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❆❣r❛❞❡❝✐♠❡♥t♦s

▼✉✐t❛s ♣❡ss♦❛s ❢♦r❛♠ ❢✉♥❞❛♠❡♥t❛✐s ♣❛r❛ q✉❡ ❡✉ t❡♥❤❛ ❝❤❡❣❛❞♦ ❛té ❛q✉✐✳

➚ ♠✐♥❤❛ ❢❛♠í❧✐❛✱ ❡♠ ❡s♣❡❝✐❛❧ ♠✐♥❤❛ ♠ã❡✱ ❛❣r❛❞❡ç♦ ♦ ❛♠♦r ❡ ❛♣♦✐♦ ✐♥❝♦♥❞✐❝✐♦♥❛✐s

❛♦ ❧♦♥❣♦ ❞❡ t♦❞❛ ❡ss❛ ❥♦r♥❛❞❛✳ ❙❡♠♣r❡✳

❆♦ ♠❡✉ ♦r✐❡♥t❛❞♦r✱ ♣r♦❢✳ ▼❛r✐♦✱ ❛❣r❛❞❡ç♦ ♣❡❧❛ ♦♣♦rt✉♥✐❞❛❞❡ ❡ ♣❡❧♦ ❛♣r❡♥❞✐③❛❞♦

✐♥❡st✐♠á✈❡✐s q✉❡ ♠❡ ♣r♦♣♦r❝✐♦♥♦✉✳

➚ ♠✐♥❤❛ ❝♦♦r✐❡♥t❛❞♦r❛✱ ♣r♦❢❛✳ ■③❛❜❡❧❛✱ q✉❡ ❢♦✐ ✉♠❛ ❢❡❧✐③ s✉r♣r❡s❛ ♥❛ r❡t❛ ✜♥❛❧✱

♣❡❧❛s s✉❣❡stõ❡s ❡ ✐❞❡✐❛s ✈❛❧✐♦s❛s q✉❛♥❞♦ ❛ ❧✉③ ♥♦ ✜♠ ❞♦ tú♥❡❧ ♣❛r❡❝✐❛ ✉♠ ♣♦♥t✐♥❤♦

❞✐st❛♥t❡✳

➚ ❏ú❧✐❛ ✭❝♦♠ ❛❝❡♥t♦ ❡ ❝❛r✐♥❤♦✮✱ q✉❡ t♦r♥♦✉ ❞♦❝❡s ❡ ❧❡✈❡s ❡ss❡s ❛♥♦s✱ ♣❡❧♦s s♦rr✐s♦s

❡ ♣❧❛♥♦s ❇✳

❆♦s ♠❡✉s ❝♦❧❡❣❛s ❞❡ ❛♣❛rt❛♠❡♥t♦✿ ❱❡♥❡③❛✱ ❇♦r❣❡s ❡ ❙❡✉ ❋r❛♥❝✐s❝♦✱ q✉❡ ♣r♦♣♦r✲

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

❆♦s ❛♠✐❣♦s ❞♦ ❈❡❛rá✱ ❘♦❣ér✐♦ ✭♠❡✉ ❣r❛♥❞❡ ❝♦♠♣❛♥❤❡✐r♦ ❞❡ ❛✈❡♥t✉r❛s✮✱ ▲❡✈✐ ❡
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❆♦s ❝♦❧❡❣❛s ❞❡ ❧❛❜♦r❛tór✐♦✱ ❡♠ ♦r❞❡♠ ❛❧❢❛❜ét✐❝❛✱ ♣r❛ ♥ã♦ ♣❛r❡❝❡r q✉❡ t❡♥❤♦ ❢❛✲

✈♦r✐t♦s ❀✮ ✿ ❆♥❞❡rs♦♥✱ ❇❛❧❜✐♥♦✱ ❉❛✈✐❞✱ ❊❧❡rs♦♥✱ ❍❡❝t♦r✱ ■❣♦r✱ ❖♠❛r✱ P❛✉❧♦✱ ❘❛❢❛❡❧✱
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❚❡r♠✐♥♦ ❡st❡ ❛❣r❛❞❡❝✐♠❡♥t♦ ❝♦♠ ✉♠ ❣r❛♥❞❡ ♦❜r✐❣❛❞♦ ❛ t♦❞♦s ❡ ✉♠ ❞❡s❡❥♦ s❡❝r❡t♦

❞❡ q✉❡ t❡♥❤❛ ✉s❛❞♦ t♦❞❛s às ❝r❛s❡s ❝♦rr❡t❛♠❡♥t❡✳ ✿✮
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t❛r❡❢❛s ❞❡ ❜✉s❝❛ ❡ s❛❧✈❛♠❡♥t♦ ♦✉ s✐st❡♠❛s ❞❡ ✈✐❣✐❧â♥❝✐❛✳ ❊ss❛ ❤❛❜✐❧✐❞❛❞❡ ❢✉♥❞❛♠❡♥t❛❧✲

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

❢♦r♠❛ ♣♦ssí✈❡❧✱ ❛ ✜♠ ❞❡ ♠❛①✐♠✐③❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ r♦❜ô✳ ❊st❡ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛

✉♠❛ ❛❜♦r❞❛❣❡♠ ❞❡ ♣❡r❝❡♣çã♦ ❛t✐✈❛ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s ✉t✐❧✐③❛♥❞♦ ❡stí♠✉✲

❧♦s ❞❡ á✉❞✐♦ ❡ ✈í❞❡♦✱ ❝❛♣t❛❞♦s ♣♦r s❡♥s♦r❡s ♠♦♥t❛❞♦s ❡♠ ✉♠ r♦❜ô✱ q✉❡ ✉t✐❧✐③❛ ✉♠❛

❤❛st❡ ❛rt✐❝✉❧❛❞❛ ♣❛r❛ ✐♥t❡r❛❣✐r ❝♦♠ ♦ ♦❜❥❡t♦✳

P❛r❛ ✜♥s ❡①♣❡r✐♠❡♥t❛✐s✱ ✉♠ ❝♦♥❥✉♥t♦ ❡str✉t✉r❛❞♦ ❞❡ ♣❡q✉❡♥♦s ♦❜❥❡t♦s ❢♦✐ ❛❞♦✲

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

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

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

❛♣r❡♥❞✐③❛❞♦ ❞❡ ♠áq✉✐♥❛ q✉❡ ✐♠♣❧❡♠❡♥t❛ ❢✉sã♦ ❞❡ s❡♥s♦r❡s✳

❖ ❞❡s❡♠♣❡♥❤♦ ❞♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ é ❛✈❛❧✐❛❞♦ ♣❛r❛ ♦s s✐♥❛✐s ♦r✐❣✐♥❛✐s ❡ ♥í✈❡✐s ❞❡

r✉í❞♦s ❞❡❝r❡s❝❡♥t❡s ♥♦s s✐♥❛✐s ❞❡ á✉❞✐♦ ❡ ✈í❞❡♦✱ ♦♥❞❡ ❞✉❛s ❡str❛té❣✐❛s ♣❛r❛ ❛ ❢✉sã♦ ❞❡

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

♠❡t❛✲❛♣r❡♥❞✐③❛❞♦✱ ❡ ❢✉sã♦ ❞❡ ❛tr✐❜✉t♦s✳ ➱ ♠♦str❛❞♦ q✉❡ ❛ ❢✉sã♦ ❞❡ ❞❡❝✐sõ❡s t❡♠ ♦

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

✈í❞❡♦✱ ❝♦♠ t❛①❛s ❞❡ ❛❝❡rt♦ ❞❡ ✾✾✱✹✪✱ ✾✻✱✷✪✱ ❡ ✾✶✱✻✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♠❡❧❤♦r❛♥❞♦

♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡ ♣r♦♣♦r❝✐♦♥❛♥❞♦ ❡st❛❜✐❧✐❞❛❞❡ ❡♠ ❝❡♥ár✐♦s ❞❡ ❛❧t❛ ✐♥t❡r❢❡rê♥❝✐❛✳ ❖s

❞❡s❝r✐t♦r❡s ❞❡ á✉❞✐♦ ✐♥tr♦❞✉③✐❞♦s sã♦ ♦r❞❡♥❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ s❡✉ ♣♦❞❡r ❞✐s❝r✐♠✐♥❛✲

tór✐♦✳

❈♦♥tr✐❜✉✐çõ❡s ❞❡st❡ tr❛❜❛❧❤♦ ✐♥❝❧✉❡♠ ❛ ❛✈❛❧✐❛çã♦ ❞❡ té❝♥✐❝❛s ❞❡ r❡♣r❡s❡♥t❛çã♦

❞❡ s✐♥❛✐s ✐♠♣✉❧s✐✈♦s✱ ✉♠ ❛r❝❛❜♦✉ç♦ ♣❛r❛ ❢✉sã♦ ❛✉❞✐♦✈✐s✉❛❧ ❡ ❛ ♣✉❜❧✐❝❛çã♦ ❞❛ ❜❛s❡ ❞❡

❞❛❞♦s✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s✱ ❋✉sã♦ ❞❡ ❙❡♥s♦r❡s✱ ❱✐sã♦ ❈♦♠♣✉t❛❝✐♦✲

♥❛❧✱ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❙✐♥❛✐s✳
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❆❜str❛❝t

❘♦❜♦ts r♦✉t✐♥❡❧② ❢❛❝❡ t❤❡ ♥❡❡❞ t♦ r❡❝♦❣♥✐③❡ ❝♦♠♠♦♥ ✉s❡ ♦❜❥❡❝ts✿ ❢♦r ❞♦♠❡st✐❝ ✉s❡✱

s❡❛r❝❤ ❛♥❞ r❡s❝✉❡ t❛s❦s ♦r s✉r✈❡✐❧❧❛♥❝❡ s②st❡♠s✳ ❚❤✐s ❛❜✐❧✐t② ❢✉♥❞❛♠❡♥t❛❧❧② r❡q✉✐r❡s

t❤❡♠ t♦ ♣r♦❝❡ss s❡♥s♦r② ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ❜❡st r❡♣r❡s❡♥t ✐t✱ ✐♥ ♦r❞❡r t♦ ♠❛①✐♠✐③❡ ♣❡r❢♦r✲

♠❛♥❝❡✳ ❚❤✐s ✇♦r❦ ♣r❡s❡♥ts ❛♥ ❛❝t✐✈❡ ♣❡r❝❡♣t✐♦♥ ❛♣♣r♦❛❝❤ t♦ ♦❜❥❡❝t r❡❝♦❣♥✐t✐♦♥ ✉s✐♥❣

❜♦t❤ ❛✉❞✐♦ ❛♥❞ ✈✐s✉❛❧ st✐♠✉❧✐✱ ❛❝q✉✐r❡❞ ❜② s❡♥s♦rs ♠♦✉♥t❡❞ ♦♥ ❛ r♦❜♦t✱ ✇❤✐❝❤ ✉s❡s ❛♥

❛rt✐❝✉❧❛t❡❞ r♦❞ t♦ ♣♦❦❡ t❤❡ ♦❜❥❡❝t ✐♥ ♦r❞❡r t♦ ❛❝t✐✈❡❧② ❣❡♥❡r❛t❡ ❛✉❞✐♦ s✐❣♥❛t✉r❡s✳

❚❤❡ ♦❜❥❡❝t ❞♦♠❛✐♥ ❝♦♥s✐sts ♦❢ ❛ str✉❝t✉r❡❞ s❡t ♦❢ s♠❛❧❧ ♦❜❥❡❝ts✱ ✐♥ ✇❤✐❝❤ s✐♠♣❧❡

❣❡♦♠❡tr✐❡s ❛♥❞ s✐♥❣❧❡✲♠❛t❡r✐❛❧ ❝♦♠♣♦s✐t✐♦♥s ❛r❡ ❛❞♦♣t❡❞ ✐♥ ♦r❞❡r t♦ ♠❛❦❡ ✐t ❡❛s✐❡r

t♦ ❛❝❤✐❡✈❡ ❛♥ ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ ❛✉❞✐♦ s✐❣♥❛t✉r❡s✳ ❋♦r ❡❛❝❤ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❣❡♦♠❡tr②

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

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

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

s✐♥❣ s✐❣♥❛❧✲t♦✲♥♦✐s❡ r❛t✐♦ ♦❢ t❤❡ ❛✉❞✐♦ s✐❣♥❛❧s✱ ✇❤❡r❡ t✇♦ str❛t❡❣✐❡s ❢♦r s❡♥s♦r ❢✉s✐♦♥ ❛r❡

❡✈❛❧✉❛t❡❞✿ ❞❡❝✐s✐♦♥ ❢✉s✐♦♥ ✐♥ ❛ ♠❡t❛✲❧❡❛r♥✐♥❣ ♠❛♥♥❡r✱ ❛♥❞ ❢❡❛t✉r❡ ❢✉s✐♦♥✳ ❉❡❝✐s✐♦♥ ❢✉✲

s✐♦♥ ❛❝❤✐❡✈❡s t❤❡ ❤✐❣❤❡st ❛❝❝✉r❛❝② ❛♥❞ ✐♠♣r♦✈❡s ♦✈❡r ❛✉❞✐♦✲ ♦r ✈✐❞❡♦✲♦♥❧② ❝❧❛ss✐✜❝❛t✐♦♥✱

