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❉❡❞✐❝♦ ❡st❡ tr❛❜❛❧❤♦ à ♠✐♥❤❛ q✉❡r✐❞❛ ❡s♣♦s❛
❆❧❝❡❛♥❡✱ ❡ às ♠✐♥❤❛s ✜❧❤❛s ◆✐❝♦❧❡✱ ◆♦❡♠✐✱
◆át❤❛❧② ❡ ❨❛♥❡✱ q✉❡ sã♦ ♠✐♥❤❛s ♠❛✐♦r❡s ❢♦♥✲
t❡s ❞❡ ♠♦t✐✈❛çã♦ ❡ ✐♥s♣✐r❛çã♦ ❡♠ t♦❞♦s ♦s
♠❡✉s ❞❡s❛✜♦s ❡ ❞❡❝✐sõ❡s✳



❆❣r❛❞❡❝✐♠❡♥t♦s

Pr✐♠❡✐r❛♠❡♥t❡ ❛ ❉❡✉s✱ ♣❡❧❛ ✈✐❞❛ ❡ ♦♣♦rt✉♥✐❞❛❞❡s q✉❡ t❡♠ ♠❡ ♣r♦♣♦r❝✐♦♥❛❞♦✳

➚ ♠✐♥❤❛ ❡s♣♦s❛ ❆❧❝❡❛♥❡ ❈❛r✈❛❧❤♦✱ ❛ ♠✐♥❤❛ ✜❧❤❛ ◆✐❝♦❧❡✱ ♣❡❧♦ ❛♣♦✐♦ ❡ ❝♦♠♣r❡❡♥sã♦

♠❡s♠♦ q✉❛♥❞♦ t✐✈❡ q✉❡ ✜❝❛r ❧♦♥❣❡✳

➚ ♠✐♥❤❛ ♠ã❡ ❉✳ ❈❛r♠❡❧✐t❛✱ ♠❡✉ ♣❛✐ ❙r✳ ❏♦ã♦✱ às ♠✐♥❤❛s ✐r♠ãs ❆✉❞✐❧❡✐❛ ❡ ❘♦sâ♥✲

❣❡❧❛✱ ❛ ♠❡✉s t✐♦s ❊❧✐③❡✉ ❡ ▲✉✐③ ❡ ❛ ♠✐♥❤❛ ♣r✐♠❛ ●❛r❞ê♥✐❛✱ ♣♦r s❡♠♣r❡ s❡ ❢❛③❡r❡♠ ♣r❡s❡♥t❡

❡♠ ♠✐♥❤❛ ✈✐❞❛✳

❆♦ ♠❡✉ ♦r✐❡♥t❛❞♦r✱ ♣r♦❢❡ss♦r ❏♦ã♦ ❈♦❡❧❤♦✱ ♣❡❧♦ ❢♦r♠❛ q✉❡ s❡ ❞❡❞✐❝♦✉ ❡ ♠❡ ❛❥✉❞♦✉

♦r✐❡♥t❛♥❞♦✲♠❡ ♥❡ss❡ tr❛❜❛❧❤♦✳

❆♦s ❛♠✐❣♦s ❞❡ Pr♦❢♠❛t✱ q✉❡ ❞✐✈✐❞✐r❛♠ ❝♦♠✐❣♦ ♦s ♠♦♠❡♥t♦s ❞❡ tr✐st❡③❛ ❡ ❞❡ ❛❧❡❣r✐❛✱

❡♠ ❡s♣❡❝✐❛❧✱ ❆❞r✐❛♥♦✱ ❲❛❧❞②r✱ ❲❡s❧❡②✱ ■③❛♥✐❧s♦♥✱ ❏♦sé ❍✐❧t♦♥ ❡ ❏♦sé ❍❛✐t♦✳

❆♦ ♣r♦❢❡ss♦r ❏♦r❣❡✱ ❣❡st♦r ❞❛ ♠✐♥❤❛ ❡s❝♦❧❛ q✉❡ ❛♣♦✐♦✉✲♠❡ ❡♠ t✉❞♦ ♣❛r❛ ❡①❡❝✉çã♦

❞♦ ♠❡✉ ♣r♦❥❡t♦ ♥❛ ❡s❝♦❧❛✳

❆♦s ♠❡✉s ❛❧✉♥♦s q✉❡ ❢♦r❛♠ ❛❣❡♥t❡s ♥❡st❡ tr❛❜❛❧❤♦ ❡ ❝♦♥tr✐❜✉ír❛♠ ❣r❛♥❞❡♠❡♥t❡

♣r❛ q✉❡ t✐✈éss❡♠♦s ❜♦♥s r❡s✉❧t❛❞♦s✳

➚ ❈❆P❊❙✱ q✉❡ t❡♠ ❛❝r❡❞✐t❛❞♦ ♥❡ss❡ ♣r♦❥❡t♦ ❡ t❡♠ ❛❥✉❞❛❞♦ ✜♥❛♥❝❡✐r❛♠❡♥t❡ ❛

♠✉✐t♦s ♣r♦❢❡ss♦r❡s ♥❡ss❛ ❡♠♣r❡✐t❛❞❛ ♥♦ ▼❡str❛❞♦ P❘❖❋▼❆❚✳

❊♥✜♠✱ ❛ t♦❞♦s q✉❡ ❞❡ ❛❧❣✉♠❛ ❢♦r♠❛ sã♦ r❡s♣♦♥sá✈❡✐s ❡ ❝♦❧❛❜♦r❛❞♦r❡s ♥♦ ♠❡❧❤♦r❛✲

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



❘❊❙❯▼❖

❖ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ ❝♦♥s✐st❡ ♥❛ ❛♣❧✐❝❛çã♦ ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛ q✉❡ ❛❜♦r❞❛

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

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

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

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

tr❛❜❛❧❤♦ ❢♦✐ r❡❛❧✐③❛❞♦ ❡♠ ✉♠❛ t✉r♠❛ ❞❡ s❡❣✉♥❞♦ ❛♥♦ ❞♦ ❊♥s✐♥♦ ▼é❞✐♦ ❞❡ ✉♠❛ ❡s❝♦❧❛ ❡s✲

t❛❞✉❛❧ ♥♦ ♠✉♥✐❝í♣✐♦ ❞❡ ❇r❡❥♦✱ ▼❛r❛♥❤ã♦✱ ❞❡st❛❝❛♥❞♦ ♦ ✐♥t❡r❡ss❡ ❞♦s ❛❧✉♥♦s ❡ ❛ss✐♠✐❧❛çã♦

❞♦s ❝♦♥t❡ú❞♦s✳

P❛❧❛✈r❛s ❈❤❛✈❡✿ ❊st✉❞♦ ❞❡ ➪r❡❛ ❡ ❱♦❧✉♠❡✳ Pr♦❞✉çã♦ ❞❡ ❱í❞❡♦s✳ ❈♦t✐❞✐❛♥♦ ❡ ▼❛t❡✲

♠át✐❝❛✳ ❙❡q✉ê♥❝✐❛ ❉✐❞át✐❝❛✳



❆❇❙❚❘❆❈❚

❚❤❡ ♣r❡s❡♥t ✇♦r❦ ❝♦♥s✐sts ✐♥ t❤❡ ❛♣♣❧✐❝❛t✐♦♥ ♦❢ ❛ ❞✐❞❛❝t✐❝ s❡q✉❡♥❝❡ t❤❛t ❛❞❞r❡ss❡s

t❤❡ ❛r❡❛ ❛♥❞ ✈♦❧✉♠❡ ♦❢ t❤❡ ♠❛✐♥ ♣♦❧②❣♦♥s ❛♥❞ ♣♦❧②❤❡❞r❛✳ ■t ✐s ❛♥ ❛❧t❡r♥❛t✐✈❡ ❛♣♣r♦❛❝❤

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

st✉❞❡♥ts ✐♥ t❤❡ ♣r♦❞✉❝t✐♦♥ ♦❢ ✈✐❞❡♦s ✐♥ ❡✈❡r②❞❛② s✐t✉❛t✐♦♥s✱ ✐♥ ❞❡❞✉❝t✐♦♥s ❛♥❞ ✐♥ ❞❡♠♦♥s✲

tr❛t✐♦♥ ♦❢ ♣r♦♣♦s✐t✐♦♥s t❤❛t ♠♦❞❡❧ t❤❡ s✐t✉❛t✐♦♥s ❛♥❞ s♦❧✈❡ ❛♣♣❧✐❡❞ ❣❡♦♠❡tr② ♣r♦❜❧❡♠s✳

❚❤❡ ✇♦r❦ ✇❛s ❝❛rr✐❡❞ ♦✉t ✐♥ ❛ s❡❝♦♥❞ ②❡❛r ❝❧❛ss ♦❢ ❤✐❣❤ s❝❤♦♦❧✱ ✐♥ ❇r❡❥♦ ❝♦✉♥t②✱ ▼❛r❛♥❤ã♦✱

❤✐❣❤❧✐❣❤t✐♥❣ t❤❡ st✉❞❡♥ts✬ ✐♥t❡r❡st ✐♥ t❤❡ ❛ss✐♠✐❧❛t✐♦♥ ♦❢ ❝♦♥t❡♥ts✳

❑❡②✇♦r❞s✿ ❆r❡❛ ❛♥❞ ❱♦❧✉♠❡ ❙t✉❞②✳ Pr♦❞✉❝t✐♦♥ ♦❢ ✈✐❞❡♦s✳ ❉❛✐❧② ❧✐❢❡ ❛♥❞ ▼❛t❤❡♠❛t✐❝s✳

❚❡❛❝❤✐♥❣ ❙❡q✉❡♥❝❡✳



▲✐st❛ ❞❡ ❋✐❣✉r❛s
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✸ ◗✉❛❞r❛❞♦ ❞❡ ▲❛❞♦ a+ b ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✸

✹ P❛r❛❧❡❧♦❣r❛♠♦ ❞❡ ❇❛s❡ b ❡ ❆❧t✉r❛ h ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹

✺ ❚r✐â♥❣✉❧♦ ❆❇❈ ❞❡ ❇❛s❡ AB ❡ ❆❧t✉r❛ CH ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✺

✻ P❛r❛❧❡❧♦❣r❛♠♦ ❈♦♥str✉í❞♦ ❛ P❛rt✐r ❞♦ ❚r✐â♥❣✉❧♦ ❆❇❈ ❞❡ ❇❛s❡ AB ❡ ❆❧t✉r❛ CH ✸✺

✼ ❚r✐â♥❣✉❧♦ ❊q✉✐❧át❡r♦ ❞❡ ▲❛❞♦ l ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✽ ❚r✐â♥❣✉❧♦ ❆❇❈ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

✾ ❚r✐â♥❣✉❧♦ ABC ❡ ❆❧t✉r❛ AH = h ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

✶✵ ❚r✐â♥❣✉❧♦ ●❡♥ér✐❝♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✾

✶✶ ❚r❛♣é③✐♦ ABCD ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✷

✶✷ ❚r❛♣é③✐♦ ABCD ❝♦♠ ❛ ❉✐❛❣♦♥❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✷

✶✸ ▲♦s❛♥❣♦ ABCD ❝♦♠ ❛s ❉✐❛❣♦♥❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✸

✶✹ P♦❧í❣♦♥♦s ❘❡❣✉❧❛r❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✹

✶✺ P♦❧í❣♦♥♦s ❘❡❣✉❧❛r❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✶✻ ❈✉❜♦ ❯♥✐tár✐♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽

✶✼ ❈✉❜♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽

✶✽ Pr✐s♠❛ ❘❡t♦ ❘❡tâ♥❣✉❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾

✶✾ Pr✐s♠❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵

✷✵ Pr✐s♠❛ ❡ ❈✐❧✐♥❞r♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵

✷✶ P✐râ♠✐❞❡s ❝♦♠ ▼❡s♠❛ ❇❛s❡ ❡ ▼❡s♠❛ ❆❧t✉r❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✶

✷✷ Pr✐s♠❛ ❚r✐❛♥❣✉❧❛r ABCDEF ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷

✷✸ ❉❡❝♦♠♣♦s✐çã♦ ❞♦ Pr✐s♠❛ ABCDEF ❡♠ ❚rês P✐râ♠✐❞❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷

✷✹ ❈♦♥❡ ❡ P✐râ♠✐❞❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✸

✷✺ ❉❡t❡r♠✐♥❛çã♦ ❞❡ ❚r♦♥❝♦ ❞❡ P✐râ♠✐❞❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✷✻ ❉❡t❡r♠✐♥❛çã♦ ❞❡ ❚r♦♥❝♦ ❞❡ ❈♦♥❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✼

✷✼ ❚r♦♥❝♦ ❞❡ ❈♦♥❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✼

✷✽ ❚r✐â♥❣✉❧♦ ❋♦r♠❛❞♦ ♣♦r ✉♠❛ ❙❡❝çã♦ ❱❡rt✐❝❛❧ ♥♦ ❈♦♥❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✷✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❱♦❧✉♠❡ ❞❛ ❊s❢❡r❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✾

✸✵ ❱✐❞r♦✱ P✐♥❝❡✐s ❡ ❋♦❧❤❛ ◗✉❛❞r✐❝✉❧❛❞❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✻

✸✶ ◗✉❛❞r♦ ◗✉❛❞r❛❞♦ ❞❡ 1m ❞❡ ▲❛❞♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✼

✸✷ P✐s❝✐♥❛ ❞❡ 1, 65m ♣♦r 3, 00m ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✼

✸✸ ▼✉r♦ ▼❡❞✐♥❞♦ 7.0m ♣♦r 2.25m ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✽

✸✹ ❙❛❧❛ ❞❛s ❈r✐❛♥ç❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✽

✸✺ ❉❡❞✉③✐♥❞♦ ❛ ➪r❡❛ ❞❡ ◗✉❛❞r❛❞♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✾



✸✻ ❉❡❞✉③✐♥❞♦ ❛ ➪r❡❛ ❞❡ ❘❡tâ♥❣✉❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✵

✸✼ ❚❡rr❡♥♦ ❡♠ ❋♦r♠❛t♦ ❞❡ ✉♠ P❛r❛❧❡❧♦❣r❛♠♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✶

✸✽ ❚❡rr❡♥♦ ❡♠ ❋♦r♠❛t♦ ❞❡ ✉♠ ❚r✐â♥❣✉❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✷

✸✾ ▼❛t❡r✐❛❧ ❯s❛❞♦ ♣❛r❛ ❉❡❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✸

✹✵ ❉❡❞✉③✐♥❞♦ ❛ ➪r❡❛ ❞❡ ✉♠ P❛r❛❧❡❧♦❣r❛♠♦ ■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✸

✹✶ ❉❡❞✉③✐♥❞♦ ❛ ➪r❡❛ ❞❡ ✉♠ P❛r❛❧❡❧♦❣r❛♠♦ ■■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✹

✹✷ ❉❡❞✉③✐♥❞♦ ❛ ➪r❡❛ ❞❡ ✉♠ ❚r✐â♥❣✉❧♦ ❞❡ ❇❛s❡ b ❡ ❆❧t✉r❛ h ■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✹

✹✸ ❉❡❞✉③✐♥❞♦ ❛ ➪r❡❛ ❞❡ ✉♠ ❚r✐â♥❣✉❧♦ ❞❡ ❇❛s❡ b ❡ ❆❧t✉r❛ h ■■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✺

✹✹ ❇❛♥❤❡✐r♦ ❞❛ ❊s❝♦❧❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✻

✹✺ ❇❛♥❞❡✐r❛ ❞♦ ❇r❛s✐❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✻

✹✻ ▼❛t❡r✐❛✐s ♣❛r❛ ❉❡❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✼

✹✼ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ❚r❛♣é③✐♦ ■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✽

✹✽ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ❚r❛♣é③✐♦ ■■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✽

✹✾ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ▲♦s❛♥❣♦ ■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✾

✺✵ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ▲♦s❛♥❣♦ ■■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✵

✺✶ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ▲♦s❛♥❣♦ ■■■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✵

✺✷ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ▲♦s❛♥❣♦ ■❱ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✶

✺✸ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ▲♦s❛♥❣♦ ❱ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✶

✺✹ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ▲♦s❛♥❣♦ ❱■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✷

✺✺ ●✉❛r❞❛✲❙♦❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✸

✺✻ ❋♦r♥♦ ❞❡ ❋❛r✐♥❤❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✸
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■◆❚❘❖❉❯➬➹❖

❖ ❇♦❧❡t✐♠ ❞❡ ❉❡s❡♠♣❡♥❤♦ ❡ ▼❡t❛s ❞❛ ❙❡❝r❡t❛r✐❛ ❞❡ ❊st❛❞♦ ❞❛ ❊❞✉❝❛çã♦ ❞♦ ▼❛r❛✲

♥❤ã♦ ❞❡ ✷✵✶✽✱ q✉❡ tr❛③ r❡s✉❧t❛❞♦s r❡❢❡r❡♥t❡s ❛♦ ■❉❊❇ ❞❡ ✷✵✶✼ ❡ r❡s✉❧t❛❞♦s ❞♦s ❙✐♠✉❧❛❞♦s

▼❛✐s ■❞❡❜ ✷✵✶✽✱ ♠♦str❛ q✉❡ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❡♥✈♦❧✈❡♥❞♦ ár❡❛ ❞❡ ✜❣✉r❛s ♣❧❛♥❛s ❡ r❡✲

s♦❧✈❡r ♣r♦❜❧❡♠❛ ❡♥✈♦❧✈❡♥❞♦ ❛ ár❡❛ t♦t❛❧ ❡✴♦✉ ✈♦❧✉♠❡ ❞❡ ✉♠ só❧✐❞♦ ✭♣r✐s♠❛✱ ♣✐râ♠✐❞❡✱

❝✐❧✐♥❞r♦✱ ❝♦♥❡✱ ❡s❢❡r❛✮ ❡stã♦ ❡♥tr❡ ❛q✉❡❧❡s q✉❡ ♦s ❛❧✉♥♦s ❛♣r❡s❡♥t❛r❛♠ ♠❡♥♦r❡s r❡♥❞✐♠❡♥✲

t♦s ✭▼❆❘❆◆❍➹❖✱ ✷✵✶✾✮✱ ♦ q✉❡ ❞❡♠❛♥❞❛ ❛çõ❡s ❞❡ ✐♥t❡r✈❡♥çã♦ ❞✐❞át✐❝❛ ♣♦r ♣❛rt❡ ❞♦

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

◆♦ ❊♥s✐♥♦ ▼é❞✐♦✱ ♦ ❝♦♥t❡ú❞♦ ♣r♦❣r❛♠át✐❝♦ ❞❡ ●❡♦♠❡tr✐❛ P❧❛♥❛ ❡ ❊s♣❛❝✐❛❧✱ t❡✲

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

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

❞❡♠♦♥str❛r ♦✉ ❞❡❞✉③✐r ❢ór♠✉❧❛s ❡ r❡s✉❧t❛❞♦s✱ s❡♠❡❧❤❛♥t❡♠❡♥t❡ ❞❛♥❞♦ ♣♦✉❝❛ ❛t❡♥çã♦ à

❞✐s❝✉ssã♦ ❞❡ s✉❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ♥♦ ❝♦t✐❞✐❛♥♦ ❞♦s ❛❧✉♥♦s✳

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

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

s✐t✉❛çõ❡s ❞❛ s✉❛ r❡❛❧✐❞❛❞❡✱ ♥❡st❡ ❝♦♥t❡①t♦✱ ✈❡❡♠ ❛ ♠❛t❡♠át✐❝❛ ❝♦♠♦ ❛❧❣♦ ❞✐st❛♥t❡ ❡

❛❧❤❡✐♦ á s✉❛ ✈✐❞❛ ♣rát✐❝❛✳ P♦r ♦✉tr♦ ❧❛❞♦✱ t❛♠❜é♠ é ❝♦♠✉♠ q✉❡ ❛s ❢ór♠✉❧❛s s❡❥❛♠ ❞❛❞❛s

♣r♦♥t❛s ❡ ♦ ú♥✐❝♦ tr❛❜❛❧❤♦ ❞♦s ❛❧✉♥♦s é ❛♣❧✐❝á✲❧❛s ♥❛ r❡s♦❧✉çã♦ ❞♦s ♣r♦❜❧❡♠❛s ❡ ❡①❡r❝í❝✐♦s

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

❞❡✜♥✐❞❛ ❡ ❢✉♥❞❛♠❡♥t❛❞❛✳

➱ ❛❜s♦❧✉t❛♠❡♥t❡ ❝♦♠✉♠ ♦❝♦rr❡r ❡♥tr❡ ♦s ❛❧✉♥♦s q✉❡ ♦ ❡♥s✐♥♦ ❞❡ ♠❛t❡♠át✐❝❛✱

❝❡rt❛♠❡♥t❡ ♦ ❞❡ ❣❡♦♠❡tr✐❛✱ ❛✐♥❞❛ é ✉♠ t❡♠❛ q✉❡ ❛ss✉st❛✳ ▼✉✐t♦s ❡st✉❞❛♥t❡s ❛♣r❡s❡♥t❛♠

❞✐✜❝✉❧❞❛❞❡s ❡♠ ❝♦♠♣r❡❡♥❞❡r ♦ ❝♦♥t❡ú❞♦ ❡ tr❛♥s❢♦r♠❛r ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❛❞q✉✐r✐❞♦ ❡♠

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

◆♦s ❝✉rs♦s ❞❡ ❣r❛❞✉❛çã♦ ❡♠ ▼❛t❡♠át✐❝❛ é ❡①✐❣✐❞❛ ✉♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡

❞❡♠♦♥str❛çõ❡s ❞❡ t❡♦r❡♠❛s ❡ ♣r♦♣♦s✐çõ❡s✱ t❛✐s ❞❡♠♦♥str❛çõ❡s✱ ♣♦r ✈❡③❡s✱ sã♦ ✈✐st❛s ♣❡❧❛

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

❝♦♠♣r❡❡♥❞❡r ♦ ♣r♦❝❡ss♦ ❡ r❡❝♦♥❤❡❝❡r ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❢❛③ê✲❧❛s✱ ❧♦❣♦ ✈ê✲s❡ ❛ ✐♠♣♦rtâ♥❝✐❛

❞❡ q✉❡ ❡ss❛s ❞❡♠♦♥str❛çõ❡s s❡❥❛♠ ❢❡✐t❛s ❞❡s❞❡ ♦ ❊♥s✐♥♦ ▼é❞✐♦✳

◆❡ss❡ ❝♦♥t❡①t♦✱ ♣❛r❛ ♦ ❡❞✉❝❛♥❞♦ ❛❧❝❛♥ç❛r s✉❛ ♣r♦✜❝✐ê♥❝✐❛ ♥❛ ▼❛t❡♠át✐❝❛✱ é ♣r❡❝✐s♦

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

✈á❧✐❞♦ ❡ ♦♥❞❡ ❡stá s✉❛ ❛♣❧✐❝❛çã♦ ♥♦ ❝♦t✐❞✐❛♥♦✳ ❆ss✐♠ s❡♥❞♦✱ é ✐♠♣♦rt❛♥t❡ q✉❡ ❛s ❢ór♠✉❧❛s

♠❛t❡♠át✐❝❛s ❛♣❧✐❝❛❞❛s✱ ❡♠ ❡s♣❡❝✐❛❧ ♥❛ ●❡♦♠❡tr✐❛✱ s❡❥❛♠ ❞❡✈✐❞❛♠❡♥t❡ ❞❡♠♦♥str❛❞❛s ♦✉

❞❡❞✉③✐❞❛s ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ✐❣✉❛❧♠❡♥t❡ ✐♠♣♦rt❛♥t❡ é ❛ s✉❛ ❝♦♥t❡①t✉❛❧✐③❛çã♦✳

❆ ❝♦♥t❡①t✉❛❧✐③❛çã♦ é ♦✉tr♦ ❞❡s❛✜♦✱ ♥♦ ❡♥t❛♥t♦✱ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♥♦✈❛s t❡❝✲

♥♦❧♦❣✐❛s tê♠ ❢❛❝✐❧✐t❛❞♦ ♦ tr❛❜❛❧❤♦ ❞♦ ♣r♦❢❡ss♦r✳ ❯♠❛ ❢❡rr❛♠❡♥t❛ q✉❡ ♣♦❞❡ s❡r ✉s❛❞❛ ❡

✶✸



✈❡♠ s❡♥❞♦ ✉s❛❞❛✱ é ❛ ♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦s✳ ❊ss❛ ❢❡rr❛♠❡♥t❛ tr❛③✱ ❞❡ ❢♦r♠❛ ♠✉✐t♦ ❡✜❝✐❡♥t❡✱

s✐t✉❛çõ❡s ❞♦ ❝♦t✐❞✐❛♥♦ ♣❛r❛ ❛ s❛❧❛ ❞❡ ❛✉❧❛ ❞❡ ♠♦❞♦ q✉❡ ❛ ❞✐♥â♠✐❝❛ ❞❛ ❝♦♥t❡①t✉❛❧✐③❛çã♦

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

❙❡❣✉♥❞♦ ❛ ❇◆❈❈✱ ♦s ❛❧✉♥♦s ❞❡✈❡♠

✉t✐❧✐③❛r✱ ♣r♦♣♦r ❡✴♦✉ ✐♠♣❧❡♠❡♥t❛r s♦❧✉çõ❡s ✭♣r♦❝❡ss♦s ❡ ♣r♦❞✉t♦s✮
❡♥✈♦❧✈❡♥❞♦ ❞✐❢❡r❡♥t❡s t❡❝♥♦❧♦❣✐❛s✱ ♣❛r❛ ✐❞❡♥t✐✜❝❛r✱ ❛♥❛❧✐s❛r✱ ♠♦❞❡✲
❧❛r ❡ s♦❧✉❝✐♦♥❛r ♣r♦❜❧❡♠❛s ❝♦♠♣❧❡①♦s ❡♠ ❞✐✈❡rs❛s ár❡❛s ❞❛ ✈✐❞❛
❝♦t✐❞✐❛♥❛✱ ❡①♣❧♦r❛♥❞♦ ❞❡ ❢♦r♠❛ ❡❢❡t✐✈❛ ♦ r❛❝✐♦❝í♥✐♦ ❧ó❣✐❝♦✱ ♦ ♣❡♥✲
s❛♠❡♥t♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ♦ ❡s♣ír✐t♦ ❞❡ ✐♥✈❡st✐❣❛çã♦ ❡ ❛ ❝r✐❛t✐✈✐❞❛❞❡
✭❇❘❆❙■▲✱ ✷✵✶✽✱ ♣✳ ✶✵✮✳

❈♦♠ ❡st❡ ✐♥t✉✐t♦ q✉❡ ❡st❡ tr❛❜❛❧❤♦ ♣r♦♣õ❡ ✉♠❛ ❢♦r♠❛ ❛❧t❡r♥❛t✐✈❛ ❞❡ ❡st✉❞♦ ❞❡ ár❡❛

❡ ✈♦❧✉♠❡ ♣❛r❛ ❛❧✉♥♦s ❞❛ s❡❣✉♥❞❛ sér✐❡ ❞♦ ❊♥s✐♥♦ ▼é❞✐♦ ✈✐s❛♥❞♦ s✉♣❡rá ♦s ❞❡s❛✜♦s ❞❛

❝♦♥t❡①t✉❛❧✐③❛çã♦ ❡ ❛❧é♠ ❞✐ss♦ s❡ ♣r♦♣õ❡ ❛ ♠♦❞❡❧❛r ❛s s✐t✉❛çõ❡s ♣♦r ♠❡✐♦ ❞❡ ♣r♦♣♦s✐çõ❡s

❞❡✈✐❞❛♠❡♥t❡ ❞❡❞✉③✐❞❛s ❡✴♦✉ ❞❡♠♦♥str❛❞❛s ❛♦ ❧♦♥❣♦ ❞❛ s❡q✉ê♥❝✐❛✳

❆ ♣r♦♣♦st❛ é ❢❛③❡r ✈í❞❡♦s ❝♦♠ ♦s ❛❧✉♥♦s ♠♦str❛♥❞♦ s✐t✉❛çõ❡s r❡❛✐s ❡ ♣r♦❜❧❡♠❛s

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

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

❢ór♠✉❧❛s ❞❡ ár❡❛ ❡ ✈♦❧✉♠❡ ❞♦s ♣r✐♥❝✐♣❛✐s ♣♦❧í❣♦♥♦s ❡ ♣♦❧✐❡❞r♦s r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡✈✐❞❡♥❝✐✲

❛♥❞♦ ♥♦ ♣r♦❝❡ss♦ ❤✐stór✐❝♦ ❞❡ ❝r✐❛çã♦ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❣❡♦♠étr✐❝♦ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ❝♦t✐❞✐❛♥♦

❞❛s ♣❡ss♦❛s✳

❆ss✐♠✱ ♦ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ ❞❡st❡ tr❛❜❛❧❤♦ ❞❡ ♣❡sq✉✐s❛ é ♠♦str❛r ❛♦s ❛❧✉♥♦s ✉♠ ♠é✲

t♦❞♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ q✉❡ ♣r✐♦r✐③❡ ❛ ❝♦♥str✉çã♦ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♣♦r ♠❡✐♦ ❞❛s ❞❡❞✉çõ❡s

❡ ❞❡♠♦♥str❛çõ❡s ❝♦♠ ♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦s ❞♦ ❝♦t✐❞✐❛♥♦ ❝♦♠♦ r❡❝✉rs♦ ❞✐❞át✐❝♦✳

❊ss❛ ♣r♦♣♦st❛ s❡❣✉❡ ♦ q✉❡ ♥♦s r❡❝♦♠❡♥❞❛♠ ♦s P❛râ♠❡tr♦s ❈✉rr✐❝✉❧❛r❡s ◆❛❝✐♦♥❛✐s

♣❛r❛ ♦ ❊♥s✐♥♦ ▼é❞✐♦ ♥❛s ♦r✐❡♥t❛çõ❡s ❝♦♠♣❧❡♠❡♥t❛r❡s r❡❢❡r❡♥t❡ ❛ ❞✐s❝✐♣❧✐♥❛ ❞❡ ▼❛t❡♠át✐❝❛✱

♥❛s q✉❛✐s ❞❡❢❡♥❞❡ q✉❡ ♥❡ss❛ ❡t❛♣❛ ✜♥❛❧ ❞❛ ❡s❝♦❧❛r✐❞❛❞❡ ❜ás✐❝❛✱ ❛ ▼❛t❡♠át✐❝❛ ❞❡✈❡ s❡r

❡♥t❡♥❞✐❞❛ ❝♦♠♦ ✉♠❛ ♣❛rt❡ ✐♠♣♦rt❛♥t❡ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❤✉♠❛♥♦✱ q✉❡ ❢❛③ ❞♦ ❥♦✈❡♠ ✉♠

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

❝❛♣❛❝✐❞❛❞❡s q✉❡ ❞❡❧❡s s❡rã♦ ❡①✐❣✐❞❛s ❛♦ ❧♦♥❣♦ ❞❛ ✈✐❞❛ s♦❝✐❛❧ ❡ ♣r♦✜ss✐♦♥❛❧ ✭❇❘❆❙■▲✱ ✶✾✾✼✱

♣✳ ✶✶✶✮✳

◆♦ ♣r✐♠❡✐r♦ ❈❛♣ít✉❧♦✱ ♠♦str❛✲s❡ q✉❡ ❛ ●❡♦♠❡tr✐❛ ❡ ♦ ❈♦t✐❛♥♦ ❡stã♦ ✐♥t✐♠❛♠❡♥t❡ ❧✐✲

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

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

◆♦ s❡❣✉♥❞♦ ❈❛♣ít✉❧♦✱ ♠♦str❛✲s❡ q✉❡ ❛ ♣rát✐❝❛ ❞♦❝❡♥t❡ ❡stá ♣❡r♠❡❛❞❛ ❞❡ ❞✐✜❝✉❧✲

❞❛❞❡ ❡ ♦s ♣r♦❢❡ss♦r❡s tê♠ ❛❞q✉✐r✐❞♦ ✐♥str✉♠❡♥t♦s ❛❧✐❛❞♦s ♣❛r❛ ✉♠❛ ❜♦❛ ♣rát✐❝❛ ❞♦❝❡♥t❡✱

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

♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦s ♣♦❞❡ s❡r ✉♠❛ ❢❡rr❛♠❡♥t❛ ✐♠♣♦rt❛♥t❡ ♣r❛ ❛❥✉❞❛r ♦ ♣r♦❢❡ss♦r ❡♠ s✉❛

✶✹



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

❞✐s❝✉ssã♦ ♥❛ s❛❧❛ ❞❡ ❛✉❧❛ ❡ ♠♦str❛✲s❡ q✉❡ ❛s ❞❡♠♦♥str❛çõ❡s ❞❛s ❢ór♠✉❧❛s ♠❛t❡♠át✐❝❛s

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

❢✉♥❞❛♠❡♥t❛❧ ♥❛ ❝♦♥str✉çã♦ ❡ ❢♦r♠❛çã♦ ❞♦ ✐♥❞✐✈í❞✉♦ ❝rít✐❝♦ ❡ q✉❡ ♣♦❞❡ ♠✉❞❛r ❜❛st❛♥t❡ ❛

✈✐sã♦ q✉❡ t❡♠ ❞❛ ▼❛t❡♠át✐❝❛ ❡ ❞♦ ♣ró♣r✐♦ ❝♦♥t❡①t♦ ❡♠ q✉❡ ❡stá ✐♥s❡r✐❞♦✳

◆♦ t❡r❝❡✐r♦ ❈❛♣ít✉❧♦✱ é ❢❡✐t❛ ❛ ❡①♣♦s✐çã♦ ❞♦s ♣♦st✉❧❛❞♦s ❡ ♣r♦♣♦s✐çõ❡s ❝♦♠ s✉❛s

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

s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛✳

◆♦ q✉❛rt♦ ❈❛♣ít✉❧♦✱ é ❛♣r❡s❡♥t❛❞♦ ♦ ❡st✉❞♦ ❞❡ ✈♦❧✉♠❡s ❞♦s ♣r✐♥❝✐♣❛✐s só❧✐❞♦s

❣❡♦♠étr✐❝♦s✱ ✐♥❝❧✉✐♥❞♦ ♦s ♣♦st✉❧❛❞♦s ❡ ♣r♦♣♦s✐çõ❡s ❛❝♦♠♣❛♥❤❛❞❛s ❝♦♠ s✉❛s r❡s♣❡❝t✐✈❛s

❞❡❞✉çõ❡s ❡✴♦✉ ❞❡♠♦♥str❛çõ❡s✱ q✉❡ ❢❛③❡♠ ♣❛rt❡ ❞❛ ♦✉tr❛ ❡t❛♣❛ ❞❛ s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛ ❡

q✉❡ ♥❡st❡ tr❛❜❛❧❤♦ ❛♣❛r❡❝❡ ❝♦♠♦ s✉❣❡stã♦ ❛♦ ❧❡✐t♦r✳

◆♦ q✉✐♥t♦ ❈❛♣ít✉❧♦✱ q✉❡ ❡stá ❞✐✈✐❞✐❞♦ ❡♠ três tó♣✐❝♦s✳ ◆♦ ♣r✐♠❡✐r♦✱ Pr♦❝❡❞✐♠❡♥t♦s

▼❡t♦❞♦❧ó❣✐❝♦s ❡ ❆♥á❧✐s❡ ❞♦s ❘❡s✉❧t❛❞♦s é ❞❡s❡♥✈♦❧✈✐❞❛ ✉♠❛ ❙❡q✉ê♥❝✐❛ ❉✐❞át✐❝❛✱ ♥❛ q✉❛❧

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

❡ ❛ ❢♦r♠❛ ❝♦♠♦ s❡ ♣r♦❝❡❞❡✉ ❛ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s✳ ◆♦ s❡❣✉♥❞♦✿ ❆ ❈♦♥❝❡♣çã♦ ❞❛

❙❡q✉ê♥❝✐❛ ❉✐❞át✐❝❛✱ ❡stá ✉♠❛ ❜r❡✈❡ ❞❡✜♥✐çã♦ ❞❡ ❙❡q✉ê♥❝✐❛ ❡ ❛ ♠❛♥❡✐r❛ ❝♦♠♦ ❢♦✐ ❛♣❧✐❝❛❞❛✳

◆♦ t❡r❝❡✐r♦ tó♣✐❝♦ é ❢❡✐t❛ ❛ ❞❡s❝r✐çã♦ ❞❡t❛❧❤❛❞❛s ❞❛s ❛t✐✈✐❞❛❞❡s✱ ❞♦s ♦❜❥❡t✐✈♦s ❡ r❡s✉❧t❛❞♦s

❛❧❝❛♥ç❛❞♦s ❡♠ ❝❛❞❛ ❛t✐✈✐❞❛❞❡✳

❖ s❡①t♦ ❈❛♣ít✉❧♦✱ ❢♦✐ ❞✐✈✐❞✐❞♦ ❡♠ ❞♦✐s tó♣✐❝♦s✳ ◆♦ ♣r✐♠❡✐r♦ é ❞❡s❝r✐t❛ ❛ ❡t❛♣❛ q✉❡

❡♥✈♦❧✈❡ ♦ ❊st✉❞♦ ❞❡ ❱♦❧✉♠❡s ❞♦s Pr✐♥❝✐♣❛✐s ❙ó❧✐❞♦s ●❡♦♠étr✐❝♦s ❞❡ ❢♦r♠❛ ❛ ✐♥❝❡♥t✐✈❛r

♦ ❧❡✐t♦r ❛ ♣❡♥s❛r ❡ ❞❡s❡♥✈♦❧✈❡r ❡ss❡ tr❛❜❛❧❤♦ ❡ ♥♦ s❡❣✉♥❞♦ ❡stã♦ ❛s ❝♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s

s♦❜r❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ♣❡sq✉✐s❛✳
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✷ ❆❙P❊❈❚❖❙ ❍■❙❚Ó❘■❈❖❙✿ ●❡♦♠❡tr✐❛ ❡ ♦ ❈♦t✐❞✐❛♥♦

◆❡st❡ ❝❛♣ít✉❧♦ é ♠♦str❛❞❛ ❛ ❧✐❣❛çã♦ ❡♥tr❡ ❛ ●❡♦♠❡tr✐❛ ❡ ♦ ❈♦t✐❞✐❛♥♦ ❞❛s ♣❡ss♦❛s✱

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

♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❡ ❝❛♣ít✉❧♦ ❢♦r❛♠✱ ❆ ●❛r❜✐ ✭✷✵✵✼✮❀ P✐♥❤♦ ❡t ❛❧✳ ✭✷✵✵✼✮ ❡ ❇❛❧❞✐ss❡r❛

✭✶✾✽✼✮✳

➱ ❞✐❢í❝✐❧ s❡♣❛r❛r ❛ ▼❛t❡♠át✐❝❛ ❞♦ ♠❡✐♦✱ ♣♦✐s ♦ ♠✉♥❞♦ ♥♦ q✉❛❧ ✈✐✈❡♠♦s é ❡①tr❡✲

♠❛♠❡♥t❡ ❞❡♣❡♥❞❡♥t❡ ❞❡❧❛✳ ❊❧❛ ❡stá ♣r❡s❡♥t❡ ❡♠ t✉❞♦ ❛ ♥♦ss❛ ✈♦❧t❛✱ ♣♦rt❛♥t♦ ♣♦❞❡✲s❡

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

❛ s❡❣✉✐♥t❡ ♣❡r❣✉♥t❛ r❡✢❡①✐✈❛✿ ✧❛ ▼❛t❡♠át✐❝❛ ❡①✐st❡ ♣♦r s✐ ♠❡s♠❛ ♥♦ ✉♥✐✈❡rs♦ ❡ ♥ós ❛

❞❡s✈❡♥❞❛♠♦s ♦✉ ❡❧❛ é ❛ ♠❛✐s ♥♦❜r❡ ❝r✐❛çã♦ ❞❛ ♠❡♥t❡ ❤✉♠❛♥❛❄✧✭●❆❘❇■✱ ✷✵✵✼✱ ♣✳ ✷✮✱ t❛❧

r❡✢❡①ã♦ ❡✈✐❞❡♥❝✐❛ ❛ í♥t✐♠❛ ❧✐❣❛çã♦ ❡♥tr❡ ❡❧❛ ❡ t✉❞♦ q✉❡ ❡stá ❛ ♥♦ss❛ ✈♦❧t❛✳ ❚✉❞♦ ♥♦s ❧❡✈❛ ❛

❝r❡r q✉❡ ❛ ▼❛t❡♠át✐❝❛ s✉r❣❡ ❞❡ ♠❛♥❡✐r❛ ♥❛t✉r❛❧ ♣❛r❛ s✉♣r✐r ❛❧❣✉♠❛ ♥❡❝❡ss✐❞❛❞❡ ❞✉r❛♥t❡

♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s ❝✐✈✐❧✐③❛çõ❡s✱ s❡❣✉♥❞♦ ✭●❆❘❇■✱ ✷✵✵✼✮✱ ✧❬✳✳✳❪❢♦r❛♠ ♦s ❛rq✉✐t❡t♦s ❡

❝♦♥str✉t♦r❡s ♣r✐♠✐t✐✈♦s ♦s ♣r✐♠❡✐r♦s ♥❛ s♦❧✉çã♦ ❞❛s q✉❡stõ❡s ❜ás✐❝❛s ❞❛ ●❡♦♠❡tr✐❛✧✱ ❧♦❣♦

❛ ●❡♦♠❡tr✐❛ ✭❞♦ ❣r❡❣♦✱ ♠❡❞✐r ❛ t❡rr❛✮ s✉r❣❡ ❞❛s ♥❡❝❡ss✐❞❛❞❡s ❞♦ ❞✐❛ ❛ ❞✐❛✳ ▼❡❞✐r ♦✉ ❞❡✲

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

▼❡❞✐çã♦ ❞❡ t❡rr❛s ❢ért❡✐s✱ ❝♦♥str✉çã♦ ❞❡ ♠♦r❛❞✐❛✱ ♠❡❞✐çã♦ ❞❡ ❝❛♣❛❝✐❞❛❞❡s ❞❡ ❛❧❣✉♥s ♦❜✲

❥❡t♦s✱ sã♦ ❡①❡♠♣❧♦s ❞❡ ❛çõ❡s ❞♦ ❤♦♠❡♠ q✉❡ ♣r❡ss✉♣õ❡♠ ✉s♦ ❞❡ ❛❧❣✉♠ ❝♦♥❤❡❝✐♠❡♥t♦

✐♥t✉✐t✐✈♦ ♦✉ té❝♥✐❝♦ ❞❡ ♦♣❡r❛çõ❡s ❣❡♦♠étr✐❝❛s ❛♦ ❧♦♥❣♦ ❞❡ s✉❛ ❤✐stór✐❛✳ ❇❛❧❞✐ss❡r❛ ✭✶✾✽✼✮

❞✐③ q✉❡ ❛ ♣r✐♥❝í♣✐♦✱ ❛ ❣❡♦♠❡tr✐❛ ❡r❛ ✉♠❛ ❝✐ê♥❝✐❛ ❜❛s❡❛❞❛ ♥❛ ❡①♣❡r✐♠❡♥t❛çã♦✱ ✉♠❛ ❝♦❧❡çã♦

❞❡ r❡❣r❛s ♣❛r❛ ✉s♦ ♣rát✐❝♦ q✉❡ ❢♦r♥❡❝✐❛ r❡s✉❧t❛❞♦s ❛♣r♦①✐♠❛❞♦s✳

❆ ●❡♦♠❡tr✐❛ ❡stá tã♦ ✐♥t✐♠❛♠❡♥t❡ ❧✐❣❛❞❛ à ✈✐❞❛ ❡ ❛♦ ❝♦t✐❞✐❛♥♦ q✉❡ s✉❛ ❤✐stór✐❛ ♥ã♦

♣♦❞❡ s❡r ❝♦♥t❛❞❛ s❡♠ r❡❢❡r✐r✲s❡ às ❣r❛♥❞❡s r❡❛❧✐③❛çõ❡s ❞❛ ❤✉♠❛♥✐❞❛❞❡✱ ❝♦♠♦ ❛s ❝♦♥str✉çõ❡s

❞❛s ♣✐râ♠✐❞❡s ❞♦ ❊❣✐t♦✱ ❛ ▼✉r❛❧❤❛ ❞❛ ❈❤✐♥❛✱ ❣r❛♥❞❡s t❡♠♣❧♦s ❡ ♦✉tr❛s ♦❜r❛s ❞♦ ❤♦♠❡♠

❛♦ ❧♦♥❣♦ ❞❡ sé❝✉❧♦s✱ ♠❛s ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♦ s✉r❣✐♠❡♥t♦ ❞❛ ❛❣r✐❝✉❧t✉r❛✳ ❚✉❞♦ ✐ss♦ sã♦ ❢❛t♦s

❝♦♠ ♦s q✉❛✐s s❡ ❝♦♥❝❧✉✐ q✉❡ ♦ ❝♦t✐❞✐❛♥♦ ❡ ●❡♦♠❡tr✐❛ ❡stã♦ ❡str❡✐t❛♠❡♥t❡ ❧✐❣❛❞♦s ❞❡s❞❡

s❡♠♣r❡✳

❆ ❍✐stór✐❛ s✉❣❡r❡ q✉❡ ❛ ❆❣r✐❝✉❧t✉r❛ ❝♦♠❡ç❛ ❛ s❡r ♣r❛t✐❝❛❞❛ ♥❛ ▼❡s♦♣♦tâ♠✐❛✱ ❧✉❣❛r

♦♥❞❡ ❤♦❥❡ é ♦ ■r❛q✉❡✱ ❤á ❝❡r❝❛ ❞❡ 11 ♠✐❧ ❛♥♦s✱ ♣♦r ✈♦❧t❛ ❞♦ ❛♥♦ 9.000 ❛✳❈✳✳ ❊st❡ é ✉♠

♣♦♥t♦ ✐♠♣♦rt❛♥t❡ ❞❛ ❤✐stór✐❛ ❞❛ ❤✉♠❛♥✐❞❛❞❡✱ ♣♦✐s s❡ tr❛t❛ ❞❛ ♣r✐♠❡✐r❛ ❣r❛♥❞❡ r❡✈♦❧✉çã♦

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

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

❞❛s ❛♦ ❝♦♥✈í✈✐♦ ❡ ❛♦ tr❛❜❛❧❤♦ ♥❛ ❛❣r✐❝✉❧t✉r❛✳ ❊ss❛ ❝♦♥✈✐✈ê♥❝✐❛ ❡♠ s♦❝✐❡❞❛❞❡ ❝♦♥tr✐❜✉✐✉

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

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

❢ért❡✐s✱ ❝♦♥❤❡❝✐♠❡♥t♦ ❞♦s ❝✐❝❧♦s ❞❛s ❡st❛çõ❡s ❞♦ ❛♥♦ ❡ ❛ ❝♦♥t❛❣❡♠ ❞♦ t❡♠♣♦ ♣♦r ♠❡✐♦ ❞❡

✶✻



❝❛❧❡♥❞ár✐♦✳ ❉❛t❛ ❞❡st❛ é♣♦❝❛ ♦ s✉r❣✐♠❡♥t♦ ❞❡ ❛❧❣✉♠❛s ❝✐❞❛❞❡s ❡ ❞❛ ✐♥❞ústr✐❛ ❞❡ ❝❡râ✲

♠✐❝❛❀ ♣♦st❡r✐♦r♠❡♥t❡✱ ❝❡r❝❛ ❞❡ 6.000 ❛✳❈✳ ❛ t❡❝❡❧❛❣❡♠ ❡ ❢❛❜r✐❝❛çã♦ ❞❡ ❝♦r❞❛s❀ ❛ ✐rr✐❣❛çã♦

❝❡r❝❛ ❞❡ 5.000 ❛✳❈✳ ❡ ❡♠ 3.500 ❛✳❈✳ s✉r❣❡♠ ❛s ❝❛rr♦ç❛s ♣❡❧♦s s✉♠ár✐♦s ❡ ❜❛r❝♦s ♥♦ ◆✐❧♦✱

♣❡❧♦s ❡❣í♣❝✐♦s✱ ♣r♦ss❡❣✉✐♥❞♦ ♥❡ss❛ ❝r♦♥♦❧♦❣✐❛✱ é ❡♥tã♦ ♣♦r ✈♦❧t❛ ❞❡ 2.700 ❛✳❈✳ q✉❡ s✉r❣❡♠

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

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

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

❝♦♥❝❡✐t♦s ✭●❆❘❇■✱ ✷✵✵✼✮✳

❱ár✐♦s t❡①t♦s r❡❢❡r❡♥t❡s à ♦r✐❣❡♠ ❞❛ ●❡♦♠❡tr✐❛ ❝♦rr♦❜♦r❛♠ ❛ ♥❛rr❛t✐✈❛ ❞❡ q✉❡

t✉❞♦ q✉❡ s❡ ❝♦♥❤❡❝❡ ❞❡ ●❡♦♠❡tr✐❛ s✉r❣❡ ❞❛ ♥❡❝❡ss✐❞❛❞❡ ❤✉♠❛♥❛ ❡ ❞❡ s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡

❢❛③❡r ❛❞❛♣t❛çõ❡s ❡ ❡♥❝♦♥tr❛r ♣❛❞rõ❡s✱

❆ ●❡♦♠❡tr✐❛ ♣r✐♠✐t✐✈❛ ❡r❛ ✉♠❛ ❝♦❧❡çã♦ ❞❡ ♣r✐♥❝í♣✐♦s ❡♠♣✐r✐❝❛✲
♠❡♥t❡ ❞❡s❝♦❜❡rt♦s ❡♠ ♠❛tér✐❛ ❞❡ ❝♦♠♣r✐♠❡♥t♦s✱ â♥❣✉❧♦s✱ ár❡❛s ❡
✈♦❧✉♠❡s✱ q✉❡ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ♣❛r❛ s❛t✐s❢❛③❡r ❛❧❣✉♠❛ ♥❡❝❡s✲
s✐❞❛❞❡ ♣rát✐❝❛ ❡♠ ❛❣r✐♠❡♥s✉r❛✱ ❝♦♥str✉çã♦✱ ❛str♦♥♦♠✐❛ ❡ ✈ár✐♦s
♦❢í❝✐♦s ✭❉♦♠í♥✐♦ Pú❜❧✐❝♦✮✳

❙❡❣✉♥❞♦ P✐♥❤♦ ❡t ❛❧✳ ✭✷✵✵✼✮✱ ❛ ❍✐stór✐❛ ❞❡✐①❛ ❡✈✐❞ê♥❝✐❛s s✉✜❝✐❡♥t❡s q✉❡ ♠♦str❛♠

♦ s✉r❣✐♠❡♥t♦ ❞♦ ❝á❧❝✉❧♦ ❞❡ ár❡❛ ❝♦♠♦ ❢r✉t♦ ❞❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠❡❞✐r t❡rr❡♥♦s ♣r♦❞✉t✐✲

