t♦s ❧♦❝❛✐s

❞❡♥tr♦ ❞❡ ❝❛❞❛ tr❡❝❤♦ ❡st❛❝✐♦♥ár✐♦ ❞♦ ❞♦ s✐♥❛❧✳ ❆ ❝♦♥✈❡rsã♦ ❞♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞♦s ❝♦❡✜❝✐❡♥t❡s

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

tr❡✐♥❛♠❡♥t♦ ❡ ❛ tr❛♥s❢♦r♠❛çã♦✳

❚r❡✐♥❛♠❡♥t♦ ◆♦ ❝♦♥t❡①t♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛✱ ❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦ s❡r✈❡ ♣❛r❛

❡st✐♠❛r ♣❛râ♠❡tr♦s ❣❧♦❜❛✐s ❡ ❧♦❝❛✐s ❞❡ ❝♦♥tr♦❧❡ ❞♦s s✐♥❛✐s ❞❡ ✈♦③✳

❖s ♣❛râ♠❡tr♦s ❣❧♦❜❛✐s sã♦ r❡s♣♦♥sá✈❡✐s ♣♦r ❝♦♥tr♦❧❛r ❛s♣❡❝t♦s ❡①t❡r♥♦s ❛♦s s❡❣♠❡♥t♦s✱ t❛✐s ❝♦♠♦

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

❡①t❡r♥♦s ❡stã♦ ❡str❡✐t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ♦s ❝♦♥tr♦❧❡s ❞❡ ♣r♦só❞✐❛ ❞❡ ✉♠ ❢❛❧❛♥t❡✳ ❯♠❛ ✈❡③ q✉❡

❛ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ ❡stá ❛ss♦❝✐❛❞❛ ❛♦ ♣✉❧s♦ ❣❧♦t❛❧✱ é ♣r❡❢❡rí✈❡❧ ✉t✐❧✐③❛r ❡st❡s ♣❛râ♠❡tr♦s ❣❧♦❜❛✐s ♣❛r❛

❛❞❛♣t❛çã♦ ❞❛ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ ❛ ♣❛rt✐r ❞❛ ♣r♦só❞✐❛ ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦✳ ❉❡ ✉♠ ♠♦❞♦ ❣❡r❛❧✱ ❞✐③❡♠♦s

q✉❡ ♦s ♣❛râ♠❡tr♦s ❣❧♦❜❛✐s ❞❛ ♣r♦só❞✐❛ sã♦ ❝♦♥tr♦❧❛❞♦r❡s ❞♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞❛ ❝♦♠♣♦♥❡♥t❡

❞❛ ❢♦♥t❡ ❡①❝✐t❛❞♦r❛✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ♦s ♣❛râ♠❡tr♦s ❧♦❝❛✐s ❡stã♦ ❛ss♦❝✐❛❞♦s às ❝♦♥✜❣✉r❛çõ❡s ❞♦ s✐♥❛❧ ❞❡ ✉♠ tr❡❝❤♦

❝✉rt♦ ❞❡ ✈♦③ ✭♦s s❡❣♠❡♥t♦s✮✳ ❉❛❞❛ ❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❢♦♥❡♠❛s ❛ss♦❝✐❛❞♦s ❛ ❡st❡s s❡❣♠❡♥t♦s✱

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

❉❡st❛ ❢♦r♠❛✱ ♣❛r❛ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ✈♦③✱ ✈❡t♦r❡s ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s sã♦ ♦❜t✐❞♦s ❞♦s ♠♦❞❡✲

❧♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧✳ ❊st❡s sã♦ ♦r❣❛♥✐③❛❞♦s ❡♠ ✉♠ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s

❛❝úst✐❝❛s ❡ ♣♦st❡r✐♦r♠❡♥t❡ ❛❣r✉♣❛❞♦s ❡♠ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s✳ ❈❛❞❛ ✉♠❛ ❞❡st❛s ❝❧❛ss❡s ❢♦♥é✲

t✐❝❛s ♣♦ss✉✐ ✉♠❛ ❝❤❛✈❡ ❞❡ s❡❧❡çã♦✱ q✉❡ ♥♦r♠❛❧♠❡♥t❡ ❡stá ❛ss♦❝✐❛❞❛ ❛♦ ❝❡♥tr♦ ❞❡ ♠❛ss❛ ✭❝❡♥tr♦✐❞❡✮

❞❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛✳ ➱ ❛ ♣❛rt✐r ❞❡st❛ ❝❤❛✈❡ ❞❡ s❡❧❡çã♦ q✉❡ ✉♠ s❡❣♠❡♥t♦ ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ ❧♦❝❛❧✐③❛

♦ s❡❣♠❡♥t♦ ♦❜❥❡t✐✈♦ ❝♦♠ ♦ q✉❛❧ s❡ r❡❛❧✐③❛ ❛ ❝♦♥✈❡rsã♦✳ ❖ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❞❡st❡ ❡s♣❛ç♦ ❞❡ ❝❛✲

r❛❝t❡ríst✐❝❛s ♦r❣❛♥✐③❛❞♦s ❡♠ ❝❧❛ss❡ ❢♦♥ét✐❝❛s ❞❡ ✉♠ ❢❛❧❛♥t❡ ❞❡t❡r♠✐♥❛ ♦ ❝♦r♣✉s✹ ❞❡st❡ ❢❛❧❛♥t❡✳ ❯♠❛

✈❡③ q✉❡ ♦ ❢♦♥❡♠❛ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ ❡stá r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ❛ ❝♦♥✜❣✉r❛çã♦ ❞♦ tr❛t♦ ✈♦❝❛❧✱ ♣♦❞❡♠♦s

✹❈♦♥❥✉♥t♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❛❝úst✐❝❛s ❝❛♣❛③ ❞❡ ❝❛r❛❝t❡r✐③❛r ✉♠ ❞❡t❡r♠✐♥❛❞♦ ✐♥❞✐✈í❞✉♦✳



✹✽ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✸

❛ss♦❝✐❛r ♦s ♣❛râ♠❡tr♦s ❧♦❝❛✐s ❛♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s q✉❡ ♠♦❞❡❧❛♠ ❛ ❝♦♠♣♦♥❡♥t❡ ❞♦ ✜❧tr♦✳

❚r❛♥s❢♦r♠❛çã♦ ❊st❛ ❢❛s❡ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ tr❛♥s❢♦r♠❛r ♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✱ t❛♥t♦ ❞❛ ❢♦♥t❡

❞❡ ❡①❝✐t❛çã♦ q✉❛♥t♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❞♦ ✜❧tr♦✱ ❛ ♣❛rt✐r ❞♦s ♣❛râ♠❡tr♦s ❣❧♦❜❛✐s ✭❝♦♥tr♦❧❡s ❞❛ ♣r♦só❞✐❛✮

❡ ❧♦❝❛✐s ✭✐♥tr❛✲s❡❣♠❡♥t♦✮ ♦❜t✐❞♦s ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✳

❆ tr❛♥s❢♦r♠❛çã♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❞❛ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ é ♠✉✐t♦ ♣❛rt✐❝✉❧❛r ❞♦ ♠♦❞❡❧♦ ❞❡ r❡✲

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

❤❛r♠ô♥✐❝❛s ❞❡ ✉♠ ♠♦❞❡❧♦ s❡♥♦✐❞❛❧✱ é ♥❛t✉r❛❧ ♣❡♥s❛r♠♦s ❡♠ ♠♦❞✐✜❝á✲❧♦ ✉s❛♥❞♦ tr❛♥s❢♦r♠❛çõ❡s

❧✐♥❡❛r❡s✱ ❛♦ ♣❛ss♦ q✉❡ s❡ ♦ ♣✉❧s♦ ❣❧♦t❛❧ é r❡♣r❡s❡♥t❛❞♦ ❝♦♠♦ ✉♠ s✐♥❛❧ ✭♥♦ t❡♠♣♦✮✱ é ♣r❡❢❡rí✈❡❧

✉t✐❧✐③❛r✲s❡ ❞❡ té❝♥✐❝❛s ❝♦♠♦ ♦ ❚❉✲P❙❖▲❆ ♦✉ ❋❉✲P❙❖▲❆ ❬✶✻✺❪ ✭✈✐❞❡ ❙❡çã♦ ✷✳✸✳✶ ❛ s❡❣✉✐r✮✳ ❱❛❧❡

❧❡♠❜r❛r q✉❡ ♦s ♣❛râ♠❡tr♦s ❣❧♦❜❛✐s ❞❡st❛ tr❛♥s❢♦r♠❛çã♦ sã♦ ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✳

❆ tr❛♥s❢♦r♠❛çã♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❞♦ ✜❧tr♦ ❞♦ s✐st❡♠❛✱ t❛♠❜é♠ ❝❤❛♠❛❞❛ ❞❡ ❝♦♥✈❡rsã♦ ❡s♣❡❝tr❛❧✱

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

❞✉❛s ❢❛s❡s✿ ❛ ❢❛s❡ ❞❡ ♠❛♣❡❛♠❡♥t♦ ❡ ❛ ❢❛s❡ ❞❡ ❛♣r♦①✐♠❛çã♦ ❞❡st❡s ♣❛râ♠❡tr♦s✳ ❉❛❞♦ ✉♠ ✈❡t♦r ❞❡

♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ q✉❡ q✉❡r❡♠♦s ❝♦♥✈❡rt❡r✱ ❛ ❢❛s❡ ❞❡ ♠❛♣❡❛♠❡♥t♦ s❡❧❡❝✐♦♥❛

✉♠ ✈❡t♦r ❞❡ ♣❛râ♠❡tr♦s ❞♦ ❝♦r♣✉s ❞♦ ❞❡st✐♥♦✱ q✉❡ ♣♦st❡r✐♦r♠❡♥t❡ s❡rá ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦♥✈❡rsã♦ ♥❛

❢❛s❡ ❞❡ ❛♣r♦①✐♠❛çã♦✳

❉❡t❛❧❤❛r❡♠♦s ❛ s❡❣✉✐r ♦ ♣r✐♠❡✐r♦ t✐♣♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ✭❝♦♠♣♦♥❡♥t❡ ❞❛ ❢♦♥t❡✮✱ ❛♦ ♣❛ss♦ q✉❡ ❛

s❡çã♦ ✷✳✹ tr❛t❛rá ❞❛ tr❛♥s❢♦r♠❛çã♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❞♦ ✜❧tr♦✳

✷✳✸✳✶ ▼♦❞❡❧❛❣❡♠ ❞❛ Pr♦só❞✐❛

❆ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ s♦♥♦r❛ ❡stá ✐♥t✐♠❛♠❡♥t❡ ❧✐❣❛❞❛ ❛♦s ❝♦♥tr♦❧❡s ❞❡ ♣r♦só❞✐❛✱ ✉♠❛ ✈❡③ q✉❡

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

❞❡ tr❛♥s❢♦r♠❛çã♦ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧✳ ❉❡ ✉♠ ♠♦❞♦ ❣❡r❛❧✱ ❛ ♣r♦só❞✐❛ é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s

❛❝úst✐❝♦s r❡s♣♦♥sá✈❡✐s ♣❡❧♦ ✈♦❧✉♠❡ ❞♦ s♦♠ ✐rr❛❞✐❛❞♦ ✭❡♥❡r❣✐❛ ❞♦ s✐♥❛❧✮✱ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧

♣❡r❝❡❜✐❞❛ ✭♣✐t❝❤✮ ❡ ♦ r✐t♠♦ ❞❡ ❛rt✐❝✉❧❛çã♦✱ q✉❡ ✈❛r✐❛♠ ❡♠ ❧❛r❣❛ ❡s❝❛❧❛ ♥♦ t❡♠♣♦✳ ❊♠ ❝♦♥✈❡rsã♦

❞❡ ✈♦③ é ♠✉✐t♦ ✐♠♣♦rt❛♥t❡ q✉❡ ❡st❡s ❛s♣❡❝t♦s s❡❥❛♠ ❧❡✈❛❞♦s ❡♠ ❝♦♥s✐❞❡r❛çã♦✱ ❡ ❞❡st❛ ❢♦r♠❛✱ é

✐♠♣r❡s❝✐♥❞í✈❡❧ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s q✉❡ ❝♦♥tr♦❧❡♠ t❛✐s ❛s♣❡❝t♦s✳

◆♦ ❝❛s♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛✱ ♥❡♠ t♦❞♦s ♦s ❛s♣❡❝t♦s sã♦ tr❛♥s♣♦st♦s✱ ✈✐st♦

q✉❡ ♣❛r❛ ❞❡t❡r♠✐♥❛❞♦s ♣❛r❡s ❞❡ ❧í♥❣✉❛s ♥ã♦ ❡①✐st❡♠ ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ♣r♦só❞✐❝❛s ❡♥tr❡ ❡❧❛s✳ P♦r

❡①❡♠♣❧♦✱ ❡♠ ■♥❣❧ês✱ ❛s ♣❡r❣✉♥t❛s ♣♦ss✉❡♠ ❧✐♥❤❛s ♠❡❧ó❞✐❝❛s ❞✐❢❡r❡♥t❡s ❞❛s ♣❡r❣✉♥t❛s ❡♠ P♦rt✉❣✉ês✱

♦✉ ❛✐♥❞❛ ♥✉♠ ♦✉tr♦ ❡①❡♠♣❧♦✱ ♦ r✐t♠♦ ❞❡ ❛rt✐❝✉❧❛çã♦ ❞♦ ❈❤✐♥ês é ❝♦♠♣❧❡t❛♠❡♥t❡ ❞✐❢❡r❡♥t❡ ❞❛q✉❡❧❡

❞♦ ■♥❣❧ês ♦✉ ❞♦ P♦rt✉❣✉ês✳ ❉❡st❡ ♠♦❞♦✱ ❡st❛♠♦s ✐♥t❡r❡ss❛❞♦ ❡♠ ❝♦♥✈❡rt❡r ❞❡ ❛❧❣✉♠❛ ❢♦r♠❛ ♦ t✐♠❜r❡

❞♦s ❢❛❧❛♥t❡s ❡ ♦s ❛s♣❡❝t♦s ❣❧♦❜❛✐s ❞❛ ♣r♦só❞✐❛✱ ♠❛♥t❡♥❞♦ ♦s ❛s♣❡❝t♦s ❧♦❝❛✐s ❞❛ ♣r♦só❞✐❛ ❝♦♠♣❛tí✈❡✐s

❝♦♠ ❛ ❧í♥❣✉❛ ♦r✐❣✐♥❛❧✳ ❆ss✐♠✱ ❛♣❡♥❛s ❛ ❝♦♥✈❡rsã♦ ❞❡ ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❛ss♦❝✐❛❞♦s à ❡♥❡r❣✐❛ ❡

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

▼♦❞❡❧❛❣❡♠ ♣♦r ❈♦♥t♦r♥♦s

❈❤❛♠❛♠♦s ❞❡ ❝♦♥t♦r♥♦ ❛ ❝✉r✈❛ ❝♦rr❡s♣♦♥❞❡♥t❡ à ✈❛r✐❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ♣r♦só❞✐❝♦s

❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳ ❙❡♥❞♦ ❛ss✐♠✱ t❡♠♦s ✉♠ ❝♦♥t♦r♥♦ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❞♦✐s ❛s♣❡❝t♦s ❞❡ ♣r♦só❞✐❛

❞❡ ✉♠❛ s❡♥t❡♥ç❛ ♣r♦♥✉♥❝✐❛❞❛✳ ❆ ❋✐❣✉r❛ ✷✳✶✾ ♠♦str❛ ✉♠ ❡①❡♠♣❧♦ ❞❡ ❝♦♥t♦r♥♦ ❞❡ ♣✐t❝❤ ❡ ❡♥❡r❣✐❛ ❞❡

✉♠ s✐♥❛❧ ❞❡ ✈♦③ ❞❛❞♦✳ ❖s ✈❛❧♦r❡s ❞❡ ♣✐t❝❤ ❡ ❡♥❡r❣✐❛ sã♦ t♦♠❛❞♦s ❛ ♣❛rt✐r ❞❡ s❡❣♠❡♥t♦s ❝✉rt♦s ❞♦

s✐♥❛❧ ❞❡ ✈♦③✱ r❡❝♦rt❛❞♦s ❡ ❥❛♥❡❧❛❞♦s ❛♣r♦♣r✐❛❞❛♠❡♥t❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❝❛❞❛ ❝♦♥t❡①t♦✳ P♦r ❡①❡♠♣❧♦✱



✷✳✸ ❚ÓP■❈❖❙ ❊▼ ❈❖◆❱❊❘❙➹❖ ❉❊ P❘❖❙Ó❉■❆ ✹✾

❛♦ s❡ ❡st✐♠❛r ♦ ♣✐t❝❤ ❞♦ tr❡❝❤♦ s❡❧❡❝✐♦♥❛❞♦ é ❛♣r♦♣r✐❛❞♦ ✉t✐❧✐③❛r ✉♠❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣✱ ❛♦ ♣❛ss♦

q✉❡ ♣❛r❛ s❡ ❡st✐♠❛r ❛ ❡♥❡r❣✐❛ ❞♦ s✐♥❛❧ ❛ ❥❛♥❡❧❛ r❡t❛♥❣✉❧❛r é ♠❛✐s ❛♣r♦♣r✐❛❞❛✳ ❈♦♥s✐❞❡r❛r❡♠♦s q✉❡

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

❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✳ ✷✳✶✾✳

❋✐❣✉r❛ ✷✳✶✾✿ ❈♦♥t♦r♥♦ ❞❡ ♣✐t❝❤ ❡ ❡♥❡r❣✐❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳

◆♦ ❝♦♥t❡①t♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ♠♦❞❡❧❛r ❝♦♥t♦r♥♦s ♥ã♦ ✐♠♣❧✐❝❛ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ❡♠ ❛r♠❛③❡♥á✲❧♦s✱

♠❛s s✐♠ ❝♦❧❡t❛r ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❞❡ ❝❛❞❛ ✉♠ ❞❡❧❡s✳ ❆ ❝♦♥✈❡rsã♦ ❞❛ ♣r♦só❞✐❛ ♥❡st❡ ❝❛s♦ s✐❣✲

♥✐✜❝❛ ❛♣❡♥❛s ❛ ❝♦♥✈❡rsã♦ ❞❡st❡s ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❡♥tr❡ ♦s ❢❛❧❛♥t❡s ❡♥✈♦❧✈✐❞♦s✳ ❆ ♣❛rt✐r ❞❡st❡s

♠♦♠❡♥t♦s é ♣♦ssí✈❡❧ s❡ ❛❞❛♣t❛r ♦ s✐♥❛❧ ❞❡ ✈♦③ ♠♦❞✐✜❝❛❞♦✱ ❛ ✜♠ ❞❡ t♦r♥á✲❧♦ ♠❛✐s ♣ró①✐♠♦ ❡st❛t✐st✐✲

❝❛♠❡♥t❡ ❞♦ s✐♥❛❧ ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦✳ ◆♦r♠❛❧♠❡♥t❡✱ s♦♠❡♥t❡ ❛ ♠é❞✐❛ ❡ ❛ ✈❛r✐â♥❝✐❛✱ ♦✉ s❡❥❛✱ ♦s ❞♦✐s

♣r✐♠❡✐r♦s ♠♦♠❡♥t♦s✱ sã♦ t♦♠❛❞♦s ♣❛r❛ ♠♦❞❡❧❛r ♦ ❝♦♥t♦r♥♦ ❞♦ ♣✐t❝❤ ❡ ❞❛ ❡♥❡r❣✐❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳

❉❡♣❡♥❞❡♥❞♦ ❞❛ ❛♣❧✐❝❛çã♦✱ ♣♦❞❡✲s❡ ♦♣t❛r ♣♦r ❛r♠❛③❡♥❛r ❛ ♠é❞✐❛ ❡ ❛ ✈❛r✐â♥❝✐❛✱ s♦♠❡♥t❡ ❛ ♠é❞✐❛✱

♦✉ ❛✐♥❞❛ ♣❛rt❡s ❞♦s ❝♦♥t♦r♥♦s✳

▼♦❞❡❧♦ ❞❡ ❋✉❥✐s❛❦✐

❋✉❥✐s❛❦✐ ♣r♦♣ôs ♥♦ ✐♥í❝✐♦ ❞♦s ❛♥♦s ✼✵ ✉♠ ♠♦❞❡❧♦ ❛♥❛❧ít✐❝♦ q✉❡ ❞❡s❝r❡✈❡ ✈❛r✐❛çõ❡s ❞❛ ❢r❡q✉ê♥❝✐❛

❢✉♥❞❛♠❡♥t❛❧ F0 ✭♦✉ ♣✐t❝❤✮ ❞❛ ❢❛❧❛ ❬✻✶❀ ✻✷❀ ✷✶✶❪✳ ❙❡✉ tr❛❜❛❧❤♦ ❡♥✈♦❧✈❡ ♦s ♠❡❝❛♥✐s♠♦s ❞❡ ♣r♦❞✉çã♦ ❞❛

❢❛❧❛ q✉❡ sã♦ r❡s♣♦♥sá✈❡✐s✱ ❡♠ ♣❛rt✐❝✉❧❛r✱ ♣❡❧♦ ♠♦❞❡❧♦ ❞❡ ❡♥t♦♥❛çã♦ ❞❛s ❡str✉t✉r❛s ❞❛ ♣r♦só❞✐❛✳ ❊♠

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

❢r❛s❡ ✭yf ✮ ❡ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❛❝❡♥t♦ ✭ya✮✳ ❈❛❞❛ ❝♦♠♣♦♥❡♥t❡ ♣♦ss✉✐ ✈ár✐♦s ❡✈❡♥t♦s t❡♠♣♦r❛✐s ❞❡ ❢r❛s❡

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

❛❝❡♥t♦ ♠♦❞❡❧❛ ❛s ✈❛r✐❛çõ❡s ❞❡ ♣✐t❝❤ ❞❡ ❝✉rt❛ ❡s❝❛❧❛✳ ❚❛✐s ❝♦♠♣♦♥❡♥t❡s yf ❡ ya sã♦ ♦❜t✐❞❛s ❛ ♣❛rt✐r

❞❛ ✜❧tr❛❣❡♠ ❞❡ ✉♠ tr❡♠ ❞❡ ✐♠♣✉❧s♦s ❞❡ ❉✐r❛❝ xf ♣❡❧♦ ✜❧tr♦ ❞❡ ❢r❛s❡ ❡ ❞❡ ✉♠ tr❡♠ ❞❡ ✐♠♣✉❧s♦s

r❡t❛♥❣✉❧❛r❡s xa ♣❡❧♦ ✜❧tr♦ ❞❡ ❛❝❡♥t♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆ r❡s♣♦st❛ ✐♠♣✉❧s✐✈❛ hf ❞♦ ♠❡❝❛♥✐s♠♦ ❞❡ ❝♦♥tr♦❧❡ ❞❡ ❢r❛s❡ é ❞❡✜♥✐❞❛ ❝♦♠♦

hf (t) = α2te−αtu(t),

♦♥❞❡ α ∈ [2, 4] é s✉❛ ❢r❡q✉ê♥❝✐❛ ❛♥❣✉❧❛r ♥❛t✉r❛❧✱ ❛ss✐♠ ❝♦♠♦ ❛ r❡s♣♦st❛ ✐♠♣✉❧s✐✈❛ ha ❞♦ ♠❡❝❛♥✐s♠♦



✺✵ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✸

❞❡ ❝♦♥tr♦❧❡ ❞❡ ❛❝❡♥t♦ é ❞❡✜♥✐❞❛ ❝♦♠♦

ha(t) = [1− (1 + βt)e−βt]u(t),

♦♥❞❡ β ∈ [19, 21] é s✉❛ ❢r❡q✉ê♥❝✐❛ ❛♥❣✉❧❛r ♥❛t✉r❛❧✳

❖ ❝♦♥t♦r♥♦ ❞♦ ♣✐t❝❤ é r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

y(t) = lnF0(t)− lnFmin = yf (t) + ya(t)

♦♥❞❡ Fmin é ♦ ✈❛❧♦r ♠í♥✐♠♦ ❞❡ F0 ❞♦ ❢❛❧❛♥t❡❀ Nf ❡ Na sã♦ ♦s ♥ú♠❡r♦s ❞❡ ❡✈❡♥t♦s ❞❡ ❢r❛s❡ ❡ ❛❝❡♥t♦✱

r❡s♣❡❝t✐✈❛♠❡♥t❡❀ Af,k ❡ tp,k sã♦ ❛ ♠❛❣♥✐t✉❞❡ ❡ ♦ t❡♠♣♦ ❞❡ ✐♥í❝✐♦ ❞♦ k✲és✐♠♦ ❡✈❡♥t♦ ❞❡ ❢r❛s❡❀ Aa,k✱

t′a,k ❡ t′′a,k sã♦ ❛ ♠❛❣♥✐t✉❞❡✱ ♦ ✐♥í❝✐♦ ❡ ♦ ✜♠ ❞♦ k✲és✐♠♦ ❡✈❡♥t♦ ❞❡ ❛❝❡♥t♦✱ ❡ yf (t) é ❞❡✜♥✐❞♦ ❝♦♠♦

yf (t) =

Nf
∑

k=1

Af,khf (t− tf,k),

❛ss✐♠ ❝♦♠♦ ♣❛r❛ yf (t) t❡♠♦s q✉❡

yf (t) =

Na
∑

k=1

Aa,k[ha(t− t
′
a,k)− ha(t− t

′′
a,k)].

❖ ♠ét♦❞♦ ❞❡ ❋✉❥✐s❛❦✐ é ♠✉✐t♦ ♣❛rt✐❝✉❧❛r ♣❛r❛ ❝❛❞❛ ❧í♥❣✉❛✳ ❙❡♥❞♦ ❛ss✐♠✱ é ♣♦ssí✈❡❧ ❡❧❛❜♦r❛r

♠ét♦❞♦s ♣❛r❛ ❡st✐♠❛t✐✈❛ ❞♦s ♣❛râ♠❡tr♦s ❞❡st❡ ♠♦❞❡❧♦ ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ♣❛r❛ ❝❛❞❛ ✐❞✐♦♠❛ ❬✻✸❀ ✼✽❀

✶✼✵❪✳

➱ ❜❡♠ ✈❡r❞❛❞❡ q✉❡ ♦ ❝♦♥t❡ú❞♦ ❤❛r♠ô♥✐❝♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❞❛ ❢♦♥t❡ ✭♣✉❧s♦ ❣❧♦t❛❧✮ ♥ã♦ ✈❛r✐❛

♠✉✐t♦ ❡♥tr❡ ♣❡ss♦❛s ❞❡ ✉♠ ♠❡s♠♦ ❣ê♥❡r♦✳ ❚❛❧ ♣r❡♠✐ss❛ ♣♦❞❡ s❡r ❛❝❡✐t❛ ♠❡❞✐❛♥t❡ ❛ ♦❜s❡r✈❛çã♦ ❞❡

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

◆♦ ❡♥t❛♥t♦✱ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❡♥❡r❣✐❛ ♥❛s ❝♦♠♣♦♥❡♥t❡s ❞❛ sér✐❡ ❤❛r♠ô♥✐❝❛ ❡♠ r❡❧❛çã♦ à ❢r❡q✉ê♥❝✐❛

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

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

✷✳✸✳✷ ❚r❛♥s❢♦r♠❛çã♦ ❞❛ Pr♦só❞✐❛

❉❡♥tr❡ ❛s té❝♥✐❝❛s ❡①✐st❡♥t❡s ♣❛r❛ ❝♦♥✈❡rsã♦ ❞❡ ♣r♦só❞✐❛✱ ❡st❡ tr❛❜❛❧❤♦ ❞❡st❛❝❛ ❞✉❛s ❞❛s ♠❛✐s

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

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

té❝♥✐❝❛ ❛❜r❛♥❣❡ t♦❞♦s ♦s ♠ét♦❞♦s ❞❛ ❢❛♠í❧✐❛ ✏P❙❖▲❆✑✱ ❛ q✉❛❧ s❡rá ❛❜♦r❞❛❞❛ ♥❛ s❡q✉ê♥❝✐❛✳

❚r❛♥s❢♦r♠❛çã♦ ▲✐♥❡❛r

❉❡ ✉♠ ♠♦❞♦ ❣❡r❛❧✱ ❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s x =

[x1, x2, . . . , xN ] ❝♦♠ ♠é❞✐❛ µx ❡ ✈❛r✐â♥❝✐❛ σ2x ♣❛r❛ ✉♠ ❝♦♥❥✉♥t♦ ♦❜❥❡t✐✈♦ y = [y1, y2, . . . , yM ] ❝♦♠

♠é❞✐❛ µy ❡ ✈❛r✐â♥❝✐❛ σ2y é r❡❛❧✐③❛❞❛ ❛ ♣❛rt✐r ❞♦ ❛❥✉st❡ ❧✐♥❡❛r

x̂n = µy
σy
σx

(xn − µx), n = [1, N ]. ✭✷✳✶✸✮



✷✳✸ ❚ÓP■❈❖❙ ❊▼ ❈❖◆❱❊❘❙➹❖ ❉❊ P❘❖❙Ó❉■❆ ✺✶

❆ tr❛♥s❢♦r♠❛çã♦ ❞❛ ❡♥❡r❣✐❛ ❞❡ ✉♠ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ♣❛r❛ ✉♠ ❞❡st✐♥♦ é r❡❛❧✐③❛❞❛ t♦♠❛♥❞♦✲s❡ ♦

❧♦❣ ❞♦ ❝♦♥t♦r♥♦ ❞❡ ❡♥❡r❣✐❛✱ ♣♦r ❝❛✉s❛ ❞❛ ♣❡r❝❡♣çã♦ ❛✉❞✐t✐✈❛ ❤✉♠❛♥❛ ✭✈❡r ❙❡çã♦ ✷✳✶✮✳ ◆❡st❡ ❝❛s♦✱

❛ ♠é❞✐❛ ❡ ❛s ✈❛r✐â♥❝✐❛s t❛♠❜é♠ sã♦ ❡①tr❛í❞❛s ❞❡st❡ ❝♦♥❥✉♥t♦ ❞❡ ✈❛❧♦r❡s ❧♦❣❛rít♠✐❝♦s ❡st✐♠❛❞♦s

❞✉r❛♥t❡ ❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✳ ◆♦ ❝❛s♦ ❞❛ tr❛♥s❢♦r♠❛çã♦ ❞♦ ♣✐t❝❤ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ ❬✽✷❪ é ❝♦♠✉♠

❛❥✉st❛r ♦ ❝♦♥t♦r♥♦ ❞❡ ♣✐t❝❤ ✉s❛♥❞♦ ❛s ❢r❡q✉ê♥❝✐❛s ❢✉♥❞❛♠❡♥t❛✐s r❡✲❛♠♦str❛❞❛s ♥❛ ❡s❝❛❧❛ ▼❊▲✳

❚❛✐s tr❛♥s❢♦r♠❛çõ❡s t❛♠❜é♠ sã♦ ❛♣❧✐❝á✈❡✐s s♦❜r❡ ♦s ♣❛râ♠❡tr♦s ❞❡ r❡♣r❡s❡♥t❛çõ❡s s❡♥♦✐❞❛✐s

✭❙▼✮ ♦✉ ❤❛r♠ô♥✐❝♦✲❡st♦❝ást✐❝❛s ✭❍❙▼✮✳ ◆♦ ❡♥t❛♥t♦✱ é ♠❛✐s ❝♦♠✉♠ r❡♣r❡s❡♥t❛r ♦ s✐♥❛❧ ❞❡ ❡①❝✐t❛çã♦

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

s✐♥❛❧ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✳ ❉❡st❡ ♠♦❞♦✱ é ❝♦♠✉♠ s❡ ✉t✐❧✐③❛r té❝♥✐❝❛s ❞❡ ♠❛♥✐♣✉❧❛çã♦ ❞❡ ❞✉r❛çã♦

❡ ❢r❡q✉ê♥❝✐❛ ❞♦ s✐♥❛❧✱ ❝✉❥❛ s❡❣♠❡♥t❛çã♦ é ♣✐t❝❤✲s✐♥❝r♦♥✐③❛❞❛ ✳ ❚❛✐s té❝♥✐❝❛s✱ ♠✉✐t♦ ♣♦♣✉❧❛r❡s ❡♠

♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛✐s✱ sã♦ ❝♦♥❤❡❝✐❞❛s ❝♦♠♦ P❙❖▲❆✱ ❡♠ s✉❛s ✈❡rsõ❡s ♣❛r❛ ♦ ❞♦♠í♥✐♦ t❡♠♣♦r❛❧

✭❚✐♠❡ ❉♦♠❛✐♥ P✐t❝❤ ❙②♥❝❤r♦♥♦✉s ❖✈❡r❧❛♣✲❆❞❞ ✭❚❉✲P❙❖▲❆✮✮ ❡ ❡s♣❡❝tr❛❧ ✭❋r❡q✉❡♥❝② ❉♦♠❛✐♥ P✐t❝❤

❙②♥❝❤r♦♥♦✉s ❖✈❡r❧❛♣✲❆❞❞ ✭❋❉✲P❙❖▲❆✮ ❬✶✻✺❪✮✳

P❙❖▲❆

❊st❡ é ✉♠ ♠ét♦❞♦ s✐♠♣❧❡s ♣❛r❛ ♠♦❞✐✜❝❛çõ❡s ❞❡ ♣✐t❝❤ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♥ú♥❝✐❛ ❡♠ ❞❡t❡r♠✐♥❛❞♦s

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

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

❣❡r❛❧ é ♦❜t❡r s❡❣♠❡♥t♦s s♦❜r❡♣♦st♦s s✐♥❝r♦♥✐③❛❞♦s ❝♦♠ ♦ ♣✐t❝❤ ❡ ❝♦♥❝❛t❡♥á✲❧♦s ❛♣r♦♣r✐❛❞❛♠❡♥t❡✱ ❞❡

❛❝♦r❞♦ ❝♦♠ ❛ ♠♦❞✐✜❝❛çã♦ ❞❡s❡❥❛❞❛✳

❖ ♣r♦❝❡ss♦ ❣❡r❛❧ ♣♦❞❡ s❡r ❞❡s❝r✐t♦ ❝♦♠♦✿

✶✳ ❖s ✐♥st❛♥t❡s ❞❡ ✐♥í❝✐♦ ❡ ✜♠ ❞❡ ❝❛❞❛ ♣❡rí♦❞♦ ❞❡ ♦s❝✐❧❛çã♦ ♥❛s r❡❣✐õ❡s ✈♦③❡❛❞❛s sã♦ ❞❡t❡r♠✐♥❛❞♦s

♣♦r ✉♠ ❛❧❣♦r✐t♠♦ ♠❛r❝❛❞♦r ❞❡ ♣✐t❝❤ ❬✼✹❪✳ ▼ét♦❞♦s ❞❡ ❞❡t❡❝çã♦ ❞❡ ♣✐t❝❤ ♥ã♦ sã♦ ❛♣r♦♣r✐❛❞♦s

♣❛r❛ ❡st❛ t❛r❡❢❛✱ ✉♠❛ ✈❡③ q✉❡ sã♦ ♥❡❝❡ssár✐♦s ♦s ✐♥st❛♥t❡s ❡①❛t♦s ❞❡ ✐♥í❝✐♦ ❡ ✜♠ ❞♦ ♣❡rí♦❞♦

❞❡ ♦s❝✐❧❛çã♦✳ ❙♦♥s ♥ã♦✲✈♦③❡❛❞♦s ♥ã♦ sã♦ ♠♦❞✐✜❝❛❞♦s ♣♦r ❡st❡ ♠ét♦❞♦✳

✷✳ ❙❡❣♠❡♥t♦s ❞❡ ✈♦③ ♣✐t❝❤✲s✐♥❝r♦♥✐③❛❞♦s sã♦ ❡①tr❛í❞♦s ❞❡ ♠♦❞♦ ❛ ❝♦❜r✐r ✷ ❛ ✺ ♣❡rí♦❞♦s ❞♦ s✐♥❛❧

♣♦r s❡❣♠❡♥t♦ ❛ ♣❛rt✐r ❞❡ ✉♠ ❥❛♥❡❧❛♠❡♥t♦ ✭♣♦r ❡①❡♠♣❧♦✱ ✉s❛♥❞♦ ❛ ❥❛♥❡❧❛ tr✐❛♥❣✉❧❛r✮✳

✸✳ ❆s ♠♦❞✐✜❝❛çõ❡s ❞❡ ♣✐t❝❤ ❡ ❡s❝❛❧❛ sã♦ r❡❛❧✐③❛❞❛s ❡ ♣♦st❡r✐♦r♠❡♥t❡ ❛ s❛í❞❛ é r❡❝♦♥str✉í❞❛ ✉s❛♥❞♦

sí♥t❡s❡ ♣♦r s♦❜r❡♣♦s✐çã♦ ❡ ❛❞✐çã♦ ♣♦r ❥❛♥❡❧❛♠❡♥t♦ ✭❖✈❡r❧❛♣✲❆❞❞ ✕ ❖▲❆✮✳

❆s ♠♦❞✐✜❝❛çõ❡s ❞❡ ❡s❝❛❧❛ ❡stã♦ ❞✐r❡t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞❛s às ♠♦❞✐✜❝❛çõ❡s ♥♦ r✐t♠♦ ❞❡ ❛rt✐❝✉✲

❧❛çã♦ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③✳ ❙❛❜❡✲s❡ q✉❡ ❞✐❧❛t❛r ✉♠ s✐♥❛❧ ❞❡ ✈♦③ ♥♦ t❡♠♣♦ r❡s✉❧t❛ ❡♠ r❡❞✉③✐r ❛

❢r❡q✉ê♥❝✐❛✱ ❛♦ ♣❛ss♦ q✉❡ ✉♠❛ ❝♦♠♣r❡ssã♦ t❡♠♣♦r❛❧ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ❛✉♠❡♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛✳ ❖

♦❜❥❡t✐✈♦ ❞❡st❡ ♠ét♦❞♦ é ♦❜t❡r ✉♠❛ s❛í❞❛ ❡s❝❛❧❛❞❛ ♥♦ ❡✐①♦ ❞♦ t❡♠♣♦✱ s❡♠ ❛❢❡t❛r ♦ t✐♠❜r❡ ♦✉ ♦ ♣✐t❝❤

❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧✳ ❖ ❛❧❣♦r✐t♠♦ ❚❉✲P❙❖▲❆ ♠♦❞✐✜❝❛ ♦ ❝♦♥t❡ú❞♦ t❡♠♣♦r❛❧ ❛ ♣❛rt✐r ❞❛ r❡♣❡t✐çã♦ ♦✉

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

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

t❡♠♣♦ ✭✈❡r ❋✐❣✉r❛ ✷✳✷✵✮✳ ◆♦t❡ q✉❡ ❛ ♠❛♥✐♣✉❧❛çã♦ ❞❡ ✉♠ ♥ú♠❡r♦ ✐♥t❡✐r♦ ❞❡ s❡❣♠❡♥t♦s ♥ã♦ ♠♦❞✐✜❝❛

s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♥❡♠ ♦ ❝♦♥t❡ú❞♦ ❡s♣❡❝tr❛❧ ♥❡♠ ♦ ♣✐t❝❤ ❞♦ s✐♥❛❧ ❞❡ s❛í❞❛✳

❆s ♠♦❞✐✜❝❛çõ❡s ❞❡ ♣✐t❝❤ ✈✐s❛♠ ♠❛♥✐♣✉❧❛r ♦ ❝♦♥t❡ú❞♦ ❡s♣❡❝tr❛❧ ❞♦s s❡❣♠❡♥t♦s s❡♠ ❛❧t❡r❛r s✉❛s

❝❛r❛❝t❡ríst✐❝❛s t❡♠♣♦r❛✐s✳ ❆❧é♠ ❞✐ss♦✱ t❛✐s ♠♦❞✐✜❝❛çõ❡s ❡s♣❡❝tr❛✐s ♥ã♦ ❞❡✈❡♠ ❞❡❣r❛❞❛r ♦ ❡♥✈❡❧♦♣❡

❡s♣❡❝tr❛❧ ❞♦ s✐♥❛❧✱ ❛♣❡♥❛s ♠♦❞✐✜❝❛r ❛s ❧♦❝❛❧✐③❛çõ❡s ❞♦s ♣✐❝♦s ❤❛r♠ô♥✐❝♦s r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ♦ ♣✐t❝❤✳



✺✷ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✹

❋✐❣✉r❛ ✷✳✷✵✿ ❉✐❧❛t❛çã♦ ✭❡sq✉❡r❞❛✮ ❡ ❝♦♠♣r❡ssã♦ ✭❞✐r❡✐t❛✮ ♥❛ ❡s❝❛❧❛ t❡♠♣♦r❛❧ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③✳

◆❡st❡ ❝❛s♦✱ ♦ ❛❧❣♦r✐t♠♦ ❚❉✲P❙❖▲❆ ♠♦❞✐✜❝❛ ❛ ♣♦rçã♦ ❞❡ s❡❣♠❡♥t♦s s♦❜r❡♣♦st♦s ❡ s✐♥❝r♦♥✐③❛❞♦s

♣❡❧♦ ♣✐t❝❤ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✷✶✳ ❆ ❡❧❡✈❛çã♦ ❞♦ ♣✐t❝❤ ✐♠♣❧✐❝❛ ❡♠ ✉♠❛ ❛♣r♦①✐♠❛çã♦

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

❞❡st❡s s❡❣♠❡♥t♦s ♥♦ t❡♠♣♦✳ ❊✈✐❞❡♥t❡♠❡♥t❡✱ ❛ ♠♦❞✐✜❝❛çã♦ ❞♦ ♣✐t❝❤ ♦❝❛s✐♦♥❛ ✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥❛

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

s❡❣♠❡♥t♦s✳

❋✐❣✉r❛ ✷✳✷✶✿ ❉✐♠✐♥✉✐çã♦ ✭❡sq✉❡r❞❛✮ ❡ ❡❧❡✈❛çã♦ ✭❞✐r❡✐t❛✮ ❞♦ ♣✐t❝❤ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③✳

❙í♥t❡s❡ ♣♦r ❖✈❡r❧❛♣✲❆❞❞✿ ❘❡❝♦♥stró✐ ♦ s✐♥❛❧ ❞❡ s❛í❞❛ ❛ ♣❛rt✐r ❞❛ s♦♠❛ ❞❡ s❡❣♠❡♥t♦s ❥❛♥❡❧❛❞♦s

✭♣♦r ❥❛♥❡❧❛ tr✐❛♥❣✉❧❛r ♦✉ ❍❛♠♠✐♥❣✮ s♦❜r❡♣♦st♦s✱ ❛ ✜♠ ❞❡ ♣r❡✈❡♥✐r ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s ♥♦ s✐♥❛❧✳ ❆❧❣✉♥s

❝✉✐❞❛❞♦s ❞❡✈❡♠ s❡r t♦♠❛❞♦s ❛ ✜♠ ❞❡ ❡✈✐t❛r ♣r♦❜❧❡♠❛s ♥❛ sí♥t❡s❡✱ t❛✐s ❝♦♠♦✿

• ❆❞❛♣t❛çã♦ ❞❛ ❡s❝❛❧❛ ♥♦ ❡✐①♦ ❞♦ t❡♠♣♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ❞❡✈✐❞♦ à ♠♦❞✐✜❝❛çã♦ ❞♦ ♣✐t❝❤✱

• ❆s ❢❛s❡s ❞❡ s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s ❞❡✈❡♠ s❡r ❝♦♠♣❛tí✈❡✐s ♥♦ ♠♦♠❡♥t♦ ❞❛ ❝♦♥❝❛t❡♥❛çã♦✱

• ◆❛ ❞✐❧❛t❛çã♦ t❡♠♣♦r❛❧✱ ❛ r❡♣❡t✐çã♦ ❞❡ s❡❣♠❡♥t♦s ♣♦❞❡ ✐♥tr♦❞✉③✐r ❡❢❡✐t♦s ♥ã♦✲❤✉♠❛♥✐③❛❞♦s

❛♦s s✐♥❛✐s ❞❡ ✈♦③✳ ❊st❡ ❡❢❡✐t♦ ♣♦❞❡ s❡r ❝♦♠♣❡♥s❛❞♦ ❡♠❜❛r❛❧❤❛♥❞♦✲s❡ s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s✱

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

◆♦ ❝❛s♦ ❞♦ ❛❧❣♦r✐t♠♦ ❋❉✲P❙❖▲❆✱ ♦ ♠❡s♠♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞♦ ❚❉✲P❙❖▲❆ é ❛♣❧✐❝❛❞♦ s♦❜r❡ ♦

❡s♣❡❝tr♦ ❞❛ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ ❡♠ ❝❛❞❛ s❡❣♠❡♥t♦✳ ❉✐❢❡r❡♥t❡♠❡♥t❡ ❞♦ ❚❉✲P❙❖▲❆✱ ❡st❡ ♠ét♦❞♦

só ♣♦❞❡ s❡r ❛♣❧✐❝❛❞♦ s♦❜r❡ ♦ ❡s♣❡❝tr♦ ❞❛ ❢♦♥t❡✱ ✉♠❛ ✈❡③ q✉❡ ♥ã♦ é ❞❡s❡❥á✈❡❧ ❞❡❣r❛❞❛r ♦ ❡♥✈❡❧♦♣❡

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

❝♦♠ ♣r♦✈á✈❡✐s r❡♣❡t✐çõ❡s ❞❡ ♣✐❝♦s ❤❛r♠ô♥✐❝♦s ✐♥tr♦❞✉③✐❞❛s ♥❛s ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ❞♦ ❡s♣❡❝tr♦✳

❖ ❝✉✐❞❛❞♦ ❜ás✐❝♦ q✉❡ ❞❡✈❡ s❡r t♦♠❛❞♦ é ❛ q✉❡ ♦ s✐♥❛❧ r❡s✉❧t❛♥t❡ s❡❥❛ r❡❛❧✳ ◆❡st❡ ❝❛s♦✱ ❞❡✈❡✲s❡

❣❛r❛♥t✐r q✉❡ ♦ ❡s♣❡❝tr♦ s❡❥❛ s✐♠étr✐❝♦ ❡♠ ♠❛❣♥✐t✉❞❡ ❡ ❛♥t✐✲s✐♠étr✐❝♦ ❡♠ ❢❛s❡✳ ➱ ❝♦♠✉♠ tr❛t❛r ❡st❡

♣r♦❜❧❡♠❛ r❡❛❧✐③❛♥❞♦ tr❛♥s❢♦r♠❛çõ❡s ❡♠ ♠❡✐♦ ❡s♣❡❝tr♦✱ ❡ ❛♦ ✜♥❛❧✱ r❡✢❡t✐r ♦ r❡s✉❧t❛❞♦ ❡♠ r❡❧❛çã♦ à

♦r✐❣❡♠ ❡ ❝♦♥❥✉❣❛r ❛ ♣❛rt❡ r❡✢❡t✐❞❛✳



✷✳✹ ❚➱❈◆■❈❆❙ ❉❊ ❚❘❆◆❙❋❖❘▼❆➬➹❖ ❊❙P❊❈❚❘❆▲ ✺✸

✷✳✹ ❚é❝♥✐❝❛s ❞❡ ❚r❛♥s❢♦r♠❛çã♦ ❊s♣❡❝tr❛❧

❆ tr❛♥s❢♦r♠❛çã♦ é r❡❛❧✐③❛❞❛ ❡♠ q✉❛tr♦ ❡stá❣✐♦s✿ ✭✶✮ ❝❧✉st❡r✐③❛çã♦ ❞♦s ❞❛❞♦s ❡♠ ❝❧❛ss❡s ❛❝úst✐❝❛s✱

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

❛♣r♦①✐♠❛ ❞♦s ♣❛râ♠❡tr♦s r❡s♣❡❝t✐✈♦s ♥♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ ❡ ✭✹✮ ❝♦♥✈❡rsã♦ ❞♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s

❞❛ ❡♥tr❛❞❛✱ ❞❡ ♠♦❞♦ q✉❡ ♦s ♠❡s♠♦s ♣❡rt❡♥ç❛♠ à s✉❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❝❧❛ss❡ ❛❝úst✐❝❛ ♥♦ ❝♦r♣✉s

❞❡st✐♥♦ ❛♣ós ❛ ❝♦♥✈❡rsã♦✳

❆ ❋✐❣✉r❛ ✷✳✷✷ ♠♦str❛ ✉♠ ❞✐❛❣r❛♠❛ q✉❡ ✐❧✉str❛ ❡st❡ ♣r♦❝❡ss♦✳ Pr✐♠❡✐r❛♠❡♥t❡✱ ♦ s✐st❡♠❛ r❡❝❡❜❡

✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ❛❝úst✐❝♦s X ❡ Y q✉❡ r❡♣r❡s❡♥t❛♠ ♦s ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ❞♦s ❢❛❧❛♥t❡s

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

s❡❣♠❡♥t♦ ❞♦ s✐♥❛❧✱ sã♦ ❡♥tã♦ ♦r❣❛♥✐③❛❞♦s ❡♠ ❝❧❛ss❡s ❛❝úst✐❝❛s ❞❡ ❝❛❞❛ ❢❛❧❛♥t❡ ✭♦r✐❣❡♠ O ❡ ❞❡st✐♥♦

D✮✳ ❊♥tã♦✱ ❛♠❜♦s ♦s ❝♦♥❥✉♥t♦s ❞❡ ❝❧❛ss❡s sã♦ s✉❜♠❡t✐❞♦s ❛ ✉♠ ❡stá❣✐♦ ❞❡ ♠❛♣❡❛♠❡♥t♦✱ ♥♦ q✉❛❧

s❡ ❛❧✐♥❤❛♠ ❛s ❝❧❛ss❡s ❞❡ ❛♠❜♦s ♦s ❢❛❧❛♥t❡s ❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠ ❝r✐tér✐♦ ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ❡s♣❡❝í✜❝♦✳

❊♠ s❡❣✉✐❞❛✱ ♦ ♣r♦❝❡ss♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ s❡❧❡❝✐♦♥❛ ❛ ❝❧❛ss❡ ❛rt✐✜❝✐❛❧ Oi ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ♥❛ q✉❛❧

s é ♣❡rt✐♥❡♥t❡✱ ✉s❛♥❞♦ ❞❡ ❡str✉t✉r❛s ❞❡ ❞❡❝✐sã♦✱ ❢✉♥çõ❡s ❞❡ ❝✉st♦ ♠í♥✐♠♦ ♦✉ ❝❤❛✈❡s ❞❡ s❡❧❡çã♦✳

❉❛❞❛ ❛ ❝❧❛ss❡ Oi✱ ❛ ❢✉♥çã♦ ❞❡ ❛♣r♦①✐♠❛çã♦ Ti ❛ss♦❝✐❛❞❛ é ❞❡✈♦❧✈✐❞❛✳ ❋✐♥❛❧♠❡♥t❡✱ ❛ ♣❛rt✐r ❞❡st❛

❢✉♥çã♦ ❞❡ ❛♣r♦①✐♠❛çã♦ ♦ s✐st❡♠❛ r❡❛❧✐③❛ ❛ ❝♦♥✈❡rsã♦ ❞♦ r❡s♣❡❝t✐✈♦ ✈❡t♦r ❛❝úst✐❝♦ ♣♦r ♠❡✐♦ ❞❡

❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❞❡ ♠❛♣❡❛♠❡♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡s♣❡❝tr❛✐s✱ ❞❡ ❛♣r♦①✐♠❛❞♦r❡s ❞❡ ❢✉♥çõ❡s

✉♥✐✈❡rs❛✐s✱ ❞❡ ✉t✐❧✐③❛çã♦ ❞❡ ❜❛♥❝♦s ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ✐♥❞❡①❛❞♦s✱ ❞❡ ❢✉♥çõ❡s ❞❡ ❡♠♣❡♥❛♠❡♥t♦

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

❞❡ ❝❧❛ss❡s ❛rt✐✜❝✐❛✐s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ❡ ❞❡st✐♥♦✳ ❋✐♥❛❧♠❡♥t❡✱ ❛♣ós ♦ ♣r♦❝❡ss♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ♦

s✐st❡♠❛ ❞❡✈♦❧✈❡ ♦ ✈❡t♦r ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s Ti(x) = y′ q✉❡ r❡♣r❡s❡♥t❛ ♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❞♦

s✐♥❛❧ ❝♦♥✈❡rt✐❞♦✳

❋✐❣✉r❛ ✷✳✷✷✿ ❆s ❞✉❛s ❢❛s❡s ❞♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✳

◆❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ❝❛❞❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ Ti é ❞❡t❡r♠✐♥❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ❛❧✐♥❤❛✲

♠❡♥t♦ ❡♥tr❡ ❛s ❝❧❛ss❡s ❛❝úst✐❝❛s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ Oi ❡ ❞❡st✐♥♦ Di✳ ❊♥tã♦✱ ♣❛r❛ ❝❛❞❛ ❞✉♣❧❛ (Oi, Di)✱

é ♣♦ssí✈❡❧ ❡st✐♠❛r ❛ tr❛♥s❢♦r♠❛çã♦ Ti q✉❡ ♠❡❧❤♦r ❛♣r♦①✐♠❛ x ∈ Oi ❛ ✉♠ ✈❡t♦r y′ ∈ Di✳ P❛r❛ r❡❛❧✐③❛r

t❛❧ ❛❧✐♥❤❛♠❡♥t♦✱ ❞✉❛s té❝♥✐❝❛s sã♦ ❛t✉❛❧♠❡♥t❡ ❜❛st❛♥t❡ ❡①♣❧♦r❛❞❛s✿

✶✳ ❆❧✐♥❤❛♠❡♥t♦ ❝❧❛ss❡ ❛ ❝❧❛ss❡✿ ➱ ✐♥t✉✐t✐✈♦ ♣❡♥s❛r ♥♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s ❛♣ós ❛

❢❛s❡ ❞❡ ❝❧✉st❡r✐③❛çã♦✳ ❊♥tr❡t❛♥t♦✱ ❛❧❣✉♥s ❝✉✐❞❛❞♦s ❞❡✈❡♠ s❡r t♦♠❛❞♦s ❛ ✜♠ ❞❡ ❣❛r❛♥t✐r ❛ ❝♦♥✲

s✐stê♥❝✐❛ ❞♦ ❛❧✐♥❤❛♠❡♥t♦✿ ❣❛r❛♥t✐❛ ❞❡ ✉♠❛ ❝❧✉st❡r✐③❛çã♦ ❡stá✈❡❧✱ ♦✉ s❡❥❛✱ ♣❛r❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡

❛♠♦str❛s✱ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ ❞❡✈❡ ❞❡✈♦❧✈❡r ♦ ♠❡s♠♦ ❝♦♥❥✉♥t♦ ❞❡ ❝❧❛ss❡s❀ ❣❛r❛♥t✐❛ ❞❡



✺✹ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✹

❡q✉✐✈❛❧ê♥❝✐❛ ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s ❡♥tr❡ ❝♦r♣✉s ❞❡ ❢❛❧❛♥t❡s ❞✐st✐♥t♦s❀ ❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❢♦♥ét✐❝❛

❡♥tr❡ ❛s ❝❧❛ss❡s ❛❧✐♥❤❛❞❛s✳ ❉❛❞♦s ♦s ❢❛t♦r❡s ❧✐st❛❞♦s✱ ❡ ♠❡❞✐❛♥t❡ ❛ ❞✐✜❝✉❧❞❛❞❡ ❡♠ s♦❧✉❝✐♦♥á✲❧♦s✱

❡st❛ ♥ã♦ é ❛ ♠❛✐s ❡①♣❧♦r❛❞❛ ❞❛s ❞✉❛s té❝♥✐❝❛s✳

✷✳ ❆❧✐♥❤❛♠❡♥t♦ s❡❣♠❡♥t♦ ❛ s❡❣♠❡♥t♦✿ ❆ ♠❛✐♦r✐❛ ❞♦s tr❛❜❛❧❤♦s ❬✹✾❀ ✷✹✸❪ ❛❞♦t❛ ❡st❛ té❝♥✐❝❛ ♣♦r

s❡r ♠❛✐s s✐♠♣❧❡s ❡ ♠❡♥♦s s❡♥sí✈❡❧ ❛♦ ❡rr♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦✳ ◆♦t❡ q✉❡ ✉♠ ❡rr♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❞❡

❝❧❛ss❡s ❛♣r❡s❡♥t❛ r❡s✉❧t❛❞♦s ♠❛✐s ❝❛t❛stró✜❝♦s ❞♦ q✉❡ ❡rr♦s ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❡♥tr❡ s❡❣♠❡♥t♦s

✐s♦❧❛❞♦s✳ ❆♣ós ♦ ❛❧✐♥❤❛♠❡♥t♦ ❞♦s s❡❣♠❡♥t♦s✱ ❛s ❛♠♦str❛s sã♦ ❛❣r✉♣❛❞❛s ❡♠ ♣❛r❡s✱ ♦✉ s❡❥❛✱

❝♦♠♣õ❡♠ ✉♠ ✈❡t♦r ❛rt✐✜❝✐❛❧ ❞❡ ❞❛❞♦s ❛❝úst✐❝♦s x = [s1, s2, . . . , sL, t1, t2, . . . , tL]✱ ❞❡ t❛❧ ❢♦r♠❛

q✉❡ s ❡ t sã♦ ❛s ❛♠♦str❛s ❛❝úst✐❝❛s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ❡ ❞❡st✐♥♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖ ❛❧✐♥❤❛♠❡♥t♦

é ❡✈✐❞❡♥t❡✱ ❥á q✉❡ ❛ ❝❧✉st❡r✐③❛çã♦ ❡♠ ❝❧❛ss❡s ❛❝úst✐❝❛s é ❢❡✐t❛ ❞❡ ♠♦❞♦ ♣❛r❛❧❡❧♦✳ ◆ã♦ ♦❜st❛♥t❡✱

t❛♥t♦ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❞♦ ❛❧✐♥❤❛♠❡♥t♦ q✉❛♥t♦ ♦ ♥ú♠❡r♦ ❞❡ ❝❧❛ss❡s ♥❡❝❡ssár✐❛s

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

P❛r❛ ♠✉✐t❛s ❞❡st❛s t❛r❡❢❛s ❡①✐st❡♠ té❝♥✐❝❛s ❜❡♠ ❝♦♥❤❡❝✐❞❛s ♥❛ ❧✐t❡r❛t✉r❛✱ t❛♥t♦ ♣❛r❛ ♦s ❡stá❣✐♦s

❞❡ ❝❧✉st❡r✐③❛çã♦✱ ❛❧✐♥❤❛♠❡♥t♦ ❡ s❡❧❡çã♦ ❞❡ ❝❧❛ss❡s q✉❛♥t♦ ♣❛r❛ ❛ ❢❛s❡ ❞❡ ❛♣r♦①✐♠❛çã♦ ❞❡ ♣❛râ♠❡tr♦s

❛❝úst✐❝♦s✳ ❉❡st❡ ♠♦❞♦✱ é ❝♦♥✈❡♥✐❡♥t❡ ❝❛t❡❣♦r✐③❛r ❛s té❝♥✐❝❛s ♣❛r❛ ❝♦♥✈❡rsã♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❞♦

✜❧tr♦ ❡♠ ❞✉❛s ❝❛t❡❣♦r✐❛s✿ ❛s té❝♥✐❝❛s ❞❡ ❝❧❛ss✐✜❝❛çã♦✱ q✉❡ ❡♥✈♦❧✈❡♠ t❛r❡❢❛s r❡❧❛❝✐♦♥❛❞❛s às ❝❧❛ss❡s✱

✐st♦ é✱ ❝❧✉st❡r✐③❛çã♦✱ ♠❛♣❡❛♠❡♥t♦ ❡♥tr❡ ❝❧❛ss❡s ❡ s❡❧❡çã♦ ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s ❞❛❞♦ ✉♠ ✈❡t♦r ❞❡

❝❛r❛❝t❡ríst✐❝❛s❀ ❡ ❛s té❝♥✐❝❛s ❞❡ ❛♣r♦①✐♠❛çã♦✱ q✉❡ sã♦ ❡s♣❡❝✐❛❧✐③❛❞❛s ♣r♦♣r✐❛♠❡♥t❡ ❡♠ ❝♦♥✈❡rt❡r

✈❡t♦r❡s ❛❝úst✐❝♦s✳

✷✳✹✳✶ ❚é❝♥✐❝❛s ❞❡ ❈❧❛ss✐✜❝❛çã♦

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

s✐✜❝❛çã♦✱ ❞❡♥tr❡ ❛s ❝✐t❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡ ♥❛ ✐♥tr♦❞✉çã♦ ❞❡st❡ tr❛❜❛❧❤♦ ✭❙❡çã♦ ✶✳✸✳✷✮✳ ❯♠ ❜♦♠

♠ét♦❞♦ ❝❧❛ss✐✜❝❛❞♦r ❞❡✈❡ s❡r ❝❛♣❛③ ❞❡ t♦♠❛r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ❛❝úst✐❝♦s ❡ s✐st❡♠❛t✐❝❛♠❡♥t❡

♦r❣❛♥✐③á✲❧♦s ❡♠ ❝❧❛ss❡s ❛❝úst✐❝❛s ❞❡ ♠♦❞♦ q✉❡ ♦s ❞❛❞♦s ❡st❡❥❛♠ ❛❣❧✉t✐♥❛❞♦s ❡♠ t♦r♥♦ ❞❡ ✉♠

❡❧❡♠❡♥t♦ ❝❡♥tr❛❧✳ ❆❧é♠ ❞✐ss♦✱ s❡ ❡s♣❡r❛ q✉❡ ❡st❡s ❡❧❡♠❡♥t♦s ❝❡♥tr❛✐s ❡st❡❥❛♠ tã♦ ❛❢❛st❛❞♦s q✉❛♥t♦

s❡❥❛ ♣♦ssí✈❡❧✳

❈❧✉st❡r✐③❛çã♦ ♣♦r ❉✐stâ♥❝✐❛s

❙❛❜❡✲s❡ q✉❡✱ ❡♠ tr❡✐♥❛♠❡♥t♦ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦✱ ❛s s❡♥t❡♥ç❛s✱ ❡♠ ❣❡r❛❧✱ sã♦ ❢r❛❣♠❡♥t❛✲

❞❛s ❡ ❛❣❧✉t✐♥❛❞❛s ❡♠ ❝❧❛ss❡s ❛❝úst✐❝❛s ♥✉♠ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳ ❆s té❝♥✐❝❛s ❞❡ ❛❣r✉♣❛♠❡♥t♦

✭❝❧✉st❡r✐♥❣✮ ❬✸✶✷❪ ❡①♣❧♦r❛♠ s❡♠❡❧❤❛♥ç❛s ❡♥tr❡ ♣❛❞rõ❡s ❡ ❛❣r✉♣❛♠ ♦s ♣❛❞rõ❡s ♣❛r❡❝✐❞♦s ❡♠ ❝❛t❡✲

❣♦r✐❛s ♦✉ ❣r✉♣♦s✳ ❙❡❣✉♥❞♦ ❏❛✐♥ ❬✶✵✵❪✱ ❛ ❝❧✉st❡r✐③❛çã♦ é ✉♠ ♠ét♦❞♦ q✉❡ ✉t✐❧✐③❛ ♦ ❛♣r❡♥❞✐③❛❞♦ ♥ã♦✲

s✉♣❡r✈✐s✐♦♥❛❞♦ ♦✉ ❛✉t♦✲♦r❣❛♥✐③á✈❡❧ q✉❡ ❜✉s❝❛ ❡①tr❛✐r ✐♥❢♦r♠❛çã♦ r❡❧❡✈❛♥t❡ ❞❡ ❞❛❞♦s ♥ã♦✲r♦t✉❧❛❞♦s✳

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

t❡rs ❛ss✐♠ ❝♦♠♦ ✉♠ ❝r✐tér✐♦ ❣❧♦❜❛❧ ❝♦♠♦ ❛ s♦♠❛ ❞♦ ❡rr♦ q✉❛❞rát✐❝♦✳ ❖s ❛❧❣♦r✐t♠♦s ❞❡ ❛❣r✉♣❛♠❡♥t♦

sã♦ ❝❧❛ss✐✜❝❛❞♦s ❝♦♠♦ ❤✐❡rárq✉✐❝♦s ♦✉ s❡q✉❡♥❝✐❛✐s ✭✐t❡r❛t✐✈♦s✮✳ ❉❡♥tr❡ ♦s ❛❧❣♦r✐t♠♦s ❞❡ ❝❧✉st❡r✐③❛çã♦

❡stã♦ ♦ ❑✲♠é❞✐❛s ❬✶✼✻❪ ❡ ❑✲❤✐st♦❣r❛♠❛s ❬✷✽✷❪✳ ❊♠ ❛♠❜♦s ♦s ❝❛s♦s✱ ♦r❣❛♥✐③❛✲s❡ ♦s ❞❛❞♦s ❛ ♣❛rt✐r ❞❡

❛❥✉st❡s ❡st❛tíst✐❝♦s✳

❊①✐st❡♠ ❛❧❣✉♥s ♣❛❞rõ❡s ❞❡ s❡❧❡çã♦ ❞❡ ❝❧✉st❡rs t❛✐s ❝♦♠♦ ❛ s❡❧❡çã♦ ❛ ♣❛rt✐r ❞❡ ✉♠ ♠ó❞✉❧♦ ❞❡ s❡❧❡✲

çã♦ ✭❯♥✐t ❙❡❧❡❝t✐♦♥✮ q✉❡ ❧❡✈❛ ❡♠ ❝♦♥t❛ ♦✉tr♦s ❛s♣❡❝t♦s ❡♥tr❡ s❡❣♠❡♥t♦s✳ ◆♦ ❯♥✐t ❙❡❧❡❝t✐♦♥ ❬✹✽❀ ✷✹✹❪✱

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



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

❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ❡ ❞❡st✐♥♦✱ ❡ ❛♦ ♠❡s♠♦ t❡♠♣♦ ♣r❡s❡r✈❛r ❛ ♠á①✐♠❛ ❝♦♥t✐♥✉✐❞❛❞❡✳

❊♠ ❣❡r❛❧✱ ❛ ✉♥✐❞❛❞❡ ❞❡ s❡❧❡çã♦ ♣♦♥❞❡r❛ ❞✉❛s ❢✉♥çõ❡s ❞❡ ❝✉st♦✿ ♦ ❝✉st♦ ♦❜❥❡t✐✈♦ Ct(um, tm) é ✉♠❛

❡st✐♠❛t✐✈❛ ❞❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛ ✉♥✐❞❛❞❡ ❛❜str❛t❛ um ❡ ✉♠ ❞❡st✐♥♦ tm✱ ❡ ♦ ❝✉st♦ ❞❡ ❝♦♥❝❛t❡♥❛çã♦

Cc(um−1, um) é ✉♠❛ ❡st✐♠❛t✐✈❛ ❞❛ q✉❛❧✐❞❛❞❡ ♥❛ ❥✉♥çã♦ ❡♥tr❡ ❞✉❛s ✉♥✐❞❛❞❡s ❝♦♥s❡❝✉t✐✈❛s um−1 ❡

um✳ ❈♦♠ ♦ t❡♠♣♦✱ ♦ ❯♥✐t ❙❡❧❡❝t✐♦♥ s❡ r❡str✐♥❣✐✉ ❛♦s s❡❣♠❡♥t♦s ♥❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ ♣❛ss❛♥❞♦ ❛

s❡r ✉♠❛ té❝♥✐❝❛ ❞❡♥♦♠✐♥❛❞❛ ❋r❛♠❡ ❙❡❧❡❝t✐♦♥ ❬✷✽✷❪✳ P❡♥s❛♥❞♦ ❡♠ s❡❣♠❡♥t♦s✱ é r❛③♦á✈❡❧ ❜❛❧❛♥❝❡❛r ♦

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

❞❡st✐♥♦✳ ❖ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦ ♣r♦♣♦st♦ ♣♦r ❡st❛ té❝♥✐❝❛ é ♠✐♥✐♠✐③❛r ❛ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡ ❡♥tr❡ s❡❣✲

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

❞❡ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡ ❡♥tr❡ s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s✱ ♠❛s t❛♠❜é♠ ❛ s✉❛✈✐③❛çã♦ ❡①❝❡ss✐✈❛ ❬✷✽✸❪✳

▼♦❞❡❧♦s ❖❝✉❧t♦s ❞❡ ▼❛r❦♦✈

❯♠❛ ❛❜♦r❞❛❣❡♠ ❡st❛tíst✐❝❛ ♠✉✐t♦ ❝♦♠✉♠ ♣❛r❛ ♦ ♠❛♣❡❛♠❡♥t♦ ❞❡ s❡❣♠❡♥t♦s é ❛ ✉t✐❧✐③❛çã♦ ❞❡

❝❛❞❡✐❛s ▼❛r❦♦✈✐❛♥❛s✳ ❆❧é♠ ❞♦s ♠♦❞❡❧♦s ♦❝✉❧t♦s ❞❡ ▼❛r❦♦✈ ✭❍▼▼✮ ❬✷✵✶❪ s❡r❡♠ ♠✉✐t♦ ✉t✐❧✐③❛❞♦s

❡♠ s❡❣♠❡♥t❛çã♦ ❞❡ ❢♦♥❡♠❛s ❬✽❪✱ ❡st❡s ♠♦❞❡❧♦s t❛♠❜é♠ sã♦ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❡st✐♠❛çã♦ ❞❛

tr❛♥s❢♦r♠❛çã♦ T ✱ ❡ tê♠ s✐❞♦ ❛♣❧✐❝❛❞♦s ❡♠ ♠✉✐t♦s tr❛❜❛❧❤♦s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡ ♠♦❞✐✜❝❛çã♦

❞❡ ♣r♦só❞✐❛ ❬✶✶✽❀ ✸✵✺❪✳ ❍▼▼s sã♦ ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞❛s ❡♠ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ s❡q✉ê♥❝✐❛s ❡♠ tr❡✐✲

♥❛♠❡♥t♦ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦✱ ♣♦r ❛❣r✉♣❛r❡♠ ❝❧❛ss❡s ❞❡ s❡❣♠❡♥t♦s ❡♠ ♠❛♣❛s ❞❡ ❡st❛❞♦s ❝✉❥❛s

tr❛♥s✐çõ❡s sã♦ ❡st❛t✐st✐❝❛♠❡♥t❡ ❛❥✉st❛❞❛s✳

❯♠ ♠♦❞❡❧♦ ♦❝✉❧t♦ ❞❡ ▼❛r❦♦✈ é ✉♠ ♠♦❞❡❧♦ ❡st❛tíst✐❝♦ ❡♠ q✉❡ ♦ s✐st❡♠❛ ❛ s❡r ♠♦❞❡❧❛❞♦ é

❝♦♥s✐❞❡r❛❞♦ ✉♠ ♣r♦❝❡ss♦ ▼❛r❦♦✈✐❛♥♦ ❝♦♠ ❡st❛❞♦s ✐♥♦❜s❡r✈á✈❡✐s ✭❝♦♠ ♣❛râ♠❡tr♦s ❞❡s❝♦♥❤❡❝✐❞♦s✮✱

❡ ♦ ❞❡s❛✜♦ é ❞❡t❡r♠✐♥❛r ♦s ♣❛râ♠❡tr♦s ♦❝✉❧t♦s ❛ ♣❛rt✐r ❞♦s ♣❛râ♠❡tr♦s ♦❜s❡r✈á✈❡✐s✳ ❯♠❛ s❡q✉ê♥❝✐❛

❞❡ ✈❛❧♦r❡s st ❞❡ ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❞✐s❝r❡t❛ St ❝❛r❛❝t❡r✐③❛ ✉♠❛ ❝❛❞❡✐❛ ❞❡ ▼❛r❦♦✈ s❡✿

P (St+1 = st+1|St = st) = P (St+1 = st+1|St = st, St−1 = st−1, . . . , S1 = s1)

❆ ❣r❛♥❞❡ ♣♦♣✉❧❛r✐❞❛❞❡ ❞❛s ❍▼▼s s❡ ❡♥❝♦♥tr❛ ❡♠ ♣r♦❜❧❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✈♦③ ❬✻✺❀ ✶✷✾❀

✷✵✺❪✳ ❆ ✉t✐❧✐③❛çã♦ ❞❡ ❍▼▼s ❡♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✈♦③ ♣❛rt❡ ❞♦ ♣r❡ss✉♣♦st♦ q✉❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③

s❡❣♠❡♥t❛❞♦ ♣♦❞❡ s❡r ✈✐st♦ ❝♦♠♦ ♣r♦❝❡ss♦s ❡st❛❝✐♦♥ár✐♦s ❞❡ t❡♠♣♦ ❝✉rt♦✱ s❡♥❞♦ r❡♣r❡s❡♥t❛❞♦s ♣♦r ✉♠

♠♦❞❡❧♦ ▼❛r❦♦✈✐❛♥♦✳ ❖✉tr❛ r❛③ã♦ ♣❡❧❛ q✉❛❧ ♦ ✉s♦ ❞❡ ❝❛❞❡✐❛ ❞❡ ▼❛r❦♦✈ é ♣♦♣✉❧❛r é ♣♦rq✉❡ ❡❧❛s ♣♦❞❡♠

s❡r tr❡✐♥❛❞❛s ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ❡ sã♦ s✐♠♣❧❡s ❡ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ❡✜❝✐❡♥t❡s ♥❛ ✉t✐❧✐③❛çã♦✳ ❆ ❍▼▼

t❡♥❞❡ ❛ t❡r ❡♠ ❝❛❞❛ ❡st❛❞♦ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❡st❛tíst✐❝❛ q✉❡ é ✉♠❛ ♠✐st✉r❛ ●❛✉ss✐❛♥❛ ❞❡ ❝♦✈❛r✐â♥❝✐❛

❞✐❛❣♦♥❛❧✱ ❞❛❞❛ ♣❡❧❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❞❡ ❝❛❞❛ ✈❡t♦r ♦❜s❡r✈❛❞♦ ✭✈❡r té❝♥✐❝❛s ❞❡ ❛♣r♦①✐♠❛çã♦ ❞❛ s❡çã♦

s❡❣✉✐♥t❡✮✳ P❛r❛ ❝❛❞❛ ❢♦♥❡♠❛✱ ❡s♣❡r❛✲s❡ t❡r ✉♠❛ ❞✐str✐❜✉✐çã♦ ❞✐❢❡r❡♥t❡ ♥❛ s❛í❞❛❀ ✉♠❛ ❍▼▼ ♣❛r❛ ✉♠❛

s❡q✉ê♥❝✐❛ ❞❡ ❢♦♥❡♠❛s é ❝r✐❛❞❛ ❛ ♣❛rt✐r ❞❛ ❝♦♥❝❛t❡♥❛çã♦ ❞❡ ❍▼▼s tr❡✐♥❛❞❛s ♣❛r❛ ❝❛❞❛ ❢♦♥❡♠❛✳

❊♠ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ ✉♠❛ ❍▼▼ é ❝♦♥st✐t✉í❞❛ ♣♦r ❡st❛❞♦s ❞❡st✐♥❛❞♦s ❛ ❛❣r✉♣❛♠❡♥t♦s ✭♦✉

❝❧❛ss❡s ❛❝úst✐❝❛s✮✱ ❡ ❑✐♠ ❬✶✶✽❪ ♣r♦♣õ❡ ♠♦❞✐✜❝❛r ❛ ❡str✉t✉r❛ ❞❛s ❍▼▼s ♣❛r❛ r❡❛❧✐③❛çã♦ ❞❡ ❝♦♥✲

✈❡rsã♦ ❡s♣❡❝tr❛❧✳ ❖ ♠♦❞❡❧♦ ♣♦ss✉✐ ❞♦✐s ❝♦♥❥✉♥t♦s ❞❡ ❡st❛❞♦s✲❞❡♣❡♥❞❡♥t❡s q✉❡ ✐♥❝❧✉❡♠ r❡❧❛çõ❡s ❞❡

♠❛♣❡❛♠❡♥t♦ ❡s♣❡❝tr❛❧ ❡♥tr❡ ♦s ❢❛❧❛♥t❡s✳ ❯♠ ❞❡❧❡s r❡♣r❡s❡♥t❛ ♦ ❡s♣❛ç♦ ♣❛rt✐❝✐♦♥❛❞♦ ❞♦ ❢❛❧❛♥t❡ ♦r✐✲

❣❡♠ ❡ ♦ ♦✉tr♦ ❝♦♥té♠ ♣❛râ♠❡tr♦s s✐♥tét✐❝♦s ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦✳ ❊①✐st❡♠ tr❛❜❛❧❤♦s q✉❡ ❝♦♠❜✐♥❛♠

❍▼▼ ❝♦♠ ❞✐✈❡rs❛s ♦✉tr❛s té❝♥✐❝❛s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ❞✐str✐❜✉✐çõ❡s ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ♠✉❧t✐✲❡s♣❛❝✐❛✐s

✭▼❙❉✮ ❬✷✼✶❀ ✷✼✷❀ ✸✵✻❪✳

❆s té❝♥✐❝❛s ❝♦❣♥✐t✐✈❛s t❛♠❜é♠ sã♦ ❛❧t❡r♥❛t✐✈❛s ❛♣r♦♣r✐❛❞❛s ❡♠ t❛r❡❢❛s ❞❡ ❝❧✉st❡r✐③❛çã♦ ❡ ♠❛♣❡✲



✺✻ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✹

❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s✱ ❞❛❞❛ s✉❛ ♥❛t✉r❡③❛ ❞❡ ❛❥✉st❡ ♥ã♦✲❧✐♥❡❛r✳ ❉❡♥tr❡ ❛s ❡str✉t✉r❛s ❞❡ ❞❛❞♦s

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

t✐♣♦s ❞❡ ❡str✉t✉r❛s ❞❡ ❞❡❝✐sã♦ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s t❛✐s ❝♦♠♦ ❙❱▼ ❬✻✻❀ ✻✼❪ ♦✉ r❡❞❡s ❢✉③③② ❬✶✷✷❀ ✶✻✷❪✳

❘❡❞❡s ◆❡✉r❛✐s ❆rt✐✜❝✐❛✐s ✲ ❊str✉t✉r❛ ❞❡ ❉❡❝✐sã♦

❆s r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s ✭❆◆◆✮ sã♦ ♠✉✐t♦ ✉t✐❧✐③❛❞❛s ❡♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s ❬✶✼❪ ❡

♣❛rt✐❝✉❧❛r♠❡♥t❡ ❡♠ s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❬✶✸✸❪✱ ❡ ✈ê♠ s❡♥❞♦ ♠✉✐t♦ ✉t✐❧✐③❛❞❛s ❡♠

s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❬✹✷❀ ✼✾❪✳ ❖s ♠♦❞❡❧♦s ❆◆◆ ❝♦♥s✐st❡♠ ❡♠ ✉♠❛ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s ❝♦♠

♥ós ✐♥t❡r❝♦♥❡❝t❛❞♦s✱ ♦♥❞❡ ❝❛❞❛ ♥ó r❡♣r❡s❡♥t❛ ♦ ♠♦❞❡❧♦ ❞❡ ✉♠ ♥❡✉rô♥✐♦ ❛rt✐✜❝✐❛❧✱ ❡ ❛s ✐♥t❡r❝♦♥❡①õ❡s

♣♦ss✉❡♠ ♣❡s♦s s✐♥á♣t✐❝♦s ❛ss♦❝✐❛❞♦s✳ ❯♠ ♥❡✉rô♥✐♦ é ❛t✐✈❛❞♦ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❢✉♥çã♦ ❞❡♥♦♠✐♥❛❞❛

❢✉♥çã♦ ❞❡ ❛t✐✈❛çã♦✳ ❊①✐st❡♠ ✈ár✐♦s t✐♣♦s ❞❡st❛s ❢✉♥çõ❡s✱ s❡♥❞♦ ❛s ♠❛✐s ❝♦♥❤❡❝✐❞❛s ❛ s✐❣♠♦✐❞❡ ❡ ❛s

❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ ✭❘❛❞✐❛❧ ❇❛s✐s ❋✉♥❝t✐♦♥ ◆❡✉r❛❧ ◆❡t✇♦r❦s ✲ ❘❇❋◆◆ ❬✷✸✻❪✮✳

❊①✐st❡♠ ❞✉❛s ✉t✐❧✐③❛çõ❡s ❝❧áss✐❝❛s ♣❛r❛ ♦ ✉s♦ ❞❡ r❡❞❡s ♥❡✉r❛✐s✿ ❛ ❆◆◆ ❝♦♠♦ ❡str✉t✉r❛ ❞❡ ❞❡✲

❝✐sã♦✱ ✐st♦ é✱ ❛ r❡❞❡ r❡s♣♦♥❞❡ ❵s✐♠✬ ♦✉ ❵♥ã♦✬ ♣❛r❛ ✉♠ ❡st✐♠✉❧♦ ❞❛❞♦❀ ♦✉ ❛ ❆◆◆ ❝♦♠♦ ❡str✉t✉r❛

❛♣r♦①✐♠❛❞♦r❛ ❞❡ ❢✉♥çõ❡s ✉♥✐✈❡rs❛✐s ✭✉s❛❞❛ ♥❛ ❢❛s❡ ❞❡ ❛♣r♦①✐♠❛çã♦✮✳

◆♦ ♣r✐♠❡✐r♦ ❝❛s♦✱ ❝❛❞❛ r❡❞❡ ♥❡✉r❛❧ Ri(s) r❡❝❡❜❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❛❧♦r❡s ❞❡ ❡♥tr❛❞❛ ✭♣❛râ♠❡tr♦s

❛❝úst✐❝♦s✮ ❡ ❡stá ❛ss♦❝✐❛❞❛ ❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ Ci ❞♦ ❝♦r♣✉s ❞♦ ❞❡st✐♥♦✳ ❈❛❞❛ ❝❧❛ss❡

❢♦♥ét✐❝❛ ❛r♠❛③❡♥❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞♦ ❞❡st✐♥♦✳ ❙✉♣♦♥❞♦ ❥á r❡❛❧✐③❛❞❛

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

s ❞❡ ♣❛râ♠❡tr♦s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠✱ ❡ ❞❡✈❡ ❡♥❝♦♥tr❛r ❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❝❧❛ss❡ ❢♦♥ét✐❝❛ Ci ♥❛ q✉❛❧ s

♠❡❧❤♦r s❡ ❡♥❝❛✐①❛✳ ◆❡st❡ ❝❛s♦✱ ❞❡✈❡♠♦s ❡♥❝♦♥tr❛r ♦ í♥❞✐❝❡ k t❛❧ q✉❡

k = argmin
i
(Ri(s)).

❖✉ s❡❥❛✱ ❛s r❡❞❡s ♥❡✉r❛✐s ❢✉♥❝✐♦♥❛♠ ❝♦♠♦ ❝❤❛✈❡s s❡❧❡t♦r❛s ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s✳

❘❡❞❡s ❚♦♣♦❧ó❣✐❝❛s

❆ss✐♠ ❝♦♠♦ ❡♠ ✉♠❛ r❡❞❡ ♥❡✉r❛❧✱ ✉♠ ♠❛♣❡❛♠❡♥t♦ ❛❝úst✐❝♦ ♣♦❞❡ s❡r r❡❛❧✐③❛❞♦ ❛ ♣❛rt✐r ❞❡ ✐♥✲

❢♦r♠❛çõ❡s ♣r♦✈❡♥✐❡♥t❡s ❞❡ r❡❞❡s ❞❡ ❞❛❞♦s ♣r❡✈✐❛♠❡♥t❡ ❡st❛❜❡❧❡❝✐❞❛s ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✳ ❚❛✐s

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

t♦♣♦❧ó❣✐❝♦s✱ ❞❡st❛❝❛♠✲s❡ ❛s r❡❞❡s ❞❡ ♠❛♣❡❛♠❡♥t♦ t♦♣♦❧ó❣✐❝♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✭❚♦♣♦❧♦❣✐❝❛❧ ❋❡❛✲

t✉r❡ ▼❛♣♣✐♥❣ ✲ ❚❋▼✮✱ ❛s r❡❞❡s ❞❡ ♠❛♣❡❛♠❡♥t♦ t♦♣♦❣rá✜❝♦ ❣❡♥❡r❛t✐✈♦s ✭●❡♥❡r❛t✐✈❡ ❚♦♣♦❣r❛♣❤✐❝

▼❛♣♣✐♥❣ ✲ ●❚▼✮ ❡ ❛s ár✈♦r❡s ❞❡ ❞❡❝✐sã♦✳

❚♦♣♦❧♦❣✐❝❛❧ ❋❡❛t✉r❡ ▼❛♣♣✐♥❣✿ ◆❡st❡ ❝❛s♦✱ ❛ s❡❧❡çã♦ é ❢❡✐t❛ ♣❡❧❛ ❡s❝♦❧❤❛ ❞♦ ✈❡♥❝❡❞♦r ❞❡♥tr♦ ❞❡

✉♠ ♠❛♣❛ t♦♣♦❧ó❣✐❝♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳ ❖ ♠❛♣❛ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s r❡❛❧✐③❛ ✉♠❛ q✉❛♥t✐③❛çã♦ ✈❡t♦r✐❛❧

✭❱◗✮ q✉❡ s✉❜❞✐✈✐❞❡ ♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡♠ ✉♠ ♥ú♠❡r♦ ✜①♦ ❞❡ s✉❜❡s♣❛ç♦s r❡♣r❡s❡♥t❛❞♦s ❝❛❞❛

✉♠ ♣♦r ✉♠ ♥❡✉rô♥✐♦✳ ❖ ♠❛♣❛ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s é ❛✉t♦✲♦r❣❛♥✐③á✈❡❧ ❞✉r❛♥t❡ ❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✱

✉t✐❧✐③❛♥❞♦ ✈❡t♦r❡s ❝♦♠ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞❡ ❛♠❜♦s ♦s ❢❛❧❛♥t❡s ✭❢❛❧❛♥t❡ ♦r✐❣❡♠ ❡ ❞❡st✐♥♦✮✳ ❊st❛

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

♣♦ssí✈❡❧ s❡ s❡❧❡❝✐♦♥❛r ♦ ♠❛♣❡❛♠❡♥t♦ ✈❡♥❝❡❞♦r ❬✷✵✾❪✳



✷✳✹ ❚➱❈◆■❈❆❙ ❉❊ ❚❘❆◆❙❋❖❘▼❆➬➹❖ ❊❙P❊❈❚❘❆▲ ✺✼

●❡♥❡r❛t✐✈❡ ❚♦♣♦❣r❛♣❤✐❝ ▼❛♣♣✐♥❣✿ ❈♦♥❤❡❝✐❞♦ ❝♦♠♦ ●❚▼✱ é ✉♠ ♠ét♦❞♦ ❞❡ ❛♣r❡♥❞✐③❛❞♦

❝♦♠♣✉t❛❝✐♦♥❛❧ ❛✉t♦✲♦r❣❛♥✐③á✈❡❧✱ ❝✉❥♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ sã♦ ❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦ ♣♦♥t♦s ❞❡ ✉♠ ❡s♣❛ç♦

❞❡ ❜❛✐①❛ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡ ❛ s❡r❡♠ ♠❛♣❡❛❞♦s ♣❛r❛ ✉♠ ♥♦✈♦ ♣♦♥t♦ ♦❜s❡r✈❛❞♦ ♥✉♠ ❡s♣❛ç♦ ❞❡ ❧❛tê♥❝✐❛

❞❡ ❛❧t❛ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡✱ ❝♦♥st✐t✉í❞♦ ♣♦r ✉♠❛ ❢✉♥çã♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ s✉❛✈❡ ❛❞✐❝✐♦♥❛❞❛ ❞❡ r✉í❞♦ ❬✶✽❀

✶✽✷❪✳ ❖s ♣❛râ♠❡tr♦s ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❜❛✐①❛ ❞✐♠❡♥sã♦✱ ♦ ♠❛♣❡❛♠❡♥t♦ s✉❛✈❡ ❡ ♦

r✉í❞♦ sã♦ t♦❞♦s ❛♣r❡♥❞✐❞♦s ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦ ✉s❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ♠á①✐♠❛ ❡①♣❡❝t❛t✐✈❛ ✭❊▼✮✳

❆ ✐❞❡✐❛ ❝❡♥tr❛❧ ❞❡ ●❚▼ é q✉❡ ✈❛r✐á✈❡✐s ❞❡ ❛❧t❛ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡ ❞♦s ❞❛❞♦s ♦❜s❡r✈❛❞♦s sã♦ ❣❡r❛❞❛s ❛

♣❛rt✐r ❞❡ ✉♠ ♥ú♠❡r♦ ♣❡q✉❡♥♦ ❞❡ ✈❛r✐á✈❡✐s ❧❛t❡♥t❡s✳ ➱ ❝♦♠✉♠ ♣❡♥s❛r q✉❡ ●❚▼s sã♦ ❝♦♠♦ ✉♠❛ ✈❡rsã♦

♥ã♦✲❧✐♥❡❛r ❞❛ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ✭P❈❆✮✳ ❊st❡ ♠♦❞❡❧♦ ♣❡r♠✐t❡ ♦ r❡❧❛❝✐♦♥❛♠❡♥t♦ ♥ã♦✲

❧✐♥❡❛r ❡♥tr❡ ♦s ❞❛❞♦s ❧❛t❡♥t❡s ❡ ♦ ❡s♣❛ç♦ ❞♦s ❞❛❞♦s✱ ❛ ♣❛rt✐r ❞❡ ✉♠ ♠❛♣❡❛♠❡♥t♦ ♣❛r❛♠étr✐❝♦ ❞♦

❡s♣❛ç♦ ❞❡ ❧❛tê♥❝✐❛ ♣❛r❛ ♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ♣♦♥t♦ ♥♦ ❡s♣❛ç♦ ❞♦s ❞❛❞♦s✳ ❆s ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s

❞♦ s✐♥❛❧ ❞❡ ✈♦③ r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ●❚▼ sã♦ ♣♦st❡r✐♦r♠❡♥t❡ ❝♦♥✈❡rt✐❞❛s ❡♠ ❝❤❛✈❡s s❡❧❡t♦r❛s✱ ❝♦♠

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

❞❡st✐♥♦✮✳

➪r✈♦r❡s ❞❡ ❞❡❝✐sã♦✿ ❯♠❛ ár✈♦r❡ ❞❡ ❞❡❝✐sã♦ é ✉♠ ❜♦♠ ❡①❡♠♣❧♦ ❞❡ ❡str✉t✉r❛ t♦♣♦❧ó❣✐❝❛ ❞❡ ❞❡✲

❝✐sã♦✱ ❝✉❥♦ ❝r✐tér✐♦ ♣❛r❛ ❝♦♥str✉çã♦ é ❜❛s❡❛❞♦ ❡♠ ❝♦♥❝❡✐t♦s ❞❡ ❡♥tr♦♣✐❛✳ ❯♠❛ ár✈♦r❡ ❞❡ ❞❡❝✐sã♦ é

✉♠❛ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s ❡♠ q✉❡ ❝❛❞❛ ♥ó ✐♥t❡r♥♦ ❛✈❛❧✐❛ ✉♠ ❛tr✐❜✉t♦ ✭✈❡t♦r ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐✲

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

❝❧❛ss❡✳ ❯♠❛ ár✈♦r❡ ❞❡ ❞❡❝✐sã♦ ♠✉✐t♦ ✐♥t❡r❡ss❛♥t❡✱ ❡ ❛❞❛♣t❛❞❛ à ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ é ❛ ❡str✉t✉r❛

❞❡ ❞❛❞♦s ❈❆❘❚ ✭❈❧❛ss✐✜❝❛t✐♦♥ ❆♥❞ ❘❡❣r❡ss✐♦♥ ❚r❡❡✮ ❬✹✼❀ ✹✽❪✱ q✉❡ ♣❡r♠✐t❡ t❛♥t♦ tr❛❜❛❧❤❛r ❝♦♠

❞❛❞♦s ♥✉♠ér✐❝♦s ✭t❛✐s ❝♦♠♦ ❝❛r❛❝t❡ríst✐❝❛s ❡s♣❡❝tr❛✐s✮ ❝♦♠♦ ❝♦♠ ❞❛❞♦s ❝❛t❡❣♦r✐③❛❞♦s ✭t❛✐s ❝♦♠♦

❝❛r❛❝t❡ríst✐❝❛s ❢♦♥ét✐❝❛s✮ ♥♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ é ❝♦♥str✉í❞♦ ✉♠ ♠♦❞❡❧♦ ❛❝úst✐❝♦✳ ❆ ✐❞❡✐❛ ❣❡r❛❧ é

q✉❡ ♦s ❡s♣❛ç♦s ❛❝úst✐❝♦s ❞❡ ❛♠❜♦s ♦s ❢❛❧❛♥t❡s sã♦ ♦r❣❛♥✐③❛❞♦s ❡♠ ❝❧❛ss❡s ❛❝úst✐❝❛s✱ ❡ ✉♠❛ ❢✉♥çã♦

❞❡ ❝♦♥✈❡rsã♦ ✭✉♠❛ ●▼▼✱ ♣♦r ❡①❡♠♣❧♦✮ ♣♦❞❡ s❡r ❡st✐♠❛❞❛ ♣❛r❛ ❝❛❞❛ ❝❧❛ss❡✳ ❆ ♣❛rt✐r ❞♦ ✈❡t♦r ❞❡

♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞❡ ❡♥tr❛❞❛ ✭❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠✮✱ ♣♦❞❡✲s❡ ♣❡r❝♦rr❡r ❛ ár✈♦r❡ ❞❡ ❞❡❝✐sã♦ ❛ ✜♠

❞❡ s❡❧❡❝✐♦♥❛r ❛ ❝❧❛ss❡ ❛❝úst✐❝❛ ♠❛✐s ❛♣r♦♣r✐❛❞❛ ❞♦ ❞❡st✐♥♦✱ ✐st♦ é✱ ❛q✉❡❧❛ q✉❡ ♠❡❧❤♦r s❡ ❛❥✉st❛ ♥❛

❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✳

❙❡❧❢ ❖r❣❛♥✐③✐♥❣ ▼❛♣s ✭❙❖▼✮✿ Pr♦♣♦st♦s ♣♦r ❚❡✉✈♦ ❑♦❤♦♥❡♥ ❬✶✷✶❪✱ ✉♠ ♠❛♣❛ ❛✉t♦✲♦r❣❛♥✐③á✈❡❧

✭t❛♠❜é♠ ❝❤❛♠❛❞♦ ❞❡ ♠❛♣❛ ❞❡ ❑♦❤♦♥❡♥✮ é ✉♠ t✐♣♦ ❞❡ r❡❞❡ ♥❡✉r❛❧ ❛rt✐✜❝✐❛❧✱ ❝♦♠ tr❡✐♥❛♠❡♥t♦

♥ã♦✲s✉♣❡r✈✐s✐♦♥❛❞♦ q✉❡ ♣r♦❞✉③ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❞✐s❝r❡t❛ ❞❡ ❜❛✐①❛ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡ ✭❝♦♠✉♠❡♥t❡

❜✐❞✐♠❡♥s✐♦♥❛❧✮ ❞♦ ❡s♣❛ç♦ ❞❡ ❛♠♦str❛s ❞❡ tr❡✐♥❛♠❡♥t♦ ❞❡ ❡♥tr❛❞❛✳ ❆s ❙❖▼s t✐♣✐❝❛♠❡♥t❡ ❛♣r❡s❡♥t❛♠

❞✉❛s ❢❛s❡s✿ ❖ tr❡✐♥❛♠❡♥t♦ ❝♦♥stró✐ ♦ ♠❛♣❛ ✉s❛♥❞♦ ❡①❡♠♣❧♦s ❞❡ ❡♥tr❛❞❛ ❞❡ ✈❡t♦r❡s q✉❛♥t✐③❛❞♦s✱

❡ ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ♦ ❛❧❣♦r✐t♠♦ ❝❧❛ss✐✜❝❛ ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ♦s ♥♦✈♦s ✈❡t♦r❡s ❞❛ ❡♥tr❛❞❛✳

❈❛❞❛ ❝♦♠♣♦♥❡♥t❡ ✭♥❡✉rô♥✐♦✮ ❞♦ ♠❛♣❛ s❡ ❛ss♦❝✐❛ ❛ ✉♠ ♥ó ❞❡ ♣❡s♦ ❡ ❞✐♠❡♥sã♦ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠

♦ ❞❛❞♦ ❞❡ ❡♥tr❛❞❛✳ ❆ss✐♠✱ ❛ ❙❖▼ r❡♣r❡s❡♥t❛ ✉♠ ♠❛♣❡❛♠❡♥t♦ ❞❡ ✉♠ ❡s♣❛ç♦ ❞❡ ❡♥tr❛❞❛ ❞❡ ❛❧t❛

❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡ ❡♠ ✉♠❛ r❡❞❡ ❞❡ ❜❛✐①❛ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡✳ ❖ ❝r✐tér✐♦ ❞❡ ❝♦♥❡①ã♦ ❡♥tr❡ ♦ ❡s♣❛ç♦ ❞❡

❡♥tr❛❞❛ ❡ ♦ ♠❛♣❛ ❞❡ ❑♦❤♦♥❡♥ é ❞❡✜♥✐❞♦ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❢✉♥çã♦ ❞❡ ❞✐stâ♥❝✐❛✱ q✉❡ ❛❣r✉♣❛ ♥ós ♠❛✐s

♣ró①✐♠♦s ❡♥tr❡ s✐✱ ♣r❡s❡r✈❛♥❞♦ ❛s ♣r♦♣r✐❡❞❛❞❡s t♦♣♦❧ó❣✐❝❛s ❞♦ ❡s♣❛ç♦ ❞❡ ❡♥tr❛❞❛ ❬✶✷✵❪✳



✺✽ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✹

❉②♥❛♠✐❝ ❚✐♠❡ ❲❛r♣✐♥❣

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

♠❛♣❡❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s ❛ ♣❛rt✐r ❞❡ té❝♥✐❝❛s ❝❧áss✐❝❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛✐s✳ ❊st❛s

té❝♥✐❝❛s ❝♦♠♣r❡❡♥❞❡♠ t♦❞♦ t✐♣♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞♦ s✐♥❛❧✱ ❜❛s❡❛❞❛s ❡♠ r❡♣r❡s❡♥t❛çõ❡s ♥♦ ❞♦♠í♥✐♦

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

❜✐❜❧✐♦t❡❝❛ ❞❡ ❝❤❛✈❡s ❞❡ s❡❣♠❡♥t♦s ❞♦ s✐♥❛❧ ♦✉ ❝♦❞❡✇♦r❞s✳ ❖ q✉❡ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ❞✐❢❡r❡♥❝✐❛ ❡st❛

❞❛s ❞❡♠❛✐s té❝♥✐❝❛s é ♦ ❢❛t♦ ❞❡ q✉❡ ❛s ❢❡rr❛♠❡♥t❛s ❞❡ tr❛♥s❢♦r♠❛çã♦ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s ❝♦♠

♦ ♣r♦♣ós✐t♦ ❡s♣❡❝í✜❝♦ ❞❡ ♠❛♥✐♣✉❧❛r s✐♥❛✐s ❞❡ ✈♦③ ❛ ♣❛rt✐r ❞❡ ❢❡rr❛♠❡♥t❛s ♣❡❝✉❧✐❛r❡s ❡♠ s✐st❡♠❛s

❞✐❣✐t❛✐s✳ ❊♠ ❣❡r❛❧✱ ❛❧é♠ ❞❡st❛s té❝♥✐❝❛s s❡r❡♠ ❞❡ ❢á❝✐❧ ✐♥t✉✐çã♦✱ ✐st♦ é✱ ♣❡r♠✐t✐r❡♠ ✉♠❛ ❝♦♠♣r❡❡♥sã♦

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

❖ ❉②♥❛♠✐❝ ❚✐♠❡ ❲❛r♣✐♥❣ ❬✶✺❪ é ✉♠ ❛❧❣♦r✐t♠♦ ❜❛st❛♥t❡ ❝♦♥❤❡❝✐❞♦ ❡♠ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛✐s✱

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

♠❡❞✐❞❛s✱ ♣♦❞❡♠♦s ✐♥❢❡r✐r ❞✐stâ♥❝✐❛s ❡♥tr❡ ♣❛r❡s ❞❡ ✈❡t♦r❡s ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s✳ ❉❛❞♦ ✉♠

✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s v1✱ ♦ ❉❚❲ ❜✉s❝❛✱ ❞❡♥tr❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s✱ ♦ ✈❡t♦r v′1 q✉❡ ♠✐♥✐♠✐③❛

❛ ❞✐❢❡r❡♥ç❛ |v1 − v′1|✳ ❖ ❛❧❣♦r✐t♠♦ ❢❛③ ♦ ✉s♦ ❞❡ ♣r♦❣r❛♠❛çã♦ ❞✐♥â♠✐❝❛ ❬✻✹❪✱ ❜❛st❛♥t❡ ❝♦♠✉♠ ❡♠

s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✈♦③✳

❱❡❝t♦r ◗✉❛♥t✐③❛t✐♦♥✴❈♦❞❡❜♦♦❦

❙❤✐❦❛♥♦ ❬✷✸✶❪✱ ♦ ♣r✐♠❡✐r♦ ❛ ♣r♦♣♦r ♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ ✉t✐❧✐③♦✉ ❡st❛ té❝♥✐❝❛✱ q✉❡

❝♦♥s✐st❡ ❡♠ q✉❛♥t✐③❛r ♦s ✈❡t♦r❡s ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞♦s s✐♥❛✐s ❞❡ ❡♥tr❛❞❛✱ ♦r❣❛♥✐③❛♥❞♦ ❡ss❡s

❞❛❞♦s ❡♠ ❡s♣❛ç♦s ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❛♠❜♦s ♦s ❢❛❧❛♥t❡s✱ ❡ ✜♥❛❧♠❡♥t❡ ❛ss♦❝✐❛♥❞♦ ❡st❡s ✈❡t♦r❡s

❡♥tr❡ s✐ ❛ ♣❛rt✐r ❞❡ ✉♠ ❝r✐tér✐♦ ❞❡ ♠✐♥✐♠✐③❛çã♦ ❞❡ ❡rr♦✳

❯♠❛ q✉❛♥t✐③❛çã♦ ❞❡ ✈❡t♦r ✭❱❡❝t♦r ◗✉❛♥t✐③❛t✐♦♥✮ é ✉♠❛ té❝♥✐❝❛ q✉❡ ♣❡r♠✐t❡ ❛ ♠♦❞❡❧❛❣❡♠ ❞❡

❢✉♥çõ❡s ❞❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❛ ♣❛rt✐r ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ✈❡t♦r❡s ♣r♦tót✐♣♦s✱ ♦r✐❣✐♥❛❧♠❡♥t❡

✉s❛❞❛ ♣❛r❛ ❝♦♠♣r❡ssã♦ ❞❡ ❞❛❞♦s✳ ❖ ♠ét♦❞♦ ❞✐✈✐❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❣r❛♥❞❡ ❞❡ ♣♦♥t♦s ✭✈❡t♦r❡s✮ ❡♠

♣❡q✉❡♥♦s ❣r✉♣♦s ❝♦♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ♦ ♠❡s♠♦ ♥ú♠❡r♦ ❞❡ ♣♦♥t♦s ♣ró①✐♠♦s ❡♥tr❡ s✐✱ ♦♥❞❡ ❝❛❞❛ ✉♠

❞❡st❡s ❣r✉♣♦s é r❡♣r❡s❡♥t❛❞♦ ♣❡❧♦ s❡✉ ❝❡♥tr♦✐❞❡✱ ❛♥❛❧♦❣❛♠❡♥t❡ ❛♦s ❛❧❣♦r✐t♠♦s ❞❡ ❝❧✉st❡r✐③❛çã♦✳ ❖s

❝r✐tér✐♦s ❞❡ ❛❣r✉♣❛♠❡♥t♦ ❞❡♣❡♥❞❡♠ ♠✉✐t♦ ❞❛ ❛♣❧✐❝❛çã♦✳ P♦r ❡①❡♠♣❧♦✱ ❆❜❡ ❬✶❪ ♣r♦♣õ❡ ✉♠❛ ❡str❛té❣✐❛

q✉❡ ❛❣r✉♣❛ ♦s ✈❡t♦r❡s ❛ ♣❛rt✐r ❞❡ ✉♠ ❤✐st♦❣r❛♠❛ ♠♦♥t❛❞♦ s❡❣✉♥❞♦ ❞✐stâ♥❝✐❛s ♣♦♥❞❡r❛❞❛s ❡♥tr❡ ♦

❢❛❧❛♥t❡ ♦r✐❣❡♠ ❡ ♦ ❞❡st✐♥♦✳ ❈♦♠♦ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r✱ ❛ ❱◗ ♦r❣❛♥✐③❛ ♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡

❢♦r♠❛ q✉❡ ♦s ❝❧✉st❡rs sã♦ ❛❝❡ssí✈❡✐s ♣♦r ✉♠❛ ❝❤❛✈❡ ❞❡ s❡❧❡çã♦ ✭❝♦❞❡✇♦r❞✮ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ❝❡♥tr♦✐❞❡

❞♦ ❛❣r✉♣❛♠❡♥t♦✳ ❖ ❝♦♥❥✉♥t♦ ❞❡st❛s ❝♦❞❡✇♦r❞s é ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❝♦❞❡❜♦♦❦✳

❆ ✐❞❡✐❛ ❝❡♥tr❛❧ ❞♦s ❝♦❞❡❜♦♦❦s é ❞❡✜♥✐r ✉♠ ♠❛♣❡❛♠❡♥t♦ ❡♥tr❡ ❝❧❛ss❡s ❛❝úst✐❝❛s r❡♣r❡s❡♥t❛❞❛s

♣❡❧♦s ❝♦❞❡✇♦r❞s ❝♦rr❡s♣♦♥❞❡♥t❡s✳ ❉❛❞♦ ♦ ♠❛♣❡❛♠❡♥t♦✱ é ♣♦ssí✈❡❧ r❡❛❧✐③❛r q✉❛❧q✉❡r t✐♣♦ ❞❡ tr❛♥s✲

❢♦r♠❛çã♦ q✉❡ ❝♦♥✈❡rt❛ ✉♠ ♣❛râ♠❡tr♦ ❛❝úst✐❝♦ ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ♣❛r❛ ♦ ❞❡st✐♥♦✳ ▲♦♣❡③ ❬✶✸✺❪✱ ♣♦r

❡①❡♠♣❧♦✱ ✉t✐❧✐③❛ r❡❞❡s ♥❡✉r❛✐s ♣❛r❛ ♠❛♣❡❛r ❡st❡s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✳

❆ ♣❛rt✐r ❞❛ té❝♥✐❝❛ ❱◗✴❝♦❞❡❜♦♦❦✱ ❆rs❧❛♥ ❬✻❪ ♣r♦♣õ❡ ✉♠❛ té❝♥✐❝❛ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞❛ ❡♠ ❝♦♥✈❡r✲

sã♦ ❞❡ ✈♦③✱ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❙♣❡❛❦❡r ❚r❛♥s❢♦r♠❛t✐♦♥ ❆❧❣♦r✐t❤♠ ✉s✐♥❣ ❙❡❣♠❡♥t❛❧ ❈♦❞❡❜♦♦❦s ✭❙❚❆❙❈✮✳

❊st❛ té❝♥✐❝❛ é ✉♠❛ ❢✉sã♦ ❞❡ ❱◗✴❝♦❞❡❜♦♦❦ ❝♦♠ ♦✉tr❛s té❝♥✐❝❛s ❞❡ ♠❛♣❡❛♠❡♥t♦ ❡s♣❡❝tr❛❧✱ ❞♦ ♣✉❧s♦

❣❧♦t❛❧ ❡ ❞❡ ♣❛râ♠❡tr♦s ❞❛ ♣r♦só❞✐❛✳ ❆ ✐❞❡✐❛ ❣❡r❛❧ é ❣❡r❛r ✉♠ ❝♦❞❡❜♦♦❦ ♣❛r❛ ❝❛❞❛ ❢❛❧❛♥t❡ ❛ ♣❛rt✐r

❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s q✉❡ r❡♣r❡s❡♥t❛♠ ♦ tr❛t♦ ✈♦❝❛❧ ✭♥❡st❡ ❝❛s♦✱ ▲❙❋✮✳

❖ ❛❧❣♦r✐t♠♦ ❙❚❆❙❈ ♣r♦♣õ❡ ❞♦✐s ♠ét♦❞♦s ❞❡ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ♦s ❝♦❞❡✇♦r❞s ❞♦s ❢❛❧❛♥t❡s✳ ❆



✷✳✹ ❚➱❈◆■❈❆❙ ❉❊ ❚❘❆◆❙❋❖❘▼❆➬➹❖ ❊❙P❊❈❚❘❆▲ ✺✾

♣r✐♠❡✐r❛ ❛❜♦r❞❛❣❡♠ é ❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦✱ ♦ q✉❡ t♦r♥❛ ❛ t❛r❡❢❛ ❞❡ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ♦s ❝❡♥tr♦✐❞❡s

❞♦s ❝❧✉st❡rs ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❝♦rr❡s♣♦♥❞❡♥t❡s tr✐✈✐❛❧✱ ✉♠❛ ✈❡③ q✉❡ ❛ ✐♥❢♦r♠❛çã♦ ❞❡ ❛ss♦❝✐❛çã♦

❡♥tr❡ s❡❣♠❡♥t♦s é ❞❛❞❛✳ ❆ s❡❣✉♥❞❛ ❛❜♦r❞❛❣❡♠ é ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ t❡①t♦ ❡ s✉♣õ❡ q✉❡ ❡①✐st❡ ✉♠❛

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

❜✐✉♥í✈♦❝❛ ❡♥tr❡ ❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s✳ ◆❡st❡ ❝❛s♦✱ é ✉t✐❧✐③❛❞❛ ✉♠❛ ❍▼▼ ♣❛r❛ ❛❧✐♥❤❛r ❡st❡s ❢♦♥❡♠❛s✱

❡ ❛ss✐♠✱ ❞❡✜♥✐r ❛ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s✳ ❆♣ós t❛✐s ❛ss♦❝✐❛çõ❡s✱ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣õ❡

✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r ❞♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✱ ❛ss✐♠ ❝♦♠♦ ✉♠ ♠❛♣❡❛♠❡♥t♦ ♣♦♥❞❡r❛❞♦ ❞♦

❡s♣❡❝tr♦ ❞♦ ♣✉❧s♦ ❣❧♦t❛❧✱ ❛♠❜♦s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ♣❛r❛ ♦ ❞❡st✐♥♦✳ ❖ ❛❧❣♦r✐t♠♦ ❙❚❆❙❈ ❛✐♥❞❛ r❡❛❧✐③❛

✉♠ ❛❥✉st❡ ❞♦s ♣❛râ♠❡tr♦s ❞❛ ♣r♦só❞✐❛ ❞♦ s✐♥❛❧ ❞❡ s❛í❞❛✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ❡♥❡r❣✐❛✱ ❛ ♠é❞✐❛

❡ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❞♦ ♣✐t❝❤✱ ❡ ♦ r✐t♠♦ ❞❡ ❛rt✐❝✉❧❛çã♦ ❞❡st❡ s✐♥❛❧ ❡♠ r❡❧❛çã♦ ❛♦s ♣❛râ♠❡tr♦s ❡st✐♠❛❞♦s

❞♦ ❞❡st✐♥♦✳

✷✳✹✳✷ ❚é❝♥✐❝❛s ❞❡ ❆♣r♦①✐♠❛çã♦

❚é❝♥✐❝❛s ❞❡ ❛♣r♦①✐♠❛çã♦ sã♦ ❞❡st✐♥❛❞❛s ❛ r❡❛❧✐③❛r ❛ ❝♦♥✈❡rsã♦ ❞❡ ✉♠ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s

❛❝úst✐❝❛s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ♣❛r❛ ✉♠ ✈❡t♦r ♠❛♣❡❛❞♦ ♥❛ ❢❛s❡ ❛♥t❡r✐♦r✳

▼♦❞❡❧♦ ❞❡ ▼✐st✉r❛s ●❛✉ss✐❛♥❛s ✲ ●▼▼

❆ ♣❛rt✐r ❞❡ ❞✉❛s s❡q✉ê♥❝✐❛s ❞❡ ♣❛râ♠❡tr♦s ❡s♣❡❝tr❛✐s s = (s1, s2, . . . , sN ) ❡ t = (t1, t2, . . . , tN )✱

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

r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♦ ♦❜❥❡t✐✈♦ ❞❡st❛ té❝♥✐❝❛ é ❡♥❝♦♥tr❛r ✉♠❛ ❢✉♥çã♦ ❞❡ ❝♦♥✈❡rsã♦ F q✉❡ ♠✐♥✐♠✐③❛ ♦

❡rr♦ ♠é❞✐♦ q✉❛❞rát✐❝♦

Em = E{|t− F (s)|2},

♦♥❞❡ E{·} ❝♦rr❡s♣♦♥❞❡ à ❡s♣❡r❛♥ç❛ ❡st❛tíst✐❝❛✳

❖ ▼♦❞❡❧♦ ❞❡ ▼✐st✉r❛s ●❛✉ss✐❛♥❛s ✭●▼▼✮ é ✉♠ ♠♦❞❡❧♦ ♣❛r❛♠étr✐❝♦ ❝❧áss✐❝♦ ✉t✐❧✐③❛❞♦ ❡♠ ♠✉✐t❛s

té❝♥✐❝❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s ❬✷✵✽❀ ✷✾✻❪✱ s❡♥❞♦ ❞❡ ❧♦♥❣❡ ♦ ♠❛✐s ✉t✐❧✐③❛❞♦ ❡♠ ♣r♦❝❡ss❛♠❡♥t♦

❞❡ ✈♦③ ❬✶✼✽❀ ✷✼✸❪✳ ❆ ✉t✐❧✐③❛çã♦ ❞❡ ●▼▼ ❢♦✐ ♣r♦♣♦st❛ ❛ ✜♠ ❞❡ ❡st✐♠❛r ♣❛râ♠❡tr♦s ♣❛r❛ ✉t✐❧✐③❛r ✉♠❛

❢✉♥çã♦ ❞❡ ❝♦♥✈❡rsã♦ ❧✐♥❡❛r ♦❜t✐❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ❛r❝❛❜♦✉ç♦ ♣r♦❜❛❜✐❧íst✐❝♦ ❬✶✵✼❀ ✷✺✼❀ ✷✻✶❪✳

❯♠ ●▼▼ ♣❡r♠✐t❡ q✉❡ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s s❡❥❛ ❡s❝r✐t❛ ❝♦♠♦ ✉♠❛ s♦♠❛ ❞❡ Q

❢✉♥çõ❡s ●❛✉ss✐❛♥❛s ♠✉❧t✐✈❛r✐❛❞❛s ❬✺❀ ✶✵✸❪

P (s) =

Q
∑

i=1

αiN(s;µi,Σi), ✭✷✳✶✹✮

♦♥❞❡
∑Q

i=1 αi = 1, αi ≥ 0 ❡ N(s;µ,Σ) ❞❡♥♦t❛ ❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ d✲❞✐♠❡♥s✐♦♥❛❧ ❝♦♠ ✈❡t♦r ❞❡

♠é❞✐❛ µ ❡ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ Σ✱ ❞❡✜♥✐❞❛ ❝♦♠♦

N(s;µ,Σ) =
1

(2π)d/2
Σ−0.5 exp

[

−
1

2
(s− µ)TΣ−1(s− µ)

]

. ✭✷✳✶✺✮

❖s ♣❛râ♠❡tr♦s ❞❡st❡ ♠♦❞❡❧♦ ♣♦❞❡♠ s❡r ❡st✐♠❛❞♦s ❛ ♣❛rt✐r ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ♠á①✐♠❛ ❡①♣❡❝t❛✲

t✐✈❛ ❬✶✺✹❪✳

❈♦♠♦ s❡ ♣♦❞❡ ♦❜s❡r✈❛r✱ ♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛s ●❛✉ss✐❛♥❛s (αi, µi,Σi, i ∈ [1..Q]) s❡ ❛❥✉st❛ ❛♦

✈❡t♦r ❞❡ ♣❛râ♠❡tr♦s ❡s♣❡❝tr❛✐s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ s✳ ❖ ♠❛♣❡❛♠❡♥t♦ ❡♥tr❡ ♦ ✈❡t♦r ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ s



✻✵ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✹

❡ ❝❛❞❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ Ci ♠❛✐s ❛❞❡q✉❛❞❛ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞♦ ❡♠ t❡r♠♦s ♣r♦❜❛❜✐❧íst✐❝♦s ♣❡❧♦ ❝á❧❝✉❧♦

❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❝♦♥❞✐❝✐♦♥❛❧ ❞❛❞♦ ♣♦r✿

P (Ci|s) =
αiN(s;µi,Σi)

∑Q
j=1 αjN(s;µj ,Σj)

.

❙❡❣✉♥❞♦ ❑❛♥❣ ❡t ❛❧✳ ❬✶✶✶❪✱ ❛ ❢✉♥çã♦ ❞❡ ❝♦♥✈❡rsã♦ F q✉❡ tr❛♥s❢♦r♠❛ ❝❛❞❛ ✈❡t♦r ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠

s ❡♠ s❡✉ ❝♦rr❡s♣♦♥❞❡♥t❡ ✈❡t♦r t′ r❡s♣❡❝t✐✈♦ ❛♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦ é ❞❡✜♥✐❞❛ ❝♦♠♦

F (s) =

Q
∑

i=1

P (Ci|s)[ν
<2>
i +Σ<1,2>

i (Σ<1,1>
i )−1(s− µ<1>

i )],

♦♥❞❡ ♦ ✈❡t♦r ❞❡ ♠é❞✐❛ µi ❡ ❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ Σi sã♦ ❞❡✜♥✐❞♦s ❝♦♠♦

Σi =

[

Σ<1,1>
i Σ<1,2>

i

Σ<2,1>
i Σ<2,2>

i

]

e µi =

[

µ<1>
i

µ<2>
i

]

.

❊s♣❡r❛✲s❡ q✉❡ E{|t− F (s)|2} s❡❥❛ ♦ ♠❡♥♦r ♣♦ssí✈❡❧✳

❉❡✈✐❞♦ ❛♦ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ té❝♥✐❝❛s ❡st❛tíst✐❝❛s ❞✐s♣♦♥í✈❡✐s ♥❛ ❧✐t❡r❛t✉r❛✱ ♠❡♥❝✐♦♥❛♠♦s ❛♣❡♥❛s

❞✉❛s té❝♥✐❝❛s q✉❡ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ❡♠ tr❛❜❛❧❤♦s ❛♥t❡r✐♦r❡s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✿

▼❛①✐♠✉♠ ▲✐❦❡❧✐❤♦♦❞ ❊st✐♠❛t♦rs ✭▼▲❊✮✿ ❊st✐♠❛çã♦ ❝♦♠ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❬✸✵✶❪ é ✉♠

♠ét♦❞♦ ✉s❛❞♦ ♣❛r❛ ❛❥✉st❛r ✉♠ ♠♦❞❡❧♦ ❡st❛tíst✐❝♦ ❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✱ ♣r♦✈❡♥❞♦ ❡st✐♠❛✲

t✐✈❛s ♣❛r❛ ♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦✳

Pr✐♥❝✐♣❛❧ ❈♦♠♣♦♥❡♥t ❆♥❛❧②s✐s ✭P❈❆✮✿ ❆♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ❬✷✾✹❪ ❝♦♠♣r❡❡♥❞❡

✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ♠❛t❡♠át✐❝♦ q✉❡ tr❛♥s❢♦r♠❛ ✉♠ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ♣r♦✈❛✈❡❧♠❡♥t❡ ❝♦rr❡❧❛✲

❝✐♦♥❛❞❛s ❡♠ ✉♠ ♥ú♠❡r♦ ♠❡♥♦r ❞❡ ✈❛r✐á✈❡✐s ❞❡s❝♦rr❡❧❛❝✐♦♥❛❞❛s ❝♦♥❤❡❝✐❞❛s ❝♦♠♦ ❝♦♠♣♦♥❡♥t❡s

♣r✐♥❝✐♣❛✐s✳ ❆ ♣r✐♠❡✐r❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ r❡♣r❡s❡♥t❛ ♦ ♠á①✐♠♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞♦s ❞❛❞♦s✱

❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ s✉❝❡ss♦r❛ r❡♣r❡s❡♥t❛ ♦ ♠á①✐♠♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞♦s ❞❛❞♦s r❡st❛♥t❡s✳

▼❡s❜❛❤✐ ❬✶✺✺❪ ♣✉❜❧✐❝♦✉ ✉♠ ❛rt✐❣♦ ❡♠ q✉❡ s❡ ❝♦♠♣❛r❛♠ ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ●▼▼ ♣❛r❛ tr❛♥s✲

❢♦r♠❛çõ❡s ❞❡ ✈♦③❡s✳ ❊❧❡ ❝♦♠♣❛r❛ ❢✉♥çõ❡s ❧✐♥❡❛r❡s ♣❛r❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ s✉❣❡r✐♥❞♦ s♦❧✉çõ❡s r❡❧❛t✐✈❛s

❛♦s ❞❡❢❡✐t♦s ❝❛✉s❛❞♦s ♣♦r s✉❛✈✐③❛çã♦ ❡①❝❡ss✐✈❛ ❞♦ ❡s♣❡❝tr♦ ❡ ♦✈❡r✜tt✐♥❣✳

❘❡❞❡s ◆❡✉r❛✐s ❆rt✐✜❝✐❛✐s ✲ ❋✉♥çõ❡s ❆♣r♦①✐♠❛❞♦r❛s ❯♥✐✈❡rs❛✐s

❯♠❛ r❡❞❡ ♥❡✉r❛❧ r❡❝❡❜❡ ✉♠ ✈❡t♦r ❞❡ ♣❛râ♠❡tr♦s ❞❡ ❡♥tr❛❞❛ s ♣❡rt❡♥❝❡♥t❡ ❛♦ ❝♦r♣✉s ❞♦ ❢❛❧❛♥t❡

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

❞❡ ♠♦❞♦ q✉❡ ♦ r❡s✉❧t❛❞♦ ❞❡st❛ ❛♣r♦①✐♠❛çã♦ é ✉♠ s✐♥❛❧ ❝♦♥✈❡rt✐❞♦ s′ ♣❡rt❡♥❝❡♥t❡ à ❝❧❛ss❡ ❢♦♥ét✐❝❛

♠❛✐s ❛♣r♦♣r✐❛❞❛ ❞♦ ❞❡st✐♥♦✳ ◆♦ ❝♦♥t❡①t♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ❢♦r♠❛♥t❡s✱ ◆❛r❡♥❞r❛♥❛t❤ ❬✶✻✾❪ ❡ ❉❡s❛✐ ❬✹✷❪

✉t✐❧✐③❛♠ r❡❞❡s ♥❡✉r❛✐s ❝♦♠♦ ♠♦❞❡❧♦ ✉♥✐✈❡rs❛❧ ❞❡ ❛♣r♦①✐♠❛çã♦ ❞❡ ❢✉♥çõ❡s ❬✶✻✶❀ ✷✻✺❪✳ ◆❡st❡ ❝♦♥t❡①t♦✱

❡①✐st❡ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ R(S,T )(s) ♣❛r❛ ❝❛❞❛ ♣❛r ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s CS ❡ CT ❞♦s ❢❛❧❛♥t❡s ♦r✐❣❡♠

❡ ❞❡st✐♥♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡s♣❡❝✐❛❧✐③❛❞❛ ❡♠ ❛♣r♦①✐♠❛r ✈❡t♦r❡s s ∈ CS ❡♠ ✈❡t♦r❡s t ∈ CT ✳ ❉❡st❡

♠♦❞♦✱ t❛✐s r❡❞❡s R(S,T )(s) sã♦ tr❡✐♥❛❞❛s ❡ ♣♦st❡r✐♦r♠❡♥t❡ s❡❧❡❝✐♦♥❛❞❛s ♥❛ ❢❛s❡ ❞❡ tr❛♥s❢♦r♠❛çã♦✱

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ✈❡t♦r ❞❡ ❡♥tr❛❞❛ s✳ ◆♦t❡ q✉❡ ♣♦❞❡♠♦s ✉t✐❧✐③❛r ❛s ❞✉❛s ❛♣❧✐❝❛çõ❡s ♣❛r❛ r❡❛❧✐③❛r

✉♠❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✳ ◆♦ ❡♥t❛♥t♦✱ é ❝♦♠✉♠ ❛❧❣✉♥s ❛✉t♦r❡s ✉t✐❧✐③❛r❡♠ té❝♥✐❝❛s ❡st❛tíst✐❝❛s ♣❛r❛ ♦

♠❛♣❡❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❡ ❆◆◆ ♣❛r❛ tr❛♥s❢♦r♠❛r ♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✳



✷✳✹ ❚➱❈◆■❈❆❙ ❉❊ ❚❘❆◆❙❋❖❘▼❆➬➹❖ ❊❙P❊❈❚❘❆▲ ✻✶

❚r❛♥s❢♦r♠❛çõ❡s ▲✐♥❡❛r❡s

❯♠❛ ♦✉tr❛ ❛❧t❡r♥❛t✐✈❛ q✉❛♥t♦ às té❝♥✐❝❛s ❞❡ ♠❛♣❡❛♠❡♥t♦ sã♦ ❛s té❝♥✐❝❛s ❞❡ á❧❣❡❜r❛ ❧✐♥❡❛r✱

q✉❡ s❡ ❜❛s❡✐❛♠ ❡♠ ✐♥t❡r♣r❡t❛çõ❡s ❣❡♦♠étr✐❝❛s ❞♦s ❞❛❞♦s✱ ❡ sã♦ ♠✉✐t♦ ✉t✐❧✐③❛❞❛s ♥♦ ❝♦♥t❡①t♦ ❞❡

❛♣r♦①✐♠❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✱ ♣❛rt✐❝✉❧❛r♠❡♥t❡ ♥❛ ❝♦♥✈❡rsã♦ ❞❡ ♣❛râ♠❡tr♦s ❡s♣❡❝tr❛✐s ❛

♣❛rt✐r ❞❡ tr❛♥s❢♦r♠❛çõ❡s ❧✐♥❡❛r❡s✳

❯♠❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r é ✉♠ t✐♣♦ ♣❛rt✐❝✉❧❛r ❞❡ ❢✉♥çã♦ ❡♥tr❡ ❞♦✐s ❡s♣❛ç♦s ✈❡t♦r✐❛✐s q✉❡ ♣r❡✲

s❡r✈❛ ❛s ♦♣❡r❛çõ❡s ❞❡ ❛❞✐çã♦ ✈❡t♦r✐❛❧ ❡ ♠✉❧t✐♣❧✐❝❛çã♦ ♣♦r ❡s❝❛❧❛r✳ ◆♦ ❝♦♥t❡①t♦ ❞❡st❡ tr❛❜❛❧❤♦ ❬✷✵✸❪✱

♦s ❡s♣❛ç♦s ✈❡t♦r✐❛✐s sã♦ ❞❡✜♥✐❞♦s ❛ ♣❛rt✐r ❞❛ ❞✐♠❡♥sã♦ ❞♦s ✈❡t♦r❡s ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ✉t✐❧✐✲

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

❘❡❣r❡ssõ❡s ▲✐♥❡❛r❡s✳

❆s r❡❣r❡ssõ❡s ❧✐♥❡❛r❡s ❬✼✻❪ sã♦ ♠♦❞❡❧♦s q✉❡ r❡❧❛❝✐♦♥❛♠ ✉♠❛ ✈❛r✐á✈❡❧ ❡s❝❛❧❛r y ❛ ✉♠❛ ♦✉ ♠❛✐s ✈❛✲

r✐á✈❡✐s X✱ ❞❡ ♠♦❞♦ q✉❡ ♦ ♠♦❞❡❧♦ ❞❡♣❡♥❞❡ ❧✐♥❡❛r♠❡♥t❡ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡s❝♦♥❤❡❝✐❞♦ ❞❡ ♣❛râ♠❡tr♦s

❛ s❡r❡♠ ❡st✐♠❛❞♦s ❛ ♣❛rt✐r ❞♦s ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦✳ ❉❡ ✉♠ ♠♦❞♦ ❣❡r❛❧✱ ❞✐③❡♠♦s q✉❡ ✉♠❛ r❡❣r❡ssã♦

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

❡s♣❛ç♦ ✈❡t♦r✐❛❧✱ ❝♦♥❢♦r♠❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✷✸✳ ❚❛❧ ❢✉♥çã♦ ❧✐♥❡❛r ♣♦❞❡ s❡r ✈✐st❛ ❝♦♠♦

✉♠ ♠❛♣❡❛♠❡♥t♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞✐str✐❜✉í❞♦s ♥✉♠ ❡s♣❛ç♦ ❊✉❝❧✐❞❡❛♥♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳

❋✐❣✉r❛ ✷✳✷✸✿ ❆❥✉st❡ ❧✐♥❡❛r ❛ ♣❛rt✐r ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣♦♥t♦s ♥♦ ❡s♣❛ç♦ ❊✉❝❧✐❞❡❛♥♦✳

❉❛❞♦ ✉♠ ✈❛❧♦r ❞❡ s❛í❞❛ yi ❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ xi = [xi1, xi2, . . . , xip], ♣❛r❛

i ∈ [1..n]✱ ✉♠ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ ❧✐♥❡❛r ♣r❡ss✉♣õ❡ q✉❡ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ✈❛r✐á✈❡❧ yi ❡ ♦ ✈❡t♦r ❞❡

r❡❣r❡ss♦r❡s ♣✲❞✐♠❡♥s✐♦♥❛❧ xi é ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❧✐♥❡❛r✳ ❚❛❧ ❛♣r♦①✐♠❛çã♦ é ♠♦❞❡❧❛❞❛ ❛ ♣❛rt✐r ❞❛

❛❞✐çã♦ ❞❡ r✉í❞♦ ❛♦ ♠♦❞❡❧♦✳ ❆ss✐♠✱ ♦ ♠♦❞❡❧♦ é ❞❡✜♥✐❞♦ ❝♦♠♦✿

yi = β1xi1 + β2xi2 + . . .+ βpxip + ǫi = x′iβ + ǫi, i = 1, 2, . . . , n,

♦♥❞❡ x′iβ é ♦ ♣r♦❞✉t♦ ✐♥t❡r♥♦ ❡♥tr❡ ♦s ✈❡t♦r❡s xi ❡ β✳

➱ ❝♦♠✉♠ r❡❡s❝r❡✈❡r ❡st❛s ❡q✉❛çõ❡s ❡♠ ❢♦r♠❛ ♠❛tr✐❝✐❛❧✱ ❝♦♠♦

y = Xβ + ǫ,



✻✷ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✹

♦♥❞❡

y =













y1

y2
✳✳✳

yn













, X =













x′1
x′2
✳✳✳

x′n













=













x11 . . . x1p

x21 . . . x2p
✳✳✳

✳ ✳ ✳
✳✳✳

xn1 . . . xnp













, β =













β1

β2
✳✳✳

βn













, ǫ =













ǫ1

ǫ2
✳✳✳

ǫn













.

❊①✐st❡♠ ✈ár✐♦s ♠ét♦❞♦s ❞❡ ❡st✐♠❛çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ r❡❣r❡ssã♦ ❧✐♥❡❛r β✳ ❚❛✐s ♠ét♦❞♦s sã♦

❞✐r✐❣✐❞♦s ♣♦r ❝r✐tér✐♦s ❞❡ ♠✐♥✐♠✐③❛çã♦ ❞❡ ❡rr♦✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❡str❛té❣✐❛s ❝♦♠♦ ❛ ♠á①✐♠❛

✈❡r♦ss✐♠✐❧❤❛♥ç❛ ✭▼❛①✐♠✉♠ ▲✐❦❡❧✐❤♦♦❞ ▲✐♥❡❛r ❘❡❣r❡ss✐♦♥ ✕ ▼▲▲❘ ❬✷✺✹❀ ✸✶✹❪✮ ♦✉ ❛ ♠✐♥✐♠✐③❛çã♦ ❞♦

❡rr♦ ♠é❞✐♦ q✉❛❞rát✐❝♦✳ ◆❡st❡ ú❧t✐♠♦ ❝❛s♦✱ t❡♠♦s q✉❡

β = (XtX)−1(Xty).

❆❧❣✉♥s ❛✉t♦r❡s ♣r❡❢❡r❡♠ ✉t✐❧✐③❛r ❛ ❘❡❣r❡ssã♦ ▲✐♥❡❛r ▼✉❧t✐✈❛r✐❛❞❛ ❬✶✵✹❪ ✭▲✐♥❡❛r ▼✉❧t✐✈❛r✐❛t❡

❘❡❣r❡ss✐♦♥ ✕ ▲▼❘✮✳ ❈♦♠♦ q✉❛❧q✉❡r ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ ❧✐♥❡❛r ❝❧áss✐❝♦✱ ❛ tr❛♥s❢♦r♠❛çã♦ é ❛❥✉st❛❞❛

❛ ♣❛rt✐r ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❞❡ ♣❛râ♠❡tr♦s ❡♥tr❡ ❛s ❝❧❛ss❡s ❛❝úst✐❝❛s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠

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

T = (t1, t2, . . . , tp)✱ s❡♥❞♦ q✉❡ ❛s ✈❛r✐á✈❡✐s t1, t2, . . . , tp sã♦ ♠❡❞✐❞❛s ♥❛ ♠❡s♠❛ ✉♥✐❞❛❞❡ ❛♠♦str❛❧✱ ❡

❡stã♦ ❛ss♦❝✐❛❞❛s ❛ p ❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s ♣r❡❞✐t♦r❛s ♥ã♦✲❛❧❡❛tór✐❛s✳ P❛r❛ ❝❛❞❛ ✈❛r✐á✈❡❧ ❞❡ s❛í❞❛ tk
❡①✐st❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ sk = [sk1, sk2, . . . , skNk

]✱ ♣❛r❛ k ∈ [1 . . . p]✳

❉❡st❛ ❢♦r♠❛✱ ❝❛❞❛ ✉♠❛ ❞❛s p r❡❣r❡ssõ❡s ❧✐♥❡❛r❡s é ❞❡✜♥✐❞❛ ❝♦♠♦

tk = siαi + ǫi, i = 1, 2, . . . , p

♦♥❞❡ αi = [α1i, α2i, . . . , αNii]
′ sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ r❡❣r❡ssã♦ ❡ ǫi é ♦ r✉í❞♦ ❛ss♦❝✐❛❞♦ à i✲és✐♠❛

♣r❡❞✐çã♦✳ ➱ ❝♦♠✉♠ s❡ ✉t✐❧✐③❛r ✉♠ ❡st✐♠❛❞♦r ❞❡ ♠í♥✐♠♦s q✉❛❞r❛❞♦s ♣❛r❛ ❝❛❧❝✉❧❛r ♦s ❝♦❡✜❝✐❡♥t❡s

α❀ ❱❛❧❜r❡t ❬✷✽✹❪ ♣r♦♣õ❡ ❡st❡ ♠♦❞❡❧♦ ♣❛r❛ r❡❛❧✐③❛r ♦ ♠❛♣❡❛♠❡♥t♦ ❡♥tr❡ ❛s ❝❧❛ss❡s ❛❝úst✐❝❛s ❞♦

❢❛❧❛♥t❡ ♦r✐❣❡♠ ♣❛r❛ ♦ ❞❡st✐♥♦✱ ♠✐♥✐♠✐③❛♥❞♦ ♦ ❡rr♦ ♠é❞✐♦ q✉❛❞rát✐❝♦ ❡♥tr❡ ❛s ❞✉❛s ❛♠♦str❛s ❛ s❡r❡♠

❝♦♥✈❡rt✐❞❛s✳

■♥t❡r♣♦❧❛çõ❡s P♦♥❞❡r❛❞❛s

❊♠ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r é út✐❧ q✉❛♥❞♦ q✉❡r❡♠♦s ❡♥❝♦♥tr❛r ✉♠❛ r❡❣r❛

q✉❡ ♠❛♣❡✐❛ ✉♠ ✈❡t♦r ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s s ♣❛r❛ ✉♠ ❝♦rr❡s♣♦♥❞❡♥t❡ t✳ ❉❡ ✉♠ ♠♦❞♦ ❣❡r❛❧✱ t❛❧

tr❛♥s❢♦r♠❛çã♦ é ❞❡✜♥✐❞❛ ❝♦♠♦✿

s = f(t) = αt+ ǫ.