✇✐t❤ ❛❝❝✉r❛❝✐❡s ♦❢ ✾✾✱✹✪✱ ✾✻✱✷✪✱ ❛♥❞ ✾✶✱✻✪✱ r❡s♣❡❝t✐✈❡❧②✱ ❡♥❤❛♥❝✐♥❣ r❡❝♦❣♥✐t✐♦♥ ❛♥❞

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

❛r❡ r❛♥❦❡❞ ❛❝❝♦r❞✐♥❣ t♦ t❤❡✐r ❞✐s❝r✐♠✐♥❛t♦r② ♣♦✇❡r✳

❚❤❡ ❝♦♥tr✐❜✉t✐♦♥s ♦❢ t❤✐s ✇♦r❦ ✐♥❝❧✉❞❡ ❡✈❛❧✉❛t✐♦♥ ♦❢ t❡❝❤♥✐q✉❡s ❢♦r r❡♣r❡s❡♥t❛t✐♦♥

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

❑❡②✇♦r❞s✿ ❖❜❥❡❝t ❘❡❝♦❣♥✐t✐♦♥✱ ❙❡♥s♦r ❋✉s✐♦♥✱ ❈♦♠♣✉t❡r ❱✐s✐♦♥✱ ❙✐❣♥❛❧ Pr♦❝❡ss✐♥❣✳
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▲✐st❛ ❞❡ ❋✐❣✉r❛s

✶✳✶ ❊①❡♠♣❧♦s ❞❡ ✐♥t❡r❢❡rê♥❝✐❛ ✈✐s✉❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷

✶✳✷ ❙✉♣❡rr❡s♦❧✉çã♦✱ ❡①❡♠♣❧♦ ❞❡ ❢✉sã♦ ❞❡ s❡♥s♦r❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

✶✳✸ ❑✐♥❡❝t✱ s❡♥s♦r ❛✉❞✐♦✈✐s✉❛❧ ❞❡ ❜❛✐①♦ ❝✉st♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

✶✳✹ ❆♣❧✐❝❛çã♦ ♣❛r❛ ❢✉sã♦ ❛✉❞✐♦✈✐s✉❛❧✿ ❝♦❧❡t❛ ✐♥t❡❧✐❣❡♥t❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺

✸✳✶ ❉✐❢❡r❡♥t❡s ♣❛❞rõ❡s ❞❡ ❛♠♦str❛❣❡♠ t❡st❛❞♦s ♣❛r❛ ♦ ❞❡s❝r✐t♦r ❇❘■❊❋✳ ❈❛❞❛

❧✐♥❤❛ r❡♣r❡s❡♥t❛ ✉♠ ♣❛r ♥♦ ♣❛t❝❤ ❝✉❥❛s ✐♥t❡♥s✐❞❛❞❡s sã♦ ❝♦♠♣❛r❛❞❛s✳ ■♠❛✲

❣❡♠ r❡t✐r❛❞❛ ❞❡ ❬❈❛❧♦♥❞❡r ❡t ❛❧✳✱ ✷✵✶✵❪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✸✳✷ ❊①❡♠♣❧♦ ❡♠ ❛❧t♦ ♥í✈❡❧ ❞❛ ❡①❡❝✉çã♦ ❞♦ ❇♦❲ ♣❛r❛ ✐♠❛❣❡♥s✳ ❆❞❛♣t❛❞♦ ❞❡

❋❡✐✲❋❡✐ ❬✷✵✵✺❪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹

✸✳✸ ❈❛t❡❣♦r✐❛s ❞❡ ❢✉sã♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ❢♦♥t❡s✳ ■♠❛❣❡♠ tr❛✲

❞✉③✐❞❛ ❞❡ ◆❛❦❛♠✉r❛ ❡t ❛❧✳ ❬✷✵✵✼❛❪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✾

✹✳✶ ❉✐❛❣r❛♠❛ ❞❡ ✢✉①♦ ❡♠ ❛❧t♦ ♥í✈❡❧ ❞♦ s✐st❡♠❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹

✹✳✷ ❉✐❛❣r❛♠❛ ❞❡ ✢✉①♦ ❞♦ ♠ó❞✉❧♦ ❞❡ á✉❞✐♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹

✹✳✸ ❊①❡♠♣❧♦ ❞♦ r❡❝♦rt❡ ❞❡ s✐♥❛❧ ❞❡ ✉♠ tr❡❝❤♦ ❞❡ á✉❞✐♦ ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❝♦❧❡t❛❞❛

♣❛r❛ ❡st❡ tr❛❜❛❧❤♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✺

✹✳✹ ❘❡❧❛çã♦ ❡♥tr❡ ❛s ❡s❝❛❧❛s ❍❡rt③ ❡ ▼❡❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✼
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✹✳✼ P❛❞rã♦ ❞❡ ❛♠♦str❛❣❡♠ ❞♦ ❞❡s❝r✐t♦r ❇❆❙❊✳ ■♠❛❣❡♠ r❡t✐r❛❞❛ ❞❡ ◆❛s❝✐♠❡♥t♦
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✺✳✶ ❖❜❥❡t♦s ✉s❛❞♦s ♣❛r❛ ❛♥á❧✐s❡ ❞❡ ✐♠♣❛❝t♦ ❞❡ ❣❡♦♠❡tr✐❛ ❡ ♠❛t❡r✐❛❧ ♥♦ ❞❡s❡♠✲

♣❡♥❤♦ ❞❡ ❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡ ♥♦ ♣r♦❜❧❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻

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

♥❛ ♠❡s❛ ❛♦ ❝❡♥tr♦ ❞♦ ❧❛❜♦r❛tór✐♦ ❛ ✉♠❛ ❞✐stâ♥❝✐❛ ✜①❛ ❞❡ ✺✵ ❝❡♥tí♠❡tr♦s ❞♦

s❡♥s♦r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✼
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✺✳✸ ❆q✉✐s✐çã♦ ❞❡ ❛♠♦str❛s✳ ❖ s❡♥s♦r ✜❝❛ ♣♦s✐❝✐♦♥❛❞♦ ♥♦ t♦♣♦ ❞♦ r♦❜ô✱ ❝♦♠ ✉♠

❜r❛ç♦ r♦❜ót✐❝♦ ✐♥t❡r❛❣✐♥❞♦ ❛t✐✈❛♠❡♥t❡ ❝♦♠ ♦ ♦❜❥❡t♦ ♣❛r❛ ❛q✉✐s✐çã♦ ❞❡ á✉❞✐♦✳ ✹✽

✺✳✹ ❈♦♥tr❛♣❡s♦ ❛♥❡①❛❞♦ ❛♦ ♠❛♥✐♣✉❧❛❞♦r ❞♦ r♦❜ô✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾

✺✳✺ ❊s♣❡❝tr♦❣r❛♠❛ ❞❡ ✉♠ ❛♠♦str❛ ❞♦ ♦❜❥❡t♦ ❝✉❜♦ ❞❡ ♠❛❞❡✐r❛ ❝❛♣t✉r❛❞❛ ❝♦♠

♦ ♠✐❝r♦❢♦♥❡ ❆✉❞✐♦ ❚❡❝❤♥✐❝❛ ❆❚✽✷✾✱ ❞❡ ♣❛❞rã♦ ♣♦❧❛r ♦♠♥✐❞✐r❡❝✐♦♥❛❧✳ ✳ ✳ ✳ ✳ ✺✵

✺✳✻ ❊s♣❡❝tr♦❣r❛♠❛s ❞❡ ♦❜❥❡t♦s ❞❡ ♠❡s♠❛ ❣❡♦♠❡tr✐❛ ✭❝✉❜♦✮ ❡ ❞✐❢❡r❡♥t❡s ♠❛t❡r✐❛✐s✳ ✺✵

✺✳✼ ❊s♣❡❝tr♦❣r❛♠❛s ❞❡ ♦❜❥❡t♦s ❞❡ ♠❡s♠♦ ♠❛t❡r✐❛❧ ✭♠❛❞❡✐r❛✮ ❡ ❞✐❢❡r❡♥t❡s ❣❡♦✲

♠❡tr✐❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✶

✺✳✽ ▼❛tr✐③❡s ❞❡ ❝♦♥❢✉sã♦ ❞❛s ❛❜♦r❞❛❣❡♥s ♥❛ ✈❛❧✐❞❛çã♦ ❝♦♠ rót✉❧♦s ❛❧❡❛tór✐♦s✳ ✳ ✺✺

✺✳✾ ❚❛①❛ ❞❡ ❛❝❡rt♦ ❞❡ ❝❛❞❛ ❛❜♦r❞❛❣❡♠ ♥❛ ✈❛❧✐❞❛çã♦ ❝♦♠ rót✉❧♦s ❛❧❡❛tór✐♦s✳ ✳ ✳ ✺✻

✺✳✶✵ ❊s♣✉♠❛ ❞❡ ♣♦❧✐❡t✐❧❡♥♦ ❡①♣❛♥❞✐❞♦ ✉s❛❞❛ ♣❛r❛ ♣r❡❡♥❝❤✐♠❡♥t♦ ❞♦ ❝✉❜♦ ❞❡

♠❛❞❡✐r❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✺✳✶✶ ❈♦♠♣❛r❛çã♦ ❞♦ TED30 ❞♦ ♠❡s♠♦ ♦❜❥❡t♦ q✉❛♥❞♦ ♦❝♦ ❡ ♣r❡❡♥❝❤✐❞♦ ❝♦♠

❡s♣✉♠❛ ❞❡ ♣♦❧✐❡t✐❧❡♥♦ ❡①♣❛♥❞✐❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✾

✺✳✶✷ ▼❛tr✐③❡s ❞❡ ❝♦♥❢✉sã♦ ❞❛s ❛❜♦r❞❛❣❡♥s ♥♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦

❝♦♥t❡♥❞♦ t♦❞♦s ♦s ♦❜❥❡t♦s ❞❛ ❜❛s❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✶

✺✳✶✸ ❚❛①❛s ❞❡ ❛❝❡rt♦ ❞❛s ❛❜♦r❞❛❣❡♥s ♥♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❝♦♥t❡♥❞♦

t♦❞♦s ♦s ♦❜❥❡t♦s ❞❛ ❜❛s❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✶

✺✳✶✹ ❈✉r✈❛s ❘❖❈ ❞❛s ❛❜♦r❞❛❣❡♥s ♥♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❝♦♥t❡♥❞♦

t♦❞♦s ♦s ♦❜❥❡t♦s ❞❛ ❜❛s❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✷

✺✳✶✺ ❉❡s❡♠♣❡♥❤♦ ❞❛s ❛❜♦r❞❛❣❡♥s ❝♦♠ ❛❞✐çã♦ ❞❡ r✉í❞♦ ❛✉❞✐t✐✈♦ ❣❛✉ss✐❛♥♦✳ ✳ ✳ ✳ ✻✹

✺✳✶✻ ❉❡s❡♠♣❡♥❤♦ ❞❛s ❛❜♦r❞❛❣❡♥s ❝♦♠ ❛❞✐çã♦ ❞❡ r✉í❞♦ ❛✉❞✐t✐✈♦ r♦s❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✹

✺✳✶✼ ❉❡s❡♠♣❡♥❤♦ ❞❛s ❛❜♦r❞❛❣❡♥s ❝♦♠ ❛❞✐çã♦ ❞❡ r✉í❞♦ ✈✐s✉❛❧ ❣❛✉ss✐❛♥♦✳ ✳ ✳ ✳ ✳ ✻✻

✺✳✶✽ ❚❛①❛ ❞❡ ❛❝❡rt♦ ❞❡ ❝❛❞❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ r✉í❞♦ ❛✉❞✐t✐✈♦

❣❛✉ss✐❛♥♦ ❡ r✉í❞♦ ✈✐s✉❛❧ ❣❛✉ss✐❛♥♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✽

✺✳✶✾ ❚❛①❛ ❞❡ ❛❝❡rt♦ ❞❡ ❝❛❞❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ r✉í❞♦ ❛✉❞✐t✐✈♦

r♦s❛ ❡ r✉í❞♦ ✈✐s✉❛❧ ❣❛✉ss✐❛♥♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✾

✺✳✷✵ ❖❜❥❡t♦s ✈❛r✐❛❞♦s ♣❛r❛ ❡①♣❡r✐♠❡♥t♦ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛ ❛♥t❡ ❝❧❛ss❡s

♥ã♦ ❞❡s❝♦♥❤❡❝✐❞❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✵

✺✳✷✶ ▼❛tr✐③❡s ❞❡ ❝♦♥❢✉sã♦ ❞❛s ❛❜♦r❞❛❣❡♥s ♣❛r❛ ❢✉sã♦ ❡ ♠♦❞❛❧✐❞❛❞❡s s❡♥s♦r✐❛✐s

♥♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❝♦♠ ♦❜❥❡t♦s ❡①t❡r♥♦s à ❜❛s❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✶

✺✳✷✷ ❚❛①❛s ❞❡ ❛❝❡rt♦ ❞❛s ❛❜♦r❞❛❣❡♥s ♣❛r❛ ❢✉sã♦ ❡ ♠♦❞❛❧✐❞❛❞❡s s❡♥s♦r✐❛✐s ♥♦

❡①♣❡r✐♠❡♥t♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❝♦♠ ♦❜❥❡t♦s ❡①t❡r♥♦s à ❜❛s❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✷
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▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✺✳✶ ❱❛❧♦r❡s ❆❯❈ ♣❛r❛ ❞✐❝✐♦♥ár✐♦s ✈✐s✉❛✐s ❞❡ ❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✸