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

❈♦♥s❡q✉❡♥t❡♠❡♥t❡ s✉r❣❡ ♦ ❝á❧❝✉❧♦ ❞❡ ✈♦❧✉♠❡✱ ✈✐st♦ q✉❡ ❛ ♣r♦❞✉çã♦✱ ❝❛❞❛ ✈❡③ ♠❛✐♦r✱ ♥❡✲

❝❡ss✐t❛✈❛ ❞❡ ❧✉❣❛r ❛❞❡q✉❛❞♦ ♣❛r❛ ❛r♠❛③❡♥❛♠❡♥t♦✳ ❖ q✉❡ s✉❣❡r❡ ❛ ❛rq✉✐t❡t✉r❛ ❝♦♠♦ ✉♠❛

❞❛s ♣r✐♥❝✐♣❛✐s ❢♦♥t❡s ❞❡ ✐♥s♣✐r❛çã♦ ♣❛r❛ ❡st✉❞♦ ❞❡ ❝á❧❝✉❧♦ ❣❡♦♠étr✐❝♦s ✐♥❝❧✉s✐✈❡ ♦ ✈♦❧✉♠❡✳

P❛r❛❧❡❧❛♠❡♥t❡ ❛♦s ❛✈❛♥ç♦s ❞❡ ❝á❧❝✉❧♦s ❞❡ ár❡❛ ❡ ✈♦❧✉♠❡ s✉r❣❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡

r❡❣✐str♦s ❡ ❞❡s❝r✐çã♦ ❞❡ ❛❝♦♥t❡❝✐♠❡♥t♦s✱ ❞❛í ♣♦r ✈♦❧t❛ ❞♦ q✉❛rt♦ ♠✐❧ê♥✐♦ ❛✳❈✳✱ q✉❛♥❞♦ s❡

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

t❛♠❜é♠ ✉♠ ❣r❛♥❞❡ ❛✈❛♥ç♦ ♥❛ ▼❛t❡♠át✐❝❛ ✈✐st♦ q✉❡ ❛♦s ❡s❝r✐❜❛s ❡r❛♠ ❧❡✈❛❞♦s ♣r♦❜❧❡✲

♠❛s ♠❛t❡♠át✐❝♦s q✉❡ ❝❡rt❛♠❡♥t❡ ❛s ♣❡ss♦❛s ❝♦♠✉♥s ♥ã♦ ❞❡t✐♥❤❛♠ ❝♦♥❤❡❝✐♠❡♥t♦ ♣❛r❛

r❡s♦❧✈❡r✳ P❡r❝❡❜❡✲s❡ q✉❡ ❛s ♣r✐♠❡✐r❛s r❡s♦❧✉çõ❡s ❞❡ ♣r♦❜❧❡♠❛s ❛r✐t♠ét✐❝♦s ❡ ❣❡♦♠étr✐✲

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

❆s ♣r✐♠❡✐r❛s ❢ór♠✉❧❛s ♠❛t❡♠át✐❝❛s ❡ ❝♦♥❝❡✐t♦s ❢♦r❛♠ s✉r❣✐♥❞♦ ♣♦r ❞❡❞✉çõ❡s ❢❡✐t❛s ❝♦♠

❡①♣❡r✐♠❡♥t❛çõ❡s✱ ✈❡r✐✜❝❛❞❛s ♣♦r ♠❡✐♦ ❞❡ t❡♥t❛t✐✈❛s ❡ ❡rr♦✱ ♦ ❝❤❛♠❛❞♦ ❛♣r❡♥❞✐③❛❞♦ ✐♥❞✉✲

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

s❡ tr❛t❛✈❛ ❞❡ ✈❡r❞❛❞❡s ❣❡r❛✐s✳ ❆❧❣✉♥s ❞♦❝✉♠❡♥t♦s ♠♦str❛♠ q✉❡✱ ♥♦ ✐♥í❝✐♦ ❞♦ s❡❣✉♥❞♦

♠✐❧ê♥✐♦ ❛✳❈✳✱ ♦s ❡❣í♣❝✐♦s ❥á ❞❡t✐♥❤❛♠ ❝♦♥❤❡❝✐♠❡♥t♦ ❡❧❡✈❛❞♦ ❡♠ ❆r✐t♠ét✐❝❛ ❡ ●❡♦♠❡tr✐❛✳

❯♠ ❞❡st❡s ❞♦❝✉♠❡♥t♦s é ♦ P❛♣✐r♦ ❞❡ ❆❤♠❡s ✭♦✉ ❘❤✐♥❞✮✱ ❡s❝r✐t♦ ♣♦r ✈♦❧t❛ ❞❡ ✶✳✻✺✵

❛✳❈✳ ♣❡❧♦ ❡s❝r✐❜❛ ❆❤♠❡s ❡ ❞❡s❝♦❜❡rt♦ ♥♦ sé❝✉❧♦ ❳■❳ ♣♦r ❆✳ ❍❡♥r② ❘❤✐♥❞ ❞❛ ❊s❝ó❝✐❛✳

❊ss❡ ❞♦❝✉♠❡♥t♦ r❡ú♥❡ ✽✺ ♣r♦❜❧❡♠❛s ❞❡ ❆r✐t♠ét✐❝❛ ❡ ●❡♦♠❡tr✐❛✱ ♠♦str❛♥❞♦✱ s❡♠ ❢❛③❡r

✶✼



q✉❛❧q✉❡r ❞❡♠♦♥str❛çã♦ ♦✉ ❥✉st✐✜❝❛t✐✈❛✱ ❝♦♠♦ r❡s♦❧✈ê✲❧♦s✳ ❖✉tr♦ ❞♦❝✉♠❡♥t♦ ❛✐♥❞❛ ♠❛✐s

❛♥t✐❣♦ ❡ ❞❡✐①❛❞♦ ♣❡❧♦ ❡❣í♣❝✐♦s é ♦ P❛♣✐r♦ ❞❡ ▼♦s❝♦✉✱ ❤♦❥❡ ❣✉❛r❞❛❞♦ ❡ ❡①✐❜✐❞♦ ♥♦ ▼✉✲

s❡✉ ❞❡ ▼♦s❝♦✉ ❞❡ ❋✐♥❛s ❆rt❡s✱ ❞❛t❛❞♦ ❞❡ ✶✳✽✺✾ ❛✳❈✳✱ ❛♣r❡s❡♥t❛ ✷✺ ♣r♦❜❧❡♠❛s r❡s♦❧✈✐❞♦s

❡♥✈♦❧✈❡♥❞♦ ❆r✐t♠ét✐❝❛ ❡ ●❡♦♠❡tr✐❛✱ ❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ ♦ ✈♦❧✉♠❡ ❞❡ tr♦♥❝♦ ❞❡ ♣✐râ♠✐❞❡

❞❡ ❛❧t✉r❛ ✻ ❡ ❜❛s❡s q✉❛❞r❛❞❛s ❝♦♠ ❧❛❞♦s ♠❡❞✐♥❞♦ ✷ ❡ ✹ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❢❛t♦ q✉❡ s✉r✲

♣r❡❡♥❞❡✉ ♦s ❤✐st♦r✐❛❞♦r❡s ♣❡❧❛ ❝♦rr❡çã♦ ❞❛ r❡s♣♦st❛✳ ❈❧❛r♦ q✉❡ ♦s ❝á❧❝✉❧♦s ❞❡ ❆r✐t♠ét✐❝❛

❡ ❞❡ ●❡♦♠❡tr✐❛ ❞❡♠❛♥❞❛r❛♠ ✐♥ú♠❡r❛s ❡①♣❡r✐♠❡♥t❛çõ❡s✱ ❛té ❝❤❡❣❛r ♥❛s ❢ór♠✉❧❛s ♠❛t❡✲

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

r❛❝✐♦❝í♥✐♦✱ q✉❡ t✉❞♦ ❝♦♠❡ç♦✉ ✭●❆❘❇■✱ ✷✵✵✼✮✳

❆ ✐♥t✉✐çã♦ ❡ ❛ ❡①♣❡r✐♠❡♥t❛çã♦✱ ♥♦ ❡♥t❛♥t♦✱ ❢♦✐ ❞❛♥❞♦ ❧✉❣❛r ❛ ✉♠❛ ❡str✉t✉r❛ ❞❡

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

♠♦❞❡❧❛r ❛ r❡❛❧✐❞❛❞❡ ❞♦s ✐♥❞✐✈í❞✉♦s✳

◆❡st❡ ♣♦♥t♦ ❞❛ ❝r♦♥♦❧♦❣✐❛ ❤✐stór✐❝❛✱ ♣♦❞❡♠♦s ❛✜r♠❛r q✉❡ ♦s ❣❡ô♠❡tr❛s ❣r❡❣♦s✱

♣r✐♠❡✐r❛♠❡♥t❡ ❚❤❛❧❡s ❞❡ ▼✐❧❡t♦ ✭✻✷✹✲✺✹✼ ❛✳❈✳✮✱ q✉❡ t❛❧✈❡③ t❡♥❤❛ s❡ ✐♥t❡r❡ss❛❞♦ ♣♦r ●❡♦✲

♠❡tr✐❛ ❡♠ s✉❛s ✈✐❛❣❡♥s ❛♦ ❊❣✐t♦✱ ✐♥❝❧✉s✐✈❡ ♣r♦t❛❣♦♥✐③❛ ✉♠ ❞♦s ❛❝♦♥t❡❝✐♠❡♥t♦s ♠á①✐♠♦s

❞❛ ❤✐stór✐❛ ❞❛ ●❡♦♠❡tr✐❛ q✉❛♥❞♦ ♥❛ ❝♦♠♣❛♥❤✐❛ ❞♦ ❢❛r❛ó ❆♠❛s✐s✱ ♠❡❞✐♥❞♦ ❛s s♦♠❜r❛s

❞❡ ✉♠ ❜❛stã♦✱ q✉❡ ♣❧❛♥t❛r❛ ✈❡rt✐❝❛❧♠❡♥t❡ ♥❛ ❛r❡✐❛✱ ❡ ❞❛ ♣✐râ♠✐❞❡ ❞❡ ◗✉é♦♣s✱ ❝❛❧❝✉❧❛ ❛

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

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

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

♣♦r ❡①❡♠♣❧♦✱ q✉❡ ♦ â♥❣✉❧♦ ✐♥s❝r✐t♦ ❡♠ ✉♠ s❡♠✐❝ír❝✉❧♦ é r❡t♦ ✭P■◆❍❖ ❡t ❛❧✳✱ ✷✵✵✼✮❀ ❞❡♣♦✐s

❛ ❊s❝♦❧❛ P✐t❛❣ór✐❝❛✱ q✉❡ ♣❡r❝❡❜✐❛♠ ❛ ▼❛t❡♠át✐❝❛ ❡♠ t♦❞❛ ♣❛rt❡✱ ✐♥❝❧✉s✐✈❡ ❝♦♥s✐❞❡r❛✈❛♠

❉❡✉s ❝♦♠♦ ♦ ●r❛♥❞❡ ●❡ô♠❡tr❛ ❞♦ ❯♥✐✈❡rs♦✱ ❞✐③✐❛♠ q✉❡ ♦ ♠✉♥❞♦ ❡r❛ ❢❡✐t♦ ❞❡ ♥ú♠❡r♦s ❡✱

❛❧é♠ ❞✐ss♦✱ ❢♦r❛♠ ♦s ♣r✐♠❡✐r♦s ❛ ❡♥①❡r❣❛r ❛ ▼❛t❡♠át✐❝❛ ❛❧é♠ ❞❛ r❡❛❧✐❞❛❞❡ ❢ís✐❝❛✳ ❊st❡s

✜③❡r❛♠ ❞❛ ●❡♦♠❡tr✐❛ ✉♠❛ ❝✐ê♥❝✐❛ ♣❛r❛ ♦ ❝♦t✐❞✐❛♥♦ ❞❡ ♣❡ss♦❛s ❝♦♠✉♥s ❝♦♠♦ t❛♠❜é♠

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

❞❡❞✉t✐✈❛ ❡ s✐st❡♠❛t✐③❛❞❛ ✭●❆❘❇■✱ ✷✵✵✼✮✳

❙❡❣✉✐♥❞♦ ❛ ♠❡s♠❛ ❧✐♥❤❛✱ ❍✐♣ó❝r❛t❡s✱ ❞❛ ✐❧❤❛ ❏ô♥✐❛ ❞❡ ◗✉✐♦s✱ ❝❡r❝❛ ❞❡ ✹✻✵ ❛✳❈✳✱

❝♦♥s✐❞❡r❛❞♦ ♣ré✲♣❧❛tô♥✐❝♦✱ ❢♦✐ ♣r♦❢❡ss♦r ❞❡ ●❡♦♠❡tr✐❛ ❡ ❡s❝r❡✈❡✉ ✉♠ ❧✐✈r♦ ❞❡ ♠♦❞♦ ❧ó❣✐❝♦

❡ ♦r❣❛♥✐③❛❞♦ q✉❡ ❛❝r❡❞✐t❛✲s❡ t❡r s✐❞♦ ❢♦♥t❡ ♣❛r❛ ✈ár✐❛s ♣r♦♣♦s✐çõ❡s ❞♦ ▲✐✈r♦ ■■■ ❡ ♣r❡❝✉rs♦r

❞❡ ❊❧❡♠❡♥t♦s✱ t❛♠❜é♠ ❢♦✐ ♦ ♣r✐♠❡✐r♦ ❣❡ô♠❡tr❛ ❛ ❝❛❧❝✉❧❛r ár❡❛ ❞❡ ✜❣✉r❛ ❞❡❧✐♠✐t❛❞❛s ♣♦r

❧✐♥❤❛s ❝✉r✈❛s✱ ❛s ❝❤❛♠❛❞❛s ▲ú♥✉❧❛s ✭●❆❘❇■✱ ✷✵✵✼✮ ❡ P❧❛tã♦ ✭✹✷✼ ❛✳❈✳ ❛ ✸✹✼ ❛✳❈✳✮✱ ●r❡❣♦

❞❡ ❆t❡♥❛s✱ ❝✉❥♦ ✈❡r❞❛❞❡✐r♦ ♥♦♠❡ ❡r❛ ❆r✐st♦❝❧❡s✱ ✧✐♥t❡r❡ss❛✲s❡ ♠✉✐t♦ ♣❡❧❛ ♠❛t❡♠át✐❝❛✱ ❡♠

❡s♣❡❝✐❛❧ ♣❡❧❛ ❣❡♦♠❡tr✐❛✱ ❡✈✐❞❡♥❝✐❛♥❞♦✱ ❛♦ ❧♦♥❣♦ ❞♦ ❡♥s✐♥♦✱ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❞❡♠♦♥str❛✲

çõ❡s r✐❣♦r♦s❛s ❞❡❞✉t✐✈❛s✱ ❡ ♥ã♦ ♣❡❧❛ ✈❡r✐✜❝❛çã♦ ❡①♣❡r✐♠❡♥t❛❧✧✭❇❆▲❉■❙❙❊❘❆✱ ✷✵✵✽✱ ♣✳

✹✮✳ ❚❡✈❡ q✉❡ s❛✐r ❞❡ ❆t❡♥❛s ❞❡♣♦✐s ❞❛ ♠♦rt❡ ❞❡ s❡✉ ♠❡♥t♦r ❙ó❝r❛t❡s ❡ ♣♦r ❝♦♥s✐❞❡rá✲❧❛

✶✽



❛s✜①✐❛♥t❡ ♣❛r❛ ❛s ♣❡ss♦❛s q✉❡ ❞❡s❡❥❛✈❛♠ ❛❞q✉✐r✐r s❛❜❡❞♦r✐❛✱ ✜❝❛ ✶✷ ❛♥♦s ✈✐❛❥❛♥❞♦ ♣❡❧♦

▼❡❞✐t❡rrâ♥❡♦✱ ❝♦♥❤❡❝❡♥❞♦ ♦ ♠✉♥❞♦ ❡ ❛♣r❡♥❞❡♥❞♦ ❝♦♠ ✜❧ós♦❢♦s ❡ ❣❡ô♠❡tr❛s✳ ◆❡ss❛s ✈✐❛✲

❣❡♥s ❝♦♥❤❡❝❡ ♦s ❡♥s✐♥❛♠❡♥t♦s ♣✐t❛❣ór✐❝♦s ♥❛ ■tá❧✐❛ ❡✱ ✜♥❛❧♠❡♥t❡✱ q✉❛♥❞♦ ❥✉❧❣❛ ❆t❡♥❛s ❛♣t❛

❛ r❡❝❡❜ê✲❧♦ r❡t♦r♥❛ ❡♠ ✸✽✻ ❛✳❈✳ ❡ ❢✉♥❞❛ ❛ ❆❝❛❞❡♠✐❛ ❞❡ P❧❛tã♦✱ ♦♥❞❡ ❡s❝r❡✈❡r❛ ❛ s❡❣✉✐♥t❡

❛❞✈❡rtê♥❝✐❛✿ ✧◆ã♦ sã♦ ❛❞♠✐t✐❞♦s ✐❣♥♦r❛♥t❡s ❡♠ ●❡♦♠❡tr✐❛✧✳ ❊ss❛ ❡s❝♦❧❛ ♣❡r♠✐t✐✉ q✉❡

❛ ●❡♦♠❡tr✐❛ ❡ ❛ ♠❛t❡♠át✐❝❛ ❡♠ ❣❡r❛❧ s❡ ❞❡s❡♥✈♦❧✈❡ss❡♠ ♣❛r❛ ❛❧é♠ ❞❛ ❛♣❧✐❝❛çã♦ ♣rát✐❝❛

❡ ✈ár✐♦s ❞✐s❝í♣✉❧♦s ❞❡ P❧❛tã♦ ❝♦♥tr✐❜✉ír❛♠ ❡①tr❛♦r❞✐♥❛r✐❛♠❡♥t❡ ♣❛r❛ ✐ss♦✳ ❊✉❞ó①✐♦✱ ♣♦r

❡①❡♠♣❧♦✱ ❢♦✐ ♦ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❞❡♠♦♥str❛çã♦ ❞❛ ❝♦♥❥❡❝t✉r❛ ❞❡ ❇r✐s♦✴➶♥t✐❢♦♥✱ q✉❡ ❞✐③✐❛

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

❛s ár❡❛s ❞❛s ✜❣✉r❛s ❡ q✉❡ t❛❧ ❞✐❢❡r❡♥ç❛ ♣♦❞❡r✐❛ s❡r ❞✐♠✐♥✉í❞❛✱ à ♠❡❞✐❞❛ q✉❡ s❡ ❛✉♠❡♥t❛ss❡

♦ ♥ú♠❡r♦ ❞❡ ❧❛❞♦s ❞♦ ♣♦❧í❣♦♥♦ r❡❣✉❧❛r ✐♥s❝r✐t♦ ✭❖ ❝❤❛♠❛❞♦ ♠ét♦❞♦ ❞❡ ❊①❛✉stã♦✮✱ ♦ q✉❡

❝♦♥tr✐❜✉✐✉ ❜❛st❛♥t❡ ♥♦ ❡st✉❞♦ ❞❡ ♣❡rí♠❡tr♦ ❡ ár❡❛ ❞♦ ❝ír❝✉❧♦ ❡ ❞❡ ✈♦❧✉♠❡ ❞❡ ❝✐❧✐♥❞r♦✱

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

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

♣❡r❝❡❜❡✲s❡ ❝♦♥tr✐❜✉✐çõ❡s ♥♦s ❢✉♥❞❛♠❡♥t♦s ❞❛ ❞❛ ❚❡♦r✐❛ ❞♦ ▲✐♠✐t❡s ✭●❆❘❇■✱ ✷✵✵✼✮✳ P♦s✲

t❡r✐♦r♠❡♥t❡ ❊✉❝❧✐❞❡s ❞❡ ❆❧❡①❛♥❞r✐❛ ✭✸✻✵ ❛✳❈✳ ❛ ✷✾✺ ❛✳❈✳✮✱ ❞✐s❝í♣✉❧♦ ❞❛ ❡s❝♦❧❛ ♣❧❛tô♥✐❝❛

❞❡s❡♥✈♦❧✈❡ ❡①❡♠♣❧❛r♠❡♥t❡ ❡st❛ ❝♦♥❝❡♣çã♦ ❜❛s❡❛❞❛ ♥♦ r✐❣♦r ❞❛s ❞❡♠♦♥str❛çõ❡s ❡✱ ❛ ♣♦s✲

t❡r✐♦r✐✱ ❢❛③ ❡ss❛ ❡str✉t✉r❛ ❣❛♥❤❛r ♥♦t♦r✐❡❞❛❞❡ ❡ ❛✈❛♥ç❛r ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ❛♦ ❡s❝r❡✈❡r ❛

♦❜r❛ ❖s ❊❧❡♠❡♥t♦s ❞❡ ❊✉❝❧✐❞❡s✱ q✉❡ ❝♦♥s✐st❡ ❡♠ ✉♠❛ ❝♦❧❡tâ♥❡❛ ❞❡ tr❡③❡ ❧✐✈r♦s q✉❡ ❝♦♥✲

tê♠ ✉♠❛ s✐st❡♠❛t✐③❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ❣❡♦♠étr✐❝♦s ♠❛✐s ✐♠♣♦rt❛♥t❡s ❞❡s❡♥✈♦❧✈✐❞♦s ❛té

s✉❛ é♣♦❝❛✱ ❝♦♠ ♦ r✐❣♦r ♥❛s ❞❡♠♦♥str❛çõ❡s q✉❡ s❡ t♦r♥♦✉ ♣❛❞rã♦ ♣❛r❛ t♦❞❛ ♠❛t❡♠át✐❝❛ ❡

♣r❡✈❛❧❡❝❡ ❛té ❤♦❥❡ ❝♦♠♦ ❜❛s❡ ❞♦ ♣❡♥s❛♠❡♥t♦ ❞❡❞✉t✐✈♦✱ ❡ q✉❡ ❞❛t❛♠ ❞❡ ✸✵✵ ❛✳❈✳ ✭P■◆❍❖

❡t ❛❧✳✱ ✷✵✵✼✮✳

❖s ❊❧❡♠❡♥t♦s ❞❡ ❊✉❝❧✐❞❡s ✐♥❛✉❣✉r❛ ✉♠❛ ♥♦✈❛ ❡r❛ ♥❛ ♠❛t❡♠át✐❝❛ ✐♥❝♦r♣♦r❛♥❞♦ ♦

♣❡♥s❛♠❡♥t♦ ❧ó❣✐❝♦ ❞❡❞✉t✐✈♦ ❡ ❛s ❞❡♠♦♥str❛çõ❡s q✉❡ ♥♦rt❡✐❛♠ ❛té ❛ ❛t✉❛❧✐❞❛❞❡ ♦ ❞❡s❡♥✲

✈♦❧✈✐♠❡♥t♦ ❞❛ ❝✐ê♥❝✐❛ ❝♦♠♦ ✉♠ t♦❞♦✳ ❊♠ ❝♦♥tr✐❜✉✐çõ❡s ♣❛r❛ ❛ ●❡♦♠❡tr✐❛ ❞❡st❛❝❛♠✲s❡✱

♦ ▲✐✈r♦ ■✱ q✉❡ ❢❛③ ✷✸ ❞❡✜♥✐çõ❡s ❝♦♠♦ ♣♦♥t♦✱ r❡t❛✱ s✉♣❡r❢í❝✐❡✱ ♣❧❛♥♦✱ â♥❣✉❧♦✱ ♣❡r♣❡♥❞✐✲

❝✉❧❛r✐s♠♦✱ ❝ír❝✉❧♦✱ ❝❡♥tr♦✱ ❞✐â♠❡tr♦ ❡ ♣❛r❛❧❡❧✐s♠♦❀ ♦ ▲✐✈r♦ ■■■ ❞❡❞✐❝❛❞♦ ❛♦ ❝ír❝✉❧♦ ❡ s❡✉s

❝♦rr❡❧❛t♦s❀ ♦ ▲✐✈r♦ ■❱ q✉❡ tr❛t❛ ❞❛s ❝♦♥str✉çõ❡s ❝♦♠ ré❣✉❛ ❡ ❝♦♠♣❛ss♦❀ ♦ ▲✐✈r♦ ❳■ ♥♦ q✉❛❧

❊✉❝❧✐❞❡s ❞❡✜♥❡✱ ♣❡❧❛ ♣r✐♠❡✐r❛ ✈❡③✱ ❛s ✜❣✉r❛s só❧✐❞❛s ❝♦♠♦ ♣✐râ♠✐❞❡s✱ ♣r✐s♠❛s✱ ♣❛r❛❧❡❧❡♣í✲

♣❡❞♦✱ ❝♦♥❡ ❡ ❡s❢❡r❛❀ ♦ ▲✐✈r♦ ❳■■ q✉❡ ❞❡❞✐❝❛ ❛♦ ❡st✉❞♦ ❞❡ ár❡❛ ❡ ✈♦❧✉♠❡ ❞❡ ✜❣✉r❛s ❝♦♠♦

❝ír❝✉❧♦✱ ❝♦♥❡✱ ♣✐râ♠✐❞❡ ❡ ❡s❢❡r❛✱ ❝♦♠ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡s ♣♦r ❢❛❧t❛ ❞❡ ♠ét♦❞♦ r✐❣♦r♦s♦ ♣❛r❛

❝á❧❝✉❧♦ ❞♦ ♥ú♠❡r♦ π ❡ ♦ ▲✐✈r♦ ❳■■■ ❞❡❞✐❝❛❞♦ ❛♦s ♣♦❧✐❡❞r♦s r❡❣✉❧❛r❡s✿ t❡tr❛❡❞r♦s✱ ❝✉❜♦✱

❞♦❞❡❝❛❡❞r♦ ❡ ✐❝♦s❛❡❞r♦ ✭●❆❘❇■✱ ✷✵✵✼✮✳

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

s✉❝❡❞✐❞♦ ♥♦ ♠❡✐♦ ❛❝❛❞ê♠✐❝♦ ❡ ❡♠ ♥ú♠❡r♦ ❞❡ ❡❞✐çõ❡s é ♦ s❡❣✉♥❞♦✱ ♣❡r❞❡♥❞♦ ❛♣❡♥❛s ♣❛r❛

✶✾



❛ ❇í❜❧✐❛✳

P♦❞❡✲s❡ ❛✜r♠❛r q✉❡ ♥❡ss❡ ♠♦♠❡♥t♦ ❤✐stór✐❝♦ ❛ ♠❛t❡♠át✐❝❛ ❣❛♥❤❛ ✉♠❛ ❝❛r❛❝t❡rís✲

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

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

❞❡ ♣❡ss♦❛s ✈♦❧t❛❞❛s ❛♦ ❡st✉❞♦ ❞❡st❛ ❝✐ê♥❝✐❛✳

◆❡st❛ ❝r♦♥♦❧♦❣✐❛✱ t❛♠❜é♠ é ❥✉st♦ ❝✐t❛r ❆rq✉✐♠❡❞❡s✱ ❞❡ ❙✐r❛❝✉s❛✱ ♥❛s❝✐❞♦ ❡♠ ✷✽✼

❛✳❈✳ q✉❡ é ❝♦♥s✐❞❡r❛❞♦ ✉♠ ❞♦s ♠❛✐♦r❡s ❣ê♥✐♦s ❞❛ ❛♥t✐❣✉✐❞❛❞❡✳ ❊♠ ❆ ♠❡❞✐❞❛ ❞❡ ✉♠

❈ír❝✉❧♦ ❡ ✉s❛♥❞♦ ❛ ❝❤❛♠❛❞❛ té❝♥✐❝❛ ❞❡ ❞✉❜❧❛ r❡❞✉çã♦ ❛♦ ❛❜s✉r❞♦✱ ♣r♦✈❛ q✉❡ ❛ ár❡❛ ❞♦

❝ír❝✉❧♦ é ✐❣✉❛❧ ❛ ❞❡ ✉♠ tr✐â♥❣✉❧♦ q✉❡ t❡♠ ❜❛s❡ ✐❣✉❛❧ ❛♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ❝✐r❝✉♥❢❡rê♥❝✐❛

❡ ❝✉❥❛ ❛❧t✉r❛ é ✐❣✉❛❧ ❛♦ r❛✐♦✳ ❈♦♠ ♠ét♦❞♦ ❞❡ ❡①❛✉stã♦ ❞❡t❡r♠✐♥♦✉ ♦ ✈❛❧♦r ❞❡ π ✉s❛♥❞♦

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

❞❡ r❛✐♦ 1 ❡ ❛✉♠❡♥t❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❧❛❞♦s ❞❡ss❡s ❝ír❝✉❧♦s✳ ❙♦❜r❡ ❛ ❡s❢❡r❛ ❡ ♦ ❝✐❧✐♥❞r♦✱

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

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

♠á①✐♠♦✳ ❆✐♥❞❛ ♥♦ ❣r✉♣♦ ❞❡ ❣ê♥✐♦s ♥♦ ❝❛♠♣♦ ❞❛ ●❡♦♠❡tr✐❛✱ t❡♠✲s❡ ❆♣♦❧ô♥✐♦✱ ❞❡ P❡r❣❛

♥❛s❝✐❞♦ ❡♠ ✷✻✷ ❛✳❈✳✱ ❝♦♥s✐❞❡r❛❞♦ ♦ ●r❛♥❞❡ ●❡ô♠❡tr❛ q✉❡ ❝♦♥tr✐❜✉✐✉ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡

♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ●❡♦♠❡tr✐❛ ❡ é ♠❛✐s ❝♦♥❤❡❝✐❞♦ ♣❡❧❛ s✉❛ ♦❜r❛ ❈ô♥✐❝❛s q✉❡ ❝♦♥t❡♠

♠❛✐s ✹✽✵ ♣r♦♣♦s✐çõ❡s r✐❣♦r♦s❛♠❡♥t❡ ❞❡♠♦♥str❛❞❛s s♦❜r❡ ❛ ❡❧✐♣s❡✱ ❛ ❤✐♣ér❜♦❧❡ ❡ ❛ ♣❛rá❜♦❧❛

✭✷✵✵✼✮✳

❚❛♠❜é♠ ❞❡ r❡❧❡✈â♥❝✐❛ ❝♦♠♣r♦✈❛❞❛ ♣❛r❛ ❛ ❣❡♦♠❡tr✐❛ é ♦ ♠❛t❡♠át✐❝♦ ❋r❛♥❝❡s❝♦ ❇♦✲

♥❛✈❡♥t✉r❛ ❈❛✈❛❧✐❡r✐✱ ✐t❛❧✐❛♥♦ ♥❛s❝✐❞♦ ❡♠ ✶✺✾✽ ♥❛ ❝✐❞❛❞❡ ❞❡ ▼✐❧ã♦✳ ❉❡✈❡✲s❡ ❛ ❡❧❡ ♦ ♠ét♦❞♦

❞♦s ✐♥❞✐✈✐sí✈❡✐s ❡ ♦ ♣r✐♥❝í♣✐♦ ❞❡ ❈❛✈❛❧✐❡r✐ q✉❡ ❛✉①✐❧✐❛♠ ♥♦ ❝á❧❝✉❧♦ ❞❡ ✈♦❧✉♠❡ ❞❡ só❧✐❞♦s

❡ ✐♠♣✉❧s✐♦♥❛r❛♠ ✉♠❛ ♥♦✈❛ ❡r❛ ♥❛ ●❡♦♠❡tr✐❛ ❛♣❧✐❝❛❞❛✳ ❋♦✐ ♣r♦❢❡ss♦r ♥❛ ❯♥✐✈❡rs✐❞❛❞❡ ❞❡

❇♦❧♦❣♥❛ ❡ ❢♦✐ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ✐♥tr♦❞✉çã♦ ❞♦s ❡st✉❞♦ ❞❡ ❧♦❣❛rít♠♦s ❞❡ ❢✉♥çõ❡s tr✐❣♦♥♦♠é✲

tr✐❝❛s ♣❛r❛ ❝á❧❝✉❧♦s ❡♠ ❛str♦♥♦♠✐❛ ❡ ❡s❝r❡✈❡✉ s♦❜r❡ s❡çõ❡s ❝ô♥✐❝❛s✱ ót✐❝❛✱ tr✐❣♦♥♦♠❡tr✐❛✱

❛str♦♥♦♠✐❛ ❡ ❛str♦❧♦❣✐❛ ✭❙Ó▼❆❚❊▼➪❚■❈❆✱ ✶✾✾✽✱ ♣✳ ✶✮✳

➱ ❢❛t♦ q✉❡ ❛ ●❡♦♠❡tr✐❛ ✐♥✐❝✐❛ t✐♠✐❞❛♠❡♥t❡ ❝♦♠ ❛s ♥❡❝❡ss✐❞❛❞❡s ❞❛ ✈✐❞❛ ❡♠ s♦❝✐✲

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

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

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

❝♦♥tí♥✉♦ ❞❡ ❜✉s❝❛ ❞❡ r❡s♣♦st❛ ♣❛r❛ q✉❡stõ❡s ❞♦ ❝♦t✐❞✐❛♥♦ ❞❡ ♣❡ss♦❛s ❝♦♠✉♥s ♦✉ ❞❡ q✉❡♠

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

t❡❝♥♦❧ó❣✐❝♦ q✉❡ ♣r♦♣♦r❝✐♦♥❛ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ♠✉♥❞♦ ♠♦❞❡r♥♦ q✉❡ ❝♦♥❤❡❝❡♠♦s ❤♦❥❡✱ é

❞❡✈✐❞♦ à ❡ss❛ r❡❧❛çã♦ ❝í❝❧✐❝❛ ❡①✐st❡♥t❡ ❡♥tr❡ ❛ ▼❛t❡♠át✐❝❛ ❡ ❛s ♥❡❝❡ss✐❞❛❞❡s ♦✉ ❛♠❜✐çõ❡s

❤✉♠❛♥❛s✳

✷✵



✸ ❊❙❚❘❆❚➱●■❆❙ P❆❘❆ ❆ ❈❖◆❚❊❳❚❯❆▲■❩❆➬➹❖✱

❉❊❉❯➬Õ❊❙ ❊ ❉❊▼❖◆❙❚❘❆➬Õ❊❙

◆❡st❡ ❈❛♣ít✉❧♦ tr❛t❛✲s❡ ❞❛s ❞✐✜❝✉❧❞❛❞❡s✱ ❞♦s ♣r♦❜❧❡♠❛s ❧✐❣❛❞♦s à ♣rát✐❝❛ ❞♦ ❡♥s✐♥♦

❡ ❞❛ ♥❡❝❡ss✐❞❛❞❡s ❞❡ ❛♣r♦①✐♠❛r ♦ ❝♦♥t❡ú❞♦ ❞❛ ✈✐✈ê♥❝✐❛✱ ❞❛ ♣r♦♣♦st❛ ❞❡ ✉s♦ ❞❡ ✈í❞❡♦s

❝♦♠♦ r❡❝✉rs♦ ❞✐❞át✐❝♦✱ ❞❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ s❡ ❢❛③❡r ❞❡❞✉çõ❡s ❡✴♦✉ ❞❡♠♦♥str❛çõ❡s ❡♠ s❛❧❛

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

♠❛t❡♠át✐❝♦ ❡ ❝♦♠♦ ❡❧❡ é tr❛t❛❞♦ ♥♦ ❝❛♠♣♦ ❝✐❡♥tí✜❝♦✳

✸✳✶ ❊str❛té❣✐❛ ❞❡ ❈♦♥t❡①t✉❛❧✐③❛çã♦

❖ ❡♥s✐♥♦ ❞❡ ▼❛t❡♠át✐❝❛ é ✉♠ ❞❡s❛✜♦ ♣❛r❛ ♦s ♣r♦❢❡ss♦r❡s✱ ♣♦r ✈ár✐♦s ❢❛t♦r❡s✱ ❢❛❧t❛ ❞❡

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

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

❛❧✉♥♦s ❡ ❢❛③ê✲❧♦s ❛❣❡♥t❡s ❞❡ s✉❛ ♣ró♣r✐❛ ❛♣r❡♥❞✐③❛❣❡♠✱ ♣♦✐s✱

❯♠ ❞♦s ♠♦t✐✈♦s ❞♦ ❢r❛❝❛ss♦ ❞♦ ❡♥s✐♥♦ ❞❡ ▼❛t❡♠át✐❝❛✱ ❡stá tr❛❞✐✲
❝✐♦♥❛❧♠❡♥t❡ ♣❛✉t❛❞♦ ❡♠ ♠❛♥✐♣✉❧❛çõ❡s ♠❡❝â♥✐❝❛s ❞❡ té❝♥✐❝❛s ♦♣❡✲
r❛tór✐❛s✱ r❡s♦❧✉çã♦ ❞❡ ❡①❡r❝í❝✐♦s✱ q✉❡ sã♦ r❛♣✐❞❛♠❡♥t❡ ❡sq✉❡❝✐❞♦s✱
❛ss✐♠ ❝♦♠♦ ❛ ♠❡♠♦r✐③❛çã♦ ❞❡ ❢ór♠✉❧❛s✱ t❛❜✉❛❞❛✱ r❡❣r❛s ❡ ♣r♦♣r✐✲
❡❞❛❞❡s ✭❋❘■◆❍❆◆■✱ ✷✵✶✸✱ ♣✳ ✹✹✮✳

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

♦ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ ❡stá ♣r❡s❡♥t❡ ❡♠ s✉❛ r❡❛❧✐❞❛❞❡✱ ♦ ❛♣r❡♥❞✐③❛❞♦ s❡ t♦r♥❛ s✐❣♥✐✜❝❛t✐✈♦✱

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

s✐✱ ❡ ❞❡st❡ ❛♠❜✐❡♥t❡ ❝❤❡✐♦ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦s ♣ré✈✐♦s ♣♦❞❡✲s❡ ❡①tr❛✐r ♠♦t✐✈❛çã♦ ♣❛r❛✱ ❡♠

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

✈❡r❞❛❞❡✱ ❡stá s❡ ❝♦♥str✉✐♥❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢❡rr❛♠❡♥t❛s ❡ ❧✐♥❣✉❛❣❡♥s q✉❡ ♠♦❞❡❧❛♠ ❛

r❡❛❧✐❞❛❞❡ ❞♦ ✐♥❞✐✈í❞✉♦ ❡ ♣♦rt❛♥t♦ ❝❤❡✐♦ ❞❡ s✐❣♥✐✜❝❛❞♦s ❞✐❢í❝❡✐s ❞❡ ❡sq✉❡❝❡r✳ ❙❡♥❣✉♥❞♦

❏♦sé ❙✐❧✈❛✱ ✧❖ ♣r♦❢❡ss♦r ❞❡✈❡ ♣❡♥s❛r s✉❛ ♣rát✐❝❛ ❛ ♣❛rt✐r ❞♦ ❛♠❜✐❡♥t❡ ❞♦ ❛❧✉♥♦ ♣❛r❛ q✉❡

♦ ❝♦♥❤❡❝✐♠❡♥t♦ s❡❥❛ s✐❣♥✐✜❝❛t✐✈♦✧✭✐♥❢♦r♠❛çã♦ ✈❡r❜❛❧✮ ✶ ❉✐ss♦ tr❛t❛ ♦ P❧❛♥♦ ▼❛✐s ■❞❡❞✱

❬✳✳✳❪✱ ❝♦♠♦ ❞✐s❝✐♣❧✐♥❛ ❡s❝♦❧❛r✱ ❛❝r❡❞✐t❛♠♦s ❡♠ ✉♠❛ ♠❛t❡♠át✐❝❛ q✉❡
s❡ ❛♣r♦①✐♠❛ ❞❛ r❡❛❧✐❞❛❞❡ ❞♦ ❛❧✉♥♦✱ ♣❛r❛ q✉❡ ❛tr❛✈és ❞❛ ❛♣r❡♥❞✐✲
③❛❣❡♠ s✐❣♥✐✜❝❛t✐✈❛ ❛ t♦r♥❡ ♠❛✐s ❤✉♠❛♥✐③❛❞♦r❛ ❡ ♠❡♥♦s ❛❜str❛t❛
♣♦ssí✈❡❧✳ ■ss♦ ♥ã♦ q✉❡r ❞✐③❡r q✉❡ ♦ ❝❛rát❡r ❛❜str❛t♦ ❞❛ ▼❛t❡♠át✐❝❛
❞❡✈❛ s❡r ❞❡s❝♦♥s✐❞❡r❛❞♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦✳ ▼❛s✱ é ♥❡❝❡ssár✐♦
r❡ss❛❧t❛r q✉❡ ❡ss❡ ❝❛rát❡r ❛❜str❛t♦ ❞❡✈❡ s❡r ♦ ✜♠ ❡ ♥ã♦ ♦ ✐♥í❝✐♦
❞♦ ♣r♦❝❡ss♦✱ ♦✉ s❡❥❛✱ ❛ ♣rát✐❝❛ ❞❛ ▼❛t❡♠át✐❝❛ ❞❡✈❡ ♣❛rt✐r ❞❛ ❝♦♥✲
❝r❡t✉❞❡ ♣❛r❛ ❛ ❛❜str❛çã♦ ❞♦s ❝♦♥t❡ú❞♦s ❡s❝♦❧❛r❡s ✭▼❆❘❆◆❍➹❖✱
✷✵✶✼✱ ♣✳ ✶✹✮

✶❈✐t❛çã♦ ❞♦ Pr♦❢❡ss♦r ❉r✳ ❆♥t♦♥✐♦ ❏♦sé ❙✐❧✈❛ ♥♦ ■■ ❙✐♠♣ós✐♦ Pr♦❢♠❛t✴❯❊▼❆✱ ❡♠ ❙ã♦ ▲✉✐s✱ ❡♠ ❞❡③❡♠❜r♦ ❞❡ ✷✵✶✽✳

✷✶



■ss♦ ❧❡✈❛ ❛ ❝r❡r q✉❡ q✉❛♥t♦ ♠❛✐s ♣ró①✐♠♦ ❞❛ r❡❛❧✐❞❛❞❡ é ♦ ❝♦♥t❡ú❞♦ ❛❜♦r❞❛❞♦ ♠❛✐s

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

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

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

❡♥s✐♥♦ ❞❡ ●❡♦♠❡tr✐❛ P❧❛♥❛ ♦✉ ❊s♣❛❝✐❛❧✱ é ♠♦str❛r ♥♦s ❡s♣❛ç♦s ❢r❡q✉❡♥t❛❞♦s ♣❡❧♦s s✉❥❡✐t♦s

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

❛❧é♠ ❞✐ss♦✱ ❛ ♠❛t❡♠át✐❝❛ s❡ tr❛♥s❢♦r♠❛ ❡♠ ❛❧❣♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ❝♦♠♣r❡❡♥sã♦ ❞♦ ♠✉♥❞♦

❡♠ s✉❛ ✈♦❧t❛✳

◆❡st❡ tr❛❜❛❧❤♦ ❢♦✐ ❞❛❞♦ ê♥❢❛s❡ ❛ três ❡❧❡♠❡♥t♦s ♣❛r❛ ♦ ❡♥s✐♥♦ ❞❡ ▼❛t❡♠át✐❝❛✱ q✉❡

s❡ ❛❝r❡❞✐t❛ t❡r ❣r❛♥❞❡ ✈❛❧✐❛✿

✶✳ ❖ ✉s♦ ❞❡ ✈í❞❡♦s ❝♦♠♦ r❡❝✉rs♦ ❞✐❞át✐❝♦ ♥❛ s❛❧❛ ❞❡ ❛✉❧❛✳

✷✳ ❆s ❞❡♠♦♥str❛çõ❡s ❡✴♦✉ ❞❡❞✉çõ❡s ❞❡ ❢ór♠✉❧❛s✳

✸✳ ❆ ❛♣❧✐❝❛çã♦ ♥♦ ❝♦t✐❞✐❛♥♦ ❞♦s ❛❧✉♥♦s✳

❊st❡s três ❡❧❡♠❡♥t♦s ♣♦❞❡♠ ❢❛③❡r ✉♠❛ ❞✐❢❡r❡♥ç❛ ✐♠♣r❡ss✐♦♥❛♥t❡ ♥❛ ❢♦r♠❛çã♦ ❞♦s

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

✸✳✷ Pr♦❞✉çã♦ ❞❡ ❱í❞❡♦s ❝♦♠♦ ❘❡❝✉rs♦ ♣❛r❛ ▼♦❞❡❧❛❣❡♠ ❡♠ ❙❛❧❛

❞❡ ❆✉❧❛

❯♠ ❞❡s❛✜♦ ♣❛r❛ ♦ ♣r♦❢❡ss♦r é✱ ❞❡ q✉❡ ❢♦r♠❛ ❢❛③❡r✱ ❞❡ ♠❛♥❡✐r❛ s❛t✐s❢❛tór✐❛✱ ♦ ❡❧♦

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

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

❚❡❧❡✈✐sã♦✱ q✉❡ ❢♦✐ ✐♥❛✉❣✉r❛❞❛ ♥♦ ❇r❛s✐❧ ❡♠ ✶✾✺✵ ♣♦r ❆ss✐s ❈❤❛rt❡❛✉❜r✐❛♥❞✱ ❡ q✉❡✱ ✐♥✐❝✐✲

❛❧♠❡♥t❡✱ t✐♥❤❛ t♦❞❛ ♣r♦❣r❛♠❛çã♦ ❛♦ ✈✐✈♦✱ ❛té s✉r❣✐r ♦ ✈✐❞❡♦t❡✐♣❡✱ q✉❡ ♣❡r♠✐t✐❛ ❣r❛✈❛çã♦

♣ré✈✐❛ ❞❛ ♣r♦❣r❛♠❛çã♦ ❛ s❡r ❡①✐❜✐❞❛ ✭P❊❘❊■❘❆ ❡t ❛❧✳✱ ✷✵✵✺✮✳

❊ss❛ t❡❝♥♦❧♦❣✐❛ ❞❡ ❣r❛✈❛çã♦✱ ✈❡♠ s❡ ❞❡s❡♥✈♦❧✈❡♥❞♦✱ ♣❛ss❛ ♣❡❧♦s ❝❛rr❡t❡✐s✱ ❞❡♣♦✐s

❛s ✜t❛s ❝❛ss❡t❡s✱ ❈❉s✱ ❉❱❉s ❡ ❤♦❥❡ ❥á t❡♠ ♣❡♥❞r✐✈❡✱ ❝❛rtõ❡s ❞❡ ♠❡♠ór✐❛s ❡ ❍❉s✱ q✉❡

♣❡r♠✐t❡♠ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡st❡s ❛rq✉✐✈♦s✱ ❛❧é♠ ❞❛s ❝â♠❡r❛s q✉❡ ❝❛❞❛ ❞✐❛ ✜❝❛♠ ♠❡♥♦r❡s✱

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

❝♦♠ ❢❛❝✐❧✐❞❛❞❡✳

◆❡st❡ ❝♦♥t❡①t♦ ❞❡ ✉s♦ ❞❡ ♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦s ❡ tr❛♥s♠✐ssã♦ ♣❛r❛ ✜♥s ❡❞✉❝❛❝✐♦♥❛✐s✱

❞❡st❛❝❛✲s❡ ♦ ❚❡❧❡❝✉rs♦ ✷✵✵✵ ❞❛ ❚✈ ●❧♦❜♦✱ ❝r✐❛❞♦ ❡♠ ✶✾✾✺✱ ❡♠ ♣❛r❝❡r✐❛ ❝♦♠ ❛ ❋✉♥❞❛çã♦

❘♦❜❡rt♦ ▼❛r✐♥❤♦✱ ❛ ❋✉♥❞❛çã♦ ♣❛❞r❡ ❆♥❝❤✐❡t❛ ❡ ❛ ❚❱ ❈✉❧t✉r❛ ❞❡ ❙ã♦ P❛✉❧♦✱ ❡♠ q✉❡ ♦

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

✷✷



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

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

❞♦ ❛♣r❡♥❞✐③❛❞♦ ❞♦s ❛❧✉♥♦s ✭❚❊▲❊❈❯❘❙❖✱ ✷✵✶✽✮✳

❚❛♠❜é♠✱ ❛ ❚❱ ❊s❝♦❧❛ q✉❡ é ✉♠ ❝❛♥❛❧ ❞❡ t❡❧❡✈✐sã♦ ❧✐❣❛❞♦ ❛♦ ▼✐♥✐stér✐♦ ❞❛ ❊❞✉❝❛çã♦

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

♥❛ s✉❛ ♣r♦❣r❛♠❛çã♦ ❡①✐❜❡✱ sér✐❡s ❡ ❞♦❝✉♠❡♥tár✐♦s ✈♦❧t❛❞♦s ♣❛r❛ ❡ss❡ ✜♠ ✭❇❘❆❙■▲✱ ✷✵✶✽✮✳

❆ ❚❱ ❊s❝♦❧❛ ❡stá ✈✐♥❝✉❧❛❞❛ à ❙❡❝r❡t❛r✐❛ ❞❡ ❊❞✉❝❛çã♦ ❛ ❉✐stâ♥❝✐❛ ❞♦ ▼✐♥✐stér✐♦

❞❛ ❊❞✉❝❛çã♦ ✭❙❊❊❉✴▼❊❈✮ ✭P❊❘❊■❘❆ ❡t✳✱ ❛❧✱ ✷✵✵✺✮ ❡ ❢❛③ ❡①❝❡❧❡♥t❡ ✉s♦ ❞❡st❡ r❡❝✉rs♦

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

❝♦♥t❡①t♦✳

❱✐s❛♥❞♦ ♠❡❧❤♦r❛r ❛ tr❛♥s♣♦s✐çã♦ ❞✐❞át✐❝❛✱ ✉♠❛ ✐♠♣♦rt❛♥t❡ ❡ ❡✜❝✐❡♥t❡ ❢❡rr❛♠❡♥t❛

✉t✐❧✐③❛❞❛ ♣❛r❛ ❛❥✉❞❛r ♦ ♣r♦❢❡ss♦r ♥❛ ❝♦♥t❡①t✉❛❧✐③❛çã♦ ❞♦s ❝♦♥t❡ú❞♦s ❡♠ ❡s♣❡❝✐❛❧ ♦ ❝♦♥t❡ú❞♦

❞❡ ❣❡♦♠❡tr✐❛✱ é ❛ ♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦✳ ❊st❡ r❡❝✉rs♦ ❛✉①✐❧✐❛ ♦ ♣r♦❢❡ss♦r ❛ r❡❧❛❝✐♦♥❛r ♦

❝♦♥t❡ú❞♦ ❛ s✐t✉❛çõ❡s r❡❛✐s ❞❛ ✈✐❞❛ ❞♦s ❛❧✉♥♦s✱ ✐♥❝❧✉s✐✈❡✱ é ❞✐ss♦ q✉❡✱ ❙✐❧✈❛ ✭✷✵✶✶✱ ♣✳ ✸✹✮✱

❡♠ s✉❛ ❉✐ss❡rt❛çã♦ ❞❡ ▼❡str❛❞♦ tr❛t❛ q✉❛♥❞♦ ❞✐③ q✉❡ ✧❛♦ ❢❛③❡r ✉s♦ ❞♦ ✈í❞❡♦ ♥❛ s❛❧❛ ❞❡

