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✧◗✉❡ ♥♦s ❛♣r♦♣r✐❡♠♦s ❞❡ss❡ ♠❛r

❝♦♠ ✉♠❛ ♣♦ss❡ r❡❛❧✱ ♣r♦❢✉♥❞❛✱

❛♣❛✐①♦♥❛❞❛ ❡ ❞❡✜♥✐t✐✈❛✳✧

✭❆❧t❡ P❛✉❧♦ ▼♦r❡✐r❛✮
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❆❣r❛❞❡❝✐♠❡♥t♦s

❆ ❉❡✉s ❡ à ♠✐♥❤❛ ❢❛♠í❧✐❛ ♣♦r t✉❞♦✳

➚ ▼❛r✐♥❤❛ ❞♦ ❇r❛s✐❧ ♣❡❧❛ ♦♣♦rt✉♥✐❞❛❞❡✱ ❡♠ ❡s♣❡❝✐❛❧ ❛♦ ❆❧♠✐r❛♥t❡ ❘✉❞✐❝❧❡②

❈❛♥t❛r✐♥✱ ❡♥tã♦ ❈♦♠❛♥❞❛t❡ ❞❛ ❇◆❘❏✱ ♣❡❧♦ ✐♥❝❡♥t✐✈♦✱ ❡ ❛♦ ❉✐r❡t♦r ❞♦ ■❊❆P▼✱

❈▼● ❯❡♥❞❡❧✱ ❡ ❛ ❙✉♣❡r✐♥t❡♥❞❡♥t❡ ❞❡ P❡sq✉✐s❛s✱ ❈❋✭❚✮ ▼❛r❝✐❛ ❍❡❧❡♥❛✱ ♣❡❧❛

❝♦♥✜❛♥ç❛✳

❆♦ ♣r♦❢❡ss♦r ❆❢♦♥s♦ P❛✐✈❛✱ ♣❡❧❛s ♦r✐❡♥t❛çõ❡s ❡ ♣♦r t♦❞♦s ♦s ❡♥s✐♥❛♠❡♥t♦s

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

❝♦❧❛❜♦r❛çã♦✱ ❛ ❡q✉✐♣❡ ❞♦ ▲❛❜♦r❛tór✐♦ ❞❡ ❖❝❡❛♥♦❣r❛✜❛ ❋ís✐❝❛ ✲ ▲❖❋✴❈❖PP❊ ❞❛

❯❋❘❏✳ ❆ q✉❡♠ t❛♠❜é♠ ❛❣r❛❞❡ç♦ t♦❞♦s ♦s s❡✉s ✐♥t❡❣r❛♥t❡s ♣❡❧❛ ❛❥✉❞❛ ❡ ♣❡❧♦

tr❛❜❛❧❤♦ ❞❡s❡♥✈♦❧✈✐❞♦✱ s❡♠ ♦ q✉❛❧ ♥ã♦ s❡r✐❛ ♣♦ssí✈❡❧ ❛ r❡❛❧✐③❛çã♦ ❞❡st❡ ❡st✉❞♦✳

❆♦ ❝♦r♣♦ ❞♦❝❡♥t❡ ❞❛ ❈❖PP❊✴❯❋❘❏✱ ❡♠ ❡s♣❡❝✐❛❧ ❛♦s ♣r♦❢❡ss♦r❡s ▼❛r❝♦s ●❛❧❧♦✱

❙✉s❛♥❛ ❱✐♥③♦♥✱ ❈❧❛✉❞✐♦ ❋r❡✐t❛s✱ ▲✉✐③ ●❛❧❧✐s❛✱ P❛✉❧♦ ❘♦s♠❛♥ ❡ ▼❛✉r♦ ❈✐r❛♥♦✱ ♣❡❧♦

❝♦♥❤❡❝✐♠❡♥t♦ tr❛♥s♠✐t✐❞♦✳

❆♦s ❛♠✐❣♦s ❞♦ ■❊❆P▼ ♣♦r t♦❞♦ ❛♣♦✐♦✳ P❛rt✐❝✉❧❛r♠❡♥t❡ ❛♦s ❈♦♠❛♥❞❛♥t❡s ▼❛r✲

❝♦s ❚♦♥❡❧❧✐ ❡ ❱✐❝t♦r ❉❛❤❡r✱ ♣❡❧❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❡ s✉❜st❛♥❝✐❛❧ ❝♦❧❛❜♦r❛çã♦ ♥❛ ❢❛s❡

✜♥❛❧ ❞❡st❡ tr❛❜❛❧❤♦✳

✈
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❚❤✐❛❣♦ ❙✐❧✈❛ ❇❛r♦♥

❖✉t✉❜r♦✴✷✵✷✸

❖r✐❡♥t❛❞♦r✿ ❆❢♦♥s♦ ❞❡ ▼♦r❛❡s P❛✐✈❛

Pr♦❣r❛♠❛✿ ❊♥❣❡♥❤❛r✐❛ ❖❝❡â♥✐❝❛

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

s✉r❣ê♥❝✐❛ ♥❛ r❡❣✐ã♦ s✉❞❡st❡ ❜r❛s✐❧❡✐r❛✱ ♦♥❞❡ ❢♦✐ ✈❡r✐✜❝❛❞♦ q✉❡ s♦♠❡♥t❡ ❛s ❢♦rç❛♥t❡s

❛t♠♦s❢ér✐❝❛s ♥ã♦ sã♦ s✉✜❝✐❡♥t❡s ♣❛r❛ ❡①♣❧✐❝❛r ❛s ✈❛r✐❛çõ❡s ✐♥t❡r❛♥✉❛✐s ❞❡ ❛✢♦r❛♠❡♥t♦

❞❛ ➪❣✉❛ ❈❡♥tr❛❧ ❞♦ ❆t❧â♥t✐❝♦ ❙✉❧ ✭❆❈❆❙✮✳

❋♦r❛♠ ✉t✐❧✐③❛❞♦s ✶✵ ❛♥♦s ❞❡ r❡s✉❧t❛❞♦s ❞❛ ❜❛s❡ ❤✐❞r♦❞✐♥â♠✐❝❛ ▲❙❊✷✹✱ ✉♠❛ r❡✲

❛♥á❧✐s❡ ♦❝❡â♥✐❝❛ ❞❡s❡♥✈♦❧✈✐❞❛ ♣❡❧❛ ❡q✉✐♣❡ ❞♦ ▲❛❜♦r❛tór✐♦ ❞❡ ❖❝❡❛♥♦❣r❛✜❛ ❋ís✐❝❛ ✲

▲❖❋✴❈❖PP❊ ❞❛ ❯❋❘❏✱ ✉t✐❧✐③❛♥❞♦ s✐♠✉❧❛çõ❡s ❝♦♠ ♦ ♠♦❞❡❧♦ ❍❨❈❖▼✱ ♥♦ ❡s❝♦♣♦

❞❛ ❘❊▼❖ ✲ ❘❡❞❡ ❞❡ ▼♦❞❡❧❛❣❡♠ ❡ ❖❜s❡r✈❛çã♦ ❖❝❡❛♥♦❣rá✜❝❛✳

❆ ❛♥á❧✐s❡ ❞❡ ❋✉♥çõ❡s ❖rt♦❣♦♥❛✐s ❊♠♣ír✐❝❛s ✭❊❖❋✮ ❞❛ ❝✐r❝✉❧❛çã♦ ✐♥❞✐❝❛ q✉❡ ❛ ✈❛✲

r✐❛çã♦ ❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞♦ ✢✉①♦ ❞❛ ❈♦rr❡♥t❡ ❞♦ ❇r❛s✐❧ s♦❜r❡ ❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧

❡①❡r❝❡ ✉♠ ✐♠♣♦rt❛♥t❡ ♣❛♣❡❧ ❝♦♠♦ ❢♦rç❛♥t❡ ❞❛ r❡ss✉r❣ê♥❝✐❛ ♥❛ r❡❣✐ã♦ s✉❞❡st❡ ❝♦♠♦

✉♠ t♦❞♦✳ ❆ q✉❛♥t✐✜❝❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ♥❛ ❝❛♠❛❞❛ s✉♣❡r✜✲

❝✐❛❧✱ ❞❡✈✐❞♦ à ❛çã♦ ❞♦ ✈❡♥t♦✱ ❡ ♥❛ ❝❛♠❛❞❛ ❞❡ ❢✉♥❞♦✱ ❞❡✈✐❞♦ à ✐♥tr✉sã♦ ❞❛ ❝♦rr❡♥t❡

♥❛ ♣❧❛t❛❢♦r♠❛✱ ✐♥❞✐❝❛ q✉❡✱ ♣❛r❛ ❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱ ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧

❞❛ r❡ss✉r❣ê♥❝✐❛ é ♠♦❞✉❧❛❞❛ ♣❡❧❛ ✈❛r✐❛çã♦ ❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❈♦rr❡♥t❡ ❞♦ ❇r❛s✐❧ ♥❛

♣❧❛t❛❢♦r♠❛✳ ◆♦ ❡♥t❛♥t♦✱ ♥❛ r❡❣✐ã♦ ❞♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✱ ❛❧é♠ ❞❡ss❛s ❢♦rç❛♥t❡s✱ ❛

❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❛ ❆❈❆❙ ♥❛ ♣❧❛t❛❢♦r♠❛ ♠♦str❛✲s❡ r❡❧❡✈❛♥t❡ ♥❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡✲

r❛♥✉❛❧ ❞❛ r❡ss✉r❣ê♥❝✐❛✳

✈✐



❆❜str❛❝t ♦❢ ❉✐ss❡rt❛t✐♦♥ ♣r❡s❡♥t❡❞ t♦ ❈❖PP❊✴❯❋❘❏ ❛s ❛ ♣❛rt✐❛❧ ❢✉❧✜❧❧♠❡♥t ♦❢ t❤❡

r❡q✉✐r❡♠❡♥ts ❢♦r t❤❡ ❞❡❣r❡❡ ♦❢ ▼❛st❡r ♦❢ ❙❝✐❡♥❝❡ ✭▼✳❙❝✳✮

❙P❆❚■❆▲ ❆◆❉ ❚❊▼P❖❘❆▲ ❆◆❆▲❨❙■❙ ❖❋ ❯P❲❊▲▲■◆● ❈❊◆❚❊❘❙ ❆◆❉

❚❍❊■❘ ❉❘■❱❊❘❙ ■◆ ❚❍❊ ❇❘❆❩■▲■❆◆ ❙❖❯❚❍❊❆❙❚ ❘❊●■❖◆

❚❤✐❛❣♦ ❙✐❧✈❛ ❇❛r♦♥

❖❝t♦❜❡r✴✷✵✷✸

❆❞✈✐s♦r✿ ❆❢♦♥s♦ ❞❡ ▼♦r❛❡s P❛✐✈❛

❉❡♣❛rt♠❡♥t✿ ❖❝❡❛♥ ❊♥❣✐♥❡❡r✐♥❣

❚❤✐s ✇♦r❦ ❛✐♠s t♦ ✐♥✈❡st✐❣❛t❡ t❤❡ ✐♥t❡r❛♥♥✉❛❧ ✈❛r✐❛❜✐❧✐t② ♦❢ ✉♣✇❡❧❧✐♥❣ ✐♥ t❤❡

❙♦✉t❤❡❛st ❇r❛③✐❧✐❛♥ r❡❣✐♦♥✱ ✇❤❡r❡ ✐t ✇❛s ❢♦✉♥❞ t❤❛t ❛t♠♦s♣❤❡r✐❝ ❞r✐✈❡rs ❛❧♦♥❡ ✐s ♥♦t

s✉✣❝✐❡♥t t♦ ❡①♣❧❛✐♥ t❤❡ ✐♥t❡r❛♥♥✉❛❧ ✈❛r✐❛t✐♦♥s ♦❢ t❤❡ ❙♦✉t❤ ❆t❧❛♥t✐❝ ❈❡♥tr❛❧ ❲❛t❡r

✭❙❆❈❲✮ ✉♣✇❡❧❧✐♥❣✳

❚❡♥ ②❡❛rs ♦❢ r❡s✉❧ts ❢r♦♠ t❤❡ ▲❙❊✷✹ ❤②❞r♦❞②♥❛♠✐❝ ❞❛t❛❜❛s❡ ✇❡r❡ ✉s❡❞✱

❛♥ ♦❝❡❛♥✐❝ r❡❛♥❛❧②s✐s ❞❡✈❡❧♦♣❡❞ ❜② t❤❡ P❤②s✐❝❛❧ ❖❝❡❛♥♦❣r❛♣❤② ▲❛❜♦r❛t♦r② ✲

▲❖❋✴❈❖PP❊ ♦❢ ❯❋❘❏✱ ❡♠♣❧♦②✐♥❣ s✐♠✉❧❛t✐♦♥s ✇✐t❤ t❤❡ ❍❨❈❖▼ ♠♦❞❡❧✱ ✇✐t❤✐♥

t❤❡ s❝♦♣❡ ♦❢ t❤❡ ❘❊▼❖ ✲ ❖❝❡❛♥♦❣r❛♣❤✐❝ ▼♦❞❡❧✐♥❣ ❛♥❞ ❖❜s❡r✈❛t✐♦♥ ◆❡t✇♦r❦✳

❊❖❋ ✭❊♠♣✐r✐❝❛❧ ❖rt❤♦❣♦♥❛❧ ❋✉♥❝t✐♦♥s✮ ❛♥❛❧②s✐s ♦❢ t❤❡ ❝✐r❝✉❧❛t✐♦♥ ✐♥❞✐❝❛t❡s t❤❛t

t❤❡ ✈❛r✐❛t✐♦♥ ✐♥ t❤❡ ✐♥t❡♥s✐t② ♦❢ t❤❡ ❇r❛③✐❧ ❈✉rr❡♥t ✢♦✇ ♦✈❡r t❤❡ ❝♦♥t✐♥❡♥t❛❧ s❤❡❧❢

♣❧❛②s ❛♥ ✐♠♣♦rt❛♥t r♦❧❡ ❛s ❛ ❞r✐✈✐♥❣ ❢❛❝t♦r ♦❢ t❤❡ ✉♣✇❡❧❧✐♥❣ ✐♥ t❤❡ ❙♦✉t❤❡❛st r❡❣✐♦♥

❛s ❛ ✇❤♦❧❡✳ ◗✉❛♥t✐✜❝❛t✐♦♥ ❛♥❞ ❛♥❛❧②s✐s ♦❢ ❊❦♠❛♥ tr❛♥s♣♦rt ✐♥ t❤❡ s✉r❢❛❝❡ ❧❛②❡r✱ ❞✉❡

t♦ ✇✐♥❞ ❞r✐✈❡✱ ❛♥❞ ✐♥ t❤❡ ❜♦tt♦♠ ❧❛②❡r✱ ❞✉❡ t♦ ❝✉rr❡♥t ✐♥tr✉s✐♦♥ ♦♥ t❤❡ s❤❡❧❢✱ s❤♦✇

t❤❛t✱ ❢♦r t❤❡ ❈❛❜♦ ❋r✐♦ r❡❣✐♦♥✱ t❤❡ ✐♥t❡r❛♥♥✉❛❧ ✈❛r✐❛❜✐❧✐t② ♦❢ ✉♣✇❡❧❧✐♥❣ ✐s ♠♦❞✉❧❛t❡❞

❜② t❤❡ ✈❛r✐❛t✐♦♥ ✐♥ t❤❡ ✐♥t❡♥s✐t② ♦❢ t❤❡ ❇r❛③✐❧ ❈✉rr❡♥t ♦♥ t❤❡ s❤❡❧❢✳ ❍♦✇❡✈❡r✱ ✐♥ t❤❡

❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é r❡❣✐♦♥✱ ✐♥ ❛❞❞✐t✐♦♥ t♦ t❤❡s❡ ❞r✐✈✐♥❣ ❢❛❝t♦rs✱ t❤❡ ❛✈❛✐❧❛❜✐❧✐t② ♦❢

t❤❡ ❙♦✉t❤ ❆t❧❛♥t✐❝ ❈❡♥tr❛❧ ❲❛t❡r ✭❙❆❈❲✮ ♦♥ t❤❡ s❤❡❧❢ s❤♦✇s t♦ ❜❡ r❡❧❡✈❛♥t t♦ t❤❡

✐♥t❡r❛♥♥✉❛❧ ✈❛r✐❛❜✐❧✐t② ♦❢ ✉♣✇❡❧❧✐♥❣✳

✈✐✐



❙✉♠ár✐♦

▲✐st❛ ❞❡ ❋✐❣✉r❛s ✐①

✶ ■♥tr♦❞✉çã♦ ✶

✷ ▼❡t♦❞♦❧♦❣✐❛ ✻

✷✳✶ ❘❡❛♥á❧✐s❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻

✷✳✷ ■❞❡♥t✐✜❝❛çã♦ ❞♦s ♣r✐♥❝✐♣❛✐s ♠♦❞♦s ❞❡ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽

✷✳✸ ❊st✐♠❛t✐✈❛ ❞♦ tr❛♥s♣♦rt❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾

✷✳✸✳✶ ❋♦rç❛♥t❡s ❆t♠♦s❢ér✐❝❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵

✷✳✸✳✷ ❋♦rç❛♥t❡ ❖❝❡❛♥♦❣rá✜❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶

✸ ❘❡s✉❧t❛❞♦s ❡ ❉✐s❝✉ssõ❡s ✶✺

✸✳✶ ❱❛r✐❛❜✐❧✐❞❛❞❡ ❞❛ ❚❙▼ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺

✸✳✷ ❆♥á❧✐s❡ ❊s♣❛❝✐❛❧ ❡ ❚❡♠♣♦r❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾

✸✳✷✳✶ ❚❙▼ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾

✸✳✷✳✷ ❋♦rç❛♥t❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✸✳✷✳✸ ❉✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❛ ❆❈❆❙ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✼

✸✳✸ ❚r❛♥s♣♦rt❡ ❞❡ ✈♦❧✉♠❡ ♥❛ ❝❛♠❛❞❛ s✉♣❡r✜❝✐❛❧ ❡ ❞❡ ❢✉♥❞♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✾

✸✳✸✳✶ ❈❛❜♦ ❋r✐♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✾

✸✳✸✳✷ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽

✸✳✸✳✸ ❊s♣ír✐t♦ ❙❛♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✸

✹ ❈♦♥❝❧✉sõ❡s ✻✾

❘❡❢❡rê♥❝✐❛s ✼✷

✈✐✐✐



▲✐st❛ ❞❡ ❋✐❣✉r❛s

✶✳✶ ❙ér✐❡ t❡♠♣♦r❛❧ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❛ s✉♣❡r❢í❝✐❡ ❞♦ ♠❛r ❝♦❧❡t❛❞❛ ❡♠ ❆r✲

r❛✐❛❧ ❞♦ ❈❛❜♦✱ ❡①tr❛í❞♦ ❞❡ ❈❆▲■▲ ❊▲■❆❙ ✭✷✵✵✾✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹

✷✳✶ ❉♦♠í♥✐♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ❞❛s s✐♠✉❧❛çõ❡s ❆❚▲✶✷ ❡ ▲❙❊✷✹ ✭❛ss✐♥❛❧❛❞♦

♣❡❧♦ r❡tâ♥❣✉❧♦ ✈❡r♠❡❧❤♦✮✱ ❡①tr❛í❞♦ ❞❡ P❆■❱❆ ❡t ❛❧✳ ✭✷✵✶✾✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼

✷✳✷ ▲♦❝❛❧✐③❛çã♦ ❞❛s s❡çõ❡s ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛ ❛♥á❧✐s❡ ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦✲

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

♦♥❞❡ ❢♦r❛♠ r❡t✐r❛❞❛s ❛s sér✐❡s ❞❛ t❡♥sã♦ ❞♦ ✈❡♥t♦✳ ❆ ❡s❝❛❧❛ ❞❡ ❝♦r❡s

r❡♣r❡s❡♥t❛ ❛ ❜❛t✐♠❡tr✐❛ ✉t✐❧✐③❛❞❛ ♥♦ ♠♦❞❡❧♦✳ ❊stã♦ ❛ss✐♥❛❧❛❞❛s ❛s

✐só❜❛t❛s ❞❡ ✺✵✱ ✶✵✵ ❡ ✶✺✵ ♠❡tr♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵

✷✳✸ P❡r✜s ✐♥st❛♥tâ♥❡♦s ❞❡ t❡♠♣❡r❛t✉❞❛ ❞❛s s❡çõ❡s ❞❡ ❈❛❜♦ ❋r✐♦✱ ❈❛❜♦ ❞❡

❙ã♦ ❚♦♠é ❡ ❊s♣ír✐t♦ ❙❛♥t♦ ✭❋✐❣✉r❛ ✷✳✷✮ ❛ss✐♥❛❧❛♥❞♦ ✭❡str❡❧❛s ❜r❛♥❝❛s✮

♦s ♣♦♥t♦s ♦♥❞❡ s❡rã♦ r❡t✐r❛❞❛s ❛s sér✐❡s t❡♠♣♦r❛✐s ❞♦ tr❛♥s♣♦rt❡ ♥❛
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✷✳✹ ❍♦✈♠♦❧❧❡r ❞❛ ❞❡♥s✐❞❛❞❡ σt ❛♦ ❧♦♥❣♦ ❞❛ ❝♦❧✉♥❛ ❞✬á❣✉❛ à ✷✵ ❦♠ ❞❛
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✷✳✺ ❍♦✈♠♦❧❧❡r ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❇r✉♥t✲❱ä✐sä❧ä ❛♦ ❧♦♥❣♦ ❞❛ ❝♦❧✉♥❛ ❞✬á❣✉❛
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✷✳✻ ❈❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦ ✭❧✐♥❤❛ ✈❡r❞❡✮✳ ❙ã♦ ❛ss✐♥❛❧❛❞❛s ❛s ✈❡❧♦❝✐❞❛❞❡s

❝r♦ss✲s❤♦r❡ ✭s❡t❛s ♣r❡t❛s✮ ❡ ❛❧♦♥❣s❤♦r❡ ✭✐s♦❧✐♥❤❛s ❜r❛♥❝❛s ❡ ❡s❝❛❧❛ ❞❡
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❣ê♥❝✐❛✳ ❖s r❡tâ♥❣✉❧♦s ✈❡r♠❡❧❤♦s ❛ss✐♥❛❧❛♠ ❛s r❡❣✐õ❡s ♦♥❞❡ ❢♦r❛♠ r❡✲

t✐r❛❞❛s ❛s t❡♠♣❡r❛t✉r❛s s✉♣❡r✜❝✐❛✐s ♠í♥✐♠❛s ♣❛r❛ ❛♥á❧✐s❡✳ ❊♠ ♣r❡t♦✱
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t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ✭♣❛✐♥❡❧ ✐♥❢❡r✐♦r✮✳ ❊♠ ♣r❡t♦✱ ❡stã♦
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❞❛ ❚❙▼ ✭P❈✷✮ ❡ ❛s t❡♠♣❡r❛t✉r❛s s✉♣❡r✜❝✐❛✐s ♠í♥✐♠❛s ❞♦s ❝❡♥tr♦s ❞❡

r❡ss✉r❣ê♥❝✐❛✳ ❆s sér✐❡s ❢♦r❛♠ ♥♦r♠❛❧✐③❛❞❛s ♣❡❧♦ ❞❡s✈✐♦✲♣❛❞rã♦✳ ❆

sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❊❖❋✷ ❢♦✐ ♠✉❧t✐♣❧✐❝❛❞❛ ♣♦r ✲✶✳ ❙ã♦ ❛♣r❡s❡♥t❛❞❛s ❛s
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♦ ❡✐①♦ ◆❊✲❙❲ ❞❛ t❡♥sã♦ ❞♦ ✈❡♥t♦ ✭♣❛✐♥❡❧ s✉♣❡r✐♦r✮ ❡ ❛ sér✐❡ t❡♠♣♦r❛❧

❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ✭♣❛✐♥❡❧ ✐♥❢❡r✐♦r✮✱ ♦♥❞❡ ♦s ✈❛❧♦r❡s ♣♦s✐t✐✈♦s

r❡❢❡r❡♠✲s❡ ❛♦s ✈❡♥t♦s ❞❡ ◆❊✱ ❢❛✈♦rá✈❡✐s à r❡ss✉r❣ê♥❝✐❛✱ ❡ ♦s ✈❛❧♦r❡s

♥❡❣❛t✐✈♦s ❛♦s ✈❡♥t♦s ❞❡ ❙❲✱ ❞❡s❢❛✈♦rá✈❡✐s à r❡ss✉r❣ê♥❝✐❛✳ ❊♠ ♣r❡t♦✱
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❞♦ ✈❡♥t♦ ✭♣❛✐♥❡❧ s✉♣❡r✐♦r✮ ❡ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧
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s✉♣❡r✐♦r✮ ❡ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ✭♣❛✐♥❡❧ ✐♥❢❡r✐♦r✮✳
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♦ ❡✐①♦ ◆❊✲❙❲ ✭✈❡r♠❡❧❤♦✮ ❡ ❞♦ r♦t❛❝✐♦♥❛❧ ❞♦ ❝❛♠♣♦ ❞❡ t❡♥sã♦ ❞♦

✈❡♥t♦ ✭✈❡r❞❡✮✳ ❆s sér✐❡s ❢♦r❛♠ ♥♦r♠❛❧✐③❛❞❛s ♣❡❧♦ ❞❡s✈✐♦✲♣❛❞rã♦ ❡

♠✉❧t✐♣❧✐❝❛❞❛s ♣♦r ✲✶✳ ❙ã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦rr❡❧❛çõ❡s ❝r✉③❛❞❛s ❡ ♦s

❧❛❣s ♦❜t✐❞♦s ❡♥tr❡ ❡❧❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻

✸✳✶✸ ❙ér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ❞❛ ❊❖❋✷ ❞❛ ❚❙▼ ✭P❈✷✮ ❡

❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❡♥tr❡ ❛s ❢♦rç❛♥t❡s✳ ❆s sér✐❡s

❢♦r❛♠ ♥♦r♠❛❧✐③❛❞❛s ♣❡❧♦ ❞❡s✈✐♦✲♣❛❞rã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻

①



✸✳✶✹ ❈❛♠♣♦ ♠é❞✐♦ ✭❛♦ ❧♦♥❣♦ ❞❡ ✶✵ ❛♥♦s✮ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦ ♥❛

♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧✳ ❊♠ ♣r❡t♦✱ ❡stã♦ ♠❛r❝❛❞❛s ❛s ✐só❜❛t❛s ❞❡ ✺✵

❡ ✶✺✵ ♠✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✽

✸✳✶✺ Pr✐♠❡✐r♦ ♠♦❞♦ ❞♦ ♣❛❞rã♦ ❡s♣❛❝✐❛❧ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦ ✭♣❛✐♥❡❧

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

❊♠ ♣r❡t♦✱ ❡stã♦ ♠❛r❝❛❞❛s ❛s ✐só❜❛t❛s ❞❡ ✺✵ ❡ ✶✺✵ ♠✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✽

✸✳✶✻ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡

t❡♠♣♦r❛❧ ❞❛ ❚❙▼ ♥❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❋✐❣✉r❛ ✸✳✶✮✱ ♥♦r♠❛❧✐③❛❞♦

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

❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆

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

♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦

❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❝✮ ❱❛r✐â♥❝✐❛ ♠é❞✐❛ ♥❛s ❡s❝❛❧❛s ❞❡ ✸✵✵ ❛ ✹✵✵ ❞✐❛s✳

❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛

❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶

✸✳✶✼ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡

t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ♥❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❋✐❣✉r❛ ✷✳✷✮✱

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

q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛

❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r

❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳

❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛

r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✸

✸✳✶✽ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡

t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ ❛♦ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥ ♥❛ s❡çã♦

❞❡ ❈❛❜♦ ❋r✐♦ ✭❋✐❣✉r❛ ✷✳✷✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛ ❡♥❡r❣✐❛ ❛✉✲

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

♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s

s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥✲

❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮

❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛

❞❡ ✾✺✪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹

①✐



✸✳✶✾ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡

t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ❞❡ ❢✉♥❞♦✱ ✐♥❞✉③✐❞♦ ♣❡❧❛ ❝♦rr❡♥t❡✱

♥❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❋✐❣✉r❛ ✷✳✸✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛

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

✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛

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

✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡

❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡

❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✺

✸✳✷✵ ❙ér✐❡s t❡♠♣♦r❛✐s ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ✭❛③✉❧✮✱ ❞♦ ❜♦♠❜❡❛♠❡♥t♦

❞❡ ❊❦♠❛♥ ✐♥t❡❣r❛❞♦ ❡♠ ✷✵✵ ❦♠ ✭✈❡r♠❡❧❤♦✮ ❛♦ ❧♦♥❣♦ ❞❛ s❡çã♦ ❡ ❞♦

tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ♥❛ ❝❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦ ✭♣r❡t♦✮✳ ❆s ❧✐♥❤❛s

✜♥❛s r❡♣r❡s❡♥t❛♠ ❛ ♠é❞✐❛ ♠ó✈❡❧ ❞❡ ✼ ❞✐❛s ❡ ❛s ❧✐♥❤❛s ❣r♦ss❛s ❛ ♠é❞✐❛

♠ó✈❡❧ ❞❡ ✸✵ ❞✐❛s✳ ❆ ❧✐♥❤❛ ✈❡r❞❡ ❛ss✐♥❛❧❛ ♦ tr❛♥s♣♦rt❡ t♦t❛❧✳ ❆s s❡t❛s

r♦①❛s r❡♣r❡s❡♥t❛♠ ♦s ♣❡rí♦❞♦s q✉❡ s❡rã♦ ❛♥❛❧✐s❛❞♦s ♥❛s ❋✐❣✉r❛s ✸✳✷✷

à ✸✳✷✼✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✸✳✷✶ ❙ér✐❡✱ ♥❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱ ❞❛ ✈❛r✐❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ✭❧✐♥❤❛✮ ❝♦♠

♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ à ❝♦rr❡♥t❡ ✭♣❛✐♥❡❧ s✉♣❡r✐♦r✮ ❡ ❝♦♠ ♦ tr❛♥s♣♦rt❡ ❞❡

❊❦♠❛♥ ✭♣❛✐♥❡❧ ✐♥❢❡r✐♦r✮✱ r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛s ❜♦❧❛s✱ ❛❧é♠ ❞❛ ❛♠♣❧✐❛çã♦

❞♦s ❡✈❡♥t♦s ❛ss✐♥❛❧❛❞♦s ♣❡❧❛s s❡t❛s r♦①❛s ♥❛ ❋✐❣✉r❛ ✸✳✷✵✳ ❆ ❡s❝❛❧❛ ❞❡

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

sã♦ ❢❛✈♦rá✈❡✐s à r❡ss✉r❣ê♥❝✐❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✼

✸✳✷✷ ❖s ❝❛♠♣♦s ❛✳✶ ❛té ❛✳✹ ♠♦str❛♠ ❛ ✈❛r✐❛çã♦ t❡♠♣♦r❛❧ ❞❛ t❡♠♣❡r❛t✉r❛

✭❡s❝❛❧❛ ❞❡ ❝♦r❡s✮✱ ❞❛ ❝♦rr❡♥t❡ ❛❧♦♥❣✲s❤♦r❡ ✭✐s♦❧✐♥❤❛s ❜r❛♥❝❛s✮ ❡ ❞❛

❝♦rr❡♥t❡ ❝r♦ss✲s❤♦r❡ ✭s❡t❛s ♣r❡t❛s✮ ❛♦ ❧♦♥❣♦ ❞❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦

✭r❡♣r❡s❡♥t❛❞❛ ♥❛s ❋✐❣✉r❛s ❜✱ ❝ ❡ ❞✮✳ ❆s ❋✐❣✉r❛s ❜✳✶ ❛té ❜✳✹ ❛♣r❡s❡♥t❛♠

♦s ❝❛♠♣♦s ❞❡ t❡♥sã♦ ❞♦ ✈❡♥t♦✱ ♦♥❞❡ t❛♠❜é♠ ❡stã♦ r❡♣r❡s❡♥t❛❞❛s ❛s

✐só❜❛t❛s ❞❡ ✺✵ ❡ ✶✺✵ ♠ ❡ ❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦✳ ■❞❡♠ ♣❛r❛ ❛s ❋✐❣✉r❛s

❝✳✶ ❛té ❝✳✹ ❡ ❞✳✶ ❛té ❞✳✹✱ q✉❡ ♠♦str❛♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♦s ❝❛♠♣♦s

❞❡ ❝♦rr❡♥t❡ s✉♣❡r✜❝✐❛❧ ❡ ❞❡ ❚❙▼✳ ❖ ♣❡rí♦❞♦ ❛♥❛❧✐s❛❞♦ ❡♥❝♦♥tr❛✲s❡

❞❡st❛❝❛❞♦ ♥❛s ❋✐❣✉r❛s ✸✳✷✵ ❡ ✸✳✷✶✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✾

✸✳✷✸ ❈♦♥t✐♥✉❛çã♦ ❞❛ ❋✐❣✉r❛ ✸✳✷✷✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✵

✸✳✷✹ ■❞❡♠ ❋✐❣✉r❛ ✸✳✷✷ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✶✹✴✵✽✴✷✵✶✷ ❛ ✶✼✴✵✽✴✷✵✶✷✳ ✳ ✳ ✳ ✳ ✹✷

✸✳✷✺ ❈♦♥t✐♥✉❛çã♦ ❞❛ ❋✐❣✉r❛ ✸✳✷✺✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✸

✸✳✷✻ ■❞❡♠ ❋✐❣✉r❛ ✸✳✷✷ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✷✸✴✶✵✴✷✵✶✹ ❛ ✷✻✴✶✵✴✷✵✶✹✳ ✳ ✳ ✳ ✳ ✹✺

✸✳✷✼ ❈♦♥t✐♥✉❛çã♦ ❞❛ ❋✐❣✉r❛ ✸✳✷✼✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻

✸✳✷✽ ❉❛❞♦s ♦❜s❡r✈❛❝✐♦♥❛✐s ❞❡ ❛♥♦♠❛❧✐❛ ❞❛ ❚❙▼ ❞♦ ▼✉❧t✐s❝❛❧❡ ❯❧tr❛❤✐❣❤

❘❡s♦❧✉t✐♦♥ ✭▼❯❘✮ ♣❛r❛ ♦s ❞✐❛s ✶✸✴✵✷✴✷✵✶✹ ✭❡sq✉❡r❞❛✮ ❡ ✵✼✴✶✶✴✷✵✵✾

✭❞✐r❡✐t❛✮✱ ❡①tr❛í❞♦ ❞❡ ❤tt♣s✿✴✴s♦t♦✳♣♦❞❛❛❝✳❡❛rt❤❞❛t❛❝❧♦✉❞✳♥❛s❛✳❣♦✈✳ ✳ ✳ ✹✽

①✐✐



✸✳✷✾ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sé✲

r✐❡ t❡♠♣♦r❛❧ ❞❛ ❚❙▼ ♥❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ✭❋✐❣✉r❛ ✸✳✶✮✱

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

q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛

❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r

❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳

❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❝✮ ❱❛r✐â♥❝✐❛ ♠é❞✐❛ ♥❛s ❡s❝❛❧❛s ❞❡ ✸✵✵

❛ ✹✵✵ ❞✐❛s✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧

❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵

✸✳✸✵ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡

t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ♥❛ s❡çã♦ ❞♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é

✭❋✐❣✉r❛ ✷✳✷✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛ ❡♥❡r❣✐❛ ❛✉♠❡♥t❛ ❞❛s ❝♦r❡s

❢r✐❛s ♣❛r❛ ❛s q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪

❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡

❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡

❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛

tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳ ✺✶

✸✳✸✶ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡

t❡♠♣♦r❛❧ ❞♦ tr❛♥♣♦rt❡ ❞❡✈✐❞♦ ❛♦ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥ ♥❛ s❡çã♦

❞♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ✭❋✐❣✉r❛ ✷✳✷✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛

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

✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛

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

✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡

❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡

❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷

✸✳✸✷ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡

t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ❞❡ ❢✉♥❞♦✱ ✐♥❞✉③✐❞♦ ♣❡❧❛ ❝♦rr❡♥t❡✱

♥❛ s❡çã♦ ❞♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ✭❋✐❣✉r❛ ✷✳✸✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥✲

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

♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦

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

✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧

❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧

❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✸

✸✳✸✸ ❘❡❣✐ã♦ ✭r❡tâ♥❣✉❧♦ ✈❡r♠❡❧❤♦✮ ♦♥❞❡ ❢♦✐ r❡t✐r❛❞❛ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛

t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❞❡ ❢✉♥❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹
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✸✳✸✹ ❙ér✐❡ ❞❛ ✈❛r✐❛çã♦ ❞❛ ❚❙▼ ❝♦♠ ♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ à ❝♦rr❡♥t❡ ✭♣❛✐✲