❯♠❛ ✐♥t❡r♣♦❧❛çã♦ ❧✐♥❡❛r ♣♦♥❞❡r❛❞❛ ✭❲❡✐❣❤t❡❞ ▲✐♥❡❛r ■♥t❡r♣♦❧❛t✐♦♥✮ é ✉♠ ♠ét♦❞♦ ❞❡ tr❛♥s❢♦r✲

♠❛çã♦ ❡s♣❡❝tr❛❧ q✉❡ s✉r❣❡ ❝♦♠♦ ✉♠❛ ❛❧t❡r♥❛t✐✈❛ ❡♠ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❬✶✽✾❪✳

❙✉♣♦♥❤❛ q✉❡ t❡♥❤❛♠♦s M tr❛♥s❢♦r♠❛çõ❡s ❧✐♥❡❛r❡s ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ♣❛r❛

♦ ❞❡st✐♥♦✳ ❯♠ ♠♦❞❡❧♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ♠❛✐s r♦❜✉st♦ é ♦❜t✐❞♦ s❡ t♦❞❛s ❛s M tr❛♥s❢♦r♠❛çõ❡s

❝♦♥tr✐❜✉❡♠ ♣❛r❛ ❛ ❝♦♥✈❡rsã♦ ❞❡ ❝❛❞❛ ✈❡t♦r ❞❡ ❡♥tr❛❞❛✳ ❖ ♣❡s♦ ❞❡ ❝❛❞❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦

❞❡♣❡♥❞❡✱ ❡♥tã♦✱ ❞❡ ✉♠❛ ♠❡❞✐❞❛ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❝♦♠ q✉❡ ♦ ✈❡t♦r ♣❡rt❡♥❝❡ à ❝♦rr❡s♣♦♥❞❡♥t❡ ❝❧❛ss❡

❢♦♥ét✐❝❛✳ ❆ss✐♠✱ ❛ ❢✉♥çã♦ ❞❡ ❝♦♥✈❡rsã♦ q✉❡ s❡ ❛♣❧✐❝❛ s♦❜r❡ ♦ ✈❡t♦r ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ x é ❞❡✜♥✐❞♦



✷✳✹ ❚➱❈◆■❈❆❙ ❉❊ ❚❘❆◆❙❋❖❘▼❆➬➹❖ ❊❙P❊❈❚❘❆▲ ✻✸

♣❡❧❛ s❡❣✉✐♥t❡ ✐♥t❡r♣♦❧❛çã♦✿

F (x) =

(

M
∑

m=1

λm(x)Wm

)

x̄, ✭✷✳✶✻✮

♦♥❞❡ x̄ = [x′, 1]′ é ♦ ✈❡t♦r ❡st❡♥❞✐❞♦ ❞❡ x ❡ λm é ❛ ✐♥t❡r♣♦❧❛çã♦ ♣♦♥❞❡r❛❞❛ ❞❛ ♠❛tr✐③ Wm✱ ❝✉❥♦ ✈❛❧♦r

é ❞❛❞♦ ♣❡❧❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞♦ ✈❡t♦r x ♣❡rt❡♥❝❡r àm✲és✐♠❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛✱ ♦✉ s❡❥❛✱ λm(x) = P (Cm|x)✳

❆ ♠❛tr✐③ Wm é ♦❜t✐❞❛ s❡❣✉♥❞♦ ✉♠ ❝r✐tér✐♦ ❞❡ ♠✐♥✐♠✐③❛çã♦ ❞❡ ❡rr♦✱ t❛❧ ❝♦♠♦ ♦ ❝❧áss✐❝♦ ❝r✐tér✐♦ ❞❡

♠í♥✐♠♦s q✉❛❞r❛❞♦s✳

❨❡ ✫ ❨♦✉♥❣ ❬✷✾✽❪ ♣r♦♣õ❡♠ ✉♠❛ té❝♥✐❝❛ ♣❛r❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥s♣✐r❛❞❛ ❡♠ ♠♦❞❡❧♦s ❞❡ ✐♥t❡r✲

♣♦❧❛çã♦ ♣♦♥❞❡r❛❞❛ ❡ ✉s♦ ❞❡ ❡s❝❛❧❛s ♣s✐❝♦❛❝úst✐❝❛s ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ P❲▲❚ ✭P❡r❝❡♣t✉❛❧❧② ❲❡✐❣❤t❡❞

▲✐♥❡❛r ❚r❛♥s❢♦r♠❛t✐♦♥✮✳ ◆♦ ❝♦♥t❡①t♦ ❞❡st❛ ❛♣❧✐❝❛çã♦✱ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❢♦r♠❛❞♦s ♣♦r ❝♦❡✜❝✐✲

❡♥t❡s ♠❡❧✲❝❡♣str❛✐s ♥♦r♠❛❧✐③❛❞♦s sã♦ ✐♥t❡r♣♦❧❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠❛ ♠❛tr✐③ ❞❡ ♣❡s♦s W ✳

▼♦❞❡❧♦s ❇✐❧✐♥❡❛r❡s

▼✉✐t❛s ✈❡③❡s✱ ♦s ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❝♦♥✈❡rsã♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s sã♦ ✐♥s✉✲

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

❞❡ ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡✳ ❯♠❛ ❜♦❛ ❛❧t❡r♥❛t✐✈❛ ♣❛r❛ tr❛♥s❢♦r♠❛çã♦ ❞❡st❡s ♣❛râ♠❡tr♦s é ❛ ✉t✐❧✐③❛çã♦ ❞❡

♠♦❞❡❧♦s ❜✐❧✐♥❡❛r❡s ❬✸✾❀ ✺✾❀ ✶✾✸❀ ✷✻✻❪✱ q✉❡ ❛♣r❡s❡♥t❛♠ ❛ ✈❛♥t❛❣❡♠ ❞❡ s❡r❡♠ ♠❛✐s s✐♠♣❧❡s q✉❡ ♦s

♥ã♦✲❧✐♥❡❛r❡s ❡✱ ❡♠ ❣❡r❛❧✱ ♠❛✐s ❡①♣r❡ss✐✈♦s q✉❡ ♦ ♠♦❞❡❧♦ ❧✐♥❡❛r✳

❊♠ ❣❡r❛❧✱ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❜✐❧✐♥❡❛r ❬✷✺❪ ❞❡ s ♣❛r❛ t é ❞❡✜♥✐❞❛ ❝♦♠♦✿

t = ρ
1− s

1 + s
, ρ > 0.

❆ ✐❞❡✐❛ ❜ás✐❝❛ ❝♦♥s✐st❡ ❡♠ r❡❛❧✐③❛r ♣r✐♠❡✐r❛♠❡♥t❡ ❛ ✐♥t❡r♣♦❧❛çã♦ ♥✉♠❛ ❞✐r❡çã♦✱ ❡ ♣❛rt✐r ❞❡st❛✱

r❡❛❧✐③❛r ♥❛ ♦✉tr❛ ❞✐r❡çã♦✳ ❖ r❡s✉❧t❛❞♦ ❞❛ ✐♥t❡r♣♦❧❛çã♦ ❜✐❧✐♥❡❛r ♥ã♦ ❞❡♣❡♥❞❡ ❞❛ ♦r❞❡♠ ❞❡ ✐♥t❡r♣♦❧❛✲

çã♦✱ ♦✉ s❡❥❛✱ ✐♥t❡r♣♦❧❛r s♦❜r❡ ♦ ❡✐①♦ x ❛♣ós ♦ ❡✐①♦ y é ❡q✉✐✈❛❧❡♥t❡ ❛ ✐♥t❡r♣♦❧❛r s♦❜r❡ ♦ ❡✐①♦ y ❛♣ós ♦

❡✐①♦ x✳ ❊♠❜♦r❛ ❝❛❞❛ ♣❛ss♦ s❡❥❛ ❧✐♥❡❛r s♦❜r❡ ♦s ✈❛❧♦r❡s ❡ ♣♦s✐çõ❡s ❛♠♦str❛❞❛s✱ ❛ ✐♥t❡r♣♦❧❛çã♦ ❝♦♠♦

✉♠ t♦❞♦ ♥ã♦ é ❧✐♥❡❛r✱ ♠❛s s✐♠ q✉❛❞rát✐❝❛✳

❖s ♠♦❞❡❧♦s ❜✐❧✐♥❡❛r❡s sã♦ t❛♠❜é♠ ♠✉✐t♦ ✉t✐❧✐③❛❞♦s ❡♠ tr❛♥s❢♦r♠❛çõ❡s ❡ ❛❞❛♣t❛çõ❡s ❞❡ ❡s❝❛❧❛s

♣s✐❝♦❛❝úst✐❝❛s ❬✷✸✼❪✳ ◆❡st❡ ❝♦♥t❡①t♦✱ ❛ tr❛♥s❢♦r♠❛çã♦ ❜✐❧✐♥❡❛r é ✉♠ ♠❛♣❡❛♠❡♥t♦ ❞❡✜♥✐❞♦ ❝♦♠♦

ẑ−1 =
z−1 − ρ

1− z−1ρ
,

❝✉❥❛ ✐♥✈❡rs❛ é

z−1 =
ẑ−1 + ρ

1 + ẑ−1ρ
,

q✉❡ ❧❡✈❛ ♦ ❝ír❝✉❧♦ ✉♥✐tár✐♦ ♥♦ ♣❧❛♥♦ z ♣❛r❛ ♦ ❝ír❝✉❧♦ ✉♥✐tár✐♦ ❞♦ ♣❧❛♥♦ ρ ❞❡ ♠♦❞♦ q✉❡✱ ♣❛r❛ 0 <

ρ < 1✱ ❛s ❜❛✐①❛s ❢r❡q✉ê♥❝✐❛s sã♦ ❡s♣❛ç❛❞❛s ❡ ❛s ❛❧t❛s ❢r❡q✉ê♥❝✐❛s sã♦ ❝♦♠♣r✐♠✐❞❛s✱ ❛♥❛❧♦❣❛♠❡♥t❡ à

tr❛♥s❢♦r♠❛çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❡♠ ❍❡rt③ ♣❛r❛ ❛ ❡s❝❛❧❛ ❇❛r❦✳

❉❡❝♦♠♣♦s✐çã♦ ❞❡ ❱❛❧♦r ❙✐♥❣✉❧❛r

❆ ❞❡❝♦♠♣♦s✐çã♦ ❞❡ ✈❛❧♦r s✐♥❣✉❧❛r ✭❙❱❉✮ ❬✶✹✺❪ é ✉♠ ♠ét♦❞♦ q✉❡ r❡❛❧✐③❛ ✉♠❛ tr❛♥s❢♦r♠❛çã♦

q✉❡ t♦r♥❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❝♦rr❡❧❛❝✐♦♥❛❞❛s ❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡s❝♦rr❡❧❛❝✐♦♥❛❞♦ q✉❡ ♠❡❧❤♦r

r❡♣r❡s❡♥t❛ ♦s r❡❧❛❝✐♦♥❛♠❡♥t♦s ❡♥tr❡ ♦s ❞❛❞♦s ❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧✳ ❖ ♠ét♦❞♦ ✐❞❡♥t✐✜❝❛ ❡ ♦r❞❡♥❛ ❛s



✻✹ ❋❊❘❘❆▼❊◆❚❆❙ ❊ ▼➱❚❖❉❖❙ ✷✳✹

❞✐♠❡♥sõ❡s ❡s♣❛❝✐❛✐s ❞❡ ♠♦❞♦ q✉❡ ♦s ♣♦♥t♦s ✭♥❡st❡ ❝❛s♦ ♦s ❞❛❞♦s✮ ❡st❡❥❛♠ ♠❛✐s ❝♦♥❝❡♥tr❛❞♦s ♥❛s

❞✐♠❡♥sõ❡s ❝♦♠ ♠❛✐♦r ✈❛r✐❛çã♦✳ ❆ ♣❛rt✐r ❞❛s ❞✐♠❡♥sõ❡s ✐❞❡♥t✐✜❝❛❞❛s ❝♦♠♦ ❞❡ ♠❛✐♦r ✈❛r✐❛çã♦✱ ♣♦✲

❞❡♠♦s ❡♥❝♦♥tr❛r ❛ ♠❡❧❤♦r ❛♣r♦①✐♠❛çã♦ ❞♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s ✉s❛♥❞♦ ♣♦✉❝❛s ❞✐♠❡♥sõ❡s✳ ❆ss✐♠✱ ❙❱❉

♣♦❞❡ s❡r ✈✐st♦ ❝♦♠♦ ✉♠ ♠ét♦❞♦ ♣❛r❛ r❡❞✉çã♦ ❞❡ ❞❛❞♦s✳

❆ ✐❞❡✐❛ ❜ás✐❝❛ ♣♦r trás ❞❡ ❙❱❉ é t♦♠❛r ✉♠ ❝♦♥❥✉♥t♦ ❡①t❡♥s♦ ❞❡ ❞❛❞♦s ❞❡ ❛❧t❛ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡

❡ r❡❞✉③✐✲❧♦s ❛ ✉♠ ❡s♣❛ç♦ ❞❡ ♠❡♥♦r ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡ q✉❡ ❡①♣õ❡ ❛ s✉❜❡str✉t✉r❛ ❞♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s

❡①♣❧✐❝✐t❛♠❡♥t❡ ❡ ♦s ♦r❞❡♥❛ ❞❡❝r❡s❝❡♥t❡♠❡♥t❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ s✉❛ ✈❛r✐❛çã♦ ♥♦ ❡s♣❛ç♦✳ ❆ ♣❛rt✐r ❞❡

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

♠❛✐s s✐❣♥✐✜❝❛t✐✈❛s ❞♦ s✐♥❛❧✳ ❚❛❧ r❡❝♦♠♣♦s✐çã♦ ♣♦❞❡ s❡r ✈✐st❛ ❝♦♠♦ ✉♠ s✐♥❛❧ ♣❛ss❛❞♦ ♣♦r ✉♠ ✜❧tr♦

❞❡ s✉♣r❡ssã♦ ❞❡ r✉í❞♦✳

❆ ♣❛rt✐r ❞❡st❛s ❝♦♠♣♦♥❡♥t❡s ♠❛✐s r❡♣r❡s❡♥t❛t✐✈❛s ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ♣♦❞❡♠ s❡r r❡❛❧✐③❛❞❛s tr❛♥s❢♦r✲

♠❛çõ❡s ❡s♣❡❝tr❛✐s q✉❛✐sq✉❡r q✉❡ ❛♣r♦①✐♠❡♠ ♦ s✐♥❛❧ ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ♣❛r❛ ♦ ❞❡st✐♥♦✳ P♦r ❡①❡♠♣❧♦✱

P♦♣❛ ❬✶✾✸❪ ❛❞♦t❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ q✉❡ ✉t✐❧✐③❛ ❙❱❉ ♣❛r❛ ♦❜t❡♥çã♦ ❞♦s s✐♥❛✐s r❡❞✉③✐❞♦s✱ ❥✉♥t❛♠❡♥t❡

❝♦♠ ❛ tr❛♥s❢♦r♠❛çã♦ ❜✐❧✐♥❡❛r ♣❛r❛ ❛ ❝♦♥✈❡rsã♦ ❞♦s ♣❛râ♠❡tr♦s✳

❉❡❢♦r♠❛çã♦ ❡♠ ❋r❡q✉ê♥❝✐❛ ✭❉❋❲✮

❯♠❛ ✈❡③ q✉❡ ♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s r❡♣r❡s❡♥t❛♠ ♣❡r❢❡✐t❛♠❡♥t❡ ♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❞♦ s❡❣✲

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

❞♦s s✐♥❛✐s s❡❧❡❝✐♦♥❛❞♦s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ❡ ❞♦ ❞❡st✐♥♦✳ ❆ té❝♥✐❝❛ ❞❡ ❞❡❢♦r♠❛çã♦ ❡♠ ❢r❡q✉ê♥❝✐❛s✱ ♦✉

❋r❡q✉❡♥❝② ❲❛r♣✐♥❣ ❝♦♠♦ é tr❛❞✐❝✐♦♥❛❧♠❡♥t❡ ❝♦♥❤❡❝✐❞❛✱ t❡♠ s✐❞♦ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞❛ ❡♠ ♥♦r♠❛❧✐③❛✲

çã♦ ❞❡ ❢❛❧❛♥t❡s ❬✶✸✵❀ ✶✸✶❀ ✸✵✾❪ ❡ ❡♠♣❡♥❛♠❡♥t♦s ♣❛r❛ ❡s❝❛❧❛s ♣s✐❝♦❛❝úst✐❝❛s ❬✶✺✼❪✳ ❯♠ ❡♠♣❡♥❛♠❡♥t♦

❞❡ ❢r❡q✉ê♥❝✐❛s ♣♦❞❡ s❡r r❡❛❧✐③❛❞♦ ❛ ♣❛rt✐r ❞❡ tr❛♥s❢♦r♠❛çõ❡s ❜✐❧✐♥❡❛r❡s✳

❖ ❡♠♣❡♥❛♠❡♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛s ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ❢✉♥çã♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ q✉❡ ♠♦❞✐✜❝❛ ❛ ❡s❝❛❧❛

♥♦ ❡✐①♦ ❞❛s ❢r❡q✉ê♥❝✐❛s✱ ❧❡✈❛♥❞♦ ❢r❡q✉ê♥❝✐❛s ω ❞❡ ✉♠ ❡s♣❡❝tr♦ ♣❛r❛ ❢r❡q✉ê♥❝✐❛s ω̃ ❞♦ ❝♦rr❡s♣♦♥❞❡♥t❡

❡s♣❡❝tr♦ ❡♠♣❡♥❛❞♦✱ ❝♦♥❢♦r♠❡ ♠♦str❛ ❛ ❋✐❣✉r❛ ✷✳✷✹✳ ❚❛❧ ❢✉♥çã♦ ❞❡ ❡♠♣❡♥❛♠❡♥t♦ é ❝♦♠✉♠❡♥t❡

✉t✐❧✐③❛❞❛ ♣❛r❛ ❛♣r♦①✐♠❛r ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ♣❛r❛ ♦ ❞❡st✐♥♦✱ r❡♣r❡s❡♥t❛❞♦s ♥♦

❞♦♠í♥✐♦ ❞❛s ❢r❡q✉ê♥❝✐❛s✱ ❛ss✐♠ ❝♦♠♦ ▲❙❋ ❬✷✽✸❪ ♦✉ ▼❋❈❈ ❬✶✽✼❪✳

❋✐❣✉r❛ ✷✳✷✹✿ ❆s ❞✉❛s ❢❛s❡s ❞♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✳

◆♦s ❝❛s♦s ❡♠ q✉❡ ❛s ❢✉♥çõ❡s ❞❡ ❡♠♣❡♥❛♠❡♥t♦ sã♦ ❡st✐♠❛❞❛s ♣♦r ♦t✐♠✐③❛çã♦ ♥❛ ❢❛s❡ ❞❡ tr❡✐✲

♥❛♠❡♥t♦✱ ❞✐③❡♠♦s q✉❡ t❛✐s ❢✉♥çõ❡s sã♦ ❞❡ ❡♠♣❡♥❛♠❡♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞✐♥â♠✐❝♦ ❬✷✼✵❪ ✭❉②♥❛♠✐❝
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❋r❡q✉❡♥❝② ❲❛r♣✐♥❣ ✕ ❉❋❲ ✮✳ ❚❛❧ ♦t✐♠✐③❛çã♦ ✉t✐❧✐③❛ ✉♠❛ ❡str❛té❣✐❛ ❞❡ s❡❧❡çã♦ ❞❡ s❡❣♠❡♥t♦s ❝♦♠

♠á①✐♠❛ s✐♠✐❧❛r✐❞❛❞❡✱ ❛ss✐♠ ❝♦♠♦ ❛ ❉❚❲✱ ❡ ♣♦r ❡st❛ r❛③ã♦✱ ❡st❛s sã♦ ❞✐t❛s ❞✉❛✐s ❬✶✼✶❪✳

❉❛♥✐❡❧ ❊rr♦ ❬✺✵❪ ♣r♦♣ôs r❡❝❡♥t❡♠❡♥t❡ ✉♠ ♠ét♦❞♦ ❞❡ ❡♠♣❡♥❛♠❡♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛s ♣♦♥❞❡r❛❞♦

✭❲❡✐❣❤t❡❞ ❋r❡q✉❡♥❝② ❲❛r♣✐♥❣ ✕ ❲❋❲ ✮ q✉❡ ❝♦♠❜✐♥❛ ❛s ❛❜♦r❞❛❣❡♥s ❉❋❲ ❡ ●▼▼✳ P❛r❛ ❝❛❞❛ s❡❣✲

♠❡♥t♦ é ❝❛❧❝✉❧❛❞❛ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❞❡ ❢✉♥çõ❡s ❜❛s❡✳ ❖s ♣❡s♦s ❞❡st❛s ❝♦♠❜✐♥❛çõ❡s ❡ ❢♦r♠❛t♦s

❞❛s ❢✉♥çõ❡s ❜❛s❡ sã♦ ♦❜t✐❞♦s ❞❡ ✉♠ tr❡✐♥❛♠❡♥t♦ ●▼▼✱ q✉❡ t❛♠❜é♠ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛✉♠❡♥t❛r

❛ s✐♠✐❧❛r✐❞❛❞❡ ❡♥tr❡ ♦s s✐♥❛✐s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ❡ ❞♦ ❞❡st✐♥♦✳ ❚❛✐s ♣❡s♦s ❡ ❢✉♥çõ❡s ❜❛s❡ ❞❡✜♥❡♠

✉♠❛ ❢✉♥çã♦ ❞❡ ❡♠♣❡♥❛♠❡♥t♦ ❡♥tr❡ ✉♠ ♣❛r ❞❡ ❡s♣❡❝tr♦s ❞❡ s❡❣♠❡♥t♦s ❛ss♦❝✐❛❞♦s às ❞✉❛s ❝❧❛ss❡s

❛❝úst✐❝❛s ❛ s❡r❡♠ ❛♣r♦①✐♠❛❞❛s✳

❖ ♠♦❞❡❧♦ ❛❞♦t❛❞♦ ♣❛r❛ r❡♣r❡s❡♥t❛r ❡st❡s s❡❣♠❡♥t♦s é ♦ ♠♦❞❡❧♦ ❤❛r♠ô♥✐❝♦✲❡st♦❝ást✐❝♦✱ ♦ q✉❛❧

s❡rá ✉t✐❧✐③❛❞♦ ❝♦♠♦ ❛ ❜❛s❡ ❞♦ s✐st❡♠❛ ♣r♦♣♦st♦ ♣♦r ❡st❡ tr❛❜❛❧❤♦✱ ❡ ❞❡t❛❧❤❛❞♦ ♥♦ ❝❛♣ít✉❧♦ q✉❡ s❡❣✉❡✳
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❈❛♣ít✉❧♦ ✸

❈♦♥✈❡rs♦r ❞❡ ❱♦③ ■♥t❡r✲▲✐♥❣✉íst✐❝♦

❖ s✉❝❡ss♦ ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ✐♥t❡r✲❧✐♥❣✉íst✐❝♦ ❝♦♠ ❛❧t♦ í♥❞✐❝❡ ❞❡

q✉❛❧✐❞❛❞❡ ❞❡♣❡♥❞❡ ✐♥tr✐♥s❡❝❛♠❡♥t❡ ❞❛ ❡s❝♦❧❤❛ ❞❡ ❜♦❛s ❢❡rr❛♠❡♥t❛s ❡s♣❡❝✐❛❧✐③❛❞❛s ❡♠ t❛r❡❢❛s ❡s♣❡❝í✲

✜❝❛s ❞❡♥tr♦ ❞♦ ♣r♦❝❡ss♦✳ ❊♠❜♦r❛ ♦ s✐st❡♠❛ ❡①✐❥❛ ✉♠❛ ❝♦♠♣✉t❛çã♦ ❞❡ ❛❧t♦ ❞❡s❡♠♣❡♥❤♦✱ ❢♦rt❡♠❡♥t❡

❡str✉t✉r❛❞❛ ❡♠ ❛❧❣♦r✐t♠♦s ❢✉♥❞❛❞♦s s♦❜r❡ ❜❛s❡s ❝♦♠♣❧❡①❛s ❡ só❧✐❞❛s ❞❛ ❞✐s❝✐♣❧✐♥❛ ❞❡ Pr♦❝❡ss❛♠❡♥t♦

❞❡ ❙✐♥❛❧ ❉✐❣✐t❛❧✱ ♦ tr❛❜❛❧❤♦ ✈✐s❛ ♠❛♥t❡r ♦ ❢♦❝♦ ❡♠ ❝♦♥❝❡✐t♦s ❡st❛❜❡❧❡❝✐❞♦s ♣❡❧❛ ❈✐ê♥❝✐❛ ❞❛ ❈♦♠✲

♣✉t❛çã♦✱ t❛✐s ❝♦♠♦ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣❧❡①✐❞❛❞❡ ❛❧❣♦rít♠✐❝❛✱ ♣❛r❛❞✐❣♠❛s ❞❡ ♣r♦❣r❛♠❛çã♦ ✐♠♣❡r❛t✐✈❛

❡str✉t✉r❛❞❛ ❡ ♦r✐❡♥t❛❞❛ ❛ ♦❜❥❡t♦s✱ ❡♥tr❡ ♦✉tr❛s ❢❡rr❛♠❡♥t❛s ❞❡ ❛♣♦✐♦✱ ❝♦♠♦ ❛ t❡♦r✐❛ ❞♦s ❣r❛❢♦s✳

❊st❛ s❡çã♦ ❡stá ❝❛t❡❣♦r✐③❛❞❛ ❡♠ ♠ó❞✉❧♦s ❢✉♥❝✐♦♥❛✐s✱ ❛ ✜♠ ❞❡ ❢❛❝✐❧✐t❛r ❛ ❡①♣♦s✐çã♦ ❞❛s ♥♦✈❛s

♣r♦♣♦st❛s té❝♥✐❝❛s ❞❛ t❡s❡✳ ❆♥t❡s ❞❡ ✐♥tr♦❞✉③✐r ❝❛❞❛ ♠ó❞✉❧♦ ❢✉♥❝✐♦♥❛❧✱ ♦ s✐st❡♠❛ é ❛♣r❡s❡♥t❛❞♦

♥❛ ❙❡çã♦ ✸✳✶ s♦❜r❡ ✉♠❛ ót✐❝❛ ❛❧❣♦rít♠✐❝❛✱ r❡❧❛❝✐♦♥❛♥❞♦ ❝❛❞❛ ♠ó❞✉❧♦ ❢✉♥❝✐♦♥❛❧ ❞♦ ♣r♦❣r❛♠❛ ❛ ✉♠

♠ét♦❞♦ ♣r♦♣♦st♦ ♥❛ s❡çã♦ s❡❣✉✐♥t❡✳ ❙❡ tr❛t❛ ❞❡ ✉♠❛ ✈✐sã♦ s✐st❡♠át✐❝❛ ❞♦ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡

✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝♦✱ ❜❡♠ ❝♦♠♦ s✉❛ ❡str✉t✉r❛ ❜ás✐❝❛✿

✲ ❆ ❙❡çã♦ ✸✳✷ ♠♦str❛ ✉♠❛ ❛❞❛♣t❛çã♦ ❞♦ ♠♦❞❡❧♦ ❍❙▼ ♣❛r❛ ❆♥á❧✐s❡ ❡ ❙í♥t❡s❡ ❞❡ s✐♥❛✐s ❞❡ ✈♦③

✉s❛♥❞♦ ❡♥✈❡❧♦♣❡s ✐♥t❡r♣♦❧❛❞♦s ❞❛s ♣❛rt❡s ❤❛r♠ô♥✐❝❛ ❞❡ ❛♠♣❧✐t✉❞❡ ❡ ❡st♦❝ást✐❝❛✳

✲ ◆❛ ❙❡çã♦ ✸✳✸ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ té❝♥✐❝❛ ❞❡ ❞❡❝♦♠♣♦s✐çã♦ ♣❛r❛♠étr✐❝❛ ❞❡st❡s ❡♥✈❡❧♦♣❡s✱ ❛

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

r❡❝♦♥✜❣✉r❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ♣❛r❛ ❛ ❢❛s❡ ❞❡ sí♥t❡s❡✱ ♠❡❞✐❛♥t❡ ❛ ♣❛r❛♠❡tr✐③❛çã♦ ✐♥✈❡rs❛✳

✲ ❆ ❙❡çã♦ ✸✳✹ ❛♣r❡s❡♥t❛ ✉♠❛ ♣r♦♣♦st❛ ❞❡ ❝❧✉st❡r✐③❛çã♦ ♥❛ q✉❛❧ s❡ ✉t✐❧✐③❛♠ ❝♦♥❝❡✐t♦s ❞❡ ♠♦r❢♦✲

❧♦❣✐❛ ♠❛t❡♠át✐❝❛ ♣❛r❛ ♦ ❛❣r✉♣❛♠❡♥t♦ ❞❡ ✈❡t♦r❡s ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡♠ ❝❧❛ss❡s ❛❝úst✐❝❛s✳ ❊st❛

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

❡ ❞❡st✐♥♦✳

✲ P❛r❛ ❝❛❞❛ ♣❛r ❞❡ ❝♦r♣♦r❛ ❞✐st✐♥t♦s✱ ❡st❡s ❝♦r♣♦r❛ s❡rã♦ ❛❧✐♥❤❛❞♦s ✉s❛♥❞♦ ✉♠ ❛❧❣♦r✐t♠♦ ❝❧áss✐❝♦

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

✲ ❋✐♥❛❧♠❡♥t❡✱ ❛ ❙❡çã♦ ✸✳✻ ❛♣r❡s❡♥t❛rá ✉♠❛ ♥♦✈❛ té❝♥✐❝❛ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝ús✲

t✐❝♦s✱ ✐♥s♣✐r❛❞❛ ❡♠ té❝♥✐❝❛s ❞❡ ❚r❛♥s❢♦r♠❛çã♦ ▲✐♥❡❛r ❝♦♠❜✐♥❛❞❛s à ❞❡❢♦r♠❛çã♦ ❡♠ ❢r❡q✉ê♥❝✐❛

✭◆♦r♠❛❧✐③❡❞ ❋r❡q✉❡♥❝② ❲❛r♣✐♥❣ ✕ ◆❋❲✮✳

✻✼
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✸✳✶ ❱✐sã♦ ❊str✉t✉r❛❧ ❞♦ ❙✐st❡♠❛

❯♠ s✐st❡♠❛ r♦❜✉st♦ ♣r❡❝✐s❛ ❞❡✜♥✐r ❞❡ ♠❛♥❡✐r❛ ❝❧❛r❛ ❡ ♣r❡❝✐s❛ ❛s r❡❧❛çõ❡s ❡♥tr❡ ♦s ♠ó❞✉❧♦s ❞♦

s✐st❡♠❛✳ ❆♥t❡s ❞❡ ♣❛ss❛r à ♣❛rt❡ ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦✱ s❡❣✉❡✲s❡ ❛ ❞❡✜♥✐çã♦ ❞❡ ❝❛❞❛ ♠ó❞✉❧♦ ❢✉♥❝✐♦♥❛❧

❞♦ s✐st❡♠❛✳

❋✐❣✉r❛ ✸✳✶✿ ❱✐sã♦ ❞♦ s✐st❡♠❛ s♦❜ ♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞❡ ❢❛s❡s ❞❡ ❚r❡✐♥❛♠❡♥t♦ ❡ ❈♦♥✈❡rsã♦✳

❆ ❋✐❣✉r❛ ✸✳✶ ❡①✐❜❡ ✉♠ ❞✐❛❣r❛♠❛ ❣❡r❛❧✱ ♥♦ q✉❛❧ ❡stã♦ ✐❞❡♥t✐✜❝❛❞♦s ♦s ✢✉①♦s ❞❡ ❞❛❞♦s ❞❡ ❛♠❜♦s

♦s ❢❛❧❛♥t❡s✳ ❉❡♥♦t❛♠✲s❡ ♣♦r x ❛s s❡♥t❡♥ç❛s r❡❧❛t✐✈❛s ❛♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠✱ ❞♦ q✉❛❧ s❡ ❡s♣❡r❛ ♠♦❞✐✜❝❛r

❛ ✈♦③✱ ❡ ♣♦r y ❛s s❡♥t❡♥ç❛s ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦✱ ♣❛r❛ ♦ q✉❛❧ s❡ ❞❡s❡❥❛ ❝♦♥✈❡rt❡r ❛ ✈♦③✱ ♦❜t❡♥❞♦ ❛s

s❡♥t❡♥ç❛s ❝♦♥✈❡rt✐❞❛s x′✳ ❖s ♣r♦❝❡ss♦s ❡stã♦ ❞✐s❝r✐♠✐♥❛❞♦s ❝♦♠♦ ❧❡tr❛s ♠❛✐ús❝✉❧❛s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠

s✉❛s ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s✱ ❛s q✉❛✐s s❡rã♦ ❞❡s❝r✐t❛s ❡♠ ♦r❞❡♠✿

❆✕ ❖ ♠ó❞✉❧♦ ❞❡ ❆♥á❧✐s❡ t♦♠❛ ✉♠❛ s❡♥t❡♥ç❛ ❞❡ ❢❛❧❛ ♣r♦♥✉♥❝✐❛❞❛✱ s❡❣♠❡♥t❛✲❛ ❡♠ ♣❡q✉❡♥♦s

tr❡❝❤♦s ❢♦♥ét✐❝♦s ❡ ❢♦r♥❡❝❡ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ✐♥t✉✐t✐✈❛ ❞♦s ♠❡s♠♦s ♣❛r❛ ♣♦st❡r✐♦r q✉❛♥t✐③❛çã♦✳

P✕ ❖ ♠ó❞✉❧♦ ❞❡ P❛r❛♠❡tr✐③❛çã♦ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ♠♦❞❡❧❛❣❡♠ ❡ q✉❛♥t✐③❛çã♦ ❞♦s ♣❛râ♠❡tr♦s

❛❝úst✐❝♦s ❞❡✈♦❧✈✐❞♦s ♣❡❧♦ ♠ó❞✉❧♦ ❛♥t❡r✐♦r✳

❈✕ ❖ ♠ó❞✉❧♦ ❞❡ ❈❧✉st❡r✐③❛çã♦ é ❛ ♣❛rt❡ ❞♦ s✐st❡♠❛ r❡s♣♦♥sá✈❡❧ ♣♦r ♦r❣❛♥✐③❛r ♦ ❝♦r♣✉s ❞❡ ❝❛❞❛

❢❛❧❛♥t❡ ❡♠ ❝❧❛ss❡s ❛❝úst✐❝❛s✱ ♦ q✉❡ ✐♠♣❧✐❝❛ ❡♠ ♠♦❞❡❧❛r ♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s

r❡s♣❡❝t✐✈❛s ❛♦ ❢❛❧❛♥t❡ ❡♠ q✉❡stã♦✳

▼✕ ❖ ♠ó❞✉❧♦ ❞❡ ▼❛♣❡❛♠❡♥t♦ ❝♦rr❡s♣♦♥❞❡ à ♣❛rt❡ ❞♦ s✐st❡♠❛ q✉❡ ❛ss♦❝✐❛ ❛s ❝❧❛ss❡s ❛❝úst✐❝❛s

❡♥tr❡ ❛♠❜♦s ♦s ❢❛❧❛♥t❡s✱ ✉s❛♥❞♦ té❝♥✐❝❛s ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ❝✉st♦ ♠í♥✐♠♦✳

❚✕ ❖ ♠ó❞✉❧♦ ❞❡ ❚r❛♥s❢♦r♠❛çã♦ ❞✐③ r❡s♣❡✐t♦ às ❢✉♥çõ❡s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✱

❡st✐♠❛❞❛s ❛ ♣❛rt✐r ❞♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❛s ❝❧❛ss❡s ❞♦ ♠ó❞✉❧♦ ❛♥t❡r✐♦r✳

❙✕ ❖ ♠ó❞✉❧♦ ❞❡ ❙í♥t❡s❡✱ ♣♦r s✉❛ ✈❡③✱ ♠♦♥t❛ ♦ s✐♥❛❧ ❞❡ s❛í❞❛ x′ t♦♠❛♥❞♦ ♦s ♣❛râ♠❡tr♦s tr❛♥s✲

❢♦r♠❛❞♦s✳ ❊st❡s ♣❛râ♠❡tr♦s ✜♥❛✐s sã♦ ❞❛❞♦s ♣❡❧❛ ♣❛r❛♠❡tr✐③❛çã♦ ✐♥✈❡rs❛ P−1✱ ♥❛ q✉❛❧ ♦s

♣❛râ♠❡tr♦s q✉❛♥t✐③❛❞♦s sã♦ r❡❛❞❛♣t❛❞♦s ❛♦ ♣❛❞rã♦ ❞♦ ♠♦❞❡❧♦ ❞❡ ❛♥á❧✐s❡✳

❊st❡s ♠ó❞✉❧♦s ❢✉♥❝✐♦♥❛✐s q✉❡ ❝♦♥❥✉♥t❛♠❡♥t❡ ❝♦♠♣õ❡♠ ♦ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡stã♦

♠❛✐s ♣r♦❢✉♥❞❛♠❡♥t❡ ❡①♣❧❛♥❛❞♦s ♥❛ s❡çã♦ s✉❜s❡q✉❡♥t❡✳ P♦r q✉❡stõ❡s ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦✱ ♥❡st❛ s❡✲

çã♦ ♦s ♠ó❞✉❧♦s ❡stã♦ ❝❛t❡❣♦r✐③❛❞♦s ❡♠ ❞✉❛s ❢❛s❡s ❞✐st✐♥t❛s ❞♦ ♣r♦❝❡ss♦✱ ❝♦♥❢♦r♠❡ é ♦❜s❡r✈❛❞♦ ♥❛

❋✐❣✉r❛ ✸✳✷✳

❆ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦ t♦♠❛ ❞♦✐s ❝♦♥❥✉♥t♦s ❞❡ s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s ♣♦r ❝❛❞❛ ✉♠ ❞♦s ❢❛❧❛♥t❡s

✭♦r✐❣❡♠ X ❡ ❞❡st✐♥♦ Y ✮✱ ♠♦❞❡❧❛ ✭❆✮ t❛✐s s❡♥t❡♥ç❛s ❡ q✉❛♥t✐③❛ ✭P✮ t♦❞♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ ✐♥❢♦r♠❛çã♦✳



✸✳✶ ❱■❙➹❖ ❊❙❚❘❯❚❯❘❆▲ ❉❖ ❙■❙❚❊▼❆ ✻✾

❊st❡s ✈❡t♦r❡s q✉❛♥t✐③❛❞♦s sã♦ ❝❧✉st❡r✐③❛❞♦s ✭❈✮ ❡♠ ❝❧❛ss❡s ❛❝úst✐❝❛s ❡ ♦r❣❛♥✐③❛❞❛s ❡♠ ❝♦r♣♦r❛✱

❡ ♦s ♣❛r❡s ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s ❞❡ ❛♠❜♦s ♦s ❢❛❧❛♥t❡s sã♦ ❛❧✐♥❤❛❞♦s ✭▼✮✳ ❈♦♠♦ r❡s✉❧t❛❞♦ ✜♥❛❧ ❞❡

tr❡✐♥❛♠❡♥t♦ é ❣❡r❛❞❛ ✉♠❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ @T ✱ ❛ q✉❛❧ é ✉s❛❞❛ ♥❛ ❢❛s❡ ❞❡ ❝♦♥✈❡rsã♦✳

◆❛ ❢❛s❡ ❞❡ ❝♦♥✈❡rsã♦✱ ❛ ❢✉♥çã♦ @T t♦♠❛ ✉♠ ✈❡t♦r q✉❛♥t✐③❛❞♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s Ψx✱

♣❡rt❡♥❝❡♥t❡ ❛♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠✱ ❡ ♦ ❝♦♥✈❡rt❡ ❡♠ ✉♠ ✈❡t♦r Ψ̂x✱ ❞❡ ♠♦❞♦ q✉❡ ❡st❡ ♣❛ss❡ ❛ ♣♦ss✉✐r

♣r♦♣r✐❡❞❛❞❡s ❛❝úst✐❝❛s q✉❡ ♦ ❝❛r❛❝t❡r✐③❡♠ ❝♦♠♦ ♣❡rt❡♥❝❡♥t❡ ❛♦ ❝♦r♣✉s ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦✳

❋✐❣✉r❛ ✸✳✷✿ ❱✐sã♦ ❞♦ s✐st❡♠❛ s♦❜ ♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞❡ ❢❛s❡s ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ tr❛♥s❢♦r♠❛çã♦✳

❆ ✜♠ ❞❡ ❛♣r❡s❡♥t❛r ♦ ♠♦❞❡❧♦ ♠❛✐s ❝❧❛r❛♠❡♥t❡✱ é ❝♦♥✈❡♥✐❡♥t❡ ❛♣r❡s❡♥t❛r s❡♣❛r❛❞❛♠❡♥t❡ ❛♠❜❛s

❛s ❢❛s❡s ❞❛ ❝♦♥✈❡rsã♦✿ ♦ tr❡✐♥❛♠❡♥t♦ ✭❙❡çã♦ ✸✳✶✳✶✮ ❡ ❛ ❝♦♥✈❡rsã♦ ♣r♦♣r✐❛♠❡♥t❡ ❞✐t❛ ✭❙❡çã♦ ✸✳✶✳✷✮✳

✸✳✶✳✶ ❋❛s❡ ❞❡ ❚r❡✐♥❛♠❡♥t♦

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

❝♦♥✈❡rsã♦ @T q✉❡ s❡rá ✉t✐❧✐③❛❞❛ ♥❛ ❢❛s❡ s✉❜s❡q✉❡♥t❡✳ ❆ ❡①♣❧✐❝❛çã♦ ❞♦ ♣r♦❝❡ss♦ s❡rá ❢❡✐t♦ ❝♦♠ ❜❛s❡

♥♦s ❛❧❣♦r✐t♠♦s ❝♦♥str✉í❞♦s ♣❛r❛ ❝❛❞❛ ♠ó❞✉❧♦ ❞❛ ❝♦♥✈❡rsã♦✳

❖ ❆❧❣♦r✐t♠♦ TREINAMENTO ✭❆❧❣✳ ✸✳✶✮ ❝♦rr❡s♣♦♥❞❡ ❛♦ ♣r♦❝❡ss♦ ❣❡r❛❧ ❞❡ tr❡✐♥❛♠❡♥t♦✱ q✉❡ t♦♠❛

❝♦♠♦ ❡♥tr❛❞❛ ♦s ❝♦♥❥✉♥t♦s ❞❡ s❡♥t❡♥ç❛s ❞❡ tr❡✐♥❛♠❡♥t♦ ❞♦s ❢❛❧❛♥t❡s ♦r✐❣❡♠ ✭X✮ ❡ ❞❡st✐♥♦ ✭Y ✮✱ ❡

❞❡✈♦❧✈❡ ❛ ❢✉♥çã♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s @T ✳ ❚♦❞♦s ♦s ❛❧❣♦r✐t♠♦s sã♦ ❞❡s❝r✐t♦s

❡♠ ♣s❡✉❞♦❝ó❞✐❣♦ ❜❛s❡❛❞♦ ❡♠ ❧✐♥❣✉❛❣❡♥s ❞❡ ❛❧t♦ ♥í✈❡❧ ♣❛r❛ ❝♦♠♣✉t❛çã♦ ❝✐❡♥tí✜❝❛✱ t❛✐s ❝♦♠♦ ▼❛✲

t❧❛❜✴❖❝t❛✈❡✳ ❊♠❜♦r❛ s❡❥❛ ♣♦ssí✈❡❧ ❝♦♠♣♦r t♦❞❛s ❛s ❢✉♥çõ❡s ❡♠ ❝❛s❝❛t❛✱ ❝♦♠♦ ♥♦ ❝❛s♦ ❞♦ ♣❛❞rã♦

❈♦♠♠❛♥❞ ✶ ❡♠ Pr♦❣r❛♠❛çã♦ ❖r✐❡♥t❛❞❛ ❛ ❖❜❥❡t♦s ❬✷✻❪✱ t❛✐s ♠ét♦❞♦s sã♦ ❝♦♠♣♦st♦s s❡q✉❡♥❝✐❛❧♠❡♥t❡

♣❛r❛ t♦r♥❛r ❛ ❛♣r❡s❡♥t❛çã♦ ♠❛✐s ❞✐❞át✐❝❛✳ ❖ ♣❛❞rã♦ ❛❞♦t❛❞♦ ♥❛ ❝♦♠♣♦s✐çã♦ ❞♦s ♣s❡✉❞♦❝ó❞✐❣♦s q✉❡

s❡❣✉❡♠ ❢♦✐✿

✶✳ ❖s ♥♦♠❡s ❞♦s ♠ó❞✉❧♦s q✉❡ ❝♦rr❡s♣♦♥❞❡♠ às ❢❛s❡s ❞♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥✈❡rsã♦✱ ✐st♦ é✱ às ❢❛s❡s

❞❡ tr❡✐♥❛♠❡♥t♦ ❡ ❞❡ ❝♦♥✈❡rsã♦✱ s❡♠♣r❡ sã♦ ❡s❝r✐t♦s ✉s❛♥❞♦ ❝❛✐①❛ ❛❧t❛❀

✷✳ ❖s ♥♦♠❡s ❞♦s ♠ó❞✉❧♦s ❢✉♥❝✐♦♥❛✐s ❞❡s❝r✐t♦s ❛♥t❡r✐♦r♠❡♥t❡ ✭❆♥á❧✐s❡✱ P❛r❛♠❡tr✐③❛çã♦✱ ❈❧✉st❡r✐✲

③❛çã♦✱ ❡t❝✮ s❡♠♣r❡ sã♦ ✐♥✐❝✐❛❞♦s ♣♦r ✉♠❛ ❧❡tr❛ ♠❛✐ús❝✉❧❛ ❡ ❝♦♥t✐♥✉❛❞♦s ❝♦♠ ❧❡tr❛s ♠✐♥ús❝✉❧❛s❀

✸✳ ◆♦♠❡s ❞❡ ❢✉♥çõ❡s ✉t✐❧✐tár✐❛s ✉s❛❞❛s ❞❡♥tr♦ ❞♦s ❣r❛♥❞❡s ♠ó❞✉❧♦s sã♦ s❡♠♣r❡ ❡s❝r✐t❛s ❝♦♠

t♦❞❛s ❛s ❧❡tr❛s ♠✐♥ús❝✉❧❛s❀

✹✳ ❆s ✈❛r✐á✈❡✐s ❣❧♦❜❛✐s sã♦ s❡♠♣r❡ ♠❛✐ús❝✉❧❛s ❡ ✐tá❧✐❝❛s✳

✶❈♦♠♠❛♥❞ é ✉♠ ❞♦s ✷✸ ♣❛❞rõ❡s ❝❧áss✐❝♦s ❞❡ ♣r♦❥❡t♦ ❞❡ s♦❢t✇❛r❡ ❡♠ Pr♦❣r❛♠❛çã♦ ❖r✐❡♥t❛❞❛ ❛ ❖❜❥❡t♦s✳
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❆❧❣♦r✐t♠♦ ✸✳✶ @T ← TREINAMENTO(X,Y )

⊲ ▼♦❞❡❧❛❣❡♠ ❞♦ ❝♦♥❥✉♥t♦ tr❡✐♥❛♠❡♥t♦ ❞❡ ❛♠❜♦s ♦s ❢❛❧❛♥t❡s

✶ [FX0 , S
X , AX , ϕX ]← Análise✭X✮❀

✷ [FY0 , S
Y , AY , ϕY ]← Análise✭Y ✮❀

⊲ ◗✉❛♥t✐③❛çã♦ ❞♦s ✈❛❧♦r❡s ❞❡ ❡♥tr❛❞❛

✸ ΨX ← Parametrização✭FX0 , S
X , AX)

✹ ΨY ← Parametrização✭FY0 , S
Y , AY )

⊲ ❆❣r✉♣❛♠❡♥t♦ ❞♦s ✈❡t♦r❡s ❛❝úst✐❝♦s ❡♠ ❝❧❛ss❡s ❛❝úst✐❝❛s

✺ [CX , GX ]← Clusterização✭ΨX)

✻ [CY , GY ]← Clusterização✭ΨY )

⊲ ❆❧✐♥❤❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❡ ❣❡r❛çã♦ ❞❛ ❢✉♥çã♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ ▼

✼ @M ← Mapeamento✭CX , CY )

⊲ ❊st✐♠❛çã♦ ❞❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ T

✽ @T ← Transformação✭@M,CX , CY , GX , GY )

✾ r❡t✉r♥✭@T ✮

❖ ❛❧❣♦r✐t♠♦ ❛❝✐♠❛ ♣♦ss✉✐ ❝✐♥❝♦ ♠ó❞✉❧♦s ❢✉♥❝✐♦♥❛✐s✱ ❝❛❞❛ ✉♠ ❞❡❧❡s ❞❡s❝r✐t♦ ❞❡t❛❧❤❛❞❛♠❡♥t❡ ❡♠

❝❛❞❛ s❡çã♦ ♣♦st❡r✐♦r♠❡♥t❡✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ✜♠ ❞❡ ❡s❝❧❛r❡❝❡r ❛❧❣✉♥s ❛s♣❡❝t♦s ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛

❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✱ s❡❣✉❡ ✉♠❛ ❞❡s❝r✐çã♦ ❞❡t❛❧❤❛❞❛ ❞❡ ❝❛❞❛ ❧✐♥❤❛ ❞❡ ❝ó❞✐❣♦✿

✶✕✷✿ ❖ ♠ó❞✉❧♦ ❞❡ ❛♥á❧✐s❡✱ ❜❛s❡❛❞♦ ♥♦ ♠♦❞❡❧♦ ❍❛r♠ô♥✐❝♦✴❊st♦❝ást✐❝♦✱ é ❛♣❧✐❝❛❞♦ s♦❜r❡ ♦ ❝♦♥❥✉♥t♦

❞❡ tr❡✐♥❛♠❡♥t♦ ❞❡ ❛♠❜♦s ♦s ❢❛❧❛♥t❡s✱ ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦s í♥❞✐❝❡s s✉♣❡r✐♦r❡s✳ ❊st❡ ♠ó❞✉❧♦ t♦♠❛

❝❛❞❛ ✉♠ ❞♦s s✐♥❛✐s ❝♦♠♣♦st♦s ♣❡❧❛s ❝♦♥❝❛t❡♥❛çõ❡s ❞❡ t♦❞❛s ❛s s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s ♣♦r

✉♠ ♠❡s♠♦ ❢❛❧❛♥t❡✱ ❡ ❞❡✈♦❧✈❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s F0 ✭❢r❡q✉ê♥❝✐❛s ❢✉♥❞❛♠❡♥t❛✐s ❞❡ ❝❛❞❛

s❡❣♠❡♥t♦✮✱ ♦ ❝♦♥❥✉♥t♦ S ❞❡ s❡❣♠❡♥t♦s ❡st♦❝ást✐❝♦s ❞♦ ♠♦❞❡❧♦✱ ❜❡♠ ❝♦♠♦ ♦ ❝♦♥❥✉♥t♦ A ❞❡

✈❡t♦r❡s r❡♣r❡s❡♥t❛♥❞♦ ♦ ❡♥✈❡❧♦♣❡ ❤❛r♠ô♥✐❝♦ ❞❡ ❝❛❞❛ s❡❣♠❡♥t♦✳ ❆s ❢❛s❡s ✐♥✐❝✐❛✐s ♥ã♦ sã♦ ♠♦❞❡✲

❧❛❞❛s✱ ♦✉ s❡❥❛✱ sã♦ ❞❡s❝❛rt❛❞❛s ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✳ ◆❛ ❢❛s❡ ❞❡ ❝♦♥✈❡rsã♦✱ ♥♦ ❡♥t❛♥t♦✱ ❡st❛s

sã♦ tr❛♥s❢❡r✐❞❛s ❞✐r❡t❛♠❡♥t❡ ❞♦ ♠ó❞✉❧♦ ❞❡ ❆♥á❧✐s❡ ♣❛r❛ ♦ ♠ó❞✉❧♦ ❞❡ ❙í♥t❡s❡✱ ✉♠❛ ✈❡③ q✉❡ ❛

♠❛♥✐♣✉❧❛çã♦ ❞❛s ♠❡s♠❛s ♣♦❞❡ ♣r❡❥✉❞✐❝❛r ❛ ❝♦♥t✐♥✉✐❞❛❞❡ t❡♠♣♦r❛❧ ✭✈✐❞❡ ❙❡çã♦ ✸✳✷✮✳ ❈❛s♦ ✉♠

s❡❣♠❡♥t♦ k s❡❥❛ ❛✈❛❧✐❛❞♦ ❝♦♠♦ ♥ã♦✲✈♦③❡❛❞♦✱ ❡♥tã♦ F0[k] = 0 ❡ ❛s r❡s♣❡❝t✐✈❛s ❡♥tr❛❞❛s ❞❡ A

sã♦ ♥✉❧❛s✳

✸✕✹✿ ❖ ♠ó❞✉❧♦ ❞❡ ♣❛r❛♠❡tr✐③❛çã♦ t♦♠❛ ❛s ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❞❡✈♦❧✈✐❞❛s ♣❡❧♦ ♠ó❞✉❧♦ ❞❡ ❛♥á❧✐s❡ ❡

❛s ❝♦♥✈❡rt❡ ❡♠ ✉♠ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧✳ ❚❛❧ ♣r♦❝❡ss♦✱ ❝♦♥❤❡❝✐❞♦

❝♦♠♦ q✉❛♥t✐③❛çã♦ ✈❡t♦r✐❛❧✱ ❢♦✐ ❜❡♠ ❡①♣❧♦r❛❞♦ ❡♠ ♦✉tr♦s s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❬✶✸✺❀

✷✸✶❪✳ ◆♦ ❡♥t❛♥t♦✱ ♦ ♣r♦❝❡ss♦ ❞❡ q✉❛♥t✐③❛çã♦ ❛♣r❡s❡♥t❛❞♦ ✉t✐❧✐③❛ ✉♠ ♠ó❞✉❧♦ ❞❡ ❞❡❝♦♠♣♦s✐çã♦

❡s♣❡❝tr❛❧✱ s❡♥❞♦ ❡st❛ ✉♠❛ ❝♦♥tr✐❜✉✐çã♦ ♦r✐❣✐♥❛❧ ❞❡st❡ tr❛❜❛❧❤♦ ❡ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❙❡çã♦ ✸✳✸✳

✺✕✻✿ ❖ ♠ó❞✉❧♦ ❞❡ ❝❧✉st❡r✐③❛çã♦✱ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✸✳✹✱ t❛♠❜é♠ é ✉♠❛ ♣r♦♣♦st❛ ♦r✐❣✐♥❛❧ ❞♦

tr❛❜❛❧❤♦✱ ❡ ✉t✐❧✐③❛ ❢❡rr❛♠❡♥t❛s ❞❡ ♠♦r❢♦❧♦❣✐❛ ♠❛t❡♠át✐❝❛ ♣❛r❛ ♦❜t❡r ✉♠❛ ❝❧✉st❡r✐③❛çã♦ ❡stá✈❡❧

❞♦s ✈❡t♦r❡s Ψ ❥á q✉❛♥t✐③❛❞♦s ♣❡❧♦ ♠ó❞✉❧♦ ❛♥t❡r✐♦r✳ ❚❛❧ ❝❧✉st❡r✐③❛çã♦ ❞❡✈♦❧✈❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡

❝❧❛ss❡s ❛❝úst✐❝❛s C✱ ♦ q✉❛❧ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛s ✐♥❢♦r♠❛çõ❡s ❣❧♦❜❛✐s ❞❛s s❡♥t❡♥ç❛s ❞❡ tr❡✐♥❛✲

♠❡♥t♦ P ❝♦♠♣õ❡♠ ♦ ❝♦r♣✉s ❞♦ ❢❛❧❛♥t❡ r❡s♣❡❝t✐✈♦ ✭X ♦✉ Y ✮✳

✼✿ ❯♠❛ ✈❡③ ❞❡✜♥✐❞♦s ♦s ❝♦r♣♦r❛ ❞❡X ❡ ❞❡ Y ✱ ♦ ♠ó❞✉❧♦ ❞❡ ▼❛♣❡❛♠❡♥t♦ é r❡s♣♦♥sá✈❡❧ ♣♦r ❛❧✐♥❤❛r

❛s ❝❧❛ss❡s ❛❝úst✐❝❛s ✉s❛♥❞♦ ❢✉♥çõ❡s ❞❡ ♠✐♥✐♠✐③❛çã♦ ❞❡ ❞✐stâ♥❝✐❛ ❣❧♦❜❛❧ ❞♦ ♠❛♣❡❛♠❡♥t♦✳ ❊st❛



✸✳✶ ❱■❙➹❖ ❊❙❚❘❯❚❯❘❆▲ ❉❖ ❙■❙❚❊▼❆ ✼✶

❞✐stâ♥❝✐❛ ❣❧♦❜❛❧ é ❞❡✜♥✐❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠❛ ♠étr✐❝❛ ❞❡ ❞✐❢❡r❡♥ç❛ ❛❝✉♠✉❧❛❞❛ ❡♥tr❡ ❝❡♥tr♦✐❞❡s

❞❡ ❝❧❛ss❡s ❡♠♣❛r❡❧❤❛❞❛s✳ ❖ ♦❜❥❡t✐✈♦ ❞❡st❡ ♠ó❞✉❧♦✱ ❞❡t❛❧❤❛❞♦ ♥❛ ❙❡çã♦ ✸✳✺✱ é ❡♥❝♦♥tr❛r ♦

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

❝♦r♣✉s ❞❡st✐♥♦✳

✽✿ ❋✐♥❛❧♠❡♥t❡✱ ♦ ♠ó❞✉❧♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❝♦❧❡t❛ ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ❛♠❜♦s ♦s ❝♦r♣♦r❛✱ ❛❧é♠ ❞❛

❢✉♥çã♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ @M ✱ q✉❡ ❛ss♦❝✐❛ ❝❧❛ss❡s ❛❝úst✐❝❛s CX à CY ✳ ❆ ♣❛rt✐r ❞❛s ♠é❞✐❛s ❡

✈❛r✐â♥❝✐❛s ❞❡st❛s ❝❧❛ss❡s✱ ♦ ♠ó❞✉❧♦ ❣❡r❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢✉♥çõ❡s ❞❡ tr❛♥s❢♦r♠❛çã♦ @Ti ❛ss♦❝✐✲

❛❞❛s ❛ ❝❛❞❛ ❞✉♣❧❛ ❞❡ ❝❧❛ss❡s [CXi , C
Y
j ]✱ ❞❡ t❛❧ ❢♦r♠❛ q✉❡M(CXi )→ CYj ✳ ❆❞❡♠❛✐s✱ ❛ ❢✉♥çã♦ ❞❡

tr❛♥s❢♦r♠❛çã♦ é t❛♠❜é♠ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❝♦♥✈❡rsã♦ ❞❛ ♣r♦só❞✐❛ ❡ ♦✉tr♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s

❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ ❛♦ ♥í✈❡❧ ❞❛ s❡♥t❡♥ç❛ ✭✈❡r ❙❡çã♦ ✸✳✻✮✳

❊♥❝❡rr❛❞❛ ❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ♦ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡stá ❛♣t♦ ❛ r❡❛❧✐③❛r ❛s tr❛♥s❢♦r✲

♠❛çõ❡s ♣r♦só❞✐❝❛s ❡ ❡s♣❡❝tr❛✐s ❞♦ s✐♥❛❧ ❞❡ ♦r✐❣❡♠✳

✸✳✶✳✷ ❋❛s❡ ❞❡ ❈♦♥✈❡rsã♦

❘❡s✉♠✐❞❛♠❡♥t❡✱ ❛ ❢❛s❡ ❞❡ ❝♦♥✈❡rsã♦ ❝♦❞✐✜❝❛ ♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛✱ q✉❛♥t✐③❛✲♦ ❡♠ ✈❡t♦r❡s ❛❝úst✐❝♦s

❞❡ ♠♦❞♦ ❛♥á❧♦❣♦ à ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ❡ ❡♠ s❡❣✉✐❞❛ r❡❛❧✐③❛ ❛ tr❛♥s❢♦r♠❛çã♦ ❞❡st❡s ✈❡t♦r❡s ♣❛r❛

♣♦st❡r✐♦r r❡❝♦♥str✉çã♦✳ ❆ tr❛♥s❢♦r♠❛çã♦ ❞❡st❡s ✈❡t♦r❡s ✉t✐❧✐③❛ ❛ ❢✉♥çã♦ ❞❡ ❝♦♥✈❡rsã♦ @T ❝♦♥str✉í❞❛

♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✳

❖ ❆❧❣♦r✐t♠♦ CONVERSÃO ✭❆❧❣✳ ✸✳✷✮ é ♦ ♣ró♣r✐♦ ❝♦♥✈❡rs♦r ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝♦✱ ♦ q✉❛❧ r❡❝❡❜❡

✉♠❛ s❡♥t❡♥ç❛ ❞❡ ✈♦③ x ♣r♦♥✉♥❝✐❛❞❛ ♣♦r ✉♠ ❢❛❧❛♥t❡ ♦r✐❣❡♠✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛ ❢✉♥çã♦ @T ✱ ❡ ❞❡✈♦❧✈❡

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

❆❧❣♦r✐t♠♦ ✸✳✷ x̂ ← CONVERSÃO(x,@T )

⊲ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛

✶ [F0, S, A, ϕ]← Análise✭x✮❀

⊲ ◗✉❛♥t✐③❛çã♦ ❞♦s ✈❛❧♦r❡s ❞❡ ❡♥tr❛❞❛

✷ Ψ← Parametrização✭F0, S, A)

⊲ ❈♦♥✈❡rsã♦ ❞❡ Ψ ✉s❛♥❞♦ ❛ ❢✉♥çã♦ T

✸ Ψ̂← T (Ψ)

⊲ ❆♣❧✐❝❛çã♦ ❞❛ ♣❛r❛♠❡tr✐③❛çã♦ ✐♥✈❡rs❛ ❞❡ Ψ̂

✹ [F̂0, Ŝ, Â]← Parametrização_Inversa✭Ψ̂✮❀

⊲ ❙í♥t❡s❡ ❞♦ s✐♥❛❧ ❞❡ s❛í❞❛

✺ x̂← Síntese✭F̂0, Ŝ, Â, ϕ)

✻ r❡t✉r♥✭x̂✮

❆ ❡str✉t✉r❛ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❝♦♥✈❡rsã♦ é ❜❛st❛♥t❡ s✐♠✐❧❛r à ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ tr❡✐♥❛♠❡♥t♦✳ ❉❡ ❢❛t♦✱

♦❜s❡r✈❡ q✉❡ ❛ ▲✐♥❤❛ ✶ ❡①❡❝✉t❛ ❡①❛t❛♠❡♥t❡ ❛ ♠❡s♠❛ ✐♥str✉çã♦ ❞❛s ❧✐♥❤❛s ✶ ❡ ✷ ❞♦ ❆❧❣♦r✐t♠♦ ✸✳✶✱

❛ss✐♠ ❝♦♠♦ ❛ ▲✐♥❤❛ ✷ ❝♦rr❡s♣♦♥❞❡ às ❧✐♥❤❛s ✸ ❡ ✹ ❞❛q✉❡❧❡✳ ◆♦ ❡♥t❛♥t♦✱ ❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s ❞❡st❡

❛❧❣♦r✐t♠♦ ❡stã♦ ♥❛s ❧✐♥❤❛s s❡❣✉✐♥t❡s✳ ❆ ▲✐♥❤❛ ✸ ❝♦♥✈❡rt❡ ♦s ✈❡t♦r❡s ❞❡ ♦r✐❣❡♠ q✉❛♥t✐③❛❞♦s ✉s❛♥❞♦

❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ @T ♦❜t✐❞❛ ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✳ ❊st❛ ❢✉♥çã♦ r❡❛❧✐③❛ ♥ã♦ s♦♠❡♥t❡ ❛

❝♦♥✈❡rsã♦ ❡s♣❡❝tr❛❧ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s ❡ ❡st♦❝ást✐❝❛s ❞♦ ♠♦❞❡❧♦✱ ❝♦♠♦ t❛♠❜é♠ ❛❞éq✉❛

♦s ❝♦♥tr♦❧❡s ❣❧♦❜❛✐s ✭❝♦♠♦ ❞❛ ♣r♦só❞✐❛ ♣♦r ❡①❡♠♣❧♦✮ ❞❡ ♠♦❞♦ ❛ ❝♦♥❢♦r♠á✲❧♦s ❛♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦✳
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▼❛✐♦r❡s ❞❡t❛❧❤❡s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ♥❛ ❙❡çã♦ ✸✳✻✳ ◆❛ ▲✐♥❤❛ ✹✱ ♦ ♠ó❞✉❧♦ ❞❡ ♣❛r❛♠❡tr✐③❛çã♦

✐♥✈❡rs❛ é ✉t✐❧✐③❛❞♦ ❛ ✜♠ ❞❡ r❡❝♦♠♣♦r ♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ ❍❛r♠ô♥✐❝♦✲❊st♦❝ást✐❝♦✱ ❞❡ t❛❧ ♠♦❞♦

q✉❡ ❡st❡s s❡❥❛♠ ✉t✐❧✐③❛❞♦s ♥♦ ♠ó❞✉❧♦ ❞❡ ❙í♥t❡s❡ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ✭▲✐♥❤❛ ✺✮✳

❆♥t❡s ❞❡ ❞❛r ♣r♦ss❡❣✉✐♠❡♥t♦ à ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ❝❛❞❛ ✉♠ ❞❡st❡s ♠ó❞✉❧♦s ❢✉♥❝✐♦♥❛✐s✱ ✉♠ ❝♦♥✲

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

❈♦♥✜❣✉r❛çõ❡s ■♥✐❝✐❛✐s ❞♦ ❙✐st❡♠❛

❆s ❝♦♥✜❣✉r❛çõ❡s ✐♥✐❝✐❛✐s ❞♦ s✐st❡♠❛ ❛ss✉♠❡♠ ✈❛❧♦r❡s ✐♥✐❝✐❛✐s ❛ss♦❝✐❛❞♦s à ❝♦❞✐✜❝❛çã♦ ❡ s❡❣♠❡♥✲

t❛çã♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳ ❊✈✐❞❡♥t❡♠❡♥t❡✱ ♦ ❝♦♥❥✉♥t♦ ❞❡ s✐♥❛✐s ❞❡ ❡♥tr❛❞❛ ❞❡✈❡♠ ❛❞❡r✐r ❡str✐t❛♠❡♥t❡ ❛

❡st❡s ♣❛râ♠❡tr♦s✳

❖ s✐♥❛❧ ❞❡ ✈♦③ t❡♠ ❛ ♣❛rt✐❝✉❧❛r✐❞❛❞❡ ❞❡ ❝♦♥❝❡♥tr❛r ❛ ♠❛✐♦r ♣❛rt❡ ❞❛ ❡♥❡r❣✐❛ s♦♥♦r❛ ❡♠ ❜❛✐①❛s

❢r❡q✉ê♥❝✐❛s✳ ❙❛❜❡✲s❡ q✉❡✱ ❛ ♣❛rt✐r ❞❡ ✉♠❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ 16 ❦❍③✱ ❛s ❞✐❢❡r❡♥ç❛s ♥❛ r❡♣r❡✲

s❡♥t❛çã♦ ❞❡ s❡♥t❡♥ç❛s ❞❡ ❢❛❧❛ sã♦ ♣r❛t✐❝❛♠❡♥t❡ ✐♥❞✐st✐♥❣✉í✈❡✐s ❛♦ ♦✉✈✐❞♦ ❤✉♠❛♥♦ ❬✷✽✶❪ ❡✱ ♣♦r ❡st❛

r❛③ã♦✱ ♦ s✐st❡♠❛ ❛♣r❡s❡♥t❛❞♦ ❛❞♦t❛ ❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ R = 16 ❦❍③✳

❖✉tr♦ ❛s♣❡❝t♦ ✐♠♣♦rt❛♥t❡ ♥❛ ❝♦♥✜❣✉r❛çã♦ ✐♥✐❝✐❛❧ é ❛ ❡s❝♦❧❤❛ ❞♦ t❛♠❛♥❤♦ ❞❛s ❥❛♥❡❧❛s ♥❛ s❡❣✲

♠❡♥t❛çã♦✳ ❈♦♠♦ ❞✐s❝✉t✐❞♦ ♥❛ ❙❡çã♦ ✷✳✷✳✷✱ ♦s s❡❣♠❡♥t♦s ❞❡ ✈♦③ s❡ ♠❛♥tê♠ ❡stá✈❡✐s ❡♠ ♣❡rí♦❞♦s

❡♥tr❡ 15 ms ❡ 25 ms ❬✽✵❀ ✶✻✻❀ ✷✽✶❪✳ ❙❡♥❞♦ ❛ss✐♠✱ ♦ s✐st❡♠❛ ✉s❛ ✉♠❛ s❡❣♠❡♥t❛çã♦ ❡♠ ❥❛♥❡❧❛s ❞❡

16 ms✱ ✈✐s❛♥❞♦ ♣r❡s❡r✈❛r t♦❞❛s ❛s ♥✉❛♥❝❡s ❞♦ tr❡❝❤♦ ❧♦♥❣♦ ❞❡ ✈♦③✳ ❈♦♠ ✉♠❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠

❞❡ 16 ❦❍③✱ ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❞❡ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ✈♦③ é Nw = 256✳ ❆❧é♠ ❞✐ss♦✱ ❢♦✐ ❛❞♦t❛❞❛ ✉♠❛

❛❜♦r❞❛❣❡♠ s♦❜r❡♣♦st❛ ♥❛ s❡❣♠❡♥t❛çã♦ ❞♦ s✐♥❛❧✱ ❝♦♠ t❛①❛ ❞❡ 50% ❞❡ s♦❜r❡♣♦s✐çã♦ ❡♥tr❡ s❡❣♠❡♥t♦s

❝♦♥s❡❝✉t✐✈♦s✱ ❛ ✜♠ ❞❡ ♠❡❧❤♦r❛r ❛ ❡st✐♠❛çã♦ ❤❛r♠ô♥✐❝❛ ♥❛ ♣♦rçã♦ ❝❡♥tr❛❧ ❞♦ s❡❣♠❡♥t♦✳ ❚❛❧ ❢❛t♦r

✐♠♣❧✐❝❛ q✉❡ ♦ s❡❣♠❡♥t❛❞♦r ❞❡✈❡ r❡❛❧✐③❛r ✉♠ ✏s❛❧t♦✑ ❞❡ N❛❞✈ = 128 ❛♠♦str❛s ❡♥tr❡ ✉♠ s❡❣♠❡♥t♦ ❡

♦✉tr♦✳

❆ ❡s❝♦❧❤❛ ❞♦ t✐♣♦ ❞❡ ❥❛♥❡❧❛ ♥❛ ❢❛s❡ ❞❡ ❛♥á❧✐s❡ t❡♠ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♥❛ ♠❡❞✐❞❛ ❡♠ q✉❡ ✐♠♣❛❝t❛

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

❝♦♠♣♦♥❡♥t❡ r✉✐❞♦s❛✱ ❝✉❥❛ ❡♥❡r❣✐❛ é ❞✐str✐❜✉í❞❛ ❛♦ ❧♦♥❣♦ ❞♦ ❡s♣❡❝tr♦✱ ❝♦♥❝❡♥tr❛❞❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡

♥❛s ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✳ ❯♠❛ ✈❡③ q✉❡ ❛ s❡❣♠❡♥t❛çã♦ é ♦ ♣r♦❞✉t♦ ❞❛ ❥❛♥❡❧❛ ❝♦♠ ♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③✱ ♦

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

❧ó❜✉❧♦s ♣r✐♥❝✐♣❛✐s ♥♦ ❡s♣❡❝tr♦ ❞❡♠❛s✐❛❞❛♠❡♥t❡ ❧❛r❣♦s sã♦ ❞❡s❝❛rt❛❞♦s ✭✈❡r ❋✐❣✉r❛ ✸✳✸✮✳ ❆ ❥❛♥❡❧❛ ❞❡

❍❛♠♠✐♥❣ ❢♦✐ ❡s❝♦❧❤✐❞❛ ❝♦♠♦ ❥❛♥❡❧❛ ♣❛❞rã♦ ♣❛r❛ s❡❣♠❡♥t❛çã♦✳ ◆♦ ❡♥t❛♥t♦✱ q✉❛❧q✉❡r ♦✉tr❛ ❥❛♥❡❧❛

♣♦❞❡r✐❛ s❡r ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡st❡ ♣r♦♣♦s✐t♦✳

❯♠ ♦✉tr♦ ♣❛râ♠❡tr♦ ❣❧♦❜❛❧ r❡q✉❡r✐❞♦ ♣❡❧♦ ♠♦❞❡❧♦ é ❛ ❋r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ Fc✱ ❛ ♣❛rt✐r ❞❛ q✉❛❧

❛s ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s s✉♣❡r✐♦r❡s sã♦ ❝♦♥s✐❞❡r❛❞❛s ❝♦♠♣♦♥❡♥t❡s r✉✐❞♦s❛s✳ ❊st❡ tr❛❜❛❧❤♦ ❛❞♦t❛

♦ ♣❛❞rã♦ Fc = 5 ❦❍③ ♣r♦♣♦st♦ ♣♦r ❊rr♦ ❬✺✶❪✱ ✈✐s❛♥❞♦ ❝♦♠♣❛r❛r ♦s r❡s✉❧t❛❞♦s ❝♦♠ t❛❧ s✐st❡♠❛✳

◆ã♦ ♦❜st❛♥t❡✱ ✈❛❧♦r❡s ♠❛✐♦r❡s ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s✱ ❛❝❛rr❡t❛♥❞♦ ❡♠ ✉♠❛ ♠❡❧❤♦r❛ ♣❡r❝❡♣t✉❛❧ ❞❛

❡st✐♠❛çã♦ ❤❛r♠ô♥✐❝❛✳

❙❛❜❡✲s❡ q✉❡ ♦ ♠ó❞✉❧♦ ❞❡ P❛r❛♠❡tr✐③❛çã♦ t♦♠❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ❞❡ t❛♠❛♥❤♦ ✈❛r✐á✈❡❧

❞❡✈♦❧✈✐❞♦s ♣❡❧♦ ♠♦❞✉❧♦ ❞❡ ❆♥á❧✐s❡✱ ❡ s❡♥❞♦ ❛ss✐♠✱ ✉♠❛ q✉❛♥t✐③❛çã♦ é r❡q✉❡r✐❞❛ ❛ ✜♠ ❞❡ ♥♦r♠❛❧✐③❛r

♦s ❞❛❞♦s✳ ❈♦♥s✐❞❡r❡ q✉❡ L∗ é ♦ ❢❛t♦r ❞❡ ♥♦r♠❛❧✐③❛çã♦ ✉s❛❞♦ ♥❡st❛ ❢❛s❡ ❞♦ s✐st❡♠❛✱ ♦ q✉❛❧ ❝♦rr❡s♣♦♥❞❡

à ♦r❞❡♠ ❞❡ ❣r❛♥❞❡③❛ ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞♦s ✈❡t♦r❡s ❛❝úst✐❝♦s✳ ❖ ✈❛❧♦r L∗ ✉s❛❞♦ ♣❡❧♦ tr❛❜❛❧❤♦ ❢♦✐

L∗ = 48✱ ❛ss♦❝✐❛❞♦ ❛♦ ♥ú♠❡r♦ ❞❡ ❜❛♥❞❛s ♣❡r❝❡♣t✉❛✐s ❞✐str✐❜✉í❞❛s ♥♦ ❡s♣❡❝tr♦ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❞❡

q✉❛♥t✐③❛çã♦ ✭✈❡r ❙❡çã♦ ✸✳✸✮✳

❖ ✈❛❧♦r ❞❡ ǫ é ✉♠ ✈❛❧♦r ❡①tr❡♠❛♠❡♥t❡ ♣❡q✉❡♥♦ ✭❞❡❢❛✉❧t ǫ = 10−10✮✱ q✉❡ é ✉s❛❞♦ ❡♠ ♠ó❞✉✲
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❋✐❣✉r❛ ✸✳✸✿ ❊s♣❛❧❤❛♠❡♥t♦ ❡s♣❡❝tr❛❧ ❞❡ ❛❧❣✉♠❛s ❥❛♥❡❧❛s ❞❡ s❡❣♠❡♥t❛çã♦✳

❧♦s ❝✉❥❛s tr❛♥s❢♦r♠❛çõ❡s ♥❡❝❡ss✐t❛♠ ❞❡ ✉♠ ✈❛❧♦r ♠í♥✐♠♦ ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦✱ ❛ ✜♠ ❞❡ ♠❛♥t❡r ✉♠❛

r❡♣r❡s❡♥t❛çã♦ ♥✉♠ér✐❝❛ ❡stá✈❡❧✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞♦ log✱ ♣♦r ❡①❡♠♣❧♦✳

◗✉❛♥t♦ ❛♦ ♠ó❞✉❧♦ ❞❡ ❈❧✉st❡r✐③❛çã♦✱ é ♥❡❝❡ssár✐♦ q✉❡ s❡❥❛ ❞❡✜♥✐❞❛ ❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞♦

♠❛♣❛ ❢♦♥ét✐❝♦✳ ◆❡st❡ ❝❛s♦✱ ❛ss✉♠❡✲s❡ q✉❡ Mf = Mf1 = Mf2 = 35✳ ❏á ❛ ❧❛r❣✉r❛ ❞❡ ❝❛❞❛ ✜❧tr♦

tr✐❛♥❣✉❧❛r ✉s❛❞♦ ♣❛r❛ ❛ ❝❧❛ss✐✜❝❛çã♦ ❢♦♥ét✐❝❛ é ❡st❛❜❡❧❡❝✐❞❛ ❝♦♠♦ s❡♥❞♦ Bf = 120 ♠❡❧s✳

❖ ♠ó❞✉❧♦ ❞❡ ❚r❛♥s❢♦r♠❛çã♦ ♣♦r s✉❛ ✈❡③ ✉t✐❧✐③❛ ✉♠❛ ✈❛r✐á✈❡❧ q✉❡ ❞❡✜♥❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❧❛ss❡s

Mc = 15 ❛ s❡r❡♠ ✉t✐❧✐③❛❞❛s ♥❛ ♠✐st✉r❛ ♣❛r❛ ❝♦♠♣♦r ❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r ♣♦♥❞❡r❛❞❛✳

❙❡❣✉❡ ❛ t❛❜❡❧❛ ✸✳✶ q✉❡ ❧✐st❛ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❣❧♦❜❛✐s ❞♦ s✐st❡♠❛✱ ❝♦♠ s❡✉s r❡s♣❡❝t✐✈♦s ✈❛❧♦r❡s

❞❡❢❛✉❧t✳

■❞❡♥t✐✜❝❛❞♦r ❱❛❧♦r ❉❡s❝r✐çã♦

R 16 ❦❍③ ❚❛①❛ ❞❡ ❆♠♦str❛❣❡♠
Nw ✷✺✻ ❚❛♠❛♥❤♦ ❞♦s ❋r❛♠❡s
N❛❞✈ ✶✷✽ ❆✈❛♥ç♦ ❞❛ ❏❛♥❡❧❛ ❞❡ ❙❡❣♠❡♥t❛çã♦
L∗ ✹✽ ❖r❞❡♠ ❞♦s ❱❡t♦r❡s ◗✉❛♥t✐③❛❞♦s

W❤❛♠♠✐♥❣ ❍❛♠♠✐♥❣ ❏❛♥❡❧❛ ❞❡ ❙❡❣♠❡♥t❛çã♦
Fc 5 ❦❍③ ❋r❡q✉ê♥❝✐❛ ❞❡ ❈♦rt❡
ǫ 10−10 ▼❡♥♦r ❱❛❧♦r ❈♦♥s✐❞❡rá✈❡❧
Bf 120 ♠❡❧s ▲❛r❣✉r❛ ❞❡ ❇❛♥❞❛ ❞♦s ✜❧tr♦s
Mf ✸✺ ❚❛①❛ ❞❡ ❆♠♦str❛❣❡♠ ❞♦ ▼❛♣❛ ❋♦♥ét✐❝♦
Mc ✶✺ ◆ú♠❡r♦ ❞❡ ❈❧❛ss❡s ✉s❛❞❛s ♥❛ ❚r❛♥s❢♦r♠❛çã♦

❚❛❜❡❧❛ ✸✳✶✿ ❱❛r✐á✈❡✐s ❣❧♦❜❛✐s ❞♦ s✐st❡♠❛ ❡ ✈❛❧♦r❡s ❞❡❢❛✉❧t

❉❡✜♥✐❞❛s ❛s ✈❛r✐á✈❡✐s ❣❧♦❜❛✐s ❞♦ s✐st❡♠❛✱ s❡❣✉❡✲s❡ ❛ ❢❛s❡ ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦✳ ◆♦ ❡♥t❛♥t♦✱ ❞❛❞❛ ❛

r❡❞✉♥❞â♥❝✐❛ ♥❛s ❝❤❛♠❛❞❛s ❞♦s ♠ó❞✉❧♦s ❢✉♥❝✐♦♥❛✐s✱ ♦♣t♦✉✲s❡ ♣♦r ♦r❣❛♥✐③❛r ♦s ♠ó❞✉❧♦s ❢✉♥❝✐♦♥❛✐s

❡♠ ❡t❛♣❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳ ❖❜s❡r✈❡ ♥❛ ❋✐❣✉r❛ ✸✳✹✱ ♦s ♠ó❞✉❧♦s ❛❣r✉♣❛❞♦s ♣♦r ❝♦r❡s ❞✐st✐♥t❛s✳

❈❛❞❛ ❛❣r✉♣❛♠❡♥t♦ é ✉♠❛ ❡t❛♣❛ ❞✐st✐♥t❛ ❞♦ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ q✉❡ s❡rá ❛♣r♦❢✉♥❞❛❞❛ ♥❛

s❡çã♦ s❡❣✉✐♥t❡✳
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❋✐❣✉r❛ ✸✳✹✿ ❱✐sã♦ ❞♦ s✐st❡♠❛ ❞✐✈✐❞✐❞♦ ❡♠ ♠ó❞✉❧♦s ❢✉♥❝✐♦♥❛✐s✳

✸✳✷ ❊stá❣✐♦ ■✿ ▼♦❞❡❧❛❣❡♠ ❍❛r♠ô♥✐❝♦✲❊st♦❝ást✐❝❛

❉❡♥tr♦ ❞♦ ❡sq✉❡♠❛ ❡str✉t✉r❛❧ ❞♦ s✐st❡♠❛✱ ♦ ♠ó❞✉❧♦ ❞❡ ❛♥á❧✐s❡ ❡ sí♥t❡s❡ ✭✈❡r ❋✐❣✉r❛ ✸✳✺✮ é ❛

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

✭❛♥á❧✐s❡✮✱ ❛ ✜♠ ❞❡ s❡ ♦❜t❡r ✉♠❛ r❡❝♦♥str✉çã♦ ✜❞❡❞✐❣♥❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ✭sí♥t❡s❡✮✳ ❆ ♣r❡♠✐ss❛ ❞❡

r❡❝♦♥str✉çã♦ ♣❡r❢❡✐t❛ é ❞❡s❝❛rt❛❞❛✱ ✉♠❛ ✈❡③ q✉❡ ❛ r❡❝♦♥str✉çã♦ ♣❡r❢❡✐t❛ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❡st♦❝ást✐❝❛

❞♦ s✐♥❛❧ é ✐♠♣♦ssí✈❡❧ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ♠♦❞❡❧❛❣❡♠ ♣❛r❛♠étr✐❝❛✳

❉❛❞♦ ♦ ❞✐r❡❝✐♦♥❛♠❡♥t♦ ❞❡st❛ ♣❡sq✉✐s❛✱ ❛ ❡s❝♦❧❤❛ ❞❡ ✉♠ ❜♦♠ ♠♦❞❡❧♦ ♣❛r❛ ❆♥á❧✐s❡ ❡ ❙í♥t❡s❡ ❧❡✈❛

❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦s s❡❣✉✐♥t❡s r❡q✉✐s✐t♦s✿

✲ ❖ ♠♦❞❡❧♦ ❞❡✈❡ r❡❝♦♥str✉✐r ♦ s✐♥❛❧ ❞❡ ✈♦③ ❝♦♠ q✉❛❧✐❞❛❞❡ ❡ ♥❛t✉r❛❧✐❞❛❞❡ ❞❛ s❡♥t❡♥ç❛ ♣r♦✲

♥✉♥❝✐❛❞❛✱ ❞❡ ♠♦❞♦ q✉❡ ♦ r❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡✲sí♥t❡s❡ s❡♠ ♠♦❞✐✜❝❛çã♦ s❡❥❛ ♣❡r❝❡♣t✉❛❧♠❡♥t❡

✐♥❞✐st✐♥❣✉í✈❡❧ ❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧✱ ♦✉ ♦ ♠❛✐s ♣ró①✐♠♦ ❞✐st♦ ♦ ♣♦ssí✈❡❧❀

✲ ❆ r❡♣r❡s❡♥t❛çã♦ ❝♦♠♣❛❝t❛ ❡ tr❛♥s♣❛r❡♥t❡ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ❞❡✈❡ s❡r ❢❡✐t❛ ❝♦♠ ♣♦✉❝♦s ♣❛râ♠❡tr♦s

❛❝úst✐❝♦s s✐❣♥✐✜❝❛t✐✈♦s✳

✲ ❆ ♠♦❞❡❧❛❣❡♠ ❞❡✈❡ s❡ ❛❞❛♣t❛r ❛♦s ❝♦♥t♦r♥♦s ♣r♦só❞✐❝♦s ♣r❡❝✐s❛♠❡♥t❡❀

✲ ❉❡s❡❥❛✲s❡ q✉❡ ♦ ♠♦❞❡❧♦ r❡♣r❡s❡♥t❡ ❛❞❡q✉❛❞❛♠❡♥t❡ ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ✜❧tr♦ ❡ ❢♦♥t❡ ❞❡ ❝❛❞❛

s❡❣♠❡♥t♦ ❞❡ ✈♦③❀

✲ ❖ ♠♦❞❡❧♦ ❞❡✈❡ ❢❛✈♦r❡❝❡r ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ✢❡①í✈❡❧ ❡ ✐♥t✉✐t✐✈❛ t❛♥t♦ ❞♦s ❡❧❡♠❡♥t♦s ♣r♦só❞✐❝♦s

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

❛rt❡❢❛t♦s ❛✉❞í✈❡✐s✳

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

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

❞❡ ✉♠ s✐♥❛❧ r✉✐❞♦s♦✱ ❝♦♠ ✐♥❢♦r♠❛çõ❡s r❡✈❡❧❛♥t❡s ❡ ❞❡ ❞✐❢í❝✐❧ ✐♥t❡r♣r❡t❛çã♦✱ ♦♥❞❡ s❡ ♠✐st✉r❛ ❛ ♣❛rt❡

r✉✐❞♦s❛ ❡ ❤❛r♠ô♥✐❝❛✳ ◆❡st❡ s❡♥t✐❞♦✱ ❛ ❝♦♥✈❡rsã♦ ❞❡st❛ ❝♦♠♣♦♥❡♥t❡ ❞❛ ❢♦♥t❡ s❡ t♦r♥❛ ✉♠ ❣r❛♥❞❡

♣r♦❜❧❡♠❛✳ ❊♠ ❝♦♥tr❛♣❛rt✐❞❛✱ ❛s ♠♦❞❡❧❛❣❡♥s ❞♦ ✢✉①♦ ❣❧♦t❛❧ ❛✐♥❞❛ ♥ã♦ ❛♣r❡s❡♥t❛♠ r❡s✉❧t❛❞♦s s❛✲

t✐s❢❛tór✐♦s ❡♠ t❡r♠♦s ♣❡r❝❡♣t✉❛✐s✱ ❞❛❞❛ ❛ ❞✐✜❝✉❧❞❛❞❡ ❞❡ ❡♥❝♦♥tr❛r ♣r❡❝✐s❛♠❡♥t❡ ♦s ♣❛râ♠❡tr♦s ❞♦

♠♦❞❡❧♦ ❬✺✹❀ ✾✽❪✳

❘❡❝❡♥t❡♠❡♥t❡ ♦ ▼♦❞❡❧♦ ❍❛r♠ô♥✐❝♦✲❊st♦❝ást✐❝♦ ❬✺✶❪ ✭❍❛r♠♦♥✐❝ ♣❧✉s ❙t♦❝❤❛st✐❝ ▼♦❞❡❧ ♦✉ ❍❙▼✮✱

♣r♦♣♦st♦ ♣❡❧♦ ♣❡sq✉✐s❛❞♦r ❣r❡❣♦ ❨❛♥♥✐s ❙t②❧✐❛♥♦✉ ❬✷✺✺❀ ✷✺✽❪✱ s❡ ❞❡st❛❝❛ ❝♦♠♦ ✉♠❛ ❞❛s ♠❛✐s ❛♣r♦♣r✐✲

❛❞❛s ❢❡rr❛♠❡♥t❛s ♣❛r❛ ♠♦❞❡❧❛❣❡♠ ❞❡ ✈♦③✱ ❛❧é♠ ❞❡ s❡r ♦ q✉❡ ♠❡❧❤♦r s❡ ❛❥✉st❛ ❛♦s r❡q✉✐s✐t♦s ❧✐st❛❞♦s



✸✳✷ ❊❙❚➪●■❖ ■✿ ▼❖❉❊▲❆●❊▼ ❍❆❘▼Ô◆■❈❖✲❊❙❚❖❈➪❙❚■❈❆ ✼✺

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

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

♠✉♥✐❞♦s ❞❡ ✉♠❛ ❝❡rt❛ ❡♥✈♦❧tór✐❛ ❡s♣❡❝tr❛❧✳ ❆ ♣❛rt✐r ❞❡ ❡♥tã♦✱ ♣r❡s✉♠❡✲s❡ q✉❡ ❛ ♣❛rt❡ r✉✐❞♦s❛ ❞♦

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

♣♦♥í✈❡❧ ❡♠ ♠♦❞❡❧❛❣❡♠ ❢♦♥t❡✲✜❧tr♦ ✭♥❡st❡ ❝❛s♦✱ ♦ r✉í❞♦ ❜r❛♥❝♦ ❣❛✉ss✐❛♥♦ é ❛ ❝♦♠♣♦♥❡♥t❡ ❞❛ ❢♦♥t❡✮✳

◆♦t❡ q✉❡ ♦ ♠♦❞❡❧♦ ❍❙▼ é t❛♠❜é♠ ✉♠❛ ♣♦❞❡r♦s❛ ❢❡rr❛♠❡♥t❛ ♣❛r❛ ✜❧tr❛❣❡♠ ❞❡ r✉í❞♦ ❡♠ s✐♥❛✐s ❞❡

✈♦③✳

❊st❡ ♠♦❞❡❧♦ ♦❢❡r❡❝❡ ✉♠ ❛r❝❛❜♦✉ç♦ ♣❛r❛ r❡❝♦♥str✉çã♦ ❞❡ ✈♦③ ❝♦♠ ❛❧t❛ ✜❞❡❧✐❞❛❞❡✱ ❝♦♠ ❡✜❝✐✲

❡♥t❡ ❞❡❝♦♠♣♦s✐çã♦ ❞♦ s✐♥❛❧ ❡♠ t❡r♠♦s ❞❡ ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s ❡ ❡st♦❝ást✐❝❛s✱ tr❛♥s♣❛rê♥❝✐❛ ♥❛

r❡♣r❡s❡♥t❛çã♦ ❞❛s ❛♠♣❧✐t✉❞❡s ❡ ❢❛s❡s ❞❛s ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s ❞♦ s✐♥❛❧ ❡ ✢❡①✐❜✐❧✐❞❛❞❡ ♥❛ ♠❛♥✐✲

♣✉❧❛çã♦ ❞❡st❡s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✳ ❆❧é♠ ❞✐ss♦ ♣♦ss✉✐ ❜♦❛s ♣r♦♣r✐❡❞❛❞❡s ❝♦♥❝❛t❡♥❛t✐✈❛s ❛♣❧✐❝❛❞❛s

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

❊①✐st❡♠ ❛✐♥❞❛ ♠✉✐t❛s ❢❛❝✐❧✐❞❛❞❡s ❝♦♠ r❡s♣❡✐t♦ à tr❛♥s❢♦r♠❛çã♦ ❞❡ ♣r♦só❞✐❛ q✉❡ ♣r♦✈é♠ ✐♠❡✲

❞✐❛t❛♠❡♥t❡ ❞♦ ♠♦❞❡❧♦✳ ❯♠❛ ❞❡❧❛s é ❛ ✢❡①✐❜✐❧✐❞❛❞❡ ❡ r♦❜✉st❡③ ♥❛ ♠♦❞✐✜❝❛çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s

❤❛r♠ô♥✐❝❛s✱ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❡st♦❝ást✐❝❛✳ ◆♦ ❝❛s♦ ❞♦ ♠♦❞❡❧♦ ❍❙▼✱ ✉♠ s✐♠♣❧❡s

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

♣♦r ♦ ♣✐t❝❤ ✭♣✐t❝❤✲s❤✐❢t✐♥❣✮ ❞❡ t♦❞♦ s✐♥❛❧ ❞❡ ✈♦③ s❡♠ ❛❞✐çã♦ ❞❡ r✉í❞♦s ✐♥❞❡s❡❥❛❞♦s✳ ❊st❛ ♠♦❞✐✜❝❛çã♦

♣r♦só❞✐❝❛ ❞❡ ❛❧t❛ q✉❛❧✐❞❛❞❡ é r❡s✉❧t❛♥t❡ ❞❛ ♣r❡s❡r✈❛çã♦ ❞❛ ❝♦❡rê♥❝✐❛ ❡♥tr❡ ❛s ❢❛s❡s ❞❡ ❝❛❞❛ ❝♦♠♣♦✲

♥❡♥t❡ ❤❛r♠ô♥✐❝❛ ❡♠ s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s✱ ♦ q✉❡ ♣r♦♣✐❝✐❛ ✉♠❛ r❡❝♦♥str✉çã♦ ❝♦♥tí♥✉❛ ❞❛ ❢♦r♠❛

❞❡ ♦♥❞❛ ❞♦ s♦♠ r❡❝♦♥str✉í❞♦✳

❊st❛ ❢❛❝✐❧✐❞❛❞❡ ♥❛ ♠❛♥✐♣✉❧❛çã♦ ❞♦ ♣✐t❝❤ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ❝♦♥❢❡r❡ ✉♠❛ ✈❛♥t❛❣❡♠ ❛♦ ♠♦❞❡❧♦ ❍❙▼

❡♠ r❡❧❛çã♦ ❛ ♦✉tr❛s ❛❧t❡r♥❛t✐✈❛s✳ ❆ tr❛♥s❢♦r♠❛çã♦ ♣r♦só❞✐❝❛ ❜❛s❡❛❞❛ ❡♠ P❙❖▲❆ ❬✶✻✺❪✱ ♣♦r ❡①❡♠♣❧♦✱

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

❞❡ r✉í❞♦✳ ❊ss❛ ❝❛r❛❝t❡ríst✐❝❛✱ s♦♠❛❞❛ ❛♦ ❢❛t♦ ❞❡ q✉❡ ♦ P❙❖▲❆ é ❜❛st❛♥t❡ s❡♥sí✈❡❧ ❛♦s ❡rr♦s ❞❡st❛s

♠❛r❝❛çõ❡s✱ ❢❛③ ❝♦♠ q✉❡ t❛❧ té❝♥✐❝❛ s❡ ❛♣❧✐q✉❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛ r❡❣✐str♦s ❝♦♠ ❛❧t❛ r❡❧❛çã♦ s✐♥❛❧✲r✉í❞♦✳

P♦r ♦✉tr♦ ❧❛❞♦✱ té❝♥✐❝❛s ❞❡ ♠❛♥✐♣✉❧❛çã♦ ❡s♣❡❝tr❛❧ ❞✐r❡t❛✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ♦ P❤❛s❡✲❱♦❝♦❞❡r ❬✺✽❪✱

♣♦r ♥ã♦ ♣r❡s❡r✈❛r ❛ ❡♥✈♦❧tór✐❛ ❡s♣❡❝tr❛❧ ❛❝❛❜❛♠ ♣♦r ❞✐st♦r❝❡r ❛ ❡str✉t✉r❛ ❢♦r♠â♥t✐❝❛ ❞♦ s✐♥❛❧ ❞❡

✈♦③✳

P♦r ❡st❛s r❛③õ❡s✱ ♥❡st❡ tr❛❜❛❧❤♦ ❢♦✐ ❛❞♦t❛❞♦ ♦ ❍❙▼ ❝♦♠♦ ♦ ♥ú❝❧❡♦ ❝❡♥tr❛❧ ♣❛r❛ ♦ ♣r♦❝❡ss♦

❆♥á❧✐s❡✴❙í♥t❡s❡ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ♦ q✉❛❧ ❡stá ❡♠ ❝♦♥❢♦r♠✐❞❛❞❡ ❝♦♠ ❛ ❡str✉t✉r❛ ❛❞♦t❛❞❛ ♣❡❧♦ s✐st❡♠❛

✭✈❡r ❋✐❣✉r❛ ✸✳✺✮✳

❋✐❣✉r❛ ✸✳✺✿ ▼ó❞✉❧♦ ❞❡ ❆♥á❧✐s❡ ✭❆✮ ❡ ❙í♥t❡s❡ ✭❙✮

❆♥t❡s ❞❡ ❛♣r❡s❡♥t❛r ❛ ✐♠♣❧❡♠❡♥t❛çã♦✱ s❡rá ❞✐s❝✉t✐❞♦ ❛ s❡❣✉✐r ✉♠ t❡♠❛ q✉❡ tr❛③ ❞✐✜❝✉❧❞❛❞❡s
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♣❛r❛ ♦ ♠♦❞❡❧♦✱ q✉❡ é ♦ ♣r♦❜❧❡♠❛s ❞❛s ❢❛s❡s ✐♥✐❝✐❛✐s ❞♦s s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s ♥♦ s✐♥❛❧ ❞❡ ✈♦③✳

❖ ♣r♦❜❧❡♠❛ ❞❛s ❢❛s❡s ✐♥✐❝✐❛✐s

❖ ♣r♦❜❧❡♠❛ ❞❛ ♠♦❞❡❧❛❣❡♠ ❞❡ ❢❛s❡s é ✉♠ tó♣✐❝♦ ❛♥t✐❣♦✱ ♠❛s ❛✐♥❞❛ ❜❡♠ ❡st✉❞❛❞❛ ❛t✉❛❧♠❡♥t❡

❞❛❞❛ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❡♥✈♦❧✈✐❞❛ ♥♦ ♣r♦❜❧❡♠❛✳ ❆ ♠♦❞❡❧❛❣❡♠ ❍❛r♠ô♥✐❝♦✲❊st♦❝ást✐❝❛ ❞❡✈♦❧✈❡ ✉♠

❝♦♥❥✉♥t♦ ❞❡ ❢❛s❡s ✐♥st❛♥tâ♥❡❛s r❡❧❛t✐✈❛s à ❝♦♥✜❣✉r❛çã♦ ❝❡♥tr❛❧ ❞❛ r❡s♣❡❝t✐✈❛ ❝♦♠♣♦♥❡♥t❡ ❤❛r♠ô♥✐❝❛✳

◆♦ ❡♥t❛♥t♦✱ t❛✐s ✐♥❢♦r♠❛çõ❡s ❞❡ ❢❛s❡ sã♦ tr❛❞✐❝✐♦♥❛❧♠❡♥t❡ ❝♦♥s✐❞❡r❛❞❛s s❡♠ ✐♠♣♦rtâ♥❝✐❛ ❬✶✶✻❀ ✶✶✼❀

✶✺✶❪ s♦❜ ♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ♣❡r❝❡♣t✉❛❧✱ ❡ ❞❛❞❛ s✉❛ ❞✐✜❝✉❧❞❛❞❡ ✐♥trí♥s❡❝❛✱ s✉❛ ♠♦❞❡❧❛❣❡♠ é ❝♦♠✉♠❡♥t❡

♥❡❣❧✐❣❡♥❝✐❛❞❛✱ s❡♥❞♦ ✐♥❝❧✉s✐✈❡ ❞❡s❝❛rt❛❞♦ ♦ ✉s♦ ❞❛ ❢❛s❡ ❡♠ ❛❧❣✉♥s s✐st❡♠❛s ❞❡ r❡❛❧❝❡ ♥❛ r❡❝♦♥str✉çã♦

❞❛ ❢❛❧❛ ❬✷✾✶❪✳

❖❜✈✐❛♠❡♥t❡✱ ❡♠ tr❡❝❤♦s ❝✉rt♦s ❞❡ s✐♥❛✐s ♣❡r✐ó❞✐❝♦s✱ ❛ ♠✉❞❛♥ç❛ ❛❜r✉♣t❛ ❞❡ ❢❛s❡s ✐♥st❛♥tâ♥❡❛s

é ❞❡ ❢✉♥❞❛♠❡♥t❛❧ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ s♦♥s ♣❧♦s✐✈♦s ❡ ♦✉tr❛s ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s

❞♦ s✐♥❛❧✳ ◆♦ ❡♥t❛♥t♦✱ ❝♦♥s✐❞❡r❛✲s❡ ❢r❡q✉❡♥t❡♠❡♥t❡ q✉❡ ❛ ✐♥s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦ ♦✉✈✐❞♦ q✉❛♥t♦ às ❢❛s❡s

s❡ ❡st❡♥❞❛ t❛♠❜é♠ ❛ tr❡❝❤♦s r❛③♦❛✈❡❧♠❡♥t❡ ❧♦♥❣♦s ❞❡ ✉♠ s✐♥❛❧ ♣❡r✐ó❞✐❝♦✳ ❆ ✐♥t✉✐çã♦ ❞❡ q✉❡ ♦

♦✉✈✐❞♦ s❡r✐❛ ✐♥s❡♥sí✈❡❧ às ❢❛s❡s ❡♠ tr❡❝❤♦s ✭q✉❛s❡✲✮♣❡r✐ó❞✐❝♦s s❡ ❛♣♦✐❛ ♥♦ ❢❛t♦ ❞❡ q✉❡ ❛ ♣❡r❝❡♣çã♦

❤✉♠❛♥❛ é ✐♥s❡♥sí✈❡❧ ❛ ❞✐❢❡r❡♥ç❛s ❞❡ ❢❛s❡ ♥❛ ❝❤❡❣❛❞❛ s✐♠✉❧tâ♥❡❛ ❞❡ ❞♦✐s s✐♥❛✐s s❡♥♦✐❞❛✐s ❞❡ ❞✐❢❡r❡♥t❡s

❢r❡q✉ê♥❝✐❛s ❛♦ ♦✉✈✐❞♦ ❬✶✺✵❪✳

❊♥tr❡t❛♥t♦✱ ❛ ✐♠♣♦rtâ♥❝✐❛ ♣❡r❝❡♣t✉❛❧ ❞❛s ❢❛s❡s ❡♠ s♦♥s ♠✉s✐❝❛✐s ❡ ❞❡ ✈♦③ t❡♠ s✐❞♦ r❡❝❡♥t❡♠❡♥t❡

❡st✉❞❛❞❛ ❡♠ ár❡❛s ❝♦♠♦ ♠ús✐❝❛ ❡❧❡tr♦❛❝úst✐❝❛ ❡ ✜s✐♦❧♦❣✐❛ ❛✉❞✐t✐✈❛✳ P♦r ✉♠ ❧❛❞♦✱ ❡♠ tr❛❜❛❧❤♦s

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

♥❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ s✐♥❛❧ ❬✶✾✻❀ ✷✷✺❀ ✷✷✻❪✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ❡♠ t❡❝♥♦❧♦❣✐❛ ❞❛ ❢❛❧❛ ❛❧❣✉♥s ❛✉t♦r❡s

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

✈♦③ ❬✹❀ ✶✸✹❀ ✶✾✷❪✳

❊st❡ ♣r♦❜❧❡♠❛ ❢♦✐ ❞❡t❡❝t❛❞♦ ♣❡❧♦ ❛✉t♦r ❞❡st❛ t❡s❡ ❛ ♣❛rt✐r ❞❡ r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ❞❡s❧♦❝❛♠❡♥t♦

❞❡ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❡♠ s✐♥❛✐s ♠♦❞❡❧❛❞♦s s♦♠❡♥t❡ ❛ ♣❛rt✐r ❞❡ ❡s♣❡❝tr♦ ❞❡ ♠❛❣♥✐t✉❞❡ ❬✶✸✼❪✳

❊st❡s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛✈❛♠ q✉❡ ❛s ✈♦③❡s ♠❛s❝✉❧✐♥❛s ❡r❛♠ ♠❛✐s ♣r❡❥✉❞✐❝❛❞❛s ♣❡r❝❡♣t✉❛❧♠❡♥t❡ ♣❡❧❛

tr❛♥s❢♦r♠❛çã♦✱ ❡♠ ❝♦♥tr❛♣♦s✐çã♦ às ✈♦③❡s ❢❡♠✐♥✐♥❛s✳ ❆ ❝♦♥❥❡❝t✉r❛ ❞❡ q✉❡ ♥♦ss♦ s✐st❡♠❛ ❛✉❞✐t✐✈♦ é

s❡♥sí✈❡❧ às ❢❛s❡s ✐♥✐❝✐❛✐s✱ ♣❡❧♦ ♠❡♥♦s ❡♠ s✐♥❛✐s s♦♥♦r♦s ❤❛r♠ô♥✐❝♦s ❢♦✐ ❛t❡st❛❞❛ ♥♦ ❆♣ê♥❞✐❝❡ ❆✳✷✳

❚❛❧ r❡s✉❧t❛❞♦ s✉❣❡r❡ q✉❡ ❛ ♠♦❞❡❧❛❣❡♠ ♣❡r❝❡♣t✉❛❧ ❞♦ s✐st❡♠❛ ❛✉❞✐t✐✈♦ ❞❡✈❛ ❝♦♥s✐❞❡r❛r t❛✐s r❡❧❛çõ❡s

❢ás✐❝❛s ❡♥tr❡ ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s✱ t❡♠❛ ❡st❡ q✉❡ ✜❝❛ ❝♦♠♦ s✉❣❡stã♦ ♣❛r❛ ♣❡sq✉✐s❛s ❢✉t✉r❛s✳ ◆♦

❡s❝♦♣♦ ❞♦ tr❛❜❛❧❤♦✱ ❛ ♠♦❞❡❧❛❣❡♠ ❞❡st❛ ❝♦♥✜❣✉r❛çã♦ s❡rá r❡❛❧✐③❛❞❛ ✈✐s❛♥❞♦ ❞✐♠✐♥✉✐r ♦ ✐♠♣❛❝t♦ ❞❛

❞❡❣r❛❞❛çã♦ ❞♦ s✐♥❛❧✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥❛ ♣r❡s❡♥ç❛ ❞❡ ✉♠ ♥ú♠❡r♦ ❣r❛♥❞❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s✳

P❛r❛ ♠♦❞❡❧❛r ❛♣r♦♣r✐❛❞❛♠❡♥t❡ ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢❛s❡ ❞❡ ✉♠❛ sér✐❡ ❞❡ s❡❣♠❡♥t♦s ❤❛r♠ô♥✐❝♦s✱

♦ t❡r♠♦ ❧✐♥❡❛r ❡♠ ❢❛s❡ ✭♦ q✉❛❧ ❞❡♣❡♥❞❡ ✉♥✐❝❛♠❡♥t❡ ❞♦ ✐♥st❛♥t❡ ❞❡ ❛♥á❧✐s❡✮ ❞❡✈❡ s❡r r❡♠♦✈✐❞♦ ❞❛

❢❛s❡ ✐♥st❛♥tâ♥❡❛✳ ■♥ú♠❡r❛s té❝♥✐❝❛s tê♠ s✐❞♦ ♣r♦♣♦st❛s ♣❛r❛ ❝♦♥t♦r♥❛r ❡st❡ ♣r♦❜❧❡♠❛✱ ♣♦r ❡①❡♠♣❧♦✱

✉t✐❧✐③❛♥❞♦ ❛ ❛❜♦r❞❛❣❡♠ ♣✐t❝❤✲s✐♥❝r♦♥✐③❛❞❛✱ ♦✉ ❝á❧❝✉❧♦s ❞❡ ♣♦♥t♦s ✐♥✈❛r✐❛♥t❡s ❡♠ ❝❛❞❛ ♣❡rí♦❞♦ ✭t❛✐s

❝♦♠♦ ❞❡s❧♦❝❛♠❡♥t♦s t❡♠♣♦r❛✐s ❬✶✾✼❪✱ ❝❡♥tr♦s ❞❡ ❣r❛✈✐❞❛❞❡ ❬✷✺✾❪✱ s❡çõ❡s ❞❡ P♦✐♥❝❛ré ❬✽✶❪ ♦✉ ✐♥st❛♥t❡s

❞❡ ❢❡❝❤❛♠❡♥t♦ ❣❧♦t❛❧ ❬✺✸❪✮✳

✸✳✷✳✶ ▼♦❞❡❧❛❣❡♠ ❞❛ ❈♦♥✜❣✉r❛çã♦ ❋ás✐❝❛

❖ ❝♦♥❥✉♥t♦ ❞❡ ❢❛s❡s ✐♥✐❝✐❛✐s ❞♦ ♠♦❞❡❧♦ ❍❙▼ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ s❡q✉ê♥❝✐❛s φk =

[φk1, φ
k
2, . . . , φ

k
L] ❛ss♦❝✐❛❞♦s ❛♦ k✲és✐♠♦ s❡❣♠❡♥t♦ ✈♦③❡❛❞♦ ❞❡ ✈♦③ ❞❡♥tr♦ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ s✐♥❛❧✳



✸✳✷ ❊❙❚➪●■❖ ■✿ ▼❖❉❊▲❆●❊▼ ❍❆❘▼Ô◆■❈❖✲❊❙❚❖❈➪❙❚■❈❆ ✼✼

❚❛✐s ❢❛s❡s sã♦ ❡st✐♠❛❞❛s ♣❡❧♦ ♠ét♦❞♦ ❞❡ ❛♥á❧✐s❡ ❞♦ ♠♦❞❡❧♦ ❍❙▼ ❡ ♣♦st❡r✐♦r♠❡♥t❡ sã♦ ✉s❛❞♦s ♥❛

❢❛s❡ ❞❡ sí♥t❡s❡✱ ❝♦♥❢♦r♠❡ é ♠♦str❛❞♦✳ ♥❛ ❊q✉❛çã♦ ✸✳✶ ❛❜❛✐①♦✿

s
(k)
h [n] =

L
∑

m=0

Akm cos

(

2πmfk0 n

R
+ φkm

)

, n =

[

−
N

2
,
N

2

]

. ✭✸✳✶✮

❆ ❢❛s❡ ✐♥st❛♥tâ♥❡❛ ❞❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ ❤❛r♠ô♥✐❝❛ s(k)h ❞❡♣❡♥❞❡ ❞❡ φkm q✉❡ ♣♦r s✉❛ ✈❡③ ❞❡♣❡♥❞❡

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

❧✐♥❡❛r ❡♠ ❢❛s❡

θkm(n) =
2πmfk0 n

R
.

❊♥tr❡t❛♥t♦✱ ❝❛❞❛ ✉♠❛ ❞❛s ❢❛s❡s φkm✱ t❛✐s ❝♦♠♦ sã♦ ❛❝✐♠❛ ❞❡s❝r✐t❛s✱ ❝❛rr❡❣❛♠ ❝♦♥s✐❣♦ ♦s t❡r♠♦s

❧✐♥❡❛r❡s✱ ♣r♦♣❛❣❛❞♦s ♣❡❧♦ s❡❣♠❡♥t♦ ❛♥t❡r✐♦r✱ ✐st♦ é✱

θ(k−1)→(k)
m = θk−1

m

(

N

2

)

=
πmfk−1

0 N

R
,

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

s✐♥❛❧✱ ❡①✐❣❡ ✉♠❛ sér✐❡ ❞❡ ❝á❧❝✉❧♦s ❝♦♠♣❧✐❝❛❞♦s✱ ❞❛❞❛ ❡st❛ ✏❝♦♥t❛♠✐♥❛çã♦ t❡♠♣♦r❛❧✑✳ ❉❡st❛ ♠❛♥❡✐r❛✱

❛ ❢❛s❡ ✐♥✐❝✐❛❧ ❞❛ k✲és✐♠❛ ❝♦♠♣♦♥❡♥t❡ ❤❛r♠ô♥✐❝❛ ♣♦❞❡ s❡r ❞❡❝♦♠♣♦st❛ ❡♠ três ❝♦♠♣♦♥❡♥t❡s

φkm = ϕkm + θ(k−1)→(k)
m + ηkm

❝♦rr❡s♣♦♥❞❡♥❞♦ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❛♦ t❡r♠♦ ❛ss♦❝✐❛❞♦ ❛♦ tr❛t♦ ✈♦❝❛❧ ϕkm✱ ❛♦ t❡r♠♦ ❧✐♥❡❛r ♣r♦♣❛❣❛❞♦

θ
(k−1)→(k)
m ❡ ❛ ✉♠ r✉í❞♦ ❞❡ ❢❛s❡ ηkm ♣r♦✈❡♥✐❡♥t❡ ❞♦ ❡rr♦ ❞❡ ❡st✐♠❛çã♦ ❤❛r♠ô♥✐❝❛✳

❊♠❜♦r❛ ❛❧❣✉♥s ❛✉t♦r❡s ❬✶✶❪ tr❛t❡♠ ♦ t❡r♠♦ ❞♦ tr❛t♦ ✈♦❝❛❧ ❛❣r❡❣❛❞♦ ❛♦ r✉í❞♦ ❞❡ ❢❛s❡✱ é ❝♦♥✈❡✲

♥✐❡♥t❡ ♣❡♥s❛r q✉❡ ❛s ❢❛s❡s ❡stã♦ ❛ss♦❝✐❛❞❛s às ❝♦♥✜❣✉r❛çõ❡s ❞♦s ♣♦❧♦s q✉❡ ♠♦❞❡❧❛♠ ♦ tr❛t♦✲✈♦❝❛❧✱

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

❙❡♥❞♦ ❛ss✐♠✱ t❛❧ ✐♥❢♦r♠❛çã♦ é ❝♦♥s✐❞❡r❛❞❛ ✐♠♣♦rt❛♥t❡ ♥❛ ♠♦❞❡❧❛❣❡♠ ❢ás✐❝❛ ♣r♦♣♦st❛ ♥❡st❡ tr❛❜❛✲

❧❤♦✳ ❊♠ ❝♦♥tr❛♣❛rt✐❞❛✱ ♦ ❞❡s❝❛rt❡ ❞❛ ❝♦♠♣♦♥❡♥t❡ θ(k−1)→(k)
m ♥❛ ❢❛s❡ ❞❡ ❛♥á❧✐s❡ ♣♦❞❡ s❡r r❡❛❧✐③❛❞♦✱

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

♣♦❞❡ s❡r ❢❛❝✐❧♠❡♥t❡ r❡✲❡st✐♠❛❞❛ ♥❛ ❢❛s❡ ❞❡ sí♥t❡s❡✳ ❆ ❡❧✐♠✐♥❛çã♦ ❞♦ t❡r♠♦ ❧✐♥❡❛r ♣♦ss✐❜✐❧✐t❛✱ ♣♦r

❡①❡♠♣❧♦✱ q✉❡ s❡❥❛♠ r❡❛❧✐③❛❞❛s ❛s ♦♣❡r❛çõ❡s ❞❡ ♣✐t❝❤✲s❤✐❢t✐♥❣ ❡ ♠✉❞❛♥ç❛ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ á✉❞✐♦

s❡♠ ♥❡♥❤✉♠❛ ❝♦♠♣❧✐❝❛çã♦ ❛❞✐❝✐♦♥❛❧✳ ❙❡❣✉❡✲s❡ ❡♥tã♦ ❛ ♠♦❞❡❧❛❣❡♠ ❞❛ ❝♦♥✜❣✉r❛çã♦ ❢ás✐❝❛ ❞♦ t❡r♠♦

❛ss♦❝✐❛❞♦ à ❝♦♥✜❣✉r❛çã♦ ❞♦s ♣♦❧♦s ❞♦ s✐♥❛❧✳

❉❡✜♥❡✲s❡ ❝♦♠♦ ❈♦♥✜❣✉r❛çã♦ ❋ás✐❝❛ ✭♦✉ ❝♦♥✜❣✉r❛çã♦ ❡♠ ❢❛s❡✮✱ ❛ r❡❧❛çã♦ ❡①✐st❡♥t❡ ❡♥tr❡ ♦s

t❡r♠♦s ϕk ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦ tr❛t♦ ✈♦❝❛❧ ❡♠ r❡❧❛çã♦ ❛ ϕk1 ✭❢❛s❡ ❞❛ ❤❛r♠ô♥✐❝❛ ❢✉♥❞❛♠❡♥t❛❧✮ ❛♦

❧♦♥❣♦ ❞♦ t❡♠♣♦✳ ◆❡st❡ ❝❛s♦✱ ❝❛❞❛ ❢❛s❡ ϕkm✱ ❝♦♠ m ≥ 2✱ ❛r♠❛③❡♥❛ ♦ ❞❡s❧♦❝❛♠❡♥t♦ r❡❧❛t✐✈♦ à ❢❛s❡

❞❛ ❤❛r♠ô♥✐❝❛ ❢✉♥❞❛♠❡♥t❛❧✳ ❖❜✈✐❛♠❡♥t❡✱ t❛♥t♦ ❛ ❢❛s❡ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❉❈ (m = 0)✱ q✉❛♥t♦ ❛ ❞❛

❤❛r♠ô♥✐❝❛ ❢✉♥❞❛♠❡♥t❛❧ (m = 1) sã♦ ❞❡s❝❛rt❛❞❛s✳

■♥t✉✐t✐✈❛♠❡♥t❡✱ ♣♦❞❡✲s❡ ♣❡♥s❛r ❡♠ ❡st✐♠❛r ❛s ❝♦♠♣♦♥❡♥t❡s ϕ✱ t♦♠❛♥❞♦✲s❡ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ ❢❛s❡s

✐♥✐❝✐❛✐s ❡♥tr❡ ❞♦✐s s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s k − 1 ❡ k✱ ♦✉ s❡❥❛✱

ϕkm = φkm −

(

φk−1
m +

2πmfk−1
0

R

)

, m = [0, L].
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◆♦ ❡♥t❛♥t♦✱ ❛ ❞❡r✐✈❛❞❛ ❞✐s❝r❡t❛ ❛♣❧✐❝❛❞❛ s♦❜r❡ ❛s ❢❛s❡s ❞✐st♦r❝❡ ❝♦♠♣❧❡t❛♠❡♥t❡ ❛ ❝♦♥✜❣✉r❛çã♦ ❡♠

❢❛s❡ ♦r✐❣✐♥❛❧✱ ❞❛❞♦ ♦ ♥ã♦ ❞❡s❝❛rt❡ ❞♦ r✉í❞♦ ✐♥❡r❡♥t❡ ηk✳ ❆ss✐♠✱ ♣♦r ♠❡♥♦r q✉❡ s❡❥❛ ❛ ✐♥✢✉ê♥❝✐❛ ❞❡st❡

r✉í❞♦ ❡♠ ϕkm✱ ♦ r❡s✉❧t❛❞♦ ❞❛ ♣r♦♣❛❣❛çã♦ ❛❝✉♠✉❧❛❞❛ ❞♦ ♠❡s♠♦ ❡♠ s❡❣♠❡♥t♦s s❡❣✉✐♥t❡s é ❝❛t❛stró✜❝♦✳

❆❧❣✉♥s ❛✉t♦r❡s ✐♥❝❧✉s✐✈❡ ❞❡s❝❛rt❛♠ t❛✐s t❡r♠♦s ❡ ✉s❛♠ té❝♥✐❝❛s s♦✜st✐❝❛❞❛s ♣❛r❛ r❡st❛✉r❛r t❛❧

❝♦♥✜❣✉r❛çã♦ ❛ ♣❛rt✐r ❞♦s ❝❡♥tr♦✐❞❡s ❞❡ ❝❛❞❛ ❢❛s❡ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦ ❬✷✺✾❪✳ ◆♦ ❡♥t❛♥t♦✱ ❡①✐st❡ ✉♠❛

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

φk✱ ♣❛r❛ ❝❛❞❛ s❡❣♠❡♥t♦✳

P❛r❛ ✜♥s ❞❡ ♥♦t❛çã♦✱ ❝♦♥s✐❞❡r❡ s❡♠ ♣❡r❞❛ ❞❡ ❣❡♥❡r❛❧✐❞❛❞❡ q✉❡ φ é ❛ s❡q✉ê♥❝✐❛ ❞❡ ❢❛s❡s ❞❡ ✉♠

s❡❣♠❡♥t♦ ❛r❜✐trár✐♦✱ ❝♦♠♣✉t❛❞❛ ♣❡❧♦ ♠♦❞❡❧♦ ❍❙▼✳

❖ ❞❡s❧♦❝❛♠❡♥t♦ t❡♠♣♦r❛❧ ✭❛tr❛s♦✮ ❡♠ ❢❛s❡ ✭P❛t❤ ❉✐✛❡r❡♥❝❡✮ ❝♦rr❡s♣♦♥❞❡ à ✈❛r✐❛çã♦ s♦❢r✐❞❛ ♣❡❧❛

m✲és✐♠❛ ❝♦♠♣♦♥❡♥t❡ ❤❛r♠ô♥✐❝❛✱ ❞❡s❞❡ ♦ ✐♥st❛♥t❡ ❡♠ q✉❡ s❡ ✈❡r✐✜❝❛ q✉❡ s✉❛ r❡s♣❡❝t✐✈❛ ❢❛s❡ ❝r✉③♦✉

❛ ♦r✐❣❡♠✱ ♦✉ s❡❥❛✱ φm = 0✳ ▼❛t❡♠❛t✐❝❛♠❡♥t❡✱ ♦ ❞❡s❧♦❝❛♠❡♥t♦ t❡♠♣♦r❛❧ ❡♠ ❢❛s❡ ❞❡ ✉♠ ❤❛r♠ô♥✐❝♦

m ❞❡ ✉♠ s❡❣♠❡♥t♦ ❞❡ ✈♦③ q✉❛❧q✉❡r é ❞❛❞♦ ♣♦r

δtm =
Rφm
2πmf0

, ✭✸✳✷✮

♦♥❞❡ f0 é ❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❞♦ s✐♥❛❧ ❤❛r♠ô♥✐❝♦ ❡ R é ❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠✳

❆ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❝♦♥✜❣✉r❛çã♦ ❞❡ ❢❛s❡ é ❡♥tã♦ ♦❜t✐❞❛ t♦♠❛♥❞♦✲s❡ ❛s ❢r❡q✉ê♥❝✐❛s ✐♥st❛♥tâ♥❡❛s ❞♦

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

✐✳❡✳ δt1 = 0✳ ◆❡st❡ ❝❛s♦✱ t♦❞❛s ❛s ❝♦♠♣♦♥❡♥t❡s ❡st❛rã♦ s✐♥❝r♦♥✐③❛❞❛s ❝♦♠ ♦ ❤❛r♠ô♥✐❝♦ ❢✉♥❞❛♠❡♥t❛❧ ❡

♦ r✉í❞♦ ❞❡ ❢❛s❡ η é ❡❧✐♠✐♥❛❞♦ ♣♦r ❡st❡ ❞❡s❧♦❝❛♠❡♥t♦✳ ❊♥tã♦✱ ❛ ❈♦♥✜❣✉r❛çã♦ ❋ás✐❝❛ ✭❈❋✮ ❞♦ s❡❣♠❡♥t♦

é ♦❜t✐❞❛ ❛♦ ❡❧✐♠✐♥❛r ❡st❡ ❧❛♣s♦ ❞❡ t❡♠♣♦ ❞❡ t♦❞❛s ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢❛s❡✳ ❆ss✐♠✱ ❝❛❞❛ ❢❛s❡ φm é

❞❡✜♥✐❞❛ ❝♦♠♦

ϕm =
2πmf0

(

δtm − δ
t
1

)

R
.

