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✹✳✸ ❘❡s✉❧t❛❞♦s ❞♦ ❡①♣❡r✐♠❡♥t♦ ❡♠ ❛♠❜✐❡♥t❡ r❡❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵

✐①



❘❡s✉♠♦

❖▲■❱❊■❘❆✱ ●✉✐❧❤❡r♠❡ ❈❛r❧♦s ❘♦❞r✐❣✉❡s ❞❡✱ ▼✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱
❥✉♥❤♦ ❞❡ ✷✵✶✽✳ ❯♠❛ ❛❜♦r❞❛❣❡♠ ❤í❜r✐❞❛ ♣❛r❛ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ❝❛♠✐♥❤♦s
♣❛r❛ r♦❜ôs ♠ó✈❡✐s ❡♠ ❛♠❜✐❡♥t❡s s❡♠✐✲❡str✉t✉r❛❞♦s ❢❡❝❤❛❞♦s ❡ ♣❛r❝✐❛❧✲
♠❡♥t❡ ♦❜s❡r✈á✈❡✐s✳ ❖r✐❡♥t❛❞♦r✿ ❆❧❡①❛♥❞r❡ ❙❛♥t♦s ❇r❛♥❞ã♦✳

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

❞❡ ♠✉❞❛r s✉❛ ❧♦❝❛❧✐③❛çã♦ ♥♦ ❛♠❜✐❡♥t❡ ♦♥❞❡ s❡ ❡♥❝♦♥tr❛♠✳ ❉❡♥tr❡ ❛s ❡str❛té❣✐❛s

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

r♦t❛s✱ ♦✉ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❛çõ❡s✱ q✉❡ ❧❡✈❡♠ ✉♠ r♦❜ô ❞♦ ❧♦❝❛❧ ♦♥❞❡ s❡ ❡♥❝♦♥tr❛ ❛té

✉♠ ❧♦❝❛❧ ❞❡ ❞❡st✐♥♦ ❞❡ ❢♦r♠❛ ❡✜❝✐❡♥t❡✳ P❛r❛ s♦❧✉❝✐♦♥❛r t❛❧ ♣r♦❜❧❡♠❛✱ ❞❡✈❡✲s❡ ❧❡✈❛r

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

❞❡ ❛♠❜✐❡♥t❡✳ ❆s s♦❧✉çõ❡s sã♦ ❞✐✈✐❞✐❞❛s ❡♠ ❞✉❛s ❢♦r♠❛s ❞✐st✐♥t❛s✱ ♦ ♣❧❛♥❡❥❛♠❡♥t♦

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

❝♦♥❡❝t❛♠ ♦ ♣♦♥t♦ ❞❡ ♣❛rt✐❞❛ ❛té ♦ ❞❡st✐♥♦✱ ❡✈✐t❛♥❞♦ ❝♦❧✐sõ❡s ❝♦♠ ♦❜stá❝✉❧♦s ❝♦♥❤❡✲

❝✐❞♦s✳ ❚❛❧ ❛❜♦r❞❛❣❡♠ ❡①✐❣❡ ❝♦♥❤❡❝✐♠❡♥t♦ ♣ré✈✐♦ ❞♦ ❛♠❜✐❡♥t❡ ❡ ❛❧❣✉♠ ♠❡❝❛♥✐s♠♦ ❞❡

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

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

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

❡♥t❡ ♦♥❞❡ ♦ r♦❜ô s❡ ♠♦✈❡✳ ◆❡st❡ ❝♦♥t❡①t♦✱ ❡st❡ tr❛❜❛❧❤♦ ❛❜♦r❞❛ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡

❝❛♠✐♥❤♦s ❝♦♠ ✉♠❛ s♦❧✉çã♦ ❤í❜r✐❞❛✱ q✉❡ ♠❡s❝❧❛ ✉♠❛ ❡str❛té❣✐❛ ❣❧♦❜❛❧ ❡ ❧♦❝❛❧✳ P❛r❛

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

s✉✜❝✐❡♥t❡s ♣❛r❛ tr❛ç❛r ✉♠ ❝❛♠✐♥❤♦ ❣❧♦❜❛❧✳ ❊♥q✉❛♥t♦ ♦ r♦❜ô s❡ ♠♦✈❡✱ ❛s ✐♥❢♦r♠❛✲

çõ❡s ❝❛♣t❛❞❛s ♣❡❧♦s s❡♥s♦r❡s ♠♦❞❡❧❛♠✱ ❞❡ ❢♦r♠❛ ✐♥❝r❡♠❡♥t❛❧✱ ♦ ❛♠❜✐❡♥t❡✳ ❯♠❛

✈❡③ q✉❡ ❛s ✐♥❢♦r♠❛çõ❡s ❝♦♥t✐❞❛s ♥♦ ♠❛♣❛ s❡❥❛♠ s✉✜❝✐❡♥t❡s✱ ✉t✐❧✐③❛✲s❡ ❛ ❡str❛té❣✐❛

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

tr❛té❣✐❛ ❣❧♦❜❛❧✱ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❧♦❝❛❧ é ♥♦✈❛♠❡♥t❡ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡✈✐t❛r ❝♦❧✐sõ❡s ❝♦♠

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

①



❞✉r❛♥t❡ ❛ ♥❛✈❡❣❛çã♦✱ ❞❛♥❞♦✱ ♣♦rt❛♥t♦✱ ♦ ❝❛rát❡r ❤í❜r✐❞♦ ❞❛ s♦❧✉çã♦✳ ❖ ❛❧❣♦r✐t♠♦

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

♣❧❛t❛❢♦r♠❛ r♦❜ót✐❝❛ P✐♦♥❡❡r P✸✲❉❳ ❡ ♦ s❡♥s♦r ❞❡ ❳❜♦① ✸✻✵ ❑✐♥❡❝t✳ ❚❛♥t♦ ♦ r♦❜ô

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

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

❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ❛❧❣♦r✐t♠♦✳

①✐



❆❜str❛❝t

❖▲■❱❊■❘❆✱ ●✉✐❧❤❡r♠❡ ❈❛r❧♦s ❘♦❞r✐❣✉❡s ❞❡✱ ▼✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱
❏✉♥❡✱ ✷✵✶✽✳ ❆ ❤②❜r✐❞ ❛♣♣r♦❛❝❤ ❢♦r t❤❡ ♣❛t❤ ♣❧❛♥♥✐♥❣ ♣r♦❜❧❡♠ ♦❢ ♠♦❜✐❧❡
r♦❜♦ts ❛t ✐♥❞♦♦r s❡♠✐✲str✉❝t✉r❡❞ ♣❛rt✐❛❧❧② ♦❜s❡r✈❛❜❧❡ ❡♥✈✐r♦♥♠❡♥ts✳ ❆❞✲
✈✐s❡r✿ ❆❧❡①❛♥❞r❡ ❙❛♥t♦s ❇r❛♥❞ã♦✳

▼♦❜✐❧❡ r♦❜♦t✐❝s ❛❞❞r❡ss❡s ♣r♦❜❧❡♠s ❛ss♦❝✐❛t❡❞ ✇✐t❤ r♦❜♦t✐❝ ♣❧❛t❢♦r♠s t❤❛t ❛r❡

❝❛♣❛❜❧❡ ♦❢ ❝❤❛♥❣✐♥❣ t❤❡✐r ❧♦❝❛t✐♦♥ ✐♥ t❤❡ ❡♥✈✐r♦♥♠❡♥t✳ ❆♠♦♥❣ t❤❡ ♥❛✈✐❣❛t✐♦♥ str❛✲

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

t❤❛t ✇✐❧❧ ❧❡❛❞ ❛ r♦❜♦t ❢r♦♠ ✐ts ❝✉rr❡♥t ♣❧❛❝❡ t♦ ❛ ❞❡st✐♥❛t✐♦♥ ♣❧❛❝❡ ✐♥ ❛♥ ❡✣❝✐❡♥t

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

❛s s❡♥s♦r✐❛❧ ❝❛♣❛❜✐❧✐t✐❡s ❛♥❞ t❤❡ t②♣❡ ♦❢ ❡♥✈✐r♦♥♠❡♥t✳ ❚❤❡ s♦❧✉t✐♦♥s ❛r❡ ❞✐✈✐❞❡❞ ✐♥t♦

t✇♦ ❞✐st✐♥❝t ✇❛②s✱ t❤❡ ❣❧♦❜❛❧ ❛♥❞ ❧♦❝❛❧ ♣❧❛♥♥✐♥❣✳ ❚❤❡ ✜rst ♦♥❡ s❡❛r❝❤❡s ❢♦r ❝♦♠✲

♣❧❡t❡ ♣❛t❤s t❤❛t ❝♦♥♥❡❝t t❤❡ st❛rt✐♥❣ ♣♦✐♥t t♦ t❤❡ ❞❡st✐♥❛t✐♦♥✱ ❛✈♦✐❞✐♥❣ ❝♦❧❧✐s✐♦♥s

✇✐t❤ ♣r❡✈✐♦✉s❧② ❦♥♦✇♥ ♦❜st❛❝❧❡s✳ ❙✉❝❤ ❛♣♣r♦❛❝❤ r❡q✉✐r❡s ❛ ♣r✐♦r✐ ❡♥✈✐r♦♥♠❡♥t ❦♥♦✲

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

❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ t❤❡ s❡❝♦♥❞ s♦❧✉t✐♦♥ ❞❡❛❧s ✇✐t❤ s✐t✉❛t✐♦♥s ❜❛s❡❞ ♦♥ t❤❡ s❡♥s♦r

✐♥❢♦r♠❛t✐♦♥ ♦❜t❛✐♥❡❞ ✐♥ r❡❛❧✲t✐♠❡✱ r❡❧❛t❡❞ t♦ t❤❡ ♦❜st❛❝❧❡ ❛✈♦✐❞❛♥❝❡ ❛♥❞ ❧✐♠✐t❡❞ t♦ ❛

♣❛rt ♦❢ t❤❡ ❡♥✈✐r♦♥♠❡♥t ✇❤❡r❡ t❤❡ r♦❜♦t ♠♦✈❡s✳ ■♥ t❤✐s ❝♦♥t❡①t✱ t❤✐s ✇♦r❦ ♣r♦♣♦s❡s

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

str❛t❡❣✐❡s✳ ❚❤✉s✱ ❛ r❡❛❝t✐✈❡ ✭❧♦❝❛❧✮ ♥❛✈✐❣❛t✐♦♥ ✐s ✉s❡❞ ✇❤❡♥ t❤❡r❡ ✐s ♥♦ ♣r❡✈✐♦✉s ✐♥✲

❢♦r♠❛t✐♦♥ t♦ ♦❜t❛✐♥ ❛ ❣❧♦❜❛❧ ♣❛t❤✳ ❲❤✐❧❡ t❤❡ r♦❜♦t ♠♦✈❡s✱ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ♦❜t❛✐♥❡❞

❜② t❤❡ s❡♥s♦rs ✐s ✉s❡❞ t♦ ✐♥❝r❡♠❡♥t❛❧❧② ♠♦❞❡❧ t❤❡ ❡♥✈✐r♦♥♠❡♥t✳ ❖♥❝❡ t❤❡ ✐♥❢♦r♠❛✲

t✐♦♥ ❝♦♥t❛✐♥❡❞ ✐♥ t❤❡ ♠❛♣ ✐s ❡♥♦✉❣❤✱ t❤❡ ❣❧♦❜❛❧ str❛t❡❣② ✐s ✉s❡❞ t♦ ✜♥❞ ❛ ♣❛t❤✳

❲❤✐❧❡ ❢♦❧❧♦✇✐♥❣ t❤❡ ❣❧♦❜❛❧❧② ♣❧❛♥♥❡❞ ♣❛t❤✱ t❤❡ ❧♦❝❛❧ str❛t❡❣② ✐s ✉s❡❞ t♦ ❛✈♦✐❞ ❝♦❧❧✐✲

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

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

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

①✐✐



P✐♦♥♥❡r P✸✲❉❳ ❛♥❞ t❤❡ s❡♥s♦r ❢♦r ❳❜♦① ✸✻✵ ❑✐♥❡❝t✳ ❇♦t❤ t❤❡ r♦❜♦t ❛♥❞ s❡♥s♦r

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

✇❛s t♦ ✈❛❧✐❞❛t❡ ❡✣❝✐❡♥❝② ♦❢ t❤❡ ❛❧❣♦r✐t❤♠✳

①✐✐✐
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❘♦❜ót✐❝❛ é ❛ ❝✐ê♥❝✐❛ q✉❡ ❡st✉❞❛ ❛ ♣❡r❝❡♣çã♦ ❡ ♠❛♥✐♣✉❧❛çã♦ ❞♦ ♠✉♥❞♦ r❡❛❧ ❛tr❛✲

✈és ❞❡ ❞✐s♣♦s✐t✐✈♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❬❚❤r✉♥✱ ✷✵✵✷✱ ♣✳ ✶✱ tr❛❞✉çã♦❪✳ ❙✉❛s ❛♣❧✐❝❛çõ❡s

✈ã♦ ❞❡s❞❡ ❜r❛ç♦s r♦❜ót✐❝♦s q✉❡ ❛✉①✐❧✐❛♠ ❝✐r✉r❣✐õ❡s ❡ r♦❜ôs ❞❡ ❧✐♠♣❡③❛ ❞♦♠ést✐❝❛

❛té ✈❡í❝✉❧♦s ❞❡ ❡①♣❧♦r❛çã♦ ✐♥t❡r♣❧❛♥❡tár✐❛✳ ❆ ❡✈♦❧✉çã♦ ❞❛ r♦❜ót✐❝❛✱ ❞❡s❞❡ ♠❡❛❞♦s

❞♦ sé❝✉❧♦ ❳❳ ❛té ❛ ❛t✉❛❧✐❞❛❞❡✱ ❞❡✐①❛ ❞❡ s❡r ♣r❡❞♦♠✐♥❛♥t❡ ♥♦ ❝❡♥ár✐♦ ✐♥❞✉str✐❛❧ ❞❛

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

t❛r❡❢❛s ❝♦t✐❞✐❛♥❛s ❡ ❡str❡✐t❛♥❞♦ ♦ r❡❧❛❝✐♦♥❛♠❡♥t♦ ❤♦♠❡♠✲♠áq✉✐♥❛ ❬❘❛② ❡t ❛❧✳✱ ✷✵✵✽❪✳

✶✳✶ ❘♦❜ót✐❝❛ ♠ó✈❡❧

❯♠ r♦❜ô✱ ♦✉ ❛❣❡♥t❡✱ é ✉♠❛ ❡♥t✐❞❛❞❡ q✉❡ t❡♠ ❝♦♠♦ ♣r♦♣ós✐t♦ ♠♦❞✐✜❝❛r ♦

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

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

♦ ❛♠❜✐❡♥t❡ ❡ r❡❛❧✐③❛r ❛s tr❛♥s❢♦r♠❛çõ❡s ♥❡❝❡ssár✐❛s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❈â♠❡r❛s✱

s♦♥❛r❡s ❡ ♠✐❝r♦❢♦♥❡s sã♦ ❛❧❣✉♥s ❡①❡♠♣❧♦s ❞❡ s❡♥s♦r❡s✱ ❡♥q✉❛♥t♦ r♦❞❛s✱ ❜r❛ç♦s ❡ ❛s❛s

sã♦ ❡①❡♠♣❧♦s ❞❡ ❛t✉❛❞♦r❡s✳

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

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

✏❢✉♥çã♦ ❛❣❡♥t❡✑ ❡♠ ❛çõ❡s r❡❛❧✐③❛❞❛s ♣❡❧♦s ❛t✉❛❞♦r❡s ❬❘✉ss❡❧❧ ✫ ◆♦r✈✐❣✱ ✷✵✵✾❪✳ ❖

✢✉①♦ ❜ás✐❝♦ ❞❡ ✉♠ ❛❣❡♥t❡ é ✐❧✉str❛❞♦ ♣❡❧❛ ❋✐❣✉r❛ ✶✳✶✳

➱ ♣♦ssí✈❡❧ ❞✐st✐♥❣✉✐r três ❝❛t❡❣♦r✐❛s ❞❡ r❛❝✐♦❝í♥✐♦ ❞♦s ❛❣❡♥t❡s✱ ❞❛❞❛ ❛ ❢♦r♠❛

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

❬❲♦♦❧❞r✐❞❣❡✱ ✷✵✵✾❪✳

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

♦❜❥❡t✐✈♦s ❡ ❛çõ❡s ♣♦ssí✈❡✐s ❛♥t❡s ❞❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳ ❚❛❧ ❝♦♠♣♦rt❛♠❡♥t♦ ♣♦❞❡

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

♣❛r❛ ❛t✐♥❣✐r ✉♠ ♦❜❥❡t✐✈♦✳ ❆ ❋✐❣✉r❛ ✶✳✷ ✐❧✉str❛ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❛❣❡♥t❡ ❞❡❧✐❜❡r❛t✐✈♦✳

❋✐❣✉r❛ ✶✳✶✳ ❆ ✐❞❡✐❛ ❜ás✐❝❛ ❞❡ ✉♠ ❛❣❡♥t❡

❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ❬❘✉ss❡❧❧ ✫ ◆♦r✈✐❣✱ ✷✵✵✾✱ ♣✳ ✸✺❪

❋✐❣✉r❛ ✶✳✷✳ ❆❣❡♥t❡ ❞❡❧✐❜❡r❛t✐✈♦

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

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

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

s❡♠ q✉❡ ❤❛❥❛ ❝♦♥✢✐t♦ ❞❡ ❛çõ❡s✳ ❆♣❡s❛r ❞❡ ♥ã♦ ❡①✐st✐r ✉♠ ♣❧❛♥♦ ❞❡✜♥✐❞♦✱ ❛s ❛çõ❡s

♥♦r♠❛❧♠❡♥t❡ sã♦ t♦♠❛❞❛s ❝♦♠ ❜❛s❡ ❡♠ t❛r❡❢❛✱ ❞❡ ❢♦r♠❛ à ❛t✐♥❣✐r ✉♠ ♦❜❥❡t✐✈♦ ❣❡r❛❧✳

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

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

❝❛♠❛❞❛s✱ ✉♠❛ ♣❛r❛ ❧✐❞❛r ❝♦♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡❧✐❜❡r❛t✐✈♦ ❡ ♦✉tr❛ ♣❛r❛ ❧✐❞❛r ❝♦♠
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♦ r❡❛t✐✈♦✱ ❛♥t❡s ❞❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❡♠ ❢♦r♠❛ ❞❡ ❛çã♦✳ ❆ ❋✐❣✉r❛ ✶✳✹ ✐❧✉str❛ ♦

❝♦♥❝❡✐t♦ ❞❡ ❛❣❡♥t❡ ❤í❜r✐❞♦✳

❋✐❣✉r❛ ✶✳✸✳ ❆❣❡♥t❡ r❡❛t✐✈♦

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❋✐❣✉r❛ ✶✳✹✳ ❆❣❡♥t❡ ❤í❜r✐❞♦

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❆ r♦❜ót✐❝❛ ♠ó✈❡❧ ❛❜♦r❞❛ ♣r♦❜❧❡♠❛s r❡❧❛❝✐♦♥❛❞♦s ❛ r♦❜ôs ♠ó✈❡✐s✱ ❡q✉✐♣❛❞♦s

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

ár❡❛ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❛ ❝♦♥str✉çã♦ ❞❡ s✐st❡♠❛s ❛✉tô♥♦♠♦s✱ ❝❛♣❛③❡s ❞❡ s❡ ♠♦✈❡r

❡ t♦♠❛r ❞❡❝✐sõ❡s ✐♥t❡❧✐❣❡♥t❡s s❡♠ q✉❛❧q✉❡r ✐♥t❡r❢❡rê♥❝✐❛ ❤✉♠❛♥❛✳ ❖ ✉s♦ ❞❡ r♦❜ôs

♠ó✈❡✐s ♣♦ss✐❜✐❧✐t❛ ♦ ❡①❡r❝í❝✐♦ ❞❡ ❛t✐✈✐❞❛❞❡s q✉❡ s❡r✐❛♠ ♠✉✐t♦ ♣❡r✐❣♦s❛s✱ ❡①❛✉st✐✈❛s

♦✉ ❛té ♠❡s♠♦ ✐♠♣♦ssí✈❡✐s ♣❛r❛ ❤✉♠❛♥♦s✳ P♦❞❡✲s❡ ❝✐t❛r ❝♦♠♦ ❡①❡♠♣❧♦ ❛ ❡①♣❧♦r❛çã♦

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

❞♦ ♦❝❡❛♥♦ ♦✉ ♥♦ ❡s♣❛ç♦✳

P♦r s❡r tr❛t❛r ❞❡ ✉♠❛ ár❡❛ ♠✉❧t✐❞✐s❝✐♣❧✐♥❛r✱ ❛ r♦❜ót✐❝❛ ♠ó✈❡❧ ♣♦❞❡ s❡r ❛❜♦r✲

❞❛❞❛ s♦❜ ❞✐❢❡r❡♥t❡s ❛s♣❡❝t♦s ❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♣❧❛t❛❢♦r♠❛s ♠ó✈❡✐s✱ ❞❡s❞❡ ❛
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❊♥❣❡♥❤❛r✐❛ ▼❡❝â♥✐❝❛✱ ❝♦♠ ♦ ❞❡s✐❣♥ ❞❡ ♠❡❝❛♥✐s♠♦s ❞❡ ❧♦❝♦♠♦çã♦✱ ❛ ❊♥❣❡♥❤❛r✐❛

❊❧étr✐❝❛✱ ❝♦♠ ❛ ✐♥t❡❣r❛çã♦ ❞♦s ❝♦♠♣♦♥❡♥t❡s ❢ís✐❝♦s✱ ❛ ❈✐ê♥❝✐❛ ❞❛ ❈♦♠♣✉t❛çã♦ ❝♦♠

❛ r❡♣r❡s❡♥t❛çã♦ ❡ ❛❧❣♦r✐t♠♦s ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✱ ❛té ❛ Ps✐❝♦❧♦❣✐❛ ❡ ◆❡✉r♦❝✐ê♥❝✐❛✱ tr❛✲

ç❛♥❞♦ ♣❛r❛❧❡❧♦s ❝♦♠ ♦r❣❛♥✐s♠♦s ❜✐♦❧ó❣✐❝♦s ❡ ✐♥t❡r❛çã♦ ❤♦♠❡♠✲♠áq✉✐♥❛ ❬❉✉❞❡❦ ✫

❏❡♥❦✐♥✱ ✷✵✶✵❪✳

❆ ❡str✉t✉r❛ ❞❡ ♥❛✈❡❣❛çã♦ ❛✉tô♥♦♠❛ ❞❡ ✉♠ r♦❜ô é ❝♦♠♣♦st❛ ❡ss❡♥❝✐❛❧♠❡♥t❡ ♣♦r

q✉❛tr♦ ❝♦♠♣♦♥❡♥t❡s✿ ♣❡r❝❡♣çã♦✱ ❧♦❝❛❧✐③❛çã♦✱ ♣❧❛♥❡❥❛♠❡♥t♦ ❡ ❝♦♥tr♦❧❡ ❞❡ ♠♦✈✐♠❡♥t♦

❬▼❛❝ ❡t ❛❧✳✱ ✷✵✶✻❪✱ ❝❛❞❛ ✉♠❛ ❝♦♠ ♣r♦❜❧❡♠❛s ♣ró♣r✐♦s✳ P❡r❝❡♣çã♦ ❡ ❧♦❝❛❧✐③❛çã♦

♥♦r♠❛❧♠❡♥t❡ ❡stã♦ ❥✉♥t❛s ❡ s❡ r❡❢❡r❡♠ ❛ ❡①tr❛✐r ❞♦ ❛♠❜✐❡♥t❡ ✐♥❢♦r♠❛çõ❡s ✉t❡✐s ♣❛r❛

♥❛✈❡❣❛r ❡ s❡ ❧♦❝❛❧✐③❛r ♥❡st❡ ♠❡s♠♦ ❛♠❜✐❡♥t❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P❧❛♥❡❥❛♠❡♥t♦ s❡

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

❈♦♥tr♦❧❡ ❞❡ ♠♦✈✐♠❡♥t♦ sã♦ ❛s ❛çõ❡s ♥❡❝❡ssár✐❛s ♣❛r❛ r❡❛❧✐③❛r ❞❡ ❢❛t♦ ❛ ♥❛✈❡❣❛çã♦

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

❋✐❣✉r❛ ✶✳✺✳ ❈♦♠♣♦♥❡♥t❡s ❞❛ ♥❛✈❡❣❛çã♦

❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ❬▼❛❝ ❡t ❛❧✳✱ ✷✵✶✻✱ ♣✳ ✶✹❪

❆s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ❛♠❜✐❡♥t❡ ❡ s❡♥s♦r❡s ✐♠♣❛❝t❛♠ ❞✐r❡t❛♠❡♥t❡ ♥❛ t♦♠❛❞❛

❞❡ ❞❡❝✐sã♦✳ ❘✉ss❡❧❧ ✫ ◆♦r✈✐❣ ❬✷✵✵✾❪ ❞❡✜♥❡♠ ❛❧❣✉♥s ❝♦♥❝❡✐t♦s ✐♠♣♦rt❛♥t❡s s♦❜r❡

♦ ❛♠❜✐❡♥t❡ ♦♥❞❡ s❡ ♣r❡t❡♥❞❡ r❡❛❧✐③❛r ✉♠❛ t❛r❡❢❛✳ ❯♠ ❛♠❜✐❡♥t❡ é ❞✐t♦ t♦t❛❧♠❡♥t❡

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

❞❡❝✐sã♦✱ ❡♠ q✉❛❧q✉❡r ✐♥st❛♥t❡ ♥♦ t❡♠♣♦✳ ❈❛s♦ ❝♦♥trár✐♦✱ q✉❛♥❞♦ ♥ã♦ é ♣♦ssí✈❡❧ ♦❜t❡r

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

♣❡❧♦s s❡♥s♦r❡s ♥ã♦ sã♦ ❝♦♠♣❧❡t❛s✱ ♦ ❛♠❜✐❡♥t❡ é ❞✐t♦ ♣❛r❝✐❛❧♠❡♥t❡ ♦❜s❡r✈á✈❡❧✳ ◆❡st❡

❝❛s♦✱ ♣♦❞❡✲s❡ ❞✐③❡r q✉❡ ♦s s❡♥s♦r❡s ❞♦ r♦❜ô ♣♦ss✉❡♠ ❛❧❝❛♥❝❡ ❧✐♠✐t❛❞♦✱ ♥ã♦ s❡♥❞♦
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♣♦ssí✈❡❧ ❝♦❜r✐r t♦❞♦ ♦ ❛♠❜✐❡♥t❡ ❡♠ t♦❞♦s ♦s ♠♦♠❡♥t♦s✳

◗✉❛♥❞♦ ♦s ❡❧❡♠❡♥t♦s ❞♦ ❛♠❜✐❡♥t❡✱ s❡❥❛♠ ♦❜❥❡t♦s ♦✉ ♦✉tr♦s ❛❣❡♥t❡s✱ ♣♦❞❡♠

♠✉❞❛r ❞❡ ❧♦❝❛❧✐③❛çã♦ ❡♥q✉❛♥t♦ ♦ ❛❣❡♥t❡ ♣r✐♥❝✐♣❛❧ ❡stá t♦♠❛♥❞♦ ✉♠❛ ❞❡❝✐sã♦✱ ♦

❛♠❜✐❡♥t❡ é ❞✐t♦ ❞✐♥â♠✐❝♦✳ ◗✉❛♥❞♦ ❡ss❛ s✐t✉❛çã♦ ♥ã♦ ♦❝♦rr❡✱ ♦ ❛♠❜✐❡♥t❡ é ❝❤❛♠❛❞♦

❞❡ ❡stát✐❝♦✱ ❡ é ♣♦ssí✈❡❧ ♣❧❛♥❡❥❛r ❛çõ❡s s❛❜❡♥❞♦ q✉❡ t✉❞♦ ❥á ❝♦♥❤❡❝✐❞♦ ❞♦ ❛♠❜✐❡♥t❡

♥ã♦ ✐rá s❡ ❛❧t❡r❛r ❝♦♠ ♦ ♣❛ss❛r ❞♦ t❡♠♣♦✳

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

♥♦ ❣r❛✉ ❞❡ ✐♥❝❡rt❡③❛ ❡♠ r❡❧❛çã♦ ❛ s✉❛ ❡str✉t✉r❛ ❡ ❡❧❡♠❡♥t♦s ♣r❡s❡♥t❡s✳ ❖ ❛♠❜✐✲

❡♥t❡ ♣♦❞❡ s❡r ❡str✉t✉r❛❞♦✱ s❡♠✐✲❡str✉t✉r❛❞♦ ♦✉ ♥ã♦✲❡str✉t✉r❛❞♦✳ ❊♠ ✉♠ ❛♠❜✐❡♥t❡

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

s✐t✉❛çã♦ ✐♥✈❡rs❛ ♦❝♦rr❡ ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ♥ã♦✲❡str✉t✉r❛❞♦✱ ♦♥❞❡ t❛♥t♦ ❛ ❡str✉t✉r❛ t♦✲

♣♦❧ó❣✐❝❛ q✉❛♥t♦ ♦s ❡❧❡♠❡♥t♦s sã♦ ❞✐♥â♠✐❝♦s✳ ❏á ❡♠ ✉♠ ❛♠❜✐❡♥t❡ s❡♠✐✲❡str✉t✉r❛❞♦✱

❛ ❡str✉t✉r❛ é ❜❡♠ ❞❡✜♥✐❞❛✱ ♠❛s ❡①✐st❡ ✐♥❝❡rt❡③❛ s♦❜r❡ ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦s ❡❧❡♠❡♥t♦s✳

❯♠ ❡①❡♠♣❧♦ ❝❧áss✐❝♦ ❞❡ss❡ t✐♣♦ ❞❡ ❛♠❜✐❡♥t❡ é ✉♠ ❡st❛❝✐♦♥❛♠❡♥t♦✱ ♦♥❞❡ ❛s ✈❛❣❛s

sã♦ ✜①❛s ♠❛s ♥ã♦ s❡ s❛❜❡ q✉❛✐s ❡stã♦ ♦❝✉♣❛❞❛s ♣♦r ✈❡í❝✉❧♦s✳

✶✳✷ ▼❛♣❡❛♠❡♥t♦ ❡ ♠♦❞❡❧❛❣❡♠ ❞♦ ❛♠❜✐❡♥t❡

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

à ✉t✐❧✐③❛çã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❝❛♣t❛❞❛s ♣♦r s❡♥s♦r❡s✱ t❛✐s ❝♦♠♦ ❝â♠❡r❛s✱ s❡♥s♦r❡s ❧❛s❡r

❞❡ ✈❛rr❡❞✉r❛✱ s♦♥❛r❡s ❡ ●P❙✱ ♣❛r❛ r❡♣r❡s❡♥t❛r ♦ ❛♠❜✐❡♥t❡ ❡♠ ❡str✉t✉r❛s ❝♦♠♣✉✲

t❛❝✐♦♥❛✐s✱ ❞❡ ❢♦r♠❛ ❛ ✐❞❡♥t✐✜❝❛r ♦❜❥❡t♦s ✭t❛♠❜é♠ ❝❤❛♠❛❞♦s ❞❡ ♦❜stá❝✉❧♦s✮ ❡ ár❡❛s

❧✐✈r❡s✱ ♠❡❧❤♦r❛♥❞♦ ❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳ ◆❛ ♠❛✐♦r✐❛ ❞❛s s✐t✉❛çõ❡s✱ ♦ ❛♠❜✐❡♥t❡ é

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

s❡ ❡♥❝♦♥tr❛ ❬❚❤r✉♥✱ ✷✵✵✷❪✳

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

♣r♦❜❧❡♠❛ r❡❧❛❝✐♦♥❛❞♦ à ❧♦❝❛❧✐③❛çã♦ ❞♦ r♦❜ô ♥♦ ♠❛♣❛ q✉❡ ❡stá s❡♥❞♦ ❝♦♥str✉í❞♦✳

❆ ❥✉♥çã♦ ❞❡ss❡ ♣r♦❜❧❡♠❛ ❝♦♠ ♦ ♠❛♣❡❛♠❡♥t♦ é ❞❡✜♥✐❞♦ ❝♦♠♦ ❙▲❆▼ ✭❞♦ ✐♥❣❧ês✱

❙✐♠✉❧t❛♥❡♦✉s ▲♦❝❛❧✐③❛t✐♦♥ ❛♥❞ ▼❛♣♣✐♥❣✮✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ s✐♠✉❧t❛♥❡❛♠❡♥t❡ ✉t✐❧✐③❛r ❛