♥❡❧ s✉♣❡r✐♦r✮ ❡ ❝♦♠ ♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ✭♣❛✐♥❡❧ ✐♥❢❡r✐♦r✮✱ ❛❧é♠

❞❛ ❛♠♣❧✐❛çã♦ ❞❡ três ❝❡♥ár✐♦s ❞✐st✐♥t♦s✳ ❆ ❡s❝❛❧❛ ❞❡ ❝♦r❡s ✐♥❞✐❝❛♠

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

❡✈❡♥t♦s ❢❛✈♦rá✈❡✐s à r❡ss✉r❣ê♥❝✐❛✳ ❆ ❧✐♥❤❛ ❛③✉❧ r❡♣r❡s❡♥t❛ ❛ t❡♠♣❡r❛✲

t✉r❛ ❞❡ ❢✉♥❞♦ ♥❛ r❡❣✐ã♦ ❛ss✐♥❛❧❛❞❛ ♥❛ ❋✐❣✉r❛ ✸✳✸✸✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺

✸✳✸✺ ❖s ❝❛♠♣♦s ❛✳✶ ❛té ❛✳✹ ♠♦str❛♠ ❛ ✈❛r✐❛çã♦ ❛ ❝❛❞❛ três ❞✐❛s ❞❛ t❡♠♣❡✲

r❛t✉r❛ ✭❡s❝❛❧❛ ❞❡ ❝♦r❡s✮✱ ❞❛ ❝♦rr❡♥t❡ ❛❧♦♥❣✲s❤♦r❡ ✭✐s♦❧✐♥❤❛s ❜r❛♥❝❛s✮

❡ ❞❛ ❝♦rr❡♥t❡ ❝r♦ss✲s❤♦r❡ ✭s❡t❛s ♣r❡t❛s✮ ❛♦ ❧♦♥❣♦ ❞❛ s❡çã♦ ❞♦ ❈❛❜♦

❞❡ ❙ã♦ ❚♦♠é ✭r❡♣r❡s❡♥t❛❞❛ ♥❛s ❋✐❣✉r❛s ❜✱ ❝ ❡ ❞✮✳ ❆s ❋✐❣✉r❛s ❜✳✶ ❛té

❜✳✹ ❛♣r❡s❡♥t❛♠ ♦s ❝❛♠♣♦s ❞❡ t❡♥sã♦ ❞♦ ✈❡♥t♦✱ ♦♥❞❡ t❛♠❜é♠ ❡stã♦

r❡♣r❡s❡♥t❛❞❛s ❛s ✐só❜❛t❛s ❞❡ ✺✵ ❡ ✶✺✵ ♠ ❡ ❛ s❡çã♦ ❞♦ ❈❛❜♦ ❞❡ ❙ã♦

❚♦♠é✳ ■❞❡♠ ♣❛r❛ ❛s ❋✐❣✉r❛s ❝✳✶ ❛té ❝✳✹ ❡ ❞✳✶ ❛té ❞✳✹✱ q✉❡ ♠♦str❛♠✱

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

❞❡ ❢✉♥❞♦✳ ❖ ♣❡rí♦❞♦ ❛♥❛❧✐s❛❞♦ ❡♥❝♦♥tr❛✲s❡ ❞❡st❛❝❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✸✹✳ ✺✻

✸✳✸✻ ■❞❡♠ ❋✐❣✉r❛ ✸✳✸✺ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✵✽✴✵✷✴✷✵✶✶ ❛ ✶✼✴✵✷✴✷✵✶✶✳ ✳ ✳ ✳ ✳ ✺✼

✸✳✸✼ ■❞❡♠ ❋✐❣✉r❛ ✸✳✸✺ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✵✻✴✵✽✴✷✵✶✷ ❛ ✶✺✴✵✽✴✷✵✶✷✳ ✳ ✳ ✳ ✳ ✺✾

✸✳✸✽ ■❞❡♠ ❋✐❣✉r❛ ✸✳✸✺ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✶✽✴✵✽✴✷✵✶✷ ❛ ✷✼✴✵✽✴✷✵✶✷✳ ✳ ✳ ✳ ✳ ✻✵

✸✳✸✾ ■❞❡♠ ❋✐❣✉r❛ ✸✳✸✺ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✵✻✴✵✷✴✷✵✶✸ ❛ ✶✺✴✵✷✴✷✵✶✸✳ ✳ ✳ ✳ ✳ ✻✶

✸✳✹✵ ■❞❡♠ ❋✐❣✉r❛ ✸✳✸✺ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✶✽✴✵✷✴✷✵✶✸ ❛ ✷✼✴✵✷✴✷✵✶✸✳ ✳ ✳ ✳ ✳ ✻✷

✸✳✹✶ ❈❛♠♣♦s ♠é❞✐♦s ❞❛ ❝♦rr❡♥t❡✱ ❞❛ ❚❙▼ ❡ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦ ♥♦

♣❡rí♦❞♦ ❞❡ ♠❛rç♦ ❞❡ ✷✵✶✷✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✸

✸✳✹✷ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡

t❡♠♣♦r❛❧ ❞❛ ❚❙▼ ♥❛ r❡❣✐ã♦ ❞♦ ❊s♣ír✐t♦ ❙❛♥t♦ ✭❋✐❣✉r❛ ✸✳✶✮✱ ♥♦r♠❛❧✐✲

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

❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tís✲

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

♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s✲

♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❝✮ ❱❛r✐â♥❝✐❛ ♠é❞✐❛ ♥❛s ❡s❝❛❧❛s ❞❡ ✸✵✵ ❛ ✹✵✵

❞✐❛s✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡

❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✺

✸✳✹✸ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡

t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ♥❛ s❡çã♦ ❞♦ ❊s♣ír✐t♦ ❙❛♥t♦ ✭❋✐❣✉r❛

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

♣❛r❛ ❛s q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡

❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡

❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡

❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛

tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳ ✻✻
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✸✳✹✹ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡

t❡♠♣♦r❛❧ ❞♦ tr❛♥♣♦rt❡ ❞❡✈✐❞♦ ❛♦ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥ ♥❛ s❡çã♦

❞♦ ❊s♣ír✐t♦ ❙❛♥t♦ ✭❋✐❣✉r❛ ✷✳✷✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛ ❡♥❡r❣✐❛

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

♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡

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

sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳

❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛

❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✼

✸✳✹✺ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡

t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ❞❡ ❢✉♥❞♦✱ ✐♥❞✉③✐❞♦ ♣❡❧❛ ❝♦rr❡♥t❡✱

♥❛ s❡çã♦ ❞♦ ❊s♣ír✐t♦ ❙❛♥t♦ ✭❋✐❣✉r❛ ✷✳✸✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛

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

✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛

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

✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡

❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡

❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✽
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❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

❆ r❡ss✉r❣ê♥❝✐❛ é ❝❛r❛❝t❡r✐③❛❞❛ ❝♦♠♦ ♦ ♠♦✈✐♠❡♥t♦ ❛s❝❡♥❞❡♥t❡ ❝♦♠ ❞✉r❛çã♦ ❡

❡①t❡♥sã♦ ♠í♥✐♠❛s ♥❡❝❡ssár✐❛s ♣❛r❛ q✉❡ ❛ ♠❛ss❛ ❞✬á❣✉❛ ♠❛✐s ♣r♦❢✉♥❞❛ s❡❥❛ tr❛③✐❞❛

♣❛r❛ ❛ ❝❛♠❛❞❛ s✉♣❡r✜❝✐❛❧ ✭❙▼■❚❍✱ ✶✾✻✽✮✳ ❊❧❛ ♣♦❞❡ s❡r ❝❧❛ss✐✜❝❛❞❛ ❡♠ três t✐♣♦s✱

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

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

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

✈❡♥t♦s ❛❧ís✐♦s ✭❍■❉❆❑❆✱ ✶✾✼✷❀ ❙▼■❚❍✱ ✶✾✻✽✮✳ ❯♠❛ ✈❡③ q✉❡ ❛s á❣✉❛s ❞❛s ❝❛♠❛❞❛s

♠❛✐s ♣r♦❢✉♥❞❛s sã♦ r✐❝❛s ❡♠ ♥✉tr✐❡♥t❡s✱ ♦ s❡✉ tr❛♥s♣♦rt❡ ❡♠ ❞✐r❡çã♦ à s✉♣❡r❢í❝✐❡

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

❛♦ r❡❞♦r ❞♦ ♠✉♥❞♦ s❡ ❡♥❝♦♥tr❛♠ ❡♠ r❡❣✐õ❡s ❞❡ r❡ss✉r❣ê♥❝✐❛ ✭❇❖❲❉❊◆✱ ✶✾✽✸✮✳ ❆s

❜♦r❞❛s ❧❡st❡s ❞♦s ♦❝❡❛♥♦s sã♦ ❛s ♣r✐♥❝✐♣❛✐s r❡❣✐õ❡s ♦♥❞❡ ♦❝♦rr❡♠ ❛s r❡ss✉r❣ê♥❝✐❛s

❝♦st❡✐r❛s✱ ❝♦♠♦ é ❝❛s♦ ❞❡ ár❡❛s ❧♦❝❛❧✐③❛❞❛s ♥❛ ❈♦rr❡♥t❡ ❞❛s ❈❛♥ár✐❛s✱ ❞❡ ❇❡♥❣✉❡❧❛✱

❞❛ ❈❛❧✐❢ór♥✐❛ ❡ ❞♦ P❡r✉ ✭❇❖❲❉❊◆✱ ✶✾✽✸❀ ❙▼■❚❍✱ ✶✾✻✽✮✳

❊♥tr❡t❛♥t♦✱ ❡ss❡ ❢❡♥ô♠❡♥♦ t❛♠❜é♠ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛s ❜♦r❞❛s ♦❡st❡s ❞♦s

♦❝❡❛♥♦s✱ ❝♦♠♦ ❛❝♦♥t❡♥❝❡ ♥♦ ❧✐t♦r❛❧ ❜r❛s✐❧❡✐r♦✱ q✉❡ ♣♦ss✉✐ três r❡❣✐õ❡s tí♣✐❝❛s ❞❡

✐♥❝✐❞ê♥❝✐❛✱ ❛ s❛❜❡r✿ ♦ s✉❧ ❞❛ ❇❛❤✐❛✱ ♦ ❈❛❜♦ ❞❡ ❙❛♥t❛ ▼❛rt❛ ❡ ❛ r❡❣✐ã♦ ❙✉❞❡st❡

✭❑➘▼P❋ ❡ ❈❍❆P▼❆◆✱ ✷✵✶✻✮✳ ◆❡st❛ ú❧t✐♠❛✱ s❡ ❞❡st❛❝❛♠ ♦s ❝❡♥tr♦s ❞❡ r❡ss✉r❣ê♥❝✐❛

❧♦❝❛❧✐③❛❞♦s ❛♦ ❧♦♥❣♦ ❞♦ ❊s♣ír✐t♦ ❙❛♥t♦✱ ♥♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ❡ ♥♦ ❈❛❜♦ ❋r✐♦✱ q✉❡

✐♥❝❧✉s✐✈❡✱ é ❝♦♥❤❡❝✐❞♦ ❞❡ ❧♦♥❣❛ ❞❛t❛ ♣♦r ❡st❡ ❢❡♥ô♠❡♥♦✱ ♦♥❞❡ ♦ ♣ró♣r✐♦ ♥♦♠❡ ❈❛❜♦

❋r✐♦✱ ❡♥❝♦♥tr❛❞♦ ♥❛s ❝❛rt❛s ♥á✉t✐❝❛s ❞♦ sé❝✉❧♦ ❳❱■✱ ❢♦✐ ❡s❝♦❧❤✐❞♦ ♣❡❧❛ ♣r❡s❡♥ç❛ ❞❡

á❣✉❛s ❞❡ ❜❛✐①❛s t❡♠♣❡r❛t✉r❛s ♥❛s s✉❛s ♣r♦①✐♠✐❞❛❞❡s ✭❉❊ ❈❆❙❚❘❖ ❡t ❛❧✳✱ ✷✵✵✻✮✳

❆ r❡ss✉r❣ê♥❝✐❛ ❞❡ ❈❛❜♦ ❋r✐♦ ❞❡s♣❡rt♦✉ ♦ ✐♥t❡r❡ss❡ ❞❡ ✈ár✐♦s ♣❡sq✉✐s❛❞♦r❡s✱ ❝♦♠♦

❆▲▲❆❘❉ ✭✶✾✺✺✮✱ ❊▼❮▲❙❙❖◆ ✭✶✾✻✶✮✱ ■❑❊❉❆ ❡t ❛❧✳ ✭✶✾✼✹✮✱ ❡♥tr❡ ♦✉tr♦s✱ q✉❡ ❛tr✐✲

❜✉ír❛♠ ❛ ♣r❡❞♦♠✐♥â♥❝✐❛ ❞❡ ✈❡♥t♦s ❞❡ ◆♦r❞❡st❡ ❝♦♠♦ s❡♥❞♦ ❛ s✉❛ ♣r✐♥❝✐♣❛❧ ❢♦rç❛♥t❡✳

◆❡ss❡ ❝❛s♦✱ ❛ t❡♥sã♦ ❞❡ ❝✐s❛❧❤❛♠❡♥t♦ ❞♦ ✈❡♥t♦ é r❡s♣♦♥sá✈❡❧ ♣♦r ❝r✐❛r ✉♠❛ ❞✐✈❡r❣ê♥✲

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

✐♠♣õ❡ ✉♠ ✢✉①♦ ✈❡rt✐❝❛❧ ❛s❝❡♥❞❡♥t❡ ❞❛s á❣✉❛s ♠❛✐s ♣r♦❢✉♥❞❛s✳ ❊ss❛ ♠❛ss❛ ❞✬á❣✉❛

♠❛✐s ❢r✐❛ q✉❡ ❛✢♦r❛ ♥❛ r❡❣✐ã♦ é ❛ ➪❣✉❛ ❈❡♥tr❛❧ ❞♦ ❆t❧â♥t✐❝♦ ❙✉❧ ✭❆❈❆❙✮✱ q✉❡ ♣♦s✲

✶



s✉✐ t❡♠♣❡r❛t✉r❛s ❡♥tr❡ ✻➦❈ ❡ ✷✵➦❈ ❡ s❛❧✐♥✐❞❛❞❡ ❡♥tr❡ ✸✹✱✻ ❡ ✸✻✱✷ ✭❉❊ ❈❆❙❚❘❖

❡t ❛❧✳✱ ✷✵✵✻❀ ▼■❘❆◆❉❆✱ ✶✾✽✺✮✳ ➪❣✉❛s ❝♦♠ t❡♠♣❡r❛t✉r❛s ❞❡ ❛té ✶✸➦❈ ❝❤❡❣❛♠ ❛

s❡r ♦❜s❡r✈❛❞❛s ❡♠ s✉♣❡r❢í❝✐❡ ❞✉r❛♥t❡ ❛ r❡ss✉r❣ê♥❝✐❛ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❈❆▲■▲ ❊▲■❆❙✱

✷✵✵✾✮✳

❖ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥✱ q✉❡ é ❝❛✉s❛❞♦ ♣❡❧♦ r♦t❛❝✐♦♥❛❧ ❞♦ ❝❛♠♣♦ ❞❡ t❡♥sã♦

❞♦ ✈❡♥t♦✱ é ♦✉tr♦ ❢❛t♦r q✉❡ ♣♦❞❡ ❝♦♥tr✐❜✉✐r ♣❛r❛ ❛ ♦❝♦rrê♥❝✐❛ ❞❛ r❡ss✉r❣ê♥❝✐❛ ♥❛

r❡❣✐ã♦ s✉❞❡st❡ ❜r❛s✐❧❡✐r❛✱ ❝♦♠♦ ♠♦str❛❞♦ ♣♦r ❈❆❙❚❊▲❆❖ ❡ ❇❆❘❚❍ ✭✷✵✵✻✮✳ ❆♣ós

✐♥t❡❣r❛r ❛ ✈❡❧♦❝✐❞❛❞❡ ✈❡rt✐❝❛❧ ❞♦ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥ ❡♠ ✷✵✵ ❦♠ ❛♦ ❧❛r❣♦ ❞❛

❝♦st❛ ❡ ❝♦♠♣❛rá✲❧❛ ❝♦♠ ♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥✱ ❡ss❡s ❛✉t♦r❡s ✈❡r✐✜❝❛r❛♠ q✉❡ ♦s

❞♦✐s ♠❡❝❛♥✐s♠♦s ❛ss♦❝✐❛❞♦s ❛♦ ✈❡♥t♦ ♣♦ss✉í❛♠ ♦ ♠❡s♠♦ ❣r❛✉ ❞❡ ✐♥✢✉ê♥❝✐❛ ❝♦♠♦

❢♦rç❛♥t❡s ❞❡ss❡ ❢❡♥ô♠❡♥♦ ♣ró①✐♠♦ ❞❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❋r✐♦✳

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

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

✈❡♥t♦✱ ♦✉tr♦s ❢❛t♦r❡s t❛♠❜é♠ ♣♦❞❡♠ ❝♦♥tr✐❜✉✐r ♣❛r❛ ❛ ♦❝♦rrê♥❝✐❛ ❞❛ r❡ss✉r❣ê♥❝✐❛✳

❯♠ ❡①❡♠♣❧♦ é ❛ ❝♦♥✜❣✉r❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ ❝♦st❛ ❡ ❛ ❜❛t✐♠❡tr✐❛✱ ❝♦♥❢♦r♠❡ ❛♣♦♥t❛❞♦

♣♦r ❘❖❉❘■●❯❊❙ ❡ ▲❖❘❊◆❩❩❊❚❚■ ✭✷✵✵✶✮✳ ❆❧é♠ ❞✐ss♦✱ ❛ ❛t✐✈✐❞❛❞❡ ❞❡ ♠❡s♦❡s✲

❝❛❧❛ ❞❛ ❈♦rr❡♥t❡ ❞❡ ❈♦♥t♦r♥♦ ❖❡st❡ ✭❈❈❖✮ t❛♠❜é♠ ♣♦❞❡ ❡①❡r❝❡r ❣r❛♥❞❡ ✐♥✢✉ê♥❝✐❛

♥❡ss❡ ♣r♦❝❡ss♦✳ ▼❡❛♥❞r♦s ❡ ✈órt✐❝❡s ❝✐❝❧ô♥✐❝♦s ❞❛ ❈♦rr❡♥t❡ ❞♦ ❇r❛s✐❧ ✭❈❇✮ ❢❛❝✐❧✐t❛♠

❛ ♣❡♥❡tr❛çã♦ ❞❛ ❆❈❆❙ ❡♠ r❡❣✐õ❡s ♠❛✐s r❛s❛s ❞❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧✱ ♣r❡❝♦♥❞✐❝✐✲

♦♥❛♥❞♦ ❛ ♠❛ss❛ ❞✬á❣✉❛ ❞❡ ♠♦❞♦ q✉❡ ♠❡s♠♦ ✉♠ ❝❛♠♣♦ ❞❡ t❡♥sã♦ ❞♦ ✈❡♥t♦ ♠❛✐s ❢r❛❝♦

s❡❥❛ s✉✜❝✐❡♥t❡ ♣❛r❛ ❞❡s❡♥❝❛❞❡❛r ❛ r❡ss✉r❣ê♥❝✐❛ ✭❈❆▲❆❉❖ ❡t ❛❧✳✱ ✷✵✶✵❀ ❈❆▼P❖❙

❡t ❛❧✳✱ ✷✵✵✵✱ ✶✾✾✺❀ ❈❆❙❚❊▲❆❖ ❡t ❛❧✳✱ ✷✵✵✹❀ P❆▲Ó❈❩❨ ❡t ❛❧✳✱ ✷✵✶✹✮✳

❖✉tr♦s ❞♦✐s ♠❡❝❛♥✐s♠♦s ❛ss♦❝✐❛❞♦s à ❈❈❖ q✉❡ ♣♦❞❡♠ ✐♥✢✉❡♥❝✐❛r ❛ r❡ss✉r❣ê♥❝✐❛

sã♦ ♦ ❛❢❛st❛♠❡♥t♦ ❡ ❛ ❛♣r♦①✐♠❛çã♦ ❞❛ ❝♦rr❡♥t❡ ♥❛ ♣❧❛t❛❢♦r♠❛ ✭❖❑❊ ❡ ▼■❉❉▲❊✲

❚❖◆✱ ✷✵✵✶❀ ❘❖❯●❍❆◆ ❡ ▼■❉❉▲❊❚❖◆✱ ✷✵✵✷✮✳ ❘❖❯●❍❆◆ ❡ ▼■❉❉▲❊❚❖◆

✭✷✵✵✷✮ ❛♥❛❧✐s❛r❛♠✱ ♥❛ ❝♦st❛ ❧❡st❡ ❞❛ ❆✉strá❧✐❛✱ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡ss❛s ❞✉❛s ❢♦rç❛♥t❡s✱

❜❡♠ ❝♦♠♦ ❞❛ t❡♥sã♦ ❞♦ ✈❡♥t♦ ❡ ❞❛ ❛❝❡❧❡r❛çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡✈✐❞♦ ❛♦ ❡str❡✐t❛♠❡♥t♦

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

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

r❡s✉❧t❛❞♦s ❝♦rr♦❜♦r❛r❛♠ ❝♦♠ ♦ tr❛❜❛❧❤♦ ❞❡ ❖❑❊ ❡ ▼■❉❉▲❊❚❖◆ ✭✷✵✵✵✮✱ q✉❡ ✉t✐✲

❧✐③❛♥❞♦ ♠♦❞❡❧❛❣❡♠ ♥✉♠ér✐❝❛✱ ✈❡r✐✜❝❛r❛♠ q✉❡ ♦ ❡str❡✐t❛♠❡♥t♦ ❞❛ ♣❧❛t❛❢♦r♠❛ ❧❡st❡

❞❛ ❆✉strá❧✐❛ ✐♥t❡♥s✐✜❝❛✈❛ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ ❝♦rr❡♥t❡✱ ❛✉♠❡♥t❛♥❞♦ ❛ t❡♥sã♦ ❞❡ ❢✉♥❞♦

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

♣♦rt❛♥t♦✱ ❛ r❡ss✉r❣ê♥❝✐❛✳

❆✐♥❞❛ ❡♠ r❡❧❛çã♦ à ✐♥✢✉ê♥❝✐❛ ❞❛ ❈❈❖✱ ❘❖❯●❍❆◆ ❡ ▼■❉❉▲❊❚❖◆ ✭✷✵✵✹✮✱

✉t✐❧✐③❛♥❞♦ ✸ ♠❡s❡s ❞❡ ❞❛❞♦s ♦❜s❡r✈❛❝✐♦♥❛✐s ♥❛ r❡❣✐ã♦ ❞❡ ❙♠♦❦② ❈❛♣❡ ❡ ❉✐❛♠♦♥❞

❍❡❛❞✱ ♦♥❞❡ ❛ ❈♦rr❡♥t❡ ▲❡st❡ ❞❛ ❆✉strá❧✐❛ ♣♦ss✉✐ ✉♠❛ ❣r❛♥❞❡ ✈❛r✐❛❜✐❧✐❞❛❞❡ t❛♥t♦ ❡♠

✐♥t❡♥s✐❞❛❞❡ q✉❛♥t♦ ❡♠ ❞✐r❡çã♦✱ t❛♠❜é♠ ❛tr✐❜✉ír❛♠ ❛♦ ❛✉♠❡♥t♦ ❞♦ tr❛♥s♣♦rt❡ ♥❛

❝❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦✱ ❞❡✈✐❞♦ à ❛♣r♦①✐♠❛çã♦ ❞❛ ❝♦rr❡♥t❡ ♥❛ ♣❧❛t❛❢♦r♠❛✱ ✉♠ ♠❛✐♦r

✷



♣❡s♦ ❝♦♠♦ ❢♦rç❛♥t❡ ❞❛ r❡ss✉r❣ê♥❝✐❛ ♥❛ r❡❣✐ã♦ ❛♥❛❧✐s❛❞❛✳ ❚❛♠❜é♠✱ ❙❈❍❆❊❋❋❊❘

❡t ❛❧✳ ✭✷✵✶✹✮✱ ✉t✐❧✐③❛♥❞♦ ✹ ❛♥♦s ❞❡ ♠❡❞✐çõ❡s ✐♥ s✐t✉✱ ❡♥❝♦♥tr❛r❛♠ ❢♦rt❡s ❡✈✐❞ê♥❝✐❛s

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

❛❜✐❧✐❞❛❞❡ ❞❛ ❈♦rr❡♥t❡ ▲❡st❡ ❞❛ ❆✉strá❧✐❛ ❛♦ ✐♥✈és ❞❛ t❡♥sã♦ ❞♦ ✈❡♥t♦✱ ❡✈✐❞❡♥❝✐❛♥❞♦✱

♣♦rt❛♥t♦✱ ♦ ♣❛♣❡❧ ♣r❡♣♦♥❞❡r❛♥t❡ ❞❛ ❈❈❖ ❝♦♠♦ ❢♦rç❛♥t❡ ❞❛ r❡ss✉r❣ê♥❝✐❛ ♥❛ r❡❣✐ã♦

❡st✉❞❛❞❛✳

◆❛ r❡❣✐ã♦ s✉❞❡st❡ ❜r❛s✐❧❡✐r❛✱ ❆●❯■❆❘ ❡t ❛❧✳ ✭✷✵✶✹✮ ❝♦♥❞✉③✐r❛♠ ✉♠ ❡st✉❞♦ ✉t✐✲

❧✐③❛♥❞♦ ❞❛❞♦s ❞❡ ♠♦❞❡❧❛❣❡♠ ♥✉♠ér✐❝❛ ❡ s❡♥s♦r✐❛♠❡♥t♦ r❡♠♦t♦ ❛♦ ❧♦♥❣♦ ❞❡ ✾ ❛♥♦s

♣❛r❛ ❛♥❛❧✐s❛r ♦ ♣❛♣❡❧ ❞❛s ❢♦rç❛♥t❡s ❛t♠♦s❢ér✐❝❛s ❡ ♦❝❡❛♥♦❣rá✜❝❛s ❡♠ ❈❛❜♦ ❋r✐♦✱

▼❛r❛t❛í③❡s ❡ Pr❛❞♦✳ ❊♠ r❡❧❛çã♦ à ✐♥tr✉sã♦ ❞❛ ❝♦rr❡♥t❡✱ ❢♦✐ ♦❜s❡r✈❛❞♦ q✉❡ ❡ss❛ ❢♦r✲

ç❛♥t❡ ♥ã♦ ❛t✉❛ ❞❡ ♠♦❞♦ ✉♥✐❢♦r♠❡ ❛♦ ❧♦♥❣♦ ❞❛ ❝♦st❛✱ ♣❡❧♦ ❝♦♥trár✐♦✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛

❧♦❝❛❧✐③❛çã♦ ❞❛ s❡çã♦✱ ❡❧❛ ✐♥✢✉❡♥❝✐❛rá ❛ r❡ss✉r❣ê♥❝✐❛ ❝♦♠ ✐♥t❡♥s✐❞❛❞❡s ❞✐st✐♥t❛s✳

❆❧é♠ ❞❛s ♠ú❧t✐♣❧❛s ❢♦rç❛♥t❡s s✉♣r❛❝✐t❛❞❛s✱ ♦✉tr♦ ❛s♣❡❝t♦ r❡❧❡✈❛♥t❡ s♦❜r❡ ❛ r❡s✲

s✉r❣ê♥❝✐❛ é ❛ s✉❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧✳ ◆❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱ ✉t✐❧✐③❛♥❞♦ ✉♠

♣♦✉❝♦ ♠❛✐s ❞❡ ✷✵ ❛♥♦s ❞❡ ♠❡❞✐çõ❡s ❞❛ t❡♠♣❡r❛t✉r❛ ❞❛ s✉♣❡r❢í❝✐❡ ❞♦ ♠❛r ✭❚❙▼✮✱

r❡❛❧✐③❛❞❛s ♣❡❧❛ ❈♦♠♣❛♥❤✐❛ ◆❛❝✐♦♥❛❧ ❞❡ ➪❧❝❛❧✐s ♥❛ ♣r❛✐❛ ●r❛♥❞❡✱ ❡♠ ❆rr❛✐❛❧ ❞♦

❈❛❜♦✱ ❈❆▲■▲ ❊▲■❆❙ ✭✷✵✵✾✮ ✐❞❡♥t✐✜❝♦✉ três ♠♦❞♦s ❞✐st✐♥t♦s ❞❡ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡✲

r❛♥✉❛❧ ✭✐♥t❡♥s✐❞❛❞❡✱ ❡❢❡t✐✈❛ ✐♥t❡rr✉♣çã♦ ❞♦ ♣❡rí♦❞♦ ❞❡ ♥ã♦ ♦❝♦rrê♥❝✐❛ ❡ ❞✐❢❡r❡♥ç❛s

♥♦s ♠❡s❡s ❞❡ ✐♥í❝✐♦ ❡ tér♠✐♥♦✮✳ ◆❛ ❋✐❣✉r❛ ✶✳✶✱ q✉❡ ♠♦str❛ ❛ sér✐❡ ❞❡ ❚❙▼ ❛♥❛❧✐s❛❞❛

♥♦ tr❛❜❛❧❤♦ ❞♦ ❈❆▲■▲ ❊▲■❆❙ ✭✷✵✵✾✮✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ♥♦s ♣❡rí♦❞♦s ❝♦♠♦ ✶✾✼✹✲✶✾✼✺✱

✶✾✽✶✲✶✾✽✷ ❡ ✶✾✽✾✲✶✾✾✵✱ ♦ ♣r♦❝❡ss♦ ❞❡ r❡ss✉r❣ê♥❝✐❛ ❢♦✐ ♠❡♥♦s ❡①♣r❡ss✐✈♦✱ ❡♥q✉❛♥t♦

q✉❡ ♣❡rí♦❞♦s ❝♦♠♦ ✶✾✼✶✱ ✶✾✼✼✲✶✾✼✽ ❡ ✶✾✽✸✲✶✾✽✹✱ ❛ r❡ss✉r❣ê♥❝✐❛ ❛♣❛r❡❝❡✉ ❞❡ ❢♦r♠❛

♠❛✐s ♣r♦♥✉♥❝✐❛❞❛✱ ❝♦♠ ♠é❞✐❛s ♠❛✐s ❢r✐❛s✳ ❈❆▲■▲ ❊▲■❆❙ ✭✷✵✵✾✮ ❛♥❛❧✐s♦✉ ❛s ❢♦r✲

ç❛♥t❡s ❛t♠♦s❢ér✐❝❛s ✭tr❛♥s♣♦rt❡ ❡ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥✮ ❡ ❝♦♥st❛t♦✉ q✉❡ ❡❧❛s

♥ã♦ ❢♦r❛♠ s✉✜❝✐❡♥t❡s ♣❛r❛ ❡①♣❧✐❝❛r t♦❞❛ ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ❛♣r❡s❡♥t❛❞❛ ♣❡❧❛

r❡ss✉r❣ê♥❝✐❛ ❞❡ ❈❛❜♦ ❋r✐♦✳ ❊ss❡ ❛s♣❡❝t♦ r❡ss❛❧t❛ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❡ss❡ ❢❡♥ô♠❡♥♦ ❡

❛♣♦♥t❛ ♣❛r❛ ❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ♦✉tr♦s ❢❛t♦r❡s ♥❛ s✉❛ ♦❝♦rrê♥❝✐❛✳

✸



❋✐❣✉r❛ ✶✳✶✿ ❙ér✐❡ t❡♠♣♦r❛❧ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❛ s✉♣❡r❢í❝✐❡ ❞♦ ♠❛r ❝♦❧❡t❛❞❛ ❡♠ ❆rr❛✐❛❧
❞♦ ❈❛❜♦✱ ❡①tr❛í❞♦ ❞❡ ❈❆▲■▲ ❊▲■❆❙ ✭✷✵✵✾✮✳

❈♦♥s✐❞❡r❛♥❞♦ ♦ ❡①♣♦st♦✱ ❛ ❤✐♣ót❡s❡ ❜ás✐❝❛ ❞❡st❡ ❡st✉❞♦ é ❞❡ q✉❡ ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡

✐♥t❡r❛♥✉❛❧ ♥❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ r❡ss✉r❣ê♥❝✐❛✱ ♥❛ r❡❣✐ã♦ s✉❞❡st❡✱ ❡stá ❛ss♦❝✐❛❞❛ à ✈❛r✐❛✲

❜✐❧✐❞❛❞❡ ♥❛ ♣♦s✐çã♦ ❞❛ ❈❇✱ q✉❡ ♣♦r s✉❛ ✈❡③ ❡stá ❛ss♦❝✐❛❞❛ à ❞✐♥â♠✐❝❛ ❞❡ ♠❡s♦❡s❝❛❧❛

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

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

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

s✉❞❡st❡ ❜r❛s✐❧❡✐r❛✳ P❛r❛ ✐ss♦✱ ❢♦r❛♠ ❞❡❧✐♥❡❛❞♦s ♦s s❡❣✉✐♥t❡s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s✿

❼ ■❞❡♥t✐✜❝❛r ♦s ♣r✐♥❝✐♣❛✐s ♠♦❞♦s ❞❡ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❛ ❚❙▼❀

❼ ■❞❡♥t✐✜❝❛r ♦s ♣r✐♥❝✐♣❛✐s ♠♦❞♦s ❞❡ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❛s ❢♦rç❛♥t❡s ❛t♠♦s❢ér✐❝❛s✱ ❞❛

✐♥tr✉sã♦ ❞❛ ❈❇ ❡ ❞❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❛ ❆❈❆❙ ♥❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧❀

❼ ◗✉❛♥t✐✜❝❛r ❡ ❛♥❛❧✐s❛r ♦ tr❛♥s♣♦rt❡ ❝r♦ss✲s❤♦r❡ ❞❡✈✐❞♦ às ❢♦rç❛♥t❡s ❛t♠♦s❢ér✐❝❛s

❡ à ❛♣r♦①✐♠❛çã♦ ❞❛ ❈❇ ♥♦s ♣r✐♥❝✐♣❛✐s ❝❡♥tr♦s ❞❡ r❡ss✉r❣ê♥❝✐❛ ❞❛ r❡❣✐ã♦ s✉❞❡st❡

❜r❛s✐❧❡✐r❛✳

P❛r❛ ❛t✐♥❣✐r ❡ss❡s ♦❜❥❡t✐✈♦s✱ ❛s ❛♥á❧✐s❡s s❡rã♦ ❢❡✐t❛s ❝♦♠ ❜❛s❡ ❡♠ r❡s✉❧t❛❞♦s ❞❡

s✐♠✉❧❛çã♦ ❤✐❞r♦❞✐♥â♠✐❝❛✱ ✉t✐❧✐③❛♥❞♦ ♠♦❞❡❧❛❣❡♠ ❞❡ ❧♦♥❣♦ ♣❡rí♦❞♦✱ ❝✉❥♦s r❡s✉❧t❛❞♦s

❢♦r❛♠ ❞✐s♣♦♥✐❜✐❧✐❞❛❞♦s ♣❛r❛ ❡st❡ ❡st✉❞♦✳ ◆❛ ♠❡t♦❞♦❧♦❣✐❛ s❡rã♦ ❛❜♦r❞❛❞♦s ♠❛✐s

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

◆♦ s❡❣✉♥❞♦ ❝❛♣ít✉❧♦✱ s❡rá ❞❡s❝r✐t❛ ❛ ❜❛s❡ ❤✐❞r♦❞✐♥â♠✐❝❛ ✉t✐❧✐③❛❞❛✱ ❝♦♠♦ t❛♠❜é♠

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

✹



❡ ❛ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛ ❛❞♦t❛❞❛ ♣❛r❛ ❛ q✉❛♥t✐✜❝❛çã♦ ❞♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ à

❛çã♦ ❞❛s ❢♦rç❛♥t❡s ❛t♠♦s❢ér✐❝❛s ❡ ❞❛ ❢♦rç❛♥t❡ ♦❝❡❛♥♦❣rá✜❝❛✱ ❡st❛♥❞♦ ❡st❛ ú❧t✐♠❛

r❡❧❛❝✐♦♥❛❞❛ à ❛♣r♦①✐♠❛çã♦ ❞❛ ❈❇ ♥❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧✳ ◆♦ t❡r❝❡✐r♦ ❝❛♣ít✉❧♦✱

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

❞❛ ❚❙▼ ❡ ❞❡ s✉❛s ❢♦rç❛♥t❡s✱ ❜❡♠ ❝♦♠♦ ❞❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❛ ❆❈❆❙ ♥❛ ♣❧❛t❛❢♦r♠❛