✺✳✷ ❱❛❧♦r❡s ❆❯❈ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❝♦♠❜✐♥❛çõ❡s ❡♥tr❡ ♦s ❞❡s❝r✐t♦r❡s ❞❡ á✉❞✐♦✳

❖♥❞❡ ❈ ❂ ❈❋❚✱ ❋ ❂ ❋❚ ❙❡q✉❡♥❝✐❛❧✱ ❇ ❂ ❇▼❋❈❈✱ ▼ ❂ ▼❋❈❈ ❙❡q✉❡♥❝✐❛❧✱

❚ ❂ ❚❊❉ ❡ ❲ ❂ ❲❛✈❡❧❡t✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✺✳✸ ▲❡❣❡♥❞❛ ❞❡ ♦❜❥❡t♦s ♣❛r❛ ❛s ♠❛tr✐③❡s ❞❡ ❝♦♥❢✉sã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✻

✺✳✹ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ t❡tr❛❡❞r♦s ❞❡ ❞✐❢❡r❡♥t❡s ♠❛t❡r✐❛✐s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✼

✺✳✺ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ♣r✐s♠❛s ❞❡ ❞✐❢❡r❡♥t❡s ♠❛t❡r✐❛✐s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✺✳✻ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ❝✉❜♦s ❞❡ ❞✐❢❡r❡♥t❡s ♠❛t❡r✐❛✐s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✺✳✼ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ♦❝t❛❡❞r♦s ❞❡ ❞✐❢❡r❡♥t❡s ♠❛t❡r✐❛✐s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✺✳✽ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ♦s ♦❜❥❡t♦s ❞❡ ♠❛❞❡✐r❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✾

✺✳✾ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ♦s ♦❜❥❡t♦s ❞❡ ♣❛♣❡❧ã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

✺✳✶✵ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ♦s ♦❜❥❡t♦s ❞❡ ♣❧ást✐❝♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

✺✳✶✶ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ♦s ♦❜❥❡t♦s ❞❡ ■s♦♣♦r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

✺✳✶✷ ❙◆❘ ✈✐s✉❛❧ ❡ ❞✐str✐❜✉✐çõ❡s ❛♠♦str❛❞❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✺
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▲✐st❛ ❞❡ ❛❝rô♥✐♠♦s

❆❯❈ ❆r❡❛ ❯♥❞❡r ❘❖❈ ❈✉r✈❡

❇❆❙❊ ❇✐♥❛r② ❆♣♣❡❛r❛♥❝❡ ❛♥❞ ❣❡♦♠❡tr✐❝❛❧ ❙❤❛♣❡ ❊❧❡♠❡♥ts

❇❊❘ ❇❛♥❞✲❊♥❡r❣② ❘❛t✐♦

❇❋❈❈ ❇❛r❦ ❋r❡q✉❡♥❝② ❈❡♣str❛❧ ❈♦❡✣❝✐❡♥ts

❇♦❲ ❇❛❣✲♦❢✲❲♦r❞s
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✺✳✹✳✼ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s ❡①t❡r♥♦s ❛♦ tr❡✐♥❛♠❡♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✵

✺✳✺ ❈♦♠❡♥tár✐♦s ❣❡r❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✷

✻ ❈♦♥❝❧✉sã♦ ❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s ✼✺

✻✳✶ ❈♦♥❝❧✉sã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✺

✻✳✷ ▲✐♠✐t❛çõ❡s ❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✻

❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s ✼✼

①①✐✐



❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

◆❛ ♥❛t✉r❡③❛✱ ✐♥t❡r♣r❡t❛r✱ ❛❜str❛✐r ❡ ❣❡r❛r r❡s♣♦st❛s ❛ ❡stí♠✉❧♦s sã♦ ❛❧❣✉♠❛s ❞❛s t❛r❡❢❛s

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

ór❣ã♦s s❡♥s♦r✐❛✐s ♦❜s❡r✈❛❞❛ ❡♠ ✈ár✐❛s ❡s♣é❝✐❡s s❡ ❞❡s❡♥✈♦❧✈❡✉ ❛♦ ❧♦♥❣♦ ❞❛ ❡✈♦❧✉çã♦✱ t❛❧

q✉❡ ❛ ♣❡r❝❡♣çã♦ ♠✉❧t✐ss❡♥s♦r✐❛❧ ❝♦♥✜❣✉r❛✲s❡ ❝♦♠♦ ♠❡❝❛♥✐s♠♦ ♣r❡s❡♥t❡ ❡♠ s❡r❡s ♠❛✐s

❛❞❛♣t❛❞♦s ❛♦ ♠❡✐♦ ❬❙t❡✐♥ ✫ ▼❡r❡❞✐t❤✱ ✶✾✾✸❪✳

❆ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣❡r❝❡❜❡r ♦ ❛♠❜✐❡♥t❡ ❛tr❛✈és ❞❡ ❞✐❢❡r❡♥t❡s ♠♦❞❛❧✐❞❛❞❡s s❡♥s♦r✐❛✐s

♣❡r♠✐t❡ q✉❡ ❤❛❥❛ ❝♦♠♣♦rt❛♠❡♥t♦ ❝♦♠♣❧❡♠❡♥t❛r ❡♥tr❡ ❡❧❛s✿ s❡ ✉♠❛ ú♥✐❝❛ ♠♦❞❛❧✐❞❛❞❡

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

♣♦❞❡♠ s❡r ❝♦♠❜✐♥❛❞❛s ❡♠ ✉♠❛ ❡st✐♠❛t✐✈❛ ♠❛✐s r♦❜✉st❛ ❬❊r♥st ✫ ❇ü❧t❤♦✛✱ ✷✵✵✹❪✳ ❆s✲

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

♠❛s q✉❡ ✐♥❛❧t❡r❛♠ ♦✉tr❛ ♠♦❞❛❧✐❞❛❞❡ s❡♥s♦r✐❛❧✳ ❯♠ ❡①❡♠♣❧♦ ❞❡st❛ ❝♦♠♣❧❡♠❡♥t❛r✐❞❛❞❡

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

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

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

❊①❡♠♣❧♦s ❞❡ ✐♥t❡r❢❡rê♥❝✐❛s ❝♦♠✉♠❡♥t❡ ❡♥❝♦♥tr❛❞❛s ♥❛ ✈✐sã♦ sã♦ ✐❧✉str❛❞♦s ♥❛ ❋✐❣✉r❛

✶✳✶✳

❙❡ ♥❛ ♥❛t✉r❡③❛ ♦s ór❣ã♦s s❡♥s♦r✐❛✐s sã♦ r❡s♣♦♥sá✈❡✐s ♣❡❧❛ ❝❛♣t❛çã♦ ❞❡ ✐♥❢♦r♠❛çã♦

♣r❡s❡♥t❡ ♥♦ ❛♠❜✐❡♥t❡✱ ❡ss❛ ♦♣❡r❛çã♦ é ❡①❡❝✉t❛❞❛ ❡♠ r♦❜ôs ♦✉ ♦✉tr♦s s✐st❡♠❛s ❛✉tô♥♦✲

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

✉♠❛ r❡♣r❡s❡♥t❛çã♦ q✉❡ ♣♦ss❛ s❡r ✐♥t❡r♣r❡t❛❞❛ ♣♦r ✉♠ ♦❜s❡r✈❛❞♦r ♦✉ s✐st❡♠❛✳

❘♦❜ôs ❡ s✐st❡♠❛s ❛✉tô♥♦♠♦s ❢r❡q✉❡♥t❡♠❡♥t❡ ❡♥❢r❡♥t❛♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ r❡❝♦✲

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

❡♠ ♦✉tr❛s t❛r❡❢❛s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ♥❛✈❡❣❛çã♦ ❛✉tô♥♦♠❛ ❛tr❛✈és ❞❡ ♠❛r❝♦s ❬❚❤r✉♥

❡t ❛❧✳✱ ✷✵✵✺❪✳ ❊ss❛ ❤❛❜✐❧✐❞❛❞❡ é ❜❛st❛♥t❡ r❡❧❡✈❛♥t❡ ♦♥❞❡ ❛ ❝♦♠♣r❡❡♥sã♦ ❞♦ ❛♠❜✐❡♥t❡ é

❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ✉♠ ❜♦♠ ❞❡s❡♠♣❡♥❤♦ ❞♦ r♦❜ô✱ ❝♦♠♦ ❛♠❜✐❡♥t❡s ❞♦♠ést✐❝♦s ❬P✐♥❡❛✉

✶



✷ ❈❛♣ít✉❧♦ ✶✳ ■♥tr♦❞✉çã♦

✭❛✮ ■❧✉♠✐♥❛çã♦ ♦❢✉s❝❛♥t❡ ✭❜✮ ❋❛❧t❛ ❞❡ ✐❧✉♠✐♥❛çã♦

✭❝✮ ❖❝❧✉sã♦ ✈✐s✉❛❧

❋✐❣✉r❛ ✶✳✶✳ ❊①❡♠♣❧♦s ❞❡ ✐♥t❡r❢❡rê♥❝✐❛ ✈✐s✉❛❧✳ ■♠❛❣❡♥s r❡t✐r❛❞❛s ❞❡ ❙♦♠❡r✈✐❧❧❡
❬✷✵✶✶❪❀ ❨❛t❡s ❬✷✵✶✹❪❀ ▲❛❝❤❡③❡ ❡t ❛❧✳ ❬✷✵✵✾❪✳

❡t ❛❧✳✱ ✷✵✵✸❪ ♦✉ ❝❡♥ár✐♦s ❞❡ ✐♥t❡r❛çã♦ ❤✉♠❛♥❛ ❬❚❤r✉♥ ❡t ❛❧✳✱ ✶✾✾✾❪✳

P❛r❛ ♠❡❧❤♦r❛r s❡✉ ❞❡s❡♠♣❡♥❤♦✱ ❛ ár❡❛ ❞❡ ♣❡sq✉✐s❛ ❡♠ ❢✉sã♦ ❞❡ s❡♥s♦r❡s t❡♠

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

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

✐♥❢♦r♠❛çã♦ r❡s✉❧t❛♥t❡ s❡❥❛ s✉♣❡r✐♦r às ✐♥❢♦r♠❛çõ❡s ✐♥❞✐✈✐❞✉❛✐s ❝❛s♦ ❝♦♥s✐❞❡r❛❞❛s ✐s♦❧❛✲

❞❛♠❡♥t❡✳

❆ ♠❡❧❤♦r✐❛ ♥❛ ✐♥❢♦r♠❛çã♦ ✜♥❛❧ s❡ ❞á ❛tr❛✈és ❞❛ ❞✐♠✐♥✉✐çã♦ ❞❡ ✐♥✢✉ê♥❝✐❛ ❞♦ r✉í❞♦

✭♥❛t✉r❛❧ ❞♦ ❛♠❜✐❡♥t❡ ❡ ♦ ✐♥tr♦❞✉③✐❞♦ ♣❡❧♦ ♣ró♣r✐♦ s❡♥s♦r✮✱ ❛✉♠❡♥t❛♥❞♦ s✉❛ ❡①❛t✐❞ã♦✱

♦✉ ❞❛ ❛❣r❡❣❛çã♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❛❞✐❝✐♦♥❛❧✳ P♦r ❡①❡♠♣❧♦✿ ✐♠❛❣❡♥s ❞❡ ✉♠❛ ♠❡s♠❛ ❝❡♥❛

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

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

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

❞❛ ❝❡♥❛✳

➱ ♣♦ssí✈❡❧ ❛✐♥❞❛ ❝♦♠❜✐♥❛r ✐♥❢♦r♠❛çõ❡s ❞❡ ♠♦❞❛❧✐❞❛❞❡s s❡♥s♦r✐❛✐s ❞✐❢❡r❡♥t❡s✱ ❛❧❣♦

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

t❡♠❡♥t❡ r❡❧❛❝✐♦♥❛❞❛s✱ ❝♦♠♦ ❛ ❢❛❧❛✳ ◆❡st❛✱ ♦s ❢♦♥❡♠❛s✱ ♠❡♥♦r ✉♥✐❞❛❞❡ ❢♦♥♦❧ó❣✐❝❛ ❞❛

❧í♥❣✉❛✱ ❡stã♦ ❢♦rt❡♠❡♥t❡ ❛ss♦❝✐❛❞♦s à ❝♦♥✜❣✉r❛çã♦ ✈✐s✉❛❧ ❞❛ ❜♦❝❛ ♥♦ ♠♦♠❡♥t♦ ❞❛

♣r♦♥ú♥❝✐❛✱ ❝♦♠♦ ❢♦r♠❛t♦ ❞♦s ❧á❜✐♦s ❡ ♦ q✉❛♥t♦ é ❡①✐❜✐❞♦ ❞❛ ❧í♥❣✉❛ ♦✉ ❞❡♥t❡s✳ ❊ss❛



✸

❋✐❣✉r❛ ✶✳✷✳ ❙✉♣❡rr❡s♦❧✉çã♦✱ ✉♠ ❡①❡♠♣❧♦ ❞❡ ❢✉sã♦✳ ❆ ✐♠❛❣❡♠ à ❞✐r❡✐t❛✱ ❞❡ ♠❛✐♦r
❞❡✜♥✐çã♦✱ é ♦❜t✐❞❛ ❛tr❛✈és ❞❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ✈ár✐❛s ✐♠❛❣❡♥s ❞❡ q✉❛❧✐❞❛❞❡ ✐♥❢❡r✐♦r
✭à ❡sq✉❡r❞❛✮✳ ■♠❛❣❡♠ r❡t✐r❛❞❛ ❞❡ ❆❧♠❛❧❡♥❝❡ ❬✷✵✵✼❪✳