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

❧♦❝❛❧✐③❛r ❞❡♥tr♦ ❞❡ss❛ ♠❡s♠❛ ❡str✉t✉r❛ ❬❚❤r✉♥✱ ✷✵✵✷❪✳ ❉❛❞❛ ❛ ♥❛t✉r❡③❛ ✐♠♣❡r❢❡✐t❛

❞♦ ♠✉♥❞♦✱ ♦♥❞❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❡str✉t✉r❛✐s ❞❡ ♦❜❥❡t♦s ❡ ❢♦r♠❛s ❞❡ ♠❡❞✐çã♦ sã♦

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

♣r♦❜❧❡♠❛ ❞❡ ❢♦r♠❛ ♣r♦❜❛❜✐❧íst✐❝❛ ❬❚❤r✉♥ ❡t ❛❧✳✱ ✷✵✵✷❪✳

❉❡♥tr❡ ❛s ❡str✉t✉r❛s ✉t✐❧✐③❛❞❛s ♥❛ ♠♦❞❡❧❛❣❡♠✱ ♣♦❞❡✲s❡ ❞✐✈✐❞✐✲❧❛s ❡♠ ❞✉❛s ❣r❛♥✲

❞❡s ❝❛t❡❣♦r✐❛s✿ ❡str✉t✉r❛s ❞❡ ❞❡❝♦♠♣♦s✐çã♦ ❡♠ ❝é❧✉❧❛s ❡ ❡str✉t✉r❛s ❞❡ ❝❛♠✐♥❤♦s
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❝♦♥❡❝t❛♥❞♦ ❧♦❝❛✐s ♥♦ ❛♠❜✐❡♥t❡ ❬❙♦✉✐ss✐ ❡t ❛❧✳✱ ✷✵✶✸❪✳ ❉❡st❛s✱ ❞❡st❛❝❛✲s❡ ♦ ✉s♦ ❞❡

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

❞♦ ❣r✐❞ r❡♣r❡s❡♥t❛ ✉♠❛ ♣♦rçã♦ ❞♦ ♠✉♥❞♦✳ ❊ss❡ t✐♣♦ ❞❡ ♠♦❞❡❧❛❣❡♠ é s✐♠♣❧❡s ❡ ❛♦

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

♥❛ ❡①❡❝✉çã♦ ❞❡ ❛❧❣♦r✐t♠♦s✳

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

✜❣✉r❛s ❣❡♦♠étr✐❝❛s ♠❛✐s ✉t✐❧✐③❛❞❛s ♣❛r❛ ❝♦♠♣♦r ✉♠ ❣r✐❞ sã♦ q✉❛❞r❛❞♦s ✭❋✐❣✉r❛

✶✳✻✮✱ tr✐â♥❣✉❧♦s ✭❋✐❣✉r❛ ✶✳✼✮ ❡ ❤❡①á❣♦♥♦s ✭❋✐❣✉r❛ ✶✳✽✮✳ ❆ ❞❡s✈❛♥t❛❣❡♠ ♥❛ ✉t✐❧✐③❛çã♦

❞❡ ❡str✉t✉r❛s ❣❡♦♠étr✐❝❛s ♥❛ ❞❡❝♦♠♣♦s✐çã♦ ❞❡ ✉♠ ❣r✐❞ s❡ ❞á ♥❛ ♣❡r❞❛ ❞❛ ♣r❡❝✐sã♦

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

❞❡ ♠❡♠ór✐❛ ❝♦♠ ♠❛✐♦r r❡s♦❧✉çã♦ ❞♦ ❣r✐❞ ❬❙♦✉✐ss✐ ❡t ❛❧✳✱ ✷✵✶✸❪✳

❋✐❣✉r❛ ✶✳✻✳ ●r✐❞ ❝♦♠ ❝é❧✉❧❛s q✉❛❞r❛❞❛s✳

❋♦♥t❡✿ ❘❡t✐r❛❞♦ ❞❡ ❬❙♦✉✐ss✐ ❡t ❛❧✳✱ ✷✵✶✸✱ ♣✳ ✷❪

❋✐❣✉r❛ ✶✳✼✳ ●r✐❞ ❝♦♠ ❝é❧✉❧❛s tr✐❛♥❣✉❧❛r❡s✳

❋♦♥t❡✿ ❘❡t✐r❛❞♦ ❞❡ ❬❙♦✉✐ss✐ ❡t ❛❧✳✱ ✷✵✶✸✱ ♣✳ ✷❪
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❋✐❣✉r❛ ✶✳✽✳ ●r✐❞ ❝♦♠ ❝é❧✉❧❛s ❤❡①á❣♦♥❛✐s✳

❋♦♥t❡✿ ❘❡t✐r❛❞♦ ❞❡ ❬❙♦✉✐ss✐ ❡t ❛❧✳✱ ✷✵✶✸✱ ♣✳ ✷❪

❋✐❣✉r❛ ✶✳✾✳ P❧❛♥t❛ ❞❡ ✉♠ ♣ré❞✐♦✳

❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ❬❚❤r✉♥ ❡t ❛❧✳✱ ✷✵✵✷✱ ♣✳ ✶✼❪

❖ ❛❧❣♦r✐t♠♦ ♣r♦❜❛❜✐❧íst✐❝♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ ❖❝❝✉♣❛♥❝② ●r✐❞ ❬❊❧❢❡s✱ ✶✾✽✾❪ ❝♦♥s✲

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

❡str❛té❣✐❛ t❡♠ ❝♦♠♦ ❜❛s❡ ♦ ❝á❧❝✉❧♦ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ ❞❛❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♠❡❞✐çõ❡s

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

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

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

❆s ✈❛♥t❛❣❡♥s ❞❡ ❖❝❝✉♣❛♥❝② ●r✐❞ sã♦ s✉❛ ❢❛❝✐❧✐❞❛❞❡ ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦ ❡ r♦❜✉s✲

t❡③✱ ♥♦r♠❛❧♠❡♥t❡ s❡♥❞♦ ✉t✐❧✐③❛❞♦ ❡♠ ♣r♦❜❧❡♠❛s ❞❡ ❞✉❛s ❞✐♠❡♥sõ❡s✱ ❛✐♥❞❛ q✉❡ s❡❥❛

♣♦ssí✈❡❧ ❧✐❞❛r ❝♦♠ ♣r♦❜❧❡♠❛s ❡♠ três ❞✐♠❡♥sõ❡s ❬❚❤r✉♥ ❡t ❛❧✳✱ ✷✵✵✷❪✳ ❆❧é♠ ❞✐ss♦✱
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♦ ❣r✐❞ ❜✐♥ár✐♦ ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞♦ ❛❧❣♦r✐t♠♦ s✐♠♣❧✐✜❝❛ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❛❧❣♦r✐t♠♦s ❞❡

♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ❝❛♠✐♥❤♦✳ ❆s ❋✐❣✉r❛s ✶✳✾ ❡ ✶✳✶✵ ✐❧✉str❛♠ ♦ ♠❛♣❡❛♠❡♥t♦ ✉t✐❧✐③❛♥❞♦

❖❝❝✉♣❛♥❝② ●r✐❞✳

❋✐❣✉r❛ ✶✳✶✵✳ ▼❛♣❛ ❞❛ ❋✐❣✉r❛ ✶✳✾ ♦❜t✐❞♦ ❛tr❛✈és ❞❡ ❖❝❝✉♣❛♥❝② ●r✐❞✳

❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ❬❚❤r✉♥ ❡t ❛❧✳✱ ✷✵✵✷✱ ♣✳ ✶✼❪

✶✳✸ P❧❛♥❡❥❛♠❡♥t♦

❖ P❧❛♥❡❥❛♠❡♥t♦✱ t❛♠❜é♠ ❞❡s❝r✐t♦ ❝♦♠♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ❝❛♠✐♥❤♦s ♥❛ r♦❜ót✐❝❛

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

❛ ✜♠ ❞❡ s❡ s❛✐r ❞❡ ✉♠ ❧♦❝❛❧ ❞❡ ♣❛rt✐❞❛ ❛té ❝❤❡❣❛r ❡♠ ✉♠ ❧♦❝❛❧ ❞❡ ❞❡st✐♥♦ ❞❡♥tr♦ ❞♦

❛♠❜✐❡♥t❡✳ ❯♠❛ ❞❡✜♥✐çã♦ ❝❧áss✐❝❛ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ é ♦ ❝❤❛♠❛❞♦ Pr♦❜❧❡♠❛ ❞♦ P✐❛♥♦

❬▲❛❱❛❧❧❡✱ ✷✵✵✻❪✱ q✉❡ ❝♦♥s✐st❡ ❡♠✱ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ s❡ ❝♦♥❤❡ç❛ ❛ ♣❧❛♥t❛ ❜❛✐①❛ ❞❡

✉♠❛ ❝❛s❛✱ ♠♦✈❡r ✉♠ ♣✐❛♥♦ ❞❡ ✉♠ ❝ô♠♦❞♦ ♣❛r❛ ♦✉tr♦✱ s❡♠ ❜❛t❡r ♥♦s ♦✉tr♦s ♠ó✈❡✐s

❞❛ ❝❛s❛✳

❆s s♦❧✉çõ❡s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ♣♦❞❡♠ s❡ ❛♣r❡s❡♥t❛r s♦❜ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ ❛❜s✲

tr❛çã♦ ❬▲❛❱❛❧❧❡✱ ✷✵✵✻❪✳ ❊♠ t❡♦r✐❛ ❞❡ ❝♦♥tr♦❧❡✱ ♣♦r ❡①❡♠♣❧♦✱ ❛❧❣♦r✐t♠♦s ❢♦r♥❡❝❡♠

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

t✐♥✉❛✱ ❝♦♠ r❡❛❧✐♠❡♥t❛çã♦ s❡♥s♦r✐❛❧✳ ❏á ♥❛ ✐♥t❡❧✐❣❡♥❝✐❛ ❛rt✐✜❝✐❛❧ ♦ ♣r♦❜❧❡♠❛ ♣♦❞❡

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

❧❡✈❡♠ ♦ r♦❜ô ♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡st❛❞♦s✱ ❛ ♣❛rt✐r ❞♦ ❛t✉❛❧ ❛té ♦ ♦❜❥❡t✐✈♦✳ ❆❧❣✉♥s
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❝♦♥❝❡✐t♦s ✐♠♣♦rt❛♥t❡s✱ ❝♦♠♦ ❡st❛❞♦s✱ ❛çõ❡s✱ ♣❧❛♥♦ ❡ ❝r✐tér✐♦✱ ❞❡s❝r✐t♦s ❡♠ ❬▲❛❱❛❧❧❡✱

✷✵✵✻❪✱ sã♦ r❡s✉♠✐❞♦s ❛ s❡❣✉✐r✿

• ❊st❛❞♦✿ ❉❡✜♥❡ ✉♠❛ s✐t✉❛çã♦ ❛t✉❛❧ ❞❡ ✉♠ s✐st❡♠❛✳ ◆❛ r♦❜ót✐❝❛ ♠ó✈❡❧✱ ✉♠

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

❡s♣❛ç♦ ❞❡ ❡st❛❞♦s ❡♥✈♦❧✈❡ t♦❞❛s ❛s ❝♦♠❜✐♥❛çõ❡s ❞❡ ❡st❛❞♦s ♣♦ssí✈❡✐s✱ ❛✐♥❞❛

q✉❡ ♥❛ ♠❛✐♦r✐❛ ❞❛s ✈❡③❡s ♥ã♦ s❡❥❛ ✈✐á✈❡❧ r❡♣r❡s❡♥tá✲❧♦ ❡①♣❧✐❝✐t❛♠❡♥t❡✳

• ❆çã♦✿ ❚❛♠❜é♠ ❞❡s❝r✐t♦s ❝♦♠♦ ♦♣❡r❛❞♦r❡s ♦✉ ❝♦♥tr♦❧❡s✱ sã♦ r❡s♣♦♥sá✈❡✐s ♣♦r

r❡❛❧✐③❛r ❛ tr❛♥s✐çã♦ ❞❡ ✉♠ ❡st❛❞♦ ♣❛r❛ ♦✉tr♦✳ ❊ss❛ tr❛♥s✐çã♦ ♣♦❞❡ s❡r ❞❡✜♥✐❞❛

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

♦r❞✐♥ár✐❛s ♥♦ t❡♠♣♦ ❝♦♥tí♥✉♦✳

• P❧❛♥♦✿ ➱ ❛ s❡q✉ê♥❝✐❛ ❞❡ ❛çõ❡s✱ ♦✉ ❡str❛té❣✐❛✱ ♣❛r❛ s❡ ❛t✐♥❣✐r ♦ ♦❜❥❡t✐✈♦✳

• ❈r✐tér✐♦✿ ➱ ♦ r❡s✉❧t❛❞♦ ❡s♣❡r❛❞♦ ❛♦ s❡❣✉✐r ✉♠ ♣❧❛♥♦✳ ❖s ❞♦✐s t✐♣♦s ❞❡ ❝r✐tér✐♦

❣❡r❛❧♠❡♥t❡ ✉t✐❧✐③❛❞♦s sã♦ ♦ ❞❛ ❛❧❝❛♥ç❛❜✐❧✐❞❛❞❡ ❡ ♦t✐♠❛❧✐❞❛❞❡✳ ❖ ♣r✐♠❡✐r♦

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

à ❡✜❝✐ê♥❝✐❛✱ ❝♦♠♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✱ t❡♠♣♦ ❞❡ ♥❛✈❡❣❛çã♦✱ ❞✐stâ♥❝✐❛

♣❡r❝♦rr✐❞❛ ❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳

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

❝r✐tér✐♦ ❞❛ ❛❧❝❛♥ç❛❜✐❧✐❞❛❞❡✱ ♣♦✐s ❡s♣❡r❛✲s❡ q✉❡ ♦ r♦❜ô ❝❤❡❣✉❡ ❛♦ s❡✉ ♦❜❥❡t✐✈♦ ❡♠ ✉♠

t❡♠♣♦ ✜♥✐t♦✱ s❡♠ ❝♦❧✐❞✐r ❝♦♠ ♦❜stá❝✉❧♦s✳ ◆❡ss❡ ❝♦♥t❡①t♦✱ ♦ ✈♦❧✉♠❡ ❞❡ ✐♥❢♦r♠❛çõ❡s

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

❡♠ t❛❧ ❝♦♥❞✐çã♦✱ é ♣♦ssí✈❡❧ s❡♣❛r❛r ❛s s♦❧✉çõ❡s ❡♠ ❞✉❛s ❝❛t❡❣♦r✐❛s✿ ♣❧❛♥❡❥❛♠❡♥t♦

❧♦❝❛❧ ❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❣❧♦❜❛❧✳

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

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

♠❛❧♠❡♥t❡ ♣♦ss✉❡♠ ❜❛✐①♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡ sã♦ ❞❡ ❢á❝✐❧ ✐♠♣❧❡♠❡♥t❛çã♦✳ ❏á ♣❛r❛

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

❧✐❣❛ ✉♠ ♣♦♥t♦ ❞❡ ♣❛rt✐❞❛ ❛té ✉♠ ♣♦♥t♦ ❞❡ ❞❡st✐♥♦ ♥♦ ❛♠❜✐❡♥t❡✱ r❡❞✉③✐♥❞♦ ❛ ❞✐stâ♥❝✐❛

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

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

❞❡ ❝❛♠✐♥❤♦ s❡rã♦ ❞✐s❝✉t✐❞♦s ♠❛✐s ❞❡t❛❧❤❛❞❛♠❡♥t❡ ♥♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✳

❖ ♣❧❛♥❡❥❛♠❡♥t♦ ❤í❜r✐❞♦✱ ❝♦♠♦ ♦ ♥♦♠❡ s✉❣❡r❡✱ ✉t✐❧✐③❛ ❝❛♠❛❞❛s ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦

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

s♦❧✉çã♦ q✉❡ s❡❥❛ ❡✜❝✐❡♥t❡ ❡♠ t❡r♠♦s ❞❡ ❝❛♠✐♥❤♦ ♣❡r❝♦rr✐❞♦ ❡ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧

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

✐♥t❡❣r❛❧✳

✶✳✹ ❖ r♦❜ô ♠ó✈❡❧ P✐♦♥❡❡r P✸✲❉❳

❙❡♥❞♦ ✉♠ r♦❜ô ❞♦ t✐♣♦ ✉♥✐❝✐❝❧♦ ❬❈❖◆❚❊ ❡t ❛❧✳✱ ✶✾✾✻❪✱ ♦ P✐♦♥❡❡r P✸✲❉❳ ✭❋✐✲

❣✉r❛ ✶✳✶✶✮ ♣♦ss✉✐ ❞♦✐s ♠♦t♦r❡s ❡ ❞✉❛s r♦❞❛s s♦❜r❡ ♦ ♠❡s♠♦ ❡✐①♦✱ ❝❛♣❛③❡s ❞❡ ♦♣❡r❛r

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

t❡ríst✐❝❛ ♣❡r♠✐t❡ ❛♦ r♦❜ô r❡❛❧✐③❛r ♠❛♥♦❜r❛s ❝♦♠♦ ❣✐r❛r s♦❜r❡ ♦ ♣ró♣r✐♦ ❡✐①♦✱ ♠❛s ♦

✐♠♣❡❞❡ ❞❡ r❡❛❧✐③❛r ♠❛♥♦❜r❛s ❝♦♠♦ ❛♥❞❛r ❧❛t❡r❛❧♠❡♥t❡✱ ♣♦r ❡①❡♠♣❧♦✳

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

♠❡♥s✐♦♥❛❧✱ ♦ P✸✲❉❳ é ❝❧❛ss✐✜❝❛❞♦ ❝♦♠♦ ✉♠ r♦❜ô ♥ã♦✲❤♦❧♦♥ô♠✐❝♦ ❬▲❛✉♠♦♥❞ ❡t ❛❧✳✱

✶✾✾✽❪✳ ❚❛❧ ❝❧❛ss✐✜❝❛çã♦ t❛♠❜é♠ s❡ ❛♣❧✐❝❛ à t♦❞♦s r♦❜ôs ❞♦ t✐♣♦ ✉♥✐❝✐❝❧♦✳ ◆♦ ❝❛s♦

❝♦♥trár✐♦✱ q✉❛♥❞♦ ♥ã♦ ❡①✐st❡ ♥❡♥❤✉♠❛ r❡str✐çã♦ ❞❡ ♠♦✈✐♠❡♥t♦ ♥♦ ♣❧❛♥♦ ♣♦r ♦♥❞❡

♥❛✈❡❣❛✱ ♦ r♦❜ô é ❝❧❛ss✐✜❝❛❞♦ ❝♦♠♦ ❤♦❧♦♥ô♠✐❝♦✳

❋✐❣✉r❛ ✶✳✶✶✳ ❖ r♦❜ô ❞♦ t✐♣♦ ✉♥✐❝✐❝❧♦ P✐♦♥❡❡r P✸✲❉❳✳

❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ❬❆❞❡♣t ❚❡❝❤♥♦❧♦❣②✱ ✷✵✶✶❪

❖ P✐♦♥❡❡r P✸✲❉❳ é ❡q✉✐♣❛❞♦ ❞❡ ❢á❜r✐❝❛ ❝♦♠ ✽ s❡♥s♦r❡s ❞❡ ❞✐stâ♥❝✐❛ ❞♦ t✐♣♦

s♦♥❛r✱ ✜①❛❞♦s ♥❛ ♣❛rt❡ ❢r♦♥t❛❧ ❞❡ s✉❛ ♣❧❛t❛❢♦r♠❛✳ ❖s s❡♥s♦r❡s ♣♦ss✉❡♠ ❢❛✐①❛ ❞❡

❛t✉❛çã♦ ❡♥tr❡ ✵ ❡ ✺ ♠❡tr♦s✱ ❝♦♠ ♠❡❞✐❞❛s ❡♥tr❡ ♦s â♥❣✉❧♦s ✲✾✵◦ ✱✲✺✵◦ ✱✲✸✵◦ ✱✲✶✵◦ ✱✰✶✵◦

✱✰✸✵◦ ✱✰✺✵◦ ❡ ✰✾✵◦✱ ✉s❛♥❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ❛ ❢r❡♥t❡ ❞♦ r♦❜ô✳ ❉❡s❝♦♥s✐❞❡r❛♥❞♦ ♦

❛❧❝❛♥❝❡ ❞♦s s❡♥s♦r❡s ❡ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠❛ ✈✐sã♦ ❢r♦♥t❛❧ ❞❡ ✶✽✵◦ ❝♦♠ r❡s♦❧✉çã♦ ❞❡ ✉♠

❣r❛✉✱ ♦ P✸✲❉❳ ❝♦♥s❡❣✉❡ ❞❡t❡❝t❛r ❛♣❡♥❛s ✹✱✹✶✪ ❞❛ r❡❣✐ã♦ ❛ s✉❛ ❢r❡♥t❡✳
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❋✐❣✉r❛ ✶✳✶✷✳ ❉✐♠❡♥sõ❡s ❞♦ P✸✲❉❳✳

❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ❬❆❞❡♣t ❚❡❝❤♥♦❧♦❣②✱ ✷✵✶✶❪

❋✐❣✉r❛ ✶✳✶✸✳ ▼♦❞❡❧♦ ❝✐♥❡♠át✐❝♦ ❞♦ P✸✲❉❳✳

❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ❬❋❡r♥❛♥❞❡s ❡t ❛❧✳✱ ✷✵✶✼✱ ♣✳ ✶❪
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P❛r❛ à ✉t✐❧✐③❛çã♦ ❞❡ ❝♦♥tr♦❧❛❞♦r❡s ❞❡ ♠♦✈✐♠❡♥t♦ é ❝♦♠✉♠ ❞❡✜♥✐r ✉♠ ♠♦❞❡❧♦

❝✐♥❡♠át✐❝♦ ♣❛r❛ ❛ ♣❧❛t❛❢♦r♠❛ ♠ó✈❡❧ q✉❡ ❡①❡❝✉t❛rá ❛ ♥❛✈❡❣❛çã♦✳ ❈♦♥s✐❞❡r❛♥❞♦ r♦❜ôs

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

✷✵✶✼❪✱ é ❞❛❞♦ ♣♦r✿

❳̇ =

[

ẋ

ẏ

]

=

[

cos(ψ) −a sin(ψ)
sin(ψ) a cos(ψ)

][

v

ω

]

, ✭✶✳✶✮

❝♦♠ ψ̇ = ω✱ ♦♥❞❡ (x, y) é ❛ ♣♦s✐çã♦ ❞♦ r♦❜ô ♥♦ r❡❢❡rê♥❝✐❛❧ < g >✱ ψ é ❛ s✉❛ ♦r✐❡♥t❛çã♦

❡♠ r❡❧❛çã♦ ❛♦ ❡✐①♦ ① ❡ a é ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ❡✐①♦ ❞❡ tr❛çã♦ ✈✐rt✉❛❧ ❞♦ r♦❜ô ❡ ♦

♣♦♥t♦ ❞❡ ❝♦♥tr♦❧❡✱ ❝♦♠♦ ✐❧✉str❛ ❛ ❋✐❣✉r❛ ✶✳✶✸✳

P❛r❛ ❛ s❡q✉ê♥❝✐❛ ❞❡ss❛ ❞✐ss❡rt❛çã♦✱ ♦ P✐♦♥❡❡r P✸✲❉❳ ❡ ♦ ♠♦❞❡❧♦ ❝✐♥❡♠át✐❝♦

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

s✐♠✉❧❛çõ❡s ❡ ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s✳ ❆ ❡s❝♦❧❤❛ s❡ ❞á ♣❡❧♦ ❢❛t♦ ❞❛ ♣❧❛t❛❢♦r♠❛ s❡r

♣♦♣✉❧❛r ❝♦♠♦ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ❡ ♣❡sq✉✐s❛ ❛❝❛❞ê♠✐❝❛✳ ❆❧é♠ ❞✐ss♦✱ ♦ ❢❛t♦ ❞❡ ♦ r♦❜ô

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

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

♣❧❛♥❡❥❛♠❡♥t♦ ❤í❜r✐❞♦ ♥♦ ❝♦♥t❡①t♦ ♣r♦♣♦st♦✳

✶✳✺ ❖ s❡♥s♦r ❑✐♥❡❝t

❖ s❡♥s♦r ❑✐♥❡❝t ♣❛r❛ ❳❜♦① ✸✻✵ t❡♠ ❞✐s♣♦♥í✈❡❧ ❞✉❛s ❝â♠❡r❛s✱ ✉♠❛ ❘●❇ ❡

♦✉tr❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✱ ❝♦♠♦ ❢❡rr❛♠❡♥t❛s ❞❡ s❡♥s♦r✐❛♠❡♥t♦✳ ❆ ❝â♠❡r❛ ❞❡ ♣r♦❢✉♥✲

❞✐❞❛❞❡ ♣♦ss✉✐ ❛❧❝❛♥❝❡ ♠í♥✐♠♦ ❞❡ ✵✱✽ ♠❡tr♦s ❡ ♠á①✐♠♦ ❞❡ ✹ ♠❡tr♦s✳ ❆❧é♠ ❞✐ss♦✱

♣♦ss✉✐ ❛❜❡rt✉r❛ ❞❡ ✺✼◦ ♥❛ ❤♦r✐③♦♥t❛❧ ❡ ✸✹◦ ♥❛ ✈❡rt✐❝❛❧✳ Pr♦❞✉③✐❞♦ ❝♦♠ ♣r♦♣ós✐t♦ ❞❡

❡♥tr❡t❡♥✐♠❡♥t♦ ❡♠ ❥♦❣♦s ✈✐rt✉❛✐s✱ ♦ ❑✐♥❡❝t t❛♠❜é♠ s❡ ♠♦str❛ ❜❛st❛♥t❡ ♣♦♣✉❧❛r ❡♠

♣❡sq✉✐s❛s ❛❝❛❞ê♠✐❝❛s✱ ♣❡❧♦ ❢á❝✐❧ ❛❝❡ss♦ ❡♠ t❡r♠♦s ❞❡ ✈❛❧♦r ♣❛r❛ ❝♦♠♣r❛✱ s♦❜r❡t✉❞♦

q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛ s❡♥s♦r❡s ❞❡ ✈❛rr❡❞✉r❛ à ❧❛s❡r✳ ❆ss✐♠✱ ❛ ✉t✐❧✐③❛çã♦ ❞❡ss❡ s❡♥s♦r é

✉♠❛ ❛❧t❡r♥❛t✐✈❛ ❞❡ ❜❛✐①♦ ❝✉st♦ ♣❛r❛ ❛♣❧✐❝❛çõ❡s ❡♠ r♦❜ót✐❝❛ ❡♠ ❛♠❜✐❡♥t❡s ❢❡❝❤❛❞♦s✱

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

✫ ❊❧❜❡r✐♥❦ ❬✷✵✶✷❪✳

◆♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s✱ ♦ ❑✐♥❡❝t é ✉t✐❧✐③❛❞♦ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ♦ s♦♥❛r ❞♦

P✐♦♥❡❡r P✸✲❉❳ ✭❋✐❣✉r❛ ✶✳✶✹✮ ♣❛r❛ ❡❢❡t✉❛r ♦ ❞❡s✈✐♦ ❞❡ ♦❜stá❝✉❧♦✳ ❆❧é♠ ❞♦ ❞❡s✈✐♦✱

♦ s❡♥s♦r t❛♠❜é♠ é ✉t✐❧✐③❛❞♦ ♣❛r❛ r❡❛❧✐③❛r ♦ ♠❛♣❡❛♠❡♥t♦ ❞♦ ❛♠❜✐❡♥t❡ ❛tr❛✈és ❞♦

❛❧❣♦r✐t♠♦ ❖❝❝✉♣❛♥❝② ●r✐❞✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ é ♠❛✐s ♣r❡❝✐s♦ ❡ ♣♦❞❡ ✈❛rr❡r ✉♠❛

ár❡❛ ♠❛✐♦r q✉❡ ♦s s♦♥❛r❡s ❞♦ P✸✲❉❳✱ ❛❝❡❧❡r❛♥❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ ♠❛♣❡❛♠❡♥t♦✳ ❖ ✉s♦

❞♦ s❡♥s♦r ❡ ❛s r❛③õ❡s ❞❡ s✉❛ ✉t✐❧✐③❛çã♦ sã♦ ❞✐s❝✉t✐❞♦s ♥♦ ❈❛♣ít✉❧♦ ✹✳
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❋✐❣✉r❛ ✶✳✶✹✳ ❑✐♥❡❝t ♣❛r❛ ❳❜♦① ✸✻✵ ❛❝♦♣❧❛❞♦ ❛♦ P✸✲❉❳✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

✶✳✻ ❉❡s❝r✐çã♦ ❞♦ ♣r♦❜❧❡♠❛

◆❡st❛ ❞✐ss❡rt❛çã♦✱ ❧✐♠✐t❛✲s❡ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ❝❛♠✐♥❤♦s ♣❛r❛ r♦❜ôs t❡rr❡str❡s

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

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

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

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

♥❛❧♠❡♥t❡✳

❉❡♥tr❡ ♣♦ssí✈❡✐s t❛r❡❢❛s r❡❛❧✐③❛❞❛s ❡♠ ❛♠❜✐❡♥t❡s ❝♦♠ ❝❛r❛❝t❡ríst✐❝❛s s✐♠✐❧❛r❡s

❛s r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛✱ ❞❡st❛❝❛✲s❡ ♦ ❛♠❜✐❡♥t❡ ❢❛❜r✐❧✱ ♦♥❞❡ ✉♠ r♦❜ô ❞❡✈❡ ❢❛③❡r

♦ ❝❛rr❡❣❛♠❡♥t♦ ❡ ❞❡s❝❛rr❡❣❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❝♦♠ ✉♠ ❝❡rt♦ ❣r❛✉

❞❡ ✐♥❝❡rt❡③❛ ✭♣❡q✉❡♥♦s ♦❜❥❡t♦s ❡ ♦✉tr❛s ❝❛r❣❛s s♦❜r❡ ♦ tr❛❥❡t♦ ❛ s❡r ♣❡r❝♦rr✐❞♦✱ ♣♦r

❡①❡♠♣❧♦✮✱ ♣❡r❝♦rr❡♥❞♦ ✉♠ ♠❡s♠♦ ❝❛♠✐♥❤♦✱ ❡♠ ✉♠ tr❛❥❡t♦ ❞❡ ✐❞❛ ❡ ✈♦❧t❛✱ ❞✐✈❡r✲

s❛s ✈❡③❡s✳ ❊ss❡ ❝❡♥ár✐♦ t❛♠❜é♠ é ❡♥❝♦♥tr❛❞♦ ❡♠ ❤♦s♣✐t❛✐s✱ ♦♥❞❡ r♦❜ôs ❛✉①✐❧✐❛♠

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

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

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

r♦❜ô ❞✉r❛♥t❡ ❛ ♥❛✈❡❣❛çã♦✳ ❖ ♣r✐♠❡✐r♦ ♣♦♥t♦ ❞♦ ❝♦♥❥✉♥t♦ é ❞❡✜♥✐❞♦ ✐♥✐❝✐❛❧♠❡♥t❡

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

s❡❥❛ ✐❣✉❛❧ ❛ ♣♦s✐çã♦ ❞❡ ❞❡st✐♥♦✳ ◗✉❛♥❞♦ ✐ss♦ ♦❝♦rr❡✱ ♦ ♣ró①✐♠♦ ♣♦♥t♦ s❡ t♦r♥❛ ♦

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

❞❡ ❡♥tr❛❞❛✳

❈♦♠ ♦ r♦❜ô ♣❛r❛❞♦✱ ❛♥t❡s ❞♦ ✐♥✐❝✐♦ ❞❡ ❝❛❞❛ ♠♦✈✐♠❡♥t♦ ❡♠ ❞✐r❡çã♦ ❛♦s ♣♦♥t♦s
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❢♦r♥❡❝✐❞♦s✱ ❛ ❡str❛té❣✐❛ ❣❧♦❜❛❧ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ♣r♦❝✉r❛r ✉♠ ❝❛♠✐♥❤♦ ❝♦♠♣❧❡t♦ ❛té

