
❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ♣❛r❛

▼♦♥✐t♦r❛♠❡♥t♦ ❞❡ Pr♦❝❡ss♦s ◆ã♦ ▲✐♥❡❛r❡s

▼✉❧t✐✈❛r✐á✈❡✐s ❯t✐❧✐③❛♥❞♦ ❘❡❞❡s ◆❡✉r❛✐s

◆❛t❤á❧✐❛ ❆rt❤✉r ❇r✉♥❡t ▼♦♥t❡✐r♦

❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦ ❛♣r❡s❡♥t❛❞❛ à ❈♦♦r❞❡♥❛çã♦ ❞♦ Pr♦❣r❛♠❛ ❞❡ Pós✲

●r❛❞✉❛çã♦ ❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠✲

♣✐♥❛ ●r❛♥❞❡ ✲ ❈❛♠♣✉s ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡ ❝♦♠♦ ♣❛rt❡ ❞♦s r❡q✉✐s✐✲

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

❉♦♠í♥✐♦ ❞❛ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛✳

➪r❡❛ ❞❡ ❈♦♥❝❡♥tr❛çã♦✿ ■♥str✉♠❡♥t❛çã♦ ❡ ❈♦♥tr♦❧❡

Pr♦❢❡ss♦r ❏♦sé ❙ér❣✐♦ ❞❛ ❘♦❝❤❛ ◆❡t♦✱ ❉✳ ❙❝✳

❖r✐❡♥t❛❞♦r

Pr♦❢❡ss♦r ❏❛✐❞✐❧s♦♥ ❏ó ❞❛ ❙✐❧✈❛✱ ❉✳ ❙❝✳

❖r✐❡♥t❛❞♦r

❈❛♠♣✐♥❛ ●r❛♥❞❡✱ P❛r❛í❜❛✱ ❇r❛s✐❧

❝©◆❛t❤á❧✐❛ ❆rt❤✉r ❇r✉♥❡t ▼♦♥t❡✐r♦✱ ❆❣♦st♦ ❞❡ ✷✵✶✽





❘❡s✉♠♦

❊♠ ❣❡r❛❧✱ ♦s ♣r♦❝❡ss♦s ✐♥❞✉str✐❛✐s sã♦ ❝♦♠♣❧❡①♦s✱ ♥ã♦ ❧✐♥❡❛r❡s✱ ❝♦♠ ♠ú❧t✐♣❧❛s ❡♥tr❛❞❛s ❡

♠ú❧t✐♣❧❛s s❛í❞❛s✳ ❘❡♣r❡s❡♥t❛r ❡ss❡ t✐♣♦ ❞❡ s✐st❡♠❛ ♣♦r ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ✭❛♣❡s❛r ❞❛ s✉❛

s✐♠♣❧✐❝✐❞❛❞❡ ❡ ❢❛❝✐❧✐❞❛❞❡ ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦✮✱ é✱ ♠✉✐t❛s ✈❡③❡s✱ ✐♥❛❞❡q✉❛❞♦ q✉❛♥❞♦ s❡ ❢❛③

♥❡❝❡ssár✐❛ ✉♠❛ ❛♣r♦①✐♠❛çã♦ ♠❛✐s r❡❛❧íst✐❝❛ ❡ ❞❡t❛❧❤❛❞❛ ❞♦ ♣r♦❝❡ss♦ ❡♠ ❡st✉❞♦✳ ❆t✉❛❧✲

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

❢ís✐❝♦ ❛t❡♥❞❛ às ❡s♣❡❝✐✜❝❛çõ❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ♣r❡✈✐❛♠❡♥t❡ ❡st❛❜❡❧❡❝✐❞❛s ❝♦♠ s✉❝❡ss♦✱ ❛✉✲

①✐❧✐❛♥❞♦ ♥♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ♦t✐♠✐③❛çã♦ ❞❡ ♣r♦❝❡ss♦s ❡♠ ❣❡r❛❧✳ P❛r❛ s✐♠♣❧✐✜❝❛r ❡ss❛

❝♦♠♣❧❡①✐❞❛❞❡ ❞❡ s❡ ✐❞❡♥t✐✜❝❛r ❡ ♠♦❞❡❧❛r s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ❛s r❡❞❡s

♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s✱ q✉❡ r❡♣r❡s❡♥t❛ ✉♠❛ ♣❛rt❡ ✐♠♣♦rt❛♥t❡ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♥❛ ár❡❛ ❞❡ s✐s✲

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

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

r❡s ✈✐rt✉❛✐s ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ♣r♦❝❡ss♦s ❝♦♠♣❧❡①♦s ♥ã♦ ❧✐♥❡❛r❡s ❡ ❝♦♠

♠ú❧t✐♣❧❛s ❡♥tr❛❞❛s ❡ ♠ú❧t✐♣❧❛s s❛í❞❛s✱ ✉t✐❧✐③❛♥❞♦ r❡❞❡s ♥❡✉r❛✐s ♥❛s ❡st✐♠❛t✐✈❛s ❞❛s ✈❛r✐á✲

✈❡✐s✳ P❛r❛ ❛ ✈❛❧✐❞❛çã♦ ❞♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s✱ sã♦ ✐♠♣❧❡♠❡♥t❛❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s

s❡❣✉✐♥❞♦ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ✉♠❛ ♣❧❛t❛❢♦r♠❛

❞❡ t❡st❡ ❡①♣❡r✐♠❡♥t❛❧ ✭s✐st❡♠❛ ❞❡ tr❛♥s♣♦rt❡ ✢✉í❞✐❝♦✮✳ ❆s ✈❛r✐á✈❡✐s ❞❡ ✐♥t❡r❡ss❡ ♥♦ ♠♦♥✐✲

t♦r❛♠❡♥t♦ ❞❛ ♣❧❛t❛❢♦r♠❛ sã♦ ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦✳ ❈♦♠ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ✉t✐❧✐③❛♥❞♦

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

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

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❙❡♥s♦r ❱✐rt✉❛❧✱ ❘❡❞❡s ◆❡✉r❛✐s✱ ❙✐st❡♠❛s ◆ã♦ ▲✐♥❡❛r❡s✱ ▼♦♥✐t♦r❛✲

♠❡♥t♦✱ ■❞❡♥t✐✜❝❛çã♦ ❞❡ ❙✐st❡♠❛s✳

✐



❆❜str❛❝t

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

♦✉t♣✉ts✳ ❘❡♣r❡s❡♥t✐♥❣ t❤✐s t②♣❡ ♦❢ s②st❡♠ ❜② ❧✐♥❡❛r ♠♦❞❡❧s ✭❞❡s♣✐t❡ ✐ts s✐♠♣❧✐❝✐t② ❛♥❞

❡❛s❡ ♦❢ ✐♠♣❧❡♠❡♥t❛t✐♦♥✮ ✐s ♦❢t❡♥ ✐♥❛❞❡q✉❛t❡ ✇❤❡♥ ❛ ♠♦r❡ r❡❛❧✐st✐❝ ❛♥❞ ❞❡t❛✐❧❡❞ ❛♣♣r♦①✲

✐♠❛t✐♦♥ ♦❢ t❤❡ ♣r♦❝❡ss ✉♥❞❡r st✉❞② ✐s ♥❡❝❡ss❛r②✳ ❈✉rr❡♥t❧②✱ s♦❢t s❡♥s♦rs ❤❛✈❡ ❜❡❡♥ ✉s❡❞

✐♥ ✐♥❞✉str✐❡s t♦ ♠❛❦❡ ♣❤②s✐❝❛❧ s②st❡♠s ♠❡❡ts t❤❡ s♣❡❝✐✜❝❛t✐♦♥s ♦❢ ♣❡r❢♦r♠❛♥❝❡ ♣r❡✈✐♦✉s❧②

❡st❛❜❧✐s❤❡❞ s✉❝❝❡ss❢✉❧❧②✱ ❛ss✐st✐♥❣ ✐♥ ♠♦♥✐t♦r✐♥❣ ❛♥❞ ♦♣t✐♠✐③❛t✐♦♥ ♦❢ ❣❡♥❡r❛❧ ♣r♦❝❡ss✳ ❚♦

s✐♠♣❧✐❢② t❤✐s ❝♦♠♣❧❡①✐t② ♦❢ ✐❞❡♥t✐❢②✐♥❣ ❛♥❞ ♠♦❞❡❧✐♥❣ ♥♦♥❧✐♥❡❛r s②st❡♠s✱ ❛rt✐✜❝✐❛❧ ♥❡✉r❛❧

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

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

s②st❡♠s✳ ❋♦❝✉s✐♥❣ ♦♥ t❤❡s❡ ✐ss✉❡s✱ ✐♥ t❤✐s t❤❡s✐s t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ s♦❢t s❡♥s♦rs ❢♦r t❤❡

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

♦✉t♣✉ts ✉s✐♥❣ ♥❡✉r❛❧ ♥❡t✇♦r❦s ✐♥ t❤❡ ❡st✐♠❛t✐♦♥ ♦❢ ✈❛r✐❛❜❧❡s ✐s ♣r♦♣♦s❡❞✳ ❋♦r t❤❡ ✈❛❧✐❞❛✲

t✐♦♥ ♦❢ t❤❡ r❡❛❧✐③❡❞ ❡①♣❡r✐♠❡♥ts✱ s♦❢t s❡♥s♦rs ❛r❡ ✐♠♣❧❡♠❡♥t❡❞ ❢♦❧❧♦✇✐♥❣ t❤❡ ♠❡t❤♦❞♦❧♦❣②

♣r♦♣♦s❡❞ ❢♦r t❤❡ ♠♦♥✐t♦r✐♥❣ ♦❢ ❛♥ ❡①♣❡r✐♠❡♥t❛❧ t❡st ♣❧❛t❢♦r♠ ✭✢✉✐❞ tr❛♥s♣♦rt s②st❡♠✮✳

❚❤❡ ✈❛r✐❛❜❧❡s ♦❢ ✐♥t❡r❡st ✐♥ ♣❧❛t❢♦r♠ ♠♦♥✐t♦r✐♥❣ ❛r❡ ♣r❡ss✉r❡ ❛♥❞ ✢♦✇ ✈❛❧✉❡s✳ ❇② ♠♦♥✲

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

✇✐t❤ ❧❡ss ❞✐✣❝✉❧t② t♦ ❞❡t❡❝t ❛♥❞ t♦ s♦❧✈❡ ♣♦ss✐❜❧❡ ❢❛✐❧✉r❡s

❑❡②✇♦r❞s✿ ❙♦❢t ❙❡♥s♦r✱ ◆❡✉r❛❧ ◆❡t✇♦r❦s✱ ◆♦♥❧✐♥❡❛r ❙②st❡♠s✱ ▼♦♥✐t♦r✐♥❣✱ ❙②st❡♠

■❞❡♥t✐✜❝❛t✐♦♥✳
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✶✳✷ ❖❜❥❡t✐✈♦ ●❡r❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

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

✶✳✹ ❈♦♥tr✐❜✉✐çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹

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

✷ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛ ✻

✸ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✷

✸✳✶ ▼♦❞❡❧❛❣❡♠ ❡ ■❞❡♥t✐✜❝❛çã♦ ❞❡ ❙✐st❡♠❛s ◆ã♦ ▲✐♥❡❛r❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷

✸✳✷ ❘❡❞❡s ◆❡✉r❛✐s ❆rt✐✜❝✐❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✻

✸✳✷✳✶ ❚✐♣♦s ❞❡ ❘❡❞❡s ◆❡✉r❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶

✸✳✷✳✷ ❆❧❣♦r✐t♠♦s ❞❡ ❚r❡✐♥❛♠❡♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺

✸✳✸ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✼

✸✳✹ ▼♦♥✐t♦r❛♠❡♥t♦ ❞❡ Pr♦❝❡ss♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✵

✹ ❉❡s❝r✐çã♦ ❞❛ P❧❛t❛❢♦r♠❛ ❞❡ ❚❡st❡ ✭❙✐st❡♠❛ ❞❡ ❚r❛♥s♣♦rt❡ ❋❧✉í❞✐❝♦✮ ✸✷

✺ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✹✸

✺✳✶ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✸

✺✳✷ ■♥t❡r❢❛❝❡ ●rá✜❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾

✺✳✸ ❘❡s✉❧t❛❞♦s ❞❛s ❙✐♠✉❧❛çõ❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵

✺✳✸✳✶ ▼❡❞✐çõ❡s ♣❛r❛ ❖❜t❡♥çã♦ ❞❛ ❇❛s❡ ❞❡ ❉❛❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵

✺✳✸✳✷ ❙✐♠✉❧❛çõ❡s ♣❛r❛ ❆♥á❧✐s❡ ❞❡ ❉❡s❡♠♣❡♥❤♦ ❞❛s ❘❡❞❡s ◆❡✉r❛✐s Pr♦❥❡✲

t❛❞❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✶

✺✳✸✳✸ ❘❡s✉❧t❛❞♦s ❞♦s ❊①♣❡r✐♠❡♥t♦s ❝♦♠ ❆♣❧✐❝❛çã♦ Prát✐❝❛ ❞♦s ❙❡♥s♦r❡s

❱✐rt✉❛✐s ♥♦ ▼♦♥✐t♦r❛♠❡♥t♦ ❞❛ P❧❛t❛❢♦r♠❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✹

✻ ❈♦♥❝❧✉sõ❡s ❡ ❙✉❣❡stõ❡s ♣❛r❛ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s ✻✾

✻✳✶ ❈♦♥❝❧✉sõ❡s ●❡r❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✾

✐✐✐



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

❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s ✼✷

❆ ❊rr♦s ▼é❞✐♦s ❖❜t✐❞♦s ♥❛s ❊st✐♠❛t✐✈❛s ❞♦s ❱❛❧♦r❡s ❞❡ Pr❡ssã♦ ✭❘❡❞❡ ✶✮ ✼✼

❇ ❊rr♦s ▼é❞✐♦s ❖❜t✐❞♦s ♥❛s ❊st✐♠❛t✐✈❛s ❞♦s ❱❛❧♦r❡s ❞❡ ❱❛③ã♦ ✭❘❡❞❡ ✷✮ ✽✹

❈ ▼❡❞✐çõ❡s ♣❛r❛ ❖❜t❡♥çã♦ ❞♦ ❈♦♥❥✉♥t♦ ❞❡ ❉❛❞♦s ✭❘❡❞❡s ✸ ❡ ✹✮ ✾✶

❉ ❊rr♦s ▼é❞✐♦s ❖❜t✐❞♦s ♥❛s ❊st✐♠❛t✐✈❛s ❞♦s ❱❛❧♦r❡s ❞❡ Pr❡ssã♦ ✭❘❡❞❡ ✸✮ ✾✾

❊ ❊rr♦s ▼é❞✐♦s ❖❜t✐❞♦s ♥❛s ❊st✐♠❛t✐✈❛s ❞♦s ❱❛❧♦r❡s ❞❡ ❱❛③ã♦ ✭❘❡❞❡ ✹✮ ✶✵✻

✐✈



▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✸✳✶ ❆❧❣♦r✐t♠♦s ❞❡ ❚r❡✐♥❛♠❡♥t♦ ❡ ❙❡✉s ▼ét♦❞♦s ❞❡ ❖t✐♠✐③❛çã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻

✺✳✶ ❱❛❧♦r❡s ❞❡ Pr❡ssã♦ ❘❡❛✐s ▼❡❞✐❞♦s ❡ ❱❛❧♦r❡s ❊st✐♠❛❞♦s ❝♦♠ ❛s ❘❡❞❡s ❋❡✲

❡❞❢♦r✇❛r❞ ❡ ❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛ ✭❘❡❞❡ ✸✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✾

✺✳✷ ❱❛❧♦r❡s ❞❡ ❱❛③ã♦ ❘❡❛✐s ▼❡❞✐❞♦s ❡ ❱❛❧♦r❡s ❊st✐♠❛❞♦s ❝♦♠ ❛s ❘❡❞❡s ❋❡❡❞✲

❢♦r✇❛r❞ ❡ ❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛ ✭❘❡❞❡ ✹✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

✺✳✸ ❊rr♦s ❖❜t✐❞♦s ❊♥tr❡ ❱❛❧♦r❡s ❘❡❛✐s ❡ ❊st✐♠❛❞♦s ❞❡ Pr❡ssã♦ ❡ ❱❛③ã♦ ❝♦♠ ❛s

❘❡❞❡s ✸ ❡ ✹✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✶

✺✳✹ ❚❛❜❡❧❛ ❘❡s✉♠♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✸

✺✳✺ ❊rr♦s ❖❜t✐❞♦s ♥❛s ❊st✐♠❛t✐✈❛s ❞♦s ❱❛❧♦r❡s ❞❡ Pr❡ssã♦ ❡ ❱❛③ã♦ ❆♣❧✐❝❛❞♦s

♥❛ P❧❛t❛❢♦r♠❛ ❯t✐❧✐③❛♥❞♦ ❛s ❘❡❞❡s ✶ ❡ ✷✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✻

✺✳✻ ❊rr♦s ❖❜t✐❞♦s ♥❛s ❊st✐♠❛t✐✈❛s ❞♦s ❱❛❧♦r❡s ❞❡ Pr❡ssã♦ ❡ ❱❛③ã♦ ❆♣❧✐❝❛❞♦s

♥❛ P❧❛t❛❢♦r♠❛ ❯t✐❧✐③❛♥❞♦ ❛s ❘❡❞❡s ✸ ❡ ✹✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✽

❆✳✶ ❊rr♦s ♦❜t✐❞♦s ❝♦♠ ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ❝♦♠ 70% ❞❛s ❆♠♦str❛s ♣❛r❛ ❚r❡✐♥♦

❡ 30% ♣r❛ ❚❡st❡ ✭❊st✐♠❛t✐✈❛ ❞❡ Pr❡ssã♦ ❝♦♠ ❘❡❞❡ ✶✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✽

❆✳✷ ❊rr♦s ♦❜t✐❞♦s ❝♦♠ ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛ ❝♦♠ 70% ❞❛s ❆♠♦str❛s

♣❛r❛ ❚r❡✐♥♦ ❡ 30% ♣r❛ ❚❡st❡ ✭❊st✐♠❛t✐✈❛ ❞❡ Pr❡ssã♦ ❝♦♠ ❘❡❞❡ ✶✮✳ ✳ ✳ ✳ ✳ ✳ ✼✾

❆✳✸ ❊rr♦s ♦❜t✐❞♦s ❝♦♠ ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ❝♦♠ 75% ❞❛s ❆♠♦str❛s ♣❛r❛ ❚r❡✐♥♦

❡ 25% ♣r❛ ❚❡st❡ ✭❊st✐♠❛t✐✈❛ ❞❡ Pr❡ssã♦ ❝♦♠ ❘❡❞❡ ✶✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✵

❆✳✹ ❊rr♦s ♦❜t✐❞♦s ❝♦♠ ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛ ❝♦♠ 75% ❞❛s ❆♠♦str❛s

♣❛r❛ ❚r❡✐♥♦ ❡ 25% ♣r❛ ❚❡st❡ ✭❊st✐♠❛t✐✈❛ ❞❡ Pr❡ssã♦ ❝♦♠ ❘❡❞❡ ✶✮✳ ✳ ✳ ✳ ✳ ✳ ✽✶

❆✳✺ ❊rr♦s ♦❜t✐❞♦s ❝♦♠ ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ❝♦♠ 80% ❞❛s ❆♠♦str❛s ♣❛r❛ ❚r❡✐♥♦

❡ 20% ♣r❛ ❚❡st❡ ✭❊st✐♠❛t✐✈❛ ❞❡ Pr❡ssã♦ ❝♦♠ ❘❡❞❡ ✶✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✷

❆✳✻ ❊rr♦s ♦❜t✐❞♦s ❝♦♠ ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛ ❝♦♠ 80% ❞❛s ❆♠♦str❛s

♣❛r❛ ❚r❡✐♥♦ ❡ 20% ♣r❛ ❚❡st❡ ✭❊st✐♠❛t✐✈❛ ❞❡ Pr❡ssã♦ ❝♦♠ ❘❡❞❡ ✶✮✳ ✳ ✳ ✳ ✳ ✳ ✽✸

❇✳✶ ❊rr♦s ♦❜t✐❞♦s ❝♦♠ ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ❝♦♠ 70% ❞❛s ❆♠♦str❛s ♣❛r❛ ❚r❡✐♥♦

❡ 30% ♣r❛ ❚❡st❡ ✭❊st✐♠❛t✐✈❛ ❞❡ ❱❛③ã♦ ❝♦♠ ❘❡❞❡ ✷✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✺

✈



▲✐st❛ ❞❡ ❚❛❜❡❧❛s ✈✐

❇✳✷ ❊rr♦s ♦❜t✐❞♦s ❝♦♠ ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛ ❝♦♠ 70% ❞❛s ❆♠♦str❛s

♣❛r❛ ❚r❡✐♥♦ ❡ 30% ♣r❛ ❚❡st❡ ✭❊st✐♠❛t✐✈❛ ❞❡ ❱❛③ã♦ ❝♦♠ ❘❡❞❡ ✷✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✻
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❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

✶✳✶ ▼♦t✐✈❛çã♦

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

❝r❡s❝❡♥t❡ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ❝♦♥tr♦❧❡ ❬✹✶❪✳ ❉❡✈✐❞♦ à ❝r❡s❝❡♥t❡ ❝♦♠♣❧❡①✐❞❛❞❡

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

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

❞❡st❡ ♣r♦❝❡ss♦✳ ❖ s✉r❣✐♠❡♥t♦ ❞❡ ❛♣❧✐❝❛çõ❡s ✐♥❞✉str✐❛✐s ❡ ❞❡ ❝♦♥tr♦❧❡ ❞❡ ♣r♦❝❡ss♦s ♣♦r

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

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

♠❡♥t❛çã♦ ✈✐rt✉❛❧ ❬✸✺✱ ✹✻❪✳ ❊ss❛ ❝♦♠♣❧❡①❛ ✐♥t❡r✲r❡❧❛çã♦ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s q✉❡ ❝♦♠♣õ❡♠

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

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

✈❛r✐á✈❡✐s ❞✐s♣♦♥í✈❡✐s ♥♦ ♣r♦❝❡ss♦ ❬✸✹❪✳

❖ ✉s♦ ❞❡ té❝♥✐❝❛s ❝♦♠♦ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s ✭❘◆❆✮ ♥❛ ♠♦❞❡❧❛❣❡♠ ❞❡ s✐st❡♠❛s

❞✐♥â♠✐❝♦s ♥ã♦ ❧✐♥❡❛r❡s t❡♠ s✐❞♦ ❞✐❢✉♥❞✐❞♦ ♥❛ ❧✐t❡r❛t✉r❛ ♥♦s ú❧t✐♠♦s ❛♥♦s✱ ♠♦t✐✈❛♥❞♦

❞✐✈❡rs♦s tr❛❜❛❧❤♦s ❡ ✉♠❛ ❛♠♣❧❛ ❣❛♠❛ ❞❡ ❛♣❧✐❝❛çõ❡s ♥❛ ❧✐t❡r❛t✉r❛✳ ❖ ✉s♦ ❞❛ ❘◆❆ ♣♦❞❡

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

❞❡ ♣r♦❝❡ss♦s ❝♦♠ ♠❡❧❤♦r❡s ❞❡s❡♠♣❡♥❤♦s ❬✼✱ ✺✷❪✳

❙✐st❡♠❛s ♠❛✐s ❝♦♠♣❧❡①♦s✱ ❝♦♠♦ ♣❧❛♥t❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ✐♥❞✉str✐❛❧✱ sã♦ ❡♠ ❣❡r❛❧

❢♦rt❡♠❡♥t❡ ✐♥str✉♠❡♥t❛❞♦s ❝♦♠ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ s❡♥s♦r❡s✳ ❈♦♠ ♦ ✉s♦ ❞♦s s❡♥s♦r❡s é

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

♣❧❛♥t❛s ❬✷✷❪✳ ❖ ❝♦♥❝❡✐t♦ ❞❡ ✉t✐❧✐③❛çã♦ ❞❡ s❡♥s♦r❡s ✈✐rt✉❛✐s ✈✐s❛ à ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛

❞❡ ♣r♦❝❡ss♦s ❝♦♠ ❡♥❢♦q✉❡ ♥❛ ♣r❡❞✐çã♦ ❞❡ ♣r♦♣r✐❡❞❛❞❡s✱ ❛ ♣❛rt✐r ❞❡ ♠❡❞✐çõ❡s ❞✐s♣♦♥í✈❡✐s

❞❡ ♦✉tr❛s ✈❛r✐á✈❡✐s ❞❛ ♣❧❛♥t❛ ❬✷✶❪✳ ◆♦ ❝♦♥t❡①t♦ ❞♦ ♣r♦❝❡ss♦ ✐♥❞✉str✐❛❧✱ ❡ss❡s ♠♦❞❡❧♦s

♣r❡❞✐t✐✈♦s sã♦ ❝❤❛♠❛❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s ✭s♦❢t s❡♥s♦rs✮✳ ❊ss❡ t❡r♠♦ é ✉♠❛ ❝♦♠❜✐♥❛çã♦

❞❛s ♣❛❧❛✈r❛s ✧s♦❢t✇❛r❡✧ ❡ ✧s❡♥s♦rs✧✱ ♣♦✐s ♦s ♠♦❞❡❧♦s sã♦ ❣❡r❛❧♠❡♥t❡ r♦t✐♥❛s ❞❡ s♦❢t✇❛r❡✱

✶



❈❛♣ít✉❧♦ ✶✳ ■♥tr♦❞✉çã♦ ✷

❡ ❡stã♦ r❡♣r❡s❡♥t❛♥❞♦ ❣r❛♥❞❡③❛s s❡♠❡❧❤❛♥t❡s às ❞♦s s❡♥s♦r❡s r❡❛✐s ❬✷✷❪✳

❊①✐st❡♠ ✈ár✐❛s ❛♣❧✐❝❛çõ❡s ♣❛r❛ ❛ ✐♥❞ústr✐❛ ❡♠ q✉❡ ♦s s❡♥s♦r❡s r❡❛✐s r❡q✉❡r❡♠ ❛q✉✐s✐çã♦✱

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

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

s❡♥s♦r❡s ✈✐rt✉❛✐s ♣❛r❛ ❢♦r♥❡❝❡r ♠♦♥✐t♦r❛♠❡♥t♦ ❡✜❝✐❡♥t❡✱ r♦❜✉st♦ ❡ ❡♠ t❡♠♣♦ r❡❛❧ ❬✷✸✱✸✻❪✳

❆ss✐♠✱ ♦s s❡♥s♦r❡s ✈✐rt✉❛✐s sã♦ ✉♠❛ ❜♦❛ s♦❧✉çã♦ ♣❛r❛ r❡❞✉③✐r ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦s ♣r♦❝❡s✲

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

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

♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ s❡r❡♠ út❡✐s ❡♠ ❝❛s♦s ♦♥❞❡ ❛ ♠❡❞✐çã♦ ❞✐r❡t❛ ❞♦ s✐♥❛❧ ♥ã♦ é ♣♦ssí✈❡❧ ♦✉

q✉❛♥❞♦ ♦ s❡♥s♦r ❞✐s♣♦♥í✈❡❧ ♣♦❞❡ ♥ã♦ ❣❛r❛♥t✐r ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❞❡t❡❝çã♦ ♥❡❝❡ssár✐❛s

❬✸❪✳

❘❡❞❛ ❡t ❛❧✳ ❬✹✹❪✱ ♣❛r❛ ♠♦♥✐t♦r❛r ❛s t❡♠♣❡r❛t✉r❛s ❡ ❛s ❧♦❝❛❧✐③❛çõ❡s ❞❡ ❤♦t s♣♦ts ✭♣♦♥t♦s

❛q✉❡❝✐❞♦s✮ ❡♠ ♣r♦❝❡ss❛❞♦r❡s r❡❛✐s✱ ♣r♦♣ôs ✉♠❛ té❝♥✐❝❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❞❡ s❡♥s♦r ✈✐rt✉❛❧

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

t✉r❛s ♦♥❞❡ ♥ã♦ ❤á s❡♥s♦r❡s ❡♠❜✉t✐❞♦s✳ ❆ té❝♥✐❝❛ ❝♦♠ s❡♥s♦r ✈✐rt✉❛❧ ♣♦❞❡ ♠❡❧❤♦r❛r ❛

r❡s♦❧✉çã♦ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ tér♠✐❝♦ ❡ ❝♦♥t♦r♥❛r r❡str✐çõ❡s ❞❡ ♣r♦❥❡t♦ s♦❜r❡ ❛ ❝♦❧♦❝❛çã♦

❞♦ s❡♥s♦r r❡❛❧✳

❡t ❛❧✳ ❬✹✸❪ ❛♣r❡s❡♥t❛ ✉♠ s❡♥s♦r ✈✐rt✉❛❧ ❛❞❛♣t❛t✐✈♦ ❜❛s❡❛❞♦ ♥♦ ♣r♦❝❡ss♦ ●❛✉ss✐❛♥♦

❞❡ r❡❣r❡ssã♦✳ P❛r❛ t♦r♥❛r ♦ tr❡✐♥❛♠❡♥t♦ ❞♦ ♠♦❞❡❧♦ ♠❛✐s ❡✜❝✐❡♥t❡✱ ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛

s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❜❛s❡❛❞♦ ❡♠ ✐♥❢♦r♠❛çõ❡s ♠út✉❛s é ♣r♦♣♦st♦✳ ❆ ❛❞❛♣t❛çã♦ ❞♦ ♠♦❞❡❧♦

é ❞❡r✐✈❛❞❛ ✉s❛♥❞♦ ❛ ❛❜♦r❞❛❣❡♠ ❞❡ ❥❛♥❡❧❛ ♠ó✈❡❧✳ ❉❡st❡ ♠♦❞♦✱ é ❛❧❝❛♥ç❛❞♦ ✉♠ ♠♦❞❡❧♦ ♥ã♦

❧✐♥❡❛r ♣r♦❜❛❜✐❧íst✐❝♦ ❛❞❛♣t❛t✐✈♦ q✉❡ é ❛❞❡q✉❛❞♦ ♣❛r❛ ♠♦❞❡❧❛r ♣r♦❝❡ss♦s ♥ã♦ ❧✐♥❡❛r❡s✳❆s

❝❛♣❛❝✐❞❛❞❡s ❞❡ ♣r❡✈✐sã♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ sã♦ ❛♥❛❧✐s❛❞❛s ❡♠ ❞❛❞♦s ✐♥❞✉str✐❛✐s r❡❛✐s

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

●❡ ❡t ❛❧✳ ❬✺✻❪ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ♠♦❞❡❧♦ ❞❡ s❡♥s♦r ✈✐rt✉❛❧ ♣r♦❜❛❜✐❧íst✐❝♦ ❜❛s❡❛❞♦ ❡♠

r❡❣r❡ssã♦ ♣♦r ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ❡✱ ❡♠ s❡❣✉✐❞❛✱ ♦ ♠♦❞❡❧♦ é ❡st❡♥❞✐❞♦ ♣❛r❛ ♣r♦❝❡ss♦s

❝♦♠ ♠ú❧t✐♣❧♦s ♠♦❞♦s ❞❡ ♦♣❡r❛çã♦✳ ❖ ♥♦✈♦ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ ♣♦r ❝♦♠♣♦♥❡♥t❡s ♣r✐♥✲

❝✐♣❛✐s ♣r♦❜❛❜✐❧íst✐❝♦ é ❜❛s❡❛❞♦ ♥❛ ❡st✐♠❛t✐✈❛ ❞❡ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❡ ♥♦ ❛❧❣♦r✐t♠♦

❞❡ ♠❛①✐♠✐③❛çã♦ ❞❡ ❡①♣❡❝t❛t✐✈❛✳ ❊♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦s s❡♥s♦r❡s ✈✐rt✉❛✐s ❜❛s❡❛❞♦s ❡♠

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

♣r♦❝❡ss♦s ♠✉❧t✐♠♦❞♦✳ ❆❧é♠ ❞✐ss♦✱ ❛♦ ❧♦❝❛❧✐③❛r ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ♠♦❞♦ ❞❛ ♥♦✈❛ ❛♠♦str❛

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

♣r♦❝❡ss♦ ❡ ❛ ❝♦♠♣r❡❡♥sã♦ ❞❛ q✉❛❧✐❞❛❞❡ ❞♦ ♣r♦❞✉t♦ ♣❛r❛ ♦ ❡♥❣❡♥❤❡✐r♦ ❞❡ ♦♣❡r❛çã♦✳ ❉♦✐s

❡st✉❞♦s ❞❡ ❝❛s♦ ♠♦str❛r❛♠ q✉❡ r❡s✉❧t❛❞♦s ♠❛✐s s❛t✐s❢❛tór✐♦s ❢♦r❛♠ ♦❜t✐❞♦s ❝♦♠ ♦ ♥♦✈♦

s❡♥s♦r ✈✐rt✉❛❧✳

▲♦t✉❢♦ ❬✸✹❪ ❛♣r❡s❡♥t❛ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s❡♥s♦r❡s ✈✐rt✉❛✐s ❝❛✲

♣❛③❡s ❞❡ ✐♥❢❡r✐r ✈❛r✐á✈❡✐s ❞❡ ♣r♦❝❡ss♦s ❛❧t❛♠❡♥t❡ ♥ã♦ ❧✐♥❡❛r❡s ❡ ✈❛r✐❛♥t❡s ♥♦ t❡♠♣♦✳ ❆
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♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ❡♠♣r❡❣❛ ♠♦❞❡❧❛❣❡♠ ♥❡❜✉❧♦s❛ ❞❡ s✐st❡♠❛s ❞✐♥â♠✐❝♦s ❝♦♠♣❧❡①♦s✱

❡♠ q✉❡ ❛ ♣❛rt❡ ❛♥t❡❝❡❞❡♥t❡ ❞❛s r❡❣r❛s ❡♠♣r❡❣❛ ❛ té❝♥✐❝❛ ❞❡ ❛❣r✉♣❛♠❡♥t♦ ✭❝❧✉st❡r✐③❛çã♦✮

❞❡ ●✉st❛❢s♦♥✲❑❡ss❡❧ ✭♣r♦❞✉❝t s♣❛❝❡ ❝❧✉st❡r✐♥❣✮✱ ❡ ♦s ♣❛râ♠❡tr♦s ❞❛ ♣❛rt❡ ❝♦♥s❡q✉❡♥t❡ ❞❛s

r❡❣r❛s sã♦ ❡st✐♠❛❞♦s ✉t✐❧✐③❛♥❞♦✲s❡ ♦ ❛❧❣♦r✐t♠♦ ❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s r❡❝✉rs✐✈♦s✱ ❝♦♠

❢❛t♦r ❞❡ ❡sq✉❡❝✐♠❡♥t♦ ✈❛r✐á✈❡❧✳ ❖ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ❢♦✐ ❛✈❛❧✐❛❞♦ ♣♦r ♠❡✐♦ ❞❡ ✉♠ ♠♦❞❡❧♦

✈✐rt✉❛❧ ✐♠♣❧❡♠❡♥t❛❞♦ ♥♦ s♦❢t✇❛r❡ ▼❆❚▲❆❇ ♣❛r❛ ♦ ♣r♦❝❡ss♦ ❞❡ ♥❡✉tr❛❧✐③❛çã♦ ❞❡ ♣❍✳ ❖

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

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

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

❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❞❛♣t❛çã♦ ❡ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ♥❡❝❡ssár✐❛s à ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✳

❙❤❛r❞t ❛♥❞ ❨❛♥❣ ❬✶✸❪ ❡①❛♠✐♥❛ ♦ ♣r♦❥❡t♦ ❞♦ t❡r♠♦ ❞❡ ❛t✉❛❧✐③❛çã♦ ❞❡ ♣♦❧❛r✐③❛çã♦ ♣❛r❛

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

t✐♣♦s ❞❡ ❛tr❛s♦s ❞❡ t❡♠♣♦ ❛❧❡❛tór✐♦s✳ ❋♦✐ ❞❡♠♦♥str❛❞♦ q✉❡✱ s❡ ♦ s❡♥s♦r ✈✐rt✉❛❧ ❡st✐✈❡r

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

P♦r ♦✉tr♦ ❧❛❞♦✱ ♣❛r❛ s❡♥s♦r❡s ✈✐rt✉❛✐s ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛✱ s❡ ✈ár✐♦s ✈❛❧♦r❡s ❡st✐✈❡r❡♠

❞✐s♣♦♥í✈❡✐s ❡♠ ✉♠ ❞❛❞♦ ♣♦♥t♦✱ ❡♥tã♦ é ♠❡❧❤♦r ♣❛r❛ ❛❧❣✉♥s ✉♠❛ ♠é❞✐❛ ♣♦♥❞❡r❛❞❛ ❞❛

✐♥❢♦r♠❛çã♦ ❞✐s♣♦♥í✈❡❧✳ ❆ ♣♦♥❞❡r❛çã♦ ❡①❛t❛ ❞❡♣❡♥❞❡rá ❞❛ ♥❛t✉r❡③❛ ❞♦ ❛tr❛s♦ ❞❡ t❡♠♣♦

✭❡st♦❝ást✐❝♦ ♦✉ ❞❡t❡r♠✐♥íst✐❝♦✮ ❡ ❞♦ t✐♣♦ ❞❡ s✐st❡♠❛ q✉❡ ❡stá s❡♥❞♦ ❝♦♥s✐❞❡r❛❞♦✳ ❆ t❛①❛

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

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

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

❞❡ s❡ ❡st✉❞❛r ❛ ♠♦❞❡❧❛❣❡♠ ❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s ❛❧✐❛❞♦ às r❡❞❡s ♥❡✉r❛✐s

❛rt✐✜❝✐❛✐s✱ ✈❡r✐✜❝❛♥❞♦ q✉❡ sã♦ ár❡❛s ❞❡ ❡st✉❞♦ ♣r♦♠✐ss♦r❛s ❡ ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛

❞✐✈❡rs❛s ❛♣❧✐❝❛çõ❡s✱ ❜✉s❝❛♥❞♦ ❡♥t❡♥❞❡r ❡ ❡①♣❧✐❝❛r ❢❡♥ô♠❡♥♦s q✉❡ ♦❝♦rr❡♠✱ ♣♦r ❡①❡♠♣❧♦✱

♥❛ ♥❛t✉r❡③❛✱ ❡♠ s✐st❡♠❛s s♦❝✐❛✐s✱ ❜✐♦♠é❞✐❝♦s❀ s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡ ❡ ♠♦♥✐t♦r❛çã♦❀ ❡st✐✲

♠❛çã♦❀ s✐♠✉❧❛çã♦ ❡ tr❡✐♥❛♠❡♥t♦✳ ◆❡st❛ t❡s❡✱ é ♣r♦♣♦st♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s❡♥s♦r❡s

✈✐rt✉❛✐s ✉t✐❧✐③❛♥❞♦ r❡❞❡s ♥❡✉r❛✐s✱ ✈✐st♦ ❛s ❞✐✜❝✉❧❞❛❞❡s ❡♥❝♦♥tr❛❞❛s✱ ❝♦♠♦ ✐♥❡①✐stê♥❝✐❛ ❞❡

s❡♥s♦r❡s ♣❛r❛ ❛❧❣✉♠❛s ❛♣❧✐❝❛çõ❡s ❡s♣❡❝í✜❝❛s✱ ♣r❡ç♦s ❡❧❡✈❛❞♦s✱ ❛tr❛s♦s ♦✉ ✐♠♣r❡❝✐sã♦ ❞❛s

♠❡❞✐❞❛s✳

✶✳✷ ❖❜❥❡t✐✈♦ ●❡r❛❧

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

♥✐t♦r❛♠❡♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ♣r♦❝❡ss♦s ❝♦♠♣❧❡①♦s ♥ã♦ ❧✐♥❡❛r❡s ❡ ❝♦♠ ♠ú❧t✐♣❧❛s ❡♥tr❛❞❛s

❡ ♠ú❧t✐♣❧❛s s❛í❞❛s✱ ✉t✐❧✐③❛♥❞♦ r❡❞❡s ♥❡✉r❛✐s ♥❛s ❡st✐♠❛t✐✈❛s ❞❛s ✈❛r✐á✈❡✐s✳ ❖ ✐♥t✉✐t♦ é

♠♦♥✐t♦r❛r ♦ s✐st❡♠❛ ✉t✐❧✐③❛♥❞♦ ♦ ❝♦♥❝❡✐t♦ ❞❡ s❡♥s♦r ✈✐rt✉❛❧ ❛❧✐❛❞♦ às r❡❞❡s ♥❡✉r❛✐s ♥❛s

❡st✐♠❛t✐✈❛s✱ ♦ q✉❡ ❛✐♥❞❛ é ♣♦✉❝♦ ❞✐❢✉♥❞✐❞♦ ♥❛ ❧✐t❡r❛t✉r❛ té❝♥✐❝♦ ❝✐❡♥tí✜❝❛✱ s❡♥❞♦ ✉♠❛ ár❡❛
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♣r♦♠✐ss♦r❛ ❞❡ ♣❡sq✉✐s❛✳

✶✳✸ ❖❜❥❡t✐✈♦s ❊s♣❡❝í✜❝♦s

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

♣r❡ssã♦ ❡ ✈❛③ã♦ ❡♠ ✉♠❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡ ❡①♣❡r✐♠❡♥t❛❧ ✭s✐st❡♠❛ ❞❡ tr❛♥s♣♦rt❡ ✢✉í❞✐❝♦✮

s❡❣✉✐♥❞♦ ❛❧❣✉♠❛s ❡t❛♣❛s✿

• ❛q✉✐s✐çã♦ ❞❡ ❛♠♦str❛s ♣❛r❛ ❝♦♠♣♦r ❜❛s❡ ❞❡ ❞❛❞♦s ❞❡ ✈❛❧♦r❡s ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛s

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

• tr❛t❛♠❡♥t♦ ❞❡ss❛ ❜❛s❡ ❞❡ ❞❛❞♦s✱ s❡♣❛r❛çã♦ ❞❡ ❛♠♦str❛s ❡ ♥♦r♠❛❧✐③❛çã♦❀

• ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ r❡❞❡s ♥❡✉r❛✐s ❝♦♠ ❞✐❢❡r❡♥t❡s ❛❧❣♦r✐t♠♦s ❞❡ tr❡✐♥❛♠❡♥t♦❀

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

✉t✐❧✐③❛❞❛✳

✶✳✹ ❈♦♥tr✐❜✉✐çã♦

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

♠❡♥t♦ ❞❡ ♣r♦❝❡ss♦s ♥ã♦ ❧✐♥❡❛r❡s ♠✉❧t✐✈❛r✐á✈❡✐s✳ ❖ ❢❛t♦ ❞❡ ♥ã♦ ♣r❡❝✐s❛r ❞♦ ♠♦❞❡❧♦ ♠❛t❡✲

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

❝♦♠ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ✐♥❡r❡♥t❡ ❛ ❡ss❡ t✐♣♦ ❞❡ ♣r♦❝❡ss♦✳ ❈♦♠ ❞❛❞♦s ❞❡ ❡♥tr❛❞❛s ❡ s❛í❞❛s

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

✐♥t❡r❡ss❡✳

❊①✐st❡♠ ❛❧❣✉♠❛s ár❡❛s ❞❡ ❛t✉❛çõ❡s ❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s q✉❡ sã♦ ✐♠♣♦rt❛♥t❡s ❡ ♣♦❞❡♠

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

❡♠ q✉❡ s❡ ❞❡s❡❥❛ ♦❜t❡r ♠❡❞✐❞❛s ❞❡ s❡♥s♦r❡s ❡♠ ❛♠❜✐❡♥t❡s q✉❡ sã♦ ✐♥❛❝❡ssí✈❡✐s ✜s✐❝❛♠❡♥t❡✱

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

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

✐❞❡♥t✐✜❝❛r s❡ ❡①✐st❡ ❛❧❣✉♠ ♣r♦❜❧❡♠❛✳ ❯♠ ♦✉tr♦ ❝❛s♦✱ q✉❡ ❢♦✐ ♦ ❞❡ ✐♥t❡r❡ss❡ ❡ ❛❜♦r❞❛❞♦

♥❡st❛ t❡s❡✱ é ♦ ❝❡♥ár✐♦ ❡♠ q✉❡ s❡ ❞❡s❡❥❛ q✉❡ ♦ s❡♥s♦r ✈✐rt✉❛❧ ❛❝♦♠♣❛♥❤❡ ♦ ♠❡s♠♦ ❝♦♠✲

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

❈♦♠ ✐ss♦✱ ♣♦❞❡✲s❡ t❡r ❝❡♥ár✐♦s ❝♦♠ ♣❧❛♥t❛s ❛❧t❛♠❡♥t❡ ❝♦♠♣❧❡①❛s q✉❡ ♣r❡❝✐s❛♠ ❞❡ ✉♠❛

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

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

✉♠ ♠❡♥♦r ♥ú♠❡r♦ ❞❡ s❡♥s♦r❡s✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ r❡❞✉③✐♥❞♦ ❝✉st♦s✳

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

❝♦♥✜❛❜✐❧✐❞❛❞❡ ❡ ❞❡ ♣r❡❞✐çã♦ ❞❡ ♠❡❞✐❞❛s ✐♥❛❝❡ssí✈❡✐s✱ ♣♦r ❡①❡♠♣❧♦✳
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✶✳✺ ❖r❣❛♥✐③❛çã♦ ❞♦ ❚❡①t♦

❖ t❡①t♦ ❞❡st❡ tr❛❜❛❧❤♦ ❡stá ♦r❣❛♥✐③❛❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

◆❡st❡ ❈❛♣ít✉❧♦ ❢♦✐ r❡❛❧✐③❛❞❛ ✉♠❛ ✐♥tr♦❞✉çã♦ ❞♦ tr❛❜❛❧❤♦✱ s❡♥❞♦ ❛♣r❡s❡♥t❛❞♦s ❛ ♠♦t✐✲

✈❛çã♦✱ ♦s ♦❜❥❡t✐✈♦s ❡ ❛s ❝♦♥tr✐❜✉✐çõ❡s✳

◆♦ ❈❛♣ít✉❧♦ ✷✱ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛✱ ❛♣♦♥t❛♥❞♦ ✉♠❛ ❛♠♦str❛❣❡♠

❞❡ ❛❜♦r❞❛❣❡♥s ❡ ❛♣❧✐❝❛çõ❡s ❞❡ ♠♦❞❡❧❛❣❡♠ ❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s ❛❧✐❛❞♦

às r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s ❡ ❞♦ ✉s♦ ❞❡ s❡♥s♦r❡s ✈✐rt✉❛✐s ♥♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss♦s✳

◆♦ ❈❛♣ít✉❧♦ ✸ é ❛♣r❡s❡♥t❛❞❛ ❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛✱ s♦❜r❡ ♠♦❞❡❧❛❣❡♠ ❡ ✐❞❡♥t✐✜❝❛çã♦

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

◆♦ ❈❛♣ít✉❧♦ ✹ é ❛♣r❡s❡♥t❛❞❛ ❛ ❞❡s❝r✐çã♦ ❞❛ ♣❧❛t❛❢♦r♠❛ ✭s✐st❡♠❛ ♥ã♦ ❧✐♥❡❛r✮ ✉t✐❧✐③❛❞❛

♣❛r❛ ♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s✳

◆♦ ❈❛♣ít✉❧♦ ✺ é ❛♣r❡s❡♥t❛❞♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s ❝♦♠ ❜❛s❡ ❡♠ r❡❞❡s

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

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

♦❜t✐❞❛s✳ ◆❡st❡ ❝❛♣ít✉❧♦ sã♦ ❛♣r❡s❡♥t❛❞❛s t❛♠❜é♠ ❛s ♠❡❞✐çõ❡s r❡❛❧✐③❛❞❛s✱ ❛ ✐♥t❡r❢❛❝❡

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

❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳

❆s ❝♦♥❝❧✉sõ❡s ❣❡r❛✐s ❡♠ r❡❧❛çã♦ ❛♦ tr❛❜❛❧❤♦ r❡❛❧✐③❛❞♦ ❡ ❛s s✉❣❡stõ❡s ♣❛r❛ tr❛❜❛❧❤♦s

❢✉t✉r♦s sã♦ ❛♣r❡s❡♥t❛❞❛s ♥♦ ❈❛♣ít✉❧♦ ✻✳



❈❛♣ít✉❧♦ ✷

❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛

❆s ♠❡❞✐çõ❡s ❡♠ t❡♠♣♦ r❡❛❧ sã♦ ❜❛st❛♥t❡ ❞❡s❡❥❛❞❛s ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦ ♣r♦❝❡ss♦✱ ♠❛s

❤á q✉❡stõ❡s q✉❡ ❞✐✜❝✉❧t❛♠ ✐ss♦✱ ❝♦♠♦ ❛ ❛✉sê♥❝✐❛ ❞❡ ♠ét♦❞♦s ❞❡ ❞❡t❡❝çã♦ ❛♣r♦♣r✐❛❞♦s ❡

♦ ❛❧t♦ ❝✉st♦ ❞♦s ♠ét♦❞♦s ❝♦♥❤❡❝✐❞♦s✳ ■st♦ ❢❛③ ❝♦♠ q✉❡ ❡ss❛s ✈❛r✐á✈❡✐s ❞❡ ✐♥t❡r❡ss❡ s❡❥❛♠

♠♦♥✐t♦r❛❞❛s ❛tr❛✈és ❞❡ ❛♥á❧✐s❡s ♦✤✐♥❡ ❡♠ ❧❛❜♦r❛tór✐♦✱ ♦❝♦rr❡♥❞♦ ♣❡r❞❛ ❞❡ ✐♥❢♦r♠❛çã♦✱

❞❡♠♦r❛ ♥❛ ♦❜t❡♥çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ❡ ♥♦r♠❛❧♠❡♥t❡ r❡q✉❡r❡♠ ❛✉♠❡♥t♦ ❞♦ ❡s❢♦rç♦

❤✉♠❛♥♦✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠❛ r❡❞✉çã♦ ❞❡ r❡♥❞✐♠❡♥t♦ ❬✶✾❪✳

❆ss✐♠✱ ✈✐s✉❛❧✐③❛r ♦s ❞❛❞♦s ❞❡ ✉♠ ♣r♦❝❡ss♦ é ✉♠ r❡q✉✐s✐t♦ ✐♠♣♦rt❛♥t❡ ♣❛r❛ s✐st❡♠❛s ❞❡

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

❝♦♠ ♦ ♠✉♥❞♦ r❡❛❧✱ ♦✉ ♠✉♥❞♦ ❢ís✐❝♦ ❬✷✷❪✳

▼♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ é ❛ ár❡❛ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ q✉❡ ❡st✉❞❛ ♠ét♦❞♦s ♣❛r❛ ❞❡s❡♥✲

✈♦❧✈❡r ❡ ✐♠♣❧❡♠❡♥t❛r ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s ❞❡ s✐st❡♠❛s r❡❛✐s ❬✷❪✳ ❊♥t❡♥❞❡✲s❡ ♦ ♠♦❞❡❧♦

♠❛t❡♠át✐❝♦ ❞❡ ✉♠ s✐st❡♠❛ ❝♦♠♦ s❡♥❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡q✉❛çõ❡s q✉❡ ❞❡s❝r❡✈❡♠ s❡✉ ❝♦♠✲

♣♦rt❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❡ ❡stát✐❝♦✳ ➱ ✐♠♣♦rt❛♥t❡ q✉❡ ❛ ♦❜t❡♥çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦

❡st❛❜❡❧❡ç❛ ✉♠ ❝♦♠♣r♦♠✐ss♦ ❡♥tr❡ ❛ s✐♠♣❧✐❝✐❞❛❞❡ ❞♦ ♠♦❞❡❧♦ ❡ ❛ ♣r❡❝✐sã♦ ❞♦s r❡s✉❧t❛❞♦s