❊①♣❛♥❞✐♥❞♦ ❛ ❊q✉❛çã♦ ✸✳✷ ❞❡♥tr♦ ❞❡st❛ ú❧t✐♠❛✱ é ❞❡r✐✈❛❞❛ ❛ ❡q✉❛çã♦

ϕm = φm −mφ1 ✭✸✳✸✮

❝♦rr❡s♣♦♥❞❡♥❞♦ à ❈❋ ❞♦ s❡❣♠❡♥t♦ ❡♠ q✉❡stã♦✳

❆ ❋✐❣✉r❛ ✸✳✻ ❡①✐❜❡ ✉♠ ❡①❡♠♣❧♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❞❛s ❢❛s❡s ✉s❛♥❞♦ ❛ ❛❜♦r❞❛❣❡♠ ❞❡ ❈❋✳ ❖ s✐♥❛❧

❞❡ ❡♥tr❛❞❛ é ❝♦♠♣♦st♦ ♣♦r três s✐♥❛✐s ♥❛t✉r❛✐s✱ ❞❛ ✈♦❣❛❧ ❬❛❪ ✷ s✉st❡♥t❛❞❛ ♣♦r ✹ ❢❛❧❛♥t❡s ❛r❜✐trár✐♦s✳

❈❛❞❛ ❧✐♥❤❛ ❡①✐❜❡ três s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s ♥♦ t❡♠♣♦ r❡❝♦♥str✉í❞♦s s❡♠ ❛ ♣r♦♣❛❣❛çã♦ ❧✐♥❡❛r ❞❛s

❢❛s❡s ❞❡ ✉♠ s❡❣♠❡♥t♦ ♣❛r❛ ♦✉tr♦✱ ♦✉ s❡❥❛✱ ❝❛❞❛ s❡❣♠❡♥t♦ ❞♦ s✐♥❛❧ é r❡❝♦♥str✉í❞♦ ❝♦♠♦ s❡ ❢♦ss❡ ♦

♣r✐♠❡✐r♦ s❡❣♠❡♥t♦ ❞❛ s❡q✉ê♥❝✐❛✳ ❊♠ ✈❡r♠❡❧❤♦ ❝❧❛r♦ ❛♦ ❢✉♥❞♦ ❡stá ♦ ♠❡s♠♦ s❡❣♠❡♥t♦ ♦r✐❣✐♥❛❧ ❝♦♠

❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❢❛s❡ ❧✐♥❡❛r ♣r❡s❡♥t❡✳

❊st❛ tr❛♥s❢♦r♠❛çã♦ r❡♠♦✈❡ ❛ ❝♦♥tr✐❜✉✐çã♦ ❧✐♥❡❛r ❞❛ ❢❛s❡ ❛ss♦❝✐❛❞❛ à ❢r❡q✉ê♥❝✐❛ ❞❡ ❝❛❞❛ ❤❛r♠ô✲

♥✐❝♦ ❡ ♣❡r♠✐t❡ q✉❡ ❡st❛ s❡❥❛ ♠♦❞❡❧❛❞❛ ❢❛❝✐❧♠❡♥t❡ ♣❛r❛ ♣♦st❡r✐♦r❡s ♠❛♥✐♣✉❧❛çõ❡s✳ ◆♦t❡ q✉❡ t❛❧

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

❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ❡ ♣❡r✐♦❞✐❝✐❞❛❞❡ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳ P❛r❛ ❛ r❡❝♦♥str✉çã♦ ♥♦ s✐♥❛❧ ✉s❛♥❞♦ ❛ ❈❋ é ♥❡❝❡s✲

sár✐♦ t❡r ✉♠❛ ✈❛r✐á✈❡❧ ❞❡ ♣r♦♣❛❣❛çã♦ ❞♦ t❡r♠♦ ❧✐♥❡❛r✱ ❛t✉❛❧✐③❛❞❛ ❛♦ ✜♥❛❧ ❞❛ r❡❝♦♥str✉çã♦ ❞❡ ❝❛❞❛

s❡❣♠❡♥t♦✳ ❖✉ s❡❥❛✱ s✉♣♦♥❞♦ q✉❡ ♥♦ s❡❣♠❡♥t♦ k = 0 t❡♠✲s❡ q✉❡ θ = 0✱ ♣❛r❛ t♦❞♦ s❡❣♠❡♥t♦ k > 0

✷❆ ✈♦❣❛❧ ❬❛❪ ❢♦✐ ❛❞♦t❛❞❛ ❝♦♠♦ ♣❛❞rã♦ ✈♦❝á❧✐❝♦ ❡♠ t♦❞♦s ♦s ❡①♣❡r✐♠❡♥t♦s ❞❡st❡ ❝❛♣ít✉❧♦✱ ❞❛❞❛ s✉❛ r✐q✉❡③❛ ❡s♣❡❝tr❛❧
♥❛ r❡♣r❡s❡♥t❛çã♦ ❤❛r♠ô♥✐❝❛✳
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−0.01 −0.005 0 0.005 0.01

−0.5

0

0.5

−0.01 −0.005 0 0.005 0.01

−0.5

0

0.5

❋✐❣✉r❛ ✸✳✻✿ ❊✈♦❧✉çã♦ t❡♠♣♦r❛❧ ❞♦s s❡❣♠❡♥t♦s s❡♠ ♦ t❡r♠♦ ❞❡ ❢❛s❡ ❧✐♥❡❛r✳

❛s ❢❛s❡s ✐♥✐❝✐❛✐s ❞♦ ♠♦❞❡❧♦ ❍❙▼ sã♦ r❡st❛✉r❛❞❛s ❝♦♠♦

φkm = ϕkm +mθ, ✭✸✳✹✮

❡ ❛♦ ✜♥❛❧ ❞♦ s❡❣♠❡♥t♦✱ ♦ ✈❛❧♦r ❞❡ θ é ❛t✉❛❧✐③❛❞♦ ❞❡ ♠♦❞♦ q✉❡

θ′ = θ +
2πf0
R

. ✭✸✳✺✮

❊①✐st❡♠ ❛✐♥❞❛ ♦✉tr♦s ♠♦❞❡❧♦s ♣❛r❛ sí♥t❡s❡ ❞❡ ❢❛❧❛✱ ❜❛s❡❛❞♦s ❡♠ ▲P❈ ❡ ▼❋❈❈ ❬✶✻✼❪✱ q✉❡ ❞❡s✲

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

✉s❛♥❞♦ ❛ ♠♦❞❡❧❛❣❡♠ ❡s♣❡❝tr❛❧ s♦❜ ❤✐♣ót❡s❡ ❞❡ ❢❛s❡ ♠í♥✐♠❛ ❬✶✶❀ ✸✻❪✳ ❘❡❝❡♥t❡♠❡♥t❡✱ ❙❛r❛t①❛❣❛ ❡t

❛❧ ❬✷✶✼❪ ❝♦♥❝❧✉ír❛♠✱ ❝♦♠ ❡①♣❡r✐♠❡♥t♦s ❝♦♠♣❛r❛t✐✈♦s ✉s❛♥❞♦ r❡❝♦♥str✉çã♦ ❞❡ ❢❛s❡s ❛ ♣❛rt✐r ❞♦s ♠♦✲

❞❡❧♦s ❞❡ ❢❛s❡ ❧✐♥❡❛r✱ ❢❛s❡ ♠í♥✐♠❛✱ ❢❛s❡ ③❡r♦ ❡ ❢❛s❡ r❛♥❞ô♠✐❝❛✱ q✉❡ ❛ ❛❜♦r❞❛❣❡♠ ❞❡ ❢❛s❡ ♠í♥✐♠❛

❛♣r❡s❡♥t❛ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♣❡r❝❡♣t✉❛✐s ❞❡♥tr❡ ♦s ♠♦❞❡❧♦s ❝♦♠♣❛r❛❞♦s ❬✷✶✽❪✱ ♥♦ ❡♥t❛♥t♦ ❛✐♥❞❛

❝♦♠ ❜❛✐①❛s t❛①❛s ❞❡ ❛❝❡✐t❛çã♦ ♣❡r❝❡♣t✉❛❧ q✉❛♥t♦ à q✉❛❧✐❞❛❞❡ ❞❛ r❡❝♦♥str✉çã♦✳

❆ ❋✐❣✉r❛ ✸✳✼ ❡①✐❜❡ ✉♠ ❡s♣❡❝tr♦ ❞❡ ❢❛s❡ s✉❛✈✐③❛❞♦ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦ ❡ ♥♦r♠❛❧✐③❛❞♦ ❡♥tr❡ −π ❡ π✱

❞❡ ✉♠ s✐♥❛❧ ♦❜t✐❞♦ ♣❡❧❛ ❝♦♥❝❛t❡♥❛çã♦ ❞❡ ✸ ✈♦❣❛✐s ❬❛❪ s✉st❡♥t❛❞❛s ❞✉r❛♥t❡ ✷ s❡❣✉♥❞♦s✱ ♣r♦♥✉♥❝✐❛❞❛s

♣♦r três ❧♦❝✉t♦r❡s ❞✐st✐♥t♦s✳ ❖❜s❡r✈❡ q✉❡ ❛ tr❛♥s✐çã♦ s✉❛✈❡ é ♠❛♥t✐❞❛ ❡♥tr❡ ✉♠ s❡❣♠❡♥t♦ ❡ ♦✉tr♦✳

❖✉tr♦ ❛s♣❡❝t♦ ✐♥t❡r❡ss❛♥t❡ é q✉❡ ♦s três s✐♥❛✐s ♣♦ss✉❡♠ r❡♣r❡s❡♥t❛çõ❡s ❡♠ ❢❛s❡ ♣ró①✐♠❛s ✉♠❛ ❞❛s

♦✉tr❛s✱ ✉♠❛ ✈❡③ q✉❡ ❛ ✈♦❣❛❧ s✉st❡♥t❛❞❛ é ❛ ♠❡s♠❛ ♥♦s três ❝❛s♦s✳

❆ s❡❣✉✐r s❡rã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ✐♠♣❧❡♠❡♥t❛çõ❡s ❞♦s ♠ó❞✉❧♦s ❞❡ ❆♥á❧✐s❡ ❡ ❙í♥t❡s❡✱ r❡s♣❡❝t✐✈❛✲

♠❡♥t❡✳

✸✳✷✳✷ ■♠♣❧❡♠❡♥t❛çã♦

❊st❛ s❡çã♦ ✈✐s❛ ❞❡s❡♥✈♦❧✈❡r ♦s ♠ó❞✉❧♦s ❢✉♥❝✐♦♥❛✐s ❞❡ ❆♥á❧✐s❡ ❡ ❙í♥t❡s❡ ❞❡s❝r✐t♦s ♥❛s ❙❡çõ❡s ✸✳✶✳✶

❡ ✸✳✶✳✷✳ ❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠♦❞❡❧♦ ❍❙▼ ✉t✐❧✐③❛ ❜❛s✐❝❛♠❡♥t❡ ❛s ❢♦r♠✉❧❛çõ❡s ❞❡t❛❧❤❛❞❛s q✉❡ ♣♦❞❡♠

s❡r ❡♥❝♦♥tr❛❞❛s ♥❛ ❙❡çã♦ ✷✳✷✳✷✳

❖ ❆❧❣♦r✐t♠♦ ✸✳✸ ❝♦rr❡s♣♦♥❞❡ ❛♦ ▼ó❞✉❧♦ Análise ❞♦ s✐st❡♠❛✳ ❚❛❧ ♠ó❞✉❧♦ é r❡s♣♦♥sá✈❡❧ ♣♦r
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❋✐❣✉r❛ ✸✳✼✿ ❖ ❡s♣❡❝tr♦ ❞❡ ❢❛s❡s ✐♥t❡r♣♦❧❛❞♦✳

t♦♠❛r ♦ s✐♥❛❧ ❞❡ ✈♦③✱ s❡❣♠❡♥tá✲❧♦ ❡♠ ♣❡q✉❡♥♦s tr❡❝❤♦s ❡st♦❝ást✐❝♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ♣❛râ♠❡tr♦s

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

s❡❣✉✐♥t❡ ♠ó❞✉❧♦✳

❖ ♣r♦❜❧❡♠❛ ❞❡ ❞❡t❡❝t❛r ❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ é ✉♠ ♣r♦❜❧❡♠❛ ♠✉✐t♦ ❡①♣❧♦r❛❞♦ ♥❛ ❧✐t❡r❛t✉r❛✱

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

detecta_f0 ♥❛ ▲✐♥❤❛ ✶ ✉t✐❧✐③❛ ♦ ❆❧❣♦r✐t♠♦ Pr❛❛t ♣r♦♣♦st♦ ♣♦r P❛✉❧ ❇♦❡rs♠❛ ❬✷✶❪✱ q✉❡ ❛t✉❛❧♠❡♥t❡

é ❝♦♥s✐❞❡r❛❞♦ ✉♠ ❞♦s ♠❛✐s r♦❜✉st♦s ♥❛ ♣r❡s❡♥ç❛ ❞❡ r✉í❞♦✱ ❡ s❡rá t❡①t✉❛❧♠❡♥t❡ ❡①♣❧✐❝❛❞♦ ❛❜❛✐①♦✳

❖ ❆❧❣♦r✐t♠♦ Pr❛❛t é ✉♠ ❛❧❣♦r✐t♠♦ ❞❡t❡❝t♦r ❞❡ ♣✐t❝❤ ✭❞♦ ✐♥❣❧ês✱ P✐t❝❤ ❉❡t❡❝t♦r ❆❧❣♦r✐t❤♠ ✕

P❉❆✮ ♣❛r❛♠étr✐❝♦✱ s❡♥❞♦ ❛t✉❛❧♠❡♥t❡ ✉♠ ♣❛❞rã♦ ♥❛ ❧✐t❡r❛t✉r❛ ♣❛r❛ ❞❡t❡❝çã♦ ❞❡ ♣✐t❝❤ ❞❡ s✐♥❛✐s ❞❡

✈♦③ ❬✺✶❀ ✷✺✽❪✳ ❯♠ ❜r❡✈❡ r❡s✉♠♦ ❞♦s ♣❛ss♦s ❞♦ ❛❧❣♦r✐t♠♦ é ❛♣r❡s❡♥t❛❞♦ ❛❜❛✐①♦✿

✭✶✮ ✕ ❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ❞♦ ❛❧❣♦r✐t♠♦ ❝♦♥s✐st❡ ❡♠ r❡♠♦✈❡r ♦s ❧ó❜✉❧♦s ❧❛t❡r❛✐s ❞❛ ❥❛♥❡❧❛ ❞❡

❍❛♥♥ ✉s❛❞❛ ♥❛ s❡❣♠❡♥t❛çã♦ ❞♦ s✐♥❛❧ ❡♠ ❝♦♠♣♦♥❡♥t❡s ♣ró①✐♠❛s à ❢r❡q✉ê♥❝✐❛ ❞❡ ◆②q✉✐st✳

❯♠❛ s✉♣❡r✲❛♠♦str❛❣❡♠ é r❡❛❧✐③❛❞❛ ❡ ✉♠ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s ❡❧✐♠✐♥❛ ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❛❧t❛

❢r❡q✉ê♥❝✐❛ ❞♦ s✐♥❛❧✳

✭✷✮ ✕ ❊♥❝♦♥tr❛r ♦ ♠❛✐♦r ✈❛❧♦r ❛❜s♦❧✉t♦ ✭♣✐❝♦✮ ❞♦ s✐♥❛❧ ♥♦ t❡♠♣♦✳

✭✸✮ ✕ ❯♠❛ ✈❡③ q✉❡ ♦ ♠ét♦❞♦ é ❜❛s❡❛❞♦ ♥❛ ❛♥á❧✐s❡ ❞❡ tr❡❝❤♦s ❝✉rt♦s ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❛ ❛♥á❧✐s❡

♣♦❞❡ s❡r ❢❡✐t❛ ✉s❛♥❞♦ ✉♠ ♥ú♠❡r♦ ♣❡q✉❡♥♦ ❞❡ ♣❛râ♠❡tr♦s✳ ❙❡♥❞♦ ❛ss✐♠✱ ♦ ❛❧❣♦r✐t♠♦ t♦♠❛

❞❡s❧♦❝❛♠❡♥t♦s ❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ ❡♠ ♣❛ss♦s✱ ❞❡✜♥✐❞♦s ♣❡❧♦ ♣❛râ♠❡tr♦ ❚✐♠❡❙t❡♣ ✭♦ ♣❛❞rã♦ é

✵✳✵✶ s❡❣✉♥❞♦s✮✳ ❊♥tã♦✱ ♣❛r❛ ❝❛❞❛ ✉♠ ❞❡st❡s s❡❣♠❡♥t♦s✱ ♦ ❛❧❣♦r✐t♠♦ ❜✉s❝❛ ♣♦r ❧❛❣s ❞❛ ❢✉♥✲

çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦✱ ❝✉❥♦s ✈❛❧♦r❡s ♦ ❝❧❛ss✐✜❝❛♠ ❝♦♠♦ ♣❡rt❡♥❝❡♥t❡ ♦✉ ♥ã♦ ❛♦ ❣r✉♣♦ ❞❡ ❧❛❣s

❝❛♥❞✐❞❛t♦s à ♣❡r✐♦❞✐❝✐❞❛❞❡ ❞♦ s❡❣♠❡♥t♦✳ ❖ ♥ú♠❡r♦ ❞❡ ❝❛♥❞✐❞❛t♦s é ❞❡✜♥✐❞♦ ♣❡❧❛ ✈❛r✐á✈❡❧ ▼❛✲

①✐♠✉♠◆✉♠❜❡r❖❢❈❛♥❞✐❞❛t❡sP❡r❋r❛♠❡ ✭♦ ♣❛❞rã♦ é ✹✮✳ ❚♦❞♦s ♦s ♣❛ss♦s ❛ s❡❣✉✐r sã♦ r❡❛❧✐③❛❞♦s

♣❛r❛ ❝❛❞❛ s❡❣♠❡♥t♦✳

✭✸✳✶✮ ✕ ❚♦♠❛r ✉♠ s❡❣♠❡♥t♦ ❞♦ s✐♥❛❧❀ ♦ t❛♠❛♥❤♦ ❞❡st❡ s❡❣♠❡♥t♦✱ ❛ss✐♠ ❝♦♠♦ ❞❛ ❢✉♥çã♦ ❞❡

❥❛♥❡❧❛♠❡♥t♦ é ❞❡t❡r♠✐♥❛❞♦ ♣❡❧♦ ♣❛râ♠❡tr♦ ▼✐♥✐♠✉♠P✐t❝❤✱ q✉❡ s❡ ❛❞❛♣t❛ à ♠❡♥♦r ❢r❡q✉ê♥❝✐❛
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❢✉♥❞❛♠❡♥t❛❧ q✉❡ s❡ ❞❡s❡❥❛ ❞❡t❡❝t❛r✳ ❆ ❥❛♥❡❧❛ ❞❡✈❡ s❡r ❛❥✉st❛❞❛ ❞❡ ♠♦❞♦ ❛ ❝♦♥t❡r ♣❡❧♦ ♠❡♥♦s

três ✭♣❛r❛ ❞❡t❡❝çã♦ ❞❡ ♣✐t❝❤✮ ♦✉ s❡✐s ♣❡rí♦❞♦s ✭♣❛r❛ ♠❡❞✐çõ❡s ❞❡ r❛③õ❡s ❤❛r♠ô♥✐❝♦✲r✉í❞♦✮ ❞♦

♣✐t❝❤ ♠í♥✐♠♦ ✭▼✐♥✐♠✉♠P✐t❝❤✮✳

✭✸✳✷✮ ✕ ❊❧✐♠✐♥❛r ❛ ❝♦♠♣♦♥❡♥t❡ ❉❈ ❞♦ s❡❣♠❡♥t♦✳

✭✸✳✸✮ ✕ ❆❥✉st❛r ♦s ♣❛râ♠❡tr♦s ❞❡ ❧✐♠✐❛r ❱♦✐❝✐♥❣❚❤r❡s❤♦❧❞ ❡ ❙✐❧❡♥❝❡❚❤r❡s❤♦❧❞✳ ❆♠❜♦s ❞❡✜✲

♥❡♠ ✉♠ ❧✐♠✐❛r s♦❜r❡ ♦s ♣✐❝♦s ❞❛ ❛✉t♦❝♦rr❡❧❛çã♦ ♥♦r♠❛❧✐③❛❞❛ ✭❆❈◆✮ ❡ ❞♦ s✐♥❛❧ ♥♦ t❡♠♣♦✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆❞♦t❛♥❞♦ ❱♦✐❝✐♥❣❚❤r❡s❤♦❧❞ = 0.4 ❡ ❙✐❧❡♥❝❡❚❤r❡s❤♦❧❞ = 0.05✱ ✉♠ s❡❣♠❡♥t♦

é ❝♦♥s✐❞❡r❛❞♦ ♥ã♦✲✈♦③❡❛❞♦ s❡ ♥ã♦ t✐✈❡r ♣❡❧♦ ♠❡♥♦s ✉♠ ♣✐❝♦ ❛❝✐♠❛ ❞❡ 0.4 ♥❛ ❆❈◆✱ ❡ s✐❧ê♥❝✐♦✱

❝❛s♦ ♦ ♠❛✐♦r ♣✐❝♦ ❞♦ s✐♥❛❧ ♥♦ t❡♠♣♦ ❢♦r ✐♥❢❡r✐♦r ❛ 0.05✳

✭✸✳✹✮ ✕ ❏❛♥❡❧❛r ♦ s✐♥❛❧ ✉s❛♥❞♦ ❛ ❢✉♥çã♦ ❞❡ ❍❛♥♥✳

✭✸✳✺✮ ✕ ❆♥❡①❛r ❛♦ ✐♥í❝✐♦ ❞♦ s❡❣♠❡♥t♦ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ③❡r♦s ❝♦♠ ❛ ♠❡t❛❞❡ ❞♦ t❛♠❛♥❤♦ ❞❛

❥❛♥❡❧❛✳

✭✸✳✻✮ ✕ Pr❡❡♥❝❤❡ ❝♦♠ ③❡r♦s ❛té q✉❡ s❡ ❝♦♠♣❧❡t❡ ✉♠❛ ♣♦tê♥❝✐❛ ❞❡ ❞♦✐s ✭❩❡r♦ P❛❞❞✐♥❣✮✳

✭✸✳✼✮ ✕ ❚♦♠❛r ❛ ❋❋❚ ❞♦ s✐♥❛❧✳

✭✸✳✽✮ ✕ ❈♦♥str✉✐r ❡s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ✭q✉❛❞r❛❞♦ ❞❛ ❋❋❚ ❛♥t❡r✐♦r✮✳

✭✸✳✾✮ ✕ ❚♦♠❛r ❛ ❋❋❚ ❞♦ ❡s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛✳

✭✸✳✶✵✮ ✕ ❉✐✈✐❞✐r ♦ s✐♥❛❧ ♣❡❧❛ ❛✉t♦✲❝♦rr❡❧❛çã♦ r(τ) ❞❛ ❥❛♥❡❧❛ ❝❛❧❝✉❧❛❞❛ ♥♦ ♣❛ss♦ 3.5✳

✭✸✳✶✶✮ ✕ ❊♥❝♦♥tr❛r ♣♦s✐çõ❡s ❡ ❛❧t✉r❛s ♠á①✐♠❛s ♥❛ ✈❡rsã♦ ❝♦♥tí♥✉❛ r❡❝♦♥str✉í❞❛ ❞❡ r(τ)✱

❞❡✜♥✐❞❛ ❝♦♠♦

rc(τ) =

N
∑

n=1

{sNn (αl) + sNn (αr)},

♦♥❞❡

sNn (α) = s✐♥❝(αl + n− 1)

(

1

2
+

1

2
cos

π(αl + n− 1)

αl +N

)

,

nl = ⌊
τ
∆τ ⌋✱ nr +nl = 1✱ αl =

τ
∆τ −nl ❡ αr +αl = 1✳ ❙♦♠❡♥t❡ ♣✐❝♦s ♠á①✐♠♦s ❧♦❝❛❧✐③❛❞♦s ❡♥tr❡

▼✐♥✐♠✉♠P✐t❝❤ ❡ ▼❛①✐♠✉♠P✐t❝❤ sã♦ ❝♦♥s✐❞❡r❛❞♦s✳ ❆❧é♠ ❞✐ss♦✱ ✉♠ ❢❛t♦r ❞❡ ❢♦rç❛ r❡❧❛t✐✈❛ q✉❡

t♦♠❛ ♠❡❞✐❞❛s ❝♦♠♦ ♠á①✐♠♦ ❧♦❝❛❧ ❞♦ s❡❣♠❡♥t♦✱ ♠á①✐♠♦ ❣❧♦❜❛❧ ❞♦ s✐♥❛❧✱ ❜❡♠ ❝♦♠♦ ♦s ✈❛❧♦r❡s

♣ré✲❞❡✜♥✐❞♦s ❱♦✐❝✐♥❣❚❤r❡s❤♦❧❞ ❡ ❙✐❧❡♥❝❡❚❤r❡s❤♦❧❞ sã♦ ✉s❛❞♦s ♣❛r❛ ❞❡✜♥✐r s❡ ✉♠ s❡❣♠❡♥t♦ é

❝♦♥s✐❞❡r❛❞♦ ✈♦③❡❛❞♦ ♦✉ ♥ã♦✳

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

❢✉♥❞❛♠❡♥t❛✐s ✉s❛♥❞♦ ♣r♦❣r❛♠❛çã♦ ❞✐♥â♠✐❝❛ ❛ ✜♠ ❞❡ ❡❧✐♠✐♥❛r ❡rr♦s ❞❡ ♦✐t❛✈❛✳ ❊st❡ ❞❡t❛❧❤❡s té❝♥✐❝♦s

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

❡♥❡r❣ét✐❝❛s ❡♥tr❡ ❤❛r♠ô♥✐❝♦s ✈✐③✐♥❤♦s✱ ♦ q✉❡ ❛❥✉❞❛ ❛ ❝♦rr✐❣✐r ♦s ❡rr♦s ❞❡ ♦✐t❛✈❛✳ ❊♠❜♦r❛ ♦ ♠ét♦❞♦

Pr❛❛t t❡♥❤❛ s✐❞♦ ✉s❛❞♦ ♥♦ ❆❧❣♦r✐t♠♦ Análise✱ q✉❛❧q✉❡r ♦✉tr♦ ❛❧❣♦r✐t♠♦ r♦❜✉st♦ ♣❛r❛ ❡st✐♠❛çã♦

❞❡ ♣✐t❝❤ ♣♦❞❡ s❡r ✉s❛❞♦✳
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❆❧❣♦r✐t♠♦ ✸✳✸ (F0, S, A, ϕ) ← Análise(x)

⊲ ▼ó❞✉❧♦ ❉❡t❡❝t♦r ❞❡ P✐t❝❤

✶ F0 ← ❞❡t❡❝t❛❴❢0(x)

⊲ ❉❡✜♥❡ P❛râ♠❡tr♦s ❞❡ ❏❛♥❡❧❛♠❡♥t♦

✷ w ← ❥❛♥❡❧❛(W❤❛♠♠✐♥❣, Nw + 1)

✸ W ← ❞✐❛❣(w)

✹ Nx ← ❞✐♠❡♥sã♦(x)

⊲ ▼ó❞✉❧♦ ❙❡❣♠❡♥t❛❞♦r

✺ ❢♦r k = 1 : N❛❞✈ : Nx

✻ s← x(k : k +Nw + 1)

⊲ ❉❡❝✐sã♦ ❱✴❯❱

✼ ✐❢ F0(k) > 0 t❤❡♥

⊲ ❈á❧❝✉❧♦ ❞♦ ◆ú♠❡r♦ ❞❡ ❍❛r♠ô♥✐❝♦s

✽ L←
⌊

Fc

F0(k)

⌋

⊲ ❊st✐♠❛çã♦ ❍❛r♠ô♥✐❝❛ ♣♦r ▼í♥✐♠♦s ◗✉❛❞r❛❞♦s

✾ ❈❛❧❝✉❧❡ B ♣❡❧❛ ❊q✳ ✷✳✽ ✉s❛♥❞♦ (Nw, L, F0(k))

✶✵ c← (B−HWWB)(B−HWWs)

⊲ ❊①tr❛çã♦ ❞❛s ❆♠♣❧✐t✉❞❡s ❡ ❋❛s❡s ❞❛ P❛rt❡ ❍❛r♠ô♥✐❝❛ ❞♦

❙✐♥❛❧

✶✶ A(k) ← |c(L+ 1 : 2L+ 1)|

✶✷ φ← ∠c(L+ 1 : 2L+ 1)

⊲ ❊❧✐♠✐♥❛ ♦ ❚❡r♠♦ ▲✐♥❡❛r ❞❛s ❋❛s❡s

✶✸ ϕ(k) ← φ− φ(2)(0 : L)

⊲ ❖❜t❡♥çã♦ ❞❛ P❛rt❡ ❊st♦❝ást✐❝❛ ❞♦ ❙✐♥❛❧

✶✹ ŝ← cB

✶✺ ss ← s− ŝ

✶✻ ❡❧s❡

⊲ ❋r❛♠❡ ◆ã♦✲❱♦③❡❛❞♦ é ❈♦♥s✐❞❡r❛❞♦ P❛rt❡ ❊st♦❝ást✐❝❛ ❞♦ ❙✐♥❛❧

✶✼ ss ← s

✶✽ ❡♥❞ ✐❢

✶✾ S(k) ← ss

✷✵ ❡♥❞ ❢♦r

✷✶ r❡t✉r♥✭F0, S, A, ϕ✮

❈♦♠❡♥t❛♥❞♦ ❝❛❞❛ ❧✐♥❤❛ s❡❣✉✐♥t❡ ❞♦ ❆❧❣♦r✐t♠♦ Análise ✭❆❧❣✳ ✸✳✸✮✱ t❡♠♦s q✉❡ ❛ ▲✐♥❤❛ ✷ r❡✲

♣r❡s❡♥t❛ ♦ ❝❛rr❡❣❛♠❡♥t♦ ❞❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣✳ ◆♦t❡ q✉❡ s❡✉ t❛♠❛♥❤♦ é í♠♣❛r✱ ❛ ✜♠ ❞❡ ❢❛❝✐❧✐t❛r

♣♦st❡r✐♦r♠❡♥t❡ ♦ ❖✈❡r❧❛♣✲❆❞❞ ♥♦ ♠ó❞✉❧♦ ❞❡ sí♥t❡s❡✳ ❆ ❢✉♥çã♦ diag ❞❛ ▲✐♥❤❛ ✸ t♦♠❛ ✉♠ ✈❡t♦r v

❞❡ t❛♠❛♥❤♦ N ❡ ❝r✐❛ ✉♠❛ ♠❛tr✐③ ❞✐❛❣♦♥❛❧ ❝♦♠ ❛s ❡♥tr❛❞❛s ❞❡ v✳

❆ ❞❡❝✐sã♦ ❱✴❯❱ ❝♦♥t✐❞❛ ♥❛ ▲✐♥❤❛ ✼ ❡stá ❛♣♦✐❛❞❛ ♥❛ ❞❡t❡❝çã♦ ❞❡ ♣✐t❝❤ ❛♥t❡r✐♦r✱ ❡ ❝♦♥s✐❞❡r❛ ✉♠

s❡❣♠❡♥t♦ ❝♦♠♦ ✈♦③❡❛❞♦ s❡ ❡①✐st❡ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ♠❛✐♦r q✉❡ ③❡r♦ ✭♣❛r❛ ♦s ♥ã♦✲✈♦③❡❛❞♦s✱

f0 = 0✮✳ ❆ ▲✐♥❤❛ ✽ ❞❡✜♥❡ ♦ ♥ú♠❡r♦ ❞❡ ❤❛r♠ô♥✐❝♦s ✭L✮ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❛③ã♦ ❡♥tr❡ ❛ ❢r❡q✉ê♥❝✐❛

❞❡ ❝♦rt❡ ❡ ❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧✳ ❆s ❧✐♥❤❛s ✾ ❡ ✶✵ sã♦ ❢✉♥❞❛♠❡♥t❛❞❛s ♥❛s ❊q✉❛çõ❡s ✷✳✽ ❡ ✷✳✾✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛ss✐♠ ❝♦♠♦ ❛s ❧✐♥❤❛s ✶✶ ❡ ✶✷ sã♦ ❢✉♥❞❛♠❡♥t❛❞❛s ♥❛ ❊q✉❛çã♦ ✷✳✶✵✳ ❚♦❞❛s ❡st❛s
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❡q✉❛çõ❡s ❡stã♦ ❞❡s❝r✐t❛s ♥♦ ❈❛♣ít✉❧♦ ✷✱ ❙❡çã♦ ✷✳✷✳✷✳

❆ ▲✐♥❤❛ ✶✸✱ ♣♦r s✉❛ ✈❡③✱ ❛♣❧✐❝❛ ♦s ❝♦♥❝❡✐t♦s ❞❡ ❝♦♥✜❣✉r❛çã♦ ❢ás✐❝❛ ❛❜♦r❞❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡✳

❙✉❛ ❢♦r♠✉❧❛çã♦ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ♥❛ ❊q✉❛çã♦ ✸✳✸✳ ❆ ▲✐♥❤❛ ✶✹ r❡❝♦♥stró✐ ♦ s❡❣♠❡♥t♦ ❤❛r♠ô♥✐❝♦

❛ ✜♠ ❞❡ ♦❜t❡r ❛ ♣❛rt❡ ❡st♦❝ást✐❝❛ ❞❛ ❞✐❢❡r❡♥ç❛ ❛♣r❡s❡♥t❛❞❛ ♥❛ ▲✐♥❤❛ ✶✺✳

◆♦ ❝❛s♦ ❞❛ ▲✐♥❤❛ ✶✼✱ ♣♦r ♥ã♦ ❤❛✈❡r ♣❛rt❡ ❤❛r♠ô♥✐❝❛✱ s é ❛ ♣ró♣r✐❛ ♣❛rt❡ ❡st♦❝ást✐❝❛ ❞♦ s✐♥❛❧✳

❆ ▲✐♥❤❛ ✶✾ ❛r♠❛③❡♥❛♠ ♦ s❡❣♠❡♥t♦ ❡st♦❝ást✐❝♦ ❞♦ tr❡❝❤♦ ❛♥❛❧✐s❛❞♦✳

❆❧❣♦r✐t♠♦ ✸✳✹ x ← Síntese(F0, S, A, ϕ)

⊲ ❉❡✜♥❡ P❛râ♠❡tr♦s ❞❡ ❏❛♥❡❧❛♠❡♥t♦

✶ w ← ❥❛♥❡❧❛(W❤❛♠♠✐♥❣, Nw + 1)

✷ W ← ❞✐❛❣(w)

✸ NΨ ← ❞✐♠❡♥sã♦(F0)

✹ Nx ← 0

✺ θ ← 0

⊲ ▼ó❞✉❧♦ ▼♦♥t❛❞♦r

✻ ❢♦r k = 1 : NΨ

⊲ ❘❡❝♦♥str✉çã♦ ❍❛r♠ô♥✐❝❛

✼ ✐❢ F0(k) > 0 t❤❡♥

⊲ ❈á❧❝✉❧♦ ❞♦ ◆ú♠❡r♦ ❞❡ ❍❛r♠ô♥✐❝♦s

✽ L←
⌊

Fc

F0(k)

⌋

⊲ ❋♦r♠✉❧❛ ❞❡ ❘❡❝♦♥str✉çã♦ ❍❛r♠ô♥✐❝❛

✾ φ← ϕ(k) + θ(0 : L)

✶✵ sh ←
∑L

m=0A
(k)(m) cos

(

2πmF0(k)
R

(−N❛❞✈ : N❛❞✈) + φm

)

⊲ Pr♦♣❛❣❛çã♦ ❞♦ ❚❡r♠♦ ▲✐♥❡❛r

✶✶ θ ← ❡♠♣❛❝♦t❛r❴❢❛s❡
(

θ + 2πN❛❞✈F0(k)
R

)

✶✷ ❡♥❞ ✐❢

⊲ ❘❡❝♦♥str✉çã♦ ❊st♦❝ást✐❝❛

✶✸ ss ← S
(k)
s

⊲ ❈♦♠♣♦s✐çã♦ ❞♦ s❡❣♠❡♥t♦

✶✹ s(k) ← (sh + ss)

✶✺ ❢♦r n = 0 : N❛❞✈

✶✻ x(n+ kNW )←
(

Nw−2n
Nw

)

s(n− 1)(k−1) +
(

2n
Nw

)

s(n)(k)

✶✼ ❡♥❞ ❢♦r

✶✽ ❡♥❞ ❢♦r

✶✾ r❡t✉r♥✭x✮

❆ ♣❛r❛♠❡tr✐③❛çã♦ ❡♠ ✜❧tr♦s ♣❛ss❛✲❜❛♥❞❛s✱ ❝♦♠♦ s✉❣❡r❡ ❛ ♠♦❞❡❧❛❣❡♠ ♦r✐❣✐♥❛❧ ❍❙▼✱ s❡rá ❞❡s❝r✐t❛

♥❛ s❡çã♦ ❞❡ ♣❛r❛♠❡tr✐③❛çã♦ ✭♣ró①✐♠❛ s❡çã♦✮✳ ◆❛q✉❡❧❡ ❝♦♥t❡①t♦✱ s❡rá t♦♠❛❞♦ ♦ ❡s♣❡❝tr♦ ❞❡ ♠❛❣♥✐t✉❞❡

❞❛ ♣❛rt❡ ❡st♦❝ást✐❝❛✱ q✉❡ s❡rá ❡♥✈❡❧♦♣❛❞♦ ❡ ♣❛r❛♠❡tr✐③❛❞♦❀ ❡st❡s ♣r♦❝❡❞✐♠❡♥t♦s s❡rã♦ ❞❡t❛❧❤❛❞♦s

♥❛ ♣ró①✐♠❛ s❡çã♦✳ ❖ ♠ó❞✉❧♦ ❞❡ Síntese✱ ♣♦r s✉❛ ✈❡③✱ ♥ã♦ ❛♣r❡s❡♥t❛ ❣r❛♥❞❡s ❝♦♠♣❧✐❝❛çõ❡s ❞✐❛♥t❡

❞❛ ❡①♣❧❛♥❛çã♦ ❞♦ ♠ó❞✉❧♦ ❞❡ ❆♥á❧✐s❡✳ ❙❡✉ ♦❜❥❡t✐✈♦ é t♦♠❛r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ❤❛r♠ô♥✐❝♦s

❡ ❡st♦❝ást✐❝♦s ✭✉♠❛ s❡q✉ê♥❝✐❛ ♣♦r s❡❣♠❡♥t♦✮ ❡ ❞❡✈♦❧✈❡r ♦ s✐♥❛❧ r❡❝♦♥str✉í❞♦ ♥♦ t❡♠♣♦ ❞❡✈✐❞❛♠❡♥t❡

♠♦♥t❛❞♦✳ ❖ ❆❧❣✳ ✸✳✹ ❝♦rr❡s♣♦♥❞❡ ❛♦ r❡s♣❡❝t✐✈♦ ♠ó❞✉❧♦ ❞♦ s✐st❡♠❛✳

❈♦♠♦ ♣r♦♣♦st❛ ❞♦ tr❛❜❛❧❤♦ ♣❛r❛ ✐♥❝r❡♠❡♥t❛r ♦ ♠♦❞❡❧♦ ❍❙▼✱ ❢♦r❛♠ ✐♥s❡r✐❞❛s ❛s ❧✐♥❤❛s ✺ ❡ ✾ ♥♦
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♠ó❞✉❧♦ ❞❡ ❙í♥t❡s❡ ❛♣r❡s❡♥t❛❞♦✱ ♦♥❞❡ s❡ r❡❛❧✐③❛ ❛ ♣r♦♣❛❣❛çã♦ ❞♦ t❡r♠♦ ❧✐♥❡❛r ❡♠ ❢❛s❡ θ✱ ❛ss♦❝✐❛❞♦

à ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ✭✈❡r ❊q✳ ✸✳✺✮✳

P❛rt✐❝✉❧❛r♠❡♥t❡✱ ❛ ▲✐♥❤❛ ✶✵ ❞♦ ❆❧❣✳ ✸✳✹ ✉s❛ ❛ ❢✉♥çã♦ empacotar_fase✱ ❝✉❥♦ ♦❜❥❡t✐✈♦ é tr❛♥s✲

❢❡r✐r ❛ ❢❛s❡ ♣❛r❛ ♦ ✐♥t❡r✈❛❧♦ [−π, π]✱ ❛ ♣❛rt✐r ❞❡ ❞❡s❧♦❝❛♠❡♥t♦s ❞❡ ±π✱ ❛ ✜♠ ❞❡ ❡✈✐t❛r ❡st♦✉r♦ ❞❡

♠❡♠ór✐❛ ♥❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❛❧❣♦rít♠✐❝❛✳

❆ ▲✐♥❤❛ ✾ ❝♦rr❡s♣♦♥❞❡ ❛ r❡st❛✉r❛çã♦ ❞❛ ❢❛s❡ ✐♥✐❝✐❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❤❛r♠ô♥✐❝❛s✱ ❞❡✜♥✐❞❛ ♣❡❧❛

s♦♠❛ ❞❛ ❝♦♥tr✐❜✉✐çã♦ ❞♦ t❡r♠♦ ❧✐♥❡❛r ❡ ❞♦ ❞❡s❧♦❝❛♠❡♥t♦ ❞❡ ❢❛s❡ ϕ ✭✈❡r ❊q✳ ✸✳✹✮✳

❆ ▲✐♥❤❛ ✶✵ r❡❝♦♥stró✐ ♦ s❡❣♠❡♥t♦ ❤❛r♠ô♥✐❝♦✱ s♦♠❛♥❞♦ ❛s ❝♦♥tr✐❜✉✐çõ❡s ❞❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡

❤❛r♠ô♥✐❝❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❊q✉❛çã♦ ✷✳✶✶ ✭sí♥t❡s❡ s❡q✉❡♥❝✐❛❧✮✳ ❆ ▲✐♥❤❛ ✶✸✱ ❛♥❛❧♦❣❛♠❡♥t❡✱ r❡t♦♠❛

❛ ♣❛rt❡ ❡st♦❝ást✐❝❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❛ ✜♠ ❞❡ ❝♦♠♣♦r ♦ s❡❣♠❡♥t♦ r❡❝♦♥str✉í❞♦ ✭▲✐♥❤❛ ✶✹✮✳

❋✐♥❛❧♠❡♥t❡✱ ❛s ▲✐♥❤❛s ✶✺✱ ✶✻ ❡ ✶✼ r❡❛❧✐③❛♠ ♦ ❖✈❡r❧❛♣✲❆❞❞ ✉s❛♥❞♦ ❥❛♥❡❧❛♠❡♥t♦ tr✐❛♥❣✉❧❛r✱ ❝♦♠♦

❞✐s❝✉t✐❞♦ ♥❛ ❙❡çã♦ ✷✳✷✳✷✱ ❊q✉❛çã♦ ✷✳✶✷✳

❯♠❛ ✈❡③ ❞❡✜♥✐❞♦s ♦s ♠ó❞✉❧♦s ❞❡ ❆♥á❧✐s❡ ❡ ❙í♥t❡s❡ ❞♦ s✐st❡♠❛✱ s❡❣✉❡ ♦ ♣ró①✐♠♦ ♠ó❞✉❧♦✱ ♣❛r❛

♠♦❞❡❧❛❣❡♠ ❞❡st❡s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✳

✸✳✸ ❊stá❣✐♦ ■■✿ ❉❡❝♦♠♣♦s✐çã♦ P❛r❛♠étr✐❝❛

❖ ♠♦❞❡❧♦ ❞❡ ♣❛r❛♠❡tr✐③❛çã♦ ♣r♦♣õ❡✲s❡ ❛ ♥♦r♠❛❧✐③❛r ♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞❡ ❝❛❞❛ s❡❣♠❡♥t♦✱

❛ ✜♠ ❞❡ ❝❛r❛❝t❡r✐③á✲❧♦s ❡ ❢♦r♥❡❝❡r ✉♠ ❡s♣❛ç♦ ♥♦ q✉❛❧ ❡❧❡s ♣♦ss❛♠ s❡r ❝♦♠♣❛rá✈❡✐s ❡♥tr❡ s✐✳ ❖

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

✐♥✈❡rs❛ ✭❋✐❣✳ ✸✳✽✮✳

❋✐❣✉r❛ ✸✳✽✿ ❋❛s❡ ❞❡ P❛r❛♠❡tr✐③❛çã♦ ✭P✮ ❡ s✉❛ r❡s♣❡❝t✐✈❛ ■♥✈❡rs❛ ✭P−1✮

❆ q✉❛♥t✐③❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ❞❡✈♦❧✈✐❞♦s ♣❡❧♦ ♠♦❞❡❧♦ ❍❙▼ é ❞❡ ❣r❛♥❞❡ r❡❧❡✈â♥❝✐❛

❡♠ t❛r❡❢❛s ❞❡ ❝♦♥✈❡rsã♦ ❡s♣❡❝tr❛❧ ❡ ♣r♦só❞✐❝❛✳ ❯♠❛ ✈❡③ q✉❡ ❛s ❢r❡q✉ê♥❝✐❛s ❢✉♥❞❛♠❡♥t❛✐s ❞❡ ❝❛❞❛

s❡❣♠❡♥t♦ ❞❡ ✈♦③ ❥á ❡stã♦ ❜❡♠ ❞❡✜♥✐❞❛s ♣❛r❛ ❝❛❞❛ s❡❣♠❡♥t♦✱ é ♥❡❝❡ssár✐♦ r❡♣r❡s❡♥t❛r ♦s ♣❛râ♠❡tr♦s

A ❡ S ❞♦ ♠♦❞❡❧♦ ✉s❛♥❞♦ ✉♠ ♥ú♠❡r♦ ✜①♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✳ ◆♦ ❡♥t❛♥t♦✱ ♥ã♦ ❜❛st❛ s❡❧❡❝✐♦♥❛r ❛s k

♣r✐♠❡✐r❛s ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s✱ ♣♦✐s ♥ã♦ s❡ ❞❡s❡❥❛ ♣❡r❞❡r ✐♥❢♦r♠❛çõ❡s r❡❧❡✈❛♥t❡s ❞♦ ❡s♣❡❝tr♦✳

❖ ♠ó❞✉❧♦ ♣❛r❛♠❡tr✐③❛❞♦r s❡❣✉❡ ✐♠♣❧❡♠❡♥t❛❞♦ ♣❡❧♦ ❆❧❣✳ ✸✳✺✳
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❆❧❣♦r✐t♠♦ ✸✳✺ Ψ ← Parametrização✭F0, S, A✮

⊲ ❊st✐♠❛çã♦ ❞❛s ❡♥✈♦❧tór✐❛s ❡s♣❡❝tr❛✐s ❞♦s ❡s♣❡❝tr♦s ❞❡ ❡♥tr❛❞❛

✶ [@υS ,@υA]← ❡♥✈❡❧♦♣❛❞♦r(S,A, F0)

⊲ ◗✉❛♥t✐③❛çã♦ ✉s❛♥❞♦ ❉❡❝♦♠♣♦s✐çã♦ ❊s♣❡❝tr❛❧

✷ Ψ{S,A,E0} ← q✉❛♥t✐③❛❞♦r(@υS ,@υA)

⊲ ▼♦❞❡❧❛❣❡♠ ❞❛s ❢r❡q✉ê♥❝✐❛s ❢✉♥❞❛♠❡♥t❛✐s ✭❡s❝❛❧❛ ▼❡❧✮ ❡ ❞❛s ❡♥❡r❣✐❛s

✸ ΨF0
← 1127.01048 log

(

1 + F0

700

)

✹ ΨE0
← E0

✺ r❡t✉r♥✭Ψ✮

❆ ✐❞❡✐❛ ❝❡♥tr❛❧ ❞♦ ♠ó❞✉❧♦ ♣❛r❛♠❡tr✐③❛❞♦r é ♣r♦✈✐❞❡♥❝✐❛r ❞♦✐s ❡♥✈❡❧♦♣❡s ❡s♣❡❝tr❛✐s ❞❡ ❛♠♣❧✐t✉❞❡✱

♦ ❡♥✈❡❧♦♣❡ ❤❛r♠ô♥✐❝♦ ✭✶✮ ❡ ♦ ❡♥✈❡❧♦♣❡ ❡st♦❝ást✐❝♦ ✭✷✮✱ ❡ ♦s ❞❡❝♦♠♣♦r ❡♠ s♦♠❛s ❞❡ ❢✉♥çõ❡s ❜❛s❡s

✭✜❧tr♦s✮ ❝♦♠ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡ ❢♦r♠❛s ✢❡①í✈❡✐s✳ ❱❛❧❡ s❛❧✐❡♥t❛r q✉❡ ❛ ♠♦❞❡❧❛❣❡♠ ❞❛s ❢❛s❡s ✐♥✐❝✐❛✐s

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

❛s ♠❡s♠❛s ♣❛ss❛rã♦ ❞✐r❡t❛♠❡♥t❡ ❞♦ ♠ó❞✉❧♦ ❞❡ ❛♥á❧✐s❡ ♣❛r❛ sí♥t❡s❡ ♥❛ ❡t❛♣❛ ❞❡ ❝♦♥✈❡rsã♦✳ ❆ ♣❛rt✐r

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

❞❡ ♦s ❞❡❝♦♠♣♦r ❡♠ s♦♠❛s ❞❡ ❢✉♥çõ❡s ♣❛r❛♠étr✐❝❛s ❞✐str✐❜✉í❞❛s ❡♠ ❜❛♥❞❛s ❞❡ ❢r❡q✉ê♥❝✐❛ ✭❜❛♥❝♦ ❞❡

✜❧tr♦s✮✳

❆♥❛❧♦❣❛♠❡♥t❡✱ é ❛♣r❡s❡♥t❛❞♦ ❛ s❡❣✉✐r ♦ ♠ó❞✉❧♦ ❞❡ ♣❛r❛♠❡tr✐③❛çã♦ ✐♥✈❡rs❛✱ ❝✉❥❛ ❢✉♥çã♦ é r❡❝✉✲

♣❡r❛r ❝❛❞❛ ✈❡t♦r (F0, S, A) ❛ ♣❛rt✐r ❞❡ Ψ✳

❆❧❣♦r✐t♠♦ ✸✳✻ (F0, S, A) ← Parametrização_Inversa✭Ψ✮

⊲ ❘❡st❛✉r❛ ❛s ❢r❡q✉ê♥❝✐❛s ❢✉♥❞❛♠❡♥t❛✐s ❡ ❛s ❡♥❡r❣✐❛s

✶ F0 ← 700
(

e
ΨF0

1127.01048 − 1
)

✷ ΨA ← ΨA · E0

⊲ ❙✉❜✲❛♠♦str❛❣❡♠ ❞❛s ❡♥✈♦❧tór✐❛s ❡s♣❡❝tr❛✐s ❞♦s ❡s♣❡❝tr♦s ❞❡ ❡♥tr❛❞❛

✸ [S,A]← s✉❜❴❛♠♦str❛❞♦r(Ψ{A,S}, F0)

✹ r❡t✉r♥✭F0, S, A✮

❱❛❧❡ s❛❧✐❡♥t❛r q✉❡ ♥❛ ♣❛r❛♠❡tr✐③❛çã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❡♥✈♦❧tór✐❛ ❤❛r♠ô♥✐❝♦s ❡stã♦ ♥♦r♠❛❧✐③❛❞♦s

♥❛ ❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛✱ ❢❛③❡♥❞♦ ❝♦♠ q✉❡ E0 t❛♠❜é♠ ❡st❡❥❛✳ ❖ ♣ró♣r✐♦ ♠ó❞✉❧♦ sub_amostrador

s❡ ❡♥❝❛rr❡❣❛ ❞❡ tr❛♥s♣♦r ♦s ✈❛❧♦r❡s ❞❡ ❛♠♣❧✐t✉❞❡ ♥♦✈❛♠❡♥t❡ à ❡s❝❛❧❛ ❧✐♥❡❛r✳

❆ ♣r♦♣♦st❛ ❞❡ r❡♣r❡s❡♥t❛çã♦ ❡s♣❡❝tr❛❧ ❞❡st❡ tr❛❜❛❧❤♦ ✈✐s❛ ❛♥❛❧✐s❛r ❞✐❢❡r❡♥t❡s ❢✉♥çõ❡s ❜❛s❡ ✭✜❧tr♦s

❝♦♠ ❞❡❝❛✐♠❡♥t♦ r❛❞✐❛❧✮ ♣❛r❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ s✐♥❛✐s ❞❡ ✈♦③✳ ❆ ♣❛rt✐r ❞❛ ✐♠♣♦s✐çã♦ ❞❡ ❞✐❢❡r❡♥t❡s

r❡str✐çõ❡s ♥♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡st✐♠❛çã♦ é ♣♦ssí✈❡❧ ♦❢❡r❡❝❡r ♦ ❝♦♥tr♦❧❡ ❡♥tr❡ ❡✜❝✐ê♥❝✐❛ ❡ ❛❝✉rá❝✐❛ ❞♦

♠ét♦❞♦✳ ◆♦t❡ q✉❡ ❛ ❢✉♥çã♦ ❛ s❡r r❡♣r❡s❡♥t❛❞❛✱ ♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧✱ ❞❡♣❡♥❞❡ s♦♠❡♥t❡ ❞❡ ✉♠❛

ú♥✐❝❛ ❞✐♠❡♥sã♦ ✭❛ ❢r❡q✉ê♥❝✐❛✮✱ ❡ ❡st❛ é ❡str✐t❛♠❡♥t❡ ♣♦s✐t✐✈❛✳ ❆❧é♠ ❞✐ss♦✱ ❞❡s❡❥❛✲s❡ q✉❡ t♦❞♦s ♦s

♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ ✭❧♦❝❛❧✐③❛çã♦✱ ❛♠♣❧✐t✉❞❡ ❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✮ ❞❡ ❝❛❞❛ ❜❛s❡ ♠❛♥t❡♥❤❛♠ ❛

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

❜❡♠ ❝♦♠♦ ♠ét♦❞♦s ❞❡ ❡st✐♠❛çã♦ ♣❛r❛ ♦❜t❡r ❡st❡s ♣❛râ♠❡tr♦s s❡rã♦ ❞❡r✐✈❛❞♦s✳ P♦r ❡①❡♠♣❧♦✱ ✉♠

❞❡st❡s ♠ét♦❞♦s ❝♦♥s✐❞❡r❛ q✉❡ ❡①✐st❡ ✉♠❛ ❢✉♥çã♦ ❜❛s❡ ✭♦✉ ✜❧tr♦✮ ♣♦r ❜❛♥❞❛ ✜①❛ s♦❜r❡ ❛ ❡s❝❛❧❛

▼❊▲✱ s❡♥❞♦ s✐♠✐❧❛r ❛♦ ❜❛♥❝♦ ❞❡ ✜❧tr♦s s♦❜r❡ ❛ ❡s❝❛❧❛ ▼❊▲ r❡♣r❡s❡♥t❛❞♦s ♣❡❧♦s ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈✱

♣♦ré♠ ♦ r❡s✉❧t❛❞♦ ❞♦ ❛❥✉st❡ ♥ã♦ é s✐♠♣❧❡s♠❡♥t❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s ✐s♦❧❛❞♦s✱ ♠❛s s✐♠ ✉♠❛

❛♣r♦①✐♠❛çã♦ ❝♦♥tí♥✉❛ ❞♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❬✾✸❪✳



✽✻ ❈❖◆❱❊❘❙❖❘ ❉❊ ❱❖❩ ■◆❚❊❘✲▲■◆●❯❮❙❚■❈❖ ✸✳✸

❊♥✈❡❧♦♣❛♠❡♥t♦ ❊s♣❡❝tr❛❧

❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ❞♦ ▼ó❞✉❧♦ ❞❡ P❛r❛♠❡tr✐③❛çã♦ é ❝❛r❛❝t❡r✐③❛r ❛s ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛ ✭❛♠✲

♣❧✐t✉❞❡s✮ ❡ ❡st♦❝ást✐❝❛ ❛tr❛✈és ❞❡ s❡✉s r❡s♣❡❝t✐✈♦s ❡♥✈❡❧♦♣❡s ❡s♣❡❝tr❛✐s✱ ♣❛r❛ ♣♦st❡r✐♦r ♠♦❞❡❧❛❣❡♠

♣❛r❛♠étr✐❝❛✳ ❉❡✜♥❡✲s❡ ♣♦r ❊♥✈❡❧♦♣❛♠❡♥t♦ ❊s♣❡❝tr❛❧ ♦ ♣r♦❝❡ss♦ ❞❡ ♦❜t❡♥çã♦ ❞❡ ✉♠❛ ✈❡rsã♦ s✉❛✈✐✲

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

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

r❡♣r❡s❡♥t❛❞❛ ♣♦r ❢✉♥çõ❡s ❝♦♥tí♥✉❛s✱ ❞❡ t❛❧ ♠♦❞♦ q✉❡ s❡❥❛ ♣♦ssí✈❡❧✱ ♣♦r ❡①❡♠♣❧♦✱ ❝♦♠♣❛r❛r ❞♦✐s ❡s✲

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

❞✐st✐♥t❛s✳ ❆❧é♠ ❞✐ss♦✱ ❞❡s❡❥❛✲s❡ t❡r ✉♠❛ r❡♣r❡s❡♥t❛çã♦ q✉❛♥t✐③❛❞❛ q✉❡ ❝❛r❛❝t❡r✐③❡ ❛❝✉st✐❝❛♠❡♥t❡

❝❛❞❛ s❡❣♠❡♥t♦✳

❆ ✈❡rsã♦ s✉❛✈✐③❛❞❛ ❞❡ t❛✐s ❡s♣❡❝tr♦s ♣♦❞❡ s❡r ♦❜t✐❞❛ ❞❡ ✈ár✐❛s ❢♦r♠❛s✱ ❡ ❞❡♥tr❡ ❡❧❛s s❡ ❞❡st❛❝❛♠✿

✶✳ ▲P❈✿ ❈♦♥❢♦r♠❡ ✈✐st♦ ❛♥t❡r✐♦r♠❡♥t❡ ♥❛ ❙❡çã♦ ✷✳✷✳✶✱ é ♣♦ssí✈❡❧ ❡①tr❛✐r t❛✐s ❡♥✈♦❧tór✐❛s ❛ ♣❛rt✐r

❞❛ r❡❝♦♥str✉çã♦ ❞♦ s✐♥❛❧ ✉s❛♥❞♦ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❝♦❡✜❝✐❡♥t❡s ▲P❈ ✭❞❡ ❜❛✐①❛ ♦r❞❡♠✮✳

✷✳ ❈❊P❙✿ P♦❞❡✲s❡ ♦❜t❡r ✉♠❛ ✈❡rsã♦ ❡s♣❡❝tr❛❧ s✉❛✈✐③❛❞❛ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ✜❧tr❛❣❡♠ ♣❛ss❛✲❜❛✐①❛

❞♦ ❝❡♣str✉♠ ❡st♦❝ást✐❝♦✳

✸✳ ■◆❚❊❘P❖▲❆❉❖❘✿ P♦❞❡✲s❡ ♦❜t❡r t❛♠❜é♠ ✉♠❛ ✈❡rsã♦ s✉❛✈✐③❛❞❛ ❞♦ ❡s♣❡❝tr♦ ❛ ♣❛rt✐r ❞❛

r❡❝♦♥str✉çã♦ s✉❛✈✐③❛❞❛ ❞♦s ♣✐❝♦s ❞♦ ❡s♣❡❝tr♦ ✉s❛♥❞♦ ♠ét♦❞♦s ✐♥t❡r♣♦❧❛❞♦r❡s ♣❛r❛♠étr✐❝♦s ❞❡

❜❛s❡ r❛❞✐❛❧ (∗)✳

❖ tr❛❜❛❧❤♦ ♣r♦♣õ❡ ❛ ♠♦❞❡❧❛❣❡♠ ❞❛ ❡♥✈♦❧tór✐❛ ❡s♣❡❝tr❛❧(∗) ❡♥✉♥❝✐❛❞❛ ♥♦ ✐t❡♠ ✸ ❛❝✐♠❛✳ ❚❛❧

r❡❝♦♥str✉çã♦ ❡①✐❣❡ ✉♠ ♠ó❞✉❧♦ ❞❡ ✐♥t❡r♣♦❧❛çã♦ ❞❡ ❢✉♥çõ❡s ❞✐s❝r❡t❛s✱ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ✐♥t❡r♣♦❧❛❞♦r

r❛❞✐❛❧✳ ❖ ♣❛❞rã♦ ❛❞♦t❛❞♦ ♣❡❧❛ ♠❛✐♦r✐❛ ❞❛s ♣r♦♣♦st❛s ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ é ❛ ✐♥t❡r♣♦❧❛çã♦

s♣❧✐♥❡ ❝ú❜✐❝❛ ❬✷✵✹❪✳ ❇❛s✐❝❛♠❡♥t❡✱ t❛❧ ❛❜♦r❞❛❣❡♠ ✉t✐❧✐③❛ ✉♠ ♣♦❧✐♥ô♠✐♦ ❞❡ ♦r❞❡♠ ✸ ❛ ✜♠ ❞❡ ❡♥❝♦♥tr❛r

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

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

✐♥t❡r♣♦❧❛❞♦r❡s s❡rá ❛♣r❡s❡♥t❛❞❛ ❛ s❡❣✉✐r✳

▼ét♦❞♦ ■♥t❡r♣♦❧❛❞♦r ♣♦r ❇❛s❡ ❘❛❞✐❛❧

❯♠ ♠ét♦❞♦ ❞❡ ✐♥t❡r♣♦❧❛çã♦ ♣❛r❛♠étr✐❝♦ ❡♥❝♦♥tr❛ ✈❛❧♦r❡s ❡♥tr❡ ♣♦♥t♦s ✐♥t❡r♠❡❞✐ár✐♦s ❞❡ ✉♠❛

❢✉♥çã♦ ❛r❜✐trár✐❛✱ ✉s❛♥❞♦ ✉♠❛ ❢✉♥çã♦ ❞❡ ✐♥t❡r♣♦❧❛çã♦ ❛✉①✐❧✐❛r ✭tr✐❛♥❣✉❧❛r✱ ❝ú❜✐❝❛✱ ❡t❝✳✮✳ ◆♦ ❝❛s♦

❞❡st❡ tr❛❜❛❧❤♦✱ ❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧✱ ❞❡♥♦t❛❞❛s ♣♦r ψ✱ s❡rã♦ ✉s❛❞❛s✳ ❋✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧

✭❘❛❞✐❛❧ ❇❛s✐s ❋✉♥❝t✐♦♥s ✕ ❘❇❋✮ sã♦ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞❛s ❡♠ r❡❞❡s ♥❡✉r❛✐s ❬✷✸✻❀ ✷✾✷❪✳ ❯♠❛ ❘❇❋ é

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

tr❛❞✐❝✐♦♥❛❧♠❡♥t❡ ✉s❛✲s❡ ❛ ♥♦r♠❛❧✐③❛çã♦ ψo(o) = 1 ❡ ♦ ✈❛❧♦r ψo(x) ❞❡❝r❡s❝❡ à ♠❡❞✐❞❛ q✉❡ ❛✉♠❡♥t❛

❛ ❞✐stâ♥❝✐❛ |x− o|✳

◆♦ ❝♦♥t❡①t♦ ❞❡st❡ tr❛❜❛❧❤♦ é ❞❡ ✐♥t❡r❡ss❡ ✉t✐❧✐③❛r ❛❧❣✉♠❛s ❘❇❋s ❝♦♠ ♣r♦♣r✐❡❞❛❞❡s ❡s♣❡❝í✜✲

❝❛s ❞❡ ✐♥t❡r♣♦❧❛çã♦ ♣❛r❛ ♦❜t❡r ♦s ❡♥✈❡❧♦♣❡s ❡s♣❡❝tr❛✐s✳ ❊①✐st❡♠ ❜❛s✐❝❛♠❡♥t❡ três ♣r♦♣r✐❡❞❛❞❡s

❜ás✐❝❛s q✉❡ ✉♠ ✐♥t❡r♣♦❧❛❞♦r I ❞❡✜♥✐❞♦ ♣♦r ❡st❡ tr❛❜❛❧❤♦ ❞❡✈❡ ❛t❡♥❞❡r✳ ❉❛❞❛ ✉♠❛ s❡q✉ê♥❝✐❛

X = {x1, x2, . . . , xn} ❞❡ ✈❛❧♦r❡s r❡❛✐s ❝r❡s❝❡♥t❡s ❡ ✉♠❛ s❡q✉ê♥❝✐❛ Y = {y1, y2, . . . , yn} t❛❧ q✉❡

yk = f(xk), ∀k✱ ♦ ✐♥t❡r♣♦❧❛❞♦r I ❞❡✈❡✿

✶✳ ❉✐s♣♦r ❞❡ ✉♠❛ ❜❛s❡ ψx ❛ss♦❝✐❛❞❛ ❛ ❝❛❞❛ ❛♠♦str❛ x ❞❡ X
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✷✳ ❙❡r ❝❛♣❛③ ❞❡ ❞❡✈♦❧✈❡r ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❝♦♥tí♥✉❛ Y p
c ❞❡✜♥✐❞❛ ❝♦♠♦

Y p
c (x) =

∑

xk∈X

pxkψxk(x),

♦♥❞❡ pxk é ♦ ♣❡s♦ ❞❛ ❜❛s❡ ψxk ✳

✸✳ ▼❛♥t❡r ✈á❧✐❞❛ ❛ ✐❣✉❛❧❞❛❞❡ Y p
c (xk) = yk✱ ♣❛r❛ t♦❞♦ ♣♦♥t♦ xk ❞❡ X

✹✳ P♦ss✉✐r ♣r♦♣r✐❡❞❛❞❡ ❞❡ r❡❝♦♥str✉çã♦ ✭q✉❛s❡✲✮♣❡r❢❡✐t❛✱ ♦✉ s❡❥❛✱ ❞❡✈❡ ❡①✐st✐r ✉♠❛ ❡s❝♦❧❤❛ ♣❛rt✐✲

❝✉❧❛r ❞♦s ♣❡s♦s p t❛❧ q✉❡ Y p
c (x) ≈ 1✳

❊①✐st❡♠ ✈ár✐❛s ❢✉♥çõ❡s r❛❞✐❛✐s q✉❡ s❛t✐s❢❛③❡♠ t❛✐s ♣r♦♣r✐❡❞❛❞❡s✱ ❞❡♥tr❡ ❡❧❛s ❛ ❢✉♥çã♦ ●❛✉ss✐❛♥❛

❡ ❛s ✈❡rsõ❡s tr✉♥❝❛❞❛s ❞❛s ❥❛♥❡❧❛s ❞❡ ❍❛♥♥✱ ◆✉tt❛❧❧✱ ❇❧❛❝❦♠❛♥✲❍❛rr✐s ❡ ❇❧❛❝❦♠❛♥✲◆✉tt❛❧❧✳ ❚❛✐s

❢✉♥çõ❡s sã♦ ❞❡✜♥✐❞❛s ♣❡❧❛s ❊q✉❛çõ❡s ✸✳✾ ❡ ✸✳✶✵✱ ❛s q✉❛✐s s❡rã♦ ♠❡❧❤♦r ❞❡s❝r✐t❛s ❡♠ t❡r♠♦s ❞❡ ❧❛r❣✉r❛

❞❡ ❜❛♥❞❛ ♥❛ s✉❜s❡çã♦ s❡❣✉✐♥t❡✳ ❉❡♥tr❡ ❛s ♣r♦♣r✐❡❞❛❞❡s ❞❡st❛s ❢✉♥çõ❡s✱ ❞❡st❛❝❛✲s❡ ❛ ♣r♦♣r✐❡❞❛❞❡ ❞❡

r❡❝♦♥str✉çã♦ ✭q✉❛s❡✲✮♣❡r❢❡✐t❛✱ ❛ q✉❛❧ é ❡①✐❜✐❞❛ ♥❛ ❋✐❣✉r❛ ✸✳✾✱ ✉s❛♥❞♦ ❛s ❥❛♥❡❧❛s ❞❡ ❍❛♥♥✱ ◆✉tt❛❧❧✱

❛❧é♠ ❞❛ ❢✉♥çã♦ ●❛✉ss✐❛♥❛✳

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.5

1

Frequência (kHz)

Gauss

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.5

1

Frequência (kHz)

Hann

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.5

1

Frequência (kHz)

Nuttall

❋✐❣✉r❛ ✸✳✾✿ ❘❡❝♦♥str✉çã♦ ❞❛ ❢✉♥çã♦ ❝♦♥st❛♥t❡ I(x) = 1 ✉s❛♥❞♦ ❞✐✈❡rs♦s ✐♥t❡r♣♦❧❛❞♦r❡s r❛❞✐❛✐s✳

❉❡♥tr❡ ❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ ❛♥❛❧✐s❛❞❛s✱ ❛ ú♥✐❝❛ q✉❡ ♣♦ss✉✐ ❛ ♣r♦♣r✐❡❞❛❞❡ ❞❡ r❡❝♦♥str✉çã♦

♣❡r❢❡✐t❛ ✭❡①❛t❛✮ é ❛ ❢✉♥çã♦ tr✉♥❝❛❞❛ ❞❡ ❍❛♥♥✱ ❞❡✜♥✐❞❛ ❝♦♠♦

ψo(x;σ) =











cos2(π(x−o)
2σ(l) ), s❡ x ∈ [o− σ(l), 0]

cos2(π(x−o)
2σ(r) ), s❡ x ∈ [0, o+ σ(r)]

0, ❝❛s♦ ❝♦♥trár✐♦

♦♥❞❡ [o− σl, o+ σr] ❝♦rr❡s♣♦♥❞❡ à ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❛ ❢✉♥çã♦ r❛❞✐❛❧✱ ❢♦r❛ ❞❛ q✉❛❧ ❛ ❢✉♥çã♦ ❜❛s❡ é

tr✉♥❝❛❞❛✳

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

s✐♥❛❧ ❝❛✉s❛♥❞♦ s✉❛✈✐③❛çã♦ ❡①❝❡ss✐✈❛✱ ❞❡✈✐❞♦ à ♠❛✐♦r ✐♥t❡r❢❡rê♥❝✐❛ ❝♦♥str✉t✐✈❛ ❞❛s ❞✐✈❡rs❛s ❢✉♥çõ❡s

❜❛s❡ ✉t✐❧✐③❛❞❛s✳ ❙❡♥❞♦ ❛ss✐♠✱ é ♣r❡❢❡rí✈❡❧ ♠❛♥t❡r ❛s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞❡ ❝❛❞❛ ❢✉♥çã♦ ❜❛s❡ ♦

♠❛✐s ❡str❡✐t❛s ♦ ♣♦ssí✈❡❧✱ ❛ ✜♠ ❞❡ r❡♣r❡s❡♥t❛r ♣❡q✉❡♥❛s ♥✉❛♥❝❡s ❞❛ ❢✉♥çã♦ ♦r✐❣✐♥❛❧✳ ◆❛ ♣rát✐❝❛✱
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❛❞♦t❛r❡♠♦s ♦s ♣ró♣r✐♦s ♣♦♥t♦s xk ❝♦♠♦ ❢r♦♥t❡✐r❛s ❞❛s ❢✉♥çõ❡s ❜❛s❡s✱ ♦✉ s❡❥❛✱

σ
(l)
k = xk − xk−1 ❡ σ

(r)
k = xk+1 − xk, k = 2, . . . , n− 1. ✭✸✳✻✮

P♦r ❝♦♥✈❡♥çã♦✱ ❛s ❢✉♥çõ❡s ❜❛s❡ ❞♦s ♣♦♥t♦s ❡①tr❡♠♦s x1 ❡ xn s❡rã♦ s✐♠étr✐❝❛s✱ ❝♦♠ ❧❛r❣✉r❛ ❞❡✜♥✐❞❛

♣♦r ❛♣❡♥❛s ✉♠ ❞♦s ✈✐③✐♥❤♦s ✭x2 ❡ xn−1 r❡s♣❡❝t✐✈❛♠❡♥t❡✮✳ ❖❜s❡r✈❡ q✉❡ s❡ X ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛

s❡q✉ê♥❝✐❛ ❞❡ ♣♦♥t♦s ✉♥✐❢♦r♠❡♠❡♥t❡ ❡s♣❛ç❛❞♦s✱ ❡♥tã♦ σk = σ
(l)
k = σ

(r)
k ✳

❯♠❛ ✈❡③ ❞❡✜♥✐❞❛s ❛s ❧❛r❣✉r❛s ❡ ❝❡♥tr♦s ❞❡ ❝❛❞❛ ❢✉♥çã♦ ❜❛s❡✱ ♣❡❧♦ ❆❧❣♦r✐t♠♦ ✸✳✼ s❡ ♦❜té♠ ✉♠❛

❢✉♥çã♦ interpolação q✉❡ ❞❡✜♥❡ ✉♠❛ ✈❡rsã♦ ❝♦♥tí♥✉❛ ❞❛❞♦s ♦s ❝♦♥❥✉♥t♦s ❞❡ ♣♦♥t♦s ♣❛r❡❛❞♦s

(X,Y = f(X))✳ ❖s ♣❛râ♠❡tr♦s ❞❡ ❡♥tr❛❞❛ X ❡ Y sã♦ r❡s♣❡❝t✐✈❛♠❡♥t❡ ♦ ❞♦♠í♥✐♦ ❡ ❛ ✐♠❛❣❡♠

❞❛ ❢✉♥çã♦ ❛ s❡r ✐♥t❡r♣♦❧❛❞❛ ♥♦s ♣♦♥t♦s X ′✳ ❆ ❜❛s❡ ❞❡ ✐♥t❡r♣♦❧❛çã♦ ψ ♣♦❞❡ s❡r q✉❛❧q✉❡r ❜❛s❡ q✉❡

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

✐♥t❡r♣♦❧❛❞❛ é ♥ã♦✲♥✉❧❛ ❢♦r❛ ❞♦ ✐♥t❡r✈❛❧♦X ✭✈✐❞❡ ❚❛❜❡❧❛ ✸✳✶ ❞❡ ✈❛r✐á✈❡✐s ❣❧♦❜❛✐s✮✳ ◆❡st❡ ❝❛s♦✱ ❛ ❢✉♥çã♦

@Yc ❞❡✈♦❧✈✐❞❛ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❝♦♠♣✉t❛ ♣❛r❛ q✉❛❧q✉❡r ✈❛❧♦r x ∈ [x1, x2, . . . , xn] ♦ ✈❛❧♦r ✐♥t❡r♣♦❧❛❞♦

y = Yc(x)✳

❆❧❣♦r✐t♠♦ ✸✳✼ @Yc ← interpolador✭X✱Y ✱ψ✱ǫ✮

⊲ ■♥✐❝✐❛❧✐③❛ ❛s ♦r✐❣❡♥s ❞❡ ❝❛❞❛ ❢✉♥çã♦ ψ

✶ o← X

⊲ ❉❡✜♥❡ ❛s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞❡ ❝❛❞❛ ❜❛s❡ ψ

✷ σ(l) ← [x2 − x1, x2 − x1, x3 − x2, . . . , xn − xn−1]

✸ σ(r) ← [x2 − x1, x3 − x2, . . . , xn − xn−1, xn − xn−1]

⊲ ❉❡✜♥❡ ♦s ♣❡s♦s ❞❡ ❝❛❞❛ ❜❛s❡

✹ p = Y − ǫ

⊲ ❖❜té♠ ❛ ❢✉♥çã♦ Yc(X
′) ❞✐r❡t❛♠❡♥t❡

✺ @Yc ← @(F )[ǫ+
∑

x∈X

∑

f∈F {pxψx(f)}]

✻ r❡t✉r♥✭@Yc✮

❆ s✐♥t❛①❡ ❞❛ ▲✐♥❤❛ ✺ ❞❡✜♥❡ ✉♠❛ ❢✉♥çã♦ ❛♥ô♥✐♠❛ @(a)[b]✱ q✉❡ r❡❝❡❜❡ ❝♦♠♦ ♣❛râ♠❡tr♦ ♦s ❛r❣✉✲

♠❡♥t♦s ❡♠ a ❡ r❡t♦r♥❛ ♦ ✈❛❧♦r b✳ ❈♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛✱ ❡st❛ ❢✉♥çã♦ ❞❡✈♦❧✈❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❧❛r❣✉r❛s

❞❡ ❜❛♥❞❛ ❞❡✜♥✐❞❛s ♣❡❧❛ ❊q✳ ✸✳✻✳

❆ ❋✐❣✉r❛ ✸✳✶✵ ❡①❡♠♣❧✐✜❝❛ ✐♥t❡r♣♦❧❛çõ❡s ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣✐❝♦s ❤❛r♠ô♥✐❝♦s ❛♠♦str❛❞♦s ❡♠

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

❞❡ ✉♠ s❡❣♠❡♥t♦ ❛r❜✐trár✐♦ ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ ✉s❛♥❞♦ ❞✐✈❡rs❛s ❜❛s❡s ❞❡ ✐♥t❡r♣♦❧❛çã♦✳

❆ ♣❛rt✐r ❞❛ ❡st✐♠❛çã♦ ✐♥t❡r♣♦❧❛❞❛ ❞♦ ❡s♣❡❝tr♦✱ ❡st❡ tr❛❜❛❧❤♦ ♣r♦♣õ❡ ✉♠❛ ♥♦✈❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛

q✉❛♥t✐③❛çã♦✱ ❝♦♥❢♦r♠❡ s❡❣✉❡✳

✸✳✸✳✶ ❊st✐♠❛çã♦ ❞♦ ❊♥✈❡❧♦♣❡ ❊s♣❡❝tr❛❧

❯♠❛ ❜♦❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❞❡✈❡ ❝♦rr❡s♣♦♥❞❡r ♦ ♠❛✐s ✜❡❧♠❡♥t❡ ❛♦ ❡♥✈❡❧♦♣❡

❡s♣❡❝tr❛❧ ♦r✐❣✐♥❛❧✳ ◆♦ ❡♥t❛♥t♦✱ ❛s ✐♥❢♦r♠❛çõ❡s ♥❡❝❡ssár✐❛s ♣❛r❛ s❡ ♦❜t❡r ✉♠ ❡♥✈❡❧♦♣❡ ♣❡r❢❡✐t♦ ♥♦r✲

♠❛❧♠❡♥t❡ ♥ã♦ ❡stã♦ ❞✐s♣♦♥í✈❡✐s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ ❡s♣❡❝tr♦s ❤❛r♠ô♥✐❝♦s ❬✶✸✽❪✳

◆♦ ❝❛s♦ ❡st♦❝ást✐❝♦✱ ♦❜t❡r ✉♠❛ ❜♦❛ ❛♣r♦①✐♠❛çã♦ ❞♦ ❡♥✈❡❧♦♣❡ ✈❡r❞❛❞❡✐r♦ é ♠❛✐s ❢á❝✐❧✱ ✉♠❛ ✈❡③

q✉❡ ♦ ♣❛❞rã♦ r✉✐❞♦s♦ ❞♦ ❡s♣❡❝tr♦ ❡st♦❝ást✐❝♦ ❢♦r♥❡❝❡ ✐♥❢♦r♠❛çã♦ ❡♠ t♦❞❛ ❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛s

✉t✐❧✐③❛❞❛s✳ ❯♠❛ ✈❡③ q✉❡ ♦s ❡s♣❡❝tr♦s ❞❡ ♠❛❣♥✐t✉❞❡ sã♦ ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞♦ ♠ó❞✉❧♦ ❞❛ ❋❋❚ ❞❡ ❝❛❞❛
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Nuttall

❋✐❣✉r❛ ✸✳✶✵✿ ❉✐✈❡rs♦s ✐♥t❡r♣♦❧❛❞♦r❡s ❡s♣❡❝tr❛✐s ✉s❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ interpolador✳

s❡❣♠❡♥t♦ ❡st♦❝ást✐❝♦ ✭❝❛❞❛ Sk ♣r♦✈❡♥✐❡♥t❡ ❞♦ ♠ó❞✉❧♦ ❞❡ ❆♥á❧✐s❡✮✱ é ♣♦ssí✈❡❧ r❡❝♦♥str✉✐r ✉♠❛ ✈❡rsã♦

s✉❛✈✐③❛❞❛ ✉s❛♥❞♦ ✉♠ ♠ét♦❞♦ ✐♥t❡r♣♦❧❛❞♦r q✉❛❧q✉❡r✳

❏á ♥♦ ❝❛s♦ ❞❛s r❡♣r❡s❡♥t❛çõ❡s ❡s♣❡❝tr❛✐s ❤❛r♠ô♥✐❝❛s✱ ❡♥❝♦♥tr❛r t❛❧ ❡♥✈❡❧♦♣❡ ❝♦♥tí♥✉♦ ✉t✐❧✐③❛♥❞♦

❛♣❡♥❛s ✐♥❢♦r♠❛çã♦ ❧♦❝❛❧ ✭r❡❧❛t✐✈❛ ❛ ✉♠ ú♥✐❝♦ s❡❣♠❡♥t♦✮ é ♣r❛t✐❝❛♠❡♥t❡ ✐♠♣♦ssí✈❡❧✳ ◆❡st❡ ❝❛s♦✱ ♦

♠ó❞✉❧♦ ❞❡ ❆♥á❧✐s❡ ❞❡✈♦❧✈❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s ❛♠♦str❛❞❛s ❡♠ ✉♠ ❝♦♥❥✉♥t♦

r❡str✐t♦ ❞❡ ❢r❡q✉ê♥❝✐❛s 0, f0, 2f0, . . . , Lf0 r❡❧❛❝✐♦♥❛❞❛s ❤❛r♠♦♥✐❝❛♠❡♥t❡✳ ❖ ✐❞❡❛❧ s❡r✐❛ ♦❜t❡r ❛

❡♥✈♦❧tór✐❛ ❡s♣❡❝tr❛❧ ❤❛r♠ô♥✐❝❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ❝♦♥❥✉♥t♦ s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡ ❞❡ ❛♠♦str❛s ❝♦♠

❞✐❢❡r❡♥t❡s ❢r❡q✉ê♥❝✐❛s ❢✉♥❞❛♠❡♥t❛✐s✱ ♠❛s q✉❡ ♣❡rt❡♥ç❛♠ ❛ ✉♠ ♠❡s♠♦ ❝♦♥❥✉♥t♦ ❢♦♥ét✐❝♦✳

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

♠❛✐s ✜❡❧♠❡♥t❡ ♦ ♣❛❞rã♦ ❞♦ ❡♥✈❡❧♦♣❡✱ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❆♥á❧✐s❡ ▼✉❧t✐✲❋r❛♠❡ ✭❞♦ ✐♥❣❧ês✱ ▼✉❧t✐✲❋r❛♠❡

❆♥❛❧②s✐s ✕ ▼❋❆✮ ❬✷✷✼❀ ✷✷✽❀ ✷✷✾❪✱ t♦♠❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s ❛ ✜♠ ❞❡ ❡st✐♠❛r

✉♠❛ r❡♣r❡s❡♥t❛çã♦ ✜❡❧ ❞❛ ❋✉♥çã♦ ❞❡ ❚r❛♥s❢❡rê♥❝✐❛ ❞♦ ❚r❛t♦ ❱♦❝❛❧ ✭❱♦❝❛❧✲❚r❛❝t ❚r❛♥s❢❡r ❋✉♥❝t✐♦♥

✕ ❱❚❚❋✮✳ ❊st❡ ♠ét♦❞♦ ✉s❛ ♦ ✈❛❧♦r ❞❛s ❛♠♣❧✐t✉❞❡s ❞❡ t♦❞♦s ♦s s❡❣♠❡♥t♦s ♣❛r❛ ❡st✐♠❛r ❝♦❡✜❝✐❡♥t❡s

❝❡♣str❛✐s ❝♦♠ ✉♠ ♠ét♦❞♦ ❞❡ ♠í♥✐♠♦s q✉❛❞r❛❞♦s✳ ❊♥tr❡t❛♥t♦✱ t❛❧ ❛❜♦r❞❛❣❡♠ ♥ã♦ r❡s♦❧✈❡ ♦ ♣r♦❜❧❡♠❛

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

P♦❞❡✲s❡ ❛❧t❡r♥❛t✐✈❛♠❡♥t❡ t♦♠❛r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ s❡❣♠❡♥t♦s ✈✐③✐♥❤♦s✱ ❡ ❛♣❧✐❝❛r ❛ ❡str❛té❣✐❛ ❆▼❋

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

❝❛s♦ ♥ã♦ é s✐❣♥✐✜❝❛t✐✈❛✱ ✉♠❛ ✈❡③ q✉❡ ❛ ✈❛r✐❛çã♦ ❧❡♥t❛ ❞♦ ♣✐t❝❤ ❡♥tr❡ s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s ♥ã♦

❝♦♥tr✐❜✉✐ ♣❛r❛ ✉♠❛ ❜♦❛ ♠♦❞❡❧❛❣❡♠ ❡♠ t♦❞♦ ♦ ❡s♣❡❝tr♦✳ ❆❧é♠ ❞✐ss♦✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s❡❣♠❡♥t♦s

❝♦♥t❛♠✐♥❛❞♦s ♣❡❧❛s ♠✉❞❛♥ç❛s ❞❡ ❢♦♥❡♠❛ ♣r❡❥✉❞✐❝❛ ❛ ❝❧✉st❡r✐③❛çã♦ ❢♦♥ét✐❝❛ ❞♦ ♠ó❞✉❧♦ s❡❣✉✐♥t❡

✭❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✸✳✹✮✳ ❯♠ ♣❡q✉❡♥♦ ❡①♣❡r✐♠❡♥t♦ é r❡❛❧✐③❛❞♦ ♥♦ ❆♣ê♥❞✐❝❡ ❆ ❞❡st❛ t❡s❡✱ ❛

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

❞❡♥tr♦ ❞❡ ✉♠ ❝♦♥t❡①t♦ ▼❋❆✳

❆ ❋✐❣✉r❛ ✸✳✶✷ ❡①✐❜❡ ♦s ❡♥✈❡❧♦♣❡s ❤❛r♠ô♥✐❝♦s ❡st✐♠❛❞♦s ♣❡❧♦ ❡♥✈❡❧♦♣❛❞♦r ●❛✉ss✐❛♥♦✳ ❖ s✐♥❛❧

✉s❛❞♦ ♥❡st❛ ✜❣✉r❛ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ ❝♦♠ três s❡❣♠❡♥t♦s ❞❛ ✈♦❣❛❧ ❬❛❪ ❝♦♥❝❛t❡♥❛❞♦s✳ ❈❛❞❛

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

♠❛♥t❡♥❞♦ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❛ ♠❡s♠❛ ❢r❡q✉ê♥❝✐❛✳

❖ ❡♥✈❡❧♦♣❡ ❡st♦❝ást✐❝♦ é ❡st✐♠❛❞♦ ❛tr❛✈és ❞❡ ✜❧tr❛❣❡♠ ❡s♣❡❝tr❛❧✱ ❛ q✉❛❧ ❡①tr❛✐ ♣✐❝♦s ✭♠á①✐♠♦s✮

❧♦❝❛✐s ❞♦ s✐♥❛❧✳ ❆ ✜♠ ❞❡ ❡❧✐♠✐♥❛r ❛ ✐♥t❡r❢❡rê♥❝✐❛ ❝❛✉s❛❞❛ ♣♦r ✉♠ ❡✈❡♥t✉❛❧ ✈❛③❛♠❡♥t♦ ❤❛r♠ô♥✐❝♦✱
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❋✐❣✉r❛ ✸✳✶✶✿ ❆♥á❧✐s❡ ♠✉❧t✐✲❢r❛♠❡ ✉s❛♥❞♦ ❛❧❣✉♥s ❞♦ ❡♥✈❡❧♦♣❛❞♦r❡s ♣r♦♣♦st♦s✳

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

❞❡♥tr♦ ✉♠❛ ❝✉rt❛ ❥❛♥❡❧❛ ❞❡ ✈✐③✐♥❤❛♥ç❛ ✭❛♣❧✐❝❛❞❛ s♦❜r❡ ♦ ❡s♣❡❝tr♦✮ ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ❝♦♠ s✉❝❡ss♦✳

❆ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❛♦ r❡❞♦r ❞❡ ❝❛❞❛ ❛♠♦str❛ é t♦♠❛❞❛ ❛ ✉♠❛ t❛①❛ ❞❡✜♥✐❞❛ ♣❡❧♦ ✉s✉ár✐♦ ❡♥tr❡ 250 ❡

500 ❍③✱ ♦ q✉❡ é s✉✜❝✐❡♥t❡ ♣❛r❛ ♦❜t❡r ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❡s♣❡❝tr❛❧ s✉❛✈❡ ❞♦ ❡s♣❡❝tr♦ ❡st♦❝ást✐❝♦✳ ❈♦♠

✉♠❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ 16 ❦❍③✱ t❛✐s ❢r❡q✉ê♥❝✐❛s ❡q✉✐✈❛❧❡♠ ❛ 4 ❡ 8 ❛♠♦str❛s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❖ ❆❧❣♦r✐t♠♦ ✸✳✽ ✐♠♣❧❡♠❡♥t❛ ❛ ❢✉♥çã♦ envelopador ✉s❛❞❛ ♣❡❧♦ ♠ó❞✉❧♦ ❞❡ P❛r❛♠❡tr✐③❛çã♦✳

❆❧❣♦r✐t♠♦ ✸✳✽ (@υS ,@υA) ← envelopador✭S,A, F0✮
✶ Ns ← ❞✐♠❡♥sã♦(S)

✷ σs ←
500Nw

R

✸ ❢♦r k = 1 : Ns

✹ ✐❢ F0(k) > 0 t❤❡♥

⊲ ❊♥✈❡❧♦♣❡s ❤❛r♠ô♥✐❝♦s ❞❡ ❛♠♣❧✐t✉❞❡

✺ L←
⌊

Fc

F0(k)

⌋

✻ @υkA ← ✐♥t❡r♣♦❧❛❞♦r(F0(k)(0 : L), Ak, ψ❣❛✉ss)

✼ ❡♥❞ ✐❢

⊲ ❊♥✈❡❧♦♣❡ ❡st♦❝ást✐❝♦

✽ σc ← ⌈
500Nw

R
⌉

✾ [X,Y ]← ✜❧tr♦❴♠❛①(Sk, σc)

✶✵ @υkS ← ✐♥t❡r♣♦❧❛❞♦r(X,Y, ψ❣❛✉ss)

✶✶ ❡♥❞ ❢♦r

✶✷ r❡t✉r♥✭Ψ✮

❈♦♠♦ ❞❡s❝r✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❛ ❢✉♥çã♦ filtro_max(S, σc) ♣r✐♠❡✐r❛♠❡♥t❡ ❡st✐♠❛ ✉♠ ❡♥✈❡❧♦♣❡

❞❡ ♠á①✐♠♦s ❧♦❝❛✐s MS ❞❡ S✱ ❞❡ t❛❧ ♠♦❞♦ q✉❡

MS(x) = max{S(x− σc : x+ σc)}, x = [σc + 1 : Nw − σc].

◆♦s ❡①tr❡♠♦s t❡♠✲s❡MS(x) = S(1) ♣❛r❛ x = [1, σc] ❡MS(x) = S(Nw) ♣❛r❛ x = [Nw−σc+1 : Nw]✳

❆ ♣❛rt✐r ❞❡ MS ✱ ♦ ♠ét♦❞♦ filtro_max t♦♠❛ ♦s ♣♦♥t♦s x ❡ y = S(x)✱ ♣❛r❛ ♦s q✉❛✐s s❡ ✈❡r✐✜❝❛ q✉❡

MS(x) = S(x)✳ ❊♥tã♦✱ ♦ ❝♦♥❥✉♥t♦ ❞❡ t♦❞♦s ♦s ♣♦♥t♦s x ❡ y sã♦ ❞❡✈♦❧✈✐❞♦s ❡♠X ❡ Y r❡s♣❡❝t✐✈❛♠❡♥t❡✱
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❋✐❣✉r❛ ✸✳✶✷✿ ❖ ❡s♣❡❝tr♦ ❤❛r♠ô♥✐❝♦ ❞❡ ❛♠♣❧✐t✉❞❡s ❡♥✈❡❧♦♣❛❞♦ ♣❡❧♦ ■♥t❡r♣♦❧❛❞♦r ●❛✉ss✐❛♥♦✳

♣❛r❛ ♣♦st❡r✐♦r ✐♥t❡r♣♦❧❛çã♦✳ ❈❛❜❡ s❛❧✐❡♥t❛r q✉❡ ❛s ✈❛r✐á✈❡✐s ❣❧♦❜❛✐s R, Nw ❡ Fc ❡stã♦ ❞❡✜♥✐❞❛s ♥❛

❚❛❜❡❧❛ ✸✳✶✳

❙❡r✐❛ ♣♦ssí✈❡❧ ✉t✐❧✐③❛r t❛✐s ❡♥✈❡❧♦♣❡s ❡st✐♠❛❞♦s ❝♦♠♦ ✈❡rsõ❡s q✉❛♥t✐③❛❞❛s ❞❡ ❝❛❞❛ s❡❣♠❡♥t♦❀ ♥♦

❡♥t❛♥t♦✱ ♦ ✈❛❧♦r r❡t♦r♥❛❞♦ ♣❡❧♦ envelopador ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ❝♦♥❥✉♥t♦ ✈❛r✐á✈❡❧ ❞❡ ❝♦❡✜❝✐❡♥t❡s

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

s❡r✐❛ q✉❡ s❡ t✐✈❡ss❡ ✉♠ t✐♣♦ ❞❡ ✐♥t❡r♣♦❧❛❞♦r✱ ♥♦ q✉❛❧ ♦s ❝♦♥❥✉♥t♦s ❞❡ ❢✉♥çõ❡s ❞❡ ❜❛s❡ ❢♦ss❡♠ ✜①♦s

❡ ❡st✐✈❡ss❡♠ ❝♦♥✈❡♥✐❡♥t❡♠❡♥t❡ ❞✐str✐❜✉í❞♦s ❞❡♥tr♦ ❞♦ ❡s♣❡❝tr♦ ❛ s❡r ♠♦❞❡❧❛❞♦✱ ♣❛r❛ q✉❡ ♣♦st❡r✐♦r✲

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

❢r❡q✉ê♥❝✐❛s ❤❛r♠ô♥✐❝❛s✱ ♣♦r ❡①❡♠♣❧♦✮✳

✸✳✸✳✷ ❉❡❝♦♠♣♦s✐çã♦ ❊s♣❡❝tr❛❧ ❡♠ ❋✉♥çõ❡s ❞❡ ❇❛s❡

❆♦ ❧♦♥❣♦ ❞❡st❛ s❡çã♦✱ ♦s ❞♦✐s ❡♥✈❡❧♦♣❡s r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛s ❢✉♥çõ❡s @υkS ❡ @υkA r❡❢❡r❡♥t❡s ❛♦

k✲és✐♠♦ s❡❣♠❡♥t♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ s❡rã♦ ❞❡♥♦t❛❞♦s ✐♥❞✐st✐♥t❛♠❡♥t❡ ♣♦r @υ ♣♦r s✐♠♣❧✐❝✐❞❛❞❡ ❞❡

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

❞❡ q✉❛♥t✐③❛çã♦✱ ❝♦♥❢♦r♠❡ s❡rá ✈✐st♦ ♥❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛ ❢✉♥çã♦ quantizador ✭❆❧❣♦r✐t♠♦ ✸✳✶✷✮✳

❆❧é♠ ❞✐ss♦✱ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❡♥✈❡❧♦♣❛❞♦r✱ ❝❛❞❛ ❡♥✈❡❧♦♣❡ @υ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ✈❡rsã♦ ❝♦♥tí♥✉❛ ❞❡

✉♠ ❞♦s ❡s♣❡❝tr♦s s✉❛✈✐③❛❞♦s ✭❤❛r♠ô♥✐❝♦ ♦✉ ❡st♦❝ást✐❝♦✮✳ ❊♠❜♦r❛ ❡①✐st❛♠ ♠ét♦❞♦s ❡st✐♠❛❞♦r❡s ❞❡

♠í♥✐♠♦s q✉❛❞r❛❞♦s ❛♣❧✐❝❛❞♦s às ❢✉♥çõ❡s ❝♦♥tí♥✉❛s ✭▼◗❈✮✱ ♣♦r q✉❡stõ❡s ❞❡ ❡✜❝✐ê♥❝✐❛ ❞♦s ❝á❧❝✉❧♦s

♠❛tr✐❝✐❛✐s✱ ✉♠❛ ✈❡rsã♦ ❞✐s❝r❡t✐③❛❞❛ E s❡rá ❛♠♦str❛❞❛ ❞❡ ❝❛❞❛ @υ✱ ❛ q✉❛❧ s❡rá ❝♦♥s✐❞❡r❛❞❛ ♣❡❧♦

♠ét♦❞♦ ❞❡ ❞❡❝♦♠♣♦s✐çã♦✳ ❙❡♥❞♦ ❛ss✐♠✱ s❡❣✉❡ ❛ ❞❡✜♥✐çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❞❡❝♦♠♣♦s✐çã♦ ❡s♣❡❝tr❛❧

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

❆ ❞❡❝♦♠♣♦s✐çã♦ ❡♠ ❢✉♥çã♦ ❞❡ ❜❛s❡s ♣❛r❛♠étr✐❝❛s ♦❢❡r❡❝❡ ♣❡❧♦ ♠❡♥♦s três ✈❛♥t❛❣❡♥s ♣❛r❛ ♦

♣r♦❝❡ss❛♠❡♥t♦ ❣❡r❛❧ ❞❡ s✐♥❛✐s ❞❡ ✈♦③✿

✶✳ ▼✉✐t❛s ✈❡③❡s s❡ ❞❡s❡❥❛ r❡♣r❡s❡♥t❛r ♠❡❧❤♦r ❛❧❣✉♠❛s r❡❣✐õ❡s ❡s♣❡❝tr❛✐s ✭♣♦r ❡①❡♠♣❧♦ ❛s ❜❛✐①❛s

❢r❡q✉ê♥❝✐❛s✮ ❡♠ ❞❡tr✐♠❡♥t♦ ❞❡ ♦✉tr❛s✱ ♣♦r q✉❡stõ❡s ♣s✐❝♦❛❝úst✐❝❛s✳
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✷✳ ❊♠ ❛❧❣✉♠❛s tr❛♥s❢♦r♠❛çõ❡s ❡s♣❡❝tr❛✐s✱ r❡q✉✐s✐t❛✲s❡ ♠❛✐♦r ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❡ ❝♦♥tr♦❧❡ ❞❡ s✉❜✲

❜❛♥❞❛s ❧✐♠✐t❛❞❛s ❞❡ ❢r❡q✉ê♥❝✐❛s✳

✸✳ ❈♦♠♦ ❛s ❢✉♥çõ❡s ♠♦❞❡❧❛♠ ❛s ❧♦❝❛❧✐③❛çõ❡s ❡ ❛♠♣❧✐t✉❞❡s ❞❡ ❢r❡q✉ê♥❝✐❛s ♣♦r ❜❛♥❞❛✱ t❛❧ ❞❡❝♦♠✲

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

❞❡ ❢r❡q✉ê♥❝✐❛s ✭❉❋❲✮ ❡ tr❛♥s❢♦r♠❛çõ❡s ❧✐♥❡❛r❡s ❞❛ ❛♠♣❧✐t✉❞❡✳

❈♦♥s✐❞❡r❡ q✉❡ E ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ✈❡rsã♦ ❞✐s❝r❡t✐③❛❞❛ ❞❡ ✉♠ ❞♦s ❡♥✈❡❧♦♣❡s ❡s♣❡❝tr❛✐s @υ ❛ s❡✲

r❡♠ ♠♦❞❡❧❛❞♦s✳ ❈♦♠♦ ♥♦ss♦ s✐st❡♠❛ ♣❡r❝❡♣t✉❛❧ é s❡♥sí✈❡❧ ❛♦s s♦♥s s❡❣✉♥❞♦ ✉♠❛ ❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛✱

❝❛❞❛ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❞❡ ♠❛❣♥✐t✉❞❡ ✭❤❛r♠ô♥✐❝♦ ♦✉ ❡st♦❝ást✐❝♦✮ s❡rá ❛❥✉st❛❞♦ ❛ ❡st❛ ❡s❝❛❧❛✳ ❆❧é♠

❞♦ ♠❛✐s✱ ♣❛r❛ ♣❡r♠✐t✐r ♦ ❝ô♠♣✉t♦ ❞❡ ❡s♣❡❝tr♦s ❧♦❣❛rít♠✐❝♦s ❞❡ ❛♠♣❧✐t✉❞❡✱ é ❝♦♥✈❡♥✐❡♥t❡ q✉❡ t♦❞♦s

♦s ✈❛❧♦r❡s ❡st❡❥❛♠ ❧✐♠✐t❛❞♦s ✐♥❢❡r✐♦r♠❡♥t❡ ♣♦r ✉♠❛ ❝♦♥st❛♥t❡ ♣♦s✐t✐✈❛ ǫ ✭❞❡✜♥✐❞♦ ♣❡❧❛ ❚❛❜❡❧❛ ✸✳✶✮

♦ q✉❛❧ ❞❡❧✐♠✐t❛ ♦ ❵❝❤ã♦✬ ❞♦ log✳ ◆❡st❡ ❝❛s♦✱ t❡♠✲s❡ q✉❡

E′ = 20 log 10(E + ǫ)− 20 log10(ǫ) ✭✸✳✼✮

é s❡♠♣r❡ ♣♦s✐t✐✈♦✳ ❆ tr❛♥s❢♦r♠❛çã♦ ✐♥✈❡rs❛ ❛ ❡st❛ é ❞❡✜♥✐❞❛ ❝♦♠♦

E′ = 10
E+20 log10(ǫ)

20 − ǫ. ✭✸✳✽✮

❊♠ ♦♣♦s✐çã♦ à ♣r♦♣♦st❛ ❞❡ ●♦s❤t❛s❜② ❬✼✺❪✱ ♥♦ q✉❛❧ t♦❞♦ ♦s ♣❛râ♠❡tr♦s (ak, µk, σk), ∀k sã♦

❡st✐♠❛❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡✱ ❛ ♣r♦♣♦st❛ ❛ s❡❣✉✐r tr❛t❛ ❝❛❞❛ ❢✉♥çã♦ ❜❛s❡ ψ(ak, µk, σk) s❡♣❛r❛❞❛✲

♠❡♥t❡✳ ❆ ✐❞❡✐❛ ❣❡r❛❧ ❞♦ ❛❧❣♦r✐t♠♦ é ❝♦♥str✉✐r s✉❜✲❜❛♥❞❛s Ek ❡ ✐♥✐❝✐❛❧✐③❛r ♦s ♣❛râ♠❡tr♦s ❞❛s ❜❛s❡s

❝♦♥✈❡♥✐❡♥t❡♠❡♥t❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡str❛té❣✐❛ ❣✉❧♦s❛ ❛♣r❡s❡♥t❛❞❛ ❛❜❛✐①♦✳

❆ s♦♠❛ ❞❡ L∗ ❢✉♥çõ❡s ♣❛r❛♠étr✐❝❛s ❣❡r❛✐s é ❞❡✜♥✐❞❛ ❝♦♠♦

Ê(f ; a, µ, σ) =

L∗

∑

m=1

ψ(f ; am, µm, σm)

♦♥❞❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ ψ(f ; am, µm, σm) : ℜ −→ ℜ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ❢✉♥çã♦ ❜❛s❡ ❝♦♥tí♥✉❛ ❝♦♠

❛♠♣❧✐t✉❞❡ am✱ ❢r❡q✉ê♥❝✐❛ ❝❡♥tr❛❧ µm ❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ σm✱ ❛✈❛❧✐❛❞❛s ♥❛ ❢r❡q✉ê♥❝✐❛ f = [0, R/2]✳ ❖

✈❛❧♦r L∗ é ❞❡✜♥✐❞♦ ♣❡❧❛ ✈❛r✐á✈❡❧ ❣❧♦❜❛❧ ❞❛ ❚❛❜❡❧❛ ✸✳✶✱ ♦ q✉❛❧ ❝♦rr❡s♣♦♥❞❡ à ♦r❞❡♠ ❞♦s ❝♦❡✜❝✐❡♥t❡s✳

❆❧❣✉♥s ❡①❡♠♣❧♦s ❞❡ ❢✉♥çõ❡s r❛❞✐❛✐s ❞❡ ❜❛s❡ sã♦ ❛s ❝♦♥❤❡❝✐❞❛s ❥❛♥❡❧❛s ❍❛♥♥✱ ◆✉tt❛❧❧ ❡ ●❛✉ss✐✲

❛♥❛✳ ❊st❛s ❝❧❛ss❡s ♣❛rt✐❝✉❧❛r❡s ❞❡ ❢✉♥çõ❡s ❜❛s❡❛❞❛s ♥❛ ❝♦♠♣♦s✐çã♦ ❝♦ss❡♥♦✐❞❛❧ ❢♦r❛♠ ✉s❛❞❛s ♥❡st❡

tr❛❜❛❧❤♦ ❬✶✸✽❪✱ ❡ sã♦ ❞❡✜♥✐❞❛s ❝♦♠♦

ψ(f ; am, µm, σm) = am

L∗

∑

m=1

dm cos

(

2π(m− 1)
f − µm
σm

)

✭✸✳✾✮

s❡ f ∈ [µm − σm, µm + σm]✱ ❡ ψ(f ; am, µm, σm) = 0 ❝❛s♦ ❝♦♥trár✐♦✳ ❊st❛ ❢♦r♠✉❧❛çã♦ ♥♦s ♣❡r♠✐t❡

s❡❧❡❝✐♦♥❛r ✉♠ ♥ú♠❡r♦ ❡①t❡♥s♦ ❞❡ ❥❛♥❡❧❛s ♣❛r❛ ♦ ❛❥✉st❡ ❡s♣❡❝tr❛❧✱ ❝♦♥❢♦r♠❡ s❡ ❛❥✉st❛ ♦s ♣❛râ♠❡tr♦s

M ❡ {dm}Mm=1✱ ❝♦♠♦ ♣♦❞❡ s❡r ✈✐st♦s ♥❛ ❚❛❜❡❧❛ ✸✳✷✳

❈♦♠♦ ❡①❡♠♣❧♦✱ ❛♦ ✉t✐❧✐③❛r ✉♠❛ ❢✉♥çã♦ ❜❛s❡ ●❛✉ss✐❛♥❛ t❡♠♦s q✉❡ ❛ s♦♠❛ ❞❡ L∗ ●❛✉ss✐❛♥❛s é

❞❡✜♥✐❞❛ ❝♦♠♦

ψ(f ; am, µm, σm) = ame
−(f−µm)2

2σ2
m ✭✸✳✶✵✮

♦♥❞❡ am✱ µm ❡ σm sã♦ ❛ ❛♠♣❧✐t✉❞❡✱ ♣♦s✐çã♦ ❝❡♥tr❛❧ ❡ ❞❡s✈✐♦ ♣❛❞rã♦ ❞❛ m✲és✐♠❛ ❝♦♠♣♦♥❡♥t❡
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❚❛❜❡❧❛ ✸✳✷✿ ❆❧❣✉♥s ❝♦❡✜❝✐❡♥t❡s dm ❞❡ ❝❛❞❛ ❢✉♥çã♦ ❜❛s❡✳

❋✉♥çã♦ d0 d1 d3 d4

❍❛♥♥ 0.5 −0.5
◆✉tt❛❧❧ 0.35577 −0.48740 0.14423 −0.01260

❇❧❛❝❦♠❛♥✲❍❛rr✐s 0.35875 −0.48829 0.14128 −0.01168
❇❧❛❝❦♠❛♥✲◆✉tt❛❧❧ 0.36358 −0.48918 0.13660 −0.01064

●❛✉ss✐❛♥❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❉♦✐s ✐♠♣♦rt❛♥t❡s r❡q✉✐s✐t♦s ♣❛r❛ ✉♠❛ ❢✉♥çã♦ ❣❡r❛❧ ❞❡ ❜❛s❡✱ ❡ q✉❡ sã♦ ✈á❧✐❞♦s ♣❛r❛ ♦s ❡①❡♠♣❧♦s

❛❝✐♠❛✱ sã♦ ❞❛❞♦s ♣❡❧❛ ❝♦♥❞✐çã♦

lim
f−→µm±σm

ψ(f ; am, µm, σm) = 0,

❞❡ t❛❧ ❢♦r♠❛ q✉❡ ❛ s♦♠❛ ❞❡ t♦❞❛s ❛s ❝♦♠♣♦♥❡♥t❡s s❡❥❛ ❝♦♥tí♥✉❛✱ ❡ q✉❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ s❡❥❛♠

❞✐❢❡r❡♥❝✐á✈❡❧ ❡♠ t♦❞♦s ♦s ♣♦♥t♦s ❝♦♠ r❡❧❛çã♦ ❛♦s ♣❛râ♠❡tr♦s [a, µ, σ]✱ ❛ ✜♠ ❞❡ q✉❡ s❡ ♣♦ss❛ ❛♣❧✐❝❛r

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

❛♦s ♣❛râ♠❡tr♦s a, µ ❡ σ sã♦ ❝❛❧❝✉❧❛❞❛s ❡♠ ❝❛❞❛ s✉❜✲❜❛♥❞❛ [µm − σm, µm + σm] ❡ ♣r❡❡♥❝❤✐❞❛ ❝♦♠

③❡r♦s ✭❩❡r♦ P❛❞❞✐♥❣✮ ❢♦r❛ ❞❡st❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛s✳

❖ ♣r♦❜❧❡♠❛ ❞❡ ♠♦❞❡❧❛❣❡♠ ❜❛s❡❛❞♦ ❡♠ ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ é ❡♥❝♦♥tr❛r ✉♠❛ ❛♣r♦①✐♠❛çã♦

Ê(f ; a, µ, σ) ❞❡ ✉♠❛ ❞❛❞❛ ❢✉♥çã♦ ❞✐s❝r❡t❛ E(f) ✭✐✳❡✳ ❝♦♥❤❡❝✐❞❛ ♣❛r❛ ✉♠ ♥ú♠❡r♦ ✜♥✐t♦ ❞❡ ❢r❡q✉ê♥❝✐❛s✮

❞❡ t❛❧ ♠♦❞♦ q✉❡ ♦ ❡rr♦ ❞❡ ❡st✐♠❛çã♦ s❡❥❛ ♠í♥✐♠♦✳ ❆ s❡❣✉✐r s❡rá ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❤❡✉ríst✐❝❛ ♣❛r❛

♦❜t❡r ✉♠❛ ❛♣r♦①✐♠❛çã♦ ✐♥✐❝✐❛❧✱ ❡ ♣♦st❡r✐♦r♠❡♥t❡ s❡rã♦ ❞✐s❝✉t✐❞❛s té❝♥✐❝❛s ❞❡ r❡✜♥❛♠❡♥t♦ ❞❡st❛

❛♣r♦①✐♠❛çã♦✳

■♥✐❝✐❛❧✐③❛çã♦✿ ❆❥✉st❡ ●✉❧♦s♦

❆❧❣✉♥s s✐st❡♠❛s r❡q✉❡r❡♠ q✉❡ ♦s ♣❛râ♠❡tr♦s ❛ s❡r❡♠ ❡st✐♠❛❞♦s ❡st❡❥❛♠ ❞❡♥tr♦ ❞❡ ✐♥t❡r✈❛❧♦s

✜①♦s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ♥♦ ❝❛s♦ ❞❛s ♣♦s✐çõ❡s ❝❡♥tr❛✐s ❞❛s ❢✉♥çõ❡s ❜❛s❡✱ ❛s q✉❛✐s ❡stã♦ ❝♦♥✜♥❛❞❛s ❛ ✉♠

❝♦♥❥✉♥t♦ ❞❡ ❜❛♥❞❛s ❢r❡q✉❡♥❝✐❛✐s✳ ❈♦♥s✐❞❡r❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ L∗ ❜❛♥❞❛s ❞❡ ❢r❡q✉ê♥❝✐❛s ❝❡♥tr❛❞❛s ❡♠

{cm}
L∗

m=1✳ ◆♦ ❝❛s♦ ❞♦ ❡s♣❡❝tr♦ s♦♥♦r♦✱ é ❝♦♠♦ q✉❡ ❛ ❡s❝♦❧❤❛ ❞❛s ❢r❡q✉ê♥❝✐❛s ❝❡♥tr❛✐s {cm} ❧❡✈❡♠ ❡♠

❝♦♥t❛ ♥♦ss♦ s✐st❡♠❛ ♣❡r❝❡♣t✉❛❧✱ ♣♦r ❡①❡♠♣❧♦✱ ❛♦ s❡ ❛❞♦t❛r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛s ❝❡♥tr❛❞❛s

♥❛s ❜❛♥❞❛s ❝rít✐❝❛s ❞❛ ❡s❝❛❧❛ ❇❛r❦✳ ◆♦ ❡♥t❛♥t♦✱ ✈✐s❛♥❞♦ ❞❛r ♠❛✐s ✢❡①✐❜✐❧✐❞❛❞❡ q✉❛♥t♦ à ❡s❝♦❧❤❛ ❞❛s

❜❛♥❞❛s✱ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛s ❝❡♥tr❛✐s ✉s❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦ ❡stã♦ ✉♥✐❢♦r♠❡♠❡♥t❡ ❞✐str✐❜✉í❞❛s

❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡s❝❛❧❛ ▼❊▲ ♥♦ ❝❛s♦ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❡s♣❡❝tr❛❧ ❤❛r♠ô♥✐❝❛✱ ❡ ❝♦♠ ❛ ❡s❝❛❧❛ ❧✐♥❡❛r

❝♦♥✈❡♥❝✐♦♥❛❧ ♥♦ ❝❛s♦ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❡s♣❡❝tr❛❧ ❞❛ ❡♥✈♦❧tór✐❛ ❡st♦❝ást✐❝❛✳ ❖ ✉s♦ ❞❛ ❡s❝❛❧❛ ❧✐♥❡❛r s❡

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

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

E(f) ❡♠ ❡s♣❡❝tr♦s Em(f) é ❞❡✜♥✐❞♦ ♣❡❧♦ ❥❛♥❡❧❛♠❡♥t♦ ❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ E ✭❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❞❡

❡♥tr❛❞❛✮ ✉s❛♥❞♦ ❛ ❢✉♥çã♦ Wm ❝❡♥tr❛❞❛ ❡♠ cm✳ ➱ ✐♠♣♦rt❛♥t❡ ❣❛r❛♥t✐r q✉❡
∑

mWm ≈ 1✱ ♦✉ s❡❥❛✱

∑

m

Em =
∑

m

E ·Wm ≈ E.

❯♠❛ ❛❜♦r❞❛❣❡♠ ❛❧t❡r♥❛t✐✈❛ à ❛♣r❡s❡♥t❛❞❛ ❛❝✐♠❛ ❝♦♥s✐❞❡r❛ ❛ s✉❜❞✐✈✐sã♦ ❡s♣❡❝tr❛❧ ❞✐♥â♠✐❝❛✱ ♥❛

q✉❛❧ ❛s ❝♦♠♣♦♥❡♥t❡s Em sã♦ ❞❡✜♥✐❞❛s ❡q✉✐t❛t✐✈❛♠❡♥t❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠ ❝r✐tér✐♦ ❞❡ ❡♥❡r❣✐❛✱ ✐✳❡✳
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❛s ❢r❡q✉ê♥❝✐❛s ❝❡♥tr❛✐s cm ❞❡ ❝❛❞❛ Em s❛t✐s❢❛③❡♠

∫ cm+1

cm−1

Em =
1

L∗

∫ 2π

0
E.

P❛r❛ ♦s ❝❛s♦s ❡①tr❡♠♦s ❞♦ ✐♥t❡r✈❛❧♦✱ ✐✳❡✳ [0, c1] ❡ [cL, R]✱ ❛s ❡♥❡r❣✐❛s sã♦ ❝♦♥t❛❞❛s ♣❡❧❛ ♠❡t❛❞❡✳

❈❛❞❛ ❥❛♥❡❧❛ Wm é ❞❡✜♥✐❞❛ ♣❡❧❛ ❢r❡q✉ê♥❝✐❛ ❝❡♥tr❛❧ cm ❡ ✜①❛❞❛ ❝♦♠ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡✜♥✐❞❛ ♣❡❧♦

✐♥t❡r✈❛❧♦ [cm−1, cm+1]✱ ❡ ❛ ❛♠♣❧✐t✉❞❡ am é ❡st✐♠❛❞❛ ✉s❛♥❞♦ ✉♠❛ ❛❥✉st❡ ❧✐♥❡❛r s♦❜r❡ Em ✭❡st✐♠❛❞♦r

❞❡ ♠í♥✐♠♦s q✉❛❞r❛❞♦s✮✳ ❚❛❧ ❛❜♦r❞❛❣❡♠ t❡♠ s✉❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s✱ ❡ ❞❡♣❡♥❞❡♥❞♦ ❞❛ ❛♣❧✐❝❛çã♦ ♣♦❞❡

s❡r ✉♠❛ ❜♦❛ ❛❧t❡r♥❛t✐✈❛✱ ✉♠❛ ✈❡③ q✉❡ ❛ ♠♦❜✐❧✐❞❛❞❡ ❞❛s ❢r❡q✉ê♥❝✐❛s ❝❡♥tr❛✐s ❝❛r❛❝t❡r✐③❛♠ ❛s r❡❣✐õ❡s

❢♦r♠â♥t✐❝❛s ❞❛ ✈♦③✸✳

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

❞❡t❡r♠✐♥❛❞♦s ♣♦r Em✳ ❚❛❧ ❛❜♦r❞❛❣❡♠ é ❞✐t❛ ❣✉❧♦s❛✱ ❡ ❢✉♥❝✐♦♥❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

● ✶ ✿ ◆✉♠ ♣r✐♠❡✐r♦ ❡①❡♠♣❧♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ♣✐❝♦ ❣❧♦❜❛❧ p = (x, y) ❞❡ ❝❛❞❛ s✉❜✲❜❛♥❞❛ ❡s♣❡❝tr❛❧

Em✱ é ♣♦ssí✈❡❧ ❞❡✜♥✐r a0m ❡ µ0m ❝♦♠♦ y ❡ x r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡ ❛tr✐❜✉✐r ❛ σ0m ✉♠ ✈❛❧♦r t❛❧ q✉❡

❛ ár❡❛ s♦❜r❡ ❛ ❝✉r✈❛ ❞❡ Em s❡❥❛ ❛ ♠❡s♠❛ ❞❛ ár❡❛ ❞❡❧✐♠✐t❛❞❛ ♣♦r ψ(f ; a0m, µ
0
m, σ

0
m)✳

● ✷ ✿ ❖✉tr❛ ❛❜♦r❞❛❣❡♠ ❝♦rr❡s♣♦♥❞❡ ❛ t♦♠❛r ✉♠ ❝♦♥❥✉♥t♦ ✜①♦ ❞❡ ❜❛♥❞❛s ❝♦♠ ❧❛r❣✉r❛s σ0m✱ ❡ ❡st✐♠❛r

♦ ❝❡♥tr♦✐❞❡ ❝♦♠♦ µ0m ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s s✉❜✲❜❛♥❞❛s Em✱ ❡♥❝♦♥tr❛♥❞♦ ❛s ❛♠♣❧✐t✉❞❡s ót✐♠❛s

a0m ✉s❛♥❞♦ ♦ ♠ét♦❞♦ ❞❡ ♦t✐♠✐③❛çã♦ ♣♦r ♠í♥✐♠♦s q✉❛❞r❛❞♦s✳

❋✐♥❛❧♠❡♥t❡✱ é ❛ ♣❛rt✐r ❞♦s ♣♦s✐❝✐♦♥❛♠❡♥t♦s ❞❡ µ0 q✉❡ s❡ ❞❡✜♥❡ ❛ ❞✐s❝r❡t✐③❛çã♦ ❞❛ ❢✉♥çã♦ ❝♦♥tí♥✉❛

@υ ❡♠ t❡r♠♦s ❞❡ E✳ ◆ã♦ ♦❜st❛♥t❡✱ ♦s ✈❛❧♦r❡s ❞❡ µ0 ❞❡♣❡♥❞❡♠ ❡ss❡♥❝✐❛❧♠❡♥t❡ ❞❡ E✳ ◆❡st❡ ❝❛s♦✱ ✉♠❛

✈❡rsã♦ t❡♠♣♦rár✐❛ ❞❡ Et é ❣❡r❛❞❛✱ ❛ ✜♠ ❞❡ ♦❜t❡r ❛s s✉❜✲❜❛♥❞❛s Em ❡ ♣♦st❡r✐♦r♠❡♥t❡ ♦s ✈❛❧♦r❡s µ0✱ ❛

♣❛rt✐r ❞♦s q✉❛✐s s❡ ♣♦❞❡ ❞❡✜♥✐r ♦ ❝♦♥❥✉♥t♦ E ❝♦♠ ♠❡♥♦s ♣♦♥t♦s✱ ❛ s❡r ✉s❛❞♦ ♥❛ ❢❛s❡ ❞❡ ♦t✐♠✐③❛çã♦✳

❈♦♠♦ t♦❞♦ ♦ ♣r♦❝❡ss♦ ❞❡s❝r✐t♦ ❛❝✐♠❛ ✭❡♥❝♦♥tr❛r ♦s ♣♦♥t♦s ♠á①✐♠♦s µ0✮ é ❞❡ ♦r❞❡♠ ❧✐♥❡❛r Θ(|Et|)✱

✉♠❛ s✉♣❡r✲❛♠♦str❛❣❡♠ ❞❡ ♦r❞❡♠ ❝♦♥s✐❞❡rá✈❡❧ ♣♦❞❡ s❡r ❢❡✐t❛✳ ◆❡st❡ ❝❛s♦✱ ♦ ❝♦♥❥✉♥t♦ Et é t♦♠❛❞♦ ❛

♣❛rt✐r ❞❡ E ❛♠♦str❛❞♦ ❛ 20×L∗ ❡♠ ❡s♣❡❝tr♦s ❤❛r♠ô♥✐❝♦s✱ ❡ ✶✵✷✹ ♣♦♥t♦s ❡♠ ❡s♣❡❝tr♦s ❡st♦❝ást✐❝♦s✳

❊♥tã♦✱ ✉♠❛ ❞❛s ❞✉❛s ❛❜♦r❞❛❣❡♥s ❛❝✐♠❛ é ❛♣❧✐❝❛❞❛✱ ❛ ✜♠ ❞❡ s❡ ♦❜t❡r ♦s ❝♦♥❥✉♥t♦s (a0m, µ
0
m, σ

0
m)

♣❛r❛ ❝❛❞❛ m✳

❉❛❞♦ ✉♠ ❢❛t♦r ❞❡ ❞✐s❝r❡t✐③❛çã♦ D ✭♥♦r♠❛❧♠❡♥t❡ ❡♥tr❡ ✺ ❡ ✶✺✮✱ ❝♦♥s✐❞❡r❛✲s❡ q✉❡ ♦s ✈❛❧♦r❡s ❞❛

❞✐s❝r❡t✐③❛çã♦ ❝♦rr❡s♣♦♥❞❡♠ ❛♦ ❝♦♥❥✉♥t♦ ❞❡ ❛♠♦str❛s

E = υ(µ0❡①t), ✭✸✳✶✶✮

♦♥❞❡

µ0❡①t = [µ01, µ
0
(1+δ1)

, µ0(1+2δ1)
, . . . , µ0(1+Dδ1), µ

0
2, µ

0
(2+δ2)

, µ0(2+2δ2)
, . . . , µ0(L∗−1+DδL∗

−1)
, µ0L∗ ]

é ✉♠❛ ✐♥t❡r♣♦❧❛çã♦ ❧✐♥❡❛r ❞❡ µ0 ❡♠ s✉❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❡s❝❛❧❛ ❞❡ ❢r❡q✉ê♥❝✐❛✱ ♥❛ q✉❛❧

δl =
µ0l+1 − µ

0
l

D + 1
, 1 ≤ l < L∗.

❊♠❜♦r❛ ❛♠❜❛s ❛s ♣r♦♣♦st❛s ❣✉❧♦s❛s ❛❝✐♠❛ ❛♣r❡s❡♥t❡♠ ✉♠ ❜♦♠ ❛❥✉st❡ ❡s♣❡❝tr❛❧✱ ❡❧❛s s❡rã♦

✉s❛❞❛s ❝♦♠♦ ♣❛ss♦ ❞❡ ✐♥✐❝✐❛❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ✐t❡r❛t✐✈♦ ❛♣r❡s❡♥t❛❞♦ ❛❜❛✐①♦✱ ♦ q✉❛❧ é ❜❛s❡❛❞♦ ♥♦

✸❚❛❧ ❝♦♥❝❡✐t♦ s❡rá ♠❛✐s ❛♠♣❧❛♠❡♥t❡ ❛❜♦r❞❛❞♦ ♥❛ ❙❡çã♦ ❞❡ ▼❛♣❡❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s✳
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❛❧❣♦r✐t♠♦ ❞❡ ▼❛rq✉❛r❞t✱ ❛ ✜♠ ❞❡ s❡r❡♠ r❡✜♥❛❞❛s✳

❆❧❣♦r✐t♠♦ ❞❡ ❆❥✉st❡ ■t❡r❛t✐✈♦

❖ ♣ró①✐♠♦ ♣❛ss♦ ❞♦ ♠ét♦❞♦ é r❡✜♥❛r ❛ ❝♦♠♣♦♥❡♥t❡ ψ(am, µm, σm) ♣❛r❛ q✉❡ s❡ ❛♣r♦①✐♠❡ ❞❡ s✉❛

r❡s♣❡❝t✐✈❛ s✉❜✲❜❛♥❞❛ Em ✉s❛♥❞♦ ♦ ❆❧❣♦r✐t♠♦ ajuste_baseψ ✭❆❧❣✳ ✸✳✾✮✳ ❆ ♣r✐♠❡✐r❛ ❧✐♥❤❛ ❞♦ ❛❧❣♦✲

r✐t♠♦ r❡❛❧✐③❛ ❛ ❞✐s❝r❡t✐③❛çã♦ ❧✐♥❡❛r ♣❛r❡❛❞❛✱ ❝♦♥❢♦r♠❡ ❞❡✜♥✐❞♦ ♥❛ ❊q✳ ✸✳✶✶✳ ❆s três ❧✐♥❤❛s s❡❣✉✐♥t❡s

❞♦ ❛❧❣♦r✐t♠♦ tr❛♥s❢♦r♠❛♠ ❛ ❛♠♣❧✐t✉❞❡ ❡s♣❡❝tr❛❧ ❡♠ ♠❛❣♥✐t✉❞❡s ❧♦❣❛rít♠✐❝❛s✱ ❝❛s♦ s❡❥❛ ❞❡t❡❝t❛❞♦

q✉❡ ♦ ❡♥✈❡❧♦♣❡ E ❝♦rr❡s♣♦♥❞❡ ❛♦ ❡♥✈❡❧♦♣❡ ❤❛r♠ô♥✐❝♦ ❞❡ ❛♠♣❧✐t✉❞❡ ♦✉ ❛♦ ❡♥✈❡❧♦♣❡ ❡st♦❝ást✐❝♦✱

✐♥❢♦r♠❛çã♦ ❡st❛ ❞❡✈♦❧✈✐❞❛ ♣❡❧❛ ❢✉♥çã♦ tipo✳ ❊♥tr❡ ❛s ▲✐♥❤❛s ✻ ❡ ✾✱ ♦ ❛❧❣♦r✐t♠♦ r❡❛❧✐③❛ ❛ ❝♦♥✈❡rsã♦

❞❛ ❡s❝❛❧❛ ❧✐♥❡❛r ❞❡ ❢r❡q✉ê♥❝✐❛ ♣❛r❛ ❛ ❡s❝❛❧❛ ▼❊▲✳ ◆♦t❡ q✉❡ s♦♠❡♥t❡ ♦s ❡s♣❡❝tr♦s ❤❛r♠ô♥✐❝♦s sã♦

s✉❜♠❡t✐❞♦s à ❡st❛ tr❛♥s❢♦r♠❛çã♦✱ ❞❛❞❛ ❛ ♠❛✐♦r ✐♠♣♦rtâ♥❝✐❛ ❞❛s ❜❛✐①❛s ❢r❡q✉ê♥❝✐❛s ♥❛ ♣❡r❝❡♣çã♦

❤❛r♠ô♥✐❝❛ ✭✈❡r ❛ ❋✐❣✉r❛ ❆✳✶ ❞♦ ❆♣ê♥❞✐❝❡ ❆✮✳

❆❧❣♦r✐t♠♦ ✸✳✾ (a∗, µ∗, σ∗) ← ajuste_baseψ(υ)

✶ ❈❛❧❝✉❧❡ E ♣❡❧❛ ❊q✳ ✸✳✶✶ ✉s❛♥❞♦ υ

⊲ ◆♦r♠❛❧✐③❛ ♦ ❡♥✈❡❧♦♣❡ E ♣❡❧❛ ❊q✳ ✸✳✼

✷ E ← 20 log10(E + ǫ)− 20 log10(ǫ)

✸ ❢♦r m = 1 : L∗

⊲ ❉❡✜♥❡ ♦s ❥❛♥❡❧❛♠❡♥t♦s Wm

✹ Fm ← Fc

✺ ✐❢ t✐♣♦(υ) =❵A✬ t❤❡♥

⊲ ❈♦♥✈❡rsã♦ ♣❛r❛ ❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛ ▼❊▲

✻ Fm ← 1127.01048 log
(

1 + Fm

700

)

✼ ❡♥❞ ✐❢

⊲ ❊♥❝♦♥tr❛ ♦ ❝❡♥tr♦ ❡ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡ ❝❛❞❛ ❥❛♥❡❧❛ Wk

✽ (cm, ❧❛r❣✉r❛)←
(

(m−1)(Fm)
L∗−1 , Fm

L∗−1

)

✾ Wm ← ψ(1, cm, ❧❛r❣✉r❛)

⊲ ❊①tr❛✐ ❛ s✉❜✲❜❛♥❞❛ Ek ❞❡ E

✶✵ Em ← E ·Wm

⊲ ❖❜té♠ ✈❛❧♦r❡s ✐♥✐❝✐❛✐s

✶✶ (a0m, µ
0
m, σ

0
m)← (max(Em), argmax(Em), ❧❛r❣✉r❛)

⊲ ❖t✐♠✐③❛ ♣❛râ♠❡tr♦s ❞❛ ❜❛s❡

✶✷ (a∗m, µ
∗
m, σ

∗
m)← ♦t✐♠✐③❛r❴❜❛s❡(Em, (a

0
m, µ

0
m, σ

0
m), ǫ)

✶✸ ❡♥❞ ❢♦r

✶✹ r❡t✉r♥(a∗, µ∗, σ∗)

❈♦♠♦ s❡ ♣♦❞❡ ♦❜s❡r✈❛r✱ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ✉t✐❧✐③❛ ❛ ❡str❛té❣✐❛ ❣✉❧♦s❛ ●✶ ❡♥✉♠❡r❛❞❛ ♥♦ tó♣✐❝♦

❞❡ ✐♥✐❝✐❛❧✐③❛çã♦ ✈✐st♦ ❛♥t❡r✐♦r♠❡♥t❡✳ ◆♦ ❡♥t❛♥t♦✱ é ♣♦ssí✈❡❧ ❢❛❝✐❧♠❡♥t❡ ❛❞❛♣t❛r ❛ ❡str❛té❣✐❛ ●✷ ❛♦

♣r♦❜❧❡♠❛✱ ❡♠❜♦r❛ ✐ss♦ ❛❝❛rr❡t❡ ✉♠❛ ♣❡r❞❛ ❞❡ ❡✜❝✐ê♥❝✐❛ ♦❝❛s✐♦♥❛❞❛ ♣❡❧♦ ❡st✐♠❛❞♦r ❞❡ ♠í♥✐♠♦s

q✉❛❞r❛❞♦s✳ ❆♠❜❛s ❛s ❛❜♦r❞❛❣❡♥s✱ ♥♦ ❡♥t❛♥t♦✱ s❡rã♦ ❝♦♠♣❛r❛❞❛s ♥❛ ❙❡çã♦ ✹ ❞❡ ❡①♣❡r✐♠❡♥t♦s✳ ❆

❡str❛té❣✐❛ ❞❡ s✉❜❞✐✈✐sã♦ ❡s♣❡❝tr❛❧ ❞✐♥â♠✐❝❛ ❞❡ ❜❛♥❞❛s✱ ♥❛ q✉❛❧ ❛s ❜❛♥❞❛s sã♦ ❞❡✜♥✐❞❛s ♣♦r ✉♠

❝r✐tér✐♦ ❞❡ ❞✐str✐❜✉✐çã♦ ✉♥✐❢♦r♠❡ ❞❡ ❡♥❡r❣✐❛s ❡♠ ❝❛❞❛ ❜❛♥❞❛✱ ♥ã♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ♥❛ ✐♠♣❧❡♠❡♥t❛çã♦

❞❡✈✐❞♦ às ♠❡♥♦r❡s t❛①❛s ❞❡ ❛❝❡rt♦ ♥❛ ❡①♣❡r✐♠❡♥t❛çã♦✳ ◆♦ ❡♥t❛♥t♦✱ t❛❧ ❡str❛té❣✐❛ ♣♦❞❡ s❡r ❢❛❝✐❧♠❡♥t❡

✐♥❝♦r♣♦r❛❞❛ ❛♦ ❛❧❣♦r✐t♠♦✱ ❡ ♣♦❞❡ s❡r ♠✉✐t♦ út✐❧ ❡♠ ❛♣❧✐❝❛çõ❡s ♥❛s q✉❛✐s ♦ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❞❛s
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❢r❡q✉ê♥❝✐❛s é ♠❛✐s ✐♠♣♦rt❛♥t❡ q✉❡ ❛ r❡♣r❡s❡♥t❛çã♦ ❡s♣❡❝tr❛❧ ❡♠ s✐✳ ■st♦ ♣♦rq✉❡ ❛ ❡str❛té❣✐❛ ♥ã♦

❛❞♦t❛ ♦ ❝r✐tér✐♦ ❡stát✐❝♦✱ ♥♦ q✉❛❧ ❛ ❞❡✜♥✐çã♦ ❞❛s s✉❜✲❜❛♥❞❛s ✉t✐❧✐③❛ r❡❣✐õ❡s ❞❡ ❢r❡q✉ê♥❝✐❛s ✜①❛❞❛s

❛ ♣r✐♦r✐✱ ♠❛s ❛♦ ✐♥✈és ❞✐ss♦ ♦ ❝r✐tér✐♦ ❞❡ ✜①❛çã♦ r❡❝❛✐ s♦❜r❡ ❛ ❡♥❡r❣✐❛ ❡♠ ❝❛❞❛ ✉♠❛ ❞❡st❛s s✉❜✲

❜❛♥❞❛s✳ ❈♦♠♦ r❡s✉❧t❛❞♦✱ ❡s♣❡❝tr♦s q✉❡ ❝♦♥❝❡♥tr❛♠ ❛ ♠❛✐♦r ♣♦rçã♦ ❡♥❡r❣ét✐❝❛ ❡♠ ❞❡t❡r♠✐♥❛❞❛s

r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s t❡♥❞❡♠ ❛ t❡r ✉♠ ♥ú♠❡r♦ ♠❛✐♦r ❞❡ ❢r❡q✉ê♥❝✐❛s ♣ró①✐♠❛s ❛ ❡st❛s r❡❣✐õ❡s✳ ❚❛❧

✐❞❡✐❛ s❡rá ♠❡❧❤♦r ❡①♣❧♦r❛❞❛ ♥♦ ♠ó❞✉❧♦ ❞❡ ❚r❛♥s❢♦r♠❛çã♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✸✳✻✳

❘❡✜♥❛♠❡♥t♦ ❞❛ ❆♣r♦①✐♠❛çã♦ ♣♦r ❖t✐♠✐③❛çã♦

❖ ❛❥✉st❡ ❞❛ ❢✉♥çã♦ ❞❛❞❛ ❛♦ ♠♦❞❡❧♦ ♣❛r❛♠étr✐❝♦

Ê(f ; a, µ, σ) =
L∗

∑

m=1

ψ(f ; am, µm, σm)

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

❣r❛❞✐❡♥t❡ ❞❡s❝❡♥❞❡♥t❡✱ q✉❡ ❛❥✉st❡ ❛ s♦♠❛ ❞❡ ❢✉♥çõ❡s ❜❛s❡ ❛ ✉♠❛ ✈❡rsã♦ s✉❛✈✐③❛❞❛ ❞♦ ❡s♣❡❝tr♦ ❞❡

E(f)✳ ❊♥tr❡t❛♥t♦✱ ♥ã♦ é ❞✐❢í❝✐❧ ❡♥❝♦♥tr❛r s✐t✉❛çõ❡s ♣rát✐❝❛s ♦♥❞❡ ❛ ♣❛r❛♠❡tr✐③❛çã♦ ♦❜t✐❞❛ ♣❡❧♦s

♠ét♦❞♦s ✐t❡r❛t✐✈♦s ❝❧áss✐❝♦s ♥ã♦ ✈❛r✐❛ s✉❛✈❡♠❡♥t❡ ❡♥tr❡ s❡❣♠❡♥t♦s s✉❝❡ss✐✈♦s✱ ♠❡s♠♦ q✉❡ ♦s ❡♥✈❡✲

❧♦♣❡s ❡s♣❡❝tr❛✐s r❡s♣❡❝t✐✈♦s ❡✈♦❧✉❛♠ ❧❡♥t❛♠❡♥t❡ ♥♦ t❡♠♣♦✳ ❊st❡ t✐♣♦ ❞❡ r❡♣r❡s❡♥t❛çã♦ s❡rá ❡♥tã♦

t❡♠♣♦r❛❧♠❡♥t❡ ✐♥stá✈❡❧✳ ▼✉✐t❛s ❛♣❧✐❝❛çõ❡s✱ ❝♦♠♦ ❛ sí♥t❡s❡ ❞❡ ❢❛❧❛ ♣♦r ❡①❡♠♣❧♦✱ ❡①✐❣❡♠ ✉♠❛ r❡♣r❡✲

s❡♥t❛çã♦ ❡s♣❡❝tr❛❧ t❡♠♣♦r❛❧♠❡♥t❡ ❡stá✈❡❧❀ ♥❡st❡ ❝❛s♦ ❡♠ ♣❛rt✐❝✉❧❛r✱ ♦s ♣❛râ♠❡tr♦s (am, µm, σm) ❞❡

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

❡stá✈❡❧✳ ❆s ♣r♦♣♦st❛s q✉❡ s❡❣✉❡♠ ✈✐s❛♠ r❡s♦❧✈❡r ❡①❛t❛♠❡♥t❡ ❡st❡ ♣r♦❜❧❡♠❛✱ ❛ ♣❛rt✐r ❞❡ r❡str✐çõ❡s

❞❛s ♣♦s✐çõ❡s ❞❡ ❝❛❞❛ ❢✉♥çã♦ ❜❛s❡ ψ(am, µm, σm)✳

❊st❡ ♣r♦❜❧❡♠❛ é ❡q✉✐✈❛❧❡♥t❡ ❛ r❡s♦❧✈❡r ✉♠ s✐st❡♠❛ ❞❡ ❡q✉❛çõ❡s ♥ã♦ ❧✐♥❡❛r❡s ❞❡ ♦r❞❡♠ 3L ✉s❛♥❞♦

✉♠ ❡st✐♠❛❞♦r ❞❡ ♠í♥✐♠♦ q✉❛❞r❛❞♦s ♥ã♦✲❧✐♥❡❛r✳ ❆❧é♠ ❞♦ ♠❛✐s✱ s❡ é ❞❡s❡❥á✈❡❧ ❡♥❝♦♥tr❛r ✉♠❛ r❡♣r❡✲

s❡♥t❛çã♦ q✉❡ t❡♥❤❛ ✉♠❛ ✐♥t❡r♣r❡t❛çã♦ ❣❡♦♠étr✐❝❛ ♣❛r❛ ❝❛❞❛ ❢✉♥çã♦ ❜❛s❡✱ é ♥❡❝❡ssár✐♦ s✉♣♦r q✉❡

am > 0 ♣❛r❛ t♦❞♦ m✳ ❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ❞♦ ❛❧❣♦r✐t♠♦ é ♦ ✐s♦❧❛♠❡♥t♦ ❞❛s s✉❜✲❜❛♥❞❛s ❡s♣❡❝tr❛✐s ♣❛r❛

♦ ❛❥✉st❡ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s ❢✉♥çõ❡s ❜❛s❡ ✉s❛♥❞♦ ♠ét♦❞♦s ❞❡ ♦t✐♠✐③❛çã♦ ♥ã♦✲❧✐♥❡❛r❡s✳

◆❛ ♠♦❞❡❧❛❣❡♠ ❝❧áss✐❝❛✱ ❞♦✐s ♠ét♦❞♦s sã♦ t✐❞♦s ❝♦♠♦ ❜❛s❡s ♥❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛ ❞❡ ♠í♥✐♠♦s

q✉❛❞r❛❞♦s ♥ã♦✲❧✐♥❡❛r❡s✿ ♦ ♠ét♦❞♦ ●❛✉ss✲◆❡✇t♦♥ ♥♦ q✉❛❧ s❡ ❡♥❝♦♥tr❛ ✉♠❛ s♦❧✉çã♦ s✉❜✲ót✐♠❛ ❝♦♠ ✉♠

♥ú♠❡r♦ r❡❞✉③✐❞♦ ❞❡ ♣❛ss♦s ❝♦♠ ❝✉st♦ ❡❧❡✈❛❞♦✱ ♦✉ ♦ ♠ét♦❞♦ ❞♦s ❣r❛❞✐❡♥t❡s ❞❡s❝❡♥❞❡♥t❡s ♥♦ q✉❛❧ ✉♠❛

s♦❧✉çã♦ s✉❜✲ót✐♠❛ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ♥ú♠❡r♦ ♠❛✐♦r ❞❡ ♣❛ss♦s ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡

♠❛✐s ❧❡✈❡s✳ ◆♦ ❡♥t❛♥t♦✱ ♦ ❛❧❣♦rt✐♠♦ ❞❡ ▲❡✈❡♥❜❡r❣✲▼❛rq✉❛r❞t ❬✶✹✼❪ é ✉♠❛ ♣r♦♣♦st❛ q✉❡ ❛♣r♦✈❡✐t❛

❛♠❜♦s ♦s ❜❡♥❡❢í❝✐♦s ❞♦s ♠ét♦❞♦s ❞❡ ●❛✉ss✲◆❡✇t♦♥ ❡ ❞♦ ❣r❛❞✐❡♥t❡ ❞❡s❝❡♥❞❡♥t❡✳ ❉❛❞♦ ✉♠ ♣❛r ❞❡

s❡q✉ê♥❝✐❛s {Em(f), ψ(f ;αm)}✱ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ▲❡✈❡♥❜❡r❣✲▼❛rq✉❛r❞t ♦t✐♠✐③❛ ♦s ♣❛râ♠❡tr♦s αm ❞❡

♠♦❞♦ q✉❡ ♦ ❡rr♦ q✉❛❞rát✐❝♦
√

∑

∀f

[Em(f)− ψ(f ;αm)]2 ✭✸✳✶✷✮

s❡❥❛ ♠í♥✐♠♦✳

❈❛❞❛ ❢✉♥çã♦ ❜❛s❡ é ❛t✉❛❧✐③❛❞❛ ✐t❡r❛t✐✈❛♠❡♥t❡ ❝♦♥❢♦r♠❡ ❛ ❡q✉❛çã♦

(a′m, µ
′
m, σ

′
m) = (am, µm, σm) + (δa,m, δµ,m, δσ,m)
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❛ ♣❛rt✐r ❞❛ ❛t✉❛❧✐③❛çã♦ ❞♦ ♣❛râ♠❡tr♦ ❞❡ ✈❛r✐❛çõ❡s δ ❞❡ ❛❝♦r❞♦ ❝♦♠

[❏T❏]δm = ❏T [Em(f)− ψ(f ; am, µm, σm)], ∀f ✭✸✳✶✸✮

♦♥❞❡

J(am, µm, σm) =

[

∂ψ

∂a

∂ψ

∂µ

∂ψ

∂σ

]

(am, µm, σm) ✭✸✳✶✹✮

é ♦ ❏❛❝♦❜✐❛♥♦ ❞❡ ψ(am, µm, σm)✳ ❊st❛ ❛t✉❛❧✐③❛çã♦ ❝♦rr❡s♣♦♥❞❡ ❛ ❛❥✉st❛r ♦t✐♠❛♠❡♥t❡ ♦ ♠♦❞❡❧♦ ❧✐♥❡❛r

❞❡ ψ(am, µm, σm) ❛ Em ♥♦ ❡s♣❛ç♦ ❞❡ r❡♣r❡s❡♥t❛çã♦ (a, µ, σ)✳

❖ ❏❛❝♦❜✐❛♥♦ ❞❡♣❡♥❞❡ ✐♥tr✐♥s❡❝❛♠❡♥t❡ ❞❛ ❢✉♥çã♦ ❜❛s❡ r❡s♣❡❝t✐✈❛✳ ❈♦♠♦ ❡①❡♠♣❧♦✱ ❛ ❢✉♥çã♦ ●❛✉s✲

s✐❛♥❛ t❡♠ ♦ ❏❛❝♦❜✐❛♥♦ ❞❡✜♥✐❞♦ ❝♦♠♦

∂ψ
∂a (am, µm, σm)(f) = e

−(f−µm)2

2σ2
m

∂ψ
∂µ (am, µm, σm)(f) = am(f−µm)

σ2
m

e
−(n−µm)2

2σ2
m

∂ψ
∂σ (am, µm, σm)(f) = am(f−µm)2

σ3
m

e
−(n−µm)2

2σ2
m

✭✸✳✶✺✮

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

❞❡✜♥✐❞♦ ♣❡❧❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳ ◆❡st❡ ❝❛s♦✱ ♦ ❏❛❝♦❜✐❛♥♦ é ❞❡✜♥✐❞♦ ❝♦♠♦

∂ψ
∂a (am, µm, σm)(f) =

∑L∗

m=1 dm cos
(

2π(m− 1)f−µmσm

)

∂ψ
∂µ (am, µm, σm)(f) = am

∑L∗

m=1
−2πdm(m−1)

σm
sin
(

2π(m− 1)f−µmσm

)

∂ψ
∂σ (am, µm, σm)(f) = am

∑L∗

m=1
2πdm(m−1)(f−µm)

σ2
m

sin
(

2π(m− 1)f−µmσm

)

✭✸✳✶✻✮

❝❛s♦ f ∈ [µm − σm, µm + σm]✱ ❡ sã♦ t♦❞❛s ❞❡✜♥✐❞❛s ❝♦♠♦ 0 ❝❛s♦ ❝♦♥trár✐♦✳

❊st❛ ✐t❡r❛çã♦ ❝❛rr❡❣❛ ❝♦♥s✐❣♦ ✉♠ ❡rr♦ ❞❡ ❛♣r♦①✐♠❛çã♦✱ ❞❡✜♥✐❞♦ ♣♦r

E ′m =
∣

∣Em − ψ(a
′
m, µ

′
m, σ

′
m)
∣

∣

2
. ✭✸✳✶✼✮

❯♠ ✐♠♣♦rt❛♥t❡ ❛s♣❡❝t♦ ❞♦ ❛❧❣♦r✐t♠♦ é ♦ ❝r✐tér✐♦ ❞❡ ♣❛r❛❞❛ ♣❡❧❛ ❜✉s❝❛ ❞❛ s♦❧✉çã♦ ♠✐♥✐♠❛❧✱ ❞❡✜♥✐❞❛

❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s t❛①❛s ❞❡ ✈❛r✐❛çã♦ ❞♦ ❡rr♦ ❛❜s♦❧✉t♦✳ ❖ ♣r♦❝❡ss♦ ❞❡ ❡st✐♠❛çã♦ ✜♥❛❧✐③❛ q✉❛♥❞♦ ♦

❡rr♦ Em ❝♦♥✈❡r❣❡✱ ♦✉ s❡❥❛✱ ❞❛❞♦ ✉♠ ♣❡q✉❡♥♦ ǫ✱ ❛ ❡st✐♠❛çã♦ é ✐♥t❡rr♦♠♣✐❞❛ s❡ ∆Em = |E ′m−Em| ≤ ǫ

é s❛t✐s❢❡✐t❛✳ ❆ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ▲❡✈❡♥❜❡r❣ r❡s✉❧t❛ ❡♠ ✉♠❛ ✈❡rsã♦ ♣♦♥❞❡r❛❞❛ ♦♥❞❡ s❡ ✐♥❝❧✉✐ ✉♠ ❢❛t♦r

❞❡ ❛❝❡❧❡r❛çã♦ ❞❡ ❝♦♥✈❡r❣ê♥❝✐❛ ♥ã♦✲♥❡❣❛t✐✈♦ ♥❛ ❡st✐♠❛t✐✈❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s✳ ❚❛❧ ❢❛t♦r é ❛❥✉st❛❞♦ ❛

❝❛❞❛ ✐t❡r❛çã♦ ❞❡ ♠♦❞♦ ❛ ❜❛❧❛♥❝❡❛r ❛ ❜✉s❝❛ ♣❡❧❛ s♦❧✉çã♦ ♠✐♥✐♠❛❧✳ ❖ ❆❧❣♦r✐t♠♦ ✸✳✶✵ s✉♠❛r✐③❛ ❡st❡s

♣❛ss♦s✳
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❆❧❣♦r✐t♠♦ ✸✳✶✵ (a∗m, µ
∗
m, σ

∗
m) ← otimizar_base✭Em✱(a0, µ0, σ0)✮

✶ E0m ←
∣

∣Em − ψ(a
0
m, µ

0
m, σ

0
m)
∣

∣

2

✷ ∆E ← ∞

✸ (am, µm, σm)← (a0m, µ
0
m, σ

0
m)

✹ ✇❤✐❧❡ ∆E > ǫ

✺ ❈❛❧❝✉❧❡ J(am, µm, σm) ♣❡❧❛ ❊q✳ ✸✳✶✺ ✭♦✉ ❊q✳ ✸✳✶✻✮

✻ ❈❛❧❝✉❧❡ δm ♣❡❧❛ ❊q✳ ✸✳✶✸ ✉s❛♥❞♦ J(am, µm, σm)

✼ (am, µm, σm)← (am, µm, σm) + δm

✽ ❈❛❧❝✉❧❡ Em ♣❡❧❛ ❊q✳ ✸✳✶✼

✾ ∆E ← |E0m − Em|

✶✵ E0m ← Em

✶✶ ❡♥❞ ✇❤✐❧❡

✶✷ r❡t✉r♥(am, µm, σm)

 

❋✐❣✉r❛ ✸✳✶✸✿ ❊①❡♠♣❧♦ ❞❡ ❡st✐♠❛çã♦ ❤❛r♠ô♥✐❝❛ ❝♦♠ ✽✱ ✶✻✱ ✷✹ ❡ ✸✷ ❜❛s❡s ✭◆✉tt❛❧❧✮

✳

❆ ❋✐❣✉r❛ ✸✳✶✸ ❡①✐❜❡ ✉♠ ❛❥✉st❡ ❤❛r♠ô♥✐❝♦ ❞❡ ❛♠♣❧✐t✉❞❡ ❞❡ ✉♠ s❡❣♠❡♥t♦ ❛r❜✐trár✐♦ ❞❡ ✉♠ s✐♥❛❧

❞❡ ✈♦③✱ ✉s❛♥❞♦ ♦ ♠ét♦❞♦ otimizar_base ❝♦♠ ❛ ❥❛♥❡❧❛ ◆✉tt❛❧❧ ❡ ❛ ❡s❝❛❧❛ ❧✐♥❡❛r ❞❡ ❢r❡q✉ê♥❝✐❛✳

❆ ✜❣✉r❛ ❡①✐❜❡ ❛❥✉st❡s ❢❡✐t♦s ✉s❛♥❞♦ ❡♥tr❡ 8 ❡ 32 ❜❛s❡s✳ ◆♦t❡ q✉❡ q✉❛♥t♦ ♠❛✐s ❜❛s❡s✱ ♠❡❧❤♦r ♦

❛❥✉st❡✱ ❡❧✐♠✐♥❛♥❞♦ ❛ss✐♠✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♦✈❡r✜tt✐♥❣✱ ❝♦♠♦ ♦❝♦rr❡ ❝♦♠ ▲P❈ ♦✉ ❝❡♣str✉♠✳ ◆♦t❡ q✉❡ ❛

r❡❣✐ã♦ ♠❛✐s ❣r❛✈❡ ❢♦✐ ♠❡❧❤♦r ❛❥✉st❛❞❛✱ ♣♦r ❝♦♥t❛ ❞❛ ✉t✐❧✐③❛çã♦ ❞❛ ❡s❝❛❧❛ ▼❊▲ ♥❛ ❢❛s❡ ❞❡ ❡st✐♠❛t✐✈❛

♣❛r❛♠étr✐❝❛✳

❆ ✜♠ ❞❡ r❡♣r❡s❡♥t❛r ♦ ❝♦♥❥✉♥t♦ ❞❛s L∗ ❜❛s❡s r❛❞✐❛✐s✱ 3L∗ ♣❛râ♠❡tr♦s sã♦ ✉s❛❞♦s✱ ♦ q✉❡ ♣♦❞❡

s❡r ❡①❝❡ss✐✈❛♠❡♥t❡ ❝❛r♦ ❞❡♣❡♥❞❡♥❞♦ ❞❛ ❛♣❧✐❝❛çã♦✳

❘❡str✐çã♦ ❞♦ ◆ú♠❡r♦ ❞❡ P❛râ♠❡tr♦s

❆ ❡str❛té❣✐❛ ❛❝✐♠❛ ♣♦❞❡ s❡r ❢❛❝✐❧♠❡♥t❡ ❛❞❛♣t❛❞❛ ♣❛r❛ ♣r♦❞✉③✐r s♦♠❛s ❞❡ ❢✉♥çõ❡s ❜❛s❡ q✉❡ s❡

❛♣r♦①✐♠❡♠ ❞❡ E(f)✱ ♣♦ré♠ ✉s❛♥❞♦ ♠❡♥♦s ♣❛râ♠❡tr♦s ♣❛r❛ q✉❡ s❡❥❛ ❡❝♦♥♦♠✐③❛❞♦ ❡s♣❛ç♦✳ ❊st❛

r❡♣r❡s❡♥t❛çã♦ ❛❧t❡r♥❛t✐✈❛ ❝♦♥s✐st❡ ❡♠ ♠❛♥t❡r ♦s ♣❛râ♠❡tr♦s µ ❡✴♦✉ σ ✜①♦s ❝♦♠♦ s❡ ❢♦ss❡♠ ✈❛❧♦r❡s

❣❧♦❜❛✐s✱ ❡ ❡♥tã♦ ❝❛❞❛ ❢✉♥çã♦ ❜❛s❡ é r❡♣r❡s❡♥t❛❞❛ ♣♦r s❡✉s ♣❛râ♠❡tr♦s ❧✐✈r❡s✱ ♦s q✉❛✐s sã♦ ♦t✐♠✐③❛❞♦s✱

✉s❛♥❞♦ ❛ ♠❛tr✐③ ❏❛❝♦❜✐❛♥❛ ❞❛ ❊q✉❛çã♦ ✸✳✶✸ r❡❞✉③✐❞❛ ❛ ❡st❡s ♣❛râ♠❡tr♦s ❧✐✈r❡s✳ P♦r ❡①❡♠♣❧♦✱ s❡ µ
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é ✜①♦ ✭µm = cm = center(Wm)✮ ❡♥tã♦ ♦ ❏❛❝♦❜✐❛♥♦ é

J(am, σm) =

[

∂ψ

∂a

∂ψ

∂σ

]

(am, σm),

t❛❧ q✉❡

δm = (δa,m, δσ,m)
T

é ❞❛❞♦ ♣♦r

[J(am, σm)
TJ(am, σm)]δm = J(am, σm)

T [Em − ψ(am, µm, σm)].