♦ ♦❜❥❡t✐✈♦✳ ❈❛s♦ ♥ã♦ ❡①✐st❛✱ ♥❛✈❡❣❛✲s❡ ❞❡ ❢♦r♠❛ r❡❛t✐✈❛ ❞❡s✈✐❛♥❞♦ ❞❡ ♦❜stá❝✉❧♦s ❡♠

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

♥❤♦ ♦❜t✐❞♦ ❛té ❛❧❝❛♥ç❛r ♦ ❞❡st✐♥♦✳ P❛r❛ ❡✈✐t❛r ❝♦❧✐sõ❡s ❝♦♠ ♦❜stá❝✉❧♦s ❞❡s❝♦♥❤❡❝✐❞♦s

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

♦ r♦❜ô r❡t♦r♥❛♥❞♦ ❛ tr❛❥❡tór✐❛ tr❛ç❛❞❛ ❛♣ós ❛ ❡✈❛sã♦✳ ❉✉r❛♥t❡ t♦❞❛ ❛ ♥❛✈❡❣❛çã♦✱ ❛s

✐♥❢♦r♠❛çõ❡s ❞♦s s❡♥s♦r❡s sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛ ♠♦❞❡❧❛❣❡♠ ✐♥❝r❡♠❡♥t❛❧ ❞♦ ❛♠❜✐❡♥t❡✳

✶✳✼ ❖❜❥❡t✐✈♦s

❖ ♦❜❥❡t✐✈♦ ❣❡r❛❧ ❞❡ss❡ tr❛❜❛❧❤♦ é ❞❡s❡♥✈♦❧✈❡r ✉♠❛ ❡str❛té❣✐❛ ❞❡ ♥❛✈❡❣❛çã♦ ♣❛r❛

r♦❜ôs t❡rr❡str❡s ❝♦♠ ❜❛s❡ ❡♠ ✉♠ ❛❧❣♦r✐t♠♦ ❤í❜r✐❞♦ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ❝❛♠✐♥❤♦✱

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

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

♦ ❞❡s✈✐♦ ❞❡ ♦❜stá❝✉❧♦s✱ ❝♦♥❤❡❝✐❞♦s ♦✉ ❞❡s❝♦♥❤❡❝✐❞♦s✳ P❛r❛ ✐ss♦✱ ❛❧❣✉♥s ♦❜❥❡t✐✈♦s

❡s♣❡❝í✜❝♦s sã♦ ❧✐st❛❞♦s ❛ s❡❣✉✐r✿

• ▼❛♣❡❛r ❞❡ ❢♦r♠❛ ✐♥❝r❡♠❡♥t❛❧ ♦ ❛♠❜✐❡♥t❡ ✉t✐❧✐③❛♥❞♦ ❛♣❡♥❛s ❛s ✐♥❢♦r♠❛çõ❡s

❞♦s s❡♥s♦r❡s ❛❝♦♣❧❛❞♦s ❛♦ r♦❜ô✳

• ❊♥❝♦♥tr❛r✱ q✉❛♥❞♦ ❛s ✐♥❢♦r♠❛çõ❡s ♥♦ ♠❛♣❛ ❢♦r❡♠ s✉✜❝✐❡♥t❡s✱ ❝❛♠✐♥❤♦s ❝♦♠✲

♣❧❡t♦s ❡ ❧✐✈r❡s ❞❡ ❝♦❧✐sõ❡s ❝♦♠ ♦❜stá❝✉❧♦s ❝♦♥❤❡❝✐❞♦s✱ ✉t✐❧✐③❛♥❞♦ ❛ ❡str❛té❣✐❛

❣❧♦❜❛❧✳

• ❊♥q✉❛♥t♦ s❡ s❡❣✉❡ ✉♠ ❝❛♠✐♥❤♦ ♣❧❛♥❡❥❛❞♦ ♥❛ ❡str❛té❣✐❛ ❣❧♦❜❛❧✱ ❞❡s✈✐❛r ❞❡

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

✶✳✽ ❊str✉t✉r❛ ❞♦ tr❛❜❛❧❤♦

❊st❡ tr❛❜❛❧❤♦ ❡stá ❞✐✈✐❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ ♦ ❈❛♣ít✉❧♦ ✶ ✐♥tr♦❞✉③✐✉ ❝♦♥❝❡✐t♦s

r❡❧❡✈❛♥t❡s ❞❡♥tr♦ ❞❛ r♦❜ót✐❝❛ ♠ó✈❡❧✳ ❆ ✐❞❡✐❛ ❞❡ s❡♥s♦r❡s✱ ❛t✉❛❞♦r❡s ❡ t✐♣♦s ❞❡ ❛rq✉✐✲

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

♣r♦❜❧❡♠❛s r❡❧❛❝✐♦♥❛❞♦s à r♦❜ót✐❝❛ ♠ó✈❡❧✳ ❆ s✉❜❞✐✈✐sã♦ ❞❛s s♦❧✉çõ❡s ❡♠ ♣❧❛♥❡❥❛✲

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

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

❝♦♠♦ ♦s ❡s♣❡❝í✜❝♦s sã♦ ❧✐st❛❞♦s✳

❖ ❈❛♣ít✉❧♦ ✷ ❞✐s❝✉t❡ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ❝❛♠✐♥❤♦ ❞❡ ❢♦r♠❛ ♠❛✐s

❛♣r♦❢✉♥❞❛❞❛✱ ❝✐t❛♥❞♦ ❛❧❣♦r✐t♠♦s q✉❡ ❝♦♠♣õ❡♠ ♦ ❡st❛❞♦✲❞❛✲❛rt❡✳ P❛r❛ ❛ ❡str❛té❣✐❛



✶✳ ■◆❚❘❖❉❯➬➹❖ ✶✺

❧♦❝❛❧ ❞❡st❛❝❛✲s❡ ♦ ❛❧❣♦r✐t♠♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧ ❬❇r❛♥❞ã♦ ❡t ❛❧✳✱ ✷✵✶✸❪✳ P❛r❛ s♦❧✉çõ❡s

❣❧♦❜❛✐s é ❞❡st❛❝❛❞♦ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❜✉s❝❛ ❡♠ ❣r❛❢♦ ❆✯ ❬❍❛rt ❡t ❛❧✳✱ ✶✾✻✽❪✱ ❝♦♠ s✉❛s

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

❛ s♦❧✉çã♦ ❤í❜r✐❞❛✳

❖ ❈❛♣ít✉❧♦ ✸ ❛♣r❡s❡♥t❛ ❛ s♦❧✉çã♦ ♣r♦♣♦st❛ ♥❡ss❛ ❞✐ss❡rt❛çã♦✳ ❉✐s❝✉t❡♠✲s❡

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

❤í❜r✐❞❛✳ ❖ ♣s❡✉❞♦❝ó❞✐❣♦ ❞❛ ♥❛✈❡❣❛çã♦ ❝♦♠ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❤í❜r✐❞♦ é ❛♣r❡s❡♥t❛❞♦

❡ ❡①♣❧✐❝❛❞♦✳

❖ ❈❛♣ít✉❧♦ ✹ tr❛③ ♦s r❡s✉❧t❛❞♦s ❞♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s✳ ❉♦✐s ❛♠❜✐❡♥t❡s

❞✐st✐♥t♦s✱ ✉♠ ❞❡ s✐♠✉❧❛çã♦ ❡ ♦✉tr♦ ♥♦ ♠✉♥❞♦ r❡❛❧✱ sã♦ ✉t✐❧✐③❛❞♦s ❝♦♠♦ r❡❢❡rê♥❝✐❛✳

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

❖ ❈❛♣ít✉❧♦ ✺ ❛♣r❡s❡♥t❛ ❛ ❝♦♥❝❧✉sã♦ ❞♦ tr❛❜❛❧❤♦ r❡❛❧✐③❛❞♦✳ ❉✐s❝✉t❡♠✲s❡ ♦s

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



❈❛♣ít✉❧♦ ✷

❘❊❋❊❘❊◆❈■❆▲ ❚❊Ó❘■❈❖

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

❞❡ ❝❛♠✐♥❤♦ ❣❧♦❜❛❧ ❡ ❧♦❝❛❧✱ r❡❧❡✈❛♥t❡s ♥♦ ❝♦♥t❡①t♦ ❞❛ r♦❜ót✐❝❛ ♠ó✈❡❧ ❡ ♣❛r❛ ❛ ❞✐s❝✉s✲

sã♦ ❞❛ s♦❧✉çã♦ ❤í❜r✐❞❛ q✉❡ é ♣r♦♣♦st❛ ♥❡st❡ tr❛❜❛❧❤♦✳

✷✳✶ P❧❛♥❡❥❛♠❡♥t♦ ❧♦❝❛❧ ❡ ♦ ❞❡ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧

❖ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ❝❛♠✐♥❤♦ ❧♦❝❛❧ ♣❛rt❡ ❞❛ ♣r❡♠✐ss❛ q✉❡ ♦ r♦❜ô ♥❡❝❡ss✐t❛ s❡

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

❞❡s✈✐♦ ❞❡ ♦❜stá❝✉❧♦s ❬❇✉♥✐②❛♠✐♥ ❡t ❛❧✳✱ ✷✵✶✶❪✳ ❈♦♠♦ ♦ ❛♠❜✐❡♥t❡ ♥♦r♠❛❧♠❡♥t❡ é

❞❡s❝♦♥❤❡❝✐❞♦ ❛ ♣r✐♦r✐✱ ♦ ♠❡♥♦r ❝❛♠✐♥❤♦ ❛té ♦ ❞❡st✐♥♦✱ ✉♠❛ ❧✐♥❤❛ r❡t❛✱ é ♣❡r❝♦rr✐❞♦

❛té q✉❡ ♦ s❡♥s♦r❡s ❞❡t❡❝t❡♠ ✉♠ ♦❜stá❝✉❧♦✳ ◆❡ss❡ ♠♦♠❡♥t♦✱ ♦s ❛❧❣♦r✐t♠♦s ❢♦r♥❡❝❡♠

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

❝❛♠✐♥❤♦ ❡♠ ❧✐♥❤❛ ❛ ♣❛rt✐r ❞❡ s✉❛ ♣♦s✐çã♦✳ ❊ss❛ s✐t✉❛çã♦ s❡ r❡♣❡t❡ ❛té q✉❡ s❡ ❛❧❝❛♥❝❡

♦ ❞❡st✐♥♦ ❬❇✉♥✐②❛♠✐♥ ❡t ❛❧✳✱ ✷✵✶✶❪✳ ❆ ❋✐❣✉r❛ ✷✳✶ ✐❧✉str❛ ❛ ✐❞❡✐❛ ❣❡r❛❧ ❞♦ ♣❧❛♥❡❥❛♠❡♥t♦

❧♦❝❛❧✳

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

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

t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ♦ ❢♦❝♦ ❞❡ss❡ t✐♣♦ ❞❡ ❡str❛té❣✐❛ é ❛♣❡♥❛s ❡✈✐t❛r ❛ ❝♦❧✐sã♦ ❝♦♠

♦❜stá❝✉❧♦s ❡♠ t❡♠♣♦ r❡❛❧✱ ❜❛s❡❛❞♦ ♥❛s ✐♥❢♦r♠❛çõ❡s ❞❡ s❡♥s♦r❡s✳ ❊♥tr❡t❛♥t♦✱ ❝♦♠♦

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

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

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

❖ ❛❧❣♦r✐t♠♦ ❞❡ ❝❛♠♣♦s ♣♦t❡♥❝✐❛✐s ❛rt✐✜❝✐❛✐s ✭❆P❋✱ ❞♦ ✐♥❣❧ês ❆rt✐✜❝✐❛❧ P♦t❡♥✲

t✐❛❧ ❋✐❡❧❞✮ ❬❑❤❛t✐❜✱ ✶✾✽✻❪ é ✉♠❛ ❞❛s s♦❧✉çõ❡s ♠❛✐s ♣♦♣✉❧❛r❡s ♥❛ ❧✐t❡r❛t✉r❛✳ ❆ ✐❞❡✐❛

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

✶✻
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❋✐❣✉r❛ ✷✳✶✳ ◆❛✈❡❣❛çã♦ ❝♦♠ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❧♦❝❛❧ ❜ás✐❝♦

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

♣♦r ♦❜stá❝✉❧♦s ❡ ♦ ♣♦♥t♦ ❞❡ ❞❡st✐♥♦✳ ❯♠❛ ❢♦rç❛ ❞❡ ❛tr❛çã♦ ♠♦✈❡ ♦ r♦❜ô ❡♠ ❞✐r❡çã♦

❛♦ s❡✉ ♦❜❥❡t✐✈♦ ❡♥q✉❛♥t♦ ❢♦rç❛s ❞❡ r❡♣✉❧sã♦ ❣❡r❛❞❛s ♣♦r ♦❜stá❝✉❧♦s ♣r♦♠♦✈❡♠ ♦

❞❡s✈✐♦ ❞❡ ♦❜stá❝✉❧♦✳ ❆ s✐♠♣❧✐❝✐❞❛❞❡ ❡ ❡❧❡❣â♥❝✐❛ ❞❛ ❡str❛té❣✐❛ ❛❝♦♠♣❛♥❤❛♠ ❞✐✈❡rs❛s

s✐t✉❛çõ❡s ❞❡ ♠í♥✐♠♦ ❧♦❝❛❧✱ ♣r♦❜❧❡♠❛ q✉❡ é✱ ❛té ❤♦❥❡✱ tó♣✐❝♦ ❞❡ ♣❡sq✉✐s❛ ❡♥✈♦❧✈❡♥❞♦

❆P❋ ❬❙♦✉✐ss✐ ❡t ❛❧✳✱ ✷✵✶✸❪✳

❖✉tr❛s s♦❧✉çõ❡s ❞❡ s✉❝❡ss♦ ♥❛ ❧✐t❡r❛t✉r❛✱ q✉❡ ❛❜♦r❞❛♠ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♣❧❛♥❡❥❛✲

♠❡♥t♦ ❧♦❝❛❧♠❡♥t❡ ❝♦♠ ♦ ❢♦❝♦ ❡♠ ❞❡s✈✐♦ ❞❡ ♦❜stá❝✉❧♦s✱ sã♦ ♦ ❇✉❣ ❆❧❣♦r✐t❤♠ ✭❇✉❣✶

❛♥❞ ❇✉❣✷ ✮ ❬▲✉♠❡❧s❦② ✫ ❙t❡♣❛♥♦✈✱ ✶✾✽✻❪ ❈❛♠♣♦ ❞❡ ❋♦rç❛ ❱✐rt✉❛❧ ✭❱❋❋✮ ❬❇♦r❡♥st❡✐♥

✫ ❑♦r❡♥✱ ✶✾✽✾❪✱ ❍✐st♦❣r❛♠❛ ❞❡ ❈❛♠♣♦ ❱❡t♦r✐❛❧ ✭❱❋❍✮ ❬❇♦r❡♥st❡✐♥ ✫ ❑♦r❡♥✱ ✶✾✾✶❪✳

❆❧❣✉♥s ❡①❡♠♣❧♦s ❞❡ s♦❧✉çõ❡s ❞♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❧♦❝❛❧ ♠❛✐s r❡❝❡♥t❡s sã♦ ♦ ❚❛♥❣❡♥t✐❛❧

●❛♣ ❋❧♦✇ ✭❚●❋✮ ❬▼✉❥❛❤❡❞ ❡t ❛❧✳✱ ✷✵✶✻❪ ❡ ♦ ❋♦❧❧♦✇ ❚❤❡ ●❛♣ ▼❡t❤♦❞ ✭❋●▼✮ ❬❉❡♠✐r

✫ ❙❡③❡r✱ ✷✵✶✼❪✳

❖ ❛❧❣♦r✐t♠♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧ ❬❇r❛♥❞ã♦ ❡t ❛❧✳✱ ✷✵✶✸❪ ♣r♦♠♦✈❡ ♦ ❞❡s✈✐♦ ❞❡

♦❜stá❝✉❧♦s ❢♦r♥❡❝❡♥❞♦ ❛♦ r♦❜ô ✉♠ ❛❧✈♦ t❡♠♣♦rár✐♦ ❛ s❡r ❛❧❝❛♥ç❛❞♦✱ ❞❡ ❢♦r♠❛ q✉❡

❡❧❡ s✐❣❛ ✉♠ ❝❛♠✐♥❤♦ t❛♥❣❡♥t❡ ❛♦ ♦❜stá❝✉❧♦✳ ❆ t❛r❡❢❛ é ❞✐✈✐❞❛ ❡♠ ❞♦✐s ♣❛ss♦s✳ ◆♦

♣r✐♠❡✐r♦✱ ♦ r♦❜ô ❞❡✈❡ ❞❡t❡❝t❛r✱ ❛tr❛✈és ❞❡ s❡♥s♦r❡s✱ ♦ ♦❜stá❝✉❧♦ ♥♦ ❛♠❜✐❡♥t❡✳ ❆

♠❡♥♦r ❞✐stâ♥❝✐❛ ❛té ♦ ♦❜stá❝✉❧♦ ❡ ♦ â♥❣✉❧♦ ❡♥tr❡ ♦ s❡♥s♦r q✉❡ ❢♦r♥❡❝❡ ❡ss❛ ♠❡❞✐❞❛

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

❡❢❡t✉❛r ♦ ❝á❧❝✉❧♦ ❞♦ ❛❧✈♦ ✈✐rt✉❛❧ t❡♠♣♦rár✐♦✳ P❛r❛ ✐ss♦✱ r♦t❛❝✐♦♥❛✲s❡ ♦ ♦❜❥❡t✐✈♦ r❡❛❧

❞♦ r♦❜ô ❡♠ ✉♠ â♥❣✉❧♦ γ✱ ♦❜t✐❞♦ ❛tr❛✈és ❞❛ s❡❣✉✐♥t❡ ❡①♣r❡ssã♦✿

γ =







−π
2
− α + β, s❡ β < 0

+π
2
− α + β, ❝❛s♦ ❝♦♥trár✐♦

, ✭✷✳✶✮

♦♥❞❡ α é ❞❡✜♥✐❞♦ ❝♦♠♦ s❡♥❞♦ ♦ â♥❣✉❧♦ ❡♥tr❡ ❛ ❞✐stâ♥❝✐❛ ❞♦ r♦❜ô ❛té ♦ ♦❜❥❡t✐✈♦

r❡❛❧ ❡ ❛ ❞✐r❡çã♦ ❛t✉❛❧ ❞♦ r♦❜ô✱ ❡ β é ♦ â♥❣✉❧♦ ❡♥tr❡ ❛ ♠❡♥♦r ❞✐stâ♥❝✐❛ ❞♦ r♦❜ô ❛té
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♦ ♦❜stá❝✉❧♦ ❡ ❛ ❞✐r❡çã♦ ✭✈❡t♦r ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❧✐♥❡❛r✮ ❛t✉❛❧ ❞♦ r♦❜ô✳ ❆ ❋✐❣✉r❛ ✷✳✷

✐❧✉str❛ ♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧✳

❆ ❡str❛té❣✐❛ é ♣✉r❛♠❡♥t❡ r❡❛t✐✈❛✱ ❞❡♣❡♥❞❡♥❞♦ ❛♣❡♥❛s ❞❛s ✐♥❢♦r♠❛çõ❡s s❡♥✲

s♦r✐❛✐s✳ ❆ ❝♦♥❞✐çã♦ ❞❡ ❛t✐✈❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ é ❛ ❡①✐stê♥❝✐❛ ❞❡ ❛❧❣✉♠❛ ♠❡❞✐❞❛ ❞❡

❞✐stâ♥❝✐❛ ❝❛♣t❛❞❛ ♣❡❧♦s s❡♥s♦r❡s q✉❡ s❡❥❛ ♠❡♥♦r ❞♦ q✉❡ ✉♠❛ ❞✐stâ♥❝✐❛ ❞❡ r❡❢❡rê♥❝✐❛

dobs✳ ❯♠❛ ✈❡③ q✉❡ ❡st❛ ❝♦♥❞✐çã♦ é s❛t✐s❢❡✐t❛ ♣♦r ✉♠ ♦✉ ♠❛✐s s❡♥s♦r❡s✱ s❡❧❡❝✐♦♥❛✲s❡

❛ ♠❡♥♦r ❞✐stâ♥❝✐❛✱ dmin ❡✱ ♦ â♥❣✉❧♦ β r❡❢❡r❡♥t❡ ❛ t❛❧ ❞✐stâ♥❝✐❛✳

❋✐❣✉r❛ ✷✳✷✳ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❈♦♥s✐❞❡r❛♥❞♦ ❛ ♥❛✈❡❣❛çã♦ ♥♦ ♣❧❛♥♦ ❳❨✱ ♦ ❛❧✈♦ t❡♠♣♦rár✐♦ ♣❛r❛ s❡ ♦❜t❡r ❛

❡✈❛sã♦ ❞♦ ♦❜stá❝✉❧♦ é ♦❜t✐❞♦ ♣❡❧❛ r♦t❛çã♦ ❞♦ ♣♦♥t♦ ♦❜❥❡t✐✈♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ â♥❣✉❧♦

γ✱ ❞❛❞❛ ♣♦r

Xv =

[

cos(γ) − sin(γ)

sin(γ) cos(γ)

]

Xd , ✭✷✳✷✮

✱

♦♥❞❡ Xv é ♦ ❛❧✈♦ ✈✐rt✉❛❧ t❡♠♣♦rár✐♦ ❡ Xd é ♦ ♦❜❥❡t✐✈♦ r❡❛❧ ❞❡ ❞❡st✐♥♦✳

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

é q✉❛♥❞♦ ♦ ❢♦r♠❛t♦ ❞♦ ♦❜stá❝✉❧♦ ❧❡✈❛ ♦ r♦❜ô ❛ ❝♦♥t♦r♥á✲❧♦✱ s❡♠ ❞❡ ❢❛t♦ t❡r♠✐♥❛r ❛

❡✈❛sã♦ ✭❋✐❣✉r❛ ✷✳✸✮✳ P❛r❛ s✉♣❡r❛r ❡ss❛ ❧✐♠✐t❛çã♦✱ ✉t✐❧✐③❛✲s❡ ✉♠ ❢❛t♦r ❞❡ ❡sq✉❡❝✐♠❡♥t♦
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fe ✭fe ∈ [0, 1]✮✱ ❞❡ t❛❧ ❢♦r♠❛ q✉❡ ❛s r♦t❛çõ❡s ❞♦ ❛❧✈♦ ✈✐rt✉❛❧ s❡❥❛♠ s✉❛✈✐③❛❞❛s✱

♣❡r♠✐t✐♥❞♦ q✉❡ ♦ r♦❜ô s❡ ❛❢❛st❡ ❧✐❣❡✐r❛♠❡♥t❡ ❞♦ ❛❧✈♦✱ ❢♦r❛ ❞❛ ❞✐stâ♥❝✐❛ dmin ❞❡✜♥✐❞❛✳

❆ss✐♠✱ ♦ ♥♦✈♦ ❝á❧❝✉❧♦ ❞❡ γ é ❞❡s❝r✐t♦ ♣♦r✿

γ[k] = (1− fe)γ[k − 1] + γ[k]fe, ✭✷✳✸✮

♦♥❞❡ γ[k] é ♦ ❛t✉❛❧ ✈❛❧♦r✱ ♦❜t✐❞♦ ♣♦r ✭✷✳✷✮ ❡ γ[k − 1] é ♦ s❡✉ ✈❛❧♦r ♥♦ ✐♥st❛♥t❡ ❞❡

❛♠♦str❛❣❡♠ ❛♥t❡r✐♦r✳ ❖ ♣s❡✉❞♦❝ó❞✐❣♦ ❞♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧ é ❡①✐❜✐❞♦ ♥♦ ❛❧❣♦r✐t♠♦

✶✳

❋✐❣✉r❛ ✷✳✸✳ ❈♦♥t♦r♥♦ ❞♦ ♦❜stá❝✉❧♦ ❞✉r❛♥t❡ ❛ ❡✈❛sã♦

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

■♥✐❝✐❛❧♠❡♥t❡✱ ♦ ❛❧✈♦ ✈✐rt✉❛❧ é ❞❡✜♥✐❞♦ ❝♦♠♦ s❡♥❞♦ ♦ ♣♦♥t♦ ♦❜❥❡t✐✈♦ ✭❧✐♥❤❛ ✷✮✳

❈❛s♦ ❛ ♠❡♥♦r ❞✐stâ♥❝✐❛ ✭dmin✮ ❝❛♣t❛❞❛ ♣♦r s❡♥s♦r❡s s❡❥❛ ♠❡♥♦r q✉❡ ❛ ❞✐stâ♥❝✐❛

♦❜s❡r✈á✈❡❧ dobs ✭❧✐♥❤❛ ✸✮✱ ❝❛❧❝✉❧❛✲s❡ ♦s â♥❣✉❧♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ❛ r♦t❛çã♦✱ β ✱ θ ❡

α ✭❧✐♥❤❛s ✹✲✻✮✳ ❙❡ β ❢♦r ♥❡❣❛t✐✈♦ ✭❧✐♥❤❛ ✼✮✱ s✐❣♥✐✜❝❛ q✉❡ ♦ ❛❧✈♦ ❡stá ❛ ❞✐r❡✐t❛ ❞♦

r♦❜ô ❡ ✉t✐❧✐③❛✲s❡ ❛ ❡①♣r❡ssã♦ ❞❛ ❧✐♥❤❛ ✽ ♣❛r❛ s❡ ♦❜t❡r γ✳ ❈❛s♦ ❝♦♥trár✐♦ ✭❧✐♥❤❛ ✾✮✱

✉t✐❧✐③❛✲s❡ ❛ ❡①♣r❡ssã♦ ❞❛ ❧✐♥❤❛ ✶✵✳ ❆ ♥♦r♠❛ ❡♥tr❡ ❛ ♣♦s✐çã♦ ❛t✉❛❧ ❞♦ r♦❜ô ❡ ♦ ♣♦♥t♦

♦❜❥❡t✐✈♦ ✭❧✐♥❤❛ ✶✷✮ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ ❛❧✈♦ ✈✐rt✉❛❧✱ ♦❜t✐❞♦ ♥❛ ❧✐♥❤❛ ✶✸✳

❈❛s♦ ❛ r♦t❛çã♦ ♥ã♦ t❡♥❤❛ ♦❝♦rr✐❞♦✱ ♦ ✈❛❧♦r ❞❡ γ é s✉❛✈✐③❛❞♦ ❝♦♥❢♦r♠❡ ♦ ❢❛t♦r ❞❡
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❡sq✉❡❝✐♠❡♥t♦ ✭❧✐♥❤❛ ✶✺✮✳ P♦r ✜♠✱ ♦ ✈❛❧♦r ❞❡ Xv✱ r♦t❛❝✐♦♥❛❞♦ ♦✉ ♥ã♦✱ é ❢♦r♥❡❝✐❞♦

❝♦♠♦ s❛í❞❛ ❞♦ ❛❧❣♦r✐t♠♦ ✭❧✐♥❤❛ ✶✽✮✳

❆❧❣♦r✐t♠♦ ✶✿ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧
❊♥tr❛❞❛✿ γ✱ fe✱ dmin✱ dobs
❙❛í❞❛✿ ❆❧✈♦ ✈✐rt✉❛❧ Xv

✶ ✐♥í❝✐♦
✷ Xv ← Xd

✸ s❡ dmin < dobs ❡♥tã♦
✹ β ← AnguloDaMedidaMaisProxima
✺ θ ← arctan(yd/xd)
✻ α← θ − ψ
✼ s❡ β < 0 ❡♥tã♦
✽ γ ← −π/2− α + β
✾ s❡♥ã♦
✶✵ γ ← +π/2− α + β
✶✶ ✜♠
✶✷ d← ||(Xv −X)||
✶✸ Xv ← X + d

[

cos(θ − γ) sin(θ − γ)
]T

✶✹ s❡♥ã♦
✶✺ γ ← γ(1− fe)
✶✻ ✜♠
✶✼ ✜♠
✶✽ r❡t♦r♥❛ Xv

❖ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧✱ ❛♣❡s❛r ❞❡ ❛ss✉♠✐r q✉❡ s❡❥❛♠ ❝♦♥❤❡❝✐❞♦s ❛ ♠❡♥♦r ❞✐s✲

tâ♥❝✐❛ ❡ â♥❣✉❧♦ ❡♠ r❡❧❛çã♦ ❛♦ ♦❜stá❝✉❧♦✱ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ❡♠ s✐t✉❛çõ❡s ♦♥❞❡ s❡

❝♦♥❤❡❝❡ ❛♣❡♥❛s ❛❧❣✉♠❛s ♠❡❞✐❞❛s ❡ â♥❣✉❧♦s r❡❢❡r❡♥t❡s✱ ❝♦♠♦ ✐❧✉str❛ ❛ ❋✐❣✉r❛ ✷✳✹✳

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

tá❝✉❧♦✱ ♣♦❞❡♥❞♦ ❧❡✈❛r ♦ r♦❜ô ❡♠ ✉♠❛ tr❛❥❡tór✐❛ q✉❡ s❡ ❛❢❛st❛ ❞♦ ♦❜stá❝✉❧♦ ♦✉ s❡

❛♣r♦①✐♠❛ ❧❡✈❡♠❡♥t❡ ❞♦ ♠❡s♠♦✳ ❊ss❛ s✐t✉❛çã♦ r❡str✐♥❣❡ ❛ ❡✈❛sã♦ ♣❛r❛ ♦❜stá❝✉❧♦s

♠✉✐t♦ ❧♦♥❣♦s ✭❤♦r✐③♦♥t❛❧ ♦✉ ✈❡rt✐❝❛❧♠❡♥t❡✮✱ ❛✐♥❞❛ q✉❡ ❞♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ♣rát✐❝♦

s❡❥❛♠ ✐♥❝♦♠✉♥s ❞❡ ❡①✐st✐r ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❢❡❝❤❛❞♦✳

❖✉tr❛s ❧✐♠✐t❛çõ❡s ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧ sã♦ s✐t✉❛çõ❡s ❝♦♠ ♦❜stá✲

❝✉❧♦s ❡♠ ❢♦r♠❛t♦ ❞❡ ▲✱ ❱ ❡ ❯✱ ♦♥❞❡ ❛♣❡♥❛s ✉♠❛ r♦t❛çã♦ ❞♦ ❛❧✈♦ r❡❛❧ ♥ã♦ é s✉✜❝✐❡♥t❡

♣❛r❛ ❡❢❡t✉❛r ❛ ❡✈❛sã♦✳ ◆❡ss❡s ❝❛s♦s ♣♦❞❡ s❡r ♥❡❝❡ssár✐❛ ✉♠❛ ♠❛✐♦r r♦t❛çã♦ ❞♦ ❛❧✈♦

t❡♠♣♦rár✐♦ ❡✱ ❛✐♥❞❛ ❛ss✐♠✱ ❡①✐st❡ ♦ r✐s❝♦ ❞❡ ❝♦❧✐sã♦✳ ❚❛✐s s✐t✉❛çõ❡s ❡ té❝♥✐❝❛s ♣❛r❛

❡✈✐t❛r ❝♦❧✐sõ❡s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ❡♠ ❬❇r❛♥❞ã♦ ❡t ❛❧✳✱ ✷✵✶✸❪✳
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❋✐❣✉r❛ ✷✳✹✳ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧ s❡♠ ❛ ✐♥❢♦r♠❛çã♦ ❞❛ ♠❡♥♦r ❞✐stâ♥❝✐❛ r❡❛❧ ❞♦

r♦❜ô ♣❛r❛ ♦ ♦❜stá❝✉❧♦✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

✷✳✷ P❧❛♥❡❥❛♠❡♥t♦ ❣❧♦❜❛❧ ❡ ♦ ❛❧❣♦r✐t♠♦ ❆✯

P❛r❛ tr❛ç❛r ❝❛♠✐♥❤♦s ❝♦♠♣❧❡t♦s é ♥❡❝❡ssár✐♦ ❛❧❣✉♠❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ❛♠❜✐❡♥t❡

