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

❈❡♥tr♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ❡ ■♥❢♦r♠át✐❝❛

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

❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❋❛❧❛ ❈♦♥tí♥✉❛ ♣❛r❛ ♦

P♦rt✉❣✉ês ❇r❛s✐❧❡✐r♦ ❡♠ ❙✐st❡♠❛s ❊♠❜❛r❝❛❞♦s

❉❛♥✐❡❧❧❛ ❉✐❛s ❈❛✈❛❧❝❛♥t❡ ❞❛ ❙✐❧✈❛

❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦ s✉❜♠❡t✐❞❛ à ❈♦♦r❞❡♥❛çã♦

❞♦s ❈✉rs♦s ❞❡ Pós✲●r❛❞✉❛çã♦ ❡♠ ❊♥❣❡♥❤❛r✐❛

❊❧étr✐❝❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛

●r❛♥❞❡✱ ❝♦♠♦ ♣❛rt❡ ❞♦s r❡q✉✐s✐t♦s ♥❡❝❡ssár✐♦s

♣❛r❛ ♦❜t❡♥çã♦ ❞♦ ❣r❛✉ ❞❡ ❉♦✉t♦r ❡♠ ❈✐ê♥❝✐❛s

♥♦ ❞♦♠í♥✐♦ ❞❛ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛✳

➪r❡❛ ❞❡ ❈♦♥❝❡♥tr❛çã♦✿ Pr♦❝❡ss❛♠❡♥t♦ ❞❛ ■♥❢♦r♠❛çã♦

❖r✐❡♥t❛❞♦r✿ ❇❡♥❡❞✐t♦ ●✉✐♠❛rã❡s ❆❣✉✐❛r ◆❡t♦ ✲ ❉r✳✲■♥❣✳

❈❛♠♣✐♥❛ ●r❛♥❞❡✱ ❞❡③❡♠❜r♦ ❞❡ ✷✵✶✶
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❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❋❛❧❛ ❈♦♥tí♥✉❛ ♣❛r❛ ♦
P♦rt✉❣✉ês ❇r❛s✐❧❡✐r♦ ❡♠ ❙✐st❡♠❛s ❊♠❜❛r❝❛❞♦s

❉❛♥✐❡❧❧❛ ❉✐❛s ❈❛✈❛❧❝❛♥t❡ ❞❛ ❙✐❧✈❛

❇❡♥❡❞✐t♦ ●✉✐♠❛rã❡s ❆❣✉✐❛r ◆❡t♦ ✲ ❉r✳✲■♥❣✳

❖r✐❡♥t❛❞♦r

❏♦s❡❛♥❛ ▼❛❝ê❞♦ ❋❡❝❤✐♥❡ ✲ ❉❙❝✳

▼❡♠❜r♦ ❞❛ ❇❛♥❝❛

❊❧♠❛r ❑✉rt ▼❡❧❝❤❡r ✲ ❉r✳✲■♥❣✳

▼❡♠❜r♦ ❞❛ ❇❛♥❝❛

❋r❛♥❝✐s❝♦ ▼❛r❝♦s ❞❡ ❆ss✐s ✲ ❉r✳✲■♥❣✳

▼❡♠❜r♦ ❞❛ ❇❛♥❝❛

❆❜r❛❤❛♠ ❆❧❝❛✐♠ ✕ P❤❉✳

▼❡♠❜r♦ ❞❛ ❇❛♥❝❛

❆❞r✐ã♦ ❉✉❛rt❡ ❉♦r✐❛ ◆❡t♦ ✕ ❉r✳■♥❣✳

▼❡♠❜r♦ ❞❛ ❇❛♥❝❛

❈❛♠♣✐♥❛ ●r❛♥❞❡✱ P❛r❛í❜❛✱ ❇r❛s✐❧

❉❡③❡♠❜r♦✴✷✵✶✶



❆♦s ❞♦✐s ❛♠♦r❡s ❞❛ ♠✐♥❤❛ ✈✐❞❛✱

♠✐♥❤❛ ♠ã❡ ❉✳ ❉❡r✐ ❡ ♠❡✉ ❡s♣♦s♦ ❈és❛r✳



✧❈❤❡❣❛rá ♦ ❞✐❛ ❡♠ q✉❡ ❛s ♠áq✉✐♥❛s ♣❡♥s❛rã♦✱

♠❛s ♥✉♥❝❛ t❡rã♦ s♦♥❤♦s✳✧

❚❤❡♦❞♦r ❍❡✉ss

✧❊✉ ♣❡♥❡✐✱ ♠❛s ❛q✉✐ ❝❤❡❣✉❡✐✳✧

▲✉í③ ●♦♥③❛❣❛



❆❣r❛❞❡❝✐♠❡♥t♦s

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

✐♥❥✉st❛✳ ❊♥tã♦✱ ✈♦✉ t❡♥t❛r ✉s❛r ✉♠❛ ♦r❞❡♠ ♠❛✐s ♦✉ ♠❡♥♦s ❝r♦♥♦❧ó❣✐❝❛✳

Pr✐♠❡✐r❛♠❡♥t❡ ❛ ❉❡✉s✱ ♣❡❧❛ ✈✐❞❛✱ ❢♦rç❛ ❡ ♣♦r ♠❛✐s ❡ss❛ ❣r❛♥❞❡ ❝♦♥q✉✐st❛✳

❆♦s ❞♦✐s ❛♠♦r❡s ❞❛ ♠✐♥❤❛ ✈✐❞❛✱ ❉✳ ❉❡r✐ ❡ ❈és❛r✱ ♣❡❧❛ ❝♦♥st❛♥t❡ ❝♦♥✜❛♥ç❛ ❡ ✐♥❝❡♥t✐✈♦✱

❝❛r✐♥❤♦✱ ♣❛❝✐ê♥❝✐❛ ❡ ❝♦♠♣r❡❡♥sã♦ ♥♦s ♠♦♠❡♥t♦s ♠❛✐s ❞✐❢í❝❡✐s ❞❡ss❛ ❧♦♥❣❛ ❥♦r♥❛❞❛✳

❆♦s ♠❡✉s ♦r✐❡♥t❛❞♦r❡s ❡ ✈❡r❞❛❞❡✐r♦s ♠❡str❡s✱ ❇❡♥❡❞✐t♦ ❡ ❏♦s❡❛♥❛✱ ♣❡❧❛ ♦r✐❡♥t❛çã♦✱ ❝rít✐✲

❝❛s✱ ❝♦♥✜❛♥ç❛✱ ♣r❡st❡③❛ ❡ ✐♥❝❡♥t✐✈♦✱ s❡♠♣r❡ ♥♦ ♠♦♠❡♥t♦ ❡ ♥❛ ❞♦s❡ ❝❡rt❛✳

➚ t♦❞❛ ♠✐♥❤❛ ❢❛♠í❧✐❛✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ♠✐♥❤❛ ❛✈ó ▼❛r✐❛ ❞♦ ❈é✉✱ ♠❡✉ ♣r✐♠♦ ❡ ✐r♠ã♦

▲❡❛♥❞r♦✱ ♠❡✉s s♦❣r♦s ❈é❧✐❛ ❡ ●❡♦r❣❡✱ ♠❡✉s ❝✉♥❤❛❞♦s ❘❡♥❛t❛ ❡ ❋❧á✈✐♦✱ ♠❡✉ s♦❜r✐♥❤♦ ❱ít♦r✱

♣❡❧♦ ✐♥❝❡♥t✐✈♦✱ ❝❛r✐♥❤♦✱ ♣❛❝✐ê♥❝✐❛ ❡ ❝♦♠♣r❡❡♥sã♦ ♥❛s ♠✐♥❤❛s ♠✉✐t❛s ❛✉sê♥❝✐❛s ❢ís✐❝❛s✱ ♠❛s

♥✉♥❝❛ ❡s♣✐r✐t✉❛✐s✳

❆♦s ❛♠✐❣♦s ●❡♦r❣✐♥❛✱ ❆♥❞❡rs♦♥✱ ❙✐❧✈❛♥❛✱ ▲ú❝✐♦✱ ❆♠❛r ❊❧❛✱ ❑❛r✐♥❛ ❡ ▼❛r✐❛ ❞❡ ▲♦✉r❞❡s

♣❡❧♦ ❝♦♠♣❛♥❤❡✐r✐s♠♦✱ ❛♠✐③❛❞❡ ❡ ❛♣♦✐♦✳

❆♦ ♣r♦❢❡ss♦r ❊❧♠❛r✱ ♣❡❧❛s s✉❣❡stõ❡s ❡ ❡s❝❧❛r❡❝✐♠❡♥t♦s ♣r❡st❛❞♦s ❞✉r❛♥t❡ ♦ ❞❡s❡♥✈♦❧✈✐✲

♠❡♥t♦ ❞❡st❡ tr❛❜❛❧❤♦✳

❆ ❆♥❣❡❧❛✱ P❡❞r♦ ❡ ❙✉ê♥✐❛✱ ❞❛ ❈♦♣❡❧❡✱ s❡♠♣r❡ r❡s♦❧✈❡♥❞♦ t♦❞♦s ♦s ♣r♦❜❧❡♠❛s ❜✉r♦❝rát✐❝♦s

q✉❡ s✉r❣✐❛♠✳

◆ã♦ ❢♦✐ ♥❛❞❛ ❢á❝✐❧ ❝❤❡❣❛r ❛té ❛q✉✐✱ ♠❛s ❝❡rt❛♠❡♥t❡ t❡r✐❛ s✐❞♦ ✐♠♣♦ssí✈❡❧ s❡♠ ❛ ❛❥✉❞❛ ❞❡

t♦❞♦s ✈♦❝ês✳

▼✉✐t♦ ♦❜r✐❣❛❞❛✦

✈✐



❘❡s✉♠♦

❈♦♠ ♦ ❛❞✈❡♥t♦ ❞❛ t❡❝♥♦❧♦❣✐❛✱ ❛s ♠áq✉✐♥❛s ♣r❡❞♦♠✐♥❛♠ ❡♠ q✉❛s❡ t♦❞♦s ♦s ❝❡♥ár✐♦s ❞♦

❝♦t✐❞✐❛♥♦ ❞❛s ♣❡ss♦❛s✱ s❡❥❛♠ ❡ss❛s ♠áq✉✐♥❛s ❝♦♠♣✉t❛❞♦r❡s✱ ❡❧❡tr♦❞♦♠ést✐❝♦s✱ ❞✐s♣♦s✐t✐✈♦s

♣♦rtát❡✐s✱ ❡t❝✳ ❈♦♠ ✐ss♦✱ ♥❛❞❛ ♠❡❧❤♦r ❞♦ q✉❡ ❞♦tá✲❧❛s ❝♦♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣❡r❝❡♣çã♦ ❡

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

❡①♣r❡ss❛r s❡✉s ♣❡♥s❛♠❡♥t♦s✳ ❆♣❡s❛r ❞❡ ♠✉✐t❛s ♣❡sq✉✐s❛s ♥❛ ár❡❛ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❉✐❣✐t❛❧

❞❡ ❙✐♥❛✐s ❞❡ ❱♦③ ✭P❉❙❱✮ t❡r❡♠ ♣❡r♠✐t✐❞♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s✐st❡♠❛s ❞❡ ❘❡❝♦♥❤❡❝✐♠❡♥t♦

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

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

t♦♣s ❡ ❡❧❡tr♦❞♦♠ést✐❝♦s✳ P❛r❛ ♣❡r♠✐t✐r ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ s✐st❡♠❛s ❞❡ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡

❋❛❧❛ ♥❡ss❡ ❝♦♥t❡①t♦✱ ❛❧❣✉♥s tr❛❜❛❧❤♦s s❛❝r✐✜❝❛♠ ❛ ❡✜❝✐ê♥❝✐❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦

❡♠ ♥♦♠❡ ❞❛ r❡❞✉çã♦ ❞♦ t❛♠❛♥❤♦ ❢ís✐❝♦ ❡ ❞❡ ❡①✐❣ê♥❝✐❛s ❝♦♠♣✉t❛❝✐♦♥❛✐s✳ ❆ss✐♠✱ ❛ ❜✉s❝❛

♣♦r ♠♦❞❡❧❛❣❡♥s ❛❝úst✐❝❛s ❡ ❧✐♥❣✉íst✐❝❛s ♦t✐♠✐③❛❞❛s✱ ❛ss♦❝✐❛❞❛s ❛♦ ✉s♦ ❞❡ ❜❛s❡s ❞❡ ❞❛❞♦s

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

t❛①❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡ ❡①✐❣ê♥❝✐❛s ❝♦♠♣✉t❛❝✐♦♥❛✐s ✐♠♣♦st❛s ♣♦r s✐st❡♠❛s ❡♠❜❛r❝❛❞♦s✳ ❖

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

r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ♣❛r❛ ♦ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦✱ ✉t✐❧✐③❛♥❞♦ ▼♦❞❡❧♦s ❖❝✉❧t♦s ❞❡

▼❛r❦♦✈✱ ❞❡ ❢♦r♠❛ ❛ ♣♦ss✐❜✐❧✐t❛r s✉❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ ✉♠ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦ ❝♦♠ r❡❝✉rs♦s

❝♦♠♣✉t❛❝✐♦♥❛✐s ❧✐♠✐t❛❞♦s✳ ❆ ✜♠ ❞❡ s❡❧❡❝✐♦♥❛r ❛ ❝♦♥✜❣✉r❛çã♦ q✉❡ ♠❡❧❤♦r ❛t❡♥❞❛ ❡ss❡ ♦❜❥❡✲

t✐✈♦✱ ❢♦r❛♠ r❡❛❧✐③❛❞♦s ❡①♣❡r✐♠❡♥t♦s ❡ ❛♥á❧✐s❡s✱ ❞❡ ♠♦❞♦ ❛ ✐❞❡♥t✐✜❝❛r ♣♦ssí✈❡✐s ❛❞❛♣t❛çõ❡s✱ ❛

♣❛rt✐r ❞❡ s✐♠♣❧✐✜❝❛çõ❡s ♠❛t❡♠át✐❝❛s ❡ r❡❞✉çã♦ ❞❡ ♣❛râ♠❡tr♦s ♥❛s ❡t❛♣❛s ❞♦ ♣r♦❝❡ss♦ ❞❡ r❡✲

❝♦♥❤❡❝✐♠❡♥t♦✳ ❊♠ t♦❞♦ ♦ tr❛❜❛❧❤♦✱ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦

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

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

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

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛✱ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦✱ s✐st❡♠❛s ❡♠❜❛r❝❛✲

❞♦s✱ ▼♦❞❡❧♦s ❖❝✉❧t♦s ❞❡ ▼❛r❦♦✈✳

✈✐✐



❆❜str❛❝t

❲✐t❤ t❤❡ ❛❞✈❡♥t ♦❢ t❡❝❤♥♦❧♦❣②✱ ♠❛❝❤✐♥❡s ♣r❡❞♦♠✐♥❛t❡ ✐♥ ❛❧♠♦st ❛❧❧ s❝❡♥❛r✐♦s ♦❢ ❡✈❡r②❞❛②

❧✐❢❡✳ ❚❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ ♣❡r❢♦r♠✐♥❣ ❤✉♠❛♥✲♠❛❝❤✐♥❡ ❝♦♠♠✉♥✐❝❛t✐♦♥ t❤r♦✉❣❤ s♣❡❡❝❤ ♠❛❦❡s

t❤✐s ✐♥t❡r❛❝t✐♦♥ ❡❛s✐❡r ❛♥❞ ♠♦r❡ ♣r♦❞✉❝t✐✈❡✳ ❍♦✇❡✈❡r✱ ♣r♦❝❡ss✐♥❣ r❡q✉✐r❡♠❡♥ts st✐❧❧ ❞✐✣❝✉❧t

t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ s②st❡♠s ❢♦r ❛✉t♦♠❛t✐❝ ❝♦♥t✐♥✉♦✉s s♣❡❡❝❤ r❡❝♦❣♥✐t✐♦♥ ♦♥ ❞❡✈✐❝❡s ✇✐t❤

❧♦✇ ❝♦♠♣✉t❛t✐♦♥❛❧ ♣♦✇❡r s✉❝❤ ❛s ♠♦❜✐❧❡ ♣❤♦♥❡s✱ ♣❛❧♠t♦♣s ❛♥❞ ❛♣♣❧✐❛♥❝❡s✳ ❚♦ ❛❧❧♦✇ t❤❡ ✐♠✲

♣❧❡♠❡♥t❛t✐♦♥ ♦❢ s♣❡❡❝❤ r❡❝♦❣♥✐t✐♦♥ s②st❡♠s ✐♥ t❤✐s ❝♦♥t❡①t✱ s♦♠❡ ✇♦r❦s s❛❝r✐✜❝❡ ❡✣❝✐❡♥❝② ✐♥

t❤❡ r❡❝♦❣♥✐t✐♦♥ ♣r♦❝❡ss ❢♦r r❡❞✉❝✐♥❣ t❤❡ ❝❤✐♣ ❛r❡❛ ❛♥❞ ❝♦♠♣✉t❛t✐♦♥❛❧ r❡q✉✐r❡♠❡♥ts✳ ❋♦r t❤✐s

♣✉r♣♦s❡✱ ✐t ❜❡❝♦♠❡s ♥❡❝❡ss❛r② t♦ r❡s❡❛r❝❤ ❢♦r ♦♣t✐♠✐③❡❞ ❛❝♦✉st✐❝ ❛♥❞ ❧❛♥❣✉❛❣❡ ♠♦❞❡❧✐♥❣✱

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

❝♦❣♥✐t✐♦♥ r❛t❡s ❛♥❞ ❝♦♠♣✉t❛t✐♦♥❛❧ ❞❡♠❛♥❞s ✐♠♣♦s❡❞ ❜② ❡♠❜❡❞❞❡❞ s②st❡♠s✳ ❚❤❡ ♠❛✐♥ ❣♦❛❧

♦❢ t❤✐s ✇♦r❦ ✐s t♦ ♠♦❞❡❧ t❤❡ ❛r❝❤✐t❡❝t✉r❡ ♦❢ ❛ s②st❡♠ ❢♦r ❝♦♥t✐♥✉♦✉s s♣❡❡❝❤ r❡❝♦❣♥✐t✐♦♥ ❇r❛✲

③✐❧✐❛♥ P♦rt✉❣✉❡s❡✱ ✐♥ ♦r❞❡r t♦ ❡♥❛❜❧❡ ✐ts ✐♠♣❧❡♠❡♥t❛t✐♦♥ ✐♥ ❛♥ ❡♠❜❡❞❞❡❞ s②st❡♠ ✇✐t❤ ❧✐♠✐t❡❞

❝♦♠♣✉t✐♥❣ r❡s♦✉r❝❡s✳ ■♥ ♦r❞❡r t♦ s❡❧❡❝t t❤❡ s❡tt✐♥❣ t❤❛t ❜❡st ♠❡❡ts t❤✐s ❣♦❛❧✱ ❡①♣❡r✐♠❡♥ts

❛♥❞ ❛♥❛❧②s✐s ✇❡r❡ ♣❡r❢♦r♠❡❞✳ ❚❤❡ ♣✉r♣♦s❡ ♦❢ t❤❡s❡ ✇❛s t♦ ✐❞❡♥t✐❢② ♣♦ss✐❜❧❡ ❛❞❛♣t❛t✐♦♥s✱

❢r♦♠ ♠❛t❤❡♠❛t✐❝❛❧ s✐♠♣❧✐✜❝❛t✐♦♥s ❛♥❞ r❡❞✉❝t✐♦♥ ♦❢ ♣❛r❛♠❡t❡rs ✐♥ t❤❡ st❡♣s ♦❢ t❤❡ r❡❝♦❣♥✐✲

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

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

✐ts ♠♦❞❡❧✐♥❣ ♣r♦❝❡ss✱ ✐♥❝❧✉❞✐♥❣ ❡①♣❡r✐♠❡♥ts✱ ❛♥❛❧②s✐s ❛♥❞ t❤❡✐r r❡s✉❧ts ✇✐❧❧ ❜❡ ♣r❡s❡♥t❡❞ ❛♥❞

❞✐s❝✉ss❡❞ t❤r♦✉❣❤♦✉t t❤✐s ❞♦❝✉♠❡♥t✳

❑❡②✇♦r❞s✿ ❈♦♥t✐♥✉♦✉s s♣❡❡❝❤ r❡❝♦❣♥✐t✐♦♥✱ ❜r❛③✐❧✐❛♥ ♣♦rt✉❣✉❡s❡✱ ❡♠❜❡❞❞❡❞ s②st❡♠✱ ❍✐❞❞❡♥

▼❛r❦♦✈ ▼♦❞❡❧s✳
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❙✉♠ár✐♦

▲✐st❛ ❞❡ ❆❜r❡✈✐❛t✉r❛s ①✐✐

▲✐st❛ ❞❡ ❋✐❣✉r❛s ①✐✐✐

▲✐st❛ ❞❡ ❚❛❜❡❧❛s ①✈✐

✶ ■♥tr♦❞✉çã♦ ✶

✶✳✶ ❏✉st✐✜❝❛t✐✈❛ ❡ ❘❡❧❡✈â♥❝✐❛ ❞♦ ❚r❛❜❛❧❤♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

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

✶✳✷✳✶ ❖❜❥❡t✐✈♦ ●❡r❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺

✶✳✷✳✷ ❖❜❥❡t✐✈♦s ❊s♣❡❝í✜❝♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺

✶✳✸ ▼❡t♦❞♦❧♦❣✐❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺

✶✳✹ ❖r❣❛♥✐③❛çã♦ ❞♦ ❉♦❝✉♠❡♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼

✷ ❈❛r❛❝t❡r✐③❛çã♦ ❡ ▼♦❞❡❧❛❣❡♠ ❞♦ ❙✐♥❛❧ ❞❡ ❱♦③ ✽

✷✳✶ ▼♦❞❡❧❛❣❡♠ ❆❝úst✐❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵

✷✳✶✳✶ Pré✲♣r♦❝❡ss❛♠❡♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵

✷✳✶✳✷ ❆♥á❧✐s❡ ♣♦r Pr❡❞✐çã♦ ▲✐♥❡❛r ✭▲✐♥❡❛r Pr❡❞✐❝t✐✈❡ ❈♦❞✐♥❣ ✲ ▲P❈✮ ✳ ✳ ✳ ✳ ✶✹

✷✳✷ ▼♦❞❡❧❛❣❡♠ ▲✐♥❣✉íst✐❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹

✷✳✷✳✶ ▼♦❞❡❧❛❣❡♠ ▲✐♥❣✉íst✐❝❛✿ ◆✲❣r❛♠ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺

✷✳✷✳✷ ➪r✈♦r❡ ❞❡ ❉❡❝✐sã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻

✷✳✷✳✸ ●r❛♠át✐❝❛ ❧✐✈r❡ ❞❡ ❝♦♥t❡①t♦ ❝♦♠♦ ▼♦❞❡❧❛❣❡♠ ▲✐♥❣✉íst✐❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✷✼

✷✳✷✳✹ ▼♦❞❡❧❛❣❡♠ ▲✐♥❣✉íst✐❝❛✿ ▼á①✐♠❛✲❊♥tr♦♣✐❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✽

✷✳✷✳✺ ▼♦❞❡❧❛❣❡♠ ❆❞❛♣t❛t✐✈❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✾
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✼✳✶ ❈♦♥tr✐❜✉✐çõ❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✾

✼✳✷ ❙✉❣❡stõ❡s ♣❛r❛ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸✶

❆ ❇❛s❡ ❞❡ ❉❛❞♦s ✶✸✸

❇ ❱❛❧♦r❡s ❞♦s ❋✐❧tr♦s ❚r✐❛♥❣✉❧❛r❡s ✶✸✽

❈ P✉❜❧✐❝❛çõ❡s ✶✺✶

❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s ✶✻✽



▲✐st❛ ❞❡ ❆❜r❡✈✐❛t✉r❛s

❆P■ ❆♣♣❧✐❝❛t✐♦♥ Pr♦❣r❛♠♠✐♥❣ ■♥t❡r❢❛❝❡

❇P▲ ❇❛♥❞♣❛ss ▲✐❢t❡r✐♥❣ ✭❋✐❧tr❛❣❡♠ ♣❛ss❛✲❢❛✐①❛✮

❈❋● ❈♦♥t❡①t✲❋r❡❡ ●r❛♠♠❛r ✭●r❛♠át✐❝❛ ▲✐✈r❡ ❞❡ ❈♦♥t❡①t♦✮

❈❖❘❉■❈ ❈❖♦r❞✐♥❛t❡ ❘♦t❛t✐♦♥ ❉■❣✐t❛❧ ❈♦♠♣✉t❡r

❉❆❘P❆ ❉❡❢❡♥s❡ ❆❞✈❛♥❝❡❞ ❘❡s❡❛r❝❤ Pr♦❥❡❝ts ❆❣❡♥❝②

❉❚❲ ❉②♥❛♠✐❝ ❚✐♠❡ ❲❛r♣✐♥❣ ✭❆❧✐♥❤❛♠❡♥t♦ ❉✐♥â♠✐❝♦ ♥♦ ❚❡♠♣♦✮

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

❋▼❈ ❋r❡q✉ê♥❝✐❛ ▼❡❧ ❈❡♣str❛❧

❋P●❆ ❋✐❡❧❞✲Pr♦❣r❛♠♠❛❜❧❡ ●❛t❡ ❆rr❛②

●▼▼ ●❛✉ss✐❛♥ ▼✐①t✉r❡ ▼♦❞❡❧

❍❉▲ ❍❛r❞✇❛r❡ ❉❡s❝r✐♣t✐♦♥ ▲❛♥❣✉❛❣❡ ✭▲✐♥❣✉❛❣❡♠ ❞❡ ❉❡s❝r✐çã♦ ❞❡ ❍❛r❞✇❛r❡✮

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

■❉❈❚ ■♥✈❡rs❡ ❉✐s❝r❡t❡ ❈♦s✐♥❡ ❚r❛♥s❢♦r♠ ✭❚r❛♥s❢♦r♠❛❞❛ ❉✐s❝r❡t❛ ■♥✈❡rs❛ ❞♦ ❈♦ss❡♥♦✮

■P ❈♦r❡ ■♥t❡❧❧❡❝t✉❛❧ Pr♦♣❡rt② ❈♦r❡

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

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

◆♦❈ ◆❡t✇♦r❦✲♦♥✲❈❤✐♣

P❇ P♦rt✉❣✉ês ❇r❛s✐❧❡✐r♦

P❉❙❱ Pr♦❝❡ss❛♠❡♥t♦ ❉✐❣✐t❛❧ ❞❡ ❙✐♥❛✐s ❞❡ ❱♦③

P▲P P❡r❝❡♣t✉❛❧ ▲✐♥❡❛r Pr❡❞✐❝t✐♦♥ ✭Pr❡❞✐çã♦ ✏P❡r❝❡♣t✉❛❧✑ ▲✐♥❡❛r✮

❘❆▼ ❘❛♥❞♦♠ ❆❝❝❡ss ▼❡♠♦r② ✭▼❡♠ór✐❛ ❞❡ ❆❝❡ss♦ ❆❧❡❛tór✐♦✮

❘❖▼ ❘❡❛❞ ❖♥❧② ▼❡♠♦r② ✭▼❡♠ór✐❛ ❆♣❡♥❛s ❞❡ ▲❡✐t✉r❛✮

❘❚▲ ❘❡❣✐st❡r ❚r❛♥s❢❡r ▲❡✈❡❧

❘❚❖❙ ❘❡❛❧ ❚✐♠❡ ❖♣❡r❛t✐♥❣ ❙②st❡♠ ✭❙✐st❡♠❛ ❖♣❡r❛❝✐♦♥❛❧ ❡♠ ❚❡♠♣♦ ❘❡❛❧✮

❙❘❱ ❙✐st❡♠❛s ❞❡ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❱♦③

❙♦❈ ❙②st❡♠ ♦♥ ❈❤✐♣ ✭❙✐st❡♠❛ ❡♠ ✉♠ ❈❤✐♣✮

❱▼❆ ❱✐rt✉❛❧ ▼❡♠♦r② ❆❞❞r❡ss ✲ ❊♥❞❡r❡ç♦ ❞❡ ▼❡♠ór✐❛ ❱✐rt✉❛❧

❲❋❙❚ ❲❡✐❣❤t❡❞ ❋✐♥✐t❡ ❙t❛t❡ ❚r❛♥s❞✉❝❡r

①✐✐



▲✐st❛ ❞❡ ❋✐❣✉r❛s

✶✳✶ ❙✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s ❛♣❧✐❝❛❞♦ ❛♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛

✭❆❞❛♣t❛❞❛ ❞❡ ❬✶❪✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷

✶✳✷ Pr♦❣r❡ss♦ ❞❛ t❡❝♥♦❧♦❣✐❛ ♥❛ ár❡❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✈♦③ ❡♠ t❡r♠♦s ❞❡ t❛✲

♠❛♥❤♦ ❞♦ ✈♦❝❛❜✉❧ár✐♦ ❡ ❢♦r♠❛ ❞❛ ❡❧♦❝✉çã♦ ✭❆❞❛♣t❛❞❛ ❞❡ ❬✷❪✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

✷✳✶ ●❡r❛çã♦ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ ❢❛❧❛ ❜❛s❡❛❞❛ ♥❛ t❡♦r✐❛ ❞❛ ❝♦♠✉♥✐❝❛çã♦ ❬✷❪✳ ✳ ✳ ✳ ✽

✷✳✷ ❉✐❛❣r❛♠❛ ❞❡ ✉♠ s✐st❡♠❛ ❣❡♥ér✐❝♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❜❛s❡❛❞♦ ❡♠ ♠♦✲

❞❡❧♦s ❡st❛tíst✐❝♦s✱ ✐♥❝❧✉✐♥❞♦ ❛s ❡t❛♣❛s ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ ❞❡❝♦❞✐✜❝❛çã♦ ❬✷❪✳ ✳ ✳ ✾

✷✳✸ P❛❧❛✈r❛ ✧❛♣❧❛✉s♦s✧✕ ✭❛✮ ❆♥t❡s ❞❛ Pré✲ê♥❢❛s❡ ❡ ✭❜✮ s❡✉ ❡s♣❡❝tr♦ ✭❝✮ ❛♣ós ❛

Pré✲✃♥❢❛s❡ ❡ ✭❞✮ s❡✉ ❡s♣❡❝tr♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷

✷✳✹ ❏❛♥❡❧❛s ❞❡ ❍❛♠♠✐♥❣✱ ❍❛♥♥✐♥❣ ❡ ❘❡t❛♥❣✉❧❛r ❝♦♠ s✉❛s r❡s♣♦st❛s ❡♠ ❢r❡q✉ê♥❝✐❛

❬✸❪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸

✷✳✺ ❉✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ♣❛r❛ ♦ ♠♦❞❡❧♦ s✐♠♣❧✐✜❝❛❞♦ ❞❡ ♣r♦❞✉çã♦ ❞❡ ✈♦③✳ ✳ ✳ ✳ ✳ ✳ ✶✹

✷✳✻ P❡r❝❡♣çã♦ s✉❜❥❡t✐✈❛ ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❞❡ s♦♥s s♦♥♦r♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵

✷✳✼ ▼❛♣❡❛♠❡♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛s ❡♥tr❡ ❡s❝❛❧❛ ♠❡❧ ❡ ❧✐♥❡❛r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶

✷✳✽ ❇❛♥❞❛ ❈rít✐❝❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶

✷✳✾ ❇❛♥❝♦ ❞❡ ✜❧tr♦s ❞✐❣✐t❛✐s ♥❛ ❡s❝❛❧❛ ♠❡❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✷✳✶✵ Pr♦❝❡ss♦ ❞❡ ♦❜t❡♥çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✷✳✶✶ ❊①❡♠♣❧♦ ❞❡ ✉♠❛ ár✈♦r❡ ❞❡ ❞❡❝✐sã♦❬✹❪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻

✸✳✶ ❊①❡♠♣❧♦ ❞❡ ✉♠ ❍▼▼ ❞❡ ✸ ❡st❛❞♦s✱ ❛ss♦❝✐❛❞♦ à t♦♣♦❧♦❣✐❛ ▼♦♦r❡ ✭❛✮ ❡ ▼❡❛❧②

✭❜✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹

✸✳✷ ❊①❡♠♣❧♦ ❞❡ ✉♠ ❍▼▼ t✐♣♦ ❧❡❢t✲r✐❣❤t ❞❡ ❝✐♥❝♦ ❡st❛❞♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✺

✸✳✸ ■❧✉str❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çõ❡s ♥❡❝❡ssár✐❛s à ❝♦♠♣✉t❛çã♦ ❞❛ ✈❛r✐á✈❡❧

❢♦r✇❛r❞ αt+1(j)✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✸

✸✳✹ ■♠♣❧❡♠❡♥t❛çã♦ ❞❛ ❝♦♠♣✉t❛çã♦ ❞❡ αt(i) ❡♠ t❡r♠♦s ❞❡ ✉♠❛ tr❡❧✐ç❛ ❞❡ ♦❜s❡r✲

✈❛çõ❡s t ❡ ❡st❛❞♦s i✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✸

✸✳✺ ■❧✉str❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çõ❡s ♥❡❝❡ssár✐❛s à ❝♦♠♣✉t❛çã♦ ❞❛ ✈❛r✐á✈❡❧

❜❛❝❦✇❛r❞ βt(i)✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✸✳✻ ❆❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐ ❬✺❪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✼

✹✳✶ ❋❧✉①♦ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❤❛r❞✇❛r❡ ❞❡ ✉♠ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✶
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▲■❙❚❆ ❉❊ ❋■●❯❘❆❙ ①✐✈

✺✳✶ ❊t❛♣❛s ❞❡ ✉♠ s✐st❡♠❛ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ❝♦♠ ❍▼▼ ❝♦♥tí♥✉♦✳ ✻✻
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❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

❈♦♠ ♦ ❛❞✈❡♥t♦ ❞❛ t❡❝♥♦❧♦❣✐❛✱ ❛s ♠áq✉✐♥❛s ♣r❡❞♦♠✐♥❛♠ ❡♠ q✉❛s❡ t♦❞♦s ♦s ❝❡♥ár✐♦s ❞♦

❝♦t✐❞✐❛♥♦ ❞❛s ♣❡ss♦❛s✱ s❡❥❛♠ ❡ss❛s ♠áq✉✐♥❛s ❝♦♠♣✉t❛❞♦r❡s✱ ❡❧❡tr♦❞♦♠ést✐❝♦s✱ ❞✐s♣♦s✐t✐✈♦s

♣♦rtát❡✐s✱ ❡t❝✳ ❈♦♠ ✐ss♦✱ ♥❛❞❛ ♠❡❧❤♦r ❞♦ q✉❡ ❞♦tá✲❧❛s ❝♦♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣❡r❝❡♣çã♦ ❡

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

❡①♣r❡ss❛r s❡✉s ♣❡♥s❛♠❡♥t♦s✳ ❆ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ r❡❛❧✐③❛r ❛ ❝♦♠✉♥✐❝❛çã♦ ❤♦♠❡♠✲♠áq✉✐♥❛✱

❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛ ✈♦③✱ t♦r♥❛ ❡ss❛ ✐♥t❡r❛çã♦ ♠❛✐s ❢á❝✐❧ ❡ ♣r♦❞✉t✐✈❛ ❬✶✱ ✼✱ ✽✱ ✾❪✱ ✉♠❛ ✈❡③ q✉❡

♣❡r♠✐t❡ q✉❡ ❛s ♠ã♦s ❡ ♦s ♦❧❤♦s ❞♦s ✉s✉ár✐♦s ✜q✉❡♠ ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ♦✉tr❛s t❛r❡❢❛s✳

❉✐❛♥t❡ ❞♦ ❝r❡s❝❡♥t❡ ✐♥t❡r❡ss❡ ♣♦r s♦❢t✇❛r❡s ❡ ❡q✉✐♣❛♠❡♥t♦s q✉❡ ✏❝♦♠♣r❡❡♥❞❛♠✑✱ r❡❝♦✲

♥❤❡ç❛♠ ❡ s✐♠✉❧❡♠ ❛ ✈♦③ ❤✉♠❛♥❛✱ ♣❡sq✉✐s❛s tê♠ s✐❞♦ r❡❛❧✐③❛❞❛s ♥❛ ár❡❛ ❞❡ Pr♦❝❡ss❛♠❡♥t♦

❉✐❣✐t❛❧ ❞❡ ❙✐♥❛✐s ❞❡ ❱♦③ ✭P❉❙❱✮✱ ❜✉s❝❛♥❞♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ té❝♥✐❝❛s q✉❡ ♣♦ss✐❜✐❧✐t❡♠

❛ ❝♦♥str✉çã♦ ❞❡ ♣❛❞rõ❡s q✉❡ ♣❡r♠✐t❛♠ ♠♦❞❡❧❛r✱ ❞❡ ❢♦r♠❛ ❡✜❝✐❡♥t❡✱ ❛ ❢❛❧❛✱ ❛s ❝❛r❛❝t❡ríst✐❝❛s

✈♦❝❛✐s ú♥✐❝❛s ❞❡ ❝❛❞❛ ❧♦❝✉t♦r✱ ❜❡♠ ❝♦♠♦ ❛ ♣r♦❞✉çã♦ ❞❛ ✈♦③ s✐♥t❡t✐③❛❞❛ ❬✶✵✱ ✶✶❪✳

❙✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✈♦③ ✭❙❘❱✮ tê♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❞❡t❡r♠✐♥❛r q✉❛❧ ❛ ♣❛❧❛✈r❛✱

❛ ❢r❛s❡ ♦✉ ❛ s❡♥t❡♥ç❛ q✉❡ ❢♦✐ ♣r♦♥✉♥❝✐❛❞❛✱ ❡ ♣♦❞❡♠ s❡r s✉❜❞✐✈✐❞✐❞♦s ❡♠ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡

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

❧♦❝✉t♦r❡s ❬✶✱ ✷✱ ✶✷❪✳ ❊ss❡ t✐♣♦ ❞❡ s✐st❡♠❛ r❡❛❧✐③❛ ✉♠❛ t❛r❡❢❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s✱

♥❡ss❡ ❝❛s♦ ♣❛❞rõ❡s ❞❡ ❢❛❧❛ ❡ s❡♠♣r❡ ✐♥❝❧✉✐ ❞✉❛s ❢❛s❡s ❬✺❪✿ tr❡✐♥❛♠❡♥t♦ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦

✭❋✐❣✉r❛ ✶✳✶✮✳ ❈♦♠ ❜❛s❡ ♥♦s ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ✭♣❛❧❛✈r❛s ♦✉ ❢r❛s❡s✮✱ sã♦ ❣❡r❛❞♦s ♦s ♠♦❞❡❧♦s

❞❡ r❡❢❡rê♥❝✐❛ ✭♠♦❞❡❧♦ ❛❝úst✐❝♦✮✱ ❛♦s q✉❛✐s sã♦ ❛tr✐❜✉í❞♦s rót✉❧♦s q✉❡ ✐❞❡♥t✐✜❝❛♠ ❝❛❞❛ ♣❛❞rã♦

✭♣❛❧❛✈r❛ ♦✉ ❢r❛s❡s✮✳ ◆❛ ❢❛s❡ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ ❛ ♣❛rt✐r ❞♦s ❞❛❞♦s ❞❡ t❡st❡ ✭s✐♥❛✐s ❞❡ ✈♦③✮ sã♦

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

♦ tr❡✐♥❛♠❡♥t♦ ❡✱ ✉t✐❧✐③❛♥❞♦✲s❡ ✉♠❛ r❡❣r❛ ❞❡ ❞❡❝✐sã♦✱ é ✐❞❡♥t✐✜❝❛❞♦ ♦ q✉❡ ♠❛✐s s❡ ❛ss❡♠❡❧❤❛

❛♦ ♣❛❞rã♦ ❞❡ ❡♥tr❛❞❛ ❞❡s❝♦♥❤❡❝✐❞♦ ❬✶✱ ✶✸❪✳

❆ ❡t❛♣❛ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ é r❡s♣♦♥sá✈❡❧ ♣♦r ❡①tr❛✐r ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ♦s ❞❛❞♦s r❡❧❡✈❛♥✲

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

✐♥t❡r❡ss❡ ♣❛r❛ ❛ ❡t❛♣❛ s❡❣✉✐♥t❡✳ ❊ss❡ ♣r♦❝❡ss♦ ♣♦❞❡ ✐♥❝❧✉✐r ❞✐✈❡rs❛s ♦♣❡r❛çõ❡s✱ ❞❡♥tr❡ ❡❧❛s✿

❛q✉✐s✐çã♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ♣ré✲ê♥❢❛s❡✱ ❞❡t❡❝çã♦ ❞❡ ✐♥í❝✐♦ ❡ ✜♠✱ tr❛t❛♠❡♥t♦ ❞❡ r✉í❞♦✱ s❡♣❛r❛çã♦

❡♠ ❢r❛♠❡s ❡ ❥❛♥❡❧❛♠❡♥t♦ ❬✶✱ ✶✹✱ ✶✺❪✳

✶



✶✳✵ ✷

❋✐❣✉r❛ ✶✳✶✿ ❙✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s ❛♣❧✐❝❛❞♦ ❛♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ✭❆❞❛♣t❛❞❛
❞❡ ❬✶❪✮✳

❆ ❡t❛♣❛ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s é ❞❡ ❡①tr❡♠❛ ✐♠♣♦rtâ♥❝✐❛ ❡♠ s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡✲

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

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

❡ss❡♥❝✐❛❧ ♣❛r❛ q✉❡ s❡ ♦❜t❡♥❤❛ ❜♦♥s r❡s✉❧t❛❞♦s q✉❛♥t♦ ❛♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞♦s ♣❛❞rõ❡s✳

❉✉r❛♥t❡ ❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ❝♦♠ ❜❛s❡ ♥❛s ❝❛r❛❝t❡ríst✐❝❛s ❡①tr❛í❞❛s✱ sã♦ ❣❡r❛❞♦s ♣❛✲

❞rõ❡s ❞❡ r❡❢❡rê♥❝✐❛✱ ♦s q✉❛✐s s❡rã♦ ❝♦♠♣❛r❛❞♦s ❝♦♠ ♦ ♣❛❞rã♦ ❞❡ t❡st❡ ♥❛ ❢❛s❡ ❞❡ r❡❝♦♥❤❡❝✐✲

♠❡♥t♦✳ ❱❛❧❡ s❛❧✐❡♥t❛r✱ q✉❡ ❛s ❡t❛♣❛s ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❛s

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

❝♦♠♣❛r❛çã♦ ❝♦rr❡t❛ ❡♥tr❡ ♦ ♣❛❞rã♦ t❡st❛❞♦ ❡ ♦✭s✮ ♣❛❞rã♦✭õ❡s✮ ❥á ❝♦♥❤❡❝✐❞♦✭s✮ ♣❡❧♦ s✐st❡♠❛✳

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

s✐❣♥✐✜❝❛t✐✈♦ ♥♦s ú❧t✐♠♦s ✺ ❛ ✶✺ ❛♥♦s✱ ❡♠ ✈✐rt✉❞❡✱ s♦❜r❡t✉❞♦✱ ❞♦s ❛✈❛♥ç♦s t❛♠❜é♠ ♥❛s ár❡❛s

❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛✐s✱ ❛❧❣♦r✐t♠♦s✱ ❛rq✉✐t❡t✉r❛s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❡ ❤❛r❞✇❛r❡ ❬✷❪✳ ❊ss❡s

❛✈❛♥ç♦s ✐♥❝❧✉❡♠✿ ❛❞♦çã♦ ❞♦ ♣❛r❛❞✐❣♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡st❛tíst✐❝♦ ❞❡ ♣❛❞rõ❡s✱ ❛❜♦r❞❛❣❡♠

❞❛t❛✲❞r✐✈❡♥✶ ✭❞✐r❡❝✐♦♥❛❞❛ ♣❡❧♦s ❞❛❞♦s✮ q✉❡ ❢❛③ ✉s♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ s❡♥t❡♥ç❛s r✐❝♦ ♦❜t✐❞♦

❞❡ ✉♠❛ ❣r❛♥❞❡ ♣♦♣✉❧❛çã♦ ❞❡ ❧♦❝✉t♦r❡s✱ ✉s♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ❛❝úst✐❝❛ ❡ ❧✐♥❣✉íst✐❝❛✱ ❛❧é♠ ❞♦

✉s♦ ❞❡ ♣r♦❣r❛♠❛çã♦ ❞✐♥â♠✐❝❛ ❜❛s❡❛❞❛ ❡♠ ♠ét♦❞♦s ❞❡ ❜✉s❝❛ ❬✷✱ ✶✻✱ ✶✼❪✳

❖ ❡st❛❞♦ ❞❛ ❛rt❡ ❞❡ss❛ ár❡❛ ♣♦❞❡ s❡r ❞✐r❡❝✐♦♥❛❞♦ ❞❡ ❞✐❢❡r❡♥t❡s ♠❛♥❡✐r❛s✳ ◆❛ ❋✐❣✉r❛ ✶✳✷

é ✐❧✉str❛❞♦ ♦ ♣r♦❣r❡ss♦ ❞❛ t❡❝♥♦❧♦❣✐❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡ ❡♥t❡♥❞✐♠❡♥t♦ ❞❛ ❢❛❧❛ ♣❛r❛ ❛♣❧✐❝❛✲

çõ❡s ❡♠ ár❡❛s ❣❡♥ér✐❝❛s✱ ✈❛r✐❛♥❞♦ ❞❡ ♣❛❧❛✈r❛s ✐s♦❧❛❞❛s ♦✉ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❝♦♠❛♥❞♦s✱ ❛té

❝♦♥✈❡rs❛çã♦ ♥❛t✉r❛❧ ❡♥tr❡ ❤♦♠❡♠ ❡ ♠áq✉✐♥❛ ❬✷✱ ✾✱ ✶✻✱ ✶✽✱ ✶✾✱ ✷✵❪✳

❆ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❡ss❛s ❛♣❧✐❝❛çõ❡s ❝❛r❛❝t❡r✐③❛✲s❡ ❛♦ ❧♦♥❣♦ ❞❡ ❞✉❛s ❞✐♠❡♥sõ❡s✿ ♦ t❛♠❛♥❤♦

❞♦ ✈♦❝❛❜✉❧ár✐♦ ❡ ❛ ❢♦r♠❛ ❞❛ ❡❧♦❝✉çã♦✳ ◗✉❛♥t♦ ♠❛✐♦r ♦ ✈♦❝❛❜✉❧ár✐♦✱ ♠❛✐♦r ❛ ❞✐✜❝✉❧❞❛❞❡

❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳ ❆ss✐♠ ❝♦♠♦✱ ✉♠❛ ❝♦♥✈❡rs❛çã♦ ❡s♣♦♥tâ♥❡❛✱ ✐♥❝❧✉✐♥❞♦ ❡①♣r❡ssõ❡s ❝♦♠♦

✏❤✉♠✳✳✳✑✱ ✏❛❤✦✑✱ ❛❧é♠ ❞❡ ♣❛❧❛✈r❛s ♣❛r❝✐❛✐s ❡✴♦✉ ❝♦♥❝❛t❡♥❛❞❛s✱ sã♦ ❜❡♠ ♠❛✐s ❞✐❢í❝❡✐s ❞❡ r❡✲

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

✶❉❛t❛✲❞r✐✈❡♥ ✲ ✐♥t❡r♣r❡t❛çõ❡s ✈ã♦ s❡♥❞♦ r❡❛❧✐③❛❞❛s à ♠❡❞✐❞❛ q✉❡ ♦s ❞❛❞♦s sã♦ ❛♥❛❧✐s❛❞♦s✳



✶✳✶ ❏❯❙❚■❋■❈❆❚■❱❆ ❊ ❘❊▲❊❱➶◆❈■❆ ❉❖ ❚❘❆❇❆▲❍❖ ✸

❋✐❣✉r❛ ✶✳✷✿ Pr♦❣r❡ss♦ ❞❛ t❡❝♥♦❧♦❣✐❛ ♥❛ ár❡❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✈♦③ ❡♠ t❡r♠♦s ❞❡ t❛♠❛♥❤♦ ❞♦
✈♦❝❛❜✉❧ár✐♦ ❡ ❢♦r♠❛ ❞❛ ❡❧♦❝✉çã♦ ✭❆❞❛♣t❛❞❛ ❞❡ ❬✷❪✮✳

❬✷✵❪✳

✶✳✶ ❏✉st✐✜❝❛t✐✈❛ ❡ ❘❡❧❡✈â♥❝✐❛ ❞♦ ❚r❛❜❛❧❤♦

❆ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♣❡r♠✐t✐r ❛ ✐♥t❡r❛çã♦ ❤♦♠❡♠✲♠áq✉✐♥❛✱ ❛ ♣❛rt✐r ❞❛ ✈♦③✱ t❡♠ s✐❞♦ ♦❜✲

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

❡❧❡trô♥✐❝♦s ❬✶✵✱ ✶✶✱ ✶✽❪✳ ❆♣❡s❛r ❞❡ ♠✉✐t❛s ♣❡sq✉✐s❛s ♥❛ ár❡❛ ❞❡ P❉❙❱ t❡r❡♠ ♣❡r♠✐t✐❞♦ ♦ ❞❡✲

s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s✐st❡♠❛s ❞❡ ❘❡s♣♦st❛ ❱♦❝❛❧✱ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❋❛❧❛ ❡ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡

■❞❡♥t✐❞❛❞❡ ❱♦❝❛❧ ❜❛st❛♥t❡ ❡✜❝✐❡♥t❡s✱ r❡q✉✐s✐t♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❛✐♥❞❛ ❞✐✜❝✉❧t❛♠ ❛ ✐♠♣❧❡✲

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

♣❛❧♠t♦♣s ❡ ❡❧❡tr♦❞♦♠ést✐❝♦s ❬✶✵✱ ✶✶✱ ✶✽❪✳

P❛r❛ ♣❡r♠✐t✐r ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ s✐st❡♠❛s ❞❡ P❉❙❱ ♥❡ss❡ ❝♦♥t❡①t♦✱ ❛❧❣✉♥s tr❛❜❛❧❤♦s s❛✲

❝r✐✜❝❛♠ ❛ ❡✜❝✐ê♥❝✐❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡♠ ♥♦♠❡ ❞❛ r❡❞✉çã♦ ❞❛ ár❡❛ ❡ ❡①✐❣ê♥❝✐❛s

❝♦♠♣✉t❛❝✐♦♥❛✐s✳

❈♦♥t✉❞♦✱ ❛❧❣✉♠❛s té❝♥✐❝❛s ❞❡ ♣r♦❣r❛♠❛çã♦ ♣❡r♠✐t❡♠ ❛ ❣❡r❛çã♦ ❞❡ ❝ó❞✐❣♦s ♠❛✐s ❡✜❝✐❡♥✲

t❡s ♥♦ q✉❡ s❡ r❡❢❡r❡ à q✉❛♥t✐❞❛❞❡ ❞❡ ♦♣❡r❛çõ❡s ❛ s❡r❡♠ ❡①❡❝✉t❛❞❛s ♣❡❧♦ ♣r♦❝❡ss❛❞♦r ✭♣✳❡①✳✿

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

❜é♠ ♣r♦♣♦r❝✐♦♥❛ ♠❡♥♦r ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❬✷✶✱ ✷✷❪✳ ❙❡♥❞♦ ❛ss✐♠✱ ❛ ♣❛rt✐r ❞❛ ♦t✐♠✐③❛çã♦ ❞❡

❛❧❣♦r✐t♠♦s✱ ✉t✐❧✐③❛çã♦ ❞❡ ❡str✉t✉r❛s ❞❡ ❤❛r❞✇❛r❡ ❡s♣❡❝í✜❝❛s ❡ ✉♠ ♣❛r❛❧❡❧✐s♠♦ ❞❡ ✐♥str✉çõ❡s

❡✜❝✐❡♥t❡✱ é ♣♦ssí✈❡❧ ❛✉♠❡♥t❛r ❛ ✈❡❧♦❝✐❞❛❞❡ ❡ r❡❞✉③✐r ♦s r❡❝✉rs♦s ♥❡❝❡ssár✐♦s✱ s❡♠ ❞✐♠✐♥✉✐r ❛

t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳

❖ ♣r♦❥❡t♦ ❞❡ s✐st❡♠❛s ❡♠❜❛r❝❛❞♦s é ❜❛st❛♥t❡ ❝♦♠♣❧❡①♦✱ ♣♦r ❡♥✈♦❧✈❡r ❝♦♥❝❡✐t♦s ♣♦✉❝♦

❛♥❛❧✐s❛❞♦s ♣❡❧❛ ❝♦♠♣✉t❛çã♦ ❞❡ ♣r♦♣ós✐t♦ ❣❡r❛❧ ❬✶✵✱ ✶✶❪✳ P♦r ❡①❡♠♣❧♦✱ ❛s q✉❡stõ❡s ❞❡ ♠♦❜✐✲

❧✐❞❛❞❡✱ ❧✐♠✐t❡ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❛ ❜❛✐①❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ♠❡♠ór✐❛✱ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡

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

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



✶✳✷ ❏❯❙❚■❋■❈❆❚■❱❆ ❊ ❘❊▲❊❱➶◆❈■❆ ❉❖ ❚❘❆❇❆▲❍❖ ✹

❝❛❞♦s ✉♠❛ ár❡❛ ❞❡ ♣❡sq✉✐s❛ ❜❛st❛♥t❡ ❛❜r❛♥❣❡♥t❡ ❬✷✸✱ ✷✹❪✳ ◆♦✈♦s ♣r♦❞✉t♦s tê♠ ✉♠❛ ✈✐❞❛

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

❝♦♠♣r♦♠❡t❡r s❡r✐❛♠❡♥t❡ ♦s ❣❛♥❤♦s ❡s♣❡r❛❞♦s✳ ❈♦♠ ❛ ❛✉t♦♠❛çã♦ ❞♦ ♣r♦❥❡t♦ ❞❡ ❤❛r❞✇❛r❡

❝❛♠✐♥❤❛♥❞♦ ♥❛ ❞✐r❡çã♦ ❞♦ r❡✉s♦ ❞❡ ♣❧❛t❛❢♦r♠❛s ❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ✐♥t❡❣rá✈❡✐s ✭■P ❈♦r❡s✮

❡♠ ✉♠ ❙♦❈ ✭❙②st❡♠ ♦♥ ❈❤✐♣✮✱ ❛ ❛✉t♦♠❛çã♦ ❞♦ ♣r♦❥❡t♦ ❞❡ s♦❢t✇❛r❡ ❡ s✉❛ ✐♥t❡❣r❛çã♦ ❝♦♠

♦ ♣r♦❥❡t♦ ❞❡ ❤❛r❞✇❛r❡ s❡ t♦r♥❛ ♦ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦ ❛ s❡r ❛❧❝❛♥ç❛❞♦ ♣❛r❛ ❛ ❞✐♠✐♥✉✐çã♦ ❞♦

t❡♠♣♦ t♦t❛❧ ❞❡ ♣r♦❥❡t♦✱ s❡♠ s❛❝r✐❢í❝✐♦ ♥❛ q✉❛❧✐❞❛❞❡ ❞❛ s♦❧✉çã♦ ❬✷✹❪✳ ❚❛♠❜é♠ é ❡ss❡♥❝✐❛❧ ♦

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

❛♣❡♥❛s ♥❛ ❝♦♥✜❣✉r❛çã♦ ❡ ✐♥t❡❣r❛çã♦ ❞❡ss❡s ❝♦♠♣♦♥❡♥t❡s ❬✷✹✱ ✷✺❪✳

❚❡♥❞♦ ❡♠ ✈✐st❛ ♦ ✈✐❣❡♥t❡ ✐♥t❡r❡ss❡ ♣❡❧♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛♣❧✐❝❛çõ❡s ❡♠ P❉❙❱ ♣❛r❛

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

❝❧❛r❛ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ❞❡✜♥✐çã♦ ❡ ✐♠♣❧❛♥t❛çã♦ ❞❡ ❢❡rr❛♠❡♥t❛s ❞❡ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡ q✉❡

♦t✐♠✐③❡♠ ❡ss❛ ♣r♦❞✉çã♦✳ ▼✉✐t♦s tr❛❜❛❧❤♦s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡

♣❛❧❛✈r❛s ✐s♦❧❛❞❛s ♥❡ss❡ ❝♦♥t❡①t♦ ❬✶✵✱ ✶✶✱ ✶✺❪✱ ♦✉ ❛✐♥❞❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ♣❛r❛

✐❞✐♦♠❛s ❞✐❢❡r❡♥t❡s ❞♦ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦ ✭P❇✮ ❬✷✻✱ ✷✼✱ ✷✽✱ ✷✾✱ ✸✵✱ ✸✶✱ ✸✷✱ ✸✸✱ ✸✹✱ ✸✺✱ ✸✻❪✳ ◆♦

❡♥t❛♥t♦✱ ♣♦✉❝♦s tr❛t❛♠ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ♣❛r❛ ❛ ❧í♥❣✉❛ ♣♦rt✉❣✉❡s❛ ❡♠ s✐st❡♠❛s ❡♠❜❛r❝❛❞♦s✳

❯♠ ✐♠♣❛❝t♦ ❞❡ ❣r❛♥❞❡ r❡❧❡✈â♥❝✐❛ ❞❡st❡ tr❛❜❛❧❤♦ ♥♦ â♠❜✐t♦ ❝✐❡♥tí✜❝♦ ❝♦♥s✐st❡ ♥❛ ❛❞❛♣✲

t❛çã♦ ❞❛s té❝♥✐❝❛s ♥❡❝❡ssár✐❛s à r❡❛❧✐③❛çã♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛✱ ♣r♦❥❡t❛❞♦s

♣❛r❛ ❛ ❧í♥❣✉❛ ♣♦rt✉❣✉❡s❛✱ ❡♠ s✐st❡♠❛s ❝♦♠ ❧✐♠✐t❛çõ❡s ❞❡ r❡❝✉rs♦s ❞❡ ❤❛r❞✇❛r❡✱ ✐♥❝❧✉✐♥❞♦

♥ã♦ só ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s♦❢t✇❛r❡✱ ❝♦♠♦ t❛♠❜é♠✱ ❛ ♠♦❞❡❧❛❣❡♠ ♣❛r❛ ❤❛r❞✇❛r❡✳

◆♦ â♠❜✐t♦ t❡❝♥♦❧ó❣✐❝♦ ❡ ❡❝♦♥ô♠✐❝♦✱ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ♥♦✈❛ ❢♦r♠❛ q✉❡ ♣❡r♠✐t❛

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

✉♠ ♥♦✈♦ t✐♣♦ ❞❡ ✐♥t❡r❢❛❝❡ ❤♦♠❡♠✲♠áq✉✐♥❛✱ ♦ q✉❡ é ❞❡ ✐♥t❡r❡ss❡ ♥ã♦ só ❞❛ ❝♦♠✉♥✐❞❛❞❡

❝♦♥s✉♠✐❞♦r❛✱ ❝♦♠♦ t❛♠❜é♠ ❞❛s ❡♠♣r❡s❛s ❢❛❜r✐❝❛♥t❡s ❞❡ t❛✐s ❞✐s♣♦s✐t✐✈♦s✳

❖ ✐♠♣❛❝t♦ s♦❝✐❛❧ s❡ ❞❛rá ❥✉♥t♦✱ ♣♦r ❡①❡♠♣❧♦✱ à ❝♦♠✉♥✐❞❛❞❡ ❞❡ ♣❡ss♦❛s ♣♦rt❛❞♦r❛s ❞❡

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

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

s✐st❡♠❛s ✜①♦s ❡ tr❡✐♥❛❞♦s ♣❛r❛ r❡❝♦♥❤❡❝❡r ❛ ❢❛❧❛ ❞❡ ✉♠ ✉s✉ár✐♦✱ ♣❛r❛ r❡s♣♦♥❞❡r ❛ s✉❛ s♦✲

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

r❡♣❛rt✐çõ❡s ♣ú❜❧✐❝❛s✱ ❤♦s♣✐t❛✐s✱ ♣♦st♦s ♣♦❧✐❝✐❛✐s ❡ ❡♠♣r❡s❛s ♣r❡st❛❞♦r❛s ❞❡ s❡r✈✐ç♦s✳

❆❧é♠ ❞♦s ✐♠♣❛❝t♦s ❡ r❡♣❡r❝✉ssõ❡s ❝✐t❛❞♦s✱ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❡ tr❛❜❛❧❤♦ t♦r♥❛rá

♣♦ssí✈❡❧ ✈✐s❧✉♠❜r❛r ♦✉tr❛s ❛♣❧✐❝❛çõ❡s ❞❛ ❝♦♠✉♥✐❝❛çã♦ ✈♦❝❛❧ ❤♦♠❡♠✲♠áq✉✐♥❛✱ ✈✐st♦ q✉❡ ❛

♠áq✉✐♥❛ ❢❛③ ♣❛rt❡ ❞❛ ✈✐❞❛ ❞♦ ❤♦♠❡♠ ♠♦❞❡r♥♦ ❡✱ ♣♦rt❛♥t♦✱ ❛ ❝✐ê♥❝✐❛ ❞❡✈❡ ❜✉s❝❛r ❝❛❞❛ ✈❡③

♠❛✐s t♦r♥❛r ♠❛✐s ❢á❝✐❧✱ ❛tr❛t✐✈❛ ❡ ❡✜❝✐❡♥t❡ ❛ ✐♥t❡r❛çã♦ ❞♦ ❤♦♠❡♠ ❝♦♠ ❛s ♠áq✉✐♥❛s✳



✶✳✸ ❖❇❏❊❚■❱❖❙ ✺

✶✳✷ ❖❜❥❡t✐✈♦s

✶✳✷✳✶ ❖❜❥❡t✐✈♦ ●❡r❛❧

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

❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ♣❛r❛ ♦ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦✱ ❞❡ ❢♦r♠❛ ❛ ♣♦ss✐❜✐❧✐t❛r s✉❛

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

✶✳✷✳✷ ❖❜❥❡t✐✈♦s ❊s♣❡❝í✜❝♦s

• ❘❡✉t✐❧✐③❛r ❛ ❛rq✉✐t❡t✉r❛ ❞❡s❡♥✈♦❧✈✐❞❛ ♥♦ tr❛❜❛❧❤♦ ❞❡ ♠❡str❛❞♦ ❬✸✼❪✱ ❝♦rr❡s♣♦♥❞❡♥t❡ à

❡t❛♣❛ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❝♦♠ ❛s ❢✉♥çõ❡s ❞❡ ♣ré✲ê♥❢❛s❡ ❡ ❥❛♥❡❧❛♠❡♥t♦

❞♦ s✐♥❛❧✳

• ■♥✈❡st✐❣❛r ♦ ❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ♠❛✐s ❛❞❡q✉❛❞♦ à ♠♦❞❡❧❛❣❡♠ ❛❝úst✐❝❛✱

❝♦♠ ❜❛s❡ ❡♠ ♣❛râ♠❡tr♦s ♦❜t✐❞♦s ♣♦r ❛♥á❧✐s❡ ▲P❈ ❡ té❝♥✐❝❛s ❞❡r✐✈❛❞❛s ❞❡ss❛ ❛♥á❧✐s❡❀

• ❯t✐❧✐③❛r ♠ét♦❞♦ ❡st❛tíst✐❝♦ ♣❛r❛ ❣❡r❛çã♦ ❞♦ ♠♦❞❡❧♦ ❛❝úst✐❝♦✱ ❜❛s❡❛❞♦ ❡♠ ▼♦❞❡❧♦s

❖❝✉❧t♦s ❞❡ ▼❛r❦♦✈ ❝♦♠ ❉❡♥s✐❞❛❞❡s ❈♦♥tí♥✉❛s❀

• ■♥✈❡st✐❣❛r ♠ét♦❞♦s ♣❛r❛ ❝♦♥str✉çã♦ ❞♦ ♠♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦❀

• ■♥✈❡st✐❣❛r ❛ ♠❡❧❤♦r ❝♦♥✜❣✉r❛çã♦ ♣❛r❛ ❛ ♠♦❞❡❧❛❣❡♠ ❛❝úst✐❝❛ ❡ ❧✐♥❣✉íst✐❝❛ ❝♦♠ ✈✐st❛s ❛♦

❝♦♠♣r♦♠✐ss♦ ❡♥tr❡ ❛ ❡✜❝✐ê♥❝✐❛ ❡ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ♦✉ s❡❥❛✱ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s✱

❡❧❡♠❡♥t♦s ❧ó❣✐❝♦s✱ ❝✐❝❧♦s ❞❡ ❝❧♦❝❦✱ ❡♥tr❡ ♦✉tr♦s❀

• ▼♦❞❡❧❛r ❛ ❛rq✉✐t❡t✉r❛ ❞♦ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ♣❛r❛ ♦ ♣♦rt✉❣✉ês

❜r❛s✐❧❡✐r♦ ❝♦♠ ✈✐st❛s à s✉❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ ❋P●❆❀

✶✳✸ ▼❡t♦❞♦❧♦❣✐❛

❆ ♠❡t♦❞♦❧♦❣✐❛ ❡♠♣r❡❣❛❞❛ ♣❛r❛ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛❞♦ ♥❡st❛ t❡s❡✱ ❝♦♥s✐s✲

t✐✉ ♥❛s ❡t❛♣❛s ❞❡s❝r✐t❛s ❛ s❡❣✉✐r✳

✶✳ ❊st✉❞♦ ❝♦♠♣❛r❛t✐✈♦ ❡♥tr❡ té❝♥✐❝❛s ♣❛r❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛♣❧✐❝❛❞❛s ❛♦ r❡❝♦✲

♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛❀

◆❡ss❛ ❡t❛♣❛✱ ❢♦✐ r❡❛❧✐③❛❞♦ ♦ ❡st✉❞♦ ❞♦ ❡st❛❞♦ ❞❛ ❛rt❡ ❞❛s té❝♥✐❝❛s q✉❡ ❡stã♦ s❡♥❞♦

✉t✐❧✐③❛❞❛s ♣❛r❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ♠❛✐s s❡ ❛❞❡q✉❛♠ ❛♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡

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

té❝♥✐❝❛ ♥♦ â♠❜✐t♦ ❞❛ ❛♣❧✐❝❛çã♦ ♣r❡t❡♥❞✐❞❛ ✭s✐st❡♠❛ ❡♠❜❛r❝❛❞♦✮✳

❋♦✐ ❛♥❛❧✐s❛❞❛ ❛ ❡✜❝✐ê♥❝✐❛ ❞❡ ❝❛❞❛ té❝♥✐❝❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ✈❡rs✉s ❛ ♣♦s✲

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



✶✳✸ ▼❊❚❖❉❖▲❖●■❆ ✻

s✐st❡♠❛ ❡♠❜❛r❝❛❞♦✳

✷✳ ❊st✉❞♦ ❝♦♠♣❛r❛t✐✈♦ ❡♥tr❡ té❝♥✐❝❛s ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♠♦❞❡❧♦s ❛❝úst✐❝♦s ❞♦ s✐♥❛❧ ❞❡ ✈♦③❀

❆ss✐♠ ❝♦♠♦ ❢♦✐ ❞❡✜♥✐❞♦ ♣❛r❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ t❛♠❜é♠ ❢♦✐

r❡❛❧✐③❛❞❛ ✉♠❛ ❛✈❛❧✐❛çã♦ ❞♦ ❡st❛❞♦ ❞❛ ❛rt❡ ♥♦ q✉❡ s❡ r❡❢❡r❡ às té❝♥✐❝❛s ♣❛r❛ ❣❡r❛çã♦ ❞❡

♠♦❞❡❧♦s ❛❝úst✐❝♦s ❞❡ s✐♥❛✐s ❞❡ ✈♦③✳

❆q✉✐ t❛♠❜é♠ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❛ ❡✜❝✐ê♥❝✐❛ ❞❡ ❝❛❞❛ té❝♥✐❝❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐✲

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

✸✳ ❉❡✜♥✐çã♦ ❞♦ ♠♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦ ♠❛✐s ❛❞❡q✉❛❞♦ ♣❛r❛ ♦ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦❀

❋♦✐ r❡❛❧✐③❛❞♦ ✉♠ ❡st✉❞♦✱ ❝♦♠ ❜❛s❡ ♥♦ ❡st❛❞♦ ❞❛ ❛rt❡✱ ♥♦ q✉❡ s❡ r❡❢❡r❡ às té❝♥✐❝❛s ♣❛r❛

❣❡r❛çã♦ ❞❡ ▼♦❞❡❧♦s ▲✐♥❣✉íst✐❝♦s ❞❡ s✐♥❛✐s ❞❡ ✈♦③✳

▼❛✐s ✉♠❛ ✈❡③✱ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❛ ❡✜❝✐ê♥❝✐❛ ❞❡ ❝❛❞❛ té❝♥✐❝❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐✲

♠❡♥t♦✱ ❛❧é♠ ❞❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❛❞❛♣t❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ q✉❡ ❛ ✐♠♣❧❡♠❡♥t❛✳

✹✳ ❆✈❛❧✐❛çã♦ ❞❛s té❝♥✐❝❛s ❞❡✜♥✐❞❛s ♥❛s ❡t❛♣❛s ✶✱ ✷ ❡ ✸✱ ♥♦ q✉❡ s❡ r❡❢❡r❡ à t❛①❛ ❞❡ r❡❝♦✲

♥❤❡❝✐♠❡♥t♦ ❡ ❛♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧❀

P❛r❛ ✉♠ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❡✜❝✐❡♥t❡✱ t♦r♥❛✲s❡ ♥❡❝❡ssár✐❛ ❛ ❛❞♣❛t❛çã♦

❞♦s ♠♦❞❡❧♦s ❛❝úst✐❝♦s ❡ ❧✐♥❣✉íst✐❝♦s ♣❛r❛ ♦ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦✳ ◆❡st❛ ❡t❛♣❛✱ ❢♦r❛♠

r❡❛❧✐③❛❞♦s t❡st❡s ❡♠ ✉♠ ❢r❛♠❡✇♦r❦ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ✭❙♣❤✐♥①✮✱ ✈❛r✐❛♥❞♦✲s❡

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

♦ ✐♠♣❛❝t♦ ❞♦s ♠❡s♠♦s ♥❛ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳

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

♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ❡♠ ✉♠ ❤❛r❞✇❛r❡ ❞❡ ❜❛✐①♦ ❝✉st♦✱ t♦r♥❛✲s❡ ♥❡❝❡ssár✐❛ ✉♠❛

❛✈❛❧✐❛çã♦ ❞❛ r❡❧❛çã♦ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ✈❡rs✉s ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♥❡❝❡ssár✐♦✳

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

❞♦s r❡❝✉rs♦s ❞❡ ❤❛r❞✇❛r❡ ✐♠♣❧✐❝❛♥❞♦ ❡♠ ✉♠❛ ♣❡q✉❡♥❛ ❞✐♠✐♥✉✐çã♦ ❞❛ t❛①❛ ❞❡ r❡❝♦♥❤❡✲

❝✐♠❡♥t♦✳

✺✳ ❆❞❛♣t❛çã♦ ❞♦s ❛❧❣♦r✐t♠♦s q✉❡ ✐♠♣❧❡♠❡♥t❛♠ ❛s té❝♥✐❝❛s ❡s❝♦❧❤✐❞❛s❀

❆❧❣✉♠❛s té❝♥✐❝❛s ❞❡ ♣r♦❣r❛♠❛çã♦ ♣❡r♠✐t❡♠ ❛ ❣❡r❛çã♦ ❞❡ ✉♠ ❝ó❞✐❣♦ ♠❛✐s ❡✜❝✐❡♥t❡ ♥♦

q✉❡ s❡ r❡❢❡r❡ à q✉❛♥t✐❞❛❞❡ ❞❡ ♦♣❡r❛çõ❡s ❛ s❡r❡♠ ❡①❡❝✉t❛❞❛s ♣❡❧♦ ♣r♦❝❡ss❛❞♦r ✭❡①❡♠♣❧♦✿

s✉❜st✐t✉✐çã♦ ❞❡ ✉♠❛ ♠✉❧t✐♣❧✐❝❛çã♦ ♣♦r ❞❡s❧♦❝❛♠❡♥t♦ ❞❡ ❜✐ts✮✳

◆❡st❛ ❡t❛♣❛✱ ♦s ❛❧❣♦r✐t♠♦s ❞❛s té❝♥✐❝❛s s❡❧❡❝✐♦♥❛❞❛s ❢♦r❛♠ ❛♥❛❧✐s❛❞♦s ❡ ❛❞❛♣t❛❞♦s ♣❛r❛

❛t❡♥❞❡r ♦s r❡q✉✐s✐t♦s ❞♦ ❝♦♥t❡①t♦ ❡♠❜❛r❝❛❞♦✳



✶✳✹ ❖❘●❆◆■❩❆➬➹❖ ❉❖ ❉❖❈❯▼❊◆❚❖ ✼

❆✐♥❞❛ ♥❡st❛ ❡t❛♣❛✱ ❢♦✐ r❡❛❧✐③❛❞❛ ❛ ✈❛❧✐❞❛çã♦ ❡♠ s♦❢t✇❛r❡ ❞❛s s✐♠♣❧✐✜❝❛çõ❡s ❡ ❛❞❛♣t❛çõ❡s

r❡❛❧✐③❛❞❛s✳

✻✳ ▼♦❞❡❧❛❣❡♠ ❞❛ ❛rq✉✐t❡t✉r❛ ❞♦ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛

♣❛r❛ ♦ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦❀

❈♦♠ ❜❛s❡ ♥❛s ❛❞❛♣t❛çõ❡s ♦❜t✐❞❛s ♥❛ ❡t❛♣❛ ❛♥t❡r✐♦r✱ ❢♦✐ r❡❛❧✐③❛❞❛ ❛ ♠♦❞❡❧❛❣❡♠ ❝♦♠✲

♣❧❡t❛ ❞♦ s✐st❡♠❛ ♣r❡t❡♥❞✐❞♦✳

✼✳ ❊❧❛❜♦r❛çã♦✴❙✉❜♠✐ssã♦ ❞❡ ❛rt✐❣♦s ♣❛r❛ ❡✈❡♥t♦s ♥❛❝✐♦♥❛✐s ❡ ✐♥t❡r♥❛❝✐♦♥❛✐s❀

✽✳ ❊❧❛❜♦r❛çã♦ ❞❛ r❡❞❛çã♦ ❞❛ ❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦❀

✾✳ ❉❡❢❡s❛ ❞❛ ❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦✳

✶✳✹ ❖r❣❛♥✐③❛çã♦ ❞♦ ❉♦❝✉♠❡♥t♦

◆♦ ❈❛♣ít✉❧♦ ✷✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❝♦♥❝❡✐t♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❛

❢❛❧❛✱ ❛s ❡t❛♣❛s ❡♥✈♦❧✈✐❞❛s✱ ❞❡s❞❡ ❛ ❝❛r❛❝t❡r✐③❛çã♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ❛té ❛s ♣r✐♥❝✐♣❛✐s ♠♦❞❡❧❛✲

❣❡♥s q✉❡ ❛✉①✐❧✐❛♠ ♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳ ◆♦ ❈❛♣ít✉❧♦ ✸✱ é ❛♣r❡s❡♥t❛❞♦ ♦ ♣r♦❝❡ss♦ ❞❡

♠♦❞❡❧❛❣❡♠ ❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ♣❛❞rõ❡s ❞❛ ❢❛❧❛ ✉t✐❧✐③❛♥❞♦ ❍▼▼✳ ◆♦ ❈❛♣ít✉❧♦ ✹✱ é ❛♣r❡s❡♥t❛❞♦

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

♣r♦❥❡t♦✱ ❛ss✐♠ ❝♦♠♦ ❛❧❣✉♥s tr❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ♥❡ss❡ ❝♦♥t❡①t♦✳

◆♦ ❈❛♣ít✉❧♦ ✺✱ é ❞❡s❝r✐t♦ ♦ t♦❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ❞❛ ❛rq✉✐t❡t✉r❛✱ ✐♥❝❧✉✐♥❞♦ ❛ ♣r❡✲

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

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

t✐r❛♠ ✐❞❡♥t✐✜❝❛r ❛ ❝♦♥✜❣✉r❛çã♦ ❞❛ ❛rq✉✐t❡t✉r❛ ♠♦❞❡❧❛❞❛✳ ◆♦ ❈❛♣ít✉❧♦ ✻✱ é ❛♣r❡s❡♥t❛❞❛ ❛

❛rq✉✐t❡t✉r❛ ❞♦ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ♦❜t✐❞❛ ❛♦ ✜♥❛❧ ❞❡st❡

tr❛❜❛❧❤♦✳ ❋✐♥❛❧♠❡♥t❡✱ ♥♦ ❈❛♣ít✉❧♦ ✼ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s ❛ r❡s♣❡✐t♦ ❞❡st❡

tr❛❜❛❧❤♦✱ ❝✐t❛♥❞♦s s✉❛s ❝♦♥tr✐❜✉✐çõ❡s ❡ s✉❣❡stõ❡s ♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳

◆♦ ❆♣ê♥❞✐❝❡ ❆✱ é ❛♣r❡s❡♥t❛❞❛ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛ ♥♦ tr❛❜❛❧❤♦✳ ◆♦ ❆♣ê♥❞✐❝❡ ❇

sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ❞♦s ✸✻ ✜❧tr♦s ✉t✐❧✐③❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳ ◆♦ ❆♣ê♥❞✐❝❡ ❈ sã♦

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



❈❛♣ít✉❧♦ ✷

❈❛r❛❝t❡r✐③❛çã♦ ❡ ▼♦❞❡❧❛❣❡♠ ❞♦ ❙✐♥❛❧ ❞❡

❱♦③

❖s ♣r✐♥❝✐♣❛✐s tó♣✐❝♦s ❡♥✈♦❧✈✐❞♦s ♥♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♠ ✈♦❝❛❜✉❧ár✐♦ ❝♦♥tí♥✉♦ ❡

❣r❛♥❞❡ sã♦✿ ♠♦❞❡❧❛❣❡♠ ❧✐♥❣✉íst✐❝❛✱ r❡♣r❡s❡♥t❛çã♦ ❧é①✐❝❛✱ ♠♦❞❡❧❛❣❡♠ ❡ ❞❡❝♦❞✐✜❝❛çã♦ ❛❝úst✐❝♦✲

❢♦♥ét✐❝❛ ❬✷✱ ✾✱ ✶✻✱ ✶✽✱ ✶✾❪✳

❆ ♠❛✐♦r✐❛ ❞♦s tr❛❜❛❧❤♦s q✉❡ ✈❡♠ s❡♥❞♦ ❞❡s❡♥✈♦❧✈✐❞❛ ♥❛ ár❡❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉t♦✲

♠át✐❝♦ ❞❛ ❢❛❧❛ ❡♠♣r❡❣❛ ♦ ❝r✐tér✐♦ ❞❡ ♠❛①✐♠✐③❛çã♦ ❞❡ P✭❲⑤❳✮✱ s❡♥❞♦ ❲ ❂ ✇1✱ ✳✳✳✱ ✇k ✉♠❛

s❡q✉ê♥❝✐❛ ❞❡ ♣❛❧❛✈r❛s ❡ ❳ ❂ ①1✱ ✳✳✳✱ ①t ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çõ❡s ❛❝úst✐❝❛s ❬✽✱ ✸✽❪✳ ◆♦

❡♥t❛♥t♦✱ ♣❛r❛ s❡ ♦❜t❡r ♠❛✐s ❡✜❝✐ê♥❝✐❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ é ♥❡❝❡ssár✐♦ ♠♦❞❡❧❛r

♦ ♣r♦❝❡ss♦ ❞❡ ❣❡r❛çã♦ ❞❛ ❢❛❧❛✱ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✶ ❬✽✱ ✾✱ ✸✽✱ ✸✾❪✳

◆❛ ❋✐❣✉r❛ ✷✳✶✱ ▼ é ❛ ♠❡♥s❛❣❡♠ ✭❝♦♥t❡ú❞♦✮ q✉❡ ♦ ❧♦❝✉t♦r ♣r❡t❡♥❞❡ tr❛♥s♠✐t✐r✳ ❆ ♠❡♥✲

s❛❣❡♠ ▼ é ❝♦♥❝❡❜✐❞❛ ❝♦♠♦ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♣❛❧❛✈r❛s ❲✱ ❛ ♣❛rt✐r ❞❡ ✉♠ ❝❛♥❛❧ ❧✐♥❣✉íst✐❝♦✱

❡s♣❡❝✐✜❝❛❞♦ ♣♦r ✉♠❛ ♠❡❞✐❞❛ ♣r♦❜❛❜✐❧íst✐❝❛ P✭❲⑤▼✮✳ ❖ ❝❛♥❛❧ ❧✐♥❣✉íst✐❝♦ é ♣r♦❜❛❜✐❧íst✐❝♦✳

❉❡ss❛ ❢♦r♠❛✱ ❡①✐st❡♠ ❞✐❢❡r❡♥t❡s ♠❛♥❡✐r❛s ❞❡ s❡ ❡①♣r❡ss❛r ❛ ♠❡s♠❛ ♠❡♥s❛❣❡♠✱ ❛❧❣✉♠❛s ♠❛✐s

❛♣r♦♣r✐❛❞❛s q✉❡ ♦✉tr❛s ❬✷❪✳

❋✐❣✉r❛ ✷✳✶✿ ●❡r❛çã♦ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ ❢❛❧❛ ❜❛s❡❛❞❛ ♥❛ t❡♦r✐❛ ❞❛ ❝♦♠✉♥✐❝❛çã♦ ❬✷❪✳

❆ s❡q✉ê♥❝✐❛ ❞❡ ♣❛❧❛✈r❛s ❲ é ❡♥tã♦ ❝♦♥❝❡❜✐❞❛✱ ❛ ♣❛rt✐r ❞♦ ❝❛♥❛❧ ❛❝úst✐❝♦✱ ❝♦♠♦ ✉♠❛

s❡q✉ê♥❝✐❛ ❞❡ s✐♥❛✐s ❛❝úst✐❝♦s ❳✳ ❖ ❝❛♥❛❧ ❛❝úst✐❝♦ P✭❳⑤❲✮ ✐♥tr♦❞✉③ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❡✈✐❞♦

❛ ❞✐✈❡rs❛s r❛③õ❡s✱ ✐♥❝❧✉✐♥❞♦ ❛s♣❡❝t♦s ❞♦ ❧♦❝✉t♦r ❡ ❞♦ ❛♠❜✐❡♥t❡ ❛❝úst✐❝♦✳ ◆❡♥❤✉♠ ❧♦❝✉t♦r

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

✽



✷✳✶ ✾

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

❞❡ s❡✉ ❛♣❛r❡❧❤♦ ❛rt✐❝✉❧❛tór✐♦✳

❆ s❡q✉ê♥❝✐❛ ❞❡ s♦♥s ✐rr❛❞✐❛❞♦s ♣❡❧♦s ❧á❜✐♦s ❞♦ ❧♦❝✉t♦r s❡ ♣r♦♣❛❣❛ ❡♠ ♦♥❞❛s ❛❝úst✐❝❛s

♥♦ ❛♠❜✐❡♥t❡ ❡♠ q✉❡ ❡st❡ s❡ ❡♥❝♦♥tr❛✳ ❊ss❛s ♦♥❞❛s✱ ❝♦♠❜✐♥❛❞❛s ❛♦s s✐♥❛✐s ♣r♦✈❡♥✐❡♥t❡s ❞♦

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

❡❧étr✐❝♦✳ ❊ss❡ s✐♥❛❧ é ♣r♦♣❛❣❛❞♦ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ r♦t❛ ❞❡ tr❛♥s♠✐ssã♦ ✭❡✳❣✳ ❝❛❜♦s✱ ✜♦s✱ r❡❞❡

t❡❧❡❢ô♥✐❝❛✮✱ q✉❡ é ♦ ❝❛♥❛❧ ❛❝úst✐❝♦✱ ♣r♦❞✉③✐♥❞♦ ♦ s✐♥❛❧ ❳✱ ♦ q✉❛❧ é r❡❝❡❜✐❞♦ ♣❡❧♦ s✐st❡♠❛ ❞❡

r❡❝♦♥❤❡❝✐♠❡♥t♦✳ ❆s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ t♦❞♦s ❡ss❡s ♣r♦❝❡ss♦s ✈❛r✐❛♠ s✉❜st❛♥❝✐❛❧♠❡♥t❡✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❡ss❡ ♠♦❞❡❧♦✱ ♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ▼ ❝♦♥s✐st❡ ❡①❛t❛♠❡♥t❡ ♥♦

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

❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❛ ♣♦st❡r✐♦r✐ P✭▼⑤❳✮ ❬✷❪✳

❖s ♣r✐♥❝✐♣❛✐s ❝♦♠♣♦♥❡♥t❡s ❞❡ ✉♠ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❣❡♥ér✐❝♦ sã♦ ❛♣r❡✲

s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✷✳✷✳ ◆❛ ✜❣✉r❛✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❢♦♥t❡s ❞❡ ❛❧✐♠❡♥t❛çã♦ ♥❡❝❡ssár✐❛s

❛♦ s✐st❡♠❛ ✭❛♠♦str❛s ❞❡ ❢❛❧❛ ❡ t❡①t✉❛✐s✱ ❜❡♠ ❝♦♠♦ ♦ ❧é①✐❝♦ ❞❡ ♣r♦♥ú♥❝✐❛ ✶✮✱ ❝♦♠♦ t❛♠❜é♠

❛s ❡t❛♣❛s ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ ❞❡❝♦❞✐✜❝❛çã♦✳ ❖s ♠♦❞❡❧♦s ❛❝úst✐❝♦ ❡ ❧✐♥❣✉íst✐❝♦✱ r❡s✉❧t❛♥t❡s ❞❛

❡t❛♣❛ ❞❡ tr❡✐♥❛♠❡♥t♦✱ sã♦ ✉t✐❧✐③❛❞♦s ❝♦♠♦ ❢♦♥t❡ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦ ♥❛ ❡t❛♣❛ ❞❡ ❞❡❝♦❞✐✜❝❛çã♦

❞❡♣♦✐s ❞❡ ❛s ❛♠♦str❛s ❞❡ ❢❛❧❛ s❡r❡♠ ❛♥❛❧✐s❛❞❛s ♣❡❧♦ ❢r♦♥t✲❡♥❞ ❛❝úst✐❝♦✳ ◆❛s ♣ró①✐♠❛s s❡çõ❡s

❞❡st❡ ❝❛♣ít✉❧♦✱ s❡rá ❛♣r❡s❡♥t❛❞♦ ♦ ♣❛♣❡❧ ❞❡ ❝❛❞❛ ✉♠❛ ❞❡ss❛s ♠♦❞❡❧❛❣❡♥s ♥♦ ♣r♦❝❡ss♦ ❞❡

r❡❝♦♥❤❡❝✐♠❡♥t♦✳

❋✐❣✉r❛ ✷✳✷✿ ❉✐❛❣r❛♠❛ ❞❡ ✉♠ s✐st❡♠❛ ❣❡♥ér✐❝♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❜❛s❡❛❞♦ ❡♠ ♠♦❞❡❧♦s
❡st❛tíst✐❝♦s✱ ✐♥❝❧✉✐♥❞♦ ❛s ❡t❛♣❛s ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ ❞❡❝♦❞✐✜❝❛çã♦ ❬✷❪✳

✶▲é①✐❝♦ ❞❡ ♣r♦♥ú♥❝✐❛✱ ♥❡st❡ ❝♦♥t❡①t♦✱ r❡♣r❡s❡♥t❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ♣❛❧❛✈r❛s ❞❡✜♥✐❞♦ ♥♦ ❝♦r♣✉s ✭✈♦❝❛❜✉❧ár✐♦✮
❞♦ s✐st❡♠❛✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ s✉❛s r❡♣r❡s❡♥t❛çõ❡s ❢♦♥ét✐❝❛s✳ ❱❛❧❡ s❛❧✐❡♥t❛r q✉❡✱ ❡♠ ❛❧❣✉♥s ❝❛s♦s✱ ✉♠❛ ♠❡s♠❛
♣❛❧❛✈r❛ ♣♦❞❡ t❡r ♠❛✐s ❞❡ ✉♠❛ ♣r♦♥ú♥❝✐❛✱ r❡tr❛t❛♥❞♦ ❛ss✐♠✱ ♣♦r ❡①❡♠♣❧♦✱ s♦t❛q✉❡s ❞❡ ❞✐❢❡r❡♥t❡s r❡❣✐õ❡s✳



✷✳✶ ▼❖❉❊▲❆●❊▼ ❆❈Ú❙❚■❈❆ ✶✵

✷✳✶ ▼♦❞❡❧❛❣❡♠ ❆❝úst✐❝❛

❯♠ ❞♦s ♣r✐♥❝✐♣❛✐s ♦❜❥❡t✐✈♦s ❞❛ ♠♦❞❡❧❛❣❡♠ ❛❝úst✐❝❛ é ❧✐❞❛r✴tr❛t❛r ❝♦♠ ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ♣r❡✲

s❡♥t❡ ❡♠ ✉♠ s✐♥❛❧ ❞❡ ✈♦③✳ ❊ss❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ♣♦❞❡ ❛❞✈✐r ❞♦ ❝♦♥t❡①t♦ ❧✐♥❣✉íst✐❝♦✱ ♦✉ ♣♦❞❡

❡st❛r ❛ss♦❝✐❛❞❛ ❛♦ ❝♦♥t❡①t♦ ♥ã♦ ❧✐♥❣✉íst✐❝♦✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ♦ ❧♦❝✉t♦r ✭❡✳❣✳ ❝❛r❛❝t❡ríst✐❝❛s

❢ís✐❝❛s✱ ❢♦r♠❛ ❞❛ ❡❧♦❝✉çã♦✱ ❤✉♠♦r✱ ❡t❝✳✮ ♦✉ ❛♠❜✐❡♥t❡ ❛❝úst✐❝♦ ✭❡✳❣✳ r✉í❞♦ ❞❡ ❢✉♥❞♦✮✱ ❛❧é♠ ❞♦

❝❛♥❛❧ ❞❡ ❣r❛✈❛çã♦ ✭❡✳❣✳ ♠✐❝r♦❢♦♥❡✱ t❡❧❡❢♦♥❡✱ ❡t❝✳✮✳

❆ ♣❛rt✐r ❞❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ❞♦ s✐♥❛❧✱ é ♣♦ssí✈❡❧ ♦❜t❡r ❡❧❡♠❡♥t♦s q✉❡

♣♦ss✐❜✐❧✐t❛♠ ❛ ❣❡r❛çã♦ ❞♦s ♣❛❞rõ❡s ❞❡ ❢❛❧❛✳ ❆ ❞❡✜♥✐çã♦ ❞❡ ✉♠ ❜♦♠ ❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡✲

ríst✐❝❛s é ✉♠ ♣r♦❝❡ss♦ ❝♦♠♣❧❡①♦ ❡ ❡ss❡♥❝✐❛❧ ♣❛r❛ q✉❡ s❡ ♦❜t❡♥❤❛ ❜♦♥s r❡s✉❧t❛❞♦s q✉❛♥t♦ ❛♦

r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞♦s ♣❛❞rõ❡s✱ ♣♦❞❡♥❞♦ s❡r ✉t✐❧✐③❛❞♦s ♠ét♦❞♦s ❞❡ ❛♥á❧✐s❡ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦

❡ ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✳ ❆♥á❧✐s❡s ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ tr❛♥s❢♦r♠❛♠ ✉♠ s✐♥❛❧ ❞❡ ✈♦③

❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s✱ q✉❡ ✈❛r✐❛♠ ❜❡♠ ♠❛✐s ❧❡♥t❛♠❡♥t❡ q✉❡ ♦ s✐♥❛❧ ♦r✐❣✐♥❛❧✳ ■ss♦

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

♠❛✐s ❡✜❝✐❡♥t❡ ❬✹✵❪✳ ❈♦♥t✉❞♦✱ ♣❛râ♠❡tr♦s ❡①tr❛í❞♦s ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ sã♦ ♠❛✐s ❝♦♥✲

s✐st❡♥t❡s ❞♦ q✉❡ ❛q✉❡❧❡s ❡①tr❛í❞♦s ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ ❬✹✵❪✱ ✉♠❛ ✈❡③ q✉❡✱ s❡♥t❡♥ç❛s ✐❣✉❛✐s

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

❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ s❡rã♦ ❜❡♠ s❡♠❡❧❤❛♥t❡s✳ ❆❧é♠ ❞✐ss♦✱ ♦ ♦✉✈✐❞♦ ❤✉♠❛♥♦ ♣❡r❝❡❜❡ ♠✉✐t♦

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

q✉❡ ❢❛s❡ ❡ ♦✉tr♦s ❛s♣❡❝t♦s t❡♠♣♦r❛✐s ❬✹✵❪✳

❉♦✐s ♠ét♦❞♦s ❞❡ ❛♥á❧✐s❡ ❡s♣❡❝tr❛❧ ♣r❡❞♦♠✐♥❛♠ ♥♦s s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛✿ ♦

♠ét♦❞♦ ❞❡ ❛♥á❧✐s❡ ❡s♣❡❝tr❛❧ ▲P❈ ✭▲✐♥❡❛r Pr❡❞✐❝t✐✈❡ ❈♦❞✐♥❣✮ ❬✶✱ ✷✱ ✹✶✱ ✹✷✱ ✹✸✱ ✹✹❪ ❡ ♦ ♠ét♦❞♦

❞❡ ❛♥á❧✐s❡ ❡s♣❡❝tr❛❧ ♣♦r ❜❛♥❝♦ ❞❡ ✜❧tr♦s ❬✹✺✱ ✹✻✱ ✹✼❪✱ ♦s q✉❛✐s s❡rã♦ ❞❡s❝r✐t♦s ❛✐♥❞❛ ♥❡st❡

❝❛♣ít✉❧♦✳

➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r✱ q✉❡ ❛♥t❡s ❞❡ ❡①tr❛✐r ❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ♦ s✐♥❛❧ ❞❡ ✈♦③ ❞❡✈❡ s❡r ♣r❡✲

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

❡ s❡rá ❞❡s❝r✐t❛ ♥❛ s❡çã♦ s❡❣✉✐♥t❡✳

✷✳✶✳✶ Pré✲♣r♦❝❡ss❛♠❡♥t♦

❆ ❡t❛♣❛ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ é r❡s♣♦♥sá✈❡❧ ♣❡❧♦ tr❛t❛♠❡♥t♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ❝♦♠ r❡❧❛çã♦

❛♦ ❛♠❜✐❡♥t❡ ❞❡ ❣r❛✈❛çã♦ ❡ ❝❛♥❛❧ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ✉t✐❧✐③❛❞♦✳ ❖ ♦❜❥❡t✐✈♦ ❞❡ss❡ tr❛t❛♠❡♥t♦ é

r❡❞✉③✐r ❡❢❡✐t♦s ✐♥❞❡s❡❥❛❞♦s ✐♥❝♦r♣♦r❛❞♦s ♦✉ ♣r❡s❡♥t❡s ♥♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❛❧é♠ ❞❡ ♣r❡♣❛rá✲❧♦

♣❛r❛ ❛s ❡t❛♣❛s s❡❣✉✐♥t❡s ❞♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳ ❉❡♥tr❡ ✈ár✐♦s ❛s♣❡❝t♦s q✉❡ ♣♦❞❡♠

s❡r tr❛t❛❞♦s ♥❡ss❛ ❡t❛♣❛✱ ♣♦❞❡♠ s❡r ❝✐t❛❞♦s ❬✶✱ ✶✹✱ ✹✵❪✿

• ❱❛r✐❛çõ❡s r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❡st✐❧♦ ❞♦ ❢❛❧❛♥t❡❀

• ❘✉í❞♦ ♥♦ ❛♠❜✐❡♥t❡✱ ♥♦ ♠❡✐♦ ❞❡ ❝♦♠✉♥✐❝❛çã♦✱ ❡t❝❀

• ❱❛r✐❛çõ❡s ♥♦ ♠♦♠❡♥t♦ ❞❡ ❣r❛✈❛çã♦ ❞♦ s✐♥❛❧ ❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦

❧♦❝✉t♦r ❡ ♦ ♠✐❝r♦❢♦♥❡❀



✷✳✶ ▼❖❉❊▲❆●❊▼ ❆❈Ú❙❚■❈❆ ✶✶

• ❈♦♥s✐❞❡r❛çõ❡s q✉❛♥t♦ ❛♦ t✐♣♦ ❞❡ ✉♥✐❞❛❞❡ ❞❛ ❢❛❧❛ ❛ s❡r ♣r♦❝❡ss❛❞❛ ♥❛s ❡t❛♣❛s ♣♦st❡r✐✲

♦r❡s✳

❖ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦✱ r❡❛❧✐③❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦✱ ✐♥❝❧✉✐ ❛s ❡t❛♣❛s ❞❡ ♣ré✲ê♥❢❛s❡✱ s❡❣♠❡♥t❛✲

çã♦ ❡ ❥❛♥❡❧❛♠❡♥t♦✳

Pré✲ê♥❢❛s❡

❆ ✈♦③ ♣r♦❞✉③✐❞❛ ♣❡❧♦ ❛♣❛r❡❧❤♦ ❢♦♥❛❞♦r ❤✉♠❛♥♦ s♦❢r❡ ♣❡r❞❛s ❞✉r❛♥t❡ s✉❛ ♣❛ss❛❣❡♠ ♣❡❧♦

tr❛t♦ ✈♦❝❛❧✱ ✐♥❝❧✉s✐✈❡ ♥❛ s✉❛ r❛❞✐❛çã♦ ❛tr❛✈és ❞♦s ❧á❜✐♦s✳ ❆ ❞✐st♦rçã♦ ♣r♦✈♦❝❛❞❛ ♣❡❧♦s ❧á❜✐♦s

♣r♦❞✉③ ✉♠❛ q✉❡❞❛ ♥❛ ❡♥✈♦❧tór✐❛ ❡s♣❡❝tr❛❧ ❞❡✱ ❛♣r♦①✐♠❛❞❛♠❡♥t❡✱ ✻❞❇✴♦✐t❛✈❛✳ ❯♠❛ ✈❡③ q✉❡

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

❡s♣❡❝✐❛❧♠❡♥t❡ ✈✉❧♥❡rá✈❡✐s ❛♦ r✉í❞♦✱ ❝♦♠♣r♦♠❡t❡♥❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳ P❛r❛

s♦❧✉❝✐♦♥❛r ❡ss❡ ♣r♦❜❧❡♠❛✱ é ❛♣❧✐❝❛❞♦ ✉♠ ✜❧tr♦✱ ❞❡ r❡s♣♦st❛ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✰✻❞❇✴♦✐t❛✈❛✱

q✉❡ ♦❝❛s✐♦♥❛ ✉♠ ♥✐✈❡❧❛♠❡♥t♦ ♥♦ ❡s♣❡❝tr♦ ❬✶✱ ✹✽❪✳ ❆ ❡ss❡ ♣r♦❝❡ss♦ ❞❡ tr❛t❛♠❡♥t♦ ❞♦ s✐♥❛❧ ❞❡

✈♦③✱ ❞á✲s❡ ♦ ♥♦♠❡ ❞❡ ♣ré✲ê♥❢❛s❡✳

❆ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❛ ♣ré✲ê♥❢❛s❡ ❝♦♥s✐st❡ ❡♠ ✉♠ s✐st❡♠❛ ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠ ✜①♦✱

❝✉❥❛ ❢✉♥çã♦ é ❞❛❞❛ ♣♦r✿

H(z) = 1− a.z−1 , 0 ≤ a ≤ 1. ✭✷✳✶✮

◆❡ss❡ ❝❛s♦✱ ❛ s❛í❞❛ ❞❛ ♣ré✲ê♥❢❛s❡ sp(n) ❡stá r❡❧❛❝✐♦♥❛❞❛ à ❡♥tr❛❞❛ s(n) ♣❡❧❛ ❡q✉❛çã♦

❞✐❢❡r❡♥ç❛ ❬✶✱ ✹✽❪✿

sp(n) = s(n)− α.s(n− 1), ✭✷✳✷✮

s❡♥❞♦✿

sp(n) ✕ ❛♠♦str❛ ♣ré✲❡♥❢❛t✐③❛❞❛❀

s(n) ✕ ❛♠♦str❛ ♦r✐❣✐♥❛❧❀

α ✕ ❢❛t♦r ❞❡ ♣ré✲ê♥❢❛s❡✱ 0, 9 ≤ α ≤ 1.