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

tr❛♥s♣♦rt❡s ❞❡✈✐❞♦ à ❛çã♦ ❞♦ ✈❡♥t♦ ❡ ❞❛ ❝♦rr❡♥t❡✱ s❡rã♦ ♠♦str❛❞❛s ❛♥á❧✐s❡s ♠❛✐s

❡s♣❡❝í✜❝❛s ♣❛r❛ ❝❛❞❛ r❡❣✐ã♦ tí♣✐❝❛ ❞❡ r❡ss✉r❣ê♥❝✐❛ ✭❈❛❜♦ ❋r✐♦✱ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ❡

❊s♣ír✐t♦ ❙❛♥t♦✮✳ ◆♦ q✉❛rt♦ ❝❛♣ít✉❧♦✱ s❡rã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥❝❧✉sõ❡s s♦❜r❡ ♦ ♣❛♣❡❧

❞❛ ❈❇ ♥❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ❞❛ r❡ss✉r❣ê♥❝✐❛✳

✺



❈❛♣ít✉❧♦ ✷

▼❡t♦❞♦❧♦❣✐❛

✷✳✶ ❘❡❛♥á❧✐s❡

P❛r❛ ❛t✐♥❣✐r ♦s ♦❜❥❡t✐✈♦s s✉♣r❛❝✐t❛❞♦s✱ s❡rá ✉t✐❧✐③❛❞❛ ❛ ❇❛s❡ ❍✐❞r♦❞✐♥â♥♠✐❝❛

▲❡st❡ ❙✉❞❡st❡ ✭▲❙❊✷✹✮✱ ✉♠❛ r❡❛♥á❧✐s❡ q✉❡ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ♣❡❧❛ ❡q✉✐♣❡ ❞♦ ▲❛❜♦r❛✲

tór✐♦ ❞❡ ❖❝❡❛♥♦❣r❛✜❛ ❋ís✐❝❛✲▲❖❋✴❈❖PP❊✱ ❝♦♦r❞❡♥❛❞❛ ♣❡❧♦ Pr♦❢✳ ❆❢♦♥s♦ ❞❡ ▼♦r❛❡s

P❛✐✈❛ ❞❛ ❯❋❘❏✱ ✉t✐❧✐③❛♥❞♦ s✐♠✉❧❛çõ❡s ❝♦♠ ♦ ❍❨❈❖▼ ✭❍②❜r✐❞ ❈♦♦r❞✐♥❛t❡ ❖❝❡❛♥

▼♦❞❡❧✮✳ ❊ss❛ ❜❛s❡✱ q✉❡ ❢❛③ ♣❛rt❡ ❞♦ ♣r♦❥❡t♦ ❞❛ ❘❡❞❡ ❞❡ ▼♦❞❡❧❛❣❡♠ ❡ ❖❜s❡r✈❛çã♦

❖❝❡❛♥♦❣rá✜❝❛ ✭❘❊▼❖✮ ✭❋❘❆◆❩ ❡t ❛❧✳✱ ✷✵✷✶❀ ▲■▼❆ ❡t ❛❧✳✱ ✷✵✶✸✮✱ ♣♦ss✉✐ ❛ ♠❡s♠❛

❝♦♥✜❣✉r❛çã♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ✉t✐❧✐③❛❞❛ ♥♦ s✐st❡♠❛ ♣r❡✈✐s♦r ❞❛ ▼❛r✐♥❤❛ ❞♦ ❇r❛s✐❧✳

❆ ▲❙❊✷✹ ♣♦ss✉✐ ✉♠❛ ❞✐s❝r❡t✐③❛çã♦ ✈❡rt✐❝❛❧ ❡♠ ✸✷ ❝❛♠❛❞❛s σ2 ❤í❜r✐❞❛s ✭❝♦♦r✲

❞❡♥❛❞❛s ✐s♦♣❝♥❛✐s✱ s✐❣♠❛ ❡ ❣❡♦♣♦♥t❡♥❝✐❛✐s✮ ❡ r❡s♦❧✉çã♦ ❤♦r✐③♦♥t❛❧ ❞❡ ✶✴✷✹➦✱ s❡♥❞♦

❝❛♣❛③ ❞❡ r❡♣r❡s❡♥t❛r ❢❡♥ô♠❡♥♦s ❞❡ ❧❛r❣❛ ❡ ♠❡s♦❡s❝❛❧❛s ♥♦ ♦❝❡❛♥♦✱ ✐♥t❡r❛çõ❡s ❡♥tr❡

á❣✉❛s ♦❝❡â♥✐❝❛s ❡ ❞❡ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧ ❡✱ ❡♠ ❢✉♥çã♦ ❞❛s ❢♦rç❛♥t❡s ♥♦s ❝♦♥✲

t♦r♥♦s✱ ❡❢❡✐t♦s ❡♠ ❡s❝❛❧❛ s✐♥ót✐❝❛ ❡ ♦s❝✐❧❛çõ❡s ❞❡✈✐❞❛s à ♠❛ré ❛str♦♥ô♠✐❝❛ ✭P❆■❱❆

❡t ❛❧✳✱ ✷✵✶✾✮✳

◆❡ss❛ ❜❛s❡ ❤✐❞r♦❞✐♥â♠✐❝❛✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ s✐st❡♠❛ ❚✲❙■❙✱ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❡❧♦ ❉r✳

❆s❤✇❛♥t❤ ❙r✐♥✐✈❛s❛♥✱ ♣❛r❛ ❛ss✐♠✐❧❛r ❞❛❞♦s ❞❡ ❛♥♦♠❛❧✐❛ ❞❛ ❛❧t✉r❛ ❞❛ s✉♣❡r❢í❝✐❡ ❞♦

♠❛r ✭❆❙▼✮ ❡ ❚❙▼ ♣r♦✈❡♥✐❡♥t❡s ❞❡ s❡♥s♦r✐❛♠❡♥t♦ r❡♠♦t♦ ❡ ❞❡ ♣❡r✜❧❛❞♦r❡s ❆❘●❖

✭❆❘●❖✱ ✷✵✶✾✮✳ ❆ s✐♠✉❧❛çã♦ ❢♦✐ ❢♦rç❛❞❛ ❝♦♠ ❝❛♠♣♦s ❛t♠♦s❢ér✐❝♦s s✐♥ót✐❝♦s ❛ ❝❛❞❛

✸ ❤♦r❛s ❞♦ ▼❊❘❘❆✷ ✭▼♦❞❡r♥ ❊r❛ ❘❡tr♦s♣❡❝t✐✈❡ ❛♥❛❧②s✐s ❢♦r ❘❡s❡❛r❝❤ ❛♥❞ ❆♣♣❧✐✲

❝❛t✐♦♥s ❞❛ ◆❆❙❆ ✲ ❤tt♣s✿✴✴❣♠❛♦✳❣s❢❝✳♥❛s❛✳❣♦✈✴r❡❛♥❛❧②s✐s✴▼❊❘❘❆✲✷ ✮ ✭●❊▲❆❘❖

❡t ❛❧✳✱ ✷✵✶✼✮✳ ❖s ❞❛❞♦s ❞❡ ❜❛t✐♠❡tr✐❛ sã♦ ♣r♦✈❡♥✐❡♥t❡s ❞♦ ❊t♦♣♦ ✶ ❡ ♠♦❞✐✜❝❛❞♦s

❝♦♠ ✐♥❢♦r♠❛çõ❡s ❞❛ ▼❛r✐♥❤❛ ❞♦ ❇r❛s✐❧✳ ❆❧é♠ ❞✐ss♦✱ ♦ ♠♦❞❡❧♦ ❢♦✐ ❛♥✐♥❤❛❞♦ ❝♦♠

✉♠❛ s✐♠✉❧❛çã♦ ❞♦ ♦❝❡❛♥♦ ❆t❧â♥t✐❝♦✱ ❞❡♥♦♠✐♥❛❞❛ ❆❚▲✶✷✱ ❝♦♠ r❡s♦❧✉çã♦ ❞❡ ✶✴✶✷➦✱

❝♦♥❢❡r✐♥❞♦ ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ ♠❛✐s r❡❛❧íst✐❝❛s ✭P❆■❱❆ ❡t ❛❧✳✱ ✷✵✶✾✮✳ ❆ ❋✐❣✉r❛

✷✳✶ ♠♦str❛ ♦ ❞♦♠í♥✐♦ ❞❛ ❜❛s❡ ❆❚▲✶✷✱ q✉❡ ✐♥❝❧✉✐ ♦ ❆t❧â♥t✐❝♦ ❙✉❧✱ ◆♦rt❡ ❡ ❊q✉❛t♦r✐❛❧

❡ ❛ ♣❛rt❡ ❛❞❥❛❝❡♥t❡ ❞♦ ❖❝❡❛♥♦ ❆✉str❛❧✱ ❡ ♦ ❞♦♠í♥✐♦ ❞❛ ❜❛s❡ ▲❙❊✷✹✱ ❞❡❧✐♠✐t❛❞❛❞♦

✻



♣❡❧♦ r❡tâ♥❣✉❧♦ ✈❡r♠❡❧❤♦✳

❋✐❣✉r❛ ✷✳✶✿ ❉♦♠í♥✐♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ❞❛s s✐♠✉❧❛çõ❡s ❆❚▲✶✷ ❡ ▲❙❊✷✹ ✭❛ss✐♥❛❧❛❞♦ ♣❡❧♦
r❡tâ♥❣✉❧♦ ✈❡r♠❡❧❤♦✮✱ ❡①tr❛í❞♦ ❞❡ P❆■❱❆ ❡t ❛❧✳ ✭✷✵✶✾✮✳

P❛r❛ s✉❛ ✈❛❧✐❞❛çã♦✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❞❛❞♦s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❝♦rr❡♥t❡ ❞♦ P◆✲

❇❖■❆✱ ❞♦s ❢✉♥❞❡✐♦s ◆❆❚✵✶ ❡ ◆❆❚✵✷ ❞♦ ■◆❈❚ P❘❖✲❖❈❊❆◆❖✱ ❞❡ sér✐❡s ❞❡ t❡♠✲

♣❡r❛t✉r❛ ❞❛ á❣✉❛ ❞♦ ♣r♦❣r❛♠❛ P■❘❆❚❆✱ ❞❡ tr❛❥❡tór✐❛s ❞❡ ❞❡r✐✈❛❞♦r❡s ❞❡ s✉♣❡r❢í❝✐❡

❞♦ Pr♦❣r❛♠❛ ●❉P✱ ❞❡ s❡çõ❡s ❞❡ ❳❇❚ ❞♦ ✏❍✐❣❤ ❉❡♥s✐t② ❳❇❚ ❚r❛♥s❡❝ts✑ ❞❛ ◆❖❆❆✱

❞❡ ❛❧t✐♠❡tr✐❛ ❞❛ ❆❱■❙❖✱ ❞❡ ❚❙▼ ❞♦ ❖❙❚■❆✱ ❞❡ ♣❡r✜s ❝❧✐♠❛t♦❧ó❣✐❝♦s ❞❡ ❚ ❡ ❙ ❞♦

❲❖❆✶✸✱ ❞❡ ❝❧✐♠❛t♦❧♦❣✐❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❡ ❝❛♠❛❞❛ ❞❡ ♠✐st✉r❛ ❞♦ ■❋❘❊▼❊❘ ❡ ❞❡

❞❛❞♦s ♠❛r❡❣rá✜❝♦s ❝♦st❡✐r♦s ❞♦ ●▲❖❙❙ ✭P❆■❱❆ ❡t ❛❧✳✱ ✷✵✶✾✮✳

◆♦ r❡❧❛tór✐♦ té❝♥✐❝♦ ❞❡ P❆■❱❆ ❡t ❛❧✳ ✭✷✵✶✾✮ sã♦ ❡♥❝♦♥tr❛❞♦s ♠❛✐s ❞❡t❛❧❤❡s s♦❜r❡ ❛

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

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

❞❡ ❛❧t❛ q✉❛❧✐❞❛❞❡ q✉❡ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ❡♠ ❛♣❧✐❝❛çõ❡s ❝✐❡♥tí✜❝❛s✱ ❛♠❜✐❡♥t❛✐s ♦✉

❞❡ ❡♥❣❡♥❤❛r✐❛✳ ❈❛❜❡ ❞❡st❛❝❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♠♦❞❡❧♦ ❡♠ ❝❛♣t✉r❛r ♦ ❢❡♥ô♠❡♥♦ ❞❛

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

t❛❢♦r♠❛ ❞✉r❛♥t❡ ❛ ♣r✐♠❛✈❡r❛ ❡ ♦ ✈❡rã♦✱ ♠❡s♠♦ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞♦ s❡✉ ❛✢♦r❛♠❡♥t♦

P❆■❱❆ ❡t ❛❧✳ ✭✷✵✶✾✮✳

◆❡st❡ tr❛❜❛❧❤♦✱ s❡rã♦ ✉t✐❧✐③❛❞❛s ♠é❞✐❛s ❞✐ár✐❛s ❞♦s ❝❛♠♣♦s ❞❡ ✈❡❧♦❝✐❞❛❞❡✱ t❡♠♣❡✲

✼



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

♠✐♥✐♠✐③❛♥❞♦✱ ♣♦rt❛♥t♦✱ ♦ ❡❢❡✐t♦ ❞❛ ♠❛ré✳ ❊♠ r❡❧❛çã♦ às ❢♦rç❛♥t❡s ❛t♠♦s❢ér✐❛s✱ t❛♠✲

❜é♠ s❡rã♦ ✉t✐❧✐③❛❞❛s ♠é❞✐❛s ❞✐ár✐❛s ❞♦s ❝❛♠♣♦s ❞♦ ▼❊❘❘❆✷ q✉❡ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s

❝♦♠♦ ❢♦rç❛♥t❡s ❞♦ ♠♦❞❡❧♦✳

✷✳✷ ■❞❡♥t✐✜❝❛çã♦ ❞♦s ♣r✐♥❝✐♣❛✐s ♠♦❞♦s ❞❡ ✈❛r✐❛❜✐❧✐✲

❞❛❞❡

❈♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ✐❞❡♥t✐✜❝❛r ♦s ♣r✐♥❝✐♣❛✐s ♠♦❞♦s ❞❡ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❛ ❚❙▼✱

❞❛ ❝♦rr❡♥t❡✱ ❞♦ ❝❛♠♣♦ ❞❡ t❡♥sã♦ ❞♦ ✈❡♥t♦ ❡ ❞❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❛ ❆❈❆❙ ♥❛ ♣❧❛t❛✲

❢♦r♠❛✱ s❡rá ✉t✐❧✐③❛❞❛ ❛ ❛♥á❧✐s❡ ❞❡ ❢✉♥çõ❡s ♦rt♦❣♦♥❛✐s ❡♠♣ír✐❝❛s ✭❊♠♣✐r✐❝❛❧ ❖rt❤♦❣♦✲

♥❛❧ ❋✉♥❝t✐♦♥ ✕ ❊❖❋✮✱ ❛♠♣❧❛♠❡♥t❡ ❡♠♣r❡❣❛❞❛ ♥❛ ❣❡♦❝✐ê♥❝✐❛s ✭❍❆◆◆❆❈❍■✱ ✷✵✵✹✮✳

❙✉❛s ♣r✐♠❡✐r❛s ❛♣❧✐❝❛çõ❡s ❞❛t❛♠ ❞❛ ❞é❝❛❞❛ ❞❡ ✶✾✺✵✱ ❝♦♠ tr❛❜❛❧❤♦s ♣✐♦♥❡✐r♦s ❝♦♠♦ ♦

❞❡ ▲❖❘❊◆❩ ✭✶✾✺✻✮✱ ♦ q✉❛❧ ❛❜♦r❞♦✉ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❛ s✉❛ ✉t✐❧✐③❛çã♦ ♣❛r❛ ♣r❡✈✐sã♦

❝❧✐♠át✐❝❛✳ ❆ ❛♥á❧✐s❡ ❞❡ ❊❖❋ ♣♦ss✉✐ ❝♦♠♦ ✈❛♥t❛❣❡♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❢♦r♥❡❝❡r ✉♠❛

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

❞❛❞♦s ✭❊▼❊❘❨ ❡ ❚❍❖▼❙❖◆✱ ✷✵✶✹✮✱ ❛♣r❡s❡♥t❛♥❞♦ ✉♠❛ ♠❡❞✐❞❛ ❞❡ r❡❧❡✈â♥❝✐❛ ♣❛r❛

❝❛❞❛ ♣❛❞rã♦ ❡♥❝♦♥tr❛❞♦ ✭❇❏Ö❘◆❙❙❖◆ ❡ ❱❊◆❊●❆❙✱ ✶✾✾✼✮✳

❖ ✐♥t✉✐t♦ ❞❡ss❛ ❢❡rr❛♠❡♥t❛ ♠❛t❡♠át✐❝❛ é ❡♥❝♦♥tr❛r ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❡♥✲

tr❡ t♦❞♦s ♦s ♣♦♥t♦s ❡s♣❛❝✐❛✐s q✉❡ ❡①♣r✐♠❛ ❛ ♠á①✐♠❛ ✈❛r✐â♥❝✐❛✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠

♣r♦❜❧❡♠❛ ❞❡ ❛✉t♦✈❛❧♦r ✭❍❆◆◆❆❈❍■✱ ✷✵✵✹✮✳ P❛r❛ t❛♥t♦✱ ✐♥✐❝✐❛❧♠❡♥t❡ é ♥❡❝❡ssár✐♦

♣r❡♣❛r❛r ❛ ♠❛tr✐③ ❞❡ ❞❛❞♦s✱ ❞❡✐①❛♥❞♦✲❛ ❝♦♠ ❞✉❛s ❞✐♠❡♥sõ❡s✱ ✉♠❛ t❡♠♣♦r❛❧ ❡ ♦✉tr❛

❡s♣❛❝✐❛❧✱ ❡ ❡♥tã♦ r❡t✐r❛✲s❡ ❛ ♠é❞✐❛ t❡♠♣♦r❛❧ ❡♠ ❝❛❞❛ ♣♦♥t♦ ❞♦ ❞♦♠í♥✐♦✳ ❆♣ós ❡ss❛

❡t❛♣❛✱ ❡♥❝♦♥tr❛✲s❡ ❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ C ❛ ♣❛rt✐r ❞❛ ♠❛tr✐③ ♦❜t✐❞❛ ♥❛ ❡t❛♣❛ ❛♥t❡✲

r✐♦r✱ ❡♥tã♦ s❡ r❡s♦❧✈❡ ♦ s❡❣✉✐♥t❡ ♣r♦❜❧❡♠❛ ❞❡ ❛✉t♦✈❛❧♦r ✭❇❏Ö❘◆❙❙❖◆ ❡ ❱❊◆❊●❆❙✱

✶✾✾✼✮✿

CX = XΛ ✭✷✳✶✮

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

❝♦♥t❡♥❞♦ ♦s ❛✉t♦✈❡t♦r❡s ❞❡ C ✭❇❏Ö❘◆❙❙❖◆ ❡ ❱❊◆❊●❆❙✱ ✶✾✾✼✮✳ ❖s ❛✉t♦✈❡t♦r❡s

r❡♣r❡s❡♥t❛♠ ♦s ♣❛❞rõ❡s ❡s♣❛❝✐❛✐s ❡✱ ♥❡st❡ tr❛❜❛❧❤♦✱ s❡rã♦ ❞❡♥♦♠✐♥❛❞♦s ❞❡ ❊❖❋✶✱

❊❖❋✷✱ ❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡✱ ❡♠ q✉❡ ♦s ♥ú♠❡r♦s ❡stã♦ r❡❧❛❝✐♦♥❛❞♦s ❛♦s ❛✉t♦✈❛❧♦r❡s✱ ♦s

q✉❛✐s ❢♦r♥❡❝❡♠ ❛ ❢r❛çã♦ ❞❛ ✈❛r✐â♥❝✐❛ t♦t❛❧ ❡①♣❧✐❝❛❞❛ ♥❛ ❊❖❋ ❡ ❡stã♦ ♦r❞❡♥❛❞♦s ❞❡

❢♦r♠❛ ❞❡❝r❡s❝❡♥t❡✱ ♦✉ s❡❥❛✱ ♦s ♣r✐♠❡✐r♦s ♠♦❞♦s ❞❛ ❊❖❋ ❡①♣❧✐❝❛♠ ❛ ♠❛✐♦r ✈❛r✐â♥❝✐❛

❞♦s ❞❛❞♦s ✭❇❏Ö❘◆❙❙❖◆ ❡ ❱❊◆❊●❆❙✱ ✶✾✾✼✮✳

P❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ t❡♠♣♦r❛❧ ai ❞❡ ❝❛❞❛ ❊❖❋✱ ❞❡♥♦♠✐♥❛❞❛

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

r❡♠♦✈✐❞❛s F s♦❜r❡ ❛s ❊❖❋✱ ♦✉ s❡❥❛✱ a⃗i = Fx⃗i✱ ♦♥❞❡ x⃗i r❡♣r❡s❡♥t❛ ❝❛❞❛ ✈❡t♦r ❝♦❧✉♥❛

✽



❞❡ X✱ q✉❡ ❡stá ❛ss♦❝✐❛❞♦ ❛ ✉♠ ♣❛❞rã♦ ❡s♣❛❝✐❛❧✳ ❆ ♠❛tr✐③ ❞❡ ❞❛❞♦s F ♣♦❞❡ s❡r

r❡❝♦♥str✉í❞❛ ❛ ♣❛rt✐r ❞❛s ❊❖❋ ❡ ❞❛s ❝♦♠♣♦♥t❡♥t❡s ♣r✐♥❝✐♣❛✐s✱ ❞❡ ❢♦r♠❛ q✉❡ F =
∑p

i=1
a⃗i(EOFi)✳ ❯♠❛ ❞❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❛ ❛♥á❧✐s❡ ❞❡ ❊❖❋ é tr✉♥❝❛r ♦ s♦♠❛tór✐♦

❛❝✐♠❛ ❡♠ N < p✱ ♦♥❞❡ N s❡r✐❛ ♥ú♠❡r♦ ❞♦s ❛✉t♦✈❛❧♦r❡s ♠❛✐s ❡①♣r❡ss✐✈♦s✱ ❞❡ss❛

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

♠♦❞♦s ❞❡ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✭❇❏Ö❘◆❙❙❖◆ ❡ ❱❊◆❊●❆❙✱ ✶✾✾✼✮✳

❈❛❜❡ ❞❡st❛❝❛r q✉❡ ♦s r❡s✉❧t❛❞♦s ❞❛s ❊❖❋ ❡ ❞❛s s✉❛s r❡s♣❡❝t✐✈❛s ❝♦♠♣♦♥❡♥t❡s

♣r✐♥❝✐♣❛✐s s❡ r❡❢❡r❡♠ às ✈❛r✐❛çõ❡s ❡♠ t♦r♥♦ ❞❛ ♠é❞✐❛ ❞♦s ❞❛❞♦s✳ ❈♦♠ ✐♥t✉✐t♦ ❞❡

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

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

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

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

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

♣r♦❝❡ss♦s ❢ís✐❝♦s✳ ❯♠❛ ❛❧t❡r♥❛t✐✈❛ ♣❛r❛ ❛♥❛❧✐s❛r s❡ ♦s ♣❛❞rõ❡s ❞❛ ❊❖❋ ❡stã♦ ❛s✲

s♦❝✐❛❞♦s ❛ ♠❡❝❛♥✐s♠♦s ❢ís✐❝♦s é ✈❡r✐✜❝❛r s❡ ❛s ✈❛r✐❛çõ❡s t❡♠♣♦r❛✐s ❞❡ ❞❡t❡r♠✐♥❛❞♦

♣r♦❝❡ss♦ ♦❝❡â♥✐❝♦ s❡ ❛ss❡♠❡❧❤❛♠ à sér✐❡ t❡♠♣♦r❛❧ ❞❡ ❛❧❣✉♠❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐✲

♣❛❧ ✭❊▼❊❘❨ ❡ ❚❍❖▼❙❖◆✱ ✷✵✶✹✮✳ P♦rt❛♥t♦✱ ♣❛r❛ ❝❡rt✐✜❝❛r q✉❡ ❛ ❊❖❋ ❞❛ ❚❙▼

❡stá r❡♣r❡s❡♥t❛♥❞♦ ❜❡♠ ♦ s✐♥❛❧ ❞❛ r❡ss✉r❣ê♥❝✐❛ ♥♦s ♣r✐♥❝✐♣❛✐s ❝❡♥tr♦s ❞❛ r❡❣✐ã♦ s✉✲

❞❡st❡✱ s❡rá ❛♥❛❧✐s❛❞❛ ❛ ❝♦rr❡❧❛çã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s r❡t✐r❛❞❛s ♥❡ss❡s ❝❡♥tr♦s ❝♦♠ ❛

❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ❞❛ ❊❖❋ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛ ❡st❡ ❢❡♥ô♠❡♥♦✳

❙❡rá ❝♦rr❡❧❛❝✐♦♥❛❞❛ ❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ❞♦ ♠♦❞♦ ❞❛ ❚❙▼ q✉❡ r❡♣r❡s❡♥t❛ ❛

r❡ss✉r❣ê♥❝✐❛ ❝♦♠ ❛s ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ❞♦s ♣r✐♥❝✐♣❛✐s ♠♦❞♦s ❞❛s s✉❛s ❢♦rç❛♥t❡s✳

◆❡st❡ ❝❛s♦✱ s❡rã♦ ✉t✐❧✐③❛❞❛s ♠é❞✐❛s ♠ó✈❡✐s ❞❡ ✼ ❞✐❛s ❝♦♠♦ ❢♦r♠❛ ❞❡ s❡ q✉❛♥t✐✜❝❛r

t❛♥t♦ ❛ ✐♥t❡♥s✐❞❛❞❡ q✉❛♥t♦ ❛ ♣❡rs✐stê♥❝✐❛ ❞❛s ❢♦rç❛♥t❡s✳ ❊st❡ ❢♦✐ ✉♠ ❢❛t♦r ✐♠♣♦rt❛♥t❡

❝♦♥s✐❞❡r❛❞♦ ♥♦ tr❛❜❛❧❤♦ ❞♦ ✭❈❆▲■▲ ❊▲■❆❙✱ ✷✵✵✾✮✱ q✉❡ ✐♥❝❧✉s✐✈❡ ❝✐t❛ ❛✉t♦r❡s q✉❡

✈❡r✐✜❝❛r❛♠ q✉❡ ♦ t❡♠♣♦ ❞❡ r❡s♣♦st❛ à ✐♥❝✐❞ê♥❝✐❛ ❞❡ ✈❡♥t♦s ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❞❡

♥♦r❞❡st❡ ♣❛r❛ ♦ ❛✢♦r❛♠❡♥t♦ ❞❛ ❆❈❆❙ ♣♦❞❡ s❡r ❞❡ ❛té ✹ ❞✐❛s✳ ◆❛ r❡❣✐ã♦ ❞❡ ❱✐tór✐❛✱

▼❆❘❚■◆❙ ✭✷✵✶✺✮ ❝♦♥st❛t♦✉ q✉❡ ✻✵✪ ❞❛s r❡ss✉r❣ê♥❝✐❛s ♦❝♦rr❡r❛♠ ❛♣ós ✷ ❛ ✼ ❞✐❛s

❞❡ ✈❡♥t♦ ❢❛✈♦rá✈❡✐s ❡ ❝❡r❝❛ ❞❡ ✷✵✪ ❡♥tr❡ ✽ ❡ ✶✷ ❞✐❛s✳

P♦r ✜♠✱ ❞❡✈✐❞♦ ❛ ❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ❛♥á❧✐s❡ ❞❡ ❊❖❋ ❝♦♠ ♦ ❞♦♠í♥✐♦ ✉t✐❧✐③❛❞♦ ✭❍❆◆✲

◆❆❈❍■✱ ✷✵✵✹✮✱ ❛ ❊❖❋ ❞❛ ❚❙▼ ❢♦✐ r❡str✐♥❣✐❞❛ à ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧ ♣❛r❛ ✉♠❛

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

✷✳✸ ❊st✐♠❛t✐✈❛ ❞♦ tr❛♥s♣♦rt❡

❆ ❋✐❣✉r❛ ✷✳✷ ♠♦str❛ ❛ ❧♦❝❛❧✐③❛çã♦ ❞❛s s❡çõ❡s s❡❧❡❝✐♦♥❛❞❛s ♣❛r❛ q✉❛♥t✐✜❝❛r ❛

❝♦♥tr✐❜✉✐çã♦ ❞♦s ♠❡❝❛♥✐s♠♦s ❢♦rç❛♥t❡s ♥♦ ❛✢♦r❛♠❡♥t♦ ❞❛s á❣✉❛s ♣r♦❢✉♥❞❛s✳ ❖s

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

❛s ❧♦❝❛❧✐③❛çõ❡s ❞♦s ❝❡♥tr♦s ❞❡ r❡ss✉r❣ê♥❝✐❛ ❡ ❛s ❧♦❝❛❧✐③❛çõ❡s ♦♥❞❡ ♦❝♦rr❡♠ ✈❛r✐❛çõ❡s

✾



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

❞❛ ❛♥á❧✐s❡ ❞❡ ❊❖❋✳

Cabo Frio

Cabo de São Tomé

Espírito Santo

❋✐❣✉r❛ ✷✳✷✿ ▲♦❝❛❧✐③❛çã♦ ❞❛s s❡çõ❡s ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛ ❛♥á❧✐s❡ ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥
s✉♣❡r✜❝✐❛❧ ❡ ❞❡ ❢✉♥❞♦✱ ❛s ❡str❡❧❛s ✈❡r❞❡s ❛ss✐♥❛❧❛♠ ♦s ♣♦♥t♦s ♦♥❞❡ ❢♦r❛♠ r❡t✐r❛❞❛s
❛s sér✐❡s ❞❛ t❡♥sã♦ ❞♦ ✈❡♥t♦✳ ❆ ❡s❝❛❧❛ ❞❡ ❝♦r❡s r❡♣r❡s❡♥t❛ ❛ ❜❛t✐♠❡tr✐❛ ✉t✐❧✐③❛❞❛ ♥♦
♠♦❞❡❧♦✳ ❊stã♦ ❛ss✐♥❛❧❛❞❛s ❛s ✐só❜❛t❛s ❞❡ ✺✵✱ ✶✵✵ ❡ ✶✺✵ ♠❡tr♦s✳

✷✳✸✳✶ ❋♦rç❛♥t❡s ❆t♠♦s❢ér✐❝❛s

P❛r❛ ❛✈❛❧✐❛r ♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ✭Tek✮✱ ❢♦✐ ✉t❧✐③❛❞❛ ❛ s❡❣✉✐♥t❡ ❢♦r♠✉❧❛çã♦

✭❙▼■❚❍✱ ✶✾✻✽✮✿

Tek =
τ⃗ . t̂

ρf
✭✷✳✷✮

♦♥❞❡✱ ♣❛r❛ ❛ t❡♥sã♦ ❞♦ ✈❡♥t♦✱ τ⃗ ✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ♣♦♥t♦ ♠❛✐s ♣ró①✐♠♦ à ❧✐♥❤❛ ❞❡ ❝♦st❛

✭❡str❡❧❛ ✈❡r❞❡ ❞❛ ❋✐❣✉r❛ ✷✳✷✮✱ t̂ é ♦ ✈❡t♦r ✉♥✐tár✐♦ ♣❡r♣❡♥❞✐❝✉❧❛r à s❡çã♦ ❡ f é ♦

♣❛râ♠❡tr♦ ❞❡ ❈♦r✐♦❧✐s✳ ❆ ❞❡♥s✐❞❛❞❡ ❞❛ á❣✉❛ ❞♦ ♠❛r✱ ρ✱ ❢♦✐ ❛❞♦t❛❞❛ ❝♦♠♦ s❡♥❞♦ ❞❡

✶✵✷✺ kg m−3✳

P❛r❛ ❛ ❡st✐♠❛t✐✈❛ ❞♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ ❛♦ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥ ✭Tb✮✱ ✐♥✐❝✐✲

❛❧♠❡♥t❡✱ ❢♦✐ ❞❡t❡r♠✐♥❛❞❛ ❛ ✈❡❧♦❝✐❞❛❞❡ ✈❡rt✐❝❛❧ w✱ ❣❡r❛❞❛ ♣❡❧♦ r♦t❛❝✐♦♥❛❧ ❞♦ ❝❛♠♣♦

❞❡ t❡♥sã♦ ❞♦ ✈❡♥t♦✱ ✉t✐❧✐③❛♥❞♦ ❛ ❢♦r♠✉❧❛çã♦ ❛ s❡❣✉✐r ✭❙▼■❚❍✱ ✶✾✻✽✮✿

w = k̂.∇×
τ⃗

ρf
✭✷✳✸✮

✶✵



♦♥❞❡✱ k̂ é ♦ ✈❡t♦r ✉♥✐tár✐♦ ♥❛ ❞✐r❡çã♦ ✈❡rt✐❝❛❧✳ ❈♦♠ ♦❜❥❡t✐✈♦ ❞❡ ❝♦♠♣❛r❛r ❛ ❝♦♥tr✐✲

❜✉✐çã♦ ❞♦s ❞♦✐s ♠❡❝❛♥✐s♠♦s ❛ss♦❝✐❛❞♦s à ❢♦rç❛♥t❡ ❛t♠♦s❢ér✐❝❛✱ ❛ ✈❡❧♦❝✐❞❛❞❡ ✈❡rt✐❝❛❧

❛ss♦❝✐❛❞❛ ❛♦ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥ ❢♦✐ ✐♥t❡❣r❛❞❛✱ ♥♦ s❡♥t✐❞♦ ♦✛s❤♦r❡✱ ❛♦ ❧♦♥❣♦

❞♦s ✷✵✵ ❦♠ ❞❛ s❡çã♦✱ ❞✐stâ♥❝✐❛ ❛♣r♦①✐♠❛❞❛ ♥❛ q✉❛❧ ♦ r♦t❛❝✐♦♥❛❧ ❞♦ ❝❛♠♣♦ ❞❡ t❡♥sã♦

❞♦ ✈❡♥t♦ s❡ ❡st❡♥❞❡✱ s❡❣✉✐♥❞♦ ❈❆❙❚❊▲❆❖ ❡ ❇❆❘❚❍ ✭✷✵✵✻✮✳

✷✳✸✳✷ ❋♦rç❛♥t❡ ❖❝❡❛♥♦❣rá✜❝❛

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

♠❛çã♦ ❞❛ ❝♦rr❡♥t❡ ♥❛ ♣❧❛t❛❢♦r♠❛✱ TC ✱ ❞❡❞✉③✐❞❛ ♥♦ tr❛❜❛❧❤♦ ❞♦ ❈❯❙❍▼❆◆✲❘❖■❙■◆

❡ ❇❊❈❑❊❘❙ ✭✷✵✶✶✮✱ ❛ ♠❡s♠❛ ❡♠♣r❡❣❛❞❛ ♥♦ ❡st✉❞♦ ❞♦ ❆●❯■❆❘ ❡t ❛❧✳ ✭✷✵✶✽✮✱ q✉❡

❛♥❛❧✐s❛r❛♠ ❛s ❢♦rç❛♥t❡s ❞❛ r❡ss✉r❣ê♥❝✐❛ ♥❛s r❡❣✐õ❡s ❞❛ ❜✐❢✉r❝❛çã♦ ❞❛ ❈♦rr❡♥t❡ ❙✉❧

❊q✉❛t♦r✐❛❧ ❡ ❞♦ ❈❛♥②♦♥ ❞❡ ❙❛❧✈❛❞♦r✱ é ❞❛❞❛ ♣♦r✿

TC =
1

2
V⃗gδ ✭✷✳✹✮

❖♥❞❡ Vg é ❛ ✈❡❧♦❝✐❞❛❞❡ ♠é❞✐❛ ❞❛ ❝♦rr❡♥t❡ ❣❡♦stró✜❝❛ ✭✈❡❧♦❝✐❞❛❞❡ ❜❛r♦tró♣✐❝❛ ❞♦

♠♦❞❡❧♦✮✱ ❡ δ é ❛ ❡s♣❡ss✉r❛ ❞❛ ❝❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦✳

P❛r❛ ❛ ❡st✐♠❛t✐✈❛ ❞♦ ✈❛❧♦r ❞❡ δ✱ ❢♦✐ ❡♠♣r❡❣❛❞❛ ❛ ❢♦r♠✉❧❛çã♦ ♣r♦♣♦st❛ ♣♦r P❖▲✲

▲❆❘❉ ❡t ❛❧✳ ✭✶✾✼✸✮✱ q✉❡ r❡❧❛❝✐♦♥❛ ❛ ❡s♣❡ss✉r❛ ❞❛ ❝❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦ ❝♦♠ ❛

