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❊✉ ❞❡✈❡r✐❛ ❝♦♠❡ç❛r t❡❝❡♥❞♦ ❛❣r❛❞❡❝✐♠❡♥t♦s àq✉❡❧❡s q✉❡ ❞❡ ❛❧❣✉♠ ♠♦❞♦ ✐♥✈❡st✐r❛♠

♥♦s ♠❡✉s ❡st✉❞♦s✱ ❝❡rt❛♠❡♥t❡ ❛ ♠✐♥❤❛ ❛✈ó ❈♦♥❝❡✐çã♦ ❡ ♠✐♥❤❛ t✐❛ ❈✐❝✐✱ ♠❛s ❝♦♠❡ç❛r❡✐

♠❡✉s ❛❣r❛❞❡❝✐♠❡♥t♦s ❛♦ Pr♦❢✳ ▼❛r❝❡❧♦ ❏♦sé ❇r❛❣❛✳ ▼✉✐t❛s ✈❡③❡s✱ ❡✉ ♥ã♦ s♦✉❜❡ ❡s❝♦❧❤❡r

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

❝♦♠ ♠✉✐t♦s q✉❡st✐♦♥❛♠❡♥t♦s✱ ❝♦♥✜♦✉ q✉❡ ❡✉ ❛❧❝❛♥ç❛r✐❛ ♦ r❡s✉❧t❛❞♦ ✜♥❛❧✳ ●♦st❛r✐❛

❞❡ ❛❣r❛❞❡❝ê✲❧♦ ♣♦r ❡ss❛ ❝♦♥✜❛♥ç❛ ❡ ♣♦r t♦❞❛s ❛s ♦♣♦rt✉♥✐❞❛❞❡s ❝♦♥❝❡❞✐❞❛s✱ ❡✉ ♥ã♦ ❛s

❡sq✉❡❝❡r❡✐✳

●♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝❡r ❛♦ ♠❡✉ ♦r✐❡♥t❛❞♦r✱ ♦ Pr♦❢✳ ❏♦sé ●✉st❛✈♦ ❋ér❡s✳ ❆❧é♠ ❞❡

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

t♦❞❛s ❛s ♦♣♦rt✉♥✐❞❛❞❡s ♦❢❡r❡❝✐❞❛s✳ ❆❣r❛❞❡ç♦✲❧❤❡ t❛♠❜é♠ ♣❡❧❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✱ ❡✱ ♣♦r

♠❛✐s ✉♠❛ ✈❡③✱ ♠❡ ♦❢❡r❡❝❡r ✉♠ t❡♠❛ ❞❡ ♣❡sq✉✐s❛ tã♦ r❡❧❡✈❛♥t❡✳ ❆✜♥❛❧✱ ❣r❛ç❛s ❛ ❡ss❛

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

♠✉✐t♦ ♣❛r❛ ♠✐♥❤❛ ❛t✉❛çã♦ ♣r♦✜ss✐♦♥❛❧✳ ❆✐♥❞❛✱ ❛ ♣❛rt❡ ♦ ❝❛♠✐♥❤♦ q✉❡ tr✐❧❤❡✐✱ ❣♦st❛r✐❛

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

➚ Pr♦❢✳ ▼❛r✐❧✐❛ ▼❛❝✐❡❧ ❡ ❛♦ Pr♦❢✳ ❏♦ã♦ ❊✉stáq✉✐♦✱ ❡✉ ❣♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝ê✲❧♦s ♣❡❧♦s

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

❝♦♠✐❣♦ s❡✉s ❡♥s✐♥❛♠❡♥t♦s✳ ❆ ❍❡❧❡♥❛✱ ❛ ❈❛ss✐❛♥❛ ❡ ❛♦ ❖tt♦✱ ❣♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝❡r ❛

❛♠✐③❛❞❡ ❞✉r❛♥t❡ t♦❞❛ ❛ ♠✐♥❤❛ ♣❡r♠❛♥ê♥❝✐❛ ♥❡st❡ ❞❡♣❛rt❛♠❡♥t♦✳

❆❣r❛❞❡ç♦ t❛♠❜é♠ ❛ ♣r♦❢❡ss♦r❛ P❛✉❧❛ P❡r❡❞❛ ❡ ❛♦ ♣r♦❢❡ss♦r ❘✉❞✐ ❘♦❝❤❛ ♣❡❧♦s r❡❧❡✲

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

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

❊①t❡r♥♦ t❛♠❜é♠ ❛❣r❛❞❡❝✐♠❡♥t♦s ❛♦s ♣r♦❢❡ss♦r❡s ♠❡♠❜r♦s ❞❛ ❜❛♥❝❛ ❡①❛♠✐♥❛❞♦r❛✱

q✉❡✱ ❞✉r❛♥t❡ ❛ ❞❡❢❡s❛ ❞❛ t❡s❡✱ ❞❡❞✐❝❛r❛♠ ♠✉✐t❛ ❛t❡♥çã♦ ❡ ❝✉✐❞❛❞♦✱ t❡❝❡♥❞♦ s✉❣❡stõ❡s ❡

❝♦♥tr✐❜✉✐çõ❡s ✐♥❞✐s♣❡♥sá✈❡✐s ♣❛r❛ ♦ r❡s✉❧t❛❞♦ ❝✐❡♥tí✜❝♦ ❞❡ss❛ ♣❡sq✉✐s❛✳ P♦rt❛♥t♦✱ ♠❛✲

♥✐❢❡st♦ ♠✉✐t❛ ❣r❛t✐❞ã♦ ❛♦s ♣r♦❢❡ss♦r❡s ▼❛r❝❡❧♦ ❏♦sé ❇r❛❣❛✱ ❚❤✐❛❣♦ ▼♦r❡❧❧♦ ❡ ▲❡♦♥❛r❞♦

❈❛r❞♦s♦✳
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♦ ✜♥❛♥❝✐❛♠❡♥t♦ ❝♦♥❝❡❞✐❞♦ ♣❡❧♦ ❈♦♥s❡❧❤♦ ◆❛❝✐♦♥❛❧ ❞❡ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❈✐❡♥tí✜❝♦ ❡

❚❡❝♥♦❧ó❣✐❝♦ ✭❈◆Pq✮ ❢♦✐ ✐♥❞✐s♣❡♥sá✈❡❧✳ P♦rt❛♥t♦✱ ❛❣r❛❞❡ç♦ ❛♦ ❈◆Pq ♣❡❧❛s ❜♦❧s❛s ❞❡

■♥✐❝✐❛çã♦ ❈✐❡♥tí✜❝❛✱ ❞❡ ▼❡str❛❞♦ ❡ ❉♦✉t♦r❛❞♦✱ ❜❡♠ ❝♦♠♦✱ ❛❞✐❝✐♦♥❛❧♠❡♥t❡✱ ❛❣r❛❞❡ç♦

❛♦ Pr♦❣r❛♠❛ ❞❡ Pós✲●r❛❞✉❛çã♦ ❡♠ ❊❝♦♥♦♠✐❛ ❆♣❧✐❝❛❞❛ ❞❛ ❯❋❱ t♦❞♦ ♦ ✜♥❛♥❝✐❛♠❡♥t♦

❝♦♠♣❧❡♠❡♥t❛r✳

❆❞✐❝✐♦♥❛❧♠❡♥t❡✱ ❣♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝❡r ❛ ❙❡❝r❡t❛r✐❛ ❞❡ ❆ss✉♥t♦s ❊str❛té❣✐❝♦s ✭❙❆❊✮

❡ ❛♦ ■♥st✐t✉♦ ❞❡ P❡sq✉✐s❛ ❊❝♦♥ô♠✐❝❛ ❆♣❧✐❝❛❞❛ ✭■P❊❆✮ ♣❡❧♦ ❛♣♦✐♦ ❛♦ ♣r♦❥❡t♦ ❞❡ ♣❡sq✉✐s❛

✜♥❛♥❝✐❛❞♦ ♣❡❧♦ ❈◆Pq s♦❜r❡ ❈❧✐♠❛ ❡ ❙❛ú❞❡ ❍✉♠❛♥❛✱ ❝✉❥♦ ♦ ♦❜❥❡t✐✈♦ ❣❡r❛❧ ❞❡st❛ t❡s❡ é

✉♠ ❞♦s ❞❡s❞♦❜r❛♠❡♥t♦s ❞❡ss❛ ❛♠♣❧❛ ♣❡sq✉✐s❛✳

❆♣❡s❛r ❞❛s ❞✐✜❝✉❧❞❛❞❡s ❞❡ss❡s q✉❛tr♦ ❛♥♦s✱ ❡✉ ♥ã♦ ♣♦❞❡r✐❛ ❞❡✐①❛r ❞❡ ❛❣r❛❞❡❝❡r ❛

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

❛♦s ❝♦♠♣❛♥❤❡✐r♦s ❞❡ ❞♦✉t♦r❛❞♦✱ ▲♦r❡♥❛✱ Pr✐s❝✐❧❛✱ ▲✉❝❛s ❈❛str♦✱ ❋❡❧✐♣❡✱ ❋❡❧✐♣♣❡ ❈❧❡✲

♠❡♥t❡✱ ▼❛t❡✉s ◆❡✈❡s✱ ▼❛t❤❡✉s ▼✐r❛♥❞❛✱ ▼✐❝❤❡❧✐❛♥❛✱ ❈❛r❧♦s ❖tá✈✐♦✱ ❉♦✉❣❧❛s✱ ❏✉❧✐❛♥❛

❙❛❧❧❡s ❡ ❋❡r♥❛♥❞❛✳ ❆❧é♠ ❞❡❧❡s✱ ♠✉✐t♦ ❝❛r✐♥❤♦ ❡ ❡♥❡r❣✐❛ ❢♦r❛♠ ❞✐s♣❡♥❞✐❞♦s ♣♦r ❛♠✐❣♦s

❞❡ ♠✉✐t♦s ❛♥♦s ❡ s❡✉s ❢❛♠✐❧✐❛r❡s✱ ❛❣r❛❞❡ç♦ ❛ ❙❛♠❧❛✱ ❳ê♥✐❛✱ ❘❛❝❤❡❧✱ P❛✉❧❛✱ ❙✉❡❧❧❡♠✱

❙❛r❛❤✱ ❘ú❜✐❛✱ ❆♥❛ ❋❧á✈✐❛ ❡ ❇r✉♥♦✳ ▼✉✐t❛s ✈❡③❡s✱ ❡♠ ❞✐❛s ❞❡ ♠✉✐t❛ tr✐st❡③❛✱ ✈♦❝ês

❢♦r❛♠ ♠✐♥❤❛ ❢❛♠í❧✐❛✳

◆❡ss❡ ♣❡rí♦❞♦✱ ♠✉✐t❛s ♣❡ss♦❛s ❢♦r❛♠ ♠❛r❝❛♥t❡s ❝♦♠ ❛♣♦✐♦s ❣r❛t✉✐t♦s ❡ ♠♦♠❡♥t♦s

❞❡ ❛❧❡❣r✐❛✳ ❆❣r❛❞❡ç♦✱ ❡♠ ❞❡st❛q✉❡✱ ❆♥❛ ❇❛r♥❡❝❡✱ ❏♦s✐✱ ❆♥❛ ▲❛♥♥❛✱ ❇r❡♥❞❛ ❡ ▲✉❝✐❛♥♦✱

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

❛q✉✐❧♦ q✉❡ ❡✉ ♥ã♦ ❝♦♥s❡❣✉✐❛ ✈❡r✳

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

✐♥❢❡❧✐③♠❡♥t❡✱ ♥ã♦ ♣♦❞❡rã♦ ♣❛rt✐❧❤❛r ❞❡ss❡ ♠♦♠❡♥t♦✳ ❆❣r❛❞❡ç♦✲❧❤❡s ♦ ❛♣r❡♥❞✐③❛❞♦ ❞♦

q✉❛♥t♦ é ♣♦ssí✈❡❧ ❛♠❛r✱ ♠❡s♠♦ ❞✐st❛♥t❡✳ ◗✉❡ ♥♦s r✉♠♦s ❞❡ s✉❛s ✈✐❞❛s✱ tã♦ ❞✐❢❡r❡♥t❡s

❞♦ ♠❡✉✱ ✜q✉❡ ❡①t❡r♥❛❞♦ ❛❧❣✉♠ t✐♣♦ ❞❡ ❛❣r❛❞❡❝✐♠❡♥t♦✳

❊✉ ♥ã♦ ♣♦❞❡r✐❛ ❡sq✉❡❝❡r ❞❛q✉❡❧❡s q✉❡ ♠❡ ❡❧❡✈❛r❛♠ ❛ ❛✉t♦❡st✐♠❛ ❡ q✉❡ ♠✉✐t❛s

✈❡③❡s ♠❡ ❛❝♦❧❤❡r❛♠✳ ▼✐♥❤❛s ❛♠✐❣❛s✱ ❩❡♥❛✐❞❡ ❡ ▲♦r❛✱ ❡✉ ♥ã♦ ❝♦♥s✐❣♦ ❡♥❝♦♥tr❛r ❛❧❣♦

❡s♣❡❝í✜❝♦ ♣❛r❛ ❛❣r❛❞❡❝ê✲❧❛s✱ ♣♦r ✐ss♦✱ ❞❡ ❢♦r♠❛ ❜❡♠ ❛❜r❛♥❣❡♥t❡✱ ❛❣r❛❞❡ç♦✲❧❤❡s ♣❡❧♦

✈



s❡♥s♦ ❞❡ ❤✉♠❛♥✐❞❛❞❡ ❡ ♣♦r s❡r❡♠ ♣❡ss♦❛s ❞❡ ♣r♦❢✉♥❞❛ ❜♦♥❞❛❞❡✳

❆✐♥❞❛✱ ❡①t❡r♥♦ ♠❡✉s ❛❣r❛❞❡❝✐♠❡♥t♦s ❛♦s ❡①✲♣r♦❢❡ss♦r❡s ❡ ❝♦❧❡❣❛s ❞❛ P❯❈✲▼✐♥❛s✱

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

❝✐❛❧✱ ❛❣r❛❞❡ç♦ ❛♦s ♣r♦❢❡ss♦r❡s ➪r✐♦ ▼❛r♦✱ ❆♥❛ ▼❛r✐❛ ❇♦t❡❧❤♦✱ ▲✉❝✐❛♥❡ ❘❛♣♦s♦✱ P❛✉❧♦

❙ér❣✐♦ ▼❛rt✐♥s ❡ ❚â♥✐❛ ▼❛r✐❛ ❋❡rr❡✐r❛✳ ❆❣r❛❞❡ç♦ t❛♠❜é♠ ❛ t♦❞♦s ❞❛ Pró✲❘❡✐t♦r✐❛ ❞❡

❊①t❡♥sã♦ ♣❡❧❛s ❡①♣❡r✐ê♥❝✐❛s ❡ ❡♥s✐♥❛♠❡♥t♦s✳ ❆❧é♠ ❞❡❧❡s✱ ❡①♣r❡ss♦ ✉♠ ❛❣r❛❞❡❝✐♠❡♥t♦

❡s♣❡❝✐❛❧ ❛ ▼❛r✐❛ ▲❡tí❝✐❛ ❡ ❛♦ ❈❤✐❝♦✱ ❡①✲♦r✐❡♥t❛❞♦r❡s ❡ ❛♠✐❣♦s✱ q✉❡ ❥❛♠❛✐s ❞✉✈✐❞❛r❛♠

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

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

tã♦ ❣❡♥❡r♦s❛s✱ ❡✱ ♣♦r ✐♥ú♠❡r❛s ✈❡③❡s✱ t❡r❡♠ s✐❞♦ ❛ r❛③ã♦ ❞♦ ♠❡✉ ❡s❢♦rç♦✳

❊♠ ❞❡st❛q✉❡✱ ❛❣r❛❞❡ç♦ ❛♦ ♠❡✉ ❛♠✐❣♦ ❍❡r♦♥✱ q✉❡✱ ❞✉r❛♥t❡ t♦❞❛ ❛ ♠✐♥❤❛ ❢♦r♠❛çã♦

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

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

●♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝❡r ❛ ♠✐♥❤❛ ❢❛♠í❧✐❛✳ ❘❡③♦ s❡♠♣r❡ ❡♠ ❢♦r♠❛ ❞❡ ❛❣r❛❞❡❝✐♠❡♥t♦

❛♦s ♠❡✉s ❛✈ós✱ ❈♦♥❝❡✐çã♦ ❡ ❆❣❡♥♦r✱ ❡ ❛ ♠✐♥❤❛ q✉❡r✐❞❛ t✐❛ ❈✐❝✐✱ ♣❡ss♦❛s q✉❡ ❥❛♠❛✐s

♣♦❞❡r❡✐ ❞❡✈♦❧✈❡r t♦❞♦ ♦ ❜❡♠ q✉❡ ♠❡ ❝♦♥❝❡❞❡r❛♠✳ ❆♦ ♠❡✉ ♣❛✐✱ ♠✉✐t♦ ♦❜r✐❣❛❞♦ ♣♦r

♠❡ ♦✉✈✐r✱ ♠❡s♠♦ q✉❛♥❞♦ ❥á ♥ã♦ ❝♦♠♣r❡❡♥❞✐❛ ♠❡t❛❞❡ ❞♦ q✉❡ ❡✉ ❣♦st❛r✐❛ ❞❡ ❡①♣❧✐❝❛r✳

❖❜r✐❣❛❞♦ ♣♦r ❡♥t❡♥❞❡r ♠✐♥❤❛s tr✐st❡③❛s ❡ ❛♥❣úst✐❛s✱ ❡✱ t♦❞♦s ♦s ❞✐❛s✱ ♥❡st❛ r❡t❛ ✜♥❛❧✱

t♦r♥á✲❧❛s ♠❡♥♦r❡s✳ ❆♦ ♠❡✉ ✐r♠ã♦✱ P❡❞r♦✱ ♠✉✐t♦ ♠❛✐s ❞♦ q✉❡ ❛t❡♥çã♦ ❡ ❝❛r✐♥❤♦✱ ❣♦st❛r✐❛

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

s✉❛ ♣❛③✳

❋✐♥❛❧♠❡♥t❡✱ ❛ ♣❛rt❡ q✉❛✐sq✉❡r ♣r♦t♦❝♦❧♦s✱ ❛❣r❛❞❡ç♦ ❛ ❉❡✉s ♣♦r t❡r s❡ ♠❛♥✐❢❡st❛❞♦

❡♠ ♠✐♠✱ ❡♠ ❢♦r♠❛ ❞❡ ❝♦r❛❣❡♠ ❡ ❡s❢♦rç♦✳

✈✐



❇■❖●❘❆❋■❆

P❆❯▲❖ ❍❊◆❘■◗❯❊ ❈■❘■◆❖ ❆❘❆Ú❏❖✱ ✜❧❤♦ ❞❡ ❲❛♥❞❡r❧✐ ❏♦sé ❞❛ ❙✐❧✈❛ ❡ ❘♦s❡❧✐

❏♦r❝❡❧✐♥❛ ❞❡ ❆r❛ú❥♦✱ ♥❛s❝❡✉ ♥♦ ❞✐❛ ✷✼ ❞❡ ♦✉t✉❜r♦ ❞❡ ✶✾✽✼✱ ❡♠ ❇♦♠ ❉❡s♣❛❝❤♦ ✲ ▼✐♥❛s

●❡r❛✐s✳

❊♠ ❛❣♦st♦ ❞❡ ✷✵✵✻ ✐♥✐❝✐♦✉ ❛ ❣r❛❞✉❛çã♦ ❡♠ ❊❝♦♥♦♠✐❛ ♥❛ P♦♥t✐❢í❝✐❛ ❯♥✐✈❡rs✐❞❛❞❡

❈❛tó❧✐❝❛ ❞❡ ▼✐♥❛s ●❡r❛✐s ✭P❯❈✲▼✐♥❛s✮✱ s❡♥❞♦ ❣r❛❞✉❛❞♦ ❡♠ ❥✉❧❤♦ ❞❡ ✷✵✶✵✳

❊♠ ❛❣♦st♦ ❞❡ ✷✵✶✵ ✐♥❣r❡ss♦✉ ♥♦ ❝✉rs♦ ❞❡ ▼❡str❛❞♦ ❡♠ ❊❝♦♥♦♠✐❛ ❆♣❧✐❝❛❞❛✱ ♥♦

Pr♦❣r❛♠❛ ❞❡ Pós✲●r❛❞✉❛çã♦ ❡♠ ❊❝♦♥♦♠✐❛ ❆♣❧✐❝❛❞❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛

✭❯❋❱✮✱ ❝♦♥❝❧✉✐♥❞♦ ♦s r❡q✉✐s✐t♦s ✐♥❞✐s♣❡♥sá✈❡✐s ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ tít✉❧♦ ❞❡ ▼❛❣✐st❡r

❙❝✐❡♥t✐❛❡ ❡♠ ❛❣♦st♦ ❞❡ ✷✵✶✷✳

❊♠ ♥♦✈❡♠❜r♦ ❞♦ ♠❡s♠♦ ❛♥♦✱ ❝♦♥t✐♥✉♦✉ ♦s ❡st✉❞♦s ❞❡ ♣ós✲❣r❛❞✉❛çã♦ ❡♠ ❊❝♦♥♦✲

♠✐❛✱ ❡♠ ♥í✈❡❧ ❞❡ ❉♦✉t♦r❛❞♦✱ ♣❡❧♦ Pr♦❣r❛♠❛ ❞❡ Pós✲●r❛❞✉❛çã♦ ❡♠ ❊❝♦♥♦♠✐❛ ❆♣❧✐❝❛❞❛

❞❛ ❯❋❱✱ ❝♦♥❝❧✉✐♥❞♦ ♦s r❡q✉✐s✐t♦s ✐♥❞✐s♣❡♥sá✈❡✐s ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ tít✉❧♦ ❞❡ ❉♦❝t♦r

❙❝✐❡♥t✐❛❡ ❡♠ ❢❡✈❡r❡✐r♦ ❞❡ ✷✵✶✼✳

✈✐✐



❙❯▼➪❘■❖

❘❊❙❯▼❖ ①

❆❇❙❚❘❆❈❚ ①✐✐

✶ ■◆❚❘❖❉❯➬➹❖ ●❊❘❆▲ ✶

✶✳✶ ❖r❣❛♥✐③❛çã♦ ❞♦s ❝❛♣ít✉❧♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽

✷ ❖♥❞❛s ❞❡ ❈❛❧♦r ♥♦s ▼✉♥✐❝í♣✐♦s ❇r❛s✐❧❡✐r♦s✿ ✐❞❡♥t✐✜❝❛çã♦ ❡

❝❛r❛❝t❡r✐③❛çã♦✳ ✶✵

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

✷✳✷ ❖♥❞❛s ❞❡ ❈❛❧♦r✿ ❞❡✜♥✐çõ❡s ❡ ❝♦♥❝❡✐t♦s ♠❡t❡♦r♦❧ó❣✐❝♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹
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❤✉♠❛♥❛✱ ❡♠ ❡s♣❡❝✐❛❧ s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦r❜✐❞❛❞❡ ❡ ♠♦rt❛❧✐❞❛❞❡✳ ◆❡ss❡ ❝♦♥t❡①t♦✱ ♦ ♦❜✲

❥❡t✐✈♦ ❝❡♥tr❛❧ ❞❡st❛ t❡s❡ é ❛✈❛❧✐❛r ♦s ❡❢❡✐t♦s ❞❡ss❡s ❡①tr❡♠♦s ❝♦♥s❡❝✉t✐✈♦s ❞❡ t❡♠♣❡r❛t✉r❛

s♦❜r❡ ❛ s❛ú❞❡ ❤✉♠❛♥❛ ♥♦ ❇r❛s✐❧✳ ❖s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s ❞❡st❛ t❡s❡ ❢♦r❛♠ s❡❝❝✐♦♥❛❞♦s

❡♠ três ❝❛♣ít✉❧♦s✱ ❝♦♥❢♦r♠❡ três t❡♠át✐❝❛s ❞✐❢❡r❡♥t❡s✳ Pr✐♠❡✐r❛♠❡♥t❡✱ ❜✉s❝♦✉✲s❡ ❞❡✜♥✐r

❡ss❡s ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❡ ✐❞❡♥t✐✜❝á✲❧♦s ♥♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✱ ❞✉r❛♥t❡ ♦ ♣❡✲

rí♦❞♦ ❞❡ ✶✾✾✽ ❛ ✷✵✶✺✳ ❆ ♠❡t♦❞♦❧♦❣✐❛ ✉t✐❧✐③❛❞❛ ❜❛s❡♦✉ ❡♠ ✐♥❞✐❝❛❞♦r❡s ❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦

❡ ❧✐♠✐❛r❡s ❞❡ ❝❛❧♦r ❡①tr❡♠♦✳ ❉❡ss❛ ❢♦r♠❛✱ ✐❞❡♥t✐✜❝♦✉✲s❡ ❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ss❡s ❡✈❡♥t♦s ❡

r❡❛❧✐③♦✉✲s❡ s✉❛s ❝❛r❛❝t❡r✐③❛çõ❡s ❡♠ t❡r♠♦s ❞❡ s✉❛s ❞✉r❛çõ❡s✱ ❢r❡q✉ê♥❝✐❛s ❡ ❛♠♣❧✐t✉❞❡s✳

❖s r❡s✉❧t❛❞♦s r❡✈❡❧❛r❛♠ q✉❡ ♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s ❡♥❢r❡♥t❛♠ ❡ss❡s ❡✈❡♥t♦s ❞❡ ❢♦r♠❛

❤❡t❡r♦❣ê♥❡❛✳ ❊♠ ❡s♣❡❝í✜❝♦✱ ♦s ♠✉♥✐❝í♣✐♦s ❞❛ r❡❣✐ã♦ ❈❡♥tr♦✲♦❡st❡✱ ❞♦ ❡st❛❞♦ ❞♦ ❘✐♦

❞❡ ❏❛♥❡✐r♦ ❡ ❞♦ ❚♦❝❛♥t✐♥s ❢♦r❛♠ ❛q✉❡❧❡s ❝♦♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ♥♦t✐✜❝❛çõ❡s ❞❡ ♦♥❞❛s

❞❡ ❝❛❧♦r✳ ❊①❛t❛♠❡♥t❡ ♥❡ss❡s ♠✉♥✐❝í♣✐♦s✱ ❡ss❡s ❡✈❡♥t♦s ❢♦r❛♠ ♠❛✐s ❢r❡q✉❡♥t❡s✱ ❞✉r❛✲

❞♦✉r♦s ❡ ♠❛✐s s❡✈❡r♦s✳ ❆♣r♦①✐♠❛❞❛♠❡♥t❡ ✉♠ q✉❛rt♦ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦t✐✜❝❛❞❛s ♥♦

❇r❛s✐❧ ♣♦❞❡♠ s❡r ❝❧❛ss✐✜❝❛❞❛s ❝♦♠♦ s❡✈❡r❛s✳ ❊♠ ♠é❞✐❛✱ ❡♠ ✉♠ ♠✉♥✐❝í♣✐♦ ❜r❛s✐❧❡✐r♦

é r❡❣✐str❛❞♦ ✶ ❡✈❡♥t♦ ❞❡ ♦♥❞❛ ❞❡ ❝❛❧♦r ❝♦♠ ❞✉r❛çã♦ ♠é❞✐❛ ❞❡ ❝❡r❝❛ ❞❡ ✺ ❞✐❛s✳ ❆ s❡✲

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

♦ ❜❡♠✲❡st❛r r❡❧❛❝✐♦♥❛❞♦ ❛ s❛ú❞❡✳ ❆ ♠❡t♦❞♦❧♦❣✐❛ ❢♦✐ s❡❣r❡❣❛❞❛ ❡♠ três ❡t❛♣❛s✿ ✉♠❛

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

❞❡ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✱ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ❡ r❡s♣✐r❛tór✐♦✱ ♣♦r ♠❡✐♦

❞❡ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❝♦♠ ✈❛r✐á✈❡✐s ❞❡♣❡♥❞❡♥t❡s ❝❡♥s✉r❛❞❛s ♦✉ tr✉♥❝❛❞❛s❀ ✉♠❛ s❡✲

❣✉♥❞❛ s❡çã♦ q✉❡ ❜✉s❝❛✈❛ ❡st✐♠❛r ♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛ ✭❱❙▲✮ ❝♦♠♦ ❡str❛té❣✐❛

①



❞❡ ✈❛❧♦r❛çã♦ ❞♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❡♠ t❡r♠♦s ❞❡ ✈✐❞❛ ❤✉♠❛♥❛❀ ❡✱ ✉♠❛ ú❧t✐♠❛

s❡çã♦ q✉❡ ❛♣r❡s❡♥t❛✈❛ ♦s ❝✉st♦s ❣♦✈❡r♥❛♠❡♥t❛✐s ♦✉ s♦❝✐❛✐s ♣❛r❛ ❝♦♥t♦r♥❛r ❛s ❝♦♥s❡q✉ê♥✲

❝✐❛s ♣❛r❛ ❛ s❛ú❞❡ ❤✉♠❛♥❛ ❞❡ss❡s ❢❡♥ô♠❡♥♦s✳ ❖s r❡s✉❧t❛❞♦s r❡✈❡❧❛♠ q✉❡ ❛ ♠♦rt❛❧✐❞❛❞❡

♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s é ❛ ♠❛✐s ❛❢❡t❛❞❛ ♣♦r ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱

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

♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦

❝✐r❝✉❧❛tór✐♦ sã♦ ✺✵ r❡❛✐s ❡ ✷✱✷✹ ❝❡♥t❛✈♦s ♣♦r ❤❛❜✐t❛♥t❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆♦ ❝♦♥tr❛rí♦

❞❡ss❡s r❡s✉❧t❛❞♦s✱ ❛s ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s sã♦ ✐♥✢✉❡♥❝✐❛❞❛s ♥❡❣❛t✐✈❛♠❡♥t❡ ♣❡❧❛s ♦♥✲

❞❛s ❞❡ ❝❛❧♦r✱ ❞❡✐①❛♥❞♦ ❞❡ s❡ ❣❛st❛r ❝❡r❝❛ ❞❡ ✼ r❡❛✐s ♣♦r ❤❛❜✐t❛♥t❡ ♣❛r❛ ❝♦♥t♦r♥❛r s❡✉s

❡❢❡✐t♦s✳ ❆ ú❧t✐♠❛ ❛♥á❧✐s❡ r❡❛❧✐③❛❞❛ ♣♦r ❡ss❛ t❡s❡ ❢♦✐ s♦❜r❡ ❛ s❛ú❞❡ ✐♥❢❛♥t✐❧ ♥♦ ❇r❛s✐❧✳

❆ ✜♥❛❧✐❞❛❞❡ ❞❡st❡ ❝❛♣ít✉❧♦ ❢♦✐ ❛✈❛❧✐❛r ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦

❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣♦r ✶✷ t✐♣♦s ❞❡ ❞♦❡♥ç❛s✳ ❯t✐❧✐③♦✉✲s❡ ❝♦♠♦ ♠❡t♦❞♦❧♦❣✐❛ ♠♦❞❡❧♦s ❞❡

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

❡st❛❞✉❛✐s ❜r❛s✐❧❡✐r❛s✳ ❉❡♥tr❡ ❡❧❡s✱ ❛s ♣r✐♥❝✐♣❛✐s ❝❛✉s❛s ❞❡ ❤♦s♣✐t❛❧✐③❛çõ❡s ♣♦r ❝r✐❛♥✲

ç❛s ❞✉r❛♥t❡ ♦❝♦rrê♥❝✐❛s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r sã♦ ♣♦r ❞❡s✐❞r❛t❛çã♦✱ ❞❡s♥✉tr✐çã♦ ❡ ❞♦❡♥ç❛s

❞✐❛rr❡✐❝❛s✳ ❆❧é♠ ❞✐ss♦✱ ♦♥❞❛s ❞❡ ❝❛❧♦r t❡♥❞❡♠ ❛ r❡❞✉③✐r ♦ ♥ú♠❡r♦ ❞❡ ✐♥t❡r♥❛çõ❡s ✐♥❢❛♥✲

t✐s ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✳ ❋❛t♦r❡s ✐♥t❡r✈❡♥✐❡♥t❡s ❝♦♠♦ ♥ú♠❡r♦ ❞❡ ♠é❞✐❝♦s✱ ❣❛st♦s

❤♦s♣✐t❛❧❛r❡s✱ ✐❞❛❞❡ ❞♦s ♣❛✐s✱ r❡♥❞❛ ❢❛♠✐❧✐❛r ❡ s❛♥❡❛♠❡♥t♦ ❜ás✐❝♦ ❢♦r❛♠ s✐❣♥✐✜❝❛t✐✈♦s

♣❛r❛ ❡①♣❧✐❝❛r ❛s t❛①❛s ❞❡ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s ✐♥❢❛♥t✐s✳ ❆ s❛ú❞❡ ✐♥❢❛♥t✐❧ ❢♦✐ ♠❛✐s

❛❢❡t❛❞❛ ♣♦r ♦♥❞❛s ❞❡ ❝❛❧♦r ❡♠ ●♦✐â♥✐❛✱ ❙ã♦ P❛✉❧♦✱ P❛❧♠❛s ❡ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✳ ◆♦ ❝❛s♦

❞❡ ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s✱ ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r sã♦ ♣❛rt✐❝✉❧❛r♠❡♥t❡ ♠❛✐♦r❡s ❡♠

❝r✐❛♥ç❛s r❡❝é♠✲♥❛s❝✐❞❛s ❡ ❝♦♠ ✐❞❛❞❡ ❡♥tr❡ ✶ ❡ ✹ ❛♥♦s✳ ❖s ♣r✐♥❝✐♣❛✐s r❡s✉❧t❛❞♦s ❞❡st❡

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

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

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

♥❛ r❡❣✐ã♦ ❈❡♥tr♦✲♦❡st❡✳ ❊♠ ♠✉✐t❛s ❝✐r❝✉♥stâ♥❝✐❛s✱ ♠❡❞✐❛♥t❡ ✉♠ ❛✉♠❡♥t♦ ♥❛ ❞✉r❛çã♦

❞❡ss❡s ❡✈❡♥t♦s✱ ♦s ❡❢❡✐t♦s sã♦ tã♦ ♣❡r♥✐❝✐♦s♦s q✉❛♥t♦ ✉♠ ❛✉♠❡♥t♦ ♥❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛

♦♥❞❛ ❞❡ ❝❛❧♦r ♠❛✐s s❡✈❡r❛✳ ❉❡♥tr❡ ♦s ❣r✉♣♦s ❞❡♠♦❣rá✜❝♦s ♠❛✐s ✈✉❧♥❡rá✈❡✐s ❡stã♦ ❛s

❝r✐❛♥ç❛s✱ ♦s ✐❞♦s♦s ❡ ♦s r❡s✐❞❡♥t❡s ❞❡ ♠✉♥✐❝í♣✐♦s ❡①tr❡♠❛♠❡♥t❡ ♣♦❜r❡s✳
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✶ ❆❇❙❚❘❆❈❚

❆❘❆Ú❏❖✱ P❛✉❧♦ ❍❡♥r✐q✉❡ ❈✐r✐♥♦✱ ❉✳ ❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ❋❡❜r✉❛r②✱
✷✵✶✼✳ ❊❝♦♥♦♠✐❝ ❊ss❛②s ♦♥ ❍❡❛t✇❛✈❡s ❛♥❞ t❤❡✐r ■♠♣❛❝ts ♦♥ ❍❡❛❧t❤ ✐♥ ❇r❛③✐❧✳
❆❞✈✐s♦r✿ ❏♦sé ●✉st❛✈♦ ❋ér❡s✳

❍❡❛t ✇❛✈❡s ❛r❡ ❡①tr❡♠❡ ✇❡❛t❤❡r ❡✈❡♥ts ✐♥ ✇❤✐❝❤ t❤❡ ❛✈❡r❛❣❡ t❡♠♣❡r❛t✉r❡ ♦❢ ❛

♠✉♥✐❝✐♣❛❧✐t② ✐s ❡①❝❡ss✐✈❡❧② ❤✐❣❤ ❢♦r ❝♦♥s❡❝✉t✐✈❡ ❞❛②s✳ ❚❤❡ ♠❛✐♥ ❝♦♥s❡q✉❡♥❝❡s ♦❢ t❤❡s❡

❡✈❡♥ts ❤❛✈❡ ❛ ❞✐r❡❝t ✐♠♣❛❝t ♦♥ ❤✉♠❛♥ ❤❡❛❧t❤✱ ❝❛✉s✐♥❣ ✈❛r✐❛t✐♦♥s ✐♥ ♠♦r❜✐❞✐t② ❛♥❞

♠♦rt❛❧✐t② r❛t❡s✳ ❚❤❡ ❣❡♥❡r❛❧ ♦❜❥❡❝t✐✈❡ ♦❢ t❤✐s t❤❡s✐s ✐s t♦ ❡✈❛❧✉❛t❡ t❤❡ ❡✛❡❝ts ♦❢ t❤❡s❡

❡①❝❡ss✐✈❡❧② ❤♦t ❞❛②s ♦♥ ❤✉♠❛♥ ❤❡❛❧t❤ ✐♥ ❇r❛③✐❧✳ ❙♣❡❝✐✜❝❛❧②✱ ❞✐r❡❝t ❡✛❡❝ts ♦❢ ❤❡❛t ✇❛✈❡s

❛r❡ ❡✈❛❧✉❛t❡❞ ♦♥ t♦t❛❧ ♠♦rt❛❧✐t② ❧❡✈❡❧s ❛♥❞ ♦♥ t❤❡ ♥✉♠❜❡r ♦❢ ❤♦s♣✐t❛❧ ❛❞♠✐ss✐♦♥s ❢♦r

❝❤✐❧❞r❡♥✳ ❋✐rst❧②✱ t❤❡s❡ ❡✈❡♥ts ✇❡r❡ ❞❡✜♥❡❞ ❛♥❞ ✐❞❡♥t✐✜❡❞ ✐♥ ❇r❛③✐❧✐❛♥ ♠✉♥✐❝✐♣❛❧✐t✐❡s

❢r♦♠ ✶✾✾✽ t♦ ✷✵✶✺✳ ■♥❞✐❝❛t♦rs ♦❢ ❡①❝❡ss✐✈❡ ❤❡❛t ❛♥❞ ❡①tr❡♠❡ ❤❡❛t t❤r❡s❤♦❧❞s ✇❡r❡

✉s❡❞ ❛s ♠❡t❤♦❞♦❧♦❣②✳ ■♥ t❤✐s ✇❛②✱ t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ t❤❡s❡ ❡✈❡♥ts ✇❛s ✐❞❡♥t✐✜❡❞ ❛♥❞

t❤❡✐r ❝❤❛r❛❝t❡r✐③❛t✐♦♥s ✇❡r❡ ♣❡r❢♦r♠❡❞ ✐♥ t❡r♠s ♦❢ t❤❡✐r ❞✉r❛t✐♦♥s✱ ❢r❡q✉❡♥❝✐❡s ❛♥❞

❛♠♣❧✐t✉❞❡s✳ ❚❤❡ r❡s✉❧ts r❡✈❡❛❧❡❞ t❤❛t t❤❡ ❇r❛③✐❧✐❛♥ ♠✉♥✐❝✐♣❛❧✐t✐❡s ❢❛❝❡ t❤❡s❡ ❡✈❡♥ts ✐♥

❛ ❤❡t❡r♦❣❡♥❡♦✉s ✇❛②✳ ■♥ ♣❛rt✐❝✉❧❛r✱ t❤❡ ♠✉♥✐❝✐♣❛❧✐t✐❡s ✐♥ t❤❡ ▼✐❞✇❡st✱ ❘✐♦ ❞❡ ❏❛♥❡✐r♦

❛♥❞ ❚♦❝❛♥t✐♥s st❛t❡s ✇❡r❡ t❤♦s❡ ✇✐t❤ t❤❡ ❤✐❣❤❡st ♥✉♠❜❡r ♦❢ ❤❡❛t ✇❛✈❡ r❡♣♦rts✳ ❊①❛❝t❧②

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

❆♣♣r♦①✐♠❛t❡❧② ❛ q✉❛rt❡r ♦❢ t❤❡ ❤❡❛t ✇❛✈❡s r❡♣♦rt❡❞ ✐♥ ❇r❛③✐❧ ❝❛♥ ❜❡ ❝❧❛ss✐✜❡❞ ❛s

s❡✈❡r❡✳ ❖♥ ❛✈❡r❛❣❡✱ ✐♥ ❛ ❇r❛③✐❧✐❛♥ ♠✉♥✐❝✐♣❛❧✐t②✱ ✶ ❤❡❛t ✇❛✈❡ ❡✈❡♥t ✇✐t❤ ❛♥ ❛✈❡r❛❣❡

❞✉r❛t✐♦♥ ♦❢ ❛❜♦✉t ✹ ❞❛②s ✐s r❡❝♦r❞❡❞✳ ❚❤❡ s❡❝♦♥❞ ❛♣♣r♦❛❝❤ ♦❢ t❤✐s t❤❡s✐s s♦✉❣❤t t♦

r❡❧❛t❡ t❤❡s❡ ❤❡❛t✇❛✈❡s ❡✈❡♥ts ✇✐t❤ t❤❡ ✇❡❧❧✲❜❡✐♥❣ r❡❧❛t❡❞ t♦ ❤❡❛❧t❤✳ ❚❤❡ ♠❡t❤♦❞♦❧♦❣②

✇❛s s❡❣r❡❣❛t❡❞ ✐♥t♦ t❤r❡❡ st❛❣❡s✿ ❛ ✜rst s❡❝t✐♦♥ t❤❛t ❡①❛♠✐♥❡❞ t❤❡ ❡✛❡❝ts ♦❢ ❤❡❛t

✇❛✈❡s ♦♥ ♠♦rt❛❧✐t② r❛t❡s ♦❢ ✐♥❢❡❝t✐♦✉s ❛♥❞ ♣❛r❛s✐t✐❝ ❞✐s❡❛s❡s ♦❢ t❤❡ ❝✐r❝✉❧❛t♦r② ❛♥❞

r❡s♣✐r❛t♦r② s②st❡♠✱ t❤r♦✉❣❤ r❡❣r❡ss✐♦♥ ♠♦❞❡❧s ✇✐t❤ ❝❡♥s♦r❡❞ ♦r tr✉♥❝❛t❡❞ ❞❡♣❡♥❞❡t

✈❛r✐❛❜❧❡s❀ ❛ s❡❝♦♥❞ s❡❝t✐♦♥ t❤❛t s♦✉❣❤t t♦ ❡st✐♠❛t❡ t❤❡ st❛t✐st✐❝❛❧ ♦❢ ✈❛❧✉❡ ♦❢ ❧✐❢❡ ✭❱❙▲✮

❛♥❞ ❡✈❛❧✉❛t✐♦♥ str❛t❡❣② ♦❢ t❤❡ ❡✛❡❝ts ♦❢ ❤❡❛t ✇❛✈❡s✱ ✐♥ t❡r♠s ♦❢ ❤✉♠❛♥ ❧✐❢❡❀ ❛♥❞ ❛ ✜♥❛❧

s❡❝t✐♦♥ t❤❛t ❤❛❞ t❤❡ ❣♦✈❡r♥♠❡♥t ♦r s♦❝✐❛❧ ❝♦st t♦ ❡✈❛❞❡ t❤❡ ❝♦♥s❡q✉❡♥❝❡s t♦ ❤✉♠❛♥
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❤❡❛❧t❤ ♦❢ t❤❡s❡s ♣❤❡♥♦♠❡♥❛✳ ❚❤❡ r❡s✉❧ts r❡✈❡❛❧ t❤❛t t❤❡ ♠♦rt❛❧✐t② ❢r♦♠ ✐♥❢❡❝t✐♦✉s ❛♥❞

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

❛♥❞ t❤❡ ❡❧❞❡r❧②✳ ❚❤❡ ❛✈❡r❛❣❡ ❝♦st t♦ ❝✐r❝✉♠✈❡♥t t❤❡ ❡✛❡❝ts ♦❢ ❤❡❛t ✇❛✈❡s ♦♥ ♠♦rt❛❧✐t②

❢r♦♠ ✐♥❢❡❝t✐♦✉s ❛♥❞ ♣❛r❛s✐t✐❝ ❞✐s❡❛s❡s ❛♥❞ t❤❡ ❝✐r❝✉❧❛t♦r② s②st❡♠ ❛r❡ ✸✺ r❡❛✐s ❛♥❞ ✹✵

❝❡♥ts ♣❡r ❝❛♣✐t❛✱ r❡s♣❡❝t✐✈❡❧②✳ ■♥ ❝♦♥tr❛st t♦ t❤❡s❡ r❡s✉❧ts✱ r❡s♣✐r❛t♦r② ❞✐s❡❛s❡s ❛r❡

♥❡❣❛t✐✈❡❧② ✐♠♣❛❝t❡❞ ❜② ❤❡❛t ✇❛✈❡s✱ ❧❡❛✈✐♥❣ t♦ s♣❡♥❞ ❛❜♦✉t ✸✱✺ r❡❛✐s ♣❡r ✐♥❤❛❜✐t❛♥t t♦

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

❝❤✐❧❞r❡♥ ✐♥ ❇r❛③✐❧✳ ❚❤❡ ♣✉r♣♦s❡ ♦❢ t❤✐s ❝❤❛♣t❡r ✇❛s t♦ ❡✈❛❧✉❛t❡ t❤❡ ❡✛❡❝ts ♦❢ ❤❡❛t ✇❛✈❡s

♦♥ ❤♦s♣✐t❛❧ ❛❞♠✐ss✐♦♥s ❢♦r ✶✷ t②♣❡s ♦❢ ❞✐s❡❛s❡s✳ ❚❤❡ ♠❡t❤♦❞♦❧♦❣② ✉s❡❞ ✇❛s ❝♦✉♥t✐♥❣

♠♦❞❡❧s ❢♦r ♣❛♥❡❧ ❞❛t❛✳ ❚❤❡ r❡s✉❧ts ✇❡r❡ ❣❡♥❡r❛t❡❞ ❢♦r ❛❧❧ ❇r❛③✐❧✐❛♥ st❛t❡ ❝❛♣✐t❛❧s✳

❆♠♦♥❣ t❤❡♠✱ t❤❡ ♠❛✐♥ ❝❛✉s❡s ♦❢ ❤♦s♣✐t❛❧✐③❛t✐♦♥s ❜② ❝❤✐❧❞r❡♥ ❞✉r✐♥❣ ♦❝❝✉rr❡♥❝❡s ♦❢

❤❡❛t ✇❛✈❡s ❛r❡ ❞✉❡ t♦ ❞❡❤②❞r❛t✐♦♥✱ ♠❛❧♥✉tr✐t✐♦♥ ❛♥❞ ❞✐❛rr❤❡❛❧ ❞✐s❡❛s❡s✳ ■♥ ❛❞❞✐t✐♦♥✱

❤❡❛t ✇❛✈❡s t❡♥❞ t♦ r❡❞✉❝❡ t❤❡ ♥✉♠❜❡r ♦❢ ✐♥❢❛♥t ❤♦s♣✐t❛❧✐③❛t✐♦♥s ❞✉❡ t♦ r❡s♣✐r❛t♦r②

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

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

❛❞♠✐ss✐♦♥s ❢♦r ❝❤✐❧❞r❡♥✳ ❈❤✐❧❞ ❤❡❛❧t❤ ✇❛s ♠♦r❡ ❛✛❡❝t❡❞ ❜② ❤❡❛t ✇❛✈❡s ✐♥ ●♦✐â♥✐❛✱ ❙ã♦

P❛✉❧♦✱ P❛❧♠❛s ❛♥❞ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✳ ■♥ t❤❡ ❝❛s❡ ♦❢ ❞✐❛rr❤❡❛❧ ❞✐s❡❛s❡s✱ t❤❡ ❡✛❡❝ts ♦❢ ❤❡❛t

✇❛✈❡s ❛r❡ ♣❛rt✐❝✉❧❛r❧② ❣r❡❛t❡r ✐♥ ♥❡✇❜♦r♥ ✐♥❢❛♥ts ❛♥❞ ❛❣❡❞ ❜❡t✇❡❡♥ ✶ ❛♥❞ ✹ ②❡❛rs✳

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

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

♣❛r❡♥t❛❧ s❝❤♦♦❧✐♥❣✱ ✐s s✐❣♥✐✜❝❛♥t✳ ❚❤❡ ❡✛❡❝ts ❛r❡ ❡s♣❡❝✐❛❧❧② ❣r❡❛t❡r ✐♥ t❤❡ ❝❛♣✐t❛❧s ♦❢

t❤❡ ▼✐❞✇❡st✳ ■♥ ♠❛♥② ❝✐r❝✉♠st❛♥❝❡s✱ ❜② ✐♥❝r❡❛s✐♥❣ t❤❡ ❞✉r❛t✐♦♥ ♦❢ t❤❡s❡ ❡✈❡♥ts✱ t❤❡

❡✛❡❝ts ❛r❡ ❛s ♣❡r♥✐❝✐♦✉s ❛s ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ✐♥t❡♥s✐t② ♦❢ t❤❡ ♠♦r❡ s❡✈❡r❡ ❤❡❛t ✇❛✈❡✳

❆♠♦♥❣ t❤❡ ♠♦st ✈✉❧♥❡r❛❜❧❡ ❞❡♠♦❣r❛♣❤✐❝ ❣r♦✉♣s ❛r❡ ❝❤✐❧❞r❡♥✱ t❤❡ ❡❧❞❡r❧② ❛♥❞ r❡s✐❞❡♥ts

♦❢ ❡①tr❡♠❡❧② ♣♦♦r ♠✉♥✐❝✐♣❛❧✐t✐❡s✳

①✐✐✐



✶ ■◆❚❘❖❉❯➬➹❖ ●❊❘❆▲

❖♥❞❛s ❞❡ ❝❛❧♦r sã♦ ❢❡♥ô♠❡♥♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s✱ ❛ss✐♠ ❝♦♠♦ ❢✉r❛❝õ❡s✱ ✐♥✉♥❞❛✲

çõ❡s✱ ❣❡❛❞❛s✱ ♦♥❞❛s ❞❡ ❢r✐♦ ❡ ♦✉tr♦s ❢❡♥ô♠❡♥♦s ❝❧✐♠át✐❝♦s q✉❡ ❛❝♦♥t❡❝❡♠ ❡♠ ♣❡rí♦❞♦s

✐♥t❡r✲❛♥✉❛✐s ✭▼❛r❡♥❣♦ ❡t ❛❧✳✱ ✷✵✵✾✮✳ ❊ss❡s ❡✈❡♥t♦s sã♦ t✐♣✐❝❛♠❡♥t❡ ❞❡✜♥✐❞♦s ❝♦♠♦ ✉♠

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

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

❛❜r✉♣t❛s✱ ❡❧❡s ❝♦♠♣r♦♠❡t❡♠ ❛ s❛ú❞❡ ❤✉♠❛♥❛ ✭P❡③③❛ ❡t✳ ❛❧✳✱ ✷✵✶✷❀ ❉❡s❝❤ê♥❡s ❡ ●r❡✲

❡♥st♦♥❡✱ ✷✵✶✶✮✳

◆❡ss❛ ♣❡rs♣❡❝t✐✈❛✱ ❞❡✜♥❡✲s❡ q✉❡ ❡♠ ✉♠ ♠✉♥í❝✐♣✐♦ ♦✉ ♥✉♠❛ ❧♦❝❛❧✐❞❛❞❡ ✐♥❝✐❞❛ ✉♠❛

♦♥❞❛ ❞❡ ❝❛❧♦r q✉❛♥❞♦ ❛ s✉❛ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❞✐ár✐❛ ❡①❝❡❞❡r ✉♠ ❤✐stór✐❝♦ ❞❛s s✉❛s

♠❛✐s ❡❧❡✈❛❞❛s t❡♠♣❡r❛t✉r❛s ♦❜s❡r✈❛❞❛s✱ ♣♦r ✉♠ ♣❡rí♦❞♦ ♠í♥✐♠♦ ❞❡ três ❞✐❛s ❝♦♥s❡❝✉t✐✲

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

♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ s❛ú❞❡ ❤✉♠❛♥❛✱ ❛✜♥❛❧ ❡❧❛ ❧❡✈❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦ q✉❡ ✉♠❛ ♦♥❞❛

❞❡ ❝❛❧♦r ✈❛✐ ♠✉✐t♦ ❛❧é♠ ❞❡ ✉♠ ❞✐❛ ❛tí♣✐❝♦ ❞❡ ❡❧❡✈❛❞❛s t❡♠♣❡r❛t✉r❛s✱ ♠❛s ❢❡♥ô♠❡♥♦s

♣❡rs✐st❡♥t❡s ♣♦r ❞✐❛s ❝♦♥s❡❝✉t✐✈♦s✳

❊ss❡s ❡✈❡♥t♦s sã♦ ♥♦t✐✜❝❛❞♦s ❡♠ ❞✐✈❡rs♦s ♣❛ís❡s ❞❛ ❊✉r♦♣❛✱ ➪s✐❛ ❡ ❖❝❡❛♥✐❛✳ ◆♦

✈❡rã♦ ❞❡ ✷✵✵✸✱ ❞✉r❛♥t❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r ❝♦♠ ❞✉r❛çã♦ ❞❡ ✶✺ ❞✐❛s ❢♦r❛♠ r❡❣✐str❛❞♦s

❡♠ t♦r♥♦ ❞❡ ✼✵ ♠✐❧ ♠♦rt♦s✱ ❡♠ P♦rt✉❣❛❧✱ ■tá❧✐❛✱ ❆❧❡♠❛♥❤❛ ❡✱ ❡s♣❡❝✐❛❧♠❡♥t❡✱ ♥❛ ❋r❛♥ç❛

✭▼❛rt♦✱ ✷✵✵✺❀ ❋♦✉❧✐❡tt ❡t ❛❧✳✱ ✷✵✵✽✮✳ ❆❧❣✉♥s ❛✉t♦r❡s ❛❧❡❣❛♠ q✉❡✱ ♥❡ss❡s ♣❛ís❡s✱ é

❝♦♠✉♠ ❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ss❡s ♣❡rí♦❞♦s ❡①❝❡ss✐✈❛♠❡♥t❡ q✉❡♥t❡s✱ ♠❛s✱ ♥♦s ú❧t✐♠♦s ❛♥♦s✱

❡❧❡s t❡♠ s❡ t♦r♥❛❞♦ ♠❛✐s ❢r❡q✉❡♥t❡s✱ ❞✉r❛❞♦✉r♦s ❡ ✐♥t❡♥s♦s ✭❍❛❥❛tt ❡t ❛❧✱ ✷✵✵✺✮✳ ◆♦s

❊st❛❞♦s ❯♥✐❞♦s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❈❡♥tr♦ ♣❛r❛ ❈♦♥tr♦❧❡ ❞❡ ❉♦❡♥ç❛s ❡ Pr❡✈❡♥çã♦ ✭❈❉❈✮✱

s♦♠❡♥t❡ ♥♦s ❛♥♦s q✉❡ ❝♦♠♣r❡❡♥❞❡♠ ♦ ♣❡rí♦❞♦ ❞❡ ✶✾✼✾ ❛ ✶✾✾✾✱ ✽✳✵✵✵ ó❜✐t♦s ❢♦r❛♠

❛tr✐❜✉í❞♦s ❛ ♦♥❞❛s ❞❡ ❝❛❧♦r✳ ❖✉tr♦ ❡✈❡♥t♦ r❡❝❡♥t❡ ❢♦✐ ♦❜s❡r✈❛❞♦ ♥❛ ❆✉strá❧✐❛ ❡♠ ✷✵✵✾✱

s❡❣✉♥❞♦ ♦ ❈♦♥s❡❧❤♦ ❈❧✐♠át✐❝♦ ❞❛ ❆✉strá❧✐❛ ✭❈❈❆✱ ✷✵✶✹✮ ❢♦r❛♠ ❞✐❛s ❝♦♥s❡❝✉t✐✈♦s ❝♦♠

t❡♠♣❡r❛t✉r❛s s✉♣❡r✐♦r❡s ❛ 45oC ❡♠ ❞✐✈❡rs❛s ❝✐❞❛❞❡s✳ ❆s ❝♦♥s❡q✉ê♥❝✐❛s ❢♦r❛♠ ✸✼✹

♠♦rt❡s ❡ ♠❛✐s ❞❡ ✷✳✺✵✵ r❡❣✐str♦s ❞❡ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ✐♥❢♦r♠❛çõ❡s ❞♦ ■♥st✐t✉t♦ ◆❛❝✐♦♥❛❧ ❞❡ ▼❡t❡♦r♦❧♦❣✐❛ ✭■◆▼❊❚✱ ✷✵✶✺✮✱

✶



❡♠ ❝✐❞❛❞❡s ❝♦♠♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦ ❡ ❙ã♦ P❛✉❧♦✱ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r sã♦ ❡✈❡♥t♦s tí♣✐❝♦s ❞♦

✈❡rã♦✳ ❍✐st♦r✐❝❛♠❡♥t❡✱ ❛ ♠❛✐s r✐❣♦r♦s❛ ♦♥❞❛ ❞❡ ❝❛❧♦r ♥♦t✐✜❝❛❞❛ ♥♦ ❇r❛s✐❧ ❢♦✐ ❡♠ ✶✾✽✹✱

♥♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✳ ❉✉r❛♥t❡ ❡ss❡ ❡✈❡♥t♦✱ ❛s t❡♠♣❡r❛t✉r❛s ♦❜s❡r✈❛❞❛s s✉♣❡r❛r❛♠ 40oC

♣♦r ❞✐❛s ❝♦♥s❡❝✉t✐✈♦s✳ ❖✉tr♦ ❡✈❡♥t♦ ❛tí♣✐❝♦ ❢♦✐ ✐❞❡♥t✐✜❝❛❞♦ ♥♦ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✱

❡♠ ✷✵✵✸✱ ❡♣✐só❞✐♦ ♥♦ q✉❛❧ ❛s t❡♠♣❡r❛t✉r❛s s✉♣❡r❛r❛♠ 39oC ♣♦r ✉♠❛ s❡♠❛♥❛✳ ❆♣❡s❛r

❞❡ss❛s ❡✈✐❞ê♥❝✐❛s ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ss❡s ❢❡♥ô♠❡♥♦s ♥♦ ❇r❛s✐❧✱ ♥ã♦ ❢♦r❛♠ ❡♥❝♦♥tr❛❞♦s

r❡s✉❧t❛❞♦s ❡♠♣ír✐❝♦s ❞❛ ✐♥✢✉ê♥❝✐❛ ❞❡ss❡s ❡♣✐só❞✐♦s s♦❜r❡ ❛ ❡❝♦♥♦♠✐❛✱ t❛♠♣♦✉❝♦ s♦❜r❡

❛ s❛ú❞❡✳

❙❡❣✉♥❞♦ ❈♦♥❢❛❧♦♥✐❡r✐ ❡ ▼❡♥♥❡ ✭✷✵✵✼✮✱ ♦ ❝❧✐♠❛ ❛❢❡t❛ ❛ s❛ú❞❡ ❤✉♠❛♥❛ ✈✐❛ três ♠❡✲

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

❞✐r❡t♦s ❞❡ ❡♣✐só❞✐♦s ❞❡ ❡①tr❡♠♦s ❝❧✐♠át✐❝♦s s♦❜r❡ ❛ ✜s✐♦❧♦❣✐❛ ❤✉♠❛♥❛✳ ❖ s❡❣✉♥❞♦ tr❛t❛

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

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

♠❡♥t❡✱ s♦❜r❡ ❛ s❡❣✉r❛♥ç❛ ❛❧✐♠❡♥t❛r✳ ❖ ú❧t✐♠♦ ♠❡❝❛♥✐s♠♦ r❡❝❛✐ s♦❜r❡ ♦s ❡❢❡✐t♦s ❞♦ ❝❧✐♠❛

s♦❜r❡ ♦s ♣r♦❝❡ss♦s s♦❝✐❛✐s✱ t❛✐s ❝♦♠♦ ♦s ✢✉①♦s ♠✐❣r❛tór✐♦s ❡ s✉❛s ❝♦♥s❡q✉ê♥❝✐❛s s♦❜r❡ ❛

✐♥❢r❛❡str✉t✉r❛ ✉r❜❛♥❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❙♦✉③❛ ❡t ❛❧✳ ✭✷✵✶✸✮✱ ♦s ❢❛t♦r❡s ❝❧✐♠át✐❝♦s ❛❢❡t❛♠

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

◗✉❛♥❞♦ ♦r❣❛♥✐s♠♦s ❤✉♠❛♥♦s sã♦ ❡①♣♦st♦s ❛ ❛❧t❛s t❡♠♣❡r❛t✉r❛s ❤á ✉♠ ❛✉♠❡♥t♦

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

❝♦♥❞✉③✐♥❞♦ ❛ s✐♥t♦♠❛s t❡r♠♦r❡❣✉❧❛tór✐♦s ❝♦♠♦ s✉♦r ❡ tr❡♠♦r✳ ❊♠ ❞✐❛s ❞❡ ♦♥❞❛s ❞❡ ❝❛✲

❧♦r✱ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ r❡❣✉❧❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❝♦r♣♦r❛❧ ❛✉♠❡♥t❛✱ ✐♠♣♦♥❞♦ ✉♠❛ t❡♥sã♦

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

♥♦s ♥í✈❡✐s ❞❡ ✈✐s❝♦s✐❞❛❞❡ ❡ ❝♦❧❡st❡r♦❧ ❞♦ s❛♥❣✉❡✳ ❊①❛t❛♠❡♥t❡ ♣♦r ✐ss♦✱ ❡①❝❡ss♦s ❞❡ ♠♦r✲

t❛❧✐❞❛❞❡ ❡ ❤♦s♣✐t❛❧✐③❛çõ❡s ♣♦❞❡♠ ❡st❛r r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ❡♣✐só❞✐♦s ❞❡ ❝❛❧♦r ❡①tr❡♠♦✱

♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❡❧❛s ❞♦❡♥ç❛s ❞♦s s✐st❡♠❛s ♠❡♥❝✐♦♥❛❞♦s✶✳ ❙♦❜r❡ ❛ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ❤✉✲

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

✶❆❧é♠ ❞❛s ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✱ ❡♠ ❞✐❛s ❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦✱ ♦r❣❛♥✐s♠♦s
❤✉♠❛♥♦s t♦r♥❛♠✲s❡ ♠❛✐s s❡♥sí✈❡✐s✱ ❛♣r❡s❡♥t❛♥❞♦ s✐st❡♠❛s ✐♠✉♥♦❧ó❣✐❝♦s ♠❛✐s ✈✉❧♥❡rá✈❡✐s✳ P♦rt❛♥t♦✱
❝♦♠♦ ✉♠ ❡①❡♠♣❧♦✱ s✐♥t♦♠❛s ❞❡ ❞❡s✐❞r❛t❛çã♦ ❡ ❛❧t❛ ♣r❡ssã♦ ❛rt❡r✐❛❧ s♦♠❛❞♦s ❛ ♦✉tr♦s s✐♥t♦♠❛s ❞❡
❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s t♦r♥❛♠ ♦s ✐♥❞✐✈í❞✉♦s ♠❛✐s s✉s❝❡♣tí✈❡✐s ❛ ❤♦s♣✐t❛❧❛③❛çõ❡s ❡ ❝✉✐❞❛❞♦s ♠é❞✐❝♦s✳

✷



❡♥q✉❛♥t♦ ✐❞♦s♦s ❛♣r❡s❡♥t❛♠ s✐st❡♠❛s t❡r♠♦rr❡❣✉❧❛❞♦r❡s ❝♦♠♣r♦♠❡t✐❞♦s✳ P♦r ❡ss❡s ♠♦✲

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

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

❡❧❡✈❛❞❛s✳

❆ ❧✐t❡r❛t✉r❛ q✉❡ r❡❧❛❝✐♦♥❛ ♦s ❡❢❡✐t♦s ❞♦ ❝❧✐♠❛ s♦❜r❡ ❛ s❛ú❞❡ ❤✉♠❛♥❛✱ ❡♠ ❣❡r❛❧✱

❛♥❛❧✐s❛♠ s❡ ❡①❝❡ss♦s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❡stã♦ ❛ss♦❝✐❛❞♦s às ✈❛r✐❛çõ❡s ❞❡ t❡♠♣❡r❛t✉r❛✳ ❖s

♣r✐♠❡✐r♦s ❡st✉❞♦s ❡❝♦♥ô♠✐❝♦s q✉❡ r❡❧❛❝✐♦♥❛✈❛♠ ❛s♣❡❝t♦s ❝❧✐♠át✐❝♦s ❡ ❛ s❛ú❞❡ ❤✉♠❛♥❛

❝♦♥❝❧✉ír❛♠ q✉❡ ♦s ♥í✈❡✐s ❣❡r❛✐s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❡st❛✈❛♠ ❛ss♦❝✐❛❞♦s ❛ ♦♣r❡ss✐✈❛s ♠❛ss❛s

❞❡ ❛r✱ ❛✉♠❡♥t♦s ♥❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❛s t❡♠♣❡r❛t✉r❛s ♠í♥✐♠❛s ❞✐ár✐❛s ♥♦ ✈❡rã♦✱ ❛✉♠❡♥t♦s

♥❛s t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛s ❞✐ár✐❛s ❡ ❡♣✐só❞✐♦s ❞❡ ❝❛❧♦r ❡①tr❡♠♦ ❬❑❛❧❦st❡✐♥ ❛♥❞ ●r❡❡♥❡✱

✶✾✾✼❀ ❈❤❡st♥✉t ❡t ❛❧✳✱ ✶✾✾✽❪✳ ❊ss❛s ♣r✐♠❡✐r❛s ❡✈✐❞ê♥❝✐❛s ❢♦r❛♠ ❡♥❝♦♥tr❛❞❛s ♣❛r❛ ♦

s✉❞❡st❡ ❞♦s ❊st❛❞♦s ❯♥✐❞♦s✱ ♣♦r ♠❡✐♦ ❞❡ r❡❣r❡ssõ❡s ❡♠ ♣❛✐♥❡❧✱ ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✻✹ ❛

✶✾✾✵✳

❈♦♠ ♦ ♠❡s♠♦ ♣r♦♣ós✐t♦✱ P✐✈❡r ❡t ❛❧✳ ✭✶✾✾✾✮ ❡ ❨❡ ❡t ❛❧✳ ✭✷✵✵✶✮ ❡st✉❞❛r❛♠ ✉♠❛

♣♦ssí✈❡❧ r❡❧❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛ ❞✐ár✐❛ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ❡♠❡r❣ê♥❝✐❛s ❤♦s♣✐✲

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

♣❛✐♥❡❧ ❞✐♥â♠✐❝♦s ❝♦♥tr♦❧❛❞♦s ♣♦r ♥í✈❡✐s ❞❡ ♣♦❧✉✐çã♦✱ ❛s t❡♠♣❡r❛t✉r❛s ♠á①✐♠❛s ❞✐ár✐❛s

♥ã♦ ❡st❛✈❛♠ ❛ss♦❝✐❛❞❛s ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ❡♠❡r❣ê♥❝✐❛s ♥♦t✐✜❝❛❞❛s ♣❡❧♦s ❤♦s♣✐t❛✐s✳

❆✐♥❞❛✱ s❡♠ ♥❡♥❤✉♠❛ ❞❡✜♥✐çã♦ s♦❜r❡ ✉♠❛ ♠étr✐❝❛ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❡✈❡♥t♦s ❞❡

♦♥❞❛s ❞❡ ❝❛❧♦r ❡ ♦♥❞❛s ❞❡ ❢r✐♦✱ ♦ ❡①❝❡ss♦ ❞❡ ♠♦rt❛❧✐❞❛❞❡ t❛♠❜é♠ ❢♦✐ r❡❧❛❝✐♦♥❛❞♦ ❛ ❛❧t♦s

❡ ❜❛✐①♦s ♥í✈❡✐s ❞❡ t❡♠♣❡r❛t✉r❛s ❬❇r❛❣❛ ❡t ❛❧✳✱ ✷✵✵✶❀ ❈✉rr✐❡r♦ ❡t ❛❧✳✱ ✷✵✵✷❀ ❙❝❤❛rt③ ❡t

❛❧✳✱ ✷✵✵✹❪✳ ❖s ❛✉t♦r❡s ✈❡r✐✜❝❛r❛♠ ❡❢❡✐t♦s s✐❣♥✐✜❝❛t✐✈♦s ❞❡ ❡♣✐só❞✐♦s ❞❡ ❝❛❧♦r ❡ ❢r✐♦ s♦❜r❡

♦ ❡①❝❡ss♦ ❞❡ ♠♦rt❛❧✐❞❛❞❡✱ ❡♠ ✶✷ ❝✐❞❛❞❡s ❞♦ ❧❡st❡ ❞♦s ❊st❛❞♦s ❯♥✐❞♦s✳ ■♥❝❧✉s✐✈❡✱ ♦s

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

❝❛❧♦r ❡①❡r❝✐❛ ✉♠ ❡❢❡✐t♦ ❛♥t❡❝✐♣❛çã♦ ✭✧❤❛r✈❡st✐♥❣ ❡✛❡❝t✧✮✳✷

✷❆ r❡❧❛çã♦ ❡♥tr❡ ❝❧✐♠❛ ❡ s❛ú❞❡ ❤✉♠❛♥❛ é r❡s❣✉❛r❞❛❞❛ ❞❡ ✉♠❛ ❞✐♥â♠✐❝❛ ❝♦♠♣❧❡①❛✱ ❞❡ t❛❧ ♠♦❞♦ q✉❡
♦s ❡❢❡✐t♦s ❡①tr❛♣♦❧❛♠ ♦ ❧♦♥❣♦ ♣r❛③♦✱ ❡ ♠✉✐t♦s ❞❡❧❡s sã♦ ❞❡ ❝✉rt♦ ♣r❛③♦✳ ❯♠ ❡①❡♠♣❧♦ s❡r✐❛ ♦s ❡❢❡✐t♦s
❞❡ ✉♠ ❞✐❛ ❡①❝❡ss✐✈❛♠❡♥t❡ q✉❡♥t❡ ❝❛♣❛③ ❞❡ ❡❧❡✈❛r ✐♠❡❞✐❛t❛♠❡♥t❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡✱ ❡♥tr❡t❛♥t♦✱
♥♦s ❞✐❛s ♣♦st❡r✐♦r❡s✱ ♦❜s❡r✈❛✲s❡ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ❞❡ss❛s t❛①❛s✱ ♥✉♠❛ ♠❛❣♥✐t✉❞❡ ❝❛♣❛③ ❞❡ ❝♦♠♣❡♥s❛r
❛ ❡❧❡✈❛çã♦ ❛♥t❡r✐♦r✳ ❊ss❡ ❢❛t♦ é ❡①♣❧✐❝❛❞♦ ♣♦r q✉❡ ❛❧t❛s t❡♠♣❡r❛t✉r❛s ❛❢❡t❛♠ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛q✉❡❧❡s
✐♥❞✐✈í❞✉♦s ❝♦♠ ❡st❛❞♦ ❞❡ s❛ú❞❡ ♠❛✐s ♣r❡❝ár✐♦✱ q✉❡ ❞❡ q✉❛❧q✉❡r ❢♦r♠❛ t❡r✐❛♠ ♠♦rr✐❞♦ ❞✐❛s✱ s❡♠❛♥❛s
♦✉ ♠❡s❡s ❞❡♣♦✐s ✭❙♦✉③❛ ❡t ❛❧✳✱ ✷✵✶✸✮✳ ❊ss❡ ❡❢❡✐t♦ é ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❞❡s❧♦❝❛♠❡♥t♦ ♦✉ ❛♥t❡❝✐♣❛çã♦ ❞❛s
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❯♠ ❞♦s ♣r✐♠❡✐r♦s ❡st✉❞♦s ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ❡❝♦♥ô♠✐♠❝❛ s♦❜r❡ ❡❢❡✐t♦s ❞♦

❝❧✐♠❛ ♥❛ ♠♦rt❛❧✐❞❛❞❡ ♣❛r❛ ♦ ❇r❛s✐❧✱ ❢♦✐ ♦ ❡❧❛❜♦r❛❞♦ ♣♦r ●♦✉✈❡✐❛ ❡t ❛❧✳ ✭✷✵✵✸✮✳ P♦r ♠❡✐♦

❞❡ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ♣❛r❛ ❞❛❞♦s ❝♦♥t❛❞♦s ✭P♦✐ss♦♥✮✱ ♦s ❛✉t♦r❡s ❛♥❛❧✐s❛r❛♠ ❞❛❞♦s ❞❡

t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❞✐ár✐❛ ❡ ♥í✈❡✐s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞❛ ❝✐❞❛❞❡ ❞❡ ❙ã♦ P❛✉❧♦✱ ♥♦ ♣❡rí♦❞♦

❞❡ ✶✾✾✶✲✶✾✾✹✳ ❖ ♣r✐♥❝✐♣❛❧ r❡s✉❧t❛❞♦ r❡✈❡❧❛ q✉❡ t❡♠♣❡r❛t✉r❛s ❝❛❞❛ ✈❡③ ♠❛✐s q✉❡♥t❡s

♦✉ ❢r✐❛s ❡stã♦ ❛ss♦❝✐❛❞❛s ❝♦♠ ❡①❝❡ss♦s ♥♦s ♥í✈❡✐s ❣❡r❛✐s ❞❡ ♠♦rt❛❧✐❞❛❞❡✱ s❡♠ ❞✐st✐♥çã♦

♣♦r st❛t✉s só❝✐♦❡❝♦♥ô♠✐❝♦✳ ❍❛❥❥❛t ❡t ❛❧✳ ✭✷✵✵✺✮ t❛♠❜é♠ ❝♦♥st❛t♦✉ q✉❡ t❡♠♣❡r❛t✉r❛s

♠é❞✐❛s s✉♣❡r✐♦r❡s ❛ 20oC ❡stã♦ ❛ss♦❝✐❛❞❛s ❝♦♠ ❡①❝❡ss♦s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♥❛ ❝✐❞❛❞❡ ❞❡

❙ã♦ P❛✉❧♦✱ ❡♥tr❡t❛♥t♦✱ ❡♠ t❡r♠♦s ❝♦♠♣❛r❛t✐✈♦s✱ ❡ss❡ ❡❢❡✐t♦ é s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ s✉♣❡r✐♦r

❡♠ ❉❡❧❤✐ ❡ ✐♥❢❡r✐♦r ❡♠ ▲♦♥❞r❡s✳

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

♣❛r❛ ❡ss❡s ❡✈❡♥t♦s ♥♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦✱ ❝♦♠ ♠♦rt❛❧✐❞❛❞❡ ❝♦♠♦ ✈❛r✐á✈❡❧ ❞❡♣❡♥✲

❞❡♥t❡✱ ❢♦✐ ♦ ❞❡ ❍❛❥❥❛t ❡t ❛❧✳ ✭✷✵✵✻✮✳ ❊ss❡s ✐♥❞✐❝❛❞♦r❡s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❡r❛♠ ❝♦♥str✉í✲

❞♦s ❛ ♣❛rt✐r ❞❛ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❞✐ár✐❛ ❡ ✉♠ ❧✐♠✐❛r ❞❡ t♦❧❡râ♥❝✐❛ ✸✳ ❖s r❡s✉❧t❛❞♦s

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

q✉❡♥t❡s ♣r♦♠♦✈❡♠ ❛✉♠❡♥t♦s s✐❣♥✐✜❝❛t✐✈♦s ♥♦s ♥í✈❡✐s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞❡ 5, 5%, 8, 7% ❡

12, 5% ♣❛r❛ ▲♦♥❞r❡s✱ ❇✉❞❛♣❡st❡ ❡ ▼✐❧ã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❋♦✉❧❧✐❡t ❡t ❛❧✳ ✭✷✵✵✽✮ t❛♠❜é♠ ❡st✉❞❛r❛♠ ♦s ❡❢❡✐t♦s ❡s♣❡❝í✜❝♦s ❞❛ ♦♥❞❛ ❞❡ ❝❛❧♦r

❞❡ ✷✵✵✻✱ ✐♥❝✐❞❡♥t❡ ♥❛ ❋r❛♥ç❛✱ s♦❜r❡ ♦s ♥í✈❡✐s ❡①❝❡❞❡♥t❡s ❞❡ ♠♦rt❛❧✐❞❛❞❡✳ ❖s ❛✉t♦r❡s

✐♥❝♦r♣♦r❛r❛♠ ♥♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ✐♥t❡r❛çõ❡s ❞❡ t❡♠♣❡r❛t✉r❛s ♠á①✐♠❛s ❡ ♠í♥✐♠❛s

❞✐ár✐❛s✱ ❜❡♠ ❝♦♠♦ ✉♠ ✐♥❞✐❝❛❞♦r ❞❡ t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛ ❛❝✉♠✉❧❛❞❛✳ ❖s ❛✉t♦r❡s ❝♦♥✲

❝❧✉ír❛♠ q✉❡ ❛ ♠♦rt❛❧✐❞❛❞❡ ♦❜s❡r✈❛❞❛ ♥❛ ♦♥❞❛ ❞❡ ❝❛❧♦r ❞❡ ✷✵✵✻ ❢♦✐ 32% ✐♥❢❡r✐♦r àq✉❡❧❛

❡st✐♠❛❞❛ ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✼✺✲✷✵✵✸✳ Pr♦✈❛✈❡❧♠❡♥t❡✱ ❝♦♥❢♦r♠❡ ♦ ❞✐s❝✉t✐❞♦ ♣❡❧♦s ❛✉t♦✲

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

❛❞♦t❛❞❛s ❛♣ós ❛ ♦♥❞❛ ❞❡ ❝❛❧♦r ❞❡ ✷✵✵✸✳

t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡✱ ❢r❡♥t❡ ❛ ♦s❝✐❧❛çõ❡s ❞❡ ❝❛❧♦r ♥♦ ❝✉rt♦ ♣r❛③♦✳ ❊ss❡ t❡r♠♦ ❡①♣r❡ss❛ ✉♠ ❡①❝❡ss♦ ❞❡
♠♦rt❛❧✐❞❛❞❡ ♦❜s❡r✈❛❞❛ ❞✉r❛♥t❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r✱ ♦✉✱ ❡s♣❡❝✐✜❝❛♠❡♥t❡✱ ❛ ♠♦rt❡ ♣r❡❝♦❝❡ ❞❡ ♣❡ss♦❛s
q✉❡ t❡r✐❛♠ ♠♦rr✐❞♦ ❡♠ q✉❛❧q✉❡r ❝✐r❝✉♥stâ♥❝✐❛✱ ❞❡♥tr♦ ❞❡ ❛❧❣✉♥s ❞✐❛s✱ s❡♠❛♥❛s ♦✉ ♠❡s❡s ✭❚♦✉❧❡♠♦♥ ❡
❇❛r❜✐❡r✐✱ ✷✵✵✽✮✳

✸❊ss❡s ✐♥❞✐❝❛❞♦r❡s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❡①♣r❡ss❛✈❛♠ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❞✐❛s q✉❡♥t❡s✱ ❝✉❥♦s ♥í✈❡✐s ❞❡
t❡♠♣❡r❛t✉r❛ ❡①tr❛♣♦❧❛r❛♠ ♦ ❧✐♠✐❛r ❞❡ t♦❧❡râ♥❝✐❛ ❝♦♥s❡❝✉t✐✈❛♠❡♥t❡✳

✹



❊①❛t❛♠❡♥t❡ ♣♦r ❡ss❛s q✉❡stõ❡s ❞❡ ❛❞❛♣t❛çã♦✱ ♦s tr❛❜❛❧❤♦s ❞❡ ❉❡s❝❤❡♥❡s ❡ ▼♦r❡tt✐

✭✷✵✵✾✮ ❡ ❉❡s❝❤❡♥❡s ❡ ●r❡❡♥st♦♥❡ ✭✷✵✶✶✮ ❝♦♥s✐❞❡r❛♠ ♣♦ssí✈❡✐s ❛❞❛♣t❛çõ❡s ❞♦s ❡❢❡✐t♦s ❞♦

❝❧✐♠❛ s♦❜r❡ ♦ ❜❡♠✲❡st❛r r❡❧❛❝✐♦♥❛❞♦ à s❛ú❞❡ ❤✉♠❛♥❛✳ ❖s ❛✉t♦r❡s ❝♦♥s✐❞❡r❛♠ ❝♦♥❞✐✲

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

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

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

s✉♣❡r✐♦r❡s ❛ 32oC ❡ ✐♥❢❡r✐♦r❡s ❛ 11oC ✱ ♦ ✢✉①♦ ♠✐❣r❛tór✐♦ ❞❡ ◆♦r❞❡st❡ ♣❛r❛ ❙✉❞❡st❡ t❡♠

❝♦♥tr✐❜✉í❞♦ ♣❛r❛ ❛✉♠❡♥t♦s ♥❛ ❧♦♥❣❡✈✐❞❛❞❡ ♥♦s ❊st❛❞♦s ❯♥✐❞♦s✳ ❖✉tr♦ r❡s✉❧t❛❞♦ ✐♠♣♦r✲

t❛♥t❡ ❢♦✐ q✉❡ ♦s ♥í✈❡✐s ❞❡ t❡♠♣❡r❛t✉r❛ ❡①❡r❝❡♠ ❡❢❡✐t♦s ♣r♦♣♦r❝✐♦♥❛✐s s♦❜r❡ ♦ ❝♦♥s✉♠♦

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

♥❛ ❞❡♠❛♥❞❛ ♣♦r ❛♣❛r❡❧❤♦s ❞❡ ❛r✲❝♦♥❞✐❝✐♦♥❛❞♦✱ ❡✈✐❞ê♥❝✐❛s r❡✈❡❧❛♠ q✉❡ ❝❡r❝❛ ❞❡ 90% ❞♦s

❡❢❡✐t♦s ❞❡ ❡①tr❡♠♦s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ ♠♦rt❛❧✐❞❛❞❡ sã♦ ❞✐♠✐♥✉í❞♦s ✭❇❛rr❡❝❛✱ ✷✵✶✷✮✳ ❚❛♥t♦

❉❡s❝❤❡♥❡s ❡ ●r❡❡♥st♦♥❡ ✭✷✵✶✶✮ q✉❛♥t♦ ❇❛rr❡❝❛ ❡t ❛❧✳ ✭✷✵✶✸✮ ♥ã♦ ✐♥❝❧✉ír❛♠ ✐♥❞✐❝❛❞♦r❡s

❞❡ ♦♥❞❛ ❞❡ ❝❛❧♦r✳

❆ r❡❧❛çã♦ ❡♥tr❡ ✈❛r✐❛çõ❡s ♥♦s ♥í✈❡✐s ❞❡ t❡♠♣❡r❛t✉r❛ ❡ ♠♦r❜✐✲♠♦rt❛❧✐❞❛❞❡ t❛♠❜é♠

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

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

❝♦♠♦ t❛①❛s ❞❡ ♠♦r❜✐❞❛❞❡ ❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s✳ ❆ ♠❛✐♦r✐❛ ❞❡ss❡s ❡st✉❞♦s r❡❝❛❡♠

s♦❜r❡ ♦s ❡❢❡✐t♦s ❞❛s ♠✉❞❛♥ç❛s ❝❧✐♠át✐❝❛s s♦❜r❡ ❛ ♠♦rt❛❧✐❞❛❞❡ ❡ ♦ ♥ú♠❡r♦ ❞❡ ♥♦t✐✜❝❛çõ❡s

❞❡ ❞✐✈❡rs❛s ❞♦❡♥ç❛s ♥♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❙♦✉③❛ ❡t ❛❧✳ ✭✷✵✶✸✮✱

❛✉♠❡♥t♦s ♥♦s ♥í✈❡✐s ♠é❞✐♦s ❞❡ t❡♠♣❡r❛t✉r❛ ❡♥tr❡ 24 ❡ 27oC ♣r♦♠♦✈❡♠ ❛✉♠❡♥t♦s s✐❣✲

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

♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛ ♠✉❧❤❡r❡s ❡ ❝r✐❛♥ç❛s✳ ▼❡♥❞❡s ✭✷✵✶✸✮ ❡st✉❞♦✉ ❡s♣❡❝✐✜❝❛♠❡♥t❡ ❛s

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

♠❛✐s r❡❧❡✈❛♥t❡s q✉❡ ♦s ♥í✈❡✐s ❞❡ t❡♠♣❡r❛t✉r❛✱ ❡♠❜♦r❛ ❛s ❞✉❛s ✈❛r✐á✈❡✐s t❡♥❤❛♠ ❡①❡r✲

❝✐❞♦ ❡❢❡✐t♦s s✐❣♥✐✜❝❛t✐✈♦s✳ ❙❡❣✉♥❞♦ ♦ ♠❡s♠♦ ❛✉t♦r✱ ❧♦❝❛❧✐❞❛❞s ♠❛✐s q✉❡♥t❡s ❡ ❝❤✉✈♦s❛s

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

❡s♣❡❝✐✜❝❛çõ❡s s♦❜r❡ ❣r✉♣♦s ❞❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡✳ ❊ss❡ r❡s✉❧t❛❞♦ ❡s♣❡❝í✜❝♦ s♦❜r❡ ❛ ❞❡♥✲

❣✉❡ ❢♦✐ r❛t✐✜❝❛❞♦ ♥♦ ❡st✉❞♦ ❞❡ P❡r❡❞❛ ❡t ❛❧✳ ✭✷✵✶✸✮✱ ♦ q✉❛❧ ✈❡r✐✜❝♦✉ q✉❡ ❛✉♠❡♥t♦s ♥♦s

✺



♥í✈❡✐s ♠é❞✐♦s ❞❡ ♣r❡❝✐♣✐t❛çã♦ ❞♦ ✈❡rã♦ ❡stã♦ ❛ss♦❝✐❛❞♦s ❛s ♥♦t✐✜❝❛çõ❡s ❞❡ ❞❡♥❣✉❡ ♥♦

♣❡rí♦❞♦ ❞❡ ✷✵✵✶ ❛ ✷✵✶✵✳

❉❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♠❛✐s r❡❝❡♥t❡s✱ ❇❛rr❡❝❛ ❡t ❛❧✳ ✭✷✵✶✻✮ ❡st✉❞♦✉ ❛ r❡❧❛çã♦ ❡♥tr❡

♥í✈❡✐s ❞❡ t❡♠♣❡r❛t✉r❛ ❡ ♠♦rt❛❧✐❞❛❞❡ ♥♦s ❊st❛❞♦s ❯♥✐❞♦s✱ ❞✉r❛♥t❡ t♦❞♦ ♦ sé❝✉❧♦ ♣❛ss❛❞♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❛✉t♦r❡s✱ ♦s ❡❢❡✐t♦s ❞❡ t❡♠♣❡r❛t✉r❛s ❡①tr❡♠❛s ✭❛❝✐♠❛ ❞❡ 32oC✮ s♦❜r❡

❛ ♠♦rt❛❧✐❞❛❞❡ t❡♠ ❞✐♠✐♥✉í❞♦ ❛♦ ❧♦♥❣♦ ❞❛s ❞é❝❛❞❛s✱ ♣r♦♣♦r❝✐♦♥❛❧♠❡♥t❡ ❛♦ ❛✉♠❡♥t♦ ❞♦

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

P♦r ♠❡✐♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ❝♦♥tí♥✉♦✲❞✐s❝r❡t♦ ❞❡ ❉✉r❜✐♥ ❡ ▼❝❋❛❞❞❡♥✱ ♦s ❛✉t♦r❡s ❡st✐♠❛♠

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

❛té ✶✽✺ ❜✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s✳

❆ ♣❛rt✐r ❞❡ss❛ ❞✐s❝✉ssã♦✱ t♦r♥❛✲s❡ ♣❡r❝❡♣tí✈❡❧ q✉❡ ♥ã♦ ❤á ✉♠❛ ♣❛❞r♦♥✐③❛çã♦ ❞❡ ♠é✲

t♦❞♦s ♦✉ r❡s✉❧t❛❞♦s ❛ s❡r❡♠ ♣❡rs❡❣✉✐❞♦s ♥❛ ❧✐t❡r❛t✉r❛✳ ■st♦ é✱ ♦s ❡st✉❞♦s ✐♥✈❡st✐❣❛r❛♠

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

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

❛té ♠❡s♠♦ ❡str❛té❣✐❛s ❞❡ ✈❛❧♦r❛çã♦ ❞♦s ✐♠♣❛❝t♦s✳ ◆♦ q✉❡ t❛♥❣❡ ♦s r❡s✉❧t❛❞♦s ❜r❛s✐✲

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

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

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

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

❞❡ r❡s✉❧t❛❞♦s ❡♥tr❡ ♣❛ís❡s ❡ ❛té ♠❡s♠♦ ❧♦❝❛❧✐❞❛❞❡s ❞❡ ✉♠ ♠❡s♠♦ ♣❛ís✳

◆❡st❛ ♦♣♦rt✉♥✐❞❛❞❡✱ ♦s ♦❜❥❡t✐✈♦s ❞❡st❛ t❡s❡ ❢♦r❛♠ ♦s s❡❣✉✐♥t❡s✿

■ ✲ ■❞❡♥t✐✜❝❛r ❛ ✐♥❝✐❞ê♥❝✐❛ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❡♠ t♦❞♦s ♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s ❡

❝❛r❛❝t❡r✐③á✲❧♦s ❡♠ t❡r♠♦s ❞❡ ❢r❡q✉ê♥❝✐❛✱ ❞✉r❛çã♦ ❡ ✐♥t❡♥s✐❞❛❞❡❀

■■ ✲ ❆✈❛❧✐❛r ❛ r❡❧❛çã♦ ❡♥tr❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ❞♦

❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✱ r❡s♣✐r❛tór✐♦ ❡ ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✱ ✐♥❞❡♥t✐✜❝❛♥❞♦ ♦s

❣r✉♣♦s ❞❡♠♦❣rá✜❝♦s ❡ r❡❣✐õ❡s ❞❡♠♦❣rá✜❝❛s ❞❡ ♠❛✐♦r ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡❀

■■■ ✲ ❊st✐♠❛r ♦s ❝✉st♦s ❞❡ ❜❡♠✲❡st❛r ❛ss♦❝✐❛❞♦s à ♠♦rt❛❧✐❞❛❞❡ ❞❡❝♦rr❡♥t❡s ❞❛s ♦♥❞❛s

❞❡ ❝❛❧♦r✳

✻



■❱ ✲ ❆✈❛❧✐❛r ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ s❛ú❞❡ ✐♥❢❛♥t✐❧✳

❆s ♣r✐♥❝✐♣❛✐s ❝♦♥tr✐❜✉✐çõ❡s ❞❡st❡ tr❛❜❛❧❤♦ ♣❛rt❡♠ ❞❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❡✈❡♥t♦s ❞❡ ♦♥✲

❞❛s ❞❡ ❝❛❧♦r ♥♦ ❇r❛s✐❧✱ ❛✜♥❛❧ ✐ss♦ ❡r❛ ✉♠❛ ❧❛❝✉♥❛ t❛♥t♦ ♥❛ ❧✐t❡r❛t✉r❛ ❡❝♦♥ô♠✐❝❛ ✈♦❧t❛❞❛

♣❛r❛ ♣r♦❜❧❡♠❛s ❝❧✐♠át✐❝♦s q✉❛♥t♦ ♥❛ ❧✐t❡r❛t✉r❛ ❡s♣❡❝✐❛❧✐③❛❞❛✳ ❆❧é♠ ❞✐ss♦✱ ❢♦r❛♠ ❝♦♠✲

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

♥ã♦ só ❛ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦✉tr♦s ❡st✉❞♦s ✐♥t❡r♥❛❝✐♦♥❛✐s✱ ♠❛s t❛♠❜é♠ ❛ ✐♥t❡r❛çã♦ ❞❡ss❡s

r❡s✉❧t❛❞♦s✳ P♦r ❡①❡♠♣❧♦✱ ❢♦✐ ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r s❡ ♦s ♠✉♥✐❝í♣✐♦s ❝♦♠ ♠❛✐♦r❡s ♥ú♠❡r♦s

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

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

❊s♣❡r❛✲s❡ t❛♠❜é♠ ❝♦♥tr✐❜✉✐r ❝♦♠ ♦ ❞❡❜❛t❡ ❡st❛❜❡❧❡❝✐❞♦ ♣❡❧❛ ❧✐t❡r❛t✉r❛ s♦❜r❡ ❛ r❡✲

❧❛çã♦ ❡♥tr❡ ♥í✈❡✐s ❡①tr❡♠♦s ❞❡ t❡♠♣❡r❛t✉r❛ ❡ ♠♦rt❛❧✐❞❛❞❡✳ ❊ss❛ r❡❧❛çã♦ ❢♦✐ ❡st✉❞❛❞❛

♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞❡ ♠✉❧❤❡r❡s✱ ❝r✐❛♥ç❛s✱ ✐❞♦s♦s ❡ ❡①tr❡♠❛♠❡♥t❡ ♣♦❜r❡s✱ ❝♦♥✲

❢♦r♠❡ ♦s três ❣r✉♣♦s ❞❡ ❞♦❡♥ç❛s ❝✐t❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡✳ ◗✉❛♥t♦ ❛ ✈❛❧♦r❛çã♦ ❡❝♦♥ô♠✐❝❛

❞❡ss❡s r❡s✉❧t❛❞♦s✱ ❡st✐♠♦✉✲s❡ ♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛ ✭❱❙▲✮ ♣❛r❛ ♦s ♠✉♥✐❝í♣✐♦s ❞♦s

❞✐❢❡r❡♥t❡s ❡st❛❞♦s ❜r❛s✐❧❡✐r♦s✳ ❊ss❛ ❢♦✐ ✉♠❛ ❝♦♥tr✐❜✉✐çã♦✱ ❛✜♥❛❧ ✉♠ ❞♦s ú♥✐❝♦s ❡st✉❞♦s

❜r❛s✐❧❡✐r♦s s♦❜r❡ ♦ ❱❙▲ ❡st❛❜❡❧❡❝✐❛ ✈❛❧♦r❡s ❛♣❡♥❛s ♣❛r❛ ❛ ❝✐❞❛❞❡ ❞❡ ❙ã♦ P❛✉❧♦✳ ❉❡ss❛

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

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

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

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

s♦❜r❡ ❛ s❛ú❞❡ ✐♥❢❛♥t✐❧✳ ◆❡ss❡ s❡♥t✐❞♦✱ ❢♦r❛♠ ❛♥❛❧✐s❛❞♦s ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r

s♦❜r❡ ❛s ✶✷ ❞♦❡♥ç❛s q✉❡ ♠❛✐s ❝♦♥❞✉③❡♠ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧✳ ❆ ♣❛rt✐r ❞♦s

❝✉st♦s ♠é❞✐♦s ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧✱ ❝á❧❝✉❧♦ ❞✐s♣♦♥✐❜✐❧✐③❛❞♦ ♣❡❧♦ ▼✐♥✐stér✐♦

❞❛ ❙❛ú❞❡ ❡ t❛❜✉❧❛❞♦s ♣❡❧♦ ❉❛t❛✲❙❯❙✱ ❢♦✐ ♣♦ssí✈❡❧ ✈❛❧♦r❛r ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r

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

❞❡s♥✉tr✐çã♦✱ ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s ❡ ♦✉tr❛s✳

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

❢♦r♠✉❧❛❞♦r❡s ❞❡ ♣♦❧ít✐❝❛s ♣ú❜❧✐❝❛s✱ ❡♠ ❞❡st❛q✉❡✱ àq✉❡❧❛s ♣♦❧ít✐❝❛s ✈♦❧t❛❞❛s ♣❛r❛ ♣r♦❜❧❡✲

✼



♠❛s ❝❧✐♠át✐❝♦s ❡ ❞❡ s❛ú❞❡ ♣ú❜❧✐❝❛✳ ❊ss❡s r❡s✉❧t❛❞♦s ♣❡r♠✐t❡♠ ❛ ✐❞❡♥t✐✜❝❛çã♦✱ ❛♦ ❧♦♥❣♦

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

❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ❡♣✐só❞✐♦s ❞❡ ❝❛❧♦r ❡①tr❡♠♦✱ ❜❡♠ ❝♦♠♦ q✉❛✐s sã♦ ❛s ♠❛❣♥✐t✉✲

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

s♦❜r❡ ♣♦ssí✈❡✐s s♦❧✉çõ❡s ❡ ♣♦❧ít✐❝❛s ❝❛♣❛③❡s ❞❡ ♠✐t✐❣❛r ♦✉ ♣r♦♠♦✈❡r ❛ ❛❞❛♣t❛çã♦ ❞❛

♣♦♣✉❧❛çã♦✳ ❆ ✈❛❧♦r❛çã♦ ❡❝♦♥ô♠✐❝❛ ❞❡ss❡s r❡s✉❧t❛❞♦s ♥ã♦ r❡✈❡❧❛ s♦♠❡♥t❡ ❛ ✐♠♣♦rtâ♥❝✐❛

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

♣♦ssí✈❡✐s ♣♦❧ít✐❝❛s ♣ú❜❧✐❝❛s✳

✶✳✶ ❖r❣❛♥✐③❛çã♦ ❞♦s ❝❛♣ít✉❧♦s

❊ss❛ t❡s❡ ❢♦✐ ❞✐✈✐❞✐❞❛ ❡♠ ✺ ❝❛♣ít✉❧♦s✳ ❆❧é♠ ❞❡st❛ ✐♥tr♦❞✉çã♦ ❣❡r❛❧✱ ♦ s❡❣✉♥❞♦ ❝❛♣ít✉❧♦

❛♣r❡s❡♥t❛ ❛s♣❡❝t♦s ❡♠♣ír✐❝♦s ❡ ❡✈✐❞ê♥❝✐❛s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦ ❇r❛s✐❧✳ ◆❡❧❡ sã♦ ❞✐s✲

❝✉t✐❞♦s✱ ❛❧é♠ ❞❛ ♠❡t❡♦r♦❧♦❣✐❛ ❞❡ss❡s ❡✈❡♥t♦s✱ r❡s✉❧t❛❞♦s s♦❜r❡ ❛ ✐♥❝✐❞ê♥❝✐❛✱ ❞✉r❛çã♦✱

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

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

❝♦♠ ❛ s❛ú❞❡✳ ❆❧é♠ ❞❡ ✉♠ ♠♦❞❡❧♦ ♠✐❝r♦❡❝♦♥ô♠✐❝♦ ❜ás✐❝♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♣♦r ❉❡s❝❤ê♥❡s

❡ ●r❡❡s♥t♦♥❡ ✭✷✵✶✶✮✱ ♥❡st❡ ❝❛♣ít✉❧♦ sã♦ ❡st✐♠❛❞❛s ❡✈✐❞ê♥❝✐❛s ❞♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡

❝❛❧♦r s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✱ ❞♦ ❛♣❛r❡❧❤♦

❝✐r❝✉❧❛tór✐♦ ❡ r❡s♣✐r❛tór✐♦✳ ❊ss❡s r❡s✉❧t❛❞♦s ❛✐♥❞❛ ♣❛ss❛r❛♠ ♣♦r ✉♠❛ ❡str❛té❣✐❛ ❞❡

✈❛❧♦r❛çã♦✱ ❡ ✉♠❛ s❡çã♦ ❢♦✐ ❞❡❞✐❝❛❞❛ ❛♦ ❝ô♠♣✉t♦ ❞♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛ ✭❱❙▲✮✳

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

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

❖ q✉❛rt♦ ❝❛♣ít✉❧♦ ❛✈❛❧✐❛ ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ♦ ♣❛❞rã♦ ❞❡ ♠♦r❜✐❞❛❞❡

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

❢❛t♦r❡s ❝❧✐♠át✐❝♦s ❡ ♥ã♦✲❝❧✐♠át✐❝♦s✱ ❜❡♠ ❝♦♠♦ sã♦ ❛♣r❡s❡♥t❛❞♦s r❡s✉❧t❛❞♦s ❞❛ ✐♥❝✐❞ê♥✲

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

✐♥❢❛♥t✐❧ ♣♦r ✶✷ t✐♣♦s ❞❡ ❞♦❡♥ç❛s✳ ❚❛♠❜é♠ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❝✉st♦s ❞❛s ❞❡s♣❡s❛s ❞❛s

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

✽



P♦r ú❧t✐♠♦✱ ♦ q✉✐♥t♦ ❝❛♣ít✉❧♦ r❡ú♥❡ ❛s ❝♦♥❝❧✉sõ❡s ❣❡r❛✐s ❡①tr❛í❞❛s ❞❛s ❛♥á❧✐s❡s

r❡❛❧✐③❛❞❛s ♥❡st❛ t❡s❡ ❡ ❛s ♣♦ssí✈❡✐s ❛çõ❡s ♦✉ ♣♦❧ít✐❝❛s ❣♦✈❡r♥❛♠❡♥t❛✐s ♥❡❝❡ssár✐❛s ♣❛r❛

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

✾



✷ ❖♥❞❛s ❞❡ ❈❛❧♦r ♥♦s ▼✉♥✐❝í♣✐♦s ❇r❛s✐❧❡✐r♦s✿

✐❞❡♥t✐✜❝❛çã♦ ❡ ❝❛r❛❝t❡r✐③❛çã♦✳

✷✳✶ ■♥tr♦❞✉çã♦

❊✈❡♥t♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s ♣♦❞❡♠ s❡r ❡♥t❡♥❞✐❞♦s ❝♦♠♦ ❝❤♦q✉❡s ❡✈❡♥t✉❛✐s ❡♠ ✈❛r✐á✈❡✐s

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

♣❡rí♦❞♦ ✐♥t❡r❛♥✉❛❧✳ ❙ã♦ ❝❛t❡❣♦r✐③❛❞♦s ❝♦♠♦ ♦♥❞❛s ❞❡ ❝❛❧♦r ❡ ❢r✐♦✱ ❣❡❛❞❛s✱ t❡♠♣❡st❛❞❡s✱

❝❤✉✈❛s ❞❡ ❣r❛♥✐③♦✱ s❡❝❛s s❡✈❡r❛s✱ ❡✱ ❛té ♠❡s♠♦✱ t♦r♥❛❞♦s ❡ ❢✉r❛❝õ❡s✳ ❉✐✈❡rs♦s ❝✐❡♥t✐st❛s

❛❝r❡❞✐t❛♠ q✉❡ ❡ss❡s ❡✈❡♥t♦s ❡①tr❡♠♦s ❢❛③❡♠ ♣❛rt❡ ❞❡ ♦✉tr♦s ❢❡♥ô♠❡♥♦s ❝❧✐♠át✐❝♦s ❞❡

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

♣❡❧♦ ♣r♦❝❡ss♦ ❞❡ ❛q✉❡❝✐♠❡♥t♦ ❣❧♦❜❛❧ ✭❘❛❤♠st♦r❢ ❡ ❈♦✉♠♦✉✱ ✷✵✶✶✮✳

❊ss❡s ❡♣✐só❞✐♦s ❡①tr❡♠♦s ❞♦ ❝❧✐♠❛ ❡stã♦ ❛✉♠❡♥t❛♥❞♦ ❡♠ ❢r❡q✉ê♥❝✐❛✱ ❛❜r❛♥❣ê♥❝✐❛

❡ ✐♥t❡♥s✐❞❛❞❡ ❡♠ t♦❞♦s ♦s ❝♦♥t✐♥❡♥t❡s✳ ❙❡❝❛s✱ ❡♥❝❤❡♥t❡s✱ ✐♥✉♥❞❛çõ❡s✱ t❡♠♣❡st❛❞❡s✱