❞❛ ❛♥á❧✐s❡ ❬✹✶❪✳

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

♦♥❞❡ ❛ q✉❛❧✐❞❛❞❡ ❞❡s❡♠♣❡♥❤❛ ✉♠ ♣❛♣❡❧ ❢✉♥❞❛♠❡♥t❛❧✳ ❖ ✐♥t❡r❡ss❡ ✐♥❞✉str✐❛❧ ❡ ❛❝❛❞ê♠✐❝♦

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

❛ ♠♦❞❡❧❛❣❡♠ ❡ ❛ s✐♠✉❧❛çã♦ sã♦ ❝❛♣❛③❡s ❞❡ ❧❡✈❛r à ♦t✐♠✐③❛çã♦ ❞❡ ♣r♦❝❡ss♦s ❡✱ ❛♦ ♠❡s♠♦

t❡♠♣♦✱ r❡❞✉③✐r ♦ tr❛❜❛❧❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❝❛r♦ ❡ ❞❡♠♦r❛❞♦ ❬✸✽❪✳

❆ ✉t✐❧✐③❛çã♦ ❞❡ té❝♥✐❝❛s ♣❛r❛ ♠♦❞❡❧❛❣❡♠ ❞❡ s✐st❡♠❛s ❜❛s❡❛❞❛s ❡♠ ♠♦❞❡❧♦s ❧✐♥❡❛r❡s

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

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

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

❛♣r♦①✐♠❛çã♦ ❞❡ ✉♠ ♣r♦❝❡ss♦✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦s ❡sq✉❡♠❛s ♣❛r❛ s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s✱ ♦s

q✉❛✐s ❡♠♣r❡❣❛♠ ♠♦❞❡❧♦s ♠❛✐s r❡❛❧✐st❛s ❡✱ ♣♦rt❛♥t♦✱ ♠❛✐s ❝♦♠♣❧❡①♦s✱ ❡❧✐♠✐♥❛♠ ❛ s✐♠♣❧✐✲

✻



❈❛♣ít✉❧♦ ✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛ ✼

❝✐❞❛❞❡ ❛ss♦❝✐❛❞❛ às té❝♥✐❝❛s ❧✐♥❡❛r❡s ♣❛r❛ ❝♦♥s❡❣✉✐r ❛ ❞❡s❝r✐çã♦ ❞❡ ♣r♦❝❡ss♦s ♥ã♦ ❧✐♥❡❛r❡s✳

▼♦❞❡❧♦s ♥ã♦ ❧✐♥❡❛r❡s ♣♦ss✐❜✐❧✐t❛♠ ✉♠ r❡tr❛t♦ ♠❛✐s ✜❡❧ ❞♦ ♣r♦❝❡ss♦ q✉❛♥❞♦ ❡st❡ s❡ ❢❛③ ♥❡✲

❝❡ssár✐♦✳ ❆♣❡s❛r ❞❡ ❛♣r❡s❡♥t❛r ✉♠❛ ❝♦♠♣❧❡①✐❞❛❞❡ ♠❛✐♦r✱ ❛♣❡♥❛s ❛ r❡♣r❡s❡♥t❛çã♦ ❛tr❛✈és

❞❡ ✉♠ ♠♦❞❡❧♦ ♥ã♦ ❧✐♥❡❛r ♣❡r♠✐t❡ ❛ ❛♥á❧✐s❡ ❞❡ ❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ s✐st❡♠❛✱ ❝♦♠♦

♦s❝✐❧❛çõ❡s ❬✶✷❪✳ ❆t✉❛❧♠❡♥t❡✱ ✉♠❛ s♦❧✉çã♦ ✐♥t❡r❡ss❛♥t❡ ♣❛r❛ ♣❡r♠✐t✐r q✉❛❧✐❞❛❞❡✱ ❡✜❝✐ê♥❝✐❛

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

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

té❝♥✐❝❛s q✉❡✱ ♣❡r♠✐t❡♠ ❛ ❝♦♥str✉çã♦ ❞❡ ♠♦❞❡❧♦s q✉❡ sã♦ ❛♣r♦①✐♠❛❞♦r❡s ✉♥✐✈❡rs❛✐s ❞❡

❢✉♥çõ❡s✳ ❉❡ ❢❛t♦✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛ té❝♥✐❝❛ ✉t✐❧✐③❛❞❛✱ é ♣♦ssí✈❡❧ ❛♣r♦①✐♠❛r ❝♦♠ ♣r❡❝✐sã♦

❛r❜✐trár✐❛ ✉♠❛ ❢✉♥çã♦ ♥ã♦ ❧✐♥❡❛r ❝♦♥tí♥✉❛ ❞❡✜♥✐❞❛ ❡♠ ✉♠❛ r❡❣✐ã♦ ❝♦♠♣❛❝t❛ ✭❧✐♠✐t❛❞❛

❡ ❢❡❝❤❛❞❛✮ t♦♠❛♥❞♦✲s❡ ❝♦♠♦ ❜❛s❡ t❛♥t♦ ✐♥❢♦r♠❛çõ❡s q✉❛♥t✐t❛t✐✈❛s q✉❛♥t♦ q✉❛❧✐t❛t✐✈❛s

❬✼✱ ✺✷❪✳

❆s ❘◆❆s ♣♦❞❡♠ s❡r ❛♣❧✐❝❛❞❛s ❡♠ ❞✐✈❡rs♦s t✐♣♦s ❞❡ t❛r❡❢❛s✱ ♣♦r ❡①❡♠♣❧♦✱ ♥♦ r❡❝♦♥❤❡✲

❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s✱ ❛♣r♦①✐♠❛çã♦ ❞❡ ❢✉♥çõ❡s ❡ ♣r❡❞✐çã♦✳ ◆❡st❛ t❡s❡✱ ❛ t❛r❡❢❛ ❛❞♦t❛❞❛ é ❛

❡st✐♠❛t✐✈❛ ❞❡ ✈❛r✐á✈❡✐s ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss♦s✳

❱✐st♦ ❛ ♥❡❝❡ss✐❞❛❞❡ ❡ ✐♠♣♦rtâ♥❝✐❛ ❞♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss♦s ❡♠ ❛♣❧✐❝❛çõ❡s ✐♥✲

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

✈✐♠❡♥t♦ ❞♦ s❡♥s♦r ✈✐rt✉❛❧✳ ❆ ✉t✐❧✐③❛çã♦ ❞♦ ❝♦♥❝❡✐t♦ ❞❡ s❡♥s♦r❡s ✈✐rt✉❛✐s ❥á é ❡st✉❞❛❞❛ ❡

❡stá ❧✐❣❛❞❛ à ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❞❡ ♣r♦❝❡ss♦s ❝♦♠ ❛❜♦r❞❛❣❡♠ ♥❛ ♣r❡❞✐çã♦ ❞❡ ♣r♦♣r✐✲

❡❞❛❞❡s ❛ ♣❛rt✐r ❞❡ ❞❛❞♦s ❞❛ ♣❧❛♥t❛ ❬✷✶❪✳ ❍á ♠✉✐t❛s ✈❛r✐á✈❡✐s ♠❡❞✐❞❛s ✧♦♥❧✐♥❡✧ ❡ q✉❡ sã♦

❛♠♦str❛❞❛s ❞❡ ❢♦r♠❛ r❡❧❛t✐✈❛♠❡♥t❡ ❢r❡q✉❡♥t❡✱ ❡ ❡st❛s ✈❛r✐á✈❡✐s ♣♦❞❡♠ ❡st❛r ✐♥❞✐r❡t❛♠❡♥t❡

r❡❧❛❝✐♦♥❛❞❛s às ✈❛r✐á✈❡✐s ❞✐❢í❝❡✐s ❞❡ s❡r❡♠ ♠❡❞✐❞❛s ❬✸✹❪✳

❆ss✐♠✱ ♣♦❞❡✲s❡ ❞✐③❡r q✉❡ ✉♠ s❡♥s♦r ✈✐rt✉❛❧ é ✉♠ ♠❡❝❛♥✐s♠♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ s✉❜st✐t✉✐r

❛ ✐♥❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ♠♦♠❡♥tâ♥❡❛ ♦✉ ♣❡r♠❛♥❡♥t❡ ❞❡ ✉♠ s❡♥s♦r r❡❛❧ ❡♠ ✉♠❛ ♣❧❛♥t❛✱ q✉❡

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

♣♦r ❡①❡♠♣❧♦ ❬✸✹❪✳

❆♣❧✐❝❛çõ❡s ❞❡ s❡♥s♦r❡s ✈✐rt✉❛✐s ❡stã♦ ❛✉♠❡♥t❛♥❞♦ ❝♦♠ ♦ ❝r❡s❝❡♥t❡ ❛✈❛♥ç♦ t❡❝♥♦❧ó❣✐❝♦✱

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

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

❡♠ ❣❡r❛❧ ❢♦rt❡♠❡♥t❡ ✐♥str✉♠❡♥t❛❞❛s✱ ❝♦♠ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ s❡♥s♦r❡s ❬✸✺❪✳

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

♥❡❝❡ssár✐♦ ❛ ❝♦♥str✉çã♦ ❞❡ ♣❧❛♥t❛s ❢♦rt❡♠❡♥t❡ ✐♥str✉♠❡♥t❛❞❛s ♣♦r ✉♠ ❝✉st♦ ❡❧❡✈❛❞♦✳ P♦r

❡st❛ r❛③ã♦✱ ♦ ✉s♦ ❞❡ s❡♥s♦r❡s ✈✐rt✉❛✐s é ✉♠❛ ❛❧t❡r♥❛t✐✈❛ ✈❛❧✐♦s❛ ❛ ❡st❛ s♦❧✉çã♦✳ ❖ ♠♦♥✐t♦✲

r❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss♦s ♣♦ss✐❜✐❧✐t❛ ♦ ❞✐❛❣♥óst✐❝♦ ❞❡ ♣r♦❜❧❡♠❛s✱ ✐st♦ é ♣❛rt✐❝✉❧❛r♠❡♥t❡ út✐❧

❡♠ ♣r♦❝❡ss♦s ❞❡s❝♦♥tí♥✉♦s ✭♣r♦❝❡ss♦s ❞✐✈✐❞✐❞♦s ❡♠ ❡t❛♣❛s✮✳ ❊♠ ✉♠ ♣r♦❝❡ss♦ ✐♥❞✉str✐❛❧✱

♣♦r ❡①❡♠♣❧♦✱ ♦ ❞✐❛❣♥óst✐❝♦ ❞❡ ♣r♦❜❧❡♠❛s r❡❞✉③ ♦ ♥ú♠❡r♦ ❞❡ ♣r♦❞✉t♦s r❡❥❡✐t❛❞♦s✱ ♣❡r♠✐t❡

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



❈❛♣ít✉❧♦ ✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛ ✽

❢❛❧❤❛s ♥♦s ♣r♦❞✉t♦s s✉❜s❡q✉❡♥t❡s ❬✶❪✳

❆♥❣❡❧♦s ❡t ❛❧✳ ❬✸✽❪ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠ s✐st❡♠❛ ♣❛r❛ ♣r❡❞✐çã♦ ❞❡ r✉❣♦s✐❞❛❞❡ ❞❛ s✉♣❡r❢í❝✐❡

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

❡♠ ✈ár✐♦s ♣r♦❞✉t♦s ✜♥❛✐s ❞♦ s❡t♦r ♠❛♥✉❢❛t✉r❡✐r♦ ❡ q✉❡ ❡①✐❣❡♠ ❛❧t❛ q✉❛❧✐❞❛❞❡✱ ❣❡r❛❧♠❡♥t❡

q✉❛♥t✐✜❝❛❞❛ ❛tr❛✈és ❞❛ r✉❣♦s✐❞❛❞❡ s✉♣❡r✜❝✐❛❧ ❞♦ ♣r♦❞✉t♦ ✜♥❛❧✳ ❆ r✉❣♦s✐❞❛❞❡ ❞❛ s✉♣❡r❢í❝✐❡

✐♥✢✉❡♥❝✐❛ ✈ár✐♦s ❛tr✐❜✉t♦s ❞❡ ✉♠❛ ♣❡ç❛✱ ❝♦♠♦ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❢❛❞✐❣❛✱ ❞❡s❣❛st❡✱

❝♦rr♦sã♦✱ ❧✉❜r✐✜❝❛çã♦ ❡ ❛tr✐t♦ s✉♣❡r✜❝✐❛❧✳ ❆❧❣✉♥s t✐♣♦s ❞❡ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s sã♦

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

❢❛❜r✐❝❛çã♦✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ r❡❞❡ ♥❡✉r❛❧ ❞❡ ❜❛s❡ r❛❞✐❛❧ ✭❘❇❋✮ ❡ r❡❞❡ ♥❡✉r❛❧ ❢❡❡❞❢♦r✇❛r❞

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

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

❡ ❛ s❛í❞❛ ❞❛s r❡❞❡s ❢♦✐ ❛ r✉❣♦s✐❞❛❞❡ ❞❛ s✉♣❡r❢í❝✐❡✳ ❈♦♠ ♦ tr❛❜❛❧❤♦✱ ♣♦❞❡✲s❡ ❝♦♥❝❧✉✐r q✉❡

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

♣r♦❝❡ss♦ ❞❡ ♠♦❛❣❡♠✳

❙✐♥❣❤ ❡t ❛❧✳ ❬✺✵❪ ❛♣r❡s❡♥t❛r❛♠ ✉♠ s✐st❡♠❛ ❞❡ ❞✐❛❣♥óst✐❝♦ ❞❡ ❝â♥❝❡r ❞❡ ♠❛♠❛ ❜❛s❡❛❞♦

❡♠ r❡❞❡s ♥❡✉r❛✐s✳ ❖ ❝â♥❝❡r ❞❡ ♠❛♠❛ é ✉♠❛ ❞❛s ❞♦❡♥ç❛s ❢❛t❛✐s ❡♠ ♠✉❧❤❡r❡s✱ q✉❡ t❡♠ ♠❛✐s

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

❝❛♣❛❝✐❞❛❞❡ ❞❡ s❡r tr❡✐♥❛❞♦ ♣♦r ❣r❛♥❞❡s ✈♦❧✉♠❡s ❞❡ ❞❛❞♦s ❡ ✐♥❢♦r♠❛çõ❡s ♦❝✉❧t❛s ♦✉ r❡❝✉rs♦s

♥❛s ❛♠♦str❛s✳ ❖s s✐st❡♠❛s ❞❡ ❞✐❛❣♥óst✐❝♦ ❝♦♠ ❜❛s❡ ❡♠ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s ✭❘◆❆✮

♣❛r❛ ♦ ❝â♥❝❡r ❞❡ ♠❛♠❛ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ✉t✐❧✐③❛♥❞♦ ❞♦✐s ❡stá❣✐♦s✳ ❊♠ ♣r✐♠❡✐r♦ ❧✉❣❛r✱ ❛

❜❛s❡ ❞❡ ❞❛❞♦s ❲❉❇❈ ✭❲✐s❝♦♥s✐♥ ❇r❡❛st ❈❛♥❝❡r ❉❛t❛❜❛s❡✮ é ✉s❛❞❛ ♣❛r❛ ❞❡s❡♥✈♦❧✈❡r ♦

s✐st❡♠❛✳ ➱ r❡❛❧✐③❛❞♦ ♦ tr❡✐♥❛♠❡♥t♦ s✉♣❡r✈✐s✐♦♥❛❞♦ ❞❛ r❡❞❡ ♥❡✉r❛❧ ✉s❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ ❇P

✭❇❛❝❦♣r♦♣❛❣❛t✐♦♥✮✳ ❉✉❛s ✈❛r✐❛♥t❡s ❞♦ ❛❧❣♦r✐t♠♦ sã♦ ✐♥✈❡st✐❣❛❞♦s✱ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ ❝♦♠

três ❡ ♦✉tr❛ r❡❞❡ ♥❡✉r❛❧ ❝♦♠ q✉❛tr♦ ❝❛♠❛❞❛s✳ ❈♦♠ ❛ r❡❞❡ ♥❡✉r❛❧ ❞❡s❡♥✈♦❧✈✐❞❛ ❞❡ ❢♦r♠❛

❡✜❝✐❡♥t❡✱ ♦ ♠ét♦❞♦ ❞❡ t❡st❡ é ❛♣❧✐❝❛❞♦ ♣❛r❛ ✐♠❛❣❡♥s ❞❡ ❜✐ó♣s✐❛ ❞❡ ❧â♠✐♥❛s ❞❡ t❡❝✐❞♦s

♠❛♠ár✐♦s✳ ❖ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s é ❢❡✐t♦ ♣❛r❛ ❡①tr❛✐r ❝❛r❛❝t❡ríst✐❝❛s✲❝❤❛✈❡

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

❙✐♠✉❧✐♥❦ ❞♦ ▼❆❚▲❆❇✳ ❆ss✐♠✱ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s é ❝r✐❛❞♦ ✉s❛♥❞♦ ♦s ❡st✉❞♦s ❞❡

❝❛s♦ ❞❡ ❝â♥❝❡r ❞❡ ♠❛♠❛✳ ◆♦ tr❛❜❛❧❤♦ ❢♦✐ ❞❡♠♦♥str❛❞♦ q✉❡ ❛ r❡❞❡ ♥❡✉r❛❧ ♣♦❞❡ s❡r ✉♠❛

❢❡rr❛♠❡♥t❛ ❡✜❝✐❡♥t❡ ♥❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sõ❡s ♥♦ ❝❛♠♣♦ ❞❡ ❞✐❛❣♥óst✐❝♦ ❞❡ ❝â♥❝❡r ❛tr❛✈és ❞❡

❧â♠✐♥❛s ❞❡ ❜✐ó♣s✐❛✳

▲✐✉ ❡t ❛❧✳ ❬✸✵❪ ♣r♦♣✉s❡r❛♠ ✉♠❛ ♥♦✈❛ ❛❜♦r❞❛❣❡♠ ❞❡ s❡♥s♦r ✈✐rt✉❛❧✱ q✉❡ ❡♥✈♦❧✈❡ ✉♠

♠♦❞❡❧♦ ❞❡ r❡s♣♦st❛ ❛♦ ✐♠♣✉❧s♦ ✜♥✐t♦ ♥ã♦ ❧✐♥❡❛r ❝♦♠ ♣❛râ♠❡tr♦s ❧✐♥❡❛r❡s ❛❞❛♣tá✈❡✐s ♣❛r❛

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

❛ s❛í❞❛ ❞♦ ♠♦❞❡❧♦ é ❡♥tã♦ ✉s❛❞❛ ❝♦♠♦ ✉♠❛ ❡♥tr❛❞❛ ❞❡ ✉♠ ♠♦❞❡❧♦ ❝♦♠ ✉♠❛ ❡str✉t✉r❛

✜①❛ s✐♠♣❧❡s ♣❛r❛ ♣r❡✈❡r ❛ ♣r❡ssã♦ q✉❡ ♣♦❞❡ s❡r ♠❡❞✐❞❛ ♦♥❧✐♥❡✳ ❋✐♥❛❧♠❡♥t❡✱ ❛ ♣r❡ssã♦

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



❈❛♣ít✉❧♦ ✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛ ✾

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

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

♣❡rt✉r❜❛çõ❡s✱ ♣♦rt❛♥t♦✱ ♣r♦❞✉③✐♥❞♦ ✉♠❛ ❡st✐♠❛t✐✈❛ ❞❡ ✈✐s❝♦s✐❞❛❞❡ ❝♦♥✜á✈❡❧✳ ❖s r❡s✉❧✲

t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❝♦♥✜r♠❛♠ ❛ ❡✜❝á❝✐❛ ❞♦ ♠ét♦❞♦ ❞❡ s❡♥s♦r ✈✐rt✉❛❧ ♣r♦♣♦st♦ ♣❛r❛ ♦

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

❚❛♥❣ ❡t ❛❧✳ ❬✺✶❪ ♣r♦♣✉s❡r❛♠ ✉♠ ♠ét♦❞♦ q✉❡ s❡ ❞✐❢❡r❡♥❝✐❛ ❞♦ ♠♦❞❡❧♦ ❞❡ ❛♣r♦①✐♠❛çã♦

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

♣♦♥t♦ ❞❡ ♦♣❡r❛çã♦✳ ◆♦ tr❛❜❛❧❤♦ sã♦ ❝♦♥s✐❞❡r❛❞♦s ❛ ❝❧❛ss❡ ❞❡ s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s ❡♠

❝❛s❝❛t❛ ♦✉ ❝♦♠ ❝♦♠❜✐♥❛çã♦ ❞❡ ❢❡❡❞❜❛❝❦ ❞❡ ❡❧❡♠❡♥t♦s ❡stát✐❝♦s ♥ã♦ ❧✐♥❡❛r❡s ❡ ✉♠ s✐st❡♠❛

❞✐♥â♠✐❝♦ ❧✐♥❡❛r✳ ➱ ♠♦str❛❞♦ q✉❡ ❛ s✐♠✐❧❛r✐❞❛❞❡ ❛r❜✐trár✐❛ ❡♥tr❡ ❛ s❛í❞❛ ❞♦ s✐st❡♠❛ ❧✐♥❡❛r

❡ ❞♦ s✐st❡♠❛ ♥ã♦ ❧✐♥❡❛r ♣♦❞❡ s❡r ❝♦♥s❡❣✉✐❞❛✳ ❖ ❡sq✉❡♠❛ ♣r♦♣♦st♦ é ✈❡r✐✜❝❛❞♦ ❡♠ s✐st❡♠❛s

♥ã♦ ❧✐♥❡❛r❡s s✐♠✉❧❛❞♦s✱ ❡ t❡st❛❞♦s ❡♠ ✉♠ s✐st❡♠❛ ❢ís✐❝♦ ✭s❡r✈♦♠♦t♦r✮✱ ❡ ❡♥❝♦♥tr❛ ❛♣❧✐❝❛çã♦

♥❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s ♣❛r❛ ♣r♦❥❡t♦s ❞❡ ❝♦♥tr♦❧❡✱ ❞✐❛❣♥óst✐❝♦s ❞❡ ❢❛❧❤❛s✱ ❡ ❛♥á❧✐s❡ ❞♦

❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s✳

❙❡r♣❛s ❡t ❛❧✳ ❬✹✼❪ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ❞❡t❡❝çã♦ ❞❡ ❢❛❧❤❛s q✉❡ ❡♥✈♦❧✈❡

s❡♥s♦r❡s ✈✐rt✉❛✐s ♣❛r❛ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss♦s✳ ❆♦ ❝♦♥trár✐♦ ❞❡ ❛❜♦r❞❛❣❡♥s ❡①✐st❡♥✲

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

❞❡ss❛s ♠❡❞✐çõ❡s r❡♣r❡s❡♥t❛♥❞♦ ♦♣❡r❛çõ❡s ♥♦r♠❛✐s✱ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❛♣r❡s❡♥t❛❞❛ ❧✐❞❛ ❞✐r❡✲

t❛♠❡♥t❡ ❝♦♠ ❛s ❡st✐♠❛t✐✈❛s ❞❡ ❡st❛❞♦ q✉❡ ♣r❡❝✐s❛♠ s❡r ♠♦♥✐t♦r❛❞❛s✳ ❆ ❡str❛té❣✐❛ ❞♦

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

❞❡ ❡st❛❞♦ ❞❡r✐✈❛❞♦s ❞❛s ♦♣❡r❛çõ❡s ♥♦r♠❛✐s ❞♦ ♣r♦❝❡ss♦✳ ➱ ✐♠♣♦rt❛♥t❡ ❢❛❧❛r q✉❡ ❡ss❡s

❧✐♠✐t❡s sã♦ ❞✐❢❡r❡♥t❡s ❞♦s ❧✐♠✐t❡s q✉❡ s❡r✐❛♠ ❞❡r✐✈❛❞♦s s❡ ♦s ❡st❛❞♦s ❢♦ss❡♠ ♠❡❞✐❞♦s ❡♠

✈❡③ ❞❡ ❡st✐♠❛❞♦s✳ ❆ r❛③ã♦ ♣❛r❛ ✐ss♦ é q✉❡ ♦ ♣r♦❥❡t♦ ❞♦ s❡♥s♦r ✈✐rt✉❛❧ t❡♠ ✐♠♣❛❝t♦ ❞✐✲

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

❛❥✉st❛❞♦s ❜❛s❡❛❞♦s ♥♦ ♣r♦❥❡t♦ ❞♦ s❡♥s♦r ✈✐rt✉❛❧✳ ❆ ✈❛♥t❛❣❡♠ ❞❡ t❛❧ ❛❜♦r❞❛❣❡♠ é q✉❡

♦ ❡❢❡✐t♦ ❞❛s ❝♦♥❞✐çõ❡s ❛♥♦r♠❛✐s ❞♦ ♣r♦❝❡ss♦ ♥❛s ✈❛r✐á✈❡✐s ❞❡ ❡st❛❞♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦

❞✐r❡t❛♠❡♥t❡ ❡ q✉❡ é ♣♦ssí✈❡❧ ✐♥❝❧✉✐r r❡❧❛çõ❡s ♥ã♦ ❧✐♥❡❛r❡s ❡♥tr❡ ♠❡❞✐çõ❡s ❡ ❡st❛❞♦s✳ ❆♦

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

♥ã♦ ♠❡❞✐❞♦s ♥ã♦ sã♦ ✐❣✉❛✐s às ✈❛r✐â♥❝✐❛s ❞❛s ✈❛r✐á✈❡✐s ❞♦ ♣r♦❝❡ss♦ ❛t✉❛✐s ❞❡✈✐❞♦ ❛♦ ✉s♦

❞♦ s❡♥s♦r ✈✐rt✉❛❧✳ ❊♥tr❡t❛♥t♦✱ ♣❛r❛ ♠✉✐t❛s té❝♥✐❝❛s ❞❡ s❡♥s♦r❡s ✈✐rt✉❛✐s✱ ❝♦♠♦ ✜❧tr♦s ❞❡

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

q✉❡ ❝♦rr❡s♣♦♥❞❡♠ ❛ ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çõ❡s ♥♦r♠❛✐s✳ ❆ ❛❜♦r❞❛❣❡♠ ❛♣r❡s❡♥t❛❞❛✱ ❞❡ r❡❛❧✐✲

③❛r ✈❡r✐✜❝❛çã♦ ❞❡ ❧✐♠✐t❡s ❡♠ ❡st✐♠❛t✐✈❛s ❞❡ ❡st❛❞♦s ✜s✐❝❛♠❡♥t❡ s✐❣♥✐✜❝❛t✐✈❛s ❞❡ ✈❛r✐á✈❡✐s

♥ã♦ ♠❡❞✐❞❛s✱ ❡♠ ✈❡③ ❞❡ s✐♠♣❧❡s♠❡♥t❡ ❡♠ ♠❡❞✐çõ❡s ❞✐s♣♦♥í✈❡✐s✱ ❢♦✐ ♠♦str❛❞❛ ♣❛r❛ ♦❢❡r❡❝❡r

♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦✳

❙❛♥t♦s ❬✶✷❪ ❛♣r❡s❡♥t❛ ✉♠ ❡st✉❞♦ ❞❡ ♠♦❞❡❧❛❣❡♠✱ ✐❞❡♥t✐✜❝❛çã♦ ❡ ❝♦♥tr♦❧❡ ♣r❡❞✐t✐✈♦ ♥ã♦

❧✐♥❡❛r ❜❛s❡❛❞♦ ❡♠ ♠♦❞❡❧♦s ❞❡❍❛♠♠❡rst❡✐♥✳ ❆s ♣❡sq✉✐s❛s ❛ss♦❝✐❛❞❛s às ❡str❛té❣✐❛s ❞❡ ❝♦♥✲



❈❛♣ít✉❧♦ ✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛ ✶✵

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

t❛♠❜é♠✱ ✉♠ ♥ú♠❡r♦ ❝♦♥s✐❞❡rá✈❡❧ ❞❡ ❛♣❧✐❝❛çõ❡s ♥❛ ✐♥❞ústr✐❛✳ ❆ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠

♣r♦❝❡ss♦ ❝♦♠♣❧❡①♦ ❛tr❛✈és ❞❡ ✉♠ ♠♦❞❡❧♦ ♥ã♦ ❧✐♥❡❛r✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠❡❧❤♦r❛r s❡✉ ❞❡✲

s❡♠♣❡♥❤♦ ❞✐♥â♠✐❝♦✱ t❡♥❞❡ ❛ s❛❝r✐✜❝❛r ❛ s✐♠♣❧✐❝✐❞❛❞❡ ❞❡ ♣r♦❥❡t♦ ❞♦ ❝♦♥tr♦❧❛❞♦r ♣r❡❞✐t✐✈♦✳

◆♦ tr❛❜❛❧❤♦✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛❧❣✉♠❛s té❝♥✐❝❛s ❞❡ s❡❧❡çã♦ ❞❡ ❡str✉t✉r❛ ❡ ✐❞❡♥t✐✜❝❛çã♦ ❞♦

♠♦❞❡❧♦ ❞❡ ❍❛♠♠❡rst❡✐♥ ❡ ❛❧❣✉♠❛s ✐♥♦✈❛çõ❡s sã♦ ♣r♦♣♦st❛s✳ ❆ ✐♠♣❧❡♠❡♥t❛çã♦ ♣rát✐❝❛

r❡❛❧✐③❛❞❛ ♥✉♠❛ ♣❧❛♥t❛ s♦❧❛r ❞❡ ❝❧✐♠❛t✐③❛çã♦ ♠♦str♦✉✲s❡ ❞❡s❛✜❛❞♦r❛ ♣❡❧❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❡

♦♣❡r❛çã♦ ❡ ❝❛r❛❝t❡ríst✐❝❛s ♣❡❝✉❧✐❛r❡s✿ ❣r❛♥❞❡s ♣❡rt✉r❜❛çõ❡s ♥♦ s✐st❡♠❛❀ ❢♦rt❡s r❡str✐çõ❡s

❞❡ ❛♠♣❧✐t✉❞❡ ❡ ✈❡❧♦❝✐❞❛❞❡ ♥❛s ✈❛r✐á✈❡✐s ❡♥✈♦❧✈✐❞❛s❀ ❛tr❛s♦ ❞❡ tr❛♥s♣♦rt❡✳ ❋♦r❛♠ ✐❞❡♥t✐✲

✜❝❛❞♦s ❡ ✈❛❧✐❞❛❞♦s ♠♦❞❡❧♦s ❜❛s❡❛❞♦s ♥❛ ❡str✉t✉r❛ ❞❡ ❍❛♠♠❡rst❡✐♥ ❡ ❛ ❡str❛té❣✐❛ ♣❡❧♦

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

❆♣❡s❛r ❞❛s ❞✐✜❝✉❧❞❛❞❡s ❡♥❝♦♥tr❛❞❛s ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧❡ ❢♦✐ s❛t✐s❢❛tór✐♦

❡ ♦s ♠♦❞❡❧♦s ♦❜t✐❞♦s ♠♦str❛r❛♠✲s❡ r❡♣r❡s❡♥t❛t✐✈♦s✳

▲✐ ❡t ❛❧✳ ❬✷✾❪ ❛♣❧✐❝❛r❛♠ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ ❛rt✐✜❝✐❛❧ ❝♦♠ ❛❧❣♦r✐t♠♦ ❇P ✭❇❛❝❦♣r♦♣❛❣❛t✐♦♥✮

♣❛r❛ ❞❡t❡r♠✐♥❛r ❢♦♥t❡s ❞❡ ✐♥✢✉①♦ ❞❡ á❣✉❛ ❞❡ ♠✐♥❛ ❝♦♠ ❜❛s❡ ♥♦ s♦❢t✇❛r❡ ▼❆❚▲❆❇✳ P♦r

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

✐♥❝❡rt❡③❛ ❡ ✐♠♣r❡❝✐sã♦ ❞♦ ✐♥✢✉①♦ ❞❡ á❣✉❛ ❞❡ ♠✐♥❛✱ s❡ t♦r♥❛ ✉♠ s✐st❡♠❛ ♥ã♦ ❧✐♥❡❛r ♠✉✐t♦

❝♦♠♣❧❡①♦ ♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛s ❢♦♥t❡s ❞♦ ✐♥✢✉①♦ ❞❡ss❛ á❣✉❛✳ ◆♦s ❡①♣❡r✐♠❡♥t♦s ♣❛r❛

❝r✐❛çã♦✱ tr❡✐♥❛♠❡♥t♦ ❡ t❡st❡ ❢♦r❛♠ ✉s❛❞❛s ✼✽ ❛♠♦str❛s ❞❡ á❣✉❛ ❞♦ ♣♦ç♦ ❝♦♠♦ ❛♠♦str❛s

❞❡ tr❡✐♥❛♠❡♥t♦ ❡ ♦✉tr❛s ✸✶ ❛♠♦str❛s ❞❡ á❣✉❛ ❞♦ ♣♦ç♦ ❝♦♠♦ ❛♠♦str❛s ❞❡ t❡st❡✳ ❖ ♠♦❞❡❧♦

❣❛♥❤❛ ✉♠❛ ♠❡❧❤♦r ❛♣❧✐❝❛çã♦ ❡♠ ♣r♦❥❡t♦s ♣rát✐❝♦s ❡ ❛ ♣r❡❝✐sã♦ ❞❛ ❛✈❛❧✐❛çã♦ é ❛❝✐♠❛ ❞❡

90%✳ ❖s s❡✉s r❡s✉❧t❛❞♦s ❞❡ ❛✈❛❧✐❛çã♦ ♥ã♦ sã♦ ❢❛❝✐❧♠❡♥t❡ ❛❢❡t❛❞♦s ♣❡❧♦s ❢❛t♦r❡s ❤✉♠❛♥♦s✳ ❆

r❡❞❡ ♥❡✉r❛❧ ❇P ♣r♦❥❡t❛❞❛ é ❡✜❝❛③ ❡ é ✈✐á✈❡❧ s✉❛ ♣♦♣✉❧❛r✐③❛çã♦ ❡ ❛♣❧✐❝❛çã♦ ♣❛r❛ ❞❡t❡r♠✐♥❛r

❢♦♥t❡s ❞❡ ✐♥✢✉①♦ ❞❡ á❣✉❛ ❞❡ ♠✐♥❛✳

❆rs✐❡ ❡t ❛❧✳ ❬✸❪ ❞❡s❝r❡✈❡r❛♠ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s❡♥s♦r❡s ✈✐rt✉❛✐s ❜❛s❡❛❞♦s ❡♠ r❡❞❡s

♥❡✉r❛✐s ✉s❛❞♦s ♣❛r❛ ❡st✐♠❛r ❛s ❡♠✐ssõ❡s ❞❡ ◆❖① ✭ó①✐❞♦s ❞❡ ♥✐tr♦❣ê♥✐♦✮ ♥❛ ❡①❛✉stã♦ ❞❡

♠♦t♦r❡s ❉✐❡s❡❧ ❛✉t♦♠♦t✐✈♦s✳ ▼❡t♦❞♦❧♦❣✐❛s ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❛❞❡q✉❛❞❛s ❡ t❡st❡s ❡①♣❡r✐♠❡♥✲

t❛✐s ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❛t❡♥❞❡r às ♥❡❝❡ss✐❞❛❞❡s ❝♦♥✢✐t❛♥t❡s ❞❡ ✉♠❛

✐♠♣❧❡♠❡♥t❛çã♦ ❛ ❜♦r❞♦ ✈✐á✈❡❧ ❡ ♣r❡❝✐sã♦ s❛t✐s❢❛tór✐❛ ♥❛ ♣r❡❞✐çã♦✳ ❆❧é♠ ❞✐ss♦✱ ❝♦♠♦ ❛

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

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

❡①♣❧♦r❛❞♦s ♣❛r❛ s✉♣❡r❛r ❡ss❡s ♣r♦❜❧❡♠❛s✱ ❛❞❛♣t❛♥❞♦ ❛ s❛í❞❛ ❞♦ s❡♥s♦r ✈✐rt✉❛❧✳ ❖ s❡♥s♦r

✈✐rt✉❛❧ ❛❞❛♣t❛t✐✈♦ ❞❡ ◆❖① ❢♦✐ t❡st❛❞♦ ❛tr❛✈és ❞❛ ❝♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s r❡✲

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

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

❖s ♣r♦❝❡ss♦s✱ ♥❛ s✉❛ ♠❛✐♦r✐❛✱ sã♦ ❝♦♠♣❧❡①♦s✱ ❛♣r❡s❡♥t❛♥❞♦ ❝❛r❛❝t❡ríst✐❝❛s ❢♦rt❡♠❡♥t❡

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



❈❛♣ít✉❧♦ ✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛ ✶✶

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

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

tr❛❞❛s ❡ ♠ú❧t✐♣❧❛s s❛í❞❛s q✉❡ ❝♦♥✜❣✉r❛♠ s✐st❡♠❛s ❞♦ t✐♣♦ ✭▼■▼❖ ✲▼✉❧t✐ ■♥♣✉t ▼✉❧t✐

❖✉t♣✉t✮✱ ❝♦♠ ❡❧❡✈❛❞❛ ✐♥t❡r❛çã♦ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ❞♦ ♣r♦❝❡ss♦ ❡ ❝♦♠ ❢♦rt❡s r❡str✐çõ❡s✳

❈♦♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠♦❞❡❧♦s ♠❛✐s ❞❡t❛❧❤❛❞♦s ❡ ❝♦♠♣❧❡t♦s✱ ❛❧✐❛❞♦ ❛♦ ❛✉♠❡♥t♦ ❞♦ ♣♦✲

❞❡r ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ❢♦✐ ♣♦ssí✈❡❧ ❡st❛❜❡❧❡❝❡r ❡s♣❡❝✐✜❝❛çõ❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ♠❛✐s rí❣✐❞❛s ♥♦s

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

♥♦s ♣r♦❝❡ss♦s ❡♠ ❡st✉❞♦✳

◆❡st❡ ❝❛♣ít✉❧♦ t❡✈❡✲s❡ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❛♣r❡s❡♥t❛r ✉♠❛ ❛♠♦str❛❣❡♠ ❞❡ ❛❜♦r❞❛❣❡♥s ❡

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

❡♠ ❣❡r❛❧✱ ❡ ❞❛ ♠♦❞❡❧❛❣❡♠ ❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s ❛❧✐❛❞♦ às r❡❞❡s ♥❡✉r❛✐s✱

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

sã♦ ár❡❛s ❞❡ ❡st✉❞♦ ♣r♦♠✐ss♦r❛s ❡ ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❞✐✈❡rs❛s ❛♣❧✐❝❛çõ❡s✳



❈❛♣ít✉❧♦ ✸

❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛

◆❡st❡ ❝❛♣ít✉❧♦ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛✱ ♦♥❞❡ sã♦ ❛❜♦r❞❛❞♦s ♦s ❝♦♥❝❡✐t♦s

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

❛rt✐✜❝✐❛✐s ❡ s❡♥s♦r ✈✐rt✉❛❧✳

✸✳✶ ▼♦❞❡❧❛❣❡♠ ❡ ■❞❡♥t✐✜❝❛çã♦ ❞❡ ❙✐st❡♠❛s ◆ã♦ ▲✐♥❡❛✲

r❡s

❯♠ ♠♦❞❡❧♦ é ✉♠ ❛♥á❧♦❣♦ ♠❛t❡♠át✐❝♦ q✉❡ r❡♣r❡s❡♥t❛ ❛❧❣✉♠❛s ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ♦❜✲

s❡r✈❛❞❛s ❡♠ t❛❧ s✐st❡♠❛✳ ❊✈✐❞❡♥t❡♠❡♥t❡✱ ❤á ♦✉tr♦s t✐♣♦s ❞❡ ♠♦❞❡❧♦s ❛❧é♠ ❞♦s ♠♦❞❡❧♦s

♠❛t❡♠át✐❝♦s✳ P♦r ❡①❡♠♣❧♦✱ ❛ ♠❛q✉❡t❡ ❞❡ ✉♠ ❡❞✐❢í❝✐♦ t❛♠❜é♠ é ✉♠ ♠♦❞❡❧♦✱ ❛✐♥❞❛ q✉❡

♥ã♦ s❡❥❛ ♠❛t❡♠át✐❝♦✳ ➱ ✐♠♣♦rt❛♥t❡ ♣❡r❝❡❜❡r q✉❡ ✉♠❛ ♠❛q✉❡t❡ ♣♦ss✉✐ ❛❧❣✉♠❛s ❞❛s ❝❛✲

r❛❝t❡ríst✐❝❛s ❞❛ ❝♦♥str✉çã♦ r❡❛❧✱ ♠❛s ♥ã♦ t♦❞❛s✳ ❆ ♠❡s♠❛ ♦❜s❡r✈❛çã♦ é ✈á❧✐❞❛ ♣❛r❛ ♦s

♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s ❬✷❪✳

❆ ♠♦❞❡❧❛❣❡♠ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❞✐♥â♠✐❝♦ é ✉♠❛ ❢❡rr❛♠❡♥t❛ ♣❛r❛ r❡s♣♦♥❞❡r ❛ ♣❡r❣✉♥t❛s

s♦❜r❡ ♦ s✐st❡♠❛ s❡♠ t❡r q✉❡ ❢❛③❡r ✉♠ ❡①♣❡r✐♠❡♥t♦✱ é ✉♠❛ ❢♦r♠❛ ❞❡ r❡♣r❡s❡♥t❛r ❛❞❡q✉❛✲

❞❛♠❡♥t❡ ♦s ❛s♣❡❝t♦s ❡ss❡♥❝✐❛✐s ❞♦ ♣r♦❝❡ss♦ ❡♠ ❡st✉❞♦ ❬✸✷❪✳

❙✉♣♦♥❤❛ q✉❡✱ ♣♦r ❞✐❢❡r❡♥t❡s r❛③õ❡s ✭❡❝♦♥ô♠✐❝♦s ♦✉ ❞❡ s❡❣✉r❛♥ç❛✱ ♣♦r ❡①❡♠♣❧♦✮✱ ❡①✲

♣❡r✐♠❡♥t♦s ❡♠ ✉♠ ♣r♦❝❡ss♦ r❡❛❧ ❛♣r❡s❡♥t❡♠ r❡str✐çõ❡s ♦✉ ♥ã♦ ♣♦ss❛♠ s❡r ❡①❡❝✉t❛❞♦s✱

t♦r♥❛♥❞♦✲s❡ út✐❧ ❛ r❡❛❧✐③❛çã♦ ❞❡ ❡st✉❞♦s ❞❡ s✐♠✉❧❛çã♦ ❛ ♣❛rt✐r ❞❡ ✉♠ ♠♦❞❡❧♦ ❞♦ ♣r♦❝❡ss♦✱

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

r❡❛❣✐❞♦ ❬✸✷❪✳

❊ss❡s ♠♦❞❡❧♦s tê♠ s✐❞♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ♦s ♠❛✐s ❞✐✈❡rs♦s ✜♥s✱ ❝♦♠♦✱ t❡♥t❛r ❡♥t❡♥❞❡r

❡ ❡①♣❧✐❝❛r ❢❡♥ô♠❡♥♦s q✉❡ ♦❝♦rr❡♠✱ ♣♦r ❡①❡♠♣❧♦✱ ♥❛ ♥❛t✉r❡③❛✱ ❡♠ s✐st❡♠❛s s♦❝✐❛✐s✱ ❜✐✲

♦♠é❞✐❝♦s❀ s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡ ❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❀ ❡st✐♠❛çã♦❀ s✐♠✉❧❛çã♦ ❡ tr❡✐♥❛♠❡♥t♦

❬✷❪✳

◆❛ ❋✐❣✉r❛ ✸✳✶ ❡stá ✐❧✉str❛❞♦ ✉♠ s✐st❡♠❛ ❞❡ ♠♦❞❡❧❛❣❡♠ s✐♠♣❧❡s✳ ❊str✐t❛♠❡♥t❡ ❢❛❧❛♥❞♦✱

✶✷



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✸

✉♠ s✐st❡♠❛ é ❛❧❣♦ r❡❛❧ ✭❝♦♠♦ ✉♠ ❛♠♣❧✐✜❝❛❞♦r✱ ✉♠ ❝❛rr♦ ♦✉ ✉♠ ❝♦r♣♦ ❤✉♠❛♥♦✮✱ ❡♥q✉❛♥t♦

q✉❡ ♦ ♠♦❞❡❧♦ é ✉♠❛ ❛❜str❛çã♦ ✭✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡q✉❛çõ❡s ♠❛t❡♠át✐❝❛s✮✳ P♦❞❡✲s❡ ♦❜s❡r✈❛r

q✉❡ ♦ ♠♦❞❡❧♦ ❞♦ ♣r♦❝❡ss♦ ♥ã♦ é ✉♠❛ ❝ó♣✐❛ r❡❛❧ ❞♦ s✐st❡♠❛✱ ❡ s✐♠ ✉♠❛ ❛♣r♦①✐♠❛çã♦ ❞♦

s❡✉ ❝♦♠♣♦rt❛♠❡♥t♦✱ s✐♠✉❧❛♥❞♦ ♦ s✐st❡♠❛ ❝♦♠♦ ✉♠ t♦❞♦ ❬✺❪✳

❋✐❣✉r❛ ✸✳✶✿ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ Pr♦❝❡ss♦ ❞❡ ▼♦❞❡❧❛❣❡♠ ❙✐♠♣❧❡s✳

❋♦♥t❡✿ ❈❛ss❛♥❞r❛s ❡t ❛❧✳ ❬✺❪✳

❆ ✉t✐❧✐③❛çã♦ ❞♦ ♠♦❞❡❧♦ ♣❛r❛ s✐♠✉❧❛çã♦ ❞♦ s✐st❡♠❛ ❝♦♥st✐t✉✐✲s❡ ❡♠ ✉♠ ♣r♦❝❡❞✐♠❡♥t♦

❞❡ ❜❛✐①♦ ❝✉st♦ ❡ s❡❣✉r♦ ♣❛r❛ ❡①♣❡r✐♠❡♥t❛r ♦ s✐st❡♠❛✳ ❊♥tr❡t❛♥t♦✱ ❛ ✈❛❧✐❞❛❞❡ ✭❛❞❡q✉❛çã♦✮

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

❞♦ s✐st❡♠❛ ❬✻❪✳ ❖ ♠♦❞❡❧♦ ❞❡ ✉♠ s✐st❡♠❛ ♣♦❞❡ s❡r ♦❜t✐❞♦ ❞❡ ❞✉❛s ❢♦r♠❛s✿ ❛ ♣❛rt✐r ❞❛s

❡q✉❛çõ❡s ❜ás✐❝❛s ❞♦ s✐st❡♠❛ ✲▼♦❞❡❧❛❣❡♠ ❋❡♥♦♠❡♥♦❧ó❣✐❝❛ ♦✉ ❛ ♣❛rt✐r ❞❛ ♠❡❞✐çã♦ ❞❡ ❞❛❞♦s

❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞♦ s✐st❡♠❛ ✲ ■❞❡♥t✐✜❝❛çã♦ ❞❡ ❙✐st❡♠❛s✳ ❆ ❞✐✜❝✉❧❞❛❞❡ ♥❛ ♦❜t❡♥çã♦ ❞❡

✉♠ ♠♦❞❡❧♦ ❢❡♥♦♠❡♥♦❧ó❣✐❝♦ ❛❞❡q✉❛❞♦✱ ❞❡✈✐❞♦ à ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦s s✐st❡♠❛s r❡❛✐s✱ ❛❧✐❛❞❛

à ❣r❛♥❞❡ ❡✈♦❧✉çã♦ ❞♦s ❝♦♠♣✉t❛❞♦r❡s ❡ ❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❡str❛té❣✐❛s ❞❡ ✐❞❡♥t✐✜❝❛çã♦

❡✜❝✐❡♥t❡s✱ ✜③❡r❛♠ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s t♦r♥❛r✲s❡ ♦ ♣r✐♥❝✐♣❛❧ ♣r♦❝❡❞✐♠❡♥t♦ ♣❛r❛

❛ ♦❜t❡♥çã♦ ❞❡ ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s s❡♥❞♦✱ ❛t✉❛❧♠❡♥t❡✱ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ❞❡ ✐♥ú♠❡r♦s

♣❡sq✉✐s❛❞♦r❡s ❞❛s ♠❛✐s ❞✐✈❡rs❛s ár❡❛s ❞❡ ❛t✉❛çã♦ ❬✻✱✸✷❪✳ ◆❡st❛ t❡s❡ ♦ ❢♦❝♦ é ❛ ✐❞❡♥t✐✜❝❛çã♦

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

♣r♦❝❡ss♦s✳

❆ ✐❞❡✐❛ ❞❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s é ♣❡r♠✐t✐r ❛ ❡❧❛❜♦r❛çã♦ ❞♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞❡

✉♠ s✐st❡♠❛ ❞✐♥â♠✐❝♦✱ ❜❛s❡❛❞♦ ❡♠ ♠❡❞✐❞❛s ❝♦❧❡t❛❞❛s ♣❡❧♦ ❛❥✉st❡ ❞❡ ♣❛râ♠❡tr♦s ❡✴♦✉ ❞♦

♠♦❞❡❧♦✱ ❛té q✉❡ ❛ s❛í❞❛ ❞♦ s✐st❡♠❛ ❝♦✐♥❝✐❞❛✱ tã♦ ❜❡♠ q✉❛♥t♦ ♣♦ssí✈❡❧✱ ❝♦♠ ❛s ❛♠♦str❛s

❞❛s s❛í❞❛s r❡❛✐s ♠❡❞✐❞❛s ❬✸✶❪

P❛r❛ ♦s ♣r♦❝❡ss♦s ✐♥❞✉str✐❛✐s✱ ♦ ♠♦❞❡❧♦ ♣♦❞❡ s❡r ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞♦ tr❛t❛♠❡♥t♦ ❞❛s

♠❡❞✐❞❛s ✭♣r♦❝❡❞✐♠❡♥t♦ ❡st❛tíst✐❝♦✱ ✜❧tr❛❣❡♠ ❞❡ ❞❛❞♦s✮ ❝♦❧❡t❛❞❛s ❛ ♣❛rt✐r ❞❡ ✉♠❛ r❡❛❧✐③❛✲

çã♦ ❡①♣❡r✐♠❡♥t❛❧✳ ❖ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ✜♥❛❧ é ✉♠❛ ❢♦r♠❛ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ r❡❧❛çã♦

❡①✐st❡♥t❡ ❡♥tr❡ ♦s s✐♥❛✐s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✱ ❝❛r❛❝t❡r✐③❛❞❛ ♥♦ ♣r♦❝❡ss♦ ❢ís✐❝♦ ♣❡❧❛ ❢✉♥çã♦

❞❡ tr❛♥s❢❡rê♥❝✐❛ ❬✻❪✳ ◆❛ ❋✐❣✉r❛ ✸✳✷ ❡stá ✐❧✉str❛❞❛ ❛ ❝♦♠♣♦s✐çã♦ ❜ás✐❝❛ ❡♠ ❜❧♦❝♦s ❞❡ ✉♠❛



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✹

t❛r❡❢❛ ❞❡ ✐❞❡♥t✐✜❝❛çã♦✳

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

❋♦♥t❡✿ ❈♦❡❧❤♦ ✭▼♦❞✐✜❝❛❞❛✮ ❬✻❪✳

❆tr❛✈és ❞❛ té❝♥✐❝❛ ❞❡ ✐❞❡♥t✐✜❝❛çã♦✱ ❛ ♣❛rt✐r ❞♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞♦ s✐st❡♠❛✱