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

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

✭❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ tr❛t❛r ár❡❛s ❞❡s❝♦♥❤❡❝✐❞❛s ❝♦♠♦ ③♦♥❛ ❧✐✈r❡ ♣❛r❛ ♥❛✈❡❣❛çã♦✮✳

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

♠❡s♠♦ ❝♦♥s✐❣❛ ❧✐❞❛r ❝♦♠ ♥♦✈❛s ✐♥❢♦r♠❛çõ❡s ❡ ♠✉❞❛♥ç❛s ♥♦ ❛♠❜✐❡♥t❡✱ t❛✐s ❝♦♠♦ ♥♦✲

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

❞✉r❛♥t❡ ❛ ♥❛✈❡❣❛çã♦✳

❘❡♣❧❛♥❡❥❛r ✉♠ ❝❛♠✐♥❤♦ ❝♦♠♣❧❡t♦✱ s♦❜r❡t✉❞♦ ♣❛r❛ ❧✐❞❛r ❝♦♠ ♦ ❞❡s✈✐♦ ❞❡ ♦❜s✲

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

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

♥❡ç❛ ✉♠❛ ♥❛✈❡❣❛çã♦ ❡stá✈❡❧ ❡ ♣r♦❣r❡ss✐✈❛ ❡♠ ❞✐r❡çã♦ ❛♦ ❧♦❝❛❧ ❞❡ ❞❡st✐♥♦✱ ❞❡ ♠♦❞♦

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

❜✉s❝❛s ♣♦r ♥♦✈♦s ❝❛♠✐♥❤♦s✳

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

❆ ✐❞❡✐❛ ❣❡r❛❧ é ❡s♣❛❧❤❛r ♣♦♥t♦s ❛❧❡❛tór✐♦s s♦❜r❡ ♦ ♠❛♣❛ ❡ ❝♦♥❡❝tá✲❧♦s✱ ❛té q✉❡ s❡

t❡♥❤❛ ✉♠ ❝❛♠✐♥❤♦ ❝♦♠♣❧❡t♦ ❛té ♦ ♦❜❥❡t✐✈♦✳ ❙❡❣✉♥❞♦ ❊❧❜❛♥❤❛✇✐ ✫ ❙✐♠✐❝ ❬✷✵✶✹❪✱

♦s ❞♦✐s ❛❧❣♦r✐t♠♦s ♠❛✐s ❢❛♠♦s♦s ✉t✐❧✐③❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ sã♦ ♦ ❘❛♣✐❞❧②✲❊①♣❧♦r✐♥❣
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❘❛♥❞♦♠ ❚r❡❡s ✭❘❘❚✮ ❬▲❛❱❛❧❧❡✱ ✶✾✾✽❪ ❡ Pr♦❛❜✐❧✐st✐❝ ❘♦❛❞♠❛♣s ✭P❘▼✮ ❬❆♠❛t♦ ✫

❲✉✱ ✶✾✾✻❪✳ ❖s ♠ét♦❞♦s✱ ❛♣❡s❛r ❞❡ ✐♥t✉✐t✐✈♦s ❡ ❞❡ ❢á❝✐❧ ✐♠♣❧❡♠❡♥t❛çã♦✱ ❞❡♠♦r❛♠

❛ ❝♦♥✈❡r❣✐r ♣❛r❛ ❝❛♠✐♥❤♦s ót✐♠♦s✱ ♦ q✉❡ ❝♦♥t✐♥✉❛ s❡♥❞♦ tó♣✐❝♦ ❞❡ ♣❡sq✉✐s❛ ♣❛r❛

❛♠❜❛s ❛s s♦❧✉çõ❡s ❬❊❧❜❛♥❤❛✇✐ ✫ ❙✐♠✐❝✱ ✷✵✶✹❪ ❬❑❛r❛♠❛♥ ✫ ❋r❛③③♦❧✐✱ ✷✵✶✸❪✳

❆❧❣✉♠❛s ❤❡✉ríst✐❝❛s t❛♠❜é♠ sã♦ ❡s❝♦♣♦ ❞❡ ♣❡sq✉✐s❛ ❡♠ ♣❧❛♥❡❥❛♠❡♥t♦ ❣❧♦❜❛❧✱

❡s♣❡❝✐❛❧♠❡♥t❡ ♣❛r❛ ❛♠❜✐❡♥t❡s ❝♦♠ ❛❧t♦ ❣r❛✉ ❞❡ ✐♥❝❡rt❡③❛ ❬▼❛❝ ❡t ❛❧✳✱ ✷✵✶✻❪✳ ❚❛❧

❛❜♦r❞❛❣❡♠ é ♦ ❝❛s♦ ❞❡ ❈♦❧ô♥✐❛ ❞❡ ❢♦r♠✐❣❛s ✭❆❈❖✮ ❬●❛r❝✐❛ ❡t ❛❧✳✱ ✷✵✵✾❪✱ ❖t✐♠✐③❛çã♦

♣♦r ❡♥①❛♠❡ ❞❡ ♣❛rtí❝✉❧❛s ✭P❙❖✮ ❬❩❤❛♥❣ ❡t ❛❧✳✱ ✷✵✶✸❪ ❡ ❆❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s ✭●❆✮

❬❍✉ ✫ ❨❛♥❣✱ ✷✵✵✹❪✳ ❆♣❡s❛r ❞♦s ❜♦♥s r❡s✉❧t❛❞♦s✱ ❤❡✉ríst✐❝❛s ♣♦ss✉❡♠ ❛❧t♦ ❝✉st♦

❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ ❝♦♥✈❡r❣✐r ❡♠ ✉♠❛ s♦❧✉çã♦ ót✐♠❛ ❡♠ t❡♠♣♦ ❛❝❡✐tá✈❡❧✳

❯♠❛ ❢❛♠í❧✐❛ ❞❡ ❛❧❣♦r✐t♠♦s ❞❡t❡r♠✐♥íst✐❝♦s✱ q✉❡ ♣♦❞❡♠ s❡r ❞❡s❝r✐t♦s ❝♦♠♦ ❛❧✲

❣♦r✐t♠♦s ❞❡ ✐♥t❡❧✐❣ê♥❝✐❛ ❛rt✐✜❝✐❛❧ ❝❧áss✐❝❛✱ r❡❞✉③ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ à ✉♠❛

❜✉s❝❛ ❡♠ ❣r❛❢♦ ❬❋❡r❣✉s♦♥ ❡t ❛❧✳✱ ✷✵✵✺❪✱ ❡♠ ❝♦♥tr❛st❡ ❝♦♠ ❛s ❛❜♦r❞❛❣❡♥s ❤❡✉ríst✐❝❛s✳

❖ ❛♠❜✐❡♥t❡ é r❡♣r❡s❡♥t❛❞♦ ❝♦♠♦ ✉♠ ❣r❛❢♦ G = (V,E)✱ ♦♥❞❡ V é ♦ ❝♦♥❥✉♥t♦ ❞❡

✈ért✐❝❡s✱ ♦✉ ♥ós✱ q✉❡ r❡♣r❡s❡♥t❛ ♣♦ssí✈❡✐s ❧♦❝❛✐s ♥♦ ❛♠❜✐❡♥t❡ ✭❝♦♦r❞❡♥❛❞❛s (x, y) ❡♠

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

❞❡ ❝❛❞❛ ❛r❡st❛ ♣♦❞❡ r❡♣r❡s❡♥t❛r ♦ ❝✉st♦ ✭♦✉ ❞✐stâ♥❝✐❛✮ ❞❡ s❡ ♠♦✈❡r ❞❡ ✉♠ ❧♦❝❛❧ ❛té

♦✉tr♦✳ ❆ ❋✐❣✉r❛ ✷✳✺ ✐❧✉str❛ ✉♠ ❛♠❜✐❡♥t❡ r❡♣r❡s❡♥t❛❞♦ ❝♦♠♦ ❣r❛❢♦✳

❋✐❣✉r❛ ✷✳✺✳ ❆♠❜✐❡♥t❡ r❡♣r❡s❡♥t❛❞♦ ❡♠ ✉♠ ❣r❛❢♦✱ ❝♦♠ ♣❛r❡s ♦r❞❡♥❛❞♦s (x, y)✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮
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❯♠ ❢❛t♦r ✐♠♣♦rt❛♥t❡✱ q✉❡ ❛❥✉❞❛ ❛ ❡①♣❧✐❝❛r ❛ ♣♦♣✉❧❛r✐❞❛❞❡ ❞❛s ❜✉s❝❛s ❡♠ ❣r❛❢♦✱

é ♦ ❢❛t♦ ❞❡ ❣r✐❞s ✭❋✐❣✉r❛ ✷✳✻✮✱ ✉♠❛ ❞❛s ❢♦r♠❛s ♠❛✐s ❝♦♠✉♥s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞♦

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

❡①✐st❡♠ ❛r❡st❛s ❝♦♥❡❝t❛♥❞♦ ❝é❧✉❧❛s ❛❞❥❛❝❡♥t❡s✱ ♥❛ ✈❡rt✐❝❛❧✱ ❤♦r✐③♦♥t❛❧ ❡ ❞✐❛❣♦♥❛❧✳ ❖

♣❡s♦✱ ♦✉ ❝✉st♦✱ ❞❡ s❡ ♠♦✈❡r ❞❡ ✉♠❛ ❝é❧✉❧❛ ❛té ♦✉tr❛ ♥♦r♠❛❧♠❡♥t❡ é ❞❡✜♥✐❞♦ ❝♦♠♦

d ♣❛r❛ ❝é❧✉❧❛s ❛❞❥❛❝❡♥t❡s ♥❛ ❤♦r✐③♦♥t❛❧ ❡ ✈❡rt✐❝❛❧ ❡ d
√
2 ♣❛r❛ ❝é❧✉❧❛s ❛❞❥❛❝❡♥t❡s ♥❛

❞✐❛❣♦♥❛❧✳

❋✐❣✉r❛ ✷✳✻✳ ❖❝❝✉♣❛♥❝② ●r✐❞ s✐♠♣❧❡s✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❖s ♣✐♦♥❡✐r♦s ♥❡ss❛ ❢❛♠í❧✐❛ s❡❣✉♥❞♦ ❙♦✉✐ss✐ ❡t ❛❧✳ ❬✷✵✶✸❪✱ ♦s ❛❧❣♦r✐t♠♦s ❆✯ ❬❍❛rt

❡t ❛❧✳✱ ✶✾✻✽❪ ❡ ❆❧❣♦r✐t♠♦ ❞❡ ❉✐❥❦str❛ ❬❉✐❥❦str❛✱ ✶✾✺✾❪ ♦❜tê♠ ê①✐t♦ ❡♠ ❡♥❝♦♥tr❛r

♦ ❝❛♠✐♥❤♦ ót✐♠♦ ✭❞❡ ♠❡♥♦r ❝✉st♦✮ ❡♥tr❡ ❞♦✐s ✈ért✐❝❡s ❞❡ ✉♠ ❣r❛❢♦✳ ❆ ❞✐❢❡r❡♥ç❛

❜ás✐❝❛ ❡♥tr❡ ♦s ❛❧❣♦r✐t♠♦s ❆✯ ❡ ❞❡ ❉✐❥❦str❛ é q✉❡ ♦ ♣r✐♠❡✐r♦ ✉t✐❧✐③❛ ✉♠❛ ❢✉♥çã♦

❤❡✉ríst✐❝❛ ♣❛r❛ ❣✉✐❛r ❛ ❜✉s❝❛ ❡ r❡❞✉③✐r ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳ ❉❡✈✐❞♦ à ❣r❛♥❞❡

✐♠♣♦rtâ♥❝✐❛ ❞❡ ❆✯ ♥♦ ❝♦♥t❡①t♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❡ ♣❛r❛ ❡ss❛ ❞✐ss❡rt❛çã♦✱

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

❈♦♥s✐❞❡r❛♥❞♦ ✉♠ ❣r❛❢♦ G = (V,E) ❡ V = n1, n2, n3, ..., ni ❡ E ♦ ❝♦♥❥✉♥t♦ ❞❡

❛r❡st❛s ❞❡ G✱ ✉♠❛ ❛r❡st❛ eij r❡♣r❡s❡♥t❛ ✉♠❛ ❝♦♥❡①ã♦ ❞❡ ni ❛té nj✳ P♦❞❡✲s❡ ❛tr✐❜✉✐r

✉♠ ❝✉st♦✱ t❛♠❜é♠ ❝❤❛♠❛❞♦ ❞❡ ♣❡s♦✱ ♣❛r❛ ❝❛❞❛ ❛r❡st❛ ❞♦ ❣r❛❢♦✳ ❖ ❝✉st♦ ci ❞❡ eij
♣♦❞❡ r❡♣r❡s❡♥t❛r ❛ ❞✐stâ♥❝✐❛ ❡♠ ❧✐♥❤❛ r❡t❛ ❞❡ s❡ ♠♦✈❡r ❞❡ ✉♠ ❧♦❝❛❧ ni ❛té nj✱ ♣♦r

❡①❡♠♣❧♦✳

❯♠ ❝❛♠✐♥❤♦ ❡♥tr❡ ✉♠ ♥ó ❞❡ ♣❛rt✐❞❛ ns ❛té ✉♠ ♥ó ❞❡ ❞❡st✐♥♦ ng é ✉♠ ❝♦♥❥✉♥t♦

❞❡ ♥ós ♦r❞❡♥❛❞♦s ✭ns✱ ni✱ ni+1✱ ✳✳✳ ✱ ng✮✱ ✉♠ s✉❜❣r❛❢♦ ❞❡ G✱ ♦♥❞❡ ni+1 é ♦ s✉❝❡ss♦r ❞❡

ni ❡ ❡①✐st❡ ✉♠❛ ❛r❡st❛ ❝♦♥❡❝t❛♥❞♦ ni+1 ❛ ni ❬❍❛rt ❡t ❛❧✳✱ ✶✾✻✽❪✳ ❖ ❈✉st♦ ❞♦ ❝❛♠✐♥❤♦

é ❞❡✜♥✐❞♦ ❝♦♠ ❛ s♦♠❛ ❞♦s ♣❡s♦s ❞❡ t♦❞❛s ❛s ❛r❡st❛s ❞❡ss❡ s✉❜❣r❛❢♦✳ ❯♠ ❝❛♠✐♥❤♦

ót✐♠♦ ❡♥tr❡ ns ❡ ng é ♦ s✉❜❣r❛❢♦ ❝✉❥♦ ❝✉st♦ t♦t❛❧ é ♦ ♠❡♥♦r ♣♦ssí✈❡❧ ♣❛r❛ ♦ ❣r❛❢♦ G✳
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❖ ❆❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ♣♦r ❍❛rt ❡t ❛❧✳ ❬✶✾✻✽❪ ✉t✐❧✐③❛ ✉♠❛ ❢✉♥çã♦ ❤❡✉ríst✐❝❛

♣❛r❛ ❣✉✐❛r ❛ ❜✉s❝❛ ♣♦r ❝❛♠✐♥❤♦ ót✐♠♦ ❡♠ ✉♠ ❣r❛❢♦✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ s❡ ❡①♣❛♥❞✐r

♦ ♠❡♥♦r ♥ú♠❡r♦ ❞❡ ♥ós ❞✉r❛♥t❡ ❛ ❜✉s❝❛✳ ❉✉❛s ❧✐st❛s sã♦ ❝r✐❛❞❛s✱ ❛ ❧✐st❛ ❆❜❡rt❛

✭▲❆✮ ❡ ❛ ❋❡❝❤❛❞❛ ✭▲❋✮✳ ❆ ♣r✐♠❡✐r❛ ❝♦♥té♠ ♦s ♥ós ❡①♣❛♥❞✐❞♦s à s❡r❡♠ ❛✈❛❧✐❛❞♦s✱

❡♥q✉❛♥t♦ ❛ s❡❣✉♥❞❛ ❛r♠❛③❡♥❛ ♦s ♥ós q✉❡ ❥á ❢♦r❛♠ ❛✈❛❧✐❛❞♦s✳ ❯♠ ♥ó ni ∈ LA é

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

♣♦r ✉♠❛ ❛r❡st❛✮ à LA✳ ❆ ❡s❝♦❧❤❛ ❞❡ ni é r❡❛❧✐③❛❞❛ ♣❡❣❛♥❞♦ ♦ ♥ó q✉❡ ♣♦ss✉✐ ♦ ♠❡♥♦r

✈❛❧♦r ❞❛ ❢✉♥çã♦ f ✱ ❞❡✜♥✐❞❛ ❝♦♠♦

f(n) = g(n) + h(n), ✭✷✳✹✮

♦♥❞❡ g(n) é ♦ ❝✉st♦ ❞♦ ❝❛♠✐♥❤♦ ❛t✉❛❧ ❛té ni ❡ h(n) é ❛ ❢✉♥çã♦ ❤❡✉ríst✐❝❛✱ q✉❡ ❡st✐♠❛

♦ ❝✉st♦ ❞❡ ni ❛té ♦ ♥ó ❞❡ ❞❡st✐♥♦✳ ❖ ❛❧❣♦r✐t♠♦ ❆✯ é ✐❧✉str❛❞♦ ♣❡❧❛ ❋✐❣✉r❛ ✷✳✼ ❡ s❡✉

♣s❡✉❞♦❝ó❞✐❣♦ é ❞❛❞♦ ♣❡❧♦ ❆❧❣♦r✐t♠♦ ✷✳

❋✐❣✉r❛ ✷✳✼✳ ❆❧❣♦r✐t♠♦ ❆✯✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❆♦ s❡ ❡①♣❛♥❞✐r ✉♠ ♥ó n ♣❛r❛ ♦❜t❡r s❡✉ s✉❝❡ss♦r❡s✱ ❛❧❣✉♠❛s ❝♦♥❞✐çõ❡s sã♦

❛✈❛❧✐❛❞❛s✳ ❙❡ ❛❧❣✉♠ s✉❝❡ss♦r ❞❡ ni q✉❡ ❥á t❡♥❤❛ s✐❞♦ ❛✈❛❧✐❛❞♦ ❡ ❡st❡❥❛ ♥❛ ❧✐st❛

❋❡❝❤❛❞❛ ♣♦ss✉✐r ♦ ✈❛❧♦r ❞❡ g(ni) ❛ ♣❛rt✐r ❞❡ n ♠❡♥♦r q✉❡ ♦ ♣r❡✈✐❛♠❡♥t❡ ❝❛❧❝✉❧❛❞♦

❡st❡ ✈♦❧t❛ ❛ s❡r ❛❞✐❝✐♦♥❛❞♦ à ❧✐st❛ ❆❜❡rt❛✱ ❞❡st❛ ✈❡③ t❡♥❞♦ ❝♦♠♦ ❛♥t❡❝❡ss♦r ♦ ♥ó n✳

■ss♦ ❛❝♦♥t❡❝❡ ♣♦rq✉❡ ♦ ❝❛♠✐♥❤♦ ❛tr❛✈és ❞❡ n é ♠❡❧❤♦r q✉❡ ♦ ❝❛♠✐♥❤♦ ♣❡❧♦ ♥ó q✉❡

❡①♣❛♥❞✐✉ ni ♣r❡✈✐❛♠❡♥t❡✳

❈❛s♦ ni ❡st❡❥❛ ♥❛ ❧✐st❛ ❛❜❡rt❛✱ ♦ ✈❛❧♦r g(ni) é ❛t✉❛❧✐③❛❞♦✱ ❝❛s♦ s❡❥❛ ♠❡♥♦r q✉❡

♦ ❝❛❧❝✉❧❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡ ❡✱ ♥♦✈❛♠❡♥t❡✱ ❞❡✜♥❡✲s❡ n ❝♦♠♦ ❛♥t❡❝❡ss♦r ❞❡ ni✳ ❙❡ ni
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❆❧❣♦r✐t♠♦ ✷✿ ❇✉s❝❛ ❆✯
❊♥tr❛❞❛✿ ●r❛❢♦ G
❙❛í❞❛✿ ❈❛♠✐♥❤♦ Ca

✶ ✐♥í❝✐♦
✷ S ← inicio
✸ ▼❛rq✉❡ S ❛❜❡rt♦ ❡ ❝❛❧❝✉❧❡ f(s)
✹ ❙❡❧❡❝✐♦♥❡ ♦ ♥ó ❛❜❡rt♦ n ❝♦♠ ♠❡♥♦r ✈❛❧♦r ❞❡ f(n)✱ r❡s♦❧✈❡♥❞♦ ❡♠♣❛t❡s

❞❡ ❢♦r♠❛ ❛r❜✐trár✐❛✳ ❙❡ ♥ã♦ ❡①✐st✐r ♥ós ♠❛r❝❛❞♦s ❛❜❡rt♦s✱ ♥ã♦ ❡①✐st❡
❝❛♠✐♥❤♦ ❡ ❛ ❜✉s❝❛ t❡r♠✐♥❛

✺ s❡ n == destino ❡♥tã♦
✻ ❙❡❧❡❝✐♦♥❡ ♦ ♥ó ❛♥t❡❝❡ss♦r ❞❡ n✱ ❞♦ ♣❛ss♦ ♦♥❞❡ n ❢♦✐ ❝♦♠♦ ♠❛r❝❛❞♦

❛❜❡rt♦✳
✼ ❝♦♥t✐♥✉❡ r❡❝✉rs✐✈❛♠❡♥t❡ ❛té ❝❤❡❣❛r à S✳
✽ r❡t♦r♥❡ ♦ ❝❛♠✐♥❤♦ ♣❡r❝♦rr✐❞♦ ❝♦♠♦ s❡♥❞♦ ♦ ❝❛♠✐♥❤♦ ❆✯✳ t❡r♠✐♥❡✳
✾ s❡♥ã♦
✶✵ ▼❛rq✉❡ n ❢❡❝❤❛❞♦
✶✶ ♣❛r❛ ❝❛❞❛ s✉❝❡ss♦r ns ❞❡ n ❤❛❝❡r
✶✷ ❝❛❧❝✉❧❡ g(ns)
✶✸ s❡ ns ❡stá ♠❛r❝❛❞♦ ❢❡❝❤❛❞♦ ❡ g(ns) é ♠❡♥♦r q✉❡ ♦ ❝❛❧❝✉❧❛❞♦

♣r❡✈✐❛♠❡♥t❡ ❡♥tã♦
✶✹ ❉❡s♠❛rq✉❡ ns ❝♦♠♦ ❢❡❝❤❛❞♦
✶✺ ✜♠
✶✻ s❡ ns ❡stá ♠❛r❝❛❞♦ ❛❜❡rt♦ ❡ g(ns) é ♠❡♥♦r q✉❡ ♦ ❝❛❧❝✉❧❛❞♦

♣r❡✈✐❛♠❡♥t❡ ❡♥tã♦
✶✼ ❆t✉❛❧✐③❡ ♦ ✈❛❧♦r ❞❡ g(ns) ❡ f(ns)
✶✽ ❉❡✜♥❛ ♦ ❛♥t❡❝❡ss♦r ❞❡ ns ❝♦♠♦ n
✶✾ ✜♠
✷✵ s❡ ns ♥ã♦ ❡stá ♠❛r❝❛❞♦ ❛❜❡rt♦ ♥❡♠ ❢❡❝❤❛❞♦ ❡♥tã♦
✷✶ ▼❛rq✉❡ ns ❝♦♠♦ ❛❜❡rt♦
✷✷ ❉❡✜♥❛ ♦ ❝✉st♦ ❞❡ ❞❡ ns ❝♦♠♦ g(ns)
✷✸ ❈❛❧❝✉❧❡ f(ns)
✷✹ ❉❡✜♥❛ ♦ ❛♥t❡❝❡ss♦r ❞❡ ns ❝♦♠♦ n
✷✺ ✜♠
✷✻ ✜♥
✷✼ ✈á ♣❛r❛ ✹
✷✽ ✜♠
✷✾ ✜♠
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♥ã♦ ❡stá ♥❛ ▲✐st❛ ❆❜❡rt❛ ♥❡♠ ♥❛ ▲✐st❛ ❋❡❝❤❛❞❛✱ ❡❧❡ é ❛❞✐❝✐♦♥❛❞♦ ♥❛ ▲✐st❛ ❆❜❡rt❛✱

❛❞✐❝✐♦♥❛♥❞♦ ♦ ❝✉st♦ g(ni)✱ ♦ ✈❛❧♦r ❞❡ h(ni) ❡ n ❝♦♠♦ ❛♥t❡❝❡ss♦r✳

◗✉❛♥❞♦ ni é ✐❣✉❛❧ ❛♦ ♥ó ❞❡ ❞❡st✐♥♦✱ ❛ ❜✉s❝❛ t❡r♠✐♥❛ ❡ ❢♦✐ ❡♥❝♦♥tr❛❞♦ ♦ ❝❛♠✐✲

♥❤♦✳ P❛r❛ r❡t♦r♥❛r à s❡q✉ê♥❝✐❛ ❞❡ ♥ós q✉❡ ❝r✐❛♠ t❛❧ ❝❛♠✐♥❤♦ s❡❧❡❝✐♦♥❛♠✲s❡ r❡❝✉rs✐✲

✈❛♠❡♥t❡ ♦s ♥ós ❛♥t❡❝❡ss♦r❡s✱ q✉❡ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♥❛ ❡①♣❛♥sã♦ ❞♦ ♥ó ❞❡ ❞❡st✐♥♦ ❛té

♦ ♥ó ✐♥✐❝✐❛❧✳

❈♦♠♦ ♠❡♥❝✐♦♥❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❆✯ é ♦ ♣✐♦♥❡✐r♦ ❞❡♥tr♦ ❞❡ ✉♠❛ ❢❛♠í❧✐❛ ❞❡

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

❤❡✉ríst✐❝❛ ❛❝❡❧❡r❡ s✉❛ ❡①❡❝✉çã♦✱ ❆✯ s❡ ♠♦str❛ ✐♥❡✜❝✐❡♥t❡ ❞♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ♣rát✐❝♦

♦♥❞❡ ❛♠❜✐❡♥t❡s ♥ã♦ sã♦ ❡stát✐❝♦s✱ ♣♦✐s ❞❡✈❡✲s❡ r❡❡①❡❝✉t❛r ❛ ❜✉s❝❛ ❝♦♠♣❧❡t❛ t♦❞❛

✈❡③ q✉❡ ❢♦r ♥❡❝❡ssár✐♦ s❡ ❛❞❛♣t❛r às ♠✉❞❛♥ç❛s ♥♦ ❛♠❜✐❡♥t❡ ✭s✉r❣✐♠❡♥t♦ ❞❡ ✉♠

♦❜stá❝✉❧♦ ♥ã♦ ❝♦♥❤❡❝✐❞♦ ♦✉ ✉♠❛ ③♦♥❛ ❧✐✈r❡ ♦♥❞❡ ♣r❡✈✐❛♠❡♥t❡ ❤❛✈✐❛ ✉♠ ♦❜stá❝✉❧♦✮✳

❊ss❛ ❝❛r❛❝t❡ríst✐❝❛ t♦r♥❛ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❧❡♥t♦ ❡ ✐♠♣r❛t✐❝á✈❡❧ ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞❛s

❛♣❧✐❝❛çõ❡s✳

P❛r❛ s✉♣❡r❛r ❛s ❧✐♠✐t❛çõ❡s ❞❡ ❆✯✱ ✈ár✐❛s s♦❧✉çõ❡s ♥❛ ❧✐t❡r❛t✉r❛✱ ❜❛s❡❛❞❛s ❡♠

❜✉s❝❛ ❡♠ ❣r❛❢♦✱ ♣r♦❝✉r❛♠ ❢♦r♥❡❝❡r ❢❡rr❛♠❡♥t❛s ❞❡ r❡♣❧❛♥❡❥❛♠❡♥t♦ ❡♠ t❡♠♣♦ r❡❛❧

♣❛r❛ ❡♥❝♦♥tr❛r ♥♦✈♦s ❝❛♠✐♥❤♦s ❝♦♠♣❧❡t♦s ❡ ❞❡ ❢♦r♠❛ ❡✜❝✐❡♥t❡✳ ➱ ♦ ❝❛s♦ ❞❡ ❉✯

✭❉②♥❛♠✐❝ ❆✯ s❡❛r❝❤✮ ❬❙t❡♥t③✱ ✶✾✾✹❪✱ ❋♦❝✉s❡❞ ❉✯ ❬❙t❡♥t③ ❡t ❛❧✳✱ ✶✾✾✺❪✱ ▲P❆✯ ✭▲✐❢❡❧♦♥❣

P❧❛♥♥✐♥❣ ❆✯ ✮ ❬❑♦❡♥✐❣ ❡t ❛❧✳✱ ✷✵✵✹❪ ❡ ❉✯ ▲✐t❡ ❬❑♦❡♥✐❣ ✫ ▲✐❦❤❛❝❤❡✈✱ ✷✵✵✷❪✱ s❡♥❞♦ ❡ss❡

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

✷✳✸ P❧❛♥❡❥❛♠❡♥t♦ ❤í❜r✐❞♦

❈♦♠♦ ❞✐s❝✉t✐❞♦ ♥❡st❡ ❝❛♣ít✉❧♦✱ ❛❧❣♦r✐t♠♦s ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❧♦❝❛❧ sã♦ ❡✜❝✐❡♥✲

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

❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ♥❛ ❡✈❛sã♦ ❞♦ ♦❜stá❝✉❧♦ ♣♦❞❡ ❧❡✈❛r ❛ ❝❛♠✐♥❤♦s ♥ã♦ ❡✜❝✐❡♥t❡s

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

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

❝❛♠✐♥❤♦s ❡✜❝✐❡♥t❡s ❡ ❧✐✈r❡s ❞❡ ❝♦❧✐sã♦✱ ♠❛s ❞❡♠❛♥❞❛♠ ♠❛✐s ♣♦❞❡r ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✱

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

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

r❡❞✉③✐r ♦✉ ❡❧✐♠✐♥❛r ❛s ❞❡s✈❛♥t❛❣❡♥s✱ ❛✉t♦r❡s ❜✉s❝❛♠ s♦❧✉çõ❡s ❤í❜r✐❞❛s ♣❛r❛ ♦ ♣❧❛♥❡✲

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

♣❧❛♥❡❥❛♠❡♥t♦ ❧♦❝❛❧ ❡ ❣❧♦❜❛❧ ❡♠ ✉♠ ú♥✐❝♦ ❛❧❣♦r✐t♠♦ ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ❡♠ ❬❲❛♥❣

❡t ❛❧✳✱ ✷✵✵✷❪ ❡ ❬❩❤❛♥❣ ❡t ❛❧✳✱ ✷✵✶✷❪✳

❖ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧ é ✉t✐❧✐③❛❞♦ ♥❛ ❝❛♠❛❞❛ r❡❛t✐✈❛✱ ♦✉ ❧♦❝❛❧✱ ❞♦ ♣❧❛♥❡❥❛♠❡♥t♦
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♣r♦♣♦st♦ ♥❡st❛ ❞✐ss❡rt❛çã♦✳ ❆ ❡s❝♦❧❤❛ ❞♦ ❛❧❣♦r✐t♠♦ s❡ ❞á ♣♦r s❡r ✉♠❛ ❡str❛té❣✐❛

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

♦❜stá❝✉❧♦s✱ ♦♥❞❡ ❛ s✉❛ ❡①❡❝✉çã♦ ❞❡♣❡♥❞❡ ❛♣❡♥❛s ❞❛s ✐♥❢♦r♠❛çõ❡s ❞♦s s❡♥s♦r❡s ❡♠

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

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

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

❝♦♥st❛♥t❡ ❖✭✶✮✳

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

❥❛♠❡♥t♦ ❣❧♦❜❛❧ ❞❡ ❝❛♠✐♥❤♦✱ s❡♠♣r❡ ❛♥t❡s ❞♦ r♦❜ô ✐♥✐❝✐❛r ✉♠ ♠♦✈✐♠❡♥t♦✳ ❆ ❇✉s❝❛

é r❡❛❧✐③❛❞❛ ♣❛r❛ ❡♥❝♦♥tr❛r ❝❛♠✐♥❤♦s ❧✐✈r❡s ❞❡ ♦❜stá❝✉❧♦s ❞❡♥tr♦ ❞❛ ár❡❛ ❝♦♥❤❡❝✐❞❛