❯♠ ✈❛❧♦r tí♣✐❝♦ ✉s❛❞♦ é α = 0.95✱ ♦ q✉❡ s✐❣♥✐✜❝❛ ✷✵ ❞❇ ❞❡ ❛♠♣❧✐✜❝❛çã♦ ♣❛r❛ ❛s ❢r❡q✉ê♥❝✐❛s

♠❛✐s ❛❧t❛s✳ ◆❛ ❋✐❣✉r❛ ✷✳✸✱ é ✐❧✉str❛❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ ♣ré✲ê♥❢❛s❡ ♣❛r❛ ❛ ♣❛❧❛✈r❛ ✏❛♣❧❛✉s♦s✑✳ ➱

♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡✱ ❛♣ós ❛ ♣ré✲ê♥❢❛s❡✱ ❛s ❛♠♦str❛s ❞❡ ❢r❡q✉ê♥❝✐❛s ♠❛✐s ❜❛✐①❛s s♦❢r❡♠ ✉♠❛

❛t❡♥✉❛çã♦✱ ❡♥q✉❛♥t♦ ❛s ❞❡ ❢r❡q✉ê♥❝✐❛s ♠❛✐s ❛❧t❛s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❛❝✐♠❛ ❞❡ ✹ ❦❍③✱ tê♠ ✉♠

❣❛♥❤♦ ❞❡ ❛♠♣❧✐t✉❞❡✳

❉✐✈✐sã♦ ❡♠ q✉❛❞r♦s ❡ ❏❛♥❡❧❛♠❡♥t♦

❯♠ s✐♥❛❧ é ❞✐t♦ ❡st❛❝✐♦♥ár✐♦ q✉❛♥❞♦ s✉❛s ❝❛r❛❝t❡ríst✐❝❛s ❡st❛tíst✐❝❛s ♥ã♦ ✈❛r✐❛♠ ❝♦♠ ♦ t❡♠♣♦

❬✶❪✳ ❆ s❡❣♠❡♥t❛çã♦ ❝♦♥s✐st❡ ❡♠ ♣❛rt✐❝✐♦♥❛r ♦ s✐♥❛❧ ❞❡ ✈♦③ ❡♠ s❡❣♠❡♥t♦s✱ s❡❧❡❝✐♦♥❛❞♦s ♣♦r

❥❛♥❡❧❛s ♦✉ q✉❛❞r♦s ✭❢r❛♠❡s✮ ❞❡ ❞✉r❛çã♦ ♣❡r❢❡✐t❛♠❡♥t❡ ❞❡✜♥✐❞❛✳ ❖ t❛♠❛♥❤♦ ❞❡ss❡s s❡❣♠❡♥t♦s
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❋✐❣✉r❛ ✷✳✸✿ P❛❧❛✈r❛ ✧❛♣❧❛✉s♦s✧✕ ✭❛✮ ❆♥t❡s ❞❛ Pré✲ê♥❢❛s❡ ❡ ✭❜✮ s❡✉ ❡s♣❡❝tr♦ ✭❝✮ ❛♣ós ❛ Pré✲✃♥❢❛s❡
❡ ✭❞✮ s❡✉ ❡s♣❡❝tr♦✳

é ❡s❝♦❧❤✐❞♦ ❞❡♥tr♦ ❞♦s ❧✐♠✐t❡s ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ❞♦ s✐♥❛❧ ✭❞✉r❛çã♦ ♠é❞✐❛ ❞❡ ✶✻ ❛ ✸✷ ♠s✮

❬✶✱ ✹✵❪✳

❖s t✐♣♦s ❞❡ ❥❛♥❡❧❛s ♥♦r♠❛❧♠❡♥t❡ ✉t✐❧✐③❛❞♦s sã♦ ❬✶✱ ✶✸✱ ✹✵✱ ✹✽❪✿

• ❏❛♥❡❧❛ r❡t❛♥❣✉❧❛r ✕ ♦ s✐♥❛❧ é s✐♠♣❧❡s♠❡♥t❡ ♣❛rt✐❝✐♦♥❛❞♦ ❡♠ ❜❧♦❝♦s ❝♦♥s❡❝✉t✐✈♦s ❞❡

♠❡s♠♦ t❛♠❛♥❤♦✳ ❙✉❛ ❡q✉❛çã♦ é ❞❛❞❛ ♣♦r✿

J(n) =

{
1 , 0 ≤ n ≤ NA − 1

0 ✱❝❛s♦ ❝♦♥trár✐♦.
✭✷✳✸✮

• ❏❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣ ✕ ♣r♦♣♦r❝✐♦♥❛ ❛ ♠❛♥✉t❡♥çã♦ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❡s♣❡❝tr❛✐s ❞♦

❝❡♥tr♦ ❞♦ q✉❛❞r♦ ❡ ❛ ❡❧✐♠✐♥❛çã♦ ❞❛s tr❛♥s✐çõ❡s ❛❜r✉♣t❛s ❞❛s ❡①tr❡♠✐❞❛❞❡s✳ ❙✉❛ ❡q✉❛çã♦

é ❞❛❞❛ ♣♦r✿

J(n) =

{
0, 54− 0, 46cos[2πn/(NA − 1)] , 0 ≤ n ≤ NA − 1

0 ✱❝❛s♦ ❝♦♥trár✐♦.
✭✷✳✹✮

• ❏❛♥❡❧❛ ❞❡ ❍❛♥♥✐♥❣ ✕ ❛ss❡♠❡❧❤❛✲s❡ à ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣✱ ♣♦ré♠ ❣❡r❛ ✉♠ r❡❢♦rç♦ ♠❡♥♦r

♥❛s ❛♠♦str❛s ❞♦ ❝❡♥tr♦ ❡ ✉♠❛ s✉❛✈✐③❛çã♦ ♠❛✐♦r ♥❛s ❛♠♦str❛s ❞❛ ❡①tr❡♠✐❞❛❞❡✳ ❙✉❛

❡q✉❛çã♦ é ❞❛❞❛ ♣♦r✿

J(n) =

{
2acos[πn/(NA)] + b , 0 ≤ n ≤ NA − 1

0 ✱❝❛s♦ ❝♦♥trár✐♦.
✭✷✳✺✮

s❡♥❞♦ 2a+ b = 1 (0 ≤ a ≤ 0, 25 0, 5 ≤ b ≤ 1)✳

◆❛ ❋✐❣✉r❛ ✷✳✹✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❥❛♥❡❧❛s ❘❡t❛♥❣✉❧❛r✱ ❞❡ ❍❛♥♥✐♥❣ ❡ ❞❡ ❍❛♠♠✐♥❣
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❡ s✉❛s r❡s♣❡❝t✐✈❛s r❡s♣♦st❛s ❡♠ ❢r❡q✉ê♥❝✐❛✳ ❈♦♠♦ s❡ ♣♦❞❡ ♦❜s❡r✈❛r✱ ♦ ❧♦❜♦ ♣r✐♥❝✐♣❛❧

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

❍❛♠♠✐♥❣ ❡ ❍❛♥♥✐♥❣✱ ❡♥q✉❛♥t♦ ♦s ❧♦❜♦s s❡❝✉♥❞ár✐♦s ❞❡ss❛s ú❧t✐♠❛s sã♦ ❜❡♠ ♠❡♥♦r❡s

q✉❡ ♦s ❞❛ r❡t❛♥❣✉❧❛r✳ ❖ ♣r✐♠❡✐r♦ ❧♦❜♦ s❡❝✉♥❞ár✐♦ ❞❛ ❥❛♥❡❧❛ ❞❡ ❍❛♥♥✐♥❣ é ❛♣r♦①✐♠❛✲

❞❛♠❡♥t❡ ✷✵ ❞❇ ♠❛✐♦r q✉❡ ♦ ❞❛ ❞❡ ❍❛♠♠✐♥❣✱ ♠❛s ♦s ❧♦❜♦s s❡❣✉✐♥t❡s ❞✐♠✐♥✉❡♠ ♠❛✐s

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

❋✐❣✉r❛ ✷✳✹✿ ❏❛♥❡❧❛s ❞❡ ❍❛♠♠✐♥❣✱ ❍❛♥♥✐♥❣ ❡ ❘❡t❛♥❣✉❧❛r ❝♦♠ s✉❛s r❡s♣♦st❛s ❡♠ ❢r❡q✉ê♥❝✐❛ ❬✸❪✳

❆ ❡s❝♦❧❤❛ ❞❛ ❥❛♥❡❧❛ ❛ s❡r ✉t✐❧✐③❛❞❛ é ✉♠❛ q✉❡stã♦ ❞❡ ❛✈❛❧✐❛çã♦ ❞❛ r❡❧❛çã♦ ❝✉st♦✲❜❡♥❡❢í❝✐♦

❡♥tr❡ ✉♠ ❧♦❜♦ ♣r✐♥❝✐♣❛❧ ❡str❡✐t♦ ❡ ❧♦❜♦s s❡❝✉♥❞ár✐♦s ♣❡q✉❡♥♦s✳ ❯♠ ❧♦❜♦ ♣r✐♥❝✐♣❛❧ ❡str❡✐t♦

♠❡❧❤♦r❛ ❛ r❡s♦❧✉çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛✱ ♦ q✉❡ ♣❡r♠✐t❡ q✉❡ ❝♦♠♣♦♥❡♥t❡s ❡str❡✐t♦s ♠✉✐t♦ ♣ró①✐♠♦s

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

s❡❣✉✐❞♦ ❞❡ ❧♦❜♦s s❡❝✉♥❞ár✐♦s ❛❧t♦s✱ ♦ q✉❡ ❛❞✐❝✐♦♥❛ ✉♠❛ ❛♣❛rê♥❝✐❛ r✉✐❞♦s❛ ❛♦ s✐♥❛❧✱ ❞❡✈✐❞♦

à ✐♥t❡r❢❡rê♥❝✐❛ ❞❡ ❤❛r♠ô♥✐❝♦s ❛❞❥❛❝❡♥t❡s✱ ❞✐✜❝✉❧t❛♥❞♦ ❛ ❞✐s❝r✐♠✐♥❛çã♦ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❞❡

❜❛✐①❛ ❛♠♣❧✐t✉❞❡✳ ❏á ♥❛s ❥❛♥❡❧❛s ❞❡ ❍❛♠♠✐♥❣ ❡ ❍❛♥♥✐♥❣✱ ♦s ❧♦❜♦s s❡❝✉♥❞ár✐♦s ♠❡♥♦r❡s

♣❡r♠✐t❡♠ ✉♠❛ ♠❡❧❤♦r ❞❡t❡❝çã♦ ❞❡ss❡s ❝♦♠♣♦♥❡♥t❡s✳ ❆ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣ ❛♣r❡s❡♥t❛✱ ♣♦ré♠✱

✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ ♥❡♠ s❡♠♣r❡ ❞❡s❡❥á✈❡❧✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ à ❛tr✐❜✉✐çã♦ ❞❡ ✉♠ ♣❡s♦ ♠✉✐t♦

❜❛✐①♦ às ❛♠♦str❛s ❞❛ ❡①tr❡♠✐❞❛❞❡✳ ❊♥tr❡t❛♥t♦✱ ❡ss❛s ❛♠♦str❛s ♣♦❞❡♠ r❡♣r❡s❡♥t❛r ❡✈❡♥t♦s

✐♠♣♦rt❛♥t❡s ❞❡ ❝✉rt❛ ❞✉r❛çã♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ❡ ♠✉❧t✐♣❧✐❝á✲❧❛s ♣♦r ✉♠ ♣❡s♦ ❜❛✐①♦ r❡♣r❡s❡♥t❛

♣♦✉❝❛ ❛t❡♥çã♦ ♥♦ ♣r♦❝❡ss❛♠❡♥t♦ s✉❜s❡q✉❡♥t❡ r❡❛❧✐③❛❞♦ ♥♦ ♥í✈❡❧ ❞❡ ❜❧♦❝♦s✳ P❛r❛ ❛ss❡❣✉r❛r
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q✉❡ ❛ t❛✐s ❡✈❡♥t♦s s❡❥❛ ❞❛❞♦ ♦ ♣❡s♦ ♥❡❝❡ssár✐♦✱ ❜❧♦❝♦s ❛❞❥❛❝❡♥t❡s sã♦ s♦❜r❡♣♦st♦s ❞❡ ♠♦❞♦

q✉❡ ✉♠ ❡✈❡♥t♦ s❡❥❛ ✏❝♦❜❡rt♦✑ ♣♦r ♦✉tr♦s ❜❧♦❝♦s✳ ▼✉✐t♦s tr❛❜❛❧❤♦s ✉t✐❧✐③❛♠ ✉♠❛ s♦❜r❡♣♦s✐çã♦

❞❡ ✺✵✪ ❬✹✻✱ ✹✾❪✳ ❖✉tr❛ ❥✉st✐✜❝❛t✐✈❛ ♣❛r❛ ❛ s♦❜r❡♣♦s✐çã♦ ❞❛s ❥❛♥❡❧❛s é q✉❡ ❡st❛ ♣r♦♣♦r❝✐♦♥❛

✉♠❛ ✈❛r✐❛çã♦ ♠❛✐s ❣r❛❞✉❛❧ ❞♦s ♣❛râ♠❡tr♦s ❡♥tr❡ ❥❛♥❡❧❛s s✉❝❡ss✐✈❛s ❬✶✱ ✹✽❪✳ P❛r❛ ♦ ❝♦♥t❡①t♦

❞❛ ♣r♦❞✉çã♦ ❞❛ ✈♦③✱ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❛♣r❡s❡♥t❛❞❛s✱ r❡❢❡r❡♥t❡s ❛♦ ❥❛♥❡❧❛♠❡♥t♦ ❞❡ ❍❛♠♠✐♥❣✱

♠♦str❛♠ q✉❡ ❡st❡ t✐♣♦ ❞❡ ❥❛♥❡❧❛ é✱ ♣♦rt❛♥t♦✱ ♠❛✐s ❡✜❝✐❡♥t❡✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ às ❥❛♥❡❧❛s

❘❡t❛♥❣✉❧❛r ❡ ❞❡ ❍❛♥♥✐♥❣✱ ❝♦♠ ✉♠❛ ❜♦❛ ❛♣r♦①✐♠❛çã♦ ❞❛ ❥❛♥❡❧❛ ✐❞❡❛❧✳ ❆ss✐♠ s❡♥❞♦✱ ❡ss❛ ❢♦✐

❛ ❥❛♥❡❧❛ ✉t✐❧✐③❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✳

✷✳✶✳✷ ❆♥á❧✐s❡ ♣♦r Pr❡❞✐çã♦ ▲✐♥❡❛r ✭▲✐♥❡❛r Pr❡❞✐❝t✐✈❡ ❈♦❞✐♥❣ ✲ ▲P❈✮

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

✭❋✐❣✉r❛ ✷✳✺✮✱ q✉❡ ♠♦str❛ ❝♦♠♦ ♦ s✐♥❛❧ ❞❡ ✈♦③ ♣♦❞❡ s❡r ♠♦❞❡❧❛❞♦ ❝♦♠♦ ❛ s❛í❞❛ ❞❡ ✉♠

s✐st❡♠❛ ❧✐♥❡❛r ✈❛r✐❛♥t❡ ♥♦ t❡♠♣♦ ❡①❝✐t❛❞♦ ♣♦r ♣✉❧s♦s q✉❛s❡ ♣❡r✐ó❞✐❝♦s ✭♣❛r❛ ♦s s♦♥s s♦♥♦r♦s✮✱

♦✉ r✉í❞♦ ❛❧❡❛tór✐♦ ✭♣❛r❛ s♦♥s ♥ã♦ s♦♥♦r♦s✮✳ ❆s té❝♥✐❝❛s ❞❡ ♣r❡❞✐çã♦ ❢♦r♥❡❝❡♠ ✉♠ ♠ét♦❞♦

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

✈❛r✐❛♥t❡ ❝♦♠ ♦ t❡♠♣♦ ❬✺✵❪✳ ❆ ❢♦r♠❛ ♣❛rt✐❝✉❧❛r ❞♦ ♠♦❞❡❧♦ ❞✐❣✐t❛❧ ❞❡ ♣r♦❞✉çã♦ ❞❡ ✈♦③ q✉❡

é ❛♣r♦♣r✐❛❞❛ ♣❛r❛ ❛ ✉t✐❧✐③❛çã♦ ❞❛ ♣r❡❞✐çã♦ ❧✐♥❡❛r ❡stá ❞❡s❝r✐t❛ ♥❛ ❋✐❣✉r❛ ✷✳✺✱ s❡♥❞♦ s(n) ♦

s✐♥❛❧ ❞❡ ✈♦③✳

❋✐❣✉r❛ ✷✳✺✿ ❉✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ♣❛r❛ ♦ ♠♦❞❡❧♦ s✐♠♣❧✐✜❝❛❞♦ ❞❡ ♣r♦❞✉çã♦ ❞❡ ✈♦③✳

❆ ✐❞é✐❛ ❜ás✐❝❛ ❞❛ ♣r❡❞✐çã♦ ❧✐♥❡❛r r❡s✐❞❡ ♥♦ ❢❛t♦ ❞❡ q✉❡ ❛ ✈♦③ ❛♠♦str❛❞❛ ♣♦❞❡ s❡r ❛♣r♦✲

①✐♠❛❞❛ ❝♦♠♦ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❞❛s ❛♠♦str❛s ❞❡ ✈♦③ ♣❛ss❛❞❛s ❡ ❞❡ ✈❛❧♦r❡s ♣r❡s❡♥t❡s ❡

♣❛ss❛❞♦s ❞❡ ✉♠❛ ❡♥tr❛❞❛ ❤✐♣♦tét✐❝❛ ❞❡ ✉♠ s✐st❡♠❛ ❝✉❥❛ s❛í❞❛ é ♦ s✐♥❛❧ ❞❛❞♦✳ ◆♦ ❞♦♠í♥✐♦

❞❛ ❢r❡q✉ê♥❝✐❛✱ é ❡q✉✐✈❛❧❡♥t❡ ❛ ♠♦❞❡❧❛r ♦ s✐♥❛❧ ♣♦r ✉♠ ❡s♣❡❝tr♦ ❞❡ ♣ó❧♦s ❡ ③❡r♦s ❬✺✵❪✳

❆ ♣❛rt✐r ❞❛ ♠✐♥✐♠✐③❛çã♦ ❞❛ s♦♠❛ ❞❛s ❞✐❢❡r❡♥ç❛s q✉❛❞r❛❞❛s ✭s♦❜r❡ ✉♠ ✐♥t❡r✈❛❧♦ ✜♥✐t♦✮

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

✉♠ ❝♦♥❥✉♥t♦ ú♥✐❝♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ❞♦ ♣r❡❞✐t♦r ♣♦❞❡ s❡r ❞❡t❡r♠✐♥❛❞♦✳ ❖s ❝♦❡✜❝✐❡♥t❡s ❞♦

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

❖s ♠ét♦❞♦s ❞❡ ♣r❡❞✐çã♦ ❧✐♥❡❛r ❡stã♦ ❞✐s♣♦♥í✈❡✐s ♥❛ ❧✐t❡r❛t✉r❛ ❞❡ ❡♥❣❡♥❤❛r✐❛ ❤á ✉♠ ❧♦♥❣♦

t❡♠♣♦ ❡ tê♠ s✐❞♦ ✈❛st❛♠❡♥t❡ ❡♠♣r❡❣❛❞♦s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡✱ ❛✉t♦♠❛✲
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çã♦✱ t❡❧❡❝♦♠✉♥✐❝❛çõ❡s ❡ t❡♦r✐❛ ❞❛ ✐♥❢♦r♠❛çã♦ ❡ ❝♦❞✐✜❝❛çã♦ ❬✶❪✳

❆s té❝♥✐❝❛s ❞❡ ♣r❡❞✐çã♦ ❧✐♥❡❛r t❛♠❜é♠ ♣♦❞❡♠ s❡r ❛♣❧✐❝❛❞❛s à q✉❛♥t✐③❛çã♦ ♣❛r❛ r❡❞✉③✐r

❛ t❛①❛ ❞❡ ❜✐ts ♥❛ r❡♣r❡s❡♥t❛çã♦ ❞✐❣✐t❛❧ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ❬✶❪✳

❖ ♣r✐♥❝í♣✐♦ ❜ás✐❝♦ ❞❛ ♣r❡❞✐çã♦ ❧✐♥❡❛r ❧❡✈❛ ❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ té❝♥✐❝❛s ❞❡ ❛♥á❧✐s❡ q✉❡ ♣♦❞❡♠

s❡r ✉s❛❞❛s ♣❛r❛ ❡st✐♠❛r ♣❛râ♠❡tr♦s ❞❛ ❢❛❧❛✳ ❊ss❡ ❝♦♥❥✉♥t♦ ❣❡r❛❧ ❞❡ té❝♥✐❝❛s é ❢r❡q✉❡♥t❡♠❡♥t❡

❞❡♥♦♠✐♥❛❞♦ ❞❡ ❆♥á❧✐s❡ ♣♦r ❈♦❞✐✜❝❛çã♦ Pr❡❞✐t✐✈❛ ▲✐♥❡❛r ♦✉ ❆♥á❧✐s❡ ▲P❈ ✭▲✐♥❡❛r Pr❡❞✐❝t✐✈❡

❈♦❞✐♥❣✮ ❬✺✵❪✳

▼✉✐t♦s s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❡ ❞❡ ❧♦❝✉t♦r tê♠✱ tr❛❞✐❝✐♦♥❛❧♠❡♥t❡✱ ✉t✐❧✐③❛❞♦

♦s ♣❛râ♠❡tr♦s ♦❜t✐❞♦s ❞❛ ❛♥á❧✐s❡ ▲P❈✱ ❡♠ ✈✐rt✉❞❡ ❞❛s ✈❛♥t❛❣❡♥s q✉❡ ❡ss❡s ♣r♦♣✐❝✐❛♠ ❡♠

t❡r♠♦s ❞❡ ❣❡♥❡r❛❧✐③❛çã♦ ❞❛ ❡♥✈♦❧tór✐❛ ❡s♣❡❝tr❛❧✱ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞♦ ♣✐t❝❤ ❞❛s ❤❛r♠ô♥✐❝❛s✱ ❡

❛ s✉❛ ❤❛❜✐❧✐❞❛❞❡ ♣❛r❛ ♠♦❞❡❧❛r✱ r❛③♦❛✈❡❧♠❡♥t❡ ❜❡♠✱ ♦s ♣✐❝♦s ❡s♣❡❝tr❛✐s ❬✺✶❪✳

❖ ♣r✐♥❝✐♣❛❧ ♣r♦❜❧❡♠❛ ❛ss♦❝✐❛❞♦ à ❛♥á❧✐s❡ ♣♦r ♣r❡❞✐çã♦ ❧✐♥❡❛r é ❞❡t❡r♠✐♥❛r ✉♠ ❝♦♥❥✉♥t♦

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

❡st✐♠❛t✐✈❛ ❞❛s ♣r♦♣r✐❡❞❛❞❡s ❡s♣❡❝tr❛✐s ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳ ❉❡✈✐❞♦ à ♥❛t✉r❡③❛ ✈❛r✐❛♥t❡ ♥♦ t❡♠♣♦

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

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

❡st❛❝✐♦♥ár✐❛s✳ ❊ss❡s ❝♦❡✜❝✐❡♥t❡s ♣♦❞❡♠ s❡r ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❛ ❛♥á❧✐s❡ ▲P❈✱ ❞❡♥♦♠✐♥❛❞♦s

❝♦❡✜❝✐❡♥t❡s ▲P❈✱ ♦✉ ❛ ♣❛rt✐r ❞❡ té❝♥✐❝❛s ❞❡r✐✈❛❞❛s ❞❡ss❛ ❛♥á❧✐s❡✳ ❉❡♥tr❡ ♦s ❝♦❡✜❝✐❡♥t❡s

✉t✐❧✐③❛❞♦s✱ ❞❡st❛❝❛♠✲s❡✿ ❝♦❡✜❝✐❡♥t❡s ▲P❈✱ ❈❡♣❡str❛✐s✱ ❈❡♣❡str❛✐s P♦♥❞❡r❛❞♦s✱ ❉❡❧t❛ ❈❡♣❡s✲

tr❛✐s ❡ ❉❡❧t❛ ❈❡♣❡str❛✐s P♦♥❞❡r❛❞♦s✳ ❊ss❡s ♣❛râ♠❡tr♦s ✈✐s❛♠ ❝❛♣t✉r❛r ✐♥❢♦r♠❛çã♦ ❡s♣❡❝tr❛❧

s✉✜❝✐❡♥t❡ ♣❛r❛ ♣❡r♠✐t✐r ❛ t❛r❡❢❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❬✶✹✱ ✺✷❪✳

❆ s❡❣✉✐r✱ s❡rã♦ ❞❡s❝r✐t❛s ❛s ❢♦r♠❛s ❞❡ ♦❜t❡♥çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❝✐t❛❞♦s✳

❈♦❡✜❝✐❡♥t❡s ▲P❈

❱ár✐♦s sã♦ ♦s ♠ét♦❞♦s ❝♦♥❤❡❝✐❞♦s ♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ▲P❈✳ ❉❡♥tr❡ ❡ss❡s✿ ♦

♠ét♦❞♦ ❞❛ ❝♦✈❛r✐â♥❝✐❛ ❬✺✸❪❀ ♦ ♠ét♦❞♦ ❞❛ ❛✉t♦❝♦rr❡❧❛çã♦ ❬✺✹❪❀ ❛ ❢♦r♠✉❧❛çã♦ ❞♦ ✜❧tr♦ ✐♥✈❡rs♦

❬✶❪❀ ❛ ❢♦r♠✉❧❛çã♦ ❞❛ ❡st✐♠❛çã♦ ❡s♣❡❝tr❛❧ ❬✶❪❀ ❛ ❢♦r♠✉❧❛çã♦ ❞❛ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❬✶❪ ❡

❛ ❢♦r♠✉❧❛çã♦ ❞♦ ♣r♦❞✉t♦ ✐♥t❡r♥♦ ❬✶❪✳

❯♠ ❡st✉❞♦ ❞♦s ✈ár✐♦s ♠ét♦❞♦s ❡ ❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ❡❧❡s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ❡♠ ❬✶❪✳

◆♦ ♠♦❞❡❧♦ ❞❡s❝r✐t♦ ♥❛ ❋✐❣✉r❛ ✷✳✺✱ ♦s ❡❢❡✐t♦s ❞❛ r❛❞✐❛çã♦✱ tr❛t♦ ✈♦❝❛❧✱ ❡ ❡①❝✐t❛çã♦ ❣❧♦t❛❧ sã♦

r❡♣r❡s❡♥t❛❞♦s ♣♦r ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧ ✈❛r✐❛♥t❡ ♥♦ t❡♠♣♦ ❝✉❥❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛✱ H(z)✱

t❡♠ ❛ s❡❣✉✐♥t❡ ❢♦r♠❛ ❬✶❪✿

H(z) =
S(z)

U(z)
=

G

1−
∑K

k=1 ckz
−k
, S(z) = U(z)H(z), ✭✷✳✻✮

s❡♥❞♦✿
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S(z) ✕ ❚r❛♥s❢♦r♠❛❞❛✲③ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ✈♦③ s(n)❀

U(z) ✕ ❚r❛♥s❢♦r♠❛❞❛✲③ ❞♦ s✐♥❛❧ ❞❡ ❡①❝✐t❛çã♦ u(n)❀

ck ✕ ❝♦❡✜❝✐❡♥t❡s ▲P❈❀

K ✕ ♦r❞❡♠ ❞❛ ♣r❡❞✐çã♦ ✭♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✮✳

❖ s✐st❡♠❛ é ❡①❝✐t❛❞♦ ♣♦r ✉♠ tr❡♠ ❞❡ ♣✉❧s♦s ♣❛r❛ s♦♥s s♦♥♦r♦s ♦✉ ♣♦r ✉♠❛ s❡q✉ê♥❝✐❛

❞❡ r✉í❞♦ ❛❧❡❛tór✐♦ ♣❛r❛ s♦♥s ♥ã♦ s♦♥♦r♦s✳ ❆ss✐♠✱ ♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ sã♦✿ ❝❧❛ss✐✜❝❛çã♦

s♦♥♦r♦✴♥ã♦ s♦♥♦r♦✱ ♣❛râ♠❡tr♦ ❞❡ ❣❛♥❤♦ ✭●✮ ❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞♦ ✜❧tr♦ ❞✐❣✐t❛❧ (ck)✳ ❊ss❡s

♣❛râ♠❡tr♦s ✈❛r✐❛♠ ♠✉✐t♦ ♣♦✉❝♦ ❡♠ ❝✉rt♦s ✐♥t❡r✈❛❧♦s ❞❡ t❡♠♣♦ ❬✶❪✳

❆ ♠❛✐♦r ✈❛♥t❛❣❡♠ ❞♦ ♠♦❞❡❧♦ é q✉❡ ♦ ❣❛♥❤♦✱ ✭●✮ ❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞♦ ✜❧tr♦✱ (ck)✱ ♣♦❞❡♠

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

P❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✷✳✺✱ ❛s ❛♠♦str❛s ❞❡ ✈♦③✱ s(n)✱ sã♦ r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ❛ ❡①❝✐t❛çã♦✱

u(n)✱ ♣❡❧❛ ❡q✉❛çã♦ ❞✐❢❡r❡♥ç❛ ❬✶❪✿

s(n) =
K∑

k=1

cks(n− k) +Gu(n). ✭✷✳✼✮

❯♠❛ ♣r❡❞✐çã♦ ❧✐♥❡❛r ❝♦♠ ❝♦❡✜❝✐❡♥t❡s ❞❡ ♣r❡❞✐çã♦✱ ck✱ é ❞❡✜♥✐❞❛ ❝♦♠♦ ✉♠ s✐st❡♠❛ ❝✉❥❛

s❛í❞❛ é✿

s̃(n) =
K∑

k=1

cks(n− k). ✭✷✳✽✮

❖ ❡rr♦ ❞❡ ♣r❡❞✐çã♦✱ e(n)✱ é ❞❡✜♥✐❞♦ ❝♦♠♦✿

e(n) = s(n)− s̃(n) = s(n)−
K∑

k=1

cks(n− k). ✭✷✳✾✮

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

✐♥t❡r♠é❞✐♦ ❞❡ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ❝♦♠♣r✐♠❡♥t♦ ✜♥✐t♦ ❡ ✐❣✉❛❧ ❛ NA✳ ❆ ♠❡❧❤♦r ❡s❝♦❧❤❛ ❞♦ ✈❛❧♦r

❞❡ NA ♣❡r♠✐t❡ ✉♠❛ ❜♦❛ ❛♣r♦①✐♠❛çã♦ às ❤✐♣ót❡s❡s ❞❡ ❡r❣♦❞✐❝✐❞❛❞❡ ❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ♥♦

s❡♥t✐❞♦ ❛♠♣❧♦ ❬✶❪✳ ❊♠ ✈✐rt✉❞❡ ❞❛ ✐♥ér❝✐❛ ❞♦s ❛rt✐❝✉❧❛❞♦r❡s✱ é ✐♥t✉✐t✐✈♦ q✉❡ ♦ s✐♥❛❧ ❞❡ ✈♦③

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

◆❛s ♣ró①✐♠❛s ❡q✉❛çõ❡s✱ vs(n) ❝♦rr❡s♣♦♥❞❡rá ❛♦ s❡❣♠❡♥t♦ s❡❧❡❝✐♦♥❛❞♦ ❡ ♣♦♥❞❡r❛❞♦ ♣❡❧❛

❥❛♥❡❧❛ s❡♥❞♦✱ ❛ss✐♠✱ ♥✉❧♦ ♥♦ ✐♥t❡r✈❛❧♦ n < 0 ❡ n > NA✳ ❆ ♦r✐❣❡♠ ❞♦ ❡✐①♦ ✏n✑ s❡rá ❡st❛❜❡❧❡❝✐❞❛

♥♦ ✐♥í❝✐♦ ❞❡ ❝❛❞❛ s❡❣♠❡♥t♦✱ ♣❛r❛ s✐♠♣❧✐✜❝❛r ❛s ♥♦t❛çõ❡s✳

❆ ❊q✉❛çã♦ ✷✳✼✱ ♠♦❞✐✜❝❛❞❛ ♣❡❧❛ ❥❛♥❡❧❛✱ s❡rá ❡s❝r✐t❛ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ ❝♦♠♦ ❬✺✺❪✿
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vs(n) = Gu(n) +
K∑

k=1

ckvs(n− k). ✭✷✳✶✵✮

❈♦♠♦ ❞✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❛ ✐❞é✐❛ ♣r✐♥❝✐♣❛❧ ❞❛ Pr❡❞✐çã♦ ▲✐♥❡❛r ❝♦♥s✐st❡ ❡♠ ❛♣r♦①✐♠❛r

❝❛❞❛ ❛♠♦str❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ♣❡❧❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❞❡ ❛♠♦str❛s ♣❛ss❛❞❛s ❞♦ s✐♥❛❧✳ ❙❡♥❞♦

K ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ♣❛ss❛❞❛s ✉t✐❧✐③❛❞❛s ♥❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r✱ ♣♦❞❡✲s❡ ❢♦r♠❛❧✐③❛r ❛

❛♣r♦①✐♠❛çã♦ ❞❛ ❛♠♦str❛ ❣❡♥ér✐❝❛ vs(n) ♣❡❧❛ r❡❧❛çã♦ ❬✺✺❪✿

ṽs(n) =
K∑

k=1

ckvs(n− k). ✭✷✳✶✶✮

❉❛❞♦ q✉❡ ṽs(n) é ❛ ❛♣r♦①✐♠❛çã♦ ❞❡ vs(n) ❡ ck é ♦ k−és✐♠♦ ❝♦❡✜❝✐❡♥t❡ ❞❛ ❝♦♠❜✐♥❛çã♦

❧✐♥❡❛r❀ ṽs(n) é ♥♦r♠❛❧♠❡♥t❡ ❞❡♥♦♠✐♥❛❞❛ ❛ ❡st✐♠❛t✐✈❛ ♦✉ ♣r❡❞✐çã♦ ❞❡ ♦r❞❡♠ K ❞❛ ❛♠♦str❛

vs(n)✳

❖ ❡rr♦ ❞❡ ♣r❡❞✐çã♦ ❞❛ ❝❛❞❛ ❛♠♦str❛✱ e(n)✱ é ❞❡✜♥✐❞♦ ♣♦r✿

e(n) = vs(n)− ṽs(n) = vs(n)−
K∑

k=1

ckvs(n− k). ✭✷✳✶✷✮

❊ ♦ ❡rr♦ q✉❛❞rát✐❝♦✱ Erro(n)✱ ❛❝✉♠✉❧❛❞♦ ❡♠ t♦❞♦ ♦ s❡❣♠❡♥t♦ é ❞❛❞♦ ♣♦r✿

Erro(n) =
∞∑

n=−∞

e(n)2. ✭✷✳✶✸✮

❈♦♠♦ ♦ s❡❣♠❡♥t♦ ❞❡ ✈♦③ é ♥✉❧♦ ♣❛r❛ n < 0 ❡ ♣❛r❛ n > NA✱ ♦ ❡rr♦ ❞❡ ♣r❡❞✐çã♦ ✭❊q✉❛✲

çã♦ ✷✳✶✷✮ é✱ ♣♦rt❛♥t♦✱ ♥✉❧♦ ♣❛r❛ n < 0 ❡ n > NA + K − 1✳ ❆ ♣❛rt✐r ❞❡ss❛ ❝♦♥s✐❞❡r❛çã♦✱ ❡

s✉❜st✐t✉✐♥❞♦ ❛ ❊q✉❛çã♦ ✷✳✶✷ ♥❛ ❊q✉❛çã♦ ✷✳✶✸✱ ♦❜té♠✲s❡✿

Erro(n) =

NA+K−1∑

n=0

[vs(n)−
K∑

k=1

ckvs(n− k)]2. ✭✷✳✶✹✮

❖ ❝♦♥❥✉♥t♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ck q✉❡ ♠✐♥✐♠✐③❛ Erro(n) é ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞❡✿

∂[Erro(n)]

∂[ck]
= 0, 1 ≤ k ≤ K. ✭✷✳✶✺✮

❈♦♠ ❛ s✉❜st✐t✉✐çã♦ ❞❛ ❊q✉❛çã♦ ✷✳✶✹ ❡♠ ❊q✉❛çã♦ ✷✳✶✺ ❡ ❛ r❡❛❧✐③❛çã♦ ❞❛s K ❞❡r✐✈❛❞❛s
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♣❛r❝✐❛✐s✱ ❝❤❡❣❛✲s❡ ❛♦ s❡❣✉✐♥t❡ s✐st❡♠❛ ❞❡ ❡q✉❛çõ❡s ❧✐♥❡❛r❡s✿

K∑

k=1

ckRr(|i− k) = Rr(i), i ≤ i ≤ K. ✭✷✳✶✻✮

❝♦♠✿

Rr(k) =

NA−K−1∑

n=0

vs(n)vs(n+ k), ✭✷✳✶✼✮

❞❡♥♦♠✐♥❛❞❛ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❛ ❝✉rt♦ ♣r❛③♦✳ ❆s ❊q✉❛çõ❡s ✷✳✶✻ ❡ ✷✳✶✼✱ ❝♦♥❤❡❝✐❞❛s

❝♦♠♦ ❊q✉❛çã♦ ❞❡ ❲✐❡♥❡r✲❍♦♣❢✱ ♣♦❞❡♠ s❡r ✈✐st❛s ♠❛✐s ❢❛❝✐❧♠❡♥t❡ s❡ ❝♦❧♦❝❛❞❛s ❞❛ s❡❣✉✐♥t❡

❢♦r♠❛ ✭❢♦r♠❛ ♠❛tr✐❝✐❛❧✮ ❬✺✱ ✺✺❪✿

∣∣∣∣∣∣∣∣∣∣∣∣

Rr(0) Rr(1) · · · Rr(K − 1)

Rr(1) Rr(0) · · · Rr(K − 2)

Rr(2) Rr(1) · · · Rr(K − 3)

· · · · · · · · · · · ·
Rr(K − 1) Rr(K − 2) · · · Rr(0)

∣∣∣∣∣∣∣∣∣∣∣∣

∣∣∣∣∣∣∣∣∣∣∣∣

c1

c2

c3

· · ·
ck

∣∣∣∣∣∣∣∣∣∣∣∣

=

∣∣∣∣∣∣∣∣∣∣∣∣

Rr(1)

Rr(2)

Rr(3)

· · ·
Rr(K)

∣∣∣∣∣∣∣∣∣∣∣∣

✭✷✳✶✽✮

❖s ❝♦❡✜❝✐❡♥t❡s ck ❞♦ ♣r❡❞✐t♦r sã♦ ❞❡t❡r♠✐♥❛❞♦s ❛ ♣❛rt✐r ❞❛ s♦❧✉çã♦ ❞❛s ❊q✉❛çõ❡s ✷✳✶✻ ❡

✷✳✶✼ ✭♦✉ ❞❛ ❊q✉❛çã♦ ✷✳✶✽✮ ❡ sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ck ❞♦ ✜❧tr♦ H(z) ❞❛ ❋✐❣✉r❛ ✷✳✺✳

❯t✐❧✐③❛♥❞♦ ❛ s✐♠❡tr✐❛ ❞❛ ♠❛tr✐③ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ❛❧❣♦r✐t♠♦s r❡❝✉rs✐✈♦s

❜❛st❛♥t❡ ❡✜❝✐❡♥t❡s ♣❛r❛ s♦❧✉çã♦ ❞♦ s✐st❡♠❛✱ ❛ ❡①❡♠♣❧♦ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ▲❡✈✐♥s♦♥✲❉✉r❜✐♥ ❬✺✺❪✳

❆♣ós ❛ ❡st✐♠❛çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞♦ ♣♦❧✐♥ô♠✐♦✱ ❢❛❧t❛ ❞❡t❡r♠✐♥❛r ♦ ❣❛♥❤♦✱ G✱ ❡①♣r❡ss♦

❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛ ❬✶❪✿

G = [Rr(0)−
K∑

k=1

ckRr(k)]
1

2 , ✭✷✳✶✾✮

s❡♥❞♦ Rr(k) ❛ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❝❛❧❝✉❧❛❞❛ ❝♦♠ ❛tr❛s♦ k✳ ❊st❛ r❡❧❛çã♦ é ✈á❧✐❞❛ t❛♥t♦

♣❛r❛ ❡①❝✐t❛çã♦ ♣❡r✐ó❞✐❝❛ ✭s♦♥s s♦♥♦r♦s✮ q✉❛♥t♦ ♣❛r❛ ❡①❝✐t❛çã♦ t✉r❜✉❧❡♥t❛ ✭s♦♥s s✉r❞♦s✮ ❞♦

♠♦❞❡❧♦✳

❈♦❡✜❝✐❡♥t❡s ❈❡♣❡str❛✐s

❖s ❝♦❡✜❝✐❡♥t❡s ❈❡♣❡str❛✐s sã♦ ✉s❛❞♦s ♣❛r❛ ❞❡s❝r❡✈❡r ❛ ❡♥✈♦❧tór✐❛ ❡s♣❡❝tr❛❧ ❞♦ s✐♥❛❧ ❞❡ ✈♦③

❛ ❝✉rt♦s ✐♥t❡r✈❛❧♦s ❞❡ t❡♠♣♦✳ ❖ ❝❡♣str✉♠ é ❛ tr❛♥s❢♦r♠❛❞❛ ✐♥✈❡rs❛ ❞❡ ❋♦✉r✐❡r ❞♦ ❧♦❣❛r✐t♠♦

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

❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞♦ tr❛t♦ ✈♦❝❛❧ ❡ ❞❛ ❢♦♥t❡ ❞❡ ✈♦③ sã♦ s❡♣❛r❛❞❛s ❬✺✱ ✺✻❪✳
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❯♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ✈❛♥t❛❣❡♥s ❞♦s ❝♦❡✜❝✐❡♥t❡s ❈❡♣❡str❛✐s r❡s✐❞❡ ♥♦ ❢❛t♦ ❞❡ q✉❡ ❡st❡s sã♦

❣❡r❛❧♠❡♥t❡ ❞❡s❝♦rr❡❧❛❝✐♦♥❛❞♦s ❡ ✐ss♦ ❣❡r❛ ❝♦✈❛r✐â♥❝✐❛s ❞✐❛❣♦♥❛✐s ❛ s❡r❡♠ ✉t✐❧✐③❛❞❛s ♥♦s ❍▼▼

❬✺❪✳

❊①✐st❡♠ ❞✉❛s ❢♦r♠❛s ❞❡ ♦❜t❡♥çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❈❡♣❡str❛✐s ❬✺❪✿ ❝♦❡✜❝✐❡♥t❡s ❈❡♣❡str❛✐s

❋❋❚ ❡ ❝♦❡✜❝✐❡♥t❡s ❈❡♣❡str❛✐s ▲P❈✳

◆❛ ❛♥á❧✐s❡ ❝❡♣❡str❛❧ ❋❋❚ é ❛♣❧✐❝❛❞❛ ❞✐r❡t❛♠❡♥t❡ ❛♦ s✐♥❛❧ ❞❡ ✈♦③ ✉♠❛ tr❛♥s❢♦r♠❛❞❛

✐♥✈❡rs❛ rá♣✐❞❛ ❞❡ ❋♦✉r✐❡r✳ ❖ i−és✐♠♦ ❝❡♣str✉♠✱ cei(n)✱ é ❝❛❧❝✉❧❛❞♦ ♣♦r ❬✺❪✿

cei(n) =
1

2π

∫ π

−π

log10|Xi(e
jw)|ejwndw, ✭✷✳✷✵✮

❡♠ q✉❡ −∞ < n < ∞ ❡ Xi r❡♣r❡s❡♥t❛ ♦ ✐✲és✐♠♦ ❜❧♦❝♦ ❞♦ ❡s♣❡❝tr♦ ❞❡ ♣♦tê♥❝✐❛ ❞♦ s✐♥❛❧ ❞❡

✈♦③ ❛ ❝✉rt♦s ✐♥t❡r✈❛❧♦s ❞❡ t❡♠♣♦✳

◆❛ ❛♥á❧✐s❡ ❝❡♣❡str❛❧ ▲P❈✱ ❛ tr❛♥s❢♦r♠❛❞❛ ③ é ❛♣❧✐❝❛❞❛ ♥♦ s✐♥❛❧ ❞❡ ✈♦③ ♠♦❞❡❧❛❞♦ ♣❡❧❛

❛♥á❧✐s❡ ▲P❈✳ ❖s ❝♦❡✜❝✐❡♥t❡s ❈❡♣❡str❛✐s✱ ❞♦ ❡s♣❡❝tr♦ ♦❜t✐❞♦ ❞❛ ❛♥á❧✐s❡ ▲P❈✱ ♣♦❞❡♠ s❡r

❝❛❧❝✉❧❛❞♦s r❡❝✉rs✐✈❛♠❡♥t❡✱ ❛ ♣❛rt✐r ❞♦s ❝♦❡✜❝✐❡♥t❡s ▲P❈✱ ci✱ ♣♦r ❬✺✱ ✺✷❪✿

cei(1) = ci(1),

cei(n) = ci(n) +
n−1∑

j=1

(1− j

n
)ci(j)cei(n− j), 1 < n ≤ K, ✭✷✳✷✶✮

❡♠ q✉❡ n é ♦ í♥❞✐❝❡ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❡ i ♦ í♥❞✐❝❡ ❞♦ ❜❧♦❝♦ ❞❡ ❛♠♦str❛s✳

❖ ✉s♦ ❞❡st❛ r❡❧❛çã♦ r❡❝✉rs✐✈❛ ❧❡✈❛ ❛ ✉♠❛ ❝♦♠♣✉t❛çã♦ ❡✜❝✐❡♥t❡ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❈❡♣❡str❛✐s✱

cei(n)✱ ❡ ❡✈✐t❛ ❛ ❢❛t♦r❛çã♦ ♣♦❧✐♥♦♠✐❛❧✳ ❯♠❛ ✈❡③ q✉❡ cei(n) t❡♠ ❞✉r❛çã♦ ✐♥✜♥✐t❛✱ ♦ ✈❡t♦r ❞❡

❝❛r❛❝t❡ríst✐❝❛s✱ ❞❡ ❞✐♠❡♥sã♦ K✱ é ❝♦♥st✐t✉í❞♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s cei(1) ❛ cei(K)✱ ❛s q✉❛✐s sã♦

❛s ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛s ❞❡✈✐❞♦ ❛♦ ✏❞❡❝❛✐♠❡♥t♦✑ ❞❛ s❡q✉ê♥❝✐❛ ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❡ n✳ ▼❡s♠♦

❝♦♠ ❡ss❡ tr✉♥❝❛♠❡♥t♦✱ ♦ ❡rr♦ ♠é❞✐♦ q✉❛❞rát✐❝♦ ❡♥tr❡ ❞♦✐s ✈❡t♦r❡s ❞❡ ❝♦❡✜❝✐❡♥t❡s ❈❡♣❡str❛✐s

é ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✐❣✉❛❧ ❛♦ ❡rr♦ ♠é❞✐♦ q✉❛❞rát✐❝♦ ❡♥tr❡ ♦s ❧♦❣❛r✐t♠♦s ❞♦ ❡s♣❡❝tr♦ ❞♦s

❝♦rr❡s♣♦♥❞❡♥t❡s ✜❧tr♦s ▲P❈✳ ❉❡ss❛ ❢♦r♠❛✱ t❡♠✲s❡ ✉♠❛ ❜♦❛ ♠❡❞✐❞❛ ❞❛ ❞✐❢❡r❡♥ç❛ ♥❛ ❡♥✈♦❧tór✐❛

❡s♣❡❝tr❛❧ ❞♦s ❜❧♦❝♦s ❞❡ ❛♠♦str❛s ❛ ♣❛rt✐r ❞♦s q✉❛✐s ♦s ❝♦❡✜❝✐❡♥t❡s ❈❡♣❡str❛✐s ❢♦r❛♠ ♦❜t✐❞♦s

❬✺✷❪✳

❆♥á❧✐s❡ ❛ ♣❛rt✐r ❞❡ ❜❛♥❝♦ ❞❡ ✜❧tr♦s ❡ ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s

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

❞❡ ♣❛râ♠❡tr♦s ❝❡♣str❛✐s ♣r❡✈✐❛♠❡♥t❡ ❞❡s❝r✐t♦s ❬✹✺❪✳ ❖s ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s s✉r❣✐r❛♠

❞❡✈✐❞♦ ❛ ❡st✉❞♦s ♥❛ ár❡❛ ❞❡ ♣s✐❝♦❛❝úst✐❝❛ q✉❡ ♠♦str❛r❛♠ q✉❡ ❛ ♣❡r❝❡♣çã♦ ❤✉♠❛♥❛ ❞❛s

❢r❡q✉ê♥❝✐❛s ❞❡ t♦♥s ♣✉r♦s ♦✉ ❞❡ s✐♥❛✐s ❞❡ ✈♦③ ♥ã♦ s❡❣✉❡ ✉♠❛ ❡s❝❛❧❛ ❧✐♥❡❛r✳ ❉✐❛♥t❡ ❞✐ss♦✱

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

❢r❡q✉ê♥❝✐❛ f ✱ ♠❡❞✐❞❛ ❡♠ ❍③✱ ❞❡✜♥❡✲s❡ ✉♠ t♦♠ s✉❜❥❡t✐✈♦ ♠❡❞✐❞♦ ❡♠ ✉♠❛ ❡s❝❛❧❛ ❝❤❛♠❛❞❛
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♠❡❧✳ ❖ ♠❡❧✱ ❡♥tã♦✱ é ✉♠❛ ✉♥✐❞❛❞❡ ❞❡ ♠❡❞✐❞❛ ❞❛ ❢r❡q✉ê♥❝✐❛ ♣❡r❝❡❜✐❞❛ ❞❡ ✉♠ t♦♠✳

❈♦♠♦ r❡❢❡rê♥❝✐❛✱ ❞❡✜♥✐✉✲s❡ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✶ ❦❍③✱ ❝♦♠ ♣♦tê♥❝✐❛ ✹✵ ❞❇ ❛❝✐♠❛ ❞♦ ❧✐♠✐❛r

♠í♥✐♠♦ ❞❡ ❛✉❞✐çã♦ ❞♦ ♦✉✈✐❞♦ ❤✉♠❛♥♦✱ ❝♦♠♦ ✶✵✵✵ ♠❡❧s ❬✹✽❪✳ ❖s ♦✉tr♦s ✈❛❧♦r❡s s✉❜❥❡t✐✈♦s

❢♦r❛♠ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❡ ❡①♣❡r✐♠❡♥t♦s✱ ❡♠ q✉❡ s❡ ♣❡❞✐❛ ❛ ♦✉✈✐♥t❡s q✉❡ ❛❥✉st❛ss❡♠ ❛

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

❢r❡q✉ê♥❝✐❛ ❞❡ r❡❢❡rê♥❝✐❛❀ ❞❡♣♦✐s✱ ✶✵ ✈❡③❡s ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ r❡❢❡rê♥❝✐❛ ❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡✳ ❊ss❛s

❢r❡q✉ê♥❝✐❛s t❡r✐❛♠ ♦s ✈❛❧♦r❡s ❞❡ ✷✵✵✵ ♠❡❧s✱ ✶✵✵✵✵ ♠❡❧s ❡✱ ❛ss✐♠✱ s✉❝❡ss✐✈❛♠❡♥t❡✳ ❖ ♠❡s♠♦

♣r♦❝❡ss♦ ❡r❛ ❡❢❡t✉❛❞♦ ♥❛ ♦✉tr❛ ❞✐r❡çã♦✱ ♦✉ s❡❥❛✱ ♠❡t❛❞❡ ❞♦ t♦♠ ❞❡ r❡❢❡rê♥❝✐❛✱ ✉♠ ❞é❝✐♠♦ ❞♦

t♦♠ ❞❡ r❡❢❡rê♥❝✐❛✱ ❡t❝✳ ❊ss❛s ❢r❡q✉ê♥❝✐❛s t❡r✐❛♠ ✈❛❧♦r❡s ❞❡ ✺✵✵ ♠❡❧s✱ ✶✵✵ ♠❡❧s✱ ❡t❝✳

◆❛ ❋✐❣✉r❛ ✷✳✻ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ❣rá✜❝♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ s✉❜❥❡t✐✈❛ ❞❡ t♦♥s

❡♠ ❢✉♥çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❬✺✼❪✳ ❆ ❝✉r✈❛ s✉♣❡r✐♦r ♠♦str❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ♠❡s♠❛s ❡♠ ✉♠❛

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

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

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

❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛✳ ❚❛♠❜é♠ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r✱ q✉❡ ❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ s✉❜❥❡t✐✈❛ é

❡ss❡♥❝✐❛❧♠❡♥t❡ ❧✐♥❡❛r ♣❛r❛ ❢r❡q✉ê♥❝✐❛s ✐♥❢❡r✐♦r❡s ❛ ✶✵✵✵ ❍③✳

❋✐❣✉r❛ ✷✳✻✿ P❡r❝❡♣çã♦ s✉❜❥❡t✐✈❛ ❞❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❞❡ s♦♥s s♦♥♦r♦s✳

➱ ♣♦ssí✈❡❧ tr❛ç❛r ✉♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ❛ ❢r❡q✉ê♥❝✐❛ r❡❛❧ ✭♠❡❞✐❞❛ ❡♠ Hz✮ ❡ ❛ ❢r❡q✉ê♥❝✐❛

♣❡r❝❡❜✐❞❛ ✭♠❡❞✐❞❛ ❡♠ ♠❡❧s✮✳ ❖ ♠❛♣❡❛♠❡♥t♦ ❡♥tr❡ ❛ ❡s❝❛❧❛ ❞❡ ❢r❡q✉ê♥❝✐❛ r❡❛❧✱ ❡♠ Hz✱ ❡

❛ ❡s❝❛❧❛ ❞❡ ❢r❡q✉ê♥❝✐❛s ♣❡r❝❡❜✐❞❛✱ ❡♠ ♠❡❧✱ é ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❧✐♥❡❛r ❛❜❛✐①♦ ❞❡ 1000Hz ❡✱

❧♦❣❛rít♠✐❝❛✱ ❛❝✐♠❛✳ P♦❞❡✲s❡ ❞❡✜♥✐r ✉♠❛ ❢✉♥çã♦ ♣❛r❛ ♠❛♣❡❛♠❡♥t♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❛❝úst✐❝❛ ❢

✭❡♠Hz✮ ♣❛r❛ ✉♠❛ ❡s❝❛❧❛ ❞❡ ❢r❡q✉ê♥❝✐❛s ♣❡r❝❡❜✐❞❛s ▼❡❧ ✭❡♠♠❡❧s✮ ❝♦♠♦ ❞❡✜♥✐❞♦ ♥❛ ❊q✉❛çã♦

✷✳✷✷ ❡ ❝✉❥♦ ❣rá✜❝♦ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✼ ❬✹✵❪✳

Fmel = 2595 · log10(1 +
Flinear(Hz)

700
), ✭✷✳✷✷✮

s❡♥❞♦ Flinear ❛ ❢r❡q✉ê♥❝✐❛ ❧✐♥❡❛r ✭❡♠ ❍③✮ ❡ Fmel ❛ ❢r❡q✉ê♥❝✐❛ ♣❡r❝❡❜✐❞❛ ✭❡♠ ♠❡❧✮✳



✷✳✶ ▼❖❉❊▲❆●❊▼ ❆❈Ú❙❚■❈❆ ✷✶

❋✐❣✉r❛ ✷✳✼✿ ▼❛♣❡❛♠❡♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛s ❡♥tr❡ ❡s❝❛❧❛ ♠❡❧ ❡ ❧✐♥❡❛r✳

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

❝rít✐❝❛ ❬✺✽❪✳ ❆❧❣✉♥s ❡①♣❡r✐♠❡♥t♦s ♠♦str❛r❛♠ q✉❡ ❛❧❣✉♠❛s ❢r❡q✉ê♥❝✐❛s✱ ❡♠ ❞❡t❡r♠✐♥❛❞♦s s♦♥s✱

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

❢❛✐①❛s ❞❡ ❢r❡q✉ê♥❝✐❛s✳ ◗✉❛♥❞♦ ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛ ♥ã♦ ♣❡rt❡♥❝❡ ❛ ❡ss❛ ❢❛✐①❛ ❞❡

❢r❡q✉ê♥❝✐❛s✱ ❞❡♥♦♠✐♥❛❞❛ ❞❡ ❜❛♥❞❛ ❝rít✐❝❛✱ ❡❧❛ ♣♦❞❡ s❡r ✐❞❡♥t✐✜❝❛❞❛✳ ❯♠❛ ❡①♣❧✐❝❛çã♦ ❜❡♠

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

♣❡❧❛ ❡♥❡r❣✐❛ ❞❛ ❜❛♥❞❛ ❝rít✐❝❛ ❡♠ t♦r♥♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❡♠ q✉❡stã♦✳ ❖ ✈❛❧♦r ❞❡ss❛ ❜❛♥❞❛ ✈❛r✐❛

♥♦♠✐♥❛❧♠❡♥t❡ ❞❡ ✶✵ ❛ ✷✵✪ ❞❛ ❢r❡q✉ê♥❝✐❛ ❝❡♥tr❛❧ ❞♦ s♦♠✱ ❝♦♠❡ç❛♥❞♦ ❡♠ t♦r♥♦ ❞❡ ✶✵✵ ❍③

♣❛r❛ ❢r❡q✉ê♥❝✐❛s ❛❜❛✐①♦ ❞❡ ✶ ❦❍③ ❡ ❛✉♠❡♥t❛♥❞♦ ❡♠ ❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛✱ ❛❝✐♠❛ ❞❡ss❡ ✈❛❧♦r

✭❋✐❣✉r❛ ✷✳✽✮✳

❋✐❣✉r❛ ✷✳✽✿ ❇❛♥❞❛ ❈rít✐❝❛✳

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

s✐♥❛❧✱ ❞❡ ❢♦r♠❛ ❛ ❢❛✈♦r❡❝❡r s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❡ ❞❡ ❧♦❝✉t♦r✳ ❚❛✐s ♠♦❞✐✜❝❛çõ❡s

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

❝♦♥❝❡✐t♦ ❞❡ ❜❛♥❞❛ ❝rít✐❝❛✳ ❖✉ s❡❥❛✱ é ✉t✐❧✐③❛❞♦ ♦ ❧♦❣❛r✐t♠♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❞❛s ❜❛♥❞❛s ❝rít✐❝❛s

❡♠ t♦r♥♦ ❞❛s ❢r❡q✉ê♥✐❝❛s ♠❡❧✳ ❆ ❛♣r♦①✐♠❛çã♦ ♠❛✐s ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡ss❡ ❝á❧❝✉❧♦ é ❛ ✉t✐❧✐③❛çã♦
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❞❡ ✉♠ ❜❛♥❝♦ ❞❡ ✜❧tr♦s tr✐❛♥❣✉❧❛r❡s ✭✷✳✾✮✱ ❡s♣❛ç❛❞♦s ✉♥✐❢♦r♠❡♠❡♥t❡ ❡♠ ✉♠❛ ❡s❝❛❧❛ ♥ã♦ ❧✐♥❡❛r

✭❡s❝❛❧❛ ▼❡❧✮✳

❋✐❣✉r❛ ✷✳✾✿ ❇❛♥❝♦ ❞❡ ✜❧tr♦s ❞✐❣✐t❛✐s ♥❛ ❡s❝❛❧❛ ♠❡❧✳

◆❛ ❋✐❣✉r❛ ✷✳✶✵✱ é ✐❧✉str❛❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ ♦❜t❡♥çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s ❬✹✻❪✳

❋✐❣✉r❛ ✷✳✶✵✿ Pr♦❝❡ss♦ ❞❡ ♦❜t❡♥çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s✳

❆ ❡①tr❛çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈ ♦❝♦rr❡ ❛♣ós ❛ ❡t❛♣❛ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦✱ q✉❛♥❞♦ é

r❡❛❧✐③❛❞❛ ❛ ❞✐✈✐sã♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ s(n) ❡♠ ❥❛♥❡❧❛s✳ P❛r❛ ❝❛❞❛ ❥❛♥❡❧❛ m✱ ❡st✐♠❛✲s❡ ♦ ❡s♣❡❝tr♦

S(w,m)✱ ✉t✐❧✐③❛♥❞♦ ❛ ❋❋❚✱ ❝✉❥♦ ❡s♣❡❝tr♦ ❞❡ ♠❛❣♥✐t✉❞❡ é ❞❛❞♦ ♣♦r✿

|S(w,m)| = (Re[S(w,m)]2 + Im[S(w,m)]2)
1

2 . ✭✷✳✷✸✮

❖ ❡s♣❡❝tr♦ ♠♦❞✐✜❝❛❞♦ P (i), i = 1, 2, . . . , Nf ✱ ❝♦♥s✐st✐rá ♥❛ ❡♥❡r❣✐❛ ❞❡ s❛í❞❛ ❞❡ ❝❛❞❛

✜❧tr♦ ❡①♣r❡ss♦ ♣♦r✿

P (i) =

N/2∑

k=0

|S(k,m)|2Hi

(
k
2π

N

)
. ✭✷✳✷✹✮

s❡♥❞♦ N ♦ ♥ú♠❡r♦ ❞❡ ♣♦♥t♦s ❞❛ ❋❋❚✱ Nf ♦ ♥ú♠❡r♦ ❞❡ ✜❧tr♦s tr✐❛♥❣✉❧❛r❡s✱ |S(k,m)| ♦

♠ó❞✉❧♦ ❞❛ ❛♠♣❧✐t✉❞❡ ♥❛ ❢r❡q✉ê♥❝✐❛ ❞♦ k✲és✐♠♦ ♣♦♥t♦ ❞❛ m✲és✐♠❛ ❥❛♥❡❧❛ ❡ Hi(w) é ❛ ❢✉♥çã♦

❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞♦ i✲és✐♠♦ ✜❧tr♦ tr✐❛♥❣✉❧❛r✱ ❞❡✜♥✐❞♦ ♣♦r✿

Hi(w) =





1
ki−ki−1

(w − ki−1) ki−1 ≤ w ≤ ki

1
ki−ki+1

(w − ki+1) ki ≤ w ≤ ki+1

✭✷✳✷✺✮
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s❡♥❞♦✱ ki ♦ i✲és✐♠♦ ❝❡♥tr♦✱ k0 = 0✱ ❡ w é ✉♠❛ ❡s❝❛❧❛ ❛❥✉st❛❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡

♣♦♥t♦s ❞❛ ❋❋❚ ❡ ❡①♣r❡ss❛ ♣♦r✿

w = k
2π

N
0 ≤ k ≤ N/2. ✭✷✳✷✻✮

❊♠ s❡❣✉✐❞❛✱ ❞❡✜♥❡✲s❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ ♣♦♥t♦s E(k) ♣♦r✿

E(k) =




log[P (i)] , k = ki

0 ✱q✉❛❧q✉❡r ♦✉tr♦ K ∈ [0, N − 1]
✭✷✳✷✼✮

P♦r ✜♠✱ ♦s ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s cmel(n) sã♦ ♦❜t✐❞♦s ❛♣❧✐❝❛♥❞♦✲s❡ ❛ ❚r❛♥s❢♦r♠❛❞❛

■♥✈❡rs❛ ❞❡ ❋♦✉r✐❡r ✭■❋❋❚✮✱ ❝♦♠ ❜❛s❡ ♥❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

cmel(n) =
1

N

N−1∑

k=0

E(k)ej(
2π
N )kn n = 1, 2, . . . , Nc ✭✷✳✷✽✮

s❡♥❞♦ Nc ♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ❞❡s❡❥❛❞♦✳

❈♦♥t✉❞♦✱ ❡ss❛ ❡t❛♣❛ ♣♦❞❡ s❡r s✐♠♣❧✐❝❛❞❛ ❛♣❧✐❝❛♥❞♦✲s❡ ❛ ■❉❈❚ ✭■♥✈❡rs❡ ❉✐s❝r❡t❡ ❈♦s✐♥❡

❚r❛♥s❢♦r♠✮✱ ❥á q✉❡ E(k) é s✐♠étr✐❝♦ ❡♠ r❡❧❛çã♦ ❛ N/2 ✭♦✉ π/2✮ ❡ ❧❡♠❜r❛♥❞♦ q✉❡✿

ej(
2π
N )kn = cos

(
2π

N
kn

)
+ jsen

(
2π

N
kn

)
, ✭✷✳✷✾✮

r❡s✉❧t❛ q✉❡ ♦s t❡r♠♦s ❡♠ s❡♥♦ ❞❛ ✷✳✷✽ s❡ ❝❛♥❝❡❧❛♠✱ ❣❡r❛♥❞♦ ❛ ❡q✉❛çã♦✿

cmel(n) =
1

N

N−1∑

k=0

E(k)cos

(
2π

N
kn

)
. ✭✷✳✸✵✮

❆✐♥❞❛ ✉s❛♥❞♦ ❛ s✐♠❡tr✐❛ ❡ ♦❜s❡r✈❛♥❞♦ q✉❡

E(0) = E(N/2), ✭✷✳✸✶✮

♦❜té♠✲s❡ ❛ ❡①♣r❡ssã♦

cmel(n) =
2

N

N
2
−1∑

k=1

E(k)cos

(
2π

N
kn

)
. ✭✷✳✸✷✮
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❙❛❜❡♥❞♦✲s❡ q✉❡ ♥♦ ✐♥t❡r✈❛❧♦ 0 ≤ k ≤ (N − 2)/2 ❡①✐st✐rã♦ ❛♣❡♥❛s Nf t❡r♠♦s ❞✐❢❡r❡♥t❡s ❞❡

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

2/N ✱ ❛ ❡q✉❛çã♦ ✷✳✸✷ ♣♦❞❡ s❡r s✐♠♣❧✐✜❝❛❞❛✱ ❝❤❡❣❛♥❞♦✲s❡ à ❡①♣r❡ssã♦ ✜♥❛❧ ♣❛r❛ ♦s ❝♦❡✜❝✐❡♥t❡s

▼❋❈❈✱ ❞❛❞❛ ♣♦r✿

cmel(n) =

Nf∑

i=1

E(ki)cos

(
2π

N
kin

)
n = 1, 2, . . . , Nc ✭✷✳✸✸✮

s❡♥❞♦ Nc ♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s ❞❡s❡❥❛❞♦✱ Nf ♦ ♥ú♠❡r♦ ❞❡ ✜❧tr♦s ❡ ki ♦

❝❡♥tr♦ ❞♦ i✲és✐♠♦ ✜❧tr♦✳

❆❧é♠ ❞♦s ♠❡❧✲❝❡♣str❛✐s✱ é ❝♦♠✉♠ ♦s s✐st❡♠❛s ✉t✐❧✐③❛r❡♠ ❛s ❞❡r✐✈❛❞❛s t❡♠♣♦r❛✐s ❝♦♠♦

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

✈â♥❝✐❛ ❛♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❡♠ s✐ ❬✺✾✱ ✻✵❪✳ ❖ ♦❜❥❡t✐✈♦ é r❡✢❡t✐r ♠❡❧❤♦r ❛s ♠✉❞❛♥ç❛s ❞✐♥â♠✐❝❛s

❞♦s ▼❋❈❈ ♥♦ t❡♠♣♦✳ ❆s ❝♦♠♣♦♥❡♥t❡s ❞❡ ♣r✐♠❡✐r❛ ❞❡r✐✈❛❞❛✱ ❝♦♥❤❡❝✐❞❛s ❝♦♠♦ ∆−❈❡♣str✉♠

♦✉ ∆−▼❋❈❈✱ r❡♣r❡s❡♥t❛♠ ❛ ✈❡❧♦❝✐❞❛❞❡ ❝♦♠ q✉❡ ♦ ❡s♣❡❝tr♦ ♠❡❧✲❝❡♣str❛❧ ✈❛r✐❛ ❡ sã♦ ❢❛❝✐❧✲

♠❡♥t❡ ❝♦♠♣✉t❛❞❛s ❝❛❧❝✉❧❛♥❞♦ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❝♦❡✜❝✐❡♥t❡s ❞❡ m í♥❞✐❝❡s ♥♦ ♣❛ss❛❞♦ ❡ ♥♦

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

❧❡r❛çã♦ ❞♦ ❡s♣❡❝tr♦ ♠❡❧✲❝❡♣str❛❧✱ ♣♦r ✐ss♦ sã♦ ✉t✐❧✐③❛❞❛s ❛s ❞❡r✐✈❛❞❛s ❞❡ δ−▼❋❈❈✱ ❝❤❛♠❛❞❛s

❞❡ ∆∆−❈❡♣str✉♠ ♦✉ ∆∆−▼❋❈❈✳

❆ ♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛ ❞❡r✐✈❛❞❛s ❞❡ ▼❋❈❈ sã♦ ♦❜t✐❞❛s ❛ ♣❛rt✐r ❞❛s ❊q✉❛çõ❡s ✻✳✶✹ ❡ ✻✳✶✺✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✿

∆cmel[n] = cmel[n+m]− cmel[n−m], ✭✷✳✸✹✮

∆∆cmel[n] = ∆cmel[n+m]−∆cmel[n−m], ✭✷✳✸✺✮

s❡♥❞♦ n ♦ í♥❞✐❝❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❡♠ q✉❡stã♦ ❡ m✱ ❝♦♠✉♠❡♥t❡ ♥♦ ✐♥t❡r✈❛❧♦ 1 ≤ m ≤ 4 ❬✺✾❪✳

✷✳✷ ▼♦❞❡❧❛❣❡♠ ▲✐♥❣✉íst✐❝❛

▼♦❞❡❧♦s ❧✐♥❣✉íst✐❝♦s ✭▼▲✮ ❝❛♣t✉r❛♠ r❡❣✉❧❛r✐❞❛❞❡s ♥❛ ❧✐♥❣✉❛❣❡♠ ❢❛❧❛❞❛ ❡ sã♦ ✉t✐❧✐③❛❞♦s ♥♦

r❡❝♦♥❤❡❝✐♠❡♥t♦ ♣❛r❛ ❡st✐♠❛r ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣❛❧❛✈r❛s✳ ❊♥q✉❛♥t♦ r❡str✐çõ❡s

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

♣❛r❛ ✈♦❝❛❜✉❧ár✐♦ ❣r❛♥❞❡ ❡ ❝♦♥tí♥✉♦ sã♦ ✉t✐❧✐③❛❞❛s ❛❜♦r❞❛❣❡♥s ❞❛t❛✲❞r✐✈❡♥ ✷ ❬✷❪✳ ❯♠ ♠♦❞❡❧♦

▲✐♥❣✉íst✐❝♦ ❊st❛tíst✐❝♦ é ❛ ❞✐str✐❜✉✐çã♦ ♣r♦❜❛❜✐❧✐❞❛❞❡ P (W ) ❞❡ t♦❞❛s s❡♥t❡♥ç❛s ♣♦ssí✈❡✐s ✱

❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❡❣r❛ ❞❡ ❇❛②❡s ♥❛ ❊q✉❛çã♦ ✷✳✸✻ ❬✻✶❪✳

✷❉❛t❛✲❞r✐✈❡♥ ✲ ✐♥t❡r♣r❡t❛çõ❡s ✈ã♦ s❡♥❞♦ r❡❛❧✐③❛❞❛s à ♠❡❞✐❞❛ q✉❡ ♦s ❞❛❞♦s sã♦ ❛♥❛❧✐s❛❞♦s✳
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Ŵ = argmax
W

P (W |O)

= argmax
W

P (O|W )P (W )

P (O)

= argmax
W

P (O|W )P (W ), ✭✷✳✸✻✮

s❡♥❞♦ P (W ) ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❛ ♣r✐♦r✐ q✉❡ ♦ ❧♦❝✉t♦r ♣r♦♥✉♥❝✐❡ W ✱ q✉❡ é ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦s

❞❛❞♦s ❛❝úst✐❝♦s ❡ é ❞❡t❡r♠✐♥❛❞❛ ♣❡❧♦ ♠♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦✱ ❡ P (O|W ) é ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ q✉❡

♦ ❧♦❝✉t♦r ♣r♦❞✉③❛ ♦ ❞❛❞♦ ❛❝úst✐❝♦ O s❡ W é ❛ s❡q✉ê♥❝✐❛ ❞❡ ♣❛❧❛✈r❛s q✉❡ ♦ ❧♦❝✉t♦r ❞❡s❡❥❛

❡♠✐t✐r✳

❆ ♠❛✐♦r✐❛ ❞♦s ♠♦❞❡❧♦s ❧✐♥❣✉íst✐❝♦s ❛t✉❛✐s ❞❡❝♦♠♣õ❡ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠❛ s❡♥t❡♥ç❛W

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

P (W ) = P (w1, w2, ..., wn) =
n∏

i=1

P (wi|w1, w2, ..., wi−1) =
n∏

i=1

P (wi|hi), ✭✷✳✸✼✮

s❡♥❞♦ wi ❛ i✲és✐♠❛ ♣❛❧❛✈r❛ ♥❛ s❡♥t❡♥ç❛✱ ❡ hi = w1, w2, ..., wi−1 ♦ ❤✐stór✐❝♦ ❞❛ ♣❛❧❛✈r❛✳ ❙✐st❡♠❛s

♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✈♦❝❛❜✉❧ár✐♦ ❣r❛♥❞❡ ❡ ❝♦♥tí♥✉♦ ♣♦❞❡♠ ✉t✐❧✐③❛r ✉♠ ♦✉ ♠❛✐s ♠♦❞❡❧♦s

❧✐♥❣✉íst✐❝♦s✳ ❊♠❜♦r❛ ❡ss❡s ♠♦❞❡❧♦s s❡❥❛♠ ❡stát✐❝♦s✱ ♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝♦❧❤❛ ❞♦ ♠♦❞❡❧♦ ❛ s❡r

✉t✐❧✐③❛❞♦ ♣♦❞❡ s❡r ❞✐♥â♠✐❝♦ ❬✷❪✳

✷✳✷✳✶ ▼♦❞❡❧❛❣❡♠ ▲✐♥❣✉íst✐❝❛✿ ◆✲❣r❛♠

❖ ♠ét♦❞♦ ❧✐♥❣✉íst✐❝♦ ♠❛✐s ♣♦♣✉❧❛r é ♦ ❝❤❛♠❛❞♦ ♠♦❞❡❧♦ ♥✲❣r❛♠✱ q✉❡ ♦❜❥❡t✐✈❛ ❝❛♣t✉r❛r ❛s

r❡str✐çõ❡s s✐♥tát✐❝❛s ❡ s❡♠â♥t✐❝❛s ❞❛ ❧í♥❣✉❛ ❛ ♣❛rt✐r ❞❛ ❡st✐♠❛t✐✈❛ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ s❡q✉ê♥❝✐❛

❞❡ n ♣❛❧❛✈r❛s ❬✾✱ ✸✽✱ ✸✾✱ ✻✷✱ ✻✸❪✳

P❛r❛ s❡ ♦❜t❡r ✉♠ ♠♦❞❡❧♦ ♥✲❣r❛♠ ❡✜❝✐❡♥t❡✱ t♦r♥❛✲s❡ ♥❡❝❡ssár✐❛ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ❝♦r♣✉s

❛♣r♦♣r✐❛❞♦ ❞❡ t❡①t♦ ♣r♦❝❡ss❛❞♦✳ ❈♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✷✱ ♠♦❞❡❧♦s ❧✐♥❣✉íst✐✲

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

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

❡♥tr❛❞❛ ❡s♣❡r❛❞♦✳

P❛r❛ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♣❛❧❛✈r❛s W = w1, w2, ..., wn ❞❡ n ♣❛❧❛✈r❛s✱ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r ❛

❞❡✜♥✐çã♦ ❞♦ ♠♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦ ◆✲❣r❛♠ ❝♦♠♦✿

P (W ) = P (w1, w2, ..., wn) =
n∏

i=1

P (wi|w1, w2, ..., wi−1). ✭✷✳✸✽✮

◆♦ ♠♦❞❡❧♦ ◆✲❣r❛♠✱ ♦ ✈❛❧♦r ❞❡ N é ❡s❝♦❧❤✐❞♦ ❝♦♠ ❜❛s❡ ♥♦ ❝♦♠♣r♦♠✐ss♦ ❡♥tr❡ ❛ ❝♦♥✜❛❜✐✲

❧✐❞❛❞❡ ❞♦ tr❡✐♥❛♠❡♥t♦ ❡ ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ♠♦❞❡❧♦✳ ❆ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛ ♣ró①✐♠❛ ♣❛❧❛✈r❛ wi ❞❡✲
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♣❡♥❞❡ ❞❛ ❤✐stór✐❛ hi = (wi|w0, ..., wi−1) ❞❛s ♣❛❧❛✈r❛s q✉❡ ❢♦r❛♠ ♣r♦♥✉♥❝✐❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡✳

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

❝♦♠♣r✐♠❡♥t♦ ❞❛ ❤✐stór✐❛✳ ❉❡ ♠♦❞♦ ❛ ♦❜t❡r ✉♠ ♠♦❞❡❧♦ ♠❛✐s ♣rát✐❝♦ ❡ s✐♠♣❧✐✜❝❛❞♦✱ ❛ ❤✐stór✐❛

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

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

❖ ♠♦❞❡❧♦ ✸✲❣r❛♠ ♠❛✐s ❝♦♠✉♠ é ♦❜t✐❞♦ q✉❛♥❞♦ N = 3 ♥❛ ❊q✉❛çã♦ ✷✳✸✽✱ q✉❡ é ✉s❛❞♦

❝♦♠ ❣r❛♥❞❡ ❝♦r♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ✭♠✐❧❤õ❡s ❞❡ ♣❛❧❛✈r❛s ♦✉ ♠❛✐s✮✳ ❖ ♠♦❞❡❧♦ ✷✲❣r❛♠ é ❢r❡✲

q✉❡♥t❡♠❡♥t❡ ✉s❛❞♦ ♣❛r❛ ♣❡q✉❡♥♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦✳ ❖ ♠♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦

♠♦♥♦❣r❛♠❛✱ ✶✲❣r❛♠✱ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛ P (wi|hi) ≈ P (wi)✱ ❡ ♦ ♠♦❞❡❧♦ ✢❛t ✭♦✉ ✵✲❣r❛♠✱ q✉❛♥❞♦

P (wi|hi) ≈ constante✮ ❛♣r❡s❡♥t❛ ❣r❛♥❞❡ ❧✐♠✐t❛çã♦ ♥❛ ❡st✐♠❛çã♦ ❞❛s r❡str✐çõ❡s s✐♥tát✐❝❛s ❡

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

✷✳✷✳✷ ➪r✈♦r❡ ❞❡ ❉❡❝✐sã♦

➪r✈♦r❡s ❞❡ ❞❡❝✐sã♦ é ✉♠ ❞♦s ♠ét♦❞♦s ♠❛✐s ♣♦♣✉❧❛r❡s ❞❡ ❛❣r✉♣❛♠❡♥t♦ ❡ t❡♠ s✐❞♦ ✉t✐❧✐③❛❞♦

❡♠ ❞✐✈❡rs❛s ár❡❛s ❬✹✱ ✻✹❪✳ ➱ ✉t✐❧✐③❛❞❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ t♦♣✲❞♦✇♥ ♣❛r❛ s❡♣❛r❛r ❛s ❛♠♦str❛s✱

q✉❡ ❡stã♦ ✐♥✐❝✐❛❧♠❡♥t❡ ❡♠ ✉♠ ú♥✐❝♦ ❣r✉♣♦✱ ❡♠ ❣r✉♣♦s ♠❡♥♦r❡s✱ ♣♦r ♠❡✐♦ ❞❡ ♣❡r❣✉♥t❛s s♦❜r❡

t❛✐s ❛♠♦str❛s✳ ◆❛ ❋✐❣✉r❛ ✷✳✶✶✱ é ✐❧✉str❛❞❛ ❛ ✐❞é✐❛ ❞❛s ár✈♦r❡s ❞❡ ❞❡❝✐sã♦✳

❋✐❣✉r❛ ✷✳✶✶✿ ❊①❡♠♣❧♦ ❞❡ ✉♠❛ ár✈♦r❡ ❞❡ ❞❡❝✐sã♦❬✹❪✳

■♥✐❝✐❛❧♠❡♥t❡✱ t♦❞❛s ❛s ❛♠♦str❛s ✭❆✱ ❇✱ ❈✱ ❉✱ ❊✱ ❋✱ ● ♣♦ss✉❡♠ ❛s ♣r♦♣r✐❡❞❛❞❡s x ❞❡ y✮

sã♦ ❝♦❧♦❝❛❞❛s ♥♦ ♥ó r❛✐③ ✭❋✐❣✉r❛ ✷✳✶✶✭❜✮✮✳ ❆ ♣❛rt✐r ❞❛í✱ ❛s ♣❡r❣✉♥t❛s s♦❜r❡ ❛s ♣r♦♣r✐❡❞❛✲

❞❡s ❞❛s ❛♠♦str❛s ✈ã♦ s❡♥❞♦ r❡❛❧✐③❛❞❛s✱ ❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s r❡s♣♦st❛s✱ ♥♦✈♦s ♥ós ✜❧❤♦s ✈ã♦

s❡♥❞♦ ❝r✐❛❞♦s ❡ ❛s ❛♠♦str❛s s❡♥❞♦ ❝♦❧♦❝❛❞❛s ♥❡ss❡s ✭❋✐❣✉r❛ ✷✳✶✶✭❝✮✮✳ ❉❛♥❞♦ ❝♦♥t✐♥✉✐❞❛❞❡ ❛♦

♣r♦❝❡ss♦✱ ♥♦✈❛s ♣❡r❣✉♥t❛s ✈ã♦ s❡♥❞♦ r❡❛❧✐③❛❞❛s ♥♦s ♥ós ✜❧❤♦s ❡✱ ♥♦✈❛♠❡♥t❡ ❛s ❛♠♦str❛s ✈ã♦

s❡♥❞♦ s❡♣❛r❛❞❛s ✭❋✐❣✉r❛ ✷✳✶✶✭❞✮✮✳ ❖ r❡s✉❧t❛❞♦ é ✉♠❛ ár✈♦r❡✱ ❝✉❥♦s ♥ós q✉❡ ♥ã♦ sã♦ ❢♦❧❤❛s
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❝♦♥tê♠ ♣❡r❣✉♥t❛s s♦❜r❡ ❛s ❛♠♦str❛s✱ ❡ ♦s ♥ós ❢♦❧❤❛s ❝♦♥tê♠ ❛♠♦str❛s q✉❡ t✐✈❡r❛♠ ❛s ♠❡s♠❛s

r❡s♣♦st❛s✱ ❞✉r❛♥t❡ ♦ ❝❛♠✐♥❤♦ ♣❡r❝♦rr✐❞♦ ❞❛ r❛✐③ ❛té ❛ ❢♦❧❤❛✳ ➱ ✐♠♣♦rt❛♥t❡ s❛❧✐❡♥t❛r✱ q✉❡ ❛

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

s❡❥❛✱ q✉❡ ❝♦♥t❡♥❤❛♠ ❛♠♦str❛s q✉❡ r❡❛❧♠❡♥t❡ ♣❡rt❡♥ç❛♠ à ♠❡s♠❛ ❝❧❛ss❡✳

◆❛ ❋✐❣✉r❛ ✷✳✶✶✱ ❛s ♣❡r❣✉♥t❛s ♣♦ss✉í❛♠ ❛♣❡♥❛s ❞✉❛s r❡s♣♦st❛s ✭s✐♠ ♦✉ ♥ã♦✮✱ ♦ q✉❡ ♣r♦❞✉③

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

❆❧❣♦r✐t♠♦s ❞❡ ár✈♦r❡ ❞❡ ❞❡❝✐sã♦ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ❡ ❛♣❧✐❝❛❞♦s ❡♠ ♠♦❞❡❧❛❣❡♠ ❧✐♥✲

❣✉íst✐❝❛ ♣❡❧❛ ♣r✐♠❡✐r❛ ✈❡③ ❡♠ ❬✻✺❪✳ ❯♠❛ ár✈♦r❡ ❞❡ ❞❡❝✐sã♦ s❡♣❛r❛ ❛ ❤✐stór✐❛ h ✭♣❛❧❛✈r❛s

♣r♦♥✉♥❝✐❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡✮ ❞❡ ✉♠❛ ♣❛❧❛✈r❛ w ❝♦♠ ❜❛s❡ ❡♠ q✉❡stõ❡s ❜✐♥ár✐❛s ❛ ❝❛❞❛ ♥ó ✐♥✲

t❡r♥♦ ❞❛ ár✈♦r❡✳ ❆ ❝❛❞❛ ❢♦❧❤❛✱ ♦s ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ sã♦ ❡♥tã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❝♦♥str✉✐r ❛

❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ P (w|h) s♦❜r❡ ❛ ♣ró①✐♠❛ ♣❛❧❛✈r❛ ❬✻✹❪✳ P❛r❛ ♠❡❧❤♦r❛r ♦ ❣r❛✉ ❞❡

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

❞♦s ♥ós ✐♥t❡r♥♦s ❞❛ ár✈♦r❡ ❞❡ ❞❡❝✐sã♦✱ ❡♥❝♦♥tr❛❞♦s ❛♦ ❧♦♥❣♦ ❞♦ ❝❛♠✐♥❤♦ ❛té ♦ ♥ó✳

➪r✈♦r❡s ❞❡ ❞❡❝✐sã♦ tê♠ s✐❞♦ ♠✉✐t♦ ✉t✐❧✐③❛❞❛s ♥❛ ♠♦❞❡❧❛❣❡♠ ❧✐♥❣✉íst✐❝❛ ♣❛r❛ r❡❧❛❝✐♦✲

♥❛r✴❧✐❣❛r ♦s ♣❛râ♠❡tr♦s ❞♦ ❍▼▼✱ ❜❡♠ ❝♦♠♦✱ ♠❡❧❤♦r❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ♠♦❞❡❧♦s ♥✲❣r❛♠

❬✻✹✱ ✻✻❪✳ ❖ ♠❛✐♦r ❞❡s❛✜♦ té❝♥✐❝♦ ✉t✐❧✐③❛♥❞♦ ár✈♦r❡s ❞❡ ❞❡❝✐sã♦ é ♦ ✐♠❡♥s♦ ❡s♣❛ç♦ ❞❡ ❤✐stór✐❝♦s

❞❡ ♣❛❧❛✈r❛s ❡ ♣♦ssí✈❡✐s ♣❡r❣✉♥t❛s✳ P❛r❛ s✉♣❡r❛r ❡ss❛s ❞✐✜❝✉❧❞❛❞❡s✱ ❛s ❝❧❛ss❡s ❞❡ ♣❡r❣✉♥t❛s

sã♦ ❢♦rt❡♠❡♥t❡ r❡str✐t❛s ❡✈✐t❛♥❞♦✲s❡ r❡❞✉♥❞â♥❝✐❛ ♥❛s q✉❡stõ❡s✱ ❞❡ ❢♦r♠❛ ❛ s❡ ♦❜t❡r ♠❛✐♦r

❡✜❝✐ê♥❝✐❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❜✉s❝❛ ❡ ❞❡❝✐sã♦✳ ❈♦♥t✉❞♦✱ ár✈♦r❡s ❞❡ ❞❡❝✐sã♦ t❛♠❜é♠ ♣♦❞❡♠ s❡r

✉t✐❧✐③❛❞❛s ♥❛ ♠♦❞❡❧❛❣❡♠ ❛❝úst✐❝❛✳

✷✳✷✳✸ ●r❛♠át✐❝❛ ❧✐✈r❡ ❞❡ ❝♦♥t❡①t♦ ❝♦♠♦ ▼♦❞❡❧❛❣❡♠ ▲✐♥❣✉íst✐❝❛

❯♠❛ ❣r❛♠át✐❝❛ ❧✐✈r❡ ❞❡ ❝♦♥t❡①t♦ ✭❈❋● ✕ ❝♦♥t❡①t✲❢r❡❡ ❣r❛♠♠❛r✮ é ❞❡✜♥✐❞❛ ♣♦r ✉♠ ✈♦❝❛❜✉✲

❧ár✐♦ ✭❝♦♥❥✉♥t♦ ❞❡ ♣❛❧❛✈r❛s ✉s✉❛✐s✱ ♦✉ ❢♦r♠❛❧♠❡♥t❡✱ ✉♠❛ ❝♦❧❡çã♦ ❞❡ sí♠❜♦❧♦s t❡r♠✐♥❛✐s✮✱ ✉♠

❝♦♥❥✉♥t♦ ❞❡ sí♠❜♦❧♦s ♥ã♦ t❡r♠✐♥❛✐s ❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ r❡❣r❛s ❞❡ ♣r♦❞✉çã♦✳ ❙❡♥❞♦ ❡ss❡ ✉♠

♠♦❞❡❧♦ ❜❡♠ ❝♦♥❤❡❝✐❞♦ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ❧✐♥❣✉❛❣❡♠ ♥❛t✉r❛❧ ❬✻✶❪✳

❙❡♥t❡♥ç❛s sã♦ ❣❡r❛❞❛s✱ ✐♥✐❝✐❛♥❞♦ ❝♦♠ ✉♠ sí♠❜♦❧♦ ♥ã♦ t❡r♠✐♥❛❧ ✐♥✐❝✐❛❧✱ s❡❣✉✐❞♦ ❞❛ ❛♣❧✐✲

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

❡♠ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ t❡r♠✐♥❛✐s ✭♣❛❧❛✈r❛s✮ ❡ ♦✉tr♦s ♥ã♦✲t❡r♠✐♥❛✐s✳ ❊ss❡ ♣r♦❝❡ss♦ é r❡♣❡t✐❞♦

❛té q✉❡ ❛ s❡q✉ê♥❝✐❛ ❣❡r❛❞❛ s❡❥❛ ❝♦♠♣♦st❛ ❛♣❡♥❛s ♣♦r sí♠❜♦❧♦s t❡r♠✐♥❛✐s✳

❈♦♠♣❛r❛❞♦ ❝♦♠ ♦ ♠♦❞❡❧♦ ♥✲❣r❛♠✱ q✉❡ ✐❣♥♦r❛ ❛ ❡str✉t✉r❛ ❧✐♥❣✉íst✐❝❛✱ ♦ ♠♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦

❜❛s❡❛❞♦ ❡♠ ❈❋● r❡✢❡t❡ ❡ss❛ ❡str✉t✉r❛✳ ❆ ❡str✉t✉r❛ é ✉s✉❛❧♠❡♥t❡ ❡①♣r❡ss❛ ❝♦♠♦ ✉♠ ❝♦♥❥✉♥t♦

❞❡ r❡❣r❛s q✉❡ ♣♦ss✉❡♠ ✉♠❛ s✐♠♣❧❡s ❡ ❛tô♠✐❝❛ ❝❛t❡❣♦r✐❛ ❣r❛♠❛t✐❝❛❧ à ❡sq✉❡r❞❛ ❞❡ ❝❛❞❛ r❡❣r❛✱

❡ ❛ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❝❛t❡❣♦r✐❛s ❛tô♠✐❝❛s ❡ ♣❛❧❛✈r❛s à ❞✐r❡✐t❛ ❬✻✶❪✳ ❊①❡♠♣❧♦s ❞❡ r❡❣r❛s sã♦

❛♣r❡s❡♥t❛❞♦s ❛ s❡❣✉✐r✳



✷✳✷ ▼❖❉❊▲❆●❊▼ ▲■◆●❯❮❙❚■❈❆ ✷✽

❙ → ◆P ❱P ✭❙❡♥t❡♥ç❛s ❝♦♥s✐st❡♠ ❞❡ ✉♠❛ ❢r❛s❡ s✉❜st❛♥t✐✈❛ s❡❣✉✐❞❛ ❞❡ ✉♠❛ ❢r❛s❡ ✈❡r❜❛❧✮

◆P → ❉❡t ◆ ✭❋r❛s❡ s✉❜st❛♥t✐✈❛ ❝♦♥s✐st❡ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛♥t❡ s❡❣✉✐❞♦ ❞❡ s✉❜st❛♥t✐✈♦✮

◆P → ◆P PP ✭♦✉ ◆P ❝♦♥s✐st❡ ❞❡ ♦✉tr❛ ◆P s❡❣✉✐❞❛ ❞❡ ✉♠❛ ❢r❛s❡ ♣r❡♣♦s✐t✐✈❛✮

PP → P ◆P ✭PP ❝♦♥s✐st❡ ❞❡ ✉♠❛ ♣r❡♣♦s✐çã♦ s❡❣✉✐❞❛ ❞❡ ✉♠❛ ❢r❛s❡ s✉❜st❛♥t✐✈❛✮

❱P → ❱ ◆P ✭❋r❛s❡ ✈❡r❜❛❧ ❝♦♥s✐st❡ ❞❡ ✉♠❛ Pr❡♣♦s✐çã♦ s❡❣✉✐❞❛ ❞❡ ✉♠❛ ❋r❛s❡ ❙✉❜st❛♥t✐✈❛✮

◆ → ♣❛❧❛✈r❛ ✭❙✉❜st❛♥t✐✈♦ ❝♦♥s✐st❡ ❞❡ ✉♠❛ ♣❛❧❛✈r❛✮

✳✳✳ → ✳✳✳ ✳✳✳

❯♠❛ ♦✉tr❛ ❝❛r❛❝t❡ríst✐❝❛ ✐♠♣♦rt❛♥t❡ ❞❛s r❡❣r❛s✱ t❛✐s ❝♦♠♦ ❛s ❛♣r❡s❡♥t❛❞❛s✱ é ❛ ♣♦ss✐✲

❜✐❧✐❞❛❞❡ ❞❡ ❞❡✜♥✐r ❛s ❝❛t❡❣♦r✐❛s ❣r❛♠❛t✐❝❛✐s ❞❡ ❢♦r♠❛ ♠út✉❛ ❡ r❡❝✉rs✐✈❛✳ P♦r ❡①❡♠♣❧♦✱ ♥❛

t❡r❝❡✐r❛ r❡❣r❛ ❛♣r❡s❡♥t❛❞❛✱ ◆P ❛♣❛r❡❝❡ t❛♥t♦ ❞♦ ❧❛❞♦ ❡sq✉❡r❞♦ q✉❛♥t♦ ❞♦ ❧❛❞♦ ❞✐r❡✐t♦ ❞❛

r❡❣r❛✳

❖ ✉s♦ ❞❛ ❡str✉t✉r❛ ❞❛ ❧✐♥❣✉❛❣❡♠ ♥❛t✉r❛❧ é ✐♠♣♦rt❛♥t❡ s❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s ❞❡

tr❡✐♥❛♠❡♥t♦ ♥ã♦ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❡st✐♠❛r t♦❞♦s ♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦ ♥✲

❣r❛♠✳ ❆ ❡str✉t✉r❛ ❝❛♣t✉r❛❞❛ ♣❡❧♦ ❈❋● ♣❡r♠✐t❡ ❢❛③❡r ✉♠❛ ❣❡♥❡r❛❧✐③❛çã♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦

❞❡ ❞❛❞♦s ♣❛r❛ ♦✉tr♦✳ ❈♦♥t✉❞♦✱ ♦ ♠❛✐♦r ❞❡s❛✜♦ ♥♦ ✉s♦ ❞❡ ❈❋● ❝♦♠♦ ♠♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦

❡♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ é ❛ ❝♦❜❡rt✉r❛ ❞♦ ♣r♦❜❧❡♠❛✱ q✉❛♥❞♦ ♦ ❈❋● ♣r♦❥❡t❛❞♦ ♣♦❞❡ ♥ã♦

✈❛❧✐❞❛r t♦❞❛s ❛s ♣♦ssí✈❡✐s s❡♥t❡♥ç❛s ♣r♦♥✉♥❝✐❛❞❛s ♣❡❧♦ ❧♦❝✉t♦r ❬✻✶❪✳ ❯♠ ♦✉tr♦ ❞❡s❛✜♦ é ❛

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

♣♦r ✉♠❛ ♠❡❧❤♦r s❡q✉ê♥❝✐❛ ❞❡ ♣❛❧❛✈r❛s q✉❡ ❢♦✐ ❝♦♥str✉í❞❛ ♣♦r ✉♠❛ ❣r❛♠át✐❝❛ ❡s♣❡❝✐✜❝❛❞❛

♣♦r ✉♠ ❈❋●✳

❆ ♣r✐♥❝✐♣❛❧ ❡①t❡♥sã♦ ❞♦ ❈❋● é ♦ ❈❋● ♣r♦❜❛❜✐❧íst✐❝♦✳ ◆♦ ❈❋● ❝♦♥✈❡♥❝✐♦♥❛❧✱ ❛ ♣r♦❜❛❜✐✲

❧✐❞❛❞❡ ❞❡ ✉♠❛ s❡♥t❡♥ç❛ é ❧✐♠✐t❛❞❛ ❛ ✶ ♦✉ ✵✱ ❞❡♣❡♥❞❡♥❞♦ s❡ ❡❧❛ s❡❣✉❡ ❛s r❡❣r❛s ❞♦ ❈❋● ♦✉

♥ã♦✳ ◆♦ ❝❛s♦ ❞♦ ❈❋● ♣r♦❜❛❜✐❧íst✐❝♦✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠❛ s❡♥t❡♥ç❛ é ✉♠ ✈❛❧♦r ❝♦♥tí♥✉♦✱

s❡♠❡❧❤❛♥t❡ ❛♦s ♠♦❞❡❧♦s ♥✲❣r❛♠ ❬✻✶❪✳

❊♠ ✉♠ ❈❋● ♣r♦❜❛❜✐❧íst✐❝♦ ❝❛❞❛ r❡❣r❛ é ❛ss♦❝✐❛❞❛ ❛ ✉♠❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❝♦♥❞✐❝✐♦♥❛❧

♣❛r❛ ♦✭s✮ sí♠❜♦❧♦✭s✮ ❞♦ ❧❛❞♦ ❞✐r❡✐t♦✱ ❞❛❞♦✭s✮ ♦s sí♠❜♦❧♦s ❞♦ ❧❛❞♦ ❡sq✉❡r❞♦✳ P♦r ❡①❡♠♣❧♦✱

❝♦♥s✐❞❡r❛♥❞♦ ❛ s❡❣✉✐♥t❡ r❡❣r❛✿ ◆P → ◆P PP✱ à q✉❛❧ ♣♦❞❡ s❡r ❛ss♦❝✐❛❞❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡

✵✱✸✳ ■st♦ s✐❣♥✐✜❝❛ q✉❡ ❞❛❞❛ ✉♠❛ ❢r❛s❡ ♥❛ ❝❛t❡❣♦r✐❛ ◆P✱ ❡①✐st❡ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ✵✱✸ q✉❡ ❡❧❛

❝♦♥s✐st❛ ❡♠ ♦✉tr❛ ◆P s❡❣✉✐❞❛ ❞❡ ✉♠❛ PP ✭❡✳❣✳✱ ✉♠ ❤♦♠❡♠ ❝♦♠ ✉♠ t❡❧❡s❝ó♣✐♦✮✳

❯♠❛ ❣r❛♠át✐❝❛ ❧✐✈r❡ ❞❡ ❝♦♥t❡①t♦ ♣r♦❜❛❜✐❧íst✐❝❛ ✭♦✉ ❡st♦❝ást✐❝❛✮ ❝♦❧♦❝❛ ❛ ❞✐str✐❜✉✐çã♦

♣r♦❜❛❜✐❧✐❞❛❞❡ ♥❛s tr❛♥s✐çõ❡s ❡♠❛♥❛❞❛s ❞❡ ❝❛❞❛ sí♠❜♦❧♦ ♥ã♦✲t❡r♠✐♥❛❧✱ ✐♥❞✉③✐♥❞♦ ❛ss✐♠ ✉♠❛

❞✐str✐❜✉✐çã♦ s♦❜r❡ t♦❞♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ s❡♥t❡♥ç❛s ❬✻✼❪✳ ❊st❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ tr❛♥s✐çã♦ ♣♦✲

❞❡♠ s❡r ❡st✐♠❛❞❛s ❞❡ ✉♠ ❝♦r♣✉s ❞❡t❛❧❤❛❞♦ ✉t✐❧✐③❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ ■♥s✐❞❡✲❖✉ts✐❞❡ ❬✻✽❪✱ ✉♠

❛❧❣♦r✐t♠♦ ❞❡ ♠❛①✐♠✐③❛çã♦ ❞❛ ❡st✐♠❛çã♦ ❬✻✾❪✳

✷✳✷✳✹ ▼♦❞❡❧❛❣❡♠ ▲✐♥❣✉íst✐❝❛✿ ▼á①✐♠❛✲❊♥tr♦♣✐❛

▼♦❞❡❧♦ ❞❡ ♠á①✐♠❛ ❡♥tr♦♣✐❛✱ t❛♠❜é♠ ❝❤❛♠❛❞♦ ❞❡ ♠♦❞❡❧♦ ❡①♣♦♥❡♥❝✐❛❧✱ r❡s♦❧✈❡ ♦ ♣r♦❜❧❡♠❛

❞❡ ❢r❛❣♠❡♥t❛çã♦ ❛ss♦❝✐❛❞♦ ❛ t♦❞♦s ♦s ♠♦❞❡❧♦s ❞✐s❝✉t✐❞♦s ❛té ❛❣♦r❛✳ ❋r❛❣♠❡♥t❛çã♦ ❞❡ ❞❛❞♦s
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r❡❢❡r❡✲s❡ ❛♦ ❢❛t♦ ❞❡ q✉❡ ✉♠❛ ♠♦❞❡❧❛❣❡♠ ♠❛✐s ❞❡t❛❧❤❛❞❛ ❝♦♥❞✉③ ❛ ♠❡♥♦s ❞❛❞♦s ♣❛r❛ ❡st✐♠❛✲

çã♦ ❞❡ ♥♦✈♦s ♣❛râ♠❡tr♦s✳ P♦r ❡①❡♠♣❧♦✱ à ♠❡❞✐❞❛ q✉❡ ár✈♦r❡s ❞❡ ❞❡❝✐sã♦ ❝r❡s❝❡♠✱ ❝❛❞❛ ❢♦❧❤❛

❝♦♥té♠ ♠❡♥♦s ❡ ♠❡♥♦s ♣♦♥t♦s ❞❡ ❞❛❞♦s ♣❛r❛ ❡st✐♠❛çã♦ ❞❡ ♣❛râ♠❡tr♦s✳ ■❣✉❛❧♠❡♥t❡✱ à ♠❡✲

❞✐❞❛ q✉❡ N ❛✉♠❡♥t❛ ♥♦s ♠♦❞❡❧♦s ♥✲❣r❛♠✱ ♠❡♥♦s ❞❛❞♦s ✜❝❛♠ ❞✐s♣♦♥í✈❡✐s ♣❛r❛ tr❡✐♥❛♠❡♥t♦

❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s✳

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

❞❡ ❬✻✶✱ ✻✼❪✿

P (w|h) = 1

z(h)
exp

[∑

i

λifi(h, w)

]
, ✭✷✳✸✾✮

s❡♥❞♦ λi ♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦✱ z(h) ♦ t❡r♠♦ ❞❡ ♥♦r♠❛❧✐③❛çã♦✱ ❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s fi(h, w)

q✉❡ sã♦ ❢✉♥çõ❡s ❛r❜r✐tár✐❛s ❞♦ ❤✐stór✐❝♦ ❞❡ ♣❛❧❛✈r❛s ❞♦ ♣❛r✳ ❈♦♠ ❜❛s❡ ❡♠ ✉♠ ❝♦r♣♦ ❞❡

tr❡✐♥❛♠❡♥t♦✱ ❛ ♠á①✐♠❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❡st✐♠❛❞❛ ❬✻✼❪✿

∑

h

P (h) ·
∑

w

P (w|h) · fi(h, w) = EPfi(h, w), ✭✷✳✹✵✮

s❡♥❞♦ P ❛ ❞✐str✐❜✉✐çã♦ ❡♠♣ír✐❝❛ ❞♦ ❝♦r♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦✳

❯♠❛ ❞❛s ♠❛✐♦r❡s ❧✐♠✐t❛çõ❡s ❞♦s ♠♦❞❡❧♦s ❡①♣♦♥❡♥❝✐❛✐s é ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ q✉❡✱ ❛❧✲

❣✉♠❛s ✈❡③❡s✱ ♦s t♦r♥❛ ✐♥✈✐á✈❡❧✱ ❞❡✈✐❞♦ à ❡t❛♣❛ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ ♥♦r♠❛❧✐③❛çã♦ ❡①♣❧í❝✐t❛

❬✻✶✱ ✻✼❪✳ ❯♠❛ t❡♥t❛t✐✈❛ ♥ã♦ ♥♦r♠❛❧✐③❛❞❛ é ❛♣r❡s❡♥t❛❞❛ ❡♠ ❬✼✵❪ ❡ ✉♠❛ s✉❛✈✐③❛çã♦ ❞♦ ♠♦❞❡❧♦

❛♥❛❧✐s❛❞❛ ❡♠ ❬✼✶❪✳ ❆❧❣✉♥s ♦✉tr♦s tr❛❜❛❧❤♦s ❛❜♦r❞❛♠ ♦ ✉s♦ ❞❡ ♠♦❞❡❧♦s ❡①♣♦♥❡♥❝✐❛✐s ❝♦♠♦

❬✼✷✱ ✼✸✱ ✼✹✱ ✼✺❪✳

✷✳✷✳✺ ▼♦❞❡❧❛❣❡♠ ❆❞❛♣t❛t✐✈❛

❆s té❝♥✐❝❛s ❝✐t❛❞❛s ❛té ❛❣♦r❛ tr❛t❛♠ ❛ ❧✐♥❣✉❛❣❡♠ ❝♦♠♦ ✉♠❛ ❢♦♥t❡ ❤♦♠♦❣ê♥❡❛✱ ❝♦♥t✉❞♦ ❛

❧✐♥❣✉❛❣❡♠ ♥❛t✉r❛❧ é ❜❛st❛♥t❡ ❤❡t❡r♦❣ê♥❡❛✱ ❝♦♠ tó♣✐❝♦s✱ ❣ê♥❡r♦s ❡ ❡st✐❧♦s ✈❛r✐❛❞♦s✳

◗✉❛♥❞♦ ♦s ❞❛❞♦s ❞❡ t❡st❡ sã♦ ♣r♦✈❡♥✐❡♥t❡s ❞❡ ✉♠❛ ❢♦♥t❡ à q✉❛❧ ♦ ♠♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦

♥ã♦ ❢♦✐ ❡①♣♦st♦ ❞✉r❛♥t❡ ♦ tr❡✐♥❛♠❡♥t♦✱ ❡ss❡s ❞❛❞♦s ❞❡ t❡st❡ sã♦ ❛ ú♥✐❝❛ ✐♥❢♦r♠❛çã♦ út✐❧ ♣❛r❛

❛❞❛♣t❛çã♦ ❞♦ ♠♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦ ❬✻✶✱ ✻✼❪✳ ❊ss❡ ♣r♦❜❧❡♠❛ é ❝❤❛♠❛❞♦ ❛❞❛♣t❛çã♦ ❝r♦ss✲❞♦♠❛✐♥✳

❯♠❛ té❝♥✐❝❛ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡①♣❧♦r❛r ❡ss❛s ✐♥❢♦r♠❛çõ❡s é ♦ ❤✐stór✐❝♦ ✭❝♦♥t✐♥✉❛✲

♠❡♥t❡ ❞❡s❡♥✈♦❧✈✐❞♦✮✱ q✉❡ é ✉s❛❞♦ ♣❛r❛ ❝r✐❛r✱ ❡♠ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦✱ ✉♠ ♥✲❣r❛♠ ❞✐♥â♠✐❝♦

Phistorico(w|h)✱ ♦ q✉❛❧✱ ♣♦r s✉❛ ✈❡③✱ é ✐♥t❡r♣♦❧❛❞♦ ❝♦♠ ♦ ♠♦❞❡❧♦ ❡stát✐❝♦✿

Padaptativo(w|h) = λPestatico(w|h) + (1− λ)Phistorico(w|h). ✭✷✳✹✶✮

❖ ♣❡s♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ ✐♥t❡r♣♦❧❛çã♦ é ♦t✐♠✐③❛❞♦ s❡♣❛r❛❞❛♠❡♥t❡✳ ▼♦❞❡❧♦s ❧✐♥❣✉íst✐❝♦s



✷✳✷ ▼❖❉❊▲❆●❊▼ ▲■◆●❯❮❙❚■❈❆ ✸✵

❛❞❛♣t❛t✐✈♦s ❢♦r❛♠ ✐♥tr♦❞✉③✐❞♦s ♣♦r ❬✼✻❪ ❡ ❬✼✼❪✳ ❬✼✽✱ ✼✾❪ ❛♣r❡s❡♥t❛♠ r❡❞✉çã♦ ❞❡ ♣❡r♣❧❡①✐❞❛❞❡

❡ ❬✽✵❪ r❡❞✉çã♦ ❞❛ t❛①❛ ❞❡ ❡rr♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳ ❬✽✶❪ ❛♣r❡s❡♥t❛ ❛✐♥❞❛ ✉♠ ♦✉tr♦ ❡sq✉❡♠❛ ❞❡

❛❞❛♣t❛çã♦ q✉❡ ♠❡❧❤♦r❛ ♦ ♠♦❞❡❧♦ ❜✐❣r❛♠❛ ❡♠ ✶✵✪ ❡♠ t❡r♠♦s ❞❡ ♣❡r♣❧❡①✐❞❛❞❡ ♥♦ ❝♦♥❥✉♥t♦

❞❡ t❡st❡✳

◆♦ ♠♦❞❡❧♦ ❞❡ ❧✐♥❣✉❛❣❡♠ ❛❞❛♣t❛t✐✈♦ ✐♥tr❛❞♦♠í♥✐♦✱ ♦s ❞❛❞♦s ❞❡ t❡st❡ ✈ê♠ ❞❛ ♠❡s♠❛

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

s✉❜❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s✳ ❊st❡s ♣♦❞❡♠ ❝♦♥s✐st✐r ❞❡ ✈❛r✐❛çõ❡s ❞❡ tó♣✐❝♦s✱ ❡st✐❧♦s ♦✉ ❛♠❜♦s✳

❆ss✐♠✱ ❛ ❛❞❛♣t❛çã♦ ♣r♦❝❡❞❡ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛ ❬✻✶✱ ✻✼❪✿

✶✳ ❆❣r✉♣❛r ♦s ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ♣❡❧❛ ♣r✐♥❝✐♣❛❧ ❢♦♥t❡ ❞❡ ✈❛r✐❛çã♦✱ t❛❧ ❝♦♠♦ ✉♠ tó♣✐❝♦✳

✷✳ ❊♠ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦✱ ✐❞❡♥t✐✜❝❛r ♦ tó♣✐❝♦ ♦✉ ❝♦♥❥✉♥t♦ ❞❡ tó♣✐❝♦s ❞♦s ❞❛❞♦s ❞❡ t❡st❡✳

✸✳ ▲♦❝❛❧✐③❛r s✉❜❝♦♥❥✉♥t♦s ❛♣r♦♣r✐❛❞♦s ❞♦ ❝♦r♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ ✉t✐❧✐③á✲❧♦s ♣❛r❛ ❝♦♥str✉✐r

✉♠ ♠♦❞❡❧♦ ❡s♣❡❝í✜❝♦✳

✹✳ ■♥t❡r♣♦❧❛r ❡ss❡ ♠♦❞❡❧♦ ❡s♣❡❝í✜❝♦ ❝♦♠ ♦ ♠♦❞❡❧♦ ❣❡♥ér✐❝♦ tr❡✐♥❛❞♦ ✉t✐❧✐③❛♥❞♦ t♦❞♦s ♦s

❞❛❞♦s ❤❡t❡r♦❣ê♥❡♦s ❞❡ tr❡✐♥❛♠❡♥t♦✳

❖ ú❧t✐♠♦ ♣❛ss♦ ❞❛ ✐♥t❡r♣♦❧❛çã♦ é ✐♠♣♦rt❛♥t❡ ♣♦rq✉❡ ♦ ♠♦❞❡❧♦ ❡s♣❡❝í✜❝♦ t❡♥❞❡ ❛ s❡r

t❡♥❞❡♥❝✐♦s♦ ❡♠❜♦r❛ s❡❥❛ ♠❡♥♦s ✈❛r✐á✈❡❧✳ ❖ ❝♦♥trár✐♦ é ✈❡r❞❛❞❡✐r♦ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❣❡♥ér✐❝♦✳

❆ ✐♥t❡r♣♦❧❛çã♦ ♣r♦♣♦r❝✐♦♥❛ ✉♠ ❡q✉✐❧í❜r✐♦ ❡♥tr❡ ♦s ❞♦✐s ❬✻✶✱ ✻✼❪✳

✷✳✷✳✻ ▼♦❞❡❧❛❣❡♠ ❞❛ Pr♦♥ú♥❝✐❛

❖ ❞✐❝✐♦♥ár✐♦ ❞❛ ♣r♦♥ú♥❝✐❛ é ❛ ❧✐❣❛çã♦ ❡♥tr❡ ❛ r❡♣r❡s❡♥t❛çã♦ ❛❝úst✐❝❛ ❡ ❛ s❛í❞❛ ❞♦s ✐t❡♥s ❧é①✐❝♦s

❞♦ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳ ❆ ♣r❡❝✐sã♦ ❞♦s ♠♦❞❡❧♦s ❛❝úst✐❝♦s é ♣❛r❝✐❛❧♠❡♥t❡ ❞❡♣❡♥❞❡♥t❡

❞❛ ❝♦♥s✐stê♥❝✐❛ ❞♦ ❞✐❝✐♦♥ár✐♦ ❞❡ ♣r♦♥ú♥❝✐❛✳

❆ss♦❝✐❛❞❛ ❛ ❝❛❞❛ ❡♥tr❛❞❛ ❧é①✐❝❛ ❡①✐st❡ ✉♠❛ ♦✉ ♠❛✐s ♣r♦♥ú♥❝✐❛s ❞❡s❝r✐t❛s ❝♦♠ ❜❛s❡ ♥❛

✉♥✐❞❛❞❡ ❡❧❡♠❡♥t❛r ❡s❝♦❧❤✐❞❛ ✭✉s✉❛❧♠❡♥t❡ ❢♦♥❡♠❛s ♦✉ ❢♦♥❡s✮✳ ◆♦r♠❛❧♠❡♥t❡✱ sã♦ ❛♣❧✐❝❛❞♦s

❛❧❣♦r✐t♠♦s ❞❛t❛✲❞r✐✈❡♥✱ q✉❡ t✐♣✐❝❛♠❡♥t❡ ✐♥❝❧✉❡♠ q✉❛tr♦ ❡t❛♣❛s ❬✸✾❪✿

✶✳ ●❡r❛çã♦ ❞❛s tr❛♥s❝r✐çõ❡s ❢♦♥ét✐❝❛s ♣♦r ♠❡✐♦ ❞❡ ✉♠ r❡❝♦♥❤❡❝❡❞♦r❀

✷✳ ❆❧✐♥❤❛♠❡♥t♦ ❞❛s tr❛♥s❝r✐çõ❡s ❛✉t♦♠át✐❝❛s ♣♦r ♠❡✐♦ ❞❡ ♣r♦♥ú♥❝✐❛s ❝❛♥ô♥✐❝❛s ❝r✐❛❞❛s