♦❜té♠✲s❡ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ q✉❡ r❡♣r❡s❡♥t❡ ♦s ❛s♣❡❝t♦s ❡ss❡♥❝✐❛✐s ❞♦ s✐st❡♠❛✳

❖✉tr❛s ✐♥❢♦r♠❛çõ❡s ✐♠♣♦rt❛♥t❡s s♦❜r❡ ✐❞❡♥t✐✜❝❛çã♦ sã♦✿

✶✳ ♦ t✐♣♦ ❞❡ ♠♦❞❡❧♦ ❞♦ ♣r♦❝❡ss♦ ✭❧✐♥❡❛r✴♥ã♦ ❧✐♥❡❛r✱ ✈❛r✐❛♥t❡✴✐♥✈❛r✐❛♥t❡ ♥♦ t❡♠♣♦✱ ♣❛✲

r❛♠étr✐❝♦✴♥ã♦ ♣❛r❛♠étr✐❝♦✱ ❝♦♥tí♥✉♦✴❞✐s❝r❡t♦✱ ♠♦♥♦✈❛r✐á✈❡❧✴♠✉❧t✐✈❛r✐á✈❡❧✱ ❝❛r❛❝t❡✲

ríst✐❝❛ ❞♦ r✉í❞♦✱ ❛tr❛s♦ ❞❡ tr❛♥s♣♦rt❡✮❀

✷✳ ❛ ♣r❡❝✐sã♦ r❡q✉❡r✐❞❛ ❞♦ ♠♦❞❡❧♦ ✭❜❛✐①❛✱ ♠é❞✐❛✱ ❛❧t❛✮❀

✸✳ ♦ ♠ét♦❞♦ ❞❡ ❡st✐♠❛çã♦ ❞♦ ♣r♦❝❡ss♦ ✭♦✤✐♥❡✴♦♥❧✐♥❡✱ ♠❛❧❤❛ ❛❜❡rt❛✴♠❛❧❤❛ ❢❡❝❤❛❞❛✱

r❡s♣♦st❛ ❛♦ ❞❡❣r❛✉✱ r❡s♣♦st❛ ❡♠ ❢r❡q✉ê♥❝✐❛✱ ❛♥á❧✐s❡ ❡s♣❡❝tr❛❧ ❡ ❞❡ ❋♦✉r✐❡r✱ ♠ét♦❞♦s

❞❡ ❡st✐♠❛çã♦ ❞❡ ♣❛râ♠❡tr♦s✱ ❡t❝✮✳

❆ ♥♦çã♦ ❞❡ ❧✐♥❡❛r✐❞❛❞❡ é ❢✉♥❞❛♠❡♥t❛❧ ♥❛ ❝✐ê♥❝✐❛ ❡ ♥❛ ❡♥❣❡♥❤❛r✐❛ ❡ ❡stá ✐♥t✐♠❛♠❡♥t❡

❛ss♦❝✐❛❞❛ ❛♦ ♣r✐♥❝í♣✐♦ ❞❛ ✧s✉♣❡r♣♦s✐çã♦✧✱ ❞❡s❝r✐t♦ ♣❡❧❛ s❡❣✉✐♥t❡ ♣r♦♣r✐❡❞❛❞❡✿ s❡ ✉♠ ❡s✲

tí♠✉❧♦ S1 ♣r♦❞✉③ ✉♠❛ r❡s♣♦st❛ R1✱ ❡ ✉♠ ❡stí♠✉❧♦ S2 ♣r♦❞✉③ ✉♠❛ r❡s♣♦st❛ R2✱ ❡♥tã♦ ❛

s✉♣❡r♣♦s✐çã♦ ❞♦s ❞♦✐s ❡stí♠✉❧♦s✱ ✭S1 ✰ S2✮✱ ✐rá ♣r♦❞✉③✐r ❛ s✉♣❡r♣♦s✐çã♦ ❞❛s ❞✉❛s r❡s♣♦st❛s✱

✭R1 ✰ R2✮✳ ◆❛ s✉❛ ❢♦r♠❛ ♠❛✐s s✐♠♣❧❡s✱ ✐st♦ é✱ S1 ❂ S2✱ ❛ s✉♣❡r♣♦s✐çã♦ s❡❣✉❡ ❛ ♣r♦♣♦r✲

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

s❛í❞❛ ❬✺❪✳

❆ ❝❧❛ss❡ ❞❡ s✐st❡♠❛s ❧✐♥❡❛r❡s é ✉♠ ♣❡q✉❡♥♦ s✉❜❝♦♥❥✉♥t♦ ❞♦s ♣♦ssí✈❡✐s s✐st❡♠❛s✳ ❆❜r❛♥❣❡

♠✉✐t♦s ❝❛s♦s ❞❡ ✐♥t❡r❡ss❡ ♦✉ ❢♦r♥❡❝❡ ❛♣r♦①✐♠❛çõ❡s ❛❞❡q✉❛❞❛s q✉❡ ♣♦❞❡✲s❡ ✉s❛r ♣❛r❛ ✜♥s

♣rát✐❝♦s✳ ●r❛♥❞❡ ♣❛rt❡ ❞♦s ❡st✉❞♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ❝♦♥tr♦❧❡ ❞❡ ♣r♦❝❡ss♦s

é ❞❡ ❢❛t♦ ❜❛s❡❛❞❛ ♥❛ ❛♥á❧✐s❡ ❞❡ s✐st❡♠❛s ❧✐♥❡❛r❡s✱ ❡ ❧❡✈♦✉ ❛ ♠✉✐t♦s ❝❛s♦s ❞❡ ê①✐t♦✱ ❞❡s❞❡



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✺

❛ ❝♦♥❝❡♣çã♦ ❞❡ ❡str✉t✉r❛s ❡❧❡tr♦♠❡❝â♥✐❝❛s ❝♦♠♣❧❡①❛s ❛té ❛ ❞❡s❝r✐çã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦

❞❡ ❡❝♦♥♦♠✐❛s ❡ ❝r❡s❝✐♠❡♥t♦ ♣♦♣✉❧❛❝✐♦♥❛❧ ❬✺❪✳

❊♥tã♦✱ é ❜❡♠ ✈❡r❞❛❞❡ q✉❡ ❡♠ ❛❧❣✉♥s ❝❛s♦s✱ ❛♣r♦①✐♠❛çõ❡s ❧✐♥❡❛r❡s sã♦ s✐♠ s✉✜❝✐❡♥t❡s

♣❛r❛ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s✳ ❖ ❛♣❡❧♦ ♣❡❧♦ ✉s♦ ❞❡ss❡s ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❛❝♦♥t❡❝❡✱ ♠✉✐t❛s ✈❡③❡s✱

❞❡✈✐❞♦ à s✉❛ s✐♠♣❧✐❝✐❞❛❞❡ ❝♦♠♣❛r❛❞❛ ❝♦♠ ♠♦❞❡❧♦s ♥ã♦ ❧✐♥❡❛r❡s✳ ▼❛s✱ ❡♠ ♠✉✐t❛s s✐t✉❛çõ❡s

♣rát✐❝❛s✱ ❛❧❣✉♠❛s ❞❡ s✉❛s s✉♣♦s✐çõ❡s✱ ❝♦♠♦ ❛ ♥♦r♠❛❧✐❞❛❞❡ ❡ ❛ ❧✐♥❡❛r✐❞❛❞❡ ♥♦s ♣❛râ♠❡tr♦s✱

♥ã♦ sã♦ s❛t✐s❢❡✐t❛s✱ ❡ r❡♣r❡s❡♥t❛çõ❡s ♥ã♦ ❧✐♥❡❛r❡s ❞❡✈❡♠ s❡r ✉s❛❞❛s✳ ❆ ❡s❝♦❧❤❛ ❞❡ ♠♦❞❡❧♦s

♥ã♦ ❧✐♥❡❛r❡s✱ ❡♥tr❡t❛♥t♦✱ tr❛③ ❝♦♥s✐❣♦ ✉♠ ✐♥❡✈✐tá✈❡❧ ❛✉♠❡♥t♦ ♥❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦s ❛❧❣♦✲

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

✜♠ ❞❡ ❛❧❝❛♥ç❛r ✉♠ ❞❡s❡♠♣❡♥❤♦ ❡❧❡✈❛❞♦ ❬✷❪✳

◗✉❛♥❞♦ s❡ ♣❛rt❡ ❞❡ s✐st❡♠❛s ❧✐♥❡❛r❡s ♣❛r❛ s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s✱ ❞❡♣❛r❛✲s❡ ❝♦♠ ✉♠❛

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

❞❡ ❛♥á❧✐s❡ ❡♥✈♦❧✈❡♠ ♠❛t❡♠át✐❝❛ ♠❛✐s ❛✈❛♥ç❛❞❛✳ ❆ ❞✐♥â♠✐❝❛ ❞❡ ✉♠ s✐st❡♠❛ ♥ã♦ ❧✐♥❡❛r é

♠✉✐t♦ ♠❛✐s r✐❝❛ q✉❡ ❛ ❞✐♥â♠✐❝❛ ❞❡ ✉♠ s✐st❡♠❛ ❧✐♥❡❛r✳ ❊①✐st❡♠ ✧❢❡♥ô♠❡♥♦s ❡ss❡♥❝✐❛❧♠❡♥t❡

♥ã♦ ❧✐♥❡❛r❡s✧✳q✉❡ ♣♦❞❡♠ ♦❝♦rr❡r ❛♣❡♥❛s ♥❛ ♣r❡s❡♥ç❛ ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡ ❡✱ ♣♦rt❛♥t♦✱ ♥ã♦

♣♦❞❡♠ s❡r ❞❡s❝r✐t♦s ♣♦r ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❬✷✻❪✳ ❙ã♦ ❡①❡♠♣❧♦s ❞❡ ❢❡♥ô♠❡♥♦s ♥ã♦ ❧✐♥❡❛r❡s✿

• ❚❡♠♣♦ ❞❡ ❢✉❣❛ ✜♥✐t♦

❖ ❡st❛❞♦ ❞❡ ✉♠ s✐st❡♠❛ ♥ã♦ ❧✐♥❡❛r ♣♦❞❡ ✐r ❛♦ ✐♥✜♥✐t♦ ❡♠ t❡♠♣♦ ✜♥✐t♦✱ ♦ q✉❡ ♥ã♦

❛❝♦♥t❡❝❡ ♣❛r❛ s✐st❡♠❛s ❧✐♥❡❛r❡s✳

• ❊q✉✐❧í❜r✐♦s ✐s♦❧❛❞♦s ♠ú❧t✐♣❧♦s

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

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

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

❡q✉✐❧í❜r✐♦ ✐s♦❧❛❞♦✳ ❖ ❡st❛❞♦ ♣♦❞❡ ❝♦♥✈❡r❣✐r ♣❛r❛ ✉♠ ❞♦s ✈ár✐♦s ♣♦♥t♦s ♦♣❡r❛❝✐♦♥❛✐s

❞♦ ❡st❛❞♦ ❡st❛❝✐♦♥ár✐♦✱ ❞❡♣❡♥❞❡♥❞♦ ❞♦ ❡st❛❞♦ ✐♥✐❝✐❛❧ ❞♦ s✐st❡♠❛✳

• ❈✐❝❧♦ ❧✐♠✐t❡

❯♠ s✐st❡♠❛ ❧✐♥❡❛r ♣♦❞❡ t❡r ✉♠❛ ♦s❝✐❧❛çã♦ ❡stá✈❡❧ s❡ t✐✈❡r ✉♠ ♣❛r ❞❡ ❛✉t♦✈❛❧♦r❡s

♥♦ ❡✐①♦ ✐♠❛❣✐♥ár✐♦✳ ❆ ❛♠♣❧✐t✉❞❡ ❞❛ ♦s❝✐❧❛çã♦ ❞❡♣❡♥❞❡rá ❞❛s ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✳

❊①✐st❡♠ s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s q✉❡ ♣♦❞❡♠ ❡♥tr❛r ❡♠ ✉♠❛ ♦s❝✐❧❛çã♦ ❞❡ ❛♠♣❧✐t✉❞❡ ❡

❢r❡q✉ê♥❝✐❛ ✜①❛s✱ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❛s ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✳ ❊st❡ t✐♣♦ ❞❡ ♦s❝✐❧❛çã♦ é

❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ✉♠ ❝✐❝❧♦ ❧✐♠✐t❡✳

• ❈❛♦s

❯♠ s✐st❡♠❛ ♥ã♦ ❧✐♥❡❛r ♣♦❞❡ t❡r ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❡st❛❝✐♦♥ár✐♦ ♠❛✐s ❝♦♠♣❧✐❝❛❞♦

q✉❡ ♥ã♦ s❡❥❛ ❡q✉✐❧í❜r✐♦ ♦✉ ♦s❝✐❧❛çã♦ ♣❡r✐ó❞✐❝❛✳ ❚❛❧ ❝♦♠♣♦rt❛♠❡♥t♦ é ❣❡r❛❧♠❡♥t❡



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✻

r❡❢❡r✐❞♦ ❝♦♠♦ ❝❛♦s✳ ❆❧❣✉♥s ❞❡ss❡s ♠♦✈✐♠❡♥t♦s ❝❛ót✐❝♦s ❡①✐❜❡♠ ❛❧❡❛t♦r✐❡❞❛❞❡✱ ❛♣❡s❛r

❞❛ ♥❛t✉r❡③❛ ❞❡t❡r♠✐♥✐st❛ ❞♦ s✐st❡♠❛✳

• ▼ú❧t✐♣❧♦s ♠♦❞♦s ❞❡ ❝♦♠♣♦rt❛♠❡♥t♦

❯♠ s✐st❡♠❛ ♥ã♦ ❧✐♥❡❛r ♣♦❞❡ ❡①✐❜✐r ❢♦r♠❛s ♠✉✐t♦ ❞✐❢❡r❡♥t❡s ❞❡ ❝♦♠♣♦rt❛♠❡♥t♦✱ ❞❡✲

♣❡♥❞❡♥❞♦ ❞♦s ✈❛❧♦r❡s ❞♦s ♣❛râ♠❡tr♦s ❡①t❡r♥♦s✳ ❖✉ ♣♦❞❡ ❛té s❛❧t❛r ❞❡ ✉♠❛ ❢♦r♠❛ ❞❡

❝♦♠♣♦rt❛♠❡♥t♦ ♣❛r❛ ♦✉tr❛ ❞❡ ❢♦r♠❛ ❛✉tô♥♦♠❛✳ ❊ss❡s ❝♦♠♣♦rt❛♠❡♥t♦s ♥ã♦ ♣♦❞❡♠

s❡r ♦❜s❡r✈❛❞♦s ❡♠ s✐st❡♠❛s ❧✐♥❡❛r❡s✳

❊st❛ ❧✐st❛❣❡♠ r❡ú♥❡ ❛❧❣✉♥s ❞♦s ♣r✐♥❝✐♣❛✐s ❢❡♥ô♠❡♥♦s ❛tr✐❜✉í❞♦s às ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✱ ❡♠✲

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

❆ ❡s❝♦❧❤❛ ❞❡ ♠♦❞❡❧♦s ♥ã♦ ❧✐♥❡❛r❡s tr❛③ ❝♦♥s✐❣♦ ✉♠ ✐♥❡✈✐tá✈❡❧ ❛✉♠❡♥t♦ ♥❛ ❝♦♠♣❧❡①✐❞❛❞❡

❞♦s ❛❧❣♦r✐t♠♦s ❛ s❡r❡♠ ✉t✐❧✐③❛❞♦s✳ ❊①✐st❡♠ r❛③õ❡s ❢♦rt❡s ♣❛r❛✱ ❡♠ ✉♠❛ ❞❛❞❛ ❛♣❧✐❝❛çã♦✱

♦♣t❛r ♣♦r ♠♦❞❡❧♦s ♥ã♦ ❧✐♥❡❛r❡s ❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ ♦ ❢❛t♦ ❞❡ ♦s ♠♦❞❡❧♦s ♥ã♦ ❧✐♥❡❛r❡s

♣r♦❞✉③✐r❡♠ ❝❡rt♦s r❡❣✐♠❡s ❞✐♥â♠✐❝♦s q✉❡ ♦s ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ♥ã♦ ❝♦♥s❡❣✉❡♠ r❡♣r❡s❡♥t❛r

❬✷❪✳

❉❡st❡ ♠♦❞♦✱ ❛ ár❡❛ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ t❡♠ t✐❞♦ ❝♦♥s✐❞❡rá✈❡❧ ✐♥t❡r❡ss❡ ♥♦s ú❧t✐♠♦s ❛♥♦s

♣❛r❛ ✜♥s ❞❡ ♣r❡✈✐sã♦✱ s✉♣❡r✈✐sã♦✱ ❞✐❛❣♥óst✐❝♦ ❡ ❝♦♥tr♦❧❡✳ ❖❜s❡r✈❛✲s❡ ❛ ❛♣❧✐❝❛çã♦ ❡♠

❞✐✈❡rs♦s ❝❛♠♣♦s ❞❛ ❡♥❣❡♥❤❛r✐❛✱ t❛✐s ❝♦♠♦ ♣r♦❝❡ss♦s q✉í♠✐❝♦s✱ s✐st❡♠❛s ❜✐♦♠é❞✐❝♦s✱ s✐s✲

t❡♠❛s s♦❝✐♦❡❝♦♥ô♠✐❝♦s✱ s✐st❡♠❛s ❡❧étr✐❝♦s ❡ ♦✉tr♦s✳ ❈♦♥t✉❞♦✱ ♦ ❡♥❢♦q✉❡ ♥❡st❡ tr❛❜❛❧❤♦ é

❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s ✈♦❧t❛❞❛ ❛♦ ❝❛♠♣♦ ❞❡ ♣❡sq✉✐s❛s ♥❛ ár❡❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡

♣r♦❝❡ss♦s✳

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

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

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

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

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

❡♠ ❞✐✈❡rs♦s s✐st❡♠❛s✱ ❝♦♠ r❡s✉❧t❛❞♦s ❡✜❝✐❡♥t❡s ♥❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s ❝♦♠♣❧❡①♦s ❡

♥ã♦ ❧✐♥❡❛r❡s✳

✸✳✷ ❘❡❞❡s ◆❡✉r❛✐s ❆rt✐✜❝✐❛✐s

❯♠ ❣r❛♥❞❡ ✐♠♣✉❧s♦ ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛❧❣♦r✐t♠♦s é ♦ ♣r♦❥❡t♦ ❞❡ ♠♦❞❡❧♦s ❞❡ ❛❧❣♦r✐t✲

♠♦s ♣❛r❛ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❝❛❞❛ ✈❡③ ♠❛✐s ❝♦♠♣❧❡①♦s✳ ❖ ❤♦♠❡♠ ❛♣r❡♥❞❡✉ ♠✉✐t♦ ❝♦♠

❡st✉❞♦s ❞❡ s✐st❡♠❛s ♥❛t✉r❛✐s✱ ❜♦♥s r❡s✉❧t❛❞♦s ❢♦r❛♠ ❛❧❝❛♥ç❛❞♦s ❛tr❛✈és ❞❛ ♠♦❞❡❧❛❣❡♠ ❞❛

✐♥t❡❧✐❣ê♥❝✐❛ ❜✐♦❧ó❣✐❝❛ ❡ ♥❛t✉r❛❧✱ ❝❤❛♠❛❞♦s ❛ss✐♠ ❞❡ s✐st❡♠❛s ✐♥t❡❧✐❣❡♥t❡s ❬✶✺❪✳

❆s t❡♥t❛t✐✈❛s ❞❡ ❡♥❝♦♥tr❛r ❞❡✜♥✐çõ❡s ❞♦ q✉❡ s❡r✐❛ ✐♥t❡❧✐❣ê♥❝✐❛ ❛✐♥❞❛ ♣r♦✈♦❝❛ ❣r❛♥❞❡

❞❡❜❛t❡✳ ❖s ❞✐❝✐♦♥ár✐♦s ❞❡✜♥❡♠ ❛ ✐♥t❡❧✐❣ê♥❝✐❛ ❝♦♠♦ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❝♦♠♣r❡❡♥❞❡r✱ ❡♥✲



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✼

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

♣❡♥s❛♠❡♥t♦ ❡ ❞❛ r❛③ã♦✳ ❖✉tr❛s ♣❛❧❛✈r❛s✲❝❤❛✈❡ q✉❡ ❞❡s❝r❡✈❡♠ ❛s♣❡❝t♦s ❞❛ ✐♥t❡❧✐❣ê♥❝✐❛

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

❖s ❝♦♠♣✉t❛❞♦r❡s ♣♦❞❡♠ s❡r ✐♥t❡❧✐❣❡♥t❡s❄ ❆❧❛♥ ❚✉r✐♥❣ ❞❡✉ ♠✉✐t❛ ❛t❡♥çã♦ ❛ ❡st❛

q✉❡stã♦✳ ❊❧❡ ❛❝r❡❞✐t❛✈❛ q✉❡ ❛s ♠áq✉✐♥❛s ♣♦❞❡r✐❛♠ s❡r ❝r✐❛çõ❡s q✉❡ ✐♠✐t❛♠ ♦s ♣r♦❝❡ss♦s

❞♦ ❝ér❡❜r♦ ❤✉♠❛♥♦ ❡ q✉❡ ♥ã♦ ❤❛✈✐❛ ♥❛❞❛ q✉❡ ♦ ❝ér❡❜r♦ ♣♦❞❡r✐❛ ❢❛③❡r q✉❡ ✉♠ ❝♦♠♣✉t❛❞♦r

❜❡♠ ♣r♦❥❡t❛❞♦ ♥ã♦ ♣✉❞❡ss❡ t❛♠❜é♠✳ ❊♥q✉❛♥t♦ ❜♦♥s r❡s✉❧t❛❞♦s tê♠ s✐❞♦ ❛❧❝❛♥ç❛❞♦s ♥❛

♠♦❞❡❧❛❣❡♠ ❞❡ ♣❡q✉❡♥❛s ♣❛rt❡s ❞❡ s✐st❡♠❛s ♥❡✉r❛✐s ❜✐♦❧ó❣✐❝♦s✱ ❛✐♥❞❛ ♥ã♦ ❤á s♦❧✉çõ❡s ♣❛r❛

♦ ❝♦♠♣❧❡①♦ ♣r♦❜❧❡♠❛ ❞❡ ♠♦❞❡❧❛r ✐♥t✉✐çã♦✱ ❝♦♥s❝✐ê♥❝✐❛ ❡ ❡♠♦çã♦ ❬✶✺❪✳

❆s r❡❞❡s ♥❡✉r❛✐s sã♦ ✉♠ ❝❛♠♣♦ ❡♠ ❡✈♦❧✉çã♦✱ ❝♦♠ ♦r✐❣❡♥s ♥❛ ♥❡✉r♦❜✐♦❧♦❣✐❛✳ ❆s r❡✲

❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s sã♦ ✉♠❛ ♠❛♥❡✐r❛ ❞❡ ❝r✐❛r ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s q✉❡ t❡♥t❛♠ ✐♠✐t❛r

❛❧❣✉♥s ❞♦s ♠ét♦❞♦s ❜ás✐❝♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❡♥❝♦♥tr❛❞♦s ♥♦ ❝ér❡❜r♦✳

❈♦♠♦ ♥♦ss♦s ❝ér❡❜r♦s r❡❛❧✐③❛♠ t❛r❡❢❛s ❝♦♠♣❧❡①❛s✱ ❛s r❡❞❡s ♥❡✉r❛✐s ♠♦❞❡❧❛❞❛s t❛♠❜é♠

sã♦ ❝♦♥s✐❞❡r❛❞❛s út❡✐s ♥❛ s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❝♦♠♣❧❡①♦s ❬✹✺❪✳

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

✐♥t❡r❝♦♥❡❝t❛❞♦s q✉❡ ❛♣r❡♥❞❡♠ ✐♥❝r❡♠❡♥t❛❧♠❡♥t❡ ❛ ♣❛rt✐r ❞❡ s❡✉ ❛♠❜✐❡♥t❡ ✭❞❛❞♦s✮ ♣❛r❛

❝❛♣t✉r❛r t❡♥❞ê♥❝✐❛s ❧✐♥❡❛r❡s ❡ ♥ã♦ ❧✐♥❡❛r❡s ❡ss❡♥❝✐❛✐s ❡♠ ❞❛❞♦s ❝♦♠♣❧❡①♦s✱ ♣❛r❛ ❢♦r♥❡❝❡r

♣r❡✈✐sõ❡s ❝♦♥✜á✈❡✐s ♣❛r❛ ♥♦✈❛s s✐t✉❛çõ❡s q✉❡ ❝♦♥t❡♥❤❛♠ ❛té ♠❡s♠♦ r✉í❞♦ ❡ ✐♥❢♦r♠❛çã♦

♣❛r❝✐❛❧ ❬✹✺❪✳

❖s tr❛❜❛❧❤♦s ♥❡ss❛ ár❡❛ tê♠ s✐❞♦ ♠♦t✐✈❛❞♦s ❞❡s❞❡ ♦ ❝♦♠❡ç♦✱ ♣❡❧♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡

q✉❡ ♦ ❝ér❡❜r♦ ❤✉♠❛♥♦ ♣r♦❝❡ss❛ ✐♥❢♦r♠❛çõ❡s ❞❡ ✉♠❛ ❢♦r♠❛ ❞✐❢❡r❡♥t❡ ❞♦ ❝♦♠♣✉t❛❞♦r ❞✐✲

❣✐t❛❧ ❝♦♥✈❡♥❝✐♦♥❛❧✳ ❖ ❝ér❡❜r♦ é ✉♠ s✐st❡♠❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❛❧t❛♠❡♥t❡

❝♦♠♣❧❡①♦✱ ♥ã♦ ❧✐♥❡❛r ❡ ♣❛r❛❧❡❧♦✳ ❊❧❡ t❡♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♦r❣❛♥✐③❛r s❡✉s ❝♦♥st✐t✉✐♥t❡s

❡str✉t✉r❛✐s✱ ❝♦♥❤❡❝✐❞♦s ♣♦r ♥❡✉rô♥✐♦s✱ ❞❡ ❢♦r♠❛ ❛ r❡❛❧✐③❛r ❝❡rt♦s ♣r♦❝❡ss❛♠❡♥t♦s ✭r❡❝♦✲

♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s✱ ♣❡r❝❡♣çã♦✱ ❡ ❝♦♥tr♦❧❡ ♠♦t♦r✮ ❬✶✽❪✳

❙❡❣✉♥❞♦ ❍❛②❦✐♥ ❬✶✽❪✱ ❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ q✉❡ s❡❥❛ ✉♠❛ ❘◆❆ sã♦✿

❯♠❛ r❡❞❡ ♥❡✉r❛❧ é ✉♠ ♣r♦❝❡ss❛❞♦r ♣❛r❛❧❡❧❛♠❡♥t❡ ❞✐str✐❜✉í❞♦ ❝♦♥st✐t✉í❞♦ ❞❡ ✉♥✐❞❛❞❡s

❞❡ ♣r♦❝❡ss❛♠❡♥t♦ s✐♠♣❧❡s✱ q✉❡ tê♠ ❛ ♣r♦♣❡♥sã♦ ♥❛t✉r❛❧ ♣❛r❛ ❛r♠❛③❡♥❛r ❝♦♥❤❡❝✐♠❡♥t♦ ❡①✲

♣❡r✐♠❡♥t❛❧ ❡ t♦r♥á✲❧♦ ❞✐s♣♦♥í✈❡❧ ♣❛r❛ ♦ ✉s♦✳ ❊❧❛ s❡ ❛ss❡♠❡❧❤❛ ❛♦ ❝ér❡❜r♦ ❡♠ ❞♦✐s ❛s♣❡❝t♦s✿

✶✳ ♦ ❝♦♥❤❡❝✐♠❡♥t♦ é ❛❞q✉✐r✐❞♦ ♣❡❧❛ r❡❞❡ ❛ ♣❛rt✐r ❞❡ s❡✉ ❛♠❜✐❡♥t❡ ❛tr❛✈és ❞❡ ✉♠ ♣r♦❝❡ss♦

❞❡ ❛♣r❡♥❞✐③❛❣❡♠❀

✷✳ ❢♦rç❛s ❞❡ ❝♦♥❡①ã♦ ❡♥tr❡ ♥❡✉rô♥✐♦s✱ ❝♦♥❤❡❝✐❞❛s ❝♦♠♦ ♣❡s♦s s✐♥á♣t✐❝♦s✱ sã♦ ✉t✐❧✐③❛❞❛s

♣❛r❛ ❛r♠❛③❡♥❛r ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❛❞q✉✐r✐❞♦✳

❖ ♣r♦❝❡❞✐♠❡♥t♦ ✉s❛❞♦ ♣❛r❛ r❡❛❧✐③❛r ♦ ♣r♦❝❡ss♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ é ❝❤❛♠❛❞♦ ❞❡ ❛❧✲

❣♦r✐t♠♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✱ ❝✉❥❛ ❢✉♥çã♦ é ♠♦❞✐✜❝❛r ♦s ♣❡s♦s s✐♥á♣t✐❝♦s ❞❛ r❡❞❡ ❞❡ ✉♠❛

♠❛♥❡✐r❛ ♦r❞❡♥❛❞❛ ♣❛r❛ ❛t✐♥❣✐r ♦ ♦❜❥❡t✐✈♦ ❞♦ ♣r♦❥❡t♦ ❞❡s❡❥❛❞♦ ❬✶✽❪✳



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✽

❆ ♠♦❞✐✜❝❛çã♦ ❞❡ ♣❡s♦s s✐♥á♣t✐❝♦s é ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ♣❛r❛ ♦ ♣r♦❥❡t♦ ❞❡ r❡❞❡s ♥❡✉✲

r❛✐s✳ ❊st❡ t✐♣♦ ❞❡ ❛❜♦r❞❛❣❡♠ é ❜❛st❛♥t❡ ♣ró①✐♠♦ ❞❛ t❡♦r✐❛ ❞♦s ✜❧tr♦s ❛❞❛♣t❛t✐✈♦s ❧✐♥❡❛r❡s✱

q✉❡ ❥á ❡stá ❜❡♠ ❡st❛❜❡❧❡❝✐❞♦ ❡ ❝♦♠ ❛♣❧✐❝❛çõ❡s ❡♠ ❞✐✈❡rs❛s ár❡❛s ❬✶✽✱ ✺✹❪✳ ❊♥tr❡t❛♥t♦✱ é

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

✈❛❞♦ ♣❡❧♦ ❢❛t♦ ❞❡ ♦s ♥❡✉rô♥✐♦s ♥♦ ❝ér❡❜r♦ ❤✉♠❛♥♦ ♣♦❞❡r❡♠ ♠♦rr❡r ❡ q✉❡ ♥♦✈❛s ❝♦♥❡①õ❡s

s✐♥á♣t✐❝❛s ♣♦ss❛♠ ❝r❡s❝❡r ❬✶✽❪✳

❖ s✐st❡♠❛ ♥❡r✈♦s♦ ❤✉♠❛♥♦ ♣♦❞❡ s❡r ✈✐st♦ ❝♦♠♦ ✉♠ s✐st❡♠❛ ❞❡ três ❡stá❣✐♦s✱ ❝♦♠♦

❛♣r❡s❡♥t❛❞♦ ♥♦ ❞✐❛❣r❛♠❛ ❡♠ ❜❧♦❝♦s ❞❛ ❋✐❣✉r❛ ✸✳✸✳ ❖ ❝❡♥tr♦ ❞♦ s✐st❡♠❛ é ♦ ❝ér❡❜r♦✱

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

❡ t♦♠❛ ❞❡❝✐sõ❡s ❛♣r♦♣r✐❛❞❛s✳ ❉♦✐s ❝♦♥❥✉♥t♦s ❞❡ s❡t❛s sã♦ ♠♦str❛❞♦s ♥❛ ❋✐❣✉r❛ ✸✳✸✳ ❆s

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

♣♦rt❛❞♦r ❞❡ ✐♥❢♦r♠❛çã♦✱ ❛tr❛✈és ❞♦ s✐st❡♠❛✳ ❆s s❡t❛s ❛♣♦♥t❛♥❞♦ ❞❛ ❞✐r❡✐t❛ ♣❛r❛ ❛ ❡sq✉❡r❞❛

✐♥❞✐❝❛♠ ❛ ♣r❡s❡♥ç❛ ❞❡ r❡❛❧✐♠❡♥t❛çã♦ ❞♦ s✐st❡♠❛✳ ❖s r❡❝❡♣t♦r❡s ❝♦♥✈❡rt❡♠ ❡stí♠✉❧♦s ❞♦

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

♣❛r❛ ❛ r❡❞❡ ♥❡✉r❛❧ ✭❝ér❡❜r♦✮✳ ❖s ❛t✉❛❞♦r❡s ❝♦♥✈❡rt❡♠ ✐♠♣✉❧s♦s ❡❧étr✐❝♦s ❣❡r❛❞♦s ♣❡❧❛ r❡❞❡

♥❡✉r❛❧ ❡♠ r❡s♣♦st❛s ❞✐s❝❡r♥í✈❡✐s ❝♦♠♦ s❛í❞❛s ❞♦ s✐st❡♠❛ ❬✶✽❪✳

❋✐❣✉r❛ ✸✳✸✿ ❘❡♣r❡s❡♥t❛çã♦ ❡♠ ❉✐❛❣r❛♠❛ ❞❡ ❇❧♦❝♦ ❞♦ ❙✐st❡♠❛ ◆❡r✈♦s♦ ❍✉♠❛♥♦ ❱✐st♦

❝♦♠♦ ❙✐st❡♠❛ ❞❡ ❚rês ❊stá❣✐♦s✳

❋♦♥t❡✿ ❍❛②❦✐♥ ❬✶✽❪✳

❈♦♠♦ ❢♦r❛♠ ✐♥s♣✐r❛❞❛s ♥❛ ❡str✉t✉r❛ ❡ ♥❛ ❢✉♥çã♦ ❞❡ ♥❡✉rô♥✐♦s ❜✐♦❧ó❣✐❝♦s✱ ❛s r❡❞❡s

♥❡✉r❛✐s ❛♣r❡♥❞❡♠ ❝♦♠ ❛ ✐♥t❡r❛çã♦ ❞❡ ♣❛❞rõ❡s ❞❡ ❡①❡♠♣❧♦✱ s❡♠ ♥❡❝❡ss✐t❛r❡♠ ❞❡ ✉♠ ❝♦✲

♥❤❡❝✐♠❡♥t♦ ❞❛s r❡❧❛çõ❡s ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s q✉❡ ❡stã♦ s♦❜ ✐♥✈❡st✐❣❛çã♦✳ ❆ r❡❞❡ ♥❡✉r❛❧ ❛r✲

t✐✜❝✐❛❧ é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✉♥✐❞❛❞❡s ♣r♦❝❡ss❛❞♦r❛s q✉❡ s✐♠✉❧❛♠ ♥❡✉rô♥✐♦s ❜✐♦❧ó❣✐❝♦s ❡ sã♦

✐♥t❡r❝♦♥❡❝t❛❞♦s ♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣❡s♦s ✭s❡♠❡❧❤❛♥t❡ às ❝♦♥❡①õ❡s s✐♥á♣t✐❝❛s ♥♦ s✐st❡♠❛

♥❡r✈♦s♦✮ ❬✶✽❪✳

❆s s✐♥❛♣s❡s sã♦ ✉♥✐❞❛❞❡s ❡str✉t✉r❛✐s ❡ ❢✉♥❝✐♦♥❛✐s ❡❧❡♠❡♥t❛r❡s q✉❡ ♠❡❞❡✐❛♠ ❛s ✐♥t❡r❛✲

çõ❡s ❡♥tr❡ ♦s ♥❡✉rô♥✐♦s✳ ❖ t✐♣♦ ♠❛✐s ❝♦♠✉♠ ❞❡ s✐♥❛♣s❡ é ❛ s✐♥❛♣s❡ q✉í♠✐❝❛✱ q✉❡ ♦♣❡r❛

❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ ✉♠ ♣r♦❝❡ss♦ ♣ré✲s✐♥á♣t✐❝♦ ❧✐❜❡r❛ ✉♠❛ s✉❜stâ♥❝✐❛ tr❛♥s♠✐ss♦r❛ q✉❡

s❡ ❞✐❢✉♥❞❡ ❛tr❛✈és ❞❛ ❥✉♥çã♦ s✐♥á♣t✐❝❛ ❡♥tr❡ ♥❡✉rô♥✐♦s ❡ ❡♥tã♦ ❛❣❡ s♦❜r❡ ✉♠ ♣r♦❝❡ss♦

♣ós✲s✐♥á♣t✐❝♦✳ ❆ss✐♠✱ ✉♠❛ s✐♥❛♣s❡ ❝♦♥✈❡rt❡ ✉♠ s✐♥❛❧ ❡❧étr✐❝♦ ♣ré✲s✐♥á♣t✐❝♦ ❡♠ ✉♠ s✐♥❛❧

q✉í♠✐❝♦ ❡ ❡♥tã♦ ❞❡ ✈♦❧t❛ ❡♠ ✉♠ s✐♥❛❧ ❡❧étr✐❝♦ ♣ós✲s✐♥á♣t✐❝♦✳ ◆❛s ❞❡s❝r✐çõ❡s tr❛❞✐❝✐♦♥❛✐s

❞❛ ♦r❣❛♥✐③❛çã♦ ♥❡✉r❛❧✱ ❛ss✉♠❡✲s❡ q✉❡ ✉♠❛ s✐♥❛♣s❡ é ✉♠❛ ❝♦♥❡①ã♦ s✐♠♣❧❡s q✉❡ ♣♦❞❡ ✐♠♣♦r

❛♦ ♥❡✉rô♥✐♦ r❡❝❡♣t✐✈♦ ❡①❝✐t❛çã♦ ♦✉ ✐♥✐❜✐çã♦✱ ♠❛s ♥ã♦ ❛♠❜❛s ❬✶✽❪✳



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✾

➱ ✐♠♣♦rt❛♥t❡ s❛❜❡r q✉❡ ❡ss❡s ♥í✈❡✐s ❡str✉t✉r❛✐s ❞❡ ♦r❣❛♥✐③❛çã♦ sã♦ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛

ú♥✐❝❛ ❞♦ ❝ér❡❜r♦✳ ❊❧❡s ♥ã♦ sã♦ ❡♥❝♦♥tr❛❞♦s ❡♠ ❧✉❣❛r ❛❧❣✉♠ ❡♠ ✉♠ ❝♦♠♣✉t❛❞♦r ❞✐❣✐✲

t❛❧ ❝♦♥✈❡♥❝✐♦♥❛❧✱ ❡ ♥ã♦ s❡ ❡stá ♣ró①✐♠♦ ❞❡ r❡❝r✐á✲❧♦s ❝♦♠ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s✳ ❖s

♥❡✉rô♥✐♦s ❛rt✐✜❝✐❛✐s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❝♦♥str✉✐r ❛s r❡❞❡s ♥❡✉r❛✐s sã♦ r❡❛❧♠❡♥t❡ ♣r✐♠✐t✐✈♦s

❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ❛q✉❡❧❡s ❡♥❝♦♥tr❛❞♦s ♥♦ ❝ér❡❜r♦✳ ❆♣❡s❛r ❞✐ss♦✱ ❝♦♠ ❛ ❛♥❛❧♦❣✐❛ ♥❡✉r♦✲

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

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

❛rt✐✜❝✐❛✐s ❡ ♦ s❡✉ ✉s♦ t❡♠ ❣❡r❛❞♦ r❡s✉❧t❛❞♦s s❛t✐s❢❛tór✐♦s ❬✶✽❪✳

❯♠ ♥❡✉rô♥✐♦ é ✉♠❛ ✉♥✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♥❢♦r♠❛çã♦ q✉❡ é ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛

❛ ♦♣❡r❛çã♦ ❞❡ ✉♠❛ r❡❞❡ ♥❡✉r❛❧✳ ◆♦ ❞✐❛❣r❛♠❛ ❡♠ ❜❧♦❝♦s ❞❛ ❋✐❣✉r❛ ✸✳✹ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦

♦ ♠♦❞❡❧♦ ❞❡ ✉♠ ♥❡✉rô♥✐♦✱ q✉❡ ❢♦r♠❛ ❛ ❜❛s❡ ♣❛r❛ ♦ ♣r♦❥❡t♦ ❞❡ r❡❞❡s ♥❡✉r❛✐s ✭❛rt✐✜❝✐❛✐s✮✳

❋✐❣✉r❛ ✸✳✹✿ ▼♦❞❡❧♦ ❞❡ ◆❡✉rô♥✐♦ ❇❛s❡ ♣❛r❛ Pr♦❥❡t♦s ❞❡ ❘◆❆✳

❋♦♥t❡✿ ❍❛②❦✐♥ ✭▼♦❞✐✜❝❛❞❛✮ ❬✶✽❪✳

❆q✉✐ s❡ ✐❞❡♥t✐✜❝❛ três ❡❧❡♠❡♥t♦s ❜ás✐❝♦s ❞♦ ♠♦❞❡❧♦ ♥❡✉r♦♥❛❧✿

✶✳ ❝♦♥❥✉♥t♦ ❞❡ s✐♥❛♣s❡s ♦✉ ❡❧♦s ❞❡ ❝♦♥❡①ã♦✱ ❝❛❞❛ ✉♠❛ s❡ ❝❛r❛❝t❡r✐③❛ ♣♦r s❡✉ ♣❡s♦ ♦✉

❢♦rç❛ ♣ró♣r✐❛✳ ❯♠ s✐♥❛❧ xj ♥❛ ❡♥tr❛❞❛ ❞❛ s✐♥❛♣s❡ j ❝♦♥❡❝t❛❞♦ ❛ ✉♠ ♥❡✉rô♥✐♦ ❦

é ♠✉❧t✐♣❧✐❝❛❞♦ ♣❡❧♦ ♣❡s♦ s✐♥á♣t✐❝♦ wkj✱ ♦♥❞❡ ♦ í♥❞✐❝❡ k r❡❢❡r❡✲s❡ ❛♦ ♥❡✉rô♥✐♦ ❡♠

q✉❡stã♦ ❡ ♦ í♥❞✐❝❡ j r❡❢❡r❡✲s❡ ❛♦ t❡r♠✐♥❛❧ ❞❡ ❡♥tr❛❞❛ ❞❛ s✐♥❛♣s❡✳ ❆♦ ❝♦♥trár✐♦ ❞❡

✉♠❛ s✐♥❛♣s❡ ❞♦ ❝ér❡❜r♦✱ ♦ ♣❡s♦ s✐♥á♣t✐❝♦ ❞❡ ✉♠ ♥❡✉rô♥✐♦ ❛rt✐✜❝✐❛❧ ♣♦❞❡ ❡st❛r ❡♠

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

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

❞♦ ♥❡✉rô♥✐♦✳ ❊st❛s ❢✉♥çõ❡s ❝♦♥st✐t✉❡♠ ✉♠ ❝♦♠❜✐♥❛❞♦r ❧✐♥❡❛r❀

✸✳ ✉♠❛ ❢✉♥çã♦ ❞❡ ❛t✐✈❛çã♦ ♣❛r❛ r❡str✐♥❣✐r ❛ ❛♠♣❧✐t✉❞❡ ❞❛ s❛í❞❛ ❞❡ ✉♠ ♥❡✉rô♥✐♦✳ ❆

❢✉♥çã♦ ❞❡ ❛t✐✈❛çã♦ é t❛♠❜é♠ r❡❢❡r✐❞❛ ❝♦♠♦ ❢✉♥çã♦ r❡str✐t✐✈❛ ❥á q✉❡ r❡str✐♥❣❡ ✭✜❧tr❛✮

♦ ✐♥t❡r✈❛❧♦ ❛❝❡✐tá✈❡❧ ❞❡ ❛♠♣❧✐t✉❞❡ ❞♦ s✐♥❛❧ ❞❡ s❛í❞❛ ❛ ✉♠ ✈❛❧♦r ✜♥✐t♦✳ ❚✐♣✐❝❛♠❡♥t❡✱



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✵

♦ ✐♥t❡r✈❛❧♦ ♥♦r♠❛❧✐③❛❞♦ ❞❛ ❛♠♣❧✐t✉❞❡ ❞❡ s❛í❞❛ ❞❡ ✉♠ ♥❡✉rô♥✐♦ é ❡s❝r✐t♦ ❝♦♠♦ ♦

✐♥t❡r✈❛❧♦ ✉♥✐tár✐♦ ❢❡❝❤❛❞♦ ❬✵✱✶❪ ♦✉ ❬✲✶✱✶❪✳

❊♠ r❡s✉♠♦✱ ❛s ❡♥tr❛❞❛s sã♦ ❛♣r❡s❡♥t❛❞❛s ❡ ♣♦♥❞❡r❛❞❛s ♣❡❧♦s ♣❡s♦s ❝♦rr❡s♣♦♥❞❡♥t❡s✱

s♦♠❛❞♦s ❡ tr❛♥s❢♦r♠❛❞♦s ❛tr❛✈és ❞❡ ✉♠❛ ❢✉♥çã♦ ❞❡ ❛t✐✈❛çã♦ ♣❛r❛ ♣r♦❞✉③✐r ✉♠❛ s❛í❞❛ ❬✹✺❪✳

◆❡st❡ ♠♦❞❡❧♦✱ ♣♦❞❡ s❡r ♥♦t❛❞♦ ♦ ❛❝rés❝✐♠♦ ❞❡ ✉♠ ❜✐❛s ✭❛❥✉st❡✮✱ q✉❡ t❡♠ ♦ ❡❢❡✐t♦

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

♣♦s✐t✐✈♦ ♦✉ ♥❡❣❛t✐✈♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✐❞❡♥t✐✜❝❛❞♦ ♣♦r bk✳

▼❛t❡♠❛t✐❝❛♠❡♥t❡✱ ✉♠ ♥❡✉rô♥✐♦ k é ❞❡s❝r✐t♦ ❝♦♠ ❛s s❡❣✉✐♥t❡s ❡q✉❛çõ❡s✿

uk =
m
∑

j=1

wkjxj ✭✸✳✶✮

vk = uk + bk ✭✸✳✷✮

yk = ϕvk ✭✸✳✸✮

❡♠ q✉❡ x1✱ x2✱ x3✱✳✳✳✱ xm✱ sã♦ s✐♥❛✐s ❞❡ ❡♥tr❛❞❛❀ wk1✱ wk2✱ wk3✱✳✳✳✱ wkm✱ sã♦ ♦s ♣❡s♦s

s✐♥á♣t✐❝♦s ❞♦ ♥❡✉rô♥✐♦ k❀ uk é ❛ s❛í❞❛ ❞♦ ❝♦♠❜✐♥❛❞♦r ❧✐♥❡❛r ❞❡✈✐❞♦ ❛♦s s✐♥❛✐s ❞❡ ❡♥tr❛❞❛❀

bk é ♦ ❜✐❛s ❀ vk é uk ❝♦♠ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ❜✐❛s ❀ ϕ✭✳✮ é ❛ ❢✉♥çã♦ ❞❡ ❛t✐✈❛çã♦❀ ❡ yk é ♦ s✐♥❛❧

❞❡ s❛í❞❛ ❞♦ ♥❡✉rô♥✐♦✳ ❖ ✉s♦ ❞♦ ❜✐❛s bk é ❢❡✐t♦ ♣❛r❛ ❛✉♠❡♥t❛r ♦s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡✱

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

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

❝♦♠♦ ❞❡♠♦♥str❛❞♦ ♥❛ ❊q✉❛çã♦ ✭✸✳✷✮✳

❆ ❢✉♥çã♦ ❞❡ ❛t✐✈❛çã♦✱ ❞❡✜♥✐❞❛ ♣❡❧♦ t❡r♠♦ ϕ✭✳✮✱ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛ s❛í❞❛ ❞♦ ♥❡✉rô♥✐♦✱

❝♦♥❢♦r♠❡ ❥á ❝✐t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡ ♥❛ ❊q✉❛çã♦ ✭✸✳✸✮✳ ❊①✐st❡♠ ❛❧❣✉♥s t✐♣♦s ❜ás✐❝♦s ❞❡

❢✉♥çõ❡s ❞❡ ❛t✐✈❛çã♦✱ ♣♦r ❡①❡♠♣❧♦✱ ❢✉♥çã♦ ❞❡ ❧✐♠✐❛r✱ ❢✉♥çã♦ ❧✐♥❡❛r ♣♦r ♣❛rt❡s ✭♣✐❡❝❡✇✐s❡✮

❡ ❢✉♥çã♦ s✐❣♠ó✐❞❡✳ ❆ ❢✉♥çã♦ s✐❣♠ó✐❞❡ é ✉♠ ❞♦s ♠♦❞❡❧♦s ♠❛✐s ✉t✐❧✐③❛❞♦s ❡♠ ♣r♦❥❡t♦s ❞❡

r❡❞❡s ♥❡✉r❛✐s ❬✶✽❪✳

❖ ❣rá✜❝♦ ❞❡st❛ ❢✉♥çã♦ ✭s✐❣♠ó✐❞❡✮✱ ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✺✱ ❢♦r♠❛ ✉♠ ✧❙✧✱ é ✉♠❛

❢✉♥çã♦ ❝♦♥tí♥✉❛ ♥ã♦ ❧✐♥❡❛r q✉❡ ♣❡r♠❛♥❡❝❡ ❞❡♥tr♦ ❞❡ ❛❧❣✉♥s ❧✐♠✐t❡s s✉♣❡r✐♦r❡s ❡ ✐♥❢❡r✐♦r❡s✳

◆ã♦ ❧✐♥❡❛r s✐❣♥✐✜❝❛ q✉❡ ❛ s❛í❞❛ ❞❛ ❢✉♥çã♦ ✈❛r✐❛ ♥ã♦ ❧✐♥❡❛r♠❡♥t❡ ❝♦♠ ❛ ❡♥tr❛❞❛❀ ❡ss❡

❛s♣❡❝t♦ ♣❡r♠✐t❡ q✉❡ r❡❞❡s ♥❡✉r❛✐s ❢❛ç❛♠ ♠❛♣❡❛♠❡♥t♦ ♥ã♦ ❧✐♥❡❛r ❡♥tr❡ ❡♥tr❛❞❛s ❡ s❛í❞❛s

❬✹✺❪✳



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✶

❋✐❣✉r❛ ✸✳✺✿ ●rá✜❝♦ ❋✉♥çã♦ ❙✐❣♠ó✐❞❡✳

❋♦♥t❡✿ ❙❛♥❞❤②❛ ❬✹✺❪✳

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

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

❡♠ ✈❡t♦r❡s ❞❡ ❡♥tr❛❞❛ ❡ ✉♠ ✈❡t♦r ❞❡ ❞❡st✐♥♦ ✭s❛í❞❛ ❞❡s❡❥❛❞❛✮ ❛ss♦❝✐❛❞♦ ❛ ❝❛❞❛ ✈❡t♦r ❞❡

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

❢♦r♠❛ q✉❡ ♦ ❡rr♦ ❡♥tr❡ ❛ s❛í❞❛ r❡❛❧ ❡ ❛ s❛í❞❛ ❞❡s❡❥❛❞❛ s❡❥❛ ♠✐♥✐♠✐③❛❞♦ ❬✶✺❪✳

❊①✐st❡♠ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ r❡❞❡s ♥❡✉r❛✐s q✉❡ ❛♣r❡♥❞❡♠ s♦❜ s✉♣❡r✈✐sã♦✱ ♣♦❞❡✲s❡ ❝✐t❛r✱