❛✉❧❛✱ ♦ ♣r♦❢❡ss♦r t❡♠ ✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ♣❛r❛ ❡①♣❧♦r❛r ♦ ❝♦♥t❡ú❞♦✧✱ ❡✿

❬✳✳✳❪❛❧✐❛❞♦ ❛ ♦✉tr♦s r❡❝✉rs♦s ❞✐❞át✐❝♦s ❡ às ❡①✐❣ê♥❝✐❛s ❡❞✉❝❛❝✐♦♥❛✐s
❞❛ ❝♦♥t❡♠♣♦r❛♥❡✐❞❛❞❡ ❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ ✐♥t❡r❞✐s❝✐♣❧✐♥❛r✐❞❛❞❡ ❡
tr❛♥s✈❡rs❛❧✐❞❛❞❡✱ ♦ ✈í❞❡♦ ❞✐❞át✐❝♦ ♣♦❞❡ ♠♦str❛r✲s❡ ✉♠❛ út✐❧ ❢❡r✲
r❛♠❡♥t❛ ♣❛r❛ ♦ ❡♥❢r❡♥t❛♠❡♥t♦ ❞❡ss❡s ❞❡s❛✜♦s ♣❡❞❛❣ó❣✐❝♦s ✭❘❖✲
❈❆❚❖✱ ✷✵✵✾✱ ♣✳ ✽✮✳

❙❡ ✉s❛❞♦ ❞❡ ♠❛♥❡✐r❛ ❛❞❡q✉❛❞❛✱ ❛ ♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦s ❡ s✉❛ ❡①✐❜✐çã♦ ♥❛ s❛❧❛ ❞❡ ❛✉❧❛✱

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

♦✉tr❛s ár❡❛s✱ ❝♦♠♦ ❋ís✐❝❛✱ ◗✉í♠✐❝❛ ❡ ●❡♦❣r❛✜❛ ❝♦♠ ❛ ▼❛t❡♠át✐❝❛ ❞❡✐①❛♥❞♦ ❛ ✐♥t❡r✲

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

❚❛♠❜é♠✱

❆ ♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦ ❡♥q✉❛♥t♦ r❡❝✉rs♦ ♠❡t♦❞♦❧ó❣✐❝♦ ❞❡ ❡♥s✐♥♦
♣♦ss✐❜✐❧✐t❛ ❛ ❝♦♠♣r❡❡♥sã♦ ❞❡ ❝♦♥t❡ú❞♦s ❝♦♥s✐❞❡r❛❞♦s ♣❡❧♦s ❛❧✉✲
♥♦s ❝♦♠♣❧❡①♦s ❡ q✉❡ sã♦ ✐♥❞✐s♣❡♥sá✈❡✐s ♥❛ ❢♦r♠❛çã♦ ❞❡❧❡s✱ ✈✐st♦
q✉❡✱ q✉❛♥❞♦ ❡♠♣r❡❣❛❞❛ ❞❡ ❢♦r♠❛ ❛❞❡q✉❛❞❛✱ é ✉♠❛ ✐♠♣♦rt❛♥t❡
❢❡rr❛♠❡♥t❛ ❞❡ ❡♥s✐♥♦ ❛♣r❡♥❞✐③❛❣❡♠ q✉❡ ❝♦♥t❡♠♣❧❛ ❛ ❝♦♥str✉çã♦✱ ❛
❛ss✐♠✐❧❛çã♦ ❡ ❛ s♦❝✐❛❧✐③❛çã♦ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦s ✭❇❆❘❇❖❩❆ ❡t ❛❧✳✱
✷✵✶✻✱ ♣✳ ✾✮✳

❖s ✈í❞❡♦s ♣r♦❞✉③✐❞♦s ❡ ❡①♣♦st♦s ❡♠ s❛❧❛ ❝♦♥tr✐❜✉❡♠ s✉❜st❛♥❝✐❛❧♠❡♥t❡ ♣❛r❛ ❛ ♠♦✲

❞❡❧❛❣❡♠ ❞❡ s✐t✉❛çõ❡s ❞♦ ❝♦t✐❞✐❛♥♦ ♥♦ ❡♥s✐♥♦ ❞❡ ▼❛t❡♠át✐❝❛ ❡♠ ❡s♣❡❝✐❛❧ ❞❛ ●❡♦♠❡tr✐❛

q✉❡ tr❛t❛ ❞♦s t❡♠❛s ❞❡ ár❡❛ ❡ ✈♦❧✉♠❡ q✉❡ ❞✐s♣õ❡♠ ❞❡ ✈❛r✐❛❞❛s s✐t✉❛çõ❡s q✉❡ ♣♦❞❡♠ s❡r

✉s❛❞❛s ❡ ♠♦❞❡❧❛❞❛s ❡♠ s❛❧❛✳

✷✸



❆ ♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦s ♥ã♦ é ❞❡❢❡♥❞✐❞❛ ❝♦♠♦ ❛t✐✈✐❞❛❞❡ ✜♠ ♦✉ ❝♦♠♦ ú♥✐❝♦ r❡❝✉rs♦

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

❡✈✐❞❡♥❝✐❛r ♥♦ ❝♦t✐❞✐❛♥♦ ❛s ✈❛r✐❛❞❛s s✐t✉❛çõ❡s ❡♠ q✉❡ ❛ ▼❛t❡♠át✐❝❛ s❡ ❢❛③ ♥❡❝❡ssár✐❛✳

❆❧é♠ ❞✐ss♦✱ ♦ ✉s♦ ❞❡ ✈í❞❡♦s ❝♦♠♦ r❡❝✉rs♦ ❞✐❞át✐❝♦ é ❞❡❢❡♥❞✐❞♦ ♣♦r ✈ár✐♦s ❛✉t♦r❡s✱

❡ ❡♠ ✈ár✐♦s tr❛❜❛❧❤♦ ❞❡ ♣❡sq✉✐s❛s✱ ♦ ♠❡s♠♦ ♦❝♦rr❡ ❝♦♠ ❛s ❞❡♠♦♥str❛çõ❡s✳ ❆ ♣r♦❞✉çã♦ ❡

❡①✐❜✐çã♦ ❞❡ ✈í❞❡♦s sã♦ t✐❞❛s ❝♦♠♦ ❡✜❝✐❡♥t❡s r❡❝✉rs♦s ♣❛r❛ ❧✐❣❛r ♦ ❡♥s✐♥♦ à s✉❛ ❛♣❧✐❝❛çã♦✱

❡ ♣❛r❛ ♣r♦♠♦✈❡r ✉♠❛ ❛♣r❡♥❞✐③❛❣❡♠ s✐❣♥✐✜❝❛t✐✈❛✳ ➱ ♦ q✉❡ ♥♦s s✉❣❡r❡ ❙✐❧✈❛✿

❬✳✳✳❪✈í❞❡♦ é ✉♠ r❡❝✉rs♦ q✉❡✱ s❡ ❛♣❧✐❝❛❞♦ ❝♦♠♦ ♠❛t❡r✐❛❧ ♣❡❞❛❣ó❣✐❝♦✱
♣♦r ♠❡✐♦ ❞❡ ✉♠ ♣❧❛♥❡❥❛♠❡♥t♦ ❝r✐t❡r✐♦s♦✱ ♣♦❞❡ ❛✉①✐❧✐❛r ♥❛ tr❛♥s✲
♣♦s✐çã♦ ❞✐❞át✐❝❛ ❞♦s ❝♦♥t❡ú❞♦s ❝✉rr✐❝✉❧❛r❡s ❞❡ ♠❛♥❡✐r❛ ❛❞❡q✉❛❞❛
❡ ♣r♦♣♦r❝✐♦♥❛r r❡s✉❧t❛❞♦s s✐❣♥✐✜❝❛t✐✈♦s ✭❙■▲❱❆✱ ✷✵✶✶✱ ♣✳ ✹✶✮✳

❈❧❛r♦ q✉❡✱ ♠❡s♠♦ ❝♦♠ t♦❞♦ ❡s❢♦rç♦ q✉❡ s❡ ♣♦❞❡ ❢❛③❡r ♥♦ ❡♥s✐♥♦ ❞❡ ▼❛t❡♠át✐❝❛

❛tr❛✈és ❞❛ ♠♦❞❡❧❛❣❡♠✱ ♥ã♦ s❡ ♣♦❞❡ ❡①❝❧✉✐r ♦ ❝❛rát❡r ❢♦r♠❛❧✱ q✉❡ ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ♣❡r✲

♠❡✐❛ ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♠❛t❡♠át✐❝♦✳ ➱ ♥❡❝❡ssár✐♦ q✉❡ ♦ ❛❧✉♥♦ s❛✐❜❛ q✉❡ ❛ ♠❛t❡♠át✐❝❛ ♥ã♦

é ❛♣❡♥❛s ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢ór♠✉❧❛s ❡ r❡❣r❛s✱ é ✉♠❛ ❝✐ê♥❝✐❛ ❝♦♠ ❢✉♥❞❛♠❡♥t♦s✱ P♦st✉❧❛❞♦s✱

❆①✐♦♠❛s✱ Pr♦♣♦s✐çõ❡s ❡ ❚❡♦r❡♠❛s q✉❡ ❞❡t❡r♠✐♥❛♠ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❝✐❡♥tí✜❝❛ ❞❡ ❝❛❞❛ r❡✲

s✉❧t❛❞♦✱ ♦✉ s❡❥❛✱ ❛s ❞❡♠♦♥str❛çõ❡s ❡ ❞❡❞✉çõ❡s✱ ♣♦rt❛♥t♦ é ♣♦r ✐ss♦ q✉❡ sã♦ ❡✜❝❛③❡s ♣❛r❛

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

✸✳✸ ❉❡❞✉çõ❡s ❡ ❉❡♠♦♥str❛çõ❡s

❉❊❋■◆■➬➹❖ ✸✳✶✳ ✧❆ ❉❡❞✉çã♦ é ✉♠ t✐♣♦ ❞❡ r❛❝✐♦❝í♥✐♦ q✉❡ ♣❛rt❡ ❞❡ ✉♠❛ ♣r♦♣♦s✐çã♦

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

♣❛rt✐❝✉❧❛r ✭r❡❢❡r❡♥t❡ ❛ ♣❛rt❡ ❞♦s ❡❧❡♠❡♥t♦s ❞❡ ✉♠ ❝♦♥❥✉♥t♦✮✧✭P❊❉❆●❖●■❆ ❊ ❈❖▼❯✲

◆■❈❆➬➹❖✱ ✷✵✶✽✱ ♣✳ ✶✮✳

❉❊❋■◆■➬➹❖ ✸✳✷✳ ❙❡❣✉♥❞♦ ▲❛❧❛♥❣❡ ✭✶✾✾✾✱ ♣✳ ✷✸✾✮ ✧❯♠❛ ❉❡♠♦♥str❛çã♦ é ✉♠❛ ❞❡❞✉çã♦

❞❡st✐♥❛❞❛ ❛ ♣r♦✈❛r ❛ ✈❡r❞❛❞❡ ❞❡ s✉❛ ❝♦♥❝❧✉sã♦ ❛♣♦✐❛♥❞♦✲s❡ s♦❜r❡ ♣r❡♠✐ss❛s ❝♦♥❤❡❝✐❞❛s ♦✉

❛❞♠✐t✐❞❛s ❝♦♠♦ ✈❡r❞❛❞❡s✧✳

❆ ♠♦❞❡❧❛❣❡♠✱ ❛s ❞❡♠♦♥str❛çõ❡s ❡ ❛s ❞❡❞✉çõ❡s ❞❛s ❢ór♠✉❧❛s q✉❡ ❝♦♥st✐t✉❡♠ ❛

●❡♦♠❡tr✐❛ P❧❛♥❛ ❡ ❊s♣❛❝✐❛❧✱ sã♦ ✐♠♣♦rt❛♥t❡s ♣❛r❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦✲❛♣r❡♥❞✐③❛❣❡♠✱

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

❆ ❛✉sê♥❝✐❛ ❞❡ ❞❡♠♦♥str❛çõ❡s ♥♦ ❊♥s✐♥♦ ▼é❞✐♦ ♣r♦✈♦❝❛ sér✐♦s ♣r♦❜❧❡♠❛s ♣❛r❛ ❛❧✉✲

♥♦s ❞♦ ❊♥s✐♥♦ ❙✉♣❡r✐♦r✱ ♥♦s ❝✉rs♦s ❞❡ ▼❛t❡♠át✐❝❛✱ ❞❡✈✐❞♦ ❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❆①✐✲

♦♠❛s✱ Pr♦♣♦s✐çõ❡s✱ ❚❡♦r❡♠❛s ❡ ▲❡♠❛s q✉❡ s❡ ❢❛③ ♥❡❝❡ssár✐♦ ❞❡♠♦♥str❛r✳ ❊ ✧❬✳✳✳❪ ✉♠ ❞♦s

♠♦t✐✈♦s q✉❡ s❡ ♣♦❞❡ r❡ss❛❧t❛r é q✉❡ ♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❡ ♦ ❊♥s✐♥♦ ▼é❞✐♦ ♥ã♦ ♣r❡♣❛r❛♠

❛❞❡q✉❛❞❛♠❡♥t❡ ♦s ❡st✉❞❛♥t❡s✱ ✐♥❝❧✉s✐✈❡ ❡♠ ●❡♦♠❡tr✐❛✧✭❆▲▼❊■❉❆✱ ✷✵✶✻✱ ♣✳ ✶✻✮✳

✷✹



◆♦✈❛♠❡♥t❡ ✜❝❛ ❡✈✐❞❡♥t❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♦ ❛❧✉♥♦ ❡♥t❡♥❞❡r ❛ ▼❛t❡♠át✐❝❛✱ ❞❡s❞❡

❝❡❞♦✱ ❝♦♠♦ ✉♠❛ ❝✐ê♥❝✐❛✱ q✉❡ é ❡str✉t✉r❛❞❛ ❡♠ ❢✉♥❞❛♠❡♥t♦s✱ ✭♣r♦♣♦s✐çõ❡s ❡ t❡♦r❡♠❛s✮✱

♣❛r❛ ♦s q✉❛✐s ❤á s❡♠♣r❡ r❛③õ❡s q✉❡ ❞❡✈❡♠ s❡r ❡s❝❧❛r❡❝✐❞❛s✱ é ♦ q✉❡ ❞✐③ ❋♦ss❛ ✱ ✧❈♦♥❤❡❝❡r✱

❡♥tã♦✱ é s❛❜❡r ♦ ♣♦rq✉ê ❞♦s ❛❝♦♥t❡❝✐♠❡♥t♦s✳ ❊ ♦ ♣♦rq✉ê ❞❡ ✉♠ t❡♦r❡♠❛ ♠❛t❡♠át✐❝♦ é ❛

s✉❛ ❞❡♠♦♥str❛çã♦✧✭❋❖❙❙❆✱ ✷✵✵✾✱ ♣✳ ✹✻✮✳

❆ ❞❡♠♦♥str❛çã♦ é ✐♠♣♦rt❛♥t❡ ♥❛s ❞✐✈❡rs❛s ár❡❛s ❞❛ ▼❛t❡♠át✐❝❛✱
♣♦✐s ❡❧❛ é ✉♠❛ ❢♦r♠❛ ❞❡ ❛t❡st❛r ✈❡r❛❝✐❞❛❞❡ ❛♦s ❝♦♥❤❡❝✐♠❡♥t♦s ♠❛✲
t❡♠át✐❝♦s✱ ♦✉ s❡❥❛✱ é ✉♠ ♣r♦❝❡ss♦ ❛r❣✉♠❡♥t❛t✐✈♦ q✉❡ ♣❡r♠✐t❡ ❝♦♥✲
❝❧✉✐r q✉❡ ♣r♦♣r✐❡❞❛❞❡s ♠❛t❡♠át✐❝❛s sã♦ ✈❡r❞❛❞❡✐r❛s✳ ❆ ❞❡♠♦♥str❛✲
çã♦ ♥❛ ▼❛t❡♠át✐❝❛ ❡✈✐❞❡♥❝✐❛ ♦ ♣♦❞❡r ❞❡ ♣r✐♥❝í♣✐♦s ❡ ♣r♦♣r✐❡❞❛❞❡s✱
❛ss✐♠ ❝♦♠♦ s✉❛s ❧✐♠✐t❛çõ❡s ✭❆▲▼❊■❉❆✱ ✷✵✶✻✱ ♣✳ ✶✺✮✳

➱ ❢✉♥❞❛♠❡♥t❛❧✱ ♣❛r❛ ♦ ❡♥s✐♥♦ ❞❡ ▼❛t❡♠át✐❝❛✱ ✐♥❝❧✉s✐✈❡ ♥♦ ❡♥s✐♥♦ ❞❡ ●❡♦♠❡tr✐❛

q✉❡ tr❛t❛ ❞❡ ár❡❛ ❡ ✈♦❧✉♠❡✱ q✉❡ ♦ ♣r♦❢❡ss♦r ❢❛ç❛ ❝♦♠ s❡✉s ❛❧✉♥♦s ❛s ❞❡♠♦♥str❛çõ❡s ♦✉

❞❡❞✉çõ❡s ❞❛s ❢ór♠✉❧❛s q✉❡ s❡rã♦ ✉s❛❞❛s ♣❛r❛ r❡s♦❧✈❡r ♦s ♣r♦❜❧❡♠❛s s✉❣❡r✐❞♦s✱ ♣♦✐s✱

❛ ♠❛t❡♠át✐❝❛ é ✉♠❛ ❝✐ê♥❝✐❛ ❞❡❞✉t✐✈❛✿ ♣❛rt✐♥❞♦ ❞❡ ❝❡rt❛s ♣r❡♠✐s✲
s❛s✱ ❝❤❡❣❛✱ ♣♦r ✉♠ ❡str✐t♦ ♣r♦❝❡ss♦ ❞❡ ❞❡❞✉çã♦✱ ❛♦s ✈ár✐♦s t❡♦r❡✲
♠❛s q✉❡ ❛ ❝♦♥st✐t✉❡♠✳ ➱ ✈❡r❞❛❞❡ q✉❡✱ ♥♦ ♣❛ss❛❞♦✱ ❛s ❞❡❞✉çõ❡s
♠❛t❡♠át✐❝❛s ❡r❛♠ ❝♦♠ ❢r❡q✉ê♥❝✐❛ ♠✉✐t♦ ❞❡st✐t✉í❞❛s ❞❡ r✐❣♦r❀ é
t❛♠❜é♠ ✈❡r❞❛❞❡ q✉❡ ♦ r✐❣♦r é ✉♠ ✐❞❡❛❧ ❞✐✜❝✐❧♠❡♥t❡ ❛❧❝❛♥çá✈❡❧✳
◆ã♦ ♦❜st❛♥t❡✱ s❡ ❢❛❧t❛r r✐❣♦r ❡♠ ✉♠❛ ♣r♦✈❛ ♠❛t❡♠át✐❝❛✱ ❡❧❛ s❡rá✱
s♦❜ ❡ss❡ ❛s♣❡❝t♦✱ ❞❡❢❡✐t✉♦s❛❀ ♥ã♦ ❝♦♥st✐t✉✐ ❞❡❢❡s❛ ❛ ❛❧❡❣❛çã♦ ❞❡ q✉❡
♦ s❡♥s♦ ❝♦♠✉♠ ♠♦str❛ s❡r ♦ r❡s✉❧t❛❞♦ ❝♦rr❡t♦✱ ♣♦rt❛♥t♦✱ s❡ t✐✈és✲
s❡♠♦s ❞❡ ❝♦♥✜❛r ♥✐ss♦✱ ♠❡❧❤♦r s❡r✐❛ ❛❜❛♥❞♦♥❛r ❝♦♠♣❧❡t❛♠❡♥t❡ ♦
❛r❣✉♠❡♥t♦ ❞♦ q✉❡ tr❛③❡r ❛ ❢❛❧á❝✐❛ ❡♠ s♦❝♦rr♦ ❞♦ s❡♥s♦ ❝♦♠✉♠✳ ◆❡✲
♥❤✉♠ ❛♣❡❧♦ ❛♦ s❡♥s♦ ❝♦♠✉♠ ♦✉ ✧✐♥t✉✐çã♦✧♦✉ q✉❛❧q✉❡r ♦✉tr❛ ❝♦✐s❛
s❡ ♥ã♦ ❛ ❡str✐t❛ ❧ó❣✐❝❛ ❞❡❞✉t✐✈❛✱ ❞❡✈❡ s❡r ♥❡❝❡ssár✐♦ à ▼❛t❡♠át✐❝❛
❛♣ós ❡st❛❜❡❧❡❝✐❞❛s ❛s ♣r❡♠✐ss❛s ✭❘❯❙❙❊▲✱ ✶✾✼✻✱ ♣✳ ✶✸✾✮✳

❊ss❛ ❛t✐t✉❞❡ ♣r❡♣❛r❛ ♦s ❛❧✉♥♦s ♣❛r❛ ✉♠❛ ♣♦ssí✈❡❧ ❡s❝♦❧❤❛ ♣❡❧♦ ❝✉rs♦ ❞❡ ▲✐❝❡♥❝✐❛t✉r❛

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

t❡♦r❡♠❛s ❡ ♣r♦♣♦s✐çõ❡s✱ ❛❧é♠ ❞✐ss♦✱ ✧❬✳✳✳❪ ❛ ♠❛t❡♠át✐❝❛ ♥ã♦ é ♠❡r❛♠❡♥t❡ ✉♠❛ ❛t✐✈✐❞❛❞❡

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

q✉❡ é ♦ ❣r❛♥❞❡ ❡♠♣r❡❡♥❞✐♠❡♥t♦ ❞♦ ❤♦♠❡♠✧✭❋❖❙❙❆✱ ✷✵✵✾✱ ♣✳ ✹✻✮ ❡ é ✉♠❛ r❡❝♦♠❡♥❞❛çã♦

♥♦ ●✉✐❛ ❞❡ ❊s❝♦❧❤❛ ❞♦ ▲✐✈r♦ ❞✐❞át✐❝♦ q✉❡ ❞✐③ q✉❡

✧❬✳✳✳❪✱ ❝♦♠ ✈✐st❛ ❛ ❛ss❡❣✉r❛r ❛ ❛rt✐❝✉❧❛çã♦ ❞❛s ❞✐♠❡♥sõ❡s ❝✐ê♥✲
❝✐❛✱❬✳✳❪✳ ❖r❣❛♥✐③❛♥❞♦ ❝♦♥t❡ú❞♦s ❡ ♠❡t♦❞♦❧♦❣✐❛s ❞❡ ❢♦r♠❛ q✉❡✱
❛♦ ✜♥❛❧ ❞♦ ❊♥s✐♥♦ ▼é❞✐♦✱ ♦ ❡st✉❞❛♥t❡ ❞❡♠♦♥str❡ ❬✳✳✳❪ ♦ ❞♦✲
♠í♥✐♦ ❞♦s ♣r✐♥❝í♣✐♦s ❝✐❡♥tí✜❝♦s ❡ t❡❝♥♦❧ó❣✐❝♦s q✉❡ ♣r❡s✐❞❡♠ ❛
♣r♦❞✉çã♦ ♠♦❞❡r♥❛❀ ❡ ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❞❛s ❢♦r♠❛s ❝♦♥t❡♠♣♦✲
râ♥❡❛s ❞❡ ❧✐♥❣✉❛❣❡♥s✧✭❇❘❆❙■▲✳ ✷✵✶✽✱ ♣✳ ✾✮✳

✷✺



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

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

❛s ❞❡♠♦♥str❛çõ❡s ❞♦s t❡♦r❡♠❛s ❡ ♣r♦♣♦s✐çõ❡s q✉❡ sã♦ ✈✐st❛s ❛♦ ❧♦♥❣♦ ❞♦ ❊♥s✐♥♦ ▼é❞✐♦✱

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

✉♠ ♣❡♥s❛♠❡♥t♦ ❧ó❣✐❝♦✲❞❡❞✉t✐✈♦✳

❉❡st❛❝❛♠♦s q✉❡ ❛♦ ❢❛③❡r ❞❡❞✉çõ❡s ❡ ❞❡♠♦♥str❛çõ❡s ❡♠ s❛❧❛ ❞❡ ❛✉❧❛✱ ❡✈✐❞❡♥❝✐❛♥❞♦

q✉❡ ✈❡r❞❛❞❡s ♣♦❞❡♠ s❡r ❝♦♠♣r♦✈❛❞❛s q✉❛♥❞♦ s❡ ❢❛③ ✉s♦ ❞❡ ♠ét♦❞♦s ❡✜❝✐❡♥t❡s✱ ❞❡s❞❡ q✉❡

❛s ♣r❡♠✐ss❛s s❡❥❛♠ ✈❡r❞❛❞❡✐r❛s✱ ✧❙❡ ♥ã♦ ❝♦♥❤❡❝❡♠♦s q✉❡ ❛s ♣r❡♠✐ss❛s sã♦ ✈❡r❞❛❞❡✐r❛s✱

❡♥tã♦ ❡❧❛s ♥ã♦ ♣♦❞❡♠ s❡r✈✐r ❞❡ r❛③õ❡s ♣❛r❛ ♦ t❡♦r❡♠❛✧✭❋❖❙❙❆✱ ✷✵✵✾✱ ♣✳ ✹✼✮✱ ♦ ♣r♦❢❡ss♦r

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

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

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

❡ ❝❡rt❛♠❡♥t❡ ♠❡❧❤♦r❡s t♦♠❛❞❛s ❞❡ ❞❡❝✐sã♦✳

❋♦ss❛ ❞✐③ q✉❡ ✧❬✳✳✳❪ ♣r❡❝✐s❛♠♦s ❞❡ ✉♠ ♣♦♥t♦ ❞❡ ♣❛rt✐❞❛✱ ✉♠ ❧✉❣❛r ✜r♠❡ ❛ ♣❛rt✐r ❞❡

q✉❡ ♣♦❞❡♠♦s ❝♦♠❡ç❛r ♥♦ss❛s ❞❡❞✉çõ❡s✧✭❋❖❙❙❆✱ ✷✵✵✾✱ ♣✳ ✹✼✮✱ ❡ss❛ é ♦✉tr❛ ✐♠♣♦rt❛♥t❡ ❝❛✲

r❛❝t❡ríst✐❝❛ ❞❡ ✉♠ ❡♥s✐♥♦ ✈♦❧t❛❞♦ ♣❛r❛ ❛s ❞❡♠♦♥str❛çõ❡s ❡ ❞❡❞✉çõ❡s✱ ❛ ❞❡♣❡♥❞ê♥❝✐❛ ❡ ❧✐❣❛✲

çã♦ ❞❡ ✉♠ s❛❜❡r ❝♦♠ ♦✉tr♦ ❥á ❞❡♠♦♥str❛❞♦✱ ❢♦r♠❛♥❞♦ ✉♠❛ ❝♦rr❡♥t❡ ❝❧❛r❛ q✉❡ tr❛♥s❢♦r♠❛

✉♠ t❡♦r❡♠❛ ❥á ❞❡♠♦♥str❛❞♦✱ ❡ ♣♦rt❛♥t♦ ✈❡r❞❛❞❡✐r♦✱ ❡♠ ❜❛s❡ só❧✐❞❛ ♣❛r❛ ❞❡♠♦♥str❛çõ❡s

❞❡ ✉♠ ♦✉tr♦ t❡♦r❡♠❛✳ ❊ss❛ ❝❛r❛❝t❡ríst✐❝❛ é ✉♠ ♣✐❧❛r ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ✐♥t❡r❞✐s❝✐♣❧✐♥❛r✱

✐♥❝❧✉s✐✈❡ ♣❡r♠❡✐❛ ❛ ét✐❝❛ ❞♦ ✐♥❞✐✈í❞✉♦ q✉❡ ❥❛♠❛✐s ❞❡✈❡ ❝♦♥s✐❞❡rá ✉♠ ❝♦♥❤❡❝✐♠❡♥t♦ ❝♦♠♦

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

❝♦♥tr✐❜✉✐çã♦ ❡①tr❡♠❛♠❡♥t❡ ✐♠♣♦rt❛♥t❡ ❞❛ ▼❛t❡♠át✐❝❛ ♣❛r❛ ❛ ❢♦r♠❛çã♦ ❞♦ ❝✐❞❛❞ã♦✳

P♦r ♦✉tr♦ ❧❛❞♦✱ s❡ ♦ ❡♥s✐♥♦ ❞❡ ♠❛t❡♠át✐❝❛ ♥ã♦ ♣r♦♣♦r❝✐♦♥❛ ❛♦ ❛❧✉♥♦ ❛ ❡①♣❡r✐ê♥❝✐❛

❞❡ ❡♥tr❛r ❡♠ ❝♦♥t❛t♦ ❝♦♠ ❛s ❞❡♠♦♥str❛çõ❡s✱ ♣♦❞❡✲s❡ q✉❡st✐♦♥❛r s❡ ❞❡ ❢❛t♦ ❡ss❡ ❡♥s✐♥♦

❝♦♥t❡♠♣❧❛ t✉❞♦ q✉❡ é r❡❛❧♠❡♥t❡ ❡ss❡♥❝✐❛❧ ♣❛r❛ ♦ ❛❧✉♥♦ ♥❛ s✉❛ ❡①♣❡r✐ê♥❝✐❛ ❡s❝♦❧❛r✳ ❙❡❣✉♥❞♦

P✐❡tr♦♣❛♦❧♦✱

❬✳✳✳❪ ✉♠❛ ✈❡③ q✉❡ ✉♠ ❞♦s ♦❜❥❡t✐✈♦s ❢✉♥❞❛♠❡♥t❛✐s ❞♦ ❡♥s✐♥♦ ❞❡
▼❛t❡♠át✐❝❛ ♥❛ ❊❞✉❝❛çã♦ ❇ás✐❝❛✱ s❡❣✉♥❞♦ ♥♦ss♦ ❡♥t❡♥❞❡r✱ é ♣r♦✲
♣♦r❝✐♦♥❛r ❛♦s ❛❧✉♥♦s s✐t✉❛çõ❡s q✉❡ ❧❤❡s ♣❡r♠✐t❛♠ ❛❞q✉✐r✐r ✉♠❛
❝♦♠♣r❡❡♥sã♦ ✈✐✈❛ ❞♦ q✉❡ é ▼❛t❡♠át✐❝❛✳ ❆ss✐♠✱ ❛ ✐♠♣♦rtâ♥❝✐❛
❞❛ ♣r♦✈❛ ♥❡ss❡ ♣r♦❝❡ss♦ ❡stá✱ ❛ ♣r✐♦r✐✱ ❡st❛❜❡❧❡❝✐❞❛✳ ❖✉ s❡❥❛✱ s❡
♣r❡t❡♥❞❡♠♦s q✉❡ ♦s ❡st✉❞❛♥t❡s ❡①♣❡r✐♠❡♥t❡♠ ❡ ✐♥t❡r✐♦r✐③❡♠ ✉♠❛
❝❛r❛❝t❡ríst✐❝❛ ❞❛ ▼❛t❡♠át✐❝❛✱ ♥ã♦ ♣♦❞❡♠♦s s✉♣♦r ✉♠ ❡♥s✐♥♦ s❡♠
♣r♦✈❛✱ ♣♦✐s ❡❧❡s ❡stã♦ ✐♥tr✐♥s❡❝❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦s ✭P■❊❚❘❖P❆✲
❖▲❖✱ ✷✵✵✺✱ ♣✳ ✷✵✻✮✳

❋✐❝❛♠ ❝❧❛r❛s ❛s ✈❛♥t❛❣❡♥s ❡♠ ❢❛③❡r ✉♠ ❡♥s✐♥♦ ❞❡ ▼❛t❡♠át✐❝❛ q✉❡ ✐♥❝❧✉❛ ❛s ❞❡✲

♠♦♥str❛çõ❡s ❡✴♦✉ ❞❡❞✉çõ❡s✳ ◆♦ t♦❝❛♥t❡ ❛♦ ♥♦ss♦ tr❛❜❛❧❤♦✱ q✉❡ s❡ ♣r♦♣ôs ❛♣❧✐❝❛r ✉♠

✷✻



s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛ ♣❛r❛ ♦ ❡♥s✐♥♦ ❞❡ ➪r❡❛ ❡ ❱♦❧✉♠❡✱ ♣❛rt✐♥❞♦ ❞❛s ♣r❡♠✐ss❛s ❛q✉✐ ❝❤❛♠❛✲

❞❛s ♣♦st✉❧❛❞♦s✱ ❡ ❞❡ t❡♦r❡♠❛s ♦✉ ♣r♦♣♦s✐çõ❡s ❥á ❞❡♠♦♥str❛❞❛s✱ ♣♦✐s ❡ss❛ é ❛ ♣♦st✉r❛ q✉❡

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

✷✼



✹ ●❊❖▼❊❚❘■❆ P▲❆◆❆✿ ➪r❡❛

◆❡ss❡ ❝❛♣ít✉❧♦ ❛❜♦r❞❛✲s❡ ♦ ❡st✉❞♦ ❞❡ ár❡❛ ❞❛s ♣r✐♥❝✐♣❛✐s ✜❣✉r❛s ♣❧❛♥❛s✱ ◗✉❛❞r❛❞♦✱

❘❡tâ♥❣✉❧♦✱ P❛r❛❧❡❧♦❣r❛♠♦✱ ❚r✐â♥❣✉❧♦✱ ❚r❛♣é③✐♦✱ ▲♦s❛♥❣♦✱ P♦❧í❣♦♥♦s ❘❡❣✉❧❛r❡s ❡♠ ●❡r❛❧

❡ ✜♥❛❧♠❡♥t❡ ♦ ❈ír❝✉❧♦✳ P❛r❛ ❢✉♥❞❛♠❡♥t❛r ✉t✐❧✐③❛✲s❡ ❛s ♦❜r❛s✿ P✐♥❤♦ ✭✷✵✵✼✮❀ ▼✉♥✐③ ◆❡t♦

✭✷✵✶✸✮❀ ❉❛♥t❡ ✭✷✵✶✻✮❀ ❚✉t♦r ❇r❛s✐❧ ❡ ▼❛t❡♠át✐❝❛✳❚❱ ❊♥s✐♥♦ ▼é❞✐♦✳

➪r❡❛ é ✉♠ ♥ú♠❡r♦ r❡❛❧ ♥ã♦ ♥❡❣❛t✐✈♦ q✉❡ ✐♥❞✐❝❛ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ✉♠❛ r❡❣✐ã♦

❞❡ ✉♠❛ s✉♣❡r❢í❝✐❡ ♣❧❛♥❛ ❡ ✉♠❛ ✉♥✐❞❛❞❡ ❞❡ ár❡❛ ♣ré✲❞❡✜♥✐❞❛✱ ❡ss❛ ❝♦♠♣❛r❛çã♦ ✐♥❞✐❝❛

q✉❛♥t❛s ✈❡③❡s ❡ss❛ ✉♥✐❞❛❞❡ ❝❛❜❡ ❞❡♥tr♦ ❞❡ss❛ r❡❣✐ã♦✳ ❊ss❛ ✉♥✐❞❛❞❡ ❞❡ ♠❡❞✐❞❛ ❞❡ ár❡❛

é ✉♠ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ ✶✱ ❛ss✐♠ s❡ ❡♠ ✉♠❛ s✉♣❡r❢í❝✐❡ ❝❛❜❡♠ ✶✵ q✉❛❞r❛❞♦s ❞❡ ár❡❛ ✶

❞✐③❡♠♦s q✉❡ ❛ ár❡❛ ❞❡ss❛ s✉♣❡r❢í❝✐❡ é ✶✵✳ ❈♦♥s✐❞❡r❛✲s❡ q✉❡ ♦ ♣♦♥t♦✱ ❛ r❡t❛ ❡ ❧✐♥❤❛s ❝✉r✈❛s

sã♦ ♦❜❥❡t♦s ❣❡♦♠étr✐❝♦s q✉❡ tê♠ ár❡❛ ♥✉❧❛✳

P❛r❛ q✉❡ ❛ ❞❡✜♥✐çã♦ ❞❡ ár❡❛ t❡♥❤❛ ✉t✐❧✐❞❛❞❡ é ♥❡❝❡ssár✐♦ ❝♦♥s✐❞❡r❛r ♦s s❡❣✉✐♥t❡s

♣♦st✉❧❛❞♦s ✭✐♥t✉✐t✐✈❛♠❡♥t❡✮ ❝♦♠♦ ✈á❧✐❞♦s✿

✶✳ P♦❧í❣♦♥♦s ❝♦♥❣r✉❡♥t❡s tê♠ ár❡❛s ✐❣✉❛✐s✳

✷✳ ❙❡ ✉♠ ♣♦❧í❣♦♥♦ ❝♦♥✈❡①♦ é ❛ ✉♥✐ã♦ ❞❡ ✉♠ ♥ú♠❡r♦ ✜♥✐t♦ ❞❡ ♦✉tr♦s ♣♦❧í❣♦♥♦s ❝♦♥✈❡①♦s✱

❡♥tã♦ ❛ ár❡❛ ❞♦ ♣♦❧í❣♦♥♦ ♠❛✐♦r é ✐❣✉❛❧ à s♦♠❛ ❞❛s ár❡❛s ❞♦s ♣♦❧í❣♦♥♦s ♠❡♥♦r❡s✳

✸✳ ❙❡ ✉♠ ♣♦❧í❣♦♥♦ ✭♠❛✐♦r✮ ❝♦♥té♠ ♦✉tr♦ ♣♦❧í❣♦♥♦ ✭♠❡♥♦r✮ ❡♠ s❡✉ ✐♥t❡r✐♦r✱ ❡♥tã♦ ❛

ár❡❛ ❞♦ ♣♦❧í❣♦♥♦ ♠❛✐♦r é ♠❛✐♦r q✉❡ ❛ ár❡❛ ❞♦ ♣♦❧í❣♦♥♦ ♠❡♥♦r✳

✹✳ ❆ ár❡❛ ❞❡ ✉♠ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ 1 é ✐❣✉❛❧ ❛ 1✳

❈♦♠ ♦s q✉❛tr♦ P♦st✉❧❛❞♦s é ♣♦ssí✈❡❧ ❞❡❞✉③✐r ❡ ❞❡♠♦♥str❛r ❛s ♣r♦♣♦s✐çõ❡s r❡❧❛❝✐♦✲

♥❛❞❛s ❛♦ ❝♦♥❝❡✐t♦ ❞❡ ár❡❛✳

✹✳✶ ➪r❡❛ ❞❡ ◗✉❛❞r❛❞♦

P❘❖P❖❙■➬➹❖ ✹✳✶✳ ❯♠ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ l t❡♠ ár❡❛ ✐❣✉❛❧ ❛ l2✳

❉❊▼❖◆❙❚❘❆➬➹❖✿ ❚♦♠❛♥❞♦ ♦ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ l ∈ N ❡ ♣❛rt✐❝✐♦♥❛♥❞♦ l ❡♠ n

♣❛rt❡s ❝♦♠ n ∈ N✱ ✭N r❡♣r❡s❡♥t❛ ♥ú♠❡r♦s ◆❛t✉r❛✐s✮ t❛❧ q✉❡ ❝❛❞❛ ♣❛rt❡ t❡♥❤❛ 1 ✉♥✐❞❛❞❡

❞❡ ❝♦♠♣r✐♠❡♥t♦✱ t❡♠✲s❡ q✉❡ n = l✱ ❧♦❣♦ ♦ q✉❛❞r❛❞♦ ♠❛✐♦r ✜❝❛ ❞✐✈✐❞✐❞♦ ❡♠ n2 q✉❛❞r❛❞♦s

❞❡ ❧❛❞♦ 1 ❝❛❞❛✱ ✈❡r ❋✐❣✉r❛ ✶✳ ❉❡♥♦t❛♥❞♦ ❛ ár❡❛ ❞♦ q✉❛❞r❛❞♦ ♠❛✐♦r ❞❡ Al✱ ❞❡✈❡♠♦s t❡r Al

✐❣✉❛❧ à s♦♠❛ ❞❛s ár❡❛s ❞❡ss❡s n2 q✉❛❞r❛❞♦s ❞❡ ❧❛❞♦ 1✱ ❞❡ ♠❛♥❡✐r❛ q✉❡ ♣❡❧♦s P♦st✉❧❛❞♦s

✶✱ ✷ ❡ ✹

Al = n2 = l2✳

✷✽



❋✐❣✉r❛ ✶✿ ◗✉❛❞r❛❞♦ ❞❡ ▲❛❞♦ n

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❈♦♥s✐❞❡r❡ ✉♠ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ l = m
n

∈ Q✱ ✭Q r❡♣r❡s❡♥t❛ ♥ú♠❡r♦s ❘❛❝✐♦♥❛✐s✮✱

❝♦♠ m,n ∈ N✱ n 6= 0 ❡ ár❡❛ Al✳ ❆rr❛♥❥❡ n2 ❝ó♣✐❛s ❞♦ ♠❡s♠♦✱ ❡♠♣✐❧❤❛♥❞♦ n q✉❛❞r❛❞♦s ❞❡
m
n

♣♦r ✜❧❛✱ ❡♠ n ✜❧❛s✱ ❢♦r♠❛♥❞♦ ❛ss✐♠ ✉♠ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ m
n
× n = m✳ ❚❛❧ q✉❛❞r❛❞♦

♠❛✐♦r t❡rá ár❡❛ ✐❣✉❛❧ ❛ m2❀ ♣♦r ♦✉tr♦ ❧❛❞♦✱ ❡❧❡ ❡stá ♣❛rt✐❝✐♦♥❛❞♦ ❡♠ n2 q✉❛❞r❛❞♦s✱ ❝❛❞❛

✉♠ ❞♦s q✉❛✐s ❞❡ ❧❛❞♦ m
n
✱ s✉❛ ár❡❛ é ✐❣✉❛❧ à s♦♠❛ ❞❛s ár❡❛s ❞❡st❡s n2 q✉❛❞r❛❞♦s✱ ♦✉ s❡❥❛✱

m2 = n2 × Al✱

❧♦❣♦✱

Al =
m2

n2 ✱

♣♦rt❛♥t♦

Al = (m
n
)2✳

❆ ❞✐s❝✉ssã♦ ❛♥t❡r✐♦r ♠♦str❛ q✉❡ ❛ ár❡❛ ❞❡ ✉♠ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ l ❞❡✈❡ s❡r ✐❣✉❛❧

❛ l2 ♣❛r❛ ♥ú♠❡r♦ ◆❛t✉r❛❧ ❡ ❘❛❝✐♦♥❛❧✳ ➱ ♥❡❝❡ssár✐♦ ❝♦♥✜r♠❛r q✉❡ ✈❛❧❡ ♣❛r❛ l ∈ R✱ ✭R

r❡♣r❡s❡♥t❛ ♦s ♥ú♠❡r♦s ❘❡❛✐s✮✱

❋❛③❡♥❞♦ k ∈ N ❡ ♦s ♥ú♠❡r♦s ❘❛❝✐♦♥❛✐s xk ❡ yk✱ t❛✐s q✉❡

xk < l < yk ❡ yk − xk <
l
k
.

❈♦♥str✉✐♥❞♦ q✉❛❞r❛❞♦s ❞❡ ❧❛❞♦s xk ❡ yk✱ ♦ ♣r✐♠❡✐r♦ ❝♦♥t✐❞♦ ♥♦ q✉❛❞r❛❞♦ ❞❛❞♦ ❡ ♦

s❡❣✉♥❞♦ ♦ ❝♦♥t❡♥❞♦✳ P♦ré♠ ❥á s❛❜❡✲s❡ ❝❛❧❝✉❧❛r ár❡❛s ❞❡ q✉❛❞r❛❞♦s ❞❡ ❧❛❞♦ r❛❝✐♦♥❛❧✱ ❡ ♦

P♦st✉❧❛❞♦ 3 ❣❛r❛♥t❡ q✉❡ ❛ ár❡❛ Al ❞♦ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ l ❞❡✈❡ s❛t✐s❢❛③❡r ❛s ❞❡s✐❣✉❛❧❞❛❞❡s

x2
k < Al < y2k✳

✷✾



▼❛s✱ ❝♦♠♦ x2
k < l2 < y2k✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ❛♠❜♦s ♦s ♥ú♠❡r♦s Al ❡ l2 ❞❡✈❡♠ ♣❡rt❡♥❝❡r ❛♦

✐♥t❡r✈❛❧♦ (x2
k, y

2
k)✱ ❞❡ ♠❛♥❡✐r❛ q✉❡

| Al − l2 | ❁ y2k − x2
k = (yk − xk)(yk + xk)

❁ 1
k
(yk + xk)

❁ 1
k
(yk − xk + 2xk)

❁ 1
k
( 1
k
+ 2l)✳

❚❡♥❞♦ q✉❡ s❛t✐s❢❛③❡r ❛ ❞❡s✐❣✉❛❧❞❛❞❡ ❛❝✐♠❛ ♣❛r❛ t♦❞♦ ❦ ∈ N✱ é ✐♠❡❞✐❛t♦ q✉❡ | Al − l2 |= 0

❡ ❛ss✐♠

Al = l2✳

✹✳✷ ➪r❡❛ ❞❡ ❘❡tâ♥❣✉❧♦

P❘❖P❖❙■➬➹❖ ✹✳✷✳ ❯♠ r❡tâ♥❣✉❧♦ ❞❡ ❧❛❞♦s a✱ b t❡♠ ár❡❛ ❛❜✳

❉❊▼❖◆❙❚❘❆➬➹❖✿ ❚♦♠❛♥❞♦ ✉♠ r❡tâ♥❣✉❧♦ ❞❡ ❧❛❞♦s m,n ∈ N✱ ♣❛rt✐❝✐♦♥❡✲♦ ❡♠ mn

q✉❛❞r❛❞♦s ❞❡ ❧❛❞♦ 1✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✷✱ ❡ ♣❡❧♦s P♦st✉❧❛❞♦s 1 ❡ 2 t❡♠✲s❡ q✉❡ s✉❛ ár❡❛ é

mn✱ ❡ s❡ t✐✈❡r♠♦s m = a ❡ n = b✱ s✉❛ ár❡❛ ❡ ab

❋✐❣✉r❛ ✷✿ ❘❡tâ♥❣✉❧♦ ❞❡ ▲❛❞♦s ♠✱ ♥ P❛rt✐❝✐♦♥❛❞♦

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❚♦♠❛♥❞♦ r❡tâ♥❣✉❧♦ ABCD ❞❡ ❧❛❞♦s a = m1

n1
∈ Q✱ b = m2

n2
∈ Q✱ ❡ ár❡❛ A(ABCD)

❝♦♠m1, n1,m2, n2 ∈ N✱ n1 ❡ n2 6= 0 ❡ ❝♦♠ n1n2 ❝ó♣✐❛s ❞♦ ♠❡s♠♦✱ ♠♦♥t❛♠♦s ✉♠ r❡tâ♥❣✉❧♦

❞❡ ❧❛❞♦s m1 ❡ m2✳

✸✵



n1n2 × A(ABCD) = m1m1✳

❙♦♠❛♥❞♦ ár❡❛s ✐❣✉❛✐s✱ ❝♦♥❝❧✉í♠♦s q✉❡ ❛ ár❡❛ ❞♦ r❡tâ♥❣✉❧♦ ❞❛❞♦ ♦r✐❣✐♥❛❧♠❡♥t❡ é

✐❣✉❛❧ ❛

A(ABCD) =
m1m2

n1n2

✱

♣♦rt❛♥t♦

A(ABCD) =
m1

n1

m2

n2

= ab✳

P♦r ✜♠✱ t♦♠❛♥❞♦ ✉♠ r❡tâ♥❣✉❧♦ ❞❡ ❧❛❞♦ a, b r❡❛✐s ♣♦s✐t✐✈♦s✱ ❡✱ k ∈ N✱ r❛❝✐♦♥❛✐s

xk, yk, uk, vk✱ t❛✐s q✉❡ xk < a < yk, uk < b < vk ❡ yk −xk, vk −uk <
1
k
✳ ❙❡♥❞♦ A(ABCD) ❛

ár❡❛ ❞♦ r❡tâ♥❣✉❧♦ ❞❡ ❧❛❞♦s a ❡ b✱ ✉♠ ❛r❣✉♠❡♥t♦ ❛♥á❧♦❣♦ ❛♦ ❢❡✐t♦ ♣❛r❛ q✉❛❞r❛❞♦s ❣❛r❛♥t❡

q✉❡ A(ABCD) ❡ ab ♣❡rt❡♥❝❡♠ ❛♠❜♦s ❛♦ ✐♥t❡r✈❛❧♦ (yk − xk, vk − uk) ❡ ❞❛í✱ ♣❛r❛ t♦❞♦

k ∈ N✱

| A(ABCD)− ab |< vkyk − ukxk = (vk − uk)yk + uk(yk − xk)

< 1
k
(yk + uk)

< 1
k
((yk − xk) + 2xk + (vk − uk) + 2uk)

< 1
k
( 2
k
+ 2a+ 2b)✳

❚❡♥❞♦ q✉❡ s❛t✐s❢❛③❡r ❛ ❞❡s✐❣✉❛❧❞❛❞❡ ❛❝✐♠❛ ♣❛r❛ t♦❞♦ ❦ ∈ N✱ é ✐♠❡❞✐❛t♦ q✉❡

| A(ABCD)− ab |= 0

❡ ♣♦rt❛♥t♦✱

A(ABCD) = ab✳

❉❊▼❖◆❙❚❘❆➬➹❖ ❆▲❚❊❘◆❆❚■❱❆✿ ❈♦♥s✐❞❡r❡ ♦ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ a + b✱ ❝♦♠♦

a, b ∈ R✱ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✸✳

❖❜s❡r✈❡ q✉❡✱ ♦ q✉❛❞r❛❞♦ ♠❛✐♦r ❝♦♥té♠ q✉❛tr♦ ♣♦❧í❣♦♥♦s✱ ❞♦✐s sã♦ q✉❛❞r❛❞♦s ❡ ❞♦✐s

sã♦ r❡tâ♥❣✉❧♦s✳ ❆ss✐♠✱ ❢❛③❡♥❞♦ ✉s♦ ❞♦s ♣♦st✉❧❛❞♦s 1 ❡ 2✳

❆ ár❡❛ t♦t❛❧ ❞♦ q✉❛❞r❛❞♦ ♠❛✐♦r é ✐❣✉❛❧ à s♦♠❛ ❞❛s ár❡❛s ❞♦ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ a✱

❞♦ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ b ❡ ❞✉❛s ✈❡③❡s ❛ ár❡❛ ❞♦ r❡tâ♥❣✉❧♦ ❞❡ ❧❛❞♦s a ❡ b✱ q✉❡ ❞❡♥♦t❛r❡♠♦s