♠❛♥✉❛❧♠❡♥t❡❀

✸✳ ▼❛♣❡❛♠❡♥t♦ ❞❛s r❡❣r❛s ❞❛s ♣r♦♥ú♥❝✐❛s ❝❛♥ô♥✐❝❛s ♣❛r❛ ❛s ✈❛r✐❛♥t❡s❀

✹✳ ✏❊♥①✉❣❛♠❡♥t♦✴♣♦❞❛❣❡♠✑ ❞❛s r❡❣r❛s✳

❯♠❛ ❧✐♠✐t❛çã♦ ❞❡ss❛ ❛❜♦r❞❛❣❡♠ é q✉❡ ❛s ♣r♦♥ú♥❝✐❛s ❝❛♥ô♥✐❝❛s ❞❡ r❡❢❡rê♥❝✐❛ ❞❡✈❡♠

❡st❛r ❞✐s♣♦♥í✈❡✐s✳ ❯♠ s✐st❡♠❛ ❞❡ ❛✉t♦✲❛t❡♥❞✐♠❡♥t♦ ❞❛ ■❇▼ ❬✽✷❪ ✉t✐❧✐③♦✉ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❞❡

❣❡r❛çã♦ ❞❡ ♣r♦♥ú♥❝✐❛ ❜❛s❡❛❞❛ ❛♣❡♥❛s ❡♠ ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ❬✽✸❪✳ ❆ ✈❛♥t❛❣❡♠ ❞❡ss❛
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❛❜♦r❞❛❣❡♠ é q✉❡ ♥❡♥❤✉♠❛ ♣r♦♥ú♥❝✐❛ ❝❛♥ô♥✐❝❛ é ♥❡❝❡ssár✐❛✱ ♦ q✉❡ s❡ t♦r♥❛ ♠❛✐s ♣rát✐❝♦✱

✉♠❛ ✈❡③ q✉❡✱ ♠✉✐t❛s ♣❛❧❛✈r❛s ♥ã♦ ❡①✐st❡♠ ♥♦ ❞✐❝✐♦♥ár✐♦ ❞❡ ♣r♦♥ú♥❝✐❛✳ ❖s ❡①♣❡r✐♠❡♥t♦s

r❡❛❧✐③❛❞♦s ❡♠ ❬✽✷❪ ♠♦str❛r❛♠ ✉♠❛ r❡❞✉çã♦ ❞❡ ✶✼✪ ♥♦ ❡rr♦ r❡❧❛t✐✈♦✱ q✉❛♥❞♦ ♦ ❝♦♥❥✉♥t♦ ❞❡

tr❡✐♥❛♠❡♥t♦ ❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ t❡st❡ ❛♣r❡s❡♥t❛✈❛♠ s♦❜r❡♣♦s✐çã♦ ♥❛s ♣❛❧❛✈r❛s ♥ã♦ ✈✐st❛s✳

❉❡✈❡♠ s❡r ❢❡✐t❛s ❝♦♥s✐❞❡r❛çõ❡s s♦❜r❡ ♦ ❝✉st♦✲❜❡♥❡❢í❝✐♦ ❛♦ ❛❞✐❝✐♦♥❛r ✈❛r✐❛çõ❡s ♥♦ ❞✐❝✐♦♥á✲

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

❛♦ s✐♥❛❧ ❛❝úst✐❝♦ ❛t✉❛❧✱ ♣♦r ♦✉tr♦ ❧❛❞♦✱ ❛✉♠❡♥t❛✲s❡ ♦ ♥ú♠❡r♦ ❞❡ ♠♦❞❡❧♦s ❝♦♥❢✉s♦s ♣❛r❛ ❛s

♣❛❧❛✈r❛s ❬✻✹❪✳ ❉✐❛♥t❡ ❞✐ss♦✱ ❛♦ ✐♥✈és ❞❡ ❛✉♠❡♥t❛r ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐❛çõ❡s ❞❡ ♣r♦♥ú♥❝✐❛ ♥♦

❞✐❝✐♦♥ár✐♦✱ ❡♠ ❬✽✹❪ ❢♦✐ ✐♥tr♦❞✉③✐❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡ ❞✐st♦rçã♦ ❞❛ ♣r♦♥ú♥❝✐❛✱ ♣❛r❛ r❡♣♦♥t✉❛r ❛s

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

✷✳✸ ❈♦♥s✐❞❡r❛çõ❡s ●❡r❛✐s

❆✈❛♥ç♦s ♦❜t✐❞♦s ❡♠ s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉t♦♠át✐❝♦ ❞❡ ❢❛❧❛✱ ❜❛s❡❛❞♦s ♥❛ ♠♦❞❡❧❛❣❡♠

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

✐s♦❧❛❞❛s✳ ❈♦♥t✉❞♦✱ ❛✐♥❞❛ ❡①✐st❡♠ ❝❡rt❛s ❧✐♠✐t❛çõ❡s ♣❛r❛ s❡ ♦❜t❡r ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉t♦✲

♠át✐❝♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ❡✴♦✉ ❡s♣♦♥tâ♥❡❛✳ P❛r❛ s❡ ❛t✐♥❣✐r t❛❧ ♦❜❥❡t✐✈♦✱ ♦✉tr❛s té❝♥✐❝❛s tê♠

s✐❞♦ ✉t✐❧✐③❛❞❛s ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❛ ♠♦❞❡❧❛❣❡♠ ❛❝úst✐❝❛✱ ❝♦♠♦ ❛s ♠♦❞❡❧❛❣❡♥s ❧✐♥❣✉íst✐❝❛ ❡ ❞❡

♣r♦♥ú♥❝✐❛✳

◆❛ ♠♦❞❡❧❛❣❡♠ ❧✐♥❣✉íst✐❝❛✱ sã♦ ❝❛♣t✉r❛❞❛s r❡❣✉❧❛r✐❞❛❞❡s ❞❛ ❧✐♥❣✉❛❣❡♠ ❢❛❧❛❞❛✱ q✉❡ sã♦

✉t✐❧✐③❛❞❛s ♣❛r❛ ❡st✐♠❛r ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣❛❧❛✈r❛s✳ ❖ ♠ét♦❞♦ ❧✐♥❣✉íst✐❝♦ ♠❛✐s

♣♦♣✉❧❛r é ♦ ❝❤❛♠❛❞♦ ♠♦❞❡❧♦ ♥✲❣r❛♠✱ q✉❡ ♦❜❥❡t✐✈❛ ❝❛♣t✉r❛r ❛s r❡str✐çõ❡s s✐♥tát✐❝❛s ❡ s❡♠â♥✲

t✐❝❛s ❞❛ ❧í♥❣✉❛ ❛ ♣❛rt✐r ❞❛ ❡st✐♠❛t✐✈❛ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ s❡q✉ê♥❝✐❛ ❞❡ n ♣❛❧❛✈r❛s ❛♥t❡r✐♦r❡s✳

❖✉tr♦ ♠ét♦❞♦ t❛♠❜é♠ ♠✉✐t♦ ✉t✐❧✐③❛❞♦ é ❛ ♠♦❞❡❧❛❣❡♠ ❧✐♥❣✉íst✐❝❛ ♣♦r ♠❡✐♦ ❞❡ ➪r✈♦r❡s ❞❡

❉❡❝✐sã♦✱ ♥♦ q✉❛❧ é ✉t✐❧✐③❛❞❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ t♦♣✲❞♦✇♥ ❞❡ ❛❣r✉♣❛♠❡♥t♦ ❞❛s ❛♠♦str❛s✱ q✉❡

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

♣❡r❣✉♥t❛s q✉❡ ✈ã♦ s❡♥❞♦ r❡❛❧✐③❛❞❛s s♦❜r❡ t❛✐s ❛♠♦str❛s✳ ➪r✈♦r❡s ❞❡ ❉❡❝✐sã♦ tê♠ s✐❞♦ ♠✉✐t♦

✉t✐❧✐③❛❞❛s ♥❛ ♠♦❞❡❧❛❣❡♠ ❧✐♥❣✉íst✐❝❛ ♣❛r❛ r❡❧❛❝✐♦♥❛r✴ ❧✐❣❛r ♦s ♣❛râ♠❡tr♦s ❞♦ ❍▼▼✱ ❜❡♠

❝♦♠♦✱ ♠❡❧❤♦r❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ♠♦❞❡❧♦s ♥✲❣r❛♠✳ ❆✐♥❞❛ ♥❛ ♠♦❞❡❧❛❣❡♠ ❧✐♥❣✉íst✐❝❛✱ ♣♦❞❡♠

s❡r ✉t✐❧✐③❛❞❛s ❛s ●r❛♠át✐❝❛s ▲✐✈r❡s ❞❡ ❈♦♥t❡①t♦✳ ❊ss❛ ❡str✉t✉r❛ é ✉s✉❛❧♠❡♥t❡ ❡①♣r❡ss❛ ❝♦♠♦

✉♠ ❝♦♥❥✉♥t♦ ❞❡ r❡❣r❛s q✉❡ ♣♦ss✉❡♠ ✉♠❛ s✐♠♣❧❡s ❡ ❛tô♠✐❝❛ ❝❛t❡❣♦r✐❛ ❣r❛♠❛t✐❝❛❧ à ❡sq✉❡r❞❛

❞❡ ❝❛❞❛ r❡❣r❛✱ ❡ ❛ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❝❛t❡❣♦r✐❛s ❛tô♠✐❝❛s ❡ ♣❛❧❛✈r❛s à ❞✐r❡✐t❛✳ ◆❡st❡ tr❛❜❛❧❤♦✱

t❛♠❜é♠ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞❛s ❛s té❝♥✐❝❛s ❞❡ ▼á①✐♠❛✲❊♥tr♦♣✐❛ ❡ ❞❡ ▼♦❞❡❧❛❣❡♠ ❆❞❛♣t❛t✐✈❛✳

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

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

❡ ❡st✐❧♦s✳

❆ ♠♦❞❡❧❛❣❡♠ ❛❝úst✐❝❛ t❡♠ ❝♦♠♦ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦ ❧✐❞❛r✴tr❛t❛r ❝♦♠ ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡

♣r❡s❡♥t❡ ❡♠ ✉♠ s✐♥❛❧ ❞❡ ❢❛❧❛✳ ❊ss❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ♣♦❞❡ ❛❞✈✐r ❞♦ ❝♦♥t❡①t♦ ❧✐♥❣✉íst✐❝♦✱ ♦✉ ♣♦❞❡

❡st❛r ❛ss♦❝✐❛❞❛ ❛♦ ❝♦♥t❡①t♦ ♥ã♦✲❧✐♥❣✉✐st✐❝♦✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ♦ ❧♦❝✉t♦r ✭❡✳❣✳ ❝❛r❛❝t❡ríst✐❝❛s



✷✳✸ ❈❖◆❙■❉❊❘❆➬Õ❊❙ ●❊❘❆■❙ ✸✷

❢ís✐❝❛s✱ ❢♦r♠❛ ❞❛ ❡❧♦❝✉çã♦✱ ❤✉♠♦r✱ ❡t❝✳✮✱ ♦✉ ❛♠❜✐❡♥t❡ ❛❝úst✐❝♦ ✭❡✳❣✳ r✉í❞♦ ❞❡ ❢✉♥❞♦✮✱ ❛❧é♠ ❞♦

❝❛♥❛❧ ❞❡ ❣r❛✈❛çã♦ ✭❡✳❣✳ ♠✐❝r♦❢♦♥❡✱ t❡❧❡❢♦♥❡✱ ❡t❝✳✮✳ ◆❡ss❛ ♠♦❞❡❧❛❣❡♠✱ ♣r❡❞♦♠✐♥❛♠ ♦s ♠ét♦❞♦s

❞❡ ❛♥á❧✐s❡ ❡s♣❡❝tr❛❧ ▲P❈ ✭▲✐♥❡❛r Pr❡❞✐❝t✐✈❡ ❈♦❞✐♥❣✮ ❡ ♦ ♠ét♦❞♦ ❞❡ ❛♥á❧✐s❡ ❡s♣❡❝tr❛❧ ♣♦r

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

❆ ♠♦❞❡❧❛❣❡♠ ❞❛ ♣r♦♥ú♥❝✐❛ é ❛ ❧✐❣❛çã♦ ❡♥tr❡ ❛ r❡♣r❡s❡♥t❛çã♦ ❛❝úst✐❝❛ ❡ ❛ s❛í❞❛ ❞♦s

✐t❡♥s ❧é①✐❝♦s ❞♦ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳ ❆ss♦❝✐❛❞❛ ❛ ❝❛❞❛ ❡♥tr❛❞❛ ❧é①✐❝❛ ❡①✐st❡ ✉♠❛ ♦✉

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

♦✉ ❢♦♥❡s✮✳ ❉❡✈❡♠ s❡r ❢❡✐t❛s ❝♦♥s✐❞❡r❛çõ❡s s♦❜r❡ ♦ ❝✉st♦✲❜❡♥❡❢í❝✐♦ ❛♦ ❛❞✐❝✐♦♥❛r ✈❛r✐❛çõ❡s ♥♦

❞✐❝✐♦♥ár✐♦✱ ✉♠❛ ✈❡③ q✉❡✱ s❡ ♣♦r ✉♠ ❧❛❞♦✱ sã♦ ❣❡r❛❞♦s ♠♦❞❡❧♦s q✉❡ s❡ ❛ss❡♠❡❧❤❛♠ ♠❛✐s ♣r❡✲

❝✐s❛♠❡♥t❡ ❛♦ s✐♥❛❧ ❛❝úst✐❝♦ ❛t✉❛❧✱ ♣♦r ♦✉tr♦ ❧❛❞♦✱ ❛✉♠❡♥t❛✲s❡ ♦ ♥ú♠❡r♦ ❞❡ ♠♦❞❡❧♦s ❝♦♥❢✉s♦s

♣❛r❛ ❛s ♣❛❧❛✈r❛s✳

❆♣❡s❛r ❞❡ ❡①❡r❝❡r❡♠ ♣❛♣é✐s ❞✐❢❡r❡♥t❡s ♥♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ ♥❛ ❡t❛♣❛ ❞❡ ❝❧❛s✲

s✐✜❝❛çã♦ ❞♦s ♣❛❞rõ❡s ❣❡r❛❞♦s✱ ❛s ♠♦❞❡❧❛❣❡♥s ❛❝úst✐❝❛✱ ❧✐♥❣✉íst✐❝❛ ❡ ❞❡ ♣r♦♥ú♥❝✐❛ tê♠ ❝♦♠♦

❢✉♥❞❛♠❡♥t♦ ❜ás✐❝♦ ❛ t❡♦r✐❛ ❞❡ ❞❡❝✐sã♦ ❞❡ ❇❛②❡s✱ q✉❡ ❝♦♥s✐❞❡r❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠❛ ❞❡t❡r✲

♠✐♥❛❞❛ s❡♥t❡♥ç❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ❡s♣❛ç♦ ❞❡ ♦❜s❡r✈❛çã♦✳ ◆❛ ❡t❛♣❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦✱ ♦ ♠ét♦❞♦

q✉❡ t❡♠ ❛♣r❡s❡♥t❛❞♦ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s é ♦ ❍▼▼✱ ❝✉❥♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ s❡rá ❡①♣❧✐❝❛❞♦ ♥♦

❈❛♣ít✉❧♦ ✸✳



❈❛♣ít✉❧♦ ✸

▼♦❞❡❧♦s ❖❝✉❧t♦s ❞❡ ▼❛r❦♦✈ ❆♣❧✐❝❛❞♦s

❛♦ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ ❋❛❧❛

❉❡ ✉♠❛ ❢♦r♠❛ ❣❡r❛❧✱ ♦s ♠ét♦❞♦s ❝♦♥❤❡❝✐❞♦s ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❞✐❢❡r❡♥❝✐❛♠✲s❡

q✉❛♥t♦ à ❢♦r♠❛ ❝♦♠♦ ♦s ♣❛râ♠❡tr♦s ❡①tr❛í❞♦s sã♦ ✉t✐❧✐③❛❞♦s ♥❛ ❝♦♥str✉çã♦ ❡ ❝❧❛ss✐✜❝❛çã♦

❞♦s ♣❛❞rõ❡s✳ ❉❡ss❛ ❢♦r♠❛✱ ♣♦❞❡♠ s❡r ❞✐✈✐❞✐❞♦s ❡♠ ❞♦✐s ❣r✉♣♦s ❬✽✺❪✿ ▼ét♦❞♦s P❛r❛♠étr✐❝♦s

❡ ▼ét♦❞♦s ❊st❛tíst✐❝♦s✳

◆♦s ♠ét♦❞♦s ♣❛r❛♠étr✐❝♦s✱ é ❧❡✈❛❞❛ ❛ ❡❢❡✐t♦ ✉♠❛ r❡❞✉çã♦ ❞❡ ❞❛❞♦s ❡①♣❧í❝✐t❛✱ ❛♣ós ❛

q✉❛❧ é ♦❜t✐❞♦ ✉♠ ♣❛❞rã♦ ❞❡ r❡❢❡rê♥❝✐❛ q✉❡ ❝♦♥t✐♥✉❛ ❛✐♥❞❛ ♥❛ ❢♦r♠❛ ♣❛r❛♠étr✐❝❛✳ ❆ r❡❣r❛

❞❡ ❞❡❝✐sã♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♠♣❛r❛çã♦ ❞❡ ♣❛❞rõ❡s ❜❛s❡✐❛✲s❡ ❡♠ ♠❡❞✐❞❛s ❞❡ ❞✐stâ♥❝✐❛✳ ❈♦♠♦

❡①❡♠♣❧♦ ❞❡ ♠ét♦❞♦ ♣❛r❛♠étr✐❝♦✱ ♣♦❞❡✲s❡ ❝✐t❛r ❛ ◗✉❛♥t✐③❛çã♦ ❱❡t♦r✐❛❧✳

◆♦s ♠ét♦❞♦s ❡st❛tíst✐❝♦s✱ ❛ ❝♦♥str✉çã♦ ❞♦s ♣❛❞rõ❡s é ♦❜t✐❞❛ ♣♦r ♠❡✐♦ ❞❡ ♠♦❞❡❧♦s ❡st❛✲

tíst✐❝♦s✱ t❛✐s ❝♦♠♦ ▼♦❞❡❧♦s ❖❝✉❧t♦s ❞❡ ▼❛r❦♦✈ ✭❍▼▼s✮ ❬✽✻✱ ✽✼❪✳ ❖s ♣❛râ♠❡tr♦s ❡①tr❛í❞♦s

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

❝ást✐❝♦s ♥♦s q✉❛✐s ❡stá ♣r❡s❡♥t❡ ✉♠❛ r❡❞✉çã♦ ✐♠♣❧í❝✐t❛ ❞❡ ❞❛❞♦s✳ ◆❡ss❡s ♠ét♦❞♦s ♥ã♦ é ❢❡✐t❛

✉♠❛ ❝♦♠♣❛r❛çã♦ ❞✐r❡t❛ ❞❡ ♣❛❞rõ❡s ❡ ❛ ❞❡❝✐sã♦ é t♦♠❛❞❛ ✉s❛♥❞♦ ♦ ❝á❧❝✉❧♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s

❛ss♦❝✐❛❞❛s ❛♦s ♠♦❞❡❧♦s✳

▼✉✐t♦s s✐st❡♠❛s ❛♣❧✐❝❛❞♦s ❛♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ♣❛r❛ ✈♦❝❛❜✉❧ár✐♦ ❣r❛♥❞❡ ❡ ❝♦♥tí♥✉♦

✉t✐❧✐③❛ ♦s ▼♦❞❡❧♦s ❖❝✉❧t♦s ❞❡ ▼❛r❦♦✈ ✭❍✐❞❞❡♥ ▼❛r❦♦✈ ▼♦❞❡❧s ✕ ❍▼▼✮ ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦

♥❛ ♠♦❞❡❧❛❣❡♠ ❛❝úst✐❝❛ ❬✷✱ ✽✱ ✾✱ ✷✵✱ ✸✽✱ ✸✾✱ ✽✻✱ ✽✽❪✳ ❊ss❡ ♠ét♦❞♦ ❝♦♥s✐st❡ ♥❛ ♠♦❞❡❧❛❣❡♠ ❞❛

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

P❛r❛ ❡st✐♠❛r ♦s ♣❛râ♠❡tr♦s ❞♦ ❍▼▼ ❡①✐st❡♠ ❛❧❣♦r✐t♠♦s ❡✜❝✐❡♥t❡s✳ ❊♠ r❡❝♦♥❤❡❝✐♠❡♥t♦

❞❡ ❢❛❧❛✱ ♦s ❍▼▼ ♣♦❞❡♠ s❡r ✉s❛❞♦s ♣❛r❛ r❡♣r❡s❡♥t❛r ♣❛❧❛✈r❛s✱ s❡♥t❡♥ç❛s ♦✉ ✉♥✐❞❛❞❡s ♠❡♥♦r❡s

t❛✐s ❝♦♠♦ ❢♦♥❡s ❬✽✾✱ ✾✵❪✳

✸✳✶ ❉❡✜♥✐çã♦ ❡ ❞❡s❝r✐çã♦ ❞♦ ♠♦❞❡❧♦

❊♠ ✉♠ ❍▼▼✱ ❢♦r♠❛❞♦ ♣♦r ✉♠❛ ❝❛❞❡✐❛ ❞❡ ❡st❛❞♦s ✭❝❛❞❡✐❛ ❞❡ ▼❛r❦♦✈✮✱ ❡①✐st❡♠ ❞♦✐s ♣r♦❝❡s✲

s♦s ❡st♦❝ást✐❝♦s ❛ss♦❝✐❛❞♦s✱ ✉♠ ❡♥✈♦❧✈❡♥❞♦ ❛s tr❛♥s✐çõ❡s ❡♥tr❡ ♦s ❡st❛❞♦s ❡ ♦✉tr♦ ❡♥✈♦❧✈❡♥❞♦

✸✸
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❛s ♦❜s❡r✈❛çõ❡s ❞❡ s❛í❞❛ ❞❡ ❝❛❞❛ ❡st❛❞♦✳

❆s ♦❜s❡r✈❛çõ❡s ❞❡ s❛í❞❛ sã♦ ♠❛♥✐❢❡st❛çõ❡s ❞♦ ❢❡♥ô♠❡♥♦ s❡♥❞♦ ♠♦❞❡❧❛❞♦✱ ❡ sã♦ ❞❡s❝r✐✲

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

✉s✉❛❧♠❡♥t❡ ✉t✐❧✐③❛❞❛ ♥♦ ♠♦❞❡❧❛♠❡♥t♦ ❛❝úst✐❝♦ ❞♦ s✐♥❛❧ ❞❡ ❢❛❧❛✱ ❡stá ❛ss♦❝✐❛❞❛ à ❡♠✐ssã♦ ❞❡

✉♠ sí♠❜♦❧♦ ♥♦ ✐♥st❛♥t❡ ❞❡ ❝❤❡❣❛❞❛ ❛ ✉♠ ❡st❛❞♦✱ ❡ é ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ♠áq✉✐♥❛ ❞❡ ▼♦♦r❡✳

❆ s❡❣✉♥❞❛ ❢♦r♠❛✱ ❣❡r❛❧♠❡♥t❡ ✉t✐❧✐③❛❞❛ ♥♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❧✐♥❣✉❛❣❡♠✱ ❡stá ❛ss♦❝✐❛❞❛ à

❡♠✐ssã♦ ❞❡ ✉♠ sí♠❜♦❧♦ ❞✉r❛♥t❡ ❛ tr❛♥s✐çã♦ ❡♥tr❡ ❡st❛❞♦s✱ ❡ é ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ♠áq✉✐♥❛ ❞❡

▼❡❛❧② ❬✹✻❪✳

◆❛ ❋✐❣✉r❛ ✸✳✶ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ❡①❡♠♣❧♦ ❞❡ ♠♦❞❡❧♦ ❍▼▼ ❞❡ ✸ ❡st❛❞♦s✱ ❝♦rr❡s♣♦♥❞❡♥t❡

às ❢♦r♠❛s ❞❡ ▼♦♦r❡ ❡ ▼❡❛❧②✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡♠ q✉❡✿

i, j ❡ k ✕ r❡♣r❡s❡♥t❛♠ ♦s ❡st❛❞♦s ❞♦ ♠♦❞❡❧♦❀

aij ✕ r❡♣r❡s❡♥t❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ tr❛♥s✐çã♦ ❞♦ ❡st❛❞♦ i ♣❛r❛ ♦ ❡st❛❞♦ j❀

b ✕ r❡♣r❡s❡♥t❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❡♠✐ssã♦ ❞❡ ✉♠ sí♠❜♦❧♦✱ ❛ss♦❝✐❛❞♦ ♦✉ ❛ ✉♠

❡st❛❞♦ ✭bi✮ ♦✉ ❛ ✉♠❛ tr❛♥s✐çã♦ ❡♥tr❡ ❡st❛❞♦s ✭bij✮✳

❋✐❣✉r❛ ✸✳✶✿ ❊①❡♠♣❧♦ ❞❡ ✉♠ ❍▼▼ ❞❡ ✸ ❡st❛❞♦s✱ ❛ss♦❝✐❛❞♦ à t♦♣♦❧♦❣✐❛ ▼♦♦r❡ ✭❛✮ ❡ ▼❡❛❧② ✭❜✮✳

❊♠ ❣❡r❛❧✱ ♣❛r❛ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛✱ ✉t✐❧✐③❛✲s❡ ✉♠ ♠♦❞❡❧♦ s✐♠♣❧✐✜❝❛❞♦ ❞❡ ❍▼▼

❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ♠♦❞❡❧♦ ❧❡❢t✲r✐❣❤t ✭❡sq✉❡r❞❛✲❞✐r❡✐t❛✮✱ ♦✉ ♠♦❞❡❧♦ ❞❡ ❇❛❦✐s ❬✶✸❪✳ ◆❡st❡ ♠♦❞❡❧♦✱

❡①❡♠♣❧✐✜❝❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✷✱ sã♦ ♣❡r♠✐t✐❞♦s ❛♣❡♥❛s tr❛♥s✐çõ❡s ♣❛r❛ ♦ ♠❡s♠♦ ❡st❛❞♦✱ ♦✉

tr❛♥s✐çõ❡s ❞❡ ✉♠ ❡st❛❞♦ i ♣❛r❛ ✉♠ ❡st❛❞♦ j✱ ♠❛✐s à ❞✐r❡✐t❛✱ s❡♥❞♦ aij = 0 s❡ j > i + 2 ♦✉

j < i✳

◗✉❛♥❞♦ s❡ ❛♣❧✐❝❛ ❍▼▼ ❛ ♣r♦❜❧❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ ❛s ♦❜s❡r✈❛çõ❡s ❞❡ s❛í❞❛ sã♦

❞❡✜♥✐❞❛s ♣♦r ♣❛râ♠❡tr♦s r❡♣r❡s❡♥t❛t✐✈♦s ❞♦ s✐♥❛❧ ❞❡ ❢❛❧❛✱ t❛✐s ❝♦♠♦ ♦s ▼❋❈❈ ✭▼❡❧ ❋r❡✲

q✉❡♥❝② ❈❡♣str❛❧ ❈♦❡✣❝✐❡♥ts✮✱ ▲❋❈❈ ✭▲✐♥❡❛r ❋r❡q✉❡♥❝② ❈❡♣str❛❧ ❈♦❡✣❝✐❡♥ts✮✱ ▲P❈ ✭▲✐♥❡❛r

Pr❡❞✐❝t✐✈❡ ❈♦❞✐♥❣ ❈♦❡✣❝✐❡♥ts✮✱ ❡♥tr❡ ♦✉tr♦s✳

❯♠ ❍▼▼ ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ❝♦♠♦ s❡♥❞♦✿

• ❯♠ ❝♦♥❥✉♥t♦ ❞❡ ❡st❛❞♦s Sj✱ ✐♥❝❧✉✐♥❞♦ ✉♠ ❡st❛❞♦ ✐♥✐❝✐❛❧ Si ❡ ✉♠ ❡st❛❞♦ ✜♥❛❧ Sf ❀
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❋✐❣✉r❛ ✸✳✷✿ ❊①❡♠♣❧♦ ❞❡ ✉♠ ❍▼▼ t✐♣♦ ❧❡❢t✲r✐❣❤t ❞❡ ❝✐♥❝♦ ❡st❛❞♦s✳

• ❯♠❛ ♠❛tr✐③ ❞❡ tr❛♥s✐çõ❡s A = aij✱ s❡♥❞♦ aij r❡♣r❡s❡♥t❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s❡ ❡❢❡t✉❛r

✉♠❛ tr❛♥s✐çã♦ ❞♦ ❡st❛❞♦ i ♣❛r❛ ♦ ❡st❛❞♦ j❀

• ❯♠❛ ♠❛tr✐③ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ s❛í❞❛ B = bj(k)✱ s❡♥❞♦ bj(k) ❞❡✜♥❡ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡

❞❡ ❡♠✐ssã♦ ❞♦ sí♠❜♦❧♦ k✱ ❛♦ s❡ ❝❤❡❣❛r ❛♦ ❡st❛❞♦ j ✭♠♦❞❡❧♦ ❞❡ ▼♦♦r❡✮✳ ❖ sí♠❜♦❧♦ k

♣❡rt❡♥❝❡ ❛ ✉♠ ❝♦♥❥✉♥t♦ ✜♥✐t♦ ♦✉ ✐♥✜♥✐t♦ ❞❡ sí♠❜♦❧♦s ❞❡ s❛í❞❛✳

❉❡s❞❡ q✉❡ aij ❡ bj(k) s❡❥❛♠ ♣r♦❜❛❜✐❧íst✐❝♦s✱ ❛s s❡❣✉✐♥t❡s ♣r♦♣r✐❡❞❛❞❡s ❞❡✈❡♠ s❡r s❛t✐s❢❡✐✲

t❛s✿

∑

j

aij = 1 ∀i, j , sendo aij ≥ 0. ✭✸✳✶✮

∑

k

bj(k) = 1 ∀k , sendo bj(k) ≥ 0. ✭✸✳✷✮

P♦❞❡✲s❡ ❛ss♦❝✐❛r ❛ s❡q✉ê♥❝✐❛ ❞❡ tr❛♥s✐çõ❡s ❞❡ ❡st❛❞♦ ❛ ✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ Xt✱ ❡

❛ s❡q✉ê♥❝✐❛ ❞❡ sí♠❜♦❧♦s ❡♠✐t✐❞♦s ❛ ♦✉tr♦ ♣r♦❝❡ss♦ Yt ✱ ❞❡♣❡♥❞❡♥t❡ ❞♦ ♣r✐♠❡✐r♦✳ ❆ss✐♠✱ ❛

❝❛❞❛ ✐♥❝r❡♠❡♥t♦ ❡♠ t ❡①✐st✐rá ❡①❛t❛♠❡♥t❡ ✉♠❛ tr❛♥s✐çã♦ ❞❡ ❡st❛❞♦ ✭♠❡s♠♦ q✉❡ s❡❥❛ ♣❛r❛ ♦

♠❡s♠♦ ❡st❛❞♦ ✕ ❛✉t♦tr❛♥s✐çã♦✮ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❛ ❡♠✐ssã♦ ❞❡ ✉♠ sí♠❜♦❧♦✳ ❯t✐❧✐③❛♥❞♦

❡st❛ ♥♦t❛çã♦ t❡♠♦s✿

aij = P (Xt = j|Xt−1 = i), ✭✸✳✸✮

bj(k) = P (Yt = k|Xt = j), ✭✸✳✹✮

s❡♥❞♦ Xt = j s✐❣♥✐✜❝❛ q✉❡ ❛ ❝❛❞❡✐❛ ❞❡ ▼❛r❦♦✈ ❡stá ♥♦ ❡st❛❞♦ j ♥♦ ✐♥st❛♥t❡ t✱ ❡ Yt = k

s✐❣♥✐✜❝❛ q✉❡ ♦ sí♠❜♦❧♦ ❞❡ s❛í❞❛ ❡♠✐t✐❞♦ ♥♦ ✐♥st❛♥t❡ t é k✳

❖ ❝♦♥❥✉♥t♦ ❞❡ sí♠❜♦❧♦s ♦❜s❡r✈á✈❡✐s k ❝♦rr❡s♣♦♥❞❡ à s❛í❞❛ ❢ís✐❝❛ ❞♦ s✐st❡♠❛ q✉❡ ❡stá

s❡♥❞♦ ♠♦❞❡❧❛❞♦✳ ❉❡st❛ ❢♦r♠❛✱ ♣❛r❛ s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛✱ ♦s sí♠❜♦❧♦s ❞❡✈❡♠

❝♦rr❡s♣♦♥❞❡r ❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ❞❡ ♣❛râ♠❡tr♦s ❡①tr❛í❞♦s ❞♦ s✐♥❛❧ s❡♥❞♦ ❛♥❛❧✐s❛❞♦✳
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➱ ❝♦♠✉♠ ♦ ✉s♦ ❞❛ ♥♦t❛çã♦ ♦❜s❡r✈❛❞❛ ❡♠ ✭✸✳✺✮✱ ✉t✐❧✐③❛❞❛ ♣❛r❛ ✐♥❞✐❝❛r ✉♠ ♠♦❞❡❧♦ ❍▼▼

❬✾✶❪✿

λ = (A,B, π), ✭✸✳✺✮

s❡♥❞♦✿

• ❆ é ❛ ♠❛tr✐③ ❞❡ ❡❧❡♠❡♥t♦s aij = P [Sj|Si]✱ ❝❤❛♠❛❞❛ ♠❛tr✐③ ❞❡ tr❛♥s✐çã♦ ❞❡ ❡st❛❞♦s✱ ❞❡

❞✐♠❡♥sã♦ N2✱ s❡♥❞♦ N ❞❡✜♥✐❞♦ ❝♦♠♦ ♦ ♥ú♠❡r♦ ❞❡ ❡st❛❞♦s✳ Si ❡ Sj r❡♣r❡s❡♥t❛♠ ❞♦✐s

❡st❛❞♦s q✉❛✐sq✉❡r ❞♦ ♠♦❞❡❧♦❀

• ❇ é ❛ ♠❛tr✐③ ❞❡ ❡❧❡♠❡♥t♦s bj(k) = P [Vk|Sj]✱ q✉❡ r❡♣r❡s❡♥t❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s❡

♦❜s❡r✈❛r ♦ r❡s✉❧t❛❞♦ Vk ✭❝♦♥❥✉♥t♦ ❞❡ r❡s✉❧t❛❞♦s ❞❡ s❛í❞❛ ❡s♣❡r❛❞♦s ❞♦ ♠♦❞❡❧♦✮ ❡st❛♥❞♦

♥♦ ❡st❛❞♦ Sj✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♥❛t✉r❡③❛ ❞♦s ❡❧❡♠❡♥t♦s ❞❛ ♠❛tr✐③✱ ♦s ♠♦❞❡❧♦s ❍▼▼

♣♦❞❡♠ s❡r ❝❧❛ss✐✜❝❛❞♦s ❝♦♠♦ ❞✐s❝r❡t♦s✱ ❝♦♥tí♥✉♦s ♦✉ s❡♠✐✲❝♦♥tí♥✉♦s❀

• π✿ ✈❡t♦r ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✐♥✐❝✐❛❧ π(i)✳ ◆♦ ❝❛s♦ ❞♦ ♠♦❞❡❧♦ ❧❡❢t✲r✐❣❤t✱ π(i) = 1 ♣❛r❛ i = 1

❡ π(i) = 0 ♣❛r❛ i > 1✳

✸✳✷ ❚✐♣♦s ❞❡ ❍▼▼

❉❡♣❡♥❞❡♥❞♦ ❞♦ t✐♣♦ ❞❡ ❢✉♥çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❡s❝♦❧❤✐❞❛ ♣❛r❛ ♦s sí♠❜♦❧♦s ❞❡ s❛í❞❛✱ ♦ ❍▼▼

♣♦❞❡ s❡r ❝❧❛ss✐✜❝❛❞♦ ❝♦♠♦ ❞✐s❝r❡t♦✱ ❝♦♥tí♥✉♦ ♦✉ s❡♠✐✲❝♦♥tí♥✉♦✳

✶✳ ❉✐s❝r❡t♦✿ ❖ ❍▼▼ é ❞✐t♦ ❞✐s❝r❡t♦ q✉❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ♣♦ssí✈❡✐s sí♠❜♦❧♦s ❞❡ s❛í❞❛✱

K✱ é ✜♥✐t♦ ❡ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s❡ ❡♠✐t✐r ♦ sí♠❜♦❧♦ Vk ✱ ♥♦ ❡st❛❞♦ Sj ✱ é ❞❛❞❛ ♣♦r

bj(k)✳

❆ ❢✉♥çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ B✱ ♠❡♥❝✐♦♥❛❞❛ ❡♠ ✭✸✳✺✮✱ t❡♠ ❛s s❡❣✉✐♥t❡s ♣r♦♣r✐❡❞❛❞❡s✿

bj(k) ≥ 0, 1 ≤ j ≤ N e 1 ≤ k ≤ N ; ✭✸✳✻✮
K∑

k=1

bj(k) = 1, 1 ≤ j ≤ N ; ✭✸✳✼✮

s❡♥❞♦✿

• bj(k) = P [Vk|Sj]

• ◆ ✲ r❡♣r❡s❡♥t❛ ♦ ♥ú♠❡r♦ ❞❡ ❡st❛❞♦s ❞♦ ♠♦❞❡❧♦❀

• ❑ ✲ r❡♣r❡s❡♥t❛ ♦ ♥ú♠❡r♦ ❞❡ sí♠❜♦❧♦s ❞❡ s❛í❞❛✳
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◆♦ ♠♦❞❡❧♦ ❍▼▼ ❞✐s❝r❡t♦✱ ❛s s❡q✉ê♥❝✐❛s ❞❡ ♦❜s❡r✈❛çõ❡s sã♦ ❢♦r♠❛❞❛s ♣♦r í♥❞✐❝❡s ❞❡

✈❡t♦r❡s ❞❡ ✉♠ ❞✐❝✐♦♥ár✐♦✳ ❊st❡ ❞✐❝✐♦♥ár✐♦ é ❢♦r♠❛❞♦ ♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ❝❤❛♠❛✲

❞♦s ❞❡ ♣❛❧❛✈r❛s✲❝ó❞✐❣♦ ♦✉ ✈❡t♦r❡s✲❝ó❞✐❣♦✳ ❊♠ ❝❛❞❛ q✉❛❞r♦ ❞♦ s✐♥❛❧ ❞❡ ❢❛❧❛ ♦❜té♠✲s❡

✉♠ ✈❡t♦r ❞❡ ♣❛râ♠❡tr♦s q✉❡✱ ❛♣ós ❛ q✉❛♥t✐③❛çã♦ ✈❡t♦r✐❛❧✱ é ❛ss♦❝✐❛❞♦ ❛ ✉♠ ❞♦s K

♣♦ssí✈❡✐s ✈❡t♦r❡s✲❝ó❞✐❣♦✳

✷✳ ❈♦♥tí♥✉♦✿ ❖ ❍▼▼ é ❞✐t♦ ❝♦♥tí♥✉♦ q✉❛♥❞♦ s✉❛ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❢♦r

❝♦♥tí♥✉❛✳ ❯s✉❛❧♠❡♥t❡✱ ✉t✐❧✐③❛✲s❡ ❛ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ♠♦❞❡❧❛❞❛ ❝♦♠♦

✉♠❛ ♠✐st✉r❛ ✜♥✐t❛ ❞❡ ▼ ❣❛✉ss✐❛♥❛s ♠✉❧t✐❞✐♠❡♥s✐♦♥❛✐s✱ ❞❛❞❛ ♣♦r✿

bj(Ot) =
M∑

m=1

cjmG(Ot, µjm, Ujm), 1 ≤ j ≤ N ; ✭✸✳✽✮

s❡♥❞♦✿

• Ot ✿ é ♦ ✈❡t♦r ❞❡ ♣❛râ♠❡tr♦s ❞❡ ❡♥tr❛❞❛✱ s✉♣♦st♦ ❞❡ ❞✐♠❡♥sã♦ D✱ ♥♦ ✐♥st❛♥t❡ t❀

• cjm ✿ é ♦ ❝♦❡✜❝✐❡♥t❡ ❞❛ m−és✐♠❛ ❝♦♠♣♦♥❡♥t❡ ❞❛ ♠✐st✉r❛ ♥♦ ❡st❛❞♦ Sj❀

• G ✿ é ✉♠❛ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❣❛✉ss✐❛♥❛ ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ✭❞✐♠❡♥✲

sã♦ D✮ ❝♦♠ ✈❡t♦r ♠é❞✐❛ mjm ❡ ♠❛tr✐③ ❝♦✈❛r✐â♥❝✐❛ Ujm❀

• M ✲ r❡♣r❡s❡♥t❛ ♦ ♥ú♠❡r♦ ❞❡ ♠✐st✉r❛ ❣❛✉ss✐❛♥❛❀

• N ✲ r❡♣r❡s❡♥t❛ ♦ ♥ú♠❡r♦ ❞❡ ❡st❛❞♦s✳

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

❛s s❡❣✉✐♥t❡s ❞❡✜♥✐çõ❡s✿

M∑

m=1

cjm = 1, 1 ≤ j ≤ N ; ✭✸✳✾✮

cjm ≥ 0, 1 ≤ j ≤ N ; ✭✸✳✶✵✮

∫ +∞

−∞

bj(x)dx = 1. ✭✸✳✶✶✮

❙❡♥❞♦ ❛ ✐♥t❡❣r❛❧ ❞❛ ❊q✉❛çã♦ ✸✳✶✶ ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ✭✈❡t♦r ① ❞❡ ❞✐♠❡♥sã♦ ❉✮✳ ◆♦ ♠♦❞❡❧♦

❍▼▼ ❝♦♥tí♥✉♦ ❛ ♠❛tr✐③ ❇ é r❡♣r❡s❡♥t❛❞❛ ♣❡❧♦ ❝♦♥❥✉♥t♦ B = bj(.) ❞❡ ❢✉♥çõ❡s ❞❡♥s✐❞❛❞❡

❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ ✐♥❞❡①❛❞❛s ♥♦s ❡st❛❞♦s ❞♦ ❍▼▼✳

◗✉❛♥❞♦ ❛s ♠✐st✉r❛s ✭✈❡t♦r ♠é❞✐❛ µjm ❡ ♠❛tr✐③ ❝♦✈❛r✐â♥❝✐❛ Ujm✮ sã♦ ✐❣✉❛✐s ♣❛r❛ t♦❞♦s

♦s ❡st❛❞♦s ❞♦ ♠♦❞❡❧♦✱ ♦ ❍▼▼ ❝♦♥tí♥✉♦ é ❞❡♥♦♠✐♥❛❞♦ ❍▼▼ ✏t✐❡❞✑ ❝♦♥tí♥✉♦ ❬✽✺❪✳ ◆❡st❡



✸✳✸ ❍▼▼ ❊▼ ❘❊❈❖◆❍❊❈■▼❊◆❚❖ ❉❊ ❋❆▲❆ ✸✽

❝❛s♦✱ ❞❡ ✉♠ ❡st❛❞♦ ♣❛r❛ ♦✉tr♦✱ ❤❛✈❡rá s♦♠❡♥t❡ ✈❛r✐❛çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ♣♦♥❞❡r❛çã♦

✭cjm✮ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❛ ♠✐st✉r❛✳

✸✳ ❙❡♠✐✲❝♦♥tí♥✉♦✿ ❖ ❍▼▼ é ❞✐t♦ s❡♠✐✲❝♦♥tí♥✉♦ q✉❛♥❞♦ ♦ ♠♦❞❡❧♦ ❢♦r ✉♠ ❝❛s♦ ✐♥t❡r♠❡✲

❞✐ár✐♦ ❡♥tr❡ ♦s ❍▼▼ ❞✐s❝r❡t♦ ❡ ❝♦♥tí♥✉♦✳ ◆❡st❡ ❝❛s♦✱ ❛ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡

❡♠✐ssã♦ ❞♦s sí♠❜♦❧♦s ❞❡ s❛í❞❛ é ❞❛❞❛ ♣♦r✿

bj(Ot) =
∑

Vk∈η(Ot)

cj(k)f(Ot|Vk), 1 ≤ j ≤ N, ✭✸✳✶✷✮

s❡♥❞♦✿

• Ot ♦ ✈❡t♦r ❞❡ ❡♥tr❛❞❛❀

• K ♦ ♥ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✭sí♠❜♦❧♦s ❞❡ s❛í❞❛✮❀

• η(Ot) ♦ ❝♦♥❥✉♥t♦ ❞❛s ❢✉♥çõ❡s ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ q✉❡ ❛♣r❡s❡♥t❛♠ ♦s M

♠❛✐♦r❡s ✈❛❧♦r❡s ❞❡ f(Ot|Vk)✱ s❡♥❞♦ 1 ≤M ≤ K❀

• Vk ♦ k−és✐♠♦ sí♠❜♦❧♦ ❞❡ s❛í❞❛❀

• cj(k) ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❡♠✐ssã♦ ❞♦ sí♠❜♦❧♦ Vk ♥♦ ❡st❛❞♦ Sj❀

• f(Ot|Vk) ♦ ✈❛❧♦r ❞❛ k−és✐♠❛ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡❀

• N r❡♣r❡s❡♥t❛ ♦ ♥ú♠❡r♦ ❞❡ ❡st❛❞♦s ✉t✐❧✐③❛❞♦s✳

◆♦ ❍▼▼ s❡♠✐✲❝♦♥tí♥✉♦✱ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❢✉♥çõ❡s ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ é ♦ ♠❡s♠♦

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

❞❡ ♣♦♥❞❡r❛çã♦ cj(k)✳

❖s ❝♦❡✜❝✐❡♥t❡s cj(k)✱ ♦s ♣❛râ♠❡tr♦s ❞❛s ❢✉♥çõ❡s ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❡ ❛s ♣r♦✲

❜❛❜✐❧✐❞❛❞❡s ❞❡ tr❛♥s✐çã♦ sã♦ ❝❛❧❝✉❧❛❞♦s ❡ ♦t✐♠✐③❛❞♦s ❝♦♥❥✉♥t❛♠❡♥t❡✳ ◗✉❛♥❞♦ ♦ ✈❛❧♦r

❞❡ M ❢♦r ✐❣✉❛❧ ❛ K✱ ♣♦❞❡✲s❡ ❝♦♥s✐❞❡r❛r ♦ ❍▼▼ s❡♠✐✲❝♦♥tí♥✉♦ ❝♦♠♦ ✉♠ ❍▼▼ ❝♦♥✲

tí♥✉♦✱ ❡♠ q✉❡ t♦❞❛s ❛s ♠✐st✉r❛s sã♦ ✐❣✉❛✐s ♣❛r❛ t♦❞♦s ♦s ❡st❛❞♦s ❡ t♦❞♦s ♦s ♠♦❞❡❧♦s✱

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

❬✽✺❪✳

✸✳✸ ❍▼▼ ❡♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛

❖ ❍▼▼ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ♥❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ q✉❛✐sq✉❡r ✉♥✐❞❛❞❡s ♦✉ s✉❜✉♥✐❞❛❞❡s ❞❛ ❢❛❧❛✱

t❛✐s ❝♦♠♦ ♣❛❧❛✈r❛s✱ ❢♦♥❡s✱ ❞✐❢♦♥❡s✱ tr✐❢♦♥❡s✱ ❡t❝ ❬✶✼✱ ✽✺✱ ✾✷✱ ✾✸❪✳ ◗✉❛♥❞♦ sã♦ ❝r✐❛❞♦s ♠♦❞❡❧♦s

♣❛r❛ ❛s s✉❜✉♥✐❞❛❞❡s✱ ❛ r❡♣r❡s❡♥t❛çã♦ ❞❛ ♣❛❧❛✈r❛ ❞❡s❡❥❛❞❛ é ❝♦♥str✉í❞❛ ❝♦♥❝❛t❡♥❛♥❞♦✲s❡ ♦s

♠♦❞❡❧♦s ❞❛s s✉❜✉♥✐❞❛❞❡s ❝♦rr❡s♣♦♥❞❡♥t❡s✳ ❯♠ ❡①❡♠♣❧♦ ❞❡ s✉❜✉♥✐❞❛❞❡ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞❛

sã♦ ♦s ❢♦♥❡s✱ q✉❡ ♣♦❞❡♠ s❡r ❝❧❛ss✐✜❝❛❞♦s ❝♦♠♦ ❞❡♣❡♥❞❡♥t❡s ❞❡ ❝♦♥t❡①t♦ ♦✉ ✐♥❞❡♣❡♥❞❡♥t❡s



✸✳✸ ❍▼▼ ❊▼ ❘❊❈❖◆❍❊❈■▼❊◆❚❖ ❉❊ ❋❆▲❆ ✸✾

❞❡ ❝♦♥t❡①t♦✳ ◆♦s ❢♦♥❡s ✐♥❞❡♣❡♥❞❡♥t❡s ❞❡ ❝♦♥t❡①t♦✱ ♦s ♠♦❞❡❧♦s ❍▼▼ sã♦ tr❡✐♥❛❞♦s ✐♥❞❡✲

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

♦❝♦rr❡♠❬✹✻❪✳

❯♠❛ ❞❛s ✈❛♥t❛❣❡♥s ❞♦ ✉s♦ ❞❛ ♣❛❧❛✈r❛ ❝♦♠♦ ✉♥✐❞❛❞❡ ❡stá ♥♦ ❢❛t♦ ❞❛ ♠❡❧❤♦r r❡♣r❡s❡♥t❛çã♦

❞♦s ❡❢❡✐t♦s ❞❛ ❝♦❛rt✐❝✉❧❛çã♦✳ P♦ré♠✱ ❛ ❡s❝♦❧❤❛ ❞❛ ✉♥✐❞❛❞❡ ❜ás✐❝❛ ❛ s❡r ♠♦❞❡❧❛❞❛ ❞❡✈❡ s❡r

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

tr❡✐♥❛♠❡♥t♦ ❞❡st❛ ✉♥✐❞❛❞❡✳ ❆❧é♠ ❞✐ss♦✱ à ♠❡❞✐❞❛ q✉❡ ♦ t❛♠❛♥❤♦ ❞❛ ✉♥✐❞❛❞❡ ❜ás✐❝❛ ❛✉♠❡♥t❛✱

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

❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s ♥❡❝❡ssár✐❛ ♣❛r❛ ♦ tr❡✐♥❛♠❡♥t♦ ❞♦ s✐st❡♠❛❬✽✺❪✳

❯♠❛ ❛❧t❡r♥❛t✐✈❛ ❜❛st❛♥t❡ r❛③♦á✈❡❧ ♣❛r❛ ❡s❝♦❧❤❛ ❞❛ ✉♥✐❞❛❞❡ ❜ás✐❝❛✱ é ❛ ✉t✐❧✐③❛çã♦ ❞❡

s✉❜✉♥✐❞❛❞❡s ❢♦♥ét✐❝❛s✱ q✉❡ ♥❡❝❡ss✐t❛♠ ❞❡ ✈ár✐♦s ❡①❡♠♣❧♦s ❞❡ ❝❛❞❛ s✉❜✉♥✐❞❛❞❡✱ ❡ ♥ã♦ ♠❛✐s ❞❡

✈ár✐♦s ❡①❡♠♣❧♦s ❞❡ ❝❛❞❛ ♣❛❧❛✈r❛✳ ❊ss❛ ❡s❝♦❧❤❛ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞❛ ✉♠❛ ✈❛♥t❛❣❡♠ q✉❛♥❞♦

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

❡①❡♠♣❧♦s ♣❛r❛ ❝❛❞❛ ♣❛❧❛✈r❛ t♦r♥❛✲s❡ ✐♥✈✐á✈❡❧✳

◆❛ ❡s❝♦❧❤❛ ❞♦ ♥ú♠❡r♦ ❞❡ ❡st❛❞♦s ót✐♠♦✱ ♣❛r❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ ♠♦❞❡❧♦ ❍▼▼✱ ♥ã♦ ❤á

r❡❣r❛s✳ ❆ ♠❛♥❡✐r❛ ♠❛✐s ❝♦♠✉♠ ❝♦♥s✐st❡ ❡♠ ❢❛③❡r ♦ ♥ú♠❡r♦ ❞❡ ❡st❛❞♦s ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦ ❞❡

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

♥ú♠❡r♦s ❞❡ ❡st❛❞♦s ❞✐❢❡r❡♥t❡s ❬✽✺❪✳

◗✉❛♥t♦ ❛♦ ♥ú♠❡r♦ ❞❡ sí♠❜♦❧♦s ❞❡ s❛í❞❛ ✭❍▼▼ ❞✐s❝r❡t♦✮✱ ♦✉ ❛♦ ♥ú♠❡r♦ ❞❡ ❣❛✉ss✐❛♥❛s

♣♦r ♠✐st✉r❛ ✭❍▼▼ ❝♦♥tí♥✉♦✮ ❛ s❡r ✉t✐❧✐③❛❞♦✱ ❞❡✈❡✲s❡ t❡r ♦ ❝♦♠♣r♦♠✐ss♦ ❡♥tr❡ ♦ t❛♠❛♥❤♦

❞❛ s❡q✉ê♥❝✐❛ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ ♦ ♥ú♠❡r♦ ❞❡ ♣❛râ♠❡tr♦s ❛ ❡st✐♠❛r✱ ❞❡ ♠♦❞♦ q✉❡ s❡ ♦❜t❡♥❤❛

❜♦❛s ❡st✐♠❛t✐✈❛s ❞❡ss❡s✳

❖s s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❣❡r❛❧♠❡♥t❡ sã♦ ❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦ ♠♦❞❡❧♦s ❞❡

▼❛r❦♦✈ ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠✱ ♣❛r❛ ♦s q✉❛✐s sã♦ ❢❡✐t❛s ❞✉❛s ❤✐♣ót❡s❡s ❬✹✻❪✿

• ❍✐♣ót❡s❡ ❞❡ ▼❛r❦♦✈✿ ❆ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠❛ ❝❛❞❡✐❛ ❡st❛r ❡♠ ✉♠ ❞❛❞♦ ❡st❛❞♦✱ ♥♦

✐♥st❛♥t❡ t✱ ❞❡♣❡♥❞❡ ❛♣❡♥❛s ❞❡ s❡✉ ❡st❛❞♦ ♥♦ ✐♥st❛♥t❡ t− 1❀

• ❍✐♣ót❡s❡ ❞❡ ■♥❞❡♣❡♥❞ê♥❝✐❛ ❞❡ ❊♠✐ssã♦ ❞❡ ❙í♠❜♦❧♦s✿ ❆ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❡♠✐s✲

sã♦ ❞❡ ✉♠ sí♠❜♦❧♦ ❞❡ s❛í❞❛✱ ♥♦ ✐♥st❛♥t❡ t✱ ❞❡♣❡♥❞❡ ❛♣❡♥❛s ❞❛ tr❛♥s✐çã♦ r❡❛❧✐③❛❞❛ ♥❡st❡

✐♥st❛♥t❡ ❞❡ t❡♠♣♦✳

❖s ♠♦❞❡❧♦s ❞❡ ▼❛r❦♦✈✱ ♥❛ ♣rát✐❝❛✱ sã♦ ✉s❛❞♦s ♣❛r❛ r❡♣r❡s❡♥t❛r ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✲

✈❛çõ❡s✳ ◆♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛✱ ❞❡s❡❥❛✲s❡ ❞❡t❡r♠✐♥❛r q✉❛❧ s❡rá ♦ ♠♦❞❡❧♦ λi ✭❡♥tr❡ ✈ár✐♦s

♠♦❞❡❧♦s ❞✐s♣♦♥í✈❡✐s✮ q✉❡ ♠❡❧❤♦r r❡♣r❡s❡♥t❛rá ❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çõ❡s ❞❡s❡❥❛❞❛✿

maxi[P (λi|O)] = maxi[P (O|λi)].P (λi). ✭✸✳✶✸✮

❆ss✉♠✐♥❞♦ q✉❡ ♦s ♠♦❞❡❧♦s λi sã♦ ❡q✉✐♣r♦✈á✈❡✐s✱ ❛ ❊q✉❛çã♦ ✸✳✶✸ r❡s✉❧t❛✿
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maxi[P (λi|O)] = maxi[P (O|λi)]. ✭✸✳✶✹✮

❆ ❡st✐♠❛çã♦ ❞❛ ❊q✉❛çã♦ ✸✳✶✹ ❝♦♥s✐st❡ ♥❛ ♣ró♣r✐❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❛ ♣❛❧❛✈r❛ ♣r♦♥✉♥❝✐❛❞❛✱

q✉❡ é ❡ss❡♥❝✐❛❧♠❡♥t❡ ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦✱ ❡♠ q✉❡ ❞❡s❡❥❛✲s❡ ❝❧❛ss✐✜❝❛r ✉♠❛

❞❡t❡r♠✐♥❛❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çã♦ O ❡♠ ❛❧❣✉♠❛ ❝❛t❡❣♦r✐❛ i✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ❞❡s❡❥❛✲

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

❞❡ ♦❜s❡r✈❛çã♦ ❞❡s❡❥❛❞❛ (O)✳

◆♦s s✐st❡♠❛s ✉t✐❧✐③❛♥❞♦ ❍▼▼ ❞✐s❝r❡t♦✱ ❝❛❞❛ ✈❡t♦r ❞❡ ♣❛râ♠❡tr♦s Ôi é r❡♣r❡s❡♥t❛❞♦

♣♦r ✉♠ sí♠❜♦❧♦ ♣❡rt❡♥❝❡♥t❡ ❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ K sí♠❜♦❧♦s✱ t♦r♥❛♥❞♦✲s❡ út✐❧ ❛ ✉t✐❧✐③❛çã♦ ❞❛

q✉❛♥t✐③❛çã♦ ✈❡t♦r✐❛❧✳ ❉❡ss❛ ❢♦r♠❛✱ t❡♠✲s❡ ✉♠❛ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞✐s❝r❡t❛ ❛ss♦❝✐❛❞❛

❛ ❝❛❞❛ ❡st❛❞♦ ❞♦s ♠♦❞❡❧♦s✳

◆♦s ♠♦❞❡❧♦s ✉t✐❧✐③❛♥❞♦ ❍▼▼ ❝♦♥tí♥✉♦✱ ♣♦r ♦✉tr♦ ❧❛❞♦✱ ♥ã♦ s❡ ❡♠♣r❡❣❛ ❛ q✉❛♥t✐③❛çã♦

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

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

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

❛❝úst✐❝♦s ♠❛s✱ ❡♠ ❝♦♠♣❡♥s❛çã♦✱ ❛ ❡st✐♠❛çã♦ ❞♦ ♠♦❞❡❧♦ é ❜❡♠ ♠❛✐s ❝♦♠♣❧❡①❛ ❡ r❡q✉❡r ✉♠❛

q✉❛♥t✐❞❛❞❡ ♠❛✐♦r ❞❡ ❞❛❞♦s ♣❛r❛ tr❡✐♥❛♠❡♥t♦ ❬✹✻❪✳

✸✳✹ ▼♦❞❡❧❛❣❡♠ ❞♦ ❍▼▼

❉❛❞♦ ✉♠ ❍▼▼✱ ❡①✐st❡♠ três q✉❡stõ❡s ❜ás✐❝❛s q✉❡ ❞❡✈❡♠ s❡r r❡s♦❧✈✐❞❛s✿ ❛ ❛✈❛❧✐❛çã♦✱ ❛

❞❡❝♦❞✐✜❝❛çã♦ ❡ ♦ tr❡✐♥❛♠❡♥t♦✳

◆♦ tr❡✐♥❛♠❡♥t♦✱ ❞❡s❡❥❛✲s❡ ❞❡t❡r♠✐♥❛r ♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ q✉❡ ♠❛①✐♠✐③❡♠ ❛ ♣r♦❜❛✲

❜✐❧✐❞❛❞❡ ❞❡ ❣❡r❛çã♦ ❞❛ ♦❜s❡r✈❛çã♦✳ ◆❡st❡ ♣r♦❝❡❞✐♠❡♥t♦ ✉t✐❧✐③❛✲s❡ ❝♦♠♦ s♦❧✉çã♦ ♦ ❛❧❣♦r✐t♠♦

❋♦r✇❛r❞✲❇❛❝❦✇❛r❞✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❛❧❣♦r✐t♠♦ ❞❡ r❡✲❡st✐♠❛çã♦ ❞❡ ❇❛✉♠✲❲❡❧❝❤ ❬✽✺❪✳

◆❛ ❛✈❛❧✐❛çã♦ ❞❡s❡❥❛✲s❡ ❞❡t❡r♠✐♥❛r q✉❛❧ ♦ ♠♦❞❡❧♦✱ ❞❡♥tr❡ ♦s ✈ár✐♦s ♠♦❞❡❧♦s✱ q✉❡ ♠❛✐s

♣r♦✈❛✈❡❧♠❡♥t❡ ❣❡r♦✉ ✉♠❛ ❞❛❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çõ❡s✳ ◆❡ss❡ ♣r♦❝❡❞✐♠❡♥t♦✱ ✉t✐❧✐③❛✲s❡

❝♦♠♦ s♦❧✉çã♦ ♦ ❛❧❣♦r✐t♠♦ ❋♦r✇❛r❞ ♦✉ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❬✽✺❪✳

◆❛ ❞❡❝♦❞✐✜❝❛çã♦✱ ✉t✐❧✐③❛✲s❡ ❝♦♠♦ s♦❧✉çã♦ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐ q✉❡✱ ❛ ♣❛rt✐r ❞❡ ✉♠❛

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

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

✸✳✹✳✶ ❙♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ tr❡✐♥❛♠❡♥t♦

◆❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✱ é ❢❡✐t❛ ❛ ❡st✐♠❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦s ♠♦❞❡❧♦s✱ λl = (A,B, π)

✉♠ ♠♦❞❡❧♦ ♣❛r❛ ❝❛❞❛ l−és✐♠❛ ✉♥✐❞❛❞❡ ❞❡ tr❡✐♥❛♠❡♥t♦ ✭❡✳❣✳ ♣❛❧❛✈r❛✱ ❢♦♥❡✱ tr✐❢♦♥❡✮✳ ❉❡s❞❡

q✉❡ ❡①✐st❛ ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ r❡✲❡st✐♠❛çã♦ ❝♦♥✈❡r❣❡♥t❡ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ❞❡♥s✐❞❛❞❡s ❞✐s✲

❝r❡t❛s✱ t❡♦r✐❝❛♠❡♥t❡ é ♣♦ssí✈❡❧ ❡s❝♦❧❤❡r✲s❡ ❛❧❡❛t♦r✐❛♠❡♥t❡ ✈❛❧♦r❡s ✐♥✐❝✐❛✐s ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s
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♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ ✭s✉❥❡✐t♦s às r❡str✐çõ❡s ✐♥✐❝✐❛✐s✮ ❡ ❞❡✐①❛r ❛ r❡✲❡st✐♠❛çã♦ ❞❡t❡r♠✐♥❛r ♦s

✈❛❧♦r❡s ót✐♠♦s ✭♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛✮✱ q✉❡ ❝♦rr❡s♣♦♥❞❡rã♦ ❛♦s ❍▼▼ ❞❡ r❡❢❡rê♥❝✐❛✱ ✉♠

♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s L ✉♥✐❞❛❞❡s ❞❡ tr❡✐♥❛♠❡♥t♦✳

❆ ❡st✐♠❛çã♦ ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ✉s❛♥❞♦ ♦ ♣r♦❝❡ss♦ ✐t❡r❛t✐✈♦ ❞❡ ❇❛✉♠✲❲❡❧❝❤✱ q✉❡ ♣♦❞❡

s❡r ❞❡s❝r✐t♦ ♣♦r ♠❡✐♦ ❞♦s ♣❛ss♦s ❬✽✼❪✿

✶✳ ❆tr✐❜✉✐çã♦ ✐♥✐❝✐❛❧ ❞♦s ✈❛❧♦r❡s ♣❛r❛ ♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ λl = (A,B, π) ❡ ♣❛r❛ ❛

♣r♦❜❛❜✐❧✐❞❛❞❡ Pl❀

✷✳ ❘❡✲❡st✐♠❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ ❝♦♠ ❜❛s❡ ♥♦ ❛❧❣♦r✐t♠♦ ❞❡ r❡✲❡st✐♠❛çã♦ ❞❡

❇❛✉♠✲❲❡❧❝❤ ✭❛s ❡q✉❛çõ❡s s❡rã♦ ❞❡s❝r✐t❛s ❛ s❡❣✉✐r✮✱ ♦❜t❡♥❞♦✲s❡ λ̄l❀

✸✳ ❈á❧❝✉❧♦ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ P̄l ❛ss♦❝✐❛❞❛ ❛♦ ♠♦❞❡❧♦ λ̄l r❡✲❡st✐♠❛❞♦ ❡ ❝♦♠♣❛r❛çã♦ ❝♦♠ ❛

♣r♦❜❛❜✐❧✐❞❛❞❡ ❛♥t❡r✐♦r♠❡♥t❡ ❝❛❧❝✉❧❛❞❛ Pl❀

✹✳ ❙❡ P̄l−Pl ≤ δ ✭❧✐♠✐❛r✮✱ ♦ ♣r♦❝❡ss♦ ❞❡ r❡✲❡st✐♠❛çã♦ é ✜♥❛❧✐③❛❞♦✳ ❈❛s♦ ❝♦♥trár✐♦✱ r❡t♦r♥❛✲

s❡ ❛♦ ♣❛ss♦ ✷✳

❆s ❛tr✐❜✉✐çõ❡s ✐♥✐❝✐❛✐s ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ ❞✐s❝r❡t♦ ❞❡✈❡♠ ♦❜❡❞❡❝❡r r❡❣r❛s s✐♠♣❧❡s✱

❞❡ ❢♦r♠❛ ❛ s❛t✐s❢❛③❡r ❛s r❡str✐çõ❡s ❞♦ ♠♦❞❡❧♦ ✏❡sq✉❡r❞❛✲❞✐r❡✐t❛✑✳ ❖ ✈❡t♦r ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡

✐♥✐❝✐❛❧ é πi = 1, . . . , 0✱ ✈✐st♦ q✉❡ ♦ ♠♦❞❡❧♦ é ✏❡sq✉❡r❞❛✲❞✐r❡✐t❛✑❡✱ ♣♦rt❛♥t♦✱ s❡♠♣r❡ é ✐♥✐❝✐❛✲

❧✐③❛❞♦ ♥♦ ❡st❛❞♦ ✶✱ ♥ã♦ s❡♥❞♦ ♥❡❝❡ssár✐♦ r❡✲❡st✐♠á✲❧♦✳ ❆ ♠❛tr✐③ A = [aij] ✐♥✐❝✐❛❧ é ❣❡r❛❞❛

♦❜❡❞❡❝❡♥❞♦ ❛ s❡❣✉✐♥t❡ r❡str✐çã♦✿ aij = 0, j < i, j > i + 2✱ ❥á q✉❡ ♣❛r❛ ♠♦❞❡❧♦s ✏❡sq✉❡r❞❛✲

❞✐r❡✐t❛✑✉♠ ❡st❛❞♦ ✈✐s✐t❛❞♦ ♥♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ t ♥ã♦ ♣♦❞❡rá s❡r ✈✐s✐t❛❞♦ ❡♠ ✉♠ ✐♥st❛♥t❡

♣♦st❡r✐♦r✳ ❊st❛ r❡str✐çã♦ ❞❡✈❡rá s❡ ♠❛♥t❡r ❛té ♦ ✜♥❛❧ ❞♦ ♣r♦❝❡ss♦ ❞❡ r❡✲❡st✐♠❛çã♦✳ P❛r❛ ❛

♠❛tr✐③ B = [bi(k)] ✱ ❛ss✉♠❡✲s❡ q✉❡ t♦❞♦s ♦s sí♠❜♦❧♦s ♥♦s ❡st❛❞♦s sã♦ ✏✐❣✉❛❧♠❡♥t❡ ♣r♦✈á✈❡✐s✑❡

bj(k) ✐♥✐❝✐❛✲s❡ ❝♦♠ 1/M ♣❛r❛ t♦❞♦ j, k✱ ♣❛r❛ s✐♠♣❧✐✜❝❛r✳

❆s ❡q✉❛çõ❡s ❞♦ ♠ét♦❞♦ ❞❡ r❡✲❡st✐♠❛çã♦ ❞❡ ❇❛✉♠✲❲❡❧❝❤ sã♦ ❬✽✼❪✿

✶✳ aij = ✭♥ú♠❡r♦ ❡s♣❡r❛❞♦ ❞❡ tr❛♥s✐çõ❡s ❞♦ ❡st❛❞♦ qi ♣❛r❛ ♦ ❡st❛❞♦ qj✮ ✴ ✭♥ú♠❡r♦ ❡s♣❡r❛❞♦

❞❡ tr❛♥s✐çõ❡s ❞♦ ❡st❛❞♦ qi✮✳

✷✳ bj(k) = ✭♥ú♠❡r♦ ❡s♣❡r❛❞♦ ❞❡ ✈❡③❡s ♥♦ ❡st❛❞♦ j ♦❜s❡r✈❛♥❞♦ ♦ sí♠❜♦❧♦ wk✮✴✭♥ú♠❡r♦

❡s♣❡r❛❞♦ ❞❡ ✈❡③❡s ♥♦ ❡st❛❞♦ j✮✳

♦✉ s❡❥❛✱

aij =

∑T−1
t=1 αt(i)aijbj(Ot+1)βt+1(j)∑T−1

t=1 αt(i)βt(i)
, 1 ≤ i ≤ N , 1 ≤ j ≤ N, ✭✸✳✶✺✮

bj(k) =

∑T
t=1,Ot=wk

αt(i)βt(j)∑T
t=1 αt(j)βt(j)

, 1 ≤ j ≤ N , 1 ≤ k ≤M, ✭✸✳✶✻✮

❝♦♠✿
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N∑

j=1

aij = 1;
M∑

k=1

bj(k) = 1;
N∑

i=1

πi = 1, aij ≥ 0; bj(k) ≥ 0; πi ≥ 0. ✭✸✳✶✼✮

❈❛❞❛ ♣❛râ♠❡tr♦ bj(Ot), 1 ≤ j ≤ N ❡ 1 ≤ t ≤ T ✱ é ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞❛ ❝♦♠♣❛r❛çã♦ ✭❡♠

r❡❧❛çã♦ ❛ ✉♠ ❞❛❞♦ ❡st❛❞♦ j ❡ ✈❛r✐❛♥❞♦ t✮✱ ❝♦♠ ♦s ✈❛❧♦r❡s ❞❛ ♠❛tr✐③ [bj(k)] r❡❢❡r❡♥t❡s ❛♦

í♥❞✐❝❡ k ❞♦ sí♠❜♦❧♦ ❛ss♦❝✐❛❞♦ ❛♦ ✈❡t♦r Ot ♥♦ ♠❡s♠♦ ❡st❛❞♦ j✳ ❆tr✐❜✉✐✲s❡ ❛ bj(Ot) ♦ ✈❛❧♦r ❞❡

bj(k) ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ r❡❢❡r✐❞♦ sí♠❜♦❧♦ wk✱ ♥♦ ❡st❛❞♦ j✳

❆ ♣r♦❜❛❜✐❧✐❞❛❞❡ αt(i) é ❞❡♥♦♠✐♥❛❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❛✈❛♥ç♦ ✭❢♦r✇❛r❞ ♣r♦❜❛❜✐❧✐t②✮✱ ♣♦✐s

❡stá ❛ss♦❝✐❛❞❛ à ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠❛ ❞❛❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çõ❡s Ol = O1, O2, . . . , OT ✱

s❡❣✉♥❞♦ ♦ t❡♠♣♦ ❝r❡s❝❡♥t❡ ✭✐♥✐❝✐❛♥❞♦ ❡♠ t = 1 ✐♥❞♦ ❛té t = T ✮✱ s❡♥❞♦ ❢♦r♠✉❧❛❞❛ ❡♠ ❬✽✼❪

❝♦♠♦✿

✶✳ ■♥✐❝✐❛❧✐③❛çã♦✿

αi(i) = πibi(Oi) , 1 ≤ i ≤ N ; ✭✸✳✶✽✮

✷✳ ■♥❞✉çã♦✿

αt+1(j) =

{
N∑

i=1

αt(i)aij

}
bj(Ot+1), 1 ≤ t ≤ T − 1, 1 ≤ j ≤ N. ✭✸✳✶✾✮

❆ ♣r♦❜❛❜✐❧✐❞❛❞❡ Pl✱ ❛ss♦❝✐❛❞❛ ❛♦ ♠♦❞❡❧♦ λl = (A,B, π)✱ é ❞❡t❡r♠✐♥❛❞❛ ♣♦r ❬✽✼❪✿

Pl = Prob(Ol|λl) =
N∑

i=1

N∑

j=1

αt(i)aijbj(Ot+1)βt+1(j), ✭✸✳✷✵✮

♣❛r❛ ❛❧❣✉♠ t✱ l ≤ t ≤ T ✳

❋❛③❡♥❞♦✲s❡ t = T − 1✱ ♦❜té♠✲s❡✿

Pl(O
l|λl) =

N∑

i=1

αT (i), ✭✸✳✷✶✮

s❡♥❞♦

αT (i) = Pl(O1, . . . , OT , qT = i|λl). ✭✸✳✷✷✮

❖ ❝á❧❝✉❧♦ ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ ❛✈❛♥ç♦ ✭❢♦r✇❛r❞✮✱ ✐♥✐❝✐❛✲s❡ ❛tr✐❜✉✐♥❞♦✲s❡ ❛♦ ❡st❛❞♦ qi
♦ ✈❡t♦r ✐♥✐❝✐❛❧ O1✳ ❖ ♣❛ss♦ ❞❡ ✐♥❞✉çã♦ é ♦ ♣♦♥t♦ ♣r✐♥❝✐♣❛❧ ❞♦ ❝á❧❝✉❧♦ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡

❛✈❛♥ç♦✱ ❝♦♠♦ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✸✳

◆❛ ❋✐❣✉r❛ ✸✳✸✱ é ❡①✐❜✐❞♦ ❝♦♠♦ ❡st❛❞♦ qj ♣♦❞❡ s❡r ❛❧❝❛♥ç❛❞♦ ♥♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ t+1 ❛

♣❛rt✐r ❞♦s N ♣♦ssí✈❡✐s ❡st❛❞♦s✱ qi✱ 1 ≤ i ≤ N ✱ ♥♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ t ❛ss♦❝✐❛❞♦ à s❡q✉ê♥❝✐❛ ❞❡
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❋✐❣✉r❛ ✸✳✸✿ ■❧✉str❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çõ❡s ♥❡❝❡ssár✐❛s à ❝♦♠♣✉t❛çã♦ ❞❛ ✈❛r✐á✈❡❧ ❢♦r✇❛r❞
αt+1(j)✳

✈❡t♦r❡s Ol✳ ❆ss✐♠ αt(i) é ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ q✉❡ ♦s ✈❡t♦r❡s O1, O2, . . . , OT t❡♥❤❛♠ ♦❝♦rr✐❞♦

❡st❛♥❞♦ ♥♦ ❡st❛❞♦ qi ♥♦ ✐♥st❛♥t❡ t✳ ❖ ♣r♦❞✉t♦ αt(i)aij é ❡♥tã♦ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ q✉❡ ♦ ❡✈❡♥t♦

O1, O2, . . . , OT s❡❥❛ ♦❜s❡r✈❛❞♦ ❛ ♣❛rt✐r ❞❡ qi ♥♦ ✐♥st❛♥t❡ t✱ t❛❧ q✉❡ ♦ ❡st❛❞♦ qj s❡❥❛ ❛❧❝❛♥ç❛❞♦

♥♦ ✐♥st❛♥t❡ t+ 1✳ ❙♦♠❛♥❞♦ ❡ss❡ ♣r♦❞✉t♦ ❛♦ ❧♦♥❣♦ ❞♦s N ❡st❛❞♦s ♣♦ssí✈❡✐s qi✱ 1 ≤ i ≤ N ♥♦

✐♥st❛♥t❡ t✱ ♦❜té♠✲s❡ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❛ss♦❝✐❛❞❛ ❛♦ ❡st❛❞♦ qj ♥♦ ✐♥st❛♥t❡ t+1✳ ❉❡s❞❡ q✉❡ ✐ss♦

s❡❥❛ ❢❡✐t♦ ❡ qj s❡❥❛ ❝♦♥❤❡❝✐❞♦✱ é ❢á❝✐❧ ✈❡r q✉❡ αt+1(j) é ♦❜t✐❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ✈❡t♦r Ot+1✱

♥♦ ❡st❛❞♦ j✱ ♦✉ s❡❥❛✱ ♠✉❧t✐♣❧✐❝❛♥❞♦ ❛s q✉❛♥t✐❞❛❞❡s s♦♠❛❞❛s ♣❡❧❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ αt+1(j)✳ ❆

❝♦♠♣✉t❛çã♦ ❞❛ ❊q✉❛çã♦ ✸✳✷✶ é r❡❛❧✐③❛❞❛ ♣❛r❛ t♦❞♦s ♦s j−és✐♠♦s ❡st❛❞♦s✱ 1 ≤ j ≤ N ✱ ♣❛r❛

✉♠ ❞❛❞♦ t❀ ❛ ❝♦♠♣✉t❛çã♦ é✱ ❡♥tã♦✱ ✐t❡r❛t✐✈❛ ♣❛r❛ t = 1, 2, ..., T − 1✳

❋✐❣✉r❛ ✸✳✹✿ ■♠♣❧❡♠❡♥t❛çã♦ ❞❛ ❝♦♠♣✉t❛çã♦ ❞❡ αt(i) ❡♠ t❡r♠♦s ❞❡ ✉♠❛ tr❡❧✐ç❛ ❞❡ ♦❜s❡r✈❛çõ❡s t ❡
❡st❛❞♦s i✳

❖ ❝á❧❝✉❧♦ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❛✈❛♥ç♦ é ❜❛s❡❛❞♦ ♥❛ ❡str✉t✉r❛ tr❡❧✐ç❛ ♠♦str❛❞❛ ♥❛ ❋✐✲



✸✳✹ ▼❖❉❊▲❆●❊▼ ❉❖ ❍▼▼ ✹✹

❣✉r❛ ✸✳✹✳ ❉❡s❞❡ q✉❡ ❡①✐st❛ s♦♠❡♥t❡ N ❡st❛❞♦s ✭♥ós ♣❛r❛ ❝❛❞❛ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ ♥❛ tr❡❧✐ç❛✮✱

t♦❞❛s ❛s ♣♦ssí✈❡✐s s❡q✉ê♥❝✐❛s ❞❡ ❡st❛❞♦ s❡rã♦ ❛❣r✉♣❛❞❛s ❞❡♥tr♦ ❞❡ss❡s N ♥ós✱ ♥ã♦ ✐♠♣♦r✲

t❛♥❞♦ ♦ t❛♠❛♥❤♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çõ❡s✳ ◆♦ ✐♥st❛♥t❡ t = 1✱ ♦ ♣r✐♠❡✐r♦ ✐♥st❛♥t❡ ❞❡

t❡♠♣♦ ♥❛ tr❡❧✐ç❛✱ r❡❢❡r❡♥t❡ ❛♦ ♣r✐♠❡✐r♦ ✈❡t♦r O1 ❞❡ ✉♠❛ ❞❛❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çõ❡s Ol✱ é

♥❡❝❡ssár✐♦ ❝❛❧❝✉❧❛r ✈❛❧♦r❡s ❞❡ α1(i), 1 ≤ i ≤ N ✳ P❛r❛ ♦s ✐♥st❛♥t❡s t = 2, 3, . . . , T ✱ é ♥❡❝❡ssár✐♦

❝❛❧❝✉❧❛r ♦s ✈❛❧♦r❡s ❞❡ αt(j), 1 ≤ j ≤ N ✱ ❡♠ q✉❡ ❝❛❞❛ ✉♠ ❞♦s ❝á❧❝✉❧♦s ❡♥✈♦❧✈❡ s♦♠❡♥t❡ N

✈❛❧♦r❡s ❛♥t❡r✐♦r❡s ❞❡ αt−1(j)✱ ✉♠❛ ✈❡③ q✉❡ ❝❛❞❛ ✉♠ ❞♦s N ♣♦♥t♦s ❞❛ ❣r❛❞❡ é ♦❜t✐❞♦ ❛ ♣❛rt✐r

❞♦s ♠❡s♠♦ N ♣♦♥t♦s ❞❛ ❣r❛❞❡ ♥♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ ❛♥t❡r✐♦r ❬✽✼❪✳

❉❡ ❢♦r♠❛ s✐♠✐❧❛r✱ βt(i) é ❞❡♥♦♠✐♥❛❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ r❡tr♦❝❡ss♦ ✭❜❛❝❦✇❛r❞ ♣r♦❜❛❜✐❧✐t②✮✱

♣♦✐s ❡stá ❛ss♦❝✐❛❞❛ à ♦❝♦rrê♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çõ❡s Ol = O1, O2, . . . , OT s❡❣✉♥❞♦

♦ t❡♠♣♦ ❞❡❝r❡s❝❡♥t❡✱ s❡♥❞♦ ❞❡✜♥✐❞❛ ❝♦♠♦ ❬✽✼❪✿

βt(i) = Pl(Ot+1, Ot+2, . . . , OT |qt = i|λl), ✭✸✳✷✸✮

♦✉✱ s❡❥❛✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çõ❡s ♣❛r❝✐❛❧ ❞♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ t+ 1

❛té ♦ ✜♠✱ ❞❛❞♦ ♦ ❡st❛❞♦ qi ♥♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ t ❡ ♦ ♠♦❞❡❧♦ λl✳ ❆ss✐♠✱ ♣♦❞❡✲s❡ ♦❜t❡r βt(i)

✐♥❞✉t✐✈❛♠❡♥t❡ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛ ❬✽✼❪✿

✶✳ ■♥✐❝✐❛❧✐③❛çã♦✿

βT (i) = 1 , 1 ≤ i ≤ N. ✭✸✳✷✹✮

✷✳ ■♥❞✉çã♦

βT (i) =
N∑

j=1

aijbj(Ot+1)βt+1(j) , t = T − 1, T − 2, . . . , 1 , 1 ≤ i ≤ N. ✭✸✳✷✺✮

❖ ♣❛ss♦ ✶✱ ✐♥✐❝✐❛❧✐③❛çã♦✱ ❞❡✜♥❡ ❛r❜✐tr❛r✐❛♠❡♥t❡ βT (i) = 1 ♣❛r❛ t♦❞♦ i✳ ❖ ♣❛ss♦ ✷✱ ✐❧✉str❛❞♦

♥❛ ❋✐❣✉r❛ ✸✳✺✱ ♠♦str❛ q✉❡ ♣❛r❛ t❡r ♦❝♦rr✐❞♦ ♦ ❡st❛❞♦ qi ♥♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ t✱ ❧❡✈❛♥❞♦✲s❡

❡♠ ❝♦♥t❛ ❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çõ❡s ♥♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ t + 1✱ é ♥❡❝❡ssár✐♦ ❝♦♥s✐❞❡r❛r

t♦❞♦s ♦s ♣♦ssí✈❡✐s ❡st❛❞♦s qj ♥♦ ✐♥st❛♥t❡ t + 1✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛ tr❛♥s✐çã♦ ❞❡ qi ♣❛r❛ qj ✭♦

t❡r♠♦ aij✮✱ ❝♦♠♦ t❛♠❜é♠ ❛ ♦❜s❡r✈❛çã♦ Ot+1 ♥♦ ❡st❛❞♦ j ✭❖ t❡r♠♦ bj(Ot+1)✮✳

◆ã♦ ❤á ♥❡♥❤✉♠❛ té❝♥✐❝❛ ✐t❡r❛t✐✈❛ ót✐♠❛ ♣❛r❛ r❡✲❡st✐♠❛r ♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦A,Beπ✱

♦s q✉❛✐s ♠❛①✐♠✐③❛♠ Pl(O
l|λl)✱ ❞❛❞❛ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çõ❡s ✜♥✐t❛ ❝♦♠♦ ❞❛❞♦s ❞❡ tr❡✐✲

♥❛♠❡♥t♦✳ ❊♥tr❡t❛♥t♦✱ ♥♦ ♠ét♦❞♦ ✐t❡r❛t✐✈♦ ♣r♦♣♦st♦ ♣♦r ❇❛✉♠ ❡ ❲❡❧❝❤ ❡♠ ❬✽✻❪ ❡s❝♦❧❤❡✲s❡

λl t❛❧ q✉❡ Pl(O
l|λl) s❡❥❛ ❧♦❝❛❧♠❡♥t❡ ♠á①✐♠❛✳ ❖ ♠♦❞❡❧♦ r❡✲❡st✐♠❛❞♦ λ̄l = (Ā, B̄, π) ✭❡♠ ♠♦✲

❞❡❧♦s ❡sq✉❡r❞❛✲❞✐r❡✐t❛ π ♥ã♦ ♣r❡❝✐s❛ s❡r r❡✲❡st✐♠❛❞♦✮ é ♠❡❧❤♦r ♦✉ ✐❣✉❛❧ ❛♦ ♠♦❞❡❧♦ ❡st✐♠❛❞♦

❛♥t❡r✐♦r♠❡♥t❡ λl✱ ❞❡s❞❡ q✉❡ Pl(O
l|λ̄l) ≥ Pl(O

l|λl)✳ ❆ss✐♠✱ ✉t✐❧✐③❛✲s❡ λ̄l ♥♦ ❧✉❣❛r ❞❡ λl r❡♣❡✲

t✐♥❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ r❡✲❡st✐♠❛çã♦ ♣❛r❛ ✉♠❛ ❞❛❞❛ s❡q✉ê♥❝✐❛ ♦❜s❡r✈❛❞❛✱ Ol ✱ ❛té q✉❡ ❛❧❣✉♠

♣♦♥t♦ ❧✐♠✐t❡ é ❛t✐♥❣✐❞♦✱ ♦✉ s❡❥❛✱ é ❛t✐♥❣✐❞♦ ✉♠ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s ❞❡s❡❥❛❞♦ ♦✉ ♦ ✈❛❧♦r ❞❡

♣r♦❜❛❜✐❧✐❞❛❞❡ ❡s❝♦❧❤✐❞♦✳
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❋✐❣✉r❛ ✸✳✺✿ ■❧✉str❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çõ❡s ♥❡❝❡ssár✐❛s à ❝♦♠♣✉t❛çã♦ ❞❛ ✈❛r✐á✈❡❧ ❜❛❝❦✇❛r❞
βt(i)✳

❖ r❡s✉❧t❛❞♦ ✜♥❛❧ ♦✉ ❡st✐♠❛❞♦ é ❞❡♥♦♠✐♥❛❞♦ ❡st✐♠❛çã♦ ❞❡ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❞♦

❍▼▼ ❬✽✼❪✱ ♦❜t❡♥❞♦✲s❡ ❛ss✐♠ ♦s ❍▼▼ ❞❡ r❡❢❡rê♥❝✐❛✱ ✉♠ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s L ✉♥✐❞❛❞❡s ❞❡

tr❡✐♥❛♠❡♥t♦✳

❯s♦ ❞❡ ▼ú❧t✐♣❧❛s ❙❡q✉ê♥❝✐❛s ❞❡ ❖❜s❡r✈❛çõ❡s

❖ ♠❛✐♦r ♣r♦❜❧❡♠❛ ❛ss♦❝✐❛❞♦ ❛♦ ❍▼▼ ❞♦ t✐♣♦ ✏❡sq✉❡r❞❛✲❞✐r❡✐t❛✑r❡s✐❞❡ ♥♦ ❢❛t♦ ❞❡ q✉❡

♥ã♦ s❡ ♣♦❞❡ ✉s❛r ✉♠❛ ú♥✐❝❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çõ❡s ♣❛r❛ tr❡✐♥❛r ♦ ♠♦❞❡❧♦ ✭✐st♦ é✱ ♣❛r❛

❛ r❡✲❡st✐♠❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦✮ ❬✺✱ ✺✵✱ ✽✼❪✳ ■ss♦ s❡ ❞❡✈❡ à ♥❛t✉r❡③❛ tr❛♥s✐tór✐❛

❞♦s ❡st❛❞♦s ❞❡♥tr♦ ❞♦ ♠♦❞❡❧♦✱ ♣❡r♠✐t✐♥❞♦ ❛♣❡♥❛s ✉♠ ♣❡q✉❡♥♦ ♥ú♠❡r♦ ❞❡ ♦❜s❡r✈❛çõ❡s ♣❛r❛

q✉❛❧q✉❡r ❡st❛❞♦ ✭❛té q✉❡ ✉♠❛ tr❛♥s✐çã♦ s❡❥❛ ❢❡✐t❛ ♣❛r❛ ✉♠ ❡st❛❞♦ s✉❝❡ss♦r✮✳ ❆ss✐♠✱ ♣❛r❛

♦❜t❡♥çã♦ ❞❡ ❞❛❞♦s s✉✜❝✐❡♥t❡s ♣❛r❛ s❡ ❢❛③❡r ❡st✐♠❛t✐✈❛s ❝♦♥✜á✈❡✐s ❞❡ t♦❞♦s ♦s ♣❛râ♠❡tr♦s ❞♦

♠♦❞❡❧♦✱ ❞❡✈❡✲s❡ ✉s❛r ♠ú❧t✐♣❧❛s s❡q✉ê♥❝✐❛s ❞❡ ♦❜s❡r✈❛çõ❡s✳

❆ ♠♦❞✐✜❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ r❡✲❡st✐♠❛çã♦ é ❞✐r❡t❛ ❡ ❛♣r❡s❡♥t❛❞❛ ❛ s❡❣✉✐r ❬✽✼❪✳

❙❡❥❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ U s❡q✉ê♥❝✐❛s ❞❡ ♦❜s❡r✈❛çõ❡s r❡♣r❡s❡♥t❛❞♦ ♣♦r✿

O = [O(1), O(2), . . . , O(u)]. ✭✸✳✷✻✮

❆ss✉♠❡✲s❡ q✉❡ ❛s s❡q✉ê♥❝✐❛s ❞❡ ♦❜s❡r✈❛çõ❡s sã♦ ✐♥❞❡♣❡♥❞❡♥t❡s ❡ ♦ ♦❜❥❡t✐✈♦ é ♦ ❛❥✉st❡ ❞♦s

♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ q✉❡ ♠❛①✐♠✐③❛♠ ❛ ❡①♣r❡ssã♦✿

P (O|λ) =
U∏

u=1

P (O(u)|λ) =
U∏

u=1

Pu. ✭✸✳✷✼✮
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❯♠❛ ✈❡③ q✉❡ ❛s ❢ór♠✉❧❛s ❞❡ r❡✲❡st✐♠❛çã♦ sã♦ ❜❛s❡❛❞❛s ❡♠ ❢r❡q✉ê♥❝✐❛s ❞❡ ♦❝♦rrê♥❝✐❛s

❞❡ ❡✈❡♥t♦s✱ ♣❛r❛ ❛s ♠ú❧t✐♣❧❛s s❡q✉ê♥❝✐❛s ❞❡ ♦❜s❡r✈❛çõ❡s ❡ss❛s ❢ór♠✉❧❛s sã♦ ♠♦❞✐✜❝❛❞❛s

❛❞✐❝✐♦♥❛♥❞♦✲s❡ ❛s ❢r❡q✉ê♥❝✐❛s ❞❡ ♦❝♦rrê♥❝✐❛s ✐♥❞✐✈✐❞✉❛✐s ❞❡ ❝❛❞❛ s❡q✉ê♥❝✐❛✳ ❆ss✐♠✱ ❛s ❢ór✲

♠✉❧❛s ❞❡ r❡✲❡st✐♠❛çã♦ ♠♦❞✐✜❝❛❞❛s sã♦ ❬✽✼❪✿

aij =

∑U
u=1

1
Pu

∑Tu−1
t=1 αu

t (i)aijbj(O
(u)
t+1)β

u
t+1(j)∑U

u=1
1
Pu

∑Tu−1
t=1 αu

t (i)β
u
t (i)

, 1 ≤ i ≤ N, 1 ≤ j ≤ N ; ✭✸✳✷✽✮

bj(k) =

∑U
u=1

1
Pu

∑Tu

t=1,s.t.Ot=wk
αu
t (j)β

u
t (j)∑U

u=1
1
Pu

∑Tu

t=1 α
u
t (j)β

u
t (j)

, 1 ≤ j ≤ N, 1 ≤ k ≤ N. ✭✸✳✷✾✮

✸✳✹✳✷ ❙♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❛✈❛❧✐❛çã♦

◆❛ ❢❛s❡ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ✭✐❞❡♥t✐✜❝❛çã♦✮✱ é r❡❛❧✐③❛❞❛ ❛ ❡st✐♠❛çã♦ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦r✲

rê♥❝✐❛ ❞❡ ✉♠❛ ❞❛❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çõ❡s Ol = O1, O2, . . . , OT ✱ ❛ss♦❝✐❛❞❛ ❛ ❝❛❞❛ ♠♦❞❡❧♦

λl = (A,B, π)✱ ♦❜t✐❞♦ ❞✉r❛♥t❡ ❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦ (1 ≤ l ≤ L)✳

❯♠❛ ✈❡③ q✉❡ ♦s ❍▼▼ t❡♥❤❛♠ s✐❞♦ tr❡✐♥❛❞♦s ♣❛r❛ ❝❛❞❛ ♣❛❧❛✈r❛✱ ❛ ❡str❛té❣✐❛ ❞❡ ✐❞❡♥✲

t✐✜❝❛çã♦ é ❞✐r❡t❛ ❬✺✱ ✾✹✱ ✾✺❪✳ P❛r❛ ❛ ♣❛❧❛✈r❛ ❛ s❡r ✐❞❡♥t✐✜❝❛❞❛✱ é ♦❜t✐❞❛ ❛ s❡q✉ê♥❝✐❛ ❞❡

♦❜s❡r✈❛çõ❡s Ol = O1, O2, . . . , OT ❡ ❣❡r❛❞❛ ❛ t❛❜❡❧❛ ❞❡ ❝ó❞✐❣♦s ❛ss♦❝✐❛❞❛s à s❡q✉ê♥❝✐❛✱ ❛

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

♠♦❞❡❧♦ ❞❡ r❡❢❡rê♥❝✐❛ λl = (A,B, π) ✭♦❜t✐❞♦ ❞✉r❛♥t❡ ❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✮✳ ❆♣ós ♦ ❝á❧✲

❝✉❧♦ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ ❛ ♣❛rt✐r ❞❡ ✉♠❛ r❡❣r❛ ❞❡ ❞❡❝✐sã♦✱ ❛ ♣❛❧❛✈r❛ ♦✉ s❡♥t❡♥ç❛ é ❛❝❡✐t❛ ♦✉

r❡❥❡✐t❛❞❛ ♣❡❧♦ s✐st❡♠❛✳

❖ ♣r♦❝❡❞✐♠❡♥t♦ ♣❛r❛ ❝á❧❝✉❧♦ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ P (Ol|λl) é ♦ ♠❡s♠♦ ❥á ❛♣r❡s❡♥t❛❞♦ ❛♥t❡✲

r✐♦r♠❡♥t❡✱ ❞❡s❝r✐t♦ ❛ s❡❣✉✐r✳

❋❛③❡♥❞♦✲s❡ t = T − 1✱ ♦❜té♠✲s❡ ❬✾✹❪

P (Ol|λl) =
N∑

i=1

αT (i), ✭✸✳✸✵✮

s❡♥❞♦✿

α1(i) = πibi(O1) , 1 ≤ i ≤ N, ✭✸✳✸✶✮

αt+1(j) =

{
N∑

i=1

αt(i)aij

}
bj(Ot+1) , 1 ≤ t ≤ T − 1 , 1 ≤ j ≤ N. ✭✸✳✸✷✮

❖s ❝♦❡✜❝✐❡♥t❡s aij ❡ π ❝♦rr❡s♣♦♥❞❡♠✱ ❡①❛t❛♠❡♥t❡✱ ❛♦s ✈❛❧♦r❡s ❞❡ r❡❢❡rê♥❝✐❛ ❞❛ ♠❛tr✐③ A ❡

✈❡t♦r π✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❖s ❝♦❡✜❝✐❡♥t❡s bj(Ot) sã♦ ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❛ ♠❛tr✐③ B = [bj(k)]✱ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ ❛
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❝❛❞❛ ✈❡t♦r Ot ❞❡ ✉♠❛ l−és✐♠❛ ♣❛❧❛✈r❛ ❝♦rr❡s♣♦♥❞❡✱ ❛♣ós ❛ q✉❛♥t✐③❛çã♦ ✈❡t♦r✐❛❧✱ ✉♠ í♥❞✐❝❡

❞♦ q✉❛♥t✐③❛❞♦r ✈❡t♦r✐❛❧ ✭sí♠❜♦❧♦ wk✮✳ ❈❛❞❛ ❝♦❡✜❝✐❡♥t❡ bj(k) r❡♣r❡s❡♥t❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡

♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❞❛❞♦ sí♠❜♦❧♦ wk✱ ♥♦ ❡st❛❞♦ j✳ ❆ss✐♠✱ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ bj(Ot) ❝♦rr❡s♣♦♥❞❡

❛♦ ✈❛❧♦r ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞♦ sí♠❜♦❧♦ ❛ss♦❝✐❛❞♦ àq✉❡❧❡ ❡st❛❞♦ j✳

❆ ♣❛❧❛✈r❛ q✉❡ ❛♣r❡s❡♥t❛r ♦ ♠❛✐♦r ✈❛❧♦r ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ é ❛ ♣❛❧❛✈r❛ ✐❞❡♥t✐✜❝❛❞❛ ♣❡❧♦

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

é r❡❥❡✐t❛❞❛✳

✸✳✹✳✸ ❙♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❞❡❝♦❞✐✜❝❛çã♦

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

❡①❛t❛✱ ❡①✐st❡♠ ✈ár✐❛s ♠❛♥❡✐r❛s ♣♦ssí✈❡✐s ❞❡ s❡ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛ ❞❡ ❞❡❝♦❞✐✜❝❛çã♦✳ ❆ ❞✐✜✲

❝✉❧❞❛❞❡ ❞❡ s❡ ❡♥❝♦♥tr❛r ❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s ót✐♠❛✱ ❛ss♦❝✐❛❞❛ ❝♦♠ ✉♠❛ ❞❛❞❛ s❡q✉ê♥❝✐❛ ❞❡

♦❜s❡r✈❛çõ❡s✱ ❡stá ❡①❛t❛♠❡♥t❡ ♥❛ ❞❡✜♥✐çã♦ ❞♦ q✉❡ s❡❥❛ ❡ss❛ s❡q✉ê♥❝✐❛ ót✐♠❛✱ ✐st♦ é✱ ❡①✐st❡♠

✈ár✐♦s ❝r✐tér✐♦s ❞❡ ♦t✐♠✐③❛çã♦✳ ❊①✐st❡ ✉♠❛ té❝♥✐❝❛ ❢♦r♠❛❧ ♣❛r❛ ❡♥❝♦♥tr❛r ❛ s❡q✉ê♥❝✐❛ ❞❡ ❡s✲

t❛❞♦s ót✐♠❛ ú♥✐❝❛✱ ❜❛s❡❛❞❛ ❡♠ ♠ét♦❞♦s ❞❡ ♣r♦❣r❛♠❛çã♦ ❞✐♥â♠✐❝❛✱ ❝❤❛♠❛❞❛ ❞❡ ❆❧❣♦r✐t♠♦

❞❡ ❱✐t❡r❜✐ ❬✺✱ ✽✼✱ ✾✻❪✳ ❊ss❡ ❛❧❣♦r✐t♠♦ é ✉♠❛ s♦❧✉çã♦ ót✐♠❛ r❡❝✉rs✐✈❛ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ❡st✐♠❛r

❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s ❞❡ ✉♠ ♣r♦❝❡ss♦ ❞❡ ▼❛r❦♦✈ ❞✐s❝r❡t♦ ♥♦ t❡♠♣♦ ❬✺✱ ✺✵❪✳

❈♦♥s✐❞❡r❛♥❞♦ ❛ ❡str✉t✉r❛ ❞❡ tr❡❧✐ç❛ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✸✳✹✱ ❛ ♣r♦♣r✐❡❞❛❞❡ ♠❛✐s ✐♠♣♦r✲

t❛♥t❡✱ ✐♥❡r❡♥t❡ ❛ ❡ss❛ ❡str✉t✉r❛✱ é q✉❡ ♣❛r❛ ❝❛❞❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s ♣♦ssí✈❡❧✱Q✱ ❝♦rr❡s♣♦♥❞❡

✉♠ ú♥✐❝♦ ❝❛♠✐♥❤♦ ♣♦r ♠❡✐♦ ❞❛ tr❡❧✐ç❛ ❡ ✈✐❝❡✲✈❡rs❛ ❬✺✱ ✺✵❪✳

❋✐❣✉r❛ ✸✳✻✿ ❆❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐ ❬✺❪✳

❖❜s❡r✈❛♥❞♦ ❛ ❋✐❣✉r❛ ✸✳✻✱ ♣♦❞❡✲s❡ ♥♦t❛r q✉❡ ♣❛r❛ ✈ár✐♦s ✐♥st❛♥t❡s ❞❡ t❡♠♣♦ ❞✐❢❡r❡♥t❡s✱

❡①✐st❡ ♠❛✐s ❞❡ ✉♠ ❝❛♠✐♥❤♦ ♣❛r❝✐❛❧ ❝❤❡❣❛♥❞♦ ❡♠ ❝❛❞❛ ♥ó ✭❡st❛❞♦✮✱ ❝❛❞❛ ✉♠ ❝♦♠ ❞❡t❡r♠✐✲

♥❛❞♦ ❝♦♠♣r✐♠❡♥t♦ ✭✈❛❧♦r ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✮✳ ❖ s❡❣♠❡♥t♦ ❞❡ ❝❛♠✐♥❤♦ ♠❛✐s ❝✉rt♦✱ ♦✉ s❡❥❛✱

❛q✉❡❧❡ q✉❡ ❛♣r❡s❡♥t❛ ♠❛✐♦r ✈❛❧♦r ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ é ❝❤❛♠❛❞♦ ❞❡ ✏s♦❜r❡✈✐✈❡♥t❡✑ ❝♦rr❡s♣♦♥✲

❞❡♥t❡ ❛ ❝❛❞❛ ♥ó✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♣❛r❛ ❝❛❞❛ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦✱ ❡①✐st❡ ✉♠ ♥ú♠❡r♦ ❞❡

s♦❜r❡✈✐✈❡♥t❡s ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦ ❞❡ ♥ós ♥❛ tr❡❧✐ç❛✳
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◆♦ ú❧t✐♠♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ ❞❡✈❡ ❡①✐st✐r ❛♣❡♥❛s ✉♠ ú♥✐❝♦ s♦❜r❡✈✐✈❡♥t❡✱ ♣♦✐s ❛ ❝❛❞❡✐❛ ❞❡

♠❛r❦♦✈ ❞❡✈❡ t❡r♠✐♥❛r ❡♠ ✉♠ ❡st❛❞♦ ❜❡♠ ❞❡t❡r♠✐♥❛❞♦✳ ◆❡ss❡ ♣♦♥t♦✱ ♦ ❝❛♠✐♥❤♦ t♦t❛❧ ✭❞❡

t = 1 ❛té t = T ✮ r❡♣r❡s❡♥t❛ ♦ ♠❡♥♦r ❝❛♠✐♥❤♦ ♣❡r❝♦rr✐❞♦✱ ♦✉ s❡❥❛✱ ❛♣r❡s❡♥t❛ ♦ ♠❛✐♦r ✈❛❧♦r

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

❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s ❛ss♦❝✐❛❞❛ q✉❡ ❢♦r♥❡❝❡ ♦ ❝❛♠✐♥❤♦ ♠❛✐s ♣r♦✈á✈❡❧✱ ♦✉ s❡❥❛✱ ❛ s❡q✉ê♥❝✐❛

❞❡ ❡st❛❞♦s ót✐♠❛✳

❉❡✜♥✐♥❞♦✲s❡ ❛ ✈❛r✐á✈❡❧ δt(i) ❝♦♠♦ ♦ ♠❛✐♦r ✈❛❧♦r ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❛♦ ❧♦♥❣♦ ❞❡ ✉♠ ú♥✐❝♦

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

t❡r♠✐♥❛♠ ♥♦ ❡st❛❞♦ qi✱ t❡♠✲s❡ ♣♦r ✐♥❞✉çã♦ q✉❡

δt+1(j) = [max
i
δt(i)aij]bj(Ot+1) , 1 ≤ i ≤ N. ✭✸✳✸✸✮

P❛r❛ s❡ ♦❜t❡r ❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s✱ é ♥❡❝❡ssár✐♦ r❡t❡r ❛ tr✐❧❤❛ ❞♦ ❛r❣✉♠❡♥t♦ q✉❡ ♠❛①✐♠✐③❛

❛ ❊q✉❛çã♦ ✺✳✺✱ ♣❛r❛ ❝❛❞❛ t ❡ j✳ P❛r❛ t❛♥t♦✱ ❞❡✜♥❡✲s❡ ❛ ✈❛r✐á✈❡❧ ψt(j)✳ ❖ ♠ét♦❞♦ ♣❛r❛ s❡

❡♥❝♦♥tr❛r ❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s ót✐♠❛ é ❞❛❞♦ ♣♦r ❬✺✵✱ ✽✼❪✿

✶✳ ■♥✐❝✐❛❧✐③❛çã♦✿

δ1(i) = πibi(O1) , 1 ≤ i ≤ N, ✭✸✳✸✹✮

ψ1(i) = 0. ✭✸✳✸✺✮

✷✳ ❘❡❝✉rs✐✈✐❞❛❞❡✿

δt(j) = max
1≤i≤N

[δt−1(i)aij]bj(Ot), ✭✸✳✸✻✮

ψt(j) = argmax
1≤i≤N

[δt−1(i)aij], 2 ≤ t ≤ T, 1 ≤ j ≤ N. ✭✸✳✸✼✮

✸✳ ❚ér♠✐♥♦✿

P ∗ = max
1≤i≤N

[δT (i)], ✭✸✳✸✽✮

q∗T = argmax
1≤i≤N

[δT (i)]. ✭✸✳✸✾✮

✹✳ ❙❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s ót✐♠❛

q∗t = ψt+1(q
∗
t+1) , t = T − 1, T − 2, . . . , 1. ✭✸✳✹✵✮

❖ ❛❧❣♦r✐t♠♦ ❞❡s❝r✐t♦ t❡♠✱ ♣♦rt❛♥t♦✱ ❛ ♣r♦♣r✐❡❞❛❞❡ ❞❡ ❞❡t❡r♠✐♥❛r ❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s✱
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q✉❡ ♠❛①✐♠✐③❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ P (Ol|λl)✱ ♣❛r❛ ❛ l−és✐♠❛ ♣❛❧❛✈r❛ ❬✺✱ ✽✼❪✳ ❆ss✐♠✱ ❡ss❡ ❛❧❣♦r✐t♠♦

♣♦❞❡ s❡r ✉s❛❞♦ ♣❛r❛ ♦ ✏❛❥✉st❡✑ ❞❛ ❡t❛♣❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ✭✐❞❡♥t✐✜❝❛çã♦✮ ❡ ❞❡t❡r♠✐♥❛çã♦

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

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

❛✉t♦♠át✐❝♦ ❞❛ ❢❛❧❛✱ ✉t✐❧✐③❛♥❞♦ ❍▼▼✳

✸✳✺ ❈♦♥s✐❞❡r❛çõ❡s ●❡r❛✐s

❖s ♠♦❞❡❧♦s ♦❝✉❧t♦s ❞❡ ▼❛r❦♦✈ tê♠ s✐❞♦ ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞♦s ❡♠ s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡✲

❝✐♠❡♥t♦ ❞❡ ❢❛❧❛✱ s❡♥❞♦ ❛té ♦ ♠♦♠❡♥t♦✱ ❛ ♠♦❞❡❧❛❣❡♠ q✉❡ ❛♣r❡s❡♥t❛ ❛s ♠❡❧❤♦r❡s t❛①❛s ❞❡

r❡❝♦♥❤❡❝✐♠❡♥t♦✳

◆❡st❡ ❝❛♣ít✉❧♦✱ ❢♦✐ ❡①♣❧✐❝❛❞♦ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ❍▼▼✱ t❛♥t♦ ♣❛r❛ ❣❡r❛çã♦ ❞♦s ♣❛❞rõ❡s

❞❡ r❡❢❡rê♥❝✐❛ ✭❡t❛♣❛ ❞❡ tr❡✐♥❛♠❡♥t♦✮ q✉❛♥t♦ ♣❛r❛ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s ♣❛❞rõ❡s ❞❡ t❡st❡ ✭❡t❛♣❛

❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✮✳

❈♦♥t✉❞♦✱ ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ❡✜❝✐❡♥t❡

✉t✐❧✐③❛♥❞♦ ❍▼▼✱ ✈ár✐♦s ❛s♣❡❝t♦s ❞❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ❍▼▼ ❞❡✈❡♠ s❡r ❝♦♥s✐❞❡r❛❞♦s✱ ❝♦♠♦ ♣♦r

❡①❡♠♣❧♦✱ t✐♣♦ ❞♦ ❍▼▼ ✭❞✐s❝r❡t♦✱ ❝♦♥tí♥✉♦ ♦✉ s❡♠✐✲❞✐s❝r❡t♦✮✱ ♥ú♠❡r♦ ❞❡ ❡st❛❞♦s✱ ✉♥✐❞❛❞❡

❜ás✐❝❛ ✭❢♦♥❡s✱ tr✐❢♦♥❡s✱ ♣❛❧❛✈r❛s✮✱ ❡♥tr❡ ♦✉tr♦s✳

◆❡st❡ tr❛❜❛❧❤♦✱ ❢♦r❛♠ r❡❛❧✐③❛❞♦s t❡st❡s ✈✐s❛♥❞♦ ❡♥❝♦♥tr❛r ❛ ❝♦♥✜❣✉r❛çã♦ ♠❛✐s ❛❞❡q✉❛❞❛

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

♠❡❧❤♦r r❡❧❛çã♦ ❡♥tr❡ ❛ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡ ♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳ ❖s r❡s✉❧t❛❞♦s ❞♦s

t❡st❡s s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✺✳



❈❛♣ít✉❧♦ ✹

❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❋❛❧❛ ❡♠ ❙✐st❡♠❛s

❊♠❜❛r❝❛❞♦s

❯♠ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦✱ ♦✉ s✐st❡♠❛ ❡♠❜✉t✐❞♦✱ é ✉♠ s✐st❡♠❛ ♠✐❝r♦♣r♦❝❡ss❛❞♦ ❝✉❥♦s ❤❛r❞✲

✇❛r❡ ❡ s♦❢t✇❛r❡ q✉❡ ♦ ❝♦♠♣õ❡♠ sã♦ ❞❡❞✐❝❛❞♦s à ❛♣❧✐❝❛çã♦ q✉❡ ❡st❡ ❡①❡❝✉t❛✳ ❉✐❢❡r❡♥t❡ ❞❡

❝♦♠♣✉t❛❞♦r❡s ❞❡ ♣r♦♣ós✐t♦ ❣❡r❛❧✱ ✉♠ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦ r❡❛❧✐③❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ t❛r❡❢❛s ♣r❡✲

❞❡✜♥✐❞❛s✱ ❣❡r❛❧♠❡♥t❡ ❝♦♠ r❡q✉✐s✐t♦s ❡s♣❡❝í✜❝♦s✳ ❯♠❛ ✈❡③ q✉❡ ♦ s✐st❡♠❛ é ❞❡❞✐❝❛❞♦ ❛ ❡ss❛s

t❛r❡❢❛s ❡s♣❡❝í✜❝❛s✱ é ♣♦ssí✈❡❧ ♦t✐♠✐③❛r ♦s ♣r♦❥❡t♦s ❞❡ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡ ❞♦ ♠❡s♠♦✱ r❡❞✉✲

③✐♥❞♦✱ ❛ss✐♠✱ ♦ t❛♠❛♥❤♦✱ r❡❝✉rs♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❡ ❝✉st♦ ❞♦ ♣r♦❞✉t♦✳ ❊①❡♠♣❧♦s tí♣✐❝♦s ❞❡

s✐st❡♠❛s ❡♠❜❛r❝❛❞♦s sã♦ ❛♣❛r❡❧❤♦s ❝❡❧✉❧❛r❡s✱ t❡❧❡✈✐s♦r❡s✱ ❛♣❛r❡❧❤♦s ❞❡ s♦♠✱ ♠♦❞❡♠ ❆❉❙▲✱

❜r✐♥q✉❡❞♦s✱ ❝â♠❡r❛s ❞✐❣✐t❛✐s✱ ♠♣✸ ♣❧❛②❡rs✱ ❢♦r♥♦s ❞❡ ♠✐❝r♦♦♥❞❛s ❡ ♦✉tr♦s ❛♣❛r❡❧❤♦s ❞♦♠ést✐✲

❝♦s✳ ❆té ♠❡s♠♦ ❝❛rr♦s ✐♥❝❧✉❡♠ ✈ár✐♦s ❞❡❧❡s✱ ♥❛ ❢♦r♠❛ ❞♦ s✐st❡♠❛ ❞❡ ✐♥❥❡çã♦ ❡❧❡trô♥✐❝❛✱ ❢r❡✐♦

❆❇❙✱ ❛✐r❜❛❣✱ ❝♦♠♣✉t❛❞♦r ❞❡ ❜♦r❞♦ ❡ ♦✉tr♦s s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡ ❛✉t♦♠♦t✐✈♦s ❬✾✼❪✳

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

s♦❧✉çõ❡s ♣♦❞❡♠ s❡r ❛❞♦t❛❞❛s✳ P❛r❛ ❛♣❧✐❝❛çõ❡s ❝♦♠ ♣r♦❞✉çã♦ ❡♠ ❣r❛♥❞❡ ❡s❝❛❧❛ ✭♠❡r❝❛❞♦

❞❡ ❝♦♥s✉♠♦✮✱ ♦ ♠❛✐s ❛❞❡q✉❛❞♦ é ♦ ✉s♦ ❞❡ ✉♠ ❙♦❈ ✭❙②st❡♠✲❖♥✲❛✲❈❤✐♣ ✕ s✐st❡♠❛ ❡♠ ✉♠❛

ú♥✐❝❛ ♣❛st✐❧❤❛✮ ❬✷✹❪✳ ❆ ❛rq✉✐t❡t✉r❛ ❞❡ ❤❛r❞✇❛r❡ ❞❡ ✉♠ ❙♦❈ ❡♠❜❛r❝❛❞♦ ♣♦❞❡ ❝♦♥t❡r ✉♠

♦✉ ♠❛✐s ♣r♦❝❡ss❛❞♦r❡s✱ ♠✐❝r♦❝♦♥tr♦❧❛❞♦r❡s✱ ❉❙P✱ ♠❡♠ór✐❛s✱ ✐♥t❡r❢❛❝❡s ♣❛r❛ ♣❡r✐❢ér✐❝♦s ❡

❜❧♦❝♦s ❞❡❞✐❝❛❞♦s✳ ❚❛✐s ❜❧♦❝♦s✱ t❛♠❜é♠ ❝❤❛♠❛❞♦s ❞❡ ■P ❈♦r❡s ✭■♥t❡❧❧❡❝t✉❛❧ Pr♦♣❡rt② ❈♦r❡s✮✱

❝♦♥s✐st❡♠ ❞❡ ❜❧♦❝♦s ❡♠ ❤❛r❞✇❛r❡ q✉❡ ❡①❡❝✉t❛♠ t❛r❡❢❛s ❡s♣❡❝í✜❝❛s ❡ sã♦ ❞❡✜♥✐❞♦s ❞❡ ♠♦❞♦

❛ ♣❡r♠✐t✐r ♦ s❡✉ r❡✉s♦ ❡♠ ❞✐❢❡r❡♥t❡s s✐st❡♠❛s ❬✾✽❪✳ ❖s ❞✐✈❡rs♦s ■P ❈♦r❡s ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦

❙♦❈ sã♦ ✐♥t❡r❧✐❣❛❞♦s ♣♦r ✉♠❛ ❡str✉t✉r❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦ q✉❡ ♣♦❞❡ ✈❛r✐❛r ❞❡ ✉♠ ❜❛rr❛♠❡♥t♦

❛ ✉♠❛ r❡❞❡ ❝♦♠♣❧❡①❛ ✭◆♦❈ ✕ ♥❡t✇♦r❦✲♦♥✲❝❤✐♣✮ ❬✾✾❪✳

❆❧❣♦r✐t♠♦s ❝♦♠ ❜♦♠ ❞❡s❡♠♣❡♥❤♦ ♥❛ ár❡❛ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❉✐❣✐t❛❧ ❞❡ ❙✐♥❛✐s ❞❡ ❱♦③✱ ❡♠

t❡r♠♦s ❞❡ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ ❞❡♠❛♥❞❛♠ ✉♠ ❝❡rt♦ ♣♦❞❡r ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ♦ q✉❡ ❥á s❡

t❡♠ ❞✐s♣♦♥í✈❡❧ ❡♠ ♠áq✉✐♥❛s t✐♣♦ P❈ ❡♠ t❡♠♣♦ r❡❛❧✳ ◆♦ ❡♥t❛♥t♦✱ ❡♠ s✐st❡♠❛s ❡♠❜❛r❝❛❞♦s

❞❡♣❡♥❞❡♥t❡s ❞❡ ❜❛t❡r✐❛s✱ ❝♦♠♦ ✉♠ t❡❧❡❢♦♥❡ ❝❡❧✉❧❛r✱ ♦ ❞❡s❛✜♦ ♥ã♦ r❡♣r❡s❡♥t❛ ❛♣❡♥❛s ♦ ❞❡s❡♥✲

✈♦❧✈✐♠❡♥t♦ ❞❡ s♦❢t✇❛r❡✱ ♠❛s t❛♠❜é♠ ❞❡ ❤❛r❞✇❛r❡ q✉❡ s❡ ❛❞❛♣t❡ às ❝❛r❛❝t❡ríst✐❝❛s ✐♥❡r❡♥t❡s

❞❡ t❛✐s ❞✐s♣♦s✐t✐✈♦s ✭❜❛✐①♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❜❛✐①♦ ♣♦❞❡r ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✱ ❡t❝✳✮ ❬✶✵✱ ✶✶❪✳

✺✵
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❆❧❣✉♠❛s té❝♥✐❝❛s ❞❡ ♣r♦❣r❛♠❛çã♦ ♣❡r♠✐t❡♠ ❛ ❣❡r❛çã♦ ❞❡ ✉♠ ❝ó❞✐❣♦ ♠❛✐s ❡✜❝✐❡♥t❡ ♥♦ q✉❡

s❡ r❡❢❡r❡ à q✉❛♥t✐❞❛❞❡ ❞❡ ♦♣❡r❛çõ❡s ❛ s❡r❡♠ ❡①❡❝✉t❛❞❛s ♣❡❧♦ ♣r♦❝❡ss❛❞♦r ✭♣✳❡①✳✿ s✉❜st✐t✉✐çã♦

❞❡ ✉♠❛ ♠✉❧t✐♣❧✐❝❛çã♦ ♣♦r ❞❡s❧♦❝❛♠❡♥t♦ ❞❡ ❜✐ts✮✱ ♦ q✉❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛ ♠❡♥♦r

❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛ ❡ ❡♥❡r❣✐❛✳ ❙❡♥❞♦ ❛ss✐♠✱ ❛ ♣❛rt✐r ❞❛ ♦t✐♠✐③❛çã♦ ❞❡ ❛❧❣♦r✐t♠♦s✱ ✉t✐❧✐③❛çã♦

❞❡ ❡str✉t✉r❛s ❞❡ ❤❛r❞✇❛r❡ ❡s♣❡❝í✜❝❛s ❡ ✉♠ ♣✐♣❡❧✐♥❡ ❞❡ ✐♥str✉çõ❡s ❡✜❝✐❡♥t❡✱ é ♣♦ssí✈❡❧ ❛✉♠❡♥✲

t❛r ❛ ✈❡❧♦❝✐❞❛❞❡✱ r❡❞✉③✐r ♦s r❡❝✉rs♦s ♥❡❝❡ssár✐♦s✱ s❡♠ ❞✐♠✐♥✉✐r ❛ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳

◆❛s ♣ró①✐♠❛s s❡çõ❡s✱ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♦ ♣r♦❝❡ss♦ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ s✐st❡♠❛

❡♠❜❛r❝❛❞♦ ❡ ❛❧❣✉♥s tr❛❜❛❧❤♦s q✉❡ ✐♠♣❧❡♠❡♥t❛♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ♥❡ss❡ ❝♦♥t❡①t♦✳

✹✳✶ Pr♦❝❡ss♦ ❞❡ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❍❛r❞✇❛r❡ ❞❡ ✉♠

❙✐st❡♠❛ ❊♠❜❛r❝❛❞♦

◆❛ ❋✐❣✉r❛ ✹✳✶✱ é ❛♣r❡s❡♥t❛❞♦ ♦ ✢✉①♦ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❤❛r❞✇❛r❡ ❞❡ ✉♠ s✐st❡♠❛ ❡♠✲

❜❛r❝❛❞♦✳ ◆❛s s❡çõ❡s s❡❣✉✐♥t❡s✱ s❡rá ❛♣r❡s❡♥t❛❞♦ ♦ ♣❛♣❡❧ ❞❡ ❝❛❞❛ ❡t❛♣❛✳

❋✐❣✉r❛ ✹✳✶✿ ❋❧✉①♦ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❤❛r❞✇❛r❡ ❞❡ ✉♠ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦✳

✹✳✶✳✶ ❊s♣❡❝✐✜❝❛çã♦

❖ ♣r♦❥❡t♦ ❞❡ ✉♠ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦ é ✐♥✐❝✐❛❞♦ ✉s✉❛❧♠❡♥t❡ ♣♦r ✉♠❛ ❡s♣❡❝✐✜❝❛çã♦ ❞❛ ❢✉♥❝✐♦♥❛✲

❧✐❞❛❞❡ ❞❡s❡❥❛❞❛✱ ❢❡✐t❛ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❧✐♥❣✉❛❣❡♠ ♦✉ ❢♦r♠❛❧✐s♠♦ ❛❞❡q✉❛❞♦✳ ■❞❡❛❧♠❡♥t❡✱ ❡st❛

❡s♣❡❝✐✜❝❛çã♦ ❞❡✈❡ t❡r ✉♠ ❛❧t♦ ♥í✈❡❧ ❞❡ ❛❜str❛çã♦✱ ♥♦ q✉❛❧ ❛✐♥❞❛ ♥ã♦ t❡♥❤❛♠ s✐❞♦ t♦♠❛❞❛s

❞❡❝✐sõ❡s ❡♠ r❡❧❛çã♦ à ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ss❛ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡✱ ❡♠ t❡r♠♦s ❞❛ ❛rq✉✐t❡t✉r❛✲❛❧✈♦ ❛

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

❡s♣❡❝✐✜❝❛çã♦ ❞❡✈❡ s❡r ♣r❡❢❡r❡♥❝✐❛❧♠❡♥t❡ ❡①❡❝✉tá✈❡❧✱ ♣❛r❛ ✜♥s ❞❡ ✈❛❧✐❞❛çã♦ ❬✷✹❪✳
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✹✳✶✳✷ Pr♦❥❡t♦ ❆rq✉✐t❡t✉r❛❧

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

✉♠❛ ❛rq✉✐t❡t✉r❛ q✉❡ ✐♠♣❧❡♠❡♥t❡ ❛s ❢✉♥çõ❡s ❝♦♥t✐❞❛s ♥❛ ❡s♣❡❝✐✜❝❛çã♦ ✐♥✐❝✐❛❧ ❡ q✉❡ ❛t❡♥❞❛ ❛♦s

r❡q✉✐s✐t♦s ❞❡ ♣r♦❥❡t♦✱ ❡♠ t❡r♠♦s ❞❡ ❝✉st♦✱ ❞❡s❡♠♣❡♥❤♦✱ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛✱ ár❡❛✱ ❡t❝✳ ❖

r❡s✉❧t❛❞♦ ✜♥❛❧ ❞❡st❛ ❡t❛♣❛ é ✉♠❛ ♠❛❝r♦✲❛rq✉✐t❡t✉r❛ ✭♦✉ ❛rq✉✐t❡t✉r❛ ❛❜str❛t❛✮✱ ❝♦♥t❡♥❞♦ ✉♠

♦✉ ♠❛✐s ♣r♦❝❡ss❛❞♦r❡s ❞❡ ❞❡t❡r♠✐♥❛❞♦s t✐♣♦s ✭❉❙P✱ ♠✐❝r♦❝♦♥tr♦❧❛❞♦r❡s✮ ❡ ♦✉tr♦s ❝♦♠♣♦♥❡♥✲

t❡s ♥❡❝❡ssár✐♦s ✭♠❡♠ór✐❛s✱ ✐♥t❡r❢❛❝❡s✱ ❜❧♦❝♦s ❞❡❞✐❝❛❞♦s ❞❡ ❤❛r❞✇❛r❡✮✱ t♦❞♦s ✐♥t❡r❝♦♥❡❝t❛❞♦s

♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ✐♥❢r❛✲❡str✉t✉r❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ✭✉♠ ♦✉ ♠❛✐s ❜❛rr❛♠❡♥t♦s ♦✉ ✉♠❛ ◆♦❈✮✳

❊♥tr❡ ❛ ❡s♣❡❝✐✜❝❛çã♦ ❢✉♥❝✐♦♥❛❧ ❡ ❛ ♠❛❝r♦✲❛rq✉✐t❡t✉r❛✱ ❡st❛❜❡❧❡❝❡✲s❡ ✉♠ ♠❛♣❡❛♠❡♥t♦✱ ❛

♣❛rt✐r ❞♦ q✉❛❧ ❝❛❞❛ ❢✉♥çã♦ ❞♦ s✐st❡♠❛ é ❛tr✐❜✉í❞❛ ❛ ✉♠ ♣r♦❝❡ss❛❞♦r ♦✉ ❛ ✉♠ ❜❧♦❝♦ ❞❡❞✐❝❛❞♦ ❞❡

❤❛r❞✇❛r❡✳ ❊st❡ ♠❛♣❡❛♠❡♥t♦ ❡st❛❜❡❧❡❝❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣❛rt✐❝✐♦♥❛♠❡♥t♦ ❞❡ ❢✉♥çõ❡s ❡♥tr❡

❤❛r❞✇❛r❡ ✭❜❧♦❝♦s ❞❡❞✐❝❛❞♦s✮ ❡ s♦❢t✇❛r❡ ✭❢✉♥çõ❡s ✐♠♣❧❡♠❡♥t❛❞❛s ♣♦r ✉♠ ♣r♦❝❡ss❛❞♦r ❞❡

✐♥str✉çõ❡s✮✳

❆ ❡①♣❧♦r❛çã♦ ❞♦ ❡s♣❛ç♦ ❞❡ ♣r♦❥❡t♦ ❞❡✈❡ ❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ ót✐♠❛ ♣❛r❛ três q✉❡stõ❡s

❜ás✐❝❛s ❬✷✹❪✿

✶✳ ◗✉❛♥t♦s ❡ q✉❛✐s sã♦ ♦s ♣r♦❝❡ss❛❞♦r❡s ❡ ❜❧♦❝♦s ❞❡❞✐❝❛❞♦s ❞❡ ❤❛r❞✇❛r❡ ♥❡❝❡ssár✐♦s❄

✷✳ ◗✉❛❧ é ♦ ♠❛♣❡❛♠❡♥t♦ ✐❞❡❛❧ ❡♥tr❡ ❢✉♥çõ❡s ❡ ❝♦♠♣♦♥❡♥t❡s ❞❡ ❤❛r❞✇❛r❡❄

✸✳ ◗✉❛❧ é ❛ ❡str✉t✉r❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ✐❞❡❛❧ ♣❛r❛ ❝♦♥❡❝t❛r ♦s ❝♦♠♣♦♥❡♥t❡s ❡♥tr❡ s✐✱ t❡♥❞♦

❡♠ ✈✐st❛ ❛s tr♦❝❛s ❞❡ ✐♥❢♦r♠❛çõ❡s q✉❡ ❞❡✈❡♠ s❡r r❡❛❧✐③❛❞❛s ❡♥tr❡ ❛s ❢✉♥çõ❡s ♠❛♣❡❛❞❛s

❡ ♦s ❝♦♠♣♦♥❡♥t❡s❄

P❛r❛ q✉❡ ❡st❛ ❡①♣❧♦r❛çã♦ s❡❥❛ ❡❢❡t✉❛❞❛ r❛♣✐❞❛♠❡♥t❡✱ é ❢✉♥❞❛♠❡♥t❛❧ ❛ ❡①✐stê♥❝✐❛ ❞❡ ❡s✲

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

❝♦♠ ✉♠ ❣r❛✉ ❞❡ ♣r❡❝✐sã♦ ❛❞❡q✉❛❞♦✱ ♦s ✈❛❧♦r❡s ❞❡ ♠étr✐❝❛s ✐♠♣♦rt❛♥t❡s ❞❡ ♣r♦❥❡t♦ ✭❞❡s❡♠✲

♣❡♥❤♦✱ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛✱ ár❡❛✮ q✉❡ ✐rã♦ r❡s✉❧t❛r ❞❡ ❝❛❞❛ ❛❧t❡r♥❛t✐✈❛ ❛rq✉✐t❡t✉r❛❧ ✭✉♠❛

♠❛❝r♦✲❛rq✉✐t❡t✉r❛ ❡ ✉♠ ♠❛♣❡❛♠❡♥t♦ ❞❡ ❢✉♥çõ❡s✮✳

❚❡♥❞♦ ❡♠ ✈✐st❛ ✉♠ ❡s♣❛ç♦ q✉❛s❡ ✐♥✜♥❞á✈❡❧ ❞❡ s♦❧✉çõ❡s ❛rq✉✐t❡t✉r❛✐s ♣♦ssí✈❡✐s✱ ❝♦♠ ✉♠❛

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

s♦❧✉çã♦ ót✐♠❛ ♦✉ ♠❡s♠♦ s✉❜ót✐♠❛✱ ❛ ❡t❛♣❛ ❞♦ ♣r♦❥❡t♦ ❛rq✉✐t❡t✉r❛❧ é ✉s✉❛❧♠❡♥t❡ s✐♠♣❧✐✜❝❛❞❛

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

❛♣❧✐❝❛çã♦✳ ❊ss❛ ❛rq✉✐t❡t✉r❛ ♣♦❞❡ ❝♦♥t❡r ✉♠ ♦✉ ♠❛✐s ♣r♦❝❡ss❛❞♦r❡s ❞❡ t✐♣♦s ❝♦♥❤❡❝✐❞♦s✱ ❛❧é♠

❞❡ ♦✉tr♦s ❝♦♠♣♦♥❡♥t❡s ♥❡❝❡ssár✐♦s✱ t♦❞♦s ✐♥t❡r❝♦♥❡❝t❛❞♦s ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❡str✉t✉r❛ ❞❡

❝♦♠✉♥✐❝❛çã♦ t❛♠❜é♠ ♣ré✲❞❡✜♥✐❞❛✳

❯s✉❛❧♠❡♥t❡✱ ❞✐✈❡rs❛s ❢✉♥çõ❡s s❡rã♦ ♠❛♣❡❛❞❛s ♣❛r❛ ✉♠ ♠❡s♠♦ ♣r♦❝❡ss❛❞♦r✱ s❡♥❞♦✱ ❡♥tã♦✱

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

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

♦♣❡r❛❝✐♦♥❛❧ ❞❡ t❡♠♣♦ r❡❛❧ ✭❘❚❖❙✮✳ ❆❧é♠ ❞❛ ❢✉♥çã♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ t❛r❡❢❛s✱ ♦ ❘❚❖❙

❞❡✈❡ ♦❢❡r❡❝❡r r❡❝✉rs♦s ♣❛r❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ❛s t❛r❡❢❛s✱ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ❡st❛s ♣♦❞❡rã♦



✹✳✶P❘❖❈❊❙❙❖ ❉❊ ❉❊❙❊◆❱❖▲❱■▼❊◆❚❖ ❉❖ ❍❆❘❉❲❆❘❊ ❉❊ ❯▼ ❙■❙❚❊▼❆ ❊▼❇❆❘❈❆❉❖ ✺✸

❡st❛r ❞✐str✐❜✉í❞❛s ❡♥tr❡ ❞✐✈❡rs♦s ♣r♦❝❡ss❛❞♦r❡s ❡ ♠❡s♠♦ ❜❧♦❝♦s ❞❡❞✐❝❛❞♦s ❞❡ ❤❛r❞✇❛r❡✳ ❊st❡s

r❡❝✉rs♦s ❞❡✈❡♠ ♦❢❡r❡❝❡r ✉♠❛ ❛❜str❛çã♦ ❛❞❡q✉❛❞❛ ❛♦ s♦❢t✇❛r❡ ❛♣❧✐❝❛t✐✈♦✱ ❡s❝♦♥❞❡♥❞♦ ❞❡t❛❧❤❡s

❞❡ ♠❛✐s ❜❛✐①♦ ♥í✈❡❧ ❞❛ ✐♥❢r❛✲❡str✉t✉r❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦✳ ❚❛♠❜é♠ ❛❝✐♦♥❛❞♦r❡s ✭❞r✐✈❡rs✮ ❞♦s

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

❡str✉t✉r❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❬✷✹❪✳

❯♠❛ ✈❡③ ❞❡✜♥✐❞❛ ❛ ♠❛❝r♦✲❛rq✉✐t❡t✉r❛✱ é ♥❡❝❡ssár✐❛ ❛ ❣❡r❛çã♦ ❞♦ s♦❢t✇❛r❡ ♣❛r❛ ❛ ♠❡s♠❛✱

❛ ♣❛rt✐r ❞❛ ❡s♣❡❝✐✜❝❛çã♦ ❢✉♥❝✐♦♥❛❧ ❞♦ s✐st❡♠❛✳ ■❞❡❛❧♠❡♥t❡✱ s❡r✐❛ ❞❡s❡❥á✈❡❧ ✉♠❛ sí♥t❡s❡ ❛✉✲

t♦♠át✐❝❛ ❞♦ s♦❢t✇❛r❡✱ ✐♥❝❧✉✐♥❞♦ t❛♥t♦ ♦ s♦❢t✇❛r❡ ❛♣❧✐❝❛t✐✈♦ ❝♦♠♦ ♦ ❘❚❖❙✳ ❊st❛ ❣❡r❛çã♦

❞♦ s♦❢t✇❛r❡ é ❜❛st❛♥t❡ ❢❛❝✐❧✐t❛❞❛ s❡ ❛ ❡s♣❡❝✐✜❝❛çã♦ ❢✉♥❝✐♦♥❛❧ ✐♥✐❝✐❛❧ t✐✈❡r s✐❞♦ ❢❡✐t❛ s♦❜r❡

✉♠❛ ✐♥t❡r❢❛❝❡ ❞❡ ♣r♦❣r❛♠❛çã♦ ❞❛ ❛♣❧✐❝❛çã♦ ♣❛❞r♦♥✐③❛❞❛ ✭❆P■ ✕ ❆♣♣❧✐❝❛t✐♦♥ Pr♦❣r❛♠♠✐♥❣

■♥t❡r❢❛❝❡✮ q✉❡ ♦❢❡r❡ç❛ r❡❝✉rs♦s ♣❛r❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ❛s t❛r❡❢❛s ❡ ♣❛r❛ ❛ q✉❛❧ ❡①✐st❛ ✉♠❛

✐♠♣❧❡♠❡♥t❛çã♦ s♦❜r❡ ❛ ♣❧❛t❛❢♦r♠❛ ❛rq✉✐t❡t✉r❛❧ ✭♣r♦❝❡ss❛❞♦r❡s ❡ ❘❚❖❙✮ s❡❧❡❝✐♦♥❛❞❛✳ ➱ t❛♠✲

❜é♠ ♥❡❝❡ssár✐♦ ✉♠ ❝♦♠♣✐❧❛❞♦r✱ q✉❡ tr❛❞✉③❛ ❛ ❡s♣❡❝✐✜❝❛çã♦ ❢✉♥❝✐♦♥❛❧ ♣❛r❛ ✉♠❛ ❧✐♥❣✉❛❣❡♠ ❞❡

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

❥á t❡♥❤❛ s✐❞♦ ❢❡✐t❛ ❡♠ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❧✐♥❣✉❛❣❡♠✮✳

❈♦♠♣♦♥❡♥t❡s ❞❡ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡ s❡❧❡❝✐♦♥❛❞♦s ♣❛r❛ ❛ ♠❛❝r♦✲❛rq✉✐t❡t✉r❛ ♣♦❞❡♠ t❡r

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

é ♥❡❝❡ssár✐❛ ❛ sí♥t❡s❡ ❞❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ♦s ❝♦♠♣♦♥❡♥t❡s✳ ❊st❛ sí♥t❡s❡ ❞❡✈❡ ❣❡r❛r ❛❞❛♣✲

t❛❞♦r❡s ✭✇r❛♣♣❡rs✮ q✉❡ ❢❛③❡♠ ❛ ❝♦♥✈❡rsã♦ ❡♥tr❡ ♦s ❞✐❢❡r❡♥t❡s ♣r♦t♦❝♦❧♦s✳ ❆❞❛♣t❛❞♦r❡s ❞❡

s♦❢t✇❛r❡ ♣♦❞❡♠ s❡r ❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦ ❡❧❡♠❡♥t♦s ❞❡ ✉♠ ❘❚❖❙ ❞❡❞✐❝❛❞♦ ❣❡r❛❞♦ ♣❛r❛ ❛ ❛♣❧✐✲

❝❛çã♦✱ ❡♥q✉❛♥t♦ q✉❡ ❛❞❛♣t❛❞♦r❡s ❞❡ ❤❛r❞✇❛r❡ sã♦ ❝♦♠♣♦♥❡♥t❡s ❞❡❞✐❝❛❞♦s q✉❡ ❛❥✉st❛♠ ❛s

✐♥t❡r❢❛❝❡s ❞♦s ❝♦♠♣♦♥❡♥t❡s ❛♦ ♣r♦t♦❝♦❧♦ ❞❛ ✐♥❢r❛✲❡str✉t✉r❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ✭❡♠❜♦r❛ ❝♦♥❡✲

①õ❡s ♣♦♥t♦✲❛✲♣♦♥t♦ t❛♠❜é♠ s❡❥❛♠ ♣♦ssí✈❡✐s✮✳

✹✳✶✳✸ ❈♦♥str✉çã♦ ❞♦ ▼♦❞❡❧♦ ❘❚▲

❖ ♠♦❞❡❧♦ ❘❚▲ ✭❘❡❣✐st❡r ❚r❛♥s❢❡r ▲❡✈❡❧✮ é ❛ ❞❡s❝r✐çã♦ ❞❛ ❡s♣❡❝✐✜❝❛çã♦ ❞♦ ♣r♦❥❡t♦ ❡♠ ♥í✈❡❧

❞❡ ✢✉①♦ ❞❡ ❞❛❞♦s ❡♥tr❡ r❡❣✐str❛❞♦r❡s✱ ❝♦♥tr♦❧❛❞♦ ♣♦r ✉♠ ❝❧♦❝❦✳ ❊ss❡ ♠♦❞❡❧♦ ❣❡r❛❧♠❡♥t❡ é

❡s❝r✐t♦ ❡♠ ✉♠❛ ❧✐♥❣✉❛❣❡♠ ❞❡ ❞❡s❝r✐çã♦ ❞❡ ❤❛r❞✇❛r❡✱ ❝♦♠♦ ❱❍❉▲ ♦✉ ❱❡r✐❧♦❣✳

✹✳✶✳✹ ❱❡r✐✜❝❛çã♦ ❋✉♥❝✐♦♥❛❧

❆ ♠❡❧❤♦r✐❛ ❝♦♥tí♥✉❛ ❞❛s ♠❡t♦❞♦❧♦❣✐❛s ❞❡ ♣r♦❥❡t♦ ❡ ♣r♦❝❡ss♦s t❡♠ ♣♦ss✐❜✐❧✐t❛❞♦ ❛ ❝r✐❛çã♦ ❞❡

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

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

❡ ❛ss❡❣✉r❛r q✉❡ ❡st❛s ❡stã♦ ♦❝♦rr❡♥❞♦ ❞❛ ♠❛♥❡✐r❛ ❡s♣❡❝✐✜❝❛❞❛✳ ◆♦ ❝♦♥t❡①t♦ ❞❡ ■♥t❡❧❧❡❝t✉❛❧

Pr♦♣❡rt② ✭■P✮ ❝♦r❡s ❞❡s✐❣♥✱ ❛ ✈❡r✐✜❝❛çã♦ ❢✉♥❝✐♦♥❛❧ é ✉♠ ❡❧❡♠❡♥t♦ ❝❤❛✈❡ ♣❛r❛ ❣❛r❛♥t✐❛ ❞❡

s✉❝❡ss♦ ❡♠ s❡✉ r❡✉s♦ ❬✶✵✵✱ ✶✵✶❪✳

❊st❛ t❛r❡❢❛ ❝❤❡❣❛ ❛ ❝♦♥s✉♠✐r ❝❡r❝❛ ❞❡ ✼✵✪ ❞♦ t❡♠♣♦ t♦t❛❧ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❬✶✵✵✱

✶✵✷✱ ✶✵✸✱ ✶✵✹❪✳ ❉✐❛♥t❡ ❞✐ss♦✱ ❢❡rr❛♠❡♥t❛s q✉❡ ♣♦ss✐❜✐❧✐t❡♠ ❛ ❣❡r❛çã♦ rá♣✐❞❛ ❡ ❡✜❝✐❡♥t❡ ❞❡ ✉♠

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



✹✳✶P❘❖❈❊❙❙❖ ❉❊ ❉❊❙❊◆❱❖▲❱■▼❊◆❚❖ ❉❖ ❍❆❘❉❲❆❘❊ ❉❊ ❯▼ ❙■❙❚❊▼❆ ❊▼❇❆❘❈❆❉❖ ✺✹

❆♦ ❧♦♥❣♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ♣r♦❥❡t♦✱ ✐♥ú♠❡r❛s ❞❡s❝r✐çõ❡s ❞♦ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦ sã♦ ❣❡r❛✲

❞❛s✱ ❡♠ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ ❛❜str❛çã♦ ✭❡s♣❡❝✐✜❝❛çã♦ ❢✉♥❝✐♦♥❛❧✱ ♠❛❝r♦✲❛rq✉✐t❡t✉r❛✱ ♠✐❝r♦✲

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

❧✐③❛çã♦ ❝♦♠❜✐♥❛❞❛ ❞❡ ❞✐❢❡r❡♥t❡s ❧✐♥❣✉❛❣❡♥s ✭❡✳❣✳ ❏❛✈❛ ❡ ❱❍❉▲✮✳ ❊st❛s ❞❡s❝r✐çõ❡s ♣r❡❝✐s❛♠

s❡r ✈❛❧✐❞❛❞❛s✱ ♦ q✉❡ ❡①✐❣❡ ❛ ❡①❡❝✉çã♦ ❞❛s ❞❡s❝r✐çõ❡s✱ ♥♦ ❝❛s♦ ❞❡ ❧✐♥❣✉❛❣❡♥s ❞❡ ♣r♦❣r❛♠❛çã♦

❝♦♠♦ ❏❛✈❛ ❡ ❈✱ ♦✉ s✉❛ s✐♠✉❧❛çã♦✱ ♥♦ ❝❛s♦ ❞❡ ❧✐♥❣✉❛❣❡♥s ❞❡ ❞❡s❝r✐çã♦ ❞❡ ❤❛r❞✇❛r❡ ♦✉ ❞❡

s✐st❡♠❛s ❝♦♠♦ ❱❍❉▲ ❡ ❙②st❡♠❈ ❬✷✹❪✳

◆❡♥❤✉♠❛ ❞❡ss❛s ❧✐♥❣✉❛❣❡♥s ❝♦♥s❡❣✉❡ ❝♦❜r✐r s✐♠✉❧t❛♥❡❛♠❡♥t❡ t♦❞♦s ♦s ❞♦♠í♥✐♦s ❞❡ ❛♣❧✐✲

❝❛çã♦✱ ♥í✈❡✐s ❞❡ ❛❜str❛çã♦ ❡ ❛s♣❡❝t♦s ❞❡ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡✳ ❆ss✐♠✱ é ❜❛st❛♥t❡ ❝♦♠✉♠ ❛

♥❡❝❡ss✐❞❛❞❡ ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ ❞❡s❝r✐çõ❡s ♠✉❧t✐✲❧✐♥❣✉❛❣❡♠ ❡♠ ❞❡t❡r♠✐♥❛❞♦s ♣❛ss♦s ❞♦ ♣r♦❥❡t♦✳

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

❡♠ ❱❍❉▲✱ ❡ ❞♦ s♦❢t✇❛r❡ q✉❡ ✐rá r♦❞❛r s♦❜r❡ ✉♠ ♣r♦❝❡ss❛❞♦r✳ ❖✉tr♦ ❡①❡♠♣❧♦ é ❛ ✈❛❧✐❞❛çã♦ ❞❡

✉♠ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦ ❝♦♥t❡♥❞♦ ♣❛rt❡s ❞❡ ❤❛r❞✇❛r❡ ❞✐❣✐t❛❧✱ ❞❡s❝r✐t❛s ❡♠ ❱❍❉▲✱ ❤❛r❞✇❛r❡

❛♥❛❧ó❣✐❝♦✱ ❞❡s❝r✐t♦ ♣♦r ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ❡♠ ▼❛t❧❛❜✱ ❡ s♦❢t✇❛r❡✱ ❞❡s❝r✐t♦ ❡♠ ❈✳

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

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

sã♦ ❞❡s❝r✐t❛s ♥✉♠ ♥í✈❡❧ ❞❡ ❛❜str❛çã♦ ♠❛✐s ❞❡t❛❧❤❛❞♦ ✭❡✳❣✳ ♠✐❝r♦✲❛rq✉✐t❡t✉r❛✮✱ ❡♥q✉❛♥t♦ ♦ r❡s✲

t❛♥t❡ ❞♦ s✐st❡♠❛ ♣❡r♠❛♥❡❝❡ ❞❡s❝r✐t♦ ❞❡ ❢♦r♠❛ ♠❛✐s ❛❜str❛t❛ ✭♣✳❡①✳ ❝♦♠♦ ♠❛❝r♦✲❛rq✉✐t❡t✉r❛

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

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

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

❆ s✐♠✉❧❛çã♦ ❞❡ s✐st❡♠❛s q✉❡ ♣♦ss✉❡♠ ♠ó❞✉❧♦s ❞❡s❝r✐t♦s ❡♠ ❞✐❢❡r❡♥t❡s ❧✐♥❣✉❛❣❡♥s é ❝❤❛✲

♠❛❞❛ ❞❡ ❝♦s✐♠✉❧❛çã♦✳ ❊①❡♠♣❧♦s ❞❡ ❝♦s✐♠✉❧❛çã♦ ❡♥tr❡ ❱❍❉▲ ❡ ❈ sã♦ ❡♥❝♦♥tr❛❞♦s ♥♦s s✐✲

♠✉❧❛❞♦r❡s ❱❈■ ❬✶✵✺❪ ❡ ❙■▼❖❖ ❬✶✵✻❪✳ ❋❡rr❛♠❡♥t❛s ❞❡ ❝♦s✐♠✉❧❛çã♦ ❛t✉❛✐s✱ ❝♦♠♦ ❈♦❈❡♥tr✐❝

❙②st❡♠ ❙t✉❞✐♦✱ ❞❛ ❙②♥♦♣s②s ❬✶✵✼❪✱ ❡ ❙❡❛♠❧❡ss ❈❱❊✱ ❞❛ ▼❡♥t♦r ❬✶✵✽❪✱ ♣❡r♠✐t❡♠ ❛ ✐♥t❡✲

❣r❛çã♦ ❞❡ ❙②st❡♠❈✱ ❈✱ s✐♠✉❧❛❞♦r❡s ❞❡ s♦❢t✇❛r❡ ♥♦ ♥í✈❡❧ ❞❡ ✐♥str✉çõ❡s ❞❡ ♠áq✉✐♥❛ ❞❡ ✉♠

♣r♦❝❡ss❛❞♦r ❡ ❍❉▲ ❞✐✈❡rs❛s✱ ❝♦♠♦ ❱❍❉▲ ❡ ❱❡r✐❧♦❣✳ ▼❈■ ❬✶✵✾❪ é ✉♠ ❡①❡♠♣❧♦ ❞❡ s♦❧✉çã♦

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

♠✉❧t✐✲❧✐♥❣✉❛❣❡♠ ❞♦ s✐st❡♠❛✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ❝♦s✐♠✉❧❛çã♦ ❞á✲s❡ ❛ ♣❛rt✐r ❞❡ ✉♠ ♠❡❝❛♥✐s♠♦ ❞❡

❝♦♠✉♥✐❝❛çã♦ ♣r♦♣r✐❡tár✐♦✱ ❝♦♠♦ ♥❛s s♦❧✉çõ❡s ❝♦♠❡r❝✐❛✐s✳ ❖ ❛♠❜✐❡♥t❡ Pt♦❧❡♠② ❬✶✶✵❪ ❛❞♦t❛

✉♠❛ ❛❜♦r❞❛❣❡♠ ♦r✐❡♥t❛❞❛ ❛ ♦❜❥❡t♦s ♥❛ ♠♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❡ ♦❢❡r❡❝❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡

❝❧❛ss❡s ❡①♣❧✐❝✐t❛♠❡♥t❡ ♦r✐❡♥t❛❞♦ à ❝♦s✐♠✉❧❛çã♦ ❞❡ ❞✐❢❡r❡♥t❡s ♠♦❞❡❧♦s ❞❡ ❝♦♠♣✉t❛çã♦✳

◆♦ ❝♦♥t❡①t♦ ❞❡ r❡✉s♦ ❞❡ ❝♦♠♣♦♥❡♥t❡s ■P✱ t♦r♥❛✲s❡ ✐♥t❡r❡ss❛♥t❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡

s✐♠✉❧❛çõ❡s ❞✐str✐❜✉í❞❛s✱ ♥❛s q✉❛✐s ❝♦♠♣♦♥❡♥t❡s ■P s❡❥❛♠ s✐♠✉❧❛❞♦s r❡♠♦t❛♠❡♥t❡✱ ♥♦ s✐t❡

❞❡ s❡✉s ❢♦r♥❡❝❡❞♦r❡s✱ ✈✐s❛♥❞♦ ❛ ♣r♦t❡çã♦ ❞❛ ♣r♦♣r✐❡❞❛❞❡ ✐♥t❡❧❡❝t✉❛❧✳ ❖ ❛♠❜✐❡♥t❡ ❏❛✈❛❈❆❉

❬✶✶✶❪ ♦❢❡r❡❝❡ ❡st❡ r❡❝✉rs♦✱ ♠❛s ❡stá r❡str✐t♦ ❛ ❝♦♠♣♦♥❡♥t❡s ❞❡s❝r✐t♦s ❡♠ ❏❛✈❛✱ ❛ss✐♠ ❝♦♠♦

♦ ❛♠❜✐❡♥t❡ ♣r♦♣♦st♦ ❡♠ ❬✶✶✷❪ ❡stá r❡str✐t♦ ❛ ❝♦♠♣♦♥❡♥t❡s ❱❍❉▲ ❡ ❱❡r✐❧♦❣✳ ❙♦❧✉çõ❡s ♠❛✐s

❣❡♥ér✐❝❛s✱ ❛❜❡rt❛s ❛ ❞✐✈❡rs❛s ❧✐♥❣✉❛❣❡♥s✱ sã♦ ♣r♦♣♦st❛s ♣❡❧♦s ❛♠❜✐❡♥t❡s ❲❊❙❊ ❬✶✶✸❪✱ ❜❛s❡❛❞♦

❡♠ ❈❖❘❇❆✱ ❡ ❉❈❇ ❬✶✶✹❪✱ ✐♥s♣✐r❛❞♦ ♥♦ ♣❛❞rã♦ ❍▲❆ ❬✶✶✺❪ ❞❡ s✐♠✉❧❛çã♦ ❞✐str✐❜✉í❞❛✳

❆ ✈❛❧✐❞❛çã♦ ♣♦r s✐♠✉❧❛çã♦ ❛♣r❡s❡♥t❛ ❞✉❛s ❣r❛♥❞❡s r❡str✐çõ❡s✳ ❊♠ ♣r✐♠❡✐r♦ ❧✉❣❛r✱ ♦ ♥ú✲



✹✳✷P❘❖❈❊❙❙❖ ❉❊ ❉❊❙❊◆❱❖▲❱■▼❊◆❚❖ ❉❖ ❍❆❘❉❲❆❘❊ ❉❊ ❯▼ ❙■❙❚❊▼❆ ❊▼❇❆❘❈❆❉❖ ✺✺

♠❡r♦ ❞❡ ❝❛s♦s ❞❡ t❡st❡s ♣❛r❛ ✉♠❛ ✈❛❧✐❞❛çã♦ ❡①❛✉st✐✈❛ ❞❛ ❞❡s❝r✐çã♦ ❞♦ s✐st❡♠❛ é ♠✉✐t♦

❣r❛♥❞❡✱ ♦❜r✐❣❛♥❞♦ ♦s ♣r♦❥❡t✐st❛s ♥❛ ♣rát✐❝❛ ❛ ❧✐♠✐t❛r❡♠✲s❡ ❛ ✉♠❛ ❝♦❜❡rt✉r❛ ♣❛r❝✐❛❧ ❞♦s ♠❡s✲

♠♦s✳ ❊♠ s❡❣✉♥❞♦ ❧✉❣❛r✱ q✉❛♥t♦ ♠❛✐s ❜❛✐①♦ ♦ ♥í✈❡❧ ❞❡ ❛❜str❛çã♦✱ ♠❛✐♦r ♦ ♥ú♠❡r♦ ❞❡ ❝❛s♦s

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

✈❡r✐✜❝❛çã♦ ❢♦r♠❛❧ ❬✶✶✻❪✱ q✉❡ r❡❛❧✐③❛♠ ✉♠❛ ✈❛❧✐❞❛çã♦ s✐♠❜ó❧✐❝❛ ❞♦ s✐st❡♠❛✱ ❡ ♥ã♦ ♥✉♠ér✐❝❛✱

♣r♦♠❡t❡♠ r❡s♦❧✈❡r ❡st❡ ♣r♦❜❧❡♠❛ ♣♦r ❝♦❜r✐r❡♠ t♦❞♦s ♦s ♣♦ssí✈❡✐s ❝❛s♦s ❞❡ t❡st❡ ❛ ♣❛rt✐r ❞❡

✉♠ ú♥✐❝♦ ♣r♦❝❡ss❛♠❡♥t♦✳ ◆♦ ❡♥t❛♥t♦✱ t❛✐s té❝♥✐❝❛s ❛✐♥❞❛ ♥ã♦ ❛t✐♥❣✐r❛♠ ✉♠ ❣r❛✉ ❞❡ ♠❛t✉r✐✲

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

❡st❛♥❞♦ ❧✐♠✐t❛❞❛s ❛ ❞❡t❡r♠✐♥❛❞❛s ❝♦♠❜✐♥❛çõ❡s ❞❡ ❧✐♥❣✉❛❣❡♥s✱ ❡st✐❧♦s ❞❡ ❞❡s❝r✐çã♦✱ ❞♦♠í♥✐♦s

❞❡ ❛♣❧✐❝❛çã♦ ❡ ♥í✈❡✐s ❞❡ ❛❜str❛çã♦✳

✹✳✶✳✺ ❙í♥t❡s❡

❯♠❛ ✈❡③ ❞❡✜♥✐❞♦s ❡ ✈❛❧✐❞❛❞♦s ♦s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❤❛r❞✇❛r❡ ❞❛ ♠❛❝r♦✲❛rq✉✐t❡t✉r❛✱ ✐♥❝❧✉✐♥❞♦

❛ ✐♥❢r❛✲❡str✉t✉r❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❡ ♦s ❡✈❡♥t✉❛✐s ❛❞❛♣t❛❞♦r❡s✱ ♣♦❞❡rá s❡r ❢❡✐t❛ ❛ sí♥t❡s❡ ❞♦

❤❛r❞✇❛r❡✳ ❊♠ ✉♠❛ ♣r✐♠❡✐r❛ ❡t❛♣❛✱ ❛ ♠❛❝r♦✲❛rq✉✐t❡t✉r❛ ♣♦❞❡ s❡r ❡①♣❛♥❞✐❞❛ ♣❛r❛ ✉♠❛ ♠✐❝r♦✲

❛rq✉✐t❡t✉r❛ ✭♦✉ ❛rq✉✐t❡t✉r❛ ❘❚▲✮✱ ❝♦♥t❡♥❞♦ ♦ ❞❡t❛❧❤❛♠❡♥t♦ ❞❡ t♦❞♦s ♦s ❝♦♠♣♦♥❡♥t❡s ❡ s✉❛s

✐♥t❡r❝♦♥❡①õ❡s✱ ♣✐♥♦✲❛✲♣✐♥♦ ❡ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ❝✐r❝✉✐t♦ ❝♦♠ ♣r❡❝✐sã♦ ❞❡ ❝✐❝❧♦

❞❡ ❝❧♦❝❦✳ ❊♠ ✉♠❛ s❡❣✉♥❞❛ ❡t❛♣❛✱ ♣♦❞❡♠ s❡r ✉s❛❞❛s ❢❡rr❛♠❡♥t❛s ❝♦♥✈❡♥❝✐♦♥❛✐s ♣❛r❛ sí♥t❡s❡

❞❡ ❤❛r❞✇❛r❡✱ q✉❡ ❛ ♣❛rt✐r ❞❛ ♠✐❝r♦✲❛rq✉✐t❡t✉r❛ ✐rã♦ ❣❡r❛r ♦ ❧❛②♦✉t ✜♥❛❧ ❞♦ ❝✐r❝✉✐t♦✳ P❛r❛

t❛♥t♦✱ é ♥❡❝❡ssár✐♦ q✉❡ ❛ ♠✐❝r♦❛rq✉✐t❡t✉r❛ ❡st❡❥❛ ❞❡s❝r✐t❛ ❡♠ ✉♠❛ ❧✐♥❣✉❛❣❡♠ ❛♣r♦♣r✐❛❞❛

♣❛r❛ ❡st❛s ❢❡rr❛♠❡♥t❛s✱ ❝♦♠♦ ❱❍❉▲ ♦✉ ❱❡r✐❧♦❣✳ ❆ ❡①✐stê♥❝✐❛ ♣ré✈✐❛ ❞❡ ❧❛②♦✉ts ♣❛r❛ ♦s

❝♦♠♣♦♥❡♥t❡s ❞❡ ❤❛r❞✇❛r❡ s❡❧❡❝✐♦♥❛❞♦s ❢❛❝✐❧✐t❛ ❜❛st❛♥t❡ ❡st❛ sí♥t❡s❡✱ q✉❡ s❡ ❧✐♠✐t❛ ❡♥tã♦ ❛♦

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

✹✳✶✳✻ ❈♦s✐♠✉❧❛çã♦ Pós✲sí♥t❡s❡

◆❛ ❡t❛♣❛ ❞❡ sí♥t❡s❡✱ é ❞❡✜♥✐❞♦ q✉❛❧ ♦ ❞✐s♣♦s✐t✐✈♦ q✉❡ s❡rá ✉t✐❧✐③❛❞♦ ♣❛r❛ ♣r♦t♦t✐♣❛çã♦ ❞♦

s✐st❡♠❛✱ ♦ q✉❡ ✐♠♣❧✐❝❛ q✉❡✱ ❛ ♣❛rt✐r ❞❡ ❡♥tã♦✱ ❛s♣❡❝t♦s ❡s♣❡❝í✜❝♦s ❞♦ ❞✐s♣♦s✐t✐✈♦✱ ❝♦♠♦ ♣♦r

❡①❡♠♣❧♦✱ ❛tr❛s♦s ❞❛s ♣♦rt❛s ❧ó❣✐❝❛s ♣❛ss❛♠ ❛ s❡r ❝♦♥s✐❞❡r❛❞♦s ❞✉r❛♥t❡ ❛ ❡①❡❝✉çã♦✳ ■ss♦

t♦r♥❛ ♥❡❝❡ssár✐❛ ✉♠❛ ♥♦✈❛ ❝♦s✐♠✉❧❛çã♦ ♣ós✲sí♥t❡s❡ ❞❡ t♦❞♦ ♦ s✐st❡♠❛✱ ❞❡ ♠♦❞♦ ❛ ❛ss❡❣✉r❛r

❛ ♠❛♥✉t❡♥çã♦ ❞❡ s❡✉ ❝♦rr❡t♦ ❢✉♥❝✐♦♥❛♠❡♥t♦✳

✹✳✶✳✼ Pr♦t♦t✐♣❛çã♦

❱❡♥❝✐❞❛ ❛ ❡t❛♣❛ ❞❡ ❝♦s✐♠✉❧❛çã♦ ♣ós✲sí♥t❡s❡✱ ♣♦❞❡✲s❡ ♣❛ss❛r ♣❛r❛ ❡t❛♣❛ ✜♥❛❧✱ ❛ ♣r♦t♦t✐♣❛çã♦✳

❊ss❛ ❡t❛♣❛ ❝♦♥s✐st❡ ♥❛ ✐♠♣❧❛♥t❛çã♦ ❞♦ ❝ó❞✐❣♦ ❣❡r❛❞♦ ♣❡❧❛ sí♥t❡s❡ ❡♠ ❛❧❣✉♠ ❞✐s♣♦s✐t✐✈♦ ❞❡

❤❛r❞✇❛r❡✳

❆♣ós ♦s t❡st❡s ❡♠ ❤❛r❞✇❛r❡ ❡ s❡✉ ❝♦rr❡t♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡s♣❡❝✐✜❝❛çã♦✱

♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ❛ ❢❛❜r✐❝❛çã♦ ❞♦ ❈■✱ q✉❡ ❝♦♥s✐st✐rá✱ ♣♦r ❡①❡♠♣❧♦✱ ❡♠ ✉♠ ❙♦❈✳



✹✳✷ ❚❘❆❇❆▲❍❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ✺✻

✹✳✷ ❚r❛❜❛❧❤♦s ❘❡❧❛❝✐♦♥❛❞♦s

▼✉✐t♦s tr❛❜❛❧❤♦s ✈ê♠ s❡♥❞♦ ❞❡s❡♥✈♦❧✈✐❞♦s ♥♦ ❝♦♥t❡①t♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞✐❣✐t❛❧ ❞❡ s✐♥❛✐s

❞❡ ✈♦③ ♣❛r❛ s✐st❡♠❛s ❡♠❜❛r❝❛❞♦s✳ ◆❡st❛ s❡çã♦✱ s❡rá r❡❛❧✐③❛❞❛ ✉♠❛ ❜r❡✈❡ ❞❡s❝r✐çã♦ ❞❡ ❛❧❣✉♥s

❞❡❧❡s✳

P❛r❛ ❛♣r❡s❡♥t❛çã♦ ❞♦s tr❛❜❛❧❤♦s✱ s❡rá ✉t✐❧✐③❛❞❛ ✉♠❛ s❡q✉ê♥❝✐❛ ❝r♦♥♦❧ó❣✐❝❛✱ ♥♦ ✐♥t✉✐t♦ ❞❡

♠♦str❛r ✉♠ ♣♦✉❝♦ ❞❛ ❡✈♦❧✉çã♦ ❞❛s ♣❡sq✉✐s❛s ❞❡s❡♥✈♦❧✈✐❞❛s ♥❛ ár❡❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡

❢❛❧❛ ❡♠ s✐st❡♠❛s ❡♠❜❛r❝❛❞♦s✳

❊♠ ❬✶✶✼❪ ✭❑✐♠ ✶✾✾✻✮ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ✉♠ ❝❤✐♣ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❧❛✈r❛s ✐s♦❧❛❞❛s✱

r❡❛❧✐③❛♥❞♦ ❞❡t❡❝çã♦ ❞❡ ✐♥í❝✐♦ ❡ ✜♠ ❞❡ ♣❛❧❛✈r❛s✱ ❡①tr❛çã♦ ❞❡ ✈❡t♦r❡s ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡ ❝á❧❝✉❧♦

❞❛ ❞✐stâ♥❝✐❛ ❡s♣❡❝tr❛❧ ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ ❞❡ ❆❧✐♥❤❛♠❡♥t♦ ❉✐♥â♠✐❝♦ ♥♦ ❚❡♠♣♦ ✭❉❚❲ ✲

❉②♥❛♠✐❝ ❚✐♠❡ ❲❛r♣✐♥❣✮✳ ❖ ❝❤✐♣ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ✉t✐❧✐③❛♥❞♦ ❛ t❡❝♥♦❧♦❣✐❛ ❈▼❖❙ ✵✱✽ µ ♠

❝♦♠ ✻✻✳✼✻✵ ♣♦rt❛s ❧ó❣✐❝❛s ❡ ❝❧♦❝❦ ❞❡ ✶✵▼❍③✳ P♦❞❡♠ s❡r r❡❝♦♥❤❡❝✐❞❛s ✶✵✵✵ ♣❛❧❛✈r❛s ✐s♦❧❛❞❛s

♣♦r s❡❣✉♥❞♦ ❝♦♠ ✉♠❛ t❛①❛ ❞❡ ❛❝❡rt♦ ❞❡ ✾✵✱✸✪✳

❊♠ ❬✶✶✽❪ ✭❨✉❛♥②✉❛♥ ✷✵✵✶✮ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ♠✐❝r♦❝♦♥tr♦❧❛❞♦r ✽✵✺✶ ♣❛r❛ ❞❡s❡♥✈♦❧✈❡r ✉♠

s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❛té ✷✵ ❢r❛s❡s ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶ s❡❣✉♥❞♦✳ ❆ ❛rq✉✐t❡t✉r❛ ❞❡

❤❛r❞✇❛r❡ ❞♦ ❙♦❈ é ❝♦♠♣♦st❛ ❞❡✿ ✉♠ ♥ú❝❧❡♦ ▼❈❯ ❞❡ ✽✲❜✐ts✱ ♠❡♠ór✐❛ ❘❆▼ ✭❘❛♥❞♦♠ ❆❝❝❡ss

▼❡♠♦r②✮ ✐♥t❡r♥❛ ❞❡ ✺✶✷ ❜②t❡s✱ ♠❡♠ór✐❛ ❘❖▼ ✭❘❡❛❞ ❖♥❧② ▼❡♠♦r②✮ ✐♥t❡r♥❛ ❞❡ ✽ ❦❜②t❡s✱

✼✷✶✾✷①✻ ❜✐ts ❞❡ ♠❡♠ór✐❛ ❘❖▼ ♣❛r❛ ✈♦③✱ ❝♦♥✈❡rs♦r ❆❉✴❉❆ ✭❆♥❛❧ó❣✐❝♦✲❉✐❣✐t❛❧✴❉✐❣✐t❛❧✲

❆♥❛❧ó❣✐❝♦✮ ❞❡ ✶✵ ❜✐ts✱ ♠ó❞✉❧♦ P❲▼ ✭P✉❧s❡ ❲✐❞t❤ ▼♦❞✉❧❛t✐♦♥✮✱ ♣♦rt❛s ❞❡ ■✴❖ ❡ ❛❧❣✉♥s

♦✉tr♦s ❝✐r❝✉✐t♦s ♣❡r✐❢ér✐❝♦s✳ ❖ s✐st❡♠❛ ❝♦♠♣❧❡t♦ ❢♦✐ t❡st❛❞♦ ❡♠ ❋P●❆ ❝♦♠ ❛❧❣✉♠❛s ❢r❛s❡s

❡ ♣❡q✉❡♥❛s s❡♥t❡♥ç❛s✱ ❝♦♠ três ❧♦❝✉t♦r❡s ❞✐❢❡r❡♥t❡s✳ ❆ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ✉t✐❧✐③❛❞❛ ❢♦✐ ✽

❑❍③ ❡ ❛ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ♦❜t✐❞❛ é ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✾✻✪ ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❝✉❥❛

r❡❧❛çã♦ s✐♥❛❧✲r✉í❞♦ s❡❥❛ s✉♣❡r✐♦r ❛ ✶✵❞❇ ❡ ❞❡ ✾✵✪ ❛❜❛✐①♦ ❞✐ss♦✳

❬✶✶✾❪ ✭◆❛❦❛♠✉r❛ ✷✵✵✶✮ ❝♦♥s✐st❡ ❞❡ ✉♠ ❝❤✐♣ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ♣❛r❛ ♠♦♥♦ssí❧❛❜♦s q✉❡

✉t✐❧✐③❛ ❍▼▼ ❝♦♠♦ té❝♥✐❝❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦✳ ❖ s✐st❡♠❛ ❡①❡❝✉t❛ ❛ ❛♥á❧✐s❡ ▲P❈ ❞♦ s✐♥❛❧ ❞❡

✈♦③✱ ❛ q✉❛♥t✐③❛çã♦ ✈❡t♦r✐❛❧ ❡ ♣♦r ✜♠ ❛ ❝❧❛ss✐✜❝❛çã♦ ♣♦r ♠❡✐♦ ❞♦ ♠ét♦❞♦ ❍▼▼✳ ❖ t❛♠❛♥❤♦

❞♦s q✉❛❞r♦s ❞❡ ✈♦③ é ❞❡ ✶✶✱✻ ♠s✱ ♦ q✉❛❧ ✐♥❝❧✉✐ ✷✺✻ ❛♠♦str❛s ❞❡ ✶✻ ❜✐ts✳ ❆ ❢r❡q✉ê♥❝✐❛ ❞❡

❛♠♦str❛❣❡♠ é ✷✷✱✵✺ ❑❍③ ❡ ❛ ❞✐♠❡♥sã♦ ❞♦ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡①tr❛í❞♦ é ✷✹ ❝♦♠ ❡❧❡♠❡♥t♦s

❞❡ ✸✷ ❜✐ts✳ ❖s ♣❛râ♠❡tr♦s ❞❡ ❍▼▼ sã♦ ❝❛❧❝✉❧❛❞♦s ✈✐❛ s♦❢t✇❛r❡ ❡ ❛r♠❛③❡♥❛❞♦s ♥❛ ♠❡♠ór✐❛

❡①t❡r♥❛✳ ❆ ❧✐♥❣✉❛❣❡♠ ❞❡ ❞❡s❝r✐çã♦ ❞❡ ❤❛r❞✇❛r❡ ✉t✐❧✐③❛❞❛ ❢♦✐ ❱❍❉▲✳ ◆❛ ❡t❛♣❛ ❞❡ sí♥t❡s❡✱

❢♦✐ ✉t✐❧✐③❛❞❛ ❛ ❢❡rr❛♠❡♥t❛ ❙②♥♦♣s②s ❉❡s✐❣♥ ❈♦♠♣✐❧❡r ❬❙②♥♦♣s②s ✷✵✵✾❪ ❡ ♦ ❧❛②♦✉t ❞♦ ❝❤✐♣ ❢♦✐

❣❡r❛❞♦ ❝♦♠ ❛ ❢❡rr❛♠❡♥t❛ ❆✈❛♥t✦ ❆♣♦❧❧♦✳

❬✶✷✵❪ ✭❱❛r❣❛s ✷✵✵✶✮ ❛♣r❡s❡♥t❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐✲

t❡r❜✐✱ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝❛❧❝✉❧❛r ❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ✭❧✐❦❡❧✐❤♦♦❞ s❝♦r❡✮ ♥♦ ❍▼▼✳ ❈♦♥s✐st❡ ❞❡ ✉♠❛

✐♠♣❧❡♠❡♥t❛çã♦ ❤❛r❞✇❛r❡✴s♦❢t✇❛r❡ ❝♦✲❞❡s✐❣♥✱ ♥❛ q✉❛❧ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐ é ✐♠♣❧❡♠❡♥t❛❞♦

❡♠ ❤❛r❞✇❛r❡ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛ ❡str✉t✉r❛ ❞♦ ❍▼▼✳ ❙ã♦ ❝♦♥str✉í❞❛s ♠áq✉✐♥❛s ❞❡ ❡st❛❞♦s

♣r♦❜❛❜✐❧íst✐❝❛s q✉❡ ❡①❡❝✉t❛♠ ❡♠ ♣r♦❝❡ss♦s ♣❛r❛❧❡❧♦s✱ s❡♥❞♦ ✉♠ ♣r♦❝❡ss♦ ♣❛r❛ ❝❛❞❛ ♣❛❧❛✈r❛

❞♦ ✈♦❝❛❜✉❧ár✐♦ ❞♦ s✐st❡♠❛✳ ❈♦♠ ✐ss♦✱ é ♦❜t✐❞♦ ✉♠ ❛✉♠❡♥t♦ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✺✵✵ ✈❡③❡s

♥❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❡①❡❝✉çã♦✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛ à ✐♠♣❧❡♠❡♥t❛çã♦ ❝❧áss✐❝❛ ❞❡ ❱✐t❡r❜✐✳ ❯♠❛



✹✳✷ ❚❘❆❇❆▲❍❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ✺✼

❞❛s ✐❞é✐❛s ♣r✐♥❝✐♣❛✐s ❞♦ tr❛❜❛❧❤♦ é ❝♦♥str✉✐r ❛ ❛rq✉✐t❡t✉r❛ ❞♦ ❍▼▼ ✉t✐❧✐③❛♥❞♦ ❛♣❡♥❛s s♦♠❛✲

❞♦r❡s✱ ❝♦♠♣❛r❛❞♦r❡s ❡ ♦♣❡r❛❞♦r❡s ❧ó❣✐❝♦s ❡ r❡❛❧✐③❛r ❛ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❞♦s ♣❛❞rõ❡s ✭P❛tt❡r♥

▼❛t❝❤✐♥❣✮ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐✳ ◆❛ ❛❜♦r❞❛❣❡♠ ❛♣r❡s❡♥t❛❞❛✱ ♦ ♣r♦❝❡ss♦

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

♥❛ q✉❛♥t✐③❛çã♦ ✈❡t♦r✐❛❧ ✭s❡♠❡❧❤❛♥t❡ ❛♦ ❛❧❣♦r✐t♠♦ ❱✐t❡r❜✐✮✱ s❡♥❞♦ q✉❡ ❡ss❛ ♣♦♥t✉❛çã♦ ♣♦❞❡

s❡r r❡❛❧✐③❛❞❛ ♣♦r ♦♣❡r❛çõ❡s ❡①❡❝✉t❛❞❛s ❞✐r❡t❛♠❡♥t❡ ♣❡❧♦s ❜❧♦❝♦s ❧ó❣✐❝♦s ❝♦♥t✐❞♦s ♥♦ ♣ró♣r✐♦

❋P●❆✳ ❆ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ♦❜t✐❞❛ ❢♦✐ ❞❡ ✾✾✱✼✪ ❡♠ ✉♠ ✈♦❝❛❜✉❧ár✐♦ ❞❡ ✶✵ ♣❛❧❛✈r❛s✳

❬✷✻❪ ✭❑✐♠ ✷✵✵✷✮ ❝♦♥s✐st❡ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❧❛✈r❛s ✐s♦❧❛❞❛s ❡♠ ❛♠✲

❜✐❡♥t❡s ❝♦♠ r✉í❞♦✳ P❛r❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s é ✉t✐❧✐③❛❞♦ ✉♠ ♠♦❞❡❧♦ ♠♦❞✐✜❝❛❞♦ ❞❛

té❝♥✐❝❛ ❩❡r♦✲❈r♦ss✐♥❣s ✇✐t❤ P❡❛❦ ❆♠♣❧✐t✉❞❡ ✭❩❈P❆✮ ❡ ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦ ♦ ♠♦❞❡❧♦ ❘❛❞✐❛❧

❇❛s✐s ❋✉♥❝t✐♦♥ ✭❘❇❋✮ ❞❡ r❡❞❡s ♥❡✉r❛✐s✳ ❆ ❥✉st✐✜❝❛t✐✈❛ ♣❛r❛ ✉t✐❧✐③❛çã♦ ❞❡ r❡❞❡s ♥❡✉r❛✐s ❝♦♠♦

té❝♥✐❝❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ é q✉❡ ❡st❛ ♦❢❡r❡❝❡ ✉♠❛ ❜♦❛ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡ r❡❥❡✐çã♦ ❞❡ ♣❛✲

❧❛✈r❛s ♥ã♦ ❝♦♥❤❡❝✐❞❛s ♣❡❧♦ ✈♦❝❛❜✉❧ár✐♦✱ ❛❧é♠ ❞❛ s✉❛ ❛rq✉✐t❡t✉r❛ r❡❣✉❧❛r q✉❡ ♣❡r♠✐t❡ ✉♠❛

✐♠♣❧❡♠❡♥t❛çã♦ ♠❛✐s s✐♠♣❧❡s ❡♠ ❤❛r❞✇❛r❡✳ ◆♦s t❡st❡s r❡❛❧✐③❛❞♦s✱ ❡ss❛ té❝♥✐❝❛ s❡ ♠♦str❛ ❡✜✲

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

✐ss♦ ♥ã♦ ❛❝♦♥t❡❝❡ ♣❛r❛ ♣❛❞rõ❡s ❞✐♥â♠✐❝♦s✳ ❆s t❛①❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ sã♦ ❞❡ ✾✺✱✷✪ ❛ ✾✺✱✻✪✳

❬✶✷✶❪ ✭❱❛r❣❛s ✷✵✵✷✮ é ❜❛s❡❛❞♦ ❡♠ ❬✶✷✵❪ ❡ ❛♣r❡s❡♥t❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ❛✉♠❡♥t❛r ❛

t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❝♦♠ r✉í❞♦✳ ❆ ✐❞é✐❛ ♣r✐♥❝✐♣❛❧ ❞♦ tr❛❜❛❧❤♦ ❝♦♥s✐st❡

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

❣❡r❛❞❛ ♥ã♦ r❡s♣❡✐t❛r ✉♠❛ r❡❣r❛ ❢✉♥❞❛♠❡♥t❛❧ ❞❡ q✉❛❧✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ✉t✐❧✐③❛❞♦ é ❜❛s❡❛❞♦

❡♠ ❍▼▼ ❡ r❡❛❧✐③❛ ✉♠ t❡st❡ ♦♥✲❧✐♥❡ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ✈❡rsã♦ ♠♦❞✐✜❝❛❞❛ ❞❛ té❝♥✐❝❛ ❞❡

r❡❝♦♥str✉çã♦ ❞❡ ❜❧♦❝♦s ✭❘❡❝♦✈❡r② ❇❧♦❝❦✮✳ ◆♦s t❡st❡s r❡❛❧✐③❛❞♦s ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ✶✻ ♣❛❧❛✈r❛s

♣r♦♥✉♥❝✐❛❞❛s ♣♦r ✶✵✵ ♣❡ss♦❛s ❞✐❢❡r❡♥t❡s ♦❜t❡♥❞♦✲s❡ t❛①❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❛té ✻✻✪✳

❚❛♠❜é♠ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s três ❛rq✉✐t❡t✉r❛s✿ ❛ ♣r✐♠❡✐r❛ ❡♠ ✉♠ ♠✐❝r♦❝♦♠♣✉t❛❞♦r✱ ❛ s❡❣✉♥❞❛

♥♦ ❚❡①❛s ❉❙P ❚▼❙✲✸✷✵❈✻✼ ❡ ❛ t❡r❝❡✐r❛✱ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❜❛s❡❛❞❛ ❡♠ ❤❛r❞✇❛r❡✲s♦❢t✇❛r❡

❝♦❞❡s✐❣♥ ❝♦♠♣♦st❛ ♣❡❧♦ ♠❡s♠♦ ❉❙P ❞❛ s❡❣✉♥❞❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ♦ ❋P●❆

❋▲❊❳✶✵❑✷✵ ❞❛ ❆❧t❡r❛✳

❬✶✷✷❪ ✭▼❛r❝✉s ✷✵✵✺✮ ❛♣r❡s❡♥t❛ ✉♠ ❝♦♣r♦❝❡ss❛❞♦r ❜❛s❡❛❞♦ ♥♦ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦

❙♣❤✐♥① ❬✶✷✸❪ ❞❛ ❈❛r♥❡❣✐❡ ▼❡❧❧♦♥ ❯♥✐✈❡rs✐t② ✭❈▼❯✮ ❬✶✷✹❪✱ ❡ t❡♠ ❝♦♠♦ ♠❛✐♦r ♦❜❥❡t✐✈♦ ❞❡s❡♥✲

✈♦❧✈❡r ✉♠❛ ✐♠♣❧❡♠❡♥t❛çã♦ s✐♠♣❧❡s ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❇❛✉♠✲❲❡❧❝❤✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ ❛ss✐♠ s✉❛

❢á❝✐❧ ✐♠♣❧❛♥t❛çã♦ ❡♠ ✉♠ ❋P●❆✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❇❛✉♠✲❲❡❧❝❤ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝á❧❝✉❧♦ ❞❡

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

t✉❞♦✱ ♥❡st❡ tr❛❜❛❧❤♦✱ é ❞❛❞❛ ♠❛✐♦r ê♥❢❛s❡ à ♣r✐♠❡✐r❛✳ ❆ ❥✉st✐✜❝❛t✐✈❛ ♣❛r❛ ♦t✐♠✐③❛çã♦ ❞❡st❡

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

q✉❡ ♥♦ s✐st❡♠❛ ❙♣❤✐♥① ❝❤❡❣❛ ❛ ✹✾✱✽✪ ❞♦ t♦t❛❧✱ ♣♦❞❡♥❞♦ s❡r ❞❡ ❛té ✼✵✪ ❡♠ ♦✉tr♦s s✐st❡♠❛s

❬✶✷✺❪✳ ❆♣❡s❛r ❞❛ t❛❜❡❧❛ ❞❡ ●❛✉ss✐❛♥❛s ❡ ♦ ♠♦❞❡❧♦ s❡r❡♠ ✐❣✉❛✐s ♥❛s ❡t❛♣❛s ❞❡ tr❡✐♥❛♠❡♥t♦ ❡

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

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

♦s ✈❛❧♦r❡s sã♦ ♣r♦♣❛❣❛❞♦s ♣❛r❛ ❢r❡♥t❡ ❡ ♣❛r❛ trás ♣❛r❛ q✉❡ ♣♦ss❛♠ s❡r ❣❡r❛❞♦s✳ ❙ã♦ ❝❛❧❝✉❧❛✲

❞❛s ❛s ❣❛✉ss✐❛♥❛s ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❡t♦r❡s ❞❡ ♠❡s♠♦ t❛♠❛♥❤♦✱ ✸✾ ❡❧❡♠❡♥t♦s ♥♦ ❝❛s♦ ❞♦



✹✳✷ ❚❘❆❇❆▲❍❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ✺✽

❙P❍■◆❳✳ ◆♦ ❡♥t❛♥t♦✱ ❡ss❡ t❛♠❛♥❤♦ ♣♦❞❡ s❡r ❛❥✉st❛❞♦ ❞❡ ✸ ❛ ✻✸ ❡❧❡♠❡♥t♦s✱ ❝♦♠ ❜❛s❡ ❡♠ ✉♠

r❡❣✐str❛❞♦r ❡s♣❡❝í✜❝♦✳ ❖ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛ ❞❡s❡♥✈♦❧✈✐❞♦ ❢♦✐ ❝♦♠♣❛r❛❞♦ ❛♦ ❞❡s❡♠♣❡♥❤♦

❞❡ ✉♠ P❈✱ ❡ ♦❜t❡✈❡ ✉♠ ❛✉♠❡♥t♦ ❞❡ ✶✳✼✻ ♥❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❡①❡❝✉çã♦✳

❬✶✷✻❪ ✭❙❝❤✉st❡r ✷✵✵✻✮ ❛♣r❡s❡♥t❛ ♦ ♣r♦❥❡t♦ ❡♠ ❋P●❆ ❞❡ ✉♠ ❝♦♣r♦❝❡ss❛❞♦r ♣❛r❛ ♠♦❞❡✲

❧❛❣❡♠ ❛❝úst✐❝❛ ❡♠ t❡♠♣♦ r❡❛❧✱ ❜❛s❡❛❞❛ ♥♦ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❙♣❤✐♥① ✸✳

❊ss❡ tr❛❜❛❧❤♦ ❝♦♥s✐❞❡r❛ q✉❡ ✉♠ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ é ❝♦♠♣♦st♦ ♣❡❧♦s q✉❛tr♦

s❡❣✉✐♥t❡s ♠ó❞✉❧♦s✿ ❊①tr❛çã♦ ❞❡ ❈❛r❛❝t❡ríst✐❝❛s ✭❊❈✮✱ ▼♦❞❡❧❛❣❡♠ ❆❝úst✐❝❛ ✭▼❆✮✱ ❈❧❛ss✐✜❝❛✲

❞♦r ❞❡ ❋♦♥❡♠❛s ✭❈❋ ✲ P❤♦♥❡♠❡ ❊✈❛❧✉❛t♦r✮ ❡ ▼♦❞❡❧❛❣❡♠ ❞❡ P❛❧❛✈r❛s ✭▼P✮✳ ❖ ♠ó❞✉❧♦ ▼❆

t❡♠ ❛ t❛r❡❢❛ ❞❡ ❛✈❛❧✐❛r ❛s s❛í❞❛s ❞❡ ❊❈ ❝♦♠ ❜❛s❡ ❡♠ ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡

❣❛✉ss✐❛♥❛s ❡ ❣❡r❛r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ s❝♦r❡s ✭s❡♥♦♥❡s✮✳ ❖ ♠ó❞✉❧♦ ❈❋✱ ♣♦r s✉❛ ✈❡③✱ ❛ss♦❝✐❛

❣r✉♣♦s ❞❡ s❡♥♦♥❡s ❡♠ ❍▼▼ r❡♣r❡s❡♥t❛♥❞♦ ❛s ✉♥✐❞❛❞❡s ❢♦♥ét✐❝❛s ✭❢♦♥❡♠❛s✮✱ ❞✐s♣♦♥í✈❡✐s ♥♦

❞✐❝✐♦♥ár✐♦ ❞♦ s✐st❡♠❛✳ P♦r ✜♠✱ ♦ ♠ó❞✉❧♦ ▼P ✉t✐❧✐③❛ ✉♠❛ ❡str✉t✉r❛ ❜❛s❡❛❞❛ ❡♠ ár✈♦r❡s ♣❛r❛

❧✐❣❛r ♦s ❢♦♥❡♠❛s✱ ❢♦r♠❛♥❞♦ ♣❛❧❛✈r❛s✱ ❝♦♠ ❜❛s❡ ♥❛s s❡q✉ê♥❝✐❛s ❞❡✜♥✐❞❛s ♥♦ ❞✐❝✐♦♥ár✐♦✳ ❖s

✈❛❧♦r❡s ♥❡❝❡ssár✐♦s ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦s s❡♥♦♥❡s sã♦ ❛r♠❛③❡♥❛❞♦s ❡♠ ♠❡♠ór✐❛s ❘❖▼ ❡①t❡r♥❛s✱

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

❢❛❧❛✳

❬✷✼❪ ✭▲✐♠ ✷✵✵✻✮ ■♠♣❧❡♠❡♥t❛ ✉♠ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ♥♦ s♦❢t❝♦r❡ ▼✐❝r♦❇❧❛③❡ ❞❛

❳✐❧✐♥① ❬✶✷✼❪✳ ❙♦❢t❝♦r❡ ▼✐❝r♦❇❧❛③❡ é ✉♠ ■P ❈♦r❡ ❡s❝r✐t♦ ❡♠ ✉♠❛ ❍❉▲✱ ❞❡st❛ ❢♦r♠❛✱ ❡❧❡ é

❝♦♥✜❣✉r❛❞♦ ❡s❝♦❧❤❡♥❞♦✲s❡ q✉❛✐s ♦s ❝♦♠♣♦♥❡♥t❡s q✉❡ s❡rã♦ ✐♥❝❧✉í❞♦s ♥♦ s✐st❡♠❛✱ ❞❡ ❛❝♦r❞♦

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

✉t✐❧✐③❛❞❛ ❬✶✷✼❪✳ ❖ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ✐♠♣❧❡♠❡♥t❛❞♦ ✐♥❝❧✉✐ três ❡t❛♣❛s✿ ❡①tr❛çã♦

❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ ❝á❧❝✉❧♦ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❡♠✐ssã♦ ❡ ❛ ❜✉s❝❛ ✉t✐❧✐③❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ ❞❡

❱✐t❡r❜✐✳ ◆❛ ❡t❛♣❛ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ ♣❛r❛ ❝❛❞❛ q✉❛❞r♦✱ sã♦ ❝❛❧❝✉❧❛❞♦s ✶✸ ▼❋❈❈

❥✉♥t❛♠❡♥t❡ ❝♦♠ s✉❛s ♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛ ❞❡r✐✈❛❞❛s✳ ❖ ❝á❧❝✉❧♦ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❡♠✐ssã♦

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

♣❛❧❛✈r❛✳ ❈❛❞❛ ♠♦❞❡❧♦ ❞❡ ❢♦♥❡♠❛ ❝♦♥s✐st❡ ❞❡ três ❡st❛❞♦s ❡ ❝❛❞❛ ❡st❛❞♦ ♣♦ss✉✐ ❞❡♥s✐❞❛❞❡s

♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ tr❛♥s✐çã♦ ❡ ❞❡ s❛í❞❛✱ ♠♦❞❡❧❛❞❛s ♣♦r ♠✐st✉r❛ ❣❛✉ss✐❛♥❛✳ ❖s ♠♦❞❡❧♦s ❢♦r❛♠

tr❡✐♥❛❞♦s ✉t✐❧✐③❛♥❞♦ ♦ ❝♦r♣✉s ❚■▼■❚ ❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✹✵✵✵ ♠✐st✉r❛s ❣❛✉ss✐❛♥❛s✳

❬✷✽❪ ✭▲✐♥ ✷✵✵✼✮ r❡❢❡r❡✲s❡ ❛♦ ♣r♦❥❡t♦ ❙✐❧✐❝♦ ❱♦① ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬✶✷✽❪✳ ❖ ♣r♦❥❡t♦ t❡♠ ♦

♦❜❥❡t✐✈♦ ❞❡ ❝♦♥str✉✐r ✉♠ s✐st❡♠❛ ❝♦♠♣❧❡t♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❡♠ s✐❧í❝✐♦✱ ✉t✐❧✐③❛♥❞♦

❝♦♠♦ ♠♦❞❡❧♦ ❞❡ r❡❢❡rê♥❝✐❛ ♦ s✐st❡♠❛ ❙♣❤✐♥① ✸ ❬✶✷✸❪✱ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✺✳ ❆s ♣r✐♥❝✐♣❛✐s

❡str❛té❣✐❛s ❛❞♦t❛❞❛s ♣❛r❛ ♣❡r♠✐t✐r ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ s✐st❡♠❛ ❡♠ s✐❧í❝✐♦ s❡♠ ❝♦♠♣r♦♠❡t❡r

❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❢♦r❛♠✿

• ❧❛r❣✉r❛ ❞❡ ❜✐ts✿ ♦s ✈❛❧♦r❡s ❡♠ ♣♦♥t♦✲✢✉t✉❛♥t❡ ❞❡ ✸✷ ❜✐ts ✉t✐❧✐③❛❞♦s ❡♥tr❡ ❛s ❡t❛♣❛s ❞❡

❢r♦♥t❡♥❞ ❡ ●▼▼ ❢♦r❛♠ s✉❜st✐t✉í❞♦s ♣♦r ✈❛❧♦r❡s ❝♦♠ ♠❡♥♦s ❜✐ts✳ ❈♦♠ ❡ss❛ r❡❞✉çã♦

♥❛ ❧❛r❣✉r❛ ❞♦s ❜✐ts ✭✸✸✪✮✱ é ♦❜t✐❞❛ ✉♠❛ r❡❞✉çã♦ ♥❛ ár❡❛ ❞♦ ❝❤✐♣✱ ❝♦♠♦ t❛♠❜é♠✱ ❛

q✉❛♥t✐❞❛❞❡ ❞❡ ♠❡♠ór✐❛ ♥❡❝❡ssár✐❛ ✭✺✵✪✮✳

• ▲♦❣ ❧♦♦❦✉♣ t❛❜❧❡✿ ♣❛r❛ ❝❛❧❝✉❧❛r ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❧♦❣❛rít♠✐❝❛ ❞❡ ❝❛❞❛ ♥ó✱ é ❝❛❧❝✉❧❛❞❛ ❛

♣r♦❜❛❜✐❧✐❞❛❞❡ ❧♦❣❛rít♠✐❝❛ ❞❡ ❝❛❞❛ ♠✐st✉r❛ ❣❛✉ss✐❛♥❛ ❡ ❡♠ s❡❣✉✐❞❛✱ r❡❛❧✐③❛❞❛ ❛ s♦♠❛



✹✳✷ ❚❘❆❇❆▲❍❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ✺✾

❝♦♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✵✵✳✵✵✵ ❡❧❡♠❡♥t♦s ❞❡ ✉♠❛ ❧♦♦❦✉♣ t❛❜❧❡✳ ❯♠❛ ✈❡③ q✉❡✱ ❛r♠❛③❡♥❛r

❡ss❡s ❡❧❡♠❡♥t♦s ❡♠ ✉♠ ❝❤✐♣ r❡s✉❧t❛ ❡♠ ❝✉st♦ ❡❧❡✈❛❞♦ ❞❡ ❤❛r❞✇❛r❡✱ é ✉t✐❧✐③❛❞❛ ✉♠❛

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

• Pr✉♥✐♥❣ t❤r❡s❤♦❧❞ ✿ ♥♦ ❙♣❤✐♥① ✸✱ ✐♥✐❝✐❛❧♠❡♥t❡✱ sã♦ ❛t✉❛❧✐③❛❞❛s ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ t♦✲

❞♦s ♦s ❍▼▼ ❛t✐✈♦s✱ ❝♦♠ ❜❛s❡ ♥❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ♠❛✐s ❛❧t❛ sã♦ ❞❡t❡r♠✐♥❛❞♦s ♦s ❧✐♠✐❛r❡s

❞❡ ❝♦rt❡ ❞❡ ❝❛❞❛ q✉❛❞r♦✱ ❡ ♣♦r ✜♠✱ é r❡❛❧✐③❛❞❛ ❛ ♣♦❞❛❣❡♠ ❞♦s ❍▼▼ ❛t✐✈♦s✳ ❊ss❡ ❝✐❝❧♦✱

r❡q✉❡r ❞✉❛s ✈❡③❡s ❛ ♣❛ss❛❣❡♠ ♣❡❧♦s ❍▼▼ ❛t✐✈♦s✱ ♦ q✉❡ ♣r❛t✐❝❛♠❡♥t❡ ❞♦❜r❛ ♦ ❛❝❡ss♦

à ♠❡♠ór✐❛ ❡ ❝♦♠♣r♦♠❡t❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛✳ ◆❡st❡ ❛❧❣♦r✐t♠♦✱ ❛s tr❛♥s✐çõ❡s

t❛♠❜é♠ só sã♦ ❝❛❧❝✉❧❛❞❛s ❞✉r❛♥t❡ ❛ s❡❣✉♥❞❛ ♣❛ss❛❣❡♠ ♣❡❧♦s ❍▼▼✳ P❛r❛ r❡❞✉③✐r ❛

q✉❛♥t✐❞❛❞❡ ❞❡ ❛❝❡ss♦s à ♠❡♠ór✐❛✱ ♦ ❛❧❣♦r✐t♠♦ ❢♦✐ ♠♦❞✐✜❝❛❞♦ ❞❡ ❢♦r♠❛ q✉❡ é r❡❛❧✐③❛❞❛

❛♣❡♥❛s ✉♠❛ ♣❛ss❛❣❡♠ ♣❡❧♦s ❍▼▼✱ ❡ ♦ ❧✐♠✐❛r ❞❡ ❝♦rt❡ é ❞❡✜♥✐❞♦ ❝♦♠ ❜❛s❡ ♥❛ ♠❡❧❤♦r

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

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

❬✶✷✾❪ ✭❑❡ ✷✵✵✽✮ ❛♣r❡s❡♥t❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛

❜❛s❡❛❞♦ ❡♠ ❍▼▼✱ ♣r♦♣♦♥❞♦ ♦ ✉♠❛ ✐♠♣❧❡♠❡♥t❛çã♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ❢♦r✇❛r❞ ❡♠ ❋P●❆✳

❋♦r❛♠ ✉t✐❧✐③❛❞♦s ✶✻ ❝♦❡✜❝✐❡♥t❡s ▲P❈❈ ♥❛ ❡t❛♣❛ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ ❡ ♦ ❛❧❣♦r✐t♠♦

▲❇● ♣❛r❛ ❣❡r❛çã♦ ❞♦ ❝♦❞❡❜♦♦❦✱ ❝♦♥t❡♥❞♦ ✶✷✽ ✈❡t♦r❡s ❞❡ ❝ó❞✐❣♦✳ ❖ ♣r♦❝❡ss❛❞♦r ✉t✐❧✐③❛❞♦ é

♦ ▼✐❝r♦❜❧❛③❡ ❬✶✷✼❪❀ ❖P❇ é ♦ ❜❛rr❛♠❡♥t♦ ❞♦ ❝❤✐♣ q✉❡ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛❝❡ss❛r ♦s r❡❝✉rs♦s

❞♦ s✐st❡♠❛ ❢♦r♥❡❝❡♥❞♦ ✉♠ ❜❛rr❛♠❡♥t♦ ❞❡ ✸✷ ❜✐ts ♣❛r❛ ❡♥❞❡r❡ç❛♠❡♥t♦ ❡ ✸✷ ❜✐ts ♣❛r❛ ❞❛❞♦s❀

♦ ❝♦♥tr♦❧❛❞♦r ❙P■ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❝♦♠✉♥✐❝❛çã♦ ❝♦♠ ♦ ♠♦❞❡❧♦ ❞❡ ❝❛♣t✉r❛ ❞❛ ❢❛❧❛❀ ❖P❇✲

■◆❈ r❡❛❧✐③❛ ❛ ❢✉♥çã♦ ❞❡ ✉♠ s❡r✈✐ç♦ ❞❡ ✐♥t❡rr✉♣çã♦ ❙P■ ❝♦♠♦ ♦ ●P■❖❀ ❛ ❋❧❛s❤ é ✉t✐❧✐③❛❞❛

♣❛r❛ ❛r♠❛③❡♥❛r ♦ ♣r♦❣r❛♠❛ ❞❡ ✐♥✐❝✐❛❧✐③❛çã♦ ❞♦ s✐st❡♠❛ ❡ ♦s ♠♦❞❡❧♦s ❣❡r❛❞♦s ❞❡♣♦✐s ❞♦

tr❡✐♥❛♠❡♥t♦✳

❊♠ ❬✷✾❪ ✭▼✐✉r❛ ✷✵✵✽✮ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ♣r♦❝❡ss❛❞♦r ●▼▼ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛

❝♦♥tí♥✉❛ ❝♦♠ ❣r❛♥❞❡ ✈♦❝❛❜✉❧ár✐♦ ❡♠ t❡♠♣♦ r❡❛❧✳ ◆♦ ❛❧❣♦r✐t♠♦ ❞♦ ❍▼▼✱ ❝❛❞❛ ❍▼▼ ❝♦r✲

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

é r❡♣r❡s❡♥t❛❞❛ ♣♦r ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♣❛❧❛✈r❛s✳ ◆♦ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐ sã♦ ✉t✐❧✐③❛❞♦s ❧♦✲

❣❛r✐t♠♦s ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❡✈✐t❛r ✉♥❞❡r✢♦✇✳ ❆♣❡♥❛s ♦ ♠ó❞✉❧♦ ❞❡ ●▼▼ ❢♦✐ ❛✈❛❧✐❛❞♦ ❡♠

❋P●❆✱ ♦s ❞❡♠❛✐s ❢♦r❛♠ ❛✈❛❧✐❛❞♦s s♦♠❡♥t❡ ❡♠ s♦❢t✇❛r❡✳ P❛r❛ ♦ ♠ó❞✉❧♦ ●▼▼ ❢♦✐ ♦❜t✐❞❛

✉♠❛ r❡❞✉çã♦ ❞❡ ✽✾✱✽✪ ♥❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çã♦ ✭♣❛r❛ ✸✵✳✹ ▼❍③✮ ❡ ❞❡ ✽✹✱✷✪ ♥❛ ❧❛r❣✉r❛ ❞❡

❜❛♥❞❛ ♣❛r❛ ♠❡♠ór✐❛ ✭✹✼ ▼❜♣s✮✳

❉✐❢❡r❡♥t❡♠❡♥t❡ ❞♦s tr❛❜❛❧❤♦s ❛♥t❡r✐♦r❡s✱ q✉❡ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡❞✐❝❛❞❛

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

❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡ ♠❡♠ór✐❛✱ ❬✶✸✵❪ ✭❆❝❡r♦ ✷✵✵✽✮ ❛♣r❡s❡♥t❛ ✉♠❛ ✐♥t❡r❢❛❝❡ ❜❛s❡❛❞❛ ❡♠ r❡❝♦✲

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

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

❖ s✐st❡♠❛ ❝♦♥s✐st❡ ❞❡ ✉♠❛ ❛♣❧✐❝❛çã♦ ❝❤❛♠❛❞❛ ▲✐✈❡ ❙❡❛r❝❤ ❢♦r ▼♦❜✐❧❡ ✭▲❙✹▼✮ ❞❡s❡♥✈♦❧✈✐❞❛

♣❛r❛ ❝❡❧✉❧❛r❡s q✉❡ ♣♦ss✉❡♠ ♦ s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧ ❲✐♥❞♦✇s ▼♦❜✐❧❡✳ ❆ ❛♣❧✐❝❛çã♦ ♣❡r♠✐t❡

♦ ❛❝❡ss♦ ❛ ❞✐❢❡r❡♥t❡s ♣♦rt❛✐s ❞❡ ✐♥❢♦r♠❛çã♦ ❜❛s❡❛❞♦s ♥❛ ❲❡❜✱ ❝♦♠♦ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❤♦té✐s✱
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r❡st❛✉r❛♥t❡s✱ r♦t❛s✱ ❡ ♦✉tr♦s✳

◆❛ ❚❛❜❡❧❛ ✹✳✶ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s tr❛❜❛❧❤♦s ❛♣r❡s❡♥t❛❞♦s

♥❡st❡ ❝❛♣ít✉❧♦✱ ❜❡♠ ❝♦♠♦ ❛❧❣✉♥s ♦✉tr♦s ♣❡sq✉✐s❛❞♦s✳
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❚❛❜❡❧❛ ✹✳✶✿ Pr✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s tr❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s✳

❚r❛❜❛❧❤♦ ❚❛♠❛♥❤♦ ❞♦

❱♦❝❛❜✉❧ár✐♦

❚❛①❛ ❞❡

r❡❝♦♥❤❡❝✐✲

♠❡♥t♦

▼♦❞❡❧❛❣❡♠

❆❝úst✐❝❛

▼♦❞❡❧❛❣❡♠

▲✐♥❣✉✐st✐❝❛

❈❧❛ss✐✜❝❛çã♦ ❆rq✉✐t❡t✉r❛ Pr✐♥❝✐♣❛❧

♦t✐♠✐③❛çã♦

✶✳ ❬❱❡✐t❝❤ ✷✵✶✶❪ ❋❛❧❛ ❝♦♥tí♥✉❛ ✽✵✪ ▼❋❈❈ ◆✲❣r❛♠ ❲❋❙❚ ❋P●❆ ●▼▼

✷✳ ❬❈❤❡♥❣ ✷✵✶✶❪ ❋❛❧❛ ❝♦♥tí♥✉❛ ✾✸✪ ▼❋❈❈ ◆✲❣r❛♠ ❲❋❙❚ ❍❲✲❙❲ ❈♦✲

❞❡s✐❣♥

●▼▼

✸✳ ❬❈❤♦✐ ✷✵✶✵❪ ❋❛❧❛ ❝♦♥tí♥✉❛ ✽✽✪ ▼❋❈❈ ◆✲❣r❛♠ ❍▼▼ ❋P●❆ ●▼▼ ✰ ❱✐✲

t❡r❜✐

✹✳ ❬▲✐♥ ✷✵✵✾❪ ❋❛❧❛ ❝♦♥tí♥✉❛ ✾✸✪ ▼❋❈❈ ◆✲❣r❛♠ ❍▼▼ ❋P●❆ ❱✐t❡r❜✐

✺✳ ❬❩❤♦✉ ✷✵✵✾❪ ❉í❣✐t♦s ✐s♦❧❛✲

❞♦s

✾✹✪ ▼❋❈❈ ✲ ❍▼▼ ❋P●❆ ❱✐t❡r❜✐

✻✳ ❬❆♠✉❞❤❛

✷✵✵✽❪

❉í❣✐t♦s ✐s♦❧❛✲

❞♦s

✶✵✵✪ ▼❋❈❈ ✰

❙❖❋▼ ❬❍✉✲

❛♥❣ ✶✾✾✷❪

✲ ▼✉❧t✐ ▲❛②❡r

P❡r❝❡♣tr♦♥

❋P●❆ ❆❧❣♦r✐t♠♦

❇❛❝❦ Pr♦♣❛✲

❣❛t✐♦♥

✼✳ ❬▼✐✉r❛ ✷✵✵✽❪ ❋❛❧❛ ❝♦♥tí♥✉❛

✭✷✵✳✵✵✵ ♣❛❧❛✲

✈r❛s✮

✾✷✱✻✪ ●▼▼ ◆✲❣r❛♠ ❍▼▼ ❋P●❆ ●▼▼

✽✳ ❬❆❝❡r♦ ✷✵✵✽❪ ❋❛❧❛ ❝♦♥tí♥✉❛ ✻✵✪ ❛ ✻✺✪ ◆ã♦ ✐♥❢♦r♠❛ ◆ã♦ ✐♥❢♦r♠❛ ◆ã♦ ✐♥❢♦r♠❛ ❉✐str✐❜✉í❞♦ ✲

✾✳ ❬❑❡ ✷✵✵✽❪ ◆ã♦ ✐♥❢♦r♠❛ ◆ã♦ ✐♥❢♦r♠❛ ▲P❈❈ ✲ ❍▼▼ ▼✐❝r♦❜❧❛③❡ ✰

❋P●❆

❆❧❣♦r✐t♠♦

❢♦r✇❛r❞

✶✵✳ ❬▲✐♥ ✷✵✵✼❪ ❋❛❧❛ ❝♦♥t✐✲

♥✉❛ ✭✶✳✵✵✵

♣❛❧❛✈r❛s✮

✾✸✱✸✪ ▼❋❈❈ ✰

●▼▼

◆✲❣r❛♠ ❍▼▼ ❋P●❆ ●▼▼ ❡ ❱✐✲

t❡r❜✐

❈♦♥t✐♥✉❛ ♥❛ ♣ró①✐♠❛ ♣á❣✐♥❛✳ ✳ ✳
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❚❛❜❡❧❛ ✹✳✶ ✕ ❈♦♥t✐♥✉❛çã♦

❚r❛❜❛❧❤♦ ❚❛♠❛♥❤♦ ❞♦

❱♦❝❛❜✉❧ár✐♦

❚❛①❛ ❞❡

r❡❝♦♥❤❡❝✐✲

♠❡♥t♦

▼♦❞❡❧❛❣❡♠

❆❝úst✐❝❛

▼♦❞❡❧❛❣❡♠

▲✐♥❣✉✐st✐❝❛

❈❧❛ss✐✜❝❛çã♦ ❆rq✉✐t❡t✉r❛ Pr✐♥❝✐♣❛❧

♦t✐♠✐③❛çã♦

✶✶✳ ❬▲✐♥ ✷✵✵✻❪ ❋❛❧❛ ❝♦♥tí♥✉❛ ◆ã♦ ✐♥❢♦r♠❛ ▼❋❈❈ ✰

❉❡❧t❛ ❈❡♣s✲

tr❛✐s ✰ ●▼▼

✲ ❍▼▼ ▼✐❝r♦❜❧❛③❡ ✰

❋P●❆

❱✐t❡r❜✐

✶✷✳ ❬❙❝❤✉st❡r

✷✵✵✻❪
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✹✳✸ ❈♦♥s✐❞❡r❛çõ❡s ●❡r❛✐s

❈♦♠ ❜❛s❡ ♥♦ q✉❡ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ♥♦s ❝❛♣ít✉❧♦s ❛♥t❡r✐♦r❡s✱ é ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r ❛ ♣❛rt✐r ❞♦s

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

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

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

♠♦❞❡❧♦s ❛❝úst✐❝♦s✱ ❡ss❛ t❛r❡❢❛ s❡ t♦r♥❛ ❝♦♠♣❧❡①❛ ❡ ♣♦✉❝♦ ❡✜❝✐❡♥t❡✳ ❖ ♠♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦

♣r❡❞♦♠✐♥❛♥t❡ é ♦ ♥✲❣r❛♠✳

◆♦ q✉❡ s❡ r❡❢❡r❡ ❛♦s ♣❛râ♠❡tr♦s ❛❝úst✐❝♦s✱ ♦s ♠❛✐s ✉t✐❧✐③❛❞♦s sã♦ ♦s ▲P❈❈ ❡ ▼❋❈❈✳

❖✉tr❛ ❝❛r❛❝t❡ríst✐❝❛ q✉❡ s❡ ♣♦❞❡ ♦❜s❡r✈❛r ♥❛ ♠❛✐♦r✐❛ ❞♦s tr❛❜❛❧❤♦s é ❛ ✉t✐❧✐③❛çã♦ ❞❡ ●▼▼

❞✉r❛♥t❡ ❛ ❡t❛♣❛ ❞❡ ❝❧✉st❡r✐③❛çã♦✱ q✉❡ ❛♥t❡❝❡❞❡ ❛ ❝❧❛ss✐✜❝❛çã♦✳ P♦r s❡r ❡st❛ ✉♠❛ ❡t❛♣❛ q✉❡

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

◆❛ ❡t❛♣❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦✱ ♦ ✉s♦ ❞❡ ❍▼▼ é ♣r❡❞♦♠✐♥❛♥t❡✱ ❡ ♦s ♣♦✉❝♦s tr❛❜❛❧❤♦s q✉❡

✉t✐❧✐③❛♠ ❘❡❞❡s ◆❡✉r❛✐s ♦✉ ❉❚❲✱ r❡❛❧✐③❛♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❧❛✈r❛s ✐s♦❧❛❞❛s ❝♦♠ ♣❡q✉❡♥♦

✈♦❝❛❜✉❧ár✐♦✳ P❛r❛ ❡st❛ ❡t❛♣❛✱ ♠✉✐t♦s tr❛❜❛❧❤♦s ♣r♦♣õ❡♠ ✉t✐❧✐③❛çã♦ ❞❡ ♣❛r❛❧❡❧✐s♠♦ ❡ ♠❡♠ór✐❛

❝❛❝❤❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐✳

❱❛❧❡ ❛ ♣❡♥❛ s❛❧✐❡♥t❛r q✉❡ ❡♥tr❡ ♦s tr❛❜❛❧❤♦s ♣❡sq✉✐s❛❞♦s✱ ❛♣❡♥❛s ✉♠ tr❛t❛ ❞♦ ✐❞✐♦♠❛

♣♦rt✉❣✉ês✱ ♦ q✉❡ r❡ss❛❧t❛ ♠❛✐s ✉♠❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡st❛ t❡s❡ ❞❡ ❞♦✉t♦r❛❞♦✳

❯♠ r❡❝✉rs♦ út✐❧ ✉t✐❧✐③❛❞♦ ❡♠ ❛❧❣✉♥s tr❛❜❛❧❤♦s é ♦ ❞❡ s♦❢t❝♦r❡s✱ q✉❡ ❢❛❝✐❧✐t❛♠ ❛ ❞❡s❝r✐çã♦

❡♠ ❍❉▲ ❞♦s ❡❧❡♠❡♥t♦s q✉❡ ❝♦♠♣õ❡♠ ♦ s✐st❡♠❛✳

❖✉tr♦ ❢❛t♦r ❡♠ ❝♦♠✉♠ ❡♥tr❡ ✈ár✐♦s tr❛❜❛❧❤♦s é ❛ ✉t✐❧✐③❛çã♦ ❞♦ s✐st❡♠❛ ❙♣❤✐♥① ❝♦♠♦

♠♦❞❡❧♦ ❞❡ r❡❢❡rê♥❝✐❛✳

◆♦s ♣ró①✐♠♦s ❝❛♣ít✉❧♦s✱ s❡rá ❛♣r❡s❡♥t❛❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ ❛✈❛❧✐❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❡ ❝♦♥✜✲

❣✉r❛çõ❡s ❡♠♣r❡❣❛❞♦s ❡♠ ✉♠ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ✉t✐❧✐③❛♥❞♦ ▼❋❈❈ ❡

❍▼▼✳ ❋♦r❛♠ r❡❛❧✐③❛❞♦s t❡st❡s ♥♦ ❢r❛♠❡✇♦r❦ ❙♣❤✐♥①✱ ❝♦♠ ♦❜❥❡t✐✈♦ ❞❡ ❡♥❝♦♥tr❛r ❛ ❝♦♥✜❣✉r❛✲

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

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

❧✐♠✐t❛❞♦s✳



❈❛♣ít✉❧♦ ✺

▼♦❞❡❧❛❣❡♠ ❞♦ ❆♠❜✐❡♥t❡ ❞❡

❉❡s❡♥✈♦❧✈✐♠❡♥t♦

❯♠ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ❝♦♠ ❍▼▼ ❝♦♥tí♥✉♦ ❝♦♥s✐st❡✱ ❜❛s✐❝❛♠❡♥t❡✱

❞❛s ❡t❛♣❛s ❛♣r❡s❡♥t❛❞❛s ♥❛ ❋✐❣✉r❛ ✺✳✶ ❡ ❞❡s❝r✐t❛s ❛ s❡❣✉✐r✳

❋✐❣✉r❛ ✺✳✶✿ ❊t❛♣❛s ❞❡ ✉♠ s✐st❡♠❛ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ❝♦♠ ❍▼▼ ❝♦♥tí♥✉♦✳

✶✳ Pré✲♣r♦❝❡ss❛♠❡♥t♦ ✲ r❡s♣♦♥sá✈❡❧ ♣♦r ♣r❡♣❛r❛r ❡ ❡①tr❛✐r ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ♦s ❞❛❞♦s r❡❧❡✲

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

q✉❛❞r♦s q✉❡ ❛t❡♥❞❛♠ ♦ ❧✐♠✐t❡ ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡❀

✷✳ ❊①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✲ ♣❛r❛ ❝❛❞❛ q✉❛❞r♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ é ❡①tr❛í❞♦ ✉♠ ✈❡t♦r

❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ q✉❡ s❡rá ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦s ♣❛❞rõ❡s ❞❡ r❡❢❡rê♥❝✐❛✱ ❝♦♥❤❡❝✐❞♦s ♣❡❧♦

s✐st❡♠❛❀

✸✳ ❈á❧❝✉❧♦ ❞❛s ❣❛✉ss✐❛♥❛s ✲ ♥❡st❛ ❡t❛♣❛ é ❝❛❧❝✉❧❛❞❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ q✉❡ ♦ ✈❡t♦r ❞❡ ❝❛r❛❝✲

t❡ríst✐❝❛s ♦❜t✐❞♦ t❡♥❤❛ s✐❞♦ ❣❡r❛❞♦ ♣♦r ❝❛❞❛ ✉♠ ❞♦s ♣❛❞rõ❡s ❞❡ r❡❢❡rê♥❝✐❛ ❝♦♥❤❡❝✐❞♦s

♣❡❧♦ s✐st❡♠❛❀

✹✳ ❉❡❝♦❞✐✜❝❛çã♦ ✲ sã♦ ✉t✐❧✐③❛❞❛s ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ♦❜t✐❞❛s ♥❛ ❡t❛♣❛ ❛♥t❡r✐♦r✱ ❥✉♥t❛♠❡♥t❡