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

♠✉♥❞♦✳ ❆ ❖r❣❛♥✐③❛çã♦ ▼✉♥❞✐❛❧ ❞❡ ▼❡t❡♦r♦❧♦❣✐❛ ✭❲▼❖✮ ♣✉❜❧✐❝♦✉ ✉♠ ❛t❧❛s ❣❧♦❜❛❧ ❞❛

♠♦rt❛❧✐❞❛❞❡ ❡ ❞❛s ♣❡r❞❛s ❡❝♦♥ô♠✐❝❛s ❞❡❝♦rr❡♥t❡s ❞❡ ❡✈❡♥t♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s✹✱ ❝♦♥✲

t❛❜✐❧✐③❛♥❞♦ ♦s ❞❛♥♦s ❛♦ ❧♦♥❣♦ ❞❡ q✉❛tr♦ ❞é❝❛❞❛s✱ ❞♦ ♣❡rí♦❞♦ ❞❡ ✶✾✼✵ ❛ ✷✵✶✷✳ ❙❡❣✉♥❞♦

❛ ✐♥st✐t✉✐çã♦✱ ♥❡ss❡ ♣❡rí♦❞♦ ❢♦r❛♠ ❝❛t❛❧♦❣❛❞♦s ✽✳✽✸✺ ❡✈❡♥t♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s q✉❡

r❡s✉❧t❛r❛♠ ❡♠ ♣r❡❥✉í③♦s ❡❝♦♥ô♠✐❝♦s ❡♠ t♦r♥♦ ❞❡ ✷✱✹ tr✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s ❡ q✉❛s❡ ❞♦✐s

♠✐❧❤õ❡s ❞❡ ♣❡ss♦❛s ♠♦rt❛s✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❲▼❖ ✭✷✵✶✸✮✱ ❞❡ q✉❛s❡ ♥♦✈❡ ♠✐❧ ❡✈❡♥t♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s

r❡❣✐str❛❞♦s ❡♠ t♦❞♦ ♦ ♠✉♥❞♦ ♥❛s ú❧t✐♠❛s q✉❛tr♦ ❞é❝❛❞❛s✱ ❝❡r❝❛ ❞❡ 80% ❞❡❧❡s sã♦ ♦❝♦r✲

rê♥❝✐❛s ❞❡ t❡♠♣❡st❛❞❡s✱ ✐♥✉♥❞❛çõ❡s ❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ r❡♣r❡s❡♥t❛♥❞♦ ❛♣r♦①✐♠❛❞❛♠❡♥t❡

50% ❞❛s ♠♦rt❡s ❡ 80% ❞♦s ❞❛♥♦s ❡❝♦♥ô♠✐❝♦s✳ ❆ ♠❡s♠❛ ✐♥st✐t✉✐çã♦ ❛✐♥❞❛ r❡ss❛❧t❛ q✉❡✱

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

r♦♣❛ ❡ ❆♠ér✐❝❛ ▲❛t✐♥❛ ❡stã♦ ❡♥tr❡ ♦s ❢❡♥ô♠❡♥♦s ❝❧✐♠át✐❝♦s ♠❛✐s ❞❡✈❛st❛❞♦r❡s✳ ❙♦❜r❡ ❛

❣❡♦❣r❛✜❛ ❞❡ss❡s ❡✈❡♥t♦s ❡①tr❡♠♦s✱ ✈❛❧❡ r❡ss❛❧t❛r q✉❡ ❡①✐st❡♠ ❡✈✐❞ê♥❝✐❛s ♠❡t❡♦r♦❧ó❣✐❝❛s
✹❆t❧❛s ♦❢ ▼♦rt❛❧✐t② ❛♥❞ ❡❝♦♥♦♠✐❝ ❧♦s❡s ❢♦r♠ ✇❡❛t❤❡r✱ ❝❧✐♠❛t❡ ❛♥❞ ✇❛t❡r ❡①tr❡♠s ✭✶✾✼✵✲✷✵✶✷✮✳ ❉✐s✲

♣♦♥í✈❡❧ ❡♠✿ https : //pt.scribd.com/document/236689641/Atlas−of−mortality−and−economic−
loses− from− weather − climate− and− water − extremes− 1970− 2012
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❞❛ ♣r❡❞♦♠✐♥â♥❝✐❛ ❞❡ s❡❝❛s ♥❛ ➪❢r✐❝❛✱ t❡♠♣❡st❛❞❡s ❡ ✐♥✉♥❞❛çõ❡s ♥❛ ➪s✐❛✱ ❝✐❝❧♦♥❡s tr♦✲

♣✐❝❛✐s ♥♦ ❙✉❞❡st❡ ❆s✐át✐❝♦ ❡ ❖❝❡❛♥✐❛✱ ❢✉r❛❝õ❡s ♥♦ ❈❛r✐❜❡ ❡ ❆♠ér✐❝❛ ❞♦ ◆♦rt❡✱ ❡①tr❡♠♦s

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

◆❡ss❛ ❧✐t❡r❛t✉r❛ t❛♠❜é♠ ❢♦✐ ❡♥❝♦♥tr❛❞❛ ✉♠❛ ♦✉tr❛ ❞✐s❝✉ssã♦ ✐♠♣♦rt❛♥t❡ ❛❞✈✐♥❞❛ ❞❛

♦❝♦rrê♥❝✐❛ ❞❡ss❡s ❡✈❡♥t♦s✱ q✉❡ r❡❝❛✐✱ ❞❡ ❢♦r♠❛ ✐♥❡r❡♥t❡✱ ♥♦ ❣r❛✉ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s

♣❛ís❡s ✭❈❤♦✐ ❡t ❛❧✱ ✷✵✵✺✮✳ ❆❝r❡❞✐t❛✲s❡ q✉❡ ♣❛ís❡s ❡♠ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✱ ❝♦♠♦ ❛ ❈❤✐♥❛✱

❛ ❮♥❞✐❛ ❡ ♦ ❇r❛s✐❧ sã♦ ❛q✉❡❧❡s ♠❛✐s ❛❢❡t❛❞♦s ♣♦r ❝❤♦q✉❡s ❝❧✐♠át✐❝♦s ❞❡ ❝✉rt♦ ♣r❛③♦✱

s❡❥❛ ♣❡❧❛ ❞✐✈❡rs✐❞❛❞❡ ❝❧✐♠át✐❝❛ q✉❡ ❡❧❡s ❛♣r❡s❡♥t❛♠✱ ♣❡❧❛ ❣r❛♥❞❡ ❞✐♠❡♥sã♦ ❣❡♦❣rá✜❝❛

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

❛s ❝♦♥s❡q✉ê♥❝✐❛s ❞❡ss❡s ❢❡♥ô♠❡♥♦s✳ ◆♦s ú❧t✐♠♦s ❛♥♦s✱ ♦ ■♥♠❡t ✭✷✵✶✺✮ ❛♣♦♥t❛ q✉❡

♦ ♥ú♠❡r♦ ❞❡ ❡✈❡♥t♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s ♦❝♦rr✐❞♦s ♥♦ ❇r❛s✐❧ q✉❛❞r✐♣❧✐❝♦✉✱ ❡ q✉❡ ❛

♣r✐♥❝✐♣❛❧ q✉❡stã♦ ❛✐♥❞❛ sã♦ ❛s ❡❧❡✈❛çõ❡s ❡s♣♦rá❞✐❝❛s ❞❡ t❡♠♣❡r❛t✉r❛ ✈✐✈❡♥❝✐❛❞❛s ❡♠

❛❧❣✉♥s ♠✉♥✐❝í♣✐♦s ✭♦♥❞❛s ❞❡ ❝❛❧♦r✮✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛s ♣r♦❥❡çõ❡s ❡❧❛❜♦r❛❞❛s ♣♦r ▼❛r❡♥❣♦ ❡t ❛❧✳ ✭✷✵✵✼✮✱ ❛té ♦ ✜♠ ❞♦

sé❝✉❧♦✱ ❛ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ♥♦ ♣❛ís ♣♦❞❡rá ❛✉♠❡♥t❛r ❡♥tr❡ ✶✱✸ ❡ 3, 8♦C ❡ ♦❝♦rr❡r

✉♠❛ r❡❞✉çã♦ ❞❡ ❛té 20% ♥♦ ✈♦❧✉♠❡ ❞❡ ❝❤✉✈❛✳ ❉❡❝♦rr❡♥t❡ ❞❡ss❡ ❝❡♥ár✐♦✱ ❛❧é♠ ❞♦

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

❝♦♠ ❡❧❡✈❛çõ❡s ❡s♣♦rá❞✐❝❛s ❡ ❞✐ár✐❛s ❞♦s ♥í✈❡✐s ❞❡ t❡♠♣❡r❛t✉r❛ ♣❛r❛ ♠✉✐t♦ ❛❧é♠ ❞❛

t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❡s♣❡r❛❞❛ ♥❡ss❛s ❧♦❝❛❧✐❞❛❞❡s✳ ❉✐❛♥t❡ ❞❡ss❛s ❝♦♥❞✐çõ❡s✱ s✉r❣❡ ✉♠

❞♦s ♣r✐♥❝✐♣❛✐s ❞❡s❛✜♦s ❝❧✐♠át✐❝♦s q✉❡ ♦ ❇r❛s✐❧ t❡♠ ❡♥❢r❡♥t❛❞♦ ❛t✉❛❧♠❡♥t❡✱ ❛ ♦❝♦rrê♥❝✐❛

❡✈❡♥t✉❛❧ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✳

❙❡❣✉♥❞♦ ♦ P❛✐♥❡❧ ■♥t❡r❣♦✈❡r♥❛♠❡♥t❛❧ ❞❡ ▼✉❞❛♥ç❛ ❈❧✐♠át✐❝❛ ✭■P❈❈✱ ✷✵✶✸✮✱ ❛s ✐♥✲

✢✉ê♥❝✐❛s ❛♥tró♣✐❝❛s s♦❜r❡ ♦ ❝❧✐♠❛✱ ❞❡s❞❡ ❛ ♠❡t❛❞❡ ❞♦ sé❝✉❧♦ ♣❛ss❛❞♦✱ t❡♠ ❛❧t❡r❛❞♦

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

r❡❧❛❝✐♦♥❛❞♦s ❛s t❡♠♣❡r❛t✉r❛s ❞✐ár✐❛s✳ ◆❡ss❡ ❝♦♥t❡①t♦✱ ❝♦♥❢♦r♠❡ ♦ ◗✉✐♥t♦ ❘❡❧❛tór✐♦ ❞❡

❆✈❛❧✐❛çã♦ ❞♦ ■P❈❈✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ♦♥❞❛ ❞❡ ❝❛❧♦r t❡♠ ❞✉♣❧✐❝❛❞♦ ❡♠

❛❧❣✉♠❛s r❡❣✐õ❡s ❞♦ ♠✉♥❞♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛q✉❡❧❛s tr♦♣✐❝❛✐s ✭■P❈❈✱ ✷✵✶✸✮✳ ❆s ♣r♦❥❡✲

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

♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❛✉♠❡♥t❛rã♦ ❛té ✷✵✷✺✳ P♦r ❡ss❛ r❛③ã♦✱ ❛❧❣✉♥s ❡st✉❞♦s ❞❡❞✐❝❛r❛♠✲s❡ ❛
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❛♥❛❧✐s❛r ❡✈❡♥t♦s s❡✈❡r♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ♥❛ ❊✉r♦♣❛ ❞✉r❛♥t❡ ♦s ❛♥♦s ❞❡ ✷✵✵✶✱ ✷✵✵✸✱

✷✵✵✻✱ ✷✵✵✼ ❡ ✷✵✶✵ ✭▼❡❡❤❧ ❡ ❚❡❜❛❧❞✐✱ ✷✵✵✹❀ ❉❡❧❧❛✲▼❛rt❛ ❡t ❛❧✳✱ ✷✵✵✼❀ ❋✐s❝❤❡r ❡ ❙❤är✱

✷✵✶✵✮✳ ❆s ❡✈✐❞ê♥❝✐❛s ❝✐❡♥tí✜❝❛s s♦❜r❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r

❡①tr❛♣♦❧❛♠ ♦s ♣❛ís❡s ❡✉r♦♣❡✉s ❡ r❡❝❛❡♠ t❛♠❜é♠ s♦❜r❡ ♦s ❛s✐át✐❝♦s✳ ❙❡❣✉♥❞♦ ♦ ■P❈❈

✭✷✵✶✸✮✱ ♥❛ ➪s✐❛ ❖❝✐❞❡♥t❛❧✱ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s❡ t♦r♥❛rã♦ ♠❛✐s ❢r❡q✉❡♥t❡s ❡ s❡rã♦ ♠❛✐s

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

❧♦r ❡①tr❡♠♦ ♥❛ ❢r♦♥t❡✐r❛ ❞❛ ❊✉r♦♣❛ ❡ ❞❛ ➪s✐❛✱ ♣❛rt✐❝✉❧❛r♠❡♥t❡ ♥❛ ●❡ór❣✐❛ ✭❑❡❣❣❡♥❤♦✛

❡t ❛❧✳✱ ✷✵✶✺✮✳

❈♦♠ r❡❧❛çã♦ ❛♦ ❇r❛s✐❧✱ s❡❥❛ ♣❡❧❛ ❞✐♠❡♥sã♦ ❣❡♦❣rá✜❝❛✱ ♣❡❧❛ ❞✐✈❡rs✐❞❛❞❡ ❝❧✐♠át✐❝❛ ♦✉

❛té ♠❡s♠♦ ♣❡❧❛ ✐♥t❡♥s✐❞❛❞❡ ❞❡ ❡♠✐ssã♦ ❞❡ ❣❛s❡s ♣♦❧✉❡♥t❡s✱ ♦ ❝❡rt♦ é q✉❡ t❡♠ ♦❝♦rr✐❞♦

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

q✉❛s❡ s❡♠♣r❡ s❡ ❝♦♥✜❣✉r❛♠ ❝♦♠♦ ✐❧❤❛s ❞❡ ❝❛❧♦r✱ ♦♥❞❡ ❡①❝❡ss✐✈❛♠❡♥t❡ ♦s r❡❣✐str♦s ❞✐á✲

r✐♦s ❞❡ t❡♠♣❡r❛t✉r❛ ❡①❝❡❞❡♠ ❛s ♠á①✐♠❛s ❡s♣❡r❛❞❛s✺ ✭▲✐ ❡ ❇♦✉✲❩❡✐❞✱ ✷✵✶✸✮✳ ❯♠❛ ❞❛s

♣r✐♥❝✐♣❛✐s ❝♦♥s❡q✉ê♥❝✐❛s ❞❡ss❡ ❢❡♥ô♠❡♥♦ sã♦ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♦✉ s❡❥❛✱ ❡♣✐só❞✐♦s ❞❡

❡❧❡✈❛❞❛s t❡♠♣❡r❛t✉r❛s q✉❡ s❡ ❡st❡♥❞❡♠ ❞✉r❛♥t❡ ❞✐❛s✳ ❙❡❣✉♥❞♦ ❈✉rr✐❡r♦ ✭✷✵✵✷✮✱ ❡♠

♦✉tr♦s ♣❛ís❡s✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞♦s ❊st❛❞♦s ❯♥✐❞♦s✱ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r t❡♠ s✐❞♦ t❛♠❜é♠

♦❜s❡r✈❛❞❛s ❡♠ ❝✐❞❛❞❡s ❞❡ ♠é❞✐♦ ❡ ♣❡q✉❡♥♦ ♣♦rt❡✱ ♦ q✉❡ ❞❡✐①❛ ❡♠ ❞ú✈✐❞❛ s❡ ♥♦ ❇r❛s✐❧

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

❛ ♦r✐❣❡♠ ♥❛s ✐❧❤❛s ❞❡ ❝❛❧♦r✳ ■♥❞❡♣❡♥❞❡♥t❡ ❞❡ q✉❛❧ ❢♦r ❛ r❛③ã♦✱ ♦ ❝❡rt♦ é q✉❡ t♦❞❛s ❛s

✈❡③❡s q✉❡ ♦s t❡r♠ô♠❡tr♦s ❞♦s ♠✉♥✐❝í♣✐♦s ❡①❝❡❞❡♠ ❛ t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛ ♣♦r ❞✐❛s ❝♦♥✲

s❡❝✉t✐✈♦s✱ ♥❡❧❡ ❤á ❛ ♦❜s❡r✈❛çã♦ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r ✭▼❡❡❤❧ ❡ ❚❡❜❛❧❞✐✱ ✷✵✵✹❀ P❡r❦✐♥s

❡ ❆❧❡①❛♥❞❡r✱ ✷✵✶✸✮✳

❍✐st♦r✐❝❛♠❡♥t❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✐♥❢♦r♠❛çõ❡s ❞♦ ■♥♠❡t ✭✷✵✶✺✮✱ ❛ ♠❛✐s r✐❣♦r♦s❛ ♦♥❞❛

❞❡ ❝❛❧♦r ♦❜s❡r✈❛❞❛ ♥♦ ❇r❛s✐❧ ❢♦✐ ♥❛ ❝✐❞❛❞❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ❡♠ ✶✾✽✹✳ ◆❡ss❛ ♦❝❛s✐ã♦✱

♦s t❡r♠ô♠❡tr♦s r❡❣✐str❛r❛♠ ❡♠ ♠é❞✐❛ 43, 2oC ❞✉r❛♥t❡ ✉♠ ♣❡rí♦❞♦ s✉♣❡r✐♦r ❛ três ❞✐❛s✳

✺❙ã♦ três ❢❛t♦r❡s ♣r✐♥❝✐♣❛✐s q✉❡ ❡①♣❧✐❝❛♠ ♦ s✉r❣✐♠❡♥t♦ ❞❛s ✐❧❤❛s ❞❡ ❝❛❧♦r✱ ❛ ❡①❛♣❛♥sã♦ ❞❛ ♠❛♥❝❤❛
✉r❜❛♥❛✱ ✐♥t❡♥s✐✜❝❛çã♦ ❞♦s ✢✉①♦s ✉r❜❛♥♦s ❡ ♦ ❛✉♠❡♥t♦ ❞❛ ❞❡♥s✐❞❛❞❡ ❞❛ ár❡ ❝♦♥str✉í❞❛✳ ❊st❡ ❝♦♥tr❛st❡
❡♠ r❡❧❛çã♦ ❛♦ ♠❡✐♦ r✉r❛❧ ❛❝❛rr❡t❛ ❡♠ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❞♦ t❡♠♣♦ ❞❡ ❛❜s♦rçã♦ ❞❛ ❡♥❡r❣✐❛ ❞✉r❛♥t❡ ♦ ❞✐❛ ❡
❞❛ r❡♠✐ssã♦ ❞❛ ❡♥❡r❣✐❛ t❡rr❡str❡ ❛ ♥♦✐t❡✳ ❆ ❝♦♥s❡q✉ê♥❝✐❛ ❞❡st❡ ❜❛❧❛♥ç♦ ❞❡ ❡♥❡r❣✐❛ é ♦ r❡s❢r✐❛♠❡♥t♦ ♠❛✐s
❧❡♥t♦ ❞❛ ❝✐❞❛❞❡✱ ❛♣ós ♦ ♣ôr✲❞♦✲s♦❧✳ ❙❡♥❞♦ ❛ss✐♠✱ ♥♦t❛✲s❡ q✉❡ ♥❛s ❝✐❞❛❞❡s sã♦ ♦❜s❡r✈❛❞❛s t❡♠♣❡r❛t✉r❛s
♠❛✐s ❡❧❡✈❛❞❛s à ♥♦✐t❡✱ ❡♠ r❡❧❛çã♦ ❛s t❡♠♣❡r❛t✉r❛s ❞♦ s❡✉ ❡♥t♦r♥♦✳ ✭❋✐❛❧❤♦✱ ✷✵✶✷✮✳

✶✷



❆✐♥❞❛✱ ❝♦♥❢♦r♠❡ ♦ ■♥st✐t✉t♦✱ ♣♦r r❛③õ❡s ❞❛ ✐♥t❡♥s❛ ❡♠✐ssã♦ ❞❡ ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s✱

❢♦✐ ♥♦t❛❞♦ ✉♠❛ ❡❧❡✈❛çã♦ ❝♦♥s✐❞❡rá✈❡❧ ❞❡ t❡♠♣❡r❛t✉r❛ ♥❛ ❝✐❞❛❞❡ ❞❡ ❙ã♦ P❛✉❧♦✳ ❉✐s❝✉t❡✲

s❡ ❛✐♥❞❛ ❛ ❡①✐stê♥❝✐❛ ❞❡ ❛❧❣✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ✐♥t❡♥s✐✜❝❛çã♦ ❞♦s ♣❡rí♦❞♦s ❞❡ s❡❝❛ ❡

♣♦ssí✈❡✐s r❡❣✐str♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♥♦ ♥♦r❞❡st❡ ❜r❛s✐❧❡✐r♦✳

❖ r❡❣✐str♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦ ❇r❛s✐❧ ♥ã♦ s❡ ❞❡té♠ ❛♣❡♥❛s ❛s r❡❣✐õ❡s ♠❛✐s ♣ró①✐♠❛s

❞❛ ❢❛✐①❛ ❡q✉❛t♦r✐❛❧✱ ❡❧❡s s❡ ❡st❡♥❞❡♠ t❛♠❜é♠ ❛♦s ♠✉♥✐❝í♣✐♦s ❞♦ s✉❧✱ q✉❡✱ ❡♠ ✷✵✵✸✱

s♦❢r❡r❛♠ ✉♠❛ ❞❛s ♠❛✐s s❡✈❡r❛s ♦♥❞❛s ❞❡ ❝❛❧♦r q✉❡ s❡ ❤á r❡❣✐str♦s✳ ❊ss❡ ❡♣✐só❞✐♦

✜❝♦✉ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ✏■♥❢❡r♥♦ ●❛ú❝❤♦✑✱ ♣♦✐s✱ ❞✉r❛♥t❡ ✉♠❛ s❡♠❛♥❛✱ ♦s t❡r♠ô♠❡tr♦s

♠❛r❝❛r❛♠ ❛té 39oC ❡♠ ♠✉✐t❛s ❝✐❞❛❞❡s ❞♦ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✱ ♦ q✉❡ tr♦✉①❡ ❞❡✜❝✐ê♥❝✐❛s

❛♦ ❛❜❛st❡❝✐♠❡♥t♦ ❞❡ á❣✉❛ ❧♦❝❛❧ ❡ ❝♦♥s✉♠♦ r❡❝♦r❞❡ ❞❡ ❡♥❡r❣✐❛✳

▼❡❞✐❛♥t❡ ❡ss❡ ❝♦♥t❡①t♦✱ ♥❡st❡ ❝❛♣ít✉❧♦ ❢♦✐ ❛♥❛❧✐s❛❞❛ ❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r

♥♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✱ ❛♦ ❧♦♥❣♦ ❞♦s ❛♥♦s ❞❡ ✶✾✾✽ ❛ ✷✵✶✺✳ ❆ ♠❡t♦❞♦❧♦❣✐❛ ❛❞♦t❛❞❛

❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ❡♠ P❡r❦✐♥s ❡ ❆❧❡①❛♥❞❡r ✭✷✵✶✸✮✱ q✉❡ ❡s♣❡❝✐✜❝❛r❛♠ ♠❡❞✐❞❛s ❞❡ ♦♥❞❛s ❞❡

❝❛❧♦r ❛ ♣❛rt✐r ❞❡ ❝r✐tér✐♦s ❝❧✐♠❛t♦❧ó❣✐❝♦s ❡ ❧✐♠✐❛r❡s ❞❡ ❝❛❧♦r ❡①tr❡♠♦✳ ❊s♣❡❝✐✜❝❛♠❡♥t❡✱

❢♦r❛♠ ❝♦♥str✉í❞♦s ✐♥❞✐❝❛❞♦r❡s ♣❛r❛ t♦❞♦s ♦s ♠✉♥✐❝í♣✐♦s ❞♦ ♣❛ís q✉❡ ❝❛r❛❝t❡r✐③❛♠ ❛

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

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

♥♦ ❇r❛s✐❧✱ ♠❛s r❡❝❛✐ ❡①❛t❛♠❡♥t❡ s♦❜r❡ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♦✉tr❛s ❛♥á❧✐s❡s✱ ❝♦♠♦ ❛q✉❡❧❛s

q✉❡ s❡rã♦ r❡❛❧✐③❛❞❛s ♥♦s ❝❛♣ít✉❧♦s ■■ ❡ ■■■✱ s♦❜r❡ ♦s r✐s❝♦s ❞❡ ♠♦r❜✐❞❛❞❡ ❡ ♠♦rt❛❧✐❞❛❞❡✳

❆❧é♠ ❞✐ss♦✱ r❡ss❛❧t❛✲s❡ q✉❡ ❡①✐st❡♠ ❧❛❝✉♥❛s ♥❛ ❧✐t❡r❛t✉r❛ s♦❜r❡ ♦s ✐♠♣❛❝t♦s ❞❡ ❡✈❡♥✲

t♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s ♥❛ ❡❝♦♥♦♠✐❛✱ ❡✱ s♦❜r❡ ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❛s ❝♦♥s✲

t❛t❛çõ❡s ❡♠♣ír✐❝❛s sã♦ ❡s❝❛ss❛s✳ P♦rt❛♥t♦✱ ❡s♣❡r❛✲s❡ q✉❡ ♦ ❝ô♠♣✉t♦ ❞❡ss❡s ✐♥❞✐❝❛❞♦r❡s

♣♦ss❛♠ s✉❜s✐❞✐❛r ❡st✉❞♦s s♦❜r❡ ❡❝♦♥♦♠✐❛ ❞♦ ❜❡♠✲❡st❛r✱ ❡❝♦♥♦♠✐❛ ❞❛ s❛ú❞❡✱ ❡❝♦♥♦♠✐❛

❛❣rí❝♦❧❛✱ ❞❡♥tr❡ ♦✉tr♦s✳ ❊♠❜♦r❛ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ss❡s ✐♥❞✐❝❛❞♦r❡s t❡♠ s✐❞♦ ❛♠♣❧❛✲

♠❡♥t❡ ✉t✐❧✐③❛❞❛ ♥❛ ❧✐t❡r❛t✉r❛ ❝❧✐♠❛t♦❧ó❣✐❝❛✱ ♥❡♥❤✉♠ ❞♦s ❡st✉❞♦s r❡✈✐s❛❞♦s ❞❡❞✐❝♦✉✲s❡

❛ ❛♥❛❧✐s❛r t♦❞♦s ♦s ♠✉♥✐❝í♣✐♦s ❞❡ ✉♠ ♣❛ís ❞✉r❛♥t❡ ✉♠ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦ s✉♣❡r✐♦r ❛

✶✵ ❛♥♦s✳ ❖✉tr❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡st❛ ♣❡sq✉✐s❛ r❡❝❛✐ s♦❜r❡ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛s ♦♥❞❛s

❞❡ ❝❛❧♦r✱ ❡❢❡t✉❛❞♦ ❝♦♠ ❞❛❞♦s ❝❧✐♠át✐❝♦s ❞❡ três ❡♠ três ❤♦r❛s ♦r✐✉♥❞♦s ❞❡ ♠♦❞❡❧♦s

✶✸



❝❧✐♠át✐❝♦s ❞❡ ❞❛❞♦s ❞❡ r❡❛♥á❧✐s❡✻✳

❆❧é♠ ❞❡st❛ ✐♥tr♦❞✉çã♦✱ ❡st❡ ❝❛♣ít✉❧♦ s❡❣✉❡✲s❡ ❝♦♠ ✉♠❛ s❡çã♦ ❞❡❞✐❝❛❞❛ ❛♦s ❛s♣❡❝t♦s

❡ ❞❡✜♥✐çõ❡s ♠❡t❡♦r♦❧ó❣✐❝❛s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✳ ◆❛ t❡r❝❡✐r❛ s❡çã♦ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s

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

❝♦♠♦ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦s ❞❛❞♦s ✉t✐❧✐③❛❞♦s✳ ❊♠ s❡❣✉✐❞❛✱ ♥❛ q✉❛rt❛ s❡çã♦ sã♦ ❛♣r❡s❡♥✲

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

✷✳✷ ❖♥❞❛s ❞❡ ❈❛❧♦r✿ ❞❡✜♥✐çõ❡s ❡ ❝♦♥❝❡✐t♦s ♠❡t❡♦r♦❧ó❣✐❝♦s✳

❖♥❞❛s ❞❡ ❝❛❧♦r sã♦ t✐♣✐❝❛♠❡♥t❡ ❞❡✜♥✐❞❛s ❝♦♠♦ ✉♠ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦ ❡①❝❡ss✐✈❛♠❡♥t❡

q✉❡♥t❡ ✭P❡③③❛ ❡t ❛❧✳✱ ✷✵✶✷✮✳ ❊ss❛ ❝♦♥❝❡♣çã♦ é ❛❜str❛t❛ ❡ ♣❡r♠✐t❡ ♠ú❧t✐♣❧❛s ❞❡✜♥✐çõ❡s

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

❡✱ ♣♦r ❝♦♥s❡q✉ê♥❝✐❛✱ ♥♦s ❡st✉❞♦s ❝✐❡♥tí✜❝♦s✳ ❖♥❞❛s ❞❡ ❝❛❧♦r ♣♦❞❡♠ s❡r ❞❡✜♥✐❞❛s ❝♦♠♦

r❡❣✐str♦s ❞❡ t❡♠♣❡r❛t✉r❛s ❞✐ár✐❛s q✉❡ ❡①❝❡❞❡♠ ❛ t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛ ❡s♣❡r❛❞❛ ♣❛r❛

✉♠❛ ❞❛❞❛ ❧♦❝❛❧✐❞❛❞❡✼✱ ♣♦❞❡♠ t❛♠❜é♠ s❡r ❝❧❛ss✐✜❝❛❞❛s ♣❡❧❛ ♦❜s❡r✈❛çã♦ ❞❡ ❡❧❡✈❛❞❛s

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

❣✐str♦s ❞✐ár✐♦s q✉❡ ❛ t❡♠♣❡r❛t✉r❛ ❡①❝❡❞❡✉ ✉♠ ❧✐♠✐❛r ✜①♦✱ ❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ 40oC✳

❉✐❛♥t❡ ❞✐ss♦✱ t♦r♥❛✲s❡ ✈á❧✐❞♦ s❛❧✐❡♥t❛r q✉❡ ❡①✐st❡✱ ♥❛ ❧✐t❡r❛t✉r❛ r❡✈✐s❛❞❛✱ ✉♠ ❝♦♥s❡♥s♦

❞❛ ❢❛❧t❛ ❞❡ ✉♠❛ ❞❡✜♥✐çã♦ ✉♥✐✈❡rs❛❧♠❡♥t❡ ❛❝❡✐t❛ ❞❡ss❡s ❡✈❡♥t♦s✳

❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ❞❡✜♥✐çã♦ ♣r❡❝✐s❛ ❡ ❣❡♥❡r❛❧✐st❛ é ❡ss❡♥❝✐❛❧ ♣❛r❛ ♦ ♠♦♥✐t♦✲

r❛♠❡♥t♦ ❝❧✐♠át✐❝♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦ ❇r❛s✐❧ ❡ ♥♦s ♦✉tr♦s ♣❛ís❡s✳ ❆✜♥❛❧✱ ❝❛s♦ ❤♦✉✈❡ss❡

❛❧❣✉♠ ♠étr✐❝❛ ❝♦♥s❡♥s✉❛❧✱ ❡❧❛ ♣❡r♠✐t✐r✐❛ ❝♦♠♣❛r❛çõ❡s ❡ ♣r♦❥❡çõ❡s ❞❡ t❡♥❞ê♥❝✐❛ ❝♦♠

r❡❧❛çã♦ ❛ ❞✐✈❡rs❛s ❧♦❝❛❧✐❞❛❞❡s✳ ❖ ❝ô♠♣✉t♦ ❞❡ ✉♠ ✐♥❞✐❝❛❞♦r ♦❜❥❡t✐✈♦ ❡ s✐♠♣❧❡s ❝❡♥tr❛✲s❡

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

✻▼❛✐s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦s ❞❛❞♦s ❞❡ r❡❛♥á❧✐s❡ ❡stã♦ ❞✐s♣♦t❛s ♥❛ s❡çã♦ ✷✳✹✳✷ ❞❡st❡ ❝❛♣ít✉❧♦
✼❖ ♣♦♥t♦ ❞❡ ♣❛rt✐❞❛ ♣❛r❛ ✉♠❛ ❝♦♠♣r❡❡♥sã♦ s♦❜r❡ ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r é ❛ ❞❡✜♥✐çã♦ ♠❡t❡♦✲

r♦❧ó❣✐❝❛ ❞❡ ✉♠ ❛♥t✐❝✐❝❧♦♥❡✳ ❖s ❛♥t✐❝✐❝❧♦♥❡s sã♦ r❡❣✐õ❡s ❞❡ ❛❧t❛ ♣r❡ssã♦ ❡♠ t♦r♥♦ ❞❛s q✉❛✐s ♦s ✈❡♥t♦s s❡
❞✐r❡❝✐♦♥❛♠ ❡♠ s❡♥t✐❞♦ ❤♦rár✐♦ ♥♦ ❤❡♠✐s❢ér✐♦ ♥♦rt❡ ❡ ❡♠ s❡♥t✐❞♦ ❝♦♥trár✐♦ ♥♦ ❤❡♠✐s❢ér✐♦s s✉❧✳ ▼✉✐t❛s
✈❡③❡s✱ ♦s ❛♥t✐❝✐❝❧♦♥❡s ❡stã♦ ❛ss♦❝✐❛❞♦s ❛♦ q✉❡ é ❞✐t♦ ♣♦♣✉❧❛r♠❡♥t❡ ❝♦♠♦ ✧❜♦♠ t❡♠♣♦✧✳ ■st♦ é✱ ❡♠ ❝✐r✲
❝✉♥stâ♥❝✐❛s ❞❡ ❛♥t✐❝✐❝❧♦♥❡s✱ ♦ ❛r ❛q✉❡❝❡ ❡ ✜❝❛ ❜❛st❛♥t❡ ❡stá✈❡❧✱ s✉♣r✐♠✐♥❞♦ ♦s ♠♦✈✐♠❡♥t♦ ♥❡❝❡ssár✐♦s
♣❛r❛ ❛ ❢♦r♠❛çã♦ ❞❡ ♥✉✈❡♥s ❡ ♣r❡❝✐♣✐t❛çã♦✳ P♦r ✐ss♦ ♦s ❛♥t✐❝✐❝❧♦♥❡s sã♦ ❛ss♦❝✐❛❞♦s ❛ ❞✐❛s ❞❡ ❝é✉s ❝❧❛r♦s
❡ ❝♦♠ ♣♦✉❝❛s ♥✉✈❡♥s✱ t✐♣✐❝❛♠❡♥t❡ q✉❡♥t❡s ❡ s❡❝♦s✳ ❊ss❡s ❝é✉s ❝❧❛r♦ sã♦ r❡s♣♦♥sá✈❡✐s ♣❡❧♦ ❛q✉❡❝✐♠❡♥t♦
r❛❞✐♦❛t✐✈♦ ❞❛ s✉♣❡r❢í❝✐❡ ❡ ♣r♦❧♦♥❣❛♠❡♥t♦ ❞❡ ✉♠ ❝✐❝❧♦ ❡stá✈❡❧ ❡ ❧❡♥t♦ ❞❡ ❛q✉❡❝✐♠❡♥t♦✱ ♣r♦❞✉③✐♥❞♦✱
♣♦rt❛♥t♦ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r✳

✶✹



❞❡ ❝❛❧♦r ❡①tr❡♠♦✱ ❞✐str✐❜✉✐çã♦ ❡s♣❛❝✐❛❧✱ ❝❛❧♦r ❛❝✉♠✉❧❛❞♦ ❡ ❞✉r❛çã♦ ✲ ❡♠ ❞✐❛s ✭❑❛❣❣❡✲

♥❤♦✛ ❡t ❛❧✳✱ ✷✵✶✺✮✳ ◆❛ ❚❛❜❡❧❛ ✷✳✶ ❢♦r❛♠ ❝♦♠♣✐❧❛❞❛s ❞✐✈❡rs❛s ♠❡❞✐❞❛s ❡♥❝♦♥tr❛❞❛s ♥❛

❧✐t❡r❛t✉r❛ ❡s♣❡❝✐❛❧✐③❛❞❛ ❡ s❡✉s r❡s♣❡❝t✐✈♦s r❡s✉❧t❛❞♦s✳

✶✺



❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❚❳✾✵♣✱ ❚◆✾✵♣✱ ❚❘✭tr♦♣✐❝❛❧✮✱ ❙❯ ✭✈❡rã♦✮✱ ❍❲❆✱ ❍❲◆✱ ❍❲❉ ❡ ❍❲❋ sã♦ ✐♥❞✐❝❛❞♦r❡s

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

❚♦❞♦s ❡ss❡s í♥❞✐❝❡s sã♦ ❜❛s❡❛❞♦s ❡♠ t❡♠♣❡r❛t✉r❛s ♦❜s❡r✈❛❞❛s✳

✶✻



❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❧✐t❡r❛t✉r❛ r❡✈✐s❛❞❛✱ ❡①♣♦st❛ ♥❛ ❚❛❜❡❧❛ ✷✳✶✱ ❛ ♠❛✐♦r✐❛ ❞♦s tr❛❜❛❧❤♦s

✐❞❡♥t✐✜❝❛♠ ♦ ❡str❡ss❡ tér♠✐❝♦ q✉❛♥❞♦ ❛s t❡♠♣❡r❛t✉r❛s ❞✐ár✐❛s sã♦ ❛tí♣✐❝❛s ❡♠ r❡❧❛çã♦

❛♦s r❡❣✐str♦s r❡❝❡♥t❡s ❞❡ ❝❛❧♦r✳ ❖✉ q✉❛♥❞♦ ❛ r❡s✐❧✐ê♥❝✐❛ ✭❛❞❛♣t❛çã♦✮ ❞❡ ❧♦♥❣♦ ♣r❛③♦ ❞❡

✉♠ s✐st❡♠❛ ✭♣♦r ❡①❡♠♣❧♦✱ ❜✐♦❧ó❣✐❝♦ ♦✉ ❛❣rí❝♦❧❛✮ é ❡①❝❡❞✐❞❛ ✽✳

❖s tr❛❜❛❧❤♦s ❞❡ P♦✉♠❛❞❡r❡ ❡t ❛❧✳ ✭✷✵✵✺✮✱ ❆❧❡①❛♥❞❡r ❡t ❛❧✳ ✭✷✵✵✻✮✱ ❱❛sq✉❡③✲❆❣✉✐rr❡

❡ ❏♦♥❡s ✭✷✵✵✽✮ ❡ ❘▼❈❖ ✭✷✵✶✹✮✱ ❛♣❡s❛r ❞❡ s✉❛s ❡s♣❡❝✐✜❝✐❞❛❞❡s ♥❛ ❝♦♥str✉çã♦ ❞❡ s❡✉s

✐♥❞✐❝❛❞♦r❡s✱ ❡st✉❞❛♠ ♠✉❞❛♥ç❛s ❡①tr❡♠❛s ♥❛s t❡♠♣❡r❛t✉r❛s ❞✐ár✐❛s ❝♦♠ r❡❧❛çã♦ ❛ ✉♠

❞❛❞♦ ♣❡r❝❡♥t✐❧ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❛s t❡♠♣❡r❛t✉r❛s ♣❛ss❛❞❛s ♦✉ r❡❝❡♥t❡s✳ ❊♠ ❝♦♠✉♠✱ t♦✲

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

♥♦ ▼é①✐❝♦ ❡ ♥♦s ❊st❛❞♦s ❯♥✐❞♦s✳ ❊♠ P❛r✐s✱ ♣♦r ❡①❡♠♣❧♦✱ ❛ ♠é❞✐❛ ❞❡ ❧♦♥❣♦ ♣r❛③♦ ❞♦

♥ú♠❡r♦ ❞❡ ❞✐❛s ❡①❝❡ss✐✈❛♠❡♥t❡ q✉❡♥t❡s tr✐♣❧✐❝♦✉✱ ♥❛s ú❧t✐♠❛s ❝✐♥❝♦ ❞é❝❛❞❛s ✭▼❡❡❤❧ ❡

❚❡❜❛❧❞✐✱ ✷✵✵✹✮✳

❖✉tr♦s tr❛❜❛❧❤♦s ❜✉s❝❛r❛♠✱ ❛ ♣❛rt✐r ❞❡ ❢✉♥çõ❡s ❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦✱ ♠❡♥s✉r❛r í♥❞✐❝❡s

q✉❡ ❝❛r❛❝t❡r✐③❛♠ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥ã♦ ❛♣❡♥❛s q✉❛♥t♦ ❛♦ ♥ú♠❡r♦ ❞❡ ❡♣✐só❞✐♦s✱ ♠❛s

t❛♠❜é♠ q✉❛♥t♦ ❛ ❞✉r❛çã♦✱ ❢r❡q✉ê♥❝✐❛ ❡ ❛ ❛♠♣❧✐t✉❞❡✳ ❋✐s❝❤❡r ❡ ❙❤är ✭✷✵✶✵✮✱ P❡r❦✐♥s ❡

❆❧❡①❛♥❞❡r ✭✷✵✶✸✮ ❡ ❑❛❣❣❡♥❤♦✛ ❡t ❛❧✳ ✭✷✵✶✺✮ ✈❡r✐✜❝❛r❛♠✱ ❛ ♣❛rt✐r ❞♦ ❝ô♠♣✉t♦ ❞❡ss❡s

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

❛♥♦✱ ❝♦♠ ❞✉r❛çã♦ ♠é❞✐❛ ❡♥tr❡ ✺✱✺ ❡ ✽ ❞✐❛s✳ ❊ss❡s ✐♥❞✐❝❛❞♦r❡s ❛✐♥❞❛ ♣♦❞❡♠ s❡r ❜❛s✲

t❛♥t❡ s❡♥sí✈❡✐s ❛ ♦✉tr♦s ❢❡♥ô♠❡♥♦s ❝❧✐♠át✐❝♦s ❝♦♠❜✐♥❛❞♦s✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞♦ ❊❧ ◆✐ñ♦✳

❈❤❛✉❞❤✉r② ❡t ❛❧✳ ✭✷✵✵✵✮ ❝♦♥st❛t♦✉ q✉❡ ♥♦ ♥♦r♦❡st❡ ❞❛ ❮♥❞✐❛✱ ♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡

❝❛❧♦r ♣r❛t✐❝❛♠❡♥t❡ ❞✉♣❧✐❝❛ ❡♠ ❛♥♦s ❞❡ ❊❧ ◆✐ñ♦✳ ❙❡❣✉♥❞♦ ♦s ❛✉t♦r❡s✱ ♦s ❡❢❡✐t♦s s♦❜r❡

❛ ♣♦♣✉❧❛çã♦ é ❞rást✐❝♦✱ ♠❛s✱ sã♦ ❛✐♥❞❛ ♠❛✐♦r❡s q✉❛♥❞♦ ♥✉♠❛ ❧♦❝❛❧✐❞❛❞❡ ❡s♣❡❝í✜❝❛ sã♦

❝♦♠❜✐♥❛❞♦s ♦ ❢❡♥ô♠❡♥♦ ❊❧ ◆✐ñ♦✱ ♦♥❞❛ ❞❡ ❝❛❧♦r ❡ s❡❝❛ s❡✈❡r❛✳ ❖ ♠❡s♠♦ r❡s✉❧t❛❞♦ ❢♦✐

r❛t✐✜❝❛❞♦ ♣♦r ▼✉r❛r✐ ❡t ❛❧✳ ✭✷✵✶✻✮ ❡♠ ♦✉tr♦ ❡st✉❞♦ ♣❛r❛ ❮♥❞✐❛✱ ♥♦ q✉❛❧✱ ❞❡♥tr❡ ❛s

♣r✐♥❝✐♣❛✐s ❝♦♥❝❧✉sõ❡s✱ ✈❡r✐✜❝❛r❛♠ q✉❡ ♣r♦✈❛✈❡❧♠❡♥t❡ ❛s ♦❝♦rrê♥❝✐❛s ❞❡ ❊❧ ◆✐ñ♦s ♠❛✐s

s❡✈❡r♦s ❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ♦♥❞❛s ❞❡ ❝❛❧♦r ♠❛✐s ✐♥t❡♥s❛s✳

❖✉tr❛ ❡✈✐❞ê♥❝✐❛ ✐♠♣♦rt❛♥t❡✱ ❡♠ ♣❛rt✐❝✉❧❛r ♣❛r❛ r❡❣✐õ❡s ✉r❜❛♥❛s✱ é q✉❡ ♥❡❧❛s ♦s

✽❊ss❛s ❢♦r♠❛s ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s ❡✈❡♥t♦s ❞❡ ♦♥❞❛ ❞❡ ❝❛❧♦r sã♦ ❞✐s❝✉t✐❞❛s ♥❛ s❡❣✉♥❞❛ s❡çã♦ ❞♦
❝❛♣ít✉❧♦ ■■■✳ ◆❡❧❛ sã♦ ❛♣r❡s❡♥t❛❞♦s ❛❧❣✉♥s ❡st✉❞♦s ✈♦❧t❛❞♦s ♣❛r❛ ❛ r❡❧❛çã♦ ❡♥tr❡ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
❡ ♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ♣❛r❛ ❞✐✈❡rs♦s ♣❛ís❡s ❡ ❝✐❞❛❞❡s ❡s♣❡❝í✜❝❛s✳

✶✼



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

s✐♥ér❣✐❝❛ é ❛ ✐♥t❡r❛çã♦ ❡♥tr❡ ✐❧❤❛s ❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✾ ✭▲✐ ❡ ❇♦✉✲❩❡✐❞✱ ✷✵✶✸✮✳ ❖s ❛✉t♦r❡s

❛✐♥❞❛ ❛♣♦♥t❛♠ q✉❡✱ ♣❛r❛ ❛ r❡❣✐ã♦ ♠❡tr♦♣♦❧✐t❛♥❛ ❞❡ ❲❛s❤✐♥❣t♦♥ ✭❊❯❆✮✱ ❢♦r❛♠ ♥♦t❛❞♦s

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

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

♣ró①✐♠❛s ❛ ❇❛❧t✐♠♦r❡✳

◆♦ ❝♦♥t❡①t♦ ❞❡ss❛ ❞✐s❝✉ssã♦✱ ❝♦♥st❛t❛✲s❡ q✉❡ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❛♣r❡s❡♥t❛♠ ❞✐st✐♥✲

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

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

❞✐st✐♥t❛ ❡♥tr❡ ❛ ♣♦♣✉❧❛çã♦✶✵✱ ❞❛❞♦ ❛ s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❞❛♣t❛çã♦ ❡ ❝♦♥✈✐✈ê♥❝✐❛ ❝♦♠

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

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

❞❡✜♥✐çõ❡s ❡ ♠étr✐❝❛s ❝❧✐♠át✐❝❛s ♣❛r❛ ❡ss❡s ❡✈❡♥t♦s✱ ❝♦♥❢♦r♠❡ ♦ ❡st✉❞♦ ❞❡ P❡r❦✐♥s ❡

❆❧❡①❛♥❞❡r ✭✷✵✶✸✮✳ ✶✶

✷✳✸ ❊①❝❡ss♦ ❡ ❊str❡ss❡ ❞❡ ❈❛❧♦r✿ ❞❡✜♥✐çã♦ ❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❡

♦♥❞❛s ❞❡ ❝❛❧♦r

❖ ❝❛rát❡r ✈❛❣♦ ❞❛ ❞❡✜♥✐çã♦ ❞❡✉ ♠❛r❣❡♠ ❛♦ s✉r❣✐♠❡♥t♦ ❞❡ ♥✉♠❡r♦s❛s ♠étr✐❝❛s ❡ í♥❞✐❝❡s

q✉❡ ❜✉s❝❛♠ ❣❡r❛r ✐♥❢♦r♠❛çõ❡s q✉❛♥t✐t❛t✐✈❛s s♦❜r❡ ♣❡rí♦❞♦s ❞❡ ❝❛❧♦r ❡①tr❡♠♦ ✭P❡r❦✐♥s

❡ ❆❧❡①❛♥❞❡r✱ ✷✵✶✸✮✳

◆❡st❡ tr❛❜❛❧❤♦ ❢♦✐ ❛❞♦t❛❞❛ ❛ ❞❡✜♥✐çã♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❜❛s❡❛❞❛ ♥♦ ❝♦♥❝❡✐t♦ ❞❡

❢❛t♦r ❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦ ✭❋❈❊✮ ✭◆❛✐r♥s ❡t ❛❧✳✱ ✷✵✵✾✮✳ ❊st❛ ❡s❝♦❧❤❛ ❜❛s❡✐❛✲s❡ ❡♠ ❞♦✐s

❝r✐tér✐♦s✳ Pr✐♠❡✐r❛♠❡♥t❡✱ ♦ ❋❈❊ ♣♦ss✉✐ ✉♠ ❝r✐tér✐♦ ♠❡t♦❞♦❧ó❣✐❝♦✱ ❡st❛t✐st✐❝❛♠❡♥t❡

❜❡♠ ❞❡✜♥✐❞♦✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛ ♦✉tr♦s í♥❞✐❝❡s q✉❡ s❡ ♣r♦♣õ❡♠ ❛ ♠❡❞✐r✴✐❞❡♥t✐✜❝❛r

♦♥❞❛s ❞❡ ❝❛❧♦r ✭P❡r❦✐♥s ❡ ❆❧❡①❛♥❞❡r✱ ✷✵✶✸✮✳ ❊♠ s❡❣✉♥❞♦ ❧✉❣❛r✱ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❋❈❊ ❢♦✐

✾■❧❤❛s ❞❡ ❝❛❧♦r sã♦ ❢❡♥ô♠❡♥♦s ❝❧✐♠át✐❝♦s q✉❡ ♣♦❞❡♠ s❡r ❞❡✜♥✐❞♦s ❝♦♠♦ ✉♠❛ ❛♥♦♠❛❧✐❛ tér♠✐❝❛✱
♦♥❞❡ ❛ t❡♠♣❡r❛t✉r❛ ❞♦ ❛r ✉r❜❛♥♦ é ♠❛✐s ❡❧❡✈❛❞❛ ❞♦ q✉❡ ♥❛s ár❡❛s ✈✐③✐♥❤❛s ✭❲❡♥❣ ❡t ❛❧✳✱ ✷✵✵✹✮✳

✶✵❆s ❡✈✐❞ê♥❝✐❛s ❞❡ q✉❡ ❡①✐st❡♠ ❣r✉♣♦s ♣♦♣✉❧❛❝✐♦♥❛✐s ♠❛✐s ✈✉❧♥❡rá✈❡✐s ❛♦s ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r
❢♦r❛♠ ❛♣r❡s❡♥t❛❞❛s ♥♦ ❝❛♣ít✉❧♦ ✐♥tr♦❞✉tór✐♦✱ ❝♦♥❢♦r♠❡ ❛❧❣✉♥s ♠❡❝❛♥✐s♠♦s ❞❡ ✜s✐♦❧♦❣✐❛ ❤✉♠❛♥❛✳

✶✶P❛r❛ ✉♠ ♠❛✐♦r ❞❡t❛❧❤❛♠❡♥t♦ ❞❡ss❡s ❝♦♥❝❡✐t♦s✱ ✈✐❞❡ ◆❛✐r♥✱ ❋❛✇❝❡tt ❡ ❘❛② ✭✷✵✵✾✮✳

✶✽



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

♠♦rt❛❧✐❞❛❞❡ ✭P✇❈✱ ✷✵✶✶✮✱ ♣❡r♠✐t✐♥❞♦ ❛ss✐♠ ❛ ❝♦♠♣❛r❛çã♦ ❞❡ r❡s✉❧t❛❞♦s✳ ❙❡❣✉✐♥❞♦ ❛

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

❡✈❡♥t♦ ❞❡ ❞✉r❛çã♦ ♠í♥✐♠❛ ❞❡ três ❞✐❛s ❝♦♥s❡❝✉t✐✈♦s ✭❈♦❧❧✐♥s ❡t ❛❧✳ ✷✵✵✵✱ P❡③③❛ ❡t ❛❧✳

✷✵✶✷✮✳

❖ ❋❈❊ é ❝♦♠♣♦st♦ ♣♦r ❞♦✐s í♥❞✐❝❡s ❞❡ ❡①❝❡ss♦ ❞❡ ❝❛❧♦r ✭■❊❈✮✿

IECsig = [(Ti + Ti−1 + Ti−2)/3− T95] ✭✶✮

IECaccl = [(Ti + Ti−1 + Ti−2)/3]− [(Ti−3 + ...+ Ti−32)/30] ✭✷✮

♦♥❞❡ Ti ❝♦rr❡s♣♦♥❞❡ à t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ r❡❣✐str❛❞❛ ♥♦ ❞✐❛ i ❡ T95 é ♦ ♣❡r❝❡♥t✐❧ ✾✺

❞❛ ❞✐str✐❜✉✐çã♦ ❞❛s t❡♠♣❡r❛t✉r❛s ♠é❞✐❛s ❞✐ár✐❛s r❡❣✐str❛❞❛s ❛♦ ❧♦♥❣♦ ❞♦ ♣❡rí♦❞♦ ❞❡

❛♥á❧✐s❡✳ ❆ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ Ti é ❝❛❧❝✉❧❛❞❛ ❝♦♠♦ ❛ ♠é❞✐❛ ❛r✐t♠ét✐❝❛ ❞❛s t❡♠♣❡r❛t✉r❛s

♠á①✐♠❛ (Tmax) ❡ ♠í♥✐♠❛ (Tmin) r❡❣✐str❛❞❛s ❡♠ ❞❡t❡r♠✐♥❛❞♦ ❞✐❛✳ ❖ IECsig ❞❡s❝r❡✈❡

❛ ❛♥♦♠❛❧✐❛ ❞❛ ❥❛♥❡❧❛ ❞❡ três ❞✐❛s ❡♠ r❡❧❛çã♦ ❛ ✉♠ ❧✐♠✐t❡ ❞❡ ❝❛❧♦r ❡①tr❡♠♦ ✭♦ ♣❡r❝❡♥t✐❧

95✮✱ ❡♥q✉❛♥t♦ IECaccl ❞❡s❝r❡✈❡ ❛ ❛♥♦♠❛❧✐❛ ❞♦ ♣❡rí♦❞♦ ❞❡ três ❞✐❛s ❡♠ r❡❧❛çã♦ ❛♦s ✸✵

❞✐❛s ❛♥t❡r✐♦r❡s✶✷✳

❆s ❡q✉❛çõ❡s 1 ❡ 2 ♣♦❞❡♠ s❡r ❝♦♠❜✐♥❛❞❛s ♣❛r❛ s❡ ❞❡t❡r♠✐♥❛r ♦ ❋❈❊✿

FCE = IECsigxMax(1, IECaccl) ✭✸✮

♦♥❞❡ ✈❛❧♦r❡s ♣♦s✐t✐✈♦s ❞❡ FCE ❞❡t❡r♠✐♥❛♠ ❝♦♥❞✐çõ❡s ♥❡❝❡ssár✐❛s ♣❛r❛ ♦ ♦❝♦rrê♥❝✐❛ ❞❡

♦♥❞❛s ❞❡ ❝❛❧♦r✳ ❉❡st❛ ❢♦r♠❛✱ ❜❛s❡❛❞♦ ♥♦ ❝r✐tér✐♦ ❞❡ q✉❡ ♦♥❞❛s ❞❡ ❝❛❧♦r s❡ ❝❛r❛❝t❡r✐③❛♠

♣♦r ✉♠❛ s❡q✉ê♥❝✐❛ ♠í♥✐♠❛ ❞❡ três ❞✐❛s ❞❡ ❝❛❧♦r ❡①tr❡♠♦✱ ♦ ❋❈❊ ❞❡✈❡ s❡r ♣♦s✐t✐✈♦ ♥♦

♠í♥✐♠♦ ♣❛r❛ ♦s ❞✐❛s i✱ i+ 1 ❡ i+ 2 ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ✉♠ ♣❡rí♦❞♦ ❞❡ ❝❛❧♦r ❡①tr❡♠♦✳

✶✷❊ss❡ ♣r♦❝❡ss♦ ❞❡ ❛❝❧✐♠❛t❛çã♦ ❛ t❡♠♣❡r❛t✉r❛s ♠❛✐s ❛❧t❛s é ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ❛❞❛♣t❛çã♦ ❢ís✐❝❛
❤✉♠❛♥❛✱ q✉❡ ♣♦❞❡ ❡❧❡✈❛r ❡♥tr❡ ❞✉❛s ❡ s❡✐s s❡♠❛♥❛s✱ ❡♥✈♦❧✈❡♥❞♦ ❛❥✉st❛♠❡♥t♦s ✜s✐♦❧ó❣✐❝♦s ❡ ❡♥❞ó❝r✐♥♦s
❞♦s s✐st❡♠❛s ❝❛r❞✐♦✈❛s❝✉❧❛r ✭◆❛✐r♥ ❡t ❛❧✳✱ ✷✵✶✸✮✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❛✉t♦r❡s✱ ✸✵ ❞✐❛s ✭❝❡r❝❛ ❞❡ ✹
s❡♠❛♥❛s✮ t❡♠ s✐❞♦ ❛❞♦t❛❞♦ ❝♦♠♦ ♣❡rí♦❞♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ❛ ❛❝❧✐♠❛t❛çã♦✳

✶✾



✷✳✹ ▼ét♦❞♦s ❡ ❉❛❞♦s

✷✳✹✳✶ ■♥❞✐❝❛❞♦r❡s ❞❡ ❖♥❞❛s ❞❡ ❈❛❧♦r

P❛r❛ ❝❛r❛❝t❡r✐③❛r ♦s ❡✈❡♥t♦s ❞❡ ❝❛❧♦r ❡①tr❡♠♦✱ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ í♥❞✐❝❡s ❞❡ ♦♥❞❛s ❞❡

❝❛❧♦r ❢♦r❛♠ ❡①♣❧♦r❛❞♦s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❧✐t❡r❛t✉r❛ ❡s♣❡❝✐❛❧✐③❛❞❛ ✭❋✐s❤❡r ❡ ❙❝❤är✱ ✷✵✶✵❀

▼❡❡❤❧ ❡ ❚❡❜❛❧❞✐✱ ✷✵✵✹❀ ❈♦❧❧✐♥s✱ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ❊ss❡s í♥❞✐❝❡s sã♦ ❝♦♥str✉í❞♦s ❛ ♣❛rt✐r

❞♦s ✈❛❧♦r❡s ❛♣r❡s❡♥t❛❞♦s ♣❡❧❛ ❋❈❊✱ ❡①♣r❡ss❛ ♥❛ ❡q✉❛çã♦ ✸✳ ◆♦✈❛♠❡♥t❡✱ r❡ss❛❧t❛✲s❡

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

❞❡ ❝❛❧♦r q✉❛♥❞♦ FCE ≥ 0✱ ♥✉♠ ♣❡rí♦❞♦ ❞❡ ♣❡❧♦ ♠❡♥♦s ✸ ❞✐❛s ✭P❡r❦✐♥s ❡ ❆❧❡①❛♥❞❡r✱

✷✵✶✸✮✳

❖ ❋❛t♦r ❞❡ ❈❛❧♦r ❊①❝❡ss✐✈♦ é ✉♠❛ ♠❡❞✐❞❛ q✉❡ ♣❡r♠✐t❡ ❛♥á❧✐s❡s q✉❡ ✈ã♦ ❛❧é♠ ❞♦

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

tr♦s ❛s♣❡❝t♦s ❞❡r✐✈❛❞♦s ❞♦ FCE ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s✱ ❝♦♠♦ ♠❡❞✐❞❛s ❞❡ ✐♥t❡♥s✐❞❛❞❡✱

❢r❡q✉ê♥❝✐❛ ❡ ❞✉r❛çã♦✳

❋✐s❝❤❡r ❡ ❙❤är ✭✷✵✶✵✮ ❝❛❧❝✉❧❛r❛♠✱ ❜❛s❡❛❞♦s ♥❡ss❛ ❞❡✜♥✐çã♦✱ ❛❧❣✉♥s ❛s♣❡❝t♦s ❞❛s

♦♥❞❛s ❞❡ ❝❛❧♦r q✉❡ ✈ã♦ ♠✉✐t♦ ❛❧é♠ ❞❛ ♣❡rs✐stê♥❝✐❛ ❞❡ ♣❡rí♦❞♦s q✉❡♥t❡s✳ ❖s ❛✉t♦r❡s

❞❡❞✐❝❛♠ s✉❛s ❛♥á❧✐s❡s ❛♦s ✈❛❧♦r❡s ❛♥✉❛✐s ❞❡ ❍❲◆ ✕ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❍❲❋

✕ ❢r❡q✉ê♥❝✐❛ ❛♥✉❛❧ ❞❡ ❞✐❛s q✉❡ ♣❛rt✐❝✐♣❛r❛♠ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r✱ ❍❲❉ ✕ ❞✉r❛çã♦

♠é❞✐❛ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❡ ❍❲❆ ✕ ❞✐❛ ♠❛✐s q✉❡♥t❡ ✭❛♠♣❧✐t✉❞❡✮ ❞❛q✉❡❧❡ ❡✈❡♥t♦ ♠❛✐s

q✉❡♥t❡ ❞♦ ❛♥♦✳ ❉❛ ♠❡s♠❛ ❢♦r♠❛✱ P❡r❦✐♥s ❡ ❆❧❡①❛♥❞❡r ✭✷✵✶✸✮ ❝♦♠♣✉t❛r❛♠ ♦ ❋❈❊ ♣❛r❛

❛s t❡♠♣❡r❛t✉r❛s ♠é❞✐❛s ❞❡ ❛❧❣✉♠❛s ❝✐❞❛❞❡s ❛✉str❛❧✐❛♥❛s✱ ♥✉♠ ♣❡rí♦❞♦ ❞❡ ✸✵ ❛♥♦s✳

❚♦❞♦s ❡ss❡s ❛s♣❡❝t♦s sã♦ ❝♦♠♣✉t❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✱ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛

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

◆❛ ❚❛❜❡❧❛ ✷✳✷✱ ❡♥❝♦♥tr❛✲s❡ ❞✐s♣♦st♦ ✉♠❛ ❞❡s❝r✐çã♦ ❞❡t❛❧❤❛❞❛ ❞❡ss❡s ✐♥❞✐❝❛❞♦r❡s

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

✷✵



❚❛❜❡❧❛ ✷✳✷ ✕ ■❞❡♥t✐✜❝❛çã♦ ❡ ❞❡✜♥✐çã♦ ❞♦s ❛s♣❡❝t♦s ❛♥❛❧✐s❛❞♦s ❞❛s ❖♥❞❛s ❞❡ ❈❛❧♦r✱
❜❛s❡❛❞♦s ♥♦ ❋❛t♦r ❊①❝❡ss✐✈♦ ❞❡ ❈❛❧♦r ✭❋❈❊✮✳

❋♦♥t❡✿ ■♥❢♦r♠❛çõ❡s ❞❛ P❡sq✉✐s❛✱ P❡r❦✐♥s ❡ ❆❧❡①❛♥❞❡r ✭✷✵✶✸✮✳

◆♦t❛✿ ❆s ❝♦♥❞✐çõ❡s ❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦ ♥❡❝❡ssár✐❛s ♣❛r❛ ❛ ❝♦♥❢❡❝çã♦ ❞❡ ❝❛❞❛ ✉♠ ❞♦s ✐♥❞✐❝❛❞♦r❡s

sã♦ ✈❛❧♦r❡s ♣♦s✐t✐✈♦s ❞❡ ❋❈❊ ♣❡rs✐st❡♥t❡s ♣♦r ♣❡❧♦ ♠❡♥♦s três ❞✐❛s ❝♦♥s❡❝✉t✐✈♦s✳

✷✳✹✳✷ ❉❛❞♦s ❡ ❋♦♥t❡ ❞♦s ❉❛❞♦s

❆t✉❛❧♠❡♥t❡✱ ♥♦ ❇r❛s✐❧ ❡①✐st❡♠ ✷✻✺ ❡st❛çõ❡s ♠❡t❡♦r♦❧ó❣✐❝❛s r❡s♣♦♥sá✈❡✐s ♣♦r r❡❝♦❧❤❡r ❞❡

❢♦r♠❛ s✐st❡♠át✐❝❛ ❡ ♣❡r✐ó❞✐❝❛ ✐♥❢♦r♠❛çõ❡s ❝❧✐♠át✐❝❛s✶✸✳ ❚❡♠♣❡r❛t✉r❛✱ ♣r❡ssã♦ ❛t♠♦s✲

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

♠étr✐❝❛ sã♦ ❛❧❣✉♠❛s ❞❡ss❛s ✈❛r✐á✈❡✐s ❛❢❡r✐❞❛s✳ ❆ ❞✐str✐❜✉✐çã♦ ❡s♣❛❝✐❛❧ ❞❡ss❛s ❡st❛çõ❡s

❡♥❝♦♥tr❛✲s❡ ✐❧✉str❛❞❛ ♥♦ ♠❛♣❛ ❞❛ ❋✐❣✉r❛ ✷✳✶✳

✶✸❆❧é♠ ❞❡ss❛s ❡st❛çõ❡s ♠❡t❡♦r♦❧ó❣✐❝❛s ♠❛♥t✐❞❛s ♣❡❧♦ ■◆P❊✱ ♥♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s t❛♠❜é♠
❡①✐st❡♠ ❡st❛çõ❡s ♣❛rt✐❝✉❧❛r❡s ❡ ❡st❛çõ❡s ♣❡rt❡♥❝❡♥t❡s ❛ ❘❡❞❡ ▼❡t❡♦r♦❧ó❣✐❝❛ ❞❛ ❆❡r♦♥á✉t✐❝❛ ✲ ❉❊✲
❈❊❆✴❘❡❞❡♠❡t✳

✷✶



❋♦♥t❡✿ ❇❛♥❝♦ ❞❡ ❉❛❞♦s ▼❡t❡♦r♦❧ó❣✐❝♦s ♣❛r❛ ❊♥s✐♥♦ ❡ P❡sq✉✐s❛ ✭❇❉▼❊P✱ ✷✵✶✻✮✱ ❡❞✐t❛❞♦ ♣❡❧♦

❛✉t♦r✳

◆♦t❛✿ ❆s ❡st❛çõ❡s ♠❡t❡♦r♦❧ó❣✐❝❛s ♣♦❞❡♠ s❡r ❝❧❛ss✐✜❝❛❞❛s ❝♦♠♦ ❝♦♥✈❡♥❝✐♦♥❛✐s ♦✉ ❛✉t♦♠át✐❝❛s✳

◗✉❛♥❞♦ ❝♦♥✈❡♥❝✐♦♥❛✐s✱ ❛ ❝♦❧❡t❛ ❞❡ ❞❛❞♦s é ❢❡✐t❛ ♠❛♥✉❛❧♠❡♥t❡ ♣♦r té❝♥✐❝♦s✱ ❡✱ q✉❛♥❞♦ ❛✉t♦♠át✐❝❛✱

❛ ❝♦❧❡t❛ é r❡❛❧✐③❛❞❛ ♣♦r s❡♥s♦r❡s ❡❧❡trô♥✐❝♦s ❡ tr❛♥s♠✐t✐❞❛s ♣❛r❛ ✉♠❛ ❝❡♥tr❛❧✳ ❉❡♥tr❡ ❡ss❛s ❡st❛çõ❡s✱

❛❧❣✉♠❛s sã♦ s✐♥ó♣t✐❝❛s ❡ ❝❧✐♠❛t♦❧ó❣✐❝❛s✱ ♦✉ ❞❡ ♠❡t❡♦r♦❧♦❣✐❛ ❛❡r♦♥á✉t✐❝❛✱ ❛❣rí❝♦❧❛ ❡ ❡s♣❛❝✐❛✐s✳

❋✐❣✉r❛ ✷✳✶ ✕ ❊st❛çõ❡s ▼❡t❡♦r♦❧ó❣✐❝❛s ❞♦ ❇r❛s✐❧✳

❉✐❛r✐❛♠❡♥t❡✱ ❝❛❞❛ ✉♠❛ ❞❡ss❛s ❡st❛çõ❡s ❢❛③❡♠ r❡❣✐str♦s ❝❧✐♠át✐❝♦s ❡♠ ❢r❛çõ❡s ❞❡ 3

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

❞❛s ♣❛r❛ ❝♦♥s✉❧t❛ ♥✉♠❛ P❧❛t❛❢♦r♠❛ ❞❡ ❉❛❞♦s ❞♦ ■♥st✐t✉t♦ ◆❛❝✐♦♥❛❧ ❞❡ ▼❡t❡♦r♦❧♦❣✐❛

✭■♥♠❡t✮✳ ❆ ♣r✐♥❝✐♣❛❧ r❡ss❛❧✈❛ ❡♠ r❡❧❛çã♦ ❛ ❡ss❡s ❞❛❞♦s é ❛ ❞✐♠❡♥sã♦ ❣❡♦❣rá✜❝❛ q✉❡ ❡❧❡s

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

♣❛r❛ t♦❞♦s ♦s ♠✉♥✐❝í♣✐♦s ❞♦ ♣❛ís✳

P❛r❛ ❝♦♥t♦r♥❛r ❡ss❛ ❞✐✜❝✉❧❞❛❞❡ ❞❡ tr❛❜❛❧❤❛r ❝♦♠ ❞❛❞♦s ♦❜s❡r✈❛❝✐♦♥❛✐s✱ ❛❧❣✉♥s ♠♦✲

❞❡❧♦s ❢♦r❛♠ ❝r✐❛❞♦s ♣❛r❛ s✐♠✉❧❛r ❛s ❝♦♥❞✐çõ❡s ❝❧✐♠át✐❝❛s ❣❧♦❜❛✐s✳ ▼✉✐t♦s ❞❡ss❡s ♠♦❞❡❧♦s

❡stã♦ ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ♣❡rí♦❞♦s ❞❡ t❡♠♣♦ ❞✐st✐♥t♦s✱ ♣❛r❛ ❞❡t❡r♠✐♥❛❞♦s ❝♦♥t✐♥❡♥t❡s ♦✉

♣❛ís❡s ❡ ❛té ♠❡s♠♦ ♣❛r❛ ❝❡♥ár✐♦s ❞❡ ♣r❡✈✐sã♦✳ ❉❡♥tr❡ ❡❧❡s✱ r❡ss❛❧t❛♠✲s❡ ♦s ♠♦❞❡✲

❧♦s ❝♦♥❢❡❝❝✐♦♥❛❞♦s ♣❡❧♦ ❚❤❡ ❊✉r♦♣❡❛♥ ❈❡♥tr❡ ❢♦r ▼❡❞✐✉♠✲❘❛♥❣❡ ❲❤❡❛t❤❡r ❋♦r❡❝❛sts

✭❊❈▼❲❋✮✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♦ ♠♦❞❡❧♦ ❊❘❆✲■♥t❡r✐♠✳

❖ ❊❘❆✲■♥t❡r✐♠✱ ♠♦❞❡❧♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡①tr❛çã♦ ❞❡ ❞❛❞♦s ❞❡ t❡♠♣❡r❛t✉r❛ ❞❡ss❛

✷✷



t❡s❡✱ é ✉♠ ♠♦❞❡❧♦ ❛t♠♦s❢ér✐❝♦ ❣❧♦❜❛❧ ❝♦♠ ❞❛❞♦s ❞❡ r❡❛♥á❧✐s❡ ❛ ♣❛rt✐r ❞❡ ✶✾✼✾✱ ❝♦♥✲

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

♣❛r❛ ❛ ♣r♦❞✉çã♦ ❞♦ ❊❘❆✲■♥t❡r✐♠ é ❜❛s❡❛❞♦ ❡♠ ✉♠❛ ❧✐❜❡r❛çã♦ ❞❛ ■♥t❡❣r❛t❡❞ ❋♦r❡❝❛st

❙②st❡♠ ✭■❋❙✱ ✷✵✵✻✮✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♠♦❞❡❧♦ ❊❈▼❲❋✲■❋❙✳ ❊ss❡ s✐st❡♠❛ ❞❡ ♣r❡✈✐✲

sõ❡s ✐♥t❡❣r❛❞❛s é ✉♠ ♠♦❞❡❧♦ ❞❡ ♣r❡✈✐sã♦ ♠❡t❡♦r♦❧ó❣✐❝❛ ❞❡ ♦♣❡r❛çã♦ ❣❧♦❜❛❧✱ t❛♠❜é♠

❞❡s❡♥✈♦❧✈✐❞♦ ♣❡❧♦ ❊❈▼❲❋✳ ❖ s✐st❡♠❛ ✐♥❝❧✉✐ ✉♠❛ ❛♥á❧✐s❡ ❝♦♠ ❥❛♥❡❧❛s ❞❡ ❛♥á❧✐s❡ ❞❡

✶✷ ❤♦r❛s ❡ ❛ r❡s♦❧✉çã♦ ❡s♣❛❝✐❛❧ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s é ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 80km ❡♠ ✻✵

♥í✈❡✐s ✈❡rt✐❝❛✐s ♣❛r❛ ✉♠❛ s✉♣❡r❢í❝✐❡ ❛❝✐♠❛ ❞❡ 0.1hPa✳ ❆❧é♠ ❞✐ss♦✱ ✈❛❧❡ r❡ss❛❧t❛r q✉❡

♦s ❞❛❞♦s ♦❜s❡r✈❛❝✐♦♥❛✐s sã♦ ♣r❡❞✐t♦s ♣❡❧♦ ♠♦❞❡❧♦ ❊❘❆✲■♥t❡r✐♠ ❞❡ ❢♦r♠❛ r♦❜✉st❛ ❡ sã♦

♣r❛t✐❝❛♠❡♥t❡ ♣❡rs❡❣✉✐❞♦s ❡♠ t♦❞❛s ❛s ❡st❛çõ❡s ♠❡t❡♦r♦❧ó❣✐❝❛s ❡①♣♦st❛s ♥❛ ❋✐❣✉r❛ ✷✳✶

✶✹✳

❆s ♣r✐♥❝✐♣❛✐s ✈❛♥t❛❣❡♥s ❞❡ss❡ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s é ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ✐❞❡♥t✐✜❝❛r

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

❞❡ ✈ár✐♦s ❛♥♦s ❡ ❝♦♠ ♣r❡❝✐sã♦ ❞✐ár✐❛✳ ❆❧é♠ ❞✐ss♦✱ ♠❡❞✐❞❛s ❞❡ ✐♥t❡♥s✐❞❛❞❡✱ ❢r❡q✉ê♥❝✐❛

❡ ❞✉r❛çã♦ ❞❡ss❡s ❡✈❡♥t♦s ♣❛ss❛♠ ❛ s❡r ♣♦ssí✈❡✐s✱ ❝♦♥❢♦r♠❡ ♦ ❞❡✜♥✐❞♦ ❡♠ P❡r❦✐♥s ❡

❆❧❡①❛♥❞❡r ✭✷✵✶✸✮✳ P❛r❛ ♦ ❝ô♠♣✉t♦ ❞♦s ✐♥❞✐❝❛❞♦r❡s ❞❡ ❡①❝❡ss♦ ❞❡ ❝❛❧♦r✱ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s

❛s t❡♠♣❡r❛t✉r❛s ♠á①✐♠❛s ❡ ♠í♥✐♠❛s ❞✐ár✐❛s✱ ❞♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✽ ❛ ✷✵✶✺✳ ❆ t❡♠♣❡r❛t✉r❛

♠é❞✐❛ ❞✐ár✐❛ ✭❚▼❉✮ ❢♦✐ ❝❛❧❝✉❧❛❞❛ ❛ ♣❛rt✐r ❞❛ r❡❛❧✐③❛çã♦ ❞❡ss❛s ♠❡❞✐❞❛s ❡ sã♦ ❡❧❛s

✉t✐❧✐③❛❞❛s ♣❛r❛ ❝♦♠♣✉t❛r ♦ IECsig ❡ ♦ IECaccl✳

❯♠❛ ✈❡③ ❡♥❝♦♥tr❛❞♦s ♦s ✈❛❧♦r❡s ❞❡ FCE✱ ❞❡✜♥✐❞♦s ♥❛ ❡q✉❛çã♦ ✸✱ ❡ss❛s ♠❡❞✐❞❛s ❢♦✲

r❛♠ ♠✉♥✐❝✐♣❛❧✐③❛❞❛s ♥♦ s♦❢t✇❛r❡ ❆r❝●✐s✱ ♣♦r ♠❡✐♦ ❞❡ ♠é❞✐❛s ❡✉❝❧✐❞✐❛♥❛s ❡s♣❛❝✐❛✐s ❡♠

❣r❛❞❡s ❞❡ 7km✳ ❊ss❡ ♣r♦❝❡❞✐♠❡♥t♦ ♣❡r♠✐t❡ q✉❡ ❛s ✐♥❢♦r♠❛çõ❡s ♠❡t❡♦r♦❧ó❣✐❝❛s s❡❥❛♠

✐❞❡♥t✐✜❝❛❞❛s ♣❛r❛ ♦ ❝❡♥tr♦✐❞❡ ✶✺ ❞❡ ❝❛❞❛ ♠✉♥✐❝í♣✐♦✳ ❊ss❡s ♠❡s♠♦s ♣r♦❝❡❞✐♠❡♥t♦s s❡rã♦

❛❞♦t❛❞♦s ❝♦♠ ♦✉tr❛s ✈❛r✐á✈❡✐s ❝❧✐♠át✐❝❛s ✭✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❞♦ ❛r✱ ♣r❡❝✐♣✐t❛çã♦ ♣❧✉✈✐✲

♦♠étr✐❝❛ ❡ ✐♥s♦❧❛çã♦✮ ♣❛r❛ s✉❜s✐❞✐❛r ♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❡st✐♠❛❞♦s ♥♦s ❝❛♣ít✉❧♦s

II ❡ III ❞❡st❡ tr❛❜❛❧❤♦✳
✶✹❈♦♠♣❛r❛çõ❡s ❡♥tr❡ ♦s ❞❛❞♦s ❞❡ t❡♠♣❡r❛t✉r❛ ♦❜s❡r✈❛❞♦s ♣❡❧♦ ■◆P❊ ❡ ♦s ❞❛❞♦s ❞❡ r❡❛♥á❧✐s❡ ❞♦

♠♦❞❡❧♦ ❊❘❆✲■♥t❡r✐♠ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ❆✳✶✱ ❞♦ ❛♣ê♥❞✐❝❡ ❆✳ ❊♠ ♠é❞✐❛✱ ❛s ❞✐❢❡r❡♥ç❛s ❡♥tr❡
❛s t❡♠♣❡r❛t✉r❛s ❞✐ár✐❛s ♥ã♦ ❡①tr❛♣♦❧❛♠ ✵✳✸ ♦❈

✶✺❖s ♠✉♥✐❝í♣✐♦s ❢♦r❛♠ r❡♣r❡s❡♥t❛❞♦s ♣♦r ♣♦❧í❣♦♥♦s ❡ ♦s ❝❡♥tr♦✐❞❡s sã♦ ♦s ♣♦♥t♦s ❣❡♦♠étr✐❝♦s ❝❡♥✲
tr❛✐s✳

✷✸



❙♦❜r❡ ❛ ❞✐♠❡♥sã♦ ❞♦s ❞❛❞♦s ❝❧✐♠át✐❝♦s✱ ✈❛❧❡ r❡ss❛❧t❛r q✉❡ ❡❧❡s r❡✈❡❧❛♠ ✐♥❢♦r♠❛çõ❡s

❞✐ár✐❛s✱ s✐st❡♠❛t✐❝❛♠❡♥t❡ ❛ ❝❛❞❛ três ❤♦r❛s✱ ❡♠ t♦❞♦s ♦s ❛♥♦s ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✽ ❛

✷✵✶✺ ✶✻ ✳ ❊st❛tíst✐❝❛s ❞❡s❝r✐t✐✈❛s ❞❛s t❡♠♣❡r❛t✉r❛s ❝♦❧❡t❛❞❛s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s

♥❛ ❚❛❜❡❧❛ ❆✳✶ ❞♦ ❆♣ê♥❞✐❝❡ ❆✳ ◆❛ r❡s♣❡❝t✐✈❛ t❛❜❡❧❛✱ ♦s ❞❛❞♦s ❢♦r❛♠ s❡❣r❡❣❛❞♦s ♣♦r

❝❛♣✐t❛✐s ❡ ♠✉♥✐❝í♣✐♦s ❞♦ ✐♥t❡r✐♦r✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s t❡♠♣❡r❛t✉r❛s ♠é❞✐❛s ❡ ♠á①✐♠❛s

♣r❡❞✐t❛s ♥♦ r❡❢❡r✐❞♦ ♣❡rí♦❞♦ ❞❡ ❛♥á❧✐s❡✳ ❆❧❣✉♥s ♠✉♥✐❝í♣✐♦s ❞♦ ✐♥t❡r✐♦r ❞♦ P❛r❛♥á✱

❞♦ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✱ ❈✉r✐t✐❜❛✱ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ P♦rt♦ ❆❧❡❣r❡✱ ❙ã♦ P❛✉❧♦✱ ❈✉✐❛❜á ❡

●♦✐â♥✐❛✱ ❛♣r❡s❡♥t❛♠ ✐♥❞í❝✐♦s ❞❡ ❡❧❡✈❛❞❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❡①tr❡♠♦s ❞❡ ❝❛❧♦r✳ ❊ss❡s ✐♥❞í❝✐♦s

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

❛ t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛ ❛t✐♥❣✐❞❛✳ P♦r ❡①❡♠♣❧♦✱ ❛♣❡s❛r ❞❛ r❡❣✐ã♦ ◆♦r❞❡st❡ ❛♣r❡s❡♥t❛r

❛s ♠❛✐s ❡❧❡✈❛❞❛s t❡♠♣❡r❛t✉r❛s ♠é❞✐❛s✱ ❛s t❡♠♣❡r❛t✉r❛s ♠á①✐♠❛s sã♦ ♠❛✐s ❡❧❡✈❛❞❛s ❡

r❡❝♦rr❡♥t❡s ♥❛s r❡❣✐õ❡s ❙✉❧ ❡ ❈❡♥tr♦✲❖❡st❡✳

✷✳✺ ❘❡s✉❧t❛❞♦s

❖s ✐♥❞✐❝❛❞♦r❡s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❝❛❧❝✉❧❛❞♦s ❝❛r❛❝t❡r✐③❛♠ ❡ss❡s ❡✈❡♥t♦s q✉❛♥t♦ ❛ q✉❛tr♦

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

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

❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✷✳✷✱ ❡♠ ♠é❞✐❛✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ✉♠ ♠✉♥✐❝í♣✐♦ ❜r❛s✐❧❡✐r♦ ✈✐✈❡♥❝✐❛

♣❡❧♦ ♠❡♥♦s ✶ ♦♥❞❛ ❞❡ ❝❛❧♦r ❛♦ ❛♥♦✱ ❝♦♠ ❞✉r❛çã♦ ❞❡ 5 ❞✐❛s✳ ❆❧é♠ ❞✐ss♦✱ ❡♠ ♠é❞✐❛✱

10 ❞✐❛s ❛♦ ❛♥♦ sã♦ t✐♣✐❝❛♠❡♥t❡ ❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦✱ ❝♦♥❢♦r♠❡ ♦s ✈❛❧♦r❡s ❛♣r❡s❡♥t❛❞♦s ❞♦

✐♥❞✐❝❛❞♦r ❍❲❋✳

❆ ♣❛rt✐r ❞♦s ✐♥❞✐❝❛❞♦r❡s ❞❡ ❛♠♣❧✐t✉❞❡ ❝❛❧❝✉❧❛❞♦s✱ ♥♦t♦✉✲s❡ ✉♠ ❛✉♠❡♥t♦ ❞❡ss❛ ♠❡✲

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

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

♣♦s✐çõ❡s ❞❡ ◆❛✐r♥ ❡ ❋❛✇❝❡tt ✭✷✵✶✸✮✱ ❛s q✉❛✐s r❡✈❡❧❛♠ q✉❡✱ ❡♠ ✈ár✐❛s ❧♦❝❛❧✐❞❛❞❡s✱ ❛

✐♥t❡♥s✐❞❛❞❡ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r t❡♠ ❛✉♠❡♥t❛❞♦✳ ◆❛ ❋✐❣✉r❛ ✷✳✷✱ ❡♥❝♦♥tr❛♠✲s❡ ❣rá✜❝♦s

❞❛ ❡✈♦❧✉çã♦ ❞❡ss❡s ✐♥❞✐❝❛❞♦r❡s ♣❛r❛ t♦❞♦ ♦ ❇r❛s✐❧✱ ♥♦ ♣❡rí♦❞♦ ❞❡ 1998 ❛ 2015✳

✶✻❆ ❡s❝♦❧❤❛ ❞♦ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦ r❡❝❛✐✉ s♦❜r❡ ❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ❞❛❞♦s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❡ ♠♦r❜✐❞❛❞❡
❡①tr❛í❞♦s ❞♦ ❉❛t❛✲❙❯❙✱ ✐♥❢♦r♠❛çõ❡s q✉❡ s✉❜s✐❞✐❛rã♦ ❛s ❛♥á❧✐s❡s ❞❛ r❡❧❛çã♦ ❡♥tr❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❡ s❛ú❞❡
❤✉♠❛♥❛✳
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❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❍❲◆ ❢♦✐ ♠❡❞✐❞♦ ❡♠ ♥ú♠❡r♦ ♠é❞✐♦ ❞❡ ❡✈❡♥t♦s✱ ❍❲❉ ❡ ❍❲❋ ❢♦r❛♠ ♠❡❞✐❞♦s ❡♠ ♥ú♠❡r♦

❞❡ ❞✐❛s ❡ ❍❲❆ ♠❡❞✐❞♦ ❡♠ ♦❈✷✳ ❊ss❡s ✈❛❧♦r❡s r❡♣r❡s❡♥t❛♠ ❛ ♠é❞✐❛ ❛♥✉❛❧ ❞♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s

♣❛r❛ t♦❞♦s ♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✳

❋✐❣✉r❛ ✷✳✷ ✕ ■♥❞✐❝❛❞♦r❡s ❇r❛s✐❧❡✐r♦s ❞❡ ❖♥❞❛s ❞❡ ❈❛❧♦r ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✽ ❛ ✷✵✶✺✳

◗✉❛♥❞♦ ❝♦♠♣❛r❛❞♦s ❡ss❡s ✐♥❞✐❝❛❞♦r❡s ❝♦♠ ❛s ❡✈✐❞ê♥❝✐❛s ❡♠♣ír✐❝❛s ❡♥❝♦♥tr❛❞❛s ♥❛

❧✐t❡r❛t✉r❛ ❡s♣❡❝✐❛❧✐③❛❞❛✱ ♦ ❍❲◆ ❜r❛s✐❧❡✐r♦ é ♣ró①✐♠♦ ❞❛q✉❡❧❡ ❡♥❝♦♥tr❛❞♦ ♣❛r❛ ❛❧❣✉♥s

♣❛ís❡s ❊✉r♦♣❡✉s✱ ❈❤✐❝❛❣♦ ♥♦s ❊st❛❞♦s ❯♥✐❞♦s ❡ ❛❧❣✉♥s ♠✉♥✐❝í♣✐♦s ❞❛ ❆✉strá❧✐❛ ✭❋✐s❝❤❡r

❡ ❙❝❤är✱ ✷✵✶✵❀ ❑❛❣❡♥❤♦✛ ❡t ❛❧✳✱ ✷✵✶✺❀ P❡r❦✐♥s ❡ ❆❧❡①❛♥❞❡r✱ ✷✵✶✺✮✳ ❊♥tr❡t❛♥t♦✱ ♥❛

♠é❞✐❛✱ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦ ❇r❛s✐❧ tê♠ ❞✉r❛❞♦ ♠❡♥♦s q✉❡ ♥❡ss❡s ♣❛ís❡s✱ ❛♣❡s❛r ❞♦

♥ú♠❡r♦ ❞❡ ❞✐❛s ❡①❝❡ss✐✈❛♠❡♥t❡ q✉❡♥t❡s t❡r s✐❞♦ s✉♣❡r✐♦r✳

❖s ♠❡s♠♦s ✐♥❞✐❝❛❞♦r❡s ❞❛ ❋✐❣✉r❛ ✷✳✷ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ❡♠ t❡r♠♦s ❞❡ ❡s❝♦r❡s

♣❛❞r♦♥✐③❛❞♦s ✶✼✱ ♥❛ ❋✐❣✉r❛ ❇✳✶ ❞♦ ❛♣ê♥❞✐❝❡ ❇✱ ❡✱ r❡❧❛t✐✈❛♠❡♥t❡✱ ✐❞❡♥t✐✜❝♦✉✲s❡ ❛❧❣✉♥s

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

♦♥❞❛s ❞❡ ❝❛❧♦r✳ ❊♠ ❡s♣❡❝✐❛❧✱ ♦s s✉❜♣❡rí♦❞♦s ❞❡ ✷✵✵✷✲✷✵✵✸ ❡ ✷✵✶✹✲✷✵✶✺ ❢♦r❛♠ ❛q✉❡❧❡s

❡♠ q✉❡ ♦s ✐♥❞✐❝❛❞♦r❡s ♠❛✐s ♦s❝✐❧❛r❛♠ ❡♠ ❝♦♠♣❛r❛çã♦ ❛♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✽✲✷✵✶✺✳ P♦ss✐✲

✈❡❧♠❡♥t❡✱ ❞❡ ❛❝♦r❞♦ ❛♦ ❝♦♥st❛t❛❞♦ ♣♦r ❈❤❛✉❞❤✉r② ❡t ❛❧✳ ✭✷✵✵✵✮✱ ♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡

❝❛❧♦r ❛♣r❡s❡♥t❛ ❛❧❣✉♠❛ r❡❧❛çã♦ ❝♦♠ ♦ ❡✈❡♥t♦ ❊❧ ◆✐ñ♦✱ q✉❡✱ ♥♦s s✉❜♣❡rí♦❞♦s ✐♥❞✐❝❛❞♦s✱

✶✼❖ ❡s❝♦r❡ ♣❛❞r♦♥✐③❛❞♦ é ✉♠❛ ♠❡❞✐❞❛ ❡st❛tíst✐❝❛ út✐❧ ♣❛r❛ ❛ ❝♦♠♣❛r❛çã♦ ❞❡ r❡s✉❧t❛❞♦s ✐♥❞✐✈✐❞✉❛✐s✳
❊❧❛ ❝♦♠♣❛r❛ ❛ ♣♦s✐çã♦ r❡❧❛t✐✈❛ ❞❡ ✉♠❛ ♦❜s❡r✈❛çã♦ ❞❡♥tr♦ ❞♦ ❣r✉♣♦ ❛♦ q✉❛❧ ❡❧❛ ♣❡rt❡♥❝❡✱ ❝♦♥s✐❞❡r❛♥❞♦
❛ ❞✐stâ♥❝✐❛ ❞❛ ♠é❞✐❛ ❡ ♦ ❞❡s✈✐♦✲♣❛❞rã♦ ❞♦ ❣r✉♣♦✳
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♠❛♥✐❢❡st♦✉ ❡❢❡✐t♦s ♠♦❞❡r❛❞♦s ❡ ❢♦rt❡s ♥♦ ❇r❛s✐❧✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ✭❈✐r✐♥♦✱ ✷✵✶✷✮✳

❆♦ ❝♦♥s✐❞❡r❛r ❛ ❡①t❡♥sã♦ ❣❡♦❣rá✜❝❛ ❞♦ ❇r❛s✐❧✱ ❛ ♠é❞✐❛ ❞♦s ✐♥❞✐❝❛❞♦r❡s ❞❡ ♦♥❞❛s ❞❡

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

♦r❣❛♥✐③❛❞♦s ♥❛ ❚❛❜❡❧❛ ✷✳✸ ❡①♣r❡ss❛♠ r❡s✉❧t❛❞♦s ❞❡t❛❧❤❛❞♦s ♣❛r❛ ♦s ❡st❛❞♦s ❡ r❡❣✐õ❡s

❞♦ ♣❛ís✳ ❊♠ t❡r♠♦s r❡❣✐♦♥❛✐s✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r sã♦ ♠❛✐s ✐♥❝✐❞❡♥t❡s✱

❧♦♥❣❛s ❡ ❢r❡q✉❡♥t❡s ♥♦s ❡st❛❞♦s ❞❛ r❡❣✐ã♦ ❈❡♥tr♦✲❖❡st❡✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❡♠ ●♦✐ás ❡ ♥♦

❉✐str✐t♦ ❋❡❞❡r❛❧✳

◆♦s ú❧t✐♠♦s ❛♥♦s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ■♥♠❡t ✭✷✵✶✻✮✱ ❡♠ ❛❧❣✉♥s ♠✉♥✐❝í♣✐♦s ❞♦ ❡st❛❞♦

❞❡ ●♦✐ás✱ ✐♥❝❧✉s✐✈❡ ●♦✐â♥✐❛✱ t❡♠ s✐❞♦ r❡❣✐str❛❞❛s ❝♦♠ ❢r❡q✉ê♥❝✐❛ ❛ ♠❛♥✐❢❡st❛çã♦ ❞❡

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

❆ ❝♦♥❥✉❣❛çã♦ ❞❡ss❡s ❡✈❡♥t♦s t♦r♥♦✉ ●♦✐â♥✐❛ ❛ ❝❛♣✐t❛❧ ❡st❛❞✉❛❧ ❞♦ ❇r❛s✐❧ ❝♦♠ ♠❛✐♦r

✐♥❝✐❞ê♥❝✐❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❞❡ss❛ ♣❡sq✉✐s❛✱ ❡♠ ♠é❞✐❛✱

❛♣r❡s❡♥t❛ ✸ ❡✈❡♥t♦s ♣♦r ❛♥♦✳

❆✐♥❞❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❞❛ ❚❛❜❡❧❛ ✷✳✸✱ ♥♦t❛✲s❡ q✉❡ ♦s ❡st❛❞♦s ❞❛ r❡❣✐ã♦

❙✉❞❡st❡ ❡ ❙✉❧✱ ❡♠ ❝♦♠♣❛r❛çã♦ ❛s r❡❣✐õ❡s ◆♦r❞❡st❡ ❡ ◆♦rt❡✱ ❛♣r❡s❡♥t❛♠✱ ❡♠ ♠é❞✐❛✱ ✸ ❛

✹ ❞✐❛s ❡①❝❡ss✐✈❛♠❡♥t❡ q✉❡♥t❡s ❛ ♠❛✐s✳ ❆ r❡❣✐ã♦ ◆♦r❞❡st❡✱ ❡♠ t❡r♠♦s ❞✐ár✐♦s✱ é ❛q✉❡❧❛

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

❞❡ ❋❈❊✱ ♥❡❧❛ ♥ã♦ sã♦ ✈❡r✐✜❝❛❞❛s t❡♠♣❡r❛t✉r❛s ♠á①✐♠❛s tã♦ ❡❧❡✈❛❞❛s ❝♦♠♦ ❛q✉❡❧❛s

✈❡r✐✜❝❛❞❛s ♥♦s ❡st❛❞♦s ❞❛ r❡❣✐ã♦ ❈❡♥tr♦✲♦❡st❡✳

❚♦❞♦s ♦s r❡s✉❧t❛❞♦s s♦❜r❡ ♦s ✐♥❞✐❝❛❞♦r❡s q✉❡ ❝❛r❛❝t❡r✐③❛♠ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♣♦❞❡♠

s❡r ✈❡r✐✜❝❛❞♦s ♥❛ ❚❛❜❡❧❛ ✷✳✸✱ ❡✱ ❞❡ ❢♦r♠❛ ❝♦♠♣❧❡♠❡♥t❛r✱ ♦✉tr❛s ❡st❛tíst✐❝❛s ❞❡s❝r✐t✐✈❛s

♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ♥❛ ❚❛❜❡❧❛ ❆✳✶ ❞♦ ❛♣ê♥❞✐❝❡ ❆✳

✷✻



❚❛❜❡❧❛ ✷✳✸ ✕ ■♥❞✐❝❛❞♦r❡s ❞❡ ❖♥❞❛s ❞❡ ❈❛❧♦r ♣❛r❛ ❛s r❡❣✐õ❡s ❡ ❡st❛❞♦s ❜r❛s✐❧❡✐r♦s✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣♦st♦s ♥❡st❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛ ♠é❞✐❛ ❞♦s ✐♥❞✐❝❛❞♦r❡s ❍❲◆✱ ❍❲❆✱ ❍❲❋ ❡

❍❲❉ ♣❛r❛ ♦s ♠✉♥✐❝í♣✐♦s ❞❛s r❡❣✐õ❡s ❡ ❡st❛❞♦s ❜r❛s✐❧❡✐r♦s✳

✷✼



❊♠ ❡s♣❡❝í✜❝♦✱ ♦s ✐♥❞✐❝❛❞♦r❡s ❍❲◆✱ ❍❲❋✱ ❍❲❉ ❡ ❍❲❆ ❢♦r❛♠ ❝❛❧❝✉❧❛❞♦s ♣❛r❛

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

✷✳✸✱ ✷✳✹✱ ✷✳✺ ❡ ✷✳✻✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖ ❍❲◆ é ♦ ♥ú♠❡r♦ ♠é❞✐♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r r❡❣✐str❛❞❛s ❡♠ ✉♠ ♠✉♥✐❝í♣✐♦✳ ❖s r❡s✉❧t❛❞♦s

✐❧✉str❛❞♦s ♥♦ ♠❛♣❛ ♠✉♥✐❝✐♣❛❧ ❢♦r❛♠ ❞✐♠❡♥s✐♦♥❛❞♦s ❡♠ ♠é❞✐❛s ❡st❛❞✉❛✐s✱ ❝♦♥❢♦r♠❡ ♦ ♠❛♣❛ ❛✉①✐❧✐❛r

♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳ ❊♠ ♠é❞✐❛✱

❡♠ ✸✳✸✼✽ ❞♦s ✺✳✺✻✹ ♠✉♥✐❝í♣✐♦s ♥ã♦ ❢♦r❛♠ r❡❣✐str❛❞♦s ♥❡♥❤✉♠ ❡✈❡♥t♦ ❞❡ ♦♥❞❛ ❞❡ ❝❛❧♦r✳ ❊♥tr❡t❛♥t♦✱

❡♠ ✷✵✶✺✱ ✸✳✸✼✾ ♠✉♥✐❝í♣✐♦s ♣❛ss❛r❛♠ ♣♦r ♣❡❧♦ ♠❡♥♦s ✉♠ ❡♣✐só❞✐♦ ❞❡ ♦♥❞❛ ❞❡ ❝❛❧♦r✳ ❈♦♠♣❛r❛❞♦ ❛♦

♣r✐♠❡✐r♦ ❛♥♦ ❞❛ ❛♥á❧✐s❡✱ ✶✾✾✽✱ ♦ ♥ú♠❡r♦ ❞❡ ♠✉♥✐❝í♣✐♦s ❝♦♠ r❡❣✐str♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ♣r❛t✐❝❛♠❡♥t❡

❞✉♣❧✐❝♦✉✳

❋✐❣✉r❛ ✷✳✸ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞♦ ♥ú♠❡r♦ ♠é❞✐♦ ✭❍❲◆✮ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✷✳✸✱ ♦s ♠✉♥✐❝í♣✐♦s ❞❡ ❝❧✐♠❛ tr♦♣✐❝❛❧ ❢♦r❛♠ ❛q✉❡❧❡s q✉❡

❛♣r❡s❡♥t❛r❛♠ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♣r❛t✐❝❛♠❡♥t❡ três ❡✈❡♥t♦s ♣♦r ❛♥♦✳

❆♥✉❛❧♠❡♥t❡✱ ♦s ♠✉♥✐❝í♣✐♦s ❞❡ ●♦✐ás✱ ▼❛t♦ ●r♦ss♦ ❡ ❚♦❝❛♥t✐♥s ❛♣r❡s❡♥t❛r❛♠ ❛té ✶✵

❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❡♠ ✷✵✵✸✳ ◆♦s ú❧t✐♠♦s ❝✐♥❝♦ ❛♥♦s✱ ♥❡♥❤✉♠ ❞♦s ♠✉♥✐❝í♣✐♦s

❛♥❛❧✐s❛❞♦s ❛♣r❡s❡♥t♦✉ ♠❛✐s ❞❡ ✸ ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦ ❛♥♦✱ ❡✱ ♥❛ ♠é❞✐❛✱ ❡♠ 56% ❞♦s

♠✉♥✐❝í♣✐♦s ♥ã♦ ❤♦✉✈❡r❛♠ r❡❣✐str♦s ❞❡ss❡s ❡✈❡♥t♦s✳

✷✽



❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❆ ❞✉r❛çã♦ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r é ♠❡❞✐❛ ❡♠ ❞✐❛s✱ ❛ ♣❛rt✐r ❞♦ ♠♦♠❡♥t♦ q✉❡ ♦s í♥❞✐❝❡s ❞❡

❝❛❧♦r ❡①❝❡ss✐✈♦ sã♦ ♣❡rs✐st❡♥t❡s ♣♦r três ❞✐❛s✳ ❉❡ss❛ ❢♦r♠❛✱ ❡ss❛ ♠❡❞✐❞❛ s❡♠♣r❡ s❡rá s✉♣❡r✐♦r ❛ ✸ ❞✐❛s✳

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

♠❛♣❛ ❛✉①✐❧✐❛r ♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ✷✳✹ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞❛ ❞✉r❛çã♦ ♠é❞✐❛ ✭❍❲❉✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ✶✾✾✽✲
✷✵✶✺✳

❙♦❜r❡ ❛ ❞✉r❛çã♦ ♠é❞✐❛ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦ ❇r❛s✐❧✱ ❛ ♠❛✐♦r✐❛ ❞♦s ♠✉♥✐❝í♣✐♦s

q✉❛♥❞♦ ♣❛ss❛♠ ♣♦r ❡ss❡s ❡✈❡♥t♦s ❛♣r❡s❡♥t❛♠ t❡♠♣❡r❛t✉r❛s ❡①❝❡ss✐✈❛♠❡♥t❡ q✉❡♥t❡s ❛té

✶✵ ❞✐❛s✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ✺✺ ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✱ t♦❞♦s ♥♦r❞❡st✐♥♦s✱ ♥ã♦ ❛♣r❡s❡♥t❛✲

r❛♠ ♥❡♥❤✉♠ ❡✈❡♥t♦ ❞❡ ♦♥❞❛ ❞❡ ❝❛❧♦r ♥♦ ♣❡rí♦❞♦ ❞❡ ❛♥á❧✐s❡✱ ♣♦rt❛♥t♦ ♦ ❍❲❉ ❛ss✉♠✐✉

✈❛❧♦r❡s ✵✳ ◆❛ ❋✐❣✉r❛ ✷✳✹✱ ♣r❛t✐❝❛♠❡♥t❡ t♦❞♦s ♦s ♠✉♥✐❝í♣✐♦s ❛♣r❡s❡♥t❛r❛♠ ✈❛❧♦r❡s ❞❡