♣♦r A(a,b)✳ ❆ss✐♠✱ t❡♠♦s✿

✸✶



❋✐❣✉r❛ ✸✿ ◗✉❛❞r❛❞♦ ❞❡ ▲❛❞♦ a+ b

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

(a+ b)2 = a2 + b2 + 2A(a,b). ✭✶✮

P♦r ♦✉tr♦ ❧❛❞♦

(a+ b)2 = a2 + b2 + 2ab. ✭✷✮

❈♦♠♣❛r❛♥❞♦ ❛s ❡q✉❛çõ❡s ✭✶✮ ❡ ✭✷✮✱ t❡♠✲s❡

2A(a,b) = 2ab✱

❡ ❞❛í

A(a,b) = ab✳

✹✳✸ ➪r❡❛ ❞❡ P❛r❛❧❡❧♦❣r❛♠♦ ♥ã♦ ❘❡tâ♥❣✉❧♦

P❘❖P❖❙■➬➹❖ ✹✳✸✳ ❆ ár❡❛ ❞❡ ✉♠ ♣❛r❛❧❡❧♦❣r❛♠♦ ❞❡ ❜❛s❡ b ❡ ❛❧t✉r❛ h é ✐❣✉❛❧ ❛ bh✳

✸✷



❉❊▼❖◆❙❚❘❆➬➹❖✿ ❙❡❥❛ ABCD ✉♠ ♣❛r❛❧❡❧♦❣r❛♠♦ ❞❡ ❞✐❛❣♦♥❛✐s AC ❡ BD✱ ❝♦♥❢♦r♠❡

❋✐❣✉r❛ ✹✱ ❡ E ❡ F r❡s♣❡❝t✐✈❛♠❡♥t❡ ♦s ♣és ❞❛s ♣❡r♣❡♥❞✐❝✉❧❛r❡s ❜❛✐①❛❞❛s ❞❡ D ❡ C à

s❡♠✐rr❡t❛ AB✳ ❆❞❡♠❛✐s✱ s✉♣♦♥❤❛✱ s❡♠ ♣❡r❞❛ ❞❡ ❣❡♥❡r❛❧✐❞❛❞❡✱ q✉❡ E ∈ AB✳ ➱ ✐♠❡❞✐❛t♦

✈❡r✐✜❝❛r q✉❡ ♦s tr✐â♥❣✉❧♦s ADE ❡ BCF ❝♦♥❣r✉❡♥t❡s ♣❡❧♦ ❝❛s♦ ❈❍ ✭❈❛t❡t♦✱ ❍✐♣♦t❡♥✉s❛✮✱

❞❡ ♠♦❞♦ q✉❡ AE = BF ✱ ✭♣❡❧♦ ♣♦st✉❧❛❞♦ ✶✮ A(ADE) = A(BCF )✳ ❊♥tã♦✱

❋✐❣✉r❛ ✹✿ P❛r❛❧❡❧♦❣r❛♠♦ ❞❡ ❇❛s❡ b ❡ ❆❧t✉r❛ h

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

A(ABCD) = A(ADE) + A(EBCD)

= A(BCF ) + A(EBCD)

= A(CDEF )✳

P♦r ♦✉tr♦ ❧❛❞♦✱ CDEF é ✉♠ r❡tâ♥❣✉❧♦ ❞❡ ❛❧t✉r❛ h ❡ ❜❛s❡

EF = EB +BF = EB + AE = b✱

♣❡❧❛ ♣r♦♣♦s✐çã♦ ✹✳✷✱

A(ACBD) = A(CDEF ) = bh✳

✹✳✹ ➪r❡❛ ❞❡ ❚r✐â♥❣✉❧♦ ◗✉❛♥❞♦ sã♦ ❈♦♥❤❡❝✐❞❛s ❇❛s❡ ❡ ❆❧t✉r❛

P❘❖P❖❙■➬➹❖ ✹✳✹✳ ❆ ár❡❛ ❞❡ ✉♠ tr✐â♥❣✉❧♦ é ✐❣✉❛❧ à ♠❡t❛❞❡ ❞♦ ♣r♦❞✉t♦ ❞❛ ❜❛s❡ ♣❡❧❛

❛❧t✉r❛✳

✸✸



❆♥t❡s ❞❡ ❢❛③❡r ❛ ❞❡♠♦♥str❛çã♦ ❞❡ ár❡❛ ♣❛r❛ tr✐â♥❣✉❧♦ é ♣r❡❝✐s♦ ❞❡✜♥✐r ❜❛s❡ ❡ ❛❧t✉r❛

❡♠ tr✐â♥❣✉❧♦✳

❉❊❋■◆■➬➹❖ ✹✳✶✳ ❇❆❙❊ é ✉♠ ❞♦s ❧❛❞♦s ❡s❝♦❧❤✐❞♦ ❛♦ ❛❝❛s♦✳

❉❊❋■◆■➬➹❖ ✹✳✷✳ ❆▲❚❯❘❆ é ✉♠ s❡❣♠❡♥t♦ ♣❡r♣❡♥❞✐❝✉❧❛r à ❜❛s❡ ❡ q✉❡ ❧✐❣❛ ♦ ✈ért✐❝❡

♦♣♦st♦ à r❡t❛ q✉❡ ❝♦♥té♠ ♦ ❧❛❞♦ ❜❛s❡✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✺✳

❋✐❣✉r❛ ✺✿ ❚r✐â♥❣✉❧♦ ❆❇❈ ❞❡ ❇❛s❡ AB ❡ ❆❧t✉r❛ CH

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❉❊▼❖◆❙❚❘❆➬➹❖✿ ❙❡❥❛ ♦ tr✐â♥❣✉❧♦ ABC ❞❡ ❜❛s❡ b = AB ❡ ❛❧t✉r❛ h = CH✳ ❙❡❥❛ ♦

s❡❣♠❡♥t♦ DC//AB✱ t❛❧ q✉❡ DC ≡ AB✱ ❝♦♥❢♦r♠❡ ✐♥❞✐❝❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳

❋✐❣✉r❛ ✻✿ P❛r❛❧❡❧♦❣r❛♠♦ ❈♦♥str✉í❞♦ ❛ P❛rt✐r ❞♦ ❚r✐â♥❣✉❧♦ ❆❇❈ ❞❡ ❇❛s❡ AB ❡ ❆❧t✉r❛ CH

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❚❡♠♦s q✉❡ DC ≡ AB✱ ♣♦r ❝♦♥str✉çã♦✱ CA ≡ AC✱ ♣♦r ❞❡✜♥✐çã♦ ❡ DĈA ≡ BÂC✱

♣♦✐s sã♦ ❛❧t❡r♥♦s ✐♥t❡r♥♦s ❡♥tr❡ ❞✉❛s r❡t❛s ♣❛r❛❧❡❧❛s✳ ▲♦❣♦✱ ♣❡❧♦ ❝❛s♦ ▲❆▲✱ t❡♠♦s q✉❡

♦s tr✐â♥❣✉❧♦s DCA ❡ BAC sã♦ ❝♦♥❣r✉❡♥t❡s ❡✱ ♣♦rt❛♥t♦✱ ♦ q✉❛❞r✐❧át❡r♦ ABCD é ✉♠

♣❛r❛❧❡❧♦❣r❛♠♦ ❞❡ ❜❛s❡ ❡ ❛❧t✉r❛ ✐❣✉❛✐s ❛ AB = b ❡ CH = h r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ▲♦❣♦

✸✹



2A(ABC) = A(ABCD)✱

❡ ❛ss✐♠

2A(ABC) = bh✱

♣♦rt❛♥t♦

A(ABC) =
bh

2
✳

✹✳✺ ➪r❡❛ ❞❡ ❚r✐â♥❣✉❧♦ ❊q✉✐❧át❡r♦✳

P❘❖P❖❙■➬➹❖ ✹✳✺✳ ❆ ár❡❛ ❞❡ ✉♠ tr✐â♥❣✉❧♦ ❡q✉✐❧át❡r♦ ❞❡ ❧❛❞♦ l é ✐❣✉❛❧ ❛ l2
√
3

4
✳

❉❊▼❖◆❙❚❘❆➬➹❖✿ ◆♦ tr✐â♥❣✉❧♦ ❡q✉✐❧át❡r♦ t♦❞♦s ♦s ❧❛❞♦s sã♦ ❝♦♥❣r✉❡♥t❡s (l, l ❡ l)✱

t♦❞♦s ♦s â♥❣✉❧♦s ✐♥t❡r♥♦s sã♦ ❝♦♥❣r✉❡♥t❡s (60♦, 60♦ ❡ 60♦)✱ ❡ t♦❞❛ ❛❧t✉r❛ é t❛♠❜é♠ ♠❡❞✐❛♥❛

❡ ❜✐ss❡tr✐③✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✼✳

❋✐❣✉r❛ ✼✿ ❚r✐â♥❣✉❧♦ ❊q✉✐❧át❡r♦ ❞❡ ▲❛❞♦ l

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❖ tr✐â♥❣✉❧♦ ❈❍❇ é r❡tâ♥❣✉❧♦ ❡♠ ❍ ❡✱ ❧♦❣♦✱ ❛♣❧✐❝❛✲s❡ ♦ ❚❡♦r❡♠❛ ❞❡ P✐tá❣♦r❛s✿

l2 = h2 + ( l
2
)2✱

❛ss✐♠

✸✺



h2 = l2 − ( l
2
)2✱

❞❛í

h2 = 4l2−l2

4
✱

s❡❣✉❡ q✉❡

h2 = 3l2

4
✱

❡ ❛ss✐♠

h = l
√
3

4
✳

❆♣❧✐❝❛♥❞♦ ❛ ♣r♦♣♦s✐çã♦ ✹✳✹ ♥♦ tr✐â♥❣✉❧♦ ❡q✉✐❧át❡r♦ ❞❡ ❧❛❞♦ l ❡ ❛❧t✉r❛ h = l
√
3

4
✱ t❡♠♦s

A(ABC) =
l · l

√
3

2

2
✱

♣♦rt❛♥t♦✱

A(ABC) =
l2
√
3

4
✳

✹✳✻ ➪r❡❛ ❞❡ ❚r✐â♥❣✉❧♦✱ ◗✉❛♥❞♦ sã♦ ❈♦♥❤❡❝✐❞♦s ❉♦✐s ▲❛❞♦s ❡ ♦

➶♥❣✉❧♦ ❡♥tr❡ ❊❧❡s

P❘❖P❖❙■➬➹❖ ✹✳✻✳ ❆ ár❡❛ ❞❡ ✉♠ tr✐â♥❣✉❧♦ ❆❇❈ q✉❛♥❞♦ sã♦ ❝♦♥❤❡❝✐❞♦s ❞♦✐s ❧❛❞♦s

❡ ♦ â♥❣✉❧♦ ❡♥tr❡ ❡❧❡s é ✐❣✉❛❧ à ♠❡t❛❞❡ ❞♦ ♣r♦❞✉t♦ ❡♥tr❡ ♦s ❞♦✐s ❧❛❞♦ ❡ ♦ s❡♥♦ ❞♦ â♥❣✉❧♦

❡♥tr❡ ❡❧❡s✳

❉❊▼❖◆❙❚❘❆➬➹❖✿ ❙❡❥❛ ❆❇❈ ✉♠ tr✐â♥❣✉❧♦✳ ❙✉♣♦♥❤❛♠♦s q✉❡ s❡❥❛♠ ❝♦♥❤❡❝✐❞♦s ❞♦✐s

❞❡ s❡✉s ❧❛❞♦s ❡ ♦ â♥❣✉❧♦ α ❡♥tr❡ ❡❧❡s✱ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✽✳

P♦❞❡♠♦s s✉♣♦r✱ s❡♠ ♣❡r❞❛ ❞❡ ❣❡♥❡r❛❧✐❞❛❞❡ q✉❡ ♦s ❧❛❞♦s ❝♦♥❤❡❝✐❞♦s sã♦ AB = c

BC = a ❡ h ❛ ❛❧t✉r❛ ❞♦ tr✐â♥❣✉❧♦ ❆❇❈ ❡♠ r❡❧❛çã♦ ❛♦ ❧❛❞♦ BC = a✱ ❝♦♠♦ ♠♦str❛ ❛ ❋✐❣✉r❛

✾✳ ❙❛❜❡♠♦s✱ ♣❡❧❛ ♣r♦♣♦s✐çã♦ ✹✳✹ q✉❡

✸✻



❋✐❣✉r❛ ✽✿ ❚r✐â♥❣✉❧♦ ❆❇❈

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❋✐❣✉r❛ ✾✿ ❚r✐â♥❣✉❧♦ ABC ❡ ❆❧t✉r❛ AH = h

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

A(ABC) =
BC · h

2
, ✭✸✮

❧♦❣♦ ♣❛r❛ ❝❛❧❝✉❧❛r ❛ ár❡❛ ❞♦ tr✐â♥❣✉❧♦ ABC✱ ❞❡✈❡✲s❡ ❡♥❝♦♥tr❛r ❛ ♠❡❞✐❞❛ ❞❡ h✳

❈♦♠♦ ♦ tr✐â♥❣✉❧♦ ABH é r❡tâ♥❣✉❧♦ ❡♠ H✱ ♣♦✐s AH é ❛❧t✉r❛✱ t❡♠♦s ❛ s❡❣✉✐♥t❡

r❡❧❛çã♦ tr✐❣♦♥♦♠étr✐❝❛✿

sinα =
h

c
✳

▲♦❣♦✱

h = c · sinα. ✭✹✮

❙✉❜st✐t✉✐♥❞♦ ♦ ✈❛❧♦r ❞❡ h ❞❛ ❡q✉❛çã♦ ✭✹✮ ♥❛ ❡q✉❛çã♦ ✭✸✮✱ ❝♦♠♦ BC = a✱ t❡♠✲s❡

A(ABC) =
a · c · sinα

2
✳

✸✼



✹✳✼ ➪r❡❛ ❞❡ ❚r✐â♥❣✉❧♦ ◗✉❛♥❞♦ sã♦ ❈♦♥❤❡❝✐❞❛s ❛s ▼❡❞✐❞❛s ❞♦s

❚rês ▲❛❞♦s✳

P❘❖P❖❙■➬➹❖ ✹✳✼✳ ❆ ár❡❛ ❞❡ ✉♠ tr✐â♥❣✉❧♦ ABC q✉❛♥❞♦ sã♦ ❝♦♥❤❡❝✐❞♦s ♦s três ❧❛❞♦s✱

a✱ b ❡ c✱ é ✐❣✉❛❧ ❛
√

p(p− a)(p− b)(p− c)✱ ♦♥❞❡ p = a+b+c
2

✭s❡♠✐♣❡rí♠❡tr♦✮✳

❉❊▼❖◆❙❚❘❆➬➹❖✿ ■♥✐❝✐❛♥❞♦ ❝♦♠ ❛ ♦❜s❡r✈❛r ❛ ❋✐❣✉r❛ ✶✵ ❞♦ tr✐â♥❣✉❧♦ ❣❡♥ér✐❝♦ ❛ s❡r

✉t✐❧✐③❛❞♦ ♥❛ ❞❡♠♦♥str❛çã♦✳ ❊♠ s❡❣✉✐❞❛ ❡♥❝♦♥tr❛✲s❡ ♦ ✈❛❧♦r ❞❡ cos â✳ P❛r❛ ✐ss♦✱ ❛♣❧✐❝❛✲s❡

❋✐❣✉r❛ ✶✵✿ ❚r✐â♥❣✉❧♦ ●❡♥ér✐❝♦

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

♦ t❡♦r❡♠❛ ❞❡ P✐tá❣♦r❛s ♥♦ tr✐â♥❣✉❧♦ AHB ♣❛r❛ ❡♥❝♦♥tr❛r ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ AH✳

c2 = AH
2
+ h2✱

❧♦❣♦✱

AH
2
= c2 − h2✳

❆ss✐♠

AH =
√
c2 − h2✱

♣♦rt❛♥t♦

cos â =

√
c2 − h2

c
✳

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

â♥❣✉❧♦ â✳

a2 = b2 + c2 − 2bc cos â✳

❙✉❜st✐t✉✐✲s❡ ♦ ✈❛❧♦r ❞❡ cos â

✸✽



a2 = b2 + c2 − 2bc

√
c2 − h2

c
✱

❧♦❣♦✱

a2 = b2 + c2 − 2b
√
c2 − h2✳

P♦rt❛♥t♦✱

2b
√
c2 − h2 = b2 + c2 − a2✳

■s♦❧❛♥❞♦ ♦ ✈❛❧♦r ❞❡ h2✱ ❡♥❝♦♥tr❛✲s❡✿

√
c2 − h2 =

b2 + c2 − a2

2b
✱

❛ss✐♠✱

c2 − h2 = ( b
2+c2−a2

2b
)2✳

P♦rt❛♥t♦✱

h2 = c2 − (
b2 + c2 − a2

2b
)2. ✭✺✮

❯t✐❧✐③❛✲s❡ ❡st❛ ❡q✉❛çã♦ ♥❛ ár❡❛ ❞♦ tr✐â♥❣✉❧♦✿

A(ABC) =
bh

2
✳

❊❧❡✈❛♥❞♦ ❛♠❜♦s ♦s ♠❡♠❜r♦s ❞❛ ❡q✉❛çã♦ ❛♦ q✉❛❞r❛❞♦✿

A(ABC)2 =
b2h2

4
. ✭✻✮

❙✉❜st✐t✉✐♥❞♦ ♦ ✈❛❧♦r ❞❡ h2 ❞❛ ❡q✉❛çã♦ ✭✺✮ ♥❛ ❡q✉❛çã♦ ✭✻✮ t❡♠✲s❡✿

A(ABC)2 =
b2[c2 − (

b2 + c2 − a2

2b
)2]

4
✱

❛ss✐♠✱

A(ABC)2 =
b2[c2 − (b2 + c2 − a2)2

4b2
]

4
✱

✸✾



❧♦❣♦✱

A(ABC)2 =
b2c2 − b2

(b2 + c2 − a2)2

4b2

4
✳

❈♦♥t✐♥✉❛♥❞♦

A(ABC)2 =
4b2c2 − (b2 + c2 − a2)2

16
✱

q✉❡ ❡q✉✐✈❛❧❡ ❛

A(ABC)2 =
(2bc)2 − (b2 + c2 − a2)2

16
✳

❆♣❧✐❝❛♥❞♦ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ ❞♦✐s q✉❛❞r❛❞♦s✱

A(ABC)2 =
[(2bc)− (b2 + c2 − a2)] · [(2bc) + (b2 + c2 − a2)]

16
✱

♦✉

A(ABC)2 =
[−(b2 − 2bc+ c2) + a2] · [(b2 + 2bc+ c2)− a2]

16
✱

q✉❡ ❡q✉✐✈❛❧❡ ❛

A(ABC)2 =
[a2 − (b− c)2] · [(b+ c)2 − a2]

16
✳

◆♦✈❛♠❡♥t❡ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ q✉❛❞r❛❞♦s t❡♠✲s❡ q✉❡

A(ABC)2 =
(a− b+ c) · (a+ b− c) · (b+ c− a) · (b+ c+ a)

2 · 2 · 2 · 2 ✱

♦✉ ❛✐♥❞❛✱

A(ABC)2 =
(a− b+ c)

2
· (a+ b− c)

2
· (b+ c− a)

2
· (b+ c+ a)

2
✳

❋❛③❡♥❞♦ ♦ s❡♠✐♣❡rí♠❡tr♦ p =
a+ b+ c

2
✱ t❡♠✲s❡

A(ABC)2 =
(a+ b+ c− 2b)

2
· (a+ b+ c− 2c)

2
· (b+ c+ a− 2a)

2
· (b+ c+ a)

2
✱

q✉❡ é

A(ABC)2 = (p− b) · (p− c) · (p− a) · p✳

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

❝♦♥❝❧✉✐✲s❡ ❛ ❞❡♠♦♥str❛çã♦

A(ABC) =
√

p · (p− a) · (p− b) · (p− c)✳

✹✵



✹✳✽ ➪r❡❛ ❞♦ ❚r❛♣é③✐♦

P❘❖P❖❙■➬➹❖ ✹✳✽✳ ❙❡ ABCD é ✉♠ tr❛♣é③✐♦ ❞❡ ❜❛s❡s AB = a, CD = b ❡ ❛❧t✉r❛ h✱

❡♥tã♦ A(ABCD) =
(a+ b)h

2
✳

❉❊▼❖◆❙❚❘❆➬➹❖✿❖ tr❛♣é③✐♦ ABCD é ✉♠ q✉❛❞r✐❧át❡r♦ q✉❡ t❡♠ ❛♣❡♥❛s ❞♦✐s ❞❡

s❡✉s ❧❛❞♦s ♦♣♦st♦s ♣❛r❛❧❡❧♦s✳ P♦❞❡✲s❡ s✉♣♦r✱ s❡♠ ♣❡r❞❛ ❞❡ ❣❡♥❡r❛❧✐❞❛❞❡ q✉❡✱ ♥♦ tr❛♣é✲

③✐♦ ABCD✱ a > b ❡ h é ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦s ❧❛❞♦s ♣❛r❛❧❡❧♦s✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✶✶✳

❋✐❣✉r❛ ✶✶✿ ❚r❛♣é③✐♦ ABCD

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❚r❛ç❛♥❞♦ ❛ ❞✐❛❣♦♥❛❧ AC✱ ♦ tr❛♣é③✐♦ ABCD é ❞❡❝♦♠♣♦st♦ ❡♠ ❞♦✐s tr✐â♥❣✉❧♦s✱

ABC ❡ ACD✱ ❧♦❣♦ A(ABCD) = A(ABC) + A(ACD)✳

❋❛③❡♥❞♦ CD ❜❛s❡ ❞♦ tr✐â♥❣✉❧♦ ACD ❡ AB ❜❛s❡ ❞♦ tr✐â♥❣✉❧♦ ABC✱ ❡ ♦❜s❡r✈❛♥❞♦

q✉❡ h é ❛❧t✉r❛ ❞❡ ❛♠❜♦s ♦s tr✐â♥❣✉❧♦s✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✶✷✱ t❡♠✲s❡ q✉❡✱

❋✐❣✉r❛ ✶✷✿ ❚r❛♣é③✐♦ ABCD ❝♦♠ ❛ ❉✐❛❣♦♥❛❧

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

A(ABCD) = A(ABC) + A(ACD)✱

❧♦❣♦✱

✹✶



A(ABCD) =
ah

2
+

bh

2
✱

❡ ❞❛í✱

A(ABCD) =
(ah+ bh)

2
✳

❈♦❧♦❝❛♥❞♦ h ❡♠ ❡✈✐❞ê♥❝✐❛ t❡♠✲s❡

A(ABCD) =
(a+ b)h

2
✳

✹✳✾ ➪r❡❛ ❞♦ ▲♦s❛♥❣♦

P❘❖P❖❙■➬➹❖ ✹✳✾✳ ❆ ár❡❛ ❞❡ ✉♠ ❧♦s❛♥❣♦ ABCD é ✐❣✉❛❧ à ♠❡t❛❞❡ ❞♦ ♣r♦❞✉t♦ ❞❛s

s✉❛s ❞✐❛❣♦♥❛✐s✳

❉❊▼❖◆❙❚❘❆➬➹❖✿ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡✱ ♦ ❧♦s❛♥❣♦ ABCD é ✉♠ q✉❛❞r✐❧át❡r♦ q✉❡ t❡♠

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

❋✐❣✉r❛ ✶✸✱ ❛ ár❡❛ ❞♦ ❧♦s❛♥❣♦ ♣♦❞❡ s❡r ❞❡❝♦♠♣♦st❛ ❡♠ ❞✉❛s ár❡❛s ❝♦♥❤❡❝✐❞❛s✱ A(ABC) ❡

A(ACD)✳

❋✐❣✉r❛ ✶✸✿ ▲♦s❛♥❣♦ ABCD ❝♦♠ ❛s ❉✐❛❣♦♥❛✐s

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

▲♦❣♦✱

A(ABCD) = A(ABC) + A(ACD)

=
AC · BM

2
+

AC ·DM

2

=
AC(BM +DM)

2

=
AC(BM +DM)

2
✳

✹✷



P♦rt❛♥t♦✱

A(ABCD) =
AC · BD

2
✳

P❖▲❮●❖◆❖❙ ❘❊●❯▲❆❘❊❙

❉❊❋■◆■➬➹❖ ✹✳✸✳ P♦❧í❣♦♥♦s ❘❡❣✉❧❛r❡s sã♦ ❛q✉❡❧❡s q✉❡ tê♠ t♦❞♦s ♦s ❧❛❞♦s ❡ t♦❞♦s ♦s

â♥❣✉❧♦s ✐♥t❡r♥♦s ❝♦♥❣r✉❡♥t❡s✱ ❧♦❣♦ q✉❛❞r❛❞♦ ❡ tr✐â♥❣✉❧♦ ❡q✉✐❧át❡r♦✱ ❞♦s q✉❛✐s ❥á s❛❜❡♠♦s

❝❛❧❝✉❧❛r ár❡❛✱ sã♦ ♣♦❧í❣♦♥♦s r❡❣✉❧❛r❡s✳

✹✳✶✵ ➪r❡❛ ❞❡ P♦❧í❣♦♥♦ ❘❡❣✉❧❛r

P❘❖P❖❙■➬➹❖ ✹✳✶✵✳ ❙❡❥❛ P ✉♠ ♣♦❧í❣♦♥♦ ❘❡❣✉❧❛r ❝♦♠ n ❧❛❞♦s✱ ❡♥tã♦ s✉❛ ár❡❛ A(P )

é ✐❣✉❛❧ à ♠❡t❛❞❡ ❞♦ ♣r♦❞✉t♦ ❡♥tr❡ s❡✉ ❛♣ót❡♠❛ a ❡ s❡✉ ♣❡rí♠❡tr♦ p✱ ♦♥❞❡ ❛♣ót❡♠❛ a é ❛

❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ❝❡♥tr♦ ❞♦ ♣♦❧í❣♦♥♦ r❡❣✉❧❛r ❡ q✉❛❧q✉❡r ✉♠ ❞❡ s❡✉s ❧❛❞♦s✳

❉❊▼❖◆❙❚❘❆➬➹❖✿ ❚♦❞♦ ♣♦❧í❣♦♥♦ r❡❣✉❧❛r ❞❡ n ❧❛❞♦s ♣♦❞❡ s❡r ❞❡❝♦♠♣♦st♦ ❡♠ n

tr✐â♥❣✉❧♦s ❝♦♥❣r✉❡♥t❡s✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✶✹✱ ❞❡ t❛❧ ❢♦r♠❛ q✉❡ ❛ ❜❛s❡ ❞❡ss❡s tr✐â♥❣✉❧♦s é

✉♠ ❧❛❞♦ l ❞♦ ♣♦❧í❣♦♥♦ ❡ ❛ ❛❧t✉r❛ é ♦ ❛♣ót❡♠❛ a✳

❋✐❣✉r❛ ✶✹✿ P♦❧í❣♦♥♦s ❘❡❣✉❧❛r❡s

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❆ ár❡❛ ❞❡ ❝❛❞❛ ✉♠ ❞♦s n tr✐â♥❣✉❧♦s é ✐❣✉❛❧ ❛

la

2

♣♦rt❛♥t♦✱

✹✸



A(P ) = n · la
2

=
nla

2
=

pa

2
✱

❧♦❣♦✱

A(P ) =
pa

2
✳

✹✳✶✶ ➪r❡❛ ❞♦ ❈ír❝✉❧♦

P❘❖P❖❙■➬➹❖ ✹✳✶✶✳ ❆ ár❡❛ ❞❡ ✉♠ ❝ír❝✉❧♦ (Ac) ❞❡ r❛✐♦ r é ✐❣✉❛❧ πr2✳

❉❊❋■◆■➬➹❖ ✹✳✹✳ ❖ P❡rí♠❡tr♦ ❞♦ ❝ír❝✉❧♦ C ❞❡ r❛✐♦ R é ❞❛❞♦ ♣♦r✿ C = 2πR✱ ❞❡ ♠♦❞♦

q✉❡ π é ✉♠❛ ❝♦♥st❛♥t❡ r❡❛❧✳

❉❊▼❖◆❙❚❘❆➬➹❖✿ ❚❡♠✲s❡ q✉❡ ❛ ár❡❛ ❞❡ ✉♠ ♣♦❧í❣♦♥♦ r❡❣✉❧❛r é ❞❛❞❛ ♣♦r A(P ) =
pa

2
✱

❡♠ q✉❡ a é ❛ ♠❡❞✐❞❛ ❞♦ ❛♣ót❡♠❛ ❡ p é ♦ ♣❡rí♠❡tr♦✳ ❆✉♠❡♥t❛♥❞♦ s✉✜❝✐❡♥t❡♠❡♥t❡ ♦

♥ú♠❡r♦ ❞❡ ❧❛❞♦s ❞♦ ♣♦❧í❣♦♥♦ r❡❣✉❧❛r✱ ❛ t❡♥❞ê♥❝✐❛ é ❝❤❡❣❛r ❛♦ ❝ír❝✉❧♦✱ ♥♦ q✉❛❧ ♦ ❛♣ót❡♠❛

♣❛ss❛ ❛ s❡r ♦ r❛✐♦ r ❡ ♦ ♣❡rí♠❡tr♦ ♣❛ss❛ ❛ s❡r ♦ ❝♦♠♣r✐♠❡♥t♦ ❞♦ ❝ír❝✉❧♦ 2πr✱ ❝♦♥❢♦r♠❡

❋✐❣✉r❛ ✶✺✳

❋✐❣✉r❛ ✶✺✿ P♦❧í❣♦♥♦s ❘❡❣✉❧❛r❡s

❋♦♥t❡✿ ❖s ❋❛♥tást✐❝♦ ◆ú♠❡r♦s Pr✐♠♦s

❆ss✐♠✱ ❛ ár❡❛ ❞♦ ❝ír❝✉❧♦ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞❛ ♣♦r✿

A(c) =
pa

2
✱

♦✉✱

✹✹



A(c) =
2πr · r

2
✱

♣♦rt❛♥t♦✱

A(c) = πr2✳

✹✺



✺ ●❊❖▼❊❚❘■❆ ❊❙P❆❈■❆▲✿ ❱♦❧✉♠❡

◆❡st❡ ❈❛♣ít✉❧♦ ❛♣r❡s❡♥t❛✲s❡ ♦s ♣r✐♥❝✐♣❛✐s só❧✐❞♦s✱ ✭Pr✐s♠❛✱ ❈✐❧✐♥❞r♦✱ P✐râ♠✐❞❡✱

❚r♦♥❝♦ ❞❡ P✐râ♠✐❞❡✱ ❈♦♥❡✱ ❚r♦♥❝♦ ❞❡ ❈♦♥❡ ❡ ❊s❢❡r❛✮ ❡ ❛❜♦r❞❛✲s❡ ♦ ❝á❧❝✉❧♦ ❞❡ s❡✉s ✈♦❧✉♠❡s✳

P❛r❛ ✐ss♦ ✉t✐❧✐③❛✲s❡ ❛s s❡❣✉✐♥t❡s ♦❜r❛s✿ ▼✉♥✐③ ◆❡t♦ ✭✷✵✶✸✮❀ ❉♦r✐❛ ✭✷✵✻✮❀ ❉❛♥t❡ ✭✷✵✶✻✮❀

❑✐❧❤✐❛♥ ✭✷✵✵✾✮ ❡ ❑✉❛❞r♦✳

❉❊❋■◆■➬➹❖ ✺✳✶✳ ❖ ❱♦❧✉♠❡ ❞❡ ✉♠ só❧✐❞♦ é ✉♠❛ ♠❡❞✐❞❛ ❞♦ ❡s♣❛ç♦ q✉❡ ❡❧❡ ♦❝✉♣❛✳

❈❛❧❝✉❧❛r ♦ ✈♦❧✉♠❡ ❞❡ ✉♠ só❧✐❞♦ s✐❣♥✐✜❝❛ ❝♦♠♣❛r❛r ♦ ❡s♣❛ç♦ ♦❝✉♣❛❞♦ ♣♦r ❡❧❡✱ ❝♦♠

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

❆ ❝❛❞❛ só❧✐❞♦ ♠❡♥s✉rá✈❡❧ S é ♣♦ssí✈❡❧ ❛ss♦❝✐❛r ✉♠ ♥ú♠❡r♦ r❡❛❧ V(S)✱ ❞❡♥♦♠✐♥❛❞♦

♦ ✈♦❧✉♠❡ ❞❡ ❙✱ ❞❡ t❛❧ ♠❛♥❡✐r❛ q✉❡ ❛s s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s ✭♣♦st✉❧❛❞♦s✮ s❡❥❛♠ s❛t✐s❢❡✐t❛s✿

✶✳ ❙❡ S é ✉♠ ❝✉❜♦ ❞❡ ❛r❡st❛ 1✱ ❡♥tã♦ V(S) = 1✳

✷✳ ❙❡ S1 ❡ S2 sã♦ só❧✐❞♦s ♠❡♥s✉rá✈❡✐s✱ t❛✐s q✉❡ Int(S1) ∩ Int(S2) = ∅ ❡ S1 ∪ S2 é

♠❡♥s✉rá✈❡❧✱ ❡♥tã♦ V(S1+S2) = V(S1) + V(S2)✳

✸✳ ❙❡ S1 ❡ S2 sã♦ só❧✐❞♦s ♠❡♥s✉rá✈❡✐s✱ t❛✐s q✉❡ S1 ⊂ S2✱ ❡♥tã♦ V(S1) ≤ V(S2)✳

✹✳ ✭Pr✐♥❝í♣✐♦ ❞❡ ❈❛✈❛❧✐❡r✐ ■■✮✳ ❙❡ S1 ❡ S2 sã♦ só❧✐❞♦s ♠❡♥s✉rá✈❡✐s ❡ α é ✉♠ ♣❧❛♥♦

t❛❧ q✉❡✱ ♣❛r❛ t♦❞♦ ♣❧❛♥♦ α❵✴✴α✱ t❡♥❤❛♠♦s A(S1∩α′) = A(S2∩α′)✱ ❡♥tã♦ V(S1) = V(S2)✳

✺✳ ❙❡ S1 é ✉♠ só❧✐❞♦ ♠❡♥s✉rá✈❡❧✱ ❡ S2 ♣✉❞❡r s❡r ♦❜t✐❞♦ ❞❡ S1 ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ tr❛♥s❧❛çã♦

❛♦ ❧♦♥❣♦ ❞❡ ✉♠ ✈❡t♦r✱ ✉♠❛ r♦t❛çã♦ ❛♦ ❧♦♥❣♦ ❞❡ ✉♠ ❡✐①♦ ♦✉ ✉♠❛ r❡✢❡①ã♦ ❛♦ ❧♦♥❣♦

❞❡ ✉♠ ♣❧❛♥♦✱ ❡♥tã♦ S2 t❛♠❜é♠ é ♠❡♥s✉rá✈❡❧ ❡ V(S1) = V(S2)

❈♦♠ ❡ss❡s ❝✐♥❝♦ ♣♦st✉❧❛❞♦s é ♣♦ssí✈❡❧ ❞❡♠♦♥str❛r ❡✴♦✉ ❞❡❞✉③✐r ♦s ✈♦❧✉♠❡s ❞♦

♣r✐♥❝✐♣❛✐s só❧✐❞♦s ❣❡♦♠étr✐❝♦s✳

✺✳✶ ❱♦❧✉♠❡ ❞♦ ❈✉❜♦

P❘❖P❖❙■➬➹❖ ✺✳✶✳ ❙❡❥❛ C ✉♠ ❝✉❜♦ ❞❡ ❛r❡st❛ l✱ ❡♥tã♦ s❡✉ ✈♦❧✉♠❡ V(C) é ✐❣✉❛❧ ❛ l3✳

❉❊❉❯➬➹❖✿ P❡❧♦ ♣♦st✉❧❛ ■✱ ♦ ✈♦❧✉♠❡ ❞❡ ✉♠ ❝✉❜♦ ❞❡ ❛r❡st❛ ✶ é ✐❣✉❛❧ ✶✱ ❋✐❣✉r❛ ✶✻✳

❚♦♠❛♥❞♦✲s❡ ♦✐t♦ ❝✉❜♦s ✉♥✐tár✐♦s ♣♦❞❡✲s❡ ❢♦r♠❛r ✉♠ ❝✉❜♦ ❞❡ ❛r❡st❛ 2✱ ❧♦❣♦ ✉♠

❝✉❜♦ ❞❡ ❛r❡st❛s ✐❣✉❛✐s ❛ 2 t❡♠ ✈♦❧✉♠❡ ✐❣✉❛❧ ❛ 8 = 23✱ s❡♠❡❧❤❛♥t❡♠❡♥t❡✱ t♦♠❛♥❞♦ 27

❝✉❜♦s ✉♥✐tár✐♦s ♣♦❞❡✲s❡ ❢♦r♠❛r ✉♠ ❝✉❜♦ ❞❡ ❛r❡st❛s ✐❣✉❛✐s ❛ 3 ♦ q✉❡ ♠♦str❛ q✉❡ ♦ ✈♦❧✉♠❡

❞❡ ✉♠ ❝✉❜♦ ❞❡ ❛r❡st❛s ✐❣✉❛✐s ❛ 3 é ✐❣✉❛❧ ❛ 27 = 33✱ ❋✐❣✉r❛ ✶✼✳

❙❡❣✉✐♥❞♦ ❡ss❡ r❛❝✐♦❝í♥✐♦✱ s❡ ♦s ❝✉❜♦s C(4)✱ C(5)✱ C(6)✱ ✳✳✳✱ C(l) t❡♠ ❛r❡st❛s ✐❣✉❛✐s

❛ 4✱ 5✱ 6✱ ✳✳✳✱ l ❡♥tã♦✱ ♣♦r r❡❝♦rrê♥❝✐❛✱ ♣♦❞❡♠♦s ❞❡❞✉③✐r q✉❡ V(C(4)) = 43✱ V(C(5)) = 53✱

✹✻



❋✐❣✉r❛ ✶✻✿ ❈✉❜♦ ❯♥✐tár✐♦

❋♦♥t❡✿ ▼❛t❡♠át✐❝❛ ❡ s✉❛s ❚❡❝♥♦❧♦❣✐❛s

❋✐❣✉r❛ ✶✼✿ ❈✉❜♦s

❋♦♥t❡✿ ▼❛t❡♠át✐❝❛ ❡ s✉❛s ❚❡❝♥♦❧♦❣✐❛s

V(C(6)) = 63✱ ✳✳✳✱ V(C(l)) = l3✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❉✐ss♦ s❡ ❞❡❞✉③ q✉❡ ♦ ✈♦❧✉♠❡ ❞❡ ✉♠ ❝✉❜♦ ❞❡

❛r❡st❛s l é ❞❛❞♦ ♣♦r✿

V(C(l)) = l3✳

✺✳✷ ❱♦❧✉♠❡ ❞❡ Pr✐s♠❛

❉❊❋■◆■➬➹❖ ✺✳✷✳ ❖ Pr✐s♠❛ é ✉♠ só❧✐❞♦ ❣❡♦♠étr✐❝♦ ❝✉❥❛s ❜❛s❡s sã♦ ♣♦❧í❣♦♥♦s ❝♦♥❣r✉✲

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

❖ Pr✐s♠❛ ♣♦❞❡ s❡r r❡t♦✱ q✉❛♥❞♦ s✉❛s ❛r❡st❛s sã♦ ♣❡r♣❡♥❞✐❝✉❧❛r❡s às s✉❛s ❜❛s❡s ♦✉

♦❜❧íq✉♦✱ ❝❛s♦ ❝♦♥trár✐♦✳ ❆ ❞✐stâ♥❝✐❛ ❡♥tr❡ ✉♠ ♣❧❛♥♦ q✉❡ ❝♦♥té♠ ✉♠❛ ❜❛s❡ ❡ ♦ ♣❧❛♥♦ q✉❡

❝♦♥té♠ ❛ ♦✉tr❛ ❜❛s❡ é ❛ ❛❧t✉r❛ (h) ❞♦ ♣r✐♠❛✳

P❘❖P❖❙■➬➹❖ ✺✳✷✳ ❙❡❥❛ P ✉♠ ♣r✐s♠❛ ❝✉❥❛ ár❡❛ ❞❛ ❜❛s❡ B é A(B) ❡ ❛❧t✉r❛ é h✱ ❊♥tã♦✱

V(P ) = A(B)h✳

✹✼



❉❊▼❖◆❙❚❘❆➬➹❖✿ ❙❡❥❛ P ✉♠ ♣r✐s♠❛ r❡t♦ r❡tâ♥❣✉❧♦✱ ❝✉❥❛s ❛r❡st❛s tê♠ ❝♦♠♣r✐♠❡♥✲

t♦s a✱ b ❡ c ∈ N✱ ♣❛rt✐❝✐♦♥❛♥❞♦ P ❡♠ abc ❝✉❜♦s ❞❡ ❛r❡st❛s 1✱ s❡❣✉❡ ❞♦s ♣♦st✉❧❛❞♦s 1 ❡ 2

q✉❡ ♦ ✈♦❧✉♠❡ ❞♦ ♣r✐s♠❛ é abc✳

P♦❞❡♠♦s ♣❡r❝❡❜❡r✱ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✶✽✱ q✉❡ ♠❛♥t✐❞❛s ❞✉❛s ❛r❡st❛s ♦ ✈♦❧✉♠❡ ❞♦

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

h ❞♦ ♣r✐♠❛✱ ❛❧é♠ ❞✐ss♦✱ ♦ ♣r♦❞✉t♦ ❞❛s ❞✉❛s ❛r❡st❛s é ❛ ár❡❛ ❞❛ ❜❛s❡✱ ❧♦❣♦✿

❋✐❣✉r❛ ✶✽✿ Pr✐s♠❛ ❘❡t♦ ❘❡tâ♥❣✉❧♦

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

V(P ) = abc = A(B)h✳

❊ss❛ ❞❡♠♦♥str❛çã♦ ❡st❛❜❡❧❡❝❡ ❛ ❢ór♠✉❧❛ ♣❛r❛ ♦ ✈♦❧✉♠❡ ❞❡ ♣r✐s♠❛ r❡t♦ r❡tâ♥❣✉❧♦✱

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

♣r✐s♠❛ P q✉❛❧q✉❡r ✭❘❡t♦ ♦✉ ❖❜❧íq✉♦✮ ❞❡ ❜❛s❡ B ♣♦❧✐❣♦♥❛❧ q✉❛❧q✉❡r ❡ s❡❥❛ P ′ ✉♠ ♣r✐s♠❛

r❡t♦ r❡tâ♥❣✉❧♦ ❞❡ ❜❛s❡ B′✱ t❛✐s q✉❡✱ A(B) = A(B′) ❡✱ B ❡ B′ ❡st❡❥❛♠ ❝♦♥t✐❞♦s ♥✉♠ ♠❡s♠♦

♣❧❛♥♦ β✱ ❝♦♠ P ❡ P ′ ❝♦♥t✐❞♦ ♥✉♠ ♠❡s♠♦ s❡♠✐❡s♣❛ç♦✱ ❞♦s q✉❡ β ❞❡t❡r♠✐♥❛✱ ❝♦♥❢♦r♠❡

❋✐❣✉r❛ ✶✾✳

❙❡ α é ✉♠ ♣❧❛♥♦ ♣❛r❛❧❡❧♦ ❛ β✱ ❛ ✐❣✉❛❧❞❛❞❡ ❞❛s ❛❧t✉r❛s ❞♦s ♣r✐s♠❛s ❣❛r❛♥t❡ q✉❡

P ∩ α 6= ∅ s❡✱ ❡ só s❡✱ P ′ ∩ α 6= ∅✳ ❆❞❡♠❛✐s✱ q✉❛♥❞♦ t❛❧ ♦❝♦rr❡✱ ❛s ✐♥t❡rs❡çõ❡s sã♦

r❡s♣❡❝t✐✈❛♠❡♥t❡ ❝♦♥❣r✉❡♥t❡s ❛ B ❡ B′✱ ❧♦❣♦✱ ♣❡❧♦ P♦st✉❧❛❞♦ ■❱ ✭Pr✐♥❝í♣✐♦ ❞❡ ❈❛✈❛❧✐❡r✐ ■■✮

❡ ♣r♦♣♦s✐çã♦ ✹✳✷

V(P ) = V(P ′) = A(B)h✳

✹✽



❋✐❣✉r❛ ✶✾✿ Pr✐s♠❛s

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

✺✳✸ ❱♦❧✉♠❡ ❞❡ ❈✐❧✐♥❞r♦

P❘❖P❖❙■➬➹❖ ✺✳✸✳ ❙❡❥❛ C ✉♠ ❝✐❧✐♥❞r♦ só❧✐❞♦ ❞❡ r❡✈♦❧✉çã♦✱ ❞❡ r❛✐♦ R ❡ ❛❧t✉r❛ h✱ ❡♥tã♦

♦ ✈♦❧✉♠❡ ❞❡ C é ✐❣✉❛❧ ❛ πR2h.

❉❊▼❖◆❙❚❘❆➬➹❖✿ ❚♦♠❛♥❞♦ ✉♠ ❝✐❧✐♥❞r♦ C q✉❛❧q✉❡r ✭❘❡t♦ ♦✉ ❖❜❧íq✉♦✮ ❞❡ ❜❛s❡ S ′

❡ s❡❥❛ P ✉♠ ♣r✐s♠❛ r❡t♦ r❡tâ♥❣✉❧♦ ❞❡ ❜❛s❡ S✱ t❛✐s q✉❡✱ A(S′) = A(S) ❡ C ❡ P ❡st❡❥❛♠

❝♦♥t✐❞♦s ♥✉♠ ♠❡s♠♦ ♣❧❛♥♦ α✱ ❝♦♠ C ❡ P ❝♦♥t✐❞♦ ♥✉♠ ♠❡s♠♦ s❡♠✐❡s♣❛ç♦✱ ❞♦s q✉❡ α

❞❡t❡r♠✐♥❛✳

❙❡ β é ✉♠ ♣❧❛♥♦ ♣❛r❛❧❡❧♦ ❛ α✱ ❛ ✐❣✉❛❧❞❛❞❡ ❞❛s ❛❧t✉r❛s ❞♦ ♣r✐s♠❛s ❡ ❝✐❧✐♥❞r♦ ❣❛r❛♥t❡

q✉❡ P ∩ β 6= ∅ s❡✱ ❡ só s❡✱ C ∩ β 6= ∅✳ ❆❞❡♠❛✐s✱ q✉❛♥❞♦ t❛❧ ♦❝♦rr❡✱ ❛s ✐♥t❡rs❡çõ❡s sã♦

r❡s♣❡❝t✐✈❛♠❡♥t❡ ❝♦♥❣r✉❡♥t❡s ❛ S ❡ S ′ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✷✵✳

❋✐❣✉r❛ ✷✵✿ Pr✐s♠❛ ❡ ❈✐❧✐♥❞r♦

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

▲♦❣♦✱ ♣❡❧♦ P♦st✉❧❛❞♦ ■❱ ✭Pr✐♥❝í♣✐♦ ❞❡ ❈❛✈❛❧✐❡r✐ ■■✮ ❡ ♣r♦♣♦s✐çã♦ ✹✳✷

✹✾



V(C) = V(P ) = A(B)h✳

❈♦♠♦ ❛ ❜❛s❡ ❞♦ ❝✐❧✐♥❞r♦ C é ✉♠ ❝ír❝✉❧♦ ❝✉❥❛ ár❡❛ é ❞❛❞❛ ♣♦r πR2✱ t❡♠✲s❡ q✉❡

V(C) = πR2h.