❡str✉t✉r❛ ❞❡ ❞❡♥s✐❞❛❞❡ ❡ ❝♦♠ ❛ t❡♥sã♦ ❞❡ ❢✉♥❞♦✳ P❊❘▲■◆ ❡t ❛❧✳ ✭✷✵✵✼✮✱ ♦❜s❡r✈❛♥❞♦

❛ ❡s♣✐r❛❧ ❞❡ ❊❦♠❛♥ ♥❛ ❝❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦✱ r❛t✐✜❝♦✉ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ s❡ ❝♦♥✲

s✐❞❡r❛r ❛ ❡str❛t✐✜❝❛çã♦ ♥♦ ❝á❧❝✉❧♦ ❞❛ s✉❛ ❡s♣❡ss✉r❛✳ ❙❈❍❆❊❋❋❊❘ ❡t ❛❧✳ ✭✷✵✶✹✮✱

❛♥❛❧✐s❛♥❞♦ q✉❛tr♦ ❢♦r♠✉❧❛çõ❡s ❞✐❢❡r❡♥t❡s✱ ✈❡r✐✜❝❛r❛♠ q✉❡ ❛ ❡①♣r❡ssã♦ ♣r♦♣♦st❛ ♣♦r

P❖▲▲❆❘❉ ❡t ❛❧✳ ✭✶✾✼✸✮✱ ❢♦r♥❡❝❡✉ ✉♠❛ ❡st✐♠❛t✐✈❛ r❛③♦á✈❡❧✱ ❡ ❢♦✐ ❞❡♥tr❡ ❛s ♦✉tr❛s

três ♠❡t♦❞♦❧♦❣✐❛s ✉t✐❧✐③❛❞❛s ❛ q✉❡ ❛♣r❡s❡♥t♦✉ ♦ ♠❡❧❤♦r r❡s✉❧t❛❞♦ ♣❛r❛ ♦ tr❛♥s♣♦rt❡

♥❛ ❝❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦✳ ❆ ❢♦r♠✉❧❛çã♦ ♣r♦♣♦st❛ ♣♦r P❖▲▲❆❘❉ ❡t ❛❧✳ ✭✶✾✼✸✮ é

❛ s❡❣✉✐♥t❡✿

δ = Ku∗/
√

Nf ✭✷✳✺✮

♦♥❞❡ K é ✉♠ ❝♦❡✜❝✐❡♥t❡ ❞❡ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡ ✭K = 1, 7✱ P❊❘▲■◆ ❡t ❛❧✳ ✭✷✵✵✼✮❀

❙❈❍❆❊❋❋❊❘ ❡t ❛❧✳ ✭✷✵✶✹✮✮✱ f é ♦ ♣❛râ♠❡tr♦ ❞❡ ❈♦r✐♦❧✐s✱ N =
√

−g∂ρ/ρ∂z é ❛

❢r❡q✉ê♥❝✐❛ ❞❡ ❇r✉♥t✲❱ä✐sä❧ä ❡ u∗ =
√

τby/ρ é ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❛tr✐t♦✳ P❛r❛ ♦ ❝á❧❝✉❧♦

❞❛ ❝♦♠♣♦♥❡♥t❡ ❛❧♦♥❣s❤♦r❡ ❞❛ t❡♥sã♦ ❞❡ ❢✉♥❞♦ τby✱ s❡rá ✉t✐❧✐③❛❞❛ ❛ ❧❡✐ ❞❡ ❛rr❛st♦

❧✐♥❡❛r τby = ρrv✱ ♦♥❞❡ r é ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ r❡s✐stê♥❝✐❛ ✭r = 5× 10−4ms−1✱ ▲❊◆❚❩ ❡

❲■◆❆◆❚ ✭✶✾✽✻✮✮ ❡ v é ❛ ❝♦♠♣♦♥❡♥t❡ ❛❧♦♥❣s❤♦r❡ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❢✉♥❞♦✳

P❛r❛ ❞❡✜♥✐çã♦ ❞♦s ❧♦❝❛✐s ❞❛ r❡t✐r❛❞❛ ❞❛s sér✐❡s t❡♠♣♦r❛✐s ❞♦ tr❛♥s♣♦rt❡ ♥❛ ❝❛✲

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

s❡çõ❡s ❡ ❡s❝♦❧❤✐❞♦ ✉♠ ❧♦❝❛❧ ♣ró①✐♠♦ ❞❛ ❢r♦♥t❡✐r❛ ♦♥❞❡ ♦ ✢✉①♦ ❤♦r✐③♦♥t❛❧ t❡♥❞❡ ❛ r❡s✲

✶✶



s✉r❣✐r ✭♣♦♥t♦s ❛ss✐♥❛❧❛❞♦s ♣❡❧❛ ❡str❡❧❛ ❜r❛♥❝❛ ♥❛ ❋✐❣✉r❛ ✷✳✸✮✳ ❊❧❡s ❡stã♦ ❧♦❝❛❧✐③❛❞♦s

❛ ❝❡r❝❛ ❞❡ ✷✵ ❦♠ ❞❛ ❝♦st❛ ❡♠ ❈❛❜♦ ❋r✐♦ ❡ ❊s♣ír✐t♦ ❙❛♥t♦ ❡ ❞❡ ✷✺ ❦♠ ❞❛ ❝♦st❛ ❡♠

❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✳ ❈❛❜❡ r❡ss❛❧t❛r q✉❡ ❡ss❡s ✈❛❧♦r❡s ❡stã♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ tr❛❜❛❧❤♦

❞❡ ❍❖❯❘❨ ❡t ❛❧✳ ✭✶✾✽✼✮✱ ♦ q✉❛❧✱ ✉t✐❧✐③❛♥❞♦ ❞❛❞♦s ❞♦ ▲❡✈✐t✉s ❞❡ ✶✾✽✷✱ ❡♥❝♦♥tr♦✉

✉♠ ✈❛❧♦r ❞❡ ✷✺ ❦♠ ♣❛r❛ ♦ r❛✐♦ ❞❡ ❞❡❢♦r♠❛çã♦ ❞❡ ❘♦ss❜② ✐♥t❡r♥♦✱ q✉❡ r❡♣r❡s❡♥t❛ ❛

❞✐stâ♥❝✐❛ ❞❛ ❝♦st❛ ♥❛ q✉❛❧ ♦❝♦rr❡ ❛ r❡ss✉r❣ê♥❝✐❛ ❡♠ ✉♠ ♠♦❞❡❧♦ ❡str❛t✐✜❝❛❞♦ ❞❡ ❞✉❛s

❝❛♠❛❞❛s ✭❇❖❲❉❊◆✱ ✶✾✽✸✮✳

Cabo Frio Cabo de São Tomé Espírito Santo

❋✐❣✉r❛ ✷✳✸✿ P❡r✜s ✐♥st❛♥tâ♥❡♦s ❞❡ t❡♠♣❡r❛t✉❞❛ ❞❛s s❡çõ❡s ❞❡ ❈❛❜♦ ❋r✐♦✱ ❈❛❜♦ ❞❡
❙ã♦ ❚♦♠é ❡ ❊s♣ír✐t♦ ❙❛♥t♦ ✭❋✐❣✉r❛ ✷✳✷✮ ❛ss✐♥❛❧❛♥❞♦ ✭❡str❡❧❛s ❜r❛♥❝❛s✮ ♦s ♣♦♥t♦s
♦♥❞❡ s❡rã♦ r❡t✐r❛❞❛s ❛s sér✐❡s t❡♠♣♦r❛✐s ❞♦ tr❛♥s♣♦rt❡ ♥❛ ❝❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦✳

❈♦♥❢♦r♠❡ ♦s tr❛❜❛❧❤♦s ❞❡ P❖▲▲❆❘❉ ❡t ❛❧✳ ✭✶✾✼✸✮ ❡ P❊❘▲■◆ ❡t ❛❧✳ ✭✷✵✵✼✮✱ ❛

❢r❡q✉ê♥❝✐❛ ❞❡ ❇r✉♥t✲❱ä✐sä❧ä ❞❡✈❡ r❡♣r❡s❡♥t❛r ❛ ❡str❛t✐✜❝❛çã♦ ❞❛ ❝❛♠❛❞❛ ❛❞❥❛❝❡♥t❡

à ❝❛♠❛❞❛ ❞❡ ♠✐st✉r❛✱ ❝❛r❛❝t❡r✐③❛♥❞♦ ❞❡ss❛ ❢♦r♠❛ ♦ ❛♠❜✐❡♥t❡ ❡str❛t✐✜❝❛❞♦✳ ❉❡ss❡

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

❤♦✈♠♦❧❧❡rs ❞❛ ❞❡♥s✐❞❛❞❡ ❡ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❇r✉♥t✲❱ä✐sä❧ä✱ ♥❛s r❡❣✐õ❡s ❛ss✐♥❛❧❛❞❛s

♣❡❧❛s ❡str❡❧❛s ❜r❛♥❝❛s ❞❛ ❋✐❣✉r❛ ✷✳✸✱ ♣❛r❛ ❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❋✐❣✉r❛s ✷✳✹ ❡ ✷✳✺✮ ❡

♣❛r❛ ❛s s❡çõ❡s ❞❡ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ❡ ❊s♣ír✐t♦ ❙❛♥t♦✱ ♥ã♦ ♠♦str❛❞♦s ❛q✉✐✳ ❆ss✐♠✱

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

❡str❛t✐✜❝❛❞♦ ❧♦❣♦ ❛❝✐♠❛ ❞❛ ❝❛♠❛❞❛ ❞❡ ❢✉♥❞♦✳ ❋♦r❛♠ ✉t✐❧✐③❛❞❛s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱

❛s ❢r❡q✉ê♥❝✐❛s ❞❡ ❇r✉♥t✲❱ä✐sä❧ä ♥❛s ♣r♦❢✉♥❞✐❞❛❞❡s ❞❡ ✺✵ ♠✱ ✷✵ ♠ ❡ ✷✵ ♠ ♣❛r❛ ❛s

s❡çõ❡s ❞❡ ❈❛❜♦ ❋r✐♦✱ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ❡ ❊s♣ír✐t♦ ❙❛♥t♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✶✷



❋✐❣✉r❛ ✷✳✹✿ ❍♦✈♠♦❧❧❡r ❞❛ ❞❡♥s✐❞❛❞❡ σt ❛♦ ❧♦♥❣♦ ❞❛ ❝♦❧✉♥❛ ❞✬á❣✉❛ à ✷✵ ❦♠ ❞❛ ❝♦st❛
♥❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦✳

❋✐❣✉r❛ ✷✳✺✿ ❍♦✈♠♦❧❧❡r ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❇r✉♥t✲❱ä✐sä❧ä ❛♦ ❧♦♥❣♦ ❞❛ ❝♦❧✉♥❛ ❞✬á❣✉❛ à
✷✵ ❦♠ ❞❛ ❝♦st❛ ♥❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦✳

❆ ❋✐❣✉r❛ ✷✳✻ ✐❧✉str❛ ❛ ❝❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦ ❛♦ ❧♦♥❣♦ ❞❛ ♣❧❛t❛❢♦r♠❛ ✭❧✐♥❤❛

✈❡r❞❡✮✱ ♥❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱ ❜❡♠ ❝♦♠♦ ❛s ✈❡❧♦❝✐❞❛❞❡s ❝r♦ss✲s❤♦r❡✱ ✐♥❞✐❝❛❞❛s

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

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

✐♥st❛♥tâ♥❡♦ ❞❛ s✐♠✉❧❛çã♦✳ ◆❡ss❡ ❞✐❛✱ ♦❜s❡r✈❛✲s❡ ♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ♥❛ ❝❛♠❛❞❛

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

q✉❡ ♦ ♥ú❝❧❡♦ ❞❛ ❈❇ ❡stá ❧♦❝❛❧✐③❛❞♦ s♦❜r❡ ❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧ ❡①t❡r♥❛✱ ♠❛s q✉❡

❛ ❝♦rr❡♥t❡ s❡ ❞❡s❡♥✈♦❧✈❡ ❛♦ ❧♦♥❣♦ ❞❡ t♦❞❛ ❛ ♣❧❛t❛❢♦r♠❛✳

✶✸



❋✐❣✉r❛ ✷✳✻✿ ❈❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦ ✭❧✐♥❤❛ ✈❡r❞❡✮✳ ❙ã♦ ❛ss✐♥❛❧❛❞❛s ❛s ✈❡❧♦❝✐❞❛❞❡s
❝r♦ss✲s❤♦r❡ ✭s❡t❛s ♣r❡t❛s✮ ❡ ❛❧♦♥❣s❤♦r❡ ✭✐s♦❧✐♥❤❛s ❜r❛♥❝❛s ❡ ❡s❝❛❧❛ ❞❡ ❝♦r❡s✮✳

✶✹



❈❛♣ít✉❧♦ ✸

❘❡s✉❧t❛❞♦s ❡ ❉✐s❝✉ssõ❡s

✸✳✶ ❱❛r✐❛❜✐❧✐❞❛❞❡ ❞❛ ❚❙▼

❈♦♠ ♦ ♣r♦♣ós✐t♦ ❞❡ ✐❞❡♥t✐✜❝❛r ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ❞❛ ❚❙▼ ♥♦s r❡s✉❧t❛❞♦s

❞♦ ♠♦❞❡❧♦✱ ❢♦r❛♠ ❛♥❛❧✐s❛❞❛s ❛s sér✐❡s t❡♠♣♦r❛✐s ❞♦s ✈❛❧♦r❡s ♠í♥✐♠♦s ❞❡ ❚❙▼ ♥❛s

r❡❣✐õ❡s ❛ss✐♥❛❧❛❞❛s ♣❡❧♦s r❡tâ♥❣✉❧♦s ✈❡r♠❡❧❤♦s ♥❛ ❋✐❣✉r❛ ✸✳✶✱ q✉❡ r❡♣r❡s❡♥t❛♠ ♦s

❝❡♥tr♦s ❞❡ r❡ss✉r❣ê♥❝✐❛ ❞❡ ❈❛❜♦ ❋r✐♦✱ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ❡ ❊s♣ír✐t♦ ❙❛♥t♦✳

❋✐❣✉r❛ ✸✳✶✿ ■♥st❛♥tâ♥❡♦ ❞❡ ❚❙▼♠♦str❛♥❞♦ ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦s ❝❡♥tr♦s ❞❡ r❡ss✉r❣ê♥❝✐❛✳
❖s r❡tâ♥❣✉❧♦s ✈❡r♠❡❧❤♦s ❛ss✐♥❛❧❛♠ ❛s r❡❣✐õ❡s ♦♥❞❡ ❢♦r❛♠ r❡t✐r❛❞❛s ❛s t❡♠♣❡r❛t✉r❛s
s✉♣❡r✜❝✐❛✐s ♠í♥✐♠❛s ♣❛r❛ ❛♥á❧✐s❡✳ ❊♠ ♣r❡t♦✱ ❡stã♦ ♠❛r❝❛❞❛s ❛s ✐só❜❛t❛s ❞❡ ✺✵ ❡ ✶✺✵
♠✳

P❡❧❛s sér✐❡s t❡♠♣♦r❛✐s ✭❋✐❣✉r❛ ✸✳✷✮✱ ♥♦t❛✲s❡ q✉❡✱ ♥♦ ❣❡r❛❧✱ ❛ r❡ss✉r❣ê♥❝✐❛ ❞❡ ❈❛❜♦

❋r✐♦✱ ❞❡♥tr❡ ❛s três✱ é ❛ q✉❡ ❛♣r❡s❡♥t❛ ❛s ♠❡♥♦r❡s t❡♠♣❡r❛t✉r❛s✱ s❡❣✉✐❞❛ ♣♦r ❈❛❜♦

❞❡ ❙ã♦ ❚♦♠é ❡ ❊s♣ír✐t♦ ❙❛♥t♦✳ ❊ss❡ r❡s✉❧t❛❞♦ ❡stá ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❛♣r❡s❡♥t❛❞♦

♥♦ tr❛❜❛❧❤♦ ❞❡ ❉❊ ❈❆❙❚❘❖ ❡t ❛❧✳ ✭✷✵✵✻✮✱ q✉❡ ✉t✐❧✐③❛♥❞♦ ❞❛❞♦s ❞❡ s❡♥s♦r✐❛♠❡♥t♦

✶✺



r❡♠♦t♦✱ ♦❜s❡r✈❛r❛♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ t❡♠♣❡r❛t✉r❛s ♠í♥✐♠❛s ❞❡ ✶✺➦❈✱ ✶✼➦❈ ❡ ✶✽➦❈

♣❛r❛ ❛ r❡ss✉r❣ê♥❝✐❛ ❞❡ ❈❛❜♦ ❋r✐♦✱ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ❡ ❱✐tór✐❛✳

❋✐❣✉r❛ ✸✳✷✿ ❙ér✐❡s t❡♠♣♦r❛✐s ❞❛s t❡♠♣❡r❛t✉r❛s s✉♣❡r❢í❝✐❛✐s ♠í♥✐♠❛s ♥❛s ár❡❛s ❛ss✐✲
♥❛❧❛❞❛s ♥❛ ❋✐❣✉r❛ ✸✳✶✳

❆✐♥❞❛✱ s❡ ❝♦♥st❛t❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ ❈❛❜♦ ❋r✐♦✱ ✉♠❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ s❡✲

♠❡❧❤❛♥t❡ àq✉❡❧❛ ✈❡r✐✜❝❛❞❛ ♥❛ sér✐❡ ❞❡ ❞❛❞♦s ✐♥ s✐t✉ ❛♥❛❧✐s❛❞❛ ♣♦r ❈❆▲■▲ ❊▲■❆❙

✭✷✵✵✾✮ ✭❋✐❣✉r❛ ✶✳✶✮✳ ➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❡♥tr❡ ♠❡❛❞♦s ❞❡ ✷✵✵✾✲✷✵✶✶ ❛ r❡ss✉r❣ê♥✲

❝✐❛ s❡ ❛♣r❡s❡♥t♦✉ ♠❡♥♦s ✐♥t❡♥s❛ q✉❡ ♥♦s ♦✉tr♦s ❛♥♦s✱ ❛♦ ❝♦♥trár✐♦ ❞♦ q✉❡ ❛❝♦♥t❡❝❡✉

❡♥tr❡ ❥✉❧❤♦ ❛ ❞❡③❡♠❜r♦ ❞❡ ✷✵✶✷✳ ❖s ❤✐st♦❣r❛♠❛s ❛♥✉❛✐s ❞❛ ❚❙▼ ❡♠ ❈❛❜♦ ❋r✐♦

✭❋✐❣✉r❛ ✸✳✸✮✱ q✉❡ ❢♦r❛♠ ❝❛❧❝✉❧❛❞♦s ❞❡ ❥✉♥❤♦ ❛ ♠❛✐♦ ♣❛r❛ ❡♥❣❧♦❜❛r ♦ ♣❡rí♦❞♦ tí♣✐❝♦

❞❡ ♦❝♦rrê♥❝✐❛ ❞❛ r❡ss✉r❣ê♥❝✐❛✱ ♣r✐♠❛✈❡r❛ ❡ ✈❡rã♦✱ ♠♦str❛♠ q✉❡ ✷✵✵✾✲✷✵✶✵ ❡ ✷✵✶✷✲

✷✵✶✸ ❢♦r❛♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♦s ♣❡rí♦❞♦s ❝♦♠ ♦s ♠❡♥♦r❡s ✭✷✺ ❞✐❛s✮ ❡ ♠❛✐♦r❡s ✭✶✵✺

❞✐❛s✮ ♥ú♠❡r♦s ❞❡ ❞✐❛s ❝♦♠ ❚❙▼ ❛❜❛✐①♦ ❞❡ ✶✽➦❈✱ ♠♦str❛♥❞♦ q✉❡ ♦ ♠♦❞❡❧♦ ❝♦♥s❡❣✉✐✉

❝❛♣t✉r❛r ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ❞❛ r❡ss✉r❣ê♥❝✐❛ ❞❡ ❈❛❜♦ ❋r✐♦✳

❊♠ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✱ ♦❜s❡r✈❛✲s❡ ✉♠❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ s❡♠❡❧❤❛♥t❡ à ❞❡

❈❛❜♦ ❋r✐♦✱ ♦♥❞❡ ♦ ♣❡rí♦❞♦ ❞❡ ✷✵✵✾✲✷✵✶✶ ❢♦✐ ♠❛r❝❛❞♦ ♣♦r ❛♣r❡s❡♥t❛r ♠❡♥♦s ❞✐❛s ❝♦♠

t❡♠♣❡r❛t✉r❛s ✐♥❢❡r✐♦r❡s à ✷✵➦❈ ✭❋✐❣✉r❛ ✸✳✹✮✳ ❈❛❜❡ r❡ss❛❧t❛r q✉❡ ✷✵➦❈ ❢♦✐ ✉t✐❧✐③❛❞♦

❝♦♠♦ ✐♥❞✐❝❛❞♦r ♣❛r❛ ❛ r❡ss✉r❣ê♥❝✐❛ ❞♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ♥♦ tr❛❜❛❧❤♦ ❞❡ P❆▲Ó❈❩❨

❡t ❛❧✳ ✭✷✵✶✹✮✳ ❊ss❡s ❛✉t♦r❡s ❥✉st✐✜❝❛r❛♠ ❛ r❛③♦❛❜✐❧✐❞❛❞❡ ❞❡ss❡ ✐♥❞✐❝❛❞♦r ❝♦♠ ❜❛s❡

♥♦ tr❛❜❛❧❤♦ ❞♦ ❉❊ ❈❆❙❚❘❖ ❡t ❛❧✳ ✭✷✵✵✻✮✱ q✉❡ ♣♦r ♠❡✐♦ ❞❡ ❞❛❞♦s s❡ s❡♥s♦r✐❛♠❡♥t♦

r❡♠♦t♦✱ ♦❜s❡r✈♦✉ ✉♠ ✈❛❧♦r ♠é❞✐♦ ❞❡ ✶✾✱✾➦❈ ♣❛r❛ ❛s ♣❧✉♠❛s ❢r✐❛s ❞❛ r❡ss✉r❣ê♥❝✐❛

♥❛q✉❡❧❛ r❡❣✐ã♦✳

P❛r❛ ♦ ❊s♣ír✐t♦ ❙❛♥t♦✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ♦ ♣❡rí♦❞♦ ❞❡ ✷✵✵✻✲✷✵✵✼ ❢♦✐ ♦ q✉❡ t❡✈❡ ♦

♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❞✐❛s ❝♦♠ ❚❙▼ ❛❜❛✐①♦ ❞❡ ✷✵✱✺➦❈ ✭✶✶✶ ❞✐❛s✮✳ ❖ ♣❡rí♦❞♦ ❞❡ ✷✵✶✵✲✷✵✶✶

s❡ ❞❡st❛❝♦✉ ❝♦♠♦ s❡♥❞♦ ♦ ♠❡♥♦s ✐♥t❡♥s♦✱ ❛♣r❡s❡♥t❛♥❞♦ ❛♣❡♥❛s ✸✼ ❞✐❛s ❝♦♠ ❛ ❚❙▼

✐♥❢❡r✐♦r ❛ ✷✵✱✺➦❈ ✭❋✐❣✉r❛ ✸✳✺✮✳ ❈❛❜❡ ❞❡st❛❝❛r q✉❡✱ ♥♦ tr❛❜❛❧❤♦ ❞♦ ❉❊ ❈❆❙❚❘❖ ❡t ❛❧✳

✭✷✵✵✻✮✱ ❢♦✐ ♦❜s❡r✈❛❞♦ q✉❡ ❛ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❞❛ ♣❧✉♠❛ ❞❛ r❡ss✉r❣ê♥❝✐❛ ❞❡ ❱✐tór✐❛

❡r❛ ❞❡ ✷✵✱✻➦❈✳ ❆❧é♠ ❞✐ss♦✱ ▼❆❘❚■◆❙ ✭✷✵✶✺✮✱ t❛♠❜é♠ ❛♥❛❧✐s❛♥❞♦ ❛ r❡ss✉r❣ê♥❝✐❛

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

✶✻



✶✾✱✾➦❈ ❛ ✷✵✱✼➦❈✱ ♣♦r ✐ss♦✱ ❛ ✐♥❞✐❝❛çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❞✐❛s ❝♦♠ ❚❙▼ ♠❡♥♦r❡s q✉❡

✷✵✱✺➦❈ ♥♦s ❤✐st♦❣r❛♠❛s s❡ ♠♦str❛ r❛③♦á✈❡❧ ❝♦♠♦ ✐♥❞✐❝❛❞♦r ❞❛ r❡ss✉r❣ê♥❝✐❛ ♥❛ r❡❣✐ã♦

❞♦ ❊s♣ír✐t♦ ❙❛♥t♦✳

Temperatura (°C) Temperatura (°C) Temperatura (°C)

N
° 

de
 d

ia
s

N
° 

de
 d

ia
s

N
° 

de
 d

ia
s

105 dias 62 dias 60 dias

25 dias 50 dias 85 dias

83 dias97 dias66 dias

❋✐❣✉r❛ ✸✳✸✿ ❍✐st♦❣r❛♠❛s ❛♥✉❛✐s ❞❛ ❚❙▼ ♣❛r❛ ❈❛❜♦ ❋r✐♦✳ ❊stá ✐♥❞✐❝❛❞♦ ♦ ♥ú♠❡r♦
❞❡ ❞✐❛s ❝♦♠ ❛ ❚❙▼ ❛❜❛✐①♦ ❞❡ ✶✽➦❈ ✭r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛s ❜❛rr❛s ❛③✉✐s✮✳

✶✼



Temperatura (°C) Temperatura (°C) Temperatura (°C)

N
° 

de
 d

ia
s

N
° 

de
 d

ia
s

N
° 

de
 d

ia
s

39 dias 36 dias 65 dias

46 dias76 dias64 dias

38 dias 60 dias 60 dias

❋✐❣✉r❛ ✸✳✹✿ ❍✐st♦❣r❛♠❛s ❛♥✉❛✐s ❞❛ ❚❙▼ ♣❛r❛ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✳ ❊stá ✐♥❞✐❝❛❞♦ ♦
♥ú♠❡r♦ ❞❡ ❞✐❛s ❝♦♠ ❛ ❚❙▼ ❛❜❛✐①♦ ❞❡ ✷✵➦❈ ✭r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛s ❜❛rr❛s ❛③✉✐s✮✳

Temperatura (°C) Temperatura (°C) Temperatura (°C)

N
° 

de
 d

ia
s

N
° 

de
 d

ia
s

N
° 

de
 d

ia
s

111 dias 57 dias 83 dias

37 dias 84 dias77 dias

65 dias56 dias 69 dias

❋✐❣✉r❛ ✸✳✺✿ ❍✐st♦❣r❛♠❛s ❛♥✉❛✐s ❞❛ ❚❙▼ ♣❛r❛ ❊s♣ír✐t♦ ❙❛♥t♦✳ ❊stá ✐♥❞✐❝❛❞♦ ♦
♥ú♠❡r♦ ❞❡ ❞✐❛s ❝♦♠ ❛ ❚❙▼ ❛❜❛✐①♦ ❞❡ ✷✵✱✺➦❈ ✭r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛s ❜❛rr❛s ❛③✉✐s✮✳

✶✽



✸✳✷ ❆♥á❧✐s❡ ❊s♣❛❝✐❛❧ ❡ ❚❡♠♣♦r❛❧

◆❡st❛ s❡çã♦✱ ♣♦r ♠❡✐♦ ❞❛ ❛♥á❧✐s❡ ❞❡ ❊❖❋✱ s❡rã♦ ♠♦str❛❞♦s ♦s ♣❛❞rõ❡s ❡s♣❛❝✐❛✐s

❡ t❡♠♣♦r❛✐s ❞❛ ❚❙▼ ❡ s✉❛s ❢♦rç❛♥t❡s ♥❛ r❡❣✐ã♦ s✉❞❡st❡ ❜r❛s✐❧❡✐r❛✳ ❆✐♥❞❛✱ s❡rã♦

❛♣r❡s❡♥t❛❞♦s ♦ q✉ã♦ ❜❡♠ ♦ ♣❛❞rã♦ ❞❛ ❚❙▼ r❡♣r❡s❡♥t❛ ❛ r❡ss✉r❣ê♥❝✐❛ ♥❡ss❛ r❡❣✐ã♦✱

♣♦r ♠❡✐♦ ❞❛ ❝♦rr❡❧❛çã♦ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❛ss♦❝✐❛❞❛ ❛ ❡ss❡ ♣❛❞rã♦ ❝♦♠ ❛s sér✐❡s

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

❋r✐♦✱ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ❡ ❊s♣ír✐t♦ ❙❛♥t♦✮✳

❆♣ós ❛ ✈❡r✐✜❝❛çã♦ ❞❛ r❡♣r❡s❡♥t❛t✐✈✐❞❛❞❡ ❞❛ ❊❖❋ ❞❛ ❚❙▼ ♣❛r❛ ❛ r❡❣✐ã♦ s✉❞❡st❡✱

s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♣❛❞rõ❡s ❡s♣❛❝✐❛✐s ❡ t❡♠♣♦r❛✐s ❞❛s s✉❛s ❢♦rç❛♥t❡s ✭t❡♥sã♦ ❞♦

✈❡♥t♦✱ r♦t❛❝✐♦♥❛❧ ❞❛ t❡♥sã♦ ❞♦ ✈❡♥t♦ ❡ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❝♦rr❡♥t❡✮ ❡ ❝♦♠♦ ❡❧❡s s❡ ❝♦r✲

r❡❧❛❝✐♦♥❛♠ ❝♦♠ ♦ ♣❛❞rã♦ ❛ss♦❝✐❛❞♦ à ❚❙▼✳

◆❛ ♣❛rt❡ ✜♥❛❧ ❞❡st❛ s❡çã♦✱ s❡rá ♠♦str❛❞❛ ❛ ❊❖❋ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦ ❝♦♠ ♦

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

❞❛ ❆❈❆❙ ♥❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧✳ ❆ ❛♥á❧✐s❡ ❞♦s tr❛♥s♣♦rt❡s ❞❡✈✐❞♦ ❛s ❢♦rç❛♥t❡s

❛t♠♦s❢ér✐❝❛s ❡ ❛ ✐♥tr✉sã♦ ❞❛ ❝♦rr❡♥t❡ ♥❛ ♣❧❛t❛❢♦r♠❛ s❡rá ❛❜♦r❞❛❞❛ ♥❛ s❡çã♦ ✸✳✸✳

✸✳✷✳✶ ❚❙▼

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

t❡♠♣♦r❛❧ ❞❛ ❚❙▼ ♥❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧✱ q✉❡ ❥✉♥t♦s✱ ❡①♣❧✐❝❛♠ ❝❡r❝❛ ❞❡ ✽✽✪ ❞❛

✈❛r✐â♥❝✐❛ ❞♦s ✸✻✺✷ ❝❛♠♣♦s ❞✐ár✐♦s ♥♦ ❞♦♠í♥✐♦ ❞❛ ❛♥á❧✐s❡✳

✶✾



❋✐❣✉r❛ ✸✳✻✿ Pr✐♠❡✐r♦ ♠♦❞♦ ❞♦ ♣❛❞rã♦ ❡s♣❛❝✐❛❧ ❞❛ ❚❙▼ ✭♣❛✐♥❡❧ s✉♣❡r✐♦r✮ ❡ ❛ sér✐❡
t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ✭♣❛✐♥❡❧ ✐♥❢❡r✐♦r✮✳ ❊♠ ♣r❡t♦✱ ❡stã♦ ♠❛r❝❛❞❛s ❛s
✐só❜❛t❛s ❞❡ ✺✵ ❡ ✶✺✵ ♠✳

❆ ❋✐❣✉r❛ ✸✳✻ ♠♦str❛ ♦ ♣❛❞rã♦ ❡s♣❛❝✐❛❧ ❞♦ ♣r✐♠❡✐r♦ ♠♦❞♦ ✭❊❖❋✶✮ ❡ ❛ s✉❛ r❡s♣❡❝t✐✈❛

sér✐❡ t❡♠♣♦r❛❧✱ ♦♥❞❡ ♥♦t❛✲s❡ q✉❡ ❡❧❡ ❡stá ❛ss♦❝✐❛❞♦ ❛♦ ❝✐❝❧♦ s❛③♦♥❛❧ ❞❡ ❛q✉❡❝✐♠❡♥t♦

❡ r❡s❢r✐❛♠❡♥t♦ q✉❡ ♦❝♦rr❡ ❞✉r❛♥t❡ ♦ ✈❡rã♦ ❡ ♦ ✐♥✈❡r♥♦✳ ❊❧❡ ❡stá ❡♠ ❢❛s❡ ♥❛ ♠❛✐♦r

♣❛rt❡ ❞♦ ❞♦♠í♥✐♦✱ s♦♠❡♥t❡ ♦s ♥ú❝❧❡♦s ❞❡ r❡ss✉r❣ê♥❝✐❛ ❞♦ ❊s♣ír✐t♦ ❙❛♥t♦ ❡ ❞♦ ❈❛❜♦

❞❡ ❙ã♦ ❚♦♠é ❡stã♦ ❢♦r❛ ❞❡ ❢❛s❡✱ ❛♣r❡s❡♥t❛♥❞♦ ✈❛r✐❛çõ❡s ♥❡❣❛t✐✈❛s ❞❛ ❚❙▼ ♥♦ ✈❡rã♦

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

♥❛ r❡❣✐ã♦ ♠❛✐s ✐♥t❡r♥❛ ❞❛ ♣❧❛t❛❢♦r♠❛ ❛♦ s✉❧ ❞❛ ■❧❤❛ ❞❡ ❙ã♦ ❙❡❜❛st✐ã♦✱ ❞❡❝r❡s❝❡♥❞♦

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

♦♥❞❡ ♦ ✈❡t♦r ❣r❛❞✐❡♥t❡ ❞❛ ❛♠♣❧✐t✉❞❡ ❞❛ t❡♠♣❡r❛t✉r❛ é ❡♠ ❞✐r❡çã♦ ❛♦ ❧❛r❣♦✳

❖ s❡❣✉♥❞♦ ♣❛❞rã♦ ❡s♣❛❝✐❛❧ ✭❊❖❋✷✮✱ ❋✐❣✉r❛ ✸✳✼✱ r❡♣r❡s❡♥t❛ ✻✱✷✪ ❞❛ ✈❛r✐â♥❝✐❛ ❞♦s

❞❛❞♦s✳ ◆❡ss❡ ♠♦❞♦✱ s❡ ♦❜s❡r✈❛ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❞❡ ❢❛s❡ ♠❛✐s ♣r♦♥✉♥❝✐❛❞❛✱ ❡♠ q✉❡✱ ♥♦

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

❡♠ r❡❣✐õ❡s s✐t✉❛❞❛s ❛ ♦❡st❡ ❞❛ ❧♦♥❣✐t✉❞❡ ✹✹➦❲ ❡ ♥❡❣❛t✐✈❛s ❡♠ r❡❣✐õ❡s ❛ ❧❡st❡✱ ♥❛s

q✉❛✐s s❡ ❞❡st❛❝❛♠ ♦s ❝❡♥tr♦s ❞❡ r❡ss✉r❣ê♥❝✐❛ ❞❡ ❈❛❜♦ ❋r✐♦ ❡ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✱ q✉❡

❛♣r❡s❡♥t❛♠ ❛s ♠❛✐♦r❡s ❛♠♣❧✐t✉❞❡s ❞❛ ✈❛r✐❛çã♦ ❞❡ t❡♠♣❡r❛t✉r❛✳ ❚❛♠❜é♠✱ ❛ sér✐❡

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

r❡ss✉r❣ê♥❝✐❛ ❞❡ ❈❛❜♦ ❋r✐♦ ❡ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✱ ❝♦♠ ♦ ♣❡rí♦❞♦ ❡♥tr❡ ♠❡❛❞♦s ❞❡ ✷✵✵✾✲

✷✵✶✶ s❡♥❞♦ ❝❛r❛❝t❡r✐③❛❞♦ ❝♦♠♦ ♠❡♥♦s ✐♥t❡♥s♦✳ ❆✐♥❞❛✱ ❝♦♥st❛t❛✲s❡ q✉❡ ❛s ❡①t❡♥sõ❡s

✷✵



❞❛s ♣❧✉♠❛s q✉❡ ♣♦ss✉❡♠ ❛s ♠❛✐♦r❡s ❛♠♣❧✐t✉r❡s ❞❡ ✈❛r✐❛çã♦ ✭❛③✉❧ ❡s❝✉r♦ ❡ r♦①♦✮

tê♠ ❛ ♠❡s♠❛ ♦r❞❡♠ ❞❡ ❣r❛♥❞❡③❛ ❞❛s ❡①t❡♥sõ❡s ♠é❞✐❛s ❞❛s ♣❧✉♠❛s ❞❡ r❡ss✉r❣ê♥❝✐❛

♦❜s❡r✈❛❞❛s ♥♦ tr❛❜❛❧❤♦ ❞♦ ❉❊ ❈❆❙❚❘❖ ❡t ❛❧✳ ✭✷✵✵✻✮✱ q✉❡ sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱

❝❡r❝❛ ❞❡ ✶✵✵ ❦♠ ❡ ✻✵ ❦♠✱ ♣❛r❛ ❈❛❜♦ ❋r✐♦ ❡ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✳ ◆❛ r❡❣✐ã♦ ❞♦

❊s♣ír✐t♦ ❙❛♥t♦✱ ♥ã♦ s❡ ✐❞❡♥t✐✜❝❛ ✉♠ ❝❡♥tr♦ ❞❡ r❡ss✉r❣ê♥❝✐❛ ❜❡♠ ❞❡✜♥✐❞♦✱ ✐♥❞✐❝❛♥❞♦ ❛

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

❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ♦❜s❡r✈❛çõ❡s ❢❡✐t❛s ♣♦r ▼❆❘❚■◆❙ ✭✷✵✶✺✮ ❛♦ ❛♥❛❧✐s❛r ❛ r❡ss✉r❣ê♥❝✐❛

❞❡ ❱✐tór✐❛✳

❋✐❣✉r❛ ✸✳✼✿ ❙❡❣✉♥❞♦ ♠♦❞♦ ❞♦ ♣❛❞rã♦ ❡s♣❛❝✐❛❧ ❞❛ ❚❙▼ ✭♣❛✐♥❡❧ s✉♣❡r✐♦r✮ ❡ ❛ sér✐❡
t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ✭♣❛✐♥❡❧ ✐♥❢❡r✐♦r✮✳ ❊♠ ♣r❡t♦✱ ❡stã♦ ♠❛r❝❛❞❛s ❛s
✐só❜❛t❛s ❞❡ ✺✵ ❡ ✶✺✵ ♠✳

❆ ❋✐❣✉r❛ ✸✳✽ ♠♦str❛ ❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛s sér✐❡s t❡♠♣♦r❛✐s ❞❛ ❚❙▼ r❡t✐❞❛s ❡♠

❝❛❞❛ ❝❡♥tr♦ ❞❡ r❡ss✉r❣ê♥❝✐❛ ✭❋✐❣✉r❛ ✸✳✷✮ ❡ ❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ❞❛ ❊❖❋✷ ✭❋✐✲

❣✉r❛ ✸✳✼✮✳ ❱❡r✐✜❝❛✲s❡ ✉♠❛ ❜♦❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❡❧❛s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦s ❝❡♥tr♦s ❞❡

❈❛❜♦ ❋r✐♦ ❡ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✱ ❝♦♠ ❝♦rr❡❧❛çã♦ ❞❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✵✱✽✵ ❡ ✵✱✽✻✳

❉❡ss❛ ❢♦r♠❛✱ ❛ ❊❖❋✷ ❞❛ ❚❙▼ ❞❡♠♦♥str❛ t❡r ✉♠❛ ❜♦❛ r❡♣r❡s❡♥t✐✈✐❞❛❞❡ ❞❛ ✈❛r✐❛❜✐✲

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

❜r❛s✐❧❡✐r❛✳

✷✶



❋✐❣✉r❛ ✸✳✽✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ❞❛ ❊❖❋✷
❞❛ ❚❙▼ ✭P❈✷✮ ❡ ❛s t❡♠♣❡r❛t✉r❛s s✉♣❡r✜❝✐❛✐s ♠í♥✐♠❛s ❞♦s ❝❡♥tr♦s ❞❡ r❡ss✉r❣ê♥❝✐❛✳
❆s sér✐❡s ❢♦r❛♠ ♥♦r♠❛❧✐③❛❞❛s ♣❡❧♦ ❞❡s✈✐♦✲♣❛❞rã♦✳ ❆ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❊❖❋✷ ❢♦✐
♠✉❧t✐♣❧✐❝❛❞❛ ♣♦r ✲✶✳ ❙ã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦rr❡❧❛çõ❡s ♦❜t✐❞❛s ❡♥tr❡ ❡❧❛s✳

✸✳✷✳✷ ❋♦rç❛♥t❡s

❖ ♣r✐♠❡✐r♦ ♠♦❞♦ ❞♦ ♣❛❞rã♦ ❡s♣❛❝✐❛❧ ❞❛ t❡♥sã♦ ❞♦ ✈❡♥t♦ é r❡s♣♦♥sá✈❡❧ ♣♦r ✼✸✪

❞❛ ✈❛r✐â♥❝✐❛ ❞♦s ❞❛❞♦s ❡ ♣♦ss✉✐ ✉♠❛ ú♥✐❝❛ ❢❛s❡ ❡♠ t♦❞♦ ♦ ❞♦♠í♥✐♦ ✭❋✐❣✉r❛ ✸✳✾✮✳

❈❛❜❡ r❡ss❛❧t❛r q✉❡ ♦s ✈❡♥t♦s ♣r❡❞♦♠✐♥❛♥t❡s ♥❛ r❡❣✐ã♦ ❛♥❛❧✐s❛❞❛ sã♦ ♣r♦✈❡♥✐❡♥t❡s

❞♦ q✉❛❞r❛♥t❡ ◆✲❊ ✭❈❆▲■▲ ❊▲■❆❙✱ ✷✵✵✾❀ ❉❊ ❈❆❙❚❘❖ ❡t ❛❧✳✱ ✷✵✵✻✮✱ s❡♥❞♦ ♦ ❡✐①♦

◆❊✲❙❲ ❛q✉❡❧❡ ♦♥❞❡ s❡ ❡♥❝♦♥tr❛♠ ❛s ♠❛✐♦r❡s ♦❝♦rrê♥❝✐❛s ❈❆▲■▲ ❊▲■❆❙ ✭✷✵✵✾✮✱

❛♣r❡s❡♥t❛♥❞♦ ✉♠❛ ✈❛r✐â♥❝✐❛ ❞❡ ✽✺✪ ❞♦ ✈❡♥t♦ ❧♦❝❛❧ ♥❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❋❊❘✲

❘❊■❘❆✱ ✷✵✷✷✮✳ ❊♠ r❛③ã♦ ❞❡ss❛ ❝❛r❛❝t❡ríst✐❝❛✱ ❛♥t❡s ❞❛ r❡❛❧✐③❛çã♦ ❞❛ ❛♥á❧✐s❡ ❞❛

❊❖❋✱ ♦ ❝❛♠♣♦ ❞❡ t❡♥sã♦ ❞♦ ✈❡♥t♦ ❢♦✐ r♦t❛❝✐♦♥❛❞♦ ❞♦ ❡✐①♦ ◆✲❙ ❡ ❊✲❲ ♣❛r❛ ♦s ❡✐①♦s

◆❊✲❙❲ ❡ ◆❲✲❙❊✱ ❡ ❢♦✐ ✉t✐❧✐③❛❞❛ ❛♣❡♥❛s ❛ ❝♦♠♣♦♥❡♥t❡ ◆❊✲❙❲✳ ❉❡ss❛ ❢♦r♠❛✱ ♦s

✈❛❧♦r❡s ♣♦s✐t✐✈♦s ♦❜s❡r✈❛❞♦s ♥❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❋✐❣✉r❛ ✸✳✾ r❡❢❡r❡♠✲s❡ ❛♦s ✈❡♥t♦s

❞❡ ◆❊✱ ❢❛✈♦rá✈❡✐s à r❡ss✉r❣ê♥❝✐❛✱ ❡ ♦s ✈❛❧♦r❡s ♥❡❣❛t✐✈♦s ❡stã♦ ❛ss♦❝✐❛❞♦s ❛♦s ✈❡♥t♦s

❞❡ ❙❲✱ ❞❡✈✐❞♦ ❛ ♣❛ss❛❣❡♥s ❞❡ s✐st❡♠❛s ❢r♦♥t❛✐s ✭❉❊ ❈❆❙❚❘❖ ❡t ❛❧✳✱ ✷✵✵✻✮✱ s❡♥❞♦

❞❡s❢❛✈♦rá✈❡✐s à r❡ss✉r❣ê♥❝✐❛✳ ◆❛ r❡❣✐ã♦ ❛♥❛❧✐s❛❞❛✱ ❛ ❢r❡q✉ê♥❝✐❛ ❞❛ ♣❛ss❛❣❡♠ ❞♦s s✐s✲

t❡♠❛s ❢r♦♥t❛✐s ✈❛r✐❛ ❞❡ ✸ ❛ ✻ ✈❡③❡s ♣♦r ♠ês✱ s❡♥❞♦ ❛s ♠❡♥♦r❡s ♦❝♦rrê♥❝✐❛s ♥♦ ✈❡rã♦ ❡

❛s ♠❛✐♦r❡s ♥♦ ✐♥✈❡r♥♦ ✭❉❊ ❈❆❙❚❘❖ ❡t ❛❧✳✱ ✷✵✵✻✮✳ ❈♦♠♦ ❡s♣❡r❛❞♦✱ ♥❛ ❝♦♠♣♦♥❡♥t❡

♣r✐♥❝✐♣❛❧ ❞❛ ❊❖❋✶✱ ❝♦♥st❛t❛✲s❡ ♠❛✐♦r❡s ❢r❡q✉ê♥❝✐❛s ❞❡ ♦❝♦rrê♥❝✐❛s ❞❡ss❡s s✐st❡♠❛s

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

✉♠❛ ♣r❡❞♦♠✐♥â♥❝✐❛ ❞♦s ✈❡♥t♦s ❢❛✈♦rá✈❡✐s à r❡ss✉r❣ê♥❝✐❛✳
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❋✐❣✉r❛ ✸✳✾✿ Pr✐♠❡✐r♦ ♠♦❞♦ ❞♦ ♣❛❞rã♦ ❡s♣❛❝✐❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ r♦t❛❝✐♦♥❛❞❛ ♣❛r❛ ♦
❡✐①♦ ◆❊✲❙❲ ❞❛ t❡♥sã♦ ❞♦ ✈❡♥t♦ ✭♣❛✐♥❡❧ s✉♣❡r✐♦r✮ ❡ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡
♣r✐♥❝✐♣❛❧ ✭♣❛✐♥❡❧ ✐♥❢❡r✐♦r✮✱ ♦♥❞❡ ♦s ✈❛❧♦r❡s ♣♦s✐t✐✈♦s r❡❢❡r❡♠✲s❡ ❛♦s ✈❡♥t♦s ❞❡ ◆❊✱
❢❛✈♦rá✈❡✐s à r❡ss✉r❣ê♥❝✐❛✱ ❡ ♦s ✈❛❧♦r❡s ♥❡❣❛t✐✈♦s ❛♦s ✈❡♥t♦s ❞❡ ❙❲✱ ❞❡s❢❛✈♦rá✈❡✐s à
r❡ss✉r❣ê♥❝✐❛✳ ❊♠ ♣r❡t♦✱ ❡stã♦ ♠❛r❝❛❞❛s ❛s ✐só❜❛t❛s ❞❡ ✺✵ ❡ ✶✺✵ ♠✳

❆ ❊❖❋✶ ❞♦ r♦t❛❝✐♦♥❛❧ ❞♦ ❝❛♠♣♦ ❞❡ t❡♥sã♦ ❞♦ ✈❡♥t♦ ❡①♣❧✐❝❛ ✷✽✪ ❞❛ ✈❛r✐â♥❝✐❛

❞♦s ❞❛❞♦s ❡ ♣♦ss✉✐ ❞✉❛s ❢❛s❡s ✭✉♠❛ ♣ró①✐♠❛ à ❝♦st❛✱ ♠❛r❝❛❞❛ ♣❡❧❛s ❝♦r❡s ❢r✐❛s✱ ❡

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

✸✳✶✵✮✳ ❖s ✈❛❧♦r❡s ♣♦s✐t✐✈♦s ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ sã♦ ♣r♦♣í❝✐♦s ❛ ♦❝♦rrê♥❝✐❛ ❞❛

r❡ss✉r❣ê♥❝✐❛✳ ❆s ♠❛✐♦r❡s ❛♠♣❧✐t✉❞❡s ❞❛ ❊❖❋✶ ❡stã♦ ❧♦❝❛❧✐③❛❞❛s ♥❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦

❋r✐♦✱ ❡♠ ❝♦♥❝♦r❞â♥❝✐❛ ❝♦♠ ♦ tr❛❜❛❧❤♦ ❞❡ ❈❆❙❚❊▲❆❖ ❡ ❇❆❘❚❍ ✭✷✵✵✻✮✱ ♦s q✉❛✐s

✈❡r✐✜❝❛r❛♠ q✉❡ ♦ r♦t❛❝✐♦♥❛❧ ❞♦ ❝❛♠♣♦ ❞❡ t❡♥sã♦ ❞♦ ✈❡♥t♦ ♣♦ss✉✐ ✉♠❛ ♠❛✐♦r ✐♥✢✉ê♥✲

❝✐❛ ❝♦♠♦ ❢♦rç❛♥t❡ ❞❛ r❡ss✉r❣ê♥❝✐❛ ♥❡ss❛ r❡❣✐ã♦ s❡ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦ ❈❛❜♦ ❞❡ ❙ã♦

❚♦♠é ❡ ❱✐tór✐❛✳ ❈♦♠♦ ❡s♣❡r❛❞♦✱ ♥❛ ♣r✐✈❛♠❡r❛ ❡ ✈❡rã♦ ♦❜s❡r✈❛✲s❡ ❛ ♣r❡❞♦♠✐♥â♥❝✐❛

❞❡ ✈❛❧♦r❡s ❢❛✈♦rá✈❡✐s à ♦❝♦rrê♥❝✐❛ ❞❛ r❡ss✉r❣ê♥❝✐❛ ♣ró①✐♠♦ à ❝♦st❛✳
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❋✐❣✉r❛ ✸✳✶✵✿ Pr✐♠❡✐r♦ ♠♦❞♦ ❞♦ ♣❛❞rã♦ ❡s♣❛❝✐❛❧ ❞♦ r♦t❛❝✐♦♥❛❧ ❞♦ ❝❛♠♣♦ ❞❡ t❡♥sã♦ ❞♦
✈❡♥t♦ ✭♣❛✐♥❡❧ s✉♣❡r✐♦r✮ ❡ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ✭♣❛✐♥❡❧ ✐♥❢❡r✐♦r✮✳
❊♠ ♣r❡t♦✱ ❡stã♦ ♠❛r❝❛❞❛s ❛s ✐só❜❛t❛s ❞❡ ✺✵ ❡ ✶✺✵♠✳

◆❛ ❋✐❣✉r❛ ✸✳✶✶ é ❛♣r❡s❡♥t❛❞❛ ❛ ❊❖❋✶ ❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❝♦rr❡♥t❡✳ ❆ss✐♠ ❝♦♠♦

❝♦♥st❛t❛❞♦ ♥♦ tr❛❜❛❧❤♦ ❞❡ ▲❖❘❊◆❩❩❊❚❚■ ❡t ❛❧✳ ✭✷✵✵✾✮✱ ❡ss❡ ♠♦❞♦ ♠♦str❛ ✉♠❛

✈❛r✐❛❜✐❧✐❞❛❞❡ s❛③♦♥❛❧ ❞❛ ❝♦rr❡♥t❡ s♦❜r❡ ❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧✱ t❡♥❞♦ ✐♥t❡♥s✐❞❛❞❡s

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

❞❡st❛q✉❡ ♣❛r❛ ❛s r❡❣✐õ❡s ♦♥❞❡ ❡stã♦ ❧♦❝❛❧✐③❛❞♦s ♦s três ❝❡♥tr♦s ❞❡ r❡ss✉r❣ê♥❝✐❛✳ ◆❛

r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ❛ ♠❛✐♦r ✈❛r✐â♥❝✐❛ ❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ✈❡❧♦❝✐❞❛❞❡

♥❛ ♣❧❛t❛❢♦r♠❛ ♦❝♦rr❡ ❛ ♦❡st❡ ❞❛ ❧♦♥❣✐t✉❞❡ ❞❡ ✹✷➦❲✳
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❋✐❣✉r❛ ✸✳✶✶✿ Pr✐♠❡✐r♦ ♠♦❞♦ ❞♦ ♣❛❞rã♦ ❡s♣❛❝✐❛❧ ❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❝♦rr❡♥t❡ ✭♣❛✐♥❡❧
s✉♣❡r✐♦r✮ ❡ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ✭♣❛✐♥❡❧ ✐♥❢❡r✐♦r✮✳ ❊♠ ♣r❡t♦✱
❡stã♦ ♠❛r❝❛❞❛s ❛s ✐só❜❛t❛s ❞❡ ✺✵ ❡ ✶✺✵ ♠✳

❈♦♠ ♦ ♣r♦♣ós✐t♦ ❞❡ ❛♥❛❧✐s❛r ❛ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❞♦s ♣❛❞rõ❡s ❡♥❝♦♥tr❛❞♦s ♣❛r❛

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

♣r✐♥❝✐♣❛❧ ❞❛ ❊❖❋✷ ❞❛ ❚❙▼✱ q✉❡ s❡ ♠♦str♦✉ ❡st❛r ❜❡♠ ❝♦rr❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ❛ r❡s✲

s✉r❣ê♥❝✐❛✱ ❝♦♠ ❛s sér✐❡s t❡♠♣♦r❛✐s ❞❛s ❊❖❋✶ ❞❛s ❢♦rç❛♥t❡s✳ ❋♦✐ ❝♦♥st❛t❛❞❛ ✉♠❛

❝♦rr❡❧❛çã♦ ❞❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✵✱✻✸✱ ✵✱✺ ❡ ✵✱✺✸ ♣❛r❛ ❛ ✈❡❧♦❝✐❞❛❞❡✱ t❡♥sã♦ ❞♦ ✈❡♥t♦

❡ r♦t❛❝✐♦♥❛❧ ❞❛ t❡♥sã♦ ❞♦ ✈❡♥t♦ ✭❋✐❣✉r❛ ✸✳✶✷✮✳ ❆ r❡s♣♦st❛ ❞❛ ❚❙▼ ❡♠ r❡❧❛çã♦ às

❢♦rç❛♥t❡s ❛♣r❡s❡♥t♦✉ ✉♠ ❛tr❛s♦ ❞❡ ✸ ❞✐❛s✳
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❋✐❣✉r❛ ✸✳✶✷✿ ❙ér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ❞❛ ❊❖❋✷ ❞❛ ❚❙▼ ✭P❈✷✮ ❡
❛s sér✐❡s t❡♠♣♦r❛✐s ❞❛s ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ❞❛s ❊❖❋✶ ✭P❈✶✮ ❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛
❝♦rr❡♥t❡ ✭❛③✉❧✮✱ ❞❛ t❡♥sã♦ ❞♦ ✈❡♥t♦ r❡❜❛t✐❞❛ ♣❛r❛ ♦ ❡✐①♦ ◆❊✲❙❲ ✭✈❡r♠❡❧❤♦✮ ❡ ❞♦
r♦t❛❝✐♦♥❛❧ ❞♦ ❝❛♠♣♦ ❞❡ t❡♥sã♦ ❞♦ ✈❡♥t♦ ✭✈❡r❞❡✮✳ ❆s sér✐❡s ❢♦r❛♠ ♥♦r♠❛❧✐③❛❞❛s ♣❡❧♦
❞❡s✈✐♦✲♣❛❞rã♦ ❡ ♠✉❧t✐♣❧✐❝❛❞❛s ♣♦r ✲✶✳ ❙ã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦rr❡❧❛çõ❡s ❝r✉③❛❞❛s ❡ ♦s
❧❛❣s ♦❜t✐❞♦s ❡♥tr❡ ❡❧❛s✳

❋♦✐ ❢❡✐t❛ ✉♠❛ r❡❣r❡ssã♦ ❧✐♥❡❛r ♠ú❧t✐♣❧❛ ♣❛r❛ ✈❡r✐✜❝❛r ❝♦♠♦ ✜❝❛r✐❛ ❛ ❝♦rr❡❧❛çã♦ ❞❛

❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❞❛s ❢♦rç❛♥t❡s ❝♦♠ ❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ❞❛ ❊❖❋✷ ❞❛ ❚❙▼✱ ❝❛❜❡

r❡ss❛❧t❛r q✉❡ ❛s sér✐❡s t❡♠♣♦r❛✐s ❞❛s ❢♦rç❛♥t❡s ❢♦r❛♠ tr❛♥s❧❛❞❛❞❛s ♣❛r❛ ❛ r❡♠♦çã♦

❞♦ ❧❛❣ ❞❡ ✸ ❞✐❛s ❡♥tr❡ ❡❧❛s ❡ ❛ sér✐❡ ❞❛ ❚❙▼✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ❢♦✐ ❢❡✐t❛ ❛ r❡❣r❡ssã♦

❛♣❡♥❛s ♣❛r❛ ❛s ❢♦rç❛♥t❡s ❛t♠♦s❢ér✐❝❛s✱ ❝❤❡❣❛♥❞♦✲s❡ ❛ ✉♠❛ ❝♦rr❡❧❛çã♦ ❞❡ ✵✱✺✶✳ ❆♣ós

❛ ✐♥❝❧✉sã♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ❞❛ ❊❖❋ ❞❛ ❝♦rr❡♥t❡✱ s❡ ❝❤❡❣♦✉ ❛ ✉♠❛ ❝♦rr❡❧❛çã♦

❞❡ ✵✱✻✹✳ ❆ ❡q✉❛çã♦ ❧✐♥❡❛r ❡♥❝♦♥tr❛❞❛ ❢♦✐ ❛ s❡❣✉✐♥t❡✿ Y = 0, 66C + 0, 28V + 0, 24R✱

♦♥❞❡ C✱ V ❡ R r❡♣r❡s❡♥t❛♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛s ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ❞❛ ❝♦rr❡♥t❡✱

❞❛ t❡♥sã♦ ❞♦ ✈❡♥t♦ ❡ ❞♦ r♦t❛❝✐♦♥❛❧ ❞♦ ❝❛♠♣♦ ❞❡ t❡♥sã♦ ❞♦ ✈❡♥t♦✳ ❆ ❋✐❣✉r❛ ✸✳✶✸

♠♦str❛ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ❞❛ ❊❖❋✷ ❞❛ ❚❙▼ ❡ ❛ ❡q✉❛çã♦ q✉❡

r❡♣r❡s❡♥t❛ ❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❞❛s ❢♦rç❛♥t❡s ✭Y ✮✳

❋✐❣✉r❛ ✸✳✶✸✿ ❙ér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ❞❛ ❊❖❋✷ ❞❛ ❚❙▼ ✭P❈✷✮ ❡ ❛
sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❡♥tr❡ ❛s ❢♦rç❛♥t❡s✳ ❆s sér✐❡s ❢♦r❛♠ ♥♦r♠❛❧✐③❛❞❛s
♣❡❧♦ ❞❡s✈✐♦✲♣❛❞rã♦✳

✷✻



❊ss❡s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛♠ q✉❡ ❛ ✈❛r✐❛çã♦ ❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❈♦rr❡♥t❡ ❞♦ ❇r❛s✐❧

❝♦♥tr✐❜✉✐ ❝♦♠♦ ❢♦rç❛♥t❡ ❞❛ r❡ss✉r❣ê♥❝✐❛ ♥❛ r❡❣✐ã♦ s✉❞❡st❡ ❜r❛s✐❧❡✐r❛ ❝♦♠♦ ✉♠ t♦❞♦✳

❉❡ss❛ ❢♦r♠❛✱ ❛ss✐♠ ❝♦♠♦ ❝♦♥st❛t❛❞♦ ♥♦ tr❛❜❛❧❤♦ ❞❡ ❆●❯■❆❘ ❡t ❛❧✳ ✭✷✵✶✹✮✱ ✈❡r✐✜❝❛✲

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

❞❛ ♣❧❛t❛❢♦r♠❛✱ ♣♦ss✉✐♥❞♦ r❡❣✐õ❡s ♣r❡❢❡r❡♥❝✐❛✐s✱ ❝♦♠♦ ♦❜s❡r✈❛❞♦ ❡♠ ❈❛❜♦ ❋r✐♦✱ q✉❡

♣♦ss✉✐ ❛s ♠❛✐♦r❡s ❛♠♣❧✐t✉❞❡s ❞❡ ✈❛r✐❛çõ❡s ❛❝♦♥t❡❝❡♥❞♦ ❛ ♦❡st❡ ❞❛ ■❧❤❛ ❞♦ ❈❛❜♦ ❋r✐♦

✭✹✷➦❲✮ ✭❋✐❣✉r❛ ✸✳✶✶✮✳ ❊ss❛ ❢♦✐ ❛ ♠❡s♠❛ ❧♦❝❛❧✐❞❛❞❡ ❡♠ q✉❡ ❛ sér✐❡ ❞❡ ❞❛❞♦s ❞❛

❚❙▼ ❛♥❛❧✐s❛❞❛ ♣♦r ❈❆▲■▲ ❊▲■❆❙ ✭✷✵✵✾✮ ❢♦✐ ❝♦❧❡t❛❞❛✱ ❞❡ss❛ ❢♦r♠❛✱ ❡✈✐❞❡♥❝✐❛♥❞♦

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

✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ❞❛ r❡ss✉r❣ê♥❝✐❛ ♥❡ss❛ r❡❣✐ã♦✳

✸✳✷✳✸ ❉✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❛ ❆❈❆❙

❆ ❋✐❣✉r❛ ✸✳✶✹ ♠♦str❛ ❛ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❞❡ ❢✉♥❞♦ ♥♦ ♣❡rí♦❞♦ t♦t❛❧✱ ❡ ❛ ❋✐❣✉r❛

✸✳✶✺ ♠♦str❛ ❛ ❊❖❋✶ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦✱ q✉❡ ❡①♣❧✐❝❛ ✺✺✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞♦s

❞❛❞♦s✳ ❆♥❛❧✐s❛♥❞♦ ❛s ❋✐❣✉r❛s ✸✳✶✹ ❡ ✸✳✶✺✱ ✈❡r✐✜❝❛✲s❡ q✉❡✱ ♥❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱

❛ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❞❡ ❢✉♥❞♦ é ❞❡ ✶✹➦❈✱ ❝♦♠ ❛s ♠❛✐♦r❡s ✈❛r✐❛çõ❡s ❞❡ ❛♠♣❧✐t✉❞❡

♦❝♦rr❡♥❞♦ ❜❡♠ ♣ró①✐♠♦ à ❧✐♥❤❛ ❞❡ ❝♦st❛✳ ◆❡ss❛ r❡❣✐ã♦✱ ♦❝♦rr❡♠ ✈❛r✐❛çõ❡s ♥❡❣❛t✐✈❛s

❞❡ ❝❡r❝❛ ❞❡ ✸➦❈ ♥♦ ♣❡rí♦❞♦ ❞❛ ♣r✐♠❛✈❡r❛ ❡ ✈❡rã♦ ❡ ✈❛r✐❛çõ❡s ♣♦s✐t✐✈❛s ❞❡ ❝❡r❝❛ ❞❡

✺➦❈ ♥♦ ♣❡rí♦❞♦ ❞♦ ♦✉t♦♥♦ ❡ ✐♥✈❡r♥♦✳ ❆♦ ❧❛r❣♦ ❞❛ ✐só❜❛t❛ ❞❡ ✺✵ ♠✱ ❛ ✈❛r✐❛çã♦ s❛③♦♥❛❧

❞❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦ ❡♠ t♦r♥♦ ❞❛ s✉❛ ♠é❞✐❛ é ❞❛ ♦r❞❡♠ ❞❡ ✷➦❈✱ ✐♥❞✐❝❛♥❞♦ ❛

❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❛ ❆❈❆❙ ❞✉r❛♥t❡ ♦ ❛♥♦ ✐♥t❡✐r♦ ♥❡ss❛ r❡❣✐ã♦✳ ❆♦ ♥♦rt❡ ❞❡ ❈❛❜♦ ❋r✐♦

❛té ♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✱ ❝♦♥st❛t❛✲s❡ ✉♠❛ ♠❛✐♦r ✈❛r✐❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛✱

✈❛r✐❛♥❞♦ ❞❡∼✷✶➦❈✱ ♥❛ r❡❣✐ã♦ ♣ró①✐♠❛ à ❧✐♥❤❛ ❞❡ ❝♦st❛✱ ❛té∼✶✻➦❈✱ ♥❛ r❡❣✐ã♦ ♣ró①✐♠❛

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

❛♦ ❝✐❝❧♦ s❛③♦♥❛❧✱ ❝♦♠ ✈❛r✐❛çõ❡s ♥❡❣❛t✐✈❛s ♥♦ ✈❡rã♦ ❡ ♣♦s✐t✐✈❛s ♥♦ ✐♥✈❡r♥♦✳ ❆♦ ♥♦rt❡

❞♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✱ ❛s t❡♠♣❡r❛t✉r❛s ♠é❞✐❛s ❞❡ ❢✉♥❞♦ sã♦ s✉♣❡r✐♦r❡s ❛ ✷✶➦❈ ❡♠

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

♦✉tr♦s ❝❡♥tr♦s ❞❡ r❡ss✉r❣ê♥❝✐❛✱ ♦ q✉❡ ❡stá ❝♦♥❞✐③❡♥t❡ ❝♦♠ ❛ ♠❡♥♦r ✐♥t❡♥s✐❞❛❞❡ ❞❛

r❡ss✉r❣ê♥❝✐❛ ♥❡ss❛ r❡❣✐ã♦✳

✷✼



❋✐❣✉r❛ ✸✳✶✹✿ ❈❛♠♣♦ ♠é❞✐♦ ✭❛♦ ❧♦♥❣♦ ❞❡ ✶✵ ❛♥♦s✮ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦ ♥❛
♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧✳ ❊♠ ♣r❡t♦✱ ❡stã♦ ♠❛r❝❛❞❛s ❛s ✐só❜❛t❛s ❞❡ ✺✵ ❡ ✶✺✵ ♠✳

❋✐❣✉r❛ ✸✳✶✺✿ Pr✐♠❡✐r♦ ♠♦❞♦ ❞♦ ♣❛❞rã♦ ❡s♣❛❝✐❛❧ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦ ✭♣❛✐♥❡❧
s✉♣❡r✐♦r✮ ❡ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ✭♣❛✐♥❡❧ ✐♥❢❡r✐♦r✮✳ ❊♠ ♣r❡t♦✱
❡stã♦ ♠❛r❝❛❞❛s ❛s ✐só❜❛t❛s ❞❡ ✺✵ ❡ ✶✺✵ ♠✳

✷✽



✸✳✸ ❚r❛♥s♣♦rt❡ ❞❡ ✈♦❧✉♠❡ ♥❛ ❝❛♠❛❞❛ s✉♣❡r✜❝✐❛❧ ❡

❞❡ ❢✉♥❞♦

◆❛ s❡çã♦ ❛♥t❡r✐♦r✱ ❢♦✐ ❝♦♥st❛t❛❞♦ ♣♦r ♠❡✐♦ ❞❛ ❛♥á❧✐s❡ ❞❡ ❊❖❋ q✉❡ ❛ ✈❛r✐❛çã♦ ❞❛

✐♥t❡♥s✐❞❛❞❡ ❞❛ ❈♦rr❡♥t❡ ❞♦ ❇r❛s✐❧ ❡stá ❜❡♠ ❝♦rr❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ♦ s✐♥❛❧ ❞❛ r❡ss✉r❣ê♥✲

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

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

❞❡ss❛ r❡❣✐ã♦✳ P♦r ✐ss♦✱ ♥❡st❛ s❡çã♦✱ s❡rá ❞❛❞♦ ✉♠ ❡♥❢♦q✉❡ ♣❛rt✐❝✉❧❛r ♣❛r❛ ❝❛❞❛ ❝❡♥✲

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

❞❛ ❝♦rr❡♥t❡ ♥❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ❡♠ ❝❛❞❛ r❡❣✐ã♦ ❡s♣❡❝í✜❝❛✳ P❛r❛ ✐ss♦✱ s❡rã♦

❛♥❛❧✐s❛❞♦s ♦s tr❛♥s♣♦rt❡s ❞❡✈✐❞♦ ❛s ❢♦rç❛♥t❡s ❛t♠♦s❢ér✐❝❛s ❡ ❛ ✐♥tr✉sã♦ ❞❛ ❝♦rr❡♥t❡

♥❛ ♣❧❛t❛❢♦r♠❛✱ ❝❛❧❝✉❧❛❞♦s ♥❛s s❡çõ❡s ❞❡ ❈❛❜♦ ❋r✐♦✱ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ❡ ❊s♣ír✐t♦

❙❛♥t♦ ✭❋✐❣✉r❛ ✷✳✷✮ ❝♦♥❢♦r♠❡ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❛♣r❡s❡♥t❛❞❛ ♥❛ s❡çã♦ ✷✳✸✳

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

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

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

♠♦❞♦s ❡♥❡r❣❡t✐❝❛♠❡♥t❡ ❞♦♠✐♥❛♥t❡s ❡ ❝♦♠♦ ❡❧❡s ✈❛r✐❛♠ ♥♦ t❡♠♣♦ ✭❚❖❘❘❊◆❈❊ ❡

❈❖▼P❖✱ ✶✾✾✽✮✳ ❆ ❡s❝♦❧❤❛ ❞❡ss❛ ❢❡rr❛♠❡♥t❛ ❢♦✐ ❡①❛t❛♠❡♥t❡ ♣♦r ❡❧❛ ❝♦♥s❡❣✉✐r ❛♥❛✲

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

♠✉❞❛♠ ❝♦♠ ♦ t❡♠♣♦ ✭❊▼❊❘❨ ❡ ❚❍❖▼❙❖◆✱ ✷✵✶✹✮✱ ❝♦♠♦ ❢♦✐ ♦❜s❡r✈❛❞♦ ♥❛ ✈❛r✐❛✲

❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ❞❛ ❚❙▼✳

✸✳✸✳✶ ❈❛❜♦ ❋r✐♦

❆ ❋✐❣✉r❛ ✸✳✶✻ ✭❛✮ ♠♦str❛ ♦ ❡s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛ ❞❡ ♦♥❞❡❧❡t❛s ❞❛

sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❚❙▼ r❡t✐r❛❞❛ ♥❛ r❡❣✐ã♦ ❞❛ r❡ss✉r❣ê♥❝✐❛ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❋✐❣✉r❛ ✸✳✶✮✱

♦♥❞❡ ♦ ❡✐①♦ ❞❛s ♦r❞❡♥❛❞❛s r❡♣r❡s❡♥t❛ ♦ ♣❡rí♦❞♦ ❡ ♦ ❡✐①♦ ❞❛s ❛❜s❝✐ss❛s ♦s ✶✵ ❛♥♦s ❞❛

sér✐❡✳ ❋♦✐ ✉t✐❧✐③❛❞❛ ❛ ❢✉♥çã♦ ♦♥❞❡❧❡t❛ ❞❡ ▼♦r❧❡t✳ ❆ ❡♥❡r❣✐❛ ❛✉♠❡♥t❛ ❞❛s ❝♦r❡s ❢r✐❛s

♣❛r❛ ❛s ❝♦r❡s q✉❡♥t❡s✱ ❝♦♠ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♥❞♦ ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛

❡st❛tíst✐❝❛✱ t❡♥❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ✉♠ r❡❞✲♥♦✐s❡ ❝♦♠ ♦ ❝♦❡✜❝✐❡♥t❡ ❧❛❣✲✶ ❞❡ 0, 96 ✭✈❛❧♦r

❞❛ ❛✉t♦❝♦rr❡❧❛çã♦ ❞❡ ❧❛❣✲✶ ❞❛ sér✐❡ t❡♠♣♦r❛❧✮ ✭❚❖❘❘❊◆❈❊ ❡ ❈❖▼P❖✱ ✶✾✾✽✮✳ ❆

r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ♥♦

✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✱ ❛s r❡❣✐õ❡s ❢♦r❛ ❞♦ ❝♦♥❡ s♦❢r❡♠ ❡❢❡✐t♦ ❞❛s

❡①tr❡♠✐❞❛❞❡s ❡ ♥ã♦ sã♦ ❝♦♥s✐❞❡r❛❞❛s ❝♦♠♦ s❡♥❞♦ s✐❣♥✐✜❝❛t✐✈❛s✳ ❆ ❋✐❣✉r❛ ✸✳✶✻ ✭❜✮

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

❡♥❝♦♥tr❛✲s❡ ❡♠ t♦r♥♦ ❞♦ ♣❡rí♦❞♦ s❛③♦♥❛❧✱ ♦ q✉❡ ❡stá ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❛♥á❧✐s❡ ❢❡✐t❛

♣♦r ❈❆▲■▲ ❊▲■❆❙ ✭✷✵✵✾✮✳

◆❛ ❋✐❣✉r❛ ✸✳✶✻ ✭❝✮ é ❛♣r❡s❡♥t❛❞❛ ❛ ✈❛r✐â♥❝✐❛ ♠é❞✐❛ ♥❛ ❜❛♥❞❛ ❞❡ ✸✵✵ ❛ ✹✵✵ ❞✐❛s✱

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

✷✾



♦❜s❡r✈❛❞❛ ♥❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❋r✐♦✳ ❱❡r✐✜❝❛✲s❡ ✉♠ s✐♥❛❧ ♠❡♥♦s s✐❣♥✐✜❝❛t✐✈♦ ❡♥tr❡