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

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

P♦r ✜♠✱ ♦✉tr❛ ❣r❛♥❞❡ ✈❛♥t❛❣❡♠ ❞❛ ❢✉sã♦ é ❛ r❡❞✉♥❞â♥❝✐❛ ❞❡ s❡♥s♦r❡s✿ ❤á t❛♥t♦

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

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

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

❞❡ s❡♥s♦r ✐♥t❡❣r❛❞♦ ❞❡ ❜❛✐①♦ ❝✉st♦ é ♦ ❑✐♥❡❝t✱ ✉s❛❞♦ ♥❡st❛ ♣❡sq✉✐s❛ ❡ ✐❧✉str❛❞♦ ♥❛

❋✐❣✉r❛ ✶✳✸✳

✭❛✮ ❙❡♥s♦r ❑✐♥❡❝t✱ ✈✐sã♦ ❡①t❡r♥❛ ✭❜✮ ❙❡♥s♦r ❑✐♥❡❝t✱ ❝♦♠♣♦♥❡♥t❡s

❋✐❣✉r❛ ✶✳✸✳ ❙❡♥s♦r ✐♥t❡❣r❛❞♦ ❞❡ ❜❛✐①♦ ❝✉st♦ ❑✐♥❡❝t✱ q✉❡ ❛❣r❡❣❛ ✉♠❛ ❝â♠❡r❛
❘●❇✱ ✉♠❛ ❝â♠❡r❛ ❞❡ ✐♥❢r❛✈❡r♠❡❧❤♦ ❡ ✉♠ ❛rr❛② ❞❡ ♠✐❝r♦❢♦♥❡s✱ ❛t✉❛❧♠❡♥t❡ ✉s❛❞♦
❡♠ ❞✐✈❡rs❛s ❛♣❧✐❝❛çõ❡s ❝♦♠❡r❝✐❛✐s ❡ ❝✐❡♥tí✜❝❛s ❬❲❛❧❦❡r✱ ✷✵✶✷❪✳ ■♠❛❣❡♥s r❡t✐r❛❞❛s
❞❡ ❆♠♦s ❬✷✵✶✵❪✳



✹ ❈❛♣ít✉❧♦ ✶✳ ■♥tr♦❞✉çã♦

✶✳✶ ❆♣❧✐❝❛çõ❡s ❞❡ ❢✉sã♦ ❛✉❞✐♦✈✐s✉❛❧

■♥✐❝✐❛❧♠❡♥t❡ ✉s❛❞❛ ♣❛r❛ ✜♥s ♠✐❧✐t❛r❡s ❬❍❛❧❧ ✫ ▲❧✐♥❛s✱ ✶✾✾✼❪✱ ❝♦♠♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡

❛❧✈♦✱ ✈✐❣✐❧â♥❝✐❛ ❡ ❝♦♥tr♦❧❡ ❞❡ ✈❡í❝✉❧♦s✱ ❛ ❢✉sã♦ ❞❡ s❡♥s♦r❡s é ✉♠❛ ár❡❛ q✉❡ ✈❡♠ ❝r❡s❝❡♥❞♦✱

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

❞❡ s❡♥s♦r❡s ❡ ♦ ❞❡s❡❥♦ ❞❡ ✉s♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❝❛❞❛ ✈❡③ ♠❛✐s ❡①❛t❛s ❡ ❝♦♠♣❧❡t❛s✳ ❈♦♠ ♦

❛❞✈❡♥t♦ ❞❛ ✐♥t❡r♥❡t ❡ ❛ ❝r❡s❝❡♥t❡ ♦❢❡rt❛ ❞❡ ❝♦♥t❡ú❞♦ ♠✉❧t✐♠í❞✐❛✱ t❛♠❜é♠ ❤á ❞❡♠❛♥❞❛

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

❝♦♥t❡ú❞♦ ✐♠♣ró♣r✐♦ ♦✉ ❣❡r❛çã♦ ❞❡ t❛❣s ❛✉t♦♠át✐❝❛s ♣❛r❛ ✐♥❞❡①❛çã♦✳

❊s♣❡❝✐✜❝❛♠❡♥t❡ ♣❛r❛ ❢✉sã♦ ❛✉❞✐♦✈✐s✉❛❧ ❤á ❛♣❧✐❝❛çõ❡s ❡♠ ❞✉❛s ❝❛t❡❣♦r✐❛s✲❝❤❛✈❡✿

• ❈❧❛ss✐✜❝❛çã♦✿ ❜✐♦♠❡tr✐❛ ❬❖rt❡❣❛✲●❛r❝✐❛ ❡t ❛❧✳✱ ✷✵✵✹❪✱ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❝♦♥t❡ú❞♦

♠✉❧t✐♠í❞✐❛ ❬▲✐✉ ❡t ❛❧✳✱ ✷✵✶✶❪✱ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉t♦♠át✐❝♦ ❞❡ ❢❛❧❛✴✐♥t❡r❧♦❝✉t♦r

❬❈❤❡♥✱ ✷✵✵✶❪ ❡ ❛♥á❧✐s❡ ❞❡ r❡✉♥✐õ❡s ❬❙❤✐✈❛♣♣❛ ❡t ❛❧✳✱ ✷✵✶✵❪❀

• ▲♦❝❛❧✐③❛çã♦✿ tr❛❝❦✐♥❣ ❞❡ ♣❡ss♦❛s ❬●❡❤r✐❣ ❡t ❛❧✳✱ ✷✵✵✺❪✱ ❧♦❝❛❧✐③❛çã♦ ❛✉tô♥♦♠❛ ❬❙tr♦✲

❜❡❧ ❡t ❛❧✳✱ ✷✵✵✶❪✱ ❡♥tr❡ ♦✉tr❛s✳

◆♦ ❝♦♥t❡①t♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ♦❜❥❡t♦s✱ t❛✐s té❝♥✐❝❛s ♣♦❞❡♠ s❡r ❛♣❧✐❝❛❞❛s ❡♠

s✐t✉❛çõ❡s ❝♦♠♦✿

• ❱✐❣✐❧â♥❝✐❛ ❡ s❡❣✉r❛♥ç❛ ❡♠ ❛♠❜✐❡♥t❡s ✐♥t❡❧✐❣❡♥t❡s ❬▼❡♥❡❣❛tt✐ ❡t ❛❧✳✱ ✷✵✵✹❪❀

• ❊①♣❧♦r❛çã♦ ❛✉tô♥♦♠❛✱ ❛tr❛✈és ❞❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♠❛r❝♦s ♠✉❧t✐♠♦❞❛✐s ❬❇♦❤❣

❡t ❛❧✳✱ ✷✵✶✵❀ ❊❦✈❛❧❧ ❡t ❛❧✳✱ ✷✵✵✻❪❀

• ❈♦❧❡t❛ ✐♥t❡❧✐❣❡♥t❡ ❛ ♣❛rt✐r ❞❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♠❛t❡r✐❛✐s ❡ ♦❜❥❡t♦s ❬▼❝●✐❜♥❡②

❡t ❛❧✳✱ ✷✵✶✷❪✱ ✐❧✉str❛❞♦ ♣❡❧❛ ❋✐❣✉r❛ ✶✳✹✳

✶✳✷ ❖❜❥❡t✐✈♦

◆❡st❛ s❡çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♦❜❥❡t✐✈♦s ❣❡r❛✐s ❡ ❡s♣❡❝í✜❝♦s ❞❡st❡ tr❛❜❛❧❤♦✳

✶✳✷✳✶ ❖❜❥❡t✐✈♦ ❣❡r❛❧

◆❡st❛ ♣❡sq✉✐s❛ ❞❡s❡❥❛✲s❡ ❡st✉❞❛r ♦ ✐♠♣❛❝t♦ ❞♦ ✉s♦ ❞❡ ❞✐❢❡r❡♥t❡s ♠♦❞❛❧✐❞❛❞❡s s❡♥s♦r✐❛✐s

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

ár❡❛ ❞❡ r♦❜ót✐❝❛✿ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s✳ P❛r❛ ✐st♦✱ ❢♦r❛♠ ❡s❝♦❧❤✐❞❛s ❝♦♠♦ ❢♦♥t❡s



✶✳✷✳ ❖❜❥❡t✐✈♦ ✺

❋✐❣✉r❛ ✶✳✹✳ ❊①❡♠♣❧♦ ❞❡ ❛♣❧✐❝❛çã♦✿ ❝♦❧❡t❛ s❡❧❡t✐✈❛ ❬▼❝●✐❜♥❡② ❡t ❛❧✳✱ ✷✵✶✷❪✳
◆❡ss❡ tr❛❜❛❧❤♦✱ ✉♠❛ ❡q✉✐♣❡ ❞❡ r♦❜ôs ❞❡t❡❝t❛ ✉♠ ♦❜❥❡t♦ ✐♥tr♦❞✉③✐❞♦ ♥♦ ❛♠❜✐❡♥t❡
✭❛ ❣❛rr❛❢❛ ❛♠❛r❡❧❛✮ ❡✱ ❝♦♠ ❜❛s❡ ❡♠ s✉❛ ❝♦r ❡ ♠❛t❡r✐❛❧ ✭✐♥❢❡r✐❞♦ ❝♦♠ ❜❛s❡ ❡♠ s✉❛
❛ss✐♥❛t✉r❛ s♦♥♦r❛ ❞❡❝♦rr❡♥t❡ ❞♦ ✐♠♣❛❝t♦ ❞♦ ♦❜❥❡t♦ ❝♦♠ ♦ ❝❤ã♦✮✱ ♦ ❝❧❛ss✐✜❝❛ ❡♠
✉♠❛ ❝❛t❡❣♦r✐❛✱ ♠♦✈❡♥❞♦ ♦ ♦❜❥❡t♦ ♣❛r❛ ✉♠ ❧♦❝❛❧ ❡s♣❡❝í✜❝♦✳ ■♠❛❣❡♠ r❡t✐r❛❞❛ ❞❡
▼❝●✐❜♥❡② ❡t ❛❧✳ ❬✷✵✶✷❪✳

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

❡ ✈✐sã♦✳

◆ã♦ ❤á ❝♦♠♦ ♦❜❥❡t✐✈♦ ❝♦♠♣❛r❛r ♦s ❞❡s❡♠♣❡♥❤♦s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s

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

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

♣r♦❜❧❡♠❛ ❞❡ ❡①tr❛çã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❞❡ s♦♠ ❡ ✐♠❛❣❡♠ ✭❞❡ t❡①t✉r❛ ❡ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✮

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

❖ ♣r♦❜❧❡♠❛ r❡❧❛❝✐♦♥❛❞♦ ❛ ❡st❡ tr❛❜❛❧❤♦ ♣♦❞❡ s❡r ❞❡s❝r✐t♦ ♣❡❧❛ ♣❡r❣✉♥t❛✿

❈♦♠♦ ♠❡❧❤♦r❛r ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s ❝♦♠❜✐♥❛♥❞♦ ✐♥❢♦r♠❛çõ❡s ❞❡ s♦♠ ❡

✐♠❛❣❡♠❄

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

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

❝❡♥ár✐♦s✳

✶✳✷✳✷ ❖❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s

❖❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s ❞❡st❡ tr❛❜❛❧❤♦ ✐♥❝❧✉❡♠✿

• ❊①❡❝✉çã♦ rá♣✐❞❛❀

• ❯s♦ ❞❡ ❡q✉✐♣❛♠❡♥t♦s s✐♠♣❧❡s❀



✻ ❈❛♣ít✉❧♦ ✶✳ ■♥tr♦❞✉çã♦

• ❈r✐❛çã♦ ❞❡ ❜❛s❡ ❞❡ ❞❛❞♦s ♣ró♣r✐❛✳

❉❛❞♦ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❝❧❛ss✐✜❝❛r ♦❜❥❡t♦s ✉t✐❧✐③❛♥❞♦ ✐♥❢♦r♠❛çõ❡s ❛✉❞✐♦✈✐s✉❛✐s✱ ❛❧❣✉✲

♠❛s ❝♦♥s✐❞❡r❛çõ❡s ❞❡✈❡♠ s❡r ❢❡✐t❛s✿

• ◗✉❡ t✐♣♦s ❞❡ ♦❜❥❡t♦s ❞❡s❡❥❛✲s❡ r❡❝♦♥❤❡❝❡r❄

✕ ❊ss❡s ❣❡r❛♠ s♦♠ ❡s♣♦♥t❛♥❡❛♠❡♥t❡❄

∗ ❊♠ ❝❛s♦ ♥❡❣❛t✐✈♦✱ ❝♦♠♦ ❣❡r❛r ✉♠❛ ❛ss✐♥❛t✉r❛ ❞❡ á✉❞✐♦❄

• ◗✉❡ t✐♣♦ ❞❡ ❛ss✐♥❛t✉r❛ ❞❡ á✉❞✐♦✴✐♠❛❣❡♠ s❡rã♦ ✉t✐❧✐③❛❞❛s❄

• ❈♦♠♦ ❡ss❛s ✐♥❢♦r♠❛çõ❡s s❡rã♦ ❝♦♠❜✐♥❛❞❛s ❞❡ ♠♦❞♦ s❛t✐s❢❛tór✐♦❄

• ◗✉❛✐s ❛s ❝♦♥❞✐çõ❡s ❞❡ ❛♠❜✐❡♥t❡ ❛ s❡r❡♠ ❝♦♥s✐❞❡r❛❞❛s❄

❊ss❛s q✉❡stõ❡s ❞❡❧✐♥❡❛rã♦ ❛ ❛❜♦r❞❛❣❡♠ ✉s❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✳