✺✳✹ ❱♦❧✉♠❡ ❞❡ P✐râ♠✐❞❡

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

❞❡ ♣✐râ♠✐❞❡s✳

▲❊▼❆ ✺✳✶✳ ❉✉❛s ♣✐râ♠✐❞❡s ❞❡ ♠❡s♠❛ ❜❛s❡ tr✐❛♥❣✉❧❛r ❡ ♠❡s♠❛ ❛❧t✉r❛ tê♠ ♠❡s♠♦ ✈♦✲

❧✉♠❡✳

❉❊▼❖◆❙❚❘❆➬➹❖✿ ❙❡❥❛ ∆ABC ♦ tr✐â♥❣✉❧♦ ❜❛s❡ ❡ H ❛ ❛❧t✉r❛ ❞❛s ♣✐râ♠✐❞❡s✳ ❈♦♥✲

❢♦r♠❡ ❋✐❣✉r❛ ✷✶✱ s❡❥❛♠ P1 ❡ P2 ♣✐râ♠✐❞❡s ❝♦♠ ❜❛s❡ ♦ tr✐â♥❣✉❧♦ ∆❆❇❈ ❝♦♥t✐❞♦ ♥♦ ♣❧❛♥♦

α ❡ ✈ért✐❝❡s V1 ❡ V2✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❙❡❥❛♠ S1 ❡ S2 s❡❝çõ❡s tr❛♥s✈❡rs❛✐s ♦❜t✐❞❛s ♥❛ ✐♥t❡r✲

❋✐❣✉r❛ ✷✶✿ P✐râ♠✐❞❡s ❝♦♠ ▼❡s♠❛ ❇❛s❡ ❡ ▼❡s♠❛ ❆❧t✉r❛

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

s❡❝çã♦ ❝♦♠ ♦ ♣❧❛♥♦ β ❞✐st❛♥❞♦ H−h ❞❡ α✳ ❆ s❡çã♦ tr❛♥s✈❡rs❛❧ ❞❡ P1 ❡ ❛ s❡çã♦ tr❛♥s✈❡rs❛❧

❞❡ P2 sã♦ ❛♠❜❛s tr✐â♥❣✉❧♦s s❡♠❡❧❤❛♥t❡s ❛♦ tr✐â♥❣✉❧♦ ∆ABC ❝♦♠ r❛③ã♦ ❞❡ s❡♠❡❧❤❛♥ç❛

✐❣✉❛❧ ❛ h
H
✳ ❉❡st❛ ❢♦r♠❛✱ s❡ ❛ ár❡❛ ❞❡ ∆ABC é A✱ ❛ ár❡❛ ❞❡ S1 é A1 ❡ ❛ ár❡❛ ❞❡ S2 é A2✱

t❡♠♦s

A1

A
=

A2

A
=

(

h

H

)2

✳

❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ A1 = A2 ❡✱ ♣❡❧♦ Pr✐♥❝í♣✐♦ ❞❡ ❈❛✈❛❧✐❡r✐✱ ✭P♦st✉❧❛❞♦ ■❱✮✱ ♦s ✈♦❧✉♠❡s

❞❛ ♣✐râ♠✐❞❡s P1 ❡ P2 sã♦ ✐❣✉❛✐s✳

✺✵



P❛r❛ ♦❜t❡r ✉♠❛ ❡①♣r❡ssã♦ ♣❛r❛ ♦ ❱♦❧✉♠❡ ❞❡ ✉♠❛ ♣✐râ♠✐❞❡✱ ❛ ✐❞❡✐❛ é ♠♦str❛r q✉❡

♣♦❞❡♠♦s ❞❡❝♦♠♣♦r ✉♠ ♣r✐s♠❛ ❡♠ três ♣✐râ♠✐❞❡s ❞❡ ✈♦❧✉♠❡s ✐❣✉❛✐s✳

P❘❖P❖❙■➬➹❖ ✺✳✹✳ ❖ ✈♦❧✉♠❡ ❞❡ ✉♠❛ ♣✐râ♠✐❞❡ ❝♦♠ ❜❛s❡ tr✐❛♥❣✉❧❛r B ❡ ❛❧t✉r❛ h é

❞❛❞♦ ♣♦r

V(P ) =
1

3
A(B)h✳

❉❊▼❖◆❙❚❘❆➬➹❖✿ ❙❡❥❛ ABCDEF ♦ ♣r✐s♠❛ P tr✐❛♥❣✉❧❛r ❝♦♠♦ ✐♥❞✐❝❛❞♦ ❞❛ ❋✐❣✉r❛

✷✷✳

❋✐❣✉r❛ ✷✷✿ Pr✐s♠❛ ❚r✐❛♥❣✉❧❛r ABCDEF

❋♦♥t❡✿ ▼❛t❡♠át✐❝❛ ❡♠ ❆çã♦

❚r❛ç❛♥❞♦ ❛s ❞✐❛❣♦♥❛✐s ❞❛s ❢❛❝❡s ❧❛t❡r❛✐s AE✱ EC ❡ AF ✱ ❞❡❝♦♠♣õ❡✲s❡ ♦ ♣r✐s♠❛ ❡♠ três

♣✐râ♠✐❞❡s tr✐❛♥❣✉❧❛r❡s✱ P1 = ADEF ✱ P2 = EABC ❡ P3 = EACF ✱ ♦♥❞❡ ❛ ♣r✐♠❡✐r❛ ❧❡tr❛

❝♦rr❡s♣♦♥❞❡ ❛♦ ✈ért✐❝❡ ❡ ❛s ♦✉tr❛s três ❛♦s ✈ért✐❝❡s ❞❛ ❜❛s❡✳ ❆ss✐♠✱

P = P1 ∪ P2 ∪ P3✱

❝♦♥❢♦r♠❡ s❡ ♦❜s❡r✈❛ ❞❛ ❋✐❣✉r❛ ✷✸✳

❋✐❣✉r❛ ✷✸✿ ❉❡❝♦♠♣♦s✐çã♦ ❞♦ Pr✐s♠❛ ABCDEF ❡♠ ❚rês P✐râ♠✐❞❡s

❋♦♥t❡✿ ▼❛t❡♠át✐❝❛ ❡♠ ❆çã♦

✺✶



❯♠❛ ✈❡③ q✉❡ ❛s ♣✐râ♠✐❞❡s ADEF ❡ EABC tê♠ ❛ ♠❡s♠❛ ❛❧t✉r❛ ❡ ❛s s✉❛s ❜❛s❡s

sã♦ ❝♦♥❣r✉❡♥t❡s✱ ♣❡❧♦ ▲❡♠❛ ✻✳✶✱ ❡❧❛s tê♠ ♠❡s♠♦ ✈♦❧✉♠❡✱ ♦✉ s❡❥❛ V1❂V2✳ P♦r ♦✉tr♦ ❧❛❞♦

❛ ♣✐râ♠✐❞❡ ADEF é ❛ ♠❡s♠❛ EADF q✉❡ t❡♠ ♠❡s♠❛ ❛❧t✉r❛ ❞❛ ♣✐râ♠✐❞❡ EACF ❡ ❜❛s❡

❝♦♥❣r✉❡♥t❡✱ ❧♦❣♦✱ ♣❡❧♦ ▲❡♠❛ ✹✳✶ tê♠ ♠❡s♠♦ ✈♦❧✉♠❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ V3❂V2❂V1✳

❙❡♥❞♦ B ❛ ❜❛s❡ ❞♦ ♣r✐s♠❛ ❡ AB ❛ s✉❛ ár❡❛✱ ✈✐♠♦s q✉❡ ♦ ✈♦❧✉♠❡ ❞♦ ♣r✐s♠❛ é ❞❛❞♦

♣♦r A(B)h✱ ♣♦rt❛♥t♦ ♦ ✈♦❧✉♠❡ ❞❛ ♣✐râ♠✐❞❡ VP é

VP =
1

3
Vprisma =

1

3
A(B)h✳

❆♦ ❝♦♥s✐❞❡r❛r P ✉♠❛ ♣✐râ♠✐❞❡ q✉❛❧q✉❡r✱ ♣♦❞❡✲s❡ ❞❡❝♦♠♣ô✲❧❛ ❡♠ ♣✐râ♠✐❞❡s ❞❡ ❜❛s❡

tr✐❛♥❣✉❧❛r❡s ❡ ❛ss✐♠✱ ♣❡❧♦ ♣r✐♥❝í♣✐♦ ❞❡ ❈❛✈❛❧✐❡r✐✱

VP =
1

3
A(B)h✳

✺✳✺ ❱♦❧✉♠❡ ❞❡ ❈♦♥❡

P❘❖P❖❙■➬➹❖ ✺✳✺✳ ❙❡ C é ✉♠ ❈♦♥❡ ❞❡ r❛✐♦ ❘ ❡ ❛❧t✉r❛ h✱ ❡♥tã♦

V(P ) =
1

3
πR2h✳

❉❊▼❖◆❙❚❘❆➬➹❖✿ ❙❡❥❛ T ✉♠ t❡tr❛❡❞r♦ ❞❡ ♠❡s♠❛ ❛❧t✉r❛ h q✉❡ ♦ ❝♦♥❡ C✱ ❝✉❥❛ ❜❛s❡

B é ✉♠ tr✐â♥❣✉❧♦ ❞❡ ár❡❛ ✐❣✉❛❧ à ár❡❛ ❞♦ ❞✐s❝♦ D✱ ❜❛s❡ ❞♦ ❝♦♥❡✱ ❡ t❛❧ q✉❡ B ❡ D ❡st❡❥❛♠

❡♠ ✉♠ ♠❡s♠♦ ♣❧❛♥♦ α✱ ❝♦♠ C ❡ T ❡♠ ✉♠ ♠❡s♠♦ s❡♠✐❡s♣❛ç♦✱ ❞♦s q✉❡ α ❞❡t❡r♠✐♥❛✱

❋✐❣✉r❛ ✷✹✳

❋✐❣✉r❛ ✷✹✿ ❈♦♥❡ ❡ P✐râ♠✐❞❡

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❙❡ β é ✉♠ ♣❧❛♥♦ ♣❛r❛❧❡❧♦ ❛ α✱ ❛ ✐❣✉❛❧❞❛❞❡ ❞❛s ❛❧t✉r❛s ❞♦ ❝♦♥❡ ❡ ❞♦ t❡tr❛❡❞r♦

❣❛r❛♥t❡ q✉❡ T ∩ β 6= ∅ s❡✱ ❡ s♦♠❡♥t❡ s❡✱ C ∩ β 6= ∅✳ ◆❡st❡ ❝❛s♦✱ s❡❥❛ h ❞✐stâ♥❝✐❛ ❞♦

✈ért✐❝❡ ❞♦ ❝♦♥❡ ✭♦✉ ❞♦ t❡tr❛❡❞r♦✱ t❛♥t♦ ❢❛③✮ ❛ β✱ C ∩ β = D′ ❡ C ∩ β = B′✱ s❡❣✉❡ q✉❡

✺✷



A(B′)

A(B)

=
A(B′)

B
=

(

h

H

)2

=

(

R′

R

)2

=
πR′2

πR2
=

A(D′)

A(D)

✱

♦♥❞❡ R′ é ♦ r❛✐♦ ❞❡ D′✳ ▼❛s✱ ❝♦♠♦ A(B) = A(D)✱ s❡❣✉❡ ❞❛í q✉❡ A(B′) = A(D′)✳ P♦rt❛♥t♦✱

♣❡❧♦ ♣r✐♥❝í♣✐♦ ❞❡ ❈❛✈❛❧✐❡r✐✱ t❡♠♦s

V(C) = V(T ) =
1

3
A(B)H =

1

3
A(D)H =

1

3
πR2H✳

✺✳✻ ❱♦❧✉♠❡ ❞♦ ❚r♦♥❝♦ ❞❡ P✐râ♠✐❞❡

P❘❖P❖❙■➬➹❖ ✺✳✻✳ ❙❡ T é ✉♠ ❚r♦♥❝♦ ❞❡ P✐râ♠✐❞❡✱ s✉❛ ár❡❛ ❞❛ ❜❛s❡ ♠❛✐♦r é A(B)✱

s✉❛ ár❡❛ ❞❛ ❜❛s❡ ♠❡♥♦r é A(b) ❡ ❛❧t✉r❛ h✱ ❡♥tã♦

V(T ) =
h

3
(A(B) +

√

A(B)A(b) + A(b))✳

❉❊▼❖◆❙❚❘❆➬➹❖✿ ❚♦♠❛♥❞♦ ✉♠❛ ♣✐râ♠✐❞❡ P ✱ ❞❡ ❛❧t✉r❛ H2 ❡ ❞❡ ❜❛s❡ B✱ t❛❧ q✉❡ B

❡st❡❥❛ ❝♦♥t✐❞❛ ♥♦ ♣❧❛♥♦ α✳ ❈♦♥s✐❞❡r❛♥❞♦ t❛♠❜é♠ ✉♠ ♣❧❛♥♦ β ♣❛r❛❧❡❧♦ ❛ α✱ q✉❡ s❡❝❝✐♦♥❛

P ❛ ✉♠❛ ❞✐stâ♥❝✐❛ h ❞❡ α✱ t❛❧ q✉❡ ❡♥tr❡ α ❡ β ✜❝❛ ❞❡t❡r♠✐♥❛❞♦ ✉♠ só❧✐❞♦✱ q✉❡ é ♦ ❚r♦♥❝♦

❞❡ P✐râ♠✐❞❡ ✭❚✮ ❞❡ ❛❧t✉r❛ h✱ ❜❛s❡ ♠❛✐♦r B ❡ ❜❛s❡ ♠❡♥♦r b ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✷✺✳

❋✐❣✉r❛ ✷✺✿ ❉❡t❡r♠✐♥❛çã♦ ❞❡ ❚r♦♥❝♦ ❞❡ P✐râ♠✐❞❡

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

P❡r❝❡❜❡✲s❡✱ q✉❡ ♦ ♣❧❛♥♦ β ❞❡t❡r♠✐♥❛ ✉♠❛ ♣✐râ♠✐❞❡ s❡♠❡❧❤❛♥t❡ P ′ à ♣✐râ♠✐❞❡ P ✱

❞❡ ❛❧t✉r❛ H1 ❡ ❜❛s❡ b✳ P♦rt❛♥t♦✱ ♦ ❱♦❧✉♠❡ ❞♦ tr♦♥❝♦ ❞❡ ♣✐râ♠✐❞❡✱ V(T )✱ ♣♦❞❡ s❡r ❞❛❞♦ ♣♦r

V(T ) = V1 − V2✱

♦♥❞❡ V1 é ♦ ✈♦❧✉♠❡ ❞❡ P ❡ V2 é ♦ ✈♦❧✉♠❡ ❞❡ P ′✳ ▲♦❣♦✱ ♣❡❧❛ ♣r♦♣♦s✐çã♦ ✺✳✹ t❡♠✲s❡

✺✸



V(T ) =
1

3
A(B)H2 −

1

3
A(b)H1✳

❈♦♠♦ H2 = H1 + h t❡♠✲s❡

V(T ) =
1

3
A(B)(H1 + h)− 1

3
A(b)H1

V(T ) =
1

3
(A(B)(H1 + h)− A(b)H1)

V(T ) =
1

3
(A(B)H1 + A(B)h− A(b)H1)✱

V(T ) =
1

3
[A(B)h+ (A(B) − A(b))H1]. ✭✼✮

P♦r ♦✉tr♦ ❧❛❞♦✱

A(B)

A(b)

= k2 ❡
H2

H1

= k✱

❝♦♠♦
(

H2

H1

)2

= k2✱

t❡♠✲s❡

A(B)

A(b)

=

(

H2

H1

)2

✳

▲♦❣♦
√

A(B)
√

A(b)

=
H2

H1

✳

❈♦♠♦ H2 = H1 + h✱ t❡♠✲s❡
√

A(B)
√

A(b)

=
H1 + h

H1

✱

❡ ❛ss✐♠

√

A(B)H1 =
√

A(b)(H1 + h)✱

❧♦❣♦

(√

A(B) −
√

A(b)

)

H1 = A(b)h✳

P♦rt❛♥t♦

✺✹



H1 =
A(b)h

√

A(B) −
√

A(b)

. ✭✽✮

❖❜s❡r✈❡ q✉❡✱

A(B) − A(b) = (
√

A(B))
2 − (

√

A(b))
2 = (A(B) − A(b))(A(B) + A(b))✳

❙✉❜st✐t✉✐♥❞♦ ♦ ✈❛❧♦r ❞❡ H1 ❞❛ ❡q✉❛çã♦ ✭✽✮ ♥❛ ❡q✉❛çã♦ ✭✼✮ t❡♠✲s❡

V(T ) =
1

3

[

A(B)h+ (
√

A(B)
2 −

√

A(b)
2
)

√

A(b)h
√

A(B) −
√

A(b)

]

✱

q✉❡ ❡q✉✐✈❛❧❡ ❛

V(T ) =
h

3

[

A(B) + (
√

A(B) −
√

A(b))(
√

A(B) +
√

A(b))

√

A(b)
√

A(B) −
√

A(b)

]

✱

❛ss✐♠

V(T ) =
h

3

[

A(B) + (
√

A(B) +
√

A(b))
√

A(b)

]

✳

P♦rt❛♥t♦✱

V(T ) =
h

3
(A(B) +

√

A(B)A(b) + A(b))✳

✺✳✼ ❱♦❧✉♠❡ ❞♦ ❚r♦♥❝♦ ❞❡ ❈♦♥❡

P❘❖P❖❙■➬➹❖ ✺✳✼✳ ❙❡ T é ✉♠ ❚r♦♥❝♦ ❞❡ ❈♦♥❡✱ s❡♥❞♦ ♦ r❛✐♦ ❞❛ ❜❛s❡ ♠❛✐♦r é R✱ ♦

r❛✐♦ ❞❛ ❜❛s❡ ♠❡♥♦r é r ❡ ❛❧t✉r❛ H✱ ❡♥tã♦

V(T ) =
π

3
H(R2 +Rr + r2)✳

❉❊▼❖◆❙❚❘❆➬➶❖✿ ❉❛❞♦ ✉♠ ❝♦♥❡ r❡t♦ C s❡❝❝✐♦♥❛❞♦ ❛ ✉♠❛ ❛❧t✉r❛ H ❞❡ s✉❛ ❜❛s❡ B✱

❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✷✻✳

❖ só❧✐❞♦ ❢♦r♠❛❞♦ ❡♥tr❡ ❛ s❡❝çã♦ ❡ ❛ ❜❛s❡ é ♦ ❚r♦♥❝♦ ❞❡ ❈♦♥❡ T ✱ ❞❡ ❛❧t✉r❛ H✱ r❛✐♦

❞❛ ❜❛s❡ ♠❛✐♦r R ❡ r❛✐♦ ❞❛ ❜❛s❡ ♠❡♥♦r r✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✷✼✳

❆ss✐♠

V(T ) = V(C) − V(C′)✳

✺✺



❋✐❣✉r❛ ✷✻✿ ❉❡t❡r♠✐♥❛çã♦ ❞❡ ❚r♦♥❝♦ ❞❡ ❈♦♥❡

❋♦♥t❡✿ ❖ ❇❛r✐❝❡♥tr♦ ❞❛ ▼❡♥t❡

❋✐❣✉r❛ ✷✼✿ ❚r♦♥❝♦ ❞❡ ❈♦♥❡

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❈♦♠♦ V(C′) é ♦ ✈♦❧✉♠❡ ❞♦ ❝♦♥❡ ❢♦r♠❛❞♦ ❛❝✐♠❛ ❞❛ s❡❝çã♦✱ ❡ ❛ss✐♠✱ ♣❡❧❛ ♣r♦♣♦s✐çã♦ ✺✳✺

V(T ) =
1

3
πR2(H + h)− 1

3
πr2h

V(T ) =
π

3
(R2H +R2h− r2h)

V(T ) =
π

3
[R2H + h(R2 − r2)] ✭✾✮

❉❡st❛❝❛♥❞♦ ♦ tr✐â♥❣✉❧♦ r❡tâ♥❣✉❧♦ ❞❛ ❋✐❣✉r❛ ✷✽✱ ❢♦r♠❛❞♦ ♣♦r ✉♠ s❡❝çã♦ ✈❡rt✐❝❛❧ ❞♦ ❝♦♥❡

❞❛ ❋✐❣✉r❛ ✷✻✳ P♦r s❡♠❡❧❤❛♥ç❛ ❞❡ tr✐â♥❣✉❧♦s✱ t❡♠♦s✿

H + h

h
=

R

r
✳

✺✻



❋✐❣✉r❛ ✷✽✿ ❚r✐â♥❣✉❧♦ ❋♦r♠❛❞♦ ♣♦r ✉♠❛ ❙❡❝çã♦ ❱❡rt✐❝❛❧ ♥♦ ❈♦♥❡

❋♦♥t❡✿ ❖ ❇❛r✐❝❡♥tr♦ ❞❛ ▼❡♥t❡

❆ss✐♠✱

(H + h)r = Rh

Hr + hr = Rh

Hr = Rh− hr

Hr = (R− r)h✱

❧♦❣♦✱

h =
Hr

R− r
. ✭✶✵✮

❙✉❜st✐t✉✐♥❞♦ ♦ ✈❛❧♦r ❞❡ h ❞❛ ❡q✉❛çã♦ ✭✶✵✮ ♥❛ ❡q✉❛çã♦ ✭✾✮ t❡♠✲s❡

V(T ) =
π

3
[R2H +

(

Hr

R− r

)

(R2 − r2)]

V(T ) =
π

3
[R2H +

(

Hr

R− r

)

(R− r)(R + r)]

V(T ) =
π

3
[R2H +Hr(R + r)]✳

P♦rt❛♥t♦✱

V(T ) =
π

3
H(R2 +Rr + r2)✳

✺✼



✺✳✽ ❱♦❧✉♠❡ ❞❛ ❊s❢❡r❛

P❘❖P❖❙■➬➹❖ ✺✳✽✳ ❙❡ E é ✉♠❛ ❊s❢❡r❛ ❞❡ r❛✐♦ R✱ ❡♥tã♦ ♦ s❡✉ ✈♦❧✉♠❡ é ❞❛❞♦ ♣♦r

V(E) =
4πR2

3
✳

❉❊▼❖◆❙❚❘❆➬➹❖✿ ❙❡❥❛ C ✉♠ ❝✐❧✐♥❞r♦ só❧✐❞♦ ❞❡ ❛❧t✉r❛ 2R✱ t❡♥❞♦ ♣♦r ❜❛s❡ ❞♦✐s

❝ír❝✉❧♦s ❞❡ r❛✐♦ ❘✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✷✾✳

❋✐❣✉r❛ ✷✾✿ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❱♦❧✉♠❡ ❞❛ ❊s❢❡r❛

❋♦♥t❡✿ ❯❉❊❙❈

❈♦♥str✉✐♥❞♦ ❡♠ C ❞♦✐s ❝♦♥❡s só❧✐❞♦s✱ ❛♠❜♦s ❝♦♠ ❛❧t✉r❛ R ❡ t❡♥❞♦ ♣♦r ❜❛s❡s ❛s

❜❛s❡s ❞♦ ❝✐❧✐♥❞r♦❀ ❡♥tã♦✱ ♦ ✈ért✐❝❡ ❞♦s ❝♦♥❡s ❝♦✐♥❝✐❞❡ ❝♦♠ ♦ ❝❡♥tr♦ ❞♦ q✉❛❞r❛❞♦✳ P♦r

✜♠✱ s❡❥❛ S ♦ só❧✐❞♦ ❢♦r♠❛❞♦ ♣❡❧❛ ♣♦rçã♦ ❞♦ ❝✐❧✐♥❞r♦ ❡①t❡r✐♦r à ✉♥✐ã♦ ❞♦ ❝♦♥❡s✱ q✉❡ é

❞❡♥♦♠✐♥❛❞❛ ❛♥t✐❝❧❡♣s✐❞r❛✳

❙❡❥❛♠ α ♦ ♣❧❛♥♦ ❞❡ ✉♠❛ ❞❛s ❜❛s❡s ❞♦ ❝✐❧✐♥❞r♦ ❡ E ✉♠❛ ❡s❢❡r❛ ❞❡ ❝❡♥tr♦ O ❡ r❛✐♦ R✱

t❛♥❣❡♥t❡ ❛ α ❡ s✐t✉❛❞❛✱ ❡♠ r❡❧❛çã♦ ❛ α✱ ♥♦ ♠❡s♠♦ s❡♠✐❡s♣❛ç♦ q✉❡ C✱ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛

✷✾✳

❙❡❥❛ α✬ ✉♠ ♣❧❛♥♦ ♣❛r❛❧❡❧♦ ❛ α✱ ❝♦♥t✐❞♦ ♥♦ ♠❡s♠♦ s❡♠✐❡s♣❛ç♦✱ ❡♠ r❡❧❛çã♦ ❛ α✱ q✉❡

S ❡ E✱ ❡ s✐t✉❛❞♦ à ❞✐stâ♥❝✐❛ d ❞♦ ♣♦♥t♦ O✱ ❝♦♠ d < R✳ ❈♦♠♦ C t❡♠ ❛❧t✉r❛ ✐❣✉❛❧ ❛♦

❞✐â♠❡tr♦ ❞❡ E✱ s❡❣✉❡ q✉❡ α✬ ✐♥t❡rs❡❝t❛ S s❡✱ ❡ só s❡ ✐♥t❡rs❡❝t❛ E✳ ❙❡♥❞♦ ❡ss❡ ♦ ❝❛s♦✱

t❡♠✲s❡ q✉❡ α✬ s❡❝❝✐♦♥❛ S s❡❣✉♥❞♦ ✉♠❛ ❝♦r♦❛ ❝✐r❝✉❧❛r C ′ ❞❡ r❛✐♦s d ❡ R✱ ❡♥q✉❛♥t♦ s❡❝❝✐♦♥❛

E ❡♠ ✉♠ ❞✐s❝♦ D ❞❡ ❝❡♥tr♦ A ❡ r❛✐♦
√
R2 − d2✱ ♣♦rt❛♥t♦

A(C′) = πR2 − πd2 = π(R2 − d2) = A(D)✳

▲♦❣♦✱ ♣❡❧♦ ♣r✐♥❝í♣✐♦ ❞❡ ❈❛✈❛❧✐❡r✐✱ ♣♦❞❡✲s❡ ❛✜r♠❛r q✉❡ ♦ ✈♦❧✉♠❡ ❞❛ ❡s❢❡r❛ E é ✐❣✉❛❧ ❛♦

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

V(E) = V(C) − 2V(P )

✺✽



= πR2 · 2R− 2(
1

3
πR2 ·R)

= 2πR3 − 2

3
πR3

=
6πR3

3
− 2πR3

3
✱

❝♦♥❝❧✉✐✲s❡ ❛ ❞❡♠♦♥str❛çã♦

V(E) =
4πR3

3
✳

✺✾



✻ ❆❇❖❘❉❆●❊▼ ❉❆ ❙❊◗❯✃◆❈■❆ ◆❆ ❙❊●❯◆❉❆

❙➱❘■❊ ❉❖ ❊◆❙■◆❖ ▼➱❉■❖

◆❡ss❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t❛✲s❡ ❛ s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛✱ ❛ ♠❛♥❡✐r❛ ❝♦♠♦ ❢♦✐ ❝♦♥❝❡❜✐❞❛✱

t♦❞♦s ♦s ♣r♦❝❡❞✐♠❡♥t♦s ♠❡t♦❞♦❧ó❣✐❝♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ s✉❛ ❛♣❧✐❝❛çã♦ ♥❛ ❙❡❣✉♥❞❛ ❙ér✐❡ ❞♦

❊♥s✐♥♦ ▼é❞✐♦ ❡ t❛♠❜é♠ ❛ ♠❛♥❡✐r❛ ❝♦♠♦ ❢♦✐ ❢❡✐t❛ ❛ ❛♥á❧✐s❡ ❞❛ s✉❛ ❛♣❧✐❝❛çã♦ ♣❛r❛ ❛❢❡r✐çã♦

❞♦s r❡s✉❧t❛❞♦s✳

✻✳✶ Pr♦❝❡❞✐♠❡♥t♦s ▼❡t♦❞♦❧ó❣✐❝♦s ❡ ❆♥á❧✐s❡ ❞♦s ❘❡s✉❧t❛❞♦s

❆ s❡q✉ê♥❝✐❛ ❉✐❞át✐❝❛ ♣r♦♣♦st❛ é ❝♦♠♣♦st❛ ❞❡ ❞✉❛s ❊t❛♣❛s✱ ❛ ♣r✐♠❡✐r❛ tr❛❜❛❧❤❛

♦ ❝á❧❝✉❧♦ ❞❡ ár❡❛ ❞♦s ♣r✐♥❝✐♣❛✐s ♣♦❧í❣♦♥♦s ❡ ❛ s❡❣✉♥❞❛ tr❛❜❛❧❤❛ ✈♦❧✉♠❡s ❞♦s ♣r✐♥❝✐♣❛✐s

só❧✐❞♦s✱ ❡st❛ ❡t❛♣❛ ❞❛ ❙❡q✉ê♥❝✐❛ é ❛♣r❡s❡♥t❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦ ❝♦♠♦ s✉❣❡stã♦ ♣❛r❛ ❛♣❧✐❝❛✲

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

s❡q✉ê♥❝✐❛ ♦❜❥❡t♦ ❞❡ ♥♦ss❛ ♣❡sq✉✐s❛✳

❆ ♣r✐♠❡✐r❛ ❡t❛♣❛ ❞❡st❛ ❙❡q✉ê♥❝✐❛ ❉✐❞át✐❝❛ ❢♦✐ ❛♣❧✐❝❛❞❛ ♥❛ ❊s❝♦❧❛ ❊st❛❞✉❛❧ ❈❡♥tr♦

❞❡ ❊♥s✐♥♦ ❈â♥❞✐❞♦ ▼❡♥❞❡s ❆♥❡①♦ ■■✱ q✉❡ ✜❝❛ ❧♦❝❛❧✐③❛❞❛ ♥❛ ❝♦♠✉♥✐❞❛❞❡ P❛❧❡st✐♥❛✱ ❉✐str✐t♦

❞♦ ▼✉♥✐❝í♣✐♦ ❞❡ ❇r❡❥♦✱ ❊st❛❞♦ ❞♦ ▼❛r❛♥❤ã♦✱ ❛ ❝❡r❝❛ ❞❡ tr✐♥t❛ q✉✐❧ô♠❡tr♦s ❞❛ s❡❞❡✳

❊♠ ✉♠ ❝♦♥t❡①t♦ ❜❛s✐❝❛♠❡♥t❡ r✉r❛❧✱ ❡ ❧♦♥❣❡ ❞❡ ❝❡♥tr♦s ✉r❜❛♥♦s ❢♦✐ ❢✉♥❞❛♠❡♥t❛❧✱

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

♣♦t❡♥❝✐❛✐s ♣❛r❛ ❡①♣❧♦r❛çã♦✳

❋❡✐t♦ ♦ ❧❡✈❛♥t❛♠❡♥t♦ ❞♦s ❡s♣❛ç♦s✱ ♦ ♣r♦❢❡ss♦r ♣❡sq✉✐s❛❞♦r ❡s❝♦❧❤❡✉ ❛ t✉r♠❛ ❞❛

❙❡❣✉♥❞❛ ❙ér✐❡ ❳ ♦♥❞❡ é ♣r♦❢❡ss♦r t✐t✉❧❛r✱ ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❞❡st❛ s❡q✉ê♥❝✐❛ ❡ ♣❛r❛ ❡❢❡✐t♦

❞❡ ❝♦♠♣❛r❛çã♦ ❞❡ r❡s✉❧t❛❞♦s✱ ❛ ❙❡❣✉♥❞❛ ❙ér✐❡ ❨✱ ♦♥❞❡ t❛♠❜é♠ é ♣r♦❢❡ss♦r t✐t✉❧❛r✳

❆ t✉r♠❛ ❳✱ ❢♦✐ ❡s❝♦❧❤✐❞❛ ♣♦r s❡r ✉♠❛ t✉r♠❛ ❞✐✈❡rs✐✜❝❛❞❛✱ ♣♦r ❛♣r❡s❡♥t❛r r❡s✉❧t❛❞♦s

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

❝♦♠ ❛ ❚✉r♠❛ ❨✳

❋♦✐ ❡♥❝❛♠✐♥❤❛❞♦ ❛♦ ●❡st♦r ❞❛ ❊s❝♦❧❛ ✉♠ t❡r♠♦ ❞❡ ❝♦♥s❡♥t✐♠❡♥t♦✱ ✭❆P✃◆❉■❈❊

❆✮ ♣❛r❛ q✉❡ ❛s t✉r♠❛s ❢♦ss❡♠ ❧✐❜❡r❛❞❛s ❛ ♣❛rt✐❝✐♣❛r❡♠ ❞❛ ♣❡sq✉✐s❛✱ ❛❧é♠ ❞✐ss♦✱ ❛s t✉r♠❛s

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

❝♦♠♦ s❡r✐❛♠ ❛✈❛❧✐❛❞❛s ❞✉r❛♥t❡ ❛ ❛♣❧✐❝❛çã♦ ❞❛ ❙❡q✉ê♥❝✐❛ ❉✐❞át✐❝❛ ❡ ❝❛❞❛ ❛❧✉♥♦ ♣❛rt✐❝✐✲

♣❛♥t❡✱ ♠❡♥♦r ❞❡ ✐❞❛❞❡✱ ❧❡✈♦✉ ♦ t❡r♠♦ ❞❡ ❝♦♥s❡♥t✐♠❡♥t♦ ✭❆P✃◆❉■❈❊ ❇✮ ♣❛r❛ q✉❡ ♦s

♣❛✐s ♦✉ r❡s♣♦♥sá✈❡✐s ❛ss✐♥❛ss❡♠ ❡ ❢♦ss❡♠ ❞❡✈♦❧✈✐❞♦s ❛♦ ♣r♦❢❡ss♦r ♣❡sq✉✐s❛❞♦r ♣❛r❛ q✉❡

❛♥❡①❛ss❡ ❛♦s ❞❡♠❛✐s ❞♦❝✉♠❡♥t♦s✳

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

♦♥ár✐♦ ✭❆P✃◆❉■❈❊ ❈✮✱ ♣❛r❛ ❞✐❛❣♥♦st✐❝❛r ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❞♦s ❛❧✉♥♦s ❛♥t❡s ❞❡ ❛♣❧✐❝❛r ❛

✻✵



s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛✳ ◆❡st❡ q✉❡st✐♦♥ár✐♦ ✈❡r✐✜❝♦✉✲s❡✱ ♥❛s ❞✉❛s t✉r♠❛s✱ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦s

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

❝❛♣❛③❡s ❞❡ r❡❧❛❝✐♦♥❛r ❝♦✐s❛s ❞♦ ❝♦t✐❞✐❛♥♦ ❛ ❡ss❡s ♣♦❧í❣♦♥♦s✳ ❖s r❡s✉❧t❛❞♦s ❞❛ ❛✈❛❧✐❛çã♦

❞✐❛❣♥óst✐❝❛ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✶✳

❚❛❜❡❧❛ ✶✿ ❉✐❛❣♥óst✐❝♦ ❞♦ ❈♦♥❤❡❝✐♠❡♥t♦ ❞♦s ❆❧✉♥♦s s♦❜r❡ P♦❧í❣♦♥♦s

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❱ê✲s❡ ❝❧❛r❛♠❡♥t❡ ♦ ❞é✜❝✐t ❡♠ r❡❧❛çã♦ ❛♦ t❡♠❛✱ ❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❡♥❢r❡♥t❛♠❡♥t♦✱

♣♦✐s ♥✉♠ ✉♥✐✈❡rs♦ ❞❡ ✻✺ ❛❧✉♥♦s✱ ❡①❝❡t✉❛♥❞♦ ♦ tr✐â♥❣✉❧♦ ❡ ♦ ❝ír❝✉❧♦✱ ♠❡♥♦s 50% ❞♦s ❛❧✉♥♦s

♠♦str❛r❛♠ ❝♦♥❤❡❝✐♠❡♥t♦ ♠í♥✐♠♦ ❞❛s ✜❣✉r❛s✳

❚❛❜❡❧❛ ✷✿ ❆❧✉♥♦s q✉❡ ❘❡❧❛❝✐♦♥❛r❛♠ P❡❧♦ ▼❡♥♦s ✉♠❛ ❈♦✐s❛ ❛ ✉♠ P♦❧í❣♦♥♦

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

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

❝♦t✐❞✐❛♥♦ ♣❡r❝❡❜❡✲s❡ ❛✐♥❞❛ ♠❛✐s ♦ ❞é✜❝✐t ❡♠ r❡❧❛çã♦ ❛♦ t❡♠❛✱ ❝♦♠♦ ♠♦str❛ ❛ ❚❛❜❡❧❛ ✷

♦♥❞❡ ♦s ♣❡r❝❡♥t✉❛✐s sã♦ ❜❛✐①íss✐♠♦s✳

❖❜s❡r✈♦✉✲s❡ t❛♠❜é♠ q✉❡ ♦s ❛❧✉♥♦s ♥ã♦ s❛❜✐❛♠ ❝❛❧❝✉❧❛r ár❡❛ ❞❡ ♥❡♥❤✉♠ ❞♦s ♣♦❧í✲

❣♦♥♦s✱ r❡❢♦rç❛♥❞♦ ❛✐♥❞❛ ♠❛✐s ❛ ❝❡rt❡③❛ ❞❡ ♥❡❝❡ss✐❞❛❞❡ s❡ ❡♥❢r❡♥t❛r ❛ ♣r♦❜❧❡♠át✐❝❛✳

❋❡✐t♦ ♦ ❞✐❛❣♥óst✐❝♦ ❞❛s t✉r♠❛s ❳ ❡ ❨✱ ❞❡✉✲s❡ ✐♥í❝✐♦ ❛ ✐♥t❡r✈❡♥çã♦ ❞✐❞át✐❝❛ ♥❛

s❛❧❛ ❳ ❝♦♠ ❛ ▼❡t♦❞♦❧♦❣✐❛ ❞❡ ▼♦❞❡❧❛❣❡♠ ▼❛t❡♠át✐❝❛✱ q✉❡ ❙❡❣✉♥❞♦ ✭❙❆❉❖❱❙❑❨✱ ✷✵✶✵✱

✻✶



♣✳ ✷✻✮✱ ✧✉♠ ♣r♦❝❡ss♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ✐♠♣❧✐❝❛✱ ❡♠ ♣r✐♠❡✐r♦ ❧✉❣❛r✱ r❡❝♦rt❛r ❞❡t❡r♠✐♥❛❞❛

♣r♦❜❧❡♠át✐❝❛ ❡♠ ✉♠❛ r❡❛❧✐❞❛❞❡ ❡♠ ❣❡r❛❧ ❝♦♠♣❧❡①❛✧✱ ❡

❬✳✳✳❪ ❛ ♠♦❞❡❧❛❣❡♠ ❢❛③ s❡♠♣r❡ ❛♣❡❧♦ à r❡❛❧✐❞❛❞❡ ♥❛ q✉❛❧ ❡stá ✐♥s❡r✐❞♦
♦ s✐st❡♠❛ q✉❡ ❞❡✉ ♦r✐❣❡♠ ❛♦ ♠♦❞❡❧♦ tr❛❜❛❧❤❛❞♦✱ ❬✳✳✳❪ ✉♠❛ ❡str❛té✲
❣✐❛ ❞❡ ❡♥s✐♥♦ ❞❡ ♠❛t❡♠át✐❝❛✱ ❜✉s❝❛♥❞♦ r❡❧❛❝✐♦♥❛r ❛ r❡❛❧✐❞❛❞❡ ❛♦s
t❡♠❛s ❡s❝♦❧❛s ✭❋▲❖❘❊❙✱ ✷✵✵✽✱ ♣✳ ✺✺✮✳

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

❡①❝❧✉✐r q✉❛❧q✉❡r ♣r♦❝❡❞✐♠❡♥t♦ ♦✉ ♠❡✐♦s ♣❡❧♦s q✉❛✐s ♦ s✉❥❡✐t♦ t♦♠❡ ♣♦ss❡ ❞♦ s❛❜❡r ♠❛t❡✲

♠át✐❝♦✳

❉❡ ❢❛t♦✱ ❛ ♠❛t❡♠át✐❝❛ ♥ã♦ ❢✉♥❝✐♦♥❛ ✧s❡♣❛r❛♥❞♦✧♣r♦❜❧❡♠❛s✱
té❝♥✐❝❛s✱ r❡♣r❡s❡♥t❛çõ❡s✱ ❞❡♠♦♥str❛çõ❡s❀ t♦❞❛s ❡ss❛s ✧③♦✲
♥❛s✧❝♦♥✈❡r❣❡♠✱ ❞❡ ❞✐❢❡r❡♥t❡s ♠❛♥❡✐r❛s✱ ♥❛ t❛r❡❢❡ ❞❡ ♠♦❞❡❧❛❣❡♠
✭❙❆❉❖❱❙❑❨✱ ✷✵✶✵✱ ♣✳ ✷✾✮✳

P❛r❛ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ❛❞♦t❛♠♦s ❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❆❜♦r❞❛❣❡♠ ◗✉❛❧✐t❛t✐✈❛✱

q✉❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❋♦♥t❡♥❡❧❧❡

❬✳✳✳❪ t❡♠✱ ♣♦✐s✱ ❝❛rát❡r s✉❜❥❡t✐✈♦✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ♦ ❝r✐tér✐♦
♣❛r❛ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♥ã♦ é ♥✉♠ér✐❝♦✱ ❡①❛t♦✱ ♠❛s
✈❛❧♦r❛t✐✈♦✳
❆✐♥❞❛ q✉❡ ❡✈❡♥t✉❛❧♠❡♥t❡ s❡ ✉t✐❧✐③❡ ❛❧❣✉♥s ♥ú♠❡r♦s✱ ♥♦r♠❛❧♠❡♥t❡
❡❧❛ é ❛♣❧✐❝❛❞❛ ❛ ♣♦♣✉❧❛çõ❡s ♣❡q✉❡♥❛s✱ q✉❡ ♥ã♦ ✈✐❛❜✐❧✐③❛♠ ✉♠❛
❛♥á❧✐s❡ ❡st❛tíst✐❝❛ ✭❋❖◆❚❊◆❊▲▲❊✱ ✷✵✶✼✱ ♣✳ ✶✮✳

❊ss❛ ♠❡t♦❞♦❧♦❣✐❛ s❡ ❛❞❡q✉♦✉ ♣❡r❢❡✐t❛♠❡♥t❡ ❛ ❡st❡ tr❛❜❛❧❤♦ q✉❡✱ ❞❡ ❢❛t♦ ❢❛③ ❡s✲

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

❝♦♥str✉çã♦ ❞❡ s❡✉ ❛♣r❡♥❞✐③❛❞♦ ❡ ♥❛ ❝♦♠♣r❡❡♥sã♦ ❞♦ s❡✉ ❝♦t✐❞✐❛♥♦ ♣❡❧♦ s❛❜❡r ♠❛t❡♠át✐❝♦✳

P❛r❛ ❝♦♠♣❧❡♠❡♥t❛r✱ ●❡r❤❛❞t ❡ ❙✐❧✈❡✐r❛ ❛✜r♠❛♠ q✉❡ ✧❖s ♣❡sq✉✐s❛❞♦r❡s q✉❡ ✉t✐✲

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

❝♦♥✈é♠ s❡r ❢❡✐t♦✱ ♠❛s ♥ã♦ q✉❛♥t✐✜❝❛♠ ♦s ✈❛❧♦r❡s✧✭●❊❘❍❆❘❉❚❀ ❙■▲❱❊■❘❆✱ ✷✵✵✾✱ ♣✳

✸✷✮✳

❖ ✧r❡❝♦rt❡✧✱ t❛❧ q✉❛❧ ♥♦s ❢❛❧❛ ❙❛❞♦✈s❦②✱ q✉❡ ♥♦s ❢♦r♥❡❝❡ ❛ ❞✐♥â♠✐❝❛ ❞❛ ♣r♦❜❧❡♠át✐❝❛

❛ s❡r ❞✐s❝✉t✐❞❛ ❡ ♣♦r ♠❡✐♦ ❞❛ q✉❛❧ s❡ ❢❛rá t♦❞❛ ❛ ♠♦❞❡❧❛❣❡♠✱ ❢♦✐ ♦❜❥❡t♦ ❞❡ ♣❡sq✉✐s❛ ❞♦s

❛❧✉♥♦s q✉❡ ❝♦♥s✐st❡ ♥❛ ♣r✐♠❡✐r❛ ❛t✐✈✐❞❛❞❡ ❞❡s❝r✐t❛ ♥❛ ♣ró①✐♠❛ s❡çã♦✳

✻✳✷ ❆ ❈♦♥❝❡♣çã♦ ❞❛ ❙❡q✉ê♥❝✐❛ ❉✐❞át✐❝❛

P❛r❛ ❑♦❧♦s❦✐ ✧❯♠❛ s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛ é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❛t✐✈✐❞❛❞❡s ♣❧❛♥❡❥❛❞❛s

♣❛r❛ ❡♥s✐♥❛r ✉♠ ❝♦♥t❡ú❞♦✱ ♦r❣❛♥✐③❛❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ♦❜❥❡t✐✈♦s ❞♦ ♣r♦❢❡ss♦r ♣❛r❛ ❛

❛♣r❡♥❞✐③❛❣❡♠ ❞♦s ❛❧✉♥♦s✧✭❑❖▲❖❙❑■✱ ✷✵✶✽✱ ♣✳ ✹✹✮✳

✻✷



❉✉r❛♥t❡ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❛s ❛t✐✈✐❞❛❞❡s ❞❛ s❡q✉ê♥❝✐❛ ❞❡✈❡✲s❡ ♣r✐♦r✐③❛r ❛q✉❡❧❛s q✉❡

s❡❥❛♠ ♠❛✐s ❣❡r❛✐s✱ ♦✉ q✉❡ ❡♥❣❧♦❜❛♠ ✈ár✐♦s ❝♦♥t❡ú❞♦s✱ ♣♦✐s s❡❣✉♥❞♦ ▼❡✐r❡❧❡s ✧❋❛③✲s❡ ♥❡✲

❝❡ssár✐♦ ❝r✐❛r s✐t✉❛çõ❡s ❞✐❞át✐❝❛s ✈❛r✐❛❞❛s✱ ❡♠ q✉❡ s❡❥❛ ♣♦ssí✈❡❧ r❡t♦♠❛r ♦s ❝♦♥t❡ú❞♦s

❛❜♦r❞❛❞♦s ❡♠ ❞✐✈❡rs❛s ♦♣♦rt✉♥✐❞❛❞❡s✧✭▼❊■❘❊▲❊❙✱ ✷✵✶✹✱ ♣✳✶✮✳ ❙✐❣♥✐✜❝❛ q✉❡ ♦ ♣r♦❢❡ss♦r

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

❝✐❛r ✉♠ ♠❡s♠♦ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ❡♠ ✈ár✐♦s ❡stá❣✐♦s ❞♦ ♣r♦❝❡ss♦ ❡ ❡♠ ✈❛r✐❛❞♦s ♠♦♠❡♥t♦s✳

❆ss✐♠✱ ❞❡♣♦✐s ❞❡ ❢❡✐t♦ ♦ ❞✐❛❣♥óst✐❝♦ ❞❛s t✉r♠❛s ❳ ❡ ❨✱ ❞❡✉✲s❡ ✐♥í❝✐♦ à ✐♥t❡r✈❡♥çã♦

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

❣r✉♣♦s ❡ ❝❛❞❛ ❣r✉♣♦ ✜❝♦✉ ❡♥❝❛rr❡❣❛❞♦ ❞❡ ✐❞❡♥t✐✜❝❛r ❡ r❡❣✐str❛r ❡♠ ❢♦t♦ ♦ ♠á①✐♠♦ ❞❡

❢♦r♠❛s ❣❡♦♠étr✐❝❛s ♥♦ s❡✉ ❛♠❜✐❡♥t❡ ❝♦t✐❞✐❛♥♦✳

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

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

❡st✉❞♦ ❡ ♣♦rt❛♥❞♦ ✉s❛❞❛s ♥❛ ♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦s q✉❡ ❢♦r♥❡❝❡r✐❛♠ ❛ ♣r♦❜❧❡♠át✐❝❛ ❛ s❡r

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

P♦st❡r✐♦r♠❡♥t❡ ❢♦r❛♠ ♣r♦❞✉③✐❞♦s ♦s ✈í❞❡♦s ❝♦♠ ❛s ✐♠❛❣❡♥s ✜❧♠❛❞❛s ♣❡❧♦s ❛❧✉♥♦s

❞♦s ♦❜❥❡t♦s ❡ ❧✉❣❛r❡s ❡♥❝♦♥tr❛❞♦s ❞✉r❛♥t❡ ❛ ♣❡sq✉✐s❛✱ s♦❜ ♦r✐❡♥t❛çã♦ ❞♦ ♣r♦❢❡ss♦r ♣❛r❛

q✉❡ ❛s q✉❡stõ❡s ❢♦ss❡♠ ❞✐r❡❝✐♦♥❛❞❛s ❛♦ q✉❡ s❡ ♣r♦♣õ❡ ❛ s❡q✉ê♥❝✐❛ ❡ ❛♦ q✉❡ s❡ ♣r❡t❡♥❞✐❛

♠♦❞❡❧❛r ❡♠ ❝❛❞❛ ❛✉❧❛✳

❆♣ós ❛ ❛♣r❡s❡♥t❛çã♦ ❞♦s ✈í❞❡♦s ♣❛r❛ ❛ t✉r♠❛✱ ❞❡✉✲s❡ ✐♥í❝✐♦ ❛ ❛t✐✈✐❞❛❞❡ ❞❡ ♠♦❞❡❧❛✲

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

❝♦♠♦ s✉❣❡r✐✉ ▲❡✐t❡✱ ✧❆ ❞✐❞át✐❝❛ ❞❡✈❡ ❢♦r♠❛r ✉♠ ❝♦♥❤❡❝✐♠❡♥t♦ ✈✐sí✈❡❧ ❡ ♠❡❧❤♦r❛r ♦ ❡♥✲

❣❛❥❛♠❡♥t♦ ❞♦ ❛❧✉♥♦✳ ❬✳✳✳❪ ♣r♦❢❡ss♦r ❡ ❛❧✉♥♦s tê♠ q✉❡ ✐♥t❡r❛❣✐r✱ ❬✳✳✳❪ ❛ ♣rát✐❝❛ ❞❡✈❡ s❡r

❝♦♥t❡①t✉❛❧✧✭■♥❢♦r♠❛çã♦ ❱❡r❜❛❧✮ ✷✱ ♥❡ss❛ s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛ ❛ ♣❛rt✐❝✐♣❛çã♦ ❞♦ ❛❧✉♥♦ ❢♦✐

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

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

❛t✐✈✐❞❛❞❡s✳

✻✳✸ ❉❡s❝r✐çã♦ ❞❛s ❆t✐✈✐❞❛❞❡s

◆❡st❛ s❡çã♦ ❞❡s❝r❡✈❡r❡♠♦s ❛s ❛t✐✈✐❞❛❞❡s r❡❛❧✐③❛❞❛s✱ ♦s ♦❜❥❡t✐✈♦s ❞❡ ❝❛❞❛ ✉♠❛ ❞❡❧❛s

❡ ♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥ç❛❞♦s✳

✻✳✸✳✶ ❆t✐✈✐❞❛❞❡ ■✿ ❖s Pr✐♥❝✐♣❛✐s P♦❧í❣♦♥♦s✳

❋❡✐t♦ ♦ ❞✐❛❣♥óst✐❝♦ ❢♦✐ ♦❜s❡r✈❛❞♦ ✉♠ ❞é✜❝✐t ♠✉✐t♦ ❣r❛♥❞❡ ❡♠ r❡❧❛çã♦ ❛♦ ❝♦♥t❡ú❞♦✱

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

✷❈♦♠❡♥tár✐♦ ❞❛ Pr♦❢❡ss♦r❛ ❉r❛✳ ▲✉s✐tâ♥✐❛ ❞❛ ❙✐❧✈❛ ▲❡✐t❡ ♥♦ ■■ ❙✐♠♣ós✐♦ Pr♦❢♠❛t✴❯❊▼❆✱ ❡♠ ❙ã♦ ▲✉✐s✱ ❡♠ ❞❡③❡♠❜r♦

❞❡ ✷✵✶✽✳

✻✸



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

❡st✉❞❛❞♦s ♥❡ss❛ s❡q✉ê♥❝✐❛ ❡ ❝♦♠♣r❡❡♥❞❡r ❞❡ ❢♦r♠❛ ♣rát✐❝❛ ❛ ✐❞❡✐❛ ❞❡ ár❡❛✱ ❧❛❞♦ ❡ ♣❡rí♠❡✲

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

❞❡ ár❡❛✳

❆ ❛t✐✈✐❞❛❞❡ ❡①♣❧♦r❛tór✐❛ ❝♦♥s✐st❡ ❡♠ ✉♠❛ ♣❡sq✉✐s❛ ❢♦t♦❣rá✜❝❛ ❜❛s❡❛❞❛ ❡♠ ✉♠❛

❧✐st❛ ❞❡ ✜❣✉r❛s ❡♥tr❡❣✉❡ ♣❡❧♦ ♣r♦❢❡ss♦r ❛♦s ❣r✉♣♦s ❞❡ s❡✐s ❛❧✉♥♦s✱ ✭❆P✃◆❉■❈❊ ❉✮✱ ❞❡♥tr♦

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

❆♣ós ♦ r❡❣✐str♦ ❢♦t♦❣rá✜❝♦✱ ❢♦r❛♠ s❡❧❡❝✐♦♥❛❞♦s ♦s ♦❜❥❡t♦s ♦✉ ❧♦❝❛✐s ❢♦t♦❣r❛❢❛❞♦s✱

♣❛r❛ q✉❡ ❢♦ss❡♠ ♣r♦❞✉③✐❞♦s ♦s ✈í❞❡♦s ❝♦♠ ❛s ♣r♦❜❧❡♠át✐❝❛s ♣❛r❛ ❝❛❞❛ ✜❣✉r❛ ❞❛ s❡q✉ê♥❝✐❛✳