✷✵✵✾✲✷✵✶✶✱ ♣❡rí♦❞♦ q✉❡ ♣♦ss✉✐ ♠❡♥♦s ❞✐❛s ❝♦♠ t❡♠♣❡r❛t✉r❛s ❛❜❛✐①♦ ❞❡ ✶✽➦❈✱ ❡ ❞♦✐s

♣✐❝♦s ♠❛✐s s✐❣♥✐✜❝❛t✐✈♦s ✭✷✵✵✼✲✷✵✵✽ ❡ ✷✵✶✷✲✷✵✶✸✮✱ s❡♥❞♦ ♦ ♣❡rí♦❞♦ ❞❡ ✷✵✶✷✲✷✵✶✸ ♦

q✉❡ t❡✈❡ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❞✐❛s ❝♦♠ ❚❙▼ ❛❜❛✐①♦ ❞❡ ✶✽➦❈ ✭❋✐❣✉r❛ ✸✳✸✮✳

◆❛ ♣❡r✐♦❞✐❝✐❞❛❞❡ ❞❡ ❛té ✸✷ ❞✐❛s ✭❋✐❣✉r❛ ✸✳✶✻ ✭❛✮✮✱ ♦❜s❡r✈❛✲s❡ r❡❣✐õ❡s ❞❡ ❜❛✐①❛

❡♥❡r❣✐❛ ✭r♦①♦✮✱ q✉❡ ❝♦rr❡s♣♦♥❞❡♠ à é♣♦❝❛ ❞❡ ♥ã♦ ♦❝♦rrê♥❝✐❛ ❞❛ r❡ss✉r❣ê♥❝✐❛✱ ❡ ♣❡rí♦✲

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

às ♦s❝✐❧❛çõ❡s ❞❡ t❡♠♣❡r❛t✉r❛ ❞❡✈✐❞♦ à r❡ss✉r❣ê♥❝✐❛✳

✸✵



❋✐❣✉r❛ ✸✳✶✻✿ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❚❙▼ ♥❛ r❡❣✐ã♦
❞❡ ❈❛❜♦ ❋r✐♦ ✭❋✐❣✉r❛ ✸✳✶✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛ ❡♥❡r❣✐❛ ❛✉♠❡♥t❛ ❞❛s ❝♦r❡s ❢r✐❛s ♣❛r❛ ❛s q✉❡♥t❡s ❡ ♦s
❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛
❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡
❡♥❡r❣✐❛✳ ❝✮ ❱❛r✐â♥❝✐❛ ♠é❞✐❛ ♥❛s ❡s❝❛❧❛s ❞❡ ✸✵✵ ❛ ✹✵✵ ❞✐❛s✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛
♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳

✸✶



❆ ❋✐❣✉r❛ ✸✳✶✼ ♠♦str❛ ❛ ❛♥á❧✐s❡ r❡❛❧✐③❛❞❛ ❝♦♠ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡ ❞❡

❊❦♠❛♥ ♣❛r❛ ❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❋✐❣✉r❛ ✷✳✷✮✱ ♦♥❞❡ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ✉♠ r❡❞✲♥♦✐s❡

❝♦♠ ❝♦❡✜❝✐❡♥t❡ ❧❛❣✲✶ ❞❡ 0, 6 ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪✳ ❆

❋✐❣✉r❛ ✸✳✶✼ ✭❜✮ ♠♦str❛ ✉♠❛ ❢❛✐①❛ ❡♥❡r❣ét✐❝❛ s✐t✉❛❞❛ ❡♠ ♣❡rí♦❞♦s ❞❡ ❛té ✶✻ ❞✐❛s✱

♣♦ss✐✈❡❧♠❡♥t❡ ❛ss♦❝✐❛❞❛ ❛ ♣❛ss❛❣❡♠ ❞❡ s✐st❡♠❛s ❢r♦♥t❛✐s ♥❛ r❡❣✐ã♦ ❡✱ ❛ss✐♠ ❝♦♠♦

♦❜s❡r✈❛❞♦ ❝♦♠ ❛ ❚❙▼✱ ❢♦✐ ❞❡st❛❝❛❞♦ ✉♠ ♣✐❝♦ ❞❡ ❡♥❡r❣✐❛ ♥❛ ❢❛✐①❛ s❛③♦♥❛❧✳ ❆ ✈❛r✐â♥❝✐❛

♠é❞✐❛ ♥❛ ❜❛♥❞❛ ❞❡ ✸✵✵ ❛ ✹✵✵ ❞✐❛s ✭❋✐❣✉r❛ ✸✳✶✼ ✭❝✮✮ ♠♦str❛ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦

s❡♠❡❧❤❛♥t❡ ❛♦ ❞❛ ❚❙▼✱ ❝♦♠ ✉♠ ♣✐❝♦ ♠❛✐s ♣r♦♥✉♥❝✐❛❞♦ ❡♠ ✷✵✵✼✲✷✵✵✽ s❡❣✉✐❞♦ ♣♦r

✉♠❛ q✉❡❞❛ ❞❡ ❡♥❡r❣✐❛ ❛té ❛ ❢♦r♠❛çã♦ ❞❡ ♦✉tr♦ ♣✐❝♦ ❡♠ ✷✵✶✷✳ ◆♦ ❡♥t❛♥t♦✱ ❛♦ ❝♦♥trár✐♦

❞♦ q✉❡ ♦❝♦rr❡✉ ❝♦♠ ❛ ❚❙▼✱ ❡st❡ ú❧t✐♠♦ ♣✐❝♦ ❢♦✐ ♠❡♥♦s ♣r♦♥✉♥❝✐❛❞♦ q✉❡ ♦ ♣r✐♠❡✐r♦✳

❆ ❛♥á❧✐s❡ ❞❡ ♦♥❞❡❧❡t❛s ♣❛r❛ ♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ ❛♦ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥

✭❋✐❣✉r❛ ✸✳✶✽✮✱ ♥❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❋✐❣✉r❛ ✷✳✷✮✱ ❛♣r❡s❡♥t❛ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦

♠✉✐t♦ s❡♠❡❧❤❛♥t❡ ❛♦ ♦❜s❡r✈❛❞♦ ❝♦♠ ♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ✭❋✐❣✉r❛ ✸✳✶✼✮✱ ♣♦ss✉✐♥❞♦

♦ ♣✐❝♦ ♠❛✐s r❡❧❡✈❛♥t❡ ❡♥tr❡ ✷✵✵✼✲✷✵✵✽ ♥❛ ❜❛♥❞❛ ❞❡ ✸✵✵ ❛ ✹✵✵ ❞✐❛s ✭❋✐❣✉r❛ ✸✳✶✽ ✭❝✮✮✳

❖ r❡s✉❧t❛❞♦ ❞❛ ❛♥á❧✐s❡ ❞❡ ♦♥❞❡❧❡t❛s ♣❛r❛ ❛s ❢♦rç❛♥t❡s ❛t♠♦s❢ér✐❝❛s ❡✈✐❞❡♥❝✐❛ q✉❡✱

❛ss✐♠ ❝♦♠♦ ❝♦♥st❛t❛❞♦ ♣♦r ❈❆▲■▲ ❊▲■❆❙ ✭✷✵✵✾✮✱ ❡❧❛s ♥ã♦ ❢♦r❛♠ s✉✜❝✐❡♥t❡s ♣❛r❛

❥✉st✐✜❝❛r t♦❞❛ ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ❞❛ r❡ss✉r❣ê♥❝✐❛ ❞❡ ❈❛❜♦ ❋r✐♦✱ t❡♥❞♦ ❡♠

✈✐st❛ ♦ ❞❡s❝❛s❛♠❡♥t♦ ❡♥tr❡ ♦s ♣✐❝♦s ♠❛✐s ❡♥❡r❣ét✐❝♦s ❡♥tr❡ ❡ss❛s ❢♦rç❛♥t❡s ❛t♠♦s❢é✲

r✐❝❛s ❡ ❛ ❚❙▼✳

❆ ❛♥á❧✐s❡ ❞❡ ♦♥❞❡❧❡t❛s r❡❛❧✐③❛❞❛ ♣❛r❛ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡ ♥❛ ❝❛♠❛❞❛

❧✐♠✐t❡ ❞❡ ❢✉♥❞♦ ❞❡✈✐❞♦ à ❛çã♦ ❞❛ ❝♦rr❡♥t❡ ✭❋✐❣✉r❛ ✸✳✶✾✮ ♣❛r❛ ❛ s❡çã♦ ❞❡ ❈❛❜♦

❋r✐♦ ✭❋✐❣✉r❛ ✷✳✸✮✱ ❝♦♠ ✉♠ r❡❞✲♥♦✐s❡ ❝♦♠ ❝♦❡✜❝✐❡♥t❡ ❧❛❣✲✶ ❞❡ 0, 7 ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦

✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪✱ t❛♠❜é♠ ♠♦str♦✉ ✉♠ ♣✐❝♦ ❡♥❡r❣ét✐❝♦ ♥❛ ♣❡r✐♦❞✐❝✐❞❛❞❡

s❛③♦♥❛❧ ✭❋✐❣✉r❛ ✸✳✶✾ ✭❜✮✮✳ ❆♣r❡s❡♥t❛♥❞♦✱ ♥❡ss❛ ♣❡r✐♦❞✐❝✐❞❛❞❡✱ ❛ss✐♠ ❝♦♠♦ ♦❜s❡r✈❛❞♦

❝♦♠ ❛ ❚❙▼ ❡ ❝♦♠ ❛s ❢♦rç❛♥t❡s ❛t♠♦s❢ér✐❝❛s✱ ❞♦✐s ♣✐❝♦s ❝♦♠ ♠❛✐♦r❡s ❡♥❡r❣✐❛s✱ ❡♠

✷✵✵✽ ❡ ✷✵✶✷ ✭❋✐❣✉r❛ ✸✳✶✾ ✭❝✮✮✳ ◆♦ ❡♥t❛♥t♦✱ ❛♦ ❝♦♥trár✐♦ ❞♦ q✉❡ ♦❝♦rr❡✉ ❝♦♠ ❛s

❢♦rç❛♥t❡s ❛t♠♦s❢ér✐❝❛s✱ ♦ ♣✐❝♦ ♠❛✐s ❡♥❡r❣ét✐❝♦ ❢♦✐ ❡♠ ✷✵✶✷✱ ❝♦♥s♦❛♥t❡ ❝♦♠ ♦ ♣✐❝♦ ♠❛✐s

❡①♣r❡ss✐✈♦ ♦❜s❡r✈❛❞♦ ♣❡❧❛ ❚❙▼✳ ❉❡ss❛ ❢♦r♠❛✱ ❡st❛ ❛♥á❧✐s❡ ✐♥❞✐❝❛ q✉❡ ♦ tr❛♥s♣♦rt❡ ♥❛

❝❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦ ❞❡✈✐❞♦ à ❛çã♦ ❞❛ ❈♦rr❡♥t❡ ❞♦ ❇r❛s✐❧ ♣♦ss✉✐ ✉♠ ✐♠♣♦rt❛♥t❡

♣❛♣❡❧ ♥❛ r❡❣✉❧❛çã♦ ✐♥t❡r❛♥✉❛❧ ❞❛ r❡ss✉r❣ê♥❝✐❛ ❡♠ ❈❛❜♦ ❋r✐♦✳

✸✷



❋✐❣✉r❛ ✸✳✶✼✿ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡
❞❡ ❊❦♠❛♥ ♥❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❋✐❣✉r❛ ✷✳✷✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛ ❡♥❡r❣✐❛ ❛✉♠❡♥t❛ ❞❛s ❝♦r❡s ❢r✐❛s
♣❛r❛ ❛s q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛
❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮
❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛
❞❡ ✾✺✪✳

✸✸



❋✐❣✉r❛ ✸✳✶✽✿ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡
❞❡✈✐❞♦ ❛♦ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥ ♥❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❋✐❣✉r❛ ✷✳✷✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛ ❡♥❡r❣✐❛
❛✉♠❡♥t❛ ❞❛s ❝♦r❡s ❢r✐❛s ♣❛r❛ ❛s q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳
❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦
❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧
❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳

✸✹



❋✐❣✉r❛ ✸✳✶✾✿ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡ ❞❡
❊❦♠❛♥ ❞❡ ❢✉♥❞♦✱ ✐♥❞✉③✐❞♦ ♣❡❧❛ ❝♦rr❡♥t❡✱ ♥❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❋✐❣✉r❛ ✷✳✸✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛
❡♥❡r❣✐❛ ❛✉♠❡♥t❛ ❞❛s ❝♦r❡s ❢r✐❛s ♣❛r❛ ❛s q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛
❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡
✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛
♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳

✸✺



❆ss✐♠ ❝♦♠♦ ♦❜s❡r✈❛❞♦ ♥❛s ❛♥á❧✐s❡s ❞❛s ♦♥❞❡❧❡t❛s✱ ♥❛s sér✐❡s t❡♠♣♦r❛✐s ❞♦ tr❛♥✲

♣♦rt❡ ❞❡ ❊❦♠❛♥✱ ❞♦ tr❛♥♣♦rt❡ ❞❡✈✐❞♦ à ❝♦rr❡♥t❡ ❡ ❞♦ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥

✭❋✐❣✉r❛ ✸✳✷✵✮✱ ♦♥❞❡ ♦s ✈❛❧♦r❡s ♣♦s✐t✐✈♦s ✭♥❡❣❛t✐✈♦s✮ sã♦ ❢❛✈♦rá✈❡✐s ✭❞❡s❢❛✈♦rá✈❡✐s✮

à ♦❝♦rrê♥❝✐❛ ❞❛ r❡ss✉r❣ê♥❝✐❛✱ ❝♦♥st❛t❛✲s❡ ❡✈❡♥t✉❛✐s ❞❡s❝❛s❛♠❡♥t♦s ❡♥tr❡ ❛s ❢♦rç❛♥✲

t❡s✳ P❡❧❛s ❧✐♥❤❛s ❣r♦ss❛s✱ q✉❡ r❡♣r❡s❡♥t❛♠ ❛ ♠é❞✐❛ ♠ó✈❡❧ ❞❡ ✸✵ ❞✐❛s✱ ✜❝❛ ♥♦tór✐♦ ♦

♣❛♣❡❧ ❞❛ ✐♥tr✉sã♦ ❞❛ ❝♦rr❡♥t❡ ♥❛ ♣❧❛t❛❢♦r♠❛ ❡♠ ♠❡❛❞♦s ❞❡ ✷✵✶✷✱ ♦♥❞❡ ♦ s❡✉ tr❛♥s✲

♣♦rt❡ ♠é❞✐♦ ✭❧✐♥❤❛ ❣r♦ss❛ ♣r❡t❛✮ ❡st❡✈❡ ♠❛✐♦r q✉❡ ♦s tr❛♥s♣♦rt❡s ❞❡✈✐❞♦ às ❢♦rç❛♥t❡s

❛t♠♦s❢ér✐❝❛s ✭❧✐♥❤❛s ❣r♦ss❛s ❛③✉❧ ❡ ✈❡r♠❡❧❤❛✮✳ ❆✐♥❞❛✱ é ♣♦ssí✈❡❧ ✈❡r ❡✈❡♥t✉❛✐s ❞❡s❝❛✲

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

❧✐♥❤❛s ✜♥❛s✱ q✉❡ r❡♣r❡s❡♥t❛♠ ❛ ♠é❞✐❛ ♠ó✈❡❧ ❞❡ ✼ ❞✐❛s✳

❋✐❣✉r❛ ✸✳✷✵✿ ❙ér✐❡s t❡♠♣♦r❛✐s ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ✭❛③✉❧✮✱ ❞♦ ❜♦♠❜❡❛♠❡♥t♦
❞❡ ❊❦♠❛♥ ✐♥t❡❣r❛❞♦ ❡♠ ✷✵✵ ❦♠ ✭✈❡r♠❡❧❤♦✮ ❛♦ ❧♦♥❣♦ ❞❛ s❡çã♦ ❡ ❞♦ tr❛♥s♣♦rt❡ ❞❡
❊❦♠❛♥ ♥❛ ❝❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦ ✭♣r❡t♦✮✳ ❆s ❧✐♥❤❛s ✜♥❛s r❡♣r❡s❡♥t❛♠ ❛ ♠é❞✐❛
♠ó✈❡❧ ❞❡ ✼ ❞✐❛s ❡ ❛s ❧✐♥❤❛s ❣r♦ss❛s ❛ ♠é❞✐❛ ♠ó✈❡❧ ❞❡ ✸✵ ❞✐❛s✳ ❆ ❧✐♥❤❛ ✈❡r❞❡ ❛ss✐♥❛❧❛
♦ tr❛♥s♣♦rt❡ t♦t❛❧✳ ❆s s❡t❛s r♦①❛s r❡♣r❡s❡♥t❛♠ ♦s ♣❡rí♦❞♦s q✉❡ s❡rã♦ ❛♥❛❧✐s❛❞♦s ♥❛s
❋✐❣✉r❛s ✸✳✷✷ à ✸✳✷✼✳

P❛r❛ s❡ ❛♠♣❧✐❛r ♦ ❡♥t❡♥❞✐♠❡♥t♦ s♦❜r❡ ♦ ♣❛♣❡❧ ❞❛s ❢♦rç❛♥t❡s ♥❛ r❡ss✉r❣ê♥❝✐❛ ❞❡

❈❛❜♦ ❋r✐♦✱ ❢♦r❛♠ s❡❧❡❝✐♦♥❛❞♦s três ♣❡rí♦❞♦s ♥♦s q✉❛✐s ♦s tr❛♥s♣♦rt❡s ❛t✉❛r❛♠ ❞❡

♠❛♥❡✐r❛ ❞✐st✐♥t❛s✳ ❊❧❡s ❡stã♦ ❛ss✐♥❛❧❛❞♦s ♣❡❧❛s s❡t❛s r♦①❛s ♥❛ ❋✐❣✉r❛ ✸✳✷✵✳ ◆♦ ✐♥í❝✐♦

❞❡ ♥♦✈❡♠❜r♦ ❞❡ ✷✵✵✾✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ✭❧✐♥❤❛ ❛③✉❧✮ ❡st❛✈❛

♣♦s✐t✐✈♦ ❡ ✐♥t❡♥s♦ ✭❛❝✐♠❛ ❞❛ ♠é❞✐❛ ♠ó✈❡❧ ❞❡ ✸✵ ❞✐❛s✮ ❛♦ ♣❛ss♦ q✉❡ ♦ tr❛♥s♣♦rt❡

❞❡✈✐❞♦ à ❝♦rr❡♥t❡ ✭❧✐♥❤❛ ♣r❡t❛✮ ❡st❛✈❛ ♥❡❣❛t✐✈♦✳ ❏á ❡♠ ❛❣♦st♦ ❞❡ ✷✵✶✷✱ ❛♠❜♦s ♦s
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tr❛♥s♣♦rt❡s ❡st❛✈❛♠ ♣♦s✐t✐✈♦s ❡ ✐♥t❡♥s♦s✳ ❊ ♥♦ ✜♥❛❧ ❞❡ ♦✉t✉❜r♦ ❞❡ ✷✵✶✹✱ ♦ tr❛♥s♣♦rt❡

❞❡ ❊❦♠❛♥✱ ❛♣❡s❛r ❞❡ ♣♦s✐t✐✈♦✱ ♥ã♦ ❡st❛✈❛ tã♦ ✐♥t❡♥s♦ q✉❛♥t♦ ♥♦s ❝❛s♦s ❛♥t❡r✐♦r❡s

✭❛❜❛✐①♦ ❞❛ ♠é❞✐❛ ♠ó✈❡❧ ❞❡ ✸✵ ❞✐❛s✮✱ ❛♦ ❝♦♥trár✐♦ ❞♦ q✉❡ ❛❝♦♥t❡❝❡✉ ❝♦♠ ♦ tr❛♥s♣♦rt❡

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

♠é❞✐❛ ♠ó✈❡❧ ❞❡ ✸✵ ❞✐❛s✳

❆ ❋✐❣✉r❛ ✸✳✷✶ ❞❡st❛❝❛ ❛ ✈❛r✐❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ✭❧✐♥❤❛ ♣r❡t❛✮ ♣❛r❛ ❛s três

s✐t✉❛çõ❡s ❝✐t❛❞❛s ❛❝✐♠❛✳ ❊♠ ♥♦✈❡♠❜r♦ ❞❡ ✷✵✵✾✱ ♥ã♦ ❤♦✉✈❡ r❡ss✉r❣ê♥❝✐❛✱ ❛♣❡s❛r ❞❡

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

❞❡✈✐❞♦ à ❝♦rr❡♥t❡ ❞❡s❢❛✈♦rá✈❡❧✳ ❊♠ ❛❣♦st♦ ❞❡ ✷✵✶✷✱ ❝♦♠ ♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ❡

♦ ❞❛ ❝♦rr❡♥t❡ ♣r♦♣í❝✐♦s à r❡ss✉r❣ê♥❝✐❛✱ ♦❜s❡r✈♦✉✲s❡ ✉♠❛ q✉❡❞❛ ❞❡ ❝❡r❝❛ ✽➦❈ ♥❛

❚❙▼✱ t❡♥❞♦ ♦❝♦rr✐❞♦ ❛ r❡ss✉r❣ê♥❝✐❛✳ ❊♠ ♦✉t✉❜r♦ ❞❡ ✷✵✶✹✱ t❛♠❜é♠ ❢♦✐ ♦❜s❡r✈❛❞❛

❛ ♦❝♦rrê♥❝✐❛ ❞❛ r❡ss✉r❣ê♥❝✐❛✱ ❝♦♠ ✉♠❛ q✉❡❞❛ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✼➦❈ ♥❛ ❚❙▼✳

❖ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ❡st❛✈❛ ❢r❛❝♦ ❡ ♦ ❞❛ ❝♦rr❡♥t❡ ✐♥t❡♥s♦ ❡ ♣♦s✐t✐✈♦✳ ❆✐♥❞❛ ❡♠

✷✵✶✹✱ ♥♦ ✐♥í❝✐♦ ❞❡ ♥♦✈❡♠❜r♦✱ ❞✐❛♥t❡ ❞❛ ❞✐♠✐♥✉✐çã♦ ❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞♦ tr❛♥s♣♦rt❡ ❞❛

Novembro

Novembro Agosto

Outubro

Outubro

Agosto

❋✐❣✉r❛ ✸✳✷✶✿ ❙ér✐❡✱ ♥❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱ ❞❛ ✈❛r✐❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ✭❧✐♥❤❛✮ ❝♦♠ ♦
tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ à ❝♦rr❡♥t❡ ✭♣❛✐♥❡❧ s✉♣❡r✐♦r✮ ❡ ❝♦♠ ♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ✭♣❛✐♥❡❧
✐♥❢❡r✐♦r✮✱ r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛s ❜♦❧❛s✱ ❛❧é♠ ❞❛ ❛♠♣❧✐❛çã♦ ❞♦s ❡✈❡♥t♦s ❛ss✐♥❛❧❛❞♦s ♣❡❧❛s
s❡t❛s r♦①❛s ♥❛ ❋✐❣✉r❛ ✸✳✷✵✳ ❆ ❡s❝❛❧❛ ❞❡ ❝♦r❡s ✐♥❞✐❝❛♠ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞♦s tr❛♥s♣♦rt❡s✱
♦♥❞❡ ♦s ✈❛❧♦r❡s ♣♦s✐t✐✈♦s sã♦ ❢❛✈♦rá✈❡✐s à r❡ss✉r❣ê♥❝✐❛✳
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❝♦rr❡♥t❡✱ ❡ ♠❡s♠♦ ❝♦♠ ❛ ✐♥t❡♥s✐✜❝❛çã♦ ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥✱ ❛ ❚❙▼ ✈♦❧t❛ ❛

❛✉♠❡♥t❛r ❡♠ ❝❡r❝❛ ❞❡ ✺➦❈✳ ❊st❛ ❛♥á❧✐s❡ ✐❧✉str❛ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦

à ✐♥tr✉sã♦ ❞❛ ❝♦rr❡♥t❡ ♥❛ ♣❧❛t❛❢♦r♠❛ ♣❛r❛ ❛ ✈❛r✐❛çã♦ ❞❛ ❚❙▼ ♥❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦

❋r✐♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❛♥á❧✐s❡s ❛♥t❡r✐♦r❡s r❡❛❧✐③❛❞❛s ❝♦♠ ❛ ❊❖❋ ❡ ❝♦♠ ❛s ♦♥❞❡❧❡t❛s✳

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

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

❞❛s ❝♦rr❡♥t❡s s✉♣❡r✜❝✐❛✐s ❡ ❚❙▼ ♣❛r❛ ♦s três ❡✈❡♥t♦s ❛♥❛❧✐s❛❞♦s ❛❝✐♠❛ ✭❋✐❣✉r❛s ✸✳✷✷✱

✸✳✷✸✱ ✸✳✷✹✱ ✸✳✷✺✱ ✸✳✷✻ ❡ ✸✳✷✼✮✳

◆❛s ❋✐❣✉r❛s ✸✳✷✷ ❡ ✸✳✷✸✱ ❡✈❡♥t♦ ❞❡ ✷✵✵✾✱ ✈❡r✐✜❝❛✲s❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❝♦♥tí♥✉❛ ❞❡

❝❛♠♣♦s ❞❡ t❡♥sã♦ ❞♦ ✈❡♥t♦ ✐♥t❡♥s♦s✱ ♣r♦♣í❝✐♦s ♣❛r❛ ❛ ♦❝♦rrê♥❝✐❛ ❞❛ r❡ss✉r❣ê♥❝✐❛

✭❝❛♠♣♦s ❜✳✶ ❛té ❜✳✼✮✳ ❊♠ ❝✳✶ ❛té ❝✳✽ sã♦ ❛♣r❡s❡♥t❛♥❞♦s ♦s ❝❛♠♣♦s ❞❡ ❝♦rr❡♥t❡ s✉✲

♣❡r✜❝✐❛❧✱ ♥♦t❛✲s❡ q✉❡✱ ♥❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱ ❛ ❈❇ ❡stá ❛♦ ❧❛r❣♦ ❞❛ q✉❡❜r❛ ❞❛

♣❧❛t❛❢♦r♠❛ ✭r❡♣r❡s❡♥t❛❞❛ ♣❡❧❛ ✐só❜❛t❛ ❞❡ ✶✺✵ ♠✮ ❡ q✉❡ ✉♠❛ ❝♦rr❡♥t❡ ♣❛r❛ ❧❡st❡ s❡

❞❡s❡♥✈♦❧✈❡ ♣ró①✐♠❛ à ❝♦st❛✳ ❊ss❛ ❝♦rr❡♥t❡ s❡ ✐♥t❡♥s✐✜❝❛ à ♠❡❞✐❞❛ q✉❡ ❛ t❡♠♣❡r❛t✉r❛

❝♦st❡✐r❛ ❛✉♠❡♥t❛ ❛ ♦❡st❡ ❞❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❧✐♥❤❛ ✈❡rt✐❝❛❧ ❛ss✐♥❛❧❛❞❛ ♥♦s ❝❛♠✲

♣♦s✮✱ ❝♦♠♦ s❡ ❝♦♥st❛t❛ ♥❛s ✐♠❛❣❡♥s ❞❡ ❚❙▼ ✭❞✳✶ ❛té ❞✳✽✮✱ ♦♥❞❡ t❛♠❜é♠ é ♣♦ssí✈❡❧

♦❜s❡r✈❛r ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ r❡ss✉r❣ê♥❝✐❛ ♥♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ❡ ♥♦ ❊s♣ír✐t♦

❙❛♥t♦✳ ❆s ✐♠❛❣❡♥s ❛✳✶ ❛té ❛✳✽ ❝♦♥t❡♠♣❧❛♠ ❛ ✈❛r✐❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ✭❡s❝❛❧❛ ❞❡

❝♦r❡s✮ ♥❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱ ❜❡♠ ❝♦♠♦ ❞❛ ❝♦rr❡♥t❡ ❛❧♦♥❣✲s❤♦r❡ ✭✐s♦❧✐♥❤❛s ❜r❛♥✲

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

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

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

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

❝♦♠ ❛ ✐♥t❡♥s✐✜❝❛çã♦ ❞❛ ❝♦rr❡♥t❡ ❝♦st❡✐r❛ ❝✐t❛❞❛ ❛♥t❡r✐♦r♠❡♥t❡✱ ✉♠ tr❛♥s♣♦rt❡ ♥❛

❝❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦✱ ♣ró①✐♠♦ à ❝♦st❛✱ ✐♥✐❜❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ r❡ss✉r❣ê♥❝✐❛✱

❛♣❡s❛r ❞❛ ❛❜✉♥❞❛♥t❡ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❛ ❆❈❆❙ ♥❛ ♣❧❛t❛❢♦r♠❛✳

✸✽



a.1 a.3a.2 a.4

b.1 b.3b.2 b.4

c.1 c.3c.2 c.4

d.1 d.3d.2 d.4

❋✐❣✉r❛ ✸✳✷✷✿ ❖s ❝❛♠♣♦s ❛✳✶ ❛té ❛✳✹ ♠♦str❛♠ ❛ ✈❛r✐❛çã♦ t❡♠♣♦r❛❧ ❞❛ t❡♠♣❡r❛t✉r❛ ✭❡s❝❛❧❛ ❞❡ ❝♦r❡s✮✱ ❞❛
❝♦rr❡♥t❡ ❛❧♦♥❣✲s❤♦r❡ ✭✐s♦❧✐♥❤❛s ❜r❛♥❝❛s✮ ❡ ❞❛ ❝♦rr❡♥t❡ ❝r♦ss✲s❤♦r❡ ✭s❡t❛s ♣r❡t❛s✮ ❛♦ ❧♦♥❣♦ ❞❛ s❡çã♦ ❞❡
❈❛❜♦ ❋r✐♦ ✭r❡♣r❡s❡♥t❛❞❛ ♥❛s ❋✐❣✉r❛s ❜✱ ❝ ❡ ❞✮✳ ❆s ❋✐❣✉r❛s ❜✳✶ ❛té ❜✳✹ ❛♣r❡s❡♥t❛♠ ♦s ❝❛♠♣♦s ❞❡ t❡♥sã♦
❞♦ ✈❡♥t♦✱ ♦♥❞❡ t❛♠❜é♠ ❡stã♦ r❡♣r❡s❡♥t❛❞❛s ❛s ✐só❜❛t❛s ❞❡ ✺✵ ❡ ✶✺✵ ♠ ❡ ❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦✳ ■❞❡♠ ♣❛r❛
❛s ❋✐❣✉r❛s ❝✳✶ ❛té ❝✳✹ ❡ ❞✳✶ ❛té ❞✳✹✱ q✉❡ ♠♦str❛♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♦s ❝❛♠♣♦s ❞❡ ❝♦rr❡♥t❡ s✉♣❡r✜❝✐❛❧ ❡
❞❡ ❚❙▼✳ ❖ ♣❡rí♦❞♦ ❛♥❛❧✐s❛❞♦ ❡♥❝♦♥tr❛✲s❡ ❞❡st❛❝❛❞♦ ♥❛s ❋✐❣✉r❛s ✸✳✷✵ ❡ ✸✳✷✶✳
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a.5 a.7a.6 a.8

b.5 b.7b.6 b.8

c.5 c.7c.6 c.8

d.5 d.7d.6 d.8

❋✐❣✉r❛ ✸✳✷✸✿ ❈♦♥t✐♥✉❛çã♦ ❞❛ ❋✐❣✉r❛ ✸✳✷✷✳

✹✵



❊♠ ❛❣♦st♦s ❞❡ ✷✵✶✷✱ ♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ à ❝♦rr❡♥t❡ ❡ ❛♦ ✈❡♥t♦ ❢♦r❛♠ ✐♥t❡♥s♦s

❡ ♣❡rs✐st❡♥t❡s✱ ❡ ❡stã♦ ❛ss♦❝✐❛❞♦s ❛ ✉♠❛ ❢♦rt❡ r❡❞✉çã♦ ❞❛ ❚❙▼ ✭❋✐❣✉r❛ ✸✳✷✶✮✱ ❝❤❡✲

❣❛♥❞♦ à ✈❛❧♦r❡s ♣ró①✐♠♦s ❞❡ ✶✹➦❈ ❡ ♣❡r♠❛♥❡❝❡♥❞♦ ❛❜❛✐①♦ ❞❡ ✶✽➦❈ ♣♦r ♠❛✐s ❞❡ ✶✸

❞✐❛s ❝♦♥s❡❝✉t✐✈♦s✳ ❆s ❋✐❣✉r❛s ✸✳✷✹ ❡ ✸✳✷✺ ♠♦str❛♠ ♦s ❝❛♠♣♦s ❞✐ár✐♦s ❞❛ t❡♥sã♦ ❞♦

✈❡♥t♦ ✭❜✳✶ ❛té ❜✳✽✮ ❡ ❞❛ ❝♦rr❡♥t❡ ✭❝✳✶ ❛té ❝✳✽✮✱ ❝♦♥✜r♠❛♥❞♦ ❛ ♣❡rs✐stê♥❝✐❛ ❡ ✐♥t❡♥✲

s✐❞❛❞❡ ❞❡ss❛s ❢♦rç❛♥t❡s✳ ◆♦s ❝❛♠♣♦s ❞❡ ❚❙▼ ✭❞✳✶ ❛té ❞✳✽✮✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♦

❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ❧♦♥❣❛ ♣❧✉♠❛ ❞❡ á❣✉❛ r❡ss✉r❣✐❞❛ ❝♦♠ t❡♠♣❡r❛t✉r❛s ✐♥❢❡r✐♦r❡s à

✶✽➦❈✳ ◆♦s ❝❛♠♣♦s ❞❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦ ✭❛✳✶ ❛té ❛✳✽✮✱ ♦❜s❡r✈❛✲s❡ ❛ ✐♥t❡♥s✐✜❝❛çã♦

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

s❛♥t❡ ♥♦t❛r q✉❡ ❡♠ ❛❧❣✉♥s ❝❛♠♣♦s✱ ❝♦♠♦ ♦ ❛✳✼✱ ♦ ♥ú❝❧❡♦ ❞❛ ❝♦rr❡♥t❡ ❡stá ❧♦❝❛❧✐③❛❞♦

♣ró①✐♠♦ ❞❛ q✉❡❜r❛ ❞❛ ♣❧❛t❛❢♦r♠❛✱ ❡ ❤♦✉✈❡ ✉♠❛ ✐♥t❡♥s✐✜❝❛çã♦ ❞❛ ❝♦rr❡♥t❡ ♣ró①✐♠♦

❞❛ ❝♦st❛✱ ♣♦ss✐✈❡❧♠❡♥t❡ ❛ss♦❝✐❛❞❛ ❛♦ ✢✉①♦ ❣❡♦stró✜❝♦ ❡♠ ❢✉♥çã♦ ❞♦ ❣r❛❞✐❡♥t❡ ❞❡

❞❡♥s✐❞❛❞❡ ❣❡r❛❞♦ ♣❡❧❛ r❡ss✉r❣ê♥❝✐❛✳
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a.1 a.3a.2 a.4

b.1 b.3b.2 b.4

c.1 c.3c.2 c.4

d.1 d.3d.2 d.4
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a.5 a.7a.6 a.8

b.5 b.7b.6 b.8

c.5 c.7c.6 c.8

d.5 d.7d.6 d.8

❋✐❣✉r❛ ✸✳✷✺✿ ❈♦♥t✐♥✉❛çã♦ ❞❛ ❋✐❣✉r❛ ✸✳✷✺✳

✹✸



❆✐♥❞❛ ❛♥❛❧✐s❛♥❞♦ ❛s ❢♦r♠❛s ❞❡ ❛t✉❛çã♦ ❞❛s ❢♦rç❛♥t❡s✱ ❢♦✐ ♦❜s❡r✈❛❞♦ q✉❡✱ ❡✈❡♥✲

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

♣❛r❛ ❛ ❞✐♠✐♥✉✐çã♦ ❞♦ ❡s❢♦rç♦ ❞♦ ✈❡♥t♦✱ ❝♦♠♦ ❝♦♥st❛t❛❞♦ ♥♦ ✜♥❛❧ ❞❡ ♦✉t✉❜r♦ ❞❡ ✷✵✶✹

✭❋✐❣✉r❛ ✸✳✷✶✮✱ ♦♥❞❡✱ ♠❡s♠♦ ❝♦♠ ✈❡♥t♦s ♠❡♥♦s ✐♥t❡♥s♦s q✉❡ ♦s ♦❜s❡r✈❛❞♦s ❡♠ ✷✵✵✾

❡ ❛♣ós ✉♠ ♣❡rí♦❞♦ ❞❡ ✸ ❞✐❛s ❞❡ ✐♥t❡rr✉♣çã♦ ❞❡ ✈❡♥t♦s ❢❛✈♦rá✈❡✐s ✭❝❛♠♣♦s ❜✳✹ ❛té ❜✳✻