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

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

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

❤í❜r✐❞❛ ♣r♦♣♦st❛✱ ❡♥✈♦❧✈❡♥❞♦ ♦s ❞♦✐s ❛❧❣♦r✐t♠♦s✱ é ❞✐s❝✉t✐❞❛ ♥♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✳
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❈♦♠♦ ❞✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♦s ❛❧❣♦r✐t♠♦s ❆✯ ❡ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧ ❝♦♠♣õ❡♠ ❛

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

❞✐ss❡rt❛çã♦✳ ❆❧é♠ ❞✐ss♦✱ ❛ss✉♠❡✲s❡ q✉❡ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ♠❛♣❡❛♠❡♥t♦ ❖❝❝✉♣❛♥❝② ●r✐❞

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

♥❡❥❛♠❡♥t♦ ❛tr❛✈és ❞❛ ❜✉s❝❛ ❡♠ ❣r❛❢♦✳ P❛r❛ r❡❛❧✐③❛r ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ❝❛♠✐♥❤♦s✱

s✉♣õ❡✲s❡ q✉❡ é ❢♦r♥❡❝✐❞♦ ❛♦ r♦❜ô ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣♦♥t♦s ✭❝♦♦r❞❡♥❛❞❛s (x, y) ♥♦

♣❧❛♥♦✮ q✉❡ ❞❡✈❡♠ s❡r ❛❧❝❛♥ç❛❞♦s ♣❛r❛ s❡ ❝♦♠♣❧❡t❛r ❛ ♥❛✈❡❣❛çã♦✳ ◆❡ss❡ ❝♦♥t❡①t♦✱ ♦

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

r❛♥❞♦ ✉♠ ❝❛♠✐♥❤♦ ❝♦♠♣❧❡t♦ ❛té ❝❛❞❛ ♣♦♥t♦ ♦❜❥❡t✐✈♦✳ P❛r❛ ♦ ❞❡s✈✐♦ ❞❡ ♦❜stá❝✉❧♦s

❡♠ t❡♠♣♦ r❡❛❧ ✉t✐❧✐③❛✲s❡ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❧♦❝❛❧✱ t❡♥❞♦ ✉♠ ❝❛♠✐♥❤♦ s✐❞♦ ♦❜t✐❞♦ ♣❡❧♦

♣❧❛♥❡❥❛♠❡♥t♦ ❣❧♦❜❛❧ ♦✉ ♥ã♦✳

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

✭[(x1, y1), (x2, y2), (x3, y3)]✮ ❡ q✉❡ ♦ r♦❜ô s❡ ❡♥❝♦♥tr❛ ✐♥✐❝✐❛❧♠❡♥t❡ ❡♠ (xr, yr)✱

♦ ❛❧❣♦r✐t♠♦ ❆✯ é ❡①❡❝✉t❛❞♦✱ ❛♥t❡s ❞♦ r♦❜ô ❝♦♠❡ç❛r ❛ s❡ ♠♦✈❡r✱ ♣❛r❛ ♣r♦❝✉r❛r ✉♠

❝❛♠✐♥❤♦ ❝♦♠♣❧❡t♦ ❞❡ (xr, yr) ❛té (x1, y1)✳ ❙❡ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ♦❜t❡r t❛❧ ❝❛♠✐♥❤♦✱

♦ r♦❜ô ♥❛✈❡❣❛ r❡❛t✐✈❛♠❡♥t❡✱ ♠♦✈❡♥❞♦✲s❡ ❡♠ ❞✐r❡çã♦ ❛♦ ♦❜❥❡t✐✈♦ ❡ ❞❡s✈✐❛♥❞♦ ❞❡

♦❜stá❝✉❧♦s ❡♠ t❡♠♣♦ r❡❛❧ ❝♦♠ ♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧✳ ❈❛s♦ ❝♦♥trár✐♦✱ ♦ r♦❜ô s❡❣✉❡

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

♦❜stá❝✉❧♦s ❞❡s❝♦♥❤❡❝✐❞♦s q✉❡ ❡st❡❥❛♠ s♦❜r❡ ♦ ❝❛♠✐♥❤♦ ♣❧❛♥❡❥❛❞♦ ❡ q✉❡ ♣♦ss❛♠

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

❚❛♥❣❡♥❝✐❛❧✳ ❆♦ ❝❤❡❣❛r ❡♠ (x1, y1)✱ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❣❧♦❜❛❧ é ♥♦✈❛♠❡♥t❡ ✉t✐❧✐③❛❞♦

♣❛r❛ ♣r♦❝✉r❛r ✉♠ ❝❛♠✐♥❤♦ ❛té (x2, y2) ❡ ♦ ♣r♦❝❡ss♦ s❡ r❡♣❡t❡ ❛té q✉❡ s❡ ❝❤❡❣✉❡ ♥♦

❞❡st✐♥♦✱ (x3, y3)✳

❆s ❋✐❣✉r❛s ✸✳✶✱ ✸✳✷✱ ✸✳✸ ❡ ✸✳✹ ✐❧✉str❛♠ ❛ ♥❛✈❡❣❛çã♦ ❝♦♠ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❤í❜r✐❞♦

♣r♦♣♦st♦✳ ❖ ❛❧❣♦r✐t♠♦ ❆✯ s❡♠♣r❡ é ❡①❡❝✉t❛❞♦ ❛♥t❡s ❞♦ r♦❜ô ✐♥✐❝✐❛r ✉♠ ♠♦✈✐♠❡♥t♦✳

✷✽
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❈♦♠♦ ♥ã♦ s❡ ❝♦♥t❛ ❝♦♠ ✐♥❢♦r♠❛çõ❡s ❛ ♣r✐♦r✐ ❡ ❝♦♥s✐❞❡r❛✲s❡ ár❡❛s ❞❡s❝♦♥❤❡❝✐❞❛s

❝♦♠♦ ♦❜stá❝✉❧♦s✱ ❛ ❜✉s❝❛ ♣♦❞❡ ♥ã♦ ❡♥❝♦♥tr❛r ✉♠ ❝❛♠✐♥❤♦ ❝♦♠♣❧❡t♦ ❡♠ ❛❧❣✉♠❛s

❡①❡❝✉çõ❡s✳ ◗✉❛♥❞♦ ✐ss♦ ❛❝♦♥t❡❝❡✱ ♦ r♦❜ô ❛❞♦t❛ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ t♦t❛❧♠❡♥t❡

r❡❛t✐✈♦ ✭❋✐❣✉r❛ ✸✳✶✮ ❞❡s✈✐❛♥❞♦ ❞❡ ♦❜stá❝✉❧♦s ❡♠ t❡♠♣♦ r❡❛❧✳

❋✐❣✉r❛ ✸✳✶✳ ◆❛✈❡❣❛çã♦ r❡❛t✐✈❛✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

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

❡ ❡✈✐t❡ ❝♦❧✐sõ❡s ❝♦♠ ♦s ♦❜stá❝✉❧♦s ❝♦♥❤❡❝✐❞♦s ✭❋✐❣✉r❛ ✸✳✷✮✳ ❊♥tr❡t❛♥t♦✱ s❡ ❛❧❣✉♠

♦❜stá❝✉❧♦✱ ♥ã♦ ❝♦♥❤❡❝✐❞♦✱ ❡st✐✈❡r ♣ró①✐♠♦ ♦✉ s♦❜r❡ ♦ ❝❛♠✐♥❤♦ tr❛ç❛❞♦ ♣❡❧♦ ♣❧❛♥❡✲

❥❛♠❡♥t♦ ❣❧♦❜❛❧✱ ♦ r♦❜ô ✉t✐❧✐③❛ ♥♦✈❛♠❡♥t❡ ♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧ ❛té q✉❡ ♦ ♦❜stá❝✉❧♦

t❡♥❤❛ s✐❞♦ tr❛♥s♣♦st♦ ✭❋✐❣✉r❛ ✸✳✸✮✳ ❊♠ s❡❣✉✐❞❛✱ r❡t♦r♥❛ ♣❛r❛ ♦ ❝❛♠✐♥❤♦ ♣❧❛♥❡❥❛❞♦

❛té ❝♦♠♣❧❡t❛r ♦ tr❛❥❡t♦✳ P♦r ú❧t✐♠♦✱ ❞❡ ♣♦ss❡ ❞❛s ♥♦✈❛s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ ❛♠✲

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

♠❛♣❛ ❛t✉❛❧✐③❛❞♦ ✭❋✐❣✉r❛ ✸✳✹✮✳

❉❡ ✉♠ ♣♦♥t♦ ❞❡ ✈✐st❛ ♣rát✐❝♦ ♥♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ❝❛♠✐♥❤♦s✱ ❞❡✈❡✲s❡ ❛❞✐❝✐♦♥❛r

✉♠❛ ③♦♥❛ ❞❡ s❡❣✉r❛♥ç❛ ❡♠ ✈♦❧t❛ ❞♦s ♦❜stá❝✉❧♦s ♣❛r❛ ❛❝♦♠♦❞❛r ❛s ❞✐♠❡♥sõ❡s ❢ís✐❝❛s

❞♦ r♦❜ô ✭❋✐❣✉r❛ ✸✳✺✮✳ ❚❛❧ ♠❛r❣❡♠ ❞❡ s❡❣✉r❛♥ç❛ é ✉t✐❧✐③❛❞❛ ♥♦ ❛❧❣♦r✐t♠♦ ❤í❜r✐❞♦

♣r♦♣♦st♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ♣❛r❛ ❞❡✜♥✐r ♦ ❧✐♠✐t❡ ❞❛ ❞✐stâ♥❝✐❛ ♦❜s❡r✈á✈❡❧ dobs ❞♦ ❉❡s✈✐♦

❚❛♥❣❡♥❝✐❛❧ ✭❋✐❣✉r❛ ✸✳✻✮✳ dobs ❞❡✈❡ t❡r ✈❛❧♦r ♠á①✐♠♦ ✐❣✉❛❧ à ③♦♥❛ ❞❡ s❡❣✉r❛♥ç❛✱

♣♦✐s ❝❛s♦ s❡❥❛ s✉♣❡r✐♦r ♦ r♦❜ô t❡♥❞❡rá ❛ ❡❢❡t✉❛r ❞❡s✈✐♦s ❡♠ s✐t✉❛çõ❡s ♦♥❞❡ s❡❣✉✐r ♦

❝❛♠✐♥❤♦ tr❛ç❛❞♦ ❥❛ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❡✈✐t❛r ❝♦❧✐sõ❡s ❝♦♠ ♦❜stá❝✉❧♦s ❝♦♥❤❡❝✐❞♦s✳
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❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❋✐❣✉r❛ ✸✳✸✳ ◆❛✈❡❣❛çã♦ ❤í❜r✐❞❛✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮
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❋✐❣✉r❛ ✸✳✹✳ ◆❛✈❡❣❛çã♦ ❝♦♠ ♠❛♣❛ ❛t✉❛❧✐③❛❞♦✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❋✐❣✉r❛ ✸✳✺✳ ❩♦♥❛ ❞❡ s❡❣✉r❛♥ç❛ ♠í♥✐♠❛ ♣❛r❛ ❛❝♦♠♦❞❛r ❛s ❞✐♠❡♥sõ❡s ❞♦ r♦❜ô✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮
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❋✐❣✉r❛ ✸✳✻✳ ▲✐♠✐t❡ ♣❛r❛ dobs ❞❡ ❢♦r♠❛ à ❡✈✐t❛r ❞❡s✈✐♦s ❞❡s♥❡❝❡ssár✐♦s✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

◗✉❛♥❞♦ ♦ r♦❜ô ♥ã♦ s❡❣✉❡ ✉♠ ❝❛♠✐♥❤♦ ♣❧❛♥❡❥❛❞♦ ♣r❡✈✐❛♠❡♥t❡✱ ♥ã♦ ❡①✐st❡ ✉♠

❝❛♠✐♥❤♦ ❞❡ r❡❢❡rê♥❝✐❛ ❝♦♠ ♦❜stá❝✉❧♦s ❝♦♥❤❡❝✐❞♦s✳ ▲♦❣♦✱ ♣♦❞❡✲s❡ ❞❡✜♥✐r dobs ❞❡

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

❡❢❡t✉❛r ♦ ❞❡s✈✐♦ ❞❡ ❢♦r♠❛ s❡❣✉r❛✳

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

♦❜stá❝✉❧♦ ❡st✐✈❡r ❞❡♥tr♦ ❞♦ ❧✐♠✐t❡ dobs✱ ❝♦♠♦ ♠❡♥❝✐♦♥❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳ ❊♥tr❡t❛♥t♦

❞❡✈❡✲s❡ ❞❡✜♥✐r ❛ ❛çã♦ ❛ s❡r t♦♠❛❞❛ ❛♣ós ♦ ❞❡s✈✐♦✱ ❞❡ ❢♦r♠❛ à r❡t♦r♥❛r ❛♦ ❝❛♠✐♥❤♦

♣❧❛♥❡❥❛❞♦✳ ◆♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦✱ t❛❧ ❛çã♦ ❝♦♥s✐st❡ ❡♠ s❡❧❡❝✐♦♥❛r ♦ ♣♦♥t♦✱ s♦❜r❡

♦ ❝❛♠✐♥❤♦✱ q✉❡ ❡st❡❥❛ ♠❛✐s ♣ró①✐♠♦ ❞♦ r♦❜ô ❡ q✉❡ ❛✐♥❞❛ ♥ã♦ t❡♥❤❛ s✐❞♦ ❛❧❝❛♥ç❛❞♦

❞✉r❛♥t❡ ♥❛✈❡❣❛çã♦✱ ❞❡✜♥✐❞♦ ❝♦♠♦ ♣♦♥t♦ ❞❡ r❡t♦r♥♦ ✭❋✐❣✉r❛ ✸✳✼✮✳ ❊ss❛ ❡s❝♦❧❤❛ t❡♠

❝♦♠♦ ♦❜❥❡t✐✈♦ ❞✐s♣❡♥s❛r ♣♦♥t♦s ♣ró①✐♠♦s ❛♦ ♦❜stá❝✉❧♦✱ ❡✈✐t❛♥❞♦ ✉♠ ❢✉t✉r♦ ❞❡s✈✐♦

❞❡s♥❡❝❡ssár✐♦✳ ❆ ♥❛✈❡❣❛çã♦ ❛tr❛✈és ❞♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❤í❜r✐❞♦ é ❛♣r❡s❡♥t❛❞❛ ♣❡❧♦

❆❧❣♦r✐t♠♦ ✸✱ ❡♠ ❢♦r♠❛ ❞❡ ♣s❡✉❞♦❝ó❞✐❣♦✳

❖ ❆❧❣♦r✐t♠♦ ✸ r❡❝❡❜❡ ❝♦♠♦ ❡♥tr❛❞❛ ♦ ♠❛♣❛✱ ❛ ♣♦s❡ ❛t✉❛❧ ❡ ❛ ❞❡s❡❥❛❞❛ ✭❝♦✲

♦r❞❡♥❛❞❛s x ❡ y ♥♦ ♣❧❛♥♦ ❜✐❞✐♠❡♥s✐♦♥❛❧ ❡ ♦r✐❡♥t❛çã♦✮✳ ❉❡✜♥❡✲s❡ ♦s ✈❛❧♦r❡s ♣❛r❛

γ✱ fe✱ dobsA ❡ dobsT ✭❧✐♥❤❛s ✷✲✺✮✳ ■♥✐❝✐❛❧♠❡♥t❡ γ ♣♦ss✉✐ ✈❛❧♦r ♥✉❧♦✱ ♣♦✐s ❛✐♥❞❛ ♥ã♦

❢♦✐ r❡❛❧✐③❛❞♦ ♥❡♥❤✉♠ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧✳ ✭fe ∈ [0, 1]✮ é ♦ ❢❛t♦r ❞❡ ❡sq✉❡❝✐♠❡♥t♦✱

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

s✉❛✈❡ é ❛ r♦t❛çã♦✳
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❆❧❣♦r✐t♠♦ ✸✿ ◆❛✈❡❣❛çã♦ ❤í❜r✐❞❛✳
❊♥tr❛❞❛✿ ❖❝❝✉♣❛♥❝② ●r✐❞ OG✱ P♦s❡ ❛t✉❛❧ X✱ P♦s❡ ❞❡s❡❥❛❞❛ Xd

✶ ✐♥í❝✐♦
✷ γ ← 0
✸ fe← FatorDeEsquecimento
✹ dobsA ← DistanciaObservavelDuranteSeguimento
✺ dobsT ← DistanciaObservavelParaDesvioTangencial
✻ rota← BuscaAestrela(OG,X,Xd)
✼ s❡ EncontrouRota ❡♥tã♦
✽ caminho← GeraCaminho(rota)
✾ dobs ← dobsA
✶✵ s❡♥ã♦
✶✶ dobs ← dobsT
✶✷ ✜♠
✶✸ r❡♣✐t❛
✶✹ X ← OdometriaAtualDoRobo()
✶✺ M ← LerDadosSensores()
✶✻ AtualizaMapa(OG,M,X)
✶✼ s❡ EncontrouRota ❡♥tã♦
✶✽ s❡ Executando Desvio Tangencial ou

Existe obstaculo a distncia menor que dobsA ❡♥tã♦
✶✾ dobs ← dobsT
✷✵ Controlador ← ControladorDeErroDePosicao
✷✶ Xv, γ ← DesvioTangencial(Xd,min(M), dobs, fe, γ)

✷✷ s❡♥ã♦
✷✸ dobs ← dobsA
✷✹ Controlador ← ControladorParaSeguirCaminho
✷✺ Xv ← PontoMaisProximo(X, caminho)

✷✻ ✜♠
✷✼ s❡♥ã♦
✷✽ Controlador ← ControladorDeErroDePosicao
✷✾ Xv, γ ← DesvioTangencial(Xd,min(M), dobs, fe, γ)

✸✵ ✜♠
✸✶ U ← Controlador(X,Xv)
✸✷ EnviaSinalDeControle(U)

✸✸ ❛té X = Xd❀
✸✹ ✜♠

❆ ❞✐stâ♥❝✐❛ ♦❜s❡r✈á✈❡❧ dobsA é ✉t✐❧✐③❛❞❛ ♣❛r❛ s❡ ❡①❡❝✉t❛r ♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧

❡♥q✉❛♥t♦ s❡ s❡❣✉❡ ✉♠ ❝❛♠✐♥❤♦ ♦❜t✐❞♦ ♥❛ ❜✉s❝❛ ❆✯ ✭❧✐♥❤❛ ✾✮✳ dobsT é ❛ ❞✐stâ♥❝✐❛

♦❜s❡r✈á✈❡❧ q✉❛♥❞♦ s❡ ♥❛✈❡❣❛ r❡❛t✐✈❛♠❡♥t❡ ♦✉ q✉❛♥❞♦ s❡ ❡stá ❡①❡❝✉t❛♥❞♦ ♦ ❉❡s✈✐♦

❚❛♥❣❡♥❝✐❛❧✱ s❡♠ ✉♠ ❝❛♠✐♥❤♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ✭❧✐♥❤❛ ✶✶✮✳ ❆s ❧✐♥❤❛s ✶✹✲✶✻ sã♦ ♦s

❝♦♠❛♥❞♦s ♣❛r❛ s❡ ♦❜t❡r ❛ ♦❞♦♠❡tr✐❛ ✭♣♦s✐çã♦ ❡ ♦r✐❡♥t❛çã♦✮ ❞♦ r♦❜ô ❡ ✐♥❢♦r♠❛çõ❡s
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❞♦s s❡♥s♦r❡s✱ q✉❡ s❡rã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛t✉❛❧✐③❛r ♦ ♠❛♣❛ ❞♦ ❛♠❜✐❡♥t❡✳

❖ ❛❧❣♦r✐t♠♦ s✉♣õ❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ r❡s✉❧t❛❞♦ ♦❜t✐❞♦ ♥❛ ❜✉s❝❛ ❆✯ ♣❛r❛ ❣❡r❛r

✉♠ ❝❛♠✐♥❤♦ ❛ s❡r s❡❣✉✐❞♦ ✭❧✐♥❤❛ ✽✮✱ ❢❛t♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ✉t✐❧✐③❛r ✉♠ ❝♦♥tr♦❧❛❞♦r

❞❡ s❡❣✉✐♠❡♥t♦ ❞❡ ❝❛♠✐♥❤♦ ✭❧✐♥❤❛ ✷✹✮✳ ◆❛ ♣✐♦r ❞❛s ❤✐♣ót❡s❡s✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ✉♠

❝♦♥tr♦❧❛❞♦r ❈❛rr♦t ❈❤❛s✐♥❣✱ ♦♥❞❡ s❡ ❢♦r♥❡❝❡ s❡q✉❡♥❝✐❛❧♠❡♥t❡ ♦s ♣♦♥t♦s✱ r❡❢❡r❡♥t❡s

às ♣♦s✐çõ❡s ❞♦ ❣r✐❞ ♦❜t✐❞❛s ❡♠ ❆✯✱ ❝♦♠♦ ♦❜❥❡t✐✈♦s ❛ s❡r❡♠ ❛❧❝❛♥ç❛❞♦s ❛té ❝❤❡❣❛r

❛♦ ❞❡st✐♥♦ ✜♥❛❧✳

❋✐❣✉r❛ ✸✳✼✳ ❘❡t♦r♥♦ ♣❛r❛ ♦ ❝❛♠✐♥❤♦ ❆✯ ❛♣ós ♦ ❞❡s✈✐♦ ❞❡ ♦❜stá❝✉❧♦s ❞❡s❝♦✲

♥❤❡❝✐❞♦s✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

◗✉❛♥❞♦ ♥ã♦ ❤á ✉♠ ❝❛♠✐♥❤♦ ♣❛r❛ ❛ s❡r s❡❣✉✐❞♦ ♦✉ s❡ ❡stá ❡①❡❝✉t❛♥❞♦ ♦ ❉❡s✈✐♦

❚❛♥❣❡♥❝✐❛❧✱ ❛ss✉♠❡✲s❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ❝♦♥tr♦❧❛❞♦r ❞❡ ❡rr♦ ❞❡ ♣♦s✐çã♦ ✭❧✐♥❤❛s ✷✵

❡ ✷✽✮✳ ❆ ♠❡♥çã♦ ❛♦ ✉s♦ ❞❡ ❝♦♥tr♦❧❛❞♦r❡s ❞❡ ♠♦✈✐♠❡♥t♦ é ❢❡✐t❛ ❡♠ ✉♠ ♥í✈❡❧ ❞❡

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

t✐♣♦ ❞❡ r♦❜ô ❡ ❛♣❧✐❝❛çã♦✳

❆❧❣✉♠❛s ❝♦♥❞✐çõ❡s sã♦ ❛✈❛❧✐❛❞❛s q✉❛♥❞♦ s❡ ❡stá ♥❛✈❡❣❛♥❞♦ ❞❡❧✐❜❡r❛❞❛♠❡♥t❡

✭❧✐♥❤❛ ✶✼✮✳ ❆s ❞✉❛s ♣r✐♠❡✐r❛s ✭❧✐♥❤❛ ✶✽✮✱ s❡ é ❞❡t❡❝t❛❞♦ ✉♠ ♦❜stá❝✉❧♦ ❛ ✉♠❛ ❞✐stâ♥✲

❝✐❛ ❞❡♥tr♦ ❧✐♠✐t❡ ♦❜s❡r✈á✈❡❧ dobsA ❡ ♦ r♦❜ô ♥ã♦ ❡stá ❡①❡❝✉t❛♥❞♦ ♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧

♦✉ s❡ ♦ r♦❜ô ❡stá ❡①❡❝✉t❛♥❞♦ ♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧ ❡ ❡stá ❞❡♥tr♦ ❞♦ ❧✐♠✐t❡ dobsT ✳

◆❡st❡s ❝❛s♦s ❛ ❞✐stâ♥❝✐❛ ♦❜s❡r✈á✈❡❧ é ❞❡✜♥✐❞❛ ❝♦♠♦ dobsT ✱ ♣♦✐s é ♥❡❝❡ssár✐♦ ❡❢❡t✉❛r

✉♠❛ ❡✈❛sã♦✱ ❧♦❣♦ dobs ♣❛ss❛ ❛ s❡r ♦ ♠❡s♠♦ ❞♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧ ✭❧✐♥❤❛ ✶✾✮✳
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❈❛s♦ ♦ r♦❜ô ❡st❡❥❛ s❡❣✉✐♥❞♦ ✉♠ ❝❛♠✐♥❤♦ ❡ ♥ã♦ ❡①✐st❛ ✉♠ ♦❜stá❝✉❧♦ ❞❡♥tr♦ ❞♦

❧✐♠✐t❡ dobsA✱ ♠❛♥t❡♠✲s❡ dobs ♣❛r❛ ❆✯ ✭❧✐♥❤❛ ✷✸✮✳ ❆ ❧✐♥❤❛ ✷✺ ✐♥❞✐❝❛ q✉❡ ✉t✐❧✐③❛✲s❡

s❡♠♣r❡ ♦ ♣♦♥t♦ ♠❛✐s ♣ró①✐♠♦ ❛♦ r♦❜ô✱ q✉❡ ❛✐♥❞❛ ♥ã♦ ❢♦✐ ❛❧❝❛♥ç❛❞♦✱ ❝♦♠♦ r❡❢❡rê♥❝✐❛

♣❛r❛ ♦ s❡❣✉✐♠❡♥t♦ ❞❡ ❝❛♠✐♥❤♦✳

❙❡ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ❡♥❝♦♥tr❛r ✉♠ ❝❛♠✐♥❤♦✱ ♥❛✈❡❣❛✲s❡ r❡❛t✐✈❛♠❡♥t❡ ❝♦♠♣❛✲

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

❝♦♥❞✐çã♦ s❡❥❛ s❛t✐s❢❡✐t❛✱ Xd é r♦t❛❝✐♦♥❛❞♦ ❡ ❡①❡❝✉t❛✲s❡ ♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧ ✭❧✐♥❤❛s

✷✽✲✷✾✮✳ ❈❛s♦ ❝♦♥trár✐♦✱ Xd ♣❡r♠❛♥❡❝❡ ♦ ♠❡s♠♦✳ ❆s ❧✐♥❤❛s ✸✶✲✸✷ ✐♥❞✐❝❛♠ ♦ ✉s♦ ❞♦

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

❆ ♥ã♦ ♦❜r✐❣❛çã♦ ❞❡ s❡ t❡r ✉♠ ♠❛♣❛ ❛ ♣r✐♦r✐ ❡ ♦ ♠❛♣❡❛♠❡♥t♦ ♣r♦♣♦st♦ ❞✉r❛♥t❡

❛ ♥❛✈❡❣❛çã♦ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❢♦rt❛❧❡❝❡r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❛✉tô♥♦♠♦ ❞♦ r♦❜ô✱

❢❛③❡♥❞♦ ❝♦♠ q✉❡ ♥❛✈❡❣❛çã♦ ✜q✉❡ ❡✜❝✐❡♥t❡✱ ❡♠ t❡r♠♦s ❞❡ ❝❛♠✐♥❤♦s ♣❡r❝♦rr✐❞♦s✱ ❝♦♠

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

❝❛❞❛ ♠♦✈✐♠❡♥t♦ r❡❞✉③ ❛ ❝❛r❣❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❛ ♥❛✈❡❣❛çã♦ ❡♠

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

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

✐♥t❡rr✉♣çã♦ ♣❛r❛ ❡❢❡t✉❛r ❛❧❣✉♠ ♣r♦❝❡ss❛♠❡♥t♦✳

❆ ❝♦♥tr✐❜✉✐çã♦ ❞❡st❡ tr❛❜❛❧❤♦ s❡ ❞á✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❡♠ ❞♦✐s ♣♦♥t♦s✿ ❛ ❢♦r♠❛

❝♦♠♦ ♦s ❛❧❣♦r✐t♠♦s sã♦ ✐♥t❡❣r❛❞♦s ❡♠ ✉♠❛ ú♥✐❝❛ s♦❧✉çã♦ ❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❉❡s✈✐♦

❚❛♥❣❡♥❝✐❛❧ ❝♦♠♦ ❢❡rr❛♠❡♥t❛ ❞❡ r❡♣❧❛♥❡❥❛♠❡♥t♦ ❡♠ t❡♠♣♦ r❡❛❧ ❞♦ ❛❧❣♦r✐t♠♦ ❆✯✳

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

❤❡✉ríst✐❝❛ ❞❡ ❜❛✐①♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧

♥ã♦ ❣❛r❛♥t❡ ❛ ♦t✐♠❛❧✐❞❛❞❡ ♥❛ ❡✈❛sã♦ ❞❡ ♦❜stá❝✉❧♦s✳



❈❛♣ít✉❧♦ ✹

❘❊❙❯▲❚❆❉❖❙

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

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

❛♠❜✐❡♥t❡ r❡❛❧ ♣r❡♣❛r❛❞♦ ♣❛r❛ à ♥❛✈❡❣❛çã♦✳ ❊♠ ❛♠❜♦s ♦s ❝❛s♦s✱ ♦ ❛❧❣♦r✐t♠♦ ❢♦✐ ✐♠✲

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

▼❆❚▲❆❇✱ ❡①❡❝✉t❛❞♦ ❡♠ ✉♠❛ ♠áq✉✐♥❛ ✐✼✲✼✼✵✵❍◗ ❈P❯ ❅ ✷✳✽✵●❍③ ❝♦♠ ✽●❇ ❞❡

♠❡♠ór✐❛ ❘❆▼✳

❖ ❋r❛♠❡✇♦r❦ ❆❘■❆✶ ❢♦r♥❡❝❡ ❢❡rr❛♠❡♥t❛s ♣❛r❛ ❛❥✉❞❛r ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡

❛♣❧✐❝❛çõ❡s ♣❛r❛ ❞✐✈❡rs❛s ♣❧❛t❛❢♦r♠❛s ♠ó✈❡✐s✱ ✐♥❝❧✉✐♥❞♦ ♦ P✐♦♥❡❡r P✸✲❉❳✳ ❆ ❜✐❜❧✐♦✲

t❡❝❛ ❞❡s❡♥✈♦❧✈✐❞❛ ❡♠ ❈✰✰ ❢❛❝✐❧✐t❛ ❛ ❝♦♠✉♥✐❝❛çã♦ ❝♦♠ ♦ r♦❜ô✱ s❡♥❞♦ ♣♦ssí✈❡❧ ❢❛③❡r

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

✈❡❧♦❝✐❞❛❞❡ ❧✐♥❡❛r ❡ ❛♥❣✉❧❛r✳ ❚❛♠❜é♠ é ♣♦ssí✈❡❧ ❡①tr❛✐r ✐♥❢♦r♠❛çõ❡s ❞♦ P✸✲❉❳ ❞❡

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

P❛r❛ ❢♦r♥❡❝❡r ♦s s✐♥❛✐s ❞❡ ❝♦♥tr♦❧❡ ❡♥✈✐❛❞♦s ❛♦ r♦❜ô✱ ❡♠ t♦❞♦s ❡①♣❡r✐♠❡♥t♦s✱

❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ❝♦♥tr♦❧❛❞♦r ♣r♦♣♦st♦ ❡♠ ❬❋❡r♥❛♥❞❡s ❡t ❛❧✳✱ ✷✵✶✼❪✱ ✉t✐❧✐③❛♥❞♦ ❝♦♠♦

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

k1 ❂ ✵✳✷✱ k2 ❂ ✵✳✹✳ P♦r ♣❛❞rã♦✱ ❛ ❜✐❜❧✐♦t❡❝❛ ❆❘■❆ ✉t✐❧✐③❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✶✵❍③

✭✵✱✶s✮ ♣❛r❛ ♦ ❡♥✈✐♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❛♦ P✐♦♥❡❡r P✸✲❉❳✳ ❆ss✐♠ s❡♥❞♦✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ✉♠

t❡♠♣♦r✐③❛❞♦r ❞❡ ❢♦r♠❛ ❛ ❡♥✈✐❛r ✉♠ s✐♥❛❧ ❞❡ ❝♦♥tr♦❧❡ s♦♠❡♥t❡ ✵✱✶s ❛♣ós ♦ ❛♥t❡r✐♦r✳