P❛r❛ ❝❛❞❛ ♦❜❥❡t♦ ♦✉ ❧♦❝❛❧ ❢♦✐ ❡❧❛❜♦r❛❞❛ ✉♠❛ s✐t✉❛çã♦ ♣r♦❜❧❡♠❛ q✉❡ ❢♦✐ r❡tr❛t❛❞❛

♥♦s ✈í❞❡♦s ♣r♦❞✉③✐❞♦s ❡ r❡♣❛ss❛❞❛s ❡♠ s❛❧❛ ♣❛r❛✱ ❛ ♣❛rt✐ ❞❛í✱ s❡r❡♠ r❡❛❧✐③❛❞❛s ❛s ♣ró①✐♠❛s

❛t✐✈✐❞❛❞❡s✳

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

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

❛❧é♠ ❞❡ ❡①♣❧✐❝❛r ❝♦♠♦ ♦s ❛❧✉♥♦s ❞❡✈❡r✐❛♠ ♣r♦❝❡❞❡r✳ ◆❛ s❡❣✉♥❞❛ ❡ ♥❛ t❡r❝❡✐r❛ ❢♦r❛♠

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

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

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

♣r♦❜❧❡♠át✐❝❛ ❛ s❡r ♠♦❞❡❧❛❞❛ ❞✉r❛♥t❡ ❛s ♣ró①✐♠❛s ❛t✐✈✐❞❛❞❡s✳

❆♣ós ❛ ♣r✐♠❡✐r❛ ❛t✐✈✐❞❛❞❡✱ ♦s ❛❧✉♥♦s ❢♦r❛♠ ✐♥st✐❣❛❞♦s ❛ r❡s♦❧✈❡r ✉♠❛ ❧✐st❛ ❞❡

♣r♦❜❧❡♠❛s ✭❆P✃◆❉■❈❊ ❊✮✳ ❆♣ós ❡ss❛ ❛t✐✈✐❞❛❞❡ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ♦s ❛❧✉♥♦s ❞❡t✐♥❤❛♠ ❝♦✲

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

❞❡ ár❡❛ ❡ ❞❡ ♣❡rí♠❡tr♦✳

✻✳✸✳✷ ❆t✐✈✐❞❛❞❡ ■■✿ ❯♥✐❞❛❞❡ ❞❡ ➪r❡❛✱ ➪r❡❛ ❞❡ ◗✉❛❞r❛❞♦s ❡ ❘❡tâ♥❣✉❧♦s✳

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

♠♦❞❡❧❛♠ ❛ ♣r♦❜❧❡♠át✐❝❛ ❞♦ ✈í❞❡♦ ♣r♦❞✉③✐❞♦ ❡♠ ❝❛♠♣♦ ❡ r❡♣r♦❞✉③✐❞♦ ❡♠ s❛❧❛❀ ❉❡❞✉✲

③✐r ❝♦♠ ♠❛♥✐♣✉❧❛çõ❡s ❛❧❣é❜r✐❝❛s ❡ ♠❛t❡r✐❛❧ ❝♦♥❝r❡t♦ ❛s ❢ór♠✉❧❛s ❞❡ ❝á❧❝✉❧♦ ❞❡ ár❡❛ ❞❡

q✉❛❞r❛❞♦ ❡ r❡tâ♥❣✉❧♦ ❡ ❡♥❝♦♥tr❛r s♦❧✉çõ❡s ♣❛r❛ ♦s ♣r♦❜❧❡♠❛s ❛♣r❡s❡♥t❛❞♦s ❡♠ ✈í❞❡♦✳

❊ss❛ ❛t✐✈✐❞❛❞❡ ❝♦♠❡ç❛ ❝♦♠ ❛ ❡①✐❜✐çã♦ ❞♦ ✈í❞❡♦ q✉❡ ❛♣r❡s❡♥t❛ ✉♠❛ ♣r♦❜❧❡♠át✐❝❛

❢❡✐t❛ ♣❡❧♦s ❛❧✉♥♦s s♦❜ s✉♣❡r✈✐sã♦ ❞♦ ♣r♦❢❡ss♦r✱ ❡♥✈♦❧✈❡♥❞♦ q✉❛❞r❛❞♦s ❡ r❡tâ♥❣✉❧♦s✳

❉❡♣♦✐s ❞❛ ❡①✐❜✐çã♦ ♦ ♣r♦❢❡ss♦r ❛♣r❡s❡♥t❛ ♦s q✉❛tr♦ ♣♦st✉❧❛❞♦s ❞❡ ár❡❛ ✭✈❡r ♣á❣✐♥❛

✷✽✮✱ ❡ sã♦ ✐❞❡♥t✐✜❝❛❞❛s ❛s ♣r♦♣♦s✐çõ❡s ✹✳✶ ❡ ✹✳✷ q✉❡ ♠♦❞❡❧❛♠ ❛ ♣r♦❜❧❡♠át✐❝❛✱ ❞❡♣♦✐s s❡

❞❡✉s ✐♥✐❝✐♦ às ❞❡❞✉çõ❡s ❝♦♠ ♠❛t❡r✐❛✐s ♠❛♥✐♣✉❧❛t✐✈♦s✱ ❋✐❣✉r❛ ✸✵✳

▲❡♠❜r❛♥❞♦ q✉❡ ❞❡♣♦✐s ❞❡ ❢❡✐t❛ ❛ ❛♥á❧✐s❡✱ ❢♦r❛♠ ❡s❝♦❧❤✐❞❛s ♣❛r❛ ♣r♦❜❧❡♠❛t✐③❛çã♦✱

q✉❛tr♦ ❢♦t♦❣r❛✜❛s✿ ❞❡ ✉♠ q✉❛❞r♦ ✭❋✐❣✉r❛ ✸✶✮✱ ❞❡ ✉♠❛ ♣✐s❝✐♥❛✱ ✭❋✐❣✉r❛ ✸✷✮✱ ❞❡ ✉♠ ♠✉r♦✱

✻✹



❋✐❣✉r❛ ✸✵✿ ❱✐❞r♦✱ P✐♥❝❡✐s ❡ ❋♦❧❤❛ ◗✉❛❞r✐❝✉❧❛❞❛

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

✭❋✐❣✉r❛ ✸✸✮ ❡ ✉♠❛ s❛❧❛ ❞❡ ❝r✐❛♥ç❛s✱ ✭❋✐❣✉r❛ ✸✹✮✳

P❛r❛ ❝❛❞❛ ✜❣✉r❛ ❢♦r❛♠ ❢❡✐t♦s ✈í❞❡♦s ❝♦♠ ❛ ♣r♦❜❧❡♠át✐❝❛ r❡♣❛ss❛❞❛ ♣❡❧♦ ♣r♦❢❡ss♦r✳

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

♣❡❧♦ ♣r♦❢❡ss♦r ❛♦ ❣r❛✈❛r ♦s ✈í❞❡♦s✳

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

❙✉♣♦♥❞♦ q✉❡ ❡ss❡ q✉❛❞r♦ q✉❛❞r❛❞♦ ❞❡ 1m ❞❡ ❧❛❞♦ t❡♥❤❛ s✐❞♦ ❝♦♠♣r❛❞♦ ♣♦r R$

80, 00✱ ❡ q✉❡ ♦ ♣r❡ç♦ ❞❡ ✉♠ q✉❛❞r♦ s❡♠❡❧❤❛♥t❡ ❛ ❡ss❡ ❞❡♣❡♥❞❛ ❛♣❡♥❛s ❞❛ ár❡❛ ♦❝✉♣❛❞❛

♣❡❧❛ ♣❛rt❡ ♦♥❞❡ s❡ ❡s❝r❡✈❡✳ ◗✉❛♥t♦ ❝✉st❛r✐❛ ✉♠ q✉❛❞r♦ ❞❡ss❡ ❝♦♠ 10cm ❞❡ ❧❛❞♦❄

P❛r❛ ❛ ♣✐s❝✐♥❛ ❛ ♣r♦❜❧❡♠át✐❝❛ ❛ s❡❣✉✐♥t❡✿

❖ ❙r✳ P❡❞r♦✱ ❞♦♥♦ ❞❡st❛ ♣✐s❝✐♥❛✱ s❡ ✐♥❝♦♠♦❞❛ ❝♦♠ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❢♦❧❤❛s q✉❡

❝❛❡♠ ❞❡♥tr♦ ❞❡❧❛✱ ♦ q✉❡ ❢❛③ s❡r ♣r❛t✐❝❛♠❡♥t❡ ✐♠♣♦ssí✈❡❧ ♠❛♥tê✲❧❛ ❧✐♠♣❛✱ ♣♦r ✐ss♦ r❡s♦❧✈❡✉

❝♦♠♣r❛r ✉♠❛ ❧♦♥❛ ♣❛r❛ ❝♦❜r✐✲❧❛✳ ❙❡ ♦ m2 ❞❛ ❧♦♥❛ ❝✉st❛ R$ 25, 00✱ q✉❛♥t♦ ♦ ❙r✳ P❡❞r♦

❞❡✈❡ ❣❛st❛r ♣❛r❛ ❝♦❜r✐r t♦❞❛ ♣✐s❝✐♥❛❄

✻✺



❋✐❣✉r❛ ✸✶✿ ◗✉❛❞r♦ ◗✉❛❞r❛❞♦ ❞❡ 1m ❞❡ ▲❛❞♦

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❋✐❣✉r❛ ✸✷✿ P✐s❝✐♥❛ ❞❡ 1, 65m ♣♦r 3, 00m

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

P❛r❛ ♦ ♠✉r♦ ❛ s✐t✉❛çã♦ ❢♦✐ ❛ s❡❣✉✐♥t❡✿

❊ss❡ ♠✉r♦ ♣❡rt❡♥❝❡ à s❡♥❤♦r❛ ❉❛♥✐❡❧❡✱ ❡❧❛ t❡♠ ✐♥t❡r❡ss❡ ❡♠ r❡❜♦❝❛r ❡ ♣✐♥t❛r✳ ❖

♣❡❞r❡✐r♦ ♣r❡❢❡r✐❞♦ ❞❡ ❉❛♥✐❡❧❡✱ q✉❡ t❛♠❜é♠ é ♣✐♥t♦r✱ ❝♦❜r❛ R$ 5, 00 ♣♦r m2 ♣❛r❛ r❡❜♦❝❛r

❡ R$3, 50 ♣♦r m2 ♣❛r❛ ♣✐♥t❛r✳ ◗✉❛♥t♦ ❉❛♥✐❡❧❡ ✈❛✐ ❣❛st❛r ❝♦♠ ♠ã♦ ❞❡ ♦❜r❛ ♣❛r❛ t❡r s❡✉

✻✻



❋✐❣✉r❛ ✸✸✿ ▼✉r♦ ▼❡❞✐♥❞♦ 7.0m ♣♦r 2.25m

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

♠✉r♦ ♣✐♥t❛❞♦❄

❋✐❣✉r❛ ✸✹✿ ❙❛❧❛ ❞❛s ❈r✐❛♥ç❛s

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❊ ♣❛r❛ ❛ s❛❧❛ ❞❛s ❝r✐❛♥ç❛s ❛ s✐t✉❛çã♦ ❢♦✐ ❛ s❡❣✉✐♥t❡✿

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

❛✐♥❞❛ ♥ã♦ ❢♦✐ ❝♦❧♦❝❛❞❛ ♣♦rt❛ ❡ ♥❡♠ ❥❛♥❡❧❛s✳ ❖❜s❡r✈♦✉✲s❡ q✉❡ ❛ ♣♦rt❛ é ✉♠ q✉❛❞r❛❞♦

❞❡ ❧❛❞♦ 2, 50m ❡ ❛s ❥❛♥❡❧❛s sã♦ q✉❛❞r❛❞♦s ❞❡ ❧❛❞♦ 1, 75m✳ ❖ sr✳ ❆♥t♦♥✐♦ ❈❛r❧♦s q✉❡ é

❛❞♠✐♥✐str❛❞♦r ❞♦ ❧♦❝❛❧ ♣r❡t❡♥❞❡ ❝♦❧♦❝❛r ♣♦rt❛s ❡ ❥❛♥❡❧❛s ❞❡ ✈✐❞r♦✳ ❆ ✈✐❞r❛ç❛r✐❛ ♦❢❡r❡❝❡✉

❞♦✐s t✐♣♦s ❞❡ ✈✐❞r♦s✱ ❢✉♠ê ❡ tr❛♥s❧ú❝✐❞♦✳ P❡❧♦ ❢✉♠ê ❝♦❜r❛ R$ 480, 00 ♣❡❧♦ m2 ✐♥st❛❧❛❞♦

✻✼



❡ ♣❡❧♦ tr❛♥s❧ú❝✐❞♦ R$ 320, 00 ♣❡❧♦ m2✳ ◗✉❛♥t♦ ♦ ❙r✳ ❆♥t♦♥✐♦ ♣❛❣❛rá s❡ ✜③❡r ❛ ♣♦rt❛ ❞❡

✈✐❞r♦ tr❛♥s❧ú❝✐❞♦ ❡ ❛s ❥❛♥❡❧❛s ❞❡ ✈✐❞r♦ ❢✉♠ê❄

❋✐♥❛❧♠❡♥t❡ ♣r♦❢❡ss♦r ❡ ❛❧✉♥♦s ❢❛③❡♠ ❛s ❞❡❞✉çõ❡s ❞❛s ♣r♦♣♦s✐çõ❡s ✹✳✶ ❡ ✹✳✷ ❝♦♥❢♦r♠❡

❞❡s❝r✐t♦ ❛ s❡❣✉✐r✿

❉❊❉❯➬➹❖ ❉❆ P❘❖P❖❙■➬➹❖ ✹✳✶✿ ❯♠ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ l t❡♠ ár❡❛ ✐❣✉❛❧ ❛ l2✳

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

❋✐❣✉r❛ ✸✵✱ ✉♠❛ ❧✐st❛ ✐♥❞✐❝❛♥❞♦ ♦ q✉❡ ❡r❛ ♣r❛ s❡r ❢❡✐t♦ ❡ ♦ q✉❡ s❡ ♣r❡t❡♥❞✐❛✱ ✭❆P✃◆❉■❈❊

❋✮✳

◆❡st❛ ❧✐st❛ ❝♦♠ três ❛t✐✈✐❞❛❞❡s ❢❡③✲s❡ ❛ ❞❡❞✉çã♦ ♣♦r r❡❝♦rrê♥❝✐❛ ❞❛ ♣r♦♣♦s✐çã♦ ✹✳✶✱

❝♦♠❡ç❛♥❞♦ ♣❡❧❛ ár❡❛ ❞♦ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ 1✱ ❞❡♣♦✐s ❞❡ ❧❛❞♦ 2✱ ❡ ❛ss✐♠ s✉❝❡ss✐✈❛♠❡♥t❡✱

❛té q✉❡ ♦ ❛❧✉♥♦ ❝♦♥s❡❣✉✐ss❡ ❞❡❞✉③✐r ❝♦♠♦ s❡ ❝❛❧❝✉❧❛ ❛ ár❡❛ ❞❡ ✉♠ q✉❛❞r❛❞♦ s❡❥❛ q✉❛❧ ❢♦r

❛ ♠❡❞✐❞❛ ❞❡ s❡✉ ❧❛❞♦✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✸✺✳

❋✐❣✉r❛ ✸✺✿ ❉❡❞✉③✐♥❞♦ ❛ ➪r❡❛ ❞❡ ◗✉❛❞r❛❞♦

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

✻✽



❉❊❉❯➬➹❖ ❉❆ P❘❖P❖❙■➬➹❖ ✹✳✷✿ ❯♠ r❡tâ♥❣✉❧♦ ❞❡ ❧❛❞♦s a✱ b t❡♠ ár❡❛ ❛❜✳

❆ss✐♠ ❝♦♠♦ ♥❛ ❞❡❞✉çã♦ ❞❛ ♣r♦♣♦s✐çã♦ ✹✳✶✱ ❢♦r❛♠ ✉s❛❞♦s ♦s ♠❛t❡r✐❛✐s ❝♦♥❝r❡t♦s ❞❛

✜❣✉r❛ ✸✵✱ ♣❛r❛ ❢❛③❡r ♦ q✉❡ s❡ ♣❡❞❡ ♥❛ ❧✐st❛ ✭❆P✃◆❉■❈❊ ●✮✳

◆❡ss❛ ❛t✐✈✐❞❛❞❡ ♦ ❛❧✉♥♦ ❝♦♥str✉✐✉ r❡tâ♥❣✉❧♦s ✉s❛♥❞♦ ♦ ♠❛t❡r✐❛❧ ❞❡ ♠❛♥✐♣✉❧❛çã♦

❛té ❞❡❞✉③✐r q✉❡ ❛ ár❡❛ ❞♦ r❡tâ♥❣✉❧♦ é ❞❛❞❛ ❝♦♥❢♦r♠❡ ♣r♦♣♦s✐çã♦ ✹✳✶✱ ✈❡❥❛ ❋✐❣✉r❛ ✸✻✳

❋✐❣✉r❛ ✸✻✿ ❉❡❞✉③✐♥❞♦ ❛ ➪r❡❛ ❞❡ ❘❡tâ♥❣✉❧♦

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❆♣ós ❛s ❞❡❞✉çõ❡s ♣♦r r❡❝♦rrê♥❝✐❛s ❡ ❝♦♠ ✉s♦ ❞♦ ♠❛t❡r✐❛❧ ❝♦♥❝r❡t♦✱ ♦ ♣r♦❢❡ss♦r ❢❡③

❡♠ s❛❧❛ ❛s ❞❡♠♦♥str❛çõ❡s ❞❛s ♣r♦♣♦s✐çõ❡s ❝♦♥❢♦r♠❡ ❞❡s❝r✐t❛s ♥❛s ♣á❣✐♥❛s ✷✽ ❛ ✸✵ ❡ ✸✶ ❛

✸✷✳

Pr♦ss❡❣✉✐♥❞♦ ♦s ❛❧✉♥♦s r❡s♣♦♥❞❡r❛♠ ❛s q✉❛tr♦ q✉❡stõ❡s ❞♦s ✈í❞❡♦s✳

✻✾



P❛r❛ ❡ss❛ ❛t✐✈✐❞❛❞❡ ❢♦r❛♠ ♥❡❝❡ssár✐❛s três ❛✉❧❛s✱ ♥❛ ♣r✐♠❡✐r❛ ❢♦✐ ❡①✐❜✐❞♦ ♦ ✈í❞❡♦✱

❛♣r❡s❡♥t❛❞♦s ♦s q✉❛tr♦ ♣♦st✉❧❛❞♦s✱ ✐❞❡♥t✐✜❝❛❞♦s ♦s ♦❜❥❡t♦s ❞❡ ❡st✉❞♦ ❡ ❛s ♣r♦♣♦s✐çõ❡s✱

❛❧é♠ ❞✐ss♦ ❢♦r❛♠ ❞✐str✐❜✉í❞♦s ♦s ♠❛t❡r✐❛✐s ♣❛r❛ ♠❛♥✐♣✉❧❛çã♦ ❡ ❛s ❧✐st❛s ❞❡ ❛t✐✈✐❞❛❞❡s ♣❛r❛

♦s ❣r✉♣♦s❀ ♥❛ s❡❣✉♥❞❛ ❛✉❧❛ ❢♦r❛♠ ❢❡✐t❛s ❛s ❞❡❞✉çõ❡s ❞❛s ❢ór♠✉❧❛s❀ ◆❛ t❡r❝❡✐r❛ ♦ ♣r♦❢❡ss♦r

❢❡③ ❛s ❞❡♠♦♥str❛çõ❡s ❡ ♦s ❛❧✉♥♦s r❡s♣♦♥❞❡r❛♠ ❛s q✉❛tr♦ q✉❡stõ❡s ❞♦s ✈í❞❡♦s✳

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

❢ór♠✉❧❛s ♣❛r❛ ❝á❧❝✉❧♦ ❞❡ ár❡❛✱ ❡♠❜♦r❛ ❛❧❣✉♥s ❛✐♥❞❛ ❛♣r❡s❡♥t❛ss❡♠ ❞✐✜❝✉❧❞❛❞❡ ❡♠ ✐♥t❡r✲

♣r❡t❛çã♦✳ ▼❛s s✉♣❡r❛❞❛s ❡ss❛s ❞✐✜❝✉❧❞❛❞❡s ❛s q✉❡stõ❡s ❢♦r❛♠ r❡s♣♦♥❞✐❞❛s ❝♦♠ ❢❛❝✐❧✐❞❛❞❡✳

✻✳✸✳✸ ❆t✐✈✐❞❛❞❡ ■■■✿ ➪r❡❛ ❞❡ P❛r❛❧❡❧♦❣r❛♠♦ ♥ã♦ ❘❡tâ♥❣✉❧♦ ❡ ❚r✐â♥❣✉❧♦✳

❆♣ós ❡ss❛ ❛t✐✈✐❞❛❞❡ ❡s♣❡r❛✲s❡ q✉❡ ♦s ❛❧✉♥♦s t❡♥❤❛♠ ❞❡❞✉③✐❞♦ ❛s ♣r♦♣♦s✐çõ❡s ✹✳✸ ❡

✹✳✹✱ ❝♦♠♣r❡❡♥❞✐❞♦ ❛s ❞❡♠♦♥str❛çõ❡s ❞❛ ♣r♦♣♦s✐çõ❡s ✹✳✸✱ ✹✳✹✱ ✹✳✺ ❡ ✹✳✻ ❢❡✐t❛s ♣❡❧♦ ♣r♦❢❡ss♦r

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

r❡❢❡r❡♥t❡s ❛s ✐♠❛❣❡♥s ❞❛s ✜❣✉r❛s ❝✐t❛❞❛s✳

P❛r❛ ♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦s ♦ ♣r♦❢❡ss♦r s❡❧❡❝✐♦♥♦✉ ❛s s❡❣✉✐♥t❡s ✐♠❛❣❡♥s✿ ❯♠ t❡r✲

r❡♥♦ ❝♦♠ ❢♦r♠❛t♦ ❞❡ ✉♠ ♣❛r❛❧❡❧♦❣r❛♠♦✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✸✼ ❡ ✉♠ t❡rr❡♠♦ ❝♦♠ ❢♦r♠❛t♦

tr✐❛♥❣✉❧❛r ❞❛ ❋✐❣✉r❛ ✸✽✳

❋✐❣✉r❛ ✸✼✿ ❚❡rr❡♥♦ ❡♠ ❋♦r♠❛t♦ ❞❡ ✉♠ P❛r❛❧❡❧♦❣r❛♠♦

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

✼✵



❙✐t✉❛çã♦ ♣r♦❜❧❡♠❛ ❡♥✈♦❧✈❡♥❞♦ ♦ t❡rr❡♥♦✿

❖ ♠❡r❝❛❞♦ ✐♠♦❜✐❧✐ár✐♦ ✈❡♠ s❡ ❞❡s❡♥✈♦❧✈❡♥❞♦ ♥❛ r❡❣✐ã♦ ❡ ♣♦r ✐ss♦ ♦s t❡rr❡♥♦s ✜❝❛✲

r❛♠ ❝❛❞❛ ✈❡③ ♠❛✐s ❝❛r♦s✱ ❡♠ ✷✵✵✷ ❡ss❡ t❡rr❡♥♦ ❢♦✐ ❝♦♠♣r❛❞♦ ♣❡❧❛ ❙r❛✳ ❆♥❞r❡✐❛ ♣♦r R$

280, 00✱ ❛❣♦r❛ ❡♠ ✷✵✶✽ ♦ ♠❡s♠♦ t❡rr❡♥♦ ❢♦✐ ♥❡❣♦❝✐❛❞♦ ♣♦r R$ 25.000, 00✳ ◗✉❛❧ ❛ ❞✐❢❡r❡♥ç❛

❡♥tr❡ ♦ m2 ♥❡❣♦❝✐❛❞♦ ❡♠ ✷✵✵✷ ❡ ♦ ♥❡❣♦❝✐❛❞♦ ❡♠ ✷✵✶✽❄

❋✐❣✉r❛ ✸✽✿ ❚❡rr❡♥♦ ❡♠ ❋♦r♠❛t♦ ❞❡ ✉♠ ❚r✐â♥❣✉❧♦

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❙✐t✉❛çã♦ ♣r♦❜❧❡♠❛ ❡♥✈♦❧✈❡♥❞♦ ❛ ár❡❛ tr✐❛♥❣✉❧❛r✿

P❡❧❛ ❢❛❧t❛ ❞❡ ❡♠♣r❡❣♦ ❢♦r♠❛❧ ♠✉✐t❛s ♣❡ss♦❛s r❡❝♦rr❡♠ ❛♦ tr❛❜❛❧❤♦ ❛✉tô♥♦♠♦ ❡

✐♥❢♦r♠❛❧✳ ❊st❡ ❡s♣❛ç♦ é ✉s❛❞♦ ♣♦r ❞✉❛s ♣❡ss♦❛s ♣❛r❛ ✈❡♥❞❛ ❞❡ ❛❧✐♠❡♥t♦s✱ ♣❡❧❛ ♠❛♥❤ã ✉♠

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

♣❛♥❡❧❛❞❛✳ ❈♦♠♦ ❛ ♣r❡❢❡✐t✉r❛ ♥ã♦ ❢❛③ ♠❡❧❤♦r✐❛s ♥♦ ❧♦❝❛❧ ❛ ❛♥♦s✱ ♦s ❞♦✐s ❝♦♠❡r❝✐❛♥t❡s

r❡s♦❧✈❡r❛♠ ❢❛③❡r ❡❧❡s ♠❡s♠♦✳ ◆❡st❡ ♠ês ❡❧❡s ✐rã♦ ❝♦❧♦❝❛r ♦ ♣✐s♦✳ ❙❛❜❡♥❞♦ q✉❡ ♦ m2 ❞♦

♣✐s♦ ❝✉st❛ R$ 28, 00✱ ❡ q✉❡ ❛ ♠ã♦ ❞❡ ♦❜r❛ s❛✐ ♣♦r R$ 25, 00 ♦ m2✳ ◗✉❛♥t♦ ❝❛❞❛ ✉♠ ♣❛❣❛rá✱

s❡ ❛ ❞❡s♣❡s❛ ❢♦r ❞✐✈✐❞✐❞❛ ✐❣✉❛❧♠❡♥t❡❄

❆ss✐♠ ❝♦♠♦ ❛ ❛t✐✈✐❞❛❞❡ ❛♥t❡r✐♦r✱ ❡st❛ s❡ ✐♥✐❝✐♦✉ ❝♦♠ ❛ ❡①✐❜✐çã♦ ❞♦ ✈í❞❡♦ q✉❡

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

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

❊♥q✉❛♥t♦ ♦ ♣r♦❢❡ss♦r ❢❛③ ❛s ❞❡♠♦♥str❛çõ❡s✱ ♦s ❛❧✉♥♦s ❢❛③❡♠ ❡♠ ❣r✉♣♦ ❛s ♠❛♥✐♣✉✲

❧❛çõ❡s ❝♦♠ ♠❛t❡r✐❛❧ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✾✳

✼✶



❋✐❣✉r❛ ✸✾✿ ▼❛t❡r✐❛❧ ❯s❛❞♦ ♣❛r❛ ❉❡❞✉çã♦

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

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

♥❛s ❋✐❣✉r❛s ✹✵ ❡ ✹✶✳

❉❊❉❯➬➹❖ ❉❆ P❘❖P❖❙■➬➹❖ ✹✳✸✿ ❆ ár❡❛ ❞❡ ✉♠ ♣❛r❛❧❡❧♦❣r❛♠♦ ❞❡ ❜❛s❡ b ❡ ❛❧t✉r❛

h é ✐❣✉❛❧ ❛ bh✳

❋✐❣✉r❛ ✹✵✿ ❉❡❞✉③✐♥❞♦ ❛ ➪r❡❛ ❞❡ ✉♠ P❛r❛❧❡❧♦❣r❛♠♦ ■

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

✼✷



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

tr✉✐♥❞♦ ✉♠ tr✐â♥❣✉❧♦ ❝♦♥❣r✉❡♥t❡ ❛♦ tr✐â♥❣✉❧♦ ❞❡❧✐♠✐t❛❞♦ ♣❡❧❛ ❛❧t✉r❛ ❞♦ ♣❛r❛❧❡❧♦❣r❛♠♦✳

❋✐❣✉r❛ ✹✶✿ ❉❡❞✉③✐♥❞♦ ❛ ➪r❡❛ ❞❡ ✉♠ P❛r❛❧❡❧♦❣r❛♠♦ ■■

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

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

r❡tâ♥❣✉❧♦✱ ♣r♦✈❛♥❞♦ q✉❡ ❛ ár❡❛ ❞♦ ♣❛r❛❧❡❧♦❣r❛♠♦ é ❛ ♠❡s♠❛ ❞♦ r❡tâ♥❣✉❧♦ q✉❡ t❡♠ ♠❡s♠❛

❜❛s❡ ❡ ♠❡s♠❛ ❛❧t✉r❛✳

❉❊❉❯➬➹❖ ❉❆ P❘❖P❖❙■➬➹❖ ✹✳✹✿ ❆ ár❡❛ ❞❡ ✉♠ tr✐â♥❣✉❧♦ ❞❡ ❜❛s❡ b ❡ ❛❧t✉r❛ h é

✐❣✉❛❧ ❛
bh

2
✳

❊♥q✉❛♥t♦ ♦ ♣r♦❢❡ss♦r ❢❛③ ❛ ❞❡♠♦♥str❛çã♦ ❞❛ ♣r♦♣♦s✐çã♦ ✹✳✹ ♦s ❛❧✉♥♦s ❛❝♦♠♣❛♥❤❛♠

❢❛③❡♥❞♦ ♠❛♥✐♣✉❧❛çã♦ ❝♦♠ ♦ ♠❛t❡r✐❛❧ ❝♦♥❝r❡t♦✱ ❝♦♥❢♦r♠❡ ❛s ❋✐❣✉r❛s ✹✷ ❡ ✹✸✳

❋✐❣✉r❛ ✹✷✿ ❉❡❞✉③✐♥❞♦ ❛ ➪r❡❛ ❞❡ ✉♠ ❚r✐â♥❣✉❧♦ ❞❡ ❇❛s❡ b ❡ ❆❧t✉r❛ h ■

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

✼✸



❚r❛ç❛♥❞♦ s♦❜r❡ ♦ ✈✐❞r♦ ❝♦♥stró✐✲s❡ ✉♠ tr✐â♥❣✉❧♦ ❝♦♥❣r✉❡♥t❡ ❛♦ tr✐â♥❣✉❧♦ ❞♦ ♣❛♣❡❧✳

❋✐❣✉r❛ ✹✸✿ ❉❡❞✉③✐♥❞♦ ❛ ➪r❡❛ ❞❡ ✉♠ ❚r✐â♥❣✉❧♦ ❞❡ ❇❛s❡ b ❡ ❆❧t✉r❛ h ■■

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❋❛③❡♥❞♦ ❞♦✐s ♠♦✈✐♠❡♥t♦s ❝♦♠ ♦ ✈✐❞r♦✱ ❢♦r♠❛✲s❡ ✉♠ ♣❛r❛❧❡❧♦❣r❛♠♦✱ ❝✉❥❛ ár❡❛ ❥á

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

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

❉❡♣♦✐s ❞❡ ❢❡✐t❛s ❛s ❞❡❞✉çõ❡s ❡ ❞❡♠♦♥str❛çõ❡s ❞❛s ♣r♦♣♦s✐çõ❡s ✹✳✸ ❡ ✹✳✹✱ ♦ ♣r♦❢❡ss♦r

❢❡③ ❛s ❞❡♠♦♥str❛çõ❡s ❞❛s ♣r♦♣♦s✐çõ❡s ✹✳✺✱ ✹✳✻ ❡ ✹✳✼ ❈♦♥❢♦r♠❡ ♣á❣✐♥❛s ✸✺ ❛ ✹✵✱ q✉❡ t❛♠❜é♠

❞✐③❡♠ r❡s♣❡✐t♦ ❛♦ ❝á❧❝✉❧♦ ❞❡ ár❡❛ ❞♦ tr✐â♥❣✉❧♦✳

❆ s❡❣✉✐r ♦s ❛❧✉♥♦s r❡s♣♦♥❞❡r❛♠ ❛s q✉❡stõ❡s ♣r♦♣♦st❛s ♣❡❧♦ ♣r♦❢❡ss♦r ♥❛ ♣r♦❞✉çã♦

❞♦ ✈í❞❡♦✳

P❛r❛ ❡ss❛ ❛t✐✈✐❞❛❞❡ ❢♦r❛♠ ♥❡❝❡ssár✐❛s três ❛✉❧❛s✳ ◆❛ ♣r✐♠❡✐r❛ ❢♦✐ ❡①✐❜✐❞♦ ♦ ✈í❞❡♦

❡ ❞❡❞✉çã♦ ❞❛s ♣r♦♣♦s✐çõ❡s✳ ◆❛ s❡❣✉♥❞❛ ❡ ♥❛ t❡r❝❡✐r❛ ❢♦r❛♠ ❢❡✐t❛s ❛s ❞❡♠♦♥str❛çõ❡s ❞❛s

♣r♦♣♦s✐çõ❡s ✹✳✺✱ ✹✳✻ ❡ ✹✳✼ ❡♥❝❡rr❛♥❞♦ ♦s ❛❧✉♥♦s r❡s♣♦♥❞❡r❛♠ ♦s ♣r♦❜❧❡♠❛s ❞♦ ✈í❞❡♦✳

❆♦ ✜♥❛❧ ❞❡st❛ ❛t✐✈✐❞❛❞❡ ♦❜s❡r✈♦✉✲s❡ ♥♦s ❛❧✉♥♦s ✉♠ ✐♥t❡r❡ss❡ ♠❛✐♦r ❡♠ r❡s♦❧✈❡r ♦s

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

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

✻✳✸✳✹ ❆t✐✈✐❞❛❞❡ ■❱✿ ➪r❡❛ ❞❡ ❚r❛♣é③✐♦ ❡ ❞❡ ▲♦s❛♥❣♦✳

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

♠❛t❡r✐❛❧ ❝♦♥❝r❡t♦ ❛s ♣r♦♣♦s✐çõ❡s ✹✳✽ ❡ ✹✳✾✱ ❝❛❧❝✉❧❛r ár❡❛ ❞❡ tr❛♣é③✐♦✱ ❧♦s❛♥❣♦ ❡ r❡s♦❧✈❡r ❛

♣r♦❜❧❡♠át✐❝❛ ❛♣r❡s❡♥t❛❞❛ ❡♠ ✈í❞❡♦✳

❙❡❣✉✐♥❞♦ ♦ ♠❡s♠♦ r♦t❡✐r♦ ❞❛s ❛t✐✈✐❞❛❞❡s ❛♥t❡r✐♦r❡s✱ ♣r✐♠❡✐r♦ s❡ ❢❡③ ❛ ❡①✐❜✐çã♦ ❞♦

✈í❞❡♦ ❝♦♠ ❛ ♣r♦❜❧❡♠át✐❝❛ ❛ s❡r ♠♦❞❡❧❛❞❛ ❝♦♥❢♦r♠❡ ❛s ✐♠❛❣❡♥s ❞❛s ❋✐❣✉r❛s ✹✹ ❡ ✹✺ ❡

✼✹



❞❡s❝r✐çã♦ ❛ s❡❣✉✐r✿

❋✐❣✉r❛ ✹✹✿ ❇❛♥❤❡✐r♦ ❞❛ ❊s❝♦❧❛

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❙✐t✉❛çã♦ ❡♥✈♦❧✈❡♥❞♦ ♦s ❜❛♥❤❡✐r♦s✿

❖ ❞✐r❡t♦r ❞❛ ❊s❝♦❧❛ ♣r❡t❡♥❞❡ ♣✐♥t❛r ❛s ♣❛r❡❞❡s ❞❛ ❧❛t❡r❛❧ ❞✐r❡✐t❛ ❡ ❞❛ ❢r❡♥t❡ ❞♦s

❜❛♥❤❡✐r♦s ❢❡♠✐♥✐♥♦s✳ ❙❡❣✉♥❞♦ ♦ ♣✐♥t♦r✱ ✉♠ ❣❛❧ã♦ ❞❡ t✐♥t❛ à ❜❛s❡ ❞✬á❣✉❛ ❞❡ 3, 6l é s✉✜❝✐❡♥t❡

♣❛r❛ ♣✐♥t❛r 10m2 ❞❡ ár❡❛✳ ◗✉❛♥t♦s ❣❛❧õ❡s ♦ ❞✐r❡t♦r ❞❡✈❡ ❝♦♠♣r❛r❄

❋✐❣✉r❛ ✹✺✿ ❇❛♥❞❡✐r❛ ❞♦ ❇r❛s✐❧

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

✼✺



❙✐t✉❛çã♦ ❡♥✈♦❧✈❡♥❞♦ ❛ ❇❛♥❞❡✐r❛ ❞♦ ❇r❛s✐❧✿

❆ ❜❛♥❞❡✐r❛ ❜r❛s✐❧❡✐r❛ t❡♠ três ❢♦r♠❛s ❣❡♦♠étr✐❝❛s q✉❡ ❡st✉❞❛♠♦s ❡♠ ♥♦ss❛ s❡q✉ê♥✲

❝✐❛✱ ♦ ❘❡tâ♥❣✉❧♦✱ ▲♦s❛♥❣♦ ❡ ♦ ❈ír❝✉❧♦✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ r❡tâ♥❣✉❧♦ ♠❡❞❡ 0, 95m ♣♦r

0, 72m ❡ ♦ ❧♦s❛♥❣♦ t❡♠ ❞✐❛❣♦♥❛✐s ♠❡❞✐♥❞♦ 0, 80m ❡ 0, 55m✱ ❈❛❧❝✉❧❡ ❛ ár❡❛ ✈❡r❞❡ ❞❛ ❜❛♥✲

❞❡✐r❛✳

❙❡❣✉✐♥❞♦ r❡❧❛❝✐♦♥❛♠♦s ❛s ♣r♦♣♦s✐çõ❡s ❛♦s ♣r♦❜❧❡♠❛s ❡ ❢❛③❡♠♦s ❛s ❞❡♠♦♥str❛çõ❡s

❡ ❞❡❞✉çõ❡s ❝♦♠ ♦s ♠❛t❡r✐❛✐s ❞❛ ❋✐❣✉r❛ ✹✻✳

❋✐❣✉r❛ ✹✻✿ ▼❛t❡r✐❛✐s ♣❛r❛ ❉❡❞✉çã♦

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❉❊❉❯➬➹❖ ❉❆ P❘❖P❖❙■➬➹❖ ✹✳✽✿ ❙❡ ABCD é ✉♠ tr❛♣é③✐♦ ❞❡ ❜❛s❡s AB =

a, CD = b ❡ ❛❧t✉r❛ h✱ ❡♥tã♦

A(ABCD) =
(a+ b)h

2
✳

❖ ❣r✉♣♦ ❞❡ ❛❧✉♥♦s ❢❛③ ♦ tr❛❝❡❥❛❞♦ s♦❜r❡ ♦ ✈✐❞r♦ ❝♦♥str✉✐♥❞♦ ✉♠ tr✐â♥❣✉❧♦ ❝♦♥❣r✉✲

❡♥t❡ ❛♦ tr✐â♥❣✉❧♦ q✉❡ t❡♠ ❜❛s❡ b ❡ ✉♠ ❧❛❞♦ é ❛ diagonal✱ ❝♦♥❢♦r♠❡ ✐♠❛❣❡♠ ❞❛ ❋✐❣✉r❛

✹✼✳

✼✻



❋✐❣✉r❛ ✹✼✿ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ❚r❛♣é③✐♦ ■

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❆♣ós✱ ❝♦♠ ♦ ♠♦✈✐♠❡♥t♦ ❞❡ r♦t❛çã♦ ♥♦ ✈✐❞r♦✱ ❝♦❧♦❝❛✲s❡ ♦ tr✐â♥❣✉❧♦ ❝♦♥str✉í❞♦ ♥❛

♠❡s♠❛ r❡t❛ q✉❡ ❝♦♥té♠ ❛ ❜❛s❡ B✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✹✽✳

❋✐❣✉r❛ ✹✽✿ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ❚r❛♣é③✐♦ ■■

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

✼✼



❈♦♠ ✐ss♦ ♦s ❛❧✉♥♦s ♣❡r❝❡❜❡♠ q✉❡ ❛ ár❡❛ ❞♦ tr❛♣é③✐♦ é ✐❣✉❛❧ à s♦♠❛ ❞❛s ár❡❛s ❞♦s

❞♦✐s tr✐â♥❣✉❧♦s q✉❡ tê♠ ♠❡s♠❛ ❛❧t✉r❛ h✱ ❜❛s❡s B✱ b ❡ ❞❛í ❝♦♠ ❛❧❣✉♠❛s ♠❛♥✐♣✉❧❛çõ❡s

❛❧❣é❜r✐❝❛s s❡ ❝❤❡❣❛ ♥❛ ❢ór♠✉❧❛ ♣❛r❛ ❝á❧❝✉❧♦ ❞❡ ár❡❛ ❞♦ tr❛♣é③✐♦ ❝♦♥❢♦r♠❡ ♣r♦♣♦s✐çã♦ ✹✳✽✳

❉❊❉❯➬➹❖ ❉❆ P❘❖P❖❙■➬➹❖ ✹✳✾✿ ❆ ár❡❛ ❞❡ ✉♠ ❧♦s❛♥❣♦ ABCD é ✐❣✉❛❧ à ♠❡t❛❞❡

❞♦ ♣r♦❞✉t♦ ❞❛s s✉❛s ❞✐❛❣♦♥❛✐s✳

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

❣✉❧♦ BMC ❡ ❞❡st❛q✉❡ ❛ s✉❛ ár❡❛ ♥❛ ❝♦r ✈❡r♠❡❧❤❛✱ ❝♦♠♦ ♠♦str❛ ❛ ❋✐❣✉r❛ ✹✾✳

❋✐❣✉r❛ ✹✾✿ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ▲♦s❛♥❣♦ ■

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❉❡s❧♦❝❛♥❞♦ ♦ ✈✐❞r♦ ♣❛r❛ ❛ ❡sq✉❡r❞❛ ❛té q✉❡ ♦ ✈ért✐❝❡ C ❞♦ tr✐â♥❣✉❧♦ ❝♦✐♥❝✐❞❛ ❝♦♠

♦ ✈ért✐❝❡ A ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✺✵✳

❈♦♥stró✐✲s❡ ✉♠ tr✐â♥❣✉❧♦ ❝♦♥❣r✉❡♥t❡ ❛♦ tr✐â♥❣✉❧♦ ABM ❡ ❞❡st❛❝❛✲s❡ s✉❛ ár❡❛ t❛♠✲

❜é♠ ♥❛ ❝♦r ✈❡r♠❡❧❤❛✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✺✶✳

✼✽



❋✐❣✉r❛ ✺✵✿ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ▲♦s❛♥❣♦ ■■

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❋✐❣✉r❛ ✺✶✿ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ▲♦s❛♥❣♦ ■■■

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❋❛③❡♥❞♦ ✉♠ ♠♦✈✐♠❡♥t♦ ❝♦♠ ♦ ✈✐❞r♦ ❝♦❧♦❝❛♠✲s❡ ♦s tr✐â♥❣✉❧♦s ❝♦♥str✉í❞♦s s♦❜r❡ ♦

❧♦s❛♥❣♦ ❢♦r♠❛♥❞♦ ✉♠ r❡tâ♥❣✉❧♦✱ ❝♦♠♦ ♠♦str❛ ❛ ❋✐❣✉r❛ ✺✷✳

❉❡st❛❝❛♥❞♦ t❛♠❜é♠ ❛ ♦✉tr❛ ♣❛rt❡ ❞♦ r❡tâ♥❣✉❧♦ ❡ ✐❞❡♥t✐✜❝❛♥❞♦ ♦s ✈ért✐❝❡s E ❡ F ✱

✼✾



❋✐❣✉r❛ ✺✷✿ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ▲♦s❛♥❣♦ ■❱

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✸✳

❋✐❣✉r❛ ✺✸✿ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ▲♦s❛♥❣♦ ❱

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❆♦ ❞❡s❧♦❝❛r ♦ ✈✐❞r♦ ♣❛r❛ ❝✐♠❛✱ ❞❡st❛❝❛✲s❡ ♦ r❡tâ♥❣✉❧♦ ACEF ✱ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛

✺✹✳

❈♦♠♦ ❛ ár❡❛ ❞♦ r❡tâ♥❣✉❧♦ ❥á é ❝♦♥❤❡❝✐❞❛ ❡ ♠♦str♦✉✲s❡ q✉❡ ❛ ár❡❛ ❞♦ ❧♦s❛♥❣♦ é

✐❣✉❛❧ à ❞♦ r❡tâ♥❣✉❧♦ ACEF ✱ ♣♦❞❡✲s❡ ❛✜r♠❛r q✉❡ ❛ ár❡❛ ❞♦ ❧♦s❛♥❣♦ é ❞❛❞♦ ♣❡❧❛ ♠❡t❛❞❡

♣r♦❞✉t♦ ❞❛s s✉❛s ❞✐❛❣♦♥❛✐s✳

✽✵



❋✐❣✉r❛ ✺✹✿ ❉❡❞✉③✐♥❞♦ ❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞♦ ▲♦s❛♥❣♦ ❱■

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

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

✈í❞❡♦s✳

❆♦ ✜♥❛❧ ❞❡st❛ ❛t✐✈✐❞❛❞❡ ♦s ❛❧✉♥♦s ❥á ❡st❛✈❛♠ ❜❡♠ ❢❛♠✐❧✐❛r✐③❛❞♦s ❝♦♠ ❛s ❛t✐✈✐❞❛✲

❞❡s ❡ ❥á t♦♠❛✈❛♠ ✐♥✐❝✐❛t✐✈❛ ❡♠ r❡s♣♦♥❞❡r ❛ ♣r♦❜❧❡♠át✐❝❛ ❞♦ ✈í❞❡♦✱ t♦❞♦s r❡s♦❧✈❡r❛♠ ♦s

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

P❛r❛ ❡ss❛ ❛t✐✈✐❞❛❞❡ ❢♦r❛♠ ♥❡❝❡ssár✐❛s três ❛✉❧❛s✱ ♥❛ ♣r✐♠❡✐r❛ ❢❡③✲s❡ ❛ ❡①✐❜✐çã♦ ❞♦

✈í❞❡♦✱ ❞❡♠♦♥str❛çã♦ ❡ ❞❡❞✉çã♦ ❞❛ ♣r♦♣♦s✐çã♦ ✹✳✽✳ ◆❛ s❡❣✉♥❞❛ ❛ ❞❡♠♦♥str❛çã♦ ❡ ❞❡❞✉çã♦

❞❛ ♣r♦♣♦s✐çã♦ ✹✳✾✳ ❊ ♥❛ t❡r❝❡✐r❛ ❛ r❡s♦❧✉çã♦ ❞♦s ♣r♦❜❧❡♠❛s ❞♦ ✈í❞❡♦✳

✻✳✸✳✺ ❆t✐✈✐❞❛❞❡ ❱✿ ➪r❡❛ ❞❡ P♦❧í❣♦♥♦s ❘❡❣✉❧❛r❡s ❡ ❞♦ ❈ír❝✉❧♦✳

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

❣♦♥♦s r❡❣✉❧❛r❡s✱ ❝❛❧❝✉❧❛r ár❡❛ ❞❡ ❝ír❝✉❧♦s✱ r❡s♦❧✈❛ ♦s ♣r♦❜❧❡♠❛s ♣r♦♣♦st♦s ❡ ❞❡❞✉③❛♠ ♣♦r

r❡❝♦rrê♥❝✐❛ ❛s ♣r♦♣♦s✐çõ❡s ✹✳✶✵ ❡ ✹✳✶✶✳

❈♦♠♦ ♥❛s ❛t✐✈✐❞❛❞❡ ❛♥t❡r✐♦r❡s ❛♣r❡s❡♥t♦✉✲s❡ ♦ ✈í❞❡♦ ❝♦♠ ❛ ♣r♦❜❧❡♠át✐❝❛ ❡♥✈♦❧✲

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

♣r♦♣♦s✐çõ❡s✳

❆ s❡❣✉✐r ❛s ❞❡s❝r✐çõ❡s ❞❛ ♣r♦❜❧❡♠át✐❝❛ ❣r❛✈❛❞❛ ♥♦ ✈í❞❡♦ ❡ r❡❧❛❝✐♦♥❛❞❛ ❛♦s ♦❜❥❡t♦s

❞❛s ❢♦t♦❣r❛✜❛s ❞❛s ❋✐❣✉r❛s ✺✺ ❡ ✺✻✿

✽✶



❋✐❣✉r❛ ✺✺✿ ●✉❛r❞❛✲❙♦❧

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

Pr♦❜❧❡♠át✐❝❛ ❡♥✈♦❧✈❡♥❞♦ ♦ ●✉❛r❞❛✲s♦❧✿

❖ sr✳ P❛✉❧♦ ❞❛ ❝❤á❝❛r❛ ▼♦♥t❡ ❞♦ ❈❛♠❡❧♦✱ ❝♦♥str✉✐✉ ✉♠❛ ❣r❛♥❞❡ ár❡❛ ❞❡ ❧❛s❡r✱ q✉❡

❝♦♠♣õ❡♠ ❛s s❡t❡ ár❡❛s ❞❡ ♣✐s❝✐♥❛s ♥❛t✉r❛✐s✳ ❊♠ ❝❛❞❛ ár❡❛ ❢♦r❛♠ ❝♦❧♦❝❛❞♦s ✈✐♥t❡ ❡ ❞♦✐s

❣✉❛r❞❛✲só✐s ❡♠ ❢♦r♠❛t♦ ❤❡①❛❣♦♥❛❧✳ ❙❡❣✉♥❞♦ sr✳ P❛✉❧♦✱ ♦ ♣❛♥♦ q✉❡ ❝♦❜r❡ ♦ ❣✉❛r❞❛✲s♦❧

❞❡✈❡ s❡r tr♦❝❛❞♦ ❛ ❝❛❞❛ ❞♦✐s ❛♥♦s ♣♦r ❞❡s❣❛st❡s ♥❛t✉r❛✐s✱ ❧✐❣❛❞♦s à ❡①♣♦s✐çã♦ ❛♦ ❙♦❧ ❡

❈❤✉✈❛s✳ ❊①♣❧✐q✉❡ ❝♦♠ s✉❛s ♣❛❧❛✈r❛s ♦s ♣r♦❝❡❞✐♠❡♥t♦s ♣❛r❛ ❢❛③❡r ♦ ❝á❧❝✉❧♦ ❞❛ q✉❛♥t✐❞❛❞❡

❞❡ t❡❝✐❞♦ ❡♠ ❝❛❞❛ ❣✉❛r❞❛✲s♦❧✳ ❖❜s❡r✈♦✉✲s❡ q✉❡ ❛s ❛r❡st❛s ❞♦ ❣✉❛r❞❛✲s♦❧ ♠❡❞❡♠ 1, 06m ❡

♦ ❛♣ót❡♠❛ ♠❡❞❡ 0, 94m✳ ◗✉❛♥t♦s m2 ❞❡ t❡❝✐❞♦ ❡❧❡ ❞❡✈❡ ❝♦♠♣r❛r ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✵ ❛♥♦s