❆s ♦✉tr❛s ❡①♣r❡ssõ❡s ♣r❡❝✐s❛♠ s❡r ❝♦♥❢♦r♠❛❞❛s ❛ ❡st❛ r❡❞✉çã♦ ❞❡ ❝❛r❞✐♥❛❧✐❞❛❞❡✱ ♣♦r ❡①❡♠♣❧♦

Em =
∣

∣Em − ψ(a
′
m, σ

′
m)
∣

∣

2
.

❊st❛ ✈❛r✐❛♥t❡ é ❝❤❛♠❛❞❛ ❞❡ ajuste_baseψ[a,σ]✳ ❆ ♠❡s♠❛ ♣♦❞❡ s❡r ❛♥❛❧♦❣❛♠❡♥t❡ ❞❡✜♥✐❞❛ ♣❛r❛ ❛s

✈❛r✐❛♥t❡s ajuste_baseψ[a,µ] ❡ ajuste_baseψ[a]✳ P♦r ♠♦t✐✈♦s ❞❡ ❝♦♠♣❛r❛çã♦ ❝♦♠ ❡st❛s ✈❛r✐❛♥t❡s

♥❛ ❢❛s❡ ❡①♣❡r✐♠❡♥t❛❧✱ ♦ ♠ét♦❞♦ ♦r✐❣✐♥❛❧ s❡rá ❞❡♥♦t❛❞♦ ♣♦r [a, µ, σ] ♥❛ s❡çã♦ ❡①♣❡r✐♠❡♥t❛❧✳ ▼❛✐♦r❡s

❞❡t❛❧❤❡s ❞❡st❛s ❛❜♦r❞❛❣❡♥s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ❡♠ ❬✶✸✼❀ ✶✸✽❪✳

❆❧❣♦r✐t♠♦ ✸✳✶✶ E ← desenvelopadorψ[t✐♣♦]([a], [µ], [σ], F )
✶ ❢♦r m = 1 : L∗

⊲ ❊♥❝♦♥tr❛ ♦ ❝❡♥tr♦ ❡ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛❞rã♦✱ ❝❛s♦ s❡❥❛ ♥❡❝❡ssár✐♦

✷ Fm ← Fc

✸ ✐❢ t✐♣♦ =❵A✬ t❤❡♥

⊲ ❈♦♥✈❡rsã♦ ♣❛r❛ ❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛ ▼❊▲

✹ Fm ← 1127.01048 log(1 + Fm

700 )

✺ F ← 1127.01048 log(1 + F
700 )

✻ ❡♥❞ ✐❢

✼ (cm, ❧❛r❣✉r❛)←
(

(m−1)(Fm)
L∗−1 , Fm

L∗−1

)

✽ ✐❢ µ = ∅ t❤❡♥

✾ µ = cm

✶✵ ❡♥❞ ✐❢

✶✶ ✐❢ σ = ∅ t❤❡♥

✶✷ σ = ❧❛r❣✉r❛

✶✸ ❡♥❞ ✐❢

⊲ ❘❡t♦♠❛ ✈❛❧♦r❡s ❞❡ ❝❛❞❛ ❜❛s❡

✶✹ Em ← ψ(F ; am, µm, σm)

✶✺ ❡♥❞ ❢♦r

⊲ ❘❡st❛✉r❛ E

✶✻ E ←
∑L∗

m=1Em

⊲ ◆♦r♠❛❧✐③❛çã♦ ■♥✈❡rs❛ ❞♦ ❊♥✈❡❧♦♣❡ E ♣❡❧❛ ❊q✳ ✸✳✽

✶✼ ✐❢ t✐♣♦ =❵A✬ ❖❯ t✐♣♦ =❵S✬ t❤❡♥

✶✽ E ← 10
E+20 log10(ǫ)

20 − ǫ

✶✾ ❡♥❞ ✐❢

✷✵ r❡t✉r♥(E)

❘❡❝✐♣r♦❝❛♠❡♥t❡✱ ♣♦❞❡✲s❡ ❛✐♥❞❛ ♦❜t❡r ✉♠ ❡♥✈❡❧♦♣❡ E ❛✈❛❧✐❛❞♦ ♥❛s ❢r❡q✉ê♥❝✐❛s F ✭❡♠ ❡s❝❛❧❛ ❧✐✲
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♥❡❛r✮✱ ❞❛❞♦ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s q✉❛♥t✐③❛❞♦r❡s ❞♦ s❡❣♠❡♥t♦✱ ❞❡♥tr❡ {[a], [a, σ], [a, µ], [a, µ, σ]}✱

s❡❣✉♥❞♦ ❛s r❡str✐çõ❡s ❛❞♦t❛❞❛s ♣❡❧♦ ❛❧❣♦r✐t♠♦✳ ◆❡st❡ ❝❛s♦✱ ♦ ❛❧❣♦r✐t♠♦ ♣r❡❝✐s❛ s❡r ✐❞❡♥t✐✜❝❛❞♦ ♣♦r

ψ[t✐♣♦], ♦♥❞❡ t✐♣♦ = {A,S}✱ ❝♦rr❡s♣♦♥❞❡♥❞♦ ❛♦ t✐♣♦ ❞♦ ❡♥✈❡❧♦♣❡ ❡♠ q✉❡stã♦ ✭A ❤❛r♠ô♥✐❝♦ ♦✉ S

❡st♦❝ást✐❝♦✮✳

❖ ❆❧❣♦r✐t♠♦ ✸✳✶✶ é ❝❤❛♠❛❞♦ ❞❡ desenvelopador✳ ❆❧❣✉♠❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s ❞❡st❡ ❛❧❣♦r✐t♠♦

♣♦❞❡♠ s❡r ♦❜s❡r✈❛❞❛s ♥❛ ▲✐♥❤❛s ✺✱ ♦♥❞❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛s ❛ s❡r❡♠ ❛♠♦str❛❞❛s sã♦ tr❛♥s❢♦r✲

♠❛❞❛s ♣❛r❛ ❛ ❡s❝❛❧❛ ▼❊▲✱ ❞❡♣❡♥❞❡♥❞♦ ❞♦ t✐♣♦ ❞♦ ❡♥✈❡❧♦♣❡✳ ❖✉tr♦ ♣♦♥t♦ ✐♠♣♦rt❛♥t❡ é ❞❡st❛❝❛❞♦

❡♥tr❡ ❛s ▲✐♥❤❛s ✼ ❡ ✶✸✱ ♥❛s q✉❛✐s s❡ r❡❝♦♠♣õ❡♠ ❛s ♣♦s✐çõ❡s ❝❡♥tr❛✐s ❡✴♦✉ ❛s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛s✱ ❝❛s♦

✉♠ ✭♦✉ ❛♠❜♦s✮ ❞❡st❡s ❛r❣✉♠❡♥t♦s ♥ã♦ s❡❥❛♠ ♣❛ss❛❞♦s ❝♦♠♦ ♣❛râ♠❡tr♦ à ❢✉♥çã♦ ❞❡ r❡❝♦♥str✉çã♦✳

❚❛❧ r❡❝♦♠♣♦s✐çã♦ é ❞❡ ❡①tr❡♠❛ ✐♠♣♦rtâ♥❝✐❛ ♥❡st❡ tr❛❜❛❧❤♦✱ ✉♠❛ ✈❡③ q✉❡ s♦♠❡♥t❡ ❛s ❛♠♣❧✐t✉❞❡s

❤❛r♠ô♥✐❝❛s ❡ ❡st♦❝ást✐❝❛s s❡rã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ♦s s❡❣♠❡♥t♦s ❞❡ ✈♦③✳ ❆♦ ✜♥❛❧ ❞♦ ❛❧✲

❣♦r✐t♠♦✱ ♦s ❝♦♥t♦r♥♦s ❞❡ ❡♥❡r❣✐❛ sã♦ ❡①tr❛í❞♦s✱ t❛♥t♦ ❞❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛✱ q✉❛♥t♦ ❡st♦❝ást✐❝❛ ❞♦

s✐♥❛❧✳

❆ ✈❛♥t❛❣❡♠ ❡♠ s❡ r❡♣r❡s❡♥t❛r ♦s ❡♥✈❡❧♦♣❡s ❞❡ ❢♦r♠❛ ♥♦r♠❛❧✐③❛❞❛✱ é ❢❛❝✐❧✐t❛r ♦ ♣r♦❝❡ss♦ ❞❡

❝❧✉st❡r✐③❛çã♦ ❡ ♠❛♣❡❛♠❡♥t♦ ♥♦s ♠ó❞✉❧♦s q✉❡ s❡rã♦ ✈✐st♦s ♣♦st❡r✐♦r♠❡♥t❡ ♥❛s ❙❡çõ❡s ✸✳✹ ❡ ✸✳✺✳

■♠♣❧❡♠❡♥t❛çã♦ ❞♦ ◗✉❛♥t✐③❛❞♦r

❆ ❢✉♥çã♦ quantizador ✉s❛❞♦ ♣❡❧♦ ♠ó❞✉❧♦ ❞❡ P❛r❛♠❡tr✐③❛çã♦ ✭✈❡r ❝♦♠❡ç♦ ❞❛ ❙❡çã♦✱ ❆❧❣✳ ✸✳✺✮

r❡❝❡❜❡ ❝♦♠♦ ❛r❣✉♠❡♥t♦s ♦s três ❡♥✈❡❧♦♣❡s ♠♦❞❡❧❛❞♦s ♣❡❧♦ ♠ét♦❞♦ envelopador✳ ❊♥tã♦ ♦ ❛❧❣♦✲

r✐t♠♦ ♠♦♥t❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ❛❝úst✐❝♦s ❞✐♠❡♥s✐♦♥❛❞♦s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠ ♥ú♠❡r♦ ❞❡✜♥✐❞♦

♣❡❧♦ ✉s✉ár✐♦✳ ❖ ♠ét♦❞♦ ajuste_baseψ[a] ❢♦✐ s❡❧❡❝✐♦♥❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦ ✉s❛♥❞♦ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦

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

❡st♦❝ást✐❝❛ ❞❡ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ✈♦③ ✭♠❛✐♦r❡s ❥✉st✐✜❝❛t✐✈❛s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ♥❛ ❙❡çã♦ ✹✮✳

❆❧❣♦r✐t♠♦ ✸✳✶✷ (as, ah, e0) ← quantizador✭υS , υA✮
✶ Ns ← ❞✐♠❡♥sã♦(υS)

✷ ❢♦r k = 1 : Ns

✸ ✐❢ ❡①✐st❡(υkA) t❤❡♥

✹ (akh) ← ajuste_baseψ[a](υ
k
A)

✺ e0 ← |ah|

✻ ah ←
ah
e0

✼ ❡♥❞ ✐❢

✽ aks ← ajuste_baseψ[a](υ
k
S)

✾ ❡♥❞ ❢♦r

✶✵ r❡t✉r♥(as, ah, e0)

❆❧é♠ ❞✐ss♦✱ ♦s ✈❡t♦r❡s [ah] ❡ [ah] sã♦ ❡st✐♠❛❞♦s ♣❡❧♦ ♠ét♦❞♦ ajuste_baseψ[a] ✉s❛♥❞♦ ❢r❡q✉ê♥✲

❝✐❛s ❧✐♥❡❛r♠❡♥t❡ ❡s♣❛ç❛❞❛s ♥❛ ❡s❝❛❧❛ ▼❊▲✳ ❖ ♠❡s♠♦ ♥ã♦ ♦❝♦rr❡ ❝♦♠ ❛ ❡st✐♠❛çã♦ ❡st♦❝ást✐❝❛✱ q✉❡

✉t✐❧✐③❛ ❛ ❡s❝❛❧❛ ❝♦♥✈❡♥❝✐♦♥❛❧ ✭❡♠ ❍❡rt③✮ ❞❡✈✐❞♦ ❛♦ ❢❛t♦ ❞❡ q✉❡ ♥❡st❡ ❝❛s♦ t❛♠❜é♠ s❡ ❞❡✈❡ ♣r✐♦r✐③❛r

❜❛♥❞❛s ❡s♣❡❝tr❛✐s ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✳ ❖s ❞❡♠❛✐s ♣❛râ♠❡tr♦s ❞♦s ❡♥✈❡❧♦♣❡s✱ ♦✉ s❡❥❛✱ µ ❡ σ✱ sã♦

t✐❞♦s ❝♦♠♦ ♣❛râ♠❡tr♦s ❣❧♦❜❛✐s ❞♦ ♠♦❞❡❧♦✳

▼❡❞✐❛♥t❡ ❛s ❞❡✜♥✐çõ❡s✱ ❛ ❝♦♠♣♦s✐çã♦ ❞❛ ❢✉♥çã♦ quantizador ✉s❛❞❛ ♥♦ ♠ó❞✉❧♦ ❞❡ P❛r❛♠❡✲

tr✐③❛çã♦ é ✐♠❡❞✐❛t❛ ✭❆❧❣✳ ✸✳✶✷✮✳
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■♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❙✉❜❴❆♠♦str❛❞♦r

❖ ❛❧❣♦r✐t♠♦ sub_amostrador r❡❛❧✐③❛ ❜❛s✐❝❛♠❡♥t❡ ♦ ♣r♦❝❡ss♦ ✐♥✈❡rs♦ ❞♦ quantizador✱ ♦

q✉❛❧ t❛♠❜é♠ é ✉s❛❞♦ ♣❡❧♦ ♠ó❞✉❧♦ ❞❡ P❛r❛♠❡tr✐③❛çã♦ ❡♠ s✉❛ ✈❡rsã♦ ✐♥✈❡rs❛ ✭✈❡r ❆❧❣✳ ✸✳✻✮✳ ◆♦ ❡♥✲

t❛♥t♦✱ ❡♠ ✈❡③ ❞❡ ❞❡✈♦❧✈❡r ♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ q✉❡ s❡rá ♣♦st❡r✐♦r♠❡♥t❡ r❡✲❛♠♦str❛❞♦ ♥❛s ❢r❡q✉ê♥❝✐❛s

❤❛r♠ô♥✐❝❛s ✭♥♦ ❝❛s♦ ❞♦s ❡♥✈❡❧♦♣❡s ❤❛r♠ô♥✐❝♦s✮✱ ♦♣t❛✲s❡ ♣♦r ❞❡✈♦❧✈❡r ❞✐r❡t❛♠❡♥t❡ ❡st❡s ✈❛❧♦r❡s ♣❡❧♦

♠ét♦❞♦ sub_amostrador✳

❙✉❛ ✐♠♣❧❡♠❡♥t❛çã♦ s❡ ❛ss❡♠❡❧❤❛ ♠✉✐t♦ à ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠ét♦❞♦ interpolador✱ ✉♠❛ ✈❡③

q✉❡ ❛♠❜♦s ♣♦ss✉❡♠ ❛ ♠❡s♠❛ ❡str✉t✉r❛ ❞❡ r❡♣r❡s❡♥t❛çã♦ ✭♣♦r ❜❛s❡s r❛❞✐❛✐s✮✱ ❡ ❡stá ❞❡s❝r✐t❛ ♥♦

❆❧❣♦r✐t♠♦ ✸✳✶✸✳ ❆ ❝❛❞❛ ✐t❡r❛çã♦ ❞♦ ❧❛ç♦ ❞❛ ▲✐♥❤❛ ✸✱ ♦ ❛❧❣♦r✐t♠♦ r❡❛♠♦str❛ ♦s ♣✉❧s♦s ❤❛r♠ô♥✐❝♦s ❞❡

❝❛❞❛ s❡❣♠❡♥t♦ ✈♦③❡❛❞♦✱ ❡ ❥✉♥t❛♠❡♥t❡✱ r❡❛♠♦str❛ ♦ ❡s♣❡❝tr♦ ❡st♦❝ást✐❝♦ ❞❡st❡s ♠❡s♠♦s s❡❣♠❡♥t♦s✳

❈❛s♦ ♦ s❡❣♠❡♥t♦ s❡❥❛ ❛✈❛❧✐❛❞♦ ❝♦♠♦ ♥ã♦✲✈♦③❡❛❞♦✱ s♦♠❡♥t❡ ♦ ❡s♣❡❝tr♦ ❡st♦❝ást✐❝♦ é r❡❝✉♣❡r❛❞♦✳

◆❛s ▲✐♥❤❛s ✼ ❡ ✶✵ ❛ ❢✉♥çã♦ ❞❡ desenvelopador s❡ ❡♥❝❛rr❡❣❛ ❞❡ r❡❝✉♣❡r❛r ♦s ✈❛❧♦r❡s ❞❡ ♣♦s✐çã♦

✭µh✱ µS✮ ❡ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ✭σh✱ σS✮ ♣❛r❛ ♣♦st❡r✐♦r s✉❜❛♠♦str❛❣❡♠ ♥❛ P❛r❛♠❡tr✐③❛çã♦ ■♥✈❡rs❛✱

❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡s❝❛❧❛ ✉s❛❞❛ ❡♠ ❝❛❞❛ ❝❛s♦✳

❆❧❣♦r✐t♠♦ ✸✳✶✸ (S,A) ← sub_amostrador(V, F0)

⊲ ❘❡st❛✉r❛ ❛s ✈❛r✐á✈❡✐s ❛ ♣❛rt✐r ❞❡ V

✶ (as, ah)← V

✷ Ns ← ❞✐♠❡♥sã♦(as)

✸ ❢♦r k = 1 : Ns

✹ ✐❢ F0(k) > 0 t❤❡♥

⊲ ❉❡✜♥❡ ❛s ❋r❡q✉ê♥❝✐❛s ❍❛r♠ô♥✐❝❛s

✺ L←
⌊

Fc

F0(k)

⌋

✻ Fh ← F0(k)(0 : L)

✼ Ak ← ❞❡s❡♥✈❡❧♦♣❛❞♦rψ[❵A✬](a
k
h, ∅, ∅, Fh)

✽ ❡♥❞ ✐❢

⊲ ❉❡✜♥❡ ❛s ❋r❡q✉ê♥❝✐❛s ❊st♦❝ást✐❝❛s

✾ Fs ← R
0:(Nw

2 +1)

Nw

✶✵ Sk ← ❞❡s❡♥✈❡❧♦♣❛❞♦rψ[❵S✬](a
k
S , ∅, ∅, Fs)

✶✶ ❡♥❞ ❢♦r

✶✷ r❡t✉r♥(S,A)

❯♠❛ ✈❡③ ♣❛r❛♠❡tr✐③❛❞♦s ♦s ❞❛❞♦s✱ ♦ s✐st❡♠❛ s❡❣✉❡ ♣❛r❛ ♦ ❡stá❣✐♦ ❞❛ ❈❧✉st❡r✐③❛çã♦✳

✸✳✹ ❊stá❣✐♦ ■■■✿ ❈❧✉st❡r✐③❛çã♦ ❞♦s ❉❛❞♦s

❆ ❝❧✉st❡r✐③❛çã♦✱ t❛♠❜é♠ ❞❡♥♦♠✐♥❛❞❛ ❛♥á❧✐s❡ ❞❡ ❝❧✉st❡rs✱ é ✉♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ❡t❛♣❛s ❡♠ ♣r♦❝❡s✲

s♦s ❞❡ ❛♥á❧✐s❡ ❞❡ ❞❛❞♦s ✭✈❡r ❋✐❣✉r❛ ✸✳✶✹✮✱ r❡❛❧✐③❛♥❞♦ ❛ ❝❧❛ss✐✜❝❛çã♦ ❞♦s ✈❡t♦r❡s ❛❝úst✐❝♦s ❡ ❢♦r♠❛♥❞♦

❛❣r✉♣❛♠❡♥t♦s ❬✶✵✵❪✳ ❊①✐st❡♠ ✈ár✐❛s ❛❜♦r❞❛❣❡♥s ♣❛r❛ s❡ ❛❣r✉♣❛r ✭✏❝❧✉st❡r✐③❛r ✑✮ ♣♦♥t♦s ♥♦ ❡s♣❛ç♦

❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ ❞❛s q✉❛✐s s❡ ❞❡st❛❝❛♠ ❛s té❝♥✐❝❛s ❞❡ ❛❣r✉♣❛♠❡♥t♦ s✉♣❡r✈✐s✐♦♥❛❞♦✱ t❛✐s ❝♦♠♦

❦✲♠é❞✐❛s ❡ ❦✲❤✐st♦❣r❛♠❛s✱ ❡ ♥ã♦ s✉♣❡r✈✐s✐♦♥❛❞♦✱ ❝♦♠♦ ❛ ❝❧✉st❡r✐③❛çã♦ ❤✐❡rárq✉✐❝❛ ❬✾✾❪✳ ❉❛❞♦ q✉❡

✉♠❛ ❛♠♣❧❛ r❡✈✐sã♦ ❞❡ t❛✐s ♠ét♦❞♦s ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ♥♦ ❈❛♣ít✉❧♦ ✷✱ ❡st❛ s❡çã♦ t❡♠ ♣♦r ♦❜❥❡t✐✈♦

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

❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✳
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❖ ▼ó❞✉❧♦ ❞❡ ❈❧✉st❡r✐③❛çã♦ ✐♠♣❧❡♠❡♥t❛ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ✭❝❧✉st❡r✐③❛❞♦r✮✱ ♦

q✉❛❧ ❞❡✈❡ s❡r ❝❛♣❛③ ❞❡ r❡♣r❡s❡♥t❛r ❝❧❛ss❡s ❛❝úst✐❝❛s ❛♣r♦♣r✐❛❞❛♠❡♥t❡ ❞❡ ♠❛♥❡✐r❛ q✉❡ s❡❥❛ ♣♦ssí✈❡❧

❞❡❢♦r♠❛r ♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✉♠ ❢❛❧❛♥t❡ ♣❛r❛ ♦✉tr♦ ♥✉♠ ♠ó❞✉❧♦ ♣♦st❡r✐♦r✳ P❛r❛ q✉❡ t❛❧

❝♦rr❡s♣♦♥❞ê♥❝✐❛ s❡❥❛ ♣♦ssí✈❡❧✱ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❞❡✈❡✱ ❡♠ ♣r✐♠❡✐r♦ ❧✉❣❛r✱ s❡r ❝❛r❛❝t❡r✐③❛❞♦ ♣♦r

✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ❛❝úst✐❝♦s ✭❝❧✉st❡rs✮ ❡stá✈❡✐s ❡ ♥♦r♠❛❧✐③❛❞♦s ♥♦ ❡s♣❛ç♦ ❛❝úst✐❝♦✳

❯♠ ❝❧✉st❡r é ❞✐t♦ s❡r ❡stá✈❡❧ q✉❛♥❞♦ ✉♠ ♠❡s♠♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s é r❡♣r❡s❡♥t❛❞♦ ♣♦r s♦♠❡♥t❡

✉♠❛ ❝♦♥✜❣✉r❛çã♦ ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s✳ ❆ ❡st❛❜✐❧✐❞❛❞❡ ♣r❡ss✉♣õ❡ q✉❡ ❞❛❞♦s ❞♦✐s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s

A ❡ B✱ ♠♦❞❡❧❛❞♦s ❡st❛t✐st✐❝❛♠❡♥t❡ ❡ r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛s s✉❛s r❡s♣❡❝t✐✈❛s ❢✉♥çõ❡s ❞❡♥s✐❞❛❞❡ ❞❡

♣r♦❜❛❜✐❧✐❞❛❞❡ FA ❡ FB✱ s❡rá ✈❡r❞❛❞❡ q✉❡ s❡ FA é ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✐❣✉❛❧ ❛ FB s❡❣✉♥❞♦ ❛❧❣✉♠❛

♠étr✐❝❛✱ ❡♥tã♦ ♦ ❝♦♥❥✉♥t♦ ❞❛s ❝❧❛ss❡s CA ❡ CB t❛♠❜é♠ ❞❡✈❡♠ ♠❛♥t❡r ❡st❛ r❡❧❛çã♦ ❞❡ ♣r♦①✐♠✐❞❛❞❡

❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♠étr✐❝❛ ♣r❡✈✐❛♠❡♥t❡ ❡st❛❜❡❧❡❝✐❞❛✳ ■st♦ ✐♠♣❧✐❝❛ ❞✐r❡t❛♠❡♥t❡ q✉❡✱ ✉♠❛ ✈❛r✐❛çã♦

♣❡q✉❡♥❛ ♥❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ❡s♣❛ç♦s FA ❡ FB ✐♠♣❧✐❝❛ ❡♠ ✉♠❛ ♣❡q✉❡♥❛ ✈❛r✐❛çã♦ ♥♦s ❝♦♥❥✉♥t♦s ❞❡

❝❧❛ss❡s ♠♦❞❡❧❛❞♦s✳

◆♦ ❝♦♥t❡①t♦ ❞❡st❡ tr❛❜❛❧❤♦✱ s♦♠❡♥t❡ ♦ s✉❜❣r✉♣♦ ❞♦s ❝❧✉st❡r✐③❛❞♦r❡s q✉❡ r❡❛❧✐③❛♠ tr❡✐♥❛♠❡♥t♦

♥ã♦✲s✉♣❡r✈✐s✐♦♥❛❞♦s s❡rã♦ ❝♦♥s✐❞❡r❛❞♦s✱ ✉♠❛ ✈❡③ q✉❡ ♦ ❝♦♥✈❡rs♦r ❞❡ ✈♦③ ♣r♦♣♦st♦ é ✐♥❞❡♣❡♥✲

❞❡♥t❡ ❞❡ t❡①t♦ ❡ ♥ã♦✲r♦t✉❧❛❞♦✳ ❖ ♦❜❥❡t✐✈♦ ❞♦ ♠ó❞✉❧♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ é ❛❣❧✉t✐♥❛r ♦s ♣❛râ♠❡tr♦s

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

❝❛r❛❝t❡r✐③❛ ✉♠❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧✳ ❆ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❡♥tr❡ ✉♠❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧ ❡ ✉♠

❝❧✉st❡r ✭♦✉ ❛❣r✉♣❛♠❡♥t♦✮ ❞❡ ✈❡t♦r❡s ❛❝úst✐❝♦s ❡♠ t♦r♥♦ ❞❡ ✉♠ ♣♦♥t♦ ❝❡♥tr❛❧ ♥♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡✲

ríst✐❝❛s é ❝r✉❝✐❛❧ ♥❡st❡ s❡♥t✐❞♦✳ ❆ r❛③ã♦ ♣❡❧❛ q✉❛❧ ❡st❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s sã♦ ❛rt✐✜❝✐❛✐s é ❥✉st✐✜❝❛❞❛

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

❝♦♠ ♦s ❢♦♥❡♠❛s r❡❛✐s ❞❛ ❧í♥❣✉❛ ❝♦♥s✐❞❡r❛❞❛✳

❆ ♣❛rt✐r ❞❡ ❝❛❞❛ ❛❣r✉♣❛♠❡♥t♦✱ ♦s ❝❤❛♠❛❞♦s ❝❧✉st❡rs✱ ♦ ▼ó❞✉❧♦ ❞❡ ❈❧✉st❡r✐③❛çã♦ ♦❜té♠ ✉♠

❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s ❡st❛tíst✐❝♦s ✭♠é❞✐❛s✱ ♠❛tr✐③❡s ❞❡ ❝♦✈❛r✐â♥❝✐❛✱ ❞❡s✈✐♦s ♣❛❞rõ❡s✱ ❡t❝. . .✮ q✉❡

♠♦❞❡❧❛♠ ❝❛❞❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ t♦❞♦s ♦s ♣❛râ♠❡tr♦s ❛❝ús✲

t✐❝♦s ♣♦❞❡♠ s❡r ✈✐st♦s t❛♠❜é♠ ❝♦♠♦ ✉♠❛ ú♥✐❝❛ ✭s✉♣❡r✲✮❝❧❛ss❡ ❛❝úst✐❝❛✱ ♦ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s

❣❧♦❜❛✐s ✭❞♦ ❢❛❧❛♥t❡✮ t❛♠❜é♠ é ♦❜t✐❞♦✱ ❝♦rr❡s♣♦♥❞❡♥❞♦ ❛ ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❧✐❣❛❞♦s à ♣r♦só❞✐❛

✭❝♦♥t♦r♥♦s ❞❡ ❡♥❡r❣✐❛ ❡ ♣✐t❝❤✮✳

❋✐❣✉r❛ ✸✳✶✹✿ ❋❛s❡ ❞❡ ❈❧✉st❡r✐③❛çã♦ ❞♦s ❞❛❞♦s ✭❈✮ ❡♠ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s

❙❡♥❞♦ ❛ss✐♠✱ ❛ s❡çã♦ ❛ s❡❣✉✐r s❡ ♣r♦♣õ❡ ❛ r❡✜♥❛r ✉♠ ❝❧✉st❡r✐③❛❞♦r ❡stá✈❡❧ ❡ q✉❡ ♠♦❞❡❧❡ ❝♦♠

♣r❡❝✐sã♦ ❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ♥♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳



✸✳✹ ❊❙❚➪●■❖ ■■■✿ ❈▲❯❙❚❊❘■❩❆➬➹❖ ❉❖❙ ❉❆❉❖❙ ✶✵✸

❈❛r❛❝t❡r✐③❛çã♦ ❞❛ ❈❧✉st❡r✐③❛çã♦

❉✉❛s ❝❧❛ss❡s ❞❡ ❝❧✉st❡r✐③❛❞♦r❡s sã♦ ❛♠♣❧❛♠❡♥t❡ ❞✐❢✉♥❞✐❞♦s ♥❛ ❧✐t❡r❛t✉r❛✿ ♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s

❡♠ r❡❞❡s ❝♦❣♥✐t✐✈❛s ❡ ♦s ♠ét♦❞♦s ❡st❛tíst✐❝♦s✱ ❝♦♥❢♦r♠❡ ❢♦✐ ✈✐st♦ ♥♦ ❈❛♣ít✉❧♦ ✷✳

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

❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❝❧❛ss✐✜❝❛❞♦r❡s ❞❡♣❡♥❞❡ ❞❡ ✉♠ ❛♣r❡♥❞✐③❛❞♦ ♥ã♦ s✉♣❡r✈✐s✐♦♥❛❞♦✳ ❚❛✐s ❝❧❛ss✐✲

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

❝❧áss✐❝♦ ❞❡ ❛♣r❡♥❞✐③❛❞♦ ✭♣♦r ❡①❡♠♣❧♦✱ ❝r✐tér✐♦s ❞❡ ❑♦❤♦♥❡♥ ❬✶✶✾❪✮ ♣❛r❛ r❡❛❧✐③❛r ❛ ❝❧✉st❡r✐③❛çã♦ ❞❡

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

❞❡ q✉❡ ♦s ❞❛❞♦s ❝❧✉st❡r✐③❛❞♦s ❛t❡♥❞❛♠ ❛♦s ❝r✐tér✐♦s ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ❡st❛❜❡❧❡❝✐❞♦s✱ ❡ ❞❡ q✉❡ ❤❛❥❛

✉♠❛ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❢♦♥ét✐❝❛ ❝❧❛r❛ ❡♥tr❡ ❝❧✉st❡rs ❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s✱ ❛ ✜♠ ❞❡ ♣❡r♠✐t✐r ❛

♠❛♥✐♣✉❧❛çã♦ ❞♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ♠♦❞♦ ❝♦♥s✐st❡♥t❡ ❡ ♣❡r❝❡♣t✉❛❧♠❡♥t❡ s✐❣♥✐✜❝❛t✐✈♦✳

■❣✉❛❧♠❡♥t❡✱ ❛ ♠♦❞❡❧❛❣❡♠ ❡st❛tíst✐❝❛ ❞♦s ❞❛❞♦s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ❛ ♠♦❞❡❧❛❣❡♠ ❝♦♥✈❡♥❝✐♦♥❛❧

✉s❛♥❞♦ ●▼▼✱ r❡q✉❡r q✉❡ ❛ ✐♥✐❝✐❛❧✐③❛çã♦ ❛ ♣r✐♦r✐ ❞❡st❡s ♠♦❞❡❧♦s ❡st❡❥❛ ❜❡♠ ♣ró①✐♠❛ ❞♦ ❝♦♥❥✉♥t♦ ❞❡

❝❧❛ss❡s ❢♦♥ét✐❝❛s ❞❡s❡❥❛❞♦✱ ✈✐st♦ q✉❡ ♦ ❛❧❣♦r✐t♠♦ ❝❧✉st❡r✐③❛❞♦r ✉t✐❧✐③❛ ✉♠ ❝r✐tér✐♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛

❡st❛❜❡❧❡❝✐❞♦ ♣❡❧❛s ❝❧áss✐❝❛s r❡❧❛çõ❡s ❞♦ t❡♦r❡♠❛ ❞❡ ❇❛②❡s ✭♣r♦❜❛❜✐❧✐❞❛❞❡s ❝♦♥❞✐❝✐♦♥❛✐s✮ ❬✷✻✼❪✳ ❚❛✐s

❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s ❞❡✈❡♠ s❡r r✐❣♦r♦s❛♠❡♥t❡ ❝♦♥tr♦❧❛❞❛s ❞❡ ♠♦❞♦ q✉❡ ♥❛ ❝❧✉st❡r✐③❛çã♦ ✜♥❛❧ s❡ ♣❡r✲

♠✐t❛ ♦ ❛❧✐♥❤❛♠❡♥t♦ ❝♦♥s✐st❡♥t❡ ❡♥tr❡ ❝❧❛ss❡s ❛❝úst✐❝❛s ❞❡ ❢❛❧❛♥t❡s ❞✐st✐♥t♦s✳ ■♥❢❡❧✐③♠❡♥t❡ ♦ ♠♦❞❡❧♦

●▼▼ t❛♠❜é♠ ♥ã♦ ❛t❡♥❞❡ ❛ ❡st❡ ❝r✐tér✐♦ ❞❡ ✏❡st❛❜✐❧✐❞❛❞❡✑ ♥❛ ❝❧✉st❡r✐③❛çã♦✱ ♦✉ s❡❥❛✱ ❝♦♥✜❣✉r❛çõ❡s

✐♥✐❝✐❛✐s ✭✐♥✐❝✐❛❧✐③❛çã♦✮ ❞✐st✐♥t❛s ❛♣❧✐❝❛❞❛s ❛ ✉♠ ♠❡s♠♦ ❝♦♥❥✉♥t♦ ❞❡ ❛♠♦str❛s ♣♦❞❡♠ ❣❡r❛r ❝♦♥❥✉♥t♦s

❞✐st✐♥t♦s ❞❡ ❝❧❛ss❡s✳ ❆❞❡♠❛✐s✱ ♦s ♠♦❞❡❧♦s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ q✉❡ ✉t✐❧✐③❛♠ ❡st❡ ❛r❝❛❜♦✉ç♦ ❡①✐❣❡♠

q✉❡ ♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❥á ❡st❡❥❛♠ ♣r❡✈✐❛♠❡♥t❡ ❛❧✐♥❤❛❞♦s✱ ❛ ✜♠ ❞❡ r❡❛❧✐③❛r tr❛♥s❢♦r♠❛çõ❡s ❧✐♥❡❛r❡s

♣♦♥❞❡r❛❞❛s ❛ ♣❛rt✐r ❞❛ ❝❧✉st❡r✐③❛çã♦ ❝♦♥❥✉♥t❛ ❞❡ ❝❧❛ss❡s ♣❛r❡❛❞❛s✳ ❊st✐♠❛çõ❡s ❝♦♥✈❡♥❝✐♦♥❛✐s ♣♦r

♠❡✐♦ ❞❡ ♠♦❞❡❧❛❣❡♥s ❡st❛tíst✐❝❛s t❡♥❞❡♠ ❛ r❡♣r❡s❡♥t❛r ♦s ❞❛❞♦s ♣♦r ♠❡✐♦ ❞❡ ❢✉♥çõ❡s s✉❛✈✐③❛❞❛s

s♦❜r❡ ♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ ❛s q✉❛✐s t❡♥❞❡♠ ❛ ❝❛✉s❛r ✉♠ ❡❢❡✐t♦ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ s✉❛✈✐③❛çã♦

❡①❝❡ss✐✈❛ ✭♦✈❡r s♠♦♦t❤✐♥❣✮ ♥❛ ❢❛s❡ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❬✷✻✽❪✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦✉tr❛s ❛❜♦r❞❛❣❡♥s q✉❡

❜✉s❝❛♠ r❡♣r❡s❡♥t❛çõ❡s ♠❛✐s rí❣✐❞❛s t❡♥❞❡♠ ❛ ❝❛✉s❛r ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s ♥❛ ❢❛s❡ ❞❡ sí♥t❡s❡✱ ❞❛❞♦ ♦

❛❥✉st❡ ❡①❝❡ss✐✈♦ ❛♦s ❞❛❞♦s ✭♦✈❡r✜tt✐♥❣✮ ❬✶✺✺❪✳

❯♠ r❡q✉✐s✐t♦ ✐♠♣♦rt❛♥t❡ ❞♦ ❝❧✉st❡r✐③❛❞♦r ❛❞♦t❛❞♦ ♣♦r ❡st❡ tr❛❜❛❧❤♦ ❝♦rr❡s♣♦♥❞❡ à ♥♦r♠❛❧✐③❛çã♦

❣❡♦♠étr✐❝❛ ❞❡ ❝❛❞❛ ❝❧❛ss❡ ❛❝úst✐❝❛✱ ❛ ✜♠ ❞❡ ❡❧✐♠✐♥❛r ✐♥❝♦♠♣❛t✐❜✐❧✐❞❛❞❡s ❡♥tr❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s

❛rt✐✜❝✐❛✐s ✭❈❋❆s✮ ❞❡ ❧í♥❣✉❛s ❞✐st✐♥t❛s✱ ♣r♦❜❧❡♠❛ ❡st❡ q✉❡ s❡rá ♠❡❧❤♦r ❛❜♦r❞❛❞♦ ♥❛ ❙❡çã♦ ✸✳✺✳ ❖

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

q✉❡ ❞❡✈❡r✐❛ ❞❡❢♦r♠❛r ❛♣r♦♣r✐❛❞❛♠❡♥t❡ ✉♠❛ ❝❧❛ss❡ ❞❡ ❣❡♦♠❡tr✐❛ ❝♦♠♣❧❡①❛ ❛ ✉♠❛ ♦✉tr❛ ❞❡♥tr♦ ❞♦

❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳ ❙❡♥❞♦ ❛ss✐♠✱ ✉♠❛ ✐❞❡✐❛ ♣❛r❛ tr❛♥s♣♦r ✉♠❛ ❝❧❛ss❡ ❛❝úst✐❝❛ ❞❡ ✉♠ ❡s♣❛ç♦

♣❛r❛ ♦✉tr♦ ❝♦♥s✐st❡ ❡♠ ❞❡❝♦♠♣♦r ❝❛❞❛ ❝❧❛ss❡ ♣♦r ✉♠ ♥ú♠❡r♦ ✜♥✐t♦ ❞❡ s✉❜❝♦♥❥✉♥t♦s ♥♦r♠❛❧✐③❛❞♦s

❡♠ ✈❛r✐â♥❝✐❛ ❡ ♠❛❣♥✐t✉❞❡✱ ❛ ✜♠ ❞❡ s❡ r❡❛❧✐③❛r ♣♦st❡r✐♦r♠❡♥t❡ s♦♠❡♥t❡ tr❛♥s❧❛çõ❡s ❞❡ ❝❡♥tr♦✐❞❡s✳

❙❡♥❞♦ ❛ss✐♠✱ ❡st❡ tr❛❜❛❧❤♦ ♣r♦♣õ❡ ✉♠ ♠♦❞❡❧♦ ✭♣r❡❧✐♠✐♥❛r✮ ❞❡ ❝❧✉st❡r✐③❛çã♦ ❡stá✈❡❧ q✉❡ s❡ ❛❥✉st❡

♣r❡❝✐s❛♠❡♥t❡ ❛♦s ❞❛❞♦s ❡ ❛♦ ♠❡s♠♦ t❡♠♣♦ s❡❥❛ ✢❡①✐✈❡❧♠❡♥t❡ r❡♣r❡s❡♥t❛❞♦ ♣♦r ❝❧❛ss❡s ❢♦♥ét✐❝❛s

❛rt✐✜❝✐❛✐s ♥♦r♠❛❧✐③❛❞❛s✳ ❖ ▼ó❞✉❧♦ ❞❡ ❈❧✉st❡r✐③❛çã♦ ❞❡✜♥✐❞♦ ♥❡st❡ tr❛❜❛❧❤♦ ❝♦♥s✐st❡ ♥❛ ❝❤❛♠❛❞❛

❞❡ três ❢✉♥çõ❡s ❜ás✐❝❛s ❛s q✉❛✐s s❡rã♦ ❞❡s❡♥✈♦❧✈✐❞❛s ❛♦ ❧♦♥❣♦ ❞❛ s❡çã♦✱ ❡ é ❞❡✜♥✐❞♦ ❛ s❡❣✉✐r✳



✶✵✹ ❈❖◆❱❊❘❙❖❘ ❉❊ ❱❖❩ ■◆❚❊❘✲▲■◆●❯❮❙❚■❈❖ ✸✳✹

❆❧❣♦r✐t♠♦ ✸✳✶✹ (C,G) ← Clusterização✭Ψ✮

⊲ ❆❣r✉♣❛♠❡♥t♦ ❡♠ ❝❧❛ss❡s ❛❝úst✐❝❛s

✶ C̃ ← ❛❣r✉♣❛❞♦r❴❛❝úst✐❝♦(Ψ)

⊲ ❆❣r✉♣❛♠❡♥t♦ ❡♠ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s

✷ [C,G]← ♠❛♣❛❴❢♦♥ét✐❝♦(C̃,Ψ)

⊲ ❚♦♠❛ ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❧♦❝❛✐s ❞❡ Ψ

✸ C ← ♠♦♠❡♥t♦s❴❡st❛tíst✐❝♦s❴❧♦❝❛✐s(Ψ, C)

⊲ ❚♦♠❛ ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❣❧♦❜❛✐s ❞❡ Ψ

✹ G← ♠♦♠❡♥t♦s❴❡st❛tíst✐❝♦s❴❣❧♦❜❛✐s(Ψ, G)

✺ r❡t✉r♥✭C,G✮

❖ ❝❧✉st❡r✐③❛❞♦r s❡ ❡♥❝❛rr❡❣❛ ❞❡ ❝♦♠♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣❡q✉❡♥♦s ❝❧✉st❡rs ❞❡ s❡❣♠❡♥t♦s s❡♠❡✲

❧❤❛♥t❡s✱ ♦s q✉❛✐s s❡rã♦ ♣♦st❡r✐♦r♠❡♥t❡ ♠♦❞❡❧❛❞♦s ❡♠ t❡r♠♦s ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s r❡♣r❡✲

s❡♥t❛❞❛s ♣❡❧♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ❞♦ ❝♦r♣✉s✳ ❙❡♥❞♦ ❛ss✐♠✱ ♦ ♣r✐♠❡✐r♦ ♣❛ss♦ ❞♦ ▼ó❞✉❧♦ ❞❡ ❈❧✉st❡r✐③❛çã♦

é ❞❡✜♥✐r ❛❣r✉♣❛♠❡♥t♦s ✈❡r♦ss✐♠✐❧❤❛♥t❡s ❞❡ ✈❡t♦r❡s ❛❝úst✐❝♦s ❞❡r✐✈❛❞♦s ❞❡ Ψ ❡ ❞❡✈✐❞❛♠❡♥t❡ q✉❛♥t✐✲

③❛❞♦s ❛ ✜♠ ❞❡ s❡r❡♠ ❛♥❛❧✐s❛❞♦s ❛ ♣♦st❡r✐♦r✐✳

✸✳✹✳✶ ❈❧✉st❡r✐③❛çã♦ k✲❱❡r♦ssí♠✐❧

❖ ❈❧✉st❡r✐③❛❞♦r k✲❱❡r♦ssí♠✐❧ é ✉♠ ♠ét♦❞♦ q✉❡ t♦♠❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ♥♦ ❡s♣❛ç♦ L✲

❞✐♠❡♥s✐♦♥❛❧ ❡ ♦s s✉❜❞✐✈✐❞❡ ❡♠ ❝❧❛ss❡s ❛❝úst✐❝❛s C̃ ❝♦♠ k ❡❧❡♠❡♥t♦s ❝❛❞❛✳ ❈❛❞❛ ✉♠❛ ❞❡st❛s ❝❧❛ss❡s

❛❝úst✐❝❛s é ❝♦♠♣♦st❛ ♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ k ✈❡t♦r❡s r❡❧❛t✐✈♦s ❛♦s s❡❣♠❡♥t♦s ❞❡ ✈♦③ ❞❡ ✉♠ ❝♦r♣✉s

q✉❛❧q✉❡r✱ ❡ q✉❡ ❥✉♥t❛♠❡♥t❡ ♠✐♥✐♠✐③❛♠ ❛ ♠é❞✐❛ ❞♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❡♥tr❡ ♦s ♠❡s♠♦s✳ ❚✐♣✐❝❛♠❡♥t❡✱ ♦

✈❛❧♦r ❞❡ k é ❞❡✜♥✐❞♦ ❝♦♠♦ ⌊log(Ns)⌋✱ ♦♥❞❡ Ns é ♦ ♥ú♠❡r♦ ❞❡ ❡❧❡♠❡♥t♦s ❞♦ ❝♦♥❥✉♥t♦ ❞❡ tr❡✐♥❛♠❡♥t♦

Ψ✳ ❆ss✐♠ s❡♥❞♦✱ é ♥❡❝❡ssár✐♦ ❞❡✜♥✐r ♣❛r❛ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ✈♦③ ✉♠ ✈❡t♦r q✉❛♥t✐③❛❞♦ ❛ ✜♠ ❞❡ ❞❛r

♣r♦ss❡❣✉✐♠❡♥t♦ ❛♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❝❧✉st❡r✐③❛çã♦✳

❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ❞♦ ♠ét♦❞♦ ❝♦♥s✐st❡ ❡♠ t♦♠❛r ❝❛❞❛ ✈❡t♦r ❞❡✈♦❧✈✐❞♦ ♣❡❧♦ ♠ó❞✉❧♦ ❞❡ q✉❛♥t✐③❛✲

çã♦ ❡ ❝r✐❛r ✉♠❛ r❡♣r❡s❡♥t❛çã♦ q✉❡ ❝❛rr❡❣✉❡ ❝♦♥s✐❣♦ ✉♠ ❝♦♥t❡ú❞♦ ♣❡r❝❡♣t✉❛❧♠❡♥t❡ r❡❧❡✈❛♥t❡ s♦❜r❡

♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③ r❡s♣❡❝t✐✈♦ ✐♥s❡r✐❞♦ ❞❡♥tr♦ ❞❛ s❡♥t❡♥ç❛✳ ◆❡st❡ s❡♥t✐❞♦✱ ❝❛❞❛ ✈❡t♦r ❞❡ ♠❛❣♥✐t✉❞❡

❤❛r♠ô♥✐❝❛ é ❝♦♠❜✐♥❛❞♦ ❝♦♠ s❡✉ s✉❝❡ss♦r ❡ ❛♥t❡❝❡ss♦r ✐♠❡❞✐❛t♦ ❞❡♥tr♦ ❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧✱ ♠✉❧t✐♣❧✐❝❛✲

❞♦s ♣♦r ✉♠ ❢❛t♦r ❞❡ ♣♦♥❞❡r❛çã♦ ❝♦♠ ✺✵✪ ❞❡ ❝♦♥tr✐❜✉✐çã♦✳ P♦r s✐♠♣❧✐✜❝❛çã♦✱ t❛♥t♦ ❛ ♣❛rt❡ r❡❧❛t✐✈❛

às ❢❛s❡s ❤❛r♠ô♥✐❝❛s q✉❛♥t♦ ❛ ♣❛rt❡ ❡st♦❝ást✐❝❛ ❞♦ s✐♥❛❧ ♥ã♦ sã♦ ❝♦♥s✐❞❡r❛❞❛s ♥❡st❡ ❝♦♥t❡①t♦ ❞♦

tr❛❜❛❧❤♦✳ ❉❡st❡ ♠♦❞♦✱ ♣❛r❛ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ✈♦③ k✱ ♦ r❡s♣❡❝t✐✈♦ ✈❡t♦r vk é ❞❡✜♥✐❞♦ ❝♦♠♦

vk =
[

0.5Ψk
A + 0.25Ψk−1

A + 0.25Ψk+1
A

]

,

♦♥❞❡ Ψk
A ❝♦rr❡s♣♦♥❞❡ às ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s r❡❢❡♥t❡s ❛♦ k✲és✐♠♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③✳

❯♠ ♠♦❞♦ ❛❧t❡r♥❛t✐✈♦ ❞❡ ❝❛r❛❝t❡r✐③❛r ❛❝✉st✐❝❛♠❡♥t❡ t❛✐s ✈❡t♦r❡s ✉t✐❧✐③❛ ✉♠❛ ✈❡rsã♦ s✐♠✐❧❛r à

r❡♣r❡s❡♥t❛çã♦ ▼❡❧✲❈❡♣str❛❧ ✭▼❋❈❈✮✳ ◆♦t❡ q✉❡ ♦ ✈❡t♦r vk ❥á s❡ ❡♥❝♦♥tr❛ ❞❡✈✐❞❛♠❡♥t❡ ❛♠♦str❛❞♦

♥❛ ❡s❝❛❧❛ ▼❊▲✱ ❞❡✈✐❞♦ ❛♦ ❢❛t♦ q✉❡ ❛s ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s A ❢♦r❛♠ ❞❡✜♥✐❞❛s ♣❡❧♦ ♠ó❞✉❧♦ q✉❛♥✲

t✐③❛❞♦r ♥❡st❛ ❡s❝❛❧❛✳ ❉❡st❡ ♠♦❞♦✱ ♣❛r❛ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ✈♦③ k✱ ♦ r❡s♣❡❝t✐✈♦ ✈❡t♦r vk ♣♦❞❡ t❛♠❜é♠

s❡r ❞❡✜♥✐❞♦ ❝♦♠♦

v♠❢❝❝✲❧✐❦❡
k = ❞❝t

[

0.5Ψk
A + 0.25Ψk−1

A + 0.25Ψk+1
A

]

, ✭✸✳✶✽✮

♦♥❞❡ ❞❝t ❝♦rr❡s♣♦♥❞❡ à tr❛♥s❢♦r♠❛❞❛ ❞♦ ❝♦ss❡♥♦ ❞✐s❝r❡t❛✳
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❊st❡ ❛❧❣♦r✐t♠♦ ♣♦❞❡ s❡r ✈✐st♦ ❝♦♠♦ ✉♠ ♣❛ss♦ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ♦ ❝❧✉st❡r✐③❛❞♦r ❢♦♥ét✐❝♦

q✉❡✱ ❡♠❜♦r❛ ❞✐s♣❡♥sá✈❡❧✱ é ❜❛st❛♥t❡ út✐❧ ♣❛r❛ ✜❧tr❛r ♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛✱ ❡❧✐♠✐♥❛♥❞♦ s❡❣♠❡♥t♦s ❞❡ ✈♦③

❝♦♠ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦❝♦rrê♥❝✐❛✱ ❜❡♠ ❝♦♠♦ ♣❛r❛ ♦❜t❡r ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ♠❛✐s r❡♣r❡s❡♥t❛t✐✈❛ ❞♦

❝♦♥❥✉♥t♦ ❞❡ s❡❣♠❡♥t♦s ❞❡ ✈♦③✳ ❖✉tr♦ ❛s♣❡❝t♦ ✐♠♣♦rt❛♥t❡ é ♦ ❣❛♥❤♦ ❡♠ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦

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

❖ ❝❧✉st❡r✐③❛❞♦r ✉t✐❧✐③❛ três ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❛✉①✐❧✐❛r❡s✳ ❆ ♣r✐♠❡✐r❛ é ✉♠❛ t❛❜❡❧❛ ❞❡ ❞✐stâ♥❝✐❛

❡♥tr❡ ♦s ✈❡t♦r❡s✱ ❛ s❡❣✉♥❞❛ ✉♠❛ t❛❜❡❧❛ ❞❡ í♥❞✐❝❡s q✉❡ r❡❧❛❝✐♦♥❛ ❝❛❞❛ ✈❡t♦r m ❝♦♠ ♦✉tr♦s k ✈❡t♦r❡s

❞❡ ♠♦❞♦ ❛ ♠✐♥✐♠✐③❛r ❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ❡♥tr❡ ♦s ♠❡s♠♦s✱ ❡ ❛ ú❧t✐♠❛ ❡str✉t✉r❛ ❝♦♥té♠ ❛ ♥♦r♠❛

❞♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❞❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ ❞❡st❡s ✈❡t♦r❡s✳ ❊s♣❡❝✐✜❝❛♠❡♥t❡✱ ❛ ♣❛rt✐r ❞❡ ❝❛❞❛ ♣❛r ❞❡

✈❡t♦r❡s (vm, vn) é ♠♦♥t❛❞❛ ❛ t❛❜❡❧❛ ❞❡ ❞✐stâ♥❝✐❛s ❡✉❝❧✐❞✐❛♥❛s E(m,n)✱ ❞❡ ♠♦❞♦ q✉❡

E(m,n) = |vm − vn|.

❊♥tã♦✱ ♣❛r❛ ❝❛❞❛ ❧✐♥❤❛ m ❞❡st❛ ♠❛tr✐③ é s❡❧❡❝✐♦♥❛❞♦ ♦s í♥❞✐❝❡s ❞♦s Nk ♠❡♥♦r❡s ✈❛❧♦r❡s ❞❡ ❝❛❞❛

❧✐♥❤❛ m ❞❡ E ❡ ❛r♠❛③❡♥❛❞♦s ❡♠ ✉♠❛ ♦✉tr❛ t❛❜❡❧❛ ❞❡ í♥❞✐❝❡s J ❞❡ ♠♦❞♦ q✉❡

J(m, ·) = argmin
Nk

{E(m, ·)}.

❋✐♥❛❧♠❡♥t❡✱ é ❝♦♥str✉í❞❛ ✉♠❛ ❡str✉t✉r❛ ❞❡ s❡❧❡çã♦ ❞❡ ❝❧❛ss❡s K ♥❛ q✉❛❧ s❡ ❛r♠❛③❡♥❛ ❛ ♥♦r♠❛

❡✉❝❧✐❞✐❛♥❛ ❞♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❞♦s ✈❡t♦r❡s ❛r♠❛③❡♥❛❞♦s ❡♠ J(m, ·)✱ ♦✉ s❡❥❛✱

K(m) = |st❞{vk}|, ∀k ∈ J(m, ·).

❊♠ s✉❛ ♣❛rt❡ ✜♥❛❧✱ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ ❡♥tr❛ ❡♠ ✉♠ ❧❛ç♦ ✐t❡r❛t✐✈♦ ♥♦ q✉❛❧ s❡ t♦♠❛

❛ ❡str✉t✉r❛ ❞❡ s❡❧❡çã♦ K ❡ s❡ ❜✉s❝❛ ♦ í♥❞✐❝❡ m∗ ❞❡ ♠❡♥♦r ✈❛❧♦r ❛❜s♦❧✉t♦✳ ❆ ♣❛rt✐r ❞❡ss❡ í♥❞✐❝❡

sã♦ ❛❣r❡❣❛❞♦s ♦s r❡s♣❡❝t✐✈♦s ✈❡t♦r❡s ✐♥❞❡①❛❞♦s ♣♦r I = J(m∗, ·) ❡♠ ✉♠❛ ú♥✐❝❛ ❝❧❛ss❡✳ ❆ ♣❛rt✐r ❞❡

❡♥tã♦✱ ♦s ✈❛❧♦r❡s ❞❡ K ✐♥❞❡①❛❞♦s ♣♦r I sã♦ r❡♠♦✈✐❞♦s ❞❛ ❜✉s❝❛✳ ❖ ♣r♦❝❡ss♦ s❡ r❡♣❡t❡ ❛té q✉❡ ♥ã♦

❤❛❥❛ ♠❛✐s ♥❡♥❤✉♠ ✈❛❧♦r ❡♠ K✳

❖ ❆❧❣♦r✐t♠♦ ✸✳✶✺ ✐♠♣❧❡♠❡♥t❛ ♦ ❛❧❣♦r✐t♠♦ ❝❧✉st❡r✐③❛❞♦r ❝♦♠♦ ❞❡s❝r✐t♦✳ ❆ ▲✐♥❤❛ ✺ ❞♦ ❛❧❣♦r✐t♠♦

q✉❛♥t✐③❛ ♦s ✈❡t♦r❡s ❛❝úst✐❝♦s ❛ s❡r❡♠ ❛❣r✉♣❛❞♦s ♥✉♠❛ ❛❜♦r❞❛❣❡♠ s❡♠❡❧❤❛♥t❡ ❛♦s ▼❋❈❈s✳ ❆ ♣❛rt✐r

❞❛í✱ ♥❛ ▲✐♥❤❛ ✶✵ é ♠♦♥t❛❞♦ ♦ ♠❛♣❛ ❞❡ ❞✐stâ♥❝✐❛s ❡✉❝❧✐❞✐❛♥❛s✱ ❞♦ q✉❛❧ sã♦ t♦♠❛❞♦s ✭♥❛ ▲✐♥❤❛ ✶✷✮

♦s í♥❞✐❝❡s ❞♦s Nk ♠❡♥♦r❡s ✈❛❧♦r❡s ❡ ❛r♠❛③❡♥❛❞♦s ❡♠ J(m, ·) ♣❛r❛ ❝❛❞❛ m✲és✐♠❛ ❧✐♥❤❛ ❞❡ E✳ ❉❛❞♦s

❡st❡s Nk í♥❞✐❝❡s✱ ♦ ❛❧❣♦r✐t♠♦ ❝❛❧❝✉❧❛ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s vk ✐♥❞❡①❛❞♦s ♣♦r

k ∈ J(m, ·)✱ ❡ t♦♠❛ ❛ ♥♦r♠❛ ❞❡st❡s ❞❡s✈✐♦s ✭▲✐♥❤❛ ✶✸✮✳

❆ s❡❣✉♥❞❛ ♣❛rt❡ ❞♦ ❛❧❣♦r✐t♠♦✱ ❛ q✉❛❧ s❡ ✐♥✐❝✐❛ ♥❛ ▲✐♥❤❛ ✶✺✱ ❝♦♥s✐st❡ ❡♠ ❡♥❝♦♥tr❛r ♦s ❛❣r✉♣❛♠❡♥✲

t♦s ❝♦♠ ♥♦r♠❛s ❞❡ ❞❡s✈✐♦s ♣❛❞rõ❡s ♠✐♥✐♠❛✐s ✉s❛♥❞♦ ✉♠❛ ❡str❛té❣✐❛ ❣✉❧♦s❛✳ ❊♥tr❡ ❛s ▲✐♥❤❛s ✶✽ ❡ ✷✶

♦ ❛❧❣♦r✐t♠♦ s❡❧❡❝✐♦♥❛ ♦ í♥❞✐❝❡ ❞♦ ♠í♥✐♠♦ ❣❧♦❜❛❧ ❞❡ K✱ ❛ ♣❛rt✐r ❞♦ q✉❛❧ s❡ ♦❜té♠ ♦ ❝♦♥❥✉♥t♦ í♥❞✐❝❡

I = J(m∗, ·) q✉❡ ❝♦♠♣õ❡ ✉♠ ❝♦♥❥✉♥t♦ k✲✈❡r♦ssí♠✐❧✳ ❋✐♥❛❧♠❡♥t❡✱ I é ❛❣r❡❣❛❞♦ ❛♦ ❝♦♥❥✉♥t♦ ❞❡ s❛í❞❛

C̃✱ ❡ ♣♦st❡r✐♦r♠❡♥t❡✱ t♦❞♦s ❡st❡s ❡❧❡♠❡♥t♦s sã♦ ❡①❝❧✉í❞♦s ❞❡ K✱ ❛té q✉❡ K ❡st❡❥❛ ❝♦♠♣❧❡t❛♠❡♥t❡

✈❛③✐♦✱ ♦✉ q✉❡ ❛ ❝♦♥❞✐çã♦ ❞❡ ♣❛r❛❞❛ ❞❛ ▲✐♥❤❛ ✶✻ s❡❥❛ ❛❧❝❛♥ç❛❞❛✳

❆ ♣❛rt✐r ❞❛ ❝❧✉st❡r✐③❛çã♦ ❡♠ ♣❡q✉❡♥♦s ❣r✉♣♦s k✲✈❡r♦ssí♠❡✐s✱ ✉♠❛ ✜❧tr❛❣❡♠ ♦♣❝✐♦♥❛❧ ♣♦❞❡ s❡r

r❡❛❧✐③❛❞❛ ❛ ✜♠ ❞❡ ❡❧✐♠✐♥❛r ❝♦♥❥✉♥t♦s ❞❡ ✈❡t♦r❡s ❝♦♠ ❞❡s✈✐♦ ♣❛❞rã♦ r❡❧❛t✐✈❛♠❡♥t❡ ❣r❛♥❞❡✳ ❯♠ ❢❛t♦r

❞❡ ✜❧tr❛❣❡♠ ❞❡ ❝❧❛ss❡s ✈❡r♦ssí♠❡✐s ✭η✮ é ✉t✐❧✐③❛❞♦ ❛ ✜♠ ❞❡ ❞❡✜♥✐r ✉♠ ❧✐♠✐❛r ♣❛r❛ q✉❡ ♦s ❝♦♥❥✉♥t♦s

❞❡ ✈❡t♦r❡s ❝♦♠ ❞❡s✈✐♦ ♣❛❞rã♦ ✐♥t❡r♥♦ ❣r❛♥❞❡ s❡❥❛♠ ❡❧✐♠✐♥❛❞♦s✳ ❊st❛ ✜❧tr❛❣❡♠ ❡❧✐♠✐♥❛ t♦❞♦s ♦s
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s✉❜❝♦♥❥✉♥t♦s ❞❡ I ⊆ K ✐♥❞❡①❛❞♦s ♣❡❧♦ ✈❡t♦r ♦r✐❣✐♥ár✐♦ m∗ ♥♦s q✉❛✐s s❡ ✈❡r✐✜❝❛ q✉❡

K(m∗) > E{K}+ η st❞{K},

♦♥❞❡ E{K} ❡ st❞{K} sã♦ ❛ ♠é❞✐❛ ❡ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❞❡ K✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ✭✈✐❞❡ ▲✐♥❤❛ ✶✻✮✳

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

K✱ ❡ ♥❡st❡ tr❛❜❛❧❤♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ✈❛❧♦r ♣❛❞rã♦ η = 0.25✳

❆❧❣♦r✐t♠♦ ✸✳✶✺ C̃ ← agrupador_acústico✭Ψ✮

⊲ ❉❡✜♥❡ ♦ ♥ú♠❡r♦ ❞❡ ❡❧❡♠❡♥t♦s ❞❡ ❝❛❞❛ ❝❧❛ss❡

✶ Ns ← ❞✐♠❡♥sã♦(Ψ)

✷ Nk ← ⌊log(Ns)⌋

✸ ❢♦r k = 1 : Ns

✹ ✐❢ F0(k) > 0 t❤❡♥

⊲ ❚♦♠❛ ♦ ❱❡t♦r vk

✺ vk ←
[

0.5ΨkA + 0.25Ψk−1A + 0.25Ψk+1
A

]

✻ ❡♥❞ ✐❢

✼ ❡♥❞ ❢♦r

⊲ ●❡r❛ ♦ ♠❛♣❛ ❞❡ ❞✐stâ♥❝✐❛

✽ ❢♦r m = 1 : Ns

✾ ❢♦r n = 1 : Ns

✶✵ E(m,n)← |vm − vn|

✶✶ ❡♥❞ ✐❢

⊲ ●❡r❛ ♦ ♠❛♣❛ ❞❡ í♥❞✐❝❡s ❞♦s Nk ❡❧❡♠❡♥t♦s ♠í♥✐♠♦s

✶✷ J(m, ·) = argminNk
{E(m, ·)}

⊲ ❚♦♠❛ ❛ ♥♦r♠❛ ❞♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❞♦ ❝♦♥❥✉♥t♦ ✐♥❞❡①❛❞♦ ❡♠ K(m, ·)

✶✸ K(m)← |st❞{vk}|, ∀k ∈ J(m, ·)

✶✹ ❡♥❞ ✐❢

✶✺ C̃ ← ∅

✶✻ stop← E{K}+ ηst❞{K}

⊲ ❊♥❝♦♥tr❛ ♦s ❛❣r✉♣❛♠❡♥t♦s ✈✐❛ ♠ét♦❞♦ ❣✉❧♦s♦

✶✼ ✇❤✐❧❡ K 6= ∅ ✫ min{K} ≤ stop

✶✽ m∗ = argmin{K}

✶✾ I ← J(m∗, ·)

✷✵ C̃ ← C̃ ∪ I

✷✶ K ← K ⊖K(I)

✷✷ ❡♥❞ ✇❤✐❧❡

✷✸ r❡t✉r♥✭C̃✮

❖♣❝✐♦♥❛❧♠❡♥t❡✱ ♦ ✉s♦ ❞❡ ❝❧✉st❡r✐③❛❞♦r❡s ❤✐❡rárq✉✐❝♦s ❝❧❛ss✐✜❝❛♠ ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ♦s ❞❛❞♦s ♣♦r

❝r✐tér✐♦s ❞❡ ❞✐stâ♥❝✐❛ ♠í♥✐♠❛ ❡♠ r❡❞♦r ❞♦s ❝❡♥tr♦✐❞❡s ❞❡ ❝❛❞❛ ❝❧❛ss❡✳ ◆❡st❡ ❝❛s♦✱ ♦ ❝r✐tér✐♦ ❞❡ ♣♦❞❛

❞❛ ár✈♦r❡ ❞❡ ❝❧✉st❡r é ❝r✉❝✐❛❧ ♣❛r❛ ✉♠❛ ❜♦❛ ❝❧✉st❡r✐③❛çã♦✳

◆❛ s❡q✉ê♥❝✐❛✱ ♦ ❝❧✉st❡r✐③❛❞♦r t❛♠❜é♠ ❞❡✈♦❧✈❡ ❛♦ s✐st❡♠❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❣❧♦❜❛✐s

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

❉❛❞♦ ♦s ❝♦♥❥✉♥t♦s C̃✱ ♦ ♠ó❞✉❧♦ ❞❡ ❈❧✉st❡r✐③❛çã♦ ♣❛ss❛ ❛ ✉♠❛ ❢❛s❡ ❞❡ ❛❣r✉♣❛♠❡♥t♦ ❢♦♥ét✐❝♦

❞❡st❡s ❝♦♥❥✉♥t♦s✳
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✸✳✹✳✷ ▼♦❞❡❧❛❣❡♠ ❞♦ ▼❛♣❛ ❋♦♥ét✐❝♦ ❆rt✐✜❝✐❛❧

P❛r❛ ❡♥t❡♥❞❡r ✉♠ ♣♦✉❝♦ s♦❜r❡ ♦ ♠❛♣❡❛♠❡♥t♦ ❢♦♥ét✐❝♦✱ é ♥❡❝❡ssár✐♦ ❡♥t❡♥❞❡r ❛❧❣✉♠❛s ❜❛s❡s ❞❡

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

❈♦♥❢♦r♠❡ ❡①♣♦st♦ ♥♦ ❈❛♣ít✉❧♦ ✷✱ é s❛❜✐❞♦ q✉❡ ♦ ♣r✐♥❝✐♣❛❧ ❢❛t♦r ❞✐s❝r✐♠✐♥❛♥t❡ ❡♥tr❡ ✉♠❛ ✈♦❣❛❧ ❡

♦✉tr❛ é ❛ ❞✐s♣♦s✐çã♦ ❞❡ s✉❛s r❡s♣❡❝t✐✈❛s r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s✳ ◆♦ ❝♦♥t❡①t♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ✉♠ ♠❛✐♦r

✐♥t❡r❡ss❡ ♥❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ é ❞✐r❡❝✐♦♥❛❞♦ ❛♦s s❡❣♠❡♥t♦s ✈♦③❡❛❞♦s✱ ❡ ❡♠ ❡s♣❡❝✐❛❧✱ às ✈♦❣❛✐s✱ ❞❡✈✐❞♦

❛ ✉♠❛ ♠❛✐♦r ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❡♥❡r❣✐❛ ❡s♣❡❝tr❛❧ ♥❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛ ♥❡st❡s t✐♣♦s ❞❡ s❡❣♠❡♥t♦s✳
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Inglês (USA)
Inglês (CAN)
Espanhol
Português (BR)
Português (PT)

❋✐❣✉r❛ ✸✳✶✺✿ P♦s✐çõ❡s ❞♦ ♣r✐♠❡✐r♦ ❡ s❡❣✉♥❞♦ ❢♦r♠❛♥t❡s ✭❡♠ ❍❡rt③✮ ♣❛r❛ ❞✐✈❡rs❛s ✈♦❣❛✐s✳

❙❛❜❡✲s❡ q✉❡ ♦s ❞♦✐s ♣r✐♠❡✐r♦s ❢♦r♠❛♥t❡s ❞❡ ✉♠ ❡s♣❡❝tr♦ ✈♦❝á❧✐❝♦ sã♦ s✉✜❝✐❡♥t❡s ♣❛r❛ ❞❡t❡r♠✐♥❛r

♦ ❢♦♥❡♠❛ ❡♠ q✉❡stã♦✳ ❯♠❛ ✐♠♣♦rt❛♥t❡ t❛r❡❢❛ ❝♦rr❡s♣♦♥❞❡ ❛ ❡♥❝♦♥tr❛r ❛ r❡❣✐ã♦ ❞♦ ❡s♣❡❝tr♦ ❞❡

♠❛❣♥✐t✉❞❡ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ r❡s♣♦♥sá✈❡❧ ♣♦r ✐❞❡♥t✐✜❝❛r ❢♦♥❡♠❛s ❞❛ r❡s♣❡❝t✐✈❛ ❧í♥❣✉❛✱ ♦✉ s❡❥❛✱ q✉❡

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

❖❜s❡r✈❡ ♥❛ ❋✐❣✉r❛ ✸✳✶✺ ❛s r❡❣✐õ❡s ♦♥❞❡ s❡ ❧♦❝❛❧✐③❛♠ ❛s ♣♦s✐çõ❡s ❝❡♥tr❛✐s ✭♠é❞✐❛s✮ ❞♦ ♣r✐♠❡✐r♦

❡ s❡❣✉♥❞♦ ❢♦r♠❛♥t❡s✱ ♦s ❝❡♥tr♦s ❢♦r♠â♥t✐❝♦s✱ ❞❛s ♣r✐♥❝✐♣❛✐s ✈♦❣❛✐s ❞❛s ❧í♥❣✉❛s ✐♥❣❧❡s❛ ✭❝❛♥❛✲

❞❡♥s❡ ❬✷✶✸❪ ❡ ❛♠❡r✐❝❛♥❛ ❬✽✻❪✮✱ ♣♦rt✉❣✉❡s❛ ✭❜r❛s✐❧❡✐r❛ ❬✶✺✽❪ ❡ ❡✉r♦♣❡✐❛ ❬✸✺❪✮ ❡ ❡s♣❛♥❤♦❧❛ ❬✶✾✽❪✳ ❚❛❧

♠❛♣❛ é ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ✭♠é❞✐♦✮ ❞❛ ❧í♥❣✉❛✳

❊♠❜♦r❛ ❤❛❥❛ ✉♠ ❝♦♥s❡♥s♦ ❣❡r❛❧ s♦❜r❡ ❛ ❧♦❝❛❧✐③❛çã♦ ❛♣r♦①✐♠❛❞❛ ❞♦s ♣r✐♠❡✐r♦s ❡ s❡❣✉♥❞♦s ❢♦r✲

♠❛♥t❡s ♣❛r❛ ❝❛❞❛ ❧í♥❣✉❛✱ é ✐♠♣♦rt❛♥t❡ ♣❡r❝❡❜❡r q✉❡ ❛s r❡❣✐õ❡s ♥❛s q✉❛✐s ♦s ♣r✐♠❡✐r♦s ❡ s❡❣✉♥❞♦s

❢♦r♠❛♥t❡s ❡stã♦ ❧♦❝❛❧✐③❛❞♦s ✈❛r✐❛ ♥ã♦ só ❞❡ ❧í♥❣✉❛ ♣❛r❛ ❧í♥❣✉❛✱ ♠❛s ❞❡ ✐♥❞✐✈í❞✉♦ ♣❛r❛ ✐♥❞✐✈í❞✉♦✳ ❊st❡

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

❢ís✐❝❛ ❞♦ ❛♣❛r❡❧❤♦ ❢♦♥❛❞♦r✳

❆ ✜♠ ❞❡ ❡st❛❜❡❧❡❝❡r ✉♠ ♣♦♥t♦ ❞❡ ♣❛rt✐❞❛ ♣❛r❛ ❛ ❝❧✉st❡r✐③❛çã♦ ❞❡ s❡❣♠❡♥t♦s ❞❡ ✈♦③ ❡♠ ❝❧❛ss❡s

❛rt✐✜❝✐❛✐s✱ ♦ ✉s♦ ❞❡ ✉♠ ♣♦❧í❣♦♥♦ ❝♦♠ ❞✐♠❡♥sõ❡s ❡①tr❛♣♦❧❛❞❛s✱ ♦ q✉❛❧ s❡❣✉r❛♠❡♥t❡ ❡♥✈♦❧✈❡ ♦s ❝❡♥tr♦s

❢♦r♠â♥t✐❝♦s ❞❡♥tr♦ ❞♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ❞❡ ✉♠ ✐♥❞✐✈í❞✉♦ q✉❛❧q✉❡r✱ é ✉s❛❞♦ ♣❛r❛ ♦❜t❡♥çã♦ ❞❡ ✉♠ ♠❛♣❛

❢♦♥ét✐❝♦ ❡①♣❛♥❞✐❞♦✱ ♦ q✉❛❧ ♣♦st❡r✐♦r♠❡♥t❡ s❡rá ✜❧tr❛❞♦✱ ❛ ✜♠ ❞❡ ❝♦♠♣❧❡t❛r ❛ ❝❧✉st❡r✐③❛çã♦ ❞♦

❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ❛❝úst✐❝♦s ❡♠ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s✳
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❖ ♣♦❧í❣♦♥♦ q✉❡ ❡♥✈♦❧✈❡ ♦s ❝❡♥tr♦s ❢♦r♠â♥t✐❝♦s✱ ❡♠ ❣❡r❛❧✱ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ r❡❣✐ã♦ ❝♦♥✈❡①❛

tr❛♣❡③♦✐❞❛❧ ♦✉ tr✐❛♥❣✉❧❛r ❞❡♣❡♥❞❡♥❞♦ ❞❛ ❧í♥❣✉❛ ❝♦rr❡s♣♦♥❞❡♥t❡✳ ❈♦♥s✐❞❡r❛♥❞♦✲s❡ q✉❡ ♦ tr❛♣é③✐♦

♠❡❧❤♦r ♠♦❞❡❧❛ ♦ ♠❛♣❛ ❢♦♥ét✐❝♦✱ ♦ ♣r♦❜❧❡♠❛ ♣❛ss❛ ❛ s❡r ❡♥❝♦♥tr❛r q✉❛✐s ❛s ❞✐♠❡♥sõ❡s ❞♦ ♣♦❧í❣♦♥♦

q✉❡ ❧✐♠✐t❛♠ ❛ r❡❣✐ã♦ ❢♦r♠â♥t✐❝❛✳ ❊♥❝♦♥tr❛r ✉♠ ♣♦❧í❣♦♥♦ q✉❡ s❡ ❛❥✉st❡ ♣r❡❝✐s❛♠❡♥t❡ ❛♦ ♠❛♣❛ ❢♦♥ét✐❝♦

❞❡ ✉♠ ❡s♣❡❝í✜❝♦ ❧♦❝✉t♦r✱ ❡①✐❣❡ q✉❡ ♣r✐♠❡✐r❛♠❡♥t❡✱ s❡❥❛ ❡st✐♠❛❞♦ ✉♠ ♠❛♣❛ ❢♦♥ét✐❝♦ ❡①tr❛♣♦❧❛❞♦✱

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

❛s ❢r❡q✉ê♥❝✐❛s ✭♥❛ ❡s❝❛❧❛ ▼❊▲✮ ❛ss♦❝✐❛❞❛s às ❧í♥❣✉❛s ♣♦rt✉❣✉❡s❛✱ ❡s♣❛♥❤♦❧❛ ❡ ✐♥❣❧❡s❛✱ ♦ tr❛♣é③✐♦

❢♦♥ét✐❝♦ ❡①tr❛♣♦❧❛❞♦ ♣♦ss✉✐ ❡①tr❡♠✐❞❛❞❡s ❡♠ (300, 600)✱ (300, 2000)✱ (2000, 1100) ❡ (2000, 1600)✱

✈❛❧♦r❡s ❡st❡s ❛♠♦str❛❞♦s ♥❛ ❡s❝❛❧❛ ♠❡❧✳ ❯♠ ✈❛❧♦r tã♦ ❣r❛♥❞❡ ♣❛r❛ ❛s ❛❜❝✐ss❛s ❞♦s ❡①tr❡♠♦s ❞✐r❡✐t♦s

❞♦ tr❛♣é③✐♦ ❢♦✐ s❡❧❡❝✐♦♥❛❞♦ ❛ ✜♠ ❞❡ s❡ ❛❣r✉♣❛r ❛s ❝❧❛ss❡s ❛❝úst✐❝❛s ❞❛s ✈♦❣❛✐s ❡ ❡❧✐♠✐♥❛r ❛q✉❡❧❛s

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

❖ ♠ó❞✉❧♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ❝❧✉st❡r✐③❛r ♦s ❞❛❞♦s ❛❝úst✐❝♦s ❜❛s❡❛❞♦ ❡♠ ✐♥❢♦r✲

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

❞♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ❞❡ ❝❛❞❛ s✉❜❝♦♥❥✉♥t♦ k✲✈❡r♦ssí♠✐❧ ♦❜t✐❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳ ❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ♣❛r❛

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

t❛❧ ♠❛♣❛ é ❞✐s❝r❡t♦✱ é ♥❡❝❡ssár✐♦ ❛♠♦str❛r ♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ❡♠Mf1 ♣♦rMf2 ♣♦♥t♦s ♥❛ ❡s❝❛❧❛ ▼❊▲✳

❆ ❋✐❣✉r❛ ✸✳✶✻ ❡①❡♠♣❧✐✜❝❛ ✉♠❛ ❛♠♦str❛❣❡♠ ❞♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ❡♠ 9× 15 ❜❛♥❞❛s ❞❡ ❢r❡q✉ê♥❝✐❛✳
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Formante #1

Português (BR)
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Formante #1

Português (PT)

❋✐❣✉r❛ ✸✳✶✻✿ ◗✉❛♥t✐③❛çã♦ ❞♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ❡♠ 9× 15 ❜❛♥❞❛s✳

❆ ♣❛rt✐r ❞❡ ❝❛❞❛ ♣♦♥t♦ ♣♦s✐❝✐♦♥❛❞♦ ❡♠ (f1, f2)✱ ❝♦♠ f1 ≤ f2✱ ♦ ♠ét♦❞♦ ❣❡r❛ ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧

♣❛ss❛✲❜❛♥❞❛s ❝♦♠♣♦st❛ ♣♦r ❞✉❛s ❝♦♠♣♦♥❡♥t❡s tr✐❛♥❣✉❧❛r❡s✱ ❝❛❞❛ ✉♠❛ ❝❡♥tr❛❞❛ ❡♠ ✉♠❛ r❡❣✐ã♦

❢♦r♠â♥t✐❝❛ r❡s♣❡❝t✐✈❛ f1 ❡ f2✳ ❆ ✜♠ ❞❡ ❡✈✐t❛r ❞♦✐s ✜❧tr♦s ❞❡♠❛s✐❛❞❛♠❡♥t❡ ♣ró①✐♠♦s ♦✉ ♠✉✐t♦

❞✐st❛♥t❡s ✉♠ ❞♦ ♦✉tr♦✱ ✉♠❛ ❞✐stâ♥❝✐❛ ♠í♥✐♠❛ ❞❡ 300 ♠❡❧s ❡ ♠á①✐♠❛ ❞❡ 1800 ♠❡❧s ❡♥tr❡ ❞♦✐s ✜❧tr♦s

❝♦♥s❡❝✉t✐✈♦s é ❡st❛❜❡❧❡❝✐❞❛✱ ❛ ✜♠ ❞❡ ❝♦♥tr♦❧❛r ♦ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❞♦s ❞♦✐s ✜❧tr♦s s♦❜r❡ ❛s r❡❣✐õ❡s

❢♦r♠â♥t✐❝❛s F1 ❡ F2✳

◗✉❛♥t♦ à ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡ ❝❛❞❛ ✉♠ ❞❡st❡s ✜❧tr♦s✱ ✉♠ ❝✉✐❞❛❞♦ ❡s♣❡❝✐❛❧ ❞❡✈❡ s❡r t♦♠❛❞♦✳

P❛r❛ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞❡♠❛s✐❛❞❛♠❡♥t❡ ♣❡q✉❡♥❛s✱ ♦ ♠ét♦❞♦ ❝❧✉st❡r✐③❛❞♦r ❝♦rr❡ ♦ r✐s❝♦ ❞❡ ❛tr✐❜✉✐r
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às ✈❛r✐á✈❡✐s (f1, f2) ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❛ ✉♠❛ ♠❡s♠❛ r❡❣✐ã♦ ❢♦r♠â♥t✐❝❛✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ✈❛❧♦r❡s ♠✉✐t♦

❣r❛♥❞❡s ♣❡r♠✐t❡♠ q✉❡ ✉♠ ♠❡s♠♦ ✜❧tr♦ f1 ❛❣r❡❣✉❡ ❞✉❛s r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ❞✐st✐♥t❛s✳ P♦r ❡st❛ r❛③ã♦✱

❛s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞❡ ✉♠ ✜❧tr♦ tr✐❛♥❣✉❧❛r sã♦ ❞❡✜♥✐❞❛s ❡st❛t✐❝❛♠❡♥t❡ ❝♦♠♦ Bf = 120 ♠❡❧s✱ t❛❧

❝♦♠♦ ❞❡✜♥✐❞♦ ♥❛ ❚❛❜❡❧❛ ✸✳✶ ❞❡ ✈❛r✐á✈❡✐s ❣❧♦❜❛✐s✳ ❆ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❛❞♦t❛❞❛ ♣❛r❛ q✉❛♥t✐③❛çã♦

❞♦ ♠❛♣❛ ❢♦♥ét✐❝♦ é Mf =Mf1 =Mf2 = 35.

❖ ❜❛♥❝♦ ❞❡ ✜❧tr♦s ❡①tr❛♣♦❧❛❞♦✱ ❛♣ós t❡r s✐❞♦ ❛♣❧✐❝❛❞♦ s♦❜r❡ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s✱ ♣r❡❝✐s❛ s❡r r❡✜♥❛❞♦

❡✱ só ❡♥tã♦✱ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ♥❛ ❝❧❛ss✐✜❝❛çã♦ ❢♦♥ét✐❝❛✳ ❆ ❢✉♥çã♦ filtros_fonéticos✭X,Y1, Y2✮

❞❡s❝r✐t❛ ♣❡❧♦ ❆❧❣✳ ✸✳✶✻ ✐♠♣❧❡♠❡♥t❛ t❛❧ ❜❛♥❝♦ ❞❡ ✜❧tr♦s✱ ❞❛❞❛s ❛s ❝♦♦r❞❡♥❛❞❛s q✉❡ ❞❡✜♥❡♠ ♦s q✉❛tr♦

♣♦♥t♦s ❞♦ tr❛♣é③✐♦ ❢♦♥ét✐❝♦ ❡♥✈♦❧✈❡♥t❡✳ ❖s ✈ért✐❝❡s ❞♦ tr❛♣é③✐♦ sã♦ ❞❡✜♥✐❞♦s ❡♠ s❡♥t✐❞♦ ❤♦rá✲

r✐♦ ❛ ♣❛rt✐r ❞♦ t♦♣♦ ❡sq✉❡r❞♦ ❝♦♠♦ 〈X(min), Y1(max)〉✱ 〈X(max), Y2(max)〉✱ 〈X(max), Y2(min)〉 ❡

〈X(min), Y1(min)〉✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆❧❣♦r✐t♠♦ ✸✳✶✻ banco ← filtros_fonéticos✭X,Y1, Y2✮

⊲ ❘❡✲❛♠♦str❛ ❛ r❡❣✐ã♦ ❢♦r♠â♥t✐❝❛

✶ F (min)← min{X(min), Y1(min), Y2(min)}

✷ F (max)← max{X(max), Y1(max), Y2(max)}

✸ F ←
(

0:Nw

Nw

)

(F (max)− F (min)) + F (min)

⊲ ❊♥❝♦♥tr❛ ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❛♦ ♣r✐♠❡✐r♦ ❡ s❡❣✉♥❞♦ ❢♦r♠❛♥t❡s

✹ x←
(

0:Mf−1
Mf−1

)

(X(max)−X(min)) +X(min)

✺ yu ←
(

0:Mf−1
Mf−1

)

(Y1(max)− Y1(min)) + Y1(min)

✻ yd ←
(

0:Mf−1
Mf−1

)

(Y2(max)− Y2(min)) + Y2(min)

⊲ ❉❡t❡r♠✐♥❛ ❝❛❞❛ ♣❛r ❞❡ ❢♦r♠❛♥t❡s

✼ banco← ∅

✽ ❢♦r f1 = 1 :Mf

✾ ❢♦r f2 = 1 :Mf

✶✵ ✐❢ f1 + 300 ≤ f2 ✫ f1 + 1800 ≥ f2 t❤❡♥

✶✶ y ← f1−1
Mf

[yu(f2)− yd(f2)] + yd(f2)

✶✷ filtro.f1 = x(f1), filtro.f2 = y

✶✸ filtro.v = tr✐❛♥❣(F, x(f1), Bf ) + tr✐❛♥❣(F, y,Bf )

✶✹ banco← banco ∪ filtro

✶✺ ❡♥❞ ✐❢

✶✻ ❡♥❞ ❢♦r

✶✼ ❡♥❞ ❢♦r

✶✽ r❡t✉r♥✭banco✮

❆s ▲✐♥❤❛s ✹✱ ✺ ❡ ✻ ❞♦ ❆❧❣♦r✐t♠♦ ✸✳✶✻ ❞❡✈♦❧✈❡♠ ✐♥t❡r♣♦❧❛çõ❡s ❧✐♥❡❛r❡s ❞♦s ✐♥t❡r✈❛❧♦s X✱ Y1 ❡ Y2✱

q✉❛♥t✐③❛❞♦s ❡♠ Mf ♣♦♥t♦s✳ ❊♥tr❡ ❛s ▲✐♥❤❛ ✼ ❡ ✶✼ sã♦ ❛❣r❡❣❛❞❛s ✐t❡r❛t✐✈❛♠❡♥t❡ ❛♦ ❜❛♥❝♦ ❞❡ ✜❧tr♦s

s♦♠❛s ❞❡ ❞✉❛s ❥❛♥❡❧❛s tr✐❛♥❣✉❧❛r❡s ❞❡ ❧❛r❣✉r❛s Bf ✱ ✉♠❛ ❝❡♥tr❛❞❛ ❡♠ x(f1) ❡ ♦✉tr❛ ❝❡♥tr❛❞❛ ❡♠ y✳

❈❛❞❛ ✉♠ ❞❡ss❡s ✜❧tr♦s ❡stá ❛♠♦str❛❞♦ ❞❡♥tr♦ ❞♦ ✐♥t❡r✈❛❧♦ F ✱ ♦ q✉❛❧ s❡ ❡st❡♥❞❡ ❞❡s❞❡ ❛ ♠❡♥♦r ❛té ❛

♠❛✐♦r ❢r❡q✉ê♥❝✐❛ ♥♦s ♣♦♥t♦s ❡①tr❡♠♦s ❞♦ ♣♦❧í❣♦♥♦✱ ❝♦♠♦ ❞❡✜♥✐❞♦ ♥❛s ▲✐♥❤❛ ✶✱ ✷ ❡ ✸ ❞♦ ❛❧❣♦r✐t♠♦✳

❉❛❞♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❜❛♥❝♦s ❞❡ ✜❧tr♦s ❞❡✈♦❧✈✐❞♦ ♣❡❧♦ ❆❧❣♦r✐t♠♦ ✸✳✶✻ é ♣♦ssí✈❡❧ ♦❜t❡r ✉♠ ♠❛♣❛

❞✐s❝r❡t♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❢♦r♠â♥t✐❝❛ ♣❛r❛ ❝❛❞❛ ❝♦♥❥✉♥t♦ k✲✈❡r♦ssí♠✐❧ ❞✐s♣♦♥í✈❡❧ ❛té ❡♥tã♦✳ ❈❛❞❛ ♠❛♣❛

é ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞❛ s♦♠❛ ❞♦s ✈❡t♦r❡s ❞❡ ❛♠♣❧✐t✉❞❡ ❤❛r♠ô♥✐❝❛ ❞❡✈✐❞❛♠❡♥t❡ ✜❧tr❛❞♦s✳ ❉❡st❡ ♠♦❞♦✱ é

♥❡❝❡ssár✐♦ ❝r✐❛r ✉♠ ✈❡t♦r ❞❡ ❛♠♣❧✐t✉❞❡s q✉❡ ❝♦rr❡s♣♦♥❞❛ ✉♥✐✈♦❝❛♠❡♥t❡ ❛ ✉♠ ❝♦♥❥✉♥t♦ k✲✈❡r♦ssí♠✐❧✳
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❉❛❞♦ ✉♠ ❝♦♥❥✉♥t♦ I ∈ C̃ ♦ ✈❡t♦r

VI = E{Ψk
A}, ∀k ∈ I

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

k✱ ✐st♦ é✱ Ψk
A✳ ❈♦♠♦ t❛✐s ✈❛❧♦r❡s ❡stã♦ ❧✐♥❡❛r♠❡♥t❡ ❡s♣❛ç❛❞♦s ♥❛ ❡s❝❛❧❛ ▼❊▲ ❞❡♥tr♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡

X(min) ❛ X(max)✱ é ♥❡❝❡ssár✐♦ ❢❛③❡r ✉♠❛ r❡✲❛♠♦str❛❣❡♠ ❝♦♠ Nw ✭✈❡r ❚❛❜❡❧❛ ✸✳✶✮ ♣♦♥t♦s ❞♦ ✈❡t♦r

VI ❞❡♥tr♦ ❞♦ ✐♥t❡r✈❛❧♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ✉s❛❞♦ ♥♦ ❜❛♥❝♦ ❞❡ ✜❧tr♦s✱ ♦✉ s❡❥❛✱ ♦ ✐♥t❡r✈❛❧♦

F =

(

0 : Nw

Nw

)

(X(max)−X(min)) +X(min).

❆♣ós ❛ ♣r❡♣❛r❛çã♦ ❞♦s ✈❡t♦r❡s q✉❛♥t✐③❛❞♦s VI ❞❡ ❝❛❞❛ ❝❧❛ss❡ I✱ é ♥❡❝❡ssár✐♦ ❞❡✜♥✐r ❛ ❢✉♥çã♦

q✉❡ ❛♣❧✐❝❛ ❛ ✜❧tr❛❣❡♠ ♣r♦♣r✐❛♠❡♥t❡ ❞✐t❛✳ ❆ ❢✉♥çã♦ filtragem_formântica✭VI , X, Y1, Y2✮ t♦♠❛

♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s VI ❡ ♦s ♣r♦❝❡ss❛ ♣❡❧♦s ✜❧tr♦s ♣❡rt❡♥❝❡♥t❡s ❛♦ ❜❛♥❝♦ ❞❡ ✜❧tr♦s ❞❡✈♦❧✈✐❞♦ ♣❡❧♦

❆❧❣♦r✐t♠♦ ✸✳✶✻✱ r❡❢❡r❡♥❝✐❛❞♦ ♣❡❧❛ ❡str✉t✉r❛ banco✱ ❝♦♥❢♦r♠❡ é ♠♦str❛❞♦ ♥♦ ❆❧❣♦r✐t♠♦ ✸✳✶✼✳

❈♦♠♦ s❡ ♣♦❞❡ ♦❜s❡r✈❛r✱ ❛ ▲✐♥❤❛ ✸ ❞♦ ❛❧❣♦r✐t♠♦ s❡❣✉✐♥t❡ r❡❛❧✐③❛ ✉♠❛ ✜❧tr❛❣❡♠ ✭♠✉❧t✐♣❧✐❝❛çã♦ ❡s✲

❝❛❧❛r✮ ❞❡ ❝❛❞❛ ✈❡t♦r VI ♣♦r ✉♠ ✜❧tr♦ ❛r♠❛③❡♥❛❞♦ ♥♦ ❝❛♠♣♦ ❵v✬ ❞❛ ❡str✉t✉r❛ filtro✱ ❡ ♣♦st❡r✐♦r♠❡♥t❡

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

❊s♣❡r❛✲s❡ q✉❡ ❝❛❞❛ ✉♠ ❞❡ss❡s ♠❛♣❛s ❞❡ ❞✐str✐❜✉✐çã♦ distr ❝♦♥t❡♥❤❛ ✐♥❢♦r♠❛çõ❡s ❢♦♥ét✐❝❛s ❛s✲

s♦❝✐❛❞❛s ❛♦ ✈❡t♦r VI ✳ ❊♥tr❡t❛♥t♦✱ é ❡✈✐❞❡♥t❡ q✉❡ ❝❛❞❛ ✈❡t♦r VI ❝♦♥t❡♥❤❛ ✐♥❢♦r♠❛çõ❡s r❡❧❛t✐✈❛s ❛♦

❝♦♥t❡ú❞♦ ❤❛r♠ô♥✐❝♦ ✐♥❡r❡♥t❡ ❛♦ ✐♥❞✐✈í❞✉♦ ❡♠✐ss♦r✱ ❡ q✉❡ ❛❞❡♠❛✐s✱ t❛❧ ❝♦♥t❡ú❞♦ ✈❛r✐❡ ♣♦✉❝♦ ❞❡ ✉♠

❢♦♥❡♠❛ ♣❛r❛ ♦✉tr♦✳ P♦r ❡st❛ r❛③ã♦✱ ✉♠❛ ✜❧tr❛❣❡♠ ❞❡st❡s ♠❛♣❛s ❛❝úst✐❝♦s ❛✉①✐❧✐❛ ❜❛st❛♥t❡ ♥❛ t❛r❡❢❛

❞❡ ❞❡t❡❝çã♦ ❢♦♥ét✐❝❛✳ ❚❛❧ ✜❧tr❛❣❡♠ ❧❡✈❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ ❢❛t♦ ❞❡ q✉❡ ♦ ✈❛❧♦r ♠é❞✐♦ ❞❡ t♦❞♦s ♦s

♠❛♣❛s ❞❡ ❞✐str✐❜✉✐çã♦ é ✉♠ ❜♦♠ ❞✐s❝r✐♠✐♥❛♥t❡ ❡♠ t❡r♠♦s ❢♦♥ét✐❝♦s✳

❆❧❣♦r✐t♠♦ ✸✳✶✼ distr ← filtragem_formântica✭VI , X, Y1, Y2✮

⊲ ❉❡✜♥✐♥❞♦ ♦ ❜❛♥❝♦ ❞❡ ✜❧tr♦s

✶ banco← ✜❧tr♦s❴❢♦♥ét✐❝♦s(X,Y1, Y2)

⊲ ❘❡❛❧✐③❛ ❛ ✜❧tr❛❣❡♠

✷ ❢♦r❡❛❝❤ filtro ∈ banco

✸ distr(filtro.f1, filtro.f2)← |VI · filtro.v|

✹ ❡♥❞ ❢♦r❡❛❝❤

✺ r❡t✉r♥✭distr✮

❆ ✜❧tr❛❣❡♠ ♣❛r❛ ♦❜t❡♥çã♦ ❞♦s ♠❛♣❛s ❛❝úst✐❝♦s t♦♠❛ ♦ ♠❛♣❛ ♠é❞✐♦ ❞❡♥♦t❛❞♦ ♣♦r E{distr}✱ ❡

♣❛r❛ ❝❛❞❛ ♠❛♣❛ distrI ❛ss♦❝✐❛❞♦ à ❝❧❛ss❡ k✲✈❡r♦ssí♠✐❧ I✱ ♦ ♠❛♣❛ ❞❡ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✐③❛❞♦ ❞❡ I

é ❞❡✜♥✐❞♦ ❝♦♠♦

distrnormI = ♠❡❛♥5×5

(

E{distr} · st❞{distr} · (distrI − E{distr})3
)

,

♦♥❞❡ ❛ ❢✉♥çã♦ ♠❡❛♥5×5 ❝❛❧❝✉❧❛ ♦ ✈❛❧♦r ♠é❞✐♦ ❧♦❝❛❧ ❞❡♥tr♦ ❞❡ ✉♠❛ ❥❛♥❡❧❛ 5×5 ❝❡♥tr❛❞❛ ❡♠ ❝❛❞❛ ♣♦♥t♦

❞♦ ♠❛♣❛ ❞❡ ❞✐str✐❜✉✐çã♦✳ ◆♦s ❝❛s♦s ❞❛s ❡①tr❡♠✐❞❛❞❡s ❞♦ ♠❛♣❛✱ ♦s ✈❛❧♦r❡s ❝✉❥♦s í♥❞✐❝❡s ❡①❝❡❞❡r❛♠

❛ ❢r♦♥t❡✐r❛ sã♦ ❞❡s❝♦♥s✐❞❡r❛❞♦s ♥♦ ❝á❧❝✉❧♦ ❞❛ ♠é❞✐❛✳

❆ ❋✐❣✉r❛ ✸✳✶✼ ❡①✐❜❡ ❡①❡♠♣❧♦s ❞❡ ♠❛♣❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❞❛s ❝✐♥❝♦ ✈♦❣❛✐s ❞♦♠✐♥❛♥t❡s ❞❛ ❧í♥❣✉❛

❤✐s♣â♥✐❝❛✱ ♣r♦♥✉♥❝✐❛❞❛ ♣♦r ✉♠ ✐♥❞✐✈í❞✉♦ ❞❡ ♥❛❝✐♦♥❛❧✐❞❛❞❡ ❡s♣❛♥❤♦❧❛✳
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❋✐❣✉r❛ ✸✳✶✼✿ ❉✐str✐❜✉✐çã♦ ❢♦r♠â♥t✐❝❛ ✭❡sq✮ ❡ s✉❛ ✈❡rsã♦ ♥♦r♠❛❧✐③❛❞❛ ✭❞✐r✮ ♣❛r❛ ❝❛❞❛ ✈♦❣❛❧ ❡s♣❛♥❤♦❧❛ ❡♠
✉♠ ❢r❛❣♠❡♥t♦ ❞❡ ✈♦③✳
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❆ ✜❧tr❛❣❡♠ ❡❧✐♠✐♥❛ ♣❛rt❡ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❤❛r♠ô♥✐❝❛ ❛ss♦❝✐❛❞❛ à ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛ ❞♦ ✐♥❞✐✈í❞✉♦✱

r❡❛❧ç❛♥❞♦ ❛ r❡❣✐ã♦ ❢♦r♠â♥t✐❝❛ r❡❧❡✈❛♥t❡ ❞♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✳ ✸✳✶✼✳

❖❜s❡r✈❡ ♦ q✉❛♥t♦ ❡stã♦ s❡♣❛r❛❞❛s ✉♠❛ ✈♦❣❛❧ ❞❛ ♦✉tr❛ ❞❡♥tr♦ ❞♦ tr❛♣é③✐♦ ❢♦♥ét✐❝♦ ❞❡✜♥✐❞♦ ❡♥tr❡

250 ❡ 1000 ❍③✳ ❖✉tr♦ ❛s♣❡❝t♦ ✐♥t❡r❡ss❛♥t❡ ❞❡ s❡ ♣❡r❝❡❜❡r é ❛ ♣r❡s❡♥ç❛ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s

❛ss♦❝✐❛❞❛s ❛♦ t✐♠❜r❡ ❞♦ ✐♥❞✐✈í❞✉♦✱ ❡st❛♥❞♦ ❡st❛s ❧♦❝❛❧✐③❛❞❛s ♥❛ r❡❣✐ã♦ ♦♥❞❡ ♦s ❢♦r♠❛♥t❡s F1 ❡ F2

sã♦ ♠❛✐s ❣r❛✈❡s✳

P❛r❛ ❝❛❞❛ ❝♦♥❥✉♥t♦ k✲✈❡r♦ssí♠✐❧✱ é ❞❡ ❡①tr❡♠❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡❝✐❞✐r ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦ s❡✉ ♣♦♥t♦

❞✐s❝r❡t♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❞❡♥tr♦ ❞♦ ♠❛♣❛ ❢♦♥ét✐❝♦✱ ✐st♦ é✱ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ♣❛r ❞❡ ❢r❡q✉ê♥❝✐❛s ❢♦r✲

♠❛♥t❡s ❞♦♠✐♥❛♥t❡ ❞♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③✳ ❊①✐st❡♠ ❞✐✈❡rs❛s ♠❛♥❡✐r❛s ❞❡ s❡ ❡st✐♠❛r ♦ ♣♦♥t♦ ❞♦♠✐♥❛♥t❡

❞❡♥tr♦ ❞♦ ♠❛♣❛ ❢♦♥ét✐❝♦✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ✉s❛♥❞♦ ❝❡♥tr♦s ❞❡ ♠❛ss❛ ❞♦ ♠❛♣❛ ❜✐❞✐♠❡♥s✐♦♥❛❧✳ ◆♦

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

tr❛❜❛❧❤♦ ❛ r♦t✉❧❛çã♦ ❢♦♥ét✐❝❛✳ ❆ss✐♠✱ ♥♦ ❝♦♥t❡①t♦ é r❡❛❧✐③❛❞♦ ✉♠❛ ❞❡t❡❝çã♦ ❞❡ ♣✐❝♦ ♠á①✐♠♦ ❣❧♦❜❛❧

t♦♠❛♥❞♦✲s❡ ♦s í♥❞✐❝❡s (f1, f2) ❞♦ ♠❛✐♦r ✈❛❧♦r ❛❜s♦❧✉t♦ ❞❡♥tr♦ ❞♦ r❡s♣❡❝t✐✈♦ ♠❛♣❛ ❞❡ ❞✐str✐❜✉✐çã♦

❢♦r♠â♥t✐❝❛✳

❆❧❣♦r✐t♠♦ ✸✳✶✽ distr ← distribuição_formântica✭VI✮

⊲ ❉❡✜♥❡ ❛ ❞✐♠❡♥sã♦ ❞♦ ♠❛♣❛ ❢♦r♠â♥t✐❝♦ ❡①tr❛♣♦❧❛❞♦

✶ (X(min), X(max))← (300, 2000)

✷ (Y1(min), Y1(max), Y2(min), Y2(max))← (600, 2000, 1100, 1600)

✸ distrsuper ← ✜❧tr❛❣❡♠❴❢♦r♠â♥t✐❝❛✭VI , X, Y1, Y2✮

✹ X ← ❛❥✉st❡❴tr❛♣❡③♦✐❞❛❧✭distrsuper✮

✺ distr ← ✜❧tr❛❣❡♠❴❢♦r♠â♥t✐❝❛✭VI , X, Y1, Y2✮

✻ r❡t✉r♥(distr)

❖ ❆❧❣♦r✐t♠♦ ✸✳✶✽ ✐♠♣❧❡♠❡♥t❛ ❛ ❢✉♥çã♦ distribuição_formântica✭VI✮ q✉❡ ❡st✐♠❛ ♦ ♠❛♣❛

❞❡ ❞✐str✐❜✉✐çã♦ ❢♦♥ét✐❝♦✱ ❞❛❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s q✉❛♥t✐③❛❞♦s VI ❞❡ ❡♥tr❛❞❛✳ ❆ ♣r✐♠❡✐r❛ ❧✐♥❤❛ ❞♦

♠❡s♠♦ ❞❡✜♥❡ ❛s ❞✐♠❡♥sõ❡s ❡①tr❛♣♦❧❛❞❛s ❞♦ tr❛♣é③✐♦ ❢♦♥ét✐❝♦✳ ❖ ♠♦t✐✈♦ ♣❡❧♦ q✉❛❧ ❛s ❞✉❛s ✜❧tr❛❣❡♥s

❢♦r♠â♥t✐❝❛s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ♥❛s ▲✐♥❤❛s ✸ ❡ ✺ s❡ ❡①♣❧✐❝❛ ♣❡❧♦ ✉s♦ ❞❛ ❢✉♥çã♦ ajuste_trapezoidal✱

✐♠♣❧❡♠❡♥t❛❞♦ ♣❡❧♦ ❆❧❣♦r✐t♠♦ ✸✳✶✾✱ q✉❡ t♦♠❛ ✉♠ ♠❛♣❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❢♦r♠â♥t✐❝♦ ❝♦♠ ❞✐♠❡♥sõ❡s

❡①tr❛♣♦❧❛❞❛s ❡ ❡♥❝♦♥tr❛ q✉❛❧ ❛ ❞✐♠❡♥sã♦ X q✉❡ ♠❡❧❤♦r s❡ ❛❥✉st❛ ❛♦s ❢♦♥❡♠❛s ✈♦❝á❧✐❝♦s✳ ◆ã♦ é

♥❡❝❡ssár✐♦ r❡✲❡st✐♠❛r ♦s ✈❛❧♦r❡s ❞❡ Y1 ❡ Y2✱ ✉♠❛ ✈❡③ q✉❡ ♥ã♦ ♦❢❡r❡❝❡♠ ♣r♦❜❧❡♠❛s tã♦ s✐❣♥✐✜❝❛t✐✈♦s

♥❛ ♠♦❞❡❧❛❣❡♠ ❢♦♥ét✐❝❛ q✉❛♥t♦ ❛ ♣r✐♠❡✐r❛ r❡❣✐ã♦ ❢♦r♠â♥t✐❝❛✳ ❉❡st❡ ♠♦❞♦✱ t♦❞♦ ❛s ❝❧❛ss❡s ❛❝úst✐❝❛s

sã♦ ♥♦✈❛♠❡♥t❡ s✉❜♠❡t✐❞❛s ❛♦ ♠ét♦❞♦ ❞❡ ✜❧tr❛❣❡♠ ❢♦r♠â♥t✐❝❛ ❛ ✜♠ ❞❡ ♦❜t❡r ♦ ♠❛♣❛ ❞❡ ❞✐str✐❜✉✐çã♦

❢♦r♠â♥t✐❝❛ ✜♥❛❧✳

P❛r❛ s❡ t❡r ✉♠❛ ✐❞❡✐❛ ❞❡ ❝♦♠♦ ❢✉♥❝✐♦♥❛ ❡st❡ ♠ét♦❞♦✱ ❛ ❋✐❣✉r❛ ✸✳✶✽ ❡①✐❜❡ ♦ ♠❛♣❛ ❞❡ ❞✐str✐❜✉✐çã♦

❡①tr❛♣♦❧❛❞♦ ✭s✉♣❡r✲❛♠♦str❛❞♦✮ t♦♠❛❞♦ ❞❡ ❡①❡♠♣❧♦s r❡❛✐s ❞❡ q✉❛tr♦ ❝♦r♣♦r❛ ❞❡ ❧♦❝✉t♦r❡s ❞❡ ❛♠❜♦s

♦s s❡①♦s ✭❞♦✐s ❡s♣❛♥❤ó✐s ❡ ❞♦✐s ✐♥❣❧❡s❡s✮✱ ♦s q✉❛✐s r❡❣✐str❛r❛♠ ❝❡r❝❛ ❞❡ ✶✵ ♠✐♥✉t♦s ❞❡ s❡♥t❡♥ç❛s

❛r❜✐trár✐❛s ♦r✐✉♥❞❛s ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s r♦t✉❧❛❞❛s ❚❈✲❙❚❆❘ ✭✈✐❞❡ ❙❡çã♦ ✹✮✳ ❚♦❞♦s ♦s ♠❛♣❛s ❢♦r❛♠

♦❜t✐❞♦s ❞❛ ▲✐♥❤❛ ✷ ❞♦ ❆❧❣✳ ✸✳✶✽✳ ❖❜s❡r✈❡ q✉❡ ❡♠ t♦❞♦s ♦s ❝❛s♦s ❡①✐st❡ ✉♠ ❛❣❧♦♠❡r❛❞♦ ❞❡ ♣♦♥t♦s

✐♠❡❞✐❛t❛♠❡♥t❡ à ❡sq✉❡r❞❛ q✉❡ s❡ ❛ss❡♠❡❧❤❛ ❛ ✉♠❛ ❢♦r♠❛ ❣❡♦♠étr✐❝❛ tr✐❛♥❣✉❧❛r ✭❞❡st❛❝❛❞♦ ❡♠

✈❡r♠❡❧❤♦ ♥❛ ✜❣✉r❛✮✳

❯♠ ❝♦r♣✉s ❛ s❡r ❛❧✐♥❤❛❞♦ ❞❡✈❡ ♣♦ss✉✐r ✉♠❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s ❞❡ t❛❧ ❢♦r♠❛ q✉❡ s❡❥❛ ♣♦ssí✈❡❧

❝♦♠♣♦r ♣❡❧♦ ♠❡♥♦s ❡st❛ ❝♦♠♣♦♥❡♥t❡ ❝♦♥❡①❛✳ ❖ ✉s♦ ❞❡ t♦❞❛s ❛s ❝♦♠♣♦♥❡♥t❡s ❝♦♥❡①❛s t❛♠❜é♠ s❡

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

r❛çã♦ ♥❡st❡ tr❛❜❛❧❤♦ ❞❡✈✐❞♦ à ❛✉sê♥❝✐❛ ❞❡ s✐❣♥✐✜❝❛❞♦ ❢♦♥ét✐❝♦ ❡♠ t❡r♠♦s ✈♦❝á❧✐❝♦s✱ ♦ q✉❡ ❝♦♠♣❧✐❝❛
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❋✐❣✉r❛ ✸✳✶✽✿ ▼❛♣❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❢♦r♠â♥t✐❝❛ ❡①tr❛♣♦❧❛❞♦s✳

❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ ♥❛ ❡t❛♣❛ s❡❣✉✐♥t❡✳ ❈❛s♦ s❡ t❡♥❤❛ ✉♠❛ q✉❛♥t✐❞❛❞❡

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

❝♦♥s✐st❡ ❡♠ t♦♠❛r ❛s ❝❧❛ss❡s ❞❡✜♥✐❞❛s ♣❡❧❛ ♣r✐♠❡✐r❛ ❡str✉t✉r❛ ❝♦♥❡①❛ à ❡sq✉❡r❞❛ ❞♦ ♠❛♣❛✱ ❡ ❞❡s❝❛r✲

t❛r ❛ss✐♠✱ ❛s ♦✉tr❛s ♣❛rt❡s✳ ◆♦ ❝❛s♦ ❞❡st❡ tr❛❜❛❧❤♦✱ t♦♠❛✲s❡ t❛❧ ❝♦♠♣♦♥❡♥t❡ ❝♦♥❡①❛ ♠❛✐s à ❡sq✉❡r❞❛

❡ ❛ ♣❛rt✐r ❞❡ s❡✉s ♣♦♥t♦s ❡①tr❡♠♦s ❞❛ ❞✐r❡✐t❛ ❡ ❡sq✉❡r❞❛✱ ❞❡✈♦❧✈❡ ❛s ❞✐♠❡♥sõ❡s X✱ ❛s q✉❛✐s sã♦ ✉s❛✲

❞❛s ♣❛r❛ r❡✲❡st✐♠❛r ♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ❞❡♥tr♦ ❞♦ ♣♦❧í❣♦♥♦ tr❛♣❡③♦✐❞❛❧ ❛ss✐♠ r❡❞❡✜♥✐❞♦✳ ❖ ✉s♦ ❞❡

❢❡rr❛♠❡♥t❛s ❜ás✐❝❛s ❞❛ ♠♦r❢♦❧♦❣✐❛ ♠❛t❡♠át✐❝❛ sã♦ ❞❡ ❣r❛♥❞❡ s❡r✈❡♥t✐❛ ♥❡st❡ ❝❛s♦✱ ❛s q✉❛✐s ♣♦❞❡♠

s❡r ❛❝❡ss❛❞❛s ♥♦ ❆♣ê♥❞✐❝❡ ❇✳✸✳

▼♦❞❡❧❛❣❡♠ ❞♦ ▼❛♣❛ ❋♦r♠â♥t✐❝♦

❖ ♠❛♣❛ ❛❝úst✐❝♦ ❞✐s❝r❡t♦ distrsuper ❞❡✈♦❧✈✐❞♦ ♣❡❧♦ ❛❧❣♦r✐t♠♦ filtragem_formântica ♣♦❞❡

s❡r ❞❡s❝r✐t♦ ❝♦♠♦ ✉♠ ❝♦♥❥✉♥t♦ A ⊆ Z2 ❞❡ ♠♦❞♦ q✉❡ ✉♠ ♣♦♥t♦ x = 〈f1, f2〉 ♣❡rt❡♥❝❡ ❛ A s❡✱ ❡

s♦♠❡♥t❡ s❡✱ distrsuper(f1, f2) ❡stá ❞❡✜♥✐❞♦✳ ❉❡st❡ ♠♦❞♦✱ r❡♣r❡s❡♥t❛♥❞♦ ✉♠ ♠❛♣❛ ❛❝úst✐❝♦ ❝♦♠♦ ✉♠

s✉❜❝♦♥❥✉♥t♦ ❞❡ Z✱ é ♣♦ssí✈❡❧ ❝♦♠♣♦r ✉♠ ♦♣❡r❛❞♦r ♠♦r❢♦❧ó❣✐❝♦ ❝❛♣❛③ ❞❡ s❡❣♠❡♥t❛r ❛♣r♦♣r✐❛❞❛♠❡♥t❡

❛ r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡ ❞❡♥tr♦ ❞❡st❡ ♠❛♣❛✱ ❛ s❛❜❡r✱ ❛ ❡str✉t✉r❛ ❢♦r♠â♥t✐❝❛ tr❛♣❡③♦✐❞❛❧ q✉❡ ♠♦❞❡❧❛ ♦

♠❛♣❛ ❢♦♥ét✐❝♦ ❞♦ r❡s♣❡❝t✐✈♦ ❢❛❧❛♥t❡✳

◆♦t❛✲s❡ q✉❡ ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ❝♦♥❡①❛ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣♦♥t♦s ✈✐③✐♥❤♦s q✉❡ s❡

❛❣❧✉t✐♥❛♠ s❡❣✉♥❞♦ ✉♠❛ r❡❧❛çã♦ ❞❡ ✈✐③✐♥❤❛♥ç❛ ❞❡✜♥✐❞❛ ♣♦r ✉♠ ❡❧❡♠❡♥t♦ ❡str✉t✉r❛♥t❡ B✳ ◆❡st❡

tr❛❜❛❧❤♦✱ ❞❡✜♥❡✲s❡ B = {〈−1,−1〉, 〈−1, 0〉, 〈−1, 1〉, 〈0,−1〉, 〈0, 0〉, 〈0, 1〉, 〈1,−1〉, 〈1, 0〉, 〈1, 1〉} ❝♦♠♦

❡❧❡♠❡♥t♦ ❡str✉t✉r❛♥t❡ ❜ás✐❝♦ ♣❛r❛ s❡❣♠❡♥t❛çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❝♦♥❡①❛s✳ ❆ ✜♠ ❞❡ ❡❧✐♠✐♥❛r ♦ r✉í❞♦
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✐♥✐❝✐❛❧ ❞♦ ♠❛♣❛ A✱ r❡❛❧✐③❛✲s❡ ✉♠❛ ✜❧tr❛❣❡♠ ♣♦r ❢❡❝❤❛♠❡♥t♦ ❞❡ ♠♦❞♦ q✉❡ A′ ← φB(A)✳ ❆ ♣❛rt✐r

❞❡ ❡♥tã♦✱ ❞♦✐s ♣♦♥t♦s ✈✐③✐♥❤♦s (a1, a2) ∈ A✱ ✐st♦ é✱ ♣❛r❡s ❞❡ ♣♦♥t♦s ♣❛r❛ ♦s q✉❛✐s ❡①✐st❡ ✉♠ ♣♦♥t♦

b ∈ B t❛❧ q✉❡ a1 = a2 + b✱ sã♦ ❝♦♥s✐❞❡r❛❞♦s ❞❡ ✉♠❛ ♠❡s♠❛ ❝♦♠♣♦♥❡♥t❡ ❝♦♥❡①❛✳ ❯♠ ♣r♦❝❡❞✐♠❡♥t♦

❞❡ ❞✐❧❛t❛çõ❡s ❝♦♥s❡❝✉t✐✈❛s ❛♥❡①❛ ✐t❡r❛t✐✈❛♠❡♥t❡ ♣♦♥t♦s ✈✐③✐♥❤♦s ❛ ✉♠❛ ♠❡s♠❛ ❝♦♠♣♦♥❡♥t❡ ✉s❛♥❞♦

♦ ♦♣❡r❛❞♦r ❞❡ ❞✐❧❛t❛çã♦✱ ♦ q✉❛❧ é ❞❡s❝r✐t♦ ❡♥tr❡ ❛s ▲✐♥❤❛s ✹ ❡ ✼ ❞♦ ❆❧❣♦r✐t♠♦ ✸✳✶✾✳ ❆♦ ✜♥❛❧✱ ♦

❛❧❣♦r✐t♠♦ t♦♠❛ ❛ ♣r✐♠❡✐r❛ ❝♦♠♣♦♥❡♥t❡ ❝♦♥❡①❛ ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛ à ❡sq✉❡r❞❛✱ ❡ ❡①tr❛✐ s❡✉s ♣♦♥t♦s

❡①tr❡♠♦s ❛ ✜♠ ❞❡ s❡r ✉s❛❞❛ ♣❡❧♦ ❆❧❣✳ ✸✳✶✽✳

❆❧❣♦r✐t♠♦ ✸✳✶✾ X ← ajuste_trapezoidal✭distrsuper✮

⊲ ▼♦♥t❛ ❝♦♥❥✉♥t♦ A

✶ A←
⋃

(f1,f2)←argmax{distrsuper}
〈f1, f2〉

⊲ ❘❡❛❧✐③❛ ✜❧tr❛❣❡♠ ♠♦r❢♦❧ó❣✐❝❛

✷ B ← {〈−1,−1〉, 〈−1, 0〉, 〈−1, 1〉, 〈0,−1〉, 〈0, 0〉, 〈0, 1〉, 〈1,−1〉, 〈1, 0〉, 〈1, 1〉}

✸ A← φB(A)

⊲ ❊♥❝♦♥tr❛ ❛ ♣r✐♠❡✐r❛ ❝♦♠♣♦♥❡♥t❡ ❝♦♥❡①❛ ♣♦r ❛❣❧✉t✐♥❛çã♦

✹ C ← {p ∈ A | p s❡❥❛ ✉♠ ♣♦♥t♦ q✉❡ ♣❡rt❡♥ç❛ à ♣r✐♠❡✐r❛ ❝♦♠♣♦♥❡♥t❡}

✺ ✇❤✐❧❡ ∃p ∈ C ∧ ∃b ∈ B t❛❧ q✉❡ p+ b ∈ A

✻ C ← δB(C) ∩A

✼ ❡♥❞ ✇❤✐❧❡

⊲ ❉❡✜♥❡ ❞✐♠❡♥sõ❡s ❞♦ tr❛♣é③✐♦ ❡♥✈♦❧✈❡♥t❡

✽ (esq, dir)← ❡①tr❡♠♦s❴❧❛t❡r❛✐s(C)

✾ (X(min), X(max))← (esq, dir)

✶✵ r❡t✉r♥(X)

❆ ❢✉♥çã♦ extremos_laterais ❞❛ ▲✐♥❤❛ ✽ ❡st✐♠❛ ♦s ❡①tr❡♠♦s ❞✐r❡✐t♦ ❡ ❡sq✉❡r❞♦ ❞❛ ❝♦♠✲

♣♦♥❡♥t❡ ❝♦♥❡①❛ ❛ ♣❛rt✐r ❞❛s q✉❛✐s sã♦ ❞❡✜♥✐❞❛s ❛s ❞✐♠❡♥sõ❡s ❞❡ X✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ▲✐♥❤❛ ✹✱

é ♥❡❝❡ssár✐♦ ✐♥❞✐❝❛r ✉♠ ♣♦♥t♦ q✉❡ ♣❡rt❡♥ç❛ à ❡str✉t✉r❛ ❢♦♥ét✐❝❛ ♠❛✐s à ❡sq✉❡r❞❛✳ ❯♠❛ ❢♦r♠❛ ❞❡

❡s❝♦❧❤❡r t❛❧ ♣♦♥t♦ é s❡❧❡❝✐♦♥❛r ♦ ♣♦♥t♦ ♠❛✐s ♣ró①✐♠♦ ❞♦ ❝❡♥tr♦ ❞♦ ♠❛♣❛ ❢♦r♠â♥t✐❝♦ ❣❡r❛❧ ❞❡♥tr♦

❞♦ ❝♦♥❥✉♥t♦ A✱ ♦✉ s❡❥❛✱ x ∈ A t❛❧ q✉❡ |x − 〈500, 1000〉| s❡❥❛ ♠í♥✐♠♦✱ ❡ q✉❡ t❡♥❤❛ ♣❡❧♦ ♠❡♥♦s ✉♠

✈✐③✐♥❤♦ ❞❡✜♥✐❞♦ ❡♠ A ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❡❧❡♠❡♥t♦ ❡str✉t✉r❛♥t❡ B✳ ❈♦♠♦ ❛ ✜❧tr❛❣❡♠ ❞❡ ❢❡❝❤❛♠❡♥t♦

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

❞❛ ❝❧✉st❡r✐③❛çã♦✱ ✉♠ ♣❛ss♦ ♦♣❝✐♦♥❛❧ ✈❡r✐✜❝❛ ❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❝♦♥❡①❛✱ ❛ ✜♠ ❞❡ ✈❡r✐✜❝❛r

s❡ ♦ ❝♦♥❥✉♥t♦ é ✉♠ ❝❛♥❞✐❞❛t♦ ♣r♦✈á✈❡❧ ❛ s❡r ♦ tr❛♣é③✐♦ ❡♥✈♦❧✈❡♥t❡ ❞❛s ✈♦❣❛✐s ♥♦ ♠❛♣❛ ❢♦♥ét✐❝♦

❛rt✐✜❝✐❛❧✱ ♦✉ s❡❥❛✱ X(max) > 500 ♠❡❧s✱ ♣♦r ❡①❡♠♣❧♦✳ ❈♦♠♦ ♦s ❝♦r♣♦r❛ ✉s❛❞♦s ♥♦ tr❛❜❛❧❤♦ sã♦

❜❡♠ ❝♦♥tr♦❧❛❞♦s✱ t❛❧ ♣❛ss♦ ❞❡ ✈❡r✐✜❝❛çã♦ é ❞❡s❝♦♥s✐❞❡r❛❞♦✳ ❋✐♥❛❧♠❡♥t❡✱ r❡❞❡✜♥✐❞❛s ❛s ❞✐♠❡♥sõ❡s

❞♦ tr❛♣é③✐♦ ❢♦♥ét✐❝♦✱ ♦ ❆❧❣✳ ✸✳✶✽ r❡❝❛❧❝✉❧❛ ♦ ♠❛♣❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❢♦r♠â♥t✐❝❛✱ ❛ ✜♠ ❞❡ r❡❧❛❝✐♦♥❛r

❝❛❞❛ ♣♦♥t♦ ❛ ✉♠❛ ❈❋❆✳ ❈♦♠♦ ❝❛❞❛ ❝♦♥❥✉♥t♦ k✲✈❡r♦ssí♠❡❧ é ❛ss♦❝✐❛❞♦ ❛ ✉♠ ú♥✐❝♦ ♣♦♥t♦ ❞✐s❝r❡t♦

(f1, f2) ♥♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ✜♥❛❧✱ ♦ ❛❣r✉♣❛♠❡♥t♦ ❞❡ t♦❞♦s ♦s ❡❧❡♠❡♥t♦s ♣❡rt✐♥❡♥t❡s ❛ ❡st❡s ❝♦♥❥✉♥t♦s

k✲✈❡r♦ssí♠❡✐s ❛ss♦❝✐❛❞♦s ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧✳

❉❛❞❛s t♦❞❛s ❡ss❛s ❝♦♥s✐❞❡r❛çõ❡s✱ ♦ ❆❧❣♦r✐t♠♦ ✸✳✷✵ t♦♠❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❛❣r✉♣❛♠❡♥t♦s k✲

✈❡r♦ssí♠❡✐s C̃ ❡ ♦s ✈❡t♦r❡s q✉❛♥t✐③❛❞♦s Ψ ❞❡✈♦❧✈✐❞♦s ♣❡❧♦ ▼ó❞✉❧♦ ❞❡ P❛r❛♠❡tr✐③❛çã♦ ✭❙❡çã♦ ✸✳✸✮ ❡

❞❡✈♦❧✈❡ ♦ ♠❛♣❛ ❛❝úst✐❝♦ C ❜✐❞✐♠❡♥s✐♦♥❛❧✱ q✉❡ ❝♦♥té♠ ♦s ❝❛♠♣♦s ❵I✬ ❡ ❵P ✬ ❝♦rr❡s♣♦♥❞❡♥❞♦ r❡s♣❡❝✲

t✐✈❛♠❡♥t❡ ❛♦s í♥❞✐❝❡s ❞♦s ❡❧❡♠❡♥t♦s ✭s❡❣♠❡♥t♦s✮ ❝♦♥t✐❞♦s ❡♠ ❝❛❞❛ ❝❧❛ss❡ ❡ à ❝❛r❞✐♥❛❧✐❞❛❞❡ ❞❡ ❝❛❞❛

✉♠ ❞❡st❡s ❝♦♥❥✉♥t♦s✳
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❆❧❣♦r✐t♠♦ ✸✳✷✵ (C,G) ← mapa_fonético✭C̃,Ψ✮

⊲ ▼♦♥t❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ❡ ♠❛♣❛ ❢♦r♠â♥t✐❝♦ ❞❡ ❝❛❞❛ ❝❧❛ss❡ I

✶ ❢♦r❡❛❝❤ I ∈ C̃

✷ VI ← E
{
⋃

∀k∈I{Ψ
k
A}
}

✸ distrI ← ❞✐str✐❜✉✐çã♦❴❢♦r♠â♥t✐❝❛(VI)

✹ ❡♥❞ ❢♦r❡❛❝❤

⊲ ●✉❛r❞❛ ❞✐s❝r✐♠✐♥❛♥t❡s ❧✐♥❡❛r❡s ❛ s❡r❡♠ ✉s❛❞♦s ♣♦st❡r✐♦r♠❡♥t❡ ♥❛ ❝♦♥✈❡rsã♦

✺ G.discr.µ← E{distr}

✻ G.discr.σ ← st❞{distr}

⊲ ■♥✐❝✐❛❧✐③❛ ❛tr✐❜✉t♦s ❞❡ ❝❛❞❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧

✼ C(1 :Mf1, 1 :Mf2).{I, P,mu, Sigma} ← {∅, 0, ∅, ∅}

✽ ❢♦r❡❛❝❤ I ∈ C̃

⊲ ◆♦r♠❛❧✐③❛ ♠❛♣❛ ❢♦r♠â♥t✐❝♦

✾ distrnormI ← ♠❡❛♥5×5
(

G.discr.µ ·G.discr.σ · (distrI −G.discr.µ)
3
)

⊲ ❈❧❛ss✐✜❝❛çã♦ ❢♦♥ét✐❝❛

✶✵ (f1, f2)← argmax{distrnormI }

⊲ ❆t✉❛❧✐③❛ ♦s ❛tr✐❜✉t♦s ❞❡ í♥❞✐❝❡ ❡ ❝❛r❞✐♥❛❧✐❞❛❞❡ ❞❡ ❝❛❞❛ ❝❧❛ss❡

✶✶ C(f1, f2).I ← C(f1, f2).I ∪ I

✶✷ C(f1, f2).P ← C(f1, f2).P + 1

✶✸ ❡♥❞ ❢♦r❡❛❝❤

✶✹ r❡t✉r♥(C,G)

❊st❡ ❛❧❣♦r✐t♠♦ t♦♠❛ ♦s ♠❛♣❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❢♦r♠â♥t✐❝❛ ❞❡ ❝❛❞❛ ✈❡t♦r ❞❡ ❛♠♣❧✐t✉❞❡s ♠é❞✐❛

❡♥tr❛ ❛s ▲✐♥❤❛s ✶ ❡ ✹✱ ❡ ❛tr✐❜✉✐ ♦ ♠❛♣❛ ♠é❞✐♦ ❡ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❞❡ss❡ ❝♦♥❥✉♥t♦ ❞❡ ♠❛♣❛s à

❡str✉t✉r❛ ❣❧♦❜❛❧ G ✭▲✐♥❤❛s ✹ ❡ ✺✮✳ ❆ ♣❛rt✐r ❞❛ ▲✐♥❤❛ ✼ ♦ ❛❧❣♦r✐t♠♦ ♠♦♥t❛ ❛ ❡str✉t✉r❛ q✉❡ ❝♦♥té♠

❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ❞♦ r❡s♣❡❝t✐✈♦ ❢❛❧❛♥t❡✱ ✉s❛♥❞♦ ✉♠ ♠ó❞✉❧♦ ❞❡ s❡❧❡çã♦ ♣♦r ♠á①✐♠♦

❧♦❝❛❧ s♦❜r❡ ♦ ♠❛♣❛ ❞❡ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✐③❛❞♦ ✭▲✐♥❤❛ ✾✮✳ ❈♦♥❢♦r♠❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦✱ ♦ ♠❛♣❛

♥♦r♠❛❧✐③❛❞♦ ♣♦♥❞❡r❛ ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ q✉❡ ❡stã♦ ❛❝✐♠❛ ❞❛ ♠é❞✐❛ ♣❡❧❛ s✐❣♥✐✜❝â♥❝✐❛

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

❞❡s✈✐♦✳ ❆♦ ✜♥❛❧✱ ✉♠ ✜❧tr♦ ❞❡ ♠é❞✐❛ ❛ss♦❝✐❛❞♦ ❛ ✉♠❛ ❥❛♥❡❧❛ q✉❛❞r❛❞❛ 5× 5 é ✉s❛❞♦ ♣❛r❛ s✉❛✈✐③❛r ♦

♠❛♣❛ ♥♦r♠❛❧✐③❛❞♦✱ ❞♦ q✉❛❧ é ❡①tr❛í❞♦ ♦ í♥❞✐❝❡ ❞❡ ♠á①✐♠♦ ❣❧♦❜❛❧ ✭▲✐♥❤❛ ✶✶✮✳ ❆ ♣❛rt✐r ❞❡ ❝❛❞❛ ♣♦♥t♦

❞♦ ♠❛♣❛✱ q✉❡ r❡♣r❡s❡♥t❛ ✉♠❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧✱ ♦ ❛❧❣♦r✐t♠♦ ♦❜té♠ ❛s ♠é❞✐❛s ❡ ❛s ♠❛tr✐③❡s

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

❞❡ tr❛♥s❢♦r♠❛çã♦ ✭✈❡r ❆❧❣♦r✐t♠♦ ✸✳✷✶✮✳

❖s ❞✐s❝r✐♠✐♥❛♥t❡s ❧✐♥❡❛r❡s ❞❡ ❞✐str✐❜✉✐çã♦ ❢♦r♠â♥t✐❝❛G.discr.µ ❡G.discr.σ s❡r✈❡♠ ❝♦♠♦ ❧✐♠✐❛r❡s

♣❛r❛ ♣♦st❡r✐♦r ❞❡✜♥✐çã♦ ❞❡ ❝❤❛✈❡s ❞❡ s❡❧❡çã♦ ❞❡ ✉♠❛ ❝❧❛ss❡✱ ❝♦♥❢♦r♠❡ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✸✳✻✳

❆ r❡♣r❡s❡♥t❛çã♦ ❞❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ♣❡❧❛ ❡str✉t✉r❛ t♦♣♦❧ó❣✐❝❛ ❛♣r❡s❡♥t❛❞❛ ✭♦ ♠❛♣❛

❢♦♥ét✐❝♦✮ s❡ ❢❛③ ❛♣r♦♣r✐❛❞❛ ❡♠ ♦✉tr♦s t✐♣♦s ❞❡ t❛r❡❢❛s ❞❡ ❛♥á❧✐s❡ ❡ ♠❛♥✐♣✉❧❛çã♦ ❞❡ ❝♦♥t❡ú❞♦ ❢♦♥ét✐❝♦✱

t❛✐s ❝♦♠♦ sí♥t❡s❡ ❝♦♥❝❛t❡♥❛t✐✈❛ ♦✉ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❢♦♥ét✐❝♦✳

▼♦❞❡❧❛❣❡♠ ❞♦s P❛râ♠❡tr♦s ▲♦❝❛✐s

❆ ♠♦❞❡❧❛❣❡♠ ❡♠ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ❡①✐❣❡ q✉❡ ✉♠ ❝♦♥❥✉♥t♦ r❛③♦❛✈❡❧♠❡♥t❡ ❣r❛♥❞❡ s❡❥❛

✉t✐❧✐③❛❞♦ ♣❛r❛ ♣♦✈♦❛r t♦❞♦ ♦ ♠❛♣❛ ❢♦r♠â♥t✐❝♦✳ ◆♦ ❡♥t❛♥t♦✱ ♦ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s✱
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❛❧é♠ ❞❡ ❡①✐❣✐r ✉♠ ✈❛st♦ ❡s♣❛ç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ❝♦♠♣r♦♠❡t❡ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❝♦♠✲

♣✉t❛❝✐♦♥❛❧✳

❖❜❥❡t✐✈❛♥❞♦ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❡✜❝✐❡♥t❡✱ ♦ s✐st❡♠❛ ❛r♠❛③❡♥❛ ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❞♦s ❞❛❞♦s

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

♠♦❞❡❧❛ ❡st❛t✐st✐❝❛♠❡♥t❡ ❝❛❞❛ ❈❋❆ t♦♠❛ ♦ ❛❣r✉♣❛♠❡♥t♦ ❞❡ ❝♦♥❥✉♥t♦s k✲✈❡r♦ssí♠❡✐s q✉❡ ❝♦♠♣õ❡♠

✉♠❛ ♣❛rt✐❝✉❧❛r ❈❋❆✱ ❡ ❡♠ s❡❣✉✐❞❛ ❡st✐♠❛ ♦s ✈❡t♦r❡s ♠é❞✐♦s✱ ❜❡♠ ❝♦♠♦ ❛s ♠❛tr✐③❡s ❞❡ ❝♦✈❛r✐â♥❝✐❛✳

❙❡❣✉❡ ❛ ❢✉♥çã♦ momentos_estatísticos_locais ✐♠♣❧❡♠❡♥t❛❞❛ ♣❡❧♦ ❆❧❣♦r✐t♠♦ ✸✳✷✶✱ ♦♥❞❡

t♦❞❛s ❛s ♠é❞✐❛s ❡ ❞❡s✈✐♦s ❧❛t❡r❛✐s sã♦ ❝❛❧❝✉❧❛❞❛s ♣❛r❛ ❝❛❞❛ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ❞❡ tr❡✐♥❛♠❡♥t♦ q✉❡

❝♦♠♣õ❡♠ ❝❛❞❛ ❝❧❛ss❡✳

❆❧❣♦r✐t♠♦ ✸✳✷✶ C ← momentos_estatísticos_locais✭C,Ψ✮
✶ ❢♦r❡❛❝❤ (f1, f2) ∈ argC

⊲ ❖❜té♠ ♠é❞✐❛s µ ❡ ♠❛tr✐③❡s ❞❡ ❝♦✈❛r✐â♥❝✐❛ Σ ❞❡ ❝❛❞❛ ❝❧❛ss❡

✷ AI ←
⋃

[∀k∈C(f1,f2).I]
{ΨkA}

⊲ ❚♦♠❛ ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❞❡ ❝❛❞❛ v ∈ AI

✸ C(f1, f2).µ← E{AI}

✹ C(f1, f2).Σ← ❝♦✈{AI}

✺ ❡♥❞ ❢♦r❡❛❝❤

✻ r❡t✉r♥(C,G)

❆ ❣r❛♥❞❡ ✈❛♥t❛❣❡♠ ❡♠ s❡ ✉t✐❧✐③❛r t❛✐s ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s é ❛ ✢❡①✐❜✐❧✐❞❛❞❡ ♥❛ ❝❛r❛❝t❡r✐③❛çã♦

❞❡ ❝❛❞❛ ❈❋❆✱ ❜❡♠ ❝♦♠♦ ♦ ❢❛t♦ ❞❡ ♣♦ss✐❜✐❧✐t❛r q✉❡ ❞✐✈❡rs♦s ♠ét♦❞♦s✱ ❝♦♠♦ ❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r✱

♣♦ss❛♠ r❡❛❧✐③❛r ❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ r❡❝♦rr❡r à ❜❛s❡ ❞❡ ❞❛❞♦s ✐♥t❡✐r❛✳ ◆✉♠ â♠✲

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

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

❢♦r♠❡ s❡❣✉❡✳

▼♦❞❡❧❛❣❡♠ ❞♦s P❛râ♠❡tr♦s ●❧♦❜❛✐s

❆ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❞❡s❡♥✈♦❧✈✐❞❛ ♥❡st❡ tr❛❜❛❧❤♦ r❡q✉❡r q✉❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s

t❛♠❜é♠ s❡❥❛ ♠♦❞❡❧❛❞♦ ❡st❛t✐st✐❝❛♠❡♥t❡ ❛ ♥í✈❡❧ ❣❧♦❜❛❧✱ ✐st♦ é✱ ✉s❛♥❞♦ t♦❞♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s

Ψ✳ ❖s ❝♦♥tr♦❧❡s ❣❧♦❜❛✐s sã♦ ❝❛t❡❣♦r✐③❛❞♦s ❡♠ ❞✉❛s ❝❧❛ss❡s ❞✐st✐♥t❛s✿ ❝♦♥tr♦❧❡s ♣r♦só❞✐❝♦s✱ ✐st♦ é✱

❛s ❢r❡q✉ê♥❝✐❛s ❢✉♥❞❛♠❡♥t❛✐s ❡ ❡♥❡r❣✐❛s ❞❡ ❝❛❞❛ s❡❣♠❡♥t♦ ❤❛r♠ô♥✐❝♦ ❞❡ ✈♦③✱ ✉♠❛ ✈❡③ q✉❡ ❛s ❛♠♣❧✐✲

t✉❞❡s ❤❛r♠ô♥✐❝❛s r❡s♣❡❝t✐✈❛s s❡ ❡♥❝♦♥tr❛♠ ♥♦r♠❛❧✐③❛❞❛s ❞❡ ♠♦❞♦ q✉❡ ❛ s♦♠❛ s❡❥❛ ✐❣✉❛❧ ❛ ✶✱ ❡ ♦s

❝♦♥tr♦❧❡s ❡s♣❡❝tr❛✐s✱ r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛s ♠é❞✐❛s ❡ ♠❛tr✐③❡s ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❞❡ t♦❞♦s ❛s ❛♠♣❧✐t✉❞❡s

❤❛r♠ô♥✐❝❛s ❡ ❡st♦❝ást✐❝❛s ❞❡ ❝❛❞❛ ❝♦r♣✉s✳ ❖ ♠♦t✐✈♦ ♣❡❧♦ q✉❛❧ ❛s ❢❛s❡s ♥ã♦ ❢♦r❛♠ ♠♦❞❡❧❛❞❛s ♥♦s

❝♦♥tr♦❧❡s ❡s♣❡❝tr❛✐s s❡ ❥✉st✐✜❝❛ ♣❡❧❛ ❢♦rt❡ ❝♦rr❡❧❛çã♦ ❡♥tr❡ s❡❣♠❡♥t♦s ❞❡ ✈♦③ ❝♦♥s❡❝✉t✐✈♦s✱ ❞❡ ♠♦❞♦

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

❊♠❜♦r❛ ♦ s✐st❡♠❛ ❝♦♥✈❡rt❛ ❧♦❝❛❧♠❡♥t❡ ♦ ❝♦♥t❡ú❞♦ ❡s♣❡❝tr❛❧ ❞♦ s✐♥❛❧✱ ✉♠❛ ❝♦♥✈❡rsã♦ ❡s♣❡❝tr❛❧

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

s❛❧✐❡♥t❛r q✉❡ ❛s ❛♠♣❧✐t✉❞❡s ❡stã♦ ❞❡✈✐❞❛♠❡♥t❡ q✉❛♥t✐③❛❞❛s ♥❛ ❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛ ❡ ❛♠♦str❛❞❛ ♥❛

❡s❝❛❧❛ ▼❊▲ ❝♦♠ 48 ❝♦❡✜❝✐❡♥t❡s✳ ❙❡♥❞♦ ❛ss✐♠✱ ♥❡♥❤✉♠❛ ❝♦♥✈❡rsã♦ ❞❡ ❡s❝❛❧❛ ❞❡✈❡ s❡r ❛♣❧✐❝❛❞❛ ♥❛

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

◆♦t❡ q✉❡ ♣❡❧♦ ❢❛t♦ ❞❡ ♦s ❝♦♥t♦r♥♦s ❞❡ ♣✐t❝❤ ❡ ❡♥❡r❣✐❛ s❡r❡♠ s❡q✉ê♥❝✐❛s ❞❡ ✈❛❧♦r❡s ❛tô♠✐❝♦s ✭✉♥✐✲

❞✐♠❡♥s✐♦♥❛✐s✮✱ ❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❞♦s ♠❡s♠♦s ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ✈❛r✐á✈❡❧ ❛tô♠✐❝❛✱ ❛ ✈❛r✐â♥❝✐❛



✸✳✹ ❊❙❚➪●■❖ ■■■✿ ❈▲❯❙❚❊❘■❩❆➬➹❖ ❉❖❙ ❉❆❉❖❙ ✶✶✼

❡st❛tíst✐❝❛✳ ◆❡st❡s ❝❛s♦s ♣❛rt✐❝✉❧❛r❡s✱ ✉♠❛ ♣r♦♣♦st❛ ❞❡ ❡st✐♠❛t✐✈❛ ❞♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❛ss✐♠étr✐❝♦ é

❛♣r❡s❡♥t❛❞❛ ✈✐s❛♥❞♦ ❞❛r ♠❛✐♦r ♣r❡❝✐sã♦ à ♠♦❞❡❧❛❣❡♠ ❡st❛tíst✐❝❛✳ ❖ ❞❡s✈✐♦ ♣❛❞rã♦ ❛ss✐♠étr✐❝♦ ❞❡ ✉♠

❝♦♥❥✉♥t♦ X = {x1, x2, . . . , xn} é ❝♦♠♣♦st♦ ♣♦r ❞✉❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❞❡s✈✐♦ ♣❛❞rã♦✱ ✉♠❛ ❛ss♦❝✐❛❞❛

❛♦s ✈❛❧♦r❡s s✉♣❡r✐♦r❡s à ♠❡❞✐❛ ❡ ♦✉tr❛ ❛♦s ✈❛❧♦r❡s ✐♥❢❡r✐♦r❡s✱ ❡ sã♦ ❞❡✜♥✐❞❛s ❝♦♠♦

σ✉(X) =
√

1
n−1

∑n
i=1mask✉(xi, x̄) · (xi − x̄)

2,

σ❞(X) =
√

1
n−1

∑n
i=1mask❞(xi, x̄) · (xi − x̄)

2,
✭✸✳✶✾✮

♦♥❞❡ x̄ é ❛ ♠é❞✐❛ ❛♠♦str❛❧ ❞❡X ❞❡ ♠♦❞♦ q✉❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡mask[d]✉ (xi, x̄) ❞❛ ♠ás❝❛r❛mask✉(xi, x̄)

é ❞❡✜♥✐❞❛ ❝♦♠♦

mask
[d]
✉ (xi, x̄) =

{

1, s❡ xi ≥ x̄

0, ❝❛s♦ ❝♦♥trár✐♦
.