❈♦♠♦ ♠✉✐t♦s ❞♦s ♦❜❥❡t♦s ❡♥❝♦♥tr❛❞♦s ♥♦ ❞✐❛✲❛✲❞✐❛ ♥ã♦ ❡♠✐t❡♠ s♦♠ ♣♦r s✐ só✱ ❤á

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

♥❤❡❝✐♠❡♥t♦✳ ❆ ❜❛s❡ ❞❡ ❞❛❞♦s ❝r✐❛❞❛ ♣❛r❛ ✜♥s ❡①♣❡r✐♠❡♥t❛✐s s❡❣✉❡ ❡ss❛ ❝❛r❛❝t❡ríst✐❝❛✱

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

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

✶✳✷✳✸ ❈♦♥tr✐❜✉✐çõ❡s

❆s ♣r✐♥❝✐♣❛✐s ❝♦♥tr✐❜✉✐çõ❡s ❞❡st❡ tr❛❜❛❧❤♦ sã♦✿

• ❊st✉❞♦ s♦❜r❡ ❛ ❢✉sã♦ ❞❡ ❛tr✐❜✉t♦s ❞❡ ❛✉❞✐t✐✈♦s ❡ ✈✐s✉❛✐s ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡

♦❜❥❡t♦s❀

• ❆♣❧✐❝❛çã♦ ❞❡ ✉♠ ♠ét♦❞♦ ❞❡ ❢✉sã♦ q✉❡ ❡①♣❧♦r❛ ♦s ❛tr✐❜✉t♦s ✐❞❡♥t✐✜❝❛❞♦s❀

• ❈r✐❛çã♦ ❞❡ ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❛✉❞✐♦✈✐s✉❛❧ ❡str✉t✉r❛❞❛ ❞❡ ♦❜❥❡t♦s ❝♦♠ ❞✐❢❡r❡♥t❡s

♠❛t❡r✐❛✐s ❡ ❣❡♦♠❡tr✐❛s✳

✶✳✸ ❖r❣❛♥✐③❛çã♦ ❞♦ ❞♦❝✉♠❡♥t♦

❊st❛ ❞✐ss❡rt❛çã♦ é ❡str✉t✉r❛❞❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ ❖ ❈❛♣ít✉❧♦ ✷ ❛♣r❡s❡♥t❛ ♦s ♣r✐♥❝✐♣❛✐s

tr❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s ❡♥✈♦❧✈❡♥❞♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s✳ ❖ ❈❛♣ít✉❧♦ ✸ ❝♦♥té♠

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

❝♦♠♦ ❡♠❜❛s❛♠❡♥t♦ ❜✐♦❧ó❣✐❝♦✳



✶✳✸✳ ❖r❣❛♥✐③❛çã♦ ❞♦ ❞♦❝✉♠❡♥t♦ ✼

◆♦ ❈❛♣ít✉❧♦ ✹ é ❞❡s❝r✐t❛ ❛ ♠❡t♦❞♦❧♦❣✐❛ ✉s❛❞❛ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s

❡stát✐❝♦s ✉s❛♥❞♦ ✐♥❢♦r♠❛çõ❡s ❛✉❞✐♦✈✐s✉❛✐s✳ ❖ ❈❛♣ít✉❧♦ ✺ ❝♦♥té♠ ❛ ❞❡s❝r✐çã♦ ❞♦s ❡①✲

♣❡r✐♠❡♥t♦s ❡①❡❝✉t❛❞♦s ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳ P♦r ✜♠✱ ♥♦ ❈❛♣ít✉❧♦ ✻ sã♦

❞✐s❝✉t✐❞❛s ❛s ❝♦♥❝❧✉sõ❡s ❞❡st❛ ♣❡sq✉✐s❛✱ s✉❛s ❧✐♠✐t❛çõ❡s ❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳
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❚r❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s

◆❡st❡ ❝❛♣ít✉❧♦ sã♦ ❞❡t❛❧❤❛❞♦s tr❛❜❛❧❤♦s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s ❞✐r❡t❛♠❡♥t❡ r❡❧❛✲

❝✐♦♥❛❞♦s às três s✉❜ár❡❛s ❞❡st❛ ♣❡sq✉✐s❛✿ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉❞✐t✐✈♦✱ ✈✐s✉❛❧ ❛✉❞✐♦✈✐s✉❛❧✳

❉❡s❝r✐t♦r❡s ❡ ❛❜♦r❞❛❣❡♥s ❡♠ ♦✉tr❛s ❛♣❧✐❝❛çõ❡s r❡❧❛❝✐♦♥❛❞❛s ❡stã♦ ♥♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✳

✷✳✶ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ✈✐s✉❛❧

❖ ♣r♦❜❧❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s é ✉♠ ❞♦s ♠❛✐s ❝♦♥❤❡❝✐❞♦s ♥❛ ár❡❛ ❞❡ ❘♦❜ó✲

t✐❝❛ ❡ ❱✐sã♦ ❈♦♠♣✉t❛❝✐♦♥❛❧✱ ✐♠♣♦rtâ♥❝✐❛ tr❛❞✉③✐❞❛ ♥❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♣❡sq✉✐s❛s

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

❞❡ ❢❛③ê✲❧♦✱ s❡❥❛ ♣❛r❛ ✐♥❞❡①❛çã♦ ♦♥❧✐♥❡ ♣♦r ♠áq✉✐♥❛s ❞❡ ❜✉s❝❛ ♦✉ ♠❡❧❤♦r ❛t✉❛çã♦ ❞❡

s✐st❡♠❛s ❛✉tô♥♦♠♦s q✉❡ ♦♣❡r❛♠ ❡♠ ❛♠❜✐❡♥t❡s r❡❛✐s✳

❚r❛❜❛❧❤♦s ♥❛ ár❡❛ t✐✈❡r❛♠ ✐♥í❝✐♦ ♥❛ ❞é❝❛❞❛ ❞❡ ✶✾✼✵ ❡♠ ❱✐sã♦ ❈♦♠♣✉t❛❝✐♦♥❛❧

❝♦♠ ♣❡sq✉✐s❛s s❡♠✐♥❛✐s ❝♦♠♦ ❛ ❞❡ ❆❣✐♥ ✫ ❇✐♥❢♦r❞ ❬✶✾✼✻❪✱ q✉❡ ✉s❛ ✐♥❢♦r♠❛çã♦ ❞❡

♣r♦❢✉♥❞✐❞❛❞❡ ♣❛r❛ ❞❡s❝r❡✈❡r ♣❛rt❡s ❞♦s ♦❜❥❡t♦s ❝♦♠♦ ❝✐❧✐♥❞r♦s✳ ➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r

❛ r❡❧❛çã♦ ✐♥trí♥s❡❝❛ ❡♥tr❡ té❝♥✐❝❛s ♣❛r❛ r❡♣r❡s❡♥t❛çã♦ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s ❡

♦s s❡♥s♦r❡s ✉s❛❞♦s✱ ❝♦♠♦ ♠♦❞❡❧♦s ❣❡♦♠étr✐❝♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♥t♦r♥♦ ♥❛ ❞é❝❛❞❛ ❞❡ ✼✵

❞❡✈✐❞♦ ❛ ❛s❝❡♥sã♦ ❞❡ r❛♥❣❡ ✜♥❞❡rs✱ ♦✉ ♠♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠ t❡①t✉r❛ ♥❛ ❞é❝❛❞❛ ❞❡ ✽✵

❛♣ós ♦ s✉r❣✐♠❡♥t♦ ❞❡ ❝â♠❡r❛s ❡❧❡trô♥✐❝❛s✳

❙❡ ♣♦r ✉♠ ❧❛❞♦ ❛ ♣♦♣✉❧❛r✐❞❛❞❡ ❞❡ ♠♦❞❡❧♦s ❣❡♦♠étr✐❝♦s s❡ ❞❡✈❡ ❛♦ s❡✉ ❜♦♠ ❞❡✲

s❡♠♣❡♥❤♦ ❡♠ ❝♦♥❞✐çõ❡s ✈❛r✐❛❞❛s ❞❡ ✐❧✉♠✐♥❛çã♦ ❡ t❡①t✉r❛✱ ❛❧é♠ ❞❛ ❡✜❝á❝✐❛ ♥♦ r❡❝♦♥❤❡✲

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

❞❡ ✐♥❢♦r♠❛çã♦ ♣r♦✈✐❞❛ ♣♦r ♠♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠ t❡①t✉r❛ ❬▼✉r❛s❡ ✫ ◆❛②❛r✱ ✶✾✾✺❪ é ✉♠

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

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

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

✾



✶✵ ❈❛♣ít✉❧♦ ✷✳ ❚r❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s

❜❛❧❤♦ ❞❡ ▲♦✇❡ ❬✶✾✾✾❪✱ ♦♥❞❡ ❢♦✐ ✐♥tr♦❞✉③✐❞♦ ♦ ❞❡s❝r✐t♦r ❙■❋❚ ✭❙❝❛❧❡ ■♥✈❛r✐❛♥t ❋❡❛t✉r❡

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

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

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

✐♥t❡r♠❡❞✐ár✐❛s ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❬❇♦✉r❡❛✉ ❡t ❛❧✳✱ ✷✵✶✵❪✱ ❛ss✐♠✱ ♠✉✐t♦ tr❛❜❛❧❤♦ t❡♠

s✐❞♦ ✐♥✈❡st✐❞♦ ❡♠ ❣❡r❛r r❡♣r❡s❡♥t❛çõ❡s ❧♦❝❛✐s r♦❜✉st❛s ❬▲♦✇❡✱ ✶✾✾✾❀ ❇❛② ❡t ❛❧✳✱ ✷✵✵✽❪ ❡

❜♦❛s ❛❜str❛çõ❡s ❞♦s ❞❛❞♦s✱ ❝♦♠♦ ❇♦❲ ✭❇❛❣✲♦❢✲❲♦r❞s✮ ❬❈s✉r❦❛ ❡t ❛❧✳✱ ✷✵✵✹❪ ♦✉ ❙P▼

✭❙♣❛t✐❛❧ P②r❛♠✐❞ ▼❛t❝❤✐♥❣✮ ❬▲❛③❡❜♥✐❦ ❡t ❛❧✳✱ ✷✵✵✻❪✳

❊♠ ❈s✉r❦❛ ❡t ❛❧✳ ❬✷✵✵✹❪ sã♦ ✉s❛❞♦s ❞❡s❝r✐t♦r❡s ❙■❋❚ ❬▲♦✇❡✱ ✶✾✾✾❪ ❛❣r✉♣❛❞♦s

♣♦r k✲♠❡❛♥s ❬❑❛✉❢♠❛♥ ✫ ❘♦✉ss❡❡✉✇✱ ✶✾✾✵❪ ♣❛r❛ ❣❡r❛çã♦ ❞♦ ✈♦❝❛❜✉❧ár✐♦ ✭❞❡✈✐❞♦ ❛

♠étr✐❝❛ ❡✉❝❧✐❞✐❛♥❛✮ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❇♦❲✱ ✉♠ ❤✐st♦❣r❛♠❛ ❞♦ ♥ú♠❡r♦ ❞❡ ♦❝♦rrê♥❝✐❛s

❞❡ ✉♠ ♣❛❞rã♦ ✭♦ ❞❡s❝r✐t♦r✮ ❡♠ ✉♠❛ ✐♠❛❣❡♠✳ ❆ ❛❜♦r❞❛❣❡♠ ❢♦✐ t❡st❛❞❛ ❝♦♠ ✉♠❛

❙❱▼ ✭❙✉♣♣♦rt ❱❡❝t♦r ▼❛❝❤✐♥❡✮ ❞❡ ❦❡r♥❡❧ ❧✐♥❡❛r ❡♠ ✉♠❛ ❜❛s❡ ♣ró♣r✐❛ ❝♦♥t❡♥❞♦ ✶✼✼✻

✐♠❛❣❡♥s ❞❡ s❡t❡ ❝❛t❡❣♦r✐❛s✱ ♦❜t❡♥❞♦ ✉♠❛ t❛①❛ ❞❡ ❛❝❡rt♦ ❞❡ ✽✺✪✳ ❊ss❡ ♠♦❞❡❧♦ t❡♠ ❝♦♠♦

✈❛♥t❛❣❡♥s s✉❛ s✐♠♣❧✐❝✐❞❛❞❡✱ ❡✜❝✐ê♥❝✐❛ ❡ ✐♥✈❛r✐â♥❝✐❛ ❛ tr❛♥s❢♦r♠❛çõ❡s ❛✜♥s ❡ r♦❜✉st❡③ ❛

✈❛r✐❛çõ❡s ♥❛s ❝♦♥❞✐çõ❡s ❞❡ ❛♠❜✐❡♥t❡✱ ❛❧é♠ ❞❡ s❡r ✢❡①í✈❡❧ ♣❛r❛ ❡①♣❧♦r❛r ❞❡s❝r✐t♦r❡s ❝♦♠