❝♦♠ ♦ ▼♦❞❡❧♦ ▲✐♥❣✉íst✐❝♦ ✭▼▲✮ ♣❛r❛ ❞❡❝✐❞✐r s❡ ♦ ♣❛❞rã♦ ❞❡ t❡st❡ é ❝♦♥❤❡❝✐❞♦ ♣❡❧♦

s✐st❡♠❛ ❡ ❝❛s♦ s❡❥❛✱ ❛ q✉❛❧ ♣❛❞rã♦ ❞❡ r❡❢❡rê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡✳

✻✻
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P❛r❛ ♣❡r♠✐t✐r ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ss❛s ❡t❛♣❛s ❡♠ ✉♠ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦ ❞❡ ❜❛✐①♦ ❝✉st♦✱

t♦r♥❛✲s❡ ♥❡❝❡ssár✐❛ ❛ ♦t✐♠✐③❛çã♦ ❡ ❛❞❛♣t❛çã♦ ❞❛s té❝♥✐❝❛s ❡♠♣r❡❣❛❞❛s✱ ❞❡ ❢♦r♠❛ ❛ ♣r♦♣♦r❝✐✲

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

r❡❛❧✐③❛❞♦s ❡①♣❡r✐♠❡♥t♦s ❡ ❛♥á❧✐s❡s✱ ❞❡ ♠♦❞♦ ❛ ✐❞❡♥t✐✜❝❛r ♣♦ssí✈❡✐s ❛❞❛♣t❛çõ❡s✱ ❛ ♣❛rt✐r ❞❡

s✐♠♣❧✐✜❝❛çõ❡s ♠❛t❡♠át✐❝❛s ❡ r❡❞✉çã♦ ❞❡ ♣❛râ♠❡tr♦s ♥❛s ❡t❛♣❛s ❝✐t❛❞❛s✳

❆ ♠❡t♦❞♦❧♦❣✐❛ ❡♠♣r❡❣❛❞❛ ♣❛r❛ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s ❛♥á❧✐s❡s ❡ ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s é

❞❡s❝r✐t❛ ♥❛ ❙❡çã♦ ✺✳✶ ❞❡st❡ ❝❛♣ít✉❧♦✳ ◆❛ ❙❡çã♦ ✺✳✷✱ é ❛♣r❡s❡♥t❛❞♦ ♦ ❢r❛♠❡✇♦r❦ ✉t✐❧✐③❛❞♦ ♣❛r❛

r❡❛❧✐③❛çã♦ ❞♦s ❡①♣❡r✐♠❡♥t♦s✳ ◆❛ ❙❡çã♦ ✺✳✸✱ é ❛♣r❡s❡♥t❛❞❛ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛✱ ❡ ❡♠

s❡❣✉✐❞❛✱ ♥❛ ❙❡çã♦ ✺✳✹✱ ❛s ❛❞❛♣t❛çõ❡s q✉❡ ❢♦r❛♠ ♥❡❝❡ssár✐❛s ♣❛r❛ ♣❡r♠✐t✐r ♦ ✉s♦ ❞❡ss❛ ❜❛s❡

♥♦ ❢r❛♠❡✇♦r❦ ❝✐t❛❞♦✳ ◆❛ ❙❡çã♦ ✺✳✺✱ sã♦ ❞❡s❝r✐t♦s ♦s ❝❡♥ár✐♦s ❞❡ t❡st❡s✱ ❝♦♠ s❡✉s r❡s♣❡❝t✐✈♦s

r❡s✉❧t❛❞♦s ♥❛ ❙❡çã♦ ✺✳✻✳ ◆❛s ❙❡çõ❡s ✺✳✼ ❡ ✺✳✽✱ sã♦ ❞❡s❝r✐t❛s ❛s ❛♥á❧✐s❡s ❡ s✐♠♣❧✐✜❝❛çõ❡s ❞♦s

❛❧❣♦r✐t♠♦s ❡ ❡q✉❛çõ❡s ❡♥✈♦❧✈✐❞❛s✱ ♥❛s ❡t❛♣❛s ❞❡ ❈á❧❝✉❧♦ ❞❛s ●❛✉ss✐❛♥❛s ❡ ❉❡❝♦❞✐✜❝❛çã♦✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✺✳✶ ▼❡t♦❞♦❧♦❣✐❛ ❊♠♣r❡❣❛❞❛

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

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

♥❡❝❡ssár✐❛ ❛ ❛❞❛♣t❛çã♦ ❞❛s té❝♥✐❝❛s ❡♠♣r❡❣❛❞❛s✱ ❞❡ ❢♦r♠❛ ❛ ♣r♦♣♦r❝✐♦♥❛r ✉♠❛ r❡❞✉çã♦ ❞♦s

❝✉st♦s ❞❡ ❤❛r❞✇❛r❡✳ ❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ✐❞❡♥t✐✜❝❛r ♣♦ssí✈❡✐s ❛❞❛♣t❛çõ❡s ❡ s✐♠♣❧✐✜❝❛çõ❡s✱ ♥❡st❡

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

✶✳ ❉❡✜♥✐çã♦ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ❛ s❡r❡♠ ✉t✐❧✐③❛❞❛s

❉♦✐s ♠ét♦❞♦s ❞❡ ❛♥á❧✐s❡ ❡s♣❡❝tr❛❧ ♣r❡❞♦♠✐♥❛♠ ♥♦s s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛✿

♦ ♠ét♦❞♦ ❞❡ ❛♥á❧✐s❡ ❡s♣❡❝tr❛❧ ▲P❈ ✭▲✐♥❡❛r Pr❡❞✐❝t✐✈❡ ❈♦❞✐♥❣✮ ❬✶✱ ✷✱ ✹✶✱ ✹✷✱ ✹✸✱ ✹✹❪ ❡ ♦

♠ét♦❞♦ ❞❡ ❛♥á❧✐s❡ ❡s♣❡❝tr❛❧ ♣♦r ❜❛♥❝♦ ❞❡ ✜❧tr♦s ❬✹✺✱ ✹✻✱ ✹✼❪✳ ◆❡st❛ ❡t❛♣❛✱ ❢♦✐ r❡❛❧✐③❛❞♦

✉♠ ❡st✉❞♦ ❞♦ ❡st❛❞♦ ❞❛ ❛rt❡ ❞❛s té❝♥✐❝❛s ❝✐t❛❞❛s ♣❛r❛ ♦ ✜♠ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛

❝♦♥tí♥✉❛✳ ❆♦ ✜♥❛❧ ❞❡ss❡ ❡st✉❞♦✱ ♦s ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s ❢♦r❛♠ ❛♣♦♥t❛❞♦s ❝♦♠♦ ♦s

q✉❡ ♦❢❡r❡❝❡♠ ♠❡❧❤♦r t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❬✸✵✱ ✸✶✱ ✸✷✱ ✸✸✱ ✸✹✱ ✸✻✱ ✹✺✱ ✹✻✱ ✹✼✱ ✶✸✶✱

✶✸✷✱ ✶✸✸✱ ✶✸✹❪✳ ❉✐❛♥t❡ ❞✐ss♦✱ ❢♦r❛♠ r❡❛❧✐③❛❞♦s t❡st❡s ✈❛r✐❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ✜❧tr♦s ❡

❝♦❡✜❝✐❡♥t❡s✱ ❞❡ ❢♦r♠❛ ❛ ❡♥❝♦♥tr❛r ❛ ♠❡❧❤♦r ❝♦♥✜❣✉r❛çã♦ ❛ s❡r ✉t✐❧✐③❛❞❛✳

✷✳ ❉❡✜♥✐çã♦ ❞❛ ❝♦♥✜❣✉r❛çã♦ ❞♦ ❍▼▼

❯♠ ❞♦s ♦❜❥❡t✐✈♦s ❞❡st❡ tr❛❜❛❧❤♦ ❝♦♥s✐st❡ ♥❛ ✉t✐❧✐③❛çã♦ ❞❡ ❍▼▼ ♣❛r❛ ❝♦♥str✉çã♦ ❞♦

♠♦❞❡❧♦ ❛❝úst✐❝♦ ❡ ❝❧❛ss✐✜❝❛çã♦✳ ❈♦♥t✉❞♦✱ ✈ár✐♦s ♣❛râ♠❡tr♦s ♣♦❞❡♠ s❡r ✈❛r✐❛❞♦s ♥❡ss❡

♠♦❞❡❧♦✱ ❞❡♥tr❡ ♦s q✉❛✐s✿ t✐♣♦ ❞♦ ❍▼▼ ✭❞✐s❝r❡t♦✱ ❝♦♥tí♥✉♦ ♦✉ s❡♠✐✲❝♦♥tí♥✉♦✮ ❡ ♥ú♠❡r♦

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

q✉❛❧ ❢♦✐ ✈❡r✐✜❝❛❞♦ q✉❡ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♣❛r❛ ❢❛❧❛ ❝♦♥tí♥✉❛ sã♦ ♦❜t✐❞♦s ❝♦♠ ❍▼▼

❝♦♥tí♥✉♦s ❬✸✵✱ ✸✶✱ ✸✷✱ ✸✸✱ ✸✹✱ ✸✻❪✳ ❉✐❛♥t❡ ❞✐ss♦✱ ❢♦r❛♠ ❡❢❡t✉❛❞♦s t❡st❡s ♣❛r❛ ✐❞❡♥t✐✜❝❛r

♦ ♠❡❧❤♦r ♥ú♠❡r♦ ❞❡ ❡st❛❞♦s ❛ s❡r ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦✳



✺✳✶ ▼❊❚❖❉❖▲❖●■❆ ❊▼P❘❊●❆❉❆ ✻✽

✸✳ ❉❡✜♥✐çã♦ ❞❛ té❝♥✐❝❛ ♣❛r❛ ❝♦♥str✉çã♦ ❞♦ ♠♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦

▼♦❞❡❧♦s ❧✐♥❣✉íst✐❝♦s ✭▼▲✮ ❝❛♣t✉r❛♠ r❡❣✉❧❛r✐❞❛❞❡s ♥❛ ❧✐♥❣✉❛❣❡♠ ❢❛❧❛❞❛ ❡ sã♦ ✉t✐❧✐③❛✲

❞♦s ♥♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ♣❛r❛ ❡st✐♠❛r ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣❛❧❛✈r❛s✳ ❊♠ ✉♠

s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❧❛✈r❛s ✐s♦❧❛❞❛s✱ é ♣♦ssí✈❡❧ ♦❜t❡r ❜♦❛s t❛①❛s ❞❡ r❡❝♦✲

♥❤❡❝✐♠❡♥t♦ s❡♠ ♦ ✉s♦ ❞❡ ✉♠ ▼▲✱ ❝♦♥t✉❞♦ ❡st❡ t♦r♥❛✲s❡ ❢✉♥❞❛♠❡♥t❛❧ ❡♠ s✐st❡♠❛s ❞❡

r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛✳

❊①✐st❡♠ ✈ár✐❛s té❝♥✐❝❛s ♣❛r❛ ❝♦♥str✉çã♦ ❞❡ss❡s ♠♦❞❡❧♦s✱ ❞❡♥tr❡ ❛s q✉❛✐s✿ ◆✲❣r❛♠✱ ár✲

✈♦r❡s ❞❡ ❞❡❝✐sã♦ ❡ ❣r❛♠át✐❝❛ ❧✐✈r❡ ❞❡ ❝♦♥t❡①t♦✳

▼❛✐s ✉♠❛ ✈❡③✱ ❢♦✐ r❡❛❧✐③❛❞♦ ✉♠ ❧❡✈❛♥t❛♠❡♥t♦ ♥❛ ❧✐t❡r❛t✉r❛ ❞❛ r❡❧❛çã♦ ❡♥tr❡ ❝❛❞❛ té❝✲

♥✐❝❛ ❡ s✉❛ ❡✜❝✐ê♥❝✐❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳ ❯♠ ❞♦s ♠♦❞❡❧♦s ❧✐♥❣✉íst✐❝♦s q✉❡

t❡♠ ❢♦r♥❡❝✐❞♦ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s é ♦ ◆✲❣r❛♠ ❬✾✱ ✸✵✱ ✸✷✱ ✸✸✱ ✸✹✱ ✸✻✱ ✸✽✱ ✸✾✱ ✻✷✱ ✻✸❪✱ ♦

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

✹✳ ❆✈❛❧✐❛çã♦ ❞♦ ✐♠♣❛❝t♦ ❞♦s ♣❛râ♠❡tr♦s ❡♠♣r❡❣❛❞♦s ❡♠ r❡❧❛çã♦ à t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦

✈❡rs✉s t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦

❈♦♠♦ ❢♦✐ ❞✐s❝✉t✐❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❞✐✈❡rs♦s ♣❛râ♠❡tr♦s ♣♦❞❡♠ s❡r ✈❛r✐❛❞♦s ♥❛ ❝♦♥✜❣✉✲

r❛çã♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ✉t✐❧✐③❛♥❞♦ ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s✱

❍▼▼ ❡ ♠♦❞❡❧❛❣❡♠ ❧✐♥❣✉íst✐❝❛ ◆✲❣r❛♠✳ ❆ ✈❛r✐❛çã♦ ❞❡ss❡s ♣❛râ♠❡tr♦s ♣♦❞❡ ❛✉♠❡♥t❛r

♦✉ ❞✐♠✐♥✉✐r ❛ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡♠ ♥♦♠❡ ❞❡ ✉♠❛ ♠❛✐♦r ♦✉ ♠❡♥♦r ❝❛r❣❛ ❝♦♠♣✉✲

t❛❝✐♦♥❛❧✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ❢♦✐ ✐♥✈❡st✐❣❛❞♦ ♦ ✐♠♣❛❝t♦ ❞♦s s❡❣✉✐♥t❡s ♣❛râ♠❡tr♦s ♥❛ t❛①❛

❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✿

• ◆ú♠❡r♦ ❞❡ ❡st❛❞♦s ❞♦ ❍▼▼❀

• ◆ú♠❡r♦ ❞❡ ✜❧tr♦s ♣❛r❛ ❝á❧❝✉❧♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s❀

• ◆ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s❀

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

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

• ❊①tr❛çã♦ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ♣❛r❛ ♦ tr❡✐♥❛♠❡♥t♦❀

• ❚r❡✐♥❛♠❡♥t♦❀

• ❊①tr❛çã♦ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ♣❛r❛ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦❀

• ❘❡❝♦♥❤❡❝✐♠❡♥t♦✳

❖ r❡s✉❧t❛❞♦s ♦❜t✐❞♦s s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ ❝❛♣ít✉❧♦✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛s ❞❡❝✐sõ❡s

t♦♠❛❞❛s ❛ ♣❛rt✐r ❞❡ss❡s r❡s✉❧t❛❞♦s✳

✺✳ ❆♥á❧✐s❡ ❞❛s ❡t❛♣❛s ❞❡ ❈á❧❝✉❧♦ ❞❛s ●❛✉ss✐❛♥❛s ❡ ❉❡❝♦❞✐✜❝❛çã♦

P❛r❛ ❛s ❡t❛♣❛s ❞❡ ❈á❧❝✉❧♦ ❞❛s ●❛✉ss✐❛♥❛s ❡ ❉❡❝♦❞✐✜❝❛çã♦✱ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❛♥á❧✐s❡s



✺✳✷ ❙❯P❖❘❚❊ ❋❊❘❘❆▼❊◆❚❆▲ ✻✾

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

❝♦♥tr❛r s✐♠♣❧✐✜❝❛çõ❡s ❡ ❛❞❛♣t❛çõ❡s ♣❛r❛ ♦ ❝♦♥t❡①t♦ ❡♠❜❛r❝❛❞♦✳ ❊ss❛s s✐♠♣❧✐✜❝❛çõ❡s ❡

❛❞❛♣t❛çõ❡s ♣❡r♠✐t❡♠ ❛ ❝♦♥str✉çã♦ ❞❡ ✉♠ ❤❛r❞✇❛r❡ ♠❛✐s s✐♠♣❧❡s ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱

♠❛✐s ❜❛r❛t♦✳

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

❞❡✜♥✐r✿

• ◆ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ✭▼❋❈❈✮ ✉t✐❧✐③❛❞♦❀

• ◆ú♠❡r♦ ❞❡ ✜❧tr♦s ❞♦ ❜❛♥❝♦ ❞❡ ✜❧tr♦s tr✐❛♥❣✉❧❛r❡s❀

• ◆ú♠❡r♦ ❞❡ ❡st❛❞♦s ❞♦ ❍▼▼❀

• ❙✐♠♣❧✐✜❝❛çõ❡s ♠❛t❡♠át✐❝❛s ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❛s ❣❛✉ss✐❛♥❛s❀

• ❆❞❛♣t❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ✉t✐❧✐③❛❞♦ ♥❛ ❡t❛♣❛ ❞❡ ❉❡❝♦❞✐✜❝❛çã♦✳

✺✳✷ ❙✉♣♦rt❡ ❢❡rr❛♠❡♥t❛❧

❆t✉❛❧♠❡♥t❡✱ ❡stã♦ ❞✐s♣♦♥í✈❡✐s ❛❧❣✉♥s s✐st❡♠❛s ❛❜❡rt♦s✱ ❞✐r❡❝✐♦♥❛❞♦s à ♣❡sq✉✐s❛ ❡♠ r❡❝♦♥❤❡❝✐✲

♠❡♥t♦ ❞❡ ❢❛❧❛ q✉❡ ✐♠♣❧❡♠❡♥t❛♠ ♦ ❡st❛❞♦ ❞❛ ❛rt❡ ♥❛ ár❡❛✳ ❊st❡s s✐st❡♠❛s sã♦ ❢r❡q✉❡♥t❡♠❡♥t❡

✉t✐❧✐③❛❞♦s ♥❛s ❛✈❛❧✐❛çõ❡s ❞♦ ❉❆❘P❆ ✭❉❡❢❡♥s❡ ❆❞✈❛♥❝❡❞ ❘❡s❡❛r❝❤ Pr♦❥❡❝ts ❆❣❡♥❝②✮✱ ❛❧é♠

❞❡ s❡r❡♠ ♦ ♣♦♥t♦ ❞❡ ♣❛rt✐❞❛ ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞♦s ♣❡sq✉✐s❛❞♦r❡s ❞❛ ár❡❛ ❡ ❞❡ ár❡❛s ❛✜♥s✳ ❆

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

❖ ❍❚❑ ✭❍✐❞❞❡♥ ▼❛r❦♦✈ ▼♦❞❡❧ ❚♦♦❧❦✐t✮ ❬✶✸✺❪ é ❞❡✜♥✐❞♦ ❝♦♠♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢❡rr❛✲

♠❡♥t❛s ❞❡ s♦❢t✇❛r❡ ♣❛r❛ ❝♦♥str✉çã♦ ❡ ♠❛♥✐♣✉❧❛çã♦ ❞❡ ❍▼▼✳ ❚❡✈❡ s✉❛ ♣r✐♠❡✐r❛ ✈❡rsã♦

❞❡s❡♥✈♦❧✈✐❞❛ ❡♠ ✶✾✽✾ ♣❡❧♦ ♣r♦❢❡ss♦r ❙t❡✈❡ ❨♦✉♥❣ ❞♦ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❞❛ ❯♥✐✲

✈❡rs✐❞❛❞❡ ❞❡ ❈❛♠❜r✐❞❣❡ ✭❈❯❊❉ ✲ ❈❛♠❜r✐❞❣❡ ❯♥✐✈❡rs✐t② ❊♥❣✐♥❡❡r✐♥❣ ❉❡♣❛rt♠❡♥t✮✳ ➱ ✉s❛❞♦

♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛ ♣❡sq✉✐s❛ ❡♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✈♦③✱ ♣♦ré♠ é t❛♠❜é♠ ❜❛st❛♥t❡ ✉t✐❧✐✲

③❛❞♦ ❡♠ ♦✉tr❛s ❛♣❧✐❝❛çõ❡s✱ ❝♦♠♦ ♣❡sq✉✐s❛s ❡♠ sí♥t❡s❡ ❞❡ ✈♦③✱ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❝❛r❛❝t❡r❡s

❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❉◆❆✳ ❖ ❍❚❑ é ✉♠❛ ❞❛s ❢❡rr❛♠❡♥t❛s ♠❛✐s ✉t✐❧✐③❛❞❛s ❡ ❞✐✈✉❧❣❛❞❛s ❞❛

ár❡❛✳ ❈♦♥s✐st❡ ❡♠ ❝♦♥❥✉♥t♦ ❞❡ ❜✐❜❧✐♦t❡❝❛s ❡ ❢❡rr❛♠❡♥t❛s ❝♦♠ ❝ó❞✐❣♦✲❢♦♥t❡ ❞✐s♣♦♥í✈❡✐s ❡♠ ❈✱

♣♦ré♠ ❝♦♠♣❛tí✈❡✐s ❝♦♠ ❈✰✰✳ ❆s ❢❡rr❛♠❡♥t❛s ❝♦♥t✐❞❛s ♥❡❧❡ ♣r♦✈ê❡♠ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ♣❛r❛

❛♥á❧✐s❡ ❞❛ ❢❛❧❛✱ tr❡✐♥♦ ❞❡ ❍▼▼s✱ t❡st❡s ❡ ❛♥á❧✐s❡ ❞❡ r❡s✉❧t❛❞♦s✳ ❖ s♦❢t✇❛r❡ s✉♣♦rt❛ t❛♥t♦

♠✐st✉r❛s ❞❡ ●❛✉ss✐❛♥❛s ❝♦♠ ❞❡♥s✐❞❛❞❡ ❝♦♥tí♥✉❛✱ ❜❡♠ ❝♦♠♦ ❞✐str✐❜✉✐çõ❡s ❞✐s❝r❡t❛s ❡ ♣♦❞❡ s❡r

✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦♥str✉✐r s✐st❡♠❛s ❝♦♠♣❧❡①♦s ❜❛s❡❛❞♦s ❡♠ ❍▼▼s✳ ❈♦♥té♠ ❞♦❝✉♠❡♥t❛çã♦ ❡

❡①❡♠♣❧♦s ❡♠ ✉♠ ❞♦❝✉♠❡♥t♦ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ✏❍❚❑ ❇♦♦❦✑✱ ❜❡♠ ❝♦♠♦ ✉♠ ❢ór✉♠ ❞❡ ❞✐s❝✉ssã♦

❞✐s♣♦♥í✈❡❧ ♥♦ sít✐♦ ❞❛ ❢❡rr❛♠❡♥t❛✳ ❙✉❛ ❧✐❝❡♥ç❛ é r❡str✐t❛ ❛♣❡♥❛s ❛♦ ✉s♦ ♥ã♦ ❝♦♠❡r❝✐❛❧✳

❖ ❆❚❑ ✭❆P■ ❢♦r ❍❚❑✮ ❬✶✸✻❪ é ✉♠❛ ✐♥t❡r❢❛❝❡ ❞❡ ♣r♦❣r❛♠❛çã♦ ♣❛r❛ ♦ ❍❚❑ ❡ ❢♦✐ ❝r✐❛❞♦

♣❛r❛ ❢❛❝✐❧✐t❛r ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛♣❧✐❝❛çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❜❛s❡❛❞❛s ♥♦ ♠❡s♠♦✳ ❈♦♥s✐st❡

❡♠ ✉♠❛ ❝❛♠❛❞❛ ❞❡ ♣r♦❣r❛♠❛çã♦ ♦r✐❡♥t❛❞❛ ❛ ♦❜❥❡t♦✱ ❡♠ ❈✰✰✱ q✉❡ ❢❛③ ❛❝❡ss♦ às ❜✐❜❧✐♦t❡✲

❝❛s ♣❛❞rã♦ ❞♦ ❍❚❑✳ ■ss♦ ♣❡r♠✐t❡ q✉❡ ♥♦✈♦s r❡❝♦♥❤❡❝❡❞♦r❡s ❝♦♥str✉í❞♦s ❛ ♣❛rt✐r ❞❡ ✈❡rsõ❡s



✺✳✷ ❙❯P❖❘❚❊ ❋❊❘❘❆▼❊◆❚❆▲ ✼✵

❝✉st♦♠✐③❛❞❛s ❞♦ ❍❚❑ s❡❥❛♠ ❝♦♠♣✐❧❛❞♦s ❝♦♠ ♦ ❆❚❑ ❡✱ ❡♥tã♦✱ t❡st❛❞♦s ❡♠ s✐st❡♠❛s ❥á ❡♠

❢✉♥❝✐♦♥❛♠❡♥t♦✳ ❆ss✐♠ ❝♦♠♦ ♦ ❍❚❑✱ ♦ ❆❚❑ é ❝♦♠♣❛tí✈❡❧ ❝♦♠ ❛s ♣❧❛t❛❢♦r♠❛s ❞❡ s✐st❡♠❛s

♦♣❡r❛❝✐♦♥❛✐s ❯♥✐① ❘© ❡ ▼✐❝r♦s♦❢t ❲✐♥❞♦✇s ❘© ✭❛ ♣❛rt✐r ❞❡ ❧✐♥❤❛ ❞❡ ❝♦♠❛♥❞♦ ❡✱ ❛♣❡♥❛s ♥♦

❲✐♥❞♦✇s✱ ❞✐s♣♦♥✐❜✐❧✐③❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛✮✳ ❖ ❆❚❑ r♦❞❛ ❝♦♠ ♠ú❧t✐♣❧♦s ♣r♦❝❡ss♦s ❡♠ ♣❛r❛❧❡❧♦

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

❣❡st♦s✱ ❡t❝✳✮ s❡❥❛♠ ❝♦♠❜✐♥❛❞❛s ❡♠ ✉♠ ♠❡s♠♦ ♣❛❝♦t❡ ❞❡ ❞❛❞♦s✳ ❖ ❆❚❑ ♣♦❞❡ r❡t♦r♥❛r ♦s r❡✲

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

r❡❞✉③✐r ♦ ❛tr❛s♦ ❛ ✉♠ ♠í♥✐♠♦✱ ♣❡r♠✐t✐♥❞♦ q✉❡ s✐st❡♠❛s ❞❡ r❡s♣♦st❛ rá♣✐❞❛ s❡❥❛♠ ❝♦♥str✉í❞♦s✳

❖ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦ ❞♦ ♣❛❝♦t❡ ❞❡ ❢❡rr❛♠❡♥t❛s ❞♦ ■❙■P ✭■♥st✐t✉t❡ ❢♦r ❙✐❣♥❛❧ ❛♥❞ ■♥❢♦r✲

♠❛t✐♦♥ Pr♦❝❡ss✐♥❣✮ ❬✶✸✼❪✱❝♦♦r❞❡♥❛❞♦ ♣❡❧♦ ♣r♦❢❡ss♦r ❏♦❡ P✐❝♦♥❡ ❡ ❧♦❝❛❧✐③❛❞♦ ♥❛ ❯♥✐✈❡rs✐❞❛❞❡

❞♦ ❊st❛❞♦ ❞♦ ▼✐ss✐ss✐♣✐ ✭▼❙❯ ✲ ▼✐ss✐ss✐♣♣✐ ❙t❛t❡ ❯♥✐✈❡rs✐t②✮✱ é ❞✐s♣♦♥✐❜✐❧✐③❛r ✉♠ s✐st❡♠❛

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

❞❡ ❧✐❝❡♥ç❛✱ ♦ q✉❛❧ ♣♦❞❡ s❡r ❢❛❝✐❧♠❡♥t❡ ♠♦❞✐✜❝❛❞♦ ♣❛r❛ s❛t✐s❢❛③❡r ❛ ♥❡❝❡ss✐❞❛❞❡s ❞❡ ♣❡sq✉✐✲

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

❡s❝r✐t❛s ❡♠ ❈✰✰✱ ❡ q✉❡ ✐♠♣❧❡♠❡♥t❛♠ ❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s✱ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛✐s ❡

❡str✉t✉r❛s ❞❡ ❞❛❞♦s ♥❡❝❡ssár✐❛s ❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s✐st❡♠❛s✳

❖ ❙♣❤✐♥① ❬✾✷❪ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ♥❛ ❯♥✐✈❡rs✐❞❛❞❡ ❈❛r♥❡❣✐❡ ▼❡❧❧♦♥ ✭❈▼❯ ✲ ❈❛r♥❡❣✐❡ ▼❡❧❧♦♥

❯♥✐✈❡rs✐t②✮ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ♦s ♣r♦❥❡t♦s ❙♣❤✐♥① ❢✉♥❞❛❞♦s ♣❡❧♦ ❉❆❘P❆ ❡ ❝r✐❛❞♦s ❞❡ ❢♦r♠❛ ❛

❡st✐♠✉❧❛r ❛ ❝r✐❛çã♦ ❞❡ ❢❡rr❛♠❡♥t❛s ❡ ❛♣❧✐❝❛t✐✈♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✈♦③ ❡ ❢❛③❡r ❛✈❛♥ç❛r ♦

❡st❛❞♦ ❞❛ ❛rt❡ ❡♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛✱ ❜❡♠ ❝♦♠♦✱ ♥❛s ár❡❛s ❝♦rr❡❧❛t❛s✱ ❝♦♠♦ s✐st❡♠❛s ❞❡

❞✐á❧♦❣♦ ❡ sí♥t❡s❡ ❞❡ ✈♦③✳ ❖s t❡r♠♦s ❞❡ ❧✐❝❡♥ç❛ ♣❛r❛ ❛s ❢❡rr❛♠❡♥t❛s ❡ ❜✐❜❧✐♦t❡❝❛s ❞✐s♣♦♥í✈❡✐s

♥♦ ❙♣❤✐♥① sã♦ ❞❡r✐✈❛❞♦s ❞♦ ♠♦❞❡❧♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ s♦❢t✇❛r❡ ❞❛ ❇❡r❦❡❧❡② ✭❇❙❉ ✲ ❇❡r❦❡❧❡②

❙♦❢t✇❛r❡ ❉✐str✐❜✉t✐♦♥✮✳ ◆ã♦ ❤á r❡str✐çã♦ ❛❧❣✉♠❛ q✉❛♥t♦ ❛♦ ✉s♦ ❝♦♠❡r❝✐❛❧ ♦✉ r❡❞✐str✐❜✉✐çã♦✳

❖ ❙♣❤✐♥① ❡stá ♥❛ ✈❡rsã♦ ✹✱ ❧❛♥ç❛❞❛ ❡♠ ✵✹✴✵✻✴✷✵✵✹✱ ❡ ✐♠♣❧❡♠❡♥t❛ ♦ ❡st❛❞♦ ❞❛ ❛rt❡ ♣❛r❛

s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❜❛s❡❛❞♦s ❡♠ ❍▼▼s ❝♦♥tí♥✉♦s✳ ❆ ❜✐❜❧✐♦t❡❝❛ ♣♦ss✉✐ ✉♠

❡①❝❡❧❡♥t❡ t✉t♦r✐❛❧ ♦♥✲❧✐♥❡ ❡ s✉❛ ❛rq✉✐t❡t✉r❛ é ❞❡s❝r✐t❛ ♥✉♠ ❞♦❝✉♠❡♥t♦ ✐♥t✐t✉❧❛❞♦ ✏❙♣❤✐♥①✲✹

❲❤✐t❡♣❛♣❡r ✑✳ ❉❛ ✈❡rsã♦ ✸ ♣❛r❛ ❛ ✈❡rsã♦ ❛t✉❛❧✱ ♦ ❙♣❤✐♥① ❢♦✐ ❝♦♠♣❧❡t❛♠❡♥t❡ r❡s❝r✐t♦ ❡ ♣♦rt❛❞♦

♣❛r❛ ❛ ♣❧❛t❛❢♦r♠❛ ❞❡ ❧✐♥❣✉❛❣❡♠ ❞❡ ♣r♦❣r❛♠❛çã♦ ❏❆❱❆ ❘©✳

◆❡st❡ tr❛❜❛❧❤♦✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ❢r❛♠❡✇♦r❦ ❙♣❤✐♥①✳ ❆ ❡s❝♦❧❤❛ s❡ ❞❡✉✱ ❞❡✈✐❞♦ ❛ s❡✉ ❝ó❞✐❣♦

s❡r ❛❜❡rt♦✱ ♦ q✉❡ ♣❡r♠✐t❡ ❛ ♠♦❞✐✜❝❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s✱ ❛❧é♠ ❞❡ s❡r ❛♠♣❧❛♠❡♥t❡

r❡❢❡r❡♥❝✐❛❞♦ ♥❛ ár❡❛ ❬✷✽✱ ✸✵✱ ✶✷✷✱ ✶✷✻❪✳

❖ ❢r❛♠❡✇♦r❦ ❙♣❤✐♥① ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ♦❜❥❡t✐✈❛♥❞♦ ♠♦❞✉❧❛r✐❞❛❞❡ ❡ ✢❡①✐❜✐❧✐❞❛❞❡✳ ■ss♦ ✐♠✲

♣❧✐❝❛ q✉❡ ❝❛❞❛ ♠ó❞✉❧♦ ♣♦❞❡ s❡r s✉❜st✐t✉í❞♦✱ ❞❡ ♠♦❞♦ ❛ ✐♠♣❧❡♠❡♥t❛r ❛ té❝♥✐❝❛ ❞❡s❡❥❛❞❛✱ s❡♠

q✉❡ ✐ss♦ ❝♦♠♣r♦♠❡t❛ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ r❡st❛♥t❡ ❞♦ s✐st❡♠❛✳ ❆ ❛rq✉✐t❡t✉r❛ ❞♦ ❙♣❤✐♥① é

❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✷✳

❖s três ♣r✐♥❝✐♣❛✐s ♠ó❞✉❧♦s ❞♦ ❙♣❤✐♥① sã♦✿ ❋r♦♥t ❊♥❞✱ ❉❡❝♦❞❡r ❡ ▲✐♥❣✉✐st✳ ❖ ♠ó❞✉❧♦

❋r♦♥t ❊♥❞ r❡❝❡❜❡ ✉♠ ♦✉ ♠❛✐s s✐♥❛✐s ❞❡ ✈♦③ ❡ ♦s tr❛♥s❢♦r♠❛ ❡♠ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❝❛r❛❝t❡✲

ríst✐❝❛s ✭❋❡❛t✉r❡s✮✳ ❖ ♠ó❞✉❧♦ ▲✐♥❣✉✐st tr❛❞✉③ ✐♥❢♦r♠❛çõ❡s ❞♦s ♠♦❞❡❧♦s ❛❝úst✐❝♦✱ ❧✐♥❣✉íst✐❝♦

❡ ❞✐❝✐♦♥ár✐♦ ❡♠ ✉♠ ❣rá✜❝♦ ❞❡ ❜✉s❝❛ ✭❙❡❛r❝❤●r❛♣❤✮✳ ❈♦♠ ❜❛s❡ ♥❛s ❝❛r❛❝t❡ríst✐❝❛s ❢♦r♥❡❝✐✲
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❋✐❣✉r❛ ✺✳✷✿ ❆rq✉✐t❡t✉r❛ ❞♦ ❙♣❤✐♥① ❬✻❪✳

❞❛s ♣❡❧♦ ❋r♦♥t ❊♥❞ ❡ ♦s ♠♦❞❡❧♦s ❞♦ ▲✐♥❣✉✐st✱ ♦ ♠ó❞✉❧♦ ❉❡❝♦❞❡r r❡❛❧✐③❛ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦✱

❣❡r❛♥❞♦ r❡s✉❧t❛❞♦s ✭❘❡s✉❧ts✮✳

❖ ❙♣❤✐♥① ♣❡r♠✐t❡ q✉❡ ✈ár✐♦s ♣❛râ♠❡tr♦s s❡❥❛♠ ❝♦♥✜❣✉r❛❞♦s✱ ✐♥❝❧✉s✐✈❡ ❡♠ t❡♠♣♦ ❞❡

❡①❡❝✉çã♦✱ ✉t✐❧✐③❛♥❞♦ ♦ ♠ó❞✉❧♦ ❈♦♥✜❣✉r❛t✐♦♥ ▼❛♥❛❣❡r✳ P♦r ❡①❡♠♣❧♦✱ ♣♦r ♣❛❞rã♦ ♦ ❙♣❤✐♥①

✉t✐❧✐③❛ ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈ ✭▼❡❧✲❋r❡q✉❡♥❝② ❈❡♣str❛❧ ❈♦❡✣❝✐❡♥ts✮✳ ◆♦ ❡♥t❛♥t♦✱ é ♣♦ssí✈❡❧ ❝♦♥✲

✜❣✉r❛r ♦ ♠ó❞✉❧♦ ❋r♦♥t ❊♥❞✱ ❞❡ ♠♦❞♦ q✉❡ s❡❥❛♠ ❝❛❧❝✉❧❛❞♦s✱ ♣♦r ❡①❡♠♣❧♦✱ ❝♦❡✜❝✐❡♥t❡s P▲P

✭P❡r❝❡♣t✉❛❧ ▲✐♥❡❛r Pr❡❞✐❝t✐♦♥✮✳

❖ ❢r❛♠❡✇♦r❦ ✐♥❝❧✉✐ t❛♠❜é♠ ❛❧❣✉♠❛s ❢❡rr❛♠❡♥t❛s ✭❚♦♦❧s✮ q✉❡ ♣❡r♠✐t❡♠ ♦❜t❡r ❛❧❣✉♠❛s

❡st❛tíst✐❝❛s ❞♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ t❛①❛ ❞❡ ❡rr♦ ❞❡ ♣❛❧❛✈r❛s ❡

s❡♥t❡♥ç❛s✱ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦✱ q✉❛♥t✐❞❛❞❡ ❞❡ ♠❡♠ór✐❛ ✉t✐❧✐③❛❞❛✱ ❡t❝✳

❖ s✉❜✲♠ó❞✉❧♦ ▲❛♥❣✉❛❣❡▼♦❞❡❧✱ q✉❡ ❢❛③ ♣❛rt❡ ❞♦ ♠ó❞✉❧♦ ▲✐♥❣✉✐st✱ ♣r♦✈ê ✉♠❛ ❡str✉t✉r❛

❧✐♥❣✉íst✐❝❛ ❡♠ ♥í✈❡❧ ❞❡ ♣❛❧❛✈r❛ ✭✇♦r❞✲❧❡✈❡❧✮✳ ❖ ❉✐❝t✐♦♥❛r② ❢♦r♥❡❝❡ ❛ ♣r♦♥ú♥❝✐❛ ❞❛s ♣❛❧❛✈r❛s

❞♦ ▲❛♥❣✉❛❣❡▼♦❞❡❧✳ ❊ ♦ s✉❜✲♠ó❞✉❧♦ ❆❝♦✉st✐❝▼♦❞❡❧ r❡❛❧✐③❛ ♦ ♠❛♣❡❛♠❡♥t♦ ❡♥tr❡ ❛s ✉♥✐❞❛❞❡s

❞❡ ❢❛❧❛ ❡ ✉♠ ❍▼▼ q✉❡ ♣♦❞❡ s❡r ✏♣♦♥t✉❛❞♦✑ ❡♠ r❡❧❛çã♦ às ❝❛r❛❝t❡ríst✐❝❛s ❢♦r♥❡❝✐❞❛s ♣❡❧♦

❋r♦♥t❊♥❞✳ ❊sss❡ ♠❛♣❡❛♠❡♥t♦ ♣♦❞❡ ❧❡✈❛r ❡♠ ❝♦♥s✐❞❡r❛çã♦ ✐♥❢♦r♠❛çõ❡s ❞❡ ❝♦♥t❡①t♦ ❡ ♣♦s✐çã♦

♥❛ ♣❛❧❛✈r❛✳ P♦r ❡①❡♠♣❧♦✱ ♥♦ ✉s♦ ❞❡ tr✐❢♦♥❡s✱ ♦ ❝♦♥t❡①t♦ r❡♣r❡s❡♥t❛ ♦s ❢♦♥❡♠❛s à ❡sq✉❡r❞❛ ❡

à ❞✐r❡✐t❛ ❞♦ ❢♦♥❡♠❛ ❡♠ q✉❡stã♦✳ ❆ ♣♦s✐çã♦ ♥❛ ♣❛❧❛✈r❛✱ ❝♦♥s✐❞❡r❛ s❡ ♦ ❢♦♥❡♠❛ ❡stá ♥♦ ✐♥í❝✐♦✱

♠❡✐♦ ♦✉ ✜♠ ❞❛ ♣❛❧❛✈r❛✱ ♦✉ ❛✐♥❞❛✱ s❡ é ✉♠❛ ú♥✐❝❛ ♣❛❧❛✈r❛✳

✺✳✸ ❇❛s❡ ❞❡ ❉❛❞♦s

❆s t❡❝♥♦❧♦❣✐❛s ♠❛✐s ♣r♦♠✐ss♦r❛s ♥❛ ár❡❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱

❍✐❞❞❡♥ ▼❛r❦♦✈ ▼♦❞❡❧s ✭❍▼▼✮ ✉t✐❧✐③❛♠ ♠ét♦❞♦s ❞❡ ♠♦❞❡❧❛❣❡♠ ❡st❛tíst✐❝❛ q✉❡ ❛♣r❡♥❞❡♠

♣♦r ❡①❡♠♣❧♦s✱ ❡ ❞❡✈❡♠ ❝♦♥s✐❞❡r❛r ♥♦ tr❡✐♥❛♠❡♥t♦ ❛s ♣♦ssí✈❡✐s ✈❛r✐❛çõ❡s ❞❛ ❢❛❧❛ ❡ ♦ ❛♠❜✐❡♥t❡

❞❡ ✉t✐❧✐③❛çã♦ ❞♦ ♣r♦❝❡ss♦ ❞♦ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❬✾✶✱ ✶✸✶✱ ✶✸✸✱ ✶✸✽✱ ✶✸✾✱ ✶✹✵❪✳
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❖ ❡❢❡✐t♦ ❝❛✉s❛❞♦ ♣♦r ✈❛r✐á✈❡✐s ♥ã♦ ♠♦❞❡❧❛❞❛s ♦✉ ♠❛❧ ♠♦❞❡❧❛❞❛s ✭t❛✐s ❝♦♠♦ ❞✐❢❡r❡♥ç❛s

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

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

❖✉tr♦ ❢❛t♦r q✉❡ ❞❡✈❡ s❡r ❝♦♥s✐❞❡r❛❞♦ q✉❛♥❞♦ s❡ tr❛t❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ sã♦ ❛s

❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ❡ ❧✐♥❣✉íst✐❝❛s ❞❡ ❝❛❞❛ ✐❞✐♦♠❛✳ ❉✐❢❡r❡♥t❡s ✐❞✐♦♠❛s ♣♦ss✉❡♠ ❞✐❢❡r❡♥✲

t❡s ❢♦♥❡♠❛s✱ t❛♥t♦ ❡♠ ♥ú♠❡r♦ q✉❛♥t♦ ❡♠ ❝❛r❛❝t❡ríst✐❝❛s ✭❞✉r❛çã♦✱ ✐♥t❡♥s✐❞❛❞❡✱ ❡t❝✮✱ ❧♦❣♦

♣❛râ♠❡tr♦s ❡ ❝♦♥✜❣✉r❛çõ❡s q✉❡ ♦❢❡r❡❝❡♠ ❛❧t❛s t❛①❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡♠ ❞❡t❡r♠✐♥❛❞♦

✐❞✐♦♠❛✱ ♣♦❞❡♠ ♥ã♦ s❡r ❛❞❡q✉❛❞♦s ♣❛r❛ ✉♠ ♦✉tr♦✳ ❊♥q✉❛♥t♦ q✉❡✱ ♣❛r❛ ♦ ✐❞✐♦♠❛ ✐♥❣❧ês ❡①✐s✲

t❡♠ ✈ár✐❛s ♣❡sq✉✐s❛s ❡ ❜♦♥s r❡s✉❧t❛❞♦s✱ ♣♦✉❝♦ s❡ t❡♠ ♣❛r❛ ♦ ✐❞✐♦♠❛ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦

❬✹✾✱ ✶✸✶✱ ✶✸✸✱ ✶✸✽✱ ✶✹✵❪✳ P❛r❛ ✉♠ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❡✜❝✐❡♥t❡✱ t♦r♥❛✲s❡ ♥❡✲

❝❡ssár✐❛ ❛ ❛❞❡q✉❛çã♦ ❞♦s ♠♦❞❡❧♦s ❛❝úst✐❝♦s ❡ ❧✐♥❣✉íst✐❝♦s ♣❛r❛ ♦ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦✱ ❛❧é♠

❞❡ t❡st❡s ✈❛r✐❛♥❞♦ ♦s ♣r✐♥❝✐♣❛✐s ♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s ❬✸✽✱ ✶✸✷✱ ✶✸✽✱ ✶✹✵❪✳

❆ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ❜❛s❡s ❞❡ ❞❛❞♦s é ❢❛t♦r ❝♦♥❞✐❝✐♦♥❛♥t❡ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡

s✐st❡♠❛s ❞❡ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❋❛❧❛ ❈♦♥tí♥✉❛✳ ❖ ❝♦♠♣❛rt✐❧❤❛♠❡♥t♦ ❞❡ ❜❛s❡s ❞❡ ❞❛❞♦s ❡♥✲

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

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

❡①❡♠♣❧♦s ❡♠ ♥ú♠❡r♦ s✉✜❝✐❡♥t❡ ♣❛r❛ q✉❡ ♦s ♠ét♦❞♦s ❡st❛tíst✐❝♦s ❢✉♥❝✐♦♥❡♠ ❛❞❡q✉❛❞❛♠❡♥t❡✱

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

t❡♠♣♦ ❞❡s♣❡♥❞✐❞♦ ♣❛r❛ s✉❛ ❝♦♥str✉çã♦✱ q✉❛♥t♦ ❡♠ t❡r♠♦s ✜♥❛♥❝❡✐r♦s✳ ❊st❡s ❛❧t♦s ❝✉st♦s só

♣♦❞❡♠ s❡r ❛r❝❛❞♦s ♣♦r ✉♠ ❡s❢♦rç♦ ❝♦♥❥✉♥t♦ ❞❡ ❡♠♣r❡s❛s✱ ✐♥st✐t✉✐çõ❡s ❞❡ ♣❡sq✉✐s❛ ❡ ❛❣ê♥❝✐❛s

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

❬✸✽❪✳ P❛r❛ ❡♥✈♦❧✈❡r ✉♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❛❣❡♥t❡s ♥❡st❡ ♣r♦❝❡ss♦✱ é ♥❡❝❡ssár✐♦ q✉❡ ❛ ❜❛s❡ ❞❡

❞❛❞♦s ♥ã♦ s❡❥❛ ❞✐r❡❝✐♦♥❛❞❛ ❛ ✉♠ s✐st❡♠❛ ♦✉ t❛r❡❢❛ ❡s♣❡❝í✜❝♦s✱ ♠❛s ♦❜❥❡t✐✈❡ ❛t❡♥❞❡r às ♥❡✲

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

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

❡st✉❞♦s ❧✐♥❣✉íst✐❝♦s✱ ❡t❝✳✮ ❬✸✽✱ ✾✶✱ ✶✹✶✱ ✶✹✷❪✳

◆❛ ❊✉r♦♣❛✱ ♦ ♣r♦❥❡t♦ ❊❯❘❖▼❊❴✶ ❝♦♥❣r❡❣♦✉ ❡s❢♦rç♦s ❞❡ ✽ ♣❛ís❡s ❡✉r♦♣❡✉s✿ ■tá❧✐❛✱ ■♥❣❧❛✲

t❡rr❛✱ ❆❧❡♠❛♥❤❛✱ ❍♦❧❛♥❞❛✱ ❉✐♥❛♠❛r❝❛✱ ❙✉é❝✐❛✱ ◆♦r✉❡❣❛ ❡ ❋r❛♥ç❛✱ ❝♦♠ ❛ ❛❞❡sã♦ ♣♦st❡r✐♦r ❞❡

●ré❝✐❛✱ ❊s♣❛♥❤❛ ❡ P♦rt✉❣❛❧✳ ❆ ❜❛s❡ ❞❡ ❞❛❞♦s ❢♦✐ ❝r✐❛❞❛ ❝♦♠ ♦ ♠❡s♠♦ ♥ú♠❡r♦ ❞❡ ❧♦❝✉t♦r❡s

✭✸✵ ❤♦♠❡♥s ❡ ✸✵ ♠✉❧❤❡r❡s✮✱ ❡s❝♦❧❤✐❞♦s ❛ ♣❛rt✐r ❞♦s ♠❡s♠♦s ❝r✐tér✐♦s ❡ ❣r❛✈❛❞♦s ❡♠ ❝♦♥❞✐çõ❡s

❛❝úst✐❝❛s s❡♠❡❧❤❛♥t❡s✱ ❡ ♥♦ ♠❡s♠♦ ❢♦r♠❛t♦✳

❊♠ P♦rt✉❣❛❧✱ ❢♦✐ ❝r✐❛❞❛ ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❝❤❛♠❛❞❛ ❇❉✲P❯❇▲■❈❖ ✭❇❛s❡ ❞❡ ❉❛❞♦s

❡♠ P♦rt✉❣✉ês ❡❯r♦♣❡✉✱ ✈♦❝❛❇✉❧ár✐♦ ▲❛r❣♦✱ ■♥❞❡♣❡♥❞❡♥t❡ ❞♦ ♦r❛❞♦r ❡ ❢❛❧❛ ❈❖♥tí♥✉❛✮✱ ❝♦♠

❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✵ ♠✐❧❤õ❡s ❞❡ ♣❛❧❛✈r❛s ❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✺✻ ♠✐❧ ❢r❛s❡s✱ ♣r♦♥✉♥❝✐❛❞❛s

♣♦r ✶✷✵ ❧♦❝✉t♦r❡s ✭✻✵ ❞❡ ❝❛❞❛ ❣ê♥❡r♦✮✳ ❈♦♠♦ ♥ã♦ ♣♦❞❡r✐❛ ❞❡✐①❛r ❞❡ s❡r✱ ❡st❛ ❜❛s❡ ❢♦✐ ❝♦♥✲

❢❡❝❝✐♦♥❛❞❛ ❛ ♣❛rt✐r ❞♦ ❡s❢♦rç♦ ❝♦♥❥✉♥t♦ ❞❡ ✐♥st✐t✉✐çõ❡s ❞❡ ♣❡sq✉✐s❛✱ ór❣ã♦s ❣♦✈❡r♥❛♠❡♥t❛✐s ❡

t❛♠❜é♠ ❡♠♣r❡s❛s ❞♦ s❡t♦r ♣r✐✈❛❞♦✳

◆♦s ❊❯❆✱ t❛♠❜é♠ ❢♦✐ ❢❡✐t♦ ✉♠ ❣r❛♥❞❡ ❡s❢♦rç♦ ♥❡st❡ s❡♥t✐❞♦✱ ❡ ❥á ❡①✐st❡♠ ❞✐s♣♦♥í✈❡✐s

♥♦ ❞♦♠í♥✐♦ ♣ú❜❧✐❝♦✱ ✈ár✐❛s ❜❛s❡s ❞❡ ❞❛❞♦s ♣❛r❛ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡ t❡st❡ ❞❡ s✐st❡♠❛s✱ ♣♦r

❡①❡♠♣❧♦✿ ❚■▼■❚✱ ❚■✲❉■●■❚❙✱ ❙❲■❚❈❍❇❖❆❘❉✳



✺✳✹ ❆❉❆P❚❆➬➹❖ ❉❆ ❇❆❙❊ ❉❊ ❉❆❉❖❙ ✼✸

❆ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ss❛s ❜❛s❡s ✐♠♣✉❧s✐♦♥♦✉ ❞❡ ❢♦r♠❛ ❡①♣r❡ss✐✈❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛

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

♣ró♣r✐❛s ❜❛s❡s ❞❡ ❞❛❞♦s✱ ✉♠ tr❛❜❛❧❤♦ ♣♦r s✐ só ❡①tr❡♠❛♠❡♥t❡ ár❞✉♦✱ ❝❛r♦ ❡ ❞❡♠♦r❛❞♦✱

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

❡st❛t✐st✐❝❛♠❡♥t❡ s✐❣♥✐✜❝❛t✐✈❛✳

P❛r❛ ♦ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦✱ ♥♦ ❡♥t❛♥t♦✱ ❛✐♥❞❛ ❤á ✉♠❛ ❣r❛♥❞❡ ❝❛rê♥❝✐❛ ❞❡ ❜❛s❡s ❝♦♠✉♥s✱

❞❡ ❢♦r♠❛ q✉❡ ❛♣❡♥❛s ✐♥✐❝✐❛t✐✈❛s ✐♥❞✐✈✐❞✉❛✐s ❞❡ ❝❡♥tr♦s ❞❡ ♣❡sq✉✐s❛ sã♦ ❡✈❡♥t✉❛❧♠❡♥t❡ ❡♥❝♦♥✲

tr❛❞❛s ❬✶✹✸✱ ✶✹✹✱ ✶✹✺❪✳

◆❡st❡ tr❛❜❛❧❤♦✱ ❢♦✐ ✉t✐❧✐③❛❞❛ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞❡s❡♥✈♦❧✈✐❞❛ ♣♦r ❨♥♦❣✉t✐ ❡ ❱✐♦❧❛r♦ ❡♠

❬✶✹✸❪✳ ❖♣t♦✉✲s❡ ♣❡❧♦ ✉s♦ ❞❡ss❛ ❜❛s❡✱ ✉♠❛ ✈❡③ q✉❡ s✉❛ ❡str✉t✉r❛ é ❛❞❡q✉❛❞❛ ♣❛r❛ ♦ t❡st❡ ❞❡

❛♣❧✐❝❛çõ❡s ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛✳ ❆ ❜❛s❡ é ❢♦r♠❛❞❛ ♣♦r ❞✐❢❡r❡♥t❡s ❧♦❝✉t♦r❡s✿

❢♦r❛♠ ❣r❛✈❛❞❛s ❛♠♦str❛s ❞❡ ✈♦③ ❝♦♠ ✹✻ ❧♦❝✉t♦r❡s✱ s❡♥❞♦ ✷✹ ❞♦ ❣ê♥❡r♦ ♠❛s❝✉❧✐♥♦ ❡ ✷✷ ❞♦

❢❡♠✐♥✐♥♦✱ ❞❡ ❞✐❢❡r❡♥t❡s ✐❞❛❞❡s ✭✶✽ ❛ ✻✵ ❛♥♦s✮✱ ❣r❛✉s ❞❡ ✐♥str✉çã♦ ❡ ❝✐❞❛❞❡s ❞♦ ❇r❛s✐❧✳ ❆❧é♠

❞✐ss♦✱ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ✷✵✵ ❢r❛s❡s ❢♦♥❡t✐❝❛♠❡♥t❡ ❜❛❧❛♥❝❡❛❞❛s ❬✶✹✷❪✳ ❖✉tr♦ ♠♦t✐✈♦ q✉❡ ❝♦♥✲

tr✐❜✉✐✉ ♣❛r❛ ❡s❝♦❧❤❛ ❞❛ ❜❛s❡ ❢♦✐ s✉❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✳ ❆s ❢r❛s❡s q✉❡ ❢♦r♠❛♠ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s

❡ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦s ❧♦❝✉t♦r❡s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ♥♦ ❆♣ê♥❞✐❝❡ ❆

❆ ❜❛s❡ ❞❡ ❞❛❞♦s ❡r❛ ❝♦♠♣♦st❛ ♣♦r✿

• ✶✻✵✵ ❛rq✉✐✈♦s ❞❡ á✉❞✐♦ ♥♦ ❢♦r♠❛t♦ ❲❆❱ ❝♦♠ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✶✶ ❑❍③ ❡

r❡s♦❧✉çã♦ ❞❡ ✶✻ ❜✐ts❀

• ❘❡s♣❡❝t✐✈♦s ❛rq✉✐✈♦s ❞❡ tr❛♥s❝r✐çã♦ ❢♦♥ét✐❝❛❀

• ❉✐❝✐♦♥ár✐♦ ❢♦♥ét✐❝♦ ✭❢♦♥❡♠❛s✮❀

• ❉✐❝✐♦♥ár✐♦ ✭♣❛❧❛✈r❛s ❞♦ ✈♦❝❛❜✉❧ár✐♦✮✳

❖ ❞✐❝✐♦♥ár✐♦ ❝♦♥s✐st❡ ❞❡ ✉♠ ❛rq✉✐✈♦ ❝♦♥t❡♥❞♦ t♦❞❛s ❛s ♣❛❧❛✈r❛s ❞♦ ✈♦❝❛❜✉❧ár✐♦ ❝♦♠

s✉❛s r❡s♣❡❝t✐✈❛s tr❛♥s❝r✐çõ❡s ❢♦♥ét✐❝❛s✳ ◆❛ ❋✐❣✉r❛ ✺✳✸✱ é ❛♣r❡s❡♥t❛❞❛ ♣❛rt❡ ❞♦ ❛rq✉✐✈♦ ❞❡

❉✐❝✐♦♥ár✐♦✳

❆ tr❛♥s❝r✐çã♦ ❢♦♥ét✐❝❛ r❡♣r❡s❡♥t❛ ❛ s❡q✉ê♥❝✐❛ ❞❡ ❢♦♥❡♠❛s q✉❡ ❝♦♥st✐t✉✐ ❝❛❞❛ ♣❛❧❛✈r❛✳ ❱❛❧❡

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

❢♦♥ét✐❝❛✱ ❝♦♥t❡♠♣❧❛♥❞♦ ❛ss✐♠ ❛s ✈❛r✐❛çõ❡s ❞❛ ♣r♦♥ú♥❝✐❛✱ ê♥❢❛s❡✱ s♦t❛q✉❡s ❧♦❝❛✐s✱ ❡♥tr❡ ♦✉tr♦s

❢❛t♦r❡s✳ ❆ ❡str✉t✉r❛ ❞♦ ❛rq✉✐✈♦ ❞❡ ❞✐❝✐♦♥ár✐♦ é ❛ s❡❣✉✐♥t❡✿
tr❛♥s❝✳ ❣rá✜❝❛ ✴ tr❛♥s❝✳ ❢♦♥ét✐❝❛ ✴ ♠é❞✐❛ ❞❛ ❞✉r❛çã♦ ✭♠s✮ ✴ ❞❡s✈✐♦ ♣❛❞rã♦ ❞❛ ❞✉r❛çã♦

✺✳✹ ❆❞❛♣t❛çã♦ ❞❛ ❇❛s❡ ❞❡ ❉❛❞♦s

❉❡✈✐❞♦ à ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛ ❡str✉t✉r❛ ❞♦s ❛rq✉✐✈♦s ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ♦r✐❣✐♥❛❧ ❡ ❛ ❡str✉t✉r❛

✉t✐❧✐③❛❞❛ ♣❡❧♦ ❙♣❤✐♥①✱ ❢♦✐ ♥❡❝❡ssár✐♦ r❡❛❧✐③❛r ❛❧❣✉♠❛s ❛❞❛♣t❛çõ❡s ♥❛ ❜❛s❡ ❞❡ ❞❛❞♦s ♣❛r❛

♣❡r♠✐t✐r ♦s t❡st❡s ♥♦ ❙♣❤✐♥①✳ ❚❛✐s ❛❞❛♣t❛çõ❡s s❡rã♦ ❞❡s❝r✐t❛s ♥❡st❛ s❡çã♦✳



✺✳✹ ❆❉❆P❚❆➬➹❖ ❉❆ ❇❆❙❊ ❉❊ ❉❆❉❖❙ ✼✹

❋✐❣✉r❛ ✺✳✸✿ ❋♦r♠❛t♦ ❞♦ ❞✐❝✐♦♥ár✐♦ ♦r✐❣✐♥❛❧✳

❖ ❙♣❤✐♥① ♣♦ss✉✐ ✉♠ ♠ó❞✉❧♦ ❡s♣❡❝í✜❝♦ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❛ ❡t❛♣❛ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ♦

❙♣❤✐♥①✲✸ ❚r❛✐♥❡r✳ P❛r❛ r❡❛❧✐③❛r ♦ tr❡✐♥❛♠❡♥t♦✱ é ♥❡❝❡ssár✐♦ ❢♦r♥❡❝❡r ♦s s❡❣✉✐♥t❡s ❛rq✉✐✈♦s✿

✶✳ ➪✉❞✐♦ ♣❛r❛ tr❡✐♥❛♠❡♥t♦❀

✷✳ ❚r❛♥s❝r✐çã♦ ❢♦♥ét✐❝❛ ❞♦s r❡s♣❡❝t✐✈♦s ❛rq✉✐✈♦s ❞❡ á✉❞✐♦❀

✸✳ ❉✐❝✐♦♥ár✐♦❀

✹✳ ❋♦♥❡♠❛s❀

✺✳ ❋♦♥❡♠❛s ✐♥t❡r✲♣❛❧❛✈r❛s ✭❋✐❧❧❡r✮❀

✻✳ ▼♦❞❡❧♦ ▲✐♥❣✉íst✐❝♦✳

❖ ❉✐❝✐♦♥ár✐♦ ❝♦♥s✐st❡ ♥♦ ✈♦❝❛❜✉❧ár✐♦ ❞♦ s✐st❡♠❛✱ s❡♥❞♦ q✉❡ ❝❛❞❛ ♣❛❧❛✈r❛ ♣♦❞❡ t❡r ♠❛✐s

❞❡ ✉♠❛ tr❛♥s❝r✐çã♦ ❢♦♥ét✐❝❛✳ ❆ tr❛♥s❝r✐çã♦ é r❡❛❧✐③❛❞❛ ❝♦♠ ❜❛s❡ ♥♦s ❢♦♥❡♠❛s ❡ ♥♦s ❢♦♥❡♠❛s

✐♥t❡r✲♣❛❧❛✈r❛s✳ ❊ss❡s ú❧t✐♠♦s ❝♦rr❡s♣♦♥❞❡♠ ❛ ❢♦♥❡♠❛s q✉❡ ♥ã♦ r❡♣r❡s❡♥t❛♠ s♦♥s ❞❛ ❢❛❧❛✱

♣♦r ❡①❡♠♣❧♦✱ s✐❧ê♥❝✐♦ ♥♦ ✐♥í❝✐♦ ❡ ✜♠ ❞❡ s❡♥t❡♥ç❛s✱ ♦✉ ❛✐♥❞❛✱ ❛s ♣❛✉s❛s ❡♥tr❡ ❛s ♣❛❧❛✈r❛s ❞❛

♠❡s♠❛ s❡♥t❡♥ç❛✳

P❛r❛ r❡❛❧✐③❛çã♦ ❞♦s t❡st❡s ❝♦♠ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ♥♦ ❙♣❤✐♥①✱ ❢♦r❛♠ ♥❡❝❡ssár✐❛s ❛s s❡❣✉✐♥t❡s

❛❞❛♣t❛çõ❡s✿

✶✳ ❋♦r♠❛t♦ ❞♦s ❛rq✉✐✈♦s ❞❡ tr❛♥s❝r✐çã♦❀

✷✳ ❚r❛t❛♠❡♥t♦ ❞❡ ❞✐❢❡r❡♥t❡s tr❛♥s❝r✐çõ❡s ♣❛r❛ ♠❡s♠❛ ♣❛❧❛✈r❛ ♥♦ ❉✐❝✐♦♥ár✐♦❀

✸✳ ❚r❛t❛♠❡♥t♦ ❞❡ ❞✐❢❡r❡♥t❡s ❢♦♥❡♠❛s ✉t✐❧✐③❛♥❞♦ ♦ ♠❡s♠♦ ❝❛r❛❝t❡r❡❀

✹✳ ❈♦♥str✉çã♦ ❞♦ ▼♦❞❡❧♦ ▲✐♥❣✉íst✐❝♦✳



✺✳✹ ❆❉❆P❚❆➬➹❖ ❉❆ ❇❆❙❊ ❉❊ ❉❆❉❖❙ ✼✺

✺✳✹✳✶ ❆rq✉✐✈♦s ❞❡ tr❛♥s❝r✐çã♦

❆♦ ❝♦♥trár✐♦ ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ♦r✐❣✐♥❛❧✱ q✉❡ ✉t✐❧✐③❛ ✉♠ ❛rq✉✐✈♦ ❞❡ tr❛♥s❝r✐çã♦ ♣❛r❛ ❝❛❞❛

❛rq✉✐✈♦ ❞❡ á✉❞✐♦✱ ♥♦ ❙♣❤✐♥① ❡①✐st❡ ✉♠ ú♥✐❝♦ ❛rq✉✐✈♦ ♥♦ q✉❛❧ ❡stã♦ t♦❞❛s ❛s tr❛♥s❝r✐çõ❡s✳

◆❡ss❡ ❛rq✉✐✈♦✱ ♥ã♦ sã♦ ✉t✐❧✐③❛❞♦s ❝❛r❛❝t❡r❡s ❞❡ ♣♦♥t✉❛çã♦ ✭♣♦♥t♦✱ ✈ír❣✉❧❛✱ ❡①❝❧❛♠❛çã♦✱ ❡t❝✮✱

❝❛❞❛ ❧✐♥❤❛ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ❛rq✉✐✈♦ ❞❡ á✉❞✐♦✱ ❝✉❥♦ ♥♦♠❡ é ✐♥❢♦r♠❛❞♦ ♥♦ ✜♥❛❧ ❞❛ ❧✐♥❤❛ ❡

❡♥tr❡ ♣❛rê♥t❡s❡s✳

❚❛♠❜é♠ ❢♦✐ ♥❡❝❡ssár✐♦ s✐♥❛❧✐③❛r ♦s ✐♥t❡r✈❛❧♦s ❞❡ s✐❧ê♥❝✐♦ ♥♦ ✐♥í❝✐♦✱ ✜♠ ❡ ❡♥tr❡ ❛s ♣❛❧❛✈r❛s ❞❡

✉♠❛ s❡♥t❡♥ç❛✳ ◆❛ ❋✐❣✉r❛ ✺✳✹✱ é ✐❧✉str❛❞❛ ♣❛rt❡ ❞♦ ❛rq✉✐✈♦ ❞❡ tr❛♥s❝r✐çã♦ ❣❡r❛❞♦ ♥♦ ❢♦r♠❛t♦

❞♦ ❙♣❤✐♥①✳

❋✐❣✉r❛ ✺✳✹✿ ❋♦r♠❛t♦ ❞♦ ❛rq✉✐✈♦ ❞❡ tr❛♥s❝r✐çã♦ ❣❡r❛❞♦✳

✺✳✹✳✷ ❉✐❢❡r❡♥t❡s tr❛♥s❝r✐çõ❡s

❆❧❣✉♠❛s ♣❛❧❛✈r❛s ♣♦ss✉❡♠ ♠❛✐s ❞❡ ✉♠❛ tr❛♥s❝r✐çã♦ ❢♦♥ét✐❝❛✳ ■ss♦ ♣♦❞❡ ♦❝♦rr❡r ❞❡✈✐❞♦ ❛

❞✐✈❡rs♦s ❢❛t♦r❡s✿ s♦t❛q✉❡ r❡❣✐♦♥❛❧✱ ✈❡❧♦❝✐❞❛❞❡ ❞❛ ♣r♦♥ú♥❝✐❛✱ ❢✉sã♦ ❝♦♠ ❢♦♥❡♠❛s ❞❡ ♣❛❧❛✈r❛s

❛♥t❡r✐♦r❡s ♦✉ ♣♦st❡r✐♦r❡s✱ ❞❡✈✐❞♦ ❛♦ ❡❢❡✐t♦ ❞❛ ❝♦❛rt✐❝✉❧❛çã♦✱ ❞❡♥tr❡ ♦✉tr♦s✳

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

tr❛❞♦ ♥♦ ❉✐❝✐♦♥ár✐♦✳ ◆♦ ❙♣❤✐♥①✱ ✐ss♦ é ✐♥❢♦r♠❛❞♦ ♥✉♠❡r❛♥❞♦✲s❡ ❛ ♣❛rt✐r ❞❛ s❡❣✉♥❞❛ ♦❝♦r✲

rê♥❝✐❛ ❞❛ ♣❛❧❛✈r❛✳ ◆❛ ❋✐❣✉r❛ ✺✳✺✱ é ❛♣r❡s❡♥t❛❞❛ ♣❛rt❡ ❞♦ ❉✐❝✐♦♥ár✐♦ ♥♦s q✉❛✐s sã♦ tr❛t❛❞❛s

❛s ❞✐❢❡r❡♥t❡s ♣r♦♥ú♥❝✐❛s ❞❛s ♣❛❧❛✈r❛s ✏❝❡❧❡❜r✐❞❛❞❡s✑ ❡ ✏❝❡rt❛s✑✳

➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♥❛ ❋✐❣✉r❛ ✺✳✺ ❛s ❞✐❢❡r❡♥t❡s tr❛♥s❝r✐çõ❡s ❢♦♥ét✐❝❛s ✭✈❛r✐❛çõ❡s ♥❛ ♣r♦✲

♥ú♥❝✐❛✮ ♣❛r❛ ❛s ♣❛❧❛✈r❛s ❞❡st❛❝❛❞❛s✳
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❋✐❣✉r❛ ✺✳✺✿ ❋♦r♠❛t♦ ❞♦ ❞✐❝✐♦♥ár✐♦ ♠♦❞✐✜❝❛❞♦✳

✺✳✹✳✸ ❉✐❢❡r❡♥t❡s ❢♦♥❡♠❛s

◆♦ ❛rq✉✐✈♦ ❞❡ ❢♦♥❡♠❛s sã♦ ❛r♠❛③❡♥❛❞♦s ♦s ❢♦♥❡♠❛s ✉t✐❧✐③❛❞♦s ♥❛ tr❛♥s❝r✐çã♦ ❢♦♥ét✐❝❛ ❞❛s

♣❛❧❛✈r❛s ❞♦ ❉✐❝✐♦♥ár✐♦ ❡ ❞❛s s❡♥t❡♥ç❛s ❞♦s ❛rq✉✐✈♦s ❞❡ á✉❞✐♦✳ ◆♦ ❛rq✉✐✈♦ ♦r✐❣✐♥❛❧ ❞❛ ❜❛s❡ ❞❡

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

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

♠❡♥♦r ✐♥t❡♥s✐❞❛❞❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P♦r ❡①❡♠♣❧♦✿

❋♦♥❡♠❛ ❘❡♣r❡s❡♥t❛çã♦ ❊①❡♠♣❧♦

✴❡✴ ❡ ♣êss❡❣♦

✴é✴ ❊ ❜❡rr♦✱ ❝❛❢é

❈♦♥t✉❞♦✱ ♦ ❙♣❤✐♥① ♥ã♦ ❢❛③ ❞✐st✐♥çã♦ ❡♥tr❡ ❝❛r❛❝t❡r❡s ♠❛✐ús❝✉❧♦s ❡ ♠✐♥ús❝✉❧♦s✱ ❡ ❛ss✐♠✱

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

❝♦♥s✐❞❡r❛❞♦s ❞✉♣❧✐❝❛çõ❡s ♥♦ ❛rq✉✐✈♦ ❞❡ ❋♦♥❡♠❛s ❡ ❡r❛ ❣❡r❛❞♦ ✉♠ ❡rr♦ ❞✉r❛♥t❡ ♦ ✐♥í❝✐♦ ❞❛

❡t❛♣❛ ❞❡ tr❡✐♥❛♠❡♥t♦✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ✐ss♦ t❛♠❜é♠ ♣r♦♣❛❣❛✈❛ ❡rr♦s ♥♦ ❉✐❝✐♦♥ár✐♦ ❡ ♥♦

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

P❛r❛ r❡s♦❧✈❡r ❡ss❛ s✐t✉❛çã♦✱ ❢♦✐ ❛❞♦t❛❞❛ ❛ s❡❣✉✐♥t❡ ❡str❛té❣✐❛✿ ❡♠ ❢♦♥❡♠❛s r❡♣r❡s❡♥t❛❞♦s

♣♦r ✉♠ ❝❛r❛❝t❡r❡ ❥á ✉t✐❧✐③❛❞♦ ✭♠✉❞❛♥❞♦ ❛♣❡♥❛s ♦ ❝❛s❡✮✱ ♦ ❢♦♥❡♠❛ ♠❛✐s ❢♦rt❡ ♣❛ss❛r✐❛ ❛ s❡r

r❡♣r❡s❡♥t❛❞♦ ♣❡❧♦ ♠❡s♠♦ ❝❛r❛❝t❡r❡✱ só q✉❡ ❞✉♣❧✐❝❛❞♦✳ ❈❛s♦ ❡ss❛ r❡♣r❡s❡♥t❛çã♦ ❥á ❡①✐st✐ss❡✱
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❡r❛ ❛❝r❡s❝❡♥t❛❞♦ ♠❛✐s ✉♠ ❝❛r❛❝t❡r❡✱ q✉❡ ❛❣♦r❛ s❡r✐❛ tr✐♣❧✐❝❛❞♦✳ ❚❛❧ ❡str❛té❣✐❛ é ❡s❝❛❧á✈❡❧✱

♣❡r♠✐t✐♥❞♦ ♦ tr❛t❛♠❡♥t♦ ❞❡ ♥♦✈♦s ❢♦♥❡♠❛s✳ ❖✉tr❛ ❡①✐❣ê♥❝✐❛ ❞♦ ❙♣❤✐♥① é q✉❡ ♦ ❢♦♥❡♠❛ r❡❢❡✲

r❡♥t❡ ❛♦ s✐❧ê♥❝✐♦ ❡st❡❥❛ ♣r❡s❡♥t❡ ♥❡st❡ ❛rq✉✐✈♦✳ ◆❛ ❋✐❣✉r❛ ✺✳✻✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❛rq✉✐✈♦s

❞❡ ❋♦♥❡♠❛s ♦r✐❣✐♥❛❧ ❡ ♠♦❞✐✜❝❛❞♦✳ ◆❛ ❋✐❣✉r❛ t❛♠❜é♠ é ❞❡st❛❝❛❞♦ ♦ ❝❛s♦ ❡s♣❡❝✐❛❧ ♥♦ q✉❛❧ ♦

❝❛r❛❝t❡r❡ ♣r❡❝✐s♦✉ s❡r tr✐♣❧✐❝❛❞♦✱ ✉♠❛ ✈❡③ q✉❡✱ ♦ ❢♦♥❡♠❛ ✏rr✑ ❥á ❡①✐st✐❛✳

❋✐❣✉r❛ ✺✳✻✿ ❆rq✉✐✈♦ ❞❡ ❋♦♥❡♠❛s ♦r✐❣✐♥❛❧ ❡ ♠♦❞✐✜❝❛❞♦✳

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

❉✐❝✐♦♥ár✐♦ ❡ ♦ ❛rq✉✐✈♦ ❞❡ tr❛♥s❝r✐çã♦✳

✺✳✹✳✹ ❈♦♥str✉çã♦ ❞♦ ▼♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦

❯♠ ♦✉tr♦ ❡❧❡♠❡♥t♦ ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ r❡❛❧✐③❛çã♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ é ♦

▼♦❞❡❧♦ ▲✐♥❣✉íst✐❝♦ ✭▼▲✮✳ ❆ ❜❛s❡ ❞❡ ❞❛❞♦s ♦r✐❣✐♥❛❧ ♥ã♦ ♦❢❡r❡❝✐❛ ✉♠ ▼▲✱ ♦ q✉❛❧ t❡✈❡ q✉❡ s❡r

❣❡r❛❞♦✳

P❛r❛ ❡st❛ t❛r❡❢❛✱ ❢♦✐ ✉t✐❧✐③❛❞❛ ✉♠❛ ❢❡rr❛♠❡♥t❛ ❧♠t♦♦❧ ❞♦ ♣ró♣r✐♦ ❙♣❤✐♥① ❞✐s♣♦♥í✈❡❧ ❡♠✿ ❬✶✹✻❪✳

❈♦♠ ❜❛s❡ ♥♦ ❝♦r♣✉s ❞❡ s❡♥t❡♥ç❛s ❞♦ s✐st❡♠❛✱ ❢♦✐ ❝♦♥str✉í❞♦ ♦ ▼▲ ✉t✐❧✐③❛♥❞♦ ♦ ♠♦❞❡❧♦ ◆✲

❣r❛♠✳ ◆❛ ❋✐❣✉r❛ ✺✳✼✱ sã♦ ✐❧✉str❛❞❛s ❛s ♣❛rt❡s ✐♥✐❝✐❛✐s ❞❡ ❝❛❞❛ ♠♦❞❡❧♦ ✭✶✲❣r❛♠✱ ✷✲❣r❛♠✱

✸✲❣r❛♠✮ ❞♦ ▼▲ ❣❡r❛❞♦ ♣❡❧❛ ❢❡rr❛♠❡♥t❛✳

❖ ❛rq✉✐✈♦ ❣❡r❛❞♦ ♣❡❧❛ ❢❡rr❛♠❡♥t❛ ❧♠t♦♦❧ é ♥♦ ❢♦r♠❛t♦ t❡①t♦✳ ❈♦♥t✉❞♦✱ ♦ ❙♣❤✐♥① ✉t✐❧✐③❛

♦ ♣❛❞rã♦ ❆❘P❆✱ ❝✉❥♦ ❢♦r♠❛t♦ ❞♦ ❛rq✉✐✈♦ é ❉▼P✳ P❛r❛ r❡❛❧✐③❛r ❡ss❛ ❝♦♥✈❡rsã♦✱ é ❞✐s♣♦♥✐❜✐✲



✺✳✹ ❆❉❆P❚❆➬➹❖ ❉❆ ❇❆❙❊ ❉❊ ❉❆❉❖❙ ✼✽

❋✐❣✉r❛ ✺✳✼✿ ▼♦❞❡❧♦ ▲✐♥❣✉íst✐❝♦ ❣❡r❛❞♦✳

❧✐③❛❞❛ ❛ ❢❡rr❛♠❡♥t❛ s♣❤✐♥①❴❧♠❴❝♦♥✈❡rt✳

✺✳✹✳✺ ❱❛❧✐❞❛çã♦ ❞❛s ❛❞❛♣t❛çõ❡s r❡❛❧✐③❛❞❛s

❯♠❛ ✈❡③ r❡❛❧✐③❛❞❛s ❛s ♠♦❞✐✜❝❛çõ❡s ❛♣r❡s❡♥t❛❞❛s ♥❛s s❡çõ❡s ❛♥t❡r✐♦r❡s✱ ❛ ❡t❛♣❛ s❡❣✉✐♥t❡

❝♦♥s✐st✐✉ ❞❛ ✈❛❧✐❞❛çã♦ ❞❡ss❛s✱ ❡❢❡t✉❛♥❞♦✲s❡ tr❡✐♥❛♠❡♥t♦s ❡ t❡st❡s ❝♦♠ ❛ ♥♦✈❛ ✈❡rsã♦ ❞❛ ❜❛s❡

❞❡ ❞❛❞♦s✳

P❛r❛ ✐ss♦✱ ❛ ♠♦❞❡❧❛❣❡♠ ✉t✐❧✐③❛❞❛ ❢♦✐✿

• ❍▼▼ ❝♦♥tí♥✉♦s ❝♦♠ ✸ ❡st❛❞♦s ♣❛r❛ ❝❛❞❛ ❢♦♥❡♠❛

• ✶✸ ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s

• ✹✵ ✜❧tr♦s ♠❡❧✲❝❡♣str❛✐s

◆❛ ❡t❛♣❛ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ✶✷✵✵ ❛rq✉✐✈♦s ❞❡ á✉❞✐♦ ❝♦♥t❡♥❞♦ ❞✐❢❡r❡♥t❡s

♦❝♦rrê♥❝✐❛s ❞❛s ✷✵✵ s❡♥t❡♥ç❛s q✉❡ ❢♦r♠❛♠ ♦ ❝♦r♣✉s ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ♦s

♥♦✈♦s ❛rq✉✐✈♦s ❞❡✿

• ❚r❛♥s❝r✐çã♦ ❢♦♥ét✐❝❛ ✭❛❣♦r❛ ❡♠ ✉♠ ú♥✐❝♦ ❛rq✉✐✈♦✮❀

• ❉✐❝✐♦♥ár✐♦❀

• ❋♦♥❡♠❛s❀

• ❋♦♥❡♠❛s ✐♥t❡r✲♣❛❧❛✈r❛s ✭❋✐❧❧❡r✮❀
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• ▼♦❞❡❧♦ ▲✐♥❣✉íst✐❝♦✳

◆❛ ❡t❛♣❛ ❞❡ t❡st❡✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ✹✵ ❛rq✉✐✈♦s ❞❡ á✉❞✐♦ ♦❜t❡♥❞♦ ✉♠❛ t❛①❛ ❞❡ ✾✷✱✽✪ ❞❡

r❡❝♦♥❤❡❝✐♠❡♥t♦ ♣❛r❛ ♣❛❧❛✈r❛s ❡ ✽✵✪ ♣❛r❛ s❡♥t❡♥ç❛s✳ ❉✐❛♥t❡ ❞❡ss❡s r❡s✉❧t❛❞♦s✱ ♣♦❞❡✲s❡ ❝♦♥✲

s✐❞❡r❛r q✉❡ ❛s ❛❞❡q✉❛çõ❡s ❡❢❡t✉❛❞❛s ❢♦r❛♠ ✈❛❧✐❞❛❞❛s✳

✺✳✺ ❈❡♥ár✐♦s ❞❡ ❚❡st❡s

❈♦♠♦ ❝✐t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♥❡st❡ tr❛❜❛❧❤♦ ❢♦✐ r❡❛❧✐③❛❞❛ ✉♠❛ ✐♥✈❡st✐❣❛çã♦ ❞❛ ❝♦♥✜❣✉r❛çã♦ ❡

♣❛râ♠❡tr♦s ♠❛✐s ❛❞❡q✉❛❞♦s ♣❛r❛ ♠♦❞❡❧❛❣❡♠ ❛❝úst✐❝❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ♣♦rt✉✲

❣✉ês ❜r❛s✐❧❡✐r♦ ❡ ❛s ❧✐♠✐t❛çõ❡s ❞♦ ❝♦♥t❡①t♦ ❡♠❜✉t✐❞♦✳ ❖s t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ✉t✐❧✐③❛♥❞♦ ♦

❢r❛♠❡✇♦r❦ ❙♣❤✐♥①✸ ❡♠ ✉♠❛ ♠áq✉✐♥❛ ❝♦♠ ♣r♦❝❡ss❛❞♦r ❆▼❉ ❚✉r✐♦♥ ❳✷ ❞❡ ✽✵✵ ▼❍③ ❡ ✷ ●❇

❞❡ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧✳ ❈♦♠♦ ❢♦✐ ❞❡s❝r✐t♦ ♥❛ ❙❡çã♦ ✺✳✸✱ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛ é ❝♦♠♣♦st❛

♣♦r ✷✵✵ ❢r❛s❡s ❢♦♥❡t✐❝❛♠❡♥t❡ ❜❛❧❛♥❝❡❛❞❛s✱ ♣r♦♥✉♥❝✐❛❞❛s ♣♦r ✹✻ ❞✐❢❡r❡♥t❡s ❧♦❝✉t♦r❡s✳ ❆s ❢r❛✲

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

❆♣ê♥❞✐❝❡ ❆✳

❖s ❝❡♥ár✐♦s ❞♦s t❡st❡s r❡❛❧✐③❛❞♦s sã♦ ❞❡s❝r✐t♦s ❛ s❡❣✉✐r✳

• ✶✷✵✵ s❡♥t❡♥ç❛s ♣❛r❛ tr❡✐♥❛♠❡♥t♦ ❡ ✹✵✵ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦❀

• ✶✾ ❧♦❝✉t♦r❡s ♠❛s❝✉❧✐♥♦s ❡ ✶✼ ❢❡♠✐♥✐♥♦s ♣❛r❛ tr❡✐♥❛♠❡♥t♦❀

• ✵✺ ❧♦❝✉t♦r❡s ❞❡ ❝❛❞❛ ❣ê♥❡r♦✱ t♦t❛❧✐③❛♥❞♦ ✶✵ ❧♦❝✉t♦r❡s ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦❀

• ❍▼▼ ❝♦♠ ✸ ❡ ✺ ❡st❛❞♦s❀

• ❞❡ ✽ ❛ ✶✵ ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s❀

• ❜❛♥❝♦ ❞❡ ✜❧tr♦s ♥❛ ❡s❝❛❧❛ ♠❡❧ ✈❛r✐❛♥❞♦ ❞❡ ✷✵ ❛ ✹✵ ✜❧tr♦s❀

❯♠❛ ✈❡③ q✉❡ ♦ ♦❜❥❡t✐✈♦ ❞❡st❡ tr❛❜❛❧❤♦ é ✐❞❡♥t✐✜❝❛r ✉♠❛ ❝♦♥✜❣✉r❛çã♦ q✉❡ ❢♦r♥❡ç❛ ❜♦❛s

t❛①❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ s❡♠ ❡①✐❣✐r ♠✉✐t♦s r❡❝✉rs♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s✱ ❡♠❜♦r❛ ❛ ❧✐t❡r❛t✉r❛

❛♣♦♥t❡ ♣❛r❛ ♦ ✉s♦ ❞❡ ✶✷ ♦✉ ✶✸ ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈ ❬✸✹✱ ✶✸✶✱ ✶✸✷✱ ✶✸✸✱ ✶✸✹❪✱ ❢♦r❛♠ r❡❛❧✐③❛❞♦s

t❡st❡s ❝♦♠ ♦✉tr♦s ✈❛❧♦r❡s ❛❜❛✐①♦ ❞❡ss❡ ✈❛❧♦r✳ ❖ ✐♥t✉✐t♦ ❞❡ss❡s t❡st❡s é ❛✈❛❧✐❛r ♦ ✐♠♣❛❝t♦ ❞❛

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

❞❡ ❡①❡❝✉çã♦ ♣❛r❛ ❛s ❡t❛♣❛s ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞✐❛♥t❡ ❞❛ ✈❛r✐❛çã♦ ❞♦ ♥ú♠❡r♦ ❞❡

❝♦❡✜❝✐❡♥t❡s✳ ❱❛❧❡ s❛❧✐❡♥t❛r✱ q✉❡ ❡ss❡ t❡♠♣♦ é r❡❧❛t✐✈♦ ❡♠ ❢✉♥çã♦ ❞❛ ❝♦♥✜❣✉r❛çã♦ ❞❛ ♠áq✉✐♥❛

♥❛ q✉❛❧ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❛s s✐♠✉❧❛çõ❡s✳ ❯♠❛ ♠étr✐❝❛ ♠❛✐s ♣r❡❝✐s❛ q✉❡ ♣♦❞❡r✐❛ s❡r ✉t✐❧✐③❛❞❛

s❡r✐❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝✐❝❧♦s ❞❡ ❝❧♦❝❦ ❞♦ ♣r♦❝❡ss❛❞♦r✱ ♦✉ ❛✐♥❞❛ ♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❧ó❣✐❝❛s

❡ ❛r✐t♠ét✐❝❛s ♥❡❝❡ssár✐❛s✳ ❈♦♥t✉❞♦✱ ✉♠❛ ✈❡③ q✉❡ t♦❞❛s ❛s s✐♠✉❧❛çõ❡s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❡♠

✉♠ ♠❡s♠♦ ❝❡♥ár✐♦✱ ♦✉ s❡❥❛✱ ♥❛ ♠❡s♠❛ ♠áq✉✐♥❛✱ é ♣♦ssí✈❡❧ s❡ t❡r ✉♠❛ ✈✐sã♦ ♥♦r♠❛❧✐③❛❞❛

❞❛ s♦❜r❡❝❛r❣❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ ❡①❡❝✉çã♦ ❞❡ ❝❛❞❛ ❡t❛♣❛✳ ❚❛♠❜é♠ ✈❛❧❡ ❞❡st❛❝❛r✱ q✉❡ ♦s
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❧♦❝✉t♦r❡s ❞❛ ❡t❛♣❛ ❞❡ tr❡✐♥❛♠❡♥t♦ sã♦ ❞✐❢❡r❡♥t❡s ❞❛q✉❡❧❡s ❞❛ ❡t❛♣❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ ♦

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

❖s ❣rá✜❝♦s ❛♣r❡s❡♥t❛❞♦s ♥❛ ♣ró①✐♠❛ s❡çã♦✱ ♣❡r♠✐t✐rã♦ ❛ ❛♥á❧✐s❡ ❞❛s r❡❧❛çõ❡s ❡♥tr❡✿

• ◆ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ❡ ❚❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦❀

• ◆ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ❡ ❚❡♠♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦❀

• ◆ú♠❡r♦ ❞❡ ✜❧tr♦s ❡ ❚❛①❛ ❞❡ ❘❡❝♦♥❤❡❝✐♠❡♥t♦❀

• ◆ú♠❡r♦ ❞❡ ✜❧tr♦s ❡ ❚❡♠♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳

➱ ✐♠♣♦rt❛♥t❡ ♦❜s❡r✈❛r✱ q✉❡ ♥♦s ❣rá✜❝♦s s❡rã♦ ✐♥❢♦r♠❛❞❛s ❛s t❛①❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦

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

♥ã♦ s❡r r❡❝♦♥❤❡❝✐❞❛ ❝♦♠♣❧❡t❛♠❡♥t❡ ♠❛s✱ ❛♣❡♥❛s ❛❧❣✉♠❛s ❞❛s ♣❛❧❛✈r❛s q✉❡ ❛ ❝♦♠♣õ❡♠✳ P♦r

❡①❡♠♣❧♦✱ ♥❛ s❡♥t❡♥ç❛ ✏▼✉✐t♦ ♣r❛③❡r ❡♠ ❝♦♥❤❡❝ê ✲❧♦✑✱ q✉❡ é ❝♦♠♣♦st❛ ♣♦r ❝✐♥❝♦ ♣❛❧❛✈r❛s✱

♣♦❞❡♠ s❡r r❡❝♦♥❤❡❝✐❞❛s ✏♠✉✐t♦✑❡ ✏♣r❛③❡r✑✱ ❡ ❛s ❞❡♠❛✐s ♥ã♦✳ ❚❛❧ s✐t✉❛çã♦✱ ♣r♦❞✉③✐r✐❛ ✉♠❛

t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✹✵✪ ❞❛s ♣❛❧❛✈r❛s ❡ ✵✪ ❞❡ s❡♥t❡♥ç❛s✳

✺✳✻ ❘❡s✉❧t❛❞♦s ❞♦s t❡st❡s ♣❛r❛ ♥ú♠❡r♦ ❞❡ ❊st❛❞♦s ❡ ❞❡

❈♦❡✜❝✐❡♥t❡s

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

❞❡ ❡st❛❞♦s ❞♦ ❍▼▼✳

✺✳✻✳✶ ❍▼▼ ❝♦♠ ✸ ❡st❛❞♦s

◆❛ ❋✐❣✉r❛ ✺✳✽✱ é ❡①✐❜✐❞❛ ❛ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ s❡♥t❡♥ç❛s ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡

✜❧tr♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❝á❧❝✉❧♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ♠❡❧ ❝❡♣str❛✐s✳

◆❛ ❋✐❣✉r❛ ✺✳✾✱ é ❡①✐❜✐❞❛ ❛ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❧❛✈r❛s ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡

✜❧tr♦s✳

❋♦r❛♠ r❡❛❧✐③❛❞❛s ♠❡❞✐çõ❡s ❞♦ t❡♠♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡♠ ❢✉♥çã♦ ❞❛ ✈❛r✐❛çã♦ ❞♦ ♥ú♠❡r♦

❞❡ ✜❧tr♦s ❡ ❝♦❡✜❝✐❡♥t❡s✳ ❖ ♥ú♠❡r♦ ❞❡ ✜❧tr♦s ♣r❛t✐❝❛♠❡♥t❡ ♥ã♦ ✐♥✢✉❡♥❝✐♦✉ ♥♦ t❡♠♣♦ ❞❡

tr❡✐♥❛♠❡♥t♦ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ ❝♦♥t✉❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s s✐♠✳ ◆❛ ❋✐❣✉r❛ ✺✳✶✵✱ é

❡①✐❜✐❞❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ♦ t❡♠♣♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❛s ✹✵✵ s❡♥t❡♥ç❛s ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦

❞❡ ✜❧tr♦s✳

◆❛ ❋✐❣✉r❛ ✺✳✶✶ é ❛♣r❡s❡♥t❛❞♦ ♦ ❣rá✜❝♦ q✉❡ ♠♦str❛ ❛ ♠é❞✐❛ ❞♦s t❡♠♣♦s ❞❡ tr❡✐♥❛♠❡♥t♦

✭✶✷✵✵ s❡♥t❡♥ç❛s✮ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ✭✹✵✵ s❡♥t❡♥ç❛s✮ ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✳

❈♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✶✶✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦❡✜❝✐❡♥t❡s ✐♥✢✉❡♥❝✐❛ ❞✐r❡t❛✲

♠❡♥t❡ ♥♦ t❡♠♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳ ◗✉❛♥t♦ ♠❡♥♦r ♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✱

♠❡♥♦r ♦ t❡♠♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ❝♦♥t✉❞♦✱ ♦ t❡♠♣♦ ♥❡❝❡ssár✐♦ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉♠❡♥t❛✳



✺✳✻ ❘❊❙❯▲❚❆❉❖❙ ❉❖❙ ❚❊❙❚❊❙ P❆❘❆ ◆Ú▼❊❘❖ ❉❊ ❊❙❚❆❉❖❙ ❊ ❉❊ ❈❖❊❋■❈■❊◆❚❊❙ ✽✶

❋✐❣✉r❛ ✺✳✽✿ ❘❡❧❛çã♦ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ s❡♥t❡♥ç❛s ✈❡rs✉s ♥ú♠❡r♦ ❞❡ ✜❧tr♦s ♣❛r❛ ❍▼▼ ❞❡
✸ ❡st❛❞♦s✱ ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✳

❋✐❣✉r❛ ✺✳✾✿ ❘❡❧❛çã♦ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❧❛✈r❛s ✈❡rs✉s ♥ú♠❡r♦ ❞❡ ✜❧tr♦s ♣❛r❛ ❍▼▼ ❞❡ ✸
❡st❛❞♦s✱ ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✳



✺✳✻ ❘❊❙❯▲❚❆❉❖❙ ❉❖❙ ❚❊❙❚❊❙ P❆❘❆ ◆Ú▼❊❘❖ ❉❊ ❊❙❚❆❉❖❙ ❊ ❉❊ ❈❖❊❋■❈■❊◆❚❊❙ ✽✷

❋✐❣✉r❛ ✺✳✶✵✿ ❘❡❧❛çã♦ t❡♠♣♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❧❛✈r❛s ✈❡rs✉s ♥ú♠❡r♦ ❞❡ ✜❧tr♦s ♣❛r❛ ❍▼▼ ❞❡
✸ ❡st❛❞♦s✱ ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✳

❋✐❣✉r❛ ✺✳✶✶✿ ❘❡❧❛çã♦ t❡♠♣♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ✭✶✷✵✵ s❡♥t❡♥ç❛s✮ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ✭✹✵✵ s❡♥t❡♥ç❛s✮
✈❡rs✉s ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ♣❛r❛ ❍▼▼ ❞❡ ✸ ❡st❛❞♦s✱ ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✳



✺✳✻ ❘❊❙❯▲❚❆❉❖❙ ❉❖❙ ❚❊❙❚❊❙ P❆❘❆ ◆Ú▼❊❘❖ ❉❊ ❊❙❚❆❉❖❙ ❊ ❉❊ ❈❖❊❋■❈■❊◆❚❊❙ ✽✸

✺✳✻✳✷ ❍▼▼ ❝♦♠ ✺ ❡st❛❞♦s

◆❛ ❋✐❣✉r❛ ✺✳✶✷✱ é ❡①✐❜✐❞❛ ❛ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ s❡♥t❡♥ç❛s ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡

✜❧tr♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❝á❧❝✉❧♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ♠❡❧ ❝❡♣str❛✐s✳

❋✐❣✉r❛ ✺✳✶✷✿ ❘❡❧❛çã♦ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ s❡♥t❡♥ç❛s ✈❡rs✉s ♥ú♠❡r♦ ❞❡ ✜❧tr♦s ♣❛r❛ ❍▼▼ ❞❡
✺ ❡st❛❞♦s✱ ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✳

◆❛ ❋✐❣✉r❛ ✺✳✶✸✱ é ❡①✐❜✐❞❛ ❛ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❧❛✈r❛s ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦

❞❡ ✜❧tr♦s✳

❋♦r❛♠ r❡❛❧✐③❛❞❛s ♠❡❞✐çõ❡s ❞♦ t❡♠♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡♠ ❢✉♥çã♦ ❞❛ ✈❛r✐❛çã♦ ❞♦ ♥ú♠❡r♦ ❞❡

✜❧tr♦s ❡ ❝♦❡✜❝✐❡♥t❡s✳ ❉❡ ❢♦r♠❛ s✐♠✐❧❛r ❛♦ ❍▼▼ ❞❡ ✸ ❡st❛❞♦s✱ ♦ ♥ú♠❡r♦ ❞❡ ✜❧tr♦s ♣r❛t✐❝❛♠❡♥t❡

♥ã♦ ✐♥✢✉❡♥❝✐♦✉ ♥♦ t❡♠♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ ❝♦♥t✉❞♦✱ ♥♦✈❛♠❡♥t❡✱ ♦ ♥ú♠❡r♦

❞❡ ❝♦❡✜❝✐❡♥t❡s s✐♠✳

◆❛ ❋✐❣✉r❛ ✺✳✶✹✱ é ❡①✐❜✐❞❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ♦ t❡♠♣♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❛s ✹✵✵ s❡♥t❡♥ç❛s

❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ✜❧tr♦s✳

◆❛ ❋✐❣✉r❛ ✺✳✶✺✱ é ❛ ❛♣r❡s❡♥t❛❞♦ ♦ ❣rá✜❝♦ q✉❡ ♠♦str❛ ❛ ♠é❞✐❛ ❞♦s t❡♠♣♦s ❞❡ tr❡✐♥❛♠❡♥t♦

✭✶✷✵✵ s❡♥t❡♥ç❛s✮ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ✭✹✵✵ s❡♥t❡♥ç❛s✮ ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✳

❈♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✶✺✱ ❞❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♥♦ ❍▼▼ ❞❡ ✸ ❡st❛❞♦s✱ ❛

q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦❡✜❝✐❡♥t❡s ✐♥✢✉❡♥❝✐❛ ❞✐r❡t❛♠❡♥t❡ ♥♦ t❡♠♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳

◗✉❛♥t♦ ♠❡♥♦r ♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✱ ♠❡♥♦r ♦ t❡♠♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ❝♦♥t✉❞♦✱ ♦ t❡♠♣♦

♥❡❝❡ssár✐♦ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉♠❡♥t❛✳

✺✳✻✳✸ ❆♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s

❉✐❛♥t❡ ❞♦s ❣rá✜❝♦s ❛♣r❡s❡♥t❛❞♦s✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❛s ♠❡❧❤♦r❡s t❛①❛s ❞❡ r❡❝♦♥❤❡✲

❝✐♠❡♥t♦ ♣❛r❛ s❡♥t❡♥ç❛s✱ q✉❡ é ♦ ♦❜❥❡t✐✈♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ❢♦r❛♠ ♦❜t✐❞❛s ❝♦♠ ❍▼▼ ❞❡ ✸

❡st❛❞♦s✱ ✸✻ ✜❧tr♦s ❡ ✾ ❝♦❡✜❝✐❡♥t❡s✳ ❖✉tr♦ ❞❛❞♦ ✐♠♣♦rt❛♥t❡ q✉❡ ❢♦✐ ♦❜t✐❞♦✱ r❡❢❡r❡✲s❡ ❛♦ t❡♠♣♦
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❋✐❣✉r❛ ✺✳✶✸✿ ❘❡❧❛çã♦ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❧❛✈r❛s ✈❡rs✉s ♥ú♠❡r♦ ❞❡ ✜❧tr♦s ♣❛r❛ ❍▼▼ ❞❡
✺ ❡st❛❞♦s✱ ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✳

❋✐❣✉r❛ ✺✳✶✹✿ ❘❡❧❛çã♦ t❡♠♣♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❧❛✈r❛s ✈❡rs✉s ♥ú♠❡r♦ ❞❡ ✜❧tr♦s ♣❛r❛ ❍▼▼ ❞❡
✺ ❡st❛❞♦s✱ ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✳
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❋✐❣✉r❛ ✺✳✶✺✿ ❘❡❧❛çã♦ t❡♠♣♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ✭✶✷✵✵ s❡♥t❡♥ç❛s✮ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ✭✹✵✵ s❡♥t❡♥ç❛s✮
✈❡rs✉s ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ♣❛r❛ ❍▼▼ ❞❡ ✺ ❡st❛❞♦s✳

♥❡❝❡ssár✐♦ ♣❛r❛ tr❡✐♥❛♠❡♥t♦ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❛♦ ✈❛r✐❛r ♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✳

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

❛s s❡❣✉✐♥t❡s ❞❡❝✐sõ❡s ❡♠ r❡❧❛çã♦ à ❛rq✉✐t❡t✉r❛ ❞♦ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ♠♦❞❡❧❛❞❛✳

✶✳ ◆ú♠❡r♦ ❞❡ ❡st❛❞♦s ❞♦ ❍▼▼

❆♥❛❧✐s❛♥❞♦✲s❡ ♦s ❣rá✜❝♦s ❛♣r❡s❡♥t❛❞♦s✱ é ♣♦ssí✈❡❧ ❝♦♥❝❧✉✐r q✉❡ ❛s ♠❡❧❤♦r❡s t❛①❛s ❞❡

r❡❝♦♥❤❡❝✐♠❡♥t♦ ❢♦r❛♠ ♦❜t✐❞❛s ❝♦♠ ❍▼▼ ❞❡ ✸ ❡st❛❞♦s✳ ❙❡♥❞♦ ❡ss❡ ♦ ♥ú♠❡r♦ ❞❡ ❡st❛❞♦s

✉t✐❧✐③❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳ ❊♠❜♦r❛ ✉♠ ♥ú♠❡r♦ ♠❛✐♦r ❞❡ ❡st❛❞♦s ❞❡✈❡ss❡ ❢♦r♥❡❝❡r ✉♠❛

♠❛✐♦r t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ é ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡ ♦ ♠♦❞❡❧♦ ❢♦✐ tr❡✐♥❛❞♦ ♣❛r❛

♠♦❞❡❧❛r ♦s ❢♦♥❡♠❛s ❡ ❝♦♠ ❛ ♣r♦♣r✐❡❞❛❞❡ s❦✐♣st❛t❡ ✭♣✉❧❛r ❡st❛❞♦✮ ♥ã♦ ♣❡r♠✐t✐❞❛✳ ■ss♦

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

r❡♣r❡s❡♥t❛r ❞❡t❡r♠✐♥❛❞♦ ❢♦♥❡♠❛✱ ❛✉♠❡♥t❛♥❞♦ ❛ss✐♠ ♦ ❡rr♦✳

✷✳ ◆ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s

❉✐❛♥t❡ ❞♦s ❣rá✜❝♦s ❛♣r❡s❡♥t❛❞♦s✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦❡✜❝✐❡♥t❡s

✐♥✢✉❡♥❝✐❛ ❞✐r❡t❛♠❡♥t❡ ♥♦ t❡♠♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦✳ ◗✉❛♥t♦ ♠❡♥♦r ♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥✲

t❡s✱ ♠❡♥♦r ♦ t❡♠♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ❝♦♥t✉❞♦✱ ♦ t❡♠♣♦ ♥❡❝❡ssár✐♦ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦

❛✉♠❡♥t❛✳ ▲❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦s r❡s✉❧t❛❞♦s ❞♦s t❡st❡s ❡ ♦s ❛s♣❡❝t♦s ❝✐t❛❞♦s✱

♦♣t♦✉✲s❡ ♣❡❧❛ ✉t✐❧✐③❛çã♦ ❞❡ ✾ ❝♦❡✜❝✐❡♥t❡s✳

✸✳ ◆ú♠❡r♦ ❞❡ ✜❧tr♦s

P❛r❛ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ s❡♥t❡♥ç❛s✱ ❛s ♠❡❧❤♦r❡s t❛①❛s ❢♦r❛♠ ♦❜t✐❞❛s ❝♦♠ ✸✻ ✜❧tr♦s✳
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❈♦♠♦ ♦ ♥ú♠❡r♦ ❞❡ ✜❧tr♦s ♥ã♦ ✐♥✢✉❡♥❝✐♦✉ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ♥♦ t❡♠♣♦ ❞❡ r❡❝♦♥❤❡❝✐✲

♠❡♥t♦✱ ❡ ♦✉tr♦s tr❛❜❛❧❤♦s ❛♣♦♥t❛♠ ♣❛r❛ ❡ss❡ ✈❛❧♦r ❬✶✹✼✱ ✶✹✽✱ ✶✹✾✱ ✶✺✵✱ ✶✺✶❪✱ ♦♣t♦✉✲s❡

♣♦r ✉t✐❧✐③❛r ✸✻ ✜❧tr♦s✳

✹✳ ❯t✐❧✐③❛çã♦ ❞❡ ✉♠❛ ♠❡♠ór✐❛ ❡①t❡r♥❛ ♣❛r❛ ❣r❛✈❛çã♦ ❞♦s ♠♦❞❡❧♦s

❆♥❛❧✐s❛♥❞♦ ♦ t❡♠♣♦ ♥❡❝❡ssár✐♦ ♣❛r❛ tr❡✐♥❛♠❡♥t♦ ❞♦s ♠♦❞❡❧♦s✱ ❡ ❝♦♥s✐❞❡r❛♥❞♦ ❛❧❣✉♥s

tr❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s ❬✷✼✱ ✸✸✱ ✸✹✱ ✶✶✾✱ ✶✷✵✱ ✶✷✻✱ ✶✷✾❪✱ ❡st❛ ❡t❛♣❛ s❡rá r❡❛❧✐③❛❞❛ ❞❡

♠❛♥❡✐r❛ ♦✤✐♥❡ ✈✐❛ s♦❢t✇❛r❡✱ ✉♠❛ ✈❡③ q✉❡ r❡q✉❡r ♠❛✐♦r ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳

❖s ♠♦❞❡❧♦s ❛❝úst✐❝♦ ❡ ❧✐♥❣✉íst✐❝♦ s❡rã♦ ❣r❛✈❛❞♦s ❡♠ ✉♠❛ ♠❡♠ór✐❛ ❡①t❡r♥❛ s❡♥❞♦ ✉t✐✲

❧✐③❛❞♦s ♥♦ ♠♦♠❡♥t♦ ❞♦ r❡❝♦♥❤❡❝✐♠❡♥t♦✳ ❊ss❛ ❡str❛té❣✐❛ t❛♠❜é♠ s❡ t♦r♥❛ ✐♥t❡r❡ss❛♥t❡

♣♦rq✉❡✱ ❝♦♠ ❡ss❛ ❝♦♥✜❣✉r❛çã♦✱ é ♣♦ssí✈❡❧ ❛ ❛❞❛♣t❛çã♦ ❞♦ s✐st❡♠❛ ❛ ♥♦✈♦s ♣❛❞rõ❡s✱

❜❛st❛♥❞♦ q✉❡ ❛ ♠❡♠ór✐❛ ♦♥❞❡ ✜❝❛♠ ❛r♠❛③❡♥❛❞♦s ♦s ♠♦❞❡❧♦s s❡❥❛ ❛t✉❛❧✐③❛❞❛ ❝♦♠ ♦s

♥♦✈♦s ♠♦❞❡❧♦s ❛❝úst✐❝♦ ❡ ❧✐♥❣✉íst✐❝♦✳

✺✳✼ ❆♥á❧✐s❡ ❞♦ ❈á❧❝✉❧♦ ❞❛s ●❛✉ss✐❛♥❛s

❉❡♣♦✐s ❞❡ ❡①tr❛í❞❛s ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❛ ♣ró①✐♠❛ ❡t❛♣❛ ❞♦ ♣r♦❝❡ss♦ ❞❡

r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ ❢❛❧❛✱ ❝♦♥s✐st❡ ❡♠ ✐❞❡♥t✐✜❝❛r ❛ q✉❛❧ ♣❛❞rã♦ tr❡✐♥❛❞♦ ❡st❛s ❝♦rr❡s♣♦♥❞❡♠✳

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

❣❡r❛❞❛s ♣♦r ❝❛❞❛ ✉♠ ❞♦s ♣❛❞rõ❡s ❝♦♥❤❡❝✐❞♦s✳ P❛r❛ ✉♠ s✐st❡♠❛ q✉❡ ✉t✐❧✐③❛ ❍▼▼ ❝♦♥tí♥✉♦✱

❝♦♠♦ ❢♦✐ ❡①♣♦st♦ ♥♦ ❈❛♣ít✉❧♦ ✸✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞♦s ♠♦❞❡❧♦s ❛❝úst✐❝♦s é ❡①♣r❡ss❛ ♣♦r ✉♠❛

♠✐st✉r❛ ✜♥✐t❛ ❞❡ M ❣❛✉ss✐❛♥❛s ♠✉❧t✐❞✐♠❡♥s✐♦♥❛✐s✱ ❞❛❞❛ ♣♦r✿

pj =
M∑

m=1

wj,m

2π
∏K

k=1 σj,m,k

exp

(
K∑

k=1

(xk − µj,m,k)
2

2σ2
j,m,k

)
, ✭✺✳✶✮

s❡♥❞♦ j ♦ í♥❞✐❝❡ ❞♦ ♠♦❞❡❧♦ ❛❝úst✐❝♦ ❛t✉❛❧ ❡M ♦ ♥ú♠❡r♦ ❞❡ ♠✐st✉r❛s ✉t✐❧✐③❛❞❛s ♥♦ ♠♦❞❡❧♦✱ q✉❡

♥❡st❡ tr❛❜❛❧❤♦ ❝♦rr❡s♣♦♥❞❡ ❛ ✽ ♠✐st✉r❛s ❣❛✉ss✐❛♥❛s✳ xk sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈✱ ❥✉♥t❛♠❡♥t❡

❝♦♠ s✉❛s ♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛ ❞❡r✐✈❛❞❛s✳ ❈♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❊q✉❛çã♦ ✺✳✶✱ ♦s ♠♦❞❡❧♦s

❛❝úst✐❝♦s sã♦ ❞❡✜♥✐❞♦s ♣♦r s✉❛s ♠é❞✐❛s ✭µ✮✱ ✈❛r✐â♥❝✐❛ ✭σ2✮ ❡ ❝♦❡✜❝✐❡♥t❡s ❞❡ ♣❡s♦ ❞❡ ❝❛❞❛

♠✐st✉r❛ ✭w✮✳

❆❧❣✉♠❛s ♣❡sq✉✐s❛s ♠♦str❛♠ q✉❡ ❡st❛ ❡t❛♣❛ é r❡s♣♦♥sá✈❡❧ ♣♦r ❝❡r❝❛ ❞❡ ✼✺✪ ❞♦ ♣r♦❝❡ss♦

❞❡ ❞❡❝♦❞✐✜❝❛çã♦ ❬✷✽✱ ✷✾✱ ✸✸✱ ✸✹✱ ✶✷✽❪✱ ❡ ♣♦r ✐ss♦✱ é ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ♥❛ ❜✉s❝❛ ❞❡ s✐♠♣❧✐✲

✜❝❛çõ❡s ❡ ♦t✐♠✐③❛çõ❡s q✉❡ ❢❛❝✐❧✐t❡♠ s✉❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ s✐st❡♠❛s ❡♠❜❛r❝❛❞♦s ❞❡ ❜❛✐①♦

❝✉st♦✳ ❆♦ ❛♥❛❧✐s❛r ❛ ❊q✉❛çã♦ ✺✳✶✱ é ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r q✉❡ s✉❛ ✐♠♣❧❡♠❡♥t❛çã♦ é ❝♦♠♣❧❡①❛ ❡

❡♥✈♦❧✈❡ ✉♠ ♥ú♠❡r♦ ❡❧❡✈❛❞♦ ❞❡ ♦♣❡r❛çõ❡s ♥ã♦ ❧✐♥❡❛r❡s✳ ❈♦♥t✉❞♦✱ ❢♦✐ ♣r♦✈❛❞♦ q✉❡ ✉t✐❧✐③❛♥❞♦

♦ ✈❛❧♦r ♠á①✐♠♦ ❞❡ t♦❞❛s ❛s ♠✐st✉r❛s ❛♦ ✐♥✈és ❞❛ s♦♠❛✱ é ♦❜t✐❞❛ ✉♠❛ ❜♦❛ ❛♣r♦①✐♠❛çã♦ ❞♦

r❡s✉❧t❛❞♦ ❬✸✹✱ ✶✺✷❪✳ ❙❡♥❞♦ ❛ss✐♠✱ ✉s❛♥❞♦ ♦ ♥❡❣❛t✐✈♦ ❞♦ ❧♦❣❛r✐t♠♦ ❞❛ ❊q✉❛çã♦ ✺✳✶✱ ❞❡ ♠♦❞♦

❛ ❝♦♥✈❡rt❡r ♣r♦❜❛❜✐❧✐❞❛❞❡s ❡♠ ❝✉st♦s ❡ ❛♣❧✐❝❛♥❞♦ ❛ ❛♣r♦①✐♠❛çã♦ ❝✐t❛❞❛✱ ♦ ❝✉st♦ ♣❛r❛ ❝❛❞❛
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♠♦❞❡❧♦ ❛❝úst✐❝♦ ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞♦ ♣♦r✿

cj =
M

min
m=1

(
αj,m +

K∑

k=1

(xk − µj,m,k)
2

2σ2
j,m,k

)
✭✺✳✷✮

s❡♥❞♦ α ♦ ❝♦❡✜❝✐❡♥t❡ ♣♦r ♠✐st✉r❛ q✉❡ ❝♦♠♣❡♥s❛ t♦❞❛s ❛s ❝♦♥st❛♥t❡s ❡ ♣❛râ♠❡tr♦s ❢♦r❛ ❞❛

❢✉♥çã♦ ❡①♣♦♥❡♥❝✐❛❧ ❞❛ ❊q✉❛çã♦ ✺✳✶✳

❉❡ ♠♦❞♦ ❛ s✐♠♣❧✐✜❝❛r ❛✐♥❞❛ ♠❛✐s ♦ ❝á❧❝✉❧♦ ❞♦ ♠ó❞✉❧♦ ❞❛s ❣❛✉ss✐❛♥❛s✱ ❛ ✈❛r✐â♥❝✐❛ σ2

♣♦❞❡ s❡r s✉❜st✐t✉í❞❛ ♣♦r ✉♠❛ ♥♦✈❛ ✈❛r✐á✈❡❧ v′ q✉❡ é ❞❡s❝r✐t❛ s❡❣✉♥❞♦ ❛ ❊q✉❛çã♦ ✺✳✸✳ ❙❡ ❡st❡

✈❛❧♦r ❢♦r ♣ré✲❝❛❧❝✉❧❛❞♦ ❡ ✉t✐❧✐③❛❞♦ ❛♦ ✐♥✈és ❞❛ ✈❛r✐â♥❝✐❛✱ ♦ ❝á❧❝✉❧♦ ❞♦ ❝✉st♦ ❞❡ ❝❛❞❛ ✈❡t♦r ❞❡

❝❛r❛❝t❡ríst✐❝❛ ♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♠♦❞❡❧♦ ❛❝úst✐❝♦✱ é ❞❛❞♦ ♣❡❧❛ ❊q✉❛çã♦ ✺✳✹✳

v′ =
1√
2σ2

✭✺✳✸✮

cj =
M

min
m=1

(
αj,m +

K∑

k=1

((µj,m,k − xk).v
′
j,m,k)

2

)
✭✺✳✹✮

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

t❡st❡s ❝♦♠ ♦s ♠♦❞❡❧♦s ❣❡r❛❞♦s ❞✉r❛♥t❡ ❛ ❡t❛♣❛ ❞❡ tr❡✐♥❛♠❡♥t♦ ❞❡st❡ tr❛❜❛❧❤♦✳ ❋♦r❛♠ ✉t✐❧✐✲

③❛❞❛s ✽ ❣❛✉ss✐❛♥❛s✱ ✶✶✵✽ ♠♦❞❡❧♦s ❡ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛ ❝♦♠ ✶✸ ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈ ❡ s✉❛s

❞❡r✐✈❛❞❛s✳ ❖ r❡s✉❧t❛❞♦ ❞❡st❛ ❛✈❛❧✐❛çã♦ ❡♠ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛

✺✳✶✻ ❡ ♥❛ ❚❛❜❡❧❛ ✺✳✶✳

❋✐❣✉r❛ ✺✳✶✻✿ ■♠♣❛❝t♦ ♥♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞✐❛♥t❡ ❞❛ s✐♠♣❧✐✜❝❛çã♦ ♥♦ ❈á❧❝✉❧♦ ❞❛s ●❛✉ss✐❛♥❛s✳
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❖♣❡r❛çã♦ ❚r❛❞✐❝✐♦♥❛❧ ❙✐♠♣❧✐✜❝❛❞❛
❙♦♠❛ ✸✺✹✳✺✻✵ ✸✺✹✳✺✻✵
❙✉❜tr❛çã♦ ✸✹✺✳✻✾✻ ✸✹✺✳✻✾✻
▼✉❧t✐♣❧✐❝❛çã♦ ✼✶✼✳✾✽✹ ✸✹✺✳✻✾✻
❉✐✈✐sã♦ ✸✺✹✳✺✻✵ ✵
◗✉❛❞r❛❞♦ ✸✹✺✳✻✾✻ ✸✹✺✳✻✾✻
❊①♣♦♥❡♥❝✐❛❧ ✽✳✽✻✹ ✵

❚❛❜❡❧❛ ✺✳✶✿ ■♠♣❛❝t♦ ♥♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞✐❛♥t❡ ❞❛ s✐♠♣❧✐✜❝❛çã♦ ♥♦ ❈á❧❝✉❧♦ ❞❛s ●❛✉ss✐❛♥❛s✳

❈♦♠♦ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r✱ ♣❛r❛ ❛s ♦♣❡r❛çõ❡s ❞❡ s♦♠❛ ❡ s✉❜tr❛çã♦ ♥ã♦ ❤♦✉✈❡ r❡❞✉çã♦ ❝♦♥✲

s✐❞❡rá✈❡❧✳ ❈♦♥t✉❞♦ ♣❛r❛ ♦♣❡r❛çõ❡s q✉❡ ♣♦ss✉❡♠ ✉♠ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♠❛✐s ❡❧❡✈❛❞♦ ❝♦♠♦

♠✉❧t✐♣❧✐❝❛çã♦ ❡ ❡①♣♦♥❡♥❝✐❛✐s✱ ❤♦✉✈❡ ✉♠❛ r❡❞✉çã♦ ❞❡ ✺✵✪ ❡ ❛té ♠❡s♠♦ ✶✵✵✪✱ ❝♦♠♦ é ❛♣r❡✲

s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✶✼✳ ◆♦s t❡st❡s r❡❛❧✐③❛❞♦s t❛♠❜é♠ ❢♦✐ ❛♥❛❧✐s❛❞♦ ♦ ❡rr♦ ❞❛s s✐♠♣❧✐✜❝❛çõ❡s

❡❢❡t✉❛❞❛s✱ q✉❡ ❢♦✐ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✪✳

❋✐❣✉r❛ ✺✳✶✼✿ ❘❡❞✉çã♦ ♥♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞✐❛♥t❡ ❞❛ s✐♠♣❧✐✜❝❛çã♦ ♥♦ ❈á❧❝✉❧♦ ❞❛s ●❛✉ss✐❛♥❛s✳

✺✳✽ ❆♥á❧✐s❡ ❞❛ ❊t❛♣❛ ❞❡ ❉❡❝♦❞✐✜❝❛çã♦

❆ ❞❡❝♦❞✐✜❝❛çã♦ ❡♠ ✉♠ s✐st❡♠❛ ✉t✐❧✐③❛♥❞♦ ❍▼▼✱ ❝♦♥s✐st❡ ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ s❡q✉ê♥❝✐❛

❞❡ ❡st❛❞♦s qi = (q1, q2, ..., qT ) ❞♦ ♠♦❞❡❧♦ λ✱ q✉❡ ♠❛✐s ♣r♦✈❛✈❡❧♠❡♥t❡ ♣r♦❞✉③✐✉ ❛ s❡q✉ê♥❝✐❛

❞❡ ♦❜s❡r✈❛çõ❡s O = (01, o2, ..., oT )✳ ❈♦♠♦ ❢♦✐ ❡①♣❧✐❝❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✸✱ ♣♦r ❞❡✜♥✐çã♦✱ ❡♠

✉♠ ❍▼▼ ❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s é ❡s❝♦♥❞✐❞❛✳ ❊①✐st❡ ❛♣❡♥❛s ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ r❡♣r♦❞✉③✐r

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

♦❜s❡r✈❛çõ❡s ❞❛❞❛✳ ❯♠❛ ❞❛s s♦❧✉çõ❡s ♣❛r❛ r❡s♦❧✉çã♦ ❞❡st❡ ♣r♦❜❧❡♠❛ é ♦ ❆❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐✳

P❛r❛ ❞❡t❡r♠✐♥❛r ❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s ót✐♠❛✱ é ♥❡❝❡ssár✐♦ ❝❛❧❝✉❧❛r ❛ ♠á①✐♠❛ ♣r♦❜❛❜✐❧✐✲

❞❛❞❡✱ ❛♦ ❧♦♥❣♦ ❞❡ ✉♠ ❝❛♠✐♥❤♦✱ q✉❡ t❡r♠✐♥❛ ♥♦ ❡st❛❞♦ i✱ ❡st❛♥❞♦ ♥♦ t❡♠♣♦ t ❡ ♣r♦❞✉③✐♥❞♦ ❛s

♣r✐♠❡✐r❛s t ♦❜s❡r✈❛çõ❡s✳ ❉❡✜♥✐♥❞♦✲s❡ ❛ ✈❛r✐á✈❡❧ δt(i) ❝♦♠♦ ♦ ♠❛✐♦r ✈❛❧♦r ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❛♦

❧♦♥❣♦ ❞❡ ✉♠ ú♥✐❝♦ ❝❛♠✐♥❤♦ ❛té ♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ t✱ ♦✉ s❡❥❛✱ ❝♦♥s✐❞❡r❛♥❞♦✲s❡ ❛s t ♣r✐♠❡✐r❛s
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♦❜s❡r✈❛çõ❡s q✉❡ t❡r♠✐♥❛♠ ♥♦ ❡st❛❞♦ qi✱ t❡♠✲s❡ ♣♦r ✐♥❞✉çã♦ q✉❡✿

δt+1(j) = [max
i
δt(i)aij]bj(Ot+1) , 1 ≤ i ≤ N. ✭✺✳✺✮

P❛r❛ s❡ ♦❜t❡r ❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s✱ é ♥❡❝❡ssár✐♦ r❡t❡r ❛ tr✐❧❤❛ ❞♦ ❛r❣✉♠❡♥t♦ q✉❡ ♠❛①✐✲

♠✐③❛ ❛ ❊q✉❛çã♦ ✺✳✺✱ ♣❛r❛ ❝❛❞❛ t ❡ j✳ P❛r❛ t❛♥t♦✱ ❞❡✜♥❡✲s❡ ❛ ✈❛r✐á✈❡❧ ψt(j)✳ ❖ ♠ét♦❞♦ ♣❛r❛

s❡ ❡♥❝♦♥tr❛r ❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s ót✐♠❛ é ❞❛❞♦ ♣♦r ❬✺✵✱ ✽✼❪✿

✶✳ ■♥✐❝✐❛❧✐③❛çã♦✿

δ1(i) = πibi(O1) , 1 ≤ i ≤ N, ✭✺✳✻✮

ψ1(i) = 0.