❆♥❛❧♦❣❛♠❡♥t❡✱ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ mask[d]❞ (xi, x̄) ❞❛ ♠ás❝❛r❛ mask❞(xi, x̄) é ❞❡✜♥✐❞❛ ❝♦♠♦

mask
[d]

❞ (xi, x̄) =

{

1, s❡ xi < x̄

0, ❝❛s♦ ❝♦♥trár✐♦
.

❯♠❛ ✈❡③ q✉❡ ❛ s♦♠❛ ❞❡mask[d]✉ (xi, x̄) ❡mask
[d]

❞ (xi, x̄) é ✉♠ ✈❡t♦r ✉♥✐tár✐♦✱ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ s✐♠étr✐❝♦

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

❛♠❜❛s ❛s ♠ás❝❛r❛s✱ ❝♦♥❢♦r♠❡ s❡rá ❡①✐❜✐❞♦ ♥❛s s❡çõ❡s s✉❜s❡q✉❡♥t❡s✳

❆❧❣♦r✐t♠♦ ✸✳✷✷ G ← momentos_estatísticos_globais✭Ψ, G✮

⊲ ❖r❣❛♥✐③❛ ✈❡t♦r❡s ❞❡ ♣❛râ♠❡tr♦s ❣❧♦❜❛✐s

✶ Ns ← ❞✐♠❡♥sã♦(Ψ)

✷ (F0, E0, A, S)← (∅, ∅, ∅, ∅)

✸ ❢♦r k = 1 : Ns

✹ S ← S ∪ ΨkS
✺ ✐❢ ΨkF0

> 0 t❤❡♥

⊲ ●❡r❛ ✈❡t♦r❡s ❝♦♥tí♥✉♦s ♣❛r❛ ❢á❝✐❧ ♠♦❞❡❧❛❣❡♠

✻ F0 ← F0 ∪ ΨkF0

✼ E0 ← E0 ∪ ΨkE0

✽ A← A ∪ ΨkA
✾ ❡♥❞ ✐❢

✶✵ ❡♥❞ ❢♦r

⊲ ❊st✐♠❛ ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❞❛ ♣r♦só❞✐❛

✶✶ (G.F0.σ✉, G.F0.σ❞) ← ❞❡s✈✐♦s❴❧❛t❡r❛✐s(F0)

✶✷ G.F0.µ← E{F0}+
G.F0.σ✉−G.F0.σ❞

2

✶✸ (G.E0.σ✉, G.E0.σ❞) ← ❞❡s✈✐♦s❴❧❛t❡r❛✐s(E0)

✶✹ G.E0.µ← E{E0}+
G.E0.σ✉−G.E0.σ❞

2

⊲ ❊st✐♠❛ ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❞❛s ❝♦♠♣♦♥❡♥t❡s ❡s♣❡❝tr❛✐s

✶✺ G.A.µ← E{A}

✶✻ G.A.Σ← ❝♦✈{A}

✶✼ G.S.µ← E{S}

✶✽ G.S.Σ← ❝♦✈{S}

✶✾ r❡t✉r♥✭G✮
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➱ ❝♦♠✉♠✱ ❛♦ ✜♥❛❧ ❞❛ ❡st✐♠❛t✐✈❛ ❞♦s ❞❡s✈✐♦s ❧❛t❡r❛✐s✱ ❞❡s❧♦❝❛r ❛ ♠é❞✐❛ ❡st✐♠❛❞❛ ♥❛ ❞✐r❡çã♦ ❞♦

♠❛✐♦r ❞❡s✈✐♦ ❧❛t❡r❛❧ ❡♥❝♦♥tr❛❞♦✱ σ✉ ♦✉ σ❞✱ ❛ ✜♠ ❞❡ ♠❡❧❤♦r r❡♣r❡s❡♥t❛r ♦ ❝♦♥❥✉♥t♦ ♠♦❞❡❧❛❞♦✳

❉❡st❛ ♠❛♥❡✐r❛✱ ❛ ❢✉♥çã♦ momentos_estatísticos_globais s❡❣✉❡ ✐♠♣❧❡♠❡♥t❛❞❛ ♣❡❧♦ ❆❧✲

❣♦r✐t♠♦ ✸✳✷✷✱ ♦♥❞❡ t♦❞❛s ❛s ♠é❞✐❛s ❡ ❞❡s✈✐♦s ❧❛t❡r❛✐s sã♦ ❡①tr❛í❞❛s ❞♦s ✈❡t♦r❡s ❞❡ tr❡✐♥❛♠❡♥t♦

❛r♠❛③❡♥❛❞♦s ♥❛ ❡str✉t✉r❛ Ψ✳ ❊♥tr❡ ❛s ▲✐♥❤❛s ✶ ❡ ✶✵ ❞❡st❡ ❛❧❣♦r✐t♠♦ é r❡❛❧✐③❛❞❛ ❛ ♠♦♥t❛❣❡♠ ❞♦s

❝♦♥❥✉♥t♦s ❞❡ ❢r❡q✉ê♥❝✐❛s ❢✉♥❞❛♠❡♥t❛✐s F0 ❡ ❡♥❡r❣✐❛s ❞♦s s❡❣♠❡♥t♦s ❞❡ ✈♦③ E0✱ ♣❛r❛ ❝❛❞❛ ✈❡t♦r

❛✈❛❧✐❛❞♦ ❝♦♠♦ ❤❛r♠ô♥✐❝♦ ♣❡❧❛ ▲✐♥❤❛ ✹✳ ◆♦ ❝❛s♦ ❞❛s ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s A ❡ ❡st♦❝ást✐❝❛s S✱ ❛

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

♠✉❧t✐❞✐♠❡♥s✐♦♥❛✐s✳ ❈♦♠♦ s❡ ♣♦❞❡ ♦❜s❡r✈❛r✱ ♦ ❛❧❣♦r✐t♠♦ ✉t✐❧✐③❛ ❛ ❢✉♥çã♦ desvios_laterais ♣❛r❛

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

❆❧❣♦r✐t♠♦ ✸✳✷✸ (σ✉, σ❞) ← desvios_laterais✭X✮
✶ ❈❛❧❝✉❧❛ σ✉(X) ❡ σ❞(X) ♣❡❧❛ ❊q✳ ✸✳✶✾

✷ σ✉ ← σ✉(X)

✸ σ❞ ← σ❞(X)

✹ r❡t✉r♥(σ✉, σ❞)

❆ ❋✐❣✉r❛ ✸✳✶✾ ❡①✐❜❡ ✉♠ ♣❛r ❞❡ ❡①❡♠♣❧♦s ♥♦s q✉❛✐s s❡ ❛❥✉st♦✉ ♦s ❞❡s✈✐♦s ♣❛❞rõ❡s ❧❛t❡r❛✐s ❛

✉♠ ❝♦♥❥✉♥t♦ ❝♦♠♣♦st♦ ♣♦r ✉♠❛ sér✐❡ ❞❡ ❢r❡q✉ê♥❝✐❛s ❢✉♥❞❛♠❡♥t❛✐s ❛♠♦str❛❞❛s ♥❛ ❡s❝❛❧❛ ❧✐♥❡❛r

❞❡ ❢r❡q✉ê♥❝✐❛s ❍❡rt③ ✭❣rá✜❝♦ s✉♣❡r✐♦r✮✱ ❛♠♦str❛❞❛s ♥❛ ❡s❝❛❧❛ ▼❊▲ ✭❣rá✜❝♦ ❝❡♥tr❛❧✮✱ ❡ ♥❛ ❡s❝❛❧❛

❧♦❣❛rít♠✐❝❛ ✷✵log10 ✭❣rá✜❝♦ ✐♥❢❡r✐♦r✮✳ ❊♠ t♦❞♦s ♦s ❝❛s♦s✱ ✉♠ ♠❡❧❤♦r ❛❥✉st❡ é ♦❜s❡r✈❛❞♦ ✉t✐❧✐③❛♥❞♦

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

♦✉ s❡❥❛✱ ❡q✉✐✈❛❧❡♠ ❛♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❝❧áss✐❝♦✳ ❊♠❜♦r❛ ♦ ✈❛❧♦r ♠é❞✐♦ ❞❡s❧♦❝❛❞♦ ♥ã♦ ❝♦rr❡s♣♦♥❞❛ à

♠é❞✐❛ ❛♠♦str❛❧ r❡❛❧ ❞♦ ❝♦♥❥✉♥t♦✱ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛ ❛ ▲✐♥❤❛ ✶✷ ❡ ✶✸ ❞♦ ❆❧❣✳ ✸✳✷✷✱ t❛❧ ✈❛❧♦r ♣♦❞❡

s❡r ❝♦♥s✐❞❡r❛❞♦ ✉♠❛ ❡s♣é❝✐❡ ❞❡ ♠é❞✐❛ ♣♦♥❞❡r❛❞❛ q✉❡ s❡ ❛❥✉st❛ ❛♦ ❝♦♥❥✉♥t♦ ❡♠ q✉❡stã♦✳
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❋✐❣✉r❛ ✸✳✶✾✿ ❊①❡♠♣❧♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ♣♦r ❞❡s✈✐♦ ♣❛❞rã♦ ❧❛t❡r❛❧✳

❆♦ ✜♥❛❧✐③❛r ♦ ▼ó❞✉❧♦ ❞❡ ❈❧✉st❡r✐③❛çã♦✱ ♦ s✐st❡♠❛ ♣❛ss❛ ❛♦ ▼ó❞✉❧♦ ❞❡ ▼❛♣❡❛♠❡♥t♦✱ ♥♦ q✉❛❧

❛♠❜♦s ♦s ❝♦r♣♦r❛ ♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ♣❛r❛❧❡❧♦s sã♦ ❛❧✐♥❤❛❞♦s✳
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✸✳✺ ❊stá❣✐♦ ■❱✿ ❆❧✐♥❤❛♠❡♥t♦ ❞♦s ❈♦r♣♦r❛ ◆ã♦✲P❛r❛❧❡❧♦s

❖ ❡stá❣✐♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s ❞❡ ❝♦r♣♦r❛ ♥ã♦✲♣❛r❛❧❡❧♦s ❝♦♠♣r❡❡♥❞❡ ♦ ▼ó❞✉❧♦

❞❡ ▼❛♣❡❛♠❡♥t♦ ❞❡ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ ❝♦♥❢♦r♠❡ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✷✵✳

❯♠ ♣❛r ❞❡ ❝♦r♣♦r❛ é ❞✐t♦ ♣❛r❛❧❡❧♦ s❡ ♦s ❝♦♥❥✉♥t♦s ❞❡ s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s ❡♥tr❡ ❛♠❜♦s ♦s

❝♦r♣♦r❛ ❡stã♦ ❛❧✐♥❤❛❞❛s ❡♠ ♣❛r❡s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠ t❡①t♦ ❣✉✐❛✳ ❊s♣❡❝✐✜❝❛♠❡♥t❡ ♥❡st❡ tr❛❜❛❧❤♦✱

♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ❝♦r♣✉s r❡❛❧✐③❛❞♦ ♥ã♦ ♣r❡❝✐s❛ s❡r ♥❡❝❡ss❛r✐❛♠❡♥t❡ ♣❛r❛❧❡❧♦✱ ♦✉ s❡❥❛✱ ♦ ♣r♦❝❡ss♦

❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s ❞❡✈♦❧✈✐❞❛s ♣❡❧♦ ♠ó❞✉❧♦ ❛♥t❡r✐♦r ♥ã♦ ✐♠♣õ❡ ♥❡♥❤✉♠❛ r❡str✐çã♦

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

❛s s❡♥t❡♥ç❛s ❞❡ ❡♥tr❛❞❛✳ ❆ ✜♠ ❞❡ ❞❡r✐✈❛r ✉♠ ♠♦❞❡❧♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ ❛❝úst✐❝♦ ❡♥tr❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s

❛rt✐✜❝✐❛✐s ❞❡✈♦❧✈✐❞❛s ♥♦ ♠ó❞✉❧♦ ❛♥t❡r✐♦r✱ ❛❧❣✉♥s t❡♠❛s s❡rã♦ ❞✐s❝✉t✐❞♦s ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡

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

❉❛❞❛ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦s s✐♥❛✐s ❞❡ ✈♦③✱ ❛ ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛ ❞❡ ✉♠ ✐♥❞✐✈í❞✉♦ ❡stá ♠✉✐t♦ ❛tr❡❧❛❞❛

às ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ❧♦❝❛✐s ✭❢♦♥ét✐❝❛s✮ ❞❛ ❢❛❧❛✳ ❆ ❡①✐❣ê♥❝✐❛ ❞❡ s❡ ❛❧✐♥❤❛r ♦s ❝♦r♣♦r❛ ❞❡ ❞♦✐s

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

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

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

❞❡st❡s ✈❡t♦r❡s✱ ♦✉ s❡❥❛✱ s❡♠ q✉❡ ❧❡✈❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ ❝♦♥t❡①t♦✳ ◆❛ ♣rát✐❝❛✱ ✉♠ ❝♦r♣✉s ❝♦♥té♠

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

❛rt✐✜❝✐❛✐s✱ ❡ ✐♥❢♦r♠❛çõ❡s ♣r♦só❞✐❝❛s ❡ ❡s♣❡❝tr❛✐s ❣❧♦❜❛✐s✱ ❝♦♠♦ ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❞❡ ♣✐t❝❤ ❡

❡♥❡r❣✐❛✳

❋✐❣✉r❛ ✸✳✷✵✿ ❋❛s❡ ❞❡ ▼❛♣❡❛♠❡♥t♦ ❞❡ ❈❧❛ss❡s ❋♦♥ét✐❝❛s ✭▼✮

❆ ❧✐t❡r❛t✉r❛ ❛♣r❡s❡♥t❛ ✉♠❛ ✈❛r✐❡❞❛❞❡ ❞❡ ♠ét♦❞♦s ♣❛r❛ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s✱ ❡s♣❡✲

❝✐❛❧♠❡♥t❡ ❡♠ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❝♦♥✈❡♥❝✐♦♥❛❧✳ ❊①✐st❡♠ ❜❛s✐❝❛♠❡♥t❡ ❞✉❛s ❛❜♦r❞❛❣❡♥s ❝❧áss✐❝❛s ❞❡

❛❧✐♥❤❛♠❡♥t♦ ❡♠ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✿ ✭✶✮ ❛❧✐♥❤❛♠❡♥t♦ ❡♥tr❡ s❡♥t❡♥ç❛s✱ s❡❣♠❡♥t♦ à s❡❣♠❡♥t♦❀ ❡ ✭✷✮

❛❧✐♥❤❛♠❡♥t♦ ❝❧❛ss❡ ❛ ❝❧❛ss❡ ❞♦ ❡s♣❛ç♦ ❛❝úst✐❝♦ ♠♦❞❡❧❛❞♦✳

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

❛❧✐♥❤❛❞♦s ♥♦ t❡♠♣♦ ✉s❛♥❞♦ ❛❧❣♦r✐t♠♦s ❝❧áss✐❝♦s ❝♦♠♦ ♦ ❉②♥❛♠✐❝ ❚✐♠❡ ❲❛r♣✐♥❣ ❬✾✻❪✳ ❚❛❧ ❛❜♦r❞❛✲

❣❡♠✱ q✉❡ é ❞❡♣❡♥❞❡♥t❡ ❞♦ t❡①t♦ ✭t❡①t✲❞❡♣❡♥❞❡♥t ❛♣♣r♦❛❝❤✮✱ ❡stá ❢♦r❛ ❞♦ ❡s❝♦♣♦ ❞♦ tr❛❜❛❧❤♦✱ ✉♠❛

✈❡③ q✉❡ ❡①✐❣❡ ❝♦♠ q✉❡ ♦s ❝♦r♣♦r❛ s❡❥❛♠ ♣❛r❛❧❡❧♦s✳

❆❧t❡r♥❛t✐✈❛♠❡♥t❡✱ ❡①✐st❡ ✉♠ ♠ét♦❞♦ ❬✹✾❪ q✉❡ r❡❛❧✐③❛ s✉❝❡ss✐✈♦s ❛❧✐♥❤❛♠❡♥t♦s ❡♥tr❡ s❡❣♠❡♥t♦s

❞❡ ❞♦✐s ❝♦♥❥✉♥t♦s ❡①t❡♥s♦s ❞❡ s❡♥t❡♥ç❛s ❞❡ tr❡✐♥❛♠❡♥t♦✱ ❛ ✜♠ ❞❡ ♦❜t❡r ✉♠ ❛❧✐♥❤❛♠❡♥t♦ ót✐♠♦✳

❚❛✐s ❛❧✐♥❤❛♠❡♥t♦s ✉s❛♠ ❛ ♠étr✐❝❛ ❞❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ❡s♣❡❝tr❛❧✱ ❛♣❧✐❝❛❞❛ às ❞✉❛s ❞✐r❡çõ❡s ❞❡

❝♦♥✈❡rsã♦ ♦r✐❣❡♠→❞❡st✐♥♦ ❡ ✈✐❝❡✲✈❡rs❛✳ ❊♥tã♦ ♦ ♠ét♦❞♦ ❝❧✉st❡r✐③❛❞♦r ✭♦ ❛❧❣♦r✐t♠♦ ❊▼ ❬✶✺✾❪✮ ❞♦



✶✷✵ ❈❖◆❱❊❘❙❖❘ ❉❊ ❱❖❩ ■◆❚❊❘✲▲■◆●❯❮❙❚■❈❖ ✸✳✺

▼♦❞❡❧♦ ❞❡ ▼✐st✉r❛s ●❛✉ss✐❛♥❛s ✭●▼▼✮ é ✉t✐❧✐③❛❞♦ ❛ ✜♠ ❞❡ ❝❧❛ss✐✜❝❛r ❛s ❝❧❛ss❡s ❛❝úst✐❝❛s ♣❛r❡❛❞❛s✱

✐st♦ é✱ ❝♦♠ ♦ ❛❧✐♥❤❛♠❡♥t♦ ❡♥tr❡ ❛s ❝❧❛ss❡s ❥á ❞❡✜♥✐❞♦ ❛ ♣r✐♦r✐✳ ❉❛❞❛s ❛s ❝❧❛ss❡s ❝♦♥❥✉♥t❛s ✭❝♦♠♣♦st❛s

♣♦r ❝♦❡✜❝✐❡♥t❡s ♣❛r❡❛❞♦s✮✱ ♦ ♠ét♦❞♦ ✉t✐❧✐③❛ ✉♠❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❡s♣❡❝tr❛❧ ♣r♦✈❡♥✐❡♥t❡ ❞♦

❛r❝❛❜♦✉ç♦ ●▼▼✱ ❛ ✜♠ ❞❡ ❝♦♥✈❡rt❡r ♦s ✈❡t♦r❡s ❛❝úst✐❝♦s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ♣❛r❛ ♦ ❞❡st✐♥♦✳ ❖ ♣r♦❝❡ss♦

é r❡♣❡t✐❞♦ ❛té q✉❡ ♦ ❛❧✐♥❤❛♠❡♥t♦ s❡ ❡st❛❜✐❧✐③❡✳

❆ ♣❛rt✐r ❞❡st❡ ❛❧✐♥❤❛♠❡♥t♦ ❞♦s ❞❛❞♦s ♦✉tr❛s ❛❜♦r❞❛❣❡♥s✱ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❙❡çã♦ ✷✳✹✱ t❛♠❜é♠

♣♦❞❡r✐❛♠ s❡r ❛♣❧✐❝❛❞❛s ♣❛r❛ ❞❡✜♥✐r ♦ ♠❛♣❡❛♠❡♥t♦✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ♦ ✉s♦ ❞❡ ♠❛♣❛s ❞❡ ❑♦❤♦♥❡♥✱

❝❧❛ss✐✜❝❛❞♦r❡s ❇❛②❡s✐❛♥♦s ♦✉ q✉❛❧q✉❡r ♦✉tr♦ t✐♣♦ ❞❡ ❝❧✉st❡r✐③❛❞♦r✳ ◆♦ ❝❛s♦ ❞♦s ♠❛♣❛s ♥❡✉r❛✐s✱ ♦

tr❡✐♥❛♠❡♥t♦ ✉s❛ ♦s ✈❡t♦r❡s ♦r✐❣❡♠ ❝♦♠♦ ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❡ ♦s ✈❡t♦r❡s ❛❧✐♥❤❛❞♦s ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦

❝♦♠♦ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳

❈♦♠♦ ♠❛✐s ✉♠❛ ❛❧t❡r♥❛t✐✈❛✱ ♦ ❛❧✐♥❤❛♠❡♥t♦ ♣♦❞❡ s❡r ❢❡✐t♦ ❡♥tr❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❥á ♣r❡✈✐❛♠❡♥t❡

♠♦❞❡❧❛❞❛s ❞❡ ❛♠❜♦s ♦s ❝♦r♣♦r❛ ❞✐st✐♥t♦s ❬✶✼✻❪✳ ❯♠❛ ♠❛✐♦r ✢❡①✐❜✐❧✐❞❛❞❡ ❞❡st❛ ❝❧❛ss❡ ❞❡ ♠ét♦❞♦s é

❢✉♥❞❛♠❡♥t❛❞❛ ♥❛s s❡❣✉✐♥t❡s ♦❜s❡r✈❛çõ❡s✿

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

♣r❡ss✉♣♦st♦s ❞❡ ❞✐str✐❜✉✐çã♦ ❡q✉✐❧✐❜r❛❞❛ ❞❡ ❢♦♥❡♠❛s ❡♥tr❡ ❝♦r♣♦r❛ ♣❛r❛❧❡❧♦s✳

• ❖ ♣r♦❝❡ss❛♠❡♥t♦ ❝❧❛ss❡ ❛ ❝❧❛ss❡ é ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ t❡r♠♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❞♦ q✉❡ ❛ ❛❜♦r❞❛❣❡♠

s❡❣♠❡♥t♦ ❛ s❡❣♠❡♥t♦✱ ✉♠❛ ✈❡③ q✉❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❝❧❛ss❡ r❡♣r❡s❡♥t❛♥t❡ é ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡

♠❡♥♦r q✉❡ ♦ ❝♦♥❥✉♥t♦ t♦t❛❧ ❞❡ ❞❛❞♦s✳

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

❝♦♥❝❡✐t♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❞❡ ❵✉♠✲♣❛r❛✲✉♠✬ ✭♦r✐❣❡♠✲❞❡st✐♥♦✮ ♣❛r❛ ❵✉♠✲♣❛r❛✲♠✉✐t♦s✬✱ ❞❛❞❛

❛ ♥ã♦✲♦❜r✐❣❛t♦r✐❡❞❛❞❡ ❞❡ ❛❧✐♥❤❛♠❡♥t♦s ❝✉st♦s♦s ❡♥tr❡ ♣❛r❡s ❞❡ ❝♦r♣♦r❛✳

• ❖ ❛❧✐♥❤❛♠❡♥t♦ ❝❧❛ss❡ ❛ ❝❧❛ss❡ ♥♦s ♦❢❡r❡❝❡ ✉♠❛ ✐♥t❡r♣r❡t❛çã♦ ♣❡r❝❡♣t✉❛❧ ❡♠ t❡r♠♦s ❞❡ ❧✐♥❣✉❛✲

❣❡♠✱ q✉❡ ♣♦❞❡ s❡r ♣♦st❡r✐♦r♠❡♥t❡ ✉s❛❞♦ ❡♠ s✐st❡♠❛s ❞❡ sí♥t❡s❡ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡st❛tíst✐❝♦

❞❡ ❢❛❧❛✳

P♦r ❡st❡s ♠♦t✐✈♦s✱ ♦ ❛❧✐♥❤❛♠❡♥t♦ ❝❧❛ss❡ ❛ ❝❧❛ss❡ ❢♦✐ ❡s❝♦❧❤✐❞♦ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ s✐st❡♠❛

❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✳

❈♦♥s✐❞❡r❛çõ❡s ■♥✐❝✐❛✐s

❊♠ t❡r♠♦s ❣❡r❛✐s✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❡♥tr❡ ♦s ❝♦r♣♦r❛ ❞♦s ❢❛❧❛♥t❡s ♦r✐❣❡♠ ❡ ❞❡st✐♥♦

✉s❛♥❞♦ ❛ ❛❜♦r❞❛❣❡♠ ❝❧❛ss❡ ❛ ❝❧❛ss❡ ❝♦♥s✐st❡ ❡♠ ♠❛♣❡❛r ♦ ❡s♣❛ç♦ d✲❞✐♠❡♥s✐♦♥❛❧ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s

❛❝úst✐❝❛s ✭❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s✮ ❞❡ ✉♠ ❢❛❧❛♥t❡ ♣❛r❛ ♦✉tr♦✱ ❞❡ ♠♦❞♦ ❛ s❡r ❞❡❢♦r♠❛❞♦ ❡♠ ✉♠❛

❢❛s❡ ♣♦st❡r✐♦r✳ ◆❡st❡ ❝❛s♦✱ é ♥❡❝❡ssár✐♦ q✉❡ ❡①✐st❛ ✉♠❛ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❡♥tr❡ ❝❛❞❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛

❞❡ ✉♠ ❝♦r♣✉s ♣❛r❛ ♦✉tr♦ ❛♦ ♥í✈❡❧ s✉✜❝✐❡♥t❡♠❡♥t❡ ❧♦❝❛❧✱ ❞❡ ♠♦❞♦ q✉❡ ❛ tr❛♥s♣♦s✐çã♦ ❞♦s ❡s♣❛ç♦s ❞❡

❝❛r❛❝t❡ríst✐❝❛s s❡❥❛ ♣♦ssí✈❡❧✳ P❛r❛ t❛♥t♦✱ ♦ ❛❧✐♥❤❛♠❡♥t♦ ♣r❡❝✐s❛ ❝r✐❛r ♣♦♥t♦s ❞❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❡♥tr❡

❝❧❛ss❡s ❞♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s✱ ❞♦s q✉❛✐s s❡ ♣♦❞❡ ❞❡r✐✈❛r ❢✉♥çõ❡s ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞♦

s✐♥❛❧ ❞❡ ✉♠ ❢❛❧❛♥t❡ ♣❛r❛ ♦ ♦✉tr♦✳

P♦r ✉♠ ❧❛❞♦✱ ✉♠ ❛❧✐♥❤❛♠❡♥t♦ ❡♥tr❡ ♣♦✉❝❛s ❝❧❛ss❡s ❛❝úst✐❝❛s✱ ❛✐♥❞❛ q✉❡ ❞❡♥s❛s ❢♦♥❡t✐❝❛♠❡♥t❡✱

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

❛♠♦str❛s✱ ♠❛♥t❡♥❞♦ ❡♠ ❣r❛♥❞❡ ♣❛rt❡ ❛ ♥❛t✉r❛❧✐❞❛❞❡ ❞❛ ❝♦♥✈❡rsã♦✳ ▼❛s ❞❛❞❛ ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❛

r❡♣r❡s❡♥t❛çã♦ ❞❛s ❝❧❛ss❡s✱ ♦s ♣r✐♠❡✐r♦s ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ✭♦ ✈❛❧♦r ♠é❞✐♦ ❡ ❛ ❝♦✈❛r✐â♥❝✐❛ ❞❛



✸✳✺ ❊❙❚➪●■❖ ■❱✿ ❆▲■◆❍❆▼❊◆❚❖ ❉❖❙ ❈❖❘P❖❘❆ ◆➹❖✲P❆❘❆▲❊▲❖❙ ✶✷✶

❝❧❛ss❡✮ ♥ã♦ sã♦ ❝❛♣❛③❡s ❞❡ ♠♦❧❞❛r t♦❞♦s ♦s ❞❡t❛❧❤❡s ❝♦♥❥✉♥t♦✳ ◆❡st❡ ❝❛s♦✱ ❛ ❝♦♥✈❡rsã♦ ❛♣r❡s❡♥t❛

✉♠ ❜❛✐①♦ í♥❞✐❝❡ ❞❡ s✐♠✐❧❛r✐❞❛❞❡✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ♦ ✉s♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❛♠♣❧♦ ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s t❡♠ ♦ ♣♦t❡♥❝✐❛❧ ❞❡ s❡ ❛❥✉st❛r

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

❝♦♥✈❡rsã♦✳ ◆ã♦ ♦❜st❛♥t❡✱ ♦ ❛❥✉st❡ ❡①❝❡ss✐✈♦ ❛♦s ❞❛❞♦s ✭♦✈❡r✜tt✐♥❣✮ ♣♦❞❡ ♦❝❛s✐♦♥❛r ❞❡s❝♦♥t✐♥✉✐❞❛❞❡

♥❛ tr❛♥s❢♦r♠❛çã♦✱ ✉♠❛ ✈❡③ q✉❡ é ♣❡r♠✐t✐❞♦ q✉❡ ❝❧❛ss❡s ✈✐③✐♥❤❛s ♥♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛ s❡❥❛♠

❝♦♥t❛♠✐♥❛❞❛s ❝♦♠ ❛♠♦str❛s r✉✐❞♦s❛s✱ ❛❧t❡r❛♥❞♦ ❛❜r✉♣t❛♠❡♥t❡ ♦s ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❞❡ ❜❛✐①❛

♦r❞❡♠✳

❯♠❛ s♦❧✉çã♦ q✉❡ ❛♠❡♥✐③❛ ♦ ✐♠♣❛❝t♦ ❞❡st❡ ♣r♦❜❧❡♠❛ ❝♦♥s✐st❡ ❡♠ t♦♠❛r ❛ ♠é❞✐❛ ♣♦♥❞❡r❛❞❛ ❞❛s

tr❛♥s❢♦r♠❛çõ❡s r❡❛❧✐③❛❞❛s ❡♠ ❝❛❞❛ ❝❧❛ss❡ ❡ s✐♥t❡t✐③❛r ♦ s❡❣♠❡♥t♦ ♣♦♥❞❡r❛❞♦ ❛ ✜♠ ❞❡ ❝♦♠❜✐♥á✲❧♦ ❝♦♠

✉♠ s❡❣♠❡♥t♦ ❛♥t❡r✐♦r✳ ❚❛✐s tr❛♥s❢♦r♠❛çõ❡s ❧✐♥❡❛r❡s sã♦ ♣♦♥❞❡r❛❞❛s ❝♦♠ ❝✉st♦s ❞❡ ❝♦♥❝❛t❡♥❛çã♦ ❡

❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❬✹✺❀ ✹✽❀ ✷✽✷❪✳

◆♦ ❡♥t❛♥t♦✱ ♦ ♠ó❞✉❧♦ ❞❡ ❈❧✉st❡r✐③❛çã♦ ❛♣r❡s❡♥t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡ ✭❙❡çã♦ ✸✳✹✮ ♥♦s ❢♦r♥❡❝❡ ✉♠

❝♦♥❥✉♥t♦ ❡stá✈❡❧ ❡ ♥♦r♠❛❧✐③❛❞♦ ❞❡ ❛❣r✉♣❛♠❡♥t♦s ❛❝úst✐❝♦s✱ ♦s q✉❛✐s ❛t❡♥❞❡♠ ❛♦s r❡q✉✐s✐t♦s ❞❡s❡❥❛❞♦s

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

✶✳ ❖ ❝♦♥❥✉♥t♦ ♠♦❞❡❧❛❞♦ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ✈❡rsã♦ s✉❛✈✐③❛❞❛ ❞♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ t❛❧ q✉❡

✉♠ ❡♥✈❡❧♦♣❡ d✲❞✐♠❡♥s✐♦♥❛❧ s♦❜r❡ ♦s ✈❡t♦r❡s ❛❝úst✐❝♦s ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❝♦r♣✉s ❝♦rr❡s♣♦♥❞❡

❛ ✉♠❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧✳ ❚❛❧ ❡♥✈❡❧♦♣❡ ♣r❡✈✐♥❡ ♦ ❛❥✉st❡ ❡①❝❡ss✐✈♦ s♦❜r❡ ♦s ❞❛❞♦s✱ ♦ q✉❡

r❡s✉❧t❛ ❡♠ ❜♦❛s t❛①❛s ❞❡ ♥❛t✉r❛❧✐❞❛❞❡ ♥❛ r❡❝♦♥str✉çã♦✳

✷✳ ❍á ✉♠ ♥ú♠❡r♦ s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡ ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s✱ r❡♣r❡s❡♥t❛❞❛s ♣♦r ♣❡✲

q✉❡♥❛s ❜❛s❡s ♥♦r♠❛❧✐③❛❞❛s q✉❛♥t♦ à ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡ ❡s♣❛❧❤❛❞❛s ♣♦r t♦❞♦ ♦ ❡s♣❛ç♦ ❞❡

❝❛r❛❝t❡ríst✐❝❛s✱ ♠♦❞❡❧❛♥❞♦ ❛ss✐♠ ❞❡t❛❧❤❛❞❛♠❡♥t❡ ❝❛❞❛ ♥✉❛♥❝❡ ❞♦ ❢❛❧❛♥t❡✳

❆❧é♠ ❞❛s q✉❡stõ❡s ❛♣♦♥t❛❞❛s✱ ♣❛r❛ q✉❡ s❡ ❝♦♥t❡♠♣❧❡ ✉♠ ❜♦♠ ❛❧✐♥❤❛♠❡♥t♦ ❡♥tr❡ ❞♦✐s ❝♦r♣♦r❛

q✉❛✐sq✉❡r✱ ❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ ❛✐♥❞❛ ♣♦ss✉✐ ♦✉tr♦s ♣r♦❜❧❡♠❛s q✉❡ ❞❡✈❡♠ s❡r ❝♦♥s✐✲

❞❡r❛❞♦s ❡ s❡rã♦ ❞✐s❝✉t✐❞♦s ❛ s❡❣✉✐r✳

✸✳✺✳✶ ❖ Pr♦❜❧❡♠❛ ❞❛ ❈♦rr❡s♣♦♥❞ê♥❝✐❛ ❋♦♥ét✐❝❛

◆♦ ❝❛s♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛✱ ❡①✐st❡ ✉♠ ♣r♦❜❧❡♠❛ ❛❞✐❝✐♦♥❛❧ ❡♠ r❡❧❛çã♦ à ❛❜♦r✲

❞❛❣❡♠ ❝❧áss✐❝❛✱ q✉❡ é ❛ ♥ã♦✲❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❢♦♥ét✐❝❛ ❡♥tr❡ ❢❛❧❛♥t❡s ❞❡ ❧í♥❣✉❛s ❞✐st✐♥t❛s✱ ✉♠❛ ✈❡③

q✉❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❢♦♥❡♠❛s ❞❡ ✉♠❛ ❧í♥❣✉❛ é ❡♠ ❣❡r❛❧ ❞✐st✐♥t♦ ❞♦ ❞❡ ♦✉tr❛ ❧í♥❣✉❛✳ ◆♦ ❝♦♥t❡①t♦

❡s♣❡❝tr❛❧✱ é ❡①tr❡♠❛♠❡♥t❡ ❞✐❢í❝✐❧ s❡♣❛r❛r ❛s♣❡❝t♦s ❞❛ ❡str✉t✉r❛ ❢♦r♠â♥t✐❝❛ r❡❧❛t✐✈♦s ❛♦s ❢♦♥❡♠❛s

✐♥❡r❡♥t❡s à ❧í♥❣✉❛ ❞♦s ❛s♣❡❝t♦s r❡❧❛t✐✈♦s ❛♦ t✐♠❜r❡ ❞❡ ✈♦③ ❞♦ ✐♥❞✐✈í❞✉♦✳ ◆❡st❡ ❝♦♥t❡①t♦✱ ❡♥❝♦♥tr❛r

✉♠ ♠❛♣❡❛♠❡♥t♦ ❛❞❡q✉❛❞♦ é ❛✐♥❞❛ ♠❛✐s ♣r♦❜❧❡♠át✐❝♦✱ ✈✐st♦ q✉❡ ❡①✐st❡♠ ♠✉✐t❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s

✐♥❝♦♠✉♥s ❛ ❛♠❜❛s ❛s ❧í♥❣✉❛s✱ ❝♦♥❢♦r♠❡ ♠♦str❛ ❛ ❋✐❣✉r❛ ✸✳✷✶✳ ◆❡st❛ ✜❣✉r❛✱ ❛s ❡❧✐♣s❡s ❝♦♥tí♥✉❛s

r❡♣r❡s❡♥t❛♠ ❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ❞♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ❡ ❛s ❡❧✐♣s❡s

tr❛❝❡❥❛❞❛s ❝♦rr❡s♣♦♥❞❡♠ às ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦✳

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

✐♥tr❛♥s♣♦♥í✈❡❧ ❛♦ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ✐♥t❡r✲❧✐♥❣✉íst✐❝♦✳ ◆♦t❡ q✉❡✱ ❛ss✐♠ ❝♦♠♦ ✉♠ ❢❛❧❛♥t❡ ❞❡ ✉♠❛

❞❡t❡r♠✐♥❛❞❛ ❧í♥❣✉❛ t❡♠ ❞✐✜❝✉❧❞❛❞❡s ❞❡ ♣r♦♥ú♥❝✐❛ ❡♠ ♦✉tr❛ ❧í♥❣✉❛✱ ♦ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❡♥❢r❡♥t❛

♦ ♠❡s♠♦ ♣r♦❜❧❡♠❛ ❞❡ ♠❛♣❡❛♠❡♥t♦ ❢♦♥ét✐❝♦✳ ❆ss✐♠✱ ♦ s✐st❡♠❛ ❛ss✉♠❡ q✉❡ ♦ ❝♦♥✈❡rs♦r ❞❡ ✈♦③ ✐♥t❡r✲

❧✐♥❣✉íst✐❝♦ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ✉♠ t✐♣♦ ❞❡ ❝♦♥✈❡rs♦r ❞❡ ✈♦③ ❝♦♥✈❡♥❝✐♦♥❛❧✱ ♦ q✉❛❧ é ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡
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❋✐❣✉r❛ ✸✳✷✶✿ ▼❛♣❡❛♠❡♥t♦ ❡♥tr❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ✐♥❝♦♠♣❛tí✈❡✐s✳

t❡①t♦ ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ❡ ❝✉❥♦s ❞❛❞♦s ♥ã♦ sã♦ r♦t✉❧❛❞♦s✳ ❊st❛ ❝❛r❛❝t❡ríst✐❝❛ ❛ss♦❝✐❛❞❛ à ❧í♥❣✉❛

❡♠ q✉❡stã♦ ❞❡✈❡rá s❡r ❧❡✈❛❞❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♥❛ ❢❛s❡ ❞❡ ❡①♣❡r✐♠❡♥t❛çã♦ ♣❡r❝❡♣t✉❛❧ ❞♦ ❛❧❣♦r✐t♠♦✳

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

t✐♥♦ ❞❡✈❡ ♣r♦♥✉♥❝✐❛r s❡♥t❡♥ç❛s ❞❡ ❛♠❜❛s ❛s ❧í♥❣✉❛s ❬✷❀ ✶✹✽❪✳ ❖ ❝♦♥❥✉♥t♦ ❞❡ s❡♥t❡♥ç❛s ❞❡ tr❡✐♥❛♠❡♥t♦

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

♠♦t✐✈❛çã♦ ✐♥✐❝✐❛❧ ❞♦ tr❛❜❛❧❤♦✱ ❡st❛ ❛❜♦r❞❛❣❡♠ ♥ã♦ s❡rá ❝♦♥s✐❞❡r❛❞❛✳

Pré✲♣r♦❝❡ss❛♠❡♥t♦ ❞♦s ▼❛♣❛s ❆❝úst✐❝♦s

❆ ♣r♦♣♦st❛ ❞❡st❡ tr❛❜❛❧❤♦ ❛ ✜♠ ❞❡ ❝♦♥t♦r♥❛r ♣❛rt❡ ❞♦ ♣r♦❜❧❡♠❛ ❛♥t❡r✐♦r ❡ ❛♠❡♥✐③❛r ♦ ✐♠♣❛❝t♦

❞❛ ❞✐❢❡r❡♥ç❛ ❧✐♥❣✉íst✐❝❛ ❡♥tr❡ ♦s ❢❛❧❛♥t❡s ❝♦♥s✐st❡ ❡♠ r❡❛❧✐③❛r ✉♠❛ ♥♦r♠❛❧✐③❛çã♦ ❞♦ ♠❛♣❛ ❢♦♥ét✐❝♦

❞❡✈♦❧✈✐❞♦ ♣❡❧♦ ♠ó❞✉❧♦ ❛♥t❡r✐♦r✱ ❞❡ ♠♦❞♦ ❛ ❡q✉✐❧✐❜r❛r ♦ ♥í✈❡❧ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛ ❞❡ ❛♠❜♦s ♦s ♠❛♣❛s

❢♦♥ét✐❝♦s ❞♦s ❝♦r♣♦r❛ ❡♠ q✉❡stã♦✳ ❯♠ ♣r♦❝❡ss♦ ❞❡ ♥♦r♠❛❧✐③❛çã♦ ✐♥✐❝✐❛❧ é ❛♣❧✐❝❛❞♦ ❛♦s ♠❛♣❛s ❛❝ús✲

t✐❝♦s ❛ s❡r❡♠ ♣❛r❡❛❞♦s✱ ❡ t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ❝r✐❛r ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❝❛♥ô♥✐❝❛ ✉♥✐✜❝❛❞❛ ❞❡ ❛♠❜♦s

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

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

♣❛❞rã♦ ♥♦r♠❛❧✐③❛❞♦ ✭✐❣✉❛❧ ❛ ✉♠✮ ❡♠ t♦❞❛s ❛s ❞✐r❡çõ❡s✳ ❆ ✜♠ ❞❡ ♣♦♥❞❡r❛r ❛s ❝♦♥tr✐❜✉✐çõ❡s ❞❡ ❝❛❞❛

❝❧❛ss❡✱ ♦ ♣❡s♦ ❞❡ ❝❛❞❛ ❝❧❛ss❡✱ ❞❛❞♦ ♣❡❧♦ s❡✉ ♥ú♠❡r♦ ❞❡ ❡❧❡♠❡♥t♦s✱ é ❛❣r❡❣❛❞♦ ❛ ✉♠ ✈❡t♦r ❛rt✐✜❝✐❛❧

tr✐❞✐♠❡♥s✐♦♥❛❧ c = 〈f1, f2, p〉 ❞❡ ♠♦❞♦ q✉❡ f1 ≤ f2 ❢✉♥❝✐♦♥❛ ❝♦♠♦ ✉♠❛ ❝❤❛✈❡ s❡❧❡t♦r❛ ❞✐r❡t❛♠❡♥t❡

❛ss♦❝✐❛❞❛ à ❝❧❛ss❡ C(f1, f2) ❡ p ❝♦rr❡s♣♦♥❞❡ ❛♦ ♣❡s♦ ❞❛ ❝❧❛ss❡✳ P♦r ❞❡✜♥✐çã♦✱ ❛s ❝❧❛ss❡s (f1, f2) q✉❡

♥ã♦ ♣♦ss✉❡♠ ♥❡♥❤✉♠ ❡❧❡♠❡♥t♦ sã♦ ❡①❝❧✉í❞❛s ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ❛rt✐✜❝✐❛✐s✳

❙❡❥❛ C ♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s q✉❡ ❞❡✜♥❡ ✉♠ ♠❛♣❛ ❛❝úst✐❝♦✳ ❆ ♥♦r♠❛❧✐③❛çã♦ é r❡❛❧✐③❛❞❛ ❛tr❛✈és

❞❛ ❡①♣r❡ssã♦

C̄ = (c− E{C})(❝♦✈{C}−
1
2 ). ✭✸✳✷✵✮

❖♣❝✐♦♥❛❧♠❡♥t❡✱ ❛♦ ✐♥✈és ❞❡ s❡ ✉t✐❧✐③❛r ❛s ♠❛tr✐③❡s ❞❡ ❝♦✈❛r✐â♥❝✐❛✱ é ♣♦ssí✈❡❧ s❡ ✉t✐❧✐③❛r ♦s ❞❡s✈✐♦s

♣❛❞rõ❡s ❡st✐♠❛❞♦s ♣❛r❛ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ ✈❡t♦r✐❛❧ ❞❡ C✳ ❈♦♠ ✐ss♦✱ ❛♣❡♥❛s ✉♠❛ ♠✉❞❛♥ç❛ ❞❡ ❡s❝❛❧❛ ❡

✉♠❛ tr❛♥s❧❛çã♦ ♣❡❧❛ ♠é❞✐❛ é r❡❛❧✐③❛❞❛✱ s❡♠ ❞❡❢♦r♠❛r ❣❡♦♠❡tr✐❝❛♠❡♥t❡ ♦ tr❛♣é③✐♦ ❢♦♥ét✐❝♦ ♦r✐❣✐♥❛❧✳

❆ ❋✐❣✉r❛ ✸✳✷✷ ❡①✐❜❡ ✉♠ ❡①❡♠♣❧♦ ♥♦ q✉❛❧ ❞♦✐s ♠❛♣❛s ❢♦♥ét✐❝♦s ❞❡ ❞♦✐s ❧♦❝✉t♦r❡s ❛r❜✐trár✐♦s

❢♦r❛♠ ♥♦r♠❛❧✐③❛❞♦s s❡❣✉♥❞♦ ♦ ❝r✐tér✐♦ ❞❡ ♥♦r♠❛❧✐③❛çã♦ ❞❡s❝r✐t♦ ❛❝✐♠❛✳ ❆ ♣❛rt❡ s✉♣❡r✐♦r ❞❡st❡

❣rá✜❝♦ ♠♦str❛ ✉♠ ♣❛r ❞❡ ❢✉♥çõ❡s ❞❡♥s✐❞❛❞❡ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ✈♦③ ❡♠ s❡✉s

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

❝❛❞❛ ♣♦♥t♦ (f1, f2) r❡❧❛t✐✈♦ ❛ ✉♠❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧✳ ◗✉❛♥t♦ ♠❛✐s ❝❧❛r♦ é ♦ ♣♦♥t♦ ♥♦ ♠❛♣❛✱
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♠❛✐♦r ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ s❡❣♠❡♥t♦s ❞♦ ❝♦r♣✉s ❡♠ r❡❧❛çã♦ à ❝❧❛ss❡ ❡♠ q✉❡stã♦✳ ❆♠❜♦s ♦s ❝♦r♣♦r❛

sã♦ ♣r♦✈❡♥✐❡♥t❡s ❞❡ s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s ♣♦r ❧♦❝✉t♦r❡s ❞♦ ❣ê♥❡r♦ ❢❡♠✐♥✐♥♦✱ ❢❛❧❛♥t❡s ❞❛ ❧í♥❣✉❛

❡s♣❛♥❤♦❧❛✹✱ ♦s q✉❛✐s s❡rã♦ ✉t✐❧✐③❛❞♦s ❡ ♠❡❧❤♦r ❞❡t❛❧❤❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✹ ❞❡ ❛✈❛❧✐❛çã♦ ❞♦s ♠ét♦❞♦s

♣r♦♣♦st♦s✳ ❆ ♣❛rt❡ ✐♥❢❡r✐♦r ❞♦ ❣rá✜❝♦ ❝♦rr❡s♣♦♥❞❡ à ✈❡rsã♦ ♥♦r♠❛❧✐③❛❞❛ ❞❡ ❛♠❜♦s ♦s ♠❛♣❛s ❢♦♥ét✐❝♦s

❞♦ ❝♦r♣✉s ★✶ ❡ ★✷✱ ❝♦♥❢♦r♠❡ ❡①♣❧✐❝❛❞♦ ♥♦ ♣❛rá❣r❛❢♦ ❛♥t❡r✐♦r✳ ❆s ❝♦r❡s ❞♦ ♠❛♣❛ ✐♥❢❡r✐♦r ✐♥❞✐❝❛♠

❝❧❛ss❡s ❛❧✐♥❤❛❞❛s✱ ♥❛ q✉❛❧ ♣♦♥t♦s ❞❡ ♠❡s♠❛ ❝♦r ❡♠ ❛♠❜❛s ❛s ❝❧❛ss❡s ★✶ ❡ ★✷ ❝♦rr❡s♣♦♥❞❡♠ ❛ ❝❧❛ss❡s

❛❧✐♥❤❛❞❛s ❡♥tr❡ t❛✐s ♠❛♣❛s✳ ❆ ❡s❝❛❧❛ ❞♦ ♠❛♣❛ ❞❡ ❝❛❧♦r ❞❡st❡s ❣rá✜❝♦s ❝♦rr❡s♣♦♥❞❡ à ❞❡♥s✐❞❛❞❡

❢♦♥ét✐❝❛ ♥♦ ♣♦♥t♦ r❡s♣❡❝t✐✈♦✱ ❝✉❥♦ ✈❛❧♦r ❛❜s♦❧✉t♦ é ✐rr❡❧❡✈❛♥t❡ ♥❡st❡s ❝❛s♦s✳

❋✐❣✉r❛ ✸✳✷✷✿ ◆♦r♠❛❧✐③❛çã♦ ❞♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ♣❛r❛ ❢❛s❡ ❞❡ ❛❧✐♥❤❛♠❡♥t♦✳

❉❛❞♦s ❞♦✐s ❝♦♥❥✉♥t♦s ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ✭♦✉ ♠❛♣❛s ❢♦♥ét✐❝♦s✮ ❞❡ ❛♠❜♦s ♦s ❝♦r♣♦r❛

CX ❡ CY r❡♣r❡s❡♥t❛❞♦s ♣❡❧♦s r❡s♣❡❝t✐✈♦s ❝♦♥❥✉♥t♦s ❞❡ ❝❤❛✈❡s s❡❧❡t♦r❛s ♥♦r♠❛❧✐③❛❞❛s C̄X ❡ C̄Y ✱

♦ ♦❜❥❡t✐✈♦ ❞♦ ❛❧✐♥❤❛♠❡♥t♦ é ❡♥❝♦♥tr❛r ✉♠❛ ❢✉♥çã♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ ❜✐❥❡t♦r❛ @M : C̄X → C̄Y

❞❡✜♥✐❞❛ ❝♦♠♦

@M(xi) = yi, t❛❧ q✉❡







∑

xi∈C̄X

d(xi, yi) | yi ∈ C̄
Y







s❡❥❛ ♠í♥✐♠♦, ✭✸✳✷✶✮

♦♥❞❡ @d ❝♦rr❡s♣♦♥❞❡ à ❢✉♥çã♦ ❞❡ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛✳ ◆♦ ❡♥t❛♥t♦✱ q✉❛❧q✉❡r ♦✉tr❛ ❢✉♥çã♦ ❞✐stâ♥❝✐❛✱

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

✉t✐❧✐③❛❞❛✳

❆ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ♣r❡♠✐ss❛ ❞❡ ♠❛♣❡❛♠❡♥t♦ ❜✐❥❡t♦r s❡ ❥✉st✐✜❝❛ ♣❡❧♦ ❢❛t♦ ❞❡ q✉❡ s❡ ❞❡s❡❥❛ q✉❡

♣❛r❛ t♦❞❛s ❛s ❝❧❛ss❡s ❞♦ ❝♦r♣✉s ♦r✐❣❡♠ ❤❛❥❛ ✉♠❛ ❝❧❛ss❡ ❝♦rr❡s♣♦♥❞❡♥t❡ ♥♦ ❝♦r♣✉s ❞❡st✐♥♦ ✭❤✐♣ót❡s❡

s♦❜r❡❥❡t♦r❛✮✳ ❆❧é♠ ❞✐ss♦✱ s❡ ❡s♣❡r❛ q✉❡ ♦ ♠❛✐♦r ♥ú♠❡r♦ ♣♦ssí✈❡❧ ❞❡ ❝❧❛ss❡s ❞♦ ❝♦r♣✉s ❞❡st✐♥♦ s❡❥❛

✹♦s ❝♦r♣♦r❛ ❵❊❙❴✼✺✬ ❡ ❵❊❙❴✼✻✬ ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❚❈✲❙❚❆❘ ❢♦r❛♠ ❣❡♥t✐❧♠❡♥t❡ ❝❡❞✐❞♦s ♣❡❧♦ ♣r♦❢✳ ❉r✳ ❆♥t♦♥✐♦
❇♦♥❛❢♦♥t❡ ❡♠ ♥♦♠❡ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ P♦❧✐tè❝♥✐❝❛ ❞❛ ❈❛t❛❧ú♥②❛✳
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❝♦rr❡s♣♦♥❞✐❞❛✱ ❛ ✜♠ ❞❡ ❡✈✐t❛r ❢❛❧t❛ ❞❡ ❝♦❜❡rt✉r❛ ❢♦♥ét✐❝❛✱ ❡st❛❜❡❧❡❝❡♥❞♦ ❛ss✐♠ ✉♠❛ r❡❧❛çã♦ ❞❡

✉♠✲♣❛r❛✲✉♠ ❡♥tr❡ ♦s ♠❛♣❛s ❢♦♥ét✐❝♦s ❛❧✐♥❤❛❞♦s ✭❤✐♣ót❡s❡ ✐♥❥❡t♦r❛✮✳

❯♠ ♣♦♥t♦ r❡❧❡✈❛♥t❡ ♥♦ ❛❧✐♥❤❛♠❡♥t♦ é ❛ tí♣✐❝❛ ❞✐❢❡r❡♥ç❛ ❞❡ ❝❛r❞✐♥❛❧✐❞❛❞❡ ❡♥tr❡ ♦s ❝♦♥❥✉♥t♦s C̄X

❡ C̄Y ✱ t♦r♥❛♥❞♦ ✐♠♣♦ssí✈❡❧ ❡♥❝♦♥tr❛r ✉♠ ♠❛♣❡❛♠❡♥t♦ ❜✐❥❡t♦r✳ ◆❡st❡ ❝❛s♦✱ ♦ ♠❛✐♦r ❞♦s ❝♦♥❥✉♥t♦s

s❡rá r❡❞✉③✐❞♦ ❛ ✜♠ ❞❡ ❢♦rç❛r ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❜✐✉♥í✈♦❝❛ ❡♥tr❡ ❛s ❝❧❛ss❡s✳ ❊st❛

r❡❞✉çã♦ é ❢❡✐t❛ ❛♣ós ❛ t❡♥t❛t✐✈❛ ❞❡ ♣❛r❡❛♠❡♥t♦✱ q✉❛♥❞♦ ❡♥tã♦ ❛s ❝❧❛ss❡s q✉❡ ♥ã♦ ❢♦r❛♠ ♣❛r❡❛❞❛s

sã♦ ❡①❝❧✉í❞❛s ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s✳

◆♦t❡ q✉❡ ❛ ❡str❛té❣✐❛ ❣✉❧♦s❛ ♥❛ q✉❛❧ s❡ t♦♠❛ ♣❛r❛ ❝❛❞❛ ♣♦♥t♦ xi ∈ C̄X ✉♠ ✈❛❧♦r yi ∈ C̄Y t❛❧ q✉❡

d(xi, yi) s❡❥❛ ♠í♥✐♠♦ ♣♦❞❡ ♣r♦❞✉③✐r ✉♠❛ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ❝❧❛ss❡s q✉❡ ❝♦♥tr❛❞✐③ ❛ ❤✐♣ót❡s❡ ✐♥❥❡t♦r❛✱

❞❛❞♦ q✉❡ ✉♠❛ ♠❡s♠❛ ❝❧❛ss❡ ❞♦ ♠❛♣❛ ❞❡st✐♥♦ ♣♦❞❡ s❡r ❛ss♦❝✐❛❞❛ ❛ ♠❛✐s ❞❡ ✉♠ xi✳ ◆♦ ❡♥t❛♥t♦✱

❞❛❞♦s ❞♦✐s ❝♦♥❥✉♥t♦s ❞❡ ❝❤❛✈❡s s❡❧❡t♦r❛s C̄X ❡ C̄Y ♣♦❞❡♠♦s ❞❡t❡r♠✐♥❛r ✉♠ ❡♠♣❛r❡❧❤❛♠❡♥t♦ ót✐♠♦

❞❡ ❝❧❛ss❡s ❡♥tr❡ ❞♦✐s ❢❛❧❛♥t❡s ❞✐st✐♥t♦s✱ ✉s❛♥❞♦ ❢❡rr❛♠❡♥t❛s ❞✐s♣♦♥í✈❡✐s ♥♦ ❝♦♠♣ê♥❞✐♦ t❡ór✐❝♦ ❞❛

t❡♦r✐❛ ❞♦s ❣r❛❢♦s✳

✸✳✺✳✷ ▼❛♣❡❛♠❡♥t♦ ✉s❛♥❞♦ ❇❛s❡s ❞❛ ❚❡♦r✐❛ ❞♦s ●r❛❢♦s

❆ ❣r❛♥❞❡ ✈❛♥t❛❣❡♠ ❞❡ s❡ ❛❜♦r❞❛r ♦ ♣r♦❜❧❡♠❛ ❞♦ ♠❛♣❡❛♠❡♥t♦ ✉s❛♥❞♦ t❡♦r✐❛ ❞♦s ❣r❛❢♦s é ♣♦❞❡r

✉t✐❧✐③❛r s♦❧✉çõ❡s ❢♦r♠❛✐s ♠✉✐t♦ ❜❡♠ ❛♠♣❛r❛❞❛s ♣❡❧❛ ❧✐t❡r❛t✉r❛✳ ❚✐♣✐❝❛♠❡♥t❡✱ ✉♠ ❣r❛❢♦ G = (V,A)

é r❡♣r❡s❡♥t❛❞♦ ❝♦♠♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈ért✐❝❡s V ❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❛r❡st❛s A✳ P❛r❛ ❝❛❞❛ ❛r❡st❛

ai,j ∈ A✱ ❡①✐st❡♠ ✉♠ ♣❛r ❞❡ ✈ért✐❝❡s vi ❡ vj ❝♦♥t✐❞♦s ❡♠ V t❛❧ q✉❡ ai,j = (vi, vj)✳

❉❛❞❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s CX ❡ CY ✱ ♦ ♣r♦❜❧❡♠❛ ❞♦ ♠❛♣❡❛♠❡♥t♦ ❛❝úst✐❝♦ é ♠♦❞❡❧❛❞♦ ❛ ♣❛rt✐r ❞❡

✉♠ ❣r❛❢♦ ❜✐✲♣❛rt✐❞♦ ❝♦♠♣❧❡t♦ G = (V,A)✱ ❝♦♠ ♣❛rt✐çã♦ V = V x ∪ V y ♦♥❞❡ V x = C̄X ✱ V y = C̄Y

❡ A = {(xi, yj) | ∀xi∀yj}✱ s❡♥❞♦ q✉❡ t♦❞❛ ❛r❡st❛ ai,j = (xi, yj) ❞❡ A t❡♠ ✉♠ ❝✉st♦ ✭♣❡s♦✮ ❞❡✜♥✐❞♦

❝♦♠♦

w(ai,j) = |xi − yj |,

q✉❡ é ❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ❡♥tr❡ xi ❡ yj ✳

❋✐❣✉r❛ ✸✳✷✸✿ ❘❡❧❛çã♦ ❡①✐st❡♥t❡ ❡♥tr❡ ♦ ♣r♦❜❧❡♠❛ ❞♦ ♠❛♣❡❛♠❡♥t♦ ót✐♠♦ ❡ ♦ ❡♠♣❛r❡❧❤❛♠❡♥t♦ ♣❡r❢❡✐t♦✳

❖ Pr♦❜❧❡♠❛ ❞♦ ▼❛♣❡❛♠❡♥t♦ ❆❝úst✐❝♦ Ót✐♠♦ ❡♥tr❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❞❡ ❢❛❧❛♥t❡s ❞✐st✐♥t♦s é ❡♥✲

tã♦ r❡❞✉③✐❞♦ ❛♦ Pr♦❜❧❡♠❛ ❞♦ ❊♠♣❛r❡❧❤❛♠❡♥t♦ ▼á①✐♠♦ ❞❡ ❈✉st♦ ▼í♥✐♠♦ ✕ ❊▼❈▼ ❡♠ ❣r❛❢♦s

❜✐✲♣❛rt✐❞♦s✳ ◆❡st❡ ❝❛s♦✱ ❞♦✐s ✈ért✐❝❡s xi ❡ yj ❡stã♦ ♣❛r❡❛❞♦s ♥♦ ♠❛♣❡❛♠❡♥t♦ ❛❝úst✐❝♦ s❡✱ ❡ s♦♠❡♥t❡
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s❡✱ ❛ ❛r❡st❛ ai,j ♣❡rt❡♥❝❡ ❛♦ ❡♠♣❛r❡❧❤❛♠❡♥t♦ ♣❡r❢❡✐t♦✱ ❝♦♥❢♦r♠❡ ♠♦str❛ ❛ ❋✐❣✉r❛ ✸✳✷✸✳

❆❧❣✉♥s ❝♦♥❝❡✐t♦s ❜ás✐❝♦s s♦❜r❡ ❛ ❚❡♦r✐❛ ❞❡ ●r❛❢♦s ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ♥♦ ❆♣ê♥❞✐❝❡ ❇✳✷✱ ♦s

q✉❛✐s ❡♠❜❛s❛♠ ♦ ❛❧❣♦r✐t♠♦ q✉❡ r❡s♦❧✈❡ ♦ ♣r♦❜❧❡♠❛ ❞♦ ❊▼❈▼✳

❙❛❜❡✲s❡ q✉❡ ❡st❡ ♣r♦❜❧❡♠❛ é ♦ ♣r♦❜❧❡♠❛ ❞✉❛❧ ❞♦ ❊♠♣❛r❡❧❤❛♠❡♥t♦ ▼á①✐♠♦ ❞❡ P❡s♦ ▼á①✐♠♦

✕ ❊▼P▼✱ ✉♠❛ ✈❡③ q✉❡ ❞❛❞❛ ✉♠❛ ❛tr✐❜✉✐çã♦ ❞❡ ♣❡s♦s ♥❡❣❛t✐✈♦s às ❛r❡st❛s ❞❡ ✉♠ ♣r♦❜❧❡♠❛✱ ❛

s♦❧✉çã♦ ❞♦ ❊▼P▼ ❡ ❞♦ ❊▼❈▼ sã♦ ✐❣✉❛✐s✳ ❆♠❜♦s ♦s ♣r♦❜❧❡♠❛s ♣♦❞❡♠ s❡r ❡✜❝✐❡♥t❡♠❡♥t❡ r❡s♦❧✈✐❞♦s

♣❡❧♦ ❝❧áss✐❝♦ ❆❧❣♦r✐t♠♦ ❞❡ ❍♦♣❝r♦❢t ❡ ❑❛r♣ ❬✾✺❪ ❡♠ t❡♠♣♦ O(|A|
√

|V |)✳ ❙❡✉ ♠ét♦❞♦ ❛♥t❡❝❡ss♦r✱ ♦

❆❧❣♦r✐t♠♦ ❍ú♥❣❛r♦ ❬✶✷✹❪✱ ♦r✐❣✐♥❛❧♠❡♥t❡ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛ ❞❛ ❛tr✐❜✉✐çã♦ ❞❡

t❛r❡❢❛s ❬✷✵✷❪✱ t❛♠❜é♠ r❡s♦❧✈❡ ♦ ♣r♦❜❧❡♠❛ ❞♦ ❡♠♣❛r❡❧❤❛♠❡♥t♦ ♠á①✐♠♦✳ ❚❛❧ ❛❧❣♦r✐t♠♦ ❡♥❝♦♥tr❛ ✉♠

❊▼P▼ ❛tr❛✈és ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ❝❛♠✐♥❤♦s ❛✉♠❡♥t❛t✐✈♦s ❡♠ t❡♠♣♦ O(|A||V |)✳ ❆ ❞✐❢❡r❡♥ç❛ ❜ás✐❝❛

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

❡♥q✉❛♥t♦ q✉❡ ♦ ❞❡ ❍♦♣❝r♦❢t ❡ ❑❛r♣ ❡♥❝♦♥tr❛ ✉♠ ❝♦♥❥✉♥t♦ ♠❛①✐♠❛❧ ❞❡ ❝❛♠✐♥❤♦s ❛✉♠❡♥t❛t✐✈♦s ❝✉rt♦s

♣♦r ✐t❡r❛çã♦✱ r❡❞✉③✐♥❞♦ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❝♦♠♣✉t❛❝✐♦♥❛❧✳

❯♠❛ ✈❡③ q✉❡ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❞♦ ❛❧❣♦r✐t♠♦ ❡stá ❞✐r❡t❛♠❡♥t❡ ❧✐❣❛❞❛ ❝♦♠ ❛ q✉❛♥t✐✲

❞❛❞❡ ❞❡ ❛r❡st❛s ✭♣♦r s❡r ❡♠ ♥ú♠❡r♦ ♠✉✐t♦ ♠❛✐♦r✮✱ ✉♠❛ ✏♣♦❞❛✑ ♥♦ ❝♦♥❥✉♥t♦ ❞❡ ❛r❡st❛s é r❡❛❧✐③❛❞❛ ❛

✜♠ ❞❡ ❡❧✐♠✐♥❛r ❝❛s♦s ✐♠♣r♦✈á✈❡✐s ✭❞✐stâ♥❝✐❛s ♠❛✐♦r❡s q✉❡ ❛ ♠é❞✐❛ ❣❧♦❜❛❧✮✱ ❣❛♥❤❛♥❞♦ ❛ss✐♠ t❡♠♣♦ ❞❡

♣r♦❝❡ss❛♠❡♥t♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳ ❆ss✐♠✱ ♣❛ss❡♠♦s ❛ ✉♠❛ ❞❡s❝r✐çã♦ ❛❧❣♦rít♠✐❝❛ ❞♦ ♠ét♦❞♦ ❞❡ ❍♦♣❝r♦❢t

❡ ❑❛r♣✳

❆❧❣♦r✐t♠♦ ❞❡ ❍♦♣❝r♦❢t ❡ ❑❛r♣

❈♦♥s✐❞❡r❡ ♦ ❣r❛❢♦ G = (V1 ∪ V2, A) ❞❡✜♥✐❞♦ ♣❡❧❛ r❡❞✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ♠❛♣❡❛♠❡♥t♦ ❞❡

❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛♦ ♣r♦❜❧❡♠❛ ❞♦ ❊▼❈▼✳ ❖ ❛❧❣♦r✐t♠♦ ❝♦♥s✐st❡ ❡♠ ❜✉s❝❛r ❝❛♠✐♥❤♦s ❛✉♠❡♥t❛t✐✈♦s

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

♣♦r q✉❛tr♦ ♣❛ss♦s ❜ás✐❝♦s✱ ♦s q✉❛✐s s❡❣✉❡♠✿

✶✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ♦s ✈ért✐❝❡s ❧✐✈r❡s ❡♠ V1 sã♦ ✉s❛❞♦s ❝♦♠♦ ♣♦♥t♦s ❞❡ ♣❛rt✐❞❛ ♥❛ ❜✉s❝❛✳ ✭❛✮ ◆✉♠

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

✭❜✮ ◆♦s ♥í✈❡✐s s✉❜s❡q✉❡♥t❡s ❞❛ ❜✉s❝❛✱ ❛r❡st❛s ❥á ✈✐s✐t❛❞❛s ♣♦❞❡♠ s❡r r❡✈✐s✐t❛❞❛s✳ P♦ré♠✱ ♦

❛❧❣♦r✐t♠♦ r❡❛❧✐③❛ ✉♠❛ ❜✉s❝❛ ♣♦r ❝❛♠✐♥❤♦s ✐♥t❡r❝❛❧❛❞♦s ❞❡ ❛r❡st❛s ✈✐s✐t❛❞❛s ❡ ♥ã♦✲✈✐s✐t❛❞❛s

❛♥t❡r✐♦r♠❡♥t❡✳ ❆ ❜✉s❝❛ t❡r♠✐♥❛ ♥✉♠ k✲és✐♠♦ ♥í✈❡❧ q✉❛♥❞♦ ✉♠ ♦✉ ♠❛✐s ✈ért✐❝❡s ❧✐✈r❡s ❡♠ V2

❢♦r❡♠ ❡♥❝♦♥tr❛❞♦s ✭♦✉ s❡❥❛✱ ✉♠ ♦✉ ♠❛✐s ❝❛♠✐♥❤♦s ❛✉♠❡♥t❛t✐✈♦s ❢♦r❡♠ ❡♥❝♦♥tr❛❞♦s✮✳

✷✳ P♦st❡r✐♦r♠❡♥t❡✱ t♦❞♦s ♦s ✈ért✐❝❡s ❞❡ V2 ♥♦ ♥í✈❡❧ k sã♦ ❛❣r✉♣❛❞♦s ❡♠ F ✳ ❈❛❞❛ ✈ért✐❝❡ ❞❡st❡s é

✉♠ ❡①tr❡♠♦ ❞❡ ✉♠ ❝❛♠✐♥❤♦ ❛✉♠❡♥t❛t✐✈♦✳

✸✳ ❊♥tã♦✱ ♦ ❛❧❣♦r✐t♠♦ ♣❛ss❛ ❛ ✉♠❛ ❢❛s❡ ❞❡ ❜✉s❝❛ ❡♠ ♣r♦❢✉♥❞✐❞❛❞❡ ♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈ért✐❝❡s

❞✐s❥✉♥t♦s q✉❡ ❝♦♠♣õ❡♠ ❝❛♠✐♥❤♦s ❛✉♠❡♥t❛t✐✈♦s ❞❡ ❝♦♠♣r✐♠❡♥t♦ k ✭♥❛ ❝❛♠❛❞❛ k✮✳ ❖ s❡♥t✐❞♦

❞❛ ❜✉s❝❛ ♣❛rt❡ ❞❡ F ❡♠ ❞✐r❡çã♦ ❛♦s ✈ért✐❝❡s ❧✐✈r❡s ❞❡ V1✳ ◆♦t❡ q✉❡ ♦ ♣r✐♠❡✐r♦ ♥í✈❡❧ ❞❡ ❜✉s❝❛

♣❡r♠✐t❡ q✉❡ ❛ ❜✉s❝❛ ❡♠ ♣r♦❢✉♥❞✐❞❛❞❡ ❧❡✈❡ ❛ ✈ért✐❝❡s ♥ã♦ ✉s❛❞♦s ♥❛ ❝❛♠❛❞❛ ❛♥t❡r✐♦r✱ ♦✉ s❡❥❛✱

❛ ❜✉s❝❛ ❝♦♥stró✐ ✉♠ ❝❛♠✐♥❤♦ ❛❧t❡r♥❛♥t❡ ❛✉♠❡♥t❛t✐✈♦ ♦ q✉❛❧ ❞❡✈❡ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ❡♥✈♦❧✈❡r

❛❧❣✉♠ ✈ért✐❝❡ ❞❡ F ✭♥ã♦ ✉s❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✮✳ ❆ ❝❛❞❛ ❝❛♠✐♥❤♦ ❛✉♠❡♥t❛t✐✈♦ ❡♥❝♦♥tr❛❞♦✱ ♦

❛❧❣♦r✐t♠♦ t♦♠❛ ✉♠ ♥♦✈♦ ✈ért✐❝❡ ❞❡ F ✱ ❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❜✉s❝❛ ❡♠ ♣r♦❢✉♥❞✐❞❛❞❡ é r❡✐♥✐❝✐❛❞♦✳

✹✳ ❆ ❝❛❞❛ ❝❛♠✐♥❤♦ ❛✉♠❡♥t❛t✐✈♦ ❡♥❝♦♥tr❛❞♦✱ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❡♠♣❛r❡❧❤❛♠❡♥t♦s M é ❛t✉❛❧✐③❛❞♦✳

◗✉❛♥❞♦ ♥ã♦ é ♣♦ssí✈❡❧ ❡♥❝♦♥tr❛r ♠❛✐s ❝❛♠✐♥❤♦s ❛✉♠❡♥t❛t✐✈♦s✱ ♦ ❛❧❣♦r✐t♠♦ ♣❛r❛✳
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❖ ❆❧❣♦r✐t♠♦ hopcroft_karp✺ t♦♠❛ ❝♦♠♦ ❡♥tr❛❞❛ ✉♠ ❣r❛❢♦ G ❡ ❞❡✈♦❧✈❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡

❛r❡st❛s E ❞♦ ❡♠♣❛r❡❧❤❛♠❡♥t♦ ♠á①✐♠♦ ❞❡ ❝✉st♦ ♠í♥✐♠♦✱ ❝♦♥❢♦r♠❡ ❢♦✐ ❞❡t❛❧❤❛❞♦ ♥♦ tó♣✐❝♦ ❛♥t❡r✐♦r✳

❆ ▲✐♥❤❛ ✸ ❞♦ ❛❧❣♦r✐t♠♦ ❝♦rr❡s♣♦♥❞❡ ❛♦s ✐t❡♥s ✶ ❡ ✷ ❞♦ ♠ét♦❞♦ ❡♥✉♥❝✐❛❞♦ ♥♦ tó♣✐❝♦ ❛♥t❡r✐♦r✳ ❆

▲✐♥❤❛ ✹ ❝♦♠♣✉t❛ ❛ ❞✐❢❡r❡♥ç❛ s✐♠étr✐❝❛ ❡♥tr❡ ♦s ❝♦♥❥✉♥t♦s E ❡
⋃

P✱ ❛ q✉❛❧ r❡❛❧✐③❛ ❛ ❛❧t❡r♥â♥❝✐❛

❡♥tr❡ ♦s ❝❛♠✐♥❤♦s ❛✉♠❡♥t❛t✐✈♦s✳

❆❧❣♦r✐t♠♦ ✸✳✷✹ E ← hopcroft_karp(G)

⊲ ■♥✐❝✐❛❧✐③❛ E

✶ E ← ∅

✷ r❡♣❡❛t

✸ P ← {P1, P2, . . . , Pk} ♦♥❞❡ P é ✉♠ ❝♦♥❥✉♥t♦ ♠❛①✐♠❛❧ ❞❡ ❝❛♠✐♥❤♦s ❛✉✲

♠❡♥t❛t✐✈♦s ♠❛✐s ❝✉rt♦s ❝♦♠ ✈ért✐❝❡s ❞✐s❥✉♥t♦s✳

✹ E ← E ⊖
⋃

P

✺ ✉♥t✐❧ P = ∅

✻ r❡t✉r♥✭E✮

P❛r❛ ✐❧✉str❛r ♦ r❡s✉❧t❛❞♦ ❞♦ ❡♠♣❛r❡❧❤❛♠❡♥t♦ ❡♥tr❡ ❞♦✐s ❝♦r♣♦r❛ ❞✐st✐♥t♦s✱ ✉♠ ❡①❡♠♣❧♦ ❞❡ ❡♠✲

♣❛r❡❧❤❛♠❡♥t♦ ❡♥tr❡ ❛♠❜♦s ♦s ❝♦r♣♦r❛ ✉s❛❞♦s ♥❛ ❋✐❣✉r❛ ✸✳✷✷ é ❡①✐❜✐❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✷✹✳

❋✐❣✉r❛ ✸✳✷✹✿ ❖ ♠ét♦❞♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❛♣❧✐❝❛❞♦ ❛♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ s❡♥t❡♥ç❛s ♣❛r❛❧❡❧❛s✳

◆❡st❡ ❣rá✜❝♦✱ ♣♦♥t♦s ❞❡ ♠❡s♠❛ ❝♦r ❡stã♦ ❛❧✐♥❤❛❞♦s ❡♥tr❡ ❛♠❜♦s ♦s ❝♦r♣♦r❛ ♥ã♦✲♣❛r❛❧❡❧♦s✳ ❉❛❞❛

✉♠❛ s❡♥t❡♥ç❛ ♣r♦♥✉♥❝✐❛❞❛ ♣❡❧♦ ❢❛❧❛♥t❡ ★✶✱ ❡s♣❡r❛✲s❡ q✉❡ ❛s ❛ss♦❝✐❛çõ❡s ❝r✐❛❞❛s ❡♥tr❡ ❛s ❝❧❛ss❡s ❞♦

✺❖ ❛❧❣♦r✐t♠♦ ❢♦✐ ♦❜t✐❞♦ ♥♦ sít✐♦ ❤tt♣✿✴✴❡♥✳✇✐❦✐♣❡❞✐❛✳♦r❣✴✇✐❦✐✴❍♦♣❝r♦❢t✲❑❛r♣❴❛❧❣♦r✐t❤♠✳

http://en.wikipedia.org/wiki/Hopcroft-Karp_algorithm
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❝♦r♣✉s ★✶ ❡ ❛s ❝❧❛ss❡s ❞♦ ❝♦r♣✉s ★✷ ✭❞❡ ♠❡s♠❛ ❝♦r✮ ♣❡r♠✐t❛♠ ❞❡✜♥✐r ✉♠❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦

❧✐♥❡❛r ✭❡♠ ♣❛rt❡s✮ q✉❡ ❞❡❢♦r♠❡ ❛♣r♦♣r✐❛❞❛♠❡♥t❡ ♦ ❝♦♥t❡ú❞♦ ❡s♣❡❝tr❛❧ ❞❛ s❡♥t❡♥ç❛ ♣❛r❛ s❡ ❛❥✉st❛r

❛♦ ♠❛♣❛ ★✷✳

❆❧❣♦r✐t♠♦ ✸✳✷✺ @M ← Mapeamento✭CX , CY )

⊲ ❚♦♠❛ ♦s ❈❡♥tr♦✐❞❡s ❞❡ ❝❛❞❛ ❈❧❛ss❡

✶ ❢♦r n = 1 : N

✷ ❈❛❧❝✉❧❡ C̄X ♣❡❧❛ ❊q✳ ✸✳✷✵ ✉s❛♥❞♦ CX

✸ ❈❛❧❝✉❧❡ C̄Y ♣❡❧❛ ❊q✳ ✸✳✷✵ ✉s❛♥❞♦ CY

✹ ❡♥❞ ❢♦r

⊲ ❉❡✜♥❡ ♦s ❈♦♥❥✉♥t♦s ❞❡ ❱ért✐❝❡s

✺ V1 ← C̄X

✻ V2 ← C̄Y

⊲ ❉❡✜♥❡ ♦ ❈♦♥❥✉♥t♦ ❞❡ ❆r❡st❛s

✼ Ai,j ← d(xi, yj), ∀xi ∈ V1, yj ∈ V2

⊲ ❘❡❛❧✐③❛ ♦ ❊♠♣❛r❡❧❤❛♠❡♥t♦

✽ ❉❡✜♥❛ ●r❛❢♦ G = (V1 ∪ V2, A)

✾ E ← ❤♦♣❝r♦❢t❴❦❛r♣(G)

✶✵ ❢♦r❡❛❝❤ ai,j ∈ E

✶✶ ❖❜té♠ ❈❧❛ss❡s ci ∈ C̄X ❡ cj ∈ C̄Y ❝♦rr❡s♣♦♥❞❡♥t❡s à xi ∈ V1 ❡ yj ∈ V2

✶✷ @M ← @(ci)[cj ]

✶✸ ❡♥❞ ❢♦r❡❛❝❤

✶✹ r❡t✉r♥✭@M✮

❖ ❛❧❣♦r✐t♠♦ ❜❛s❡ ❞♦ ▼ó❞✉❧♦ ❞❡ ▼❛♣❡❛♠❡♥t♦✱ ♦ ❞❡♥♦♠✐♥❛❞♦ ❆❧❣♦r✐t♠♦ Mapeamento ✭❆❧❣✳ ✸✳✷✺✮

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

r❡❝❡❜❡ ❞♦✐s ❝♦♥❥✉♥t♦s ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s CX ❡ CY ✭❛♠❜❛s ❞❡ t❛♠❛♥❤♦ N✮ ❞♦s ❝♦r♣♦r❛ ♦r✐❣❡♠

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

s❡❣✉♥❞♦ ❝r✐tér✐♦s ❞❡ ♠✐♥✐♠✐③❛çã♦ ❞❡ ❞✐stâ♥❝✐❛ ❣❧♦❜❛❧✳ ❈♦♠♦ ❞❡✜♥✐❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❛s ❝❧❛ss❡s ❢♦✲

♥ét✐❝❛s ❛rt✐✜❝✐❛✐s sã♦ r❡♣r❡s❡♥t❛❞❛s ♣❡❧❛s s✉❛s r❡s♣❡❝t✐✈❛s ❝❤❛✈❡s ♥♦r♠❛❧✐③❛❞❛s C̄X ❡ C̄Y ✱ ❛s q✉❛✐s

s❡rã♦ ✉s❛❞♦s ❝♦♠♦ ❝❤❛✈❡s ❞❡ s❡❧❡çã♦ ♥❛s ▲✐♥❤❛s ✷ ❡ ✸✳

❊♠❜♦r❛ ♥ã♦ ❡st❡❥❛ ♥♦ ❛❧❣♦r✐t♠♦ ❛❝✐♠❛✱ ✉♠❛ ✜❧tr❛❣❡♠ ♦♣❝✐♦♥❛❧ ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛✱ ❛ ✜♠ ❞❡

❡❧✐♠✐♥❛r ♣♦t❡♥❝✐❛✐s ❡rr♦s ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❡♥tr❡ ♣❛r❡s ❝❧❛ss❡s ❛❝úst✐❝❛s ❞✐st❛♥t❡s ❡♥tr❡ s✐✳ ❯♠ ♣r♦❝❡ss♦

❞❡ ✜❧tr❛❣❡♠ ✐❞ê♥t✐❝♦ ❛♦ ❛❞♦t❛❞♦ ♣❛r❛ ✜❧tr❛❣❡♠ ❞❡ ❝❧❛ss❡s k✲✈❡r♦ssí♠❡✐s ✭✈✐❞❡ ❙❡çã♦ ✸✳✹✮ ♣♦❞❡

s❡r ❡❢❡t✐✈❛❞♦✱ ❞❡ ♠♦❞♦ q✉❡ t♦❞♦s ♦s ♣❛r❡s ❞❡ ❝❧❛ss❡s (ci, cj) ♣❡rt❡♥❝❡♥t❡s ❛♦ ❡♠♣❛r❡❧❤❛♠❡♥t♦ sã♦

❡❧✐♠✐♥❛❞♦s ❞♦ ❝♦r♣✉s✱ ✉♠❛ ✈❡③ ❝♦♥st❛❞♦ q✉❡ w(Ai,j) > E{w(A)} + ηst❞{w(A)}✱ ♦♥❞❡ w(Ai,j)

❝♦rr❡s♣♦♥❞❡ ❛♦ ♣❡s♦ ❞❛ ❛r❡st❛ Ai,j ✱ ❛ q✉❛❧ r❡♣r❡s❡♥t❛ ❛ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ❛ ❝❧❛ss❡ ci ❡ cj ❀ E{w(A)}

é ♦ ✈❛❧♦r ❡s♣❡r❛❞♦ ❞♦s ♣❡s♦s ❞❡ t♦❞❛s ❛s ❛r❡st❛s ❞❡ A✱ ❛ss✐♠ ❝♦♠♦ st❞{w(A)} r❡♣r❡s❡♥t❛ ♦ ❞❡s✈✐♦

♣❛❞rã♦ ❛♠♦str❛❧ ❞❡ w(A)✳ ❖ ✈❛❧♦r η ❞❡❢❛✉❧t ❛ss✉♠✐❞♦ ♥♦ tr❛❜❛❧❤♦ ❢♦✐ η = 0.25✳

◆♦t❡ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ❡♠♣❛r❡❧❤❛♠❡♥t♦ t❛♠❜é♠ ♣♦❞❡r✐❛ s❡r ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛❧✐♥❤❛r s❡❣♠❡♥t♦s

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

s❡❣♠❡♥t♦ ❞❡ ✈♦③ é s✉✜❝✐❡♥t❡ ♣❛r❛ s❡r ✉s❛❞❛ ❝♦♠♦ ❝❤❛✈❡ ❞❡ s❡❧❡çã♦✳ ❆ ❋✐❣✉r❛ ✸✳✷✺ ❡①✐❜❡ ✉♠ ❝❛s♦

s✐♠♣❧❡s ♦♥❞❡ ❞✉❛s s❡♥t❡♥ç❛s ♣❛r❛❧❡❧❛s ❢♦r❛♠ ❛❧✐♥❤❛❞❛s✱ ♥❛s q✉❛✐s ❢♦r❛♠ ♣r♦♥✉♥❝✐❛❞❛s ❛s ✈♦❣❛✐s ❬❛❪✱

❬❡❪✱ ❬✐❪✱ ❬♦❪✱ ❬✉❪ ♣♦r ❢❛❧❛♥t❡s ❤✐s♣â♥✐❝♦s ❞✐st✐♥t♦s✳ ◆❡st❡ ❣rá✜❝♦✱ ✉♠ ♣♦♥t♦ q✉❛❧q✉❡r (x, y) é ♥❡❣r♦

s❡ ♦s s❡❣♠❡♥t♦s x ❡ y ❢♦r❛♠ ❛❧✐♥❤❛❞♦s ♣❡❧♦ ❛❧❣♦r✐t♠♦✱ ❡ ♣r❡t♦ ❝❛s♦ ❝♦♥trár✐♦✳ ❈❛❞❛ s❡❣♠❡♥t♦ ❞❡
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❋✐❣✉r❛ ✸✳✷✺✿ ❖ ♠ét♦❞♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❛♣❧✐❝❛❞♦ ❛♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ s❡♥t❡♥ç❛s ♣❛r❛❧❡❧❛s✳

✈♦③ ❢♦✐ q✉❛♥t✐③❛❞♦ t♦♠❛♥❞♦✲s❡ s♦♠❡♥t❡ ❛s ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s ❞♦s ❡♥✈❡❧♦♣❡s q✉❛♥t✐③❛❞♦s ♥❛

❢❛s❡ ❞❡ P❛r❛♠❡tr✐③❛çã♦ ✭✈❡r ❙❡çã♦ ✸✳✸✮✳ ❈♦♠♦ ❛♠❜♦s ♦s ❝♦r♣♦r❛ s❡ ❡♥❝♦♥tr❛♠ ✭q✉❛s❡✮✲❛❧✐♥❤❛❞♦s ♥♦

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

❝❡♥tr❛❞♦s ♥❛ ❞✐❛❣♦♥❛❧ ♣r✐♥❝✐♣❛❧✳ ❈❛❞❛ q✉❛❞r❛❞♦ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ❞❛s ✺ ✈♦❣❛✐s ♣r♦♥✉♥❝✐❛❞❛s✳

❆ ✜♠ ❞❡ ❝♦♠♣❧❡t❛r ❛s ♠ó❞✉❧♦s ❞♦ s✐st❡♠❛✱ ♦ ❡stá❣✐♦ s❡❣✉✐♥t❡ t♦♠❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝❧❛ss❡s

❛❝úst✐❝❛s ❡ ❛❧❣✉♥s ♣❛râ♠❡tr♦s ❞❡ ❝♦♥tr♦❧❡ ❣❧♦❜❛❧ ❞❛ s❡♥t❡♥ç❛✱ ❛ ✜♠ ❞❡ tr❛♥s❢♦r♠❛r ♣❛râ♠❡tr♦s

❛❝úst✐❝♦s ❞❡ ✉♠ ❢❛❧❛♥t❡ ♣❛r❛ ♦ ♦✉tr♦✳

✸✳✻ ❊stá❣✐♦ ❱✿ ❚r❛♥s❢♦r♠❛çã♦ ❞♦s P❛râ♠❡tr♦s ❆❝úst✐❝♦s

❆ ❡t❛♣❛ ❞❡ tr❛♥s❢♦r♠❛çã♦ ✭❋✐❣✉r❛ ✸✳✷✻✮ ❝♦rr❡s♣♦♥❞❡ ❛♦ ú❧t✐♠♦ ❡stá❣✐♦ ❞❡♥tr♦ ❞❛ ❢❛s❡ ❞❡ tr❡✐♥❛✲

♠❡♥t♦✱ ❛ q✉❛❧ ❞❡✈♦❧✈❡ ✉♠❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❛ s❡r ✉t✐❧✐③❛❞❛ ♥❛ ❢❛s❡ ❞❡ ❝♦♥✈❡rsã♦ ♣r♦♣r✐❛♠❡♥t❡

❞✐t❛✳ ❙❡♥❞♦ ❛ss✐♠✱ é ♥❡❝❡ssár✐♦ ❞❡ ❛♥t❡♠ã♦ ❞❡✜♥✐r ✉♠❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ q✉❡ ♠❛♥✐♣✉❧❡ ❝♦✲

❡✜❝✐❡♥t❡s ❡s♣❡❝tr❛✐s ❞❡ ✉♠❛ s❡♥t❡♥ç❛ ♣r♦♥✉♥❝✐❛❞❛ ❞❡ ♠♦❞♦ q✉❡ ❛s ✐♥❢♦r♠❛çõ❡s ❛❝úst✐❝❛s s❡❥❛♠

❝♦♥✈❡rt✐❞❛s ❞❡ ✉♠ ✐♥❞✐✈í❞✉♦ ♣❛r❛ ♦✉tr♦✱ s❡❣✉✐♥❞♦ ♣❛❞rõ❡s ❞❡ ❝♦♥✈❡rsã♦ ❡st✐♣✉❧❛❞♦s ♣❡❧♦s ❛❧✐♥❤❛✲

♠❡♥t♦s ❡♥tr❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ❞❡ ✉♠ ❢❛❧❛♥t❡ ♣❛r❛ ♦ ♦✉tr♦✳

❊♠ t❡r♠♦s ❛❧❣♦rít♠✐❝♦s✱ ♦ ▼ó❞✉❧♦ ❞❡ ❚r❛♥s❢♦r♠❛çã♦ s❡ ❞✐✈✐❞❡ ❡♠ ❞✉❛s ♣❛rt❡s✿ ❛ ♣r✐♠❡✐r❛

❝♦rr❡s♣♦♥❞❡ à ❞❡✜♥✐çã♦ ❞❛ ❢✉♥çã♦ ❞❡♥tr♦ ❞❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ❛ q✉❛❧ t♦♠❛ ❛♠❜♦s ♦s ♠❛♣❛s

❢♦♥ét✐❝♦s ❞♦ ❝♦r♣✉s ♦r✐❣❡♠ ❡ ❞❡st✐♥♦✱ ❡ ♦s ❝❛r❛❝t❡r✐③❛ ❛❝✉st✐❝❛♠❡♥t❡ ❡♠ ♥í✈❡❧ ❣❧♦❜❛❧ ❡ ❧♦❝❛❧✳ ❚❛❧

❝❛r❛❝t❡r✐③❛çã♦ ❞❡✈♦❧✈❡ ❛♦ ♠ó❞✉❧♦ ✉♠❛ ❢✉♥çã♦ ❞❡ ❝♦♥✈❡rsã♦ T q✉❡ ❝❛rr❡❣❛ ❝♦♥s✐❣♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡

♣❛râ♠❡tr♦s ❡st❛tíst✐❝♦s✱ ♦s q✉❛✐s sã♦ ✉t✐❧✐③❛❞♦s ♥❛ ❢❛s❡ ❞❡ ❝♦♥✈❡rsã♦✳ ❖ ❆❧❣♦r✐t♠♦ ✸✳✷✻ ✐♠♣❧❡♠❡♥t❛

♦ ♠ó❞✉❧♦ ❞❡ ❚r❛♥s❢♦r♠❛çã♦✱ ❝♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ❛❝✐♠❛✱ ❡ ❞❡✈♦❧✈❡ ❛ ❢✉♥çã♦ T ❛ s❡r ✉t✐❧✐③❛❞❛ ♥❛ ❢❛s❡

❞❡ ❝♦♥✈❡rsã♦✳

❆❧❣♦r✐t♠♦ ✸✳✷✻ @T ← Transformação✭@M,CX , CY , GX , GY )

⊲ ❈♦♠♣♦s✐çã♦ ❞❡ ❚r❛♥s❢♦r♠❛çõ❡s ▲♦❝❛✐s ❡ ●❧♦❜❛✐s

✶ @T ← @(Ψ)
[

tr❛♥s❢♦r♠❛çã♦❴❧♦❝❛❧
(

tr❛♥s❢♦r♠❛çã♦❴❣❧♦❜❛❧(Ψ, GX , GY ),@M,CX , CY , GX , GY
)]

✷ r❡t✉r♥✭@T ✮

❉❡✜♥✐❞♦s ♦s ♠❛♣❛s ❡♥tr❡ ❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ❞❡✈✐❞❛♠❡♥t❡ ♣❛r❡❛❞❛s✱ ♦ s✐st❡♠❛ ❞❡✈❡ s❡r

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

❡ ❛ss♦❝✐á✲❧♦ à s✉❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ♥♦ ❝♦r♣✉s ♦r✐❣❡♠✳ ❉❡ t❛❧ ❛ss♦❝✐❛çã♦ s❡ ❡st✐♠❛ ✉♠❛
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tr❛♥s❢♦r♠❛çã♦ q✉❡ ❞❡❢♦r♠❛ ♦ ❝♦♥t❡ú❞♦ ❡s♣❡❝tr❛❧ ❞❛ s❡♥t❡♥ç❛ ❞❡ ♠♦❞♦ q✉❡ s❡✉s s❡❣♠❡♥t♦s ✐♥t❡r♥♦s

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

❋✐❣✉r❛ ✸✳✷✻✿ ❉❡✜♥✐çã♦ ❞❛ ❢✉♥çã♦ ❞❡ ❚r❛♥s❢♦r♠❛çã♦ ✭❚✮

❉♦✐s t✐♣♦s ❞❡ tr❛♥s❢♦r♠❛çõ❡s sã♦ ❛♣❧✐❝❛❞❛s ❛ ✉♠❛ s❡♥t❡♥ç❛ ❞❡ ✈♦③✳ ❖ ♣r✐♠❡✐r♦ t✐♣♦ ♣r❡ss✉♣õ❡

q✉❡ ❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❛♣❧✐❝❛❞❛ s♦❜r❡ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ✈♦③ ♣♦ss✉✐ ♣❛râ♠❡tr♦s ❣❧♦❜❛✐s ❛♦

♥í✈❡❧ ❞❛ s❡♥t❡♥ç❛❀ ♣♦r ♦✉tr♦ ❧❛❞♦✱ ❛s tr❛♥s❢♦r♠❛çõ❡s ❧♦❝❛✐s ❡stã♦ ❞❡✜♥✐❞❛s ♥✉♠ ❡s❝♦♣♦ s❡❣♠❡♥t❛❧✱ ♦✉

s❡❥❛✱ ✉s❛♠ ❝♦♠♦ s✉♣♦rt❡ ❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ❞✐♥❛♠✐❝❛♠❡♥t❡ ❛tr✐❜✉í❞❛s ❛ ❝❛❞❛ s❡❣♠❡♥t♦

❞❡ ✈♦③✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❝r✐tér✐♦s ❞❡ ♣r♦①✐♠✐❞❛❞❡ ❡♠ r❡❧❛çã♦ ❛♦s ❝❡♥tr♦✐❞❡s ❞❡ss❛s ❝❧❛ss❡s✳

✸✳✻✳✶ ❚r❛♥s❢♦r♠❛çõ❡s ●❧♦❜❛✐s ❛♦ ◆í✈❡❧ ❞❛ ❙❡♥t❡♥ç❛

❈♦♥❢♦r♠❡ ✈✐st♦ ♥♦ ▼ó❞✉❧♦ ❞❡ ❈❧✉st❡r✐③❛çã♦ ✭❙❡çã♦ ✸✳✹✮✱ ❛ ❡str✉t✉r❛ G ❝♦♥té♠ ♠é❞✐❛s ❡ ❞❡s✈✐♦s

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

❤❛r♠ô♥✐❝❛s ❡ ❡st♦❝ást✐❝❛s ❛ ♥í✈❡❧ ❣❧♦❜❛❧✳ ❙❡♥❞♦ ❛ss✐♠✱ é ❝♦♥✈❡♥✐❡♥t❡ s❡♣❛r❛r ❛ ❞✐s❝✉ssã♦ ❡♠ ❞✉❛s

♣❛rt❡s✱ ✉♠❛ r❡❧❛❝✐♦♥❛❞❛ à ❝♦♥✈❡rsã♦ ❞❛ ♣r♦só❞✐❛ ❡ ♦✉tr❛ à ❝♦♥✈❡rsã♦ ❡s♣❡❝tr❛❧✳

◗✉❛♥t♦ à ❝♦♥✈❡rsã♦ ❞❡ ♣r♦só❞✐❛✱ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r ❞❡ ❝❛❞❛ ♣❛râ♠❡tr♦ ❞❡ ♣r♦só❞✐❛ F0

❡ E0 é s✉✜❝✐❡♥t❡ ♣❛r❛ tr❛♥s♣♦r ❞❡ ♠❛♥❡✐r❛ ♠❛✐s ❛♠♣❧❛ ♦s ❝♦♥t♦r♥♦s ❞❡ ❡♥❡r❣✐❛ ❡ ♣✐t❝❤ ❞❡ ✉♠❛

s❡♥t❡♥ç❛ ♣r♦♥✉♥❝✐❛❞❛✳ ❖s ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s s✉✜❝✐❡♥t❡s ♣❛r❛ r❡❛❧✐③❛r t❛❧ ❝♦♥✈❡rsã♦ ❞❡ ♣r♦só❞✐❛

❢♦r❛♠ ❡st✐♠❛❞♦s ❛♣r♦♣r✐❛❞❛♠❡♥t❡ ♥♦ ▼ó❞✉❧♦ ❞❡ ❈❧✉st❡r✐③❛çã♦ ✭❙❡çã♦ ✸✳✹✮✱ ❡♥tr❡ ❛s ▲✐♥❤❛s ✶✶ ❡ ✶✹

❞❛ ❢✉♥çã♦ momentos_estatísticos_globais ✐♠♣❧❡♠❡♥t❛❞❛ ♣❡❧♦ ❆❧❣✳ ✸✳✷✷✳ ◆♦t❡ q✉❡ ♦s ❞♦✐s

❝♦♥t♦r♥♦s ❞❡ ♣r♦só❞✐❛ ❢♦r❛♠ ♠♦❞❡❧❛❞♦s ♣❡❧❛s s✉❛s r❡s♣❡❝t✐✈❛s ♠é❞✐❛s ❡ ❞❡s✈✐♦s ♣❛❞rõ❡s ❧❛t❡r❛✐s✳

❉❛❞♦s ❞♦✐s ❝♦♥❥✉♥t♦s ❞❡ ♣❛râ♠❡tr♦s ❣❧♦❜❛✐s GX ❡ GY ✱ ❛ ❝♦♥✈❡rsã♦ ❞♦ ❝♦♥t♦r♥♦ ❞❡ ✉♠ ❝♦❡✜❝✐❡♥t❡

❞❡ ♣r♦só❞✐❛ P0 ∈ {F0, E0} t♦♠❛ ❝❛❞❛ ♣❛râ♠❡tr♦ ❞❡ ❡♥tr❛❞❛ ❛ss♦❝✐❛❞♦ ❛ ✉♠ ❞❛❞♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③

k ❡ ❛t✉❛❧✐③❛ Ψk
P0

❞❡ ♠♦❞♦ q✉❡

[Ψk
P0
]′ ← GY .P0.µ+

σYP0

σXP0

(

Ψk
P0
−GX .P0.µ

)

,

♦♥❞❡ ❝❛❞❛ ΣXP0
❡ ΣYP0

é ♠♦♥t❛♥❞♦ ❞✐♥❛♠✐❝❛♠❡♥t❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ Ψk
P0

❞❡ ♠♦❞♦ q✉❡

σXP0
=

{

GX .P0.σ✉, s❡ Ψk
P0
≥ GX .P0.µ

GX .P0.σ❞, s❡ Ψk
P0
< GX .P0.µ

❛ss✐♠ ❝♦♠♦

σYP0
=

{

GY .P0.σ✉, s❡ Ψk
P0
≥ GX .P0.µ

GY .P0.σ❞, s❡ Ψk
P0
< GX .P0.µ

.
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❆♥❛❧♦❣❛♠❡♥t❡✱ ❛s tr❛♥s❢♦r♠❛çõ❡s ✭♦♣❝✐♦♥❛✐s✮ ❞❡ ❛♠♣❧✐t✉❞❡s ❡st♦❝ást✐❝❛s ❡ ❤❛r♠ô♥✐❝❛s s❡❣✉❡♠

♦ ♠❡s♠♦ ♣❛❞rã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦✱ ♦✉ s❡❥❛✱ ❞❛❞♦ ✉♠ ❡s♣❡❝tr♦ ❞❡ ♠❛❣♥✐t✉❞❡M ∈ {S,A} ❞♦ k✲és✐♠♦

s❡❣♠❡♥t♦ ❞❡ ✈♦③ Ψk
M ✱ ♦ r❡s✉❧t❛❞♦ ❞❛ ❝♦♥✈❡rsã♦ é ♦❜t✐❞♦ ❝♦♠♦

[Ψk
M ]′ ← GYM .µ+ (GYM .Σ)

0.5(GXM .Σ)
−0.5

(

Ψk
M −G

X
M .µ

)

,

♦♥❞❡ t♦❞❛s ❛s ♠é❞✐❛s ❡ ♠❛tr✐③❡s ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❝♦♥t✐❞❛s ❡♠ GXM ❡ GYM ❢♦r❛♠ ❛♥t❡r✐♦r♠❡♥t❡ ❝❛❧❝✉✲

❧❛❞❛s ♣❡❧♦ ♠ó❞✉❧♦ ❞❡ ❈❧✉st❡r✐③❛çã♦✳ ❆s ❛♠♣❧✐t✉❞❡s ❡st♦❝ást✐❝❛s sã♦ s✉❜♠❡t✐❞❛s ❛♣❡♥❛s ❛ ❡st❡ t✐♣♦

❞❡ tr❛♥s❢♦r♠❛çã♦✳ ❏á ♥♦ ❝❛s♦ ♣❛rt✐❝✉❧❛r ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s✱ ❛ ❝♦♥✈❡rsã♦ ❣❧♦❜❛❧

♥ã♦ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❝♦♥✈❡rt❡r t♦❞❛s ❛s ♥✉❛♥❝❡s ❡s♣❡❝tr❛✐s ❞❡ ✉♠ ❝♦r♣✉s ♣❛r❛ ♦✉tr♦✳ ◆❡st❡ ❝❛s♦

♣❛rt✐❝✉❧❛r✱ ✉♠❛ ❝♦♥✈❡rsã♦ ❧♦❝❛❧ ♣♦st❡r✐♦r ❛ ❡st❛ é r❡❛❧✐③❛❞❛ ❛♦ ♥í✈❡❧ ❞❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s✱

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

❧♦❝❛❧✱ ♦s ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s ❣❧♦❜❛✐s ❡①tr❛í❞♦s ❞❛s ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s s❡rã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛

❡♥❢❛t✐③❛r ❛ tr❛♥s❢♦r♠❛çã♦ ❡s♣❡❝tr❛❧ ❤❛r♠ô♥✐❝❛ ❛♦ ♥í✈❡❧ ❞❛ s❡♥t❡♥ç❛✳

❆ ❢✉♥çã♦ ❞❡ transformação_global é ❡♥tã♦ ✐♠♣❧❡♠❡♥t❛❞❛ ♣❡❧♦ ❆❧❣♦r✐t♠♦ ✸✳✷✼ ❝♦♥❢♦r♠❡

♦❜s❡r✈❛❞♦ ❛ s❡❣✉✐r✳

❆❧❣♦r✐t♠♦ ✸✳✷✼ Ψ ← transformação_global✭Ψ, GX , GY )
✶ Ns ← ❞✐♠❡♥sã♦(Ψ)

✷ ❢♦r k = 1 : Ns

⊲ ❈♦♥✈❡rsã♦ ❞❛ ♣r♦só❞✐❛

✸ ✐❢ ΨkF0
> 0 t❤❡♥

✹ ✐❢ ΨkF0
≥ GX .F0.µ t❤❡♥

✺ ΨkF0
← GY .F0.µ+ GY .F0.σu

GX .F0.σu

(

ΨkF0
−GX .F0.µ

)

✻ ❡❧s❡

✼ ΨkF0
← GY .F0.µ+ GY .F0.σd

GX .F0.σd

(

ΨkF0
−GX .F0.µ

)

✽ ❡♥❞ ✐❢

✾ ✐❢ ΨkE0
≥ GX .E0.µ t❤❡♥

✶✵ ΨkE0
← GY .E0.µ+ GY .E0.σu

GX .E0.σu

(

ΨkE0
−GX .E0.µ

)

✶✶ ❡❧s❡

✶✷ ΨkE0
← GY .E0.µ+ GY .E0.σd

GX .E0.σd

(

ΨkE0
−GX .E0.µ

)

✶✸ ❡♥❞ ✐❢

✶✹ ❡♥❞ ✐❢

⊲ ❈♦♥✈❡rsã♦ ❞❛s ❛♠♣❧✐t✉❞❡s ❡st♦❝ást✐❝❛s

✶✺ ΨkS ← GY .S.µ+GY .S.Σ0.5(GX .S.Σ)−0.5
(

ΨkS −G
X .S.µ

)

✶✻ ❡♥❞ ❢♦r

✶✼ r❡t✉r♥✭Ψ✮

❖ ❛❧❣♦r✐t♠♦ ❛❝✐♠❛ t♦♠❛ ✉♠❛ s❡♥t❡♥ç❛ ❞❡ ✈♦③ r❡♣r❡s❡♥t❛❞❛ ♣♦r ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈❡t♦r❡s ❛❝úst✐✲

❝♦s r❡❧❛t✐✈♦s ❛ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ✈♦③ ❡ ♦s ❝♦♥✈❡rt❡ ✉s❛♥❞♦ ♣❛râ♠❡tr♦s ❡st❛tíst✐❝♦s ❣❧♦❜❛✐s✳ ❈♦♥❢♦r♠❡

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

✈❡rsã♦ ❣❧♦❜❛❧ ♥ã♦ é ❝❛♣❛③ ❞❡ tr❛♥s❢♦r♠❛r t♦❞❛s ❛s ♥✉❛♥❝❡s ❡s♣❡❝tr❛✐s✱ ❞❡✈✐❞♦ à ❢♦rt❡ ❝♦rr❡❧❛çã♦ ❡♥tr❡

❛s ♠é❞✐❛s ❡ ❞❡s✈✐♦s ♣❛❞rõ❡s ❞❡ ❛♠❜♦s ♦s ❝♦r♣♦r❛ ❞❡st✐♥♦ ❡ ♦r✐❣❡♠✱ ❝♦♥❢♦r♠❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛

❋✐❣✉r❛ ✸✳✷✼✳ ❆ ♣❛rt❡ s✉♣❡r✐♦r ❞❡st❡ ❣rá✜❝♦ ♠♦str❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ♠é❞✐❛s ❡ ♦s ❞❡s✈✐♦s ♣❛❞rõ❡s

❡♥tr❡ ❛♠❜♦s ♦s ❝♦r♣♦r❛ t❛♥t♦ ♣❛r❛ ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s ✭à ❡sq✉❡r❞❛✮ q✉❛♥t♦ ♣❛r❛ ❛♠♣❧✐t✉❞❡s

❡st♦❝ást✐❝❛s ✭à ❞✐r❡✐t❛✮✳ ❆ ♣❛rt❡ ✐♥❢❡r✐♦r ❞♦ ❣rá✜❝♦ ♠♦str❛ ✉♠ ❡①❡♠♣❧♦ ♦♥❞❡ ❛ ❝♦♥✈❡rsã♦ ❞♦ ❡s✲
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♣❡❝tr♦ ❤❛r♠ô♥✐❝♦ ♣♦♥t✐❧❤❛❞♦ ❡♠ ♥❡❣r♦ é ❢❡✐t❛ s❡♠ ♦ ❛❥✉st❡ ❧♦❝❛❧ ❞❡ ❝❧❛ss❡ ❛ ❝❧❛ss❡✳ ◆❡st❡ ❝❛s♦✱ ♦

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

❞❡ ❛s ♠é❞✐❛s ❡ ❞❡s✈✐♦s ♣❛❞rõ❡s s❡r❡♠ ❝♦♥st❛♥t❡s ❛ ♥í✈❡❧ ❧♦❝❛❧✳ ❆❧é♠ ❞✐ss♦✱ q✉❛♥t♦ ♠❛✐♦r ❛ ❝♦rr❡❧❛çã♦

❡♥tr❡ ♦s ♣❛râ♠❡tr♦s ❣❧♦❜❛✐s ❞❡ ❛♠❜♦s ♦s ❝♦r♣♦r❛✱ ♠❡♥♦r é ♦ ❡❢❡✐t♦ ❞❛ ❝♦♥✈❡rsã♦✱ ❝♦♠♦ ❛❝♦♥t❡❝❡ ❝♦♠

❧♦❝✉t♦r❡s ❞❡ ✉♠❛ ♠❡s♠❛ ❧í♥❣✉❛ ❡ ♠❡s♠♦ s❡①♦✳ ❈♦♠♦ r❡s✉❧t❛❞♦✱ ❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ♥ã♦ ♠♦❞✐✜❝❛

❛♣r♦♣r✐❛❞❛♠❡♥t❡ ❛ s❡♥t❡♥ç❛ ♣r♦♥✉♥❝✐❛❞❛✱ ❝♦♥❢♦r♠❡ s❡rá s✉❜❥❡t✐✈❛♠❡♥t❡ ❛✈❛❧✐❛❞♦ ♥❛ ❙❡çã♦ ✹✳
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❋✐❣✉r❛ ✸✳✷✼✿ ❈♦♥✈❡rsã♦ ❞❡ ✉♠ s❡❣♠❡♥t♦ ❞❡ ✈♦③ ✉s❛♥❞♦ ❛♣❡♥❛s ♣❛râ♠❡tr♦s ❣❧♦❜❛✐s✳

❏á ♥♦ ❝❛s♦ ❞❛s ❛♠♣❧✐t✉❞❡s ❡st♦❝ást✐❝❛s✱ ♦ tr❛❜❛❧❤♦ s❡ ♣r♦♣ôs ❛ r❡❛❧✐③❛r ✉♠❛ ❝♦♥✈❡rsã♦ ❛♣❡♥❛s

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

❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s✱ ♦ q✉❡ ❛✉♠❡♥t❛ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❞♦ s✐st❡♠❛

s❡♠ ❛❝❛rr❡t❛r ✉♠❛ ♠❡❧❤♦r✐❛ s✐❣♥✐✜❝❛t✐✈❛ ❞❛ ❝♦♥✈❡rsã♦✳ P♦r ❡st❛ r❛③ã♦✱ s♦♠❡♥t❡ ❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③

❞❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛ é r❡❛❧✐③❛❞❛ ❛ ♥í✈❡❧ ❧♦❝❛❧✱ ❝♦♥❢♦r♠❡ s❡❣✉❡✳

✸✳✻✳✷ ❚r❛♥s❢♦r♠❛çõ❡s ▲♦❝❛✐s ❛♦ ◆í✈❡❧ ❞♦ ❙❡❣♠❡♥t♦

❆ ✐❞❡✐❛ ❝❡♥tr❛❧ ❞❛ tr❛♥s❢♦r♠❛çã♦ ❧♦❝❛❧ é t♦♠❛r ❝❛❞❛ s❡❣♠❡♥t♦ q✉❛♥t✐③❛❞♦ ❞❛ ❡♥tr❛❞❛ ✭❞♦ ❢❛✲

❧❛♥t❡ ♦r✐❣❡♠✮ ❡ ❡♥❝♦♥tr❛r ❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧ ✭♦✉ ✉♠ ❝♦♥❥✉♥t♦ ❞❡❧❛s✮ q✉❡ ♠❡❧❤♦r ❝❛r❛❝t❡r✐③❛

♦ s❡❣♠❡♥t♦ ❛✈❛❧✐❛❞♦✳ ❊♥tã♦✱ ❛ ♣❛rt✐r ❞❛ ❢✉♥çã♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ @M ❞❡✈♦❧✈✐❞❛ ♣❡❧♦ ▼ó❞✉❧♦ ❞❡

▼❛♣❡❛♠❡♥t♦✱ s❡ ❞❡✜♥❡ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❞❡ ❝♦♥✈❡rsã♦✱ ❝♦♠♦ ❛ tr❛♥s❢♦r♠❛çã♦ ❣❧♦❜❛❧ ✈✐st❛ ❛♥t❡✲

r✐♦r♠❡♥t❡✳

❊♠ ♣r✐♠❡✐r♦ ❧✉❣❛r✱ ♦ ❛❝❡ss♦ ❛ ❡st❛s ❝❧❛ss❡s s❡ ❞á ♣♦r ♠❡✐♦ ❞❡ ❝❤❛✈❡s s❡❧❡t♦r❛s ú♥✐❝❛s ♣❛r❛ ❝❛❞❛

❝❧❛ss❡✳ ❯♠❛ ❝❤❛✈❡ s❡❧❡t♦r❛ ❞❡ ✉♠❛ ❝❧❛ss❡ é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s s✉✜❝✐❡♥t❡s ♣❛r❛

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

sã♦ ❝♦♥s✐❞❡r❛❞❛s ♣♦r ❡st❡ tr❛❜❛❧❤♦✳ ❆ ❡s❝♦❧❤❛ ❞♦ ♠ét♦❞♦ ❞❡ s❡❧❡çã♦ s❡rá r❡❛❧✐③❛❞❛ ❝♦♠ ❜❛s❡ ❡♠

r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s r❡❛❧✐③❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✹✳

❯♠❛ ♣r✐♠❡✐r❛ ❛❧t❡r♥❛t✐✈❛ ❝♦♥s✐st❡ ❡♠ ❡♠♣r❡❣❛r ♦s ♠ét♦❞♦s ✉t✐❧✐③❛❞♦s ❡♠ ❢❛s❡s ❛♥t❡r✐♦r❡s ❞♦

s✐st❡♠❛✳ ❯♠❛ ✈❡③ q✉❡ ❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ♣r♦✈❡♥✐❡♥t❡s ❞♦ ❡stá❣✐♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ ❥á ❡stã♦

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

v✳ ❖ ♠ét♦❞♦ ❞❡ q✉❛♥t✐③❛çã♦ ♥❡st❡ ❝❛s♦ ❝♦rr❡s♣♦♥❞❡ ❛♦ ❆❧❣♦r✐t♠♦ ✸✳✶✼✱ q✉❡ r❡t♦r♥❛ ✉♠ ♠❛♣❛ ❞❡



✶✸✷ ❈❖◆❱❊❘❙❖❘ ❉❊ ❱❖❩ ■◆❚❊❘✲▲■◆●❯❮❙❚■❈❖ ✸✳✻

❞✐str✐❜✉✐çã♦ ❢♦r♠â♥t✐❝❛ distrv✱ ♦ q✉❛❧ ♥♦r♠❛❧✐③❛❞♦ ❝♦♥st✐t✉✐ ✉♠❛ ❝❤❛✈❡ ❞❡ s❡❧❡çã♦ ❞❡ ♠♦❞♦ q✉❡

distrnormv ← G.discr.µ ·G.discr.σ · (distrv −G.discr.µ)
3, ✭✸✳✷✷✮

♦♥❞❡ G é ❛ ❡str✉t✉r❛ ❣❧♦❜❛❧ ❞♦ ❝♦r♣✉s ♦r✐❣❡♠ ✭X✮ ❞❡✜♥✐❞❛ ♥♦ ▼ó❞✉❧♦ ❞❡ ❈❧✉st❡r✐③❛çã♦✳ ❈♦♠♦ ❝❛❞❛

❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧ C(f1, f2) ❡stá ❜✐✉♥✐✈♦❝❛♠❡♥t❡ ❛ss♦❝✐❛❞❛ ❛ ✉♠ ♣♦♥t♦ c = (f1, f2) ❞♦ ♠❛♣❛

distrv✱ ✉♠❛ ❧✐st❛ ❞❡❝r❡s❝❡♥t❡♠❡♥t❡ ♦r❞❡♥❛❞❛ ♣❡❧❛s ♠❛❣♥✐t✉❞❡s ❞❡ ❝❛❞❛ ♣♦♥t♦ ❞♦ ♠❛♣❛ ❝♦rr❡s♣♦♥❞❡

à ❧✐st❛ ❞❡ ❝❧❛ss❡s ❝❛♥❞✐❞❛t❛s ❛ s❡ ❛ss♦❝✐❛r à v✳ ❆❧é♠ ❞✐ss♦✱ ❝❛❞❛ ♠❛❣♥✐t✉❞❡ wc ❛ss♦❝✐❛❞❛ ❛♦ ♣♦♥t♦

c ❞♦ ♠❛♣❛ ❝♦rr❡s♣♦♥❞❡ ❛♦ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞♦ ✈❡t♦r v ❡♠ r❡❧❛çã♦ à ❝❧❛ss❡ ❛ss♦❝✐❛❞❛ C(f1, f2)✱

♠❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡✱ ❛♦ ♣❡s♦

wD(v, C) = w2
c .