❍❲❉✱ ♠❛s✱ ❡♠ ❛❧❣✉♥s ❞❡❧❡s✱ ♦s í♥❞✐❝❡s ❞❡ t❡♠♣❡r❛t✉r❛s ❡①❝❡ss✐✈❛s ❢♦r❛♠ ❡❢❡t✐✈♦s✱ ♠❛s

♥ã♦ ♣♦r três ❞✐❛s ❝♦♥s❡❝✉t✐✈♦s✱ ♣♦rt❛♥t♦ ♦s t♦♥s ♠❛✐s ❝❧❛r♦s r❡❢❡r❡♠✲s❡ ❛q✉❡❧❛s ❝✐❞❛❞❡s

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

♠✉✐t♦ q✉❡♥t❡s✳

◆❛ ✜❣✉r❛ ✷✳✺✱ ❢♦r❛♠ r❡tr❛t❛❞♦s ♦ ♥ú♠❡r♦ ♠é❞✐♦ ❞❡ ❞✐❛s q✉❡ ✉♠ ♠✉♥✐❝í♣✐♦ ❜r❛s✐❧❡✐r♦

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

✷✾



❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❆ ❢r❡q✉ê♥❝✐❛ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r é ♠❡❞✐❛ ❡♠ ❞✐❛s✱ ✐st♦ é✱ ♦ ♥ú♠❡r♦ ❛❝✉♠✉❧❛❞♦ ❞❡

❞✐❛s ❡①❝❡ss✐✈❛♠❡♥t❡ q✉❡♥t❡s ♥✉♠ ❛♥♦✱ ❛ ♣❛rt✐r ❞♦ ♠♦♠❡♥t♦ q✉❡ ♦s í♥❞✐❝❡s ❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦ sã♦

♣❡rs✐st❡♥t❡s ♣♦r três ❞✐❛s✳ ❉❡ss❛ ❢♦r♠❛✱ ❡ss❛ ♠❡❞✐❞❛ s❡♠♣r❡ s❡rá s✉♣❡r✐♦r ❛ ✸ ❞✐❛s✳ ❖s r❡s✉❧t❛❞♦s

✐❧✉str❛❞♦s ♥♦ ♠❛♣❛ ♠✉♥✐❝✐♣❛❧ ❢♦r❛♠ ❞✐♠❡♥s✐♦♥❛❞♦s ❡♠ ♠é❞✐❛s ❡st❛❞✉❛✐s✱ ❝♦♥❢♦r♠❡ ♦ ♠❛♣❛ ❛✉①✐❧✐❛r

♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ✷✳✺ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞❛ ❢r❡q✉ê♥❝✐❛ ♠é❞✐❛ ✭❍❲❋✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♥♦
♣❡rí♦❞♦ ❞❡ ✶✾✾✽✲✷✵✶✺✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✷✳✺✱ ♦s ♠✉♥✐❝í♣✐♦s ❞♦s ❡st❛❞♦s ❞❡ ●♦✐ás✱ ❚♦❝❛♥t✐♥s✱ ▼❛t♦

●r♦ss♦✱ P❛r❛♥á✱ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧ ❡ ▼✐♥❛s ●❡r❛✐s ❢♦r❛♠ ❛q✉❡❧❡s ❝♦♠ ♦ ♠❛✐♦r ♥ú♠❡r♦

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

❘✐♦ ❞❡ ❏❛♥❡✐r♦ ✭❘❏✮✱ ◆✐t❡ró✐ ✭❘❏✮✱ ▼❛r❛t❛í③❡s ✭❊❙✮✱ ❆♥❣r❛ ❞♦s ❘❡✐s ✭❘❏✮✱ ▼❛rt✐♥s

❙♦❛r❡s ✭▼●✮✱ ❈♦♥t❛❣❡♠ ✭▼●✮✱ ●♦✐â♥✐❛ ✭●❖✮✱ ❈❛t❛❧ã♦ ✭●❖✮✱ ❙ã♦ P❛✉❧♦ ✭❙P✮ ❡ ❙✉③❛♥♦

✭❙P✮ sã♦ ❛❧❣✉♥s ❞♦s ✸✵ ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s ❝♦♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❞✐❛s ❡①❝❡ss✐✈❛♠❡♥t❡

q✉❡♥t❡s✱ ❡♠ ✷✵✶✺ ✶✽✳ ◆❡ss❛s ❝✐❞❛❞❡s✱ ✷✺ ❛ ✸✺ ❞✐❛s ❞♦ ❛♥♦ ❢❛③❡♠ ♣❛rt❡ ❞❡ ❡✈❡♥t♦s ❞❡

♦♥❞❛s ❞❡ ❝❛❧♦r✳

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

✶✽❯♠ ❞✐❛ ❝♦♠ ❡①❝❡ss♦ ❞❡ ❝❛❧♦r ♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ❢❛③ ♣❛rt❡ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r✳ ❈♦♥❢♦r♠❡
♦ ❞✐s❝✉t✐❞♦ ♥❡st❡ ❝❛♣ít✉❧♦✱ ♦ q✉❡ ❝♦♥✜❣✉r❛ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r é ❛ s❡q✉ê♥❝✐❛ ❞❡ ♣❡❧♦s ♠❡♥♦s ✸ ❞✐❛s
❡①❝❡ss✐✈❛♠❡♥t❡ q✉❡♥t❡s✳

✸✵



✈❛❧♦r❡s ♠✉♥✐❝✐♣❛✐s ❞❛ ♠❡❞✐❞❛ ❞❡ ❍❲❆✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❆ ❛♠♣❧✐t✉❞❡ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r é ♠❡❞✐❛ ❡♠ ♦❈✷✱ ❛ ♣❛rt✐r ❞❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ✐♥❞✐❝❛❞♦r❡s

❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦✳ ❖s r❡s✉❧t❛❞♦s ✐❧✉str❛❞♦s ♥♦ ♠❛♣❛ ♠✉♥✐❝✐♣❛❧ ❢♦r❛♠ ❞✐♠❡♥s✐♦♥❛❞♦s ❡♠ ♠é❞✐❛s

❡st❛❞✉❛✐s✱ ❝♦♥❢♦r♠❡ ♦ ♠❛♣❛ ❛✉①✐❧✐❛r ♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s

s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ✷✳✻ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞❛ ❛♠♣❧✐t✉❞❡ ♠é❞✐❛ ✭❍❲❆✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦
♣❡rí♦❞♦ ❞❡ ✶✾✾✽✲✷✵✶✺✳

❊♠ ♠é❞✐❛✱ ♦s ♠✉♥✐❝í♣✐♦s ❞❡ ❝❧✐♠❛ tr♦♣✐❝❛❧ ❡ s❡♠✐ár✐❞♦ sã♦ ❛q✉❡❧❡s ❝♦♠ ♠❛✐♦r

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

❞♦ ♣❡rí♦❞♦ ❞❡ ❛♥á❧✐s❡✳ ◆❡ss❡s ♠✉♥✐❝í♣✐♦s✱ ❛ ♠❡❞✐❞❛ ❞❡ ❍❲❆ s✉♣❡r♦✉ ✈❛❧♦r❡s ❞❡ 30oC2✱

♠✉✐t♦ ♣ró①✐♠❛s ❞❛q✉❡❧❛s ♦❜s❡r✈❛❞❛s ♥❛ ❆✉strá❧✐❛✱ ♣♦r P❡r❦✐♥s ❡ ❆❧❡①❛♥❞❡r ✭✷✵✶✸✮✳

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

sã♦ ♦❜s❡r✈❛❞♦s ❡♠ ♠✉♥✐❝í♣✐♦s ❞♦ ❚♦❝❛♥t✐♥s✱ ❡ ♦s ♠❡♥♦r❡s ❡♠ ❙❛♥t❛ ❈❛t❛r✐♥❛✳ ❱❛❧❡

r❡ss❛❧t❛r q✉❡ ❡ss❛ ♠❡❞✐❞❛ ♥ã♦ ❢♦✐ tã♦ ❡❧❡✈❛❞❛ ❡♠ ♠✉♥✐❝í♣✐♦s q✉❡ ❥á ❛♣r❡s❡♥t❛♠ ✈❛❧♦r❡s

❞❡ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❡ ♠á①✐♠❛ ❞✐ár✐❛s ♠✉✐t♦ ❡❧❡✈❛❞❛s✳

❘❡s✉❧t❛❞♦s ❛✐♥❞❛ ♠❛✐s ❞❡t❛❧❤❛❞♦s ❞❡ss❡s ✐♥❞✐❝❛❞♦r❡s✱ ♣❛r❛ ♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✱

❡stã♦ ❞✐s♣♦st♦s ♥✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♠❛♣❛s ❞❛s ✜❣✉r❛s ❇✳✷ ❛ ❇✳✶✸ ❞♦ ❛♣ê♥❞✐❝❡ ❇✳ ❊ss❡s

✸✶



♠❛♣❛s ♣❡r♠✐t❡♠ ❛♥❛❧✐s❛r ❛ ❞✐s♣❡rsã♦ ❣❡♦❣rá✜❝❛ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ q✉❛♥t♦ ❛s s✉❛s

❝❛r❛❝t❡ríst✐❝❛s✱ ❛♦ ❧♦♥❣♦ ❞♦s ❛♥♦s ❞❡ ✶✾✾✽ ❛ ✷✵✶✺✳ ❊♠ ❝❛❞❛ ✉♠❛ ❞❡ss❛s ✜❣✉r❛s✱ ♦s

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

✷✳✻ ❈♦♥❝❧✉sã♦

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

t✉❞❡ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦ ❇r❛s✐❧✱ ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✽✲✷✵✶✺✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❧✐t❡r❛t✉r❛

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

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

í♥❞✐❝❡s✱ ✐♥❞✐❝❛❞♦r❡s ❛♥✉❛✐s ❞❡ ❍❲◆✱ ❍❲❉✱ ❍❲❋ ❡ ❍❲❆ ❢♦r❛♠ ❝♦♠♣✉t❛❞♦s ♣❛r❛ ❝❛❞❛

✉♠ ❞♦s ♠✉♥✐❝í♣✐♦s ❞♦ ♣❛ís✳

❖s r❡s✉❧t❛❞♦s s✉❣❡r❡♠ q✉❡ ♥♦ ❇r❛s✐❧✱ ❛ss✐♠ ❝♦♠♦ ❡♠ ♦✉tr♦s ♣❛ís❡s✱ ♦s ❡✈❡♥t♦s

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

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

❝♦♠♦ ♦ ❊❧ ◆✐ñ♦✳ ❆❧é♠ ❞✐ss♦✱ ♣✐❝♦s ❞❡ ❝❛❧♦r ❛tí♣✐❝♦s ❢♦r❛♠ ✈❡r✐✜❝❛❞♦s ♥♦s ❞✐❛s ♠❛✐s

q✉❡♥t❡s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♠❛✐s ✐♥t❡♥s❛s✱ ❡♠ ♠✉♥✐❝í♣✐♦s ❞❡ ❝❧✐♠❛ tr♦♣✐❝❛❧ ❡ s❡♠✐ár✐❞♦✳

❖s ✐♥❞✐❝❛❞♦r❡s s✉❣❡r❡♠ ❛✐♥❞❛ ✉♠❛ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡ ❡s♣❛❝✐❛❧ ❞❡ss❛s ❝❛r❛❝t❡ríst✐❝❛s

❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦ ❇r❛s✐❧✱ s❡♥❞♦ ❡❧❛s ♠❛✐s ❡✈✐❞❡♥t❡s ❡♠ ❛❧❣✉♥s ❡st❛❞♦s ❡ ♠✉♥✐❝í♣✐♦s✳

❖s ❡st❛❞♦s ❞❛ r❡❣✐ã♦ ❈❡♥tr♦✲♦❡st❡ ❢♦r❛♠ ❛q✉❡❧❡s q✉❡ ❛♣r❡s❡♥t❛r❛♠ ❛ ♠❛✐♦r ✐♥❝✐❞ê♥❝✐❛

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

♠✉♥✐❝í♣✐♦s ❞❛ r❡❣✐ã♦ ◆♦r❞❡st❡ ❛♣r❡s❡♥t❛r❡♠ ❛s ♠❛✐s ❡❧❡✈❛❞❛s t❡♠♣❡r❛t✉r❛s ♠é❞✐❛s

❞✐ár✐❛s✱ ❢♦r❛♠ ❛q✉❡❧❡s ❝♦♠ ♠❡♥♦r ❢♦r♠❛çã♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✳

❆s ✐♠♣❧✐❝❛çõ❡s ❞❡ss❛ ♠❛✐♦r ✐♥❝✐❞ê♥❝✐❛ ❞❡ ♦♥❞❛s ❝❛❧♦r ♥♦s ú❧t✐♠♦s ❛♥♦s ♣♦❞❡ ❡st❛r

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

r❡❞✉çõ❡s ❞❛ ♣r♦❞✉çã♦ ❛❣rí❝♦❧❛✱ ❡✱ ❛té ♠❡s♠♦✱ ♥♦ ❛✉♠❡♥t♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛

❡❧étr✐❝❛✱ ❛❧é♠ ❞❡ ♦✉tr♦s ❡❢❡✐t♦s✳ ◆❡ss❡ ❝♦♥t❡①t♦✱ ♦ ❞❡s❝♦♥❢♦rt♦ tér♠✐❝♦ t❡♠ ❛❢❡t❛❞♦

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

❡♠ ❣r❛♥❞❡s ❝❡♥tr♦s ✉r❜❛♥♦s✳
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❊①❛t❛♠❡♥t❡ ♣♦r ❡ss❛s q✉❡stõ❡s✱ ❢❛③✲s❡ ♥❡❝❡ssár✐♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♣♦❧ít✐❝❛s ♣ú✲

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

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

♥♦s ♣r♦❝❡ss♦s ❞❡ ♣r❡✈❡♥çã♦ ❡ ♠✐t✐❣❛çã♦ ❞♦ ❝❛❧♦r ❡①tr❡♠♦✱ ❥✉♥t♦ ❞❛ s♦❝✐❡❞❛❞❡✳ ❖ ♣r✐♥✲

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

r❡❝♦♥❤❡❝✐❞❛♠❡♥t❡ ❛❢❡t❛❞❛s ♣♦r ❡ss❡s ❡✈❡♥t♦s✳ ◆♦ ❇r❛s✐❧✱ ❡ss❛ ❥á é ✉♠❛ ❡①❡♣❡r✐ê♥❝✐❛

❞❡s❡♥✈♦❧✈✐❞❛ ♥❛ ❝✐❞❛❞❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ❛ ♣❛rt✐r ❞❡ ✉♠ ♣r♦❣r❛♠❛ ❞❡♥♦♠✐♥❛❞♦ ❝♦♠♦

❘✐♦ ❘❡s✐❧✐❡♥t❡✳ ❊ss❡ ♣r♦❣r❛♠❛ ❡st❛❜❡❧❡❝❡✉ ❝❡♥tr♦s ❞❡ ❛♣♦✐♦ ❡♠ ♣♦♥t♦s ❡str❛té❣✐❝♦s ❞♦

❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ár❡❛s ❡①tr❡♠❛♠❡♥t❡ ✈✉❧♥❡rá✈❡✐s ❛ ❝❤✉✈❛s ❢♦rt❡s✱ ❝♦♠♦

ár❡❛s s❡rr❛♥❛s ❡ ❝♦♠ ❡♥❝♦st❛s✳ ❖s s✐st❡♠❛s ❞❡ ❛❧❡rt❛ ❢✉♥❝✐♦♥❛♠ ♣♦r ♠❡✐♦ ❞❡ ♠❡♥s❛❣❡♥s

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

❆ ♣❛rt✐r ❞❡ss❛s ❡①♣❡r✐ê♥❝✐❛s✱ ♣♦❧ít✐❝❛s ♣❛r❛ s✐st❡♠❛s ❞❡ ❛❧❡rt❛ ♣♦❞❡♠ s❡r ❡❧❛❜♦r❛✲

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

r❡❣✐õ❡s ❝♦♠ ❛❧❣✉♠❛ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ❝❧✐♠át✐❝❛✳ ❖s ❝❡♥tr♦s ❞❡ ❛♣♦✐♦ ♣♦❞❡♠ t❡r ❛t✉❛çã♦

♠❛✐s ❛❜r❛♥❣❡♥t❡✱ ✐❞❡♥t✐✜❝❛♥❞♦ ❡ ♠♦♥✐t♦r❛♥❞♦ ❞✐✈❡rs♦s ❡✈❡♥t♦s ❝❧✐♠át✐❝♦s✱ ❛❧é♠ ❞❛s

♦♥❞❛s ❝❡ ❝❛❧♦r✳ ❊ss❡s ❧♦❝❛✐s ♣♦❞❡♠ ❞✐❢✉♥❞✐r ❡ ♣♦♣✉❧❛r✐③❛r ❝♦♥❤❡❝✐♠❡♥t♦s ❝❧✐♠át✐❝♦s✱

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

r❡❝♦♥❤❡❝✐❞❛s ❛s ár❡❛s ❡✴♦✉ ❝✐❞❛❞❡s ♠❛✐s ❛❢❡t❛❞❛s✱ s✉❛s ♣♦♣✉❧❛çõ❡s ♠❛✐s ✈✉❧♥❡rá✈❡✐s✱ ❡s✲

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

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

❊♠ ❝♦♥s✐❞❡r❛çã♦ ❛♦ ❛✉♠❡♥t♦ ❞♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ♠❛✐s s❡✈❡r❛s ♥♦ ❇r❛s✐❧✱

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

◆❡ss❡ ✐♥t✉✐t♦✱ ♦s ❝❛♣ít✉❧♦s ✸ ❡ ✹ ❞❡st❛ t❡s❡ ❜✉s❝❛♠ ✐♥✈❡st✐❣❛r q✉❛✐s ❛s r❡✈❡r❜❡r❛çõ❡s

❞❡ss❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ✐❞❡♥t✐✜❝❛❞❛s ❡ ♠❛♣❡❛❞❛s s♦❜r❡ ❛ s❛ú❞❡ ❞♦s ❜r❛s✐❧❡✐r♦s✳

✸✸



❘❊❋❊❘✃◆❈■❆❙

❆▲❊❳❆◆❉❊❘✱ ▲✳ ❱✳ ❡t ❛❧✳✳ ●❧♦❜❛❧ ♦❜s❡r✈❡❞ ❝❤❛♥❣❡s ✐♥ ❞❛✐❧② ❝❧✐♠❛t❡ ❡①tr❡♠❡s ♦❢
t❡♠♣❡r❛t✉r❡ ❛♥❞ ♣r❡❝✐♣✐t❛t✐♦♥✳ ❏♦✉r♥❛❧ ●❡♦♣❤②s✐❝s ❘❡s♦✉r❝❡s✳ ❱✳ ✶✶✶ ✱ ♣✳ ✶✲✶✽✱ ✷✵✵✻✳

❆▲❊❳❆◆❉❊❘✱ ▲✳ ❱✳❀ ❆❘❇▲❆❙❚❊❘✱ ❏✳ ▼✳ ❆ss❡ss✐♥❣ tr❡♥❞s ✐♥ ♦❜s❡r✈❡❞ ❛♥❞ ♠♦✲
❞❡❧❧❡❞ ❝❧✐♠❛t❡ ❡①tr❡♠❡s ♦✈❡r ❆✉strá❧✐❛ ✐♥ r❡❧❛t✐♦♥ t♦ ❢✉t✉r❡ ♣r♦❥❡❝t✐♦♥s✳ ■♥t❡r♥❛t✐♦♥❛❧
❏♦✉r♥❛❧ ♦❢ ❈❧✐♠❛t♦❧♦❣②✱ ✈✳ ✷✾✱ ♥✳✸✱ ♣✳ ✹✶✼✲✹✸✺✱ ✷✵✵✾✳ ❆❝❡ss♦ ❡♠✿ ♦✉t✳ ✷✵✶✺✳

❆▼❙ ✕ ❆♠❡r✐❝❛♥ ▼❡t❡♦r♦❧♦❣✐❝❛❧ ❙♦❝✐❡t②✳ ●❧♦ss❛r② ♦❢ ▼❡t❡♦r♦❧♦❣②✳ ❇♦st♦♥✱ ✷✵✶✺✳
❉✐s♣♦♥í✈❡❧ ❡♠✿ ❤tt♣s✿✴✴✇✇✇✷✳❛♠❡ts♦❝✳♦r❣✴❛♠s✴✐♥❞❡①✳❝❢♠✴♣✉❜❧✐❝❛t✐♦♥s✴❣❧♦ss❛r②✲♦❢✲♠❡
t❡♦r♦❧♦❣② ✴ ❆❝❡ss♦ ❡♠✿ ♦✉t✳ ✷✵✶✺✳

❇❆▲❆❋❖❯❚■❙✱ ❏✳❀ ▼❆❑❘❖●■❆◆◆■❙✱ ❚✳ ❏✳ ❆♥❛❧✐s②s ♦❢ ❍❡❛t ❲❛✈❡ P❤❡♥♦♠❡♥♦♥
♦✈❡r ●r❡❡❝❡ ❛♥❞ ■t✬s ■♠♣❧✐❝❛t✐♦♥s ❢♦r ❚♦✉r✐s♠ ❛♥❞ ❘❡❝r❡❛t✐♦♥✳ ❏♦✉r♥❛❧ ♦❢ ❈❧✐♠❛t♦❧♦❣②✱
✈✳ ✶✵✱ ♣✳ ✺✵✺✲✶✼✱ ✷✵✶✹✳

❈■❘■◆❖✱ P✳ ❍✳ ❆✳ ❊✈❡♥t♦s ❈❧✐♠át✐❝♦s ❊①tr❡♠♦s✿ ♦s ❡❢❡✐t♦s ❞♦s ❢❡♥ô♠❡♥♦s ❊❧ ◆✐ñ♦
❡ ▲❛ ◆✐ñ❛ s♦❜r❡ ❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❛❣rí❝♦❧❛ ❞❛s r❡❣✐õ❡s ♥♦r❞❡st❡ ❡ s✉❧ ❞♦ ❇r❛s✐❧✳ ❉✐ss❡r✲
t❛çã♦ ❛♣r❡s❡♥t❛❞❛ ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ ▼❡str❛❞♦ ♥♦ Pr♦❣r❛♠❛ ❞❡ ❊❝♦♥♦♠✐❛ ❆♣❧✐❝❛❞❛ ❞❛
❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ✷✵✶✷✳

❈❍❆❯❉❍❯❘❨✱ ❙✳ ❑✳ ❡t ❛❧✳ ■♠♣❛❝t ♦❢ ❍❡❛t ❲❛✈❡s ♦✈❡r ■♥❞✐❛✳ ❈✉rr❡♥t ❙❝✐❡♥❝❡✳ ❱✳
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◆❛✐r♥✱ ❏✳❘✳❀ ❋❛✇❝❡tt✱ ❘✳❏✳❇✳ ❚❤❡ ❊①❝❡ss ❍❡❛t ❋❛❝t♦r✿ ❆ ▼❡tr✐❝ ❢♦r ❍❡❛t✇❛✈❡ ■♥✲
t❡♥s✐t② ❛♥❞ ■ts ❯s❡ ✐♥ ❈❧❛ss✐❢②✐♥❣ ❍❡❛t✇❛✈❡ ❙❡✈❡r✐t②✳ ■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ♦❢ ❊♥✈✐✲
r♦♥♠❡♥t❛❧ ❘❡s♦✉r❝❡s✳ P✉❜❧✐❝ ❍❡❛❧t❤✱ ✶✷✱ ✷✷✼✕✷✺✸✱ ✷✵✶✸✳

◆■❈❍❖▲▲❙✱ ◆✳❀ ❙❑■◆◆❊❘✱ ❈✳❀ ▲❖❯●❍◆❆◆✱ ▼✳ ❊✳❀ ❚❆PP❊❘✳ ❆ s✐♠♣❧❡ ❤❡❛t
❛❧❡rt s②st❡♠ ❢♦r ▼❡❧❜♦✉r♥❡✱ ❆✉str❛❧✐❛✳ ■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ❊♥✈✐r♦♥♠❡♥t❛❧ ❇✐♦♠❡t❡✲
♦r♦❧♦❣②✱ ♣✳✶✼✲✸✹✱ ✷✵✵✽✳

P❊❘❑■◆❙✱ ❙✳ ❊✳ ❛♥❞ ▲✳ ❱✳ ❆▲❊❳❆◆❉❊❘✳ ❖♥ t❤❡ ▼❡❛s✉r❡♠❡♥t ♦❢ ❍❡❛t ❲❛✈❡s✳
❏♦✉r♥❛❧ ♦❢ ❈❧✐♠❛t❡✱ ✷✻✱ ✹✺✵✵✲✹✺✶✼✱ ✷✵✶✸✳

P❊❩❩❆✱ ❆✳❀ ❇❖❙❈❍❆❚✱ ●✳❀ ❙❆❉▲❊❘✱ ❑✳ ▼♦r❡ ❢r❡q✉❡♥t✱ ❧♦♥❣❡r✱ ❛♥❞ ❍♦tt❡r ❍❡❛t
❲❛✈❡s ❢♦r ❆✉str❛❧✐❛ ✐♥ t❤❡ ❚✇❡♥t②✲❋✐rst ❈❡♥t✉r②✳ ❏♦✉r♥❛❧ ♦❢ ❈❧✐♠❛t❡✱ ✷✼✱ ✺✽✺✶✲✺✽✼✶✱
✷✵✶✷✳

P❖❯▼❆❉❊❘❊✱ ▼✳ ❡t ❛❧✳ ❚❤❡ ✷✵✵✸ ❍❡❛t ❲❛✈❡ ✐♥ ❋r❛♥❝❡✿ ❉❛♥❣❡r♦✉s ❈❧✐♠❛t❡
❈❤❛♥❣❡ ❍❡r❡ ❛♥❞ ◆♦✇✳ ❘✐s❦ ❆♥❛❧✐s②s✱ ✈✳ ✷✺✱ ♥✳ ✻✱ ✷✵✵✺✳

P❲❈ ✲ Pr✐❝❡ ❲❛t❡r ❍♦✉s❡ ❈♦♦♣❡rs ❆✉str❛❧✐❛✳ Pr♦t❡❝t✐♥❣ ❍✉♠❛♥ ❍❡❛❧t❤ ❛♥❞ ❙❛❢❡t②
❞✉r✐♥❣ ❙❡✈❡r❡ ❛♥❞ ❊①tr❡♠❡ ❍❡❛t ❊✈❡♥ts✿ ❆ ◆❛t✐♦♥❛❧ ❋r❛♠❡✇♦r❦✳ P✇❈ ❆✉str❛❧✐❛✳
❈❛♥❜❡rr❛✲❆✉str❛❧✐❛✱ ✷✵✶✶✳

❘❆❍▼❙❚❖❘❋✱ ❙✳❀ ❈❖❯▼❖❯✱ ❉✳ ■♥❝r❡❛s❡ ♦❢ ❡①tr❡♠❡ ❡✈❡♥ts ✐♥ ❛ ✇❛r♠✐♥❣ ✇♦r❧❞✳
P◆❆❙✱ ✈✳✶✵✽✱ ♥✳ ✹✹✱ ♣❣✳ ✶✼✾✵✺✲✶✼✾✵✾✱ ✷✵✶✶✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿ ❤tt♣✿✴✴✇✇✇✳♣♥❛s✳♦r❣✴❝♦♥t❡♥t✴
✶✵✽ ✴✹✹✴✶✼✾✵✺✳❢✉❧❧✳♣❞❢ ❆❝❡ss♦ ❡♠✿ ❥✉♥✳ ✷✵✶✺✳

❘▼❈❖ ✕ ❘♦❝❦② ▼♦✉♥t❛✐♥ ❈❧✐♠❛t❡ ❖r❣❛♥✐③❛t✐♦♥✳ ❊①tr❡♠❡ ❍❡❛t ✐♥ ❋♦rt ❈♦❧❧✐♥s✳
❱✳ ✶✱ ♣✳ ✶ ✕ ✶✾✱ ✷✵✶✹✳

❱❛sq✉❡③✲ ❆❣✉✐rr❡✱ ❏✳ ▲✳❀ ❏♦♥❡s✱ P✳ ❉✳ ❈❧✐♠❛t❡ ❱❛r✐❛❜✐❧✐t② ❛♥❞ ❈❤❛♥❣❡s ✐♥ t❤❡ ❈❧✐♠❛t❡
❊①tr❡♠❡s ♦❢ ▼❡①✐❝♦ ❛s ❞❡t❡❝t❡❞ ❢r♦♠ t❤❡ ❣❧♦❜❛❧ t♦ t❤❡ ❧♦❝❛❧ s❝❛❧❡✳ ❈❧✐♠❛t❡ ❘❡s❡❛r❝❤
❯♥✐t✱ ✷✵✵✽✳

✸✻



❲❊◆●✱ ◗✳❀ ▲✉✱ ❉✳❀ ❙❝❤✉❜r✐♥❣✱ ❏✳ ❊st✐♠❛t✐♦♥ ♦❢ ❧❛♥❞ s✉r❢❛❝❡ t❡♠♣❡r❛t✉r❡✲✈❡❣❡t❛t✐♦♥
❛❜✉♥❞❛♥❝❡ r❡❧❛t✐♦♥s❤✐♣ ❢♦r ✉r❜❛♥ ❤❡❛t ✐s❧❛♥❞ st✉❞✐❡s✳ ❘❡♠♦t❡ ❙❡♥s✐♥❣ ♦❢ ❊♥✈✐r♦♥♠❡♥t✱
✈✳ ✽✾✱ ♥✳ ✹✱ ♣✳ ✹✻✼✲✹✽✸✱ ❋❡❜✳ ✷✵✵✹✳

❲▼❖ ✕ ❲♦r❧❞ ▼❡t❡♦r♦❧♦❣✐❝❛❧ ❖r❣❛♥✐③❛t✐♦♥✳ ❆t❧❛s ♦❢ ▼♦rt❛❧✐t② ❛♥❞ ❊❝♦♥♦♠✐❝
▲♦ss❡s ❢r♦♠ ❲❡❛t❤❡r✱ ❈❧✐♠❛t❡ ❛♥❞ ❲❛t❡r ❊①tr❡♠❡s ✭✶✾✼✵✲✷✵✶✷✮✳ ❯♥✐✈❡rs✐té ❈❛t❤♦❧✐q✉❡
❞❡ ▲♦✉✈❛✐♥✱ ✷✵✶✹✳

✸✼



✷✳✼ ❆P✃◆❉■❈❊ ❆

❊st❛tíst✐❝❛s ❉❡s❝r✐t✐✈❛s

❚❛❜❡❧❛ ❆✳✶ ✕ ❚❡♠♣❡r❛t✉r❛s ♠é❞✐❛s ❡ ♠á①✐♠❛s ❞♦s ❡st❛❞♦s ❜r❛s✐❧❡✐r♦s✱ ✶✾✾✽✲✷✵✶✺✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❆ t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛ r❡❢❡r❡✲s❡ ❛ ♠❛✐s ❡❧❡✈❛❞❛ t❡♠♣❡r❛t✉r❛ ♦❜s❡r✈❛❞❛ ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✽

❛ ✷✵✶✺✱ ❡ ❛ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ sã♦ ✈❛❧♦r❡s ♠é❞✐♦s ♠✉♥✐❝✐♣❛✐s ♣❛r❛ ♦ ♠❡s♠♦ ♣❡rí♦❞♦✳ ❚♦❞♦s ♦s ✈❛❧♦r❡s

sã♦ ❡①♣r❡ss♦s ❡♠ ♦❈✳

✸✽



❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❆s sér✐❡s r❡♣r❡s❡♥t❛♠ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s t❡♠♣❡r❛t✉r❛s ♦❜s❡r✈❛❞❛s ✭■◆P❊✮ ❡ ❛s t❡♠♣❡r❛✲

t✉r❛s s✐♠✉❧❛❞❛s ♣❡❧♦ ♠♦❞❡❧♦ ❞❡ r❡❛♥á❧✐s❡ ❊❘❆✲■♥t❡r✐♠✱ ❡♠ (oC)✳ ❙ã♦ ✈❛❧♦r❡s ❞✐ár✐♦s ♣❛r❛ ♦ ❛♥♦ ❞❡

✷✵✶✺✳

❋✐❣✉r❛ ❆✳✶ ✲ ●rá✜❝♦s ❞❛s ❞✐❢❡r❡♥ç❛s ❞❡ t❡♠♣❡r❛t✉r❛ ❡♥tr❡ ❞❛❞♦s ♦❜s❡r✈❛❝✐♦♥❛✐s ❡
❞❡ r❡❛♥á❧✐s❡✳

✸✾



✷✳✽ ❆P✃◆❉■❈❊ ❇

❘❡s✉❧t❛❞♦s ❈♦♠♣❧❡♠❡♥t❛r❡s

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❚♦❞❛s ❛s ♠❡❞✐❞❛s ❡①♣♦st❛s ♥♦s ❣rá✜❝♦s r❡❢❡r❡♠✲s❡ ❛ ❡s❝♦r❡s ♣❛❞r♦♥✐③❛❞♦s ❞♦s ✈❛❧♦r❡s ♠é❞✐♦s

❛♥✉❛✐s ♣❛r❛ t♦❞♦s ♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✳ ❆s ❝✉r✈❛s ♣❧♦t❛❞❛s ♥♦s ❣rá✜❝♦s ❞❡♠♦♥str❛♠ ❛ ❡✈♦❧✉çã♦

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

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

❋✐❣✉r❛ ❇✳✶ ✲ ■♥❞✐❝❛❞♦r❡s P❛❞r♦♥✐③❛❞♦s ❞❡ ❖♥❞❛s ❞❡ ❈❛❧♦r ♣❛r❛ ♦ ❇r❛s✐❧✱ ♥♦ ♣❡rí♦❞♦
❞❡ ✶✾✾✽ ❛ ✷✵✶✺

✹✵



❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖ ❍❲◆ é ♦ ♥ú♠❡r♦ ♠é❞✐♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r r❡❣✐str❛❞❛s ❡♠ ✉♠ ♠✉♥✐❝í♣✐♦✳ ❖s r❡s✉❧t❛❞♦s

✐❧✉str❛❞♦s ♥♦ ♠❛♣❛ ♠✉♥✐❝✐♣❛❧ ❢♦r❛♠ ❞✐♠❡♥s✐♦♥❛❞♦s ❡♠ ♠é❞✐❛s ❡st❛❞✉❛✐s✱ ❝♦♥❢♦r♠❡ ♦ ♠❛♣❛ ❛✉①✐❧✐❛r

♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ❇✳✷ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞♦ ♥ú♠❡r♦ ♠é❞✐♦ ✭❍❲◆✮ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♥♦
♣❡rí♦❞♦ ❞❡ ✶✾✾✽✲✷✵✵✸✳

✹✶



❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖ ❍❲◆ é ♦ ♥ú♠❡r♦ ♠é❞✐♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r r❡❣✐str❛❞❛s ❡♠ ✉♠ ♠✉♥✐❝í♣✐♦✳ ❖s r❡s✉❧t❛❞♦s

✐❧✉str❛❞♦s ♥♦ ♠❛♣❛ ♠✉♥✐❝✐♣❛❧ ❢♦r❛♠ ❞✐♠❡♥s✐♦♥❛❞♦s ❡♠ ♠é❞✐❛s ❡st❛❞✉❛✐s✱ ❝♦♥❢♦r♠❡ ♦ ♠❛♣❛ ❛✉①✐❧✐❛r

♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ❇✳✸ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞♦ ♥ú♠❡r♦ ♠é❞✐♦ ✭❍❲◆✮ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♥♦
♣❡rí♦❞♦ ❞❡ ✷✵✵✸✲✷✵✵✾✳
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◆♦t❛✿ ❖ ❍❲◆ é ♦ ♥ú♠❡r♦ ♠é❞✐♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r r❡❣✐str❛❞❛s ❡♠ ✉♠ ♠✉♥✐❝í♣✐♦✳ ❖s r❡s✉❧t❛❞♦s

✐❧✉str❛❞♦s ♥♦ ♠❛♣❛ ♠✉♥✐❝✐♣❛❧ ❢♦r❛♠ ❞✐♠❡♥s✐♦♥❛❞♦s ❡♠ ♠é❞✐❛s ❡st❛❞✉❛✐s✱ ❝♦♥❢♦r♠❡ ♦ ♠❛♣❛ ❛✉①✐❧✐❛r

♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ❇✳✹ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞♦ ♥ú♠❡r♦ ♠é❞✐♦ ✭❍❲◆✮ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♥♦
♣❡rí♦❞♦ ❞❡ ✷✵✵✾✲✷✵✶✺✳
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❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❆ ❛♠♣❧✐t✉❞❡ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r é ♠❡❞✐❛ ❡♠ ♦❈✷✱ ❛ ♣❛rt✐r ❞❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ✐♥❞✐❝❛❞♦r❡s

❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦✳ ❖s r❡s✉❧t❛❞♦s ✐❧✉str❛❞♦s ♥♦ ♠❛♣❛ ♠✉♥✐❝✐♣❛❧ ❢♦r❛♠ ❞✐♠❡♥s✐♦♥❛❞♦s ❡♠ ♠é❞✐❛s

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

❋✐❣✉r❛ ❇✳✺ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞❛ ❛♠♣❧✐t✉❞❡ ♠é❞✐❛ ✭❍❲❆✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦
♣❡rí♦❞♦ ❞❡ ✶✾✾✽✲✷✵✵✸✳

✹✹



❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❆ ❛♠♣❧✐t✉❞❡ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r é ♠❡❞✐❛ ❡♠ ♦❈✷✱ ❛ ♣❛rt✐r ❞❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ✐♥❞✐❝❛❞♦r❡s

❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦✳ ❖s r❡s✉❧t❛❞♦s ✐❧✉str❛❞♦s ♥♦ ♠❛♣❛ ♠✉♥✐❝✐♣❛❧ ❢♦r❛♠ ❞✐♠❡♥s✐♦♥❛❞♦s ❡♠ ♠é❞✐❛s

❡st❛❞✉❛✐s✱ ❝♦♥❢♦r♠❡ ♦ ♠❛♣❛ ❛✉①✐❧✐❛r ♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s

s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ❇✳✻ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞❛ ❛♠♣❧✐t✉❞❡ ♠é❞✐❛ ✭❍❲❆✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦
♣❡rí♦❞♦ ❞❡ ✷✵✵✹✲✷✵✵✾✳
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◆♦t❛✿ ❆ ❛♠♣❧✐t✉❞❡ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r é ♠❡❞✐❛ ❡♠ ♦❈✷✱ ❛ ♣❛rt✐r ❞❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ✐♥❞✐❝❛❞♦r❡s

❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦✳ ❖s r❡s✉❧t❛❞♦s ✐❧✉str❛❞♦s ♥♦ ♠❛♣❛ ♠✉♥✐❝✐♣❛❧ ❢♦r❛♠ ❞✐♠❡♥s✐♦♥❛❞♦s ❡♠ ♠é❞✐❛s

❡st❛❞✉❛✐s✱ ❝♦♥❢♦r♠❡ ♦ ♠❛♣❛ ❛✉①✐❧✐❛r ♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s

s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ❇✳✼ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞❛ ❛♠♣❧✐t✉❞❡ ♠é❞✐❛ ✭❍❲❆✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦
♣❡rí♦❞♦ ❞❡ ✷✵✶✵✲✷✵✶✺✳
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◆♦t❛✿ ❆ ❞✉r❛çã♦ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r é ♠❡❞✐❛ ❡♠ ❞✐❛s✱ ❛ ♣❛rt✐r ❞♦ ♠♦♠❡♥t♦ q✉❡ ♦s í♥❞✐❝❡s ❞❡

❝❛❧♦r ❡①❝❡ss✐✈♦ sã♦ ♣❡rs✐st❡♥t❡s ♣♦r três ❞✐❛s✳ ❉❡ss❛ ❢♦r♠❛✱ ❡ss❛ ♠❡❞✐❞❛ s❡♠♣r❡ s❡rá s✉♣❡r✐♦r ❛ ✸ ❞✐❛s✳

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

♠❛♣❛ ❛✉①✐❧✐❛r ♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ❇✳✽ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞❛ ❞✉r❛çã♦ ♠é❞✐❛ ✭❍❲❉✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♥♦
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◆♦t❛✿ ❆ ❞✉r❛çã♦ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r é ♠❡❞✐❛ ❡♠ ❞✐❛s✱ ❛ ♣❛rt✐r ❞♦ ♠♦♠❡♥t♦ q✉❡ ♦s í♥❞✐❝❡s ❞❡

❝❛❧♦r ❡①❝❡ss✐✈♦ sã♦ ♣❡rs✐st❡♥t❡s ♣♦r três ❞✐❛s✳ ❉❡ss❛ ❢♦r♠❛✱ ❡ss❛ ♠❡❞✐❞❛ s❡♠♣r❡ s❡rá s✉♣❡r✐♦r ❛ ✸ ❞✐❛s✳

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

♠❛♣❛ ❛✉①✐❧✐❛r ♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ❇✳✾ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞❛ ❞✉r❛çã♦ ♠é❞✐❛ ✭❍❲❉✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♥♦
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❝❛❧♦r ❡①❝❡ss✐✈♦ sã♦ ♣❡rs✐st❡♥t❡s ♣♦r três ❞✐❛s✳ ❉❡ss❛ ❢♦r♠❛✱ ❡ss❛ ♠❡❞✐❞❛ s❡♠♣r❡ s❡rá s✉♣❡r✐♦r ❛ ✸ ❞✐❛s✳

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

♠❛♣❛ ❛✉①✐❧✐❛r ♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ❇✳✶✵ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞❛ ❞✉r❛çã♦ ♠é❞✐❛ ✭❍❲❉✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♥♦
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s❡rá s✉♣❡r✐♦r ❛ ✸ ❞✐❛s✳ ❖s r❡s✉❧t❛❞♦s ✐❧✉str❛❞♦s ♥♦ ♠❛♣❛ ♠✉♥✐❝✐♣❛❧ ❢♦r❛♠ ❞✐♠❡♥s✐♦♥❛❞♦s ❡♠ ♠é❞✐❛s

❡st❛❞✉❛✐s✱ ❝♦♥❢♦r♠❡ ♦ ♠❛♣❛ ❛✉①✐❧✐❛r ♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s

s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ❇✳✶✶ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞❛ ❢r❡q✉ê♥❝✐❛ ♠é❞✐❛ ✭❍❲❋✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♥♦
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s❡rá s✉♣❡r✐♦r ❛ ✸ ❞✐❛s✳ ❖s r❡s✉❧t❛❞♦s ✐❧✉str❛❞♦s ♥♦ ♠❛♣❛ ♠✉♥✐❝✐♣❛❧ ❢♦r❛♠ ❞✐♠❡♥s✐♦♥❛❞♦s ❡♠ ♠é❞✐❛s

❡st❛❞✉❛✐s✱ ❝♦♥❢♦r♠❡ ♦ ♠❛♣❛ ❛✉①✐❧✐❛r ♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s

s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ❇✳✶✷ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞❛ ❢r❡q✉ê♥❝✐❛ ♠é❞✐❛ ✭❍❲❋✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♥♦
♣❡rí♦❞♦ ❞❡ ✷✵✶✵✲✷✵✶✺✳

✺✶



❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❆ ❢r❡q✉ê♥❝✐❛ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r é ♠❡❞✐❛ ❡♠ ❞✐❛s✳❉❡ss❛ ❢♦r♠❛✱ ❡ss❛ ♠❡❞✐❞❛ s❡♠♣r❡

s❡rá s✉♣❡r✐♦r ❛ ✸ ❞✐❛s✳ ❖s r❡s✉❧t❛❞♦s ✐❧✉str❛❞♦s ♥♦ ♠❛♣❛ ♠✉♥✐❝✐♣❛❧ ❢♦r❛♠ ❞✐♠❡♥s✐♦♥❛❞♦s ❡♠ ♠é❞✐❛s

❡st❛❞✉❛✐s✱ ❝♦♥❢♦r♠❡ ♦ ♠❛♣❛ ❛✉①✐❧✐❛r ♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❛ ❞✐r❡✐t❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❞♦✐s ♠❛♣❛s

s❡❣✉❡♠ ❛ ♠❡s♠❛ ❧❡❣❡♥❞❛✳

❋✐❣✉r❛ ❇✳✶✸ ✕ ▼❛♣❛ ♠✉♥✐❝✐♣❛❧ ❞❛ ❢r❡q✉ê♥❝✐❛ ♠é❞✐❛ ✭❍❲❋✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♥♦
♣❡rí♦❞♦ ❞❡ ✷✵✶✵✲✷✵✶✺✳

✺✷



✸ ❊❢❡✐t♦s ❞❛s ❖♥❞❛s ❞❡ ❈❛❧♦r s♦❜r❡ ❛ ❙❛ú❞❡
❍✉♠❛♥❛ ♥♦ ❇r❛s✐❧

✸✳✶ ■♥tr♦❞✉çã♦

❊♠ ♣❡rí♦❞♦s r❡❝❡♥t❡s✱ ❝♦♥❢♦r♠❡ ❛ ❞✐s❝✉ssã♦ ❞♦s ❝❛♣ít✉❧♦s ❛♥t❡r✐♦r❡s✱ ❛ ❢r❡q✉ê♥❝✐❛ ❡ ❛

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

❞❡ ❝❛❧♦r✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❲▼❖ ✭✷✵✶✸✮✱ ❞❡ q✉❛s❡ ♥♦✈❡ ♠✐❧ ❡✈❡♥t♦s ❝❧✐♠át✐❝♦s ❡①✲

tr❡♠♦s r❡❣✐str❛❞♦s ❡♠ t♦❞♦ ♦ ♠✉♥❞♦ ♥❛s ú❧t✐♠❛s q✉❛tr♦ ❞é❝❛❞❛s✱ ❝❡r❝❛ ❞❡ ✽✵✪ ❞❡❧❡s

sã♦ ♦❝♦rrê♥❝✐❛ ❞❡ t❡♠♣❡st❛❞❡s✱ ✐♥✉♥❞❛çõ❡s ❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ r❡♣r❡s❡♥t❛♥❞♦ ❛♣r♦①✐♠❛✲

❞❛♠❡♥t❡ ✺✵✪ ❞❛s ♠♦rt❡s ❡ ✽✵✪ ❞♦s ❞❛♥♦s ❡❝♦♥ô♠✐❝♦s✳ ❆ ♠❡s♠❛ ✐♥st✐t✉✐çã♦ ❛✐♥❞❛

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

❝❛❧♦r ♥❛ ❊✉r♦♣❛ ❡ ❆♠ér✐❝❛ ▲❛t✐♥❛ sã♦ ❝♦♥s✐❞❡r❛❞❛s ✉♠ ❞♦s ❢❡♥ô♠❡♥♦s ❝❧✐♠át✐❝♦s ♠❛✐s

❞❡✈❛st❛❞♦r❡s✳ ❙♦❜r❡ ❛ ❣❡♦❣r❛✜❛ ❞❡ss❡s ❡✈❡♥t♦s ❡①tr❡♠♦s✱ r❡ss❛❧t❛✲s❡ q✉❡ ❡①✐st❡♠ ❡✈✐✲

❞ê♥❝✐❛s ♠❡t❡♦r♦❧ó❣✐❝❛s ❞❛ ♣r❡❞♦♠✐♥â♥❝✐❛ ❞❡ s❡❝❛s ♥❛ ➪❢r✐❝❛✱ t❡♠♣❡st❛❞❡s ❡ ✐♥✉♥❞❛çõ❡s

♥❛ ➪s✐❛✱ ❝✐❝❧♦♥❡s tr♦♣✐❝❛✐s ♥♦ ❙✉❞❡st❡ ❆s✐át✐❝♦ ❡ ❖❝❡❛♥✐❛✱ ❢✉r❛❝õ❡s ♥♦ ❈❛r✐❜❡ ❡ ❆♠ér✐❝❛

❞♦ ◆♦rt❡✱ ❡①tr❡♠♦s ❞❡ t❡♠♣❡r❛t✉r❛ ❡ ✐♥✉♥❞❛çõ❡s ♥♦ ❝♦♥t✐♥❡♥t❡ ❙✉❧ ❆♠❡r✐❝❛♥♦✳

❆ ❲▼❖ ✭✷✵✶✸✮ ❛✐♥❞❛ ❛✈❛❧✐♦✉ q✉❡✱ ❞❡s❞❡ ✶✾✼✵✱ ✐♥ú♠❡r♦s sã♦ ♦s ❝❛s♦s ❞❡ ♠♦rt❡✱

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

❡♣✐❞❡♠✐❛s ❡ ❞♦❡♥ç❛s ✭❆❧✈❡s ❡ ❇❡❧❧✉③♦✱ ✷✵✵✹✮✳ ❊♠ ✉♠❛ ❞❡ s✉❛s ♣✉❜❧✐❝❛çõ❡s s✐st❡♠❛✲

t✐③♦✉ ♦s ❞❛♥♦s ❛♦ ❧♦♥❣♦ ❞❡ q✉❛tr♦ ❞é❝❛❞❛s✱ ❞♦ ♣❡rí♦❞♦ ❞❡ ✶✾✼✵ ❛ ✷✵✶✷✱ ❡✱ s❡❣✉♥❞♦

❛ ✐♥st✐t✉✐çã♦✱ ♥❡ss❡ ♣❡rí♦❞♦ ❢♦r❛♠ ❝❛t❛❧♦❣❛❞♦s ✽✳✽✸✺ ❡✈❡♥t♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s q✉❡

r❡s✉❧t❛r❛♠ ❡♠ ♣r❡❥✉í③♦s ❡❝♦♥ô♠✐❝♦s ❡♠ t♦r♥♦ ❞❡ ✷✱✹ tr✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s ❡ q✉❛s❡ ❞♦✐s

♠✐❧❤õ❡s ❞❡ ♣❡ss♦❛s ♠♦rt❛s ✭❲▼❖✱ ✷✵✶✸✮✳ P❛ís❡s ❝♦♠ ❣r❛♥❞❡ ❡①t❡♥sã♦ ❣❡♦❣rá✜❝❛ ❡ q✉❡

❛♣r❡s❡♥t❛♠ ❞✐✈❡rs♦s t✐♣♦s ❞❡ ❝❧✐♠❛✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞♦ ❇r❛s✐❧✱ sã♦ ❜❛st❛♥t❡ ✈✉❧♥❡rá✈❡✐s

❛ ❡✈❡♥t♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s✳ ❖ ■♥♠❡t ✭✷✵✶✺✮ ❛♣♦♥t❛ q✉❡✱ ♥❛s ú❧t✐♠❛s ❞é❝❛❞❛s✱ ♥♦

♣❛ís t❡♠ s✐❞♦ r❡❣✐str❛❞❛ ✉♠❛ ♠é❞✐❛ ❞❡ ✉♠ ❞❡s❛str❡ ❝❧✐♠át✐❝♦ ♣♦r ❞✐❛✳

❆s ♦♥❞❛s ❞❡ ❝❛❧♦r ♣♦❞❡♠ s❡r ❝♦♥s✐❞❡r❛❞❛s ❝♦♠♦ ✉♠ ❞❡ss❡s ❡✈❡♥t♦s ❡①tr❡♠♦s ♠❛✐s

✐♠♣♦rt❛♥t❡s✱ q✉❛♥❞♦ ❝♦♠♣✉t❛❞♦s ♦s s❡✉s ❞❛♥♦s à ✈✐❞❛ ❤✉♠❛♥❛ ❡ s✉❛s ❞❡❝♦rr❡♥t❡s

♣❡r❞❛s ❡❝♦♥ô♠✐❝❛s✳ P❛r❛ ♦s ♣❛ís❡s ❡✉r♦♣❡✉s✱ ♣❛r❛ ❆✉strá❧✐❛ ❡ ♣❛r❛ ♦s ❊st❛❞♦s ❯♥✐❞♦s✱

✺✸



❥á ❡①✐st❡♠ ❝♦♥st❛t❛çõ❡s ❡♠♣ír✐❝❛s ❞❡ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❛✉♠❡♥t♦✉ ♥❛s

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

❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ✭❉❡s❝❤ê♥❡s ❡ ▼♦r❡tt✐✱ ✷✵✵✾❀ ❍❛❥❛t ❡t ❛❧✳✱ ✷✵✵✷❀ ❑✉♥st ❡t ❛❧✳✱

✶✾✾✹❀ ●✉❡st ❡t ❛❧✳✱ ✶✾✾✾✮✳ ❆❧é♠ ❞❡ss❡s ❡❢❡✐t♦s✱ ❞❡st❛❝❛♠✲s❡ ♦✉tr♦s✱ ❝♦♠♦ ❞❛♥♦s ❛

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

❝❛❧♦r ❡①tr❡♠♦ é ❛❝♦♠♣❛♥❤❛♥❞♦ ❞❡ ❞✐❛s s❡❝♦s✱ ♥♦t❛✲s❡ ✉♠ ❛✉♠❡♥t♦ ♥❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡

✐♥❝ê♥❞✐♦s ✢♦r❡st❛✐s ✭❋r❛♥❝♦ ❡ ❙❛♥st❛❞✱ ✷✵✵✻❀ ❇❡♥t♦✲●♦♥ç❛❧✈❡s ❡t ❛❧✳✱ ✷✵✶✷✮✳

❖s ♠♦t✐✈♦s ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r sã♦ ❞✐✈❡rs♦s✱ ❛❧❣✉♥s ❛tr✐❜✉❡♠ ♦ ❝❛❧♦r

❡①tr❡♠♦ ❝♦♠♦ ♣❛rt❡ ❞❡ ✉♠ ❝✐❝❧♦ ❝❧✐♠át✐❝♦✱ ❡♥q✉❛♥t♦ ♦✉tr♦s ♦s ❝♦♥❢❡r❡♠ ❛♦ ♣r♦❝❡ss♦ ❞❡

❛q✉❡❝✐♠❡♥t♦ ❣❧♦❜❛❧ ✭❆♥❞♦ ❡t ❛❧✳✱ ✷✵✵✹✮✳ ❯♠ ✐♠♣♦rt❛♥t❡ ❛r❣✉♠❡♥t♦ ❞❡ q✉❡ ❛s ❝❛✉s❛s

♥ã♦ s❡ ❧✐♠✐t❛♠ ❛s ♠✉❞❛♥ç❛s ❝❧✐♠át✐❝❛s é q✉❡ ❛❧❣✉♥s ♠✉♥✐❝í♣✐♦s ❞❡ ❝❧✐♠❛ ♠❛✐s ❛♠❡♥♦✱

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

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

❡♠❜♦r❛ ❡①✐st❛♠ ✐♥❞í❝✐♦s ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ss❡s ❢❡♥ô♠❡♥♦s✱ ♥ã♦ ❤á ♥❡♥❤✉♠❛ ❝♦♥st❛t❛çã♦

❡♠♣ír✐❝❛✱ t❛♠♣♦✉❝♦ ❛❧❣✉♠ ❝♦♥s❡♥s♦ ❞❛s ❝❛✉s❛s✳

❍✐st♦r✐❝❛♠❡♥t❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✐♥❢♦r♠❛çõ❡s ❞♦ ■♥♠❡t ✭✷✵✶✺✮✱ ❛ ♠❛✐s r✐❣♦r♦s❛ ♦♥❞❛

❞❡ ❝❛❧♦r ♦❜s❡r✈❛❞❛ ♥♦ ❇r❛s✐❧ ❢♦✐ ♥❛ ❝✐❞❛❞❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ❡♠ ✶✾✽✹✳ ◆❡ss❛ ♦❝❛✲

s✐ã♦✱ ♦s t❡r♠ô♠❡tr♦s r❡❣✐str❛r❛♠ ❡♠ ♠é❞✐❛ ✹✸✱✷ ♦❈ ❞✉r❛♥t❡ ✉♠ ♣❡rí♦❞♦ s✉♣❡r✐♦r ❛

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

❛t♠♦s❢ér✐❝♦s✱ ❢♦✐ ♥♦t❛❞♦ ✉♠❛ ❝♦♥s✐❞❡rá✈❡❧ ❡❧❡✈❛çã♦ ❞❡ t❡♠♣❡r❛t✉r❛ ♥❛ ❝✐❞❛❞❡ ❞❡ ❙ã♦

P❛✉❧♦✳ ❆❞✐❝✐♦♥❛❞♦ ❛ ✐ss♦✱ ❞✐s❝✉t❡✲s❡ ❛✐♥❞❛ s❡ ❡①✐st❡ ❛❧❣✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ✐♥t❡♥s✐✜❝❛✲

çã♦ ❞♦s ♣❡rí♦❞♦s ❞❡ s❡❝❛ ❡ ♣♦ssí✈❡✐s r❡❣✐str♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♥♦ ♥♦r❞❡st❡ ❜r❛s✐❧❡✐r♦✳

❆❞❡♠❛✐s✱ ♦ r❡❣✐str♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦ ❇r❛s✐❧ ♥ã♦ s❡ ❞❡té♠ ❛♣❡♥❛s ❛s r❡❣✐õ❡s ♠❛✐s

♣ró①✐♠❛s ❞❛ ❢❛✐①❛ ❡q✉❛t♦r✐❛❧✱ ❡❧❡s s❡ ❡st❡♥❞❡♠ t❛♠❜é♠ ❛♦s ♠✉♥✐❝í♣✐♦s ❞♦ s✉❧✱ q✉❡✱ ❡♠

✷✵✵✸✱ s♦❢r❡r❛♠ ✉♠❛ ❞❛s ♠❛✐s s❡✈❡r❛s ♦♥❞❛s ❞❡ ❝❛❧♦r q✉❡ s❡ ❤á r❡❣✐str♦s✳ ❊ss❡ ❡♣✐só✲

❞✐♦ ✜❝♦✉ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ✏■♥❢❡r♥♦ ●❛ú❝❤♦✑✱ ♣♦✐s✱ ❞✉r❛♥t❡ ✉♠❛ s❡♠❛♥❛✱ ♦s t❡r♠ô♠❡tr♦s

♠❛r❝❛r❛♠ ❛té ✸✾ ♦❈ ❡♠ ♠✉✐t❛s ❝✐❞❛❞❡s ❞♦ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✱ ♦ q✉❡ tr♦✉①❡ ❞❡✜❝✐ê♥❝✐❛s

❛♦ ❛❜❛st❡❝✐♠❡♥t♦ ❞❡ á❣✉❛ ❧♦❝❛❧ ❡ ❝♦♥s✉♠♦ r❡❝♦r❞❡ ❞❡ ❡♥❡r❣✐❛✳

❆❧é♠ ❞✐ss♦✱ ❡♠ ❝♦♥s♦♥â♥❝✐❛ ❛♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥ç❛❞♦s ♥♦ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r✱ ♠✉✐t♦

✺✹



❛❧é♠ ❞♦ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧ ❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ❛s ♣r✐♥❝✐♣❛✐s ♦❝♦rrê♥❝✐❛s ❞❡ss❡s ❢❡♥ô✲

♠❡♥♦s ❢♦r❛♠ ✈❡r✐✜❝❛❞♦s ♥♦s ♠✉♥✐❝í♣✐♦s ❞❛ r❡❣✐ã♦ ❈❡♥tr♦✲♦❡st❡✳ ◆♦ ❉✐str✐t♦ ❋❡❞❡r❛❧ ❡

♥♦ ❡st❛❞♦ ❞❡ ●♦✐ás ♥ã♦ ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s ❛♣❡♥❛s ♦s ♠✉♥✐❝í♣✐♦s ❝♦♠ ♠❛✐♦r ✐♥❝✐❞ê♥✲

❝✐❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♠❛s t❛♠❜é♠ ❛q✉❡❧❛s ❝✐❞❛❞❡s ❡♠ q✉❡ ❡ss❡s ❡✈❡♥t♦s ❢♦r❛♠ ♠❛✐s

❞✉r❛❞♦✉r♦s ❡ ✐♥t❡♥s♦s✳

◆♦ q✉❡ ❝♦♥❝❡r♥❡ ❛♦ ❇r❛s✐❧✱ ❡①✐st❡ ✉♠❛ ❣❛♠❛ ❞❡ ❡st✉❞♦s q✉❡ r❡✈❡❧❛♠ ❛s r❡❧❛çõ❡s ❡♥tr❡

♦ ❝❧✐♠❛ ❡ ❛ s❛ú❞❡ ❤✉♠❛♥❛✱ ❡♥tr❡t❛♥t♦ q✉❛s❡ t♦❞♦s r❡❝❛❡♠ s♦❜r❡ ❝❡♥ár✐♦s ❞❡ ♠✉❞❛♥ç❛s

❝❧✐♠át✐❝❛s✳ ●r❛♥❞❡ ♣❛rt❡ ❞♦s r❡s✉❧t❛❞♦s ♣r❡✈❡❡♠ q✉❡ ♠✉❞❛♥ç❛s ♥❛s ✈❛r✐á✈❡✐s ❝❧✐♠át✐❝❛s

sã♦ ❝❛♣❛③❡s ❞❡ ✐♥✢✉❡♥❝✐❛r ♦s ✐♥❞✐❝❛❞♦r❡s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❡ ♠♦r❜✐❞❛❞❡ ❞❡ ❞♦❡♥ç❛s ❝♦♠♦

❞❡♥❣✉❡✱ ❧❡✐s❤♠❛♥✐♦s❡✱ ♠❛❧ár✐❛✱ ❞♦❡♥ç❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s ❡ r❡s♣✐r❛tór✐❛s ✭▲♦✇❡✱ ✷✵✶✷❀

❙♦✉③❛ ❡t ❛❧✳✱ ✷✵✶✸❀ P❡r❡❞❛✱ ✷✵✶✷❀ ▼❡♥❞❡s✱ ✷✵✶✸✮✳ ▼❛s✱ ♣♦✉❝♦ ❛✐♥❞❛ ❢♦✐ ❛♣✉r❛❞♦ s♦❜r❡

❡❢❡✐t♦s ❞♦s ❢❡♥ô♠❡♥♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s s♦❜r❡ ❛ s❛ú❞❡✱ ❜❡♠ ❝♦♠♦ sã♦ ❞❡s❝♦♥❤❡❝✐❞❛s

às ❝♦♥s❡q✉ê♥❝✐❛s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✳

❆♣❡s❛r ❞❡ss❛ ❧❛❝✉♥❛✱ ♠❛s ❞✐❛♥t❡ ❞❡ss❛s ❡✈✐❞ê♥❝✐❛s ❞❡ q✉❡ ❛❧t❡r❛çõ❡s ❝❧✐♠át✐❝❛s

❛❢❡t❛♠ ❛ ♠♦r❜✐✲♠♦rt❛❧✐❞❛❞❡✱ ❛ ❈♦♠✐ssã♦ ❞❡ ❙❛ú❞❡ ❞♦ P❛✐♥❡❧ ■♥t❡r❣♦✈❡r♥❛♠❡♥t❛❧ ❞❡

▼✉❞❛♥ç❛s ❈❧✐♠át✐❝❛s ✭■P❈❈✮ t❡♠ ♣r♦❝✉r❛❞♦ r❡✉♥✐r ❝♦♥❤❡❝✐♠❡♥t♦s s♦❜r❡ ❡ss❛s ✐♥t❡r✲

r❡❧❛çõ❡s ❡♥tr❡ ❝❧✐♠❛ ❡ s❛ú❞❡✳ ❖ ■P❈❈ r❡❝♦♥❤❡❝❡✉ três ♠❡❝❛♥✐s♠♦s ♣r✐♥❝✐♣❛✐s ❛tr❛✈és

❞♦s q✉❛✐s ♦s ♣r♦❝❡ss♦s ❝❧✐♠át✐❝♦s ♣♦❞❡♠ ❛❢❡t❛r ❛ s❛ú❞❡ ❤✉♠❛♥❛ ✭❈♦♥❢❛❧♦♥♥✐❡r✐ ❡ ▼❡♥♥❡✱

✷✵✵✼✮✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❛✉t♦r❡s✱ ❡ss❡s ♠❡❝❛♥✐s♠♦s ♣♦❞❡♠ ❛❢❡t❛r ♦s ❝♦♥❞✐❝✐♦♥❛♥t❡s

❛♠❜✐❡♥t❛✐s ❡ ♦s ♣r♦❝❡ss♦s s♦❝✐♦❡❝♦♥ô♠✐❝♦s ❞❛ s❛ú❞❡ ❤✉♠❛♥❛✳ ◆✉♠❛ ♣r✐♠❡✐r❛ ❞✐♠❡♥✲

sã♦✱ ♦s ❡❢❡✐t♦s ❝❧✐♠át✐❝♦s ♦❝♦rr❡♠ s♦❜r❡ ❛ ♣r♦❞✉çã♦ ❛❣rí❝♦❧❛ ❡ ♦s r❡❝✉rs♦s ❤í❞r✐❝♦s✱

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

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

❛❧✐♠❡♥t❛r ❡ ❛✉♠❡♥t♦ ❞♦ r✐s❝♦ ❞❡ ❞♦❡♥ç❛s ❞❡ ✈❡✐❝✉❧❛çã♦ ❤í❞r✐❝❛✳ ❆❧é♠ ❞✐ss♦✱ ❞❡ ❢♦r♠❛

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

❞❡ ❛❣❡♥t❡s ✐♥❢❡❝❝✐♦s♦s ✭♠♦sq✉✐t♦s✱ ♣♦r ❡①❡♠♣❧♦✮✱ ❛❧t❡r❛♥❞♦ ❛ ❞✐str✐❜✉✐çã♦ ❡s♣❛❝✐❛❧ ❡

✐♥t❡♥s✐❞❛❞❡ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡♥❞ê♠✐❝❛s✱ t❛✐s ❝♦♠♦ ❛ ♠❛❧ár✐❛ ❡ ❛

❞❡♥❣✉❡✱ ❡♥tr❡ ♦✉tr❛s✳ ◆✉♠❛ s❡❣✉♥❞❛ ❞✐♠❡♥sã♦✱ ❛ s♦❝✐♦❡❝♦♥ô♠✐❝❛✱ ✉♠ ❞♦s ♠❡❝❛♥✐s♠♦s

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

✺✺



❡s♣❡❝✐❛❧♠❡♥t❡ ❞❡ ♣r♦❞✉t♦r❡s ❝♦♠ ♠❡♥♦r❡s r❡❝✉rs♦s té❝♥✐❝♦s ❡ ✜♥❛♥❝❡✐r♦s✱ ❛❝❛rr❡t❛♥❞♦✱

♣♦rt❛♥t♦✱ ♥♦ ❛✉♠❡♥t♦ ❞♦ ê①♦❞♦ r✉r❛❧✱ q✉❡✱ ♣♦r s✉❛ ✈❡③✱ ❛❝❛❜❛ ♣♦r ❛❣r❛✈❛r ♦s ♣r♦❜❧❡♠❛s

s♦❝✐❛✐s ❞❡❝♦rr❡♥t❡s ❞❛ ❝❛rê♥❝✐❛ ❞❡ ✐♥❢r❛❡str✉t✉r❛ ✉r❜❛♥❛✳

❯♠ ♦✉tr♦ ♠❡❝❛♥✐s♠♦ ❝✐t❛❞♦ ♣♦r ❈♦♥❢❛❧♦♥♥✐❡r✐ ❡ ▼❡♥♥❡ ✭✷✵✵✼✮ ❝♦♥✈❡r❣❡ ❡str❡✐t❛✲

♠❡♥t❡ ❝♦♠ ♦ t❡♠❛ ❞❡st❡ tr❛❜❛❧❤♦✱ r❡❢❡r❡✲s❡ ❛♦s ❡❢❡✐t♦s ❞♦s ❡✈❡♥t♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s✱

❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦ ❝❛♣❛③❡s ❞❡ ❛❢❡t❛r ❞✐r❡t❛♠❡♥t❡ ❛ ✜s✐♦❧♦❣✐❛ ❤✉♠❛♥❛✳ ❙❡❣✉♥❞♦ ❉❡s❝❤ê✲

♥❡s ❡ ●r❡❡♥st♦♥❡ ✭✷✵✵✼✮✱ ♦s s✐st❡♠❛s ❞❡ r❡❣✉❧❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❝♦r♣♦r❛❧ ♣❡r♠✐t❡♠

q✉❡ ♦s ✐♥❞✐✈í❞✉♦s ❡♥❢r❡♥t❡♠ ✈❛r✐❛çõ❡s ♥❛ t❡♠♣❡r❛t✉r❛ ❛♠❜✐❡♥t❡✳ ◗✉❛♥❞♦ ✉♠❛ ♣❡s✲

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

♠♦❞♦ q✉❡ ♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ❞♦ ❝♦r♣♦ ♣❛r❛ ❛ ♣❡❧❡ ❛✉♠❡♥t❛✱ ❧❡✈❛♥❞♦ ❛ r❡s♣♦st❛s t❡r✲

♠♦rr❡❣✉❧❛tór✐❛s✱ ❝♦♠♦ s✉♦r ❡ tr❡♠♦r✳ ❊♠ ❞✐❛s q✉❡♥t❡s✱ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ r❡❣✉❧❛çã♦ ❞❛

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

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

❣✉❡✳ ❆ss✐♠✱ ♦ ♥ú♠❡r♦ ❞❡ ♠♦rt❡s r❡❧❛❝✐♦♥❛❞❛s ❛ ❞♦❡♥ç❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s✱ r❡s♣✐r❛tór✐❛s

❡ ❝❡r❡❜r♦✈❛s❝✉❧❛r❡s ❛✉♠❡♥t❛ ❡♠ ❞✐❛s ❞❡ ❛❧t❛s t❡♠♣❡r❛t✉r❛s ✭❙♦✉③❛ ❡t ❛❧✳✱ ✷✵✶✸✮✳

❉❡✈❡✲s❡ r❡ss❛❧t❛r q✉❡ ❛ ♠❛❣♥✐t✉❞❡ ❞♦s ❡❢❡✐t♦s ❞♦s três ♠❡❝❛♥✐s♠♦s ❞❡s❝r✐t♦s ❛❝✐♠❛

❞❡♣❡♥❞❡✱ ❡♠ ❣r❛♥❞❡ ♠❡❞✐❞❛✱ ❞❡ ❢❛t♦r❡s ✐♥t❡r✈❡♥✐❡♥t❡s ❛ss♦❝✐❛❞♦s ❛s ❝❛r❛❝t❡ríst✐❝❛s

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

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

♣♦❞❡♠ s❡r ✐♥t❡♥s✐✜❝❛❞♦s ♦✉ ❛t❡♥✉❛❞♦s ♣❡❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❣❡♦❣rá✜❝❛s ❞❡ s❛ú❞❡ ♣ú✲

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

❙♦❜r❡ ❛s ❝♦♥s❡q✉ê♥❝✐❛s ❝❧✐♠át✐❝❛s ♥❛ s❛ú❞❡ ❤✉♠❛♥❛✱ ❇❛r❛t❛ ❡ ❈♦♥❢❛❧♦♥♥✐❡r✐ ✭✷✵✶✶✮

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

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

❛❧é♠ ❞❡ ❝♦♥❞✐❝✐♦♥❛♥t❡s ❝❧✐♠át✐❝♦s ♣r♦♣í❝✐♦s✱ ❢❛t♦r❡s ❧♦❝❛❝✐♦♥❛✐s✱ ❝♦♠♦ ❝♦♥❞✐çõ❡s ❞❡ s❛✲

♥❡❛♠❡♥t♦ ❡ ✐♥❢r❛❡str✉t✉r❛ ✉r❜❛♥❛ t❛♠❜é♠ sã♦ ❞❡t❡r♠✐♥❛♥t❡s ❞♦ ♣❡r✜❧ ❡♣✐❞❡♠✐♦❧ó❣✐❝♦

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

❞❡ss❡ t❡♠❛ ❛ss♦❝✐❛♠ ♦ r✐s❝♦ ❧♦❝❛❝✐♦♥❛❧✱ ❞❡ ✐♥❢r❛❡str✉t✉r❛✱ t❡❝♥♦❧ó❣✐❝♦✱ ❡✱ ✐♥❝❧✉s✐✈❡ ♦ ❝❧✐✲

♠át✐❝♦✱ à ♠❛♥✐❢❡st❛çã♦ ❞❡ ❞❡t❡r♠✐♥❛❞❛s ❞♦❡♥ç❛s ✭❇❛r❛t❛❀ ❈♦♥❢❛❧♦♥✐❡r✐✱ ✷✵✶✶✮❀ ✭❙♦✉③❛
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❡t ❛❧✱ ✷✵✶✸✮✳ ❊①❛t❛♠❡♥t❡ ♣♦r ✐ss♦✱ ♥❡ss❛ ❧✐t❡r❛t✉r❛ ❛✐♥❞❛ ❢♦✐ ❡♥❝♦♥tr❛❞❛ ✉♠❛ ♦✉tr❛

❞✐s❝✉ssã♦ ✐♠♣♦rt❛♥t❡ ❛❞✈✐♥❞❛ ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ss❡s ❡✈❡♥t♦s✱ q✉❡ r❡❝❛✐✱ ❞❡ ♠❛♥❡✐r❛ ✐♥❡✲

r❡♥t❡✱ ♥♦ ❣r❛✉ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛❧❣✉♠❛s ❡❝♦♥♦♠✐❛s ✭❈❤♦✐ ❡t ❛❧✳✱ ✷✵✵✺❀ ❙❝❤✉❧t③✱

✷✵✵✸✮✳ ❆❝r❡❞✐t❛✲s❡ q✉❡ ♣❛ís❡s ❡♠ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✱ ❝♦♠♦ ❛ ❈❤✐♥❛✱ ❛ ❮♥❞✐❛ ❡ ♦ ❇r❛s✐❧ sã♦

❜❛st❛♥t❡ ❛❢❡t❛❞♦s ♣♦r ❝❤♦q✉❡s ❝❧✐♠át✐❝♦s ❞❡ ❝✉rt♦ ♣r❛③♦✱ ♥ã♦ só ♣❡❧❛ ❞✐✈❡rs✐❞❛❞❡ ❝❧✐✲

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

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

▼❡❞✐❛♥t❡ ❛s ❡✈✐❞ê♥❝✐❛s ❞❡ q✉❡ ✈❛r✐á✈❡✐s ❝❧✐♠át✐❝❛s ❡stã♦ ❛ss♦❝✐❛❞❛s ❛♦ ♣❛❞rã♦ ❞❡

♠♦r❜✐✲♠♦rt❛❧✐❞❛❞❡ ♥♦ ❇r❛s✐❧✱ s♦♠❛❞❛ ❛✐♥❞❛ ❛ ❢❛❧t❛ ❞❡ ❡st✉❞♦s s♦❜r❡ ♦s ❡❢❡✐t♦s ❞❡ t❡♠♣❡✲

r❛t✉r❛s ❡①❝❡ss✐✈❛s✱ ❡st❡ ❝❛♣ít✉❧♦ ❞❡❞✐❝♦✉✲s❡ ❛ ❛♥á❧✐s❡ ❞♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡

♦ ❜❡♠✲❡st❛r r❡❧❛❝✐♦♥❛❞♦ à s❛ú❞❡ ♥♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✳ ❊♠ ❡s♣❡❝í✜❝♦✱ ♣r❡t❡♥❞❡✲s❡✿

✐ ✲ ❆♥❛❧✐s❛r ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡✱ ✐❞❡♥t✐✜❝❛♥❞♦

❣r✉♣♦s ❞❡♠♦❣rá✜❝♦s ❡ r❡❣✐õ❡s ❣❡♦❣rá✜❝❛s ♠❛✐s ✈✉❧♥❡rá✈❡✐s❀

✐✐ ✲ ❱❛❧♦r❛r ❡❝♦♥♦♠✐❝❛♠❡♥t❡ ❛s ♣❡r❞❛s ❞❡ ❜❡♠✲❡st❛r ❞❡❝♦rr❡♥t❡s ❞♦s ✐♠♣❛❝t♦s ❞❛s

♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡❀

❆s ❤✐♣ót❡s❡s t❡st❛❞❛s ♥❡st❡ ❡st✉❞♦ sã♦ q✉❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❛✉♠❡♥t❛♠ ❛s t❛①❛s ❞❡

♠♦rt❛❧✐❞❛❞❡ ♥♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✱ ❜❡♠ ❝♦♠♦ ❛❢❡t❛♠ ❛q✉❡❧❡s ❣r✉♣♦s ❞❡♠♦❣rá✜✲

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

♣♦❜r❡s✳

❖ ❝❛♣ít✉❧♦ ❡stá ♦r❣❛♥✐③❛❞♦ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✳ ❆❧é♠ ❞❡st❛ ✐♥tr♦❞✉çã♦✱ ❛ s❡❣✉♥❞❛

s❡çã♦ tr❛t❛ ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ❛❞♦t❛❞❛✱ t❛♥t♦ ❞♦s ❛s♣❡❝t♦s t❡ór✐❝♦s q✉❛♥t♦ ❡♠♣ír✐❝♦s ❡♠✲

♣r❡❣❛❞♦s✳ ❆ t❡r❝❡✐r❛ s❡çã♦ ❛♣r❡s❡♥t❛ ❞✐s❝✉ssõ❡s ❛❝❡r❝❛ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳ ❋✐♥❛❧✲

♠❡♥t❡✱ ❛ q✉✐♥t❛ s❡çã♦ r❡s✉♠❡ ❛s ❝♦♥❝❧✉sõ❡s✳
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✸✳✷ ▼❡t♦❞♦❧♦❣✐❛

◆❡st❛ s❡çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♣r♦❝❡❞✐♠❡♥t♦s ♠❡t♦❞♦❧ó❣✐❝♦s✱ t❛♥t♦ t❡ór✐❝♦s q✉❛♥t♦ ❡♠✲

♣ír✐❝♦s✱ q✉❡ ❜✉s❝❛♠ ❡st❛❜❡❧❡❝❡r ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ♠♦rt❛❧✐❞❛❞❡ ❡ t❡♠♣❡r❛t✉r❛✳ ❉❡s❝❤ê✲

♥❡s ❡ ●r❡❡♥st♦♥❡ ✭✷✵✶✸✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠♦❞❡❧♦ t❡ór✐❝♦ q✉❡ ❢♦✐ ❛♠♣❧❛♠❡♥t❡ ❛♣❧✐❝❛❞♦

♥❛ ❧✐t❡r❛t✉r❛ ❞❡ ❡❝♦♥♦♠✐❛ ❞♦ ❝❧✐♠❛✳ ❊ss❡ ♠♦❞❡❧♦ ❢♦✐ ❜❛s❡❛❞♦ ♥❛ ❢✉♥çã♦ ❞❡ ♣r♦❞✉çã♦

❞❡ s❛ú❞❡ ❞❡ ●r♦ss♠❛♥ ✭✷✵✵✵✮✳ ❚♦❞❛s ❛s ❛♣❧✐❝❛çõ❡s ❞❡ss❛ ♠❡t♦❞♦❧♦❣✐❛ tê♠ ❛♥❛❧✐s❛❞♦ ♦s

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

❢♦✐ ❛✈❛❧✐❛r ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ ♠♦rt❛❧✐❞❛❞❡✳

❊st❛ s❡çã♦ é ❞❡❞✐❝❛❞❛ ❛♦ ❞❡t❛❧❤❛♠❡♥t♦ ❞♦ ♠♦❞❡❧♦ ♠✐❝r♦❡❝♦♥ô♠✐❝♦ ❜ás✐❝♦ ❡ s✉❛s

✐♠♣❧✐❝❛çõ❡s✱ ❜❡♠ ❝♦♠♦ ♦s ♣r♦❝❡❞✐♠❡♥t♦s ❡❝♦♥♦♠étr✐❝♦s ❞❡ ❡st✐♠❛çã♦ ❞♦ ♠♦❞❡❧♦ ❡♠♣í✲

r✐❝♦✳ ❆s ❛♥á❧✐s❡s ❞❡st❡ tr❛❜❛❧❤♦ r❡❝❛✐rã♦ ❡s♣❡❝✐✜❝❛♠❡♥t❡ s♦❜r❡ três ❣r✉♣♦s ❞❡ ❞♦❡♥ç❛s✶✾✱

❝❧❛ss✐✜❝❛❞♦s ❡ s✐st❡♠❛t✐③❛❞♦s ♣❡❧❛ ❈❧❛ss✐✜❝❛çã♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❉♦❡♥ç❛s ✭❈■❉✱ ✷✵✶✵✮

❝♦♠♦✿ ❛✮ ❉♦❡♥ç❛s ■♥❢❡❝❝✐♦s❛s ❡ P❛r❛s✐tár✐❛s❀ ❜✮ ❉♦❡♥ç❛s ❞♦ ❆♣❛r❡❧❤♦ ❈✐r❝✉❧❛tór✐♦✱ ❡❀

❝✮ ❉♦❡♥ç❛s ❞♦ ❆♣❛r❡❧❤♦ ❘❡s♣✐r❛tór✐♦ ✷✵✳

❆❧é♠ ❞❡ss❡s ♣r♦❝❡❞✐♠❡♥t♦s✱ ✉♠❛ s✉❜s❡çã♦ s❡ ❡♥❝❛rr❡❣❛ ❞♦ ❞❡t❛❧❤❛♠❡♥t♦ ❞❡ t♦❞♦s

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

❞❛q✉❡❧❡s q✉❡ s✉❜s✐❞✐❛♠ ❛ ♠❡❞✐❞❛ ❞❡ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛✱ ❝ô♠♣✉t♦ ✉t✐❧✐③❛❞♦ ♣❛r❛

✈❛❧♦r❛r ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ ♠♦rt❛❧✐❞❛❞❡ ❤✉♠❛♥❛✳ ❖s ❞❡t❛❧❤❡s ❞❡ss❛

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

s❡çã♦ ✸✳✸✳✸ ❞♦s r❡s✉❧t❛❞♦s ❞❡st❡ ❝❛♣ít✉❧♦✳

✶✾❈♦♠♦ ❡①♣❧✐❝❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❡♠ ❞✐❛s q✉❡♥t❡s✱ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ r❡❣✉❧❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❝♦r✲
♣♦r❛❧ ✐♠♣õ❡ ✉♠❛ t❡♥sã♦ ❛❞✐❝✐♦♥❛❧ s♦❜r❡ ♦s s✐st❡♠❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s ❡ r❡s♣✐r❛tór✐♦ ✭❙♦✉③❛ ❡t ❛❧✳✱ ✷✵✶✵✮✳
❆❧é♠ ❞✐ss♦✱ ✉♠ ❝❧✐♠❛ ♠❛✐s q✉❡♥t❡ ♣♦❞❡ ❡❧❡✈❛r ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♣♦❧✉❡♥t❡s ❞♦ ❛r✱ ❝♦♠♣r♦♠❡t❡r ❛ q✉❛✲
❧✐❞❛❞❡ ❞❛ á❣✉❛ ❡ ❛✐♥❞❛ ❛✉♠❡♥t❛r ❛ ❞✐ss❡♠✐♥❛çã♦ ❞❡ ✈❡t♦r❡s ❝❛✉s❛❞♦r❡s ❞❡ ❞♦❡♥ç❛s✱ ❝♦♠♦ ♦ ♠♦sq✉✐t♦
❞❛ ❞❡♥❣✉❡✳ ❖ ❛✉♠❡♥t♦ ❞❛ t❡♠♣❡r❛t✉r❛ ♣♦❞❡ tr❛③❡r ❞♦❡♥ç❛s ❛ ♦✉tr❛s r❡❣✐õ❡s ❞♦ ❣❧♦❜♦ q✉❡ ❛♥t❡s ❡r❛♠
♣❛rt✐❝✉❧❛r❡s ❛ ❢❛✐①❛s tr♦♣✐❝❛✐s✱ ♦ q✉❡ ❥✉st✐✜❝❛ ❛ ❛♥á❧✐s❡ ❞❡ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✳

✷✵◆❛ t❛❜❡❧❛ ❈✳✶ ❞♦ ❆♣ê♥❞✐❝❡ ❈✱ ❡♥❝♦♥tr❛✲s❡ ✉♠ r❡s✉♠♦ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ss❡s ❣r✉♣♦s ❞❡ ❞♦❡♥ç❛s✱
❝♦♠♦ ❛s r❡❣✐õ❡s ❜r❛s✐❧❡✐r❛s ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❛❢❡t❛❞❛s ❡ t❛♠❜é♠ ❛❧❣✉♠❛s ❞❡s❝r✐çõ❡s ❞❡ ❞♦❡♥ç❛s
✐♥❝❧✉í❞❛s ♥❡❧❡s✳

✺✽



✸✳✷✳✶ ▼♦❞❡❧♦ ❚❡ór✐❝♦

❆s ❛♥á❧✐s❡s ❞❡st❡ ❝❛♣ít✉❧♦ ❢✉♥❞❛♠❡♥t❛r❛♠✲s❡ ♥♦ ♠♦❞❡❧♦ t❡ór✐❝♦ ♣r♦♣♦st♦ ♣♦r ❉❡s❝❤ê♥❡s

❡ ●r❡❡s♥t♦♥❡ ✭✷✵✶✶✮✳ ❊ss❡ ♠♦❞❡❧♦ ❛♣❧✐❝❛ ❝♦♥❝❡✐t♦s ❜ás✐❝♦s ❞❛ t❡♦r✐❛ ❞♦ ❝♦♥s✉♠✐❞♦r ❝♦♠

❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ❡①♣r❡ss❛r ♦ ✐♠♣❛❝t♦ ❞❡ ❝❤♦q✉❡s ❝❧✐♠át✐❝♦s s♦❜r❡ ♦ ❜❡♠✲❡st❛r✱ ❛ ♣❛rt✐r ❞♦

♠♦❞❡❧♦ ❞❡ ❢✉♥çã♦ ❞❡ ♣r♦❞✉çã♦ ❞❡ s❛ú❞❡ ❞❡ ●r♦ss♠❛♥ ✭✷✵✵✵✮✷✶✳ ◆♦ ❝❛s♦ ❞❡st❡ ❝❛♣ít✉❧♦✱

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

s♦❜r❡ ♦ ❜❡♠✲❡st❛r r❡❧❛❝✐♦♥❛❞♦ ❛ s❛ú❞❡✷✷✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❡ss❡ ♠♦❞❡❧♦✱ ❞❡✜♥❡✲s❡ ✉♠❛ ❢✉♥çã♦ ❞❡ ✉t✐❧✐❞❛❞❡ ✭❯✮ ♣❛r❛ ✉♠ ❝♦♥s✉✲

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

U = µ(xc, s) ✭✹✮

❡♠ q✉❡ U(.) ❡①♣r❡ss❛ ❛ ✉t✐❧✐❞❛❞❡ ❝♦♠♦ ❢✉♥çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ✉♠❛ ❝❡st❛ ❞❡ ❜❡♥s

xc ❡ ✉♠❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ s = δ(xH , hw)❀ xH ❞❡♥♦t❛ ♦ ❝♦♥s✉♠♦ ❞❡ ❜❡♥s ♦✉

s❡r✈✐ç♦s ♣r✐✈❛❞♦s ❝❛♣❛③❡s ❞❡ ❛✉♠❡♥t❛r ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛✷✸✱ ❞❡ t❛❧ ❢♦r♠❛

q✉❡ ds
dxH

> 0✱ ❡❀ hw = (HWN,HWD,HWF,HWA) ❝♦♥té♠ ✐♥❞✐❝❛❞♦r❡s ❞❡ ♦♥❞❛s ❞❡

❝❛❧♦r ✷✹✳ ❈♦♥s✐❞❡r❛✲s❡ q✉❡ ♦ ✈❡t♦r hw ❡ s❡✉s ✐♥❞✐❝❛❞♦r❡s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ✐♥✢✉❡♥❝✐❛♠

❛ ❢✉♥çã♦ ❞❡ s❛ú❞❡✱ ❞❡ t❛❧ ♠❛♥❡✐r❛ q✉❡ ds
dhw

< 0✳

❙♦♠❛❞♦ ❛ ✐ss♦✱ ♥♦ t♦❝❛♥t❡ ❛ r❡str✐çã♦ ♦rç❛♠❡♥tár✐❛ ❞❡ss❡ ✐♥❞✐✈í❞✉♦ r❡♣r❡s❡♥t❛t✐✈♦✱

❡❧❛ ❧❡✈❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ r❡♥❞❛ (R) ❞♦ ✐♥❞✐✈í❞✉♦ ❡ ♦s ♣r❡ç♦s ❞♦s ❜❡♥s ❞❛ ❝❡st❛

✷✶◆♦ ❛♣ê♥❞✐❝❡ ❉✱ ❡♥❝♦♥tr❛✲s❡ ❞❡t❛❧❤❛❞♦ ♦ ♠♦❞❡❧♦ ❞❡ ♣r♦❞✉çã♦ ❞❡ s❛ú❞❡ ❞❡ ●r♦ss♠❛♥✳ ❊ss❡ ♠♦❞❡❧♦
❢♦✐ ✉♠❛ ❞❛s ♣r✐♠❡✐r❛s ❢♦r♠❛❧✐③❛çõ❡s ❞❛ t❡♦r✐❛ ❞♦ ❝❛♣✐t❛❧ ❤✉♠❛♥♦ ❛♣❧✐❝❛❞❛ ❡❝♦♥♦♠✐❝❛♠❡♥t❡ ❛ ♣r♦❜❧❡♠❛s
❞❡ s❛ú❞❡✳

✷✷❖✉tr❛s ❛♣❧✐❝❛çõ❡s ❞❡st❡ ♠♦❞❡❧♦ t❡ór✐❝♦✱ ❜❡♠ ❝♦♠♦ ❢✉♥❞❛♠❡♥t❛çõ❡s ❞♦ ▼♦❞❡❧♦ ❞❡ ●r♦ss♠❛♥✱
♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ ❜r❛s✐❧❡✐r❛ ❡♠ ❙♦✉③❛ ❡t ❛❧✳ ✭✷✵✶✸✮✱ ▼❡♥❞❡s ✭✷✵✶✸✮ ❡ P❡r❡❞❛ ❡t ❛❧✳
✭✷✵✶✸✮✳

✷✸❉❡s❝❤ê♥❡s ❡ ●r❡❡♥st♦♥❡ ✭✷✵✵✼✮ ❛r❣✉♠❡♥t❛♠ q✉❡ xH ♣♦ss❛ s❡r q✉❛❧q✉❡r ❜❡♠ ♦✉ s❡r✈✐ç♦ ♣r✐✈❛❞♦
❝❛♣❛③ ❞❡ ❝♦♥t♦r♥❛r ♦✉ ♠✐t✐❣❛r ♦s ❡❢❡✐t♦s ❞♦ ❝❧✐♠❛✱ t❛✐s ❝♦♠♦ ❛♣❛r❡❧❤♦s ❞❡ ✈❡♥t✐❧❛çã♦ ❡ r❡❢r✐❣❡r❛çã♦✱
♣❧❛♥♦s ❞❡ s❛ú❞❡✱ ❞❡♥tr❡ ♦✉tr♦s✳ ❙♦✉③❛ ❡t ❛❧✳ ✭✷✵✶✸✮ ✉t✐❧✐③♦✉ ❝♦♠♦ ♣r♦①②✱ ❛♦ ❝♦♥s✐❞❡r❛r ❛ ❝❛♣❛❝✐❞❛❞❡
❛❞❛♣t❛t✐✈❛ ❞♦s ❜r❛s✐❧❡✐r♦s✱ ♦ ❝♦♥s✉♠♦ ♣♦r ❡♥❡r❣✐❛ ❡❧étr✐❝❛✳ ❇❛rr❡❝❛ ❡t ❛❧✳ ✭✷✵✶✻✮ ❛r❣✉♠❡♥t❛ q✉❡ ❛
♠✐❣r❛çã♦ t❛♠❜é♠ ♣♦❞❡ s❡r ✉♠❛ ❡str❛té❣✐❛ ❛❞❛♣t❛t✐✈❛✳

✷✹❉❡ ❛❝♦r❞♦ ❝♦♠ ♠❡t♦❞♦❧♦❣✐❛ ❞♦ ❝❛♣ít✉❧♦ ■■✱ ❍❲◆ é ✉♠ ✐♥❞✐❝❛❞♦r ❞♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱
❡♥q✉❛♥t♦ ❍❲❉✱ ❍❲❋ ❡ ❍❲❆ ♠❡❞❡♠ ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❝♦♠♦ ❞✉r❛çã♦✱ ❢r❡q✉ê♥❝✐❛ ❡
✐♥t❡♥s✐❞❛❞❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆❧é♠ ❞❡ss❡s ✐♥❞✐❝❛❞♦r❡s✱ ♥❛ ❡st✐♠❛çã♦ ❡❝♦♥♦♠étr✐❝❛ t❛♠❜é♠ s❡ ❝♦♥s✐✲
❞❡r❛ ♦s ❡❢❡✐t♦s ❞❛s t❡♠♣❡r❛t✉r❛s ♠é❞✐❛s✱ ❞♦ ♥í✈❡❧ ❞❡ ♣r❡❝✐♣✐t❛çã♦✱ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❞♦ ❛r ❡ ♦ ♥ú♠❡r♦
❞❡ ❤♦r❛s ❞❡ s♦❧ ✭✐♥s♦❧❛çã♦✮✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❘♦s❡♠❜❡r❣ ❡t ❛❧✳ ✭✷✵✵✵✮✱ ❛s ✐♥t❡r❛çõ❡s ❡♥tr❡ ❡ss❛s ✈❛r✐á✈❡✐s
❝❧✐♠át✐❝❛s ♣♦❞❡♠ s❡r ❢❛✈♦rá✈❡✐s ❛ ♣r♦❧✐❢❡r❛çã♦ ❞❡ ❞♦❡♥ç❛s ❡ ❡♣✐❞❡♠✐❛s✳

✺✾



❞❡ ❝♦♥s✉♠♦ xc✱ ❜❡♠ ❝♦♠♦ ♦ ♣r❡ç♦ ❞♦ ❜❡♠ ♣r✐✈❛❞♦ xH ✱ 1 ❡ ρ✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆♦

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

♥✉♠❡rár✐♦✱ ❛ ❝♦♥❞✐çã♦ ♦rç❛♠❡♥tár✐❛ ♣♦❞❡ s❡r ❡①♣r❡ss❛ ♣♦r✿

R− xc − ρxH = 0 ✭✺✮

◆❡ss❡ ✐♥t❡r✐♠✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♠❛①✐♠✐③❛çã♦ ❞❡ ✉♠ ❝♦♥s✉♠✐❞♦r tí♣✐❝♦ é ❡①♣r❡ss♦ ♣❡❧❛

❡q✉❛çã♦ ✻✿

maxxc,xH
U [xc, s(xH , hw)] ✭✻✮

s.a.R− xc − ρxH = 0 ✭✼✮

❆ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛ ❞♦ ♣r♦❜❧❡♠❛✱ ❡①♣r❡ss❛ ♥❛s ❡q✉❛çõ❡s ✻ ❡ ✼✱ r❡❝❛✐ s♦❜r❡ ♦

♣r♦❜❧❡♠❛ ♠✐❝r♦❡❝♦♥ô♠✐❝♦ ❝❧áss✐❝♦ ❞❡ ✉♠ ❝♦♥s✉♠✐❞♦r✱ ❝✉❥♦ ♦ ♦❜❥❡t✐✈♦ é ♠❛①✐♠✐③❛r s✉❛

✉t✐❧✐❞❛❞❡ ❡♠ r❡❧❛çã♦ ❛♦ ❝♦♥s✉♠♦ ❞❡ xc ❡ xH ✱ s✉❥❡✐t♦ ❛ ✉♠❛ r❡str✐çã♦ ♦rç❛♠❡♥tár✐❛✳ ◆♦

❡q✉✐❧í❜r✐♦✱ ❛ s♦❧✉çã♦ é ❛ r❛③ã♦ ❡♥tr❡ ❛s ✉t✐❧✐❞❛❞❡s ♠❛r❣✐♥❛✐s UmgxC
❡ UmgxH

✐❣✉❛❧ ❛

r❛③ã♦ ❡♥tr❡ ♦s ♣r❡ç♦s ❞❡ xC ❡ xH ✱ ❝♦♥❢♦r♠❡ ❛ ❡q✉❛çã♦ ✽ ❛ s❡❣✉✐r✿

dU
ds

ds
dxH

dU
dxc

= ρ ✭✽✮

❆ ♣❛rt✐r ❞❡ss❛ s♦❧✉çã♦✱ ❛s ❞❡♠❛♥❞❛s ❞♦ ✐♥❞✐✈í❞✉♦ ♣♦r ❜❡♥s ♣r✐✈❛❞♦s xc ❡ ❜❡♥s ❝❛♣❛③❡s

❞❡ ❛✉♠❡♥t❛r ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ xH ❞❡♣❡♥❞❡♠ ❞♦s ♣r❡ç♦s ❞❡ xH ❡ xc✱ ❞❛

❘❡♥❞❛ (R) ❡ ❞♦s ✐♥❞✐❝❛❞♦r❡s hw✳ ❆♦ ❡s❝r❡✈❡r ❡ss❛s ❞❡♠❛♥❞❛s ót✐♠❛s ❝♦♠♦ x∗
H ❡ x∗

c ✱

t♦r♥❛✲s❡ ♣♦ssí✈❡❧ ❡①♣r❡ss❛r ✉♠❛ ❢✉♥çã♦ ❞❡ ✉t✐❧✐❞❛❞❡ ✐♥❞✐r❡t❛ V (ρ,R, hw)✱ ❝✉❥❛ ❞❡✜♥✐çã♦

❡q✉✐✈❛❧❡ ❛ ♠á①✐♠❛ ✉t✐❧✐❞❛❞❡ q✉❡ ♦ ✐♥❞✐✈í❞✉♦ ♣♦❞❡ ♦❜t❡r✱ ❞❛❞♦ ♦s ♣r❡ç♦s r❡❧❛t✐✈♦s✱ ❛

r❡♥❞❛ ❡ ❛s ✈❛r✐á✈❡✐s ❝❧✐♠át✐❝❛s✳ ❊♠ ❝♦♥s♦♥â♥❝✐❛ ❝♦♠ ❉❡s❝❤ê♥❡s ❡ ●r❡❡♥st♦♥❡ ✭✷✵✶✶✮✱

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

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

♦ ❜❡♠✲❡st❛r ❛tr❡❧❛❞♦ ❛ s❛ú❞❡✳

◆❡ss❛ ♣❡rs♣❡❝t✐✈❛✱ ♦ ❝♦♥s✉♠✐❞♦r ❞❡✈❡rá r❡❝❡❜❡r ❝♦♠♣❡♥s❛çõ❡s ❞❡ r❡♥❞❛ ❡q✉✐✈❛❧❡♥t❡s

✻✵



❛♦ r✐s❝♦ ❝❧✐♠át✐❝♦✳ ❆♦ ❝♦♥❞✐❝✐♦♥❛r ❛ r❡♥❞❛ ót✐♠❛ ❛ hw✱ ❡❧❛ ♣♦❞❡ s❡r ❡①♣r❡ss❛ R∗(hw)

♣❛r❛ ♥í✈❡✐s ❞❡ ♣r❡ç♦s r❡❧❛t✐✈♦s ρ ❡ ✉t✐❧✐❞❛❞❡ U ✜①♦s✱ ❞❡ ❢♦r♠❛ q✉❡ s❡♠♣r❡ ❤❛✈❡rá ✉♠❛

❢✉♥çã♦ ❞❡ ✉t✐❧✐❞❛❞❡ ✐♥❞✐r❡t❛ V (R∗(hw)), ρ, hw) ❛ss♦❝✐❛❞❛✳

◆❛ ❜✉s❝❛ ♣♦r ✉♠❛ ♠❡❞✐❞❛ ❛❞❡q✉❛❞❛ ❞♦ ✐♠♣❛❝t♦ ❞♦s ❡①tr❡♠♦s ❞❡ t❡♠♣❡r❛t✉r❛ s♦❜r❡

♦ ❜❡♠✲❡st❛r r❡❧❛❝✐♦♥❛❞♦ ❛ s❛ú❞❡✱ ♣❛rt❡✲s❡ ♣❛r❛ ❛ s❡❣✉✐♥t❡ s♦❧✉çã♦✿

dV

dhw
=

dV

dR∗

dR∗(hw)

dhw
+

dV

dhw
= 0 ✭✾✮

❈♦♠ ❜❛s❡ ♥❛ ❡q✉✐✈❛❧ê♥❝✐❛ ❡①♣r❡ss❛ ♥❛ s♦❧✉çã♦ ✾✱ ❛❧❝❛♥ç❛✲s❡ ❛ r❡♥❞❛ ♥❡❝❡ssár✐❛ ♣❛r❛

♠❛♥t❡r ❛ ✉t✐❧✐❞❛❞❡ ❝♦♥st❛♥t❡ q✉❛♥❞♦ hw ❛✉♠❡♥t❛✴❞✐♠✐♥✉✐ ❡①❝❡ss✐✈❛♠❡♥t❡✳ ❉❡ ♦✉tr❛

❢♦r♠❛✱ ❥á q✉❡ ❛ ❢✉♥çã♦ ✐♥❞✐r❡t❛ ❞❡ ✉t✐❧✐❞❛❞❡ ♥ã♦ é ♦❜s❡r✈á✈❡❧ V (.)✱ ❡ss❛ ❞✐s♣♦s✐çã♦ ❛

♣❛❣❛r é ❝❛❧❝✉❧❛❞❛ ♥❛ s❡q✉ê♥❝✐❛ ❞❡ ❡q✉❛çõ❡s ✶✵✱ ✶✶ ❡ ✶✷✿

dR∗(hw)

dhw
= −

dV
dhw
dV
dR

= −ρ
ds
dhw
ds
dxH

✭✶✵✮

ds

dhw
=

ds

dhw
− ds

dxH

dxH

dhw
✭✶✶✮

dR∗(hw)

dhw
= −ρ

ds
dxH

dxH

dhw
+ ds

dhw

ds
dxH

= −
ds
dhw

dU
ds

λ
+ ρ(

dxH

dhw
) ✭✶✷✮

❖ t❡r♠♦ λ é ✉♠ ♠✉❧t✐♣❧✐❝❛❞♦r ❞❡ ▲❛❣r❛♥❣❡ ❛❞✈✐♥❞♦ ❞❛ té❝♥✐❝❛ ❞❡ s♦❧✉çã♦ ❞❡ ♠❛①✐✲

♠✐③❛çã♦ r❡str✐t❛ ♣❛r❛ s♦❧✉❝✐♦♥❛r ♦ ♣r♦❜❧❡♠❛ ❞♦ ❝♦♥s✉♠✐❞♦r✳ ❊ss❡ t❡r♠♦ s✐❣♥✐✜❝❛ ❛

✉t✐❧✐❞❛❞❡ ♠❛r❣✐♥❛❧ ❞❡❝♦rr❡♥t❡ ❞❛ r❡str✐çã♦ ❞❡ r❡♥❞❛ ❡①♣r❡ss❛ ♣❡❧❛ ❡q✉❛çã♦ ✺✳

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

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

✱ é ♦❜t✐❞❛ ♣♦r ♠❡✐♦

❞❡ ❡st✐♠❛çõ❡s ❞❡ ❢✉♥çõ❡s ❡♣✐❞❡♠✐♦❧ó❣✐❝❛s q✉❡ ♥ã♦ ❝♦♥tr♦❧❛♠ ♥❡♥❤✉♠❛ ♣♦ss✐❜✐❧✐❞❛❞❡

❞❡ ❛❞❛♣t❛çã♦ (xH)✳ ❖ t❡r♠♦ dU
ds
/λ é ♦ ✈❛❧♦r ❞❛ ❞❡s✉t✐❧✐❞❛❞❡ ❞❡ ✉♠❛ ✈❛r✐❛çã♦ ♥❛ t❛①❛