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

❊♠ ▲❛③❡❜♥✐❦ ❡t ❛❧✳ ❬✷✵✵✻❪✱ ❤✐st♦❣r❛♠❛s ❤✐❡rárq✉✐❝♦s ❞❡ ❞❡s❝r✐t♦r❡s ❙■❋❚ sã♦ ❡①✲

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

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

♦❝♦rrê♥❝✐❛ ❞♦s ❞❡s❝r✐t♦r❡s✱ ❛♦ ❝♦♥trár✐♦ ❞♦ ❇♦❲✱ ♠❡❧❤♦r❛♥❞♦ ❛ ♣❡r❢♦r♠❛♥❝❡ ❞♦ r❡❝♦✲

♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s ❡♠ ❛♠❜✐❡♥t❡s ❝♦♠ ✈ár✐♦s ♦❜❥❡t♦s ♣ró①✐♠♦s ✉♥s ❞♦s ♦✉tr♦s✱ ❛❧é♠

❞❛ ❛✉sê♥❝✐❛ ❞❡ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡❣♠❡♥t❛çã♦ ❞♦ ♦❜❥❡t♦ ❞❡ ✐♥t❡r❡ss❡✳ ❊ss❛s ❝❛r❛❝t❡ríst✐❝❛s

❞♦ ❙P▼ ♠♦t✐✈❛♠ s❡✉ ✉s♦ ❡♠ ♠♦❞❡❧♦s ♠❛✐s r❡❝❡♥t❡s ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s

❬❇♦✉r❡❛✉ ❡t ❛❧✳✱ ✷✵✶✵❀ ❈♦❛t❡s ❡t ❛❧✳✱ ✷✵✶✶❪ ❜❛s❡❛❞♦s ❡♠ ❞❡❡♣ ❧❡❛r♥✐♥❣ ✭✉♠❛ ❢♦r♠❛ ❞❡ ❢❡✲

❛t✉r❡ ❧❡❛r♥✐♥❣✮ ❬❆r❡❧ ❡t ❛❧✳✱ ✷✵✶✵❀ ❇❡♥❣✐♦ ❡t ❛❧✳✱ ✷✵✶✹❪✱ ♦♥❞❡ t❡♥t❛✲s❡ ♠♦❞❡❧❛r ❛❜str❛çõ❡s

❡♠ ❛❧t♦ ♥í✈❡❧ ❞♦s ❞❛❞♦s ❛tr❛✈és ❞♦ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ❞✐❢❡r❡♥t❡s r❡♣r❡s❡♥t❛çõ❡s✳

❊ss❛ t❡♥❞ê♥❝✐❛ ❞❡ ♦❜t❡♥çã♦ ❞❡ ❞❡s❝r✐t♦r❡s ❝❛❞❛ ✈❡③ ♠❛✐s ❞✐s❝r✐♠✐♥❛t✐✈♦s ♥❛s❝❡✉

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

r❡❝♦♥❤❡❝✐♠❡♥t♦✱ ♦♥❞❡ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ r❡♣r❡s❡♥t❛çõ❡s ❝♦♠♣❛❝t❛s ❡ ❞❡ ❢á❝✐❧ ❝♦♠♣❛✲

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

❡t ❛❧✳✱ ✷✵✶✵❪ ❡ ❛❜str❛çõ❡s ❡✜❝✐❡♥t❡s ❡ r❡♣r❡s❡♥t❛t✐✈❛s ❞♦s ❞❛❞♦s ❛tr❛✈és ❞❛s té❝♥✐❝❛s ❞❡

❢❡❛t✉r❡ ❧❡❛r♥✐♥❣ ❡✴♦✉ ❝♦❞✐✜❝❛çã♦ ❡s♣❛rs❛ ❬❖❧✐✈❡✐r❛ ❡t ❛❧✳✱ ✷✵✶✷❀ ❙✉❞❤❛❦❛r❛♥ ✫ P❛♣♣❛✲

❝❤❡♥ ❏❛♠❡s✱ ✷✵✶✹❪✱ q✉❡ r❡❞✉③ ❛ ✐♥❢♦r♠❛çã♦ r❡❞✉♥❞❛♥t❡ ♣r❡s❡♥t❡ ♥♦s ❞❛❞♦s✱ ♣r♦✈❡♥❞♦

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

❯♠ ❡①❡♠♣❧♦ ❞❡st❛ ❛❜♦r❞❛❣❡♠ é ❛ ❞❡ ❑r✐③❤❡✈s❦② ❡t ❛❧✳ ❬✷✵✶✷❪✱ q✉❡ ✉s♦✉ r❡❞❡s

♥❡✉r❛✐s ❞❡ ❝♦♥✈♦❧✉çã♦ ♣❛r❛ ❣❡♥❡r❛❧✐③❛r ❛ ❜❛s❡ ❞❡ ✐♠❛❣❡♥s ■♠❛❣❡◆❡t ❬■♠❛❣❡◆❡t✱ ✷✵✶✹❪✱



✷✳✷✳ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉❞✐t✐✈♦ ✶✶

q✉❡ ❝♦♥té♠ ♠❛✐s ❞❡ ✶✺ ♠✐❧❤õ❡s ❞❡ ✐♠❛❣❡♥s ❝♦♠ ♠✐❧❤❛r❡s ❞❡ s✉❜❝❛t❡❣♦r✐❛s✳

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

t♦t❛❧♠❡♥t❡ ❝♦♥❡❝t❛❞❛s✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠❛①✐♠✐③❛r ✉♠❛ r❡❣r❡ssã♦ ❧♦❣íst✐❝❛ ♠✉❧t✐✲

♥♦♠✐❛❧ ♣❛r❛ ❛s ✶✵✵✵ ❝❧❛ss❡s ❞♦ ❞❡s❛✜♦ ❛ss♦❝✐❛❞♦ à ❜❛s❡✳ ❋♦r❛♠ ❛t✐♥❣✐❞♦s r❡s✉❧t❛❞♦s

❡①❝❡❧❡♥t❡s✱ ❞✐♠✐♥✉✐♥❞♦ ♦ ❡rr♦ t♦♣✲✶ ❡ t♦♣✲✺ ✶ ❡♠ t❡st❡ ♣❛r❛ ✸✼✱✺✪ ❡ ✶✼✱✵✪✳ ❊ss❡ tr❛❜❛✲

❧❤♦ ❢♦✐ ❡st❡♥❞✐❞♦ ❡♠ ❙③❡❣❡❞② ❡t ❛❧✳ ❬✷✵✶✹❪ ❛♦ ❛✉♠❡♥t❛r ♦ ♥ú♠❡r♦ ❞❡ ❝❛♠❛❞❛s ♣❛r❛ ✷✹✱

❛❧é♠ ❞❡ ❞✐♠✐♥✉✐r ❡♠ ✶✷ ✈❡③❡s ♦ ♥ú♠❡r♦ ❞❡ ♣❛râ♠❡tr♦s ♥❡❝❡ssár✐♦s✱ ❛❧❝❛♥ç❛♥❞♦ ✉♠❛

t❛①❛ ❞❡ ❡rr♦ ❞❡ ✻✱✻✼✪✳

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

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

♥❤♦ ❞❛ ❜❛s❡ ❡ ❛ ✈❛r✐❡❞❛❞❡ ❞❛s ❛♠♦str❛s✳ ❙✉❛ ❡①❡❝✉çã♦ ❧♦❝❛❧✱ ♥♦ ❡♥t❛♥t♦✱ é ✐♥✈✐á✈❡❧

❝♦♥s✐❞❡r❛♥❞♦ s❡✉ ♦❜❥❡t✐✈♦✱ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♠♦❞❡❧♦ ✭✻✵ ♠✐❧ ♣❛râ♠❡tr♦s ♣❛r❛ ❛s r❡❞❡s

❡♠ ❑r✐③❤❡✈s❦② ❡t ❛❧✳ ❬✷✵✶✷❪✱ ♣♦r ❡①❡♠♣❧♦✮ ❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❤❛r❞✇❛r❡ r♦❜✉st♦ ♣❛r❛

❡①❡❝✉çã♦ ❞✐str✐❜✉í❞❛✳

✷✳✷ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉❞✐t✐✈♦

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

♣r♦❜❧❡♠❛ ❞❡ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ P❛❞rõ❡s✳ ❊♠ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ á✉❞✐♦✷✱ tr❛❜❛❧❤♦s

s❡♠✐♥❛✐s ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❝♦♠❡ç❛r❛♠ ❛ s✉r❣✐r ♥♦ ✐♥í❝✐♦ ❞❛ ❞é❝❛❞❛ ❞❡ ✺✵ ❝♦♠ ♦

♦❜❥❡t✐✈♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✈♦③✱ ❝♦♠♦ ♦ tr❛❜❛❧❤♦ ❞❡ ❉❛✈✐s ❡t ❛❧✳ ❬✶✾✺✷❪✱ q✉❡ ❡①♣❧♦r❛

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

❧♦❝✉t♦r✳ ❉❡s❞❡ ❡♥tã♦✱ ♠✉✐t♦ ❢♦❝♦ t❡♠ s✐❞♦ ❞❛❞♦ ❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✈♦③ ❬❘❛❜✐♥❡r ✫

❙❝❤❛❢❡r✱ ✷✵✵✼❪ ❡✱ ❡♠ ♠❡♥♦r ❣r❛✉✱ ♠ús✐❝❛ ❬❚③❛♥❡t❛❦✐s ✫ ❈♦♦❦✱ ✷✵✵✷❀ ●♦❧❞ ❡t ❛❧✳✱ ✷✵✶✶❪✱

❝♦♠ ❡①❡♠♣❧♦s ❞❡ ❛♣❧✐❝❛çõ❡s ❝♦♠❡r❝✐❛✐s✱ ❝♦♠♦ ❛ss✐st❡♥t❡s ❞❡ ✈♦③ ♣❡ss♦❛✐s ❬❙✐r✐✱ ✷✵✶✺❪ ❡

♣r♦❞✉t♦s ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ♠✉s✐❝❛❧❬❙❤❛③❛♠✱ ✷✵✶✺❀ ❙♦✉♥❞❤♦✉♥❞✱ ✷✵✶✺❪✳

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

tê♠ ❞✐❢❡r❡♥ç❛s ❢✉♥❞❛♠❡♥t❛✐s ❡♠ r❡❧❛çã♦ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s✿ ❛

❡str✉t✉r❛ ❞♦ ♣r♦❜❧❡♠❛ ❡ ❛ ❢♦r♠❛ ❞❡ ❛q✉✐s✐çã♦ ❞♦s ❞❛❞♦s✳

❆♦ ❝♦♥trár✐♦ ❞❡ ár❡❛s ❞❡ ❛♣❧✐❝❛çã♦ q✉❡ ❧✐❞❛♠ ❝♦♠ ❛ ✈♦③ ❤✉♠❛♥❛✱ ❛ ♠❛✐♦r✐❛ ❞♦s

❞❛❞♦s ♥ã♦ é ❡str✉t✉r❛❞❛✱ ❛ss✐♠ ♥ã♦ é ♣♦ssí✈❡❧ ❢❛③❡r s✉♣♦s✐çõ❡s s♦❜r❡ r❡♣❡t✐çõ❡s ♦✉

❡str✉t✉r❛ ❤❛r♠ô♥✐❝❛ ❞♦ s✐♥❛❧ ❬❈❤✉ ❡t ❛❧✳✱ ✷✵✵✾❪✳

✶❊rr♦ t♦♣✲♥✿ ❊rr♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ♦♥❞❡ ♥ ❝❛t❡❣♦r✐❛s ♣r❡✈✐st❛s sã♦ s✉❣❡r✐❞❛s ❡♠ ♦r❞❡♠ ❞❡ ♣r✐♦r✐❞❛❞❡
♣❛r❛ ❛ ❛♠♦str❛✳ ❆ ❝❧❛ss✐✜❝❛çã♦ é ❝♦♥s✐❞❡r❛❞❛ ❝♦rr❡t❛ s❡ ❛ ❝❛t❡❣♦r✐❛ r❡❛❧ s❡ ❡♥❝♦♥tr❛r ❡♥tr❡ ❛s ♥
s✉❣❡r✐❞❛s✳

✷❘❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠ s♦♠✱ s❡❥❛ ❡❧❡ s✐♥t❡t✐③❛❞♦ ❛rt✐✜❝✐❛❧♠❡♥t❡ ♦✉ ❝❛♣t✉r❛❞♦ ♣♦r tr❛♥s❞✉t♦r✱ ❝♦♠♦
✉♠ ♠✐❝r♦❢♦♥❡ ❬❘♦ss✐♥❣✱ ✷✵✵✼❪✳



✶✷ ❈❛♣ít✉❧♦ ✷✳ ❚r❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s

❙❡♥❞♦ ❛ ❢❛❧❛ ❡str✉t✉r❛❞❛ ❡ t❡♥❞♦ ❛❧❣✉♠❛s r❡❣r❛s ❞❡ ❝♦♥str✉çã♦ ❝♦♥❤❡❝✐❞❛s✱ ❡str✉✲

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

♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞❛ ❛tr❛✈és ❞❡ ♣❛❧❛✈r❛s ♦✉ ❢♦♥❡♠❛s✳ ❆✐♥❞❛ q✉❡ ❤❛❥❛ ❣r❛♥❞❡ ✈❛r✐❛çã♦

♥❛ ♣r♦♥ú♥❝✐❛✱ ❛ ❡str✉t✉r❛ ♣❡r♠✐t❡ ❛❞❡q✉❛çã♦ ❞❡ ♠♦❞❡❧♦s s❡q✉❡♥❝✐❛✐s ❝❧áss✐❝♦s ❝♦♠♦