♣♦r ❡①❡♠♣❧♦✱ r❡❞❡s ♥❡✉r❛✐s ❛❧✐♠❡♥t❛❞❛s ❛❞✐❛♥t❡ ✭❢❡❡❞❢♦r✇❛r❞✮ ❞❡ ♠ú❧t✐♣❧❛s ❝❛♠❛❞❛s✱ r❡❞❡s

❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❡ r❡❝♦rr❡♥t❡s✳

✸✳✷✳✶ ❚✐♣♦s ❞❡ ❘❡❞❡s ◆❡✉r❛✐s

❖s t✐♣♦ ❞❡ r❡❞❡s ♥❡✉r❛✐s ❝♦♠ ❛♣r❡♥❞✐③❛❞♦ s✉♣❡r✈✐s✐♦♥❛❞♦ ♣♦❞❡♠ s❡r ❞✐❢❡r❡♥❝✐❛❞♦s ✉♥s

❞♦s ♦✉tr♦s ♣♦r t❡r ♦✉ ♥ã♦ ❧❛ç♦s ❞❡ r❡❛❧✐♠❡♥t❛çã♦✳

❆s r❡❞❡s q✉❡ ♥ã♦ ♣♦ss✉❡♠ ❧❛ç♦s ❞❡ r❡❛❧✐♠❡♥t❛çã♦ sã♦ ❝❤❛♠❛❞❛s ❞❡ r❡❞❡s ♥❡✉r❛✐s

❛❧✐♠❡♥t❛❞❛s ❛❞✐❛♥t❡ ✭❢❡❡❞❢♦r✇❛r❞✮✳ ❊ss❡ t✐♣♦ ❞❡ r❡❞❡ r❡❝❡❜❡ s✐♥❛✐s ❡①t❡r♥♦s ❡ s✐♠♣❧❡s♠❡♥t❡

♣r♦♣❛❣❛♠ ❡ss❡s s✐♥❛✐s ♣♦r t♦❞❛s ❛s ❝❛♠❛❞❛s ♣❛r❛ ♦❜t❡r ♦ r❡s✉❧t❛❞♦ ✭s❛í❞❛✮ ❞❛ r❡❞❡ ♥❡✉r❛❧✳

◆ã♦ ❤á ❝♦♥❡①õ❡s ❞❡ r❡❛❧✐♠❡♥t❛çã♦ ♣❛r❛ ❛s ❝♦♥❡①õ❡s ❛♥t❡r✐♦r❡s✱ ❛s ❝♦♥❡①õ❡s sã♦ ❢❡✐t❛s

s♦♠❡♥t❡ ♣❛r❛ ♥❡✉rô♥✐♦s ❞❛ ❝❛♠❛❞❛ s❡❣✉✐♥t❡ ❬✶✺❪✳

❏á ❛s q✉❡ ♣♦ss✉❡♠ ❧❛ç♦s ❞❡ r❡❛❧✐♠❡♥t❛çã♦ sã♦ ❝❤❛♠❛❞❛s ❞❡ r❡❝♦rr❡♥t❡s✳ ❆s r❡❞❡s

♥❡✉r❛✐s r❡❝♦rr❡♥t❡s✱ ♣♦r ♦✉tr♦ ❧❛❞♦✱ tê♠ ❝♦♥❡①õ❡s s✐♥á♣t✐❝❛s r❡❛❧✐♠❡♥t❛❞❛s ✭♦✉ ❧❛ç♦s ❞❡

r❡❛❧✐♠❡♥t❛çã♦✮ ♣❡r♠✐t✐♥❞♦ ♦ ✢✉①♦ ❞❡ s✐♥❛✐s ❞❡ ❛t✐✈❛çã♦ ❡ s❛í❞❛ ♥❡✉r❛✐s ❡♥tr❡ ♥❡✉rô♥✐♦s ❞❡

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

❛♣r❡♥❞✐❞♦ ❬✶✺❪✳

❆s r❡❞❡s ❢❡❡❞❢♦r✇❛r❞ tê♠ s✐❞♦ ❛♣❧✐❝❛❞❛s ❝♦♠ ê①✐t♦ ♣❛r❛ r❡s♦❧✈❡r ❞✐✈❡rs♦s ♣r♦❜❧❡♠❛s

❝♦♥s✐❞❡r❛❞♦s ❞✐❢í❝❡✐s✱ ❝♦♠♣❧❡①♦s ❬✶✽❪✳ ❱✐st♦ ✐st♦✱ ♥❡st❛ t❡s❡ sã♦ t❡st❛❞❛s r❡❞❡s ♥❡✉r❛✐s ❝♦♠



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✷

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

❘❡❞❡s ◆❡✉r❛✐s ❆❧✐♠❡♥t❛❞❛s ❆❞✐❛♥t❡ ✭❋❡❡❞❢♦r✇❛r❞✮

• ❘❡❞❡s ◆❡✉r❛✐s ❋❡❡❞❢♦r✇❛r❞ ❞❡ ▼ú❧t✐♣❧❛s ❈❛♠❛❞❛s

❆s r❡❞❡s ❛❧✐♠❡♥t❛❞❛s ❛❞✐❛♥t❡ ❞❡ ♠ú❧t✐♣❧❛s ❝❛♠❛❞❛s ✭♠✉❧t✐❧❛②❡r ❢❡❡❞❢♦r✇❛r❞ ♥❡t✇♦r❦s✮

❝♦♠✉♠❡♥t❡ ❝❤❛♠❛❞❛s ❞❡ ♣❡r❝❡♣tr♦♥ ♠✉❧t✐❝❛♠❛❞❛ ✭♠✉❧t✐❧❛②❡r ♣❡r❝❡♣tr♦♥ ✲ ▼▲P✮

sã♦ r❡❞❡s ❜❛st❛♥t❡ ❞✐❢✉♥❞✐❞❛s ♥❛ ❧✐t❡r❛t✉r❛✳ ◆❡st❡ t✐♣♦ ❞❡ r❡❞❡s ❤á ❛ ♣r❡s❡♥ç❛ ❞❡

✉♠❛ ❝❛♠❛❞❛ ❞❡ ❡♥tr❛❞❛ q✉❡ r❡❝❡❜❡ ♦s s✐♥❛✐s✱ ✉♠❛ ❝❛♠❛❞❛ ❞❡ s❛í❞❛ ❡ ✉♠❛ ♦✉ ♠❛✐s

❝❛♠❛❞❛s ♦❝✉❧t❛s ✭✐♥t❡r♠❡❞✐ár✐❛s✮✳ ❖ t❡r♠♦ ✧♦❝✉❧t♦✧✳ é ❞❡✈✐❞♦ ❛♦ ❢❛t♦ ❞❡ q✉❡ ❡ss❛

♣❛rt❡ ❞❛ r❡❞❡ ♥❡✉r❛❧ ♥ã♦ é ✈✐st❛ ❞✐r❡t❛♠❡♥t❡ ❞❛ ❡♥tr❛❞❛ ♦✉ s❛í❞❛ ❞❛ r❡❞❡ ❬✶✽❪✳

❖s ♥ós ❞❡ ♦r✐❣❡♠ ♥❛ ❝❛♠❛❞❛ ❞❡ ❡♥tr❛❞❛ ❞❛ r❡❞❡ ❢♦r♥❡❝❡♠ ♦s r❡s♣❡❝t✐✈♦s ❡❧❡♠❡♥t♦s ❞♦

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

❛♦s ♥❡✉rô♥✐♦s ✭♥ós ❞❡ ❝♦♠♣✉t❛çã♦✮ ♥❛ s❡❣✉♥❞❛ ❝❛♠❛❞❛ ✭♦✉ s❡❥❛✱ ❛ ♣r✐♠❡✐r❛ ❝❛♠❛❞❛

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

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

❝❛❞❛ ❝❛♠❛❞❛ ❞❛ r❡❞❡ tê♠ ❝♦♠♦ ❡♥tr❛❞❛s ❛♣❡♥❛s ♦s s✐♥❛✐s ❞❡ s❛í❞❛ ❞❛ ❝❛♠❛❞❛

♣r❡❝❡❞❡♥t❡✳ ❖s s✐♥❛✐s ❞❡ s❛í❞❛ ❞♦s ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ❞❡ s❛í❞❛ ✭✜♥❛❧✮ ❞❛ r❡❞❡

❝♦♥st✐t✉❡♠ ❛ r❡s♣♦st❛ ❣❡r❛❧ ❞❛ r❡❞❡ ❛♦ ♣❛❞rã♦ ❞❡ ❛t✐✈❛çã♦ ❢♦r♥❡❝✐❞♦ ♣❡❧♦s ♥ós ❞❡

♦r✐❣❡♠ ♥❛ ✭♣r✐♠❡✐r❛✮ ❝❛♠❛❞❛ ❞❡ ❡♥tr❛❞❛✳

◆❛ ❋✐❣✉r❛ ✸✳✻ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ ❢❡❡❞❢♦r✇❛r❞ ♠✉❧t✐❝❛♠❛❞❛ ♣❛r❛ ♦ ❝❛s♦

❞❡ ✉♠❛ ú♥✐❝❛ ❝❛♠❛❞❛ ♦❝✉❧t❛✳ ❆ r❡❞❡ ❞❛ ❋✐❣✉r❛ ✸✳✻ é r❡❢❡r✐❞❛ ❝♦♠♦ ✉♠❛ r❡❞❡ ✶✵✲✹✲✷✱

♣♦rq✉❡ ♣♦ss✉✐ ✶✵ ♥ós ❞❡ ♦r✐❣❡♠✱ ✹ ♥❡✉rô♥✐♦s ♦❝✉❧t♦s ❡ ✷ ♥❡✉rô♥✐♦s ❞❡ s❛í❞❛✳ P♦r

❡①❡♠♣❧♦✱ ✉♠❛ r❡❞❡ ❢❡❡❞❢♦r✇❛r❞ ❝♦♠ m ♥ós ❞❡ ♦r✐❣❡♠✱ h1 ♥❡✉rô♥✐♦s ♥❛ ♣r✐♠❡✐r❛

❝❛♠❛❞❛ ♦❝✉❧t❛✱ h2 ♥❡✉rô♥✐♦s ♥❛ s❡❣✉♥❞❛ ❝❛♠❛❞❛ ♦❝✉❧t❛ ❡ q ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛

❞❡ s❛í❞❛ é r❡❢❡r✐❞❛ ❝♦♠♦ ✉♠❛ r❡❞❡ m✲h1✲h2✲q ❬✶✽❪✳
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❋✐❣✉r❛ ✸✳✻✿ ❘❡❞❡s ❆❧✐♠❡♥t❛❞❛s ❆❞✐❛♥t❡ ❝♦♠ ✉♠❛ ❈❛♠❛❞❛ ❖❝✉❧t❛ ❡ ✉♠❛ ❞❡ ❙❛í❞❛✳

❋♦♥t❡✿ ❍❛②❦✐♥ ❬✶✽❪✳

❆ s❛í❞❛ ❞❡ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ ❛❧✐♠❡♥t❛❞❛ ❛❞✐❛♥t❡ ♣❛r❛ q✉❛❧q✉❡r ♣❛❞rã♦ ❞❡ ❡♥tr❛❞❛ zp

é ❝❛❧❝✉❧❛❞♦ ❝♦♠♦ ✉♠❛ ú♥✐❝❛ ♣❛ss❛❣❡♠ ❞✐r❡t❛ ♣❡❧❛ r❡❞❡✳ P❛r❛ ❝❛❞❛ ✉♥✐❞❛❞❡ ❞❡ s❛í❞❛

ok✱ t❡♠✲s❡ ✭❛ss✉♠✐♥❞♦ q✉❡ ♥ã♦ ❤á ❝♦♥❡①õ❡s ❞✐r❡t❛s ❡♥tr❡ ❛s ❝❛♠❛❞❛s ❞❡ ❡♥tr❛❞❛ ❡

s❛í❞❛✮ ❬✶✺❪✿

ok,p = fok(netok,p)

= fok

( J+1
∑

j=1

wkjfyj(netyj ,p)

)

fok

( J+1
∑

j=1

wkjfyj

( I+1
∑

i=1

vjizi,p

)

✭✸✳✹✮

❡♠ q✉❡ fok ❡ fy1 sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛ ❢✉♥çã♦ ❞❡ ❛t✐✈❛çã♦ ♣❛r❛ ❛ ✉♥✐❞❛❞❡ ❞❡ s❛í❞❛

ok ❡ ❛ ✉♥✐❞❛❞❡ ♦❝✉❧t❛ yj❀ wkj é ♦ ♣❡s♦ ❡♥tr❡ ❛ ✉♥✐❞❛❞❡ ❞❡ s❛í❞❛ ok ❡ ❛ ✉♥✐❞❛❞❡ ♦❝✉❧t❛

yk❀ zi,p é ♦ ✈❛❧♦r ❞❛ ✉♥✐❞❛❞❡ ❞❡ ❡♥tr❛❞❛ zi ❞♦ ♣❛❞rã♦ ❞❡ ❡♥tr❛❞❛ zp❀ ❛ (I + 1)th

✉♥✐❞❛❞❡ ❞❡ ❡♥tr❛❞❛ ❡ ❛ (J + 1)th ✉♥✐❞❛❞❡ ♦❝✉❧t❛ sã♦ ✉♥✐❞❛❞❡s ❞❡ ♣♦❧❛r✐③❛çã♦ q✉❡

r❡♣r❡s❡♥t❛♠ ♦s ✈❛❧♦r❡s ❞❡ ❧✐♠✐❛r ❞❡ ♥❡✉rô♥✐♦s ♥❛ ♣ró①✐♠❛ ❝❛♠❛❞❛✳
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❯♠❛ r❡❞❡ é ❞✐t❛ t♦t❛❧♠❡♥t❡ ❝♦♥❡❝t❛❞❛ q✉❛♥❞♦ ❝❛❞❛ ✉♠ ❞♦s ♥ós ❞❛ r❡❞❡ ❡stá ❝♦♥❡❝✲

t❛❞♦ ❛ t♦❞♦s ♦s ♥ós ❞❛ ❝❛♠❛❞❛ ❛❞❥❛❝❡♥t❡ s❡❣✉✐♥t❡✳ ❊♥tr❡t❛♥t♦✱ s❡ ❛❧❣✉♥s ❞♦s ❡❧♦s

❞❡ ❝♦♠✉♥✐❝❛çã♦ ✭❝♦♥❡①õ❡s s✐♥á♣t✐❝❛s✮ ❡st✐✈❡r❡♠ ❢❛❧t❛♥❞♦ ♥❛ r❡❞❡✱ ♣♦❞❡✲s❡ ❞✐③❡r q✉❡

❡❧❛ ❡stá ♣❛r❝✐❛❧♠❡♥t❡ ❝♦♥❡❝t❛❞❛ ❬✶✽❪✳

• ❘❡❞❡s ◆❡✉r❛✐s ❆❧✐♠❡♥t❛❞❛s ❆❞✐❛♥t❡ ✭❋❡❡❞❢♦r✇❛r❞✮ ❡♠ ❈❛s❝❛t❛

❆ r❡❞❡ ♥❡✉r❛❧ ❛❧✐♠❡♥t❛❞❛ ❛❞✐❛♥t❡ ❡♠ ❝❛s❝❛t❛ é ✉♠❛ ✈❛r✐❛çã♦ ❞❛ r❡❞❡ ❋❡❡❞❢♦r✇❛r❞✱ é

✉♠❛ r❡❞❡ ♠✉❧t✐❝❛♠❛❞❛ ❡♠ q✉❡ t♦❞❛s ❛s ✉♥✐❞❛❞❡s ❞❡ ❡♥tr❛❞❛ tê♠ ❝♦♥❡①õ❡s ❞✐r❡t❛s

❝♦♠ t♦❞❛s ❛s ✉♥✐❞❛❞❡s ♦❝✉❧t❛s ❡ ❝♦♠ t♦❞❛s ❛s ✉♥✐❞❛❞❡s ❞❡ s❛í❞❛✳ ❆❧é♠ ❞✐ss♦✱ ❛s

✉♥✐❞❛❞❡s ♦❝✉❧t❛s ❡stã♦ ❡♠ ❝❛s❝❛t❛✳ ❖✉ s❡❥❛✱ ❛ s❛í❞❛ ❞❡ ❝❛❞❛ ✉♥✐❞❛❞❡ ♦❝✉❧t❛ s❡r✈❡

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

❞❡ s❛í❞❛ ❬✶✺❪✳ ◆❛ ❋✐❣✉r❛ ✸✳✼ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ ❡♠ ❝❛s❝❛t❛✳

❋✐❣✉r❛ ✸✳✼✿ ❘❡❞❡ ◆❡✉r❛❧ ❡♠ ❈❛s❝❛t❛

❋♦♥t❡✿ ❆♥❞r✐❡s ❬✶✺❪✳

❆ s❛í❞❛ ❞❡ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ ❡♠ ❝❛s❝❛t❛ ♣♦❞❡ s❡r ♦❜t✐❞❛ ♣❡❧❛ ❊q✉❛çã♦✹✳✶ ❬✶✺❪✿

ok,p = fok

(

I+1
∑

i=1

ukizi +
J
∑

j=1

wkjfyj

( I+1
∑

i=1

vjizi +

j−1
∑

l=1

sjlyl

)

)

✭✸✳✺✮

❡♠ q✉❡ uki r❡♣r❡s❡♥t❛ ♦ ♣❡s♦ ❡♥tr❡ ❛ ✉♥✐❞❛❞❡ ❞❡ s❛í❞❛ k ❡ ❛ ✉♥✐❞❛❞❡ ❞❡ ❡♥tr❛❞❛ i✱

sjl é ✉♠ ♣❡s♦ ❡♥tr❡ ✉♥✐❞❛❞❡s ♦❝✉❧t❛s j ❡ l✱ ❡ yl é ❛ ❛t✐✈❛çã♦ ❞❛ ✉♥✐❞❛❞❡ ♦❝✉❧t❛ l✳



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✺

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

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

❝♦♠❡ç❛ ❝♦♠ ❛ ❛rq✉✐t❡t✉r❛ ♠❛✐s s✐♠♣❧❡s ❝♦♥t❡♥❞♦ ❛♣❡♥❛s (I +1)K ♣❡s♦s ❞✐r❡t♦s ❡♥✲

tr❡ ❛s ✉♥✐❞❛❞❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ✭✐♥❞✐❝❛❞♦ ♣♦r q✉❛❞r❛❞♦ só❧✐❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✼✮ ❙❡ ❛

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

♦ q✉❡ ❛❞✐❝✐♦♥❛ ♦✉tr♦s (I + 1)J + (J − 1) + JK ♣❡s♦s ♣❛r❛ ❛ r❡❞❡✳ ❙❡ J = 1✱ ❛

r❡❞❡ ✐♥❝❧✉✐ ♦s ♣❡s♦s ✐♥❞✐❝❛❞♦s ♣❡❧♦s q✉❛❞r❛❞♦s ❡ ❝ír❝✉❧♦s ♣r❡❡♥❝❤✐❞♦s ♥❛ ❋✐❣✉r❛ ✸✳✼✳

◗✉❛♥❞♦ J = 2✱ ♦s ♣❡s♦s ♠❛r❝❛❞♦s ♣♦r tr✐â♥❣✉❧♦s ♣r❡❡♥❝❤✐❞♦s sã♦ ❛❞✐❝✐♦♥❛❞♦s ❬✶✺❪✳

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

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

♣❛r❛ ♦ tr❡✐♥❛♠❡♥t♦ ❞❛s r❡❞❡s ♥❡✉r❛✐s✳

✸✳✷✳✷ ❆❧❣♦r✐t♠♦s ❞❡ ❚r❡✐♥❛♠❡♥t♦

❊①✐st❡♠ ✈ár✐♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ r❡❛❧✐③❛r ♦ tr❡✐♥❛♠❡♥t♦ ❞❡ ✉♠❛ r❡❞❡ ❋❡❡❞❢♦r✇❛r❞✳ P♦❞❡✲s❡

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

s❡♠ ♠♦♠❡♥t✉♠✱ ❣r❛❞✐❡♥t❡ ❝♦♥❥✉❣❛❞♦ ❡ ❞❡ q✉❛s✐✲♥❡✇t♦♥✱ ♥♦ q✉❛❧ s❡ ♣♦❞❡ ✐♥❝❧✉✐r ♦ ♠ét♦❞♦

❞❡ ▲❡✈❡♥❜❡r❣✲▼❛rq✉❛r❞t✳ ❊ss❡s ♠ét♦❞♦s ♣♦ss✉❡♠ ❡♠ ❝♦♠✉♠ ♦ ❡♠♣r❡❣♦ ❞❛ r❡tr♦♣r♦♣❛✲

❣❛çã♦ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❛s ❞❡r✐✈❛❞❛s ♣❛r❝✐❛✐s ❞❛s ✈❛r✐á✈❡✐s ❞❡ s❛í❞❛ ❞❛ r❡❞❡ ❡♠ r❡❧❛çã♦ ❛♦s

♣❛râ♠❡tr♦s ❞❡ ❛❥✉st❡ ♦✉ ♣❡s♦s s✐♥á♣t✐❝♦s ❬✺✸❪✳

❖ tr❡✐♥❛♠❡♥t♦ ❝♦♠ r❡tr♦♣r♦♣❛❣❛çã♦ ✭❜❛❝❦♣r♦♣❛❣❛t✐♦♥✮ é ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❛♣r❡♥❞✐✲

③❛❣❡♠ s✉♣❡r✈✐s✐♦♥❛❞❛ q✉❡ ✉t✐❧✐③❛ ♣❛r❡s ✭❡♥tr❛❞❛✱ s❛í❞❛ ❞❡s❡❥❛❞❛✮ ♣❛r❛✱ ♣♦r ♠❡✐♦ ❞❡ ✉♠

♠❡❝❛♥✐s♠♦ ❞❡ ❝♦rr❡çã♦ ❞❡ ❡rr♦s✱ ❛❥✉st❛r ♦s ♣❡s♦s s✐♥á♣t✐❝♦s ❞❛ r❡❞❡✱ ♠✐♥✐♠✐③❛♥❞♦ ♦ ❡rr♦

q✉❛❞rát✐❝♦ ♠é❞✐♦ ✭❊◗▼✮ ❡♥tr❡ ♦ ✈❛❧♦r ❞❡s❡❥❛❞♦ ❡ ♦ ✈❛❧♦r ❞❛ s❛í❞❛ ❛t✉❛❧ ❞❛ r❡❞❡ ❬✸✵❪✳

◆❡st❡ t✐♣♦ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ✉♠ s✐♥❛❧ ❞❡ ❡rr♦ é ♣r♦♣❛❣❛❞♦ ❞❡ ✈♦❧t❛ ❛tr❛✈és ❞❛ r❡❞❡✱

❝♦♠❡ç❛♥❞♦ ❝♦♠ ♦s ♥❡✉rô♥✐♦s ❞❡ s❛í❞❛ ❡ s❡ ♠♦✈❡♥❞♦ ❡♠ ❞✐r❡çã♦ ❛♦s ♥❡✉rô♥✐♦s ❞❡ ❡♥✲

tr❛❞❛✳ ❆s s✐♥❛♣s❡s sã♦ ❡♥tã♦ ♠♦❞✐✜❝❛❞❛s ❝♦♠ ❜❛s❡ ♥❛ ❛t✐✈✐❞❛❞❡ ♥❡✉r❛❧ ❡ ♥♦ s✐♥❛❧ ❞❡ ❡rr♦

r❡tr♦♣r♦♣❛❣❛❞♦ ❬✷✹❪✳

❊♥tã♦✱ ❡①✐st❡♠ ❞✉❛s ❢❛s❡s ♣❛r❛ ♦ tr❡✐♥❛♠❡♥t♦✱ ❝❛❞❛ ✉♠❛ ❡♠ ✉♠ s❡♥t✐❞♦ ❞❛ r❡❞❡✳ ❆

❢❛s❡ ❞❡ ♣r♦♣❛❣❛çã♦ ✭❢♦r✇❛r❞✮✱ ❡♠ q✉❡ é r❡❛❧✐③❛❞♦ ♦ ❝á❧❝✉❧♦ ❞❛s s❛í❞❛s ❡ s❡✉s r❡s♣❡❝t✐✈♦s

❡rr♦s ❡ ❛ ❢❛s❡ ❞❡ r❡tr♦♣r♦♣❛❣❛çã♦ ✭❜❛❝❦✇❛r❞✮✱ ❡♠ q✉❡ é r❡❛❧✐③❛❞❛ ❛ ❛t✉❛❧✐③❛çã♦ ❞♦s ♣❡s♦s

s✐♥á♣t✐❝♦s ❞❡ s✉❛s ❝♦♥❡①õ❡s ❬✸✵❪✳

❯♠❛ r❡♣r❡s❡♥t❛çã♦ ❝♦♠♣❧❡t❛ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ tr❡✐♥❛♠❡♥t♦ é ❞❡♥♦♠✐♥❛❞❛ é♣♦❝❛✳ ❖

♣r♦❝❡ss♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ é r❡♣❡t✐❞♦ ❞❡ é♣♦❝❛ ❡♠ é♣♦❝❛ ❛té ♦ ❡rr♦ s♦❜r❡ t♦❞♦ ♦ ❝♦♥✲

❥✉♥t♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❝♦♥✈❡r❣✐r ♣❛r❛ ✉♠ ✈❛❧♦r ♠í♥✐♠♦✱ ♦✉ ❛té q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s✱

❞❡t❡r♠✐♥❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ t❡♥❤❛ s✐❞♦ ❛t✐♥❣✐❞♦ ❬✶✽❪✳

❖ tr❡✐♥❛♠❡♥t♦ ❝♦♠ r❡tr♦♣r♦♣❛❣❛çã♦ ♣♦❞❡ s❡r r❡❛❧✐③❛❞♦ ♣♦r ❛❧❣♦r✐t♠♦s ❞✐❢❡r❡♥t❡s✳ ◆❛



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✻

❚❛❜❡❧❛ ✸✳✶ ❡stã♦ ❛♣r❡s❡♥t❛❞♦s ❛❧❣✉♥s ❛❧❣♦r✐t♠♦s ❞❡ tr❡✐♥❛♠❡♥t♦✱ s❡♥❞♦ ❞✐❢❡r❡♥❝✐❛❞♦s ♣❡❧❛

❡str❛té❣✐❛ ❞❡ ♦t✐♠✐③❛çã♦ ✉t✐❧✐③❛❞❛ ♣❛r❛ r❡❛❧✐③❛r ♦s ❛❥✉st❡s ♥♦s ♣❡s♦s ❡ ❜✐❛s ❞❛ r❡❞❡ ♥❡✉r❛❧✱

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

♣r❡❝✐s❛♠ ❞♦ ❛❧❣♦r✐t♠♦ ❝♦♠ r❡tr♦♣r♦♣❛❣❛çã♦ ✭❜❛❝❦♣r♦♣❛❣❛t✐♦♥✮✳ ❈♦♠♦ ♥❡st❛ t❡s❡ ✉t✐❧✐③♦✉✲

s❡ ♦ s♦❢t✇❛r❡ ▼❆❚▲❆❇ ♥❛s s✐♠✉❧❛çõ❡s ♣❛r❛ ♦ ♣r♦❥❡t♦ ❞❛s r❡❞❡s ♥❡✉r❛✐s✱ t❛♠❜é♠ ❡stã♦

❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✸✳✶ ❛s ❢✉♥çõ❡s ❞♦ ▼❆❚▲❆❇ r❡❢❡r❡♥t❡s ❛♦s ♠ét♦❞♦s ❝✐t❛❞♦s✳

❚❛❜❡❧❛ ✸✳✶✿ ❆❧❣♦r✐t♠♦s ❞❡ ❚r❡✐♥❛♠❡♥t♦ ❡ ❙❡✉s ▼ét♦❞♦s ❞❡ ❖t✐♠✐③❛çã♦✳

▼ét♦❞♦ ❆❧❣♦r✐t♠♦ ❞❡ ❚r❡✐♥❛♠❡♥t♦ ❙✐❣❧❛
❋✉♥çã♦

▼❆❚▲❆❇

●r❛❞✐❡♥t❡ ❈♦♥❥✉❣❛❞♦

✭✷◦ ♦r❞❡♠✮

●r❛❞✐❡♥t❡ ❝♦♥❥✉❣❛❞♦ ❡s❝❛❧♦♥❛❞♦

✭▼♦❧❧❡r✱ ✶✾✾✸✮
❙❈● tr❛✐♥s❝❣

q✉❛s✐✲◆❡✇t♦♥

✭✷◦ ♦r❞❡♠✮

▲❡✈❡♥❜❡r❣✲▼❛rq✉❛rt❞

✭❍❛❣❛♥ ❛♥❞ ▼❡♥❤❛❥✱ ✶✾✾✹✮
▲▼ tr❛✐♥❧♠

●r❛❞✐❡♥t❡ ❈♦♥❥✉❣❛❞♦ ❡

q✉❛s✐✲◆❡✇t♦♥

✭✷◦ ♦r❞❡♠✮

▼ét♦❞♦ ❞❛ s❡❝❛♥t❡ ❞❡ ✉♠ ♣❛ss♦

✭❇❛tt✐t✐✱ ✶✾✾✷✮
❖❙❙ tr❛✐♥♦ss

❋♦♥t❡✿ ❲❡r❧❡ ✭▼♦❞✐✜❝❛❞❛✮ ❬✺✸❪✳

❖ ❜❛❝❦♣r♦♣❛❣❛t✐♦♥ ♣❛❞rã♦ ❡♠♣r❡❣❛ ♦ ❣r❛❞✐❡♥t❡ ❞❡s❝❡♥❞❡♥t❡ ❝♦♠♦ ♠ét♦❞♦ ❞❡ ❛♣r♦✲

①✐♠❛çã♦ ❞♦ ♠í♥✐♠♦ ❞❛ ❢✉♥çã♦ ❡rr♦✱ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ▲❡✈❡♥❜❡r❣✲▼❛rq✉❛r❞t ✭▲▼✮ ✉t✐❧✐③❛

✉♠❛ ❛♣r♦①✐♠❛çã♦ ♣❡❧♦ ♠ét♦❞♦ ❞❡ ◆❡✇t♦♥✱ ♦❜t✐❞❛ ❛ ♣❛rt✐r ❞❛ ♠♦❞✐✜❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡

●❛✉ss✲◆❡✇t♦♥ ❬✷✺❪✳

▼ét♦❞♦s ❞♦ t✐♣♦ q✉❛s✐✲♥❡✇t♦♥ ♦✉ s❡❝❛♥t❡ é ✉♠❛ ❝❧❛ss❡ ❞❡ ❛❧❣♦r✐t♠♦s q✉❡ é ❜❛s❡❛❞❛ ♥♦s

♠ét♦❞♦s ❞❡ ◆❡✇t♦♥✳ ❖ ♠ét♦❞♦ ▲❡✈❡♥❜❡r❣✲▼❛rq✉❛r❞t é ❝♦♥s✐❞❡r❛❞♦ ❞♦ t✐♣♦ q✉❛s✐✲♥❡✇t♦♥✳

❋♦✐ ✐♥❝♦r♣♦r❛❞♦ ❛♦ ❛❧❣♦r✐t♠♦ ❞❡ r❡tr♦♣r♦♣❛❣❛çã♦ ❞♦ ❡rr♦ ♣❛r❛ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❞❡

♦t✐♠✐③❛çã♦ q✉❡ ❛♣❛r❡❝❡♠ ♥♦ tr❡✐♥❛♠❡♥t♦ ❞❡ r❡❞❡s ♠✉❧t✐❝❛♠❛❞❛s ❬✺✸❪✳

❖ ♠ét♦❞♦ ❞❡ ●r❛❞✐❡♥t❡ ❈♦♥❥✉❣❛❞♦ é ✉♠ ♠ét♦❞♦ ❛❧t❡r♥❛t✐✈♦ ❛♦s ♠ét♦❞♦s ❞❡ q✉❛s✐✲

♥❡✇t♦♥ ❡ ❣r❛❞✐❡♥t❡ ❞❡s❝❡♥❞❡♥t❡✳ ➱ ♣r♦❥❡t❛❞♦ ♣❛r❛ ❡①✐❣✐r ♠❡♥♦s ❝á❧❝✉❧♦s q✉❡ ♦ ♠ét♦❞♦

❞❡ ◆❡✇t♦♥ ❡ ❛♣r❡s❡♥t❛r t❛①❛s ❞❡ ❝♦♥✈❡r❣ê♥❝✐❛ ♠❛✐♦r❡s q✉❡ ❛s ❞♦ ♠ét♦❞♦ ❞♦ ❣r❛❞✐❡♥t❡✳

❈♦♠♦ ❡①❡♠♣❧♦✱ ♣♦❞❡✲s❡ ❝✐t❛r ♦ ❛❧❣♦r✐t♠♦ ●r❛❞✐❡♥t❡ ❈♦♥❥✉❣❛❞♦ ❡♠ ❊s❝❛❧❛ ✭❙❈●✮ ❬✺✸❪✳

❈♦♠♦ ♦s ❛❧❣♦r✐t♠♦s ❞❡ q✉❛s✐✲♥❡✇t♦♥ r❡q✉❡r❡♠ ♠❛✐s ❛r♠❛③❡♥❛♠❡♥t♦ ❡ r❡❝✉rs♦ ❝♦♠♣✉✲

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

❞❡ ✉♠❛ ❛♣r♦①✐♠❛çã♦ s❡❝❛♥t❡ ❝♦♠ ♠❡♥♦r ❛r♠❛③❡♥❛♠❡♥t♦ ❡ ❝♦♠♣✉t❛çã♦✳ ❖ ♠ét♦❞♦ ❞❡

s❡❝❛♥t❡ ❡♠ ✉♠ ♣❛ss♦ ✭❖♥❡ ❙t❡♣ ❙❡❝❛♥t ✲ ❖❙❙ ✮ é ✉♠❛ t❡♥t❛t✐✈❛ ✐♥t❡r♠❡❞✐ár✐❛ ❡♥tr❡ ♦s

❛❧❣♦r✐t♠♦s ❞❡ ❣r❛❞✐❡♥t❡ ❝♦♥❥✉❣❛❞♦ ❡ ♦s ❛❧❣♦r✐t♠♦s q✉❛s✐✲♥❡✇t♦♥✳ ◆❡st❡ ♠ét♦❞♦✱ ♦ t❡r♠♦



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✼

s❡❝❛♥t❡ ♣r♦✈é♠ ❞♦ ❢❛t♦ ❞❡ q✉❡ ❛s ❞❡r✐✈❛❞❛s sã♦ ❛♣r♦①✐♠❛❞❛s ♣♦r s❡❝❛♥t❡s ❛✈❛❧✐❛❞❛s ❡♠

❞♦✐s ♣♦♥t♦s ❞❛ ❢✉♥çã♦✱ ♦♥❞❡ ♥❡st❡ ❝❛s♦ ❛ ❢✉♥çã♦ é ♦ ❣r❛❞✐❡♥t❡ ❬✺✸❪✳

❙ã♦ r❡❛❧✐③❛❞❛s ❝♦♠♣❛r❛çõ❡s ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❞✐❢❡r❡♥t❡s ❛❧❣♦r✐t♠♦s ❞❡ tr❡✐♥❛✲

♠❡♥t♦✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❝♦♥tr✐❜✉✐r ♣❛r❛ ❛s ♣❡sq✉✐s❛s ♥❛ ár❡❛✱ ❛❧é♠ ❞❡ ❡♥❝♦♥tr❛r ♦

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

✈✐rt✉❛✐s ♣❛r❛ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛ ♣❧❛t❛❢♦r♠❛ ❡♠ ❡st✉❞♦ s❡❣✉✐♥❞♦ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛✳

◆♦s ú❧t✐♠♦s ❛♥♦s✱ ❛✉♠❡♥t♦✉ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ tr❛❜❛❧❤♦s q✉❡ tr❛t❛♠ ❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

❞❡ s❡♥s♦r❡s ✈✐rt✉❛✐s q✉❡ ✉t✐❧✐③❛♠ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s✳ ■st♦ ❛❝♦♥t❡❝❡ ❞❡✈✐❞♦ ❛♦s ❜♦♥s

r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s q✉❛♥❞♦ ❡ss❛ t❡❝♥♦❧♦❣✐❛ é ❛♣❧✐❝❛❞❛ ❛ s✐st❡♠❛s ❝♦♠♣❧❡①♦s ❡ ♥ã♦

❧✐♥❡❛r❡s✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞♦ tr❛♥s♣♦rt❡ ✢✉í❞✐❝♦ ❡♠ t✉❜✉❧❛çõ❡s✳ ❆s r❡❞❡s ♥❡✉r❛✐s ♣♦❞❡♠

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

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

✸✳✸ ❙❡♥s♦r❡s ❱✐rt✉❛✐s

❖ s❡♥s♦r é ✉♠ ❞✐s♣♦s✐t✐✈♦ q✉❡ r❡s♣♦♥❞❡ ❛ ❡stí♠✉❧♦s✱ ❢❛③❡♥❞♦ ❝♦♠ q✉❡ ❛ ✈❛r✐á✈❡❧ ❞❡ ✐♥t❡✲

r❡ss❡ s❡❥❛ ❡①♣r❡ss❛❞❛ ❞❡ ♦✉tr❛ ❢♦r♠❛✱ ❡♠ ✉♠❛ ✈❛r✐á✈❡❧ ❝♦rr❡s♣♦♥❞❡♥t❡ ♠❡♥s✉rá✈❡❧✱ ❝♦♠♦

❞❡s❧♦❝❛♠❡♥t♦✱ ♣r❡ssã♦ ♦✉ t❡♥sã♦ ❡❧étr✐❝❛✱ ♣♦r ❡①❡♠♣❧♦ ❬✹✶❪✳ ❆s ♠❡❞✐çõ❡s ❞❡ ✉♠ s❡♥s♦r r❡❛❧

♣♦❞❡♠ ✜❝❛r ✐♥❞✐s♣♦♥í✈❡✐s ❞❡✈✐❞♦ ❛ ❢❛❧❤❛s✱ r❡♠♦çã♦ ♣❛r❛ ♠❛♥✉t❡♥çã♦ ♦✉ r❡♣❛r♦s✳ ❖ ✉s♦

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

❝♦♠ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ✐♥❢❡r✐r ✈❛❧♦r❡s ❞❡ss❛s ✈❛r✐á✈❡✐s q✉❡ ❡st❡❥❛♠ ✐♥❞✐s♣♦♥í✈❡✐s ❬✶✼❪✳

❖s s❡♥s♦r❡s ✈✐rt✉❛✐s sã♦ ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s q✉❡ ♣❡r♠✐t❡♠ ✐♥❢❡r✐r ✈❛r✐á✈❡✐s r❡❧❡✈❛♥t❡s

❞❡ ✐♥t❡r❡ss❡ ✭♥ã♦ ♠❡❞✐❞❛s✮ ❝♦♠ ❜❛s❡ ❡♠ s✉❛ ❞❡♣❡♥❞ê♥❝✐❛ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♦✉tr❛s

✈❛r✐á✈❡✐s ✭❞✐s♣♦♥í✈❡✐s ♠❡❞✐❞❛s ♥♦ ♣r♦❝❡ss♦✮ q✉❡ s❡ r❡❧❛❝✐♦♥❛♠ ❝♦♠ ❛s ✈❛r✐á✈❡✐s ❞❡ ✐♥t❡r❡ss❡

q✉❡ ♣♦r ❛❧❣✉♠ ♠♦t✐✈♦ ♥ã♦ ❡stã♦ s❡♥❞♦ ♠❡❞✐❞❛s ❞✐r❡t❛♠❡♥t❡ ❬✸✺❪✳

❆ ✉t✐❧✐③❛çã♦ ❞♦ ❝♦♥❝❡✐t♦ ❞❡ s❡♥s♦r❡s ✈✐rt✉❛✐s ❥á é ❡st✉❞❛❞❛ ❡ ❡stá ❧✐❣❛❞❛ à ♠♦❞❡❧❛❣❡♠

♠❛t❡♠át✐❝❛ ❞❡ ♣r♦❝❡ss♦s ❝♦♠ ❛❜♦r❞❛❣❡♠ ♥❛ ♣r❡❞✐çã♦ ❞❡ ♣r♦♣r✐❡❞❛❞❡s ❛ ♣❛rt✐r ❞❡ ❞❛❞♦s ❞❛

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

♥♦s q✉❛✐s ❛ ✈❛r✐á✈❡❧ ❛ s❡r ❝♦♥tr♦❧❛❞❛ ✭♣r✐♠ár✐❛✮ ❡r❛ ❝♦♥tr♦❧❛❞❛ ❛tr❛✈és ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦

❞❡ ♦✉tr❛s ✈❛r✐á✈❡✐s ✭s❡❝✉♥❞ár✐❛s✮✳ ❯♠ ❞♦s ♣r✐♠❡✐r♦s s❡♥s♦r❡s ✈✐rt✉❛✐s ❞❡s❡♥✈♦❧✈✐❞♦s ❢♦✐ ♦

❡st✐♠❛❞♦r ✐♥❢❡r❡♥❝✐❛❧ ❞❡ ❇r♦s✐❧♦✇✱ ❛♣r❡s❡♥t❛❞♦ ♥♦ ✜♥❛❧ ❞❛ ❞é❝❛❞❛ ❞❡ ✼✵ ❬✷✶❪✳

❆ ✐❞❡✐❛ ❞♦ ✉s♦ ❞♦ s❡♥s♦r ✈✐rt✉❛❧ é ❛ ❡①✐stê♥❝✐❛ ❞❡ s✐t✉❛çõ❡s ❡♠ q✉❡ ❤❛❥❛ ❛❧❣✉♠ ✐♠♣❡❞✐✲

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

♣♦r ❡①❡♠♣❧♦✳ ◆❡st❡s ❝❛s♦s✱ ♦ s❡♥s♦r ✈✐rt✉❛❧ ♣♦❞❡r✐❛ ❛❣✐r s✉❜st✐t✉✐♥❞♦ ❛ ✐♥❞✐s♣♦♥✐❜✐❧✐❞❛❞❡

✭♠♦♠❡♥tâ♥❡❛ ♦✉ ♣❡r♠❛♥❡♥t❡✮ ❞♦ s❡♥s♦r r❡❛❧ ♥❛ ♣❧❛♥t❛ ❬✸✹❪✳

❖ s❡♥s♦r ✈✐rt✉❛❧ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ♦ r❡s✉❧t❛❞♦ ❞❛ ❛ss♦❝✐❛çã♦ ❞❛s té❝♥✐❝❛s ❞❡

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

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

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

❢♦r♠❛ ♣♦ssí✈❡❧ ❬✸✹❪✳

❊ss❛ ❛ss♦❝✐❛çã♦ ❡♥tr❡ s❡♥s♦r ❡ ♠♦❞❡❧♦ é ✉♠❛ ✐❞❡✐❛ ❢✉♥❞❛♠❡♥t❛❧ ❞♦ s❡♥s♦r ✈✐rt✉❛❧✳

P♦❞❡♠♦s s❡♣❛r❛r ❡ss❛ ✐❞❡✐❛ ❡♠ ❞✉❛s ♣❛rt❡s ❞✐st✐♥t❛s✿ ❛ ♣❛rt❡ ❞♦ s❡♥s♦r r❡❛❧ ♦✉ ❝♦♥❥✉♥t♦

❞❡ss❡s s❡♥s♦r❡s✱ q✉❡ ❛❞q✉✐r❡♠ ✈❛r✐á✈❡✐s r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ❛ ✈❛r✐á✈❡❧ ❞❡s❡❥❛❞❛ ❡ ❛ ♣❛rt❡ ❞♦

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

❢♦r♥❡❝❡r✱ ♣♦r ♠❡✐♦ ❞❡ s✐♠✉❧❛çã♦✱ ✉♠❛ ❡st✐♠❛t✐✈❛ ❞❛ ✈❛r✐á✈❡❧ ❞❡s❡❥❛❞❛ ❬✸✹❪✳

❖s s❡♥s♦r❡s ✈✐rt✉❛✐s ♣♦ss✉❡♠ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ♣r♦♣r✐❡❞❛❞❡s ❛tr❛t✐✈❛s✱ ❞❡♥tr❡ ❡❧❛s

♣♦❞❡♠ s❡r ❞❡st❛❝❛❞❛s ❛s s❡❣✉✐♥t❡s ❬✸✺❪✿

• ♣♦❞❡♠ tr❛❜❛❧❤❛r ❞❡ ❢♦r♠❛ ♣❛r❛❧❡❧❛ ❝♦♠ s❡♥s♦r❡s r❡❛✐s✱ ❞❛♥❞♦ ✐♥❢♦r♠❛çõ❡s út❡✐s ♣❛r❛

❛ ❞❡t❡❝çã♦ ❞❡ ❢❛❧❤❛s✱ ♣❡r♠✐t✐♥❞♦ ❛ss✐♠ ✉♠❛ ♦♣❡r❛çã♦ ♠❛✐s ❝♦♥✜á✈❡❧ ❞♦ ♣r♦❝❡ss♦❀

• ♣♦❞❡♠ s❡r ✐♠♣❧❡♠❡♥t❛❞♦s ♥♦ ❤❛r❞✇❛r❡ ❡①✐st❡♥t❡✱ ❡ ♣♦❞❡♠ r❡t♦r♥❛r ♦s ♣❛râ♠❡tr♦s

❞♦ s✐st❡♠❛ q✉❛♥❞♦ s❡ ❢❛③ ♥❡❝❡ssár✐❛ ❛❧❣✉♠❛ ♠♦❞✐✜❝❛çã♦❀

• sã♦ ❝❛♣❛③❡s ❞❡ ❢❛③❡r ❡st✐♠❛t✐✈❛s ❞❡ ❞❛❞♦s ❡♠ t❡♠♣♦ r❡❛❧✱ s✉♣❡r❛♥❞♦ ♦s ❛tr❛s♦s

✐♥tr♦❞✉③✐❞♦s ♣♦r ♠❡✐♦ ❞❡ s❡♥s♦r❡s r❡❛✐s ❧❡♥t♦s✱ ♠❡❧❤♦r❛♥❞♦ ❛ss✐♠ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s

❡str❛té❣✐❛s ❞❡ ❝♦♥tr♦❧❡✳

P♦❞❡✲s❡ ❞✐✈✐❞✐r ❛ ❝♦♥str✉çã♦ ❞❡ ✉♠ s❡♥s♦r ✈✐rt✉❛❧ ❡♠ ❝✐♥❝♦ ❡t❛♣❛s✱ ❝♦♠♦ s❡♥❞♦ ❬✸✹❪✿

✶✳ ❛q✉✐s✐çã♦ ❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡ ❞❛❞♦s ❞♦ ♣r♦❝❡ss♦❀

✷✳ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❞♦s ❞❛❞♦s✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❡❧✐♠✐♥❛r ❡♠ ❣r❛♥❞❡ ♣❛rt❡ ❛ ♣r❡s❡♥ç❛

❞❡ r✉í❞♦ ❡ ♦✉t❧✐❡rs ✭❞❛❞♦s ❢♦r❛ ❞♦ ♣❛❞rã♦✮❀

✸✳ ❡s❝♦❧❤❛ ❞❛s ✈❛r✐á✈❡✐s ❛ s❡r❡♠ ✉s❛❞❛s ❡ ❝♦♥str✉çã♦ ❞♦ ♠♦❞❡❧♦❀

✹✳ ✈❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦ ♣♦r ♠❡✐♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ✐♥❞❡♣❡♥❞❡♥t❡❀

✺✳ ❛♣❧✐❝❛çã♦ ❞♦ ♠♦❞❡❧♦ ♥❛ ♣❧❛♥t❛ ❡ ♠♦♥✐t♦r❛♠❡♥t♦ ♦♥❧✐♥❡✳

◆❛ ❋✐❣✉r❛ ✸✳✽ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ❞✐❛❣r❛♠❛ ❞♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ ✉♠ s❡♥s♦r ✈✐rt✉❛❧ ❞❡

❢♦r♠❛ s✐♠♣❧✐✜❝❛❞❛✳ ❆ ✈❛r✐á✈❡❧ y é ❛ s❛í❞❛ r❡❛❧ ❞♦ ♣r♦❝❡ss♦✳ ❙❡ ❛❝♦♥t❡❝❡r ❛❧❣✉♠❛ ❢❛❧❤❛

q✉❡ ❢❛ç❛ ❝♦♠ q✉❡ ❡st❛ ✈❛r✐á✈❡❧ y ♥ã♦ ♣♦ss❛ s❡r ♠❡❞✐❞❛ ❞✐r❡t❛♠❡♥t❡✱ é ♣♦ssí✈❡❧ ✉t✐❧✐③❛r ❛

✈❛r✐á✈❡❧ x ✭♦✉tr❛ ✈❛r✐á✈❡❧ ♠❡❞✐❞❛ ❞♦ ♣r♦❝❡ss♦ q✉❡ s❡ r❡❧❛❝✐♦♥❛ ❝♦♠ ❛ ✈❛r✐á✈❡❧ ❞❡ ✐♥t❡r❡ss❡✮

♣❛r❛ r❡❛❧✐③❛r ❛ ✐♥❢❡rê♥❝✐❛ ❞♦ ✈❛❧♦r ❞❡ ✐♥t❡r❡ss❡ q✉❡ ❡stá ✐♥❞✐s♣♦♥í✈❡❧✳ ❈♦♥s✉❧t❛♥❞♦ ✉♠

❜❛♥❝♦ ❞❡ ❞❛❞♦s ❤✐stór✐❝♦ ❞♦ ♣r♦❝❡ss♦ ❡✱ ✉t✐❧✐③❛♥❞♦ ❛❧❣♦r✐t♠♦s ♠❛t❡♠át✐❝♦s ❞❡ ✐♥❢❡rê♥❝✐❛✱
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é ♣♦ssí✈❡❧ r❡❛❧✐③❛r ❝á❧❝✉❧♦s ♣❛r❛ ❣❡r❛r ✉♠❛ ❡st✐♠❛t✐✈❛ ❞❛ ✈❛r✐á✈❡❧ y✳ ❊st❡ ✈❛❧♦r ✐♥❢❡r✐❞♦ é

❝❤❛♠❛❞♦ ❞❡ y
′

♥❛ ❋✐❣✉r❛ ✸✳✽✳

❋✐❣✉r❛ ✸✳✽✿ ❉✐❛❣r❛♠❛ ❞♦ Pr♦❝❡ss♦ ❞❡ ❋✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ❙❡♥s♦r ❱✐rt✉❛❧✳

❖ ♦❜❥❡t✐✈♦ ♥❡st❛ t❡s❡ é ✉t✐❧✐③❛r ♦s s❡♥s♦r❡s ✈✐rt✉❛✐s ❢✉♥❝✐♦♥❛♥❞♦ ❡♠ ♣❛r❛❧❡❧♦ ❝♦♠ ♦s

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

❢❛❧❤❛r✳ ◆❛ ❋✐❣✉r❛ ✸✳✾ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♦ ❞✐❛❣r❛♠❛ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❝♦♠ s❡♥s♦r ✈✐rt✉❛❧

❝♦♥❡❝t❛❞♦ ♣❛r❛❧❡❧❛♠❡♥t❡✳ ◆❛ ❋✐❣✉r❛✱ ❛s ✈❛r✐á✈❡✐s u1 ✳✳✳ un sã♦ ❛s ❡♥tr❛❞❛s✱ p1 ✳✳✳ pk sã♦

♣❡rt✉r❜❛çõ❡s✱ y1 ✳✳✳ ym ♦s s✐♥❛✐s ❞❡ s❛í❞❛s ❞♦s s❡♥s♦r❡s r❡❛✐s ❡ ŷ1 ✳✳✳ŷm ♦s s✐♥❛✐s ❞❡ s❛í❞❛s