❞❡ s♦❜r❡✈✐✈ê♥❝✐❛✱ ♦✉ s❡❥❛✱ é ♦ ✈❛❧♦r ❞❡ ✉♠❛ ✈✐❞❛ ❡st❛tíst✐❝❛ ✭❉❡s❝❤ê♥❡s ❡ ●r❡❡♥st♦♥❡✱

✷✵✶✶✮✳ ❖ ú❧t✐♠♦ t❡r♠♦✱ ♥ã♦ ❝♦♥s✐❞❡r❛❞♦ ♥❡st❡ ❡st✉❞♦✱ r❡❢❡r❡✲s❡ ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡

✻✶



❛❞❛♣t❛çã♦ ♦✉ ♠✐t✐❣❛çã♦ ❝♦♠ r❡❧❛çã♦ às ♦♥❞❛s ❞❡ ❝❛❧♦r ✷✺✳

❆ ❡str❛té❣✐❛ ❡♠♣ír✐❝❛ q✉❡ s❡ s❡❣✉❡ é ✉♠❛ r❡❢❡rê♥❝✐❛ ❞✐r❡t❛ ❛ ❡①♣r❡ssã♦ ✶✷✳ ❖s

❝♦♠♣♦♥❡♥t❡s ♥❡❧❛ ❡①♣❧✐❝✐t❛❞♦s s❡r✈✐rã♦ ❞❡ ❜❛s❡ ♣❛r❛ ♦ ❝ô♠♣✉t♦ ❞❛ ❞✐s♣♦s✐çã♦ ❛ ♣❛✲

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

♥❡♥❤✉♠❛ ♣♦❧ít✐❝❛ ❞❡ ❛❞❛♣t❛çã♦ ♦✉ ♠✐t✐❣❛çã♦ s❡❥❛ ❛❞♦t❛❞❛✳

✷✺◗✉❛♥❞♦ ❞❡s❝♦♥s✐❞❡r❛❞♦s ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛s ❡str❛té❣✐❛s ❞❡ ❛❞❛♣t❛çã♦ ♦✉ ♠✐✲
t✐❣❛çã♦ ❞♦s ❝♦♥s✉♠✐❞♦r❡s✱ ♦ ✐♠♣❛❝t♦ ❡st✐♠❛❞♦ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r sã♦ ♣r♦✈❛✈❡❧♠❡♥t❡ s✉❜❡st✐♠❛❞♦s
✭❉❡s❝❤ê♥❡s ❡ ●r❡❡♥st♦♥❡✱ ✷✵✶✶✮✳ ❊ss❡s ❛✉t♦r❡s ❝♦♥s✐❞❡r❛♠ ❝♦♠♦ ♣♦ssí✈❡✐s ♠❡❞✐❞❛s ❞❡ ❛❞❛♣t❛çã♦ ❛
♠✐❣r❛çã♦ ❡♥tr❡ r❡❣✐õ❡s ❞❡ ❝❧✐♠❛s ❞✐❢❡r❡♥t❡s✱ ❞❡♠❛♥❞❛ ♣♦r ❛♣❛r❡❧❤♦s ❞❡ r❡❢r✐❣❡r❛çã♦ ❡ ❛q✉❡❝✐♠❡♥t♦✱
❜❡♠ ❝♦♠♦✱ ❞❡ ❢♦r♠❛ ❣❡r❛❧✱ ❛ ❞❡♠❛♥❞❛ ♣♦r ❡♥❡r❣✐❛ ❡❧étr✐❝❛✳

✻✷



✸✳✷✳✷ ▼♦❞❡❧♦ ❊❝♦♥♦♠étr✐❝♦ ♣❛r❛ ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛

s❛ú❞❡ ❤✉♠❛♥❛✳

❆s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞❡ ❛❧❣✉♥s ❣r✉♣♦s ❞❡ ❞♦❡♥ç❛s ♣♦❞❡♠ s❡r ❞❡t❡r♠✐♥❛❞♦s ♣♦r

❝♦♥❞✐❝✐♦♥❛♥t❡s ❝❧✐♠át✐❝♦s✱ só❝✐♦ ❞❡♠♦❣rá✜❝♦s✱ ❢❛t♦r❡s ♠é❞✐❝♦s ❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ❧♦✲

❝❛❧✐❞❛❞❡ ❡st✉❞❛❞❛ ✭❇❛r❝❡❧❧♦s ❡t ❛❧✳✱ ✷✵✵✾❀ P❡r❡❞❛✱ ✷✵✶✷✮✳

❖s ❢❛t♦r❡s ❝❧✐♠át✐❝♦s sã♦ ❡①tr❡♠❛♠❡♥t❡ r❡❧❡✈❛♥t❡s ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ✐♥❝✐❞ê♥❝✐❛

❞❡ ❛❧❣✉♥s ❣r✉♣♦s ❞❡ ❞♦❡♥ç❛s✱ ❝♦♠♦✱ ♥♦ ❝❛s♦ ❞❡st❡ ❡st✉❞♦✱ ❛s ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✱ ✐♥✲

❢❡❝❝✐♦s❛s✴♣❛r❛s✐tár✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ✭❙♦✉③❛ ❡t ❛❧✳✱ ✷✵✶✸✮✳ ❆s ❝❛r❛❝t❡ríst✐❝❛s

❝❧✐♠át✐❝❛s ❝❛♣❛③❡s ❞❡ ✐♥✢✉❡♥❝✐❛r ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞❡ ❛❧❣✉♥s ❞❡ss❡s ❣r✉♣♦s ❞❡

❞♦❡♥ç❛s sã♦ ❛q✉❡❧❛s r❡❢❡r❡♥t❡s ❛ ♠❛♥✐❢❡st❛çã♦ ❞❡ ❡①tr❡♠♦s ❞❡ t❡♠♣❡r❛t✉r❛✱ ♠✉❞❛♥✲

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

✐♥s♦❧❛çã♦✷✻✳

◆♦ t♦❝❛♥t❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s só❝✐♦ ❞❡♠♦❣rá✜❝❛s✱ três ❞❡❧❛s ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s ♥❡st❡

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

♣❡r ❝❛♣✐t❛ ♠é❞✐❛ ✷✼✱ ❛ ♣r❡s❡♥ç❛ ❞❡ á❣✉❛ ❡♥❝❛♥❛❞❛ ❡ ❝♦❧❡t❛ ❞❡ ❧✐①♦✳ ❆❧é♠ ❞❡ss❡s✱ ❛

✐♥✢✉ê♥❝✐❛ ❞❡ ✐♥✈❡st✐♠❡♥t♦s ❞❡ s❛ú❞❡ ♣ú❜❧✐❝❛✱ ♥❛ ❢♦r♠❛ ❞❡ ❣❛st♦s ❤♦s♣✐t❛❧❛r❡s✱ ❢♦r❛♠

❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦ ✈❛r✐á✈❡✐s r❡❧❡✈❛♥t❡s✳

❆ ❡st✐♠❛çã♦ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❢♦r❛♠

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

❣r✉♣♦s ❞❡ ❞✐st✐♥t❛s ❢❛✐①❛s ❡tár✐❛s✱ ❣ê♥❡r♦ ❡ ❡①tr❡♠❛♠❡♥t❡ ♣♦❜r❡s✷✽✳

✷✻❆ q✉❛♥t✐❞❛❞❡ ❞❡ ✈❛♣♦r ❞✬á❣✉❛ r❡t✐❞❛ ♥♦ ❛r ❞❡♣❡♥❞❡ ❞❛ t❡♠♣❡r❛t✉r❛ ❞♦ ♣ró♣r✐♦ ❛r✳ ❊♠ ❣❡r❛❧✱
r❡❣✐õ❡s s❡❝❛s ❡ ♣♦✉❝♦ ú♠✐❞❛s sã♦ ♣r♦♣í❝✐❛s ❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ♠❛✐♦r✐❛ ❞♦s ✈ír✉s ❡ ❜❛❝tér✐❛s✱
❛❧é♠ ❞♦ ❢❛t♦ ❞❛s ♣❡ss♦❛s ❛♣r❡s❡♥t❛r❡♠ ♠❛✐♦r s❡♥s✐❜✐❧✐❞❛❞❡ ❞❡ ♣❛rt❡s ❞♦ ❝♦r♣♦ ❝♦♠♦ ♦❧❤♦s ❡ ♥❛r✐③✱
❡✱ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ❡st❛r❡♠ s✉❥❡✐t❛s ❛ ✐rr✐t❛çõ❡s✳ ❆❧é♠ ❞✐ss♦✱ ❛ ♠❛✐♦r✐❛ ❞♦s ✈ír✉s s♦❜r❡✈✐✈❡♠ ♣♦r
♠❛✐s t❡♠♣♦ ❡♠ ❛♠❜✐❡♥t❡s s❡❝♦s ✭❈P❚❊❈✲■◆P❊✱ ✷✵✶✺✮✳ ❆ ✈❛r✐á✈❡❧ ✐♥s♦❧❛çã♦✱ ♠❡❞✐❞❛ ♣❡❧♦ ♥ú♠❡r♦
❞❡ ❤♦r❛s ❞❡ s♦❧ ❞❡ ✉♠❛ ❧♦❝❛❧✐❞❛❞❡✱ ♣♦❞❡ ❝♦♠♣r♦♠❡t❡r ❛ s❛ú❞❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❛q✉❡❧❡s ✐♥❞✐✈í❞✉♦s
❡①♣♦st♦s ❡①❝❡ss✐✈❛♠❡♥t❡ ❛ ❧✉③ s♦❧❛r✳ ❆ ❝♦♥s❡q✉ê♥❝✐❛ ❞❡ss❛ ❡①♣♦s✐çã♦ é ♦ ❛✉♠❡♥t♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❞♦
♦r❣❛♥✐s♠♦ ❛❝✐♠❛ ❞♦s ❧✐♠✐t❡s ✜s✐♦❧ó❣✐❝♦s✱ t♦r♥❛♥❞♦ ♦ ✐♥❞✐✈í❞✉♦ ✈✉❧♥❡rá✈❡❧ ❛ ❞✐✈❡rs♦s t✐♣♦s ❞❡ ❞♦❡♥ç❛s✳

✷✼❉❡✈✐❞♦ ❛ ❛✉sê♥❝✐❛ ❞❡ ❞❛❞♦s ♠✉♥✐❝✐♣❛✐s r❡❢❡r❡♥t❡s ❛ r❡♥❞❛ ♣❡r ❝❛♣✐t❛ ❞✉r❛♥t❡ t♦❞♦s ♦s ❛♥♦s✱ ♦♣t♦✉✲
s❡ ♣♦r ❝♦♥tr♦❧❛r ♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ♣♦r ♠✉♥✐❝í♣✐♦s ❡①tr❡♠❛♠❡♥t❡ ♣♦❜r❡s✱ ❝♦♥❢♦r♠❡ ❝❧❛ss✐✜❝❛çã♦
❞♦ ❉❛t❛✲❙❯❙✳ ❆ ♣❛rt✐r ❞❡ss❡ r❡❝♦rt❡✱ t♦❞❛s ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡✱ ✈❛r✐á✈❡✐s ❞❡♣❡♥❞❡♥t❡s✱ ❢♦r❛♠
❡①tr❛í❞❛s ♣❛r❛ ❛q✉❡❧❡s ♠✉♥✐❝í♣✐♦s ♣♦❜r❡s ❡ ♣❛r❛ ❛q✉❡❧❡s q✉❡ ♥ã♦ ❡♥tr❛♠ ♥❡ss❛ ❝❧❛ss✐✜❝❛çã♦✳

✷✽❈r✐❛♥ç❛s✱ ✐❞♦s♦s ❡ ✐♥❞✐✈í❞✉♦s ❞❡ ❜❛✐①❛ r❡♥❞❛ sã♦ ❝♦♥s✐❞❡r❛❞♦s ♠❛✐s ✈✉❧♥❡rá✈❡✐s ❛♦s ❡❢❡✐t♦s ❞❡
t❡♠♣❡r❛t✉r❛s ❡①❝❡ss✐✈❛♠❡♥t❡ q✉❡♥t❡s✳ ❈r✐❛♥ç❛s sã♦ ♦r❣❛♥✐s♠♦s ✐♠✉♥♦❧ó❣✐❝♦s ❡♠ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦
❡ ✐❞♦s♦s ❛♣r❡s❡♥t❛♠ ♦ s✐st❡♠❛ t❡r♠♦rr❡❣✉❧❛❞♦r ♠❛✐s ❝♦♠♣r♦♠❡t✐❞♦✱ ❡♥q✉❛♥t♦ ♦s ♠❛✐s ♣♦❜r❡s ♥ã♦
❞✐s♣õ❡♠✱ ♣❛r❝✐❛❧♠❡♥t❡ ♦✉ t♦t❛❧♠❡♥t❡✱ ❞❡ ❜❡♥s ❡ s❡r✈✐ç♦s ❜ás✐❝♦s ❝❛♣❛③❡s ❞❡ ♣r♦♠♦✈❡r s❛ú❞❡✳

✻✸



❖ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ ❡s♣❡❝✐✜❝❛❞♦ ♣❡❧❛ ❡q✉❛çã♦ ✶✸✱ ❡①♣r❡ss❛ ❝♦♠♦ ✉♠ ❝♦♥❥✉♥t♦

❞❡ ✈❛r✐á✈❡✐s ❞❡ s✉s❝❡t✐❜✐❧✐❞❛❞❡ ❤✉♠❛♥❛ ❛ ❞♦❡♥ç❛s s❡ ❝♦♠♣♦rt❛♠ ❝♦♥❢♦r♠❡ ❛ ✈ár✐♦s

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

Mitdg = µi + δHWit + πCit + βSit + αGHit + ωit ✭✶✸✮

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

t❛❧✐❞❛❞❡✱ ❡♠ ❝❛❞❛ ♠✉♥✐❝í♣✐♦ ❜r❛s✐❧❡✐r♦ ✭✐✮ ♥✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦ ✭t✮✱

❝♦♥❢♦r♠❡ ♦s t✐♣♦s ❞❡ ❞♦❡♥ç❛s ✭❞✮ ❡ ❣r✉♣♦s ❞❡♠♦❣rá✜❝♦s ❡st✉❞❛❞♦s ✭❣✮❀ Cit é ✉♠ ✈❡✲

t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❝❧✐♠át✐❝❛s ❞♦s ♠✉♥✐❝í♣✐♦s ❛♦ ❧♦♥❣♦ ❞♦s ❛♥♦s✱ ✐♥❝❧✉✐♥❞♦ ✈❛r✐á✈❡✐s

❝♦♠♦ ♣r❡❝✐♣✐t❛çã♦✱ ✐♥s♦❧❛çã♦ ❡ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❞♦ ❛r❀ Sit r❡ú♥❡ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛s

❝❛r❛❝t❡ríst✐❝❛s só❝✐♦❞❡♠♦❣rá✜❝❛s ❡ ❡❝♦♥ô♠✐❝❛s ❞❛s ❧♦❝❛❧✐❞❛❞❡s ❞❡ss❡s ✐♥❞✐✈í❞✉♦s✱ t❛✐s

❝♦♠♦ ❞✉♠♠✐❡s ❞❡ ♣r❡s❡♥ç❛ ❞❡ r❡❞❡ ❡s❣♦t♦ ❡ ❝♦❧❡t❛ ❞❡ ❧✐①♦❀ GHit ❡①♣r❡ss❛ ♦s ✈❛❧♦r❡s

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

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

♠❡❞✐❞❛s ♣❡❧♦s ✐♥❞✐❝❛❞♦r❡s ❍❲◆✱ ❍❲❉✱ ❍❲❋ ❡ ❍❲❆ ✷✾❀ π, β ❡ α sã♦ ❝♦♥❥✉♥t♦s ❞❡

♣❛râ♠❡tr♦s ❛ s❡r❡♠ ❡st✐♠❛❞♦s❀ µi é ✉♠ t❡r♠♦ ❞❡ ❡❢❡✐t♦s ✜①♦s✱ ❡❀ ωit é ✉♠ t❡r♠♦ ❞❡

❡rr♦ ❛❧❡❛tór✐♦✳

❆s ♠❛❣♥✐t✉❞❡s ❞❛s ❡st✐♠❛t✐✈❛s ❞❡ β ❡ α r❡✈❡❧❛♠ ♦ q✉❛♥t♦ ♦s ✐♥❞✐❝❛❞♦r❡s ❞❡ ♠♦rt❛✲

❧✐❞❛❞❡ sã♦ ✈✉❧♥❡rá✈❡✐s ❛ ❢❛t♦r❡s ♥ã♦✲❝❧✐♠át✐❝♦s✱ ❡♥q✉❛♥t♦ ❛s ❡st✐♠❛t✐✈❛s π ❡ δ ♣❡r♠✐t❡♠

❝♦♠♣r❡❡♥❞❡r ❡♠ q✉❡ ❞✐♠❡♥sã♦ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❡ ♦✉tr♦s ❢❛t♦r❡s ❝❧✐♠át✐❝♦s sã♦ r❡s♣♦♥✲

sá✈❡✐s ♣❡❧❛ s✉s❝❡t✐❜✐❧✐❞❛❞❡ ❞❛ ✈✐❞❛ ❤✉♠❛♥❛✳ ❆ ✐♥❝❧✉sã♦ ❞❡ ✉♠ t❡r♠♦ ❞❡ ❡❢❡✐t♦s ✜①♦s

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

❝í✜❝❛s ❞❡ ❝❛❞❛ ♠✉♥✐❝í♣✐♦✱ ❝❛♣❛③❡s ❞❡ ✐♥✢✉❡♥❝✐❛r ♦s ✐♥❞✐❝❛❞♦r❡s ❡st✉❞❛❞♦s✳ ❖ t❡r♠♦ ❞❡

❡rr♦ ♣❡r♠✐t❡ ❝❛♣t✉r❛r t♦❞♦s ❛q✉❡❧❡s ♦✉tr♦s ❢❛t♦r❡s q✉❡ t❛♠❜é♠ sã♦ r❡s♣♦♥sá✈❡✐s ♣♦r

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

♣r♦♣♦st♦✳

❉❡♥tr❡ t♦❞❛s ❛s ❡st✐♠❛t✐✈❛s✱ ♦ ❝♦♥❥✉♥t♦ δ ❛♣r❡s❡♥t❛ ✉♠❛ ✐♠♣♦rtâ♥❝✐❛ ♠❛✐♦r ❡♠

✷✾P❛r❛ ❞❡t❛❧❤❡s ❞❡ss❡s ✐♥❞✐❝❛❞♦r❡s✱ ✈✐❞❡ ❝❛♣ít✉❧♦ ■■✳
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t❡r♠♦s ❞❡ ✐♥t❡r♣r❡t❛çã♦✱ ❛✜♥❛❧ ❡❧❡s r❡✈❡❧❛rã♦✱ ♣❛r❛ ❝❛❞❛ t✐♣♦ ❞❡ ❞♦❡♥ç❛✱ ❛ ♠❛❣♥✐t✉❞❡

❞♦ ✐♠♣❛❝t♦ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡✳ ❘❡ss❛❧t❛✲s❡ t❛♠❜é♠ q✉❡

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

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

♦♥❞❛s ❞❡ ❝❛❧♦r ♣♦❞❡r✐❛♠ ❡st❛r r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ✉♠ ❡①❝❡ss♦ ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ✈ár✐❛s

❞♦❡♥ç❛s✳

✸✳✷✳✸ ❆❜♦r❞❛❣❡♠ ❊❝♦♥♦♠étr✐❝❛✿ ♠♦❞❡❧♦s ❝♦♠ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡ ❧✐♠✐✲

t❛❞❛

❆ ✈❛r✐á✈❡❧ t❛①❛ ❞❡ ♠♦rt❛❧✐❞❛❞❡ é ♠❡❞✐❞❛ ❝♦♠♦ ♦ ♥ú♠❡r♦ ❞❡ ó❜✐t♦s ♣♦r ✉♠❛ ❞❡t❡r♠✐♥❛❞❛

❝❛✉s❛ ♥✉♠❛ ♣♦♣✉❧❛çã♦ ❞❡ ✶✵✵✳✵✵✵ ❤❛❜✐t❛♥t❡s✱ ♥✉♠ ❞❛❞♦ ♠✉♥✐❝í♣✐♦✳ ❊♠❜♦r❛ ❡ss❛

✈❛r✐á✈❡❧ s❡❥❛ ❝♦♥s✐❞❡r❛❞❛ ♥ã♦✲♥❡❣❛t✐✈❛✱ ♦ ♣r♦❝❡ss♦ ❣❡r❛❞♦r ❞❡ss❛ t❛①❛ é ❛❧❡❛tór✐♦ ❡

❝♦♥tí♥✉♦✳ ❊♥tr❡t❛♥t♦✱ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ♦❜s❡r✈❛çõ❡s ❞❡ss❛ ✈❛r✐á✈❡❧ é ❝♦♥❝❡♥tr❛❞♦

❡♠ ✵✱ s❡❥❛ ♣♦r q✉❡ ♥❡ss❡s ♠✉♥✐❝í♣✐♦s ♥ã♦ ❤♦✉✈❡ ♥❡♥❤✉♠ r❡❣✐str♦ ❞❡ ó❜✐t♦✱ ♦✉✱ ♣♦r q✉❡

♥❡♥❤✉♠ r❡❣✐str♦ ❢♦✐ ❡❢❡t✐✈❛❞♦✳ ❙❡♥❞♦ ❛ss✐♠✱ ♣❛r❛ ❛ ❡st✐♠❛çã♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❡q✉❛çõ❡s

❡①♣r❡ss♦s ❡♠ ✶✸✱ ❛❞♦t❛✲s❡ ✉♠ ♠♦❞❡❧♦ ♣❛r❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡ ❧✐♠✐t❛❞❛✱ ♦ ♠♦❞❡❧♦

❚♦❜✐t✳ P♦✐s✱ ♥❛s ❝✐r❝✉♥stâ♥❝✐❛s ❞❡s❝r✐t❛s✱ ♠♦❞❡❧♦s tr❛❞✐❝✐♦♥❛✐s ❡st✐♠❛❞♦s ♣♦r ▼í♥✐♠♦s

◗✉❛❞r❛❞♦s ❖r❞✐♥ár✐♦s s❡r✐❛♠ t❡♥❞❡♥❝✐♦s♦s ❡ ✐♥❝♦♥s✐st❡♥t❡s ✭❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐✱ ✷✵✵✺✮✳

❖ ❢❛t♦ ❞♦ ✈❡t♦r ❞❡ ✈❛r✐á✈❡✐s ❞❡♣❡♥❞❡♥t❡s Mitdg ❛♣r❡s❡♥t❛r ✉♠❛ s✐❣♥✐✜❝❛t✐✈❛ ❝♦♥✲

❝❡♥tr❛çã♦ ❞❡ ✈❛❧♦r❡s ✐❞ê♥t✐❝♦s ❛ ③❡r♦✱ ❝❧❛ss✐✜❝❛ ♦s ♠♦❞❡❧♦s ❚♦❜✐t ❝♦♠♦ ❝❡♥s✉r❛❞♦s à

❡sq✉❡r❞❛ ♦✉ ♣♦r ✉♠ ❧✐♠✐t❡ ✐♥❢❡r✐♦r✳ ◆♦ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ ❡①♣♦st♦ ♣❡❧❛ ❡q✉❛çã♦ ✭✶✸✮✱

❝❛s♦ ♥ã♦ ❤♦✉✈❡ss❡ ♦ tr✉♥❝❛♠❡♥t♦ ❡♠ ✵✱ ❛ ♠é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧ ♣♦❞❡r✐❛ s❡r ❡①♣r❡ss❛ ♣♦r✿

E(Mit/X) = Xitδ ✭✶✹✮

❡♠ q✉❡ Xit = (HWit, Cit, Sit, GHit) é ✉♠ ✈❡t♦r ❞❡ ✈❛r✐á✈❡✐s r❡❣r❡ss♦r❛s✳ ❊♠ ♠♦✲

❞❡❧♦s ❝♦♠ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡ ❧✐♠✐t❛❞❛ à ❡sq✉❡r❞❛✱ ❡♠ q✉❡ ♦ ❧✐♠✐❛r s❡❥❛ ✵ ❡ εit s❡❥❛

✻✺



♥♦r♠❛❧♠❡♥t❡ ❞✐str✐❜✉í❞♦✱ ❡①♣r❡ss❛✲s❡✿

E(M∗
it | X) = Xitδ + E(ωit/Xit > −Xitδ) | Mit = [0, se M∗

it ≤ 0; M∗
it, se M∗

it > 0]

✭✶✺✮

❡♠ q✉❡ M∗
it é ✉♠❛ ✈❛r✐á✈❡❧ ❧❛t❡♥t❡✱ ❞❡ t❛❧ ❢♦r♠❛ q✉❡ t♦❞❛s ❛s ✈❡③❡s q✉❡ ❛ss✉♠❡

✈❛❧♦r❡s ✐♥❢❡r✐♦r❡s ♦✉ ✐❞ê♥t✐❝♦s ❛ ③❡r♦✱ Mit = 0✱ ❡✱ ♥♦ ❝❛s♦ ❝♦♥trár✐♦✱ q✉❛♥❞♦ M∗
it ❛♣r❡✲

s❡♥t❛ ✈❛❧♦r❡s s✉♣❡r✐♦r❡s ❛ ③❡r♦✱ Mit = M∗
it✳ ❆ss✐♠✱ ❛ ♠é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧ ❡①♣r❡ss❛ ♣❡❧❛

❡q✉❛çã♦ ✶✹ ♣❛ss❛ ❛ s❡r tr✉♥❝❛❞❛ ❡♠ ✵✱ ❞❡ ❛❝♦r❞♦ ❛s ❝♦♥❞✐çõ❡s ❞❡ ♦❜s❡r✈❛çã♦ ❞❛ ✈❛r✐á✈❡❧

❞❡♣❡♥❞❡♥t❡ ❡①♣r❡ss❛s ♣❡❧❛ ❡q✉❛çã♦ ✶✺✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ Mit s❡❥❛

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

❢♦r♠❛✿

E(
M∗

it

X
) = Xitδ + σ

φ(Xitδ)
σ

Φ(Xitδ)
σ

✭✶✻✮

❊♠ q✉❡ Φ(.) ❛♥❞ φ(.) sã♦ ❢✉♥çõ❡s ❛❝✉♠✉❧❛❞❛ ❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✳ ❉❡

❛❝♦r❞♦ ❝♦♠ ❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐ ✭✷✵✵✺✮✱ ❛ ❛❞❡q✉❛❞❛ ❡st✐♠❛çã♦ ❞♦s ♣❛râ♠❡tr♦s é ❞❛❞❛

♣♦r ▼á①✐♠❛ ❱❡r♦ss✐♠✐❧❤❛♥ç❛ ✭▼❱✮✳ ❖ ♣r♦❝❡❞✐♠❡♥t♦ ♣♦❞❡ s❡r s❡❝❝✐♦♥❛❞♦ ❡♠ ❞✉❛s

♣❛rt❡s✱ ❛ ♣r✐♠❡✐r❛ r❡❢❡r❡♥t❡ ❛s ♦❜s❡r✈❛çõ❡s ❝❡♥s✉r❛❞❛s ✭❆✮ ❡ ❛ s❡❣✉♥❞❛ r❡❢❡r❡♥t❡ ❛s

♥ã♦✲❝❡♥s✉r❛❞❛s ✭❇✮✳

❆✳ ❈♦♥tr✐❜✉✐çã♦ ❞❛s ♦❜s❡r✈❛çõ❡s ❝❡♥s✉r❛❞❛s✿

n1∏

i=1

P (Mit = 0) =

n1∏

i=1

[1− Φ(
Xitδ

σ
)] ✭✶✼✮

❇✳ ❈♦♥tr✐❜✉✐çã♦ ❞❛s ♦❜s❡r✈❛çõ❡s ♥ã♦✲❝❡♥s✉r❛❞❛s✿

n2∏

i=1

P (Mit = M∗
it) =

n2∏

i=1

φ(
M∗

it

M∗
it > 0

)P (M∗
it > 0) ✭✶✽✮

❆ ♣❛rt✐r ❞❡ss❛s ♣r♦♣♦s✐çõ❡s✱ ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ❡st✐♠❛r δ̂ ❡ σ̂2✱ ❞❡✜♥❡✲s❡ ❛ s❡❣✉✐♥t❡

✻✻



❢✉♥çã♦ ❧✐♥❡❛r ❞❡ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ lnL(δ, σ2)✿

lnL(δ, σ2) =
∑

Mit
Mit=0

ln[1− Φ(
Xitδ

σ
) + ln

1√
2πσ2

.e
−1
2σ2

(Mit−Xitδ)
2

✭✶✾✮

❖ ❡st✐♠❛❞♦r tr✉♥❝❛❞♦ ❞❡ ▼❱ ♣❛r❛ (δ, σ2) ♣♦❞❡rá s❡r ❡♥❝♦♥tr❛❞♦ ♣❡❧❛s s❡❣✉✐♥t❡s

❝♦♥❞✐çõ❡s ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠✿

dLnL(δ, σ2)

dδ
= 0 e

dlnL(δ, σ2)

dσ2
= 0 ✭✷✵✮

❱❛❧❡ r❡ss❛❧t❛r q✉❡✱ s❡❣✉♥❞♦ ❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐ ✭✷✵✵✺✮✱ s❡ ♦ ❡rr♦ ♥ã♦ ❢♦r ♥♦r♠❛❧♠❡♥t❡

❞✐str✐❜✉í❞♦ ♥❛ ♣r❡s❡♥ç❛ ❞❡ ❤❡t❡r♦❝❡❞❛st✐❝✐❞❛❞❡✱ ♦ ❡st✐♠❛❞♦ ❞❡ ▼❱ s❡rá ✐♥❝♦♥s✐st❡♥t❡✳

❙❡♥❞♦ ✐♠♣♦ssí✈❡❧ ❡s♣❡❝✐✜❝á✲❧♦ ❞❡ ❢♦r♠❛ ❝♦rr❡t❛✱ r❡❝♦♠❡♥❞❛✲s❡ ❝♦rr✐❣✐r ♦ ♠♦❞❡❧♦ ♣♦r

❛❧❣✉♠ ❡sq✉❡♠❛ ❞❡ ♣♦♥❞❡r❛çã♦✱ ❛ s❛❜❡r✱ ♦♣t♦✉✲s❡ ♣♦r ❡rr♦s✲♣❛❞rã♦ r❡❛♠♦str❛❞♦s ♣♦r

❜♦♦tstr❛♣✳

❋✐♥❛❧♠❡♥t❡✱ ❛♣ós ❛ ❡st✐♠❛çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ t♦r♥❛✲s❡ ✐♥t❡r❡ss❛♥t❡

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

◆♦ ❝❛s♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ♦s ♣r✐♥❝✐♣❛✐s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞❡ ✐♥t❡r❡ss❡ sã♦ ❛q✉❡❧❡s q✉❡

❡st❛❜❡❧❡❝❡♠ ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ❝❧✐♠át✐❝❛s ❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡✳ ◆✉♠

♠♦❞❡❧♦ ❝❧áss✐❝♦ ❞❡ r❡❣r❡ssã♦✱ ♦ ♦❜❥❡t✐✈♦ s❡r✐❛ ❡①♣❧✐❝❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ♠é❞✐♦ ❞❡

Mit✱ ♦✉✱ dMit

dTit
= δk✱ ❝♦♥s✐❞❡r❛♥❞♦ k ✐♥❞✐❝❛❞♦r❡s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✳ ❊♥tr❡t❛♥t♦✱ ♥♦s

♠♦❞❡❧♦s ❚♦❜✐t✱ ❡①✐st❡♠ três ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♠é❞✐❛ q✉❡ ♣❡r♠✐t❡♠ ♦ ❝ô♠♣✉t♦ ❞♦s ❡❢❡✐t♦s

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

i ✲ ▼é❞✐❛ ❞❛ ✈❛r✐á✈❡❧ ❧❛t❡♥t❡✿ E(
M∗

it

Xit
)❀

ii ✲ ▼é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧✿ E(Mit

Xit
, Mit > 0)❀

iii ✲ ▼é❞✐❛ ✐♥❝♦♥❞✐❝✐♦♥❛❧✿ E(Mit/Xit)

◆❛ ♠❛✐♦r✐❛ ❞❛s ✈❡③❡s✱ ❛ ♠é❞✐❛ ❞❛ ✈❛r✐á✈❡❧ ❧❛t❡♥t❡✱ ❝♦♠♦ ❡s♣❡❝✐✜❝❛ ❈❛♠❡r♦♥ ❡

❚r✐✈❡❞✐ ✭✷✵✵✺✮ ♥ã♦ ❛♣r❡s❡♥t❛ s❡♥t✐❞♦ ❡❝♦♥ô♠✐❝♦✱ ❡①❛t❛♠❡♥t❡ ♣♦r ❝❛✉s❛ ❞❛ ❝❡♥s✉r❛ ♦✉

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

♠✉♥✐❝í♣✐♦s ❝♦♠ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ s✉♣❡r✐♦r❡s ❛ ③❡r♦✳ ▼❛s✱ ♥♦ ❝❛s♦ ❞❡st❡ ❡st✉❞♦✱

✻✼



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

❧✐♠✐t❛❞❛s✱ ♦ ❡❢❡✐t♦ ♠❛r❣✐♥❛❧ ❞❡ ✐♥t❡r❡ss❡ é ♦ ✐♥❝♦♥❞✐❝✐♦♥❛❧✱ ❥á q✉❡ ❡❧❡ ♦❢❡r❡❝❡ t❛♥t♦ ♦

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

t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ s✉♣❡r✐♦r❡s ❛ ③❡r♦✳ ❆ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦ ❡❢❡✐t♦ ♠❛r❣✐♥❛❧ ❧❛t❡♥t❡ ❡ ♦

✐♥❝♦♥❞✐❝✐♦♥❛❧✱ é ♦ ❡sq✉❡♠❛ ❞❡ ♣♦♥❞❡r❛çã♦ ♦❢❡r❡❝✐❞♦ ♣❡❧❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ tr✉♥❝❛❞❛

♥❛ ❝❛✉❞❛ ❡sq✉❡r❞❛✱ ♥❛s ✈✐③✐♥❤❛♥ç❛s ❞♦ ✈❛❧♦r ✵✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐ ✭✷✵✵✺✮✱ ♦ ❡❢❡✐t♦ ♠❛r❣✐♥❛❧ ♣❛r❛ ✈❛r✐á✈❡✐s ❞❡♣❡♥✲

❞❡♥t❡s tr✉♥❝❛❞❛s ❡♠ ③❡r♦ ♣♦❞❡ s❡r ❡s♣❡❝✐✜❝❛❞♦ ♣♦r dE[M,M>0|X]
dX

= [1− wλ(w)− (w2)]δ✳

❊♠ q✉❡ w = x
′

δ
σ

❡ λ(w) = φ(w)
Φ(w)

✱ s❡♥❞♦ Φ(w) ✉♠❛ ♥♦r♠❛❧ ♣❛❞rã♦ ❡ dΦ(w)
dw

= φ(w) s✉❛

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

✻✽



✸✳✷✳✹ ❉❛❞♦s ❡ ❋♦♥t❡ ❞♦s ❉❛❞♦s

❖s ❞❛❞♦s s♦❜r❡ ❛ ♠♦rt❛❧✐❞❛❞❡ q✉❡ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♥❡st❡ ❡st✉❞♦ ❢♦r❛♠ ❡①tr❛í❞♦s ❞♦

❉❡♣❛rt❛♠❡♥t♦ ❞❡ ■♥❢♦r♠át✐❝❛ ❞♦ ❙✐st❡♠❛ Ú♥✐❝♦ ❞❡ ❙❛ú❞❡ ✕ ❉❛t❛❙❯❙✳ ❆s ❞❡❝❧❛r❛çõ❡s

❞❡ ó❜✐t♦s ❡stã♦ ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✶✾✼✾ ❛ ✷✵✶✻ ❡ ❝❛r❛❝t❡r✐③❛♠ ♦s ❢❛❧❡❝✐❞♦s

q✉❛♥t♦ ❛ ❝❛✉s❛ ❞♦ ó❜✐t♦✱ ♠✉♥✐❝í♣✐♦ ❞❡ r❡s✐❞ê♥❝✐❛✱ ❢❛✐①❛ ❡tár✐❛✱ s❡①♦✱ ♠ês ❡ ❛♥♦ ❞♦

ó❜✐t♦✳ ❆s ❝❛✉s❛s ❞❛s ❞❡❝❧❛r❛çõ❡s ❞❡ ó❜✐t♦ sã♦ ❛❣r✉♣❛❞❛s ❡ ❝♦❞✐✜❝❛❞❛s ❝♦♥❢♦r♠❡ ❛ ✶✵❛

❘❡✈✐sã♦ ❞❛ ❈❧❛ss✐✜❝❛çã♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❉♦❡♥ç❛s ✭❈■❉✲✶✵✮✳ ❆❧é♠ ❞❡❧❛s✱ ❛s t❛①❛s ❞❡

♠♦rt❛❧✐❞❛❞❡ t❛♠❜é♠ ❡stã♦ ❞✐s♣♦♥í✈❡✐s ❡ sã♦ ❡①♣r❡ss❛s ♣❡❧❛ ♣r♦♣♦rçã♦ ❞♦ ♥ú♠❡r♦ ❞❡

ó❜✐t♦s ♣♦r ✶✵✵ ♠✐❧ ❤❛❜✐t❛♥t❡s✳ ◆♦ ❉❛t❛❙❯❙✱ ❡❧❛s s❡ ❡♥❝♦♥tr❛♠ ❡♠ ❛rq✉✐✈♦s ❝♦♥t❡♥❞♦ ❛

♣♦♣✉❧❛çã♦ ♣♦r ❢❛✐①❛ ❡tár✐❛✱ s❡①♦ ❡ ✐♥❝❧✉s✐✈❡ ♣❛r❛ ❛q✉❡❧❡s ♠✉♥✐❝í♣✐♦s ❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦

❡①tr❡♠❛♠❡♥t❡ ♣♦❜r❡s✱ ❝❡r❝❛ ❞❡ ✶✳✼✵✵✳

❆s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♠♦r❜✐❞❛❞❡✱ ♦✉ ✐♥❞✐✈í❞✉♦s q✉❡ ❝♦♥tr❛ír❛♠ ❛s ❞♦❡♥ç❛s ❡st✉✲

❞❛❞❛s✱ ♣♦r ❧♦❝❛❧ ❞❡ r❡s✐❞ê♥❝✐❛ ✈ã♦ ❞❡ ✶✾✽✹ ❛ ✷✵✶✻✱ t❛♠❜é♠ ❡♠ ♥í✈❡❧ ♠✉♥✐❝✐♣❛❧ ♣❛r❛

t♦❞♦ ♦ ♣❛ís✳ ❙♦❜r❡ ❡ss❡ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✱ ❛❧é♠ ❞❡❧❡ s❡r ♠❛✐s r❡str✐t♦ ♥♦ t❡♠♣♦ q✉❡ ♦s

❞❛❞♦s ❞❡ ♠♦rt❛❧✐❞❛❞❡✱ ♠❡♥❝✐♦♥❛✲s❡ ♦ ❢❛t♦ ❞❡ q✉❡ ❛❧❣✉♠❛s ❞♦❡♥ç❛s ❝♦♠♦ ❛ ❞❡♥❣✉❡✱ ❛

❧❡✐s❤♠❛♥✐♦s❡ ❡ ❛ ♠❛❧ár✐❛ ❛♣r❡s❡♥t❛♠ ✐♥❢♦r♠❛çõ❡s ❛♣❡♥❛s ❛ ♣❛rt✐r ❞❡ ✶✾✾✷✳ ❉♦ ♠❡s♠♦

♠♦❞♦✱ ♥♦ ❉❛t❛❙❯❙✱ ❡stã♦ ❞✐s♣♦♥í✈❡✐s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❣❛st♦s ❤♦s♣✐t❛❧❛r❡s ♠✉♥✐❝✐♣❛✐s✱

✐♥❝❧✉s✐✈❡ ♣♦r ❣r✉♣♦ ❞❡ ❞♦❡♥ç❛s ❝❧❛ss✐✜❝❛❞❛s ♣❡❧❛ ❈■❉✲✶✵✳

❆✐♥❞❛ s♦❜r❡ ❡ss❡s ❞❛❞♦s✱ ❡①✐st❡♠ ✐♥❢♦r♠❛çõ❡s ❡♠ ♦✉tr♦s tr❛❜❛❧❤♦s ❡s♣❡❝✐❛❧✐③❛❞♦s

q✉❡ ❡❧❡s ❛♣r❡s❡♥t❛♠ ❛❧❣✉♥s ♣r♦❜❧❡♠❛s ❞❡ s✉❜✲r❡❣✐str♦ ❡ ❞❡ ♣r❡❡♥❝❤✐♠❡♥t♦ ✐♥❝♦♠♣❧❡t♦

❞❛s ✐♥❢♦r♠❛çõ❡s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ q✉❛♥t♦ ❛ ❝❛✉s❛ ❜ás✐❝❛ ❞❡ ♠♦rt❡✳ ❖ ♠❛✐♦r ♣r♦❜❧❡♠❛

❞❡ s✉❜✲r❡❣✐str♦ ♦❝♦rr❡ ♥♦s ♠✉♥✐❝í♣✐♦s ♠❡♥♦s ❞❡s❡♥✈♦❧✈✐❞♦s q✉❡✱ ♥❛ r❡❛❧✐❞❛❞❡ ❜r❛s✐❧❡✐r❛✱

❝♦♠♣r❡❡♥❞❡♠ ❛q✉❡❧❡s ♠❡♥♦s ♣♦♣✉❧♦s♦s✳ P♦r ✐ss♦✱ ♠✉✐t♦s ♣❡sq✉✐s❛❞♦r❡s ❛❝r❡❞✐t❛♠ q✉❡

♦s ❞❛❞♦s sã♦ s✉❜❡st✐♠❛❞♦s ♥♦s ♠✉♥✐❝í♣✐♦s ♣❡q✉❡♥♦s✱ ✐♠♣♦♥❞♦✱ ♣♦rt❛♥t♦ ❛❧❣✉♠❛s ❧✐♠✐✲

t❛çõ❡s ❛♦s ♠♦❞❡❧♦s ❡❝♦♥♦♠étr✐❝♦s✳ ❖✉tr❛ ♦❜s❡r✈❛çã♦ ❡♥❝♦♥tr❛❞❛ ♥❛ ❧✐t❡r❛t✉r❛ ❛t❡♥t❛

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

❛✉♠❡♥t♦ ❞♦ ♥ú♠❡r♦ ❞❡ ó❜✐t♦s ♣♦r ❝❛✉s❛s ♠❛❧ ❞❡✜♥✐❞❛s ✭❙♦✉③❛ ❡t ❛❧✱ ✷✵✶✸✮✳

❆s ✐♥❢♦r♠❛çõ❡s ❝❧✐♠át✐❝❛s ❡♥✈♦❧✈❡♠ ❞❛❞♦s ❞❡ ♣r❡❝✐♣✐t❛çã♦✱ t❡♠♣❡r❛t✉r❛s✱ ✉♠✐❞❛❞❡

✻✾



r❡❧❛t✐✈❛ ❞♦ ❛r ❡ ♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡ s♦❧✳ ❊ss❛s ✐♥❢♦r♠❛çõ❡s ♦❜s❡r✈❛❝✐♦♥❛✐s sã♦ ❞✐s✲

♣♦♥❜✐❧✐③❛❞❛s ♣❡❧♦ ❇❛♥❝♦ ❞❡ ❉❛❞♦s ▼❡t❡♦r♦❧ó❣✐❝♦s ♣❛r❛ ❊♥s✐♥♦ ❡ P❡sq✉✐s❛ ❞♦ ■◆▼❊❚

✭❇❉▼❊P✴■◆▼❊❚✮✱ ❞✐❛r✐❛♠❡♥t❡ ❛ ♣❛rt✐r ❞❡ ✶✾✻✶✸✵✳ ❆❧é♠ ❞❡ss❛s ✐♥❢♦r♠❛çõ❡s✱ ❞❛❞♦s

♣r♦✈❡♥✐❡♥t❡s ❞❡ ♠♦❞❡❧♦s ❝❧✐♠át✐❝♦s ❞❡ r❡❛♥á❧✐s❡ t❛♠❜é♠ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♥❛ ✐♠♣❧❡♠❡♥✲

t❛çã♦ ❞❛s ♠étr✐❝❛s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❝♦♥❢♦r♠❡ ❛ ❞❡s❝r✐çã♦ ❡st❛❜❡❧❡❝✐❞❛ ♥♦ ❝❛♣ít✉❧♦

■■✳ ❈♦♠♦ ❡ss❛s ✐♥❢♦r♠❛çõ❡s sã♦ ❣❡♦rr❡❢❡r❡♥❝✐❛❞❛s✱ ❛ ❞✐♠❡♥sã♦ ♠✉♥✐❝✐♣❛❧ ❞❡ss❡s ❞❛❞♦s

❢♦r❛♠ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞♦ s♦❢t✇❛r❡ ❆r❝●■❙✳ ❈♦♠ ❡ss❡ ✐♥t✉✐t♦✱ ❢♦r❛♠ ❡①tr❛í❞❛s ❛s ✈❛✲

r✐á✈❡✐s ❝❧✐♠át✐❝❛s ❡ r❡❣✐♦♥❛❧✐③❛❞❛s ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✱ ❝♦♥❢♦r♠❡

♦ ❝ó❞✐❣♦ ❞❡ ❣❡♦r❡❢❡r❡♥❝✐❛♠❡♥t♦ ❞♦ ■♥st✐t✉t♦ ❇r❛s✐❧❡✐r♦ ❞❡ ●❡♦❣r❛✜❛ ❡ ❊st❛tíst✐❝❛ ✕

■❇●❊✳ ❙♦❜r❡ ❛ ❞✐♠❡♥sã♦ ❞♦s ❞❛❞♦s ❝❧✐♠át✐❝♦s✱ ✈❛❧❡ r❡ss❛❧t❛r q✉❡ ❡❧❡s r❡✈❡❧❛♠ ✐♥❢♦r♠❛✲

çõ❡s ❞✐ár✐❛s✱ s✐st❡♠❛t✐❝❛♠❡♥t❡ ❛ ❝❛❞❛ três ❤♦r❛s✱ ❡♠ t♦❞♦s ♦s ❛♥♦s ❞♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✽

❛ ✷✵✶✻✳

❆✐♥❞❛✱ ❞❡ ❛❝♦r❞♦ ❛♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ s❡çã♦ ✸✳✸✳✸ ❞❡st❡ ❝❛♣ít✉❧♦✱ ❡st✐♠♦✉✲s❡ ♦ ❱❛❧♦r

❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛✱ ♦r✐✉♥❞♦ ❞❡ ❞❛❞♦s ❞♦ ♠❡r❝❛❞♦ ❞❡ tr❛❜❛❧❤♦✳ ❊ss❛s ✐♥❢♦r♠❛çõ❡s ❢♦✲

r❛♠ ❡①tr❛í❞❛s ❞❛ P❡sq✉✐s❛ ◆❛❝✐♦♥❛❧ ♣♦r ❆♠♦str❛ ❞❡ ❉♦♠✐❝í❧✐♦s ✲ P◆❆❉ ❞❡ ✷✵✶✸✱ ❛ ♠❛✐s

r❡❝❡♥t❡ ♥♦ ♠♦♠❡♥t♦ ❞❛ ❡st✐♠❛çã♦✳ ❖s ❞❛❞♦s ❢♦r❛♠ ❡①tr❛í❞♦s ❞♦ ❞✐r❡tór✐♦ ✧P❡ss♦❛s✧✱

♦ q✉❛❧ r❡ú♥❡ ✐♥❢♦r♠❛çõ❡s ✐♥❞✐✈✐❞✉❛✐s ❞♦s r❡s✐❞❡♥t❡s ❞❡ ❝❛❞❛ ❞♦♠✐❝í❧✐♦✳ ❊♥tr❡t❛♥t♦✱

♥♦ q✉❡ t❛♥❣❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❡s♣❛❝✐❛✐s ❞❛ P◆❆❉✱ ❞❡♣❛r❛✲s❡ ❝♦♠ ✉♠❛ ❧✐♠✐t❛çã♦✱ ♦s

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

♠❡tr♦♣♦❧✐t❛♥❛s✱ ♥ã♦ ♣❡r♠✐t✐♥❞♦ ❛♥á❧✐s❡s ♠✉♥✐❝✐♣❛✐s✳ ❙❡♥❞♦ ❛ss✐♠✱ é ✐♠♣♦rt❛♥t❡ ❞❡s✲

t❛❝❛r q✉❡ ♦ ♦❜❥❡t✐✈♦ ❞❡ss❡ ♣❛ss♦ ♠❡t♦❞♦❧ó❣✐❝♦ ❢♦✐ ❝♦♥❢❡r✐r ✉♠ ❱❙▲ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s

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

❡ ❢❛t♦r❡s ❝❧✐♠át✐❝♦s✳

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

❛♥á❧✐s❡s ❞❡st❡ ❡st✉❞♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♥❛t✉r❡③❛ ❞♦s ❞❛❞♦s✳

✸✵❚♦❞❛s ❡ss❛s ✐♥❢♦r♠❛çõ❡s ❢♦r❛♠ ♠é❞✐❛s ❛♥✉❛✐s ❡①tr❛í❞❛s ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❡st❛çõ❡s ♠❡t❡♦r♦✲
❧ó❣✐❝❛s✳ ❈♦♠♦ ♥ã♦ ❡①✐st❡♠ ❞❛❞♦s ♦❜s❡r✈❛❝✐♦♥❛✐s ❞❡ss❛s ❡st❛çõ❡s ♣❛r❛ t♦❞♦s ♦s ♠✉♥✐❝í♣✐♦s ❞♦ ♣❛ís✱
❛q✉❡❧❡s ❞✐s♣♦♥í✈❡✐s ❢♦r❛♠ ✐♥t❡r♣♦❧❛❞♦s✱ ❝❛❧❝✉❧❛♥❞♦ ✉♠❛ ♠é❞✐❛ ♣❛r❛ ❝❛❞❛ ♠✉♥✐❝í♣✐♦ ❜r❛s✐❧❡✐r♦✳ P♦r
♠❡✐♦ ❞♦ s♦❢t✇❛r❡ ❆r❝●✐s✱ ❝♦♥s✐❞❡r♦✉✲s❡ ❝❛❞❛ ❡st❛çã♦ ♠❡t❡♦r♦❧ó❣✐❝❛ ❣❡♦rr❡❢❡r❡♥❝✐❛❞❛ ❝♦♠♦ ✉♠ ♣♦♥t♦✱
❡✱ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ♠❛❧❤❛ ♠✉♥✐❝✐♣❛❧ s♦❜r❡♣♦st❛✱ ❝❛❧✉❝✉❧♦✉✲s❡ ❛ ♠é❞✐❛ ❞❡ ❝❛❞❛ ✉♠❛ ❞❡ss❛s ✈❛r✐á✈❡✐s
♥♦s ❝❡♥tró✐❞❡s ♠✉♥✐❝✐♣❛✐s✳ ❆ ♠❡❞✐❞❛ ✉t✐❧✐③❛❞❛ ❢♦✐ ❛ ♠é❞✐❛ ❊✉❝❧✐❞✐❛♥❛✳

✼✵



✸✳✷✳✺ ❱❛r✐á✈❡✐s

◆❡st❛ s✉❜s❡çã♦ ❡♥❝♦♥tr❛♠✲s❡ ❞❡t❛❧❤❛❞❛s t♦❞❛s ❛s ✈❛r✐á✈❡✐s q✉❡ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ♥♦s

♣r♦❝❡❞✐♠❡♥t♦s ❞❡ ❡st✐♠❛çã♦ ❞❡st❡ ❝❛♣ít✉❧♦✳ ❊ss❛s ✈❛r✐á✈❡✐s sã♦ ♦r✐✉♥❞❛s ❞♦s ❞❛❞♦s ❡

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

❱❛r✐á✈❡✐s ❝❧✐♠át✐❝❛s ✕ r❡ú♥❡♠ ❝❛r❛t❡ríst✐❝❛s ❡ ✐♥❢♦r♠❛çõ❡s ❞♦ ❝❧✐♠❛ ♠✉♥✐❝✐♣❛❧

♥♦ ❇r❛s✐❧✳ ❚♦❞❛s ❡ss❛s ✐♥❢♦r♠❛çõ❡s ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ♥❛ ❡st✐♠❛çã♦ ❞♦s ❡❢❡✐t♦s ❞♦ ❝❧✐♠❛

s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡✳

• ❚❡♠♣❡r❛t✉r❛ ✕ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♦s r❡❣✐str♦s ❞❡ t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛ ❡ ♠í♥✐♠❛

❡♠ ✭♦❈✮✱ ♣❛r❛ t♦❞♦s ♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✳ ❆s t❡♠♣❡r❛t✉r❛s ♠é❞✐❛s ❞✐ár✐❛s

✭❚▼❉✮ ❢♦r❛♠ ❡♥❝♦♥tr❛❞❛s ❛ ♣❛rt✐r ❞❛s ♠é❞✐❛s ❡♥tr❡ ❛s t❡♠♣❡r❛t✉r❛s ♠á①✐♠❛s ❡

♠í♥✐♠❛s✳

• ❯♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❞♦ ❛r ✲ é ❛ r❡❧❛çã♦ ❡♥tr❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ á❣✉❛ ❡①✐st❡♥t❡ ♥♦ ❛r

❡ ❛ q✉❛♥t✐❞❛❞❡ ♠á①✐♠❛ q✉❡ ♣♦❞❡r✐❛ ❤❛✈❡r ♥❛ ♠❡s♠❛ t❡♠♣❡r❛t✉r❛ ✭✪✮✳

• ■♥s♦❧❛çã♦ ✲ q✉❛♥t✐❞❛❞❡ ❞❡ r❛❞✐❛çã♦ ♣r♦✈❡♥✐❡♥t❡ ❞♦ ❙♦❧ q✉❡ ✐♥❝✐❞❡ s♦❜r❡ ✉♠❛

s✉♣❡r❢í❝✐❡✱ ❡♠ ❡s♣❡❝í✜❝♦✱ ♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡ s♦❧ ✐♥❝✐❞❡♥t❡ ❡♠ ✉♠ ♠✉♥✐❝í♣✐♦

✭❤✮✳

• Pr❡❝✐♣✐t❛çã♦ ✲ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♦s ♥í✈❡✐s ❛♥✉❛✐s ❞❡ ♣r❡❝✐♣✐t❛çã♦ ❡♠ ✭♠♠✮ ❞❡ t♦❞❛s

❛s ❡st❛çõ❡s ♠❡t❡♦r♦❧ó❣✐❝❛s✳

■♥❞✐❝❛❞♦r❡s ❞❡ ❖♥❞❛s ❞❡ ❈❛❧♦r ✕ ❮♥❞✐❝❡s q✉❡ ❝❛r❛❝t❡r✐③❛♠ ♦s ❡✈❡♥t♦s ❞❡ ♦♥❞❛s

❞❡ ❝❛❧♦r ♥♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✱ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ♠❡❞✐❞❛ ❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦✳ ❚♦❞♦s

❡ss❡s í♥❞✐❝❡s ❢♦r❛♠ ❝♦♠♣✉t❛❞♦s ❛ ♣❛rt✐r ❞❛ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❞✐ár✐❛ ❡ ❞❛ ❞❡✜♥✐çã♦

❛❞♦t❛❞❛ ♣❛r❛ ♦♥❞❛s ❞❡ ❝❛❧♦r✳ ❈♦♥❢♦r♠❡ ❛ ❞✐s❝✉ssã♦ ❞♦ ❝❛♣ít✉❧♦ ■■✱ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r

♣♦❞❡ s❡r ❞❡✜♥✐❞❛ ♣❡❧♦ r❡❣✐str♦ ❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦ ❡ ♣❡rs✐st❡♥t❡ ♣♦r ♣❡❧♦ ♠❡♥♦s ✸ ❞✐❛s✳

• ❍◆❲ ✭◆ú♠❡r♦ ❞❡ ❖♥❞❛s ❞❡ ❈❛❧♦r✮ ✕ ♥ú♠❡r♦ ♠é❞✐♦ ❞❡ ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r

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

✼✶



• ❍❲❉ ✭❉✉r❛çã♦ ❞❛s ❖♥❞❛s ❞❡ ❈❛❧♦r✮ ✲ ♥ú♠❡r♦ ❛♥✉❛❧ ♠é❞✐♦ ❞❡ ❞✐❛s q✉❡ ❞✉r❛r❛♠

♦s ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✳

• ❍❲❋ ✭❋r❡q✉ê♥❝✐❛ ❞❛s ❖♥❞❛s ❞❡ ❈❛❧♦r✮ ✲ ♥ú♠❡r♦ ❛❝✉♠✉❧❛❞♦ ❞❡ ❞✐❛s ♥♦ ❛♥♦ q✉❡

❛s ❝♦♥❞✐çõ❡s ❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦ ♣❡rs✐st✐r❛♠ ♣♦r ♣❡❧♦ ♠❡♥♦s ❞❡ três ❞✐❛s✳

• ❍❲❆ ✭❆♠♣❧✐t✉❞❡ ❞❛s ❖♥❞❛s ❞❡ ❈❛❧♦r✮ ✕ ❝❛r❛❝t❡r✐③❛ ♦ ❞✐❛ ♠❛✐s q✉❡♥t❡ ❞❛ ♦♥❞❛

❞❡ ❝❛❧♦r ♠❛✐s q✉❡♥t❡ ♦❜s❡r✈❛❞♦ ♥♦ ❛♥♦ ✭♦C2✮✳

❱❛r✐á✈❡✐s ❞❡ ❙❛ú❞❡ ✕ ❝♦♠♣r❡❡♥❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s r❡❧❛❝✐♦♥❛❞❛s ❛s t❛①❛s

❞❡ ♠♦r❜✐❞❛❞❡✱ ♠♦rt❛❧✐❞❛❞❡ ❡ ❣❛st♦s ❤♦s♣✐t❛❧❛r❡s ❧♦❝❛✐s✳ ❊ss❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡

❢♦r❛♠ ✉t✐❧✐③❛❞❛s ❝♦♠♦ ✈❛r✐á✈❡✐s ❞❡♣❡♥❞❡♥t❡s ♥♦s ♠♦❞❡❧♦s ❡♣✐❞❡♠✐♦❧ó❣✐❝♦s✳

• ❚❛①❛s ❞❡ ▼♦rt❛❧✐❞❛❞❡ ✕ ❢♦r❛♠ ❝❛❧❝✉❧❛❞❛s ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❛♥✉❛✐s ♣❛r❛

t♦❞♦s ♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✱ ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✴♣❛r❛s✐tár✐❛s ✭❈■❉✲✵✶✮✱

♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ✭❈■❉✲✵✾✮ ❡ ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦

✭❈■❉✲✶✵✮✳ ❊ss❛s t❛①❛s t❛♠❜é♠ ❢♦r❛♠ ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ❤♦♠❡♥s ❡ ♠✉❧❤❡r❡s✱ ❝r✐✲

❛♥ç❛s ✭✐♥❞✐✈í❞✉♦s ❝♦♠ ✐❞❛❞❡ ✐♥❢❡r✐♦r ❛ ✶✵ ❛♥♦s✮✱ ❛❞✉❧t♦s ✭✐♥❞✐✈í❞✉♦s ❝♦♠ ✐❞❛❞❡

❡♥tr❡ ✶✵ ❡ ✺✾ ❛♥♦s✮✱ ✐❞♦s♦s ✭✐♥❞✐✈í❞✉♦s ❝♦♠ ✐❞❛❞❡ ✐❣✉❛❧ ♦✉ s✉♣❡r✐♦r ❛ ✻✵ ❛♥♦s✮

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

❉❆❚❆✲❙❯❙✳ ❊ss❛s t❛①❛s r❡❣✐str❛♠ ♦ ♥ú♠❡r♦ ❞❡ ó❜✐t♦s✱ ♣♦r ❣r✉♣♦ ❞❡♠♦❣rá✜❝♦✱

♥✉♠❛ ♣♦♣✉❧❛çã♦ ❞❡ ✶✵✵✳✵✵✵ ❤❛❜✐t❛♥t❡s✳

• ●❛st♦s ❍♦s♣✐t❛❧❛r❡s ✕ ❣❛st♦s ❡♠ s❛ú❞❡ ❝♦♠ r❡❝✉rs♦s ❤♦s♣✐t❛❧❛r❡s ♥♦s ♠✉♥✐❝í♣✐♦s✱

✐♥❝❧✉s✐✈❡ ♥❛q✉❡❧❡s ❝❧❛ss✐✜❝❛❞♦s ❝♦♠♦ ❡①tr❡♠❛♠❡♥t❡ ♣♦❜r❡s✱ ❡♠ ✶✵✵✳✵✵✵ r❡❛✐s✳

• ❚♦t❛❧ ❞❡ ▼é❞✐❝♦s✲ ♥ú♠❡r♦ ❞❡ ♠é❞✐❝♦s ♣♦r ✶✳✵✵✵ ❤❛❜✐t❛♥t❡s✳ ❊ss❛ ✈❛r✐á✈❡❧ ❛ss✉♠✐✉

✈❛❧♦r ✐❣✉❛❧ ❛ ✶ q✉❛♥❞♦ ♦ ♠✉♥✐❝í♣✐♦s ❢❛③ ♣❛rt❡ ❞❡ ✉♠ ❡st❛❞♦ ❝♦♠ ✉♠❛ ♣r♦♣♦rçã♦

❞❡ ♠é❞✐❝♦s s✉♣❡r✐♦r ❛ ✶ ♣♦r ✶✳✵✵✵ ❤❛❜✐t❛♥t❡s ✸✶✳

✸✶❊ss❡ ❞❛❞♦ ❢♦✐ ♦r❣❛♥✐③❛❞♦ ♣❡❧♦ ❉❛t❛✲❙❯❙✱ ❛ ♣❛rt✐r ❞❡ ✐♥❢♦r♠❛çõ❡s ❞♦s ❈♦♥s❡❧❤♦s Pr♦✜ss✐♦♥❛✐s ❡
❘❡❣✐♦♥❛✐s ❞❡ ▼❡❞✐❝✐♥❛✱ ❉❊●❊❘❚❙ ✲ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ●❡stã♦ ❡ ❘❡❣✉❧❛çã♦ ❞♦ ❚r❛❜❛❧❤♦ ❞❡ ❙❛ú❞❡✱
❙●❚❊❙ ✲ ❙❡❝r❡t❛r✐❛ ❞❡ ●❡stã♦ ❞♦ ❚r❛❜❛❧❤♦ ❡ ❞❛ ❊❞✉❝❛çã♦ ♥❛ ❙❛ú❞❡✳
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❱❛r✐á✈❡✐s s♦❝✐♦❡❝♦♥ô♠✐❝❛s ✕ r❡ú♥❡♠ ❝❛r❛❝t❡ríst✐❝❛s ❞♦s r❡s✐❞❡♥t❡s ♠✉♥✐❝✐♣❛✐s

q✉❛♥t♦ ❛ r❡s♣❡❝t✐✈❛s ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡s s♦❝✐❛✐s ❡ ❡❝♦♥ô♠✐❝❛s✳ ❊ss❛s ❝❛r❛❝t❡ríst✐❝❛s t❛♠✲

❜é♠ ❢♦r❛♠ r❡t✐r❛❞❛s ❞♦s ❈❡♥s♦s ❞❡ ✷✵✵✵ ❡ ✷✵✶✵✳

• ❙❛♥❡❛♠❡♥t♦ ❇ás✐❝♦ ✕ ♣r❡s❡♥ç❛ ❞❡ s❡r✈✐ç♦s ❜ás✐❝♦s ❞❡ s❛♥❡❛♠❡♥t♦✱ ❝♦♠♦ r❡❞❡

❞❡ ❡s❣♦t♦✱ á❣✉❛ ❡♥❝❛♥❛❞❛ ❡ ❝♦❧❡t❛ ❞❡ ❧✐①♦ ♥♦s ❞♦♠✐❝í❧✐♦s✳ ❊ss❛s ✈❛r✐á✈❡✐s ❢♦r❛♠

✐♥tr♦❞✉③✐❞❛s ♥♦s ♠♦❞❡❧♦s ❡♣✐❞❡♠✐♦❧ó❣✐❝♦s ♥❛ ❢♦r♠❛ ❞❡ ❞✉♠♠✐❡s✱ ❡ ❛ss✉♠✐r❛♠

✈❛❧♦r ✐❣✉❛❧ ❛ ✶ q✉❛♥❞♦ ♦ ♠✉♥✐❝í♣✐♦ ♣❡rt❡♥❝❡ ❛ ✉♠ ❡st❛❞♦ ❝✉❥♦ ❞é✜❝✐t ❞❡ss❡ t✐♣♦

❞❡ s❡r✈✐ç♦ ✉❧tr❛♣❛ss♦✉ 25%✱ ❡✱ ♥♦ ❝❛s♦ ❝♦♥trár✐♦✱ ❛ss✉♠✐r❛♠ ✈❛❧♦r❡s ✐❣✉❛✐s ❛ ✵❀

• ❈❛r❛❝t❡ríst✐❝❛s ❞❡ r❡♥❞❛ ✕ ❡♠❜♦r❛ ♦ r❡♥❞✐♠❡♥t♦ ♣❡r ❝❛♣✐t❛ ♣♦r ♠✉♥✐❝í♣✐♦ ♥ã♦

❡st❡❥❛ ❞✐s♣♦♥í✈❡❧ ♣❛r❛ t♦❞♦s ♦s ❛♥♦s✱ ✉t✐❧✐③♦✉✲s❡ ✉♠❛ ❝❧❛ss✐✜❝❛çã♦ ❛❞♦t❛❞❛ ♣❡❧♦

❉❛t❛❙❯❙✱ ♥❛ q✉❛❧ ❛❧❣✉♥s ♠✉♥✐❝í♣✐♦s sã♦ ❝❧❛ss✐✜❝❛❞♦s ❝♦♠♦ ❡①tr❡♠❛♠❡♥t❡ ♣♦❜r❡s✳

❆ ♣❛rt✐r ❞❡ss❛ ❝❧❛ss✐✜❝❛çã♦✱ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❢♦r❛♠ ❝❛❧❝✉❧❛❞❛s ♣❛r❛ ❡ss❛

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

❱❛r✐á✈❡✐s ❞♦ ♠❡r❝❛❞♦ ❞❡ tr❛❜❛❧❤♦ ✲ ❡ss❡ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s r❡ú♥❡ ✐♥❢♦r♠❛çõ❡s

♣❡ss♦❛✐s✱ ❧❛❜♦r❛✐s ❡ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ tr❛❜❛❧❤♦ ❛♠♦str❛❞❛s ♥♦s r❡s✐❞❡♥t❡s ♠✉♥✐❝✐♣❛✐s✳

• ❘❡♥❞✐♠❡♥t♦ ✕ r❡♥❞✐♠❡♥t♦ ♠❡♥s❛❧ ❞♦s tr❛❜❛❧❤❛❞♦r❡s ♥♦ ♠♦♠❡♥t♦ ❡♠♣r❡❣❛❞♦s✱

❡♠ r❡❛✐s❀

• ❙❡①♦ ✕ ❛ss✉♠❡ ✈❛❧♦r ✶ q✉❛♥❞♦ ♦ tr❛❜❛❧❤❛❞♦r ❢♦r ❞♦ s❡①♦ ♠❛s❝✉❧✐♥♦✱ ❡ ✈❛❧♦r ✵ ♥♦

❝❛s♦ ❝♦♥trár✐♦❀

• ■❞❛❞❡ ✕ ✐❞❛❞❡ ✭❡♠ ❛♥♦s✮ ❞♦s tr❛❜❛❧❤❛❞♦r❡s✱ ♥♦ ♠♦♠❡♥t♦ ❞❛ ❛♠♦str❛❣❡♠❀

• ❈♦r✴❘❛ç❛ ✕ ❛ss✉♠❡ ✈❛❧♦r ✶ q✉❛♥❞♦ ♦ ✐♥❞✐✈í❞✉♦ s❡ ❞❡❝❧❛r❛r ❞❡ ❝♦r ♥ã♦✲♥❡❣r❛✱ ❡

✈❛❧♦r ✵ ♥♦ ❝❛s♦ ❝♦♥trár✐♦✳

• ❍♦r❛s tr❛❜❛❧❤❛❞❛s ✕ ♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡❞✐❝❛❞❛s s❡♠❛♥❛❧♠❡♥t❡ ❛ ❛t✐✈✐❞❛❞❡s

❧❛❜♦r❛✐s ❞♦s s❡t♦r❡s ❢♦r♠❛✐s ❞❡ tr❛❜❛❧❤♦❀
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• ❆✉①í❧✐♦ s❛ú❞❡ ✕ ❛ss✉♠❡ ✈❛❧♦r ✶ q✉❛♥❞♦ ♦ tr❛❜❛❧❤❛❞♦r r❡❝❡❜❡ ❛❧❣✉♠ t✐♣♦ ❞❡ ❛✉①í❧✐♦

s❛ú❞❡✱ ❡st❛♥❞♦ ❛❢❛st❛ ♦✉ ♥ã♦ ❞♦ s❡✉ ♣♦st♦ ❞❡ tr❛❜❛❧❤♦✱ ❡ ✈❛❧♦r ✵ ♥♦ ❝❛s♦ ❝♦♥trár✐♦❀

• ❙✐♥❞✐❝❛❧✐③❛❞♦ ✕ ❛ss✉♠❡ ✈❛❧♦r ✶ q✉❛♥❞♦ ♦ tr❛❜❛❧❤❛❞♦r ❞❡❝❧❛r❛ s❡r s✐♥❞✐❝❛❧✐③❛❞♦✱ ❡

✈❛❧♦r ✵ ♥♦ ❝❛s♦ ❝♦♥trár✐♦❀

• ■❞❛❞❡ q✉❡ ❝♦♠❡ç♦✉ ❛ tr❛❜❛❧❤❛r ✕ r❡❢❡r❡✲s❡ ❛ ✐❞❛❞❡ q✉❡ ♦ tr❛❜❛❧❤❛❞♦r ❛♣r❡s❡♥t❛✈❛

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

• ❘❡❣✐ã♦ ▼❡tr♦♣♦❧✐t❛♥❛ ✕ ❛ss✉♠❡ ✈❛❧♦r ✶ q✉❛♥❞♦ ♦ tr❛❜❛❧❤❛❞♦r ❞❡❝❧❛r❛ r❡s✐❞✐r ❡♠

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

❝♦♥trár✐♦❀

• ❘✉r❛❧ ✕ ❛ss✉♠❡ ✈❛❧♦r ✶ s❡ ♦ tr❛❜❛❧❤❛❞♦r r❡s✐❞✐r ❡♠ ③♦♥❛s ✉r❜❛♥❛s✱ ❡ ✈❛❧♦r ✐❣✉❛❧

❛ ✵ ❝❛s♦ ❡❧❡ s❡❥❛ r❡s✐❞❡♥t❡ ❞❡ ③♦♥❛s r✉r❛✐s✳

• ❘✐s❝♦ ▲❛❜♦r❛❧ ✕ r❡❢❡r❡✲s❡ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ tr❛❜❛❧❤❛❞♦r s❡ ❛❝✐✲

❞❡♥t❛r✱ ❛❞♦❡❝❡r ♦✉ s❡ ❛❢❛st❛r ❞♦ ♣♦st♦ ❞❡ tr❛❜❛❧❤♦✳ ❊ss❛ ✈❛r✐á✈❡❧ é ❝❛❧❝✉❧❛❞❛ ❡

❞✐s♣♦♥✐❜✐❧✐③❛❞❛ ♣❡❧❛ Pr❡✈✐❞ê♥❝✐❛ ❙♦❝✐❛❧ ❇r❛s✐❧❡✐r❛✱ s❡❣✉♥❞♦ ♦s ♣❡❞✐❞♦s ❞❡ ❛❢❛s✲

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

s❡❣✉♥❞♦ ❛ ❈❧❛ss✐✜❝❛çã♦ ◆❛❝✐♦♥❛❧ ❞❡ ❆t✐✈✐❞❛❞❡ ❊❝♦♥ô♠✐❝❛ ✭❈◆❆❊✮✳
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✸✳✸ ❘❡s✉❧t❛❞♦s

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

③❛❞♦s✱ t❛♥t♦ ❞❛q✉❡❧❡s r❡❢❡r❡♥t❡s ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ q✉❛♥t♦ ❞❛q✉❡❧❡s r❡❢❡r❡♥t❡s

❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❡ss❡s ú❧t✐♠♦s ❛♣r❡s❡♥t❛❞♦s ❞❡t❛❧❤❛❞❛♠❡♥t❡ ♥♦

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

s♦❜r❡ ❛ ♠♦rt❛❧✐❞❛❞❡ ❡ ❛s ❡st✐♠❛t✐✈❛s ❞♦ ✈❛❧♦r ❡st❛tíst✐❝♦ ❞❛ ✈✐❞❛ ✭❱❙▲✮✳ ❋✐♥❛❧♠❡♥t❡✱

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

♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✳

✸✳✸✳✶ ❊st❛tíst✐❝❛s ❉❡s❝r✐t✐✈❛s

❈♦♥❢♦r♠❡ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥♦ ❝❛♣ít✉❧♦ ■■✱ ♥❛ ú❧t✐♠❛ ❞é❝❛❞❛✱ ♦ ❇r❛s✐❧ ❛♣r❡✲

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

♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✳ ❖s ❡st❛❞♦s ❞❡ ●♦✐ás✱ ❉✐str✐t♦ ❋❡❞❡r❛❧✱ ❚♦❝❛♥t✐♥s ❡ ❙ã♦ P❛✉❧♦

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

❞❡ss❡s ❡st❛❞♦s✱ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r t❡♠ ❞✉r❛çã♦ ♠é❞✐❛ ❞❡ ✼ ❞✐❛s ❡ ♥❡❧❡s sã♦ r❡❣✐str❛✲

❞♦s ♦ ♠❛✐♦r ♥ú♠❡r♦ ❛♥✉❛❧ ❞❡ ❞✐❛s ❡①❝❡ss✐✈❛♠❡♥t❡ q✉❡♥t❡s✳ ❆❧é♠ ❞❡❧❡s✱ ❛ ♠❛✐♦r✐❛ ❞♦s

r❡❣✐str♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❢♦r❛♠ ✈❡r✐✜❝❛❞♦s ♥♦s ❡st❛❞♦s ❞❛ ❘❡❣✐ã♦ ❙✉❧ ❡ ❙✉❞❡st❡✳ ❖s

❡st❛❞♦s ❞❛ r❡❣✐ã♦ ◆♦r❞❡st❡ ❡ ◆♦rt❡ ❛♣r❡s❡♥t❛r❛♠ ❛s ♠❛✐♦r❡s t❡♠♣❡r❛t✉r❛s ♠á①✐♠❛s

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

❡✈❡♥t♦s ❛tí♣✐❝♦s ❞❡ ❝❛❧♦r ❢♦r❛♠ ❡♠ ♠❡♥♦r ❡s❝❛❧❛✳ ◆❡ss❡ ❝♦♥t❡①t♦✱ r❡ss❛❧t❛✲s❡ q✉❡ ❛ ❧✐t❡✲

r❛t✉r❛ ❡s♣❡❝✐❛❧✐③❛❞❛ ✈❡r✐✜❝♦✉ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ó❜✐t♦s ❞❡ ✉♠❛ ❧♦❝❛❧✐❞❛❞❡✱ ♣♦r ❞✐✈❡rs❛s

❝❛✉s❛s✱ tê♠ s✐❞♦ ♣♦t❡♥❝✐❛❧✐③❛❞♦s ❡♠ ❞✐❛s ❡①❝❡ss✐✈❛♠❡♥t❡ q✉❡♥t❡s ✭❇✉r❣❡ss ❡t ❛❧✳✱ ✷✵✶✶❀

❇❛rr❡❝❛ ❡t ❛❧✳✱ ✷✵✶✺✮✳

◆♦ ❇r❛s✐❧✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ■❇●❊ ✭✷✵✶✻✮✱ ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✽ ❛ ✷✵✶✺✱ ❛s ♣r✐♥❝✐♣❛✐s

❝❛✉s❛s ❞❡ ♥♦t✐✜❝❛çõ❡s ❞❡ ó❜✐t♦s ❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❛s ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tó✲

r✐♦✱ ❛s ❝❛✉s❛s ❡①t❡r♥❛s ✭❛❝✐❞❡♥t❡s✱ ❤♦♠✐❝í❞✐♦s✱ s✉✐❝í❞✐♦s✱ ❞❡♥tr❡ ♦✉tr♦s✮✱ ♦s t✉♠♦r❡s

♦✉ ♥❡♦♣❧❛s♠❛s ❡ ❛s ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✱ s❡♥❞♦✱ ❛❧❣✉♥s ❞❡ss❡s ❣r✉♣♦s

❞❡ ❞♦❡♥ç❛s✱ ♣♦ss✐✈❡❧♠❡♥t❡ s✉s❝❡♣tí✈❡✐s ❛ ❡❧❡✈❛❞❛s t❡♠♣❡r❛t✉r❛s✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❡ss❛
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♣✉❜❧✐❝❛çã♦✱ 72% ❞❛s ♠♦rt❡s✱ ✐♥❝❧✉s✐✈❡ ✐♥❢❛♥t✐❧ ❡ ❞❡ ✐❞♦s♦s✱ ♣♦❞❡ s❡r ❝♦♥❢❡r✐❞❛s ❛ ❡s✲

s❛s ❝❛✉s❛s✳ ❊♠ t❡r♠♦s r❡❣✐♦♥❛✐s✱ ❝♦♥❢♦r♠❡ ♦ ✐❧✉str❛❞♦ ♣❡❧❛ ❋✐❣✉r❛ ✸✳✶✱ ♦s ♠✉♥✐❝í♣✐♦s

❞❛s r❡❣✐õ❡s ❈❡♥tr♦✲❖❡st❡✱ ◆♦r❞❡st❡ ❡ ❙✉❞❡st❡ ❢♦r❛♠ ❛q✉❡❧❡s q✉❡✱ r❡❧❛t✐✈❛♠❡♥t❡✱ ❛♣r❡✲

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

✐♥❢❡❝❝✐♦s❛s✱ ♣❛r❛s✐tár✐❛s✱ r❡s♣✐r❛tór✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ♠❛♣❛s ❢♦r❛♠ ❝♦♥❢❡❝❝✐♦♥❛❞♦s ♣❛r❛ ♦s ❣r✉♣♦s ❞❡ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✱ ♣❛r❛s✐tár✐❛s✱ r❡s♣✐✲

r❛tór✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✱ ♣♦✐s ❛❝r❡❞✐t❛✲s❡ q✉❡ sã♦ ❛q✉❡❧❡s ♠❛✐s ✐♥✢✉❡♥❝✐❛❞♦s ♣♦r ❞✐❛s ❡①❝❡s✲

s✐✈❛♠❡♥t❡ q✉❡♥t❡s✳ ❆❧é♠ ❞✐ss♦✱ ✈❛❧❡ r❡ss❛❧t❛r q✉❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ r❡♣r❡s❡♥t❛❞❛s ♥♦s ♠❛♣❛s

sã♦ ♠é❞✐❛s ❡①tr❛í❞❛s ♣❛r❛ ❝❛❞❛ r❡❣✐str♦ ♠✉♥✐❝✐♣❛❧✱ ♥♦s ❛♥♦s ❞❡ ✶✾✾✽ ❛ ✷✵✶✺✱ ❝♦♥❢♦r♠❡ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡

❞❡ ✐♥❢♦r♠❛çõ❡s ❞♦ ❉❛t❛✲❙❯❙✳

❋✐❣✉r❛ ✸✳✶ ✕ ▼❛♣❛s ❞❛ ❞✐str✐❜✉✐çã♦ ❡s♣❛❝✐❛❧ ❞❛s ❚❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥✲
ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✱ ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ❡ ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦
r❡s♣✐r❛tór✐♦✱ ♥♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✱ ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✽✲✷✵✶✺✳

❆s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❡①♣r❡ss❛s ♥❛ ❋✐❣✉r❛ ✸✳✶ ❛♣r❡s❡♥t❛♠ ❞✐❢❡r❡♥ç❛s s✐st❡♠át✐✲

❝❛s ❡♠ ❣r✉♣♦s ♠❛✐s ✈✉❧♥❡rá✈❡✐s ❞❛ ♣♦♣✉❧❛çã♦✳ ❊ss❡s ❣r✉♣♦s ♣♦❞❡♠ s❡r ✐❞❡♥t✐✜❝❛❞♦s

♣♦r ❛tr✐❜✉t♦s ❝♦♠♦ ✐❞❛❞❡✱ ❣ê♥❡r♦ ❡ ♥í✈❡✐s ❞❡ r❡♥❞❛ ❞♦s r❡s✐❞❡♥t❡s ❞❡ ❝❛❞❛ ♠✉♥✐❝í♣✐♦✳

✼✻



❊①❝❡t♦ ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❚❛❜❡❧❛s ✸✳✶✱ ✸✳✷ ❡ ✸✳✸✱ ❛s

♠❛✐♦r❡s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ sã♦ ✈❡r✐✜❝❛❞❛s ♥❛ r❡❣✐ã♦ s✉❞❡st❡✱ ✐♥❝❧✉s✐✈❡ ♥♦s ♠✉♥✐❝í✲

♣✐♦s ❝♦♥s✐❞❡r❛❞♦s ❡①tr❡♠❛♠❡♥t❡ ♣♦❜r❡s ♣❡❧♦ ■❇●❊✳ ◗✉❛♥t♦ ❛♦ ❣ê♥❡r♦✱ ♣r❛t✐❝❛♠❡♥t❡ ❛s

t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❡♥tr❡ ♠✉❧❤❡r❡s ❡ ❤♦♠❡♥s sã♦ ✐❞ê♥t✐❝❛s✱ ❡ ❞✐❢❡r❡♥ç❛s s✐st❡♠át✐❝❛s

♥ã♦ ❢♦r❛♠ ✈❡r✐✜❝❛❞❛s ♥♦s ♠✉♥✐❝í♣✐♦s ❝♦♥s✐❞❡r❛❞♦s ❡①tr❡♠❛♠❡♥t❡ ♣♦❜r❡s✳

✼✼



❚❛❜❡❧❛ ✸✳✶ ✲ ❇r❛s✐❧✿ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❛♥✉❛❧ ♠é❞✐❛ ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡

♣❛r❛s✐tár✐❛s✱ ❢❛✐①❛ ❡tár✐❛ ❡ r❡♥❞❛✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖ ❧✐♠✐❛r q✉❡ ❞❡✜♥❡ ✉♠ ♠✉♥✐❝í♣✐♦s ❡♠ s✐t✉❛çã♦ ❞❡ ❡①tr❡♠❛ ♣♦❜r❡③❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❉❛t❛✲

❙❯❙✱ é q✉❛♥❞♦ ❛ r❡♥❞❛ ❞♦♠✐❝✐❧✐❛r ♠é❞✐❛ ♠❡♥s❛❧ ♣❡r ❝❛♣✐t❛ ❞❡ ❛té ✼✵ r❡❛✐s✳ ❆❧é♠ ❞✐ss♦✱ ❛s t❛①❛s ❞❡

♠♦rt❛❧✐❞❛❞❡ ❢♦r❛♠ ❝❛❧❝✉❧❛❞❛s ♣❛r❛ ♣♦♣✉❧❛çõ❡s ❞❡ ❛té ✶✵ ❛♥♦s✱ ❞❡ ✶✵ ❛ ✺✾ ❛♥♦s ❡ ❛❝✐♠❛ ❞❡ ✻✵ ❛♥♦s✱

s❡❣r❡❣❛♥❞♦ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣❛r❛ ❝r✐❛♥ç❛s✱ ❛❞✉❧t♦s ❡ ✐❞♦s♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✼✽



❚❛❜❡❧❛ ✸✳✷ ✲ ❇r❛s✐❧✿ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❛♥✉❛❧ ♠é❞✐❛ ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦

❝✐r❝✉❧❛tór✐♦✱ ❢❛✐①❛ ❡tár✐❛ ❡ r❡♥❞❛✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖ ❧✐♠✐❛r q✉❡ ❞❡✜♥❡ ✉♠ ♠✉♥✐❝í♣✐♦s ❡♠ s✐t✉❛çã♦ ❞❡ ❡①tr❡♠❛ ♣♦❜r❡③❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❉❛t❛✲

❙❯❙✱ é q✉❛♥❞♦ ❛ r❡♥❞❛ ❞♦♠✐❝✐❧✐❛r ♠é❞✐❛ ♠❡♥s❛❧ ♣❡r ❝❛♣✐t❛ ❞❡ ❛té ✼✵ r❡❛✐s✳ ❆❧é♠ ❞✐ss♦✱ ❛s t❛①❛s ❞❡

♠♦rt❛❧✐❞❛❞❡ ❢♦r❛♠ ❝❛❧❝✉❧❛❞❛s ♣❛r❛ ♣♦♣✉❧❛çõ❡s ❞❡ ❛té ✶✵ ❛♥♦s✱ ❞❡ ✶✵ ❛ ✺✾ ❛♥♦s ❡ ❛❝✐♠❛ ❞❡ ✻✵ ❛♥♦s✱

s❡❣r❡❣❛♥❞♦ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣❛r❛ ❝r✐❛♥ç❛s✱ ❛❞✉❧t♦s ❡ ✐❞♦s♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✼✾



❚❛❜❡❧❛ ✸✳✸ ✲ ❇r❛s✐❧✿ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❛♥✉❛❧ ♠é❞✐❛ ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦

r❡s♣✐r❛tór✐♦✱ ❢❛✐①❛ ❡tár✐❛ ❡ r❡♥❞❛✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖ ❧✐♠✐❛r q✉❡ ❞❡✜♥❡ ✉♠ ♠✉♥✐❝í♣✐♦s ❡♠ s✐t✉❛çã♦ ❞❡ ❡①tr❡♠❛ ♣♦❜r❡③❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❉❛t❛✲

❙❯❙✱ é q✉❛♥❞♦ ❛ r❡♥❞❛ ❞♦♠✐❝✐❧✐❛r ♠é❞✐❛ ♠❡♥s❛❧ ♣❡r ❝❛♣✐t❛ ❞❡ ❛té ✼✵ r❡❛✐s✳ ❆❧é♠ ❞✐ss♦✱ ❛s t❛①❛s ❞❡

♠♦rt❛❧✐❞❛❞❡ ❢♦r❛♠ ❝❛❧❝✉❧❛❞❛s ♣❛r❛ ♣♦♣✉❧❛çõ❡s ❞❡ ❛té ✶✵ ❛♥♦s✱ ❞❡ ✶✵ ❛ ✺✾ ❛♥♦s ❡ ❛❝✐♠❛ ❞❡ ✻✵ ❛♥♦s✱

s❡❣r❡❣❛♥❞♦ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣❛r❛ ❝r✐❛♥ç❛s✱ ❛❞✉❧t♦s ❡ ✐❞♦s♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✽✵



❆✐♥❞❛ ❝♦♠ r❡❧❛çã♦ ❛s ❚❛❜❡❧❛s ✸✳✶✱ ✸✳✷ ❡ ✸✳✸✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛s ♠❛✐♦r❡s t❛①❛s ❞❡

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

❢❛✐①❛ ❞❡ ✐❞❛❞❡ ❝♦♠ ✻✵ ❛♥♦s ♦✉ ♠❛✐s✳ ◆❡ss❡ ❣r✉♣♦ ♣♦♣✉❧❛❝✐♦♥❛❧✱ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡

sã♦ ❝❡r❝❛ ❞❡ 65% ♠❛✐♦r❡s q✉❡ ♥♦ ❣r✉♣♦ ❞❡ ♣❡ss♦❛s ❝♦♠ ✶✵✲✻✵ ❛♥♦s✳

▼❛✐♦r❡s ❞❡t❛❧❤❡s s♦❜r❡ ❛ ♦❝♦rrê♥❝✐❛ ❞❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♥♦s ♠✉♥✐❝í♣✐♦s ❜r❛✲

s✐❧❡✐r♦s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ♥❛s ✜❣✉r❛s ❋✳✸✱ ❋✳✹ ❡ ❋✳✺ ❞♦ ❆♣ê♥❞✐❝❡ ❋✳ ❆✐♥❞❛✱ ❞❡✲

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

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

♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ♥❛s ❋✐❣✉r❛s ❋✳✶ ❡ ❋✳✷ ❞♦ ❆♣ê♥❞✐❝❡ ❋✳

❖✉tr❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡♠♦❣rá✜❝❛s t❛♠❜é♠ ❢♦r❛♠ ✐♥✈❡st✐❣❛❞❛s✱ ❝♦♠♦ ❝❛r❛❝t❡ríst✐✲

❝❛s ❞❡ r❡♥❞❛ ❡ ❞❡ ❝♦♥✈✐✈ê♥❝✐❛ ❝♦♠ ❞é✜❝✐ts ❞❡ s❛♥❡❛♠❡♥t♦ ❜ás✐❝♦ ❞❛ ♣♦♣✉❧❛çã♦ ❜r❛s✐❧❡✐r❛✱

t❛♥t♦ ♣❛r❝✐❛❧ ❝♦♠♦ t♦t❛❧✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❞❛❞♦s ❞❛ P◆❆❉ ✭✷✵✶✸✮✱ ♥❛s r❡❣✐õ❡s ◆♦rt❡✱

❈❡♥tr♦✲❖❡st❡ ❡ ◆♦r❞❡st❡ ❛♣❡♥❛s 43%✱ 40% ❡ 36% ❞♦s ❞♦♠✐❝í❧✐♦s ❛♣r❡s❡♥t❛♠ ❝♦♥❞✐çõ❡s

s❛t✐s❢❛tór✐❛s ❞❡ s❛♥❡❛♠❡♥t♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ■st♦ s✐❣♥✐✜❝❛ q✉❡ ❛ ❝❛❞❛ ✹ ❞❡ ✶✵ ❞♦♠✐✲

❝í❧✐♦s sã♦ ✈❡r✐✜❝❛❞♦s ❛❧❣✉♠ t✐♣♦ ❞❡ ❞é✜❝✐t ❞❡ á❣✉❛ ❡♥❝❛♥❛❞❛✱ r❡❞❡ ❞❡ ❡s❣♦t♦ ♦✉ ❝♦❧❡t❛

❞❡ ❧✐①♦✳ ◆❡ss❛s r❡❣✐õ❡s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ♥♦ ◆♦rt❡ ❡ ◆♦r❞❡st❡✱ ❡♥❝♦♥tr❛✲s❡ ❛ ♠❛✐♦r✐❛ ❞❛

♣♦♣✉❧❛çã♦ ❝♦♠ r❡♥❞❛ ♣❡r✲❝❛♣✐t❛ ✐♥❢❡r✐♦r ❛ 1
2
s❛❧ár✐♦ ♠í♥✐♠♦ ❡ ❜❛✐①❛ ❡s❝♦❧❛r✐❞❛❞❡✳ ❊ss❛s

❡st❛tíst✐❝❛s✱ t♦❞❛s ❞✐s♣♦♥í✈❡✐s ♥❛s ❚❛❜❡❧❛s ■✳✶ ❡ ■✳✷ ❞♦ ❆♣ê♥❞✐❝❡ ■✱ r❡✈❡❧❛♠ q✉❛✐s sã♦

❛s r❡❣✐õ❡s ♠❛✐s ✈✉❧♥❡rá✈❡✐s ❞♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❡❝♦♥ô♠✐❝♦ ❡ s♦❝✐❛❧✳

✽✶



✸✳✸✳✷ ■♠♣❛❝t♦ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ ♠♦rt❛❧✐❞❛❞❡

◆❡st❛ s❡çã♦✱ ♦s í♥❞✐❝❡s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❢♦r❛♠ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐✲

❞❛❞❡ ❞❡ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✱ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ❡ ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐✲

r❛tór✐♦✳ ❊s♣❡❝✐✜❝❛♠❡♥t❡✱ ❜✉s❝♦✉✲s❡ ❡st✐♠❛r ♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞❛ ✐♥❝✐❞ê♥❝✐❛ ✭❍❲◆✮✱

❞❛ ❞✉r❛çã♦ ✭❍❲❉✮✱ ❞❛ ❢r❡q✉ê♥❝✐❛ ✭❍❲❋✮ ❡ ❞❛ ❛♠♣❧✐t✉❞❡ ✭❍❲❆✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r

s♦❜r❡ ♦ ♥ú♠❡r♦ ❞❡ ó❜✐t♦s ♣♦r ✶✵✵✳✵✵✵ ❤❛❜✐t❛♥t❡s ♥♦s ✺✳✺✻✹ ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✳

❆❧é♠ ❞❡ss❡s ❝♦♥❞✐❝✐♦♥❛♥t❡s ❝❧✐♠át✐❝♦s✱ t❛♠❜é♠ ❝♦♥s✐❞❡r♦✉✲s❡ ✈❛r✐á✈❡✐s r❡❧❛t✐✈❛s ❛

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

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

❝❛t❡❣ór✐❝❛s ❝♦♥s✐❞❡r❛❞❛s ❝♦♠♦ ❝♦♥❞✐❝✐♦♥❛♥t❡s ❡❝♦♥ô♠✐❝♦s ❡ ❞❡ s❛♥❡❛♠❡♥t♦ ✸✷ ✳ P♦r

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

❝♦♥t♦r♥❛r ♦ ♥ú♠❡r♦ ❞❡ ó❜✐t♦s ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♠✉♥✐❝í♣✐♦✳

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

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

t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✱ ❡♠ ♠é❞✐❛✱ 11% ❞♦s ❞❛❞♦s ❛♣r❡s❡♥✲

t❛♠ ✈❛❧♦r❡s ✐❣✉❛✐s ❛ ③❡r♦✳ ❈❡r❝❛ ❞❡ 20% ❡ 14% é ❛ ♣❛r❝❡❧❛ ❞❡ ❞❛❞♦s s♦❜r❡ t❛①❛s ❞❡

♠♦rt❛❧✐❞❛❞❡ ❞❡ ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s q✉❡ ❛♣r❡s❡♥t❛♠ ✈❛❧♦r❡s ✐❣✉❛✐s ❛ ✵ ♣❛r❛ ❞♦❡♥ç❛s

✐♥❢❡❝❝✐♦s❛s✴♣❛r❛s✐tár✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P❛r❛ ❝♦♥t♦r♥❛r

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

t❛❞❛✱ ♠♦❞❡❧♦s ❚♦❜✐t✳ ❊♠ t♦❞♦s ♦s ♠♦❞❡❧♦s ❡st✐♠❛❞♦s✱ ♦s ❝r✐tér✐♦s ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡

❆❦❛✐❦❡ ✭❈■❆✮ ❡ ❙❝❤✇❛r③ ✭❈■❙✮ ❢♦r❛♠ ✐♥❢❡r✐♦r❡s ❛ ❡str❛té❣✐❛s ❛❧t❡r♥❛t✐✈❛s ❞❡ ❡st✐♠❛çã♦✳

❖s r❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦ ❡stã♦ ❞✐s♣♦st♦s ♥❛s ❚❛❜❡❧❛s ●✳✶ ❛té ●✳✷✶✱ ❞♦ ❆♣ê♥❞✐❝❡ ●✳

❆ ✐♥❝✐❞ê♥❝✐❛ ❡ ❛ ❞✉r❛çã♦ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❢♦r❛♠ ❛s♣❡❝t♦s ❡st❛t✐st✐❝❛♠❡♥t❡ s✐❣♥✐✲

✜❝❛t✐✈♦s ♣❛r❛ ❛✉♠❡♥t❛r ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✴♣❛r❛s✐tár✐❛s ❡

❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦s ✐❞♦s♦s✳ ❊♠ ♠é❞✐❛✱ ♥❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠❛

♦♥❞❛ ❞❡ ❝❛❧♦r✱ ✈❡r✐✜❝❛✲s❡ ✉♠ ❛✉♠❡♥t♦ ♥❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞❡ ✐❞♦s♦s ♣♦r ❞♦❡♥ç❛s

✐♥❢❡❝❝✐♦s❛s✴♣❛r❛s✐tár✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ❞❡ ❝❡r❝❛ ❞❡ ✹✼ ❡ ✶ ó❜✐t♦s ♣♦r ✶✵✵✳✵✵✵

❤❛❜✐t❛♥t❡s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✸✷❊st❛tíst✐❝❛s ❞❡s❝r✐t✐✈❛s ❞❡ss❛s ✈❛r✐á✈❡✐s ❡stã♦ ❞✐s♣♦st❛s ♥❛s t❛❜❡❧❛s ■✳✶ ❡ ■✳✷ ❞♦ ❆♣ê♥❞✐❝❡ ■

✽✷



◆❛ ❋✐❣✉r❛ ✸✳✷ ❢♦r❛♠ ❡①♣r❡ss♦s ♦s ♣❡r❝❡♥t✉❛✐s ❞❡ ó❜✐t♦s ❞❡❝♦rr❡♥t❡s ❞❛s ♦♥❞❛s ❞❡

❝❛❧♦r ❡♠ r❡❧❛çã♦ ❛ ♠♦rt❛❧✐❞❛❞❡ t♦t❛❧ ♥♦s ❡st❛❞♦s ❜r❛s✐❧❡✐r♦s✱ ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✱

❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ❡ r❡s♣✐rt❛ór✐♦✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❚♦❞♦s ♦s ♠❛♣❛s ❡①♣r❡ss❛♠ ❡st✐♠❛t✐✈❛s ❞♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ó❜✐t♦s ♦❝❛s✐♦♥❛❞♦s ♣♦r ❡✈❡♥t♦s ❞❡

♦♥❞❛s ❞❡ ❝❛❧♦r ❡♠ r❡❧❛çã♦ ❛♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ó❜✐t♦s ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✱ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦

❡ r❡s♣✐r❛tór✐♦✳ P♦r ❡①❡♠♣❧♦✱ ❡ss❛ ♠❡❞✐❞❛ r❡✈❡❧❛ q✉❡✱ ❡♠ ♠é❞✐❛✱ ❞♦ t♦t❛❧ ❞❡ ó❜✐t♦s ♣♦r ❞♦❡♥ç❛s

✐♥❢❡❝❝✐♦s❛s✱ ✷✹ ❛ ✸✵% sã♦ ✐♥✢✉❡♥❝✐❛❞❛s ♣♦r ❡♣✐só❞✐♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦s ❡st❛❞♦s ❞❡ ❙ã♦ P❛✉❧♦✱ ❘✐♦

❞❡ ❏❛♥❡✐r♦✱ ●♦✐ás✱ ❚♦❝❛♥t✐s✱ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧ ❡ ❚♦❝❛♥t✐♥s✳

❋✐❣✉r❛ ✸✳✷ ✕ ▼❛♣❛s ❞❛s ❡st✐♠❛t✐✈❛s ❞♦ ♣❡r❝❡♥t✉❛❧ ♠é❞✐♦ ❞❡ ó❜✐t♦s r❡❧❛❝✐♦♥❛❞♦s
❛♦s ❡♣✐só❞✐♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✱ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ❡ ❞♦
❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✱ ♥♦s ❡st❛❞♦s ❜r❛s✐❧❡✐r♦s ❞❡ ✶✾✾✽ ❛ ✷✵✶✺✳

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

♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✱ ❡✱ ❞❡

✽✸



❢♦r♠❛ ❝♦♥trár✐❛✱ ♣♦r r❡❞✉çõ❡s ❞❡ss❛s t❛①❛s ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✸✸✳ ❉❡ ❛❝♦r❞♦ ❝♦♠

❛ ❋✐❣✉r❛ ✸✳✷✱ ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r r❡♣r❡s❡♥t❛♠ ♠❛✐♦r ✐♥✢✉ê♥❝✐❛ ♥♦ t♦t❛❧ ❞❡

ó❜✐t♦s ❞♦s ❡st❛❞♦s ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ❙ã♦ P❛✉❧♦✱ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✱ ●♦✐ás✱ ❚♦❝❛♥t✐♥s

❡ ▼❛t♦ ●r♦ss♦✱ ❝❡r❝❛ ❞❡ ✷✹ ❛ ✸✵%✳ ❆ ♠❡s♠❛ ♠❡❞✐❞❛✱ q✉❛♥❞♦ ❛♥❛❧✐s❛❞❛ ♣❛r❛ ❞♦❡♥ç❛s

❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ❢♦✐ r❡❧❛t✐✈❛♠❡♥t❡ ❜❛✐①❛ ♥♦s ❡st❛❞♦s ❜r❛s✐❧❡✐r♦s✱ ♥ã♦ s✉♣❡r❛♥❞♦

✸%✳

❆✐♥❞❛✱ ❞❡ ❛❝♦r❞♦ ❛♦ ✐❧✉str❛❞♦ ♣❡❧❛ ❋✐❣✉r❛ ✸✳✷✱ ❡♠ r❡❧❛çã♦ ❛♦ t♦t❛❧ ❞❡ ó❜✐t♦s ♣♦r

❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✱ ❡st✐♠❛✲s❡ r❡❞✉çõ❡s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞❡ ❛té ✽% ❡♠

r❡❧❛çã♦ ❛♦ t♦t❛❧✱ ♥♦ ❡st❛❞♦ ❞♦ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✳ ❆♦ ❝♦♥trár✐♦ ❞❡ss❡ r❡s✉❧t❛❞♦✱ ❛♦

❛♥❛❧✐s❛r ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥❛ ❊s♣❛♥❤❛✱ ▲✐♥❛r❡s ❡t ❛❧✳ ✭✷✵✶✺✮ r❡✈❡❧❛r❛♠

q✉❡ ❡ss❡s ❡✈❡♥t♦s ❛♣r❡s❡♥t❛♠ ♣❛rt✐❝✉❧❛r ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❡①♣❧✐❝❛r ❛s ❝❛✉s❛s ❞❡ ♠♦r✲

t❛❧✐❞❛❞❡ r❡s♣✐rtór✐❛✳ ❆♣❡s❛r ❞❛ ❞✐✈❡r❣ê♥❝✐❛✱ t❛♥t♦ ♥❡st❡ tr❛❜❛❧❤♦ q✉❛♥t♦ ♥♦ tr❛❜❛❧❤♦

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

s✐❣♥✐✜❝❛t✐✈♦s ♣❛r❛ ✐♥✢✉❡♥❝✐❛r ❛ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✳

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

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

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

♣r♦♠♦✈❡ ❛✉♠❡♥t♦s ♥❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣ró①✐♠♦s ❞❛ ♠❡t❛❞❡ ❞❛q✉❡❧❡s ✈❡r✐✜❝❛❞♦s

❝❛s♦ ❤❛❥❛ ♠❛✐s ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r✳

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

❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡♠ ✐❞♦s♦s é s✉♣❡r✐♦r ❛♦s ❡❢❡✐t♦s ❞❡ ♠❛✐s ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r s♦❜r❡

❛ ♣♦♣✉❧❛çã♦ ❡♠ ❣❡r❛❧✱ ♥♦ t♦❝❛♥t❡ ❛s ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ❡ ✐♥❢❡❝❝✐♦s❛s

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

✭✷✵✶✹✮✱ q✉❡ ❛♣♦♥t❛♠ ✉♠ ❡①❝❡ss♦ ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞❡ 12% ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦

❝✐r❝✉❧❛tór✐♦✱ ❡♠ P♦rt✉❣❛❧✳ ❘❡s✉❧t❛❞♦s s✐♠✐❧❛r❡s ♣❛r❛ ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦

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

❞✉r❛çã♦ s✉♣❡r✐♦r ❛ ✺ ❞✐❛s ❛✉♠❡♥t❛♠ ❡♠ ❛té 18% ❛ ♠♦rt❛❧✐❞❛❞❡ t♦t❛❧✱ 24% ❛ ❞❡ ✐❞♦s♦s

✸✸◆❡♠ t♦❞♦s ♦s ✐♠♣❛❝t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ s❛ú❞❡ sã♦ ♥❡❣❛t✐✈♦s✱ ♣♦r ❡①❡♠♣❧♦✱ ♦s ❛✉♠❡♥t♦s
❞❡ ♠♦rt❛❧✐❞❛❞❡ ♦❜s❡r✈❛❞♦s ♥♦s ✐♥✈❡r♥♦s ♣♦❞❡r✐❛♠ s❡r r❡❞✉③✐❞♦s ♣♦r ❛✉♠❡♥t♦s ❞❡ t❡♠♣❡r❛t✉r❛✱ ❢❛t♦
❝♦♠♣r♦✈❛❞♦ ♥❡st❡ ❡st✉❞♦ ♣❛r❛ ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ✭❇❛r❝❡❧❧♦s ❡t ❛❧✳✱ ✷✵✵✾✮✳

✽✹



❡ 22% ♦ ♥ú♠❡r♦ ❞❡ ó❜✐t♦s ❞❛ ♣♦♣✉❧❛çã♦ ❢❡♠✐♥✐♥❛ ✭❉♦♥❣ ❡t ❛❧✳✱ ✷✵✶✻✮✳

❖✉tr♦ ❢❛t♦ ✈❡r✐✜❝❛❞♦ é q✉❡ ❛ ❛♠♣❧✐t✉❞❡✱ ♠❡❞✐❞❛ ❞❡ ✐♥t❡♥s✐❞❛❞❡ ❞❡ss❡s ❡✈❡♥t♦s✱ ❡①❡r✲

❝❡♠ ❡❢❡✐t♦s s✐❣♥✐✜❝❛t✐✈♦s ❛♣❡♥❛s s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✳

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

❞❛❞❡ ❞❡ ✐❞♦s♦s✳ ◆❡st❡ ❝♦♥t❡①t♦✱ ♦s ❢❛t♦s sã♦ ♠❛✐s ❛❧❛r♠❛♥t❡s✱ ♣♦✐s✱ ❝♦♥❢♦r♠❡ ✈❡r✐✜❝❛❞♦

♥♦ ❝❛♣ít✉❧♦ ■■✱ ♦ ❝ô♠♣✉t♦ ♠é❞✐♦ ❞♦ ✐♥❞✐❝❛❞♦r HWA ❞♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s t❡♠

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

◗✉❛♥t♦ ❛♦ ❡stá❣✐♦ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡❝♦♥ô♠✐❝♦ ❞♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✱ ❡ss❡ é

✉♠ ❝♦♥tr♦❧❡ s✐❣♥✐✜❝❛t✐✈♦✳ ❊♠ ❣❡r❛❧✱ ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r sã♦ ❡st❛t✐st✐❝❛♠❡♥t❡

s✐❣♥✐✜❝❛t✐✈♦s s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞♦s ♠✉♥✐❝í♣✐♦s ❝❧❛ss✐✜❝❛❞♦s ❝♦♠♦ ❡①tr❡✲

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

❡①❝❡ss♦s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✳

❆❧é♠ ❞✐ss♦✱ q✉❛♥t♦ ❛♦ ❣ê♥❡r♦ ❞❛ ♣♦♣✉❧❛çã♦✱ ❛♣❡s❛r ❞❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ t❡r❡♠

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

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

✐❞♦s♦s é ♠✉✐t♦ ♠❛✐s ✈✉❧♥❡rá✈❡❧ ❛ ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❞♦ q✉❡ ❛q✉❡❧❛s ♦❜s❡r✈❛❞♦s

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

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

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

❞♦s ♠✉♥✐❝í♣✐♦s✸✹✳

✸✳✸✳✸ ❱❛❧♦r❛çã♦ ❞♦ r✐s❝♦ ❝❧✐♠át✐❝♦ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♣❛r❛ ❛ ❙❛ú❞❡ ❍✉♠❛♥❛

◆❡st❛ s❡çã♦✱ ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ♠❛♣❡❛r ❛ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ❞❛ s❛ú❞❡ ❤✉♠❛♥❛ ♥♦ ❇r❛s✐❧

❞♦s r✐s❝♦s ❝❧✐♠át✐❝♦s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❛♦s ❡♣✐só❞✐♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♣r❡t❡♥❞❡✲s❡ r❡❧❛✲

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

❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛✱ ❞❡t❛❧❤❛❞❛ ♥❛ ♣ró①✐♠❛ s✉❜s❡çã♦✳ ◆❡ss❡ ✐♥t❡r✐♠✱ ❛ ❡q✉❛çã♦

✸✹◆❡st❛ ♣❡sq✉✐s❛ ❢♦✐ ❝♦♥st❛t❛❞♦ q✉❡ ✉♠ ❞♦s ❝❛♥❛✐s ♣❡❧♦s q✉❛✐s ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❛❢❡t❛♠ ❛ s❛ú❞❡
❤✉♠❛♥❛ é ♣♦r ♠❡✐♦ ❞♦ ✐♠♣❛❝t♦ ♥❛ ✜s✐♦❧♦❣✐❛ ❤✉♠❛♥❛✳ ❊♥tr❡t❛♥t♦✱ ❍❛♥ ❡ ❋♦❧t③ ✭✷✵✶✸✮ ❛♣♦♥t❛♠ q✉❡
♦✉tr♦ ✐♠♣♦rt❛♥t❡ ❝❛♥❛❧ ❛ s❡r t❡st❛❞♦ s❡r✐❛ ♦ ✐♠♣❛❝t♦ ❞❡ss❡s ❡✈❡♥t♦s s♦❜r❡ ♦ r❡♥❞✐♠❡♥t♦ ❞❛s ❢❛♠í❧✐❛s✱
✐st♦ é✱ ❡♠ ❜✉s❝❛ ❞❡ ❛❧❣✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❛❞❛♣t❛çã♦✳
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✷✶ ❝✉♠♣r✐rá ❝♦♠ ❡ss❡ ♣r♦♣ós✐t♦✳

E(CMitd) = [ ̂V SLUF ].[
dM̂itd

dhw
] ✭✷✶✮

❡♠ q✉❡ E(CMitd) é ♦ ✈❛❧♦r ♠é❞✐♦ ❞♦ ❝✉st♦ ❞❛ ♠♦rt❛❧✐❞❛❞❡ ♣❛r❛ ❝❛❞❛ ❞♦❡♥ç❛ ❡s✲

♣❡❝í✜❝❛✱ ❡♠ t❡r♠♦s ❞❡ ❝✉st♦ ❡❝♦♥ô♠✐❝♦ ❞❛ ✈✐❞❛❀ [dM̂itd

dhw
] é ♦ ❡❢❡✐t♦ ♠❛r❣✐♥❛❧ ♠é❞✐♦ ❞❛s

♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡❀ ❡ ̂V SLUF é ♦ ✈❛❧♦r ❡st❛tíst✐❝♦ ❞❛ ✈✐❞❛

❡st✐♠❛❞♦ ❡♠ ❝❛❞❛ ✉♥✐❞❛❞❡ ❞❛ ❢❡❞❡r❛çã♦ ✭❯❋✮✱ ♣♦r ♠❡✐♦ ❞❛ ❡q✉❛çã♦ ✷✷✱ ❛♣r❡s❡♥t❛❞❛

♥❛ s❡çã♦ ❛ s❡❣✉✐r✳

❆ ♠❡❞✐❞❛ ❞❡ E(CMitd) ♣♦❞❡ s❡r ✐♥t❡r♣r❡t❛❞❛ ❝♦♠♦ ✉♠ ❝ô♠♣✉t♦ ❞❛ ❞✐s♣♦s✐çã♦ ❛

♣❛❣❛r✴❛❝❡✐t❛r ♣❛r❛ ❝♦♥t♦r♥❛r ♦s ❡❢❡✐t♦s ❞♦s ❝❤♦q✉❡s ❝❧✐♠át✐❝♦s✱ ❝♦♥❢♦r♠❡ ❉❡s❝❤ê♥❡s ❡

●r❡❡♥st♦♥❡ ✭✷✵✶✶✮✳ ◆♦ ❝❛s♦ ❞❡st❡ ❡st✉❞♦✱ ❡❧❛ s❡r✈✐rá ♣❛r❛ ❝♦♥t❛❜✐❧✐③❛r ❛s ✈✐❞❛s ♣❡r❞✐❞❛s

❞❡❝♦rr❡♥t❡ ❞♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❡ s✉❛ ♠❡❞✐❞❛ s❡rá ❡①♣r❡ss❛ ❡♠ r❡❛✐s✳

P❛r❛ ❛♣r❡s❡♥t❛r r❡s✉❧t❛❞♦s ❞♦ ❝✉st♦ ❡❝♦♥ô♠✐❝♦ ❞❛ ✈✐❞❛ r❡❢❡r❡♥t❡s ❛♦s ❡♣✐só❞✐♦s ❞❡

♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❡st❛ s❡çã♦ s❡rá s❡❝❝✐♦♥❛❞❛ ❡♠ ❞✉❛s ♣❛rt❡s✿

❆ ✲ ❊st✐♠❛t✐✈❛s ❞♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛

❇ ✲ ❈ô♠♣✉t♦ ❞❛ ❉✐s♣♦s✐çã♦ ❛ P❛❣❛r✴❘❡❝❡❜❡r ♣❛r❛ ❝♦♥t♦r♥❛r ❖♥❞❛s ❞❡ ❈❛❧♦r✳

❆ ✲ ❊st✐♠❛t✐✈❛s ❞♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛

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

❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛ ✭❱❙▲✮ tr❛t❛ ❞❡ ✉♠❛ ♠❡❞✐❞❛ ❡st❛tíst✐❝❛ ❞❡ ✉♠❛ ♣♦♣✉❧❛çã♦✱

♦✉ ❝♦♠♦ ✉♠ ✈❛❧♦r ♠❛r❣✐♥❛❧ ❞♦s s❛❧ár✐♦s ♠é❞✐♦s ❛ ❡①♣♦s✐çã♦ ❛♦ r✐s❝♦ ❧❛❜♦r❛❧✳ ❉✐✈❡rs❛s

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

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

❞❡ ❢❛t❛❧✐❞❛❞❡ ✭❆s❤❡♥❢❡❧t❡r✱ ✷✵✵✻✮✳

❙❡❣✉♥❞♦ ❱✐s❝✉s✐ ❡ ❆❧❞② ✭✷✵✵✷✮✱ ❛ ❧✐t❡r❛t✉r❛ ❡s♣❡❝✐❛❧✐③❛❞❛ é ❜❡♠ ❞✐❢✉♥❞✐❛ ❡ ❛♣❧✐❝❛❞❛

♣❛r❛ ❞✐✈❡rs♦s ♣❛ís❡s ❡ ❧♦❝❛❧✐❞❛❞❡s✳ ❉❡s❞❡ ❛ ❞é❝❛❞❛ ❞❡ ✶✾✼✵ q✉❡ ♠♦❞❡❧♦s ❡❝♦♥♦♠étr✐✲

❝♦s✱ ❞❡r✐✈❛❞❛s ❞❡ ✉♠ r❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦ ❞♦ ♠❡r❝❛❞♦ ❞❡ tr❛❜❛❧❤♦✸✺✱ t❡♠ s✐❞♦ ❞❡❞✐❝❛❞♦s

✸✺❆ ❞❡r✐✈❛çã♦ ❞♦ ♠♦❞❡❧♦ t❡ór✐❝♦ q✉❡ ❡♠❜❛s❛ ❛s ❡st✐♠❛çõ❡s ❞❡ ❱❙▲ r❡❝❛❡♠ s♦❜r❡ ✉♠ ♠♦❞❡❧♦ ❞❡

✽✻



❛ ❡ss❡ tr❛❞❡✲♦✛ ❡♥tr❡ s❛❧ár✐♦s ❡ r✐s❝♦s ❞❡ ❢❛t❛❧✐❞❛❞❡✳ ❖s r❡s✉❧t❛❞♦s ❞❡ss❡s tr❛❜❛❧❤♦s

♦❢❡r❡❝❡♠ ❡st✐♠❛t✐✈❛s ❞❡ ❱❙▲ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❞✐✈❡rs❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s tr❛✲

❜❛❧❤❛❞♦r❡s✸✻✳ ❆♣❡s❛r ❞❛ ❛♠♣❧❛ ❧✐t❡r❛t✉r❛ ✐♥t❡r♥❛❝✐♦♥❛❧✱ ♣❛r❛ ♦ ❇r❛s✐❧ ♦s r❡s✉❧t❛❞♦s

q✉❛♥❞♦ ♥ã♦ sã♦ ✈♦❧t❛❞♦s ♣❛r❛ ✉♠❛ ✜♥❛❧✐❞❛❞❡ ❝✐❡♥tí✜❝❛ ❡s♣❡❝í✜❝❛✱ ❡❧❡s sã♦ ❞❡t❛❧❤❛❞♦s

♣❛r❛ ✉♠❛ ❝✐❞❛❞❡ ❡s♣❡❝í✜❝❛✱ ♦ ❝❛s♦ ❞❡ ❙ã♦ P❛✉❧♦ ✕ ❙P ✭❖rt✐③ ❡ ▼❛r❦❛♥❞②❛✱ ✷✵✵✾✮✳

❖s r❡s✉❧t❛❞♦s ❛❧❝❛♥ç❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ❡s♣❡❝✐❛❧✐③❛❞❛ sã♦ ❜❛st❛♥t❡ ❞✐✈❡rs✐✜❝❛❞♦s✳

❏♦❤❛♥❡ss♦♥✱ ❏♦❤❛♥ss♦♥ ❡ ❖✬❈♦♥♥♦t ✭✶✾✾✻✮ ❡st✐♠❛r❛♠ ✉♠ ✈❛❧♦r ❞❛ ✈✐❞❛✱ ❡♠ t♦r♥♦ ❞❡

✼✱✹ ❛ ✽✱✾ ♠✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s✱ ♥❛ ❙✉é❝✐❛✳ ❱✐s❝✉s✐ ❡ ❆❧❞② ✭✷✵✵✷✮✱ ❛ ♣❛rt✐r ❞❛ r❡✈✐sã♦

❞❡ ♦✉tr♦s ❡st✉❞♦s✱ ❛❝r❡❞✐t❛♠ q✉❡ ❡ss❡ ✈❛❧♦r ❡st❡❥❛ ♣ró①✐♠♦ ❞❡ ✻✱✻ ♠✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s✳

❍❛❦❡s ❡ ❱✐s❝✉s✐ ✭✷✵✵✹✮✱ ♥✉♠ ❡st✉❞♦ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❝✐♥t♦s ❞❡ s❡❣✉r❛♥ç❛✱

♦❜t✐✈❡r❛♠ ✉♠❛ ❡st✐♠❛t✐✈❛ ♠❛✐s ❛♠♣❧❛ ♥✉♠ ✐♥t❡r✈❛❧♦ ❡♥tr❡ ✷✱✷ ❡ ✼✱✾ ♠✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s✳

P❛r❛ ❊✉r♦♣❛✱ ❉● ❊♥✈✐r♦♥♠❡♥t ✭✷✵✵✵✮ ❡st✐♠♦✉ ✉♠ ✈❛❧♦r ❞❡ ✈✐❞❛ ❡st❛tíst✐❝❛ ♠é❞✐♦ ❞❡

✶✱✹ ♠✐❧❤õ❡s ❞❡ ❡✉r♦s✳

◆❡st❡ ❡st✉❞♦✱ ❞❡ ❛❝♦r❞♦ ❛♦ ❛r❣✉♠❡♥t❛❞♦✱ ❡st✐♠♦✉✲s❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ❣❛♥❤♦s

s❛❧❛r✐❛✐s ❞♦s tr❛❜❛❧❤❛❞♦r❡s ❡♠ ❢✉♥çã♦ ❞❡ ❢❛t♦r❡s ❞❡ r✐s❝♦s ❞❡ ❢❛t❛❧✐❞❛❞❡✳ ❊ss❛ r❡❧❛çã♦ é

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

sõ❡s ❡①tr❛í❞❛s ♣♦r ❡ss❡s ❡st✉❞♦s ❝❡♥tr❛♠✲s❡ ♥❛ ❝♦♥st❛t❛çã♦ q✉❡✱ ♣❛r❛ ♦ ♠❡s♠♦ ♥í✈❡❧ ❞❡

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

♣❛❣❛r✴r❡❝❡❜❡r ♣♦r s❛❧ár✐♦s ♠❛✐s ❡❧❡✈❛❞♦s ✭❉♦✉❝♦♦✉❧✐❛❣♦s ❡t ❛❧✳✱ ✷✵✶✷✮✳

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

❧❛r✐❛✐s ❞❡ ✉♠ tr❛❜❛❧❤❛❞♦r ❡s♣❡❝í✜❝♦ ❝♦♠ ❝❛r❛❝t❡ríst✐❝❛s ♣❡ss♦❛✐s✱ ❞♦s ♣♦st♦s ❞❡ tr❛❜❛❧❤♦

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

❊ss❛ ♣❡rs♣❡❝t✐✈❛ ❝♦♥❥✉❣❛✲s❡ ❝♦♠ ❛ ❢♦r♠✉❧❛çã♦ ❡❝♦♥♦♠étr✐❝❛ ❞❛ ❛♥á❧✐s❡ ❤❡❞ô♥✐❝❛ ❞♦

♠❡r❝❛❞♦ ❞❡ tr❛❜❛❧❤♦✱ q✉❡✱ ❛ss♦❝✐❛ ♦ ✈❛❧♦r ❡st❛tíst✐❝♦ ❞❛ ✈✐❞❛ ❛♦s s❛❧ár✐♦s ❛✉❢❡r✐❞♦s ♣❡❧♦

❞❡❝✐sõ❡s ❛rr✐s❝❛❞❛s✳ ◆❡❧❡ ❛ ✉t✐❧✐❞❛❞❡ ❞♦s ✐♥❞✐✈í❞✉♦s ❝♦♠ r❡❧❛çã♦ ❛s ❞❡❝✐sõ❡s ❛rr✐s❝❛❞❛s é ❡st✉❞❛❞❛ ❛
♣❛rt✐r ❞❡ ❢✉♥çõ❡s ❞❡ ✉t✐❧✐❞❛❞❡ ❡s♣❡r❛❞❛✱ ♥✉♠ ❝♦♥t❡①t♦ ❡❝♦♥ô♠✐❝♦ tí♣✐❝♦ àq✉❡❧❡s ❞❡ ❧♦t❡r✐❛s✳ ❊ss❛s
♣r♦♣♦s✐çõ❡s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ♥♦ ❛♣ê♥❞✐❝❡ ❊✳

✸✻◆❛ t❛❜❡❧❛ ❍✳✶✱ ❞♦ ❛♣ê♥❞✐❝❡ ❍✱ ❡♥❝♦♥tr❛♠✲s❡ ✉♠ r❡s✉♠♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❡①tr❛í❞❛s ❞❛ ❧✐t❡r❛t✉r❛
q✉❡ tr❛t❛ ❞♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛✳

✸✼❆ ❞❡r✐✈❛çã♦ ❞♦ ♠♦❞❡❧♦ t❡ór✐❝♦ q✉❡ ❡♠❜❛s❛ ❛s ❡st✐♠❛çõ❡s ❞❡ ❱❙▲✱ r❡❝❛❡♠ s♦❜r❡ ✉♠ ♠♦❞❡❧♦ ❞❡
❞❡❝✐sõ❡s ❛rr✐s❝❛❞❛s✳ ◆❡❧❡ ❛ ✉t✐❧✐❞❛❞❡ ❞♦s ✐♥❞✐✈í❞✉♦s ❝♦♠ r❡❧❛çã♦ ❛s ❞❡❝✐sõ❡s ❛rr✐s❝❛❞❛s é ❡st✉❞❛❞❛ ❛
♣❛rt✐r ❞❡ ❢✉♥çõ❡s ❞❡ ✉t✐❧✐❞❛❞❡ ❡s♣❡r❛❞❛✱ ❡♠ ✉♠ ❝♦♥t❡①t♦ ❡❝♦♥ô♠✐❝♦ tí♣✐❝♦ àq✉❡❧❡s ❞❡ ❧♦t❡r✐❛s✳ ❊ss❛s
♣r♦♣♦s✐çõ❡s ♣♦❞❡♠ s❡r ❡❝♥♦♥tr❛❞❛s ♥♦ ❆♣ê♥❞✐❝❡ ❊✳

✽✼



tr❛❜❛❧❤❛❞♦r✳ ❙❡♥❞♦ ❛ss✐♠✱ ♥❡st❡ tr❛❜❛❧❤♦✱ ❡♥t❡♥❞❡✲s❡ ❝♦♠♦ ✈❛❧♦r ❡st❛tíst✐❝♦ ❞❛ ✈✐❞❛ ❛

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

❝❛s♦ ❡①✐st✐ss❡ ❛❧❣✉♠❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ r❡❞✉③✐❞❛✸✽✳ ◆♦ ❝♦♥t❡①t♦ ❞❡ ✉♠❛

❡q✉❛çã♦ ♠✐♥❝❡r✐❛♥❛✱ ❡st✐♠❛✲s❡ ✸✾✿

Si = α + θ1CPi + θ2CTi + γ1pi + γ2qi + γ3qiBCi + γ4piCPi + εi ✭✷✷✮

❊♠ q✉❡✱ Si é ❛ r❡♥❞❛ ❛✉❢❡r✐❞❛ ♣❡❧♦ tr❛❜❛❧❤❛❞♦r i❀ CPi é ✉♠ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s

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

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

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

t✐♣♦ ❞❡ s❡t♦r ❡❝♦♥ô♠✐❝♦ q✉❡ ❛t✉❛✱ ❛❧❣✉♠❛ ♠❡❞✐❞❛ ❞❡ ❡s❢♦rç♦ ❢ís✐❝♦ ❛ss♦❝✐❛❞♦ ❛ ❝❛❞❛

❛t✐✈✐❞❛❞❡ ❞❡s❡♠♣❡♥❤❛❞❛❀ pi é ♦ r✐s❝♦ ❞❡ ❢❛t❛❧✐❞❛❞❡ ❛ss♦❝✐❛❞♦ ❝♦♠ ♦ ❡♠♣r❡❣♦ ❞❡ ❝❛❞❛

tr❛❜❛❧❤❛❞♦r✱ ❝✉❥❛ ♠❡❞✐❞❛ ✐❞❡❛❧ s❡r✐❛ ❛ ♠é❞✐❛ ❞❡ ❢❛t❛❧✐❞❛❞❡s ♥♦s ú❧t✐♠♦s ♠❡s❡s ♥♦s

♣♦st♦s ❞❡ tr❛❜❛❧❤♦❀ qi é ♦ r✐s❝♦ ♥ã♦ ❢❛t❛❧ ❛tr❡❧❛❞♦ ❛ ❛t✐✈✐❞❛❞❡ ❞❡s❡♠♣❡♥❤❛❞❛❀ BCi

sã♦ ♦s ❜❡♥❡❢í❝✐♦s ♦✉ ❝♦♠♣❡♥s❛çõ❡s ❛❝r❡s❝✐❞♦s ❛♦s s❛❧ár✐♦s ❝♦♠ ✐♥t✉✐t♦ ❞❡ ♠✐♥♦r❛r ♦

r✐s❝♦ q✉❡ ♦ tr❛❜❛❧❤❛❞♦r s❡ ❡♥❝♦♥tr❛ ❡①♣♦st♦✱ ❝✉❥♦ ✈❛❧♦r ♣r❡t❡♥❞❡ ♣❛❣❛r ♣❡❧♦s ♣♦ssí✈❡✐s

❛❝✐❞❡♥t❡s ❞❡ tr❛❜❛❧❤♦ s♦❢r✐❞♦s❀ piCPi é ✉♠❛ ✐♥t❡r❛çã♦ ❡♥tr❡ ♦ r✐s❝♦ ❞❡ ❢❛t❛❧✐❞❛❞❡ ❡ ♦

♣❡r✜❧ ❞♦s tr❛❜❛❧❤❛❞♦r❡s❀ α é ✉♠❛ ❝♦♥st❛♥t❡ ♦✉ ✉♠ ❝♦❡✜❝✐❡♥t❡ ❧✐♥❡❛r ❛ s❡r ❡st✐♠❛❞♦❀

❡♥q✉❛♥t♦✱ θ1, θ2, γ1, γ2, γ3, ❡ γ4 sã♦ ♣❛râ♠❡tr♦s ❛ s❡r❡♠ ❡st✐♠❛❞♦s✱ ❡ εi é ✉♠ t❡r♠♦ ❞❡

❡rr♦ ❛❧❡❛tór✐♦✳

P❛r❛ ❛ ❡st✐♠❛çã♦ ❞❛ ❡q✉❛çã♦ ✷✷✱ ❝♦♥❢♦r♠❡ ❛s ✐♥❢♦r♠❛çõ❡s ❛❞✐❝✐♦♥❛❞❛s ♥❛ s❡çã♦

✸✳✷✳✹✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❞❛❞♦s ♣r♦✈❡♥✐❡♥t❡s ❞❛ P◆❆❉ ✭P❡sq✉✐s❛ ◆❛❝✐♦♥❛❧ ❞❡ ❆♠♦str❛✲

✸✽❱✐s❝✉s✐ ❡ ❆❧❞② ✭✷✵✵✷✮ ❡①❡♠♣❧✐✜❝❛♠ ❛ ♠❡❞✐❞❛ ❞❡ ❱❙▲✱ ❝♦♠ ♦ s❡❣✉✐♥t❡ r❛❝✐♦❝í♥✐♦✳ ❙✉♣♦♥❤❛ q✉❡
♥✉♠❛ ♣♦♣✉❧❛çã♦ ❞❡ ❞❡t❡r♠✐♥❛❞♦ t❛♠❛♥❤♦ ❤❛❥❛ ❛ ❝❡rt❡③❛ ❞❡ q✉❡ ✉♠ ✐♥❞✐✈í❞✉♦ ♠♦rr❡rá✱ ❡✱ q✉❡ ❡ss❛
♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♠♦rt❡ s❡❥❛ ✐❞ê♥t✐❝❛ ❡♥tr❡ ❡❧❡s✳ ❉✐❛♥t❡ ❞❡ss❛ ❝❡rt❡③❛✱ ♦s ✐♥❞✐✈í❞✉♦s ❛♣r❡s❡♥t❛♠ ✉♠❛
❞✐s♣♦s✐çã♦ ❛ ♣❛❣❛r✴❛❝❡✐t❛r ♣❛r❛ ❛♥✉❧❛r ❡ss❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♠♦rt❡✳ P♦rt❛♥t♦✱ s❡✱ ♣❛r❛ ❛♥✉❧❛r 1% ❞❡ss❡
r✐s❝♦ ❡❧❡s ❡st✐✈❡r❡♠ ❞✐s♣♦st♦s ❛ ♣❛❣❛r✴r❡❝❡❜❡r ✶✵ ❞ó❧❛r❡s✱ ♣❛r❛ ❡❧✐♠✐♥❛r ❛ ❝❡rt❡③❛ ❞❡ ♠♦rt❡ ✭100% ❞❡
r✐s❝♦✮ ✱ ✉♠❛ ♣♦♣✉❧❛çã♦ ❞❡ ✶✺✳✵✵✵ ✐♥❞✐✈í❞✉♦s ♣❛❣❛rá ✶✺ ♠✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s✱ s❡♥❞♦ ❡st❡ ♣♦rt❛♥t♦ ♦ ✈❛❧♦r
❡st❛tíst✐❝♦ ❞❡ ✉♠❛ ✈✐❞❛

✸✾❆ ❡q✉❛çã♦ ♣r♦♣♦st❛ ♣♦r ❏❛❝♦❜ ▼✐♥❝❡r✱ ❡♠ ✶✾✼✹✱ é ❛ ❢♦r♠✉❧❛çã♦ t❡ór✐❝❛ ♣❛r❛ ❡st✉❞❛r ❛ ❝♦♠♣♦s✐çã♦
❞♦ s❛❧ár✐♦ ❞❡ ✉♠ tr❛❜❛❧❤❛❞♦r✱ ❛ ♣❛rt✐r ❞❡ r❡t♦r♥♦s ❛ ❡❞✉❝❛çã♦✱ ❡①♣❡r✐ê♥❝✐❛ ❡ ❛ ♦✉tr♦s ❛tr✐❜✉t♦s✱ ❝♦♠♦
r✐s❝♦s ❧❛❜♦r❛✐s✳

✽✽



❣❡♠ ❉♦♠✐❝✐❧✐❛r✮✹✵✳ ❖s ❞❛❞♦s ❞❛ P◆❆❉ ♥ã♦ sã♦ ❞✐♠❡♥s✐♦♥❛❞♦s ♣♦r ♠✉♥✐❝í♣✐♦✱ ♠❛s

❝♦❞✐✜❝❛❞♦s ♣♦r ❯♥✐❞❛❞❡s ❞❛ ❋❡❞❡r❛çã♦✳ ❊①❛t❛♠❡♥t❡ ♣♦r ✐ss♦ ❝♦♠♣✉t♦✉✲s❡ ✉♠❛ ♠❡✲

❞✐❞❛ ❞❡ ❱❙▲ ♣❛r❛ ❝❛❞❛ ❡st❛❞♦ ❜r❛s✐❧❡✐r♦✳ ❆❧é♠ ❞✐ss♦✱ ❞✉r❛♥t❡ ❛ ❡st✐♠❛çã♦ ❞♦s ♠♦❞❡❧♦s

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

♦s ❡rr♦s✲♣❛❞rã♦ ❢♦r❛♠ r❡❛♠♦str❛❞♦s ♥❛ t❡♥t❛t✐✈❛ ❞❡ ❝♦♥t♦r♥❛r ♣♦ssí✈❡✐s ♣r♦❜❧❡♠❛s ❞❡

❤❡t❡r♦❝❡❞❛st✐❝✐❞❛❞❡✳

❆ ♣❛rt✐r ❞❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ✸✻✷✳✺✺✹ tr❛❜❛❧❤❛❞♦r❡s ❞✐s♣♦♥✐❜✐❧✐③❛❞♦s ♣❡❧❛ P◆❆❉

✭✷✵✶✸✮✱ ❡st✐♠♦✉✲s❡ ♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛ ✭❱❙▲✮ ♣❛r❛ ♦s ❡st❛❞♦s ❜r❛s✐❧❡✐r♦s✳ ❊ss❛

❛♠♦str❛ ❛❜r❛♥❣❡✉ t♦❞♦s ♦s r❡s♣♦♥❞❡♥t❡s ❞❛ ♣❡sq✉✐s❛ ♥♦ ❛♥♦ ❞❡ ✷✵✶✸✱ ✐♥❝❧✉✐♥❞♦ ♣❡s✲

s♦❛s ❝♦♠ ❛s ♠❛✐s ❞✐✈❡rs❛s ❝❛r❛❝t❡ríst✐❝❛s ❧❛❜♦r❛✐s ❞❡ t♦❞♦s ♦s ❡st❛❞♦s ❜r❛s✐❧❡✐r♦s✳ ◆❡ss❛

❛♠♦str❛✱ ❡♠ t❡r♠♦s ❞❡ ♠❡r❝❛❞♦ ❞❡ tr❛❜❛❧❤♦✱ ❡①✐st❡♠ ✐♥❞✐✈í❞✉♦s ❞❡s❡♠♣r❡❣❛❞♦s✱ ❡♠✲

♣r❡❣❛❞♦r❡s ❡ ❡♠♣r❡❣❛❞♦s✱ ❝♦♠ ♦✉ s❡♠ ❝❛rt❡✐r❛ ❛ss✐♥❛❞❛✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ✉♠❛ sér✐❡ ❞❡

❡st❛tíst✐❝❛s ❞❡s❝r✐t✐✈❛s ❢♦r❛♠ ❡①tr❛í❞❛s ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ❝❛r❛❝t❡r✐③❛r ❡ss❡s tr❛❜❛❧❤❛✲

❞♦r❡s✳ ◆♦ ❛♣ê♥❞✐❝❡ ❋✱ ❡ss❛s ❡st❛tíst✐❝❛s✱ ❞✐s♣♦st❛s ♥❛s ❋✐❣✉r❛s ❋✳✻ ❛ ❋✳✾✱ ❝❛r❛❝t❡r✐③❛♠

♦s tr❛❜❛❧❤❛❞♦r❡s q✉❛♥t♦ ❛♦ s❡✉ ♥í✈❡❧ ❞❡ s✐♥❞✐❝❛❧✐③❛çã♦✱ ❡s❝♦❧❛r✐❞❛❞❡✱ ❝♦r ♦✉ r❛ç❛✱ r❡♥✲

❞✐♠❡♥t♦ ♠é❞✐♦ ❡ ♦ ♥í✈❡❧ ❞❡ ❡①♣♦s✐çã♦ ❛♦ r✐s❝♦ ❧❛❜♦r❛❧✳

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

♥❛s ❚❛❜❡❧❛s ●✳✷✷ ❛ ●✳✷✻✱ ❞♦ ❆♣ê♥❞✐❝❡ ●✳ ❆ ♠❛✐♦r✐❛ ❞♦s r❡❣r❡ss♦r❡s ✐♥❝❧✉í❞♦s ♥❡st❡s

♠♦❞❡❧♦s ❢♦r❛♠ s✐❣♥✐✜❝❛t✐✈♦s ❛ 1% ♣❛r❛ ❡①♣❧✐❝❛r ♦s r❡♥❞✐♠❡♥t♦s ❞♦s tr❛❜❛❧❤❛❞♦r❡s✳ ❖

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

❆❧❞② ❡ ❱✐s❝✉s✐ ✭✷✵✵✷✮✱ ❡❧❡ é ✉♠ ❞♦s ❡❧❡♠❡♥t♦s ♣❛r❛ ♦ ❝ô♠♣✉t♦ ❞♦ ❱❙▲✹✶✳ ❆ ❡st✐♠❛t✐✈❛

❞❡ γ̂1 ♣♦❞❡ s❡r ✐♥t❡r♣r❡t❛❞❛ ❝♦♠♦ ♦ ❡❢❡✐t♦ ♠❛r❣✐♥❛❧ ❞♦s s❛❧ár✐♦s ❛♦ r✐s❝♦✱ ✐st♦ é✱ ❞❛ ót✐❝❛

❞❛ ❞✐s♣♦s✐çã♦ ❛ ♣❛❣❛r✱ ❛s ✈❛r✐❛çõ❡s ♠♦♥❡tár✐❛s ❛ ❛❝rés❝✐♠♦s ♣❡r❝❡♥t✉❛✐s ❞❡ r✐s❝♦✳

❖s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ♣❛r❛ ♦ ❇r❛s✐❧ ❢♦r❛♠ ❞✐❢❡r❡♥❝✐❛❞♦s ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s

❡st❛❞♦s ❜r❛s✐❧❡✐r♦s✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ s❛❧ár✐♦ ♠é❞✐♦ ♥❡❧❡s ❛✉❢❡r✐❞♦ ♣❡❧♦s tr❛❜❛❧❤❛❞♦r❡s✳

✹✵◆♦ ♠♦♠❡♥t♦ ❞❛ ❡st✐♠❛çã♦✱ ♦s ❞❛❞♦s ♠❛✐s r❡❝❡♥t❡s ❞❡ss❛ ♣❡sq✉✐s❛ ❡r❛♠ ❛q✉❡❧❡s ❞❡ ✷✵✶✸✳
✹✶❆ ✈❛r✐á✈❡❧ r✐s❝♦ ❧❛❜♦r❛❧ ❢♦✐ ✐♥t❡r❛❣✐❞❛ ❝♦♠ ❛ ❡s❝♦❧❛r✐❞❛❞❡ ❞♦s tr❛❜❛❧❤❛❞♦r❡s✱ ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡

❛❞q✉✐r✐r ✈❛r✐❛❜✐❧✐❞❛❞❡ ❡♥tr❡ ♦s tr❛❜❛❧❤❛❞♦r❡s✳ ❊s♣❡r❛✲s❡ q✉❡ ❝♦♠ ❡st❡ ♣r♦❝❡❞✐♠❡♥t♦✱ ♦ r✐s❝♦ ❧❛❜♦r❛❧
s❡❥❛ ❞✐❢❡r❡♥❝✐❛❞♦ ❡♥tr❡ ♦s tr❛❜❛❧❤❛❞♦r❡s ♣❡❧♦ ♠❡♥♦s q✉❛♥t♦ ❛♦ ♥í✈❡❧ ❞❡ ❡st✉❞♦s✱ ❛✜♥❛❧✱ ❡s♣❡r❛✲s❡ q✉❡
q✉❛♥t♦ ♠❛✐♦r ❛ ❡s❝♦❧❛r✐❞❛❞❡ ❡ ♠❛✐♦r ♦ r✐s❝♦ ❧❛♦❜r❛❧✱ ♠❛✐♦r s❡rá ♦s r❡♥❞✐♠❡♥t♦s ❞♦s tr❛❜❛❧❤❛❞♦r❡s✳
P♦rt❛♥t♦✱ ❛ ✈❛r✐á✈❡❧ ❞❡ r✐s❝♦ ❧❛❜♦r❛❧ é ❡q✉✐✈❛❧❡♥t❡ ❛♦ ❧♦❣❛rt✐♠♦ ❞♦ ♣r♦❞✉t♦ ❡♥tr❡ ❛ ♠❡❞✐❞❛ ❞❡ r✐s❝♦ ❡
❛ ❡s❝♦❧❛r✐❞❛❞❡ ❞♦ r❡s♣❡❝t✐✈♦ tr❛❜❛❧❤❛❞♦r✳

✽✾



❊ss❡s r❡s✉❧t❛❞♦s ♣♦❞❡♠ s❡r ✈✐s✉❛❧✐③❛❞♦s ♥♦ ❣rá✜❝♦ ❞❛ ❋✐❣✉r❛ ✸✳✸✱ ❛✜♥❛❧ ❡❧❡ ♦r❞❡♥❛ ♦s

❡st❛❞♦s q✉❛♥t♦ ❛ ♠❡❞✐❞❛ ❞❡ ❱❙▲ ❝♦♠♣✉t❛❞❛✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✺✳

◆♦t❛✿ ❚♦❞♦s ♦s ✈❛❧♦r❡s ❡st❛tíst✐❝♦s ❞❛ ✈✐❞❛ ❛♣r❡s❡♥t❛❞♦s ♥♦ ❣rá✜❝♦ ❡stã♦ ❡①♣r❡ss♦s ❡♠ r❡❛✐s✳

❋✐❣✉r❛ ✸✳✸ ✕ ●rá✜❝♦ ❞♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛ ✭❡♠ r❡❛✐s✮ ♣❛r❛ ✉♥✐❞❛❞❡s ❞❛
❢❡❞❡r❛çã♦ ✲ ✷✵✶✸✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥ç❛❞♦s✱ ♦ ♠❛✐♦r ❱❙▲ ❢♦✐ ❡st✐♠❛❞♦ ♣❛r❛ ❙ã♦ P❛✉❧♦✱

❡①❛t❛♠❡♥t❡ ✺✳✽✶✺✳✶✺✸ r❡❛✐s✱ ❡♥q✉❛♥t♦ ♦ ♠❡♥♦r ❢♦✐ ❡♥❝♦♥tr❛❞♦ ♣❛r❛ ♦ ❡st❛❞♦ ❞♦ ❚♦❝❛♥✲

t✐♥s✱ ✸✷✼✳✼✾✶ r❡❛✐s✳ ■st♦ é✱ ♦ ❱❙▲ ❡st✐♠❛❞♦ ♥♦ ♠❡r❝❛❞♦ ❞❡ tr❛❜❛❧❤♦ ❜r❛s✐❧❡✐r♦ ♣❛r❛ ❙ã♦

P❛✉❧♦ é ❝❡r❝❛ ❞❡ ✷✵ ✈❡③❡s ♠❛✐♦r ❞♦ q✉❡ ❛q✉❡❧❡ ❡st✐♠❛❞♦ ♣❛r❛ ♦ ❚♦❝❛♥t✐♥s✳ ◗✉❛♥t♦

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

❝♦♠ ♦ ♥í✈❡❧ ❞❛ ❛t✐✈✐❞❛❞❡ ❡❝♦♥ô♠✐❝❛ ❞❡ ❝❛❞❛ r❡❣✐ã♦ ❜r❛s✐❧❡✐r❛✳ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧ ❡

❉✐str✐t♦ ❋❡❞❡r❛❧ sã♦ ❛q✉❡❧❡s ❡st❛❞♦s ♦♥❞❡ ♦ ❱❙▲ ❡stá ❡st✐♠❛❞♦ ♥❛ ❢❛✐①❛ ❞❡ ✸ ❛ ✹ ♠✐✲

❧❤õ❡s ❞❡ r❡❛✐s✱ ❛♣r♦①✐♠❛❞❛♠❡♥t❡✳ ❊st❛❞♦s ❝♦♠♦ ❛ ❉✐str✐t♦ ❋❡❞❡r❛❧✱ ❙❛♥t❛ ❈❛t❛r✐♥❛✱

▼✐♥❛s ●❡r❛✐s✱ ❘✐♦ ❞❡ ❏❛♥❡✐r♦ ❡ P❛r❛♥á sã♦ ❛q✉❡❧❡s ❡st❛❞♦s q✉❡ ♦ ❱❙▲ ❡stá ❝❡♥tr❛❞♦ ♥❛

❢❛✐①❛ ❞❡ ✷ ❛ ✸ ♠✐❧❤õ❡s ❞❡ r❡❛✐s✳ ❚♦❞♦s ♦s ♦✉tr♦s ❡st❛❞♦s ❛♣r❡s❡♥t❛r❛♠ ♠❡❞✐❞❛s ❞❡ ❱❙▲

✐♥❢❡r✐♦r❡s ❛ ✷ ♠✐❧❤õ❡s✱ ❞❡st❛❝❛♥❞♦ ❛❧❣✉♥s ❡st❛❞♦s ❝♦♠♦ ♦ ❆❝r❡✱ ❘♦r❛✐♠❛✱ ❚♦❝❛♥t✐♥s ❡

❘♦♥❞ô♥✐❛ ♦♥❞❡ ❛ ♠❡❞✐❞❛ ♥ã♦ ❡①tr❛♣♦❧♦✉ ✺✵✵✳✵✵✵ r❡❛✐s✳

P❛r❛ ✜♥s ❞❡ ❝♦♠♣❛r❛❜✐❧✐❞❛❞❡ ❝♦♠ ♦✉tr♦s ❡st✉❞♦s✱ t♦❞♦s ♦s ✈❛❧♦r❡s ❡st❛tíst✐❝♦s ❞❛

✈✐❞❛ ❢♦r❛♠ ❝♦♥✈❡rt✐❞♦s ❡♠ ❞ó❧❛r❡s ❛♠❡r✐❝❛♥♦s✱ ❝♦♥❢♦r♠❡ ❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❞❡ ✷✵✶✸✳

✾✵



❉❡ss❛ ❢♦r♠❛✱ ❢♦✐ ♣♦ssí✈❡❧ ♥♦t❛r q✉❡ ♦ ❱❙▲ ❞❡ ❙ã♦ P❛✉❧♦✱ ♣♦r ❡①❡♠♣❧♦✱ ❢♦✐ ❛♣r♦①✐♠❛❞❛✲

♠❡♥t❡ ✷✱✼ ♠✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s✳ ❊ss❡ ✈❛❧♦r ❛♣r♦①✐♠❛ ❛ ✈✐❞❛ ❞❡ ✉♠ ♣❛✉❧✐st❛ ♣ró①✐♠♦ ❛♦

✈❛❧♦r ❡st✐♠❛❞♦ ♣❛r❛ ◆♦✈❛ ❩❡❧â♥❞✐❛ ❡ ❍♦♥❣ ❑♦♥❣ ✭●✉r✐❛ ❡t ❛❧✳ ✭✶✾✾✾✮❀ ❙✐❡❜❡rt ❡ ❲❡✐

✭✶✾✾✽✮✮✳ ❖s ✈❛❧♦r❡s ❡st❛tíst✐❝♦s ❞❛ ✈✐❞❛ ❞♦ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✱ ❉✐str✐t♦ ❋❡❞❡r❛❧✱ ❙❛♥t❛

❈❛t❛r✐♥❛✱ ▼✐♥❛s ●❡r❛✐s ❡ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ❡♠ t❡r♠♦s ❝♦♠♣❛r❛t✐✈♦s✱ sã♦ ❡q✉✐✈❛❧❡♥t❡s

❛q✉❡❧❡s ❡st✐♠❛❞♦s ♣❛r❛ ❚❛✐✇❛♥ ✭❍s✉❝❤ ❡ ❲❛♥❣✱ ✶✾✽✼✮✳

P♦r ❢❛t♦r❡s ❡❝♦♥ô♠✐❝♦s ❞♦s ♣❛ís❡s✱ ❝♦♠♦ ❛s ❞✐❢❡r❡♥ç❛s ❞❡ s❛❧ár✐♦s ♠é❞✐♦s r❡❝❡❜✐✲

❞♦s ♣❡❧♦s tr❛❜❛❧❤❛❞♦r❡s✱ ♦s ✈❛❧♦r❡s ❡st❛tíst✐❝♦s ❞❛ ✈✐❞❛ ❡♥❝♦♥tr❛❞♦s ♣❛r❛ ♦s ❡st❛❞♦s

❜r❛s✐❧❡✐r♦s ❛✐♥❞❛ ❡stã♦ ♠✉✐t♦ ❛q✉é♠ ❞❛ ♠❛✐♦r✐❛ ❞❛q✉❡❧❡s ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ❡s✲

♣❡❝✐❛❧✐③❛❞❛✳ ◗✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♣❛ís❡s ❞❡s❡♥✈♦❧✈✐❞♦s✱ ❡①❡♠♣❧♦ ❞❡ ❏❛♣ã♦✱ ❊st❛❞♦s

❯♥✐❞♦s ❡ ❘❡✐♥♦ ❯♥✐❞♦✱ ❛té ♠❡s♠♦ ♦ ❱❙▲ ❞❡ ❙ã♦ P❛✉❧♦✱ ♦ ♠❛✐s ❡❧❡✈❛❞♦ ❞♦ ❇r❛s✐❧✱ é

♣♦✉❝♦ ❡①♣r❡ss✐✈♦✳ ❊♠ ♠é❞✐❛✱ ♦ ❱❙▲ ❞❡ ❙ã♦ P❛✉❧♦ é q✉❛tr♦ ✈❡③❡s ♠❡♥♦r ❞♦ q✉❡ ❛q✉❡❧❡s

❡st✐♠❛❞♦s ♣❛r❛ ♦ ❘❡✐♥♦ ❯♥✐❞♦✳ ❖ ú♥✐❝♦ ❡st✉❞♦ ❡♥❝♦♥tr❛❞♦ ❞❡st✐♥❛❞♦ ❛♦ ❝ô♠♣✉t♦ ❞♦

❱❙▲ ❜r❛s✐❧❡✐r♦✱ r❡❛❧✐③❛❞♦ ♣♦r ❖rt✐③✱ ▼❛r❦❛♥❞②❛ ❡ ❍✉♥t ✭✷✵✵✾✮✱ ♠❡s♠♦ ✉t✐❧✐③❛♥❞♦ ♦

♠ét♦❞♦ ❞♦ ✈❛❧♦r ❝♦♥t✐♥❣❡♥❝✐❛❧ ♣❛r❛ ❛ ❝✐❞❛❞❡ ❞❡ ❙ã♦ P❛✉❧♦✱ t❛♠❜é♠ ❛♣r❡s❡♥t❛♠ ❡s✲

t✐♠❛t✐✈❛s ♠✉✐t♦ ❛q✉é♠ ❞❡ss❡s ♣❛ís❡s ❞❡s❡♥✈♦❧✈✐❞♦s✳ ❊♥tr❡t❛♥t♦✱ ✈❛❧❡ r❡ss❛❧t❛r q✉❡ ♦

❱❙▲ ❡♥❝♦♥tr❛❞♦ ♣r❛ ❙ã♦ P❛✉❧♦ é ❜❛st❛♥t❡ ♣ró①✐♠♦ ❞❛q✉❡❧❡ ❡st✐♠❛❞♦ ♣❡❧♦s ❛✉t♦r❡s✱ q✉❡

❢♦✐ ✷✳✵✼✵✳✵✵✵ ❞ó❧❛r❡s✳ ◆ã♦ ♦❜st❛♥t❡✱ é ✈á❧✐❞♦ r❡ss❛❧t❛r q✉❡ ❛ ♣❛rt❡ q✉❛❧q✉❡r ❡st✐♠❛t✐✈❛

❡♥❝♦♥tr❛❞❛✱ ♦s ♠❡s♠♦ ❛✉t♦r❡s ❛❝r❡❞✐t❛♠ q✉❡ ♦ ❱❙▲ ❞❡ ❙ã♦ P❛✉❧♦✱ ❡♠ ✷✵✵✾✱ ❡st❡❥❛

❝❡♥tr❛❞♦ ♥♦ ✐♥t❡r✈❛❧♦ ❞❡ ✵✱✼✼ ❛ ✶✱✸✶ ♠✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s✳

❆✐♥❞❛ s♦❜r❡ ♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ❡s♣❡❝✐❛❧✐③❛❞❛✱ ❡❧❡s sã♦ ❜❛st❛♥t❡

❞✐✈❡rs✐✜❝❛❞♦s✳ ❏♦❤❛♥❡ss♦♥✱ ❏♦❤❛♥❡ss♦♥ ❡ ❖✬❈♦♥♥♦t ✭✶✾✾✻✮ ❡st✐♠❛r❛♠ ✉♠ ✈❛❧♦r ❞❛ ✈✐❞❛

❡♠ t♦r♥♦ ❞❡ ✼✱✹ ❛ ✽✱✾ ♠✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s✱ ♣❛r❛ ❛ ❙✉é❝✐❛✳ ❱✐s❝✉s✐ ❡ ❆❧❞② ✭✷✵✵✷✮✱ ❛ ♣❛rt✐r

❞❛ r❡✈✐sã♦ ❞❡ ♦✉tr♦s ❡st✉❞♦s✱ ❛❝r❡❞✐t❛♠ q✉❡ ❡ss❡ ✈❛❧♦r s❡❥❛ ♣ró①✐♠♦ ❞❡ ✻✱✻ ♠✐❧❤õ❡s ❞❡

❞ó❧❛r❡s✳ ❍❛❦❡s ❡ ❱✐s❝✉s✐ ✭✷✵✵✹✮✱ ❡♠ ✉♠ ❡st✉❞♦ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❝✐♥t♦s ❞❡

s❡❣✉r❛♥ç❛✱ ♦❜t✐✈❡r❛♠ ✉♠❛ ❡st✐♠❛t✐✈❛ ♠❛✐s ❛♠♣❧❛ ♥✉♠ ✐♥t❡r✈❛❧♦ ❡♥tr❡ ✷✱✷ ❡ ✼✱✾ ♠✐❧❤õ❡s

❞❡ ❞ó❧❛r❡s✳ P❛r❛ ❛ ❊✉r♦♣❛✱ ❉● ❊♥✈✐r♦♥♠❡♥t ✭✷✵✵✵✮ ❡st✐♠♦✉ ✉♠ ❱❙▲ ♠é❞✐♦ ❞❡ ✶✱✹

♠✐❧❤õ❡s ❞❡ ❡✉r♦s✳

P❛r❛ ♠❛✐s ❞❡t❛❧❤❡s s♦❜r❡ ♦ ✈❛❧♦r ❡st❛tíst✐❝♦ ❞❛ ✈✐❞❛ ❡st✐♠❛❞♦s ♣❛r❛ t♦❞♦s ♦s ❡st❛❞♦s✱

✾✶



❡①♣r❡ss♦s ❡♠ ❞ó❧❛r❡s ❛♠❡r✐❝❛♥♦s✱ s❡❣✉❡ ♦ ♠❛♣❛ ❞❛ ❋✐❣✉r❛ ✸✳✹✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s r❡♣r❡s❡♥t❛❞♦s ♥♦ ♠❛♣❛ ❢♦r❛♠ ❝♦♠♣✉t❛❞♦s ❡♠ ❞ó❧❛r❡s ❛♠❡r✐❝❛♥♦s ❞❡ ✷✵✶✸✱ ❛♥♦ ❞❛

P◆❆❉ ✉t✐❧✐③❛❞❛✳ ❆ ✈❛♥t❛❣❡♠ ❞❡ ❡①♣r❡ssá✲❧♦s ❡♠ ❞ó❧❛r❡s é ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦✉tr♦s

❡st✉❞♦s ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ❡ss❡s ✈❛❧♦r❡s ♣♦❞❡r✐❛♠ s❡r ❛t✉❛❧✐③❛❞♦s ❝♦♠ ❛

P◆❆❉ ❞✐✈✉❧❣❛❞❛ ♣❛r❛ ✷✵✶✹✱ ♠❛s✱ ❞✉r❛♥t❡ ❛ ❡st✐♠❛çã♦✱ ❛ ♣❡sq✉✐s❛ ❛✐♥❞❛ ♥ã♦ ❤❛✈✐❛ s✐❞♦ ❞✐✈✉❧❣❛❞❛✳

❋✐❣✉r❛ ✸✳✹ ✕ ▼❛♣❛ ❞♦s ❱❛❧♦r❡s ❊st❛tíst✐❝♦s ❞❛ ❱✐❞❛ ♣♦r ❯♥✐❞❛❞❡ ❞❛ ❋❡❞❡r❛çã♦✳

❆ ♣❛rt✐r ❞♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥ç❛❞♦s é ♣♦ssí✈❡❧ t❡❝❡r ❛❧❣✉♠❛s ♦✉tr❛s ❝♦♥s✐❞❡r❛çõ❡s✳

❯♠❛ ❞❡❧❛s r❡❝❛✐ s♦❜r❡ ❛ ✐♠♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❡st✐♠❛r ✉♠ ú♥✐❝♦ ✈❛❧♦r ❡st❛tíst✐❝♦ ❞❛ ✈✐❞❛

♣❛r❛ t♦❞♦ ♦ ❇r❛s✐❧✱ ❝♦♠♦ é ❢❡✐t♦ ♣❛r❛ ✈ár✐♦s ♣❛ís❡s✳ ❆✜♥❛❧✱ ❡ss❛ ♠❡❞✐❞❛ ❛♣r❡s❡♥t❛

✈❛❧♦r❡s ❡st❛t✐st✐❝❛♠❡♥t❡ ❞✐❢❡r❡♥❝✐❛❞♦s ♣❛r❛ ❝❛❞❛ ❡st❛❞♦ ❞♦ ♣❛ís✳ ❙♦❜r❡ ♦s r❡s✉❧t❛❞♦s

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

✾✷



♥♦♠✐❝❛♠❡♥t❡ ❛♣r❡s❡♥t❛♠ ❱❙▲ ✐♥❢❡r✐♦r❡s✳ ❆✐♥❞❛✱ ❡♠ ❝♦♥❢♦r♠✐❞❛❞❡ ❝♦♠ ❛s ❡st✐♠❛t✐✈❛s

❞❡ ❖rt✐③✱ ▼❛r❦❛♥❞②❛ ❡ ❍✉♥t ✭✷✵✵✾✮✱ ♥♦ q✉❡ t❛♥❣❡ ♣♦❧ít✐❝❛s s❛❧❛r✐❛✐s✱ t♦r♥❛✲s❡ ❡✈✐❞❡♥t❡

❛ ❞✐s♣❛r✐❞❛❞❡ ❞❡ r❡♥❞❛ q✉❡ ❡①✐st❡ ♥♦ ❇r❛s✐❧✱ ♦ q✉❡✱ ❞❡ ❢❛t♦✱ ❡①♣❧✐❝❛ ❛s ❞✐st✐♥t❛s ❞✐s♣♦✲

s✐çõ❡s ❛ ♣❛❣❛r ❞♦s tr❛❜❛❧❤❛❞♦r❡s ❜r❛s✐❧❡✐r♦s ❛♦ s❡ ❡①♣♦r❡♠ ❛♦s r✐s❝♦s ♥♦ ♠❡r❝❛❞♦ ❞❡

tr❛❜❛❧❤♦✳

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

❛♠❜✐❡♥t❛✐s✱ ❞❡ s❛ú❞❡ ♦✉ s♦❝✐❛✐s ♣♦❞❡♠ ❞❡s❢r✉t❛r ❞❡ ✉♠❛ ♠❡❞✐❞❛ ❝❛♣❛③ ❞❡ ❝♦♠♣r❡❡♥✲

❞❡r ❛s ♣❡r❞❛s ❡❝♦♥ô♠✐❝❛s ❛tr❡❧❛❞❛s à ✈✐❞❛ ❤✉♠❛♥❛✳ ◆❡ss❡ s❡♥t✐❞♦✱ q✉❛✐sq✉❡r ❡st✉❞♦s

✈♦❧t❛❞♦s ❛ ❝♦♠♣r❡❡♥sã♦ ❞❛ ♠♦rt❛❧✐❞❛❞❡ ♥♦ ❇r❛s✐❧ ❣❛♥❤❛♠ r❡❢♦rç♦✱ ❛✜♥❛❧ t♦r♥❛✲s❡ ❡✈✐✲

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

❛❝✐❞❡♥t❡s ❧❛❜♦r❛✐s✱ ❞❡♥tr❡ ♦✉tr❛s r❛③õ❡s✳

✾✸



❇ ✲ ❉✐s♣♦s✐çã♦ ❛ ♣❛❣❛r ♣❛r❛ ❡✈✐t❛r ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r

◆❡st❛ s❡çã♦ ❢♦r❛♠ r❡❧❛❝✐♦♥❛❞♦s ♦s r❡s✉❧t❛❞♦s ❡st✐♠❛❞♦s ❞♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞❛s ♦♥❞❛s

❞❡ ❝❛❧♦r s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❡ ♦ ✈❛❧♦r ❡st❛tíst✐❝♦ ❞❛ ✈✐❞❛✳ ❆ ♠❡❞✐❞❛ r❡❞✉♥✲

❞❛♥t❡ ❞♦ ♣r♦❞✉t♦ ❞❡ss❛s ❡st✐♠❛t✐✈❛s é ❛ ❞✐s♣♦s✐çã♦ ❛ ♣❛❣❛r✴❛❝❡✐t❛r ♣❛r❛ ❝♦♥t♦r♥❛r ♦s

❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ✭❉❡s❝❤ê♥❡s ❡ ●r❡❡♥st♦♥❡✱ ✷✵✶✸✮✳ ❖s ❝á❧❝✉❧♦s ❢♦r❛♠ ❢❡✐t♦s

♣❛r❛ ❛s ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✴♣❛r❛s✐tár✐❛s✱ r❡s♣✐r❛tór✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✳ ❆❧é♠

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

✸✳✹ ❡ ✸✳✺✳

❚❛❜❡❧❛ ✸✳✹ ✕ ❉✐s♣♦s✐çã♦ ❛ ♣❛❣❛r ♣❛r❛ ❝♦♥t♦r♥❛r ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦s

❡st❛❞♦s ❜r❛s✐❧❡✐r♦s✱ ❡♠ r❡❛✐s✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❡①♣♦st♦s ♥❛ ❚❛❜❡❧❛ ✸✳✹✱ ❡♠ ♠é❞✐❛✱ ❛ ❞✐s♣♦s✐çã♦ ❛

♣❛❣❛r✴❛❝❡✐t❛r ♣♦r ❤❛❜✐t❛♥t❡ ♣❛r❛ ❝♦♥t♦r♥❛r ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ♦ ❜❡♠✲

❡st❛r r❡❧❛❝✐♦♥❛❞♦ ❛ s❛ú❞❡ é ❞❡ ✹✾✱✽ ❡ ✷✱✷✺ r❡❛✐s ♣♦r ❤❛❜✐t❛♥t❡✱ ♣♦r ó❜✐t♦s ❝❛✉s❛❞♦s

♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✴♣❛r❛s✐tár✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❈♦♠

r❡❧❛çã♦ ❛♦s ó❜✐t♦s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✱ ❞❡✐①❛✲s❡ ❞❡ ❣❛st❛r✱ ❡♠ ♠é❞✐❛✱

✾✹



✶✶✱✸ r❡❛✐s ♣♦r ❤❛❜✐t❛♥t❡✱ ❡♠ ♠é❞✐❛✳

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

s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❡♠ ❝❛❞❛ ❡st❛❞♦ ❜r❛s✐❧❡✐r♦✳ P♦r ❡①❡♠♣❧♦✱ ♦ ❝✉st♦ ♣❛r❛

❝♦♥t♦r♥❛r ♦s ❡❢❡✐t♦s ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r s♦❜r❡ ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ sã♦

♣r❛t✐❝❛♠❡♥t❡ ♥✉❧♦s ♥♦s ♠✉♥✐❝í♣✐♦s ❞♦ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✱ ♥ã♦ ✉❧tr❛♣❛ss❛♠ ✹✵ ❝❡♥t❛✈♦s

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

s♦❜r❡ ♦s ó❜✐t♦s ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s ♥♦s ❡st❛❞♦s ❞♦ ❉✐str✐t♦ ❋❡❞❡r❛❧ ❡

▼❛t♦ ●r♦ss♦ ✉❧tr❛♣❛ss❛♠ ✶✵✵ r❡❛✐s ♣♦r ❤❛❜✐t❛♥t❡✳

❈♦♥s✐❞❡r❛♥❞♦ ❛ r❡♥❞❛ ♠é❞✐❛ ♠❡♥s❛❧ ❞♦s ❜r❛s✐❧❡✐r♦s ❡q✉✐✈❛❧❡♥t❡ ❛ ✶✳✶✺✷ r❡✐❛s ✭P◆❆❉✱

✷✵✶✸✮✱ ♦s ❝✉st♦s ♠é❞✐♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐✲

♦s❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ r❡♣r❡s❡♥t❛♠ ❝❡r❝❛ ❞❡ ✹✱✷% ❞❡ss❡ r❡♥❞✐♠❡♥t♦✱ ❝❛s♦ ♦

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

❛ss✉♠✐❞♦s ❝♦♠ ❡①❝❧✉s✐✈✐❞❛❞❡ ♣❡❧♦ ❣♦✈❡r♥♦✱ ❡❧❡s r❡♣r❡s❡♥t❛r✐❛♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 7, 5%

❞♦ t♦t❛❧ ❞❡ r❡❝❡✐t❛s ❞♦ ●♦✈❡r♥♦ ❋❡❞❡r❛❧ ✹✷✳

❆❧é♠ ❞❛ ✐♥❝✐❞ê♥❝✐❛ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❢♦✐ ✈❛❧♦r❛❞♦ ❛ ❞✉r❛çã♦ ♠é❞✐❛ ❞❛s ♦♥❞❛s

❞❡ ❝❛❧♦r✳ ❊ss❛ ♠❡❞✐❞❛ r❡✈❡❧❛ ❛ ❞✐s♣♦s✐çã♦ ❛ ♣❛❣❛r✴❛❝❡✐t❛r ♠é❞✐❛ ❞♦s ❜r❛s✐❧❡✐r♦s ♣❛r❛

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

❞♦s ❡①♣♦st♦s ♥❛ ❚❛❜❡❧❛ ✸✳✺✱ ♥♦ ❝❛s♦ ❞❡ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✴♣❛r❛s✐tár✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦

❝✐r❝✉❧❛tór✐♦✱ ✶✷ r❡❛✐s ❡ ✸✵ ❝❡♥t❛✈♦s s❡r✐❛♠ ❛s ♠é❞✐❛s ❞❡ ❞✐s♣♦s✐çã♦ ❛ ♣❛❣❛r✴❛❝❡✐t❛r ♣❡✲

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

♠é❞✐❛✱ ❛ ♠❡s♠❛ ♠❡❞✐❞❛ ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ♣♦✉♣❛r✐❛♠ ❣❛st♦s ✐♥❞✐✈✐❞✉❛✐s ❞❡ ✼✵

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

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

❞✐❛ ❞❡ ♦♥❞❛ ❞❡ ❝❛❧♦r ❡stá ❡♥tr❡ ✷✼ ❡ ✷✺ r❡❛✐s ♥♦s ❡st❛❞♦s ❞♦ ❉✐str✐t♦ ❋❡❞❡r❛❧ ❡ ▼❛t♦

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

❡♥❝♦♥tr❛❞♦s ♥❛ ❚❛❜❡❧❛ ✸✳✺✳

✹✷❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ P♦rt❛❧ ❞❛ ❚r❛♥s♣❛rê♥❝✐❛ ❞♦ ●♦✈❡r♥♦ ❋❡❞❡r❛❧ ❇r❛s✐❧❡✐r♦✱ ❡st✐♠❛✲s❡ q✉❡ ♦ t♦t❛❧ ❞❡
r❡❝❡✐t❛s ❞♦ ●♦✈❡r♥♦ ❇r❛s✐❧❡✐r♦ s❡❥❛ ✸✱✹ tr✐❧❤õ❡s ❞❡ r❡❛✐s✳

✾✺



❚❛❜❡❧❛ ✸✳✺ ✕ ❉✐s♣♦s✐çã♦ ❛ ♣❛❣❛r ♣❛r❛ ❝♦♥t♦r♥❛r ♦s ❡❢❡✐t♦s ❞❡ ✉♠ ❞✐❛ ❛❞✐❝✐♦♥❛❧ ♥❛

❞✉r❛çã♦ ♠é❞✐❛ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♣❛r❛ ♦s ❡st❛❞♦s ❜r❛s✐❧❡✐r♦s ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✽✲✷✵✶✺✱

❡♠ r❡❛✐s✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ P❡sq✉✐s❛✱ ✷✵✶✻✳

❱❛❧❡ r❡ss❛❧t❛r q✉❡✱ ❡♠❜♦r❛ ❡ss❛s ♠❡❞✐❞❛s s❡❥❛♠ s✐♥❛❧✐③❛❞♦r❛s ❞♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s

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

❆✜♥❛❧✱ ❡❧❛s ♥ã♦ ❝♦♥s✐❞❡r❛♠ ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ❛❞❛♣t❛çã♦ ❞♦s ✐♥❞✐✈í❞✉♦s ❝♦♠ r❡❧❛çã♦

✾✻



❛♦ ❝❛❧♦r ❡①tr❡♠♦✳ ■st♦ é✱ ♦ ✐❞❡❛❧ s❡r✐❛♠ ❡st✐♠❛t✐✈❛s q✉❡ ❝♦♥s✐❞❡r❛ss❡♠ ❛♦ ❧♦♥❣♦ ❞♦

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

s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡✱ ♣♦✐s ❡ss❛s ♠❡❞✐❞❛s ♣♦❞❡r✐❛♠ r❡❞✉③✐r ♦s ❝✉st♦s ♣❛r❛

❝♦♥t♦r♥❛r ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✳ ❖ ❡st✉❞♦ ❞❡ ❙♦✉③❛ ✭✷✵✶✸✮ r❡❛❧✐③❛❞♦ ♣❛r❛ ♦

❇r❛s✐❧ ❛♣♦♥t❛ q✉❡✱ ❡♠ ♠❡s❡s ❝♦♠ t❡♠♣❡r❛t✉r❛s ♠é❞✐❛s s✉♣❡r✐♦r❡s ❛ ✷✼♦ ❈✱ ♦ ❝♦♥s✉♠♦

♠é❞✐♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ ❛✉♠❡♥t❛ 1, 5% ♥♦s s❡t♦r❡s r❡s✐❞❡♥❝✐❛✐s✳

✸✳✹ ❈♦♥❝❧✉sã♦

❖ ♦❜❥❡t✐✈♦ ❝❡♥tr❛❧ ❞❡st❡ ❝❛♣ít✉❧♦ ❢♦✐ ❛♥❛❧✐s❛r ♦s ✐♠♣❛❝t♦s ❞❡ ❢❡♥ô♠❡♥♦s ❝❧✐♠át✐❝♦s ❡①✲

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

s❛ú❞❡ ♥♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✱ ❛♦ ❧♦♥❣♦ ❞♦s ❛♥♦s ❞❡ ✶✾✾✽ ❛ ✷✵✶✺✳ ❊♠ ❡s♣❡❝í✜❝♦✱ ♦s

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

❝✐❛ ❡ ❛♠♣❧✐t✉❞❡ s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✱ ♣❛r❛s✐tár✐❛s✱

r❡s♣✐r❛tór✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✳

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

❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❡①❡r❝❡♠ ✐♠♣❛❝t♦s s✐❣♥✐✜❝❛t✐✈♦s ❡ ❜❛st❛♥t❡ ❤❡t❡r♦❣ê♥❡♦s s♦❜r❡ ❛s

t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♥♦ ❇r❛s✐❧✳ ❊st❡ ❡❢❡✐t♦ é ❛✐♥❞❛ ♠❛✐s ✐♥t❡♥s♦ ❡♠ ❛❧❣✉♥s ❣r✉♣♦s

❞❡♠♦❣rá✜❝♦s ♠❛✐s ✈✉❧♥❡rá✈❡✐s✱ ❝♦♠♦ ❝r✐❛♥ç❛s ❡ ✐❞♦s♦s✳ ❖s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s

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

❝❧✐♠át✐❝❛s s♦❜r❡ ❛ s❛ú❞❡ ❤✉♠❛♥❛✳ ❊♠❜♦r❛ ❡✈✐❞ê♥❝✐❛s t❡♥❤❛♠ ❞❡♠♦♥str❛❞♦ q✉❡✱ ♥♦

❇r❛s✐❧✱ ♦s ❡❢❡✐t♦s ❞❛s t❡♠♣❡r❛t✉r❛s ♠é❞✐❛s tê♠ s✐❞♦ ♠❛✐s ❛❞✈❡rs♦s s♦❜r❡ ❝r✐❛♥ç❛s✱ ♥❡st❡

tr❛❜❛❧❤♦ ♦ ❣r✉♣♦ ❞❡♠♦❣rá✜❝♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❛✐♦r ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ❛ ❝❤♦q✉❡s ❡①tr❡♠♦s

❞❡ ❝❛❧♦r ❢♦r❛♠ ♦s ✐❞♦s♦s✱ ♦✉ s❡❥❛✱ ♣❡ss♦❛s ❝♦♠ ✐❞❛❞❡ s✉♣❡r✐♦r ❛ ✻✵ ❛♥♦s✳ ❊ss❡ t✐♣♦ ❞❡

r❡s✉❧t❛❞♦ é ❜❛st❛♥t❡ ❝♦♠✉♠ ❡♠ ❡st✉❞♦s ♣❛r❛ ❊✉r♦♣❛ ❡ ❊st❛❞♦s ❯♥✐❞♦s✳

❆s ♣♦❧ít✐❝❛s ♣ú❜❧✐❝❛s✱ s❡❥❛♠ ❡❧❛s ❝❛♠♣❛♥❤❛s ♣r❡✈❡♥t✐✈❛s ♦✉ ❞❡ ❞✐r❡❝✐♦♥❛♠❡♥t♦ ❞❡

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

❣✐ã♦ ❈❡♥tr♦✲♦❡st❡✳ ❖s ♠✉♥✐❝í♣✐♦s ❞♦s ❡st❛❞♦s ❞❡ ●♦✐ás✱ ▼❛t♦ ●r♦ss♦✱ ❉✐str✐t♦ ❋❡❞❡r❛❧

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

♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✴♣❛r❛s✐tár✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✳

❆✐♥❞❛✱ ♥♦ t♦❝❛♥t❡ ❛s ♣♦❧ít✐❝❛s ♣ú❜❧✐❝❛s✱ ❡st✐♠❛✲s❡ q✉❡ ♦s ❝✉st♦s ♠é❞✐♦s ♣❛r❛ ❝♦♥✲

t♦r♥❛r ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ é ❛♣r♦①✐♠❛❞❛♠❡♥t❡

✺✵ r❡❛✐s ❡ ✷✱✷✺ ❝❡♥t❛✈♦s ♣♦r ❤❛❜✐t❛♥t❡✱ ♣❛r❛ ❛s ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✴♣❛r❛s✐tár✐❛s ❡ ❞♦

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

❞✐❛ ❞❡ ♦♥❞❛ ❞❡ ❝❛❧♦r é ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✷ r❡❛✐s ❡ ✷✵ ❝❡♥t❛✈♦s ♣❛r❛ ❛s r❡s♣❡❝t✐✈❛s

❞♦❡♥ç❛s✳

❆♦ ❝♦♥trár✐♦ ❞❡ss❡s r❡s✉❧t❛❞♦s✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s

❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦ sã♦ ✐♥✢✉❡♥❝✐❛❞❛s ♥❡❣❛t✐✈❛♠❡♥t❡ ♣❡❧❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✳ ◆♦

t♦❝❛♥t❡ ❛ ✈❛❧♦r❛çã♦✱ ❝♦♥st❛t♦✉✲s❡ q✉❡ ♣♦❧ít✐❝❛s ♣ú❜❧✐❝❛s ♣♦✉♣❛r✐❛♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡

✽ r❡❛✐s ♣♦r ❤❛❜✐t❛♥t❡✳ ❆s r❡❞✉çõ❡s ♥❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s

é ❛✐♥❞❛ ♠❛✐♦r ♥♦s ♠✉♥✐❝í♣✐♦s ❞❡ ❝❧✐♠❛ s✉❜tr♦♣✐❝❛❧✱ ♦✉✱ ♥❛q✉❡❧❡s ♠✉♥✐❝í♣✐♦s ❞♦s ❡st❛❞♦s

❞❛ r❡❣✐ã♦ ❙✉❧✱ ❡♠ ❡s♣❡❝✐❛❧✱ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧ ❡ P❛r❛♥á✳

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

①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡✱ t❛❧✈❡③ ♣♦r ❞♦❡♥ç❛s ❡s♣❡❝í✜❝❛s✱ ❥á q✉❡ s❡ é ❝♦♥❤❡❝✐❞♦ q✉❡ ♦ ❣r✉♣♦

❞❡ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s é ❛q✉❡❧❡ ♠❛✐s s❡♥sí✈❡❧ ❛ ❝❤♦q✉❡s ❡①tr❡♠♦s ❞❡ ❝❛✲

❧♦r✳ ❆❞✐❝✐♦♥❛❧♠❡♥t❡✱ s✉❣❡r❡✲s❡ q✉❡ t❡st❡s ❡♠♣ír✐❝♦s s❡❥❛♠ ❡♠♣r❡❣❛❞♦s ♣❛r❛ ✈❡r✐✜❝❛r

♦s ❡❢❡✐t♦s ❛♥t❡❝✐♣❛çã♦ ✭❤❛r✈❡st✐♥❣ ❡❢❡❝t✮ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛✲

❧✐❞❛❞❡✳ ❘❡❝♦♠❡♥❞❛✲s❡ t❛♠❜é♠ ✉♠ ❡st✉❞♦ ❝♦♠♣❧❡♠❡♥t❛r s♦❜r❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s

❜r❛s✐❧❡✐r♦s ♥♦ s❡♥t✐❞♦ ❞❡ ❝♦♥t♦r♥❛r ♦✉ ♠✐t✐❣❛r ♦s ❡❢❡✐t♦s ❞♦ ❝❛❧♦r ❡①tr❡♠♦✳
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❆▲❱❊❙✱ ❉✳✱ ❇❊▲▲❯❩❖✱ ❲✳ ■♥❢❛♥t ▼♦rt❛❧✐t② ❛♥❞ ❈❤✐❧❞ ❤❡❛❧t❤ ✐♥ ❇r❛③✐❧✳ ❊❝♦♥♦♠✐❝s
❛♥❞ ❍✉♠❛♥ ❇✐♦❧♦❣②✱ ✷✱ ♣✳ ✸✾✶✲✹✶✵✱ ✷✵✵✹✳

❆◆❉❖✱ ▼✳ ❙✳✱ ❨❆▼❆▼❆❚❖✱ ❙✳✱ ❆❙❆◆❯▼❆✱ ❙✳ ●❧♦❜❛❧ ❲❛r♠✐♥❣ ❛♥❞ ❤❡❛tstr♦❦❡✳
❏❛♣❛♥❡s❡ ❏♦✉r♥❛❧ ♦❢ ❇✐♦♠❡t❡♦r♦❧♦❣②✱ ✈✳ ✹✶✱ ♥✳ ✶✱ ♣✳ ✹✺✲✹✾✱ ✷✵✵✹✳

❆❙❍❊◆❋❊▲❚❊❘✱ ❖✳ ▼❡❛s✉r✐♥❣ t❤❡ ❱❛❧✉❡ ♦❢ ❙t❛t✐st✐❝❛❧ ▲✐❢❡✿ Pr♦❜❧❡♠s ❛♥❞ Pr♦s✲
♣❡❝ts✳ ❲♦r❦✐♥❣ P❛♣❡r ◆✳ ✶✶✾✶✻✱ Pr✐♥❝❡t♦♥ ❯♥✐✈❡rs✐t②✱ ✷✵✵✻✳

❇❆❘❆❚❆✱ ▼✳ ▼❀ ❈❖◆❋❆▲❖◆■❊❘■✱ ❯✳ ❈✳ ▼❛♣❛ ❞❛ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ❞❛ ♣♦♣✉❧❛çã♦
❞♦ ❡st❛❞♦ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦ ❛♦s ✐♠♣❛❝t♦s ❞❛s ♠✉❞❛♥ç❛s ❝❧✐♠át✐❝❛s ♥❛s ár❡❛s s♦❝✐❛❧✱
s❛ú❞❡ ❡ ❛♠❜✐❡♥t❡✳ ❋■❖❈❘❯❩✱ ❇❡❧♦ ❍♦r✐③♦♥t❡✱ ✷✵✶✶✳

❇❆❨❖❚✱ ❇✳✱ ❙✳ ❙❖◆◆❊◆❍❖▲❩◆❊❘✱ ❳✳ ❖❈❍❖❆✱ ❏✳ ●❯❊❘❘❊❘❘❖✱ ❚✳ ❱❊❘❆✱
❏✳ ❈❆▲❉❊❘Ó◆✱ ■✳ ❞❡ ❇▲❆❙✱ ▼✳ ❞❡❧ P✐❧❛r ❈❖❘◆❊❏❖✲●❘❯◆❆❯❊❘✱ ❙✳ ❙❚❊❘◆✱ ❡ ❋✳
❖▲▲❊❱■❊❘ ✳ ❆♥ ❖♥❧✐♥❡ ❖♣❡r❛t✐♦♥❛❧ ❆❧❡rt ❙②st❡♠ ❢♦r t❤❡ ❊❛r❧② ❉❡t❡❝t✐♦♥ ♦❢ ❙❤r✐♠♣
❊♣✐❞❡♠✐❝s ❛t t❤❡ ❘❡❣✐♦♥❛❧ ▲❡✈❡❧ ❇❛s❡❞ ♦♥ ❘❡❛❧✲t✐♠❡ Pr♦❞✉❝t✐♦♥✳ ❆q✉❛❝✉❧t✉r❡✳ ❱✳ ✸✱
♥✳ ✷✼✼✱ ♣❣✳ ✶✻✹✲✶✼✸✱ ✷✵✵✽✳

❇❘❆❙■▲✱ ▼✐♥✐stér✐♦ ❞❛ ❙❛ú❞❡ ✕ ▼❙✳ P❧❛♥♦ ❙❡t♦r✐❛❧ ❞❛ ❙❛ú❞❡ ♣❛r❛ ▼✐t✐❣❛çã♦ ❡
❆❞❛♣t❛çã♦ à ▼✉❞❛♥ç❛ ❞♦ ❈❧✐♠❛✳ ❇r❛sí❧✐❛ ✕ ❉❋✱ ❥✉♥❤♦ ❞❡ ✷✵✶✸✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿
❤tt♣✿✴✴✇✇✇✳♠♠❛✳❣♦✈✳❜r ✴✐♠❛❣❡s✴❛rq✉✐✈♦✴✽✵✵✼✻✴❙❛✉❞❡✳♣❞❢ ❆❝❡ss♦ ❡♠✿ ❥✉♥✳ ✷✵✶✺✳

❇❘❆❙■▲✱ ▼✐♥✐stér✐♦ ❞❛ ❙❛ú❞❡ ✕ ▼❙✳ ▼✉❞❛♥ç❛s ❝❧✐♠át✐❝❛s ❡ ❛♠❜✐❡♥t❛✐s ❡ s❡✉s ❡❢❡✐✲
t♦s ♥❛ s❛ú❞❡✿ ❝❡♥ár✐♦s ❡ ✐♥❝❡rt❡③❛s ♣❛r❛ ♦ ❇r❛s✐❧✳ ❇r❛sí❧✐❛ ✕ ❉❋✱ ❖r❣❛♥✐③❛çã♦ P❛♥✲
❆♠❡r✐❝❛♥❛ ❞❛ ❙❛ú❞❡✱ ✷✵✵✽✳

❇❆❘❈❊▲▲❖❙✱ ❈✳ ❡t ❛❧✳ ▼✉❞❛♥ç❛s ❝❧✐♠át✐❝❛s ❡ ❛♠❜✐❡♥t❛✐s✿ ❝❡♥ár✐♦s ❡ ✐♥❝❡rt❡③❛s✳
❊♣✐❞❡♠✐♦❧♦❣✐❛ ❡ ❙❡r✈✐ç♦s ❞❡ ❙❛ú❞❡✳ ❱✳ ✶✽✱ ♥✳ ✸✱ ♣✳ ✷✽✺✲✸✵✹✱ ✷✵✵✾✳

❈❍❖■✱ ●✳ ❨✳✱ ❈❍❖■✱ ❏✳ ◆✳✱ ❑◆❖❲✱ ❍✳ ❏✳ ❚❤❡ ✐♠♣❛❝t ♦❢ ❤✐❣❤ ❛♣♣❛r❡♥t t❡♠♣❡r❛t✉r❡
♦♥ t❤❡ ✐♥❝r❡❛s❡ ♦❢ s✉♠♠❡rt✐♠❡ ❞✐s❡❛s❡✲r❡❧❛t❡❞ ♠♦rt❛❧✐t② ✐♥ ❙❡♦✉❧✿ ✶✾✾✶✲✷✵✵✵✳ ❏♦✉r♥❛❧
Pr❡✈❡♥t✐✈❡ ▼❡❞✐❝✐♥❡ ❍❡❛❧t❤✱ ❡❞✳ ✸✽✱ ♣✳ ✸✷✽✲✷✾✵✱ ✷✵✵✺✳
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❢♦ ▲❛✇✱ ❊❝♦♥♦♠✐❝s ❛♥❞ ❇✉s✐♥❡ss ❉✐s❝✉ss✐♦♥ P❛♣❡r ❙❡r✐❡s✳ P❛♣❡r ✸✾✷✱ ✷✵✵✷✳ ❉✐s♣♦♥í✈❡❧
❡♠✿ http : //lsr.nellco.org//harvardolin/392Acessoem : jan.2015.

❱■❱❊■❘❖❙✱ ❏✳ ❆✳ ●✳ ❆ ■♥✢✉ê♥❝✐❛ ❞❛s ❆❧t❡r❛çõ❡s ❈❧✐♠át✐❝❛s ♥❛s P❛t♦❧♦❣✐❛s ❘❡s♣✐r❛✲
tór✐❛s✳ ❚r❛❜❛❧❤♦ ❛♣r❡s❡♥t❛❞♦ ❛♦ Pr♦❣r❛♠❛ ❞❡ ▼❡str❛❞♦ ❡♠ ▼❡❞✐❝✐♥❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡
❞❡ ❈♦✐♠❜r❛✱ ✷✵✶✹✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿ https : //estudogeral.sib.uc.pt ❆❝❡ss♦ ❡♠✿ ❞❡③✳
✷✵✶✻✳

❲❇❈❙❉ ✕ ❲♦r❧❞ ❇✉s✐♥❡ss ❈♦✉♥❝✐❧ ❢♦r ❙✉st❛✐♥❛❜❧❡ ❉❡✈❡❧♦♣♠❡♥t✳ ❲❛t❡r✱ ❊♥❡r❣②
❛♥❞ ❈❧✐♠❛t❡ ❈❤❛♥❣❡✱ ❛ ❝♦♥tr✐❜✉t✐♦♥ ❢♦r♠ t❤❡ ❜✉s✐♥❡ss ❝♦♠♠✉♥✐t②✳ ❚✉rq✉✐❛✱ ✷✵✵✾✳

✶✵✸
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❉❡s❝r✐çõ❡s ❊♣✐❞❡♠✐♦❧ó❣✐❝❛s

❚❛❜❡❧❛ ❈✳✶ ✕ ❆❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s ❣r✉♣♦s ❞❡ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tá✲
r✐❛s✱ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ❡ ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✳

❋♦♥t❡✿ ❈■❉✱ ✷✵✶✵✳ ❚❛❜❡❧❛ ❝♦♥❢❡❝❝✐♦♥❛❞❛ ♣❡❧♦ ❛✉t♦r✳

◆♦t❛✿ ❆s ❞♦❡♥ç❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s ❢♦r❛♠ ❛❣r✉♣❛❞❛s ♥♦ ❣r✉♣♦ ❈■❉✲✵✾✱ q✉❡ é ✐♥t✐t✉❧❛❞♦ ♣♦r ❉♦✲

❡♥ç❛s ❞♦ ❆♣❛r❡❧❤♦ ❈✐r❝✉❧❛tór✐♦✳ ❆s ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ❢♦r❛♠ ❛❣r✉♣❛❞❛s ♥♦ ❝❛♣ít✉❧♦ ❈■❉✲✶✵✱ ❞❡♥♦✲

♠✐♥❛❞♦ ♣♦r ❉♦❡♥ç❛s ❞♦ ❆♣❛r❡❧❤♦ ❘❡s♣✐r❛tór✐♦✳ ❆s ❞♦❡♥ç❛s tr❛♥s♠✐ssí✈❡✐s ♣♦r ✈❡t♦r❡s✱ ♣❡❧❛ á❣✉❛ ❡ ❛s

❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s ❢♦r❛♠ ❛❣r✉♣❛❞❛s ♥♦ ❝❛♣ít✉❧♦ ❈■❉✲✶✳

❚❛❜❡❧❛ ❈✳✷ ✕ ❈r✐tér✐♦s ♣❛r❛ ❞❡✜♥✐çã♦ ❞♦s ❣r✉♣♦s ❞❡ ❞♦❡♥ç❛s✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

❈♦♠ ❜❛s❡ ♥♦s ❝r✐tér✐♦s ❡st❛❜❡❧❡❝✐❞♦s ♥❛ ❚❛❜❡❧❛ ❈✳✷✱ ❛s ❞♦❡♥ç❛s ❡st✉❞❛❞❛s ❢♦r❛♠ ❛❣r✉♣❛❞❛s ❡♠✿

❝❛r❞✐♦✈❛s❝✉❧❛r❡s ❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ✭❈■❉✲✾✮❀ r❡s♣✐r❛tór✐❛s ✭❈■❉✲✶✵✮❀ ❡ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡

♣❛r❛s✐tár✐❛s ✭❈■❉✲✶✮✳ ◆♦ ❝❛♣ít✉❧♦ ✶ ❞❛ ❈■❉✱ ❞❡♥tr♦ ❞❡ss❡ ❣r✉♣♦ ❞❡ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✴♣❛r❛s✐tár✐❛s✱

❡stã♦ ✐♥❝❧✉í❞❛s ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s✱ ♠❛❧ár✐❛✱ ❞❡♥❣✉❡✱ ❢❡❜r❡ ❤❡♠♦rrá❣✐❝❛ ❞❛ ❞❡♥❣✉❡✱ ❢❡❜r❡ ❛♠❛r❡❧❛✱ ❡t❝✳

✶✵✹



✸✳✻ ❆P✃◆❉■❈❊ ❉

❉❡r✐✈❛çã♦ ♠❛t❡♠át✐❝❛ ❞♦ ♠♦❞❡❧♦ t❡ór✐❝♦

❊st❛ s❡çã♦ s❡ ❞❡❞✐❝❛ ❛ ❞❡r✐✈❛çã♦ ❡ s♦❧✉çã♦ ♠❛t❡♠át✐❝❛ ❞♦ ♠♦❞❡❧♦ ❜ás✐❝♦ ♣r♦♣♦st♦
♥❛ ♠❡t♦❞♦❧♦❣✐❛✳ ❊ss❡ ♠♦❞❡❧♦ ❢♦✐ ♣r♦♣♦st♦ ♣♦r ❉❡s❝❤ê♥❡s ❡ ●r❡❡♥st♦♥❡ ✭✷✵✶✶✮ ❛ ♣❛rt✐r
❞♦ ♠♦❞❡❧♦ ❞❡ ♣r♦❞✉çã♦ ❇❡❝❦❡r✲●r♦ss♠❛♥ ✭●r♦ss♠❛♥✱ ✷✵✵✵✮✳

❉✳✶✳✶ ✲ ❋♦r♠✉❧❛çã♦ ❞♦ Pr♦❜❧❡♠❛ ❞♦ ❈♦♥s✉♠✐❞♦r✱ ❝♦♥s✐❞❡r❛❞♦ ✉♠❛ ❢✉♥çã♦ ❞❡ s♦✲
❜r❡✈✐✈ê♥❝✐❛ ❝♦♥❞✐❝✐♦♥❛❞❛ ❛♦ ❝❧✐♠❛✿

maxU(xc, s(xH , T (t, hw, c)))

s.a.R = pxc
xc + ρxH

❉✳✶✳✷✮ ▼ét♦❞♦ ❞❡ s♦❧✉çã♦✿ ♠✉❧t✐♣❧✐❝❛❞♦r ❞❡ ▲❛❣r❛♥❣❡ ♣❛r❛ ♠❛①✐♠✐③❛çõ❡s r❡str✐t❛s✳

L = U(xc, s(xH , T (t, hw, c)) + λ(R− pxc − ρxH)

❉✳✶✳✷✳✶✮ ❈♦♥❞✐çõ❡s ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠✿

dL
dxc

= dU
dxc

− λpxc
= 0

dL
dxH

= dU
ds

ds
dxH

− λρ = 0

dL
dλ

= R− pxc
xc − ρxH = 0

❙❡ pxc
= 1✱ ✐st♦ é✱ ♦ ♥✉♠❡rár✐♦✳

❉✳✶✳✷✳✷✮ ❙♦❧✉çã♦ ❞❡ ❊q✉✐❧í❜r✐♦✿

λ = dU
dxc

=
dU
ds

ds
dxH

ρ

ρ =
dU
ds

ds
dxH

dU
dxc

❉✳✶✳✷✳✸✮ ❙✉❜st✐t✉✐♥❞♦ ❛ r❡❧❛çã♦ ❡♥❝♦♥tr❛❞❛ ❡♠ ✭✶✮ ♥❛ ❘❡str✐çã♦ ❖rç❛♠❡♥tár✐❛✱
❡♥❝♦♥tr❛✲s❡ ❛s s❡❣✉✐♥t❡s ❞❡♠❛♥❞❛s ♠❛rs❤❛❧✐❛♥❛s✿

x∗
c = (R, ρ, T (t, hw, c))

x∗
H = (R, ρ, T (t, hw, c))

✶✵✺



❉✳✶✳✷✳✹✮ ❉❡ t❛❧ ❢♦r♠❛✱ ❛ ❘❡♥❞❛ ót✐♠❛ ♣♦❞❡ s❡r ❡①♣r❡ss❛ ♣♦r✿

R = x∗
c + ρx∗

H

R∗(T (hw)) = x∗
c +

dU
ds

ds
dxH

dU
dxc

.x∗
H

❉✳✶✳✸✮ ❙✉❜st✐t✉✐♥❞♦ ❛s ❞❡♠❛♥❞❛s ót✐♠❛s ♥❛ ❢✉♥çã♦ ✉t✐❧✐❞❛❞❡✱ ❡♥❝♦♥tr❛✲s❡ ❛ ❋✉♥✲
çã♦ ❯t✐❧✐❞❛❞❡ ■♥❞✐r❡t❛ (V )✱ V (R∗(T (hw)), ρ, T (hw))✱ ♣❛r❛ ✉♠ ❞❛❞♦ ♥í✈❡❧ ❞❡ ♣r❡ç♦s
❝♦♥st❛♥t❡s ρ

pxc=ρ

❉✳✶✳✸✳✶✮ ❉❡ss❛ ❢♦r♠❛✱ ❝❛❧❝✉❧❛✲s❡ ♦ ❡❢❡✐t♦ ♠❛r❣✐♥❛❧ ❞❛ ❚❡♠♣❡r❛t✉r❛ s♦❜r❡ ❛ ❋✉♥çã♦
❯t✐❧✐❞❛❞❡ ■♥❞✐r❡t❛✿

dV
dT

= V
′

(dR
∗(T (hw))
dhw

+ dV (T (hw))
dhw

= 0

❉✳✶✳✸✳✷✮ ❘❡s♣❡✐t❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ ❞❛ ❞✉❛❧✐❞❛❞❡✱ ❝♦♥❢♦r♠❡ ♦ ❚❡♦r❡♠❛ ❞❡ ❘♦②✿

x∗
H =

dV
dρ
dV

dR∗(T (hw))

= ρ( dV
dR∗(T (hw))

)−1

x∗
c =

dV
dpxc
dV

dR∗(T (hw))

= ( dV
dR∗(T (hw))

)−1

❉✳✶✳✸✳✸✮ ❈❛❧❝✉❧❛✲s❡ ❛ ❞✐s♣♦s✐çã♦ ❛ ♣❛❣❛r ♣❛r❛ ❛♠❡♥✐③❛r ❛s ✈❛r✐❛çõ❡s ❡①❝❡ss✐✈❛s ♥❛s
t❡♠♣❡r❛t✉r❛s ❡ ♣r❡❝✐♣✐t❛çõ❡s✿

dR∗(T (hw))
dhw

= −
dV
dT
dV
dR

= −ρ
ds
dT
ds

dxH

❀ s❡

ds(T (hw))
dhw

= ds
dxH(T (hw))

dxH(T (hw))
dhw

+ ds
dhw

❈♦♥❝❧✉✐✲s❡ q✉❡✿

dR∗(T (hw))
dhw

= −ρ
ds

dxH

dxH

dxH

dhw
+ ds

dhw
= −

ds
dhw

dU
ds

λ
+ ρdxH

dhw

❉❛❞❛s ❛s ✐♠♣♦s✐çõ❡s✱ ds
dhw

≤ 0 ❡ dxH

dhw
≥ 0

■♥t❡r♣r❡t❛✲s❡ ♦ t❡r♠♦
dU
ds

λ
❝♦♠♦ ♦ ✈❛❧♦r ❞❛ ❞❡s✉t✐❧✐❞❛❞❡ ❞❡ ✉♠❛ ✈❛r✐❛çã♦ ♥❛ t❛①❛ ❞❡

s♦❜r❡✈✐✈ê♥❝✐❛✱ ♦✉ s❡❥❛✱ ♦ ✈❛❧♦r ❞❡ ✉♠❛ ✈✐❞❛ ❡st❛tíst✐❝❛ ✭❚❤❛❧❡r ❡ ❘♦s❡♥✱ ✶✾✼✻✮✳

✶✵✻



❉✳✷ ▼♦❞❡❧♦ ❞❡ ●r♦ss♠❛♥

❊st❡ ♠♦❞❡❧♦ t❡♠ s✐❞♦ ❡♠♣r❡❣❛❞♦ ♣❛r❛ ❝♦♥t❛❜✐❧✐③❛r ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ❛ s❛ú❞❡✱ tr❛t❛❞❛

❝♦♠♦ ✉♠ ❜❡♠ ❡❝♦♥ô♠✐❝♦✱ ❡ ❝✉✐❞❛❞♦s ♠é❞✐❝♦s ❝♦♠♦ ✉♠ ❞♦s ♠✉✐t♦s ✐♥s✉♠♦s ❝♦♥s✐❞❡✲

r❛❞♦s ♥❛ ♣r♦❞✉çã♦ ❞❡ s❛ú❞❡ ✭●r♦ss♠❛♥✱ ✷✵✵✵✮✳

❖ ♣r❡ss✉♣♦st♦ ❜ás✐❝♦ ❝♦♥s✐❞❡r❛ q✉❡ ❛ s❛ú❞❡ é ✉♠ ❜❡♠ ❞✉rá✈❡❧✱ q✉❡ ♣r♦❞✉③ ✉♠

✧❡st❛❞♦ ❞❡ s❛ú❞❡✧❡♠ ❝❛❞❛ ♣❡rí♦❞♦ ❞♦ t❡♠♣♦ (H1, ..., Ht)✳ ❊ss❡s ❡st❛❞♦s ❞❡ s❛ú❞❡

✐♥✢✉❡♥❝✐❛♠ ♦ ❜❡♠✲❡st❛r ❞♦s ✐♥❞✐✈í❞✉♦s✱ q✉❡ sã♦ r❡♣r❡s❡♥t❛❞♦s ♣♦r ❢✉♥çõ❡s ❞❡ ✉t✐❧✐❞❛❞❡

U(X0, ..., XT ;H0, ..., HT )✳ ❙❡♥❞♦ ❛ss✐♠✱ ●r♦ss♠❛♥ ✭✷✵✵✵✮ ❝♦♥s✐❞❡r❛ q✉❡ ♦s ✐♥❞✐✈í❞✉♦s

❞❡s❡❥❛♠ t❡r ♠❡❧❤♦r❡s ❝♦♥❞✐çõ❡s ❞❡ s❛ú❞❡✱ ♣♦r q✉❡ ✉♠ ”bom” ❡st❛❞♦ ❞❡ s❛ú❞❡ ♣♦❞❡ s❡r

❝❧❛ss✐✜❝❛❞♦ t❛♥t♦ ❝♦♠♦ ✉♠ ❜❡♠ ❞❡ ❝♦♥s✉♠♦ q✉❛♥t♦ ✉♠ ❜❡♠ ❞❡ ✐♥✈❡st✐♠❡♥t♦✳ ❊ss❛

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

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

❛t✐✈✐❞❛❞❡s ❧❛❜♦r❛✐s ♦✉ ♥ã♦✲❧❛❜♦r❛✐s ✭P❡r❡❞❛ ❡t ❛❧✳✱ ✷✵✶✸✮✳

❆♦ ❝♦♥s✐❞❡r❛r q✉❡ ❛ s❛ú❞❡ é ✉♠ ❜❡♠ ❞❡ ❝❛♣✐t❛❧✱ ❞❡✜♥❡✲s❡ q✉❡ ♦s ✐♥❞✐✈í❞✉♦s ❛♣r❡✲

s❡♥t❛♠ ✉♠ ❡st♦q✉❡ ✐♥✐❝✐❛❧ ❞❡ s❛ú❞❡ (H0) q✉❡ s❡ ❞❡♣r❡❝✐❛ ❛ ✉♠❛ t❛①❛ ❞❡ ❞❡♣r❡❝✐❛çã♦

δ✹✸✳

❖ ✐♥✈❡st✐♠❡♥t♦ ❡♠ s❛ú❞❡ (It) ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ♣❡❧❛ s❡❣✉✐♥t❡ ❢✉♥çã♦✿

It = g(CMt, Et, γt, THt)

❡♠ q✉❡ CMt é ✉♠ ✈❡t♦r ❞❡ ❜❡♥s ❞❡ ❝✉✐❞❛❞♦s ♠é❞✐❝♦s✱ Et r❡❢❡r❡✲s❡ ❛♦ ❡st♦q✉❡

❞❡ ❝❛♣✐t❛❧ ❤✉♠❛♥♦✱ THt ✉♠❛ ✈❛r✐á✈❡❧ ❞❡ t❡♠♣♦ ♣❛r❛ ❛ s❛ú❞❡✱ ✉♠ ❡①❡♠♣❧♦ s❡r✐❛ ♦

t❡♠♣♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ❛t❡♥❞✐♠❡♥t♦ ♠é❞✐❝♦✳ ❆❧é♠ ❞✐ss♦✱ γt ❝♦♥s✐❞❡r❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦

❡s♣❡❝í✜❝♦ ❞♦s ✐♥❞✐✈í❞✉♦s✱ t❛✐s ❝♦♠♦ ❤á❜✐t♦s s❛✉❞á✈❡✐s ❞❡ ✈✐❞❛✳

❆ss✐♠✱ It − δHt = Ht+1 −Ht✱ ♦✉ s❡❥❛✱ ♦s ✐♥✈❡st✐♠❡♥t♦s ❧íq✉✐❞♦s ❛❢❡t❛♠ ❛ ✈❛r✐❛çã♦

t❡♠♣♦r❛❧ ♥♦s ❡st❛❞♦s ❞❡ s❛ú❞❡✳ ❊ss❡s ✐♥✈❡st✐♠❡♥t♦s ❧íq✉✐❞♦s r❡✈❡❧❛♠ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡

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

✹✸❆ ❞❡♣r❡❝✐❛çã♦ ♦❝♦rr❡ ✉♠❛ ✈❡③ q✉❡ ❛ r❡s✐stê♥❝✐❛ ❛ s❛ú❞❡ ❞✐♠✐♥✉✐✱ ❝❛s♦ ✐♥✈❡st✐♠❡♥t♦s ♥ã♦ s❡❥❛♠
r❡❛❧✐③❛❞♦s✳ ❆ss✐♠ δt = f(St, at)✱ ❡♠ q✉❡ St sã♦ ❢❛t♦r❡s ❛♠❜✐❡♥t❛✐s ❡ at ❛ ✐❞❛❞❡ ❞♦s ✐♥❞✐✈í❞✉♦s ✭P❡r❡❞❛
❡t ❛❧✳✱ ✷✵✶✸✮✳ ❊♠ ●r♦ss♠❛♥ ✭✷✵✵✵✮✱ ❝♦♥s✐❞❡r❛✲s❡ ❛♣❡♥❛s q✉❡ ❛ ❞❡♣r❡❝✐❛çã♦ é ❡①ó❣❡♥❛ ❡ ✈❛r✐❛ ❡♠ r❡❧❛çã♦
❛ ✐❞❛❞❡ ❞♦s ✐♥❞✐✈í❞✉♦s✳

✶✵✼



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

❞❡ s❛ú❞❡ ♣❛r❛ ♦s ✐♥❞✐✈í❞✉♦s✳

P❛r❛ ♠❛①✐♠✐③❛r U(X0, ..., XT ;H1, ..., HT )✱ ●r♦ss♠❛♥✭✷✵✵✵✮ ❡s♣❡❝✐✜❝♦✉ ❞✉❛s r❡str✐✲

çõ❡s✱ ✉♠❛ r❡str✐çã♦ ♦rç❛♠❡♥tár✐❛ ✐♥t❡rt❡♠♣♦r❛❧ ❡ ♦✉tr❛ t❡♠♣♦r❛❧✳ ❆ r❡str✐çã♦ ♦rç❛✲

♠❡♥tár✐❛ ✐♥t❡rt❡♠♣♦r❛❧ ♣♦❞❡ s❡r ❞❡✜♥✐❞❛ ♣❡❧❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