❆ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ❢♦✐ ✉t✐❧✐③❛❞❛ ❝♦♠♦ ❤❡✉ríst✐❝❛ ♣❛r❛ ❛ ❜✉s❝❛ ❆✯✱ ♥♦ ♣r✐✲

♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦ ❡♠ s✐♠✉❧❛❞♦r ❡ ♥♦s ❡①♣❡r✐♠❡♥t♦s ❡♠ ❛♠❜✐❡♥t❡ r❡❛❧✳ ❆❧é♠ ❞✐ss♦✱

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

❛ ❡✜❝✐ê♥❝✐❛ ❡♥tr❡ ❞✐stâ♥❝✐❛ ❊✉❝❧✐❞✐❛♥❛ ❡ ❛ ❞✐stâ♥❝✐❛ ▼❛♥❤❛tt❛♥✳ P❛r❛ ❡❢❡t✉❛r ♦ s❡✲

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

❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ❡♠ ❬❇r❛♥❞ã♦ ❡t ❛❧✳✱ ✷✵✶✶❪✳ ❆ s❛t✉r❛çã♦ ♥❛ ✈❡❧♦❝✐❞❛❞❡ ❧✐♥❡❛r ♣❛r❛

✶❤tt♣✿✴✴r♦❜♦ts✳♠♦❜✐❧❡r♦❜♦ts✳❝♦♠✴✇✐❦✐✴❆❘■❆

✸✻



✹✳ ❘❊❙❯▲❚❆❉❖❙ ✸✼

♦ s❡❣✉✐♠❡♥t♦ ❢♦✐ ❞❡✜♥✐❞❛ ❡♠ ✵✱✷♠✴s✳ ❖s ❝❛♠✐♥❤♦s ♦❜t✐❞♦s ❡♠ ❆✯ ❢♦r❛♠ tr❛♥s❢♦r♠❛✲

❞♦s ❡♠ ❝✉r✈❛s ✉t✐❧✐③❛♥❞♦ ♦ ♠ét♦❞♦ ❞❡ ✐♥t❡r♣♦❧❛çã♦ ❍❡r♠✐t❡ P✐❡❝❡✇✐s❡ ■♥t❡r♣♦❧❛t✐♦♥✱

❢♦r♥❡❝✐❞♦ ❞❡ ❢♦r♠❛ ♥❛t✐✈❛ ♣❡❧♦ ▼❆❚▲❆❇✳

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

✈❡❧♦❝✐❞❛❞❡✱ t❡♠♣♦ ❞❡ ♥❛✈❡❣❛çã♦ ❡ ■❆❙❈ ✭■♥t❡❣r❛❧ ❛❜s♦❧✉t❛ ❞♦ s✐♥❛❧ ❞❡ ❝♦♥tr♦❧❡✮✱

❡st✐♠❛t✐✈❛ ❞❡ ❣❛st♦ ❡♥❡r❣ét✐❝♦ q✉❡ ❛♥❛❧✐s❛ ♦s s✐♥❛✐s ❞❡ ❝♦♥tr♦❧❡s ❡❢❡t✐✈❛♠❡♥t❡ ❡①❡✲

❝✉t❛❞♦s ♣❡❧♦ r♦❜ô ❞✉r❛♥t❡ ❛ ♥❛✈❡❣❛çã♦ ❡ é ❝❛❧❝✉❧❛❞❛ ♣♦r
∫ t

0
⑤⑤✉⑤⑤dt✱ ♦♥❞❡ u é ❛

✈❡❧♦❝✐❞❛❞❡ ❞❡s❡♥✈♦❧✈✐❞❛ ♣❡❧♦ r♦❜ô✳ ❚❛♠❜é♠ s❡ ❡①✐❜❡ ❛tr❛✈és ❞❡ ❣rá✜❝♦ ♦ ❡rr♦ ❞❡

♣♦s✐çã♦ ❞♦ r♦❜ô✱ q✉❡ r❡♣r❡s❡♥t❛ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❛ ♣♦s✐çã♦ ❞♦ r♦❜ô ❡ ❛ ♣♦s✐çã♦

❞❡s❡❥❛❞❛✱ ♦❜t✐❞♦ ❛tr❛✈és ❞❛ ♥♦r♠❛ ❞♦ ✈❡t♦r ❢♦r♠❛❞♦ ❡♥tr❡ ❛s ♣♦s✐çõ❡s✳

❆s ❝❛r❛❝t❡ríst✐❝❛s ❡s♣❡❝í✜❝❛s ❞❛ ♥❛✈❡❣❛çã♦ ❡♠ ❝❛❞❛ s✐t✉❛çã♦✱ t❛✐s ❝♦♠♦ ❛♠❜✐✲

❡♥t❡ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✱ ♦❜stá❝✉❧♦s ❡ s❡♥s♦r✐❛♠❡♥t♦✱ s❡rã♦ ❞✐s❝✉t✐❞♦s ❛ s❡❣✉✐r✳

✹✳✶ ❊①♣❡r✐♠❡♥t♦ ✶✿ ❙✐♠✉❧❛❞♦r ▼♦❜✐❧❡❙✐♠

❖ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦ t❡✈❡ ❝♦♠♦ ♦❜❥❡t✐✈♦ ✈❛❧✐❞❛r ❛ ❡str❛té❣✐❛ ♣r♦♣♦st❛ ♥❡ss❛

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

❤í❜r✐❞♦✳ ❋♦✐ ✉t✐❧✐③❛❞♦ ♦ s✐♠✉❧❛❞♦r ❞❡ ♣❧❛t❛❢♦r♠❛s r♦❜ót✐❝❛s ▼♦❜✐❧❡❙✐♠✷✱ t❡♥❞♦ ❝♦♠♦

♠♦❞❡❧♦ ❞❡ s✐♠✉❧❛çã♦ ♦ P✐♦♥❡❡r P✸✲❉❳ ❝♦♠ ✽ s♦♥❛r❡s✳ ❖ ❡①♣❡r✐♠❡♥t♦ ♣r♦♣♦st♦ ♥❡ss❛

s❡çã♦ t❡♠ ❝♦♠♦ ❜❛s❡ ♦ ❛rt✐❣♦ ♣r♦❞✉③✐❞♦ ♥❛s ❡t❛♣❛s ✐♥✐❝✐❛✐s ❞❡ss❛ ❞✐ss❡rt❛çã♦✱ q✉❡

♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞♦ ❡♠ ❬❞❡ ❖❧✐✈❡✐r❛ ❡t ❛❧✳✱ ✷✵✶✽❪✳ ❆ ❞✐❢❡r❡♥ç❛ ♣r✐♥❝✐♣❛❧ é ❛ ✉t✐❧✐③❛çã♦

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

❆ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ♦ ❝ó❞✐❣♦ ✐♠♣❧❡♠❡♥t❛❞♦ ❡ ♦ s✐♠✉❧❛❞♦r ❢♦✐ r❡❛❧✐③❛❞❛ ✉t✐❧✐✲

③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❆❘■❆✳ ❈♦♠♦ ❛ ❜✐❜❧✐♦t❡❝❛ é ❞❡s❡♥✈♦❧✈✐❞❛ ❡♠ ❈✰✰✱ ✉♠❛ ❧✐♥❣✉❛❣❡♠

❝♦♠♣✐❧❛❞❛✱ ❡♥q✉❛♥t♦ ♦ ▼❆❚▲❆❇ ❡①❡❝✉t❛ s❝r✐♣ts ❞❡ ❢♦r♠❛ ✐♥t❡r♣r❡t❛❞❛✱ ❢♦✐ ♥❡❝❡s✲

sár✐♦ ❣❡r❛r ❛rq✉✐✈♦s ▼❊❳ ❞♦ ❆❘■❆✳ ▼❊❳ sã♦ ♣r♦❣r❛♠❛s q✉❡ ♣❡r♠✐t❡♠ ❛ ✉t✐❧✐③❛çã♦

❞❡ s✉❜r♦t✐♥❛s ❡s❝r✐t❛s ❡♠ ❈✱ ❈✰✰ ❡ ❋♦rtr❛♥ ❞❡♥tr♦ ❞♦ ▼❆❚▲❆❇ ❝♦♠♦ s❡ ❢♦ss❡♠

❢✉♥çõ❡s ♥❛t✐✈❛s✳ ❆ ❢❡rr❛♠❡♥t❛ ♣❛r❛ ❣❡r❛r ❡ss❛ tr❛♥s❢♦r♠❛çã♦ é ❢♦r♥❡❝✐❞❛ ❞❡ ❢♦r♠❛

♥❛t✐✈❛ ♣❡❧♦ ▼❆❚▲❆❇✳

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ❛♠❜✐❡♥t❡ ❞❡ s✐♠✉❧❛çã♦ é ♠❡♥♦s s✉s❝❡tí✈❡❧ à r✉í❞♦s ❡♠

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

✉t✐❧✐③❛çã♦ ❞♦s s♦♥❛r❡s ♣❛❞rõ❡s ❞♦ P✸✲❉❳✱ ❞✐str✐❜✉í❞♦s ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✹✳✶✶✳ P❛r❛

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

♣❡❧♦ ▼❆❚▲❆❇✱ ♦ ❘♦❜♦t✐❝s ❙②st❡♠ ❚♦♦❧❜♦① ✸✱ q✉❡ ❝♦♥t❛ ❝♦♠ ♦ ❛❧❣♦r✐t♠♦ ❖❝❝✉♣❛♥❝②

●r✐❞ ❥á ✐♠♣❧❡♠❡♥t❛❞♦✳

✷❤tt♣✿✴✴r♦❜♦ts✳♠♦❜✐❧❡r♦❜♦ts✳❝♦♠✴✇✐❦✐✴▼♦❜✐❧❡❙✐♠
✸❤tt♣s✿✴✴✇✇✇✳♠❛t❤✇♦r❦s✳❝♦♠✴♣r♦❞✉❝ts✴r♦❜♦t✐❝s✳❤t♠❧
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❋✐❣✉r❛ ✹✳✶✳ ❆♠❜✐❡♥t❡ ❞❡ s✐♠✉❧❛çã♦

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❖ ❡①♣❡r✐♠❡♥t♦ ❝♦♥s✐st✐✉ ❡♠ ❢❛③❡r ♦ r♦❜ô s❡ ♠♦✈❡r ❡♥tr❡ ♦s ♣♦♥t♦s ❆ ❡ ❇

❞♦ ♠❛♣❛ ❡①✐❜✐❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✶✱ ❝♦♠ ❛s ✈❛r✐á✈❡✐s ♣❛r❛ à ❞✐stâ♥❝✐❛ ♦❜s❡r✈á✈❡❧ dobsA
❂ ✵✱✹♠ ❡ dobsT ❂ ✶♠✳ ❖ ❢❛t♦r ❞❡ ❡sq✉❡❝✐♠❡♥t♦ ❢♦✐ ❞❡✜♥✐❞♦ ❝♦♠♦ fe ❂ ✵✱✼✺✳ ❖

❝✐❝❧♦ ❝♦♠♣❧❡t♦ ❛ s❡r ♣❡r❝♦rr✐❞♦ ❢♦✐ ❞❡✜♥✐❞♦ ❝♦♠♦ ❆✲❇✲❆✲❇✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥✐❝✐♦ ❞❛

♥❛✈❡❣❛çã♦ ❡♠ ❆✳

❈❛❞❛ ♣❡r❝✉rs♦ s❡rá✱ ❛ ♣❛rt✐r ❞❡ss❡ ♣♦♥t♦✱ ✐❞❡♥t✐✜❝❛❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ tr❛✲

❥❡t♦ ❙✶ ❝♦♠♦ ♣r✐♠❡✐r♦ ❆✲❇✱ tr❛❥❡t♦ ❙✷ ❝♦♠♦ ♣r✐♠❡✐r♦ ❇✲❆ ❡ tr❛❥❡t♦ ❙✸ ❝♦♠♦ s❡❣✉♥❞♦

❆✲❇✳ P❛r❛ ❝❛❞❛ ❋✐❣✉r❛ ❞❡ ❞❡s❧♦❝❛♠❡♥t♦✱ ♦ ❛♠❜✐❡♥t❡ é r❡♣r❡s❡♥t❛❞♦ ❜❛s❡❛❞♦ ♥♦ ♠❛♣❛

♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞❛ ♥❛✈❡❣❛çã♦ ✭❖ ❛♠❜✐❡♥t❡ r❡♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✷ é ❛q✉❡❧❡ q✉❡ ❢♦✐

♦❜t✐❞♦ ♣❡❧♦ ♠❛♣❡❛♠❡♥t♦ ❛♦ ✜♥❛❧ ❞♦ tr❛❥❡t♦ ❙✶✱ ♣♦r ❡①❡♠♣❧♦✮✳ ❖s P♦♥t♦s ♣r❡t♦s r❡✲

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

③♦♥❛ ❧✐✈r❡ ♣❛r❛ ♥❛✈❡❣❛çã♦✳

■♥✐❝✐❛❧♠❡♥t❡✱ ❛♥t❡s ❞❡ ❙✶✱ ❝♦♠♦ ♥ã♦ ❡①✐st❡ ✉♠ ♠❛♣❛ ❡ ❝♦♥s✐❞❡r❛✲s❡ ár❡❛s ❞❡s✲

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

♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧✳ ◆♦t❛✲s❡ ♣❡❧❛ tr❛❥❡tór✐❛ ♣❡r❝♦rr✐❞❛ ♣❡❧♦ r♦❜ô q✉❡ ♦ ❉❡s✈✐♦ ♥ã♦

é ❡①❡❝✉t❛❞♦ ❞❡ ❢♦r♠❛ t♦t❛❧♠❡♥t❡ t❛♥❣❡♥t❡ ❛♦ ♦❜stá❝✉❧♦✱ r❛③ã♦ ❞✐s❝✉t✐❞❛ ♥♦ ❈❛♣ít✉❧♦

✸✳ ❊ss❛ ❧✐♠✐t❛çã♦ t❛♠❜é♠ ❢❛③ ❝♦♠ q✉❡ ♦ r♦❜ô ♣❡r❝❛✱ ❡♠ ❛❧❣✉♠❛s s✐t✉❛çõ❡s✱ ❛ ❞❡✲

t❡❝çã♦ ❞♦ ♦❜stá❝✉❧♦ ❞✉r❛♥t❡ ❛ ❡✈❛sã♦✱ ❧❡✈❛♥❞♦✲♦ ❛ s❡ ❞✐r✐❣✐r ♥♦✈❛♠❡♥t❡ ❡♠ ❞✐r❡çã♦

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

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

✹✳✷ ❧❡✈❛ ♦ r♦❜ô ❡♠ ✉♠ ❝❛♠✐♥❤♦ ♠❡♥♦s ❡✜❝✐❡♥t❡ ♣❛r❛ à ❡✈❛sã♦✳ ■ss♦ s❡ ❞❡✈❡ ❛♦

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

❞✐s♣♦♥í✈❡✐s ❡♠ ❝❛❞❛ ♠♦♠❡♥t♦✳ ❊♠ ♦✉tr❛s s✐♠✉❧❛çõ❡s✱ ♦ r♦❜ô ♣♦❞❡r✐❛ ❞❡s✈✐❛r ❞♦
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❋✐❣✉r❛ ✹✳✷✳ ❉❡s❧♦❝❛♠❡♥t♦ ♥♦ ❛♠❜✐❡♥t❡ ❝♦♠ ♦ ♠❛♣❛ ♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞♦ tr❛❥❡t♦

❙✶✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

♦❜stá❝✉❧♦ ❡ s❡❣✉✐r ♣♦r ✉♠ ❝❛♠✐♥❤♦ ♣❡❧♦ ❝❡♥tr♦ ❞♦ ♠❛♣❛✳

❋✐❣✉r❛ ✹✳✸✳ ❉❡s❧♦❝❛♠❡♥t♦ ♥♦ ❛♠❜✐❡♥t❡ ❝♦♠ ♦ ♠❛♣❛ ♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞♦ tr❛❥❡t♦

❙✷✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❊♠ ❙✷✱ ♦ r♦❜ô ♣♦ss✉✐ ♦ ♠❛♣❡❛♠❡♥t♦ ❡❢❡t✉❛❞♦ ♥❛ ♥❛✈❡❣❛çã♦ ❛♥t❡r✐♦r✳ ❈♦♠

✐ss♦✱ ❢♦✐ ♣♦ssí✈❡❧ ♦❜t❡r ✉♠ ❝❛♠✐♥❤♦ ❛tr❛✈és ❞❡ ❆✯✳ ◗✉❛tr♦ ❝é❧✉❧❛s✱ ♦♥❞❡ ❝❛❞❛ ✉♠❛
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r❡♣r❡s❡♥t❛ 0, 1 × 0, 1m2 ❞♦ ❛♠❜✐❡♥t❡✱ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ❝♦♠♦ ③♦♥❛ ❞❡ s❡❣✉r❛♥ç❛✳

P♦❞❡✲s❡ ♥♦t❛r q✉❡ ♦ ❝❛♠✐♥❤♦ ♦❜t✐❞♦ ❢♦✐ s✉✜❝✐❡♥t❡ ♣❛r❛ à ❡✈❛sã♦ ❞❡ ♦❜stá❝✉❧♦s✱ ❝♦♠

❛ ❞✐stâ♥❝✐❛ ♦❜s❡r✈á✈❡❧ dobsA = 0, 4m✱ ✐❣✉❛❧ à ♠❛r❣❡♠ ❞❛ ③♦♥❛ ❞❡ s❡❣✉r❛♥ç❛✱ s❡♠ ❛

♥❡❝❡ss✐❞❛❞❡ ❞❡ r❡❛❧✐③❛r ♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧✳ ❆❧é♠ ❞✐ss♦✱ ♥♦t❛✲s❡ ♣❡❧❛ ❋✐❣✉r❛ ✹✳✺

q✉❡ ♦ r♦❜ô ❧❡✈❛ ♠❡♥♦s ❞❡ ✻✵ s❡❣✉♥❞♦s ♣❛r❛ ❝❤❡❣❛r ❛♦ s❡✉ ❞❡st✐♥♦✱ ♠❛✐s ❡✜❝✐❡♥t❡

q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛♦s q✉❛s❡ ✾✵ s❡❣✉♥❞♦s ❞♦ tr❛❥❡t♦ ❙✶✳

❊♠ ❙✸✱ ♥♦✈❛♠❡♥t❡ ❡①✐st❡ ✉♠ ❝❛♠✐♥❤♦ ♦❜t✐❞♦ ❡♠ ❆✯✱ q✉❡ ❞❡st❛ é ❞✐❢❡r❡♥t❡ ❞♦

❛♥t❡r✐♦r ✭❋✐❣✉r❛ ✹✳✹✮✳ ❆ ❛❧t❡r❛çã♦ ❞♦ ❝❛♠✐♥❤♦ ❡♥❝♦♥tr❛❞♦ ♦❝♦rr❡ ♣♦rq✉❡ ❛s ✐♥❢♦r✲

♠❛çõ❡s ♥♦ ♠❛♣❛ s❡ ❛t✉❛❧✐③❛♠ ❡♥q✉❛♥t♦ ♦ r♦❜ô ♥❛✈❡❣❛ ❡ s✉r❣❡♠ ♥♦✈❛s ✐♥❢♦r♠❛çõ❡s

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

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

✏❛✉♠❡♥t❛r✧♦❜stá❝✉❧♦s✳

❆✐♥❞❛ ❡♠ ❙✸✱ q✉❛♥❞♦ ❝❤❡❣❛ à ár❡❛ ❞❛ ❋✐❣✉r❛ ✹✳✹ ❞❡st❛❝❛❞❛ ♣♦r ✉♠ r❡tâ♥❣✉❧♦

♣♦♥t✐❧❤❛❞♦✱ ♦ r♦❜ô✱ ❡♥q✉❛♥t♦ s❡❣✉❡ ♦ ❝❛♠✐♥❤♦✱ ❞❡t❡❝t❛ ✉♠ ♦❜stá❝✉❧♦ ❛ ✉♠❛ ❞✐stâ♥✲

❝✐❛ ♠❡♥♦r q✉❡ ✵✱✹♠✳ ■ss♦ ❛❝♦♥t❡❝❡ ♣♦rq✉❡ ♦ ♦❜stá❝✉❧♦ ♥ã♦ ❤❛✈✐❛ s✐❞♦ t♦t❛❧♠❡♥t❡

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

❛q✉❡❧❛ r❡❣✐ã♦ ❡r❛ ③♦♥❛ ❧✐✈r❡ ✭❋✐❣✉r❛ ✹✳✸✮✳ ❆♣ós ❡①❡❝✉t❛r ♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧ ♣❛r❛

❡✈✐t❛r ♦ ♦❜stá❝✉❧♦ ❞❡t❡❝t❛❞♦✱ ♦ r♦❜ô r❡t♦♠❛ ♦ ❝❛♠✐♥❤♦ ❆✯✱ s❡❣✉✐♥❞♦ ❛té ♦ ✜♥❛❧ ❞♦

tr❛❥❡t♦✳

❋✐❣✉r❛ ✹✳✹✳ ❉❡s❧♦❝❛♠❡♥t♦ ♥♦ ❛♠❜✐❡♥t❡ ❝♦♠ ♦ ♠❛♣❛ ♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞♦ tr❛❥❡t♦

❙✸✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮
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❋✐❣✉r❛ ✹✳✺✳ ❊rr♦ ❞❡ ♣♦s✐çã♦ ♦❜t✐❞♦ ♥❛ s✐♠✉❧❛çã♦✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❋✐❣✉r❛ ✹✳✻✳ ❱❡❧♦❝✐❞❛❞❡ ❧✐♥❡❛r ♦❜t✐❞❛ ♥❛ s✐♠✉❧❛çã♦✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❋✐❣✉r❛ ✹✳✼✳ ❱❡❧♦❝✐❞❛❞❡ ❛♥❣✉❧❛r ♦❜t✐❞❛ ♥❛ s✐♠✉❧❛çã♦✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❚❛❜❡❧❛ ✹✳✶✳ ❘❡s✉❧t❛❞♦s ❞❛ s✐♠✉❧❛çã♦

❉❛❞♦s✴P❡r❝✉rs♦ tr❛❥✳ ❙✶ tr❛❥✳ ❙✷ tr❛❥✳ ❙✸
❉✐stâ♥❝✐❛ ♣❡r❝♦rr✐❞❛ ✭♠✮ ✶✺✱✷✷ ✶✸✱✽✷ ✶✹✱✾✾
❱❡❧✳ ❧✐♥❡❛r ♠é❞✐❛ ✭♠✴s✮ ✵✱✶✸ ± ✵✱✵✻ ✵✱✶✽ ± ✵✱✵✺ ✵✱✶✼ ± ✵✱✵✹
■❆❙❈ ✵✱✶✺ ✵✱✶✺ ✵✱✶✼
❚❡♠♣♦ ❞❡ ♥❛✈❡❣❛çã♦ ✭s✮ ✾✵✱✺✺ ✺✾✱✶✽ ✻✼✱✽✽

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❖s ❣rá✜❝♦s ❞♦ ❡rr♦ ❞❡ ❞❡s❧♦❝❛♠❡♥t♦ ✐♥❞✐❝❛♠ q✉❡ ♦s ❝❛♠✐♥❤♦s ♦❜t✐❞♦s ❡♠ ❆✯

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

çã♦ r❡❛t✐✈❛✳ ❆ s❛t✉r❛çã♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ é ❛ ♠❡s♠❛ q✉❛♥❞♦ s❡ ♥❛✈❡❣❛ r❡❛t✐✈❛♠❡♥t❡ ❡

❞❡❧✐❜❡r❛t✐✈❛♠❡♥t❡✱ ♠❛s ♦ r♦❜ô ❛❧❝❛♥ç❛ ♦ ❞❡st✐♥♦ ❡♠ t❡♠♣♦s ♠❡♥♦r❡s q✉❛♥❞♦ ♥❛✈❡❣❛
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s❡❣✉✐♥❞♦ ✉♠ ❝❛♠✐♥❤♦✳ ❆ ❚❛❜❡❧❛ ✹✳✶ r❡s✉♠❡ ♦s ❞❛❞♦s ♥❛✈❡❣❛çã♦ r❡❛❧✐③❛❞❛✳

❖ ✈✐❞❡♦ r❡❢❡r❡♥t❡ ❛ ❡st❡ ❡①♣❡r✐♠❡♥t♦ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞♦ ❡♠ ❤tt♣s✿✴✴✇✇✇✳

②♦✉t✉❜❡✳❝♦♠✴✇❛t❝❤❄✈❂❆✐❤♠❉❯▼①❯✾◗✳

P❛r❛ ❝♦♠♣❛r❛r ❛ ❡✜❝✐ê♥❝✐❛ ❞❛s ❢✉♥çõ❡s ❉✐stâ♥❝✐❛ ❊✉❝❧✐❞✐❛♥❛ ❡ ❉✐stâ♥❝✐❛ ▼❛✲

♥❤❛tt❛♥ ❝♦♠♦ ❤❡✉ríst✐❝❛s ♥♦ ❛❧❣♦r✐t♠♦ ❆✯ ❡ ❛✈❛❧✐❛r ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❛♣ós ✉♠ t❡♠♣♦

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

r✐❛ r❡❛❧✐③❛r ♦ ♣❡r❝✉rs♦ ❆✲❇✲❆ ❞❛ ❋✐❣✉r❛ ✹✳✶✱ ❝♦♠❡ç❛♥❞♦ ❡♠ ❆✱ ✷✶ ✈❡③❡s ❡♠ ✉♠ t♦t❛❧

❞❡ ✹✷ ♠♦✈✐♠❡♥t♦s✳ ❋♦✐ ✉t✐❧✐③❛❞♦ ❝♦♠♦ r❡s♦❧✉çã♦ ❞♦ ❣r✐❞ ♣❛r❛ ♦ ♠❛♣❡❛♠❡♥t♦ ❝é❧✉❧❛s

q✉❡ r❡♣r❡s❡♥t❛✈❛♠ 0, 05 × 0, 05m2 ❞♦ ❛♠❜✐❡♥t❡✱ ♦ ❞♦❜r♦ ❞❛ r❡s♦❧✉çã♦ ❞♦ ♣r✐♠❡✐r♦

❡①♣❡r✐♠❡♥t♦✱ ❡ q✉❛tr♦ ❝é❧✉❧❛s ❝♦♠♦ ③♦♥❛ ❞❡ s❡❣✉r❛♥ç❛ ♣❛r❛ ❡①❡❝✉çã♦ ❞❛ ❜✉s❝❛✳ ❖s

❞❛❞♦s ❞❡ ♥❛✈❡❣❛çã♦ ❡♠ ❝❛❞❛ s✐t✉❛çã♦ sã♦ ❡①✐❜✐❞♦s ♥❛ ❚❛❜❡❧❛ ✹✳✷✳

❚❛❜❡❧❛ ✹✳✷✳ ❘❡s✉❧t❛❞♦s ❝♦♠♣❛r❛t✐✈♦s ❡♥tr❡ ❛s ❤❡✉ríst✐❝❛s

❉❛❞♦s✴❍❡✉ríst✐❝❛ ❉✐st✳ ❊✉❝❧✐❞✐❛♥❛ ❉✐st✳ ▼❛♥❤❛tt❛♥
❉✐stâ♥❝✐❛ t♦t❛❧ ♣❡r❝♦rr✐❞❛ ✭❦♠✮ ✵✱✻✷ ✵✱✻✷
❉✐stâ♥❝✐❛ ♠é❞✐❛ ❡♠ ❝❛❞❛ ♠♦✈✐♠❡♥t♦ ✭♠✮ ✶✹✱✽✽ ✶✹✱✽✸
❉✐stâ♥❝✐❛ ♠í♥✐♠❛ ❡♠ ✉♠ ♠♦✈✐♠❡♥t♦ ✭♠✮ ✶✸✱✸✼ ✶✸✱✸✸
■❆❙❈ ✾✱✼✻ ✾✱✶✹

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❋✐❣✉r❛ ✹✳✽✳ ▼❛♣❛ ♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞❛ ♥❛✈❡❣❛çã♦ ❝♦♠ ❛ ❤❡✉ríst✐❝❛ ❊✉❝❧✐❞✐❛♥❛✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮
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❋✐❣✉r❛ ✹✳✾✳ ▼❛♣❛ ♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞❛ ♥❛✈❡❣❛çã♦ ❝♦♠ ❛ ❤❡✉ríst✐❝❛ ▼❛♥❤❛tt❛♥✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❋✐❣✉r❛ ✹✳✶✵✳ ▼❛♣❛ ❞❡ ♠❡♥♦r r❡s♦❧✉çã♦ ♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞❛ ♥❛✈❡❣❛çã♦ ❝♦♠ ❛

❤❡✉ríst✐❝❛ ❊✉❝❧✐❞✐❛♥❛✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

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

❢✉♥çõ❡s ❤❡✉ríst✐❝❛s sã♦ ✐❧✉str❛❞♦s ♣❡❧❛s ❋✐❣✉r❛s ✹✳✽ ❡ ✹✳✾✱ ❡①✐❜✐♥❞♦ ♦ ✐♠♣❛❝t♦ ❞❡
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❝❛❞❛ ✉♠❛ ♥♦s ❝❛♠✐♥❤♦s ♦❜t✐❞♦s ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ♥❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ♠❛♣❛✳ P❛r❛

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

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

♥❛✈❡❣❛çã♦ r❡❢❡r❡♥t❡ ❛ ❋✐❣✉r❛ ✹✳✽✳ ❯t✐❧✐③♦✉✲s❡ ✉♠❛ r❡s♦❧✉çã♦ ❞❡ 0, 1×0, 1m2 ✭♠❡t❛❞❡

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

❞♦ ❛♠❜✐❡♥t❡✳ ❖ ♠❛♣❛ ♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞❛ ♥❛✈❡❣❛çã♦ é ❡①✐❜✐❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✶✵✳

✹✳✷ ❊①♣❡r✐♠❡♥t♦ ✷✿ ❆♠❜✐❡♥t❡ r❡❛❧

❆♣ós ❛ ✈❛❧✐❞❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ❡♠ ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s ♥♦ s✐♠✉❧❛❞♦r✱ ♦

♠❡s♠♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ♥♦ ❡①♣❡r✐♠❡♥t♦ ❡♠ ❛♠❜✐❡♥t❡ r❡❛❧✱ ❝♦♠ ❛ ✈❡rsã♦ ❢ís✐❝❛ ❞♦ P✸✲❉❳✳

❖s t❡st❡s ✐♥✐❝✐❛✐s ♠♦str❛r❛♠ q✉❡✱ ❛♦ ❝♦♥trár✐♦ ❞♦ ❛♠❜✐❡♥t❡ ❞❡ s✐♠✉❧❛çã♦✱ ♦s r✉í❞♦s

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

♠❛♣❛s t♦rt♦s ❡ s❡♠ ❝♦♥❡①ã♦ ❝♦♠ ❛ r❡❛❧✐❞❛❞❡✳

❋✐❣✉r❛ ✹✳✶✶✳ ❙❡♥s♦r✐❛♠❡♥t♦ ❝♦♠❜✐♥❛❞♦ ❞♦ P✸✲❉❳ ❡ ❑✐♥❡❝t✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

P❛r❛ s✉♣❡r❛r ♦ ♣r♦❜❧❡♠❛ ❝♦♠ ♦s s❡♥s♦r❡s✱ ❛❞✐❝✐♦♥♦✉✲s❡ ♦ ❑✐♥❡❝t ❛♦ s✐st❡♠❛ ❞❡

s❡♥s♦r✐❛♠❡♥t♦✳ ❖ s❡♥s♦r ❢♦✐ ❝♦❧♦❝❛❞♦ s♦❜ ❛ ♣❧❛t❛❢♦r♠❛ ❞♦ P✸✲❉❳ ❡ s✉❛ ✉t✐❧✐③❛çã♦
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❛✉♠❡♥t♦✉ ♦ ♣♦❞❡r ❞❡ s❡♥s♦r✐❛♠❡♥t♦ ❢r♦♥t❛❧ ❞♦ r♦❜ô✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛ ❛ ❋✐❣✉r❛ ✹✳✶✶✳