❡st✐♠❛❞♦s ✭s❡♥s♦r❡s ✈✐rt✉❛✐s✮✳

❋✐❣✉r❛ ✸✳✾✿ ❙❡♥s♦r ❱✐rt✉❛❧ ❈♦♥❡❝t❛❞♦ ❛ ✉♠❛ P❧❛♥t❛✳

❆s s❡t❛s ♣♦♥t✐❧❤❛❞❛s sã♦ ♣❛r❛ ✐♥❞✐❝❛r q✉❡ ❛s ❡♥tr❛❞❛s ❡ s❛í❞❛s ❞♦ ♣r♦❝❡ss♦ sã♦ ✈❛r✐á✈❡✐s

✉t✐❧✐③❛❞❛s ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s✳ ❈♦♠ ❛s ❡♥tr❛❞❛s u1 ✳✳✳ un✱ ❛s s❛í❞❛s

y1 ✳✳✳ ym ❡ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❤✐stór✐❝❛ ❛r♠❛③❡♥❛❞❛ ❞♦ ♣r♦❝❡ss♦ ✭r❡❧❛çã♦ ❞❡ ❡♥tr❛❞❛s ❡ s❛í❞❛s

q✉❡ s❡ r❡❧❛❝✐♦♥❛♠ ♥♦ ♣r♦❝❡ss♦✮✱ ♦ s❡♥s♦r ✈✐rt✉❛❧ ✐♥❢❡r❡ ♦s ✈❛❧♦r❡s ❞❡ ŷ1 ✳✳✳ŷm✳ ◆❡st❛ t❡s❡✱
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♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s✱ é ✉t✐❧✐③❛❞♦ ✉♠ ♣r♦❝❡ss♦ ❝♦♠ ❞✉❛s ❡♥tr❛❞❛s

❡ ❞✉❛s s❛í❞❛s✳ ▼❛s ❡st❡ ♥ú♠❡r♦ ♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ♣r❡❝✐s❛ s❡r ♦ ♠❡s♠♦✱ ♣♦❞❡✲s❡ t❡r

♣r♦❝❡ss♦s ❝♦♠ ❞✐❢❡r❡♥t❡s ♥ú♠❡r♦s ❞❡ ❡♥tr❛❞❛s✱ s❛í❞❛s ❡ ♣❡rt✉r❜❛çõ❡s✳ ❆❧é♠ ❞❛s ❡♥tr❛❞❛s

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

❈❛♣ít✉❧♦ ✹✮ sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❣❡r❛r ♣❡rt✉r❜❛çõ❡s ♥♦ s✐st❡♠❛ ❡ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s

s❡♥s♦r❡s ✈✐rt✉❛✐s ❞❡s❡♥✈♦❧✈✐❞♦s✳

❚é❝♥✐❝❛s ❞❡ ♠♦❞❡❧❛❣❡♠ ❡s♣❡❝í✜❝❛s ♣❛r❛ s❡♥s♦r❡s ✈✐rt✉❛✐s ✉s❛♥❞♦ r❡❞❡s ♥❡✉r❛✐s ❝♦♥s✲

t✐t✉❡♠ ✉♠ ✐♥t❡r❡ss❛♥t❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❛ s❡r ♣❡sq✉✐s❛❞♦✳ ❊♠ ❣❡r❛❧✱ ❛ ár❡❛ ❞❡ s❡♥s♦r❡s

✈✐rt✉❛✐s é ✉♠ ✐♠♣♦rt❛♥t❡ ❝❛♠♣♦ ♣❛r❛ ♣❡sq✉✐s❛✱ q✉❡ ♣♦❞❡ ❝♦♥❞✉③✐r ❛ ❛♣❧✐❝❛çõ❡s ✐♥❞✉str✐✲

❛✐s✱ ❢♦r♥❡❝❡♥❞♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❝♦♥✜á✈❡❧ ❡ ❛✉♠❡♥t❛♥❞♦ ❛ r♦❜✉st❡③ ❞❛s ♠❛❧❤❛s ❞❡ ❝♦♥tr♦❧❡

❬✸✹❪✳

✸✳✹ ▼♦♥✐t♦r❛♠❡♥t♦ ❞❡ Pr♦❝❡ss♦s

❖ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss♦s é ✐♠♣♦rt❛♥t❡ ❡♠ ♦♣❡r❛çõ❡s ❞❡ s✐st❡♠❛s ❛✉t♦♠❛t✐③❛❞♦s✳

➱ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ♦❜s❡r✈❛çã♦ ❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♣r♦❜❧❡♠❛s q✉❡ ♦❝♦rr❛♠ ♣r❡❥✉❞✐❝❛♥❞♦

♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♣r♦❝❡ss♦✳ ❖ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss♦ ✐♥❞✉str✐❛❧ ♣❡r♠✐t❡ ✉♠❛ ❛çã♦

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

❛ ♣r♦❞✉çã♦ ❡ r❡❞✉③✐♥❞♦ ♣r♦❜❧❡♠❛s q✉❡ ❛❢❡t❛♠ ♦ ♣r♦❝❡ss♦ ❬✹✽❪✳

❆ t❡♥❞ê♥❝✐❛ ♥♦s s✐st❡♠❛s ❞❡ ❡♥❣❡♥❤❛r✐❛ é ❛✉♠❡♥t❛r s✉❛ ❝♦♠♣❧❡①✐❞❛❞❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡

❡♠ ✈✐rt✉❞❡ ❞❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ r❡❛❧✐③❛r t❛r❡❢❛s ❝♦♠♣❧❡①❛s ❡ ❞❡ ❛❧t❛ ♣r❡❝✐sã♦✳ ➚ ♠❡❞✐❞❛ q✉❡

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

s✐st❡♠❛ r❡q✉❡r ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ❡q✉❛çõ❡s ❬✹✶❪✳ ❊ss❛ ❝r❡s❝❡♥t❡ ❝♦♠♣❧❡①✐❞❛❞❡ ❡ ❣r❛✉ ❞❡

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

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

♦✉tr❛s ♣❛rt❡s✱ t♦r♥❛♥❞♦ ♠❛✐♦r❡s ❛s ❝♦♥s❡q✉ê♥❝✐❛s ❬✹✽❪✳

❆ ♠♦t✐✈❛çã♦ ♣❛r❛ ♦ ♣r♦❥❡t♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss♦s ❜❡♠ s✉✲

❝❡❞✐❞♦ é ❝❧❛r❛❀ s❡ ♥ã♦ ❢♦r❡♠ ✈❡r✐✜❝❛❞❛s✱ ❢❛❧❤❛s ♣♦❞❡♠ ❝❛✉s❛r ♣r♦❜❧❡♠❛s q✉❡ ✈❛r✐❛♠ ❞❡

✐♠♣❛❝t♦✱ ❞❡s❞❡ ✐♥❝ô♠♦❞♦s ❛té ❞❡s❛str❡s ❬✹✽❪✳

➱ ♥❡❝❡ssár✐♦ s❡r ❢❡✐t❛ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s ♣❛r❛ r❡❛❧✐③❛r ♦ ♠♦♥✐t♦r❛♠❡♥t♦✳ ❖s

♠ét♦❞♦s ♣♦r ✐♥❢❡rê♥❝✐❛ sã♦ ❛♠♣❧❛♠❡♥t❡ ❞✐❢✉♥❞✐❞♦s ♥❛s ✐♥❞ústr✐❛s✱ ♠❛s ✉♠❛ q✉❛♥t✐❞❛❞❡ ❧✐✲

♠✐t❛❞❛ ❞❡ té❝♥✐❝❛s sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ s❡✉ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❬✺✸❪✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ✉t✐❧✐③❛✲s❡

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

♣❛r❛ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss♦s✳

❊ss❡s ♠ét♦❞♦s ✉t✐❧✐③❛♥❞♦ r❡❞❡s ♥❡✉r❛✐s✱ ✈♦❧t❛❞♦s ♣❛r❛ ❛ ✐♥❢❡rê♥❝✐❛ ❞❡ ✈❛❧♦r❡s ✭s✐st❡✲

♠❛s ❞❡ ✐♥❢❡rê♥❝✐❛✮ ♣♦❞❡♠ ❛t✉❛r ❛✉①✐❧✐❛♥❞♦ ♥♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ♦t✐♠✐③❛çã♦ ❞❡ ♣❧❛♥t❛s

✐♥❞✉str✐❛✐s✳ ❋♦r♥❡❝❡♠ ♠❡❞✐çõ❡s ♠❛✐s rá♣✐❞❛s ❡ ❝♦♥✜á✈❡✐s ❛ ✉♠ ❝✉st♦ r❡❞✉③✐❞♦✱ q✉❛♥❞♦



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✸✶

❝♦♠♣❛r❛❞♦ ❛ ♠ét♦❞♦s tr❛❞✐❝✐♦♥❛✐s ❞❡ ❛♥á❧✐s❡s ❬✺✸❪✳ ❖s ♠ét♦❞♦s ❞❡ ❝❛r❛❝t❡r✐③❛çã♦ ❝♦♠♣♦s✲

t♦s ♣♦r s✐st❡♠❛s ✐♥❢❡r❡♥❝✐❛✐s✱ sã♦ ❢❡rr❛♠❡♥t❛s ✈❛❧✐♦s❛s ♣❛r❛ s❡r❡♠ ❡♠♣r❡❣❛❞❛s ❡♠ ❞✐✈❡rs♦s

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

❞❡♥tr❡ ♦✉tr❛s✳

❈♦♠ ♦s t❡♠❛s ❛❜♦r❞❛❞♦s✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❡ s❡ ✐❞❡♥t✐✜❝❛r ❡ ♠♦✲

❞❡❧❛r s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s ❝♦♠♣❧❡①♦s❀ ♦ ❛✈❛♥ç♦ ❞♦ ✉s♦ ❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s ❡ ❞❛s r❡❞❡s

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

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

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

r✐á✈❡✐s ❞❡ ♣r♦❝❡ss♦s ❝♦♠♣❧❡①♦s ♥ã♦ ❧✐♥❡❛r❡s ❡ ❝♦♠ ♠ú❧t✐♣❧❛s ❡♥tr❛❞❛s ❡ ♠ú❧t✐♣❧❛s s❛í❞❛s✱

✉t✐❧✐③❛♥❞♦ r❡❞❡s ♥❡✉r❛✐s ♥❛s ❡st✐♠❛t✐✈❛s ❞❛s ✈❛r✐á✈❡✐s✳

◆♦ ❝❛♣ít✉❧♦ ✹ é ❛♣r❡s❡♥t❛❞❛ ❛ ❞❡s❝r✐çã♦ ❞❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ✭s✐st❡♠❛ ❞❡ tr❛♥s♣♦rt❡

✢✉í❞✐❝♦✮ ✉t✐❧✐③❛❞❛ ♥♦ tr❛❜❛❧❤♦✳



❈❛♣ít✉❧♦ ✹

❉❡s❝r✐çã♦ ❞❛ P❧❛t❛❢♦r♠❛ ❞❡ ❚❡st❡

✭❙✐st❡♠❛ ❞❡ ❚r❛♥s♣♦rt❡ ❋❧✉í❞✐❝♦✮

❖ ♣r♦❝❡ss♦ ❞❡ ✐♥❝r✉st❛çã♦ é ♦ ❛❝ú♠✉❧♦ ❡ ❞❡♣ós✐t♦ ❞❡ ♠❛t❡r✐❛✐s ♦r❣â♥✐❝♦s ❡✴♦✉ ✐♥♦r❣â♥✐❝♦s

❡♠ s✉♣❡r❢í❝✐❡s✳ ❊st❡ ♣r♦❝❡ss♦ ♦❝♦rr❡ ❝♦♠✉♠❡♥t❡ ♥♦ ✐♥t❡r✐♦r ❞❛s t✉❜✉❧❛çõ❡s ✉t✐❧✐③❛❞❛s✱

♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ♥❛s ✐♥❞ústr✐❛s q✉í♠✐❝❛✱ ♣❡tr♦❧í❢❡r❛✱ ❛❧✐♠❡♥tí❝✐❛ ❡ ❢❛r♠❛❝ê✉t✐❝❛✳ ❚❛❧ ❢❛t♦

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

❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❛✉♠❡♥t❛ ❛ ♣r❡ssã♦ ✐♥t❡r♥❛✱ ♣♦❞❡♥❞♦ ♦❝❛s✐♦♥❛r ♦ ❡♥t✉♣✐♠❡♥t♦ ♦✉ ❛té

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

❝♦♠ ❛ ♠❛♥✉t❡♥çã♦ ❬✽❪✳ ❋❛t♦r❡s ✐♥❡r❡♥t❡s ❛ ❡st❡ ♣r♦❝❡ss♦ sã♦ ❛s ✈❛r✐❛çõ❡s ❞❡ ❣r❛♥❞❡③❛s

❢ís✐❝❛s ✭t❡♠♣❡r❛t✉r❛✱ ♣r❡ssã♦ ❡ ✈❛③ã♦✮ ❡ q✉í♠✐❝❛s ✭♥❛t✉r❡③❛ ❞♦ ♠❛t❡r✐❛❧ ✐♥❝r✉st❛♥t❡✮✳

▲♦❣♦✱ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ tr❛♥s♣♦rt❡ ✢✉í❞✐❝♦ ❜❛s❡❛❞♦ ♥❛s ✈❛r✐á✈❡✐s ❞❡

♣r♦❝❡ss♦ ❞❡ ✐♥❝r✉st❛çã♦ é ✉♠❛ ❞❛s s♦❧✉çõ❡s ❝♦♥s✐❞❡r❛❞❛s ♣❛r❛ ❛ r❡❞✉çã♦ ❡ ❛ ♣r❡✈❡♥çã♦

❞❡st❡ ❢❡♥ô♠❡♥♦✱ ❞❡ ❢♦r♠❛ ❛ ❡♥t❡♥❞❡r ❡ q✉❛♥t✐✜❝❛r ♦ ♣❛♣❡❧ ❞❛s ✈ár✐❛s ❝♦♥❞✐çõ❡s ♦♣❡r❛❝✐♦✲

♥❛✐s ♥♦ s✐st❡♠❛ ❝♦♠ ✐♥❝r✉st❛çã♦ ❬✸✼❪✳

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

✐♥❞✉str✐❛✐s s❡❥❛ ✉♠ ❢❛t♦r ✐♠♣♦rt❛♥t❡✱ ♥ã♦ é ♦ ♦❜❥❡t✐✈♦ ♥❡st❛ t❡s❡✳ ◆❡st❛ t❡s❡ é r❡❛❧✐③❛❞♦

♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛s ✈❛r✐á✈❡✐s ❞❡ ✐♥t❡r❡ss❡ ✭✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦✮ ♥♦ ♣r♦❝❡ss♦ ❞❡

tr❛♥s♣♦rt❡ ✢✉í❞✐❝♦✳ ❊ss❛s ✈❛r✐á✈❡✐s ♣♦❞❡♠ s♦❢r❡r ❛❧t❡r❛çõ❡s ❝❛s♦ ❡①✐st❛ ✉♠ ❛✉♠❡♥t♦ ❞❡ ✐♥✲

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

❞❡ss❛s ✈❛r✐á✈❡✐s✱ ♣❛r❛ s❡ ❣❛r❛♥t✐r q✉❡ ♦ ♣r♦❝❡ss♦ ❡st❡❥❛ ❢✉♥❝✐♦♥❛♥❞♦ ❞❡♥tr♦ ❞♦ ❡s♣❡r❛❞♦✱

♠❛s ❛ ❝♦♥❡①ã♦ ❝♦♠ ♦ ✈❛❧♦r ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✐♥❝r✉st❛çã♦ ♥ã♦ é r❡❛❧✐③❛❞❛✳

❆ ♣❧❛t❛❢♦r♠❛ ✉t✐❧✐③❛❞❛ ♥♦s ❡①♣❡r✐♠❡♥t♦s é ✉♠❛ ♣❧❛t❛❢♦r♠❛ ❡①♣❡r✐♠❡♥t❛❧ ❞❡ tr❛♥s✲

♣♦rt❡ ✢✉í❞✐❝♦ ❡♠ ✉♠❛ t✉❜✉❧❛çã♦✱ q✉❡ ❡stá ❧♦❝❛❧✐③❛❞❛ ♥♦ ▲❛❜♦r❛tór✐♦ ❞❡ ■♥str✉♠❡♥t❛çã♦

❊❧❡trô♥✐❝❛ ❡ ❈♦♥tr♦❧❡ ✭▲■❊❈✮✱ ♥❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡ ✭❯❋❈●✮✳

❆ ♣❧❛t❛❢♦r♠❛ é ❝♦♠♣♦st❛ ❞❡ s❡♥s♦r❡s✱ ♣❛r❛ ❛❞q✉✐r✐r ♦s ❞❛❞♦s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦✱

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

✸✷
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❈♦♥tr♦❧❛❞♦r ▲ó❣✐❝♦ Pr♦❣r❛♠á✈❡❧ ✭❈▲P✮✱ q✉❡ ♣r♦❝❡ss❛ ♦s ❞❛❞♦s ❛❞q✉✐r✐❞♦s ♣♦r ♠❡✐♦ ❞❡

✉♠❛ ❧✐♥❣✉❛❣❡♠ ♣ró♣r✐❛ ✭▲❛❞❞❡r✮ ❡ q✉❡ sã♦ ✈✐s✉❛❧✐③❛❞♦s ♣♦r ♠❡✐♦ ❞❛ ✐♥t❡r❢❛❝❡ ❤♦♠❡♠✲

♠áq✉✐♥❛ ✭■❍▼✮✳

❯♠❛ ❢♦t♦❣r❛✜❛ ❞❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✹✳✶✳

❋✐❣✉r❛ ✹✳✶✿ ❋♦t♦❣r❛✜❛ ❞❛ P❧❛t❛❢♦r♠❛ ❞❡ ❉❡t❡❝çã♦ ❞❡ ■♥❝r✉st❛çã♦✳

❋♦♥t❡✿ ▼❡❧♦ ❡t ❛❧✳ ❬✶✵❪✳

❆ ♣❧❛t❛❢♦r♠❛ ♣♦ss✉✐ três t✐♣♦s ❞❡ s❡♥s♦r❡s✳ ❙ã♦ ❡❧❡s ♦ s❡♥s♦r ❞❡ ✈❛③ã♦✱ ♦ s❡♥s♦r ❞❡

♣r❡ssã♦ ❡ ♦ s❡♥s♦r ❞❡ t❡♠♣❡r❛t✉r❛✳ ❈♦♠❡♥t❛r❡♠♦s ❛♣❡♥❛s s♦❜r❡ ♦ s❡♥s♦r ❞❡ ♣r❡ssã♦ ❡ ♦

❞❡ ✈❛③ã♦✱ q✉❡ sã♦ ❛s ✈❛r✐á✈❡✐s ❞❡ ✐♥t❡r❡ss❡ ♣❛r❛ ❡st❡ tr❛❜❛❧❤♦✳

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

❣❛❧✈❛♥✐③❛❞♦ ❞❡ ❞✐❢❡r❡♥t❡s ❞✐â♠❡tr♦s✱ ✶✧✱ ✶ 1

2
✧ ❡ ✷✧✱ ❝❛❞❛ ✉♠ ❝♦♠ s❡✉s s❡♥s♦r❡s ❞❡ ✈❛③ã♦

❡ ❞❡ ♣r❡ssã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ✭♥❡st❡ tr❛❜❛❧❤♦✱ ❢♦✐ ♦❜s❡r✈❛❞♦ ♦ t✉❜♦ ❞❡ ✷✧ ❞❡ ❞✐â♠❡tr♦✮✳

❯t✐❧✐③♦✉✲s❡ s❡♥s♦r❡s ❞❡ ♣r❡ssã♦ ❡ ❞❡ ✈❛③ã♦✱ ❛❧é♠ ❞❡ ❛t✉❛❞♦r❡s✱ ♥♦ ✐♥t✉✐t♦ ❞❡ r❡❛❧✐③❛r ♦

♠♦♥✐t♦r❛♠❡♥t♦ ❞❛ ♣❧❛t❛❢♦r♠❛ ❞❡ tr❛♥s♣♦rt❡ ✢✉í❞✐❝♦ ♥♦s t✉❜♦s ❞❡ ✷✧ ❞❡ ❞✐â♠❡tr♦✳

◗✉❛♥t♦ à ❝♦♠✉♥✐❝❛çã♦✱ ♦ ❈▲P s❡ ❝♦♠✉♥✐❝❛ ❝♦♠ ♦s ♦✉tr♦s ❞✐s♣♦s✐t✐✈♦s ❞❛ ♣❧❛♥t❛ ♣♦r

✉♠❛ ♠❛❧❤❛ ❞❡ ❝♦rr❡♥t❡ ❝♦♠ s✐♥❛❧ ♥❛ ❢❛✐①❛ ❞❡ ✹ ❛ ✷✵ ♠❆ ❬✹✵❪✳

❈❛❞❛ t✉❜♦ ♣♦ss✉✐ ✉♠ s❡♥s♦r ❞❡ ✈❛③ã♦ ❞♦ t✐♣♦ ❚✉r❜✐♥❡ ✢♦✇♠❡t❡rs ❡ ✉♠ ❞❡ ♣r❡ssã♦ ❞♦

t✐♣♦ ❙tr❛✐♥●❛✉❣❡✳ ❖s ❞❡ ✈❛③ã♦ ♠❡❞❡♠ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❡s❝♦❛♠❡♥t♦ ❞♦ ✢✉✐❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠

❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♣✉❧s♦s ♣r♦❞✉③✐❞♦s ❞❡✈✐❞♦ à r♦t❛çã♦ ❞❛ ❤é❧✐❝❡ ✐♥st❛❧❛❞❛ ♥❛ ❞✐r❡çã♦ ❞❛ ✈❛③ã♦✳

❆ ❡❧❡s ❝♦♥❡❝t❛❞♦s ❡①✐st❡♠ tr❛♥s♠✐ss♦r❡s ❞❛ ♠❡❞✐❞❛ ❝♦♠ ♣❛✐♥❡❧ ❞❡ ✈✐s✉❛❧✐③❛çã♦ ❢♦r♥❡❝❡♥❞♦
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❧❡✐t✉r❛s ♥❛ ❡s❝❛❧❛ ❞❡ ✈❛③ã♦ ❞❡ ✸ ❛ ✸✽ ▲P▼ ✭❧✐tr♦s ♣♦r ♠✐♥✉t♦✮ ❬✸✾✱ ✹✾❪✳ ❏á ♦ s❡♥s♦r ❞❡

♣r❡ssã♦ ❞♦ t✐♣♦ ❙tr❛✐♥ ●❛✉❣❡ ❜❛s❡✐❛✲s❡ ♥♦ ♣r✐♥❝í♣✐♦ ❞❡ ✈❛r✐❛çã♦ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ✉♠ ✜♦✱

❡♠ q✉❡ ❛tr❛✈és ❞❛ ✐♥t❡r❧✐❣❛çã♦ ❞❛s q✉❛tr♦ t✐r❛s ❡①t❡♥s✐♦♠étr✐❝❛s ❝♦♥st✐t✉✐♥t❡s ❡♠ ✉♠

❝✐r❝✉✐t♦ t✐♣♦ ♣♦♥t❡ ❞❡ ❲❤❡❛tst♦♥❡ ❛❥✉st❛❞❛ ❡ ❜❛❧❛♥❝❡❛❞❛ ♣❛r❛ ❝♦♥❞✐çã♦ ✐♥✐❝✐❛❧✱ ❝♦♥s❡❣✉❡

♠❡❞✐r ❛ ♣r❡ssã♦ ♣♦r ♠❡✐♦ ❞♦ ❞❡s❜❛❧❛♥❝❡❛♠❡♥t♦ ♣r♦♣♦r❝✐♦♥❛❧ à ✈❛r✐❛çã♦ ❞❛ r❡s✐stê♥❝✐❛ ❞❡

❝❛❞❛ ✜t❛ ❬✹✱ ✺✺❪✳

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

❛tr❛✈és ❞♦ ❈▲P✱ ❡❧❛ é ❝♦♥s✐❞❡r❛❞❛ ✉♠ ❞♦s ❛t✉❛❞♦r❡s ❞♦ s✐st❡♠❛✳ ❆❧é♠ ❞❛ ✈á❧✈✉❧❛ ❞❡

❝♦♥tr♦❧❡✱ ❤á ✉♠ ✐♥✈❡rs♦r ❞❡ ❢r❡q✉ê♥❝✐❛ q✉❡ ❝♦♥tr♦❧❛ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ r♦t❛çã♦ ❞♦ r♦t♦r ❞❛

❜♦♠❜❛ ❝❡♥trí❢✉❣❛✳

❖ ✢✉✐❞♦ ✉t✐❧✐③❛❞♦ ♥♦ ♣r♦❝❡ss♦ ✭á❣✉❛✮ é ❛r♠❛③❡♥❛❞♦ ❡♠ ✉♠ r❡s❡r✈❛tór✐♦ ❞❡ ✶✵✵ ❧✐tr♦s✳

◆♦ s✐st❡♠❛ ❞❡ tr❛♥s♣♦rt❡ ✢✉í❞✐❝♦ ❡♠ ❡st✉❞♦✱ t❡♠✲s❡ q✉❡ ♦s ❞❛❞♦s ❛❞q✉✐r✐❞♦s ♣❡❧♦s s❡♥s♦r❡s

sã♦ ❡♥✈✐❛❞♦s às ❡♥tr❛❞❛s ❞♦ ♠ó❞✉❧♦ ❊▼✷✸✺ ✭❢♦r♠❛❞♦ ♣♦r ❝♦♥✈❡rs♦r❡s ❆✴❉✱ q✉❡ ❝♦♥✈❡rt❡♠

✉♠ s✐♥❛❧ ❛♥❛❧ó❣✐❝♦ ❞❡ ❡♥tr❛❞❛ ❞❡ t❡♥sã♦ ✭✵ ❛ ✶✵ ❱✮✱ ♦✉ ❝♦rr❡♥t❡ ✭✹ ❛ ✷✵ ♠❆✮✱ ❡♠ ✉♠ ✈❛❧♦r

❞✐❣✐t❛❧✮✳ ❚❛✐s ❞❛❞♦s sã♦ ♣r♦❝❡ss❛❞♦s ♣❡❧❛ ❈P❯ ❞♦ ❈▲P ❡♠ ✉♠ ♣r♦❣r❛♠❛ ❡s❝r✐t♦ ❡♠ ▲❛❞❞❡r

❡ ✈✐s✉❛❧✐③❛❞♦s ♥♦ ♠✐❝r♦❝♦♠♣✉t❛❞♦r ❛tr❛✈és ❞❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❤♦♠❡♠✲♠áq✉✐♥❛ ✭■❍▼✮✱

✐♠♣❧❡♠❡♥t❛❞❛ ♥♦ s♦❢t✇❛r❡ ▲❛❜❱■❊❲ ❡ ❢✉♥❝✐♦♥❛♥❞♦ ✈✐❛ ♣❛❞rã♦ ❖P❈ ✭❖▲❊ ❢♦r Pr♦❝❡ss

❈♦♥tr♦❧✮✳ ❊st❡ ♣❛❞rã♦✱ ❛tr❛✈és ❞❛ r❡❧❛çã♦ s❡r✈✐❞♦r✲❝❧✐❡♥t❡✱ ♣❡r♠✐t❡ q✉❡ ♦ ▲❛❜❱■❊❲ t❡♥❤❛

❛❝❡ss♦ às ✈❛r✐á✈❡✐s ❞❡ ✐♥t❡r❡ss❡ ❞♦ ❝ó❞✐❣♦ ❡♠ ▲❛❞❞❡r✱ ❞❡s❞❡ q✉❡ ♦ s❡r✈✐❞♦r ❖P❈ s❡❥❛

❝♦♥✜❣✉r❛❞♦ ❝♦rr❡t❛♠❡♥t❡ ❝♦♠ ❛s ❡s♣❡❝✐✜❝❛çõ❡s ❞♦ ❈▲P✳

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

❞❡✜♥✐❞❛ ♣❡❧♦ ✉s✉ár✐♦ ✈✐❛ ■❍▼✱ ❡♥✈✐❛♥❞♦✲s❡ ❛♦ ✐♥✈❡rs♦r ❞❡ ❢r❡q✉ê♥❝✐❛ ✉♠ s✐♥❛❧ ❝♦♠ ✈❛❧♦r❡s

♥❛ ❢❛✐①❛ ❞❡ ✵ ❛ ✶✵ ❱ ♣❡❧❛ s❛í❞❛ ❞♦ ♠ó❞✉❧♦ ❊▼✷✸✷ ❞♦ ❈▲P ✭♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡✜♥✐❞❛✱

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

♣❡❧♦ ✉s✉ár✐♦ ♥❛ ✐♥t❡r❢❛❝❡✳

❉❛ ♠❡s♠❛ ❢♦r♠❛✱ ♦ ❡st❛❞♦ ❞❛ ✈á❧✈✉❧❛ ❞❡ ❝♦♥tr♦❧❡ ♣♦❞❡ s❡r ❛❧t❡r❛❞♦ ✈✐❛ ■❍▼✱ ❡♥✈✐❛♥❞♦✲

s❡ ♣❛r❛ ♦ ❛t✉❛❞♦r ✉♠ s✐♥❛❧ ♥❛ ❢❛✐①❛ ❞❡ ✹✲✷✵ ♠❆ ♣❡❧❛ s❛í❞❛ ❞♦ ♠ó❞✉❧♦ ❊▼✷✸✺ ❞♦ ❈▲P

✭P❛r❛ ❝❛❞❛ ♣♦s✐çã♦ ❞❡ ❛❜❡rt✉r❛ ❞❛ ✈á❧✈✉❧❛✱ t❡♠✲s❡ ✉♠❛ ❝♦rr❡♥t❡ r❡❢❡r❡♥t❡✮✳ ❊st❛ ❛❧t❡r❛çã♦

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

❝♦♥tr♦❧❡✱ ♣r❡s❡♥t❡ ♥❛ ❡s❝❛❧❛ ❞❡ ✶✲✺ ❱✱ é ✉♠❛ ❞❛s ❡♥tr❛❞❛s ❞♦ ♠ó❞✉❧♦ ❊▼✷✸✺✳

❆ss✐♠✱ ♥❡st❛ t❡s❡ ❝♦♥s✐❞❡r❛✲s❡ q✉❛tr♦ ✈❛r✐á✈❡✐s✱ ❞✉❛s ❡♥tr❛❞❛s ❡ ❞✉❛s s❛í❞❛s✳ ❆ ♣♦s✐çã♦

❞❛ ✈á❧✈✉❧❛ ❞❡ ❝♦♥tr♦❧❡ ❡ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çã♦ ❞❛ ❜♦♠❜❛ sã♦ ✉t✐❧✐③❛❞❛s ❝♦♠♦ ❡♥tr❛❞❛s

❞♦ ♣r♦❝❡ss♦✱ ❛t✉❛♥❞♦ ♥♦ s✐st❡♠❛✳ ❊ ❛ ✈❛③ã♦ ❡ ♣r❡ssã♦ ♠❡❞✐❞❛s ♥❛ t✉❜✉❧❛çã♦✱ sã♦ ❛s s❛í❞❛s

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

P❛r❛ ✉♠ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦ ❢ís✐❝♦ s♦❜r❡ ♦ s✐st❡♠❛ ❞❡ tr❛♥s♣♦rt❡ ✢✉í❞✐❝♦ ♠♦♥t❛❞♦✱

é ❛♣r❡s❡♥t❛❞♦ ✉♠ ❡st✉❞♦ ♥❛ ár❡❛ ❞❡ ♠❡❝â♥✐❝❛ ❞♦s ✢✉✐❞♦s ♣❛r❛ ❛♥á❧✐s❡ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦

❤✐❞r♦❞✐♥â♠✐❝♦ ❞❛ ♣❧❛t❛❢♦r♠❛✱ r❡❛❧✐③❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡ ♣♦r ▼❡❧♦ ❬✶✵❪✳



❈❛♣ít✉❧♦ ✹✳ ❉❡s❝r✐çã♦ ❞❛ P❧❛t❛❢♦r♠❛ ❞❡ ❚❡st❡ ✭❙✐st❡♠❛ ❞❡ ❚r❛♥s♣♦rt❡ ❋❧✉í❞✐❝♦✮ ✸✺

❈♦♠♣♦rt❛♠❡♥t♦ ❍✐❞r♦❞✐♥â♠✐❝♦ ♥❛ P❧❛t❛❢♦r♠❛ ❆❧✈♦

◗✉❛♥❞♦ ✉♠ ✢✉✐❞♦ ✈✐s❝♦s♦ ❡s❝♦❛ ♥♦ ✐♥t❡r✐♦r ❞❡ ✉♠ ❝♦♥❞✉t♦✱ s❡❥❛ ❡❧❡ ❢♦rç❛❞♦ ♦✉ ♥ã♦✱

❤á ♦ s✉r❣✐♠❡♥t♦ ❞❡ ❢♦rç❛s ❝✐s❛❧❤❛♥t❡s ❡①❡r❝✐❞❛s ♣❡❧❛ ❢❛❝❡ ✐♥t❡r♥❛ ❞❛ ♣❛r❡❞❡ ❞♦ ❝♦♥❞✉t♦ ♥❛

❝❛♠❛❞❛ ❧✐♠✐t❡ ❞♦ ✢✉✐❞♦✱ q✉❡ r❡❞✉③❡♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✢✉✐❞❡③ ❛♦ ❧♦♥❣♦ ❞♦ ❡s❝♦❛♠❡♥t♦✳ ❖

✢✉✐❞♦✱ ❛♦ ❡s❝♦❛r✱ ❞✐ss✐♣❛ ♣❛rt❡ ❞❡ s✉❛ ❡♥❡r❣✐❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ s♦❜ ❛ ❢♦r♠❛ ❞❡ ❝❛❧♦r✳ ❊ss❛

♣❡r❞❛ ❞❡ ❡♥❡r❣✐❛ ❤✐❞rá✉❧✐❝❛ é ❞❡♥♦♠✐♥❛❞❛ ❞❡ ♣❡r❞❛ ❞❡ ❝❛r❣❛✱ q✉❡ ♣♦❞❡ s❡r ❞✐✈✐❞✐❞❛ ❡♠✿

• P❡r❞❛ ❧♦❝❛❧✐③❛❞❛ ✭❞❡✈✐❞♦ à ♣r❡s❡♥ç❛ ❞❡ ❛❝❡ssór✐♦s ❡♠ ♣♦♥t♦s ♣❛rt✐❝✉❧❛r❡s ❞♦ ❝♦♥✲

❞✉t♦✱ t❛✐s ❝♦♠♦ ❛♠♣❧✐❛çõ❡s✱ r❡❞✉çõ❡s✱ ❝✉r✈❛s✱ ✈á❧✈✉❧❛s ❝♦♠ ár❡❛ tr❛♥s✈❡rs❛❧ ♥ã♦

❝♦♥st❛♥t❡✮❀

• P❡r❞❛ ❞✐str✐❜✉í❞❛ ✭❞❡✈✐❞♦ ❛♦ ❛tr✐t♦ ❞♦ ✢✉✐❞♦ ❝♦♠ ❛s ♣❛r❡❞❡s ❞♦ ❝♦♥❞✉t♦✱ ❛♦ ❧♦♥❣♦

❞❡ t♦❞❛ ❛ s✉❛ ❡①t❡♥sã♦✱ ❝♦♠ ár❡❛ tr❛♥s✈❡rs❛❧ ❝♦♥st❛♥t❡✮ ❬✶✹❪✳

❙❡♥❞♦ ❛ss✐♠✱ ❛ ♣❡r❞❛ ❞❡ ❝❛r❣❛ t♦t❛❧ ❞♦ s✐st❡♠❛ ✢✉í❞✐❝♦ h1T r❡s✉❧t❛ ❞❛ s♦♠❛ ❞❛s ♣❡r❞❛s

❞✐str✐❜✉í❞❛ ✭h1 ✮ ❡ ❧♦❝❛❧✐③❛❞❛ ✭h1m✮ ♥❛ t✉❜✉❧❛çã♦✱ ♣♦❞❡♥❞♦ s❡r ❡①♣r❡ss❛ ♣❡❧❛ ❊q✉❛çã♦ ✭✹✳✶✮

❬✶✻❪✳

h1T = h1 + h1m = (f.
L

D
+

u
∑

i=0

ki)
V̄ 2

2g
✭✹✳✶✮

❡♠ q✉❡✿ h1T é ❛ ♣❡r❞❛ ❞❡ ❝❛r❣❛ t♦t❛❧ ❬♠✳❝✳❛ ❂ ♠❡tr♦s ❞❡ ❝♦❧✉♥❛ ❞✬á❣✉❛❪❀ ❢ é ♦ ❝♦❡✜❝✐❡♥t❡

❞❡ ❛tr✐t♦ ❞❡ ❉❛r❝②✲❲❡✐s❜❛❝❤ ❬❛❞✐♠❡♥s✐♦♥❛❧ ❪❀ ▲ é ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ t✉❜✉❧❛çã♦ ❬♠❪❀ ❉ é

♦ ❞✐â♠❡tr♦ ❞❛ t✉❜✉❧❛çã♦ ❬♠❪❀ ki é ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ♣❡r❞❛ ❞❡ ❝❛r❣❛ ❝✐♥ét✐❝❛ ❝❛r❛❝t❡ríst✐❝♦

❞♦ ❛❝❡ssór✐♦ ❬❛❞✐♠❡♥s✐♦♥❛❧ ❪❀ u é ♦ ♥ú♠❡r♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ❞❡ ♣❡r❞❛ ❞❡ ❝❛r❣❛ ❝✐♥ét✐❝❛

❝❛r❛❝t❡ríst✐❝♦ ✭❝❛❞❛ t✐♣♦ ❞❡ ❛❝❡ssór✐♦ t❡♠ ✉♠✮❀ ❣ é ❛ ❛❝❡❧❡r❛çã♦ ❞❛ ❣r❛✈✐❞❛❞❡ ❬m/s2❪ ❡ V̄

é ❛ ✈❡❧♦❝✐❞❛❞❡ ♠é❞✐❛ ❞❡ ❡s❝♦❛♠❡♥t♦ ❬♠✴s ❪ ♦❜t✐❞❛ ♣❡❧❛ ❊q✉❛çã♦ ✭✹✳✷✮✳

V̄ =
Q

A
=

Q

πR2
✭✹✳✷✮

s❡♥❞♦ Q ❛ ✈❛③ã♦ ♠❡❞✐❞❛ ❬m3/s❪ ❡ R é ♦ r❛✐♦ ❞♦ t✉❜♦ ❬m❪✳

❖ ❡s❝♦❛♠❡♥t♦ ❞❡ ✉♠ ✢✉✐❞♦ ♣♦❞❡ ♦❝♦rr❡r ❡♠ r❡❣✐♠❡ ❧❛♠✐♥❛r ♦✉ t✉r❜✉❧❡♥t♦✱ ❡①✐st✐♥❞♦

❞✐❢❡r❡♥ç❛s q✉❛❧✐t❛t✐✈❛s ❡ q✉❛♥t✐t❛t✐✈❛s ❡♥tr❡ ❡❧❡s✳ ◗✉❛♥t✐t❛t✐✈❛♠❡♥t❡✱ ♦ ♣❛râ♠❡tr♦ q✉❡

❞❡t❡r♠✐♥❛ ♦ t✐♣♦ ❞❡ r❡❣✐♠❡ ❞❡ ❡s❝♦❛♠❡♥t♦ é ♦ ♥ú♠❡r♦ ❞❡ ❘❡②♥♦❧❞s✱ ❝❛❧❝✉❧❛❞♦ ❝♦♠ ❛

❊q✉❛çã♦ ✭✹✳✸✮✳

Re =
ρDV̄

µ
✭✹✳✸✮

❡♠ q✉❡✿ Re é ♦ ♥ú♠❡r♦ ❞❡ ❘❡②♥♦❧❞s ❬❛❞✐♠❡♥s✐♦♥❛❧ ❪❀ ρ é ❛ ♠❛ss❛ ❡s♣❡❝í✜❝❛ ❞♦ ✢✉✐❞♦

❬kg/m3❪❀ ❡ µ é ❛ ✈✐s❝♦s✐❞❛❞❡ ❞✐♥â♠✐❝❛ ❞♦ ✢✉✐❞♦ ❬Pa . s❪✳



❈❛♣ít✉❧♦ ✹✳ ❉❡s❝r✐çã♦ ❞❛ P❧❛t❛❢♦r♠❛ ❞❡ ❚❡st❡ ✭❙✐st❡♠❛ ❞❡ ❚r❛♥s♣♦rt❡ ❋❧✉í❞✐❝♦✮ ✸✻

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

❊q✉❛çã♦ ✭✹✳✹✮ ♦✉ ❊q✉❛çã♦ ✭✹✳✺✮✿

• r❡❣✐♠❡ ❧❛♠✐♥❛r ❬✶✻❪✿

flamiar =
64

Re
✭✹✳✹✮

• r❡❣✐♠❡ t✉r❜✉❧❡♥t♦✿ ❉❡s❝r✐t❛ ♣❡❧❛ ❡q✉❛çã♦ ❞❡ ❈♦❧❡❜r♦♦❦✲❲❤✐t❡ ♥❛ ❢♦r♠❛ ❡①♣❧í❝✐t❛✱

♣r♦♣♦st❛ ♣♦r ❍❛❛❧❛♥❞ ❡♠ ✶✾✽✸ ❡ ❝♦♠ ❞❡s✈✐♦s r❡❧❛t✐✈♦s ✐♥❢❡r✐♦r❡s ❛ ±1,5% ❬✶✶❪

1√
fturbulento

= −1,8. log

[

6,9

Re
+

( ε
D

3,7

)1,11]

✭✹✳✺✮

❡♠ q✉❡✿ ε
D

❂ r✉❣♦s✐❞❛❞❡ r❡❧❛t✐✈❛ ❞♦ ✢✉✐❞♦✳

❊♥tr❡ ❛s r❡❣✐õ❡s ❧❛♠✐♥❛r ❡ t✉r❜✉❧❡♥t❛ ❡①✐st❡ ✉♠❛ ③♦♥❛ ❞❡ tr❛♥s✐çã♦✱ ♥❛ q✉❛❧ ♦ ❡s❝♦❛✲

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

♥ú♠❡r♦ ❞❡ ❘❡②♥♦❧❞s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛ ❡st❛ r❡❣✐ã♦ ❞❡ tr❛♥s✐çã♦ ♣♦❞❡ s❡r ♠✉✐t♦ ❡①t❡♥s❛✱

✈❛r✐❛♥❞♦ ❡♥tr❡ ✷✸✵✵ ✭✈❛❧♦r ✉s✉❛❧♠❡♥t❡ ❛❝❡✐t♦ ♣❛r❛ ♣r♦❥❡t♦s ❝♦♠ ❝♦♥❞✉t♦s ❞❡ s✉♣❡r❢í❝✐❡

r✉❣♦s❛✮ ❛ ✹✵✵✵✳ ❆❧é♠ ❞✐ss♦✱ ♦ ❝♦❡✜❝✐❡♥t❡ f é ✐♠♣r❡❝✐s♦ ♥❡ss❛ ❢❛✐①❛✱ ♥ã♦ ♣♦❞❡♥❞♦ s❡r

♣r❡❞✐t♦✱ ❞❡✈❡♥❞♦ s❡r ✉s❛❞❛ ❛ s♦❧✉çã♦ ❣rá✜❝❛✳ P❛r❛ ✢✉✐❞♦s ◆❡✇t♦♥✐❛♥♦s✱ ❡♠♣r❡❣❛✲s❡ ♦

❉✐❛❣r❛♠❛ ❞❡ ▼♦♦❞② ♣❛r❛ ❡st✐♠❛r t❛❧ ✈❛❧♦r ❬✸✸✱✹✷❪✳

❯t✐❧✐③❛♥❞♦✲s❡ ❛s ❊q✉❛çõ❡s ✭✹✳✶✮ ❛ ✭✹✳✺✮ ❡ ♦s ✈❛❧♦r❡s ♣ré✲❞❡✜♥✐❞♦s ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡

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

r♦t✐♥❛ ♥♦ ▼❆❚▲❆❇ q✉❡ ♣❡r♠✐t✐✉ ❛ ❝❛r❛❝t❡r✐③❛çã♦ ❣rá✜❝❛ ❡♠ ❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛ ❞♦ ❝♦♠✲

♣♦rt❛♠❡♥t♦ ❤✐❞r♦❞✐♥â♠✐❝♦ ❞♦ s✐st❡♠❛✳ ◆❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♦s s❡✲

❣✉✐♥t❡s ✈❛❧♦r❡s ❝♦♠♦ ♣❛râ♠❡tr♦s ❬✶✵❪✿

❚✉❜✉❧❛çã♦ ♣r✐♥❝✐♣❛❧ ✭❚✉❜♦ ❞❡ ✷✑✮

• ❞✐â♠❡tr♦ ❞♦ t✉❜♦✿ D ❂ ✵✱✵✺✵✽ ♠❀

• r✉❣♦s✐❞❛❞❡ ❛❜s♦❧✉t❛ ❞♦ t✉❜♦✿ ε ❂ 1,5.10−4 m ✭✈❛❧♦r r❡❢❡r❡♥t❡ ❛ t✉❜♦s ❞❡ ❢❡rr♦

❣❛❧✈❛♥✐③❛❞♦✮❀

• ❝♦♠♣r✐♠❡♥t♦ t♦t❛❧ ❞❛ t✉❜✉❧❛çã♦✿ L ❂ ✺✱✶✷ ♠❀

❋❧✉✐❞♦ ✭➪❣✉❛✮

• ♠❛ss❛ ❡s♣❡❝í✜❝❛ ❞❛ á❣✉❛✿ ρágua ❂ 103 kg/m3❀

• ✈✐s❝♦s✐❞❛❞❡ ❞✐♥â♠✐❝❛ ❞❛ á❣✉❛✿ µágua ❂ 1,01✳10−3 Pa . s

❆❝❡ssór✐♦s ✭❚✉❜✉❧❛çã♦ ♣r✐♥❝✐♣❛❧✮ ❬✷✽❪



❈❛♣ít✉❧♦ ✹✳ ❉❡s❝r✐çã♦ ❞❛ P❧❛t❛❢♦r♠❛ ❞❡ ❚❡st❡ ✭❙✐st❡♠❛ ❞❡ ❚r❛♥s♣♦rt❡ ❋❧✉í❞✐❝♦✮ ✸✼

• ❥♦❡❧❤♦ ❞❡ ✾✵◦ ♣❛❞rã♦ ✭✹ ✉♥✐❞✳✮✿ k1 ❂ ✵✱✾✵❀

• ✉♥✐ã♦ ✭✷ ❯♥✐❞✳✮✿ k2 ❂ ✵✱✹✵❀

• tê ❝♦♠ ❞❡r✐✈❛çã♦ ❢❡❝❤❛❞❛ ✭✷ ✉♥✐❞✳✮✿ k3 ❂ ✵✱✻✵❀

• ✈á❧✈✉❧❛ ❣❧♦❜♦ t♦t❛❧♠❡♥t❡ ❛❜❡rt❛ ✭✶ ✉♥✐❞✳✮✿ k4 ❂ ✶✵✱✵❀

• ❛♠♣❧✐❛çã♦ ❣r❛❞✉❛❧ ✭✷ ✉♥✐❞✳✮✿ k5 ❂ ✵✱✸✵❀

• r❡❞✉çã♦ ❣r❛❞✉❛❧ ✭✶ ✉♥✐❞✳✮✿ k6 ❂ ✵✱✶✺✳

❖ ✈❛❧♦r ❛❞❡q✉❛❞♦ ❞♦ s❡t✲♣♦✐♥t ❡stá ❛ss♦❝✐❛❞♦ à ❞❡t❡r♠✐♥❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ ❞❛ ③♦♥❛

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

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

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

✈❛r✐❛çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞♦ ✐♥✈❡rs♦r ❞❡ ❢r❡q✉ê♥❝✐❛✳ ❆♦ ❛t✐♥❣✐r ❛ ❢r❡q✉ê♥❝✐❛ ♠á①✐♠❛ ❞❡

♦♣❡r❛çã♦ ❞❛ ❜♦♠❜❛ ✭♥♦ ❝❛s♦✱ ✻✵ ❍③✮✱ r❡t♦r♥❛✲s❡ ❣r❛❞✉❛❧♠❡♥t❡ ❛♦ ♠♦❞♦ ❞❡ ❡s❝♦❛♠❡♥t♦

✐♥✐❝✐❛❧ ❞❡ ♠❛♥❡✐r❛ ❛♥á❧♦❣❛ ❬✶✵❪✳

❋♦✐ r❡❛❧✐③❛❞♦ ✉♠ ❡♥s❛✐♦ ♣❛r❛ ♦ ❧❡✈❛♥t❛♠❡♥t♦ ❞❛ ❝✉r✈❛ ❝❛r❛❝t❡ríst✐❝❛✱ ❡ ❝♦♥s❡q✉❡♥✲

t❡♠❡♥t❡✱ ❞❛ ❧❡✐ ❞❡ ❢♦r♠❛çã♦✱ q✉❡ ❡①♣r❡ss❛ss❡ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ✈❛③ã♦ ♠❡❞✐❞❛ ♥♦ t✉❜♦

♣r✐♥❝✐♣❛❧ ❡ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çã♦ ❞❛ ❜♦♠❜❛ ✉t✐❧✐③❛❞❛✳ P❛r❛ ❝❛❞❛ ✐♥❝r❡♠❡♥t♦ ❞❡ ✵✱✵✷

❍③✱ ♦❜t❡✈❡✲s❡ ✉♠❛ r❡s♣❡❝t✐✈❛ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦✱ ❞❡ ❢♦r♠❛ ❛ ❝♦♥t❡♠♣❧❛r ❛♣r♦①✐♠❛❞❛♠❡♥t❡

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

❛q✉✐s✐çã♦ ❞❡ ✷✻✵✽ ♠❡❞✐❞❛s ❞❡ ✈❛③ã♦ ❡ ❛r♠❛③❡♥♦✉✲s❡ ❡♠ ✉♠ ❛rq✉✐✈♦ ✳t①t ❣❡r❛❞♦ ♣❡❧♦ ❜❧♦❝♦

❲r✐t❡ ▲❛❜❱■❊❲ ▼❡❛s✉r❡♠❡♥t ❋✐❧❡✱ ♣r❡s❡♥t❡ ♥♦ ❞✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ❞❛ ■♥t❡r❢❛❝❡ ❍♦♠❡♠

▼áq✉✐♥❛ ✭■❍▼✮ ✐♠♣❧❡♠❡♥t❛❞❛ ✈✐❛ ▲❛❜❱■❊❲✱ q✉❡ ❛♣❧✐❝❛❞❛s ♥❛ ❢✉♥çã♦ ♣♦❧②✜t ❡ ♣❧♦t✱ ♣❡r✲

♠✐t✐r❛♠ ♦❜t❡r ♦s ❝♦❡✜❝✐❡♥t❡s ❞♦ ♣♦❧✐♥ô♠✐♦ ❡st✐♠❛❞♦✱ r❡♣r❡s❡♥t❛❞♦ ♥❛ ❊q✉❛çã♦ ✭✹✳✻✮✱ ❡

tr❛ç❛r ❛ ❝✉r✈❛ ❝❛r❛❝t❡ríst✐❝❛ ❡①♣❡r✐♠❡♥t❛❧✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❬✶✵❪✳

vaz = 0,6597 ∗ freq − 2,0131 ✭✹✳✻✮

❡♠ q✉❡✿ vaz é ❛ ✈❛③ã♦ ♠❡❞✐❞❛ ❬▲P▼ ❂ ❧✐tr♦s ♣♦r ♠✐♥❪✱ t❡♥❞♦ ✉♠ ❞❡s✈✐♦ ❞❡ ❛♣r♦①✐♠❛❞❛✲