✷✳ ❘❡❝✉rs✐✈✐❞❛❞❡✿

δt(j) = max
1≤i≤N

[δt−1(i)aij]bj(Ot), ✭✺✳✼✮

ψt(j) = argmax
1≤i≤N

[δt−1(i)aij], 2 ≤ t ≤ T, 1 ≤ j ≤ N.

✸✳ ❚ér♠✐♥♦✿

P ∗ = max
1≤i≤N

[δT (i)], ✭✺✳✽✮

q∗T = argmax
1≤i≤N

[δT (i)].

✹✳ ❙❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s ót✐♠❛

q∗t = ψt+1(q
∗
t+1) , t = T − 1, T − 2, . . . , 1. ✭✺✳✾✮

❖ ❛❧❣♦r✐t♠♦ ❞❡s❝r✐t♦ t❡♠✱ ♣♦rt❛♥t♦✱ ❛ ♣r♦♣r✐❡❞❛❞❡ ❞❡ ❞❡t❡r♠✐♥❛r ❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s✱

q✉❡ ♠❛①✐♠✐③❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ P (Ol|λl)✱ ♣❛r❛ ❛ l−és✐♠❛ ♣❛❧❛✈r❛ ❬✺✱ ✽✼❪✳

❆ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠❛ ♣❛❧❛✈r❛ ✭♦✉ s❡♥t❡♥ç❛✮ t❡♥❞❡rá ❛ ③❡r♦ ❞✉r❛♥t❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦

❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐✳ P❛r❛ ✉♠ ♥ú♠❡r♦ ❣r❛♥❞❡ ❞❡ q✉❛❞r♦s ❞❡ ❛♥á❧✐s❡✱ ❡st❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✐rá

✉❧tr❛♣❛ss❛r ❛ ♣r❡❝✐sã♦ ❞♦s ❝♦♠♣✉t❛❞♦r❡s ❞✐❣✐t❛✐s✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♥❞❡r✢♦✇ ❬✶✺✱ ✸✶✱ ✸✷❪✳ ❈♦♥✲

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

s❡ ❡✈✐t❛r ✉♥❞❡r✢♦✇ é r❡♣r❡s❡♥t❛r ♣r♦❜❛❜✐❧✐❞❛❞❡s ♣❡❧♦s s❡✉s ❧♦❣❛r✐t♠♦s ❬✶✺✱ ✸✶✱ ✸✷❪✳ ❯t✐❧✐③❛♥❞♦

♦ ❧♦❣❛r✐t♠♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ ♥♦ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐✱ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❛ ✈❡r♦ss✐✲

♠✐❧❤❛♥ç❛✱ ♥ã♦ ❤á ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♥♦r♠❛❧✐③❛çã♦ ❡ ❛s ♠✉❧t✐♣❧✐❝❛çõ❡s ❡♠ ♣♦♥t♦✲✢✉t✉❛♥t❡ sã♦

tr❛♥s❢♦r♠❛❞❛s ❡♠ ❛❞✐çõ❡s ❬✶✺✱ ✸✶✱ ✸✷❪✳ ❉✐❛♥t❡ ❞✐ss♦✱ ❛s ❡q✉❛çõ❡s ❛♣r❡s❡♥t❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡✱

sã♦ ♠♦❞✐✜❝❛❞❛s ♣❛r❛ ❛s ❞❡s❝r✐t❛s ❛ s❡❣✉✐r✿
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✵✳ Pré✲❞❡✜♥✐çã♦✿

π′
i = log(πi) ✭✺✳✶✵✮

b′i(ot) = log(bi(ot))

a′ij = log(aij)

Para 1 ≤ t ≤ T 1 ≤ i ≤ N 1 ≤ j ≤ N

✶✳ ■♥✐❝✐❛❧✐③❛çã♦✿

δ1(i)
′ = π′

i + b′i(O1) , 1 ≤ i ≤ N, ✭✺✳✶✶✮

ψ1(i) = 0.

✷✳ ❘❡❝✉rs✐✈✐❞❛❞❡✿

δt(j)
′ = max

1≤i≤N
[δt−1(i)

′ + a′ij] + bj(Ot)
′, ✭✺✳✶✷✮

ψt(j) = argmax
1≤i≤N

[δt−1(i)
′ + a′ij], 2 ≤ t ≤ T, 1 ≤ j ≤ N.

✸✳ ❚ér♠✐♥♦✿

P ∗ = max
1≤i≤N

[δT (i)
′], ✭✺✳✶✸✮

q∗T = argmax
1≤i≤N

[δT (i)
′].

✹✳ ❙❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s ót✐♠❛

q∗t = ψt+1(q
∗
t+1) , t = T − 1, T − 2, . . . , 1. ✭✺✳✶✹✮

✺✳✾ ❈♦♥s✐❞❡r❛çõ❡s ●❡r❛✐s

❆♣❧✐❝❛çõ❡s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ✉t✐❧✐③❛♥❞♦ ♠ét♦❞♦s ❡st❛tíst✐❝♦s ❡①✐❣❡♠ ✉♠❛ q✉❛♥t✐❞❛❞❡

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

s❡r❡♠ r❡❝♦♥❤❡❝✐❞♦s✳ ❆❧é♠ ❞✐ss♦✱ é ♥❡❝❡ssár✐❛ ❛ ✐♥✈❡st✐❣❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ♠❛✐s ❛❞❡q✉❛❞♦s

♣❛r❛ ❝❛❞❛ ✐❞✐♦♠❛✳

◆❡st❡ ❝❛♣ít✉❧♦✱ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ❞♦s t❡st❡s r❡❛❧✐③❛❞♦s ❛ ✜♠ ❞❡ ✐❞❡♥t✐✜❝❛r

❛ ♠❡❧❤♦r ❝♦♥✜❣✉r❛çã♦ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ♣❛r❛ ♦ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦✳ ◆♦s

t❡st❡s ❢♦r❛♠ ❛✈❛❧✐❛❞♦s ♥ú♠❡r♦ ❞❡ ❡st❛❞♦s ❞♦ ❍▼▼✱ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s ❡

♥ú♠❡r♦ ❞❡ ✜❧tr♦s ♣❛r❛ ♦❜t❡♥çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s✳ ❋♦r❛♠ r❡❛❧✐③❛❞♦s t❡st❡s ❝♦♠ ✉♠ ♥ú♠❡r♦

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



✺✳✾ ❈❖◆❙■❉❊❘❆➬Õ❊❙ ●❊❘❆■❙ ✾✶

♠❡♥t♦✳

❚❛♠❜é♠ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞❛s s✐♠♣❧✐✜❝❛çõ❡s ♠❛t❡♠át✐❝❛s ♣❛r❛ ❛s ❡t❛♣❛s ❞❡ ❝á❧❝✉❧♦ ❞❛s

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

❞❡ ❜❛✐①♦ ❝✉st♦✳

❖s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ ❝❛♣ít✉❧♦✱ ♣❡r♠✐t✐r❛♠ ✐❞❡♥t✐✜❝❛r ❛s ♠❡❧❤♦r❡s ❝♦♥✜❣✉✲

r❛çõ❡s✱ ❝♦♠♦ t❛♠❜é♠ s✐♠♣❧✐✜❝❛çõ❡s ❡ ❛❞❛♣t❛çõ❡s q✉❡ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ♥❛ ♠♦❞❡❧❛❣❡♠ ❞♦

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



❈❛♣ít✉❧♦ ✻

▼♦❞❡❧❛❣❡♠ ❞❛ ❆rq✉✐t❡t✉r❛ ❞♦ ❙✐st❡♠❛

❞❡ ❘❡❝♦♥❤❡❝✐♠❡♥t♦

❈♦♠♦ ❢♦✐ ❞❡s❝r✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♠ ❍▼▼ ❝♦♥tí♥✉♦

♣♦❞❡ s❡r ❞✐✈✐❞♦ ❡♠ ❜❛s✐❝❛♠❡♥t❡ q✉❛tr♦ ❣r❛♥❞❡s ❡t❛♣❛s ❝♦♠♦ ✐❧✉str❛ ❛ ❋✐❣✉r❛ ✻✳✶✳

❋✐❣✉r❛ ✻✳✶✿ ❊t❛♣❛s ❞❡ ✉♠ s✐st❡♠❛ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ❝♦♠ ❍▼▼ ❝♦♥tí♥✉♦✳

❆ ❡t❛♣❛ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ é r❡s♣♦♥sá✈❡❧ ♣♦r ♣r❡♣❛r❛r ❡ ❡①tr❛✐r ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ♦s

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

✐♥❢♦r♠❛çã♦ ❞❡ ✐♥t❡r❡ss❡ ♣❛r❛ ❛ ❡t❛♣❛ s❡❣✉✐♥t❡✳ ◆❛ ❡t❛♣❛ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s sã♦

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

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

tr❡✐♥❛♠❡♥t♦✳ ◆❛ ❡t❛♣❛ ❞❡ ❝á❧❝✉❧♦ ❞❛s ❣❛✉ss✐❛♥❛s✱ é ❝❛❧❝✉❧❛❞❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ q✉❡ ♦ ♣❛❞rã♦

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

❉❡❝♦❞✐✜❝❛çã♦✱ sã♦ ✉t✐❧✐③❛❞❛s ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ♦❜t✐❞❛s ♥❛ ❡t❛♣❛ ❛♥t❡r✐♦r✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ♦

▼♦❞❡❧♦ ▲✐♥❣✉íst✐❝♦ ✭▼▲✮ ♣❛r❛ ❞❡❝✐❞✐r s❡ ♦ ♣❛❞rã♦ ❞❡ t❡st❡ é ❝♦♥❤❡❝✐❞♦ ♣❡❧♦ s✐st❡♠❛ ❡ ❝❛s♦

s❡❥❛✱ ❛ q✉❛❧ ♣❛❞rã♦ ❞❡ r❡❢❡rê♥❝✐❛ ❝♦rr❡s♣♦❞❡✳

◆❛s ♣ró①✐♠❛s s❡çõ❡s✱ s❡rá ❛♣r❡s❡♥t❛❞❛ ❛ ❛rq✉✐t❡t✉r❛ ❞❡ ❤❛r❞✇❛r❡ ♣r♦❥❡t❛❞❛ ♣❛r❛ ❝❛❞❛

✉♠❛ ❞❛s ❡t❛♣❛s ❝✐t❛❞❛s✳

✾✷
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✻✳✶ Pré✲♣r♦❝❡ss❛♠❡♥t♦

❆ ❛rq✉✐t❡t✉r❛ ♠♦❞❡❧❛❞❛ ♣❛r❛ ❡st❛ ❡t❛♣❛✱ ❝✉❥♦ ❞✐❛❣r❛♠❛ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✷✱ t❡♠

❝♦♠♦ ❜❛s❡ ♦ ♣r♦❥❡t♦ ❞❡s❝r✐t♦ ♣♦r ❈✐♣r✐❛♥♦ ❡♠ ❬✶✺❪✱ ❡ q✉❡ ❢♦✐ ❛❞❛♣t❛❞♦✱ ✈❛❧✐❞❛❞♦ ❡ ♣r♦t♦t✐♣❛❞♦

❡♠ ❬✸✼❪✳

❋✐❣✉r❛ ✻✳✷✿ ❉✐❛❣r❛♠❛ ❞♦ ❙✉❜✲s✐st❡♠❛ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦✳

❖ ♣r♦❥❡t♦ ❛♣r❡s❡♥t❛ ❛❞❡q✉❛çõ❡s ❞♦s ♠♦❞❡❧♦s ♥❡❝❡ssár✐♦s ❛♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦

❞❡ ✈♦③ ♣❛r❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ ❤❛r❞✇❛r❡✳ P❛r❛ ✐ss♦✱ é ❢❡✐t❛ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♣♦♥t♦✲✜①♦ ♥❛s

♦♣❡r❛çõ❡s ❝♦♠ ♥ú♠❡r♦ ❢r❛❝✐♦♥ár✐♦s✱ s✐♠♣❧✐✜❝❛çõ❡s ♥❛s ❢✉♥çõ❡s ♠❛t❡♠át✐❝❛s✱ s✉❜st✐t✉✐çã♦ ❞❡

♦♣❡r❛çõ❡s ❞❡ ❞✐✈✐sã♦ ❡ ♠✉❧t✐♣❧✐❝❛çã♦ ♣♦r ❞❡s❧♦❝❛♠❡♥t♦s✱ ♣❛r❛❧❡❧✐s♠♦✱ ❞❡♥tr❡ ♦✉tr❛s✳ ◆❛ s❡çã♦

✻✳✶✳✶✱ é ❛♣r❡s❡♥t❛❞♦ ♦ s✉❜s✐st❡♠❛ ❞❡ Pré✲ê♥❢❛s❡ ❡ ♥❛ s❡çã♦ ✻✳✶✳✷✱ ♦ s✉❜s✐st❡♠❛ ❞❡ ❉✐✈✐sã♦

❡♠ q✉❛❞r♦s ❡ ❥❛♥❡❧❛♠❡♥t♦✳

✻✳✶✳✶ Pré✲ê♥❢❛s❡

❆ ❢✉♥çã♦ ❞❛ ♣ré✲ê♥❢❛s❡ é ❡❧✐♠✐♥❛r ✉♠❛ t❡♥❞ê♥❝✐❛ ❡s♣❡❝tr❛❧ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✲✻❞❇✴♦✐t❛✈❛

♥❛ ❢❛❧❛ ✐rr❛❞✐❛❞❛ ❞♦s ❧á❜✐♦s✳ ❊ss❛ ❞✐st♦rçã♦ ❡s♣❡❝tr❛❧ ♥ã♦ tr❛③ ✐♥❢♦r♠❛çã♦ ❛❞✐❝✐♦♥❛❧ ❡ ♣♦❞❡ s❡r

❡❧✐♠✐♥❛❞❛ ♣♦r ♠❡✐♦ ❞❛ ❛♣❧✐❝❛çã♦ ❞❡ ✉♠ ✜❧tr♦✱ ❞❡ r❡s♣♦st❛ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✰✻❞❇✴♦✐t❛✈❛✱

q✉❡ ♣r♦♣♦r❝✐♦♥❛ ✉♠ ♥✐✈❡❧❛♠❡♥t♦ ♥♦ ❡s♣❡❝tr♦✳ ❆ ❞❡s❝r✐çã♦ ♠❛t❡♠át✐❝❛ ❞❛ ♣ré✲ê♥❢❛s❡ é ❞❛❞❛

♣♦r ❬✶✱ ✹✽❪✿

sp(n) = s(n)− ap.s(n− 1), ✭✻✳✶✮

s❡♥❞♦✿
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sp(n) ✕ ❛♠♦str❛ ♣ré✲❡♥❢❛t✐③❛❞❛❀

s(n) ✕ ❛♠♦str❛ ♦r✐❣✐♥❛❧❀

ap ✕ ❢❛t♦r ❞❡ ♣ré✲ê♥❢❛s❡✱ 0, 9 ≤ ap ≤ 1

◆♦ ✐♥t✉✐t♦ ❞❡ s✐♠♣❧✐✜❝❛r ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ✜❧tr♦ ❞❡ ♣ré✲ê♥❢❛s❡✱ ♥❛ ❊q✉❛çã♦ ✻✳✶✱ ♦ ❢❛t♦r

ap é s✉❜st✐t✉í❞♦ ♣❡❧♦ ✈❛❧♦r 15/16✱ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛ 0, 9375✿

sp(n) = s(n)− 15

16
.s(n− 1),

sp(n) = s(n)− s(n− 1) +
s(n− 1)

16
. ✭✻✳✷✮

❆ ♠♦❞✐✜❝❛çã♦ ❡❢❡t✉❛❞❛ ♥❛ ❊q✉❛çã♦ ✻✳✶ ✐♠♣❧✐❝❛ ♥❛ s✉❜st✐t✉✐çã♦ ❞❡ ✉♠❛ ♠✉❧t✐♣❧✐❝❛çã♦

♣♦r ✉♠ ♥ú♠❡r♦ ❢r❛❝✐♦♥ár✐♦✱ ♣♦r ✉♠❛ ❞✐✈✐sã♦ ♣♦r ✉♠ ♥ú♠❡r♦ ❞♦ t✐♣♦ 2m✱ s❡♥❞♦ m ✐♥t❡✐r♦✱ ❡

q✉❡ ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠ s✐♠♣❧❡s ❞❡s❧♦❝❛♠❡♥t♦ ❞❡ m ❜✐ts✱ ♥❡ss❡ ❝❛s♦ m = 4✳

❆ ❛rq✉✐t❡t✉r❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ r❡❛❧✐③❛çã♦ ❞❛ ♣ré✲ê♥❢❛s❡ ✭❋✐❣✉r❛ ✻✳✸✮ ❝♦♥s✐st❡ ❞❡ ✉♠ s♦✲

♠❛❞♦r✱ ✉♠ s✉❜tr❛t♦r✱ ✉♠ ❛❝✉♠✉❧❛❞♦r✱ ❞♦✐s r❡❣✐str❛❞♦r❡s ❞❡ ❞❡s❧♦❝❛♠❡♥t♦ ❡ ✉♠ ❝✐r❝✉✐t♦ ❞❡

❞✐✈✐sã♦✳ ❆ ♣ré✲ê♥❢❛s❡ é r❡❛❧✐③❛❞❛ ❡♠ ✉♠ ú♥✐❝♦ ♣✉❧s♦ ❞❡ ❝❧♦❝❦✱ s❡♥❞♦ t❛♠❜é♠ ♥❡❝❡ssár✐♦s ❞♦✐s

♣✉❧s♦s ❛❞✐❝✐♦♥❛✐s ♣❛r❛ ❛ ✐♥✐❝✐❛❧✐③❛çã♦ ❞♦s r❡❣✐str❛❞♦r❡s✳

❋✐❣✉r❛ ✻✳✸✿ ❆rq✉✐t❡t✉r❛ ❞❛ ♣ré✲ê♥❢❛s❡✳

◆❛ ❡t❛♣❛ ❞❡ ✐♥✐❝✐❛❧✐③❛çã♦✱ ❛ ♣r✐♠❡✐r❛ ❛♠♦str❛ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ❞✐❣✐t❛❧✐③❛❞♦✱ s(1)✱ é ❛r♠❛✲

③❡♥❛❞❛ ♥♦ r❡❣✐str❛❞♦r ❘❡❣✶✳ ◆❛ ❡t❛♣❛ s❡❣✉✐♥t❡✱ é ❧✐❞♦ ✉♠ ♥♦✈♦ ❞❛❞♦✱ ❛ ❛♠♦str❛ s(2)✳ ❊st❡

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

♦✉tr❛s ♦♣❡r❛çõ❡s sã♦ r❡❛❧✐③❛❞❛s ❡♠ ♣❛r❛❧❡❧♦ ❡ ♦ r❡s✉❧t❛❞♦ ✜♥❛❧ é ❛r♠❛③❡♥❛❞♦ ♥♦ ❛❝✉♠✉❧❛✲

❞♦r ❆❝❝✶✳ ❊st❡ ♣r♦❝❡❞✐♠❡♥t♦ é r❡♣❡t✐❞♦ ❛té ♦ ♣r♦❝❡ss❛♠❡♥t♦ t♦t❛❧ ❞❛s ❛♠♦str❛s ❞♦ s✐♥❛❧ ❞❡

✈♦③✳ ❆ ❞✐✈✐sã♦ ♣♦r ✶✻ ❞❛ ❊q✉❛çã♦ ✻✳✷✱ é ♦❜t✐❞❛ ❢❛③❡♥❞♦✲s❡ ✉♠ ❞❡s❧♦❝❛♠❡♥t♦ ❞❡ q✉❛tr♦ ❜✐ts

♣❛r❛ à ❞✐r❡✐t❛✱ r❡♣❡t✐♥❞♦ q✉❛tr♦ ✈❡③❡s ♦ ❜✐t ♠❛✐s s✐❣♥✐✜❝❛t✐✈♦✱ à ❡sq✉❡r❞❛ ✭❋✐❣✉r❛ ✻✳✹✮✳ ❊ss❛
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r❡♣❡t✐çã♦ é ♥❡❝❡ssár✐❛ ♣❛r❛ q✉❡ s❡❥❛ ♠❛♥t✐❞♦ ♦ s✐♥❛❧ ❞♦ ✈❛❧♦r ❝♦rr❡s♣♦♥❞❡♥t❡ ❞❛ ❛♠♦str❛ ❞❡

✈♦③✳ ❚❛❧ s♦❧✉çã♦ s✐♠♣❧❡s ♣❡r♠✐t❡ r❡❛❧✐③❛r ❛ ❞✐✈✐sã♦ ❡♠ ✉♠ ú♥✐❝♦ ♣✉❧s♦ ❞❡ ❝❧♦❝❦✳

❋✐❣✉r❛ ✻✳✹✿ ❉✐✈✐sã♦ ♥❛ ❡t❛♣❛ ❞❡ ♣ré✲ê♥❢❛s❡✳

✻✳✶✳✷ ❉✐✈✐sã♦ ❡♠ q✉❛❞r♦s ❡ ❏❛♥❡❧❛♠❡♥t♦

❯♠ s✐♥❛❧ ❞❡ ✈♦③ ♣♦ss✉✐ ❝❛r❛❝t❡ríst✐❝❛s ❡st❛tíst✐❝❛s q✉❡ ✈❛r✐❛♠ ❢♦rt❡♠❡♥t❡ ❝♦♠ ♦ t❡♠♣♦✱ ♣♦✲

❞❡♥❞♦ s❡r ❝♦♥s✐❞❡r❛❞♦ ❡st❛❝✐♦♥ár✐♦ ♣❛r❛ ❝✉rt♦s ✐♥t❡r✈❛❧♦s ❞❡ t❡♠♣♦✳ ❆ s❡♣❛r❛çã♦ ❡♠ q✉❛❞r♦s

❝♦♥s✐st❡ ❡♠ ♣❛rt✐❝✐♦♥❛r ♦ s✐♥❛❧ ❞❡ ✈♦③ ❡♠ s❡❣♠❡♥t♦s✱ s❡❧❡❝✐♦♥❛❞♦s ♣♦r ❥❛♥❡❧❛s ♦✉ ✏❢r❛♠❡s✑ ❞❡

❞✉r❛çã♦ ♣❡r❢❡✐t❛♠❡♥t❡ ❞❡✜♥✐❞❛ ✳ ❖ t❛♠❛♥❤♦ ❞❡ss❡s s❡❣♠❡♥t♦s é ❡s❝♦❧❤✐❞♦ ❞❡♥tr♦ ❞♦s ❧✐♠✐t❡s

❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ❞♦ s✐♥❛❧ ✭❞✉r❛çã♦ ♠é❞✐❛ ❞❡ ✶✻ ❛ ✸✷ ♠s✮ ❬✶✼✱ ✹✵❪✳ ◆♦ s✐st❡♠❛ ♣r♦♣♦st♦ ♦

❛❧❣♦r✐t♠♦ ❞❡ ❥❛♥❡❧❛♠❡♥t♦ ✉t✐❧✐③❛❞♦ ❢♦✐ ♦ ❞❡ ❍❛♠♠✐♥❣✱ q✉❡ ♠✐♥✐♠✐③❛ ❛s ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s ♥♦

✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❡ ❝❛❞❛ q✉❛❞r♦✱ ❡ ❝✉❥❛ ❡q✉❛çã♦ é ❞❛❞❛ ♣♦r ✻✳✸✱ s❡♥❞♦ NA ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s

❞❡ ✉♠ s❡❣♠❡♥t♦ ❞❡ ❛♥á❧✐s❡✳

J(n) =

{
0, 54− 0, 46cos[2πn/(NA − 1)] , 0 ≤ n ≤ NA − 1

0 , ❝❛s♦ ❝♦♥trár✐♦✳
✭✻✳✸✮

❖ ❥❛♥❡❧❛♠❡♥t♦ é r❡❛❧✐③❛❞♦ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❛ s❡♣❛r❛çã♦ ❞♦s q✉❛❞r♦s✱ q✉❡ ❝♦♥tê♠ ✷✺✷

✭NA✮ ❛♠♦str❛s ❝❛❞❛✳ ❈❛❞❛ ❛♠♦str❛ ❞♦ q✉❛❞r♦ é ♠✉❧t✐♣❧✐❝❛❞❛ ♣❡❧♦ ✈❛❧♦r ❝♦rr❡s♣♦♥❞❡♥t❡ ❞❛

❥❛♥❡❧❛✱ ❝✉❥♦ t❛♠❛♥❤♦ t❛♠❜é♠ é ✐❣✉❛❧ ❛ ✷✺✷✳ ❆ ✉t✐❧✐③❛çã♦ ❞❡ ✷✺✷ ❛♠♦str❛s ❝♦rr❡s♣♦♥❞❡ ❛

✉♠ q✉❛❞r♦ ❝♦♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷✸ ♠s✱ ✈❛❧♦r ❡st❡ q✉❡ ❛t❡♥❞❡ ❛♦ ✐♥t❡r✈❛❧♦ ❡s♣❡❝✐✜❝❛❞♦ ♣♦r

❬✶✼❪✱ ♦ q✉❡ ❣❛r❛♥t❡ ❛ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ❞❛ ♣❛rt❡ ❛♥❛❧✐s❛❞❛ ❞♦ s✐♥❛❧✳ ❆❧é♠ ❞✐ss♦✱ ♦ ♥ú♠❡r♦

✷✺✷ é ❞✐✈✐sí✈❡❧ ♣♦r ✸ ❡ ♣♦r ✾✱ ♦ q✉❡ ❢❛❝✐❧✐t❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❥❛♥❡❧❛♠❡♥t♦

❝♦♠ s✉♣❡r♣♦s✐çã♦ ✉t✐❧✐③❛❞♦ ✭❋✐❣✉r❛ ✻✳✺✮✱ ✉♠❛ ✈❡③ q✉❡✱ ❝❛❞❛ q✉❛❞r♦ é ❢♦r♠❛❞♦ ♣♦r ✸ ❜❧♦❝♦s✱

s❡♥❞♦ q✉❡ ❝❛❞❛ ❜❧♦❝♦ é ❡s❝r✐t♦ ❡♠ ✸ ❡t❛♣❛s✱ ❞❛í ❛ ❢❛❝✐❧✐❞❛❞❡ ♦❢❡r❡❝✐❞❛ ♣♦r ✷✺✷ s❡r ❞✐✈✐sí✈❡❧

♣♦r ✾✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝r✐t❛ ❞❛s ❛♠♦str❛s s❡rá ❡①♣❧✐❝❛❞♦ ♠❛✐s ❛❞✐❛♥t❡✳

P❛r❛ ❢♦r♠❛r ♦s q✉❛❞r♦s✱ ❛s ❛♠♦str❛s ❞❡♣♦✐s ❞❡ s❡r❡♠ ♣r♦❝❡ss❛❞❛s ♣❡❧❛ ❢✉♥çã♦ ❞❡ ♣ré✲

ê♥❢❛s❡ sã♦ ✐♥✐❝✐❛❧♠❡♥t❡ s❡❣♠❡♥t❛❞❛s ❡♠ ❜❧♦❝♦s✱ ❡♠ q✉❡ ❝❛❞❛ ❜❧♦❝♦ ❝♦♥té♠ ✽✹ ❛♠♦str❛s✱

♥ã♦ ❡①✐st✐♥❞♦ s✉♣❡r♣♦s✐çã♦ ❡♥tr❡ ❜❧♦❝♦s✱ ♠❛s ❛♣❡♥❛s ❡♥tr❡ q✉❛❞r♦s✳ ❈❛❞❛ q✉❛❞r♦✱ Qi✱ s❡rá

❝♦♠♣♦st♦ ♣♦r três ❜❧♦❝♦s s✉❝❡ss✐✈♦s✱ t♦t❛❧✐③❛♥❞♦ ✷✺✷ ❛♠♦str❛s✳ ❆ ❞✐✈✐sã♦ ❞♦s q✉❛❞r♦s ❡♠ ✸

❜❧♦❝♦s ❞❡ ✽✹ ❛♠♦str❛s✱ ♦✉ s❡❥❛✱ 1/3 ❞♦ t❛♠❛♥❤♦ ❞♦ q✉❛❞r♦✱ ♣♦ss✐❜✐❧✐t❛ ✉♠❛ s✉♣❡r♣♦s✐çã♦ ❞❡

❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✻✻✪✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✺✳ ➚ ♠❡❞✐❞❛ q✉❡ ❝❛❞❛ q✉❛❞r♦
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❋✐❣✉r❛ ✻✳✺✿ ❉✐✈✐sã♦ ❡♠ q✉❛❞r♦s ❡ ❥❛♥❡❧❛♠❡♥t♦✳

✈❛✐ s❡♥❞♦ ❢♦r♠❛❞♦✱ s✉❛s ❛♠♦str❛s ✈ã♦ s❡♥❞♦ ♠✉❧t✐♣❧✐❝❛❞❛s ♣❡❧♦ ✈❛❧♦r ❞❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣

❝♦rr❡s♣♦♥❞❡♥t❡✱ ❝♦♠♦ é ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✻✳

P❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ ❤❛r❞✇❛r❡ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❞✐✈✐sã♦ ❡♠ q✉❛❞r♦s✱ ✉t✐❧✐③❛✲s❡ ✉♠❛

♠❡♠ór✐❛ ❘❆▼ ❘❲ ❞❡ ❞✉♣❧❛ ♣♦rt❛✱ q✉❡ ♣❡r♠✐t❡ ❛ ❧❡✐t✉r❛ ❡ ❛ ❡s❝r✐t❛ ❞❡ ❢♦r♠❛ ♣❛r❛❧❡❧❛✳ ❊st❛

♠❡♠ór✐❛ é ❞✐✈✐❞✐❞❛ ❡♠ três s❡❣♠❡♥t♦s▼✭✵✮✱▼✭✶✮ ❡▼✭✷✮✱ ❞❡ ✽✹ ❛♠♦str❛s ❝❛❞❛ ✉♠✳ ❊♠ ❝❛❞❛

s❡❣♠❡♥t♦ ❞❡ ♠❡♠ór✐❛ s❡rã♦ ❛r♠❛③❡♥❛❞❛s ❛s ❛♠♦str❛s ❞♦s ❜❧♦❝♦s q✉❡ ❢♦r♠❛rã♦ ✉♠ q✉❛❞r♦✳

❖ r❡s✉❧t❛❞♦ ❞❛ ♠✉❧t✐♣❧✐❝❛çã♦ ❞❡ ❝❛❞❛ ❛♠♦str❛ ❞♦ q✉❛❞r♦ ✜♥❛❧ ♣❡❧♦ ✈❛❧♦r ❝♦rr❡s♣♦♥❞❡♥t❡ ❞❛

❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣ é ❛r♠❛③❡♥❛❞♦ ❡♠ ✉♠ r❡❣✐str❛❞♦r✳

❖s q✉❛❞r♦s sã♦ ❢♦r♠❛❞♦s ♣❡❧♦ ❛❣r✉♣❛♠❡♥t♦ ❞♦s s❡❣♠❡♥t♦s ❞❛ ♠❡♠ór✐❛✳ P❛r❛ ♣❡r♠✐t✐r ♦

tr❛❜❛❧❤♦ ❡♠ ♣❛r❛❧❡❧♦ ❞❛s ♦♣❡r❛çõ❡s ❞❡ ❧❡✐t✉r❛ ❡ ❡s❝r✐t❛ ♥❛ ♠❡♠ór✐❛✱ ❛ s❡q✉ê♥❝✐❛ ❡♠ q✉❡ ♦s

s❡❣♠❡♥t♦s ❞❡ ♠❡♠ór✐❛ sã♦ ❛❣r✉♣❛❞♦s ♦❝♦rr❡ ❝✐❝❧✐❝❛♠❡♥t❡✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✼✳

❆s ❛♠♦str❛s ❞♦ ♣r✐♠❡✐r♦ ❜❧♦❝♦ ✭♦ ❜❧♦❝♦ B0✮ ♥ã♦ ♣r❡❝✐s❛♠ s❡r ❛r♠❛③❡♥❛❞❛s ♥❛ ♠❡♠ór✐❛✱

♣♦✐s s❡rã♦ ♣r♦❝❡ss❛❞❛s ❞✐r❡t❛♠❡♥t❡✱ ♠✉❧t✐♣❧✐❝❛♥❞♦✲❛s ♣❡❧❛ ♣♦rçã♦ ❞❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣

❝♦rr❡s♣♦♥❞❡♥t❡✳ ❆s ❛♠♦str❛s ❞♦ s❡❣✉♥❞♦ ❜❧♦❝♦ ✭♦ ❜❧♦❝♦ B1✮ sã♦ ❛r♠❛③❡♥❛❞❛s ♥♦ s❡❣♠❡♥t♦

❞❡ ♠❡♠ór✐❛ ▼✭✵✮ ❡ ❛s ❛♠♦str❛s ❞♦ t❡r❝❡✐r♦ ❜❧♦❝♦ ✭♦ ❜❧♦❝♦ B2✮ sã♦ ❛r♠❛③❡♥❛❞❛s ♥♦ s❡❣♠❡♥t♦

❞❡ ♠❡♠ór✐❛ ▼✭✶✮✳ ❆ss✐♠✱ ♦ ♣r✐♠❡✐r♦ q✉❛❞r♦ Q0 s❡rá ❢♦r♠❛❞♦ ♣❡❧❛s ❛♠♦str❛s ❞♦ ♣r✐♠❡✐r♦

❜❧♦❝♦ ✭q✉❡ ♥ã♦ ♣r❡❝✐s♦✉ s❡r ❛r♠❛③❡♥❛❞♦✮ ❡ ❛s ❛♠♦str❛s ❛r♠❛③❡♥❛❞❛s ♥♦s s❡❣♠❡♥t♦s ❞❡

♠❡♠ór✐❛ ▼✭✵✮ ❡ ▼✭✶✮✳ ❊♠ ✉♠ t❡♠♣♦ ♣♦st❡r✐♦r✱ ❛s ❛♠♦str❛s ❞♦ q✉❛rt♦ ❜❧♦❝♦ ✭♦ ❜❧♦❝♦ B3✮

sã♦ ❛r♠❛③❡♥❛❞❛s ♥♦ s❡❣♠❡♥t♦ ❞❡ ♠❡♠ór✐❛ ▼✭✷✮✳ ◆❡st❡ ♠♦♠❡♥t♦ ♥ã♦ é ♥❡❝❡ssár✐♦ ❛❧t❡r❛r ♦

❝♦♥t❡ú❞♦ ❞♦s s❡❣♠❡♥t♦s ▼✭✵✮ ❡ ▼✭✶✮✳ ❆ss✐♠✱ t❡♠✲s❡ ♦ s❡❣✉♥❞♦ q✉❛❞r♦✱ Q1✱ q✉❡ é ❢♦r♠❛❞♦

♣❡❧❛s ❛♠♦str❛s ❛r♠❛③❡♥❛❞❛s ♥♦s s❡❣♠❡♥t♦s ❞❡ ♠❡♠ór✐❛ ▼✭✵✮✱ ▼✭✶✮ ❡ ▼✭✷✮✳ ❈♦♥t✐♥✉❛♥❞♦

❝♦♠ ♦ ♣r♦❝❡ss❛♠❡♥t♦✱ ❛s ❛♠♦str❛s ❞♦ q✉✐♥t♦ ❜❧♦❝♦ ✭♦ ❜❧♦❝♦B4✮ sã♦ ❛r♠❛③❡♥❛❞❛s ♥♦ s❡❣♠❡♥t♦
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❋✐❣✉r❛ ✻✳✻✿ ▼✉❧t✐♣❧✐❝❛çã♦ ❞♦s ❜❧♦❝♦s ♣❡❧❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣✳

❋✐❣✉r❛ ✻✳✼✿ ❙❡q✉ê♥❝✐❛ ❞❡ ❜❧♦❝♦s ❡ s❡✉ ❛r♠❛③❡♥❛♠❡♥t♦ ♥♦s s❡❣♠❡♥t♦s ❞❛ ♠❡♠ór✐❛✳
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❞❡ ♠❡♠ór✐❛▼✭✵✮✳ ❖ ❝♦♥t❡ú❞♦ ❛♥t❡r✐♦r ❞❡st❡ s❡❣♠❡♥t♦ ✭♦ ❜❧♦❝♦ B1✮✱ ♥ã♦ s❡rá ♠❛✐s ♥❡❝❡ssár✐♦

♣❛r❛ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ♣♦st❡r✐♦r✳ ◆❡st❡ ♠♦♠❡♥t♦ ♥ã♦ é ♥❡❝❡ssár✐♦ ❛❧t❡r❛r ♦s s❡❣♠❡♥t♦s ▼✭✶✮

❡ ▼✭✷✮✱ q✉❡ ❝♦♥tê♠ ♦s ❜❧♦❝♦s B2 ❡ B3✳ ❆ss✐♠✱ t❡♠✲s❡ ♦ t❡r❝❡✐r♦ q✉❛❞r♦✱ Q2✱ ♦ q✉❛❧ é ❢♦r♠❛❞♦

♣❡❧❛s ❛♠♦str❛s ❛r♠❛③❡♥❛❞❛s ♥♦s s❡❣♠❡♥t♦s ❞❡ ♠❡♠ór✐❛ ▼✭✶✮✱ ▼✭✷✮ ❡ ▼✭✵✮✱ ❣❡r❛♥❞♦ ✉♠❛

♥♦✈❛ s❡q✉ê♥❝✐❛ ❞❡ s❡❣♠❡♥t♦s✳ ◆❛ ❝♦♥t✐♥✉❛çã♦✱ ❛s ❛♠♦str❛s ❞♦ s❡①t♦ ❜❧♦❝♦ ✭♦ ❜❧♦❝♦ B5✮

sã♦ ❛r♠❛③❡♥❛❞❛s ♥♦ s❡❣♠❡♥t♦ ▼✭✶✮✳ ❖ ❝♦♥t❡ú❞♦ ❛♥t❡r✐♦r ❞❡st❡ s❡❣♠❡♥t♦ ✭♦ ❜❧♦❝♦ B2✮✱

♥ã♦ s❡rá ♠❛✐s ✉t✐❧✐③❛❞♦ ♥♦ ♣r♦❝❡ss❛♠❡♥t♦ ♣♦st❡r✐♦r✳ ◆♦ ❡♥t❛♥t♦✱ ♦ ❝♦♥t❡ú❞♦ ❞♦s s❡❣♠❡♥t♦s

▼✭✷✮ ❡ ▼✭✵✮ ♥ã♦ é ❛❧t❡r❛❞♦ ✭❜❧♦❝♦s B3 ❡ B4✮✱ ♥❡st❡ ♠♦♠❡♥t♦✳ ❆ss✐♠✱ t❡♠✲s❡ ♦ q✉❛rt♦

q✉❛❞r♦ ✭♦ q✉❛❞r♦ Q3✮✱ ❢♦r♠❛❞♦ ♣❡❧❛s ❛♠♦str❛s ❛r♠❛③❡♥❛❞❛s ♥♦s s❡❣♠❡♥t♦s ❞❡ ♠❡♠ór✐❛

▼✭✷✮✱ ▼✭✵✮ ❡ ▼✭✶✮✳ ❖ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦s ❞❡♠❛✐s ❜❧♦❝♦s é r❡❛❧✐③❛❞♦ s❡❣✉♥❞♦ ♦ ❛❧❣♦r✐t♠♦

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

❋✐❣✉r❛ ✻✳✽✳

❋✐❣✉r❛ ✻✳✽✿ ❙❡q✉ê♥❝✐❛s ❞❡ ❊s❝r✐t❛ ❞♦s ❇❧♦❝♦s ✭❛✮ ❡ ▲❡✐t✉r❛ ❞♦s ◗✉❛❞r♦s ✭❜✮✳

❆ ❡s❝r✐t❛ ❞❡ ❛♠♦str❛s ♥♦s s❡❣♠❡♥t♦s ❞❛ ♠❡♠ór✐❛ é r❡❛❧✐③❛❞❛ ♣❛r❛❧❡❧❛♠❡♥t❡ ❝♦♠ ❛ ♦♣❡✲

r❛çã♦ ❞❡ ❧❡✐t✉r❛ ❞♦s s❡❣♠❡♥t♦s✳ ■st♦ s✐❣♥✐✜❝❛ q✉❡✱ ❡♥q✉❛♥t♦ ✉♠ s❡❣♠❡♥t♦ ❞❛ ♠❡♠ór✐❛ ❡stá

s❡♥❞♦ ❡s❝r✐t♦✱ ♦✉tr♦ s❡❣♠❡♥t♦ ❞❛ ♠❡♠ór✐❛ ❡stá s❡♥❞♦ ❧✐❞♦ ❡ ♠✉❧t✐♣❧✐❝❛❞♦ ♣❡❧❛ ❥❛♥❡❧❛ ❞❡

❍❛♠♠✐♥❣✳ P❛r❛ t❛♥t♦✱ ❢♦✐ ♥❡❝❡ssár✐❛ ✉♠❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ ♦♣❡r❛çã♦ ❞❡ ❧❡✐t✉r❛ ❞❛ ♠❡♠ór✐❛

✐❣✉❛❧ ❛♦ tr✐♣❧♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ ♦♣❡r❛çã♦ ❞❡ ❡s❝r✐t❛✳ ■st♦ s✐❣♥✐✜❝❛ q✉❡✱ ❡♥q✉❛♥t♦ sã♦ ❧✐❞❛s ✽✹

❛♠♦str❛s q✉❡ ❡stã♦ ❛r♠❛③❡♥❛❞❛s ❡♠ ✉♠ s❡❣♠❡♥t♦ ❞❛ ♠❡♠ór✐❛✱ sã♦ r❡❝❡❜✐❞❛s ❞♦ s✐♥❛❧ ❞❡ ✈♦③

❡ ❛r♠❛③❡♥❛❞❛s ❡♠ ✉♠ ♦✉tr♦ s❡❣♠❡♥t♦ ❛♣❡♥❛s ✷✽ ❛♠♦str❛s✳ P❛r❛ ✐❧✉str❛r ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦

❞❡ss❡ ❛❧❣♦r✐t♠♦ ✭❋✐❣✉r❛ ✻✳✾✮✱ ❝♦♥s✐❞❡r❛✲s❡ ♦ q✉❛❞r♦ ◗✐ ❢♦r♠❛❞♦ ♣❡❧♦s ❜❧♦❝♦s Bj✱ Bj+1 ❡ Bj+2✱

❛r♠❛③❡♥❛❞♦s ♥♦s s❡❣♠❡♥t♦s ▼✭✵✮✱ ▼✭✶✮ ❡ ▼✭✷✮ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖ q✉❛❞r♦ ❛♥t❡r✐♦r Qi−1

❢♦✐ ❢♦r♠❛❞♦ ♣❡❧♦s ❜❧♦❝♦s Bj−1✱ Bj ❡ Bj+1✱ q✉❡ ♦❝✉♣❛✈❛♠ ♦s s❡❣♠❡♥t♦s ❞❡ ♠❡♠ór✐❛ ▼✭✷✮✱

▼✭✵✮ ❡ ▼✭✶✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

◗✉❛♥❞♦ ♦ ú❧t✐♠♦ ❜❧♦❝♦ ❞❡ Qi−1(Bj+1✮✱ ❛r♠❛③❡♥❛❞♦ ❡♠ ▼✭✶✮ ❡stá s❡♥❞♦ ♣r♦❝❡ss❛❞♦✱ ❛s

♣r✐♠❡✐r❛s ✷✽ ❛♠♦str❛s ❞❡ Bj+2 ❞❡ Qi ❥á ❡stã♦ s❡♥❞♦ ❛r♠❛③❡♥❛❞❛s ❡♠ ▼✭✷✮✱ ❡♠ s❡❣✉✐❞❛✱ ❛♦

✐♥✐❝✐❛r ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ Qi✱ ❝♦♠ ❛ ❧❡✐t✉r❛ ❞❡ Bj✱ ❛r♠❛③❡♥❛❞♦ ❡♠ ▼✭✵✮✱ ♣❛r❛❧❡❧❛♠❡♥t❡ ❛

s❡❣✉♥❞❛ ♣❛rt❡ ❞❡ Bj+2 é ❡s❝r✐t❛ ❡♠ ▼✭✷✮✳ ◆♦✈❛♠❡♥t❡ é ❧✐❞♦ ♦ ❝♦♥t❡ú❞♦ ❞❡ ▼✭✶✮✱ q✉❡ ❛✐♥❞❛
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❋✐❣✉r❛ ✻✳✾✿ ❖♣❡r❛çõ❡s ❞❡ ❡s❝r✐t❛ ❡ ❧❡✐t✉r❛ ♥♦s s❡❣♠❡♥t♦s ❞❡ ♠❡♠ór✐❛✳

❝♦♥té♠ Bj+1 ✭s❡❣✉♥❞❛ ♣❛rt❡ ❞❡ Qi✮✱ ❡♥q✉❛♥t♦ ✜♥❛❧♠❡♥t❡ é ❡s❝r✐t❛ ❛ ú❧t✐♠❛ ♣❛rt❡ ❞❡ Bj+2

❡♠ ▼✭✷✮✱ r❡❢❡r❡♥t❡ ❛ ú❧t✐♠♦ ❜❧♦❝♦ ❞❡ Qi✳ ❖ ♣r♦❝❡ss♦ ❝♦♥t✐♥✉❛ ❝♦♠ ❛ ❡s❝r✐t❛ ❞❛ ♣r✐♠❡✐r❛

♣❛rt❡ ❞♦ ❜❧♦❝♦ s❡❣✉✐♥t❡ ✭Bj+3✮ ❡♠ ▼✭✵✮✱ q✉❡ s❡rá ♦ ú❧t✐♠♦ s❡❣♠❡♥t♦ ❧✐❞♦ ❞♦ ♣ró①✐♠♦ q✉❛❞r♦

Qi+1✳

❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣ ❢♦✐ r❡❛❧✐③❛❞❛ ❝♦♠ ✉♠❛ ♠❡♠ór✐❛ ❘❖▼ q✉❡

❛r♠❛③❡♥❛ ♦s ♣r✐♠❡✐r♦s ✶✷✻ ✈❛❧♦r❡s ❞❛ ❥❛♥❡❧❛ W (n)(n = 0, ..., 125)✳ ❆ ♣❛rt✐r ❞❡st❡s ✈❛❧♦r❡s

sã♦ ♦❜t✐❞♦s ♦s ✶✷✻ ✈❛❧♦r❡s r❡st❛♥t❡s ❞❡ W (n)(n = 126, ..., 251)✱ ✉t✐❧✐③❛♥❞♦ ❛ ♣r♦♣r✐❡❞❛❞❡ ❞❡

s✐♠❡tr✐❛ ❞❛ ❥❛♥❡❧❛ ✭❋✐❣✉r❛ ✻✳✶✵✮✳

❋✐❣✉r❛ ✻✳✶✵✿ ❏❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣✳
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❖ r❡❣✐str❛❞♦r ❞❡ ❡♥❞❡r❡ç❛♠❡♥t♦ ❞❛ ♠❡♠ór✐❛ q✉❡ ❝♦♥tê♠ ♦s ✈❛❧♦r❡s ❞❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣

é ✐♠♣❧❡♠❡♥t❛❞♦ ❝♦♠ ✉♠ ❝♦♥t❛❞♦r ❜✐♥ár✐♦ ❞❡ ✵✳✳✳✶✷✺✱ q✉❡ ♦♣❡r❛ ♥♦s ♠♦❞♦s ❝r❡s❝❡♥t❡✴❞❡❝r❡s✲

❝❡♥t❡✳ ◆❛ ❋✐❣✉r❛ ✻✳✶✶✱ é ❛♣r❡s❡♥t❛❞❛ ♣❛r❝✐❛❧♠❡♥t❡ ❛ ❛rq✉✐t❡t✉r❛ ❞♦ ♠ó❞✉❧♦ ❞❛ ❢✉♥çã♦ ❞❡

❞✐✈✐sã♦ ❞❡ q✉❛❞r♦s ❡ ❥❛♥❡❧❛♠❡♥t♦✳ ❖s ✈❛❧♦r❡s ❞❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣ ❡♥❝♦♥tr❛♠✲s❡ ❛r♠❛③❡✲

♥❛❞♦s ♥❛ ♠❡♠ór✐❛ r♦♠❴♠❡♠♦r②✱ ❞❡ ✶✷ ❜✐ts✱ ❞❡ ♦♥❞❡ sã♦ ❧✐❞♦s ❡ ♠✉❧t✐♣❧✐❝❛❞♦s ♣❡❧♦s ✈❛❧♦r❡s

❞♦ q✉❛❞r♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ♣ré✲❡♥❢❛t✐③❛❞♦✳

❋✐❣✉r❛ ✻✳✶✶✿ ❆rq✉✐t❡t✉r❛ ❞♦ ♠ó❞✉❧♦ ❞❛ ❢✉♥çã♦ ❞❡ ❉✐✈✐sã♦ ❡♠ ◗✉❛❞r♦s ❡ ❏❛♥❡❧❛♠❡♥t♦✳

❖s ✈❛❧♦r❡s ❞❡ ✉♠ q✉❛❞r♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ♣ré✲❡♥❢❛t✐③❛❞♦ s❡ ❡♥❝♦♥tr❛♠ ❛r♠❛③❡♥❛❞♦s ♥❛

♠❡♠ór✐❛ r❛♠❴♠❡♠♦r②✳ ❆ ♠❡♠ór✐❛ r❛♠❴♠❡♠♦r② é ✉♠❛ ♠❡♠ór✐❛ ❞❡ ❞✉♣❧♦ ❛❝❡ss♦ sí♥❝r♦♥❛✱

❞❡ ✶✻ ❜✐ts✱ q✉❡ ♣❡r♠✐t❡ ❛ ❧❡✐t✉r❛ ❡ ❛ ❡s❝r✐t❛ ❞❡ ✈❛❧♦r❡s ❡♠ ♣❛r❛❧❡❧♦✳ ❊ss❛ ♠❡♠ór✐❛ ❢♦✐ ❞✐✈✐❞✐❞❛

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

❛♥t❡r✐♦r♠❡♥t❡✳ ❋♦✐ ✐♥❝❧✉í❞♦ ✉♠ ♠✉❧t✐♣❧❡①❛❞♦r q✉❡ s❡❧❡❝✐♦♥❛✱ ❛ ♣❛rt✐r ❞♦ s✐♥❛❧ ❙❡❧❴▼✉①❴❘❡❛❞✱

❡♥tr❡ r❡❛❧✐③❛r ❛ ❧❡✐t✉r❛ ❞❡ ✉♠ q✉❛❞r♦ Qi ❛ ♣❛rt✐r ❞❛ ♠❡♠ór✐❛ ❘❆▼ ❘❲ ♦✉ ❛ ♣❛rt✐r ❞♦

s✐♥❛❧ ♣ré✲❡♥❢❛t✐③❛❞♦✳ ■ss♦ ♣❡r♠✐t❡ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ♣r✐♠❡✐r♦ ❜❧♦❝♦ ❞❡ ✽✹ ❛♠♦str❛s q✉❡ é

♠✉❧t✐♣❧✐❝❛❞♦ ❞✐r❡t❛♠❡♥t❡ ♣❡❧❛ ❥❛♥❡❧❛✱ s❡♠ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❧ê✲❧♦ ❞❛ ♠❡♠ór✐❛ ❘❆▼ ❘❲✳ P❛r❛

♠✉❧t✐♣❧✐❝❛r ❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣ ♣♦r ❝❛❞❛ q✉❛❞r♦ ❢♦r♠❛❞♦✱ ❛ ♣❛rt✐r ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ✉t✐❧✐③♦✉✲

s❡ ✉♠ ♠✉❧t✐♣❧✐❝❛❞♦r ❞❡ ✶✷ ❜✐ts ① ✶✻ ❜✐ts ❡ ♦ r❡s✉❧t❛❞♦ ❞❡ ✷✽ ❜✐ts ❢♦✐ r❡❞✉③✐❞♦ ♣❛r❛ ✶✻ ❜✐ts ❡

❛r♠❛③❡♥❛❞♦ ❡♠ ✉♠ r❡❣✐str❛❞♦r ❞❡ s❛í❞❛✳ ◆❛ ❋✐❣✉r❛ ✻✳✶✷✱ é ❛♣r❡s❡♥t❛❞❛ ❛ ❞❡s❝r✐çã♦ ❞❡ ❝♦♠♦ é

r❡❛❧✐③❛❞♦ ♦ ❡♥❞❡r❡ç❛♠❡♥t♦ ❞❛s ♠❡♠ór✐❛s ✉t✐❧✐③❛❞❛s✳ ❆ ❧❡✐t✉r❛ ❞❛ ♠❡♠ór✐❛ ❘❖▼ é r❡❛❧✐③❛❞❛ à

♠❡❞✐❞❛ q✉❡ ✈❛✐ s❡♥❞♦ ❝❛❧❝✉❧❛❞♦ ♦ ❥❛♥❡❧❛♠❡♥t♦ ❞❛s ❛♠♦str❛s ❡ é ❝♦♥tr♦❧❛❞❛ ♣❡❧♦ ❝♦♠♣♦♥❡♥t❡

✉♣❴❞♦✇♥ ❝♦✉♥t❡r ❝♦♠ ❞✉❛s ❢r❡q✉ê♥❝✐❛s ❞❡ ❝❧♦❝❦ ❞✐❢❡r❡♥t❡s fck2 ❡ fck1✱ s❡♥❞♦ fck2 = 3fck2✳

❆ ❢r❡q✉ê♥❝✐❛ fck1 é ❛ ❢r❡q✉ê♥❝✐❛ ❝♦♠ q✉❡ ♦s ❞❛❞♦s ❞♦ s✐♥❛❧ ❞❡ ✈♦③ sã♦ r❡❝❡❜✐❞♦s ❞❛ ♣ré✲

ê♥❢❛s❡✳ ❈♦♠♦ ❢♦✐ ♠❡♥❝✐♦♥❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♦ ♣r✐♠❡✐r♦ ❜❧♦❝♦ ♥ã♦ é ❧✐❞♦ ❞❛ ♠❡♠ór✐❛✱ ❡ s✐♠

♣r♦❝❡ss❛❞♦ ❞✐r❡t❛♠❡♥t❡ ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ♣ré✲❡♥❢❛t✐③❛❞♦✱ ♦ q✉❡ t♦r♥❛ ♥❡❝❡ssár✐❛ ❛ ❧❡✐t✉r❛ ❞♦s

✈❛❧♦r❡s ❞❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣✱ ♥❡ss❡ ✐♥st❛♥t❡✱ ❝♦♠ ❛ ❢r❡q✉ê♥❝✐❛ fck1✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ♣❛rt✐r ❞♦

s❡❣✉♥❞♦ ❜❧♦❝♦ t♦❞♦s ♦s ✈❛❧♦r❡s sã♦ ❧✐❞♦s ❞❛ ♠❡♠ór✐❛ ❘❆▼ ❘❲✳ ❈♦♠♦ ❛ ❡s❝r✐t❛ ♥❛ ♠❡♠ór✐❛

❘❆▼ é r❡❛❧✐③❛❞❛ ❝♦♥❢♦r♠❡ ❛s ❛♠♦str❛s ❞♦ s✐♥❛❧ ❞❡ ✈♦③ ♣ré✲❡♥❢❛t✐③❛❞♦ sã♦ r❡❝❡❜✐❞❛s✱ ♦✉
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s❡❥❛✱ ❝♦♠ ❢r❡q✉ê♥❝✐❛ fck1 ❡ ❞❡✈❡♠ s❡r ❧✐❞♦s três ❜❧♦❝♦s ❞❛ ♠❡♠ór✐❛ ❘❆▼✱ ❡♥q✉❛♥t♦ é ❡s❝r✐t♦

❛♣❡♥❛s ✉♠✱ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❧❡✐t✉r❛ ❞❛ ❘❆▼ ❞❡✈❡ s❡r três ✈❡③❡s ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❡s❝r✐t❛✱ ♦✉

s❡❥❛✱ fck2✳

❋✐❣✉r❛ ✻✳✶✷✿ ❊♥❞❡r❡ç❛♠❡♥t♦ ❞❛s ♠❡♠ór✐❛s ❘❆▼ ❘❲ ❡ ❘❖▼ ♥❛s ❢✉♥çõ❡s ❞❡ ❞✐✈✐sã♦ ❡♠ q✉❛❞r♦s
❡ ❥❛♥❡❧❛♠❡♥t♦✳

❆ ♠❡♠ór✐❛ ❘❆▼ ❘❲ ✉t✐❧✐③❛ ♦ ❝♦♥t❛❞♦r ✉♣❴❝♦✉♥t❡r✽✱ ❞❡ ✽ ❜✐ts✱ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦s

❡♥❞❡r❡ç♦s ❞❡ ❡s❝r✐t❛✳ ◆❛ ♠❡♠ór✐❛ sã♦ ❛r♠❛③❡♥❛❞❛s ✷✺✷ ❛♠♦str❛s✱ ♣♦rt❛♥t♦✱ ✉♠❛ ✈❡③ q✉❡

♦ ❝♦♥t❛❞♦r ❛t✐♥❣❡ ♦ ✈❛❧♦r ✷✺✶ ❡❧❡ é r❡✐♥✐❝✐❛❧✐③❛❞♦ ❡ ❛ ❝♦♥t❛❣❡♠ r❡❝♦♠❡ç❛✳ ❖ ❝á❧❝✉❧♦ ❞♦s

❡♥❞❡r❡ç♦s ❞❡ ❧❡✐t✉r❛ ❞❛ ♠❡♠ór✐❛ ❘❆▼ ❘❲ é ❢❡✐t♦ ♣♦r ♠❡✐♦ ❞❡ ✉♠ ❝♦♥t❛❞♦r ✉♣❴❝♦✉♥t❡r✽♣❧✱

❞❡ ✽ ❜✐ts✱ ❝♦♠ ✉♠❛ ❡♥tr❛❞❛ ▲♦❛❞ ♣❛r❛ ❝❛rr❡❣❛r ♦ ✈❛❧♦r ❛ ♣❛rt✐r ❞♦ q✉❛❧ ♦ ❝♦♥t❛❞♦r ✐♥✐❝✐❛

❛ ❝♦♥t❛❣❡♠✳ ■st♦ ♣❡r♠✐t❡ s❡❧❡❝✐♦♥❛r ♦ ❡♥❞❡r❡ç♦ ❞❛ ❘❆▼ ❘❲ ❛ ♣❛rt✐r ❞♦ q✉❛❧ ❛s ❛♠♦str❛s

s❡rã♦ ❧✐❞❛s✳ ❊st❡ ❡♥❞❡r❡ç♦ ♣♦❞❡ s❡r ✵✱ ✽✹ ♦✉ ✶✻✽✱ q✉❡ sã♦ ♦s ❡♥❞❡r❡ç♦s ♦♥❞❡ ❝♦♠❡ç❛♠ ♦s três

s❡❣♠❡♥t♦s ❡♠ q✉❡ ❛ ❘❆▼ ❘❲ ❢♦✐ ❞✐✈✐❞✐❞❛✳ ❊st❡ ✈❛❧♦r é ❢♦r♥❡❝✐❞♦ ♣❡❧♦ ❝✐r❝✉✐t♦ ▼❡♠❴■♥❞❡①

❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✶✸✳ ❖ ❝✐r❝✉✐t♦ ▼❡♠❴✐♥❞❡① ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ❝♦♠ três r❡❣✐str❛❞♦r❡s

❡♠ ❝❛s❝❛t❛ ❡ ✉♠ ❝♦♥t❛❞♦r ❈♦✉♥t❡r✼✱ ❞❡ ✼ ❜✐ts✱ q✉❡ ❢❛③ ❛ ❝♦♥t❛❣❡♠ ❞❡ ✵✱ ✳✳✳✱ ✽✸✱ ❝♦♥t❛♥❞♦ ♦

♥ú♠❡r♦ ❞❡ ✈❛❧♦r❡s ❧✐❞♦s ❞❡ ✉♠ s❡❣♠❡♥t♦ ❞❡ ♠❡♠ór✐❛ ✭❛té ✽✹ ✈❛❧♦r❡s✮✳ ❊♠ ❝❛❞❛ r❡❣✐str❛❞♦r

é ❛r♠❛③❡♥❛❞♦ ✉♠ ❞♦s ❡♥❞❡r❡ç♦s q✉❡ ❝❛❞❛ s❡❣♠❡♥t♦ ❞❡ ♠❡♠ór✐❛ ✐♥✐❝✐❛ ❡ ♦ s✐♥❛❧ ❞❡ ❝♦♥tr♦❧❡

❙❤✐❢t s❡r✈✐rá ❝♦♠♦ ❝❧♦❝❦ ✐♥❞✐❝❛♥❞♦ ❛ ❝✐r❝✉❧❛çã♦ ❞♦s ✈❛❧♦r❡s ❡♥tr❡ ❝❛❞❛ r❡❣✐str❛❞♦r✳ ◆❛ s❛í❞❛✱

❉❛t❛✱ t❡r✲s❡✲á ♦ ❡♥❞❡r❡ç♦ ✐♥✐❝✐❛❧ ♣❛r❛ s❡r ❝❛rr❡❣❛❞♦ ♥♦ ❝♦♥t❛❞♦r ✉♣❴❝♦✉♥t❡r✽♣❧✳

✻✳✷ ❊①tr❛çã♦ ❞❡ ❈❛r❛❝t❡ríst✐❝❛s

❉❡♣♦✐s ❞❛ ❛♣❧✐❝❛çã♦ ❞❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣✱ é r❡❛❧✐③❛❞♦ ♦ ❝á❧❝✉❧♦ ❞♦s ♣❛râ♠❡tr♦s ♠❡❧✲

❝❡♣str❛✐s ❞❡ ❝❛❞❛ q✉❛❞r♦✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ❛ ❛rq✉✐t❡t✉r❛ ❢♦✐ ♣r♦❥❡t❛❞❛ ♣❛r❛ ❝❛❧❝✉❧❛r ✾ ♣❛✲
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❋✐❣✉r❛ ✻✳✶✸✿ ❈♦♠♣♦♥❡♥t❡ ▼❡♠❴■♥❞❡①✳

râ♠❡tr♦s ♠❡❧✲❝❡♣str❛✐s✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ s✉❛s ♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛ ❞❡r✐✈❛❞❛s✳ ◆❛ ❋✐❣✉r❛ ✻✳✶✹

é ✐❧✉str❛❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ ♦❜t❡♥çã♦ ❞♦s ♣❛râ♠❡tr♦s ♠❡❧✲❝❡♣str❛✐s✳

❋✐❣✉r❛ ✻✳✶✹✿ ❊①tr❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ♠❡❧✲❝❡♣str❛✐s✳

❖s q✉❛❞r♦s ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❛♣ós t❡r❡♠ s✐❞♦ ♠✉❧t✐♣❧✐❝❛❞♦s ♣❡❧❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣✱ sã♦

♣r♦❝❡ss❛❞♦s ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

✶✳ ❈❛❧❝✉❧❛✲s❡ ♦ ❡s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ♣♦r ♠❡✐♦ ❞❛ ❋❋❚❀

✷✳ P♦r ♠❡✐♦ ❞❡ ✉♠ ❜❛♥❝♦ ❞❡ ✜❧tr♦s tr✐❛♥❣✉❧❛r❡s✱ ❝❛❧❝✉❧❛✲s❡ ❛ ❡♥❡r❣✐❛ ❞❡ ❝❛❞❛ ❝❛♥❛❧❀
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✸✳ ❈❛❧❝✉❧❛✲s❡ ♦ ❧♦❣❛r✐t♠♦ ❞♦ ✈❛❧♦r ❞❛ ❡♥❡r❣✐❛ ❞❡ ❝❛❞❛ ❝❛♥❛❧❀

✹✳ ❈❛❧❝✉❧❛✲s❡ ❛ tr❛♥s❢♦r♠❛❞❛ ❝♦ss❡♥♦✳

◆❛s s❡çõ❡s s❡❣✉✐♥t❡s✱ é ❛♣r❡s❡♥t❛❞❛ ❛ ❛rq✉✐t❡t✉r❛ ❞❡ ❝❛❞❛ ✉♠❛ ❞❡ss❛s ❡t❛♣❛s✳

✻✳✷✳✶ ❋✉♥çã♦ ❋❋❚

❆ ❢✉♥çã♦ ❋❋❚ ✐♠♣❧❡♠❡♥t❛ ❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

X(k) =

Nw−1∑

n=0

SQ(n).e
−j2πkn

Nw , 0 ≤ k ≤ Nw−1, ✭✻✳✹✮

s❡♥❞♦ SQ(n) é ♦ s✐♥❛❧ ❞❡ ✈♦③ ♣r♦✈❡♥✐❡♥t❡ ❞❛ s❡♣❛r❛çã♦ ❡♠ q✉❛❞r♦s ❛♣ós t❡r s✐❞♦ ♣r♦❝❡ss❛❞♦

♣❡❧❛ ❥❛♥❡❧❛ ❞❡ ❍❛♠♠✐♥❣✳ Nw = 252 ❝♦rr❡s♣♦♥❞❡ ❛♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❞❡♥tr♦ ❞❡ ✉♠

q✉❛❞r♦✳ ❖ ❡s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ é ❞❛❞♦ ♣♦r✿

Fk = |X(k)|2 , 0 ≤ k ≤ Nw

2
− 1. ✭✻✳✺✮

❆ ❢✉♥çã♦ ❋❋❚ ✐♠♣❧❡♠❡♥t❛ ❛ ❊q✉❛çã♦ ✻✳✹ ✐t❡r❛t✐✈❛♠❡♥t❡✱ ❛ ♣❛rt✐r ❞❛s s❡❣✉✐♥t❡s ❡q✉❛çõ❡s✿

Xl(k) = Xl−1(k) +W p.Xl−1(k +
N

2l
),

Xl(k +
N

2l
) = Xl−1(k)−W p.Xl−1(k +

N

2l
), ✭✻✳✻✮

s❡♥❞♦ Xl(k) é ♦ ✈❛❧♦r ❞❡ X(k) ♥❛ ✐t❡r❛çã♦ l✳ ❖ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s ♥❡❝❡ssár✐♦ ♣❛r❛ ♦❜t❡r

♦s ✈❛❧♦r❡s ✜♥❛✐s ❞❡ X(k) é l = log2N ✳ ❋♦r❛♠ ✉t✐❧✐③❛❞❛s ✷✺✻ ❛♠♦str❛s✱ ♣♦✐s ♦s ✷✺✷ ✈❛❧♦r❡s

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

❞❡ ❛♠♦str❛s ❞❡ ❡♥tr❛❞❛ ❞♦ t✐♣♦ 2n✱ s❡♥❞♦ ♥ ✐♥t❡✐r♦✳ ❖ ❢❛t♦r Wp é ❞❡✜♥✐❞♦ ❝♦♠♦✿

W p = e
−j2πp
Nw , p = n.k ✭✻✳✼✮

◆❛ ❋✐❣✉r❛ ✻✳✶✺✱ é ❛♣r❡s❡♥t❛❞❛ ❛ ❡str✉t✉r❛ ❞❡ ♦♣❡r❛çõ❡s ♥❡❝❡ssár✐❛s ♣❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦

❞❛ ❋❋❚✳ ❉✉❛s ♠❡♠ór✐❛s ❘❖▼ ❚✇✐❞❞❧❡❴❘❡❴▼❡♠ ❡ ❚✇✐❞❞❧❡❴■♠❴▼❡♠ ❞❡ ✶✷✽ ♣❛❧❛✈r❛s ❞❡

✶✻ ❜✐ts sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛r♠❛③❡♥❛r ❛ ♣❛rt❡ r❡❛❧ ❡ ❛ ♣❛rt❡ ✐♠❛❣✐♥ár✐❛ ❞♦ ❢❛t♦r Wp✱ ❞❛

❡q✉❛çã♦ ✻✳✼✳ ◗✉❛tr♦ ♠❡♠ór✐❛s ❘❆▼ ❘❡✵✱ ■♠✵✱ ❘❡✶ ❡ ■♠✶✱ ❞❡ ✶✷✽ ♣❛❧❛✈r❛s ❞❡ ✶✻ ❜✐ts

❝❛❞❛ ✉♠❛✱ sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛r♠❛③❡♥❛r ♦s ✈❛❧♦r❡s ✐♥t❡r♠❡❞✐ár✐♦s ❞❡ ❝❛❞❛ ✐t❡r❛çã♦✳ ❊st❛s

♠❡♠ór✐❛s ❞❡✈❡♠ t❡r ❞✉♣❧❛ ♣♦rt❛ ❞❡ ❛❝❡ss♦✳
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❋✐❣✉r❛ ✻✳✶✺✿ ❖♣❡r❛çõ❡s ❝r✉③❛❞❛s ♣❛r❛ ❛ ❋❋❚ ✭❜✉tt❡r✢②✮✳

❆s s❛í❞❛s ❛ ❝❛❞❛ ✐t❡r❛çã♦ ❢♦r❛♠ s❡♣❛r❛❞❛s✱ ♣❛r❛ ❢❛❝✐❧✐t❛r ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❡♠ ❤❛r❞✇❛r❡✱

❡♠ s✉❛s ♣❛rt❡s r❡❛❧ ❡ ✐♠❛❣✐♥ár✐❛ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

a = ReXl(k),

b = ImXl(k),

adn = ReXl(k +
N

2l
),

bdn = ImXl(k +
N

2l
). ✭✻✳✽✮

◆❛ ❋✐❣✉r❛ ✻✳✶✻✱ é ✐❧✉str❛❞❛ ❛ ❡♥tr❛❞❛ ❞❡ ❞❛❞♦s ♥❛s ♠❡♠ór✐❛s ❘❆▼ ❘❲✱ q✉❡ ❛r♠❛③❡♥❛♠

♦s ✈❛❧♦r❡s ✐♥t❡r♠❡❞✐ár✐♦s ❡♠ ❝❛❞❛ ✐t❡r❛çã♦✳

❖s ✈❛❧♦r❡s ❞❡ X(k) ❛ ❝❛❞❛ ✐t❡r❛çã♦ sã♦ ♥♦✈❛♠❡♥t❡ ✐♥tr♦❞✉③✐❞♦s ♥❛s ♠❡♠ór✐❛s ❘❆▼ ❘❲

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

✻✳✷✳✷ ❋✉♥çã♦ ❞❡ ❋✐❧tr♦s ❚r✐❛♥❣✉❧❛r❡s

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

❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✾✱ ♥♦ ❈❛♣ít✉❧♦ ✷✳

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

✺✱ ❡ t❛♠❜é♠ ❡♠ ♦✉tr♦s tr❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s ❬✶✹✼✱ ✶✹✽✱ ✶✹✾✱ ✶✺✵✱ ✶✺✶❪✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s

✸✻ ✜❧tr♦s tr✐❛♥❣✉❧❛r❡s ♣❛r❛ ❝♦❜r✐r ❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛s ❞♦ s✐♥❛❧ ❞❡ ✈♦③✳ ❯♠❛ ✈❡③ q✉❡ ❛

❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ✉t✐❧✐③❛❞❛ ❢♦✐ ❞❡ fs = 11025Hz✱ r❡s♣❡✐t❛♥❞♦ ♦ ❝r✐tér✐♦ ❞❡ ◆②q✉✐st✱



✻✳✷ ❊❳❚❘❆➬➹❖ ❉❊ ❈❆❘❆❈❚❊❘❮❙❚■❈❆❙ ✶✵✺

❋✐❣✉r❛ ✻✳✶✻✿ ❊♥tr❛❞❛ ❞❡ ❞❛❞♦s ♥❛s ♠❡♠♦r✐❛s ❘❆▼ ❘❲✳

❋✐❣✉r❛ ✻✳✶✼✿ ❊♥❞❡r❡ç❛♠❡♥t♦ ❞❛s ▼❡♠ór✐❛s✳



✻✳✷ ❊❳❚❘❆➬➹❖ ❉❊ ❈❆❘❆❈❚❊❘❮❙❚■❈❆❙ ✶✵✻

❛ ♠❛✐♦r ❢r❡q✉ê♥❝✐❛ ♥ã♦ ❞❡✈❡ ✉❧tr❛♣❛ss❛r ❛ ♠❡t❛❞❡ ❞❡ss❡ ✈❛❧♦r✳ ◆❛ ❚❛❜❡❧❛ ✻✳✶ sã♦ ❛♣r❡s❡♥t❛❞❛s

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

❮♥❞✐❝❡ ▼❡♥♦r ❋r❡q✉ê♥✲
❝✐❛ ✭❍③✮

❋r❡q✉ê♥❝✐❛
❈❡♥tr❛❧ ✭❍③✮

▼❛✐♦r ❋r❡q✉ê♥✲
❝✐❛ ✭❍③✮

❉✐stâ♥❝✐❛ ❞♦
❈❡♥tr♦

▲❛r❣✉r❛ ❞❡
❇❛♥❞❛

✶ ✶✸✸✳✸✸ ✷✵✵✳✵✵ ✷✻✻✳✻✼ ✻✻✳✻✼ ✶✸✸✳✸✹
✷ ✷✵✵✳✵✵ ✷✻✻✳✻✼ ✸✸✸✳✸✹ ✻✻✳✻✼ ✶✸✸✳✸✹
✸ ✷✻✻✳✻✼ ✸✸✸✳✸✹ ✹✵✵✳✵✶ ✻✻✳✻✼ ✶✸✸✳✸✹
✹ ✸✸✸✳✸✹ ✹✵✵✳✵✶ ✹✻✻✳✻✽ ✻✻✳✻✼ ✶✸✸✳✸✹
✺ ✹✵✵✳✵✶ ✹✻✻✳✻✽ ✺✸✸✳✸✺ ✻✻✳✻✼ ✶✸✸✳✸✹
✻ ✹✻✻✳✻✽ ✺✸✸✳✸✺ ✻✵✵✳✵✷ ✻✻✳✻✼ ✶✸✸✳✸✹
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✾ ✻✻✻✳✻✾ ✼✸✸✳✸✻ ✽✵✵✳✵✸ ✻✻✳✻✼ ✶✸✸✳✸✹
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✷✵ ✶✺✶✵✳✸✸ ✶✻✶✼✳✸✾ ✶✼✷✹✳✹✺ ✶✵✼✳✵✻ ✷✶✹✳✶✶
✷✶ ✶✻✶✼✳✸✾ ✶✼✸✶✳✾✹ ✶✽✹✻✳✹✾ ✶✶✹✳✺✺ ✷✷✾✳✶✵
✷✷ ✶✼✸✶✳✾✹ ✶✽✺✹✳✺✶ ✶✾✼✼✳✵✽ ✶✷✷✳✺✼ ✷✹✺✳✶✹
✷✸ ✶✽✺✹✳✺✶ ✶✾✽✺✳✻✻ ✷✶✶✻✳✽✶ ✶✸✶✳✶✺ ✷✻✷✳✸✵
✷✹ ✶✾✽✺✳✻✻ ✷✶✷✺✳✾✾ ✷✷✻✻✳✸✷ ✶✹✵✳✸✸ ✷✽✵✳✻✻
✷✺ ✷✶✷✺✳✾✾ ✷✷✼✻✳✶✺ ✷✹✷✻✳✸✵ ✶✺✵✳✶✺ ✸✵✵✳✸✶
✷✻ ✷✷✼✻✳✶✺ ✷✹✸✻✳✽✶ ✷✺✾✼✳✹✽ ✶✻✵✳✻✻ ✸✷✶✳✸✸
✷✼ ✷✹✸✻✳✽✶ ✷✻✵✽✳✼✷ ✷✼✽✵✳✻✸ ✶✼✶✳✾✶ ✸✹✸✳✽✷
✷✽ ✷✻✵✽✳✼✷ ✷✼✾✷✳✻✼ ✷✾✼✻✳✻✶ ✶✽✸✳✾✹ ✸✻✼✳✽✾
✷✾ ✷✼✾✷✳✻✼ ✷✾✽✾✳✹✾ ✸✶✽✻✳✸✶ ✶✾✻✳✽✷ ✸✾✸✳✻✹
✸✵ ✷✾✽✾✳✹✾ ✸✷✵✵✳✵✾ ✸✹✶✵✳✻✽ ✷✶✵✳✻✵ ✹✷✶✳✷✵
✸✶ ✸✷✵✵✳✵✾ ✸✹✷✺✳✹✸ ✸✻✺✵✳✼✼ ✷✷✺✳✸✹ ✹✺✵✳✻✽
✸✷ ✸✹✷✺✳✹✸ ✸✻✻✻✳✺✹ ✸✾✵✼✳✻✺ ✷✹✶✳✶✶ ✹✽✷✳✷✸
✸✸ ✸✻✻✻✳✺✹ ✸✾✷✹✳✺✸ ✹✶✽✷✳✺✷ ✷✺✼✳✾✾ ✺✶✺✳✾✽
✸✹ ✸✾✷✹✳✺✸ ✹✷✵✵✳✺✽ ✹✹✼✻✳✻✸ ✷✼✻✳✵✺ ✺✺✷✳✶✵
✸✺ ✹✷✵✵✳✺✽ ✹✹✾✺✳✾✻ ✹✼✾✶✳✸✸ ✷✾✺✳✸✼ ✺✾✵✳✼✺
✸✻ ✹✹✾✺✳✾✻ ✹✽✶✷✳✵✶ ✺✶✷✽✳✵✻ ✸✶✻✳✵✺ ✻✸✷✳✶✵

❚❛❜❡❧❛ ✻✳✶✿ ❇❛♥❝♦ ❞❡ ❋✐❧tr♦s ❚r✐❛♥❣✉❧❛r❡s✳

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

✜❧tr♦s tr✐❛♥❣✉❧❛r❡s ❝♦♥s✐st❡ ❞❡ ✉♠ ✈❡t♦r ❞❡ ✶✷✽ ✈❛❧♦r❡s✱ ♦ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ ♠❡t❛❞❡ ❞♦ ✈❡t♦r

❣❡r❛❞♦ ♣❡❧❛ ❢✉♥çã♦ ❋❋❚✳

❈♦♠♦ ❞❡s❝r✐t♦ ♥♦ ❈❛♣ít✉❧♦ ✷✱ ❡ r❡♣❡t✐❞♦ ❛q✉✐ ♣♦r ❝♦♥✈❡♥✐ê♥❝✐❛✱ ♥❡st❛ ❡t❛♣❛ é ❝❛❧❝✉❧❛❞❛

❛ ❡♥❡r❣✐❛ ❞❡ s❛í❞❛ P (i) ❡♠ ❝❛❞❛ ✜❧tr♦ i✱ ❡①♣r❡ss❛ ♣♦r✿

P (i) =

N/2∑

k=0

|S(k,m)|2Hi(k
2π

N
), ✭✻✳✾✮



✻✳✷ ❊❳❚❘❆➬➹❖ ❉❊ ❈❆❘❆❈❚❊❘❮❙❚■❈❆❙ ✶✵✼

❝♦♠ i = 1, 2, ..., Nf ✳ N é ♦ ♥ú♠❡r♦ ❞❡ ♣♦♥t♦s ❞❛ ❚r❛♥s❢♦r♠❛❞❛ ❉✐s❝r❡t❛ ❞❡ ❋♦✉r✐❡r✱ Nf é

♦ ♥ú♠❡r♦ ❞❡ ✜❧tr♦s tr✐❛♥❣✉❧❛r❡s✱ q✉❡ ♥❡st❡ ❝❛s♦ é ✐❣✉❛❧ ✸✻✳ |S(k,m)| é ♦ ♠ó❞✉❧♦ ❞❛ ❛♠♣❧✐t✉❞❡

♥❛ ❢r❡q✉ê♥❝✐❛ ❞♦ ❦✲és✐♠♦ ♣♦♥t♦ ❞❛ ♠✲és✐♠❛ ❥❛♥❡❧❛ ✭q✉❛❞r♦✮✳ Hi(w) é ❛ ❢✉♥çã♦ r❡s♣♦st❛ ❡♠

❢r❡q✉ê♥❝✐❛ ❞♦ ✐✲és✐♠♦ ✜❧tr♦ tr✐❛♥❣✉❧❛r✳

❈♦♠♦ ❛♣❡♥❛s ✶✷✽ ✈❛❧♦r❡s ❞♦ ❡s♣❡❝tr♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ♣❛ss❛♠ ♣❡❧♦ ❜❛♥❝♦ ❞❡ ✜❧tr♦s ❡♥tã♦✱

t❛♠❜é♠ sã♦ ♥❡❝❡ssár✐♦s ❛♣❡♥❛s ✶✷✽ ✈❛❧♦r❡s ❞❡ ❝❛❞❛ ✜❧tr♦✳ ◆♦ ❡♥t❛♥t♦✱ ♣❛r❛ ❝❛❞❛ ✜❧tr♦✱

♠✉✐t♦s ❞♦s s❡✉s ✈❛❧♦r❡s sã♦ ✐❣✉❛✐s ❛ ③❡r♦✳ ❙❡♥❞♦ ❛ss✐♠✱ ♣❛r❛ ❡✈✐t❛r ♦ ❝á❧❝✉❧♦ ❞♦s ✈❛❧♦r❡s

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

❡♠ s♦❢t✇❛r❡ ❡ ❛r♠❛③❡♥❛❞♦s ❡♠ ✉♠❛ ♠❡♠ór✐❛ ❘❖▼✱ ❱❛❧♦r❴❋✐❧tr♦❴❘♦♠✱ ❞❡ ✷✻✶ ♣❛❧❛✈r❛s

❞❡ ✶✷ ❜✐ts ❝❛❞❛✳ ❙ã♦ ♥❡❝❡ssár✐♦s ✷✻✶ ❡♥❞❡r❡ç♦s ❞❡ ♠❡♠ór✐❛✱ ✉♠❛ ✈❡③ q✉❡✱ ♣❛r❛ ♦s ✸✻ ✜❧tr♦s

✉t✐❧✐③❛❞♦s ❝♦♠ ❛s ❢r❡q✉ê♥❝✐❛s ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✻✳✶✱ ❡①✐st❡♠ ✷✷✻ ✈❛❧♦r❡s ❞✐❢❡r❡♥t❡s ❞❡

③❡r♦ ❡ sã♦ ✉t✐❧✐③❛❞♦s ♦✉tr♦s ✸✺ ✈❛❧♦r❡s ✐❣✉❛✐s ❛ ✵ ♣❛r❛ ♦s ❞❡♠❛✐s ❝❛s♦s✳ ❚♦❞♦s ♦s ✈❛❧♦r❡s

❞♦s ✜❧tr♦s ♣♦❞❡♠ s❡r ✈❡r✐✜❝❛❞♦s ♥❛s ❚❛❜❡❧❛s ❇✳✶✱ ❇✳✷ ❡ ❇✳✸ ♥♦ ❆♣ê♥❞✐❝❡ ❇✳ ❊♠ ✉♠❛ ♦✉tr❛

♠❡♠ór✐❛ ❘❖▼✱ ■♥✐❴❋✐♥❴❋✐❧tr♦❴❘❖▼✱ sã♦ ❛r♠❛③❡♥❛❞❛s ❛s ♣♦s✐çõ❡s ✐♥✐❝✐❛✐s ❡ ✜♥❛✐s✱ ❡♥tr❡

✵ ❡ ✶✷✼✱ ❞♦s ✈❛❧♦r❡s ❞✐❢❡r❡♥t❡s ❞❡ ③❡r♦ ✉t✐❧✐③❛❞♦s ❡♠ ❝❛❞❛ ✜❧tr♦✳

❋✐❣✉r❛ ✻✳✶✽✿ P❛rt❡ ♦♣❡r❛❝✐♦♥❛❧ ❞❛ ❢✉♥çã♦ ❞♦s ✜❧tr♦s tr✐❛♥❣✉❧❛r❡s✳

◆❛ ❋✐❣✉r❛ ✻✳✶✽✱ é ❛♣r❡s❡♥t❛❞❛ ❛ ♣❛rt❡ ♦♣❡r❛❝✐♦♥❛❧ ❞❛ ❢✉♥çã♦ ❞❡ ✜❧tr♦s tr✐❛♥❣✉❧❛r❡s✳ ❖s

r❡❣✐str❛❞♦r❡s ❙t✵✱ ❙t✵❴❘❖▼✱ ❙t✶ ❡ ❙t✷ ✐♠♣❧❡♠❡♥t❛♠ ♦ s❡❣✉✐♥t❡ ♣✐♣❡❧✐♥❡ ❞❡ ✸ ❡stá❣✐♦s✿

✶✳ ◆♦ ♣r✐♠❡✐r♦ ❡stá❣✐♦✱ ❝❛❞❛ ❛♠♦str❛ ❞♦ ❡s♣❡❝tr♦ ♣r♦✈❡♥✐❡♥t❡ ❞♦ ❜❧♦❝♦ ❋❋❚ é ❛r♠❛③❡♥❛❞❛

♥♦ r❡❣✐str❛❞♦r ❙t✵✳ ❆♦ ♠❡s♠♦ t❡♠♣♦✱ ♦ ❣❛♥❤♦ ❞♦ ✜❧tr♦ tr✐❛♥❣✉❧❛r ❝♦rr❡s♣♦♥❞❡♥t❡ é
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❧✐❞♦ ❞❡ ❱❛❧♦r❴❋✐❧tr♦❴❘❖▼ ❡ ❛r♠❛③❡♥❛❞♦ ❡♠ ❙t✵❴❘❖▼✳

✷✳ ◆♦ s❡❣✉♥❞♦ ❡stá❣✐♦✱ ♦s ✈❛❧♦r❡s ❞♦s r❡❣✐str❛❞♦r❡s ❙t✵ ❡ ❙t✵❴❘❖▼ sã♦ ❧✐❞♦s ❡ ♠✉❧t✐♣❧✐✲

❝❛❞♦s✱ ❡ ♦ r❡s✉❧t❛❞♦ ❛r♠❛③❡♥❛❞♦ ❡♠ ❙t✶✳

✸✳ ◆♦ t❡r❝❡✐r♦ ❡stá❣✐♦✱ r❡❛❧✐③❛✲s❡ ❛ s♦♠❛ ❝♦♠ ♦ ✈❛❧♦r q✉❡ ❡stá ❡♠ ❙t✷✳ ❊st❡ ♣r♦❝❡ss♦ ❞❡

❛❝✉♠✉❧❛çã♦ é r❡♣❡t✐❞♦ ❛té ❝♦♠♣❧❡t❛r t♦❞♦s ♦s ✈❛❧♦r❡s q✉❡ ❝♦rr❡s♣♦♥❞❡♠ ❛ ✉♠ ❝❛♥❛❧

❞♦ ❜❛♥❝♦ ❞❡ ✜❧tr♦s✳ ❯♠❛ ✈❡③ ❝♦♥❝❧✉í❞♦ ❡st❡ ♣r♦❝❡ss♦ ♣❛r❛ ✉♠ ❝❛♥❛❧✱ ♦ ♠✉❧t✐♣❧❡①❛✲

❞♦r ▼✉①❴❋❡❡❞ r❡✐♥✐❝✐❛❧✐③❛ ♦ ❛❝✉♠✉❧❛❞♦r ❙t✷ ❝♦♠ ♦ ♣r✐♠❡✐r♦ ✈❛❧♦r ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦

♣ró①✐♠♦ ❝❛♥❛❧✳ ❖ ♣r♦❝❡ss♦ é r❡♣❡t✐❞♦ ❛té ❝♦♠♣❧❡t❛r t♦❞♦s ♦s ❝❛♥❛✐s✳

❋✐❣✉r❛ ✻✳✶✾✿ ❊♥❞❡r❡ç❛♠❡♥t♦ ❞❛s ♠❡♠ór✐❛s ❘❖▼✳

❆s ♠❡♠ór✐❛s sã♦ ❡♥❞❡r❡ç❛❞❛s ♣♦r ♠❡✐♦ ❞❡ ❝♦♥t❛❞♦r❡s✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✶✾✳

❯♠ ❝♦♥t❛❞♦r ❞❡ ✻ ❜✐ts ✭❯♣❴❈♦✉♥t❡r✻✮ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡♥❞❡r❡ç❛r ■♥✐❴❋✐♥❴❋✐❧tr♦❴❘❖▼

q✉❡ ❛r♠❛③❡♥❛ ❛s ♣♦s✐çõ❡s ✐♥✐❝✐❛✐s ❡ ✜♥❛✐s✱ ❡♥tr❡ ✵ ❡ ✶✷✼✱ ❞♦s ✈❛❧♦r❡s ✉t✐❧✐③❛❞♦s ❡♠ ❝❛❞❛ ✉♠

❞♦s ✸✻ ✜❧tr♦s✳ ❊ss❛ ♠❡♠ór✐❛ é ❢♦r♠❛❞❛ ♣♦r ✸✻ ♣❛❧❛✈r❛s ❞❡ ✶✹ ❜✐ts ❝❛❞❛ ✉♠❛✱ s❡♥❞♦ ♦s ✼

♣r✐♠❡✐r♦s ❜✐ts ♣❛r❛ ❛ ♣♦s✐çã♦ ✐♥✐❝✐❛❧ ❡ ♦s ❞❡♠❛✐s ♣❛r❛ ❛ ♣♦s✐çã♦ ✜♥❛❧✳ ❖ ❝♦♥t❡ú❞♦ ❞❡ss❛

♠❡♠ór✐❛ é ✐❧✉str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✷✳ ❚❛✐s ✈❛❧♦r❡s sã♦ r❡s✉❧t❛♥t❡s ❞❛s ❚❛❜❡❧❛s ❇✳✶✱ ❇✳✷ ❡ ❇✳✸

❞♦ ❆♣ê♥❞✐❝❡ ❇✱ ❝✐t❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡✳ ❖ ❝♦♥t❛❞♦r ❯♣❴❈♦✉♥t❡r✼ ❝♦♥tr♦❧❛ ♦ ♥ú♠❡r♦ ❞❛

❛♠♦str❛ ❛t✉❛❧ q✉❡ ❡stá s❡♥❞♦ ♣r♦❝❡ss❛❞❛ ✭✵✲✶✷✼✮✳ ❖ ❝♦♠♣♦♥❡♥t❡ ❈♦♠♣❛r❛❞♦r ✈❡r✐✜❝❛ s❡

❛ ❛♠♦str❛ ❛t✉❛❧ ❡stá ❡♥tr❡ ❛ ❛♠♦str❛ ✐♥✐❝✐❛❧ ❡ ✜♥❛❧ ❞♦ ✜❧tr♦ ❛t✉❛❧✳ ❙❡ ✐ss♦ ❢♦r ✈❡r❞❛❞❡✱ ♦

❝♦♥t❛❞♦r ❞❡ ✾ ❜✐ts✱ ❯♣❴❈♦✉♥t❡r✾✱ é ✐♥❝r❡♠❡♥t❛❞♦ ✭❋✐❣✉r❛ ✻✳✷✵✮✳ ❊ss❡ ❝♦♥t❛❞♦r s❡r✈❡ ♣❛r❛

❡♥❞❡r❡ç❛r ❱❛❧♦r❴❋✐❧tr♦❴❘♦♠ q✉❡ ❛r♠❛③❡♥❛ ♦s ✈❛❧♦r❡s ❞❡ ❝❛❞❛ ✜❧tr♦✱ ❜❡♠ ❝♦♠♦ ♦ ✈❛❧♦r ③❡r♦

✐♥t❡r♠❡❞✐ár✐♦ ❡♥tr❡ ❝❛❞❛ ✜❧tr♦✳ ❖ ❝♦♥t❡ú❞♦ ❞❡st❛ ❘❖▼ ♣♦❞❡ s❡r ✈❡r✐✜❝❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✸✳

❖❜s❡r✈❛♥❞♦ ♦ ❝♦♥t❡ú❞♦ ❞❛ t❛❜❡❧❛✱ é ♣♦ssí✈❡❧ ♥♦t❛r q✉❡ ❡♥tr❡ ♦s ✈❛❧♦r❡s ❞✐❢❡r❡♥t❡s ❞❡ ③❡r♦ ❞❡

❝❛❞❛ ✜❧tr♦✱ ❡①✐st❡ ✉♠ ✈❛❧♦r ✐❣✉❛❧ ❛ ③❡r♦✱ q✉❡ ✈❛✐ s❡r ✉t✐❧✐③❛❞♦ ❛té q✉❡ ♦ ♣ró①✐♠♦ ✜❧tr♦ s❡❥❛