❆❧t❡r♥❛t✐✈❛♠❡♥t❡✱ ✉♠❛ ❞❛s ❢♦r♠❛s ♠❛✐s ❝♦♠✉♥s ❞❡ s❡❧❡❝✐♦♥❛r ❝❧❛ss❡s ❡♠ ❣❡r❛❧ ❝♦♥s✐st❡ ♥❛ ✉t✐❧✐③❛✲

çã♦ ❞❡ ❝❡♥tr♦s ❞❡ ♠❛ss❛ ❞❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s

❛❝úst✐❝❛s✱ ♦s ❜❡♠ ❝♦♥❤❡❝✐❞♦s ❝❡♥tr♦✐❞❡s✳ ❆ ❡s❝♦❧❤❛ ❞❡ ✉♠❛ ❢✉♥çã♦ ❞❡ ❞✐stâ♥❝✐❛ ❛♣r♦♣r✐❛❞❛ é ❞❡

❝r✉❝✐❛❧ ✐♠♣♦rtâ♥❝✐❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ s❡❧❡çã♦✳ ❆ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ❬✶✸❪✱ ♣♦r ❡①❡♠♣❧♦✱ é ❝❛r❛❝t❡r✐③❛❞❛

♣❡❧❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ❧♦❣❛rít♠✐❝❛ ❞♦ ❡s♣❡❝tr♦ ❞❡ ♠❛❣♥✐t✉❞❡✳ ❆♦ ✐♥✈és ❞❡ ✉s❛r ♦ ❝❡♥tr♦✐❞❡ ♦✉tr❛s

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

çõ❡s ❡st❛tíst✐❝❛s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ♠❡❞✐❞❛s ❞❡ ❞✐s♣❡rsã♦✱ ❛ss✐♠❡tr✐❛ ❡ ❝✉rt♦s❡✱ ❡♥tr❡ ♦✉tr❛s✳ ❈♦♠♦

❞❡✜♥✐❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❝❛❞❛ ❝❧❛ss❡ ❛❝úst✐❝❛ é r❡♣r❡s❡♥t❛❞❛ ♣❡❧❛ ♠é❞✐❛ ♣❡❧❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛

❞♦s ❝♦❡✜❝✐❡♥t❡s r❡❧❛t✐✈♦s às ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s ♥♦r♠❛❧✐③❛❞❛s✱ ❝♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ♥❛s ❧✐♥❤❛s ✜♥❛✐s

❞♦ ❆❧❣♦r✐t♠♦ ✸✳✷✵✳

❉❛❞❛ ✉♠❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ C r❡♣r❡s❡♥t❛❞❛ ♣❡❧❛ s✉❛ r❡s♣❡❝t✐✈❛ ♠é❞✐❛ µC ❡ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛

❞❡ ΣC ✱ ❡ ❞❛❞♦ ♦ k✲és✐♠♦ ✈❡t♦r ❛❝úst✐❝♦ v = Ψk
A✱ ❛ ❞✐stâ♥❝✐❛ ❞❡ ▼❛❤❛❧❛♥♦❜✐s ❬✶✹✷❪ é ✉♠❛ ❝❧áss✐❝❛

❛❧t❡r♥❛t✐✈❛ ♣❛r❛ ❞❡✜♥✐r ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ✉♠ ✈❡t♦r v ❡ ✉♠❛ ❝❧❛ss❡ C✳ ◆❡st❡ ❝❛s♦✱ q✉❛♥t♦ ♠❡♥♦r ❛

❞✐stâ♥❝✐❛

dM (v, C) =
√

(v − µC)T (ΣC)−1(v − µC), ✭✸✳✷✸✮

♠❛✐♦r ❛ s✐❣♥✐✜❝â♥❝✐❛ ❞❛ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ❛ ❝❧❛ss❡ C ❡ ♦ ✈❡t♦r v✳ ❉❛❞❛ t❛❧ ♠étr✐❝❛✱ ❛ ❧✐st❛ ❞❡ ❝❧❛ss❡s

❝❛♥❞✐❞❛t❛s ❛ s❡ ❛ss♦❝✐❛r ❛ v é ♦r❣❛♥✐③❛❞❛ ❝r❡s❝❡♥t❡♠❡♥t❡ s❡❣✉♥❞♦ ❛s ❞✐stâ♥❝✐❛s ❞❡ ▼❛❤❛❧❛♥♦❜✐s✱ ❞❡

♠♦❞♦ ❛ q✉❛♥t✐✜❝❛r ❛ ♣❡rt✐♥ê♥❝✐❛ ❞❡ v ❡♠ ❝❛❞❛ ❝♦♥❥✉♥t♦ C ❞♦ ❝♦r♣✉s✳ ❖ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞♦

✈❡t♦r v ❡♠ r❡❧❛çã♦ ❛ ✉♠❛ ❝❧❛ss❡ C é ❞❡✜♥✐❞♦ ❝♦♠♦

wd(v, C) =

(

1−
dM (v, C)−min∀k{dM (v, Ck)}

max∀k{dM (v, Ck)} −min∀k{dM (v, Ck)}

)4

, ✭✸✳✷✹✮

♦♥❞❡ L∗ = 48 é ❛ ❞✐♠❡♥sã♦ ❞❡ v ❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ t♦❞❛s ❛s ❝❧❛ss❡s Ck ❝♦♠♣õ❡ ♦ ❝♦♥❥✉♥t♦ ❞❛s ❝❧❛ss❡s

❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ❞♦ r❡s♣❡❝t✐✈♦ ❝♦r♣✉s✳ ❯♠ ❝✉✐❞❛❞♦ ❡s♣❡❝✐❛❧ ❞❡✈❡ s❡r t♦♠❛❞♦ ❡♠ ❝♦r♣♦r❛ ❝♦♠

❜❛✐①❛ ❞❡♥s✐❞❛❞❡ ❞❡ ❞❛❞♦s✱ ❞❡✈✐❞♦ à ✐♥s✉✜❝✐❡♥t❡ ♠♦❞❡❧❛❣❡♠ ❡st❛tíst✐❝❛✱ r❡✢❡t✐♥❞♦ ♣r✐♥❝✐♣❛❧♠❡♥t❡

✉♠❛ r❡♣r❡s❡♥t❛çã♦ ✐♠♣r❡❝✐s❛ ♥❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛✳

◆❛ ❊q✉❛çã♦ ✸✳✷✹✱ ❡♠ ✈❡③ ❞❡ s❡ ✉t✐❧✐③❛r ❛ ❞✐stâ♥❝✐❛ ❞❡ ▼❛❤❛❧❛♥♦❜✐s ✭dM (v, Ck)✮✱ q✉❛❧q✉❡r ♦✉tr❛

❞✐stâ♥❝✐❛ ✭♦✉ ♠étr✐❝❛✮ ♣♦❞❡r✐❛ s❡r ❝♦♥✈❡♥✐❡♥t❡ ❛❞❛♣t❛❞❛ ♥❡st❡ ♠ó❞✉❧♦ ❞❡ s❡❧❡çã♦ ❞❡ ❝❧❛ss❡ ❢♦♥ét✐❝❛

❛rt✐✜❝✐❛❧ ❞♦ ❝♦r♣✉s ♦r✐❣❡♠✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ❛ ❞✐stâ♥❝✐❛ ❊✉❝❧✐❞✐❛♥❛ ❞♦s ❡s♣❡❝tr♦s ❧♦❣❛rít♠✐❝♦s✱ ❛

❝♦♥❤❡❝✐❞❛ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ♥❛ ❡s❝❛❧❛ ▼❊▲ ❬✶✷✸❪✱ ♦✉ ♠❡s♠♦ ♦✉tr❛s ❞✐stâ♥❝✐❛ ♣❡r❝❡♣t✉❛✐s ❝♦♠♦ ❛

❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ❇❛r❦ ❬✷✾✻❀ ✷✾✼❪✱ ♦✉ ❛ ❞✐stâ♥❝✐❛ ❞❡ ■t❛❦✉r❛✲❙❛✐t♦ ❬✷✵✵❪✱ ❡♥tr❡ ♦✉tr❛s✳ ❋r❡q✉❡♥t❡✲

♠❡♥t❡✱ ♦s ❝♦❡✜❝✐❡♥t❡s ▼❡❧✲❈❡♣str❛✐s sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛ ❝❛r❛❝t❡r✐③❛çã♦ ❞❡ ✈❡t♦r❡s ❛❝úst✐❝♦s ❝♦♠
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❛❧t❛s t❛①❛s ❞❡ ❛❝❡rt♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❬✶✻✼❀ ✶✽✽❪✳ ◆♦ ❝❛♣ít✉❧♦

❡①♣❡r✐♠❡♥t❛❧ ✭❈❛♣ít✉❧♦ ✹✮ s❡rã♦ ❛✈❛❧✐❛❞❛s ❛❧❣✉♠❛s ❞❡st❛s ♠❡❞✐❞❛s ❛ ✜♠ ❞❡ ❞❡t❡❝t❛r ✉♠❛ ❜♦❛ ❛❧✲

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

❞❛ ❢✉♥çã♦ ❞❡ ♣♦♥❞❡r❛çã♦ @wd✳

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

m ❝❛♥❞✐❞❛t♦s ♠❛✐s s✐❣♥✐✜❝❛t✐✈♦s ❝♦♠ r❡s♣❡✐t♦ ❛♦ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛✳ ❆ ❝♦♠♣♦s✐çã♦ ❞❡ tr❛♥s❢♦r✲

♠❛çõ❡s ❧♦❝❛✐s ♣♦♥❞❡r❛❞❛s é ✉♠ r❡❝✉rs♦ ✉s❛❞♦ ❝♦♠✉♠❡♥t❡ ❡♠ tr❛♥s❢♦r♠❛çõ❡s ❧✐♥❡❛r❡s ❜❛s❡❛❞❛s ❡♠

●▼▼✱ ❡ ❡✈✐t❛ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s ♥❛ tr❛♥s❢♦r♠❛çã♦ ❬✷✾✽❪✳ ❚❛❧ ❛❜♦r❞❛❣❡♠ é ✉s❛❞❛ ♥♦ ❝♦♥t❡①t♦ ❞❡st❡

tr❛❜❛❧❤♦✱ ❝♦♠ ✉♠ ♥ú♠❡r♦ ❞❡ ❝❧❛ss❡s ❛ s❡r❡♠ ✐♥t❡r♣♦❧❛❞❛s ♣r♦♣♦r❝✐♦♥❛❧ à ❞✐♠❡♥sã♦ ❞♦ ♠❛♣❛ ❛❝ús✲

t✐❝♦✳ ❙✉♣♦♥❞♦ q✉❡ v ♣❡rt❡♥❝❡ às ❝❧❛ss❡s C1, C2, . . . , Cm ❝♦♠ ❣r❛✉s ❞❡ ♣❡rt✐♥ê♥❝✐❛ w1, w2, . . . , wm✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛ ❝♦♠♣♦s✐çã♦ ❞❡ tr❛♥s❢♦r♠❛çõ❡s ♣♦♥❞❡r❛❞❛s é ❞❡✜♥✐❞❛ ❝♦♠♦

v′ =

∑m
i=1wiTloc(v, Ci,M(Ci))

∑m
j=1wj

, ✭✸✳✷✺✮

♦♥❞❡ Tloc é ✉♠❛ ❢✉♥çã♦ ❞❡ ❝♦♥✈❡rsã♦ ❛r❜✐trár✐❛ ❡ @M ❝♦rr❡s♣♦♥❞❡ à ❢✉♥çã♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ ❡♥tr❡

❝❧❛ss❡s ❞❡✈♦❧✈✐❞❛ ♥♦ ▼ó❞✉❧♦ ❞❡ ▼❛♣❡❛♠❡♥t♦ ✭❙❡çã♦ ✸✳✺✮✳

❆❧❣♦r✐t♠♦ ✸✳✷✽ Ψ ← transformação_local
(

Ψ,@M,CX , CY , GX , GY
)

✶ Ns ← ❞✐♠❡♥sã♦(Ψ)

✷ ❢♦r k = 1 : Ns

✸ ✐❢ ΨkF0
> 0 t❤❡♥

⊲ ●❡r❛ ❧✐st❛ ❞❡ ❣r❛✉s ❞❡ ♣❡rt✐♥ê♥❝✐❛ w

✹ ❢♦r❡❛❝❤ c ∈ CX

✺ w(c)← wd(v, C)

✻ ❡♥❞ ❢♦r❡❛❝❤

⊲ ❚♦♠❛ ❛s Mc ❝❧❛ss❡s q✉❡ ♦❜t✐✈❡r❛♠ ♠❛✐♦r❡s w

✼ C∗ ← argminMc
{w}

⊲ ●✉❛r❞❛ ✈❛❧♦r❡s ❞❡ Ψk
A ♣❛r❛ ♣♦st❡r✐♦r r❡❛❥✉st❡ ✜♥❛❧ ❞❡ ❡♥❡r❣✐❛

✽ a(k, ·)← ΨkE0
·ΨkA

⊲ ❘❡❛❧✐③❛ tr❛♥s❢♦r♠❛çõ❡s ❧♦❝❛✐s ♣♦♥❞❡r❛❞❛s

✾ ΨkA ←
∑

c∈C∗ w(c)Tloc(Ψ
k
A,c,M(c))

∑

c∈C∗ w(c)

✶✵ ❡♥❞ ✐❢

✶✶ ❡♥❞ ❢♦r

⊲ ❋❛s❡ ❞❡ ♣ós✲♣r♦❝❡ss❛♠❡♥t♦

✶✷ Ψ← ♣ós❴♣r♦❝❡ss❛♠❡♥t♦(Ψ, a,GX , GY )

✶✸ r❡t✉r♥✭Ψ✮

❖ ✈❛❧♦r ❞❡ m ❛❞♦t❛❞♦ ♣❡❧♦ tr❛❜❛❧❤♦ ❢♦✐ Mc = 15✱ ❝♦♥❢♦r♠❡ ❞❡✜♥✐❞♦ ♥❛ ❚❛❜❡❧❛ ❞❡ P❛râ♠❡tr♦s

●❧♦❜❛✐s ✭❙❡çã♦ ✸✳✶✮✳ ❚❛❧ ✈❛❧♦r ❢♦✐ ❡♠♣✐r✐❝❛♠❡♥t❡ ❛❥✉st❛❞♦✳ ◆♦ ❡♥t❛♥t♦✱ é ✈á❧✐❞♦ ♦❜s❡r✈❛r q✉❡✱ q✉❛♥t♦

♠❛✐♦r Mc✱ ♠❛✐♦r ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ❝❧❛ss❡s ❛❧✐♥❤❛❞❛s ❝♦♥s✐❞❡r❛❞❛s ♥❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦✱ ❡

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

❊♠ ❝♦♥tr❛♣❛rt✐❞❛✱ q✉❛♥t♦ ♠❡♥♦rMc✱ ♠❡❧❤♦r é ♦ ❛❥✉st❡ ❧♦❝❛❧✱ ❡ ❛ss✐♠✱ ❛ tr❛♥s❢♦r♠❛çã♦ ❛ ♥í✈❡❧ ❧♦❝❛❧

✭❡♠ t❡r♠♦s ❢♦♥ét✐❝♦s✮ é ❜❡♠ ♠❛✐s ♣r❡❝✐s❛✱ ♦ q✉❡ ❛❝❛rr❡t❛ ✉♠❛ r❡❝♦♥str✉çã♦ ♠❛✐s ❞❡s❝♦♥tí♥✉❛ ♥♦

t❡♠♣♦✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♠❛✐♦r❡s ✈❛❧♦r❡s ❞❡ Mc t❡♥❞❡♠ ❛ r❡❛❧✐③❛r ✉♠❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡♠ ✉♠
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❡s❝♦♣♦ ♠❛✐s ❣❧♦❜❛❧✱ ♣r♦♣♦r❝✐♦♥❛♥❞♦ ♠❛✐s ♥❛t✉r❛❧✐❞❛❞❡ ❛♦ s✐♥❛❧ ❝♦♥✈❡rt✐❞♦ ❡ ♠❡♥♦r s✐♠✐❧❛r✐❞❛❞❡ ❡♠

r❡❧❛çã♦ ❛♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♠❡♥♦r❡s ✈❛❧♦r❡s ❞❡Mc t❡♥❞❡♠ ❛ ❝♦♥✈❡rt❡r ❛ s❡♥t❡♥ç❛ ❡♠

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

❞♦ s✐♥❛❧ tr❛♥s❢♦r♠❛❞♦✳

❖ ❆❧❣♦r✐t♠♦ ✸✳✷✽ ✐♠♣❧❡♠❡♥t❛ ❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❧♦❝❛❧ ❞❡ ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s q✉❡

t♦♠❛ ❝♦♠♦ ❡♥tr❛❞❛ ❛ s❡q✉ê♥❝✐❛ ❞❡ ✈❡t♦r❡s ❛❝úst✐❝♦s Ψ ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ✭X✮✱ ❛s ❝❧❛ss❡s ❛❝úst✐❝❛s

CX ❡ CY ❞♦s ❝♦r♣♦r❛ ♦r✐❣❡♠ ❡ ❞❡st✐♥♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛❧é♠ ❞♦s ❝♦rr❡s♣♦♥❞❡♥t❡s ♣❛râ♠❡tr♦s ❞❡

❝♦♥tr♦❧❡s ❣❧♦❜❛✐s GX ❡ GY ✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛ ❢✉♥çã♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ @M ❡♥tr❡ t❛✐s ❝❧❛ss❡s✳

❈♦♥❢♦r♠❡ s❡ ♣♦❞❡ ♦❜s❡r✈❛r ♥❛ ▲✐♥❤❛ ✺ ❞♦ ❆❧❣♦r✐t♠♦ ✸✳✷✽✱ q✉❛❧q✉❡r ✉♠❛ ❞❛s ❞✉❛s ♠étr✐❝❛s

❞❡ ❞✐stâ♥❝✐❛ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s ♣❛r❛ s❡❧❡❝✐♦♥❛r ❛s ❝❧❛ss❡s ❞♦ ❝♦r♣✉s ♦r✐❣❡♠✳ ❉❡ q✉❛❧q✉❡r ❢♦r♠❛✱

♥❛ ▲✐♥❤❛ ✼✱ ❛s ❝❧❛ss❡s ♠❛✐s ♣♦♥t✉❛❞❛s ❡♠ t❡r♠♦s ❞❡ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ sã♦ s❡❧❡❝✐♦♥❛❞❛s ❛ ✜♠

❞❡ s❡ r❡❛❧✐③❛r ❛ ❝♦♠♣♦s✐çã♦ ❞❡ tr❛♥s❢♦r♠❛çõ❡s ❧♦❝❛✐s ♣♦♥❞❡r❛❞❛s ♥❛ ▲✐♥❤❛ ✾✳ ◆♦t❡ ❛ ♣r❡s❡♥ç❛ ❞❡

✉♠❛ ❢✉♥çã♦ ❣❡♥ér✐❝❛ Tloc ♥❡st❛ ♠❡s♠❛ ❧✐♥❤❛✱ q✉❡ é ❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❡s♣❡❝tr❛❧ ❞❡✜♥✐❞❛ ❛

s❡❣✉✐r✳ ❆♦ ✜♥❛❧✱ ❛ ❢✉♥çã♦ pós_processamento(Ψ, a) t❡♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ s✉❛✈✐③❛r ❛ tr❛♥s✐çã♦ ❡♥tr❡

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

❡✴♦✉ tr❛♥s❢♦r♠❛çã♦✱ ❡ ❛✉♠❡♥t❛♥❞♦ ♦ ❣r❛✉ ❞❡ ♥❛t✉r❛❧✐❞❛❞❡ ❞♦ s✐♥❛❧ r❡❝♦♥str✉í❞♦✳

Pr♦♣♦st❛s ❈❧áss✐❝❛s ❞❡ ❚r❛♥s❢♦r♠❛çã♦ ▲♦❝❛❧

❖ s✐st❡♠❛ ❜ás✐❝♦ ❞❡ ❝♦♥✈❡rsã♦ ❛❞♦t❛ ❝♦♠♦ ♠ét♦❞♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❧♦❝❛❧ ♦ ♠❡s♠♦ ♠ét♦❞♦

✉s❛❞♦ ♣❛r❛ r❡❛❧✐③❛r ❛s tr❛♥s❢♦r♠❛çõ❡s ❣❧♦❜❛✐s✱ ❛ s❛❜❡r✱ ❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r ✉s❛♥❞♦ ♠❛tr✐③❡s ❞❡

❝♦✈❛r✐â♥❝✐❛s ❝♦♠♣❧❡t❛s ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s ❝❧❛ss❡s ❛❝úst✐❝❛s ❡♥✈♦❧✈✐❞❛s✳ ❊st❛ ❛❜♦r❞❛❣❡♠ ✐♠♣❧❡♠❡♥t❛

❛ ❢✉♥çã♦ ❣❡♥ér✐❝❛ ❞❡ ♠♦❞♦ q✉❡

T LT ✲full
loc (v,X, Y ) = µY +Σ0.5

Y (Σ−0.5
X )(v − µX), ✭✸✳✷✻✮

♦♥❞❡ µX ❡ µY sã♦ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❛s ♠é❞✐❛s ❞♦s ✈❡t♦r❡s ❞❛s ❝❧❛ss❡s ♦r✐❣❡♠ ❡ ❞❡st✐♥♦✱ ❛ss✐♠ ❝♦♠♦

ΣX ❡ ΣY sã♦ s✉❛s r❡s♣❡❝t✐✈❛s ♠❛tr✐③❡s ❞❡ ❝♦✈❛r✐â♥❝✐❛✳ ❖ ✉s♦ ❞❛s ♠❛tr✐③❡s ❞❡ ❝♦✈❛r✐â♥❝✐❛ ♣❡r♠✐t❡

q✉❡ ♦s ❞❛❞♦s s❡❥❛♠ ❞❡❢♦r♠❛❞♦s ♥♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s✱ ❡♥q✉❛♥t♦ q✉❡ ❛s ♠é❞✐❛s

♣♦ss✐❜✐❧✐t❛♠ ❛ tr❛♥s❧❛çã♦ ❞❡st❡s ✈❡t♦r❡s✳ ❖ ♣r♦❜❧❡♠❛ ❞❡st❛ ❛❜♦r❞❛❣❡♠ é q✉❡ ❛ ♠❡s♠❛ r❡q✉❡r ✉♠

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

❞❛ ♠❛tr✐③✱ ❝♦♠♦ ♠❛tr✐③❡s ✭q✉❛s❡✲✮s✐♥❣✉❧❛r❡s✱ ♣♦r ❡①❡♠♣❧♦✳ ❊①♣❡r✐♠❡♥t♦s ♠♦str❛♠ q✉❡ ❛rt❡❢❛t♦s

r✉✐❞♦s♦s sã♦ ✐♥❡✈✐t❛✈❡❧♠❡♥t❡ ✐♥tr♦❞✉③✐❞♦s ♥♦ s✐♥❛❧ ❞❡ s❛í❞❛✱ q✉❛♥❞♦ s❡ tr❛t❛ ❞❡ ❝♦r♣♦r❛ ❝♦♠ ✉♠❛

❜❛s❡ ❞❡ ❞❛❞♦s q✉❡ ♥ã♦ é ❣r❛♥❞❡ ♦ s✉✜❝✐❡♥t❡ ✭♦ ❝❛s♦ ❞❡st❡ tr❛❜❛❧❤♦✮✳

❯♠❛ s♦❧✉çã♦ ❛❧t❡r♥❛t✐✈❛ ♣❛r❛ ❡st❡ ❝❛s♦ é ♦ ✉s♦ ❞❡ ♠❛tr✐③❡s ❞✐❛❣♦♥❛✐s ✭❛s ✈❛r✐â♥❝✐❛s✮ ❛❞✐❝✐♦♥❛❞❛s

❞❡ ✉♠ ✈❛❧♦r ǫ ♣❡q✉❡♥♦ ♥❛ tr❛♥s❢♦r♠❛çã♦ ❞❡✜♥✐❞❛ ❝♦♠♦

T LT ✲diag
loc (v,X, Y ) = µY + ❞✐❛❣(ΣY + ǫ)0.5(❞✐❛❣(ΣX + ǫ)−0.5)(v − µX), ✭✸✳✷✼✮

♦♥❞❡ diag ❝♦♥✈❡rt❡ ✉♠❛ ♠❛tr✐③ ❝♦♠♣❧❡t❛ ❡♠ ✉♠❛ ♠❛tr✐③ ❞✐❛❣♦♥❛❧✳

◆❡st❡ ❝❛s♦✱ ❛ ✐♥tr♦❞✉çã♦ ❞❡ ǫ ❞✐♠✐♥✉✐ ♦ ✐♠♣❛❝t♦ ❞❡ ✉♠ ✈❛❧♦r ♣ró①✐♠♦ ❛ ③❡r♦ ❡♠ ΣX ✳ ◆♦ ❡♥t❛♥t♦

❛ ♣r♦♣r✐❡❞❛❞❡ ❞❡ r♦t❛çã♦ ❞♦s ✈❡t♦r❡s ♥♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s é ♣❡r❞✐❞❛✳ ❆❧é♠ ❞✐ss♦✱

❛ ♣r♦♣r✐❡❞❛❞❡ ❞❡ ❡s❝❛❧❛ é ❝♦♠♣r♦♠❡t✐❞❛ ❝♦♠ ♦ ✉s♦ ❞❡ ✈❛❧♦r❡s ǫ r❡❧❛t✐✈❛♠❡♥t❡ ❣r❛♥❞❡s✳ ❖ ♣r♦❜❧❡♠❛

❞❛ ❞❡✜♥✐çã♦ ❞❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ é ❛✐♥❞❛ ♠❛✐s ❝rít✐❝♦ ❡♠ ❝❛s♦s ♥♦s q✉❛✐s ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ❞❡

ΣX é ♠✉✐t♦ ♠❡♥♦r q✉❡ ❛ r❡s♣❡❝t✐✈❛ ❝♦♠♣♦♥❡♥t❡ ❡♠ ΣY ✳ ◆❡st❡ ❝❛s♦✱ ♣❡q✉❡♥❛s ✢✉t✉❛çõ❡s r✉✐❞♦s❛s



✸✳✻ ❊❙❚➪●■❖ ❱✿ ❚❘❆◆❙❋❖❘▼❆➬➹❖ ❉❖❙ P❆❘➶▼❊❚❘❖❙ ❆❈Ú❙❚■❈❖❙ ✶✸✺

q✉❡ s❡ ❡①❝❡❞❡r❡♠ ❛♦ ❞❡s✈✐♦ ♣❛❞rã♦ ♥♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ❣❡r❛♠ ❣r❛♥❞❡s ✢✉t✉❛çõ❡s r✉✐❞♦s❛s ♥♦ s✐♥❛❧

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

♥♦♠❡❛❞❛ ❞❡ ❉❡❢♦r♠❛çã♦ ❡♠ ❋r❡q✉ê♥❝✐❛ ◆♦r♠❛❧✐③❛❞❛✳

❉❡❢♦r♠❛çã♦ ❡♠ ❋r❡q✉ê♥❝✐❛ ◆♦r♠❛❧✐③❛❞❛

❆ ❉❡❢♦r♠❛çã♦ ❡♠ ❋r❡q✉ê♥❝✐❛ ◆♦r♠❛❧✐③❛❞❛ ✭♦✉ t❛♠❜é♠✱ ❊♠♣❡♥❛♠❡♥t♦ ❡♠ ❋r❡q✉ê♥❝✐❛ ◆♦r♠❛✲

❧✐③❛❞❛✮ é ✉♠❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ♥ã♦✲❧✐♥❡❛r ❡♥tr❡ ❞✉❛s ❢✉♥çõ❡s r❡❛✐s ♣♦s✐t✐✈❛s✳ ❆ ♠❛✐♦r✐❛ ❞♦s

♠ét♦❞♦s ❞❡ ❞❡❢♦r♠❛çã♦✱ ♦✉ ❡♠♣❡♥❛♠❡♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ❬✷✼✵❪ ✉t✐❧✐③❛♠ ♠ét♦❞♦s ❞❡ s❡❧❡çã♦ ❞❡ s❡❣✲

♠❡♥t♦s ❝♦♠ ♠á①✐♠❛ s✐♠✐❧❛r✐❞❛❞❡ ✉s❛♥❞♦ té❝♥✐❝❛s ❞❡ ♦t✐♠✐③❛çã♦✱ t❛✐s ❝♦♠♦ ♣r♦❣r❛♠❛çã♦ ❞✐♥â♠✐❝❛

♣♦r ❡①❡♠♣❧♦ ✭✈❡r ❙❡çã♦ ✷✳✹✳✷ ❞♦ ❈❛♣ít✉❧♦ ✷✮✳

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

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

r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ❝♦♥❝❡♥tr❛♠ s✉❛ ♠❛✐♦r ♣❛rt❡ ❡♥❡r❣ét✐❝❛ ❡♠ ♣✐❝♦s ❞♦ ❡♥✈❡❧♦♣❡ ❡s✲

♣❡❝tr❛❧✱ ❡ ❡st❡ ❢❛t♦ ♥ã♦ ❞❡♣❡♥❞❡ ❞❛ ❧í♥❣✉❛ ❡♠ ♣❛rt✐❝✉❧❛r✳ P♦r ❡st❛ r❛③ã♦✱ ♥ã♦ é r❛③♦á✈❡❧ tr❛♥s❢♦r♠❛r

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

s✐♥❛❧ ✉s❛♥❞♦ ❝♦♠♦ ♣❛❞rã♦ ♦s ❡♥✈❡❧♦♣❡s ❡s♣❡❝tr❛✐s ♠é❞✐♦s ❞❛s ❞✉❛s ❝❧❛ss❡s ❛❧✐♥❤❛❞❛s ♣❛r❛ ❝♦♥✈❡r✲

sã♦✳ ❚❛❧ ❞❡❢♦r♠❛çã♦ ❡♠ ❢r❡q✉ê♥❝✐❛ ❞✐st♦r❝❡ ❧❡✈❡♠❡♥t❡ ❛ ❡s❝❛❧❛ ❞❡ ❢r❡q✉ê♥❝✐❛✱ ♦✉ s❡❥❛✱ r❡❛❧✐③❛ ✉♠

❡♠♣❡♥❛♠❡♥t♦ ❡♠ ❢r❡q✉ê♥❝✐❛ ✭♥♦ ■♥❣❧ês✱ ❋r❡q✉❡♥❝② ❲❛r♣✐♥❣✮ ❡♥tr❡ ✉♠ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❡ ♦✉tr♦✳

❊st❛ ❡str❛té❣✐❛ é ❜❛st❛♥t❡ ❝♦♠✉♠ ❡♥tr❡ ♦s tr❛❜❛❧❤♦s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ ❬✷✹✶❪✳

❱❛❧❡ r❡ss❛❧✈❛r q✉❡ ♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ❞❡ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ é ❝♦♠♣♦st♦ ♣♦r ✉♠

❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s q✉❛♥t✐③❛❞♦s✱ q✉❡ ❝♦rr❡s♣♦♥❞❡♠ ❛ ❝❛❞❛ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❤❛r♠ô♥✐❝♦ ❞❡ s❡✉s

r❡s♣❡❝t✐✈♦s s❡❣♠❡♥t♦s ❞❡ ✈♦③✳ ◆♦ ❝♦♥t❡①t♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ✉♠ k✲és✐♠♦ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ ❤❛r♠ô♥✐❝♦

Ψk
A é r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ s♦♠❛ ❞❡ L∗ ❢✉♥çõ❡s ❝♦♥tí♥✉❛s ψ(f, al, µl, σl)✱ ♦♥❞❡ a✱ µ ❡ σ sã♦ ❛♠♣❧✐t✉❞❡s✱

❢r❡q✉ê♥❝✐❛s ❝❡♥tr❛✐s ❡ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞❛ ❜❛s❡ r❛❞✐❛❧ ψ✱ ❝♦♥❢♦r♠❡ ❞❡✜♥✐❞♦ ♥❛ ❙❡çã♦ ✸✳✸✳ ❱❛❧❡

s❛❧✐❡♥t❛r q✉❡ ♦s ✈❛❧♦r❡s µ ❡ σ sã♦ ✜①♦s ❡♠ t♦❞♦s ♦s s❡❣♠❡♥t♦s ♠♦❞❡❧❛❞♦s✱ ❝♦♠♦ ❞❡✜♥✐❞♦ ❛♥t❡r✐✲

♦r♠❡♥t❡✳ ◆♦ ❝❛s♦ ❞❡ ❝♦♥✈❡rsã♦ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛✱ é ✐♠♣♦rt❛♥t❡ ❝r✐❛r ✉♠❛ r❡❧❛çã♦ r❡❝í♣r♦❝❛ ❡♥tr❡ ❛

❞✐str✐❜✉✐çã♦ ❞❡ ❡♥❡r❣✐❛ ❡s♣❡❝tr❛❧ ❡ ❛ ❡s❝❛❧❛ ❞❡ ❢r❡q✉ê♥❝✐❛s ❛ss♦❝✐❛❞❛ ✭❧✐♥❡❛r✱ ❇❛r❦ ♦✉ ▼❊▲✮✱ ✈✐st♦

q✉❡ ✉♠❛ ♣❛r❝❡❧❛ ❞♦s ❢♦♥❡♠❛s ❞❡ ✉♠❛ ❧í♥❣✉❛ é ✐♥❡①✐st❡♥t❡ ♥❛ ♦✉tr❛✳

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

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

❞❡ ♣♦♥t♦s ❞✐✈✐s♦r❡s ❞♦ ❡s♣❡❝tr♦ é ✉♠ t✐♣♦ ❞❡ ❞✐s❝r✐♠✐♥❛❞♦r ❛❝úst✐❝♦✳ ❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ❞♦ ♠ét♦❞♦

é ❡♥❝♦♥tr❛r ❛s ❋✉♥çõ❡s ❞❡ ❉✐str✐❜✉✐çã♦ ❊♥❡r❣ét✐❝❛ ❆❝✉♠✉❧❛❞❛ ✭❉❊❆✮ q✉❡ r❡♣r❡s❡♥t❡♠ ♦

❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ E✳

❆ ❉❊❆ ❞❡ ✉♠ s✐♥❛❧ ❝♦♥tí♥✉♦ E(ω) =
∑

∀k ψ(ω, ak, µk, σk) ❝♦rr❡s♣♦♥❞❡ ❛♦ s✐♥❛❧ ❞❡✜♥✐❞♦ ❡♠

❝❛❞❛ ❢r❡q✉ê♥❝✐❛ ω✱ ❞❡✜♥✐❞♦ ♣♦r

❉❊❆E(ω) =

∫ ω
ωmin

E(ω)df
∫ ωmax

ωmin
E(ω)df

, ✭✸✳✷✽✮

♦♥❞❡ ωmin ❡ ωmax sã♦ ♦s ✈❛❧♦r❡s ♠í♥✐♠♦ ❡ ♠á①✐♠♦ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❡s♣❡❝tr❛❧ E✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❖ ❝á❧❝✉❧♦ ❞❡ ✉♠❛ ❉❊❆ é r❛③♦❛✈❡❧♠❡♥t❡ s✐♠♣❧❡s✱ ✉♠❛ ✈❡③ q✉❡ ❛s ❜❛s❡s r❛❞✐❛✐s ψ ✭❡s♣❡❝✐❛❧♠❡♥t❡

❛s tr✐❣♦♥♦♠étr✐❝❛s tr✉♥❝❛❞❛s✱ ❥á q✉❡
∫

cos(ax)dx = 1
a sin(ax)✮ sã♦ ❢✉♥çõ❡s ❛♥❛❧ít✐❝❛s ❢❛❝✐❧♠❡♥t❡

✐♥t❡❣rá✈❡✐s✳ ❊♥tr❡t❛♥t♦✱ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❡ ❜❛s❡s ♠❛✐s ❝♦♠♣❧❡①❛s✱ ♦✉ ♠❡s♠♦✱ s♦❜r❡ s✐♥❛✐s ❞✐s❝r❡t♦s

❝♦♠ fmax−fmin+1 ❛♠♦str❛s ♣❛r❛ ♦s q✉❛✐s ♥ã♦ s❡ ❝♦♥❤❡❝❡ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❝♦♥tí♥✉❛✱ ✉♠❛ ✈❡rsã♦



✶✸✻ ❈❖◆❱❊❘❙❖❘ ❉❊ ❱❖❩ ■◆❚❊❘✲▲■◆●❯❮❙❚■❈❖ ✸✳✻

❞✐s❝r❡t❛ é ❛♣r❡s❡♥t❛❞❛ ❛❜❛✐①♦✿

❉❊❆E(f) =

∑f
k=fmin

{E(k)} − E(fmin)
∑fmax

k=fmin
{E(k)} − E(fmin)

, ✭✸✳✷✾✮

♦♥❞❡ fmin ❡ fmax sã♦ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❛s ❢r❡q✉ê♥❝✐❛s ♠í♥✐♠❛ ❡ ♠á①✐♠❛ ❞❡ E✳

◆♦t❡ q✉❡ ❡♠ ❛♠❜♦s ♦s ❝❛s♦s ✉♠❛ ❉❊❆E ❞❡✜♥✐❞❛ ❡♠ ❝❛❞❛ ✈❛❧♦r ❞❡ ❢r❡q✉ê♥❝✐❛ r❡s♣❡❝t✐✈❛ ❛♦

♣♦♥t♦ f ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ✈❛❧♦r ♣❡r❝❡♥t✉❛❧ ❞❡ ❡♥❡r❣✐❛ ❡s♣❡❝tr❛❧ ❛❝✉♠✉❧❛❞❛ ❡♥tr❡ ✵ ❡ ✶ ❞❡s❞❡ ❛

❢r❡q✉ê♥❝✐❛ fmin ❛té f ✳ P♦r ❡st❛ r❛③ã♦ s❡ ❡①✐❣❡ q✉❡ ❛ ❢✉♥çã♦ E ❛ s❡r tr❛♥s❢♦r♠❛❞❛ s❡❥❛ ❡str✐t❛♠❡♥t❡

♣♦s✐t✐✈❛✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ❛ ❞✐str✐❜✉✐çã♦ ❡♠ ❢r❡q✉ê♥❝✐❛ ♥♦r♠❛❧✐③❛❞❛ ✭❉❋◆✮ ❛ss♦❝✐❛ ❝❛❞❛ ✈❛❧♦r ❞❡ ❡♥❡r❣✐❛

♥♦r♠❛❧✐③❛❞❛ ε ∈ [0, 1] ❛ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ω ❞❡ ♠♦❞♦ q✉❡

❉❋◆(ε) =

∫ ε
0 ❉❊❆(ε)dε
∫ 1
0 ❉❊❆(ε)dε

(ωmax − ωmin) + ωmin.

❆♥❛❧♦❣❛♠❡♥t❡✱ ✉♠❛ ✈❡rsã♦ ❞✐s❝r❡t✐③❛❞❛ ❞❛ ❡q✉❛çã♦ ❛❝✐♠❛ é ❞❡r✐✈❛❞❛ ❝♦♠♦

❉❋◆(e) =

∑e
k=e0

❉❊❆(k)
∑e1

k=e0
❉❊❆(k)

(fmax − fmin) + fmin. ✭✸✳✸✵✮

◆♦ ❝❛s♦ ❞✐s❝r❡t♦✱ ❛s ❛♠♦str❛s ❡♥tr❡ e0 ❡ e1 ❝♦rr❡s♣♦♥❞❡♠ ❛ ❡♥❡r❣✐❛s ❧✐♥❡❛r♠❡♥t❡ ❡s♣❛ç❛❞❛s ❡♥tr❡

0 ❡ 1✳ ❆ ✜♠ ❞❡ ❞❡r✐✈❛r ✉♠❛ ✈❡rsã♦ ✐♥t❡r♣♦❧❛❞❛ ❞❛ ❉❋◆ ❞✐s❝r❡t❛✱ ♦s ✈❛❧♦r❡s ❞❡ e ♣♦❞❡♠ s❡r ♦❜t✐❞♦s

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

❋✐❣✉r❛ ✸✳✷✽✿ ❘❡❧❛çã♦ ❡♥tr❡ ❛ ❢✉♥çã♦ ❡♥❡r❣ét✐❝❛ ❛❝✉♠✉❧❛❞❛ ❡ ♦ ❡s♣❡❝tr♦ ♦r✐❣✐♥❛❧✳

❚♦♠❛♥❞♦✲s❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❞✐s❝r❡t❛ ❞❡ ♣❡r❝❡♥t✉❛✐s ❡♥❡r❣ét✐❝♦s [e0, e1, . . . , en] ❞❡ ✈❛❧♦r❡s ❧✐♥❡❛r✲



✸✳✻ ❊❙❚➪●■❖ ❱✿ ❚❘❆◆❙❋❖❘▼❆➬➹❖ ❉❖❙ P❆❘➶▼❊❚❘❖❙ ❆❈Ú❙❚■❈❖❙ ✶✸✼

♠❡♥t❡ ❡s♣❛ç❛❞♦s ❡♥tr❡ 0 ❡ 1✱ ❛ ❉✐stâ♥❝✐❛ ❡♠ ❋r❡q✉ê♥❝✐❛ ◆♦r♠❛❧✐③❛❞❛ ❡♥tr❡ ❞♦✐s ❡♥✈❡❧♦♣❡s ❞✐s❝r❡t♦s

Ex ❡ Ey é ❞❡✜♥✐❞♦ ❝♦♠♦ ❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛

dF (x, y) =

en
∑

e=e0

(❉❋◆x(e)−❉❋◆y(e))
2, ✭✸✳✸✶✮

♦♥❞❡ ❉❋◆x(e) ❡ ❉❋◆y(e) sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛ ❉❋◆ ❞❡ Sx ❡ Sy✳

❚❛✐s tr❛♥s❢♦r♠❛çõ❡s ❛ss♦❝✐❛♠ ✉♠ ♣❡r❝❡♥t✉❛❧ ❡♥❡r❣ét✐❝♦ ❞♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ E ❞❡s❞❡ s✉❛ ♦r✐❣❡♠ ❛♦

✈❛❧♦r ❡♠ ❢r❡q✉ê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ♥♦ ❧✐♠✐❛r ❞❡st❛ ♣r♦♣♦rçã♦✱ ❝♦♥❢♦r♠❡ é ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✷✽✳

◆❡st❡ ❝❛s♦✱ f e = 0.5 ≈ 750 ❍③ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ♥❛ q✉❛❧ ❛ ❡♥❡r❣✐❛ ❡♥tr❡ 0 ❡ fe é

❛♣r♦①✐♠❛❞❛♠❡♥t❡ 40% ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❞♦ ❡s♣❡❝tr♦✳

❈♦♠ ❜❛s❡ ♥❡st❡s ❝♦♥❝❡✐t♦s ✐♥tr♦❞✉③✐❞♦s✱ ♦ ♠ét♦❞♦ ❞❡ ❉❡❢♦r♠❛çã♦ ❡♠ ❋r❡q✉ê♥❝✐❛ ◆♦r♠❛❧✐③❛❞❛

✭◆❋❲✮ ❡♥tr❡ ❞♦✐s ❡s♣❡❝tr♦s ♣♦s✐t✐✈♦s é ✐♠♣❧❡♠❡♥t❛❞♦ ♣❡❧♦ ❆❧❣♦r✐t♠♦ ✸✳✷✾ s❡❣✉✐♥t❡✳ ❚❛❧ ♠ét♦❞♦ s❡

❢✉♥❞❛♠❡♥t❛ ❡♠ tr❛♥s❢♦r♠❛r ✉♠ ✈❡t♦r a ❜❛s❡❛❞♦ ♥♦ ❛❧✐♥❤❛♠❡♥t♦ ❡♥tr❡ ♣r♦♣♦rçõ❡s ❡♥❡r❣ét✐❝❛s ❡♠

❢r❡q✉ê♥❝✐❛s ♥♦r♠❛❧✐③❛❞❛s ❡♠ X ❡ Y ✱ ❛ ✜♠ ❞❡ ❝r✐❛r ✉♠❛ ❢✉♥çã♦ ❞❡ ❡♠♣❡♥❛♠❡♥t♦ ♣❛r❛ ♣♦st❡r✐♦r

✐♥t❡r♣♦❧❛çã♦✳

❆❧❣♦r✐t♠♦ ✸✳✷✾ a ← NFW(v,X, Y )

⊲ ●❡r❛ ✈❡t♦r❡s ❛rt✐✜❝✐❛✐s ✈á❧✐❞♦s ✐♥✐❝✐❛❞♦s ❝♦♠ 0

✶ EX ← [0, X −min{X}❪

✷ EY ← [0, Y −min{Y }❪

⊲ ❚♦♠❛ ❛s ❞✐str✐❜✉✐çõ❡s ❡♠ ❢r❡q✉ê♥❝✐❛ ♥♦r♠❛❧✐③❛❞❛ ❞❡ ❝❛❞❛ E

✸ ❢♦r f = 1 : L∗ + 1

✹ FX(f)← ❉❋◆EX
(f)

✺ FY (f)← ❉❋◆EY
(f)

✻ ❡♥❞ ❢♦r

⊲ ❖❜té♠ ♦ ♥ú❝❧❡♦ ❞❛ ❢✉♥çã♦ ❞❡ ❡♠♣❡♥❛♠❡♥t♦

✼ F = ✐♥t❡r♣♦❧❛çã♦(FX , FY , 1 : L∗ + 1)

⊲ ❘❡❛❧✐③❛ ❛ ❞❡❢♦r♠❛çã♦ ❡♠ ❢r❡q✉ê♥❝✐❛

✽ a← ✐♥t❡r♣♦❧❛çã♦(F, v, 2 : L∗ + 1)

✾ r❡t✉r♥✭a✮

●r❛ç❛s à ♥♦r♠❛❧✐③❛çã♦ ❞❛s ▲✐♥❤❛s ✶ ❡ ✷✱ ❛ tr❛♥s❢♦r♠❛çã♦ ❛❞♠✐t❡ ❢✉♥çõ❡s ♥❡❣❛t✐✈❛s ❝♦♠♦ ♣❛❞rõ❡s

✭X ❡ Y ✮✳ ❖ ♠ét♦❞♦ ❞❡ ❞❡❢♦r♠❛çã♦ ❡♠ ❢r❡q✉ê♥❝✐❛ ❜❛s✐❝❛♠❡♥t❡ r❡❛❧✐③❛ ❞✉❛s ✐♥t❡r♣♦❧❛çõ❡s s❡❣✉✐❞❛s✱

✉♠❛ ♣❛r❛ ❞❡✜♥✐r ❛ ❢✉♥çã♦ F ❡ ♦✉tr❛ ♣❛r❛ r❡❛❧✐③❛r ❛ ❞❡❢♦r♠❛çã♦ ❡♠ ❢r❡q✉ê♥❝✐❛ ♣r♦♣r✐❛♠❡♥t❡✳ ❖ ❢❛t♦

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

♥❛ ▲✐♥❤❛ ✼ ❡ ♣♦st❡r✐♦r♠❡♥t❡ ❛♣❧✐❝❛❞♦ ♥❛ ▲✐♥❤❛ ✽✳

❉❛❞❛ ❛ ❢✉♥çã♦ ❞❡ ❡♠♣❡♥❛♠❡♥t♦✱ é ♣♦ssí✈❡❧ s❡ ❞❡r✐✈❛r ♣❡❧♦ ♠❡♥♦s ✉♠ ♠ét♦❞♦ ❞❡ ❡♠♣❡♥❛♠❡♥t♦

❛♣❧✐❝❛❞♦ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✳ ❊st❛ ♣r♦♣♦st❛ ✐♠♣❧❡♠❡♥t❛ ❛ ❢✉♥çã♦ ❣❡♥ér✐❝❛ Tloc ❝❤❛♠❛❞❛

♥♦ ❆❧❣✳ ✸✳✷✽✳

❈♦♠♦ ♦❜s❡r✈❛❞♦✱ ❛ ❢✉♥çã♦ NFW ♥❡❝❡ss✐t❛ ❞❡ ♣❛❞rõ❡s ❛ ✜♠ ❞❡ r❡❛❧✐③❛r ❛ tr❛♥s❢♦r♠❛çã♦ ❡s♣❡❝✲

tr❛❧✳ ❆s ♠é❞✐❛s ❞❛s ❝❧❛ss❡s ♦r✐❣❡♠ X ❡ ❞❡st✐♥♦ Y sã♦ t✐❞❛s ❝♦♠♦ t❛✐s ♣❛❞rõ❡s✱ ❛s q✉❛✐s ❝♦♥❢♦r♠❛rã♦

♦s ❝♦❡✜❝✐❡♥t❡s ❡s♣❡❝tr❛✐s ❛r♠❛③❡♥❛❞♦s ♥♦ ✈❡t♦r ❤❛r♠ô♥✐❝♦ v ♣❡rt❡♥❝❡♥t❡ à ❝❧❛ss❡ X✱ ❞❡ ♠♦❞♦ q✉❡

♦ r❡s✉❧t❛❞♦ ❞❛ tr❛♥s❢♦r♠❛çã♦ ♦ ❝❛t❡❣♦r✐③❡ ❝♦♠♦ s❡ ❢♦ss❡ ♣❡rt❡♥❝❡♥t❡ à ❝❧❛ss❡ Y ✳
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■♥❢❡❧✐③♠❡♥t❡✱ ❛ ❛♣❧✐❝❛çã♦ ❞❛ ❢✉♥çã♦ NFW ♣✉r❛ ❡ s✐♠♣❧❡s♠❡♥t❡ ♥ã♦ é ❝❛♣❛③ ❞❡ r❡❛❧✐③❛r ✉♠❛

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

❞❡ ❢r❡q✉ê♥❝✐❛s ♥ã♦ ❛❥✉st❛ ❛s ❛♠♣❧✐t✉❞❡s ✭❤❛r♠ô♥✐❝❛s✮ ❞❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ ❞♦ ✈❡t♦r✳ ❆ ✜♠ ❞❡

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

❡ ❛ ♠é❞✐❛ ❞❡ X✱ ❞❡ ♠♦❞♦ q✉❡

T ◆❋❲
loc (v,X, Y ) = µY +NFW (v − µX , µX , µY ) . ✭✸✳✸✷✮

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

❞❡s✈✐♦s sã♦ ❡♠♣❡♥❛❞♦s ❡♠ ❢r❡q✉ê♥❝✐❛✳
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❋✐❣✉r❛ ✸✳✷✾✿ ❈♦♥✈❡rsã♦ ❧♦❝❛❧ ✉s❛♥❞♦ ❞❡❢♦r♠❛çã♦ ✭❡♠♣❡♥❛♠❡♥t♦✮ ❡♠ ❢r❡q✉ê♥❝✐❛ ♥♦r♠❛❧✐③❛❞❛✳

❆ ❋✐❣✉r❛ ✸✳✷✾ ❡①✐❜❡ ✉♠ ❡①❡♠♣❧♦ ♥♦ q✉❛❧ ❛♠❜❛s ❛s tr❛♥s❢♦r♠❛çõ❡s NFW sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛

❝♦♥✈❡rt❡r ✉♠ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧ s✐♥tét✐❝♦✳ ❊st❛ ✜❣✉r❛ ✐❧✉str❛ t♦❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ tr❛♥s❢♦r♠❛çã♦

❡s♣❡❝tr❛❧✱ ❞❡s❞❡ ❛ ❢❛s❡ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❡♥❡r❣ét✐❝♦ ✭❛♠❜♦s ♦s ❣rá✜❝♦s s✉♣❡r✐♦r❡s ❞❛ ✜❣✉r❛✮✱ ❛ q✉❛❧

❞❡✜♥❡ ❛ ❢✉♥çã♦ ❞❡ ❡♠♣❡♥❛♠❡♥t♦ ❡♠ ❢r❡q✉ê♥❝✐❛ ✭✐♥❢❡r✐♦r✲❡sq✉❡r❞❛✮✱ q✉❡ s❡❣✉♥❞♦ ❛ ❊q✳ ✸✳✸✷✱ é

❛♣❧✐❝❛❞❛ s♦❜r❡ ♦s ❞❡s✈✐♦s ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ ✉s❛♥❞♦ ♦s ♣❛❞rã♦ ❞❡s❝r✐♠✐♥❛❞♦s ♣❡❧❛ ❧❡❣❡♥❞❛✳ ◆♦t❡

q✉❡ ♦ s✐♥❛❧ ❞❡ s❛í❞❛ s❡ r❡❧❛❝✐♦♥❛ ❛♦ ♣❛❞rã♦ ❞❡st✐♥♦ ❞❡ ♠♦❞♦ s✐♠✐❧❛r ❛♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ ❝♦♠ r❡❧❛çã♦

❛♦ ♣❛❞rã♦ ♦r✐❣❡♠✳ ❚❛❧ ❝♦♥✈❡rsã♦ ❛♣❧✐❝❛❞❛ s♦❜r❡ ❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛ ♥ã♦ ✐♥t❡r❛❣❡ ❝♦♠ ❛ ❡♥❡r❣✐❛ t♦t❛❧

❞❡ ❝❛❞❛ s❡❣♠❡♥t♦✳ ❆ss✐♠✱ ✉♠ ❡stá❣✐♦ ❞❡ ♣ós✲♣r♦❝❡ss❛♠❡♥t♦ ♥♦ q✉❛❧ ❛s ❡♥❡r❣✐❛s sã♦ ❡q✉✐❧✐❜r❛❞❛s é

r❡❛❧✐③❛❞♦ ♥♦ ú❧t✐♠♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞♦ ♠ét♦❞♦ ❞❡ tr❛♥s❢♦r♠❛çã♦✳



✸✳✻ ❊❙❚➪●■❖ ❱✿ ❚❘❆◆❙❋❖❘▼❆➬➹❖ ❉❖❙ P❆❘➶▼❊❚❘❖❙ ❆❈Ú❙❚■❈❖❙ ✶✸✾

Pós✲Pr♦❝❡ss❛♠❡♥t♦ ❈♦rr❡t✐✈♦ ❛♦ ◆í✈❡❧ ❞❛ ❙❡♥t❡♥ç❛

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

♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s ✭♥♦ ú❧t✐♠♦ ❝❛s♦✱ t❛♠❜é♠ s♦❜r❡ ❛s ❛♠♣❧✐t✉❞❡s ❡st♦❝ást✐❝❛s✮ ❛ ✜♠ ❞❡ ❣❛r❛♥t✐r ❛

r❡❝♦♥str✉çã♦ ♥❛t✉r❛❧ ❞♦ s❡❣♠❡♥t♦ ❞❡ s❛í❞❛✳

❖ ♣r✐♠❡✐r♦ ❛❥✉st❡ tr❛t❛ ❞❡ ✉♠❛ ✐♥t❡r♣♦❧❛çã♦ ♣♦♥❞❡r❛❞❛ ❡♥tr❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❤❛r♠ô♥✐❝♦s✱ ❛ss✐♠

❝♦♠♦ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❞❡ ❝❛❞❛ s❡❣♠❡♥t♦ ✉s❛♥❞♦ ♦s Ms s❡❣♠❡♥t♦s ❛♥t❡r✐♦r❡s ❛ ❡st❡✳ ◆❡st❡ ❝❛s♦✱ ❛

❝♦♥tr✐❜✉✐çã♦ ❞♦s s❡❣♠❡♥t♦s ❛♥t❡r✐♦r❡s ❞❡❝❛✐ ❡①♣♦♥❡♥❝✐❛❧♠❡♥t❡ ✭♥❛ ❜❛s❡ ✷✮✳ ❚✐♣✐❝❛♠❡♥t❡✱ ♣♦✉❝♦s

s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s sã♦ ✉t✐❧✐③❛❞♦s✱ ❡ ♥❡st❡ tr❛❜❛❧❤♦ ❡♠ ♣❛rt✐❝✉❧❛r s❡rã♦ ✉s❛❞♦s ♦s ✺ s❡❣♠❡♥t♦s

❛♥t❡r✐♦r❡s ❛♦ s❡❣♠❡♥t♦ ❝♦rr❡♥t❡✳ ❊✈✐❞❡♥t❡♠❡♥t❡✱ ♦ ✉s♦ ❞❡ ✉♠ ❞❡❝❛✐♠❡♥t♦ ❧✐♥❡❛r✱ ♠❡s♠♦ ❞✐❛♥t❡ ❞❡

✉♠ ♥ú♠❡r♦ ♥ã♦ ♠✉✐t♦ ❣r❛♥❞❡ ❞❡ s❡❣♠❡♥t♦s ❛♥t❡r✐♦r❡s✱ ❥á ❞❡❣r❛❞❛r✐❛ s✉❜st❛♥❝✐❛❧♠❡♥t❡ ♦ ✈❡t♦r ✜♥❛❧

♣♦r ❝❛✉s❛ ❞♦ ❡❢❡✐t♦ ❞❡ s✉❛✈✐③❛çã♦ ❡①❝❡ss✐✈❛ q✉❡ s❡r✐❛ ✐♥tr♦❞✉③✐❞♦ ♥♦ s✐♥❛❧ ♠♦❞✐✜❝❛❞♦✳ P♦r ❡st❛ r❛③ã♦

❛ ❢✉♥çã♦ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧ ❢♦✐ ✉t✐❧✐③❛❞❛✳

❖ s❡❣✉♥❞♦ ❛❥✉st❡ ❝♦rr❡s♣♦♥❞❡ ❛♦ r❡❛❥✉st❡ ❞❛ ✈❛r✐â♥❝✐❛ ❣❧♦❜❛❧ ❞♦ s✐♥❛❧ tr❛♥s❢♦r♠❛❞♦ ❛♦ ♥í✈❡❧

❞❛ s❡♥t❡♥ç❛✳ P❡❧♦ ❢❛t♦ ❞❡ q✉❡ ❛s ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s ΨA ❡stã♦ ❞✐ss♦❝✐❛❞❛s ❞❛s ❡♥❡r❣✐❛s t♦t❛✐s

✭❛r♠❛③❡♥❛❞❛s ♣❡❧♦ ✈❡t♦r ΨE0✮ ❞❡st❛s ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s✱ ❛s tr❛♥s❢♦r♠❛çõ❡s ❧♦❝❛✐s ❞❡ss❛s

❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s ♣♦❞❡♠ ❞❡✈♦❧✈❡r ❡s♣❡❝tr♦s ❤❛r♠ô♥✐❝♦s ❞❡s❝♦♥tí♥✉♦s ♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳

❚❛❧ ♣r♦✈á✈❡❧ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡ t❡♠♣♦r❛❧ ❡♥tr❡ s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s ❞❡✈❡ s❡r ❝♦rr✐❣✐❞❛ ❛ ✜♠ ❞❡

❛✉♠❡♥t❛r ♦ ❣r❛✉ ❞❡ ♥❛t✉r❛❧✐❞❛❞❡ ❞♦ s✐♥❛❧ r❡❝♦♥str✉í❞♦✳

P❛r❛ ❝♦♥t♦r♥❛r ❡st❡ ♣r♦❜❧❡♠❛✱ ♦s ✈❡t♦r❡s

a(k, ·) = Ψk
E0
·Ψk

A

sã♦ t♦♠❛❞♦s ♣❛r❛ t♦❞♦ k✱ ❛♥t❡s ❞♦ ❡stá❣✐♦ ❞❡ ❝♦♥✈❡rsã♦ ❧♦❝❛❧✳ ❊♥tã♦✱ ❛♦ ✜♥❛❧ ❞❡st❡ ❡stá❣✐♦✱ ♦✉tr♦

✈❡t♦r

b(k, ·) = [Ψk
E0
]′ · [Ψk

A]
′

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

t✉❞❡s ❤❛r♠ô♥✐❝❛ ♣❛r❛ ❝❛❞❛ s❡❣♠❡♥t♦✳ ❆ ♣❛rt✐r ❞❡ ❡♥tã♦✱ ✉♠ ❛❥✉st❡ ❣❧♦❜❛❧ ❛♦ ♥í✈❡❧ ❞♦ s❡❣♠❡♥t♦ é

❛♣❧✐❝❛❞♦ s♦❜r❡ ♦s ❡♥✈❡❧♦♣❡s ❡s♣❡❝tr❛✐s✱ t♦♠❛♥❞♦✲s❡ ♦s ❞❡s✈✐♦s ♣❛❞rã♦ ❞❡ a ❡ b ❞❡ ♠♦❞♦ q✉❡

[Ψk
A]

′′ ←
E{b}+ σa(σb)

−1 (b(k, ·)− E{b})

[Ψk
E0
]′

, ✭✸✳✸✸✮

♦♥❞❡

σa = ❞✐❛❣(st❞{a}) ❡ σb = ❞✐❛❣(st❞{b})

sã♦ ♦s ❞❡s✈✐♦s ♣❛❞rã♦ ❞♦s ❝♦♥❥✉♥t♦s a ❡ b r❡♣r❡s❡♥t❛❞♦s ♣♦r ♠❛tr✐③❡s ❞✐❛❣♦♥❛✐s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

◆❡st❡ ❝❛s♦✱ [Ψk
A]

′′ ❝♦rr❡s♣♦♥❞❡ ❛♦ ✈❡t♦r ✜♥❛❧ ❞❡ ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s ❞♦ s❡❣✉♥❞♦ ♣ós✲♣r♦❝❡ss❛♠❡♥t♦✳

❯♠ ú❧t✐♠♦ ❡stá❣✐♦ ❞❛ ♥♦r♠❛❧✐③❛çã♦ ♥❡st❛ ❢❛s❡ ❞❡ ♣ós✲♣r♦❝❡ss❛♠❡♥t♦ ✐♠♣❧✐❝❛ ❡♠ r❡✲❡q✉✐❧✐❜r❛r

❛ r❛③ã♦ ❡♥❡r❣ét✐❝❛ ❡♥tr❡ ❛s ♣❛rt❡s ❤❛r♠ô♥✐❝❛s ❡ ❡st♦❝ást✐❝❛s ❞♦ s✐♥❛❧ r❡❝♦♥str✉í❞♦s✱ ♣❡❧♦ ♠❡♥♦s ❛♦

♥í✈❡❧ ❞❛ s❡♥t❡♥ç❛✳ ◆❡st❡ ❝❛s♦✱ ❛ r❛③ã♦ ❡♥tr❡ ❛ s♦♠❛ ❞❛s ❡♥❡r❣✐❛s r❡❧❛t✐✈❛s às ♣❛rt❡s ❤❛r♠ô♥✐❝❛s ❞❡

✉♠ s✐♥❛❧ ❞❡ ✈♦③ ❛♥t❡s ❡ ❞❡♣♦✐s ❞❛ ❝♦♥✈❡rsã♦✱ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❛t✉❛❧✐③❛r ❛ ♣❛rt❡ ❡st♦❝ást✐❝❛ ❛ ✜♠

❞❡ ♠❛♥t❡r ✐♥❛❧t❡r❛❞♦ ♦ ♣❡r❝❡♥t✉❛❧ ❡♥❡r❣ét✐❝♦ ❤❛r♠ô♥✐❝♦✲❡st♦❝ást✐❝♦✳ ❈♦♠♦ ❛♠❜❛s ❡st❛s ♣❛rt❡s sã♦

❛r♠❛③❡♥❛❞❛s ♣♦r ❝♦❡✜❝✐❡♥t❡s ❡s♣❡❝tr❛✐s ❤❛r♠ô♥✐❝♦s ✭a ❡ b✮✱ ❛♦ ✜♥❛❧ ❞❡ t♦❞❛s ❛s tr❛♥s❢♦r♠❛çõ❡s✱ ✉♠



✶✹✵ ❈❖◆❱❊❘❙❖❘ ❉❊ ❱❖❩ ■◆❚❊❘✲▲■◆●❯❮❙❚■❈❖ ✸✳✻

❛❥✉st❡ ❡♥❡r❣ét✐❝♦ é ❛♣❧✐❝❛❞♦ à ♣❛rt❡ ❡st♦❝ást✐❝❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❞❡ ♠♦❞♦ q✉❡

[Ψk
S ]

′′ ←

∑

∀x

∑

∀y b(x, y)
∑

∀x

∑

∀y a(x, y)
· [Ψk

S ]
′, ✭✸✳✸✹✮

♦♥❞❡ [Ψk
S ]

′ ❝♦rr❡s♣♦♥❞❡ ❛♦s ❝♦❡✜❝✐❡♥t❡s ❡st♦❝ást✐❝♦s ❞♦ k✲és✐♠♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③ ❛♣ós ❛ ❝♦♥✈❡rsã♦

✭❣❧♦❜❛❧✮✳ ❉❡st❡ ♠♦❞♦✱ ♦ ❡q✉✐❧í❜r✐♦ ❡♥❡r❣ét✐❝♦ ❡♥tr❡ ❛s ♣❛rt❡s ❤❛r♠ô♥✐❝❛s ❡ ❡st♦❝ást✐❝❛s ❞♦ s✐♥❛❧

❝♦♥✈❡rt✐❞♦ é r❡❡st❛❜❡❧❡❝✐❞♦✳

❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛ ❢✉♥çã♦ ❞❡ ♣ós✲♣r♦❝❡ss❛♠❡♥t♦ ❝♦♥❢♦r♠❡ ❞❡s❝r✐t❛ ❛♥t❡r✐♦r♠❡♥t❡ é r❡❛❧✐③❛❞❛

♣❡❧❛ ❆❧❣♦r✐t♠♦ ✸✳✸✵✳

❆❧❣♦r✐t♠♦ ✸✳✸✵ Ψ ← pós_processamento(Ψ, a,GX , GY )

✶ Ms ← 3

✷ Ns ← ❞✐♠❡♥sã♦(Ψ)

⊲ ❖❜té♠ ✈❡t♦r b

✸ ❢♦r k = 1 : Ns

✹ ✐❢ ΨkF0
> 0 t❤❡♥

✺ b(k, ·)← ΨkE0
·ΨkA

✻ ❡♥❞ ✐❢

✼ ❡♥❞ ❢♦r

⊲ Pr✐♠❡✐r❛ ♥♦r♠❛❧✐③❛çã♦✿ ■♥t❡r♣♦❧❛çã♦ ✉s❛♥❞♦ s❡❣♠❡♥t♦s ❝♦♥s❡❝✉t✐✈♦s

✽ ❢♦r k = 1 : Ns

✾ ✐❢ ΨkF0
> 0 t❤❡♥

✶✵ ΨkA ←
2

Ms(Ms+1)

∑Ms

i=1(Ms − i+ 1)Ψk−iA

✶✶ ΨkE0
← 2

Ms(Ms+1)

∑Ms

i=1(Ms − i+ 1)Ψk−iE0

✶✷ ❡♥❞ ✐❢

✶✸ ❡♥❞ ❢♦r

⊲ ❙❡❣✉♥❞❛ ♥♦r♠❛❧✐③❛çã♦✿ ❘❡st❛✉r❛ ✈❛r✐â♥❝✐❛ ❣❧♦❜❛❧ ❞❛ s❡♥t❡♥ç❛

✶✹ ❢♦r k = 1 : Ns

✶✺ ✐❢ ΨkF0
> 0 t❤❡♥

✶✻ σa = ❞✐❛❣(st❞{a})

✶✼ σb = ❞✐❛❣(st❞{b})

✶✽ ΨkA ←
1

Ψk
E0

E{b}+ σa(σb)
−1 (b(k, ·)− E{b})

✶✾ ❡♥❞ ✐❢

✷✵ ❡♥❞ ❢♦r

⊲ ❚❡r❝❡✐r❛ ♥♦r♠❛❧✐③❛çã♦✿ ❘❡❡q✉✐❧í❜r✐♦ ❡♥❡r❣ét✐❝♦ ❡♥tr❡ ❛s ♣❛rt❡s ❤❛r♠ô♥✐❝❛ ❡ ❡st♦✲

❝ást✐❝❛ ❞♦ s✐♥❛❧✳

✷✶ ΨkS ←
∑

∀x

∑

∀y b(x,y)
∑

∀x

∑

∀y a(x,y)
· [ΨkS ], ∀k

✷✷ r❡t✉r♥✭Ψ✮

❈❛❞❛ ✉♠❛ ❞❡st❛s ♥♦r♠❛❧✐③❛çõ❡s ❞❡s❡♠♣❡♥❤❛ ✉♠ ♣❛♣❡❧ ❡s♣❡❝í✜❝♦ ♥❛ ✜♥❛❧✐③❛çã♦ ❞♦ s✐♥❛❧ tr❛♥s✲

❢♦r♠❛❞♦✳ ❆ ♣r✐♠❡✐r❛✱ ♣♦r ❡①❡♠♣❧♦✱ ❣❛r❛♥t❡ ✉♠❛ tr❛♥s✐çã♦ ❞♦s ♥í✈❡✐s ❞❡ ❡♥❡r❣✐❛ ♠❛✐s s✉❛✈❡♠❡♥t❡

❡♥tr❡ s❡❣♠❡♥t♦s ❛❞❥❛❝❡♥t❡s✱ ❡♥q✉❛♥t♦ q✉❡ ❛ s❡❣✉♥❞❛ ❜❛❧❛♥❝❡✐❛ ❛s ❝♦♥tr✐❜✉✐çõ❡s ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s

❝♦♠♣♦♥❡♥t❡s Ψk
A✳

❯♠ ❝♦♥❥✉♥t♦ ❞❡ ♠ét♦❞♦s ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ❡ ♥❡❝❡ss✐t❛♠ s❡r ✈❛❧✐❞❛❞♦s ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡✱

t❛♥t♦ s♦❜ ♦ ❛s♣❡❝t♦ q✉❛♥t✐t❛t✐✈♦ ✉s❛♥❞♦ ♠étr✐❝❛s ♦❜❥❡t✐✈❛s q✉❛♥t♦ s♦❜ ♦ ❛s♣❡❝t♦ q✉❛❧✐t❛t✐✈♦ ❛

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



❈❛♣ít✉❧♦ ✹

❘❡s✉❧t❛❞♦s ❊①♣❡r✐♠❡♥t❛✐s

❆ ✈❛❧✐❞❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ é ✉♠ ✐♠♣♦rt❛♥t❡ ❡stá❣✐♦ ❞❡♥tr♦ ❞❡ ✉♠ ♣r♦❥❡t♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ❡

❡s♣❡❝✐❛❧♠❡♥t❡ ♥♦ ❝❛s♦ ❞❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ ❞❡✈✐❞♦ à ❝❛rê♥❝✐❛ ❞❡ ♠ét♦❞♦s ❡ ♠étr✐❝❛s ♣✉r❛♠❡♥t❡

t❡ór✐❝❛s ❝❛♣❛③❡s ❞❡ ❛✈❛❧✐❛r ❛♣r♦♣r✐❛❞❛♠❡♥t❡ ♦s r❡s✉❧t❛❞♦s ❞❛ ❝♦♥✈❡rsã♦ ❡♠ t❡r♠♦s ♣❡r❝❡♣t✉❛✐s✳ P♦r

✈✐❛ ❞❡ r❡❣r❛✱ t♦❞♦s ♦s ❡①♣❡r✐♠❡♥t♦s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ❞❡♥tr♦ ❞❡ ✉♠ ❝❡♥ár✐♦ ❤✐♣♦tét✐❝♦ ❝♦♥tr♦❧❛❞♦✱ ♦

q✉❛❧ ❡♥✈♦❧✈❡ ❛s ❞✉❛s ❧í♥❣✉❛s ♠❛✐s ❢❛❧❛❞❛s ♥♦ ♠✉♥❞♦✿ ♦ ✐♥❣❧ês ❡ ♦ ❡s♣❛♥❤♦❧✳

❖ ♣r♦❜❧❡♠❛ ❞❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ é ❝♦♠♣♦st♦ ♣♦r ✉♠❛ sér✐❡ ❞❡ ♦✉tr♦s s✉❜♣r♦❜❧❡♠❛s ✐♥t❡r✲❧✐❣❛❞♦s

❡♠ sér✐❡ ✭❛❧✐♥❤❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s✱ s❡❧❡çã♦ ❞❡ ❝❧❛ss❡s ❞❛❞♦ ✉♠ ✈❡t♦r✱ tr❛♥s❢♦r♠❛çã♦✱ ❡♥tr❡ ♦✉tr❛s✮✱

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

❢❡✐t❛✱ ❡st❡ ❝❛♣ít✉❧♦ é ❝♦♠♣♦st♦ ♣♦r três s❡çõ❡s✱ s❡♥❞♦ ✉♠❛ ❞❡❧❛s s✐♠♣❧❡s♠❡♥t❡ ✐♥tr♦❞✉tór✐❛✱ ❛ q✉❛❧

❛♣r❡s❡♥t❛ ♦s ❞❛❞♦s ✭♦s ❝♦r♣♦r❛✮ ✉s❛❞♦s ♥♦ ❡①♣❡r✐♠❡♥t♦✳ ❆s ♦✉tr❛s ❞✉❛s s❡çõ❡s sã♦ ❡s♣❡❝✐❛❧✐③❛❞❛s ❡♠

r❡❛❧✐③❛r ❡①♣❡r✐♠❡♥t♦s ♦❜❥❡t✐✈♦s ✭♠étr✐❝♦s✮ ❡ s✉❜❥❡t✐✈♦s ✭♣❡r❝❡♣t✉❛✐s✮✳ ❊st❛ s❡çã♦ ❡stá ♦r❣❛♥✐③❛❞❛ ❞❡

♠♦❞♦ q✉❡

✲ ❆ ❙❡çã♦ ✹✳✶ ✐♥tr♦❞✉③ ♦ ♠ó❞✉❧♦ ❡①♣❡r✐♠❡♥t❛❧✱ ❡s♣❡❝✐✜❝❛♥❞♦ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♦s ❝♦♥❥✉♥t♦s ❞❡

❞❛❞♦s ✉s❛❞♦s ♥♦ ❡①♣❡r✐♠❡♥t♦✳

✲ ❆ ❙❡çã♦ ✹✳✷ tr❛t❛ ❞❡ ❞❡s❝r❡✈❡r t♦❞♦s ♦s ❡①♣❡r✐♠❡♥t♦s s♦❜ ♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ♦❜❥❡t✐✈♦ ✉s❛♥❞♦

♠❡❞✐❞❛s ❞❡ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❛s ❛♠♦str❛s ❝♦♠♣❛r❛❞❛s✳ ◆❡st❛ s❡çã♦ s❡ t❡st❛rá ❛s ♣r✐♥❝✐♣❛✐s

❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ❞♦ s✐st❡♠❛ ✐s♦❧❛❞❛♠❡♥t❡✿ ❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❛ ❝❧✉st❡r✐③❛çã♦✴✲

♠❛♣❡❛♠❡♥t♦ ❞♦s ❞❛❞♦s✱ ❛ss✐♠ ❝♦♠♦ ❛ ❝♦♥✈❡rsã♦ ♣r♦♣r✐❛♠❡♥t❡ ❞✐t❛✳ ◆❡st❡ ❝❛s♦✱ ♣❛r❛ q✉❡ s❡❥❛

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

✲ ❆ ❙❡çã♦ ✹✳✸ ❛♣r❡s❡♥t❛ ❛ ♣❛rt❡ s✉❜❥❡t✐✈❛ ❞♦s ❡①♣❡r✐♠❡♥t♦s✱ ♦♥❞❡ ♦s r❡s✉❧t❛❞♦s ✜♥❛✐s ❞❛ ❝♦♥✲

✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ sã♦ s✉❜♠❡t✐❞♦s ❛ ✉♠❛ ❜❛t❡r✐❛ ❞❡ t❡st❡s ❞❡ ♦♣✐♥✐ã♦✳

✹✳✶ ❉❡✜♥✐çõ❡s ●❡r❛✐s

❉✉❛s q✉❡stõ❡s ❢✉♥❞❛♠❡♥t❛✐s ❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ❛ ❛✈❛❧✐❛çã♦ ❞❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✿ ❛ ♣r✐♠❡✐r❛

s❡ ❛ss♦❝✐❛ à ✐❞❡✐❛ ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ❡♥tr❡ ♦ t✐♠❜r❡ ❞❛ ✈♦③ ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ❝♦♥✈❡rt✐❞♦ ❡ ♦ t✐♠❜r❡

❞❡ ✈♦③ ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦❀ ❡ ❛ s❡❣✉♥❞❛ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ❛ q✉❛❧✐❞❛❞❡ ❞♦ s✐♥❛❧ tr❛♥s❢♦r♠❛❞♦✱

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

♦✉tr♦s✳ ❊st❡ ♣r♦❥❡t♦ s❡ ♣r♦♣õ❡ ❛ ❛✈❛❧✐❛r t❛✐s q✉❡stõ❡s ♦❜❥❡t✐✈❛♠❡♥t❡ ❡ s✉❜❥❡t✐✈❛♠❡♥t❡✳

✶✹✶
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❆✈❛❧✐❛r ❛s♣❡❝t♦s ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ❡s♣❡❝tr❛❧✱ ❞❛❞♦ q✉❡ s❡ ♣♦ss❛ ❡st❛❜❡❧❡❝❡r ♣❛r❡s ❞❡ s❡♥t❡♥ç❛s

❛❧✐♥❤❛❞❛s ♥♦ t❡♠♣♦✱ é ✉♠❛ t❛r❡❢❛ q✉❡ ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ❝♦♠ s✉❝❡ss♦ ❛ ♣❛rt✐r ❞❡ ♠❡❞✐❞❛s ❞❡ ❞✐stâ♥❝✐❛

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

❣❡r❛✐s✱ t❛✐s ❝♦♠♦ ❛ ♥❛t✉r❛❧✐❞❛❞❡ ❞❛ ✈♦③ s✐♥tét✐❝❛✱ é ✉♠❛ t❛r❡❢❛ ❡♠✐♥❡♥t❡♠❡♥t❡ ❤✉♠❛♥❛✱ ♦✉ s❡❥❛✱

❡①✐❣❡ q✉❡ s❡❥❛ r❡❛❧✐③❛❞❛ ✉♠❛ ❜❛t❡r✐❛ ❞❡ t❡st❡s s✉❜❥❡t✐✈♦s✳

❇❛s✐❝❛♠❡♥t❡✱ ♦s t❡st❡s ♦❜❥❡t✐✈♦s sã♦ r❡s♣♦♥sá✈❡✐s ♣♦r ❞❡t❡r♠✐♥❛r q✉❛✐s ❛s ♠❡❧❤♦r❡s ♦♣çõ❡s ❞❡

❝♦♥✜❣✉r❛çã♦ ❞♦s s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❛ s❡r❡♠ ❝♦♠♣❛r❛❞♦s ♣♦st❡r✐♦r♠❡♥t❡ ♥❛ ❢❛s❡ ❞❡ t❡st❡s

s✉❜❥❡t✐✈♦s✳ ❊♠ ❛♠❜♦s ♦s ❝❛s♦s✱ ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s é r❡q✉❡r✐❞❛✳ ◆♦ ❝❛s♦ ❞♦s t❡st❡s ♦❜❥❡t✐✈♦s✱ ♦

❜❛♥❝♦ ❞❡ ❞❛❞♦s ❞❡ ✈♦③ ❛✐♥❞❛ ❞❡✈❡ s❡r r♦t✉❧❛❞♦ ♣❛r❛ ✜♥s ❞❡ ✈❡r✐✜❝❛çã♦✳ ❆ ✐♥✢✉ê♥❝✐❛ ❞❛ ♣r♦só❞✐❛ ♥❛

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

♦ ♣r♦❥❡t♦ ♣r♦♣ôs r❡❛❧✐③❛r ♦s ❡①♣❡r✐♠❡♥t♦s ❞❡♥tr♦ ❞❡ ✉♠ ❝❡♥ár✐♦ ❝♦♥tr♦❧❛❞♦ ❡♠ t❡r♠♦s ♣r♦só❞✐❝♦s✳

❊ss❡ ❝❡♥ár✐♦ ❤✐♣♦tét✐❝♦ ❝♦♥t❛ ❝♦♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ s❡♥t❡♥ç❛s ❝♦♠ ♣♦✉❝❛ ✈❛r✐❛çã♦ ♥♦ ❝♦♥t♦r♥♦ ❞♦

♣✐t❝❤ ❡ ♣♦✉❝❛ ❡①♣r❡ss✐✈✐❞❛❞❡ ❞❡ ✐♥t♦♥❛çã♦✳

❊st❡ tr❛❜❛❧❤♦ ❝♦♥t♦✉ ❝♦♠ ♦ ❛♣♦✐♦ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ P♦❧✐té❝♥✐❝❛ ❞❛ ❈❛t❛❧✉♥❤❛✱ ❛ q✉❛❧ ❞✐s♣♦♥✐❜✐❧✐✲

③♦✉ ✉♠ ❝♦r♣✉s ♣r✐✈❛❞♦ ✉t✐❧✐③❛❞♦ ♥♦ ♣r♦❥❡t♦ ❚❈✲❙❚❆❘ ❬✷✸❪✱ ❝♦♥❝❡❞✐❞♦ ❣❡♥t✐❧♠❡♥t❡ ♣❡❧♦ ❉r✳ ❆♥t♦♥✐♦

❇♦♥❛❢♦♥t❡✳ ❖ ♣r♦❥❡t♦ ❚❈✲❙❚❆❘ é ✉♠ ♣r♦❥❡t♦ ❡✉r♦♣❡✉ ✐♥t❡r❞✐s❝✐♣❧✐♥❛r q✉❡ ❡♥✈♦❧✈❡✉ ✈❛r✐❛❞♦s s✐st❡✲

♠❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✈♦③✳ ❆ ❣r❛♥❞❡ ✈❛♥t❛❣❡♠ ❞❡st❡ ❝♦r♣✉s é q✉❡ ❛s s❡♥t❡♥ç❛s q✉❡ ♦ ❝♦♠♣õ❡♠

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

✉♠ ❝♦♥tr♦❧❡ ♣r♦só❞✐❝♦ ❜❡♠ r✐❣♦r♦s♦ ♥♦ q✉❛❧ ❝❛❞❛ ❢❛❧❛♥t❡ ♦✉✈✐✉ ❛ ♠❡s♠❛ s❡♥t❡♥ç❛ ❣r❛✈❛❞❛ ♣♦r

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

❝♦♥❥✉♥t♦ ❞❡ s❡♥t❡♥ç❛s r♦t✉❧❛❞❛s ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ♣♦r ✉♠ s♦❢t✇❛r❡ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✈♦③ ✉s❛❞♦

♥♦ ♣r♦❥❡t♦ ❚❈✲❙❚❆❘✳ ❯♠❛ ♦✉tr❛ ♣❡❝✉❧✐❛r✐❞❛❞❡ ❞❡st❛ ❜❛s❡ ❞❡ ✈♦③ é q✉❡ s✉❛s r❡s♣❡❝t✐✈❛s s❡♥t❡♥ç❛s

❢♦r❛♠ ❣r❛✈❛❞❛s ❡♠ três ✐❞✐♦♠❛s ❞✐st✐♥t♦s s♦❜ ❛s ♠❡s♠❛s ❝♦♥❞✐çõ❡s✿ ■♥❣❧ês ❊✉r♦♣❡✉✱ ❊s♣❛♥❤♦❧ ❊✉✲

r♦♣❡✉ ❡ ▼❛♥❞❛r✐♠✳ ■♥❢❡❧✐③♠❡♥t❡✱ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ❡♥❝♦♥tr❛r ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❝♦♠ ❡s♣❡❝✐✜❝❛çõ❡s

s❡♠❡❧❤❛♥t❡s ♣❛r❛ ♦ ♣♦rt✉❣✉ês✳ P♦r ♠♦t✐✈♦s ❞❡ ❢❛♠✐❧✐❛r✐❞❛❞❡ ♥♦s t❡st❡s s✉❜❥❡t✐✈♦s✱ s♦♠❡♥t❡ ❛s ♣❛rt❡s

❡s♣❛♥❤♦❧❛ ❡ ✐♥❣❧❡s❛ ❞♦ ❝♦r♣✉s ❚❈✲❙❚❆❘ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s✳

❚♦t❛❧✐③❛♥❞♦ ♦✐t♦ ❝♦r♣♦r❛✱ ❝❛t❡❣♦r✐③❛❞♦s ❡♠ ❧♦❝✉t♦r❡s ❜✐❧í♥❣✉❡s ✭❊s♣❛♥❤♦❧ ❡ ■♥❣❧ês✮ ❞♦✐s ❞♦ s❡①♦

❢❡♠✐♥✐♥♦ ❡ ❞♦✐s ❞♦ s❡①♦ ♠❛s❝✉❧✐♥♦✱ ♦ ❝♦r♣✉s ❚❈✲❙❚❆❘ ❝♦♥té♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✵ ❤♦r❛s ❞❡ ❣r❛✈❛✲

çõ❡s ❞❡ s❡♥t❡♥ç❛s ❡♠ á✉❞✐♦ ❛ ✉♠❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✾✻ ❦❍③ ❡ q✉❛♥t✐③❛❞❛s ❛ ✷✹ ❜✐ts✴❛♠♦str❛✱

♣r❛t✐❝❛♠❡♥t❡ s❡♠ r✉í❞♦ ❞❡ ❢✉♥❞♦ ✭♥♦s ❡①♣❡r✐♠❡♥t♦s s❡❣✉✐♥t❡s ♦s s✐♥❛✐s ❢♦r❛♠ r❡✲❛♠♦str❛❞♦s ❛ ✉♠❛

t❛①❛ ❞❡ ✶✻ ❦❍③ ♣♦r q✉❡stõ❡s ❞❡ ❡✜❝✐ê♥❝✐❛ ♥♦ ❝á❧❝✉❧♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❡s♣❡❝tr❛✐s✮✳

❖s ❝♦r♣♦r❛ ❢♦r❛♠ ❝❛t❛❧♦❣❛❞♦s ❞❡ ♠♦❞♦ q✉❡ ♦s ❞♦✐s ❧♦❝✉t♦r❡s ❞♦ s❡①♦ ❢❡♠✐♥✐♥♦ sã♦ ♥✉♠❡r❛❞♦s

❝♦♠♦ ❵✼✺✬ ❡ ❵✼✻✬✱ ❡ ♦s ❞♦✐s ❞♦ s❡①♦ ♠❛s❝✉❧✐♥♦ ❝♦♠♦ ❵✼✾✬ ❡ ❵✽✵✬❀ ❛s ❧í♥❣✉❛s ♣♦r s✉❛ ✈❡③ sã♦ ❞✐s❝r✐♠✐♥❛❞❛s

❝♦♠♦ ❵❊❙✬ ✭❊s♣❛♥❤♦❧✮ ❡ ❵❊◆✬ ✭■♥❣❧ês✮✳ ❆ss✐♠✱ ♦ ❝♦r♣✉s ❵❊❙❴✼✺✬ ❝♦rr❡s♣♦♥❞❡ ❛♦ ❝♦r♣✉s ❡♠ ❊s♣❛♥❤♦❧

❞❛ ❧♦❝✉t♦r❛ ❵✼✺✬✳

❚♦❞❛ ✈❡③ ❡♠ q✉❡ ♦ t❡①t♦ s❡ r❡❢❡r✐r ❛♦ ✉s♦ ❞♦s ❝♦r♣✉s ❞❛ ❜❛s❡ ❚❈✲❙❚❆❘ ❞❡♥tr♦ ❞♦s ❡①♣❡r✐♠❡♥t♦s✱

❝♦♥s✐❞❡r❡ q✉❡ ✺✵ s❡♥t❡♥ç❛s ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✺ s❡❣✉♥❞♦s ❢♦r❛♠ t♦♠❛❞❛s ♣❛r❛ ❝♦♠♣♦r ♦ ♠❡s♠♦✳

❚❛❧ r❡str✐çã♦ ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ♣❡q✉❡♥❛ ✈✐s❛ ♠❡❧❤♦r q✉❛❧✐✜❝❛r ♦ s✐st❡♠❛ ❡♠ s✐t✉❛çõ❡s ❡①tr❡♠❛s ❝♦♠

♣♦✉❝♦s ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦✳



✹✳✷ ❆❱❆▲■❆➬➹❖ ❖❇❏❊❚■❱❆ ✶✹✸

✹✳✷ ❆✈❛❧✐❛çã♦ ❖❜❥❡t✐✈❛

❆ r❡❛❧✐③❛çã♦ ❞❡ t❛✐s ❛✈❛❧✐❛çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ♦❜❥❡t✐✈❛s t❡♠ ♣♦r ♠❡t❛ ❞❡♠♦♥str❛r ❡♠♣✐r✐❝❛✲

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

❡①♣❡r✐♠❡♥t♦✳ ❇❛s✐❝❛♠❡♥t❡✱ três ❝❧❛ss❡s ❞❡ ♠ét♦❞♦s sã♦ ❝♦♥s✐❞❡r❛❞♦s ❢✉♥❞❛♠❡♥t❛✐s ♥♦ ♣r♦❝❡ss♦ ❞❡

❝♦♥✈❡rsã♦ ❞❡ ✈♦③✿ ✭✶✮ ❛ ♣❛r❛♠❡tr✐③❛çã♦ ❡ q✉❛♥t✐③❛çã♦ ❞♦s ✈❡t♦r❡s ❛❝úst✐❝♦s ❞♦s s❡❣♠❡♥t♦s ❞❡ ✈♦③

♣r♦❝❡ss❛❞♦s ♥❛ ❜❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ✭✷✮ ❛ ❝❧✉st❡r✐③❛çã♦ ❞❡st❡s ✈❡t♦r❡s ❡♠ ❝❧❛ss❡s ❛❝úst✐❝❛s ♣❛r❛

♣♦st❡r✐♦r ♠❛♣❡❛♠❡♥t♦ ❡♥tr❡ ❝♦r♣✉s ❞✐st✐♥t♦s ❡ ✭✸✮ ❛ ❝♦♥✈❡rsã♦ ❞❡ s❡❣♠❡♥t♦s ❞❡ ✈♦③ ❞❡ ✉♠ s✐♥❛❧

❞❡ ❡♥tr❛❞❛ ❝♦♠ ❜❛s❡ ♥❛s ❝❧❛ss❡s ❛❝úst✐❝❛s ♣r❡✈✐❛♠❡♥t❡ ❛❧✐♥❤❛❞❛s✳ ❊✈✐❞❡♥t❡♠❡♥t❡✱ ❝❛❞❛ ❜❛t❡r✐❛ ❞❡

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

✹✳✷✳✶ P❛r❛♠❡tr✐③❛çã♦ ❡ ◗✉❛♥t✐③❛çã♦

❈♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✸✳✸ ❞♦ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r✱ ❛ ❞❡❝♦♠♣♦s✐çã♦ ❡s♣❡❝tr❛❧ ♣r♦♣♦st❛ ♣♦r

❡st❡ tr❛❜❛❧❤♦ t♦♠❛ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ✈♦③ ❡ ♦ r❡♣r❡s❡♥t❛ ❝♦♠♦ ✉♠❛ s♦♠❛ ❞❡ ❜❛s❡s r❛❞✐❛✐s ✭❜❛♥❝♦

❞❡ ✜❧tr♦s✮✳ ❙❡♥❞♦ ❛ss✐♠✱ ♦ s❡❣✉✐♥t❡ ❡①♣❡r✐♠❡♥t♦ t❡♠ ♣♦r ♠❡t❛ ♥ã♦ ❛♣❡♥❛s ♠♦str❛r ❛ ❛❝✉rá❝✐❛ ❞♦

❛❥✉st❡ ❡s♣❡❝tr❛❧ ♦❜t✐❞♦ ♣❡❧♦s ♠ét♦❞♦s ♣r♦♣♦st♦s✱ ♠❛s t❛♠❜é♠ ♠♦str❛r ❛ ❡st❛❜✐❧✐❞❛❞❡ t❡♠♣♦r❛❧ ❞♦s

♣❛râ♠❡tr♦s q✉❡ r❡♣r❡s❡♥t❛♠ ❝❛❞❛ ❢✉♥çã♦ ❞❡ ❜❛s❡ ψ(ak, µk, σk)✱ ♦♥❞❡ ak✱ µk ❡ σk sã♦ ❛s ❛♠♣❧✐t✉❞❡s✱

♣♦s✐çõ❡s ❡ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞♦ k✲és✐♠♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③ q✉❛♥t✐③❛❞♦✳ ❆❧❣✉♠❛s ♣r♦♣r✐❡❞❛❞❡s ❞❡

❝❧✉st❡r✐③❛çã♦ ❞♦ s✐♥❛❧ ❞❡ ❢❛❧❛ t❛♠❜é♠ s❡rã♦ ✐♥✈❡st✐❣❛❞❛s ✉s❛♥❞♦ ❡st❡s ♣❛râ♠❡tr♦s✳

❚rês s✐♥❛✐s ❞❡ ✈♦③ ❢♦r❛♠ ❣r❛✈❛❞♦s à ♣❛rt❡ ♣❛r❛ ❡st❡s t❡st❡s ♣❛rt✐❝✉❧❛r❡s✳ ❈❛❞❛ s✐♥❛❧ ❞❡ ✈♦③

é ❝♦♠♣♦st♦ ♣♦r ❝✐♥❝♦ s❡❣♠❡♥t♦s ❝♦♠ ❛s ♣r✐♥❝✐♣❛✐s ✈♦❣❛✐s ❞❛ ❧í♥❣✉❛ ❡s♣❛♥❤♦❧❛ ✭❬❛❪✱ ❬❡❪✱ ❬✐❪✱ ❬♦❪ ❡

❬✉❪✮ ♣r♦♥✉♥❝✐❛❞❛s ♣♦r três ❧♦❝✉t♦r❡s ❞✐❢❡r❡♥t❡s ✭❞♦ s❡①♦ ♠❛s❝✉❧✐♥♦✮✳ ❖ s✐st❡♠❛ s❡❣♠❡♥t♦✉ ❝❛❞❛

s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ ❡♠ ♣❡q✉❡♥♦s tr❡❝❤♦s ❞❡ ✷✺✻ ❛♠♦str❛s ❝❛❞❛✱ ♣❛r❛ ♦s q✉❛✐s ❢♦r❛♠ ❡st✐♠❛❞♦s ♦s

❡♥✈❡❧♦♣❡s ❤❛r♠ô♥✐❝♦s ❡ ❡st♦❝ást✐❝♦s ❛ ♣❛rt✐r ❞♦ ▼♦❞❡❧♦ ❍❛r♠ô♥✐❝♦✴❊st♦❝ást✐❝♦ ✭❍❙▼✮ ❛♣r❡s❡♥t❛❞♦

♥❛ ❙❡çã♦ ✸✳✷✳ ❆♣r♦①✐♠❛❞❛♠❡♥t❡ ✾✵✵ s❡❣♠❡♥t♦s ✈♦③❡❛❞♦s✱ ♣❛r❛ ❝❛❞❛ ❧♦❝✉t♦r✱ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s

♥❡st❡s ❡①♣❡r✐♠❡♥t♦s✳ ❆♦ ✜♥❛❧✱ ❛ ♠é❞✐❛ ❡ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❡♥tr❡ ♦s três ❧♦❝✉t♦r❡s ❢♦r❛♠ t♦♠❛❞❛s ❡

❛♠♦str❛❞❛s ❡♠ ❝❛❞❛ ❣rá✜❝♦ ♣❛r❛ ❝❛❞❛ ♠❡❞✐❞❛✳ ❆ ✜♠ ❞❡ ❝♦♠♣❛r❛r ❝♦♠ ♦✉tr♦s ♠♦❞❡❧♦s ❝❧áss✐❝♦s✱

♦s ❝♦❡✜❝✐❡♥t❡s ▲P❈ ❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❈❡♣str❛✐s ❢♦r❛♠ t❛♠❜é♠ ❡st✐♠❛❞♦s✳ ❊♠ ❛♠❜♦s ♦s ❝❛s♦s✱ ♦s

❡♥✈❡❧♦♣❡s ❤❛r♠ô♥✐❝♦s ❡ ❡st♦❝ást✐❝♦s sã♦ ❡st✐♠❛❞♦s ❞✐r❡t❛♠❡♥t❡ ❞♦s ♣✐❝♦s ❤❛r♠ô♥✐❝♦s ❡ ❞♦ ❧♦❣ ❞♦

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

❝♦❡✜❝✐❡♥t❡s ▲P❈ é r❡❛❧✐③❛❞❛ ❛ ♣❛rt✐r ❞❛ r❡s♦❧✉çã♦ ❞♦ s❡❣✉✐♥t❡ s✐st❡♠❛ ❞❡ ❡q✉❛çõ❡s✿
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✭✹✳✶✮

♦♥❞❡ s❡ s❛❜❡ q✉❡ ♦s ✈❛❧♦r❡s ❞❡ R ♣♦❞❡♠ s❡r ❛♣r♦①✐♠❛❞♦s ❞❡ ♠♦❞♦ q✉❡

Rn ≈

∫ π

−π
|X(ω)|2ejωndω =

1

2

L
∑

l=−L

A2
l cos(lω0n), ∀n,

❞❛❞❛ ✉♠❛ ❞❡❝♦♠♣♦s✐çã♦ ❤❛r♠ô♥✐❝❛ ❞❡ ✉♠ ❡s♣❡❝tr♦ ♦r✐❣✐♥❛❧ X ❝♦♠ ❛♠♣❧✐t✉❞❡s Al ❡ ❢r❡q✉ê♥❝✐❛

❢✉♥❞❛♠❡♥t❛❧ ω0✳



✶✹✹ ❘❊❙❯▲❚❆❉❖❙ ❊❳P❊❘■▼❊◆❚❆■❙ ✹✳✷

❉❡ ♠♦❞♦ ♣❛r❡❝✐❞♦✱ ♦s ❝♦❡✜❝✐❡♥t❡s ❝❡♣str❛✐s ci sã♦ ❞❡t❡r♠✐♥❛❞♦s ❛ ♣❛rt✐r ❞❛ ❡q✉❛çã♦

log |X(f)| = c0 + 2

p
∑

i=1

cos(
2πif

SR
),

♦♥❞❡ SR é ❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠✳ ❈♦st✉♠❛✲s❡ ❡❧✐♠✐♥❛r ❛ ❝♦♠♣♦♥❡♥t❡ c0 ♣❡❧♦ ❢❛t♦ ❞❡ q✉❡ ❛ ♠❡s♠❛

é ❞❡s♥❡❝❡ssár✐❛ ♥❛ ♠♦❞❡❧❛❣❡♠ ❞❛ ❢♦r♠❛ ❞♦ ❡s♣❡❝tr♦✳

❊♠ ❛♠❜♦s ♦s ❝❛s♦s ✭▲P❈ ❡ ❈❡♣str✉♠✮✱ ♦s r❡s♣❡❝t✐✈♦s ❝♦❡✜❝✐❡♥t❡s ♣♦❞❡♠ s❡r ♦❜t✐❞♦s ❛tr❛✈és ❞❛

♦t✐♠✐③❛çã♦ ♣♦r ♠í♥✐♠♦s q✉❛❞r❛❞♦s✳ ❆❧é♠ ❞✐ss♦✱ ♣❡❧♦ ❢❛t♦ ❞❛ ♠❛tr✐③ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❛♣r❡s❡♥t❛❞❛

♥❛ ❛❜♦r❞❛❣❡♠ ▲P❈ s❡r ✉♠❛ ♠❛tr✐③ ❚♦❡♣❧✐t③✱ ❛ ✐♥✈❡rs❛ ❞❛ ♠❡s♠❛ ♣♦❞❡ s❡r ❡✜❝✐❡♥t❡♠❡♥t❡ ♦❜t✐❞❛

♣❡❧♦ ♠ét♦❞♦ ❞❡ ▲❡✈✐♥s♦♥✲❉✉r❜✐♥ ❬✶✻✽❪✳

◗✉❛♥t♦ ❛♦s ♠ét♦❞♦s ♣r♦♣♦st♦s✱ ❛s s❡❣✉✐♥t❡s ❥❛♥❡❧❛s sã♦ ✉s❛❞❛s ❝♦♠♦ ❜❛s❡s ♣❛r❛♠étr✐❝❛s✿ ❍❛♥♥✱

◆✉tt❛❧❧✱ ❇❧❛❝❦♠❛♥✲❍❛rr✐s✱ ❇❧❛❝❦♠❛♥✲◆✉tt❛❧❧ ❡ ●❛✉ss✐❛♥❛✳ ❖s ♠ét♦❞♦s ✉s❛❞♦s ♥❛ ❝♦♠♣❛r❛çã♦ sã♦

♦ ▼ét♦❞♦ ●✉❧♦s♦ ❞❡ ❡st✐♠❛çã♦ ♣❛r❛♠étr✐❝❛ ❞❡ ❜❛s❡s ❝♦♠ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❡ ♣♦s✐çõ❡s ✜①❛s✱ ♦

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

♣❛râ♠❡tr♦s ❧✐✈r❡s [a, µ, σ]✱ [a, µ]✱ [a, σ] ❡ [a] ✭❙❡çã♦ ✸✳✸✮✳ ❖ ♣❛râ♠❡tr♦ ❞❡ ❧✐♠✐❛r q✉❡ ❡st❛❜❡❧❡❝❡ ♦

❝r✐tér✐♦ ❞❡ ♣❛r❛❞❛✱ ✉t✐❧✐③❛❞♦ ♣♦r ❝❛❞❛ ✉♠ ❡ss❡s ♠ét♦❞♦s ♥♦ ❛❧❣♦r✐t♠♦ ❞❡ ❛❥✉st❡ ❞❡ ❜❛s❡✱ ❢♦✐ ❞❡

ǫ = 10−5✳ ❆ss✐♠✱ ♦s ❡♥✈❡❧♦♣❡s ❡s♣❡❝tr❛✐s ♦❜t✐❞♦s ♣♦r ❡st❡s ♠ét♦❞♦s ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ❝♦♠ ♦s

❡♥✈❡❧♦♣❡s ❡s♣❡❝tr❛✐s ❡st✐♠❛❞♦s ✈✐❛ ▲P❈ ❡ ❈❡♣str✉♠✳ ❖ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ✉t✐❧✐③❛❞♦s ❡♠ t♦❞♦s

♦s ♠ét♦❞♦s ❢♦✐ ❞❡ ✷✹ ❝♦❡✜❝✐❡♥t❡s ❝❛❞❛✱ ❝♦♠ ✉♠❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞♦ s✐♥❛❧ ❞❡ ✶✻ ❦❍③✳

❖ ♣r♦❥❡t♦ ❡①♣❡r✐♠❡♥t❛❧ ❧❡✈♦✉ ❡♠ ❝♦♥t❛ ♦s s❡❣✉✐♥t❡ ❛s♣❡❝t♦s✿

✶✳ ❛ ♠❡❞✐❞❛ ❞❡ ❛❝✉rá❝✐❛✱ t♦♠❛❞❛ ❝♦♠♦ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ❧♦❣ ❞♦ ❡s♣❡❝tr♦ ❞❡ ♠❛❣♥✐t✉❞❡ r❡❝♦♥s✲

tr✉í❞♦ ❡ ♦ ❡♥✈❡❧♦♣❡ ❤❛r♠ô♥✐❝♦ ✐♥t❡r♣♦❧❛❞♦ ♦r✐❣✐♥❛❧♠❡♥t❡❀

✷✳ ❛ ❡st❛❜✐❧✐❞❛❞❡ ♥❛ ❡✈♦❧✉çã♦ ❞✐♥â♠✐❝❛ t❡♠♣♦r❛❧ ❞❡ ❝❛❞❛ ♣❛râ♠❡tr♦ ❞♦ ♠♦❞❡❧♦❀

✸✳ ❛s ❞✐stâ♥❝✐❛s ❡♥tr❡ s❡❣♠❡♥t♦s q✉❡ ♣❡rt❡♥❝❡♠ ❛ ✉♠❛ ♠❡s♠❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧❀ ❡

✹✳ ❛s ❞✐stâ♥❝✐❛s ❡♥tr❡ ♦s ❝❡♥tr♦✐❞❡s ❞❡ ❝❛❞❛ ✉♠❛ ❞❡ss❛s ❝❧❛ss❡s✳

❆s ❝♦♠♣❛r❛çõ❡s ❢♦r❛♠ ❢❡✐t❛s s❡❣♠❡♥t♦ ❛ s❡❣♠❡♥t♦ ❡♥tr❡ ♦ s✐♥❛❧ r❡❝♦♥str✉í❞♦ ŝ ❡ ♦ s✐♥❛❧ ♦r✐❣✐♥❛❧

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

❡♠ r❡❧❛çã♦ ❛♦ ❡♥✈❡❧♦♣❡ r❡❛❧ ✐♥t❡r♣♦❧❛❞♦✱ ♦ q✉❛❧ ❢♦✐ ♦❜t✐❞♦ ❞❛ ♣❛rt❡ ❤❛r♠ô♥✐❝❛ ♣r♦✈❡♥✐❡♥t❡ ❞♦ ♠♦❞❡❧♦

❍❙▼✳ ◆❡st❡ ❡①♣❡r✐♠❡♥t♦✱ ✉♠❛ ✈❡rsã♦ ♥♦r♠❛❧✐③❛❞❛ ❞❛ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ❛❞❛♣t❛❞❛ à ❡s❝❛❧❛ ▼❊▲

❢♦✐ t♦♠❛❞❛ ❡♥tr❡ t❛✐s ❡♥✈❡❧♦♣❡s✳ ❈♦♥s✐❞❡r❡ q✉❡ Sk ❝♦rr❡s♣♦♥❞❡ ❛♦ ❡s♣❡❝tr♦ ♦r✐❣✐♥❛❧ ❞♦ k✲és✐♠♦

s❡❣♠❡♥t♦ ❞❡ ✈♦③ ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ s✱ ❝♦♠ k ∈ {1, . . . , N}✳ ❊♥tã♦✱ ❛ ❛❝✉rá❝✐❛ ❞♦ ❛❥✉st❡ ❡s♣❡❝tr❛❧

é ❝❛❧❝✉❧❛❞❛ ❞❡ ♠♦❞♦ q✉❡

εSD =
1

N

N
∑

k=1

∣

∣

∣Sklog − Ŝ
k
log

∣

∣

∣

♦♥❞❡ Slog é ✉♠❛ ♥♦r♠❛❧✐③❛çã♦ ❧♦❣❛rít♠✐❝❛ ❞❡ S ❞❡✜♥✐❞❛ ❝♦♠♦

Slog = 10 log10(S + ε0)

♦♥❞❡ ε0 é ✉♠ ✈❛❧♦r q✉❡ ❞❡✜♥❡ ♦ ❝❤ã♦ ❞❛ ♥♦r♠❛❧✐③❛çã♦✱ ♦ q✉❛❧ ❢♦✐ ❞❡✜♥✐❞♦ ❝♦♠♦ 10−5✳

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

❡♥tr❡ ✈❛❧♦r❡s ❝♦♥s❡❝✉t✐✈♦s ❞♦s ♣❛râ♠❡tr♦s ❡♠ ❝❛❞❛ ♣❛r ❞❡ s❡❣♠❡♥t♦s ❛❞❥❛❝❡♥t❡s✳ ❊st❛ ♠❡❞✐❞❛ ❡stá
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LPC CEPS BLK−HAR BLK−NUT GAUSS HANN NUTTALL
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Fator de Descontinuidade Temporal

Método

Ψ

❋✐❣✉r❛ ✹✳✶✿ ❉✐st♦rçõ❡s ❊s♣❡❝tr❛✐s ❡ ❚❛①❛s ❞❡ ❉❡s❝♦♥t✐♥✉✐❞❛❞❡ ❞♦ ❙✐♥❛❧ ❞❡ ❊♥tr❛❞❛

❛ss♦❝✐❛❞❛ ❝♦♠ ❛ t❛①❛ ❞❡ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡ ❞♦ s✐♥❛❧ ❛♦ ❧♦♥❣♦ ❞❡ s✉❛ ❡✈♦❧✉çã♦ t❡♠♣♦r❛❧✳ ❙✉♣♦♥❞♦ q✉❡

✇k = (aT , µT , σT )T s❡❥❛ ✉♠ ✈❡t♦r ❞❡ ❛♠♣❧✐t✉❞❡s✱ ❢r❡q✉ê♥❝✐❛s ❝❡♥tr❛✐s ❡ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ r❡❧❛t✐✈❛s

❛♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③ Ŝk✱ ❡♥tã♦ ❛ t❛①❛ ❞❡ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡ ❞♦ s✐♥❛❧ s é ♠❡❞✐❞❛ ❝♦♠♦

Ψ =
1

N − 1

N
∑

k=2

∣

∣

∣✇k −✇k−1
∣

∣

∣ ,

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

❆ ❋✐❣✉r❛ ✹✳✶ ❛♣r❡s❡♥t❛ ✈❛❧♦r❡s ❞❡ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ εSD ❡ ❛ t❛①❛ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ Ψ ♣❛r❛ ❝❛❞❛

♠ét♦❞♦✳ ❉❡♥tr❡ ❛s ❜❛s❡s ❛✈❛❧✐❛❞❛s✱ ✉♠ ✈✐sí✈❡❧ ❞❡st❛q✉❡ é ❞❛❞♦ à ❥❛♥❡❧❛ ❞❡ ❍❛♥♥✳ ❆ ❋✐❣✉r❛ ✹✳✶ ✐♥❞✐❝❛

q✉❡ ❡st❛ ❜❛s❡ ❝♦♠❜✐♥❛❞❛ ❛♦ ♠ét♦❞♦ ❝♦♠ [a, µ, σ] ❧✐✈r❡s ❛♣r❡s❡♥t❛ ♠❡❧❤♦r ❛❥✉st❡✱ ❝♦♠ ❜❛✐①❛s t❛①❛s

❞❡ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ❡ ❡st❛❜✐❧✐❞❛❞❡ t❡♠♣♦r❛❧ ❛❝❡✐tá✈❡❧✳ ❆❧é♠ ❞✐ss♦✱ s❡ ♦❜s❡r✈❛ q✉❡ ♦ ♠ét♦❞♦ [a, µ]

é ✉♠❛ ❛❧t❡r♥❛t✐✈❛ ♠❛✐s ❛❝✉r❛❞❛ q✉❡ [a, σ] ❡♠ r❡♣r❡s❡♥t❛çõ❡s ✉s❛♥❞♦ ♣♦✉❝♦s ❝♦❡✜❝✐❡♥t❡s✳ ❊♠❜♦r❛

♦ ♠ét♦❞♦ ❣✉❧♦s♦ ♥ã♦ t❡♥❤❛ ♦❜t✐❞♦ ❜♦♥s ✈❛❧♦r❡s✱ ♦ ♠❡s♠♦ ♠❡r❡❝❡ ❞❡st❛q✉❡ ❞❛❞♦ ♦ ❜❛✐①♦ ❝✉st♦

❝♦♠♣✉t❛❝✐♦♥❛❧ ♥❡❝❡ssár✐♦ ♣❛r❛ r❡❛❧✐③❛r ❛ ❡st✐♠❛çã♦✳

❯♠❛ ♦✉tr❛ ♣r♦♣r✐❡❞❛❞❡ ❡s♣❡r❛❞❛ ❞❡st❡s ♠♦❞❡❧♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❛♦ s❡✉ ✉s♦

♥❛ ❢♦r♠❛ ❞❡ ✈❡t♦r❡s ❞❡ ❝❛r❛❝t❡ríst✐❝❛ q✉❛♥t✐③❛❞♦s ♥❛ t❛r❡❢❛ ❞❡ ❝❧✉st❡r✐③❛çã♦ ❡♠ ❝❧❛ss❡s ❢♦♥ét✐❝❛s

❛rt✐✜❝✐❛✐s✳ ❚✐♣✐❝❛♠❡♥t❡ ✉♠❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧ ✉s❛ ♦ ❝❡♥tr♦✐❞❡ ❡s♣❡❝tr❛❧ ❝♦♠♦ ❝❤❛✈❡ ♣r✐♠ár✐❛✳

❆ ♠❡❞✐❞❛ ❞❡♥♦♠✐♥❛❞❛ ✇✐t❤✐♥✲❝❧❛ss s❝❛tt❡r ❬✹✹❪ ♣❛r❛ ✉♠❛ ❝❧❛ss❡ ❝♦♠ ❝❡♥tr♦✐❞❡ Ci é ❞❡✜♥✐❞❛ ❝♦♠♦

γi =

Ni
∑

k=1

∣

∣

∣✇k − Ci
∣

∣

∣

2
.

❆ ✜♠ ❞❡ ♠❡❞✐r ♦ q✉ã♦ ❧♦♥❣❡ ❡stá ✉♠❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❞❡ ♦✉tr❛✱ ✉♠❛ ✈❛r✐❛♥t❡ ❞♦ ❉✐s❝r✐♠✐♥❛♥t❡

▲✐♥❡❛r ❞❡ ❋✐s❤❡r ❢♦✐ ❛❞♦t❛❞❛✱ ❛ q✉❛❧ é ❞❡✜♥✐❞❛ ❝♦♠♦

J =

∑I
i=1Ni |Ci −♠|

2

∑I
j=1 γj

,

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



✶✹✻ ❘❊❙❯▲❚❆❉❖❙ ❊❳P❊❘■▼❊◆❚❆■❙ ✹✳✷

LPC CEPS BLK−HAR BLK−NUT GAUSS HANN NUTTALL
0

1

2

3

Discriminante de Fisher

Método

J

 

 

[a,µ,σ] [a,µ] [a,σ] [a] Guloso

LPC CEPS BLK−HAR BLK−NUT GAUSS HANN NUTTALL
0

1

2

3

Discriminante de Fisher da versão MFCC

Método

JM
F

C
C

❋✐❣✉r❛ ✹✳✷✿ ❉✐s❝r✐♠✐♥❛♥t❡s ❞❡ ❋✐s❤❡r ❞♦s ❝♦❡✜❝✐❡♥t❡s ❡s♣❡❝tr❛✐s ❡ s✉❛s ✈❡rsõ❡s ❛❞❛♣t❛❞❛s à ❛❜♦r❞❛❣❡♠
▼❋❈❈✳

♠❛✐♦r s❡♣❛r❛❜✐❧✐❞❛❞❡ ❡♥tr❡ ❛s ❝❧❛ss❡s C✳

❯♠❛ ✈❡③ q✉❡ ❡♠ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❢❛❧❛ ♦s ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈ sã♦ ❢r❡q✉❡♥t❡♠❡♥t❡ ✉s❛❞♦s✱ ❞❛❞❛

✉♠❛ ✈❡rsã♦ ▼❋❈❈ ❞♦s ✈❡t♦r❡s ✇k✱ ❡s♣❡r❛✲s❡ q✉❡ ❛❧❣✉♠ ❣❛♥❤♦ s❡❥❛ ♦❜t✐❞♦ ♥❛ ❞✐s❝r✐♠✐♥❛çã♦ ❧✐♥❡❛r✳

❆ ❋✐❣✉r❛ ✹✳✷ ❡①✐❜❡ ✉♠❛ ✈❡rsã♦ ▼❋❈❈✲❧✐❦❡ ❞❡r✐✈❛❞❛ ❞❛ r❡♣r❡s❡♥t❛çã♦ ♣❛r❛♠étr✐❝❛ ♣r♦♣♦st❛ ♣♦r ❡st❡

tr❛❜❛❧❤♦✳ ◆❡st❡ ❝❛s♦✱ ♦s ✈❛❧♦r❡s ❞❡ ❛♠♣❧✐t✉❞❡ ak ✭♦s q✉❛✐s ❥á s❡ ❡♥❝♦♥tr❛♠ ❛♠♦str❛❞♦s ♥❛ ❡s❝❛❧❛

❧♦❣❛rít♠✐❝❛✮ sã♦ ♠✉❧t✐♣❧✐❝❛❞♦s ♣♦r σk ❛ ✜♠ ❞❡ ♦❜t❡r ✉♠ ❢❛t♦r ❢♦rt❡♠❡♥t❡ ❝♦rr❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ♦s

✈❛❧♦r❡s ❞❡ ❡♥❡r❣✐❛ ♣♦r ❜❛♥❞❛ ❞❛ ❛❜♦r❞❛❣❡♠ ♣❛❞rã♦ ▼❋❈❈✳ ❋✐♥❛❧♠❡♥t❡✱ ❛ tr❛♥s❢♦r♠❛❞❛ ❞♦ ❝♦ss❡♥♦

❞✐s❝r❡t❛ ✭❉❈❚✮ ❞❡st❡s ✈❛❧♦r❡s é ❝❛❧❝✉❧❛❞❛✳ ◆♦t❡ ♥❛ ✜❣✉r❛ q✉❡ ❤♦✉✈❡ ✉♠ ❛✉♠❡♥t♦ s✐❣♥✐✜❝❛t✐✈♦

❞♦s ✈❛❧♦r❡s ❞❡ J ❡♠ r❡❧❛çã♦ ❛♦ ❞✐s❝r✐♠✐♥❛♥t❡ ♦❜t✐❞♦ ♣❡❧♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s✳ ❖ ♠❡❧❤♦r ❞✐s❝r✐♠✐♥❛♥t❡

❞❡♥tr❡ ❛s ♣r♦♣♦st❛s ❞❡st❡ tr❛❜❛❧❤♦ ❢♦r❛♠ ♦❜t✐❞❛s ❝♦♠ ♦ ♠ét♦❞♦ [a, σ]✱ ♥♦ q✉❛❧ ♥ã♦ s❡ ♣❡r❝❡❜❡ ✉♠❛

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

✹✳✷✳✷ ❈❧✉st❡r✐③❛çã♦ ❡ ▼❛♣❡❛♠❡♥t♦

❆ ❝❧✉st❡r✐③❛çã♦✱ ❜❡♠ ❝♦♠♦ ♦ ♠❛♣❡❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s✱ sã♦ ❡stá❣✐♦s ❞♦ ♣r♦❝❡✲

❞✐♠❡♥t♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ♦s q✉❛✐s r❡q✉❡r❡♠ ✉♠❛ ❛t❡♥çã♦ ♣❛rt✐❝✉❧❛r✱ ✉♠❛ ✈❡③ q✉❡ ♥♦ ❝♦♥t❡①t♦

❞♦ tr❛❜❛❧❤♦ ♦s ❝♦r♣✉s ♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ sã♦ ❛❧✐♥❤❛❞♦s ❡ t❛♠❜é♠ ♥ã♦ sã♦ r♦t✉❧❛❞♦s✳ ❆ ❞✐✜❝✉❧❞❛❞❡

❡♠ ❛❧✐♥❤❛r ❢♦♥❡♠❛s ❝♦rr❡s♣♦♥❞❡♥t❡s ❡♥tr❡ ❞♦✐s ❝♦r♣♦r❛ q✉❛✐sq✉❡r é ♦ ♣r✐♥❝✐♣❛❧ ❡♥tr❛✈❡ ♥❛ r❡❝♦♥s✲

tr✉çã♦ ❞❡ ✉♠❛ s❡♥t❡♥ç❛ ❞❡ ✈♦③ ❝♦♥✈❡rt✐❞❛ ❝♦♠ ❛❧t♦ ❣r❛✉ ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ❡ ♥❛t✉r❛❧✐❞❛❞❡ ❡♠ r❡❧❛çã♦

❛♦ s✐♥❛❧ ♦❜❥❡t✐✈♦ ✭❞❡st✐♥♦✮✳

➱ ❞❡ s❡ ❡s♣❡r❛r q✉❡ ❛s ❝❧❛ss❡s ❛❝úst✐❝❛s ♦❜t✐❞❛s ♥❛ ♣r✐♠❡✐r❛ ❡t❛♣❛ ❞♦ ♠ó❞✉❧♦ ❝❧✉st❡r✐③❛❞♦r

❝♦rr❡s♣♦♥❞❛♠ ❞✐r❡t❛♠❡♥t❡ à ❛❣r✉♣❛♠❡♥t♦s q✉❡ ♣♦ss✉❛♠ ❛❧❣✉♠ s✐❣♥✐✜❝❛❞♦ ❡♠ t❡r♠♦s ❢♦♥ét✐❝♦s✳

◆❡st❡ ❝❛s♦✱ ✉♠❛ ✈✐s✉❛❧✐③❛çã♦ ❞❡ ❝❛❞❛ ❝❧❛ss❡ ❛❝úst✐❝❛ ♦❜t✐❞❛ ❡♠ t❡r♠♦s ❞❡ ❢♦♥❡♠❛s r❡❛✐s é ✉♠❛

❢❡rr❛♠❡♥t❛ ❡ss❡♥❝✐❛❧ ♣❛r❛ ♦ ❝♦♥tr♦❧❡ ❞❛ ❡①♣❡r✐♠❡♥t❛çã♦ ❞♦ ♠ó❞✉❧♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦✳

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

❡♠ ❊s♣❛♥❤♦❧✿ ❵❊❙❴✼✺✬ ✭❛❝✐♠❛✮ ❡ ❵❊❙❴✼✻✬ ✭❛❜❛✐①♦✮ ❞❛ ❜❛s❡ ❚❈✲❙❚❆❘ ♣❛r❛ ❡st❡ t❡st❡✳ ❆ ❋✐❣✉r❛ ✹✳✸

❛♣r❡s❡♥t❛ ❝❛❞❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧ ❝♦♠♦ ✉♠ ❵❣rá✜❝♦ ❞❡ ♣✐③③❛✬ q✉❡ ❡①✐❜❡ ❛s r❡s♣❡❝t✐✈❛s ♣r♦♣♦r✲

çõ❡s ❡♠ ❢♦♥❡♠❛s r♦t✉❧❛❞♦s ❞❡ ✈♦❣❛✐s s✐♠♣❧❡s✳ ❆ ✜♠ ❞❡ ❢❛❝✐❧✐t❛r ❛ ✈✐s✉❛❧✐③❛çã♦✱ s♦♠❡♥t❡ ❛s ❝✐♥❝♦
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✈♦❣❛✐s ❞♦♠✐♥❛♥t❡s ❞❛ ❧í♥❣✉❛ ❡s♣❛♥❤♦❧❛ ❢♦r❛♠ ❡①✐❜✐❞❛s✳ ❖❜s❡r✈❡ q✉❡ ❡①✐st❡ ✉♠❛ ❢♦rt❡ ❝♦rr❡❧❛çã♦

❡♥tr❡ ❛s r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ❛♣r❡s❡♥t❛❞❛s ♥❛ ❋✐❣✉r❛ ✸✳✶✺ ❞♦ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r ❡ t❛✐s ❣rá✜❝♦s✳

❋✐❣✉r❛ ✹✳✸✿ Pr✐♥❝✐♣❛✐s r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ❞♦s ❝♦r♣✉s ♦r✐❣❡♠ ❵❊❙❴✼✺✬ ❡ ❞❡st✐♥♦ ❵❊❙❴✼✻✬✳

❯♠ ❞♦s ♣r♦❜❧❡♠❛s ❞♦ ❛❧✐♥❤❛♠❡♥t♦ ♥ã♦✲r♦t✉❧❛❞♦ é ❞❡t❡r♠✐♥❛r ❛s r❡❧❛çõ❡s ❞❡ r❡❝✐♣r♦❝✐❞❛❞❡ ❡♥tr❡

❝❧❛ss❡s ❢♦♥ét✐❝❛s ❞❡ ❛♠❜♦s ♦s ♠❛♣❛s✳ ◆♦t❡ q✉❡ ♦ ♠❛♣❛ ❞❡ ❝✐♠❛ t❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❛ ✈♦❣❛❧ ❬♦❪

♠❛✐s ❡s♣❛rs❛ ❞♦ q✉❡ ♦ ✐♥❢❡r✐♦r✱ ♦ q✉❡ ❞✐✜❝✉❧t❛ ♠✉✐t♦ ♦ ❛❧✐♥❤❛♠❡♥t♦✳
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❈♦r♣✉s ❖r✐❣❡♠ ✭✈❛❧♦r❡s ❡♠ ✪✮ ❈♦r♣✉s ❉❡st✐♥♦ ✭✈❛❧♦r❡s ❡♠ ✪✮ α ✪❆ ❊ ■ ❖ ❯ ♣❡s♦ ❆ ❊ ■ ❖ ❯ ♣❡s♦
❈❋❆ #1 94.61 0.81 − 4.58 − 3 .09 97.33 − − 2.67 − 3 .42 98.91

❈❋❆ #2 98.28 1.15 − 0.57 − 2 .90 99.26 0.37 − 0.37 − 2 .48 99.61

❈❋❆ #3 93.91 1.60 − 4.49 − 2 .60 99.19 − − 0.81 − 2 .26 97.89

❈❋❆ #4 97.74 0.97 − 1.29 − 2 .58 92.83 − − 7.17 − 2 .42 97.65

❈❋❆ #5 0.38 − − 98.09 1.53 2 .18 − − − 91.61 8.39 1 .42 97.26

❈❋❆ #6 − 0.42 99.58 − − 1 .96 − 1.28 98.72 − − 2 .15 99.66

❈❋❆ #7 91.42 0.86 − 7.73 − 1 .94 96.43 0.45 − 3.13 − 2 .05 98.00

❈❋❆ #8 − − 100.00 − − 1 .91 − 1.94 98.06 − − 1 .42 99.23

❈❋❆ #9 − 1.33 95.11 0.44 3.11 1 .87 − 2.59 97.41 − − 2 .12 98.58

❈❋❆ #10 87.02 1.44 − 11.54 − 1 .73 97.74 − − 2.26 − 2 .02 95.71

❈❋❆ #11 97.52 1.98 − 0.50 − 1 .68 100.00 − − − − 1 .50 99.01

❈❋❆ #12 88.44 1.51 − 7.54 2.51 1 .66 0.88 − − 94.69 4.42 1 .03 64.37

❈❋❆ #13 70.16 − − 26.18 3.66 1 .59 87.74 − − 12.26 − 1 .42 92.97

❈❋❆ #14 34.88 1.16 − 59.88 4.07 1 .43 100.00 − − − − 1 .18 73.95

❈❋❆ #15 60.98 0.61 − 32.32 6.10 1 .36 88.50 − − 9.73 1.77 1 .03 88.99

❈❋❆ #16 98.75 1.25 − − − 1 .33 97.33 2.67 − − − 1 .37 99.43

❈❋❆ #17 6.45 − − 83.23 10.32 1 .29 77.14 − − 14.29 8.57 0 .64 71.72

❈❋❆ #18 98.56 1.44 − − − 1 .16 100.00 − − − − 0 .92 99.42

❈❋❆ #19 3.73 − − 84.33 11.94 1 .11 6.90 − − 88.51 4.60 0 .80 97.06

❈❋❆ #20 − 3.05 95.42 − 1.53 1 .09 − 0.58 99.42 − − 1 .56 98.40

❈❋❆ #21 − − 96.12 3.88 − 1 .07 − 3.61 96.39 − − 1 .52 98.45

❈❋❆ #22 55.04 − − 42.64 2.33 1 .07 1.25 − − 92.50 6.25 0 .73 78.48

❈❋❆ #23 18.42 − − 66.67 14.91 0 .95 35.19 − − 64.81 − 0 .49 93.29

❈❋❆ #24 − − − 94.34 5.66 0 .88 − − − 100.00 − 0 .63 97.74

❈❋❆ #25 1.03 98.97 − − − 0 .81 5.95 85.71 8.33 − − 0 .77 94.70

❈❋❆ #26 78.95 − − 20.00 1.05 0 .79 100.00 − − − − 0 .88 91.58

❈❋❆ #27 57.45 42.55 − − − 0 .78 95.65 4.35 − − − 0 .84 84.72

❈❋❆ #28 2.22 60.00 37.78 − − 0 .75 − 83.18 16.82 − − 0 .98 90.73

❈❋❆ #29 − 14.29 74.03 1.30 10.39 0 .64 − 1.83 98.17 − − 1 .00 90.34

❈❋❆ #30 34.21 65.79 − − − 0 .63 97.06 2.94 − − − 0 .62 74.86

❈❋❆ #31 82.35 17.65 − − − 0 .57 82.14 17.86 − − − 0 .51 99.92

❈❋❆ #32 − − − 100.00 − 0 .56 − − − 91.49 8.51 0 .43 96.60

❈❋❆ #33 − 1.52 98.48 − − 0 .55 − 2.74 97.26 − − 0 .67 99.51

❈❋❆ #34 − 98.48 − 1.52 − 0 .55 − 93.55 6.45 − − 0 .57 97.42

❈❋❆ #35 95.45 4.55 − − − 0 .55 96.36 3.64 − − − 0 .50 99.64

❈❋❆ #36 − 76.56 23.44 − − 0 .53 6.06 68.18 25.76 − − 0 .60 96.65

❈❋❆ #37 − − − 98.33 1.67 0 .50 4.17 − − 75.00 20.83 0 .44 90.67

❈❋❆ #38 5.45 94.55 − − − 0 .46 2.27 97.73 − − − 0 .40 98.73

❈❋❆ #39 77.78 9.26 − 12.96 − 0 .45 32.26 − − 67.74 − 0 .28 78.09

❈❋❆ #40 44.44 55.56 − − − 0 .45 37.93 58.62 3.45 − − 0 .27 97.39

❈❋❆ #41 − 13.46 84.62 − 1.92 0 .43 − 89.90 10.10 − − 0 .90 69.43

❈❋❆ #42 1.96 88.24 9.80 − − 0 .42 − 85.25 14.75 − − 0 .56 98.02

❈❋❆ #43 − − − 94.00 6.00 0 .42 − − − 96.67 3.33 0 .27 98.93

❈❋❆ #44 4.08 − − 89.80 6.12 0 .41 − − − 100.00 − 0 .23 95.92

❈❋❆ #45 97.96 2.04 − − − 0 .41 95.24 4.76 − − − 0 .19 98.91

❈❋❆ #46 2.08 97.92 − − − 0 .40 − 100.00 − − − 0 .60 99.17

❈❋❆ #47 − 6.52 93.48 − − 0 .38 − 31.82 68.18 − − 0 .40 89.88

❈❋❆ #48 46.51 53.49 − − − 0 .36 80.00 20.00 − − − 0 .27 86.60

❈❋❆ #49 2.38 90.48 7.14 − − 0 .35 − 98.31 1.69 − − 0 .54 96.87

❈❋❆ #50 11.90 33.33 − 47.62 7.14 0 .35 − 17.39 8.70 73.91 − 0 .21 86.00

❈❋❆ #51 80.95 14.29 − 4.76 − 0 .35 93.33 6.67 − − − 0 .27 95.05

❈❋❆ #52 78.57 19.05 − − 2.38 0 .35 90.91 9.09 − − − 0 .30 95.06

❈❋❆ #53 2.50 − − 97.50 − 0 .33 60.61 − − 39.39 − 0 .30 76.76

❈❋❆ #54 94.87 2.56 − − 2.56 0 .32 97.30 2.70 − − − 0 .68 98.97

❈❋❆ #55 − 97.37 2.63 − − 0 .32 3.23 70.97 25.81 − − 0 .28 89.44

❈❋❆ #56 − 86.84 5.26 7.89 − 0 .32 − 94.59 2.70 2.70 − 0 .34 96.90

❈❋❆ #57 − 64.86 29.73 5.41 − 0 .31 − 2.33 97.67 − − 1 .18 72.82

❈❋❆ #58 5.41 89.19 5.41 − − 0 .31 − 92.50 7.50 − − 0 .37 97.84

❈❋❆ #59 2.70 2.70 − 83.78 10.81 0 .31 11.54 − − 84.62 3.85 0 .24 96.13

❈❋❆ #60 27.03 72.97 − − − 0 .31 25.93 55.56 18.52 − − 0 .25 92.59

❈❋❆ #61 − 11.43 88.57 − − 0 .29 − 27.36 71.70 0.94 − 0 .97 93.25

❈❋❆ #62 − 100.00 − − − 0 .29 − 98.18 1.82 − − 0 .50 99.27

❈❋❆ #63 − 79.41 8.82 11.76 − 0 .28 − 98.31 1.69 − − 0 .54 92.44

❈❋❆ #64 48.48 − − 51.52 − 0 .27 55.17 − − 44.83 − 0 .27 97.32

❈❋❆ #65 − 78.13 21.88 − − 0 .27 2.08 87.50 10.42 − − 0 .44 95.42

❈❋❆ #66 − 50.00 50.00 − − 0 .27 4.76 52.38 42.86 − − 0 .19 97.14

❈❋❆ #67 3.13 3.13 − 87.50 6.25 0 .27 11.11 − − 88.89 − 0 .25 96.25

❈❋❆ #68 − 100.00 − − − 0 .26 − 90.32 − 9.68 − 0 .28 96.13

❈❋❆ #69 − 96.67 3.33 − − 0 .25 − 97.37 2.63 − − 0 .35 99.72

❈❋❆ #70 3.33 96.67 − − − 0 .25 − 94.74 5.26 − − 0 .17 97.89

❈❋❆ #71 10.00 6.67 3.33 80.00 − 0 .25 11.11 44.44 − 44.44 − 0 .08 84.44

❈❋❆ #72 76.67 10.00 − 13.33 − 0 .25 100.00 − − − − 0 .20 90.67

❈❋❆ #73 3.45 93.10 3.45 − − 0 .24 − 48.15 51.85 − − 0 .25 80.64

❈❋❆ #74 − 89.66 6.90 3.45 − 0 .24 − 94.37 5.63 − − 0 .65 98.12

❈❋❆ #75 − 100.00 − − − 0 .24 10.34 79.31 10.34 − − 0 .27 91.72

❈❋❆ #76 − 96.55 3.45 − − 0 .24 7.69 61.54 30.77 − − 0 .24 85.99

❈❋❆ #77 3.45 86.21 10.34 − − 0 .24 10.00 70.00 20.00 − − 0 .09 93.52

❈❋❆ #78 6.90 93.10 − − − 0 .24 − 14.29 14.29 71.43 − 0 .06 65.71

❈❋❆ #79 6.90 93.10 − − − 0 .24 4.35 95.65 − − − 0 .21 98.98

❈❋❆ #80 20.69 72.41 − 6.90 − 0 .24 5.00 60.00 10.00 25.00 − 0 .18 88.76

❈❋❆ #81 72.41 27.59 − − − 0 .24 13.04 82.61 4.35 − − 0 .21 76.25

❈❋❆ #82 100.00 − − − − 0 .24 100.00 − − − − 0 .16 100.00

❈❋❆ #83 − − 100.00 − − 0 .23 − − 100.00 − − 0 .33 100.00

❈❋❆ #84 − 100.00 − − − 0 .23 7.41 77.78 14.81 − − 0 .25 91.11

❈❋❆ #85 3.57 89.29 7.14 − − 0 .23 − 88.89 − 11.11 − 0 .08 95.56

❈❋❆ #86 − − − 100.00 − 0 .23 − − − 100.00 − 0 .08 100.00

❈❋❆ #87 − 3.57 − 85.71 10.71 0 .23 − 31.25 − 62.50 6.25 0 .15 88.93

❈❋❆ #88 − 85.19 7.41 7.41 − 0 .22 − 68.00 24.00 8.00 − 0 .23 93.13

❈❋❆ #89 44.44 37.04 − 18.52 − 0 .22 68.75 31.25 − − − 0 .15 90.28

❈❋❆ #90 18.52 77.78 3.70 − − 0 .22 45.83 45.83 8.33 − − 0 .22 87.22

❈❋❆ #91 59.26 22.22 − 7.41 11.11 0 .22 86.67 13.33 − − − 0 .14 89.04

❈❋❆ #92 77.78 22.22 − − − 0 .22 68.00 32.00 − − − 0 .23 96.09

❈❋❆ #93 22.22 77.78 − − − 0 .22 94.74 5.26 − − − 0 .35 70.99

❈❋❆ #94 − 84.62 3.85 11.54 − 0 .22 − 95.24 4.76 − − 0 .38 95.38

❈❋❆ #95 − 92.31 7.69 − − 0 .22 − 100.00 − − − 0 .30 96.92

β1 89.30

β2 95.17

❚❛❜❡❧❛ ✹✳✶✿ ■♥❞✐❝❛❞♦r❡s ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❡♥tr❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ✭❈❋❆✮ ❞❡ ❛♠❜♦s ♦s ❝♦r♣♦r❛ ♦r✐❣❡♠
❡ ❞❡st✐♥♦✳
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❖✉tr♦ ❢❛t♦ ✐♥t❡r❡ss❛♥t❡ ♣♦❞❡ s❡r ♣❡r❝❡❜✐❞♦ ♣❡❧❛ ❝♦♠♣❛❝t❛çã♦ ❞♦ tr❛♣é③✐♦ ❢♦r♠â♥t✐❝♦ ♥♦s ❝❛s♦s

❞❡ ✈♦③❡s ♠❛s❝✉❧✐♥❛s✱ ♦ q✉❛❧ ♣♦❞❡ s❡r ❛❝♦♠♣❛♥❤❛❞♦ ♣❡❧❛ ❋✐❣✉r❛ ✹✳✹✳ ◆❡st❛ ✜❣✉r❛ é ♣♦ssí✈❡❧ ✈✐s✉❛❧✐③❛r

❛ ♠❛✐♦r ♣❛rt❡ ❞♦s ♣♦♥t♦s ♥♦ ♠❛♣❛ ❛❜❛✐①♦ ❞♦s 700 Hz✳ ❊st❡ ❢❡♥ô♠❡♥♦ ♦❝♦rr❡ ♣♦rq✉❡ ❛ ❛♥❛t♦♠✐❛

❞♦ ❛♣❛r❡❧❤♦ ❢♦♥❛❞♦r ♠❛s❝✉❧✐♥♦ ✭❝♦♠♦ ❛ r❡❣✐ã♦ s✉♣r❛❣❧ót✐❝❛ ❡ ❝❛✐①❛s ❞❡ r❡ss♦♥â♥❝✐❛✱ ♣♦r ❡①❡♠♣❧♦✮

♠♦❞❡❧❛ ♦ s♦♠ ❞❡ ❢♦r♠❛ ❛ ❝♦♥❝❡♥tr❛r ✉♠ ♣♦rçã♦ ♠❛✐♦r ❞❡ ❡♥❡r❣✐❛ s♦♥♦r❛ ♥❛s r❡❣✐õ❡s ❣r❛✈❡s✱ ❢❛t♦

❡st❡ q✉❡ r❡✢❡t❡ ❡♠ ✉♠❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❝♦♠ ♠❡♥♦s s✐♠✐❧❛r✐❞❛❞❡ ♥❛ ❢❛s❡ ✜♥❛❧✳

❋✐❣✉r❛ ✹✳✹✿ Pr✐♥❝✐♣❛✐s r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ❞♦ ❝♦r♣✉s ❵❊❙❴✼✾✬✳

◆❡st❡ ❝❛s♦✱ ♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ♠❛♣❛s ❢♦♥ét✐❝♦s é ❛✐♥❞❛ ♠❛✐s ❝♦♠♣❧✐❝❛❞♦✱ ✉♠❛ ✈❡③ q✉❡ ❛♠❜♦s ♦s

♠❛♣❛s ♥ã♦ sã♦ ♥♦r♠❛❧✐③❛❞♦s q✉❛♥t♦ ❛♦ tr❛t♦ ✈♦❝❛❧✳ ❊s♣❡r❛✲s❡ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ❡♠♣❛r❡❧❤❛♠❡♥t♦

❛♣❧✐❝❛❞♦ s♦❜r❡ ✉♠❛ ✈❡rsã♦ ♥♦r♠❛❧✐③❛❞❛ ❞♦s ♠❛♣❛s✱ ❝♦♥❢♦r♠❡ ♣r♦♣♦st♦ ♥❛ ❙❡çã♦ ✸✳✸✱ ❝♦♥t♦r♥❡ ♣❛rt❡

❞❡st❡ ♣r♦❜❧❡♠❛✳

P❛r❛ ❛✈❛❧✐❛r ❛ q✉❛❧✐❞❛❞❡ ❞♦ ❡♠♣❛r❡❧❤❛♠❡♥t♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ ❝❛s♦s ❞❡ ❢❛❧❛♥t❡s ❞❡ s❡①♦ ❞✐✲

❢❡r❡♥t❡✱ ❞♦✐s ✐♥❞✐❝❛❞♦r❡s sã♦ ♣r♦♣♦st♦s ♣❛r❛ ❛ ❛✈❛❧✐❛çã♦ ❞❛ ❛❝✉rá❝✐❛ ❞♦ ❛❧✐♥❤❛♠❡♥t♦✳ ❖ ♣r✐♠❡✐r♦

✐♥❞✐❝❛❞♦r ❝♦rr❡s♣♦♥❞❡ à t❛①❛ ❞❡ ❛❝❡rt♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ✐♥t❡r♥♦✱ ❞❡♥♦t❛❞❛ ♣♦r α✱ ❡♥tr❡ ✉♠❛ ❝❧❛ss❡

♦r✐❣❡♠ O ❡ ✉♠❛ ❝❧❛ss❡ ❞❡st✐♥♦ D✱ ❡ ❞❡✜♥✐❞❛ ❝♦♠♦

α(C,D) = 1−

∑

∀f∈fnm (p(C.{f})− p(D.{f}))
∑

∀f∈fnm p(C.{f})
, ✭✹✳✷✮

♦♥❞❡ p(C.{f}) ❡ p(D.{f}) ❝♦rr❡s♣♦♥❞❡♠ às ♣r♦♣♦rçõ❡s ❞♦ ♠❡s♠♦ ❢♦♥❡♠❛ f ✭r♦t✉❧❛❞♦✮ ❞❡♥tr♦ ❞❛s

❝❧❛ss❡s C ❡D✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❈♦♠♦ ❛s ♣r♦♣♦rçõ❡s ❞❡ ❢♦♥❡♠❛s ❝♦♥s✐st❡♠ ❡♠ ✉♠ ✈❡t♦r ♥♦r♠❛❧✐③❛❞♦

❞❡ ✈❛❧♦r❡s✱ ♦✉ s❡❥❛✱
∑

∀f∈fnm p(C.{f}) = 1✱ ♦ ❞❡♥♦♠✐♥❛❞♦r ❞❛ ❊q✳ ✹✳✷ é ❞❡s❝♦♥s✐❞❡r❛❞♦✳
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❆ ❚❛❜❡❧❛ ✹✳✶ ♠♦str❛ ❛ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❡♥tr❡ ❝❛❞❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧ ❈❋❆ ★❦ ❡ ❛s r❡s♣❡❝✲

t✐✈❛s ♣r♦♣♦rçõ❡s ❞❡ ❢♦♥❡♠❛s r♦t✉❧❛❞♦s q✉❡ ❛s ❝♦♠♣õ❡♠✳ ❚❛✐s ❝❧❛ss❡s ❡stã♦ ❞❡✈✐❞❛♠❡♥t❡ ❛❧✐♥❤❛❞❛s

❡♥tr❡ ♦s ❝♦r♣♦r❛ ❡s♣❛♥❤ó✐s ❵❊❙❴✼✻✬ ❡ ❵❊❙❴✼✾✬ ✭❢❡♠✐♥✐♥♦ ♣❛r❛ ♠❛s❝✉❧✐♥♦✮✳ ❆ t❛❜❡❧❛ ❡stá ❞✐✈✐❞✐❞❛

❡♠ três ♣❛rt❡s✱ s❡♣❛r❛❞❛s ♣♦r ✉♠❛ ❜❛rr❛ ❞✉♣❧❛✳ ■♥❢♦r♠❛çõ❡s ❞❡ ✉♠❛ ♠❡s♠❛ ❧✐♥❤❛ ❝♦rr❡s♣♦♥❞❡♠ às

✐♥❢♦r♠❛çõ❡s r❡❧❛t✐✈❛s às ❝♦rr❡s♣♦♥❞❡♥t❡s ❝❧❛ss❡s ♣❛r❡❛❞❛s✳ ❖ ♣r✐♠❡✐r♦ ❣r✉♣♦ ❞❡ ❝♦❧✉♥❛s ❛❣r✉♣❛❞❛s

❝♦rr❡s♣♦♥❞❡ às ✐♥❢♦r♠❛çõ❡s ❞♦ ❝♦r♣✉s ♦r✐❣❡♠✱ ❡♥q✉❛♥t♦ q✉❡ ♦ s❡❣✉♥❞♦ ❣r✉♣♦ é r❡❢❡r❡♥t❡ ❛♦ ❝♦r♣✉s

❞❡st✐♥♦✳ ❆ ú❧t✐♠❛ ❝♦❧✉♥❛ ❞❛ t❛❜❡❧❛ ✭❞❡♥♦♠✐♥❛❞❛ α✮ ❛♣r❡s❡♥t❛ ❛ t❛①❛ ❞❡ ❛❝❡rt♦ ❞♦ ❛❧✐♥❤❛♠❡♥t♦

❝♦♥❢♦r♠❡ ❞❡✜♥✐❞❛ ♥❛ ❊q✳ ✹✳✷✳ ❚♦❞♦s ♦s ✈❛❧♦r❡s t❛❜❡❧❛❞♦s ❡stã♦ ❛♠♦str❛❞♦s ❡♠ ✈❛❧♦r❡s ♣❡r❝❡♥t✉❛✐s✳

❈❛❞❛ ❝é❧✉❧❛ ✐♥t❡r♥❛ ❞❛ ❚❛❜❡❧❛ ✹✳✶ r❡❧❛❝✐♦♥❛ ✉♠❛ ❈❋❆ ❛ ✉♠ ✈❡t♦r ❞❡ ♣r♦♣♦rçõ❡s r❡❧❛t✐✈❛s às