❈♦♠ ❛ ❛❞✐❝çã♦ ❞♦ ♥♦✈♦ s❡♥s♦r ❡ ❛ ✐♠♣r❡❝✐sã♦ ❞♦ s♦♥❛r✱ ❛ t❛r❡❢❛ ❞❡ ♠❛♣❡❛♠❡♥t♦

♣❛ss♦✉ ❛ s❡r ❡①❝❧✉s✐✈❛ ❞♦ ❑✐♥❡❝t✳ ❏á ♣❛r❛ ♦ ❞❡s✈✐♦ ❞❡ ♦❜stá❝✉❧♦s✱ t❡♥❞♦ ❡♠ ✈✐st❛

q✉❡ ♦ ❑✐♥❡❝t só ❝❛♣t❛ ✉♠❛ ár❡❛ ❢r♦♥t❛❧ ❧✐♠✐t❛❞❛✱ ♦s ❞♦✐s s❡♥s♦r❡s ❢♦r❛♠ ❝♦♠❜✐♥❛❞♦s✱

❛✉♠❡♥t❛♥❞♦ ♦ ♣♦❞❡r ❞❡ ❞❡t❡❝çã♦ ❞♦ r♦❜ô✳

P❛r❛ ❡ss❡ ❡①♣❡r✐♠❡♥t♦ ✉t✐❧✐③♦✉✲s❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❢❡rr❛♠❡♥t❛s ❡ ❜✐❜❧✐♦t❡❝❛s ❘❖❙

✭❘♦❜♦t ❖♣❡r❛t✐♥❣ ❙②st❡♠✮ ✹✱ ✈❡rsã♦ ❦✐♥❡t✐❝✳ ❖ ❛❧❣♦r✐t♠♦ ❢♦✐ ♥♦✈❛♠❡♥t❡ ✐♠♣❧❡♠❡♥✲

t❛❞♦ ♥♦ ❛♠❜✐❡♥t❡ ▼❆❚▲❆❇✱ ♠❛s ❛ ❝♦♠✉♥✐❝❛çã♦ ❝♦♠ ♦ r♦❜ô ❢♦✐ r❡❛❧✐③❛❞❛ ❛tr❛✈és

❞♦ ♣❛❝♦t❡ ❘♦s❆r✐❛✱ ✉♠ ♣❛❝♦t❡ ❜❛s❡❛❞♦ ♥❛ ❜✐❜❧✐♦t❡❝❛ ❆❘■❆ ♣❛r❛ ♦ ❘❖❙✳ ▼❛✐s ✐♥✲

❢♦r♠❛çõ❡s s♦❜r❡ ♦ ❘❖❙ ❡ ❛ ❝♦♥✜❣✉r❛çã♦ ✉t✐❧✐③❛❞❛ ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ♣♦❞❡♠ s❡r

❡♥❝♦♥tr❛❞❛s ♥♦ ❛♥❡①♦ ❛♦ ✜♥❛❧ ❞❡ss❛ ❞✐ss❡rt❛çã♦✳

❆ ❡①❡❝✉çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❖❝❝✉♣❛♥❝② ●r✐❞ ❢♦✐ r❡❛❧✐③❛❞❛ ♣♦r ✉♠ ♦✉tr♦ ♣❛❝♦t❡

❞♦ ❘❖❙✱ ♦ rt❛❜♠❛♣✳ ❆ ❢❡rr❛♠❡♥t❛✱ q✉❡ ♣♦ss✉✐ ❝♦♠♣❛t✐❜✐❧✐❞❛❞❡ ❝♦♠ ♦ ❑✐♥❡❝t✱ r❡❛❧✐③❛

♦ ♠❛♣❡❛♠❡♥t♦ ❞♦ ❛♠❜✐❡♥t❡ ❡ ❢♦r♥❡❝❡ ❝♦rr❡çõ❡s ♥❛ ♦❞♦♠❡tr✐❛ ❢♦r♥❡❝✐❞❛ ♣❡❧♦ ❘♦s❆r✐❛✱

❛tr❛✈és ❞♦ ♠❡❝❛♥✐s♠♦ ❞❡ ❉❡t❡❝çã♦ ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞❡ ▲♦♦♣ ✭▲♦♦♣ ❈❧♦s✉r❡ ❉❡t❡❝t✐♦♥✮

▲❛❜❜é ✫ ▼✐❝❤❛✉❞ ❬✷✵✶✹❪✳

❋✐❣✉r❛ ✹✳✶✷✳ ❆♠❜✐❡♥t❡ ❡①♣❡r✐♠❡♥t❛❧

❋♦♥t❡✿✭Pró♣r✐❛✱ ✷✵✶✽✮

❖ ❛♠❜✐❡♥t❡ ❡①♣❡r✐♠❡♥t❛❧ ❢♦✐ ♠♦♥t❛❞♦ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✹✳✶✷✱ ✉♠❛ s❛❧❛ ❞❡

❛♣r♦①✐♠❛❞❛♠❡♥t❡ 50m2 ♦♥❞❡ ❝❛✐①❛s r❡t❛♥❣✉❧❛r❡s ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ❝♦♠♦ ♦❜stá❝✉❧♦s✳

❖ ♦❜❥❡t✐✈♦ tr❛ç❛❞♦ ♣❛r❛ ♦ r♦❜ô ❢♦✐ ❞❡ ❝♦♠♣❧❡t❛r ♦ ❝✐❝❧♦ ❆✲❇✲❆✲❇✲❆✱ ❛ ♣❛rt✐r ❞♦ ♣♦♥t♦

❆ ❡ ❝♦♥s✐❞❡r❛♥❞♦ A(x, y = [0m, 0m]) ❡ B(x, y = [6.25m,−2.4m])✳ P❛r❛ s✐♠♣❧✐✜❝❛r ♦
✹❤tt♣✿✴✴✇✇✇✳r♦s✳♦r❣✴
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❡♥t❡♥❞✐♠❡♥t♦✱ ❞❛q✉✐ ❡♠ ❞✐❛♥t❡✱ ❛ ♣r✐♠❡✐r❛ ✐❞❛ ❞❡ ❆ ❛té ❇ s❡rá ❝❤❛♠❛❞❛ ❞❡ tr❛❥❡t♦

❊✶✱ ♦ ♣r✐♠❡✐r♦ ❇ ♣❛r❛ ❆ ❞❡ tr❛❥❡t♦ ❊✷✱ ♦ s❡❣✉♥❞♦ ❆ ♣❛r❛ ❇ ❞❡ tr❛❥❡t♦ ❊✸ ❡✱ ♣♦r

✜♠✱ ♦ s❡❣✉♥❞♦ ❇ ♣❛r❛ ❆ ❞❡ tr❛❥❡t♦ ❊✹✳

❈♦♠♦ ♣❛râ♠❡tr♦s ♣❛r❛ ♦ ❞❡s✈✐♦ ❢♦r❛♠ ❞❡✜♥✐❞♦s dobsT = 0, 85m ❡ dobsA =

0, 4m.✳ ❆ r❡s♦❧✉çã♦ ❞♦ ❣r✐❞ ♣❛r❛ ♦ ♠❛♣❡❛♠❡♥t♦ ❢♦✐ ❞❡✜♥✐❞❛ ❞❡ ❢♦r♠❛ q✉❡ ❝❛❞❛ ❝é❧✉❧❛

❞♦ ❣r✐❞ r❡♣r❡s❡♥t❛ss❡ 0, 1 × 0, 1m2 ❞♦ ♠✉♥❞♦ r❡❛❧✳ ❈♦♠♦ ❢❛t♦r ❞❡ ❡sq✉❡❝✐♠❡♥t♦✱

✉t✐❧✐③♦✉✲s❡ fe = 0, 75✳

◆♦ tr❛❥❡t♦ ❊✶✱ ❝♦♠♦ ❡s♣❡r❛❞♦✱ ♦ r♦❜ô ♥❛✈❡❣❛ r❡❛t✐✈❛♠❡♥t❡ ❡①❡❝✉t❛♥❞♦ ♦ ❉❡s✲

✈✐♦ ❚❛♥❣❡♥❝✐❛❧ ❡ ❝❛♣t❛♥❞♦ ✐♥❢♦r♠❛çõ❡s ❞♦ ❛♠❜✐❡♥t❡s ♣❛r❛ ♦ ♠❛♣❡❛♠❡♥t♦ ✭❋✐❣✉r❛

✹✳✶✸✮✳ ❈♦♠♦ ♥ã♦ s❡ s❡❣✉❡ ✉♠ ❝❛♠✐♥❤♦✱ ♦ r♦❜ô ♥❛✈❡❣❛ ✉t✐❧✐③❛♥❞♦ ♦ ❝♦♥tr♦❧❛❞♦r ❞❡

❡rr♦ ❞❡ ♣♦s✐çã♦✳ ❊ss❡ ❢❛t♦ ❥✉st✐✜❝❛ ❛ q✉❡❞❛ ❣r❛❞✉❛❧ ❡ s✉❛✈❡ ♥❛s ✈❡❧♦❝✐❞❛❞❡s ❧✐♥❡❛r ❡

❛♥❣✉❧❛r q✉❛♥❞♦ ♦ r♦❜ô s❡ ❛♣r♦①✐♠❛ ❞♦ ♣♦♥t♦ ❞❡ ❞❡st✐♥♦ ✭❋✐❣✉r❛s ✹✳✷✵ ❡ ✹✳✷✶✮✳

❋✐❣✉r❛ ✹✳✶✸✳ ❉❡s❧♦❝❛♠❡♥t♦ ♥♦ ❛♠❜✐❡♥t❡ ❝♦♠ ♦ ♠❛♣❛ ♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞♦

tr❛❥❡t♦ ❊✶✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

◆♦ tr❛❥❡t♦ ❊✷✱ ♦ ♠❛♣❡❛♠❡♥t♦ s❡ ♠♦str♦✉ ✐♥s✉✜❝✐❡♥t❡ ♣❛r❛ ❡♥❝♦♥tr❛r ✉♠ ❝❛♠✐✲

♥❤♦ ❝♦♠ ❛ ❜✉s❝❛ ❆✯✳ ■ss♦ ❛❝♦♥t❡❝❡✉ ❞❡✈✐❞♦ à ③♦♥❛ ❞❡ s❡❣✉r❛♥ç❛✱ ❞❡✜♥✐❞❛ ❡♠ q✉❛tr♦

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

r❡❣✐ã♦ ♣❡r❝♦rr✐❞❛ r❡❛t✐✈❛♠❡♥t❡ ♥❛ ♥❛✈❡❣❛çã♦ ❛♥t❡r✐♦r✳ ❊ss❡ ❢❛t♦ é ✐❧✉str❛❞♦ ♣❡❧❛s

❋✐❣✉r❛s ✹✳✶✹ ❡ ✹✳✶✺✱ q✉❡ ♠♦str❛♠ ♦ ♠❛♣❛ ♦❜t✐❞♦ ❝♦♠ ❡ s❡♠ ❛ ③♦♥❛ ❞❡ s❡❣✉r❛♥ç❛✳

❏á ❡♠ ❊✸✱ ❛ ♥❛✈❡❣❛çã♦ ♥♦ tr❛❥❡t♦ ❊✷ s❡ ♠♦str♦✉ s✉✜❝✐❡♥t❡ ♣❛r❛ ❡♥❝♦♥tr❛r ✉♠

❝❛♠✐♥❤♦ ❝♦♠ ❆✯✳ ❆❧é♠ ❞✐ss♦✱ ♣♦❞❡✲s❡ ♣❡r❝❡❜❡r ❛ ❛çã♦ ❞❛ ❝♦rr❡çã♦ ❞❡ ♦❞♦♠❡tr✐❛✱
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q✉❡ ❛❝♦♥t❡❝❡ ♥ã♦ só ♣❛r❛ ♦ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❞♦ r♦❜ô ♠❛s ♣❛r❛ ♦ ♠❛♣❛ ❞❡ r❡❢❡rê♥❝✐❛✳

❖ ♠❛♣❛ ♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞❛ ♥❛✈❡❣❛çã♦ ❛♥t❡r✐♦r ✭❋✐❣✉r❛ ✹✳✶✻✮ é ♠✉✐t♦ ♠❡♥♦s r❡❛❧✐st❛

q✉❡ ♦ ♠❛♣❛ ♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞❛ ♥❛✈❡❣❛çã♦ ♥♦ tr❛❥❡t♦ ❊✸✳ P❡r❝❡❜❡✲s❡ q✉❡ ♦ r♦❜ô ❝❤❡❣❛

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

♦s ♠❛✐s ❞❡ ✼✵ s❡❣✉♥❞♦s ❞♦ tr❛❥❡t♦ ❊✶ ❡ tr❛❥❡t♦ ❊✷✳

❋✐❣✉r❛ ✹✳✶✹✳ ❆♥t❡s ❞❡ ❊✷✿ ❙❡♠ ③♦♥❛ ❞❡ s❡❣✉r❛♥ç❛✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❋✐❣✉r❛ ✹✳✶✺✳ ❆♥t❡s ❞❡ ❊✷✿ ❈♦♠ ③♦♥❛ ❞❡ s❡❣✉r❛♥ç❛ ❞❡ ✹ ❝é❧✉❧❛s✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮
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❋✐❣✉r❛ ✹✳✶✻✳ ❉❡s❧♦❝❛♠❡♥t♦ ♥♦ ❛♠❜✐❡♥t❡ ❝♦♠ ♦ ♠❛♣❛ ♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞♦

tr❛❥❡t♦ ❊✷✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❋✐❣✉r❛ ✹✳✶✼✳ ❉❡s❧♦❝❛♠❡♥t♦ ♥♦ ❛♠❜✐❡♥t❡ ❝♦♠ ♦ ♠❛♣❛ ♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞♦

tr❛❥❡t♦ ❊✸✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

◆♦ tr❛❥❡t♦ ❊✹ ✉♠ ❝❛♠✐♥❤♦ ♠✉✐t♦ ♣❛r❡❝✐❞♦ ❝♦♠ ♦ ❛♥t❡r✐♦r é ❡♥❝♦♥tr❛❞♦✳ ❈♦♥✲

s✐❞❡r❛♥❞♦ ❛ ♥❛✈❡❣❛çã♦ r❡❛❧✐③❛❞❛ ♥♦s tr❛❥❡t♦s ❛♥t❡r✐♦r❡s✱ ✉♠ ♣♦ssí✈❡❧ ❝❛♠✐♥❤♦ ❞✐❢❡✲

r❡♥t❡ ❥á ♠❛♣❡❛❞♦ s❡r✐❛ ♣❛ss❛♥❞♦ ♣❡❧♦ ❝❡♥tr♦ ❞♦ ♠❛♣❛✱ ♠❛s ✐ss♦ ♥ã♦ ❛❝♦♥t❡❝❡ ❞❡✈✐❞♦
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à ③♦♥❛ ❞❡ s❡❣✉r❛♥ç❛✳ P♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ❛❧❣✉♥s ♦❜stá❝✉❧♦s ♣r❡s❡♥t❡s ❛♦ ✜♥❛❧ ❞♦

tr❛❥❡t♦ ❊✸ ❛♣❛r❡❝❡♠ ❞❡ ❢♦r♠❛ ♠❡♥♦s r❡❛❧✐st❛ ❛♦ ✜♥❛❧ ❞❡ ❊✹✳ ■ss♦ ❛❝♦♥t❡❝❡ ❞❡✈✐❞♦ ❛

✐♠♣r❡❝✐sã♦ ❞♦s s❡♥s♦r❡s✱ ❡rr♦s ❞❡ ♦❞♦♠❡tr✐❛ ❡ ♦ ♠♦❞❡❧♦ ♣r♦❜❛❜✐❧íst✐❝♦ ❞❡ ❖❝❝✉♣❛♥❝②

●r✐❞✱ ❢❛t♦ q✉❡ t❛♠❜é♠ ❢♦✐ ♣❡r❝❡❜✐❞♦ ❞✉r❛♥t❡ ❛s s✐♠✉❧❛çõ❡s✳ ❆ ♥❛✈❡❣❛çã♦ é ❝♦♥✲

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

s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❞❡s✈✐❛r ❞❡ ♦❜stá❝✉❧♦s✳ ❆ t❛❜❡❧❛ ✹✳✸ tr❛③ ♦s ❞❛❞♦s ♦❜t✐❞♦s ♥♦

❡①♣❡r✐♠❡♥t♦ r❡❛❧✐③❛❞♦✳

❋✐❣✉r❛ ✹✳✶✽✳ ❉❡s❧♦❝❛♠❡♥t♦ ♥♦ ❛♠❜✐❡♥t❡ ❝♦♠ ♦ ♠❛♣❛ ♦❜t✐❞♦ ❛♦ ✜♥❛❧ ❞♦

tr❛❥❡t♦ ❊✹✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❋✐❣✉r❛ ✹✳✶✾✳ ❊rr♦ ❞❡ ♣♦s✐çã♦ ♥♦ ❡①♣❡r✐♠❡♥t♦ ❡♠ ❛♠❜✐❡♥t❡ r❡❛❧✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮
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❋✐❣✉r❛ ✹✳✷✵✳ ❱❡❧♦❝✐❞❛❞❡ ❧✐♥❡❛r ♥♦ ❡①♣❡r✐♠❡♥t♦ ❡♠ ❛♠❜✐❡♥t❡ r❡❛❧✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❋✐❣✉r❛ ✹✳✷✶✳ ❱❡❧♦❝✐❞❛❞❡ ❛♥❣✉❧❛r ♥♦ ❡①♣❡r✐♠❡♥t♦ ❡♠ ❛♠❜✐❡♥t❡ r❡❛❧✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❚❛❜❡❧❛ ✹✳✸✳ ❘❡s✉❧t❛❞♦s ❞♦ ❡①♣❡r✐♠❡♥t♦ ❡♠ ❛♠❜✐❡♥t❡ r❡❛❧

❉❛❞♦s✴P❡r❝✉rs♦ tr❛❥✳ ❊✶ tr❛❥✳ ❊✷ tr❛❥✳ ❊✸ tr❛❥✳ ❊✹
❉✐stâ♥❝✐❛ ♣❡r❝♦rr✐❞❛ ✭♠✮ ✽✱✺✷ ✽✱✺✸ ✼✱✾✼ ✼✱✾✼
❱❡❧✳ ❧✐♥❡❛r ♠é❞✐❛ ✭♠✴s✮ ✵✱✶✵ ± ✵✱✵✻ ✵✱✶✵ ± ✵✱✵✻ ✵✱✶✽ ± ✵✱✵✸ ✵✱✶✽ ± ✵✱✵✸
■❆❙❈ ✶✱✵✵ ✵✱✹✽ ✵✱✷✷ ✵✱✷✽
❚❡♠♣♦ ❞❡ ♥❛✈❡❣❛çã♦ ✭s✮ ✼✹✱✽✻ ✼✺✱✽✽ ✹✷✱✹✽ ✹✶✱✾✻

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

✹✳✸ ❊①♣❡r✐♠❡♥t♦ ✸✿ ❈♦♥tr♦❧❡ ❤í❜r✐❞♦

P❛r❛ ❛✈❛❧✐❛r ♦ ❝♦♥tr♦❧❡ ❤í❜r✐❞♦ ❝♦♠ ✉♠❛ ✉t✐❧✐③❛çã♦ ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛ ❞♦ ❉❡s✈✐♦

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

r♦❜ô ❢♦✐ ❝♦❧♦❝❛❞♦ ❡♠ ❢r❡♥t❡ à ✉♠ ♦❜stá❝✉❧♦✱ t❡♥❞♦ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❞❡ ♥❛✈❡❣❛çã♦ ✉♠

♣♦♥t♦ ❛trás ❞♦ ♦❜stá❝✉❧♦✳ P❛r❛ s✐♠✉❧❛r ❛ s✐t✉❛çã♦ ♣r♦♣♦st❛✱ ❢♦r♥❡❝❡✉✲s❡ ✉♠ ♠❛♣❛

♦♥❞❡ t♦❞❛s ❛s ❝é❧✉❧❛s ❡st❛✈❛♠ ❞❡✜♥✐❞❛s ❝♦♠♦ ár❡❛ ❧✐✈r❡ ❡ ♦ ❡①❡❝✉t♦✉✲s❡ ♦ ❛❧❣♦r✐t♠♦

❆✯✱ q✉❡ ❝♦♠♦ ❡s♣❡r❛❞♦✱ ❡♥❝♦♥tr♦✉ ✉♠ ❝❛♠✐♥❤♦ ❡♠ ❧✐♥❤❛ r❡t❛ ❛té ♦ ❞❡st✐♥♦✳ ❆ss✐♠✱

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

❡✈❛sã♦ ❡ r❡t♦♠❛ss❡ ♦ ❝❛♠✐♥❤♦ ♣❧❛♥❡❥❛❞♦✳

❉✉❛s s✐t✉❛çõ❡s ❞❡ ♦❜stá❝✉❧♦s ❢♦r❛♠ ❞❡✜♥✐❞❛s ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦✳ ❆ ♣r✐♠❡✐r❛

✭❋✐❣✉r❛ ✹✳✷✷✮✱ ♦♥❞❡ ✉♠ ♦❜stá❝✉❧♦ ❝♦❧♦❝❛❞♦ ❞❡ ❢♦r♠❛ ♦rt♦❣♦♥❛❧ ❛♦ ❝❛♠✐♥❤♦ tr❛ç❛❞♦✳

❏á ❛ s❡❣✉♥❞❛ ✭❋✐❣✉r❛ ✹✳✷✹✮✱ ❛❧é♠ ❞♦ ♦❜stá❝✉❧♦ ♦rt♦❣♦♥❛❧ ❢♦r❛♠ ❛❞✐❝✐♦♥❛❞♦s ♦✉tr♦s
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❞♦✐s ❞❡ ❢♦r♠❛ ✐♥❝❧✐♥❛❞❛✳ ❖ ♦❜❥❡t✐✈♦ ❢♦✐ ❛✈❛❧✐❛r ❝♦♠♦ ♦ r♦❜ô s❡ ❝♦♠♣♦rt❛ q✉❛♥❞♦

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

❡①✐st❡ ✉♠❛ r❡❢❡rê♥❝✐❛ ♠❛✐♦r ❞♦ ♦❜stá❝✉❧♦ ♣❛r❛ ❛ ❡✈❛sã♦ ✭s❡❣✉♥❞❛ s✐t✉❛çã♦✮✳

❋✐❣✉r❛ ✹✳✷✷✳ ❙✐t✉❛çã♦ ✶✿ ❖❜stá❝✉❧♦ ♠❛✐s ❢á❝✐❧ ❞❡ s❡ ❞❡t❡❝t❛r✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❊♠ ❛♠❜❛s s✐t✉❛çõ❡s✱ ❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s ♣❛r❛ dobsA ❡ dobsT ❢♦r❛♠ t❡st❛❞♦s✳ ❆s

❋✐❣✉r❛s ✹✳✷✸ ❡ ✹✳✷✺ ♠♦str❛♠ ♦ ❝❛♠✐♥❤♦ ♣❡r❝♦rr✐❞♦ ♣❡❧♦ r♦❜ô ❡♠ ❝❛❞❛ s✐t✉❛çã♦✳

P♦❞❡✲s❡ ♥♦t❛r q✉❡ ❛ ❜❛✐①❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ s❡♥s♦r✐❛♠❡♥t♦ ❞♦ r♦❜ô ❝❛✉s❛ ❛ ♦s❝✐❧❛çã♦

♥❛ ♥❛✈❡❣❛çã♦✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ♦ r♦❜ô ✏♣❡r❞❡ ❞❡ ✈✐st❛✧♦ ♦❜stá❝✉❧♦ ❡♥q✉❛♥t♦ ❡stá

❡❢❡t✉❛♥❞♦ ♦ ❞❡s✈✐♦✱ ♦ ❧❡✈❛♥❞♦ à t❡♥t❛r r❡t♦♠❛r ♦ ❝❛♠✐♥❤♦ ♣❧❛♥❡❥❛❞♦ ♣❡❧♦ ❆✯✳ ◆♦t♦✉✲

s❡ t❛♠❜é♠ q✉❡ ♣❛r❛ ✈❛❧♦r❡s ❞❡ dobsA = 0.55 ❡ dobsT = 0.85 ♦ r♦❜ô ♥ã♦ ❝♦♥s❡❣✉✐✉

❝♦♠♣❧❡t❛r à ❡✈❛sã♦ ❝♦♠ s❡❣✉r❛♥ç❛ ♣❛r❛ ♦ ♦❜stá❝✉❧♦ t♦t❛❧♠❡♥t❡ ♦rt♦❣♦♥❛❧ ✭❋✐❣✉r❛

✹✳✷✸✮✱ ❧❡✈❛♥❞♦✲♦ ❛ ❝♦❧✐❞✐r ❝♦♠ ♦ ♦❜stá❝✉❧♦✳

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

❤tt♣s✿✴✴✇✇✇✳②♦✉t✉❜❡✳❝♦♠✴✇❛t❝❤❄✈❂✶♠③❲✉◆♠❋✷❙❣ ❡ ❤tt♣s✿✴✴✇✇✇✳②♦✉t✉❜❡✳❝♦♠✴

✇❛t❝❤❄✈❂▲❏❛①①♠✹❴s■■✳



✹✳ ❘❊❙❯▲❚❆❉❖❙ ✺✷

❋✐❣✉r❛ ✹✳✷✸✳ ❙✐t✉❛çã♦ ✶✿ ❉❡s✈✐♦ s♦❜r❡ ♦ ♦❜stá❝✉❧♦ ♠❛✐s ❢á❝✐❧ ❞❡ s❡ ❞❡t❡❝t❛r✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮

❋✐❣✉r❛ ✹✳✷✹✳ ❙✐t✉❛çã♦ ✷✿ ❖❜stá❝✉❧♦ ♠❛✐s ❞✐❢í❝✐❧ ❞❡ s❡ ❞❡t❡❝t❛r✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮



✹✳ ❘❊❙❯▲❚❆❉❖❙ ✺✸

❋✐❣✉r❛ ✹✳✷✺✳ ❙✐t✉❛çã♦ ✷✿ ❉❡s✈✐♦ s♦❜r❡ ♦ ♦❜stá❝✉❧♦ ♠❛✐s ❞✐❢í❝✐❧ ❞❡ s❡ ❞❡t❡❝t❛r✳

❋♦♥t❡✿ ✭Pró♣r✐❛✱ ✷✵✶✽✮



❈❛♣ít✉❧♦ ✺

❈❖◆❈▲❯❙Õ❊❙

❊st❡ tr❛❜❛❧❤♦ tr❛③ ✉♠❛ ❡str❛té❣✐❛ ❞❡ ♥❛✈❡❣❛çã♦ ♣❛r❛ r♦❜ôs ♠ó✈❡✐s ❝♦♠ ❜❛s❡ ❡♠

✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❤í❜r✐❞♦✳ ❆ s♦❧✉çã♦ ♦❜t❡✈❡ s✉❝❡ss♦ ❡♠ ❡①♣❡r✐♠❡♥t♦s

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

❛✉tô♥♦♠❛✱ s❡♠ ✐♥t❡r❢❡rê♥❝✐❛ ❤✉♠❛♥❛ ❡ ❛❥✉❞❛ ❞❡ s❡♥s♦r❡s ❡①t❡r♥♦s✳

❖s r❡s✉❧t❛❞♦s ❞❛ s✐♠✉❧❛çã♦ ♠♦str❛♠ q✉❡ ❛ ♥❛✈❡❣❛çã♦ é ♠✉✐t♦ ♠❛✐s ❡✜❝✐❡♥t❡

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

❝♦♠ ❛ ♥❛✈❡❣❛çã♦ ♣r♦❧♦♥❣❛❞❛ ♣♦r ♠❛✐s t❡♠♣♦ ♠♦str❛ q✉❡ ❛s ❤❡✉ríst✐❝❛s ❞✐stâ♥❝✐❛

❊✉❝❧✐❞✐❛♥❛ ❡ ❞✐stâ♥❝✐❛ ▼❛♥❤❛tt❛♥ ♣r♦❞✉③❡♠ r❡s✉❧t❛❞♦s s✐♠✐❧❛r❡s ♥❛ ❡✜❝✐ê♥❝✐❛ ❞❛

♥❛✈❡❣❛çã♦✳ ❆❧é♠ ❞✐ss♦✱ ❢♦✐ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ♦ ♠❛♣❡❛♠❡♥t♦ ♥ã♦ ❝♦♥✈❡r❣❡ ♣❛r❛

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

❢❛③❡♠ ❝♦♠ ❝é❧✉❧❛s r❡❧❛❝✐♦♥❛❞❛s ❛ ár❡❛s ❝♦♠ ♦❜stá❝✉❧♦s ❛❧t❡r♥❡♠ ❡♥tr❡ ♦s ✈❛❧♦r❡s

♦❝✉♣❛❞♦ ❡ ✈❛③✐♦ ❝♦♥st❛♥t❡♠❡♥t❡✳ ❚❛♠❜é♠ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❛ ❞✐♠✐♥✉✐çã♦ ♥❛

r❡s♦❧✉çã♦ ❞♦ ❣r✐❞ ♥ã♦ ♣r♦❞✉③ ❡❢❡✐t♦ ♣♦s✐t✐✈♦ ♥❛ ❝♦♥✈❡r❣ê♥❝✐❛ ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞♦

❛♠❜✐❡♥t❡✳

❆♣❡s❛r ❞❛ ✈❛❧✐❞❛çã♦ ❛tr❛✈és ❞♦ s✐♠✉❧❛❞♦r✱ ♦ s♦♥❛r ❞♦ P✐♦♥❡❡r P✸✲❉❳ s❡ ♠♦s✲

tr♦✉ ✐♥✈✐á✈❡❧ ♥♦ ❡①♣❡r✐♠❡♥t♦ r❡❛❧✱ ❝♦♠ ❣r❛♥❞❡ ✐♠♣r❡❝✐sã♦ ❞❡ s❡♥s♦r✐❛♠❡♥t♦✳ ❖✉tr♦

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

❞✐r❡t❛♠❡♥t❡ ♦ ♠❛♣❡❛♠❡♥t♦✱ ❣❡r❛♥❞♦ ♠❛♣❛s s❡♠ ❝♦♥❡①ã♦ ❝♦♠ ❛ r❡❛❧✐❞❛❞❡✳ ❆ ❛❞✐çã♦

❞♦ s❡♥s♦r ❑✐♥❡❝t ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛ ❢❡rr❛♠❡♥t❛ ❘t❛❜♠❛♣ ❛❝❛❜♦✉ s❡ ♠♦str❛♥❞♦ ♠✉✐t♦

❡❢❡t✐✈❛ ♥❛ ❝♦rr❡çã♦ ❞❛ ♦❞♦♠❡tr✐❛✱ s❡♠ ❞❡s❝❛r❛❝t❡r✐③❛r ♦ ❝♦♥❥✉♥t♦ r♦❜ô ❡ s❡♥s♦r ❝♦♠♦

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

③❛r ♦ ♠❛♣❡❛♠❡♥t♦ ❞♦ ❛♠❜✐❡♥t❡ ❡♥q✉❛♥t♦ ♦ r♦❜ô ♥❛✈❡❣❛✈❛ ♣❡❧♦ ❛♠❜✐❡♥t❡✱ ♦❜t❡♥❞♦

✉♠❛ r❡♣r❡s❡♥t❛çã♦ ♠✉✐t♦ ♣ró①✐♠❛ ❞❛ r❡❛❧✐❞❛❞❡✳

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

s❡ ♠♦str❛r❛♠ ❝❛♣❛③❡s ❞❡ r❡❛❧✐③❛r ❛ ♠❛♥♦❜r❛ ❞❡ ❡✈❛sã♦ ❞❡ ♦❜stá❝✉❧♦s ❝♦♠ r❡❧❛t✐✈❛

✺✹



✺✳ ❈❖◆❈▲❯❙Õ❊❙ ✺✺

s❡❣✉r❛♥ç❛✱ ❛✐♥❞❛ q✉❡ ♦ ❑✐♥❡❝t ♥ã♦ ❞❡t❡❝t❡ ♦❜stá❝✉❧♦s ❛ ❞✐stâ♥❝✐❛s ✐♥❢❡r✐♦r❡s ❛ ✵✱✽♠