♣r♦❝❡ss❛❞♦ ❡ ❛ ❛♠♦str❛ ❛t✉❛❧ ❡st❡❥❛ ♥❛ ❢❛✐①❛ ❞❡✜♥✐❞❛ ♣❡❧♦ ♣ró①✐♠♦ ■♥✐❴❋✐♥❴❋✐❧tr♦✳
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❚❛❜❡❧❛ ✻✳✸✿ ❈♦♥t❡ú❞♦ ❞❛ ♠❡♠ór✐❛ ❱❛❧♦r❴❋✐❧tr♦❴❘❖▼✳



✻✳✷ ❊❳❚❘❆➬➹❖ ❉❊ ❈❆❘❆❈❚❊❘❮❙❚■❈❆❙ ✶✶✶

✻✳✷✳✸ ▲♦❣❛r✐t♠♦ ❞❛ ❊♥❡r❣✐❛

P❛r❛ ❛ ❡t❛♣❛ ❞♦ ❝á❧❝✉❧♦ ❞♦ ▲♦❣❛r✐t♠♦✱ é ✉t✐❧✐③❛❞♦ ♦ ❛❧❣♦r✐t♠♦ ❈❖❘❉■❈ ✭❈❖♦r❞✐♥❛t❡ ❘♦t❛✲

t✐♦♥ ❉■❣✐t❛❧ ❈♦♠♣✉t❡r✮ ❬✶✺✸❪✱ q✉❡ ❢♦r♥❡❝❡ ✉♠ ♠ét♦❞♦ ✐t❡r❛t✐✈♦ ♣❛r❛ ❛ r♦t❛çã♦ ❞❡ ✈❡t♦r❡s ❡♠

❞✐❢❡r❡♥t❡s â♥❣✉❧♦s ♦✉ ❛❧✐♥❤❛♠❡♥t♦ ❝♦♠ ✉♠ ❞♦s ❡✐①♦s ❝♦♦r❞❡♥❛❞♦s✱ ✉s❛♥❞♦ ❛♣❡♥❛s ❞❡s❧♦❝❛✲

♠❡♥t♦s ❡ s♦♠❛s✳ ❊st❛s ♦♣❡r❛çõ❡s ♣♦❞❡♠ s❡r r❡❛❧✐③❛❞❛s ❡♠ s✐st❡♠❛s ❞❡ ❝♦♦r❞❡♥❛❞❛s ❧✐♥❡❛r❡s✱

❝✐r❝✉❧❛r❡s ❡ ❤✐♣❡r❜ó❧✐❝❛s✳

P❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ❧♦❣❛r✐t♠♦ sã♦ ♥❡❝❡ssár✐❛s ❝♦♦r❞❡♥❛❞❛s ❤✐♣❡r❜ó❧✐❝❛s✳ ❖ ❛❧❣♦r✐t♠♦ ✉t✐❧✐③❛

r♦t❛çõ❡s ❡♠ â♥❣✉❧♦s ❡❧❡♠❡♥t❛r❡s ❞❡ ✈❛❧♦r ❝♦♥❤❡❝✐❞♦ ✭tanh−1(2−i)✮ ❛r♠❛③❡♥❛❞❛s ❡♠ ✉♠❛

♠❡♠ór✐❛✳ ❆ ✐t❡r❛çã♦ ❜ás✐❝❛ ♦✉ ♠✐❝r♦r♦t❛çã♦ ❡♠ ❝♦♦r❞❡♥❛❞❛s ❤✐♣❡r❜ó❧✐❝❛s é✿

xi+1 = xi −m.yi.δi.2
−i

yi+1 = yi +m.xi.δi.2
−i

zi+1 = zi − δi.arctgh(2
−i), ✭✻✳✶✵✮

s❡♥❞♦ (x0, y0) ❛s ❝♦♦r❞❡♥❛❞❛s ✐♥✐❝✐❛✐s ❞♦ ✈❡t♦r ❡ ❛ ❝♦♦r❞❡♥❛❞❛ z ❛❝✉♠✉❧❛ ♦ ✈❛❧♦r ❞♦ â♥❣✉❧♦✳

❖ ❝♦❡✜❝✐❡♥t❡ δi ✐♥❞✐❝❛ ❛ ❞✐r❡çã♦ ❞❡ ❝❛❞❛ ♠✐❝r♦r♦t❛çã♦✳

❖ ❞♦♠í♥✐♦ ❞❡ ❝♦♥✈❡r❣ê♥❝✐❛ ❞♦ ❈❖❘❉■❈ ❡stá ❧✐♠✐t❛❞♦ ♣❡❧♦ ✐♥t❡r✈❛❧♦ [−π
2
, π
2
]✱ ❞❡✈✐❞♦ ❛♦

✉s♦ ❞❡ 20 ♣❛r❛ t❛♥❣❡♥t❡ ❤✐♣❡r❜ó❧✐❝❛ ♥❛ ♣r✐♠❡✐r❛ ✐t❡r❛çã♦ ❬✶✺✸❪✳ P❛r❛ ♥ú♠❡r♦s ❢♦r❛ ❞❡st❡

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

❤✐♣❡r❜ó❧✐❝♦ ❞❡ ✉♠ ♥ú♠❡r♦ β ❡ ♦ ❧♦❣❛r✐t♠♦ ♥❛t✉r❛❧ ❞♦ ♠❡s♠♦ é✿

ln(β) = 2.arctgh

(
β − 1

β + 1

)
✭✻✳✶✶✮

❉❡✈✐❞♦ à ❞✐✈❡r❣ê♥❝✐❛ ❞♦ ❛r❝♦ t❛♥❣❡♥t❡ ❤✐♣❡r❜ó❧✐❝♦ ♥♦ ♣♦♥t♦ ✶✱ ♦ ✐♥t❡r✈❛❧♦ ♣❛r❛ ♦s ✈❛❧♦r❡s

❞❡ ❝á❧❝✉❧♦ ❞❡ ✈❡r 0.5 ≤ β < 1✳ ❆ss✐♠✱ ♦s ✈❛❧♦r❡s ❞❡♥tr♦ ❞♦ ✐♥t❡r✈❛❧♦ 1 < β < 0.5 sã♦

♠✉❧t✐♣❧✐❝❛❞♦s ♦✉ ❞✐✈✐❞✐❞♦s ♣♦r ✷ ❛té s❛t✐s❢❛③❡r ❛ r❡❣r❛ ❛♥t❡r✐♦r✳ ❉❡ ♠❛♥❡✐r❛ ❛♥❛❧ít✐❝❛✿

ln(β) = ln(β
′

.2n) = ln(β
′

) + n.ln(2), ✭✻✳✶✷✮

s❡♥❞♦ n ✉♠ ♥ú♠❡r♦ ✐♥t❡✐r♦ ♣♦s✐t✐✈♦ q✉❛♥❞♦ β < 0.5✱ ③❡r♦ q✉❛♥❞♦ 0.5 ≤ β < 1 ♦✉ ✉♠ ♥ú♠❡r♦

✐♥t❡✐r♦ ♥❡❣❛t✐✈♦ q✉❛♥❞♦ β > 1✳

❖ s✐st❡♠❛ ♣r♦♣♦st♦ ❡stá ❝♦♠♣♦st♦ ❞❡ ❞✉❛s ❡t❛♣❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡ é ❛♣r❡s❡♥t❛❞♦

♥❛ ❋✐❣✉r❛ ✻✳✷✶✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ♦ ✈❛❧♦r ❞❡ ❡♥tr❛❞❛ é ❛♥❛❧✐s❛❞♦ ❡✱ s❡ ♥❡❝❡ssár✐♦✱ r❡❛❧✐③❛✲s❡ ♦

❡s❝❛❧♦♥❛♠❡♥t♦ ❞♦ ♠❡s♠♦✳ ❊♠ s❡❣✉✐❞❛✱ ♦ ❛❧❣♦r✐t♠♦ ❈❖❘❉■❈ é ❛♣❧✐❝❛❞♦ ❛♦ ✈❛❧♦r r❡s✐❞✉❛❧ ❡

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

◆❛ ❋✐❣✉r❛ ✻✳✷✷✱ é ❛♣r❡s❡♥t❛❞❛ ❛ ❛rq✉✐t❡t✉r❛ q✉❡ r❡❛❧✐③❛ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ♦

s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ é ❛r♠❛③❡♥❛❞♦ ❡♠ ✉♠ r❡❣✐str❛❞♦r ❞❡ ❞❡s❧♦❝❛♠❡♥t♦ ❞❡ ✶✻ ❜✐ts ✭■♥❴❙❤✐❢t❴❘❡❣✮✳



✻✳✷ ❊❳❚❘❆➬➹❖ ❉❊ ❈❆❘❆❈❚❊❘❮❙❚■❈❆❙ ✶✶✷

❋✐❣✉r❛ ✻✳✷✶✿ ❉✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ❞♦ ♣r♦❝❡ss❛❞♦r ❧♦❣❛r✐t♠♦✳

❆ ❝❛❞❛ ♣✉❧s♦ ❞❡ ❝❧♦❝❦✱ ✉♠ ❜✐t ✈❛✐ s❡♥❞♦ ❛r♠❛③❡♥❛❞♦ ♥♦ r❡❣✐str❛❞♦r ❖✉t❴❙❤✐❢t❴❘❡❣✳ ❖ ❞❡s✲

❧♦❝❛♠❡♥t♦ é ❞❡s❛t✐✈❛❞♦✱ q✉❛♥❞♦ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ é ❝♦♥❝❧✉í❞♦✱ ❛t✐✈❛♥❞♦✲s❡ ♦ s✐♥❛❧ ❉♦♥❡✳

❋✐❣✉r❛ ✻✳✷✷✿ ❈á❧❝✉❧♦ ❞♦ ✈❛❧♦r ❡s❝❛❧♦♥❛❞♦✳

◆❛ ❋✐❣✉r❛ ✻✳✷✸✱ é ❛♣r❡s❡♥t❛❞♦ ♦ ❝á❧❝✉❧♦ ❞♦ ❢❛t♦r ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✱ ❘❛❞✐①✳ ❖ ❢❛t♦r ❞❡

❡s❝❛❧♦♥❛♠❡♥t♦ é n.ln(2)✱ s❡♥❞♦ n ♦ ♥ú♠❡r♦ ❞❡ ✈❡③❡s q✉❡ é r❡❛❧✐③❛❞♦ ♦ ❞❡s❧♦❝❛♠❡♥t♦ ❞♦ ✈❛❧♦r

✐♥✐❝✐❛❧ ❞♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛✳ P❛r❛ ♠❡❧❤♦r ♣r❡❝✐sã♦✱ é ✉t✐❧✐③❛❞♦ ✉♠ ❜❛rr❛♠❡♥t♦ ❞❡ ❞❛❞♦s ✐♥t❡r♥♦

❞❡ ✷✵ ❜✐ts✱ s❡♥❞♦ ❡①t❡r♥❛♠❡♥t❡ ❛♣r♦①✐♠❛❞♦ ♣❛r❛ ✶✻ ❜✐ts✳

❋✐❣✉r❛ ✻✳✷✸✿ ❈á❧❝✉❧♦ ❞♦ ❢❛t♦r ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✳

❆ ❛rq✉✐t❡t✉r❛ ❞♦ ♠ó❞✉❧♦ ❈❖❘❉■❈ ♣r♦❥❡t❛❞❛ é ❛♣r❡s❡♥t❛❞❛ ♥❛s ❋✐❣✉r❛s ✻✳✷✹ ❡ ✻✳✷✺✳ ■♥✐✲

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

♣❡❧♦s ♠✉❧t✐♣❧❡①❛❞♦r❡s P✳ ❈♦♠ ❡st❡s ✈❛❧♦r❡s é ❡①❡❝✉t❛❞❛ ✉♠❛ s♦♠❛ ♦✉ s✉❜tr❛çã♦ ❡ ♦ r❡s✉❧t❛❞♦



✻✳✷ ❊❳❚❘❆➬➹❖ ❉❊ ❈❆❘❆❈❚❊❘❮❙❚■❈❆❙ ✶✶✸

é ❛r♠❛③❡♥❛❞♦ ♥♦s r❡❣✐str❛❞♦r❡s ❘❡❣❴❳ ❡ ❘❡❣❴❨✳ ◆❛s s❡❣✉✐♥t❡s ✐t❡r❛çõ❡s✱ ♦s ♠✉❧t✐♣❧❡①❛❞♦✲

r❡s ▲ s❡❧❡❝✐♦♥❛♠ ♦s ❝♦♥t❡ú❞♦s ❞♦s r❡❣✐str❛❞♦r❡s ❘❡❣❴❳ ❡ ❘❡❣❴❨ ❡ ♦s ♠✉❧t✐♣❧❡①❛❞♦r❡s P

s❡❧❡❝✐♦♥❛♠ ♦s ❝♦♥t❡ú❞♦s ❞♦s r❡❣✐str❛❞♦r❡s s❤✐❢t❴① ❡ s❤✐❢t❴②✳ ❉❡♣♦✐s ❞✐ss♦✱ ♦ ❛❧❣♦r✐t♠♦ ♣❛r❛

❝á❧❝✉❧♦ ❞♦ ❧♦❣❛r✐t♠♦ é ❡①❡❝✉t❛❞♦ ❡ ♦ ✈❛❧♦r ✜♥❛❧ ❞❡ ln(β
′

) é ❣❡r❛❞♦ ♣❛r❛ s❡r s♦♠❛❞♦ ❛♦ ✈❛❧♦r

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

❋✐❣✉r❛ ✻✳✷✹✿ P❛rt❡ ♦♣❡r❛❝✐♦♥❛❧ ❞♦ ♠ó❞✉❧♦ ❈❖❘❉■❈✳

❯t✐❧✐③♦✉✲s❡ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ♥✉♠ér✐❝❛ ❡♠ ♣♦♥t♦✲✜①♦ ❝♦♠ ✶✻ ❜✐ts ❞❡ ♣r❡❝✐sã♦ ❡ r❡♣r❡✲

s❡♥t❛çã♦ ❡♠ ❝♦♠♣❧❡♠❡♥t♦ ❞❡ ❞♦✐s✳ ■♥t❡r♥❛♠❡♥t❡✱ tr❛❜❛❧❤♦✉✲s❡ ❡♠ ❛❧❣✉♠❛s ❡t❛♣❛s ❝♦♠ ✷✵

❜✐ts ♣❛r❛ ❛✉♠❡♥t❛r ❛ ♣r❡❝✐sã♦✳

✻✳✷✳✹ ❚r❛♥s❢♦r♠❛❞❛ ■♥✈❡rs❛ ❈♦ss❡♥♦ ✭■❉❈❚✮

❆ ❉❈❚ é ❛♣❧✐❝❛❞❛ ❛♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❛❧♦r❡s ♣r♦✈❡♥✐❡♥t❡s ❞♦ ♠ó❞✉❧♦ ❞♦ ❧♦❣❛r✐t♠♦ ❡ ❝❛❧❝✉❧❛ ❛

s❡❣✉✐♥t❡ ♦♣❡r❛çã♦✿

Cm = β.
∑N−1

j=0 cos
(
m π

N
(j + 0, 5)

)
.fj, β =





√
1
N
, se m = 0√

2
N
, se m > 0

✭✻✳✶✸✮

s❡♥❞♦ Cm ❛ tr❛♥s❢♦r♠❛❞❛ ❝♦ss❡♥♦ ❞❛ ❢✉♥çã♦ fj✳ N é ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❞❛s q✉❛✐s é



✻✳✷ ❊❳❚❘❆➬➹❖ ❉❊ ❈❆❘❆❈❚❊❘❮❙❚■❈❆❙ ✶✶✹

❋✐❣✉r❛ ✻✳✷✺✿ ❉✐s♣♦s✐t✐✈♦s ❙❤✐❢t❴❳ ❡ ❙❤✐❢t❴❨✳

❝❛❧❝✉❧❛❞❛ ❛ tr❛♥s❢♦r♠❛❞❛ ❝♦ss❡♥♦✳ ◆❡st❡ ❝❛s♦✱ fj ❝♦rr❡s♣♦♥❞❡ ❛♦ ❧♦❣❛r✐t♠♦ ❞❛s ✸✻ s❛í❞❛s ❞♦

❜❛♥❝♦ ❞❡ ✜❧tr♦s tr✐❛♥❣✉❧❛r❡s✳

❆ ❉❈❚ é ❝❛❧❝✉❧❛❞❛ ❞❡ ♠❛♥❡✐r❛ s✐♠✐❧❛r à ❞♦s ✜❧tr♦s tr✐❛♥❣✉❧❛r❡s✱ ✉t✐❧✐③❛♥❞♦♦ ✉♠ ❝✐r❝✉✐t♦

❞❡ ♠✉❧t✐♣❧✐❝❛çã♦ ❡ ❛❝✉♠✉❧❛çã♦✳ ❙ã♦ ❝❛❧❝✉❧❛❞♦s ♦s ✸✻ ♣r♦❞✉t♦s ❞❛ ❊q✉❛çã♦ ✻✳✶✸✱ ♦s q✉❛✐s sã♦

❛❝✉♠✉❧❛❞♦s ♣❛r❛ ♦❜t❡r ♦ r❡s✉❧t❛❞♦ ✜♥❛❧✳ ◆❛ ❋✐❣✉r❛ ✻✳✷✻✱ é ❛♣r❡s❡♥t❛❞❛ ❛ ♣❛rt❡ ♦♣❡r❛❝✐♦♥❛❧

❞❛ ❢✉♥çã♦ ❉❈❚✳ ❖ ❝♦♥❥✉♥t♦ ❞❡ ✈❛❧♦r❡s ❞❛ ❢✉♥çã♦ ❝♦ss❡♥♦ ❞❡♥tr♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❢♦✐ ❛r♠❛✲

③❡♥❛❞♦ ❡♠ ✉♠❛ ♠❡♠ór✐❛ ❘❖▼✳ ❆❧❣✉♥s r❡❣✐str❛❞♦r❡s ❙t✵✱ ❙t✶ ❡ ❙t✷ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♣❛r❛

✐♠♣❧❡♠❡♥t❛r ♦ ♣✐♣❡❧✐♥❡ ❞♦ ❝✐r❝✉✐t♦✳

❋✐❣✉r❛ ✻✳✷✻✿ P❛rt❡ ♦♣❡r❛❝✐♦♥❛❧ ❞❛ ❉❈❚✳

❆♦ ♣r♦❝❡ss❛r ♦ ♣r✐♠❡✐r♦ q✉❛❞r♦✱ ♦ ♠✉❧t✐♣❧❡①❛❞♦r ▼✉①❴❋❡❡❞ s❡❧❡❝✐♦♥❛ ♦ ❝á❧❝✉❧♦ ❞♦ ♣r✐✲

♠❡✐r♦ ♣r♦❞✉t♦ ❡ ❛r♠❛③❡♥❛✲♦ ♥♦ ❛❝✉♠✉❧❛❞♦r ❙t✷✳ ❖s ♣r♦❞✉t♦s q✉❡ sã♦ ❝❛❧❝✉❧❛❞♦s ❞❡♣♦✐s sã♦

s❡❧❡❝✐♦♥❛❞♦s ♣♦r ▼✉①❴❋❡❡❞✱ ♣❛r❛ s❡r❡♠ s♦♠❛❞♦s ❝♦♠ ♦ ✈❛❧♦r ✐♥✐❝✐❛❧ ❞♦ ❛❝✉♠✉❧❛❞♦r ❙t✷✱ ❛té

❝♦♠♣❧❡t❛r ♦s ✸✻ ♣r♦❞✉t♦s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦ ♣r✐♠❡✐r♦ q✉❛❞r♦✳ ❖ ♣r♦❝❡ss♦ é r❡♣❡t✐❞♦ ❝♦♠

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

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



✻✳✷ ❊❳❚❘❆➬➹❖ ❉❊ ❈❆❘❆❈❚❊❘❮❙❚■❈❆❙ ✶✶✺

◆❛ ❋✐❣✉r❛ ✻✳✷✼✱ é ❛♣r❡s❡♥t❛❞❛ ❛ ❝♦♥❡①ã♦ ❡♥tr❡ ❛s ♠❡♠ór✐❛s ✉t✐❧✐③❛❞❛s✳ ❖ s✐♥❛❧ ❞❡ ❡♥✲

tr❛❞❛✱ ❢♦r♠❛❞♦ ♣❡❧♦s ✸✻ ❧♦❣❛r✐t♠♦s r❡❢❡r❡♥t❡s ❛♦ ❜❛♥❝♦ ❞❡ ✜❧tr♦s tr✐❛♥❣✉❧❛r❡s✱ é ❛r♠❛③❡♥❛❞♦

t❡♠♣♦r❛r✐❛♠❡♥t❡ ❡♠ ✉♠❛ ♠❡♠ór✐❛ ❘❆▼ ❘❲ ❞❡ ❞✉♣❧❛ ♣♦rt❛ ❞❡ ❛❝❡ss♦✳ ❆ ❡s❝r✐t❛ ♥❡st❛

❘❆▼ é r❡❛❧✐③❛❞❛ ❞✉r❛♥t❡ ❛ ❜♦r❞❛ ❞❡ ❞❡s❝✐❞❛ ❞♦ ❝❧♦❝❦ ❡ ❛ ❧❡✐t✉r❛ ❞✉r❛♥t❡ ❛ ❜♦r❞❛ ❞❡ s✉❜✐❞❛✳

❯♠ ❝♦♥t❛❞♦r ❞❡ ✻ ❜✐ts✱ ❯♣❴❈♦✉♥t❡r✻✱ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡♥❞❡r❡ç❛r ❡st❛ ♠❡♠ór✐❛ ❞❡ ✵ ❛ ✸✺✳ ❖

s✐♥❛❧ ❘❡s❡t ❞❡st❡ ❝♦♥t❛❞♦r t❛♠❜é♠ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦♥tr♦❧❛r ▼✉①❴❋❡❡❞✳ ❆ ♠❡♠ór✐❛ ❘❖▼

❞❡ ❝♦ss❡♥♦s é ❡♥❞❡r❡ç❛❞❛ ♣♦r ✉♠ ❝♦♥t❛❞♦r ❞❡ ✶✶ ❜✐ts✱ ❯♣❴❈♦✉♥t❡r✶✶✱ q✉❡ ✈❛r✐❛ ❞❡ 0..362−1✳

❋✐❣✉r❛ ✻✳✷✼✿ ❊♥❞❡r❡ç❛♠❡♥t♦ ❞❛s ♠❡♠ór✐❛s ❞♦ ♠ó❞✉❧♦ ❉❈❚✳

✻✳✷✳✺ ❉❡❧t❛ ❡ ✷❉❡❧t❛ ▼❋❈❈

❈♦♠♦ ❢♦✐ ❡①♣❧✐❝❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡ ♥♦ ❈❛♣ít✉❧♦ ✷✱ ♣❛r❛ ♠❡❧❤♦r r❡✢❡t✐r ❛s ♠✉❞❛♥ç❛s ❞✐♥â♠✐❝❛s

❞♦s ▼❋❈❈ ♥♦ t❡♠♣♦✱ ❛ ♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛ ❞❡r✐✈❛❞❛s ❡♠ t❡♠♣♦ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s✳ ❊st❛s

♣♦❞❡♠ s❡r ❝♦♠♣✉t❛❞❛s ❝❛❧❝✉❧❛♥❞♦ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❝♦❡✜❝✐❡♥t❡s ❞❡ m í♥❞✐❝❡s ♥♦ ♣❛ss❛❞♦ ❡

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

♣❛rt✐r ❞❛s ❊q✉❛çõ❡s ✻✳✶✹ ❡ ✻✳✶✺✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ r❡♣❡t✐❞❛s ❛q✉✐ ♣♦r ❝♦♥✈❡♥✐ê♥❝✐❛✿

∆cmel[n] = cmel[n+m]− cmel[n−m] ✭✻✳✶✹✮

∆∆cmel[n] = ∆cmel[n+m]−∆cmel[n−m], ✭✻✳✶✺✮

s❡♥❞♦ n ♦ í♥❞✐❝❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❡♠ q✉❡stã♦ ❡ m✱ ❝♦♠✉♠❡♥t❡ ♥♦ ✐♥t❡r✈❛❧♦ 1 ≤ m ≤ 4 ❬✺✾❪✳

❈♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛s ❞❡r✐✈❛❞❛s✱ ♦ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✉t✐❧✐③❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦ é



✻✳✷ ❊❳❚❘❆➬➹❖ ❉❊ ❈❆❘❆❈❚❊❘❮❙❚■❈❆❙ ✶✶✻

❝♦♠♣♦st♦ ♣❡❧♦s ♣❛râ♠❡tr♦s ▼❋❈❈✱ s❡❣✉✐❞♦s ❞❡ s✉❛s ♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛ ❞❡r✐✈❛❞❛s✱ ❝♦♥❢♦r♠❡

✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✷✽✳

❋✐❣✉r❛ ✻✳✷✽✿ ❱❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✐♥❝❧✉✐♥❞♦ ♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛ ❞❡r✐✈❛❞❛s ❞❡ ▼❋❈❈✳

◆❛ ❋✐❣✉r❛ ✻✳✷✾✱ é ✐❧✉str❛❞♦ ❣r❛✜❝❛♠❡♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ♦❜t❡♥çã♦ ❞❛ ♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛

❞❡r✐✈❛❞❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈ ❝❛❧❝✉❧❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡✳

❋✐❣✉r❛ ✻✳✷✾✿ ❖❜t❡♥çã♦ ❞❛ ♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛ ❞❡r✐✈❛❞❛s ❞❡ ▼❋❈❈✳

P❛r❛ ♦ ❝á❧❝✉❧♦ ❞❛s ❞❡r✐✈❛❞❛s sã♦ ✉t✐❧✐③❛❞❛s ✉♠❛ ♠❡♠ór✐❛ ❘❖▼ ❡ ✉♠❛ ♠❡♠ór✐❛ ❘❆▼

❘❲✳ ❆ ❘❆▼ ❘❆▼❴❈❖❊❋❙✱ ❞❡ ✷✼ ♣❛❧❛✈r❛s ❛r♠❛③❡♥❛ ♦s ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈ ♦❜t✐❞♦s ❛♣ós ❛

❡t❛♣❛ ❞❛ ❚r❛♥❢♦r♠❛❞❛ ❈♦ss❡♥♦✱ ❝♦♠♦ t❛♠❜é♠ ❛s ❞❡r✐✈❛❞❛s q✉❡ s❡rã♦ ❝❛❧❝✉❧❛❞❛s✳ ❏á ❛ ❘❖▼

❘❖▼❴P❖❙❴▼❋❈❈✱ ❞❡ ✾ ♣❛❧❛✈r❛s ❞❡ ✷✹ ❜✐ts ❝❛❞❛✱ ❛r♠❛③❡♥❛ ❛s ♣♦s✐çõ❡s ❞♦s ❝♦❡✜❝✐❡♥t❡s

▼❋❈❈ q✉❡ s❡rã♦ ✉t✐❧✐③❛❞♦s ♥♦ ❝á❧❝✉❧♦ ❞❛s ❞❡r✐✈❛❞❛s✳ ❈♦♠♦ ❢♦✐ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✷✾✱

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

❡ ♣♦st❡r✐♦r❡s ❛♦ ❛t✉❛❧✳ ❆ss✐♠✱ ❘❖▼❴P❖❙❴▼❋❈❈ ❛r♠❛③❡♥❛ ❡♠ ❝❛❞❛ ❡♥❞❡r❡ç♦✱ ✉♠ ♣❛r❛

❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ✭✵ ❛ ✽✮✱ ♦ ❡♥❞❡r❡ç♦ ❡♠ ❘❆▼❴❈❖❊❋❙ ❞♦s ❝♦❡✜❝✐❡♥t❡s ♥❡❝❡ssár✐♦s ♣❛r❛

♦ ❝á❧❝✉❧♦ ❞❛ ❞❡r✐✈❛❞❛ ❝♦rr❡s♣♦♥❞❡♥t❡✳ ❖ ❝♦♥t❡ú❞♦ ❞❡ ❘❖▼❴P❖❙❴▼❋❈❈ é ✐❧✉str❛❞♦ ♥❛

❚❛❜❡❧❛ ✻✳✹✳

❊♥❞ ❆♣✷ ❆❛✷ ❆♣✸ ❆❛✶ ❆♣✶ ❆❛✸
✵ ✷ ✼ ✸ ✽ ✶ ✻
✶ ✸ ✽ ✹ ✵ ✷ ✼
✷ ✹ ✵ ✺ ✶ ✸ ✽
✸ ✺ ✶ ✻ ✷ ✹ ✵
✹ ✻ ✷ ✼ ✸ ✺ ✶
✺ ✼ ✸ ✽ ✹ ✻ ✷
✻ ✽ ✹ ✵ ✺ ✼ ✸
✼ ✵ ✺ ✶ ✻ ✽ ✹
✽ ✶ ✻ ✷ ✼ ✵ ✺

❚❛❜❡❧❛ ✻✳✹✿ ❈♦♥t❡ú❞♦ ❞❛ ♠❡♠ór✐❛ ❘❖▼❴P❖❙❴▼❋❈❈✳



✻✳✷ ❊❳❚❘❆➬➹❖ ❉❊ ❈❆❘❆❈❚❊❘❮❙❚■❈❆❙ ✶✶✼

❋✐❣✉r❛ ✻✳✸✵✿ P❛rt❡ ♦♣❡r❛❝✐♦♥❛❧ ♣❛r❛ ❝á❧❝✉❧♦ ❞❛ ♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛ ❞❡r✐✈❛❞❛s ❞❡ ▼❋❈❈✳

◆❛ ❋✐❣✉r❛ ✻✳✸✵✱ é ✐❧✉str❛❞❛ ❛ ♣❛rt❡ ♦♣❡r❛❝✐♦♥❛❧ ❞♦ ♠ó❞✉❧♦ ❞❡ ❝á❧❝✉❧♦ ❞❛s ❞❡r✐✈❛❞❛s✳ ❖

♣r♦❝❡ss♦ é r❡❛❧✐③❛❞♦ ♣♦r ♠❡✐♦ ❞❡ ✉♠ ♣✐♣❡❧✐♥❡ ❞❡ ♦✐t♦ ❡stá❣✐♦s✿

✶✳ ◆♦ ♣r✐♠❡✐r♦ ❡stá❣✐♦✱ ♦ ❝♦❡✜❝✐❡♥t❡ ❞✉❛s ♣♦s✐çõ❡s ♣♦st❡r✐♦r❡s ❛♦ ❛t✉❛❧ é ❝♦❧♦❝❛❞♦ ♥♦

r❡❣✐str❛❞♦r ❆♣✷✳ ❆✐♥❞❛ ♥❡st❡ ❡stá❣✐♦✱ ♣❛r❛ é r❡❛❧✐③❛❞❛ ❛ ❡s❝r✐t❛ ❡♠ ❘❆▼❴❈❖❊❋❙ ❞❛

ú❧t✐♠❛ s❡❣✉♥❞❛ ❞❡r✐✈❛❞❛ ❝❛❧❝✉❧❛❞❛✱ ❝❛s♦ ❡st❡ ♥ã♦ s❡❥❛ ♦ ♣r✐♠❡✐r♦ ❝♦❡✜❝✐❡♥t❡ ▼❋❈❈✳

✷✳ ◆♦ s❡❣✉♥❞♦ ❡stá❣✐♦✱ ♦ ❝♦❡✜❝✐❡♥t❡ ❞✉❛s ♣♦s✐çõ❡s ❛♥t❡r✐♦r❡s ❛♦ ❛t✉❛❧ é ❝♦❧♦❝❛❞♦ ♥♦ r❡✲

❣✐str❛❞♦r ❆❛✷✳

✸✳ ◆♦ t❡r❝❡✐r♦ ❡stá❣✐♦✱ é r❡❛❧✐③❛❞❛ ❛ s✉❜tr❛çã♦ ❡♥tr❡ ♦s ✈❛❧♦r❡s ❞♦s r❡❣✐str❛❞♦r❡s ❆♣✷ ❡

❆❛✷✱ ❝✉❥♦ r❡s✉❧t❛❞♦ é ❛r♠❛③❡♥❛❞♦ ♥♦ r❡❣✐str❛❞♦r ❉❡❧t❛✳ ❆✐♥❞❛ ♥❡st❡ ❡stá❣✐♦✱ ♦ ❝♦❡✜❝✐✲

❡♥t❡ três ♣♦s✐çõ❡s ♣♦st❡r✐♦r❡s ❛♦ ❛t✉❛❧ é ❝♦❧♦❝❛❞♦ ♥♦ r❡❣✐str❛❞♦r ❆♣✸✳

✹✳ ◆♦ q✉❛rt♦ ❡stá❣✐♦✱ ♦ ✈❛❧♦r ❞♦ r❡❣✐str❛❞♦r ❉❡❧t❛ é ❡s❝r✐t♦ ❡♠ ❘❆▼❴❈❖❊❋❙✳ ❙✐♠✉❧t❛✲

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

✺✳ ◆♦ q✉✐♥t♦ ❡stá❣✐♦✱ ♦ ❝♦❡✜❝✐❡♥t❡ ✉♠❛ ♣♦s✐çã♦ ♣♦st❡r✐♦r ❛♦ ❛t✉❛❧ é ❝♦❧♦❝❛❞♦ ♥♦ r❡❣✐str❛❞♦r

❆♣✶✳

✻✳ ◆♦ s❡①t♦ ❡stá❣✐♦✱ ♦ ❝♦❡✜❝✐❡♥t❡ três ♣♦s✐çõ❡s ❛♥t❡r✐♦r❡s ❛♦ ❛t✉❛❧ é ❝♦❧♦❝❛❞♦ ♥♦ r❡❣✐str❛❞♦r

❆❛✸✳



✻✳✷ ❊❳❚❘❆➬➹❖ ❉❊ ❈❆❘❆❈❚❊❘❮❙❚■❈❆❙ ✶✶✽

✼✳ ◆♦ sét✐♠♦ ❡stá❣✐♦✱ sã♦ r❡❛❧✐③❛❞❛s ❛s s✉❜tr❛çõ❡s ❡♥tr❡ ♦s ✈❛❧♦r❡s ❞♦s r❡❣✐str❛❞♦r❡s ❆♣✸

❡ ❆❛✶✱ ❡ ❡♥tr❡ ♦s ❞♦s r❡❣✐str❛❞♦r❡s ❆♣✶ ❡ ❆❛✸✳

✽✳ ◆♦ ♦✐t❛✈♦ ❡stá❣✐♦✱ é r❡❛❧✐③❛❞❛ ❛ s✉❜tr❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ❞❛s ❞✉❛s s✉❜tr❛çõ❡s

❛♥t❡r✐♦r❡s ❡ ♦ r❡s✉❧t❛❞♦ ❞❡st❛ é ❛r♠❛③❡♥❛❞♦ ♥♦ r❡❣✐str❛❞♦r ✷❉❡❧t❛✳

◆❛ ❋✐❣✉r❛ ✻✳✸✶✱ é ✐❧✉str❛❞♦ ❝♦♠♦ é r❡❛❧✐③❛❞♦ ♦ ❡♥❞❡r❡ç❛♠❡♥t♦ ❞❛s ♠❡♠ór✐❛s❘❖▼❴P❖❙❴▼❋❈❈

❡ ❘❆▼❴❈❖❊❋❙✱ ❛ss✐♠ ❝♦♠♦ ♦ ❝♦♥tr♦❧❡ ❞❡ ❡stá❣✐♦s ❞♦ ♣r♦❝❡ss❛♠❡♥t♦✳

❋✐❣✉r❛ ✻✳✸✶✿ ❈♦♥tr♦❧❡ ❞♦ ❡♥❞❡r❡ç❛♠❡♥t♦ ❞❛s ♠❡♠ór✐❛s ❡ ❡stá❣✐♦s ❞♦ ♣✐♣❡❧✐♥❡ ♣❛r❛ ❝á❧❝✉❧♦ ❞❛
♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛ ❞❡r✐✈❛❞❛s ❞❡ ▼❋❈❈✳

❖ ❝♦♥t❛❞♦r ❯♣❴❈♦✉♥t❡r✹ é r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ❡♥❞❡r❡ç❛♠❡♥t♦ ❞❡ ❘❖▼❴P❖❙❴▼❋❈❈ q✉❡

✜❝❛ ♣♦s✐❝✐♦♥❛❞❛ ♥♦ ❝♦❡✜❝✐❡♥t❡ ❛t✉❛❧✳ ❖ ❝♦❡✜❝✐❡♥t❡ ❆t✉❛❧ só é ✐♥❝r❡♠❡♥t❛❞♦ ❛ ❝❛❞❛ ♦✐t♦

❡stá❣✐♦s✱ ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦ ♣✐♣❡❧✐♥❡ ❞❡s❝r✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✳ ❯♣❴❈♦✉♥t❡r✸ ❢❛③ ♦ ❝♦♥tr♦❧❡ ❞♦

❡stá❣✐♦ ❛t✉❛❧✳ ❖ ♠ó❞✉❧♦ P❖❙❴▲❊■❚❯❘❆ r❡❝❡❜❡ ❛ ♣❛❧❛✈r❛ ❞❡ ✷✹ ❜✐ts ❞❡ ❘❖▼❴P❖❙❴▼❋❈❈

❡ ❛ ❝❛❞❛ ❡stá❣✐♦ ♣❡❣❛ ♦s ✹ ❜✐ts ❝♦rr❡s♣♦♥t❡s ❛♦ ❡♥❞❡r❡ç♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❛ s❡r ✉t✐❧✐③❛❞♦ ♥♦

❡stá❣✐♦ ❛t✉❛❧✳ ❱❛❧❡ s❛❧✐❡♥t❛r q✉❡ ❡st❡s ✹ ❜✐ts sã♦ ❝♦♠♣❧❡t❛❞♦s ❝♦♠ ③❡r♦ ♣❛r❛ ❢♦r♠❛r ♦ t❛♠❛♥❤♦

❝♦rr❡t♦ ❞♦ ❡♥❞❡r❡ç♦ ✉t✐❧✐③❛❞♦ ♣♦r ❘❆▼❴❈❖❊❋❙✳ ❖ ♠ó❞✉❧♦ P❖❙❴❊❙❈❘■❚❆ ❥✉♥t❛♠❡♥t❡

❝♦♠ ▼✉①❴❉ t❛♠❜é♠ ✉t✐❧✐③❛ ♦ ❡stá❣✐♦ ❛t✉❛❧ ♣❛r❛ ❝♦♥tr♦❧❛r ♦ ♠♦♠❡♥t♦ ❡①❛t♦ ❞❡ ❡s❝r❡✈❡r

♦s ✈❛❧♦r❡s ❞❡ ❉❡❧t❛ ❡ ✷❉❡❧t❛ ❡♠ ❘❆▼❴❈❖❊❋❙✳ ❆ ❧ó❣✐❝❛ ✉t✐❧✐③❛❞❛ ♣♦r P❖❙❴❊❙❈❘■❚❆ ❡

▼✉①❴❉ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✸✷✳ ➱ ✐♠♣♦rt❛♥t❡ ♦❜s❡r✈❛r q✉❡ ♣❛r❛ ♦ ú❧t✐♠♦ ❝♦❡✜❝✐❡♥t❡✱

s❡rá ♥❡❝❡ssár✐♦ ✉♠ ❝✐❝❧♦ ❞❡ ❝❧♦❝❦ ❛ ♠❛✐s ❛♣❡♥❛s ♣❛r❛ ❡❢❡t✉❛r ❛ ❡s❝r✐t❛ ❞♦ ú❧t✐♠♦ ✈❛❧♦r

❛r♠❛③❡♥❛❞♦ ❡♠ ✷❉❡❧t❛✳

✶ ❙❡ ❊st❛❣ ✐♦ ❂ ✵ ❡ ❆t✉❛❧ ❃ ✵
✷ ❱❛❧♦r❴❲ ❂ ✷❉❡❧t❛
✸ ❊♥❞❴❲ ❂ ✭❆t✉❛❧ −✶✮ ✰ ✶✽
✹ ❊♥❛❜❧❡❴❲ ❂ ✶
✺ ❙❡♥❛♦ ❙❡ ❊st❛❣ ✐♦ ❂ ✸
✻ ❱❛❧♦r❴❲ ❂ ❉❡❧t❛
✼ ❊♥❞❴❲ ❂ ❆t✉❛❧ ✰ ✾
✽ ❊♥❛❜❧❡❴❲ ❂ ✶
✾ ❙❡♥❛♦
✶✵ ❊♥❛❜❧❡❴❲ ❂ ✵

❋✐❣✉r❛ ✻✳✸✷✿ ▲ó❣✐❝❛ ❞♦ ❝♦♠♣♦♥❡♥t❡ P❖❙❴❊❙❈❘■❚❆ ❡ ▼✉①❴❉✳



✻✳✸ ❈➪▲❈❯▲❖ ❉❆❙ ●❆❯❙❙■❆◆❆❙ ✶✶✾

➱ ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡✱ ❝❛s♦ s❡ ❞❡s❡❥❡ ✉t✐❧✐③❛r ♦✉tr♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✱ ♠❛✐♦r

♦✉ ♠❡♥♦r q✉❡ ♥♦✈❡✱ ❜❛st❛ ♠♦❞✐✜❝❛r ♦ ❝♦♥t❡ú❞♦ ❞❡ ❘❖▼❴P❖❙❴▼❋❈❈✱ ❞❡ ♠♦❞♦ q✉❡ ✉♠❛

q✉❛♥t✐❞❛❞❡ ♠❛✐♦r ♦✉ ♠❡♥♦r ❞❡ ✈❛❧♦r❡s ♣r♦✈❡♥✐❡♥t❡s ❞❛ ❉❈❚ s❡❥❛ ❝♦♥s✐❞❡r❛❞❛✳

✻✳✸ ❈á❧❝✉❧♦ ❞❛s ●❛✉ss✐❛♥❛s

❉❡♣♦✐s ❞❡ ❡①tr❛í❞❛s ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❛ ♣ró①✐♠❛ ❡t❛♣❛ ❝♦♥s✐st❡ ❡♠ ✐❞❡♥t✐✜❝❛r

❛ q✉❛❧ ♠♦❞❡❧♦ tr❡✐♥❛❞♦ ❡st❛s ❝♦rr❡s♣♦♥❞❡♠✳ P❛r❛ ✐ss♦✱ ♦ ♣r✐♠❡✐r♦ ♣❛ss♦ é ❝❛❧❝✉❧❛r ❛ ♣r♦❜❛✲

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

P❛r❛ ✉♠ s✐st❡♠❛ q✉❡ ✉t✐❧✐③❛ ❍▼▼ ❝♦♥tí♥✉♦✱ ❝♦♠♦ ❢♦✐ ❡①♣♦st♦ ♥♦ ❈❛♣ít✉❧♦ ✸✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡

❞♦s ♠♦❞❡❧♦s ❛❝úst✐❝♦s é ❡①♣r❡ss❛ ♣♦r ✉♠❛ ♠✐st✉r❛ ✜♥✐t❛ ❞❡ ▼ ❣❛✉ss✐❛♥❛s ♠✉❧t✐❞✐♠❡♥s✐♦♥❛✐s✳

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

♥♦ ❈❛♣ít✉❧♦ ✺✱ ❡ss❛ ♣r♦❜❛❧✐❞❛❞❡ é ❝♦♥✈❡rt✐❞❛ ❡♠ ❝✉st♦ ❡ ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞♦ ♣♦r ♠❡✐♦ ❞❛

❊q✉❛çã♦ ✻✳✶✻✳

cj =
M

min
m=1

(
αj,m +

K∑

k=1

(xk − µj,m,k)
2

2σ2
j,m,k

)
, ✭✻✳✶✻✮

s❡♥❞♦ j ♦ í♥❞✐❝❡ ❞♦ ♠♦❞❡❧♦ ❛❝úst✐❝♦ ❛t✉❛❧ ❡M ♦ ♥ú♠❡r♦ ❞❡ ♠✐st✉r❛s ✉t✐❧✐③❛❞❛s ♥♦ ♠♦❞❡❧♦✱ q✉❡

♥❡st❡ tr❛❜❛❧❤♦ ❝♦rr❡s♣♦♥❞❡ ❛ ✽ ♠✐st✉r❛s ❣❛✉ss✐❛♥❛s✳ xk sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈✱ ❥✉♥t❛♠❡♥t❡

❝♦♠ s✉❛s ♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛ ❞❡r✐✈❛❞❛s✳ ❖s ♠♦❞❡❧♦s ❛❝úst✐❝♦s sã♦ ❞❡✜♥✐❞♦s ♣♦r s✉❛s ♠é❞✐❛s

✭µ✮✱ ✈❛r✐â♥❝✐❛ ✭σ2✮ ❡ ❝♦❡✜❝✐❡♥t❡s ❞❡ ♣❡s♦ ❞❡ ❝❛❞❛ ♠✐st✉r❛ ✭w✮✳

❉❡ ♠♦❞♦ ❛ s✐♠♣❧✐✜❝❛r ❛✐♥❞❛ ♠❛✐s ♦ ❝á❧❝✉❧♦ ❞♦ ♠ó❞✉❧♦ ❞❛s ❣❛✉ss✐❛♥❛s✱ ❛ ✈❛r✐â♥❝✐❛ σ2 é

s✉❜st✐t✉í❞❛ ♣♦r ✉♠❛ ♥♦✈❛ ✈❛r✐á✈❡❧ v′ q✉❡ é ❞❡s❝r✐t❛ s❡❣✉♥❞♦ ❛ ❊q✉❛çã♦ ✻✳✶✼✳ ❆r♠❛③❡♥❛♥❞♦✲s❡

❡st❡ ✈❛❧♦r ♣ré✲❝❛❧❝✉❧❛❞♦ ❛♦ ✐♥✈és ❞❛ ✈❛r✐â♥❝✐❛✱ ♦ ❝á❧❝✉❧♦ ❞♦ ❝✉st♦ ❞❡ ❝❛❞❛ ✈❡t♦r ❞❡ ❝❛r❛❝t❡✲

ríst✐❝❛ ♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♠♦❞❡❧♦ ❛❝úst✐❝♦✱ é ❞❛❞♦ ♣❡❧❛ ❊q✉❛çã♦ ✻✳✶✽✳

v′ =
1√
2σ2

✭✻✳✶✼✮

cj =
M

min
m=1

(
αj,m +

K∑

k=1

((µj,m,k − xk).v
′
j,m,k)

2

)
✭✻✳✶✽✮

◆❛ ❋✐❣✉r❛ ✻✳✸✸✱ é ❛♣r❡s❡♥t❛❞♦ ♦ ❞✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ❞♦ ♠ó❞✉❧♦ ♣❛r❛ ❝á❧❝✉❧♦ ❞❛s ❣❛✉ss✐✲

❛♥❛s✱ ❜❛s❡❛❞♦ ♥❛ ❊q✉❛çã♦ ✻✳✶✽✳

❖ ❜❧♦❝♦ ❆rt✐♠❡t✐❝❛ ❝❛❧❝✉❧❛ ❛ s❡❣✉✐♥t❡ ♣❛rt❡ ❞❛ ❊q✉❛çã♦ ✻✳✶✽✿
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❋✐❣✉r❛ ✻✳✸✸✿ ❉✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦ ❞♦ ♠ó❞✉❧♦ ❞❛s ●❛✉ss✐♥❛s✳

a = ((µj,m,k − xk).v
′
j,m,k)

2) ✭✻✳✶✾✮

❆ ♣❛rt❡ ♦♣❡r❛❝✐♦♥❛❧ ❞❡ ❆rt✐♠❡t✐❝❛ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✸✹✳

❋✐❣✉r❛ ✻✳✸✹✿ ❉✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦ ❞♦ ♠ó❞✉❧♦ ❞❛s ●❛✉ss✐❛♥❛s✳

❖ ❜❧♦❝♦ ❆❝✉♠✉❧❛❞♦r ❝❛❧❝✉❧❛ ❛ s♦♠❛ ❞♦s ✷✼ ✈❛❧♦r❡s ✭▼❋❈❈ ✰ ❞❡r✐✈❛❞❛s✮ ❞❡ a✱ q✉❡

❝♦rr❡s♣♦♥❞❡♠ ❛ ✉♠❛ ♠✐st✉r❛✱ ❡ s♦♠❛ ❛♦ ♣❡s♦ ❞❛q✉❡❧❛ ♠✐st✉r❛✳ ❖ ú❧t✐♠♦ ❜❧♦❝♦✱ ▼✐♥✐♠♦✱

s❡❧❡❝✐♦♥❛ ♦ ♠❡♥♦r ✈❛❧♦r ❞❡ b ❡♠ ❝❛❞❛ ♠♦❞❡❧♦✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ ♥ú♠❡r♦ ❞❡ ♠✐st✉r❛s

❞❛q✉❡❧❡ ♠♦❞❡❧♦ ✭◆❴▼✐st✉r❛s✮✳ ❆s ❡♥tr❛❞❛s ❞♦ ❜❧♦❝♦ ❆rt✐♠❡t✐❝❛ sã♦ ❞❡ ✶✻ ❜✐ts ❡♠ ♣♦♥t♦✲✜①♦

❡ ♦s ❞❡♠❛✐s ✈❛❧♦r❡s ✸✷ ❜✐ts ❡♠ ♣♦♥t♦✲✜①♦✳

❚❛♠❜é♠ ❢♦✐ ♣r♦❥❡t❛❞♦ ✉♠ ❡sq✉❡♠❛ ❞❡ ♣r✉♥♥✐♥❣ ♣❛r❛ r❡❞✉③✐r ♦ ♥ú♠❡r♦ ❞❡ ♠♦❞❡❧♦s ❛

s❡r❡♠ ❛♥❛❧✐s❛❞♦s ♣❡❧♦ ♠ó❞✉❧♦ ❞❛s ●❛✉ss✐❛♥❛s✳ ◆❛ ❋✐❣✉r❛ ✻✳✸✺✱ é ❛♣r❡s❡♥t❛❞♦ ♦ ❞✐❛❣r❛♠❛

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

❋✐❣✉r❛ ✻✳✸✸✳

❈♦♠♦ ❢♦✐ ❞❡✜♥✐❞♦ ♥♦ ❈❛♣ít✉❧♦ ✺✱ ♦s ♠♦❞❡❧♦s ❣❡r❛❞♦s ❞✉r❛♥t❡ ❛ ❡t❛♣❛ ❞❡ tr❡✐♥❛♠❡♥t♦

sã♦ ❛r♠❛③❡♥❛❞♦s ❡♠ ✉♠❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✱ ❛q✉✐ r❡❢❡r❡♥❝✐❛❞❛ ♣♦r ▼❡♠❴▼♦❞❡❧♦s✳ ❋♦r❛♠
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❋✐❣✉r❛ ✻✳✸✺✿ Pr✉♥♥✐♥❣ ♣❛r❛ ♦ ♠ó❞✉❧♦ ❞❛s ●❛✉ss✐❛♥❛s✳

✉t✐❧✐③❛❞♦s ❍▼▼ ❞❡ três ❡st❛❞♦s ❡ ♦ tr✐❢♦♥❡ ❝♦♠♦ ✉♥✐❞❛❞❡ ❢♦♥ét✐❝❛✳ ❈❛❞❛ tr✐❢♦♥❡ é ❢♦r♠❛❞♦

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

sã♦ ♦r❞❡♥❛❞♦s ♥❛ ♠❡♠ór✐❛ ♣❡❧❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s ✭♠♦❞❡❧♦s✮ q✉❡ ♦ r❡♣r❡s❡♥t❛✱ ❝♦♠♦ é

✐❧✉str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✺✳ ❊ss❛ ♦r❞❡♥❛çã♦ ❛❣✐❧✐③❛ ❛ s❡❧❡çã♦✱ ♣♦r ▼♦❞❡❧♦s❴❋❡❡❞✱ ❞♦s ♠♦❞❡❧♦s

❝❛♥❞✐❞❛t♦s ❛♦ ♣ró①✐♠♦ ❡st❛❞♦✳ ❆ss✐♠✱ ♣❛r❛ ❝❛❞❛ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♦❜t✐❞♦✱ é ❝❛❧❝✉❧❛❞♦ ♦

❝✉st♦ ❛ss♦❝✐❛❞♦ ❛♦ ♠❡s♠♦✱ ♥❛q✉❡❧❡ ❡st❛❞♦✱ ❛ ❝❛❞❛ ✉♠ ❞♦s ♠♦❞❡❧♦s ❝♦♥❤❡❝✐❞♦s ♣❡❧♦ s✐st❡♠❛✳

❖ ♠ó❞✉❧♦ Pr✉♥♥✐♥❣ r❡❝❡❜❡ ❛ s❛í❞❛ ❞❡ ●❛✉ss✱ q✉❡ r❡♣r❡s❡♥t❛ ♦ ❝✉st♦ ❞❡ ❝❛❞❛ ♠♦❞❡❧♦ j

❛♥❛❧✐s❛❞♦✱ ❡ ✈❡r✐✜❝❛ s❡ ❡st❡ ❡stá ❛❝✐♠❛ ♦✉ ❛❜❛✐①♦ ❞❡ ✉♠ ❧✐♠✐❛r ❞❡✜♥✐❞♦✳ ❙❡ ♦ ❝✉st♦ ❡st✐✈❡r

❛❝✐♠❛ ❞♦ ❧✐♠✐❛r✱ ♦ ♠♦❞❡❧♦ é ❞❡s❝❛rt❛❞♦ ❝♦♠♦ ❝❛♥❞✐❞❛t♦ ❛♦ ♣ró①✐♠♦ ❡st❛❞♦✳ ❙❡♥ã♦✱ ♦ í♥❞✐❝❡ ❞♦

♠♦❞❡❧♦ ✭j✮✱ ♦ ❡st❛❞♦ ❛t✉❛❧ ❡ ♦ ❝✉st♦ sã♦ ❛r♠❛③❡♥❛❞♦s ❡♠ ✉♠❛ ❘❆▼ ❘❲✱ ❘❆▼❴❈❛♥❞✐❞❛t♦s✳

❖ ♠ó❞✉❧♦ ▼♦❞❡❧♦s❴❋❡❡❞ t❡♠ ❛ ❢✉♥çã♦ ❞❡ ❛❧✐♠❡♥t❛r ♦ ♠ó❞✉❧♦ ●❛✉ss ❝♦♠ ♦s ♠♦❞❡❧♦s

❝❛♥❞✐❞❛t♦s✱ ❝♦♠ ❜❛s❡ ♥♦ ❡st❛❞♦ ❛t✉❛❧✳ ❘❆▼❴❈❛♥❞✐❞❛t♦s é ❧✐❞❛ ♣♦r ▼♦❞❡❧♦s❴❋❡❡❞ q✉❡ ❝♦♠

❜❛s❡ ♥♦s ✈❛❧♦r❡s ❞❡ j s❡❧❡❝✐♦♥❛ ♦s ♠♦❞❡❧♦s q✉❡ s❡rã♦ ❛♥❛❧✐s❛❞♦s ♣♦r ●❛✉ss ♥♦ ♣ró①✐♠♦ ❡st❛❞♦✳

P❛r❛ ✐ss♦✱ ❛ ♣❛rt✐r ❞♦ s❡❣✉♥❞♦ ❡st❛❞♦✱ ▼♦❞❡❧♦s❴❋❡❡❞ ❧♦❝❛❧✐③❛ ❡♠ ▼❡♠❴▼♦❞❡❧♦s✱ ♦ ♣r✐✲

♠❡✐r♦ tr✐❢♦♥❡ ❝✉❥♦ ❡st❛❞♦ ❛♥t❡r✐♦r ❛♦ ❛t✉❛❧ s❡❥❛ ✐❣✉❛❧ ❛ j ❡ ✈❛✐ r❡♣❛ss❛♥❞♦ ♣❛r❛ ●❛✉ss✱ ❛té q✉❡

❡st❡ s❡❥❛ ♠❛✐♦r q✉❡ j✳ P♦r ❡①❡♠♣❧♦✱ ♥♦ ♣r✐♠❡✐r♦ ❡st❛❞♦ ✭❊st❛❞♦❴❛t✉❛❧❂✵✮ s❡rã♦ r❡♣❛ss❛❞♦s

♣❛r❛ ●❛✉ss✱ t♦❞♦s ♦s ♠♦❞❡❧♦s ❞❡ ▼❡♠❴▼♦❞❡❧♦s✳ ◆♦ s❡❣✉♥❞♦ ❡st❛❞♦ ✭❊st❛❞♦❴❛t✉❛❧❂✶✮✱

s❡rã♦ r❡♣❛ss❛❞♦s ♣❛r❛ ●❛✉ss ❛♣❡♥❛s ♦s ♠♦❞❡❧♦s✱ ❝✉❥♦ ❊st❛❞♦✶ ❡♠ ▼❡♠❴▼♦❞❡❧♦s✱ s❡❥❛ ✐❣✉❛❧

❛♦s ✈❛❧♦r❡s ❞❡ j s❡❧❡❝✐♦♥❛❞♦s ❡ ❛r♠❛③❡♥❛❞♦s ❡♠ ❘❆▼❴❈❛♥❞✐❞❛t♦s✳ ❏á ♥♦ t❡r❝❡✐r♦ ❡st❛❞♦✱

s❡rã♦ r❡♣❛ss❛❞♦s ♣❛r❛ ●❛✉ss ❛♣❡♥❛s ♦s ♠♦❞❡❧♦s✱ ❝✉❥♦ ❊st❛❞♦✷ s❡❥❛ ✐❣✉❛❧ ❛♦s ✈❛❧♦r❡s ❞❡ j ❡

❊st❛❞♦✶ ✐❣✉❛❧ ❛♦ j ❛♥t❡r✐♦r✳ ❆ ❧ó❣✐❝❛ ❝♦♠♣❧❡t❛ ❞❡ ▼♦❞❡❧♦s❴❋❡❡❞ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛

✻✳✸✻✳



✻✳✹ ❈➪▲❈❯▲❖ ❉❆❙ ●❆❯❙❙■❆◆❆❙ ✶✷✷

❚r✐❢♦♥❡ ❊st❛❞♦✶ ❊st❛❞♦✷ ❊st❛❞♦✸
✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳

❛ ❛ ♠ ✶✷✶ ✶✻✵ ✷✶✷
❛ ❛ ♠ ✶✷✶ ✶✻✵ ✷✶✷
❛ ❛ ♥ ✶✷✶ ✶✻✵ ✷✶✷
❛ ❛ ♥ ✶✷✶ ✶✻✵ ✷✶✷
❛ ❛ ♥♥ ✶✷✶ ✶✽✷ ✷✷✶
❛ ❛ ♦ ✶✷✶ ✶✾✷ ✷✷✹
❛ ❛ ♦♥ ✶✷✶ ✶✾✷ ✷✸✽
❛ ❛ ♦♦ ✶✷✶ ✶✾✷ ✷✸✽
❛ ❛ ♣ ✶✷✶ ✶✾✽ ✷✹✵
❛ ❛ ♣ ✶✷✶ ✶✾✽ ✷✹✵
✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳
❛ ❞ ❜ ✶✷✾ ✶✻✹ ✷✷✼
❛ ❞ ❜ ✶✷✾ ✶✻✹ ✷✷✽
❛ ❞ ❞ ✶✷✾ ✶✻✺ ✷✷✼
❛ ❞ ❞ ✶✷✾ ✶✻✺ ✷✷✽
❛ ❞ ❞ ✶✷✾ ✶✻✻ ✷✷✼
❛ ❞ ❞❞ ✶✷✾ ✶✻✻ ✷✷✽
❛ ❞ ❞❞ ✶✷✾ ✶✻✾ ✷✷✼
❛ ❞ ❞❞ ✶✷✾ ✶✻✾ ✷✷✽
❛ ❞ ❞❞ ✶✷✾ ✶✻✾ ✷✷✾
❛ ❞ ❡ ✶✷✾ ✶✼✹ ✷✸✵
✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳

❚❛❜❡❧❛ ✻✳✺✿ ❖r❞❡♥❛çã♦ ❞❛ ♠❡♠ór✐❛ ▼❡♠❴▼♦❞❡❧♦s✳

✶ ❙❡ ❊st❛❞♦❴❛t✉❛❧ ❂ ✵
✷ ❘❡♣❛ss❛ t♦❞♦s ♦s ♠♦❞❡❧♦s ♣❛r❛ ●❛✉ss
✸
✹ ❙❡ ❊st❛❞♦❴❛t✉❛❧ ❂ ✶
✺ P❛r❛ t♦❞♦s ♦s ❥ ❞❡ ❘❛♠❴❈❛♥❞✐❞❛t♦s
✻ ▲♦❝❛ ❧ ✐ ③ ❛ ♣r ✐♠❡ ✐ r♦ t r ✐ ❢ ♦ ♥ ❡ ❝✉❥♦ ❊st❛❞♦✶ ❂ ❥
✼ ❊♥q✉❛♥t♦ ❊st❛❞♦✶ ❂ ❥
✽ ❘❡♣❛ss❛ ♦s ♠♦❞❡❧♦s ❞❡ ✐ ♥❞ ✐ ❝ ❡ ❊st❛❞♦✷
✾ ❊st❛❞♦❴❆♥t ❂ ❥
✶✵
✶✶ ❙❡ ❊st❛❞♦❴❛t✉❛❧ ❂ ✷
✶✷ P❛r❛ t♦❞♦s ♦s ❥ ❞❡ ❘❛♠❴❈❛♥❞✐❞❛t♦s
✶✸ ▲♦❝❛ ❧ ✐ ③ ❛ ♣r ✐♠❡ ✐ r♦ t r ✐ ❢ ♦ ♥ ❡ ❝✉❥♦ ❊st❛❞♦✶ ❂ ❊st❛❞♦❴❆♥t ❡ ❊st❛❞♦✷ ❂ ❥
✶✹ ❊♥q✉❛♥t♦ ❊st❛❞♦✷ ❂ ❥
✶✺ ❘❡♣❛ss❛ ♦s ♠♦❞❡❧♦s ❞❡ ✐ ♥❞ ✐ ❝ ❡ ❊st❛❞♦✸

❋✐❣✉r❛ ✻✳✸✻✿ ▲ó❣✐❝❛ ❞♦ ❝♦♠♣♦♥❡♥t❡ ▼♦❞❡❧♦s❴❋❡❡❞✳
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✻✳✹ ❆❧❣♦rt✐♠♦ ❞❡ ❱✐t❡r❜✐ ❝♦♠❜✐♥❛❞♦ ❛♦ ▼♦❞❡❧♦ ▲✐♥❣✉ís✲

t✐❝♦

❆ ú❧t✐♠❛ ❡t❛♣❛ ❞♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❝♦♥s✐st❡ ♥❛ ✉t✐❧✐③❛çã♦ ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s✱

♥❡st❡ tr❛❜❛❧❤♦ ❝✉st♦s✱ ♦❜t✐❞❛s ♥❛ ❡t❛♣❛ ❞❛s ●❛✉ss✐❛♥❛s✱ ♣❛r❛ ❞❡✜♥✐r ❛ ♠❛✐s ♣r♦✈á✈❡❧ s❡q✉ê♥✲

❝✐❛ ❞❡ ❡st❛❞♦s ❞♦ ❍▼▼ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❞❛s ♣❛❧❛✈r❛s ♣r♦♥✉♥❝✐❛❞❛s✳ ❈♦♠♦ ❢♦✐ ❞❡s❝r✐t♦

❛♥t❡r✐♦r♠❡♥t❡✱ ♣❛r❛ ❡♥❝♦♥tr❛r t❛❧ s❡q✉ê♥❝✐❛ é ✉t✐❧✐③❛❞♦ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐✳

◆❡st❡ tr❛❜❛❧❤♦✱ ♦s ❍▼▼s sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ r❡♣r❡s❡♥t❛r tr✐❢♦♥❡s✳ ❖s tr✐❢♦♥❡s sã♦ ❝♦♠❜✐✲

♥❛❞♦s ♣❛r❛ ❢♦r♠❛r ♣❛❧❛✈r❛s ❡✱ ❡ss❛s ❝♦♠❜✐♥❛❞❛s ♣❛r❛ ❢♦r♠❛s ❛s s❡♥t❡♥ç❛s✳ ❙❡♥❞♦ ❛ss✐♠✱ ♣❛r❛

♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ s❡♥t❡♥ç❛ ♣r♦♥✉♥❝✐❛❞❛✱ é ♥❡❝❡ssár✐♦ ❡♥❝♦♥tr❛r ❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s

❞❡ ❍▼▼s ❞✐❢❡r❡♥t❡s✱ ♦ q✉❡ ✐♠♣❧✐❝❛ ❡♠ ❛❧❣✉♠❛s ❝♦♠♣❧✐❝❛çõ❡s✳ ◆❡st❡ ❝❛s♦✱ é ♥❡❝❡ssár✐♦ ❝♦♥✲

s✐❞❡r❛r s❡ ❡stá s❡♥❞♦ r❡❛❧✐③❛❞❛ ✉♠❛ tr❛♥s✐çã♦ ❡♥tr❡ s♦♥s ❛tô♠✐❝♦s ✭s❡♥♦♥❡s✮ ❡♠ ✉♠ ♠❡s♠♦

tr✐❢♦♥❡✱ ♦✉ ❞❡ ✉♠ tr✐❢♦♥❡ ♣❛r❛ ♦✉tr♦ ❞❡♥tr♦ ❞❡ ✉♠❛ ♠❡s♠❛ ♣❛❧❛✈r❛ ✭✐♥tr❛♣❛❧❛✈r❛✮✱ ♦✉ ❛✐♥❞❛✱

❡♥tr❡ ♦ tr✐❢♦♥❡ ✜♥❛❧ ❞❡ ✉♠❛ ♣❛❧❛✈r❛ ♣❛r❛ ♦ tr✐❢♦♥❡ ✐♥✐❝✐❛❧ ❞❡ ♦✉tr❛ ♣❛❧❛✈r❛ ✭✐♥t❡r♣❛❧❛✈r❛✮✳ ◆♦

ú❧t✐♠♦ ❝❛s♦✱ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ▼♦❞❡❧♦ ▲✐♥❣✉íst✐❝♦ ✭▼▲✮ t♦r♥❛✲s❡ ✉♠ ❡❧❡♠❡♥t♦ ❡ss❡♥❝✐❛❧ ♣❛r❛

❛✉♠❡♥t❛r ❛ ❛❝✉rá❝✐❛ ❞♦ ♣r♦❝❡ss♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳

❉✐❛♥t❡ ❞♦ q✉❡ ❢♦✐ ❡①♣♦st♦✱ é ♥❡❝❡ssár✐♦ ❛❞❛♣t❛r ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐ ♣❛r❛ ❝♦♥s✐❞❡r❛r ❛s

♣r♦❜❛❜✐❧✐❞❛❞❡s ❢♦r♥❡❝✐❞❛s ♣❡❧♦ ▼▲✳ ❈♦♠♦ ❢♦✐ ❡①♣♦st♦ ♥♦ ❈❛♣ít✉❧♦ ✺✱ é ✉t✐❧✐③❛❞♦ ♦ ❧♦❣❛r✐t♠♦

❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ ❍▼▼ ♥♦ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐✱ ❞❡ ♠♦❞♦ ❛ ❡✈✐t❛r ✉♥❞❡r✢♦✇✳ ❆s

❡q✉❛çõ❡s ❛❞❛♣t❛❞❛s sã♦ r❡♣❡t✐❞❛s ❛q✉✐ ♣♦r ❝♦♥✈❡♥✐ê♥❝✐❛✿

✶✳ ■♥✐❝✐❛❧✐③❛çã♦✿

δ1(i) = πi + bi(O1) , 1 ≤ i ≤ N, ✭✻✳✷✵✮

ψ1(i) = 0.

✷✳ ❘❡❝✉rs✐✈✐❞❛❞❡✿

δt(j) = max
1≤i≤N

[δt−1(i) + aij] + bj(Ot), ✭✻✳✷✶✮

ψt(j) = argmax
1≤i≤N

[δt−1(i) + aij], 2 ≤ t ≤ T, 1 ≤ j ≤ N.

✸✳ ❚ér♠✐♥♦✿

P ∗ = max
1≤i≤N

[δT (i)], ✭✻✳✷✷✮

q∗T = argmax
1≤i≤N

[δT (i)].

✹✳ ❙❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s ót✐♠❛

q∗t = ψt+1(q
∗
t+1) , t = T − 1, T − 2, . . . , 1. ✭✻✳✷✸✮
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❈♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛s ❡q✉❛çõ❡s ❛♣r❡s❡♥t❛❞❛s✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❛❝✉♠✉❧❛❞❛ ❞❛

s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s ♠❛✐s ♣r♦✈á✈❡❧ ❛♦ ❛❧❝❛♥ç❛r ♦ ❡st❛❞♦ sj✱ ♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞❛ ♣❛❧❛✈r❛

w é ♦❜t✐❞❛ ♣♦r✿

δt(sj;w) = max
i

[δt−1(si;w) + aij] + b(Ot; sj, w) ✭✻✳✷✹✮

P❛r❛ ❛s tr❛♥s✐çõ❡s ✐♥t❡r♣❛❧❛✈r❛s✱ ❛ ❊q✉❛çã♦ ✻✳✷✹ é ❛❞❛♣t❛❞❛ ♣❛r❛ ✐♥❝❧✉✐r ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡

❢♦r♥❡❝✐❞❛ ♣❡❧♦ ▼▲✱ ❝♦♠♦ é ❡①✐❜✐❞♦ ❡♠ ✻✳✷✺✳ ❙❡♥❞♦ p(w|v) ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞♦ ▼▲✱ q✉❡

✐♥❢♦r♠❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ tr❛♥s✐çã♦ ❞❛ ♣❛❧❛✈r❛ ❞❡ ♦r✐❣❡♠ v ♣❛r❛ ❛ ♣❛❧❛✈r❛ s❡❣✉✐♥t❡ w✳ sf
✐♥❞✐❝❛ ♦ ❡st❛❞♦ ✜♥❛❧ ❡ s0 ♦ ❡st❛❞♦ ♣s❡✉❞♦✲✐♥✐❝✐❛❧✳ ➱ ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡✱ ❛ss✐♠ ❝♦♠♦

♣❛r❛ ♦s ❞❡♠❛✐s ♣❛râ♠❡tr♦s ❞♦ ❍▼▼✱ é ✉t✐❧✐③❛❞♦ ♦ ❧♦❣❛r✐t♠♦ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞♦ ▼▲✳

δt(s0;w) = max
v

[log(p(w|v)) + δt(sf ; v)] ✭✻✳✷✺✮

❆ ♣❛rt❡ ♦♣❡r❛❝✐♦♥❛❧ q✉❡ ✐♠♣❧❡♠❡♥t❛ ❛s ❡q✉❛çõ❡s ❞❡s❝r✐t❛s✱ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✸✼✳

❖ ❝♦♠♣♦♥❡♥t❡ ❱✐t❡r❜✐❴❋❡❡❞ é r❡s♣♦♥sá✈❡❧ ♣♦r ❢♦r♥❡❝❡r ❞❛❞♦s ♣❛r❛ ♦s ❞❡♠❛✐s ❝♦♠♣♦♥❡♥t❡s

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

P❛r❛ ♦ ❝á❧❝✉❧♦ ❞❡ δt(j)✱ sã♦ ✉t✐❧✐③❛❞♦s três ❝♦♠♣♦♥❡♥t❡s Pr♦❝❡ss❛❴❊st❛❞♦ ✭❋✐❣✉r❛ ✻✳✸✽✮✱

s❡♥❞♦ ✉♠ ♣❛r❛ ❝❛❞❛ ❡st❛❞♦✳

❋✐❣✉r❛ ✻✳✸✼✿ P❛rt❡ ♦♣❡r❛❝✐♦♥❛❧ ❱✐t❡r❜✐✳

P❛r❛ ❢♦r♥❡❝❡r ♦s ❞❛❞♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ♦s ❞❡♠❛✐s ❝♦♠♣♦♥❡♥t❡s ❞❡st❡ ♠ó❞✉❧♦✱❱✐t❡r❜✐❴❋❡❡❞

✉t✐❧✐③❛ ❛s ✐♥❢♦r♠❛çõ❡s ❛r♠❛③❡♥❛❞❛s ❡♠ ❘❆▼❴❈❛♥❞✐❞❛t♦s✱ ❛♣r❡s❡♥t❛❞❛ ♥♦ ♠ó❞✉❧♦ ❞❛s ❣❛✉s✲

s✐❛♥❛s✳ ❈♦♠♦ ❢♦✐ ❡①♣❧✐❝❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♥❡st❛ ♠❡♠ór✐❛ ❡stã♦ ❛r♠❛③❡♥❛❞♦s t♦❞♦s ♦s ❡s✲
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t❛❞♦s✱ ❝✉❥❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❡♠✐ssã♦ ❡st❛✈❛ ❛❝✐♠❛ ❞♦ ❧✐♠✐❛r ❞❡✜♥✐❞♦ ♣❡❧♦ s✐st❡♠❛✱ ❝♦♠♦

t❛♠❜é♠ ♦ ✐♥st❛♥t❡ t ♥♦ q✉❛❧ ❢♦✐ ❡♠✐t✐❞♦✳ ❈♦♠ ❜❛s❡ ♥❡ss❛s ✐♥❢♦r♠❛çõ❡s ❡ ♦ ❡st❛❞♦ ❛t✉❛❧✱

❱✐t❡r❜✐❴❋❡❡❞ ❢♦r♥❡❝❡ ❛❞❡q✉❛❞❛♠❡♥t❡✱ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝♦♠♣♦♥❡♥t❡s Pr♦❝❡ss❛❴❊st❛❞♦✱ ❛

♣r♦❜❛❜✐❧✐❞❛❞❡ ✐♥✐❝✐❛❧ ✭πj✮✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ tr❛♥s✐çã♦ ✭aij✮ ❡ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❡♠✐ssã♦

✭bj(Ot)✮✳

❋✐❣✉r❛ ✻✳✸✽✿ ❈♦♠♣♦♥❡♥t❡ Pr♦❝❡ss❛❴❊st❛❞♦✳

❈❛❞❛ ❝♦♠♣♦♥❡♥t❡ Pr♦❝❡ss❛❴❊st❛❞♦ é ❝♦♠♣♦st♦ ♣♦r três s♦♠❛❞♦r❡s ❡ ❞♦✐s ♠✉❧t✐♣❧❡①❛❞♦✲

r❡s q✉❡ ❢✉♥❝✐♦♥❛♠ ❝♦♠♦ s❡❧❡t♦r❡s✳ ■♥✐❝✐❛❧♠❡♥t❡ é ❝❛❧❝✉❧❛❞♦ ♦ ✈❛❧♦r ❞❡ δt−1(j − 1) + aj−1,j ❡

δt−1(j) + aj,j✳ ❊♠ s❡❣✉✐❞❛✱ é ❡s❝♦❧❤✐❞♦ ♦ ♠❡♥♦r ✈❛❧♦r ❡♥tr❡ ❡❧❡s✱ ❛♦ q✉❛❧ é s♦♠❛❞♦ ♦ ✈❛❧♦r

❞❡ bj(Ot)✱ ♦❜t❡♥❞♦ ❛ss✐♠ δt(j)✳ ◆♦ ❡st❛❞♦ ✐♥✐❝✐❛❧✱ só é ♥❡❝❡ssár✐♦ ❝♦♠♣❛r❛r ♦s ✈❛❧♦r❡s ❞❡

δt−1(j) + aj,j ❡ πj✳

❈♦♠♦ ❢♦✐ ❞❡s❝r✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♦✉tr❛ ❢✉♥çã♦ ❞❡ ❱✐t❡r❜✐❴❋❡❡❞ é ♠❛♥t❡r ❛ s❡q✉ê♥❝✐❛

❞❡ ❡st❛❞♦s ♠❛✐s ♣r♦✈á✈❡❧✳ ❆ ❝❛❞❛ s❛í❞❛ ❞♦ t❡r❝❡✐r♦ ❝♦♠♣♦♥❡♥t❡ Pr♦❝❡ss❛❴❊st❛❞♦✱ ♦ ✈❛❧♦r é

❝♦♠♣❛r❛❞♦ ❝♦♠ ▼❛①❴❆t✉❛❧✱ q✉❡ ❛r♠❛③❡♥❛ ❛ ♠❛✐♦r ♣r♦❜❛❜✐❧✐❞❛❞❡ ❛té ♦ ♠♦❞❡❧♦ ❛t✉❛❧✳ ❈❛s♦

t❡♥❤❛ s✐❞♦ ❡♥❝♦♥tr❛❞❛ ✉♠❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ♠❛✐♦r✱ ❱✐t❡r❜✐❴❋❡❡❞ ❛t✉❛❧✐③❛ ▼❛①❴❆t✉❛❧ ❡ s❛❧✈❛

❛ ♥♦✈❛ s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s✳

❉❡♣♦✐s ❞❡ ✐❞❡♥t✐✜❝❛r ❛ ♠❡❧❤♦r s❡q✉ê♥❝✐❛ ❞❡ ❡st❛❞♦s✱ ✉♠ tr✐❢♦♥❡ é ♦❜t✐❞♦✳ ❈♦♠ ❜❛s❡ ♥♦s

♠♦❞❡❧♦s ❛❝úst✐❝♦s✱ ❣❡r❛❞♦s ❞✉r❛♥t❡ ♦ tr❡✐♥❛♠❡♥t♦✱ é ♣♦ssí✈❡❧ s❛❜❡r s❡ ❡st❡ tr✐❢♦♥❡ ❝♦rr❡s✲

♣♦♥❞❡ ❛ ✉♠❛ tr❛♥s✐çã♦ ✐♥t❡r♣❛❧❛✈r❛✳ ❙❡ ❡st❡ ❢♦r ♦ ❝❛s♦✱ ❛ ú♥✐❝❛ ❛❧t❡r❛çã♦ ♥♦ ♣r♦❝❡❞✐♠❡♥t♦

❞❡s❝r✐t♦✱ é ♣❛r❛ ♦ ✈❛❧♦r ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✐♥✐❝✐❛❧✳ ❊st❛ s❡rá ❞❛❞❛ ♣❡❧♦ ♠❛✐♦r ✈❛❧♦r ❡♥tr❡ ❛

s♦♠❛ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❛❝✉♠✉❧❛❞❛ ❞♦ ú❧t✐♠♦ ❡st❛❞♦ ❞❛ ♣❛❧❛✈r❛ ❛♥t❡r✐♦r ✭❛t✉❛❧✮ ❝♦♠ ❛ ♣r♦✲

❜❛❜✐❧✐❞❛❞❡ ❢♦r♥❡❝✐❞❛ ♣❡❧♦ ▼▲✱ ❡ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞♦ ♣r✐♠❡✐r♦ ❡st❛❞♦ ❞❛ ♣❛❧❛✈r❛ ❝❛♥❞✐❞❛t❛✳

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

❛ ❛t✉❛❧✳

❖ ▼▲ é ❛r♠❛③❡♥❛❞♦ ♣♦r ♦r❞❡♠ ❞❛ ♣❛❧❛✈r❛ ❛♥t❡❝❡ss♦r❛ ✭❋✐❣✉r❛ ✻✳✸✾✮✳ ❆ss✐♠✱ s❡ t♦r♥❛

♠❛✐s ❢á❝✐❧ ✐❞❡♥t✐✜❝❛r ❛s ♣❛❧❛✈r❛s ❝❛♥❞✐❞❛t❛s ❛ s✉❝❡❞❡r❡♠ ❛ ❛t✉❛❧✳ ❈♦♠ ❜❛s❡ ♥❛s ♣❛❧❛✈r❛s

❝❛♥❞✐❞❛t❛s✱ é ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r q✉❛❧ ♦ ♣ró①✐♠♦ ❡st❛❞♦ ❝❛♥❞✐❞❛t♦✳ ■ss♦ ♣♦rq✉❡✱ ❝♦♠♦ ❢♦✐

❞❡s❝r✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♣❛❧❛✈r❛s ❝♦♥s✐st❡♠ ❞❡ tr✐❢♦♥❡s ❝♦♥❡❝t❛❞♦s✱ ♦✉ s❡❥❛✱ ❍▼▼s ❝♦♥❡❝t❛✲

❞♦s✱ ♦✉ ❛✐♥❞❛✱ ❡st❛❞♦s ❝♦♥❡❝t❛❞♦s✳ ❆ss✐♠✱ ❱✐t❡r❜✐❴❋❡❡❞ ❢♦r♥❡❝❡ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❞❡♠❛✐s

❝♦♠♣♦♥❡♥t❡s✱ ♦s ❞❛❞♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ❝❛❧❝✉❧❛r ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ tr❛♥s✐çã♦ ❞♦ ú❧t✐♠♦
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❋✐❣✉r❛ ✻✳✸✾✿ ❚r❛♥s✐çã♦ ✐♥tr❛♣❛❧❛✈r❛✳

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

✻✳✺ ❈♦♥s✐❞❡r❛çõ❡s ●❡r❛✐s

◆❡st❡ ❝❛♣ít✉❧♦ ❢♦✐ ❛♣r❡s❡♥t❛❞❛ ❛ ❛rq✉✐t❡t✉r❛ ❞❡s❡♥✈♦❧✈✐❞❛ ❞♦ s✐st❡♠❛ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦

❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛✱ ✉t✐❧✐③❛♥❞♦ ❍▼▼ ❝♦♥tí♥✉♦ ❡ ❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s✳ ❆ ❛rq✉✐t❡t✉r❛ ❝♦♥✲

t❡♠♣❧❛ ❞❡s❞❡ ❛ ❡t❛♣❛ ✐♥✐❝✐❛❧ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❞♦ s✐♥❛❧ ❞❡ ✈♦③✱ ❛té ❛ ❡t❛♣❛ ✜♥❛❧ q✉❡

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

◆❛ ❡t❛♣❛ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❢♦r❛♠ ♣r♦❥❡t❛❞❛s ❛s ❛rq✉✐t❡t✉r❛s ♣❛r❛ ❛s ❢✉♥çõ❡s ❞❡ ♣rê✲

❡♥❢❛s❡ ❡ ❥❛♥❡❧❛♠❡♥t♦✳ ❋♦r❛♠ r❡❛❧✐③❛❞❛s s✐♠♣❧✐✜❝❛çõ❡s ♠❛t❡♠át✐❝❛s ♥❛s ❡q✉❛çõ❡s ✉t✐❧✐③❛❞❛s✱

❡ ✈❛❧♦r❡s q✉❡ ♣♦❞✐❛♠ s❡r ♣ré✲❝❛❧❝✉❧❛❞♦s ❡♠ s♦❢t✇❛r❡ ❢♦r❛♠ ❛r♠❛③❡♥❛❞♦s ❡♠ ♠❡♠ór✐❛s ❘❖▼✱

❡✈✐t❛♥❞♦ ❛ss✐♠ ♦ ❝á❧❝✉❧♦ ❞♦s ♠❡s♠♦s ❡♠ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦✳

◆❛ ❡t❛♣❛ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ ❢♦✐ ♠♦❞❡❧❛❞❛ ✉♠❛ ❛rq✉✐t❡t✉r❛ ♣❛r❛ ❝á❧❝✉❧♦ ❞♦s

❝♦❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s ✭▼❋❈❈✮✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ s✉❛s ♣r✐♠❡✐r❛s ❡ s❡❣✉♥❞❛s ❞❡r✐✈❛❞❛s✳ ❆

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

r❡❛❧✐③❛❞♦s ❡♠ ✉♠❛ ❡t❛♣❛ ❛♥t❡r✐♦r ❞❡st❡ tr❛❜❛❧❤♦✳ ❆q✉✐ t❛♠❜é♠ ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s ✈❛❧♦r❡s

q✉❡ ♣♦❞✐❛♠ s❡r ♣ré✲❝❛❧❝✉❧❛❞♦s✱ ♦s q✉❛✐s ❢♦r❛♠ ❛r♠❛③❡♥❛♥❞♦s ❡♠ ♠❡♠ór✐❛s ❘❖▼✱ ❡✈✐t❛♥❞♦

❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉♠ ❤❛r❞✇❛r❡ ❡①tr❛ ♣❛r❛ ❝á❧❝✉❧♦ ❞♦s ♠❡s♠♦s ❡♠ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦✳ ❖✉tr❛

✈❛♥t❛❣❡♠ ❞❛ ❛rq✉✐t❡t✉r❛ ❞❡s❡♥✈♦❧✈✐❞❛ é q✉❡✱ ❝♦♠ ♣❡q✉❡♥❛s ♠♦❞✐✜❝❛çõ❡s✱ é ♣♦ssí✈❡❧ ✉t✐❧✐③❛r

❞✐❢❡r❡♥t❡s ♥ú♠❡r♦s ❞❡ ❝♦❡✜❝✐❡♥t❡s✳

◆❛ ❡t❛♣❛ ❞❡ ❝á❧❝✉❧♦ ❞❛s ❣❛✉ss✐❛♥❛s✱ ❢♦✐ r❡❛❧✐③❛❞❛ ✉♠❛ s✐♠♣❧✐✜❝❛çã♦ ♠❛t❡♠át✐❝❛ ♥❛ ❡q✉❛✲

çã♦ ❝♦rr❡s♣♦♥❞❡♥t❡✱ ♦ q✉❡ ❞✐♠✐♥✉✐ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♦♣❡r❛çõ❡s ❝♦♠♣❧❡①❛s

❛ s❡r❡♠ ❡①❡❝✉t❛❞❛s✱ ❝♦♠♦ ♠✉❧t✐♣❧✐❝❛çõ❡s ❡ ❡①♣♦♥❡♥❝✐❛✐s ✭✈✐❞❡ ❈❛♣ít✉❧♦ ✺✮✳ ❆❧é♠ ❞✐ss♦✱ ❢♦✐

❞❡✜♥✐❞♦ ✉♠ ❡sq✉❡♠❛ ❞❡ ♣r✉♥♥✐♥❣ q✉❡ ❞✐♠✐♥✉✐ ♦ ♥ú♠❡r♦ ❞❡ ♠♦❞❡❧♦s ❞❡ r❡❢❡rê♥❝✐❛ ❛ s❡r❡♠

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

❞♦s ❡♠ ❘❖▼s✳

P♦r ✜♠✱ ♥❛ ❡t❛♣❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐✱ ❢♦r❛♠ r❡❛❧✐③❛❞❛s s✐♠♣❧✐✜❝❛✲
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çõ❡s ♠❛t❡♠át✐❝❛s ♥❛s ❡q✉❛çõ❡s ✉t✐❧✐③❛❞❛s✱ ❡ q✉❡ r❡❞✉③✐r❛♠ ♦♣❡r❛çõ❡s ♠❛✐s ❝♦♠♣❧❡①❛s ❝♦♠♦

♠✉❧t✐♣❧✐❝❛çõ❡s✱ ❛ s✐♠♣❧❡s s♦♠❛s✱ q✉❡ r❡q✉❡r❡♠ ✉♠ ❤❛r❞✇❛r❡ ❜❡♠ ♠❛✐s s✐♠♣❧✐✜❝❛❞♦✳ ❖✉✲

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

▼♦❞❡❧♦ ▲✐♥❣✉íst✐❝♦ ✭▼▲✮ ♥♦ ❛❧❣♦rt✐♠♦✳



❈❛♣ít✉❧♦ ✼

❈♦♥s✐❞❡r❛çõ❡s ❋✐♥❛✐s ❡ ❙✉❣❡stõ❡s ♣❛r❛

❚r❛❜❛❧❤♦s ❋✉t✉r♦s

❆ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ r❡❛❧✐③❛r ❛ ❝♦♠✉♥✐❝❛çã♦ ❤♦♠❡♠✲♠áq✉✐♥❛ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛ ✈♦③ t♦r♥❛

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

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

♦✉tr❛s t❛r❡❢❛s✳ ❉✐❛♥t❡ ❞♦ ❛✈❛♥ç♦ t❡❝♥♦❧ó❣✐❝♦ ❡ ❝♦♥s❡q✉❡♥t❡ s✉r❣✐♠❡♥t♦ ❞❡ ❡q✉✐♣❛♠❡♥t♦s

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

✈♦③ t❡♠ s✐❞♦ ♦❜❥❡t♦ ❞❡ ❣r❛♥❞❡ ✐♥t❡r❡ss❡✱ t❛♥t♦ ❞♦ ♠❡✐♦ ❛❝❛❞ê♠✐❝♦ q✉❛♥t♦ ❞♦s ❢❛❜r✐❝❛♥t❡s

❞❡ t❛✐s ❡q✉✐♣❛♠❡♥t♦s✳ P❡sq✉✐s❛s r❡❝❡♥t❡s ♥❛ ár❡❛ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❉✐❣✐t❛❧ ❞❡ ❙✐♥❛✐s ❞❡ ❱♦③

✭P❉❙❱✮ tê♠ ♣❡r♠✐t✐❞♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s✐st❡♠❛s ❞❡ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❋❛❧❛ ❜❛st❛♥t❡

❡✜❝✐❡♥t❡s✳ ❊♥tr❡t❛♥t♦✱ r❡q✉✐s✐t♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❛✐♥❞❛ ❞✐✜❝✉❧t❛♠ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ss❡s

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

❡❧❡tr♦❞♦♠ést✐❝♦s✳

❚❡♥❞♦ ❡♠ ✈✐st❛ ♦ ✈✐❣❡♥t❡ ✐♥t❡r❡ss❡ ♣❡❧♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛♣❧✐❝❛çõ❡s ❞❡ P❉❙❱ ♣❛r❛

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

❝❧❛r❛ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ❞❡✜♥✐çã♦ ❡ ✐♠♣❧❛♥t❛çã♦ ❞❡ ❢❡rr❛♠❡♥t❛s ❞❡ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡ q✉❡

♦t✐♠✐③❡♠ ❡ss❛ ♣r♦❞✉çã♦✳ ▼✉✐t♦s tr❛❜❛❧❤♦s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡

♣❛❧❛✈r❛s ✐s♦❧❛❞❛s ♥❡ss❡ ❝♦♥t❡①t♦ ❬✶✵✱ ✶✶✱ ✶✺❪✱ ♦✉ ❛✐♥❞❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ♣❛r❛

✐❞✐♦♠❛s ❞✐❢❡r❡♥t❡s ❞♦ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦ ✭P❇✮ ❬✷✻✱ ✷✼✱ ✷✽✱ ✷✾✱ ✸✵✱ ✸✶✱ ✸✷✱ ✸✸✱ ✸✹✱ ✸✺✱ ✸✻❪✳ ◆♦

❡♥t❛♥t♦✱ ♣♦✉❝♦s tr❛t❛♠ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ♣❛r❛ ❛ ❧í♥❣✉❛ ♣♦rt✉❣✉❡s❛ ❡♠ s✐st❡♠❛s ❡♠❜❛r❝❛❞♦s✳

❆s t❡❝♥♦❧♦❣✐❛s ♠❛✐s ♣r♦♠✐ss♦r❛s ♥❛ ár❡❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱

❍✐❞❞❡♥ ▼❛r❦♦✈ ▼♦❞❡❧s ✭❍▼▼✮ ✉t✐❧✐③❛♠ ♠ét♦❞♦s ❞❡ ♠♦❞❡❧❛❣❡♠ ❡st❛tíst✐❝❛ q✉❡ ❛♣r❡♥❞❡♠

♣♦r ❡①❡♠♣❧♦s✱ ❡ ❞❡✈❡♠ ❝♦♥s✐❞❡r❛r ♥♦ tr❡✐♥❛♠❡♥t♦ ❛s ♣♦ssí✈❡✐s ✈❛r✐❛çõ❡s ❞❛ ❢❛❧❛ ❡ ♦ ❛♠❜✐❡♥t❡

❞❡ ✉t✐❧✐③❛çã♦ ❞♦ ♣r♦❝❡ss♦ ❞♦ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❬✾✶✱ ✶✸✶✱ ✶✸✸✱ ✶✸✽✱ ✶✸✾✱ ✶✹✵❪✳ ❙❡♥❞♦

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

q✉❡ ♣❡r♠✐t❛ ❛ ❝♦rr❡t❛ ♠♦❞❡❧❛❣❡♠ ❞♦s ♣❛❞rõ❡s ❛ s❡r❡♠ r❡❝♦♥❤❡❝✐❞♦s✳ ❖ ❡❢❡✐t♦ ❝❛✉s❛❞♦ ♣♦r

✈❛r✐á✈❡✐s ♥ã♦ ♠♦❞❡❧❛❞❛s ♦✉ ♠❛❧ ♠♦❞❡❧❛❞❛s ✭t❛✐s ❝♦♠♦ ❞✐❢❡r❡♥ç❛s ❞❡ ❝❛♥❛❧ ♦✉ ♠✐❝r♦❢♦♥❡s✱

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

✶✷✽



✼✳✶ ❈❖◆❚❘■❇❯■➬Õ❊❙ ✶✷✾

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

❝♦♥s✐❞❡r❛❞♦ q✉❛♥❞♦ s❡ tr❛t❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ sã♦ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❛❝úst✐❝❛s ❡

❧✐♥❣✉íst✐❝❛s ❞❡ ❝❛❞❛ ✐❞✐♦♠❛✳ ❉✐❢❡r❡♥t❡s ✐❞✐♦♠❛s ♣♦ss✉❡♠ ❞✐❢❡r❡♥t❡s ❢♦♥❡♠❛s✱ t❛♥t♦ ❡♠ ♥ú✲

♠❡r♦ q✉❛♥t♦ ❡♠ ❝❛r❛❝t❡ríst✐❝❛s ✭❞✉r❛çã♦✱ ✐♥t❡♥s✐❞❛❞❡✱ ❡t❝✮✱ ❧♦❣♦ ♣❛râ♠❡tr♦s ❡ ❝♦♥✜❣✉r❛çõ❡s

q✉❡ ♦❢❡r❡❝❡♠ ❛❧t❛s t❛①❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡♠ ❞❡t❡r♠✐♥❛❞♦ ✐❞✐♦♠❛✱ ♣♦❞❡♠ ♥ã♦ s❡r ❛❞❡✲

q✉❛❞♦s ♣❛r❛ ✉♠ ♦✉tr♦✳ ❊♥q✉❛♥t♦ q✉❡✱ ♣❛r❛ ♦ ✐❞✐♦♠❛ ✐♥❣❧ês ❡①✐st❡♠ ✈ár✐❛s ♣❡sq✉✐s❛s ❡ ❜♦♥s

r❡s✉❧t❛❞♦s✱ ♣♦✉❝♦ s❡ t❡♠ ♣❛r❛ ♦ ✐❞✐♦♠❛ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦ ❬✹✾✱ ✶✸✶✱ ✶✸✸✱ ✶✸✽✱ ✶✹✵❪✳

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

❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ♣❛r❛ ♦ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦✱ ✉t✐❧✐③❛♥❞♦ ❍✐❞❞❡♥ ▼❛r❦♦✈

▼♦❞❡❧s✱ ❞❡ ❢♦r♠❛ ❛ ♣♦ss✐❜✐❧✐t❛r s✉❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ ✉♠ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦ ❝♦♠ r❡❝✉rs♦s

❝♦♠♣✉t❛❝✐♦♥❛✐s ❧✐♠✐t❛❞♦s✳

P❛r❛ ❛ ❝♦♥str✉çã♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛ ♣❛r❛ ♦ ♣♦rt✉❣✉ês

❜r❛s✐❧❡✐r♦ ❡✜❝✐❡♥t❡✱ ❝♦♠♦ ❢♦✐ ❞✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ t♦r♥❛✲s❡ ♥❡❝❡ssár✐❛ ❛ ❛❞❡q✉❛çã♦ ❞♦s ♠♦❞❡❧♦s

❛❝úst✐❝♦s ❡ ❧✐♥❣✉íst✐❝♦s ♣❛r❛ ❡ss❡ ✐❞✐♦♠❛✱ ❛ ♣❛rt✐r ❞❡ t❡st❡s ✈❛r✐❛♥❞♦ ♦s ♣r✐♥❝✐♣❛✐s ♣❛râ♠❡tr♦s

✉t✐❧✐③❛❞♦s ❬✸✽✱ ✶✸✷✱ ✶✸✽✱ ✶✹✵❪✳ P❛r❛ r❡❛❧✐③❛çã♦ ❞❡ss❡s t❡st❡s✱ ♥❡st❡ tr❛❜❛❧❤♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦

❢r❛♠❡✇♦r❦ ❙♣❤✐♥①✱ q✉❛♥❞♦ ❢♦r❛♠ ✈❛r✐❛❞♦s✿ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈✱ ♥ú♠❡r♦ ❞❡ ✜❧tr♦s

♣❛r❛ ♦❜t❡♥çã♦ ❞♦s ▼❋❈❈ ❡ ♥ú♠❡r♦ ❞❡ ❡st❛❞♦s ❞♦ ❍▼▼✳ ❆ ❜❛s❡ ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛ ❢♦✐ ❞❡s❡♥✲

✈♦❧✈✐❞❛ ❡♠ ❬✶✹✸❪✱ s❡♥❞♦ ❝♦♥st✐t✉í❞❛ ♣♦r ✷✵✵ ❢r❛s❡s ❢♦♥❡t✐❝❛♠❡♥t❡ ❜❛❧❛♥❝❡❛❞❛s ❞❡✜♥✐❞❛s ❡♠

❬✶✹✷❪✱ ♣r♦♥✉♥❝✐❛❞❛s ♣♦r ✹✻ ❞✐❢❡r❡♥t❡s ❧♦❝✉t♦r❡s✱ s❡♥❞♦ ✷✹ ❞♦ ❣ê♥❡r♦ ♠❛s❝✉❧✐♥♦ ❡ ✷✷ ❢❡♠✐♥✐♥♦✱

❞❡ ❞✐❢❡r❡♥t❡s ✐❞❛❞❡s ✭✶✽ ❛ ✻✵ ❛♥♦s✮✱ ❣r❛✉s ❞❡ ✐♥str✉çã♦ ❡ ❝✐❞❛❞❡s ❞♦ ❇r❛s✐❧✳

❯♠❛ ✈❡③ q✉❡ ♦ ♦❜❥❡t✐✈♦ ❞❡st❡ tr❛❜❛❧❤♦ ❡r❛ ✐❞❡♥t✐✜❝❛r ✉♠❛ ❝♦♥✜❣✉r❛çã♦ q✉❡ ❢♦r♥❡ç❛ ❜♦❛s

t❛①❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ s❡♠ ❡①✐❣✐r ♠✉✐t♦s r❡❝✉rs♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s✱ ❡♠❜♦r❛ ❛ ❧✐t❡r❛t✉r❛

❛♣♦♥t❡ ♣❛r❛ ♦ ✉s♦ ❞❡ ✶✷ ♦✉ ✶✸ ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈ ❬✶✸✶✱ ✶✸✷✱ ✶✸✸✱ ✶✸✹❪✱ ❢♦r❛♠ r❡❛❧✐③❛❞♦s

t❡st❡s ❝♦♠ ♦✉tr♦s ✈❛❧♦r❡s ❛❜❛✐①♦ ❞❡ss❡ ✈❛❧♦r✳ ❖ ✐♥t✉✐t♦ ❢♦✐ ❛✈❛❧✐❛r ♦ ✐♠♣❛❝t♦ ❞❛ ✉t✐❧✐③❛çã♦

❞❡ ✉♠ ♥ú♠❡r♦ r❡❞✉③✐❞♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ♥❛ t❛①❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ ❡ ♥♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦

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

✼✳✶ ❈♦♥tr✐❜✉✐çõ❡s

❆ ♣❛rt✐r ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❡st❡ tr❛❜❛❧❤♦✱ ♣♦❞❡✲s❡ ❝✐t❛r ❛s s❡❣✉✐♥t❡s ❝♦♥tr✐❜✉✐çõ❡s✿

✶✳ ❆✈❛❧✐❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❡ ❞❛ ❝♦♥✜❣✉r❛çã♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛

❝♦♥tí♥✉❛ ✉t✐❧✐③❛♥❞♦ ▼❋❈❈✱ ❍▼▼ ❡ ♠♦❞❡❧❛❣❡♠ ❧✐♥❣✉íst✐❝❛ ◆✲❣r❛♠✱ ❞✐❛♥t❡ ❞❡ ✉♠❛ ❜❛s❡

❞❡ ❞❛❞♦s ❢♦♥❡t✐❝❛♠❡♥t❡ ❜❛❧❛♥❝❡❛❞❛ ❡ r❡♣r❡s❡♥t❛t✐✈❛✳ ❋♦r❛♠ r❡❛❧✐③❛❞♦s ❡①♣❡r✐♠❡♥t♦s

❝♦♠ ✉♠ ♥ú♠❡r♦ r❡❞✉③✐❞♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s✱ ♦❜t❡♥❞♦✲s❡ ❜♦❛s t❛①❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡

❛ss✐♠✱ r❡❞✉③✐♥❞♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ r❡❝✉rs♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ♥❡❝❡ssár✐♦s✳

✷✳ ❙✐♠♣❧✐✜❝❛çõ❡s ♠❛t❡♠át✐❝❛s ♥❛s ❡q✉❛çõ❡s ✉t✐❧✐③❛❞❛s ♥❛s s❡❣✉✐♥t❡s ❡t❛♣❛s ❞♦ ♣r♦❝❡ss♦

❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✿
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• Pré✲♣r♦❝❡ss❛♠❡♥t♦ ✲ ❛❧é♠ ❞❡ s✐♠♣❧✐✜❝❛çõ❡s ♠❛t❡♠át✐❝❛s q✉❡ tr❛♥s❢♦r♠❛r❛♠ ♦♣❡✲

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

q✉❡ ♣♦❞✐❛♠ s❡r ♣ré✲❝❛❧❝✉❧❛❞♦s ❡♠ s♦❢t✇❛r❡ ❢♦r❛♠ ❛r♠❛③❡♥❛❞♦s ❡♠ ♠❡♠ór✐❛s

❘❖▼✱ ❡✈✐t❛♥❞♦ ❛ss✐♠ ♦ ❝á❧❝✉❧♦ ❞♦s ♠❡s♠♦s ❡♠ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦✳ ❚❛✐s ❡str❛✲

té❣✐❛s ♣❡r♠✐t❡♠ ❛ ❝♦♥str✉çã♦ ❞❡ ❤❛r❞✇❛r❡ ❜❡♠ ♠❛✐s s✐♠♣❧❡s ❡ r❡❞✉③✐❞♦ ❞♦ q✉❡

✉t✐❧✐③❛♥❞♦ ❛s ❛❜♦r❞❛❣❡♥s tr❛❞✐❝✐♦♥❛✐s✳

• ❊①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✲ ❢♦✐ ♠♦❞❡❧❛❞❛ ✉♠❛ ❛rq✉✐t❡t✉r❛ ♣❛r❛ ❝á❧❝✉❧♦ ❞♦s ❝♦✲

❡✜❝✐❡♥t❡s ♠❡❧✲❝❡♣str❛✐s ✭▼❋❈❈✮✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ s✉❛s ♣r✐♠❡✐r❛s ❡ s❡❣✉♥❞❛s ❞❡✲

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

❝♦♠ ❜❛s❡ ❡♠ ❡①♣❡r✐♠❡♥t♦s t❛♠❜é♠ r❡❛❧✐③❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳ ❆q✉✐ t❛♠❜é♠ ❢♦r❛♠

✐❞❡♥t✐✜❝❛❞♦s ✈❛❧♦r❡s q✉❡ ♣♦❞✐❛♠ s❡r ♣ré✲❝❛❧❝✉❧❛❞♦s✱ ♦s q✉❛✐s ❢♦r❛♠ ❛r♠❛③❡♥❛♥❞♦s

❡♠ ♠❡♠ór✐❛s ❘❖▼✱ ❡✈✐t❛♥❞♦ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉♠ ❤❛r❞✇❛r❡ ❡①tr❛ ♣❛r❛ ❝á❧❝✉❧♦

❞♦s ♠❡s♠♦s ❡♠ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦✳

• ❈á❧❝✉❧♦ ❞❛s ●❛✉ss✐❛♥❛s ✲ ❛ s✐♠♣❧✐✜❝❛çã♦ ✉t✐❧✐③❛❞❛✱ r❡❞✉③✐✉ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ♦

♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ♠❛✐s ❝♦♠♣❧❡①❛s ❝♦♠♦ ♠✉❧t✐♣❧✐❝❛çõ❡s ❡ ❡①♣♦♥❡♥❝✐❛✐s ♥❡❝❡s✲

sár✐❛s ♣❛r❛ s✉❛ ❡①❡❝✉çã♦✳ P❛r❛ ♦ ❝❛s♦ ❞❡ ❡①♣♦♥❡♥❝✐❛✐s ❡♥✈♦❧✈❡♥❞♦ ❛ ❝♦♥st❛♥t❡

♥❡♣❡r✐❛♥❛ ✭e✮✱ ❡st❛s sã♦ t♦t❛❧♠❡♥t❡ ❡❧✐♠✐♥❛❞❛s✳

• ❆❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐ ✲ ❝♦♠ ❛s s✐♠♣❧✐✜❝❛çõ❡s ♠❛t❡♠át✐❝❛s ❛s ♦♣❡r❛çõ❡s ❞❡ ♠✉❧t✐✲

♣❧✐❝❛çõ❡s sã♦ r❡❞✉③✐❞❛s à s♦♠❛s✳ ❖ q✉❡ ♣r♦✈ê ❛s ✈❛♥t❛❣❡♥s ❥á ❝✐t❛❞❛s✳

✸✳ ❉❡✜♥✐çã♦ ❞❡ ✉♠ ❡sq✉❡♠❛ ❞❡ ♣r✉♥♥✐♥❣ ♣❛r❛ ❛ ❡t❛♣❛ ❞❛s ●❛✉ss✐❛♥❛s✱ q✉❡ ❛❧é♠ ❞❡

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

❛ ❡t❛♣❛ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐✳ ❈♦♠♦ ❢♦✐ ❡①♣♦st♦✱ ❡ss❡ ❡sq✉❡♠❛ ❢❛③ ❝♦♠ q✉❡ ❛♦

✐♥✈és ❞❡ ❝❛❧❝✉❧❛r ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ♣❛❞rõ❡s ❞❡ r❡❢❡rê♥❝✐❛ ❝♦♥❤❡❝✐❞♦s

♣❡❧♦ s✐st❡♠❛✱ ❛♣❡♥❛s ♦s ♠♦❞❡❧♦s ❝❛♥❞✐❞❛t♦s ❛♦ ♣ró①✐♠♦ ❡st❛❞♦ sã♦ ❛✈❛❧✐❛❞♦s✳ ❊ss❛

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

❛❝úst✐❝♦s✱ ♦✉ s❡❥❛✱ ♦ ✈♦❝❛❜✉❧ár✐♦✱ ❛✉♠❡♥t❛✳

✹✳ ❈♦♥str✉çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ❧✐♥❣✉íst✐❝♦ ♣❛r❛ ♦ ❝♦r♣✉s ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s✱ ❛ ♣❛rt✐r ❞❡

✉♠❛ ❢❡rr❛♠❡♥t❛ q✉❡ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ♥❛ ❝♦♥str✉çã♦ ❞❡ ♠♦❞❡❧♦s ❧✐♥❣✉íst✐❝♦s ♣❛r❛

❜❛s❡s ❝♦♠ ❝♦r♣✉s ❛✐♥❞❛ ♠❛✐♦r❡s✳ ❈♦♠♦ ❢♦✐ ❡①♣♦st♦ ♥❡st❡ tr❛❜❛❧❤♦✱ ❛ ✉t✐❧✐③❛çã♦ ❞❡

✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s r❡♣r❡s❡♥t❛t✐✈❛ é ❢❛t♦r ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❝♦♥str✉çã♦ ❞❡

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

♣❛r❛ ♦ ✐❞✐♦♠❛ ♣♦rt✉❣✉ês ❜r❛s✐❧❡✐r♦✱ ♥ã♦ é ✉♠ ♣r♦❝❡ss♦ tr✐✈✐❛❧✳ ❆ ❜❛s❡ ❞❡ ❞❛❞♦s ♦❜t✐❞❛ ❡