∑
(
P

CMt
t +PX

t Xt

(1+r)t
) =

∑
(WtTWt

(1+r)t
) + A0

❡♠ q✉❡ PCM
t ❡ PX

t sã♦ ♦s r❡s♣❡❝t✐✈♦s ♣r❡ç♦s ❞❡ CMt ❡ Xt✱ Wt é ♦ s❛❧ár✐♦ ♣♦r ❤♦r❛✱

TWt é ♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡ tr❛❜❛❧❤♦✳ A0 é ♦ ❡st♦q✉❡ ✐♥✐❝✐❛❧ ❞❡ r✐q✉❡③❛ ❡ ”r” é ❛ t❛①❛

❞❡ ❥✉r♦s ❞♦ ♠❡r❝❛❞♦ ❬●r♦ss♠❛♥ ✭✷✵✵✵✮✱ P❡r❡❞❛ ❡t ❛❧✳ ✭✷✵✶✸✮❪✳

❆ r❡str✐çã♦ t❡♠♣♦r❛❧ r❡q✉❡r q✉❡ Ω✱ ❛ q✉❛♥t✐❞❛❞❡ t♦t❛❧ ❞❡ t❡♠♣♦ ❞✐s♣♦♥í✈❡❧✱ ❞❡✈❡ s❡r

❡①❛✉r✐❞❛ ♣♦r t♦❞♦s ♠♦❞♦s ♣♦ssí✈❡✐s ❞❡ ✉s♦ ❞♦ t❡♠♣♦✳ ❆ss✐♠✱ TWt+THt+Tt+TLt = Ω✱

❡♠ q✉❡ Tt é ♦ t❡♠♣♦ ❡♠♣r❡❣❛❞♦ ♣❛r❛ ♦✉tr❛s ❛t✐✈✐❞❛❞❡s ❡ TLt é ♦ t❡♠♣♦ ♣❡r❞✐❞♦ ❝♦♠

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

❆ ❝♦♥❞✐çã♦ ❞❡ ót✐♠♦ r❡✢❡t❡ ❛ ✐❣✉❛❧❞❛❞❡ ❡♥tr❡ ♦ ✈❛❧♦r ♣r❡s❡♥t❡ ❞♦s ❝✉st♦s ♠❛r❣✐♥❛✐s

❞❡ ✐♥✈❡st✐r ❡♠ s❛ú❞❡ (πt−1) ❡ ♦ ✈❛❧♦r ♣r❡s❡♥t❡ ❞♦s ❜❡♥❡❢í❝✐♦s ♠❛r❣✐♥❛✐s ❞♦ ✐♥✈❡st✐♠❡♥t♦

✭●r♦ss♠❛♥✱ ✷✵✵✵✮✳ ❊ss❡ r❡s✉❧t❛❞♦ ✐♠♣❧✐❝❛ ♥❛ ✐❣✉❛❧❞❛❞❡ ❞♦ ✈❛❧♦r ♥ã♦ ❞❡s❝♦♥t❛❞♦ ❞♦

♣r♦❞✉t♦ ♠❛r❣✐♥❛❧ ❞♦ ❝❛♣✐t❛❧ ❞❡ s❛ú❞❡ ❡ ♣r❡ç♦ ❞❡ ♦❢❡rt❛ ❛ q✉❛❧q✉❡r t✱ ❞❡✜♥✐❞❛ ♣♦r✿

πt−1[r − π̂t−1 + δt] = Wt +
UH t
λ
(1 + r)t

❡♠ q✉❡ π̂t−1 é ❛ t❛①❛ ♣❡r❝❡♥t✉❛❧ ❞❛ ♠✉❞❛♥ç❛ ❞♦ ❝✉st♦ ♠❛r❣✐♥❛❧ ❡♥tr❡ t ❡ (t − 1)✳

❉✐✈✐❞✐♥❞♦ ❡ss❛ ❝♦♥❞✐çã♦ ❞❡ ❡q✉✐❧í❜r✐♦ ♣♦r πt−1✱ t❡♠✲s❡✿

γt + αt = [r − π̂t−1 + δt]

❡♠ q✉❡ γt =
Wt

πt−1
❡ αt =

UHt

λ

(1+r)t

πt−1
✳ ❆ ♣❛rt✐r ❞❛ ❡q✉❛çã♦ ✭✹✹✮✱ ❞❡✜♥❡✲s❡ ❛ tr❛❥❡tór✐❛

❞❡ ✐♥✈❡st✐♠❡♥t♦ ❡♠ s❛ú❞❡ ❡ ❞❡ ❞❡♠❛♥❞❛ ♣♦r s❛ú❞❡✹✹✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ P❡r❡❞❛ ❡t ❛❧✳

✭✷✵✶✸✮✱ ❛ ❡q✉❛çã♦ ✜♥❛❧ ❡♠♣ír✐❝❛ ♣❛r❛ ❛ ❞❡♠❛♥❞❛ ♣♦r s❛ú❞❡ ❞❡✜♥✐❞❛ ♣♦r ●r♦ss♠❛♥

✭✷✵✵✵✮ ♣♦❞❡ s❡r ❡①♣r❡ss❛ ♣♦r✿

✹✹●r♦ss♠❛♥ ✭✷✵✵✵✮ ❝♦♥s✐❞❡r❛ q✉❡ αt = 0✱ ❛✜♥❛❧ s❛ú❞❡ é ✉♠ ❜❡♠ ❞❡ ✐♥✈❡st✐♠❡♥t♦✳

✶✵✽



ln(Hi) = f(Wi, Pi, Ei, δi)

❚❡♠ s✐❞♦ ♣♦ssí✈❡❧ ✐♥❢❡r✐r q✉❡ ❛s ✈❛r✐á✈❡✐s ❝❧✐♠át✐❝❛s✱ ✐♥❝❧✉s✐✈❡ ♦s ✐♥❞✐❝❛❞♦r❡s ❞❡

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

δt = f(St, αt)✱ ♦✉ s❡❥❛✱ ♦ ❝❧✐♠❛ ❞❛ r❡❣✐ã♦ ❢❛③ ♣❛rt❡ ❞♦s ❢❛t♦r❡s ❛♠❜✐❡♥t❛✐s q✉❡ ✐♠♣❛❝t❛♠

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

♣❛r❛ ❣❛r❛♥t✐r ♦ ❛❥✉st❡ ❞❛s ✈❛r✐á✈❡✐s q✉❡ ❞❡s❧♦❝❛♠ ❛ ❞❡♠❛♥❞❛ ✭P❡r❡❞❛ ❡t ❛❧✳✱ ✷✵✶✸✮✳

✶✵✾



✸✳✼ ❆P✃◆❉■❈❊ ❊

▼♦❞❡❧♦ ❚❡ór✐❝♦ ❞❡ ❉❡❝✐sõ❡s ❆rr✐s❝❛❞❛s

❊st❛ s❡çã♦ s❡ ❞❡❞✐❝❛ ❛ ❞❡r✐✈❛çã♦ ♠❛t❡♠át✐❝❛ ❞♦ ♠♦❞❡❧♦s ❞❡ ❞❡❝✐sõ❡s ❛rr✐s❝❛❞❛s✳

❊ss❡ ♠♦❞❡❧♦ ❡♠❜❛s❛ t❡♦r✐❝❛♠❡♥t❡ ❛ ❡q✉❛çã♦ ✷✶ q✉❡ s❡rá ❡st✐♠❛❞❛ ♥❛ s❡çã♦ ✸✳✸✳✸✳ ❉❡

❛❝♦r❞♦ ❝♦♠ ❱✐s❝✉s✐ ✭✷✵✵✻✮✱ ❛ ✐❞❡✐❛ ❝❡♥tr❛❧ ❞❡st❡ ♠♦❞❡❧♦ r❡❝❛✐ s♦❜r❡ ❛s ❞❡❝✐sõ❡s ❞❡

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

❢❛t❛❧✐❞❛❞❡ π✱ q✉❡ ♦❢❡r❡❝❡ ✉♠ ♥í✈❡❧ ♠❛✐s ❡❧❡✈❛❞♦ ❞❡ ❯t✐❧✐❞❛❞❡ U(.)✳

❊✳✶✮ ■♥✐❝✐❛❧♠❡♥t❡✱ ❢♦r♠✉❧❛✲s❡ ♦ ♣r♦❜❧❡♠❛ ❞♦ ❝♦♥s✉♠✐❞♦r ❝♦♥s✐❞❡r❛♥❞♦ ✉♠❛ ❢✉♥çã♦

❞❡ ✉t✐❧✐❞❛❞❡ ❡s♣❡r❛❞❛ E(U)✱ ❝♦♠ ❞♦✐s ❡st❛❞♦s ❞❛ ♥❛t✉r❡③❛ ✲ ❜♦❛s ❝♦♥❞✐çõ❡s ❞❡ s❛ú❞❡

♦✉ ♠♦rt❡ ✭❱✐s❝✉s✐✱ ✷✵✵✻❛✮✿

maxs,hE(U) = π(s, h)U(y + w(s)− h) + (1− π(s, h))V (y + w(s)− h)

❊✳✷✮ ❈♦♥s✐❞❡r❛✲s❡ q✉❡ ❛s ❢✉♥çõ❡s ❞❡ ✉t✐❧✐❞❛❞❡ ❯ ❡ ❱ r❡s♣❡✐t❛♠ ❛s s❡❣✉✐♥t❡s ❝♦♥❞✐✲

çõ❡s✿

U(x) > V (x) > 0

U
′

(x) > V
′

(x)

U
′′

(x), V
′′

(x) ≤ 0

❊✳✸✮ ❈♦♥❞✐çõ❡s ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠✿

E(U)
ds

= dπ
ds
U(y + w(s)− h) + π(s, h)dU

dw
dw
ds

− dπ
ds
V (y + w(s)− h) + (1− π(s, h))dV

dw
dw
ds

E(U)
dh

= dπ
dh
U(y +w(s)− h) + π(s, h)dU

dh
(−1)− dπ

dh
V (y +w(s)− h) + (1− π(s, h))dV

dh
(−1)

dE(U)
ds

= πsU + πUwws − πsV + (1− π)Vwws = 0

dE(U)
dh

= πhU + πUh − πhV − (1− π)Vh = 0

✶✶✵



❆ss✐♠✿

πsU − πsV = −πUwws − (1− π)Vwws

πhU − πhV = −πUh + (1− π)Vh

−ws

πs
= U−V

πUs+(1−π)Vs

1
πh

= U−V
πUh+(1−π)Vh

❊✳✹✮ ❆ r❡❧❛çã♦ ❞❡ ♠❛①✐♠✐③❛çã♦ é ♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛ ✭❱❙▲✮✿

1
πh

= −ws

πs
= U−V

πU
′+(1−π)V ′ = V SL✹✺

✹✺❖s ❛❣❡♥t❡s sã♦ ♥❡✉tr♦s ❛♦ r✐s❝♦✿ πUs + (1− π)Vs = πUh + (1− π)Vh

✶✶✶



✸✳✽ ❆P✃◆❉■❈❊ ❋

❊st❛tíst✐❝❛s ❉❡s❝r✐t✐✈❛s

❋✐❣✉r❛ ❋✳✶ ✕ ❚❛①❛s ♠✉♥✐❝✐♣❛✐s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✱

✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✱ ♣♦r ❣ê♥❡r♦ ❡ ♣♦♣✉❧❛çã♦ ❡①tr❡♠❛✲

♠❡♥t❡ ♣♦❜r❡✱ ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✽✲✷✵✶✺✳

✶✶✷



❋✐❣✉r❛ ❋✳✷ ✕ ❚❛①❛s ♠✉♥✐❝✐♣❛✐s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ✐♥❢❛♥t✐❧✱ ❡♥tr❡ ❛❞✉❧t♦s ❡ ✐❞♦s♦s ♣♦r

❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✱ ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✱

♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✽✲✷✵✶✺✳

✶✶✸



❋✐❣✉r❛ ❋✳✸ ✕ ▼❛♣❛ ▼✉♥✐❝✐♣❛❧ ❞❛ ❚❛①❛ ❞❡ ▼♦rt❛❧✐❞❛❞❡ ♣♦r ❉♦❡♥ç❛s ❞♦ ❆♣❛r❡❧❤♦ ❈✐r✲

❝✉❧❛tór✐♦ ♥♦ ❇r❛s✐❧✱ ✶✾✾✽✲✷✵✶✺

✶✶✹



❋✐❣✉r❛ ❋✳✹ ✕ ▼❛♣❛ ▼✉♥✐❝✐♣❛❧ ❞❛ ❚❛①❛ ❞❡ ▼♦rt❛❧✐❞❛❞❡ ♣♦r ❉♦❡♥ç❛s ■♥❢❡❝❝✐♦s❛s ❡ P❛✲

r❛s✐tár✐❛s ♥♦ ❇r❛s✐❧✱ ✶✾✾✽✲✷✵✶✺

✶✶✺



❋✐❣✉r❛ ❋✳✺ ✕ ▼❛♣❛ ▼✉♥✐❝✐♣❛❧ ❞❛s ❚❛①❛s ❞❡ ▼♦rt❛❧✐❞❛❞❡ ♣♦r ❉♦❡♥ç❛s ❞♦ ❆♣❛r❡❧❤♦

❘❡s♣✐r❛tór✐♦✱ ✶✾✾✽✲✷✵✶✺

✶✶✻



❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✺✳ ◆♦t❛✿ ❚♦❞❛s ❛s ❡st❛tíst✐❝❛s ❛♣r❡s❡♥t❛❞❛s ♥❛ ✜❣✉r❛✱ sã♦

♣r♦♣♦rçõ❡s ❛♠♦str❛✐s ❞❡ ❞❡t❡r♠✐♥❛❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s tr❛❜❛❧❤❛❞♦r❡s✳

❋✐❣✉r❛ ❋✳✻ ✕ ●rá✜❝♦s ❞❛s ❡st❛tíst✐❝❛s ❞❡s❝r✐t✐✈❛s ❞❛ ❛♠♦str❛ ❞❡ tr❛❜❛❧❤❛❞♦r❡s✱
P◆❆❉ ✭✷✵✶✸✮

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✺✳

◆♦t❛✿ ❖ r✐s❝♦ ❧❛❜♦r❛❧ é ✉♠❛ ♠❡❞✐❞❛ ❞♦ ♥ú♠❡r♦ ❞❡ ó❜✐t♦s ❡ ❛❢❛st❛♠❡♥t♦s ❞♦s ♣♦st♦s ❞❡ tr❛❜❛❧❤♦s

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

❛❝♦r❞♦ ❝♦♠ ❛ ❈❧❛ss✐✜❝❛çã♦ ◆❛❝✐♦♥❛❧ ❞❡ ❆t✐✈✐❞❛❞❡s ❊❝♦♥ô♠✐❝❛s ✭❈❆◆❊✮✳ ❊ss❡s ❞❛❞♦s sã♦ ❞✐s♣♦♥✐✲

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

❛q✉❡❧❛s r❡❧❛❝✐♦♥❛❞❛s ❛ s❛ú❞❡✳ ❖s ❞❛❞♦s sã♦ ♠❡♥s✉r❛❞♦s ❡ ❞✐s♣♦♥✐❜✐❧✐③❛❞♦s ♣❡❧❛ Pr❡✈✐❞ê♥❝✐❛ ❙♦❝✐❛❧✳

❋✐❣✉r❛ ❋✳✼ ✕ ●rá✜❝♦ ❞❛ ❚❛①❛ ❞❡ ❘✐s❝♦ ▲❛❜♦r❛❧ ✭%✮ ❡♠ ✷✵✶✸✱ s❡❣✉♥❞♦ ❛s ✉♥✐❞❛❞❡s
❞❛ ❢❡❞❡r❛çã♦

✶✶✼



❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✺✳

❋✐❣✉r❛ ❋✳✽ ✕ ●rá✜❝♦ ❡ t❛❜❡❧❛ ❞❛ P❛r❝❡❧❛ ❞❡ tr❛❜❛❧❤❛❞♦r❡s ❜r❛s✐❧❡✐r♦s ♣❛r❛ ❝❛❞❛
♥í✈❡❧ ❞❡ r❡♥❞❛✱ ❡♠ ✷✵✶✸✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✺✳

❋✐❣✉r❛ ❋✳✾ ✕ ●rá✜❝♦ ❞♦ r❡♥❞✐♠❡♥t♦ ♠é❞✐♦ ❞♦s tr❛❜❛❧❤❛❞♦r❡s ♣♦r ✉♥✐❞❛❞❡ ❞❛ ❢❡❞❡✲
r❛çã♦✱ P◆❆❉ ✭✷✵✶✸✮✳

✶✶✽
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▼♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ ♦s ✐♠♣❛❝t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛s
❚❛①❛s ❞❡ ▼♦rt❛❧✐❞❛❞❡

❚❛❜❡❧❛ ●✳✶ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❣❡r❛✐s ❞❡ ♠♦rt❛✲
❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✶✾



❚❛❜❡❧❛ ●✳✷ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
♠❛s❝✉❧✐♥❛s ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✷✵



❚❛❜❡❧❛ ●✳✸ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
❢❡♠✐♥✐♥❛s ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✷✶



❚❛❜❡❧❛ ●✳✹ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
✐♥❢❛♥t✐s ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✷✷



❚❛❜❡❧❛ ●✳✺ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
❞❡ ❛❞✉❧t♦s ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✷✸



❚❛❜❡❧❛ ●✳✻ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
❞❡ ✐❞♦s♦s ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✷✹



❚❛❜❡❧❛ ●✳✼ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
❞❡ ❡①tr❡♠❛♠❡♥t❡ ♣♦❜r❡s ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✷✺



❚❛❜❡❧❛ ●✳✽ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❣❡r❛✐s ❞❡ ♠♦rt❛✲
❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✷✻



❚❛❜❡❧❛ ●✳✾ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
♠❛s❝✉❧✐♥❛s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✷✼



❚❛❜❡❧❛ ●✳✶✵ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
❢❡♠✐♥✐♥❛s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✷✽



❚❛❜❡❧❛ ●✳✶✶ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
✐♥❢❛♥t✐s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✷✾



❚❛❜❡❧❛ ●✳✶✷ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
❞❡ ❛❞✉❧t♦s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✸✵



❚❛❜❡❧❛ ●✳✶✸ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
❞❡ ✐❞♦s♦s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✸✶



❚❛❜❡❧❛ ●✳✶✹ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
❞❡ ❡①tr❡♠❛♠❡♥t❡ ♣♦❜r❡s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✸✷



❚❛❜❡❧❛ ●✳✶✺ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❣❡r❛✐s ❞❡ ♠♦rt❛✲
❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✸✸



❚❛❜❡❧❛ ●✳✶✻ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
♠❛s❝✉❧✐♥❛s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✸✹



❚❛❜❡❧❛ ●✳✶✼ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
❢❡♠✐♥✐♥❛s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✸✺



❚❛❜❡❧❛ ●✳✶✽ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
✐♥❢❛♥t✐s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✸✻



❚❛❜❡❧❛ ●✳✶✾ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
❞❡ ❛❞✉❧t♦s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✸✼



❚❛❜❡❧❛ ●✳✷✵ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
❞❡ ✐❞♦s♦s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✸✽



❚❛❜❡❧❛ ●✳✷✶ ✲ ❘❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❚♦❜✐t ❡st✐♠❛❞♦s ♣❛r❛ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡
❞❡ ❡①tr❡♠❛♠❡♥t❡ ♣♦❜r❡s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐r❛tór✐♦✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✸✾



❚❛❜❡❧❛ ●✳✷✷ ✲ ❊st✐♠❛t✐✈❛s ❞♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❞♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✹✵



❚❛❜❡❧❛ ●✳✷✸ ✲ ❊st✐♠❛t✐✈❛s ❞♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❞♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✹✶



❚❛❜❡❧❛ ●✳✷✹ ✲ ❊st✐♠❛t✐✈❛s ❞♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❞♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✹✷



❚❛❜❡❧❛ ●✳✷✺ ✲ ❊st✐♠❛t✐✈❛s ❞♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❞♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✹✸



❚❛❜❡❧❛ ●✳✷✻ ✲ ❊st✐♠❛t✐✈❛s ❞♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❞♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛✳

❋♦♥t❡✿ r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

✶✹✹



✸✳✶✵ ❆P✃◆❉■❈❊ ❍

❘❡✈✐sã♦ ❞❡ ▲✐t❡r❛t✉r❛ ✕ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛

❚❛❜❡❧❛ ❍✳✶ ✕ ❘❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ♣❛r❛ ♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛ ✭❱❙▲✮ ♥❛
❜✐❜❧✐♦❣r❛✜❛ r❡✈✐s❛❞❛✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✺✳

✶✹✺



✸✳✶✶ ❆P✃◆❉■❈❊ ■

❊st❛tíst✐❝❛s ❉❡s❝r✐t✐✈❛s ❞❡ ❱❛r✐á✈❡✐s ❙♦❝✐♦❡❝♦♥ô♠✐❝❛s

❚❛❜❡❧❛ ■✳✶ ✲ P♦r❝❡♥t❛❣❡♠ ❞❡ ❞♦♠✐❝í❧✐♦s ❝♦♠ ❞é✜❝✐t ❞❡ s❛♥❡❛♠❡♥t♦ ♥♦s ❊st❛❞♦s
❇r❛s✐❧❡✐r♦s✱ ❡♠ ✷✵✶✸✳

❋♦♥t❡✿ P◆❆❉✱ ✷✵✶✸✳ ❈♦♥❢❡❝çã♦ ♣ró♣r✐❛✱ ✷✵✶✻✳

◆♦t❛✿ ❈❧❛ss✐✜❝♦✉✲s❡ ❝♦♠♦ ❞é✜❝✐t ♣❛r❝✐❛❧ ❛ ❛✉sê♥❝✐❛ ❞❡ ❞♦✐s s❡r✈✐ç♦s ❞❡ s❛♥❡❛♠❡♥t♦ ❜ás✐❝♦✳ ❊♠

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

❞❡ ❡s❣♦t♦ ❡ ❝♦❧❡t❛ ❞❡ ❧✐①♦✳ ❋✐♥❛❧♠❡♥t❡✱ ♦s ❞♦♠✐❝í❧✐♦s q✉❡ ♥ã♦ ❛♣r❡s❡♥t❛r❛♠ ♥❡♥❤✉♠ ❞❡ss❡s s❡r✈✐ç♦s

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

✶✹✻



❚❛❜❡❧❛ ■✳✷ ✲ Pr♦♣♦rçã♦ ❞❡ ♠♦r❛❞♦r❡s ❞❛s r❡❣✐õ❡s ❜r❛s✐❧❡✐r❛s q✉❡ r❡s✐❞❡♠ ❡♠ ❞♦♠✐✲
❝í❧✐♦s ❝♦♠ ❞é✜❝✐t ❞❡ s❛♥❡❛♠❡♥t♦ ❜ás✐❝♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❡s❝♦❧❛r✐❞❛❞❡✱ r❡♥❞❛ ♣❡r ❝❛♣✐t❛
❡ ❝♦r✴r❛ç❛✳

❋♦♥t❡✿ P◆❆❉✱ ✷✵✶✸✳ ❉❛❞♦s ❞❛ P❡sq✉✐s❛✳ ❈♦♥❢❡❝çã♦ ♣ró♣r✐❛✱ ✷✵✶✻✳

✶✹✼



✹ ❖ ■♠♣❛❝t♦ ❞❛s ❖♥❞❛s ❞❡ ❈❛❧♦r s♦❜r❡ ❛ ❙❛ú❞❡
■♥❢❛♥t✐❧ ♥♦ ❇r❛s✐❧

✹✳✶ ■♥tr♦❞✉çã♦

◆♦ ❇r❛s✐❧ ✈✐✈❡♠ ❝❡r❝❛ ❞❡ ✸✻ ♠✐❧❤õ❡s ❞❡ ❝r✐❛♥ç❛s ❝♦♠ ✐❞❛❞❡ ❡♥tr❡ ✵ ❡ ✾ ❛♥♦s✱ ❛♣r♦①✐♠❛✲

❞❛♠❡♥t❡ 18% ❞❛ ♣♦♣✉❧❛çã♦ ✭■❇●❊✱ ✷✵✶✵✮✳ ❆ ♠❛✐♦r✐❛ ❞❡❧❛s ♠♦r❛♠ ❡♠ ❞♦♠✐❝í❧✐♦s q✉❡

♥ã♦ sã♦ ❛t❡♥❞✐❞♦s ♣♦r s❡r✈✐ç♦s ❜ás✐❝♦s ❞❡ s❛♥❡❛♠❡♥t♦✱ s❡♠ ❝♦❜❡rt✉r❛ ❞❡ ❛t❡♥❞✐♠❡♥t♦s

❤♦s♣✐t❛❧❛r❡s✱ ❝✉✐❞❛❞♦s ♠é❞✐❝♦s ❡ ❝♦♠ r❡♥❞❛ ♣❡r ❝❛♣✐t❛ ✐♥❢❡r✐♦r ❛ ♠❡✐♦ s❛❧ár✐♦ ♠í♥✐♠♦✳

❊ss❡s ❢❛t♦r❡s ❜❛st❛♥t❡ ❝♦♠✉♥s ❡♠ ♣❛ís❡s s✉❜❞❡s❡♥✈♦❧✈✐❞♦s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❖▼❙

✭✷✵✶✸✮✱ sã♦ r❡s♣♦♥sá✈❡✐s ♣❡❧❛s t❛①❛s ❞❡ ♠♦r❜✐♠♦rt❛❧✐❞❛❞❡ ✐♥❢❛♥t✐❧✱ ❡s♣❡❝✐✜❝❛♠❡♥t❡ ❡♠

❝r✐❛♥ç❛s ❝♦♠ ✐❞❛❞❡ ✐♥❢❡r✐♦r ❛ ✺ ❛♥♦s✳

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

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

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

❞♦ ❛r✱ s❡r ❞❡s♥✉tr✐❞❛✱ s❡r ✜❧❤❛ ❞❡ ♠ã❡s ❛❞♦❧❡s❝❡♥t❡s ❡ ❞❡ ❜❛✐①❛ ❡s❝♦❧❛r✐❞❛❞❡ ✭❇❡♥❣✉✐❣✉✐✱

✷✵✵✸❀ ❉❤❛r♠❛❣❡ ❡t ❛❧✳✱ ✶✾✾✻❀ ❙✐❧✈❛ ❡t ❛❧✳✱ ✶✾✾✾✮✳

P♦r ❡ss❡ ❝♦♥t❡①t♦✱ ❝r✐❛♥ç❛s sã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ♠❛✐s ✈✉❧♥❡rá✈❡✐s ❛ ❤♦s♣✐t❛❧✐③❛çã♦

❞♦ q✉❡ ♦r❣❛♥✐s♠♦s ❛❞✉❧t♦s✱ ♥ã♦ só ♣♦r t❡r❡♠ s✐st❡♠❛ ✐♠✉♥♦❧ó❣✐❝♦ ❡♠ ❢♦r♠❛çã♦✱ ♠❛s

t❛♠❜é♠ ♣♦r ❞❡♣❡♥❞❡r❡♠ ❞❡ ❝✉✐❞❛❞♦s ❡s♣❡❝✐❛✐s ❞♦s ♣❛✐s ✭❈❛❡t❛♥♦ ❡t ❛❧✳✱ ✷✵✵✷✮✳ P♦r ❡ss❛

r❛③ã♦✱ ❡♠ ♣❛rt✐❝✉❧❛r✱ ❛ s❛ú❞❡ ❡ ♦ ❜❡♠✲❡st❛r ❞❛s ❝r✐❛♥ç❛s sã♦ t♦t❛❧♠❡♥t❡ ✐♥✢✉❡♥❝✐❛❞♦s

♣♦r ❝♦♥❞✐❝✐♦♥❛♥t❡s ❝❧✐♠át✐❝♦s✱ ❝♦♠♦ ♦s❝✐❧❛çõ❡s ❛❜r✉♣t❛s ❞❡ t❡♠♣❡r❛t✉r❛✳ ❖s ❢❛t♦r❡s

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

s✉❣❡r❡✲s❡ q✉❡ ✉♠ ❛✉♠❡♥t♦ ♥♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ❜r❛s✐❧❡✐r❛s ✐♥t❡r♥❛❞❛s ♣♦r ♠❛❧ár✐❛

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

r❡s♣❡❝t✐✈❛♠❡♥t❡ ✭▼❡♥❞❡s✱ ✷✵✶✸❀ P❡r❡❞❛✱ ✷✵✶✷✮✳

❆✐♥❞❛✱ ♥♦ q✉❡ ❝♦♥❝❡r♥❡ ❡ss❛ r❡❧❛çã♦ ❡♥tr❡ ❝❧✐♠❛ ❡ s❛ú❞❡ ✐♥❢❛♥t✐❧✱ ❡①✐st❡ ✉♠❛ ❧✐t❡✲

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

q✉❡ ❡ss❡s ❢❡♥ô♠❡♥♦s ❡①❡r❝❡♠ ✐♠♣❛❝t♦s s✐❣♥✐✜❝❛t✐✈♦s ♥❛ ♠♦rt❛❧✐❞❛❞❡ ✐♥❢❛♥t✐❧ ♥❛ ❆✉s✲

trá❧✐❛✱ ♥❛ ■♥❣❧❛t❡rr❛✱ ♥❛ ❊s♣❛♥❤❛ ❡ ♥❛ ❈♦r❡✐❛ ❞♦ ❙✉❧ ✭◆✐ts❝❤❦❡ ❡t ❛❧✳✱ ✷✵✶✶❀ ❇❛s❛❣❛ñ❛

✶✹✽



❡t ❛❧✳✱ ✷✵✶✶❀ ❑②s❡❧② ❡ ❑✐♠ ✷✵✵✾✮✳ P♦r ❡①❡♠♣❧♦✱ ♥❛ ❋r❛♥ç❛ ❡♠ ✶✾✶✶✱ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r

❡st❡✈❡ ❛ss♦❝✐❛❞❛ ❝♦♠ ✹✵✳✵✵✵ ♠♦rt❡s✱ s❡♥❞♦ ✷✾✳✵✵✵ ❝r✐❛♥ç❛s ✭❳✉ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ◆❡ss❡s

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

❡❧❡tr♦❧ít✐❝♦s✹✻✱ ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ❡ ❢❡❜r❡s✳ ❊♥tr❡t❛♥t♦✱ ♦✉tr♦s ❡st✉❞♦s sã♦ ♣♦✉❝♦

❝♦♥❝❧✉s✐✈♦s s♦❜r❡ ❛ r❡❧❛çã♦ ❡♥tr❡ ❝❛❧♦r ❡①❝❡ss✐✈♦ ❡ ♠♦rt❛❧✐❞❛❞❡ ✐♥❢❛♥t✐❧ ✭ ❍✉tt❡r ❡t ❛❧✳✱

✷✵✵✼❀ ◆✐ts❝❤❦❡ ❡t ❛❧✳✱ ✷✵✵✼❀ ❙♦♥ ❡t ❛❧✳✱ ✷✵✶✷❀ ❍✉❛♥❣ ❡t ❛❧✳✱ ✷✵✶✵✮✳

❙♦❜r❡ ❛s ❞✐❢❡r❡♥t❡s ❡✈✐❞ê♥❝✐❛s ❞♦s ✐♠♣❛❝t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥❛ ♠♦rt❛❧✐❞❛❞❡ ✐♥✲

❢❛♥t✐❧ ♥♦s ❞✐✈❡rs♦s ♣❛ís❡s✱ ❡❧❛s sã♦ ❡①♣❧✐❝❛❞❛s ♣♦r ❛❧❣✉♠❛s r❛③õ❡s ❜ás✐❝❛s✳ ❊♠ ♣r✐♠❡✐r♦

❧✉❣❛r✱ ♣❡❧❛s ❞✐❢❡r❡♥ç❛s ❞❡ ❛❞❛♣t❛❜✐❧✐❞❛❞❡ às ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❝♦♠♦ ❝❛r❛❝t❡ríst✐❝❛s ❞♦s

♣❛✐s✱ ✉s♦ ❞❡ ❛♣❛r❡❧❤♦s ❛r✲❝♦♥❞✐❝✐♦♥❛❞♦✱ ❡st❛❞♦ ♥✉tr✐❝✐♦♥❛❧ ❡ ❞❡ ✈❛❝✐♥❛çã♦ ❞❛s ❝r✐❛♥ç❛s✱

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

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

❞✐♦s✹✼✳ ❋✐♥❛❧♠❡♥t❡✱ q✉❛✐sq✉❡r ❞✐s❝r❡♣â♥❝✐❛s ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s r❡✈✐s❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛

t❛♠❜é♠ ♣♦❞❡♠ s❡r ❛tr✐❜✉í❞♦s ❛s ❞✐❢❡r❡♥t❡s ❢❛✐①❛s ❡tár✐❛s ❞❛s ❝r✐❛♥ç❛s ❡st✉❞❛❞❛s✳ P♦r

❡①❡♠♣❧♦✱ ❡♠ ❛❧❣✉♥s tr❛❜❛❧❤♦s ❢♦r❛♠ ❛♥❛❧✐s❛❞❛s ❝r✐❛♥ç❛s ❞❡ ✵ ❛ ✹ ❛♥♦s ✭❍✉❛♥❣ ❡t

❛❧✳✱ ✷✵✶✵✮✱ ❞❡ ✵ ❛ ✶✹ ❛♥♦s ✭◆✐❡ts❤❦❡ ❡t ❛❧✳✱ ✷✵✵✼✮ ❡ ❛té ♠❡s♠♦ ❡st✉❞♦s ✈♦❧t❛❞♦s ♣❛r❛

r❡❝é♠✲♥❛s❝✐❞♦s ✭❇❛s❛❣❛ñ❛ ❡t ❛❧✳✱ ✷✵✶✶✮✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❳✉ ❡t ❛❧✳ ✭✷✵✶✹✮✱ ❝r✐❛♥ç❛s ❞❡

❞✐❢❡r❡♥t❡s ✐❞❛❞❡s tê♠ ❝❛r❛❝t❡ríst✐❝❛s ❡s♣❡❝í✜❝❛s ❞❡ ❛❞❛♣t❛❜✐❧✐❞❛❞❡ ❛♦ ❝❛❧♦r ❡①❝❡ss✐✈♦✹✽✳

❊ss❛ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ❡s♣❡❝í✜❝❛ ❞❛ ✐❞❛❞❡ ♣♦❞❡ s❡r ❞❡✈✐❞❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ✐♥❢❛♥t✐❧ ❞❡ t❡r✲

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

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

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

✹✻❉✉r❛♥t❡ ✉♠ ♣❡rí♦❞♦ ❞❡ ♦♥❞❛ ❞❡ ❝❛❧♦r✱ ♥✉♠ ❡s❢♦rç♦ ♣❛r❛ ♣r❡✈❡♥✐r ❛ ❤✐♣❡rt❡r♠✐❛ ❡ ❛ ❞❡s✐❞r❛t❛çã♦✱
♦s ♠❡❝❛♥✐s♠♦s ✜s✐♦❧ó❣✐❝♦s ❞♦ ❝♦r♣♦ t❡♥t❛♠ r❡❣✉❧❛r ♦ ❜❛❧❛♥ç♦ ❞❡ ❡❧❡❝tró❧✐t♦s ❡ á❣✉❛✳ ◆♦ ❝♦♥t❡①t♦ ❞❡
♣❡r❞❛s ❞❡ ✢✉✐❞♦s ♥ã♦ s✉❜st✐t✉í❞❛s ♣♦r tr❛♥s♣✐r❛çã♦ ❡ r❡s♣✐r❛çã♦✱ ❛s ❝r✐❛♥ç❛s✱ ❡♠ ♣❛rt✐❝✉❧❛r✱ ♣♦❞❡♠
❡♥❢r❡♥t❛r ❞❡s❡q✉✐❧í❜r✐♦ ❡❧❡tr♦❧ít✐❝♦ ✭❑♥♦✇❧t♦♥ ❡t ❛❧✳✱ ✷✵✵✽✮✳ ❉❡s❡q✉✐❧í❜r✐♦ ❡❧❡tr♦❧ít✐❝♦ ♣♦❞❡ ♣r❡❝✐♣✐t❛r ❛
❡①❛✉stã♦ ❞❡ ❝❛❧♦r ♦✉ ❝ã✐❜r❛s ❞❡ ❝❛❧♦r✱ q✉❡ ♣♦r s✉❛ ✈❡③ ♣♦❞❡ ✐♥t❡♥s✐✜❝❛r ❛✐♥❞❛ ♠❛✐s ♦ ❞❡s❡q✉✐❧í❜r✐♦ ❡❧❡✲
tr♦❧ít✐❝♦ ♥♦ ❝❡♥ár✐♦ ❞❡ ❡①♣♦s✐çã♦ ❝♦♥tí♥✉❛ ❛♦ ❝❛❧♦r ✐♥t❡♥s♦✳ ❊♥t❡♥❞❡✲s❡ ♣♦r ❞❡s❡q✉✐❧í❜r✐♦s ❡❧❡tr♦❧ít✐❝♦s
❛ ❞❡sr❡❣✉❧❛çã♦ ❞❡ ❡❧❡tró❧✐t♦s ♥♦ ❝♦r♣♦✱ ❝♦♠♦ só❞✐♦✱ ♣♦táss✐♦✱ ❝á❧❝✐♦✱ ♠❛❣♥és✐♦✱ ❢ós❢♦r♦✱ ❜✐❝❛❜♦r♥❛t♦✱
❡t❝✳

✹✼❆❧é♠ ❞✐ss♦✱ ✈❛❧❡ r❡ss❛❧t❛r q✉❡ t♦❞❛ ❛ ❧✐t❡r❛t✉r❛ r❡✈✐s❛❞❛ ♥❡st❡ ❝❛♣ít✉❧♦ t❛♠❜é♠ ♥ã♦ é ❝♦♥s❡♥s✉❛❧
s♦❜r❡ ❛ ❞❡✜♥✐çã♦ ♠étr✐❝❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✳

✹✽❊♠ ❣❡r❛❧✱ ❛ ♠❛✐♦r✐❛ ❞♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ❡s♣❡❝✐❛❧✐③❛❞❛ r❛t✐✜❝❛♠ q✉❡ ❛s ♦♥❞❛s
❞❡ ❝❛❧♦r tê♠ ✉♠ ♠❛✐♦r ❡❢❡✐t♦ s♦❜r❡ ❛ ♠♦rt❛❧✐❞❛❞❡ ❡♥tr❡ ❝r✐❛♥ç❛s ❞♦ q✉❡ ❛❞✉❧t♦s ✭◆✐ts❝❤❦❡ ❡t ❛❧✳✱ ✷✵✵✼❀
◆✐ts❝❤❦❡ ❡t ❛❧✳✱ ✷✵✶✶❀ ❑②s❡❧② ❡ ❑✐♠✱ ✷✵✵✾❀ ❇❛s❛❣❛ñ❛ ❡t ❛❧✳✱ ✷✵✶✶✳✮

✶✹✾



❝♦♠♦ ❳✉ ❡t ❛❧✳ ✭✷✵✶✹✮✱ ❛❝r❡❞✐t❛♠ q✉❡ ❢❛t♦r❡s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♥♦s ♣❛ís❡s ❡♠ ❞❡s❡♥✈♦❧✈✐✲

♠❡♥t♦ sã♦ ♠✉✐t♦ ❞✐❢❡r❡♥t❡s✱ ♦ q✉❡ ❥✉st✐✜❝❛ ❛❝❡♥t✉❛❞❛s t❛①❛s ❞❡ ♠♦r❜✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s

✐♥❢❡❝❝✐♦s❛s ❡ ❞❡s✐❞r❛t❛çã♦ ✹✾✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s ♠❡s♠♦s ❛✉t♦r❡s✱ ❛s ❝♦♥s❡q✉ê♥❝✐❛s

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

❝♦❣♥✐t✐✈♦ ❞❛s ❝r✐❛♥ç❛s✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❑♦✈❛ts ❡t ❛❧✳ ✭✷✵✵✹✮✱ ♠✉✐t♦ ❛❧é♠ ❞❡ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ r❡♥❛✐s✱

❛s ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ✐♥❢❛♥t✐s sã♦ ❝♦♥s❡q✉ê♥❝✐❛s ❛❞✈❡rs❛s ❞♦s ❡♣✐só❞✐♦s ❞❡ ❝❛❧♦r

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

✈♦❧✈✐♠❡♥t♦✳ ❆♣❡s❛r ❞✐ss♦✱ ♦s ♠❡s♠♦s ❛✉t♦r❡s ❛✐♥❞❛ ❛t❡♥t❛♠ q✉❡ ♥ã♦ ❤á ❝❧❛r❡③❛ ♥♦s

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

③❛çã♦ ✐♥❢❛♥t✐❧✳

▼✉✐t❛s ❞♦❡♥ç❛s ❝✉❥♦ s✐♥t♦♠❛ ♣r✐♥❝✐♣❛❧ é ❛ ❢❡❜r❡ sã♦ ✐♥t❡♥s✐✜❝❛❞❛s ♥♦s ❞✐❛s ❞❡ ♦♥❞❛s

❞❡ ❝❛❧♦r✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❡♠ ❝r✐❛♥ç❛s ❞❡ ✵ ❛ ✹ ❛♥♦s ✭▲❡♦♥❛r❞✐ ❡t ❛❧✳✱ ✷✵✵✻✮✳ ❆s t❡♠♣❡r❛✲

t✉r❛s ❛♠❜✐❡♥t❡s q✉❛♥❞♦ s✉♣❡r✐♦r❡s ❛ 41oC✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❋❡❧❞ ❡ ❍②❛♠s ✭✷✵✵✺✮✱ ❢♦r❛♠

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

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

r❡s♣♦st❛s t❡r♠♦rr❡❣✉❧❛❞♦r❛s q✉❡ ♣r♦❞✉③❡♠ ❝❛❧♦r sã♦ ❛t✐✈❛❞❛s✳ ❉❡ss❛ ❢♦r♠❛✱ ♦ ❝❛❧♦r é

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

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

❞❛ tr❛♥s♣✐r❛çã♦ ✭❋❡❧❞ ❡ ❍②❛♠s✱ ✷✵✵✺✮✳ ❈♦♥❢♦r♠❡ ♦ ❛r❣✉♠❡♥t❛❞♦ ♣❡❧♦s ❛✉t♦r❡s✱ s❡ ✉♠❛

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

r❡s♣♦st❛s ✜s✐♦❧ó❣✐❝❛s ♣♦❞❡♠ ♥ã♦ s❡r s✉✜❝✐❡♥t❡s ❡ ❛ ❝♦♥s❡q✉ê♥❝✐❛ ♣♦❞❡ s❡r ♦ ❛✉♠❡♥t♦

❞❛ t❡♠♣❡r❛t✉r❛ ❝♦r♣♦r❛❧✳

❘❡❢❡r❡♥t❡ ♦ ❛r❣✉♠❡♥t❛❞♦ ❡ ♠❡❞✐❛♥t❡ ❡s❝❛ss❛s ❡✈✐❞ê♥❝✐❛s s♦❜r❡ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ❝❧✐♠❛

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

♦♥❞❛s ❞❡ ❝❛❧♦r ♣❛r❛ ❛ s❛ú❞❡ ❞❡ r❡❝é♠✲♥❛s❝✐❞♦s✱ ♥❡♠ ♠❡s♠♦ ♣❛r❛ ♦✉tr♦s ❣r✉♣♦s ❞❡

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

✹✾❉❡ ❛❝♦r❞♦ ❝♦♠ ❇❛r❝❡❧❧♦s ❡t ❛❧✳ ✭✷✵✵✾✮✱ ❡✈❡♥t♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s ✐♥✢✉❡♥❝✐❛♠ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s
❞❡ ✈❡✐❝✉❧❛çã♦ ❤✐❞rí❝❛✱ t❛✐s ❝♦♠♦ ❛ ❧❡♣t♦s♣✐r♦s❡✱ ❤❡♣❛t✐t❡s ✈✐r❛✐s ❡ ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s✳

✶✺✵



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

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

◆❡st❡ ❝❛♣ít✉❧♦✱ ❡♠ ❡s♣❡❝í✜❝♦✱ ♦❜❥❡t✐✈❛✲s❡✿

■ ✲ ❆♥❛❧✐s❛r ♦s ❡❢❡✐t♦s ❞♦ ❝❧✐♠❛ s♦❜r❡ ♦s ♥í✈❡✐s ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ❞❡ ❝r✐❛♥✲

ç❛s ❜r❛s✐❧❡✐r❛s ♣❡❧❛s ♣r✐♥❝✐♣❛✐s ❞♦❡♥ç❛s r❡s♣♦♥sá✈❡✐s ♣❡❧❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r

✐♥❢❛♥t✐❧✳

■■ ✲ ❆✈❛❧✐❛r ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ s❛ú❞❡ ❞❡ ❣r✉♣♦s ❞❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡

✐♥❢❛♥t✐❧✱ ❝♦♠♦ ❝r✐❛♥ç❛s ❞❡ ❞✐❢❡r❡♥t❡s ❢❛✐①❛s ❡tár✐❛s✱ ❝♦r ❡ ❣ê♥❡r♦✳

■■■ ✲ ❆♥❛❧✐s❛r ❛s tr❛❥❡tór✐❛s ❞❛s t❛①❛s ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ❞❡ ❝r✐❛♥ç❛s✱ ❝❛s♦ ❛s

♦♥❞❛s ❞❡ ❝❛❧♦r ♥ã♦ t✐✈❡ss❡♠ ♦❝♦rr✐❞♦✳

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

❞✐s❝✉t✐❞♦s ❛s♣❡❝t♦s ❞❛ s❛ú❞❡ ✐♥❢❛♥t✐❧ ♥♦ ❇r❛s✐❧✳ ❆ t❡r❝❡✐r❛ s❡çã♦ ❛♣r❡s❡♥t❛ ✉♠ ♠♦✲

❞❡❧♦ ❜ás✐❝♦✱ s✉❛ ❡str❛té❣✐❛ ❞❡ ❡st✐♠❛çã♦ ❡ ♦s ❞❛❞♦s ✉t✐❧✐③❛❞♦s✳ ◆❛ q✉❛rt❛ s❡çã♦ ❢♦r❛♠

❞✐s❝✉t✐❞♦s ♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s✱ ❡✱ ✜♥❛❧♠❡♥t❡✱ ♥❛ ú❧t✐♠❛ s❡çã♦ ❛s ❝♦♥❝❧✉sõ❡s ❛❧❝❛♥✲

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

r❡❛❧✐③❛❞❛s ❡ ❞♦s ❞❛❞♦s ✐♥✈❡st✐❣❛❞♦s✳

✶✺✶



✹✳✷ ❙❛ú❞❡ ■♥❢❛♥t✐❧ ♥♦ ❇r❛s✐❧

❆s ♣♦❧ít✐❝❛s ❜r❛s✐❧❡✐r❛s ❞❡ ❛ss✐stê♥❝✐❛ s♦❝✐❛❧ sã♦ ♣❛✉t❛❞❛s ♥❡❝❡ss❛r✐❛♠❡♥t❡ ♥❛ s❛ú❞❡

♠❛t❡r♥♦✲✐♥❢❛♥t✐❧✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠ ❝♦♠♣r♦♠✐ss♦ ❛ss✉♠✐❞♦ ♣♦r ♠❛✐s ❞❡ ✶✻✵ ♣❛ís❡s

❥✉♥t♦ à ❖r❣❛♥✐③❛çã♦ ❞❛s ◆❛çõ❡s ❯♥✐❞❛s✺✵✱ ❡♠ ✷✵✵✵ ✭❖◆❯✱ ✷✵✶✺❀ ❋✐❣✉❡✐r❡❞♦ ❡ ▼❡❧❧♦✱

✷✵✵✼✮✳ ❖s ♦❜❥❡t✐✈♦s ❞❡ss❡ ❛❝♦r❞♦ ✈♦❧t❛❞♦ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡ ♣r♦t❡çã♦ ❞❛ ❝r✐❛♥ç❛✱

❡st❛❜❡❧❡❝✐❛ ♠❡t❛s ❡♠ ❢❛✈♦r ❞❡ r❡❞✉çõ❡s ❞❛ ♠♦rt❛❧✐❞❛❞❡ ♠❛t❡r♥❛✱ ❞♦ ❛♥❛❧❢❛❜❡t✐s♠♦ ❡

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

❝♦♥s❡❣✉✐♥t❡✱ ✉♠❛ ❡①♣r❡ss✐✈❛ r❡❞✉çã♦ ❞❛ ♠♦rt❛❧✐❞❛❞❡ ✐♥❢❛♥t✐❧✳ ❍á q✉❛s❡ ❞✉❛s ❞é❝❛❞❛s

❞❡ss❡ ❛❝♦r❞♦✱ ♥♦ q✉❛❧ s❡ ❡s♣❡r❛✈❛ ✉♠❛ r❡❞✉çã♦ ❞❡ ✷✴✸ ❞❛ t❛①❛ ❞❡ ♠♦rt❛❧✐❞❛❞❡ ✐♥❢❛♥t✐❧✱

♦ ❇r❛s✐❧ r❡❞✉③✐✉ ♦ ♥ú♠❡r♦ ❞❡ ó❜✐t♦s ✐♥❢❛♥t✐s ❡♠ 73%✳ ◆❛ ❞é❝❛❞❛ ❞❡ ✾✵✱ ❡r❛♠ r❡❣✐str❛✲

❞❛s ✻✶ ♠♦rt❡s ❛ ❝❛❞❛ ✶✳✵✵✵ ❝r✐❛♥ç❛s ♠❡♥♦r❡s ❞❡ ✺ ❛♥♦s✱ ❡ss❡ ♥ú♠❡r♦ r❡❞✉③✐✉ ♣r❛ ✶✻

✭❯◆■❈❊❋✱ ✷✵✶✺✮✳

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

❞❛ t❛①❛ ❞❡ ♠♦rt❛❧✐❞❛❞❡ ✐♥❢❛♥t✐❧ ♥♦ ❇r❛s✐❧ ❢♦✐ ❝♦♥s❡q✉ê♥❝✐❛ ❞❛ ✐♥st❛✉r❛çã♦ ❞❡ ❛❧❣✉♥s

♣r♦❣r❛♠❛s ❞❡ s❛ú❞❡ ❡ ❝♦♠❜❛t❡ à ♣♦❜r❡③❛✱ ❝♦♠♦ ♦ Pr♦❣r❛♠❛ ❞❡ ❙❛ú❞❡ ❞❛ ❋❛♠í❧✐❛

✭P❙❋✮✱ ♦ Pr♦❣r❛♠❛ ❞❡ ❆❣❡♥t❡s ❈♦♠✉♥✐tár✐♦s ❞❡ ❙❛ú❞❡ ✭P❆❈❙✮✱ ♦ Pr♦❣r❛♠❛ ❇♦❧s❛

❋❛♠í❧✐❛ ✭P❇❋✮ ❡ ♦ Pr♦❣r❛♠❛ ❋♦♠❡ ❩❡r♦ ✭❘❛s❡❧❧❛✱ ✷✵✶✸❀ ●♦♠❡s ❡t ❛❧✳✱ ✷✵✶✺❀ ❈❛♠❡❧♦

❡t ❛❧✳✱ ✷✵✶✺✮✳ ❆❧é♠ ❞❡❧❡s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❖r❣❛♥✐③❛çã♦ P❛♥✲❆♠❡r✐❝❛♥❛ ❞❛ ❙❛ú❞❡ ✲

❖P❆❙ ✭✷✵✶✹✮✱ ♦ ❙✐st❡♠❛ Ú♥✐❝♦ ❞❡ ❙❛ú❞❡ ✭❙❯❙✮ ❛♠♣❧✐♦✉ ♦ ❛t❡♥❞✐♠❡♥t♦ ♠❛t❡r♥♦ ❡ ❛♦

r❡❝é♠✲♥❛s❝✐❞♦✳

❆♣❡s❛r ❞♦s ❛✈❛♥ç♦s✱ q✉❛♥t♦ ❛ s❛ú❞❡ ✐♥❢❛♥t✐❧✱ ❛ ❖▼❙ ✭✷✵✶✺✮ ❞❡st❛❝❛ q✉❡ ❛s ❞✐s♣❛r✐✲

❞❛❞❡s ❛✐♥❞❛ sã♦ ♣❡rs✐st❡♥t❡s✳ ❈♦♠ r❡❧❛çã♦ ❛ t♦❞♦s ♦s ♠✉♥✐❝í♣✐♦s ❞♦ ♣❛ís✱ ♠❛✐s ❞❡ ✶✳✵✵✵

r❡❣✐str❛r❛♠ t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞❡ ❛té ✺ ó❜✐t♦s ♣♦r ✶✳✵✵✵ ❝r✐❛♥ç❛s✱ ❡♥q✉❛♥t♦✱ ❡♠ ✸✷

❝✐❞❛❞❡s✱ t♦❞❛s ❞❛s r❡❣✐õ❡s ♥♦rt❡ ❡ ♥♦r❞❡st❡ ❞♦ ♣❛ís✱ ❛ ♠❡s♠❛ t❛①❛ s✉♣❡r❛✈❛ ✽✵ ó❜✐t♦s✳

❆❧é♠ ❞✐ss♦✱ ❛ ♠❡s♠❛ ✐♥st✐t✉✐çã♦ r❡❢♦rç❛ q✉❡ ❛s ❝r✐❛♥ç❛s ✐♥❞í❣❡♥❛s t❡♠ ❞✉❛s ✈❡③❡s ♠❛✐s

❝❤❛♥❝❡s ❞❡ ♠♦rr❡r ❛♥t❡s ❞❡ ❝♦♠♣❧❡t❛r ✶ ❛♥♦ ❞❡ ✈✐❞❛ q✉❡ ❛s ❞❡♠❛✐s✳ ❖✉tr♦ ♣♦♥t♦ ❧❡✈❛♥✲

t❛❞♦ ❢♦✐ q✉❡✱ ❡♠❜♦r❛ ♦ ♥ú♠❡r♦ ❞❡ ♠♦rt❡s ✐♥❢❛♥t✐s t❡♥❤❛ r❡❞✉③✐❞♦ ❡①♣r❡ss✐✈❛♠❡♥t❡✱ ❛s

✺✵❊ss❡ ❛❝♦r❞♦ ❡st❛❜❧❡❝❡✉ ♦s ❖❜❥❡t✐✈♦s ❞❡ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ▼✐❧ê♥✐♦ ✭❖❉▼✮✱ q✉❡✱ ❡♠ ❡s♣❡❝í✜❝♦✱
❛ss✉♠✐✉ ✽ ❝♦♠♣r♦♠✐ss♦s✱ ❞❡♥tr❡ ❡❧❡s ❛ r❡❞✉çã♦ ❞❛ ♠♦rt❛❧✐❞❛❞❡ ✐♥❢❛♥t✐❧✳

✶✺✷



❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ❡ ❛s ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❛✐♥❞❛ ♣❡rs✐st❡♠ ❝♦♠♦ ❛q✉❡❧❛s q✉❡ ♠❛✐s

❛t✐♥❣❡♠ ❝r✐❛♥ç❛s ❞❡ ✵ ❛ ✾ ❛♥♦s✳ ▼✉✐t❛s ❞❡ss❛s ❞♦❡♥ç❛s ❡stã♦ ❛tr❡❧❛❞❛s ❛♦ ♥í✈❡❧ ❞❡

❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡❝♦♥ô♠✐❝♦ ❧♦❝❛❧✱ ❝♦♠♦ ❛ ♠❛❧ár✐❛✱ ❛s ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s✱ ❛ ❞❡s♥✉tr✐çã♦

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

❞❡ ♣♦❧✉✐çã♦ ❡ ❛s t❡♠♣❡r❛t✉r❛s ♠❛✐s ❛♠❡♥❛s ✭▼❙✱ ✷✵✶✺✮✳

◆❛ ❋✐❣✉r❛ ✹✳✶✱ ❡♥❝♦♥tr❛♠✲s❡ ♠❛♣❛s ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡♠♦❣rá✜❝❛ ❡ ❞♦ ♣❡r✜❧ ❞❡ r❡♥❞❛

❞♦s ❞♦♠✐❝í❧✐♦s ♦♥❞❡ s❡ ❝♦♥❝❡♥tr❛♠ ❛s ❝r✐❛♥ç❛s ❞❡ ✵ ❛ ✺ ❛♥♦s ♥♦ ❇r❛s✐❧✳

❋♦♥t❡✿ ❈❡♥s♦ ❉❡♠♦❣rá✜❝♦✱ ■❇●❊ ✭✷✵✶✵✮✳ ❈♦♥❢❡❝çã♦ Pró♣r✐❛✳

◆♦t❛✿ ❆ ♣r♦♣♦rçã♦ ❞❡ ❝r✐❛♥ç❛s ♠❡♥♦r❡s ❞❡ ✺ ❛♥♦s ♥❛ ♣♦♣✉❧❛çã♦ é ❡①♣r❡ss❛ ❝♦♠♦ ❛ r❛③ã♦ ❞❡ss❡

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

❝r✐❛♥ç❛s r❡s✐❞✐♥❞♦ ❡♠ ❞♦♠✐❝í❧✐♦s ❝♦♠ r❡♥❞❛ ✐♥❢❡r✐♦r ❛ ♠❡✐♦ s❛❧ár✐♦ ♠í♥✐♠♦ ❢♦✐ ❝♦♠♣❛r❛❞♦ ❛♦ t♦t❛❧ ❞❡

❝r✐❛♥ç❛s ❞❡ ❝❛❞❛ ❡st❛❞♦✳

❋✐❣✉r❛ ✹✳✶ ✕ ▼❛♣❛s ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡♠♦❣rá✜❝❛ ❡ ❡❝♦♥ô♠✐❝❛ ❞❛s ❝r✐❛♥ç❛s ❞❡ ✵ ❛ ✺
❛♥♦s ♥♦ ❇r❛s✐❧✳

❈♦♥❢♦r♠❡ ♦ ✐❧✉str❛❞♦ ♣❡❧❛ ❋✐❣✉r❛ ✹✳✶✱ ❛ ♠❡♥♦r ♣r♦♣♦rçã♦ ❞❡ ❝r✐❛♥ç❛s ❝♦♠ ✐❞❛❞❡

✐♥❢❡r✐♦r ❛ ✺ ❛♥♦s ❞❛ ♣♦♣✉❧❛çã♦ ✈✐✈❡♠ ♥♦s ❡st❛❞♦s ❞❛ r❡❣✐ã♦ ❙✉❧ ❡ ❙✉❞❡st❡✳ ❖ ❝♦♥trár✐♦

é ♥♦t❛❞♦ ♥♦s ❡st❛❞♦s ❞❛s r❡❣✐õ❡s ◆♦rt❡ ❡ ◆♦r❞❡st❡✱ ❡♠ q✉❡✱ q✉❛s❡ 10% ❞❛ ♣♦♣✉❧❛çã♦ é

❢♦r♠❛❞❛ ♣♦r ❝r✐❛♥ç❛s ♥❡ss❛ ❢❛✐①❛ ❞❡ ✐❞❛❞❡✱ q✉❡✱ ♠❛❥♦r✐t❛r✐❛♠❡♥t❡✱ ✈✐✈❡♠ ❡♠ ❝♦♥❞✐çõ❡s

❞❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ❞❡ r❡♥❞❛✳ ❊♠ ❡st❛❞♦s ❝♦♠♦ ❈❡❛rá✱ ❇❛❤✐❛✱ ❆❝r❡ ❡ ❆♠❛③♦♥❛s✱ ♠❛✐s

❞❡ 50% ❞❛s ❝r✐❛♥ç❛s r❡s✐❞❡♠ ❡♠ ❞♦♠✐❝í❧✐♦s ❝♦♠ r❡♥❞❛ ♣❡r ❝❛♣✐t❛ ✐♥❢❡r✐♦r ❛ ♠❡✐♦ s❛❧ár✐♦

✶✺✸



♠í♥✐♠♦ ✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ▼✐♥✐stér✐♦ ❞❛ ❙❛ú❞❡ ✭▼❙✱ ✷✵✶✺✮✱ ♥♦ ❇r❛s✐❧ ♥ã♦ é ❛♣❡♥❛s ❛ ✈✉❧♥❡✲

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

♠❛s ♦✉tr♦s ❢❛t♦r❡s ❝♦♠♦ ❛ ❢❛❧t❛ ❞❡ ❛ss✐stê♥❝✐❛ ❡ ✐♥str✉çã♦ ❛s ❣❡st❛♥t❡s✱ ❛✉sê♥❝✐❛ ❞❡

❛❝♦♠♣❛♥❤❛♠❡♥t♦ ♠é❞✐❝♦✱ ❞❡✜❝✐ê♥❝✐❛s ♥❛ ❛ss✐stê♥❝✐❛ ❤♦s♣✐t❛❧❛r✱ ✐♥s❡❣✉r❛♥ç❛ ❛❧✐♠❡♥t❛r

❡ ❞é✜❝✐ts ♥♦s s❡r✈✐ç♦s ❞❡ s❛♥❡❛♠❡♥t♦ ❜ás✐❝♦✳ ❈♦♥❢♦r♠❡ ♦ ❋✉♥❞♦ ❞❡ P♦♣✉❧❛çã♦ ❞❛s

◆❛çõ❡s ❯♥✐❞❛s ✭❋❯◆❆P✱ ✷✵✶✺✮✱ ❡ss❡s ❝♦♥❞✐❝✐♦♥❛♥t❡s ❧✐st❛❞♦s ♥ã♦ sã♦ ❞❡s❛✜♦s ❛ s❡r❡♠

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

◆♦r✉❡❣❛✱ ❡ é ❡①❛t❛♠❡♥t❡ ♣♦r ❡ss❛ r❛③ã♦ q✉❡ s✉❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ✐♥❢❛♥t✐❧ sã♦ ❡♠

t♦r♥♦ ❞❡ ✺ ✈❡③❡s ♠❡♥♦r❡s q✉❡ ❛ ♠é❞✐❛ ❜r❛s✐❧❡✐r❛✳

◆♦ ❇r❛s✐❧✱ ❛s ♠❡♥♦r❡s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ✐♥❢❛♥t✐❧ sã♦ ❡♥❝♦♥tr❛❞❛s ♥♦s ♠✉♥✐❝í♣✐♦s

❞♦s ❡st❛❞♦s ❞❡ ❙❛♥t❛ ❈❛t❛r✐♥❛ ❡ ❞♦ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✱ ❡♠ ♠é❞✐❛ ✶✵ ó❜✐t♦s ✐♥❢❛♥t✐s

♣♦r ✶✳✵✵✵ ♥❛s❝✐❞♦s ✈✐✈♦s✳ ❊ss❛s t❛①❛s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❇❛♥❝♦ ▼✉♥❞✐❛❧ ✭✷✵✶✺✮✱ sã♦

✐❞ê♥t✐❝❛s ❛ ❞❡ ♣❛ís❡s ❝♦♠♦ ❛ ▼❛❧ás✐❛ ❡ ♦ ◗❛t❛r✱ ❡ ❡q✉✐✈❛❧❡♠ ❛ t❛①❛ ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞❛

❙✉é❝✐❛✱ ❡♠ ✶✾✺✵✳ ❆ ♣❛rt✐r ❞❡ss❡ ❝❡♥ár✐♦✱ ❛✐♥❞❛ q✉❡ ❛✈❛♥ç♦s t❡♥❤❛♠ s✐❞♦ ✐❞❡♥t✐✜❝❛❞♦s✱

♦ ❇r❛s✐❧✱ ❡♠ t❡r♠♦s ❞❡ s❛ú❞❡ ✐♥❢❛♥t✐❧✱ s❡ ❝♦♥✜❣✉r❛ ❡♠ r❡❧❛t✐✈♦ ❛tr❛s♦✳

❆❧é♠ ❞✐ss♦✱ ♠❡s♠♦ ♥✉♠ ❝❡♥ár✐♦ ❞❡ q✉❡❞❛ ♥❛ t❛①❛ ❞❡ ♠♦rt❛❧✐❞❛❞❡✱ ❛ q✉❡stã♦ ❝❡♥tr❛❧

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

❡stá✈❡✐s✱ ❡♠ t♦r♥♦ ❞❡ ✸ ♠✐❧❤õ❡s ❞❡ ❝r✐❛♥ç❛s ✐♥t❡r♥❛❞❛s t♦❞♦s ♦s ❛♥♦s✱ s♦♠❡♥t❡ ♥❛s

❝❛♣✐t❛✐s ❡st❛❞✉❛✐s ❞♦ ♣❛ís ✭❉❛t❛✲❙❯❙✱ ✷✵✶✻❀ ❋❡rr❡r✱ ✷✵✵✾✮✳ ❆ ❡✜❝✐ê♥❝✐❛ ♥♦ ❝♦♠❜❛t❡ à

♠♦rt❛❧✐❞❛❞❡ ✐♥❢❛♥t✐❧ ❡stá r❡❧❛❝✐♦♥❛❞♦ ❛ ♠❛✐♦r ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ t❛♥t♦ ❞❡ ♠é❞✐❝♦s q✉❛♥t♦

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

✐♥❢❛♥t✐❧✳ ■st♦ é✱ ❝♦♥❢♦r♠❡ ♦s ❞❛❞♦s ❞✐s♣♦♥í✈❡✐s ♥♦ ❉❛t❛✲❙❯❙✱ ❛s ❝r✐❛♥ç❛s ❝♦♥t✐♥✉❛♠

❛❞♦❡❝❡♥❞♦✱ ❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✭❋❡rr❡r✱ ✷✵✵✾✮✱ ❡ss❡ ❛✐♥❞❛ é ✉♠ ❣r❛♥❞❡ ❡♥tr❛✈❡ ❛♦s ❣❛st♦s

❣♦✈❡r♥❛♠❡♥t❛✐s ❝♦♠ s❛ú❞❡ ♣ú❜❧✐❝❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ▼❛r❛♥❤ã♦ ✭✷✵✶✵✮✱ ❛s ❞❡s♣❡s❛s

❤♦s♣✐t❛❧❛r❡s ❝♦♠ ❝✉✐❞❛❞♦s ✐♥❢❛♥t✐s s✉♣❡r❛ ✻✺✵ ♠✐❧❤õ❡s ❞❡ r❡❛✐s✳

❙❡❣✉♥❞♦ ♦ ▼✐♥✐stér✐♦ ❞❛ ❙❛ú❞❡ ✭✷✵✶✵✮✱ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 68% ❞♦s ❣❛st♦s ❞♦ ❙❯❙

❝♦♠ ❝r✐❛♥ç❛s ♠❡♥♦r❡s ❞❡ ✺ ❛♥♦s sã♦ ❝♦♠ ❤♦s♣✐t❛❧✐③❛çõ❡s ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✱

❛❢❡❝çõ❡s ♣❡r✐♥❛t❛✐s ❡ ❞✐❛rr❡✐❛ ❛❣✉❞❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♠❡s♠❛ ✐♥st✐t✉✐çã♦✱ ♥♦ ❇r❛s✐❧✱ ❛s

✶✺✹



✐♥t❡r♥❛çõ❡s ✐♥❢❛♥t✐s ♣♦r ❞✐❛rr❡✐❛s ❛✐♥❞❛ sã♦ ❝♦♥s✐❞❡r❛❞❛s ✉♠ ✐♠♣♦rt❛♥t❡ ♣r♦❜❧❡♠❛ ❞❡

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

✹✳✸ ▼❡t♦❞♦❧♦❣✐❛

◆❡st❛ s❡çã♦✱ ❛ ♣❛rt✐r ❞♦s ❢✉♥❞❛♠❡♥t♦s t❡ór✐❝♦s ♣r♦♣♦st♦s ♣♦r ❍❛♥ ❡ ❋♦❧t③ ✭✷✵✶✸✮✱

❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❡ s❛ú❞❡ ❝♦♠♦ ❝❛♣✐t❛❧ ❤✉♠❛♥♦ ❞❡ ❇❡❝❦❡r ✭✷✵✵✼✮✱ sã♦ ❞❡s❝r✐t❛s ❛s

❢♦r♠✉❧❛çõ❡s ❡ ♣r♦♣♦s✐çõ❡s ❞❡ ✉♠ ♠♦❞❡❧♦ ❡♠♣ír✐❝♦ ♣❛r❛ ❛♥❛❧✐s❛r ♦s r✐s❝♦s ❞❡ ✐♥t❡r♥❛çã♦

❤♦s♣✐t❛❧❛r✱ ❝♦♠♦ ♣r♦①② ❞♦ ❡st❛❞♦ ❞❡ s❛ú❞❡ ✐♥❢❛♥t✐❧✱ ♥♦ ❇r❛s✐❧✳ ❊st❛ s❡çã♦ ❢♦✐ s❡❣r❡❣❛❞❛

❡♠ ❛♣♦♥t❛♠❡♥t♦s t❡ór✐❝♦s ❡ té❝♥✐❝❛s ❞❡ ❡st✐♠❛çã♦ ❡❝♦♥♦♠étr✐❝❛✳

✹✳✸✳✶ ▼♦❞❡❧♦ ❇ás✐❝♦

❊st❛ s❡çã♦ ❛♣r❡s❡♥t❛ ✉♠ ♠♦❞❡❧♦ ♠✐❝r♦❡❝♦♥ô♠✐❝♦✱ ❞❡s❡♥✈♦❧✈✐❞♦ ♣♦r ❍❛♥ ❡ ❋♦❧t③ ✭✷✵✶✸✮✱

♥♦ q✉❛❧ ❛s ❢❛♠í❧✐❛s ✈✐✈❡♥❝✐❛♠ ✈❛r✐❛çõ❡s ❡①❝❡ss✐✈❛s ❞❡ t❡♠♣❡r❛t✉r❛✱ q✉❡✱ ❡♠ ú❧t✐♠❛ ✐♥s✲

tâ♥❝✐❛✱ ❛❢❡t❛ ♦ ♣r♦❝❡ss♦ ❞❡ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ r❡❧❛❝✐♦♥❛❞♦ ❛ s❛ú❞❡✳ ❆ ♠❡s♠❛ ❛❜♦r❞❛❣❡♠

s❡rá ❛♣❧✐❝❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✱ ♣♦ré♠ ❛❞❛♣t❛❞❛ ♣❛r❛ ♦s ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r (hw)✳

P❛r❛ ❛ ❡s♣❡❝✐✜❝❛çã♦ ❞❡st❡ ♠♦❞❡❧♦✱ ♦s ❛✉t♦r❡s s❡ ♣❛✉t❛r❛♠ ❡♠ ✉♠ ♠♦❞❡❧♦ ❡str✉t✉r❛❧

❞❡ ❛❧♦❝❛çã♦ ❞♦♠✐❝✐❧✐❛r ❞❡ r❡♥❞❛ ❡ ♣r♦❞✉çã♦ ❡❧❛❜♦r❛❞♦ ♣♦r ❇r♦✇♥✐♥❣ ❡ ❈❤✐❛♣♣♦r✐ ✭✶✾✾✹✮✱

❡♠ ✉♠ ♠♦❞❡❧♦ ♥♦ q✉❛❧ ✐♥❞✐✈í❞✉♦s ❣❛st❛♠ ✉♠❛ ♣❛r❝❡❧❛ ❞❛ r❡♥❞❛ ❡♠ ❜❡♥s ❞❡ s❛ú❞❡

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

❛ss✐♠ ❝♦♠♦ ♦ ❞❡s❝r✐t♦ ❡♠ ❇✉r❣❡ss ❡t ❛❧✳ ✭✷✵✶✶✮✱ ❡✱ ✜♥❛❧♠❡♥t❡ ❡♠ ❛♣♦♥t❛♠❡♥t♦s t❡ór✐❝♦s

s♦❜r❡ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ❝r✐❛♥ç❛ ♥❛ ❢❛♠í❧✐❛ ✭❇❡❝❦❡r✱ ✶✾✼✸✮✳ ❆❧é♠ ❞✐ss♦✱ ♦ ❡♥❢♦q✉❡ ✐♥❢❛♥t✐❧

❡ ♥♦ ❜❡♠✲❡st❛r r❡❧❛❝✐♦♥❛❞♦ ❛ s❛ú❞❡ ❞♦ ❛❣r❡❣❛❞♦ ❢❛♠✐❧✐❛r ❢♦r❛♠ ❢✉♥❞❛♠❡♥t❛❞♦s ❡♠

❈✉rr✐❡ ✭✷✵✵✵✮✳

◆♦ ♠♦❞❡❧♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♣♦r ❇✉r❣❡ss ❡t ❛❧✳ ✭✷✵✶✶✮✱ ❝❛❞❛ ✐♥❞✐✈í❞✉♦ ❡♥❢r❡♥t❛ ♦ ❝❛❧♦r

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

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

❝❛♣ít✉❧♦ ❛♥t❡r✐♦r✳ ❆❧é♠ ❞✐ss♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♠♦❞❡❧♦ ❡①♣♦st♦ ❡♠ ❍❛♥ ❡ ❋♦❧t③ ✭✷✵✶✸✮✱

♥❡st❡ tr❛❜❛❧❤♦ t❛♠❜é♠ sã♦ ❝♦♥s✐❞❡r❛❞♦s ❡❢❡✐t♦s ❞❡ ❢❛t♦r❡s ✐♥t❡r✈❡♥✐❡♥t❡s ❡s♣❡❝í✜❝♦s ❞♦

✶✺✺



❛❣r❡❣❛❞♦ ❢❛♠✐❧✐❛r ♥❛ s♦❜r❡✈✐✈ê♥❝✐❛ ❞❛ ❝r✐❛♥ç❛✳

❖ ♠♦❞❡❧♦ ♣r❡ss✉♣õ❡ q✉❡ ❛ ❢❛♠í❧✐❛ ♠❛①✐♠✐③❛ ❛ s♦♠❛ ♣♦♥❞❡r❛❞❛ ❞❛ ✉t✐❧✐❞❛❞❡ ❞❡

❝❛❞❛ ♠❡♠❜r♦✱ s✉❥❡✐t♦ ❛♦ ♦rç❛♠❡♥t♦ ❢❛♠✐❧✐❛r✳ ❆ss✐♠✱ ❝❛❞❛ ✐♥❞✐✈í❞✉♦ i ❛♣r❡s❡♥t❛ ✉♠❛

✉t✐❧✐❞❛❞❡ Ui ♥♦ ❝♦♥s✉♠♦ ❞❡ ❜❡♥s ♣r✐✈❛❞♦s r❡♣r❡s❡♥t❛❞♦s ♣♦r xi✳ ❆ ✉t✐❧✐❞❛❞❡ ❞♦ ✐♥❞✐✈í✲

❞✉♦ é ♣♦♥❞❡r❛❞❛ ♣❡❧❛ s✉❛ ✐♠♣♦rtâ♥❝✐❛ ♥♦ ❧❛r✱ τ(θ)✱ ❡♠ q✉❡ θi ❞❡♥♦t❛ ❛s ❝❛r❛❝t❡ríst✐❝❛s

✐♥❞✐✈✐❞✉❛✐s q✉❡ ❞❡t❡r♠✐♥❛♠ ♦ ♥í✈❡❧ ❞❡ ✐♠♣♦rtâ♥❝✐❛ ❞♦ ✐♥❞✐✈í❞✉♦ ❡ τ é ✉♠❛ ❢✉♥çã♦ q✉❡

❞❡t❡r♠✐♥❛ ❝❛r❝❛t❡rís✐t❝❛s ✐♥❞✐✈✐❞✉❛✐s ❡♠ ♥í✈❡❧ ❞❡ ✐♠♣♦rtâ♥❝✐❛✳ ❆s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡✲

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

❞❡ ♥❛s❝✐♠❡♥t♦ ❡ ❡❞✉❝❛çã♦ ❞♦s ♣❛✐s✳ ❆ss✉♠❡✲s❡ q✉❡ ❛ r❡str✐çã♦ ♦rç❛♠❡♥tár✐❛ é ❡①♣r❡ss❛

♣❡❧❛ ❞❡s♣❡s❛ t♦t❛❧ ❢❛♠✐❧✐❛r✱ ✐❞ê♥t✐❝❛ ❛♦ r❡♥❞✐♠❡♥t♦ t♦t❛❧ ❢❛♠✐❧✐❛r ❝♦♠ s❛❧ár✐♦s W ❡

tr❛❜❛❧❤♦ L✱ ❣❡r❛❧♠❡♥t❡ ❛❞q✉✐r✐❞♦s ♣❡❧♦s ♣❛✐s✳ ❆❧é♠ ❞✐ss♦✱ ♣r❡ss✉♣õ❡✲s❡ q✉❡ ❛ ❢❛♠í❧✐❛

s❡ ❞❡❢r♦♥t❛ ❝♦♠ ♣r❡ç♦s ❝♦♥st❛♥t❡s ♣❛r❛ ❛ s✉❛ ♣r♦❞✉çã♦ p✳

❉❡ss❛ ❢♦r♠❛✱ ❛ ❢❛♠í❧✐❛ ❛♣r❡s❡♥t❛ ♦ s❡❣✉✐♥t❡ ♣r♦❜❧❡♠❛ ❞❡ ♠❛①✐♠✐③❛çã♦✿

maxxi
U =

∑N

i=1 τ(θi)Ui(xi) s✳❛✳
∑N

i=1 pxi =
∑N

i=1 WiLi

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

r❡s♣♦♥❞❡r ❛ ❞❡♠❛♥❞❛ ♣♦r s❛ú❞❡ ❡ s♦❜r❡✈✐✈ê♥❝✐❛ ♣❛r❛ ❝❛❞❛ ✐♥❞✐✈í❞✉♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠

❇❡❝❦❡r ✭✷✵✵✼✮✳

❆❧é♠ ❞❡ ❜❡♥s ♣r✐✈❛❞♦s xi✱ ❛ ❢✉♥çã♦ ❞❡ ✉t✐❧✐❞❛❞❡ ✐♥❞✐✈✐❞✉❛❧ é ✐♥✢✉❡♥❝✐❛❞❛ ♣♦r ✉♠

t❡r♠♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ S(h, hw)✱ ❡♠ q✉❡ S(.) é ❞❡✜♥✐❞❛ ❝♦♠♦ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡

s♦❜r❡✈✐✈❡r✱ hi ❞❡♥♦t❛ q✉❛✐sq✉❡r ❜❡♥s ❞❡ ♠❡❧❤♦r✐❛ ❞❡ s❛ú❞❡ ❝♦♥s✉♠✐❞♦s ♣❡❧♦ ✐♥❞✐✈í❞✉♦ i

❡ hw r❡♣r❡s❡♥t❛ ♦s ❡♣✐só❞✐♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❡①♣❡r✐♠❡♥t❛❞♦s ♣♦r t♦❞♦s ♦s ♠❡♠❜r♦s ❞❛

❢❛♠í❧✐❛✳ ❆ ❢✉♥çã♦ ✉t✐❧✐❞❛❞❡ ❛❞♦t❛❞❛ é s✐♠✐❧❛r ❛q✉❡❧❛ ❛♣r❡s❡♥t❛❞❛ ♥♦ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r✱

❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ♣r♦♣♦s✐çõ❡s ❞❡ ❉❡s❝❤ê♥❡s ❡ ●r❡❡♥st♦♥❡ ✭✷✵✶✶✮✳ ❊♥tã♦✱ ❝❛❞❛ ✐♥❞✐✈í❞✉♦

i t❡♠ ❛ s❡❣✉✐♥t❡ ❢✉♥çã♦ ❞❡ ✉t✐❧✐❞❛❞❡✳

Ui = Ui(xi, Si(hi, hw)) ✭✷✸✮

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

♣❛✐ ❡ ✉♠❛ ❝r✐❛♥ç❛ (i = p, c)✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r s✉❛s ❢✉♥çõ❡s ❞❡ ✉t✐❧✐❞❛❞❡

✶✺✻



❝♦♠♦ Up = Up(xp, Sp(hp, hw)) ❡ Uc = Uc(xc, Sc(hc, hw))✳

❆ss✐♠✱ ❛ ❢❛♠í❧✐❛ ♠❛①✐♠✐③❛rá ❛ s♦♠❛ ♣♦♥❞❡r❛❞❛ ❞❛s ✉t✐❧✐❞❛❞❡s✱ Up ❡ Uc✱ s✉❥❡✐t♦ ❛

r❡str✐çã♦ ♦rç❛♠❡♥tár✐❛ ❞♦♠ést✐❝❛✱ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛

maxxi,hi
U = τ(θp)Up + τ(θc)Uc s✳❛

∑N

i=1 pxi =
∑N

i=1 WiLi

❆ r❡str✐çã♦ ❞❛ ❢❛♠í❧✐❛ ♣♦❞❡ s❡r ❡①♣r❡ss❛ ♣♦r✿

WpLp = xp + xc + phhp + phhc ✭✷✹✮

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

❝♦♥tr✐❜✉✐çã♦ ❞❛ s❛ú❞❡ ❞❛ ❝r✐❛♥ç❛✱ h∗
c ✱ q✉❡ ♠❛①✐♠✐③❛ ❛ ✉t✐❧✐❞❛❞❡ ❞♦♠ést✐❝❛ é ❞❡s❝r✐t❛

♣❡❧❛ ❡q✉❛çã♦ ❛❜❛✐①♦✳

dUp

dxp

dUp

dsp

dsp
dhp

=
dUc

dxc

dUc

dsc

dsc
dhc

=
1

ρ
✭✷✺✮

❊ss❛ r❡❧❛çã♦ r❡✈❡❧❛ q✉❡ ♦ ❜❡♥❡❢í❝✐♦ ♠❛r❣✐♥❛❧ ❞♦s ❝✉✐❞❛❞♦s ❞❡ s❛ú❞❡ ✐♥❢❛♥t✐❧ é ✐❞ê♥t✐❝♦

❝♦♠ ♦ ❝✉st♦ ♠❛r❣✐♥❛❧ r❡❧❛❝✐♦♥❛❞♦ ❛ ❡ss❡s ❝✉✐❞❛❞♦s✳ ❊❧❛ ❞❡♠♦♥str❛ q✉❡ ❛ q✉❛♥t✐❞❛❞❡

❞❡ ✐♥s✉♠♦s ❞❡ s❛ú❞❡ ✐♥❢❛♥t✐❧ ❝♦♠♣r❛❞♦ ♣❡❧❛ ❢❛♠í❧✐❛ ❞❡♣❡♥❞❡ ❞♦ ❢❛t♦r ❞❡ ✐♠♣♦rtâ♥❝✐❛

❞❛ ❝r✐❛♥ç❛✱ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s♦❜r❡✈✐✈❡r ❛♦s ❝❤♦q✉❡s ❝❧✐♠át✐❝♦s ❡ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡

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

h∗
c = f(τ(θc), hw, ρ)✳ ❘❡ss❛❧t❛✲s❡ q✉❡ ♦ ❢❛t♦r ❞❡ ✐♠♣♦rtâ♥❝✐❛ ❛tr✐❜✉í❞♦ ❛ ❝r✐❛♥ç❛ ♣♦❞❡

♠✐t✐❣❛r ♦✉ ❛♠♣❧✐❛r ♦ ❡❢❡✐t♦ ❞♦ ❝❛❧♦r ❡①❝❡ss✐✈♦ s♦❜r❡ ❛ s❛ú❞❡ ✐♥❢❛♥t✐❧ ✭❍❛♥ ❡ ❋♦❧t③✱ ✷✵✶✸✮✳

❉❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ❍❛♥ ❡ ❋♦❧t③ ✭✷✵✶✸✮✱ ❛ ♣❛rt✐r ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛✱ ♣♦❞❡

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

dhw
✱ ❡ ♥♦

❡❢❡✐t♦ ❞❡ ✐♥s✉♠♦s ❞❡ s❛ú❞❡ s♦❜r❡ ❛ s♦❜r❡✈✐✈ê♥❝✐❛✱ dSc

dh
✿

S∗
c (h

∗
c , hw) = s(h∗

c(τ(θc), hw, ph), hw) ✭✷✻✮

❯♠❛ ❞✐❢❡r❡♥❝✐❛çã♦ ❡♠ r❡❧❛çã♦ ❛s ✈❛r✐❛çõ❡s ❞❡ ✐♥❞✐❝❛❞♦r❡s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r (hw) ❞❛

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

✐♥❢❛♥t✐❧✿

✶✺✼



dS∗
c [h

∗
c(τ(θc), hw), hw]

dhw
=

dSc[hc(τ(θc), hw), hw]

dhc

dhc

dhw
+

dSc

dhw
✭✷✼✮

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

✈ê♥❝✐❛ ✐♥❢❛♥t✐❧✳

✐ ✲ ❊❢❡✐t♦ ❞✐r❡t♦ ✲ ❉❛❞♦ ❛✉♠❡♥t♦s ♥❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡

❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❞❡ ✉♠❛ ❝r✐❛♥ç❛ ❞✐♠✐♥✉✐✳ ❖ t❡r♠♦ dSc

dhw
r❡✈❛❧❛ ✉♠ ❡❢❡✐t♦ ❞✐r❡t♦

❞♦s ❡♣✐só❞✐♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ s♦❜r❡✈✐✈ê♥❝✐❛ ❞❛s ❝r✐❛♥ç❛s✳ ❈♦♠♦ ❛r❣✉✲

♠❡♥t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♣♦r ♠❡✐♦ ❞❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ✜s✐♦❧ó❣✐❝❛s

❞❡ ✉♠ ♦r❣❛♥✐s♠♦ ❡ ♦ ❝❛❧♦r ❡①❝❡ss✐✈♦✱ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r r❡❞✉③❡♠ ❛ s♦❜r❡✈✐✈ê♥❝✐❛

❞❛s ❝r✐❛♥ç❛s✱ dSc

dhw
< 0✱ ✭❍❛♥ ❡ ❋♦❧t③✱ ✷✵✶✸❀ ❇✉r❣❡ss ❡t ❛❧✳ ✷✵✵✾✮✳

✐✐ ✲ ❊❢❡✐t♦ ✐♥❞✐r❡t♦ ✲ ❆s ♦♥❞❛s ❞❡ ❝❛❧♦r ❧❡✈❛♠ ❛s ❢❛♠í❧✐❛s ❛ ❝♦♥s✉♠✐r❡♠ ❜❡♥s ❡ s❡r✲

✈✐ç♦s ♣r♦♠♦t♦r❡s ❞❡ s❛ú❞❡ ❡✴♦✉ ❝♦♥❢♦rt♦ tér♠✐❝♦✱ dSc

dhc

dhc

dhw
✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❇✉r❣❡ss

❡t ❛❧✳ ✭✷✵✵✾✮✳ ❉❡ss❛ ❢♦r♠❛✱ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❛❢❡t❛♠ ❞✐r❡t❛ ❡ ♣♦s✐t✐✈❛♠❡♥t❡ ❛

✉t✐❧✐❞❛❞❡ ❞♦ ❛❣r❡❣❛❞♦ ❢❛♠✐❧✐❛r✱ t❛♥t♦ ♣♦r ♠❡✐♦ ❞❛ ✉t✐❧✐❞❛❞❡ ✐♥❢❛♥t✐❧ q✉❛♥t♦ ♣❡❧❛

✉t✐❧✐❞❛❞❡ ❞♦s ♣❛✐s ♦✉ ❝✉✐❞❛❞♦r❡s✳

❖ ♣r✐♠❡✐r♦ ❞❡ss❡s ❡❢❡✐t♦s é ❡str✐t❛♠❡♥t❡ ❡♣✐❞❡♠✐♦❧ó❣✐❝♦ ❡ r❡♣r❡s❡♥t❛ ✉♠ ♠❡❝❛♥✐s♠♦

♥♦ q✉❛❧ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❛❢❡t❛♠ ❞✐r❡t❛♠❡♥t❡ ❛ s❛ú❞❡ ❞❛s ❝r✐❛♥ç❛s✳ ❖ s❡❣✉♥❞♦ ❡❢❡✐t♦

r❡♣r❡s❡♥t❛ ♦s ✐♠♣❛❝t♦s ❞❡ss❡s ❡✈❡♥t♦s ♥❛s ❡str❛té❣✐❛s ❞❡ ❛❞❛♣t❛çã♦✱ ♣♦✐s✱ ❝♦♠♦ ❡①♣❧✐✲

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

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

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

◆❡ss❛ ♣❡rs♣❡❝t✐✈❛✱ ❛ s♦♠❛ ❞❡ss❡s ❡❢❡✐t♦s ❞✐r❡t♦s ❡ ✐♥❞✐r❡t♦s r❡✈❡❧❛♠ ♦ ✐♠♣❛❝t♦ ❞❛s

♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ s❛ú❞❡ ❞❛s ❝r✐❛♥ç❛s✱ ✐♠♣♦rt❛♥t❡ ❝♦♠♣♦♥❡♥t❡ ❞♦ ❜❡♠✲❡st❛r ❢❛♠✐✲

❧✐❛r✳ ◆❡ss❡ ❝♦♥t❡①t♦✱ ✈❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ♦❜❥❡t✐✈♦s ❞❡st❡ tr❛❜❛❧❤♦ s❡ ❧✐♠✐t❛♠ ❛ ❛♥❛❧✐s❛r

♦s ❡❢❡✐t♦s ❞✐r❡t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ ♠♦r❜✐❞❛❞❡ ✐♥❢❛♥t✐❧✱ ✉♠❛ ♣r♦①② ❞♦ ❡st❛❞♦

❞❡ s❛ú❞❡ ❞❛s ❝r✐❛♥ç❛s✳ ❙♦❜r❡ ❡ss❛ ❧✐♠✐t❛çã♦✱ ✈❛❧❡ r❡ss❛❧t❛r q✉❡ ❛ ❞❡s❝♦♥s✐❞❡r❛çã♦ ❞❡ss❛s

❛çõ❡s ❛❞❛♣t❛t✐✈❛s r❡s✉❧t❛♠ ❡♠ ✉♠❛ s✉❜❡st✐♠❛çã♦ ❞♦s ✐♠♣❛❝t♦s s♦❜r❡ ❛ s❛ú❞❡ ✐♥❢❛♥t✐❧✳

✶✺✽



❆ ❡str❛té❣✐❛ ❞❡ ❡st✐♠❛çã♦ ❞♦s ✐♠♣❛❝t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ s❛ú❞❡ ✐♥❢❛♥t✐❧

❡stá ❞✐s♣♦st❛ ♥❛ ♣ró①✐♠❛ s✉❜s❡çã♦✳

✹✳✸✳✷ Pr♦❝❡❞✐♠❡♥t♦s ❊❝♦♥♦♠étr✐❝♦s✿ ♠♦❞❡❧♦s ♣❛r❛ ❞❛❞♦s ❝♦♥t❛❞♦s

❆ ✈❛r✐á✈❡❧ ♠♦r❜✐❞❛❞❡ ✐♥❢❛♥t✐❧ (M) é ♠❡❞✐❞❛ ❝♦♠♦ ♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ❞♦❡♥t❡s ❝♦♠

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

❞❡ ✷✵✵✽ ❛ ✷✵✶✸✳ ❊ss❛ ✈❛r✐á✈❡❧✱ ♣♦r ♠❡✐♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ ❡♠ ♣❛✐♥❡❧✱ ❢♦✐

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

❆ ❡q✉❛çã♦ ❞♦ ♠♦❞❡❧♦ ❡❝♦♥♦♠étr✐❝♦ é ❡s♣❡❝✐✜❝❛❞❛ ♣♦r✿

Mit = ci + β1,HHWit + β2,CCit + β3,WWit + β4,EEit + β5,SSit + εit ✭✷✽✮

❡♠ q✉❡ β sã♦ ❝♦♥❥✉♥t♦s ❞❡ ♣❛râ♠❡tr♦s ❛ s❡r❡♠ ❡st✐♠❛❞♦s✺✶✱ ci sã♦ ❝❛r❛❝t❡ríst✐❝❛s

❡s♣❡❝í✜❝❛s ❞❛s ✉♥✐❞❛❞❡s ❡ ✐♥✈❛r✐❛♥t❡s ♥♦ t❡♠♣♦ ❡ εit é ✉♠ t❡r♠♦ ❞❡ ❡rr♦ ❛❧❡❛tór✐♦✳

❙♦❜r❡ ♦s ✈❡t♦r❡s ❞❡ ✈❛r✐á✈❡✐s r❡❣r❡ss♦r❛s✱ ♥♦ ✈❡t♦r HWit ❢♦r❛♠ ✐♥s❡r✐❞♦s ♦s ✐♥❞✐❝❛❞♦r❡s

❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❡♠ t❡r♠♦s ❞❡ s✉❛ ✐♥❝✐❞ê♥❝✐❛ (HWN)✱ ❞✉r❛çã♦ (HWD)✱ ❢r❡q✉ê♥❝✐❛

(HWF ) ❡ ❛♠♣❧✐t✉❞❡ (HWA)✳ ◆♦ ✈❡t♦r Cit ❢♦r❛♠ ✐♥❝❧✉í❞❛s ✈❛r✐á✈❡✐s ❝❧✐♠át✐❝❛s✱ t❛✐s

❝♦♠♦ t❡♠♣❡r❛t✉r❛✱ ♣r❡❝✐♣✐t❛çã♦✱ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡ s♦❧ ✭✐♥s♦❧❛çã♦✮✱ ❤✉♠✐❞❛❞❡ r❡❧❛t✐✈❛

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

Wit ❡♥❝♦♥tr❛♠✲s❡ ✈❛r✐á✈❡✐s ❡❝♦♥ô♠✐❝❛s✱ ❝♦♠♦ r❡♥❞❛ ❞♦♠✐❝✐❧✐❛r ❡ ♣❡r❝❡♥t✉❛❧ ♠✉♥✐❝✐♣❛❧

❞❡ ❝r✐❛♥ç❛s ❡♥✈♦❧✈✐❞❛s ❡♠ ❛t✐✈✐❞❛❞❡s ❧❛❜♦r❛✐s✳ ◆♦ ✈❡t♦r Eit ❢♦r❛♠ ✐♥s❡r✐❞❛s ❛❧❣✉♠❛s

✈❛r✐á✈❡✐s r❡❢❡r❡♥t❡s ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s ♣❛✐s✱ ❡♠ ❡s♣❡❝í✜❝♦✱ ❛ ❡s❝♦❧❛r✐❞❛❞❡ ❞♦s ♣❛✐s

❡ ♦ ♥ú♠❡r♦ ❞❡ ♠ã❡s ❛❞♦❧❡s❝❡♥t❡s ❡♠ r❡❧❛çã♦ ❛♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s✳ ❋✐♥❛❧♠❡♥t❡✱ ♦

✈❡t♦r Sit ❝♦♥té♠ ✈❛r✐á✈❡✐s ❞❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ s♦❝✐❛❧✱ t❛✐s ❝♦♠♦ ❛❝❡ss♦ ❛ s❡r✈✐ç♦s ❞❡

❡s❣♦t❛♠❡♥t♦ s❛♥✐tár✐♦ ❡ ❝♦❧❡t❛ ❞❡ ❧✐①♦✱ ❜❡♠ ❝♦♠♦ ♦ ♥ú♠❡r♦ ❞❡ ♠é❞✐❝♦s ♣♦r ❤❛❜✐t❛♥t❡✳

❖ ♣r✐♥❝✐♣❛❧ ♣r♦❜❧❡♠❛ ❞❛ ❡q✉❛çã♦ ✷✽ é q✉❡ ❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡ ❛♣r❡s❡♥t❛ ✉♠ ♣r♦✲

❝❡ss♦ ❣❡r❛❞♦r ❞❡ ❞❛❞♦s ❞✐s❝r❡t♦s ❡ ♥ã♦✲♥❡❣❛t✐✈♦s✱ q✉❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐

✺✶❊♠ ❝❛❞❛ ✉♠ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❢♦r❛♠ ✐♥s❡r✐❞♦s ♦s s✉❜s❝r✐t♦s ❍✱ ❈✱ ❲✱ ❊ ❡ ❙✳ ❊❧❡s s❡ r❡❢❡r❡♠ ❛♦
♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✈❛r✐á✈❡✐s ❝♦♥t✐❞❛s ♥✉♠ r❡s♣❡❝t✐✈♦ ✈❡t♦r✳ P♦r ❡①❡♠♣❧♦✱ ♥♦ ✈❡t♦r Cit ❡①✐st❡♠ ✺
✈❛r✐á✈❡✐s ❝❧✐♠át✐❝❛s✱ ♣♦rt❛♥t♦ ♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ✈❛r✐❛♠ ❞❡ ✶✱ ✷✱ ✳✳✳✱ ❈✱ s❡♥❞♦✱ ♥❡st❡ ❝❛s♦✱ ❈❂✺✳

✶✺✾



✭✷✵✵✺✮✱ t♦r♥❛ ✐♥❡✜❝✐❡♥t❡ ❛ ❡st✐♠❛çã♦ ❞❡ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ♣♦r ♠ét♦❞♦s tr❛❞✐❝✐♦♥❛✐s✱

❝♦♠♦ ▼í♥✐♠♦s ◗✉❛❞r❛❞♦s ❖r❞✐♥ár✐♦s ✭▼◗❖✮ ✺✷✳ ❙❡♥❞♦ ❛ss✐♠✱ ♣❛r❛ ❡s♣❡❝✐✜❝❛r ♠♦❞❡✲

❧♦s ❞❡ r❡❣r❡ssã♦ ♣❛r❛ ❛ ♠é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧ ❞❛ ✈❛r✐á✈❡❧ (M)✱ ❛ ❞✐str✐❜✉✐çã♦ ♠❛✐s ❝♦♠✉♠

♣❛r❛ ❡ss❡s ♣r♦❝❡ss♦s ❣❡r❛❞♦r❡s ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s é ❛ ❞❡ P♦✐ss♦♥ ❡ ❛ ❇✐♥♦♠✐❛❧ ♥❡❣❛t✐✈❛

✺✸ ✭❉❡❜ ❡ ❚r✐✈❡❞✐✱ ✷✵✵✷❀ ❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐✱ ✷✵✵✺✮✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s ♠❡s♠♦ ❛✉t♦r❡s✱ ❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐ ✭✷✵✵✺✮ ❡ P❡r❡❞❛ ✭✷✵✶✷✮✱ ❛s

❝♦♠♣❧✐❝❛çõ❡s ♣❛❞rõ❡s ♣❛r❛ ✉♠ ♠♦❞❡❧♦ ❞❡ ❞❛❞♦ ❝♦♥t❛❞♦ ✐♥❝❧✉✐✿ ♣r♦♣r✐❡❞❛❞❡ ❞❡ ♣❡q✉❡♥❛s

♠é❞✐❛s ❞❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡❀ r❡❣r❡ss♦r❡s ❡♥❞ó❣❡♥♦s❀ s♦❜r❡❞✐s♣❡rsã♦ ♦✉ s✉♣❡r❞✐s♣❡r✲

sã♦ ❞♦s ❞❛❞♦s ✭❝❛s♦s q✉❛♥❞♦ ❛ ✈❛r✐â♥❝✐❛ ❝♦♥❞✐❝✐♦♥❛❧ é s✉♣❡r✐♦r à ♠é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧✮✳

❊♠ ❣❡r❛❧✱ ♣❛r❛ ❡♥t❡♥❞❡r ❛ ♣r❡s❡♥ç❛ ❞❡ss❛s ❝♦♠♣❧✐❝❛çõ❡s ❡ ❛♣r❡s❡♥t❛r ❡st✐♠❛t✐✈❛s ❛❞❡✲

q✉❛❞❛s✱ ♠♦❞❡❧♦s ❞❡ P♦✐ss♦♥ ❡ ❇✐♥♦♠✐❛❧ ◆❡❣❛t✐✈♦ ❢♦r❛♠ ❡st✐♠❛❞♦s✱ ✉s❛♥❞♦ ❡st✐♠❛❞♦r❡s

❞❡ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛✳ ▼❛✐s ❞❡t❛❧❤❡s ❞❡ss❡s ♣r♦❝❡❞✐♠❡♥t♦s ❡❝♦♥♦♠étr✐❝♦s ❢♦r❛♠

❛♣r❡s❡♥t❛❞♦s ♥❛ ♣ró①✐♠❛ s✉❜s❡çã♦✳

❖ ♠♦❞❡❧♦ ❜ás✐❝♦ ♣❛r❛ ❛ ❡st✐♠❛çã♦ é ♦ ❞❡ P♦✐ss♦♥✱ ❡♠ s❡❣✉✐❞❛✱ ♥❛ ♣r❡s❡♥ç❛ ❞❡

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

t♦❞♦s ❡s❝♦❧❤✐❞♦s✱ ❝♦♥❢♦r♠❡ r❡❝♦♠❡♥❞❛çã♦ ❞❡ ❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐ ✭✷✵✵✺✮✱ ✉t✐❧✐③❛♥❞♦ ♦

t❡st❡ ❞❡ s♦❜r❡❞✐s♣❡rsã♦ ❞✐s❝✉t✐❞♦ ♣♦st❡r✐♦r♠❡♥t❡ ❡ ❝r✐tér✐♦s ❞❡ ✐♥❢♦r♠❛çã♦✱ ❝♦♠♦ ♦

❈r✐tér✐♦ ❞❡ ■♥❢♦r♠❛çã♦ ❞❡ ❆❦❛✐❦❡ ✭❈■❆✮✳

✹✳✸✳✸ ❊st✐♠❛çã♦ ❞♦s ♠♦❞❡❧♦s ❞❡ P♦✐ss♦♥ ❡ ❇✐♥♦♠✐❛❧ ◆❡❣❛t✐✈♦ ❡♠ ♣❛✐♥❡❧

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

✉♠ ♣r♦❝❡ss♦ ❣❡r❛❞♦r ❛❧❡❛tór✐♦ ❡ ❞✐s❝r❡t♦✳ ❉❡ss❛ ♠❛♥❡✐r❛✱ ❛ ♠é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧ ❞❡ Mit✱

❞❛❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ r❡❣r❡ss♦r❡s Xit✱ ♣♦❞❡ s❡r ❡s♣❡❝✐✜❝❛❞❛ ❝♦♠♦✿

E(Mit | Xit) = m(Xit, β) ✭✷✾✮

✺✷❆ ❡st✐♠❛çã♦ ❞❡ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ♣♦r ▼◗❖ ❛ss✉♠❡ q✉❡ ♦s ✈❛❧♦r❡s ♦❜s❡r✈❛❞♦s ❞❛ ✈❛r✐á✈❡❧
❞❡♣❡♥❞❡♥t❡ sã♦ ♥♦r♠❛❧♠❡♥t❡ ❞✐str✐❜✉í❞♦s ❡♠ t♦r♥♦ ❞♦ ✈❛❧♦r ❡s♣❡r❛❞♦✱ ♣♦❞❡♥❞♦ ❛ss✉♠✐r q✉❛✐sq✉❡r
✈❛❧♦r❡s r❡❛✐s✳

✺✸❆ ✉t✐❧✐③❛çã♦ ❞❡ ♠♦❞❡❧♦s ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s ♣❛r❛ ♣r♦❜❧❡♠❛s r❡❢❡r❡♥t❡s ❛ s❛ú❞❡ sã♦ ❜❛st❛♥t❡ ❢r❡q✉❡♥✲
t❡s✳ ❉❡❜ ❡ ❚r✐✈❡❞✐ ✭✷✵✵✷✮ ✐♥✈❡st✐❣❛r❛♠✱ ♣♦r ♠❡✐♦ ❞❡ ♠♦❞❡❧♦s ❝♦♠ ✈❛r✐á✈❡✐s ❞❡♣❡♥❞❡♥t❡s ❝♦♥t❛❞❛s✱ ♦
♥ú♠❡r♦ ❞❡ ✈✐s✐t❛s ❛ ♠é❞✐❝♦s ♣♦r ♣❛❝✐❡♥t❡s✳ ❖s ♠❡s♠♦s ❛✉t♦r❡s ❛❧❡❣❛♠ q✉❡ ❛ ♥❛t✉r❡③❛ ❞❛s ✐♥❢♦r♠❛çõ❡s
❞❡ s❛ú❞❡ ❣❡r❛❧♠❡♥t❡ é ♣♦r ❞❛❞♦s ❞❡ ❝♦♥t❛❣❡♠✱ ❝♦♠♦ r❡❣✐str♦s ❞❡ ♣❡ss♦❛s ❞♦❡♥t❡✳

✶✻✵



❡♠ q✉❡ β sã♦ ♣❛râ♠❡tr♦s ❛ss♦❝✐❛❞♦s ❝♦♠ ❛s ✈❛r✐á✈❡✐s r❡❣r❡ss♦r❡s ❡ m é ❛ ❢✉♥çã♦ ❞❡

❞✐str✐❜✉✐çã♦ q✉❡ ❞❡t❡r♠✐♥❛ ♦ ♠♦❞❡❧♦✳

❉❛❞♦ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❝♦♥t❛❣❡♠ ❞❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡✱ ❡s♣❡❝✐✜❝❛✲s❡ ♦ ♠♦❞❡❧♦

❡①♣r❡ss♦ ♣❡❧❛ ❡q✉❛çã♦ ✷✾ ♣♦r ✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❡ P♦✐ss♦♥✱ ♥❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

E(Mit | Xit) = m(Xit | β) =
e−exp(X

′

itβ)exp(X
′

itβ)
Mit

Mit!
✭✸✵✮

❡♠ q✉❡ E(Mit | Xit) = V ar(Mit | Xit)✱ ♦✉ s❡❥❛✱ s✐t✉❛çã♦ ♥❛ q✉❛❧ ♦s ❞♦✐s ♣r✐♠❡✐r♦s

♠♦♠❡♥t♦s ❞❡ss❛ ❞✐str✐❜✉✐çã♦ sã♦ ✐❞ê♥t✐❝♦s✱ ❝❛r❛❝t❡r✐③❛♥❞♦ ✉♠❛ ♣r♦♣r✐❡❞❛❞❡ ❝♦♥❤❡❝✐❞❛

❝♦♠♦ ❡q✉✐❞✐s♣❡rsã♦✳

❉❛❞♦ ❛ ❡s♣❡❝✐✜❝❛çã♦ ♥ã♦✲❧✐♥❡❛r ❞❛ ❡q✉❛çã♦ ✸✵✱ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❡st✐♠❛❞♦s ♣♦r

♠ét♦❞♦s tr❛❞✐❝✐♦♥❛✐s✱ ❝♦♠♦ ♦ ▼í♥✐♠♦s ◗✉❛❞r❛❞♦s ❖r❞✐♥ár✐♦s ✭▼◗❖✮✱ ♥ã♦ ❢♦r♥❡❝❡♠

❡st✐♠❛t✐✈❛s ❡✜❝✐❡♥t❡s✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❲♦♦❧❞r✐❞❣❡ ✭✷✵✵✷✮✱ ✉♠❛ ❞❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ♣♦❞❡✲

r✐❛ s❡r ❛ ✉t✐❧✐③❛çã♦ ❞❡ ▼í♥✐♠♦s ◗✉❛❞r❛❞♦s ◆ã♦✲❧✐♥❡❛r❡s✳ ❊♥tr❡t❛♥t♦✱ ❛ ♣r✐♥❝✐♣❛❧ ❝rít✐❝❛

❛ ❡ss❛ ♦♣çã♦ é q✉❡ ❡ss❡ t✐♣♦ ❞❡ ❡st✐♠❛çã♦ ♥ã♦ ❝♦♥tr♦❧❛r✐❛ ♣r♦❜❧❡♠❛s ❞❡ ❤❡t❡r♦❝❡❞❛s✲

t✐❝✐❞❛❞❡✱ ♠✉✐t♦ ❝♦♠✉♠ ❞❡ ♠♦❞❡❧♦s ❝♦♠ ❞❛❞♦s ❞❡ ❝♦♥t❛❣❡♠ ✭❲♦♦❧❞r✐❞❣❡✱ ✷✵✵✷✮✳ P♦r

❡ss❛s ❝✐r❝✉♥stâ♥❝✐❛s✱ ❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐ ✭✷✵✵✺✮ r❡❝♦♠❡♥❞❛♠ ❛ ❡st✐♠❛çã♦ ♣♦r ♠á①✐♠❛

✈❡r♦ss✐♠✐❧❤❛♥ç❛✳

❖s ♠❡s♠♦s ❛✉t♦r❡s ❛t❡♥t❛♠ q✉❡✱ ❛♥t❡s ❞❛ ❡st✐♠❛çã♦ ♣♦r ♠á①✐♠❛ ✈❡rs♦ss✐♠✐❧❤❛♥ç❛✱

é ✐♠♣♦rt❛♥t❡ ❝❡rt✐✜❝❛r q✉❡ ❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡ s✐❣❛ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❡ P♦✐ss♦♥✱

❛✐♥❞❛ q✉❡ ♥ã♦ ❤❛❥❛♠ t❡st❡s ❢♦r♠❛✐s ✺✹✳ P❛r❛ ♣♦ssí✈❡✐s ♣r♦❜❧❡♠❛s ❞❡ ❡s♣❡❝✐✜❝❛çã♦✱

❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐ ✭✷✵✵✺✮ r❡❝♦♠❡♥❞❛♠ ♦ ♠ét♦❞♦ ❞❡ q✉❛s❡ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛✺✺✱

q✉❡ ❣❡r❛ ❡st✐♠❛t✐✈❛s ❝♦♥s✐st❡♥t❡s ❡ ❛ss✐♥t♦t✐❝❛♠❡♥t❡ ♥♦r♠❛✐s✳ ❆ ❡s♣❡❝✐✜❝❛çã♦ ♣♦r ❡ss❡

♠ét♦❞♦ é ❢❡✐t❛ ♣❡❧❛ ♠❛①✐♠✐③❛çã♦ ❞❛ s❡❣✉✐♥t❡ ❢✉♥çã♦ ❞❡ ❧♦❣✲✈❡r♦ss✐♠✐❧❤❛♥ç❛ ♣❛r❛ i =

1, 2, ..., N ✿

✺✹❆ ❡s♣❡❝✐✜❝❛çã♦ ♣❡❧❛ ❞✐str✐❜✉✐çã♦ ❞❡ P♦✐ss♦♥ é ❢❡✐t❛ ❛ ❝r✐tér✐♦ ❞♦ ♣❡sq✉✐s❛❞♦r✱ q✉❛♥❞♦ ❛ ✈❛r✐á✈❡❧
❞❡♣❡♥❞❡♥t❡ ❛♣r❡s❡♥t❛r ✈❛❧♦r❡s ✐♥t❡✐r♦s ❡ ♥ã♦✲♥❡❣❛t✐✈♦s

✺✺❊st✐♠❛❞♦r❡s ❞❡ q✉❛s❡ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ sã♦ ❞❡✜♥✐❞♦s ❝♦♠♦ ❛q✉❡❧❡s q✉❡ ♠❛①✐♠✐③❛♠ ❛
❢✉♥çã♦ ❞❡ ❧♦❣✲✈❡r♦ss✐♠✐❧❤❛♥ç❛ ♠❛❧ ❡s♣❡❝✐✜❝❛❞❛✱ ❣❡r❛♥❞♦ ❡st✐♠❛t✐✈❛s ♣❛r❛ ❢✉♥çõ❡s ❞❡ ❞❡♥s✐❞❛❞❡ ❡s♣❡✲
❝✐✜❝❛❞❛s ❞❡ ❢♦r♠❛ ❡rrô♥❡❛✳ ❊ss❛ ♠á ❡s♣❡❝✐✜❝❛çã♦ ❝♦♥❞✉③ ❛ ❡st✐♠❛t✐✈❛s ♣♦ss✐✈❡❧♠❡♥t❡ ✐♥❝♦♥s✐st❡♥t❡s
✭❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐✱ ✷✵✵✺✮✳

✶✻✶



Li(β) =
T∑

t=1

[Mitlog(X
′

itβ)− exp(X
′

itβ)] ✭✸✶✮

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

t❛♥t❡ ♥♦ t❡♠♣♦ ✭ci✮✱ t♦r♥❛ ❛s ❡st✐♠❛t✐✈❛s ❞❡ ✉♠ P♦✐ss♦♥ ❡♠♣✐❧❤❛❞♦ ✈✐❡s❛❞❛s ❡ ✐♥❝♦♥✲

s✐st❡♥t❡s✱ ❞❡s❞❡ q✉❡ ci ❡st❡❥❛ ❝♦rr❡❧❛❝✐♦♥❛❞♦ ❝♦♠ q✉❛❧q✉❡r r❡❣r❡ss♦r ❞♦ ✈❡t♦r Xit✳ ❆❧é♠

❞✐ss♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❲♦♦❧❞r✐❞❣❡ ✭✷✵✵✷✮✱ ♠❡s♠♦ q✉❡ ♦ ❡❢❡✐t♦ ❞❡ ci s❡❥❛ ❛❧❡❛tór✐♦✱ ❝❡rt❛✲

♠❡♥t❡ ❡❧❛ ❛❢❡t❛ ♦s r❡sí❞✉♦s ❞❛ r❡❣r❡ssã♦✱ ❝♦♠♣r♦♠❡t❡♥❞♦ ❛ ❡✜❝✐ê♥❝✐❛ ❞♦s ❡st✐♠❛❞♦r❡s✳

❉❛❞❛ ❛ ❡①✐stê♥❝✐❛ ❞❡ ci✱ t♦r♥❛✲s❡ ♥❡❝❡ssár✐♦ ❝♦♥st❛t❛r s❡ ❡ss❡ ❡❢❡✐t♦ é ♣✉r❛♠❡♥t❡

❛❧❡❛tór✐♦ ♦✉ ❝♦rr❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ❛s ✈❛r✐á✈❡✐s r❡❣r❡ss♦r❛s ❞♦ ♠♦❞❡❧♦ Xit✳ ➱ ❡①❛t❛♠❡♥t❡

s♦❜r❡ ♦ t✐♣♦ ❞❡ ♣r❡s❡♥ç❛ ❞❡ ci q✉❡ s❡ ❡s♣❡❝✐✜❝❛ ♦s ♠♦❞❡❧♦s ❞❡ P♦✐ss♦♥ ♣♦r ❡❢❡✐t♦s

❛❧❡❛tór✐♦s ♦✉ ✜①♦s ✭❲♦♦❧❞r✐❞❣❡✱ ✷✵✵✷❀ ❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐✱ ✷✵✵✺✮✳

❖ ♠♦❞❡❧♦ ❞❡ P♦✐ss♦♥ ❝♦♠ ❡❢❡✐t♦s ❛❧❡❛tór✐♦s ❝♦♥s✐❞❡r❛ ❛ s♦❜r❡✲❞✐s♣❡rsã♦ ❞❛ ✈❛r✐â♥❝✐❛

✐♠♣♦st❛ ♣♦r ci✱ ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ♣r♦❞✉③✐r ❡st✐♠❛t✐✈❛s ♠❛✐s ❡✜❝✐❡♥t❡s✳ ◆❛ ♣r❡s❡♥ç❛

❞❡ ci✱ ♦ ♣r❡ss✉♣♦st♦ ❞❡ ✐❣✉❛❧❞❛❞❡ ❞♦s ♠♦♠❡♥t♦s ❞❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡✱ E(Mit | Xit =

var(Mit | Xit)✱ é ❛❧t❡r❛❞♦ ♣❛r❛ var(Mit | Xit) = E(Mit | Xit)(1 + var(ci)E(Mit | Xit))

✭❲♦♦❧❞r✐❞❣❡✱ ✷✵✵✷✮✳ ❆ss✐♠✱ ♦ ❢❛t♦ ❞❡ ♥ã♦ ❝♦♥s✐❞❡r❛r ci ✐♠♣❧✐❝❛ ❡♠ s♦❜r❡✲❞✐s♣❡rsã♦✱

var(Mit) > E(Mit)✱ ✈✐♦❧❛♥❞♦ ♦ ♣r❡ss✉♣♦st♦ ❜ás✐❝♦ ❞♦ ♠♦❞❡❧♦ ❞❡ P♦✐ss♦♥✳

P❛r❛ q✉❡ ♦ ♠♦❞❡❧♦ ❞❡ P♦✐ss♦♥ ❝♦♠ ❡❢❡✐t♦s ❛❧❡❛tór✐♦s s❡❥❛ ❝♦♥s✐st❡♥t❡✱ ❛ss✉♠❡✲s❡✿

✐ ✲ (Mit|Xit, ci)∼Poisson[cim(Xit, β)]❀

✐✐ ✲ E(Mit | Xit, ci) é ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ E(Mir | Xir, ci)✱ s❡ t 6=r

✐✐✐ ✲ ci s❡❣✉❡ ❛ ❞✐str✐❜✉✐çã♦ ●❛♠❛ ✧Γ(.)✧❡ s✉❛ ♠é❞✐❛ ♥ã♦ é ❛❧t❡r❛❞❛ ♣❡❧❛s ✈❛r✐á✈❡✐s

Xit✿ E(ci | Xit) = E(ci)❀ ci ∼ Γ(.)