❍▼▼ ✭❍✐❞❞❡♥ ▼❛r❦♦✈ ▼♦❞❡❧✮ ❬❘❛❜✐♥❡r ✫ ❙❝❤❛❢❡r✱ ✷✵✵✼❪✳

❆ ❝♦rr❡❧❛çã♦ ❡str✉t✉r❛❧ ✐♠♣♦st❛ ♣♦r r❡str✐çõ❡s s✐♥tát✐❝❛s ❞❛ ❧í♥❣✉❛ ❢❛③ ❝♦♠ q✉❡

♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ s❡❥❛ ♠❛✐s ❢á❝✐❧✳ P❛r❛ s♦♥s ❣❡♥ér✐❝♦s✱ ♥♦ ❡♥t❛♥t♦✱ ♥ã♦ ❤á ❡str✉t✉r❛

❝♦♥❤❡❝✐❞❛✳ ❆ss✐♠ ❡ss❡s ♠♦❞❡❧♦s s❡q✉❡♥❝✐❛✐s ♣♦❞❡♠ s❡r ✐♥✈✐á✈❡✐s ❞❡♣❡♥❞❡♥❞♦ ❞❛ ❡s❝❛❧❛

❞❡ ❛♣❧✐❝❛çã♦✳

❆ ❛q✉✐s✐çã♦ ❞❡ s✐♥❛✐s ❞❡ á✉❞✐♦ ✈✐♥❞♦s ❞❛ ✈♦③ ♦✉ ❞❡ ✐♥str✉♠❡♥t♦s ♠✉s✐❝❛✐s é

❢❡✐t❛ ❞❡ ❢♦r♠❛ ♣❛ss✐✈❛✱ ♥♦ ❡♥t❛♥t♦✱ ❞✐✜❝✐❧♠❡♥t❡ ♦❜❥❡t♦s ❣❡r❛♠ s♦♥s ♣♦r s✐ só ✐s♦❧❛✲

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

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

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

❯♠ ❞♦s ♣r✐♠❡✐r♦s tr❛❜❛❧❤♦s ♥❛ ár❡❛ ❢♦✐ ♦ ❞❡ ❑r♦t❦♦✈ ❬✶✾✾✺❪✱ q✉❡ ❡①♣❧♦r❛ ❛ t❡♦r✐❛

❞❡ ❲✐❧❞❡s ✫ ❘✐❝❤❛r❞s ❬✶✾✽✽❪ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♠❛t❡r✐❛❧✱ ❜❛s❡❛❞❛ ♥❛ ❛ss♦❝✐❛çã♦

❞♦ â♥❣✉❧♦ ❞❡ r❡♣♦✉s♦ ❞❡ ✉♠ ♠❛t❡r✐❛❧✸ ❡ s✉❛ r✐❣✐❞❡③✳ ◆❡ss❡ tr❛❜❛❧❤♦ ♦ ♠❛t❡r✐❛❧ ❞❡ ✉♠

♦❜❥❡t♦ é ❡st✐♠❛❞♦ ❛♣ós ♦❜❥❡t♦ s♦❢r❡r ✐♥t❡r❛çã♦ ♠❡❝â♥✐❝❛✱ ♦♥❞❡ ♦ â♥❣✉❧♦ ❞❡ r❡♣♦✉s♦ θ é

❡st✐♠❛❞♦ ❛tr❛✈és ❞♦ t❡♠♣♦ ❞❡ ❞❡❝❛✐♠❡♥t♦ te q✉❡ ❛ ✈✐❜r❛çã♦ ❞♦ ♦❜❥❡t♦ ❞❡♠♦r❛ ❛ ❞❡❝❛✐r

❛ 1/e ❞❡ s❡✉ ✈❛❧♦r ♦r✐❣✐♥❛❧ ❛♣ós ♦ ♦❜❥❡t♦ s❡r ❣♦❧♣❡❛❞♦ ❝♦♠ ✉♠ ♣ê♥❞✉❧♦✿

θ =
1

πfte
, ✭✷✳✶✮

♦♥❞❡ f é ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠✳ ◆❡ss❡ tr❛❜❛❧❤♦ ❛ ❛♥á❧✐s❡ é ❢❡✐t❛ ❛tr❛✈és ❞♦ ❡s✲

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

♦❜❥❡t♦s ❞❡ ♠❛❞❡✐r❛✱ ❛❧✉♠í♥✐♦✱ ✈✐❞r♦✱ ♣❧ást✐❝♦ ❡ ❜r♦♥③❡ ❛♣♦♥t❛r❛♠ q✉❡ ♦ á✉❞✐♦ ❡ s✉❛ ❛♥á✲

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

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

❞✐stâ♥❝✐❛ ♣❡r❝♦rr✐❞❛ ♣❡❧♦ ♦❜❥❡t♦ ❛♣ós ♦ ❝❤♦q✉❡ ♠❡❝â♥✐❝♦✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❛✉①✐❧✐❛r

♥❛ ❡st✐♠❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❝♦♠♦ ♦ ♣❡s♦✱ ❝♦♥s✐❞❡r❛❞♦ ♥❛ ❡t❛♣❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳

❆♥á❧✐s❡s ♣♦st❡r✐♦r❡s ❬❑r♦t❦♦✈ ❡t ❛❧✳✱ ✶✾✾✼❪ ✈❡r✐✜❝❛r❛♠ q✉❡ ♦ t❡♠♣♦ ❞❡ ❞❡❝❛✐♠❡♥t♦

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

✐♠♣♦rt❛♥t❡ ❢❛t♦r ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ✈✐❛ á✉❞✐♦ ❬❑❧❛t③❦② ❡t ❛❧✳✱ ✷✵✵✵❪✱ ✐♥❝❧✉s✐✈❡ ♣❛r❛ ♦

s❡r ❤✉♠❛♥♦✳ ❊st❡ ♠❡s♠♦ ♠♦❞❡❧♦ ❢♦✐ ✉s❛❞♦ ♣❛r❛ ❝r✐❛r ✉♠ ♠♦❞❡❧♦ ♣❛r❛ s✐♥t❡t✐③❛çã♦ ❞❡

✸▼❛✐♦r â♥❣✉❧♦ q✉❡ ♦ t❛❧✉❞❡ ✭♣❧❛♥♦ ✐♥❝❧✐♥❛❞♦ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♣r♦✈❡r ❡st❛❜✐❧✐❞❛❞❡✮ ❞♦ ♠♦♥t❡ ❞❡
✉♠ ❞❡t❡r♠✐♥❛❞♦ ♠❛t❡r✐❛❧ ❢❛③ ❝♦♠ ♦ ♣❧❛♥♦ ❤♦r✐③♦♥t❛❧ s❡♠ ♦❝♦rr❡r ❞❡s❧✐③❛♠❡♥t♦ à ♠❡❞✐❞❛ q✉❡ ♠❛✐s
♠❛t❡r✐❛❧ é ❛❞✐❝✐♦♥❛❞♦✳



✷✳✸✳ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉❞✐♦✈✐s✉❛❧ ✶✸

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

♠ú❧t✐♣❧❛s ✐t❡r❛çõ❡s ❬❘✐❝❤♠♦♥❞ ✫ P❛✐✱ ✷✵✵✵❪✳

❯♠❛ ❧✐♠✐t❛çã♦ ❞❡ss❡s tr❛❜❛❧❤♦s é ❛ ♣❡q✉❡♥❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♦❜❥❡t♦s t❡st❛❞♦s✱

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

♣♦❞❡ s❡r ❣❡♥❡r❛❧✐③❛❞♦ ♣❛r❛ ♦✉tr❛s ✐♥stâ♥❝✐❛s ❞❡ ♠❡s♠♦s ♠❛t❡r✐❛✐s ♦✉ s❡ ❤á ♦✉tr♦s

❢❛t♦r❡s ✐♠♣❧í❝✐t♦s ♥❡❝❡ssár✐♦s ❛♦ ♦ ♠♦❞❡❧♦✳

▼❛✐s r❡❝❡♥t❡♠❡♥t❡✱ ❙✐♥❛♣♦✈ ❡t ❛❧✳ ❬✷✵✵✾❪ ❛❜♦r❞❛r❛♠ ♦ ♣r♦❜❧❡♠❛ ✉s❛♥❞♦ ❝❧✉st❡✲

r✐♥❣ ♥ã♦ s✉♣❡r✈✐s✐♦♥❛❞♦ ✉s❛♥❞♦ ❞❡ ❙❖▼ ✭❙❡❧❢ ❖r❣❛♥✐③✐♥❣ ▼❛♣✮ ❬❑♦❤♦♥❡♥✱ ✷✵✵✵❪ ♣❛r❛

❞✐s❝r✐♠✐♥❛r ❡♥tr❡ ♦❜❥❡t♦s r❡❝✐♣✐❡♥t❡s ✭q✉❡ ❛r♠❛③❡♥❛♠ ❝♦♥t❡ú❞♦✱ ❝♦♠♦ ❝❛✐①❛s ❞❡ ❝❡✲

r❡❛❧✱ ♣♦t❡s✱ ❧❛t❛s ❞❡ r❡❢r✐❣❡r❛♥t❡✱ ❡♥tr❡ ♦✉tr♦s✮ ❡ ♥ã♦ r❡❝✐♣✐❡♥t❡s✳ ❆s ❝❛♣t✉r❛s ❞❡ á✉❞✐♦

sã♦ ❢❡✐t❛s ❞✉r❛♥t❡ t♦❞❛s ❛s ❛çõ❡s ❞❡ ✐♥t❡r❛çã♦ ✭❝♦♠♦ ❡♠♣✉rr❛r✱ ❛❣❛rr❛r✱ ❞❡rr✉❜❛r ❡

❝❤❛❝♦❛❧❤❛r✮ ❞❡ ✉♠ ♠❛♥✐♣✉❧❛❞♦r ❝♦♠ ♦ ♦❜❥❡t♦✱ ♣♦❞❡♥❞♦ ✐♥✢✉❡♥❝✐❛r ♥❡❣❛t✐✈❛♠❡♥t❡ ♦

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

♠❛çã♦ tát✐❧✱ ❝♦♠♦ ✏❞✉r❡③❛✑ ❞♦ ♦❜❥❡t♦✱ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦✱ t♦r♥❛♥❞♦ ♦ ♠ét♦❞♦

♠❡♥♦s s✉s❝❡tí✈❡❧ ❛ r✉í❞♦ ♣❡❧❛ ❢✉sã♦ ❞❡ s❡♥s♦r❡s✳

❊♠ ▼❝●✐❜♥❡② ❡t ❛❧✳ ❬✷✵✶✶❪ sã♦ ✉s❛❞♦s ❞❡s❝r✐t♦r❡s ▼❋❈❈ ✭▼❡❧ ❋r❡q✉❡♥❝② ❈❡♣str❛❧

❈♦❡✣❝✐❡♥ts✮ ❡♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ♥❡❛r❡st ♥❡✐❣❤❜♦r ♣❛r❛ ❛♠❜✐❡♥t❡s ❝♦♠ ♥í✈❡✐s ❞❡ r✉í❞♦

✈❛r✐❛❞♦s✱ ♦♥❞❡ ♦s s✐♥❛✐s ❞❡ á✉❞✐♦ sã♦ ♦❜t✐❞♦s ♠❛♥✉❛❧♠❡♥t❡ ❛♦ ❞❡✐①❛r ♦ ♦❜❥❡t♦ ❝❛✐r

♥♦ ❝❤ã♦✳ ◆♦ ❡♥t❛♥t♦✱ ✉♠❛ ♣❡q✉❡♥❛ ❜❛s❡ ❞❡ t❡st❡s ❢♦✐ ✉s❛❞❛✱ ❝♦♠ ❛♣❡♥❛s ✹ ♦❜❥❡t♦s ❞❡

❞✐❢❡r❡♥t❡s ♠❛t❡r✐❛✐s✳ ❆ ❛❜♦r❞❛❣❡♠ ❛✐♥❞❛ é ❜❛st❛♥t❡ s✉s❝❡tí✈❡❧ ❛ ♦✉t❧✐❡rs ❡ ♥ã♦ ❡s❝❛❧á✈❡❧✱

♣♦✐s é ♥❡❝❡ssár✐♦ ❝♦♠♣✉t❛r ❛ ❞✐stâ♥❝✐❛ ❞❡ ❝❛❞❛ ❛♠♦str❛ ❞❡ t❡st❡ ♣❛r❛ t♦❞❛s✱ ✐st♦ ♣♦❞❡ s❡r

❝♦♥t♦r♥❛❞♦ ❝♦♠ té❝♥✐❝❛s ❞❡ ❤❛s❤✱ ♣❛r❛ ❞✐♠✐♥✉✐çã♦ ❞♦ ❡s♣❛ç♦ ❛♠♦str❛❧✱ ♠❛s t❛❧ ❛♥á❧✐s❡

♥ã♦ ❢♦✐ ❢❡✐t❛✳ ❚❡st❡s ❡st❡♥❞✐❞♦s ❝♦♠ ✶✵ ♦❜❥❡t♦s ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ♠✉❧t✐❛❣❡♥t❡ ❢♦r❛♠

❢❡✐t♦s ❡♠ ▼❝●✐❜♥❡② ❡t ❛❧✳ ❬✷✵✶✷❪✱ ♦❜t❡♥❞♦ ✾✷✪ ❞❡ ❛❝✉rá❝✐❛✱ ♥♦ ❡♥t❛♥t♦ ❛s ❧✐♠✐t❛çõ❡s