♣❛r❛ ♠❛♥✉t❡♥çã♦ ❞♦s ❣✉❛r❞❛✲só✐s❄

❋✐❣✉r❛ ✺✻✿ ❋♦r♥♦ ❞❡ ❋❛r✐♥❤❛

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

✽✷



Pr♦❜❧❡♠át✐❝❛ ❡♥✈♦❧✈❡♥❞♦ ♦ ❋♦r♥♦ ❞❡ ❋❛r✐♥❤❛✿

❊ss❡ ❢♦r♥♦ ❞❡ ❢❛r✐♥❤❛ ❢♦✐ ❝♦♠♣r❛❞♦ ♣❡❧♦ ❙r✳ ▼❛♥♦❡❧ ❡♠ ✶✾✾✾✱ s❡❣✉♥❞♦ ❡❧❡ ❛ ♣❛rt❡

❞❡ ♠❡t❛❧✱ ♦♥❞❡ s❡ t♦rr❛ ❛ ♠❛ss❛ ❞❡ ❢❛③❡r ❢❛r✐♥❤❛✱ ✈❡✐♦ ❞❡♥tr♦ ❞❡ ✉♠❛ ❝❛✐①❛ ❞❡ ♣❛♣❡❧ã♦

q✉❛❞r❛❞❛✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ❡ss❛ ♣❛rt❡ ♠❡tá❧✐❝❛ t❡♠ 4, 5316m2 ❞❡ ár❡❛ ❡ q✉❡ π = 3, 14✱

é ❝♦rr❡t♦ ❛✜r♠❛r q✉❡ ❛ ❝❛✐①❛ t✐♥❤❛ ❛s ❛r❡st❛s q✉❡ ❝♦♠♣õ❡♠ ❛ ♣❛rt❡ q✉❛❞r❛❞❛ ♠❡❞✐♥❞♦

♠❡♥♦s q✉❡ 1, 2m❄

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

♣r♦ss❡❣✉✐✉✲s❡ ❝♦♠ ♦s tr❛❜❛❧❤♦s ❡♠ s❛❧❛✳

❉❊❉❯➬➹❖ ❉❆ P❘❖P❖❙■➬➹❖ ✹✳✶✵✿ ❙❡❥❛ P ✉♠ ♣♦❧í❣♦♥♦ ❘❡❣✉❧❛r ❝♦♠ n ❧❛❞♦s✱

❡♥tã♦ s✉❛ ár❡❛ A(P ) é ✐❣✉❛❧ à ♠❡t❛❞❡ ❞♦ ♣r♦❞✉t♦ ❡♥tr❡ s❡✉ ❛♣ót❡♠❛ a ❡ s❡✉ ♣❡rí♠❡tr♦ p✱

♦♥❞❡ ❛♣ót❡♠❛ a é ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ❝❡♥tr♦ ❞♦ ♣♦❧í❣♦♥♦ r❡❣✉❧❛r ❡ q✉❛❧q✉❡r ✉♠ ❞❡ s❡✉s

❧❛❞♦s✳

❉❡ ♣♦ss❡ ❞♦ ♠❛t❡r✐❛❧ ♦s ❛❧✉♥♦s r❡s♦❧✈❡r❛♠ ❛ ❧✐st❛ ■❱✱ ✭❆P✃◆❉❊❈❊ ❍✮✱ ❝♦♥❢♦r♠❡

❛s ✐♠❛❣❡♥s ❛ s❡❣✉✐r ❞❛ ❋✐❣✉r❛ ✺✼ ❡ ❞❡s❝r✐çã♦✳

❋✐❣✉r❛ ✺✼✿ ❉❡❞✉çã♦ ❞❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞❡ P♦❧í❣♦♥♦ ❘❡❣✉❧❛r ■

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❈♦♥str♦❡♠ s♦❜r❡ ♦ ✈✐❞r♦ ♦ tr✐â♥❣✉❧♦ q✉❡ t❡♠ ❜❛s❡ ✉♠ ❧❛❞♦ ❞♦ tr✐â♥❣✉❧♦ ❡q✉✐❧át❡r♦

❡ ❛❧t✉r❛ ♦ ❛♣ót❡♠❛✳

❘♦t❛❝✐♦♥❛♥❞♦ ♦ ✈✐❞r♦ ♣❡r❝❡❜❡✲s❡ q✉❡ ♥♦ tr✐â♥❣✉❧♦ ♠❛✐♦r ❝❛❜❡♠ ❡①❛t❛♠❡♥t❡ três

❞❡ss❡ tr✐â♥❣✉❧♦✱ ♣♦rt❛♥t♦ ❛ ár❡❛ ❞♦ tr✐â♥❣✉❧♦ ❡q✉✐❧át❡r♦ é três ✈❡③❡s ❛ ár❡❛ ❞♦ tr✐â♥❣✉❧♦

✽✸



❝✉❥❛ ❜❛s❡ é ✉♠ ❧❛❞♦ ❞♦ tr✐â♥❣✉❧♦ ❡q✉✐❧át❡r♦ ❡ ❛❧t✉r❛ é ♦ ❛♣ót❡♠❛✳

❙❡❣✉✐♥❞♦ ♦ q✉❡ s❡ ♣❡❞❡ ♥❛ ❧✐st❛ ❞❡ ❡①❡r❝í❝✐♦✱ ♦s ❛❧✉♥♦s ✜③❡r❛♠ ♦ ♠❡s♠♦ ❝♦♠ ♦

q✉❛❞r❛❞♦✳

❋✐❣✉r❛ ✺✽✿ ❉❡❞✉çã♦ ❞❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞❡ P♦❧í❣♦♥♦ ❘❡❣✉❧❛r ■■

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❈♦♥str✉ír❛♠ ♦ tr✐â♥❣✉❧♦ s♦❜r❡ ♦ ✈✐❞r♦✱ ❝♦♠ ❜❛s❡ ✐❣✉❛❧ ❛♦ ❧❛❞♦ ❞♦ q✉❛❞r❛❞♦ ❡

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

❛ q✉❛tr♦ ✈❡③❡s ❛ ár❡❛ ❞❡ss❡ tr✐â♥❣✉❧♦✱ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✺✽ q✉❡ ✐❧✉str❛ ♦ ♣r♦❝❡❞✐♠❡♥t♦✳

❊♠ ❝♦♥t✐♥✉❛çã♦ à ❧✐st❛✱ ✜③❡r❛♠ ♦ ♠❡s♠♦ ❝♦♠ ♦ ♣❡♥tá❣♦♥♦✳ ❈♦♥str✉ír❛♠ ♦ tr✐✲

â♥❣✉❧♦ ❞❡ ❜❛s❡ s❡♥❞♦ ✉♠ ❧❛❞♦ ❞♦ ♣❡♥tá❣♦♥♦ ❡ ❛❧t✉r❛ ♦ ❛♣ót❡♠❛✱ r♦t❛❝✐♦♥❛♥❞♦ ♦ ✈✐❞r♦

♠♦str❛r❛♠ q✉❡ ♦ ❛ ár❡❛ ❞♦ ♣❡♥tá❣♦♥♦ r❡❣✉❧❛r é ❡①❛t❛♠❡♥t❡ ✐❣✉❛❧ ❛ ❝✐♥❝♦ ✈❡③❡s ❛ ár❡❛ ❞♦

tr✐â♥❣✉❧♦ ❝♦♥str✉í❞♦✱ ❝♦♠♦ ✐❧✉str❛❞♦ ❞❛ ❋✐❣✉r❛ ✺✾✳

❊ ✜♥❛❧♠❡♥t❡ r❡♣❡t✐r❛♠ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ♣❛r❛ ♦ ❤❡①á❣♦♥♦✱ ❝♦♥str✉ír❛♠ ♦ tr✐â♥❣✉❧♦

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

♠♦str❛r❛♠ q✉❡ ❛ ár❡❛ ❞♦ ❤❡①á❣♦♥♦ é ❡①❛t❛♠❡♥t❡ s❡✐s ✈❡③❡s ❛ ár❡❛ ❞♦ tr✐â♥❣✉❧♦ ❝♦♥str✉í❞♦✱

✽✹



❋✐❣✉r❛ ✺✾✿ ❉❡❞✉çã♦ ❞❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞❡ P♦❧í❣♦♥♦ ❘❡❣✉❧❛r ■■■

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❋✐❣✉r❛ ✻✵✿ ❉❡❞✉çã♦ ❞❛ ❋ór♠✉❧❛ ❞❡ ➪r❡❛ ❞❡ P♦❧í❣♦♥♦ ❘❡❣✉❧❛r ■❱

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

❝♦♥❢♦r♠❡ ♠♦str❛ ❛ ❋✐❣✉r❛ ✻✵✳

❈♦♥t✐♥✉❛♥❞♦ ❝♦♠ ♦s ❡①❡r❝í❝✐♦s✱ ♦s ❛❧✉♥♦s r❡s♣♦♥❞❡r❛♠ ❛ q✉❡stã♦ 2 ❝♦♥❢♦r♠❡ ♦ q✉❡

✽✺



s❡ ♣❡❞❡ ❡ ❞❡❞✉③✐r❛♠ ❛ ❢ór♠✉❧❛ ♣❛r❛ n ❧❛❞♦s ❞❡ t❛♠❛♥❤♦ l ❡ ❛ss✐♠ ❝♦♥s❡❣✉✐r❛♠ ❞❡❞✉③✐r ❛

♣r♦♣♦s✐çã♦ ✹✳✶✵✱ ❡♥t❡♥❞❡♥❞♦ q✉❡ ♥❛ q✉❡stã♦ 3✱ nl = p ♦♥❞❡ p é ♦ ♣❡rí♠❡tr♦ ❞♦ ♣♦❧í❣♦♥♦✳

❉❊❉❯➬➹❖ ❉❆ P❘❖P❖❙■➬➹❖ ✹✳✶✶✿ ❆ ár❡❛ ❞❡ ✉♠ ❝ír❝✉❧♦ (Ac) ❞❡ r❛✐♦ r é ✐❣✉❛❧ ❛

πR2✳

P❛r❛ ❞❡❞✉③✐r ❛ ♣r♦♣♦s✐çã♦ ✹✳✶✶ ♦s ❛❧✉♥♦s ✜③❡r❛♠ ❛ ❛t✐✈✐❞❛❞❡ 4✱ q✉❡ ❝♦♥s✐st❡ ❡♠

♠♦str❛r q✉❡ ❛✉♠❡♥t❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❧❛❞♦s ❞❡ ✉♠ ♣♦❧í❣♦♥♦ r❡❣✉❧❛r ❛ ♠❡❞✐❞❛ ❞❡ s❡✉

❛♣ót❡♠❛ a s❡ ❛♣r♦①✐♠❛ ❞❛ ♠❡❞✐❛ ❞♦ r❛✐♦ R✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✶✳

❋✐❣✉r❛ ✻✶✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ❆♣ót❡♠❛ ❡ ❘❛✐♦

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

◆❡st❡ ❡①❡r❝í❝✐♦ ♦s ❛❧✉♥♦s ♣❡r❝❡❜❡r❛♠ q✉❡ ♦ ❛♣ót❡♠❛ ✜❝❛ ❝❛❞❛ ✈❡③ ♠❛✐s ♣ró①✐♠♦

❞♦ r❛✐♦✱ ❡ ❛ t❡♥❞ê♥❝✐❛ é q✉❡ r❛✐♦ ❡ ❛♣ót❡♠❛ s❡❥❛ ♦ ♠❡s♠♦ s❡❣♠❡♥t♦✳

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

♦ ♣r♦❜❧❡♠❛ 5 ❞❛ ❧✐st❛ ❡ ❞❡❞✉③✐r❛♠ ❛ ♣r♦♣♦s✐çã♦ ✹✳✶✶ ❝♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ♥❛ ♣á❣✐♥❛ 44✳

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

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

P❛r❛ ❡ss❛ ❛t✐✈✐❞❛❞❡ ❢♦r❛♠ ♥❡❝❡ssár✐❛s três ❛✉❧❛s✳ ◆❛ ♣r✐♠❡✐r❛ ❢♦✐ ❛♣r❡s❡♥t❛❞❛ ❛

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

♣❛r❛ ♦s ❣r✉♣♦s ♣❛r❛ ❞❡❞✉çã♦ ❞❛s ❢ór♠✉❧❛s✳ ◆❛ s❡❣✉♥❞❛ ❛✉❧❛ ❢♦r❛♠ ❢❡✐t❛s ❛s ❞❡❞✉çõ❡s

✽✻



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

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

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

❛✈❛❧✐❛çã♦ ✭❆P✃◆❉■❈❊ ■✮✱ ♣❛r❛ ❛❢❡r✐çã♦ ❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s✉❛s ❤❛❜✐❧✐❞❛❞❡s q✉❛♥t♦ ❛♦

❝á❧❝✉❧♦ ❞❡ ár❡❛ ❞♦s ♣r✐♥❝✐♣❛✐s ♣♦❧í❣♦♥♦s ❡ r❡s♣♦♥❞❡r❛♠ q✉❡st✐♦♥ár✐♦s ❡①♣r❡ss❛♥❞♦ ♦♣✐♥✐ã♦

s♦❜r❡ ❛ ❛❜♦r❞❛❣❡♠ ❞♦ t❡♠❛ ✭❆P✃◆❉■❈❊ ❏✮✳

✽✼



✼ P❘❖P❖❙❚❆ P❆❘❆❆ ❈❖◆❈❊P➬➹❖❉❆ ❙❊●❯◆❉❆

❊❚❆P❆ ❉❆ ❙❊◗❯✃◆❈■❆ ❊ ❈❖◆❙■❉❊❘❆➬Õ❊❙ ❋■✲

◆❆■❙

◆❡st❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t❛r❡♠♦s ✉♠❛ ♣r♦♣♦st❛ ♣❛r❛ ❛ s❡❣✉♥❞❛ ❡t❛♣❛ ❞❛ s❡q✉ê♥❝✐❛

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

♥♦ss❛s ❝♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s ❛ r❡s♣❡✐t♦ ❞❛ ♣r✐♠❡✐r❛ ❡t❛♣❛ ❞❛ s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛ r❡❧❛❝✐♦♥❛❞❛

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

♦♣✐♥✐õ❡s ❞❡ ❛❧✉♥♦s s♦❜r❡ ♦ tr❛❜❛❧❤♦ r❡❛❧✐③❛❞♦✳

✼✳✶ Pr♦♣♦st❛ ♣❛r❛ ❛ ❆❜♦r❞❛❣❡♠ ❞❡ ❱♦❧✉♠❡

P❛r❛ ❛ ♣r♦♣♦st❛ ❞❛ ❛♣❧✐❝❛çã♦ ❙❡❣✉♥❞❛ ❊t❛♣❛ ❞❛ ❙❡q✉ê♥❝✐❛✱ q✉❡ ❝♦♠♣r❡❡♥❞❡ ♦

❡st✉❞♦ ❞❡ ❱♦❧✉♠❡ ❞♦s Pr✐♥❝✐♣❛✐s ❙ó❧✐❞♦s ●❡♦♠étr✐❝♦s✱ s✉❣❡r✐♠♦s ♦ ♠❡s♠♦ r♦t❡✐r♦ ❞❛ Pr✐✲

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

♣r♦❜❧❡♠át✐❝❛✱ ❞❡❞✉③✐r ❡ ❞❡♠♦♥str❛r ❛s ♣r♦♣♦s✐çõ❡s ❡ ✜♥❛❧♠❡♥t❡ r❡s♦❧✈❡r ❛ ♣r♦❜❧❡♠át✐❝❛✳

❙✉❣❡r✐♠♦s t❛♠❜é♠ q✉❡ ♦ ♣r♦❢❡ss♦r ❢❛ç❛ ✐♥✐❝✐❛❧♠❡♥t❡ ✉♠ ❞✐❛❣♥óst✐❝♦ ❞❛ t✉r♠❛ r❡❢❡r❡♥t❡

❛♦ ❝♦♥❤❡❝✐♠❡♥t♦ s♦❜r❡ ♦s ♦❜❥❡t♦s ❞❡ ❡st✉❞♦✳

❋❡✐t♦ ♦ ❉✐❛❣♥óst✐❝♦ ❞❛ t✉r♠❛✱ ❛♣❧✐❝❛✲s❡ ❛ ♣r✐♠❡✐r❛ ❆t✐✈✐❞❛❞❡ q✉❡ ❝♦♥s✐st❡ ❡♠ ✉♠❛

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

❝♦♠ ❛s ✜❣✉r❛s✱ ♥❡st❛ ❝♦♥st❛✲s❡ ✉♠❛ ❧✐st❛ ❝♦♠ ♥♦♠❡s ❞❡ só❧✐❞♦s ❣❡♦♠étr✐❝♦s ❡ ❞❡✈❡✲s❡

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

❆ ✐❞❡✐❛ é q✉❡ ♦s ❛❧✉♥♦s ❢❛ç❛♠ ❛ ♣❡sq✉✐s❛ ❞❡ q✉❡ só❧✐❞♦s sã♦ ❡ss❡s ❡ só ❛ ♣❛rt✐r ❞❛í ❢❛ç❛♠

❛s ❢♦t♦❣r❛✜❛s✳

❙❛❜❡♠♦s q✉❡ ♦s ❛♠❜✐❡♥t❡s r✉r❛✐s✱ ✉r❜❛♥♦s ❡ ❝❛s❡✐r♦✱ ❡stã♦ ❝❤❡✐♦s ❞❡ ♦❜❥❡t♦s s❡✲

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

♣r✐s♠❛s ❡♠ ❣❡r❛❧ ❡ ❛té ❞❡ ❡s❢❡r❛✱ ❝♦♠♦ ♠♦str❛ ❛ ❋✐❣✉r❛ ✻✷✳

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

♦✉ ❛❧❣✉♠ ♦❜❥❡t♦ ❞❛ r✉❛✳

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

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

❞✐s❝✉t❡♠ ♦ r♦t❡✐r♦ ❞♦s ✈í❞❡♦s✳

❆♣ós ❛ ❞✐s❝✉ssã♦ ♦s ❛❧✉♥♦s ❢❛③❡♠ ♦s ✈í❞❡♦s ❝♦♠ ❛s ♣r♦❜❧❡♠át✐❝❛s ❥á ❞✐s❝✉t✐❞❛s ❡♠

s❛❧❛ ❡ ✐♥t❡r♠❡❞✐❛❞❛s ♣❡❧♦ ♣r♦❢❡ss♦r✱ ♦s ✈í❞❡♦s sã♦ ❡①✐❜✐❞♦s ❡✱ ❛ ♣❛rt✐r ❞❡ ❡♥tã♦✱ ♦ ♣r♦❢❡ss♦r

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

❞❡♠♦♥str❛çõ❡s ❡ ❞❡❞✉çõ❡s ❞❛s ♣r♦♣♦s✐çõ❡s q✉❡ ♠♦❞❡❧❛♠ ❛s s✐t✉❛çõ❡s ❡①✐❜✐❞❛s ♥♦s ✈í❞❡♦s✳
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❋✐❣✉r❛ ✻✷✿ P♦ssí✈❡✐s ❖❜❥❡t♦s q✉❡ ♦s ❆❧✉♥♦s P♦❞❡♠ ❊♥❝♦♥tr❛r

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

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

q✉❡ s❡ ❢❛ç❛ ❛ ❞❡❞✉çã♦ ✉s❛♥❞♦ ♠❛t❡r✐❛❧ ❞♦✉r❛❞♦✱ ❋✐❣✉r❛ ✻✸✳

❋✐❣✉r❛ ✻✸✿ ▼❛t❡r✐❛❧ ❉♦✉r❛❞♦

❋♦♥t❡✿ ▲♦❥❛ ▲❡✐t✉r✐♥❤❛

◆❛ ❛t✐✈✐❞❛❞❡ ■■✱ tr❛❜❛❧❤❛✲s❡ ✈♦❧✉♠❡ ❞❡ ❝✐❧✐♥❞r♦✱ ♣✐râ♠✐❞❡ ❡ ❝♦♥❡✳ ❙✉❣❡r✐♠♦s q✉❡

♦ ♣r♦❢❡ss♦r ❢❛ç❛ ❞❡❞✉çõ❡s ♣♦r ❡①♣❡r✐♠❡♥t❛çõ❡s✱ ✉s❛♥❞♦ ♠❛t❡r✐❛❧ ❞❛ ❋✐❣✉r❛ ✻✹✱ t❛❧ q✉❡ s❡

❝♦♠♣r♦✈❡ s❡r ♦ ✈♦❧✉♠❡ ❞♦ ❝♦♥❡ ✉♠ t❡rç♦ ❞♦ ✈♦❧✉♠❡ ❞♦ ❝✐❧✐♥❞r♦ ❞❡ ♠❡s♠❛ ár❡❛ ❞❛ ❜❛s❡
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❡ ♠❡s♠❛ ❛❧t✉r❛✱ ❡ q✉❡ ♦ ♠❡s♠♦ ♦❝♦rr❡ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦ ✈♦❧✉♠❡ ❞❛ ♣✐râ♠✐❞❡ ❡♠

r❡❧❛çã♦ ❛♦ ♣r✐s♠❛ ❞❡ ♠❡s♠❛ ❜❛s❡ ❡ ♠❡s♠❛ ❛❧t✉r❛✱ s❡♠ ❞❡✐①❛r ❞❡ ❢❛③❡r ❛s ❞❡♠♦♥str❛çõ❡s

❡♠ s❛❧❛✳

❋✐❣✉r❛ ✻✹✿ ▼❛t❡r✐❛❧ ♣❛r❛ ❉❡❞✉③✐r ❱♦❧✉♠❡ ❞❛ P✐râ♠✐❞❡ ❡ ❈♦♥❡

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

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

❛❧✉♥♦s✱ ✐♥✐❝✐❛♥❞♦ ♣❡❧♦ ❝♦♥❡ ❡ ♣✐râ♠✐❞❡✱ ❞❡♣♦✐s ♦ ♣r✐s♠❛ ❡ ♦ ❝♦♥❡✳

◆❛ ❛t✐✈✐❞❛❞❡ ■■■✱ tr❛❜❛❧❤❛✲s❡ ♦ ✈♦❧✉♠❡ ❞❡ tr♦♥❝♦ ❞❡ ❝♦♥❡ ❡ tr♦♥❝♦ ❞❡ ♣✐râ♠✐❞❡✳

❙✉❣❡r✐♠♦s ♥❡ss❛ ❛t✐✈✐❞❛❞❡ q✉❡ ♦ ♣r♦❢❡ss♦r ❢❛ç❛ ❛s ❞❡♠♦♥str❛çõ❡s ♣❛rt✐♥❞♦ ❞♦ ❢❛t♦ ❞❡ ❥á

s❛❜❡r ❛s ♣r♦♣♦s✐çõ❡s q✉❡ ♥♦s ❢♦r♥❡❝❡ ♦ ✈♦❧✉♠❡ ❞❡ ❝♦♥❡ ❡ ♣✐râ♠✐❞❡✳

◆❛ ❛t✐✈✐❞❛❞❡ ■❱✱ tr❛❜❛❧❤❛✲s❡ ♦ ✈♦❧✉♠❡ ❞❛ ❡s❢❡r❛✱ s✉❣❡r✐♠♦s q✉❡ s❡ ❢❛ç❛♠ ❞❡❞✉çã♦

♣♦r ❡①♣❡r✐♠❡♥t❛çã♦ ♣❛r❛ ❡st✐♠❛t✐✈❛ ❞❡ s❡✉ ✈♦❧✉♠❡✱ s❡♠❡❧❤❛♥t❡ ❛♦ q✉❡ ❆rq✉✐♠❡❞❡s ❢❡③✱

❛ss✐♠ ♦ ❧❡✐t♦r ♣♦❞❡ ✉s❛r ✉♠ ❈♦♥❡ ❡ ✉♠❛ ❙❡♠✐❡s❢❡r❛ ♦♥❞❡ ♦ r❛✐♦ ❞❛ ❜❛s❡ ❞♦ ❝♦♥❡ ❡ s✉❛

❛❧t✉r❛ sã♦ ✐❣✉❛✐s ❛♦ r❛✐♦ ❞❛ s❡♠✐❡s❢❡r❛✱ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✻✺✳

❊ss❡ ♠❛t❡r✐❛❧ ♣♦❞❡ s❡r ❝♦♥❢❡❝❝✐♦♥❛❞♦ ♣❡❧♦ ❛❧✉♥♦s ❝♦♠ ❛❥✉❞❛ ❞♦ ♣r♦❢❡ss♦r ♦✉ ♣♦❞❡

s❡r ❛❞q✉✐r✐❞♦ ❡♠ ❧♦❥❛s ❡s♣❡❝✐❛❧✐③❛❞❛s✳

✾✵



❋✐❣✉r❛ ✻✺✿ ▼❛t❡r✐❛❧ ♣❛r❛ ❉❡❞✉③✐r ❱♦❧✉♠❡ ❞❛ ❊s❢❡r❛

❋♦♥t❡✿ Pró♣r✐♦ ❛✉t♦r

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

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

✈♦❧✉♠❡ ❞❛ ❡s❢❡r❛ é q✉❛tr♦ ✈❡③❡s ♦ ✈♦❧✉♠❡ ❞♦ ❝♦♥❡✳ ❈♦♠♦ ♦ ✈♦❧✉♠❡ ❞♦ ❝♦♥❡ é ❝♦♥❤❡❝✐❞♦✱ ❡

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

❝❤❡❣❛✲s❡ à ♣r♦♣♦s✐çã♦ q✉❡ ♠♦❞❡❧❛ ♦ ✈♦❧✉♠❡ ❞❛ ❡s❢❡r❛✳

❆♣ós ❛s ❞❡❞✉çõ❡s ❡ ❞❡♠♦♥str❛çõ❡s✱ ♦s ❛❧✉♥♦s r❡s♦❧✈❡♠ ♦s ♣r♦❜❧❡♠❛s✱ ♣r♦ss❡❣✉✐♥❞♦

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

✼✳✷ ❈♦♥s✐❞❡r❛çõ❡s ❋✐♥❛✐s

❊ss❡ tr❛❜❛❧❤♦ ♣r♦♣ôs ✉♠❛ ❢♦r♠❛ ❛❧t❡r♥❛t✐✈❛ ❞❡ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ♦ ❡♥s✐♥♦ ❞❡ ➪r❡❛ ❡

❱♦❧✉♠❡✱ t❡♠❛s q✉❡ s❡❣✉♥❞♦ ❖ ❇♦❧❡t✐♠ ❞❡ ❉❡s❡♠♣❡♥❤♦ ❡ ▼❡t❛s ❞❛ ❙❡❝r❡t❛r✐❛ ❞❡ ❊st❛❞♦ ❞❛

❊❞✉❝❛çã♦ ❞♦ ▼❛r❛♥❤ã♦ ❞❡ ✷✵✶✽✱ ❡stã♦ ❡♥tr❡ ❛q✉❡❧❡s q✉❡ ♦s ❛❧✉♥♦s ❛♣r❡s❡♥t❛r❛♠ ♠❡♥♦r❡s

r❡♥❞✐♠❡♥t♦s ✭▼❆❘❆◆❍➹❖✱ ✷✵✶✾✮✱ ♦✉ s❡❥❛✱ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❡♥✈♦❧✈❡♥❞♦ ár❡❛ ❞❡ ✜❣✉r❛s

♣❧❛♥❛s ❡ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛ ❡♥✈♦❧✈❡♥❞♦ ❛ ár❡❛ t♦t❛❧ ❡✴♦✉ ✈♦❧✉♠❡ ❞❡ ✉♠ só❧✐❞♦ ✭♣r✐s♠❛✱

♣✐râ♠✐❞❡✱ ❝✐❧✐♥❞r♦✱ ❝♦♥❡✱ ❡s❢❡r❛✮ é ✉♠ ❞❡s❛✜♦ ❛ s❡r s✉♣❡r❛❞♦ ♣❡❧♦s ❛❧✉♥♦s✳ ❊①❛t❛♠❡♥t❡

♣❡♥s❛♥❞♦ ♥✐ss♦ q✉❡ ❡st❡ tr❛❜❛❧❤♦ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦✱ ❞❛♥❞♦ ê♥❢❛s❡ à ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ♥♦ ❝♦t✐❞✐✲

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

r❡tr❛t❛❞❛s ♣❡❧❛ ♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦✳

✾✶



❉❡st❛❝❛♠♦s ❛q✉✐ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ ❝❛❞❛ ❢❡rr❛♠❡♥t❛ ✉t✐❧✐③❛❞❛ ♥❛ ❛♣❧✐❝❛çã♦ ❞❡st❡

tr❛❜❛❧❤♦✿ ❆ ♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦s ❛❥✉❞♦✉ ♦s ❛❧✉♥♦s ❛ s❛♥❛r s❡✉s ❞é✜❝✐ts ❞❡♠♦♥str❛❞♦s

♥❛ ❛✈❛❧✐❛çã♦ ❞✐❛❣♥óst✐❝❛ ❡♠ r❡❧❛çã♦ ❛♦ t❡♠❛✱ t❛♠❜é♠ ❢♦✐ ✐♠♣♦rt❛♥t❡ ♣❛r❛ ❛ ❞✐♥â♠✐❝❛ ❞❡

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

❛❧é♠ ❞✐ss♦✱ ♦❜s❡r✈❛♠♦s q✉❡ ❡ss❛ ❢❡rr❛♠❡♥t❛ ❝♦♥tr✐❜✉✐✉ ♥❛ ♠♦t✐✈❛çã♦ ❞♦ ❛❧✉♥♦s ❡ ♥♦ ✐♥t❡✲

r❡ss❡ ♣❡❧♦ t❡♠❛✳ ❉❡st❛❝❛♠♦s três r❡s♣♦st❛s ❞♦s ❛❧✉♥♦s q✉❛♥❞♦ ♣❡r❣✉♥t❛❞♦s✱ s❡ ❛❝❤❛r❛♠

✐♠♣♦rt❛♥t❡ ❢❛③❡r ♦s ✈í❞❡♦s ❡ ❛♣r❡s❡♥t❛r ❛♥t❡s ❞❛s ❛✉❧❛s✿

✧❆❝❤❡✐ ✐♠♣♦rt❛♥t❡ ♣♦rq✉❡ ❡✉ ♥ã♦ s❛❜✐❛ ❞❡ ♠✉✐t❛ ❝♦✐s❛ q✉❡ ❛❣♦r❛ s❡✐✱ ❛♣r❡♥❞✐

♥❛ ♣❡sq✉✐s❛ ❞❡ ❝❛♠♣♦✳✧

✧❖s ✈í❞❡♦s é ❜♦♠ ♣r❛ ❣❡♥t❡ ❢❛③❡r ❡ q✉❛♥❞♦ ❛ ❣❡♥t❡ ❢❛③ ❛ ❣❡♥t❡ ❛♣r❡♥❞❡ ♠❡s♠♦✳✧

✧❈♦♠ ♦s ✈í❞❡♦s ❛ ❣❡♥t❡ ❥á s❛❜✐❛ ♦ q✉❡ t❡r✐❛ ♣r❛ r❡s♦❧✈❡r✱ ✐ss♦ é ❜♦♠✱ ❡✉ ❣♦st❡✐

♠✉✐t♦✧✳

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

♣♦❧í❣♦♥♦s✱ s❛♥❛r❛♠ ❡ss❛ ❞✐✜❝✉❧❞❛❞❡ ♦ q✉❡ ❢♦✐ ❛❧é♠ ❞❛s ♥♦ss❛s ❡①♣❡❝t❛t✐✈❛s ❡ q✉❡ ❤❛✈✐❛

♠♦t✐✈❛çã♦ ♥❛ s❛❧❛ ♣❛r❛ r❡❛❧✐③❛çã♦ ❞❛s ♣ró①✐♠❛s ❛t✐✈✐❞❛❞❡s✳ ❖ ❣rá✜❝♦ ♥❛ ❋✐❣✉r❛ ✻✻✱ ♠♦str❛

q✉❡ 87% ❞♦s ❛❧✉♥♦s ❛✜r♠❛♠ q✉❡ ❛ ♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦ ❛❥✉❞♦✉✲❧❤❡s ♥❛ ❝♦♠♣r❡❡♥sã♦ ❞♦s

❝♦♥t❡ú❞♦s✳

❋✐❣✉r❛ ✻✻✿ ●rá✜❝♦ ❝♦♠ ❖♣✐♥✐ã♦ ❞♦s ❆❧✉♥♦s s♦❜r❡ ❛ Pr♦❞✉çã♦ ❞❡ ❱í❞❡♦

❋♦♥t❡✿ ❉❛❞♦s ❞❛ P❡sq✉✐s❛

◗✉❛♥t♦ às ❉❡❞✉çõ❡s ❡ ❉❡♠♦♥str❛çõ❡s✱ ❞❡st❛❝❛♠♦s ❛ ✐♠♣♦rtâ♥❝✐❛ ❞♦ ✉s♦ ❞♦

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

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

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

❛✉t♦♥♦♠✐❛ q✉❛♥t♦ ❛♦ ✉s♦ ❞❡ss❡ r❡❝✉rs♦✳ ➱ s❡♠♣r❡ ❜♦♠✱ ❞❡✐①❛r q✉❡ ♦ ♣ró♣r✐♦ ❛❧✉♥♦ ❝❤❡✲

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

✾✷



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

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

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

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

sã♦ ❡ss❡♥❝✐❛✐s ♣❛r❛ q✉❡ ♦s ♦❜❥❡t✐✈♦s s❡❥❛♠ ❛❧❝❛♥ç❛❞♦s✱ ✉♠ ♦✉tr♦ ❢❛t♦r ♣r❡♣♦♥❞❡r❛♥t❡

♥♦ ❡♥s✐♥♦ ❝♦♠ ❞❡♠♦♥str❛çõ❡s é ♦ ❛♣r❡♥❞✐③❛❞♦ ❞♦s ❛❧✉♥♦s q✉❡ ❞❡✈❡ s❡r ❛❝♦♠♣❛♥❤❛❞♦

❞❡ ❢♦r♠❛ ❝♦♥tí♥✉❛✱ ♣♦✐s ❝❛❞❛ s❛❜❡r ❛ s❡r ❛♣r❡♥❞✐❞♦ ❞❡♣❡♥❞❡ ❞❡ ✉♠ ❝♦♥❤❡❝✐♠❡♥t♦ ❥á

❛ss✐♠✐❧❛❞♦✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ❝♦♠♦ ♠♦str❛ ♦ ❣rá✜❝♦ ❞❛ ❋✐❣✉r❛ ✻✼✱ ❝♦♥s❡❣✉✐♠♦s q✉❡ 83%

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

s❛t✐s❢❛tór✐♦✳

❋✐❣✉r❛ ✻✼✿ ●rá✜❝♦ ❝♦♠ ❖♣✐♥✐ã♦ ❞♦s ❆❧✉♥♦s s♦❜r❡ ❛ ❉❡♠♦♥str❛çõ❡s

❋♦♥t❡✿ ❉❛❞♦s ❞❛ P❡sq✉✐s❛

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

❛♥✐♠❛❞♦r❛s✱ ♣♦ré♠ ♦ q✉❡ s❡ ♦❜s❡r✈♦✉ ❢♦✐ ✉♠ ❢♦rt❡ ❡♥❣❛❥❛♠❡♥t♦ ❡♠ t♦❞❛s ❛s ❛t✐✈✐❞❛❞❡s✱

♣♦✉❝❛s ❢❛❧t❛s✱ ❝♦♠ ❡①❝❡çã♦ ❞❡ ❛❧❣✉♠❛s ♣♦r ❢❛❧t❛ ❞♦ tr❛♥s♣♦rt❡ ❡s❝♦❧❛r✳ ❊♠ ❣❡r❛❧ ❛ t✉r♠❛

❡st❡✈❡ ♣r❡s❡♥t❡ ♥❛s ❛t✐✈✐❞❛❞❡s ❡ ❢❛③❡♥❞♦ ❛s t❛r❡❢❛s q✉❡ ❢♦r❛♠ ♣r♦♣♦st❛s✳ ❆tr✐❜✉í♠♦s ❡ss❡

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

♠♦t✐✈♦✉ ❛ ❢❛③❡r❡♠ ♦ q✉❡ ❧❤❡s ♣r♦♣✉♥❤❛✳ ◗✉❛♥❞♦ ♣❡r❣✉♥t❛❞♦s s❡ ❣♦st❛r❛♠ ❞❛ ♠❛♥❡✐r❛

❝♦♠♦ ♦ ❛ss✉♥t♦ ❢♦✐ ❛❜♦r❞❛❞♦ 97% ❞♦s ❛❧✉♥♦s r❡s♣♦♥❞❡r❛♠ ♣♦s✐t✐✈❛♠❡♥t❡✱ ❝♦♠♦ ♠♦str❛ ♦

❣rá✜❝♦ ❞❛ ❋✐❣✉r❛ ✻✽✳

❖✉tr♦ ❢❛t♦r ✐♠♣♦rt❛♥t❡ q✉❡ ❞❡st❛❝❛♠♦s ♥❡st❡ tr❛❜❛❧❤♦ é ❛ ❘❡❧❛çã♦ ❡♥tr❡ ♦ ❝♦♥✲

t❡ú❞♦ ❡ ♦ ❝♦t✐❞✐❛♥♦✱ s❡❣✉♥❞♦ ❛ ❇❛s❡ ◆❛❝✐♦♥❛❧ ❈♦♠✉♠ ❈✉rr✐❝✉❧❛r ✧❬✳✳✳❪♦s ♣r♦❜❧❡♠❛s

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

♠❛t❡♠át✐❝♦s✱❬✳✳✳❪✧✭❇❘❆❙■▲✱ ✷✵✶✽✱ ♣✳ ✻✵✮✱ ❡ss❛ r❡❧❛çã♦ ❢♦✐ ❜❛st❛♥t❡ ❡①♣❧♦r❛❞❛ ♥❛s ❛t✐✈✐✲

❞❛❞❡s ❡ ❞❡st❛❝❛♠♦s ♦ ❢❛t♦ q✉❡ t♦❞❛s ❛s ♣r♦❜❧❡♠át✐❝❛s ❢♦r❛♠ ❝♦♥str✉í❞❛s ♣❡❧♦s ♣ró♣r✐♦s

❛❧✉♥♦s ❡ ❝♦♠ ♦❜❥❡t♦s ♦✉ ❝♦✐s❛s ❞❡ s✉❛ ✈✐✈ê♥❝✐❛✳
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❋✐❣✉r❛ ✻✽✿ ●rá✜❝♦ ❝♦♠ ❖♣✐♥✐ã♦ ❞♦s ❆❧✉♥♦s s♦❜r❡ ❛ ▼❡t♦❞♦❧♦❣✐❛ ❞❡ ❊♥s✐♥♦

❋♦♥t❡✿ ❉❛❞♦s ❞❛ P❡sq✉✐s❛

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

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

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

❋✐♥❛❧♠❡♥t❡✱ s❡ tr❛t❛♥❞♦ ❞❡ r❡s✉❧t❛❞♦s ♥❛ ❛✈❛❧✐❛çã♦ ✜♥❛❧✱ ❛ t✉r♠❛ ❳✱ ♦♥❞❡ ❢♦r❛♠

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

❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❛❧✉♥♦s q✉❡ ♦❜t✐✈❡r❛♠ ❛ ♥♦t❛ ♠á①✐♠❛ ❡ t❛♠❜é♠ ❛ q✉❛♥t✐❞❛❞❡ ❝♦♠ ♥♦t❛

✐♥❢❡r✐♦r ❛ ✻✱ ❝♦♠♦ ♠♦str❛ ❛ ❚❛❜❡❧❛ ✸✱ ❡♠❜♦r❛ ❛s ♠é❞✐❛s ❞❛s t✉r♠❛s t❡♥❤❛♠ ✜❝❛❞♦ ♠✉✐t♦

❚❛❜❡❧❛ ✸✿ ◆ú♠❡r♦ ❞❡ ❆❧✉♥♦s ❝♦♠ ◆♦t❛ ▼á①✐♠❛ ♦✉ ◆♦t❛ ■♥❢❡r✐♦r ❛ ✻ ♣♦r ❚✉r♠❛

❋♦♥t❡✿ ❉❛❞♦s ❞❛ P❡sq✉✐s❛

♣ró①✐♠❛s✱ ✼✱✺ ♣❛r❛ ❛ ❚✉r♠❛ ❳ ❡ ✼✱✵ ♣❛r❛ ❛ ❚✉r♠❛ ❨✱ ♣❡❧♦ ❢❛t♦ ❞❛ ✐♥t❡r✈❡♥çã♦ t❡r s✐❞♦

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

❛✜r♠❛r q✉❡ ❛ ❛♣❧✐❝❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛ ❣❡r♦✉ r❡s✉❧t❛❞♦s s❛t✐s❢❛tór✐♦✳

❊st❡ tr❛❜❛❧❤♦ ♠♦str♦✉✲♠❡ q✉❡ ♦ ♣❛♣❡❧ ❞♦ ❛❧✉♥♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦✲❛♣r❡♥❞✐③❛❣❡♠

❡stá ♠✉✐t♦ ❛❧é♠ ❞❡ ♠❡r♦ ❡①♣❡❝t❛❞♦r✱ ❡❧❡ é✱ ♥❛ ✈❡r❞❛❞❡✱ ♦ ♣r♦t❛❣♦♥✐st❛ ❞❡st❡ ♣r♦❝❡ss♦ ❡♠

q✉❡ ❛ ❡s❝♦❧❛ t❡♠ ê①✐t♦ ♥❛ t❛r❡❢❛ ❞❡ tr❛♥s♠✐t✐r ♦ ❝♦♥❤❡❝✐♠❡♥t♦✳ ◗✉❛♥t♦ ♠❛✐♦r ♣❛rt✐❝✐♣❛çã♦

❞♦ ❛❧✉♥♦ ♠❛✐♦r s❡rá ♦ s❡✉ r❡♥❞✐♠❡♥t♦✳

❙♦❜r❡ ♦ ♣❛♣❡❧ ❞♦ ♣r♦❢❡ss♦r✱ ❡st❡ tr❛❜❛❧❤♦ ♣r♦✈♦❝♦✉ ❡♠ ♠✐♠ ✉♠❛ ♠✉❞❛♥ç❛ ❞❡

♣♦st✉r❛ ❡ ❣❡r♦✉ ✉♠❛ ❝❡rt❡③❛ ❞❡ q✉❡ ✧❖ ♣r♦❢❡ss♦r ♠❡❞✐❛❞♦r ♣♦❞❡ s❡r ♠❛✐s ✐♠♣♦rt❛♥t❡ ♣❛r❛

♦ ❛❧✉♥♦ q✉❡ ♦ ♣r♦❢❡ss♦r tr❛♥s♠✐ss♦r✧✳ ❊ss❛ r❡❧❛çã♦ ❜✐✉♥í✈♦❝❛✱ ♥❛ q✉❛❧ ♦ ❛❧✉♥♦ ❛♣r❡s❡♥t❛

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

✾✹



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

❝♦♥❤❡❝✐♠❡♥t♦s✱ q✉❡ ❞✐③ r❡s♣❡✐t♦ à ♣rát✐❝❛ ❞♦❝❡♥t❡✱ é ❡♠ ✉♠❛ r❡❧❛çã♦ ❞❡ ❝✉♠♣❧✐❝✐❞❛❞❡ q✉❡

só t❡♠ ✉♠ r❡s✉❧t❛❞♦ ♣♦ssí✈❡❧✱ ♦ ❛♣r❡♥❞✐③❛❞♦✳
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❘❊❋❊❘✃◆❈■❆❙

❆▲▼❊■❉❆✱ ❚✳ ❆✳ ❙✳ ❆ ❉❡♠♦♥str❛çã♦ ♥♦ ❊♥s✐♥♦ ❞❡ ●❡♦♠❡tr✐❛✳ ❚r❛❜❛❧❤♦ ❞❡ ❈♦♥✲

❝❧✉sã♦ ❞❡ ❈✉rs♦✱ ❯♥✐✈❡rs✐❞❛❞❡ ❚❡❝♥♦❧ó❣✐❝❛ ❞♦ P❛r❛♥á✱ ❈✉r✐t✐❜❛ P❘✱ ✷✵✶✻✳

❇❆▲❉■❙❙❊❘❆✱ ❆✳ ❆ ●❡♦♠❡tr✐❛ tr❛❜❛❧❤❛❞❛ ❛ ♣❛rt✐r ❞❛ ❝♦♥s✲

tr✉çã♦ ❞❡ ✜❣✉r❛s ❡ só❧✐❞♦s ❣❡♦♠étr✐❝♦s✱ ✶✾✽✼✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿

❁❤tt♣✿✴✴✇✇✇✳❣❡st❛♦❡s❝♦❧❛r✳❞✐❛❛❞✐❛✳♣r✳❣♦✈✳❜r✴❛rq✉✐✈♦s✴❋✐❧❡✴♣r♦❞✉❝♦❡s❴♣❞❡✴❛rt✐❣♦❴❛❧t✲

❛✐r❴❜❛❧❞✐ss❡r❛✳♣❞❢❃ ❆❝❡ss♦ ❡♠ ✶✵ ❞❡ ♥♦✈✳ ✷✵✶✽✳

❇❆❘❇❖❩❆✱ ❑✳ ❉✳ ▲❀ ❇❆❘❘❊❚❖✱ ❆✳ ▲❀ ❇❖◆❋■▼✱ ❘✳ ❙❀ P❖▲■❩❊▲▲❊✱ ▼✳

❆✳ ▲✱ Pr♦❞✉çã♦ ❞❡ ❱í❞❡♦s ❡ s❡✉ ✉s♦ ♣❛r❛ ♦ ❊♥s✐♥♦ ❞❡ ▼❛t❡✲

♠át✐❝❛✿ ❯♠❛ ❊①ér✐ê♥❝✐❛ ❱✐✈❡❝✐❛❞❛ ♣❡❧♦ P■❇■❉ ✲ ✷✵✶✻✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿

❁❤tt♣✿✴✴✇✇✇✳❢❡❢✳❜r✴✉♣❧♦❛❞❴❛rq✉✐✈♦s✴❣❡r❛❧✴❛rq❴✺✽✽✷✷❜✶✺✽❞✼✺✺✳♣❞❢❃✱ ❆❝❡ss♦ ❡♠ ✾ ❞❡

♥♦✈✳ ✷✵✶✽✳

❇❘❆❙■▲✿ ●✉✐❛ ❞❡ ❊s❝♦❧❤❛ ❞♦ ▲✐✈r♦ ❉✐❞át✐❝♦✱ ✷✵✶✽✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿

❁❤tt♣✿✴✴✇✇✇✳❢♥❞❡✳❣♦✈✳❜r✴♣♥❧❞✲✷✵✶✽✴❃ ❆❝❡ss♦ ❡♠✿ ✶✵ ❞❡③✳ ✷✵✶✽✳

❇❘❆❙■▲✿ ❇❛s❡ ◆❛❝✐♦♥❛❧ ❈♦♠✉♠ ❈✉rr✐❝✉❧❛r ✲ ❊♥s✐♥♦ ▼é❞✐♦✳ ❈◆❊✱ ✷✵✶✽✳

❇❘❆❙■▲✿ P❛râ♠❡tr♦s ❈✉rr✐❝✉❧❛r❡s ◆❛❝✐♦♥❛✐s ✲ ❊♥s✐♥♦ ▼é❞✐♦✿ ❖r✐❡♥t❛çõ❡s ❊❞✉✲

❝❛❝✐♦♥❛✐s ❈♦♠♣❧❡♠❡♥t❛r❡s ✲ ❈✐ê♥❝✐❛ ❞❛ ◆❛t✉r❡③❛✱ ▼❛t❡♠át✐❝❛ ❡ ❙✉❛s ❚❡❝♥♦❧♦❣✐❛s✳ ❈◆❊✱

✶✾✾✼✳

❇❘❆❙■▲✿ ❚❱ ❊s❝♦❧❛✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿ ❁❤tt♣✿✴✴♣♦rt❛❧✳♠❡❝✳❣♦✈✳❜r✴t✈✲❡s❝♦❧❛❃ ❆❝❡ss♦ ❡♠✿

✶✵ ❞❡③✳ ✷✵✶✽✳

❉❆◆❚❊✱ ▲ ❘✳ ▼❛t❡♠át✐❝❛ ❈♦♥t❡①t♦ ❡ ❆♣❧✐❝❛çõ❡s✿ ❊♥s✐♥♦ ♠é❞✐♦✱ ✈♦❧✉♠❡ ✷ ✲ ✸✳ ❊❞✳

❙ã♦ P❛✉❧♦✿ ➪t✐❝❛✱ ✷✵✶✻✳

❉❖❘■❆✱ ❈✳ ▼✳ ●❡♦♠❡tr✐❛ ■■ ❋❧♦r✐❛♥ó♣♦❧✐s✿ ❊❆❉✴❯❋❙❈✴❈❊❉✴❈❋▼✱ ✷✵✵✼✳

❋▲❖❘❊❙✱ ❈✳ ❘❀ ▼❖❘❊❚❚■✱ ▼✳ ❚✳ ▼❡t♦❞♦❧♦❣✐❛ ❞♦ ❊♥s✐♥♦ ❞❡ ▼❛t❡♠át✐❝❛ ❋❧♦r✐❛✲

♥ó♣♦❧✐s✿ ❊❆❉✴❯❋❙❈✴❈❊❉✴❈❋▼✱ ✷✵✵✽✳

❋❖◆❚❊◆❊▲▲❊✱ ❆✳ ▼❡t♦❞♦❧♦❣✐❛ ❝✐❡♥tí✜❝❛✿ ❈♦♠♦ ❞❡✜♥✐r ♦s t✐♣♦s ❞❡ ♣❡s✲

q✉✐s❛ ❞♦ s❡✉ ❚❈❈❄ ❉✐s♣♦♥í✈❡❧ ❡♠✿ ❁❤tt♣s✿✴✴❛♥❞r❡❢♦♥t❡♥❡❧❧❡✳❝♦♠✳❜r✴t✐♣♦s✲❞❡✲

♣❡sq✉✐s❛✴★❊❧❡♠❡♥t♦s❴❡ss❡♥❝✐❛✐s❴◗✉❛♥t♦❴❛❴✜♥❛❧✐❞❛❞❡❃✱ ❆❝❡ss♦ ❡♠✿ ✷✶ ♥♦✈✳ ✷✵✶✽✳

✾✻



❋❖❙❙❆✱ ❏✳ ❆✳ ■♥tr♦❞✉çã♦ às té❝♥✐❝❛s ❞❡ ❞❡♠♦♥str❛çã♦ ♥❛ ▼❛t❡♠át✐❝❛✳ ✷✳ ❡❞✳

❙ã♦ P❛✉❧♦✿ ❊❞✐t♦r❛ ▲✐✈r❛r✐❛ ❞❛ ❋ís✐❝❛✱ ✷✵✵✾✳

❋❘■◆❍❆◆■✱ P✳❊✳❆✈❛❧✐❛çã♦ ▼❛t❡♠át✐❝❛ ❊s❝♦❧❛r ❡♠ ❧❛r❣❛ ❡s❝❛❧❛✿ ❘❡✢❡①♦s ♥❛

r❡❞❡ ♠✉♥✐❝✐♣❛❧ ❞❡ ❋r❡✐r❡ ✲ ❊❙✳ ❉✐ss❡rt❛çã♦ ❛♣r❡s❡♥t❛❞❛ ❛♦ Pr♦❣r❛♠❛ ❞❡ Pós✲

●r❛❞✉❛çã♦ ❡♠ ❊❞✉❝❛çã♦ ❡♠ ❈✐ê♥❝✐❛s ❡ ▼❛t❡♠át✐❝❛ ❞♦ ■♥st✐t✉t♦ ❋❡❞❡r❛❧ ❞♦ ❊s♣ír✐t♦

❙❛♥t♦✱ ❝❛♠♣✉s ❱✐tór✐❛✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞♦ ❈❡❛rá✱ ❏✉❛③❡✐r♦ ❞♦ ◆♦rt❡✱ ✷✵✶✺✳