✈♦❣❛✐s r♦t✉❧❛❞❛s✳ ❊♠ ❡s♣❡❝✐❛❧✱ ❛s ❈♦❧✉♥❛s ✻ ❡ ✶✷✱ ♥♦♠❡❛❞❛s ♣❡s♦✱ ♠♦str❛♠ ❛s ❞❡♥s✐❞❛❞❡s ❞❡ ❝❛❞❛

❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧✱ ❞❡✜♥✐❞❛s ❝♦♠♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✈❡t♦r❡s ❡♠ ❝❛❞❛ ❝❧❛ss❡ ✭❝❛r❞✐♥❛❧✐❞❛❞❡ ❞❛

❝❧❛ss❡✮ ❞✐✈✐❞✐❞❛ ♣❡❧♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ✈❡t♦r❡s q✉❡ ❝♦♠♣õ❡♠ t♦❞♦ ♦ ❝♦r♣✉s✳ P♦r r❛③õ❡s ❞❡ ✈✐s✉❛❧✐✲

③❛çã♦✱ s♦♠❡♥t❡ ❛s ✾✺ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ✭❈❋❆✮ ♠❛✐s ❞❡♥s❛s ✭❡♠ r❡❧❛çã♦ ❛♦ ❝♦r♣✉s ♦r✐❣❡♠✮

❢♦r❛♠ ❡①✐❜✐❞❛s✳ ❆♦ ♦❜s❡r✈❛r ❛s ❞✉❛s ú❧t✐♠❛s ❧✐♥❤❛s ❞❛ t❛❜❡❧❛✱ s❡ ♥♦t❛ ❛ ♣r❡s❡♥ç❛ ❞❡ ❞✉❛s t❛①❛s

❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❣❧♦❜❛❧ ❡♥tr❡ ❛♠❜♦s ♦s ❝♦r♣♦r❛✿ β1 = 89.30 ❡ β2 = 95.17✳ ❚❛✐s ✐♥❞✐❝❛❞♦r❡s ❡stã♦

r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ♦ ❛❝❡rt♦ ❞♦ ❛❧✐♥❤❛♠❡♥t♦ ❣❧♦❜❛❧ ❡♥tr❡ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡ ❞♦✐s ❝♦r♣♦r❛ ❞✐st✐♥t♦s✳ ❖

♣r✐♠❡✐r♦ ✐♥❞✐❝❛❞♦r é ❞❡✜♥✐❞♦ ❝♦♠♦ ❛ ♠é❞✐❛ ❞❡ t♦❞♦s ♦s ❛❧✐♥❤❛♠❡♥t♦s ✐♥t❡r♥♦s α✱ ♦✉ s❡❥❛✱

β1 = E{α},

❡♥q✉❛♥t♦ q✉❡ ♦ s❡❣✉♥❞♦ ❝♦rr❡s♣♦♥❞❡ à ♠❡s♠❛ ♠é❞✐❛ ❡♠ ✉♠❛ ✈❡rsã♦ ♣♦♥❞❡r❛❞❛ ♣❡❧❛s ❞❡♥s✐❞❛❞❡s

❞❡ ❝❛❞❛ ❈❋❆ ❞♦ ❝♦r♣✉s ♦r✐❣❡♠✱ ♦✉ s❡❥❛✱

β2 =

∑N
∀k=1 (w(Ck) · w(Dk) · αk)
∑N

∀k=1 (w(Dk) · w(Ck))
,

♦♥❞❡ w(Ck) ✭ w(Dk)✮ é ❛ ❞❡♥s✐❞❛❞❡ ❞❛ ❝❧❛ss❡ Ck ✭Dk✮ ❛ss♦❝✐❛❞❛ à ❝♦❧✉♥❛ ❵♣❡s♦✬ ❞❛ ❚❛❜❡❧❛ ✹✳✶✱ ❝♦♠

k = [N ]✳ ❱❛❧❡ s❛❧✐❡♥t❛r q✉❡✱ ❡♠ ❛♠❜♦s ♦s ❝❛s♦s✱ ❛s t❛①❛s β1 ❡ β2 ❢♦r❛♠ ❝❛❧❝✉❧❛❞❛s ✉s❛♥❞♦ t♦❞❛s ❛s

❝❧❛ss❡s ❞♦ ❝♦r♣✉s✱ ❡ ♥ã♦ s♦♠❡♥t❡ ❛s ✾✺ ❡①✐❜✐❞❛s ♥❛ ❚❛❜❡❧❛ ✹✳✶✳

❙❡ ❛♦ ✐♥✈és ❞❡ r❡❛❧✐③❛r ♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ♦ ♠ó❞✉❧♦ ❞❡ ♠❛♣❡❛♠❡♥t♦

r❡❛❧✐③❛ss❡ ♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s k✲✈❡r♦ssí♠❡✐s✱ ❛s q✉❛✐s ❢♦r❛♠ ❝❛❧❝✉❧❛❞❛s ♥♦ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r

✭❙❡çã♦ ✸✳✹✮✱ ♦ r❡s✉❧t❛❞♦ ❞♦ ❛❧✐♥❤❛♠❡♥t♦ s❡r✐❛ β1 = 84.32 ❡ β2 = 85.63✶✳ ❆ r❛③ã♦ ♣❡❧❛ q✉❛❧ ❡st❡s

r❡s✉❧t❛❞♦s sã♦ ♣✐♦r❡s s❡ ❢✉♥❞❛♠❡♥t❛ ♠✉✐t♦ ♣r♦✈❛✈❡❧♠❡♥t❡ ♥♦ ❢❛t♦ ❞❡ ❤❛✈❡r ✉♠ ♥ú♠❡r♦ ♠✉✐t♦ ♠❛✐♦r

❞❡ ❞✐s♣❛r✐❞❛❞❡s ❡♥tr❡ ❝❧❛ss❡s k✲✈❡r♦ssí♠❡✐s ❞♦ q✉❡ ❡♥tr❡ ❈❋❆✱ ❧❡✈❛♥❞♦ ❛ ♠❛✐s ❡rr♦s ❞❡ ♠❛♣❡❛♠❡♥t♦

❢♦♥ét✐❝♦✳ P♦r ❡①❡♠♣❧♦✱ s❡ ✉♠ ❝♦r♣✉s ♣♦ss✉✐ ♠❛✐s ❢♦♥❡♠❛s ❞❛ ✈♦❣❛❧ ❬✐❪ q✉❡ ✉♠ ♦✉tr♦ ❝♦r♣✉s✱ ♣♦s✲

s✐✈❡❧♠❡♥t❡ ♦s ❢♦♥❡♠❛s ❡①❝❡❞❡♥t❡s s❡❥❛♠ ❛❧✐♥❤❛❞♦s ❛ ❢♦♥❡♠❛s ❞❛ ✈♦❣❛❧ ❬❡❪✱ ❛✉♠❡♥t❛♥❞♦ ♦ ❡rr♦ ❞❡

❛❧✐♥❤❛♠❡♥t♦ ❣❧♦❜❛❧✳ ❆ ✜❧tr❛❣❡♠ ❞♦ ❛❧✐♥❤❛♠❡♥t♦ ♣r♦♣♦st♦ ♥❛ ❙❡çã♦ ✸✳✹✳✷✱ ❛ q✉❛❧ ❡❧✐♠✐♥❛ ♣❛r❡s ❞❡

❝❧❛ss❡s ❞✐st❛♥t❡s✱ ♥ã♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ♥♦ ❡①♣❡r✐♠❡♥t♦✳

❖✉tr❛ ♦❜s❡r✈❛çã♦ ✐♠♣♦rt❛♥t❡ s❡ r❡❢❡r❡ ❛♦ t✐♣♦ ❞♦ ❛❧✐♥❤❛♠❡♥t♦✳ ❈♦♥s✐❞❡r❡ q✉❡ ❡♠ ✈❡③ ❞❡ r❡❛❧✐③❛r

♦ ❛❧✐♥❤❛♠❡♥t♦ ❛ ♣❛rt✐r ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡♠♣❛r❡❧❤❛♠❡♥t♦ ✭✈❡r ❙❡çã♦ ✸✳✺✮✱ ♦ ♠ó❞✉❧♦ ❞❡ ♠❛♣❡❛♠❡♥t♦

♦♣t❛ss❡ ♣♦r ✉t✐❧✐③❛r ✉♠❛ ❡str❛té❣✐❛ ❣✉❧♦s❛ ❞❡ ❜✉s❝❛ ♣♦r ♠í♥✐♠♦s ❣❧♦❜❛✐s✱ ✐st♦ é✱ ♣❛r❛ ❝❛❞❛ ❝❧❛ss❡

r❡♣r❡s❡♥t❛❞❛ ♣❡❧♦ ♣♦♥t♦ x ∈ CO ♥♦ ❝♦r♣✉s ♦r✐❣❡♠ ❡♥❝♦♥tr❛r ✉♠❛ ❝❧❛ss❡ r❡♣r❡s❡♥t❛❞❛ ♣♦r y ∈

CD ❞❛ ❝❧❛ss❡ ❞❡st✐♥♦ t❛❧ q✉❡ ❛ ❞✐stâ♥❝✐❛ ❊✉❝❧✐❞✐❛♥❛ d(x, y) ❢♦ss❡ ♠í♥✐♠❛✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱

✶❊st❡s ✈❛❧♦r❡s ❢♦r❛♠ ❞❡✈✐❞❛♠❡♥t❡ ❝❛❧❝✉❧❛❞♦s ✉s❛♥❞♦ ❡①❛t❛♠❡♥t❡ ♦s ♠❡s♠♦s ❝♦r♣♦r❛ ✉t✐❧✐③❛❞♦s ♥❛ ❚❛❜❡❧❛ ✹✳✶✳



✹✳✷ ❆❱❆▲■❆➬➹❖ ❖❇❏❊❚■❱❆ ✶✺✶

♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞♦ ❛❧✐♥❤❛♠❡♥t♦ ❣✉❧♦s♦ ♣r✐♠❡✐r❛♠❡♥t❡ ♥♦r♠❛❧✐③❛ ♦ ❝♦♥❥✉♥t♦ ❞♦s ❞❛❞♦s q✉❛♥t♦ à

♠é❞✐❛ ❡ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❞❡ ♠♦❞♦ ❛♥á❧♦❣♦ ❛♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❝♦♠ ♦ ❡♠♣❛r❡❧❤❛♠❡♥t♦✱ ❡

✐t❡r❛t✐✈❛♠❡♥t❡ ❛tr✐❜✉✐ ♣❛r❛ ❝❛❞❛ ❈❋❆ ❞♦ ❝♦r♣✉s ♦r✐❣❡♠ ✉♠❛ ❈❋❆ ❞♦ ❞❡st✐♥♦ ❛ q✉❛❧ ♠❡❧❤♦r s❡

❛❥✉st❛ s❡❣✉♥❞♦ ❝r✐tér✐♦s ❞❡ ❡rr♦ ♠í♥✐♠♦✳

❆s t❛①❛s ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❣❧♦❜❛✐s✶ ✉s❛♥❞♦ ♦ ♠ét♦❞♦ ❣✉❧♦s♦ ❛❝✐♠❛ ❞❡s❝r✐t♦ sã♦ β1 = 89.23 ❡

β2 = 94.87 ♣❛r❛ ❈❋❆ ❡ β1 = 87.55 ❡ β2 = 89.67 ♣❛r❛ ❛❧✐♥❤❛♠❡♥t♦ ❡♥tr❡ ❝♦♥❥✉♥t♦s k✲✈❡r♦ssí♠❡✐s✳ ❆s

t❛①❛s r❡❧❛t✐✈❛♠❡♥t❡ ❛❧t❛s ♦❜t✐❞❛s ♣❡❧♦ ♠ét♦❞♦ ❣✉❧♦s♦ sã♦ ❡①♣❧✐❝❛❞❛s ❞❡✈✐❞♦ ❛♦ ❢❛t♦ ❞❡ q✉❡ ❛ ❤✐♣ót❡s❡

❝♦♠ r❡s♣❡✐t♦ ❛♦ ❛❧✐♥❤❛♠❡♥t♦ ❜✐❥❡t♦r ❡♥tr❡ ❛♠❜❛s ❛s ❝❧❛ss❡s ❢♦✐ ❞❡s♣r❡③❛❞❛✱ ❝♦♥❢♦r♠❡ ❝♦♠❡♥t❛❞♦ ♥❛

❙❡çã♦ ✸✳✺✳ P♦r ❡st❛ r❛③ã♦✱ s♦♠❡♥t❡ ♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ❈❋❆ ♣♦r ❡♠♣❛r❡❧❤❛♠❡♥t♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♥❡st❡

tr❛❜❛❧❤♦✳

❖s ❜♦♥s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛♠ ✉♠ ❛❧✐♥❤❛♠❡♥t♦ s❛t✐s❢❛tór✐♦✱ s❡ tr❛t❛♥❞♦ ❞❡ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❛❧✐✲

♥❤❛♠❡♥t♦ ❞❡ ❝♦r♣✉s ❞❡ ❣ê♥❡r♦s ❞✐st✐♥t♦s✳ ❙❡♥❞♦ ❛ss✐♠✱ ♣❛ss❡♠♦s à ❡①♣❡r✐♠❡♥t❛çã♦ ❛❧❣♦rít♠✐❝❛ ❞❡

❝❛❞❛ ♠ét♦❞♦ ❞♦ ♠ó❞✉❧♦ ❞❡ tr❛♥s❢♦r♠❛çã♦✳

✹✳✷✳✸ ❚r❛♥s❢♦r♠❛çã♦ ❊s♣❡❝tr❛❧

P❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡st❡ t✐♣♦ ❞❡ ❡①♣❡r✐♠❡♥t♦ é ♥❡❝❡ssár✐♦ q✉❡ s❡ t❡♥❤❛ ❡♠ ♠ã♦ t❛♥t♦ ❛ s❡♥t❡♥ç❛

❝♦♥✈❡rt✐❞❛ q✉❛♥t♦ ❛ s❡♥t❡♥ç❛ ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦ ❝♦rr❡s♣♦♥❞❡♥t❡✳ ◆❡st❡ t✐♣♦ ❞❡ t❡st❡ s❡ ❛❧✐♥❤❛♠ ♥♦

t❡♠♣♦ ❛♠❜❛s ❛s s❡♥t❡♥ç❛s ❝♦♥✈❡rt✐❞❛ ❡ ❞❡st✐♥♦✱ ❞❡ ♠♦❞♦ q✉❡ s❡❥❛ ♣♦ssí✈❡❧ ❝❛❧❝✉❧❛r ✉♠ t✐♣♦ ❞❡ ❞✐s✲

tâ♥❝✐❛ ❡s♣❡❝tr❛❧ ❡♥tr❡ ♣❛r❡s ❞❡ s❡❣♠❡♥t♦s ❞❡ ✈♦③ ❝♦rr❡s♣♦♥❞❡♥t❡s ❢♦♥❡t✐❝❛♠❡♥t❡✳ ❖ ❛❧❣♦r✐t♠♦ ✉s❛❞♦

♥♦ ❛❧✐♥❤❛♠❡♥t♦ ❞♦s ❞❛❞♦s é ♦ ❝❧áss✐❝♦ ❛❧❣♦r✐t♠♦ ❉②♥❛♠✐❝ ❚✐♠❡ ❲❛r♣✐♥❣ ✕ ❉❚❲ ❬✶✺❪ ❛❞❛♣t❛❞♦ ❛♦

s✐st❡♠❛ ❍❙▼✳ ❉❡st❡ ♠♦❞♦✱ ❝♦♥s✐❞❡r❡ q✉❡ ♣❛r❛ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ✈♦③ ❞❛ ❡♥tr❛❞❛✱ ❝❛r❛❝t❡r✐③❛❞♦

♣❡❧♦ ✈❡t♦r Ψ✱ ❡①✐st❡ ✉♠ r❡s♣❡❝t✐✈♦ s❡❣♠❡♥t♦ ót✐♠♦ ❞❛ s❛í❞❛✱ r❡♣r❡s❡♥t❛❞♦ ♣♦r Ψ̄✱ ♦ q✉❛❧ ♣❡rt❡♥❝❡

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

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

♦s ❞♦✐s ♣r✐♥❝✐♣❛✐s ❛s♣❡❝t♦s ❞❛ ❢❛s❡ ❞❡ tr❛♥s❢♦r♠❛çã♦✿

• ❆ t❛①❛ ❞❡ ❡rr♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞♦ ♠ó❞✉❧♦ ❞❡ s❡❧❡çã♦ ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s✱ q✉❡

é ❞❡✜♥✐❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ✈❡t♦r ❛❝úst✐❝♦ q✉❛♥t✐③❛❞♦ ❞♦ ❝♦r♣✉s ♦r✐❣❡♠✳ ◆❡st❡ ❝❛s♦✱ ♦ ❡rr♦ ❡♥tr❡

✉♠❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❡ ✉♠ ✈❡t♦r ❛❝úst✐❝♦ é ♠❡♥♦r à ♠❡❞✐❞❛ q✉❡ t❛❧ ✈❡t♦r é ✏❝❛r❛❝t❡r✐③❛❞♦✑ ♣❡❧❛

❝❧❛ss❡✳

• ❆ t❛①❛ ❞❡ ❡rr♦ ❞♦ ♠ét♦❞♦ ❞❡ tr❛♥s❢♦r♠❛çã♦✱ q✉❡ ❝♦♥s✐❞❡r❛ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦ ✈❡t♦r

tr❛♥s❢♦r♠❛❞♦ ❡ ♦ ✈❡t♦r ót✐♠♦ ❞❡ s❛í❞❛✳

❆ t❛①❛ ❞❡ q✉❛❧✐❞❛❞❡ ❞❛ ❝♦♥✈❡rsã♦ ❞♦s ♣❛râ♠❡tr♦s ❞❡ ♣r♦só❞✐❛✱ ♦✉ s❡❥❛✱ ♦s ❝♦♥t♦r♥♦s ❞❡ ♣✐t❝❤

❡ ❡♥❡r❣✐❛ ❞♦ s✐♥❛❧✱ ♥ã♦ s❡rã♦ ❧❡✈❛❞♦s ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♥❡st❡ tr❛❜❛❧❤♦✱ ♣♦r s❡ tr❛t❛r❡♠ ❞❡ ♠❡❞✐❞❛s

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

❝❡♥tr❛❧ ❞♦ tr❛❜❛❧❤♦✱ q✉❡ é ❛ ❝♦♥✈❡rsã♦ ❡s♣❡❝tr❛❧✳

▼ó❞✉❧♦ ❞❡ ❙❡❧❡çã♦ ❞❡ ❈❧❛ss❡s

❖ ♦❜❥❡t✐✈♦ ❞♦ ♠ó❞✉❧♦ ❞❡ ❝♦♥✈❡rsã♦ é✱ ❞❛❞♦ ✉♠ ✈❡t♦r ❛❝úst✐❝♦ q✉❛♥t✐③❛❞♦ v = Ψk
A r❡❢❡r❡♥t❡ ❛♦

k✲és✐♠♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③ ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛✱ ❡♥❝♦♥tr❛r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s

Co ❞♦ ❝♦r♣✉s ♦r✐❣❡♠ q✉❡ ♠❡❧❤♦r r❡♣r❡s❡♥t❛ v✳ ❈❛❞❛ ❝❧❛ss❡ c ∈ Co✱ ♣♦r s✉❛ ✈❡③✱ ♣♦ss✉✐ ✉♠ ♣❡s♦

♣r♦♣♦r❝✐♦♥❛❧ à ♣r♦①✐♠✐❞❛❞❡ ❞❡ v ❡♠ r❡❧❛çã♦ à c✱ ❞❡♥♦♠✐♥❛❞♦ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞❡ v ❡♠ r❡❧❛çã♦



✶✺✷ ❘❊❙❯▲❚❆❉❖❙ ❊❳P❊❘■▼❊◆❚❆■❙ ✹✳✷

❛ c ❡ ❞❡♥♦t❛❞♦ ♣♦r w(v, c)✳ ❖ ✈❛❧♦r ❞❡ w(v, c) ❡stá ❞✐r❡t❛♠❡♥t❡ ❧✐❣❛❞♦ à ❢✉♥çã♦ ❞❡ ❞✐stâ♥❝✐❛ ✉s❛❞❛

♥❡st❡ ♠ét♦❞♦ ❞❡ s❡❧❡çã♦✳

❈♦♠♦ ❞❡✜♥✐❞♦ ♥♦ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r ♥❛ ❙❡çã♦ ✸✳✻✱ ✉♠ ♥ú♠❡r♦ ✈❛r✐❛❞♦ ❞❡ ❢✉♥çõ❡s ❞❡ ❞✐stâ♥❝✐❛

♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s ♥♦ ♠ó❞✉❧♦ ❞❡ s❡❧❡çã♦✱ t❛✐s ❝♦♠♦ ❛ ❞✐stâ♥❝✐❛ ❞❡ ▼❛❤❛❧❛♥♦❜✐s ❬✶✹✷❪

dM (v, c) =
√

(v − µc)T (Σc)−1(v − µc), ✭✹✳✸✮

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

dS(v, c) = |♠❡❧✷❢r❡q(v − µc)|, ✭✹✳✹✮

♦♥❞❡ t❛♥t♦ v q✉❛♥t♦ µc✱ ♣♦r ❡st❛r❡♠ q✉❛♥t✐③❛❞♦s ♥❛ ❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛✱ ♥❡❝❡ss✐t❛♠ s❡r r❡✲❛♠♦str❛❞♦s

♥❛ ❡s❝❛❧❛ ❧✐♥❡❛r ❡♠ ❢r❡q✉ê♥❝✐❛ ✭✉s❛♥❞♦ ✉♠❛ ❢✉♥çã♦ mel2freq✮✱ ❡ t❛♠❜é♠ ❛ ❞✐st♦rçã♦ ♠❡❧✲❝❡♣str❛❧

❛❞❛♣t❛❞❛✱ ❞❡✜♥✐❞❛ ❝♦♠♦

dC(v, c) = |❞❝t[v]− ❞❝t[v]|, ✭✹✳✺✮

❛♥á❧♦❣❛ à ❢♦r♠✉❧❛çã♦ ❞❛ ❊q✳ ✸✳✶✽ ❞♦ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r✳

❱❛❧❡ s❛❧✐❡♥t❛r q✉❡✱ ❞♦s ✈❡t♦r❡s q✉❛♥t✐③❛❞♦s ✈✐❛ ▼❋❈❈✱ sã♦ ❝♦♥s✐❞❡r❛❞♦s s♦♠❡♥t❡ ❛ ♣r✐♠❡✐r❛ t❡rç❛

♣❛rt❡ ✭✶✻ ♥❡st❡ ❝❛s♦✮ ❞♦s ❝♦❡✜❝✐❡♥t❡s✱ ❝♦♠ ❡①❝❡çã♦ ❞♦ ♣r✐♠❡✐r♦✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ à ❝♦♠♣♦♥❡♥t❡ ❉❈

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

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

❞❡t❛❧❤❡s ✐rr❡❧❡✈❛♥t❡s ❝♦♠♦ ♣❡q✉❡♥❛s ✈❛r✐❛çõ❡s✴❞❡s❝♦♥t✐♥✉✐❞❛❞❡s ❡s♣❡❝tr❛✐s ♦✉ ♠❡s♠♦ ♦ ♥í✈❡❧ ❉❈

❞♦ ❡s♣❡❝tr♦✳

❯♠❛ ❛ss♦❝✐❛çã♦ ❞✐r❡t❛ ❞❡ ❝❛❞❛ ✈❡t♦r ❛❝úst✐❝♦ v ❛ ✉♠❛ ❝❧❛ss❡ c t❛♠❜é♠ ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛✱ ❛

q✉❛❧ ✉s❛ t♦❞♦ ♦ ❢❡rr❛♠❡♥t❛❧ ❞❡ ❞✐str✐❜✉✐çã♦ ❢♦r♠â♥t✐❝❛ ❡ ♠❛♣❛s ❢♦♥ét✐❝♦s✱ ❝♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ♥❛

❙❡çã♦ ✸✳✺✳ ◆❡st❛ ❛❜♦r❞❛❣❡♠✱ ♦ ✈❛❧♦r wv(c) ❝♦rr❡s♣♦♥❞❡ ❛♦ ❢❛t♦r ❞❡ ♣❛rt✐❝✐♣❛çã♦ ❞❡ ❝❛❞❛ ❝❧❛ss❡ c

✭❛ss♦❝✐❛❞❛ ❛ ✉♠ ♣♦♥t♦✮ ♥♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ❛rt✐✜❝✐❛❧ ❞♦ ✈❡t♦r v✳

◆♦ ❝❛s♦ ❞❛ s❡❧❡çã♦ ✈✐❛ ♠❛♣❛ ❢♦♥ét✐❝♦✱ ♦ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ é ❞❡✜♥✐❞♦ ❞❡ ❢♦r♠❛ ❞✐r❡t❛ w(v, c) =

d(v, c)2✳ ❏á ♥♦ ❝❛s♦ ❞❛s ❛ss♦❝✐❛çõ❡s ♣♦r ♠❡✐♦ ❞❡ ❞✐stâ♥❝✐❛s✱ ✉♠❛ ♥♦r♠❛❧✐③❛çã♦ é ♥❡❝❡ssár✐❛✱ ✉♠❛

✈❡③ q✉❡ s❡ ❞❡s❡❥❛ ❛tr✐❜✉✐r ♠❛✐♦r❡s ❣r❛✉s ❞❡ ♣❡rt✐♥ê♥❝✐❛s ❛ ♠❡♥♦r❡s ✈❛❧♦r❡s ❞❡ ❞✐stâ♥❝✐❛✳ ◆❡st❡ ❝❛s♦✱

♦ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞♦ ✈❡t♦r v ❡♠ r❡❧❛çã♦ ❛ ✉♠❛ ❝❧❛ss❡ c é ❞❡✜♥✐❞♦ ❝♦♠♦

w(v, c) = N(v, c)4 =

(

1−
d[C|S](v, c)−min∀k{d[C|S](v, Ck)}

max∀k{d[C|S](v, Ck)} −min∀k{d[C|S](v, Ck)}

)4

, ✭✹✳✻✮

♦♥❞❡ [C|S] ❝♦rr❡s♣♦♥❞❡ ♦✉ à ❞✐stâ♥❝✐❛ ❊✉❝❧✐❞✐❛♥❛ ♦✉ à ❞✐st♦rçã♦ ♠❡❧✲❝❡♣str❛❧✱ L∗ = 48 é ❛ ❞✐♠❡♥sã♦

❞❡ v✱ ♣❛r❛ t♦❞❛s ❛s ❝❧❛ss❡s Ck q✉❡ ❝♦♠♣õ❡♠ ♦ ❝♦r♣✉s ♦r✐❣❡♠✳ ❆ ❞✐stâ♥❝✐❛ ❊✉❝❧✐❞✐❛♥❛ ❞❛ ❢♦r♠✉✲

❧❛çã♦ ❛❝✐♠❛ ❡stá ❛♣❧✐❝❛❞❛ s♦❜r❡ ✈❡t♦r❡s ❛♠♦str❛❞♦s ♥❛ ❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛ ❡♠ ❛♠♣❧✐t✉❞❡✱ ♦✉ s❡❥❛✱

❝♦rr❡s♣♦♥❞❡ à ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ❝❧áss✐❝❛✳

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

❝♦✈❛r✐â♥❝✐❛✱ é ❝♦♥✈❡♥✐❡♥t❡ ❛❞♦t❛r ♦✉tr♦ ♠♦❞♦ ❞❡ ❝❛❧❝✉❧❛r ♦ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛✱ ♥♦r♠❛❧✐③❛♥❞♦ ❛

❞✐stâ♥❝✐❛ s❡❣✉♥❞♦ ❛ ♥♦r♠❛ ❞❡ss❛ ♠❛tr✐③✱ ❞❡ ♠♦❞♦ q✉❡

w▼❛❤❛❧(v, c) =
1

2π
L∗

2 |Σc|
1
2

e−0.5dM (v,c), ✭✹✳✼✮
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❉❡st❛ ❢♦r♠❛✱ ❡s♣❡r❛✲s❡ q✉❡ ♦s ♣r♦❜❧❡♠❛s ❞❡ s✉❛✈✐③❛çã♦ ❡①❝❡ss✐✈❛ ❞❛ tr❛♥s❢♦r♠❛çã♦ s❡❥❛♠ ❝♦♥tr♦❧❛❞♦s

♣❡❧❛ ❢✉♥çã♦ ❡①♣♦♥❡♥❝✐❛❧ ♥♦r♠❛❧✐③❛❞❛ ❞❡st❛ ❢♦r♠✉❧❛çã♦✳ ❆ ❢✉♥çã♦ ❞❡ ♥♦r♠❛❧✐③❛çã♦ ❛❞♦t❛❞❛ ♥❡st❡

tr❛❜❛❧❤♦ ❢♦✐ ❛ ❢♦r♠✉❧❛çã♦ q✉árt✐❝❛ q✉❡ ❞❡✜♥❡ ❛ ❊q✉❛çã♦ ✹✳✻✱ ❡s❝♦❧❤✐❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ♣❡q✉❡♥♦

❡①♣❡r✐♠❡♥t♦ r❡❛❧✐③❛❞♦ ♥♦ ❆♣ê♥❞✐❝❡ ❆✳✸✳ ◆♦ ❡♥t❛♥t♦✱ q✉❛❧q✉❡r ♦✉tr♦ t✐♣♦ ❞❡ ❢✉♥çã♦ ❞❡ ♥♦r♠❛❧✐③❛çã♦

♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞❛✳

❯♠ tó♣✐❝♦ ✐♠♣♦rt❛♥t❡ ♣❛r❛ s❡❧❡çã♦ ❞❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ q✉❡ ♠❡❧❤♦r r❡♣r❡s❡♥t❛ vk ❝♦♥s✐st❡ ❡♠ s❛❜❡r

q✉❛❧ ❞❡♥tr❡ ❛s ❢✉♥çõ❡s ❞❡ ❞✐stâ♥❝✐❛ é ❛ ♠❛✐s ❛♣r♦♣r✐❛❞❛ ♣❛r❛ ❞❡✜♥✐r ♦ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞❡ ✉♠

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

sã♦✿

✭✶✮ ▼❛❤❛❧exp✿ ❆ ❢✉♥çã♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s ✭❊q✳ ✹✳✸✮ ❝♦♠ ❛ ♥♦r♠❛❧✐③❛çã♦ ❡①♣♦♥❡♥❝✐❛❧ q✉❡ ❧❡✈❛ ❡♠

❝♦♥t❛ ❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❞❡ ❝❛❞❛ ❝♦♥❥✉♥t♦✳

✭✷✮ ▼❛❤❛❧4✿ ❆ ❢✉♥çã♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s ❝♦♠ ❛ ♥♦r♠❛❧✐③❛çã♦ q✉árt✐❝❛ ♣❛❞rã♦✳

✭✸✮ ❙❉✐st✿ ❆ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ✭❊q✳ ✹✳✹✮ ❝♦♠ ♥♦r♠❛❧✐③❛çã♦ q✉árt✐❝❛ ❛❞❛♣t❛❞❛ ❛♦s ✈❡t♦r❡s ♣❛r❛✲

♠❡tr✐③❛❞♦s ♥❛ ❡s❝❛❧❛ ❧✐♥❡❛r✳

✭✹✮ ▼❋❈❈❛✿ ❆ ❞✐st♦rçã♦ ♠❡❧✲❝❡♣str❛❧ ✭❊q✳ ✹✳✺✮ ❝♦♠ ♥♦r♠❛❧✐③❛çã♦ q✉árt✐❝❛ s♦❜r❡ ❛ ❡s❝❛❧❛ ▼❊▲✳

✭✺✮ ▼♣❋♦♥✿ ❙❡❧❡çã♦ ❞✐r❡t❛ ✈✐❛ ♠❛♣❛ ❢♦♥ét✐❝♦ ❛rt✐✜❝✐❛❧✳

P❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦ t❡st❡✱ t♦❞♦s ♦s ❝♦r♣♦r❛ ✐♥❣❧❡s❡s ✭✬❊◆❴✼✺✬✱ ✬❊◆❴✼✻✬✱ ✬❊◆❴✼✾✬ ❡ ✬❊◆❴✽✵✬✮

❞❛ ❜❛s❡ ❚❈✲❙❚❆❘ ❢♦r❛♠ s✉❜♠❡t✐❞♦s ❛ ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ❡①♣❡r✐♠❡♥t❛❧ ❜ás✐❝♦✳ ❚❛❧ ♣r♦❝❡❞✐♠❡♥t♦

❡①♣❡r✐♠❡♥t❛❧ r❡❛❧✐③❛ ❜✉s❝❛s ♣♦r ❝❧❛ss❡s ci, i ∈ [Mc] ♥♦ ❝♦r♣✉s ♦r✐❣❡♠ q✉❡ ❛♣r❡s❡♥t❡♠ ♠❛✐♦r❡s ❣r❛✉s

❞❡ ♣❡rt✐♥ê♥❝✐❛ w(vk, ci), ♣❛r❛ t♦❞♦s ♦s ✈❡t♦r❡s vk = Ψk
A ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛✳ ❆ ♣❛rt✐r ❞❛s ❝❧❛ss❡s ci✱

✉♠ ✈❡t♦r ❛rt✐✜❝✐❛❧ v̄k r❡❧❛t✐✈♦ ❛ vk é ❣❡r❛❞♦ ❞❡ t❛❧ ❢♦r♠❛ q✉❡

v̄k =

∑Mc

i=1w(vk, ci) · µci
∑Mc

i=1w(vk, ci)
.

❋✐♥❛❧♠❡♥t❡✱ t❛❧ ✈❡t♦r é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝❛❧❝✉❧❛r ❛ t❛①❛ ❞❡ ❡rr♦ ❞♦ ♠ó❞✉❧♦ ❞❡ s❡❧❡çã♦✱ ❞❡✜♥✐❞❛ ❝♦♠♦

Γ(Mc) =
∑N

k=1 γ(vk,Mc)✱ ♦♥❞❡ N é ♦ ♥ú♠❡r♦ ❞❡ s❡❣♠❡♥t♦s ❤❛r♠ô♥✐❝♦s ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ ❡

γ(vk,Mc) = |v̄k − vk|,

❝♦♠ vk = Ψk
A ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♣ró♣r✐♦ ✈❡t♦r q✉❛♥t✐③❛❞♦ ❞❛ s❡♥t❡♥ç❛ ♦r✐❣❡♠✳ ❆ ✜♠ ❞❡ s❡ ❡q✉✐♣❛r❛r

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

❝♦♥s✐❞❡r❛❞❛ ❞❡ ♠♦❞♦ q✉❡ Γ′(Mc) =
Γ(Mc)
N ✳ ❖ ♠♦t✐✈♦ ♣❡❧♦ q✉❛❧ ❛s ❜❛s❡s ✐♥❣❧❡s❛s ❢♦r❛♠ t♦♠❛❞❛s s❡

❥✉st✐✜❝❛ ♣❡❧♦ ♠❛✐♦r ❣r❛✉ ❞❡ ❞✐✜❝✉❧❞❛❞❡ ❞❡ s❡❧❡çã♦ ❞❛s ❝❧❛ss❡s✱ ❞❛❞❛ ❛ r✐q✉❡③❛ ❢♦♥ét✐❝❛ ❞❛ ❧í♥❣✉❛

✐♥❣❧❡s❛✳

P❡❧❛ ❚❛❜❡❧❛ ✹✳✷ é ♣♦ssí✈❡❧ ❞❡❞✉③✐r q✉❡ ❛ ❞✐st♦rçã♦ ♠❡❧✲❝❡♣str❛❧ ▼❋❈❈❛ é✱ ❝♦♠ ❝❡rt❛ ♠❛r❣❡♠✱ ❛

♠étr✐❝❛ ♠❛✐s ❛♣r♦♣r✐❛❞❛ ♣❛r❛ r❡❛❧✐③❛r ❛ s❡❧❡çã♦ ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❞❛❞♦ ✉♠ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛

q✉❛♥t✐③❛❞♦✱ ❝♦♥✜r♠❛♥❞♦ ❛ss✐♠ ❛ ♣r❡❢❡rê♥❝✐❛ ❞❡ ❛❧❣✉♥s ❛✉t♦r❡s q✉❡ ❡①❡❝✉t❛♠ t❛r❡❢❛s ❛✜♥s ❬✶✻✼❀ ✶✾✵❪✳
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Mc
Γ(Mc) ♣❛r❛ ❝❛❞❛ ♠étr✐❝❛ ❞❡ s❡❧❡çã♦

▼❛❤❛❧exp ▼❛❤❛❧4 ❙❉✐st ▼❋❈❈❛ ▼♣❋♦♥

✶ ✹✺✳✺✾✻✼ ✹✺✳✽✼✺✻ ✸✺✳✺✺✼✶ ✸✷✳✵✼✶✶ ✹✹✳✵✻✷✾

✷ ✹✹✳✽✽✾✷ ✹✹✳✻✵✻✵ ✸✺✳✶✶✽✹ ✸✶✳✽✻✶✹ ✹✸✳✼✺✻✸

✸ ✹✹✳✻✹✺✺ ✹✹✳✸✻✶✶ ✸✺✳✷✻✶✹ ✸✶✳✾✾✶✷ ✹✸✳✻✺✵✷

✹ ✹✹✳✺✽✺✻ ✹✹✳✸✵✵✼ ✸✺✳✹✻✾✶ ✸✷✳✶✾✷✽ ✹✸✳✺✽✽✺

✺ ✹✹✳✺✼✵✾ ✹✹✳✹✷✽✺ ✸✺✳✼✹✷✷ ✸✷✳✹✻✼✵ ✹✸✳✹✸✶✼

✶✵ ✹✹✳✺✹✾✵ ✹✺✳✷✻✵✻ ✸✻✳✽✻✸✷ ✸✸✳✼✸✷✵ ✹✸✳✶✷✺✼

✶✺ ✹✹✳✺✸✽✶ ✹✻✳✷✹✺✻ ✸✼✳✽✺✵✸ ✸✹✳✺✼✼✺ ✹✸✳✶✶✺✷

✷✵ ✹✹✳✺✸✻✽ ✹✼✳✵✾✽✵ ✸✽✳✼✵✷✾ ✸✺✳✷✽✼✾ ✹✸✳✶✶✸✾

✷✺ ✹✹✳✺✸✻✸ ✹✼✳✽✵✽✾ ✸✾✳✷✼✶✻ ✸✺✳✾✾✾✵ ✹✸✳✶✶✸✹

✸✵ ✹✹✳✺✸✻✵ ✹✽✳✺✷✵✶ ✸✾✳✾✽✷✽ ✸✻✳✺✻✼✾ ✹✸✳✶✶✸✶

✸✺ ✹✹✳✺✸✺✾ ✹✾✳✵✽✾✶ ✹✵✳✹✵✾✻ ✸✻✳✾✾✹✼ ✹✸✳✶✶✸✵

✹✵ ✹✹✳✺✸✺✽ ✹✾✳✻✺✽✶ ✹✵✳✾✼✽✻ ✸✼✳✹✷✶✺ ✹✸✳✶✶✷✾

✹✺ ✹✹✳✺✸✺✽ ✺✵✳✷✷✼✸ ✹✶✳✹✵✺✺ ✸✼✳✽✹✽✸ ✹✸✳✶✶✷✾

✺✵ ✹✹✳✺✸✺✽ ✺✵✳✺✶✶✽ ✹✶✳✽✸✷✸ ✸✽✳✶✸✷✾ ✹✸✳✶✶✷✾

▼➱❉■❆ ✹✹✳✺✼✵✺ ✹✼✳✻✻✾✺ ✸✾✳✵✷✵✵ ✸✺✳✻✸✺✶ ✹✸✳✶✾✶✵

❚❛❜❡❧❛ ✹✳✷✿ ❚❛①❛s ❞❡ ❡rr♦ ❞♦ ♠ó❞✉❧♦ ❞❡ s❡❧❡çã♦ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ❢✉♥çã♦ ❞✐stâ♥❝✐❛✳

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

r♦❜✉st❛ ❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s ❡♠ r❡❧❛çã♦ ❛♦ ❡rr♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦✳ ❖ ♥ú♠❡r♦Mc ❞❡ ❝❧❛ss❡s q✉❡ ❝♦♥tr✐✲

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

❝♦♥s✐❞❡r❛❞♦✳ ❖ ✈❛❧♦r ❞❡Mc ❞❡✈❡ s❡r ❡s❝♦❧❤✐❞♦ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ q✉❡ ✉♠ ✈❛❧♦rMc ♠✉✐t♦ ❣r❛♥❞❡ ❣❡r❛

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

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

✈❛❧♦rMc ♠✉✐t♦ ♣❡q✉❡♥♦ ❣❡r❛ ✉♠ s✐♥❛❧ ❝♦♠ ❛❧t♦ í♥❞✐❝❡ ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ♠❛s ❜❛✐①❛ ♥❛t✉r❛❧✐❞❛❞❡✱ ❞❛❞❛

❛ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡ ❝❛✉s❛❞❛ ♣❡❧❛ ✐♥tr♦❞✉çã♦ ❞❡ r✉í❞♦ ❞♦s ❡rr♦s ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞♦ ♠ét♦❞♦ s❡❧❡t♦r ❞❡

❝❧❛ss❡s ❛❝úst✐❝❛s✳

❙❡❣✉♥❞♦ ❛ ❚❛❜❡❧❛ ✹✳✷✱ ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞❛s ♠étr✐❝❛s ❞❡ s❡❧❡çã♦✱ s❡ ♦❜s❡r✈❛ ♦ tr❛❞❡✲♦✛ ❡♥tr❡

♦s ♣r♦❜❧❡♠❛s ❞❡ s✉❛✈✐③❛çã♦ ❡ ❛❥✉st❡ ❡①❝❡ss✐✈♦ ❞❛ tr❛♥s❢♦r♠❛çã♦✱ ❝♦♠ ❡①❝❡çã♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡

▼❛❤❛❧❛♥♦❜✐s✳ ❖s ✈❛❧♦r❡s ❞❛ t❛❜❡❧❛ r❡❢❡r❡♥t❡s à ♠❡❞✐❞❛ ▼❋❈❈❛ ❢♦r❛♠ ♠♦str❛❞♦s ♥❛ ❋✐❣✉r❛ ✹✳✺

✉s❛♥❞♦ ✉♠ ❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛ ❡♠ ❛♠❜♦s ♦s ❡✐①♦s ❛ ✜♠ ❞❡ ♣❡r❝❡❜❡r ♠❡❧❤♦r ❡st❡ ❢❡♥ô♠❡♥♦✳ ❖ ✈❛❧♦r

❞❡❢❛✉❧t ❞♦ s✐st❡♠❛ éMc = 15✱ ♠❛s ❡st❡ é ✉♠ ♣❛râ♠❡tr♦ ✢❡①í✈❡❧ q✉❡ ♣♦❞❡ s❡r r❡❞❡✜♥✐❞♦ s❡♠ ❣r❛♥❞❡s

♣r♦❜❧❡♠❛s✳

❖ ✈❛❧♦r ♠é❞✐♦ ❝❛❧❝✉❧❛❞♦ ♥❛ t❛❜❡❧❛ ❛♥t❡r✐♦r t♦♠❛ t♦❞♦s ♦s ✈❛❧♦r❡s ✐♥t❡✐r♦s ❞❡ ✶ ❛ ✺✵✱ ❛❧é♠ ❞♦s

✈❛❧♦r❡s ♠♦str❛❞♦s✳ ❉❛♥❞♦ ♣r♦ss❡❣✉✐♠❡♥t♦ ❛♦s t❡st❡s✱ ❛ ♠❡❞✐❞❛ ▼❋❈❈❛ é ✉s❛❞❛ ♣♦r ❞❡❢❛✉❧t ❝♦♠♦

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

❋✉♥çã♦ ❞❡ ❚r❛♥s❢♦r♠❛çã♦

◆❡st❛ ❢❛s❡ ❞❡ t❡st❡s✱ ❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ t♦♠❛ ✉♠ ♣❛r ❞❡ s❡♥t❡♥ç❛s ♣❛r❛❧❡❧❛s ❞❡✈✐❞❛✲

♠❡♥t❡ ❛❧✐♥❤❛❞❛s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❉❋❲✳ ◆❡st❡ ❝❛s♦✱ ♣❛r❛ ❝❛❞❛ ✈❡t♦r q✉❛♥t✐③❛❞♦ ❞❡ ❡♥tr❛❞❛ v = ΨA✱

❡s♣❡r❛✲s❡ q✉❡ ♦ ♠❡s♠♦ ♣♦ss✉❛ ❛ ♠❡♥♦r ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ♣♦ssí✈❡❧ ❡♠ r❡❧❛çã♦ ❛♦ ✈❡t♦r ❞❡ s❛í❞❛

ót✐♠♦ v∗ = Ψ̄A ❞❛ s❡♥t❡♥ç❛ ❞❡st✐♥♦✳

❈♦♥s✐❞❡r❛♥❞♦✲s❡ q✉❡ ✉♠ ✈❡t♦r ❛❝úst✐❝♦ v ❡stá ❛ss♦❝✐❛❞♦ ❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝❧❛ss❡s Co ❞♦ ❢❛❧❛♥t❡

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

♣❡❛♠❡♥t♦ @M ❞❡t❡r♠✐♥❛❞❛ ♣❡❧♦ ♠ó❞✉❧♦ ❞❡ ▼❛♣❡❛♠❡♥t♦ ❡♥❝♦♥tr❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❝❧❛ss❡s ❛❧✐♥❤❛❞❛s
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❋✐❣✉r❛ ✹✳✺✿ ❉❛❞♦s ❞❛ q✉❛rt❛ ❝♦❧✉♥❛ ❞❛ ❚❛❜❡❧❛ ✹✳✷ ❡①✐❜✐❞♦s ❡♠ ❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛✳

Cd ❝♦rr❡s♣♦♥❞❡♥t❡s ❛ ❝❛❞❛ Co ♥♦ ❝♦r♣✉s ❞❡st✐♥♦✳

❆ ❢✉♥çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ t♦♠❛ ♦ ✈❡t♦r v ❡ ♦s ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s r❡❧❛t✐✈♦s ❛ Co ❡ Cd✱

❡ ❝♦♥❢♦r♠❛ v ❛♦ ✈❡t♦r ót✐♠♦ ❞❡ s❛í❞❛ v∗ ✉s❛♥❞♦ ♦s três ♠ét♦❞♦s ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞❡s❝r✐t♦s ♥❛

❙❡çã♦ ✸✳✻✿

✭✶✮ ❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r ❝♦♠ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❝♦♠♣❧❡t❛ ✭▲❚✲❋✉❧❧✮❀

✭✷✮ ❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r ✉s❛♥❞♦ s♦♠❡♥t❡ ❛ ❞✐❛❣♦♥❛❧ ❞❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛✱ ✐st♦ é✱ ❛s ✈❛r✐â♥✲

❝✐❛s ❡st❛tíst✐❝❛s ✭▲❚✲❉✐❛❣✮❀

✭✸✮ ❛ tr❛♥s❢♦r♠❛çã♦ ♣r♦♣♦st❛ ♣♦r ❡st❡ tr❛❜❛❧❤♦✱ ❞❡♥♦♠✐♥❛❞❛ ❉❡❢♦r♠❛çã♦ ❡♠ ❋r❡q✉ê♥❝✐❛ ◆♦r♠❛✲

❧✐③❛❞❛ ✭◆❋❲✮✱

✭✹✮ ❛ r❡ssí♥t❡s❡ ❞♦ s✐♥❛❧ ❞❡st✐♥♦ ❛ ♣❛rt✐r ❞❛ r❡♠♦♥t❛❣❡♠ ♣♦♥❞❡r❛❞❛ ❞♦s ❝❡♥tr♦✐❞❡s ❞❡ ❝❛❞❛ ❝❧❛ss❡

s❡❧❡❝✐♦♥❛❞❛ ♥♦ ❝♦r♣✉s ❞❡st✐♥♦✱ ❡str❛té❣✐❛ ❡st❛ ❞❡♥♦♠✐♥❛❞❛ ✏❝♦❞❡❜♦♦❦✑ ♥❡st❡ ❡①♣❡r✐♠❡♥t♦✳

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

❝❡♣str❛❧ MFCCa ❛❞❛♣t❛❞❛ ❛♦s ✈❡t♦r❡s q✉❛♥t✐③❛❞♦s✳

❖ ❛r❝❛❜♦✉ç♦ ❡①♣❡r✐♠❡♥t❛❧ ❞❡st❛ s❡çã♦ s❡❣✉❡ ❜❛s✐❝❛♠❡♥t❡ ♦s ♠❡s♠♦ ♣❛❞rõ❡s ❞♦ ❡①♣❡r✐♠❡♥t♦

r❡❛❧✐③❛❞♦ ♣❛r❛ ❡s❝♦❧❤❡r ♦s ♠ét♦❞♦s ❞❡ s❡❧❡çã♦ ❞❡ ❝❧❛ss❡s ❞❛ s❡çã♦ ❛♥t❡r✐♦r✳ ❖✉ s❡❥❛✱ r❡❛❧✐③❛♠✲s❡

❜✉s❝❛s ♣♦r ❝❧❛ss❡s ❞♦ ❢❛❧❛♥t❡ ♦r✐❣❡♠ ❝♦♠ ♠❛✐♦r❡s ❣r❛✉s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❛✈❛❧✐❛❞❛s ❡♠ v✳ ◆❡st❡ ❝❛s♦✱

♦ ✈❡t♦r ❛rt✐✜❝✐❛❧ v̄k r❡❧❛t✐✈♦ ❛♦ k✲és✐♠♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③ q✉❛♥t✐③❛❞♦ ♣♦r vk é ❞❡✜♥✐❞♦ ❞❡ t❛❧ ❢♦r♠❛

q✉❡

v̄k =

∑

c∈Co
w(c)Tloc(Ψ

k
A, c,M(c))

∑

c∈Co
w(c)

,

♦♥❞❡ w(c) = dC(v, c) ❝♦rr❡s♣♦♥❞❡ ❛♦ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ✭▼❋❈❈❛✮ ❞♦ ✈❡t♦r vk ❡♠ r❡❧❛çã♦ à ❝❧❛ss❡

c✱ ❡ @Tloc é ✉♠❛ ❞❛s ❢✉♥çõ❡s ❞❡ tr❛♥s❢♦r♠❛çã♦ ❧✐st❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡ ♥❛ ❙❡çã♦ ✸✳✻✳
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❆♦ ✜♥❛❧ ❞❛ tr❛♥s❢♦r♠❛çã♦✱ ❝❛❞❛ ✈❡t♦r tr❛♥s❢♦r♠❛❞♦ v̄k é ❝♦♠♣❛r❛❞♦ ❝♦♠ s❡✉ r❡s♣❡❝t✐✈♦ ✈❡t♦r

ót✐♠♦ v∗ ✉s❛♥❞♦ ❛ ❞✐stâ♥❝✐❛ ❊✉❝❧✐❞✐❛♥❛ ❝❧áss✐❝❛

ǫcT (v̄k, v
∗) = |v̄k − v

∗|,

♦♥❞❡ Mc ✭❞❡❢❛✉❧t ✶✺✮ ❝♦rr❡s♣♦♥❞❡ à q✉❛♥t✐❞❛❞❡ ❞❡ ❝❧❛ss❡s ✉s❛❞❛s ♥❛ ♣♦♥❞❡r❛çã♦✱ ✐st♦ é✱ Mc = |Co|

❡ v∗ é ♦ ✈❡t♦r ♦r✐❣❡♠ ót✐♠♦ ❞❛ ❝♦rr❡s♣♦♥❞❡♥t❡ s❡♥t❡♥ç❛ ♣❛r❛❧❡❧❛ ❛❧✐♥❤❛❞❛✳ ❖❜s❡r✈❡ q✉❡ ♦ ♣❛ss♦ ✜♥❛❧

❞♦ ❛❧❣♦r✐t♠♦ ❞❡ tr❛♥s❢♦r♠❛çã♦✱ ♦ ♣❛ss♦ ❞❡ ❛❝❛❜❛♠❡♥t♦ ❞♦ s✐♥❛❧ ❞❡ s❛í❞❛ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥❛

❙❡çã♦ ✸✳✻✱ ♥ã♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♥❡st❡ ❡①♣❡r✐♠❡♥t♦✱ ❝♦♠ ♦ ❡❢❡✐t♦ ❞❡ ✐s♦❧❛r ♦ ❡rr♦ ❞❛ tr❛♥s❢♦r♠❛çã♦

❞♦s três ♠ét♦❞♦s ❛♣r❡s❡♥t❛❞♦s ❞❡st❡ ♠ó❞✉❧♦ ✭♦♣❝✐♦♥❛❧✮ ❞❡ ♣ós✲♣r♦❝❡ss❛♠❡♥t♦✳

❯♠ t❡st❡ ♠❛✐s ❡①t❡♥s✐✈♦ ❢♦✐ r❡❛❧✐③❛❞♦ ♥❡st❡ ❝❛s♦ ✉s❛♥❞♦ t♦❞♦s ♦s ❝♦r♣♦r❛ ✐♥❣❧❡s❡s ❡ ❡s♣❛♥❤ó✐s✱

♦s q✉❛✐s ❢♦r❛♠ ❝♦♠❜✐♥❛❞♦s ❡♥tr❡ s✐ ❞❡ ♠♦❞♦ ❛ ❝♦❜r✐r t♦❞♦s ♦s ❝❛s♦s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥tr❛✲

❧✐♥❣✉íst✐❝❛ ❡♠ r❡❧❛çã♦ ❛♦s ❣ê♥❡r♦s✱ ✐st♦ é✱ M → M ✱ M → F ✱ F → M ❡ F → F ✳ ❆ ❝♦♥✈❡rsã♦

✐♥tr❛✲❧✐♥❣✉íst✐❝❛✱ ❡♠❜♦r❛ ♥ã♦ s❡❥❛ ♦ ❡s❝♦♣♦ ❞♦ tr❛❜❛❧❤♦✱ é ✉s❛❞❛ ♥❡st❛ ❡t❛♣❛ ♣❡❧❛ ❝♦♠♣❛r❛çã♦

✉s❛♥❞♦ ❝♦r♣♦r❛ ♣❛r❛❧❡❧♦s✷✳ ❊♠ t❡r♠♦s ❞❡ ❝♦r♣✉s✱ ♦s ♣❛r❡s ❛✈❛❧✐❛❞♦s ❢♦r❛♠✿

• ❊❙❴✼✺ → ❊❙❴✼✻✿ ❈♦♥✈❡rsã♦ ES(F × F ) ✕ ❧í♥❣✉❛ ❡s♣❛♥❤♦❧❛❀

• ❊❙❴✼✻ → ❊❙❴✼✾✿ ❈♦♥✈❡rsã♦ ES(F ×M) ✕ ❧í♥❣✉❛ ❡s♣❛♥❤♦❧❛❀

• ❊❙❴✼✾ → ❊❙❴✽✵✿ ❈♦♥✈❡rsã♦ ES(M ×M) ✕ ❧í♥❣✉❛ ❡s♣❛♥❤♦❧❛❀

• ❊❙❴✽✵ → ❊❙❴✼✺✿ ❈♦♥✈❡rsã♦ ES(M × F ) ✕ ❧í♥❣✉❛ ❡s♣❛♥❤♦❧❛❀

• ❊◆❴✼✺ → ❊◆❴✼✻✿ ❈♦♥✈❡rsã♦ EN(F × F ) ✕ ❧í♥❣✉❛ ✐♥❣❧❡s❛❀

• ❊◆❴✼✻ → ❊◆❴✼✾✿ ❈♦♥✈❡rsã♦ EN(F ×M) ✕ ❧í♥❣✉❛ ✐♥❣❧❡s❛❀

• ❊◆❴✼✾ → ❊◆❴✽✵✿ ❈♦♥✈❡rsã♦ EN(M ×M) ✕ ❧í♥❣✉❛ ✐♥❣❧❡s❛❀

• ❊◆❴✽✵ → ❊◆❴✼✺✿ ❈♦♥✈❡rsã♦ EN(M × F ) ✕ ❧í♥❣✉❛ ✐♥❣❧❡s❛✳

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

♥❛ ❋✐❣✉r❛ ✹✳✻✱ ♦s q✉❛✐s ❛♣r❡s❡♥t❛♠ ♦s ✈❛❧♦r❡s ♠é❞✐♦s ♣♦r s❡❣♠❡♥t♦ ❞❡ ✈♦③ ❞❛s t❛①❛s ❞❡ ❞✐st♦rçã♦

❡s♣❡❝tr❛❧ ❡♥tr❡ ♦ ❡s♣❡❝tr♦ ❞♦ s✐♥❛❧ ♠♦❞✐✜❝❛❞♦ r❡❝♦♥str✉í❞♦ ✭❝♦♠ ❛♠❜❛s ❛s ♣❛rt❡s ❤❛r♠ô♥✐❝❛s ❡

❡st♦❝ást✐❝❛s ❡♠❜✉t✐❞❛s✮ ❡ ♦ s✐♥❛❧ ót✐♠♦ t❡♠♣♦r❛❧♠❡♥t❡ ❛❧✐♥❤❛❞♦ ✈✐❛ ❉❚❲✳ ❊✈✐❞❡♥t❡♠❡♥t❡✱ ♦ ❡rr♦

✐♥❡r❡♥t❡ ❛♦ ❛❧✐♥❤❛♠❡♥t♦ ❝♦♠ ♠ét♦❞♦ ❉❚❲ ❡stá ❛❞✐❝✐♦♥❛❞♦ ♥♦ ❡rr♦ t♦t❛❧ ❡st✐♠❛❞♦✱ ♦ q✉❡ ♥ã♦ ❛❢❡t❛

❛ ❝♦♠♣❛r❛çã♦ ✈✐st♦ q✉❡ ♦ ❡rr♦ é ♦ ♠❡s♠♦ ♣❛r❛ t♦❞♦s ♦s ♠ét♦❞♦s ❝♦♠♣❛r❛❞♦s✳

P❡❧❛ ❋✐❣✉r❛ ✹✳✻ s❡ ♦❜s❡r✈❛ ✉♠❛ ♠❛✐♦r ❞✐✜❝✉❧❞❛❞❡ ❞❡ ❝♦♥✈❡rsã♦ ❡♥tr❡ ❣ê♥❡r♦s ❞✐st✐♥t♦s✱ ♣r✐♥❝✐♣❛❧✲

♠❡♥t❡ q✉❛♥❞♦ s❡ tr❛t❛ ❞❛ ❝♦♥✈❡rsã♦ ✭❋✮❡♠✐♥✐♥♦ ♣❛r❛ ✭▼✮❛s❝✉❧✐♥♦✳ ❚❛❧ ❞✐✜❝✉❧❞❛❞❡ ❡♠ s❡ r❡❝♦♠♣♦r

✉♠❛ ✈♦③ ❢❡♠✐♥✐♥❛ é ❡①♣❧✐❝❛❞❛ ♣❡❧❛ ❢❛❧t❛ ❞❡ ❝♦♥t❡ú❞♦ ❤❛r♠ô♥✐❝♦ ❡♠ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ✈♦③✱ q✉❡ s❡❥❛

s✉✜❝✐❡♥t❡♠❡♥t❡ ❝❛♣❛③ ❞❡ ♠♦❞❡❧❛r ✜❡❧♠❡♥t❡ ♦ ❡s♣❡❝tr♦ ❤❛r♠ô♥✐❝♦ ❞❡st❡s tr❡❝❤♦s✳ ❖❜s❡r✈❡ q✉❡ ❡①✐st❡

✉♠❛ ❧✐❣❡✐r❛ ✈❛♥t❛❣❡♠ ❞❛s ❝♦♥✈❡rsõ❡s M ×M ❡♠ r❡❧❛çã♦ às ♦✉tr❛s✳

◗✉❛♥t♦ ❛♦s ♠ét♦❞♦s ❝♦♠♣❛r❛❞♦s ♥❛ ❋✐❣✉r❛ ✹✳✻✱ s❡ ♣❡r❝❡❜❡ ✉♠❛ ✈❛♥t❛❣❡♠ ❝♦♥s✐❞❡rá✈❡❧ ❞♦

♠ét♦❞♦ ◆❋❲ ❡♠ t♦❞♦s ♦s ❝❛s♦s✱ ❡①❝❡t♦ ♥❛ ❝♦♥✈❡rsã♦ ❝rít✐❝❛ F ×M ✳ ❆ tr❛♥s❢♦r♠❛çã♦ ✉s❛♥❞♦ ✉♠❛

❛❜♦r❞❛❣❡♠ ✏❝♦❞❡❜♦♦❦✑ t❛♠❜é♠ s❡ ❛♣r❡s❡♥t❛ ❝♦♠♦ ✉♠❛ ♣r♦♣♦st❛ ❜❛st❛♥t❡ ♣r♦♠✐ss♦r❛✱ q✉❡ ♣♦❞❡ s❡r

❡st❡♥❞✐❞❛ ♣❛r❛ ✉♠ s✐st❡♠❛ ❞❡ sí♥t❡s❡ ❛ ♣❛rt✐r ❞♦s ♠❛♣❛s ❢♦♥ét✐❝♦s ♣ré✲❞❡t❡r♠✐♥❛❞♦s✳ P❛r❛ ❛ sí♥t❡s❡

✷❙❡♥t❡♥ç❛s ❞❡ ✉♠❛ ♠❡s♠❛ ❧í♥❣✉❛ sã♦ ❡①✐❣✐❞❛s ♥❡st❡ ❝❛s♦✳
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Original LT−Diagonal LT−Full NFW Codebook*

❋✐❣✉r❛ ✹✳✻✿ ❚❛①❛ ❞❡ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ♠é❞✐❛ ❞❛ ❝♦♥✈❡rsã♦ ❡♥tr❡ ❝❛❞❛ ♣❛r ❞❡ ❝♦r♣♦r❛ ✐♥❞✐❝❛❞♦✳

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

❞❡✈❛ s❡r ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ♠❛✐♦r✱ ♣❛r❛ ✉♠❛ ♠❛✐♦r ❝♦❜❡rt✉r❛ ❢♦♥ét✐❝❛ ♥♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ❛rt✐✜❝✐❛❧✳

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

❞❡ ❛✈❛❧✐❛çã♦ s✉❜❥❡t✐✈❛✿ ♦ ♠ét♦❞♦ ❞❡ ❞❡❢♦r♠❛çã♦ ❡♠ ❢r❡q✉ê♥❝✐❛ ♣r♦♣♦st♦ ♣♦r ❡st❡ tr❛❜❛❧❤♦ ✭◆❋❲✮✱ ❡

❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r ✉s❛♥❞♦ ❛ ❞✐❛❣♦♥❛❧ ❞❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛✳ ❆ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r ✉s❛♥❞♦

❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❝♦♠♣❧❡t❛ ♥ã♦ ❢♦✐ ✉s❛❞❛ ♥❛ ❢❛s❡ s✉❜❥❡t✐✈❛ ♣♦r ❛♣r❡s❡♥t❛r s✐♥❛✐s tr❛♥s❢♦r♠❛✲

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

q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s ✉s❛❞♦s ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✳

❖s ✐♥❞✐❝❛❞♦r❡s ❞❡ ❜❛rr❛s ♠♦str❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡ ✐♥s♣❡❝✐♦♥❛♠ ♦s ♠ét♦❞♦s ❞❡ tr❛♥s❢♦r♠❛çã♦

s♦❜ ✉♠❛ ót✐❝❛ ❣❧♦❜❛❧✱ ♥♦ ♥í✈❡❧ ❞❛s s❡♥t❡♥ç❛s✳ ❆ ✜♠ ❞❡ ✐♥s♣❡❝✐♦♥❛r ❧♦❝❛❧♠❡♥t❡ ♦s ❡❢❡✐t♦s ❞❛ tr❛♥s❢♦r✲

♠❛çã♦ ❡♠ ❝❛❞❛ tr❡❝❤♦ ❞❡ ✈♦③ q✉❡ ❝♦♠♣õ❡ ✉♠ s❡❣♠❡♥t♦ ❧♦♥❣♦✱ ❞✉❛s ✈✐s✉❛❧✐③❛çõ❡s sã♦ ❛♣r❡s❡♥t❛❞❛s✿

❛ ♣r✐♠❡✐r❛✱ ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ✭❋✐❣✳ ✹✳✼✮✱ ♠♦str❛ ✉♠❛ ✈✐s✉❛❧✐③❛çã♦ ❡s♣❡❝tr❛❧ ❞❛ s❡♥t❡♥ç❛

♦r✐❣✐♥❛❧✱ ❞❛ s❡♥t❡♥ç❛ ❞❡st✐♥♦ ót✐♠❛✱ ❡ ❞❛ s❡♥t❡♥ç❛ tr❛♥s❢♦r♠❛❞❛❀ ❥á ❛ s❡❣✉♥❞❛ ✭❋✐❣✳ ✹✳✽✮ ❡①✐❜❡ ❛

t❛①❛ ❞❡ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ❛❧✐♥❤❛❞❛ t❡♠♣♦r❛❧♠❡♥t❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s s❡❣♠❡♥t♦s ❞❡ ✈♦③ ❞♦ s✐♥❛❧

♦r✐❣✐♥❛❧ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✳ P❛r❛ t♦❞❛s ❛s ✈✐s✉❛❧✐③❛çã♦ q✉❡ s❡❣✉❡♠✱ ✉♠ tr❡❝❤♦ ❝✉rt♦ ❞❡ s❡♥t❡♥ç❛

❛r❜✐trár✐❛ ♣r♦♥✉♥❝✐❛❞❛ ♣❡❧❛ ❧♦❝✉t♦r❛ ❡s♣❛♥❤♦❧❛ ❵✼✻✬ ✭r❡❧❛t✐✈♦ ❛♦ ❝♦r♣✉s ❵❊❙❴✼✻✬✮ ❢♦✐ ❝♦♥✈❡rt✐❞❛ ♣❛r❛

❛ ♠❡s♠❛ s❡♥t❡♥ç❛ ♣r♦♥✉♥❝✐❛❞❛ ♣❡❧❛ ❧♦❝✉t♦r❛ ❵✼✺✬✱ t❛♠❜é♠ ❡s♣❛♥❤♦❧❛✳ ❱❛❧❡ r❡❧❡♠❜r❛r q✉❡ ♦ s✐♥❛❧

❞❡ s❛í❞❛ ót✐♠♦ é ♦❜t✐❞♦ ❞♦ ❛❧✐♥❤❛♠❡♥t♦ t❡♠♣♦r❛❧ ❞❛ s❡♥t❡♥ç❛ ♣r♦♥✉♥❝✐❛❞❛ ♣❡❧❛ ❢❛❧❛♥t❡ ❵✼✺✬ ❡ ❞❛

s❡♥t❡♥ç❛ ❞❡ ❡♥tr❛❞❛ ❞❛ ❢❛❧❛♥t❡ ❵✼✻✬✳ ❖ ♠ét♦❞♦ ✉s❛❞♦ ♥❛ tr❛♥s❢♦r♠❛çã♦ ❧♦❝❛❧ ❢♦✐ ♦ ♠ét♦❞♦ ◆❋❲

♣r♦♣♦st♦ ♣♦r ❡st❡ tr❛❜❛❧❤♦✳

❆ ❋✐❣✉r❛ ✹✳✼ ❛♣r❡s❡♥t❛ ❞♦✐s ❣rá✜❝♦s s❡♠❡❧❤❛♥t❡s✱ r❡❧❛t✐✈♦s à ♠❡s♠❛ tr❛♥s❢♦r♠❛çã♦✳ ◆♦ ❣rá✜❝♦

❞❡ ❝✐♠❛ é ♠♦str❛❞❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ❝❛❞❛ ❡s♣❡❝tr♦ ♦r✐❣❡♠ ❡ ❞❡st✐♥♦ ✭ót✐♠♦✮ ❡ s❡✉ ❝♦rr❡s♣♦♥❞❡♥t❡

❡s♣❡❝tr♦ ♠é❞✐♦ ❣❧♦❜❛❧✱ ❛r♠❛③❡♥❛❞♦ ❡♠ s❡✉ r❡s♣❡❝t✐✈♦ ❝♦r♣✉s✳ ◆♦ ❣rá✜❝♦ ❞❡ ❜❛✐①♦ é ❛♣r❡s❡♥t❛❞❛ ❛

s♦❜r❡♣♦s✐çã♦ ❞♦ s✐♥❛❧ tr❛♥s❢♦r♠❛❞♦✱ ❝♦♥❢♦r♠❡ ♠♦str❛ ❛ ❧❡❣❡♥❞❛✳ ❖❜s❡r✈❡ ♥♦s ❣rá✜❝♦s q✉❡✱ ❢♦r❛ ❞❛

❢❛✐①❛ ❛♦♥❞❡ s❡ ❧♦❝❛❧✐③❛♠ ❛s ♣r✐♥❝✐♣❛✐s r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ✭F1 ❡ F2✮✱ ❡stã♦ ❛s r❡❣✐õ❡s q✉❡ ❝♦♥❝❡♥tr❛♠

♠❛✐♦r❡s ❞✐s❝r❡♣â♥❝✐❛s ♥❛ tr❛♥s❢♦r♠❛çã♦✳ ■ss♦ s❡ ❞❡✈❡ ❛♦ ❢❛t♦ q✉❡ t❛✐s r❡❣✐õ❡s sã♦ ❡s♣❡❝✐❛❧✐③❛❞❛s ❡♠
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❝♦♥✜❣✉r❛r ♦ t✐♠❜r❡ ❞♦s ❢❛❧❛♥t❡s✱ ❞❡✐①❛♥❞♦ ❛ r❡❣✐ã♦ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❢♦r♠â♥t✐❝❛ ✭♠❛r❝❛❞❛ ♥♦ ❣rá✜❝♦

s✉♣❡r✐♦r✮ ❧✐✈r❡ ❞❡ ✐♥t❡r❢❡rê♥❝✐❛s ❡s♣❡❝tr❛✐s✱ ❡st❛❜❡❧❡❝❡♥❞♦ ♣♦♥t♦s ✐♥✈❛r✐❛♥t❡s ❜❛st❛♥t❡ ✐♠♣♦rt❛♥t❡s

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

❢♦r♠â♥t✐❝❛s ❡♥tr❡ ❛♠❜♦s ♦s ❧♦❝✉t♦r❡s ♣r❡s❡r✈❛♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ♦ ♠❡s♠♦ ❢♦r♠❛t♦✱ ✉♠❛ ✈❡③ q✉❡

❛ ♠❡s♠❛ s❡♥t❡♥ç❛ ❢♦✐ ♣r♦♥✉♥❝✐❛❞❛✳ ➱ ❞❡s❡❥á✈❡❧ q✉❡ ❛ tr❛♥s❢♦r♠❛çã♦ ✜♥❛❧ ♥ã♦ ❞✐st♦rç❛ ❡st❛ r❡❣✐ã♦✳

❖ ♣❛♣❡❧ ❞♦ r❡❛❥✉st❡ ✜♥❛❧ é tr❛♥s♣♦r ❛s ❛♠♣❧✐t✉❞❡s ❤❛r♠ô♥✐❝❛s ❞♦ s✐♥❛❧ ✜♥❛❧ ♥♦ ♥í✈❡❧ ❞❛ s❡♥t❡♥ç❛✱

♣❛r❛ r❡❝✉♣❡r❛r ❛ ❡♥❡r❣✐❛ ♦r✐❣✐♥❛❧ ❞♦ s✐♥❛❧ s❡♠ ❞✐st♦r❝❡r t❛❧ ✏r❡❣✐ã♦ ✐♥✈❛r✐❛♥t❡✑✳

❖✉tr♦ ♣♦♥t♦ ❛ s❡ ♦❜s❡r✈❛r ♥♦ ♠❡s♠♦ ❣rá✜❝♦ é ❛ r❡❧❛çã♦ q✉❡ ❡①✐st❡ ❡♥tr❡ ♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ ❡ ❛ ♠é❞✐❛

❣❧♦❜❛❧ ❞♦ ❝♦r♣✉s ♦r✐❣❡♠✱ r❡❧❛çã♦ ❡ss❛ q✉❡ é tr❛♥s❢❡r✐❞❛ ❞❡ ❝❡rt❛ ❢♦r♠❛ ♣❛r❛ ♦ s✐♥❛❧ tr❛♥s❢♦r♠❛❞♦ ✭❡♠

❝♦r ♥❡❣r❛✮ ❡♠ r❡❧❛çã♦ à ♠é❞✐❛ ❣❧♦❜❛❧ ❞♦ ❝♦r♣✉s ❞❡st✐♥♦✳ ❊st❛s ♠é❞✐❛s ✭❞❡s✈✐♦s✮ ❣❧♦❜❛✐s ❝♦rr❡s♣♦♥❞❡♠

❛♦s ✈❛❧♦r❡s ♠é❞✐♦s ✭❞❡s✈✐♦s ♣❛❞rõ❡s✮ ❞❡ t♦❞♦s ♦s ✈❡t♦r❡s ❤❛r♠ô♥✐❝♦s q✉❛♥t✐③❛❞♦s ♣❛r❛ ❝❛❞❛ ❝♦r♣✉s✳
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Zona Formântica Principal
Média e Desvio Global do Origem
Média e Desvio Global do Destino
Sinal de Entrada
Sinal de Saída Ótimo
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Destino
Sinal de Entrada
Sinal de Saída Ótimo
Sinal Transformado

❋✐❣✉r❛ ✹✳✼✿ ❱✐s✉❛❧✐③❛çã♦ ❡s♣❡❝tr❛❧ ❞❛s s❡♥t❡♥ç❛s ♦r✐❣❡♠✱ ❞❡st✐♥♦ ❡ tr❛♥s❢♦r♠❛❞❛✳

❆ ❋✐❣✉r❛ ✹✳✽✱ ♣♦r s✉❛ ✈❡③✱ ❛♣r❡s❡♥t❛ ❛ ❡✈♦❧✉çã♦ t❡♠♣♦r❛❧ ❞❛ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ❡♠ ❢✉♥çã♦

❞♦ s✐♥❛❧ ót✐♠♦ ❞❡ s❛í❞❛ ❡ ❞♦ s✐♥❛❧ tr❛♥s❢♦r♠❛❞♦✳ ❚❛✐s ❡rr♦s ❞❡ ❝♦♥✈❡rsã♦ sã♦ ❡①✐❜✐❞♦s ♣❡❧❛ ❝✉r✈❛

s✉❛✈✐③❛❞❛ ❞♦ ❣rá✜❝♦ ❝❡♥tr❛❧✱ s✐t✉❛❞♦ ❡♥tr❡ ♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ ♥♦ t❡♠♣♦ ✭❣rá✜❝♦ s✉♣❡r✐♦r✮ ❡ ♦ s✐♥❛❧

tr❛♥s❢♦r♠❛❞♦ ✭❣rá✜❝♦ ✐♥❢❡r✐♦r✮✱ ✈❡rt✐❝❛❧♠❡♥t❡ ❛❧✐♥❤❛❞♦s✳ ❊♠❜♦r❛ s❡ ♦❜s❡r✈❡ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦

✐♠♣r❡✈✐sí✈❡❧ ❞❛s ❞✐st♦rçõ❡s ❡s♣❡❝tr❛✐s✱ ♦❜s❡r✈❛✲s❡ ✉♠❛ ❧❡✈❡ t❡♥❞ê♥❝✐❛ ♥❛ q✉❛❧ ❛s t❛①❛s ❞❡ ❞✐st♦rçã♦

s♦❜❡♠ à ♠❡❞✐❞❛ ❡♠ q✉❡ ♦❝♦rr❡ ✉♠ ❡✈❡♥t♦ ❞❡ tr❛♥s✐çã♦ ❞❡ ❢♦r♠❛♥t❡s✱ ❝♦♠♦ ❡stá ✐♥❞✐❝❛❞♦ ♥♦ ❣rá✜❝♦

❝❡♥tr❛❧ ♣❡❧❛s r❡❣✐õ❡s ✶✱ ✷ ❡ ✸✳ ◆♦ ❡♥t❛♥t♦✱ t❛✐s ♦s❝✐❧❛çõ❡s sã♦ t❛♠❜é♠ ✭♣r♦✈❛✈❡❧♠❡♥t❡✮ ❞❡❝♦rr❡♥t❡s

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

✭≈ 5 ♠✐♥✮ ❢♦✐ ✉t✐❧✐③❛❞❛✳ ❖❜s❡r✈❡ t❛♠❜é♠ ♥♦ ❣rá✜❝♦ ❝❡♥tr❛❧✱ q✉❡ ♦s ❞✐✈❡rs♦s ✈❛❧♦r❡s ❞❡ Mc ♥ã♦

❛❧t❡r❛♠ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♦ ✈❛❧♦r ❞❛ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ✭❙❉✮ ❛♣r❡s❡♥t❛❞❛✳

❆ t❛①❛ ❞❡ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ❢♦✐ ❝❛❧❝✉❧❛❞❛ ♥❡st❡ ❝❛s♦ ✉s❛♥❞♦ ❝❛❞❛ s✐♥❛❧ ❞❡ ✈♦③ r❡❝♦♥str✉í❞♦

❞❡ ♠♦❞♦ s❡❣♠❡♥t❛❞♦✳ ❖✉ s❡❥❛✱ ❢♦r❛♠ t♦♠❛❞♦s ♦ s✐♥❛❧ tr❛♥s❢♦r♠❛❞♦ ❡ ♦ s✐♥❛❧ ❞❡ s❛í❞❛ ót✐♠♦ ❥á

❛❧✐♥❤❛❞♦s ♥♦ t❡♠♣♦✱ ❡ r❡❛❧✐③♦✉✲s❡ ✉♠❛ s❡❣♠❡♥t❛çã♦ ♣❛r❡❛❞❛ ❡♠ ♣❡q✉❡♥♦s tr❡❝❤♦s ❞❡ ✷✺✻ ❛♠♦str❛s✳

P❛r❛ ❝❛❞❛ ♣❛r ❞❡ s❡❣♠❡♥t♦s ❢♦✐ t♦♠❛❞❛ ❛ ♥♦r♠❛ ❡✉❝❧✐❞✐❛♥❛ ❞❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦ ❧♦❣ ❞❛ ❛♠♣❧✐t✉❞❡
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❞❛s r❡s♣❡❝t✐✈❛s ❋❋❚✱ ♦✉ s❡❥❛✱

SD(x, y) = 10 |log10(|✛t(x)|)− log10(|✛t(y)|)| ,

♦♥❞❡ x ❡ y ❝♦rr❡s♣♦♥❞❡♠ ❛♦s s❡❣♠❡♥t♦s ♣❛r❡❛❞♦s✳ ❆ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ❢♦✐ ❡s❝♦❧❤✐❞❛ ♥❡st❡ ❝❛s♦ ♣♦r

s❡ tr❛t❛r ❞❡ ✉♠❛ ♠❡❞✐❞❛ ❜❛st❛♥t❡ ✐♥t✉✐t✐✈❛✱ ♦♥❞❡ s❡ ❞❡s❡❥❛ ❡st✐♠❛r ♦ ❡rr♦ ❡s♣❡❝tr❛❧ ❡♥tr❡ ❛♠❜❛s

❛s s❡♥t❡♥ç❛s ❛❧✐♥❤❛❞❛s ❧♦❝❛❧♠❡♥t❡✳ ❖ ✈❛❧♦r ♠é❞✐♦ ❞❡ t♦❞♦s ♦s s❡❣♠❡♥t♦s ❝♦rr❡s♣♦♥❞❡ ❛♦s ✈❛❧♦r❡s

♣❧♦t❛❞♦s ♥♦ ❣rá✜❝♦ ❝❡♥tr❛❧✳
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❋✐❣✉r❛ ✹✳✽✿ ❱✐s✉❛❧✐③❛çã♦ ❞❛s t❛①❛s ❞❡ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ r❡❧❛❝✐♦♥❛♥❞♦ ❛s s❡♥t❡♥ç❛s ♦r✐❣❡♠✱ ❞❡st✐♥♦ ❡
tr❛♥s❢♦r♠❛❞❛ ❛❧✐♥❤❛❞❛s ♥♦ t❡♠♣♦✳

❆♣❡s❛r ❞❛s t❛①❛s ♦❜t✐❞❛s✱ ♦❜s❡r✈❛✲s❡ ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡ q✉❡ t❛✐s ♠❡❞✐❞❛s ♦❜❥❡t✐✈❛s ♥ã♦ ❡stã♦

♥❡❝❡ss❛r✐❛♠❡♥t❡ ❝♦rr❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ❛ ♣❡r❝❡♣çã♦ ♦✉ ♣r❡❢❡rê♥❝✐❛s ❤✉♠❛♥❛s ❬✷✸✽❪✳ ❉❡ ❢❛t♦✱ ❛❧❣✉♥s

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

❢♦r♠❛çã♦ ❞❛ ✈♦③ ❬✷✼✺❪✳ ❆ r❡❛❧✐③❛çã♦ ❞❡ ✉♠❛ ❛✈❛❧✐❛çã♦ s✉❜❥❡t✐✈❛ ❞♦s s✐♥❛✐s ❝♦♥✈❡rt✐❞♦s é ❞❡ ❣r❛♥❞❡

✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❛ ✈❛❧✐❞❛çã♦ ❞♦ s✐st❡♠❛ ♣r♦♣♦st♦ ❡♠ t❡r♠♦s ♥ã♦ só ♥✉♠ér✐❝♦s✱ ♠❛s ♣r✐♥❝✐♣❛❧♠❡♥t❡

♥✉♠ s❡♥t✐❞♦ ♣❡r❝❡♣t✉❛❧✳ ❉❡✈✐❞♦ à ❞✐✜❝✉❧❞❛❞❡ ❞❡ s❡ ❞❡✜♥✐r ♠❡❞✐❞❛s ❞❡ ❞✐stâ♥❝✐❛ ♦❜❥❡t✐✈❛ ❝♦♥✜á✈❡✐s✱

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

s❡çã♦ s❡❣✉✐♥t❡✳

✹✳✸ ❆✈❛❧✐❛çã♦ ❙✉❜❥❡t✐✈❛

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

♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✈♦③✱ r❡q✉❡r ♦ ✉s♦ ❞❡ ♠étr✐❝❛s s✉❜❥❡t✐✈❛s ❛ss♦❝✐❛❞❛s à ♣❡r❝❡♣çã♦ ❤✉♠❛♥❛✱ ❛ ✜♠

❞❡ ❛♥❛❧✐s❛r ♦s r❡s✉❧t❛❞♦s ✜♥❛✐s ❞♦ s✐st❡♠❛ ♣r♦♣♦st♦✳ ❆s ❢❡rr❛♠❡♥t❛s ❞❡ t❡st❡ s✉❜❥❡t✐✈❛s ❝♦♥❤❡❝✐❞❛s

❝♦♠♦ ▼❖❙ ❡ ❆❇❳ s❡rã♦ ✉t✐❧✐③❛❞❛s ♥❡st❛ s❡çã♦✳



✶✻✵ ❘❊❙❯▲❚❆❉❖❙ ❊❳P❊❘■▼❊◆❚❆■❙ ✹✳✸

✹✳✸✳✶ ❚❡st❡ P❡r❝❡♣t✉❛❧

❖ t❡st❡ ❞❡ ❖♣✐♥✐ã♦ ▼é❞✐❛ ✭❞♦ ✐♥❣❧ês ▼❡❛♥ ❖♣✐♥✐♦♥ ❙❝♦r❡ ✕ ▼❖❙ ✮ é ✉♠ ♣r♦❝❡ss♦ ❞❡ ❛✈❛❧✐❛çã♦

❛tr❛✈és ❞❡ ✉♠ q✉❡st✐♦♥ár✐♦✱ q✉❡ é ♠✉✐t♦ ❛♣r♦♣r✐❛❞♦ q✉❛♥❞♦ s❡ ❞❡s❡❥❛ ❛✈❛❧✐❛r ❛ q✉❛❧✐❞❛❞❡ ❞❡ ✉♠❛ ✈♦③

❝♦♥✈❡rt✐❞❛ ❡ s✉❛ s✐♠✐❧❛r✐❞❛❞❡ ❡♠ r❡❧❛çã♦ à ✈♦③ ❞♦ ❢❛❧❛♥t❡ ❞❡st✐♥♦✳ ❇❛s✐❝❛♠❡♥t❡✱ ♦ t❡st❡ ❞❡ ♦♣✐♥✐ã♦

♠é❞✐❛ r❡❛❧✐③❛ ✉♠❛ ♣❡sq✉✐s❛ ❡♠ q✉❡ ♦s ♦✉✈✐♥t❡s ❛✈❛❧✐❛♠ ❛ ✈♦③ ❝♦♥✈❡rt✐❞❛ ✉t✐❧✐③❛♥❞♦ ✉♠❛ ❡s❝❛❧❛

❞❡ ✺ ✈❛❧♦r❡s ✭✺✿ ❡①❝❡❧❡♥t❡✱ ✹✿ ❜♦♠✱ ✸✿ r❡❣✉❧❛r✱ ✷✿ r✉✐♠✱ ✶✿ ♣éss✐♠♦✮✳ ❊st❛ ❢❡rr❛♠❡♥t❛ ❞❡ ❛✈❛❧✐❛çã♦

❢♦✐ ❛❞♦t❛❞❛ ❝♦♠♦ ♣❛❞rã♦ ❞❡♥tr♦ ❞♦ ♣r♦❥❡t♦ ❚❈✲❙❚❆❘ ❬✷✸❀ ✷✹✷❪✱ ♦ q✉❛❧ ♣r♦♣õ❡ ✉♠❛ ❜❛t❡r✐❛ ❞❡

t❡st❡s ♣❡r❝❡♣t✉❛✐s ❝♦♠♣❛r❛t✐✈♦s✱ ✉t✐❧✐③❛♥❞♦ ♦ ▼❖❙ ❝♦♠♦ ♠étr✐❝❛ ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ❡ q✉❛❧✐❞❛❞❡ ❞❛

❝♦♥✈❡rsã♦✳

❖✉tr♦s ❛✉t♦r❡s ❬✻✵❀ ✸✵✶❀ ✸✶✷❪ ✉t✐❧✐③❛♠ ♦ t❡st❡ ❆❇❳✱ ✉♠ t❡st❡ ❞❡ ♠ú❧t✐♣❧❛s ❡s❝♦❧❤❛s ♠✉✐t♦ ✉s❛❞♦

❡♠ ✈❡r✐✜❝❛çã♦ ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ❞❛ ❢❛❧❛ ❝♦♥✈❡rt✐❞❛ ❡♠ r❡❧❛çã♦ à ❢❛❧❛ ❞♦ ❞❡st✐♥♦✳ ◆❡st❡ t❡st❡✱ ♦s ♦✉✈✐♥t❡s

❞❡✈❡♠ ❞❡❝✐❞✐r s❡ ✉♠❛ ❞❛❞❛ s❡♥t❡♥ç❛ ❞❡ ✈♦③ ♣r♦❝❡ss❛❞❛ X é ♠❛✐s ♣ró①✐♠❛ ❡♠ t❡r♠♦s ♣❡r❝❡♣t✉❛✐s

❞❡ ✉♠❛ ❞❛s s❡♥t❡♥ç❛s A ♦✉ B ♣r♦♥✉♥❝✐❛❞❛s ♣❡❧♦s ❢❛❧❛♥t❡s ♦r✐❣❡♠ ❡ ❞❡st✐♥♦✱ ♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡

♥❡st❛ ♦r❞❡♠✳ ❖ s✉❝❡ss♦ é ♠❡❞✐❞♦ ❡♠ t❡r♠♦s ♣❡r❝❡♥t✉❛✐s✱ ❝✉❥❛s r❡s♣♦st❛s sã♦ ❞♦ t✐♣♦ X ≈ T ✱ ♦♥❞❡

T ∈ {A,B} é ✉♠❛ s❡♥t❡♥ç❛ ❞❡ ❡♥tr❛❞❛ q✉❛❧q✉❡r✳

❊①✐st❡ ❛✐♥❞❛ ♦✉tr❛ ❢♦r♠❛ ❞❡ s❡ ✉t✐❧✐③❛r ❛ ❢❡rr❛♠❡♥t❛ ❆❇❳ ❛♣❧✐❝❛❞❛ ❛♦ ♠❡s♠♦ ♣r♦❜❧❡♠❛✳ ◆❡st❡

❝❛s♦✱ ❛ s❡♥t❡♥ç❛ X é ✉♠❛ s❡♥t❡♥ç❛ ❞♦ ❞❡st✐♥♦ ♦r✐❣✐♥❛❧✱ ❡ A ❡ B sã♦ ❝♦♥✈❡rt✐❞❛s ✉s❛♥❞♦ ❞✉❛s

té❝♥✐❝❛s ❞✐st✐♥t❛s✿ ❛ té❝♥✐❝❛ ❝❡♥tr❛❧ ❞❛ ✐♥✈❡st✐❣❛çã♦ ❡ ✉♠❛ té❝♥✐❝❛ ❞❡ r❡❢❡rê♥❝✐❛ ✭♣♦ré♠ ♥❡♠ s❡♠♣r❡

♥❛ ♠❡s♠❛ ♦r❞❡♠✮✳ ❖s ♦✉✈✐♥t❡s ❡♥tã♦ r❡s♣♦♥❞❡♠ q✉❛❧ ❞❛s s❡♥t❡♥ç❛s A ♦✉ B ♠❛✐s s❡ ♣❛r❡❝❡ ❝♦♠

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

❆s t❛①❛s ❞❡ s✉❝❡ss♦ sã♦ ❝❛❧❝✉❧❛❞❛s ♣❛r❛ ❝❛❞❛ té❝♥✐❝❛ ❝♦♠♦ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ s❡♥t❡♥ç❛s ❝♦♥✈❡rt✐❞❛s

q✉❡ ❢♦r❛♠ ❡s❝♦❧❤✐❞❛s ❝♦♠♦ ♠❛✐s ♣ró①✐♠❛s ❞❛ s❡♥t❡♥ç❛ ♣r♦♥✉♥❝✐❛❞❛ ♣❡❧♦ ❞❡st✐♥♦✳

P❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦s t❡st❡s ♣❡r❝❡♣t✉❛✐s ❞❡st❛ t❡s❡✱ ✉♠ s✐st❡♠❛ ♦♥❧✐♥❡ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦✱ ❛ ✜♠

❞❡ r❡❛❧✐③❛r ♦s t❡st❡s ♣❡r❝❡♣t✉❛✐s ♥❡❝❡ssár✐♦s ♣❛r❛ ❛ ❛✈❛❧✐❛çã♦ ❞♦ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲

❧✐♥❣✉íst✐❝❛ ❛♣r❡s❡♥t❛❞♦ ❞❡ ♠❛♥❡✐r❛ ✐♥t❡r❛t✐✈❛✳ ❆ ❢❡rr❛♠❡♥t❛ ▼❖❙ ❢♦✐ ✉t✐❧✐③❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦ ❝♦♠♦

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

♣r♦❥❡t♦ ❚❈✲❙❚❆❘✳ ◆♦ s✐st❡♠❛ ❞❡ ❛✈❛❧✐❛çã♦✱ ❢♦✐ s♦❧✐❝✐t❛❞♦ ♣❛r❛ q✉❡ ♦s ✉s✉ár✐♦s ✉t✐❧✐③❛ss❡♠ ❢♦♥❡s

❞❡ ♦✉✈✐❞♦ ❞❡ ❛❧t❛ ✜❞❡❧✐❞❛❞❡ ❡ ❝♦♠ ✈♦❧✉♠❡ ❝♦♥❢♦rt❛✈❡❧♠❡♥t❡ ❛❥✉st❛❞♦✳ ❆ ❡♥tr❡✈✐st❛ ♣❡r❝❡♣t✉❛❧

❢♦✐ ❝♦♠♣♦st❛ ♣♦r ✉♠❛ sér✐❡ ❞❡ ✶✻ ❣r✉♣♦s ❞❡ ♣❡r❣✉♥t❛s r❡❧❛t✐✈❛s ❛ ❝❛❞❛ ❝♦♥❥✉♥t♦ ❞❡ s❡♥t❡♥ç❛s

❡♠♣❛r❡❧❤❛❞❛s✳ ❆ ✜♠ ❞❡ ❡✈✐t❛r ✈✐és❡s ❝❛✉s❛❞♦s ♣❡❧❛ ♦r❞❡♠ ❞❡ ❡①♣♦s✐çã♦✱ ♦s ❡①❡♠♣❧♦s ❞❡ á✉❞✐♦

❢♦r❛♠ ❡♠❜❛r❛❧❤❛❞♦s✳ ❆ ✜♠ ❞❡ ❡✈✐t❛r ♦ ❝❛♥s❛ç♦ ♦✉ ❛ s❛t✉r❛çã♦ ❛✉❞✐t✐✈❛✱ ♦ ❡①♣❡r✐♠❡♥t♦ ♣❡r♠✐t✐✉

q✉❡ ♦ t❡st❡ ♣✉❞❡ss❡ s❡r r❡❛❧✐③❛❞♦ ❡♠ ✈ár✐❛s s❡çõ❡s✱ ✐st♦ é✱ ❡r❛ ♣♦ssí✈❡❧ r❡s♣♦♥❞❡r q✉❛♥t❛s ♣❡r❣✉♥t❛s

❢♦ss❡ ❝♦♥❢♦rtá✈❡❧ ❛♦ ❡♥tr❡✈✐st❛❞♦✱ ❡ ❡♠ ♦✉tr❛ ♦❝❛s✐ã♦ ♠❛✐s ♦♣♦rt✉♥❛ ♦ t❡st❡ ♣♦❞❡r✐❛ s❡r r❡t♦♠❛❞♦

❞❡ ♦♥❞❡ ❤❛✈✐❛ s✐❞♦ ✐♥t❡rr♦♠♣✐❞♦ ❞❛ ú❧t✐♠❛ ✈❡③✳ ❊♠ ❝❛❞❛ r♦❞❛❞❛ ❞♦ t❡st❡ ❞✉❛s q✉❡stõ❡s ❢♦r❛♠

r❡s♣♦♥❞✐❞❛s✿

• ❆ ♣r✐♠❡✐r❛ s♦❧✐❝✐t♦✉ q✉❡ ♦ ✉s✉ár✐♦ ❞♦ s✐st❡♠❛ ❡s❝✉t❛ss❡ ❝❛❞❛ s✐♥❛❧ ❞❡ ✈♦③ tr❛♥s❢♦r♠❛❞♦✱ ❡

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

♥❛t✉r❛❧ ❛♦s s❡✉s ♦✉✈✐❞♦s✱ ♥✉♠❛ ❡s❝❛❧❛ ❞❡ ✺ ✈❛❧♦r❡s ✭❚❡st❡ ▼❖❙✮✳ ◆❡st❡ ❝♦♥t❡①t♦✱ ❢♦✐ ❡①♣❧✐❝❛❞♦

q✉❡ ❛ ♥❛t✉r❛❧✐❞❛❞❡ ❡st❛✈❛ ❛ss♦❝✐❛❞❛ t❛♥t♦ à q✉❛❧✐❞❛❞❡ ❞♦ á✉❞✐♦ ❡s❝✉t❛❞♦ ✭❡♠ t❡r♠♦s ❞❡

❛rt❡❢❛t♦s r✉✐❞♦s♦s✮✱ q✉❛♥t♦ às q✉❛❧✐❞❛❞❡s ✈♦❝❛✐s ♣r♦♣r✐❛♠❡♥t❡✱ ♦✉ s❡❥❛✱ ♦ q✉ã♦ ✏❤✉♠❛♥♦s✑

♣❛r❡❝✐❛♠ ♦s s♦♥s ♣r♦♥✉♥❝✐❛❞♦s✳

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



✹✳✸ ❆❱❆▲■❆➬➹❖ ❙❯❇❏❊❚■❱❆ ✶✻✶

r❡❧❛t✐✈♦s ❛♦s ❢❛❧❛♥t❡s ♦r✐❣❡♠ ❡ ❞❡st✐♥♦✱ ❞✐s❝r✐♠✐♥❛❞♦s ❝♦♠♦ ❋❛❧❛♥t❡ ❆ ❡ ❋❛❧❛♥t❡ ❇✱ ♥ã♦ ♥❡✲

❝❡ss❛r✐❛♠❡♥t❡ ♥❡st❛ ♦r❞❡♠ ✭❚❡st❡ ❆❇❳✮✳ ❋♦✐ ❡①♣❧✐❝❛❞♦ t❛♠❜é♠ q✉❡ ❛ s✐♠✐❧❛r✐❞❛❞❡ ❞♦ á✉❞✐♦

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

♥❛t✉r❛❧✐❞❛❞❡ ❞♦ á✉❞✐♦✳

❖s ♠ét♦❞♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❝♦♠♣❛r❛çã♦ ❆❇❳ ❢♦r❛♠ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♣♦r ❡st❡ tr❛❜❛❧❤♦ ✭◆♦r✲

♠❛❧✐③❡❞ ❋r❡q✉❡♥❝② ❲❛r♣✐♥❣ ✕ ◆❋❲✮ ❡ ♦ ♠ét♦❞♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r ✉s❛♥❞♦ ♠❛tr✐③ ❞✐❛❣♦♥❛❧

✭▲❚✲❉■❆●✮❀ ❛❧é♠ ❞❡st❡s ♦ ❡①♣❡r✐♠❡♥t♦ t❛♠❜é♠ ❝♦❧❡t♦✉ ♠❡❞✐❞❛s ▼❖❙ r❡❧❛t✐✈❛s ❛ ✉♠ ♠ét♦❞♦ ❡♠✲

❜r✐♦♥ár✐♦ ❞❡ sí♥t❡s❡ ✉s❛♥❞♦ ❛ té❝♥✐❝❛ ❝♦❞❡❜♦♦❦ ✭❈❖❉✮✱ ✐st♦ é✱ ❛ s❡♥t❡♥ç❛ ❞❡ s❛í❞❛ é r❡ss✐♥t❡t✐③❛❞❛

✉s❛♥❞♦ s♦♠❡♥t❡ ♦s ❝❡♥tr♦✐❞❡s ✐♥t❡r♣♦❧❛❞♦s ❞❛s ❝❧❛ss❡s ❢♦♥ét✐❝❛s s❡❧❡❝✐♦♥❛❞❛s ❛ ♣❛rt✐r ❞♦ ♠ó❞✉❧♦ ❞❡

s❡❧❡çã♦ ♥❛ ❢❛s❡ ❞❡ tr❛♥s❢♦r♠❛çã♦✱ ❝♦♥❢♦r♠❡ ✈✐st♦ ♥♦ ✜♠ ❞❛ ❙❡çã♦ ✸✳✻✳

❖ t❡st❡ ♣r♦♣♦st♦ ❛♣r❡s❡♥t♦✉ ❛s s❡♥t❡♥ç❛s tr❛♥s❢♦r♠❛❞❛s s❡♠♣r❡ ❡♠ ✉♠❛ ❧í♥❣✉❛ ❞✐st✐♥t❛ ❞❛ ❞♦s

s✐♥❛✐s ❞❡ ♦r✐❣❡♠ ❡ ❞❡st✐♥♦✳ P♦r ❡①❡♠♣❧♦✱ ❝❛s♦ ❛s s❡♥t❡♥ç❛s ❞♦ ♦r✐❣❡♠ ❡ ❞❡st✐♥♦ ❡st✐✈❡ss❡♠ ♥❛ ❧í♥❣✉❛

❡s♣❛♥❤♦❧❛✱ ♦s s✐♥❛✐s tr❛♥s❢♦r♠❛❞♦s ❡st❛r✐❛♠ ♥❛ ❧í♥❣✉❛ ✐♥❣❧❡s❛✱ ❡ ✈✐❝❡✲✈❡rs❛✳ ❉❡st❡ ♠♦❞♦✱ ♦ ❢❛t♦r ❞❡

❞❡♣❡♥❞ê♥❝✐❛ q✉❛♥t♦ às ❞✐❢❡r❡♥ç❛s ❞❡ ❧í♥❣✉❛ ❢♦✐ ❡❧✐♠✐♥❛❞♦ ❞♦ ❡①♣❡r✐♠❡♥t♦✱ ♦✉ s❡❥❛✱ ♦ s✉❥❡✐t♦ ♥ã♦

❡s❝♦❧❤❡r✐❛ A ♦✉ B ♠❡r❛♠❡♥t❡ ❡♠ ❢✉♥çã♦ ❞❡st❛ s❡♥t❡♥ç❛ ❡st❛r ♥❛ ♠❡s♠❛ ❧í♥❣✉❛ ❞❛ s❡♥t❡♥ç❛ ❛❧✈♦✳

◆❡st❡ ❝❛s♦ ❡①♣❡r✐♠❡♥t❛❧ s✉❜❥❡t✐✈♦✱ t♦❞♦s ♦s ♠ét♦❞♦s ❝♦♠♣❛r❛❞♦s ♣❛ss❛r❛♠ ♣❡❧♦ ❡stá❣✐♦ ❞❡ ♣ós✲

♣r♦❝❡ss❛♠❡♥t♦ ♣r♦♣♦st♦ ♥♦ ✜♠ ❞♦ ♠ó❞✉❧♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ✭✈❡r ❙❡çã♦ ✸✳✻✮✱ t❛✐s ❝♦♠♦ s✉❛✈✐③❛çã♦

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

♣❡❧❛ ✈❛r✐â♥❝✐❛ ❣❧♦❜❛❧ ❛♦ ♥í✈❡❧ ❞❛ s❡♥t❡♥ç❛ ❡ ♦ r❡❛❥✉st❡ ❡♥❡r❣ét✐❝♦ ❡♥tr❡ ❛s ♣❛rt❡s ❤❛r♠ô♥✐❝❛ ❡

❡st♦❝ást✐❝❛ ❞♦s s✐♥❛✐s ❞❡ ✈♦③✳

❆ ❝❛❞❛ r♦❞❛❞❛ ❞♦ ❡①♣❡r✐♠❡♥t♦ ✭❞❛s ✶✻ r❡q✉✐s✐t❛❞❛s✮✱ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✺ s❡♥t❡♥ç❛s ❞❡ ✈♦③ ❡st❛✈❛

❞✐s♣♦♥í✈❡❧ ♣❛r❛ ❛♥á❧✐s❡✿ ❛s ❞✉❛s s❡♥t❡♥ç❛s ❞❡ ❡♥tr❛❞❛ ✭❞♦ ♦r✐❣❡♠ ❡ ❞♦ ❞❡st✐♥♦✮✱ ❡ três s❡♥t❡♥ç❛s

❞❡ s❛í❞❛ r❡❧❛t✐✈❛s ❛♦s ♠ét♦❞♦s ◆❋❲✱ ▲❚✲❉■❆● ❡ ❈❖❉✳ P❛r❛ ❡✈✐t❛r ❛s r❡s♣♦st❛s ❡♥✈✐❡s❛❞❛s ❞♦s

❡♥tr❡✈✐st❛❞♦s✱ ❛s ❞✉❛s s❡♥t❡♥ç❛s ❞❡ ❡♥tr❛❞❛✱ ❜❡♠ ❝♦♠♦ ❛s s❡♥t❡♥ç❛s ❛ s❡r❡♠ ❝♦♠♣❛r❛❞❛s ❡r❛♠

❡♠❜❛r❛❧❤❛❞❛s ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❛ ❝❛❞❛ r♦❞❛❞❛✳ ❖s ♣❛r❡s ❞❡ s❡♥t❡♥ç❛s ♦r✐❣❡♠ ❡ ❞❡st✐♥♦ ✭❡ ❝♦♥✲

s❡q✉❡♥t❡♠❡♥t❡ ❛s ❝♦♥✈❡rt✐❞❛s✮ ❢♦r❛♠ ❡s❝♦❧❤✐❞♦s s✐st❡♠❛t✐❝❛♠❡♥t❡ ❞❡ ♠♦❞♦ ❛ ❝♦❜r✐r t♦❞♦s ♦s ❝❛s♦s

❞❡ ❝♦♥✈❡rsã♦ ❡♥✈♦❧✈❡♥❞♦ ❛s s❡♥t❡♥ç❛s q✉❡ ❝♦♠♣õ❡♠ ♦s ❝♦r♣♦r❛ ❚❈✲❙❚❆❘✳ ❖s ♣❛r❡s ♦r❣❛♥✐③❛❞♦s

sã♦ ❡①✐❜✐❞♦s ♥❛ ❚❛❜❡❧❛ ✹✳✸✱ ❜❡♠ ❝♦♠♦ s✉❛s r❡s♣❡❝t✐✈❛s t❛①❛s ❞❡ ♣♦♥t✉❛çã♦ ♠é❞✐❛ ♦❜t✐❞❛s ♣❛r❛ ♦s

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

▼❖❙ ✕ ◆❛t✉r❛❧✐❞❛❞❡ ▼❖❙ ✕ ❙✐♠✐❧❛r✐❞❛❞❡
❙❡♥t❡♥ç❛s P❛r❡❛❞❛s ▲❚✲❉■❆● ◆❋❲ ❈❖❉ ▲❚✲❉■❆● ◆❋❲ ❈❖❉

❊◆❴❋✶ → ❊❙❴❋✷ ✹✳✵✼✷✼ ✸✳✾✻✸✻ ✷✳✵✸✻✹ ✸✳✸✵✾✶ ✸✳✺✹✺✺ ✸✳✹✹✷✺
❊❙❴❋✶ → ❊◆❴❋✷ ✹✳✶✷✵✵ ✹✳✵✽✵✵ ✶✳✾✹✵✵ ✸✳✶✷✵✵ ✸✳✵✷✵✵ ✷✳✻✻✵✵
❊◆❴❋✷ → ❊❙❴❋✶ ✸✳✺✾✵✾ ✸✳✺✻✵✻ ✶✳✽✸✸✸ ✷✳✹✵✾✶ ✷✳✽✵✸✵ ✷✳✽✼✽✽

❊❙❴❋✷ → ❊◆❴❋✶ ✸✳✹✹✵✵ ✸✳✸✻✵✵ ✶✳✼✽✵✵ ✸✳✵✷✵✵ ✷✳✾✻✵✵ ✸✳✵✽✵✵

❊◆❴❋✶ → ❊❙❴▼✶ ✷✳✶✽✵✵ ✷✳✵✻✵✵ ✶✳✹✹✵✵ ✸✳✸✻✵✵ ✸✳✹✹✵✵ ✸✳✻✷✵✵

❊❙❴❋✶ → ❊◆❴▼✶ ✷✳✽✼✺✵ ✷✳✻✺✻✸ ✶✳✻✵✾✹ ✸✳✻✵✾✹ ✸✳✼✺✵✵ ✸✳✹✷✶✾
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❊◆❴▼✶ → ❊❙❴▼✷ ✸✳✷✼✹✷ ✸✳✹✻✼✼ ✶✳✾✽✸✾ ✸✳✸✵✻✺ ✸✳✺✹✽✹ ✸✳✹✺✶✻
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❊◆❴▼✶ → ❊❙❴❋✷ ✷✳✼✻✵✵ ✷✳✼✽✵✵ ✶✳✹✻✵✵ ✸✳✼✵✵✵ ✸✳✼✷✵✵ ✸✳✽✵✵✵

❊❙❴▼✶ → ❊◆❴❋✷ ✸✳✷✽✸✽ ✸✳✸✷✹✸ ✷✳✵✻✼✻ ✸✳✺✾✹✻ ✸✳✼✶✻✷ ✸✳✺✵✵✵
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❊❙❴▼✷ → ❊◆❴❋✶ ✸✳✷✷✹✶ ✸✳✹✶✸✽ ✶✳✻✽✾✼ ✸✳✻✺✺✷ ✸✳✼✾✸✶ ✸✳✺✺✶✼

❚❛❜❡❧❛ ✹✳✸✿ ❘❡s✉❧t❛❞♦ ❝♦♠♣❧❡t♦ ❞❛ ❡♥tr❡✈✐st❛ ♣❡r❝❡♣t✉❛❧ ✭▼❖❙✮✳

❊✈✐❞❡♥t❡♠❡♥t❡✱ ❛s ❝♦♥✈❡rsõ❡s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❞❡ ✉♠❛ ❧í♥❣✉❛ ♣❛r❛ ♦✉tr❛✱ ✉t✐❧✐③❛♥❞♦ ❝♦r♣♦r❛



✶✻✷ ❘❊❙❯▲❚❆❉❖❙ ❊❳P❊❘■▼❊◆❚❆■❙ ✹✳✸

♥ã♦✲♣❛r❛❧❡❧♦s ♥❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ❡ ♥ã♦ ❛s ❜❛s❡s ♣❛r❛❧❡❧❛s ❝♦♠♦ ♥♦s s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡

✈♦③ ✐♥tr❛✲❧✐♥❣✉íst✐❝❛✳ ❖✉ s❡❥❛✱ s✉♣♦♥❞♦ q✉❡ s❡ ❞❡s❡❥❛ ❝♦♥✈❡rt❡r ✉♠❛ s❡♥t❡♥ç❛ ❡♠ ❡s♣❛♥❤♦❧ ❞❡ ✉♠

❢❛❧❛♥t❡ ♠❛s❝✉❧✐♥♦✱ ❞✐❣❛♠♦s ES❴M2✱ ♣❛r❛ ✉♠❛ ❢❛❧❛♥t❡ ✐♥❣❧❡s❛ EN❴F1✳ ◆❡st❛ ❝❛s♦✱ ♦ ♠❛♣❡❛♠❡♥t♦

❞❡ ❝❧❛ss❡s ❛❝úst✐❝❛s ❜❡♠ ❝♦♠♦ t♦❞♦ ♦ ♣r♦❝❡ss♦ q✉❡ ❞❡✜♥❡ ❛ tr❛♥s❢♦r♠❛çã♦ ✉t✐❧✐③❛ ♦s ❝♦r♣♦r❛ ❞❡ ❝❛❞❛

✉♠ ❞❡st❡s ❢❛❧❛♥t❡s ❡♠ s✉❛s r❡s♣❡❝t✐✈❛s ❧í♥❣✉❛s ES❴M2 ❡ EN❴F1✱ ❡ ♥ã♦ ❛ ✈❡rsã♦ ❞♦ ❝♦r♣✉s ❡♠

❊s♣❛♥❤♦❧ ES❴F1 ❞❛ ❧♦❝✉t♦r❛ ❞❡st✐♥♦ ❢❡♠✐♥✐♥❛✳ ❚❛❧ r❡str✐çã♦ ♣r❡s❡r✈❛ ❛ ❤✐♣ót❡s❡ ✐♥✐❝✐❛❧ ❞♦ s✐st❡♠❛

❞❡ ❝♦♥✈❡rsã♦ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ ❞❡ ❝♦r♣♦r❛ ♥ã♦✲♣❛r❛❧❡❧♦s✳

P❛r❛ q✉❡ s❡❥❛ ♣♦ssí✈❡❧ t❡r ✉♠❛ ✈✐sã♦ ❣❡r❛❧ ❞❛s tr❛♥s❢♦r♠❛çõ❡s✱ ♦s r❡s✉❧t❛❞♦s ♠é❞✐♦s ❞♦s ❡①✲

♣❡r✐♠❡♥t♦s ❢♦r❛♠ t♦♠❛❞♦s ♣❛r❛ ❝❛❞❛ ♣❛r ❞❡ ❝♦r♣♦r❛ ❛❣r✉♣❛❞♦s ♣♦r ❣ê♥❡r♦s✿ F → F ✱ F → M ✱

M → M ❡ M → F ✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❚❛❜❡❧❛ ✹✳✹✳ ❖ ❡①♣❡r✐♠❡♥t♦ ❝♦♥t♦✉ ❝♦♠ ❛ ❝♦❧❛❜♦r❛çã♦ ❞❡ ✺✵

♣❛rt✐❝✐♣❛♥t❡s✳

▼❖❙ ✕ ◆❛t✉r❛❧✐❞❛❞❡ ▼❖❙ ✕ ❙✐♠✐❧❛r✐❞❛❞❡
❙❡♥t❡♥ç❛s P❛r❡❛❞❛s ▲❚✲❉■❆● ◆❋❲ ❈❖❉ ▲❚✲❉■❆● ◆❋❲ ❈❖❉

❋ → ❋ ✸✳✽✵✺✾ ✸✳✼✹✶✶ ✶✳✽✾✼✹ ✷✳✾✻✹✺ ✸✳✵✽✷✶ ✸✳✵✹✶✶
❋ → ▼ ✷✳✸✽✸✽ ✷✳✷✸✸✷ ✶✳✹✻✾✻ ✸✳✺✼✸✸ ✸✳✻✼✶✻ ✸✳✺✾✸✷
▼ → ▼ ✸✳✸✽✵✶ ✸✳✺✶✷✸ ✶✳✾✶✾✼ ✸✳✸✹✹✶ ✸✳✻✶✺✽ ✸✳✹✸✼✵
▼ → ❋ ✷✳✾✻✷✵ ✸✳✵✺✹✺ ✶✳✻✼✹✸ ✸✳✻✻✼✹ ✸✳✼✸✷✸ ✸✳✻✵✷✾

❚❛❜❡❧❛ ✹✳✹✿ ❘❡s✉❧t❛❞♦ ♠é❞✐♦ ❞❛ ❡♥tr❡✈✐st❛ ♣❡r❝❡♣t✉❛❧ ✭▼❖❙✮✳

❆ ♣❛rt✐r ❞♦s r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✱ ✉♠❛ ❞✐s❝✉ssã♦ ❛ r❡s♣❡✐t♦ ❞♦s ❛s♣❡❝t♦s ❛❝úst✐❝♦s é tr❛t❛❞❛

♥❛ s❡çã♦ s❡❣✉✐♥t❡✳

✹✳✸✳✷ ❉✐s❝✉ssã♦

❆❧❣✉♥s ♣♦♥t♦s r❡❧❡✈❛♥t❡s ♣♦❞❡♠ s❡r ❡①tr❛í❞♦s ❞❛s ✐♥❢♦r♠❛çõ❡s ♦❜t✐❞❛s ♥❛s t❛❜❡❧❛s ❞♦ ❡①♣❡r✐✲

♠❡♥t♦ ❛♥t❡r✐♦r✳ ❆ ♣r✐♥❝✐♣❛❧ ❞❡s✈❛♥t❛❣❡♠ ❞♦s ✐♥❞✐❝❛❞♦r❡s s✉❜❥❡t✐✈♦s é ❛ ❢❛❧t❛ ❞❡ ✉♠ ♣❛❞rã♦ r❡❢❡r❡♥✲

❝✐❛❧✱ ✉♠ ♣❛t❛♠❛r ❝❛♣❛③ ❞❡ ♣❡r♠✐t✐r ❛ ❝♦♠♣❛r❛çã♦ ❞❡ t❛✐s r❡s✉❧t❛❞♦s ❝♦♠ ♦✉tr♦s ❞❛ ❧✐t❡r❛t✉r❛✳

❈♦♠ r❡❧❛çã♦ ❛♦s r❡s✉❧t❛❞♦s ♣♦r ♠ét♦❞♦✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❤♦✉✈❡ ✉♠❛ ❢♦rt❡ ❝♦rr❡❧❛çã♦ ❡♠ r❡❧❛çã♦

à ❛✈❛❧✐❛çã♦ ♦❜❥❡t✐✈❛✱ ♦♥❞❡ s❡ ❝♦♥✜r♠♦✉ ❛ ♣r❡❢❡rê♥❝✐❛ ❞♦ ♠ét♦❞♦ ◆❋❲ ❡♠ r❡❧❛çã♦ ❛♦ ♠ét♦❞♦ ▲❚

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

❝♦♥❢♦r♠❡ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✻✳ ◗✉❛♥t♦ ❛♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✱ s❡ ♦❜s❡r✈❛ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡

❛❧❣✉♠❛s ♠❡❧❤♦r✐❛s q✉❡ ♣♦ss✐❜✐❧✐t❡♠ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠❛ ✈❡rsã♦ ❝♦♠❡r❝✐❛❧♠❡♥t❡ ❛❝❡✐tá✈❡❧✳ ❊♥tr❡

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

❞❡ q✉❛♥t✐③❛çã♦ ❞♦s ✈❡t♦r❡s ❛❝úst✐❝♦s ❡ ❞♦s ♠❛♣❛s ❢♦♥ét✐❝♦s ❛rt✐✜❝✐❛✐s✱ ❛ss✐♠ ❝♦♠♦ ❛ ❡st✐♠❛çã♦

❛❞❡q✉❛❞❛ ❞❛s ❢❛s❡s ✐♥✐❝✐❛✐s ❞❛s ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s ❬✶✶❪ ♣♦❞❡r✐❛♠ s❡r ❝♦♥s✐❞❡r❛❞♦s ❛ ✜♠ ❞❡

❛✉♠❡♥t❛r ❛ q✉❛❧✐❞❛❞❡ ❞❛ ❝♦♥✈❡rsã♦✳

❊♠❜♦r❛ s❛✐❜❛♠♦s q✉❡ ✈❛❧♦r❡s ❞❡st❡ t✐♣♦ ❞❡ t❡st❡ ♥ã♦ s❡❥❛♠ ❢❛❝✐❧♠❡♥t❡ ❝♦♠♣❛rá✈❡✐s ❝♦♠ ❛q✉❡❧❡s

♦❜t✐❞♦s ♣♦r ❞✐❢❡r❡♥t❡s ❛✉t♦r❡s✱ é ✐♥t❡r❡ss❛♥t❡ ✐♥s♣❡❝✐♦♥❛r ❛❧❣✉♥s ❡✈❡♥t♦s q✉❡ sã♦ ✐♥❝✐❞❡♥t❡s ♥❛

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

❆ ❚❛❜❡❧❛ ✹✳✺ ❡①✐❜❡ ❞♦✐s ❝♦♥❥✉♥t♦s ❞❡ r❡s✉❧t❛❞♦s ❞❡ ▼❖❙ t❛♥t♦ ♣❛r❛ ♥❛t✉r❛❧✐❞❛❞❡ q✉❛♥t♦ ♣❛r❛

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

r❡♣r❡s❡♥t❛❞♦ ♣♦r s❡✉ ❛✉t♦r✳ ❆❧❣✉♥s ❛✉t♦r❡s ♥ã♦ r❡❛❧✐③❛r❛♠ ♦s t❡st❡s ❞❡ s✐♠✐❧❛r✐❞❛❞❡ s❡♣❛r❛❞❛♠❡♥t❡

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

♠❡s❝❧❛ ♥❛t✉r❛❧✐❞❛❞❡ ❡ s✐♠✐❧❛r✐❞❛❞❡ ❞❛ ❝♦♥✈❡rsã♦✳ ❚✐♣✐❝❛♠❡♥t❡✱ ♥❛ ♠❛✐♦r✐❛ ❞♦s t❡st❡s ❡①♣❡r✐♠❡♥t❛✐s✱

❝♦♥s✐❞❡r❛✲s❡ ❞♦✐s t✐♣♦s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✿ ❛ ❝♦♥✈❡rsã♦ ✐♥tr❛✲❣ê♥❡r♦ ✭M → M ❡ F → F ✮ ❡ ❛

❝♦♥✈❡rsã♦ ✐♥t❡r✲❣ê♥❡r♦ ✭M → F ❡ F →M✮✳



✹✳✸ ❆❱❆▲■❆➬➹❖ ❙❯❇❏❊❚■❱❆ ✶✻✸

❆♥♦ ❆✉t♦r ▼❖❙ ♣❛r❛ ◆❛t✉r❛❧✐❞❛❞❡ ▼❖❙ ♣❛r❛ ❙✐♠✐❧❛r✐❞❛❞❡
✶✾✾✼ ❑✐♠ ❬✶✶✽❪ 3.42

✶✾✾✽ ❑❛✐♥ ❬✶✵✽❪
4.20 ✭M →M✮
2.70 ✭M → F ✮

≈ 2.63 ✭M →M✮
≈ 4.88 ✭M → F ✮

✶✾✾✽ ❙t②❧✐❛♥♦✉ ❬✷✺✼❪ ≈ 2.70

✷✵✵✶ ❚♦❞❛ ❬✷✼✵❪
≈ 4.20 ✭M →M✮
≈ 2.70 ✭F → F ✮

✷✵✵✸ ❘❡♥t③♦s ❬✷✵✻❪ 3.65

✷✵✵✹ P✜t③✐♥❣❡r ❬✶✽✾❪ ≈ 1.50

✷✵✵✺ ❚♦❞❛ ❬✷✻✽❪
≈ 3.10 ✭F →M✮
≈ 3.30 ✭M → F ✮

✷✵✵✻ ◆✉r♠✐♥❡♥ ❬✶✼✺❪ 2.09

3.10 1.77 ✭M →M✮
2.20 ✭M → F ✮
3.05 ✭F →M✮
✭F → F ✮

✷✵✵✻ ❉✉①❛♥s ❬✹✽❪ 2.37 3.18

✷✵✵✻ ❙ü♥❞❡r♠❛♥♥ ❬✷✹✹❪
2.70 ✭❚❡①t♦✲❉❡♣❡♥❞❡♥t❡✮
2.60 ✭❚❡①t♦✲■♥❞❡♣❡♥❞❡♥t❡✮

✷✵✵✻ ❘❛♦ ❬✷✵✸❪
4.56 ✭M → F ✮
4.71 ✭F →M✮

2.92 ✭M → F ✮
3.23 ✭F →M✮

✷✵✵✻ ❙❤✉❛♥❣ ❬✷✸✸❪
4.09 ✭❯❑ ❊♥❣❧✐s❤✮
3.68 ✭❈◆ ▼❛♥❞❛r✐♥✮

1.87 ✭❯❑ ❊♥❣❧✐s❤✮
2.77 ✭❈◆ ▼❛♥❞❛r✐♥✮

✷✵✵✼ ❉✉t♦✐t ❬✹✺❪ 2.56 2.77

✷✵✵✼ ❊rr♦ ❬✺✵❪

3.27 ✭M →M✮
3.00 ✭M → F ✮
3.60 ✭F →M✮
4.20 ✭F → F ✮

2.93 ✭M →M✮
3.27 ✭M → F ✮
2.53 ✭F →M✮
3.00 ✭F → F ✮

✷✵✵✼ ❋✉❥✐✐ ❬✻✵❪
3.03 ✭F → F ✮
2.75 ✭M → F ✮

✷✵✵✽ ❙❤✉❛♥❣ ❬✷✸✹❪ 3.48 2.20

✷✵✵✽ ❩❤❛♥❣ ❬✸✶✸❪

3.00 ✭M →M✮
2.70 ✭M → F ✮
3.10 ✭F →M✮
2.80 ✭F → F ✮

✷✵✵✽ ❉❡s❛✐ ❬✹✷❪ ≈ 2.70

✷✵✵✾ ❩❤❛♥❣ ❬✸✶✷❪
2.70 ✭F →M✮
2.50 ✭F → F ✮

2.20 ✭M →M✮
2.30 ✭M → F ✮
2.50 ✭F →M✮
2.10 ✭F → F ✮

✷✵✶✸ ▼❛❝❤❛❞♦

3.51 ✭M →M✮
3.05 ✭M → F ✮
2.38 ✭F →M✮
3.81 ✭F → F ✮

3.62 ✭M →M✮
3.73 ✭M → F ✮
3.67 ✭F →M✮
3.08 ✭F → F ✮

❚❛❜❡❧❛ ✹✳✺✿ ❘❡❧❛çã♦ ❞❡ r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❞❡ ❖♣✐♥✐ã♦ ▼é❞✐❛ ❞❡ ❆❝❡rt♦ ✕ ▼❖❙✳

❚♦❞♦s ❡st❡s t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ✉s❛♥❞♦ ❢❛❧❛♥t❡s ♦r✐❣❡♠ ❡ ❞❡st✐♥♦ ❞❡ ✉♠❛ ♠❡s♠❛ ❧í♥❣✉❛✳

❆❧❣✉♥s r❡s✉❧t❛❞♦s ▼❖❙ ♣❛r❛ ❝♦♥✈❡rsã♦ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ ❡♥tr❡ ■♥❣❧ês ❡ ❊s♣❛♥❤♦❧ ❢♦r❛♠ ❢❡✐t❛s ♣♦r

❉✉①❛♥s ❬✹✽❪ ❡♠ ✷✵✵✻✳ ◆❡st❡ ❡st✉❞♦✱ ❛ ♣♦♥t✉❛çã♦ ▼❖❙ ♣❛r❛ q✉❛❧✐❞❛❞❡ ❢♦✐ ❞❡ ✷✳✸✸ ❞♦ ❊s♣❛♥❤♦❧ ♣❛r❛

♦ ■♥❣❧ês✱ ❡ ❛ ♣♦♥t✉❛çã♦ ▼❖❙ ♣❛r❛ s✐♠✐❧❛r✐❞❛❞❡ ❢♦✐ ❞❡ ✷✳✼✾✱ t❛♠❜é♠ ❞♦ ❊s♣❛♥❤♦❧ ♣❛r❛ ♦ ■♥❣❧ês✳

❆ ❚❛❜❡❧❛ ✹✳✻ ❡①✐❜❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ r❡s✉❧t❛❞♦s ❆❇❳ ❞❡ ❛❧❣✉♥s s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱

❝♦♠♦ ♣r♦♣♦st♦s ♣♦r s❡✉s ❛✉t♦r❡s✳ ❖ ♣r✐♥❝✐♣❛❧ ♣r♦❜❧❡♠❛ ❝♦♠ ❛ ✐♥t❡r♣r❡t❛çã♦ ❞♦s í♥❞✐❝❡s ❆❇❳ é ♦

❢❛t♦ ❞❡ q✉❡ ♥ã♦ é ♣❡r♠✐t✐❞♦ r❡s♣♦♥❞❡r ♦ q✉❛♥t♦ ✉♠❛ s❡♥t❡♥ç❛ X é s✐♠✐❧❛r ❛ A ♦✉ ❛ B✳ ❉✐st♦✱ s❡

♣♦❞❡ ✐♥❢❡r✐r q✉❡ ✉♠ ♠ét♦❞♦ q✉❡ ♦❜t❡✈❡ ❛❧t♦ í♥❞✐❝❡ ❞❡ s✉❝❡ss♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❡st❡ ❆❇❳ ♣♦❞❡r✐❛

♦❜t❡r ❜❛✐①♦s ✈❛❧♦r❡s ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❡st❡ ▼❖❙✳

◆♦ ❡♥t❛♥t♦✱ ❆❇❳ é ✉♠❛ ❢❡rr❛♠❡♥t❛ ♣♦❞❡r♦s❛✱ ♣rát✐❝❛ ❡ ❡①tr❡♠❛♠❡♥t❡ s✐♠♣❧❡s ♣❛r❛ ❞✐s❝r✐♠✐♥❛r✱

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

❉❡♥tr❡ ♦s ❛✉t♦r❡s q✉❡ r❡❛❧✐③❛r❛♠ ❡st❡ t✐♣♦ ❞❡ t❡st❡ ❡stã♦ P♦③♦ ❬✶✾✹❪ ❡ ❉❡s❛✐ ❬✹✷❪✳ P♦③♦ ❝♦♠♣❛r♦✉

s❡✉ ♠ét♦❞♦ ❏♦✐♥t ❊st✐♠❛t✐♦♥ ❆♥❛❧②s✐s ❙②♥t❤❡s✐s ✭❏❊❆❙✮ ❡♠ r❡❧❛çã♦ ❛♦ ♠ét♦❞♦ P✐t❝❤✲❙②♥❝❤r♦♥♦✉s

❍❛r♠♦♥✐❝ ▼♦❞❡❧ ✭P❙❍▼✮✱ ♦❜t❡♥❞♦ ♦s s❡❣✉✐♥t❡s r❡s✉❧t❛❞♦s ❞❡ s✉❝❡ss♦✿ 41% ✭M →M✮✱ 37% ✭M →

F ✮✱ 33% ✭F → M✮ ❡ 36.5% ✭F → F ✮✳ ❉❡s❛✐ ❬✹✷❪ ❝♦♠♣❛r♦✉ s❡✉ ♠ét♦❞♦ ❞❡ ❝♦♥✈❡rsã♦ ✉s❛♥❞♦ ❆◆◆



✶✻✹ ❘❊❙❯▲❚❆❉❖❙ ❊❳P❊❘■▼❊◆❚❆■❙ ✹✳✸

❆♥♦ ❆✉t♦r ❮♥❞✐❝❡ ❆❇❳
✶✾✾✽ ❙t②❧✐❛♥♦✉ ❬✷✺✼❪ 97%

✶✾✾✾ ❆rs❧❛♥ ❬✻❪
78% ✭M →M✮
100% ✭M → F ✮

✷✵✵✶ ❚♦❞❛ ❬✷✼✵❪
≈ 77% ✭M →M✮
≈ 83% ✭F → F ✮

✷✵✵✹ ❖r♣❤❛♥✐❞♦✉ ❬✶✽✸❪

79.5% ✭M →M✮
86.3% ✭M → F ✮
88.6% ✭F →M✮
77.3% ✭F → F ✮

✷✵✵✺ ❚♦❞❛ ❬✷✻✽❪ ≈ 84% ✭M ↔ F ✮
✷✵✵✺ ❩❤❛♥❣ ❬✸✶✵❪ 87.5%

✷✵✵✻ ❨❡ ❡ ❨♦✉♥❣ ❬✸✵✶❪ 91.8%

✷✵✵✼ ❋✉❥✐✐ ❬✻✵❪

100% ✭M →M✮
100% ✭M → F ✮
100% ✭F →M✮
98.0% ✭F → F ✮

✷✵✵✼ ❍❛♥③❧✐❝❡❦ ❬✽✸❪
87.2% ✭F →M✮
70.8% ✭F → F ✮

✷✵✵✽ ❨✉❡ ❬✸✵✺❪ 92.0%

✷✵✵✽ ❩❤❛♥❣ ❬✸✶✸❪

≈ 62% ✭M →M✮
≈ 80.5% ✭M → F ✮
≈ 78.5% ✭F →M✮
≈ 55% ✭F → F ✮

✷✵✵✾ ❩❤❛♥❣ ❬✸✶✷❪
68% ✭M → F ✮
84% ✭F → F ✮

❚❛❜❡❧❛ ✹✳✻✿ ❘❡❧❛çã♦ ❞❡ r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ✉t✐❧✐③❛♥❞♦ ♠ét♦❞♦ ❆❇❳✳

❝♦♠ ♠ét♦❞♦s tr❛❞✐❝✐♦♥❛✐s q✉❡ ✉s❛♠ ●▼▼✱ ♦❜t❡♥❞♦ t❛①❛ ❆❇❳ ❞❡ s✉❝❡ss♦ ♣❛r❛ s✐♠✐❧❛r✐❞❛❞❡ ❞❡

65.0%✳ ❉❡ ✐❣✉❛❧ ♠♦❞♦✱ ❚ür❦ ❬✷✼✺❪ ❝♦♠♣❛r♦✉ s✉❛ ♣r♦♣♦st❛ ✭❝♦♥✈❡rsã♦ ❙✉❜❜❛♥❞✮ ❝♦♠ ♦s ♠ét♦❞♦s

❝❧áss✐❝♦s ✭❝♦♥✈❡rsã♦ ❋✉❧❧✲❜❛♥❞✮ ❡ ♦❜t❡✈❡ ✉♠ í♥❞✐❝❡ ❆❇❳ 92.9% ♣❛r❛ s✐♠✐❧❛r✐❞❛❞❡✳

❖ ♦❜❥❡t✐✈♦ ❞❡ s❡ ❛♥❛❧✐s❛r ♦s r❡s✉❧t❛❞♦s s✉❜❥❡t✐✈♦s ♥❡st❡ ❝❛s♦ ♥ã♦ é ❞✐s❝r✐♠✐♥❛r q✉❛❧ é ♦ ♠❡❧❤♦r

❞❡♥tr❡ t♦❞♦s ♦s ♠ét♦❞♦s✱ ♣♦rq✉❡ ♥ã♦ é r❛③♦á✈❡❧ ❝♦♠♣❛r❛r ♦s r❡s✉❧t❛❞♦s ❡♠♣ír✐❝♦s t❛✐s ❝♦♠♦ ♦s ❞❡s✲

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

♣♦❞❡♠ ✐♥✢✉❡♥❝✐❛r s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♦ r❡s✉❧t❛❞♦ ❞♦ ❡①♣❡r✐♠❡♥t♦✱ t❛✐s ❝♦♠♦ ♦ ♥ú♠❡r♦ ❞❡ s❡♥t❡♥ç❛s✱

❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♣❛rt✐❝✐♣❛♥t❡s✱ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ♦✉ ❛❝✉✐❞❛❞❡ ❛✉❞✐t✐✈❛ ❞♦s ♦✉✈✐♥t❡s✱ ❛ q✉❛❧✐❞❛❞❡ ❞♦

á✉❞✐♦ ♦r✐❣✐♥❛❧✱ ❛ ✭♥ã♦✮ ❛♠❜✐❣✉✐❞❛❞❡ ❞❛s q✉❡stõ❡s✱ ❡♥tr❡ ♦✉tr♦s ❢❛t♦r❡s✳ P♦r ❡st❛ r❛③ã♦✱ ♦s ❡①♣❡r✐✲

♠❡♥t♦s ❞❡✈❡♠ s❡r ❝✉✐❞❛❞♦s❛♠❡♥t❡ ❞❡✜♥✐❞♦s ❝♦♠ q✉❡stõ❡s ♠✉✐t♦ ❜❡♠ ❡❧❛❜♦r❛❞❛s ❛ ✜♠ ❞❡ s❡ ♦❜t❡r

✉♠❛ ❝♦♥s✐stê♥❝✐❛ ❡①♣❡r✐♠❡♥t❛❧✳ ❆ ❞❡s❝r✐çã♦ ❞♦ ❡①♣❡r✐♠❡♥t♦ ❞❡✈❡ s❡r s✉✜❝✐❡♥t❡♠❡♥t❡ ❞❡t❛❧❤❛❞❛ ❞❡

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

❡✈❡♥t♦s ❡st❛tíst✐❝♦s r❡✐♥❝✐❞❡♥t❡s s♦❜r❡ ♦s r❡s✉❧t❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡ ❛♣r❡s❡♥t❛❞♦s ♣♦❞❡♠ s❡r ✉t✐❧✐③❛✲

❞♦s ❝♦♠♦ ❞❡t❡❝t♦r❡s ❞❡ ✏❡♥tr❛✈❡s✑✱ ✐st♦ é✱ ❞❡ ♣r♦❜❧❡♠❛s ✐♥❡r❡♥t❡s ❛ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③

❝♦♠ ❞✐❢í❝❡✐s s♦❧✉çõ❡s✱ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❛s ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s✳

❈♦♠♦ ❡①❡♠♣❧♦ ❞✐ss♦✱ ❛ r❡❧❛çã♦ ❡①✐st❡♥t❡ ❡♥tr❡ ❛ q✉❛❧✐❞❛❞❡ ❡ ❛ s✐♠✐❧❛r✐❞❛❞❡ ❞❛ ❝♦♥✈❡rsã♦ ❞❡

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

✉♠ ❞❡st❡s q✉❡s✐t♦s ❡stá ✐♥✈❡rs❛♠❡♥t❡ ❧✐❣❛❞♦ ❛♦ s✉❝❡ss♦ ❞♦ ♦✉tr♦✱ ♦✉ s❡❥❛✱ é ❜❛st❛♥t❡ ✐♠♣r♦✈á✈❡❧

q✉❡ ❛♠❜♦s ♦s ✐♥❞✐❝❛❞♦r❡s s❡❥❛♠ ❛❧t❛♠❡♥t❡ ♣♦♥t✉❛❞♦s ❛♦ ♠❡s♠♦ t❡♠♣♦✳ ❚❛❧ ❝♦♥✢✐t♦ é ❡♠ ♣❛rt❡

❥✉st✐✜❝á✈❡❧ ❞✐❛♥t❡ ❞❛ ❞✉❛❧✐❞❛❞❡ ❡♥tr❡ ♦ ❛❥✉st❡ ❡①❝❡ss✐✈♦ ✭♦✈❡r✜tt✐♥❣✮ ❞❡ ❝❛❞❛ s❡♥t❡♥ç❛ ❡♠ ♥í✈❡❧

❧♦❝❛❧ ❡ ❛ s✉❛✈✐③❛çã♦ ❡①❝❡ss✐✈❛ ✭♦✈❡r✲s♠♦♦t❤✐♥❣✮ ❞❛ tr❛♥s❢♦r♠❛çã♦ ❛♦ ♥í✈❡❧ ❣❧♦❜❛❧✳

❖ ❛❥✉st❡ ❡①❝❡ss✐✈♦ é ♣r♦✈❡♥✐❡♥t❡ ❞❛ tr❛♥s❢♦r♠❛çã♦ s❡❣♠❡♥t♦ ❛ s❡❣♠❡♥t♦ ✉s❛♥❞♦ ❝♦♠♦ s✉♣♦rt❡