❞❛s ❋✐❣✉r❛s ✸✳✷✻ ❡ ✸✳✷✼✮✱ ❢♦r❛♠ ♥❡❝❡ssár✐♦s ❛♣❡♥❛s ✷ ❞✐❛s ❞❡ ✈❡♥t♦s ♣r♦♣í❝✐♦s ♣❛r❛

q✉❡ ❤♦✉✈❡ss❡ ❛ r❡ss✉r❣ê♥❝✐❛✳ ◆❛s s❡çõ❡s ❞❛s ❋✐❣✉r❛s ✸✳✷✻ ❡ ✸✳✷✼✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛

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

q✉❡ ❝♦♥tr✐❜✉✐✉ ♣❛r❛ ♦ ❛✢♦r❛♠❡♥t♦ ❞❛ ❆❈❆❙✳
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a.5 a.7a.6 a.8

b.5 b.7b.6 b.8

c.5 c.7c.6 c.8
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✹✻



❖ ♣♦♥t♦ q✉❡ ♠❛✐s ❝❤❛♠♦✉ ❛t❡♥çã♦ ♥❡ss❛s ❛♥á❧✐s❡s ❢♦✐ ❛ s✐t✉❛çã♦ ❡①♣♦st❛ ❡♠ ✷✵✵✾✱

♦♥❞❡ ❝♦♥st❛t♦✉✲s❡✱ ♣ró①✐♠♦ ❞❛ ❝♦st❛✱ ✉♠❛ ❝♦rr❡♥t❡ ♣❛r❛ ❧❡st❡✱ ❛♣❡s❛r ❞❛ ♣r❡❞♦♠✐✲

♥â♥❝✐❛ ❞♦s ✈❡♥t♦s ❞❡ ♥♦r❞❡st❡✱ q✉❡ t❡♥❞❡r✐❛ ❛ ✐♥❞✉③✐r ✉♠❛ ❝♦rr❡♥t❡ ❝♦st❡✐r❛ ♣❛r❛

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

❞♦ ✈❡♥t♦ ✭❉❊ ❈❆❙❚❘❖ ❡t ❛❧✳✱ ✷✵✵✻✮✳ ❈♦♥t✉❞♦✱ t❛♠❜é♠ ✈❡r✐✜❝♦✉✲s❡ ✉♠ ❛✉♠❡♥t♦

❞❛ t❡♠♣❡r❛t✉r❛ à ♦❡st❡ ❞❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱ ♦ q✉❡ ♣♦❞❡r✐❛ ❥✉st✐✜❝❛r ♦ s✉r❣✐♠❡♥t♦

❞❡ss❛ ❝♦rr❡♥t❡✳ ➱ ♣♦ssí✈❡❧ q✉❡ ❡ss❛ ❡❧❡✈❛çã♦ ❞❛ ❚❙▼ ❡st❡❥❛ ❛ss♦❝✐❛❞❛ ❛ ✉♠❛ ❖♥❞❛

❞❡ ❈❛❧♦r ▼❛r✐♥❤❛ ✭❖❈▼✮✱ ❞❡✜♥✐❞❛ ❝♦♠♦ s❡♥❞♦ ✉♠ ❡✈❡♥t♦ ❝♦♠ ❞✉r❛çã♦ ❞❡ ✺ ❞✐❛s✱ ♦✉

♠❛✐s✱ ♥♦ q✉❛❧ ❛ ❚❙▼ ❡stá ❛♥♦♠❛❧❛♠❡♥t❡ ❡❧❡✈❛❞❛ ✭❍❖❇❉❆❨ ❡t ❛❧✳✱ ✷✵✶✻✮✳ ❆s ❖❈▼

♣♦❞❡♠ s❡r ❝❛✉s❛❞❛s ♣♦r ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ♣r♦❝❡ss♦s ❛t♠♦s❢ér✐❝♦s ❡ ♦❝❡❛♥♦❣rá✜❝♦s

✭❍❖❇❉❆❨ ❡t ❛❧✳✱ ✷✵✶✻✮✳ ❖ tr❛❜❛❧❤♦ ❞❡ ❘❖❉❘■●❯❊❙ ❡t ❛❧✳ ✭✷✵✶✾✮ ✐♥❞✐❝❛ q✉❡✱ ♥❛

♣❛rt❡ ♦❡st❡ ❞♦ ❆t❧â♥t✐❝♦ ❙✉❧✱ ❝❡r❝❛ ❞❡ ✻✵✪ ❞❛s ♦❝♦rrê♥❝✐❛s ❞❛ ❖❈▼ ❡stã♦ ❛ss♦❝✐❛✲

❞❛s à ✉♠ ❜❧♦q✉❡✐♦ ❛t♠♦s❢ér✐❝♦✱ q✉❡ é ❝❛r❛❝t❡r✐③❛❞♦ ♣♦r ✉♠❛ ♣❡rs✐st❡♥t❡ ❝✐r❝✉❧❛çã♦

❛♥t✐❝✐❝❧ô♥✐❝❛ ♥♦ s✉❞❡st❡ ❇r❛s✐❧❡✐r♦✳

❙■▲❱❆ ❡ ❉❖❚❚❖❘■ ✭✷✵✷✶✮ ❛♥❛❧✐s❛r❛♠ ♦ ✐♠♣❛❝t♦ ♥❛ ❡str✉t✉r❛ t❡r♠♦❤❛❧✐♥❛ ❡ ♥❛

❝✐r❝✉❧❛çã♦ ❝♦st❡✐r❛ ♥♦ ❊♠❜❛✐❛♠❡♥t♦ ❙✉❧ ❇r❛s✐❧❡✐r♦ ❞❡ ✉♠ ❡✈❡♥t♦ ❡①tr❡♠♦ ❞❡ ❜❧♦q✉❡✐♦

❛t♠♦s❢ér✐❝♦ q✉❡ ♦❝♦rr❡✉ ♥♦ ✈❡rã♦ ❞❡ ✷✵✶✸✲✷✵✶✹✳ ❊ss❡s ❛✉t♦r❡s ❝♦♥st❛t❛r❛♠ q✉❡ ❛

♠✉❞❛♥ç❛ ♥♦ r❡❣✐♠❡ ❞❡ ✈❡♥t♦s ❢♦rt❛❧❡❝❡ ❛ ♦❝♦rrê♥❝✐❛ ❞❛ r❡ss✉r❣ê♥❝✐❛ ♥❛ r❡❣✐ã♦ ❞❡

❈❛❜♦ ❋r✐♦ ❡ q✉❡ ❛ ❡str✉t✉r❛ t❡r♠♦❤❛❧✐♥❛ ✜♥❛❧ ✐♥❞✉③✐✉ ❛ ❢♦r♠❛çã♦ ❞❡ ✉♠❛ ❝♦rr❡♥t❡

♣❛r❛ ♥♦r❞❡st❡ ♣ró①✐♠♦ ❞❛ ❝♦st❛ ❡♥tr❡ ❈❛♥❛♥é✐❛ ❡ ❛ ■❧❤❛ ❞❡ ❙ã♦ ❙❡❜❛st✐ã♦✳ ◆♦

tr❛❜❛❧❤♦ ❞❡ ❙■▲❱❆ ❡ ❉❖❚❚❖❘■ ✭✷✵✷✶✮✱ ♦❜s❡r✈❛✲s❡ ✉♠ ❛✉♠❡♥t♦ ❛♥ô♠❛❧♦ ❞❛ ❚❙▼

s♦♠❡♥t❡ ❛té ❛s ♣r♦①✐♠✐❞❛❞❡s ❞❡ ❙ã♦ ❙❡❜❛st✐ã♦✱ ❝♦♠♦ ♦❜s❡r✈❛❞♦ ♥♦ ♣❛✐♥❡❧ ❡sq✉❡r❞♦

❞❛ ❋✐❣✉r❛ ✸✳✷✽✱ q✉❡ ♠♦str❛ ❞❛❞♦s ♦❜s❡r✈❛❝✐♦♥❛✐s ❞❛ ❛♥♦♠❛❧✐❛ ❞❛ ❚❙▼ ❡①tr❛í❞♦s ❞♦

▼✉❧t✐s❝❛❧❡ ❯❧tr❛❤✐❣❤✲❘❡s♦❧✉t✐♦♥ ✭▼❯❘✮ ✭❈❍■◆ ❡t ❛❧✳✱ ✷✵✶✼✮ ♣❛r❛ ♦ ❞✐❛ ✶✸✴✵✷✴✷✵✶✹

✭❡sq✉❡r❞❛✮✱ ❞❛t❛ ♥❛ q✉❛❧ ❢♦✐ ♦❜s❡r✈❛❞❛ ❛ ❝♦rr❡♥t❡ ♣❛r❛ ♥♦r❞❡st❡ ♥♦ r❡❢❡r✐❞♦ tr❛❜❛❧❤♦✳

◆♦ ♣r❡s❡♥t❡ ❡st✉❞♦✱ ❢♦✐ ♦❜s❡r✈❛❞♦ q✉❡✱ ❡♠ ♥♦✈❡♠❜r♦ ❞❡ ✷✵✵✾✱ ❛ ❚❙▼ ❡st❡✈❡

♠❛✐s ❡❧❡✈❛❞❛ ♥❛ r❡❣✐ã♦ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦ ✭❋✐❣✉r❛s ✸✳✷✷ ❡ ✸✳✷✸✮✱ s❡ ❡st❡♥❞❡♥❞♦ ❛té

❈❛❜♦ ❋r✐♦✳ ❊ss❡ ❛✉♠❡♥t♦ ❞❛ ❚❙▼ ♣♦❞❡r✐❛ s❡r ❢r✉t♦ ❞❡ ✉♠❛ ❖❈▼✱ t❡♥❞♦ ❡♠ ✈✐st❛ ❛

♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❛q✉❡❝✐♠❡♥t♦ ❛♥ô♠❛❧♦ ✭♣❛✐♥❡❧ ❞✐r❡✐t♦ ❞❛ ❋✐❣✉r❛ ✸✳✷✽✮ ❝♦♠ ❞✉r❛çã♦

s✉♣❡r✐♦r ❛ ✉♠❛ s❡♠❛♥❛✳ ◆❡ss❡ ♣❡rí♦❞♦✱ ❢♦✐ ♦❜s❡r✈❛❞♦✱ ♣♦r ♠❛✐s ❞❡ ✺ ❞✐❛s ❝♦♥s❡❝✉t✐✲

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

❞❡ ✈❡♥t♦ ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❞❡ ♥♦r❞❡st❡✱ ♦✉ s❡❥❛✱ ❞❡s❢❛✈♦rá✈❡❧ à ♦❝♦rrê♥❝✐❛ ❞❡ss❛

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

❞♦ ❙■▲❱❆ ❡ ❉❖❚❚❖❘■ ✭✷✵✷✶✮✱ ❝♦♠♦ s❡♥❞♦ ❝♦♥s❡q✉ê♥❝✐❛ ❞❛ ❛❧t❡r❛çã♦ ❞❛ ❡str✉t✉r❛

t❡r♠♦❤❛❧✐♥❛ ♣r♦✈♦❞❛ ♣♦r ✉♠❛ ❡✈❡♥t✉❛❧ ❖❈▼✳

✹✼



❋✐❣✉r❛ ✸✳✷✽✿ ❉❛❞♦s ♦❜s❡r✈❛❝✐♦♥❛✐s ❞❡ ❛♥♦♠❛❧✐❛ ❞❛ ❚❙▼ ❞♦ ▼✉❧t✐s❝❛❧❡ ❯❧tr❛❤✐❣❤
❘❡s♦❧✉t✐♦♥ ✭▼❯❘✮ ♣❛r❛ ♦s ❞✐❛s ✶✸✴✵✷✴✷✵✶✹ ✭❡sq✉❡r❞❛✮ ❡ ✵✼✴✶✶✴✷✵✵✾ ✭❞✐r❡✐t❛✮✱ ❡①✲
tr❛í❞♦ ❞❡ ❤tt♣s✿✴✴s♦t♦✳♣♦❞❛❛❝✳❡❛rt❤❞❛t❛❝❧♦✉❞✳♥❛s❛✳❣♦✈✳

✸✳✸✳✷ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é

❆ss✐♠ ❝♦♠♦ ❢❡✐t♦ ♣❛r❛ ❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ❛ tr❛♥s❢♦r♠❛❞❛

❞❡ ♦♥❞❡❧❡t❛ ♣❛r❛ ❛♥❛❧✐s❛r ❛ ❚❙▼ ❡ ♦s tr❛♥s♣♦rt❡s ♥❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✳

❆ ❋✐❣✉r❛ ✸✳✷✾ ✭❛✮ ♠♦str❛ ♦ ❡s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛ ❞❡ ♦♥❞❡❧❡t❛s ❞❛ sér✐❡

t❡♠♣♦r❛❧ ❞❛ ❚❙▼ r❡t✐r❛❞❛ ♥❛ r❡❣✐ã♦ ❞❛ r❡ss✉r❣ê♥❝✐❛ ❞❡ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ✭❋✐❣✉r❛

✸✳✶✮✱ ♦♥❞❡ ♦❜s❡r✈❛✲s❡ ✉♠ ♣❛❞rã♦ ♠✉✐t♦ s❡♠❡❧❤❛♥t❡ ❛♦ ❞❛ s❡çã♦ ❞❡ ❈❛❜♦ ❋r✐♦✳ ❆s

♠❛✐♦r❡s ❡♥❡r❣✐❛s ❡♥❝♦♥tr❛♠✲s❡ ♥❛ ♣❡r✐♦❞✐❝✐❞❛❞❡ ❛♥✉❛❧ ✭❋✐❣✉r❛ ✸✳✷✾ ✭❜✮✮✱ ♦♥❞❡ s❡

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

❞❡ ✷✵✵✾ ❛té ❥✉♥❤♦ ❞❡ ✷✵✶✶ ✭❋✐❣✉r❛ ✸✳✷✾ ✭❝✮✮✱ ♣❡rí♦❞♦ ♥♦ q✉❛❧ ❢♦r❛♠ ♦❜s❡r✈❛❞♦s

♠❡♥♦s ❞✐❛s ❝♦♠ t❡♠♣❡r❛t✉r❛s ✐♥❢❡r✐♦r❡s à ✷✵➦❈ ✭❋✐❣✉r❛ ✸✳✹✮✳ ❈❛❜❡ r❡ss❛❧t❛r q✉❡ ❡ss❡

r❡s✉❧t❛❞♦ s✐♠✐❧❛r ❛♦ ❞❡ ❈❛❜♦ ❋r✐♦ ❥á ❡r❛ ❡s♣❡r❛❞♦✱ t❡♥❞♦ ❡♠ ✈✐st❛ ❛ ❜♦❛ ❝♦rr❡❧❛çã♦

❛♣r❡s❡♥t❛❞❛ ❡♥tr❡ ♦s ❞♦✐s ❝❡♥tr♦s ❞❡ r❡ss✉r❣ê♥❝✐❛ ❝♦♠ ♦ s❡❣✉♥❞♦ ♠♦❞♦ ❞❛ ❊❖❋ ❞❛

❚❙▼✱ q✉❡ ❝♦♥s❡❣✉✐✉ ❝❛♣t✉r❛r ♦ s✐♥❛❧ ❞❛ r❡ss✉r❣ê♥❝✐❛ ❡ ❛ s✉❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧✳

❆♥❛❧✐s❛♥❞♦ ♦s r❡s✉❧t❛❞♦s ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ♣❛r❛ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦

tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ✭❋✐❣✉r❛ ✸✳✸✵✮✱ ♣❛r❛ ♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ ❛♦ ❜♦♠❜❡❛♠❡♥t♦ ❞❡

❊❦♠❛♥ ✭❋✐❣✉r❛ ✸✳✸✶✮ ❡ ♣❛r❛ ♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ à ❛♣r♦①✐♠❛çã♦ ❞❛ ❝♦rr❡♥t❡ ✭❋✐❣✉r❛

✸✳✸✷✮✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ❛s ✈❛r✐❛çõ❡s ✐♥t❡r❛♥✉❛✐s ❞❡ss❛s ❢♦rç❛♥t❡s ♥ã♦ s❡ ❛❥✉st❛♠ tã♦

❜❡♠ ❛s ✈❛r✐❛çõ❡s ✐♥t❡r❛♥✉❛✐s ❞❛ ❚❙▼ ✭❋✐❣✉r❛ ✸✳✷✾✮✱ ❛♣❡s❛r ❞❛ ♦♥❞❡❧❡t❛s ❞❛ ❝♦rr❡♥t❡

❛♣r❡s❡♥t❛r ✉♠❛ q✉❡❞❛ ❞❡ ❡♥❡r❣✐❛ ❡♥tr❡ ✷✵✵✾ ❡ ✷✵✶✷✱ ❝♦♠♦ ♦❜s❡r✈❛❞♦ ♥❛ ❚❙▼✳ ❊ss❡

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

✐♥✢✉❡♥❝✐❛r ❛ r❡ss✉r❣ê♥❝✐❛ ♥❡ss❛ r❡❣✐ã♦✳

❈♦♠♦ ❢♦✐ ✈❡r✐✜❝❛❞♦ ♥❛ s❡çã♦ ✸✳✷✳✸ ❞❡st❡ ❡st✉❞♦✱ q✉❡ tr❛t❛ s♦❜r❡ ❛ ❞✐s♣♦♥✐❜✐✲
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❧✐❞❛❞❡ ❞❛ ❆❈❆❙ ♥❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧✱ ❛♦ ❝♦♥trár✐♦ ❞❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱

q✉❡ ♣♦ss✉✐ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ♣❡r♠❛♥❡♥t❡ ❞❛ ❆❈❆❙ ❛♦ ❧♦♥❣♦ ❞♦ ❛♥♦✱ ♦ ❈❛❜♦ ❞❡ ❙ã♦

❚♦♠é ❛♣r❡s❡♥t❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ✐♥t❡r♠✐t❡♥t❡✱ ♦ q✉❡ ♣♦❞❡ ❡st❛r ❛❢❡t❛♥❞♦ ❛ r❡ss✉r❣ê♥✲

❝✐❛ ♥❡ss❛ r❡❣✐ã♦✳ ❊ss❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ✈❛✐ ❞❡ ❡♥❝♦♥tr♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❞♦ tr❛❜❛❧❤♦

❞♦ P❆▲Ó❈❩❨ ❡t ❛❧✳ ✭✷✵✶✹✮✱ ♦♥❞❡ ♦s ❛✉t♦r❡s ❝♦♥st❛t❛r❛♠ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞♦ ♣ré✲

❝♦♥❞✐❝✐♦♥❛♠❡♥t♦ ❞❛ ♠❛ss❛ ❞✬á❣✉❛ ♥❛ ♣❧❛t❛❢♦r♠❛ ♣❛r❛ ❛ r❡ss✉r❣ê♥❝✐❛ ♥❛ r❡❣✐ã♦ ❞♦

❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✳ ❊❧❡s ✈❡r✐✜❝❛r❛♠ q✉❡ ❛ ♣r❡s❡♥ç❛ ❞❡ ♠❡❛♥❞r♦s ❝✐❝❧ô♥✐❝♦s ❢❛✈♦r❡✲

❝✐❛♠ ❛ ✐♥tr✉sã♦ ❞❛ ❆❈❆❙ ♥❛ ♣❧❛❢♦r♠❛ ❡✱ ❞❡ss❛ ❢♦r♠❛✱ ❡r❛ ♥❡❝❡ssár✐♦ ♠❡♥♦s ✐♠♣✉❧s♦

❞♦ ✈❡♥t♦ ♣❛r❛ ❛ ♦❝♦rrê♥❝✐❛ ❞❛ r❡ss✉r❣ê♥❝✐❛✳

✹✾



❋✐❣✉r❛ ✸✳✷✾✿ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❚❙▼ ♥❛
r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ✭❋✐❣✉r❛ ✸✳✶✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛ ❡♥❡r❣✐❛ ❛✉♠❡♥t❛ ❞❛s ❝♦r❡s ❢r✐❛s ♣❛r❛
❛s q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛
❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮
❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❝✮ ❱❛r✐â♥❝✐❛ ♠é❞✐❛ ♥❛s ❡s❝❛❧❛s ❞❡ ✸✵✵ ❛ ✹✵✵ ❞✐❛s✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛
✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳

✺✵



❋✐❣✉r❛ ✸✳✸✵✿ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡ ❞❡
❊❦♠❛♥ ♥❛ s❡çã♦ ❞♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ✭❋✐❣✉r❛ ✷✳✷✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛ ❡♥❡r❣✐❛ ❛✉♠❡♥t❛ ❞❛s ❝♦r❡s
❢r✐❛s ♣❛r❛ ❛s q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛
❡s❝❛❧❛ ❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳
❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛
❞❡ ✾✺✪✳

✺✶



❋✐❣✉r❛ ✸✳✸✶✿ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦ tr❛♥♣♦rt❡
❞❡✈✐❞♦ ❛♦ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥ ♥❛ s❡çã♦ ❞♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ✭❋✐❣✉r❛ ✷✳✷✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱
❛ ❡♥❡r❣✐❛ ❛✉♠❡♥t❛ ❞❛s ❝♦r❡s ❢r✐❛s ♣❛r❛ ❛s q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛
❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡
✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛
♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳

✺✷



❋✐❣✉r❛ ✸✳✸✷✿ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡
❞❡ ❊❦♠❛♥ ❞❡ ❢✉♥❞♦✱ ✐♥❞✉③✐❞♦ ♣❡❧❛ ❝♦rr❡♥t❡✱ ♥❛ s❡çã♦ ❞♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ✭❋✐❣✉r❛ ✷✳✸✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛
✈❛r✐â♥❝✐❛✱ ❛ ❡♥❡r❣✐❛ ❛✉♠❡♥t❛ ❞❛s ❝♦r❡s ❢r✐❛s ♣❛r❛ ❛s q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡
❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧
❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛
r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳

✺✸



P❛r❛ ❛♥❛❧✐s❛r ♦ ♣❛♣❡❧ ❞❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❛ ❆❈❆❙ ♥❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ❞❛

r❡ss✉r❣ê♥❝✐❛ ❡♠ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✱ ❢♦✐ r❡t✐r❛❞❛ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ t❡♠♣❡r❛t✉r❛

❞❡ ❢✉♥❞♦ ♠é❞✐❛ ♥❛ r❡❣✐ã♦ ❛ss✐♥❛❧❛❞❛ ♥❛ ❋✐❣✉r❛ ✸✳✸✸✱ q✉❡ ❢♦✐ ♣❧♦t❛❞❛ ❥✉♥t♦ ❝♦♠ ❛

❚❙▼ ❡ ❝♦♠ ♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ à ❝♦rr❡♥t❡ ❡ ❛♦ ✈❡♥t♦ ✭❋✐❣✉r❛ ✸✳✸✹✮✳

❋✐❣✉r❛ ✸✳✸✸✿ ❘❡❣✐ã♦ ✭r❡tâ♥❣✉❧♦ ✈❡r♠❡❧❤♦✮ ♦♥❞❡ ❢♦✐ r❡t✐r❛❞❛ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛
t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❞❡ ❢✉♥❞♦✳

❖ ♣❛✐♥❡❧ s✉♣❡r✐♦r ❞❛ ❋✐❣✉r❛ ✸✳✸✹ ♠♦str❛ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ✈❛r✐❛çã♦ ❞❛ ❚❙▼

✭❧✐♥❤❛ ♣r❡t❛✮✱ ❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ à ❝♦rr❡♥t❡ ✭❡s❝❛❧❛ ❞❡ ❝♦r❡s✮✱ ♦♥❞❡

♦s ✈❛❧♦r❡s ♣♦s✐t✐✈♦s sã♦ ❢❛✈♦rá✈❡✐s à r❡ss✉r❣ê♥❝✐❛✱ ❡ ❞❛ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❞❡ ❢✉♥❞♦

✭❧✐♥❤❛ ❛③✉❧✮✳ ❆s ♠❡s♠❛s ✈❛r✐á✈❡✐s sã♦ ♠♦str❛❞❛s ♥♦ ♣❛✐♥❡❧ ✐♥❢❡r✐♦r✱ ❝♦♠ ❡①❝❡çã♦

❞❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s✱ q✉❡ ♥❡ss❡ ❝❛s♦✱ ❡①♣r❡ss❛ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥✳

❆✐♥❞❛ ♥❛ ❋✐❣✉r❛ ✸✳✸✹✱ sã♦ ❞❡st❛❝❛❞♦s três ♣❡rí♦❞♦s ❞✐st✐♥t♦s q✉❡ ♠♦str❛♠ ❝♦♠♦ ❛

t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦ ♣♦❞❡ ❝♦♥tr✐❜✉✐r ❝♦♠ ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❛ r❡ss✉r❣ê♥❝✐❛✳ ❈❛❜❡

r❡ss❛❧t❛r q✉❡ ♥❡ss❡s três ♣❡rí♦❞♦s✱ t❛♥t♦ ♦ ❝❛♠♣♦ ❞❡ ✈❡♥t♦ q✉❛♥t♦ ❛ ❝♦rr❡♥t❡ ❡st❛✈❛♠

♣r♦♣í❝✐♦s à r❡ss✉r❣ê♥❝✐❛✳

◆♦ ♣r✐♠❡✐r♦ ✐♥t❡r✈❛❧♦✱ ❥❛♥❡✐r♦✲❢❡✈❡r❡✐r♦ ❞❡ ✷✵✶✶✱ ♦❜s❡r✈❛✲s❡ ✉♠ ❛✉♠❡♥t♦ ❞❛ ❚❙▼

❡ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦✳ ❊♠ ❛❣♦st♦ ❞❡ ✷✵✶✷✱ ❝♦♥st❛t❛✲s❡ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ❞❛

❚❙▼ ❡ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦✳ ❊ ♦ t❡r❝❡✐r♦ ✐♥t❡r✈❛❧♦ ❛♥❛❧✐s❛❞♦✱ ❢❡✈❡r❡✐r♦ ❞❡ ✷✵✶✸✱

✈❡r✐✜❝❛✲s❡ q✉❡ ❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦ ♣❡r♠❛♥❡❝❡ ❡st❛❣♥❛❞❛ ❡♠ ❝❡r❝❛ ❞❡ ✶✾➦❈ ❡ ❛

❚❙▼ ❞✐♠✐♥✉✐✱ s❡ ❛♣r♦①✐♠❛♥❞♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦✳

✺✹



Fevereiro

FevereiroFevereiro

Agosto

Agosto

Fevereiro

❋✐❣✉r❛ ✸✳✸✹✿ ❙ér✐❡ ❞❛ ✈❛r✐❛çã♦ ❞❛ ❚❙▼ ❝♦♠ ♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ à ❝♦rr❡♥t❡ ✭♣❛✐♥❡❧
s✉♣❡r✐♦r✮ ❡ ❝♦♠ ♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ✭♣❛✐♥❡❧ ✐♥❢❡r✐♦r✮✱ ❛❧é♠ ❞❛ ❛♠♣❧✐❛çã♦ ❞❡ três
❝❡♥ár✐♦s ❞✐st✐♥t♦s✳ ❆ ❡s❝❛❧❛ ❞❡ ❝♦r❡s ✐♥❞✐❝❛♠ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞♦ tr❛♥s♣♦rt❡✱ ♦♥❞❡
✈❛❧♦r❡s ♣♦s✐t✐✈♦s ❝♦rr❡s♣♦♥❞❡♠ ❛ ❡✈❡♥t♦s ❢❛✈♦rá✈❡✐s à r❡ss✉r❣ê♥❝✐❛✳ ❆ ❧✐♥❤❛ ❛③✉❧
r❡♣r❡s❡♥t❛ ❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦ ♥❛ r❡❣✐ã♦ ❛ss✐♥❛❧❛❞❛ ♥❛ ❋✐❣✉r❛ ✸✳✸✸✳

❆s ❋✐❣✉r❛s ✸✳✸✺ ❛té ✸✳✹✵ ♠♦str❛♠ ❛s s❡q✉ê♥❝✐❛s ❞❡ s❡çõ❡s ❛ ❝❛❞❛ três ❞✐❛s✱ q✉❡

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

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

t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦ ♣❛r❛ ♦s três ♣❡rí♦❞♦s s✉♣r❛❝✐t❛❞♦s✳ P❛r❛ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ✷✵✶✶✱

♦❜s❡r✈❛✲s❡ q✉❡ ❛ ♣❛rt✐r ❞♦ ✜♥❛❧ ❞❡ ❥❛♥❡✐r♦✱ ♣❡r❛♥t❡ ❝♦♥❞✐çõ❡s ❢❛✈♦rá✈❡✐s à r❡ss✉r❣ê♥✲

❝✐❛✱ ❛ á❣✉❛ ❛✢♦r❛❞❛ s❡ t♦r♥❛ ❣r❛❞❛t✐✈❛♠❡♥t❡ ♠❛✐s q✉❡♥t❡ ✭❋✐❣✉r❛s ✸✳✸✺ ❡ ✸✳✸✻✱ s❡çõ❡s

❛✳✶ ❛té ❛✳✽✮✱ ♦ q✉❡ ♣♦❞❡ s❡r ❡①♣❧✐❝❛❞♦ ♣♦r ✉♠❛ ❞✐♠✐♥✉✐çã♦ ♣r♦❣r❡ss✐✈❛ ♥❛ ❞✐s♣♦♥✐✲

❜✐❧✐❞❛❞❡ ❞❡ á❣✉❛ ❢r✐❛ ♥❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧ ✭❋✐❣✉r❛s ✸✳✸✺ ❡ ✸✳✸✻✱ s❡çõ❡s ❛✳✶ ❛té

❛✳✽ ❡ ❝❛♠♣♦s ❞✳✶ ❛té ❞✳✽✮✳ P♦rt❛♥t♦✱ ♥❡ss❡ ♣❡rí♦❞♦✱ ♦ ♣r♦❝❡ss♦ ❞❡ r❡ss✉r❣ê♥❝✐❛ ❡stá

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

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

r❡ss✉r❣ê♥❝✐❛ q✉❛♥❞♦ s❡ t❡♠ ❛ ❚❙▼ ❝♦♠♦ ✐♥❞✐❝❛❞♦r ❞❡ss❡ ❢❡♥ô♠❡♥♦✳

✺✺



a.1 a.3a.2 a.4

b.1 b.3b.2 b.4

c.1 c.3c.2 c.4

d.1 d.3d.2 d.4

❋✐❣✉r❛ ✸✳✸✺✿ ❖s ❝❛♠♣♦s ❛✳✶ ❛té ❛✳✹ ♠♦str❛♠ ❛ ✈❛r✐❛çã♦ ❛ ❝❛❞❛ três ❞✐❛s ❞❛ t❡♠♣❡r❛t✉r❛ ✭❡s❝❛❧❛ ❞❡
❝♦r❡s✮✱ ❞❛ ❝♦rr❡♥t❡ ❛❧♦♥❣✲s❤♦r❡ ✭✐s♦❧✐♥❤❛s ❜r❛♥❝❛s✮ ❡ ❞❛ ❝♦rr❡♥t❡ ❝r♦ss✲s❤♦r❡ ✭s❡t❛s ♣r❡t❛s✮ ❛♦ ❧♦♥❣♦ ❞❛
s❡çã♦ ❞♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ✭r❡♣r❡s❡♥t❛❞❛ ♥❛s ❋✐❣✉r❛s ❜✱ ❝ ❡ ❞✮✳ ❆s ❋✐❣✉r❛s ❜✳✶ ❛té ❜✳✹ ❛♣r❡s❡♥t❛♠ ♦s
❝❛♠♣♦s ❞❡ t❡♥sã♦ ❞♦ ✈❡♥t♦✱ ♦♥❞❡ t❛♠❜é♠ ❡stã♦ r❡♣r❡s❡♥t❛❞❛s ❛s ✐só❜❛t❛s ❞❡ ✺✵ ❡ ✶✺✵ ♠ ❡ ❛ s❡çã♦ ❞♦
❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✳ ■❞❡♠ ♣❛r❛ ❛s ❋✐❣✉r❛s ❝✳✶ ❛té ❝✳✹ ❡ ❞✳✶ ❛té ❞✳✹✱ q✉❡ ♠♦str❛♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♦s
❝❛♠♣♦s ❞❡ ❝♦rr❡♥t❡ s✉♣❡r✜❝✐❛❧ ❡ ❞❡ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦✳ ❖ ♣❡rí♦❞♦ ❛♥❛❧✐s❛❞♦ ❡♥❝♦♥tr❛✲s❡ ❞❡st❛❝❛❞♦
♥❛ ❋✐❣✉r❛ ✸✳✸✹✳

✺✻



a.5 a.7a.6 a.8

b.5 b.7b.6 b.8

c.5 c.7c.6 c.8

d.5 d.7d.6 d.8

❋✐❣✉r❛ ✸✳✸✻✿ ■❞❡♠ ❋✐❣✉r❛ ✸✳✸✺ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✵✽✴✵✷✴✷✵✶✶ ❛ ✶✼✴✵✷✴✷✵✶✶✳

✺✼



❆♦ ❝♦♥trár✐♦ ❞♦ q✉❡ ♦❝♦rr❡✉ ♥♦ ✐♥t❡r✈❛❧♦ ❞❡ ✷✵✶✶✱ ❡♠ ❛❣♦st♦ ❞❡ ✷✵✶✷✱ ❢♦✐ ♦❜✲

s❡r✈❛❞❛ ✉♠❛ ♣r♦❣r❡ss✐✈❛ ❞✐♠✐♥✉✐çã♦ ❞❛ ❚❙▼ ❛❝♦♠♣❛♥❤❛❞❛ ❞❡ ✉♠ ❛✉♠❡♥t♦ ❞❛ ❞✐s✲

♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ á❣✉❛ ❝♦♠ t❡♠♣❡r❛t✉r❛ ✐♥❢❡r✐♦r à ✶✻➦❈ ♥❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧

✭❋✐❣✉r❛s ✸✳✸✼ ❡ ✸✳✸✽✮✳

❊♠ ❢❡✈❡r❡✐r♦ ❞❡ ✷✵✶✸✱ ♦❜s❡r✈♦✉✲s❡ ✉♠❛ ❡st❛❣♥❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦ ❡♠

❝❡r❝❛ ❞❡ ✶✾➦❈ ♥❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧✱ ❡✱ ❛♣❡s❛r ❞❛ ❚❙▼ ❞✐♠✐♥✉✐r s✉❝❡ss✐✈❛♠❡♥t❡

s♦❜ ❝♦♥❞✐♥çõ❡s ♣r♦♣í❝✐❛s à r❡ss✉r❣ê♥❝✐❛✱ ❛ á❣✉❛ ❛✢♦r❛❞❛ ♠❛♥t❡✈❡ ✉♠❛ ❞✐❢❡r❡♥ç❛

❞❡ ✉♠ ♣♦✉❝♦ ♠❛✐s ❞❡ ✶➦❈ ❡♠ r❡❧❛çã♦ à t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦✱ ♥❡ss❡ ❝❛s♦✱ ♠❡s♠♦

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

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

✭❋✐❣✉r❛s ✸✳✸✾ ❡ ✸✳✹✵✮✳

✺✽



a.1 a.3a.2 a.4

b.1 b.3b.2 b.4

c.1 c.3c.2 c.4

d.1 d.3d.2 d.4

❋✐❣✉r❛ ✸✳✸✼✿ ■❞❡♠ ❋✐❣✉r❛ ✸✳✸✺ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✵✻✴✵✽✴✷✵✶✷ ❛ ✶✺✴✵✽✴✷✵✶✷✳

✺✾



a.5 a.7a.6 a.8

b.5 b.7b.6 b.8

c.5 c.7c.6 c.8

d.5 d.7d.6 d.8

❋✐❣✉r❛ ✸✳✸✽✿ ■❞❡♠ ❋✐❣✉r❛ ✸✳✸✺ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✶✽✴✵✽✴✷✵✶✷ ❛ ✷✼✴✵✽✴✷✵✶✷✳

✻✵



a.1 a.3a.2 a.4

b.1 b.3b.2 b.4

c.1 c.3c.2 c.4

d.1 d.3d.2 d.4

❋✐❣✉r❛ ✸✳✸✾✿ ■❞❡♠ ❋✐❣✉r❛ ✸✳✸✺ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✵✻✴✵✷✴✷✵✶✸ ❛ ✶✺✴✵✷✴✷✵✶✸✳

✻✶



a.5 a.7a.6 a.8

b.5 b.7b.6 b.8

c.5 c.7c.6 c.8

d.5 d.7d.6 d.8

❋✐❣✉r❛ ✸✳✹✵✿ ■❞❡♠ ❋✐❣✉r❛ ✸✳✸✺ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✶✽✴✵✷✴✷✵✶✸ ❛ ✷✼✴✵✷✴✷✵✶✸✳