♠❡♥t❡ ±0,5 ❝♦♠ r❡❧❛çã♦ ❛♦ ✈❛❧♦r r❡❛❧ ♠❡❞✐❞♦❀ freq é ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çã♦ ❬Hz❪✳

P♦r ♠❡✐♦ ❞♦ ♣♦❧✐♥ô♠✐♦ ❡st✐♠❛❞♦ ❛♣❧✐❝❛❞♦ ♥❛ ❢✉♥çã♦ ♣♦❧②✈❛❧✱ ♣♦❞❡✲s❡ ❝♦♥✜r♠❛r ❛ ❧✐♥❡✲

❛r✐❞❛❞❡ ❡①✐st❡♥t❡ ❡♥tr❡ ♦s ♣❛râ♠❡tr♦s✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✷✳



❈❛♣ít✉❧♦ ✹✳ ❉❡s❝r✐çã♦ ❞❛ P❧❛t❛❢♦r♠❛ ❞❡ ❚❡st❡ ✭❙✐st❡♠❛ ❞❡ ❚r❛♥s♣♦rt❡ ❋❧✉í❞✐❝♦✮ ✸✽

❋✐❣✉r❛ ✹✳✷✿ ❈✉r✈❛ ❈❛r❛❝t❡ríst✐❝❛ ❊st✐♠❛❞❛ ♣♦r ❆❥✉st❡ P♦❧✐♥♦♠✐❛❧ ✭❚r❛ç♦ ❙✉♣❡r✐♦r✮ ❙♦✲

❜r❡♣♦st❛ ♣❡❧❛ ❈✉r✈❛ ❝❛r❛❝t❡ríst✐❝❛ ❊①♣❡r✐♠❡♥t❛❧ ❱❛③ã♦ ✈❡rs✉s ❋r❡q✉ê♥❝✐❛ ✭❚r❛ç♦ ❙♦❜r❡✲

♣♦st♦✮✳
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Curva característica: Vazão versus Frequência

❋♦♥t❡✿ ▼❡❧♦ ❡t ❛❧✳ ❬✶✵❪✳

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

❝♦♠ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✶✺ ❍③✱ ❛✉♠❡♥t♦✉✲s❡ ❛ ❢r❡q✉ê♥❝✐❛ ❝♦♠ ✉♠ ♣❛ss♦ ❞❡ ♠❡s♠♦ ✈❛❧♦r

✭✵✱✵✷ ❍③✮ ❛té ♦ ✈❛❧♦r ♠á①✐♠♦ ❡ ❡♠ s❡❣✉✐❞❛ ❞✐♠✐♥✉✐✉✲s❡ ♥♦ ♠❡s♠♦ ♣❛ss♦ ❛té ♦ ✈❛❧♦r ✐♥✐❝✐❛❧✱

❛r♠❛③❡♥❛♥❞♦✲s❡ t♦❞♦s ♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦ ♦❜t✐❞♦s✳ ❊♠ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ ✷✹✵✵ s❡❣✉♥❞♦s✱

♦ ❡♥s❛✐♦ ❢♦✐ r❡❛❧✐③❛❞♦ ❝♦♠♣❧❡t❛♠❡♥t❡✳ ❆ ❝✉r✈❛ ❡①♣❡r✐♠❡♥t❛❧ ♦❜t✐❞❛ é ❛♣r❡s❡♥t❛❞❛ ♥❛

❋✐❣✉r❛ ✹✳✸ ❬✶✵❪✳
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❋✐❣✉r❛ ✹✳✸✿ ❈✉r✈❛ ❡①♣❡r✐♠❡♥t❛❧ ❱❛③ã♦ ✈❡rs✉s ❚❡♠♣♦ ✭❧✐♥❤❛ tr❛❝❡❥❛❞❛✮ ❡ ❋r❡q✉ê♥❝✐❛ ✈❡rs✉s

❚❡♠♣♦ ✭❧✐♥❤❛ tr❛❝❡❥❛❞❛ ❡ ♣♦♥t✐❧❤❛❞❛✮✳
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Ensaio para determinação da zona de transição entre
regimes de escoamento
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❋♦♥t❡✿ ▼❡❧♦ ❡t ❛❧✳ ❬✶✵❪✳

❉❡ ♣♦ss❡ ❞♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦ ✭♦✉ ❞❡ ❢r❡q✉ê♥❝✐❛✱ ✉t✐❧✐③❛♥❞♦ ❛ ❊q✉❛çã♦ ✭✹✳✻✮✮✱ ❝❛❧❝✉❧♦✉✲

s❡ ❛s ✈❡❧♦❝✐❞❛❞❡s ♠é❞✐❛s ❞❡ ❡s❝♦❛♠❡♥t♦ ❡ ♦s ♥ú♠❡r♦s ❞❡ ❘❡②♥♦❧❞s ❛tr❛✈és ❞❛ ❊q✉❛çã♦ ✭✹✳✷✮

❡ ❊q✉❛çã♦ ✭✹✳✸✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P♦st❡r✐♦r♠❡♥t❡✱ ❢♦r❛♠ ❝❛❧❝✉❧❛❞♦s ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡

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

❞♦ s✐st❡♠❛✳ ◆♦ ❝❛s♦ ❞❛ ③♦♥❛ ❞❡ tr❛♥s✐çã♦✱ ❝♦♠♦ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❛tr✐t♦ ♥ã♦ ♣♦❞❡ s❡r

♣r❡❞✐t♦✱ ✉t✐❧✐③♦✉✲s❡ ♦ ❉✐❛❣r❛♠❛ ❞❡ ▼♦♦❞②✱ ♥♦ q✉❛❧ ♦ ✈❛❧♦r ❡st✐♠❛❞♦ ❢♦✐ ✐❣✉❛❧ ❛ ✵✱✵✹✻✱ q✉❡

❡stá ❛ss♦❝✐❛❞♦ ❣r❛✜❝❛♠❡♥t❡ ❛♦ ✈❛❧♦r ❞❛ r✉❣♦s✐❞❛❞❡ r❡❧❛t✐✈❛ ♣❛r❛ t✉❜♦s ❞❡ ❢❡rr♦ ❣❛❧✈❛♥✐③❛❞♦

❬✶✵❪✳

❆ ❛♥á❧✐s❡ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❤✐❞r♦❞✐♥â♠✐❝♦ ❞á✲s❡ ♣❡❧♦ ❣rá✜❝♦ ❧♦❣❛rít♠✐❝♦ h1tXV̄ ✱ ❡♠

q✉❡ s❡❣✉♥❞♦ ▲♦♣❡s ❡t ❛❧✳ ❬✸✸❪✱ ♦❝♦rr❡rá ✉♠ ❢❡♥ô♠❡♥♦ ❞❡ ❤✐st❡r❡s❡ ❞❡✈✐❞♦ ❛ ♣❡r❞❛ ❞❡ ❝❛r❣❛

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

♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✹✳



❈❛♣ít✉❧♦ ✹✳ ❉❡s❝r✐çã♦ ❞❛ P❧❛t❛❢♦r♠❛ ❞❡ ❚❡st❡ ✭❙✐st❡♠❛ ❞❡ ❚r❛♥s♣♦rt❡ ❋❧✉í❞✐❝♦✮ ✹✵

❋✐❣✉r❛ ✹✳✹✿ ●rá✜❝♦ ▲♦❣❛rít♠✐❝♦ h1tXV̄ ✱ ❝♦♠ ❉❡st❛q✉❡ ❛s ❱❡❧♦❝✐❞❛❞❡s ■♥✐❝✐❛❧ ✭V̄i✮ ❡ ❋✐♥❛❧

✭V̄f ✮ ❞❛ ❩♦♥❛ ❞❡ ❚r❛♥s✐çã♦✳

❋♦♥t❡✿ ▼❡❧♦ ❡t ❛❧✳ ❬✶✵❪✳

P♦ré♠✱ t❛❧ ❣rá✜❝♦ ❢♦✐ ❣❡r❛❞♦ ♣♦r ✈❛r✐❛çõ❡s ♥❛ ❛❜❡rt✉r❛ ❞❡ ✉♠❛ ✈á❧✈✉❧❛ ❞❡ r❡❣✉❧❛çã♦

❛❝♦♣❧❛❞❛ à ❜♦♠❜❛ ❝❡♥trí❢✉❣❛✳ P♦r ✐ss♦✱ ❡ss❡ ♠ét♦❞♦ ❞❡ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ③♦♥❛ ❞❡ tr❛♥s✐çã♦

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

✉♠ r❡s✉❧t❛❞♦ ♣ró①✐♠♦ ❞♦ ❡s♣❡r❛❞♦ ❬✶✵❪✳

❖ ❣rá✜❝♦ ❧♦❣❛rít♠✐❝♦ ❞❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✺✳ ❈♦♠♦

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

t❡rá ❛❞✐❝✐♦♥❛❞♦ ✉♠ ❝♦❡✜❝✐❡♥t❡ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛ ❝❛❞❛ ♣♦s✐çã♦ ❞❡ ❛❜❡rt✉r❛ ❞❛ ✈á❧✈✉❧❛✱

q✉❡ ❢❛✈♦r❡❝❡ ❛ ❢♦r♠❛çã♦ ❛❝❡♥t✉❛❞❛ ❞❛ ❤✐st❡r❡s❡✳ P♦r ✐ss♦✱ ❛ ❝✉r✈❛ ❞❡ ❤✐st❡r❡s❡ t♦r♥❛✲s❡

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

q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦❡✜❝✐❡♥t❡s ♥❛ ♠❡❞✐❞❛ ❡♠ q✉❡ ✈❛r✐❛ ❬✶✵❪✳
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❋✐❣✉r❛ ✹✳✺✿ ●rá✜❝♦ ▲♦❣❛rít♠✐❝♦ h1tXV̄ ✭❈♦♠♣♦rt❛♠❡♥t♦ ❍✐❞r♦❞✐♥â♠✐❝♦ ❞❛ P❧❛t❛❢♦r♠❛

❞❡ ❚❡st❡s✮✳

❋♦♥t❡✿ ▼❡❧♦ ❡t ❛❧✳ ❬✶✵❪✳

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

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

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

❣rá✜❝♦ ❞❛ ❋✐❣✉r❛ ✹✳✺✱ ♥♦t❛✲s❡ t❛♠❜é♠ ♦ ✜♠ ❞❛ ③♦♥❛ ❞❡ tr❛♥s✐çã♦✱ ♠❡♥♦s ❡✈✐❞❡♥t❡ q✉❡ ♦

✐♥í❝✐♦ ✭❋✐❣✉r❛ ✹✳✻✮✳ ❆s ✈❡❧♦❝✐❞❛❞❡s ♠é❞✐❛s ❞❡ ❡s❝♦❛♠❡♥t♦ ❝rít✐❝❛s ❛ss♦❝✐❛❞❛s à ③♦♥❛ sã♦

✐❣✉❛✐s ❛ ✵✱✵✹✺✶ m/s ✭✈❡❧♦❝✐❞❛❞❡ ❝rít✐❝❛ ✐♥✐❝✐❛❧✮ ❡ ❛ ✵✱✵✼✽✻ m/s ✭✈❡❧♦❝✐❞❛❞❡ ❝rít✐❝❛ ✜♥❛❧✮✱

❢♦r♥❡❝❡♥❞♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✈❛❧♦r❡s ❞❡ ✈❛③ã♦ ✐❣✉❛✐s ✺✱✹✽✾ ❡ ✾✱✺✻✸ ▲P▼ ❬✶✵❪✳

❋✐❣✉r❛ ✹✳✻✿ ❆♠♣❧✐❛çã♦ ❞❛ ❋✐❣✉r❛ ✹✳✺ ♣❛r❛ ❱❡r✐✜❝❛r ❛ ❩♦♥❛ ❞❡ ❚r❛♥s✐çã♦ ❞❡ ❘❡❣✐♠❡s✳

❋♦♥t❡✿ ▼❡❧♦ ❡t ❛❧✳ ❬✶✵❪✳

❆ ♣❛rt✐r ❞❛ ❛♥á❧✐s❡ r❡❛❧✐③❛❞❛ ❡ ❞♦s r❡s✉❧t❛❞♦s ♦❜s❡r✈❛❞♦s✱ ♣♦❞❡✲s❡ ❝♦♥❝❧✉✐r ♦ q✉❛♥t♦
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é ✐♠♣♦rt❛♥t❡ ❝♦♥❤❡❝❡r ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ ✉♠ s✐st❡♠❛ ❛ s❡r ♠♦♥✐t♦r❛❞♦ ❡ ❝♦♥tr♦❧❛❞♦✱

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

❞♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ❝♦♥tr♦❧❡ q✉❡ ♠❡❧❤♦r ❛t❡♥❞❛ às ❡s♣❡❝✐✜❝❛çõ❡s ❞♦ ♣r♦❥❡t♦✳

◆♦ ❝❛♣ít✉❧♦ s❡❣✉✐♥t❡ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s✱ ❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛ ❞❡s❡♥✈♦❧✈✐❞❛✱ ❛s s✐♠✉❧❛çõ❡s ❡ ♦s t❡st❡s ❡①♣❡r✐✲

♠❡♥t❛✐s r❡❛❧✐③❛❞♦s✳



❈❛♣ít✉❧♦ ✺

❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡

❘❡s✉❧t❛❞♦s

◆❡st❡ ❝❛♣ít✉❧♦ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s s✐♠✉❧❛çõ❡s ❡ ♦s t❡st❡s ❡①♣❡r✐♠❡♥t❛✐s ♣rát✐❝♦s r❡❛❧✐③❛❞♦s

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

♣❛r❛ ❛t✉❛r ♥♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛ ♣❧❛t❛❢♦r♠❛ ❞❡ tr❛♥s♣♦rt❡ ✢✉í❞✐❝♦✳ ➱ ❛♣r❡s❡♥t❛❞♦ ♦

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

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

♦❜t✐❞♦s✳

❖ ♦❜❥❡t✐✈♦ é ❢❛③❡r ❛ r❡❧❛çã♦ ❞❛s ✈❛r✐á✈❡✐s ✭♣♦s✐çã♦ ❞❛ ✈á❧✈✉❧❛ ✭❝♦rr❡♥t❡✮✱ ❢r❡q✉ê♥❝✐❛

✭t❡♥sã♦✮ ❞❡ ♦♣❡r❛çã♦ ❞❛ ❜♦♠❜❛✱ ♣r❡ssã♦ ❡ ✈❛③ã♦✮ ♥❛ ♣❧❛t❛❢♦r♠❛ ✉t✐❧✐③❛♥❞♦ r❡❞❡s ♥❡✉r❛✐s

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

❞❡ ✐♥t❡r❡ss❡ ♥❛ ♣❧❛t❛❢♦r♠❛ ♣❛r❛ r❡❛❧✐③❛r ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦ ♣r♦❝❡ss♦✳

✺✳✶ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s

◆❡ss❡ ❝♦♥t❡①t♦✱ ❞❡✉✲s❡ ✐♥í❝✐♦ ❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s✳ ❙ã♦ s❡❣✉✐❞❛s

❛❧❣✉♠❛s ❡t❛♣❛s ♣❛r❛ ❡st❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✳ ◆❛ ❋✐❣✉r❛ ✺✳✶ ❡stá ✐❧✉str❛❞♦ ♦ ✢✉①♦❣r❛♠❛ ❡♠

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

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

s❡♥s♦r❡s ✈✐rt✉❛✐s ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦ ❡ ♣r❡ssã♦ ♥❛ ♣❧❛t❛❢♦r♠❛ ❞❡

t❡st❡ ✉t✐❧✐③❛❞❛ ✭t✉❜✉❧❛çã♦ ❞❡ tr❛♥s♣♦rt❡ ✢✉í❞✐❝♦✮✳

✹✸



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✹✹

❋✐❣✉r❛ ✺✳✶✿ ❋❧✉①♦❣r❛♠❛ ❞❛s ❊t❛♣❛s ❙❡❣✉✐❞❛s ♣❛r❛ ♦ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s ❙❡♥s♦r❡s ❱✐r✲

t✉❛✐s✳

• ❆q✉✐s✐çã♦ ❞♦s ❞❛❞♦s

◆❡st❛ ❡t❛♣❛ é r❡❛❧✐③❛❞❛ ❛ ❛q✉✐s✐çã♦ ❞♦s ✈❛❧♦r❡s ❞❛s ✈❛r✐á✈❡✐s q✉❡ ❝♦♠♣õ❡♠ ♦ ♣r♦❝❡ss♦

❡ q✉❡ s❡ r❡❧❛❝✐♦♥❛♠ ❡♥tr❡ s✐✳ ❆ ❢r❡q✉ê♥❝✐❛ ✭t❡♥sã♦✮✱ ❛ ♣♦s✐çã♦ ❞❛ ✈á❧✈✉❧❛ ❞❡ ❝♦♥tr♦❧❡

✭❝♦rr❡♥t❡✮ ❡ ❛s ✈á❧✈✉❧❛s ♠❛♥✉❛✐s ❢♦r❛♠ ✈❛r✐❛❞❛s ♣❛r❛ ♦❜t❡r ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦

q✉❡ s♦❢r❡♠ ❛❧t❡r❛çõ❡s ❝♦♠ ❡ss❛s ♠✉❞❛♥ç❛s ♥❛ ❡♥tr❛❞❛ ❞♦ ♣r♦❝❡ss♦✳ ❖❜t❡♥❞♦ ❡♥tã♦

✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ✭❢r❡q✉ê♥❝✐❛✱ ♣♦s✐çã♦ ❞❡ ✈á❧✈✉❧❛s✱ ♣r❡ssã♦ ❡ ✈❛③ã♦✮ q✉❡ s❡

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

r❡❞❡s ♥❡✉r❛✐s✳

• ❙❡♣❛r❛çã♦ ❞❛s ❛♠♦str❛s ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ t❡st❡

❈♦♠ ❛ ❛q✉✐s✐çã♦ ❞♦s ❞❛❞♦s r❡❛❧✐③❛❞❛✱ ♣❛rt❡✲s❡ ♣❛r❛ ❛ s❡♣❛r❛çã♦ ❞❛s ❛♠♦str❛s✳ P❛r❛

♦ ♣r♦❥❡t♦ ❞❛s r❡❞❡s ♥❡✉r❛✐s✱ é ♥❡❝❡ssár✐♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ♣❛r❛ ♦ tr❡✐♥❛♠❡♥t♦

❞❛ r❡❞❡ ❡ ♦✉tr♦ ♣❛r❛ t❡st❡✳ ❯♠ ❝♦♥❥✉♥t♦ ❞❡ ♣❛r❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✱ ❝♦♠ ❝❛❞❛ ♣❛r

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

❝♦♠♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ♦✉ ❛♠♦str❛ ❞❡ tr❡✐♥❛♠❡♥t♦ ❬✶✽❪✳ ◆❛

❋✐❣✉r❛ ✺✳✷ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ✢✉①♦❣r❛♠❛ q✉❡ r❡♣r❡s❡♥t❛ ❛ ❞✐✈✐sã♦ ❞❛s ❛♠♦str❛s ❞❡

❞❛❞♦s ❞✐s♣♦♥í✈❡✐s s♦❜r❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ♣r♦❝❡ss♦✱ ❡♠ q✉❡ ♦ s✉❜❝♦♥❥✉♥t♦ ❞❡

tr❡✐♥❛♠❡♥t♦ é ✉s❛❞♦ ♣❛r❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❛♣r❡♥❞✐③❛❞♦ ❞❛ r❡❞❡ ❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ t❡st❡

✭♥ã♦ ♣❛rt✐❝✐♣❛ ❞♦ tr❡✐♥❛♠❡♥t♦ ❞❛ r❡❞❡✮ ♣❛r❛ ✈❡r✐✜❝❛r s❡ ❛s s♦❧✉çõ❡s ♣♦r ♣❛rt❡ ❞❛

r❡❞❡ ❡stã♦ ❡♠ ♣❛t❛♠❛r❡s ❛❝❡✐tá✈❡✐s✳



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✹✺

❋✐❣✉r❛ ✺✳✷✿ ❋❧✉①♦❣r❛♠❛ ❞❛ ❉✐✈✐sã♦ ❞❛s ❆♠♦str❛s ❞♦ Pr♦❝❡ss♦✳

❖ t❛♠❛♥❤♦ ❞♦s ❝♦♥❥✉♥t♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ t❡st❡ ✈❛r✐❛♠ ♣❛r❛ ❝❛❞❛ ❝❛s♦✱ ♣♦r ❡①❡♠✲

♣❧♦✱ ❡♠ ❆❞r✐❛♥♦ ❬✾❪ ❢♦r❛♠ s❡♣❛r❛❞❛s ❝❡r❝❛ ❞❡ 80% ❞❛s ❛♠♦str❛s ♣❛r❛ ♦ ❝♦♥❥✉♥t♦

❞❡ tr❡✐♥❛♠❡♥t♦ ❡ 20% ♣❛r❛ t❡st❡ ❡ ❡♠ ▲✐ ❡t ❛❧✳ ❬✷✾❪ 70% ♣❛r❛ ♦ tr❡✐♥❛♠❡♥t♦ ❡ 30%

♣❛r❛ t❡st❡✳ ❊♥tã♦✱ ❝♦♠ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ♦❜t✐❞❛ ❝♦♠ ❛s ♠❡❞✐çõ❡s r❡❛❧✐③❛❞❛s✱ ♣❛r❛ ❛

❞❡✜♥✐çã♦ ❞♦ t❛♠❛♥❤♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ t❡st❡ q✉❡ ❣❡r❛ss❡

♠❡❧❤♦r r❡s✉❧t❛❞♦ ♥♦ ♣r♦❥❡t♦ ❞❛s r❡❞❡s ❢♦r❛♠ t❡st❛❞❛s três ❞✐s♣♦s✐çõ❡s✱ 80% ❡ 20%✱

75% ❡ 25% ❡ 70% ❡ 30%✳ ◆❡st❛ t❡s❡✱ ♦ r❡s✉❧t❛❞♦ ❝♦♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ❢♦✐ ♦❜t✐❞♦

❝♦♠ 70% ❞❛s ❛♠♦str❛s ♣❛r❛ tr❡✐♥♦ ❡ 30% ♣❛r❛ t❡st❡✳

• ◆♦r♠❛❧✐③❛çã♦ ❞♦s ❞❛❞♦s

◆♦r♠❛❧♠❡♥t❡ ♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❡stã♦ ❡♠ ✐♥t❡r✈❛❧♦s ❞❡ ✈❛r✐❛çã♦ ❞✐st✐♥t♦s✱ ✐st♦ ❢❛③

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

♣♦❞❡ ✐♥t❡r♣r❡t❛r ✈❛❧♦r❡s ♠❛✐s ❛❧t♦s ❝♦♠♦ ❞❡ ♠❛✐♦r ✐♠♣♦rtâ♥❝✐❛ ❡ ✈❛❧♦r❡s ♠❡♥♦r❡s

❝♦♠♦ ♠❡♥♦s ✐♠♣♦rt❛♥t❡s ❬✹✺❪✳ P❛r❛ ❝♦♥t♦r♥❛r ❡st❡ ♣r♦❜❧❡♠❛ ❛♣❧✐❝❛✲s❡ ❛ té❝♥✐❝❛ ❞❡

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

✐♥t❡r✈❛❧♦ ❞❛ ❢✉♥çã♦ ❞❡ ❛t✐✈❛çã♦ ❞♦s ♥❡✉rô♥✐♦s✳ ◆❡st❡ t❡s❡ ❛s ♥♦r♠❛❧✐③❛çõ❡s ❢♦r❛♠

❢❡✐t❛s ♣♦r ♠❡✐♦ ❞❛ ❢✉♥çã♦ ♠❛♣♠✐♥♠❛① ❞♦ ▼❆❚▲❆❇✱ ❝♦♥❢♦r♠❡ ❊q✉❛çã♦ ✺✳✶✿

xN =
(xNmax − xNmin) ∗ (x− xmin)

xmax − xmin

+ xNmin ✭✺✳✶✮

❡♠ q✉❡ xNmin ❡ xNmax sã♦ ✐❣✉❛✐s ❛♦s ❡①tr❡♠♦s ❞♦ ✐♥t❡r✈❛❧♦ ❞❛ ♥♦r♠❛❧✐③❛çã♦✱ ✵ ❡ ✶

♥♦ ❝❛s♦ ❞❡st❛ t❡s❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡ xN é ♦ ✈❛❧♦r ♥♦r♠❛❧✐③❛❞♦✳

• Pr♦❥❡t♦ ❞❛s r❡❞❡s ♥❡✉r❛✐s

❆ ❢♦r♠❛ ♣❡❧❛ q✉❛❧ ♦s ♥❡✉rô♥✐♦s ❞❡ ✉♠❛ ❘◆❆ ❡stã♦ ❡str✉t✉r❛❞♦s ✭✐♥t❡r❝♦♥❡❝t❛❞♦s✮

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

tr❡✐♥á✲❧❛✳ ❆ss✐♠✱ ❝♦♠ ♦s ❛♠♦str❛s s❡♣❛r❛❞❛s ♣❛r❛ tr❡✐♥❛♠❡♥t♦ ❡ t❡st❡✱ ✐♥✐❝✐❛✲s❡ ♦

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

❞❡ ✐♥t❡r❡ss❡ ✭✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦✮✳ ❯t✐❧✐③♦✉✲s❡ ♦ s♦❢t✇❛r❡ ▼❆❚▲❆❇ ✭❢✉♥çõ❡s

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

♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s ♠❡s♠❛s✳



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✹✻

❙ã♦ ❝♦♥s✐❞❡r❛❞❛s ❞✉❛s ♣♦ssí✈❡✐s s✐t✉❛çõ❡s ♥♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦ ♣r♦❝❡ss♦✳ ◆❛ ♣r✐✲

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

♦✉tr♦ s✐♥❛❧ ❞❡ s❡♥s♦r r❡❛❧ ❞❡ ❛❧❣✉♠❛ ✈❛r✐á✈❡❧ ❞❡ s❛í❞❛ q✉❡ t❡♥❤❛ r❡❧❛çã♦ ❝♦♠ ❛ ✈❛✲

r✐á✈❡❧ ❞❡ ✐♥t❡r❡ss❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦✳ ❆ s❡❣✉♥❞❛ s✐t✉❛çã♦ ❛❝♦♥t❡❝❡ q✉❛♥❞♦ ❤á ❛

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

❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ✈❛❧♦r❡s ❞❡ s❡♥s♦r❡s r❡❛✐s ♣❛r❛ ♦ ♠♦♥✐t♦r❛♠❡♥t♦✱ ❞❡♣❡♥❞❡♥❞♦

s♦♠❡♥t❡ ❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s ❛té ♦s s✐♥❛✐s ❞❡ s❡♥s♦r❡s r❡❛✐s s❡r❡♠ r❡❝✉♣❡r❛❞♦s✳

❆ss✐♠✱ ❡♠ ❝❛❞❛ s✐t✉❛çã♦ ✭❝♦♠ ❛ ♣❡r❞❛ ❞❡ ✉♠ s❡♥s♦r ♣♦r ✈❡③ ❡ ❝♦♠ ❛ ♣❡r❞❛ s✐♠✉❧✲

tâ♥❡❛ ❞❡ s❡♥s♦r❡s✮ é ♥❡❝❡ssár✐♦ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ ♣❛r❛ ❝❛❞❛ ✈❛r✐á✈❡❧ ❞❡ ✐♥t❡r❡ss❡✳ ❙❡

♦ ✐♥t❡r❡ss❡ é ❞❡ ♠♦♥✐t♦r❛r ✉♠ ♥ú♠❡r♦ n ❞❡ ✈❛r✐á✈❡✐s✱ é ♥❡❝❡ssár✐♦ ✉♠ ♥ú♠❡r♦ 2 ∗ n
❞❡ r❡❞❡s ♥❡✉r❛✐s✳ P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ♠♦♥✐t♦r❛r ✹ ✈❛r✐á✈❡✐s✱ ♦ ❝❡♥ár✐♦ s❡r✐❛ ❞❡ ✺ ♣♦s✲

s✐❜✐❧✐❞❛❞❡s✱ ✹ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ♣❡r❞❛ ❞❡ ✉♠ s❡♥s♦r ♣♦r ✈❡③ ✭❝♦♠ ✹ r❡❞❡s ♥❡✉r❛✐s✱ ✉♠❛

♣❛r❛ ❝❛❞❛ ✈❛r✐á✈❡❧✮✱ ❡ ✶ ♣♦ss✐❜✐❧✐❞❛❞❡ ❝♦♠ ❛ ♣❡r❞❛ ❞♦s ✹ s❡♥s♦r❡s s✐♠✉❧t❛♥❡❛♠❡♥t❡

✭t❛♠❜é♠ ❝♦♠ ✹ r❡❞❡s ♥❡✉r❛✐s✱ ✉♠❛ ♣❛r❛ ❝❛❞❛ ✈❛r✐á✈❡❧✮✱ t♦t❛❧✐③❛♥❞♦ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡

✽ r❡❞❡s ♥❡✉r❛✐s✳ ❖ ♥ú♠❡r♦ ❞❡ r❡❞❡s ♥❡✉r❛✐s ♥❡❝❡ssár✐❛s ❞❛❞♦ ♦ ♥ú♠❡r♦ ❞❡ s❡♥s♦r❡s

r❡❛✐s q✉❡ s❡ q✉❡r ♠♦♥✐t♦r❛r s❡❣✉❡ ❛ r❡❧❛çã♦ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❊q✉❛çã♦ ✺✳✷✿

NR = 2 ∗NS ✭✺✳✷✮

❡♠ q✉❡ NS é ♦ ♥ú♠❡r♦ ❞❡ s❡♥s♦r❡s r❡❛✐s ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ NR é ♦ ♥ú♠❡r♦ ❞❡

r❡❞❡s ♥❡✉r❛✐s ♥❡❝❡ssár✐❛s✳

❱✐st♦ ❡st❛ ❛♥á❧✐s❡✱ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s ♣❛r❛ ❛♣❧✐❝❛çã♦ ♥❛

♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡ ✉t✐❧✐③❛❞❛✱ ❝♦♠ ♦ ✐♥t❡r❡ss❡ ❞❡ s❡ ♠♦♥✐t♦r❛r ❞✉❛s ✈❛r✐á✈❡✐s ✭♣r❡ssã♦

❡ ✈❛③ã♦✮✱ sã♦ ♣r♦❥❡t❛❞❛s q✉❛tr♦ r❡❞❡s ♥❡✉r❛✐s✳ ❉✉❛s ♣❛r❛ ❛s ❡st✐♠❛t✐✈❛s ❞♦s ✈❛❧♦r❡s

❞❡ ♣r❡ssã♦✱ ✉♠❛ ❛t✉❛♥❞♦ ❛♣❡♥❛s q✉❛♥❞♦ ♥ã♦ ❤á s✐♥❛❧ ❛❧❣✉♠ ❞❡ s❡♥s♦r❡s r❡❛✐s ✭s✐♥❛✐s

❞♦ s❡♥s♦r ❞❡ ♣r❡ssã♦ ❡ ❞❡ ✈❛③ã♦ ♣❡r❞✐❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡✮ ❡ ✉♠❛ ❛t✉❛♥❞♦ ❞✉r❛♥t❡

♦ r❡st❛♥t❡ ❞♦ ♣r♦❝❡ss♦ ✭❤á ♣❡❧♦ ♠❡♥♦s ✉♠ s✐♥❛❧ ❞❡ s❡♥s♦r r❡❛❧✮✳ ❊ ❞✉❛s ♣❛r❛ ❛s

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

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

✭❤á ♣❡❧♦ ♠❡♥♦s ✉♠ s✐♥❛❧ ❞❡ s❡♥s♦r r❡❛❧✮✳

➱ ✐♠♣♦rt❛♥t❡ ❞✐❢❡r❡♥❝✐❛r ❛s ❡♥tr❛❞❛s ❞♦ ♣r♦❝❡ss♦ ❞❛s ❡♥tr❛❞❛s ✉t✐❧✐③❛❞❛s ♣❛r❛ ♦ tr❡✐✲

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

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

♣❛r❛ ♣❡rt✉r❜❛çõ❡s ♥♦ s✐st❡♠❛s✮✳ ❏á ❛s ❡♥tr❛❞❛s ✉t✐❧✐③❛❞❛s ♣❛r❛ ♦ tr❡✐♥❛♠❡♥t♦ ❞❛s

r❡❞❡s sã♦ ✈❛❧♦r❡s ❞❡ ❢r❡q✉ê♥❝✐❛✱ ♣r❡ssã♦ ❡ ✈❛③ã♦✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛ r❡❞❡✳

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

q✉❛♥❞♦ ❤á ♣❡❧♦ ♠❡♥♦s ✉♠ s✐♥❛❧ ❞❡ s❡♥s♦r r❡❛❧✱ ♦s ✈❛❧♦r❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ❡ ✈❛③ã♦



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✹✼

sã♦ ✉s❛❞♦s ❝♦♠♦ ❡♥tr❛❞❛✳ ❏á ♥♦ tr❡✐♥❛♠❡♥t♦ ❞❡ r❡❞❡ ♣❛r❛ ❡st✐♠❛t✐✈❛ ❞♦s ✈❛❧♦r❡s

❞❡ ✈❛③ã♦✱ q✉❡ t❛♠❜é♠ é ❡①❡❝✉t❛❞❛ q✉❛♥❞♦ ❤á ♣❡❧♦ ♠❡♥♦s ✉♠ s✐♥❛❧ ❞❡ s❡♥s♦r r❡❛❧✱

♦s ✈❛❧♦r❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ❡ ♣r❡ssã♦ sã♦ ✉s❛❞♦s ❝♦♠♦ ❡♥tr❛❞❛✳ ❊ ♥♦ tr❡✐♥❛♠❡♥t♦ ❞❛s

r❡❞❡s ♣❛r❛ ❛s ❡st✐♠❛t✐✈❛s q✉❡ ♦❝♦rr❡♠ q✉❛♥❞♦ ♦s ❞♦✐s s✐♥❛✐s ❞♦s s❡♥s♦r❡s r❡❛✐s sã♦

♣❡r❞✐❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡ ✭♣r❡ssã♦ ❡ ✈❛③ã♦✮✱ ❛♣❡♥❛s ♦ ✈❛❧♦r ❞❡ ❢r❡q✉ê♥❝✐❛ é ✉s❛❞♦

❝♦♠♦ ❡♥tr❛❞❛✳ ❖s ✈❛❧♦r❡s ❞❛ ♣♦s✐çã♦ ❞❛ ✈á❧✈✉❧❛ ♥ã♦ sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ tr❡✐♥❛♠❡♥t♦

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

♥♦ s✐st❡♠❛✳

◆❛ ❋✐❣✉r❛ ✺✳✸ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♦ ❡sq✉❡♠❛ ❝♦♠ ❡♥tr❛❞❛s ❡ s❛í❞❛s ♣❛r❛ tr❡✐♥❛♠❡♥t♦

❞❛s r❡❞❡s✳ ❆ss✐♠✱ ✉s❛♥❞♦ ❛s q✉❛tr♦ r❡❞❡s ♥❡✉r❛✐s✱ três ♣♦ssí✈❡✐s ❝❛s♦s sã♦ ❝♦♥s✐✲

❞❡r❛❞♦s ❞✉r❛♥t❡ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦ ♣r♦❝❡ss♦✳ ❖ ♣r✐♠❡✐r♦ ❝❛s♦ ✭r❡❞❡ ✶✮ ❛❝♦♥t❡❝❡

q✉❛♥❞♦ ♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ❡stã♦ s❡♥❞♦ ♠♦♥✐t♦r❛❞♦s ❡ ♦ s✐♥❛❧ ❞♦ s❡♥s♦r ❞❡ ✈❛③ã♦

é ♣❡r❞✐❞♦ ✭s✐♥❛❧ ✉s❛❞♦ ♥❛ r❡❞❡ ♥❡✉r❛❧ q✉❡ ❡st✐♠❛ ♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦✮✳ ❖ s❡❣✉♥❞♦

❝❛s♦ ✭r❡❞❡ ✷✮ ♦❝♦rr❡ q✉❛♥❞♦ ♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦ ❡stã♦ s❡♥❞♦ ♠♦♥✐t♦r❛❞♦s ❡ ♦ s✐♥❛❧

❞♦ s❡♥s♦r ❞❡ ♣r❡ssã♦ é ♣❡r❞✐❞♦ ✭s✐♥❛❧ ✉s❛❞♦ ♥❛ r❡❞❡ ♥❡✉r❛❧ q✉❡ ❡st✐♠❛ ♦s ✈❛❧♦r❡s

❞❡ ✈❛③ã♦✮✳ ❊ ♦ t❡r❝❡✐r♦ ❝❛s♦ ♦❝♦rr❡ q✉❛♥❞♦✱ ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦✱ ♦s s✐♥❛✐s ❞♦s ❞♦✐s

s❡♥s♦r❡s sã♦ ♣❡r❞✐❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡ ✭r❡❞❡s ✸ ❡ ✹✮✳

❋✐❣✉r❛ ✺✳✸✿ ❊sq✉❡♠❛ ❝♦♠ ❊♥tr❛❞❛s ❡ ❙❛í❞❛s ♣❛r❛ ❚r❡✐♥❛♠❡♥t♦ ❞❛s ❘❡❞❡s✳

❆s s❡t❛s ♣♦♥t✐❧❤❛❞❛s ✭r❡❞❡s ✶ ❡ ✷✮ sã♦ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ♦s ❝❛s♦s ❡♠ q✉❡ ✉♠ ❞♦s s✐♥❛✐s

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

❞♦ ♣r♦❝❡ss♦✳ P♦r ❡①❡♠♣❧♦✱ q✉❛♥❞♦ ♦ s✐♥❛❧ ❞❡ ✈❛③ã♦ r❡❛❧ é ♣❡r❞✐❞♦✱ s✉❛ ❡st✐♠❛t✐✈❛

❝♦♥t✐♥✉❛ ❢✉♥❝✐♦♥❛♥❞♦ ♣♦rq✉❡ ❡stá ✉s❛♥❞♦ ♦s ✈❛❧♦r❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ❡ ♣r❡ssã♦ ❝♦♠♦



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✹✽

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

✜❝❛♠ ❝♦♠♣r♦♠❡t✐❞❛s ♣♦rq✉❡✱ ♣❛r❛ ❡st✐♠❛r ♦ ✈❛❧♦r ❞❡ ♣r❡ssã♦✱ é ✉s❛❞♦ ♦ ✈❛❧♦r ❞❡

✈❛③ã♦ ✭q✉❡ ❢♦✐ ♣❡r❞✐❞♦✮✳

P❛r❛ s♦❧✉❝✐♦♥❛r ❡ss❛ q✉❡stã♦✱ ❛s ❡st✐♠❛t✐✈❛s ❞♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦ sã♦ ✉s❛❞❛s ❝♦♠♦

❡♥tr❛❞❛s ❞❛ r❡❞❡ ✭❡♠ ✈❡③ ❞♦ s✐♥❛❧ ❞❡ ✈❛③ã♦ q✉❡ ❢♦✐ ♣❡r❞✐❞♦✮ ♣❛r❛ ❝♦♥t✐♥✉❛r ❡st✐♠❛♥❞♦

♦ ✈❛❧♦r ❞❡ ♣r❡ssã♦✳ ❆ss✐♠✱ ♠❡s♠♦ ♣❡r❞❡♥❞♦ ✉♠ ❞♦s s✐♥❛✐s ❞♦s s❡♥s♦r❡s r❡❛✐s✱ é

♣♦ssí✈❡❧ r❡❛❧✐③❛r ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦ ♣r♦❝❡ss♦✳

❆s ❡♥tr❛❞❛s ❞❛s r❡❞❡s sã♦ ✈❛❧♦r❡s ❛t✉❛✐s ❞♦ ♣r♦❝❡ss♦✳ ▼❛s ❝♦♠♦ ♦ tr❡✐♥❛♠❡♥t♦ é

r❡❛❧✐③❛❞♦ ❞❡ ❢♦r♠❛ ♦✤✐♥❡✱ ♦✉ s❡❥❛✱ ❞❛❞♦s sã♦ ❝♦❧❡t❛❞♦s ❡ ❛r♠❛③❡♥❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡

♣❛r❛ s❡r❡♠ ✉t✐❧✐③❛❞♦s ♥♦ tr❡✐♥❛♠❡♥t♦ ❡ só ❛ss✐♠ ❛♣❧✐❝❛❞♦s ♥♦ ♣r♦❝❡ss♦✳ ❊♥tã♦ ❡ss❡s

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

r❡❞❡s ❥á tr❡✐♥❛❞❛s ❝♦♠ ❞❛❞♦s ❤✐stór✐❝♦s ❛❞q✉✐r✐❞♦s ❡ ❛r♠❛③❡♥❛❞♦s✳

❆s r❡❞❡s ♣❛r❛ ❛ ❡st✐♠❛t✐✈❛ ❞♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦ q✉❛♥❞♦ ♦s ❞♦✐s s✐♥❛✐s sã♦

♣❡r❞✐❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡ ✭r❡❞❡s ✸ ❡ ✹✮ sã♦ ✉t✐❧✐③❛❞❛s s♦♠❡♥t❡ q✉❛♥❞♦ ♦s s✐♥❛✐s sã♦

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

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

♦ r❡st❛♥t❡ ❞♦ ♣r♦❝❡ss♦✱ q✉❛♥❞♦ ❤á ♣❡❧♦ ♠❡♥♦s ✉♠ s✐♥❛❧ ❞❡ s❡♥s♦r r❡❛❧ ✭r❡❞❡s ✶ ❡ ✷✮✳

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

r❡❞❡s ♥❡✉r❛✐s ♣r♦❥❡t❛❞❛s

❆♣ós ♦ ♣r♦❥❡t♦ ❞❛s r❡❞❡s ♥❡✉r❛✐s✱ ❛ ❡t❛♣❛ s❡❣✉✐♥t❡ é ❛ ❛♣❧✐❝❛çã♦ ♣rát✐❝❛ ❞♦s s❡♥✲

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

♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ❡①♣❡r✐♠❡♥t❛❧ ✉t✐❧✐③❛❞❛ ✭s✐st❡♠❛ ❞❡ tr❛♥s♣♦rt❡ ✢✉í❞✐❝♦✮✳

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

♦ ❧íq✉✐❞♦ ❞❡♥tr♦ ❞❛ t✉❜✉❧❛çã♦ ❡ ♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦ q✉❡ ❡st❛✈❛♠ s❡♥❞♦

♠❡❞✐❞♦s ✭s❡♥s♦r❡s r❡❛✐s✮ ❡ ❡st✐♠❛❞♦s ✭s❡♥s♦r❡s ✈✐rt✉❛✐s✮ ❢♦r❛♠ ♦❜s❡r✈❛❞♦s✳ ❊♠ ✉♠

❞❡t❡r♠✐♥❛❞♦ ♠♦♠❡♥t♦✱ ❝♦♠ ♦ ♣r♦❝❡ss♦ ❡♠ ♦♣❡r❛çã♦✱ ♦s s❡♥s♦r❡s r❡❛✐s ❢♦r❛♠ r❡♠♦✲

✈✐❞♦s✱ ✐♥✐❝✐❛❧♠❡♥t❡ ✉♠ ❞❡ ❝❛❞❛ ✈❡③ ✭✉t✐❧✐③❛♥❞♦ ❛s r❡❞❡s ✶ ❡ ✷✮ ❡ ❡♠ s❡❣✉✐❞❛ ♦s ❞♦✐s

s✐♠✉❧t❛♥❡❛♠❡♥t❡ ✭✉t✐❧✐③❛♥❞♦ ❛s r❡❞❡s ✸ ❡ ✹✮✱ ♣❡r❞❡♥❞♦ ♦s s✐♥❛✐s ❞♦s s❡♥s♦r❡s r❡❛✐s

q✉❡ ❡st❛✈❛♠ s❡♥❞♦ ♠❡❞✐❞♦s ❡ ✉s❛♥❞♦ ❛s r❡❞❡s ♥❡✉r❛✐s ♣❛r❛ ❡st✐♠❛r ♦s ✈❛❧♦r❡s ❞❡

✐♥t❡r❡ss❡✱ s❡♥❞♦ ♣♦ssí✈❡❧ r❡❛❧✐③❛r ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦ ♣r♦❝❡ss♦ ✉t✐❧✐③❛♥❞♦ ♦s s❡♥s♦✲

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

❊ ♣♦r ✜♠✱ ❛ ❛❜❡rt✉r❛ ❞❛ ✈á❧✈✉❧❛ ♠❛♥✉❛❧ ❢♦✐ r❡❛❧✐③❛❞❛ ♣❛r❛ ❣❡r❛r ♣❡rt✉r❜❛çã♦ ♥♦

♣r♦❝❡ss♦✳

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



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✹✾

♠❡❞✐çã♦ q✉❡ ❡stá s❡♥❞♦ r❡❛❧✐③❛❞❛ ❢❛❧❤❛r✱ ✉s❛r s❡♥s♦r❡s ✈✐rt✉❛✐s ❡ s❡r ♣♦ssí✈❡❧ ❡st✐♠❛r ✈❛❧♦✲

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

❡①❡♠♣❧♦✱ ✉♠ ♣r♦❝❡ss♦ ✐♥❞✉str✐❛❧ s❡❥❛ ♣❛r❛❧✐s❛❞♦✱ t♦r♥❛♥❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦

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

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

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

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

✺✳✷ ■♥t❡r❢❛❝❡ ●rá✜❝❛

❱✐s✉❛❧✐③❛r ♦s ❞❛❞♦s ❛❞q✉✐r✐❞♦s é ✉♠ r❡q✉✐s✐t♦ ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ s✐st❡♠❛s ❞❡ t❡st❡✱ ♠❡❞✐çã♦

♦✉ ❝♦♥tr♦❧❡✳ ❋♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ✉♠❛ ✐♥t❡r❢❛❝❡ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ♣❛r❛ ❢❛❝✐❧✐t❛r ❛ ❝♦♠✉♥✐✲

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

❝♦♠❛♥❞♦s✳ P❛r❛ ❛ ❝r✐❛çã♦ ❞❛ ✐♥t❡r❢❛❝❡ ✉t✐❧✐③♦✉✲s❡ ♦ s♦❢t✇❛r❡ ▲❆❇❱■❊❲✱ ✉♠❛ ❢❡rr❛♠❡♥t❛

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

♣❛r❛ ❝r✐❛r ✉♠❛ ✐♥t❡r❢❛❝❡ ♣❛r❛ ❛ s✉❛ ❛♣❧✐❝❛çã♦ ❡s♣❡❝í✜❝❛✳ ❈♦♠ ✉♠❛ ✐♥t❡r❢❛❝❡ ❞❡ ✉s✉ár✐♦

✢❡①í✈❡❧✱ ♣r♦❥❡t❛❞❛ ❡s♣❡❝✐✜❝❛♠❡♥t❡ ♣❛r❛ ❛ s✉❛ ❛♣❧✐❝❛çã♦✱ é ♣♦ssí✈❡❧ ❛❧t❡r❛r ♣❛râ♠❡tr♦s✱ ✈✐✲

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

❞❡ ♣r♦❣r❛♠❛çã♦ tr❛❞✐❝✐♦♥❛✐s✳ ◆❛ ❋✐❣✉r❛ ✺✳✹ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞❛ ❛ ✐♥t❡r❢❛❝❡ ✐♠♣❧❡♠❡♥t❛❞❛✳



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✺✵

❋✐❣✉r❛ ✺✳✹✿ ■♥t❡r❢❛❝❡ ♣❛r❛ ▼♦♥✐t♦r❛♠❡♥t♦✳

❋♦♥t❡✿ ❊❧❛❜♦r❛❞❛ ♣❡❧❛ ❆✉t♦r❛✳

◆❡st❛ ✐♥t❡r❢❛❝❡ s❡ ❛t✐✈❛ ❛ ❛❜❡rt✉r❛ ❞❛ ✈á❧✈✉❧❛✱ ❛❧t❡r❛✲s❡ ♦s ✈❛❧♦r❡s ❞❡ ❢r❡q✉ê♥❝✐❛✱ ❡

s❡ ♦❜s❡r✈❛ ♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦ r❡❛✐s ♠❡❞✐❞♦s ❡ ❡st✐♠❛❞♦s ✭s❡♥s♦r❡s ✈✐rt✉❛✐s✮✳

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

❞♦ ♣r♦❝❡ss♦ ❡ ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s✳

✺✳✸ ❘❡s✉❧t❛❞♦s ❞❛s ❙✐♠✉❧❛çõ❡s

❋♦r❛♠ r❡❛❧✐③❛❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s r❡❞❡s ♣❛r❛ s❡r❡♠ ❛♣❧✐❝❛❞❛s

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

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

✺✳✸✳✶ ▼❡❞✐çõ❡s ♣❛r❛ ❖❜t❡♥çã♦ ❞❛ ❇❛s❡ ❞❡ ❉❛❞♦s

❋♦r❛♠ ❢❡✐t❛s ❛s ♠❡❞✐çõ❡s ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ s❡ ♦❜t❡r ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❡♠ q✉❡ s❡❥❛ ♣♦ssí✈❡❧

♦❜s❡r✈❛r ❛ r❡❧❛çã♦ ❞♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦ q✉❡ ❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ♦s ✈❛❧♦r❡s

❞❡ ❢r❡q✉ê♥❝✐❛ ✭t❡♥sã♦✮ ❡ ♣♦s✐çã♦ ❞❛ ✈á❧✈✉❧❛ ✭❝♦rr❡♥t❡✮✳ P❛r❛ ✐ss♦✱ ❛ ❢r❡q✉ê♥❝✐❛✱ ♣♦s✐çã♦ ❞❛

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

♣♦s✐çã♦ ❞❛ ✈á❧✈✉❧❛✱ ♣r❡ssã♦ ❡ ✈❛③ã♦✮ q✉❡ s❡ r❡❧❛❝✐♦♥❛♠ ❡ q✉❡ sã♦ ✉t✐❧✐③❛❞❛s ❝♦♠♦ ❡♥tr❛❞❛s

❡ s❛í❞❛s ♥♦ tr❡✐♥❛♠❡♥t♦ ❡ t❡st❡s ❞❛s r❡❞❡s ♥❡✉r❛✐s✳



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✺✶

❈♦♠ ❛s ♠❡❞✐çõ❡s✱ ♦❜t❡✈❡✲s❡ ✉♠ ❝♦♥❥✉♥t♦ t♦t❛❧ ❝♦♠ ✶✶✵✵✵ ❛♠♦str❛s✱ q✉❡ é s✉❜❞✐✈✐❞✐❞♦

❡♥tr❡ ♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ ♦ ❞❡ t❡st❡✳ ◆❛ ❋✐❣✉r❛ ✺✳✺ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♦

❣rá✜❝♦ ❝♦♠ ♦s ✈❛❧♦r❡s q✉❡ ❝♦♠♣õ❡♠ ♦ ❝♦♥❥✉♥t♦ t♦t❛❧ ❞❡ ❛♠♦str❛s ✉t✐❧✐③❛❞♦✳

❋✐❣✉r❛ ✺✳✺✿ ❈♦♥❥✉♥t♦ ❚♦t❛❧ ❞❡ ❆♠♦str❛s ❯t✐❧✐③❛❞♦ ♥❛ ❈r✐❛çã♦ ❞❛s ❘❡❞❡s ◆❡✉r❛✐s✳

0 2000 4000 6000 8000 10000 11000
20

40

60

80

100

120

140

160

180

 

 

X: 9720
Y: 119.8

Amostras

F
re

q
u

ê
n

c
ia

 A
p

lic
a

d
a

 [
H

z
]

P
re

s
s
ã

o
 M

e
d

id
a

 [
m

B
a

r]
 e

 V
a

z
ã

o
 M

e
d

id
a

 [
L

P
M

]

X: 9720
Y: 58

X: 9720
Y: 35.7

Frequência Aplicada [Hz]

Pressão Medida [mBar]

Vazão Medida [LPM]

Exemplos de amostras
usadas nas redes 3 e 4. 