❝❧❛ss❡s ❛❝úst✐❝❛s ✐♥❞❡♣❡♥❞❡♥t❡s ♥♦ t❡♠♣♦✳ ❆ss✐♠✱ ❛ ❝♦♥t✐♥✉✐❞❛❞❡ t❡♠♣♦r❛❧ é ❝♦♠♣r♦♠❡t✐❞❛✱ ♦ q✉❡

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

P♦r ♦✉tr♦ ❧❛❞♦✱ ❛ s✉❛✈✐③❛çã♦ ❡①❝❡ss✐✈❛ ❞❛ tr❛♥s❢♦r♠❛çã♦ ✭♥ã♦ ❞♦ s✐♥❛❧✮ ♦❝♦rr❡ q✉❛♥❞♦ ✉♠ ❣r❛♥❞❡
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♥ú♠❡r♦ ❞❡ ❝❧❛ss❡s sã♦ ✉t✐❧✐③❛❞❛s ♥❛ ♠✐st✉r❛ ♣♦♥❞❡r❛❞❛✳ ◆❡st❡ ❝❛s♦✱ ❝♦♠ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ♠✉✐t❛s

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

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

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

❞❡ s✐♠✐❧❛r✐❞❛❞❡ ❝♦♠ ♦ s✐♥❛❧ ❞❡st✐♥♦✳

❖✉tr♦ ♣♦♥t♦ ✐♥t❡r❡ss❛♥t❡ ❛ s❡ ❝♦♥s✐❞❡r❛r é ❛ ❞✐✜❝✉❧❞❛❞❡ ❞❡ s❡ ❝♦♥✈❡rt❡r ✈♦③❡s ❢❡♠✐♥✐♥❛s ♣❛r❛

♠❛s❝✉❧✐♥❛s✱ ❝♦♥❢♦r♠❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ❡♠ ♠✉✐t♦s ❞♦s ♠ét♦❞♦s ❛♣r❡s❡♥t❛❞♦s✳ ◆ã♦ s❡ ❝♦♥❤❡❝❡

❝♦♠ t♦t❛❧ s❡❣✉r❛♥ç❛ ♦ ♠♦t✐✈♦ ♣❡❧♦ q✉❛❧ t❛❧ ❝♦♥✈❡rsã♦ ♥ã♦ é ❜❡♠ s✉❝❡❞✐❞❛✳ ❆❧❣✉♥s ❛✉t♦r❡s ❬✺✵❪

❛❝r❡❞✐t❛♠ q✉❡ ❡st❡ ❢❡♥ô♠❡♥♦ ❡stá ❛ss♦❝✐❛❞♦ à ❞✐✜❝✉❧❞❛❞❡ ❞❡ s❡ ♦❜t❡r ♦s ❡♥✈❡❧♦♣❡s ❡s♣❡❝tr❛✐s ❞❡

✈♦③❡s ❢❡♠✐♥✐♥❛s✱ ❞❛❞♦ ✉♠ ♠❛✐♦r ❡s♣❛ç❛♠❡♥t♦ ❞♦s ❤❛r♠ô♥✐❝♦s ❡s♣❡❝tr❛✐s✳ ❖ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ ♥ã♦

é ❡①❝❡çã♦ à ❞✐✜❝✉❧❞❛❞❡ ♦❜s❡r✈❛❞❛ ♥❛ ❧✐t❡r❛t✉r❛ ❡♠ r❡❧❛çã♦ ❛♦ ♣r♦❜❧❡♠❛ ❞❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡♥tr❡

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

♣♦ssí✈❡✐s✳ ◆❡st❛ ❡♠♣r❡✐t❛❞❛✱ ✈❛r✐❛❞♦s ❡①♣❡r✐♠❡♥t♦s ♣r❡❧✐♠✐♥❛r❡s ✭✐♥❢♦r♠❛✐s✮ ❢♦r❛♠ ❢❡✐t♦s ❛ ✜♠ ❞❡

✐♥s♣❡❝✐♦♥❛r ♦ ❢❡♥ô♠❡♥♦ ❞❛ ❝♦♥✈❡rsã♦ F → M ✱ s❡♠ ♥♦ ❡♥t❛♥t♦ ♦❜t❡r q✉❛❧q✉❡r t✐♣♦ ❞❡ r❡s✉❧t❛❞♦

❝♦♥t✉♥❞❡♥t❡ ♦✉ ❞❡ ✈❛❧✐❞❛çã♦ ❡st❛tíst✐❝❛ ❝♦♠♣❧❡t❛✳

P❡❧❛ ❡①♣❡r✐ê♥❝✐❛ ❞♦ ❛✉t♦r ❛❞✈✐♥❞❛ ❞❡st❛ sér✐❡ ❞❡ ❡①♣❡r✐♠❡♥t♦s✱ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s s✉❣❡r❡♠

q✉❡ ♦s ♣r♦❜❧❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❝❛rr❡❣❛ ❝♦♥s✐❣♦ ♦✉tr♦ ♣r♦❜❧❡♠❛ ❞❡ ❞✐❢í❝✐❧ r❡s♦❧✉çã♦✿ ♦ ♣r♦❜❧❡♠❛

❞❛ ❝♦♥✈❡rsã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❝♦♥✜❣✉r❛çã♦ ❢ás✐❝❛ ✭ϕ✮ ❞❛s ♣❛rt❡s ❤❛r♠ô♥✐❝❛s ❞♦s s❡❣♠❡♥t♦s ✈♦✲

③❡❛❞♦s✳ ❚❛❧ ♣r♦❜❧❡♠❛ ❢♦✐ ♦❜s❡r✈❛❞♦ ❡♠ ♣r❛t✐❝❛♠❡♥t❡ t♦❞♦s ♦s ❝❛s♦s ❞❡ ❝♦♥✈❡rsã♦ ✐♥tr❛✲❣ê♥❡r♦ ❡

✐♥t❡r✲❣ê♥❡r♦✱ s❡♥❞♦ ♠❛✐s ❡✈✐❞❡♥t❡ q✉❛♥❞♦ ❛ ❝♦♥✈❡rsã♦ ❡r❛ ❢❡✐t❛ ❞❡ ✉♠❛ ✈♦③ ♠❛✐s ❛❣✉❞❛ ♣❛r❛ ✉♠❛

♠❛✐s ❣r❛✈❡✳ ◆❡st❡ ❝❛s♦✱ ❛ ❝♦♥✈❡rsã♦ F → M é ❛ q✉❡ ♠❛✐s s♦❢r❡ ♣r❡❥✉í③♦s✱ ♣r♦✈❛✈❡❧♠❡♥t❡ ❞❡✈✐❞♦

❛ ♣r♦❜❧❡♠❛s ❝♦♠ ❛ r❡❝♦♥str✉çã♦ ❞❛s ❢❛s❡s ✐♥✐❝✐❛✐s ❞❛s ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s✱ ❝♦♠♦ ❡♠ ♦✉tr♦s

tr❛❜❛❧❤♦s ❛♥t❡r✐♦r❡s ❬✶✸✼❪✳ ❊♠❜♦r❛ t❛✐s ♦❜s❡r✈❛çõ❡s ♥ã♦ s❡❥❛♠ ❝♦♥❝❧✉s✐✈❛s✱ ♦ ❛✉t♦r ❛❝r❡❞✐t❛ ♥❛ ❝♦♥✲

❥❡❝t✉r❛ ❞❡ q✉❡ ❛ ❝♦♥s✐❞❡r❛çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢❛s❡s ❤❛r♠ô♥✐❝❛s ♥❛ ❝♦♥✈❡rsã♦ ♣♦❞❡r✐❛ ❛✉♠❡♥t❛r

s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❛ q✉❛❧✐❞❛❞❡ ❞❛ ❝♦♥✈❡rsã♦✱ s❡❥❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ♠♦❞❡❧❛❣❡♠ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡

❢❛s❡ ❛ s❡r❡♠ ❛r♠❛③❡♥❛❞❛s ♥♦s r❡s♣❡❝t✐✈♦s ❝♦r♣♦r❛✱ ♦✉ ♠❡s♠♦ ❛ ♣❛rt✐r ❞❡ ♠ét♦❞♦s ❞❡ r❡❝♦♥str✉çã♦

❞❡st❛s ❝♦♠♣♦♥❡♥t❡s ❜✉s❝❛♥❞♦ s✐♥❛✐s ❝♦♠ ❛❧t♦ ❣r❛✉ ❞❡ ♥❛t✉r❛❧✐❞❛❞❡✳ ❙❡ ♣♦r ✉♠ ❧❛❞♦ ❛ ❝♦♥✈❡rsã♦

F → M é ♣r❡❥✉❞✐❝❛❞❛ ♣❡❧❛ ❢❛❧t❛ ❞❡ ✉♠❛ r❡❝♦♥str✉çã♦ ❛❞❡q✉❛❞❛ ❞❡ ❝♦♥✜❣✉r❛çõ❡s ❢ás✐❝❛s ❝♦♠ ❛❧t♦

❣r❛✉ ❞❡ ♥❛t✉r❛❧✐❞❛❞❡✱ ♣♦r ♦✉tr♦ s❡ ❛❝r❡❞✐t❛ q✉❡ ❛ ❝♦♥✈❡rsã♦ M → F ❝❛r❡❝❡ ❞❡ ✐♥❢♦r♠❛çõ❡s s✉✜❝✐❡♥✲

t❡s ♣❛r❛ r❡❝♦♥str✉✐r ❛s r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ❞♦s ❡s♣❡❝tr♦s r❡❛✐s ❞♦ ❞❡st✐♥♦ ✭❢❡♠✐♥✐♥♦✮✱ ✉♠❛ ✈❡③ q✉❡

♦s ♠❡s♠♦s sã♦ ❛♠♦str❛❞♦s ✉s❛♥❞♦ ♣♦✉❝♦s ❤❛r♠ô♥✐❝♦s ❬✺✵❪✳

❖✉tr♦ ♣♦♥t♦ ❝rít✐❝♦ q✉❡ ♣♦❞❡r✐❛ ❛✉♠❡♥t❛r ❛ q✉❛❧✐❞❛❞❡ ❞♦ s♦♠ ❝♦♥✈❡rt✐❞♦ ❝♦♠♣r❡❡♥❞❡ ♠♦❞❡❧❛r

♠❛✐s ❝✉✐❞❛❞♦s❛♠❡♥t❡ ❛ ♣❛rt❡ ❡st♦❝ást✐❝❛ ❞♦s ❝♦r♣♦r❛✱ ❡st❡♥❞❡♥❞♦ ❛ ❝♦♥✈❡rsã♦ ❛ ✉♠ ♥í✈❡❧ ❧♦❝❛❧

✭❞❡ s❡❣♠❡♥t♦✮ ❞❡st❛s ❝♦♠♣♦♥❡♥t❡s✳ ◆❡st❡ ❝❛s♦✱ ✉♠ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ❞❛ ♣❛rt❡

❡st♦❝ást✐❝❛ ❞❡✈❡ s❡r ❝♦♥s✐❞❡r❛❞♦✳ ❆ ❡st✐♠❛çã♦ ❞❛ ♣❛rt❡ ❡st♦❝ást✐❝❛ s❡♠ ❛ ❝♦♥t❛♠✐♥❛çã♦ ❞❡ r❡sí❞✉♦s

❤❛r♠ô♥✐❝♦s é ♦✉tr♦ ❛s♣❡❝t♦ ❛ s❡r ❝♦♥s✐❞❡r❛❞♦ ♣❛r❛ ✉♠❛ ♠❡❧❤♦r ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✳ ❚❛❧ ❡st✐♠❛çã♦

❞❡♣❡♥❞❡ ❡ss❡♥❝✐❛❧♠❡♥t❡ ❞❡ ✉♠ ❞❡t❡❝t♦r ❞❡ ♣✐t❝❤ r♦❜✉st♦✳

❙❡❣✉❡ ♦ ❝❛♣ít✉❧♦ ❞❡ ❝♦♥❝❧✉sã♦✱ ♦♥❞❡ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s ❞❡st❡ tr❛❜❛❧❤♦✳
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❈♦♥❝❧✉sõ❡s

❊st❛ t❡s❡ ❛♣r❡s❡♥t♦✉ ✉♠ s✐st❡♠❛ ❝♦♠♣❧❡t♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡ ♥✉♠ ❝♦♥t❡①t♦ ♠❛✐s ❡s♣❡❝í✲

✜❝♦✱ ❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛✱ ♦♥❞❡ ❢♦r❛♠ ❞✐s❝✉t✐❞❛s ❛❧❣✉♠❛s ❛♣❧✐❝❛çõ❡s✱ t❛✐s ❝♦♠♦ ❡♠

♣❡rs♦♥❛❧✐③❛çã♦ ❞❡ s✐st❡♠❛s ❚❚❙ ❬✹✻❀ ✶✵✼❀ ✶✵✽❪ ❡ ✐♥tér♣r❡t❡s ✈✐rt✉❛✐s ❬✹✽❀ ✺✵❀ ✷✸✹❪✳

❖ ❞❡s❛✜♦ ❞❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ t❡♠ ❞❡s♣❡rt❛❞♦ ✐♥t❡r❡ss❡ ❡♠ ❡st✉❞♦s s♦❜r❡ s✐✲

♠✐❧❛r✐❞❛❞❡s ❡ ❞✐❢❡r❡♥ç❛s ❢♦♥ét✐❝❛s ❡♥tr❡ ❧í♥❣✉❛s✱ ❜❡♠ ❝♦♠♦ ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ tr❛♥s❢♦r♠❛çõ❡s

❢♦♥ét✐❝❛s ❛✉t♦♠át✐❝❛s ❡♥tr❡ ❧í♥❣✉❛s✳ ◆❡st❡ s❡♥t✐❞♦✱ ♦ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛❞♦ ♣r♦♣ôs ✉♠ ♠♦❞❡❧♦ ❞❡

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

r❛❧❡❧♦s✱ ♦✉ ♠❡s♠♦ ❞❡ ❞❛❞♦s r♦t✉❧❛❞♦s✳ ❆❧é♠ ❞✐ss♦✱ ❢❡rr❛♠❡♥t❛s ♣❛r❛ ❛♥á❧✐s❡ ❡ ♠❛♥✐♣✉❧❛çã♦ ❡s♣❡❝tr❛❧

❢♦r❛♠ ✐♥tr♦❞✉③✐❞❛s ♥♦ ❈❛♣ít✉❧♦ ✸✳

❖ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t♦✉ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ té❝♥✐❝❛s út❡✐s ♣❛r❛ ❝❧✉st❡r✐③❛çã♦ ❡ ❝❧❛ss✐✜❝❛çã♦ ❞♦s

s❡❣♠❡♥t♦s ❞❡ ✈♦③ ❡♠ t❡r♠♦s ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s✳ ❆❞❡♠❛✐s✱ ♦ s✐st❡♠❛ t❛♠❜é♠ ❛♣r❡s❡♥t♦✉

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

♦s q✉❛✐s ❛ss✉♠❡♠ ✉♠ ♣❛♣❡❧ ❝r✉❝✐❛❧ ♥❛ ❢❛s❡ ❞❡ ❝♦♥✈❡rsã♦ ❞❛s s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s✳

❖ t❡①t♦ tr❛③ t❛♠❜é♠ r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s q✉❡ ✐♥❞✐❝❛♠ q✉❡ ♦s ♠ét♦❞♦s ♣r♦♣♦st♦s ♣♦❞❡♠

s❡r ❝♦♥s✐❞❡r❛❞♦s ❜♦❛s ❛❧t❡r♥❛t✐✈❛s ♣❛r❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡♥tr❡ ❢❛❧❛♥t❡s ❞❡ ❧í♥❣✉❛s ❞✐❢❡r❡♥t❡s✱ ❛✐♥❞❛

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

✉♠ ❞❡s❛✜♦ ❡♠ ❛❜❡rt♦✱ ❛❥✉❞❛♥❞♦ ❛ ✐♥❞✐❝❛r ❝❛♠✐♥❤♦s ♣❛r❛ ❡①t❡♥sã♦ ❡ ❛♣❡r❢❡✐ç♦❛♠❡♥t♦ ❞♦s ♠ét♦❞♦s

♣r♦♣♦st♦s ❡♠ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳

✺✳✶ ❈♦♥s✐❞❡r❛çõ❡s ❋✐♥❛✐s

❈♦♠♦ ♣♦❞❡ s❡r ❝♦♥st❛t❛❞♦ ♥♦ t❡①t♦✱ ❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ é ✉♠ ♣r♦❜❧❡♠❛ ❝♦♠♣❧❡①♦ ♣♦r tr❛t❛r

❞❛ ♠❛♥✐♣✉❧❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s q✉❡ ❝♦rr❡s♣♦♥❞❡♠ ❛♦s ❛s♣❡❝t♦s ❧✐❣❛❞♦s à ✐❞❡♥t✐❞❛❞❡ s♦✲

♥♦r❛ ❞♦ ✐♥❞✐✈í❞✉♦✳ ❆té ♦ ♠♦♠❡♥t♦ ♥ã♦ s❡ ❝♦♥❤❡❝❡ ✉♠ q✉❛❞r♦ ❝♦♠♣❧❡t♦ ❡ ❡①❛✉st✐✈♦ ❞♦s ❡❧❡♠❡♥t♦s

❛❝úst✐❝♦s r❡s♣♦♥sá✈❡✐s ♣❡❧❛ ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛✱ ❛♣❡s❛r ❞❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ✈ár✐♦s ❡❧❡♠❡♥t♦s q✉❡ ❛

❝♦♠♣õ❡♠✱ t❛✐s ❝♦♠♦ ♦ r✐t♠♦ ❞❡ ♣r♦♥ú♥❝✐❛✱ ❝♦♥t♦r♥♦ ♠❡❧ó❞✐❝♦ ❡ ♦ ❝♦♥t❡ú❞♦ ❤❛r♠ô♥✐❝♦✱ t♦❞♦s ❡st❡s

❞❡ ❞✐❢í❝✐❧ ♠♦❞❡❧❛❣❡♠✳ ❉❡s❞❡ ✉♠❛ ♣❡rs♣❡❝t✐✈❛ ❞❡ ♣❡sq✉✐s❛ ❡ ❡①♣❧♦r❛çã♦ ❞❡ ❛♣❧✐❝❛çõ❡s✱ ♦ ♣r♦❜❧❡♠❛ ❞❛

❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ s❡ r❡✈❡❧❛ ✉♠ ♥✐❝❤♦ ♦♥❞❡ ❞✐✈❡rs♦s tó♣✐❝♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❢❛❧❛

❡ ❝♦♠♣✉t❛çã♦ ♠✉s✐❝❛❧ sã♦ ❡♥tr❡❝r✉③❛❞♦s✳ P♦r ❡①❡♠♣❧♦✱ ♦s ♣r♦❜❧❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ t❛♥t♦ ❞❡

❢❛❧❛ q✉❛♥t♦ ❞❡ ✈♦③ sã♦ ❡①♣❧♦r❛❞♦s ✐♥❞✐r❡t❛♠❡♥t❡ ♥❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ ❛ ✜♠ ❞❡ ❡①tr❛✐r ✐♥❢♦r♠❛çõ❡s

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

❢✉♥❞❛♠❡♥t❛✐s ❞❡ sí♥t❡s❡ ❛❞✐t✐✈❛✱ ❛❧é♠ ❞❡ ♠❛♣❛s ❛❝úst✐❝♦s✱ ❛❣r✉♣❛♠❡♥t♦s ❢♦♥ét✐❝♦s k✲✈❡r♦ssí♠❡✐s✱

✶✻✼



✶✻✽ ❈❖◆❈▲❯❙Õ❊❙ ✺✳✷

❡♥tr❡ ♦✉tr♦s✳ ◆❡st❡ ♥í✈❡❧ ❞❡ ❛❜str❛çã♦✱ é ♣♦ssí✈❡❧ ♣r❡s✉♠✐r q✉❡ ❛s ❢❡rr❛♠❡♥t❛s ❡ ❝♦♥❝❡✐t♦s ❞❡s❡♥✈♦❧✲

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

❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❢❛❧❛✳

◗✉❛♥t♦ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ ❛♣r❡s❡♥t❛❞♦ ♣♦r ❡st❡ tr❛❜❛❧❤♦✱ ❛❧❣✉♥s

t❡♠❛s ❛✐♥❞❛ ♥ã♦ ❢♦r❛♠ s♦❧✉❝✐♦♥❛❞♦s✱ t❛✐s ❝♦♠♦ ♦ ♣r♦❜❧❡♠❛s ❞❛s ❢❛s❡s ❞❡ ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s

♥♦ ♠♦❞❡❧♦ ❍❙▼✳ ❙❡❣✉♥❞♦ ❡①♣❡r✐♠❡♥t♦s ♣r❡❧✐♠✐♥❛r❡s ✭♥ã♦ ❝♦♥❝❧✉s✐✈♦s✮✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡st✐♠❛çã♦

❞❛s r❡❧❛çõ❡s ❢ás✐❝❛s ❞❡ s❡❣♠❡♥t♦ ❤❛r♠ô♥✐❝♦s ♣❛r❡❝❡ ❡st❛r r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ❛ ❞✐♠✐♥✉✐çã♦ s✐❣♥✐✜❝❛t✐✈❛

❞❛ t❛①❛ ❞❡ ♥❛t✉r❛❧✐❞❛❞❡ ❞♦ s♦♠ ❞❡ ✈♦③ ❝♦♥✈❡rt✐❞♦✳ ❊✈✐❞ê♥❝✐❛s ❡①♣❡r✐♠❡♥t❛✐s ❞♦ ❛✉t♦r ❬✶✸✼❪ ❛♣♦♥t❛♠

q✉❡ ❛ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❡st✐♠❛çã♦ ❞❛ ❝♦♥✜❣✉r❛çã♦ ❢ás✐❝❛ ✭❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✸✳✷✮ t❡♠

♣♦t❡♥❝✐❛❧ ♣❛r❛ t♦r♥❛r ♦ s✐♥❛❧ r❡❝♦♥str✉í❞♦ ♠❛✐s ♥❛t✉r❛❧ ❞♦ q✉❡ ❛ r❡ssí♥t❡s❡ ✉t✐❧✐③❛♥❞♦ ❛s ❢❛s❡s ❞♦

❢❛❧❛♥t❡ ♦r✐❣❡♠✳

❯♠ ♦✉tr♦ ♣r♦❜❧❡♠❛ q✉❡ ♣♦❞❡ t❡r ✐♥✢✉❡♥❝✐❛❞♦ ❛ tr❛♥s❢♦r♠❛çã♦ ❞♦ s✐♥❛❧ é ♦ ♣r♦❜❧❡♠❛ ❞❛ ❝♦❜❡rt✉r❛

❢♦♥ét✐❝❛✳ ◆❡st❡ ❝❛s♦✱ ❛ ❝♦♥✈❡rsã♦ s♦❢r❡ ♣♦r ♥ã♦ ❤❛✈❡r ❞❛❞♦s s✉✜❝✐❡♥t❡s ♣❛r❛ r❡♣r❡s❡♥t❛r ✉♠ ♥ú♠❡r♦

❝♦♥s✐❞❡rá✈❡❧ ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ❡♠ ❝❛❞❛ ❝♦r♣✉s✱ ♣❛r❛ ♣♦st❡r✐♦r ❛❧✐♥❤❛♠❡♥t♦ ❡ ❝♦♥✈❡rsã♦✳

❱❛❧❡ s❛❧✐❡♥t❛r q✉❡ ♦ ✉s♦ ❞❡ ✉♠❛ q✉❛♥t✐❞❛❞❡ ♠❛✐♦r ❞❡ ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ❝♦♠❜✐♥❛❞♦ ❛ ✉♠❛

❡s♣❡❝✐✜❝❛çã♦ ♠❛✐s ❞❡♥s❛ ❞♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ❛rt✐✜❝✐❛❧ sã♦ ❝❛♠✐♥❤♦s ❛❧t❡r♥❛t✐✈♦s ♣❛r❛ ♠❡❧❤♦r❛r ❛

q✉❛❧✐❞❛❞❡ ❞❛ ❝♦♥✈❡rsã♦ ✜♥❛❧✳ P♦❞❡✲s❡ ❝♦♥s✐❞❡r❛r q✉❡✱ q✉❛♥t♦ ♠❛✐♦r ♦ ❜❛♥❝♦ ❞❡ ✈♦③✱ ♠❛✐♦r ❛ r✐q✉❡③❛

❞♦ ♠❛♣❛ ❢♦♥ét✐❝♦ ❛rt✐✜❝✐❛❧✱ ❡ ♣♦rt❛♥t♦ s❡rã♦ ♠❡❧❤♦r❡s t❛♥t♦ ♦ ❛❧✐♥❤❛♠❡♥t♦ q✉❛♥t♦ ❛ ❞❡✜♥✐çã♦ ❞❛

❢✉♥çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ✜♥❛❧ ❡♠ t❡r♠♦s ❞❡ ♠♦♠❡♥t♦s ❡st❛tíst✐❝♦s✳ ❙♦♠❛✲s❡ ❛ ✐ss♦ ♦ ❢❛t♦ ❞❡ q✉❡ ❛

❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦ ♥❛ ❝♦♥✈❡rsã♦ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛ ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ✉s❛♥❞♦ ❣r❛♥❞❡s ❜❛♥❝♦s ❞❡ ✈♦③

s❡♠ q✉❛❧q✉❡r ♣ré✲r❡q✉✐s✐t♦ ❢♦♥ét✐❝♦✱ ✐st♦ é✱ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡♥t❡♥ç❛s r♦t✉❧❛❞❛s✳

✺✳✷ ❚r❛❜❛❧❤♦s ❆❝❡✐t♦s ❡♠ ❆♥❛✐s ❞❡ ❈♦♥❣r❡ss♦s

❈♦♠♦ r❡s✉❧t❛❞♦ ❞♦ ❞♦✉t♦r❛❞♦ r❡❛❧✐③❛❞♦ ♣❡❧♦ ❛✉t♦r✱ ❝✐♥❝♦ ❛rt✐❣♦s ❢♦r❛♠ ❛❝❡✐t♦s ❡♠ ❝♦♥❣r❡ss♦s

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

✶✳ ❖ ♣r✐♠❡✐r♦ ❞❡❧❡s ❢♦✐ ❛❝❡✐t♦ ♥❛ ❝♦♥❢❡rê♥❝✐❛ ❙♦✉♥❞ ❛♥❞ ▼✉s✐❝ ❈♦♠♣✉t✐♥❣ ❈♦♥❢❡r❡♥❝❡ ✷✵✶✵

❡♠ ❇❛r❝❡❧♦♥❛ ♥❛ ❢♦r♠❛ ❞❡ ✉♠ ❙✉r✈❡② ❈rít✐❝♦✱ ❝✉❥♦ ❝♦♥t❡ú❞♦ ❛❜♦r❞❛ t❛♥t♦ ♦s ♣r♦❜❧❡♠❛s

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

❧✐t❡r❛t✉r❛✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ ♣❛❞rõ❡s ❞❡ t❡st❡s ♣❡r❝❡♣t✉❛✐s ♣❛r❛

❙✐st❡♠❛s ❞❡ ❈♦♥✈❡rsã♦ ❞❡ ❱♦③ ❬✶✸✾❪✳

✷✳ ◆❡ss❡ ♠❡s♠♦ ❛♥♦✱ ✉♠ ❛rt✐❣♦ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❚❛✐✇❛♥ ♥♦ ■❊❊❊ ■♥t❡r♥❛t✐♦♥❛❧ ❙②♠♣♦s✐✉♠ ♦♥

▼✉❧t✐♠❡❞✐❛ ♦ q✉❛❧ ❛♣r❡s❡♥t♦✉ ✉♠❛ ✈✐sã♦ ❣❡r❛❧ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ✐♥t❡r✲❧✐♥❣✉íst✐❝♦✱

❝♦♠ ❡♥❢♦q✉❡ ❡♠ ❞✐s❝✉ssõ❡s ❛ r❡s♣❡✐t♦ ❞❡ té❝♥✐❝❛s ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛s ✉s❛❞❛s ♥♦ ♣r♦❝❡ss♦ ❞❡

❝♦♥✈❡rsã♦ ❬✶✹✵❪✳

✸✳ ❆♦ ✜♥❛❧ ❞❡ ✷✵✶✷✱ ✉♠ ♦✉tr♦ ❛rt✐❣♦ ❢♦✐ ❛❝❡✐t♦ ♥❛ ❝♦♥❢❡rê♥❝✐❛ ■❜❡r❙P❊❊❈❍ ✷✵✶✷ ✲ ❱■■ ❏♦r✲

♥❛❞❛s ❡♥ ❚❡❝♥♦❧♦❣í❛ ❞❡❧ ❍❛❜❧❛ ❛♥❞ ■■■ ■❜❡r✐❛♥ ❙▲❚❡❝❤ ❲♦r❦s❤♦♣✱ r❡❛❧✐③❛❞❛ ♥❛ ❊s♣❛♥❤❛✱ ♦

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

çõ❡s ●❛✉ss✐❛♥❛s✳ ❆ r❡♣r❡s❡♥t❛çã♦ ❞❡ ❡♥✈❡❧♦♣❡s ❡s♣❡❝tr❛✐s ✉s❛♥❞♦ ♣❛râ♠❡tr♦s ●❛✉ss✐❛♥♦s é

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

r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ❡ ♥❛ ❞❡❢♦r♠❛çã♦ ❡♠ ❢r❡q✉ê♥❝✐❛✳ ❬✶✸✼❪



✺✳✸ ❙❯●❊❙❚Õ❊❙ P❆❘❆ P❊❙◗❯■❙❆❙ ❋❯❚❯❘❆❙ ✶✻✾

✹✳ ❆ ♣❛rt✐r ❞❛ r❡♣r❡s❡♥t❛çã♦ ❡s♣❡❝tr❛❧ ✉s❛♥❞♦ ●❛✉ss✐❛♥❛s✱ ♥♦ ✐♥í❝✐♦ ❞❡ ✷✵✶✸ ✉♠❛ ♥♦✈❛ ♣r♦♣♦st❛

❢♦✐ ❛♣r❡s❡♥t❛❞❛ ♥♦ ❈❛♥❛❞á ♥♦ ❝♦♥❣r❡ss♦ ❞❛ ■❊❊❊ ✐♥t✐t✉❧❛❞♦ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥

❆❝♦✉st✐❝s✱ ❙♣❡❡❝❤ ❛♥❞ ❙✐❣♥❛❧ Pr♦❝❡ss✐♥❣✳ ❊ss❡ ❛rt✐❣♦ ❛♣r❡s❡♥t❛ ✉♠❛ té❝♥✐❝❛ ❞❡ r❡♣r❡s❡♥t❛çã♦

❡s♣❡❝tr❛❧ ✉s❛♥❞♦ s♦♠❛ ❞❡ ❢✉♥çõ❡s ♣❛r❛♠étr✐❝❛s ❞❡ ❜❛s❡ r❛❞✐❛❧✱ ❛s q✉❛✐s ✐♥❝❧✉❡♠ ✉♠❛ ✈❛st❛

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

❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ♠♦str❛♠ q✉❡ ♦ ✉s♦ ❞❡ ♦✉tr❛s ❜❛s❡s✱ ❝♦♠♦ ❛ ❥❛♥❡❧❛ ❞❡ ❍❛♥♥✱ sã♦

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

s♦♠❛ ❞❡ ●❛✉ss✐❛♥❛s ❬✶✸✽❪✳

✺✳✸ ❙✉❣❡stõ❡s ♣❛r❛ P❡sq✉✐s❛s ❋✉t✉r❛s

❖ s✐st❡♠❛ ❛♣r❡s❡♥t❛❞♦ ♣❡❧❛ t❡s❡ ❢♦✐ t❡st❛❞♦ ❡♠ ✉♠ ❝❡♥ár✐♦ ót✐♠♦✱ s❡♠ ❛ ♣r❡s❡♥ç❛ ❞❡ r✉í❞♦ ❞❡

❢✉♥❞♦✱ ❡ ❞❡ ♣r♦só❞✐❛ ❝♦♠ ♣♦✉❝❛ ❡①♣r❡ss✐✈✐❞❛❞❡✳ ❆ ❛✉sê♥❝✐❛ ❞❡ ❡♠♦çã♦✱ ❜❡♠ ❝♦♠♦ ❛ ❛✉sê♥❝✐❛ ❞❡

r✉í❞♦ ❞❡ ❢✉♥❞♦ é ✉♠ ❛❣❡♥t❡ ❢❛❝✐❧✐t❛❞♦r ♥♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥✈❡rsã♦✳ ❙❡♥❞♦ ❛ss✐♠✱ ❝♦♠♦ ♣r♦♣♦st❛ ❞❡

❡①t❡♥sã♦ ❞❡ tr❛❜❛❧❤♦✱ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ r♦❜✉st♦ ❞❡✈❡ s❡r ❝❛♣❛③ ❞❡ s❡ ❛❞❛♣t❛r ❛ s✐t✉❛çõ❡s

❛❞✈❡rs❛s ❝♦♠♦ ❛s ♠❡♥❝✐♦♥❛❞❛s✳

❯♠ ❞♦s ♠❛✐♦r❡s ❞❡s❛✜♦s ❢✉t✉r♦s é t♦r♥❛r ♦ s✐st❡♠❛ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡①❡❝✉tá✈❡❧ ❡♠ t❡♠♣♦

r❡❛❧✳ ●r❛♥❞❡ ♣❛rt❡ ❞♦s ♠ó❞✉❧♦s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ sã♦ ♣❛r❛❧❡❧✐③á✈❡✐s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ♦ ♠ó❞✉❧♦

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

✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠❛ ✈❡rsã♦ ♣❛r❛❧❡❧❛ ❛ s❡r ❡①❡❝✉t❛❞❛ ♣♦r ✉♥✐❞❛❞❡s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡s♣❡❝í✜❝❛s

✭❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ●P●P❯ ❬✶✸✻❪✮✳

❈♦♠ ♦ ❛✈❛♥ç♦ ❛❝❡❧❡r❛❞♦ ❞❛ t❡❝♥♦❧♦❣✐❛ ❞❡ ❢❛❧❛✱ ❡♠ ♣♦✉❝♦ t❡♠♣♦ s❡rá ♣♦ssí✈❡❧ ❡♥❝♦♥tr❛r ❞✐s✲

♣♦s✐t✐✈♦s ❞❡ tr❛❞✉çã♦ s✐♠✉❧tâ♥❡❛ ❞❡ ✈♦③ ❢❛❧❛❞❛ ✭✐♥tér♣r❡t❡s ✈✐rt✉❛✐s✮✳ ❙❡r✐❛ ♠✉✐t♦ ✐♥t❡r❡ss❛♥t❡ q✉❡

♦s s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡st✐✈❡ss❡♠ ❞✐s♣♦♥í✈❡✐s ❝♦♠♦ ♣❧✉❣✐♥s ❛❝♦♣❧á✈❡✐s ❛ t❛✐s ❞✐s♣♦s✐t✐✈♦s✱

♣❡rs♦♥❛❧✐③❛♥❞♦ ✈♦③❡s ❝♦♠ t✐♠❜r❡s ❡s♣❡❝í✜❝♦s✱ ❝♦♠♦ ♦s ❞♦s ❞♦✐s ✐♥t❡r❧♦❝✉t♦r❡s ❞❡ ❧í♥❣✉❛s ❞✐❢❡r❡♥✲

t❡s✳ ◆❡st❡ ❡①❡♠♣❧♦✱ ❛ ❡①✐❣ê♥❝✐❛ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❡♠ t❡♠♣♦ r❡❛❧ ❡stá ❞✐r❡t❛♠❡♥t❡ ❧✐❣❛❞❛ à ❢❛s❡ ❞❡

❝♦♥✈❡rsã♦✱ ❡ ❡♠ ❡s♣❡❝✐❛❧✱ ❛ ♣❛r❛♠❡tr✐③❛çã♦ ❛❝úst✐❝❛✳

❖✉tr❛ s✉❣❡stã♦ ❞❡ ♣❡sq✉✐s❛ ❢✉t✉r❛ ❡stá ♥❛ ❝r✐❛çã♦ ❞❡ ✉♠ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❡♠ ♦✉tr❛s ❧í♥❣✉❛s✱ ❡

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

❤❛❜✐❧✐t❛r ♦ ✉s♦ ❞❡ t❛❧ ❧í♥❣✉❛ ❞❡♥tr♦ ❞♦ s✐st❡♠❛✳ ◆❛ ♣rát✐❝❛✱ é s✉✜❝✐❡♥t❡ ❞✐s♣♦r ❞❡ ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s

❝♦♠ ❝❡r❝❛ ❞❡ ✉♠❛ ❤♦r❛ ❞❡ ❣r❛✈❛çã♦ ❞❡ s❡♥t❡♥ç❛s ❛r❜✐trár✐❛s ♣r♦♥✉♥❝✐❛❞❛s ♣♦r ✉♠ ♠❡s♠♦ ❧♦❝✉t♦r✱

♣r❡❢❡r❡♥❝✐❛❧♠❡♥t❡ s❡♠ r✉í❞♦ ❞❡ ❢✉♥❞♦✳

❆t✉❛❧♠❡♥t❡✱ ♦ ♣r♦❝❡ss♦ ❞❡ ❡st✐♠❛çã♦ ❞❛s ❜❛s❡s ♣❛r❛♠étr✐❝❛s ❝♦♥s♦♠❡ ✉♠ t❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧

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

✐♥t❡r❡ss❛♥t❡ q✉❡ ❡①✐st✐ss❡ ✉♠ ♠ét♦❞♦ ❞❡ ❡st✐♠❛çã♦ ❞✐r❡t❛ ❞♦s ♣❛râ♠❡tr♦s ❛ss♦❝✐❛❞♦s ❛ ❝❛❞❛ ❜❛s❡✱

s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s♦❧✉çõ❡s ❡①❛t❛s ♣❛r❛ ♣r♦❜❧❡♠❛s ❞✐❢í❝❡✐s ❞❡ ♦t✐♠✐③❛çã♦✳ ◆❡st❛ ❞✐r❡çã♦✱ ♣♦❞❡✲

s❡ ♠❡♥❝✐♦♥❛r ❛ ❡st✐♠❛çã♦ ❞❡ ❜❛s❡s ♣❛r❛♠étr✐❝❛s ✭✈✐❞❡ ❙❡çã♦ ✸✳✸✮ ❛ ♣❛rt✐r ❞♦ ♠ét♦❞♦ ❞❡ ♠í♥✐♠♦s

q✉❛❞r❛❞♦s ❛♣❧✐❝❛❞♦s s♦❜r❡ ❢✉♥çõ❡s ❞❡ ❜❛s❡s ❧✐♥❡❛r✐③á✈❡✐s✱ ❝♦♠♦ ❛ ❢✉♥çã♦ ●❛✉ss✐❛♥❛ ♣♦r ❡①❡♠♣❧♦✳

❚❛❧ ❧✐♥❡❛r✐③❛çã♦ ❛✉♠❡♥t❛ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ❝á❧❝✉❧♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ♣❛r❛♠étr✐❝♦s

q✉❡ r❡♣r❡s❡♥t❛♠ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ✈♦③✳

❆ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ t❛♠❜é♠ ♣r♦♣✐❝✐❛ ✉♠❛ sér✐❡ ❞❡ ❢❡rr❛♠❡♥t❛s q✉❡ ♣♦❞❡♠ s❡r ❞✐❢✉♥❞✐❞❛s ❡♠

❞✐✈❡rs❛s ár❡❛s ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✈♦③ ❡ ❢❛❧❛ ❤✉♠❛♥❛✳ ❈❛❞❛ ✉♠❛ ❞❛s ❢❡rr❛♠❡♥t❛s ♣r♦♣♦st❛s ♣♦r

❡st❡ tr❛❜❛❧❤♦ ♣♦❞❡ s❡r ❛❞❛♣t❛❞❛ ♣❛r❛ ♦✉tr♦s ❝♦♥t❡①t♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞✐❣✐t❛❧ ❞❡ ✈♦③✿



✶✼✵ ❈❖◆❈▲❯❙Õ❊❙ ✺✳✸

✶✳ ▼❛♣❛s ❋♦♥ét✐❝♦s ❆rt✐✜❝✐❛✐s✿ ❖ ♠❛♣❛ ❢♦♥ét✐❝♦ ❛rt✐✜❝✐❛❧ ✭❙❡çã♦ ✸✳✹✮ ♣r♦♣♦st♦ ♥❡st❡ tr❛❜❛✲

❧❤♦ ❝❛rr❡❣❛ ❝♦♥s✐❣♦ ✐♥❢♦r♠❛çõ❡s ❢♦♥ét✐❝❛s r❡❧❛❝✐♦♥❛❞❛s às ♣♦s✐çõ❡s ❞♦s ❢♦r♠❛♥t❡s ♣r✐♥❝✐♣❛✐s ❞❡

❝❛❞❛ ❧í♥❣✉❛✳ ❙❡ t❛✐s ♠❛♣❛s ❛❝úst✐❝♦s ❢♦r❡♠ ❞❡✈✐❞❛♠❡♥t❡ r♦t✉❧❛❞♦s✱ ✉t✐❧✐③❛♥❞♦✲s❡ ♣♦r ❡①❡♠♣❧♦

✉♠ ❜❛♥❝♦ ❞❡ ✈♦③ ❝♦♠ rót✉❧♦s ❢♦♥ét✐❝♦s ♣r❡❝✐s♦s✱ é ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r ♣❛r❛ ❝❛❞❛ s❡❣♠❡♥t♦

❞❡ ✈♦③ ❞❡ ✉♠❛ s❡♥t❡♥ç❛ ❛r❜✐trár✐❛✱ ❛ ❝❧❛ss❡ ❢♦♥ét✐❝❛ ❛rt✐✜❝✐❛❧ q✉❡ ♠❡❧❤♦r r❡♣r❡s❡♥t❛ t❛❧ s❡❣✲

♠❡♥t♦✱ ❝♦♥❢♦r♠❡ ✈✐st♦ ♥❛ ❙❡çã♦ ✹✳✷✳✷✳ ❈♦♠♦ ❝❛❞❛ ❝❧❛ss❡ é ♣r❡✈✐❛♠❡♥t❡ r♦t✉❧❛❞❛✱ ❛ t❛r❡❢❛ ❞❡

r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✈♦③ é ❢❛❝✐❧✐t❛❞❛ ❡♠ ❣r❛♥❞❡ ♣❛rt❡ ❝♦♠ ♦ ✉s♦ ❞❡st❛s ❢❡rr❛♠❡♥t❛s✳ ❆ ✜♠ ❞❡

❡①♣❛♥❞✐r ♦ ♣♦t❡♥❝✐❛❧ ❞♦ ♠❛♣❛ ❢♦r♠â♥t✐❝♦ ♥❛ ❞✐s❝r✐♠✐♥❛çã♦ ❢♦♥ét✐❝❛✱ ✉♠❛ ✈❡rsã♦ n✲❞✐♠❡♥s✐♦♥❛❧

❞♦ ♠❛♣❛ ♣♦❞❡ s❡r ✉s❛❞❛✱ ❞❡ ♠♦❞♦ ❛ r❡♣r❡s❡♥t❛r ❛té ♦ n✲és✐♠♦ ❢♦r♠❛♥t❡ ❞❡ ✉♠ s✐♥❛❧ q✉❛❧q✉❡r✳

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

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

❝❧❛ss❡ ❛rt✐✜❝✐❛❧ ❛ ✜♠ ❞❡ ❡st✐♠❛r t❛✐s ❡♥✈❡❧♦♣❡s✱ ✉s❛♥❞♦ ❛s ❡str❛té❣✐❛s ❞❡ ❆♥á❧✐s❡ ▼✉❧t✐✲❋r❛♠❡

❛♣r❡s❡♥t❛❞❛s ♥❛ ❙❡çã♦ ✸✳✸✳ ❊st❡ é ♦✉tr♦ t❡♠❛ ❞❡ ❝♦♥t✐♥✉❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✳

✷✳ ❆❣r✉♣❛♠❡♥t♦s ❋♦♥ét✐❝♦s k✲✈❡r♦ssí♠❡✐s✿ ❆❧é♠ ❞♦ ✉s♦ ❞♦s ❛❣r✉♣❛♠❡♥t♦s ❢♦♥ét✐❝♦s k✲

✈❡r♦ssí♠❡✐s ❡♠ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③✱ ♣♦❞❡♠♦s ✉s❛r t❛✐s ❛❣r✉♣❛♠❡♥t♦s ❡♠ ♦✉tr❛s t❛r❡❢❛s✱ t❛✐s

❝♦♠♦ sí♥t❡s❡ ❞❡ ✈♦③ ❛ ♣❛rt✐r ❞❡ t❡①t♦ ✭❚❚❙✮✱ ♦✉ ♠❡s♠♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛✱ ✉♠❛ ✈❡③ q✉❡

s❡ ❡s♣❡r❛ q✉❡ ❝❛❞❛ ❛❣r✉♣❛♠❡♥t♦ ♣❡rt❡♥ç❛ ❛♦ ♠❡s♠♦ ❢♦♥❡♠❛✳ ◆❡st❡ ❝♦♥t❡①t♦✱ ✉♠❛ s❡♥t❡♥ç❛

❞❡ ❢❛❧❛ é s✐♥t❡t✐③❛❞❛ ❛ ♠❡❞✐❞❛ q✉❡ sã♦ ❞❛❞❛s ❛s s❡q✉ê♥❝✐❛s ❞❡ ❢♦♥❡♠❛s✱ ❜❡♠ ❝♦♠♦ ♦✉tr♦s

♣❛râ♠❡tr♦s ❞❡ ❝♦♥tr♦❧❡ ♣r♦só❞✐❝♦✱ ❝♦♠♦ ♦s ❝♦♥t♦r♥♦s ❞❡ ♣✐t❝❤ ❡ ❡♥❡r❣✐❛✱ ♣♦r ❡①❡♠♣❧♦✳ ❆ t❛①❛

❞❡ ❛rt✐❝✉❧❛çã♦ é ❝♦♥tr♦❧❛❞❛ ♣❡❧♦ ❞❡s❧♦❝❛♠❡♥t♦ ❞❡ ✉♠ ♣♦♥t♦ q✉❡ s❡ ❞❡s❧♦❝❛ s♦❜r❡ ♦ ♠❛♣❛ ❛❝ús✲

t✐❝♦✱ ❡ s❡❧❡❝✐♦♥❛ ♦s ✈❡t♦r❡s ❛❝úst✐❝♦s ✭♦✉ ❝❡♥tr♦✐❞❡s ❞❡ ❝❧❛ss❡s k✲✈❡r♦ssí♠❡✐s ✐♥t❡r♥❛s às ❝❧❛ss❡s

❢♦♥ét✐❝❛s✮ ♠❛✐s ♣ró①✐♠♦s✱ ❛ ✜♠ ❞❡ ❝♦♠♣♦r ♦ s❡❣♠❡♥t♦ ❞❡ s❛í❞❛✳ ◆✉♠ ❝♦♥t❡①t♦ ❞❡ ❝♦♠♣✉t❛çã♦

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

♣♦r ❛❧❣♦r✐t♠♦s ❞❡ sí♥t❡s❡ ❣r❛♥✉❧❛r ❬✹✸❪✳

✸✳ ▼♦❞❡❧♦s ❞❡ ❘❡♣r❡s❡♥t❛çã♦ ❊s♣❡❝tr❛❧ ✉s❛♥❞♦ ❇❛s❡s ❘❛❞✐❛✐s✿ ❯♠ ♠♦❞❡❧♦ ❞❡ r❡♣r❡s❡♥✲

t❛çã♦ ❡s♣❡❝tr❛❧ ✢❡①í✈❡❧ ❢♦✐ ❛♣r❡s❡♥t❛❞♦✱ ♦ q✉❛❧ ♣♦❞❡r✐❛ s❡r ❛♣❡r❢❡✐ç♦❛❞♦ ❛ ✜♠ ❞❡ r❡♣r❡s❡♥t❛r

♣r♦♣r✐❛♠❡♥t❡ ❛s r❡❣✐õ❡s ❢♦r♠â♥t✐❝❛s ❝♦♠ ♦ ♠❡♥♦r ♥ú♠❡r♦ ❞❡ ♣❛râ♠❡tr♦s ♣♦ssí✈❡❧✳ ■ss♦ s❡r✐❛

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

♥❡❝❡ ❛❜❡rt♦ ♥❛ ❧✐t❡r❛t✉r❛✳ ◆❡st❡ ❝❛s♦✱ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ s❡❣♠❡♥t♦s ✈✐③✐♥❤♦s ♥♦ s✐♥❛❧ ❞❡ ✈♦③✱

❜❡♠ ❝♦♠♦ ❞❡ ♦✉tr♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s ✭❞❡r✐✈❛❞❛s ❡ ❡❧❡♠❡♥t♦s ❞❡ ♣r♦só❞✐❛✱ ♣♦r ❡①❡♠♣❧♦✮

é ❛❝♦♥s❡❧❤á✈❡❧ ♥❛ q✉❛♥t✐③❛çã♦ ♣❛r❛♠étr✐❝❛ ❞❡ ❝❛❞❛ s❡❣♠❡♥t♦✱ ❛ ✜♠ ❞❡ ♦❜t❡r ✉♠❛ ♠❡❧❤♦r

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

✹✳ ▼ó❞✉❧♦ ❞❡ ▼❛♣❡❛♠❡♥t♦ ❞❡ ❈❧❛ss❡s ❋♦♥ét✐❝❛s✿ ❚❛❧ ♠ó❞✉❧♦ ❞❡s❡♥✈♦❧✈✐❞♦ ✉s❛♥❞♦ ❝♦♥✲

❝❡✐t♦s ❞❛ ❚❡♦r✐❛ ❞❡ ●r❛❢♦s s❡ ❛♣r❡s❡♥t♦✉ ❜❛st❛♥t❡ ❡✜❝❛③ ♥♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s

❛rt✐✜❝✐❛✐s✱ ❛❧é♠ ❞❡ s❡r út✐❧ t❛♠❜é♠ ♥♦ ♣r♦❜❧❡♠❛ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❡♥tr❡ s❡❣♠❡♥t♦s ❞❡ ✈♦③ ♣❛✲

r❛❧❡❧♦s ✭✈✐❞❡ ✜♠ ❞❛ ❙❡çã♦ ✸✳✺✮✳

✺✳ ❋✉♥çã♦ ❞❡ ❋r❡q✉ê♥❝✐❛ ◆♦r♠❛❧✐③❛❞❛✿ ❆♦ ✜♥❛❧ ❞❛ ❙❡çã♦ ✸✳✻✱ ♦ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t♦✉ ✉♠

❝♦♥❥✉♥t♦ ❞❡ ❝♦♥❝❡✐t♦s ❧✐❣❛❞♦s à r❡♣r❡s❡♥t❛çã♦ ❡s♣❡❝tr❛❧ ♣♦r ♠❡✐♦ ❞❡ ❢✉♥çõ❡s ❞❡ ❞✐str✐❜✉✐çõ❡s

❡♥❡r❣ét✐❝❛s✳ ❚♦❞❛✈✐❛✱ ❛s ♠❡s♠❛s ❛✐♥❞❛ ❝❛r❡❝❡♠ ❞❡ ❡①♣❧♦r❛çã♦ ❡①♣❡r✐♠❡♥t❛❧✱ ❛ ✜♠ ❞❡ ❛s ✈❛❧✐✲

❞❛r ❡ ❡①tr❛✐r ♣r♦♣r✐❡❞❛❞❡s út❡✐s ♣❛r❛ ❛s t❛r❡❢❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❢❛❧❛✳ ❆ ❞❡❢♦r♠❛çã♦ ❡♠

❢r❡q✉ê♥❝✐❛✱ ♣♦r ❡①❡♠♣❧♦✱ ♠♦str♦✉✲s❡ ❜❛st❛♥t❡ ❛♣r♦♣r✐❛❞❛ ♥❛ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ✐♥t❡r✲❧✐♥❣✉íst✐❝❛✳



❙❯●❊❙❚Õ❊❙ P❆❘❆ P❊❙◗❯■❙❆❙ ❋❯❚❯❘❆❙ ✶✼✶

◆♦ ❡♥t❛♥t♦✱ ♦✉tr♦s ❝♦♥❝❡✐t♦s ❝♦♠♦ ❛ ❞✐str✐❜✉✐çã♦ ❡♥❡r❣ét✐❝❛ ❡s♣❡❝tr❛❧✱ ♦✉ ♠❡s♠♦ ❛ ❞✐str✐❜✉✐✲

çã♦ ❡♠ ❢r❡q✉ê♥❝✐❛ ♥♦r♠❛❧✐③❛❞❛✱ ❢♦r❛♠ ❢❡rr❛♠❡♥t❛s ♣♦✉❝♦ ❡①♣❧♦r❛❞❛s ✭✐♥❞✐✈✐❞✉❛❧♠❡♥t❡✮ ♥♦

❝♦♥t❡①t♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ✜❝❛♥❞♦ ❡♠ ❛❜❡rt♦ t❛❧ t❡♠❛ ♣❛r❛ ✐♥✈❡st✐❣❛çã♦ ❢✉t✉r❛✳

❯♠ ❞♦s ♣r♦❜❧❡♠❛s ♠❛✐s ❞✐❢í❝❡✐s ❡ r❡❧❡✈❛♥t❡s ♣❛r❛ ❡st❛ ár❡❛ ❝♦rr❡s♣♦♥❞❡ à ❡❧❛❜♦r❛çã♦ ❞❡ ✉♠

♠♦❞❡❧♦ ❞❡ ❛✈❛❧✐❛çã♦ ♦❜❥❡t✐✈❛ q✉❡ r❡✢✐t❛ ❞❡ ❢♦r♠❛ ✉♠ ♣♦✉❝♦ ♠❛✐s ✜❡❧ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❡♠

♣❡sq✉✐s❛s ❞❡ ♦♣✐♥✐ã♦✳ ❚❛❧ ♠♦❞❡❧♦ ❞❡♣❡♥❞❡ ❞❡ ✐♥✈❡st✐❣❛çõ❡s ♠❛✐s ♣r♦❢✉♥❞❛s ❞❡ ♦✉tr♦s ❛s♣❡❝t♦s t❡♠✲

♣♦r❛✐s ❡ ❡s♣❡❝tr❛✐s ❞❛ ❢❛❧❛ ✭❛❧é♠ ❞♦s ❛❜♦r❞❛❞♦s ♥❛ t❡s❡✮ q✉❡ ✐♥✢✉❡♥❝✐❛♠ ❞✐r❡t❛♠❡♥t❡ ♥❛ q✉❛❧✐❞❛❞❡

❡ s✐♠✐❧❛r✐❞❛❞❡ ❞❛ ❝♦♥✈❡rsã♦✳ ❆ s✐♠✐❧❛r✐❞❛❞❡ ❡ ❛ q✉❛❧✐❞❛❞❡ ❞❛ ❝♦♥✈❡rsã♦✱ ♦ ❝♦♥t♦r♥♦ ♣r♦só❞✐❝♦✱ ❜❡♠

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

❞❡ s❡ ❛♥❛❧✐s❛r ❡ ❝❛t❡❣♦r✐③❛r ♠❛✐s ♣r❡❝✐s❛♠❡♥t❡ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ❝❛❞❛ ✉♠ ❞❡st❡s tó♣✐❝♦s ♥✉♠❛ ❛✈❛✲

❧✐❛çã♦ s✉❜❥❡t✐✈❛✳ ❆❧é♠ ❞✐st♦✱ ❛ ❞❡✜♥✐çã♦ ❞❡ ✉♠ ❜❡♥❝❤♠❛r❦ ♣❛r❛ ❝♦♠♣❛r❛çã♦ s✉❜❥❡t✐✈❛ ❞❡ s✐st❡♠❛s

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

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

❧✐❞❛❞❡✳ P♦r ✜♠✱ ❛ ✉t✐❧✐③❛çã♦ ❞❡ s✐st❡♠❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈♦③ ❡♠ ❛♣❧✐❝❛çõ❡s ♠✉s✐❝❛✐s✴❛rtíst✐❝❛s s❡

❛♣r❡s❡♥t❛ ❝♦♠♦ ✉♠ ❝❛♠♣♦ ✐♥❡①♣❧♦r❛❞♦ ❞❡ ✐❞❡✐❛s ❛ s❡r ✐♥✈❡st✐❣❛❞♦ ♥✉♠ ❢✉t✉r♦ ♣ró①✐♠♦✳



✶✼✷ ❈❖◆❈▲❯❙Õ❊❙



❆♣ê♥❞✐❝❡ ❆

❊①♣❡r✐♠❡♥t♦s Pr❡❧✐♠✐♥❛r❡s

❖s ❡①♣❡r✐♠❡♥t♦s ❛ s❡❣✉✐r ♥ã♦ ♣r❡t❡♥❞❡♠ ❞❡✜♥✐r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡s❝♦❧❤❛s ót✐♠❛s ♣❛r❛ t♦❞♦s

♦s ❝❛s♦s ❛♣r❡s❡♥t❛❞♦s ♥♦s q✉❛✐s s❡ ❡①✐❣❡ ❛ ❡s❝♦❧❤❛ ❞❡ ✉♠ ✈❛❧♦r ❞❡❢❛✉❧t✳ ❙✐♠♣❧❡s♠❡♥t❡✱ t❛❧ s❡çã♦

t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ❥✉st✐✜❝❛r ❛ ❡s❝♦❧❤❛ ❞❛s ❝♦♥✜❣✉r❛çõ❡s ✐♥✐❝✐❛✐s ✉t✐❧✐③❛❞❛s ♥♦ s✐st❡♠❛✱ t❛✐s ❝♦♠♦ ❛s

❜❛s❡s ❞♦ ♠ó❞✉❧♦ ❞❡ ♣❛r❛♠❡tr✐③❛çã♦✱ ❛ ❡①♣❡r✐ê♥❝✐❛ ♣r❡❧✐♠✐♥❛r ❛ r❡s♣❡✐t♦ ❞❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛s ❢❛s❡s

✐♥✐❝✐❛✐s ♥✉♠ s✐st❡♠❛ ❍❙▼✱ ❛ss✐♠ ❝♦♠♦ ♦✉tr♦s t✐♣♦s ❞❡ ♠étr✐❝❛ ✉s❛❞❛s ♣❛r❛ ✜♥s ❡s♣❡❝í✜❝♦s ❞❡♥tr♦

❞♦ tr❛❜❛❧❤♦✳

❆✳✶ ❊①♣❡r✐♠❡♥t♦ ■

❯♠ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦ s❡ ♣r♦♣õ❡ ❛ ❝♦♠♣❛r❛r✱ ❛✐♥❞❛ q✉❡ ✐♥❢♦r♠❛❧♠❡♥t❡✱ três ♣r♦♣♦st❛s ❝❧áss✐✲

❝❛s ❞❡ ❡st✐♠❛çã♦ ❞❡ ❡♥✈❡❧♦♣❡ ❡s♣❡❝tr❛❧✿ ✉s❛♥❞♦ ▲P❈✱ ✉s❛♥❞♦ ❈❡♣str✉♠ ❡ ♦s ✐♥t❡r♣♦❧❛❞♦r❡s ❞❡✜♥✐❞♦s

♥❛ ❙❡çã♦ ✸✳✸✱ ❛ ✜♠ ❞❡ ❞❡✜♥✐r q✉❛❧ ♦ ❡♥✈❡❧♦♣❛❞♦r s❡rá ✉s❛❞♦ ♣♦r ❞❡❢❛✉❧t ♣❛r❛ ❡st✐♠❛r ❛s ✈❡rsõ❡s

s✉❛✈✐③❛❞❛s ❞♦s ❡s♣❡❝tr♦s ❞❡ ♠❛❣♥✐t✉❞❡ ❡ ❢❛s❡ ❤❛r♠ô♥✐❝❛s✱ ❜❡♠ ❝♦♠♦ ♦ ❡s♣❡❝tr♦ ❡st♦❝ást✐❝♦ ❞❡st❛

s❡çã♦✳ P❛r❛ ✐ss♦✱ ❢♦✐ ❞❡✜♥✐❞♦ ✉♠ ❡①♣❡r✐♠❡♥t♦ ♣rát✐❝♦ ❛♣❧✐❝❛❞♦ ❛ ✉♠ s✐♥❛❧ ❞❡ ✈♦③ r❡❛❧✱

❚❛❜❡❧❛ ❆✳✶✿ ❆ ♠é❞✐❛ ❞♦ ❊▼◗ ❡♥tr❡ ♦ ❡♥✈❡❧♦♣❡ ❡st✐♠❛❞♦ ❡ ❝❛❞❛ ✈❡t♦r ❞❡ ❛♠♣❧✐t✉❞❡ ❤❛r♠ô♥✐❝❛ ❞♦ ❝♦♥❥✉♥t♦
❢♦♥ét✐❝♦✳

❊♥✈❡❧♦♣❛❞♦r EMQ (103)

■♥t❡r♣✳ ❘❛❞✐❛❧ ✕ ❇❧❛❝❦♠❛♥✲❍❛rr✐s 4.2419
■♥t❡r♣✳ ❘❛❞✐❛❧ ✕ ❇❧❛❝❦♠❛♥✲◆✉tt❤❛❧❧ 4.2485
■♥t❡r♣✳ ❘❛❞✐❛❧ ✕ ●❛✉ss✐❛♥♦ 4.2298
■♥t❡r♣✳ ❘❛❞✐❛❧ ✕ ❍❛♥♥ 4.2636
■♥t❡r♣✳ ❘❛❞✐❛❧ ✕ ◆✉tt❛❧❧ 4.2401
▲P❈ ✭✶✻✮ 6.8844
▲P❈ ✭✷✹✮ 6.1623
❈❊P❙ ✭✶✻✮ 7.8842
❈❊P❙ ✭✷✹✮ 7.0893
❙P▲■◆❊❙3 4.3985
▲■◆❊❆❘ 4.4116
▼❋❆ 4.3699

q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ✈♦❣❛❧ /a/ s✉st❡♥t❛❞❛ ♣♦r ✸ s❡❣✉♥❞♦s ♦♥❞❡ ♦ ❧♦❝✉t♦r ✈❛r✐♦✉ ❛ ❛❧t✉r❛

♠✉s✐❝❛❧ ✭❡♠ ❣❧✐ss❛♥❞♦✮ ❡♥tr❡ 148 ❍③ ❡ 316 ❍③✱ ❛♣r♦①✐♠❛❞❛♠❡♥t❡✳ ❋♦r❛♠ t♦♠❛❞♦s ♦s ❡♥✈❡❧♦♣❡s

✶✼✸
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❤❛r♠ô♥✐❝♦s ❛♠♦str❛❞♦s ❡♥tr❡ ❛s ❢r❡q✉ê♥❝✐❛s 0 ❡ 5000 ❍③✱ ❡ ❛ ♠é❞✐❛ ❞❡ t♦❞♦s ♦s ❡♥✈❡❧♦♣❡s ❢♦✐

❝❛❧❝✉❧❛❞❛ ♣❛r❛ ❝❛❞❛ ❡♥✈❡❧♦♣❛❞♦r✳ ❋✐♥❛❧♠❡♥t❡✱ ♦ ❡rr♦ ♠é❞✐♦ q✉❛❞rát✐❝♦ ✭❊▼◗✮ ❡♥tr❡ ❝❛❞❛ ❛♠♦str❛

❤❛r♠ô♥✐❝❛ ❡ ♦ ❡♥✈❡❧♦♣❛❞♦r é ♦❜t✐❞♦✱ ❝♦♥❢♦r♠❡ ♠♦str❛ ❛ ❚❛❜❡❧❛ ❆✳✶✳ ❖ ▼❋❆ ❝♦rr❡s♣♦♥❞❡ ❛♦ ♠ét♦❞♦

❞❡ ❡st✐♠❛çã♦ ❡s♣❡❝tr❛❧ ❜❛s❡❛❞♦ ♥❛ ❡str❛té❣✐❛ ▼✉❧t✐✲❋r❛♠❡ ❆♥❛❧②s✐s ❞❡ ❙❤✐❣❛ ❬✷✷✼❪✳

❊♠❜♦r❛ ❡st❡ ❡①♣❡r✐♠❡♥t♦ t❡♥❤❛ s✐❞♦ ❜❛st❛♥t❡ ✐♥❢♦r♠❛❧✱ s❡♥❞♦ q✉❡ ✉♠❛ ❛✈❛❧✐❛çã♦ ♠❛✐s r♦❜✉st❛

❞❡♣❡♥❞❡r✐❛ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ♠❛✐♦r ❛ss✐♠ ❝♦♠♦ ❞❡ ✉♠ ❢❡rr❛♠❡♥t❛❧ ❡st❛tíst✐❝♦ ♠❛✐s ❛❜r❛♥✲

❣❡♥t❡✱ ♦s r❡s✉❧t❛❞♦s ♣r❡❧✐♠✐♥❛r❡s s✉❣❡r❡♠ q✉❡ ✈ár✐♦s ❞♦s ♠ét♦❞♦s ♣r♦♣♦st♦s sã♦ ❛❧t❡r♥❛t✐✈❛s r❛✲

③♦á✈❡✐s ♣❛r❛ ❛ r❡♣r❡s❡♥t❛çã♦ ❡s♣❡❝tr❛❧ s❡❣♠❡♥t♦✲❛✲s❡❣♠❡♥t♦✱ ❡ ❡♠ ❡s♣❡❝✐❛❧✱ ❛ ✐♥t❡r♣♦❧❛çã♦ r❛❞✐❛❧

❝♦♠ ❢✉♥çõ❡s ❞❡ ❜❛s❡ ●❛✉ss✐❛♥❛s ♦❜t❡✈❡ ♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♥❡st❡ ❝❛s♦ ❡s♣❡❝í✜❝♦✳ ❙❡♥❞♦ ❛ss✐♠✱ ♦

✐♥t❡r♣♦❧❛❞♦r ●❛✉ss✐❛♥♦ ❢♦✐ ✉s❛❞♦ ❝♦♠♦ ✐♥t❡r♣♦❧❛❞♦r r❛❞✐❛❧ ♣❛❞rã♦ ❞♦s ❡♥✈❡❧♦♣❡s ❡s♣❡❝tr❛✐s ❤❛r♠ô✲

♥✐❝♦s ❡ ❡st♦❝ást✐❝♦s✳ ❯♠❛ ❛✈❛❧✐❛çã♦ ♠❛✐s r✐❣♦r♦s❛ s❡rá r❡❛❧✐③❛❞❛ ♥❛ s❡çã♦ ❞❡ ❡①♣❡r✐♠❡♥t❛çã♦✱ ❛ ✜♠

❞❡ r❡❝♦♥✜r♠❛r ❛ ❡s❝♦❧❤❛ ❞❡st❡ ♠ét♦❞♦ ❡♥✈❡❧♦♣❛❞♦r✳

❆✳✷ ❊①♣❡r✐♠❡♥t♦ ■■

❊st❡ ❡①♣❡r✐♠❡♥t♦ ♣❡r❝❡♣t✉❛❧ ♣r❡❧✐♠✐♥❛r t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ❞❡st❛❝❛r ❧❡✈❛♥t❛r ❡✈✐❞ê♥❝✐❛s q✉❡ r❡❢♦r✲

ç❛♠ ❛ ❝♦♥❥❡❝t✉r❛ ❞❡ q✉❡ ♥♦ss♦ s✐st❡♠❛ ♣❡r❝❡♣t✉❛❧ é ❞❡ ❢❛t♦ s❡♥sí✈❡❧ à ❝♦♥✜❣✉r❛çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s

❞❡ ❢❛s❡s ❡♠ s✐♥❛✐s q✉❛s❡✲♣❡r✐ó❞✐❝♦s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ s✐♥❛✐s ❤❛r♠ô♥✐❝♦s ❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛✳

◆♦ ❡①♣❡r✐♠❡♥t♦ ♣❡r❝❡♣t✉❛❧ ♣r♦♣♦st♦✱ q✉❡ ❝♦♥t♦✉ ❝♦♠ ❛ ❝♦❧❛❜♦r❛çã♦ ❞❡ ✉♠ ❣r✉♣♦ ❞❡ ✹✸ ❛✈❛✲

❧✐❛❞♦r❡s✱ ❢♦✐ ❣❡r❛❞❛ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ 60 ❢r❛❣♠❡♥t♦s s✐♥tét✐❝♦s ❞❡ á✉❞✐♦✱ ❝♦♠ 2 s❡❣✉♥❞♦s ❝❛❞❛✳

❊ss❡s ❢r❛❣♠❡♥t♦s ❢♦r❛♠ ♣❛rt✐❝✐♦♥❛❞♦s ❡♠ ❞✉❛s ❝❛t❡❣♦r✐❛s✿ s♦♥s ❤❛r♠ô♥✐❝♦s ❡ s♦♥s ✐♥❛r♠ô♥✐❝♦s✳ ❆

♣r✐♠❡✐r❛ ❝❛t❡❣♦r✐❛ é ❝♦♠♣♦st❛ ♣♦r s✐♥❛✐s ❝♦♥st✐t✉í❞♦s ♣❡❧❛ s♦♠❛ ❞❡ ♣✉❧s♦s ❧✐♥❡❛r♠❡♥t❡ ❡s♣❛ç❛❞♦s

❞❡♥tr♦ ❞❡ ✐♥t❡r✈❛❧♦ [0, 5] ❦❍③✳ ❆ss✐♠✱ ❛ n✲és✐♠❛ ❛♠♦str❛ ❞❡st❡ ❝♦♥❥✉♥t♦ ♣♦ss✉✐ n ❤❛r♠ô♥✐❝♦s ❞❡

❛♠♣❧✐t✉❞❡ 1/n✱ ❡s♣❛ç❛❞♦s ♣❡❧❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ f0 = 5000/(n+ 1) ❍③✳

❖ ♦✉tr♦ ❝♦♥❥✉♥t♦ ❞❡ s✐♥❛✐s ✭✐♥❛r♠ô♥✐❝♦s✮ t❡♠ s❡✉ ❡s♣❡❝tr♦ ❝♦♠♣♦st♦ ♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❛❧❡❛tór✐♦

❞❡ ♣✉❧s♦s ❞❡ ♠❛❣♥✐t✉❞❡ 1/n✱ t♦❞♦s ❞❡♥tr♦ ❞♦ ♠❡s♠♦ ✐♥t❡r✈❛❧♦ ❞❡ 0 ❛ 5 ❦❍③✱ ♣♦ré♠ s❡♠ ♦ ❡s♣❛ç❛✲

♠❡♥t♦ ❧✐♥❡❛r ✭❤❛r♠ô♥✐❝♦✮✳ ❊♥tã♦ ❝❛❞❛ ✉♠❛ ❞❡st❛s s❡q✉ê♥❝✐❛s ❢♦✐ s✐♥t❡t✐③❛❞❛ ✉s❛♥❞♦ três ❝♦♥❥✉♥t♦s

❞❡ ❝♦♥✜❣✉r❛çõ❡s ❢ás✐❝❛s✿ ✭✶✮ ❝♦♠ ❢❛s❡s ✐♥✐❝✐❛✐s ❧✐♥❡❛r♠❡♥t❡ ❡s♣❛ç❛❞❛s ❡♥tr❡ −π ❡ π✱ ✭✷✮ ❝♦♠ ❢❛s❡

③❡r♦ ❡ ✭✸✮ ❝♦♠ ❢❛s❡s ❛❧❡❛tór✐❛s✳ ❋✐♥❛❧♠❡♥t❡✱ ✉♠ ❝♦♥❥✉♥t♦ ❡♠❜❛r❛❧❤❛❞♦ ❞❡st❡s s✐♥❛✐s ❤❛r♠ô♥✐❝♦s ❡

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

❛ ✉♠❛ ♣❡sq✉✐s❛ ❞❡ ♦♣✐♥✐ã♦✱ ♣❛r❛ ❛✈❡r✐❣✉❛r s❡ ♦s ♣❛r❡s ❡r❛♠ ♦✉ ♥ã♦ ♣❡r❝❡♣t✉❛❧♠❡♥t❡ ✐❞ê♥t✐❝♦s✳ P❛r❛

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

❞❡ t❡st❡ ✈❛r✐♦✉ ❡♥tr❡ 5 ❡ 30 q✉❡stõ❡s✳ ❆té ❡♥tã♦✱ ❝❡r❝❛ ❞❡ ✽✸✵ q✉❡stõ❡s ❢♦r❛♠ s✉❜♠❡t✐❞❛s✳

❆ ♣r❡♠✐ss❛ ❜ás✐❝❛ ❞♦ ❡①♣❡r✐♠❡♥t♦ é ❞❡t❡❝t❛r s❡ ♦ ♦✉✈✐♥t❡ é ❝❛♣❛③ ❞❡ ❞✐❢❡r❡♥❝✐❛r ❛s três ✈❡rsõ❡s

❞♦ s✐♥❛❧ ✭❝♦♠ ♠❡s♠♦ ❡s♣❡❝tr♦ ❞❡ ♠❛❣♥✐t✉❞❡✮✱ r❡❝♦♥str✉í❞♦ ❝♦♠ ❞✐❢❡r❡♥t❡s ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❢❛s❡✳

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

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

❝♦♥❥✉♥t♦s t❡st❛❞♦s✳ ❖ ♦✉✈✐❞♦ ❤✉♠❛♥♦ s❡ ❞❡♠♦♥str♦✉ ♣♦✉❝♦ s❡♥sí✈❡❧ à ❞❡t❡❝çã♦ ❞❡ ❝♦♥✜❣✉r❛çã♦

❞❡ ❢❛s❡s ❡♠ s♦♥s ❝♦♠♣❧❡①♦s✳ P♦r ♦✉tr♦ ❧❛❞♦✱ s✐♥❛✐s ♠❛✐s s✐♠♣❧❡s✱ ❝♦♠♦ ♦s tr❡❝❤♦s ✈♦③❡❛❞♦s ❞❡

s✐♥❛✐s ❞❡ ✈♦③✱ ❝♦♠♣♦st♦s ♣♦r ✉♠ ♥ú♠❡r♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❢r❡q✉ê♥❝✐❛s ❤❛r♠ô♥✐❝❛s✱ sã♦ ❞✐❢❡r❡♥❝✐á✈❡✐s

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

❚❛❧✈❡③ ❡st❛ s❡❥❛ ✉♠ ❢❛t♦ q✉❡ ❥✉st✐✜q✉❡ r❡s✉❧t❛❞♦s tã♦ ❝♦♥tr❛❞✐tór✐♦s ❡♥tr❡ ♦s tr❛❜❛❧❤♦s ❞❡ t❡❝♥♦❧♦❣✐❛

♠✉s✐❝❛❧ ❬✶✾✻❪ ❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❢❛❧❛ ❬✶✾✷❪✳
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Zero−Fase × Rand−Fase      Zero−Fase × Linear−Fase      Rand−Fase × Linear−Fase   

❋✐❣✉r❛ ❆✳✶✿ ❘❡s✉❧t❛❞♦ ♣❡r❝❡♣t✉❛❧ ❞♦s t❡st❡s ❞❡ ❝♦♥✜❣✉r❛çã♦ ❢ás✐❝❛✳

❆✳✸ ❊①♣❡r✐♠❡♥t♦ ■■■

❯♠❛ s✐♠♣❧❡s ✐♥✈❡st✐❣❛çã♦ ❞❡♥tr♦ ❞♦ ♠ó❞✉❧♦ ❞❡ s❡❧❡çã♦ ❞❡ ❝❧❛ss❡s ❥✉st✐✜❝❛ ❛ ❡s❝♦❧❤❛ ❢✉♥çã♦ ❞❡

♥♦r♠❛❧✐③❛çã♦ q✉árt✐❝❛ q✉❡ ❞❡✜♥❡ ❛ ❊q✉❛çã♦ ✹✳✻ ♥❛ ❙❡çã♦ ✹✳✷✳✸✳ ❆ ❢♦r♠✉❧❛çã♦ ❢♦✐ s❡❧❡❝✐♦♥❛❞❛ ❛♣ós

t❡r s✐❞♦ r❡❛❧✐③❛❞♦ ✉♠ ♣❡q✉❡♥♦ t❡st❡ ♣r❡❧✐♠✐♥❛r ✉s❛♥❞♦ ❛ ❞✐st♦rçã♦ ♠❡❧✲❝❡♣str❛❧ ✭dC(v, c)✮ ❝♦♠♦

❜❛s❡✳ ❖ ❡①♣❡r✐♠❡♥t♦ t❛♠❜é♠ ✉t✐❧✐③♦✉ ♦ ❝♦r♣✉s ❡s♣❛♥❤♦❧ ✬❊❙❴✼✺✬ ❝♦♠♦ r❡❢❡rê♥❝✐❛✱ ❛ss✐♠ ❝♦♠♦ ❛s

s❡❣✉✐♥t❡s ❢♦r♠✉❧❛çõ❡s ❛❧t❡r♥❛t✐✈❛s ❧✐st❛❞❛s✿

F1 ✕ ◆♦r♠❛❧✐③❛çã♦ ▲✐♥❡❛r✿ w(v, c) = N(v, c)✳

F2 ✕ ◆♦r♠❛❧✐③❛çã♦ ◗✉❛❞rát✐❝❛✿ w(v, c) = N(v, c)2✳

F3 ✕ ◆♦r♠❛❧✐③❛çã♦ ❈ú❜✐❝❛✿ w(v, c) = N(v, c)3✳

F4 ✕ ◆♦r♠❛❧✐③❛çã♦ ◗✉árt✐❝❛✿ w(v, c) = N(v, c)4✳

FR ✕ ◆♦r♠❛❧✐③❛çã♦ ❘❛✐③ ◗✉❛❞rát✐❝❛✿ w(v, c) =
√

N(v, c)✳

Fe ✕ ◆♦r♠❛❧✐③❛çã♦ ❊①♣♦♥❡♥❝✐❛❧✿ w(v, c) = eN(v,c)✳

♦♥❞❡

N(v, c) =

(

1−
dC(v, c)−min∀k{dC(v, Ck)}

max∀k{dC(v, Ck)} −min∀k{dC(v, Ck)}

)

.

❖ ❛r❝❛❜♦✉ç♦ ❡①♣❡r✐♠❡♥t❛❧ ❜ás✐❝♦ ❞❡st❛ s❡çã♦ ❝♦♥s✐st❡ ❡♠ r❡❛❧✐③❛r ❜✉s❝❛s ♣♦r ❝❧❛ss❡s ci, i ∈ [Mc]

♥♦ ❝♦r♣✉s ♦r✐❣❡♠ ❝♦♠ ♠❛✐♦r❡s ❣r❛✉s ❞❡ ♣❡rt✐♥ê♥❝✐❛ w(vk, ci), ♣❛r❛ t♦❞♦s ♦s ✈❡t♦r❡s vk = Ψ.kA ❞♦

s✐♥❛❧ ❞❡ ❡♥tr❛❞❛✳ ❆ ♣❛rt✐r ❞❛s ❝❧❛ss❡s ci✱ ✉♠ ✈❡t♦r ❛rt✐✜❝✐❛❧ v̄k r❡❧❛t✐✈♦ à vk é ❣❡r❛❞♦ ❞❡ t❛❧ ❢♦r♠❛

q✉❡

v̄k =

∑Mc

i=1w(vk, ci) · µci
∑Mc

i=1w(vk, ci)
.
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F1 F2 F3 F4 FR Fe

✶ ✸✸✳✶✹✼✵ ✸✸✳✶✹✼✵ ✸✸✳✶✹✼✵ ✸✸✳✶✹✼✵ ✸✸✳✶✹✼✵ ✸✸✳✶✹✼✵
✷ ✸✷✳✷✾✽✻ ✸✷✳✷✼✻✹ ✸✷✳✷✺✻✵ ✸✷✳✷✸✻✻ ✸✷✳✸✵✾✼ ✸✷✳✷✾✾✺
✸ ✸✶✳✾✶✻✺ ✸✶✳✽✼✺✸ ✸✶✳✽✸✻✾ ✸✶✳✼✾✾✹ ✸✶✳✾✸✼✻ ✸✶✳✾✶✽✸
✹ ✸✶✳✼✽✼✸ ✸✶✳✼✸✸✶ ✸✶✳✻✽✵✼ ✸✶✳✻✸✵✷ ✸✶✳✽✶✹✹ ✸✶✳✼✽✾✶
✺ ✸✶✳✼✸✼✺ ✸✶✳✻✼✻✺ ✸✶✳✻✶✻✹ ✸✶✳✺✺✼✶ ✸✶✳✼✻✽✵ ✸✶✳✼✹✶✶
✻ ✸✶✳✻✸✷✺ ✸✶✳✺✻✽✹ ✸✶✳✺✵✹✷ ✸✶✳✹✹✵✾ ✸✶✳✻✻✺✺ ✸✶✳✻✸✻✶
✼ ✸✶✳✺✾✵✺ ✸✶✳✺✷✸✷ ✸✶✳✹✺✺✾ ✸✶✳✸✽✼✼ ✸✶✳✻✷✹✷ ✸✶✳✺✾✹✶
✽ ✸✶✳✺✻✼✻ ✸✶✳✹✾✷✶ ✸✶✳✹✶✻✻ ✸✶✳✸✹✵✷ ✸✶✳✻✵✹✹ ✸✶✳✺✼✷✵
✾ ✸✶✳✺✹✻✷ ✸✶✳✹✻✻✵ ✸✶✳✸✽✺✽ ✸✶✳✸✵✸✾ ✸✶✳✺✽✺✹ ✸✶✳✺✺✶✹
✶✵ ✸✶✳✺✷✻✼ ✸✶✳✹✹✷✻ ✸✶✳✸✺✻✾ ✸✶✳✷✼✵✷ ✸✶✳✺✻✼✹ ✸✶✳✺✸✶✾
✶✶ ✸✶✳✺✶✻✶ ✸✶✳✹✷✽✷ ✸✶✳✸✸✽✻ ✸✶✳✷✹✼✸ ✸✶✳✺✺✾✶ ✸✶✳✺✷✷✶
✶✷ ✸✶✳✺✵✵✷ ✸✶✳✹✶✶✵ ✸✶✳✸✶✾✸ ✸✶✳✷✷✺✽ ✸✶✳✺✹✹✽ ✸✶✳✺✵✼✶
✶✸ ✸✶✳✺✵✻✶ ✸✶✳✹✶✷✷ ✸✶✳✸✶✻✺ ✸✶✳✷✶✾✷ ✸✶✳✺✺✶✸ ✸✶✳✺✶✷✾
✶✹ ✸✶✳✺✶✽✽ ✸✶✳✹✷✷✻ ✸✶✳✸✷✹✵ ✸✶✳✷✷✷✼ ✸✶✳✺✻✻✹ ✸✶✳✺✷✻✹
✶✺ ✸✶✳✺✶✹✺ ✸✶✳✹✶✸✽ ✸✶✳✸✵✾✼ ✸✶✳✷✵✸✾ ✸✶✳✺✻✹✹ ✸✶✳✺✷✸✵
✶✻ ✸✶✳✺✷✶✹ ✸✶✳✹✶✼✻ ✸✶✳✸✶✵✺ ✸✶✳✷✵✶✼ ✸✶✳✺✼✷✵ ✸✶✳✺✷✾✽
✶✼ ✸✶✳✺✹✺✺ ✸✶✳✹✸✽✵ ✸✶✳✸✷✼✾ ✸✶✳✷✶✸✺ ✸✶✳✺✾✽✺ ✸✶✳✺✺✹✽
✶✽ ✸✶✳✺✼✶✹ ✸✶✳✹✺✾✶ ✸✶✳✸✹✷✼ ✸✶✳✷✷✸✽ ✸✶✳✻✷✺✽ ✸✶✳✺✽✶✹
✶✾ ✸✶✳✺✽✶✼ ✸✶✳✹✻✹✾ ✸✶✳✸✹✹✼ ✸✶✳✷✷✶✷ ✸✶✳✻✸✾✸ ✸✶✳✺✾✷✻
✷✵ ✸✶✳✺✾✼✽ ✸✶✳✹✼✻✺ ✸✶✳✸✺✶✽ ✸✶✳✷✷✸✵ ✸✶✳✻✺✼✼ ✸✶✳✻✵✾✺
✷✶ ✸✶✳✻✵✽✾ ✸✶✳✹✽✸✽ ✸✶✳✸✺✸✽ ✸✶✳✷✷✶✷ ✸✶✳✻✼✵✷ ✸✶✳✻✷✶✸
✷✷ ✸✶✳✻✸✺✸ ✸✶✳✺✵✺✻ ✸✶✳✸✼✶✽ ✸✶✳✷✸✸✾ ✸✶✳✻✾✾✵ ✸✶✳✻✹✽✻
✷✸ ✸✶✳✻✻✹✾ ✸✶✳✺✸✶✹ ✸✶✳✸✾✸✼ ✸✶✳✷✺✶✾ ✸✶✳✼✸✵✵ ✸✶✳✻✼✽✶
✷✹ ✸✶✳✻✾✹✹ ✸✶✳✺✺✼✽ ✸✶✳✹✶✻✹ ✸✶✳✷✼✵✽ ✸✶✳✼✻✶✵ ✸✶✳✼✵✽✸
✷✺ ✸✶✳✼✶✽✺ ✸✶✳✺✼✽✶ ✸✶✳✹✸✸✼ ✸✶✳✷✽✺✶ ✸✶✳✼✽✻✻ ✸✶✳✼✸✷✹
✷✻ ✸✶✳✼✹✼✾ ✸✶✳✻✵✸✵ ✸✶✳✹✺✸✷ ✸✶✳✷✾✾✸ ✸✶✳✽✶✾✶ ✸✶✳✼✻✸✹
✷✼ ✸✶✳✼✻✻✾ ✸✶✳✻✶✼✹ ✸✶✳✹✻✸✶ ✸✶✳✸✵✺✻ ✸✶✳✽✸✾✺ ✸✶✳✼✽✸✷
✷✽ ✸✶✳✼✾✼✾ ✸✶✳✻✹✹✻ ✸✶✳✹✽✺✼ ✸✶✳✸✷✸✺ ✸✶✳✽✼✷✽ ✸✶✳✽✶✺✵
✷✾ ✸✶✳✽✸✺✾ ✸✶✳✻✼✼✸ ✸✶✳✺✶✸✽ ✸✶✳✸✹✻✷ ✸✶✳✾✶✹✵ ✸✶✳✽✺✸✽
✸✵ ✸✶✳✽✻✶✹ ✸✶✳✻✾✽✷ ✸✶✳✺✸✵✷ ✸✶✳✸✺✽✶ ✸✶✳✾✹✶✵ ✸✶✳✽✽✵✶
✸✶ ✸✶✳✽✾✼✷ ✸✶✳✼✷✽✼ ✸✶✳✺✺✺✸ ✸✶✳✸✼✼✾ ✸✶✳✾✼✾✵ ✸✶✳✾✶✻✻
✸✷ ✸✶✳✾✷✼✵ ✸✶✳✼✺✸✾ ✸✶✳✺✼✻✵ ✸✶✳✸✾✹✵ ✸✷✳✵✶✶✾ ✸✶✳✾✹✽✵
✸✸ ✸✶✳✾✺✺✹ ✸✶✳✼✼✼✼ ✸✶✳✺✾✺✷ ✸✶✳✹✵✽✼ ✸✷✳✵✹✷✻ ✸✶✳✾✼✼✷
✸✹ ✸✶✳✾✼✾✼ ✸✶✳✼✾✻✽ ✸✶✳✻✵✾✽ ✸✶✳✹✶✽✵ ✸✷✳✵✻✾✷ ✸✷✳✵✵✷✸
✸✺ ✸✷✳✵✶✵✽ ✸✶✳✽✷✸✸ ✸✶✳✻✸✵✷ ✸✶✳✹✸✸✾ ✸✷✳✶✵✷✺ ✸✷✳✵✸✹✶
✸✻ ✸✷✳✵✸✼✺ ✸✶✳✽✹✹✶ ✸✶✳✻✹✺✽ ✸✶✳✹✹✸✺ ✸✷✳✶✸✷✷ ✸✷✳✵✻✷✹
✸✼ ✸✷✳✵✻✾✽ ✸✶✳✽✼✵✸ ✸✶✳✻✻✺✾ ✸✶✳✹✺✽✹ ✸✷✳✶✻✻✼ ✸✷✳✵✾✺✹
✸✽ ✸✷✳✵✾✻✵ ✸✶✳✽✾✷✵ ✸✶✳✻✽✷✹ ✸✶✳✹✻✾✻ ✸✷✳✶✾✻✵ ✸✷✳✶✷✸✷
✸✾ ✸✷✳✶✷✺✸ ✸✶✳✾✶✺✸ ✸✶✳✼✵✵✺ ✸✶✳✹✽✶✼ ✸✷✳✷✷✽✸ ✸✷✳✶✺✹✶
✹✵ ✸✷✳✶✺✷✻ ✸✶✳✾✸✼✸ ✸✶✳✼✶✼✸ ✸✶✳✹✾✸✸ ✸✷✳✷✺✽✻ ✸✷✳✶✽✷✵
✹✶ ✸✷✳✶✽✺✽ ✸✶✳✾✻✹✺ ✸✶✳✼✸✽✺ ✸✶✳✺✵✽✺ ✸✷✳✷✾✹✽ ✸✷✳✷✶✻✽
✹✷ ✸✷✳✷✶✵✻ ✸✶✳✾✽✹✷ ✸✶✳✼✺✷✷ ✸✶✳✺✶✼✽ ✸✷✳✸✷✷✼ ✸✷✳✷✹✷✹
✹✸ ✸✷✳✷✸✾✹ ✸✷✳✵✵✼✵ ✸✶✳✼✻✾✽ ✸✶✳✺✷✾✺ ✸✷✳✸✺✸✻ ✸✷✳✷✼✶✾
✹✹ ✸✷✳✷✼✶✾ ✸✷✳✵✸✹✷ ✸✶✳✼✾✷✼ ✸✶✳✺✹✼✶ ✸✷✳✸✽✾✶ ✸✷✳✸✵✺✾
✹✺ ✸✷✳✸✵✼✻ ✸✷✳✵✻✹✽ ✸✶✳✽✶✻✹ ✸✶✳✺✻✺✻ ✸✷✳✹✷✼✶ ✸✷✳✸✹✸✷
✹✻ ✸✷✳✸✹✷✽ ✸✷✳✵✾✹✵ ✸✶✳✽✹✵✹ ✸✶✳✺✽✸✼ ✸✷✳✹✻✹✺ ✸✷✳✸✼✾✷
✹✼ ✸✷✳✸✽✷✽ ✸✷✳✶✷✼✷ ✸✶✳✽✻✻✾ ✸✶✳✻✵✸✺ ✸✷✳✺✵✽✷ ✸✷✳✹✷✵✻
✹✽ ✸✷✳✹✶✷✷ ✸✷✳✶✺✶✺ ✸✶✳✽✽✺✸ ✸✶✳✻✶✻✼ ✸✷✳✺✹✵✻ ✸✷✳✹✺✶✻
✹✾ ✸✷✳✹✸✽✷ ✸✷✳✶✼✷✸ ✸✶✳✾✵✶✵ ✸✶✳✻✷✼✸ ✸✷✳✺✻✽✼ ✸✷✳✹✼✽✸
✺✵ ✸✷✳✹✻✼✺ ✸✷✳✶✾✺✼ ✸✶✳✾✷✵✵ ✸✶✳✻✹✵✹ ✸✷✳✻✵✶✵ ✸✷✳✺✵✾✶

▼➱❉■❆ ✸✶✳✽✾✾✸ ✸✶✳✼✺✶✺ ✸✶✳✻✵✵✹ ✸✶✳✹✹✻✻ ✸✶✳✾✼✶✾ ✸✶✳✾✶✻✽

❚❛❜❡❧❛ ❆✳✷✿ ❚❛①❛s ❞❡ ❡rr♦ ❞♦ ♠ó❞✉❧♦ ❞❡ s❡❧❡çã♦ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s Mc ❡ ♦ t✐♣♦ ❞❡
♥♦r♠❛❧✐③❛çã♦✳

❈♦♠♦ r❡s✉❧t❛❞♦ ❞♦ ❡①♣❡r✐♠❡♥t♦✱ ❛ ❚❛❜❡❧❛ ❆✳✷ ❢♦✐ ❝r✐❛❞❛✱ ❡①✐❜✐♥❞♦ ❛s t❛①❛s ❞❡ ❡rr♦ Γ(Mc) ❞♦

♠ó❞✉❧♦ ❞❡ s❡❧❡çã♦✱ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡ ♥♦ ❛r❝❛❜♦✉ç♦ ❡①♣❡r✐♠❡♥t❛❧ ❜ás✐❝♦✳ ❖❜s❡r✈❡

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

❝♦♠ ✈❛♥t❛❣❡♠ t❡r s✐❞♦ ❞❡s♣r❡③í✈❡❧✱ ♦❜t❡✈❡ ♠❡♥♦r t❛①❛ ❞❡ ❡rr♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦✳



❆♣ê♥❞✐❝❡ ❇

❈♦♥❝❡✐t♦s ❇ás✐❝♦s ❈♦♠♣❧❡♠❡♥t❛r❡s

❊st❛ ♣❛rt❡ ❞♦ tr❛❜❛❧❤♦ r❡ú♥❡ ❝♦♥❝❡✐t♦s ❜ás✐❝♦s ❞❡ ♦✉tr❛s ❞✐s❝✐♣❧✐♥❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦ tr❛❜❛❧❤♦✱

♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ❞❡♥tr♦ ❞♦ ❡s❝♦♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✈♦③✳ P♦r ❡①❡♠♣❧♦✱ ❛ ❙❡çã♦ ❇✳✶ ❛❜♦r❞❛

❛❧❣✉♠❛ ♥♦çã♦ ❜ás✐❝❛✱ q✉✐③❛ út✐❧✱ ♣❛r❛ ❛ ❢✉♥❞❛♠❡♥t❛çã♦ ❞♦s ❝♦♥❝❡✐t♦s ♣r✐♠♦r❞✐❛✐s ♣❛r❛ ❛ ❞❡✜♥✐çã♦

❞♦ ♠❛♣❛ ❢♦r♠â♥t✐❝♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✸✳✹✳ ❆ ❙❡çã♦ ❇✳✷ tr❛③ ✉♠❛ ❜r❡✈❡ r❡✈✐sã♦ ❛ r❡s♣❡✐t♦

❞❛ ❚❡♦r✐❛ ❞❡ ●r❛❢♦s✱ ❛♣❧✐❝á✈❡❧ ♥♦ ♠ó❞✉❧♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❢♦♥ét✐❝❛s ❛rt✐✜❝✐❛✐s ✈✐st♦ ♥❛

❙❡çã♦ ✸✳✺✳ ❊st❡ ♠ó❞✉❧♦ ❢❛③ r❡❢❡rê♥❝✐❛ ❛♦ ✉s♦ ❞♦s ♦♣❡r❛❞♦r❡s ♠♦r❢♦❧ó❣✐❝♦s t✐❞♦s ❜ás✐❝♦s ❞❛ ▼♦r❢♦❧♦❣✐❛

▼❛t❡♠át✐❝❛✱ ❛ q✉❛❧ é r❡♣♦rt❛❞❛ ♥❛ ❙❡çã♦ ❇✳✸✳

❇✳✶ ▲✐♥❣✉íst✐❝❛ ❆♣❧✐❝❛❞❛ à ▲♦❝❛❧✐③❛çã♦ ❞♦s ❋♦r♠❛♥t❡s

❋❡r❞✐♥❛♥❞ ❞❡ ❙❛✉ss✉r❡ ❬✾✹❪✱ ♦ ♣❛✐ ❞❛ ❧✐♥❣✉íst✐❝❛✱ ❡st❛❜❡❧❡❝❡✉ ❛❧❣✉♠❛s ❞✐st✐♥çõ❡s ❢✉♥❞❛♠❡♥t❛✐s

❡♥tr❡ ❛ ❢❛❧❛ ❡ ❛ ❧í♥❣✉❛✿ ❧í♥❣✉❛ é ✉♠ s✐st❡♠❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❝♦♠♣❛tí✈❡❧ ❝♦♠ ✉♠ ❝ó❞✐❣♦ ✭❛ ❧✐♥❣✉❛❣❡♠

♥❛t✉r❛❧✮ ❡ ❢❛❧❛ é ❛ ✉t✐❧✐③❛çã♦ ❞❡ss❡ s✐st❡♠❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦✳ ◆♦ ❝ó❞✐❣♦ ❞❛ ❧í♥❣✉❛✱ ❛s ♣❛❧❛✈r❛s sã♦

❝♦♠♣♦st❛s ♣♦r ❝♦♥❝❛t❡♥❛çõ❡s ❞❡ ❢♦♥❡♠❛s✱ ❝♦♠♦ s❡ ❢♦ss❡♠ ✐♠❛❣❡♥s ✐❞❡❛✐s ❞♦s ❞✐✈❡rs♦s s♦♥s✳ ❯♠

❢♦♥❡♠❛ é ❛ ♠❡♥♦r ✉♥✐❞❛❞❡ s♦♥♦r❛ ✭❢♦♥ét✐❝❛✮ ❞❡ ✉♠❛ ❧í♥❣✉❛ q✉❡ ❡st❛❜❡❧❡❝❡ ❝♦♥tr❛st❡ ❞❡ s✐❣♥✐✜❝❛❞♦

♣❛r❛ ❞✐❢❡r❡♥❝✐❛r ♣❛❧❛✈r❛s✳

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

r❛✐s✱ ❝♦♥t❡①t♦s ❞❛s ♣❛❧❛✈r❛s ♦✉ ♠♦♠❡♥t♦s ❡♠ q✉❡ t❛✐s ♣❛❧❛✈r❛s sã♦ ❡♠✐t✐❞❛s✳ ➱ ✐♥t❡r❡ss❛♥t❡ ♣❡r❝❡❜❡r

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

sár✐♦ ❞❡✜♥✐r ❛s ✉♥✐❞❛❞❡s ❢♦♥ét✐❝❛s ❝❛♣❛③❡s ❞❡ ♠♦❞✐✜❝❛r ♦ s✐❣♥✐✜❝❛❞♦s ❞❛s ♣❛❧❛✈r❛s✱ s❡♠ ❞❡s♣r❡③❛r

♦ ❝♦♥t❡ú❞♦ q✉❡ ❞❡✜♥❡ ❛ ✐❞❡♥t✐❞❛❞❡ s♦♥♦r❛ ❞♦ ✐♥❞✐✈í❞✉♦✳ ❚❛✐s ✉♥✐❞❛❞❡s ❢♦♥ét✐❝❛s sã♦ ❞❡ ❣r❛♥❞❡ ✐♠✲

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

s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s✳ ➱ ❡✈✐❞❡♥t❡ q✉❡ ♥❛ ❢❛s❡ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❡st❛s ✉♥✐❞❛❞❡s ❢♦♥ét✐❝❛s ❞❡✈❡♠

s❡r ❝♦♥s❡r✈❛❞❛s ❛♦ ❧♦♥❣♦ ❞❛ ❝♦♥✈❡rsã♦✳

❙❛❜❡✲s❡ q✉❡ ❛ ❡s❝r✐t❛ ❞❛ ♣r♦♥ú♥❝✐❛ r❡❛❧ ❞♦s s♦♥s ♣♦❞❡ s❡r ❢❡✐t❛ ♣♦r ♠❡✐♦ ❞❡ ✉♠ ❛❧❢❛❜❡t♦ ❡s♣❡❝✐❛❧✱

♦ ❛❧❢❛❜❡t♦ ❢♦♥ét✐❝♦✱ ✉♠❛ ✈❡③ q✉❡ ♥ã♦ ❡①✐st❡ ✉♠ ❛❧❢❛❜❡t♦ ❝♦♠✉♠ ❝❛♣❛③ ❞❡ r❡♣r♦❞✉③✐r ❝♦♠ ♣r❡❝✐sã♦

t♦❞♦s s♦♥s ❞❡ q✉❛❧q✉❡r ❧✐♥❣✉❛❣❡♠✳ P♦r ❡①❡♠♣❧♦✱ ❛ ❧❡tr❛ ❝ ♣♦ss✉✐ ❞✐❢❡r❡♥t❡s s♦♥♦r✐❞❛❞❡s ❡♠ ❝❛s♦ ❡

❝❡❞♦❀ ❡ss❡s s♦♥s sã♦ r❡♣r♦❞✉③✐❞♦s✱ ♥♦ ❛❧❢❛❜❡t♦ ❢♦♥ét✐❝♦✱ ♣♦r ❬❦❪ ❡ ❬s❪✳ ❆♥❛❧♦❣❛♠❡♥t❡✱ ❛ ❧❡tr❛ ❬③❪ ♣♦❞❡

❝♦rr❡s♣♦♥❞❡r ❛♦s ❢♦♥❡♠❛s s✱ ③✳ ❆ ✜♠ ❞❡ ❡✈✐t❛r ❝♦♥❢✉sõ❡s✱ ♦s ❢♦♥❡♠❛s sã♦ s❡♠♣r❡ tr❛♥s❝r✐t♦s ❡♥tr❡

❜❛rr❛s ♦❜❧íq✉❛s ✭✴✯✴✮✱ ❡♥q✉❛♥t♦ q✉❡ ♦s sí♠❜♦❧♦s ❢♦♥ét✐❝♦s sã♦ ❞❡♥♦t❛❞♦s ❡♥tr❡ ❝♦❧❝❤❡t❡s ✭❬✯❪✮✳

❖s ❢♦♥❡♠❛s sã♦ ❝❧❛ss✐✜❝❛❞♦s ❡♠ ✈♦❣❛✐s✱ s❡♠✐✈♦❣❛✐s ❡ ❝♦♥s♦❛♥t❡s✳ ❯♠❛ ✈♦❣❛❧ é ✉♠ t✐♣♦

❞❡ ❢♦♥❡♠❛ ♣r♦❞✉③✐❞♦ ♣❡❧❛ ❡①❝✐t❛çã♦ ❞❛s ❝♦r❞❛s ✈♦❝❛✐s✱ ❛ q✉❛❧ ♥ã♦ ❡♥❝♦♥tr❛ ♥❡♥❤✉♠ ♦❜stá❝✉❧♦ ❛♦

✶✼✼
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❛tr❛✈❡ss❛r ♦ ❛♣❛r❡❧❤♦ ❢♦♥❛❞♦r✳ ❆ ♠❛✐s ✐♠♣♦rt❛♥t❡ ❝❧❛ss✐✜❝❛çã♦ ✈♦❝á❧✐❝❛ é ❢❡✐t❛ q✉❛♥t♦ ❛♦ ♠♦❞♦ ❞❡

❛rt✐❝✉❧❛çã♦✳ ❊①✐st❡♠ ❜❛s✐❝❛♠❡♥t❡ ❛s ✈♦❣❛✐s ♦r❛✐s✱ ♣r♦♥✉♥❝✐❛❞❛s ❝♦♠♣❧❡t❛♠❡♥t❡ ❛tr❛✈és ❞❛ ❝❛✈✐❞❛❞❡

♦r❛❧ ✭❜♦❝❛✮✱ ❡ ❛s ✈♦❣❛✐s ♥❛s❛✐s✱ q✉❡ ♣❡r♠✐t❡♠ q✉❡ ✉♠❛ ♣❛rt❡ ❞♦ ❛r ✉s❛❞❛ ♥❛ ♣r♦♥ú♥❝✐❛ ❡s❝❛♣❡ ♣❡❧❛

❝❛✈✐❞❛❞❡ ♥❛s❛❧✳

❖ P♦rt✉❣✉ês ✉t✐❧✐③❛ ❜❛s✐❝❛♠❡♥t❡ ✸✸ ❢♦♥❡♠❛s✱ s❡♥❞♦ ✶✷ ✈♦❣❛✐s✱ ✷ s❡♠✐✈♦❣❛✐s ❡ ✶✾ ❝♦♥s♦❛♥t❡s✳

❉❡st❛s ✶✷ ✈♦❣❛✐s✱ s❡t❡ sã♦ ♦r❛✐s✿ ❬❛❪✱ ❬ê❪✱ ❬é❪✱ ❬✐❪✱ ❬ô❪✱ ❬ó❪ ❡ ❬✉❪❀ ❡ ❝✐♥❝♦ sã♦ ♥❛s❛✐s✿ ❬ã❪✱ ❬❡♠❪✱ ❬✐♠❪✱ ❬õ❪ ❡

❬✉♠❪ ❆s s❡♠✐✈♦❣❛✐s sã♦ ❢♦♥❡♠❛s q✉❡ ♥ã♦ ♦❝✉♣❛♠ ❛ ♣♦s✐çã♦ tô♥✐❝❛ ❞❛ sí❧❛❜❛✱ s❡♥❞♦ ❛ss♦❝✐❛❞❛s ❛ ✉♠❛

✈♦❣❛❧ ♣❛r❛ ❢♦r♠❛r❡♠ ✉♠❛ sí❧❛❜❛✿ ❬■❪✱ ❬✇❪✳ ❆s ❝♦♥s♦❛♥t❡s ♣♦r ♦✉tr♦ ❧❛❞♦✱ sã♦ ❢♦♥❡♠❛s ♣r♦❞✉③✐❞♦s

♣❡❧❛ ❝♦rr❡♥t❡ ❞❡ ❛r ❛♦ ✉❧tr❛♣❛ss❛r ✉♠ ♦❜stá❝✉❧♦ ❞♦ ❛♣❛r❡❧❤♦ ❢♦♥❛❞♦r✳ ❊st❡s ♦❜stá❝✉❧♦s ✐♥❝❧✉❡♠ ♦s

❞❡♥t❡s✱ ❛ ❧í♥❣✉❛✱ ❧á❜✐♦s ❡ ♦ ♣❛❧❛t♦✱ ❡♥tr❡ ♦✉tr♦s✳ P♦❞❡♠♦s ❝❧❛ss✐✜❝❛r ❛s ❝♦♥s♦❛♥t❡s q✉❛♥t♦ ❛♦ ♣❛♣❡❧

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

❞❛s ✈♦❣❛✐s✱ ❡①✐st❡♠ ❝♦♥s♦❛♥t❡s ♥ã♦✲✈♦③❡❛❞❛s✱ ❝♦♠♦ ❛s ❝♦♥s♦❛♥t❡s ❬❦❪✱ ❬♣❪✱ ❬s❪✱ ❬t❪ ❡ ❬❢❪✱ ❡ ❡①✐st❡♠ ❛s

❝♦♥s♦❛♥t❡s ✈♦③❡❛❞❛s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ❛s ❝♦♥s♦❛♥t❡s ❬❥❪✱ ❬❧❪✱ ❬♠❪✱ ❬♥❪✱ ❬r❪✱ ❬✈❪ ❡ ❬③❪✱ ❡♥tr❡ ♦✉tr❛s✳

❊①✐st❡ ✉♠ ♣❛❞rã♦ ✉♥✐✈❡rs❛❧ ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞❡ ❢♦♥❡♠❛s q✉❡ ❝♦♥st✐t✉✐ ♦ ❆❧❢❛❜❡t♦ ❋♦♥ét✐❝♦

■♥t❡r♥❛❝✐♦♥❛❧ ✭❆❋■✮ ❬✶✷✽❪✱ ❝r✐❛❞♦ ❡♠ ✶✽✽✽ ♣❡❧❛ ❆ss♦❝✐❛çã♦ ❋♦♥ét✐❝❛ ■♥t❡r♥❛❝✐♦♥❛❧✱ q✉❡ ✉t✐❧✐③❛ ❧❡tr❛s

❧❛t✐♥❛s ❡ ❛❧❣✉♠❛s ❧❡tr❛s ❣r❡❣❛s✳ ❊♥tr❡t❛♥t♦✱ ♣❛r❛ ❢❛❝✐❧✐t❛r ♥♦ss❛ ❛ss✐♠✐❧❛çã♦ q✉❛♥t♦ ❛♦s ❢♦♥❡♠❛s✱

❛❞♦t❛r❡♠♦s ♦s ❢♦♥❡♠❛s ❛❞❛♣t❛❞♦s à ❧í♥❣✉❛ ♣♦rt✉❣✉❡s❛✱ ❝♦♥❢♦r♠❡ ♠♦str❛ ❛ ❚❛❜❡❧❛ ❇✳✶✳ ❚❛❧ t❛❜❡❧❛

❢♦✐ ❡①tr❛í❞❛ ❞❡ ❤tt♣✿✴✴♣t✳✇✐❦✐♣❡❞✐❛✳♦r❣✴✇✐❦✐✴P♦rt✉❣✉ês❴❜r❛s✐❧❡✐r♦ ❡ ❡①✐❜❡ ♦s ♣r✐♥❝✐♣❛✐s ❢♦♥❡♠❛s ❞♦

P♦rt✉❣✉ês ❇r❛s✐❧❡✐r♦✳

❇✳✷ ❇❛s❡s ❞❛ ❚❡♦r✐❛ ❞❡ ●r❛❢♦s

❆ ❚❡♦r✐❛ ❞❡ ●r❛❢♦s ❢♦r♥❡❝❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢❡rr❛♠❡♥t❛s t❡ór✐❝❛s q✉❡ ♠♦❞❡❧❛♠ ✉♠ ❣r❛♥❞❡ ❝♦♥✲

❥✉♥t♦ ❞❡ ♣r♦❜❧❡♠❛s ♣rát✐❝♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s✳ ❯♠ ❞♦s ♣r♦❜❧❡♠❛s é ♦ ❡♠♣❛r❡❧❤❛♠❡♥t♦ ❡♥tr❡ ❣r❛❢♦s

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

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

❉❡✜♥❡✲s❡ ✉♠ ❡♠♣❛r❡❧❤❛♠❡♥t♦ ❝♦♠♦ ✉♠ s✉❜❝♦♥❥✉♥t♦ E ⊂ A✱ ♥♦ q✉❛❧ ♣❛r❛ t♦❞♦ ai,j , am,n ∈ E

❝♦♠ ai,j 6= am,n ✈❛❧❡ q✉❡ m 6= i ❡ n 6= j✳ ❯♠ ❡♠♣❛r❡❧❤❛♠❡♥t♦ E é ❞✐t♦ ♠á①✐♠♦ q✉❛♥❞♦ ♥ã♦ ❡①✐st❡

♦✉tr♦ ❡♠♣❛r❡❧❤❛♠❡♥t♦ E∗ t❛❧ q✉❡ |E∗| > |E|✳ ❖ ❝✉st♦ ❞❡ ✉♠ ❡♠♣❛r❡❧❤❛♠❡♥t♦ E é ❞❡✜♥✐❞♦

❝♦♠♦ c(E) =
∑

∀am∈E c(a)✱ ♦♥❞❡ c(a) é ♦ ❝✉st♦ ❞❡ a✳ ❙❡❥❛ E = {E1, E2, . . . , EM} ♦ ❝♦♥❥✉♥t♦ ❞❡

t♦❞♦s ♦s ❡♠♣❛r❡❧❤❛♠❡♥t♦s ♠á①✐♠♦s ❞❡ G✳ ❯♠ ❡♠♣❛r❡❧❤❛♠❡♥t♦ ♠á①✐♠♦ ❞❡ ❝✉st♦ ♠í♥✐♠♦

Em ⊂ E ✱ é ✉♠ ❡♠♣❛r❡❧❤❛♠❡♥t♦ ♥♦ q✉❛❧ c(Em) ≤ c(Ek), ∀Ek ∈ E , k 6= m✳

❖s ❛❧❣♦r✐t♠♦s ❞❡ ❜✉s❝❛ ♣♦r ❡♠♣❛r❡❧❤❛♠❡♥t♦ ♥♦r♠❛❧♠❡♥t❡ ✉t✐❧✐③❛♠ ❝♦♥❝❡✐t♦s ❝♦♠♦ ❝❛♠✐♥❤♦s

❛❧t❡r♥❛♥t❡s ♦✉ ❛✉♠❡♥t❛t✐✈♦s✱ ❡♥tr❡ ♦✉tr♦s✳ ❯♠ ❝❛♠✐♥❤♦ é ✉♠❛ s❡q✉ê♥❝✐❛ {v1, v2, . . . , vk} ❞❡ ✈ért✐❝❡s

❞✐st✐♥t♦s✱ t❛❧ q✉❡ ♣❛r❛ ❝❛❞❛ ♣❛r ❞❡ ✈ért✐❝❡s (vi, vi+1)✱ ❡①✐st❡ ✉♠❛ ❛r❡st❛ ai,i+1 ∈ A✳ ❯♠ ❝❛♠✐♥❤♦

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

E ❞❡ G✳ ◗✉❛♥❞♦ ♦s ❡①tr❡♠♦s ❞❡ ✉♠ ❝❛♠✐♥❤♦ ❛❧t❡r♥❛♥t❡ ♥ã♦ sã♦ ❧✐❣❛❞♦s ❛ ♥❡♥❤✉♠❛ ❛r❡st❛ ❞❡ E✱

❞✐③❡♠♦s q✉❡ t❛❧ ❝❛♠✐♥❤♦ é ✉♠ ❝❛♠✐♥❤♦ ❛✉♠❡♥t❛t✐✈♦✳ ❚❛✐s ✈ért✐❝❡s ❡①tr❡♠♦s sã♦ ❝♦♥❤❡❝✐❞♦s ❝♦♠♦

✈ért✐❝❡s ❧✐✈r❡s✳

❙♦♠❡♥t❡ ❝♦♠ ❡st❛s ✐♥❢♦r♠❛çõ❡s ❥á é ♣♦ssí✈❡❧ ✐♠♣❧❡♠❡♥t❛r ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❡♠♣❛r❡❧❤❛♠❡♥t♦✱

❞❡♥tr❡ ♦s ❝❧áss✐❝♦s q✉❡ ❡①✐st❡♠ ♥❛ ❧✐t❡r❛t✉r❛✳

http://pt.wikipedia.org/wiki/Portugu�s_brasileiro
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❋♦♥❡♠❛ ❈❛r❛❝t❡ríst✐❝❛ ❢♦♥ét✐❝❛ ❊①❡♠♣❧♦s

❱♦❣❛✐s ✴a✴ ❆❜❡rt❛✱ ❢r♦♥t❛❧✱ ♦r❛❧✱ ♥ã♦ ❛rr❡❞♦♥❞❛❞❛ át♦♠♦✱ ❛rt❡
✴5✴ ❆❜❡rt❛✱ ❝❡♥tr❛❧✱ ♦r❛❧✱ ❛rr❡❞♦♥❞❛❞❛ ❝❛♠❛✱ ❝❛♥❥❛
✴ã✴ ❙❡♠✐✲❛❜❡rt❛✱ ❝❡♥tr❛❧✱ ♥❛s❛❧✱ ♥ã♦ ❛rr❡❞♦♥❞❛❞❛ ❛♥t❡s✱ ❛♠♣❧♦✱ ♠❛çã
✴E✴ ❙❡♠✐✲❛❜❡rt❛✱ ❢r♦♥t❛❧✱ ♦r❛❧✱ ♥ã♦ ❛rr❡❞♦♥❞❛❞❛ ♠étr✐❝❛✱ ♣❡ç❛
✴e✴ ❙❡♠✐✲❢❡❝❤❛❞❛✱ ❢r♦♥t❛❧✱ ♦r❛❧✱ ♥ã♦ ❛rr❡❞♦♥❞❛❞❛ ♠❡❞♦✱ ♣êss❡❣♦
✴ẽ✴ ❙❡♠✐✲❢❡❝❤❛❞❛✱ ❢r♦♥t❛❧✱ ♥❛s❛❧✱ ♥ã♦ ❛rr❡❞♦♥❞❛❞❛ s❡♠♣r❡✱ ê♠❜♦❧♦✱ ❝❡♥tr♦
✴O✴ ❙❡♠✐✲❛❜❡rt❛✱ ♣♦st❡r✐♦r✱ ♦r❛❧✱ ❛rr❡❞♦♥❞❛❞❛ ót✐♠❛✱ ♦✈❛
✴o✴ ❙❡♠✐✲❢❡❝❤❛❞❛✱ ♣♦st❡r✐♦r✱ ♦r❛❧✱ ❛rr❡❞♦♥❞❛❞❛ r♦❧❤❛✱ ❛✈ô
✴õ✴ ❙❡♠✐✲❢❡❝❤❛❞❛✱ ♣♦st❡r✐♦r✱ ♥❛s❛❧✱ ❛rr❡❞♦♥❞❛❞❛ ♦♠❜r♦✱ ♦♥t❡♠✱ ❝ô♥s✉❧
✴i✴ ❋❡❝❤❛❞❛✱ ❢r♦♥t❛❧✱ ♦r❛❧✱ ♥ã♦ ❛rr❡❞♦♥❞❛❞❛ ✐t❡♠✱ s✐❧✈í❝♦❧❛
✴̃i✴ ❋❡❝❤❛❞❛✱ ❢r♦♥t❛❧✱ ♥❛s❛❧✱ ♥ã♦ ❛rr❡❞♦♥❞❛❞❛ s✐♠♣❧❡s✱ sí♠❜♦❧♦✱ t✐♥t❛
✴u✴ ❋❡❝❤❛❞❛✱ ♣♦st❡r✐♦r✱ ♦r❛❧✱ ❛rr❡❞♦♥❞❛❞❛ ✉✈❛✱ út❡r♦
✴ũ✴ ❋❡❝❤❛❞❛✱ ♣♦st❡r✐♦r✱ ♥❛s❛❧✱ ❛rr❡❞♦♥❞❛❞❛ ❛❧❣✉♠✱ ♥✉♥❝❛✱ ♠✉✐t♦

❙❡♠✐✈♦❣❛✐s ✴y✴ ❖r❛❧✱ ♣❛❧❛t❛❧✱ s♦♥♦r❛ ✉✐✈♦✱ ♠ã❡✱ ár❡❛
✴w✴ ❖r❛❧✱ ✈❡❧❛r✱ s♦♥♦r❛ ❛✉t♦♠át✐❝♦✱ ♠ó✈❡❧✱ ❢r❡q✉❡♥t❡

❈♦♥s♦❛♥t❡s ✴m✴ ◆❛s❛❧✱ s♦♥♦r❛✱ ❜✐❧❛❜✐❛❧ ♠❛r❝❛
✴n✴ ◆❛s❛❧✱ s♦♥♦r❛✱ ❛❧✈❡♦❧❛r ♥❡r✈♦
✴ñ✴ ◆❛s❛❧✱ s♦♥♦r❛✱ ♣❛❧❛t❛❧ ❛rr❛♥❤❛❞♦
✴b✴ ❖r❛❧✱ ♦❝❧✉s✐✈❛✱ ❜✐❧❛❜✐❛❧✱ s♦♥♦r❛ ❜❛r❝♦
✴p✴ ❖r❛❧✱ ♦❝❧✉s✐✈❛✱ ❜✐❧❛❜✐❛❧✱ s✉r❞❛ ♣❛t♦
✴d✴ ❖r❛❧✱ ♦❝❧✉s✐✈❛✱ ❧✐♥❣✉♦❞❡♥t❛❧✱ s♦♥♦r❛ ❞❛t❛
✴t✴ ❖r❛❧✱ ♦❝❧✉s✐✈❛✱ ❧✐♥❣✉♦❞❡♥t❛❧✱ s✉r❞❛ t❡❧❤❛
✴g✴ ❖r❛❧✱ ♦❝❧✉s✐✈❛✱ ✈❡❧❛r✱ s♦♥♦r❛ ❣❛t♦
✴k✴ ❖r❛❧✱ ♦❝❧✉s✐✈❛✱ ✈❡❧❛r✱ s✉r❞❛ ❝❛rr♦✱ q✉❛♥t♦
✴v✴ ❖r❛❧✱ ❢r✐❝❛t✐✈❛✱ ❧❛❜✐♦❞❡♥t❛❧✱ s♦♥♦r❛ ✈❡♥t♦
✴f✴ ❖r❛❧✱ ❢r✐❝❛t✐✈❛✱ ❧❛❜✐♦❞❡♥t❛❧✱ s✉r❞❛ ❢❛r❡❧♦
✴z✴ ❖r❛❧✱ ❢r✐❝❛t✐✈❛✱ ❛❧✈❡♦❧❛r✱ s♦♥♦r❛ ③❡r♦✱ ❝❛s❛✱ ❡①❛❧❛r
✴s✴ ❖r❛❧✱ ❢r✐❝❛t✐✈❛✱ ❛❧✈❡♦❧❛r✱ s✉r❞❛ s❡t❛✱ ❝❡❜♦❧❛✱ ❡①❝❡ss♦
✴Z✴ ❖r❛❧✱ ❢r✐❝❛t✐✈❛✱ ♣ós✲❛❧✈❡♦❧❛r✱ s♦♥♦r❛ ❣❡❧♦✱ ❥❛rr♦
✴S✴ ❖r❛❧✱ ❢r✐❝❛t✐✈❛✱ ♣ós✲❛❧✈❡♦❧❛r✱ s✉r❞❛ ①❛r♦♣❡✱ ❝❤✉✈❛
✴R✴ ❖r❛❧✱ ✈✐❜r❛♥t❡✱ s♦♥♦r❛✱ ✉✈✉❧❛r r❛t♦✱ ❝❛rr♦ç❛
✴r✴ ❖r❛❧✱ ✈✐❜r❛♥t❡✱ s♦♥♦r❛✱ ❛❧✈❡♦❧❛r ✈❛r✐❛çã♦
✴ń✴ ❖r❛❧✱ ❧❛t❡r❛❧ ❛♣r♦①✐♠❛♥t❡✱ s♦♥♦r❛✱ ♣❛❧❛t❛❧ ❝❛✈❛❧❤❡✐r♦
✴l✴ ❖r❛❧✱ ❧❛t❡r❛❧ ❛♣r♦①✐♠❛♥t❡✱ s♦♥♦r❛✱ ❛❧✈❡♦❧❛r ❧✉③

❚❛❜❡❧❛ ❇✳✶✿ ❋♦♥❡♠❛s ❛❞❛♣t❛❞♦s ❛♦ ❝♦♥t❡①t♦ ❞❛ ❧í♥❣✉❛ ♣♦rt✉❣✉❡s❛✱ ❡s♣❛♥❤♦❧❛ ❡ ✐♥❣❧❡s❛✳

❇✳✸ ❇❛s❡s ❞❛ ▼♦r❢♦❧♦❣✐❛ ▼❛t❡♠át✐❝❛

❆ ▼♦r❢♦❧♦❣✐❛ ▼❛t❡♠át✐❝❛ ✭▼▼✮✱ ❢✉♥❞❛❞❛ ♣♦r ❏✳ ❙❡rr❛ ❡ ●✳ ▼❛t❤❡r♦♥ ✭❬✷✷✸❀ ✷✷✹❪✮ ❡♥tr❡ ♦s ❛♥♦s

❞❡ ✶✾✻✵ ❡ ✶✾✻✾ ❡ ❜❛s❡❛❞❛ ♥❛ t❡♦r✐❛ ❞❡ r❡t✐❝✉❧❛❞♦s ❬✶✻❪✱ é ✉♠❛ ❞✐s❝✐♣❧✐♥❛ ♠✉✐t♦ ♣♦♣✉❧❛r ❡ ✐♠♣♦rt❛♥t❡

♥❛ ár❡❛ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ■♠❛❣❡♥s✱ ❝r✐❛❞❛ ♣❛r❛ ♣r♦❝❡ss❛r ❡str✉t✉r❛s ❣❡♦♠étr✐❝❛s✱ ❝♦♠♦ ♥❡st❡

❝♦♥t❡①t♦ ♣❛r❛ ❡♥❝♦♥tr❛r ❛ ❝♦♠♣♦♥❡♥t❡ ❝♦♥❡①❛ ♠❛✐s à ❡sq✉❡r❞❛ ❞❡ ❝❛❞❛ ♠❛♣❛ ❢♦♥ét✐❝♦✳

▼❛t❡♠❛t✐❝❛♠❡♥t❡✱ ✉♠ r❡t✐❝✉❧❛❞♦ ❝♦♠♣❧❡t♦ (A,≤) é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s A ❝♦♠ N ❡❧❡✲

♠❡♥t♦s✱ ♣❛r❝✐❛❧♠❡♥t❡ ♦r❞❡♥❛❞♦ ♣❡❧❛ r❡❧❛çã♦ ≤✱ ♥♦ q✉❛❧ t♦❞♦s ♦s s✉❜❝♦♥❥✉♥t♦s Ai ⊆ A ♣♦ss✉❡♠ ✉♠

✈❛❧♦r ♠í♥✐♠♦✱ ❜❡♠ ❝♦♠♦ ✉♠ ✈❛❧♦r ♠á①✐♠♦✳ ❯♠ ❝♦♥❥✉♥t♦ A é ❞✐t♦ s❡r ♣❛r❝✐❛❧♠❡♥t❡ ♦r❞❡♥❛❞♦ ❡♠

r❡❧❛çã♦ ❛ ≤ q✉❛♥❞♦ ❛s s❡❣✉✐♥t❡s ♣r♦♣r✐❡❞❛❞❡s sã♦ s❛t✐s❢❡✐t❛s ♣❛r❛ t♦❞♦s a, b, c ∈ A✱ ❝♦♠♦ s❡❣✉❡✿

✶✳ ❘❡✢❡①✐❜✐❧✐❞❛❞❡✿ q✉❛♥❞♦ a ≤ a❀

✷✳ ❆♥t✐✲s✐♠❡tr✐❛✿ s❡ a ≤ b ❡ b ≤ a ❡♥tã♦ a = b❀

✸✳ ❚r❛♥s✐t✐✈✐❞❛❞❡✿ s❡ a ≤ b ❡ b ≤ c ❡♥tã♦ a ≤ b✳

❆ ▼▼ ❢♦r♥❡❝❡ ✉♠ ❝♦♠♣ê♥❞✐♦ ❞❡ ❢❡rr❛♠❡♥t❛s ❝♦♥str✉í❞❛s ❛ ♣❛rt✐r ❞❛ ❝♦♠♣♦s✐çã♦ ❞❡ ♦♣❡r❛çõ❡s

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

sã♦ ♦s ❝❤❛♠❛❞♦s ♦♣❡r❛❞♦r❡s ♠♦r❢♦❧ó❣✐❝♦s✳ ❆❧é♠ ❞♦s ♣r♦♣ós✐t♦s ❞❡ ❡①tr❛çã♦ ❞❡ ❝♦♠♣♦♥❡♥t❡s
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❝♦♥❡①❛s ❛❜♦r❞❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✱ ❛ ▼▼ s❡r✈❡ t❛♠❜é♠ ♣❛r❛ ❞❡❢♦r♠❛r ✭♦✉ ❡♠♣❡♥❛r✮ ♦ ❡s♣❛ç♦

❛❝úst✐❝♦ ♣❛r❛ ♣r♦♣ós✐t♦s ❣❡r❛✐s✱ t❛✐s ❝♦♠♦ tr❛♥s❢♦r♠❛çõ❡s ❡s♣❡❝tr❛✐s✱ tr❛♥s♣♦s✐çã♦ ❡ ✜❧tr❛❣❡♠ ❞❡

♠❛♣❛s ❢♦r♠â♥t✐❝♦s✱ ❡♥tr❡ ♦✉tr❛s✳

❉✐③❡♠♦s q✉❡ ✉♠ ♦♣❡r❛❞♦r ♠♦r❢♦❧ó❣✐❝♦ Π : P(A) → P(A) é ✐♥✈❛r✐❛♥t❡ ♣♦r tr❛♥s❧❛çã♦ ✭✐✳t✳✮

s❡ ♣❛r❛ t♦❞♦ ❝♦♥❥✉♥t♦ S ∈ P(A) ❡ p ∈ Zd é ✈❡r❞❛❞❡ q✉❡

Π(Sx) = Π(S)x,

♦♥❞❡ ❛ ♥♦t❛çã♦ Ωx ❝♦rr❡s♣♦♥❞❡ à tr❛♥s❧❛çã♦ ❞♦ ❝♦♥❥✉♥t♦ Ω ❡♠ r❡❧❛çã♦ ❛ x✱ ♦✉ s❡❥❛✱ Ωx = {p+x | p ∈

Ω}✳

❖✉tr❛ ❝❧❛ss❡ ✐♠♣♦rt❛♥t❡ ❞❡ ♦♣❡r❛❞♦r❡s ♠♦r❢♦❧ó❣✐❝♦s sã♦ ♦s ♦♣❡r❛❞♦r❡s ❧♦❝❛❧♠❡♥t❡ ❞❡✜♥✐❞♦s

✭❧✳❞✳✮ ♣♦r ✉♠❛ ❥❛♥❡❧❛ ❝❡♥tr❛❞❛ ❡♠ ✉♠ ♣♦♥t♦✳ ❯♠ ♦♣❡r❛❞♦r Π(·) é ❧✳❞✳ ❡♠ W ❝❡♥tr❛❞❛ ❡♠ c s❡

x ∈ Π(S)⇐⇒ x ∈ Π(S ∩ Wc) .

❆ ❝❧❛ss❡ ❞♦s ♦♣❡r❛❞♦r❡s ♠♦r❢♦❧ó❣✐❝♦ ❧✳❞✳ ❡ ✐✳t✳✱ ♦s ❝❤❛♠❛❞♦s W✲♦♣❡r❛❞♦r❡s✱ sã♦ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡s

❡♠ ▼▼✱ ✉♠❛ ✈❡③ q✉❡ ♣♦ss✐❜✐❧✐t❛♠ r❡❛❧✐③❛r tr❛♥s❢♦r♠❛çõ❡s ❣❧♦❜❛✐s ❛✈❛❧✐❛♥❞♦✲s❡ r❡❣✐õ❡s ❧♦❝❛✐s ❞❛

❡str✉t✉r❛ ❣❡♦♠étr✐❝❛ ❡♠ q✉❡stã♦✳ ❚❛✐s ♦♣❡r❛❞♦r❡s ✉t✐❧✐③❛♠ ✉♠ t✐♣♦ ❡s♣❡❝✐❛❧ ❞❡ ❡str✉t✉r❛ ♠♦r❢♦❧ó❣✐❝❛

❝♦♥tí♥✉❛ Bo : Zd → Z ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❡❧❡♠❡♥t♦ ❡str✉t✉r❛♥t❡ ✭❊❊✮ ❝❡♥tr❛❞♦ ♥❛ ♦r✐❣❡♠ o ❞♦

❡s♣❛ç♦ Zd✳

❋✐❣✉r❛ ❇✳✶✿ Pr✐♥❝✐♣❛✐s ♦♣❡r❛❞♦r❡s ♠♦r❢♦❧ó❣✐❝♦s✳

❖s W ✲♦♣❡r❛❞♦r❡s ♠♦r❢♦❧ó❣✐❝♦s t✐❞♦s ❝♦♠♦ ❜❛s❡s ❞❛ ♠♦r❢♦❧♦❣✐❛ ♠❛t❡♠át✐❝❛ ❝❧áss✐❝❛ sã♦ ♦s ♦♣❡✲

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

sér✐❡ ❞❡ ♦✉tr♦s ♦♣❡r❛❞♦r❡s✳ ❆ ❡r♦sã♦ ♠♦r❢♦❧ó❣✐❝❛ ε : Zd → Zd ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞✐s❝r❡t♦ A ∈ P(Zd)

♣❡❧♦ ❡❧❡♠❡♥t♦ ❡str✉t✉r❛♥t❡ B ⊆ (Zd)✱ ❞❡♥♦t❛❞❛ ♣♦r εB(A)✱ é ❞❡✜♥✐❞❛ ❝♦♠♦

εB(A) =
⋂

b∈B

A−b = {x ∈ Z | ∀b ∈ B t❛❧ q✉❡ x+ b ∈ A} ✭❇✳✶✮



❇❆❙❊❙ ❉❆ ▼❖❘❋❖▲❖●■❆ ▼❆❚❊▼➪❚■❈❆ ✶✽✶

❖ ♦♣❡r❛❞♦r ❞✉❛❧ ❞❛ ❡r♦sã♦✱ ❛ ❞✐❧❛t❛çã♦ ♠♦r❢♦❧ó❣✐❝❛ δ : Zd → Zd ❞❡ ✉♠ ❝♦♥❥✉♥t♦ A ♣❡❧♦ ❡❧❡♠❡♥t♦

❡str✉t✉r❛♥t❡ B✱ ❞❡♥♦t❛❞❛ ♣♦r δB(A)✱ é ❞❡✜♥✐❞❛ ❝♦♠♦

δB(A) =
⋃

b∈B

Ab = {x ∈ Z | ∃b ∈ B t❛❧ q✉❡ x− b ∈ A} ✭❇✳✷✮

❖✉tr♦s ❞♦✐s ♦♣❡r❛❞♦r❡s ♠✉✐t♦ ✉s❛❞♦s ♥❛ ♠♦r❢♦❧♦❣✐❛ ♠❛t❡♠át✐❝❛ sã♦ ♦s ♦♣❡r❛❞♦r❡s ❞❡ ❛❜❡rt✉r❛

γB(A) = δB(εB(A)) =
⋃

h∈Zd

{Bh | Bh ⊆ A}

❡ ❢❡❝❤❛♠❡♥t♦ ♠♦r❢♦❧ó❣✐❝♦

φB(A) = εB(δB(A)).

❆ ❋✐❣✉r❛ ❇✳✶ ✐❧✉str❛ ✉♠❛ ✐♥t❡r♣r❡t❛çã♦ ❣❡♦♠étr✐❝❛ ❞❡ ❝♦♠♦ ❢✉♥❝✐♦♥❛♠ ♦s ♦♣❡r❛❞♦r❡s ♠♦r❢♦❧ó❣✐❝♦s

❞❡s❝r✐t♦s ❛té ❛q✉✐✳
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❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❬✶❪ ▼✳ ❆❜❡✱ ❙✳ ◆❛❦❛♠✉r❛✱ ❑✳ ❙❤✐❦❛♥♦✱ ❛♥❞ ❍✳ ❑✉✇❛❜❛r❛✳ ❱♦✐❝❡ ❝♦♥✈❡rs✐♦♥ t❤r♦✉❣❤ ✈❡❝t♦r q✉❛♥t✐✲
③❛t✐♦♥✳ ■♥ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ❆❝♦✉st✐❝s✱ ❙♣❡❡❝❤ ❛♥❞ ❙✐❣♥❛❧ Pr♦❝❡ss✐♥❣✱ ■❈❆❙❙P✲✽✽✱
♣❛❣❡s ✻✺✺✕✻✺✽✱ ✶✾✽✽✳ ✼✱ ✶✶✱ ✺✽

❬✷❪ ▼✳ ❆❜❡✱ ❑✳ ❙❤✐❦❛♥♦✱ ❛♥❞ ❍✳ ❑✉✇❛❜❛r❛✳ ❈r♦ss✲❧❛♥❣✉❛❣❡ ✈♦✐❝❡ ❝♦♥✈❡rs✐♦♥✳ ■♥ ■♥t❡r♥❛t✐♦♥❛❧
❈♦♥❢❡r❡♥❝❡ ♦♥ ❆❝♦✉st✐❝s✱ ❙♣❡❡❝❤✱ ❛♥❞ ❙✐❣♥❛❧ Pr♦❝❡ss✐♥❣✱ ■❈❆❙❙P✲✾✵✱ ♣❛❣❡s ✸✹✺✕✸✹✽✱ ✶✾✾✵✳ ✼✱
✶✶✱ ✸✾✱ ✶✷✷

❬✸❪ ❙✳ ❆❤♠❛❞✐✱ ❆✳❙✳ ❙♣❛♥✐❛s✱ ◆✳▼✳P✳ ■♥❝✱ ❛♥❞ ❈✳❆✳ ❙❛♥ ❉✐❡❣♦✳ ❈❡♣str✉♠✲❜❛s❡❞ ♣✐t❝❤ ❞❡t❡❝t✐♦♥
✉s✐♥❣ ❛ ♥❡✇ st❛t✐st✐❝❛❧ ❱✴❯❱ ❝❧❛ss✐✜❝❛t✐♦♥ ❛❧❣♦r✐t❤♠✳ ■❊❊❊ ❚r❛♥s❛❝t✐♦♥s ♦♥ ❙♣❡❡❝❤ ❛♥❞
❆✉❞✐♦ Pr♦❝❡ss✐♥❣✱ ✼✭✸✮✿✸✸✸✕✸✸✽✱ ✶✾✾✾✳ ✹✵

❬✹❪ ▲✳❉✳ ❆❧st❡r✐s ❛♥❞ ❑✳❑✳ P❛❧✐✇❛❧✳ ❊✈❛❧✉❛t✐♦♥ ♦❢ t❤❡ ♠♦❞✐✜❡❞ ❣r♦✉♣ ❞❡❧❛② ❢❡❛t✉r❡ ❢♦r ✐s♦❧❛t❡❞
✇♦r❞ r❡❝♦❣♥✐t✐♦♥✳ ■♥ ■♥t❡r♥❛t✐♦♥❛❧ ❙②♠♣♦s✐✉♠ ♦♥ ❙✐❣♥❛❧ Pr♦❝❡ss✐♥❣ ❛♥❞ ✐ts ❆♣♣❧✐❝❛t✐♦♥s
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