✉t✐❧✐③❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✱ ♦r✐❣✐♥❛❧♠❡♥t❡✱ ♥ã♦ ✐♥❝❧✉í❛ ✉♠▼♦❞❡❧♦ ▲✐♥❣✉íst✐❝♦✳ ❆ ✈❛❧✐❞❛çã♦

❞❛ ❢❡rr❛♠❡♥t❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❝♦♥str✉çã♦ ❞♦ ▼▲✱ ❛ss❡❣✉r❛ ❛ s✉❛ ✉t✐❧✐③❛çã♦ ♣❛r❛ ❜❛s❡s

♠❛✐♦r❡s✳ ❆❧é♠ ❞✐ss♦✱ ❛s ❡str❛té❣✐❛s ❛❞♦t❛❞❛s ❡ ❛♣r❡s❡♥t❛❞❛s ♣❛r❛ ❛❞❛♣t❛çã♦ ❞❛ ❜❛s❡ ❞❡

❞❛❞♦s✱ ✐♥❝❧✉✐♥❞♦ ♦ ▼▲✱ ❛♦ ❢r❛♠❡✇♦r❦ ❙♣❤✐♥①✱ ♣♦❞❡♠ s❡r✈✐r t❡st❡s ❢✉t✉r♦s ❝♦♠ ♦✉tr❛s

❜❛s❡s✳

✺✳ ❆❧é♠ ❞❡ s✐♠♣❧✐✜❝❛çõ❡s ♠❛t❡♠át✐❝❛s ♥❛s ❡q✉❛çõ❡s ✉t✐❧✐③❛❞❛s ♣❡❧♦ ❛❧❣♦rt✐♠♦ ❞❡ ❱✐t❡r❜✐✱
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❢♦r❛♠ ✐♥❝♦r♣♦r❛❞❛s ❛♦ ♠❡s♠♦✱ ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❢♦r♥❡❝✐❞❛s ♣❡❧♦ ▼♦❞❡❧♦ ▲✐♥❣✉íst✐❝♦✳

❈♦♠♦ ❢♦✐ ❡①♣♦st♦ ❛♦ ❧♦♥❣♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ♠♦❞❡❧♦s ❧✐♥❣✉íst✐❝♦s ✭▼▲✮ ❝❛♣t✉r❛♠ r❡✲

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

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

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

❝♦♥t✉❞♦ ❡st❡ t♦r♥❛✲s❡ ❢✉♥❞❛♠❡♥t❛❧ ❡♠ s✐st❡♠❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♥tí♥✉❛✳

✻✳ ❉✐❢❡r❡♥t❡♠❡♥t❡ ❞❡ ✈ár✐♦s tr❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s q✉❡ sã♦ ❡♥❝♦♥tr❛❞♦s✱ ♦s q✉❛✐s ❢♦❝❛♠

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

♠♦❞❡❧♦ ❛rq✉✐t❡t✉r❛❧ ❞❡ t♦❞❛s ❛s ❡t❛♣❛s ❡♥✈♦❧✈✐❞❛s✳ ❆ ❛rq✉✐t❡t✉r❛ ❛♣r❡s❡♥t❛❞❛✱ ❛❧é♠

❞❡ ❝♦♥t❡♠♣❧❛r t♦❞❛s ❛s ❡t❛♣❛s✱ ❢♦r♥❡❝❡ ❞❡t❛❧❤❡s q✉❛♥t♦ ❛✿ r❡❣✐str❛❞♦r❡s✱ ♠❡♠ór✐❛s

❘✴❲ ❡ ❘❖▼ ♥❡❝❡ssár✐❛s ✭✐♥❝❧✉✐♥❞♦ ❛s ❞❡ ❝♦♥tr♦❧❡✮✱ ♠♦❞❡❧♦ ❞❛s ♠❡♠ór✐❛s✱ ❝♦♥t❡ú❞♦

❞❛s ♠❡♠ór✐❛s ❝❛❧❝✉❧❛s ♦✤✐♥❡✱ t❛♠❛♥❤♦ ❞♦s ❜❛rr❛♠❡♥t♦s✱ ❛❧❣✉♥s ♣s❡✉❞♦❝ó❞✐❣♦s✱ ❡♥tr❡

♦✉tr♦s✳

✼✳ ❉❛❞♦ ♦ ✢✉①♦ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦✱ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦

✹✱ ♣♦❞❡✲s❡ ✐♥✐❝✐❛r ❞✐r❡t❛♠❡♥t❡ ❛ ❡t❛♣❛ ❞❡ ❝♦♥str✉çã♦ ❞♦ ▼♦❞❡❧♦ ❘❚▲✳ ❊♠❜♦r❛ ❡st❛

♥ã♦ s❡❥❛ ✉♠❛ ❡t❛♣❛ tr✐✈✐❛❧✱ ❛ ♠❡s♠❛ ❝♦♥s✐st❡ ❜❛s✐❝❛♠❡♥t❡ ♥❛ ❝♦❞✐✜❝❛çã♦ ❡♠ ✉♠❛

❧✐♥❣✉❛❣❡♠ ❞❡ ❞❡s❝r✐çã♦ ❞❡ ❤❛r❞✇❛r❡ ✭❍❉▲✮✳ ❯♠❛ ✈❡③ q✉❡✱ t♦❞♦ ♦ ♣r♦❥❡t♦ ❛rq✉✐t❡t✉r❛❧

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

❡ ❛✉t♦♠át✐❝❛✳

✽✳ ❆ ❞❡❝✐sã♦ ♣♦r r❡❛❧✐③❛r ❛ ❡t❛♣❛ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡♠ s♦❢t✇❛r❡ ❡ ❛r♠❛③❡♥❛r ♦s ♠♦❞❡❧♦s

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

❛ ❛rq✉✐t❡t✉r❛ ❞♦ s✐st❡♠❛✱ t♦r♥❛✲♦ ✢❡①í✈❡❧ ❛ r❡❝♦♥❤❡❝❡r ♥♦✈♦s ♣❛❞rõ❡s✳ ❯♠❛ ✈❡③ q✉❡✱

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

❧✐♥❣✉íst✐❝♦✱ ❡ ❢♦r❛♠ ♦❜t✐❞♦s ❜♦❛s t❛①❛s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ tê♠✲s❡ ❛ ❣❛r❛♥t✐❛ ❞❡ q✉❡

é ♣♦ssí✈❡❧ ✉t✐❧✐③❛r ♦s ♠♦❞❡❧♦s ❣❡r❛❞♦s ❞✉r❛♥t❡ ♦ tr❡✐♥❛♠❡♥t♦ ♥♦ s✐st❡♠❛ ❡♠❜❛r❝❛❞♦ ❛

s❡r ❝♦♥str✉í❞♦✳

✼✳✷ ❙✉❣❡stõ❡s ♣❛r❛ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s

❈♦♠♦ ❢♦✐ ❡①♣♦st♦ ♥❡st❡ tr❛❜❛❧❤♦✱ ♦ ✐♥t❡r❡ss❡ ♣♦r s✐st❡♠❛s q✉❡ r❡❛❧✐③❡♠ ❛ ✐♥t❡r❢❛❝❡ ❤♦♠❡♠✲

♠áq✉✐♥❛ ❞❡ ♠❛♥❡✐r❛ ♠❛✐s ♥❛t✉r❛❧ ❡ ❡s♣♦♥tâ♥❡❛ s❡ t♦r♥❛ ✐♠✐♥❡♥t❡✳ P❛r❛ ✐ss♦✱ t♦r♥❛✲s❡ ♥❡✲

❝❡ssár✐♦ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✈♦❝❛❜✉❧ár✐♦s ❝❛❞❛ ✈❡③ ♠❛✐♦r❡s ❡ q✉❡ ❝✉❜r❛♠ ♣♦ssí✈❡✐s ✈❛r✐❛çõ❡s ❞❡

♣r♦♥ú♥❝✐❛✳ ❆ss✐♠✱ ❛ s❡❣✉✐r sã♦ ❛♣r❡s❡♥t❛❞❛s ❛❧❣✉♠❛s s✉❣❡stõ❡s ♣❛r❛ ❝♦♥t✐♥✉✐❞❛❞❡ ❞♦ tr❛❜❛✲

❧❤♦ ❛♣r❡s❡♥t❛❞♦✳

✶✳ ❯t✐❧✐③❛çã♦ ❞❡ ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ♠❛✐♦r✱ ❞❡ ♠♦❞♦ ❛ ❛♠♣❧✐❛r ♦ ✈♦❝❛❜✉❧ár✐♦ ❞♦ s✐st❡♠❛✳

❊ss❛ t❛r❡❢❛ s❡ t♦r♥❛rá ♠❛✐s ❢á❝✐❧✱ ✉♠❛ ✈❡③ q✉❡✱ ♥❡st❡ tr❛❜❛❧❤♦ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞❛s ❛s

❡str❛té❣✐❛s ❛❞♦t❛❞❛s ♣❛r❛ ❛❞❛♣t❛r ♦s ♣r✐♥❝✐♣❛✐s ❛rq✉✐✈♦s ♥❡❝❡ssár✐♦s ♣❛r❛ r❡❛❧✐③❛çã♦ ❞❡

♥♦✈♦s t❡st❡s ♥♦ ❢r❛♠❡✇♦r❦ ❙♣❤✐♥① ♦✉✱ ❡♠ ♦✉tr❛ ❢❡rr❛♠❡♥t❛ s❡♠❡❧❤❛♥t❡❀
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✷✳ ❘❡❛❧✐③❛çã♦ ❞❡ ❡①♣❡r✐♠❡♥t♦s ♦❜❥❡t✐✈❛♥❞♦ ❛ ❞❡✜♥✐çã♦ ❞♦ ❧✐♠✐❛r ❞❡ ❝♦rt❡ ♣❛r❛ ❛ ❡t❛♣❛ ❞❡

❝á❧❝✉❧♦ ❞❛s ❣❛✉ss✐❛♥❛s✱ ♣♦❞❡♥❞♦ ♦s ♠❡s♠♦s s❡r❡♠ r❡❛❧✐③❛❞♦s ❡♠ s♦❢t✇❛r❡❀

✸✳ ❘❡❛❧✐③❛çã♦ ❞❡ ❡①♣❡r✐♠❡♥t♦s ♣❛r❛ ❞❡✜♥✐r ❝♦♠ ♠❛✐♦r ♣r❡❝✐sã♦ ♦ t❛♠❛♥❤♦ ❡♠ ❜✐ts ❞♦s

❞❛❞♦s❀

✹✳ ■♠♣❧❡♠❡♥t❛çã♦ ❞♦ ▼♦❞❡❧♦ ❘❚▲ ❞♦ s✐st❡♠❛ ❞❡✜♥✐❞♦❀

✺✳ ❆♠♣❧✐❛çã♦ ❞♦ s✐st❡♠❛ ♣❛r❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠♦❞❡❧♦ tr✐❣r❛♠❀

✻✳ ■♥✈❡st✐❣❛çã♦ ❞❛ té❝♥✐❝❛ ❲❋❙❚ q✉❡ ❝♦♠❡ç❛ ❛ s❡r ✉t✐❧✐③❛❞❛ ❡♠ ❛❧❣✉♥s ❞♦s tr❛❜❛❧❤♦s

r❡❧❛❝✐♦♥❛❞♦s ♠❛✐s r❡❝❡♥t❡s✳

❉✐❛♥t❡ ❞❡ t♦❞♦ ♦ ❡①♣♦st♦✱ ✉♠ ✐♠♣❛❝t♦ ❞❡ ❣r❛♥❞❡ r❡❧❡✈â♥❝✐❛ ❞❡st❡ tr❛❜❛❧❤♦ ♥♦ â♠❜✐t♦

❝✐❡♥tí✜❝♦ ❝♦♥s✐st❡ ♥❛ ❛❞❛♣t❛çã♦ ❞❛s té❝♥✐❝❛s ♥❡❝❡ssár✐❛s à r❡❛❧✐③❛çã♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡

❢❛❧❛ ❝♦♥tí♥✉❛✱ ♣r♦❥❡t❛❞♦s ♣❛r❛ ❛ ❧í♥❣✉❛ ♣♦rt✉❣✉❡s❛✱ ❡♠ s✐st❡♠❛s ❝♦♠ ❧✐♠✐t❛çõ❡s ❞❡ r❡❝✉rs♦s

❞❡ ❤❛r❞✇❛r❡✳ ◆♦ â♠❜✐t♦ t❡❝♥♦❧ó❣✐❝♦ ❡ ❡❝♦♥ô♠✐❝♦✱ ❛ ♠♦❞❡❧❛❣❡♠ ❞❡ ✉♠ s✐st❡♠❛ q✉❡ ♣♦ss✐❜✐❧✐t❡

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

❝♦t✐❞✐❛♥♦✱ é ❞❡ ✐♥t❡r❡ss❡ ♥ã♦ só ❞❛ ❝♦♠✉♥✐❞❛❞❡ ❝♦♥s✉♠✐❞♦r❛✱ ❝♦♠♦ t❛♠❜é♠ ❞❛s ❡♠♣r❡s❛s

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

❝♦♠ ❡ss❛ ❝❛♣❛❝✐❞❛❞❡✱ ♣♦ss✉✐ ✉♠ ✐♠♣❛❝t♦ s♦❝✐❛❧ ❥✉♥t♦✱ ♣♦r ❡①❡♠♣❧♦✱ à ❝♦♠✉♥✐❞❛❞❡ ❞❡ ♣❡ss♦❛s

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

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

♥❛s✳ ❙✐st❡♠❛s ✜①♦s ❡ tr❡✐♥❛❞♦s ♣❛r❛ r❡❝♦♥❤❡❝❡r ❛ ❢❛❧❛ ❞❡ ✉♠ ✉s✉ár✐♦✱ ♣❛r❛ r❡s♣♦♥❞❡r ❛ s✉❛

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

r❡♣❛rt✐çõ❡s ♣ú❜❧✐❝❛s✱ ❤♦s♣✐t❛✐s✱ ♣♦st♦s ♣♦❧✐❝✐❛✐s ❡ ❡♠♣r❡s❛s ♣r❡st❛❞♦r❛s ❞❡ s❡r✈✐ç♦s✳

❆❧é♠ ❞♦s ✐♠♣❛❝t♦s ❡ r❡♣❡r❝✉ssõ❡s ❝✐t❛❞♦s✱ ♦s r❡s✉❧t❛❞♦s ❞❡st❡ tr❛❜❛❧❤♦ t♦r♥❛rã♦ ♣♦ssí✈❡❧

✈✐s❧✉♠❜r❛r ♦✉tr❛s ❛♣❧✐❝❛çõ❡s ❞❛ ❝♦♠✉♥✐❝❛çã♦ ✈♦❝❛❧ ❤♦♠❡♠✲♠áq✉✐♥❛✱ ✈✐st♦ q✉❡ ❛ ♠áq✉✐♥❛

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

♠❛✐s ❢á❝✐❧✱ ❛tr❛t✐✈❛ ❡ ❡✜❝✐❡♥t❡ ❛ ✐♥t❡r❛çã♦ ❞♦ ❤♦♠❡♠ ❝♦♠ ❛s ♠áq✉✐♥❛s✳



❆♣ê♥❞✐❝❡ ❆

❇❛s❡ ❞❡ ❉❛❞♦s

▲✐st❛s ❞❡ ❢r❛s❡s ✉t✐❧✐③❛❞❛s ♥❡st❡ tr❛❜❛❧❤♦✳

▲■❙❚❆ ✵✶

❆ q✉❡stã♦ ❢♦✐ r❡t♦♠❛❞❛ ♥♦ ❝♦♥❣r❡ss♦✳

▲❡✐❧❛ t❡♠ ✉♠ ❧✐♥❞♦ ❥❛r❞✐♠✳

❖ ❛♥❛❧❢❛❜❡t✐s♠♦ é ❛ ✈❡r❣♦♥❤❛ ❞♦ ♣❛ís✳

❆ ❝❛s❛ ❢♦✐ ✈❡♥❞✐❞❛ s❡♠ ♣r❡ss❛✳

❚r❛❜❛❧❤❛♥❞♦ ❝♦♠ ✉♥✐ã♦ r❡♥❞❡ ♠✉✐t♦ ♠❛✐s✳

❘❡❝❡❜✐ ♥♦ss♦ ❛♠✐❣♦ ♣❛r❛ ❛❧♠♦ç❛r✳

❆ ❥✉st✐ç❛ é ❛ ú♥✐❝❛ ✈❡♥❝❡❞♦r❛✳

■ss♦ s❡ r❡s♦❧✈❡rá ❞❡ ❢♦r♠❛ tr❛♥q✉✐❧❛✳

❖s ♣❡sq✉✐s❛❞♦r❡s ❛❝r❡❞✐t❛♠ ♥❡ss❛ t❡♦r✐❛✳

❙❡✐ q✉❡ ❛t✐♥❣✐r❡♠♦s ♦ ♦❜❥❡t✐✈♦✳

▲■❙❚❆ ✵✷

◆♦ss♦ t❡❧❡❢♦♥❡ q✉❡❜r♦✉✳

❉❡s❝✉❧♣❡ s❡ ♠❛❣♦❡✐ ♦ ✈❡❧❤♦✳

◗✉❡r❡♠♦s ❞✐s❝✉t✐r ♦ ♦rç❛♠❡♥t♦✳

❊❧❛ t❡♠ ♠✉✐t❛ ❢♦♠❡✳

❯♠❛ í♥❞✐❛ ❛♥❞❛✈❛ ♥❛ ♠❛t❛✳

❩é✱ ✈á ♠❛✐s rá♣✐❞♦✦ ❍♦❥❡ ❞♦r♠✐r❡✐ ❜❡♠✳

❏♦ã♦ ❞❡✉ ♣♦✉❝♦ ❞✐♥❤❡✐r♦✳

❆✐♥❞❛ sã♦ s❡✐s ❤♦r❛s✳

❊❧❛ s❛í❛ ❞✐s❝r❡t❛♠❡♥t❡✳

▲■❙❚❆ ✵✸

❊✉ ✈✐ ❧♦❣♦ ❛ ■ô✐ô ❡ ♦ ▲é♦✳

❯♠ ❤♦♠❡♠ ♥ã♦ ❝❛♠✐♥❤❛ s❡♠ ✉♠ ✜♠✳

❱✐ ❩é ❢❛③❡r ❡ss❛s ✈✐❛❣❡♥s s❡✐s ✈❡③❡s✳

❖ ❛t❛❜❛q✉❡ ❞♦ ❚✐t♦ é ❝♦❜❡rt♦ ❝♦♠ ♣❡❧❡ ❞❡ ❣❛t♦✳

❊❧❡ ❧ê ♥♦ ❧❡✐t♦ ❞❡ ♣❛❧❤❛✳

P❛✐r❛ ✉♠ ❛r ❞❡ ❛r❛r❛ r❛r❛ ♥♦ ❘✐♦ ❘❡❛❧✳

❋♦✐ ♠✉✐t♦ ❞✐❢í❝✐❧ ❡♥t❡♥❞❡r ❛ ❝❛♥çã♦✳

❉❡♣♦✐s ❞♦ ❛❧♠♦ç♦ t❡ ❡♥❝♦♥tr♦✳

❊ss❡s sã♦ ♥♦ss♦s t✐♠❡s✳

Pr♦❝✉r❡✐ ▼❛r✐❛ ♥❛ ❝♦♣❛✳

▲■❙❚❆ ✵✹

❆ ♣❡s❝❛ é ♣r♦✐❜✐❞❛ ♥❡ss❡ ❧❛❣♦✳

❊s♣❡r♦ t❡ ❛❝❤❛r ❜❡♠ q✉❛♥❞♦ ✈♦❧t❛r✳

❚❡♠♦s ♠✉✐t♦ ♦r❣✉❧❤♦ ❞❛ ♥♦ss❛ ❣❡♥t❡✳

❖ ✐♥s♣❡t♦r ❢❡③ ❛ ✈✐st♦r✐❛ ❝♦♠♣❧❡t❛✳

❆✐♥❞❛ ♥ã♦ s❡ s❛❜❡ ♦ ❞✐❛ ❞❛ ♠❛r❛t♦♥❛✳

❙❡rá ♠✉✐t♦ ❞✐❢í❝✐❧ ❝♦♥s❡❣✉✐r q✉❡ ❡✉ ✈❡♥❤❛✳

❆ ♣❛✐①ã♦ ❞❡❧❡ é ❛ ♥❛t✉r❡③❛✳

❱♦❝ê q✉❡r ♠❡ ❞✐③❡r ❛ ❞❛t❛❄

❉❡s❝✉❧♣❡✱ ♠❛s ♠❡ ❛tr❛s❡✐ ♥♦ ❝❛s❛♠❡♥t♦✳

❋❛③ ✉♠ ❞❡s✈✐♦ ❡♠ ❞✐r❡çã♦ ❛♦ ♠❛r✦

✶✸✸



❇❆❙❊ ❉❊ ❉❆❉❖❙ ✶✸✹

▲■❙❚❆ ✵✺

❆ ✈❡❧❤❛ ❧❡♦❛ ❛✐♥❞❛ ❛❝❡✐t❛ ❝♦♠❜❛t❡r✳

➱ ❤♦r❛ ❞♦ ❤♦♠❡♠ s❡ ❤✉♠❛♥✐③❛r ♠❛✐s✳

❊❧❛ ✜❝♦✉ ♥❛ ❢❛③❡♥❞❛ ♣♦r ✉♠❛ ❤♦r❛✳

❙❡✉ ❝r✐♠❡ ❢♦✐ t♦t❛❧♠❡♥t❡ ❡♥❝♦❜❡rt♦✳

❆ ❡s❝✉r✐❞ã♦ ❞❛ ❣❛r❛❣❡♠ ❛ss✉st♦✉ ❛ ❝r✐❛♥ç❛✳

❖♥t❡♠ ♥ã♦ ♣✉❞❡ ❢❛③❡r ♠✐♥❤❛ ❣✐♥ást✐❝❛✳

❈♦♠❡r q✉✐♥❞✐♠ é s❡♠♣r❡ ✉♠❛ ❜♦❛ ♣❡❞✐❞❛✳

❍♦❥❡ ❡✉ ✐r❡✐ ♣r❡❝✐s❛r ❞❡ ✈♦❝ê✳

❙❡♠ ❡❧❡ ♦ t❡♠♣♦ ✢✉✐ ♥✉♠ r✐t♠♦ s✉❛✈❡✳

❆ s✉❥❡✐r❛ ❧❛♥ç❛❞❛ ♥♦ r✐♦ ❝♦♥t❛♠✐♥❛ ♦s ♣❡✐①❡s✳

▲■❙❚❆ ✵✻

❖ ❥♦❣♦ s❡rá tr❛♥s♠✐t✐❞♦ ❜❡♠ t❛r❞❡✳

➱ ♣♦ssí✈❡❧ q✉❡ ❡❧❡ ❥á ❡st❡❥❛ ❢♦r❛ ❞❡ ♣❡r✐❣♦✳

❆ ❡①♣❧✐❝❛çã♦ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ♥❛ t❡s❡✳

▼❡✉ ✈ô♦ t✐♥❤❛ s✐❞♦ ♠❛r❝❛❞♦ ♣❛r❛ ❛s ❝✐♥❝♦✳

❉❛q✉✐ ❛ ♣♦✉❝♦ ❛ ❣❡♥t❡ ✐rá ♣♦✉s❛r✳

❊st♦✉ ❝❡rt♦ q✉❡ ♠❡r❡ç♦ ❛ ❛t❡♥çã♦ ❞❡❧❛✳

❊r❛ ✉♠ ❜❡❧♦ ❡♥❢❡✐t❡ t♦❞♦ ❞❡ ♣❛❧❤❛✳

❖ ❝♦♠ér❝✐♦ ❞❛q✉✐ t❡♠ ❢✉♥❝✐♦♥❛❞♦ ❜❡♠✳

➱ ❛ ♠✐♥❤❛ ❝❤❛♥❝❡ ❞❡ ❡s❝❧❛r❡❝❡r ❛ ♥♦tí❝✐❛✳

❆ ✈✐s✐t❛ tr❛♥s❢♦r♠♦✉✲s❡ ♥✉♠❛ r❡✉♥✐ã♦ í♥t✐♠❛✳

▲■❙❚❆ ✵✼

❖ ❝❡♥ár✐♦ ❞❛ ❤✐stór✐❛ é ✉♠ s✉❜úr❜✐♦ ❞♦ ❘✐♦✳

❊✉ t❡♥❤♦ ót✐♠❛ r❛③ã♦ ♣❛r❛ ❢❡st❡❥❛r✳

❆ ♣❡q✉❡♥❛ ♥❛✈❡ ♠❡❞✐rá ♦ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦✳

❖ ♣rê♠✐♦ s❡rá ❡♥tr❡❣✉❡ s❡♠ s❡ssã♦ s♦❧❡♥❡✳

❆ ❛çã♦ s❡ ♣❛ss❛ ♥✉♠❛ ❝✐❞❛❞❡ ❝❛❧♠❛✳

❊❧❛ ❡ ♦ ♥❛♠♦r❛❞♦ ✈ã♦ ❛ P♦rt✉❣❛❧ ❞❡ ♥❛✈✐♦✳

❖ ❛❞✐❛♠❡♥t♦ s✉r♣r❡❡♥❞❡✉ ❛ ♠✐♠ ❡ ❛ t♦❞♦s✳

❆ ❣❡♥t❡ s❡♠♣r❡ ❝♦❧❤❡ ♦ q✉❡ ♣❧❛♥t♦✉✳

❆q✉✐ é ♦♥❞❡ ❡①✐st❡♠ ❛s ✢♦r❡s ♠❛✐s ✐♥t❡r❡ss❛♥t❡s✳

❆ ❝♦rr✐❞❛ ❞❡ ✐♥✈❡r♥♦ ❛❝♦♥t❡❝❡✉ ❝♦♠ ✈✐❜r❛çã♦✳

▲■❙❚❆ ✵✽

❊ss❡ ❡♠♣r❡❡♥❞✐♠❡♥t♦ s❡rá ❞❡ ❡♥♦r♠❡ s✉❝❡ss♦✳

❆s ❢❡✐r❛s ❧✐✈r❡s ♥ã♦ ❢✉♥❝✐♦♥❛♠ ❛♠❛♥❤ã✳

❋✉♠❛r é ♠✉✐t♦ ♣r❡❥✉❞✐❝✐❛❧ à s❛ú❞❡✳

❊♥tr❡ ❝♦♠ s❡✉ ❝ó❞✐❣♦ ❡ ♦ ♥ú♠❡r♦ ❞❛ ❝♦♥t❛✳

❘❡✢✐t❛ ❛♥t❡s ❡ ❞✐s❝✉t❛ ❞❡♣♦✐s✳

❆s ❛✉❧❛s ❞❡❧❡ sã♦ ❜❛st❛♥t❡ ❛❣r❛❞á✈❡✐s✳

❯s❛r ❛❞✐t✐✈♦s ♣♦❞❡ s❡r ❞❡s❛str♦s♦✳

❖ ❝❧✐♠❛ ♥ã♦ é ♠❛✉ ❡♠ ❈❛❧❝✉tá✳

❆ ❧♦❝♦♠♦t✐✈❛ ✈❡♠ s❡♠ ♠✉✐t❛ ❝❛r❣❛✳

❆✐♥❞❛ é ✉♠❛ ❜♦❛ t❡♠♣♦r❛❞❛ ♣❛r❛ ♦ ❝✐♥❡♠❛✳

▲■❙❚❆ ✵✾

❖s ♠❛✐♦r❡s ♣✐❝♦s ❞❛ ❚❡rr❛ ✜❝❛♠ ❞❡❜❛✐①♦ ❞✬á❣✉❛✳

❆ ✐♥❛✉❣✉r❛çã♦ ❞❛ ✈✐❧❛ é q✉❛rt❛✲❢❡✐r❛✳

❙ó ✈♦t❛ q✉❡♠ t✐✈❡r ♦ tít✉❧♦ ❞❡ ❡❧❡✐t♦r✳

➱ ❢✉♥❞❛♠❡♥t❛❧ ❜✉s❝❛r ❛ r❛③ã♦ ❞❛ ❡①✐stê♥❝✐❛✳

❆ t❡♠♣❡r❛t✉r❛ só é ❜♦❛ ♠❛✐s ❝❡❞♦✳

❊♠ ♠✉✐t❛s r❡❣✐õ❡s ❛ ♣♦♣✉❧❛çã♦ ❡stá ❞✐♠✐♥✉✐♥❞♦✳

◆✉♥❝❛ s❡ ♣♦❞❡ ✜❝❛r ❡♠ ❝✐♠❛ ❞♦ ♠✉r♦✳

Pr❛ q✉❡♠ ✈ê ❞❡ ❢♦r❛ ♦ ♣❛♥♦r❛♠❛ é ❞❡s♦❧❛❞♦r✳

➱ ❜♦♠ t❡ ✈❡r ❝♦❧❤❡♥❞♦ ✢♦r❡s✳

❊✉ ♠❡ ❜❛♥❤♦ ♥♦ ❧❛❣♦ ❛♦ ❛♠❛♥❤❡❝❡r✳

▲■❙❚❆ ✶✵

➱ ❢✉♥❞❛♠❡♥t❛❧ ❝❤❡❣❛r ❛ ✉♠❛ s♦❧✉çã♦ ❝♦♠✉♠✳

❍á ♣r❡✈✐sã♦ ❞❡ ♠✉✐t♦ ♥❡✈♦❡✐r♦ ♥♦ ❘✐♦✳

▼✉✐t♦s ♠ó✈❡✐s ✈✐rã♦ às ❝✐♥❝♦ ❞❛ t❛r❞❡✳

❆ ❝❛s❛ ♣♦❞❡ ❞❡s❛❜❛r ❡♠ ❛❧❣✉♠❛s ❤♦r❛s✳

❖ ❝❛♥❞✐❞❛t♦ ❢❛❧♦✉ ❝♦♠♦ s❡ ❡st✐✈❡ss❡ ❡❧❡✐t♦✳

❆ ✐❞é✐❛ é ❢❛❧❤❛✱ ♠❛s ✐♥t❡r❡ss❛✳

❖ ❞✐❛ ❡stá ❜♦♠ ♣❛r❛ ♣❛ss❡❛r ♥♦ q✉✐♥t❛❧✳

▼✐♥❤❛s ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ♥ã♦ ❡stã♦ ❡♠ ❝❛s❛✳

❆ s❛í❞❛ ♣❛r❛ ❛ ❝r✐s❡ ❞❡❧❡ é ♦ ❞✐á❧♦❣♦✳

❋✐♥❛❧♠❡♥t❡ ♦ ♠❛✉ t❡♠♣♦ ❞❡✐①♦✉ ♦ ❝♦♥t✐♥❡♥t❡✳



❇❆❙❊ ❉❊ ❉❆❉❖❙ ✶✸✺

▲■❙❚❆ ✶✶

❯♠ ❝❛s❛❧ ❞❡ ❣❛t♦s ❝♦♠❡ ♥♦ t❡❧❤❛❞♦✳

❆ ❝❛♥t♦r❛ ❢♦✐ ❛♣r❡s❡♥t❛r s❡✉ ú❧t✐♠♦ s✉❝❡ss♦✳

▲á é ✉♠ ❧✉❣❛r ót✐♠♦ ♣❛r❛ t♦♠❛r ✉♥s ❝❤♦♣✐♥❤♦s✳

❖ ♠✉s✐❝❛❧ ❝♦♥s✉♠✐✉ s❡t❡ ♠❡s❡s ❞❡ ❡♥s❛✐♦✳

◆♦ss♦ ❜❛✐❧❡ ✐♥✐❝✐❛ ❛♣ós ❛s ♥♦✈❡✳

❆♣❡s❛r ❞❡ss❡s r❡s✉❧t❛❞♦s✱ t♦♠❛r❡✐ ✉♠❛ ❞❡❝✐sã♦✳

❆ ✈❡r❞❛❞❡ ♥ã♦ ♣♦✉♣❛ ♥❡♠ ❛s ❝❡❧❡❜r✐❞❛❞❡s✳

❆s q✉❡✐♠❛❞❛s ❞❡✈❡♠ ❞✐♠✐♥✉✐r ❡st❡ ❛♥♦✳

❖ ✈ã♦ ❡♥tr❡ ♦ tr❡♠ ❡ ❛ ♣❧❛t❛❢♦r♠❛ é ♠✉✐t♦

❣r❛♥❞❡✳

■♥❢❡❧✐③♠❡♥t❡ ♥ã♦ ❝♦♠♣❛r❡❝✐ ❛♦ ❡♥❝♦♥tr♦✳

▲■❙❚❆ ✶✷

❆s ❝r✐❛♥ç❛s ❝♦♥❤❡❝❡r❛♠ ♦ ✜❧❤♦t❡ ❞❡ ❡♠❛✳

❆ ❜♦❧s❛ ❞❡ ✈❛❧♦r❡s ✜❝♦✉ ❡♠ ❜❛✐①❛✳

❖ ❝♦♥❣r❡ss♦ ✈♦❧t❛ ❛trás ❡♠ s✉❛ ♣❛❧❛✈r❛✳

❆ ♠é❞✐❝❛ r❡❝❡✐t♦✉ q✉❡ ❡❧❡s ♠✉❞❛ss❡♠ ❞❡ ❝❧✐♠❛✳

◆ã♦ é ♣❡r♠✐t✐❞♦ ❢✉♠❛r ♥♦ ✐♥t❡r✐♦r ❞♦ ô♥✐❜✉s✳

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

❯♠❛ ❣❛r♦t❛ ❢♦✐ ♣r❡s❛ ♦♥t❡♠ à ♥♦✐t❡✳

❖ ♣r❛t♦ ❞♦ ❞✐❛ é ❝♦✉✈❡ ❝♦♠ ❛t✉♠✳

❊✉ ✈✐❛❥❛r❡✐ ❛♦ ❈❛♥❛❞á ❛♠❛♥❤ã✳

❆ ❜❛❧s❛ é ♦ ♠❡✐♦ ❞❡ tr❛♥s♣♦rt❡ ❞❛q✉✐✳

▲■❙❚❆ ✶✸

❖ ❣rê♠✐♦ ❣❛♥❤♦✉ ❛ q✉❛❞r❛ ❞❡ ❡s♣♦rt❡s✳

❍♦❥❡ ✐r❡✐ à ✈✐❧❛ s❡♠ ♠❡✉ ✜❧❤♦✳

❊ss❛ ♠❛❣✐❛ ♥ã♦ ❛❝♦♥t❡❝❡ t♦❞♦ ❞✐❛✳

❙❡rá ❜♦♠ q✉❡ ✈♦❝ê ❡st✉❞❡ ❡ss❡ ❛ss✉♥t♦✳

❖ ♠❡♥✉ ✐♥❝❧✉í❛ ♣r❛t♦s ❜❡♠ s❛❜♦r♦s♦s✳

P♦❞✐❛ ❞✐③❡r ❛s ❤♦r❛s✱ ♣♦r ❢❛✈♦r❄

❆ ❝❛s❛ é ♦r♥❛♠❡♥t❛❞❛ ❝♦♠ ✢♦r❡s ❞♦ ❝❛♠♣♦✳

❆ ❚❡rr❛ é ❢❛rt❛✱ ♠❛s ♥ã♦ ✐♥✜♥✐t❛✳

❖ s✐♥❛❧ ❡♠✐t✐❞♦ é ❝❛♣t❛❞♦ ♣♦r r❡❝❡♣t♦r❡s✳

❆ ♠❡♥s❛❧✐❞❛❞❡ ❛✉♠❡♥t♦✉ ♠❛✐s q✉❡ ❛ ✐♥✢❛çã♦✳

▲■❙❚❆ ✶✹

❖ t❡❧❡✲❥♦r♥❛❧ t❡r♠✐♥❛ às s❡t❡ ❞❛ ♥♦✐t❡✳

❆ ❝❛❜✐♥❡ t❡❧❡❢ô♥✐❝❛ ✜❝❛ ♥❛ ♣ró①✐♠❛ r✉❛✳

❉❡❢❡♥❞❡r ❛ ❡❝♦❧♦❣✐❛ é ♠❛♥t❡r ❛ ✈✐❞❛✳

◆❡ss❡ ✈❡rã♦ ♦ ❝❛❧♦r ❡stá ✐♥s✉♣♦rtá✈❡❧✳

❯♠ ❥❛r❞✐♠ ❡①✐❣❡ ♠✉✐t♦ tr❛❜❛❧❤♦✳

❖ ♠❛♠ã♦ q✉❡ ❡✉ ❝♦♠♣r❡✐ ❡st❛✈❛ ót✐♠♦✳

▼❡✉ ♣r✐♠♦ ❢❛❧❛rá ❝♦♠ ❛ ❣❡rê♥❝✐❛ ❛♠❛♥❤ã✳

❉❡ ❞✐❛ ❛♣❛❣✉❡ ❛ ❧✉③ s❡♠♣r❡✳

❆ s♦❝✐❡❞❛❞❡ ✉r✉❣✉❛✐❛ t❡♠ q✉❡ s❡ ♠♦❜✐❧✐③❛r✳

❙✉❛s ❛t✐t✉❞❡s sã♦ ❜❡♠ ❝❛❧♠❛s✳

▲■❙❚❆ ✶✺

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

❆ ✈✐tór✐❛ ❢♦✐ ♣❛❣❛ ❝♦♠ ♠✉✐t♦ s❛♥❣✉❡✳

◆♦ss❛ ✜❧❤❛ t❡♠ ❛♠♦r ♣♦r ❛♥✐♠❛✐s✳

❊ss❡ ♣❡✐①❡ é ♠❛✐s ❢❛t❛❧ q✉❡ ❝❡rt❛s ❝♦❜r❛s✳

❖ t✐♠❡ ❝♦♥t✐♥✉❛ ❧✉t❛♥❞♦ ♣❡❧♦ s✉❝❡ss♦✳

❊ss❛ ♠❡❞✐❞❛ ❢♦✐ ❞❡✈✐❞❛♠❡♥t❡ ❛❧t❡r❛❞❛✳

❖ ❡st✐❧❡t❡ é ✉♠❛ ❛r♠❛ ♣❡r✐❣♦s❛✳

❆❣✉❛r❞❡✱ q✉✐♥t❛ ❡✉ ✈❡♥❤♦ ❥❛♥t❛r ❡♠ ❝❛s❛✳

❆ ♠✉❞❛♥ç❛ é ❧❡♥t❛✱ ♣♦ré♠ ❞✉r❛❞♦✉r❛✳

❖ ❝❧✐♠❛ ♥ã♦ é ♠❛✐s s❡❝♦ ♥♦ ✐♥t❡r✐♦r✳

▲■❙❚❆ ✶✻

❆ s❡♥s✐❜✐❧✐❞❛❞❡ ✐♥❞✐❝❛rá ❛ ❡s❝♦❧❤❛✳

❆ ❆♠❛③ô♥✐❛ é ❛ r❡s❡r✈❛ ❡❝♦❧ó❣✐❝❛ ❞♦ ❣❧♦❜♦✳

❖ ♠✐♥✐stér✐♦ ♠✉❞♦✉ ❞❡♠❛✐s ❝♦♠ ❛ ❡❧❡✐çã♦✳

◆♦✈♦s r✉♠♦s s❡ ❛❜r❡♠ ♣❛r❛ ❛ ✐♥❢♦r♠át✐❝❛✳

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

❙❡ ♥ã♦ ❢♦ss❡ ❡❧❛✱ t✉❞♦ s❡r✐❛ ❝♦♥t✐❞♦✳

❆ ♣r✐♥❝✐♣❛❧ ♣❡rs♦♥❛❣❡♠ ♥♦ ✜❧♠❡ é ✉♠❛ ❣✉❡✐①❛✳

❘❡❝❡❜❛ s❡✉ ❥♦r♥❛❧ ❡♠ s✉❛ ❝❛s❛✳

❆ ❥✉✈❡♥t✉❞❡ t✐♥❤❛ q✉❡ r❡✈♦❧✉❝✐♦♥❛r ❛ ❡s❝♦❧❛✳

❆ ❛tr✐③ t❡rá q✉❛tr♦ ♠❡s❡s ♣❛r❛ ❡♥s❛✐❛r s❡✉ ❝❛♥t♦✳



❇❆❙❊ ❉❊ ❉❆❉❖❙ ✶✸✻

▲■❙❚❆ ✶✼

▼✉✐t♦ ♣r❛③❡r ❡♠ ❝♦♥❤❡❝ê✲❧♦✳

❊❧❡s ❡st❛✈❛♠ s❡♠ ✉♠ ❜♦♠ ❡q✉✐♣❛♠❡♥t♦✳

❖ s♦❧ ✐❧✉♠✐♥❛ ❛ ❢❛❝❤❛❞❛ ❞❡ t❛r❞❡✳

❆ ❝♦rr❡çã♦ ❞♦ ❡①❛♠❡ ❡stá ❝♦❡r❡♥t❡✳

❆s ♣♦rt❛s sã♦ ❛♥t✐❣❛s✳

❙♦❜r❡✈♦❛♠♦s ◆❛t❛❧ ❛❝✐♠❛ ❞❛s ♥✉✈❡♥s✳

❚r❛❜❛❧❤❡✐ ♠❛✐s ❞♦ q✉❡ ♣♦❞✐❛✳

❍♦❥❡ ❡✉ ❛❝♦r❞❡✐ ♠✉✐t♦ ❝❛❧♠♦✳

❊ss❡ ❝❛♥❛❧ é ♣♦✉❝♦ ✐♥❢♦r♠❛t✐✈♦✳

P❛r❡❝❡ q✉❡ ♥❛s❝❡♠♦s ♦♥t❡♠✳

▲■❙❚❆ ✶✽

❘❡❝❡❜❛ ♠❡✉s ♣❛r❛❜é♥s ♣❡❧❛ ❛♣r❡s❡♥t❛çã♦✳

❊✉ ♣❧❛♥❡❥♦ ✉♠❛ ✈✐❛❣❡♠ ♥♦ ❢❡r✐❛❞♦✳

◆♦ ❧❛❞♦ ❞❡ ❝á ❞♦ r✐♦ ❤á ✉♠❛ ❜♦❛ s♦♠❜r❛✳

❆ ♠❛✐♦r✐❛ ❞♦s ✈✐s✐t❛♥t❡s ❣♦st❛ ❞❡st❡ ♠♦♥✉♠❡♥t♦✳

▼✐♥❤❛ ✜❧❤❛ é ❡s♣❡❝✐❛❧✐st❛ ❡♠ ♠ús✐❝❛ s❛❝r❛✳

❆ ❝❛s❛ só t❡♠ ✉♠ q✉❛rt♦✳

❆ ❞✉r❛çã♦ ❞♦ s✐♠♣ós✐♦ é ❞❡ ❝✐♥❝♦ ❞✐❛s✳

❆♦ ❝♦♥trár✐♦ ❞❡ ♥♦ss❛ ❡①♣❡❝t❛t✐✈❛✱ ❝♦rr❡✉ tr❛♥✲

q✉✐❧♦✳

❆ ✐♥t❡♥çã♦ é ♦❜t❡r ❛♣♦✐♦ ❞♦ ❣♦✈❡r♥❛♥t❡✳

❆ ✜❧❛ ❛✉♠❡♥t♦✉ ❛♦ ❧♦♥❣♦ ❞♦ ❞✐❛✳

▲■❙❚❆ ✶✾

➚ ♥♦✐t❡ ❛ t❡♠♣❡r❛t✉r❛ ❞❡✈❡ ✐r ❛ ③❡r♦✳

❆ ♣r♦♣♦st❛ ❢♦✐ ✐♥s♣❡❝✐♦♥❛❞❛ ♣❡❧❛ ❣❡rê♥❝✐❛✳

❖ q✉❛❞r♦ ♠♦str❛ ✉♠❛ ❢❛❝❡ ❞♦ ❝♦t✐❞✐❛♥♦✳

❏á ❡r❛ ❜❡♠ t❛r❞❡ q✉❛♥❞♦ ❡❧❡ ♠❡ ❛❜♦r❞♦✉✳

❖ ❝❛♥ár✐♦ ❝❛♥t❛ ❛♦ ❛♠❛♥❤❡❝❡r✳

❆ ❧♦❥✐♥❤❛ ✜❝❛ ❜❡♠ ♥❛ ❡sq✉✐♥❛ ❞❡ ❝❛s❛✳

▼❡✉ t✐♠❡ s❡ ❝♦♥s❛❣r♦✉ ❝♦♠♦ ♦ ♠❡❧❤♦r✳

❯♠ ✐♥st✐t✉t♦ ❞❡✈❡ s❡r✈✐r ❛ s✉❛ ♠❡t❛✳

❊❧❡ ❡♥t❡♥❞❡ q✉❛♥❞♦ s❡ ❢❛❧❛ ♣❛✉s❛❞❛♠❡♥t❡✳

❙❡✉ s❛❧❞♦ ❜❛♥❝ár✐♦ ❡stá ❜❛✐①♦✳

▲■❙❚❆ ✷✵

❖ t❡r♠ô♠❡tr♦ ♠❛r❝❛✈❛ ✉♠ ❣r❛✉✳

❖ ❞✐s❝✉rs♦ ❞❡ ❛❜❡rt✉r❛ é ❜❡♠ ❧♦♥❣♦✳

❊✉ ♣r❡❝✐s❡✐ ❞❡ ♠✐❝r♦❢♦♥❡ ♥❛ ❝♦♥❢❡rê♥❝✐❛✳

❏♦②❝❡ ❡st✐❝♦✉ s✉❛ t❡♠♣♦r❛❞❛ ❛té q✉✐♥t❛✳

◆❛❞❛ ❝♦♠♦ ✉♠ ❛❧♠♦ç♦ ❛♦ ❛r ❧✐✈r❡✳

◆♦ss❛ ✜❧❤❛ é ❛ ♣r✐♠❡✐r❛ ❛❧✉♥❛ ❞❛ ❝❧❛ss❡✳

●♦st❛r✐❛ ❞❡ ❞❡✐t❛r ✉♠ ♣♦✉❝♦✳

◆ã♦ ✜③❡♠♦s ✉♠❛ ✈✐❛❣❡♠ ♠✉✐t♦ ❝❛♥s❛t✐✈❛✳

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

❖ ❤♦té✐s ❞♦ s✉❞♦❡st❡ sã♦ ❢❛♥tást✐❝♦s✳



❇❆❙❊ ❉❊ ❉❆❉❖❙ ✶✸✼

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

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

▲♦❝✉t♦r❡s ♠❛s❝✉❧✐♥♦s

❧♦❝✉t♦r ❧✐st❛s ❢❛✐①❛ ❡tár✐❛ ♣r♦✜ssã♦ ❡s❝♦❧❛r✐❞❛❞❡ ❈✐❞❛❞❡✴❊st❛❞♦
♠✵✶ ✶ ❛ ✹ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r ❙ã♦ P❛✉❧♦ ✲ ❙P
♠✵✷ ✺ ❛ ✽ ✶✽ ❛ ✻✵ ❛♥♦s ❡♥❣❡♥❤❡✐r♦ s✉♣❡r✐♦r P✐r❛❝✐❝❛❜❛ ✕ ❙P
♠✵✸ ✶✸ ❛ ✶✻ ✶✽ ❛ ✻✵ ❛♥♦s ❡♥❣❡♥❤❡✐r♦ s✉♣❡r✐♦r ❙t❛✳ ❇✳ ❉✬❖❡st❡ ✲ ❙P
♠✵✹ ✶✼ ❛ ✷✵ ✶✽ ❛ ✻✵ ❛♥♦s ❡♥❣❡♥❤❡✐r♦ s✉♣❡r✐♦r ❋♦rt❛❧❡③❛ ✲ ❈❊
♠✵✺ ✾ ❛ ✶✷ ✶✽ ❛ ✻✵ ❛♥♦s ❡♥❣❡♥❤❡✐r♦ s✉♣❡r✐♦r ❙✳ ❈❛❡t❛♥♦ ❞♦ ❙✉❧ ✲ ❙P
♠✵✻ ✶✸ ❛ ✶✻ ✶✽ ❛ ✻✵ ❛♥♦s ❛♥❛❧✐st❛ s✐st✳ s✉♣❡r✐♦r ❘✐❜❡✐rã♦ Pr❡t♦ ✲ ❙P
♠✵✼ ✶ ❛ ✹ ✶✽ ❛ ✻✵ ❛♥♦s ♣r♦❢❡ss♦r s✉♣❡r✐♦r ❙ã♦ ❈❛r❧♦s ✲ ❙P
♠✵✾ ✾ ❛ ✶✷ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r ▲✐♠❡✐r❛ ✲ ❙P
♠✶✶ ✶✸ ❛ ✶✻ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r ❚✉♣ã ✲ ❙P
♠✶✷ ✶✼ ❛ ✷✵ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r ❙ã♦ P❛✉❧♦ ✕ ❙P
♠✶✸ ✶✼ ❛ ✷✵ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r ❙❛♥t♦s ✲ ❙P
♠✶✹ ✶ ❛ ✹ ✶✽ ❛ ✻✵ ❛♥♦s ❝♦♠❡r❝✐❛♥t❡ ✷♦ ❣r❛✉ ❈♦t✐❛ ✲ ❙P
♠✶✺ ✶✼ ❛ ✷✵ ✶✽ ❛ ✻✵ ❛♥♦s ❡♥❣❡♥❤❡✐r♦ s✉♣❡r✐♦r ●♦✐â♥✐❛ ✕ ●❖
♠✶✻ ✺ ❛ ✽ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r ❇❛✉r✉ ✕ ❙P
♠✶✼ ✾ ❛ ✶✷ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r P♦rt♦ ❋❡❧✐③ ✲ ❙P
♠✶✽ ✺ ❛ ✽ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r ❇r❛sí❧✐❛ ✲ ❉❋
♠✷✵ ✶ ❛ ✹ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r ❙ã♦ P❛✉❧♦ ✕ ❙P
♠✷✶ ✾ ❛ ✶✷ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r ❙ã♦ P❛✉❧♦ ✲ ❙P
♠✷✸ ✺ ❛ ✽ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r P✐r❛❝✐❝❛❜❛ ✲ ❙P
♠✷✹ ✶✸ ❛ ✶✻ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r ❙✳ ❏♦❛q✉✐♠ ❞❛ ❇❛rr❛ ✲ ❙P

❚❛❜❡❧❛ ❆✳✶✿ ▲♦❝✉t♦r❡s ♠❛s❝✉❧✐♥♦s ✉t✐❧✐③❛❞♦s ♥❛ ❜❛s❡ ❞❡ ❞❛❞♦s✳

▲♦❝✉t♦r❡s ❢❡♠✐♥✐♥♦s

❧♦❝✉t♦r ❧✐st❛s ❢❛✐①❛ ❡tár✐❛ ♣r♦✜ssã♦ ❡s❝♦❧❛r✐❞❛❞❡ ❈✐❞❛❞❡✴❊st❛❞♦
❢✵✶ ✶✼ ❛ ✷✵ ✶✽ ❛ ✻✵ ❛♥♦s ❡♥❣❡♥❤❡✐r❛ s✉♣❡r✐♦r ❇❛r❜❛❝❡♥❛ ✲ ▼●
❢✵✷ ✺ ❛ ✽ ✶✽ ❛ ✻✵ ❛♥♦s ❜✐❜❧✐♦t❡❝ár✐❛ s✉♣❡r✐♦r ❙ã♦ ❈❛r❧♦s ✲ ❙P
❢✵✸ ✾ ❛ ✶✷ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r ❙✳ ❙❡❜✳ P❛r❛ís♦ ✲ ▼●
❢✵✹ ✶✸ ❛ ✶✻ ✶✽ ❛ ✻✵ ❛♥♦s ❛✉①✳ s❡r✈✳ ❣❡r❛✐s ✶♦ ❣r❛✉ ❘✐❜❡✐rã♦ ❇♦♥✐t♦ ✲ ❙P
❢✵✺ ✶✼ ❛ ✷✵ ✶✽ ❛ ✻✵ ❛♥♦s ❛♥❛❧✐st❛ s✐st❡♠❛s s✉♣❡r✐♦r ❙ã♦ ❈❛r❧♦s ✲ ❙P
❢✵✻ ✶ ❛ ✹ ✶✽ ❛ ✻✵ ❛♥♦s ♣❡❞❛❣♦❣❛ s✉♣❡r✐♦r ❋♦rt❛❧❡③❛ ✲ ❈❊
❢✵✼ ✺ ❛ ✽ ✶✽ ❛ ✻✵ ❛♥♦s s❡❝r❡tár✐❛ s✉♣❡r✐♦r ❙ã♦ ❈❛r❧♦s ✲ ❙P
❢✵✽ ✾ ❛ ✶✷ ✶✽ ❛ ✻✵ ❛♥♦s s❡❝r❡tár✐❛ s✉♣❡r✐♦r ❙ã♦ ❈❛r❧♦s ✲ ❙P
❢✵✾ ✶ ❛ ✹ ✶✽ ❛ ✻✵ ❛♥♦s ❝♦♠❡r❝✐❛♥t❡ ✷♦ ❣r❛✉ ❙ã♦ ❈❛r❧♦s ✲ ❙P
❢✶✵ ✶✸ ❛ ✶✻ ✶✽ ❛ ✻✵ ❛♥♦s ♣❡❞❛❣♦❣❛ s✉♣❡r✐♦r ❙ã♦ P❛✉❧♦ ✲ ❙P
❢✶✶ ✶✼ ❛ ✷✵ ✶✽ ❛ ✻✵ ❛♥♦s ♣❡❞❛❣♦❣❛ s✉♣❡r✐♦r ❱✐tór✐❛ ✲ ❊❙
❢✶✷ ✶ ❛ ✹ ✶✽ ❛ ✻✵ ❛♥♦s ✜s✐♦t❡r❛♣❡✉t❛ s✉♣❡r✐♦r P✐♥❞❛♠♦♥❤❛♥❣❛❜❛ ✲ ❙P
❢✶✸ ✶ ❛ ✹ ✶✽ ❛ ✻✵ ❛♥♦s ❜✐ó❧♦❣❛ s✉♣❡r✐♦r ❙ã♦ P❛✉❧♦ ✲ ❙P
❢✶✺ ✺ ❛ ✽ ✶✽ ❛ ✻✵ ❛♥♦s ❜❛❧❝♦♥✐st❛ ✷♦ ❣r❛✉ ❙ã♦ ❈❛r❧♦s ✲ ❙P
❢✶✼ ✾ ❛ ✶✷ ✶✽ ❛ ✻✵ ❛♥♦s ♠ús✐❝❛ s✉♣❡r✐♦r ❙❛♥t♦ ❆♥❞ré ✲ ❙P
❢✶✽ ✾ ❛ ✶✷ ✶✽ ❛ ✻✵ ❛♥♦s ♣❡❞❛❣♦❣❛ s✉♣❡r✐♦r ❈❛♠♦❝✐♠ ❙✳ ❋é❧✐① ✕ P❊
❢✶✾ ✶✸ ❛ ✶✻ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r ❋r❛♥❝❛ ✲ ❙P
❢✷✵ ✺ ❛ ✽ ✶✽ ❛ ✻✵ ❛♥♦s t❡r❛♣✳ ♦❝✉♣❛❝✐♦♥❛❧ s✉♣❡r✐♦r ❙ã♦ P❛✉❧♦ ✲ ❙P
❢✷✶ ✶✼ ❛ ✷✵ ✶✽ ❛ ✻✵ ❛♥♦s ❡st✉❞❛♥t❡ s✉♣❡r✐♦r ❏✉♥❞✐❛í ✲ ❙P
❢✷✷ ✶✸ ❛ ✶✻ ✰ ✻✵ ❛♥♦s ❛♣♦s❡♥t❛❞❛ ✶♦ ❣r❛✉ ❈♦❧❛t✐♥❛ ✲ ❊❙

❚❛❜❡❧❛ ❆✳✷✿ ▲♦❝✉t♦r❡s ❢❡♠✐♥✐♥♦s ✉t✐❧✐③❛❞♦s ♥❛ ❜❛s❡ ❞❡ ❞❛❞♦s✳



❆♣ê♥❞✐❝❡ ❇

❱❛❧♦r❡s ❞♦s ❋✐❧tr♦s ❚r✐❛♥❣✉❧❛r❡s

◆❛s ❚❛❜❡❧❛s ❇✳✶✱ ❇✳✷ ❡ ❇✳✸ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ❞♦s ✸✻ ✜❧tr♦s ✉t✐❧✐③❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳
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Abstract—With the advent of technology, machines
predominate in almost all scenarios of everyday life.
The possibility of performing human-machine commu-
nication through speech makes this interaction easier
and more productive. However, processing require-
ments still make difficult the implementation of systems
for automatic speech recognition on devices with low
computational power such as mobile phones, palmtops
and appliances. For this purpose, it becomes necessary
to research for optimized acoustic and language mod-
eling, associated with use of representative databases,
looking for a good compromise between recognition
rates and computational demands imposed by embed-
ded systems. The main goal of this work is to model
the architecture of a system for continuous speech
recognition to Brazilian Portuguese, in order to enable
its implementation in an embedded system with limited
computing resources.

Index Terms—Embedded System, Hidden Markov
Models, MFCC, Speech Recognition.

I. Introduction

It is widely recognized that, with the growth of technol-
ogy, machines such as computers, appliances and portable
consuming devices have played an important role in almost
all scenarios of everyday life. In this sense, the human-
machine communication by voice has enabled people to
interact with machines in an easier and even more pro-
ductive way. Some researchers argued that this form of
interaction is also more natural to humans because it
allows hands and users’eyes available for performing other
tasks.

Prominent speech recognition approaches such as Hid-
den Markov Models (HMM) have been using statistics
models that can learn by examples and also consider other
factors, like speech variations and noising environments
during the speech recognition process [1, 2, 3, 4, 5]. The ef-
fect of variables not modeled such as differences in channel,
microphone types, lack of vocabulary or sub-phonetic units
trained poorly, can seriously compromise the performance
and accuracy of speech recognition systems.

It’s certainly true that different languages have different
phonemes, both in number and characteristics (duration,
intensity, etc.). This means that parameters and settings
used in speech recognition systems that provide high
recognition rates in a given language may not be suitable
for another one.

It has been discussed that processing limitations inher-
ent in small computing power devices like cell phones,
palmtops and appliances have hindered implementation
of automatic speech recognition systems for these kind
of devices. Thus, it is crucial to research for optimized
acoustic and language modeling associated with the use
of representative databases that may demonstrate a good
compromise between recognition rates and computational
characteristics imposed by embedded systems.

Clearly, for a efficient and generic system speech recog-
nition, it becomes necessary to adjust the acoustic models
to the Brazilian Portuguese language [1, 3, 6, 7]. Some
researchers have dedicated efforts for obtaining efficient
methods for modeling and processing speech in Portuguese
language [1, 3, 4, 5]. However, the research for a more de-
tailed and representative modeling of brazilian portuguese
language well-suited for small computing power devices is
still a promising area.

In this work, an architecture of a continuous speech
recognition system suited to Brazilian Portuguese lan-
guage, using HMM, is presented to enable its implemen-
tation in an embedded system with limited computing
resources. Also, the results of experiments performed using
the Sphinx framework [8] analyzing the speech recognition
rates and computational costs are discussed.

This paper is organized as follows. Section II briefly
describes the database used in this work. In Section III the
development methodology is explained. In section IV the
experiment scenarios are described. Section V shows the
experimental results followed by their analysis in Section
VI. The concluding remarks are made in Section VII.



II. Database and Language Model

Availability of databases is determinant for develop-
ing of continuous speech recognition systems. Sharing of
databases between U.S. and European researchers have
been a major reason for the progress obtained in their
respective countries over the past decades. However, to
provide sufficient examples for statistical methods work
properly, the database needs to be representative and
therefore very hard to build, both in time spent and
financial terms [6, 9]. For Brazilian Portuguese language
there is still a great lack of shared databases, so that only
individual efforts of research centers are eventually found
[10, 11, 12].

In this paper it was used the database developed in
[10]. This choice was made because its structure is suitable
for continuous speech recognition applications. Database
is composed of 46 different speakers, being 24 males and
22 females of different ages (18 to 60 years), degrees of
instruction and cities in Brazil. In addition, 200 phoneti-
cally balanced sentences were used [9], which ensures the
representation of all phonemes of Brazilian Portuguese lan-
guage. Last but not least, another reason that contributed
to this choice was database availability.

Originally, the database was composed of:

• 1600 audio files in WAV format with a sampling
frequency of 11kHz and 16bit resolution;

• Phonetic transcription files;
• Phonetic dictionary (phonemes);
• Dictionary (vocabulary words).

Another key element in achieving continuous speech
recognition is the Language Model (LM). The original
database did not include an LM, which had to be built.
For this task, it was used the lmtool, which is available
at http://www.speech.cs.cmu.edu/tools/lmtool-new.html.
LM is built using the N-gram model, based on the sen-
tences corpus. The file generated by the tool lmtool is in
text format. However, Sphinx uses the standard ARPA,
whose format is DMP. To perform this conversion, the tool
sphinx lm convert is available.

III. Methodology

The main goal of this work is to find the best com-
promise between recognition rate and limitations of an
embedded hardware. So, the first step was to define the
acoustic and language modeling to be adopted, followed
by evaluation of parameters used. The methodology for
performing this step is presented below.

Two methods of spectral analysis predominate in speech
recognition: Linear Predictive Coding) [13, 14, 15] and
Spectral Analysis Filter Bank [16, 17, 18]. Researches
have shown that for the purpose of continuous speech
recognition, the best recognition rates are obtained by
using mel frequency cepstral coefficients (MFCC) [4, 5, 7,
16, 17, 18, 19]. Process of obtaining MFCC is illustrated
in Fig. 1.

Fig. 1. Process of obtaining MFCC.

Fig. 2. Features vector.

First, the module of the FFT of samples belonging to
the analysis window is calculated. Next, the magnitude
frequency response is multiplied by a set of triangular
bandpass filters. Then, the logarithm of the energy of the
output filters is calculated. Finally, the IDCT (Inverse Dis-
crete Cosine Transform) is applied in these values. There-
after, mel frequency cepstral coefficients are obtained. This
process can be represented mathematically by [20]:

cmel(n) =

M∑

k=1

log(S(k))·cos[n(k−1

2
)]· π

M
,n = 0, 1, . . . ,M

(1)

where M is the number of filters used, cmel(n) is the
coefficient of index n and S(k) the output signal of filters
bank, which is defined by:

S(k) =

NFFT∑

j=1

Wk(j) ·X(j) , k = 1, . . . ,M, (2)

where Wk(j) are the triangular weighting windows
spaced along the Mel frequency and X(j) is the spectrum
of the magnitude of FTT of N points [20].

Typically, delta-cepstral and double-delta cepstral co-
efficients are appended to MFCC features in order to
add dynamic information to the static cepstral features.
Thus, the feature vector is now composed by N mel
frequency cepstral coefficients with their delta and double-
delta cepstral, obtaining a total of 3∗N elements (Fig. 2).

Calculation of delta based on MFCC [21] is given by:

d(n) ≡ d

dt
c(n) ≈ c(n+ 2)− c(n− 2) (3)

Double-delta parameters are obtained by reapplying the
derivative on the results hold in the first derivation [21]:

d2(n) ≡ d

dt
d(n) ≈ d(n+ 2)− d(n− 2) (4)

The process of obtaining delta and double-delta from
MFCC is illustrated graphically in Fig. 3. Delta is com-
puted by subtracting the cepstrum that is two frames be-
hind of the current cepstrum from the cepstrum that is two



Fig. 3. Process of obtaining delta and double-delta from MFCC.

frames ahead of the current cepstrum. The computation of
the double delta is similar. It is computed by subtracting
the delta cepstrum one time frame behind from the delta
cepstrum one time frame ahead.

Experiments are performed in framework Sphinx using
MFCC with their first and second derivatives, varying the
number of filters and coefficients in order to find the best
configuration to be used in a embedded context.

In this work, Hidden Markov Models are used to build
accoustic model and classification. It is important to notice
that several parameters can be varied in this model, such
as: type of HMM (discrete, continuous or semi-continuous)
and number of states. State of the art shows that for
continuous speech recognition the best results are obtained
with continuous HMM. So, experiments are performed
to identify more appropriate number of states to model
Brazilian Portuguese.

Language Models (LM) capture the regularities in the
spoken language and is used by the speech recognizer to
estimate the probability of word sequences. In a system for
isolated words recognition it is possible obtain good results
without a Language Model. However, this is fundamental
in a continuous speech recognition system. There are many
techniques to build these models, such as: N-gram, de-
cision trees and context-free grammar. Recent researches
indicate that N-gram is one of the models that offer better
results [6, 22, 23, 24, 25]. So, it was the language model
chosen in this work.

As mentioned before, so many parameters can be varied
in the configuration of a speech recognition system using
MFCC, HMM and N-gram. The configuration of these
parameters can increase or decrease the recognition rate
against more or less computational cost. In this work, it
was investigated the impact in recognition accuracy by
reducing the following parameters:

• Number of HMM states (3 and 5);
• Number of filters for MFCC calculation(20 to 40); ’
• Number of MFCC (8 to 10);

To obtain an estimate of the computational cost impact
for each configuration, it was measured the time of execu-
tion for the following stages of the system:

• Features extraction in training;
• Training;

• Features extraction in decoding;
• Decoding.

For each experimented configuration, it was necessary
a evaluation of the recognition rate against time of ex-
ecution. This aims to identify the better configurations.
Among these candidate configurations, one will be used in
architecture of the system intended in this work. Results
obtained in this stage are presented in section V and
decisions adopted based on the results in section VI.

IV. Experiment Scenarios

Experiments were realized using framework Sphinx3 in
a machine with AMD Turion X2 processor of 800MHz and
2GB of principal memory RAM. As mentioned in Section
II, the database used is composed of 200 phonetically
balanced sentences, pronounced by 46 different speakers.
The sentences that compose database and information
about the speakers can be found at [9].

Experiment scenarios are described below:

• 1200 sentences for training and 400 for decoding;
• 19 male speakers and 17 female speakers for training;
• 05 speakers of each gender, a total of 10 speakers for

decoding;
• HMM with 3 and 5 states;
• 8 to 10 mel frequency cepstral coefficients (MFCC);
• mel-scale filter bank using from 20 to 40 filters;

Speakers from decoding and training stages are dif-
ferent. This ensures the independence from speakers in
recognition process.

Since the goal of this study is to identify a setting that
gives good recognition rates without requiring many com-
putational resources, experiments were performed with
values smaller than the ones that literature suggests: 12 or
13 MFCC [4, 5, 7, 19]. The purpose of these experiments
was to evaluate the impact of using a small number of
coefficients in the recognition rate and in the execution
time for training and decoding stages. It is worth noting,
that time depends on the configuration of the machine
on which the simulations were performed. More accurate
metrics could be used, such as: number of clock cycles
or number of arithmetic and logic operations required.
However, since all simulations were performed in the same
scenario, i.e. on the same machine, it is possible to have a
normalized view of computational overhead for executing
each step. More accurate metrics, as mentioned, will be
used in the next step of this work through a profiling tool.

V. Results

The graphs presented in this section will enable analysis
of the relationships between:

• Number of coefficients and recognition rate;
• Number of coefficients and training and decoding

time;
• Number of filters and recognition rate;
• Number of filters and training and decoding time.



The rate of sentence recognition based on the number of
filters used to calculate MFCC in 3-state HMM is shown
in Fig. 4.

Fig. 4. Relationship between sentence recognition rate and number
of filters for 3-state HMM, depending on the number of coefficients.

The rate of sentence recognition based on the number of
filters used to calculate MFCC in 5-state HMM is shown
in Fig. 5.

Fig. 5. Relationship between sentence recognition rate and number
of filters for 5-state HMM, depending on the number of coefficients.

The training time was measured against the variation of
the filters and coefficients numbers. It was observed that
the number of filters almost did not affect the training and
recognition time but rather the number of coefficients. The
relationship between the time required for recognition of
400 sentences and the number of filters with 3-state HMM
is shown in Fig. 6.

The average training and recognition time based on the
number of coefficients with 3-state HMM is shown in Fig.
7.

It is important to notice that in charts were informed
recognition rates for complete sentences and not for iso-
lated words. In some cases, a sentence can not be fully
recognized, but only some of its words. For example, in the
sentence“Muito prazer em conhecê -lo”, which is composed

Fig. 6. Relationship between recognition time and number of filters
for 3-state HMM based on the number of coefficients.

Fig. 7. Relationship between training and recognition time and the
number of coefficients for 3-state HMM.

of five words, if only “lo” was not recognized, this would
yield a recognition rate of 80% for words and 0% for
sentences. Despite a rate of 0% in sentence recognition,
since 80% of words were recognized, it is possible that with
some adjustments in the parameters, the sentence would
be fully recognized. However, as this work aims to perform
continuous speech recognition, the charts that depicts such
results have been omitted in this document.

VI. Results Analysis

Based on presented results it is possible observe that
accuracy rates over 92% has being obtained and the best
ones with 3-state HMM, 9 coefficients and 36 filters.
Another important information refers to the time required
for training and decoding by varying the number of coeffi-
cients. Considering the results, the following decisions were
made for the architecture of the recognition system to be
modeled:

1) Number of HMM states

As reported previously, the best recognition rates
were obtained with 3-state HMM. So this is the



number of states to be adopted in this work.
Although a larger number of states should provide a
higher recognition rate, it is important to highlight
that the model was trained to model phonemes
and the property skipstate is not allowed. This can
force the HMM to go through more states than
it is necessary to represent certain phoneme, thus
increasing the error.

2) Number of coefficients

Considering the results presented, it is possible
to observe that the number of coefficients directly
influences the training time. The lower the number
of coefficients, less training time. However, the
time required for recognition increases. Taking
into account the results of experiments and
the mentioned aspects, it was decided to use 9
coefficients.

3) Number of filters

For sentences recognition the best rates were
obtained with 36 filters. As the number of filters did
not influence significantly the time of recognition,
the option to use this number of filters becomes
a strong candidate to be used in modeling the
architecture to be implemented. However, it is
necessary to evaluate this decision before more
accurate metrics such as those cited earlier (e.g.
number of clock cycles, arithmetic and logic
operations). This will be accomplished in the next
stages of work.

4) Use of an external memory for models storage

Analyzing the time needed for training models and
considering some related work [26, 27, 28, 29, 30],
this step is performed in a offline mode in software,
since it requires more processing power. The acoustic
and language models will be stored in an external
memory being used at the time of recognition.
This strategy also becomes interesting because it
is possible to adapt the system to new patterns,
requiring only that memory is updated with new
acoustic and language models.

VII. Final Considerations

In this paper, the results of experiments performed to
identify the best configuration for automatic continuous
speech recognition suited to Brazilian Portuguese were
presented. During these experiments, it was evaluated
the number of states of the HMM, the number of mel-
frequency cepstral coefficients and number of filters to
obtain the coefficients.

The results show that is possible to establish settings
in order to identify a suitable configuration to be used

for speech recognition at an specific embedded context
with limited computing resources. Future work will focus
on employing a profiling tool in order to measure the
computational cost of the candidate configurations. Such
configurations will be evaluated in terms of the number
of clock cycles and memory accesses. After that, it will be
possible to select the best configuration combined with the
lowest cost.

Furthermore, the system performance can be exper-
imented with other approaches. Other parameters and
settings on the Sphinx framework will be investigated
to find out a representative modeling that may improve
speech recognition rates on embedded systems with lim-
ited computing resources.
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ABSTRACT 

 

The man-machine interaction through speech allows, in 

many applications, an attractive, comfortable and 

effective communication. However, processing 

requirements still make it difficult the implementation of 

man-machine vocal communication systems in devices 

with low computational power, such as mobile phone, 

palmtops and home equipments. This paper describes the 

development of a signal preprocessing library for speech 

recognition systems applied to devices with low 

computational power. Within this context, several issues 

have been considered, such as limited power 

consumption, memory and processing capacity without 

reducing the efficiency of the recognition process. 

 

1. INTRODUCTION 

Nowadays, electronic equipment developers have been 

trying to add to these products, functionalities and 

characteristics that attract user’s interest. However, 

although sophisticated, such equipments still present 

difficulties in their use, due to the artificial way which 

their users interact with them. The possibility to allow 

the man-machine interaction through speech makes it 

easier and more productive, even for carriers of visual 

and/or motion disability since user's eyes and hands are 

not necessary and thus they can be available for other 

tasks. 

This work consists of the study and optimization of 

Digital Processing of Speech Signals (DPSS) techniques 

for application in embedded systems which will result in 

a library for digital preprocessing of speech signals.  

This paper is organized as follows. In Section 2 the 

concepts of Digital Processing of Speech Signals and 

Embedded Systems are discussed, including motivations 

and difficulties for man-machine vocal communication, 

as well as peculiarities involved in embedded systems 

development. In Section 3 the developed system is 

described. In Section 4 the results are presented and the 

conclusions in Section 5.  

 
2. DIGITAL PROCESSING OF SPEECH SIGNALS 

AND EMBEDDED SYSTEMS 

The technological progress in the area of DPSS allows 

the development of vocal man-machine communication 

systems which can be divided in three areas [1]: 

1. Speech Synthesis Systems; 

2. Speech Recognition Systems; 

3. Speaker Recognition Systems.  

 

Application development for vocal man-machine 

communication (speech or speaker recognition) consists 

of a pattern recognition task, in this case, speech 

patterns. This type of system (Fig. 1) includes two 

phases [3]: training and recognition. Based on the 

training data that consist of sentences (words or phrases), 

reference models are generated, to which labels are 

attributed, to identify each pattern (sentence or speaker). 

In the recognition phase, through the test data (speech 

signals), test patterns are obtained and compared with 

the models generated during the training phase. Using a 

decision rule, the reference pattern nearest to the test 

pattern is identified [1], [4]. 

In the preprocessing stage the goal is to reduce noise and 

prepare the speech signal to next stages of the 

recognition process. Generally this process includes the 

following tasks: acquisition, preemphasis, division into 

frames and windowing [1], [5]. It is important to 

Fig. 1 – Pattern Recognition System. 
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highlight that the preprocessing is always present in 

speech or speaker recognition applications. In this 

regard, the possibility to have those functions already 

implemented in a library would turn the development 

process of this type of system faster and more 

productive. 

Research in the area of Digital Processing of Speech 

Signals (DPSS) has been allowing the development of 

efficient Speech Synthesis Systems, Speech Recognition 

Systems and Speaker Recognition Systems. However, 

processing requirements still make it difficult the 

implementation of those systems in devices with low 

computational power, such as mobile phone, palmtops 

and home equipments. So, development of specific 

hardware and software for this context, also known as 

embedded systems, is necessary.  To allow DPSS 

implementations in embedded systems, several issues 

should be considered, such as mobility, limited power 

consumption, low memory, storage and processing 

capacity, all this without lowering the efficiency of the 

recognition process [6], [7], [8]. New products have a 

shorter lifespan and delays of a few weeks in the product 

release can seriously reduce the expected commercial 

gains. The hardware project automation tends in the 

direction of platforms reuse and integrated components 

in SoC (IP Cores). Thus, the software project automation 

and its integration with the hardware project become the 

main objective to be reached for the reduction of the 

total project time, without sacrificing quality. Software 

and hardware components reuse is also essential in this 

context [9]. 

 
3. PROPOSED SYSTEM 

Prototype developed in this work is based on the project 

described by Cipriano [5], which presents adaptations of 

the model to speech recognition, allowing their 

implementation in devices with low computational 

power. For the purpose of this implementation, some 

strategies are adopted. For example, fixed-point is used 

instead of operations with fractional numbers, 

mathematical functions are simplified, division and 

multiplication operations are substituted by bit shifting, 

parallelism, etc. A system diagram is presented in Fig. 2.  

 
The preemphasis function intends to eliminate a spectral 

tendency of approximately -6 dB per octave in irradiated 

speech from the lips. This spectral attenuation does not 

bring additional information and it can be eliminated 

through a filter application of approximately +6 dB per 

octave answer causing an equalization in spectrum. 

Preemphasis is given by [3]: 
 

           Sp(n) = S(n) – ap• S(n-1) (1) 

Where: 

Sp(n) – preemphasized sample; 

S(n) – original sample; 

ap – preemphasis factor,    0,9  ap   1. 
 

To simplify preemphasis filter implementation, the 

factor ap is replaced by the value 15/16 in Equation (1), 

resulting in Equation (2): 

16

1
11

16

15 )S(n
)S(nS(n))S(nS(n)(n)S p

−
+−−=−−=  

(2) 

 

The modification in Equation (1) implies in replacing a 

fractional number multiplication by a 2
n
 format number 

division, n being integer. This division can be 

accomplished through  n  bits  right  shift  operation, in 

this case n = 4. 

Generally speaking, speech signal is non-stationary. 

However, when the speech signal is observed over a very 

small interval (windows or frames), such as 16-32 msec, 

an interval may be found to be mostly stationary [1], [3]. 

Segmentation into frames consists of dividing the speech 

signal in segments, perfectly selected by windows or 

frames with perfectly defined duration [1]. Segment size 

is chosen considering the signal stationary limits (16-32 

ms) [1]. In speech processing, the Hamming window 

function is typically used, which minimizes the signal 

discontinuities in the beginning and end of each frame, 

and whose equation is given in (3), where Ns is the 

number of samples in one frame: 

1Nn,0
1N

n2
cos0,460,54W(n) s

s
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⋅
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Windowing is made together with division into frames. 

In this work, these frames (Qj) have 252 samples (23 ms) 

composed by three blocks (Bj), with 84 (K) samples (Fig. 

3). This strategy is used to implement a superposition of 

66%. So, from the second frame on, each frame includes 

the two last blocks from the previous frame. Fig. 3 

shows the windowing process where  W(n) represent the 

Hamming window values and Sp(n) is the preemphased 

speech signal. Each frame sample is multiplied by the 

corresponding window value. 
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Fig. 3 – Division into frames and Windowing.   
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For the implementation of windowing algorithm, it was 

utilized a dual port R/W RAM memory which allows 

data reading and writing paralelly. This memory was 

divided into three segments with 84 samples each one. In 

each memory segment the blocks samples are stored, and 

these blocks compose the frames. Result from the 

multiplication between the sample of one frame and the 

correspondent hamming window value is stored in a 

register. 

Samples writing in memory segments occurs in parallel 

to samples reading. So, while one segment is being 

written, another segment is being read and its samples 

are multiplied by hamming window values. If a same 

block is utilized to compose more than one frame, then it 

is read more than once and may not be replaced in the 

memory by another block while it still  is  necessary. The 

writing speed is three times slower than the reading one 

to avoid blocks superposition. So, while 84 samples of 

one memory segment are being read, 28 samples are 

being written in another segment. 

The window values are stored into ROM memory. This 

allows the use of different window types, since these 

values could be calculated off-line. In tests, Hamming 

window was used with the same size of frames. Only the 

126 first values are stored into memory W(n) (n=0, ..., 

125), and the other remainder values are obtained 

through the window symmetry property. The used values 

for the Hamming window are in interval of 0 < W(n) < 1. 

As the integer part is always 0 only the fractional part is 

stored into ROM memory. These strategies are used to 

reduce memory resources.  

After the implementation in a hardware description 

language the stages presented in Fig. 4 were needed for 

system prototyping.  

 

 
Functional verification aims to verifying all project 

functionalities and assure these are implemented in the 

specified way. This task can consume over 70% of the 

total development time [10], [11], and thus, tools that 

facilitate the fast and efficient generation of a simulation 

environment should be used.  

The functional verification methodology used in this 

work was VeriSC [11] which automatically generates a 

simulation environment (testbench) implemented in 

SystemC language that offers advantages such as   

transaction level, coverage-driven, self-checking and 

random-constraint [12].  

After assuring that each block was running in the 

specified way, the cosimulation of the whole system was 

done. This stage intended to verify the correct 

communication among all blocks. In the synthesis stage 

the device to be used for the prototyping  system was 

defined.  

From this point on, specific device aspects were 

considered, for instance, logic gate delays. A new 

cosimulation of the whole system was necessary to 

assure that it continues operating correctly. After this, 

the final protyping stage could be accomplished in a 

FPGA. In this work, the Altera device Stratix II 

EP2S60F672C5ES was used for the prototyping system. 

 
4. RESULTS 

The database composed by ten speech signals was used 

as Preprocessing input, including phonemes, syllables, 

words and sentences. These signals were captured 

through a microphone and stored into Stratix II flash 

memory. Preemphasis output signal was connected to 

loudspeakers to verify the preemphasis filter effect (Fig. 

5). Lancelot device was necessary to connect Stratix II 

device to loudspeakers because Stratix II device does not 

have audio output. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Considering preprocessing module as unique, in Fig. 6 

developed prototype diagram is presented. The system 

includes Clock_Divisor, Clock_Generator, FLASH and 

PWM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Clock_Divisor and Clock_Generator are two frequency 

divisors. The first receives clock of Stratix II device (50 

MHz) and generates the greatest frequency of system 
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Fig. 4 – Development stages after design. 

Full system  
Cosimulation 

System 
Synthesis  

Possynthesis 
Cosimulation 

Prototype 

Fig. 6 – Developed Prototype Diagram. 
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Fig. 5 – (a) Stratix II device connected to a 

loudspeaker through (b) Lancelot device. 
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(Clock_Ram). Clock_Generator receives Clock_Ram 

and generates the two other clocks used in the system. 

FLASH module function reads samples stored in the 

flash memory. And PWM is a D/A conversor based on 

Pulse Width Modulation (PWM). 

Table 1 shows the preprocessing calculations. 

Comparison of theoretical results (Wt(n) and Jt(n)) with 

simulated ones (W(n) and J(n)) proves correct operation 

of the developed system. Because of fixed-point usage, 

in Simulation Result the four last digits are considered as 

the fractional part from the result and the others the 

integer part. 

 

Table 1 – Preprocessing Calculations. 

S(n) Sp(n) Wt(n) W(n) 

Theorical 

Result 

Jt(n) = 

Sp(n).Wt(n) 

Simulation 

Result 

J(n) = 

Sp(n).W(n) 

0 0 0 0 0 0 

-145 -145 0.0800 0800 -11.6000 -116000 

-159 -24 0.0801 0801 -1.9224 -19224 

-175 -26 0.0806 0806 -2.0956 -20956 

-188 -24 0.0813 0813 -1.9512 -19512 

-203 -27 0.0823 0823 -2.2221 -22221 

-218 -28 0.0836 0836 -2.3408 -23408 

-233 -29 0.0852 0852 -2.4708 -24708 

 

All modules were coded in VHDL resulting in 935 code 

lines and 407 SystemC code lines in the testbench. 

Functional verification of the complete preprocessing 

module included 5000 transactions. 

After the synthesis through Altera Quartus 4.1 tool, the 

amount of resources necessary to library implementation 

was obtained. These values are presented in Table 2.  

 
Table 2 – Library Resources. 

Resource 
Utilized 

Amount 

Cyclone II EP2C70 

Availability 

Input pins 43 

Output pins 51 

Bidirectional pins 24 

622 

Logic cells 1.600 88.418 

Memory bits 808.896 1.152.000 

DSP Elements 2 150 

 

Information presented in Table 2 proves that developed 

library requires few resources and could be implemented 

in Cyclone II EP2C70, one of the cheaper devices for 

digital signals processing from Altera. 

A graph with time expended in development stages is 

shown in Fig. 7. 

As expected, functional verification consumed 77% of 

the total development time, including functional 

verification of each block (47%), full system 

cosimulation (15%) and possynthesis cosimulation 

(15%). 
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Fig. 7 – Development time. 

 
 

5. CONCLUSIONS 

The work result is a synthesizable and verified module. 

This module makes possible the construction of a Speech 

Preprocessing library, including preemphasis, division 

into frames and windowing. This library could be reused 

in the development of embedded speech or speaker 

recognition applications. The problem of different noise 

levels could spoil the recognition process. So, for a 

future work we intend to consider different noise levels, 

as well as the inclusion of a speech signal acquisition 

module.  
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Resumo 
A fala é o meio de comunicação comumente utilizado 
pelo homem, que o distingue dos demais seres vivos, 
permitindo-lhe a troca de idéias, expressão de opiniões 
ou revelação de seu pensamento. Diante do avanço 
tecnológico e conseqüente surgimento de equipamentos 
eletrônicos cada vez mais sofisticados, a possibilidade 
de permitir a interação homem-máquina através da voz 
tornaria essa relação muito mais atrativa e produtiva, 
não só para a comunidade em geral, mas principalmente 
para portadores de deficiência visual e/ou motora. Este 
artigo descreve o desenvolvimento de um sistema de 
reconhecimento de voz otimizado para dispositivos com 
pequeno poder computacional, como equipamentos 
eletrônicos em geral, eletrodomésticos ou ainda, que 
possa ser utilizado para operar elevadores, portas 
automáticas, etc. 
 

1. Introdução 
Atualmente, fabricantes de equipamentos eletrônicos 
têm procurado adicionar aos seus produtos, 
funcionalidades e diferenciais que atraiam o interesse de 
seus usuários. Como exemplo, tem-se televisores 
conectados à Internet; máquinas fotográficas que 
permitem “zoom” e alteram resolução, além de se 
conectarem a computadores e impressoras; fornos de 
microondas e máquinas de lavar roupas com controle 
“inteligente”, etc. No entanto, embora sofisticados, tais 
equipamentos ainda apresentam dificuldades quanto a 
sua utilização, devido à maneira artificial com a qual o 
usuário deve interagir com os mesmos. 
A fala é o meio de comunicação utilizado por 
excelência pelo homem e que o distingue dos demais 
seres vivos, permitindo-lhe a troca de idéias, expressão 
de opiniões ou revelação de seu pensamento. Diante 
disso, a comunicação vocal homem-máquina torna-se 
bastante adequada em situações nas quais uma ou mais 
das seguintes condições se aplicam: as mãos do usuário 
estão ocupadas; mobilidade é exigida durante o 
processo de entrada de dados; os olhos do operador 
devem permanecer fixos sobre um display; um 
instrumento óptico ou algum objeto é rastreado; é 
inconveniente o uso do teclado em um ambiente, dentre 
outras. A possibilidade de permitir a interação homem-

máquina através da voz torna essa interação mais fácil e 
produtiva, principalmente para portadores de deficiência 
motora e/ou visual, uma vez que não se faz necessária a 
utilização das mãos e olhos do usuário, que podem 
ainda, ficar disponíveis para outras tarefas. 
Pesquisas na área de Processamento Digital de Sinais de 
Voz (PDSV) têm permitido o desenvolvimento de 
sistemas de Resposta Vocal, Reconhecimento de Voz e 
Reconhecimento de Identidade Vocal (locutor). 
Entretanto, requisitos de processamento ainda 
dificultam a implementação desses sistemas em 
dispositivos com pequeno poder computacional, como 
aparelhos celulares, palmtops e eletrodomésticos. Surge 
então, a necessidade de desenvolvimento de hardware e 
software específicos para esse contexto, também 
conhecidos como sistemas embutidos, ou sistemas 
embarcados. Para permitir a implementação de técnicas 
de PDSV em sistemas embutidos, várias questões 
devem ser consideradas, como mobilidade, limite de 
consumo de potência, baixa disponibilidade de 
memória, segurança e confiabilidade. Tudo isso sem 
comprometer a eficiência no processo de 
reconhecimento. 
O trabalho desenvolvido consiste no estudo e 
otimização de técnicas de PDSV para aplicação em 
sistemas embutidos, que resultará no desenvolvimento 
de uma biblioteca de funções para pré-processamento 
digital de sinais de voz  (pré-enfase; divisão em 
“frames” e janelamento). Com o intuito de validar a 
biblioteca, será desenvolvida uma aplicação de 
Reconhecimento de Palavras Isoladas Dependente do 
Locutor que levará em consideração as restrições quanto 
à capacidade de processamento e armazenamento, 
características de um ambiente embutido. 
Este artigo está organizado conforme descrição a seguir. 
Na seção 2 são discutidos os conceitos sobre 
Processamento Digital de Sinais de Voz, em que são 
apresentadas algumas das motivações para a 
comunicação vocal homem-máquina, bem como as 
dificuldades encontradas nesse tipo de aplicação. Na 
seção 3 será apresentado o conceito de sistemas 
embutidos, assim como as peculariedades envolvidas no 
seu desenvolvimento. Na seção 4 é realizada a descrição 
do sistema desenvolvido e finalmente, na seção 5 é 



apresentado o estado atual do trabalho e algumas 
considerações finais. 
 
2. Processamento Digital de Sinais de Voz 

Os primeiros trabalhos sobre máquinas que conseguiam 
reconhecer algumas palavras datam de 1952 [1]. Graças 
às descobertas de algumas propriedades da voz e das 
facilidades oferecidas pelos computadores digitais, nos 
anos 60 surgiu uma grande quantidade de trabalhos 
sobre o assunto [2], [3]. Posteriormente, desejou-se a 
criação de máquinas que, além de serem capazes de 
reconhecer o que estava sendo dito, também pudessem 
responder ao que lhes era perguntado. 
Diante do crescente interesse por software e 
equipamentos que “compreendam”, reconheçam e 
simulem a voz humana, pesquisas têm sido realizadas 
na área de Processamento Digital de Sinais de Voz 
(PDSV), buscando o desenvolvimento de técnicas que 
possibilitem a construção de padrões que permitam 
modelar, de forma eficiente, a fala, as características 
vocais únicas de  cada  locutor,  bem  como  a   
produção   da   voz  sintetizada [4], [5]. 
O avanço tecnológico na área de PDSV permite o 
desenvolvimento de sistemas de comunicação vocal 
homem-máquina, que podem ser divididos em três 
grandes áreas [3]: 

1. Sistemas de Resposta vocal; 
2. Sistemas de Reconhecimento de voz; 
3. Sistemas de Reconhecimento de locutor.  

 
Sistemas de resposta vocal, ou sistemas de síntese de 
voz, são projetados para responder a um pedido de 
informação utilizando mensagens faladas [6], [7]. 
Sistemas de resposta vocal podem ser utilizados em 
várias aplicações, tais como sistemas automáticos de 
informação de preços, de vôos, de divulgação de 
produtos em supermercados ou lojas especializadas, 
sistemas bancários, auxílio a portadores de necessidades 
especiais, etc. [6], [8]].  
Sistemas de reconhecimento de voz, ou ainda Sistemas 
de Reconhecimento Automático de Voz (RAV), têm 
como objetivo determinar qual a palavra, a frase ou a 
sentença que foi pronunciada. De uma forma geral, são 
considerados como pertencentes a uma das seguintes 
categorias: Sistemas de Reconhecimento de Palavras 
Isoladas; Sistemas de Reconhecimento de Palavras 
Conectadas; Sistemas de Reconhecimento de Fala 
Dependente do Locutor e Sistemas de Reconhecimento 
de Fala Independente do Locutor [3]. A diferença entre 
os sistemas dependentes e os independentes de locutor é 
que no primeiro, o sistema é treinado para um locutor 
específico, enquanto que o segundo está preparado para 
reconhecer sentenças, independente de quem as 
pronuncie. Sistemas de reconhecimento de fala podem 
ser utilizados em diversas aplicações, dentre as quais 
pode-se citar: atendimento telefônico automatizado, 

acesso a menus de equipamentos eletrônicos (celular, 
fornos de microondas, aparelhos de DVD, etc.), 
transcrição de sentenças pronunciadas para um arquivo 
texto, etc [8]. Os sistemas para fala contínua (palavras 
conectadas) são mais difíceis de implementar do que os 
sistemas para fala descontínua (com pronúncia isolada 
das palavras), devido à dificuldade de se localizar o 
início e o fim de cada palavra, e também à tendência das 
línguas faladas de fundir o último e o primeiro fonema 
de duas palavras consecutivas. 
Quanto aos sistemas de reconhecimento de locutor, 
estes podem ser de dois tipos: verificação ou 
identificação. O primeiro consiste em decidir se a voz é 
mesmo de quem alega ser, enquanto que o segundo deve 
ser capaz de identificar quem é o locutor, dentre um 
universo de locutores. Esses sistemas são muito úteis 
para o controle de acesso a ambientes restritos. Na área 
de criminalística podem ser utilizados com o mesmo 
propósito que hoje é dado às impressões digitais [3], [8], 
[9].  
O desenvolvimento de aplicações na área de 
comunicação vocal homem-máquina (reconhecimento 
de fala ou locutor) consiste na realização de uma tarefa 
de reconhecimento de padrões, nesse caso padrões de 
fala. Esse tipo de sistema (Figura 1) inclui duas fases 
[10]: treinamento e reconhecimento. Com base nos 
dados de treinamento, que consistem de sentenças 
(palavras ou frases), são gerados os modelos de 
referência, aos quais são atribuídos rótulos que 
identificam cada padrão (sentença ou locutor). Na fase 
de reconhecimento, através dos dados de teste (sinais de 
voz) são obtidos padrões de teste que, em seguida, são 
comparados com os modelos gerados durante o 
treinamento e, utilizando-se uma regra de decisão, é 
identificado o que mais se assemelha ao padrão de 
entrada desconhecido [3], [11]. 
A etapa de pré-processamento é responsável por extrair 
do sinal de voz os dados relevantes e menosprezar a 
informação redundante, com a finalidade de repassar a 
informação de interesse para etapa seguinte. Esse 
processo inclui as atividades de: aquisição, pré-ênfase, 
separação em “frames” e janelamento [3], [12]. É 
importante destacar que o pré-processamento precisa ser 
executado independente do tipo de reconhecimento que 
se deseja realizar (voz ou locutor). Diante disso, a 
possibilidade de se ter essas funções já implementadas 
em uma biblioteca, tornaria o processo de 
desenvolvimento desse tipo de aplicação mais rápido e 
produtivo. 
A etapa de extração de características é de extrema 
importância em sistemas de reconhecimento, uma vez 
que nesta etapa são obtidos elementos que possibilitam 
a geração dos padrões de treinamento e teste. A 
definição de um bom conjunto de características é um 
processo complexo e essencial para que sejam obtidos 
bons resultados quanto ao reconhecimento dos padrões.  



Durante a fase de treinamento, com base nas 
características extraídas, são gerados padrões de 
referência, os quais serão comparados com o padrão de 
teste na fase de reconhecimento. Na fase de teste, o 
padrão de teste é comparado com os padrões de 
referência e, utilizando-se uma regra de decisão, o 
locutor (ou a sentença) cujo padrão de teste é mais 
similar a um dado padrão de referência, é reconhecido 
pelo sistema. 
Vale salientar que as etapas de pré-processamento e 
extração de características das fases de treinamento e 
reconhecimento devem ser equivalentes, para que seja 
possível uma correta comparação entre o padrão testado 
e o(s) padrão(ões) já conhecido(s) pelo sistema.   
 

3. Sistemas Embutidos 
É importante destacar que, quando se fala em interface 
homem-máquina, deve-se ficar claro que esta máquina 
pode ser qualquer equipamento eletrônico. No âmbito 
deste trabalho, pode ser um aparelho celular, um 
palmtop, uma máquina de lavar, um forno microondas, 
um veículo, uma máquina industrial, dentre outros 
equipamentos que apresentam arquitetura e limitações 
(capacidade de processamento e armazenamento, fonte 
de alimentação, etc) diferentes de um computador.  
Diante disso, torna-se necessário o desenvolvimento de 
software e/ou hardware específico para este tipo de 
equipamento. Surge então, o conceito de sistema 
embutido (embarcado), que é a combinação de 
hardware e software, e algumas vezes peças mecânicas, 
desenvolvidos para realizar uma função específica [13]. 
Através da implementação em hardware é possível 
alcançar uma maior eficiência e rapidez na execução de 
determinadas tarefas e, a partir do software, reduzir o 
tempo de desenvolvimento e aumentar a flexibilidade 
do sistema. 
No que se refere à implementação em hardware de um 
sistema embutido, diferentes soluções podem ser 
adotadas. Para aplicações com produção em grande 
escala (mercado de consumo), o mais adequado é o uso 
de um SoC (System-On-a-Chip – sistema em uma única 

pastilha) [14]. A arquitetura de hardware de um SoC 
embutido pode conter um ou mais processadores, 
memórias, interfaces para periféricos e blocos 
dedicados. Tais blocos, também chamados de IP Cores 
(Intellectual Property Cores), consistem de blocos em 
hardware que executam tarefas específicas e são 
definidos de modo a permitir o seu reuso em diferentes 
sistemas [15]. Os diversos IP Cores de um determinado 
SoC são interligados por uma estrutura de comunicação  
que  pode  variar de um barramento a uma rede 
complexa (NoC – network-on-chip) [16].  
Em aplicações com menor volume de produção, a 
implementação do sistema em FPGA (Field-

Programmable Gate Array) é mais indicada. Apesar de 
ser viável também a implementação utilizando sistemas 
baseados em famílias de microprocessadores [14]. A 
implementação em FPGA apresenta como principal 
vantagem a possibilidade de modificação da estrutura de 
hardware do sistema através de um processo denominado 
reconfiguração, o qual permite o desenvolvimento 
incremental, correção de erros de projeto, além da adição 
de novas funções de hardware [15].  
Ao projetar o hardware de um sistema embutido, 
linguagens de descrição de hardware (HDL – Hardware 

Description Language) podem ser utilizadas para 
realizar a descrição dos circuitos eletrônicos. Essas 
linguagens permitem descrever a forma como os 
circuitos operam, possibilitando também a simulação 
desses circuitos antes mesmo de sua fabricação. Ao 
contrário de uma linguagem de programação para 
software, a sintaxe e a semântica das HDL incluem 
informações para expressar ao longo do tempo (timed) 
qual será o comportamento do hardware. As linguagens 
mais populares são VHDL (VHSIC1 Hardware 

Description Language) e Verilog, que apresentam a 
grande vantagem de possibilitar a sua utilização como 
entrada para simulação e síntese automática de circuitos 
descritos no nível da microarquitetura, através da 
utilização de ferramentas comerciais bastante 
difundidas. No entanto, essas linguagens não são 
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apropriadas para descrições de software e especificações 
funcionais de alto nível [14]. No intuito de sanar essa 
deficiência, foram realizadas tentativas com linguagens 
que possuíssem um maior grau de abstração, como C, 
C++ e Java. Nesse caso, ocorre exatamente o contrário, 
ou seja, a inadequação semântica dessas linguagens para 
descrição de aspectos de hardware. O uso da linguagem 
SystemC [17] visa solucionar essas deficiências, 
combinando as vantagens da popularidade de C++ e a 
sua adequação ao processo de geração de software, com 
uma semântica adicional (na forma de uma biblioteca de 
funções) apropriada para a descrição de hardware, 
através de construções como portas, sinais e relógios 
que sincronizam processos [14]. 
O projeto de sistemas embutidos é bastante complexo, 
por envolver conceitos pouco analisados pela 
computação de propósito geral [4], [5]. Por exemplo, as 
questões de mobilidade, limite de consumo de potência, 
a baixa disponibilidade de memória, a necessidade de 
segurança e confiabilidade, a possibilidade de 
funcionamento em uma rede de comunicação, e o curto 
tempo de projeto tornam o desenvolvimento de sistemas 
computacionais embutidos uma área de pesquisa 
bastante abrangente [14]. Além disso, novos produtos 
têm uma vida cada vez mais curta, e atrasos de poucas 
semanas no lançamento de um produto podem 
comprometer seriamente os ganhos esperados. Com a 
automação do projeto de hardware caminhando na 
direção do reuso de plataformas e de componentes 
integráveis em SoC (IP Cores), a automação do projeto 
de software e sua integração com o projeto de hardware 

se torna o principal objetivo a ser alcançado para a 
diminuição do tempo total de projeto, sem sacrifício na 
qualidade da solução [14]. Também é essencial  o  reuso  
de componentes de software, de modo que o 
desenvolvimento do sistema  concentre-se  apenas  na  
configuração  e  integração  desses  componentes [14]. 
 

4. Sistema Proposto 
Algoritmos com bom desempenho, em termos de taxa 
de reconhecimento, demandam um certo poder 
computacional, o que já se tem disponível em máquinas 
tipo PC (Personal Computer) em tempo real. No 
entanto, em sistemas embutidos dependentes de 
baterias, como um telefone celular, o desafio não 
representa apenas o desenvolvimento de software, mas 
também de hardware que se adapte às características 
inerentes de tais dispositivos (baixo consumo de 
energia, baixo poder de processamento, etc.), [4][5]. 
Algumas técnicas de programação permitem a geração 
de um código mais eficiente no que se refere à 
quantidade de operações a serem executadas pelo 
processador (p.ex.: substituição de uma multiplicação 
por deslocamento de bits), o que conseqüentemente 
proporciona menor consumo de potência e energia [18]. 
Sendo assim, através da otimização de algoritmos, 
utilização de estruturas de hardware específicas e um 
pipeline de instruções eficiente, é possível aumentar a 
velocidade, reduzir os recursos necessários, sem 

diminuir a taxa de reconhecimento. Dentro desse 
contexto, muitos trabalhos vêm sendo desenvolvidos 
para o reconhecimento de palavras isoladas em sistemas 
embutidos [4], [5], [12][20], apresentando redução do 
número de acessos à memória, paralelismo de 
operações, economia de recursos lógicos necessários 
para implementação, etc. No entanto, a maiorias dos 
trabalhos não realizam a etapa de verificação funcional, 
que será descrita mais adiante, ou ainda não realizam 
testes efetivos em algum dispositivo de hardware 

O protótipo desenvolvido neste trabalho têm como base 
o projeto descrito por Cipriano em [12], que apresenta 
adequações dos modelos necessários ao processo de 
reconhecimento de voz para implementação em 
hardware. Para isso, é feita a utilização de ponto-fixo 
nas operações com número fracionários, simplificações 
nas funções matemáticas, substituição de operações de 
divisão e multiplicação por deslocamentos, paralelismo, 
dentre outras. O diagrama do sistema em 
desenvolvimento é apresentado na Figura 2.  

A função da pré-ênfase é eliminar uma tendência 
espectral de aproximadamente -6dB/oitava na fala 
irradiada dos lábios. Essa distorção espectral não traz 
informação adicional e pode ser eliminada através da 
aplicação de um filtro, de resposta aproximadamente 
+6dB/oitava, que ocasiona um nivelamento no espectro. 
A descrição matemática da pré-ênfase é dada por [24]: 
 

           Sp(n) = S(n) – ap.S(n-1) (1) 
 

Sendo: 
Sp(n) – amostra pré-enfatizada; 
S(n) – amostra original; 
ap – fator de pré-ênfase,    0,9  ap   1. 
 
No intuito de simplificar a implementação do filtro de 
pré-ênfase, na Equação (1), o fator ap é substituído pelo 
valor 15/16: 
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Fig. 2. Diagrama do Sistema Proposto. 
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A modificação efetuada na Equação (1) implica na 
substituição de uma multiplicação por um número 
fracionário por uma divisão por um número do tipo 2n, 
sendo n inteiro, e que pode ser realizada através de um 
simples deslocamento de n bits, nesse caso n = 4. 
Um sinal de voz possui características estatísticas que 
variam fortemente com o tempo, só podendo ser 
considerado estacionário em intervalos muito pequenos. 
A separação em quadros consiste em particionar o sinal 
de voz em segmentos, selecionados por janelas ou 
“frames” de duração perfeitamente definida [4]. O 
tamanho desses segmentos é escolhido dentro dos 
limites de estacionariedade do sinal (duração média de 
10 a 20 ms) [3]. No sistema proposto o algoritmo de 
janelamento utlizado foi o de Hamming, que minimiza 
as descontinuidades no início e final de cada quadro, e 
cuja equação é dada por: 

1Nsn,0
1Ns

n2
cos0,460,54 −≤≤

−

⋅
⋅−  

(3) 

 
O janelamento é realizado juntamente com a separação 
dos quadros, que são formados por três blocos, de 84 
amostras cada, totalizando 252 amostras para cada 
quadro. Cada amostra do quadro é multiplicada pelo 
valor correspondente da janela. A utilização de 252 
amostras para cada quadro visa otimizar a 
implementação em hardware dessa etapa, uma vez que 
o número 252 facilita a utilização de ponto-fixo e a 
superposição entre quadros (Figura 3). O uso de ponto-
fixo permite a realização das operações de multiplicação 
e divisão de números fracionários através de simples 
deslocamentos para esquerda e para direita, 
respectivamente. 

 
Depois da aplicação da janela de Hamming, é realizada 
a extração de parâmetros, por exemplo, os parâmetros 
mel-cepstrais de cada quadro [14].  
O subsistema de reconhecimento, que realizará a 
identificação da palavra falada, tem como função o 

casamento dos padrões de teste com os padrões 
armazenados. Neste trabalho será utilizada a quantização 
vetorial para a construção de cada padrão [14].  
Após a implementação/simulação do sistema, será 
realizada a etapa de prototipação. As etapas previstas 
para obtenção do protótipo são apresentadas na Figura 4.  
 

 
A etapa de verificação funcional tem o objetivo de 
verificar todas as funcionalidades de projeto e assegurar 
que estas estão ocorrendo da maneira especificada. Esta 
tarefa chega a consumir cerca de 70% do tempo total de 
desenvolvimento [22], [23].  Diante disso, ferramentas 
que possibilitem a geração rápida e eficiente de um 
ambiente de simulação podem e devem ser utilizadas. 
Para tal, foi utilizada a ferramenta VeriSC [24] que 
realiza a geração automática de um ambiente de 
simulação (testbench) implementado na linguagem 
SystemC, que oferece as vantagens apresentadas na 
Seção 3, como por exemplo, a inclusão de nível de 
transação, cobertura dirigida, checagem automática e 
construção de verificação funcional randômica.  
Após assegurar que cada bloco está executando da 
maneira especificada, será realizada a etapa de co-
simulação e pós-síntese de todo o sistema, de modo a 
verificar a correta comunicação entre todos os blocos. 
Na etapa de síntese é definido qual o dispositivo que 
será utilizado para prototipação do sistema, o que 
implica que, a partir de então, aspectos específicos do 
dispositivo, como por exemplo, atrasos das portas 
lógicas, passam a ser considerados durante a execução, 
tornando necessária uma nova co-simulação de todo o 
sistema, de modo a assegurar a continuação de seu 
correto funcionamento. Vencida essa etapa, pode-se 
passar para etapa final de prototipação. Neste trabalho 
foi utilizada a placa Cyclone II EP2C35 DSP da Altera 
[25] para prototipação do sistema. 
 

Fig. 4. Etapas de desenvolvimento. 
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5. Conclusões 
Atualmente o trabalho encontra-se no final da etapa de 
verificação funcional, que como foi dito anteriormente, 
corresponde a 70% do processo de desenvolvimento. O 
resultado deste trabalho será a obtenção de um módulo 
sintetizável que possibilitará a construção de um IP 
Core de pré-processamento de voz, incluindo as funções 
de pré-ênfase, divisão em quadros e janelamento. Tal 
módulo poderá ser reutilizado no desenvolvimento de 
futuras aplicações embutidas de reconhecimento de voz, 
ou mesmo de locutor, proporcionando uma economia 
considerável no tempo total do projeto. O alvo dessas 
aplicações poderá ser desde eletrodomésticos e 
equipamentos eletrônicos a elevadores e portas, 
operados por comandos de voz, facilitando a utilização 
dos mesmos por portadores de necessidades especiais, 
principalmente visuais e motoras. 
Como trabalhos futuros pretende-se tratar a situação em 
que haja diferentes níveis de ruído ambiente entre a 
etapa de treinamento e reconhecimento, além da adição 
de um módulo de aquisição do sinal de voz. O problema 
na diferença de ruído ambiente pode comprometer a 
eficiência do reconhecimento. Já existem algoritmos 
que visam resolver essa situação, no entanto projetados 
para arquitetura PC. Quanto ao módulo de aquisição, o 
mesmo facilitará a implantação do sistema em 
dispositivos que não ofereçam a funcionalidade de 
conversão analógico-digital da voz. 
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