Uma amostra no 
estado estacionário

Variação na curva
devido à  abertura 

da válvula

Variação na curva
devido à mudança 

de frequência

❋♦♥t❡✿ ❊❧❛❜♦r❛❞❛ ♣❡❧❛ ❆✉t♦r❛✳

P❛r❛ ❛s r❡❞❡s ✶ ❡ ✷ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ❝♦♥❥✉♥t♦ t♦t❛❧ ❝♦♠ t♦❞❛s ❛s ❛♠♦str❛s ✭✈❛❧♦r❡s

❞❛s ❛♠♦str❛s ❞✐s♣♦st♦s s❡q✉❡♥❝✐❛❧♠❡♥t❡ ♥♦ ♣r♦❝❡ss♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ t❡st❡✮✱ ♣❛r❛ ❝❛❞❛

❢r❡q✉ê♥❝✐❛ ❛♣❧✐❝❛❞❛ ❡ ♠✉❞❛♥ç❛ ❞❡ ♣♦s✐çã♦ ❞❛ ✈á❧✈✉❧❛✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❛❧♦r❡s

q✉❡ ❢♦r♠❛♠ ❛ ❝✉r✈❛✳ ❊ ♣❛r❛ ❛s r❡❞❡s ✸ ❡ ✹ ❛❞♦t♦✉✲s❡ ✉♠ ❝❡♥ár✐♦ ♣ré ❞❡✜♥✐❞♦✱ ❝♦♠ ❛

♣♦s✐çã♦ ❞❛ ✈á❧✈✉❧❛ 100% ❛❜❡rt❛ ❡ ✉t✐❧✐③❛♥❞♦✲s❡ ♦s ✈❛❧♦r❡s q✉❛♥❞♦ ♦ ♣r♦❝❡ss♦ ❡stá ❡♠

❡st❛❞♦ ❡st❛❝✐♦♥ár✐♦ ✭✈❛❧♦r❡s ❞✐s♣♦st♦s ❛❧❡❛t♦r✐❛♠❡♥t❡ ♥♦ ♣r♦❝❡ss♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ t❡st❡✮✱

✐st♦ é✱ ❛s ✈❛r✐á✈❡✐s ❞❡ ✐♥t❡r❡ss❡ ♥ã♦ ✈❛r✐❛♠ ❝♦♠ ♦ t❡♠♣♦ ✭✈❛r✐❛çã♦ ③❡r♦ ♦✉ q✉❛s❡ ③❡r♦

❡♠ ✉♠ s✐st❡♠❛ r❡❛❧✮ ♣♦r ❡①❡♠♣❧♦✱ ♥❛ ❛♠♦str❛ ✾✼✷✵ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✺✱ ♣❛r❛ ❛

❢r❡q✉ê♥❝✐❛ ❞❡ ✺✽ ❍③✱ ✉t✐❧✐③❛✲s❡ ♦ ✈❛❧♦r ❞❡ ♣r❡ssã♦ ✐❣✉❛❧ ❛ ✶✶✾✱✽ ♠❇❛r ❡ ✈❛❧♦r ❞❡ ✈❛③ã♦ ✐❣✉❛❧

❛ ✸✺✱✼ ▲P▼ ❝♦♠♦ ♣❛râ♠❡tr♦s ♣❛r❛ ♦ tr❡✐♥❛♠❡♥t♦ ❞❡ss❛s r❡❞❡s ✭✸ ❡ ✹✮✳

✺✳✸✳✷ ❙✐♠✉❧❛çõ❡s ♣❛r❛ ❆♥á❧✐s❡ ❞❡ ❉❡s❡♠♣❡♥❤♦ ❞❛s ❘❡❞❡s ◆❡✉r❛✐s

Pr♦❥❡t❛❞❛s

➱ ♥❡❝❡ssár✐♦ ❝♦♥✜❣✉r❛r ❛❧❣✉♥s ♣❛râ♠❡tr♦s ♥♦ ♣r♦❥❡t♦ ❞❛s r❡❞❡s ♥❡✉r❛✐s✳ P❛r❛ ❡♥❝♦♥tr❛r

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

❢❡❡❞❢♦r✇❛r❞ ❡ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛✳ P❛râ♠❡tr♦s q✉❡ sã♦ ❛❧t❡r❛❞♦s ♣❛r❛ ♦ ♣r♦❥❡t♦ ❞❛s



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✺✷

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

• ❢✉♥çã♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ✲ tr❛✐♥❧♠✱ tr❛✐♥s❝❣ ❡ tr❛✐♥♦ss

• ♥ú♠❡r♦ ❞❡ ❡♣♦❝❤s ✭é♣♦❝❛s ❞❡ tr❡✐♥❛♠❡♥t♦✮ ✲ ✸✵✱ ✺✵ ❡ ✶✵✵ ❡♣♦❝❤s

• ♥ú♠❡r♦ ❞❡ ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ♦❝✉❧t❛ ✲ ✶ ❛ ✶✵✳

❖ ✉s♦ ❞❡ ✉♠❛ ❝❛♠❛❞❛ ♦❝✉❧t❛ é ❝♦♥s✐❞❡r❛❞❛ s✉✜❝✐❡♥t❡ q✉❛♥❞♦ s❡ ✉s❛ ❢✉♥çõ❡s ❞❡ tr❛♥s✲

❢❡rê♥❝✐❛s r❡❣✉❧❛r❡s ✭❊①✿ s✐❣♠♦✐❞❛❧✮✱ ❡♠❜♦r❛ ♦ ♥ú♠❡r♦ ❞❡ ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ♦❝✉❧t❛

♥❡❝❡ssár✐♦s ♣♦ss❛ s❡r ❛❧t♦ ❬✷✵❪✳ ◆❡st❛ t❡s❡ s✐♠✉❧♦✉✲s❡ r❡❞❡s ❝♦♠ ✉♠❛ ❝❛♠❛❞❛ ♦❝✉❧t❛✱

✈❛r✐❛♥❞♦✲s❡ ♦ ♥ú♠❡r♦ ❞❡ ♥❡✉rô♥✐♦s ❞❡ ✶ ❛ ✶✵ ❬✷✼❪✳

❊♠ r❡s✉♠♦✱ ❢♦r❛♠ s✐♠✉❧❛❞❛s r❡❞❡s ❞♦ t✐♣♦ ❢❡❡❞❢♦r✇❛r❞ ❡ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♠

✉♠❛ ❝❛♠❛❞❛ ♦❝✉❧t❛✱ ✈❛r✐❛♥❞♦✲s❡ ♦ ♥ú♠❡r♦ ❞❡ ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ♦❝✉❧t❛ ❞❡ ✶ ❛ ✶✵✱ ❝♦♠

três t✐♣♦s ❞✐❢❡r❡♥t❡s ❞❡ ❢✉♥çõ❡s ❞❡ tr❡✐♥❛♠❡♥t♦ ✭tr❛✐♥❧♠✱ tr❛✐♥s❝❣✱ tr❛✐♥♦ss✮✱ ♣❛r❛ ✸✵✱ ✺✵

❡ ✶✵✵ ❡♣♦❝❤s✳ ❊ss❡ ♣r♦❝❡ss♦ ❢♦✐ r❡♣❡t✐❞♦ três ✈❡③❡s✱ ♣❛r❛ ❛s três s✉❜❞✐✈✐sõ❡s ❞♦ ❝♦♥❥✉♥t♦

t♦t❛❧ ❞❡ ❛♠♦str❛s✱ 70% ♣❛r❛ tr❡✐♥❛♠❡♥t♦ ❡ 30% ♣❛r❛ t❡st❡✱ 75% ❡ 25%✱ ❡ 80% ❡ 20%✳

P❛r❛ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s r❡❞❡s s✐♠✉❧❛❞❛s✱ é r❡❛❧✐③❛❞♦ ♦ ❝á❧❝✉❧♦ ❞♦ ❡rr♦ ❡♥tr❡ ♦s

✈❛❧♦r❡s r❡❛✐s ❡ ❡st✐♠❛❞♦s✳ ❆ ❡q✉❛çã♦ ✉t✐❧✐③❛❞❛ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❡st❡s ❡rr♦s é ❛♣r❡s❡♥t❛❞❛

♥❛ ❊q✉❛çã♦ ✺✳✸✿

Erro =
|V alor Real − V alor Simulado|

V alor Real
∗ 100% ✭✺✳✸✮

P❛r❛ ❞❡✜♥✐r ♦ ♠ét♦❞♦ ❞❡ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦✱ ❝❛❧❝✉❧♦✉✲s❡ ❛ ♠é❞✐❛ ❞♦s ❡rr♦s✳ ❆s

t❛❜❡❧❛s ❝♦♠♣❧❡t❛s ❝♦♠ ♦s ❡rr♦s ♠é❞✐♦s ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ❛s r❡❞❡s ✶ ❡ ✷✱ q✉❡ ❛t✉❛♠ ❞✉r❛♥t❡

♦ ♣r♦❝❡ss♦ ❡♥q✉❛♥t♦ ❤á ♣❡❧♦ ♠❡♥♦s ✉♠ s✐♥❛❧ ❞❡ s❡♥s♦r r❡❛❧✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ♥♦s ❆♣ê♥❞✐❝❡s

❆ ❡ ❇✱ ❡ ♣❛r❛ ❛s r❡❞❡s ✸ ❡ ✹✱ q✉❛♥❞♦ ♥ã♦ ❤á s✐♥❛❧ ❞❡ s❡♥s♦r❡s r❡❛✐s✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ♥♦s

❆♣ê♥❞✐❝❡s ❉ ❡ ❊✳

❘❡❞❡ ♣❛r❛ ❊st✐♠❛t✐✈❛ ❞❡ Pr❡ssã♦ ✭❘❡❞❡ ✶✮

◆❡st❡ ❝❛s♦✱ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ é r❡❛❧✐③❛❞♦ ❞✉r❛♥t❡ t♦❞♦ ♦ ♣r♦❝❡ss♦ ❡♥q✉❛♥t♦ ❤á ♣❡❧♦ ♠❡♥♦s

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

♣r❡ssã♦ ❡ ❞❡ ✈❛③ã♦✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠ ♥ú♠❡r♦ ♠❛✐♦r ❞❡ ❛♠♦str❛s ❞♦ q✉❡ ♦ ✉t✐❧✐③❛❞♦ ♥❛s

r❡❞❡s ✸ ❡ ✹✳ ❆ss✐♠✱ ✉t✐❧✐③♦✉✲s❡ ✉♠ ❝♦♥❥✉♥t♦ ❝♦♠ ✶✶✵✵✵ ❛♠♦str❛s✱ s✉❜❞✐✈✐❞✐❞♦ ❡♠ ❝♦♥❥✉♥t♦

❞❡ tr❡✐♥❛♠❡♥t♦ ❡ ❝♦♥❥✉♥t♦ ❞❡ t❡st❡✳ ◆❡st❡ ❝❛s♦✱ ❛ ❢r❡q✉ê♥❝✐❛ ❡ ♦ ✈❛❧♦r ❞❛ ✈❛③ã♦ r❡❛❧ ♠❡❞✐❞❛

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

s❡♥s♦r r❡❛❧ ❞❡ ✈❛③ã♦✱ ❛ ❢r❡q✉ê♥❝✐❛ ❡ ♦ ✈❛❧♦r ❞❡ ✈❛③ã♦ ❡st✐♠❛❞♦ sã♦ ✉s❛❞♦s ❝♦♠♦ ❡♥tr❛❞❛s✳

❆s ❝♦♥✜❣✉r❛çõ❡s ❞❡ r❡❞❡s q✉❡ ❣❡r❛r❛♠ ♠❡♥♦r❡s ❡rr♦s ♣❛r❛ ❝❛❞❛ t✐♣♦ ❞❡ r❡❞❡ ❢♦r❛♠✿



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✺✸

• ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ✿ ✽✵% tr❡✐♥♦ ✲ ✷✵% t❡st❡✱ ✺✵ ❡♣♦❝❤s✱ ❢✉♥çã♦ ❞❡ tr❡✐♥❛♠❡♥t♦ tr❛✐♥❧♠✱

✶✵ ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ♦❝✉❧t❛✳ ❊rr♦ ♠é❞✐♦ ❞❡ ✷✱✻✷%✳

• ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛✿ ✽✵% tr❡✐♥♦ ✲ ✷✵% t❡st❡✱ ✸✵ ❡♣♦❝❤s✱ ❢✉♥çã♦ ❞❡ tr❡✐♥❛✲

♠❡♥t♦ tr❛✐♥❧♠✱ ✽ ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ♦❝✉❧t❛✳ ❊rr♦ ♠é❞✐♦ ❞❡ ✷✱✻✹ %✳

◆❛ ❋✐❣✉r❛ ✺✳✻ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s r❡❞❡s ♥❡✉r❛✐s ❝♦♠♦ ✉♠ ❞✐❛❣r❛♠❛ ❣rá✜❝♦ ❣❡r❛❞♦

♣❡❧♦ s♦❢t✇❛r❡ ▼❆❚▲❆❇✳

❋✐❣✉r❛ ✺✳✻✿ ❘❡❞❡s ◆❡✉r❛✐s ❝♦♠♦ ✉♠ ❉✐❛❣r❛♠❛ ●rá✜❝♦ ✭❘❡❞❡ ✶✮✳ ❋❡❡❞❢♦r✇❛r❞ ✭❛✮ ❡

❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛ ✭❜✮✳

❋♦♥t❡✿ ❊❧❛❜♦r❛❞❛ ♣❡❧❛ ❆✉t♦r❛✳

◆♦ ❣rá✜❝♦ ❞❛ ❋✐❣✉r❛ ✺✳✼ é ❛♣r❡s❡♥t❛❞❛ ❛ ❝♦♠♣❛r❛çã♦ ❞❡ss❡s ❞♦✐s t✐♣♦s ❞❡ r❡❞❡s ❝♦♠

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

♠❛t✐✈❛s ❞♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ✭s❡♥s♦r ✈✐rt✉❛❧✮✳



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✺✹

❋✐❣✉r❛ ✺✳✼✿ ❈♦♠♣❛r❛çã♦ ❞♦ ❉❡s❡♠♣❡♥❤♦ ❞❛s ❘❡❞❡s ❞♦ ❚✐♣♦ ❋❡❡❞❢♦r✇❛r❞ ❡ ❋❡❡❞❢♦r✇❛r❞

❡♠ ❈❛s❝❛t❛ ♥❛s ❊st✐♠❛t✐✈❛s ❞♦s ❱❛❧♦r❡s ❞❡ Pr❡ssã♦ ✭❘❡❞❡ ✶✮✳
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Pressão Real Medida [mBar]

Pressão Estimada (Rede Feedforward) [mBar]

Pressão Estimada (Rede em Feedforward em Cascata) [mBar]

❋♦♥t❡✿ ❊❧❛❜♦r❛❞❛ ♣❡❧❛ ❆✉t♦r❛✳

❆ss✐♠✱ ❛ r❡❞❡ ♣❛r❛ ❛ ❡st✐♠❛t✐✈❛ ❞♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛♣❧✐❝❛çã♦ ♣rát✐❝❛

♥❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡ ❡♠ ❡st✉❞♦✱ ❢♦✐ ❞♦ t✐♣♦ ❋❡❡❞❢♦r✇❛r❞ ❝♦♥✜❣✉r❛❞❛ ❝♦♠ ✉♠❛ ❝❛♠❛❞❛

♦❝✉❧t❛ ✭❝♦♠ ✶✵ ♥❡✉rô♥✐♦s✮✱ ✺✵ ❡♣♦❝❤s ❡ ❢✉♥çã♦ ❞❡ tr❡✐♥❛♠❡♥t♦ tr❛✐♥❧♠✱ q✉❡ ❣❡r♦✉ ♠❡❧❤♦r

❞❡s❡♠♣❡♥❤♦✱ ❝♦♠ ❡rr♦ ♠é❞✐♦ ❞❡ ✷✱✻✷%✳

❘❡❞❡ ♣❛r❛ ❊st✐♠❛t✐✈❛ ❞❡ ❱❛③ã♦ ✭❘❡❞❡ ✷✮

◆❡st❡ ❝❛s♦✱ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ t❛♠❜é♠ é r❡❛❧✐③❛❞♦ ❞✉r❛♥t❡ t♦❞♦ ♦ ♣r♦❝❡ss♦ ❡♥q✉❛♥t♦ ❤á

♣❡❧♦ ♠❡♥♦s ✉♠ s✐♥❛❧ ❞❡ s❡♥s♦r r❡❛❧✳ ❆ ❢r❡q✉ê♥❝✐❛ ❡ ♦ ✈❛❧♦r ❞❛ ♣r❡ssã♦ r❡❛❧ ♠❡❞✐❞♦ ❢♦r❛♠

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

r❡❛❧ ❞❡ ♣r❡ssã♦✱ ❛ ❢r❡q✉ê♥❝✐❛ ❡ ♦ ✈❛❧♦r ❞❡ ♣r❡ssã♦ ❡st✐♠❛❞♦ sã♦ ✉s❛❞♦s ❝♦♠♦ ❡♥tr❛❞❛s✳ ❋♦✐

✉t✐❧✐③❛❞♦ ♦ ♠❡s♠♦ ❝♦♥❥✉♥t♦ ❝♦♠ ✶✶✵✵✵ ❛♠♦str❛s✱ s✉❜❞✐✈✐❞✐❞♦ ❡♠ ❝♦♥❥✉♥t♦ ❞❡ tr❡✐♥❛♠❡♥t♦

❡ ❞❡ t❡st❡✳

❆s ❝♦♥✜❣✉r❛çõ❡s ❞❡ r❡❞❡s q✉❡ ❣❡r❛r❛♠ ♠❡♥♦r❡s ❡rr♦s ♣❛r❛ ❝❛❞❛ t✐♣♦ ❞❡ r❡❞❡ ❢♦r❛♠✿

• ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ✿ ✽✵% tr❡✐♥♦ ✲ ✷✵% t❡st❡✱ ✶✵✵ ❡♣♦❝❤s✱ ❢✉♥çã♦ ❞❡ tr❡✐♥❛♠❡♥t♦

tr❛✐♥❧♠✱ ✹ ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ♦❝✉❧t❛✳ ❊rr♦ ♠é❞✐♦ ❞❡ ✶✱✸✺%✳

• ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛✿ ✽✵% tr❡✐♥♦ ✲ ✷✵% t❡st❡✱ ✺✵ ❡♣♦❝❤s✱ ❢✉♥çã♦ ❞❡ tr❡✐♥❛✲

♠❡♥t♦ tr❛✐♥s❝❣✱ ✾ ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ♦❝✉❧t❛✳ ❊rr♦ ♠é❞✐♦ ❞❡ ✶✱✸✻%✳



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✺✺

◆❛ ❋✐❣✉r❛ ✺✳✽ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s r❡❞❡s ♥❡✉r❛✐s ✉t✐❧✐③❛❞❛s ♥❛s ❡st✐♠❛t✐✈❛s ❞♦s ✈❛❧♦r❡s

❞❡ ✈❛③ã♦ ❝♦♠♦ ✉♠ ❞✐❛❣r❛♠❛ ❣rá✜❝♦ ❣❡r❛❞♦ ♣❡❧♦ s♦❢t✇❛r❡ ▼❆❚▲❆❇✳

❋✐❣✉r❛ ✺✳✽✿ ❘❡❞❡s ◆❡✉r❛✐s ❝♦♠♦ ✉♠ ❉✐❛❣r❛♠❛ ●rá✜❝♦ ✭❘❡❞❡ ✷✮✳ ❋❡❡❞❢♦r✇❛r❞ ✭❛✮ ❡

❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛ ✭❜✮✳

❋♦♥t❡✿ ❊❧❛❜♦r❛❞❛ ♣❡❧❛ ❆✉t♦r❛✳

◆♦ ❣rá✜❝♦ ❞❛ ❋✐❣✉r❛ ✺✳✾ é ❛♣r❡s❡♥t❛❞❛ ❛ ❝♦♠♣❛r❛çã♦ ❞❡ss❡s ❞♦✐s t✐♣♦s ❞❡ r❡❞❡s ❝♦♠

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

♠❛t✐✈❛s ❞♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦ ✭s❡♥s♦r ✈✐rt✉❛❧✮✳



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✺✻

❋✐❣✉r❛ ✺✳✾✿ ❈♦♠♣❛r❛çã♦ ❞♦ ❉❡s❡♠♣❡♥❤♦ ❞❛s ❘❡❞❡s ❞♦ ❚✐♣♦ ❋❡❡❞❢♦r✇❛r❞ ❡ ❋❡❡❞❢♦r✇❛r❞

❡♠ ❈❛s❝❛t❛ ♥❛s ❊st✐♠❛t✐✈❛s ❞♦s ❱❛❧♦r❡s ❞❡ ❱❛③ã♦ ✭❘❡❞❡ ✷✮✳
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Vazão Real Medida [LPM]

Vazão Estimada Rede Feedforward [LPM]

Vazão Estimada Rede Feedforward em Cascata [LPM]

❋♦♥t❡✿ ❊❧❛❜♦r❛❞❛ ♣❡❧❛ ❆✉t♦r❛✳

❆ss✐♠✱ ❛ r❡❞❡ ♣❛r❛ ❛ ❡st✐♠❛t✐✈❛ ❞♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛♣❧✐❝❛çã♦ ♣rát✐❝❛

♥❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡ ❡♠ ❡st✉❞♦✱ ❢♦✐ ❞♦ t✐♣♦ ❋❡❡❞❢♦r✇❛r❞ ❝♦♥✜❣✉r❛❞❛ ❝♦♠ ✉♠❛ ❝❛♠❛❞❛

♦❝✉❧t❛ ✭❝♦♠ ✹ ♥❡✉rô♥✐♦s✮✱ ✶✵✵ ❡♣♦❝❤s ❡ ❢✉♥çã♦ ❞❡ tr❡✐♥❛♠❡♥t♦ tr❛✐♥❧♠✱ q✉❡ ❣❡r♦✉ ♠❡❧❤♦r

❞❡s❡♠♣❡♥❤♦✱ ❝♦♠ ❡rr♦ ♠é❞✐♦ ❞❡ ✶✱✸✺ %✳

❘❡❞❡s ♣❛r❛ ❊st✐♠❛t✐✈❛ ❞❡ Pr❡ssã♦ ❡ ❱❛③ã♦ ◗✉❛♥❞♦ ♦s ❙✐♥❛✐s ❞♦s ❉♦✐s ❙❡♥s♦r❡s

❘❡❛✐s ❙ã♦ P❡r❞✐❞♦s ❙✐♠✉❧t❛♥❡❛♠❡♥t❡ ✭❘❡❞❡ ✸ ❡ ✹✮

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

♣❡r❞✐❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡ ♥♦ ❡stá❣✐♦ ❡st❛❝✐♦♥ár✐♦✳ P❛r❛ ♦❜t❡♥çã♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s

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

s❡ ♦❜t❡r ❛ r❡❧❛çã♦ ❞♦s ✈❛❧♦r❡s ♣r❡ssã♦ ❡ ✈❛③ã♦ q✉❡ ❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ♦s ✈❛❧♦r❡s

❞❡ ❢r❡q✉ê♥❝✐❛ ✭t❡♥sã♦✮✳ ❈♦♠ ❛ ✈á❧✈✉❧❛ ❞❡ ❝♦♥tr♦❧❡ t♦t❛❧♠❡♥t❡ ❛❜❡rt❛ ✭✜①❛✮✱ ✈❛r✐♦✉✲s❡

♦s ✈❛❧♦r❡s ❞❡ ❢r❡q✉ê♥❝✐❛✱ ❞❡ ❢♦r♠❛ ❛❧❡❛tór✐❛✱ ❞❡♥tr♦ ❞❛ ❢❛✐①❛ ❞❡ ✈❛❧♦r❡s ❞❡ ✷✵ ❍③ ❛ ✻✵

❍③✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❝♦♠ ✸✵ ❛♠♦str❛s✱ t❛♠❜é♠ s✉❜❞✐✈✐❞♦ ♥♦ ❝♦♥❥✉♥t♦ ❞❡

tr❡✐♥❛♠❡♥t♦ ❡ ❝♦♥❥✉♥t♦ ❞❡ t❡st❡✳ ❖s t❡st❡s ❢♦r❛♠ r❡♣❡t✐❞♦s ✸ ✭três✮ ✈❡③❡s✱ ♥ú♠❡r♦ ❞❡

✈❡③❡s s✉✜❝✐❡♥t❡ ♣❛r❛ ♦ ❝r✐tér✐♦ ❞❡ ♣❛r❛❞❛ ❡st❛❜❡❧❡❝✐❞♦ ♣❛r❛ ♦ tr❛❜❛❧❤♦✱ q✉❡ ❢♦✐ ♦ ✈❛❧♦r ❞♦

❞❡s✈✐♦ ♣❛❞rã♦ ♠❡♥♦r q✉❡ ✶ ✭✉♠✮✳ ❖s ✈❛❧♦r❡s ♦❜t✐❞♦s ♥❛s ♠❡❞✐çõ❡s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥♦

❆♣ê♥❞✐❝❡ ❈✳

❆♣ós ❛s ♠❡❞✐çõ❡s✱ ❢♦✐ r❡❛❧✐③❛❞♦ ♦ tr❛t❛♠❡♥t♦ ❡st❛tíst✐❝♦ ❝♦♠ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣❛r❛



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✺✼

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

✈❛❧♦r❡s ✭t❛♠❜é♠ ❛♣r❡s❡♥t❛❞♦s ♥♦ ❆♣ê♥❞✐❝❡ ❈✮✳ ❆ ❊q✉❛çã♦ ✺✳✹ ✉t✐❧✐③❛❞❛ ♣❛r❛ ♦ ❝á❧❝✉❧♦

❞♦ ❞❡s✈✐♦ ♣❛❞rã♦ é ❛♣r❡s❡♥t❛❞❛ ❛ s❡❣✉✐r✿

DesvioPadrao =

√

(x1 − x̄)2 + (x2 − x̄)2 + · · ·+ (xn − x̄)2

n− 1
=

n
∑

i=1

(xi − x̄)2

n− 1
✭✺✳✹✮

❖♥❞❡ x̄ ❛ ♠é❞✐❛✱ xi é ♦ ✈❛❧♦r ✐♥❞✐✈✐❞✉❛❧ ❡ n é ♦ ♥ú♠❡r♦ ❞❡ ✈❛❧♦r❡s✳

❈♦♠ ♦s ❞❛❞♦s ♦❜t✐❞♦s ❛♣ós ♦ tr❛t❛♠❡♥t♦ ❡st❛tíst✐❝♦✱ ♣❛rt✐✉✲s❡ ♣❛r❛ ♦ ♣r♦❥❡t♦ ❞❛s

r❡❞❡s ♥❡✉r❛✐s✱ ❜✉s❝❛♥❞♦ r❡❛❧✐③❛r ❛s ❡st✐♠❛t✐✈❛s ❞♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦✳ P❛r❛ ❛

❡st✐♠❛t✐✈❛ ❞♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ q✉❛♥❞♦ ♦s ❞♦✐s s✐♥❛✐s ❞♦s s❡♥s♦r❡s r❡❛✐s sã♦ ♣❡r❞✐❞♦s

s✐♠✉❧t❛♥❡❛♠❡♥t❡ ✭r❡❞❡ ✸✮✱ ❛s ❝♦♥✜❣✉r❛çõ❡s ❞❡ r❡❞❡s q✉❡ ❣❡r❛r❛♠ ♠❡♥♦r❡s ❡rr♦s ♣❛r❛ ❝❛❞❛

t✐♣♦ ❞❡ r❡❞❡ ❢♦r❛♠✿

• ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ✿ ✼✺% tr❡✐♥♦ ✲ ✷✺% t❡st❡✱ ✺✵ ❡♣♦❝❤s✱ ❢✉♥çã♦ ❞❡ tr❡✐♥❛♠❡♥t♦ tr❛✐♥❧♠✱

✶✵ ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ♦❝✉❧t❛✳ ❊rr♦ ♠é❞✐♦ ❞❡ ✵✱✻✷%✳

• ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛✿ ✼✺% tr❡✐♥♦ ✲ ✷✺% t❡st❡✱ ✺✵ ❡♣♦❝❤s✱ ❢✉♥çã♦ ❞❡ tr❡✐♥❛✲

♠❡♥t♦ tr❛✐♥❧♠✱ ✽ ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ♦❝✉❧t❛✳ ❊rr♦ ♠é❞✐♦ ❞❡ ✵✱✺✽%✳

◆❛ ❋✐❣✉r❛ ✺✳✶✵ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s r❡❞❡s ♥❡✉r❛✐s ✉t✐❧✐③❛❞❛s ♥❛s ❡st✐♠❛t✐✈❛s ❞♦s ✈❛❧♦r❡s

❞❡ ♣r❡ssã♦ ✭r❡❞❡ ✸✮ ❝♦♠♦ ✉♠ ❞✐❛❣r❛♠❛ ❣rá✜❝♦ ❣❡r❛❞♦ ✉t✐❧✐③❛♥❞♦ ♦ s♦❢t✇❛r❡ ▼❆❚▲❆❇✳

❋✐❣✉r❛ ✺✳✶✵✿ ❘❡❞❡s ◆❡✉r❛✐s ❝♦♠♦ ✉♠ ❉✐❛❣r❛♠❛ ●rá✜❝♦ ✭❘❡❞❡ ✸✮✳ ❋❡❡❞❢♦r✇❛r❞ ✭❛✮ ❡

❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛ ✭❜✮✳

❋♦♥t❡✿ ❊❧❛❜♦r❛❞❛ ♣❡❧❛ ❆✉t♦r❛✳
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➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❛s r❡❞❡s ♣❛r❛ ❝♦♠♣❛r❛çã♦ ❞❡st❡ ❝❛s♦ tê♠ ♦ ♠❡s♠♦ ♥ú♠❡r♦

❞❡ ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ❡s❝♦♥❞✐❞❛ q✉❡ ❛s r❡❞❡s ♣❛r❛ ❝♦♠♣❛r❛çã♦ ❞♦ ❝❛s♦ ✶ ✭❉✐❛❣r❛♠❛

●rá✜❝♦ ❞❛ ❋✐❣✉r❛ ✺✳✻✮✱ ♣♦r ✐ss♦ ♦ ❞✐❛❣r❛♠❛ ❣rá✜❝♦ é ♦ ♠❡s♠♦✱ ♠❛s s❡ ❞✐❢❡r❡♥❝✐❛♠ ♣❡❧♦

♥ú♠❡r♦ ❞❡ ❡♣♦❝❤s ❡ ♣❡❧♦ t❛♠❛♥❤♦ ❞♦s ❝♦♥❥✉♥t♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ❡ t❡st❡ ✉t✐❧✐③❛❞♦s✳

P❛r❛ ❛ ❡st✐♠❛t✐✈❛ ❞♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦ q✉❛♥❞♦ ♦s ❞♦✐s s✐♥❛✐s ❞♦s s❡♥s♦r❡s r❡❛✐s sã♦

♣❡r❞✐❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡ ✭r❡❞❡ ✹✮✱ ❛s ❝♦♥✜❣✉r❛çõ❡s q✉❡ ❣❡r❛r❛♠ ♠❡♥♦r❡s ❡rr♦s ♣❛r❛ ❝❛❞❛

t✐♣♦ ❞❡ r❡❞❡ ❢♦r❛♠✿

• ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ✿ ✼✺% tr❡✐♥♦ ✲ ✷✺% t❡st❡✱ ✸✵ ❡♣♦❝❤s✱ ❢✉♥çã♦ ❞❡ tr❡✐♥❛♠❡♥t♦ tr❛✐♥❧♠✱

✸ ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ♦❝✉❧t❛✳ ❊rr♦ ♠é❞✐♦ ❞❡ ✵✱✶✸%✳

• ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛✿ ✼✺% tr❡✐♥♦ ✲ ✷✺% t❡st❡✱ ✺✵ ❡♣♦❝❤s✱ ❢✉♥çã♦ ❞❡ tr❡✐♥❛✲

♠❡♥t♦ tr❛✐♥❧♠✱ ✷ ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ♦❝✉❧t❛✳ ❊rr♦ ♠é❞✐♦ ❞❡ ✵✱✶✺%✳

◆❛ ❋✐❣✉r❛ ✺✳✶✶ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s r❡❞❡s ♥❡✉r❛✐s ✉t✐❧✐③❛❞❛s ♥❛s ❡st✐♠❛t✐✈❛s ❞♦s ✈❛❧♦r❡s

❞❡ ✈❛③ã♦ ✭r❡❞❡ ✹✮ ❝♦♠♦ ✉♠ ❞✐❛❣r❛♠❛ ❣rá✜❝♦ ❣❡r❛❞♦ ✉t✐❧✐③❛♥❞♦ ♦ s♦❢t✇❛r❡ ▼❆❚▲❆❇✳
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❖s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ r❡❛✐s ♠❡❞✐❞♦s ❡ ❡st✐♠❛❞♦s ❝♦♠ ❛s r❡❞❡s ❢❡❡❞❢♦r✇❛r❞ ❡ ❢❡❡❞❢♦r✇❛r❞

❡♠ ❝❛s❝❛t❛ ❝♦♠ ❛s ❝♦♥✜❣✉r❛çõ❡s ❝✐t❛❞❛s sã♦ ❛♣r❡s❡♥t❛❞♦s ✭r❡s✉♠✐❞❛♠❡♥t❡✮ ♥❛ ❚❛❜❡❧❛ ✺✳✶✳

❆ ❚❛❜❡❧❛ ❝♦♠♣❧❡t❛ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞❛s ♥♦ ❆♣ê♥❞✐❝❡ ❈✳
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Pr❡ssã♦
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❱❛❧♦r❡s ❞❡ Pr❡ssã♦
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✹✺ ✼✶✱✺✵ ✼✵✱✾✺ ✼✷✱✵✵

✹✼ ✼✼✱✷✼ ✼✽✱✻✼ ✼✽✱✸✾

✺✻ ✶✶✶✱✵✵ ✶✶✵✱✼✵ ✶✵✾✱✼✸

✺✽ ✶✶✼✱✹✸ ✶✶✼✱✹✺ ✶✶✼✱✻✼

✳

❊ ♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦ r❡❛✐s ♠❡❞✐❞♦s ❡ ❡st✐♠❛❞♦s ❝♦♠ ❛s r❡❞❡s ❢❡❡❞❢♦r✇❛r❞ ❡ ❢❡❡❞❢♦r✇❛r❞

❡♠ ❝❛s❝❛t❛ ❝♦♠ ❛s ❝♦♥✜❣✉r❛çõ❡s ❝✐t❛❞❛s sã♦ ❛♣r❡s❡♥t❛❞♦s ✭r❡s✉♠✐❞❛♠❡♥t❡✮ ♥❛ ❚❛❜❡❧❛ ✺✳✷✳

❆ ❚❛❜❡❧❛ ❝♦♠♣❧❡t❛ t❛♠❜é♠ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞❛s ♥♦ ❆♣ê♥❞✐❝❡ ❈✳
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❋r❡q✉ê♥❝✐❛
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▼❡❞✐❞♦s ❞❡

❱❛③ã♦
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❱❛❧♦r❡s ❞❡ ❱❛③ã♦

❊st✐♠❛❞♦s

❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞

✭▲P▼✮

❱❛❧♦r❡s ❞❡ ❱❛③ã♦

❊st✐♠❛❞♦s ❘❡❞❡

❋❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛

✭▲P▼✮

✷✵ ✶✶✱✵✾ ✶✶✱✶✶ ✶✶✱✵✼

✷✺ ✶✹✱✺✶ ✶✹✱✺✹ ✶✹✱✹✽

✸✺ ✷✶✱✶✵ ✷✶✱✵✾ ✷✶✱✶✹

✸✽ ✷✸✱✶✵ ✷✸✱✶✷ ✷✸✱✶✸
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✹✼ ✷✽✱✾✹ ✷✽✱✾✽ ✷✽✱✾✾

✺✻ ✸✹✱✽✵ ✸✹✱✼✾ ✸✹✱✼✽

✺✽ ✸✻✱✵✻ ✸✺✱✾✽ ✸✺✱✾✽
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❝❛s♦s ❢♦r❛♠ ♦❜t✐❞♦s ❝♦♠ ❛ r❡❞❡ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ✭♥♦ ❝❛s♦ ❞❛ ♣r❡ssã♦✮✱ ❝♦♠ ❡rr♦

♠é❞✐♦ ❞❡ ✵✱✺✽%✱ ❡ ❢❡❡❞❢♦r✇❛r❞ ✭♥♦ ❝❛s♦ ❞❛ ✈❛③ã♦✮✱ ❝♦♠ ❡rr♦ ♠é❞✐♦ ❞❡ ✵✱✶✸%✳

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

❡st✐♠❛t✐✈❛ ❞♦ ✈❛❧♦r ❞❡ ♣r❡ssã♦ q✉❛♥❞♦ ✺✵ ❍③ ❢♦✐ ❛♣❧✐❝❛❞♦✱ ❝♦♠ ♦ ✈❛❧♦r ✐❣✉❛❧ ❛ ✶✱✽✺%✱

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

❞♦ ♣r♦❝❡ss♦✳

◆♦ ❣rá✜❝♦ ❞❛ ❋✐❣✉r❛ ✺✳✶✷ é ❛♣r❡s❡♥t❛❞❛ ❛ ❝♦♠♣❛r❛çã♦ ❞❡ss❡s ❞♦✐s t✐♣♦s ❞❡ r❡❞❡s

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

❡st✐♠❛t✐✈❛s ✭s❡♥s♦r❡s ✈✐rt✉❛✐s✮ ❞♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ✭❛✮ ❡ ✈❛③ã♦ ✭❜✮ ♦❜t✐❞♦s ♥❛s s✐♠✉❧❛çõ❡s

✉t✐❧✐③❛♥❞♦ ♦s ✷✺% ❞❛s ❛♠♦str❛s ♣❛r❛ t❡st❡ ✭✽ ❛♠♦str❛s✮✳



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✻✷

❋✐❣✉r❛ ✺✳✶✷✿ ▼♦♥✐t♦r❛♠❡♥t♦ ❞♦s ❱❛❧♦r❡s ❞❡ Pr❡ssã♦ ✭❛✮ ❡ ❱❛③ã♦ ✭❜✮ ❯t✐❧✐③❛♥❞♦ ❛s ❘❡❞❡s

✸ ❡ ✹✳

✭❛✮

✭❜✮

❆ss✐♠✱ ❛ r❡❞❡ ♣❛r❛ ❛ ❡st✐♠❛t✐✈❛ ❞♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛♣❧✐❝❛çã♦ ♣rát✐❝❛

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

♥❡❛♠❡♥t❡✱ ❢♦✐ ❞♦ t✐♣♦ ❋❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♥✜❣✉r❛❞❛ ❝♦♠ ✉♠❛ ❝❛♠❛❞❛ ♦❝✉❧t❛ ✭❝♦♠



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✻✸

✽ ♥❡✉rô♥✐♦s✮✱ ✺✵ ❡♣♦❝❤s ❡ ❢✉♥çã♦ ❞❡ tr❡✐♥❛♠❡♥t♦ tr❛✐♥❧♠✱ q✉❡ ❣❡r♦✉ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦✱

❝♦♠ ❡rr♦ ♠é❞✐♦ ❞❡ ✵✱✺✽%✳ ❊ ❛ r❡❞❡ ♣❛r❛ ❛ ❡st✐♠❛t✐✈❛ ❞♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦✱ t❛♠❜é♠

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

❝♦♥✜❣✉r❛❞❛ ❝♦♠ ✉♠❛ ❝❛♠❛❞❛ ♦❝✉❧t❛ ✭❝♦♠ ✸ ♥❡✉rô♥✐♦s✮✱ ✸✵ ❡♣♦❝❤s ❡ ❢✉♥çã♦ ❞❡ tr❡✐♥❛♠❡♥t♦

tr❛✐♥❧♠✱ q✉❡ ❣❡r♦✉ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦✱ ❝♦♠ ❡rr♦ ♠é❞✐♦ ❞❡ ✵✱✶✸%✳

❊♠ r❡s✉♠♦✱ sã♦ ♣r♦❥❡t❛❞❛s q✉❛tr♦ r❡❞❡s ♥❡✉r❛✐s✳ ❈❛s♦ ✶ ❝♦♠ r❡❞❡ ✶ ♣❛r❛ ❡st✐♠❛t✐✈❛

❞❡ ♣r❡ssã♦ q✉❛♥❞♦ ❛♣❡♥❛s ✉♠ s✐♥❛❧ ❞❡ s❡♥s♦r r❡❛❧ é ♣❡r❞✐❞♦✳ ❈❛s♦ ✷ ❝♦♠ r❡❞❡ ✷ ♣❛r❛

❡st✐♠❛t✐✈❛ ❞❡ ✈❛③ã♦ q✉❛♥❞♦ ❛♣❡♥❛s ✉♠ s✐♥❛❧ ❞❡ s❡♥s♦r r❡❛❧ é ♣❡r❞✐❞♦✳ ❈❛s♦ ✸ ❝♦♠ r❡❞❡ ✸

♣❛r❛ ❡st✐♠❛t✐✈❛ ❞❡ ♣r❡ssã♦ q✉❛♥❞♦ ♦s ❞♦✐s s✐♥❛✐s ❞❡ s❡♥s♦r❡s sã♦ ♣❡r❞✐❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡

✭♥ã♦ ❤á s❡♥s♦r❡s r❡❛✐s ❢✉♥❝✐♦♥❛♥❞♦ ♥♦ ♣r♦❝❡ss♦✮✳ ❊ ❝❛s♦ ✸ ❝♦♠ r❡❞❡ ✹ ♣❛r❛ ❡st✐♠❛t✐✈❛ ❞❡

✈❛③ã♦ q✉❛♥❞♦ ♦s ❞♦✐s s✐♥❛✐s ❞❡ s❡♥s♦r❡s sã♦ ♣❡r❞✐❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡ ✭♥ã♦ ❤á s❡♥s♦r❡s

r❡❛✐s ❢✉♥❝✐♦♥❛♥❞♦ ♥♦ ♣r♦❝❡ss♦✮✳

◆❛ ❚❛❜❡❧❛ ✺✳✹ é ❛♣r❡s❡♥t❛❞♦ ♦ r❡s✉♠♦ ❞❛s ❝♦♥✜❣✉r❛çõ❡s ❞❛s r❡❞❡s ❝♦♠ ♠❡❧❤♦r❡s

❞❡s❡♠♣❡♥❤♦ ♣❛r❛ ❝❛❞❛ ❝❛s♦ ❡ q✉❡ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛♣❧✐❝❛çã♦ ♣rát✐❝❛ ♥❛ ♣❧❛t❛❢♦r♠❛

❞❡ t❡st❡ ❡♠ ❡st✉❞♦✳

❚❛❜❡❧❛ ✺✳✹✿ ❚❛❜❡❧❛ ❘❡s✉♠♦

❈❛s♦ ✶ ❈❛s♦ ✷

❈❛s♦ ✸

✭s✐♥❛✐s ❞♦s s❡♥s♦r❡s r❡❛✐s

♣❡r❞✐❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡✮

❘❡❞❡ ✶

✭Pr❡ssã♦✮

❘❡❞❡ ✷

✭❱❛③ã♦✮

❘❡❞❡ ✸

✭Pr❡ssã♦✮

❘❡❞❡ ✹

✭❱❛③ã♦✮

❚✐♣♦ ❞❡ ❘❡❞❡ ❋❡❡❞❢♦r✇❛r❞ ❋❡❡❞❢♦✇❛r❞
❋❡❡❞❢♦✇❛r❞

❡♠ ❝❛s❝❛t❛
❋❡❡❞❢♦r✇❛r❞

◆ú♠❡r♦ ❞❡ ◆❡✉rô♥✐♦s

♥❛ ❈❛♠❛❞❛ ❖❝✉❧t❛
✶✵ ✹ ✽ ✸

❋✉♥çã♦ ❞❡ ❚r❡✐♥❛♠❡♥t♦ tr❛✐♥❧♠ tr❛✐♥❧♠ tr❛✐♥❧♠ tr❛✐♥❧♠

❉✐✈✐sã♦ ❙✉❜❝♦♥❥✉♥t♦

❞❡ ❚r❡✐♥❛♠❡♥t♦ ❡ ❚❡st❡

✽✵✭%✮

❡

✷✵✭%✮

✽✵✭%✮

❡

✷✵✭%✮

✼✺✭%✮

❡

✷✺✭%✮

✼✺✭%✮

❡

✷✺✭%✮

◆ú♠❡r♦ ❞❡ ❊♣♦❝❤s ✺✵ ✶✵✵ ✺✵ ✸✵

❊rr♦ ▼é❞✐♦ ✷✱✻✷ ✭✪✮ ✶✱✸✺ ✭✪✮ ✵✱✺✽ ✭✪✮ ✵✱✶✸ ✭✪✮



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✻✹

✺✳✸✳✸ ❘❡s✉❧t❛❞♦s ❞♦s ❊①♣❡r✐♠❡♥t♦s ❝♦♠ ❆♣❧✐❝❛çã♦ Prát✐❝❛ ❞♦s

❙❡♥s♦r❡s ❱✐rt✉❛✐s ♥♦ ▼♦♥✐t♦r❛♠❡♥t♦ ❞❛ P❧❛t❛❢♦r♠❛

❈♦♠ ❛s s✐♠✉❧❛çõ❡s r❡❛❧✐③❛❞❛s ❡ ❛ ❞❡✜♥✐çã♦ ❞❛ r❡❞❡ ❝♦♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♣❛r❛ ❝❛❞❛

❝❛s♦✱ ♦ ♣ró①✐♠♦ ♣❛ss♦ ❢♦✐ ❛ ❛♣❧✐❝❛çã♦ ♣rát✐❝❛ ❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s ✐♠♣❧❡♠❡♥t❛❞♦s s❡❣✉✐♥❞♦

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

❘❡s✉❧t❛❞♦s ❝♦♠ ❛ ❘❡t✐r❛❞❛ ❞❡ ✉♠ ❙❡♥s♦r ♣♦r ✈❡③ ❡ ❆❧t❡r❛♥❞♦ ❛s P♦s✐çõ❡s ❞❛s

❱á❧✈✉❧❛s ♣❛r❛ ❈❛✉s❛r ❉✐stúr❜✐♦ ✭❈❛s♦ ✶ ❡ ✷✱ ❝♦♠ ❘❡❞❡s ✶ ❡ ✷✮

❖s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s ♣❛r❛ t❡st❛r ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ♥❛ ♣❧❛t❛❢♦r♠❛ ✉t✐❧✐③❛♥❞♦ ♦s

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

r❡t✐r❛❞❛ ❞❡ ✉♠ s❡♥s♦r ♣♦r ✈❡③ ❡ ❛ ✈❛r✐❛çã♦ ❞❛ ✈á❧✈✉❧❛ ❞❡ ❝♦♥tr♦❧❡✳ ❈♦♠ ❛ ♣❡r❞❛ ❞❡ ✉♠

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

❡♥tr❛❞❛ q✉❡ ❡stá s❡♥❞♦ ❛♣❧✐❝❛❞❛ ✭❢r❡q✉ê♥❝✐❛✮ ❡ ❡♠ ♦✉tr❛s ✈❛r✐á✈❡✐s ♠❡❞✐❞❛s ❞♦ ♣r♦❝❡ss♦✱

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

✉t✐❧✐③❛♥❞♦ ♦s ✈❛❧♦r❡s ❡st✐♠❛❞♦s ✭s❡♥s♦r❡s ✈✐rt✉❛✐s✮ ❡♥q✉❛♥t♦ ♦s s✐♥❛✐s ❞♦s s❡♥s♦r❡s r❡❛✐s

♥ã♦ sã♦ r❡❝✉♣❡r❛❞♦s✳

◆❛ ❋✐❣✉r❛ ✺✳✶✸ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♦ ❣rá✜❝♦ ❝♦♠ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦s ✈❛❧♦r❡s ❞❡ ♣r❡s✲

sã♦ ✭❋✐❣✉r❛ ✺✳✶✸❛✮ ❡ ✈❛❧♦r❡s ❞❡ ✈❛③ã♦ ✭❋✐❣✉r❛ ✺✳✶✸❜✮ ❞✉r❛♥t❡ ♦ ♠❡s♠♦ ♣r♦❝❡ss♦ ✭♦❜s❡r✈❡

q✉❡ ♦ ❡✐①♦ ✬❚❡♠♣♦ ✭s✮✬ ❞♦s ❣rá✜❝♦s sã♦ ♦s ♠❡s♠♦s✮✳

❋✐❣✉r❛ ✺✳✶✸✿ ▼♦♥✐t♦r❛♠❡♥t♦ ❞♦s ❱❛❧♦r❡s ❞❡ Pr❡ssã♦ ✭❛✮ ❡ ❱❛③ã♦ ✭❜✮ ❉✉r❛♥t❡ ♦ ▼❡s♠♦

Pr♦❝❡ss♦ ✭❘❡❞❡s ✶ ❡ ✷✮✳
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= Pressão Real Medida [mBar]

= Pressão Estimada (Sensor Virtual) [mBar]

Variação na curva
devido à perda do sinal
do sensor de pressão

Variação na curva 
devido ao retorno

do sinal
do sensor de

pressão

[iii][ii][i]

✭❛✮
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= Vazão Real Medida [LPM]

= Vazão Estimada (Sensor Virtual) [LPM]

Variação
na curva
devido

ao retorno
do sinal do
sensor de

vazão

Variação na
curva devido

à perda do sinal do
sensor de vazão

[i] [iii][ii]

✭❜✮

❆ s❡q✉ê♥❝✐❛ ❞❡ ❛çõ❡s ♣❛r❛ r❡❛❧✐③❛çã♦ ❞❡st❡ t❡st❡ ❢♦✐✿ ✐♥✐❝✐❛❧♠❡♥t❡ ❛♣❧✐❝♦✉✲s❡ ✺✽ ❍③

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

♦ s❡♥s♦r ❞❡ ♣r❡ssã♦ ❢♦✐ r❡♠♦✈✐❞♦ ✭❛♥t❡s ❞❡ ✺✵ s❡❣✉♥❞♦s✮ ❡♥q✉❛♥t♦ ❛ ♣♦s✐çã♦ ❞❛ ✈á❧✈✉❧❛

❡r❛ ❛❧t❡r❛❞❛ ❞❡ 100% ❛❜❡rt❛ ♣❛r❛ 60% ❛❜❡rt❛ ❡ ❧♦❣♦ ❛♣ós r❡t♦r♥❛❞❛ ♥♦✈❛♠❡♥t❡ ♣❛r❛ s❡✉

❡st❛❞♦ 100% ❛❜❡rt❛ ✭♣r✐♠❡✐r♦ ❞❡❝❧✐✈❡ ♥❛ ❝✉r✈❛✮✳ ❆♣ós ♦ r❡t♦r♥♦ ❞♦ s✐♥❛❧ ❞♦ s❡♥s♦r ❞❡