❉❡ ❛❝♦r❞♦ ❝♦♠ ❲♦♦❧❞r✐❞❣❡ ✭✷✵✵✷✮✱ s❡ t♦❞♦s ❡ss❡s ♣r❡ss✉♣♦st♦s ❢♦r❡♠ ♠❛♥t✐❞♦s✱ ❛

❡s♣❡❝✐✜❝❛çã♦ ❞♦ ♠♦❞❡❧♦ ❞❡ P♦✐ss♦♥ ♣♦r ❡❢❡✐t♦s ❛❧❡❛tór✐♦s s❡rá ❡✜❝✐❡♥t❡✳ ❊①❛t❛♠❡♥t❡

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

s❡♥sí✈❡✐s✱ ❡✱ ❡♠ ♠✉✐t❛s ❝✐r❝✉♥stâ♥❝✐❛s✱ ❛♣r❡s❡♥t❛ ❡st✐♠❛t✐✈❛s ✈✐❡s❛❞❛s✳ ❖ ❛✉t♦r r❡✲

❝♦♠❡♥❞❛ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❡st✐♠❛t✐✈❛s ♣♦r q✉❛s❡ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ✭◗▼❱✮✱ q✉❡

✶✻✷



❛✐♥❞❛ ❛ss✐♠ ♣♦❞❡♠ s❡r ✐♥❝♦♥s✐st❡♥t❡s✱ ❞❡s❞❡ q✉❡ ci ❛♣r❡s❡♥t❡ ❝♦rr❡❧❛çã♦ ❝♦♠ Xit✳ P♦r

✐ss♦✱ ❣❡r❛❧♠❡♥t❡ ♦s ♠♦❞❡❧♦s ❞❡ P♦✐ss♦♥ ❡♠ ♣❛✐♥❡❧ sã♦ ❡s♣❡❝✐✜❝❛❞♦s ♣♦r ❡❢❡✐t♦s ✜①♦s✳

❆ ❛❜♦r❞❛❣❡♠ ♣♦r ❡❢❡✐t♦s ✜①♦s✱ ✉t✐❧✐③❛❞❛ ♥❡st❡ ❡st✉❞♦✱ é ♠❛✐s ✢❡①í✈❡❧ ❡ ♥❡❝❡ss✐t❛

❛♣❡♥❛s ❞❛s ♣r❡ss✉♣♦s✐çõ❡s ✐ ❡ ✐✐✱ ❧✐st❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡✳ ❖ ♠♦❞❡❧♦ ❞❡ P♦✐ss♦♥ ❞❡ ❡❢❡✐✲

t♦s ✜①♦s ♣❡r♠✐t❡ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ ❞❡♣❡♥❞ê♥❝✐❛ ❛r❜✐trár✐❛ ❡♥tr❡ ci ❡ Xit✱ ❡ ♣❛r❛ ❛

♦❜t❡♥çã♦ ❞❛s ❡st✐♠❛t✐✈❛s ❞♦s ❝♦❡✜❝✐❡♥t❡s β✱ ✉t✐❧✐③❛✲s❡ ♦ ♠ét♦❞♦ ❞❛ ♠á①✐♠❛ ✈❡r♦ss✐♠✐✲

❧❤❛♥ç❛ ❝♦♥❞✐❝✐♦♥❛❧✳ ❆ss✉♠✐♥❞♦ ηi =
∑T

t=1 Mit✱ ✉t✐❧✐③❛✲s❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❝♦♥❞✐❝✐♦♥❛❧

❝♦♥❥✉♥t❛ r❡❢❡r❡♥t❡ ❛ s♦♠❛ ❞❡ss❡s ηi ❝♦♠♣♦♥❡♥t❡s✳

E(Mi | ηi, Xi, ci) ∼ multinomial[η1, p1(Xi, β), ..., pT (Xi, β)] ✭✸✷✮

❡♠ q✉❡✿

pT (Xi, β) = m(Xit, β)/[
∑T

r=1m(Xir, β)] ❡ m(Xit, β)∼Poisson✱ r 6=t

P❡❧♦ ❢❛t♦ ❞❛ ❡q✉❛çã♦ ✸✷ ♥ã♦ ❞❡♣❡♥❞❡r ❞❡ ci✱ ♦s ❝♦❡✜❝✐❡♥t❡s β ♣♦❞❡♠ s❡r ❡st✐♠❛✲

❞♦s ♣♦r ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛✱ ♣♦r ♠❡✐♦ ❞♦ ❧♦❣ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❞❛ ❞✐str✐❜✉✐çã♦

♠✉❧t✐♦♥♦♠✐❛❧✳

Li(β) =
T∑

t=1

Mitlog[PT (Xi, β)] ✭✸✸✮

❖ ❡st✐♠❛❞♦r β̂ ❞❡ ❡❢❡✐t♦s ✜①♦s ♠❛①✐♠✐③❛
∑N

i=1 Li(β)✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❲♦♦❧❞r✐❞❣❡

✭✷✵✵✷✮✱ ❛♣❡♥❛s ♦ ♣r❡ss✉♣♦st♦ ✭✐✮ ❥á ❣❛r❛♥t❡ ❛ ❡✜❝✐ê♥❝✐❛ ❞❡ss❡ ❡st✐♠❛❞♦r✳

❊♠❜♦r❛ ♦ tr❛t❛♠❡♥t♦ ❞♦ ❡❢❡✐t♦ ♥ã♦✲♦❜s❡r✈❛❞♦ ✭ci✮ ❥á ❣❛r❛♥t❛ ❛♦ ♠♦❞❡❧♦ P♦✐ss♦♥

❞❡ ❡❢❡✐t♦s ✜①♦s ❝♦♥s✐stê♥❝✐❛✱ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠♦❞❡❧♦ ❇✐♥♦♠✐❛❧ ◆❡❣❛t✐✈♦ ❞❡ ❡❢❡✐t♦s ✜①♦s

❝♦♥❢❡r❡ às ❡st✐♠❛t✐✈❛s ❡✜❝✐ê♥❝✐❛ ✭❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐✱ ✷✵✵✺✮✳

❖ ♠ét♦❞♦ ❞❡ ❡st✐♠❛çã♦ ❞♦ ♠♦❞❡❧♦ ❇✐♥♦♠✐❛❧ ♥❡❣❛t✐✈♦ ❝♦♠ ❡❢❡✐t♦s ✜①♦s é ❛♥á❧♦❣♦

❛♦ ❞❡ P♦✐ss♦♥ ❝♦♠ ❡❢❡✐t♦s ✜①♦s✱ ❡♠❜♦r❛ s✉❛ ♣r✐♥❝✐♣❛❧ ❞✐❢❡r❡♥ç❛ r❡s✐❞❛ ♥❛ ❢✉♥çã♦ ❞❡

❞✐str✐❜✉✐çã♦ ❛❞♦t❛❞❛✳ P❛r❛ ♦ ♠♦❞❡❧♦ ❇✐♥♦♠✐❛❧ ◆❡❣❛t✐✈♦ ✉s❛✲s❡ ❛ s❡❣✉✐♥t❡ ❡s♣❡❝✐✜❝❛çã♦✿

f(Mit | Xit, α) =
Γ(α−1 +Mit)

Γ(α−1)Γ(Mit + 1)
(

α−1

α−1 + µ
)α

−1

(
µ

µ+ α−1
)Mit ✭✸✹✮

✶✻✸



❡♠ q✉❡ µ = exp(X
′

itβ)✱ α = var(ci) ❡ Γ ❞❡♥♦t❛ ✉♠❛ ❢✉♥çã♦ ❞♦ t✐♣♦ ●❛♠❛✳ ■st♦ é✱

❛ss✉♠❡✲s❡ q✉❡ ci ∼ gama(1, α)✳

◆❡st❡ tr❛❜❛❧❤♦ ❢♦r❛♠ ❡st✐♠❛❞♦s ♠♦❞❡❧♦s ❞❡ P♦✐ss♦♥ ❝♦♠ ❡❢❡✐t♦s ✜①♦s ❡ ❇✐♥♦♠✐❛❧

◆❡❣❛t✐✈♦ ❝♦♠ ❡❢❡✐t♦s ✜①♦s✱ ❡ ❛ ❞❡❝✐sã♦ ❡♥tr❡ ❡❧❡s ❢♦✐ ♣❛✉t❛❞❛ ♥♦ t❡st❡ ❞❡ s♦❜r❡✲❞✐s♣❡rsã♦✱

❛♣r❡s❡♥t❛❞♦ ❛ s❡❣✉✐r✳

✹✳✸✳✹ ❚❡st❡ ❞❡ ❙♦❜r❡❞✐s♣❡rsã♦ ❡♠ P❛✐♥❡❧

❆ s♦❜r❡❞✐s♣❡rsã♦ ❡①✐st❡ q✉❛♥❞♦ ♦s ❞❛❞♦s ❡①✐❜❡♠ ♠❛✐s ✈❛r✐❛çã♦ ❞♦ q✉❡ ♦ ❡s♣❡r❛❞♦ ❡♠

✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❡ P♦✐ss♦♥✳ P❛r❛ t❡st❛r ❛ ♣r❡s❡♥ç❛ ❞❡ s♦❜r❡❞✐s♣❡rsã♦✱ ❡♠ ♠♦❞❡❧♦s ❞❡

r❡❣r❡ssã♦ ❡♠ P❛✐♥❡❧✱ ♣♦❞❡ s❡r ❡s♣❡❝✐✜❝❛❞♦ ♦ s❡❣✉✐♥t❡ ❝♦♥❥✉♥t♦ ❞❡ ❤✐♣ót❡s❡s✿

H0 : E(Mit) = var(Mit)

H1 : E(Mit) < var(Mit)

❆ ❡st❛tíst✐❝❛ ❞❡ t❡st❡✱ ♣❛✉t❛❞❛ ♥✉♠ t❡st❡ ❞❡ r❛③ã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛✱ é ❝❛❧❝✉❧❛❞❛

♣♦r LR = −2(LLFr − LLFu)✱ ❡♠ q✉❡ LLFr é ❛ ❢✉♥çã♦ ❞❡ ❧♦❣✲✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❞♦

♠♦❞❡❧♦ ❞❡ P♦✐ss♦♥ ❡ LLFu é ❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❞♦ ♠♦❞❡❧♦ ❇✐♥♦♠✐❛❧ ◆❡❣❛✲

t✐✈♦✳ ❆ ❡st❛tíst✐❝❛ LR✱ ❛ ✉♠ ❞❛❞♦ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛ ♣ré✲❡st❛❜❡❧❡❝✐❞♦✱ s❡❣✉❡ ✉♠❛

❞✐str✐❜✉✐çã♦ χ2✳ ❖ ♠♦❞❡❧♦ ❇✐♥♦♠✐❛❧ ◆❡❣❛t✐✈♦ s❡rá ❛❞❡q✉❛❞♦ q✉❛♥❞♦ ❛ ❤✐♣ót❡s❡ ♥✉❧❛

❢♦r r❡❥❡✐t❛❞❛✱ LR > χ2
αc✱ s♦❜ ❡✈✐❞ê♥❝✐❛s ❞❡ s♦❜r❡❞✐s♣❡rsã♦ ✭❯❘■❇❊✱ ✷✵✵✽✮✳

✹✳✸✳✺ ❋♦♥t❡ ❞♦s ❉❛❞♦s ❡ ❱❛r✐á✈❡✐s

❖s ❞❛❞♦s ✉t✐❧✐③❛❞♦s ♥❛s ❛♥á❧✐s❡s ❞❡st❡ ❝❛♣ít✉❧♦ ❢♦r❛♠ ♣r♦✈❡♥✐❡♥t❡s ❞❛ r❡✉♥✐ã♦ ❞❡ ❞✐✲

❢❡r❡♥t❡s ❧❡✈❛♥t❛♠❡♥t♦s ❡st❛tíst✐❝♦s✳ ❆s ✐♥❢♦r♠❛çõ❡s r❡❢❡r❡♥t❡s ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r

✐♥❢❛♥t✐❧ ❢♦r❛♠ ♦❜t✐❞❛s ♥♦ ❚❛❜✲♥❡t ❞♦ ❉❛t❛✲❙❯❙✱ t♦❞❛s ❡①tr❛í❞❛s ♣❛r❛ ❝❛❞❛ ❝❛♣✐t❛❧ ❞♦

♣❛ís ♥♦ ♣❡rí♦❞♦ ❞❡ ✷✵✵✽ ❛ ✷✵✶✸✳ ❊ss❡ ❜❛♥❝♦ ❞❡ ❞❛❞♦s é ✉♠ ❛❣❧♦♠❡r❛❞♦ ❞❡ ✐♥❢♦r♠❛✲

çõ❡s ❡♣✐❞❡♠✐♦❧ó❣✐❝❛s✱ ❞❡ s❛ú❞❡✱ s♦❝✐♦❡❝♦♥ô♠✐❝❛s ❡ ❞❡ ✐♥❢r❛❡str✉t✉r❛ ✉r❜❛♥❛✱ ❞✐s♣♦♥í✈❡✐s

♣❛r❛ ❛s ✉♥✐❞❛❞❡s ❞❛ ❢❡❞❡r❛çã♦ ❡ s✉❛s ❝❛♣✐t❛✐s✱ ❜❡♠ ❝♦♠♦ ♣❛r❛ t♦❞♦ ♦ ❇r❛s✐❧✳ ❚♦❞❛s

❛s ✐♥❢♦r♠❛çõ❡s s♦❝✐♦❡❝♦♥ô♠✐❝❛s ❡ ❞❡ ✐♥❢r❛❡str✉t✉r❛ ✉r❜❛♥❛ sã♦ ♣r♦✈❡♥✐❡♥t❡s ❞❡ ♣❡sq✉✐✲

s❛s r❡❛❧✐③❛❞❛s ♣❡❧♦ ■❇●❊ ✕ ■♥st✐t✉t♦ ❇r❛s✐❧❡✐r♦ ❞❡ ●❡♦❣r❛✜❛ ❡ ❊st❛tíst✐❝❛✱ ❛ s❛❜❡r✱ ❛

✶✻✹



P❡sq✉✐s❛ ◆❛❝✐♦♥❛❧ ❞❡ ❆♠♦str❛❣❡♠ ❉♦♠✐❝✐❧✐❛r ✭P◆❆❉✮ ❡ ♦ ❈❡♥s♦ ❉❡♠♦❣rá✜❝♦✳ ❊ss❛s

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

❞❡♠♦❣rá✜❝♦s✱ s✉❛s ❝❛r❛❝t❡ríst✐❝❛s ❡❝♦♥ô♠✐❝❛s ❡ s♦❝✐❛✐s✱ ❝♦♠ ❛ ❡str✐t❛ ❞✐❢❡r❡♥ç❛ q✉❡ ❛

P◆❆❉ é ✉♠❛ ❛♠♦str❛❣❡♠ ❞❛ ♣♦♣✉❧❛çã♦✳

❆✐♥❞❛ s♦❜r❡ ❛s ✐♥❢♦r♠❛çõ❡s ❡①tr❛í❞❛s ❞♦ ❉❛t❛✲❙❯❙✱ ❢♦r❛♠ ❝♦❧❡t❛❞♦s t♦❞♦s ♦s r❡✲

❣✐str♦s ❞❡ ♠♦r❜✐❞❛❞❡ ❛❝♦♠♣❛♥❤❛❞♦s ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ♣♦r ❝r✐❛♥ç❛s✱ ✐st♦ é✱ ✐♥✲

❞✐✈í❞✉♦s ❝♦♠ ✐❞❛❞❡ ✐♥❢❡r✐♦r ❛ ✶✵ ❛♥♦s✱ ♣❛r❛ t♦❞❛s ❛q✉❡❧❛s ❞♦❡♥ç❛s ❛♣♦♥t❛❞❛s ❝♦♠♦

90% ❞❛s ❝❛✉s❛s ♠♦rt❛❧✐❞❛❞❡ ✐♥❢❛♥t✐❧ ♥♦ ❇r❛s✐❧✳ ❊♠ ❡s♣❡❝í✜❝♦✱ ❧✐st❛♠✲s❡ ❛s s❡❣✉✐♥t❡s

❞♦❡♥ç❛s✿ t✉❜❡r❝✉❧♦s❡❀ ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✱ ❝♦♠♦ ❜r♦♥q✉✐t❡s ❡ ♣♥❡✉♠♦♥✐❛s❀ ♠❛❧ár✐❛❀

❧❡♣t♦s♣✐r♦s❡❀ ❝ó❧❡r❛❀ ❧❡✐s❤♠❛♥✐♦s❡❀ ✐♥✢✉❡♥③❛❀ ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s❀ ❞❡s♥✉tr✐çã♦❀ ❞♦❡♥ç❛s

❞♦ ❝♦r❛çã♦✱ ❝♦♠♦ ✐♥❢❛rt♦s ❛❣✉❞♦s ❞♦ ♠✐♦❝ár❞✐♦✱ ❛rr✐t♠✐❛s ❝❛r❞í❛❝❛s ❡ ♦✉tr❛s ❞♦❡♥ç❛s

✐sq✉ê♠✐❝❛s ❞♦ ❝♦r❛çã♦❀ ❞❡s✐❞r❛t❛çã♦❀ ❡ ❞❡♥❣✉❡✳ ❚♦❞♦s ❡ss❡s r❡❣✐str♦s ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s✲

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

❝r✐❛♥ç❛s ♥❛ ❢❛✐①❛ ❡tár✐❛ ✐♥❢❡r✐♦r ❛ ✶ ❛♥♦✱ ❞❡ ✶ ❛ ✹ ❛♥♦s✱ ❞❡ ✺ ❛ ✾ ❛♥♦s✱ ♥❡❣r❛s ❡ ♥ã♦

♥❡❣r❛s✱ ❞♦ s❡①♦ ❢❡♠✐♥✐♥♦ ❡ ❞♦ s❡①♦ ♠❛s❝✉❧✐♥♦✳

❖✉tr❛s ✐♥❢♦r♠❛çõ❡s ❞❡ s❛ú❞❡ t❛♠❜é♠ ❢♦r❛♠ ❧❡✈❛♥t❛❞❛s ♥♦ ❉❛t❛✲❙❯❙✱ ❝♦♠♦ ♥ú✲

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

❤♦s♣✐t❛❧❛r❡s ♠✉♥✐❝✐♣❛✐s✳ ❊ss❛s ✐♥❢♦r♠❛çõ❡s ♣❡r♠✐t❡♠ ❞✐❢❡r❡♥❝✐❛r ❛s ❝❛♣✐t❛✐s ❜r❛s✐❧❡✐r❛s

q✉❛♥t♦ ❛♦s s❡✉s ♥í✈❡✐s ❞❡ ❛ss✐stê♥❝✐❛ ❡ r❡❝✉rs♦s ♠é❞✐❝♦s✱ s❡♥❞♦ ♠✉✐t❛s ✈❡③❡s ❛tr❡❧❛❞❛s ❛

r❡❞✉çã♦ ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧✳ ◆♦ ❉❛t❛✲❙❯❙✱ ❛✐♥❞❛ ❡stã♦ ❞✐s♣♦♥í✈❡✐s ✐♥❢♦r✲

♠❛çõ❡s s♦❝✐♦❡❝♦♥ô♠✐❝❛s ♣r♦✈❡♥✐❡♥t❡s ❞❛ P◆❆❉ ♣❛r❛ ❛♥♦s ♥ã♦✲❝❡♥s✐tár✐♦s ❡ ♦r✐✉♥❞♦s ❞♦

❈❊◆❙❖ ♣❛r❛ ❛♥♦s ❝❡♥s✐tár✐♦s✱ ❛❧❣✉♠❛s ❞❡ss❛s ✈❛r✐á✈❡✐s ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ♥❡st❡ ❡st✉❞♦✳

❊♠ ❡s♣❡❝í✜❝♦✱ ❢♦r❛♠ ❧❡✈❛♥t❛❞❛s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ ♥í✈❡❧ ♠é❞✐♦ ❞❡ r❡♥❞❛ ❢❛♠✐❧✐❛r ♥♦s

❞♦♠✐❝í❧✐♦s✱ ♣r♦♣♦rçã♦ ❞❡ ❝r✐❛♥ç❛s tr❛❜❛❧❤❛♥❞♦✱ ❡s❝♦❧❛r✐❞❛❞❡ ♠é❞✐❛ ❞♦s ♣❛✐s ❡ ♥ú♠❡r♦

❞❡ ♠ã❡s ❛❞♦❧❡s❝❡♥t❡s ♣♦r ♥❛s❝✐❞♦s ✈✐✈♦s✳ ❋✐♥❛❧♠❡♥t❡✱ ✐♥❢♦r♠❛çõ❡s ❞❡ ✐♥❢r❛❡str✉t✉r❛ ✉r✲

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

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

♣♦r s❡r✈✐ç♦s ❞❡ ❝♦❧❡t❛ ❞❡ ❧✐①♦✱ á❣✉❛ ❡♥❝❛♥❛❞❛ ❡ r❡❞❡ ❞❡ ❡s❣♦t♦✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ❡ss❛s

❝❛r❛❝t❡ríst✐❝❛s ♥ã♦ ♣♦❞❡♠ s❡r ✐❞❡♥t✐✜❝❛❞❛s ♣♦r ❝❛♣✐t❛❧ ❡st❛❞✉❛❧ ❞♦ ♣❛ís✱ ❡ sã♦ ✐❞❡♥✲

✶✻✺



t✐✜❝❛❞❛s ❛♣❡♥❛s ♣❛r❛ ♥♦✈❡ r❡❣✐õ❡s ♠❡tr♦♣♦❧✐t❛♥❛s✱ ❛ s❛❜❡r✱ ❇❡❧é♠✱ ❋♦rt❛❧❡③❛✱ ❘❡❝✐❢❡✱

❙❛❧✈❛❞♦r✱ ❇❡❧♦ ❍♦r✐③♦♥t❡✱ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ❙ã♦ P❛✉❧♦✱ ❈✉r✐t✐❜❛ ❡ P♦rt♦ ❆❧❡❣r❡✳ P♦r ✐ss♦✱

❡ss❛s ❝❛r❛❝t❡ríst✐❝❛s s♦❝✐❡❝♦♥ô♠✐❝❛s ❢♦r❛♠ ✐♥tr♦❞✉③✐❞❛s ❡♠ ♥í✈❡✐s ❡st❛❞✉❛✐s✱ t❛♥t♦ ♣❛r❛

♦s ❛♥♦s ❝❡♥s✐t❛rí♦s q✉❛♥t♦ ♣❛r❛ ♦s ❛♥♦s ♥ã♦ ❝❡♥s✐tár✐♦s✳

❚♦❞♦s ♦s ❞❛❞♦s r❡❢❡r❡♥t❡s ❛♦ r✐s❝♦ ❝❧✐♠át✐❝♦ ✐♥tr♦❞✉③✐❞♦s ♥♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦

❢♦r❛♠ ❡①tr❛í❞♦s ❞♦ ❇❛♥❝♦ ❞❡ ❉❛❞♦s ▼❡t❡♦r♦❧ó❣✐❝♦s ♣❛r❛ ❊♥s✐♥♦ ❡ P❡sq✉✐s❛ ✭❇❉▼❊P✮

❞♦ ■♥st✐t✉t♦ ◆❛❝✐♦♥❛❧ ❞❡ ▼❡t❡♦r♦❧♦❣✐❛ ✭■◆▼❊❚✮✳ ❊ss❛s ✐♥❢♦r♠❛çõ❡s ❡♥❝♦♥tr❛♠✲s❡ ❞✐s✲

♣♦st❛s ♣❛r❛ ✷✻✺ ❡st❛çõ❡s ♠❡t❡♦r♦❧ó❣✐❝❛s s✐t✉❛❞❛s ❡♠ ❞✐✈❡rs♦s ♣♦♥t♦s ❞♦ t❡rr✐tór✐♦ ❜r❛✲

s✐❧❡✐r♦✳ ❈♦♥❢♦r♠❡ ❛s ❞❡s❝r✐çõ❡s ❞❡ ❞❛❞♦s ❞♦ s❡❣✉♥❞♦ ❝❛♣ít✉❧♦✱ ♥❡st❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❡stã♦

❞✐s♣♦♥í✈❡✐s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❞♦ ❛r✱ ♣r❡ssã♦ ❛t♠♦s❢ér✐❝❛✱ ✐♥s♦❧❛çã♦

✭♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡ s♦❧✮✱ ♥í✈❡❧ ❞❡ ♣r❡❝✐♣✐t❛çã♦✱ ✈❡❧♦❝✐❞❛❞❡ ❞♦s ✈❡♥t♦s ❡ t❡♠♣❡r❛t✉r❛✳

❊ss❡s ❞❛❞♦s ❡stã♦ ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ❡st❛çõ❡s ♠❡t❡♦r♦❧ó❣✐❝❛s s✐t✉❛❞❛s ❡♠ ❝❛❞❛ ❝❛♣✐t❛❧

❡st❛❞✉❛❧ ❜r❛s✐❧❡✐r❛✱ ❡①❝❡t♦ P♦rt♦ ❱❡❧❤♦ ❡ ❈❛♠♣♦ ●r❛♥❞❡✳ P❛r❛ ❡ss❛s ❝❛♣✐t❛✐s✱ ♦s ❞❛❞♦s

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

❆✐♥❞❛ s♦❜r❡ ♦s ❞❛❞♦s ❝❧✐♠át✐❝♦s✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❞❛❞♦s ❞❡ t❡♠♣❡r❛t✉r❛ ♣❛r❛ ❝♦♥s✲

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

♠❡✐r♦ ❝❛♣ít✉❧♦✱ ♦s ❞❛❞♦s ❢♦r❛♠ ❡①tr❛í❞♦s ❞❡ ♠♦❞❡❧♦s ❞❡ r❡❛♥á❧✐s❡✱ ♦ ❊r❛✲■♥t❡r✐♠✱ ❡ ❢♦✲

r❛♠ tr❛♥s❢♦r♠❛❞♦s ❡♠ ✐♥❞✐❝❛❞♦r❡s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ✭❍❲◆✮✱ ❞✉r❛çã♦ ✭❍❲❉✮✱ ❢r❡q✉ê♥❝✐❛

✭❍❲❋✮ ❡ ❛♠♣❧✐t✉❞❡ ✭❍❲❆✮ ❞❡ ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✳ ❆ ♣❛rt✐r ❞❡ss❡s ✐♥❞✐❝❛❞♦r❡s✱

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

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

❆s ✈❛r✐á✈❡✐s ✉t✐❧✐③❛❞❛s ♥❛s ❛♥á❧✐s❡s ❞❡st❡ ❝❛♣ít✉❧♦ ❡stã♦ ❞❡s❝r✐t❛s ❡♠ três ❣r✉♣♦s✱

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

❱❛r✐á✈❡✐s ❡♣✐❞❡♠✐♦❧ó❣✐❝❛s ❡ ❞❡ s❛ú❞❡

❆s ✈❛r✐á✈❡✐s s♦❜r❡ s❛ú❞❡ ✐♥❢❛♥t✐❧ r❡❢❡r❡♠✲s❡ ❛♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛✲

❧❛r❡s ♣♦r t✉❜❡r❝✉❧♦s❡✱ ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✱ ♠❛❧ár✐❛✱ ❧❡♣t♦s♣✐r♦s❡✱ ❝ó❧❡r❛✱ ❧❡✐s❤♠❛♥✐♦s❡✱

✐♥✢✉❡♥③❛✱ ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s✱ ❞❡s♥✉tr✐çã♦✱ ❞♦❡♥ç❛s ❞♦ ❝♦r❛çã♦✱ ❞❡s✐❞r❛t❛çã♦ ❡ ❞❡♥❣✉❡✱

❡♠ ✐♥❞✐✈í❞✉♦s ❝♦♠ ✐❞❛❞❡ ✐♥❢❡r✐♦r ❛ ✶✵ ❛♥♦s✳ ❊ss❡s r❡❣✐str♦s t❛♠❜é♠ ❢♦r❛♠ ❝♦♥t❛❜✐✲

✶✻✻



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

♥ã♦✲♥❡❣r❛s ❡ ❞❡ três ❢❛✐①❛s ❡tár✐❛s✱ ❝♦♠ ✐❞❛❞❡ ✐♥❢❡r✐♦r ❛ ✶ ❛♥♦✱ ❞❡ ✶ ❛ ✹ ❛♥♦s ❡ ✺ ❛ ✾

❛♥♦s✳

❆❧é♠ ❞❡ss❛s ✈❛r✐á✈❡✐s ❞❡ ♠♦r❜✐❞❛❞❡ ✐♥❢❛♥t✐❧ ❛❝♦♠♣❛♥❤❛❞❛s ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r✱

✉t✐❧✐③♦✉✲s❡ t❛♠❜é♠ ♦✉tr❛s ✐♥❢♦r♠❛çõ❡s ❞❡ s❛ú❞❡ ❞❛s ❝❛♣✐t❛✐s ❜r❛s✐❧❡✐r❛s✱ t❛✐s ❝♦♠♦✿ ♦

♥ú♠❡r♦ ❞❡ ♠é❞✐❝♦s ♣♦r ♠✐❧ ❤❛❜✐t❛♥t❡s ♥♦ ❡st❛❞♦ ❞❡ ❝❛❞❛ ❝❛♣✐t❛❧❀ ♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s

✈❛❝✐♥❛❞❛s ♣r♦♣♦r❝✐♦♥❛❧ ❛♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ♥❛ ♣♦♣✉❧❛çã♦ ❞♦s ❡st❛❞♦s ❞❡ ❝❛❞❛ ❝❛♣✐t❛❧❀

♦ ♠♦♥t❛♥t❡ ❛♥✉❛❧ ❞❡ ❣❛st♦s ❤♦s♣✐t❛❧❛r❡s ♥❛ ❝❛♣✐t❛❧ ✭♠✐❧❤õ❡s ❞❡ r❡❛✐s✮✱ ❡❀ ❛ ♣r♦♣♦rçã♦

❞❛ ♣♦♣✉❧❛çã♦ ❛t❡♥❞✐❞❛ ♣♦r ♣❧❛♥♦s ❞❡ s❛ú❞❡ ✭%✮ ♥♦ ❡st❛❞♦ ❞❡ ❝❛❞❛ ❝❛♣✐t❛❧✳

❱❛r✐á✈❡✐s ❝❧✐♠❛t♦❧ó❣✐❝❛s

❆s ✈❛r✐á✈❡✐s ❝❧✐♠át✐❝❛s ✉t✐❧✐③❛❞❛s ♥♦s ♠♦❞❡❧♦s ❡st✐♠❛❞♦s ❢♦r❛♠✿ ♦ ♥í✈❡❧ ♠é❞✐♦ ❞❡

✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❞♦ ❛r ✭✪✮❀ ♦ ♥í✈❡❧ ❞❡ ♣r❡❝✐♣✐t❛çã♦ ❛❝✉♠✉❧❛❞♦ ♥♦ ❛♥♦ ✭♠♠✮❀ ♦ ♥ú♠❡r♦

t♦t❛❧ ❡ ❛♥✉❛❧ ❞❡ ❤♦r❛s ❞❡ s♦❧ ✐♥❝✐❞❡♥t❡s ♥✉♠ ♠✉♥✐❝í♣✐♦ ✭❤✮✱ ❡❀ ♠é❞✐❛s ❛♥✉❛✐s ❞❡ t❡♠♣❡r❛✲

t✉r❛s ♠á①✐♠❛s ❡ ♠í♥✐♠❛s ✭♦❈✮✳ ❉♦s r❡❣✐str♦s ❞❡ t❡♠♣❡r❛t✉r❛s ♠á①✐♠❛s ❡ ♠í♥✐♠❛s sã♦

❝♦♠♣✉t❛❞❛s ❛s ❚❡♠♣❡r❛t✉r❛s ▼é❞✐❛s ❉✐ár✐❛s ✭❚▼❉✮✱ ❝❛❧❝✉❧❛❞♦s ♦s ❋❛t♦r❡s ❞❡ ❈❛❧♦r

❊①❝❡ss✐✈♦s ✭❋❈❊✮✱ ❡✱ ♣♦r ❝♦♥s❡❣✉✐♥t❡✱ ♦s ✐♥❞✐❝❛❞♦r❡s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ✭❍❲◆✱ ❍❲❉✱

❍❲❋ ❡ ❍❲❆✮ ✺✻✳

❱❛r✐á✈❡✐s ❙♦❝✐♦❡❝♦♥ô♠✐❝❛s ❡ ❞❡ ■♥❢r❛❡str✉t✉r❛ ❯r❜❛♥❛

❋♦r❛♠ ✉t✐❧✐③❛❞❛s ❝♦♠♦ ✈❛r✐á✈❡✐s s♦❝✐♦❡❝♦♥ô♠✐❝❛s ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ r❡♥❞❛ ❞♦♠✐❝✐✲

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

t❡♥❤❛♠ ❞❡❝❧❛r❛r❛❞♦ ❛ ♣r❡s❡♥ç❛ ❞❡ ❝r✐❛♥ç❛s ♥❛ ❢❛♠í❧✐❛✱ s❡❣✉♥❞♦ ♦ ❣r❛✉ ❞❡ ♣❛r❡♥t❡s❝♦✳

❙❡♥❞♦ ❛ss✐♠✱ ❡①tr❛✐✉✲s❡ ♦ r❡♥❞✐♠❡♥t♦ ♠é❞✐♦ ❞♦s ❞♦♠✐❝í❧✐♦s ✭❘❡❛✐s✮✱ ❛ ♣r♦♣♦rçã♦ ❞❡

❝r✐❛♥ç❛s ❡♠♣r❡❣❛❞❛s ❡♠ ❛t✐✈✐❞❛❞❡s ❧❛❜♦r❛✐s ✭✪✮ ❡ ❛ ❡s❝♦❧❛r✐❞❛❞❡ ♠é❞✐❛ ❞♦s ♣❛✐s ❞❡ ❝r✐✲

❛♥ç❛s ❝♦♠ ✐❞❛❞❡ ✐♥❢❡r✐♦r ❛ ✶✵ ❛♥♦s✱ ♥♦s ❡st❛❞♦s ❞❡ ❝❛❞❛ ❝❛♣✐t❛❧✳ ❖✉tr❛s ❝❛r❛❝t❡ríst✐❝❛s

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

♣r♦♣♦rçã♦ ❞❡ ♥❛s❝✐❞♦s ✈✐✈♦s ❞❡ ♠ã❡s ❛❞♦❧❡s❝❡♥t❡s✱ ❝♦♠ ✐❞❛❞❡ ❡♥tr❡ ✶✵ ❡ ✶✹ ❛♥♦s✳

❆❧é♠ ❞❡ss❡s ❢❛t♦r❡s s♦❝✐♦❡❝♦♥ô♠✐❝♦s✱ t❛♠❜é♠ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ♦s ❞❛❞♦s ❞❡ s❛✲

✺✻❖s ❞❡t❛❧❤❡s ❞❡ss❡s ✐♥❞✐❝❛❞♦r❡s ❢♦r❛♠ ❞✐s❝✉t✐❞♦s ♥♦ ♣r✐♠❡✐r♦ ❝❛♣ít✉❧♦ ❞❡st❛ t❡s❡

✶✻✼



♥❡❛♠❡♥t♦ ❜ás✐❝♦ ❝♦♠♦ ♣r♦①② ❞❛ ✐♥❢r❛❡str✉t✉r❛ ✉r❜❛♥❛✳ ❋♦r❛♠ r❡✉♥✐❞❛s ✐♥❢♦r♠❛çõ❡s

s♦❜r❡ ❛ ♣r♦♣♦rçã♦ ❞❛ ♣♦♣✉❧❛çã♦ ❛t❡♥❞✐❞❛ ♣♦r s❡r✈✐ç♦s ❞❡ ❝♦❧❡t❛ ❞❡ ❧✐①♦✱ á❣✉❛ ❡♥❝❛♥❛❞❛

❡ r❡❞❡ ❞❡ ❡s❣♦t♦✳

✶✻✽



✹✳✹ ❘❡s✉❧t❛❞♦s

■♥✐❝✐❛❧♠❡♥t❡✱ ♣❛r❛ ❡①❛♠✐♥❛r ❛ r❡❧❛çã♦ ❡♥tr❡ ♦ r✐s❝♦ ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ❡ ♦s ❝♦♥❞✐✲

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

❢❡❝❝✐♦♥❛❞♦s ♣❛✐♥é✐s ❞❡ ❞❛❞♦s✱ ❝✉❥❛s ❞✐♠❡♥sõ❡s ❡♥✈♦❧✈✐❛♠ ♦❜s❡r✈❛çõ❡s ❞❛s ✷✼ ❝❛♣✐t❛✐s

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

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

❡tár✐❛s✱ ❝♦r ❡ ❣ê♥❡r♦✳ ❖s r❡s✉❧t❛❞♦s s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ❡♠ ❞✉❛s s❡çõ❡s✱ ❛ ♣r✐♠❡✐r❛

❞❡❞✐❝❛❞❛ ❛s ❡st❛tíst✐❝❛s ❞❡s❝r✐t✐✈❛s ❡ ❛ s❡❣✉♥❞❛ s♦❜r❡ ♦s ❡❢❡✐t♦s ❞♦ ❝❧✐♠❛ s♦❜r❡ ♦ r✐s❝♦

❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧✳

✹✳✹✳✶ ❊st❛tíst✐❝❛s ❉❡s❝r✐t✐✈❛s

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ▼✐♥✐stér✐♦ ❞❛ ❙❛ú❞❡ ✭✷✵✶✺✮✱ ❛s ♣r✐♥❝✐♣❛✐s ❝❛✉s❛s ❞❡ ♠♦r❜✐✲♠♦rt❛❧✐❞❛❞❡

✐♥❢❛♥t✐❧ ♥♦ ❇r❛s✐❧✱ ❛❧é♠ ❞❡ ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ❡ ❞♦ ❝♦r❛çã♦✱ sã♦ ❛q✉❡❧❛s ✐♥❢❡❝❝✐♦s❛s ❡

♣❛r❛s✐tár✐❛s✳ ●r❛♥❞❡ ♣❛rt❡ ❞❡ss❛s ❞♦❡♥ç❛s✱ ❝♦♠♦ ♠❛❧ár✐❛✱ t✉❜❡r❝✉❧♦s❡ ❡ ❝ó❧❡r❛✱ t✐✈❡r❛♠✱

♥♦ ❇r❛s✐❧✱ s✉❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ r❡❞✉③✐❞❛s ❛ ③❡r♦✱ ♠❛s✱ ❝♦♠♦ ❡♠ q✉❛❧q✉❡r ♦✉tr♦

♣❛ís s✉❜❞❡s❡♥✈♦❧✈✐❞♦✱ ❛✐♥❞❛ sã♦ ♥♦t❛❞♦s s✉rt♦s r❡❝♦rr❡♥t❡s✳ ❆s r❡❣✐õ❡s ❜r❛s✐❧❡✐r❛s ♠❛✐s

✈✉❧♥❡rá✈❡✐s ❛ r✐s❝♦s ❡♣✐❞❡♠✐♦❧ó❣✐❝♦s sã♦ ❛q✉❡❧❛s ❝♦♠ ❜❛✐①♦s ♥í✈❡✐s ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

❡❝♦♥ô♠✐❝♦✱ ❝♦♠♦ ♦ ◆♦rt❡ ❡ ◆♦r❞❡st❡✳ ❊♠ ♠é❞✐❛✱ ♥❡ss❛s r❡❣✐õ❡s✱ 10% ❞❛ ♣♦♣✉❧❛çã♦

sã♦ ❝r✐❛♥ç❛s✱ ❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❞❛❞♦s ❞♦ ❈❡♥s♦ ❉❡♠♦❣rá✜❝♦ ✭✷✵✶✵✮✱ ♠❡t❛❞❡ ❞❡❧❛s

❡♥❝♦♥tr❛♠✲s❡ ❡♠ ❞♦♠✐❝í❧✐♦s ❝♦♠ r❡♥❞❛ ♣❡r ❝❛♣✐t❛ ✐♥❢❡r✐♦r ❛ ♠❡✐♦ s❛❧ár✐♦ ♠í♥✐♠♦✳ ❈♦♥✲

❢♦r♠❡ ❛ ❚❛❜❡❧❛ ✹✳✶✱ ❡♠ ❇♦❛ ❱✐st❛✱ ▼❛❝❛♣á✱ ❙ã♦ ▲✉ís ❡ ▼❛❝❡✐ó✱ ❛ ♣r♦♣♦rçã♦ ❞❡ ❝r✐❛♥ç❛s

♥❛ ♣♦♣✉❧❛çã♦ é ❝❡r❝❛ ❞❡ 12%✱ ❡ ❛q✉❡❧❛s r❡s✐❞❡♥t❡s ❡♠ ❞♦♠✐❝í❧✐♦s ♣♦❜r❡s é ❞❡ 75%✳

◗✉❛♥❞♦ s❡ ❝♦♥❞✐❝✐♦♥❛ ♦ r✐s❝♦ ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ❛ ❢❛t♦r❡s ❡♣✐❞❡♠✐♦❧ó❣✐❝♦s✱

❝❧✐♠át✐❝♦s✱ ❞❡ ✐♥❢r❛❡str✉t✉r❛ ✉r❜❛♥❛ ❡ ❡❝♦♥ô♠✐❝♦s✱ ✈❛❧❡ r❡ss❛❧t❛r✱ ❝♦♥❢♦r♠❡ ❛ ❖r❣❛♥✐✲

③❛çã♦ ▼✉♥❞✐❛❧ ❞❛ ❙❛ú❞❡ ✭❖▼❙✱ ✷✵✶✸✮✱ q✉❡ ❡❧❡ ❛✐♥❞❛ é ♠❛✐s ♣r❡❞♦♠✐♥❛♥t❡ ❡♠ ❝r✐❛♥ç❛s✱

❝✉❥♦s ♦s s✐st❡♠❛s ✐♠✉♥♦❧ó❣✐❝♦s ❡stã♦ ❡♠ ❢♦r♠❛çã♦✳ ◆❡ss❡ s❡♥t✐❞♦✱ q✉❛♥❞♦ s❡ ❛♥❛❧✐s❛ ♦s

❞❛❞♦s ❞❡s❝r✐t♦s ♣❡❧❛ ❚❛❜❡❧❛ ✹✳✶✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ❛❧❣✉♠❛s ❝❛♣✐t❛✐s✱ ❡♠ ❣r❛♥❞❡ ♠❛✐♦r✐❛✱

s✐t✉❛❞❛s ♥❛s r❡❣✐õ❡s ◆♦r❞❡st❡✱ ◆♦rt❡ ❡ ❈❡♥tr♦✲❖❡st❡ sã♦ ❛q✉❡❧❛s ♠❛✐s ✈✉❧♥❡rá✈❡✐s✳

✶✻✾



❚❛❜❡❧❛ ✹✳✶ ✲ ❊st❛tíst✐❝❛s ❞❡s❝r✐t✐✈❛s ❞♦ r✐s❝♦ ❞❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ s♦❝✐♦❡❝♦♥ô♠✐❝♦ ❞❛s

❝❛♣✐t❛✐s ❜r❛s✐❧❡✐r❛s✱ ✷✵✵✽ ❛ ✷✵✶✸✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻

✶✼✵



◆♦ q✉❡ t❛♥❣❡ ❛s ❝♦♥❞✐çõ❡s ❞❡ s❛ú❞❡ ❞❛s ❝❛♣✐t❛✐s s✐t✉❛❞❛s ♥♦s ❡st❛❞♦s ❞❛s r❡❣✐õ❡s

❙✉❧✱ ❈❡♥tr♦✲♦❡st❡ ❡ ❙✉❞❡st❡ ❡①✐st❡ ✉♠❛ ♣r♦♣♦rçã♦ ❞❡ ❞♦✐s ♠é❞✐❝♦s ♣♦r ✶✳✵✵✵ ❤❛❜✐t❛♥t❡s✱

❡♥tr❡t❛♥t♦✱ ♥❛s r❡❣✐õ❡s ◆♦rt❡ ❡ ◆♦r❞❡st❡✱ ❡ss❛ ♣r♦♣♦rçã♦ é r❡❞✉③✐❞❛ ♣❡❧❛ ♠❡t❛❞❡✳ ❊♠

P♦rt♦ ❱❡❧❤♦✱ ❘✐♦ ❇r❛♥❝♦✱ ❙ã♦ ▲✉ís ❡ ❚❡r❡s✐♥❛✱ ❡st✐♠❛✲s❡ q✉❡✱ ♥✉♠❛ ♣r♦♣♦rçã♦ ♠é❞✐❛✱

❡①✐st❛ ✶ ♠é❞✐❝♦ ♣♦r ✶✳✷✺✵ ❤❛❜✐t❛♥t❡s✳ ❆❧é♠ ❞❡ss❛s ✐♥❢♦r♠❛çõ❡s✱ ❝❛❧❝✉❧❛✲s❡✱ ❞❡ ❛❝♦r❞♦

❝♦♠ ♦ ❉❛t❛✲❙❯❙ ✭✷✵✶✻✮✱ q✉❡ ❛♣❡♥❛s 4, 3% ❞❛ ♣♦♣✉❧❛çã♦ ❜r❛s✐❧❡✐r❛ ♣♦ss✉✐ ❛❧❣✉♠ ♣❧❛♥♦

❞❡ s❛ú❞❡✱ ❡✱ ♥❛ r❡❣✐ã♦ ◆♦rt❡✱ ❡ss❛ ♣r♦♣♦rçã♦ ♥ã♦ ❡①tr❛♣♦❧❛ 1, 2%✳

❆ ❛✉sê♥❝✐❛ ❞❡ ♠é❞✐❝♦s ❡ ♦ ❜❛✐①♦ ♥ú♠❡r♦ ❞❡ ♣❡ss♦❛s ❛ss✐st✐❞❛s ♣♦r ♣❧❛♥♦s ❞❡ s❛ú❞❡

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

❞❡r❛ ❛ t❛①❛ ❜r✉t❛ ❞❡ ✈❛❝✐♥❛çã♦ ❞❛s ❝r✐❛♥ç❛s ♥❡ss❛s ❝❛♣✐t❛✐s✳ ❈♦♠ ❡①❝❡çã♦ ❞❛s r❡❣✐õ❡s

❙✉❞❡st❡ ❡ ❙✉❧✱ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ✈❛❝✐♥❛❞❛s é ♥♦ ◆♦r❞❡st❡✳ ❆ ✐♠✉♥✐③❛çã♦

❞❛s ❝r✐❛♥ç❛s q✉❛♥t♦ ❛ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s é ❢✉♥❞❛♠❡♥t❛❧ ♥❛s ❝❛♣✐t❛✐s ❞❛ r❡❣✐ã♦ ◆♦rt❡

❡ ❈❡♥tr♦✲♦❡st❡✱ ❛✜♥❛❧ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s ♣♦r ❞♦❡♥ç❛s ❝♦♥s✐❞❡r❛❞❛s ❡rr❛❞✐❝❛❞❛s✱

❡①❡♠♣❧♦ ❞❛ ♠❛❧ár✐❛ ❡ ❞❛ ❝ó❧❡r❛✱ ❢♦r❛♠ ♥♦t✐✜❝❛❞❛s ❡♠ ▼❛♥❛✉s✳ ❆❧❣✉♠❛s ❡♣✐❞❡♠✐❛s✱

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

❖s✈❛❧❞♦ ❈r✉③ ✭❋✐♦❝r✉③✱ ✷✵✶✺✮✱ ❛♣r❡s❡♥t❛♠ ♥♦t✐✜❝❛çõ❡s ❝í❝❧✐❝❛s ❛♦ ❧♦♥❣♦ ❞♦s ❛♥♦s✱ s❡❥❛

♣❡❧❛ ❜❛✐①❛ ❡✜❝á❝✐❛ ❞❛s ✈❛❝✐♥❛s ♦✉ ♣♦r ✐♠✉♥✐③❛çõ❡s ❝♦♠ ❝✉rt❛ ❞✉r❛çã♦✳ ❆ tr❛♥s♠✐ssã♦

❞❡ss❛s ✐♥❢❡❝çõ❡s✱ ❡♠ ❣r❛♥❞❡ ♠❡❞✐❞❛✱ ❡stã♦ ❛tr❡❧❛❞❛s ❛s ❝♦♥❞✐çõ❡s s❛♥✐tár✐❛s ❧♦❝❛✐s✱ ❝♦♠♦

❝♦❧❡t❛ ❞❡ ❧✐①♦✱ á❣✉❛ ❡♥❝❛♥❛❞❛ ❡ r❡❞❡ ❞❡ ❡s❣♦t♦✳ ◆❛s r❡❣✐õ❡s ◆♦rt❡✱ ◆♦r❞❡st❡ ❡ ❈❡♥tr♦✲

♦❡st❡ ❛✐♥❞❛ ♣❡rs✐st❡♠ ❞é✜❝✐ts✱ ♣❛r❝✐❛✐s ♦✉ t♦t❛✐s✱ ❞❡ s❡r✈✐ç♦s ❜ás✐❝♦s ❞❡ s❛♥❡❛♠❡♥t♦✳

❈♦♥❢♦r♠❡ ♦s ❞❛❞♦s ❡①♣♦st♦s ♥❛ ❚❛❜❡❧❛ ✹✳✶✱ ✶✴✹ ❞❛ ♣♦♣✉❧❛çã♦ ❞❡ss❛s r❡❣✐õ❡s ❛✐♥❞❛ ♥ã♦

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

❞❡ ❡s❣♦t♦✳

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

✈✉❧♥❡r❛❜✐❧✐❞❛❞❡s ❞❡ s✉❛ ❢❛♠í❧✐❛✳ P♦r ❡①❡♠♣❧♦✱ 12% ❞♦s ♣❛✐s ❞❛s ❝r✐❛♥ç❛s ❞♦ ♥♦rt❡ ❡ ❞♦

♥♦r❞❡st❡ sã♦ ❛♥❛❧❢❛❜❡t♦s ❡ 60% ♣❡rt❡♥❝❡♠ ❛ ❞♦♠✐❝í❧✐♦s ❝♦♠ r❡♥❞❛ ♣❡r ❝❛♣✐t❛ ✐♥❢❡r✐♦r

❛ ✶ s❛❧ár✐♦ ♠í♥✐♠♦✳ ❊♠ t❡r♠♦s ❞❡ r❡♥❞❛ ♣❡r ❝❛♣✐t❛✱ ✺✸✽ r❡❛✐s é ❛ ♠é❞✐❛ ❞♦s ❞♦♠✐❝í❧✐♦s

q✉❡ ✈✐✈❡♠ ❛s ❝r✐❛♥ç❛s ❜r❛s✐❧❡✐r❛s✳ ❊①❛t❛♠❡♥t❡ ♣♦r ❡ss❛ r❛③ã♦✱ ❡st✐♠❛✲s❡ q✉❡✱ ♥♦ ◆♦rt❡ ❡

♥♦ ◆♦r❞❡st❡✱ ✶✷ ❛ ❝❛❞❛ ✶✵✵ ❝r✐❛♥ç❛s ❡st❡❥❛♠ ❡♥✈♦❧✈✐❞❛s ❝♦♠ ❛t✐✈✐❞❛❞❡s ❧❛❜♦r❛✐s✳ ❖✉tr♦

✶✼✶



❢❛t♦r q✉❡ ❝♦♥❞✉③❡♠ ❛s ❝r✐❛♥ç❛s ♣r❡❝♦❝❡♠❡♥t❡ ❛♦ ♠❡r❝❛❞♦ ❞❡ tr❛❜❛❧❤♦ é ❛ ♣r♦♣♦rçã♦ ❞❡

♠ã❡s ❛❞♦❧❡s❝❡♥t❡s✱ ❝♦♠ ❜❛✐①❛ ♦✉ ♥❡♥❤✉♠❛ ❡s❝♦❧❛r✐❞❛❞❡✳ ❆ ♣❛rt✐r ❞❛ ❛♠♦str❛ ✉t✐❧✐③❛❞❛

♥❡st❡ ❡st✉❞♦✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ♥❛s r❡❣✐õ❡s ◆♦rt❡ ❡ ◆♦r❞❡st❡ ❡♥❝♦♥tr❛✲s❡ ❛ ♠❛✐♦r ♣r♦♣♦rçã♦

❞❡ ♥❛s❝✐❞♦s ✈✐✈♦s ♣♦r ♠ã❡s ❝♦♠ ✐❞❛❞❡ ❡♥tr❡ ✶✵ ❡ ✶✹ ❛♥♦s✳

❆❧é♠ ❞❡ss❛s ✐♥❢♦r♠❛çõ❡s ❞❡ s❛ú❞❡ ❡ s♦❝✐♦❡❝♦♥ô♠✐❝❛s✱ ♥❛ ❚❛❜❡❧❛ ✹✳✷ ❡♥❝♦♥tr❛♠✲s❡

❞✐s♣♦st❛s ❡st❛tíst✐❝❛s q✉❡ r❡s✉♠❡♠ ❛❧❣✉♠❛s ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❝❧✐♠át✐❝❛s ❞❛s ❝❛♣✐t❛✐s

❡st❛❞✉❛✐s✱ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡ ✷✵✵✽ ❛ ✷✵✶✸✳

✶✼✷



❚❛❜❡❧❛ ✹✳✷ ✕ ❊st❛tíst✐❝❛s ❞❡s❝r✐t✐✈❛s ❞❛ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ❝❧✐♠át✐❝❛ ❞❛s ❝❛♣✐t❛✐s ❡st❛✲

❞✉❛✐s✱ ✷✵✵✽ ❛ ✷✵✶✸✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❞❛❞♦s ❡①♣♦st♦s ♥❛ ❚❛❜❡❧❛ ✹✳✷✱ ✈❡r✐✜❝❛✲s❡✱ ♥♦s r❡s♣❡❝t✐✈♦s ❛♥♦s✱

q✉❡ ❛s ❝❛♣✐t❛✐s ❞❡ ❝❧✐♠❛ ♠❛✐s s❡❝♦ sã♦ ❛q✉❡❧❛s ❞❛s r❡❣✐õ❡s ❈❡♥tr♦✲❖❡st❡✳ ❇r❛sí❧✐❛ ❡

✶✼✸



●♦✐â♥✐❛ ❛♣r❡s❡♥t❛r❛♠ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❞♦ ❛r ❡♠ t♦r♥♦ ❞❡ 67%✱ ✈❛❧♦r❡s ♠✉✐t♦ ❛❜❛✐①♦

❞❛ ♠é❞✐❛ ♥❛❝✐♦♥❛❧✱ ❝❡r❝❛ ❞❡ 75%✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ❡ss❛ é ✉♠❛ ♠❡❞✐❞❛ ❛♥✉❛❧✱ ❡✱

q✉❡ ❡♠ ❛❧❣✉♠❛s ❡st❛çõ❡s ❞♦ ❛♥♦✱ ♦s í♥❞✐❝❡s ❞❡ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❞♦ ❛r ❛✐♥❞❛ sã♦ ♠❛✐s

❜❛✐①♦s ♥❡ss❛ r❡❣✐ã♦✳ ❆♣❡s❛r ❞❡ ❇r❛sí❧✐❛ ❡ ●♦✐â♥✐❛ s❡ ❛♣r❡s❡♥t❛r❡♠ ❝♦♠♦ ❛s ❝❛♣✐t❛✐s

❞❡ ❝❧✐♠❛ ♠❛✐s s❡❝♦ ❞♦ ❇r❛s✐❧✱ ❢♦✐ ❡♠ ❈✉✐❛❜á ❡ ♥♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦ ♦s ♠❡♥♦r❡s í♥❞✐❝❡s

♣❧✉✈✐♦♠étr✐❝♦s ❛❝✉♠✉❧❛❞♦s ♥♦ ❛♥♦✱ ❡♠ t♦r♥♦ ❞❡ ✶✹✷✽ ❡ ✶✸✹✾ ♠♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆❧é♠ ❞❡ss❛s ❝❛♣✐t❛✐s✱ ♦s í♥❞✐❝❡s ♣❧✉✈✐♦♠étr✐❝♦s t❛♠❜é♠ ❢♦r❛♠ r❡❧❛t✐✈❛♠❡♥t❡ ♠❡✲

♥♦r❡s ❡♠ ❇❡❧♦ ❍♦r✐③♦♥t❡✱ P❛❧♠❛s ❡ ❚❡r❡s✐♥❛✳ ❖✉tr❛ ✈❛r✐á✈❡❧ ❝❧✐♠át✐❝❛ ❛♥❛❧✐s❛❞❛ ❢♦✐

❛ ✐♥❝✐❞ê♥❝✐❛ ❛♥✉❛❧ ❞❡ ❤♦r❛s ❞❡ s♦❧✱ ♦✉✱ ✐♥s♦❧❛çã♦ ❛t♠♦s❢ér✐❝❛✳ ◆♦t♦✉✲s❡ q✉❡ ●♦✐â♥✐❛✱

❋♦rt❛❧❡③❛ ❡ ◆❛t❛❧ ❢♦r❛♠ ❛q✉❡❧❛s ❝❛♣✐t❛✐s ❝♦♠ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡ s♦❧✱ ♥♦ ♣❡✲

rí♦❞♦ ❛♥❛❧✐s❛❞♦✱ ♠❛✐s ❞❡ ✷✳✼✵✵ ❤♦r❛s ♣♦r ❛♥♦✳ ❊ss❛s ❝❛r❛❝t❡ríst✐❝❛s ❝❧✐♠át✐❝❛s✱ q✉❛♥❞♦

r❡✉♥✐❞❛s✱ ♥ã♦ só ❡①❡r❝❡♠ ❡❢❡✐t♦s s♦❜r❡ ❛ s❛ú❞❡ ✐♥❢❛♥t✐❧✱ ❜❡♠ ❝♦♠♦ sã♦ ❝❛♣❛③❡s ❞❡ ♣♦✲

t❡♥❝✐❛❧✐③❛r ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✳ ■st♦ é✱ ❡♠ ❝✐r❝✉♥stâ♥❝✐❛s ❞❡ ❛♥t✐❝✐❝❧♦♥❡s✱ ❤á

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

q✉❡❞❛s ❞♦s í♥❞✐❝❡s ♣❧✉✈✐♦♠étr✐❝♦s✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❈♦♥❢❛❧♦♥♥✐❡r✐ ✭✷✵✵✼✮✱ ❡ss❡s ❞✐❛s

❛tí♣✐❝♦s sã♦ ♣r♦♣❡♥s♦s ❛ ♣r♦❧✐❢❡r❛çã♦ ❞❡ ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✱ ❜❡♠ ❝♦♠♦ ✉♠ ♠❛✐♦r ♥ú✲

♠❡r♦ ❞❡ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s ♣♦r ❞✐✈❡rs❛s ♦✉tr❛s ❞♦❡♥ç❛s✱ ❡♠ ❞❡❝♦rrê♥❝✐❛ ❞♦ ❝❛❧♦r

❡①tr❡♠♦✳

❮♥❞✐❝❡s q✉❡ ❝❛r❛❝t❡r✐③❛♠ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❢♦r❛♠ ❝❛❧❝✉❧❛❞♦s✱ ❡✱ ❛ ✐♥❝✐❞ê♥❝✐❛ ♠é❞✐❛

❞❡ss❡s ❡✈❡♥t♦s é r❡❧❛t✐✈❛♠❡♥t❡ ♠❛✐♦r ♥❛s ❝✐❞❛❞❡s ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s✱ ❙ã♦ P❛✉❧♦✱ ❘✐♦ ❞❡

❏❛♥❡✐r♦ ❡ ●♦✐â♥✐❛✳ ◆❡ss❛s ❝❛♣✐t❛✐s✱ ♥♦ ♣❡rí♦❞♦ ❞❡ ✷✵✵✽ ❛ ✷✵✶✸✱ ❢♦r❛♠ r❡❣✐str❛❞♦s ❛♣r♦✲

①✐♠❛❞❛♠❡♥t❡ ✸ ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ♣♦r ❛♥♦✳ ❖✉tr❛s ❝✐❞❛❞❡s ❡♠ q✉❡ ❛ ❢r❡q✉ê♥❝✐❛

❛♥✉❛❧ ❞❡ ❞✐❛s q✉❡♥t❡s é ❛tí♣✐❝❛ ❢♦r❛♠ P❛❧♠❛s✱ ❇r❛sí❧✐❛✱ ❇❡❧é♠ ❡ ▼❛❝❛♣á✳ ▼✉✐t♦ ❛❧é♠

❞❛ ✐♥❝✐❞ê♥❝✐❛✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡✱ ❡♠ ❝✐❞❛❞❡s ❝♦♠♦ ❈✉✐❛❜á✱ ●♦✐â♥✐❛ ❡ P❛❧♠❛s✱ ❛ ❞✉r❛✲

çã♦ ♠é❞✐❛ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❢♦r❛♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✼✱ ✼ ❡ ✽ ❞✐❛s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❈♦♥s✐❞❡r♦✉✲s❡ t❛♠❜é♠ ❝❤♦q✉❡s ❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦ ♥♦s ❞✐❛s ❞❡ r❡❣✐str♦ ❞❡ ♦♥❞❛s ❞❡

❝❛❧♦r✱ ❡♥t❡♥❞✐❞❛ ❝♦♠♦ ❛♠♣❧✐t✉❞❡ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r✳ ◆♦ t♦❝❛♥t❡ ❛ ❡ss❛ ♠❡❞✐❞❛✱

❈✉✐❛❜á✱ ❘✐♦ ❞❡ ❥❛♥❡✐r♦✱ P❛❧♠❛s ❡ ●♦✐â♥✐❛ ❢♦r❛♠ ❛q✉❡❧❛s ❝❛♣✐t❛✐s ❝♦♠ ♦♥❞❛s ❞❡ ❝❛❧♦r

♠❛✐s ✐♥t❡♥s❛s✳

✶✼✹



◗✉❛♥❞♦ s❡ ❛♥❛❧✐s❛ ❞❡ ❢♦r♠❛ ❝♦♥❥✉♥t❛ t♦❞♦s ❡ss❡s ❢❛t♦r❡s✱ r❡ss❛❧t❛✲s❡ ✉♠❛ ♣r❡♦❝✉✲

♣❛çã♦ ❝♦♠ ❛ ♣r❡✈❛❧ê♥❝✐❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❡♠ ❝✐❞❛❞❡s ♦♥❞❡ ❝r✐❛♥ç❛s sã♦ ❡①♣♦st❛s ❛

✈✉❧♥❡r❛❜✐❧✐❞❛❞❡s ❡❝♦♥ô♠✐❝❛s✱ ❞❡ s❛ú❞❡ ❡ ❞❡ ✐♥❢r❛❡str✉t✉r❛ ✉r❜❛♥❛✳ ◆❡ss❛ ♣❡rs♣❡❝t✐✈❛✱

♥♦ ❛♣ê♥❞✐❝❡ ❏✱ ❡♥❝♦♥tr❛♠✲s❡ t❛❜❡❧❛s ❞❡ ❞❛❞♦s ❞❡s❝r✐t✐✈♦s ❞♦s r❡❣✐str♦s ❞❡ ✐♥t❡r♥❛çõ❡s

❤♦s♣✐t❛❧❛r❡s ✐♥❢❛♥t✐s s❡❣✉♥❞♦ ❞♦③❡ ❞♦❡♥ç❛s✳ ❊ss❡s r❡❣✐str♦s t❛♠❜é♠ ❢♦r❛♠ s❡❣r❡❣❛❞♦s

q✉❛♥t♦ ❛♦ ❣ê♥❡r♦ ❡ ❝♦r ❞❛s ❝r✐❛♥ç❛s ✐♥t❡r♥❛❞❛s✱ ❡ t❛♠❜é♠ ❡stã♦ ❞✐s♣♦st♦s ♥♦ ❛♣ê♥❞✐❝❡

❏✳

❊♠ ❝♦♥❢♦r♠✐❞❛❞❡ ❛ ❡ss❛s ✐♥❢♦r♠❛çõ❡s✱ ♥♦ ♣❡rí♦❞♦ ❞❡ ✷✵✵✽ ❛ ✷✵✶✸✱ ♦ ♠❛✐♦r ♥ú♠❡r♦

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

❞✐❛rr❡✐❝❛s ❡ r❡s♣✐r❛tór✐❛s✳ ❊♠ t❡r♠♦s ❜r✉t♦s✱ ❛ ♣r❡✈❛❧ê♥❝✐❛ ❞❡ss❛s ✐♥t❡r♥❛çõ❡s ❢♦r❛♠ ♥❛s

❝❛♣✐t❛✐s ❞♦ ◆♦r❞❡st❡✱ ❈❡♥tr♦✲♦❡st❡ ❡ ❞♦ ❙✉❞❡st❡✱ ❥✉st❛♠❡♥t❡ ❛q✉❡❧❛s s✐t✉❛❞❛s ❡♠ r❡❣✐õ❡s

❛♣♦♥t❛❞❛s ❝♦♠♦ ♠❛✐s ✈✉❧♥❡rá✈❡✐s q✉❛♥t♦ ❛♦s ❢❛t♦r❡s s♦❝✐♦❡❝♦♥ô♠✐❝♦s✳ ❊♥tr❡t❛♥t♦✱ ❡♠

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

❛q✉❡❧❛s ❝♦♠ ♠❛✐♦r❡s r❡❣✐str♦s ❞❡ ✐♥t❡r♥❛çã♦✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ❡ss❛ r❡❣✐ã♦ é ✉♠❛

❞❛q✉❡❧❛s ♠❛✐s ✈✉❧♥❡rá✈❡✐s ❛♦s ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❝♦♥❢♦r♠❡ ❞❡♠♦♥str❛❞♦ ♥♦s

r❡s✉❧t❛❞♦s ❞♦ ❝❛♣ít✉❧♦ ■■✳

P♦r ❞❡❝♦rrê♥❝✐❛s ❞❡ ❞❡s♥✉tr✐çã♦✱ ♠❛❧ár✐❛✱ ❧❡✐s❤♠❛♥✐♦s❡ ❡ ❧❡♣t♦s♣✐r♦s❡✱ ❞♦❡♥ç❛s ♠✉✐t♦

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

ç❛s ✐♥t❡r♥❛❞❛s✳ ❆♣❡s❛r ❞✐ss♦✱ ❡♠ ❝✐❞❛❞❡s ❝♦♠♦ P❛❧♠❛s✱ ❙❛❧✈❛❞♦r✱ ❙ã♦ ▲✉ís✱ ▼❛♥❛✉s✱

❇❡❧é♠✱ ❈✉✐❛❜á ❡ ❘✐♦ ❇r❛♥❝♦✱ ♦s r✐s❝♦s ❞❡ss❛s ❞♦❡♥ç❛s ❛✐♥❞❛ ♥ã♦ ❢♦r❛♠ ❛♥✉❧❛❞♦s✱ ♣r✐♥✲

❝✐♣❛❧♠❡♥t❡ ❡♠ ❝r✐❛♥ç❛s ❝♦♠ ✐❞❛❞❡ ✐♥❢❡r✐♦r ❛ ✹ ❛♥♦s✳

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

ç❛s ❞✐❛rr❡✐❝❛s✳ ❆ ♣r♦♣♦rçã♦ ❞❡ ❝r✐❛♥ç❛s ✐♥t❡r♥❛❞❛s ♥❛s r❡❣✐õ❡s ❈❡♥tr♦✲♦❡st❡✱ ◆♦r❞❡st❡ ❡

❙✉❞❡st❡ é r❡❧❛t✐✈❛♠❡♥t❡ ♠❛✐♦r q✉❡ ♦✉tr❛s r❡❣✐õ❡s✱ ❡✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ♣❛r❛ ❝r✐❛♥ç❛s ❞❡ ✺ ❛

✾ ❛♥♦s✱ ♥♦ ♣❡rí♦❞♦ ❝♦♥s✐❞❡r❛❞♦✱ ❛ t❛①❛ ❞❡ ✐♥t❡r♥❛çã♦ ❢♦✐ ✶✺ ✈❡③❡s ♠❛✐♦r✳ ❆s ✐♥t❡r♥❛çõ❡s

♣♦r ❞❡s✐❞r❛t❛çã♦✱ ♠✉✐t♦ ❝♦♠✉♥s ♥❛s ♣♦♣✉❧❛çõ❡s ❞❡ ❝r✐❛♥ç❛s ❡ ✐❞♦s♦s ❡♠ ♣❡rí♦❞♦s ❞❡

♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❢♦✐ ♠❛✐s ❛❝❡♥t✉❛❞❛ ♥❛s ❝❛♣✐t❛✐s ❞❛s r❡❣✐õ❡s ❈❡♥tr♦✲❖❡st❡ ❡ ◆♦r❞❡st❡✳

❊♥tr❡t❛♥t♦✱ ❛ ♣r❡✈❛❧ê♥❝✐❛ ❞❡ss❛s ✐♥t❡r♥❛çõ❡s ❢♦✐ três ✈❡③❡s ♠❛✐♦r ♥❛s ❝❛♣✐t❛✐s ❈✉✐❛❜á ❡

●♦✐â♥✐❛✳

✶✼✺



❉❡st❛❝❛✲s❡ t❛♠❜é♠ q✉❡✱ ❡♠ ♠é❞✐❛✱ ✶✴✸ ❞❡ t♦❞❛s ❛s ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s ❢♦r❛♠

r❡❣✐str❛❞❛s ❡♠ ❝r✐❛♥ç❛s ♥❡❣r❛s✱ ❡ 57% ❞❛s ✐♥t❡r♥❛çõ❡s ✐♥❢❛♥t✐s ❢♦r❛♠ r❡❣✐str❛❞❛s ❡♠

❝r✐❛♥ç❛s ❞♦ s❡①♦ ♠❛s❝✉❧✐♥♦✳ ❆✐♥❞❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❞❛❞♦s ❞❛ P◆❆❉ ✭✷✵✶✸✮✱ ✈❛❧❡

s❛❧✐❡♥t❛r q✉❡ 83% ❞❛s ❝r✐❛♥ç❛s ♥❡❣r❛s ✈✐✈❡♠ ❡♠ ❞♦♠✐❝í❧✐♦s ❝♦♠ r❡♥❞❛ ♣❡r ❝❛♣✐t❛ ✐♥❢❡r✐♦r

❛ ✶ s❛❧ár✐♦ ♠í♥✐♠♦✳ ❋✐♥❛❧♠❡♥t❡✱ ❝♦♥❢♦r♠❡ ♦ ✐❧✉str❛❞♦s ♣❡❧♦s ♠❛♣❛s ❞❛s ❋✐❣✉r❛s ❑✳✶

❛ ❑✳✸ ❞♦ ❆♣ê♥❞✐❝❡ ❑✱ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛s ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s ✐♥❢❛♥t✐s ❢♦r❛♠

❝♦♥tr❛st❛❞❛s ❡♥tr❡ ♦s ❛♥♦s ❞❡ ✷✵✵✽ ❡ ✷✵✶✸✱ ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ❡✈✐❞❡♥❝✐❛r ❛ ✐♥❝✐❞ê♥❝✐❛

❣❡♦❣rá✜❝❛ ❞❡ss❛s ❞♦❡♥ç❛s ♥❡ss❡s r❡s♣❡❝t✐✈♦s ❛♥♦s✳

✹✳✹✳✷ ❘❡s✉❧t❛❞♦s ❞❛ ❊st✐♠❛çã♦

❚♦❞♦s ♦s ♠♦❞❡❧♦s ❢♦r❛♠ ❡st✐♠❛❞♦s s❡❣✉✐♥❞♦ t❛♥t♦ ✉♠❛ ❡s♣❡❝✐✜❝❛çã♦ ❞❡ P♦✐ss♦♥ q✉❛♥t♦

❛ ❡s♣❡❝✐✜❝❛çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ❇✐♥♦♠✐❛❧ ◆❡❣❛t✐✈♦✳ ❊♥tr❡t❛♥t♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❡st❡

❞❡ s♦❜r❡❞✐s♣❡rsã♦✱ ♠❛❥♦r✐t❛r✐❛♠❡♥t❡ ❛ ❤✐♣ót❡s❡ ❞❡ q✉❡ ♦s ♠♦♠❡♥t♦s ❞❛s ✈❛r✐á✈❡✐s ❞❡✲

♣❡♥❞❡♥t❡s sã♦ ✐❞ê♥t✐❝❛s ❢♦✐ r❡❥❡✐t❛❞❛✱ ❛ ✉♠ ♥í✈❡❧ ❞❡ 5% ❞❡ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛✳ P♦r

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

❇✐♥♦♠✐❛❧ ◆❡❣❛t✐✈❛✳

❆❧é♠ ❞✐ss♦✱ ❛✐♥❞❛ s♦❜r❡ ❛ ❡st✐♠❛çã♦✱ ❡♠ t♦❞♦s ♦s ♠♦❞❡❧♦s✱ ♦s ❡rr♦s✲♣❛❞rã♦ ❢♦r❛♠

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

t❛r q✉❡✱ s❡❣✉♥❞♦ ❈❛♠❡r♦♥ ❡ ❚r✐✈❡❞✐ ✭✷✵✵✺✮✱ ❛s ❡st✐♠❛t✐✈❛s ❞❡ ✉♠ ♠♦❞❡❧♦ ❇✐♥♦♠✐❛❧

◆❡❣❛t✐✈♦ ❝♦♠ ❡rr♦s r♦❜✉st♦s sã♦ ❡✜❝✐❡♥t❡s ❡ ❝♦♥s✐st❡♥t❡s✱ ❞❛ ♠❡s♠❛ ❢♦r♠❛ ❝♦♠♦ ♥❛s

❡s♣❡❝✐✜❝❛çõ❡s ❞❡ P♦✐ss♦♥✳

❖s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❡st✐♠❛❞♦s ♣r♦❝✉r❛r❛♠ r❡❧❛❝✐♦♥❛r ♦s r✐s❝♦s ❞❡ ✐♥t❡r♥❛çã♦

❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ❝♦♠ ❢❛t♦r❡s ❞❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ❡❝♦♥ô♠✐❝♦s ❡ s♦❝✐❛✐s✱ ❞❡ ✐♥❢r❛❡str✉✲

t✉r❛ ✉r❜❛♥❛ ❡ ❝♦♥❞✐❝✐♦♥❛♥t❡s ❞❡ s❛ú❞❡ ❡ ✈❛r✐á✈❡✐s ❝❧✐♠át✐❝❛s✳ ❖ r✐s❝♦ ❝❧✐♠át✐❝♦s ❝♦♥✲

s✐❞❡r❛ ✈❛r✐❛çõ❡s ♥❛ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❞♦ ❛r✱ ♥♦s ♥í✈❡✐s ❞❡ ♣r❡❝✐♣✐t❛çã♦✱ ✐♥❝✐❞ê♥❝✐❛ ❞❡

❤♦r❛s ❞❡ s♦❧ ❡✱ ❡s♣❡❝✐✜❝❛♠❡♥t❡✱ ❡♣✐só❞✐♦s ❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦✳

❆ ✐♥✢✉ê♥❝✐❛ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ é ♦❜❥❡t♦ ❝❡♥✲

tr❛❧ ❞❡ ✐♥✈❡st✐❣❛çã♦ ❞❡st❡ ❝❛♣ít✉❧♦✱ ❡✱ ❝♦♥❢♦r♠❡ ♦s r❡s✉❧t❛❞♦s ❞✐s♣♦st♦s ♥❛s ❚❛❜❡❧❛s ▲✳✶

❛ ▲✳✹ ❞♦ ❛♣ê♥❞✐❝❡ ▲✱ ❡ss❡s ❡❢❡✐t♦s sã♦ ❜❛st❛♥t❡ ❤❡t❡r♦❣ê♥❡♦s ♥❛s ♠❛✐s ❞✐st✐♥t❛s ❞♦❡♥ç❛s

✶✼✻



❛♥❛❧✐s❛❞❛s✳ ❆ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❡①❡r❝❡ ❡❢❡✐t♦s ♣♦s✐t✐✈♦s s♦❜r❡ ❛ ✐♥t❡r♥❛✲

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

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

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

❝♦♠♦ ❜r♦♥q✉✐t❡s✱ ♣♥❡✉♠♦♥✐❛s ❡ ♦✉tr❛s ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✳ ❊ss❡ r❡s✉❧t❛❞♦✱ ❡♠ ♣❛r✲

t✐❝✉❧❛r✱ ❝♦♥tr❛❞✐③ ❑♦✈❛ts ❡t ❛❧✳ ✭✷✵✵✹✮✱ q✉❡ ❛♣r❡s❡♥t❛r❛♠ ❡✈✐❞ê♥❝✐❛s ❞❡ q✉❡ ❞♦❡♥ç❛s

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

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

❙♦❜r❡ ❛ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ss❡s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s✱ ❡❧❛ ❢♦✐ ♥♦t❛❞❛ ♣❛r❛ ❞♦❡♥ç❛s

❝♦♠♦ ❞❡♥❣✉❡✱ ❞❡s✐❞r❛t❛çã♦✱ ❞❡s♥✉tr✐çã♦✱ ❞✐❛rr❡✐❛ ❡ ❣r✐♣❡ ✐♥✢✉❡♥③❛✳ ❊♠ ❡s♣❡❝í✜❝♦✱ ♦s

❡❢❡✐t♦s ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r ✈❛r✐❛✱ ❡♠ ♠é❞✐❛✱ ✾✱ ✸ ❡ ✺✵ ♦ ♥ú♠❡r♦ ❞❡ ✐♥t❡r♥❛çõ❡s ✐♥❢❛♥t✐s✱

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

❞❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r sã♦ ❡st❛t✐st✐❝❛♠❡♥t❡ s✐❣♥✐✜❝❛t✐✈♦s ❡ ♥❡❣❛t✐✈❛s s♦❜r❡ ❛s

✐♥t❡r♥❛çõ❡s ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✱ r❡❞✉③✐♥❞♦✱ ❡♠ ♠é❞✐❛✱ ❡♠ três ❤♦s♣✐t❛❧✐③❛çõ❡s

✐♥❢❛♥t✐s✳

❉✐s❝✉t❡✲s❡ q✉❡ ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♠✉✐t❛s ✈❡③❡s✱ ♥ã♦ é ❞✐r❡t♦ s♦❜r❡ ❛

♠♦r❜✐❞❛❞❡ ✐♥❢❛♥t✐❧✱ ✐st♦ é✱ ♥ã♦ é ♦ ❝❛❧♦r ❡①❝❡ss✐✈♦ q✉❡ ❛✉♠❡♥t❛ ♦s ❝❛s♦ ❞❡ ❞❡♥❣✉❡✱

♠❛s é ♣♦r ❝❛✉s❛ ❞♦s ❛✉♠❡♥t♦s ♣❡rs✐st❡♥t❡s ❡ ❛❜r✉♣t♦s ❞❡ t❡♠♣❡r❛t✉r❛ q✉❡ ♦s q✉❛❞r♦s

❝❧í♥✐❝♦s ❞❡ ❝r✐❛♥ç❛s s❡ ❛❣r❛✈❛♠ ❡ ❡①✐❣❡♠ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s✳

❙♦❜r❡ ♦ ❣r✉♣♦ ❞❡ss❛s ❞♦❡♥ç❛s✱ ❝✉❥♦ ♦ ♥í✈❡❧ ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ é ✐♥✲

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

❢r❡q✉ê♥❝✐❛ ❡ ❛♠♣❧✐t✉❞❡ ❞❡ss❡s ❡✈❡♥t♦s✳ ❊♠ ♠é❞✐❛✱ ♥♦ ❝❛s♦ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❞✉r❛✲

r❡♠ ✉♠ ❞✐❛ ❛ ♠❛✐s✱ ♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ✐♥t❡r♥❛❞❛s ❛✉♠❡♥t❛ ✶✱ ✵✳✺ ❡ ✶✷ ♣♦r ❞❡♥❣✉❡✱

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

❑♦✈❛ts ❡t ❛❧✳ ✭✷✵✵✹✮✱ ♣♦✐s ♥❡st❡ ❡st✉❞♦ ❢♦✐ ✈❡r✐✜❝❛❞♦ q✉❡ ♥♦t✐✜❝❛çõ❡s ❞❡ ❡♠❡r❣ê♥❝✐❛s

❤♦s♣✐t❛❧❛r❡s ❛✉♠❡♥t❛♠ ❝♦♥❢♦r♠❡ ❛ ♣❡rs✐stê♥❝✐❛ ❞♦ t❡♠♣♦ q✉❡♥t❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠

❝r✐❛♥ç❛s ❞❡ ✺ ❛♥♦s✱ ♥✉♠ ♣❡r❝❡♥t✉❛❧ ❞❡ 2, 4%✳ ❆❧é♠ ❞✐ss♦✱ ❛ ❞✉r❛çã♦ ♠❛r❣✐♥❛❧ ❞❛s ♦♥❞❛s

❞❡ ❝❛❧♦r✱ r❡❞✉③✱ ❡♠ ♠é❞✐❛ ❛ ✐♥t❡r♥❛çã♦ ❞❡ ✷ ❝r✐❛♥ç❛s ♣♦r ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ r❡s♣✐✲

r❛tór✐♦✳ ❖ ❡❢❡✐t♦ ♠❛r❣✐♥❛❧ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ♠❛✐s s❡✈❡r❛s sã♦ ♠✉✐t♦ s✐♠✐❧❛r❡s ❛q✉❡❧❡s

✶✼✼



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

❡stã♦ ❞✐s♣♦st♦s ♥❛s t❛❜❡❧❛s ▲✳✶✱ ▲✳✷✱ ▲✳✸ ❡ ▲✳✹ ❞♦ ❆♣ê♥❞✐❝❡ ▲✳

◆ã♦ ♦❜st❛♥t❡ ❛ ❡ss❡s r❡s✉❧t❛❞♦s✱ t❛♠❜é♠ ❢♦r❛♠ s✐❣♥✐✜❝❛t✐✈♦s ♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s

❞❛ ✐♥t❡r❛çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❝♦♠ ❛s ✈❛r✐❛çõ❡s ♠é❞✐❛s ❞❡ t❡♠♣❡r❛t✉r❛✳

❆❧é♠ ❞❡ s✐❣♥✐✜❝❛t✐✈♦s✱ ❡ss❡s ❡❢❡✐t♦s ❢♦r❛♠ ♣♦s✐t✐✈♦s ♣❛r❛ ❡①♣❧✐❝❛r ❛s ✐♥t❡r♥❛çõ❡s ✐♥❢❛♥t✐s

♣♦r ❞❡s✐❞r❛t❛çã♦✱ ❞❡s♥✉tr✐çã♦ ❡ ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s✳ ❯♠ ❢❛t♦ ❛✐♥❞❛ ♥ã♦ ❝♦♥st❛t❛❞♦

❡r❛ ♦ ❡❢❡✐t♦ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ ❤♦s♣✐t❛❧✐③❛çã♦ ❞❡ ❝r✐❛♥ç❛s ♣♦r ❞♦❡♥ç❛s ❞♦

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

s✐❣♥✐✜❝❛t✐✈♦✳ ❖ ❡❢❡✐t♦ r❡❧❛❝✐♦♥❛❞♦ ❛ ♣❡rí♦❞♦s ❞❡ ❝❛❧♦r ❡①tr❡♠♦ ❡ t❡♠♣❡r❛t✉r❛s ♠é❞✐❛s

t❛♠❜é♠ ❢♦r❛♠ s✐❣♥✐✜❝❛t✐✈♦s ♣❛r❛ ❡①♣❧✐❝❛r r❡❞✉çõ❡s ♥♦s ♥í✈❡✐s ❞❡ ❤♦s♣✐t❛❧✐③❛çã♦ ♣♦r

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

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

♦s ♥ú♠❡r♦s ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✳ ❖s ♠❡s♠♦s r❡✉s❧t❛❞♦s

❢♦r❛♠ ❡♥❝♦♥tr❛❞♦s ♣♦r ◆✐❡ts❤❦❡ ✭✷✵✵✼✮ ♣❛r❛ ❆❞❡❧❛✐❞❡ ♥❛ ❆✉strá❧✐❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦

❛✉t♦r✱ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s ❞✐♠✐♥✉ír❛♠ ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ❡♠ ❝r✐❛♥ç❛s ❝♦♠

✐❞❛❞❡ ❡♥tr❡ ✵ ❡ ✹ ❛♥♦s✳ ❊♥tr❡t❛♥t♦✱ ♥❡♥❤✉♠❛ ✈❛r✐❛çã♦ s✐❣♥✐✜❝❛t✐✈❛ ❢♦✐ ❡♥❝♦♥tr❛❞❛ ♣❛r❛

❝r✐❛♥ç❛s ❞❡ ✺ ❛ ✶✹ ❛♥♦s✺✼✳

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

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

q✉❡ ❛ ❞✉r❛çã♦ ❞❡ ♠❛✐s ✶ ❞✐❛ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r✳ ◆❡ss❡ ❝♦♥t❡①t♦✱ ❛✐♥❞❛ r❡ss❛❧t❛✲s❡ q✉❡

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

❝❛❧♦r ❢♦r❛♠ s✐❣♥✐✜❝❛t✐✈♦s ♣❛r❛ ❡①♣❧✐❝❛r ❡①❝❡ss♦s ❞❡ ❤♦s♣✐t❛❧✐③❛çõ❡s ✐♥❢❛♥t✐s ♣♦r ❞♦❡♥ç❛s

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

❛✉♠❡♥t♦s ♠❛r❣✐♥❛✐s ♥❛s t❡♠♣❡r❛t✉r❛s ♠é❞✐❛s ❝♦♠ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❞✐❛s ❡①❝❡ss✐✈❛♠❡♥t❡

q✉❡♥t❡s ❢♦✐ s✉♣❡r✐♦r ❛♦ ❡❢❡✐t♦ ❞❡ ✶ ❞✐❛ ❡①❝❡ss✐✈❛♠❡♥t❡ q✉❡♥t❡✳ ■st♦ é✱ q✉❛♥❞♦ ♦s ❞✐❛s

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

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

✺✼❖ ♠❡s♠♦ ❡st✉❞♦ ❢♦✐ r❡❛❧✐③❛❞♦ ♣❛r❛ ✷✵✵✽ ❡ ✷✵✵✾✱ ❛♥t❡s ♣❛r❛ ✶✾✾✸ ❛ ✷✵✵✻✱ ❡ ❝♦♠♣r♦✈♦✉ q✉❡ ♦♥❞❛s
❞❡ ❝❛❧♦r ❛✉♠❡♥t❛♠ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❡♠❡r❣ê♥❝✐❛s ❤♦s♣✐t❛❧❛r❡s ❡♠ ❝r✐❛♥ç❛s ❞❡ ✵ ❛ ✹ ❛♥♦s ❡ ✺ ❛ ✶✹
❛♥♦s✳

✶✼✽



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

❞❡ ❛♠♣❧✐t✉❞❡ ✭❍❲❆✮✳

❖s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞❛s ✈❛r✐á✈❡✐s ❝❧✐♠át✐❝❛s ♥ã♦ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ✐♠♣❛❝t♦ ♣❛❞rã♦✱

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

t❛♠ ♦s ❝❛s♦s ❞❡ ✐♥t❡r♥❛çã♦ ✐♥❢❛♥t✐❧✳ ❊♠ ❞❡st❛q✉❡✱ ♥♦t♦✉✲s❡ q✉❡ ✉♠ ❛✉♠❡♥t♦ ♥♦ ♥í✈❡❧

❞❡ ♣r❡❝✐♣✐t❛çã♦ ❞❛s ❝❛♣✐t❛✐s ❜r❛s✐❧❡✐r❛s✱ ♥ã♦ ❛♣❡♥❛s ✐♥✢✉❡♥❝✐❛♠ ❛s ✐♥t❡r♥❛çõ❡s ♣♦r ❞❡♥✲

❣✉❡✱ ♠❛s ❛✉♠❡♥t❛ t❛♠❜é♠ ♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ❞❡ ✺ ❛ ✾ ❛♥♦s q✉❡ ❜✉s❝❛♠ r❡❝✉rs♦s

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

✐♠♣❛❝t❛r❛♠✱ ❡s♣❡❝✐❛❧♠❡♥t❡✱ ♦ ♥ú♠❡r♦ ❞❡ ✐♥t❡r♥❛çõ❡s ♣♦r ❞❡s✐❞r❛t❛çã♦ ❡♠ ❝r✐❛♥ç❛s ❝♦♠

✐❞❛❞❡ ❡♥tr❡ ✶ ❡ ✹ ❛♥♦s ❡ ❞♦ s❡①♦ ❢❡♠✐♥✐♥♦✳

◗✉❛♥❞♦ s❡ ❛♥❛❧✐s❛♠ ♦s ❡❢❡✐t♦s ❞❛s ♦✉tr❛s ✈❛r✐á✈❡✐s r❡❣r❡ss♦r❛s✱ ❝♦♥st❛t❛✲s❡ q✉❡ ❛

✐♥❝✐❞ê♥❝✐❛ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❛ ❡s❝♦❧❛r✐❞❛❞❡ ❞♦s ♣❛✐s✱ ❛ r❛③ã♦ ❞❡ ♥❛s❝✐❞♦s ✈✐✈♦s ♣♦r

♠ã❡s ❝♦♠ ✐❞❛❞❡ ❡♥tr❡ ✶✵ ❡ ✶✹ ❛♥♦s✱ ❛ ♣r♦♣♦rçã♦ ❞❡ ♠é❞✐❝♦s ♣♦r ❤❛❜✐t❛♥t❡s ❡ ❛ r❡♥❞❛

❞♦♠✐❝✐❧✐❛r ♣❡r ❝❛♣✐t❛ sã♦ ❛q✉❡❧❡s ❢❛t♦r❡s q✉❡ ♠❛✐s ✐♥✢✉❡♥❝✐❛♠ ❛s ✈❛r✐❛çõ❡s ♠é❞✐❛s

❞♦ ♥ú♠❡r♦ ❞❡ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s ✐♥❢❛♥t✐s✳ ❆❧é♠ ❞✐ss♦✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ❛❧❣✉♠❛s

❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✱ ❛ ❞❡s✐❞r❛t❛çã♦ ❡ ❛s ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s sã♦ ❛s ❞♦❡♥ç❛s q✉❡ ❡ss❡s

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

❆ ♣r❡s❡♥ç❛ ❞❡ s❡r✈✐ç♦s ❞❡ s❛♥❡❛♠❡♥t♦ ❜ás✐❝♦✱ ❝♦♠♦ ❝♦❧❡t❛ ❞❡ ❧✐①♦ ❡ r❡❞❡ ❞❡ ❡s❣♦t♦✱

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

r❡✐❝❛s✱ ❝ó❧❡r❛ ❡ ❧❡♣t♦s♣✐r♦s❡✳ ❆✉♠❡♥t♦s ❞❡ 10% ♥❛ ❝♦❜❡rt✉r❛ ❞❡ss❡s s❡r✈✐ç♦s ♣♦❞❡♠

r❡❞✉③✐r✱ ❡♠ ♠é❞✐❛✱ 13% ♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ❞♦❡♥t❡s ❝♦♠ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✐♥t❡r♥❛çã♦

❤♦s♣✐t❛❧❛r✳ ❆❧é♠ ❞❡ss❡s ❢❛t♦r❡s ❞❡ ✐♥❢r❛❡str✉t✉r❛ ✉r❜❛♥❛✱ ❛s♣❡❝t♦s ❞❡♠♦❣rá✜❝♦s✱ ❝♦♠♦

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

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

❈♦♠ r❡❧❛çã♦ ❛ r❛③ã♦ ❞❡ ♠é❞✐❝♦s ♣♦r ❤❛❜✐t❛♥t❡s✱ ❛✉♠❡♥t♦s ♥❡ss❛ ♣r♦♣♦rçã♦ ❡①❡r❝❡♠

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

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

❛✉♠❡♥t♦ ♠❛r❣✐♥❛❧ ♥❛ r❡❧❛çã♦ ♠é❞✐❝♦✴♣♦♣✉❧❛çã♦ ❛✉♠❡♥t❛ ❝❡r❝❛ ❞❡ ✸✻ ✐♥t❡r♥❛çõ❡s ❡♠

❝r✐❛♥ç❛s ❞❡ ✺ ❛ ✾ ❛♥♦s ♥❛ ♣♦♣✉❧❛çã♦✱ ❣r✉♣♦ ♠❛✐s ✈✉❧♥❡rá✈❡❧ ❛ ❡ss❡ t✐♣♦ ❞❡ ❞♦❡♥ç❛✳

✶✼✾



❱❛r✐á✈❡✐s ❡❝♦♥ô♠✐❝❛s✱ ❝♦♠♦ ♦ ♥í✈❡❧ ❞❡ r❡♥❞❛ ❞♦♠✐❝✐❧✐❛r ♣❡r ❝❛♣✐t❛✱ ❢♦r❛♠ ✈❡r✐✜❝❛❞❛s

❝♦♠♦ ❞❡❝✐s✐✈❛s ♣❛r❛ ❛ r❡❞✉çã♦ ❞❛s t❛①❛s ❞❡ ✐♥t❡r♥❛çã♦ ❡♥tr❡ ❝r✐❛♥ç❛s✳ ❆✉♠❡♥t♦s ♠❛r❣✐✲

♥❛✐s ♥❛ r❡♥❞❛ ❞♦s ❞♦♠✐❝í❧✐♦s ❢♦r❛♠ ❡str✐t❛♠❡♥t❡ s✐❣♥✐✜❝❛t✐✈♦s ♥❛ r❡❞✉çã♦ ❞❡ ✐♥t❡r♥❛çã♦

♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s✳ ❉♦❡♥ç❛s ❞✐❛rr❡✐❝❛s✱ ♣♦r ❡①❡♠♣❧♦✱ ❞✐♠✐♥✉❡♠ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡

♦ ♥ú♠❡r♦ ❞❡ ✐♥t❡r♥❛çõ❡s q✉❛♥❞♦ ❤á ✈❛r✐❛çã♦ ❞❡ 1% ♥❛ r❡♥❞❛ ❞♦♠✐❝✐❧✐❛r ♣❡r ❝❛♣✐t❛✳ ❊ss❛

r❡❞✉çã♦ é ❛✐♥❞❛ ♠❛✐s ❡❧ást✐❝❛ ♥❛s ❝r✐❛♥ç❛s ❝♦♠ ❢❛✐①❛ ❡tár✐❛ ❡♥tr❡ ✺ ❡ ✾ ❛♥♦s✳ ❊ss❡s ❛✉✲

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

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

♣♦r ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s ✭❖▼❙✱ ✷✵✶✸✮✳

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

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

♣❡❧♦ ❢❛t♦ ❞❛ ❞❡s♥✉tr✐çã♦ t❡r s✐❞♦ ❜❛st❛♥t❡ r❡❞✉③✐❞❛ ♣♦r ♣r♦❣r❛♠❛s ❣♦✈❡r♥❛♠❡♥t❛✐s ♥❛s

❝❛♣✐t❛✐s ❡st❛❞✉❛✐s ❡ s✉❛s r❡❣✐õ❡s ♠❛✐s ❝❛r❡♥t❡s✳ ◗✉❛♥❞♦ r❡❣✐str❛❞❛s✱ ❛s ✐♥t❡r♥❛çõ❡s

❤♦s♣✐t❛❧❛r❡s ♣♦r ❞❡s♥✉tr✐çã♦ sã♦ ♠❛✐s ♣❡rs✐st❡♥t❡s ❡♠ ❝r✐❛♥ç❛s ❝♦♠ ✐❞❛❞❡ ✐♥❢❡r✐♦r ❛ ✹

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

✶✽✵



✹✳✹✳✸ ❱❛❧♦r❛çã♦

❖s ✐♠♣❛❝t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r t❛♠❜é♠ ❢♦r❛♠ ❛♥❛❧✐s❛❞♦s ❡♠ t❡r♠♦s ❞♦ ❝✉st♦ ♠é❞✐♦

❞❡ ✐♥t❡r♥❛çã♦✳ ◆❛s ❚❛❜❡❧❛s ✹✳✺ ❡ ✹✳✻✱ ♦ ❝✉st♦ ♠é❞✐♦ ❞❡ ✐♥t❡r♥❛çã♦ ✭❡♠ r❡❛✐s ❞❡ ✷✵✶✺✮

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

❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ ❤♦s♣✐t❛❧✐③❛çã♦ ✐♥❢❛♥t✐❧✱ ❡♠ t♦❞❛s ❛s ❝❛♣✐t❛✐s ❜r❛s✐❧❡✐r❛s ✺✽✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ ✹✳✺✱ ♦ r❡❣✐str♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ✉♠

❡✈❡♥t♦ ❞❡ ♦♥❞❛ ❞❡ ❝❛❧♦r ✐♠♣õ❡ ❛ s♦❝✐❡❞❛❞❡ ❜r❛s✐❧❡✐r❛ ✉♠ ❝✉st♦ ♠é❞✐♦ ❞❡ ❝❡r❝❛ ❞❡ ✶✷✵✱

✸✻ ❡ ✻✱✼ ♠✐❧❤õ❡s ❞❡ r❡❛✐s✱ s♦♠❡♥t❡ ♥❛s ❝❛♣✐t❛✐s ❡st❛❞✉❛✐s✱ ❝♦♠ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s

✐♥❢❛♥t✐s ♣♦r ❞❡♥❣✉❡✱ ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s ❡ ❞❡s✐❞r❛t❛çã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

◆❛s ❝❛♣✐t❛✐s ❞❛s r❡❣✐õ❡s ❙✉❞❡st❡ ❡ ◆♦r❞❡st❡ ❢♦r❛♠ ✈❡r✐✜❝❛❞♦s ♦s ♠❛✐♦r❡s ❝✉st♦s

❝♦♠ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s ✐♥❢❛♥t✐s✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❇✐tt❡♥❝♦✉rt ✭✷✵✶✵✮✱ ❡ss❡s ❝✉s✲

t♦s ❝r❡s❝❡♠ ♣♦r ✢✉①♦s ❞❡ ❞♦❡♥t❡s ♦r✐✉♥❞♦s ❞❡ ❝✐❞❛❞❡s ❞♦ ✐♥t❡r✐♦r ❝♦♠ ❤♦s♣✐t❛✐s ❞❡

♣❡q✉❡♥♦ ♣♦rt❡✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❞❛q✉❡❧❛s ❝✐❞❛❞❡s ❝♦♠ ♣♦♣✉❧❛çã♦ ✐♥❢❡r✐♦r ❛ ✸✵✳✵✵✵ ❤❛✲

❜✐t❛♥t❡s✳ ❊①❝❡t♦ ❙ã♦ P❛✉❧♦ ❡ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ❡♠ ❙❛❧✈❛❞♦r ❢♦✐ ✈❡r✐✜❝❛❞♦ ♦s ♠❛✐♦r❡s

❣❛st♦s ❤♦s♣✐t❛❧❛r❡s ❝♦♠ ✐♥t❡r♥❛çã♦ ✐♥❢❛♥t✐❧ ♣♦r ❞❡♥❣✉❡ ❡ ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s✳ ❆♣r♦①✐✲

♠❛❞❛♠❡♥t❡✱ 80% ❞♦s ❝✉st♦s ❝♦♠ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐❢❛♥t✐❧ ❝♦♠ ❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡

♦♥❞❛s ❞❡ ❝❛❧♦r✱ ♣❡❧❛s ❞♦❡♥ç❛s ♠❡♥❝✐♦♥❛❞❛s✱ sã♦ ✈❡r✐✜❝❛❞♦s ♥❛s ❝✐❞❛❞❡s ❞❡ ❙ã♦ P❛✉❧♦✱

❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ❇❡❧♦ ❍♦r✐③♦♥t❡ ❡ ❙❛❧✈❛❞♦r✳

✺✽❊ss❡s ❡❢❡✐t♦s ❢♦r❛♠ ✈❛❧♦r❛❞♦s ❛♣❡♥❛s ♣❛r❛ ❛q✉❡❧❛s ❞♦❡♥ç❛s ❡♠ q✉❡ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❡①❡r❝❡r❛♠
❡❢❡✐t♦s ♠❛✐s s✐❣♥✐✜❝❛t✐✈♦s✱ ❛ s❛❜❡r✱ ❞❡♥❣✉❡✱ ❞❡s✐❞r❛t❛çã♦✱ ❞♦❡♥ç❛s ❞✐❡❛rr❡✐❝❛s ❡ r❡s♣✐r❛tór✐❛s

✶✽✶



❚❛❜❡❧❛ ✹✳✺ ✲ ■♠♣❛❝t♦ ❞❛ ✐♥❝✐❞ê♥❝✐❛ ❡ ❞✉r❛çã♦ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦ ●❛st♦s ❍♦s♣✐✲

t❛❧❛r❡s✱ ❡♠ ✶✳✵✵✵ r❡❛✐s✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ♠é❞✐♦s ♣♦r ✐♥t❡r♥❛çã♦ ♥❛s ❝❛♣✐t❛✐s ❜r❛s✐❧❡✐r❛s sã♦ ✐♥❢♦r♠❛çõ❡s ❞✐s♣♦♥✐❜✐❧✐③❛❞❛s

♣❡❧♦ ❙■❍✴❙❯❙ ✭❙✐st❡♠❛ ❞❡ ■♥❢♦r♠❛çõ❡s ❍♦s♣✐t❛❧❛r❡s ❞♦ ❙❯❙✮✳ ❆s ✐♥❢♦r♠❛çõ❡s ❞♦ t❛♠❛♥❤♦ ❞❛ ♣♦♣✉✲

❧❛çã♦ ❡ ♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ♥❛s ❝❛♣✐t❛✐s ❜r❛s✐❧❡✐r❛s ❢♦r❛♠ ❡①tr❛í❞♦s ❞❛s ❡st✐♠❛t✐✈❛s ♣♦♣✉❧❛❝✐♦♥❛✐s

❞♦s ♠✉♥✐❝í♣✐♦s ❡♠ ✷✵✶✻✳ ❆❧é♠ ❞✐ss♦✱ ♦s ✈❛❧♦r❡s ♣♦r r❡❣✐ã♦ ❡q✉✐✈❛❧❡♠ ❛ s♦♠❛ ❞❛ ✈❛❧♦r❛çã♦ ❛♣❡♥❛s ♥❛s

❝❛♣✐t❛✐s ❡st❛❞✉❛✐s✳

✶✽✷



❆✐♥❞❛✱ ❝♦♥❢♦r♠❡ ♦s r❡s✉❧t❛❞♦s ❞❛ t❛❜❡❧❛ ✹✳✺✱ ❡♠ ♠é❞✐❛✱ ♦ ❢❛t♦ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r

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

t♦r♥♦ ❞❡ 20%✳ ❊♠ ❡♣✐só❞✐♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ss❡s ❝✉st♦s ❤♦s♣✐t❛❧❛r❡s sã♦ ♠❛✐♦r❡s ♥❛s

♠❡s♠❛s ❝❛♣✐t❛✐s ♦♥❞❡ sã♦ ♠❛✐♦r❡s ♦s ❡❢❡✐t♦s ❞❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ss❡s ❡✈❡♥t♦s✳ ❆❧é♠ ❞✐ss♦✱

♥♦t♦✉✲s❡ q✉❡ ♦s ❣❛st♦s ❝♦♠ ❤♦s♣✐t❛❧✐③çõ❡s ✐♥❢❛♥t✐s ❝♦♠ ❞❡♥❣✉❡ ❡ ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s sã♦

❜❛st❛♥t❡ ♣ró①✐♠♦s✱ q✉❛♥❞♦✱ ❡♠ ♠é❞✐❛✱ ❛ ♦♥❞❛ ❞❡ ❝❛❧♦r ❞✉r❛ ♠❛✐s ✉♠ ❞✐❛✳

◆❛ ❚❛❜❡❧❛ ✹✳✻✱ ❡♥❝♦♠tr❛♠✲s❡ ❞✐s♣♦st♦s r❡s✉❧t❛❞♦s s♦❜r❡ ♦ ✐♠♣❛❝t♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡

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

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

❡st❛❞✉❛✐s ❜r❛s✐❧❡✐r❛s✱ ♦s ❝✉st♦s ♣❛r❛ t♦❞♦ ♦ ❇r❛s✐❧ s❡r✐❛♠ ❡♠ t♦r♥♦ ❞❡ ✶✶ ♠✐❧❤õ❡s ❞❡

r❛✐s✱ ❡♠ t❡r♠♦s ❞❡ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s ✐♥❢❛♥t✐s ♣♦r ❞❡♥❣✉❡✱ ❞✐❛rr❡✐❛ ❡ ❞❡s✐❞r❛t❛çã♦✳

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

♠❛✐s s❡✈❡r❛✱ ❝✉st❛r✐❛ ❛♥✉❛❧♠❡♥t❡ ✶✹✱✺ ♠✐❧❤õ❡s ❞❡ r❡❛✐s✱ ❡♠ t❡r♠♦s ❞❡ ❤♦s♣✐t❛❧✐③❛çõ❡s

✐♥❢❛♥t✐s ♣❡❧❛s ♠❡s♠❛s ❞♦❡♥ç❛s✳

❈♦♥❢♦r♠❡ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥♦ ❝❛♣ít✉❧♦ ■■✱ ❡♠❜♦r❛ s❡❥❛♠ ♦s ♠✉♥✐❝í♣✐♦s

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

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

❞❡ ❝❛❧♦r ❞✉r❛♥t❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r sã♦ ✈❡r✐✜❝❛❞♦s ❡♠ ❙ã♦ P❛✉❧♦✱ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ❇❡❧♦

❍♦r✐③♦♥t❡ ❡ ❙❛❧✈❛❞♦r✳

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

♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s ✐♥❢❛♥t✐s ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ❢♦r❛♠ ♥❡❣❛t✐✈♦s✳ ■st♦ é✱ ❞❡✐①❛✲s❡

❞❡ ❣❛st❛r ❝♦♠ ❤♦s♣✐t❛❧✐③❛çõ❡s ✐♥❢❛♥t✐s ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ❛té ✹✺ ♠✐❧❤õ❡s ❞❡ r❡❛✐s

♥❛s ❝❛♣✐t❛✐s ❡st❛❞✉❛✐s ❜r❛s✐❧❡✐r❛s✱ ❡♠ ❞❡❝♦rrê♥❝✐♦ ❞♦ r❡❣✐str♦ ❞❡ ✉♠❛ ♦♥❞❛ ❞❡ ❝❛❧♦r✳

✶✽✸



❚❛❜❡❧❛ ✹✳✻ ✲ ■♠♣❛❝t♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❡ ❛♠♣❧✐t✉❞❡ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦s ●❛st♦s

❍♦s♣✐t❛❧❛r❡s✱ ❡♠ ✶✳✵✵✵ r❡❛✐s✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ♠é❞✐♦s ♣♦r ✐♥t❡r♥❛çã♦ ♥❛s ❝❛♣✐t❛✐s ❜r❛s✐❧❡✐r❛s sã♦ ✐♥❢♦r♠❛çõ❡s ❞✐s♣♦♥✐❜✐❧✐③❛❞❛s

♣❡❧♦ ❙■❍✴❙❯❙ ✭❙✐st❡♠❛ ❞❡ ■♥❢♦r♠❛çõ❡s ❍♦s♣✐t❛❧❛r❡s ❞♦ ❙❯❙✮✳ ❆s ✐♥❢♦r♠❛çõ❡s ❞♦ t❛♠❛♥❤♦ ❞❛ ♣♦♣✉✲

❧❛çã♦ ❡ ♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ♥❛s ❝❛♣✐t❛✐s ❜r❛s✐❧❡✐r❛s ❢♦r❛♠ ❡①tr❛í❞♦s ❞❛s ❡st✐♠❛t✐✈❛s ♣♦♣✉❧❛❝✐♦♥❛✐s

❞♦s ♠✉♥✐❝í♣✐♦s ❡♠ ✷✵✶✻✳ ❆❧é♠ ❞✐ss♦✱ ♦s ✈❛❧♦r❡s ♣♦r r❡❣✐ã♦ ❡q✉✐✈❛❧❡♠ ❛ s♦♠❛ ❞❛ ✈❛❧♦r❛çã♦ ❛♣❡♥❛s ♥❛s

❝❛♣✐t❛✐s ❡st❛❞✉❛✐s✳

✶✽✹



✹✳✹✳✹ ❙✐♠✉❧❛çã♦

P❛r❛ ❛ s✐♠✉❧❛çã♦ ❞♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ ❤♦s♣✐t❛❧✐③❛çã♦ ✐♥❢❛♥t✐❧ ♥❛s ❝❛♣✐✲

t❛✐s ❜r❛s✐❧❡✐r❛s✱ ♣r✐♠❡✐r❛♠❡♥t❡ ❡st✐♠♦✉✲s❡ M̂hw
it ✱ ❛ ❤♦s♣✐t❛❧✐③❛çã♦ ✐♥❢❛♥t✐❧ ♠é❞✐❛ ♣r❡❞✐t❛

❞❡✈✐❞♦ ❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✳ ❊♠ s❡❣✉✐❞❛✱ ❡st✐♠♦✉✲s❡ M̂it✱ ❛ ❤♦s♣✐t❛❧✐③❛çã♦

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

❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✳

❆♣ós ❡ss❛s ❡st✐♠❛t✐✈❛s✱ ❝❛❧❝✉❧❛✲s❡ ❛ ✈❛r✐❛çã♦ ♥❛ ❤♦s♣✐t❛❧✐③❛çã♦ ✐♥❢❛♥t✐❧✱ ∆M̂it✱ ❞❛

s❡❣✉✐♥t❡ ❢♦r♠❛✿

∆M̂it = [M̂hw
it − M̂it]x

[Pop2010]

1.000
✭✸✺✮

❡♠ q✉❡ Pop2010 é ❛ ♣♦♣✉❧❛çã♦ ✐♥❢❛♥t✐❧ ✐♥❞✐❝❛❞❛ ♣❡❧♦ ❈❡♥s♦ ❉❡♠♦♥❣rá✜❝♦ ♥❛s ❝❛✲

♣✐t❛✐s ❜r❛s✐❧❡✐r❛s ✭■❇●❊✱ ✷✵✶✵✮✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ❛s ❡st✐♠❛t✐✈❛s ❞❡ M̂hw
it ❡ M̂it sã♦

♠❡❞✐❞❛s ♣❛r❛ ✶✳✵✵✵ ❝r✐❛♥ç❛s ♥❛s❝✐❞❛s ✈✐✈❛s✱ ❡✱ ♣♦r ✐ss♦✱ ♦s r❡s✉❧t❛❞♦s ❡①♣♦st♦s ♥❛ ❚❛❜❡❧❛

✹✳✸ sã♦ ❞✐♠❡♥s✐♦♥❛❞♦s ❞❡ ❛❝♦r❞♦ ❛ ♣♦♣✉❧❛çã♦ ✐♥❢❛♥t✐❧ ❞❡ ❝❛❞❛ ❝❛♣✐t❛❧✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❡ss❡s r❡s✉❧t❛❞♦s✱ ❡♠ ❣❡r❛❧✱ ❛ss♦❝✐❛✲s❡ ✉♠ ❡①❝❡ss♦ ❞❡ ✐♥t❡r♥❛çõ❡s

❤♦s♣✐t❛❧❛r❡s ✐♥❢❛♥t✐s ❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ♣♦r ❞♦❡♥ç❛s ❝♦♠♦ ❞❡♥❣✉❡✱ ❞✐❛rr❡✐❛

❡ ❞❡s✐❞r❛t❛çã♦✳ P♦r ❡①❡♠♣❧♦✱ ❡♠ ❙ã♦ P❛✉❧♦✱ ❝❛s♦ ♥ã♦ ❤♦✉✈❡ss❡ ❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ♦♥❞❛s ❞❡

❝❛❧♦r✱ ♥♦ ♣❡rí♦❞♦ ❞❡ ✷✵✵✽ ❛ ✷✵✶✸✱ ❝❡r❝❛ ❞❡ ✸✵✳✵✵✵✱ ✶✳✺✵✵ ❡ ✺✳✺✵✵ ❝r✐❛♥ç❛s ♥ã♦ t❡r✐❛♠ s✐❞♦

✐♥t❡r♥❛❞❛s ♣♦r ❞❡♥❣✉❡✱ ❞✐❛rr❡✐❛ ❡ ❞❡s✐❞r❛t❛çã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆❧é♠ ❞✐ss♦✱ ✈❡r✐✜❝♦✉✲

s❡ ✈❛r✐❛çõ❡s ♥❡❣❛t✐✈❛s ♥❛ ❤♦s♣✐t❛❧✐③❛çã♦ ✐♥❢❛♥t✐❧ ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ❞❡❝♦rr❡♥t❡s

❞❡ ❡♣✐só❞✐♦s ❞❡ ❝❛❧♦r ❡①❝❡ss✐✈♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ ❙ã♦ P❛✉❧♦✱ ❘✐♦ ❞❡ ❏❛♥❡✐r♦ ❡ ❙❛❧✈❛❞♦r✳

❖s r❡s✉❧t❛❞♦s r❡❢❡r❡♥t❡s ❛s ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s sã♦ ❝♦♥trár✐♦s ❛s ❡✈✐❞ê♥❝✐❛s ❛♣r❡✲

s❡♥t❛❞❛s ♣♦r ❳✉ ❡t ❛❧✳ ✭✷✵✶✸✮ ❡ ❑♦✈❛ts ❡t ❛❧✳ ✭✷✵✵✹✮✱ q✉❡ ✈❡r✐✜❝❛r❛♠ ❡❢❡✐t♦s ❛❞✈❡rs♦s

❛ s❛ú❞❡ ✐♥❢❛♥t✐❧ ❡♠ ❝✐r❝✉♥stâ♥❝✐❛s ❞❡ ❝❛❧♦r ❡①tr❡♠♦✳ ❱❛❧❡ ❞❡st❛❝❛r q✉❡ ❡ss❡s ❡st✉❞♦s

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

◆❛ ❚❛❜❡❧❛ ✹✳✸ ❡♥❝♦♥tr❛♠✲s❡ ❞✐s♣♦st♦s ♦s ❞❡♠❛✐s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ♣❛r❛ ❛s

❞❡♠❛✐s ❝❛♣✐t❛✐s ❜r❛s✐❧❡✐r❛s✳ ❊ss❛s ♠❡❞✐❞❛s sã♦ ❡❢❡✐t♦s ♠é❞✐♦s ❞♦s ✐♠♣❛❝t♦s ❞❛s ♦♥❞❛s

❞❡ ❝❛❧♦r ♥❛ s❛ú❞❡ ❞❡ ❝r✐❛♥ç❛s ❞❡ três ❣r✉♣♦s ❡tár✐♦s✱ ❛q✉❡❧❡s ♠❡♥♦r❡s ❞❡ ✶ ❛♥♦✱ ❝♦♠

✶✽✺



✐❞❛❞❡ ❡♥tr❡ ✶ ❡ ✹ ❛♥♦s ❡ ❝♦♠ ✺ ❛ ✾ ❛♥♦s✺✾✳

❚❛❜❡❧❛ ✹✳✸ ✲ ❙✐♠✉❧❛çã♦✿ ◆ú♠❡r♦ ♠é❞✐♦ ❞❡ ❝r✐❛♥ç❛s ❤♦s♣✐t❛❧✐③❛❞❛s ❡♠ ❝❛❞❛ ❝❛♣✐t❛❧

❜r❛s✐❧❡✐r❛✱ ♣♦r ❞❡♥❣✉❡✱ ❞✐❛rr❡✐❛✱ ❞❡s✐❞r❛t❛çã♦ ❡ ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❊♠❜♦r❛ ❡ss❡ ❡st✉❞♦ ❛♥❛❧✐s♦✉ ✈ár✐♦s t✐♣♦s ❞❡ ❞♦❡♥ç❛s✱ ❛s s✐♠✉❧❛çõ❡s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❛♣❡♥❛s

♣❛r❛ ❛q✉❡❧❛s ❞♦❡♥ç❛s ❝✉❥♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❢♦r❛♠ s✐❣♥✐✜❝❛t✐✈♦s s♦❜r❡ ♦s ♥í✈❡✐s ❞❡ ♠♦r❜✐❞❛❞❡✳

✺✾◆♦ ❆♣ê♥❞✐❝❡ ▼✱ ❡♥❝♦♥tr❛♠✲s❡ ❞✐s♣♦st♦s ♦s r❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ❡st✐♠❛❞♦s ♣❛r❛ M̂it✳ ❖ ♠ét♦❞♦
❡st✐♠❛çã♦ ❢♦✐ ✐❞ê♥t✐❝♦ ❛q✉❡❧❡ r❡❛❧✐③❛❞♦ ♥♦s ♠♦❞❡❧♦s ❞❛ s✉❜s❡çã♦ ❛♥t❡r✐♦r✱ ♠♦❞❡❧♦s ❇✐♥♦♠✐❛✐s ◆❡❣❛t✐✈♦s✳

✶✽✻



✹✳✺ P♦❧ít✐❝❛s Pú❜❧✐❝❛s

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

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

❡①♣♦s✐çã♦ ❞❛ ♣♦♣✉❧❛çã♦ ❛♦ ❝❛❧♦r ❡①❝❡ss✐✈♦✱ ♦ q✉❡ é✱ s❡♠ ❞ú✈✐❞❛s✱ ✐♠♣♦rt❛♥t❡ ♣❛r❛ ❛

s❛ú❞❡ ✐♥❢❛♥t✐❧✳ ◗✉❛❧q✉❡r q✉❡ s❡❥❛ ❛ ♣♦❧ít✐❝❛ ❝❧✐♠át✐❝❛✱ ❡♠ ❝❡rt❛ ♠❡❞✐❞❛✱ ❡❧❛ r❡❝❛✐ s♦❜r❡

♦ ❣r❛✉ ❞❡ r❡s✐❧✐ê♥❝✐❛ ❞❡ ✉♠❛ ♣♦♣✉❧❛çã♦✱ ❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ ❛ s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ s❡

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

❝❡rt❛♠❡♥t❡✱ ❡ss❛ ❝❛♣❛❝✐❞❛❞❡ ♥ã♦ é ♣r♦♠♦✈✐❞❛ ❛♣❡♥❛s ♣♦r ♠❡✐♦ ❞❡ ♣♦❧ít✐❝❛s ❞❡ ❝♦♥❢♦rt♦

tér♠✐❝♦✱ ♠❛s ❛❜r❛♥❣❡♠ ♠❡❞✐❞❛s q✉❡ ❛t✉❛♠ ❞❡ ♠❛♥❡✐r❛ ❞✐r❡t❛ s♦❜r❡ ❝❛r❛❝t❡ríst✐❝❛s

s♦❝✐♦❡❝♦♥ô♠✐❝❛s ❞❛s ❢❛♠í❧✐❛s✳

❊♠ ♣r✐♠❡✐r♦ ❧✉❣❛r✱ ✉♠ ♣r♦❣r❛♠❛ ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞❡ r❡s✐❧✐ê♥❝✐❛ ♣❛r❛ ❧✐❞❛r ❝♦♠

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

▼❡❞✐❛♥t❡ ♦s ❡❢❡✐t♦s ❥á ❡✈✐❞❡♥❝✐❛❞♦s s♦❜r❡ ❛ ♠♦r❜✐♠♦rt❛❧✐❞❛❞❡✱ ♠ét♦❞♦s ❞❡ ♣r❡✈❡♥çã♦

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

❛♦ ❝❛❧♦r ❡①tr❡♠♦✳ ❊ss❛ ♠❡❞✐❞❛✱ t♦t❛❧♠❡♥t❡ ♣r❡✈❡♥t✐✈❛✱ ♣♦❞❡ r❡❞✉③✐r ♦s ❣❛st♦s ❤♦s♣✐✲

t❛❧❛r❡s ❝♦♠ ♦ tr❛t❛♠❡♥t♦ ❞❡ ❝r✐❛♥ç❛s ❛❢❡t❛❞❛s✳ ❉❡ss❛ ❢♦r♠❛✱ q✉❛♥❞♦ ❡s❝❧❛r❡❝✐❞♦s ❞♦s

♣♦t❡♥❝✐❛✐s ❡❢❡✐t♦s s♦❜r❡ ❛ s❛ú❞❡ ✐♥❢❛♥t✐❧ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ t❛♥t♦ ♣❛✐s q✉❛♥t♦ ❝✉✐❞❛✲

❞♦r❡s ♣♦❞❡♠ ❛❞♦t❛r ♠❡❞✐❞❛s ❞❡ ♣r♦t❡çã♦ ❞❛s ❝r✐❛♥ç❛s✱ ❝♦♥t♦r♥❛♥❞♦ ♣♦ssí✈❡✐s ❞❛♥❞♦s

❛ s❛ú❞❡ ♣r♦♠♦✈✐❞♦s ♣❡❧❛s t❡♠♣❡r❛t✉r❛s ❡❧❡✈❛❞❛s✳

❆❧é♠ ❞❡ss❛s ♠❡❞✐❞❛s r❡❝♦♥❤❡❝✐❞❛s ❝♦♠♦ ♣r✐♠ár✐❛s✱ r❡❝♦♠❡♥❞❛✲s❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

❞❡ s✐st❡♠❛s ❞❡ ❛❧❡rt❛ ❝✉❥❛ ❛ ✜♥❛❧✐❞❛❞❡ é ♠❛♥t❡r ❛ ♣♦♣✉❧❛çã♦ ✈✉❧♥❡rá✈❡❧ ❛s ♦♥❞❛s ❞❡

❝❛❧♦r s♦❜r❡❛✈✐s♦ ❞❡ ♣♦ssí✈❡✐s ❡✈❡♥t♦s✳ ❆❧é♠ ❞✐ss♦✱ ❛ s❡❞❡ ❞❡ss❡ s✐st❡♠❛ ❞❡ ❛❧❡rt❛ s❡r✐❛

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

♠❡t❡♦r♦❧ó❣✐❝♦s✱ ❜❡♠ ❝♦♠♦ ✐♥❢♦r♠❛çõ❡s ❞❡ s❛ú❞❡ ♣ú❜❧✐❝❛ ❡ ♣♦ssí✈❡✐s ❝✉✐❞❛❞♦s✱ t✉❞♦

❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ♠✐♥♦r❛r ❛ ❡①♣♦s✐çã♦ ❞♦ ♣ú❜❧✐❝♦ ❛♦ ❝❛❧♦r ❡①❝❡ss✐✈♦✳ ❖ s✐st❡♠❛ ❞❡

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

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

❢♦rt❡s✳

✶✽✼



❉❡ ❛❝♦r❞♦ ❝♦♠ ◆✐❝❤♦❧❧s ❡t ❛❧✳ ✭✷✵✵✼✮✱ ❡♠ ▼❡❧❜♦✉r♥❡ ♥❛ ❆✉strá❧✐❛ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦

✉♠ s✐♠♣❧❡s s✐st❡♠❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ❛❧❡rt❛ ♣❛r❛ ♦ ❝❛❧♦r ❡①❝❡ss✐✈♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠

♦s ❛✉t♦r❡s✱ t♦❞❛s ❛s ✈❡③❡s q✉❡ ❛s t❡♠♣❡r❛t✉r❛s ❡①❝❡❞❡♠ 30oC✱ ✈❡r✐✜❝❛✲s❡ ✉♠ ❡①❝❡ss♦

❞❡ ♠♦rt❛❧✐❞❛❞❡ ❡♠ t♦r♥♦ ❞❡ 15 ❛ 17%✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❛ ♣♦♣✉❧❛çã♦ ❝♦♠ ✐❞❛❞❡ s✉♣❡r✐♦r

❛ ✻✺ ❛♥♦s✳ ❆ ♣❛rt✐r ❞❡ss❡ ❢❛t♦✱ s❡♠♣r❡ q✉❡ ❛ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❡①❝❡❞❡ ♦ ❧✐♠✐❛r ❞❡

30oC✱ ✉♠ ❛❧❡rt❛ ❞❡ ❝❛❧♦r ❡①tr❡♠♦ é ❡♠✐t✐❞♦ ♣❛r❛ ❛s ❛✉t♦r✐❞❛❞❡s ♣ú❜❧✐❝❛s ❡ s❡r✈✐ç♦s

❞❡ ❛♠❜✉❧â♥❝✐❛ ❡ ♦r❣❛♥✐s♠♦s ❧✐❣❛❞♦s ❛ s❛ú❞❡ ♣ú❜❧✐❝❛ sã♦ ❛❝✐♦♥❛❞♦s✳ ❖s ❛✉t♦r❡s ❛✐♥❞❛

❛t❡♥t❛♠ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ❛❧❡rt❛s ❡♠✐t✐❞♦s t❡♠ s✐❞♦ ❜❛✐①♦s✱ ✉♠❛ ✈❡③ q✉❡ ❡ss❡ ❧✐♠✐❛r só ❢♦✐

✉❧tr❛♣❛ss❛❞♦ ✹✷ ✈❡③❡s ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✼✾ ❛ ✷✵✵✶✳ ◆❡ss❡ s❡♥t✐❞♦✱ ✉♠❛ ✈❡③ ❝♦♥❤❡❝✐❞❛s ❛s

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

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

❡✜❝❛③❡s ♥❛ r❡❞✉çã♦ ❞❡ ♠♦r❜✐❞❛❞❡ ♣❡❞✐átr✐❝❛✱ ✉♠❛ ✈❡③ q✉❡ ♣❛✐s ❡ ❝✉✐❞❛❞♦r❡s ♣♦❞❡r✐❛♠

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

◆♦ ❇r❛s✐❧ ❡①✐st❡♠ ❞✉❛s ❡①♣❡r✐ê♥❝✐❛s ✈♦❧t❛❞❛s ♣❛r❛ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ❡✈❡♥t♦s ❝❧✐✲

♠át✐❝♦s ❡①tr❡♠♦s✱ ♦s ♣r♦❣r❛♠❛s ❘✐♦ ❘❡s✐❧✐❡♥t❡ ❡ ❙❖❙ ❝❤✉✈❛✳ ❖ ♣r♦❣r❛♠❛ ❘✐♦ ❘❡s✐❧✐❡♥t❡

é ❢✉♥❞❛♠❡♥t❛❞♦ ❡♠ ✉♠ s✐st❡♠❛ ❞❡ ❛❧❛r♠❡ ❝♦♠✉♥✐tár✐♦ ❞✐r✐❣✐❞♦ ♣♦r ✉♠ ór❣ã♦ ❞❛ ♣r❡❢❡✐✲

t✉r❛ ❞❛ ❝✐❞❛❞❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ♦ ❙✐st❡♠❛ ❆❧❡rt❛ ❘✐♦✳ ❊ss❡ ór❣ã♦ t❡♠ ❝♦♠♦ ❢✉♥çõ❡s

❛ ♣r❡✈✐sã♦ ❡ ❛ ✈✐❣✐❧â♥❝✐❛ ❞❡ ❝❤✉✈❛s ❢♦rt❡s✳ ❚♦❞❛s ❛s ✈❡③❡s q✉❡ sã♦ ❞❡t❡❝t❛❞❛s s✐t✉❛çõ❡s

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

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

s❛❜❡r✱ ❛❣❡♥t❡s ❝♦♠✉♥✐tár✐♦s ❞❡ s❛ú❞❡✱ ❧í❞❡r❡s ❝♦♠✉♥✐tár✐♦s ❡ ❛❣❡♥t❡s ♣ú❜❧✐❝♦s✳ ❆❧é♠ ❞❡

♠❡♥s❛❣❡♥s✱ ❛ ❉❡❢❡s❛ ❈✐✈✐❧ ✐♠♣❧❛♥t♦✉ ✉♠ s✐st❡♠❛ ❞❡ ❛❧❛r♠❡ ❝♦♠ s✐r❡♥❡s ❡♠ ✶✵✸ ❝♦♠✉✲

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

♣ré✈✐♦✳ ❉❡ ❢♦r♠❛ ❞✐❢❡r❡♥t❡✱ ♦ s✐st❡♠❛ ❙❖❙ ❝❤✉✈❛ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❡❧♦ ■◆P❊ ♣r♦❝✉r❛ ❢❛③❡r

♣r❡✈✐sõ❡s ✐♠❡❞✐❛t❛s ❞❡ t❡♠♣❡st❛❞❡s ❡ ♦✉tr♦s ❡①tr❡♠♦s ❝❧✐♠át✐❝♦s✱ ❡✱ ❞✐s♣♦♥✐❜✐❧✐③á✲❧❛s

♣♦r ♠❡✐♦ ❞❡ ✉♠ ❛♣❧✐❝❛t✐✈♦ ♣❛r❛ s♠❛rt♣❤♦♥❡s✳ ❆ ❢❡rr❛♠❡♥t❛ ♦❢❡r❡❝❡ ✐♥❢♦r♠❛çõ❡s ❛ ♣♦✲

♣✉❧❛çã♦ s♦❜r❡ ❛ ❢♦r♠❛çã♦ ❞❡ r❛✐♦s✱ r❛❥❛❞❛s ❞❡ ✈❡♥t♦ ❡ ❝❤✉✈❛s ❞❡ ❣r❛♥✐③♦✻✵✳ ❖ ♦❜❥❡t✐✈♦

✻✵❙♦❜r❡ ❛s ❝❤✉✈❛s ❞❡ ❣r❛♥✐③♦✱ ❛s ✐♥❢♦r♠❛çõ❡s ✐♥❝❧✉✐ ❛té ♦ t❛♠❛♥❤♦ ❞❛s ♣❡❞r❛s ❞❡ ❣❡❧♦ q✉❡ ❛ss♦❧❛r❛♠
❞❡t❡r♠✐♥❛❞❛s r❡❣✐õ❡s✳
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♣r✐♥❝✐♣❛❧ ❞❡ss❡ ♣r♦❣r❛♠❛ é r❡❞✉③✐r ♦s ❡❢❡✐t♦s ❞♦s ❡✈❡♥t♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s s♦❜r❡ ❛s

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

❡ ✐♥✉♥❞❛çõ❡s✱ ♣♦r ❡①❡♠♣❧♦✳

❖ s✐st❡♠❛ ❙❖❙ ❝❤✉✈❛ é ✈♦❧t❛❞♦ ♣❛r❛ ❛ r❡❣✐ã♦ ❞❡ ❈❛♠♣✐♥❛s ✭❙P✮ ❡ ♦ ❘✐♦ ❘❡s✐❧✐❡♥t❡

♣❛r❛ ❛ ❝✐❞❛❞❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ■◆P❊ ✭✷✵✶✺✮✱ ♥❡ss❛s ❝✐❞❛❞❡s ♦❝♦rr❡♠

✉♠ ✈♦❧✉♠❡ ❛♥♦r♠❛❧ ❞❡ ♣r❡❝✐♣✐t❛çõ❡s s❡✈❡r❛s✳ ▼❛s✱ ❝♦♠♦ ❡st❡ ❝❛♣ít✉❧♦ ❞❡♠♦♥str♦✉✱ ♦

r✐s❝♦ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r é ♠❛✐s ❛❝❡♥t✉❛❞♦ ♥❛s ❝❛♣✐t❛✐s ❡st❛❞✉❛✐s ❞♦ ❈❡♥tr♦✲♦❡st❡✳ ❉❡ss❛

❢♦r♠❛✱ s✐st❡♠❛s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡s♣❡❝í✜❝♦s ♣♦❞❡r✐❛♠ s❡r ✈♦❧t❛❞♦s ♣❛r❛ ❡ss❛s ❝✐❞❛❞❡s✱

♦✉ ♣❛r❛ ❛q✉❡❧❛s ❝✉❥♦s ❡❢❡✐t♦s ❞♦ ❝❛❧♦r ❡①❝❡ss✐✈♦ ♣❛r❛ ❛ s❛ú❞❡ é s✉♣❡r✐♦r✱ ❝♦♠♦ é ♦ ❝❛s♦

❞❡ ❙ã♦ P❛✉❧♦✳ ◆♦ ❝❛s♦ ❞♦ ❙❖❙ ❝❤✉✈❛✱ ✈❛❧❡ s❛❧✐❡♥t❛r q✉❡ ♦s ❝✉st♦s ❞❡ ✐♠♣❧❛♥t❛çã♦ ❞♦

♣r♦❣r❛♠❛ sã♦ ❡❧❡✈❛❞♦s✱ ❝❡r❝❛ ❞❡ ✸ ♠✐❧❤õ❡s ❞❡ r❡❛✐s✻✶✳

❆❧é♠ ❞❡ss❛s ♠❡❞✐❞❛s ❞❡ ❛❧❡rt❛ ❛ s♦❝✐❡❞❛❞❡ ✈✉❧♥❡rá✈❡❧✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❘♦s❡♥t❤❛❧ ❡t

❛❧✳ ✭✷✵✵✼✮✱ ♦✉tr❛s ♠❡❞✐❞❛s q✉❡ r❡❝❛❡♠ s♦❜r❡ ❛ r❡♠♦❞❡❧❛çã♦ ❞♦ ❛♠❜✐❡♥t❡ ❝♦♥str✉í❞♦

♣♦❞❡♠ s❡r ❛❞♦t❛❞❛s✳ ❖ ❡①❡♠♣❧♦ ❝✐t❛❞♦ ♣❡❧♦s ❛✉t♦r❡s ❢♦✐ ♦ ♣r♦❥❡t♦ ✧❈♦♦❧ ❈✐t②✧✱ ❡ss❡

♣r♦❥❡t♦ ✐♥✐❝✐♦✉✲s❡ ❡♠ ✷✵✵✵ ❝♦♠ ♣r♦♣♦st❛s ❞❡ ❡st✉❞❛♥t❡s ❡ ♣r♦❢❡ss♦r❡s ❞♦ ♣r♦❣r❛♠❛ ❞❡

♣❧❛♥❡❥❛♠❡♥t♦ ✉r❜❛♥♦ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❞❡ ❈♦❧✉♠❜✐❛✳ ❆ ✐❞❡✐❛ ✐♥✐❝✐❛❧ ❡r❛ r❡✉♥✐r ♣❡sq✉✐✲

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

❡❢❡✐t♦s ❞❡ ❢❡♥ô♠❡♥♦s ❞❡ ✐❧❤❛s ❞❡ ❝❛❧♦r✱ ❜❡♠ ❝♦♠♦ ♣r♦♣♦r ❡str❛té❣✐❛s ❡✜❝❛③❡s ♣❛r❛ ♠✐t✐✲

❣❛r ❡ss❡s ❡❢❡✐t♦s✳ ❉❡♥tr❡ ♦s ♠ét♦❞♦s ❞❡ ♠✐t✐❣❛çã♦ ♣r♦♣♦st♦s ♣❛r❛ ♦ ❛♠❜✐❡♥t❡ ✉r❜❛♥♦✱

❝✐t❛♠✲s❡ ♦ ❛✉♠❡♥t♦ ❞❛ ✈❡❣❡t❛çã♦ ✉r❜❛♥❛ ❡ ♦ ✉s♦ ❞❡ t❡❧❤❛❞♦s ✈❡r❞❡s✳ ■st♦ é✱ t❛♥t♦ ♦

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

❡❞✐❢í❝✐♦s sã♦ ❝❛♣❛③❡s ❞❡ ♣r♦t❡❣❡r ❛s r❡s✐❞ê♥❝✐❛s ❞❛ r❛❞✐❛çã♦ s♦❧❛r✳ ❊ss❛s ♠❡❞✐❞❛s sã♦✱ ❞❡

❛❝♦r❞♦ ❝♦♠ ❈❛r✈❛❧❤♦ ❡t ❛❧✳ ✭✷✵✶✻✮✱ ❡♠♣✐r✐❝❛♠❡♥t❡ ❡✜❝❛③❡s ♣❛r❛ r❡❞✉③✐r ❛ t❡♠♣❡r❛t✉r❛

♠á①✐♠❛ ❞❛ s✉♣❡r❢í❝✐❡ ❞❛ ár❡❛ ✉r❜❛♥❛ ❞❡ P♦rt♦ ✭P♦rt✉❣❛❧✮✳

❙❡❥❛♠ q✉❛✐s ♠❡❞✐❞❛s ❢♦r❡♠ ❛❞♦t❛❞❛s✱ ❡♠ ♣❛ís❡s ❡♠❡r❣❡♥t❡s ❝♦♠♦ ♦ ❇r❛s✐❧✱ r❡❝♦♠❡♥❞❛✲

s❡ q✉❡ ❛s ♣♦❧ít✐❝❛s ❝❧✐♠át✐❝❛s s❡❥❛♠ ❛❝♦♠♣❛♥❤❛❞❛s ❞❡ ♦✉tr♦s ♣r♦❣r❛♠❛s ✈♦❧t❛❞♦s ♣❛r❛

❛ s❛ú❞❡ ♣ú❜❧✐❝❛✱ ❜❡♠ ❝♦♠♦ ♣❛r❛ ❛ r❡❞✉çã♦ ❞❛ ♣♦❜r❡③❛✳ ❊ss❛s ♠❡❞✐❞❛s✱ s♦♠❛❞♦s ❛

✻✶◆♦ ♣r♦❥❡t♦ ❙❖❙ ❝❤✉✈❛✱ ♦ r❛❞❛r ✉t✐❧✐③❛❞♦ ❛♣r❡s❡♥t❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❝♦❜r✐r ✉♠❛ ár❡❛ ❞❡ ✶✵✵ q✉✐❧ô✲
♠❡tr♦s ❡ ❝✉st♦✉ ❝❡r❝❛ ❞❡ ✷ ♠✐❧❤õ❡s ❞❡ r❡❛✐s✳

✶✽✾



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

✉♠❛ ❢❛♠í❧✐❛ ❝♦♥s✐❣❛ ❝♦♥t♦r♥❛r ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ s❛ú❞❡ ✐♥❢❛♥t✐❧✳

✶✾✵



✹✳✻ ❈♦♥❝❧✉sã♦

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

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

❞❡s✐❞r❛t❛çã♦✱ ❞❡s♥✉tr✐çã♦✱ ❞♦❡♥ç❛s ❞♦ ❝♦r❛çã♦ ❡ r❡s♣✐r❛tór✐❛s✳ ❆ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ✐♥❢❛♥✲

t✐❧ ♣♦r ❡ss❛s ❞♦❡♥ç❛s t❛♠❜é♠ ❢♦✐ ❝♦♥tr♦❧❛❞❛ ♣♦r ❢❛✐①❛ ❡tár✐❛✱ ❝♦r ❡ s❡①♦ ❞❛s ❝r✐❛♥ç❛s✳

❆❧é♠ ❞✐ss♦✱ ♦s r✐s❝♦s ❞❡ ♠♦r❜✐❞❛❞❡ ✐♥❢❛♥t✐❧ ❛❝♦♠♣❛♥❤❛❞♦s ❞❡ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s

t❛♠❜é♠ ❢♦r❛♠ ❡①♣❧✐❝❛❞♦s ♣♦r ❞❡t❡r♠✐♥❛♥t❡s s♦❝✐❛✐s✱ ❡❝♦♥ô♠✐❝♦s✱ s❛♥✐tár✐♦s ❡ ❞❡ s❛ú❞❡

♣ú❜❧✐❝❛✳ ❆s ❛♥á❧✐s❡s r❡❝❛ír❛♠ s♦❜r❡ ❛s ❝❛♣✐t❛✐s ❞♦s ✷✼ ❡st❛❞♦s ❜r❛s✐❧❡✐r♦s ♥♦ ♣❡rí♦❞♦ ❞❡

✷✵✵✽ ❛ ✷✵✶✸✱ ❝♦♥❢♦r♠❡ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ❞❛❞♦s✳

❖s t❡st❡s ❡st❛tíst✐❝♦s r❡❛❧✐③❛❞♦s✱ ❛ ♣❛rt✐r ❞♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❡st✐♠❛❞♦s✱ r❡✈❡✲

❧❛r❛♠ q✉❡ ❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❝❛r❛❝t❡ríst✐❝❛s s♦❝✐❛✐s ❞♦s ♣❛✐s ❞❛s ❝r✐❛♥ç❛s✱

❛ ♣r❡s❡♥ç❛ ❞❡ ♠é❞✐❝♦s ❡ ❛ r❡♥❞❛ ❞♦♠✐❝✐❧✐❛r ♣❡r ❝❛♣✐t❛ sã♦ ❛q✉❡❧❡s ❢❛t♦r❡s ❞❡❝✐s✐✈♦s

♣❛r❛ ❡①♣❧✐❝❛r ❛s ✈❛r✐❛çõ❡s ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r✳ ❆s ♦♥❞❛s ❞❡ ❝❛❧♦r ❡①❡r❝❡♠ ❡❢❡✐t♦s

♣♦s✐t✐✈♦s ❡ s✐❣♥✐✜❝❛t✐✈♦s s♦❜r❡ ♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ✐♥t❡r♥❛❞❛s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ♣♦r

❞❡♥❣✉❡✱ ❞❡s✐❞r❛t❛çã♦ ❡ ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s ♥❛s ❝❛♣✐t❛✐s ❡st❛❞✉❛✐s✳ ❉❡ ❢♦r♠❛ ❝♦♥trár✐❛✱

❛s ♦♥❞❛s ❞❡ ❝❛❧♦r r❡❞✉③❡♠ ♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ✐♥t❡r♥❛❞❛s ♣♦r ❜r♦♥q✉✐t❡s✱ ♣♥❡✉♠♦♥✐❛s

❡ ♦✉tr❛s ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✳

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

✜s✐♦❧ó❣✐❝♦s ❞❛s ❞♦❡♥ç❛s ❛♥❛❧✐s❛❞❛s✳ ❊♥tr❡t❛♥t♦✱ ♦s ♠❛✐♦r❡s ❡❢❡✐t♦s ✈❡r✐✜❝❛❞♦s ❞❛s ♦♥❞❛s

❞❡ ❝❛❧♦r ❢♦r❛♠ s♦❜r❡ ❛s ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s✱ q✉❡✱ ❡♠ ❣❡r❛❧✱ sã♦ ✈❡r✐✜❝❛❞❛s ❡♠ ❝r✐❛♥ç❛s

❝♦♠ ✐❞❛❞❡ ✐♥❢❡r✐♦r ❛ ✺ ❛♥♦s✳ ❆❧é♠ ❞✐ss♦✱ ♦s ❡❢❡✐t♦s ❞❛ ❞✉r❛çã♦ ❡ ❛♠♣❧✐t✉❞❡ ❞❡ss❡s ❢❡♥ô✲

♠❡♥♦s s❡ ♠♦str❛r❛♠ s✐❣♥✐✜❝❛t✐✈♦s ♣❛r❛ ❛✉♠❡♥t❛r ❛✐♥❞❛ ♠❛✐s ❛s t❛①❛s ❞❡ ✐♥t❡r♥❛çõ❡s

❤♦s♣✐t❛❧❛r❡s ✐♥❢❛♥t✐s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ ❝r✐❛♥ç❛s ❞♦ s❡①♦ ❢❡♠✐♥✐♥♦ ❡ ♥❛ ❢❛✐①❛ ❡tár✐❛ ❞❡

✺ ❛ ✾ ❛♥♦s✳ ◆♦ ❝❛s♦ ❞❛ ❞❡♥❣✉❡✱ ♣♦r ❡①❡♠♣❧♦✱ s❡ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♣❡rs✐st✐r❡♠ ♣♦r ♠❛✐s

✉♠ ❞✐❛✱ ♦ ❡❢❡✐t♦ s♦❜r❡ ♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ✐♥t❡r♥❛❞❛s é ❜❡♠ ♣ró①✐♠♦ ❞❡ ✉♠❛ ✈❛r✐❛çã♦

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

❉❡♥tr❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❛♥❛❧✐s❛❞❛s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❛ ❞✉r❛çã♦ é ❛q✉❡❧❛ q✉❡

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

✶✾✶



❛q✉❡❧❛s ❞♦ s❡①♦ ❢❡♠✐♥✐♥♦ ❡ ❝♦♠ ✐❞❛❞❡ ✐♥❢❡r✐♦r ❛ ✺ ❛♥♦s✳ ❱❛❧❡ ❡✈✐❞❡♥❝✐❛r q✉❡✱ r❡❧❛t✐✲

✈❛♠❡♥t❡ às ♦✉tr❛s ❝r✐❛♥ç❛s✱ ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥ã♦ sã♦ s✐st❡♠❛t✐❝❛♠❡♥t❡

❞✐❢❡r❡♥❝✐❛❞♦s ❡♠ ❝r✐❛♥ç❛s ♥❡❣r❛s✳ ❊♥tr❡t❛♥t♦✱ ❢♦✐ ❝♦♥st❛t❛❞♦ q✉❡ 33% ❞❛s ❝r✐❛♥ç❛s

✐♥t❡r♥❛❞❛s sã♦ ♥❡❣r❛s ❡ 75% ❞❡❧❛s ✈✐✈❡♠ ❡♠ ❞♦♠✐❝í❧✐♦s r❡❧❛t✐✈❛♠❡♥t❡ ♣♦❜r❡s✳

❖✉tr❛s ✈❛r✐á✈❡✐s ❝❧✐♠át✐❝❛s t❛♠❜é♠ ❡①❡r❝❡r❛♠ ❡❢❡✐t♦s s✐❣♥✐✜❝❛t✐✈♦s s♦❜r❡ ♦s r✐s❝♦s

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

é ❝❛♣❛③ ❞❡ ✈❛r✐❛r ♣♦s✐t✐✈❛♠❡♥t❡ ♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ✐♥t❡r♥❛❞❛s ♣♦r ❞❡s✐❞r❛t❛çã♦✱

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

sã♦ ❛s ✐♥t❡r♥❛çõ❡s ♣♦r ❧❡♣t♦s♣✐r♦s❡✳ ❆s ❞✉❛s ❞♦❡♥ç❛s ❛❢❡t❛♠ ♠❛✐s ❝r✐❛♥ç❛s ♥❛ ❢❛✐①❛

❡tár✐❛ ❞❡ ✺ ❛ ✾ ❛♥♦s✱ ❞♦ s❡①♦ ♠❛s❝✉❧✐♥♦ ❡ ♣♦❜r❡s✳

❆❧é♠ ❞♦s ❢❛t♦r❡s ❝❧✐♠át✐❝♦s✱ ♦ ♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s ✐♥t❡r♥❛❞❛s ♥❛s ❝❛♣✐t❛✐s sã♦ ✐♥✲

✢✉❡♥❝✐❛❞♦s ♣♦s✐t✐✈❛♠❡♥t❡ ♣❡❧❛ ♣r♦♣♦rçã♦ ❞❡ ♠é❞✐❝♦s ♣♦r ❤❛❜✐t❛♥t❡s ❡ ♣❡❧❛ ♣r♦♣♦rçã♦

❞❡ ❝r✐❛♥ç❛s ❡♥✈♦❧✈✐❞❛s ❡♠ ❛t✐✈✐❞❛❞❡s ❧❛❜♦r❛✐s✳ ❖ t♦t❛❧ ❞❡ ♠é❞✐❝♦s é ❞✐r❡t❛♠❡♥t❡ ❝♦r✲

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

❧❡✐t♦s ❤♦s♣✐t❛❧❛r❡s✳ ❖✉tr♦s ❢❛t♦r❡s r❡❧❛❝✐♦♥❛❞♦s ❛♦s ♣❛✐s ❞❛s ❝r✐❛♥ç❛s t❛♠❜é♠ ❢♦r❛♠

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

✐❞❛❞❡ ✐♥❢❡r✐♦r ❛ ✶ ❛♥♦✳ ❆ s❛❜❡r✱ ✉♠❛ t❛①❛ ❞❡ ❛♥❛❧❢❛❜❡t✐s♠♦ r❡❞✉③✐❞❛ ❡ ✉♠❛ ♠❡♥♦r

♣r♦♣♦rçã♦ ❞❡ ♥❛s❝✐❞♦s ✈✐✈♦s ♣♦r ♠ã❡s ❝♦♠ ✐❞❛❞❡ ❡♥tr❡ ✶✵ ❡ ✶✹ ❛♥♦s sã♦ ♣r❡♣♦♥❞❡r❛♥t❡s

♣❛r❛ ❛ r❡❞✉çã♦ ❞♦ r✐s❝♦ ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧✳ ❖s ❡❢❡✐t♦s ❞❡ss❛s ✈❛r✐á✈❡✐s sã♦

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

❞♦s ♣❛✐s✱ ❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ ❞❡♥❣✉❡✱ ♠❛❧ár✐❛ ❡ ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s✳

❖s ❛✉♠❡♥t♦s ♥♦s ♥í✈❡✐s ❞❡ r❡♥❞❛ ❞♦♠✐❝✐❧✐❛r ♣❡r ❝❛♣✐t❛✱ ♥❛ ♣r❡s❡♥ç❛ ❞❡ s❡r✈✐ç♦s ❞❡

s❛♥❡❛♠❡♥t♦ ❜ás✐❝♦ ❡ ♥♦ ❛❝❡ss♦ ❛ s❡r✈✐ç♦s ❞❡ s❛ú❞❡ sã♦ ❞❡t❡r♠✐♥❛♥t❡s ♥❛ r❡❞✉çã♦ ❞❛

✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧✳ ❊ss❡s ❝♦♥❞✐❝✐♦♥❛♥t❡s sã♦ ❝❛♣❛③❡s ✐♥❝❧✉s✐✈❡ ❞❡ r❡❞✉③✐r

♦s ❡❢❡✐t♦s ❛❞✈❡rs♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ s❛ú❞❡ ❤✉♠❛♥❛✱ ❝♦♥s✐❞❡r❛♥❞♦✲♦s ❝♦♠♦

❡ss❡♥❝✐❛✐s ♣❛r❛ ❛s ❡str❛té❣✐❛s ❞❡ ❛❞❛♣t❛çã♦ ❞❛s ❢❛♠í❧✐❛s✳ P♦r ✐ss♦✱ ❛♣❡♥❛s ✉♠❛ ♣♦❧í✲

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

r❡❧❛❝✐♦♥❛❞♦s ❛ s❛ú❞❡ ✐♥❢❛♥t✐❧✳ ❈❡rt❛♠❡♥t❡✱ r♦❝♦♠❡♥❞❛✲s❡ ♦ ❞❡s❡♥❤♦ ❝♦♥❥✉♥t♦ ❞❡ ♣r♦✲

❣r❛♠❛s ❛ss✐st❡♥❝✐❛❧✐st❛s ❝♦♠❜✐♥❛❞♦s ♣❛r❛ ♦ ❝♦♠❜❛t❡ ❞❛ ♣♦❜r❡③❛✱ ❞❛s ♠ás ❝♦♥❞✐çõ❡s ❞❡

✶✾✷



s❛♥❡❛♠❡♥t♦ ❡ ❞❛ s❡❣✉r❛♥ç❛ ❛❧✐♠❡♥t❛r✳

P❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✱ r❡❝♦♠❡♥❞❛✲s❡ ♦ ❛♣r♦❢✉♥❞❛♠❡♥t♦ ❡♠ q✉❡stõ❡s r❡❢❡r❡♥t❡s ❛

❛❞❛♣t❛çã♦ ❢❛♠✐❧✐❛r ❛♦s ❡✈❡♥t♦s ❞❡ ❝❛❧♦r ❡①tr❡♠♦ ❡ ❛s ❡str❛té❣✐❛s ❞❡ ♠✐t✐❣❛çã♦ ❞♦s ❡❢❡✐t♦s

s♦❜r❡ ❛ s❛ú❞❡ ❞❛s ❝r✐❛♥ç❛s✳

✶✾✸
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❛t❤❡r ❛♥❞ ❉❡❛t❤ ✐♥ ■♥❞✐❛✳ ❯♥✐✈❡rs✐❞❛❞❡ ❚✐❧❜✉r❣✳ ✷✵✶✶✳ ❆❝❡ss♦ ❡♠✿ ❛❣✳ ✷✵✶✻✳ ❉✐s♣♦✲
♥í✈❡❧ ❡♠✿ ❤tt♣s✿✴✴✇✇✇✳t✐❧❜✉r❣✉♥✐✈❡rs✐t②✳❡❞✉✴✉♣❧♦❛❞✴✸❞❜✻❝❞✵✼✲❛❜❜✼✲✹✶✻❡✳

❈❆❊❚❆◆❖✱ ❏✳ ❘✳ ▼✳❀ ❇❖❘❉■◆✱ ■✳ ❆✳ ❙✳❀ P❯❈❈■◆■✱ ❘✳ ❋✳❀ P❊❘❊❙✱ ❈✳ ❆✳ ❋❛t♦r❡s
❛ss♦❝✐❛❞♦s à ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ❞❡ ❝r✐❛♥ç❛s ♠❡♥♦r❡s ❞❡ ❝✐♥❝♦ ❛♥♦s✳ ❘❡✈✐st❛ ❞❡ ❙❛ú❞❡
Pú❜❧✐❝❛✳ ❊❞✳ ✸✻✱ ✈✳ ✸✱ ♣✳ ✷✽✺✲✷✾✶✳ ❙ã♦ P❛✉❧♦✱ ✷✵✵✷✳

✶✾✹



❈❆▼❊▲❖✱ ❘✳ ❙✳❀ ❚❆❱❆❘❊❙✱ P✳ ❆✳❀ ❙❆■❆◆■✱ ❈✳ ❈✳ ❙✳ ❆❧✐♠❡♥t❛çã♦✱ ♥✉tr✐çã♦ ❡ s❛ú❞❡
❡♠ ♣r♦❣r❛♠❛s ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ r❡♥❞❛✿ ❡✈✐❞ê♥❝✐❛s ♣❛r❛ ♦ Pr♦❣r❛♠❛ ❇♦❧s❛ ❋❛♠í❧✐❛✳
■♥✳✿ ❆♥❛✐s ❞♦ ✹✾♦ ❊♥❝♦♥tr♦ ❞❡ ❊❝♦♥♦♠✐❛ ❞❛ ❆ss♦❝✐❛çã♦ ◆❛❝✐♦♥❛❧ ❞❡ Pós✲●r❛❞✉❛çã♦
❡♠ ❊❝♦♥♦♠✐❛✱ ❘❡❝✐❢❡✲P❊✱ ✷✵✶✺✳

❈❆▼❊❘❖◆✱ ❈✳❀ ❚❘■❱❊❉■✱ P✳ ❑✳ ▼✐❝r♦❡❝♦♥♦♠❡tr✐❝s ✉s✐♥❣ ❙t❛t❛✳ ✶❛✳ ❊❞✱ ❙t❛t❛
Pr❡ss✱ ❊st❛❞♦s ❯♥✐❞♦s✱ ✷✵✵✺✳

❈❖◆❋❆▲❖◆■❊❘■✱ ❯✳ ❊ ✳ ❈✳✱ ▼❊◆◆❊✱ ❇✳ ❍✉♠❛♥ ❍❡❛❧t❤✳ ❈❧✐♠❛t❡ ❈❤❛♥❣❡ ✷✵✵✼✿
✐♠♣❛❝ts✱ ❛❞❛♣t❛t✐♦♥ ❛♥❞ ✈✉❧♥❡r❛❜✐❧✐t②✳ ❈❛♠❜r✐❞❣❡ ❯♥✐✈❡rs✐t②✱ ♣✳ ✷✶✸✲✷✸✻✳ ❈❛♠❜r✐❞❣❡✱
✷✵✵✼✳

❈❖◆❋❆▲❖◆■❊❘■✱ ❯✳ ❊✳ ❈✳✱ ▼❆❘■◆❍❖✱ ❉✳ P✳✱ ❘❖❉❘■●❯❊❩✱ ❘✳ ❊✳ P✉❜❧✐❝ ❍❡❛❧t❤
✈✉❧♥❡r❛❜✐❧✐t② t♦ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ✐♥ ❇r❛③✐❧✳ ❈❧✐♠❛t❡ ❘❡s❡❛r❝❤✱ ✈✳ ✹✵✱ ♣✳ ✶✼✺✲✽✻✱ ✷✵✵✾✳

❈❯❘❘■❊✱ ❏✳ ❈❤✐❧❞ ❤❡❛❧t❤ ✐♥ ❉❡✈❡❧♦♣❡❞ ❈♦✉♥tr✐❡s✳ ❍❛♥❞❜♦♦❦ ♦❢ ❍❡❛❧t❤ ❊❝♦♥♦♠✐❝s✳
❈❛♣✳ ✶✾✱ ❱✳ ✶✱ ♣❛rt❡ ❇✱ ♣✳ ✽✾✸✲✶✾✶✵✱ ✷✵✵✵✳

❉❛t❛✲❙❯❙✳ ❇❛♥❝♦ ❞❡ ❞❛❞♦s ❞♦ ❙✐st❡♠❛ Ú♥✐❝♦ ❞❡ ❙❛ú❞❡✳ ❆❝❡ss♦ ❡♠✿ ❥✉♥✳ ✷✵✶✻✳
❉✐s♣♦♥í✈❡❧ ❡♠✿ ❤tt♣✿✴✴✇✇✇✷✳❞❛t❛s✉s✳❣♦✈✳❜r✴❉❆❚❆❙❯❙✴✐♥❞❡①✳♣❤♣❄❛r❡❛❂✵✶

❉❆◆❑❙✱ ❉✳❀ ❲❊❇❇✱ ❉✳❀ ❆▲▲❊◆✱ ❙✳ ❍❡❛t ✐❧❧♥❡ss ✐♥ ✐♥❢❛♥ts ❛♥❞ ②♦✉♥❣ ❝❤✐❧❞r❡♥✳
❇r✐t✐s❤ ▼❡❞✐❝❛❧ ❏♦✉r♥❛❧✳ ✷✿✷✽✼✕✷✾✸✱ ✶✾✻✷✳

❉❊❇✱ P✳❀ ❚❘■❱❊❉■✱ P✳ ❑✳ ❚❤❡ ❙tr✉❝t✉r❡ ♦❢ ❉❡♠❛♥❞ ❢♦r ❍❡❛❧t❤ ❈❛r❡✿ ▲❛t❡♥t ❈❧❛ss
✈❡rs✉s ❚✇♦✲P❛rt ▼♦❞❡❧s✳ ❏♦✉r♥❛❧ ♦❢ ❍❡❛❧t❤ ❊❝♦♥♦♠✐❝s✱ ♥✳✷✶✱ ♣✳ ✻✵✶✕✻✷✺✱ ✷✵✵✷✳

❉❊❙❈❍✃◆❊❙✱ ❖✳❀ ●❘❊❊◆❙❚❖◆❊✱ ▼✳ ❈❧✐♠❛t❡ ❝❤❛♥❣❡✱ ♠♦rt❛❧✐t②✱ ❛♥❞ ❛❞❛♣t❛t✐♦♥✿
❡✈✐❞❡♥❝❡ ❢r♦♠ ❛♥♥✉❛❧ ✢✉❝t✉❛t✐♦♥s ✐♥ ✇❡❛t❤❡r ✐♥ t❤❡ ❯❙✳ ❈❛♠❜r✐❞❣❡✿ ◆❛t✐♦♥❛❧ ❇✉r❡❛✉ ♦❢
❊❝♦♥♦♠✐❝ ❘❡s❡❛r❝❤✱ ❏✉♥❡ ✷✵✵✼✳ ✭◆❇❊❘ ❲♦r❦✐♥❣ P❛♣❡r ❙❡r✐❡s✱ ♥✳ ✶✸✳✶✼✽✮✳ ❉✐s♣♦♥í✈❡❧
❡♠✿ ❁❤tt♣✿✴✴✇✇✇✳♥❜❡r✳♦r❣✴ ♣❛♣❡rs✴✇✶✸✶✼✽❃✳ ❆❝❡ss♦ ❡♠✿ ❥✉♥✳ ✷✵✶✻✳

❉❊❙❈❍❊◆❊❙✱ ❖✳❀ ●❘❊❊◆❙❚❖◆❊✱▼✳ ❈❧✐♠❛t❡ ❝❤❛♥❣❡✱♠♦rt❛❧✐t②✱ ❛♥❞ ❛❞❛♣t❛t✐♦♥✿
❡✈✐❞❡♥❝❡ ❢r♦♠ ❛♥♥✉❛❧ ✢✉❝t✉❛t✐♦♥s ✐♥ ✇❡❛t❤❡r ✐♥ t❤❡ ❯✳❙✳ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❏♦✉r♥❛❧
♦❢ ❆♣♣❧✐❡❞ ❊❝♦♥♦♠✐❝s✳ ♥✳✸ ✈✳✹✱ ♣✳ ✶✺✷✕✶✽✺✱ ✷✵✶✶✳

❉■❆❩✱ ❏✳❀ ▲■◆❆❘❊❙✱ ❈✳❀ ❚❖❇■❆❙✱ ❆✳ ❆ ❝r✐t✐❝❛❧ ❝♦♠♠❡♥t ♦♥ ❤❡❛t ✇❛✈❡ r❡s♣♦♥s❡
♣❧❛♥s✳ ❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧ ♦❢ P✉❜❧✐❝ ❍❡❛❧t❤✳ ◆✳ ✶✻✱ ❱✳✻✱ ✷✵✵✻✳

❋❊▲❉✱ ▲✳ ●✳❀ ❍❨❆▼❙✱ ❏✳ ❙✳ ❋❡✈❡r ✐♥ ✐♥❢❛♥ts ❛♥❞ ❝❤✐❧❞r❡♥✳ ❈♦♥s❡♥s♦ P❡❞✐❛tr✐❛✳ ◆✳
✶✱ ❱✳ ✼✱ ♣✳ ✶✕✶✾✱ ✷✵✵✺✳

✶✾✺



❋❊❘❘❊❘✱ ❆✳ P✳ ❙✳ ❊st✉❞♦ ❞❛s ❝❛✉s❛s ❞❡ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ❞❛s ❝r✐❛♥ç❛s ❞❡
✵ ❛ ✾ ❛♥♦s ❞❡ ✐❞❛❞❡ ♥♦ ♠✉♥✐❝í♣✐♦ ❞❡ ❙ã♦ P❛✉❧♦✳ ✷✵✵✾✳ ❉✐ss❡rt❛çã♦ ✭▼❡str❛❞♦ ❡♠
P❡❞✐❛tr✐❛✮ ✲ ❋❛❝✉❧❞❛❞❡ ❞❡ ▼❡❞✐❝✐♥❛✱ ❯♥✐✈❡rs✐❞❛❞❡ ❞❡ ❙ã♦ P❛✉❧♦✱ ❙ã♦ P❛✉❧♦✱ ✷✵✵✾✳
❞♦✐✿✶✵✳✶✶✻✵✻✴❉✳✺✳✷✵✵✾✳t❞❡✲✷✸✵✷✷✵✶✵✲✶✹✺✵✸✹✳ ❆❝❡ss♦ ❡♠✿ ✷✵✶✻✲✵✾✲✶✼✳

❋■●❯❊■❘❊❉❖✱ ●✳ ▲✳ ❆✳❀ ▼❊▲▲❖✱ ❉✳ ❋✳ ❆t❡♥çã♦ ❛ s❛ú❞❡ ❞❛ ❝r✐❛♥ç❛ ♥♦ ❇r❛s✐✿
❛s♣❡❝t♦s ❞❛ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡ ♣r♦❣r❛♠át✐❝❛ ❡ ❞♦s ❞✐r❡✐t♦s ❤✉♠❛♥♦s✳ ❘❡✈✐st❛ ▲❛t✐♥♦✲
❛♠❡r✐❝❛♥❛ ❞❡ ❊♥❢❡r♠❛❣❡♠✱ ❡❞✳ ✶✺✱ ✈♦❧✳ ✻✱ ♣❣✳ ✶✶✼✶✲✶✶✼✻✱ ✷✵✵✼✳

❋❖❯■▲▲❊❚✱ ❆✳ ❡t ❛❧✳ ❊①❝❡ss ♠♦rt❛❧✐t② r❡❧❛t❡❞ t♦ t❤❡ ❆✉❣✉st ✷✵✵✸ ❤❡❛t ✇❛✈❡ ✐♥
❋r❛♥❝❡✳ ■♥t❡r♥❛t✐♦♥❛❧ ❆r❝❤✐✈❡s ♦❢ ❖❝❝✉♣❛t✐♦♥❛❧ ❛♥❞ ❊♥✈✐r♦♥♠❡♥t❛❧ ❍❡❛❧t❤✱ ♥✳ ✽✵✱ ✈✳
✶✱ ♣❣✳ ✶✻✲✷✹✱ ✷✵✵✻✳

●❖▼❊❙✱ ❇✳ ❙✳ ❞❡ ▼✳❀ ❇❆❙❚❖❙✱ ❙✳ ◗✳ ❞❡ ❆✳❀ ▼❖❘❆■❙✱ ❆✳ ▼✳ ❞❡ P✳ ■♠♣❛❝t♦ ❞♦
P❙❋ ♥❛ ♠♦rt❛❧✐❞❛❞❡ ✐♥❢❛♥t✐❧ ♥♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s ✭✶✾✾✸✴✷✵✶✷✮✳ ■♥✳✿ ❆♥❛✐s ❞♦
✹✾♦ ❊♥❝♦♥tr♦ ❞❡ ❊❝♦♥♦♠✐❛ ❞❛ ❆ss♦❝✐❛çã♦ ◆❛❝✐♦♥❛❧ ❞❡ Pós✲●r❛❞✉❛çã♦ ❡♠ ❊❝♦♥♦♠✐❛✱
❘❡❝✐❢❡✲P❊✱ ✷✵✶✺✳

●❘❖❙❙▼❆◆✱ ▼✳ ❖♥ t❤❡ ❝♦♥❝❡♣t ♦❢ ❤❡❛❧t❤ ❝❛♣✐t❛❧ ❛♥❞ t❤❡ ❞❡♠❛♥❞ ❢♦r ❤❡❛❧t❤✳ ❚❤❡
❏♦✉r♥❛❧ ♦❢ P♦❧✐t✐❝❛❧ ❊❝♦♥♦♠② ✽✵✭✷✮✱ ✷✷✸✲✷✺✺✱ ✷✵✵✵✳

●❯❊❙❚✱ ❈✳ ❙✳❀ ❡t ❛❧✳ ❈❧✐♠❛t❡ ❛♥❞ ♠♦rt❛❧✐t② ✐♥ ❆✉str❛❧✐❛✿ r❡tr♦s♣❡❝t✐✈❡ st✉❞②✱
✶✾✼✾✲✶✾✾✵✱ ❛♥❞ ♣r❡❞✐❝t❡❞ ✐♠♣❛❝ts ✐♥ ✜✈❡ ♠❛❥♦r ❝✐t✐❡s ✐♥ ✷✵✸✵✳ ❈❧✐♠❛t❡ ❘❡s❡❛r❝❤✱ ✈✳
✶✸✱ ♣✳ ✶✲✶✺✱ ✶✾✾✾✳

❍❆◆✱ P✳❀ ❋❖▲❚❩✱ ❏✳ ❚❤❡ ■♠♣❛❝ts ♦❢ ❈❧✐♠❛t❡ ❙❤♦❝❦s ♦♥ ❈❤✐❧❞ ▼♦rt❛❧✐t② ✐♥ ▼❛❧✐✳
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❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣♦r ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✶✼



❚❛❜❡❧❛ ▲✳✶✳✻ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡
❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣❡❧♦ ✈ír✉s ■♥✢✉❡♥③❛✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✶✽



❚❛❜❡❧❛ ▲✳✶✳✼ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡
❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣♦r ▲❡✐s❤♠❛♥✐♦s❡✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✶✾



❚❛❜❡❧❛ ▲✳✶✳✽ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡
❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣♦r ▲❡✐s❤♠❛♥✐♦s❡✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✷✵



❚❛❜❡❧❛ ▲✳✶✳✾ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡
❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣♦r ❧❡♣t♦s♣✐r♦s❡✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✷✶



❚❛❜❡❧❛ ▲✳✶✳✶✵ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡
❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣♦r ♠❛❧ár✐❛✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✷✷



❚❛❜❡❧❛ ▲✳✶✳✶✶ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡
❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✷✸



❚❛❜❡❧❛ ▲✳✶✳✶✷ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞♦ ♥ú♠❡r♦ ❞❡ ♦♥❞❛s ❞❡
❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣♦r t✉❜❡r❝✉❧♦s❡✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✷✹



❚❛❜❡❧❛ ▲✳✷✳✶ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞❛ ❞✉r❛çã♦ ❞❡ ♦♥❞❛s ❞❡
❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣♦r ❞❡♥❣✉❡✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
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❚❛❜❡❧❛ ▲✳✷✳✷ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞❛ ❞✉r❛çã♦ ❞❡ ♦♥❞❛s ❞❡
❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣♦r ❞❡s✐❞r❛t❛çã♦✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳
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♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦
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✷✷✻
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❚❛❜❡❧❛ ▲✳✸✳✶ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦♥❞❛s
❞❡ ❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣♦r ❞❡♥❣✉❡✳
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❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
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❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✸✶
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❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳
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❞❡ ❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣♦r ❞♦❡♥ç❛s ❞✐❛rr❡✐❝❛s✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✸✺



❚❛❜❡❧❛ ▲✳✹✳✹ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞❛ ❛♠♣❧✐t✉❞❡ ❞❡ ♦♥❞❛s
❞❡ ❝❛❧♦r s♦❜r❡ ❛ ✐♥t❡r♥❛çã♦ ❤♦s♣✐t❛❧❛r ✐♥❢❛♥t✐❧ ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✸✻



✹✳✶✵ ❆P✃◆❉■❈❊ ▼

▼♦❞❡❧♦s ❡st✐♠❛❞♦s ♣❛r❛ ❛ ❙✐♠✉❧❛çã♦

❚❛❜❡❧❛ ▼✳✶ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞♦s ♠♦❞❡❧♦s ❞❡ s✐♠✉❧❛çã♦
s❡♠ ✈❛r✐á✈❡✐s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❡st✐♠❛❞♦s ♣❛r❛ ❛ ❤♦s♣✐t❛❧✐③❛çã♦ ✐♥❢❛♥t✐❧ ♣♦r ❞❡♥❣✉❡✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✸✼



❚❛❜❡❧❛ ▼✳✷ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞♦s ♠♦❞❡❧♦s ❞❡ s✐♠✉❧❛çã♦
s❡♠ ✈❛r✐á✈❡✐s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❡st✐♠❛❞♦s ♣❛r❛ ❛ ❤♦s♣✐t❛❧✐③❛çã♦ ✐♥❢❛♥t✐❧ ♣♦r ❞♦❡♥ç❛s
❞✐❛rr❡✐❝❛s✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✸✽



❚❛❜❡❧❛ ▼✳✸ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞♦s ♠♦❞❡❧♦s ❞❡ s✐♠✉❧❛çã♦
s❡♠ ✈❛r✐á✈❡✐s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❡st✐♠❛❞♦s ♣❛r❛ ❛ ❤♦s♣✐t❛❧✐③❛çã♦ ✐♥❢❛♥t✐❧ ♣♦r ❞❡s✐❞r❛✲
t❛çã♦✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✸✾



❚❛❜❡❧❛ ▼✳✹ ✲ ❘❡s✉❧t❛❞♦s ❞❛ ❡st✐♠❛çã♦✿ ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❞♦s ♠♦❞❡❧♦s ❞❡ s✐♠✉❧❛çã♦
s❡♠ ✈❛r✐á✈❡✐s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❡st✐♠❛❞♦s ♣❛r❛ ❛ ❤♦s♣✐t❛❧✐③❛çã♦ ✐♥❢❛♥t✐❧ ♣♦r ❞♦❡♥ç❛s
r❡s♣✐r❛tór✐❛s✳

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✻✳

◆♦t❛✿ ❖s ✈❛❧♦r❡s ❡①♣r❡ss♦s ♥❛ t❛❜❡❧❛ r❡❢❡r❡♠✲s❡ ❛♦s ❡❢❡✐t♦s ♠❛r❣✐♥❛✐s ❡st✐♠❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡♠

♣❛✐♥❡❧ ❞❡ ❞❛❞♦s ❝♦♥t❛❞♦s✳ ❆ s✐❣♥✐✜❝â♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❡st✐♠❛❞♦ é ✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦

✯✯✯✱ ✯✯ ❡ ✯ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ 1%✱ 5% ❡ 10%✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✹✵



✺ ❈❖◆❈▲❯❙➹❖ ●❊❘❆▲

❖ ♦❜❥❡t✐✈♦ ❝❡♥tr❛❧ ❞❡st❛ t❡s❡ ❢♦✐ ❛♥❛❧✐s❛r ♦s ❡❢❡✐t♦s ❞❡ ❡✈❡♥t♦s ❝❧✐♠át✐❝♦s ❡①tr❡♠♦s✱ ❡♠

♣❛rt✐❝✉❧❛r ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ s♦❜r❡ ❛ s❛ú❞❡ ❤✉♠❛♥❛ ♥♦ ❇r❛s✐❧✳ ❊s♣❡❝✐✜❝❛♠❡♥t❡✱ ❜✉s❝♦✉✲

s❡ ❛✈❛❧✐❛r ♦s ❡❢❡✐t♦s ❞❡ss❡s ❡✈❡♥t♦s s♦❜r❡ ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♠✉♥✐❝✐♣❛✐s ❜r❛s✐❧❡✐r❛s

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

♠❡❞✐❞❛s ❝♦♠♦ ♦ ❱❛❧♦r ❊st❛tíst✐❝♦ ❞❛ ❱✐❞❛ ✭❱❙▲✮ ❡ ♣❡❧♦ ❝✉st♦ ♠é❞✐♦ ❞❡ ✐♥t❡r♥❛çã♦

❤♦s♣✐t❛❧❛r ♥❛s ❝❛♣✐t❛✐s ❜r❛s✐❧❡✐r❛s✳ ❖ ♣❡rí♦❞♦ ❞❡ ❛♥á❧✐s❡ ❛❜r❛♥❣❡✉ ♦s ❛♥♦s ❞❡ ✶✾✾✽ ❛

✷✵✶✺✳

❊ss❡s ♦❜❥❡t✐✈♦s ❢♦r❛♠ s❡❝❝✐♦♥❛❞♦s ♥♦s ❝❛♣ít✉❧♦s ■■✱ ■■■ ❡ ■❱ ❞❡st❡ tr❛❜❛❧❤♦✳ ◆♦

❝❛♣ít✉❧♦ ■■ ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s ♦s ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ♥♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✱

❡♠ t❡r♠♦s ❞❡ s✉❛s ✐♥❝✐❞ê♥❝✐❛s✱ ❞✉r❛çõ❡s✱ ❢r❡q✉ê♥❝✐❛s ❡ ❛♠♣❧✐t✉❞❡s✱ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡

✶✾✾✽ ❛ ✷✵✶✺✳ ◆♦ ❝❛♣ít✉❧♦ ■■■✱ ❡ss❡s ✐♥❞✐❝❛❞♦r❡s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r ❢♦r❛♠ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠

❛s t❛①❛s ♠✉♥✐❝✐♣❛✐s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✱ r❡s♣✐r❛tór✐❛s

❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✱ ❜❡♠ ❝♦♠♦ ✈❛❧♦r❛❞♦s ❡ss❡s ❡❢❡✐t♦s ♣❡❧❛s ❡st✐♠❛t✐✈❛s ❞❡ ❱❙▲✳

P♦r ú❧t✐♠♦✱ ♣❛r❛ ❛s ❝❛♣✐t❛✐s ❡st❛❞✉❛✐s ❜r❛s✐❧❡✐r❛s✱ ❛✈❛❧✐♦✉✲s❡ ♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡

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

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

❆s ♦♥❞❛s ❞❡ ❝❛❧♦r sã♦ ❢❡♥ô♠❡♥♦s ❝❧✐♠át✐❝♦s q✉❡ ✐♥❝✐❞❡♠ s♦❜r❡ ♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐✲

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

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

t♦s ❛♦ ❧♦♥❣♦ ❞♦s ❛♥♦s✳ ❆♣❡s❛r ❞♦s r❡❣✐str♦s ❞❡ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ s❡r❡♠ ♠❛✐s ❡❧❡✈❛❞♦s

♥❛s r❡❣✐õ❡s ◆♦r❞❡st❡ ❡ ◆♦rt❡✱ ♥❡ss❡s ♠✉♥✐❝í♣✐♦s ❢♦r❛♠ ♦❜s❡r✈❛❞♦s ♦ ♠❡♥♦r ♥ú♠❡r♦ ❞❡

❢♦r♠❛çã♦ ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✳ ❊♠ ❛❧❣✉♥s ❞♦s ♠✉♥✐❝í♣✐♦s ❞♦ ❡st❛❞♦ ❞❡ ●♦✐ás ❢♦r❛♠ ✈❡✲

r✐✜❝❛❞♦s ♠❛✐s ❞❡ três ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❜❡♠ ❝♦♠♦ ❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❝♦♠ ❛s

♠❛✐s ❡❧❡✈❛❞❛s t❡♠♣❡r❛t✉r❛s✳ ❆✐♥❞❛✱ ✈❛❧❡ ♠❡♥❝✐♦♥❛r q✉❡✱ ❡♠ ♠é❞✐❛✱ t♦❞♦s ♦s ♠✉♥✐❝í✲

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

❝✐♥❝♦ ❞✐❛s ❝♦♥s❡❝✉t✐✈♦s✳

❖s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❢♦r❛♠ s✐❣♥✐✜❝❛t✐✈♦s ❡ ❤❡t❡r♦❣ê♥❡♦s s♦❜r❡ ❛s t❛①❛s

✷✹✶



❞❡ ♠♦rt❛❧✐❞❛❞❡ ♥♦s ♠✉♥✐❝í♣✐♦s ❜r❛s✐❧❡✐r♦s✳ ❖s ♣r✐♥❝✐♣❛✐s ❡❢❡✐t♦s ❢♦r❛♠ s♦❜r❡ ❛s t❛①❛s

❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦s ♠✉♥✐❝í♣✐♦s

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

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

❙♦❜r❡ ❛s ♠❡❞✐❞❛s ❞❡ ❱❙▲✱ ❡❧❛s ❢♦r❛♠ r❡❧❛t✐✈❛♠❡♥t❡ s✉♣❡r✐♦r❡s ❡♠ ❙ã♦ P❛✉❧♦✱ ❘✐♦

●r❛♥❞❡ ❞♦ ❙✉❧✱ ▼✐♥❛s ●❡r❛✐s✱ ❉✐str✐t♦ ❋❡❞❡r❛❧ ❡ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✳ ❈♦♠ ❜❛s❡ ♥❡ss❛

♠❡❞✐❞❛✱ ❞❛❞♦ ❛ ✐♥❝✐❞ê♥❝✐❛ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r✱ ❡♠ t❡r♠♦s ❞❡ ✈❛❧♦r❡s ❡st❛tíst✐❝♦s ❞❛

✈✐❞❛✱ ♦s ❝✉st♦s ♣❛r❛ ❝♦♥t♦r♥❛r ♦s ❡❢❡✐t♦s ❞❡ss❡s ❡✈❡♥t♦s sã♦ s✉♣❡r✐♦r❡s ♥♦s ♠✉♥✐❝í♣✐♦s

❞❡ ●♦✐ás✱ ♥♦ ❉✐str✐t♦ ❋❡❞❡r❛❧ ❡ ❡♠ ❚♦❝❛♥t✐♥s✳ ❊♠ t❡r♠♦s ❞❡ ♣♦❧ít✐❝❛s ♣ú❜❧✐❝❛s ♣❛r❛

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

t♦r♥♦ ❞❡ ✷✱✷✺ ❝❡♥t❛✈♦s ❡ ✺✵ r❡❛✐s ♣♦r ❤❛❜✐t❛♥t❡ ♣❛r❛ ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ❡

❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ♣❛r❛s✐tár✐❛s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖s ♠❡♥♦r❡s ❝✉st♦s ♣❛r❛ ❝♦♥t♦r♥❛r

♦s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❢♦r❛♠ ♥♦s ❡st❛❞♦s ❞♦ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✱ ❆❝r❡ ❡ ❙❡r❣✐♣❡✳

❖s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛ s❛ú❞❡ ❞❛ ♣♦♣✉❧❛çã♦ ❜r❛s✐❧❡✐r❛ sã♦ s✐❣♥✐✜❝❛t✐✲

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

❞✐❢❡r❡♥ç❛s s✐st❡♠át✐❝❛s q✉❛♥t♦ ❛♦ ❣ê♥❡r♦ ❡ ❝♦r ❞❛ ♣♦♣✉❧❛çã♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡✲

s✉❧t❛❞♦s ❞♦ ❝❛♣ít✉❧♦ ■■■✱ ♦ ❝❛❧♦r ❡①tr❡♠♦ ♣r♦♠♦✈❡ ♠❛✐s ❡❢❡✐t♦s s♦❜r❡ ❛ ♠♦rt❛❧✐❞❛❞❡ ❞❡

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

❜✐❞❛❞❡ ✐♥❢❛♥t✐❧✱ ❝♦♠♦ ❡str❛té❣✐❛ ❞❡ ✐♥✈❡st✐❣❛r ❝♦♠♦ ❛s ❝r✐❛♥ç❛s ❜r❛s✐❧❡✐r❛s ❡♥❢r❡♥t❛♠

❡ss❡s ❢❡♥ô♠❡♥♦s✳

❊♠ ❣❡r❛❧✱ ♦s r❡s✉❧t❛❞♦s t❛♠❜é♠ ❢♦r❛♠ ❜❛st❛♥t❡ ❤❡t❡r♦❣ê♥❡♦s✳ ❆s ♦♥❞❛s ❞❡ ❝❛❧♦r

❡①❡r❝❡♠ ❡❢❡✐t♦s ♠❛✐s ♣❡r♥✐❝✐♦s♦s s♦❜r❡ ❛ ❝r✐❛♥ç❛s ❞❡ ❛té ✹ ❛♥♦s✱ ♣r♦✈❛✈❡❧♠❡♥t❡ ♣♦r

s❡ tr❛t❛r❡♠ ❞❡ ♦r❣❛♥✐s♠♦s ✐♠✉♥♦❧ó❣✐❝♦s ❡♠ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✳ ❖s ♣r✐♥❝✐♣❛✐s ❡❢❡✐t♦s ❞♦

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

❡ ❞❡s✐❞r❛t❛çã♦✳ ❖s ❝✉st♦s ♣❛r❛ ❛ s♦❝✐❡❞❛❞❡ ❞♦ ❛✉♠❡♥t♦ ♥♦ ♥ú♠❡r♦ ❞❡ ❤♦s♣✐t❛❧✐③❛çõ❡s

✐♥❢❛♥t✐s✱ ❡♠ t❡r♠♦s ❞❡ ✈❛❧♦r❡s ♠é❞✐♦ ❞❡ ✐♥t❡r♥❛çã♦✱ ♣♦❞❡♠ ❝❤❡❣❛r ❛ ✶✷✵ ♠✐❧❤õ❡s ♣❛r❛

t♦❞❛s ❛s ❝❛♣✐t❛✐s ❜r❛s✐❧❡✐r❛s✳ ❆ s❛ú❞❡ ✐♥❢❛♥t✐❧ ❡♠ ❙ã♦ P❛✉❧♦✱ ❇❡❧♦ ❍♦r✐③♦♥t❡ ❡ ❙❛❧✈❛❞♦r

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

♣❛ís✳ ❖✉tr♦s ❢❛t♦r❡s ♥ã♦✲❝❧✐♠át✐❝♦s t❛♠❜é♠ ❢♦r❛♠ r❡❧❡✈❛♥t❡s ♣❛r❛ ❡①♣❧✐❝❛r ❛s t❛①❛s

✷✹✷



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

♥ú♠❡r♦ ❞❡ ♠é❞✐❝♦s ❡ s❛♥❡❛♠❡♥t♦ ❜ás✐❝♦✳

❖s ❡❢❡✐t♦s ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ❛✐♥❞❛ ❢♦r❛♠ ❡st✉❞❛❞♦s ❝♦♥❢♦r♠❡ ❛❧❣✉♠❛s ❝❛r❛❝t❡rís✲

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

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

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

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

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

❞❡ ❝❛❧♦r ♣♦❞❡♠ s♦♠❛r ✶✹✱✺ ♠✐❧❤õ❡s✳ ❙♦♠❡♥t❡ ❡♠ ✷✵✶✷✱ ❡♠ ●♦✐â♥✐❛ ❢♦r❛♠ r❡❣✐str❛❞❛s

✹ ♦♥❞❛s ❞❡ ❝❛❧♦r ❡ ✸✶ ❞✐❛s ❡①❝❡ss✐✈❛♠❡♥t❡ q✉❡♥t❡s✱ ✐♥❝❧✉s✐✈❡ ✉♠❛ ❞❡❧❛s ❢♦✐ ❝❛t❡❣♦r✐③❛❞❛

❝♦♠♦ ❛ ♦♥❞❛ ❞❡ ❝❛❧♦r ❝♦♠ ♠❛✐♦r❡s ♥í✈❡✐s ❞❡ t❡♠♣❡r❛t✉r❛ ❞♦ ❇r❛s✐❧✳ ◆♦r♠❛❧♠❡♥t❡✱ ❛s

♦✉tr❛s ❝❛♣✐t❛✐s ❞♦ ❇r❛s✐❧ ❡♥❢r❡♥t❛r❛♠ ✶ ♦✉ ✷ ❡♣✐só❞✐♦s ❞❡ss❡s ❡✈❡♥t♦s✳

❆♦ ❝♦♥trár✐♦ ❞❛s ❞♦❡♥ç❛s ✐♥❢❡❝❝✐♦s❛s ❡ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✱ ❛s t❛①❛s ❞❡ ♠♦r❜✐✲

♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s sã♦ ♥❡❣❛t✐✈❛♠❡♥t❡ ✐♥✢✉❡♥❝✐❛❞❛s ♣❡❧❛s ♦♥❞❛s ❞❡

❝❛❧♦r✳ ■st♦ é✱ ❛ ❡❧❡✈❛çã♦ ❞♦s ♥í✈❡✐s ❞❡ t❡♠♣❡r❛t✉r❛ ❞✐♠✐♥✉❡♠ ❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❞♦❡♥ç❛s

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

t❛❞♦s✱ ❡♠ t❡r♠♦s ❞❡ ♣♦❧ít✐❝❛s ♣ú❜❧✐❝❛s✱ ❞❡✐①❛✲s❡ ❞❡ ❣❛st❛r ❝♦♠ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s

✐♥❢❛♥t✐s ❛té ✹✺ ♠✐❧❤õ❡s ❞❡ r❡❛✐s✱ ❞❡✈✐❞♦ ❛ ✐♥❝✐❞ê♥❝✐❛ ❞❛s ♦♥❞❛s ❞❡ ❝❛❧♦r ♥❛s ❝❛♣✐t❛✐s

❡st❛❞✉❛✐s✳

P♦❧ít✐❝❛s ❛ss✐st❡♥❝✐❛❧✐st❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ r❡♥❞❛✱ ❞❡ ❛♠♣❧✐❛çã♦ ❞♦s s❡r✈✐ç♦s ❤♦s♣✐✲

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

❞❡ ♣r♦✜ss✐♦♥❛✐s ❞❛ s❛ú❞❡✱ sã♦✱ ❞❡t❡r♠✐♥❛♥t❡s ♣❛r❛ ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ ♠♦r❜✐✲♠♦rt❛❧✐❞❛❞❡

♥♦ ❇r❛s✐❧✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♥tr❡ ❛s ❝r✐❛♥ç❛s ❡ r❡❝é♠✲♥❛s❝✐❞♦s✳ ▼✉✐t♦ ❛❧é♠ ❞❡ss❛s ♠❡✲

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

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

Pr♦✈❛✈❡❧♠❡♥t❡✱ ❡ss❡s ❢❡♥ô♠❡♥♦s ❛❣r❛✈❛♠ ♦s q✉❛❞r♦s ❝❧í♥✐❝♦s ❞❡ ❝r✐❛♥ç❛s ❝♦♠ ♦✉tr❛s

❞♦❡♥ç❛s✱ ❡✱ ♥❛ ♣r❡s❡♥ç❛ ❞❡ ❝❛❧♦r ❡①tr❡♠♦✱ ❜✉s❝❛♠ ♣♦r ❤♦s♣✐t❛❧✐③❛çã♦ ❡ ❝✉✐❞❛❞♦s ♠é❞✐✲

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

❛♣❛r❡❧❤♦s ❞❡ ❛r✲❝♦♥❞✐❝✐♦♥❛❞♦ t❡♠ s✐❞♦ ❛❞❛♣t❛çõ❡s ❞❡❝✐s✐✈❛s ♣❛r❛✱ ♥ã♦ só ❛t❡♥✉❛r✱ ❝♦♠♦

✷✹✸



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

❞❡ ❝❛❧♦r s♦❜r❡ ❛ s❛ú❞❡ ♥ã♦ s❡r✐❛ ♥❡❝❡ssár✐❛ ❛♣❡♥❛s ✉♠❛ ♣♦❧ít✐❝❛ ❝❧✐♠át✐❝❛ ❡s♣❡❝í✜❝❛✱

♠❛s ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♠❡❞✐❞❛s ❞❡ s❛ú❞❡ ❡ r❡♥❞❛ q✉❡ ❢♦ss❡♠ ❢✉♥❞❛♠❡♥t❛✐s ♣❛r❛ ❝♦♥str✉✐r

r❡s✐❧✐ê♥❝✐❛✳

❊♠ ú❧t✐♠❛ ✐♥stâ♥❝✐❛✱ ♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✱ r❡❝♦♠❡♥❞❛✲s❡ ❛♥á❧✐s❡s ❞♦s ❡❢❡✐t♦s ❞❛s

♦♥❞❛s ❞❡ ❝❛❧♦r s♦❜r❡ ❛s ❡str❛té❣✐❛s ❡ ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ❛❞❛♣t❛çã♦✱ ✈✐és ✐♥❝♦rr✐❞♦ ♥❡st❡

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

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

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

♣❛r❛ ❝♦♥t♦r♥❛r ♦s ❡❢❡✐t♦s ❞❡ss❡s ❡✈❡♥t♦s✳ ❆❧é♠ ❞✐ss♦✱ ❛♥á❧✐s❡s s♦❜r❡ ♦ ✢✉①♦ ♠✐❣r❛tór✐♦

❡♠ ❝✐r❝✉♥stâ♥❝✐❛s ❞❡ ♦♥❞❛s ❞❡ ❝❛❧♦r s❡r✐❛♠ ❛♥á❧✐s❡s ❝♦♠♣❧❡♠❡♥t❛r❡s✱ q✉❡✱ ❝❡rt❛♠❡♥t❡✱

❝♦♥tr✐❜✉írã♦ ♣❛r❛ ❝♦♥t♦r♥❛r ♦ ✈✐és ❞❡ss❛s ❡st✐♠❛t✐✈❛s✳ ❆✐♥❞❛ s♦❜r❡ t❡♠♣❡r❛t✉r❛s ❡①✲

tr❡♠❛s✱ t❛♠❜é♠ s❡r✐❛♠ r❡❧❡✈❛♥t❡s ❛♥á❧✐s❡s ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❡✈❡♥t♦s ❞❡ ♦♥❞❛s ❞❡ ❢r✐♦

♥♦ ❇r❛s✐❧✱ ❜❡♠ ❝♦♠♦ s❡✉s ✐♠♣❛❝t♦s ♥♦s ✐♥❞✐❝❛❞♦r❡s ❞❡ s❛ú❞❡✳
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❇❆❘❘❊❈❆✱ ❆✳ ■✳✱ ❡t ❛❧✳ ❆❞❛♣t✐♥❣ t♦ ❈❧✐♠❛t❡ ❈❤❛♥❣❡✿ ❚❤❡ ❘❡♠❛r❦❛❜❧❡ ❉❡❝❧✐♥❡ ✐♥ 
t❤❡ ❯❙ ❚❡♠♣❡r❛t✉r❡✕▼♦rt❛❧✐t② ❘❡❧❛t✐♦♥s❤✐♣ ❖✈❡r t❤❡ ✷✵t❤ ❈❡♥t✉r②✳ ◆❛t✐♦♥❛❧ ❇✉r❡❛✉ 
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❇❯❘●❊❙❙✱ ❘✳❀ ❉❊❙❈❍❊◆❊❙✱ ❖✳❀ ❉❖◆❆▲❉❙❖◆❀ ❉✳❀ ●❘❊❊◆❙❚❖◆❊✱ ▼✳ ❲❡✲
❛t❤❡r ❛♥❞ ❉❡❛t❤ ✐♥ ■♥❞✐❛✿ ▼❡❝❤❛♥✐s♠s ❛♥❞ ■♠♣❧✐❝❛t✐♦♥s ❢♦r ❈❧✐♠❛t❡ ❈❤❛♥❣❡✳ ▼✐♠❡♦✲
❣r❛♣❤✱ ▼■❚ ❉❡♣❛rt♠❡♥t ♦❢ ❊❝♦♥♦♠✐❝s✱ ✷✵✶✶✳

❈❆❘❱❆▲❍❖✱ ❉✳❀ ❡t ❛❧✳ ❯r❜❛♥ ❘❡s✐❧✐❡♥❝❡ t♦ ❢✉t✉r❡ ✉r❜❛♥ ❤❡❛t ✇❛✈❡s ✉♥❞❡r ❛ ❝❧✐♠❛t❡ 
❝❤❛♥❣❡ s❝❡♥❛r✐♦✿ ❛ ❝❛s❡ st✉❞② ❢♦r P♦rt♦ ✉r❜❛♥ ❛r❡❛ ✭P♦rt✉❣❛❧✮✳ ❯r❜❛♥ ❈❧✐♠❛t❡✳ ◆✳ 
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