●❆❘❇■✱ ●✳ ●✳ ❆ ❘❛✐♥❤❛ ❞❛s ❈✐ê♥❝✐❛s✿ ❯♠ ♣❛ss❡✐♦ ❤✐stór✐❝♦ ♣❡❧♦ ♠❛r❛✈✐❧❤♦s♦ ♠✉♥❞♦

❞❛ ▼❛t❡♠át✐❝❛✳ ✷✳ ❡❞ r❡✈✳ ❡ ❛♠♣❧✐✳ ❙ã♦ P❛✉❧♦✿ ❊❞✐t♦r❛ ▲✐✈r❛r✐❛ ❞❛ ❋ís✐❝❛✱ ✷✵✵✽✳

●❊❘❍❆❘❉❚ ❚✳ ❊❀ ❙■▲❱❊■❘❆ ❉✳ ❚✳ ▼ét♦❞♦s ❞❡ ♣❡sq✉✐s❛❀ ❯♥✐✈❡rs✐❞❛❞❡ ❆❜❡rt❛ ❞♦

❇r❛s✐❧ ✕ ❙❡❝r❡t❛r✐❛ ❞❡ ❊❞✉❝❛çã♦ à ❉✐stâ♥❝✐❛ ✲ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞♦ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧

✲ ❯❆❇✴❙❊❆❉✴❯❋❘●❙ ✕ P♦rt♦ ❆❧❡❣r❡✿ ❊❞✐t♦r❛ ❞❛ ❯❋❘●❙✱ ✷✵✵✾✳

❑❖❙▲❖❙❑■✱ ❈✳ ❋❯◆➬➹❖ ◗❯❆❉❘➪❚■❈❆✿ ❯♠❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ ❊♥s✐♥♦ ▼é❞✐♦✳

✷✵✶✽✳ ❉✐ss❡rt❛çã♦ ✭▼❡str❛❞♦ Pr♦✜ss✐♦♥❛❧ ❡♠ ▼❛t❡♠át✐❝❛ ❡♠ ❘❡❞❡ ◆❛❝✐♦♥❛❧ ✭P❘❖❋✲

▼❆❚✮✱ ❯♥✐✈❡rs✐❞❛❞❡ ❞♦ ❊st❛❞♦ ❞❡ ❙❛♥t❛ ❈❛t❛r✐♥❛✱ ❈❡♥tr♦ ❞❡ ❈✐ê♥❝✐❛s ❚❡❝♥♦❧ó❣✐❝❛s ✕

❈❈❚✮✳ ❯♥✐✈❡rs✐❞❛❞❡ ❈r✉③❡✐r❛ ❞♦ ❙✉❧✱ ❙ã♦ P❛✉❧♦✳

❑❯❆❉❘❖✱ ❚r♦♥❝♦ ❞❛ ♣✐râ♠✐❞❡ ✲ ❉❡♠♦♥str❛çã♦ ❞❛ ❢ór♠✉❧❛ ❞♦ ✈♦❧✉♠❡✳ ❉✐s♣♦✲

♥í✈❡❧ ❡♠✿ ❁❤tt♣s✿✴✴✇✇✇✳②♦✉t✉❜❡✳❝♦♠✴✇❛t❝❤❄✈❂P❳❧②❨q❯❛✲r■✫❛♣♣❂❞❡s❦t♦♣❃✱ ❛❝❡ss♦ ❡♠

✵✺ ❥❛♥✳ ✷✵✶✾✳

❑■▲❍■❆◆✱ ❉❡♠♦♥str❛çã♦ ❞❛ ❋ór♠✉❧❛ ❞♦ ❱♦❧✉♠❡ ❞❡ ❚r♦♥❝♦ ❞❡ ❈♦♥❡

❛ P❛rt✐r ❞♦ ❱♦❧✉♠❡ ❞❡ P✐râ♠✐❞❡✱ ❖ ❇❛r✐❝❡♥tr♦ ❞❛ ▼❡♥t❡✳ ❉✐s♣♦♥í✲

✈❡❧ ❡♠✿ ❁❤tt♣s✿✴✴✇✇✇✳♦❜❛r✐❝❡♥tr♦❞❛♠❡♥t❡✳❝♦♠✴✷✵✵✾✴✵✻✴❞❡♠♦♥str❛❝❛♦✲❢♦r♠✉❧❛✲✈♦❧✉♠❡✲

tr♦♥❝♦✲❞❡✳❤t♠❧❃✱ ❆❝❡ss♦ ❡♠ ✷✵ ♥♦✈✳ ✷✵✶✽✳

▲❆▲❆◆●❊✱ ❆✳✱ ❱♦❝❛❜✉❧ár✐♦ ❚é❝♥✐❝♦ ❡ ❈rít✐❝♦ ❞❡ ❋✐❧♦s♦✜❛✳ ❚r❛❞✳ ♣♦r ❋át✐♠❛

❙á ❈❛r♥❡✐r♦✱ ▼❛r✐❛ ❊✳ ❞❡ ❆❣✉✐❛r✱ ❏♦sé ❊✳ ❚♦rr❡s ❡ ▼❛r✐❛ ●✳ ❞❡ ❙♦✉s❛✿ ▼❛rt✐♥s

❋♦♥t❡s ✲ ✶✾✾✾✳

▼❆❘❆◆❍➹❖✿ ❆çõ❡s ❊str❛té❣✐❝❛s ♣❛r❛ ❊❧❡✈❛r ♦s ❮♥❞✐❝❡s ❊❞✉❝❛❝✐♦♥❛✐s ❞♦ ▼❛✲

r❛♥❤ã♦✳ ❙❊❉❯❈✲▼❆ ✲ ✷✵✶✼✳

▼❆❘❆◆❍➹❖✿ P❧❛♥♦ ▼❛✐s ■❞❡❜ ✲ Pr♦❣r❛♠❛ ❞❡ ❢♦rt❛❧❡❝✐♠❡♥t♦ ❞♦ ❊◆❙■◆❖ ▼➱✲

❉■❖ ✲ ❖r✐❡♥t❛çõ❡s ❝✉rr✐❝✉❧❛r❡s ♣❛r❛ ♦ ❡♥s✐♥♦ ♠é❞✐♦ ✲ ▼❆❚❊▼➪❚■❈❆✳ ❙❊❉❯❈✲▼❆ ✲

✷✵✶✼✳

✾✼



▼❆❘❆◆❍➹❖✿ ❇♦❧❡t✐♠ ❞❡ ❉❡s❡♠♣❡♥❤♦ ❡ ▼❡t❛s✳ ❙❊❉❯❈✲▼❆ ✲ ✷✵✶✾✳

▼❊■❘❊▲❊❙✱ ❊✳ ❈♦♠♦ ❖r❣❛♥✐③❛r ❙❡q✉ê♥❝✐❛s ❉✐❞át✐❝❛s✱ ✷✵✶✹✳ ❉✐s♣♦♥í✈❡❧

❡♠✿ ❁❤tt♣s✿✴✴♥♦✈❛❡s❝♦❧❛✳♦r❣✳❜r✴❝♦♥t❡✉❞♦✴✶✹✾✸✴❝♦♠♦✲♦r❣❛♥✐③❛r✲s❡q✉❡♥❝✐❛s✲❞✐❞❛t✐❝❛s❃✱

❆❝❡ss♦ ❡♠✿ ✷✷ ♥♦✈✳ ✷✵✶✽✳

▼❯◆■❩ ◆❊❚❖✱ ◆✳ ❆✳ ❈✳ ●❡♦♠❡tr✐❛✳ ✶❛ ❡❞✐çã♦✳ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✿ ❙❇▼✱ ✷✵✶✸✳

P❊❉❆●❖●■❆ ❊ ❈❖▼❯◆■❈❆➬➹❖✱ P❡sq✉✐s❛ ❊s❝♦❧❛r ❋✐❧♦s♦✜❛✳ ❉✐s♣♦♥í✲

✈❡❧ ❡♠✿ ❁❤tt♣s✿✴✴❡❞✉❝❛❝❛♦✳✉♦❧✳❝♦♠✳❜r✴❞✐s❝✐♣❧✐♥❛s✴✜❧♦s♦✜❛✴❧♦❣✐❝❛✖❞❡❞✉❝❛♦✲♣❛rt✐♥❞♦✲❞♦✲

❣❡r❛❧✲♣❛r❛✲❝❤❡❣❛r✲❛♦✲♣❛rt✐❝✉❧❛r✳❤t♠❃✳ ❆❝❡ss♦ ❡♠✿ ✶✵ ❞❡ ❋❡✈✳ ✷✵✶✾✳

P❊❘❊■❘❆✱ ❘✳❀ ▲❊◆❚❩✱ ❈❀ ❈❆❚❆P❆◆✱ ❆❀ ◗❯❆❘❚■❊❘❖ ❊✳ ❊st✉❞♦ ❞❡ ❙♦❢t✇❛r❡s

❊❞✉❝❛❝✐♦♥❛✐s✱ ❋❧♦r✐❛♥ó♣♦❧✐s✿ ❊❆❉✴❯❋❙❈✴❈❊❉✴❈❋▼✱ ✷✵✵✺✳

P■❊❚❘❖P❆❖▲❖✱ ❘✉② ❈❡s❛r✳ ❙✐❣♥✐✜❝❛r ❛ ❉❡♠♦♥str❛çã♦ ♥♦s ❈✉rrí❝✉❧♦s ❞❛ ❊❞✉✲

❝❛çã♦ ❇ás✐❝❛ ❡ ❞❛ ❋♦r♠❛çã♦ ❞❡ Pr♦❢❡ss♦r❡s ❞❡ ▼❛t❡♠át✐❝❛✳ ❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦

❛♣r❡s❡♥t❛❞❛ à P♦♥t✐❢í❝✐❛ ❯♥✐✈❡rs✐❞❛❞❡ ❈❛tó❧✐❝❛ ❞❡ ❙ã♦ P❛✉❧♦ ✭P❯❈✲❙P✮✱ ✷✵✵✺✳✳

P■◆❍❖✱ ❏✳ ▲✳ ❘❀ ❇❆❚■❙❚❆✱ ❊❀ ❈❆❘❱❆▲❍❖✱ ◆✳ ❚✳ ❇✳ ●❡♦♠❡tr✐❛ ■✱ ❋❧♦r✐❛♥ó♣♦❧✐s✿

❊❆❉✴❯❋❙❈✴❈❊❉✴❈❋▼✱ ✷✵✵✼✳

❘❖❈❆❚❖✱ P❛✉❧♦ ❙❡r❣✐♦✳ ❚❤❡ ❝♦♥❝❡♣t✐♦♥s ♦❢ t❤❡ ♣r♦❢❡ss♦rs ♦♥ t❤❡ ✉s❡ ♦❢ ✈✐❞❡♦

❛s ♣♦t❡♥❝✐❛❧✐③❛❞♦r❡s ♦❢ t❤❡ ♣r♦❝❡ss ♦❢ ❡❞✉❝❛t✐♦♥ ❛♥❞ ❧❡❛r♥✐♥❣✳ ✷✵✵✾✳ ✶✼✷ ❢✳

❉✐ss❡rt❛çã♦ ✭▼❡str❛❞♦ ❡♠ ❊♥s✐♥♦ ❞❡ ❈✐ê♥❝✐❛s ❡ ▼❛t❡♠át✐❝❛✮✳ ❯♥✐✈❡rs✐❞❛❞❡ ❈r✉③❡✐r❛ ❞♦

❙✉❧✱ ❙ã♦ P❛✉❧♦✳

❘❯❙❙❊▲✱ ❇✳❆✳❲✳✱ ■♥tr♦❞✉çã♦ à ❋✐❧♦s♦✜❛ ▼❛t❡♠át✐❝❛✳ ❚r❛❞✳ ♣♦r ●✐❛s♦♥❡ ❘❡❜✉á✳

❘✐♦ ❞❡ ❏❛♥❡✐r♦✿ ❩❛❤❛r ❊❞✐t♦r❡s✱ ✶✾✼✹✳

❙❆❉❖❱❙❑❨✱ P✳ ❖ ❊♥s✐♥♦ ❞❛ ▼❛t❡♠át✐❝❛ ❤♦❥❡✱ ❊♥❢♦q✉❡s✱ s❡♥t✐❞♦s ❡ ❞❡s❛✜♦s✳ ✶ ❡❞✳

❙ã♦ P❛✉❧♦✿ ➪t✐❝❛✱ ✷✵✶✵✳

❙■▲❱❆✱ ❆✳ ▼✳ ❖ ❱í❞❡♦ ❝♦♠♦ ❘❡❝✉rs♦ ❉✐❞át✐❝♦ ♥♦ ❊♥s✐♥♦ ❞❡ ▼❛t❡♠át✐❝❛✳ ❉✐s✲

s❡rt❛çã♦ ❛♣r❡s❡♥t❛❞❛ ❛♦ Pr♦❣r❛♠❛ ❞❡ Pós✲●r❛❞✉❛çã♦ ❡♠ ❊❞✉❝❛çã♦ ❡♠ ❈✐ê♥❝✐❛s ❡ ▼❛t❡✲

♠át✐❝❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ●♦✐ás✱ ●♦✐â♥✐❛ ●♦✐❛s✱ ✷✵✶✶✳

❙Ó ▼❆❚❊▼➪❚■❈❆✿ ❋r❛♥❝❡s❝♦ ❇♦♥❛✈❡♥t✉r❛ ❈❛✈❛❧✐❡r✐✱ ✶✾✾✽✳ ❁❉✐s♣♦♥í✈❡❧✿

❤tt♣s✿✴✴✇✇✇✳s♦♠❛t❡♠❛t✐❝❛✳❝♦♠✳❜r✴❜✐♦❣r❛❢✴❝❛✈❛❧✐❡r✐✳♣❤♣❃✳ ❆❝❡ss♦ ❡♠✿ ✶✾ ❞❡ ▼❛r✳ ✷✵✶✾✳

✾✽



❚❊▲❊❈❯❘❙❖✱ ❖ q✉❡ é ❚❡❧❡❝✉rs♦❄✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿ ❁❤tt♣✿✴✴✇✇✇✳t❡❧❡❝✉rs♦✳♦r❣✳❜r✴♦✲

q✉❡✲❡✲♦✲t❡❧❡❝✉rs♦✴❃✳ ❆❝❡ss♦ ❡♠✿ ✶✵ ❞❡ ❉❡③✳ ✷✵✶✽✳

❚❯❚❖❘ ❇❘❆❙■▲✱ ▼❛t❡♠át✐❝❛✳❚❱✱ ❊♥s✐♥♦ ▼é❞✐♦✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿

❁❤tt♣s✿✴✴✇✇✇✳t✉t♦r❜r❛s✐❧✳❝♦♠✳❜r✴❢♦r✉♠✴✈✐❡✇t♦♣✐❝✳♣❤♣❄t❂✺✹✼❃✳ ❆❝❡ss♦ ❡♠✿ ✶✻ ♥♦✈✳

✷✵✶✽✳

❲■❑■P❊❉■❆✳ ❍✐stór✐❛ ❞❛ ●❡♦♠❡tr✐❛✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿

❁❤tt♣s✿✴✴♣t✳✇✐❦✐♣❡❞✐❛✳♦r❣✴✇✐❦✐✴❍✐stór✐❛ ❞❛ ❣❡♦♠❡tr✐❛❃✳ ❆❝❡ss♦ ❡♠✿ ✶✵ ♥♦✈✳ ✷✵✶✽✳

✾✾



❆P✃◆❉■❈❊❙



❆P✃◆❉■❈❊ ❆ ✕ ❈❆❘❚❆ ❉❊ ❆◆❯✃◆❈■❆ ❉❆ ❊❙❈❖▲❆

❉❊❈▲❆❘❆➬➹❖ ❉❆ ■◆❙❚■❚❯■➬➹❖ P❆❘❚■❈■P❆◆❚❊

❈❆❘❚❆ ❉❊ ❆◆❯✃◆❈■❆

❆✉t♦r✐③❛♠♦s ♦ ♣❡sq✉✐s❛❞♦r r❡s♣♦♥sá✈❡❧ ◆❛t❛♥❛❡❧ ❈❛r✈❛❧❤♦ ❙♦✉s❛✱ ♠❡str❛♥❞♦ ▼❡str❛❞♦

Pr♦✜ss✐♦♥❛❧ ❡♠ ▼❛t❡♠át✐❝❛ ❡♠ ❘❡❞❡ ◆❛❝✐♦♥❛❧ ✕ P❘❖❋▼❆❚✱ ♥❛ ❯♥✐✈❡rs✐❞❛❞❡ ❞♦ ❊st❛❞♦

❞♦ ▼❛r❛♥❤ã♦ ✭❯❊▼❆✮✱ ♦r✐❡♥t❛❞♦ ♣❡❧♦ ♣r♦❢❡ss♦r ❉r✳ ❏♦ã♦ ❈♦❡❧❤♦ ❙✐❧✈❛ ❋✐❧❤♦✱ ❛ r❡❛❧✐③❛r

✉♠❛ ❛♣❧✐❝❛çã♦ ♣❛r❛ s✉❛ ❉✐ss❡rt❛çã♦ ❞❡ ▼❡str❛❞♦ ♥❛s ❞❡♣❡♥❞ê♥❝✐❛s ❞♦ ❈✳❊✳ ❈â♥❞✐❞♦

▼❡♥❞❡s ✲ ❆♥❡①♦ ■■✱ Pr♦❞✉çã♦ ❞❡ ❱í❞❡♦s ❡ ❉❡♠♦♥str❛çõ❡s ♣❛r❛ ❡♥s✐♥♦ ❞❡ ár❡❛✱ s❡♥❞♦ ❡st❛

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

❈♦♠♦ ♠❡♥❝✐♦♥❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❛ ♣❡sq✉✐s❛ s❡rá r❡❛❧✐③❛❞❛ ♥❛s ❞❡♣❡♥❞ê♥❝✐❛s ❞❛ ❡s❝♦❧❛✱

♦♥❞❡ ♦ ♣❡sq✉✐s❛❞♦r tr❛❜❛❧❤❛ ❝♦♠♦ ❞♦❝❡♥t❡ ❞♦ ❊♥s✐♥♦ ▼é❞✐♦ ❛t✉❛❧♠❡♥t❡✳

❈♦♥❝♦r❞❛♠♦s q✉❡ ♦s r❡s✉❧t❛❞♦s ❞❡st❛ ♣❡sq✉✐s❛ ♣♦❞❡rã♦ s❡r ❛♣r❡s❡♥t❛❞♦s ♣♦r ❡s❝r✐t♦s ❡

♦r❛❧♠❡♥t❡ ❡♠ ❜❛♥❝❛ ❞❡ ❉✐ss❡rt❛çã♦✱ ❡♠ ❡①♣♦s✐çã♦ ♦r❛❧✱ ❝♦♥❣r❡ss♦s ❡ r❡✈✐st❛s ❝✐❡♥tí✜❝❛s✳

❇r❡❥♦✱ ❞❡ ❞❡ ✷✵✶✽

❆t❡♥❝✐♦s❛♠❡♥t❡✱

●❡st♦r ●❡r❛❧

✶✵✶



❆P✃◆❉■❈❊ ❇ ✕ ❚❊❘▼❖ ❉❊ ❈❖◆❙❊◆❚■▼❊◆❚❖ ✲ ❆▲❯◆❖❙

❚❊❘▼❖ ❉❊ ❈❖◆❙❊◆❚■▼❊◆❚❖

❊✉✱ ✱ ❘●

❞❡❝❧❛r♦ ❡st❛r ❝✐❡♥t❡ ❞❛ ♣❛rt✐❝✐♣❛çã♦ ❞♦ ❛❧✉♥♦✭❛✮ ✱

❘● ✱ ♣❡❧♦✭❛✮ q✉❛❧ s♦✉ r❡s♣♦♥sá✈❡❧✱ ♥❛ P❡sq✉✐s❛ ❞❡

▼❡str❛❞♦ ❞♦ ▼❡str❛❞♦ Pr♦✜ss✐♦♥❛❧ ❡♠ ▼❛t❡♠át✐❝❛ ❡♠ ❘❡❞❡ ◆❛❝✐♦♥❛❧ ✕ P❘❖❋▼❆❚ ❞❛

❯♥✐✈❡rs✐❞❛❞❡ ❞♦ ❊st❛❞♦ ❞♦ ▼❛r❛♥❤ã♦ ❯❊▼❆ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❡❧♦ ❆❝❛❞ê♠✐❝♦ ◆❛t❛♥❛❡❧

❈❛r✈❛❧❤♦ ❙♦✉s❛ ❡ ♥❛ ❢♦r♠❛ ❞❡ ♠✐♥✐❝✉rs♦s s♦❜ ❛ ♦r✐❡♥t❛çã♦ ❞♦ Pr♦❢✳ ❉r✳ ❏♦ã♦ ❈♦❡✲

❧❤♦ ❞❛ ❙✐❧✈❛ ❋✐❧❤♦ ✭❯❊▼❆✮✳

❖ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ t❡♠ ♣♦r ♦❜❥❡t✐✈♦s✿ Pr♦♣♦r ✉♠❛ ❢♦r♠❛ ❆❧t❡r♥❛t✐✈❛ ♣❛r❛ ❡♥s✐♥♦ ❞❡

➪r❡❛ ❡ ❱♦❧✉♠❡ ♥♦ ❡♥s✐♥♦ ▼é❞✐♦✳

❖s ✐♥str✉♠❡♥t♦s ✉t✐❧✐③❛❞♦s s❡rã♦✿ ◗✉❡st✐♦♥ár✐♦s✱ ✜❧♠❛❣❡♠✱ ❢♦t♦❣r❛✜❛s✱ r❡s♦❧✉çã♦ ❞❡ ❡①❡r✲

❝í❝✐♦s ❡ ❞❡♠♦♥str❛çõ❡s✳ ❊s♣❡r❛✲s❡ ♦❜t❡r✱ ♣♦r ❡st❡ ♣r♦❥❡t♦✱ ♦s s❡❣✉✐♥t❡s r❡s✉❧t❛❞♦s✿ ❘❡❢♦r✲

ç❛r ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❞♦ ❡st✉❞❛♥t❡ ❡♠ ❝á❧❝✉❧♦ ❞❡ ár❡❛ ❡ ❱♦❧✉♠❡❀ ❆♣r✐♠♦r❛r ♦ ❡♥s✐♥♦ ♥❛

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

❛çõ❡s ❞❡ ❡♥s✐♥♦✳ ❚❡♥❤♦ ❝✐ê♥❝✐❛ q✉❡ t❡♥❤♦ ❛ ❧✐❜❡r❞❛❞❡ ❞❡ ♠❡ r❡❝✉s❛r ❛ ❝♦♥t✐♥✉❛r ♦✉ r❡t✐r❛r

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

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

❜❛❧❤♦✳ ❖s r❡s♣♦♥sá✈❡✐s ♣❡❧❛ ♣❡sq✉✐s❛ ❣❛r❛♥t❡♠ ♦ s✐❣✐❧♦ q✉❡ ❛ss❡❣✉r❡ ❛ ♣r✐✈❛❝✐❞❛❞❡ ❞♦s

s✉❥❡✐t♦s q✉❛♥t♦ ❛♦s ❞❛❞♦s ❝♦♥✜❞❡♥❝✐❛✐s ❡♥✈♦❧✈✐❞♦s ♥♦ ♣r♦❥❡t♦✳ ❉❡❝❧❛r♦ t❡r ❝✐ê♥❝✐❛ q✉❡

❛s ✐♥❢♦r♠❛çõ❡s ♦❜t✐❞❛s ♣♦❞❡♠ s❡r ✉s❛❞❛s ♣❛r❛ ✜♥s ❝✐❡♥tí✜❝♦s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ét✐❝❛ ♥❛

♣❡sq✉✐s❛ ❡ q✉❡ ❡st❛ ♣❛rt✐❝✐♣❛çã♦ ♥ã♦ ❝♦♠♣♦rt❛ q✉❛❧q✉❡r r❡♠✉♥❡r❛çã♦✳ ❉❡❝❧❛r♦ ❛✐♥❞❛

t❡r ❝♦♥❤❡❝✐♠❡♥t♦ q✉❡ ❡ss❛s ❛t✐✈✐❞❛❞❡s s❡rã♦ ❞❡s❡♥✈♦❧✈✐❞❛s ♥♦s ❤♦rár✐♦s r❡❣✉❧❛r❡s ♦♥❞❡ ♦

♣❡sq✉✐s❛❞♦r é ♣r♦❢❡ss♦r t✐t✉❧❛r✱ ❝♦♠ ❛♥✉ê♥❝✐❛ ❞❛ ●❡stã♦ ❞❛ ❊s❝♦❧❛✳

❇r❡❥♦✱ ❞❡ ❞❡ ✷✵✶✽

❘❡s♣♦♥sá✈❡❧ ♣❡❧♦ ❛❧✉♥♦✭❛✮

✶✵✷



❆P✃◆❉■❈❊ ❈ ✕ ◗❯❊❙❚■❖◆➪❘■❖ ❉❊ ❉■❆●◆Ó❙❚■❈❖

❆❧✉♥♦✿ ✱ ◆♦

Pr♦❢❡ss♦r✿ ◆❛t❛♥❛❡❧ ❈❛r✈❛❧❤♦ ❙♦✉s❛✱ ❚✉r♠❛✿

❆❚■❱■❉❆❉❊ ❉❊ ❉■❆●◆Ó❙❚■❈❖

✶✮ ❉❡s❡♥❤❡ ❝❛❞❛ ✉♠❛ ❞♦s ♣♦❧í❣♦♥♦s ❡ ♥✉♠❡r❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❧✐st❛ ❛ s❡❣✉✐r✿

◗✉❛❞r❛❞♦ ✭✶✮

❘❡tâ♥❣✉❧♦ ✭✷✮

P❛r❛❧❡❧♦❣r❛♠♦✭✸✮

❚r✐â♥❣✉❧♦ ✭✹✮

❚r❛♣é③✐♦ ✭✺✮

▲♦s❛♥❣♦ ✭✻✮

P♦❧í❣♦♥♦ ❘❡❣✉❧❛r ✭✼✮

❈ír❝✉❧♦ ✭✽✮

✶✵✸



✷✮ ❈♦♠ q✉❛❧ ✜❣✉r❛ ♣♦❞❡rí❛♠♦s r❡❧❛❝✐♦♥❛r ♦ ♦❜❥❡t♦ ❞❛ ❢♦t♦ ❛❜❛✐①♦❄

❆✮ ❚❘■➶◆●❯▲❖

❇✮ ❚❘❆P➱❩■❖

❈✮ ▲❖❙❆◆●❖

❉✮ P❆❘❆▲❊▲❖●❘❆▼❖

❊✮ ❈❮❘❈❯▲❖

✸✮ ❈✐t❡ ❝♦✐s❛s ❞♦ s❡✉ ❝♦t✐❞✐❛♥♦ q✉❡ ♣♦❞❡r✐❛♠ s❡r r❡❧❛❝✐♦♥❛❞❛s ❛ ❛❧❣✉♠ ❞♦s ♣♦❧í❣♦♥♦s ❞❛

q✉❡stã♦ ✶✳

✹✮ ❉♦s ♣♦❧í❣♦♥♦s ❞❛ q✉❡stã♦ ✶✱ q✉❡ ✈♦❝ê ❞❡s❡♥❤♦✉✱ q✉❛✐s ✈♦❝ê s❛❜❡r✐❛ ❝❛❧❝✉❧❛r s✉❛ ár❡❛❄

✶✵✹



❆P✃◆❉■❈❊ ❉ ✕ P❘■◆❈■P❆■❙ P❖▲❮●❖◆❖❙

❆❧✉♥♦s ❞❡ ♥ú♠❡r♦s✿ ◆♦ ✱ ◆♦ ✱ ◆♦ ✱ ◆♦ ✱ ◆♦ ✱ ◆♦

Pr♦❢❡ss♦r✿ ◆❛t❛♥❛❡❧ ❈❛r✈❛❧❤♦ ❙♦✉s❛

▲■❙❚❆ ❉❊ ❋■●❯❘❆❙

✶✮ ❋❛ç❛♠ ✉♠ r❡❣✐str♦ ❢♦t♦❣rá✜❝♦ ❞❡ ❝♦✐s❛s ❞♦ ❝♦t✐❞✐❛♥♦ q✉❡ s❡❥❛♠ ♣❛r❡❝✐❞❛s ❝♦♠ ♦s

♣♦❧í❣♦♥♦s ❛❜❛✐①♦✿

✶✵✺





2) ▲✐st❡ ❛s ✜❣✉r❛s ❞❡s❡♥❤❛❞❛s ♥❛ q✉❡stã♦ ✶ ❛❝♦♠♣❛♥❤❛❞❛s ❞❡ s❡✉s r❡s♣❡❝t✐✈♦s ♣❡rí♠❡tr♦s✳

3) ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ❛ ár❡❛ ❞❡ ✉♠ q✉❛❞r❛❞✐♥❤♦ ✈❛❧❡ 1 ✭✉♠✮✱ q✉❛❧ ❛ ár❡❛ ❞♦ ♣♦❧í❣♦♥♦ ♥♦

❝❛♥t♦ ✐♥❢❡r✐♦r ❞✐r❡✐t♦ ❞❛ ✜❣✉r❛ ❞❛ q✉❡stã♦ ✶❄ ❡ q✉❛❧ s❡✉ ♣❡rí♠❡tr♦❄

✶✵✼



❆P✃◆❉■❈❊ ❋ ✕ ▲■❙❚❆ ❉❊ ❆❚■❱■❉❆❉❊❙ ■■

❆❧✉♥♦✿ ✱ ◆♦

Pr♦❢❡ss♦r✿ ◆❛t❛♥❛❡❧ ❈❛r✈❛❧❤♦ ❙♦✉s❛✱

▲■❙❚❆ ❉❊ ❆❚■❱■❉❆❉❊❙ ■■

1) ❯s❛♥❞♦ ♦ ✈✐❞r♦ s♦❜r❡ ❛ ❢♦❧❤❛ q✉❛❞r✐❝✉❧❛❞❛✱ ❝♦♥str✉❛ q✉❛❞r❛❞♦s✱ ✉♠ ❞❡ ❧❛❞♦ ✶✱ ♦✉tr♦

❞❡ ❧❛❞♦ ✷✱ ♦✉tr♦ ❞❡ ❧❛❞♦ ✸✱ ♦✉tr♦ ❞❡ ❧❛❞♦ ✹✱ ♦✉tr♦ ❞❡ ❧❛❞♦ ✺✱ ♦✉tr♦ ❞❡ ❧❛❞♦ ✻✱ ❞❡♣♦✐s ❛♥♦t❡

❛♦ s❡✉ ❧❛❞♦ q✉❛❧ ❛ ár❡❛ ❞❡ ❝❛❞❛ ✉♠✳

2) ❙❡❣✉✐♥❞♦ ♦ r❛❝✐♦❝í♥✐♦ ❞❛ q✉❡stã♦ ❛♥t❡r✐♦r✱ ✉♠ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ ✶✵ t❡♠ ár❡❛ ✐❣✉❛❧

q✉❛♥t♦❄

3) ❈♦♥s✐❞❡r❛♥❞♦ ✉♠ q✉❛❞r❛❞♦ ❡ s❛❜❡♥❞♦ q✉❡ ❛ ♠❡❞✐❞❛ ❞❡ s❡✉ ❧❛❞♦ é l✱ q✉❛❧ s❡r✐❛ ❛ s✉❛

ár❡❛❄

✶✵✽



❆P✃◆❉■❈❊ ● ✕ ▲■❙❚❆ ❉❊ ❆❚■❱■❉❆❉❊❙ ■■■

❆❧✉♥♦✿ ✱ ◆♦

Pr♦❢❡ss♦r✿ ◆❛t❛♥❛❡❧ ❈❛r✈❛❧❤♦ ❙♦✉s❛✱

▲■❙❚❆ ❉❊ ❆❚■❱■❉❆❉❊❙ ■■■

1) ❯s❛♥❞♦ ♦ ✈✐❞r♦ s♦❜r❡ ❛ ❢♦❧❤❛ q✉❛❞r✐❝✉❧❛❞❛✱ ❝♦♥str✉❛ r❡tâ♥❣✉❧♦s ❝✉❥♦ ❛❧t✉r❛ s❡❥❛ ✶

s❡♠♣r❡✱ ❡ ❛ ❜❛s❡ ✈❛r✐❛ ❞♦ r❡tâ♥❣✉❧♦ ❛♥t❡r✐♦r ♣❛r❛ ♦ ♣ró①✐♠♦ ❡♠ ✉♠❛ ✉♥✐❞❛❞❡ ❡ ❛♥♦t❡ ❛

ár❡❛ ❞❡ ❝❛❞❛ ✉♠✱ ❢❛ç❛ ♦ ♠❡s♠♦ ♣❛r❛ r❡tâ♥❣✉❧♦ ❞❡ ❛❧t✉r❛ ✷✱ ✸✱ ✹ ❡ ✺✳

2) P❡❧♦ r❛❝✐♦❝í♥✐♦ ❞❛ q✉❡stã♦ ❛♥t❡r✐♦r✱ q✉❛❧ ❛ ár❡❛ ❞❡ r❡tâ♥❣✉❧♦ ❝♦♠ ❞✐♠❡♥sõ❡s 8 ❡ 10 ❡

❞❡ ✉♠ r❡tâ♥❣✉❧♦ ❝♦♠ ❞✐♠❡♥sõ❡s 11 ❡ 20❄

3) ❙❡ ✉♠ r❡tâ♥❣✉❧♦ t❡♠ ❞✐♠❡♥sõ❡s a ❡ b✱ q✉❛❧ ❛ s✉❛ ár❡❛❄

✶✵✾



❆P✃◆❉■❈❊ ❍ ✕ ▲■❙❚❆ ❉❊ ❆❚■❱■❉❆❉❊❙ ■❱

❆❧✉♥♦✿ ✱ ◆♦

Pr♦❢❡ss♦r✿ ◆❛t❛♥❛❡❧ ❈❛r✈❛❧❤♦ ❙♦✉s❛✱

▲■❙❚❆ ❉❊ ❆❚■❱■❉❆❉❊❙ ■❱

1) ❯s❛♥❞♦ ♦ ✈✐❞r♦ s♦❜r❡ ❛ ❢♦❧❤❛ ❝♦♠ ♦ tr✐â♥❣✉❧♦ ❡q✉✐❧át❡r♦✱ ♠♦str❡ q✉❡ ❛♦ ❧✐❣❛r♠♦s ♦s

✈ért✐❝❡s ❛♦ ❝❡♥tr♦ ❝♦♠ ✉♠ s❡❣♠❡♥t♦✱ ♦ tr✐â♥❣✉❧♦ ❡q✉✐❧át❡r♦ ✜❝❛ ❞✐✈✐❞✐❞♦ ❡♠ três tr✐â♥❣✉❧♦s

❝♦♥❣r✉❡♥t❡s✳ ❋❛ç❛ ♦ ♠❡s♠♦ ♣❛r❛ ♣❛r❛ ♦ q✉❛❞r❛❞♦✱ ♣❡♥tá❣♦♥♦ ❡ ❤❡①á❣♦♥♦✳

2) P❡❧♦ r❛❝✐♦❝í♥✐♦ ❞❛ q✉❡stã♦ ❛♥t❡r✐♦r✱ ❡ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ❛♣ót❡♠❛ é t❛♠❜é♠ ❛❧t✉r❛ ❞♦s

tr✐â♥❣✉❧♦s ❢♦r♠❛❞♦s✱ ❝♦♠♦ ✜❝❛r✐❛ ♦ ❝á❧❝✉❧♦ ❞❡ ár❡❛ ❞♦ tr✐â♥❣✉❧♦ ❡q✉✐❧át❡r♦✱ ❞♦ q✉❛❞r❛❞♦✱

❞♦ ♣❡♥tá❣♦♥♦ ❡ ❞♦ ❤❡①á❣♦♥♦❄

3) ❉❡♣♦✐s ❞❛s q✉❡stõ❡s 1 ❡ 2 é ♣♦ssí✈❡❧ ❞❡❞✉③✐r ❛ ❢ór♠✉❧❛ ♣❛r❛ ✉♠ ♣♦❧í❣♦♥♦ r❡❣✉❧❛r ❝♦♠

n ❧❛❞♦s❄

4) ❈♦♠ ✉s♦ ❞❡ ré❣✉❛✱ ♠❡ss❛ ♦ t❛♠❛♥❤♦ ❞♦ r❛✐♦ ❡ ❞♦ ❛♣ót❡♠❛ ❞♦s ♣♦❧í❣♦♥♦s r❡❣✉❧❛r❡s✳ ❋❛ç❛

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

♦ ♥ú♠❡r♦ ❞❡ ❧❛❞♦s ❞♦ ♣♦❧í❣♦♥♦ ❡♠ r❡❧❛çã♦ ❛♦ r❛✐♦✱ ❛♣ót❡♠❛ ❡ ❢♦r♠❛t♦ ❞♦ ♣♦❧í❣♦♥♦❄

✶✶✵



5) ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ♣❡rí♠❡tr♦ ❞❡ ✉♠ ❝ír❝✉❧♦ é ❞❛❞♦ ♣♦r 2πR✱ ♦♥❞❡ ❘ é ♦ r❛✐♦ ❞♦

❝ír❝✉❧♦ ❡ ❝♦♥s✐❞❡r❛♥❞♦ t❛♠❜é♠ ♦ q✉❡ s❡ ❞❡❞✉③✐✉ s♦❜r❡ ♦ t❛♠❛♥❤♦ ❞♦ r❛✐♦ ❡ ❛♣ót❡♠❛

q✉❛♥❞♦ ❛✉♠❡♥t❛♠♦s ♦ ♥ú♠❡r♦ ❞❡ ❧❛❞♦s ❞❡ ✉♠ ♣♦❧í❣♦♥♦ ❢❛③❡♥❞♦ ❝♦♠ q✉❡ ❡❧❡ s❡ ❛♣r♦①✐♠❡

❞❡ ✉♠ ❝ír❝✉❧♦✱ q✉❛❧ ❢ór♠✉❧❛ ♥♦s ❢♦r♥❡❝❡ ❛ ár❡❛ ❞♦ ❝ír❝✉❧♦❄

✶✶✶



❆P✃◆❉■❈❊ ■ ✕ ❆❱❆▲■❆➬➹❖ ■ ✲ ➪❘❊❆ ❉❖ P❘■◆❈■P❆■❙ P❖▲❮✲

●❖◆❖❙

❆❧✉♥♦✿ ✱ ◆♦

Pr♦❢❡ss♦r✿ ◆❛t❛♥❛❡❧ ❈❛r✈❛❧❤♦ ❙♦✉s❛✱

❆❱❆▲■❆➬➹❖ ■

1) ✭❊◆❊▼✮ P❛r❛ ❞❡❝♦r❛r ❛ ❢❛❝❤❛❞❛ ❞❡ ✉♠ ♣ré❞✐♦✱ ✉♠ ❛rq✉✐t❡t♦ ♣r♦❥❡t♦✉ ❛ ❝♦❧♦❝❛çã♦ ❞❡

✈✐tr❛✐s ❝♦♠♣♦st♦s ❞❡ q✉❛❞r❛❞♦s ❞❡ ❧❛❞♦ ♠❡❞✐♥❞♦ 1m✱ ❝♦♥❢♦r♠❡ ❛ ✜❣✉r❛✳ ◆❡st❛ ✜❣✉r❛ ♦s

♣♦♥t♦s A✱ B✱ C ❡ D sã♦ ♣♦♥t♦s ♠é❞✐♦s ❞♦s ❧❛❞♦s ❞♦ q✉❛❞r❛❞♦ ❡ ❞♦s s❡❣♠❡♥t♦s AP ❡

QC ♠❡❞❡♠ 1/4 ❞❛ ♠❡❞✐❞❛ ❞♦ ❧❛❞♦ ❞♦ q✉❛❞r❛❞♦✳ P❛r❛ ❝♦♥❢❡❝❝✐♦♥❛r ✉♠ ✈✐tr❛❧✱ sã♦ ✉s❛❞♦s

❞♦✐s t✐♣♦s ❞❡ ♠❛t❡r✐❛✐s✿ ✉♠ ♣❛r❛ ❛ ♣❛rt❡ s♦♠❜r❡❛❞❛ ❞❛ ✜❣✉r❛✱ q✉❡ ❝✉st❛ R$30, 00 ♦ m2✱ ❡

♦✉tr♦ ♣❛r❛ ❛ ♣❛rt❡ ♠❛✐s ❝❧❛r❛ ✭r❡❣✐õ❡s ABPDA ❡ BCDQB✮✳ q✉❡ ❝✉st❛ R$50, 00 ♦ m2✳ ❉❡

❛❝♦r❞♦ ❝♦♠ ❡ss❡s ❞❛❞♦s✱ q✉❛❧ é ♦ ❝✉st♦ ❞♦s ♠❛t❡r✐❛✐s ✉s❛❞♦s ♥❛ ❢❛❜r✐❝❛çã♦ ❞❡ ✉♠ ✈✐tr❛❧❄

❆✮ R$22, 50 ❇✮ R$35, 00 ❈✮ R$40, 00 ❉✮ R$42, 50 ❊✮ R$45, 00

✶✶✷



2) ✭❉❆◆❚❊✱ ✷✵✶✻✮❋❡✐t♦ ♦ ❧❡✈❛♥t❛♠❡♥t♦ ❞❡ ✉♠ t❡rr❡♥♦✱ ❢♦r❛♠ ❞❡t❡r♠✐♥❛❞♦s ♦s ❞❛❞♦s

✐♥❞✐❝❛❞♦s ♥❛ ✜❣✉r❛ ❛❜❛✐①♦✳ ◆❡ss❛s ❝♦♥❞✐çõ❡s✱ q✉❛❧ ❛ ár❡❛ ❞♦ t❡rr❡♥♦❄

3) ✭❉❆◆❚❊✱ ✷✵✶✻✮❯♠ t❡rr❡♥♦ t❡♠ ❢♦r♠❛ tr✐❛♥❣✉❧❛r ❡ ❛s ♠❡❞✐❞❛s ❞♦s s❡✉s ❧❛❞♦s sã♦ 17m✱

15m ❡ 8m✳ ◗✉❛❧ ❛ ár❡❛ ❞❡ss❡ t❡rr❡♥♦❄

✶✶✸



4) ✭❉❆◆❚❊✱ ✷✵✶✻✮ ❖ ♣❡rí♠❡tr♦ ❞♦ q✉❛❞r❛❞♦ ABCD ❞❛ ✜❣✉r❛ é 32cm✳ ❈❛❧❝✉❧❡ ❛ ár❡❛ ❞❛

r❡❣✐ã♦ ❝♦❧♦r✐❞❛✳

5) ✭❉❆◆❚❊✱ ✷✵✶✻✮ ❙❡ ♦ r❛✐♦ ❞❡ ✉♠ ❝ír❝✉❧♦ ❛✉♠❡♥t❛ 10%✱ ❡♥tã♦ ♦ s❡✉ ♣❡rí♠❡tr♦ ❡ s✉❛

ár❡❛ ❛✉♠❡♥t❛rã♦ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆✮ 10% ❡ 10% ❇✮ 10% ❡ 21% ❈✮ 21% ❡ 21% ❉✮ 10% ❡ 0% ❊✮ 0% ❡ 10%

✶✶✹



6) ❆ ✜❣✉r❛ ❛❜❛✐①♦ ♠♦str❛ ✉♠❛ ♠❡s❛ ❝♦♠ ✉♠❛ ♣❛rt❡ ❞❡ ✈✐❞r♦✳

❙❛❜❡✲s❡ q✉❡ ❛ ❞✐stâ♥❝✐❛ ❞♦ ❝❡♥tr♦ à q✉❛❧q✉❡r ❧✉❣❛r ❞❛ s✉❛ ❜♦r❞❛ é 0, 6m ❡ t❛♠❜é♠

s❛❜❡♠♦s q✉❡ 1m2 ❞❡st❡ ✈✐❞r♦ ❝✉st❛ R$100, 00✳ ❈❛s♦ ❡ss❡ ✈✐❞r♦ q✉❡❜r❡✱ q✉❛♥t♦ ❝✉st❛ ♣r❛

s✉❜st✐t✉í✲❧♦❄ ❈♦♥s✐❞❡r❡ π = 3, 14✳

❆✮ R$95, 34 ❇✮ R$105, 24 ❈✮ R$113, 04 ❉✮ R$121, 14 ❊✮ R$143, 54

7) ❙❡ ♦ ♣♦rtã♦ ❞❛ ✜❣✉r❛ ❛❜❛✐①♦ ❝✉st♦✉ R$1.567, 50 ❡ ♦ ♣r❡ç♦ é ❞❛❞♦ ❡♠ m2✱ ❡♥tã♦ q✉❛♥t♦

✈❛❧❡ ♦ 1m2 ❞❡ ♣♦rtã♦❄

✶✶✺



❆✮ R$250, 00 ❇✮ R$305, 00 ❈✮ R$355, 00 ❉✮ R$370, 00 ❊✮ R$400, 00

8) ❊①♣❧✐q✉❡ ❝♦♠♦ ❢❛③❡r ♣r❛ ❝❛❧❝✉❧❛r ❞❡ ❢♦r♠❛ s❛t✐s❢❛tór✐❛ ❛ q✉❛♥t✐❞❛❞❡ ❛♣r♦①✐♠❛❞❛ ❞❡

t❡❧❤❛s ✉s❛❞❛s ♥♦ t❡t♦ ♠♦str❛❞♦ ♥❛ ✜❣✉r❛✳

✶✶✻



9) ◗✉❛♥t❛s ❧❛❥♦t❛s ❞❡st❛ ♠♦str❛❞❛ ♥❛ ✜❣✉r❛ ❛❜❛✐①♦ sã♦ ♥❡❝❡ssár✐❛s ♣❛r❛ ❝♦❜r✐r ✉♠❛ ár❡❛

❞❡ 16m2❄✳

❆✮ 49 ❇✮ 50 ❈✮ 51 ❉✮ 52 ❊✮ 53

✶✶✼



10) ◗✉❛❧ ❛ ár❡❛ ❞❡ ✉♠ ❧♦s❛♥❣♦ ❝✉❥♦s ✈ért✐❝❡s sã♦ ♣♦♥t♦s ♠é❞✐♦s ❞❡ ✉♠ r❡tâ♥❣✉❧♦ ❞❡ 10m

❞❡ ❜❛s❡ ❡ 6m ❞❡ ❛❧t✉r❛✳

❆✮ 30m2 ❇✮ 40m2 ❈✮ 50m2 ❉✮ 60m2 ❊✮ 70m2

✶✶✽



❆P✃◆❉■❈❊ ❏ ✕ ◗❯❊❙❚■❖◆➪❘■❖ ❉❊ ❆❱❆▲■❆➬➹❖❉❆ ❙❊◗❯✃◆✲

❈■❆

Pr♦❢❡ss♦r✿ ◆❛t❛♥❛❡❧ ❈❛r✈❛❧❤♦ ❙♦✉s❛

◗❯❊❙❚■❖◆➪❘■❖ ❉❖ ❆▲❯◆❖

1) ◆❛ s✉❛ ❛✈❛❧✐❛çã♦ ❛ ♣r♦❞✉çã♦ ❞❡ ✈í❞❡♦ ❧❤❡ ❛❥✉❞♦✉ ❛ ❝♦♠♣r❡❡♥❞❡r ♠❡❧❤♦r ♦ ❝♦♥t❡ú❞♦

❡st✉❞❛❞♦❄

❆✮ ❙✐♠ ❇✮ ◆ã♦

2) ❙❡ ❛ s✉❛ r❡s♣♦st❛ ❢♦✐ s✐♠ ♥❛ q✉❡stã♦ ❛♥t❡r✐♦r✱ ❞✐❣❛ ♣♦rq✉❡ ♦ ✈í❞❡♦ ❢♦✐ ✐♠♣♦rt❛♥t❡ ♣❛r❛

✈♦❝ê✳

3) ❱♦❝ê ❡♥t❡♥❞❡✉ ❛s ❞❡❞✉çõ❡s ❡ ❞❡♠♦♥str❛çõ❡s❄

❆✮ ❙✐♠ ❇✮ ◆ã♦

4) ❆s ❞❡♠♦♥str❛çõ❡s ❡ ❞❡❞✉çõ❡s ❧❤❡s ❛❥✉❞❛r❛♠ ❛ ❡♥t❡♥❞❡r ♠❡❧❤♦r ♦ ❛ss✉♥t♦❄

❆✮ ❙✐♠ ❇✮ ◆ã♦

✶✶✾



5) ❱♦❝ê ❣♦st♦✉ ❞❛ ❢♦r♠❛ ❝♦♠♦ ♦ ❛ss✉♥t♦ ❢♦✐ ❛❜♦r❞❛❞♦❄

❆✮ ❙✐♠ ❇✮ ◆ã♦

6) ❊s❝r❡✈❛ ❛❜❛✐①♦ s✉❛ ♦♣✐♥✐ã♦ s♦❜r❡ ❛ ❢♦r♠❛ ❝♦♠♦ ♦ ♣r♦❢❡ss♦r ❛❜♦r❞♦✉ ♦ ❛ss✉♥t♦✳

✶✷✵



❆◆❊❳❖❙



❆◆❊❳❖ ❆ ✕ ❋❖❚❖❙ ❉❊ ▼❖▼❊◆❚❖❙ ❉❖ ❚❘❆❇❆▲❍❖

Pr♦❢❡ss♦r✿ ◆❛t❛♥❛❡❧ ❈❛r✈❛❧❤♦ ❙♦✉s❛

❋❖❚❖❙ ❉❊ ▼❖▼❊◆❚❖❙ ❉❖ ❚❘❆❇❆▲❍❖

✶✷✷



✶✷✸



✶✷✹



✶✷✺



✶✷✻