♣r❡ssã♦✱ ❢♦✐ r❡❛❧✐③❛❞❛ ❛ r❡t✐r❛❞❛ ❞♦ s✐♥❛❧ ❞♦ s❡♥s♦r ❞❡ ✈❛③ã♦ ✭❛♣ós ✶✺✵ s❡❣✉♥❞♦s✮ ❡♥q✉❛♥t♦

❛ ♣♦s✐çã♦ ❞❛ ✈á❧✈✉❧❛ ❡r❛ ✈❛r✐❛❞❛ ❞❡ 100% ❛❜❡rt❛ ♣❛r❛ 45% ❛❜❡rt❛ ❡ ❧♦❣♦ ❛♣ós r❡t♦r♥❛❞❛

♥♦✈❛♠❡♥t❡ ♣❛r❛ s❡✉ ❡st❛❞♦ 100% ❛❜❡rt❛ ✭s❡❣✉♥❞♦ ❞❡❝❧✐✈❡ ♥❛ ❝✉r✈❛✮✳ ❖ t❡r❝❡✐r♦ ♣❛ss♦

❢♦✐ r❡t✐r❛r ♥♦✈❛♠❡♥t❡ ♦ s✐♥❛❧ ❞♦ s❡♥s♦r ❞❡ ♣r❡ssã♦ ❡♥q✉❛♥t♦ ❛ ✈á❧✈✉❧❛ ♠❛♥✉❛❧ ❡r❛ ❛❜❡rt❛

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

❝✉r✈❛✮✳ ❊ ♣♦r ✜♠✱ ❛♣ós ♦ r❡t♦r♥♦ ❞♦ s✐♥❛❧ ❞♦ s❡♥s♦r ❞❡ ♣r❡ssã♦✱ ❢♦✐ r❡❛❧✐③❛❞❛ ❛ r❡t✐r❛❞❛ ❞♦

s✐♥❛❧ ❞♦ s❡♥s♦r ❞❡ ✈❛③ã♦ ♥♦✈❛♠❡♥t❡ ✭❛♥t❡s ❞❡ ✹✵✵ s❡❣✉♥❞♦s✮ ❡♥q✉❛♥t♦ ❛ ✈á❧✈✉❧❛ ♠❛♥✉❛❧

❡r❛ ❛❜❡rt❛ ❞✉r❛♥t❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ t❡♠♣♦ ♣❛r❛ ❝❛✉s❛r ❞✐stúr❜✐♦ ♥♦ ♣r♦❝❡ss♦ ✭q✉❛rt♦

❞❡❝❧✐✈❡ ♥❛ ❝✉r✈❛✮✳ ❖s ❣rá✜❝♦s ❞❛ ❋✐❣✉r❛ ✺✳✶✸ ❢♦r❛♠ ❞✐✈✐❞✐❞♦s ❡♠ ♣❛rt❡s ✭❬✐❪✱ ❬✐✐❪ ❡ ❬✐✐✐❪✮

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

✭r❡❛❧ ❡ ❡st✐♠❛❞♦✮✱ ♣❛r❛ s❡r ♣♦ssí✈❡❧ ♦ ❝á❧❝✉❧♦ ❞♦ ❡rr♦✳ ◆❛ ❚❛❜❡❧❛ ✺✳✺ ♣♦❞❡♠ s❡r ♦❜s❡r✈❛❞♦s

♦s ❡rr♦s ❝❛❧❝✉❧❛❞♦s✳
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❚❛❜❡❧❛ ✺✳✺✿ ❊rr♦s ❖❜t✐❞♦s ♥❛s ❊st✐♠❛t✐✈❛s ❞♦s ❱❛❧♦r❡s ❞❡ Pr❡ssã♦ ❡ ❱❛③ã♦ ❆♣❧✐❝❛❞♦s ♥❛

P❧❛t❛❢♦r♠❛ ❯t✐❧✐③❛♥❞♦ ❛s ❘❡❞❡s ✶ ❡ ✷✳

❊rr♦s Pr❡ssã♦ ✭✪✮

P❛rt❡ ✐ P❛rt❡ ✐✐ P❛rt❡ ✐✐✐

✹✱✹✾ ✶✱✵✷ ✶✱✻✷

❊rr♦s ❱❛③ã♦ ✭✪✮

P❛rt❡ ✐ P❛rt❡ ✐✐ P❛rt❡ ✐✐✐

✶✱✽✶ ✶✱✸✸ ✵✱✻✾

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

✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦ ✉t✐❧✐③❛♥❞♦ r❡❞❡s ♥❡✉r❛✐s ♥❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s✳

▼❡s♠♦ ❝♦♠ ❛ ♣❡r❞❛ ❞♦s s✐♥❛✐s ❞♦s s❡♥s♦r❡s✱ ✈❛r✐❛çã♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ♥❛ ❡♥tr❛❞❛ ❡ ✈❛r✐❛çã♦

♥❛ ♣♦s✐çã♦ ❞❛ ✈á❧✈✉❧❛ ❞❡ ❝♦♥tr♦❧❡✱ ❢♦✐ ♣♦ssí✈❡❧ ❡✈✐t❛r q✉❡ ♦ ♣r♦❝❡ss♦ ❢♦ss❡ ♣❛r❛❧✐s❛❞♦✱

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

❞♦s s❡♥s♦r❡s r❡❛✐s ♥ã♦ ❡r❛♠ r❡❝✉♣❡r❛❞♦s✳

❘❡s✉❧t❛❞♦s ❝♦♠ ❛ ❘❡t✐r❛❞❛ ❞♦s ❉♦✐s ❙❡♥s♦r❡s ❙✐♠✉❧t❛♥❡❛♠❡♥t❡ ✭❈❛s♦ ✸✱ ❝♦♠

r❡❞❡s ✸ ❡ ✹✮

❖✉tr♦ ❡①♣❡r✐♠❡♥t♦ ♣❛r❛ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛ ♣❧❛t❛❢♦r♠❛ ✉t✐❧✐③❛♥❞♦ ♦s s❡♥s♦r❡s ✈✐rt✉❛✐s ❢♦✐

❛ r❡t✐r❛❞❛ ❞♦s ❞♦✐s s❡♥s♦r❡s r❡❛✐s s✐♠✉❧t❛♥❡❛♠❡♥t❡✳ ❈♦♠ ❛ ♣❡r❞❛ ❞♦s s✐♥❛✐s ❞♦s s❡♥s♦r❡s

r❡❛✐s✱ ♣❛r❛ q✉❡ ♦ ♣r♦❝❡ss♦ ♥ã♦ s❡❥❛ ♣❛r❛❧✐s❛❞♦✱ ❛s r❡❞❡s ♥❡✉r❛✐s✱ ❝♦♠ ❜❛s❡ ♥❛ ❡♥tr❛❞❛ q✉❡

❡stá s❡♥❞♦ ❛♣❧✐❝❛❞❛ ✭❢r❡q✉ê♥❝✐❛✮✱ ❡st✐♠❛♠ ♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦✱ ❢❛③❡♥❞♦ ❝♦♠ q✉❡

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

◆❛ ❋✐❣✉r❛ ✺✳✶✹ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♦ ❣rá✜❝♦ ❝♦♠ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦

✭❛✮ ❡ ✈❛③ã♦ ✭❜✮ ❞✉r❛♥t❡ ♦ ♠❡s♠♦ ♣r♦❝❡ss♦ ✭♦❜s❡r✈❡ q✉❡ ♦ ❡✐①♦ ✬❚❡♠♣♦ ✭s✮✬ ❞♦s ❣rá✜❝♦s

sã♦ ♦s ♠❡s♠♦s✮✳
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= Pressão Real Medida [mBar]

= Pressão Estimada (Sensor Virtual) [mBar]

[i] [ii] [iii]

Variação na curva
devido

ao retorno do sinal do 
sensor de pressão

Variação na curva
devido

à perda do sinal do 
sensor de pressão

✭❛✮
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= Vazão Real Medida [LPM]

= Vazão Estimada (Sensor Virtual) [LPM]

[ii][i] [iii]

Variação na curva
devido

ao retorno do sinal do 
sensor de vazão

Variação na curva
devido

à perda do sinal do 
sensor de vazão

✭❜✮

❈♦♠ ♦ ♣r♦❝❡ss♦ ❡♠ ❛♥❞❛♠❡♥t♦✱ s❡♥❞♦ ❛♣❧✐❝❛❞❛ ✉♠ ✈❛❧♦r ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡ ✺✹ ❍③✱

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

✭❛♣ós ✶✵ s❡❣✉♥❞♦s ❡ r❡t♦r♥❛♥❞♦ ❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✺ s❡❣✉♥❞♦s✮✱ ❞❡♣♦✐s ♦ ❞❡ ♣r❡ssã♦



❈❛♣ít✉❧♦ ✺✳ ❙❡♥s♦r❡s ❱✐rt✉❛✐s ❉❡s❡♥✈♦❧✈✐❞♦s ❡ ❘❡s✉❧t❛❞♦s ✻✽

✭❛♣ós ✶✺ s❡❣✉♥❞♦s ❡ r❡t♦r♥❛♥❞♦ ❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷✵ s❡❣✉♥❞♦s✮✱ ❡ ♣♦r ✜♠ ♦s ❞♦✐s

s✐♠✉❧t❛♥❡❛♠❡♥t❡ ✭s❡t❛s ♣♦♥t✐❧❤❛❞❛s ❡♠ ✭❛✮ ❡ ✭❜✮✮✳ ❊♠ s❡❣✉✐❞❛✱ ❢♦✐ ❛❧t❡r❛❞♦ ♦ ✈❛❧♦r ❞❡

❢r❡q✉ê♥❝✐❛ q✉❡ ❡st❛✈❛ s❡♥❞♦ ❛♣❧✐❝❛❞♦ ❞❡ ✺✹ ❍③ ♣❛r❛ ✹✺ ❍③✱ ♣r♦✈♦❝❛♥❞♦ ❛ q✉❡❞❛ ❞♦s ✈❛❧♦r❡s

❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦ ✭é ♣♦ssí✈❡❧ s❡r ♦❜s❡r✈❛❞❛ ❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✸✺ s❡❣✉♥❞♦s ♥♦ ❣rá✜❝♦✮✳

❖s ❣rá✜❝♦s ❞❛ ❋✐❣✉r❛ ✺✳✶✹ ❢♦r❛♠ ❞✐✈✐❞✐❞♦s ❡♠ ♣❛rt❡s ✭❬✐❪✱ ❬✐✐❪ ❡ ❬✐✐✐❪✮ ♣❛r❛ ❛ ❛♣r❡s❡♥t❛çã♦

❞♦s ❡rr♦s ❝❛❧❝✉❧❛❞♦s ♥♦s ♠♦♠❡♥t♦s ❡♠ q✉❡ ❡①✐st✐❛♠ ❛♠❜♦s ♦s s✐♥❛✐s ✭r❡❛❧ ❡ ❡st✐♠❛❞♦✮✱

♣❛r❛ s❡r ♣♦ssí✈❡❧ ♦ ❝á❧❝✉❧♦ ❞♦ ❡rr♦✳ ◆❛ ❚❛❜❡❧❛ ✺✳✻ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♦s ❡rr♦s ❝❛❧❝✉❧❛❞♦s✳

❚❛❜❡❧❛ ✺✳✻✿ ❊rr♦s ❖❜t✐❞♦s ♥❛s ❊st✐♠❛t✐✈❛s ❞♦s ❱❛❧♦r❡s ❞❡ Pr❡ssã♦ ❡ ❱❛③ã♦ ❆♣❧✐❝❛❞♦s ♥❛

P❧❛t❛❢♦r♠❛ ❯t✐❧✐③❛♥❞♦ ❛s ❘❡❞❡s ✸ ❡ ✹✳

❊rr♦s Pr❡ssã♦ ✭✪✮

P❛rt❡ ✐ P❛rt❡ ✐✐ P❛rt❡ ✐✐✐

✷✱✻✻ ✵✱✼✹ ✶✱✽✵

❊rr♦s ❱❛③ã♦ ✭✪✮

P❛rt❡ ✐ P❛rt❡ ✐✐ P❛rt❡ ✐✐✐

✷✱✶✽ ✵✱✺✶ ✶✱✻✷

P❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦s ❡rr♦s r❡❧❛t✐✈♦s ❛♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ✭❋✐❣✉r❛ ✺✳✶✹ ✭❛✮✮✱ ❛ ♣❛rt❡ ❬✐❪

✈❛✐ ❞♦ ✐♥í❝✐♦ ❞♦ ❣rá✜❝♦ ❛té ♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ ♦ s✐♥❛❧ ❞♦ s❡♥s♦r ❞❡ ♣r❡ssã♦ é ♣❡r❞✐❞♦ ♣❡❧❛

♣r✐♠❡✐r❛ ✈❡③✱ ❛ ♣❛rt❡ ❬✐✐❪ ✈❛✐ ❞♦ ♣r✐♠❡✐r♦ r❡t♦r♥♦ ❞♦ s✐♥❛❧ ❞♦ s❡♥s♦r ✭❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡

✷✵ s❡❣✉♥❞♦s✮ ❛té ♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ é ♣❡r❞✐❞♦ ♥♦✈❛♠❡♥t❡✱ ❡ ❛ ♣❛rt❡ ❬✐✐✐❪ ❞♦ ♠♦♠❡♥t♦ ❡♠

q✉❡ ♦ s✐♥❛❧ ❞♦ s❡♥s♦r é ♥♦✈❛♠❡♥t❡ r❡t♦♠❛❞♦ ✭❛♣ós ✷✺ s❡❣✉♥❞♦s✮ ❛té ♦ ✜♠ ❞♦ ♣r♦❝❡ss♦✳

P❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦s ❡rr♦s r❡❧❛t✐✈♦s ❛♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦ ✭❋✐❣✉r❛ ✺✳✶✹ ✭❜✮✮✱ ❛ ♣❛rt❡ ❬✐❪

✈❛✐ ❞♦ ✐♥í❝✐♦ ❞♦ ❣rá✜❝♦ ❛té ♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ ♦ s✐♥❛❧ ❞♦ s❡♥s♦r ❞❡ ✈❛③ã♦ é ♣❡r❞✐❞♦ ♣❡❧❛

♣r✐♠❡✐r❛ ✈❡③✱ ❛ ♣❛rt❡ ❬✐✐❪ ✈❛✐ ❞♦ ♣r✐♠❡✐r♦ r❡t♦r♥♦ ❞♦ s✐♥❛❧ ❞♦ s❡♥s♦r ✭❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡

✶✺ s❡❣✉♥❞♦s✮ ❛té ♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ é ♣❡r❞✐❞♦ ♥♦✈❛♠❡♥t❡✱ ❡ ❛ ♣❛rt❡ ❬✐✐✐❪ ❞♦ ♠♦♠❡♥t♦ ❡♠

q✉❡ ♦ s✐♥❛❧ ❞♦ s❡♥s♦r é ♥♦✈❛♠❡♥t❡ r❡t♦♠❛❞♦ ✭❛♣ós ✷✺ s❡❣✉♥❞♦s✮ ❛té ♦ ✜♠ ❞♦ ♣r♦❝❡ss♦✳

❖❜s❡r✈❛✲s❡ q✉❡ ♦ ♠♦♠❡♥t♦ ❞❡ ♣❡r❞❛ ❡ r❡t♦r♥♦ ❞♦s s✐♥❛✐s ❞♦s s❡♥s♦r❡s ❛♣♦♥t❛❞♦s ❝♦♠

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

s❡♥s♦r❡s r❡❛✐s✱ ♠❛s ❝♦♠ ❛s ❡st✐♠❛t✐✈❛s ✭s❡♥s♦r❡s ✈✐rt✉❛✐s✮ ❞❛s r❡❞❡s ♥❡✉r❛✐s✳



❈❛♣ít✉❧♦ ✻

❈♦♥❝❧✉sõ❡s ❡ ❙✉❣❡stõ❡s ♣❛r❛ ❚r❛❜❛❧❤♦s

❋✉t✉r♦s

✻✳✶ ❈♦♥❝❧✉sõ❡s ●❡r❛✐s

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

♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ♣r♦❝❡ss♦s ❝♦♠♣❧❡①♦s ♥ã♦ ❧✐♥❡❛r❡s ❡ ❝♦♠ ♠ú❧t✐♣❧❛s ❡♥tr❛❞❛s

❡ ♠ú❧t✐♣❧❛s s❛í❞❛s✱ ✉t✐❧✐③❛♥❞♦ r❡❞❡s ♥❡✉r❛✐s ♥❛s ❡st✐♠❛t✐✈❛s ❞❛s ✈❛r✐á✈❡✐s✳ ❖ ✐♥t✉✐t♦ é s❡r

♣♦ssí✈❡❧ t❡r ✉♠ s✐st❡♠❛ ♠♦♥✐t♦r❛❞♦ ✉t✐❧✐③❛♥❞♦ ♦ ❝♦♥❝❡✐t♦ ❞❡ s❡♥s♦r ✈✐rt✉❛❧ ❛❧✐❛❞♦ às r❡❞❡s

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

s❡♥❞♦ ✉♠❛ ár❡❛ ♣r♦♠✐ss♦r❛ ❞❡ ♣❡sq✉✐s❛✳

❈♦♠ ❛ r❡❛❧✐③❛çã♦ ❞♦ ❡st✉❞♦ s♦❜r❡ ♦s ❛ss✉♥t♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦ tr❛❜❛❧❤♦✱ ❢♦✐ ♣♦ssí✈❡❧

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

❣❡r❛❧✱ ❛ss✐♠ ❝♦♠♦ ✉♠ ❝❡♥ár✐♦ ❞❛ ❡✈♦❧✉çã♦ ❡ ❞♦ ❡st❛❞♦ ❛t✉❛❧ ❞♦ ❡st✉❞♦ ❞❛ ♠♦❞❡❧❛❣❡♠ ❡

✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s ❛❧✐❛❞♦ às r❡❞❡s ♥❡✉r❛✐s✱ ✈❡r✐✜❝❛♥❞♦ q✉❡ sã♦ ár❡❛s

❞❡ ❡st✉❞♦ ♣r♦♠✐ss♦r❛s ❡ ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❞✐✈❡rs❛s ❛♣❧✐❝❛çõ❡s✱ ❜✉s❝❛♥❞♦ ❡♥✲

t❡♥❞❡r ❡ ❡①♣❧✐❝❛r ❢❡♥ô♠❡♥♦s q✉❡ ♦❝♦rr❡♠✱ ♣♦r ❡①❡♠♣❧♦✱ ♥❛ ♥❛t✉r❡③❛✱ ❡♠ s✐st❡♠❛s s♦❝✐❛✐s✱

❜✐♦♠é❞✐❝♦s✱ s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡ ❡ ♠♦♥✐t♦r❛çã♦✱ ❡st✐♠❛çã♦✱ s✐♠✉❧❛çã♦ ❡ tr❡✐♥❛♠❡♥t♦✳

❆❧é♠ ❞✐ss♦✱ ❝♦♠ ♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s✱ ❢♦✐ ♣♦ssí✈❡❧ ✉t✐❧✐③❛r s❡♥s♦r❡s ✈✐rt✉❛✐s ♥♦

♠♦♥✐t♦r❛♠❡♥t♦ ❞♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦ ❡♠ ✉♠❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡ ❡①♣❡r✐♠❡♥t❛❧

✭s✐st❡♠❛ ❞❡ tr❛♥s♣♦rt❡ ✢✉í❞✐❝♦✮ ♣❛r❛ ✈❛❧✐❞❛çã♦ ❞♦s ♠❡s♠♦s✳ ❖ ♦❜❥❡t✐✈♦ é ❛ ♣♦ss✐❜✐❧✐❞❛❞❡

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

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

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

❛❞❡q✉❛çõ❡s ♣❛r❛ ❝❛❞❛ ❝❛s♦✳ ❆ss✐♠✱ ❝♦♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ r❡❞❡s ♥❡✉r❛✐s✱ s❡r ♣♦ssí✈❡❧ ♦❜t❡r

s❡♥s♦r❡s ✈✐rt✉❛✐s ♣❛r❛ ♣r♦❝❡ss♦s ♠✉❧t✐✈❛r✐á✈❡✐s✳

❊①✐st❡♠ ❛❧❣✉♠❛s ár❡❛s ❞❡ ❛t✉❛çõ❡s ❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s q✉❡ sã♦ ✐♠♣♦rt❛♥t❡s ❡ ♣♦❞❡♠

✻✾



❈❛♣ít✉❧♦ ✻✳ ❈♦♥❝❧✉sõ❡s ❡ ❙✉❣❡stõ❡s ♣❛r❛ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s ✼✵

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

❡♠ q✉❡ s❡ ❞❡s❡❥❛ ♦❜t❡r ♠❡❞✐❞❛s ❞❡ s❡♥s♦r❡s ❡♠ ❛♠❜✐❡♥t❡s q✉❡ sã♦ ✐♥❛❝❡ssí✈❡✐s ✜s✐❝❛♠❡♥t❡✱

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

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

✐❞❡♥t✐✜❝❛r s❡ ❡①✐st❡ ❛❧❣✉♠ ♣r♦❜❧❡♠❛✳ ❯♠ ♦✉tr♦ ❝❛s♦✱ ❛❜♦r❞❛❞♦ ♥❡st❛ t❡s❡✱ é ♦ ❝❡♥ár✐♦

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

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

❝❡♥ár✐♦s ❝♦♠ ♣❧❛♥t❛s ❛❧t❛♠❡♥t❡ ❝♦♠♣❧❡①❛s q✉❡ ♣r❡❝✐s❛♠ ❞❡ ✉♠❛ ✐♥str✉♠❡♥t❛çã♦ ❛♠♣❧❛✱

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

✈❡r✐✜❝❛♥❞♦✲s❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ t❡r ♣r♦❝❡ss♦s ♠♦♥✐t♦r❛❞♦s ❝♦♠ ✉♠ ♠❡♥♦r ♥ú♠❡r♦ ❞❡

s❡♥s♦r❡s✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ r❡❞✉③✐♥❞♦ ❝✉st♦s✳

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

r❡❛❧✐③❛r ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦s ✈❛❧♦r❡s ❞❛s ✈❛r✐á✈❡✐s ❞❡ ✐♥t❡r❡ss❡ ♥❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡

❡①♣❡r✐♠❡♥t❛❧ ✉t✐❧✐③❛❞❛ ❣❛r❛♥t✐♥❞♦ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ♣r♦❝❡ss♦ ♠❡s♠♦ q✉❛♥❞♦ ♦❝♦rr❡

♣❡r❞❛ ❞♦s s✐♥❛✐s ❞♦s s❡♥s♦r❡s r❡❛✐s✳ ❖ ♠❡♥♦r ❡rr♦ ♠é❞✐♦ ❡♥tr❡ ❛s ♠❡❞✐çõ❡s ❞♦s s❡♥s♦r❡s

r❡❛✐s ❡ ❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s ❢♦✐ ♣❛r❛ ♦ ❝❛s♦ ✸ ✭r❡❞❡ ✹✮✱ ❝♦♠ ✈❛❧♦r ♠é❞✐♦ ❞❡ ✵✱✺✶%✳ ❊

♦ ♠❛✐♦r ❡rr♦ ♠é❞✐♦ ♦❜t✐❞♦ ❢♦✐ ♣❛r❛ ♦ ❝❛s♦ ✶ ✭❡st✐♠❛t✐✈❛ ❞❡ ♣r❡ssã♦ q✉❛♥❞♦ ❛♣❡♥❛s ✉♠

s✐♥❛❧ ❞❡ s❡♥s♦r r❡❛❧ é ♣❡r❞✐❞♦✮✱ ❝♦♠ ♠é❞✐❛ ❞❡ ✹✱✹✾%✳ ❖s ❡rr♦s ♠é❞✐♦s ♦❜t✐❞♦s ❡♥tr❡ ❛s

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

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

r❡❛❧✳

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

♥❛ ❡♥tr❛❞❛ ❡ ✈❛r✐❛çã♦ ♥❛ ♣♦s✐çã♦ ❞❛ ✈á❧✈✉❧❛ ❞❡ ❝♦♥tr♦❧❡✱ ❢♦✐ ♣♦ssí✈❡❧ ❡✈✐t❛r q✉❡ ♦ ♣r♦❝❡ss♦

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

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

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

♥✐t♦r❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss♦s ♥ã♦ ❧✐♥❡❛r❡s ♠✉❧t✐✈❛r✐á✈❡✐s✳ ❖ ❢❛t♦ ❞❡ ♥ã♦ ♣r❡❝✐s❛r ❞♦ ♠♦❞❡❧♦

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

♣❧❡①✐❞❛❞❡ ✐♥❡r❡♥t❡ ❛ ♣r♦❝❡ss♦s ♥ã♦ ❧✐♥❡❛r❡s ♠✉❧t✐✈❛r✐á✈❡✐s✳ ❈♦♠ ❞❛❞♦s ❞❡ ❡♥tr❛❞❛s ❡ s❛í❞❛s

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

✐♥t❡r❡ss❡✳

✻✳✷ ❙✉❣❡stõ❡s ♣❛r❛ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s

❆ s❡❣✉✐r sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s s✉❣❡stõ❡s ♣❛r❛ ❝♦♥t✐♥✉❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✿

• ✉t✐❧✐③❛r ♦✉tr♦s t✐♣♦s ❞❡ r❡❞❡s ♥❡✉r❛✐s ♦✉ ♦✉tr♦s ♠ét♦❞♦s ❞❡ ❡st✐♠❛t✐✈❛s ❞❡ ✈❛r✐á✈❡✐s✳

❈♦♠ ✐ss♦ é ♣♦ssí✈❡❧ r❡❛❧✐③❛r ❝♦♠♣❛r❛çõ❡s ❞❡ r❡s✉❧t❛❞♦s✱ ♣♦❞❡♥❞♦ ♦❜t❡r s❡♥s♦r❡s ❝♦♠



❈❛♣ít✉❧♦ ✻✳ ❈♦♥❝❧✉sõ❡s ❡ ❙✉❣❡stõ❡s ♣❛r❛ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s ✼✶

♠❡❧❤♦r❡s ❞❡s❡♠♣❡♥❤♦s❀

• ✉t✐❧✐③❛r ♠❛✐s ❞❡ ✉♠ s❡♥s♦r r❡❛❧ ❞❛ ♠❡s♠❛ ✈❛r✐á✈❡❧ ❞❡ ✐♥t❡r❡ss❡ ❛ s❡r ♠♦♥✐t♦r❛❞❛✱

❞❡ ❢♦r♠❛ r❡❞✉♥❞❛♥t❡✱ ♣❛r❛ s❡r ♣♦ssí✈❡❧ ❛ ✈❛❧✐❞❛çã♦ ❞♦s s❡♥s♦r❡s ✈✐rt✉❛✐s✱ r❡❛❧✐③❛♥❞♦

♦ ❝á❧❝✉❧♦ ❞♦ ❡rr♦ q✉❛♥❞♦ ❤♦✉✈❡ss❡ ♣❡r❞❛ ❞♦ s✐♥❛❧ ❞♦ s❡♥s♦r r❡❛❧✳ P♦r ❡①❡♠♣❧♦✱ ♥♦

♠♦♠❡♥t♦ ❡♠ q✉❡ sã♦ ♣❡r❞✐❞♦s ♦s s❡♥s♦r❡s r❡❛✐s ❞❡ ♣r❡ssã♦ ❡ ✈❛③ã♦ ❛♦ ♠❡s♠♦ t❡♠♣♦✱

s❡ ❤♦✉✈❡ss❡ ✉♠ s❡❣✉♥❞♦ s❡♥s♦r ❞❡ ♣r❡ssã♦ ♦✉ ✈❛③ã♦✱ s❡r✐❛ ♣♦ssí✈❡❧ ❝❛❧❝✉❧❛r ♦ ❡rr♦

❞❛s ❡st✐♠❛t✐✈❛s ♣❛r❛ ✈❛❧✐❞❛çã♦✳

• ✐♠♣❧❡♠❡♥t❛r s❡♥s♦r❡s ✈✐rt✉❛✐s q✉❡ ✐❞❡♥t✐✜q✉❡♠ q✉❛♥❞♦ ♦ s❡♥s♦r r❡❛❧ ❡stá ❞❡❢❡✐t✉✲

♦s♦✱ ♥ã♦ só q✉❛♥❞♦ ♦ s✐♥❛❧ é ♣❡r❞✐❞♦ ❝♦♠♣❧❡t❛♠❡♥t❡✱ ♠❛s t❛♠❜é♠ q✉❛♥❞♦ ❡st❡❥❛

❢♦r♥❡❝❡♥❞♦ ✈❛❧♦r❡s q✉❡ ♥ã♦ ❝♦♥❞✐③❡♠ ❝♦♠ ♦s ✈❛❧♦r❡s ❝♦rr❡t♦s r❡❢❡r❡♥t❡s à ✈❛r✐á✈❡❧

❞❡ ✐♥t❡r❡ss❡✳ P❛r❛ ✐ss♦ s❡r✐❛ ♥❡❝❡ssár✐♦ tr❡✐♥❛r ❛ r❡❞❡ ✉t✐❧✐③❛♥❞♦ ❛♠♦str❛s ❝♦❧❡t❛❞❛s

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

❞❡ ❝♦♠♦ ♦ s❡♥s♦r ❞❡❢❡✐t✉♦s♦ ❢✉♥❝✐♦♥❛✳

• r❡❛❧✐③❛r ♦ ❝♦♥tr♦❧❡ ❞♦ ♣r♦❝❡ss♦ ❞❛❞❛ ✉♠❛ ♣❡rt✉r❜❛çã♦ ♥♦ s✐st❡♠❛✱ ♥♦ ❝❛s♦ ❞❛ ♣❧❛t❛✲

❢♦r♠❛ ✉t✐❧✐③❛❞❛✱ ❡ss❛ ♣❡rt✉r❜❛çã♦ ♣♦❞❡ s❡r ❢❡✐t❛ ✉t✐❧✐③❛♥❞♦ ❛s ✈á❧✈✉❧❛s ♠❛♥✉❛✐s✳



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❬✶❪ ❆✳ ❆❜✉s♥✐♥❛✳ ❆❞❛♣t✐✈❡ ❙♦❢t ❙❡♥s♦rs ✐♥ ■♥❞✉str②✳ ❉❡♣❛rt♠❡♥t ♦❢ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡

▲❛r❣❡ ❙❝❛❧❡ ❈♦♠♣❧❡① ■❚ ❙②st❡♠s✱ ❏❛♥❡✐r♦ ✷✵✶✸✳ ❊♥❣❉ ◗✉❛❧✐❢②✐♥❣ ❉✐ss❡rt❛t✐♦♥✳

❬✷❪ ▲✉✐s ❆♥t♦♥✐♦ ❆❣✉✐rr❡✳ ■♥tr♦❞✉çã♦ à ■❞❡♥t✐✜❝❛çã♦ ❞❡ ❙✐st❡♠❛s✿ ❚é❝♥✐❝❛s ▲✐♥❡❛r❡s ❡

◆ã♦✲▲✐♥❡❛r❡s ❆♣❧✐❝❛❞❛s ❛ ❙✐st❡♠❛s ❘❡❛✐s✳ ❊❞✐t♦r❛ ❞❛ ❯❋▼●✱ ❇❡❧♦ ❍♦r✐③♦♥t❡✱ ❇r❛s✐❧✱

✶ ❡❞✐t✐♦♥✱ ✷✵✵✵✳

❬✸❪ ■✈❛♥ ❆rs✐❡✱ ❆♥❞r❡❛ ❈r✐❝❝❤✐♦❛✱ ▼❛tt❡♦ ❉❡ ❈❡s❛r❡❜✱ ❋r❛♥❝❡s❝♦ ▲❛③③❛r✐♥✐❛✱ ❈❡s❛r❡ P✐✲

❛♥❡s❡❛✱ ❛♥❞ ▼❛r❝♦ ❙♦rr❡♥t✐♥♦❛✳ ◆❡✉r❛❧ ♥❡t✇♦r❦ ♠♦❞❡❧s ❢♦r ✈✐rt✉❛❧ s❡♥s✐♥❣ ♦❢ ◆❖①

❡♠✐ss✐♦♥s ✐♥ ❛✉t♦♠♦t✐✈❡ ❞✐❡s❡❧ ❡♥❣✐♥❡s ✇✐t❤ ❧❡❛st sq✉❛r❡✲❜❛s❡❞ ❛❞❛♣t❛t✐♦♥✳ ❈♦♥tr♦❧

❊♥❣✐♥❡❡r✐♥❣ Pr❛t✐❝❡✱ ✻✶✿✶✶✕✷✵✱ ✷✵✶✼✳

❬✹❪ ❆s❤❝r♦❢t✳ ❆s❤❝r♦❢t ❉✐❣✐t❛❧ ■♥❞✉str✐❛❧ ●❛✉❣❡ ✲ ❖♣❡r❛t✐♥❣ ■♥str✉❝t✐♦♥s✱ ✷✵✵✻✳ ❉✐s♣♦♥í✲

✈❡❧ ❡♠✿ ❤tt♣✿✴✴✇✇✇✳❛s❤❝r♦❢t✳❝♦♠✴✐♥st❛❧❧❛t✐♦♥❛♥❞♠❛✐♥t❡♥❛♥❝❡❴♣❞❢✴✉♣❧♦❛❞✴

♠❛♥✉❛❧✲❞✐❣✐t❛❧✲❣❛✉❣❡✲✷✵✼✹✲✷✶✼✹✲✷✷✼✹✳♣❞❢✳

❬✺❪ ❈❤r✐st♦s ●✳ ❈❛ss❛♥❞r❛s ❛♥❞ ❙té♣❤❛♥❡ ▲❛❢♦rt✉♥❡✳ ■♥tr♦❞✉❝t✐♦♥ t♦ ❉✐s❝r❡t❡ ❊✈❡♥t

❙②st❡♠s✳ ✭❙♣r✐♥❣❡r ❙❝✐❡♥❝❡ ❇✉s✐♥❡ss ▼❡❞✐❛✱ ▲▲❈✱ ◆♦✈❛ ❨♦r❦✱ ❯❙❆✱ ✷ ❡❞✐t✐♦♥✱ ✷✵✵✽✳

❬✻❪ ❆♥t♦♥✐♦ ❆✉❣✉st♦ ❘♦❞r✐❣✉❡s ❈♦❡❧❤♦ ❛♥❞ ▲❡❛♥❞r♦ ❞♦s ❙❛♥t♦s ❈♦❡❧❤♦✳ ■❞❡♥t✐✜❝❛çã♦

❞❡ ❙✐st❡♠❛s ❉✐♥â♠✐❝♦s ▲✐♥❡❛r❡s✳ ❊❞✐t♦r❛ ❞❛ ❯❋❙❈✱ ❋❧♦r✐❛♥ó♣♦❧✐s✱ ❇r❛s✐❧✱ ✷✵✵✹✳

❬✼❪ ●❡♦r❣❡ ❈②❜❡♥❦♦✳ ❆♣♣r♦①✐♠❛t✐♦♥ ❜② s✉♣❡r♣♦s✐t✐♦♥s ♦❢ ❛ s✐❣♠♦✐❞ ❢✉♥❝t✐♦♥✳ ▼❛t❤❡♠❛✲

t✐❝s ♦❢ ❈♦♥tr♦❧ ❙✐❣♥❛❧s ❛♥❞ ❙②st❡♠s✱ ✷ ❡❞✐t✐♦♥✱ ✶✾✽✾✳

❬✽❪ ❏❛✐❞✐❧s♦♥ ❏ó ❞❛ ❙✐❧✈❛✳ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❚é❝♥✐❝❛s ❞❡ ❉❡t❡❝çã♦ ❞❡ ■♥❝r✉st❛çã♦ ❯t✐✲

❧✐③❛♥❞♦ ▼ét♦❞♦s ◆ã♦✲■♥✈❛s✐✈♦s✳ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡✱ ❈❛♠♣✐♥❛
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❬✾❪ ❆❞r✐❛♥♦ ❞❛ ❙✐❧✈❡ ●✉❛❤②❜❛✳ ❯t✐❧✐③❛çã♦ ❞❡ ■♥t❡❧✐❣ê♥❝✐❛ ❆rt✐✜❝✐❛❧ ✭❘❡❞❡s ◆❡✉r❛✐s ❆r✲

t✐✜❝✐❛✐s✮ ♥♦ ●❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❘❡♣r♦❞✉t♦r❛s P❡s❛❞❛s✳ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞♦ ❘✐♦

●r❛♥❞❡ ❞♦ ❙✉❧✱ P♦rt♦ ❆❧❡❣r❡✱ ❇r❛s✐❧✱ ✷✵✵✶✳ ❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦ ❡♠ ❈✐ê♥❝✐❛s ❱❡t❡r✐✲

♥ár✐❛s✳
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❬✶✵❪ ❚❤❛♠✐❧❡s ❘♦❞r✐❣✉❡s ❞❡ ▼❡❧♦✱ ▼❛r❝✉s ▼❛r✐♥❤♦ ❇❡③❡rr❛✱ ❏❛✐❞✐❧s♦♥ ❏ó ❞❛ ❙✐❧✈❛✱ ❛♥❞

❏♦sé ❙ér❣✐♦ ❞❛ ❘♦❝❤❛ ◆❡t♦✳ ■♥✈❡st✐❣❛çã♦ ❞❡ s❡t✲♣♦✐♥ts ♣❛r❛ ❝♦♥tr♦❧❡ ❞❡ ✉♠❛ ♣❧❛t❛✲

❢♦r♠❛ ❞❡ ❞❡t❡❝çã♦ ❞❡ ✐♥❝r✉st❛çã♦✳ ❆♥❛✐s ❞♦ ❳■❳ ❈♦♥❣r❡ss♦ ❇r❛s✐❧❡✐r♦ ❞❡ ❆✉t♦♠át✐❝❛✱

❈❇❆✳✱ ✷✵✶✷✳

❬✶✶❪ ❏♦sé ❆❧❢❡✉ ❆✳ ❞❡ ❙á ▼❛rq✉❡s ❛♥❞ ❏♦❛q✉✐♠ ❏✳ ❖✳ ❙♦✉s❛✳ ❋ór♠✉❧❛ ❞❡ ❈♦❧❡❜r♦♦❦ ✲

❲❤✐t❡✿ ✈❡❧❤❛ ♠❛s ❛❝t✉❛❧✳ s♦❧✉çõ❡s ❡①♣❧í❝✐t❛s✳ ■■■ ❙✐❧✉s❜❛✱ ❙✐♠♣ós✐♦ ❞❡ ❍✐❞rá✉❧✐❝❛ ❡

❘❡❝✉rs♦s ❍í❞r✐❝♦s ❞♦s P❛ís❡s ❞❡ ▲í♥❣✉❛ ❖✜❝✐❛❧ P♦rt✉❣✉❡s❛✱ ✶✾✾✼✳

❬✶✷❪ ❏♦sé ❊❧✐ ❙❛♥t♦s ❞♦s ❙❛♥t♦s✳ ❈♦♥tr♦❧❡ Pr❡❞✐t✐✈♦ ◆ã♦✲▲✐♥❡❛r ♣❛r❛ ❙✐st❡♠❛s ❞❡ ❍❛♠✲

♠❡rst❡✐♥✳ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❙❛♥t❛ ❈❛t❛r✐♥❛✱ ❋❧♦r✐❛♥ó♣♦❧✐s✱ ❇r❛s✐❧✱ ❆❜r✐❧ ✷✵✵✼✳

❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦ ❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛✳

❬✶✸❪ ❨✉r✐ ❆✳❲✳ ❙❤❛r❞t ❡ ❳✉ ❨❛♥❣✳ ❉❡✈❡❧♦♣♠❡♥t ♦❢ ❙♦❢t ❙❡♥s♦rs ❢♦r t❤❡ ❈❛s❡ ❲❤❡r❡

t❤❡ ❚✐♠❡ ❉❡❧❛② ✐s ❘❛♥❞♦♠✳ ■♥t❡r♥❛t✐♦♥❛❧ ❋❡❞❡r❛t✐♦♥ ♦❢ ❆✉t♦♠❛t✐❝ ❈♦♥tr♦❧ ✭■❋❆❈✮✱

✹✾✿✶✶✾✸✕✶✶✾✽✱ ✷✵✶✻✳

❬✶✹❪ ❙❛♥❞r❛ ▼❛✉r❡♥ ❊❧❧ ❛♥❞ ❆❧❞✐❡ ❚r❛❜❛❝❤✐♥✐✳ P❡r❞❛ ❞❡ ❝❛r❣❛ ❡♠ ❝♦♥❞✉✲

t♦s ❢♦rç❛❞♦s✱ ✷✵✶✶✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿ ❤tt♣✿✴✴♣t✳s❝r✐❜❞✳❝♦♠✴❞♦❝✴✼✷✼✶✵✶✹✾✴

P❡r❞❛✲❞❡✲❈❛r❣❛✲❚✉❜✉❧❛❝❛♦✲❙✐♥❣✉❧❛r✲■❞❛✲❉❡s✳

❬✶✺❪ ❆♥❞r✐❡s P✳ ❊♥❣❡❧❜r❡❝❤t✳ ❈♦♠♣✉t❛t✐♦♥❛❧ ■♥t❡❧❧✐❣❡♥❝❡ ✲ ❆♥ ■♥tr♦❞✉❝t✐♦♥✳ ❲✐❧❡②✱ ❯♥✐✲

✈❡rs✐t② ♦❢ Pr❡t♦r✐❛ ❙♦✉t❤ ❆❢r✐❝❛✱ ✷ ❡❞✐t✐♦♥✱ ✷✵✵✼✳

❬✶✻❪ ❘♦❜❡rt ❲✳ ❋♦①✱ ❆❧❛♥ ❚✳ ▼❝❉♦♥❛❧❞✱ ❛♥❞ P❤✐❧✐♣ ❏✳ Pr✐t❝❤❛r❞✳ ■♥tr♦❞✉çã♦ à ▼❡❝â♥✐❝❛

❞♦s ❋❧✉✐❞♦s✳ ▲❚❈✱ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ✼ ❡❞✐t✐♦♥✱ ✷✵✶✵✳

❬✶✼❪ ●✳ ❉✳ ●♦♥③❛❧❡③✳ ❙♦❢t s❡♥s♦rs ❢♦r ♣r♦❝❡ss✐♥❣ ♣❧❛♥ts✳ ■♥t❡❧❧✐❣❡♥t Pr♦❝❡ss✐♥❣ ❛♥❞ ▼❛✲

♥✉❢❛❝t✉r✐♥❣ ♦❢ ▼❛t❡r✐❛❧s ✭■P▼▼✮✱ ✶✱ ✶✾✾✾✳

❬✶✽❪ ❙✐♠♦♥ ❍❛②❦✐♥✳ ◆❡✉r❛❧ ◆❡t✇♦r❦s ❛♥❞ ▲❡❛r♥✐❣ ▼❛❝❤✐♥❡s✳ Pr❡♥t✐❝❡ ❍❛❧❧✱ ❖♥t❛r✐♦✱

❈❛♥❛❞❛✱ ✸ ❡❞✐t✐♦♥✱ ✷✵✵✾✳

❬✶✾❪ ▼✐r✐❛♠ ▲✳ ●❛❧✐♥❞♦ ❍❡r♥❛♥❞❡③✱ ❘❛ú❧ ❘✳ ▲❡❛❧ ❆s❝❡♥❝✐♦✱ ❛♥❞ ❈✉❛✉❤t❡♠♦❝ ❆❣✉✐❧❡r❛

●❛❧✐❝✐❛✳ ❆♥ ❛rt✐✜❝✐❛❧ ♥❡✉r❛❧ ♥❡t✇♦r❦ ♦♥ ❛ ❝♦♠♣❧❡① ♣r♦❣r❛♠♠❛❜❧❡ ❧♦❣✐❝ ❞❡✈✐❝❡ ❛s ❛

✈✐rt✉❛❧ s❡♥s♦r✳ ■♥ ■♥t❡r♥❛t✐♦♥❛❧ ❙②♠♣♦s✐✉♠ ♦♥ ❘♦❜♦t✐❝s✱ ♣❛❣❡s ✶✷✕✶✹✱ ✶✾✾✽✳

❬✷✵❪ ●✉❛♥❣✲❇✐♥ ❍✉❛♥❣✳ ▲❡❛r♥✐♥❣ ❝❛♣❛❜✐❧✐t② ❛♥❞ st♦r❛❣❡ ❝❛♣❛❝✐t② ♦s t✇♦✲❤✐❞❞❡♥✲❧❛②❡r
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❬✷✷❪ P❡tr ❑❛❞❧❡❝✱ ❇♦❣❞❛♥ ●❛❜r②s✱ ❛♥❞ ❙✐❜②❧❧❡ ❙tr❛♥❞t✳ ❉❛t❛✲❞r✐✈❡♥ s♦❢t s❡♥s♦rs ✐♥ t❤❡
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❊rr♦s ▼é❞✐♦s ❖❜t✐❞♦s ♥❛s ❊st✐♠❛t✐✈❛s

❞♦s ❱❛❧♦r❡s ❞❡ Pr❡ssã♦ ✭❘❡❞❡ ✶✮

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

r❡❞❡s ❞♦ t✐♣♦ ❢❡❡❞❢♦r✇❛r❞ ❡ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛ ♥❛s ❡st✐♠❛t✐✈❛s ❞♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦

q✉❛♥❞♦ ❛♣❡♥❛s ✉♠ ❞♦s s✐♥❛✐s ❞❡ s❡♥s♦r❡s sã♦ ♣❡r❞✐❞♦s✳

• ❆✳✶✿ ❢❡❡❞❢♦r✇❛r❞ ❝♦♠ 70% ♣❛r❛ tr❡✐♥♦ ❡ 30% ♣❛r❛ t❡st❡✳

• ❆✳✷✿ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♠ 70% ♣❛r❛ tr❡✐♥♦ ❡ 30% ♣❛r❛ t❡st❡✳

• ❆✳✸✿ ❢❡❡❞❢♦r✇❛r❞ ❝♦♠ 75% ♣❛r❛ tr❡✐♥♦ ❡ 25% ♣❛r❛ t❡st❡✳

• ❆✳✹✿ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♠ 75% ♣❛r❛ tr❡✐♥♦ ❡ 25% ♣❛r❛ t❡st❡✳

• ❆✳✺✿ ❢❡❡❞❢♦r✇❛r❞ ❝♦♠ 80% ♣❛r❛ tr❡✐♥♦ ❡ 20% ♣❛r❛ t❡st❡✳

• ❆✳✻✿ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♠ 80% ♣❛r❛ tr❡✐♥♦ ❡ 20% ♣❛r❛ t❡st❡✳

✼✼
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❞♦s ❱❛❧♦r❡s ❞❡ ❱❛③ã♦ ✭❘❡❞❡ ✷✮

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

r❡❞❡s ❞♦ t✐♣♦ ❢❡❡❞❢♦r✇❛r❞ ❡ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛ ♥❛s ❡st✐♠❛t✐✈❛s ❞♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦

q✉❛♥❞♦ ❛♣❡♥❛s ✉♠ ❞♦s s✐♥❛✐s ❞❡ s❡♥s♦r❡s sã♦ ♣❡r❞✐❞♦s✳

• ❇✳✶✿ ❢❡❡❞❢♦r✇❛r❞ ❝♦♠ 70% ♣❛r❛ tr❡✐♥♦ ❡ 30% ♣❛r❛ t❡st❡✳

• ❇✳✷✿ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♠ 70% ♣❛r❛ tr❡✐♥♦ ❡ 30% ♣❛r❛ t❡st❡✳

• ❇✳✸✿ ❢❡❡❞❢♦r✇❛r❞ ❝♦♠ 75% ♣❛r❛ tr❡✐♥♦ ❡ 25% ♣❛r❛ t❡st❡✳

• ❇✳✹✿ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♠ 75% ♣❛r❛ tr❡✐♥♦ ❡ 25% ♣❛r❛ t❡st❡✳

• ❇✳✺✿ ❢❡❡❞❢♦r✇❛r❞ ❝♦♠ 80% ♣❛r❛ tr❡✐♥♦ ❡ 20% ♣❛r❛ t❡st❡✳

• ❇✳✻✿ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♠ 80% ♣❛r❛ tr❡✐♥♦ ❡ 20% ♣❛r❛ t❡st❡✳

✽✹
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❊rr♦s ▼é❞✐♦s ❖❜t✐❞♦s ♥❛s ❊st✐♠❛t✐✈❛s

❞♦s ❱❛❧♦r❡s ❞❡ Pr❡ssã♦ ✭❘❡❞❡ ✸✮

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

r❡❞❡ ❞♦ t✐♣♦ ❢❡❡❞❢♦r✇❛r❞ ❡ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛ ♥❛s ❡st✐♠❛t✐✈❛s ❞♦s ✈❛❧♦r❡s ❞❡ ♣r❡ssã♦

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

• ❉✳✶✿ ❢❡❡❞❢♦r✇❛r❞ ❝♦♠ 70% ♣❛r❛ tr❡✐♥♦ ❡ 30% ♣❛r❛ t❡st❡✳

• ❉✳✷✿ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♠ 70% ♣❛r❛ tr❡✐♥♦ ❡ 30% ♣❛r❛ t❡st❡✳

• ❉✳✸✿ ❢❡❡❞❢♦r✇❛r❞ ❝♦♠ 75% ♣❛r❛ tr❡✐♥♦ ❡ 25% ♣❛r❛ t❡st❡✳

• ❉✳✹✿ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♠ 75% ♣❛r❛ tr❡✐♥♦ ❡ 25% ♣❛r❛ t❡st❡✳

• ❉✳✺✿ ❢❡❡❞❢♦r✇❛r❞ ❝♦♠ 80% ♣❛r❛ tr❡✐♥♦ ❡ 20% ♣❛r❛ t❡st❡✳

• ❉✳✻✿ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♠ 80% ♣❛r❛ tr❡✐♥♦ ❡ 20% ♣❛r❛ t❡st❡✳

✾✾
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❞♦s ❱❛❧♦r❡s ❞❡ ❱❛③ã♦ ✭❘❡❞❡ ✹✮

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

r❡❞❡ ❞♦ t✐♣♦ ❢❡❡❞❢♦r✇❛r❞ ❡ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❈❛s❝❛t❛ ♥❛s ❡st✐♠❛t✐✈❛s ❞♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦

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

• ❊✳✶✿ ❢❡❡❞❢♦r✇❛r❞ ❝♦♠ 70% ♣❛r❛ tr❡✐♥♦ ❡ 30% ♣❛r❛ t❡st❡✳

• ❊✳✷✿ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♠ 70% ♣❛r❛ tr❡✐♥♦ ❡ 30% ♣❛r❛ t❡st❡✳

• ❊✳✸✿ ❢❡❡❞❢♦r✇❛r❞ ❝♦♠ 75% ♣❛r❛ tr❡✐♥♦ ❡ 25% ♣❛r❛ t❡st❡✳

• ❊✳✹✿ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♠ 75% ♣❛r❛ tr❡✐♥♦ ❡ 25% ♣❛r❛ t❡st❡✳

• ❊✳✺✿ ❢❡❡❞❢♦r✇❛r❞ ❝♦♠ 80% ♣❛r❛ tr❡✐♥♦ ❡ 20% ♣❛r❛ t❡st❡✳

• ❊✳✻✿ ❢❡❡❞❢♦r✇❛r❞ ❡♠ ❝❛s❝❛t❛ ❝♦♠ 80% ♣❛r❛ tr❡✐♥♦ ❡ 20% ♣❛r❛ t❡st❡✳

✶✵✻
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