✻✷



➱ ✐♥t❡r❡ss❛♥t❡ ♦❜s❡r✈❛r ❛ ♣r❡s❡♥ç❛ ❞❡ ✉♠ ♠❡❛♥❞r❛♠❡♥t♦ ❝✐❝❧ô♥✐❝♦ ❞❛ ❈♦rr❡♥t❡

❞♦ ❇r❛s✐❧ ♥♦s ❞♦✐s ♣❡rí♦❞♦s ❡♠ q✉❡ ❤♦✉✈❡ ✉♠ ❛q✉❡❝✐♠❡♥t♦ ❞❛ á❣✉❛ ❞❡ ❢✉♥❞♦ ♥❛

❜♦r❞❛ ❡①t❡r♥❛ ❞❛ ♣❧❛t❛❢♦r♠❛✳ ◆❡ss❡ ❝❛s♦✱ é ♣♦ssí✈❡❧ q✉❡ ❛ ♣♦rçã♦ s✉❧ ❞❡ss❡ ♠❡❛♥❞r♦

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

❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ❆❈❆❙✳ ❊♥tr❡t❛♥t♦✱ ❞❛ ♠❡s♠❛ ❢♦r♠❛ ❝♦♠♦ ❢♦✐ ❝♦♥st❛t❛❞♦ ♥♦

tr❛❜❛❧❤♦ ❞♦ P❆▲Ó❈❩❨ ❡t ❛❧✳ ✭✷✵✶✹✮✱ ❢♦✐ ✈❡r✐✜❝❛❞♦ ❛ ❢♦r♠❛çã♦ ❞❡ ♠❡❛♥❞r♦s ❝✐❝❧ô♥✐❝♦s

❢❛✈♦r❡♥❝❡♥❞♦ ❛ ✐♥tr✉sã♦ ❞❡ ❆❈❆❙ ♥❛ ♣❧❛t❛❢♦r♠❛✱ ❝♦♠♦ ♦❝♦rr❡✉ ❡♠ ♠❛rç♦ ❞❡ ✷✵✶✷

✭❋✐❣✉r❛ ✸✳✹✶✮✳ ◆❡ss❡ ♣❡rí♦❞♦✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛ r❡ss✉r❣ê♥❝✐❛ ❞♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é

❢♦✐ ❛ ♠❛✐s ✐♥t❡♥s❛ ❞❛ r❡❣✐ã♦ s✉❞❡st❡✳

Corrente - MAR2012 TSM - MAR2012 Temp. Fundo - MAR2012

❋✐❣✉r❛ ✸✳✹✶✿ ❈❛♠♣♦s ♠é❞✐♦s ❞❛ ❝♦rr❡♥t❡✱ ❞❛ ❚❙▼ ❡ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❢✉♥❞♦ ♥♦
♣❡rí♦❞♦ ❞❡ ♠❛rç♦ ❞❡ ✷✵✶✷✳

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

❞❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ♣❛r❡❝❡ t❡r ✉♠ ✐♠♣♦rt❛♥t❡ ♣❛♣❡❧ ♥❛ r❡ss✉r❣ê♥❝✐❛ ❞♦

❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✳ ❊ ♦ r❡s✉❧t❛❞♦ ❡♥❝♦♥tr❛❞♦ ♥❡st❡ ❡st✉❞♦ s✉❣❡r❡ q✉❡ ❛ ❢♦r♠❛çã♦ ❞❡

♠❡❛♥❞r♦s ❝✐❝❧ô♥✐❝♦s✱ ❛❧é♠ ❞❡ ❛t✉❛r ❢❛✈♦r❡❝❡♥❞♦ ❛ ✐♥tr✉sã♦ ❞❛ ❆❈❆❙ ♥❛ ♣❧❛t❛❢♦r♠❛✱

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

♣♦❞❡ ❧❡✈❛r ❛ á❣✉❛ ♠❛✐s q✉❡♥t❡ ❞❛ ❈♦rr❡♥t❡ ❞♦ ❇r❛s✐❧ ♣❛r❛ ❛ ♣❧❛t❛❢♦r♠❛✳

✸✳✸✳✸ ❊s♣ír✐t♦ ❙❛♥t♦

❆♣ós ❛ ✉t✐❧✐③❛çã♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛s ♥❛ r❡❣✐ã♦ ❞♦ ❊s♣ír✐t♦ ❙❛♥t♦ ✭❋✐✲

❣✉r❛s ✸✳✹✷✱ ✸✳✹✸✱ ✸✳✹✹ ❡ ✸✳✹✺✮✱ ❝♦♥st❛t♦✉✲s❡ q✉❡ ♦ tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ❡ ♦ tr❛♥s♣♦rt❡

❞❡✈✐❞♦ à ✐♥tr✉sã♦ ❞❛ ❝♦rr❡♥t❡ ♥❛ ♣❧❛t❛❢♦r♠❛ ❛t✉❛♠ ❡♠ ❝♦♥❥✉♥t♦ ♥❛ ♠♦❞✉❧❛çã♦ ❞❛

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

♦❜s❡r✈♦✉ ✉♠❛ ♠❛✐♦r ❝♦♥❝♦r❞â♥❝✐❛ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❛ ❚❙▼ ✭❋✐❣✉r❛ ✸✳✹✷ ✭❝✮✮ ❝♦♠ ♦

tr❛♥s♣♦rt❡ ❞❡ ❊❦♠❛♥ ✭❋✐❣✉r❛s ✸✳✹✸ ✭❝✮✮✱ ♣ró①✐♠♦ ❞❡ ✷✵✶✷✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ♦ tr❛♥s✲

♣♦rt❡ ❞❡✈✐❞♦ à ❝♦rr❡♥t❡ t❡✈❡ ♦ ♣r♦t❛❣♦♥✐s♠♦ ✭❋✐❣✉r❛ ✸✳✹✺ ✭❝✮✮✱ ❡ ❛ ♣❛rt✐r ❞❡ss❡ ❛♥♦✱

♣❛r❡❝❡✉ q✉❡ ❛♠❜❛s ❛s ❢♦rç❛♥t❡s ❛t✉❛r❛♠ ❡♠ ❝♦♥❥✉♥t♦✳ ❊ss❡ r❡s✉❧t❛❞♦ r❛t✐✜❝❛ ❛

❝♦♥❝❧✉sã♦ ❞❛ ❛♥á❧✐s❡ ❞❡ ❊❖❋ r❡❛❧✐③❛❞❛ ♥❡st❡ ❡st✉❞♦✱ q✉❡ ✐♥❞✐❝♦✉ q✉❡ ❛ ✈❛r✐❛çã♦ ❞❛

✐♥t❡♥s✐❞❛❞❡ ❞❛ ❈♦rr❡♥t❡ ❞♦ ❇r❛s✐❧ ❝♦♥tr✐❜✉✐ ❝♦♠ ❛ r❡ss✉r❣ê♥❝✐❛ ♥❛ r❡❣✐ã♦ s✉❞❡st❡

❜r❛s✐❧❡✐r❛ ❝♦♠♦ ✉♠ t♦❞♦✳ ❆✐♥❞❛✱ ❡stá ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❛♥á❧✐s❡ ❞❛ r❡ss✉r❣ê♥❝✐❛ ❞❡

✻✸



❱✐tór✐❛ r❡❛❧✐③❛❞❛ ♥♦ tr❛❜❛❧❤♦ ❞♦ ▼❆❘❚■◆❙ ✭✷✵✶✺✮✳ ❖♥❞❡ ❡st❡ ❛✉t♦r ❝♦♥st❛t♦✉ q✉❡

✈❡♥t♦s ♠❛✐s ✐♥t❡♥s♦s ♥ã♦ ❣❡r❛♠ ♥❡❝❡ss❛r✐❛♠❡♥t❡ r❡ss✉r❣ê♥❝✐❛s ♠❛✐s ✐♥t❡♥s❛s✳ ❆♣ós

✉♠❛ ✐♥✈❡st✐❣❛çã♦ ❞❡ ♦✉tr♦s ♣♦ssí✈❡✐s ♠❡❝❛♥✐s♠♦s q✉❡ ♣✉❞❡ss❡♠ ❛t✉❛r ❝♦♠♦ ❢♦rç❛♥t❡

❞❛ r❡ss✉r❣ê♥❝✐❛ ❡♠ ❱✐tór✐❛✱ ▼❆❘❚■◆❙ ✭✷✵✶✺✮ ♦❜s❡r✈♦✉ q✉❡ ❡r❛ ❛ ✐♥t❡♥s✐✜❝❛çã♦ ❞❛

❈♦rr❡♥t❡ ❞♦ ❇r❛s✐❧ q✉❡ ❛t✉❛✈❛ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦ ❝❛♠♣♦ ❞❡ ✈❡♥t♦s ♥❛ ♠♦❞✉❧❛çã♦

❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ r❡ss✉r❣ê♥❝✐❛ ❡♠ ❱✐tór✐❛✳

✻✹



❋✐❣✉r❛ ✸✳✹✷✿ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❚❙▼ ♥❛
r❡❣✐ã♦ ❞♦ ❊s♣ír✐t♦ ❙❛♥t♦ ✭❋✐❣✉r❛ ✸✳✶✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛ ❡♥❡r❣✐❛ ❛✉♠❡♥t❛ ❞❛s ❝♦r❡s ❢r✐❛s ♣❛r❛ ❛s
q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s
s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦
❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❝✮ ❱❛r✐â♥❝✐❛ ♠é❞✐❛ ♥❛s ❡s❝❛❧❛s ❞❡ ✸✵✵ ❛ ✹✵✵ ❞✐❛s✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛
r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳

✻✺



❋✐❣✉r❛ ✸✳✹✸✿ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡ ❞❡
❊❦♠❛♥ ♥❛ s❡çã♦ ❞♦ ❊s♣ír✐t♦ ❙❛♥t♦ ✭❋✐❣✉r❛ ✷✳✷✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛ ❡♥❡r❣✐❛ ❛✉♠❡♥t❛ ❞❛s ❝♦r❡s ❢r✐❛s
♣❛r❛ ❛s q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛
❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡ ✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮
❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛
❞❡ ✾✺✪✳

✻✻



❋✐❣✉r❛ ✸✳✹✹✿ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦ tr❛♥♣♦rt❡
❞❡✈✐❞♦ ❛♦ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥ ♥❛ s❡çã♦ ❞♦ ❊s♣ír✐t♦ ❙❛♥t♦ ✭❋✐❣✉r❛ ✷✳✷✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱ ❛
❡♥❡r❣✐❛ ❛✉♠❡♥t❛ ❞❛s ❝♦r❡s ❢r✐❛s ♣❛r❛ ❛s q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛
❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡
✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛
♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳

✻✼



❋✐❣✉r❛ ✸✳✹✺✿ ❛✮ ❊s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛ ✭▼♦r❧❡t✮ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦ tr❛♥s♣♦rt❡ ❞❡
❊❦♠❛♥ ❞❡ ❢✉♥❞♦✱ ✐♥❞✉③✐❞♦ ♣❡❧❛ ❝♦rr❡♥t❡✱ ♥❛ s❡çã♦ ❞♦ ❊s♣ír✐t♦ ❙❛♥t♦ ✭❋✐❣✉r❛ ✷✳✸✮✱ ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ✈❛r✐â♥❝✐❛✱
❛ ❡♥❡r❣✐❛ ❛✉♠❡♥t❛ ❞❛s ❝♦r❡s ❢r✐❛s ♣❛r❛ ❛s q✉❡♥t❡s ❡ ♦s ❝♦♥t♦r♥♦s ♣r❡t♦s ✐♥❞✐❝❛♠ ♦s ♥í✈❡✐s ❞❡ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛
❡st❛tíst✐❝❛✳ ❆ r❡❣✐ã♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❝♦r❡s s✉❛✈✐③❛❞❛ ❡ ❞❡❧✐♠✐t❛❞❛ ♣♦r ❧✐♥❤❛s ♣r❡t❛s ♥♦ ✐♥í❝✐♦ ❡ ✜♥❛❧ ❞❛ sér✐❡
✐♥❞✐❝❛♠ ♦ ❝♦♥❡ ❞❡ ✐♥✢✉ê♥❝✐❛✳ ❜✮ ❊s♣❡❝tr♦ ❣❧♦❜❛❧ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ❜✮ ❡ ❝✮ ❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛
♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❡st❛tíst✐❝❛ ❞❡ ✾✺✪✳

✻✽



❈❛♣ít✉❧♦ ✹

❈♦♥❝❧✉sõ❡s

❆♦ ❛♥❛❧✐s❛r ❛ ♠❛✐♦r sér✐❡ ♦❜s❡r✈❛❝✐♦♥❛❧ ❞❡ ❚❙▼✱ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷✵ ❛♥♦s✱ q✉❡

♣✉❞❡ss❡ ❛♠♣❧✐❛r ♦ ❝♦♥❤❡❝✐♠❡♥t♦ s♦❜r❡ ❛ r❡ss✉r❣ê♥❝✐❛ ❞❡ ❈❛❜♦ ❋r✐♦✱ ❈❆▲■▲ ❊▲■❆❙

✭✷✵✵✾✮ ❝♦♥st❛t♦✉ q✉❡ ❝♦♥s✐❞❡r❛r ❛♣❡♥❛s ❛ ❛çã♦ ❞♦s ✈❡♥t♦s ♥ã♦ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❡①✲

♣❧✐❝❛r ❛ s✉❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧✳ ❊st✉❞♦s r❡❛❧✐③❛❞♦s ♥❛ ❆✉strá❧✐❛ ❡✈✐❞❡♥❝✐❛r❛♠

q✉❡ ♦ tr❛♥s♣♦rt❡ ♥❛ ❝❛♠❛❞❛ ❧✐♠✐t❡ ❞❡ ❢✉♥❞♦ ❞❡✈✐❞♦ à ✐♥tr✉sã♦ ❞❛ ❝♦rr❡♥t❡ ♥❛ ♣❧❛✲

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

❈♦♥s✐❞❡r❛♥❞♦ ❛s ❝❛r❛❝t❡ríst✐❝❛s s❡♠❡❧❤❛♥t❡s ❞❛ ❈♦rr❡♥t❡ ❞♦ ❇r❛s✐❧ ✭❈❇✮ ❝♦♠ ❈♦r✲

r❡♥t❡ ▲❡st❡ ❞❛ ❆✉strá❧✐❛✱ ❡st❡ ❡st✉❞♦ ♣❛rt❡ ❞❛ ♣r❡♠✐ss❛ q✉❡ ❈❇ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛

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

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

❛ ✐♥tr✉sã♦ ❞❛ ❈❇ ♥❛ ♣❧❛t❛❢♦r♠❛✱ ❝♦♠♦ ❢♦rç❛♥t❡ ❞❛ r❡ss✉r❣ê♥❝✐❛✳

P❛r❛ ✐ss♦✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ✶✵ ❛♥♦s ❞❡ r❡s✉❧t❛❞♦s ❞❛ ❜❛s❡ ❤✐❞r♦❞✐♥â♠✐❝❛ ▲❙❊✷✹✱

✉♠❛ r❡❛♥á❧✐s❡ ♦❝❡â♥✐❝❛ ❞❡s❡♥✈♦❧✈✐❞❛ ♣❡❧❛ ❡q✉✐♣❡ ❞♦ ▲❛❜♦r❛tór✐♦ ❞❡ ❖❝❡❛♥♦❣r❛✜❛

❋ís✐❝❛✲▲❖❋✴❈❖PP❊ ✉t✐❧✐③❛♥❞♦ s✐♠✉❧❛çõ❡s ❝♦♠ ♦ ♠♦❞❡❧♦ ❍❨❈❖▼✱ ❞❡♥tr♦ ❞♦ ♣r♦✲

❥❡t♦ ❘❊▼❖✳ ❆ ❛♥á❧✐s❡ ❞❡ss❛ ❜❛s❡ ❤✐❞r♦❞✐♥â♠✐❝❛ ♣♦ss✐❜✐❧✐t♦✉ ♦❜s❡r✈❛r ✉♠❛ ✈❛r✐❛❜✐✲

❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ♥❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ r❡ss✉r❣ê♥❝✐❛✱ s❡♠❡❧❤❛♥t❡ àq✉❡❧❛ ♦❜s❡r✈❛❞❛ ♣♦r

❈❆▲■▲ ❊▲■❆❙ ✭✷✵✵✾✮✱ ♥❛s três r❡❣✐õ❡s ❡st✉❞❛❞❛s✱ ❈❛❜♦ ❋r✐♦✱ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ❡

❊s♣ír✐t♦ ❙❛♥t♦✱ s❡♥❞♦ q✉❡ ❛ ❞❡ ❈❛❜♦ ❋r✐♦ ❢♦✐ ❛ q✉❡ ❛♣r❡s❡♥t♦✉ ❛s ♠❛✐♦r❡s ❛♠♣❧✐t✉❞❡s

❞❡ ✈❛r✐❛çã♦ ❞❛ ❚❙▼✳

P♦r ♠❡✐♦ ❞❛ ❛♥á❧✐s❡ ❞❡ ❊❖❋✱ ❢♦✐ ✐❞❡♥t✐✜❝❛❞♦ ♦ ♣❛❞rã♦ ❡s♣❛❝✐❛❧ ❡ t❡♠♣♦r❛❧ ❞❛

❚❙▼ ❛ss♦❝✐❛❞♦ à r❡ss✉r❣ê♥❝✐❛ ♥❛ r❡❣✐ã♦ s✉❞❡st❡✳ ❊st❡ ♣❛❞rã♦ s❡ ♠♦str♦✉ ❜❡♠ ❝♦r✲

r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ❛s três r❡❣✐õ❡s ❛♥❛❧✐s❛❞❛s✱ ❡♠ ❡s♣❡❝✐❛❧ ❝♦♠ ❈❛❜♦ ❋r✐♦ ❡ ❈❛❜♦ ❞❡

❙ã♦ ❚♦♠é✳ ❊ss❡s ❞♦✐s ❝❡♥tr♦s ❞❡ r❡ss✉r❣ê♥❝✐❛ ❛♣r❡s❡♥t❛r❛♠ ♥ú❝❧❡♦s ❜❡♠ ❞❡✜♥✐❞♦s

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

t❡s ❝♦♠ ❛ ❧✐t❡r❛t✉r❛✳ ◆❛ r❡❣✐ã♦ ❞♦ ❊s♣ír✐t♦ ❙❛♥t♦✱ ♥ã♦ ❢♦✐ ✐❞❡♥t✐✜❝❛❞♦ ✉♠ ♥ú❝❧❡♦

❜❡♠ ❞❡✜♥✐❞♦✱ ✐♥❞✐❝❛♥❞♦ ✉♠❛ ♠❛✐♦r ✈❛r✐❛❜✐❧✐❞❛❞❡ ♥❛ ♣♦s✐çã♦ ❞❡ ❛s❝❡♥çã♦ ❞❛ á❣✉❛

❢r✐❛✱ t❛♠❜é♠✱ ❡♠ ❝♦♥❝♦r❞â♥❝✐❛ ❝♦♠ ❡st✉❞♦ ♣ré✈✐♦ r❡❛❧✐③❛❞♦ ♥❛ r❡❣✐ã♦✳ ❉❡ss❛ ❢♦r♠❛✱

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

✻✾



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

❆✐♥❞❛ ✉t✐❧✐③❛♥❞♦ ❊❖❋✱ ❢♦r❛♠ ❡♥❝♦♥tr❛❞♦s ♦s ♣r✐♥❝✐♣❛✐s ♠♦❞♦s ❞❡ ✈❛r✐❛❜✐❧✐❞❛❞❡

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

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

❢❛✈♦rá✈❡✐s à r❡ss✉r❣ê♥❝✐❛ ♦❝♦rr❡♥❞♦ ♥❛ ♣r✐♠❛✈❡r❛ ❡ ✈❡rã♦✳ ❊ss❡s ♠♦❞♦s ❛♣r❡s❡♥t❛r❛♠

✉♠❛ ❝♦rr❡❧❛çã♦ ❞❡ ❝❡r❝❛ ❞❡ ✵✱✺ ❝♦♠ ♦ ♠♦❞♦ ❞❛ ❚❙▼ ❛ss♦❝✐❛❞♦ à r❡ss✉r❣ê♥❝✐❛✳

❖ ♣r✐♠❡✐r♦ ♠♦❞♦ ❞❛ ❊❖❋ ❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❈♦rr❡♥t❡ ❞♦ ❇r❛s✐❧ ♠♦str♦✉ q✉❡✱

❛ss✐♠ ❝♦♠♦ ❝♦♥st❛t❛❞♦ ♥♦ tr❛❜❛❧❤♦ ❞❡ ❆●❯■❆❘ ❡t ❛❧✳ ✭✷✵✶✹✮✱ ❛ ✈❛r✐❛çã♦ ❞❛ ✐♥✲

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

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

✈❛r✐❛çõ❡s ❛❝♦♥t❡❝❡♥❞♦ ❛ ♦❡st❡ ❞❛ ■❧❤❛ ❞♦ ❈❛❜♦ ❋r✐♦ ✭✹✷➦❲✮✳ ❊ss❛ ❢♦✐ ❛ ♠❡s♠❛ r❡❣✐ã♦

❡♠ q✉❡ ❛ sér✐❡ ❞❡ ❞❛❞♦s ❞❛ ❚❙▼ ❛♥❛❧✐s❛❞❛ ♣♦r ❈❆▲■▲ ❊▲■❆❙ ✭✷✵✵✾✮ ❢♦✐ ❝♦❧❡t❛❞❛✱

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

✉♠ ✐♠♣♦rt❛♥t❡ ♣❛♣❡❧ ♥❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ❞❛ r❡ss✉r❣ê♥❝✐❛ ♦❜s❡r✈❛❞❛ ♣♦r ❈❆✲

▲■▲ ❊▲■❆❙ ✭✷✵✵✾✮✳

❈♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ❞❡s❝♦❜r✐r ♦ ♣❡s♦ q✉❡ ❝❛❞❛ ❢♦rç❛♥t❡ ♣♦ss✉✐ ♥❛ ✈❛r✐❛❜✐❧✐❞❛❞❡

✐♥t❡r❛♥✉❛❧ ❞❛ r❡ss✉r❣ê♥❝✐❛ ❡♠ ❝❛❞❛ r❡❣✐ã♦ ❡s♣❡❝í✜❝❛✱ ❢♦✐ q✉❛♥t✐✜❝❛❞♦ ♦ tr❛♥s♣♦rt❡

❞❡ ❊❦♠❛♥ ♥❛ ❝❛♠❛❞❛ s✉♣❡r✜❝✐❛❧✱ ❞❡✈✐❞♦ à ❛çã♦ ❞♦ ✈❡♥t♦✱ ♥❛ ❝❛♠❛❞❛ ❞❡ ❢✉♥❞♦✱

❞❡✈✐❞♦ ❛ ✐♥tr✉sã♦ ❞❛ ❝♦rr❡♥t❡ ♥❛ ♣❧❛t❛❢♦r♠❛✱ ❡ ❞♦ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❊❦♠❛♥✳ ❊ ❝♦♠

❛✉①í❧✐♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ♦♥❞❡❧❡t❛s ❢♦✐ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ❡ ❛♥❛❧✐s❛r ❛s ✈❛r✐❛çõ❡s

❞❡ ❡♥❡r❣✐❛ ♥❛ ❜❛♥❞❛ s❛③♦♥❛❧ ❛ss♦❝✐❛❞❛s ❛ ❚❙▼ ❡ ❛s s✉❛s ❢♦rç❛♥t❡s✳

❉❡ss❛ ❢♦r♠❛✱ ♣❛r❛ ❛ s❡çã♦ ❞❡ ❈❛❜♦ ❢r✐♦✱ ❢♦✐ ✈❡r✐✜❝❛❞♦ q✉❡ t❛♥t♦ ❛ ❝♦rr❡♥t❡ q✉❛♥t♦

♦ ✈❡♥t♦ ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ q✉❡❞❛ ❞❡ ✐♥t❡♥s✐❞❛❞❡ ♥♦ ♣❡rí♦❞♦ ❞❡ ✷✵✵✾✲✷✵✶✶✱ ✐♥t❡r✈❛❧♦

❡♠ q✉❡ ❢♦✐ ♦❜s❡r✈❛❞♦ ❛s ♠❡♥♦r❡s ♦❝♦rrê♥❝✐❛s ❞❡ ❚❙▼ ❛❜❛✐①♦ ❞❡ ✶✽➦❈✳ ◆♦ ❡♥t❛♥t♦✱

♦ ♣✐❝♦ ♠❛✐s ❡①♣r❡ss✐✈♦ ❞❛ ❚❙▼✱ q✉❡ ❢♦✐ ❡♥tr❡ ✷✵✶✷✲✷✵✶✸✱ q✉❡ r❡♣r❡s❡♥t♦✉ ✉♠ ♣❡✲

rí♦❞♦ ✐♥t❡♥s♦ ❞❡ r❡ss✉r❣ê♥❝✐❛✱ ❝♦♠ ✶✵✺ ❞✐❛s ❝♦♠ t❡♠♣❡r❛t✉r❛ ❛❜❛✐①♦ ❞❡ ✶✽➦❈✱ ❢♦✐

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

q✉❡ ♦ ♣✐❝♦ ♠❛✐s ❡①♣r❡ss✐✈♦ ❞❛s ❢♦rç❛♥t❡s ❛t♠♦s❢ér✐❝❛s ♦❝♦rr❡✉ ❡♠ ✷✵✵✼✲✷✵✵✽✱ ♣❡rí♦❞♦

♥♦ q✉❛❧ ❢♦r❛♠ ♦❜s❡r✈❛❞♦s ✾✼ ❞✐❛s ❝♦♠ t❡♠♣❡r❛t✉r❛ ❛❜❛✐①♦ ❞❡ ✶✽➦❈✳ ❊ss❡ r❡s✉❧t❛❞♦

✐♥❞✐❝❛ q✉❡✱ ♣❛r❛ ❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱ ❛ ❛t✉❛çã♦ ❝♦♥❥✉♥t❛ ❞♦ tr❛♥s♣♦rt❡ ♥❛ ❝❛♠❛❞❛

❧✐♠✐t❡ ❞❡ ❢✉♥❞♦✱ ❞❡✈✐❞♦ ❛ ✐♥tr✉sã♦ ❞❛ ❝♦rr❡♥t❡ ♥❛ ♣❧❛t❛❢♦r♠❛✱ ❡ ❞♦ tr❛♥s♣♦rt❡ ❛ss♦❝✐✲

❛❞♦ ❛s ❢♦rç❛♥t❡s ❛t♠♦s❢ér✐❝❛s sã♦ s✉✜❝✐❡♥t❡s ♣❛r❛ ❡①♣❧✐❝❛r ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧

❞❛ r❡ss✉r❣ê♥❝✐❛✳

◆❛ r❡❣✐ã♦ ❞♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é✱ ❛s ❢♦rç❛♥t❡s ❛♥❛❧✐s❛s ♥ã♦ ❢♦r❛♠ s✉✜❝✐❡♥t❡s ♣❛r❛

❡①♣❧✐❝❛r ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ❞❛ r❡ss✉r❣ê♥❝✐❛✱ ✐♥❞✐❝❛♥❞♦ ❛ ❛t✉❛çã♦ ❞❡ ♦✉tr❛

❢♦rç❛♥t❡✳ ❆♦ ❛♥❛❧✐s❛r ❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❛ ❆❈❆❙ ♥❛ ♣❧❛t❛❢♦r♠❛✱ ❢♦✐ ♦❜s❡r✈❛❞♦ q✉❡

❡♠ ❢❡✈❡r❡✐r♦ ❞❡ ✷✵✶✶✱ s♦❜ ❝♦♥❞✐çõ❡s ❞❡ ✈❡♥t♦ ❡ ❝♦rr❡♥t❡ ♣r♦♣í❝✐❛s à r❡ss✉r❣ê♥❝✐❛✱

❛ á❣✉❛ ❛✢♦r❛❞❛ s♦❢r❡✉ ✉♠ ♣r♦❣r❡ss✐✈♦ ❛✉♠❡♥t♦ ♥❛ s✉❛ t❡♠♣❡r❛t✉r❛ ❡♠ r❛③ã♦ ❞❛

❡❧❡✈❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❞❛ á❣✉❛ ❞❡ ❢✉♥❞♦ ♥❛ ♣❧❛t❛❢♦r♠❛ ❡①t❡r♥❛✳ ❊♠ ❢❡✈❡r❡✐r♦ ❞❡

✼✵



✷✵✶✸✱ ❝❛s♦ s❡♠❡❧❤❛♥t❡ ❢♦✐ ♦❜s❡r✈❛❞♦✱ ♦♥❞❡ ✉♠❛ ♠❛ss❛ ❞✬á❣✉❛ ♠❛✐s ❛q✉❡❝✐❞❛ ♣❡r♠❛✲

♥❡❝❡✉ ❡st❛❣♥❛❞❛ ♥♦ ❢✉♥❞♦ ❞❛ ♣❧❛t❛❢♦r♠❛ ❡①t❡r♥❛✱ t❛♠❜é♠ s♦❜ ❝♦♥❞✐çõ❡s ❢❛✈♦rá✈❡✐s

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

♦❜s❡r✈❛❞♦ q✉❡ ❛ ♣♦rçã♦ s✉❧ ❞❡ ✉♠ ♠❡❛♥❞r♦ ❝✐❝❧ô♥✐❝♦ ❛❞❡♥tr❛✈❛ ♥❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐✲

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

❆✐♥❞❛✱ ❛ss✐♠ ❝♦♠♦ ♦❜s❡r✈❛❞♦ ♥♦ tr❛❜❛❧❤♦ ❞❡ P❆▲Ó❈❩❨ ❡t ❛❧✳ ✭✷✵✶✹✮✱ ❢♦✐ ✈❡r✐✜❝❛❞♦

q✉❡✱ ❡♠ ♠❛rç♦ ❞❡ ✷✵✶✷✱ ❛ ❢♦r♠❛çã♦ ❞❡ ✉♠❛ ♠❡❛♥❞r♦ ❝✐❝❧ô♥✐❝♦ ❢❛✈♦r❡❝❡✉ ❛ ✐♥tr✉sã♦

❞❛ ❆❈❆❙ ♥❛ ♣❧❛t❛❢♦r♠❛✱ ❡ ♥❡ss❡ ♠ês✱ ❛ r❡ss✉r❣ê♥❝✐❛ ❞♦ ❈❛❜♦ ❞❡ ❙ã♦ ❚♦♠é ❢♦✐ ❛

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

❚♦♠é✱ ❛❧é♠ ❞❛s três ❢♦rç❛♥t❡s ❛♥❛❧✐s❛❞❛s✱ ❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❛ ❆❈❆❙ ♥❛ ♣❧❛t❛❢♦r♠❛✱

❛ss♦❝✐❛❞❛ ❛ ❛t✐✈✐❞❛❞❡ ❞❡ ♠❡s♦❡s❝❛❧❛ ❞❛ ❈❇✱ ♣♦ss✉✐ ✉♠❛ ✐♠♣♦rt❛♥t❡ ❝♦♥tr✐❜✉✐çã♦ ♥❛

✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ❞❛ r❡ss✉r❣ê♥❝✐❛✳

P❛r❛ ❛ r❡❣✐ã♦ ❞♦ ❊s♣ír✐t♦ ❙❛♥t♦✱ ❢♦✐ ♦❜s❡r✈❛❞♦✱ ❞❡ ✉♠ ♠♦❞♦ ❣❡r❛❧✱ ✉♠❛ ❛t✉❛çã♦

❝♦♥❥✉♥t❛ ❞❛s ❢♦rç❛♥t❡s ❛t♠♦s❢ér✐❝❛s ❡ ❞♦ tr❛♥s♣♦rt❡ ❞❡✈✐❞♦ à ❝♦rr❡♥t❡ ♥❛ ♠♦❞✉❧❛çã♦

❞❛ ❚❙▼✳ ◆♦ ❡♥t❛♥t♦✱ ❝♦♠♦ ♥❡ss❛ r❡❣✐ã♦ ♥ã♦ ❡①✐st❡ ✉♠ ♥ú❝❧❡♦ ❞❡ r❡ss✉r❣ê♥❝✐❛ ❜❡♠

❞❡✜♥✐❞♦✱ ❛ ❛♥á❧✐s❡ ❞❡ ♦♥❞❡❧❡t❛s✱ q✉❡ ❢♦✐ r❡❛❧✐③❛❞❛ ❡♠ ✉♠❛ ú♥✐❝❛ s❡çã♦✱ ♣♦❞❡ ♥ã♦ t❡r

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

P♦rt❛♥t♦✱ ❛♣ós ❛ ✐♥✈❡st✐❣❛çã♦ s♦❜r❡ ♦ ♣❛♣❡❧ ❞❛s ❢♦rç❛♥t❡s ❞❛ r❡ss✉r❣ê♥❝✐❛ ♥❛

r❡❣✐ã♦ s✉❞❡st❡ ❜r❛s✐❧❡✐r❛✱ ♦s r❡s✉❧t❛❞♦s ❞❛ ❛♥á❧✐s❡ ❞❡ ❊❖❋ ✐♥❞✐❝❛♠ q✉❡ ❛ ✈❛r✐❛çã♦

❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❈♦rr❡♥t❡ ❞♦ ❇r❛s✐❧✱ q✉❡ ❛❝♦♥t❡❝❡ s❛③♦♥❛❧♠❡♥t❡ ❡♠ ❞❡t❡r♠✐♥❛❞❛s

r❡❣✐õ❡s ❛♦ ❧♦♥❣♦ ❞❛ ♣❧❛t❛❢♦r♠❛ ❝♦♥t✐♥❡♥t❛❧✱ ♣♦❞❡ t❡r ✉♠❛ ✐♠♣♦rt❛♥t❡ ✐♥✢✉ê♥❝✐❛ ❝♦♠♦

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

❡s♣❡❝í✜❝❛ ❞♦ tr❛♥s♣♦rt❡ ♥❛ ❝❛♠❛❞❛ ❧✐♠✐t❡ s✉♣❡r✜❝✐❛❧ ❡ ❞❡ ❢✉♥❞♦ ♣❛r❛ ❝❛❞❛ r❡❣✐ã♦✱

❢♦r❛♠ ❡♥❝♦♥tr❛❞♦s ❢♦rt❡s ✐♥❞í❝✐♦s q✉❡✱ ♣❛r❛ ❛ r❡❣✐ã♦ ❞❡ ❈❛❜♦ ❋r✐♦✱ ❛ ✈❛r✐❛çã♦ ❞❛

✐♥t❡♥s✐❞❛❞❡ ❞❛ ❈♦rr❡♥t❡ ❞♦ ❇r❛s✐❧✱ q✉❡ ❛❝♦♥t❡❝❡ ❛ ♦❡st❡ ❞❛ ■❧❤❛ ❞♦ ❈❛❜♦ ❋r✐♦✱ ♠♦❞✉❧❛

❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✐♥t❡r❛♥✉❛❧ ❞❛ r❡ss✉r❣ê♥❝✐❛✳
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❘❡❢❡rê♥❝✐❛s

❆●❯■❆❘✱ ❆✳✱ ❈■❘❆◆❖✱ ▼✳✱ P❊❘❊■❘❆✱ ❏✳✱ ❡t ❛❧✳✱ ✷✵✶✹✱ ✏❯♣✇❡❧❧✐♥❣ ♣r♦✲

❝❡ss❡s ❛❧♦♥❣ ❛ ✇❡st❡r♥ ❜♦✉♥❞❛r② ❝✉rr❡♥t ✐♥ t❤❡ ❆❜r♦❧❤♦s✕❈❛♠♣♦s

r❡❣✐♦♥ ♦❢ ❇r❛③✐❧✑✱ ❈♦♥t✐♥❡♥t❛❧ ❙❤❡❧❢ ❘❡s❡❛r❝❤✱ ✈✳ ✽✺✱ ♣♣✳ ✹✷✕✺✾✳

❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴❥✳❝sr✳✷✵✶✹✳✵✹✳✵✶✸✳

❆●❯■❆❘✱ ❆✳✱ ❈■❘❆◆❖✱ ▼✳✱ ▼❆❘❚❆✲❆▲▼❊■❉❆✱ ▼✳✱ ❡t ❛❧✳✱ ✷✵✶✽✱ ✏❯♣✇❡❧❧✐♥❣ ♣r♦✲

❝❡ss❡s ❛❧♦♥❣ t❤❡ ❙♦✉t❤ ❊q✉❛t♦r✐❛❧ ❈✉rr❡♥t ❜✐❢✉r❝❛t✐♦♥ r❡❣✐♦♥ ❛♥❞ t❤❡ ❙❛❧✲
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