✭♦ s♦♥❛r ❝♦♥t✐♥✉❛ ❞❡t❡❝t❛♥❞♦ ♦ ♦❜stá❝✉❧♦✮✱ s❡♥❞♦ ✈❛♥t❛❥♦s♦ ✉t✐❧✐③❛r ✈❛❧♦r❡s ♠❛✐♦r❡s

q✉❡ ✵✱✽♠ ♣❛r❛ dobs✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ♣❛r❛ ❛ ♥❛✈❡❣❛çã♦ r❡❛t✐✈❛✳

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

❝♦♠♣❧❡t♦s ❝♦♠ ❛✉sê♥❝✐❛ ❞❡ ✐♥❢♦r♠❛çã♦ s♦❜r❡ ♦❜stá❝✉❧♦s✱ ♦✉ ♣❛rt❡ ❞❡❧❡s✳ ❊ss❡ ❢❛t♦✱

s♦♠❛❞♦ às ❞✐♠❡♥sõ❡s ❢ís✐❝❛s ❞♦ r♦❜ô✱ ❢❛③❡♠ ❝♦♠ q✉❡ s❡❥❛ ❡ss❡♥❝✐❛❧ ❛ ✉t✐❧✐③❛çã♦ ❞❛

③♦♥❛ ❞❡ s❡❣✉r❛♥ç❛ ♣❛r❛ ❡❢❡t✉❛r ❛ ❜✉s❝❛ ❆✯✳ ◆♦s ❡①♣❡r✐♠❡♥t♦s✱ ❛ ❜✉s❝❛ ❢♦✐ ❝❛♣❛③

❞❡ ❡♥❝♦♥tr❛r ✉♠ ❝❛♠✐♥❤♦ ❧✐✈r❡ ❞❡ ❝♦❧✐sõ❡s ❝♦♠ ♦❜stá❝✉❧♦s ❝♦♥❤❡❝✐❞♦s✱ ♥❛ ár❡❛ ♠❛✲

♣❡❛❞❛✱ s❡♠♣r❡ q✉❡ ❛ ③♦♥❛ ❞❡ s❡❣✉r❛♥ç❛ ♥ã♦ ❞❡s❝♦♥❡❝t❛ss❡ ♦s ♣♦♥t♦s ❞❡ ♣❛rt✐❞❛ ❡

❞❡st✐♥♦✱ ❝♦♠♦ ✐❧✉str❛❞♦ ♣❡❧❛s ❋✐❣✉r❛s ✹✳✶✹ ❡ ✹✳✶✺✳ ❆❧é♠ ❞✐ss♦✱ ♦s r❡s✉❧t❛❞♦s ♠♦str❛♠

q✉❡ ♦ r♦❜ô ❝♦♥s❡❣✉❡ ❡❢❡t✉❛r ♦ ❝♦♥tr♦❧❡ ❤í❜r✐❞♦ r❡t♦r♥❛♥❞♦ ♣❛r❛ ♦ ❝❛♠✐♥❤♦ ♣❧❛♥❡❥❛❞♦

♠❡s♠♦ ❡♠ t♦t❛❧ ❛✉sê♥❝✐❛ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦ ❞♦ ♦❜stá❝✉❧♦✳ ❆s ❧✐♠✐t❛çõ❡s✱ ♥❡ss❡ ❝❛s♦✱

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

❖ s✉❝❡ss♦ ❡♠ ♣r♦♠♦✈❡r ✉♠❛ ♥❛✈❡❣❛çã♦ ❝♦♥t✐♥✉❛ s❡♠ q✉❡ ♦ r♦❜ô ♣❛r❡ ♣❛r❛

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

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

t❛r❡❢❛s r❡❧❛❝✐♦♥❛❞♦s à r♦❜ôs ❞❡ ❜❛✐①♦ ❝✉st♦✱ ❝♦♠♦ ♦s ❞❡ ✉s♦ ❞♦♠ést✐❝♦✳ ❆ ❜❛✐①❛

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

❝❛çõ❡s ♦♥❞❡ ❛ ♥❛✈❡❣❛çã♦ ❛✉tô♥♦♠❛ é ✉♠❛ t❛r❡❢❛ s❡❝✉♥❞ár✐❛✱ s❡♠ ❛❝❛rr❡t❛r ♣❡s♦ ❞❡

♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛ t❛r❡❢❛ ♣r✐♥❝✐♣❛❧✳

❆❧❣✉♠❛s ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s ♣❛r❛ ❛ ♥❛✈❡❣❛çã♦ ♣r♦♣♦st❛ ♥❡ss❡ tr❛❜❛❧❤♦ ♣♦❞❡♠

s❡r r♦❜ôs q✉❡ ❛✉①✐❧✐❛♠ ♣❡ss♦❛s à ♠♦✈❡r ♦❜❥❡t♦s ❡♥tr❡ ❧♦❝❛✐s ❞❡ ✉♠ ❛♠❜✐❡♥t❡ ❞❡

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

♠❛t❡r✐❛✐s ❡♠ ✉♠ ❛r♠❛③é♠✳ ❊ss❡s t✐♣♦s ❞❡ ❛♠❜✐❡♥t❡s ♥♦r♠❛❧♠❡♥t❡ sã♦ ♣❛r❝✐❛❧♠❡♥t❡

♦❜s❡r✈á✈❡✐s ❡ ❞❡✈❡✲s❡ r❡❛❧✐③❛r ✉♠ ♣❡r❝✉rs♦ ❞❡ ✐❞❛ ❡ ✈♦❧t❛ ♣ré✲❞❡✜♥✐❞♦ ✈ár✐❛s ✈❡③❡s✳

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

❞❡ ❜❛✐①♦ ❝✉st♦✱ ❞✐♠✐♥✉✐♥❞♦ ♦ ❝✉st♦ ❞❡ ♣r♦❞✉çã♦✳ ❖ ❘♦❜ôs ❞❡ ❧✐♠♣❡③❛ ❞♦♠ést✐❝♦s

♣♦❞❡♠ s❡r ♠❛✐s ❡✜❝✐❡♥t❡s s❡ ♦ ❛♠❜✐❡♥t❡ ♣❛ss❛ ❛ s❡r ❝♦♥❤❡❝✐❞♦ ❝♦♠ ♦ t❡♠♣♦✱ ♠❡✲

❧❤♦r❛♥❞♦ ❛ ♥❛✈❡❣❛çã♦✱ ❞✐♠✐♥✉✐♥❞♦ ❞✐stâ♥❝✐❛ ♣❡r❝♦rr✐❞❛ ❡ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛ ♣❛r❛

r❡❛❧✐③❛r s✉❛s t❛r❡❢❛s ❝♦t✐❞✐❛♥❛s✳

❈♦♠♦ tr❛❜❛❧❤♦s ❢✉t✉r♦s✱ s✉❣❡r❡✲s❡ ❡①♣❡r✐♠❡♥t♦s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ s❡♥s♦r❡s

❝❛♣❛③❡s ❞❡ ✈❛rr❡r ✉♠❛ ár❡❛ ♠❛✐♦r q✉❡ ♦ ❑✐♥❡❝t✱ s❡♠ ❛ ❧✐♠✐t❛çã♦ ❞❡ ❞❡t❡❝t❛r ♦❜stá❝✉✲

❧♦s ♠✉✐t♦ ♣ró①✐♠♦s✳ ❉♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞♦ ❛❧❣♦r✐t♠♦✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ✐♥❢♦r♠❛çõ❡s ❞♦

♠❛♣❡❛♠❡♥t♦ ♣❛r❛ t♦♠❛r ❞❡❝✐sõ❡s ♠❛✐s ✐♥t❡❧✐❣❡♥t❡s ❛♦ ❡❢❡t✉❛r ♦ ❉❡s✈✐♦ ❚❛♥❣❡♥❝✐❛❧

✭❛✈❛❧✐❛r s❡ ♦ ❞❡s✈✐♦ ♣❛r❛ ✉♠ ❧❛❞♦ é ♠❛✐s ✈❛♥t❛❥♦s♦ q✉❡ ♦✉tr♦ ♣♦r ❡①❡♠♣❧♦✮✱ s❡♥❞♦

❡ss❡ ✉♠ ♣♦♥t♦ q✉❡ ♣♦❞❡ s❡r ♠❡❧❤♦r❛❞♦✳

❚❛♠❜é♠ ♣♦❞❡✲s❡ ❡st✉❞❛r ❞✐❢❡r❡♥t❡s ❢♦r♠❛s ❞❡ ❢❛③❡r ♦ r♦❜ô r❡t♦♠❛r ♦ ❝❛♠✐♥❤♦



✺✳ ❈❖◆❈▲❯❙Õ❊❙ ✺✻

♣❧❛♥❡❥❛❞♦ ❛♣ós ❡❢❡t✉❛r ✉♠ ❞❡s✈✐♦ ♥ã♦ ♣❧❛♥❡❥❛❞♦✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ❛ ❢♦r♠❛ ❝♦♠

q✉❡ é ♣r♦♣♦st❛ ♥❡ss❛ ❞✐ss❡rt❛çã♦ ✭❡s❝♦❧❤❡r ♦ ♣♦♥t♦ ♠❛✐s ♣ró①✐♠♦ ♥ã♦ ❛❧❝❛♥ç❛❞♦✮ é

r❡❧❛t✐✈❛♠❡♥t❡ s✐♠♣❧❡s✳



❆♣ê♥❞✐❝❡ ❆

❈♦♠♣♦♥❡♥t❡s ❞♦ ❡①♣❡r✐♠❡♥t♦

P❛r❛ r❡❛❧✐③❛çã♦ ❞♦ ❡①♣❡r✐♠❡♥t♦ ❡♠ ❛♠❜✐❡♥t❡ r❡❛❧ ❞❡s❝r✐t♦ ♥♦ ❈❛♣✐t✉❧♦ ✹ ❢♦r❛♠

✉t✐❧✐③❛❞♦s ❛ ❢❡rr❛♠❡♥t❛ ❘❖❙ ✭❘♦❜♦t ❖♣❡r❛t✐♥❣ ❙②st❡♠✮✱ ♦ ❛♠❜✐❡♥t❡ ❞❡ ❞❡s❡♥✈♦❧✈✐✲

♠❡♥t♦ ▼❛t❧❛❜ ✭▼❛tr✐① ▲❛❜♦r❛t♦r②✮✱ ♦ s❡♥s♦r ❘●❇✲❉ ❑✐♥❡❝t ❡ ❛ ♣❧❛t❛❢♦r♠❛ r♦❜ót✐❝❛

P✐♦♥❡❡r P✸✲❉❳✳ ❆ ✐♥t❡❣r❛çã♦ ❞❡ss❡s ❡❧❡♠❡♥t♦s s❡ ❞❡✉ ❝♦♠ ♦ ❘❖❙ ♣r♦✈❡♥❞♦ ♦s ❞r✐✲

✈❡rs ❡ ❜✐❜❧✐♦t❡❝❛s ♣❛r❛ r❡❛❧✐③❛r ♦ ❡♥✈✐♦ ❡ r❡❝❡❜✐♠❡♥t♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❡♥tr❡ t♦❞♦s ♦s

❝♦♠♣♦♥❡♥t❡s ❞♦ ❡①♣❡r✐♠❡♥t♦✱ ❛tr❛✈és ❞♦ ❡sq✉❡♠❛ ❞❡ r❡❞❡ ❜❛s❡❛❞❛ ❡♠ ❣r❛❢♦ ❡♠ q✉❡

é ❞❡s❡♥✈♦❧✈✐❞♦ ♦ ❘❖❙✳ ❆ ❢♦r♠❛ ❝♦♠♦ ❡ss❛ ✐♥t❡❣r❛çã♦ é ❞✐s❝✉t✐❞❛ ❛ s❡❣✉✐r✳

❆✳✶ ❘❖❙

❖ ❘❖❙ é ✉♠ ❢r❛♠❡✇♦r❦ ♦♣❡♥ s♦✉r❝❡ q✉❡ ❢✉♥❝✐♦♥❛ ❛tr❛✈és ❞❡ ✉♠❛ r❡❞❡ ❞✐s✲

tr✐❜✉í❞❛ ♣♦♥t♦✲❛✲♣♦♥t♦ ❜❛s❡❛❞❛ ❡♠ ❣r❛❢♦s✳ ❉❡ ✉♠❛ ❢♦r♠❛ ❣❡r❛❧✱ ✉♠ ♥ó ♥♦ ❘❖❙

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

♣❛r❛ ❛ r♦❜ót✐❝❛✱ ♦ ❢r❛♠❡✇♦r❦✱ ❛ss✐♠ ❝♦♠♦ ❛ ❝♦♠✉♥✐❞❛❞❡ q✉❡ ♦ ✉t✐❧✐③❛✱ ♦❢❡r❡❝❡♠ ❥á

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

♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s♦❧✉çõ❡s✳ ❖ ❘❖❙ ♣♦❞❡ s❡r ✐♥st❛❧❛❞♦ ❡♠ q✉❛❧q✉❡r s✐st❡♠❛

♦♣❡r❛❝✐♦♥❛❧ ❧✐♥✉① ❡ ♣❡r♠✐t❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛♣❧✐❝❛çõ❡s ♣ró♣r✐❛s ♣❛r❛ s❡r❡♠

✉t✐❧✐③❛❞❛s ❞❡♥tr♦ ❞❛ r❡❞❡✳

❖s ♣♦♥t♦s ❝❤❛✈❡s ❞♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦s ♥ós sã♦ ♦s ♣❛râ♠❡tr♦s✱ ♦s tó♣✐❝♦s

✐♥s❝r✐t♦s ❡ ❛s ♠❡♥s❛❣❡♥s ♣✉❜❧✐❝❛❞❛s✳ P❛râ♠❡tr♦s sã♦ ❛s ❝♦♥✜❣✉r❛çõ❡s ❞♦ ♥ó ♥♦

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

❞♦s ✈❛❧♦r❡s ♣❛râ♠❡tr♦s q✉❛♥❞♦ ♦ ♥ó r❡❢❡r❡♥t❡ ❛ ❡st❡ ❧❛s❡r é ✐♥s❡r✐❞♦ ♥❛ r❡❞❡✱ ♣♦r

❡①❡♠♣❧♦✳ ❚ó♣✐❝♦s ✐♥s❝r✐t♦s é ❛ ❧✐st❛ ❞♦s tó♣✐❝♦s ❞♦s q✉❛✐s ✉♠ ♥ó r❡❝❡❜❡rá ♠❡♥s❛❣❡♥s

❞❡♥tr♦ ❞❛ r❡❞❡✳ ❊st❛ ✐♥❢♦r♠❛çã♦ é ✐♠♣♦rt❛♥t❡ ♣❛r❛ ✉♠ ♦✉tr♦ ♥ó ❡♥✈✐❛r ✉♠ ❝♦♠❛♥❞♦

♣❛r❛ ♦✉tr♦ ❛tr❛✈és ❞❡ ✉♠❛ ♠❡♥s❛❣❡♠✱ ♣♦r ❡①❡♠♣❧♦✳ ◗✉❛♥❞♦ ✉♠ ♥ó ♣✉❜❧✐❝❛ ✉♠❛

✺✼



❆✳ ❈♦♠♣♦♥❡♥t❡s ❞♦ ❡①♣❡r✐♠❡♥t♦ ✺✽

♠❡♥s❛❣❡♠✱ ❛ss♦❝✐❛❞❛ à ✉♠ tó♣✐❝♦✱ t♦❞♦s ♦s ♥ós ❞❡♥tr♦ ❞❛ r❡❞❡ q✉❡ t❡♥❤❛♠ s❡ ✐♥s❝r✐t♦

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

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

❆s ❜✐❜❧✐♦t❡❝❛s ❢♦r♥❡❝✐❞❛s ♣❡❧♦ ❘❖❙ ❡ ♣❡❧❛ ❝♦♠✉♥✐❞❛❞❡✱ q✉❡ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s

♥❡ss❡ tr❛❜❛❧❤♦✱ s❡rã♦ ❞✐s❝✉t✐❞❛s ❛ s❡❣✉✐r✳

❆✳✶✳✶ ❘♦s❆r✐❛

❖ ♣❛❝♦t❡ ❘♦s❆r✐❛ é ✉♠❛ ✐♥t❡r❢❛❝❡ ♣❛r❛ ♦ ❘❖❙ ❜❛s❡❛❞❛ ♥❛ ❜✐❜❧✐♦t❡❝❛ ❆❘■❆ ❡

❝♦♠♣❛tí✈❡❧ ❝♦♠ ❛ ♠❛✐♦r✐❛ ❞♦s r♦❜ôs ♣r♦❞✉③✐❞♦s ♣♦r ❆❞❡♣t ▼♦❜✐❧❡❘♦❜♦ts✱ ▼♦❜✐❧❡✲

❘♦❜♦ts ■♥❝✳ ❡ ❆❝t✐✈▼❡❞✐❛ ♠♦❜✐❧❡✱ ❞❡♥tr❡ ❡❧❡s ♦ P✐♦♥❡❡r P✸✲❉❳✳ ❘♦s❆r✐❛ ❢❛❝✐❧✐t❛

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

❧♦❝✐❞❛❞❡ ❧✐♥❡❛r ❡ ❛♥❣✉❧❛r ♣♦r ❡①❡♠♣❧♦✳ ❖ ♥ó ❘♦s❆r✐❛ t❛♠❜é♠ ❛❝❡✐t❛ ♦ ❡♥✈✐♦ ❞❡

♠❡♥s❛❣❡♥s ♣❛r❛ ♠♦✈❡r ♦ r♦❜ô ❡ ❛ ❞❡✜♥✐çã♦ ❞❡ ♣❛râ♠❡tr♦s ♣❛r❛ ❝❛❧✐❜r❛çã♦ ❞❛ ♦❞♦✲

♠❡tr✐❛✳ ❖s tó♣✐❝♦s r❡❧❡✈❛♥t❡s ♣❛r❛ ❛ ♥❛✈❡❣❛çã♦ r❡❛❧✐③❛❞❛ ♥♦ ❡①♣❡r✐♠❡♥t♦ sã♦ ❧✐st❛❞♦s

❛ s❡❣✉✐r✿

• ❝♠❞❴✈❡❧ ✿ r❡❝❡❜❡ ♠❡♥s❛❣❡♥s ❝♦♠ ♦s ♣❛r❛♠❡tr♦s ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❧✐♥❡❛r ❡ ❛♥❣✉❧❛r

❞❡s❡❥❛❞❛s ♣❛r❛ ♠♦✈❡r ♦ r♦❜ô

• ♣♦s❡ ✿ ♣✉❜❧✐❝❛ ♠❡♥s❛❣❡♥s ❝♦♠ ❛s ✐♥❢♦r♠❛çõ❡s ❞❛ ♦❞♦♠❡tr✐❛ ❞♦ r♦❜ô✱ ♣♦s✐çã♦

❳✱❨✱❩ ❡ ♦r✐❡♥t❛çã♦ ❡♠ ❳✱❨✱❩

• s♦♥❛r ✿ ♣✉❜❧✐❝❛ ❛s ❧❡✐t✉r❛s ❞♦ s♦♥❛r✱ ❝♦♠ ❛s ♣♦s✐çõ❡s ❳ ❡ ❨✱ t❡♥❞♦ ❝♦♠♦

r❡❢❡rê♥❝✐❛ ♦ ❝❡♥tr♦ ❞♦ r♦❜ô✳

❆✳✶✳✷ ❘t❛❜♠❛♣❴r♦s

❖ P❛❝♦t❡ ❘t❛❜♠❛♣❴r♦s é ✉♠ ❝♦♠♣✐❧❛❞♦ ❞❛ ❢❡rr❛♠❡♥t❛ rt❛❜♠❛♣ ✶✱ ✉♠❛ ❛❜♦r✲

❞❛❣❡♠ ❙▲❆▼ ❜❛s❡❛❞❛ ❡♠ ❝â♠❡r❛s ❘●❇✲❉ ❡ ❛ ❡str❛té❣✐❛ ❞❡ ▲♦♦♣ ❈❧♦s✉r❡ ❉❡t❡❝t✐♦♥✳

❖ ♥ó rt❛❜♠❛♣ é ❝❛♣❛③ ❞❡ ❢♦r♥❡❝❡r ♣❛r❛ r❡❞❡ ♦ ♠❛♣❡❛♠❡♥t♦ ❡♠ ❢♦r♠❛ ❞❡ ❖❝❝✉♣❛♥❝②

●r✐❞ s♦❜ ♦ tó♣✐❝♦ ❣r✐❞❴♠❛♣✱ q✉❛♥❞♦ ❝♦♥✜❣✉r❛❞♦ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ❆✳✶✳ P❛r❛ ✐ss♦✱

✉t✐❧✐③❛✲s❡ ♦ ❑✐♥❡❝t ❝♦♠♦ ❢♦♥t❡ ❘●❇✲❉✱ ❛ ♦❞♦♠❡tr✐❛ ❞♦ P✸✲❉❳ ❢♦r♥❡❝✐❞❛ ♣❡❧♦ ❘♦✲

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

♦ ♣❛❝♦t❡ ❞❡♣t❤✐♠❛❣❡❴t♦❴❧❛s❡rs❝❛♥✳ ❆s ✐♥❢♦r♠❛çõ❡s ❞♦ ❑✐♥❡❝t✱ q✉❡ sã♦ ✉t✐❧✐③❛❞❛s

t❛♥t♦ ♣❡❧♦ ❘t❛❜♠❛♣ q✉❛♥t♦ ♦ ❉❡♣t❤✐♠❛❣❡❴t♦❴❧❛s❡rs❝❛♥✱ sã♦ ❢♦r♥❡❝✐❞❛s ♣❡❧♦ ♣❛❝♦t❡

❋r❡❡♥❡❝t❴st❛❝❦✱ ♦ ❞r✐✈❡r ❞♦ s❡♥s♦r ❝♦♠♣✐❧❛❞♦ ❝♦♠♦ ♥ó ❞❡♥tr♦ ❞❛ r❡❞❡✳

✶❤tt♣✿✴✴✐♥tr♦❧❛❜✳❣✐t❤✉❜✳✐♦✴rt❛❜♠❛♣✴



❆✳ ❈♦♠♣♦♥❡♥t❡s ❞♦ ❡①♣❡r✐♠❡♥t♦ ✺✾

❖ ❛rq✉✐✈♦ ❞❡ ❝♦♥✜❣✉r❛çã♦✱ ❝❤❛♠❛❞♦ ✧❡①♣❡r✐♠❡♥t♦✳❧❛✉♥❝❤✧✱ ✉t✐❧✐③❛❞♦ ♣❛r❛ ✐♥✐✲

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

❡①♣❡r✐♠❡♥t♦ ❞❡♥tr♦ ❞❛ r❡❞❡ é ❞❛❞♦ ❛ s❡❣✉✐r✿

❁❧❛✉♥❝❤❃

❁✦−− ❘❖❙❆❘■❆ −−❃

❁♥♦❞❡ ♣❦❣❂✧r ♦ s ❛ r ✐ ❛ ✧ t②♣❡❂✧❘♦s❆r✐❛✧ ♥❛♠❡❂✧❘♦s❆r✐❛✧❃❁✴♥♦❞❡❃

❁✦−− ❑■◆❊❈❚ ❉❘■❱❊❘ −−❃

❁✐♥❝ ❧✉❞❡ ❢ ✐ ❧ ❡ ❂✧✩ ✭ ❢✐♥❞ ❢ r ❡❡♥❡❝t❴❧❛✉♥❝❤ ✮ ✴ ❧❛✉♥❝❤✴❡①❛♠♣❧❡s ✴ ❢ r ❡ ❡♥❡ ❝ t−r ❡ ❣ ✐ s t ❡ r ❡ ❞−①②③r❣❜ ✳

❧❛✉♥❝❤✧❃❁✴✐♥❝ ❧✉❞❡❃

❁✦−− ❑■◆❊❈❚ P❆❘❆ ▲❆❙❊❘❙❈❆◆ −−❃

❁♥♦❞❡ ♣❦❣❂✧❞❡♣t❤✐♠❛❣❡❴t♦❴❧❛s❡rs❝❛♥✧ t②♣❡❂✧❞❡♣t❤✐♠❛❣❡❴t♦❴❧❛s❡rs❝❛♥✧ ♥❛♠❡❂✧

❞❡♣t❤✐♠❛❣❡❴t♦❴❧❛s❡rs❝❛♥✧❃

❁r❡♠❛♣ ❢r♦♠❂✧✐♠❛❣❡✧ t♦❂✧✴❝❛♠❡r❛✴ ❞❡♣t❤❴r❡❣ ✐ s t❡ r❡❞ ✴✐♠❛❣❡❴r❛✇✧✴❃

❁r❡♠❛♣ ❢r♦♠❂✧❝❛♠❡r❛❴✐♥❢♦✧ t♦❂✧✴❝❛♠❡r❛✴ ❞❡♣t❤❴r❡❣ ✐ s t❡ r❡❞ ✴❝❛♠❡r❛❴✐♥❢♦✧✴❃

❁r❡♠❛♣ ❢r♦♠❂✧s❝❛♥✧ t♦❂✧✴❦✐♥❡❝t❴s❝❛♥✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧r❛♥❣❡❴♠❛①✧ t②♣❡❂✧❞♦✉❜❧❡ ✧ ✈❛❧✉❡❂✧✸✳✾✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧r❛♥❣❡❴♠✐♥✧ t②♣❡❂✧❞♦✉❜❧❡ ✧ ✈❛❧✉❡❂✧✵✳✻✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧s❝❛♥❴❤❡✐❣❤t ✧ t②♣❡❂✧❞♦✉❜❧❡ ✧ ✈❛❧✉❡❂✧✶✧✴❃

❁✴♥♦❞❡❃

❁✦−− ❙▲❆▼ −−❃

❁❣r♦✉♣ ♥s❂✧rt❛❜♠❛♣✧❃

❁♥♦❞❡ ♥❛♠❡❂✧rt❛❜♠❛♣✧ ♣❦❣❂✧rt❛❜♠❛♣❴r♦s✧ t②♣❡❂✧rt❛❜♠❛♣✧ ♦✉t♣✉t❂✧s❝ r ❡ ❡♥ ✧ ❛r❣s❂✧−−

❞❡❧❡t❡❴❞❜❴♦♥❴st❛rt✧❃

❁♣❛r❛♠ ♥❛♠❡❂✧❢r❛♠❡❴✐❞✧ t②♣❡❂✧s t r ✐ ♥ ❣ ✧ ✈❛❧✉❡❂✧❝❛♠❡r❛❴❧✐♥❦✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧s✉❜s❝r ✐❜❡❴❞❡♣t❤ ✧ t②♣❡❂✧❜♦♦❧ ✧ ✈❛❧✉❡❂✧tr✉❡✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧s✉❜s❝r ✐❜❡❴s❝❛♥ ✧ t②♣❡❂✧❜♦♦❧ ✧ ✈❛❧✉❡❂✧tr✉❡✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧q✉❡✉❡❴s✐③❡ ✧ t②♣❡❂✧✐♥ t ✧ ✈❛❧✉❡❂✧✶✵✧✴❃

❁r❡♠❛♣ ❢r♦♠❂✧♦❞♦♠✧ t♦❂✧✴❘♦s❆r✐❛✴♣♦s❡✧✴❃

❁r❡♠❛♣ ❢r♦♠❂✧s❝❛♥✧ t♦❂✧✴❦✐♥❡❝t❴s❝❛♥✧✴❃

❁r❡♠❛♣ ❢r♦♠❂✧r❣❜✴✐♠❛❣❡✧ t♦❂✧✴❝❛♠❡r❛✴ r❣❜✴ ✐♠❛❣❡❴r❡❝t❴❝♦❧♦r✧✴❃

❁r❡♠❛♣ ❢r♦♠❂✧❞❡♣t❤✴✐♠❛❣❡✧ t♦❂✧✴❝❛♠❡r❛✴ ❞❡♣t❤❴r❡❣ ✐ s t❡ r❡❞ ✴✐♠❛❣❡❴r❛✇✧✴❃

❁r❡♠❛♣ ❢r♦♠❂✧r❣❜✴❝❛♠❡r❛❴✐♥❢♦✧ t♦❂✧✴❝❛♠❡r❛✴ r❣❜✴❝❛♠❡r❛❴✐♥❢♦✧✴❃

❁✦−− P❆❘❆▼❊❚❘❖❙ ❘❚❆❇−▼❛♣ −−❃

❁♣❛r❛♠ ♥❛♠❡❂✧❣r ✐❞❴s ✐ ③ ❡ ✧ t②♣❡❂✧❞♦✉❜❧❡ ✧ ✈❛❧✉❡❂✧✶✷✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❣r✐❞❴❡r♦❞❡❞✧ t②♣❡❂✧❜♦♦❧ ✧ ✈❛❧✉❡❂✧tr✉❡✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❣ r ✐ ❞❴❝❡ ❧ ❧❴s ✐ ③ ❡ ✧ t②♣❡❂✧❞♦✉❜❧❡ ✧ ✈❛❧✉❡❂✧✵✳✶✵✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❣r✐❞❴✉♥❦♥♦✇♥❴s♣❛❝❡❴❢✐❧ ❧❡❞ ✧ t②♣❡❂✧❜♦♦❧ ✧ ✈❛❧✉❡❂✧tr✉❡✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❘●❇❉✴Pr♦①✐♠✐t②❇②❙♣❛❝❡✧ t②♣❡❂✧s t r ✐ ♥ ❣ ✧ ✈❛❧✉❡❂✧ ❢ ❛ ❧ s ❡ ✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❘●❇❉✴❆♥❣✉❧❛r❯♣❞❛t❡✧ t②♣❡❂✧s t r ✐ ♥ ❣ ✧ ✈❛❧✉❡❂✧✵✳✵✶✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❘●❇❉✴▲✐♥❡❛r❯♣❞❛t❡ ✧ t②♣❡❂✧s t r ✐ ♥ ❣ ✧ ✈❛❧✉❡❂✧✵✳✵✶✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❘●❇❉✴❖♣t✐♠✐③❡❋r♦♠●r❛♣❤❊♥❞✧ t②♣❡❂✧s t r ✐ ♥ ❣ ✧ ✈❛❧✉❡❂✧ ❢ ❛ ❧ s ❡ ✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❖♣t✐♠✐③❡r ✴❙❧❛♠✷❉✧ t②♣❡❂✧s t r ✐ ♥ ❣ ✧ ✈❛❧✉❡❂✧tr✉❡✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❘❡❣✴ ❙tr❛t❡❣② ✧ t②♣❡❂✧s t r ✐ ♥ ❣ ✧ ✈❛❧✉❡❂✧✶✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❘❡❣✴❋♦r❝❡✸❉♦❋✧ t②♣❡❂✧s t r ✐ ♥ ❣ ✧ ✈❛❧✉❡❂✧tr✉❡✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❱✐s ✴▼❛①❉❡♣t❤✧ t②♣❡❂✧s t r ✐ ♥ ❣ ✧ ✈❛❧✉❡❂✧✹✳✵✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❱✐s ✴▼✐♥ ■♥ ❧ ✐ ❡ r s ✧ t②♣❡❂✧s t r ✐ ♥ ❣ ✧ ✈❛❧✉❡❂✧✺✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❱✐s ✴ ■ ♥ ❧ ✐ ❡ r❉ ✐ s t ❛ ♥ ❝ ❡ ✧ t②♣❡❂✧s t r ✐ ♥ ❣ ✧ ✈❛❧✉❡❂✧✵✳✵✺✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧❘t❛❜♠❛♣✴❚✐♠❡❚❤r✧ t②♣❡❂✧s t r ✐ ♥ ❣ ✧ ✈❛❧✉❡❂✧✼✵✵✧✴❃

❁♣❛r❛♠ ♥❛♠❡❂✧▼❡♠✴❘❡❤❡❛ r s ❛ ❧ ❙ ✐♠ ✐ ❧ ❛ r ✐ t ② ✧ t②♣❡❂✧s t r ✐ ♥ ❣ ✧ ✈❛❧✉❡❂✧✵✳✹✺✧✴❃
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