❞❛ ❛❜♦r❞❛❣❡♠ ♣❡r♠❛♥❡❝❡♠✳

✷✳✸ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉❞✐♦✈✐s✉❛❧

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

❛tr❛✈és ❞❡ tr❛❜❛❧❤♦s s❡♠✐♥❛✐s ❝♦♠♦ ♦s ❞❡ P❡t❛❥❛♥ ❬✶✾✽✹❪ ♦✉ ❨✉❤❛s ❡t ❛❧✳ ❬✶✾✽✾❪✱ ❛tr❛✐♥❞♦

♠✉✐t♦ ❢♦❝♦ ❞❡s❞❡ ❡♥tã♦ ❬❙❤✐✈❛♣♣❛ ❡t ❛❧✳✱ ✷✵✶✵❪✳ ❊s♣❡❝✐✜❝❛♠❡♥t❡ ♣❛r❛ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦

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

❊♠ ❆rs❡♥✐♦ ✫ ❋✐t③♣❛tr✐❝❦ ❬✷✵✵✸❪✱ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s é ❢❡✐t♦ ❞❡ ❢♦r♠❛

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

✉s♦ ❞♦ ♦❜❥❡t♦ ❣❡r❛ s♦♠✱ ❝♦♠♦ ❛ ♠♦✈✐♠❡♥t❛çã♦ ❢❡✐t❛ ❛♦ s❡ ✉s❛r ✉♠ ♠❛rt❡❧♦ ❞á ✐♥❞í❝✐♦s

❞❡ q✉❡ ♦ ♦❜❥❡t♦ ✉s❛❞♦ é ❞❡st❡ t✐♣♦✮✱ ♠♦♥✐t♦r❛♥❞♦ ♦ ❡✐①♦ ❞❡ tr❛❥❡tór✐❛ ♣r✐♥❝✐♣❛❧ ❞♦ ♦❜✲



✶✹ ❈❛♣ít✉❧♦ ✷✳ ❚r❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s

❥❡t♦ ✭✈✐❛ ✈í❞❡♦✮ ❡ ❜❛♥❞❛s ❞❡ ❢r❡q✉ê♥❝✐❛ ✭✈✐❛ á✉❞✐♦✮ q✉❡ ❡stã♦ ♦s❝✐❧❛♥❞♦ ❝♦♥❥✉♥t❛♠❡♥t❡✳

❆ ❢✉sã♦ ♦❝♦rr❡ ❛ss✉♠✐♥❞♦ q✉❡ ❛ tr❛❥❡tór✐❛ ❞♦ ♦❜❥❡t♦ ♦s❝✐❧❛ ♥❛ ♠❡s♠❛ ❢r❡q✉ê♥❝✐❛ ❞♦

s♦♠ ❣❡r❛❞♦✱ s❡♥❞♦ ❡st❛ ❢❡✐t❛ ❝♦♠ t♦❧❡râ♥❝✐❛ ❞❡ ❛té ✻✵ ♠s ♣❛r❛ s✐♥❝r♦♥✐③❛çã♦ ❞♦s ❡✈❡♥✲

t♦s✳ ❆s ❧✐♠✐t❛çõ❡s ❞❡ss❛ ❛❜♦r❞❛❣❡♠ ❝♦♥s✐st❡♠ ♥❛ r❡str✐çã♦ ❞❡ ❛ss♦❝✐❛çã♦ rít♠✐❝❛ ❡♥tr❡

❛s ♠♦❞❛❧✐❞❛❞❡s✱ q✉❡ ♥ã♦ é ❣❡r❛❧✳ ➱ ♥❡❝❡ssár✐♦ ❛✐♥❞❛ s❛❜❡r ♣r❡✈✐❛♠❡♥t❡ ❝♦♠♦ ♠❛♥✉✲

s❡❛r ♦s ♦❜❥❡t♦s✱ ♦ q✉❡ ✐♥✈❛❧✐❞❛ ♦ ♣r♦♣ós✐t♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s ❡①❡❝✉t❛❞♦

❛✉t♦♥♦♠❛♠❡♥t❡ ♣♦r ✉♠ r♦❜ô✳

▲❛❝❤❡③❡ ❡t ❛❧✳ ❬✷✵✵✾❪ ♣r♦♣ôs ✉♠ ❡sq✉❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ♣❛ss✐✈♦ ❡♠ ❞♦✐s

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

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

❡s❝♦❧❤❡♥❞♦ ❛ ❝❛t❡❣♦r✐❛ ♠❛✐s ❡s❝♦❧❤✐❞❛ ❡♥tr❡ ♦s ❢r❛♠❡s ♦✉ ❛q✉❡❧❛ q✉❡ ♠✐♥✐♠✐③❛ ♦ ❡rr♦

❣❧♦❜❛❧✮✳ ❆ ✐♥❢♦r♠❛çã♦ ✈✐s✉❛❧ é tr❛t❛❞❛ ❡♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❇♦❲ ✉s❛♥❞♦ ❛tr✐❜✉t♦s

✈✐s✉❛✐s ❜❛s❡❛❞♦s ❡♠ ❛♠♦str❛❣❡♠ ❡♥tró♣✐❝❛ ❞❛ t❡①t✉r❛ ❞♦s ♦❜❥❡t♦s✳ ❖ r❡❝♦♥❤❡❝✐♠❡♥t♦

♣♦r á✉❞✐♦ s❡ ❞á ❛tr❛✈és ❞❡ r❡❞❡s ♥❡✉r❛✐s ✉s❛♥❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡ ❝ó❝❧❡❛✱ ♦♥❞❡ ◆ ✜❧tr♦s

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

◆ s✐♥❛✐s é ✉s❛❞❛ ❝♦♠♦ ❛tr✐❜✉t♦ ♥❛ ❡t❛♣❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦✳ ◆ã♦ sã♦ ❢❡✐t❛s ❝♦♠♣❛r❛çõ❡s

❞❡ ❞❡s❡♠♣❡♥❤♦ ❝♦♠ ♦✉tr♦s ♠ét♦❞♦s✱ ❛♣❡♥❛s ❡♥tr❡ ❛s ❢♦r♠❛s ❞❡ ❢✉sã♦ ♣r♦♣♦st❛s ❝♦♠

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

❞❡s❡♠♣❡♥❤♦ ♥♦s ❞✐❢❡r❡♥t❡s ❝❡♥ár✐♦s t❡st❛❞♦s✳ ❆ ❜❛s❡ ❞❡ ❞❛❞♦s ✉s❛❞❛ ♣❛r❛ t❡st❡s é

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

❝♦♠♦ ❝❛rr♦s ❞❡ ❢r✐❝çã♦✳

❖✉tr♦ ✉s♦ ❛✉❞✐♦✈✐s✉❛❧ é ❢❡✐t♦ ❡♠ ▼❝●✐❜♥❡② ❡t ❛❧✳ ❬✷✵✶✷❪✱ ♦♥❞❡ ❛s ♠♦❞❛❧✐❞❛❞❡s s❡♥✲

s♦r✐❛✐s sã♦ ✉s❛❞❛s ❡♠ ❡t❛♣❛s ❞✐❢❡r❡♥t❡s ♣❛r❛ ❡st✐♠❛r ✐♥❢♦r♠❛çõ❡s ✐♥❞❡♣❡♥❞❡♥t❡s s♦❜r❡

♦ ♦❜❥❡t♦✳ ❖ á✉❞✐♦ é ✉s❛❞♦ ♣❛r❛ ❡st✐♠❛r ♦ ♠❛t❡r✐❛❧ ❞♦ ♦❜❥❡t♦ ❡ ✉♠❛ ❧♦❝❛❧✐③❛çã♦ ✐♥✐❝✐❛❧✱

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

♦ ♦❜❥❡t♦ ✉s❛♥❞♦ ✐♥❢♦r♠❛çõ❡s s✐♠♣❧❡s✱ ❝♦♠♦ ❤✐st♦❣r❛♠❛ ❞❡ ❝♦r✳ ❆ ❛❜♦r❞❛❣❡♠ ♠❛♥té♠

❝❛r❛❝t❡ríst✐❝❛s ❡ ♣r♦❜❧❡♠❛s s✐♠✐❧❛r❡s ❛♦s ❡♥❝♦♥tr❛❞♦s ❡♠ ❬▼❝●✐❜♥❡② ❡t ❛❧✳✱ ✷✵✶✶❪✱ s❡

s♦❜r❡ss❛✐♥❞♦ ♣❡❧♦s ❞✐❢❡r❡♥t❡s ♣r♦❜❧❡♠❛s ❛❜♦r❞❛❞♦s ♥♦ s✐st❡♠❛ ✭s✐st❡♠❛s ♠✉❧t✐❛❣❡♥t❡✱

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

P✐❡r♦♣❛♥ ✫ ❙❛❧✈✐ ❬✷✵✶✹❪ ✉s❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❜❛s❡❛❞❛ ♥♦ ✉s♦ ❞❡ ❍▼▼ ♣❛r❛ r❡✲

❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❛çõ❡s r❡❧❛❝✐♦♥❛❞❛s ❛♦ ✉s♦ ❞❡ ♦❜❥❡t♦s ✭❛❜r✐r ❝❛✐①❛ ❞❡ ❧❡✐t❡✱ ♣ôr ❧❡✐t❡

❡♠ ❝♦♣♦✱ ❡t❝✳✮✱ ♦♥❞❡ ❛ ❢✉sã♦ ♦❝♦rr❡ ❝♦♥❝❛t❡♥❛♥❞♦ ♦ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ❞✉❛s

♠♦❞❛❧✐❞❛❞❡s✳ P❛r❛ ❞❡s❝r✐çã♦ ❞♦ á✉❞✐♦✱ ❛ss✐♠ ❝♦♠♦ ❡♠ ▼❝●✐❜♥❡② ❡t ❛❧✳ ❬✷✵✶✷❪ t❛♠❜é♠

é ✉t✐❧✐③❛❞♦ ▼❋❈❈ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♣r✐♠❡✐r♦s ❡ s❡❣✉♥❞♦s ❞❡r✐✈❛t✐✈♦s ♣❛r❛ ❝❛❞❛ ❢r❛♠❡✳

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

❯♠❛ ❧✐♠✐t❛çã♦ ❞❛s ❛❜♦r❞❛❣❡♥s ♠❡♥❝✐♦♥❛❞❛s é q✉❡ t♦❞❛s sã♦ ♣❛ss✐✈❛s✿ ❡s♣❡r❛✲s❡

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



✷✳✸✳ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉❞✐♦✈✐s✉❛❧ ✶✺

❣❡r❛❞♦ ❡s♣♦♥t❛♥❡❛♠❡♥t❡✳

❖s tr❛❜❛❧❤♦s ♠❛✐s ♣ró①✐♠♦s ❞❛ ❛❜♦r❞❛❣❡♠ ❞❡st❛ ♣❡sq✉✐s❛ sã♦ ♦s ❞❡ ◆❛❦❛♠✉r❛

❡t ❛❧✳ ❬✷✵✵✼❜❪ ❡ ♦ ❞❡ ❙✐♥❛♣♦✈ ❬✷✵✶✸❪✱ q✉❡ ❢❛③❡♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❛t✐✈♦ ❞♦s ♦❜❥❡t♦s✳ ❊♠

❛♠❜♦s sã♦ ♣r♦❝❡ss❛❞❛s ✐♥❢♦r♠❛çõ❡s ❛✉❞✐♦✈✐s✉❛✐s ❡ ❤á♣t✐❝❛s✳

❊♠ ◆❛❦❛♠✉r❛ ❡t ❛❧✳ ❬✷✵✵✼❜❪ ❛ ❛❜♦r❞❛❣❡♠ ❇❛❣✲♦❢✲❲♦r❞s é ✉s❛❞❛ ♥♦ ♣r♦❝❡ss❛♠❡♥t♦

❞♦s ✸ t✐♣♦s ❞❡ ✐♥❢♦r♠❛çã♦✿ ❞❡s❝r✐t♦r❡s ❙■❋❚ ♣❛r❛ ✐♥❢♦r♠❛çã♦ ✈✐s✉❛❧✱ ❞❡s❝r✐t♦r❡s ▼❋❈❈

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

r❡♣r❡s❡♥t❛♥❞♦ ❛ ❞✉r❡③❛ ❞♦ ♦❜❥❡t♦✱ ❡ â♥❣✉❧♦ ❡♥tr❡ ♦s ❞❡❞♦s ❞♦ ♠❛♥✐♣✉❧❛❞♦r✮✳

❖ r❡❝♦♥❤❡❝✐♠❡♥t♦ é ❢❡✐t♦ ❞❡ ♠❛♥❡✐r❛ ♥ã♦✲s✉♣❡r✈✐s✐♦♥❛❞❛✱ ❛♥❛❧✐s❛♥❞♦ ❛ ❝♦✲

♦❝♦rrê♥❝✐❛ ❞❛s ♣❛❧❛✈r❛s ❞❡ ❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡ ❡ ❡st✐♠❛♥❞♦ ♣r♦♣r✐❡❞❛❞❡s ❞❡ ✉♠❛ ♠♦❞❛❧✐✲

❞❛❞❡ ❛ ♣❛rt✐r ❞❡ ♦✉tr❛ ✭s❡ ✉♠ ♦❜❥❡t♦ ❢❛r✐❛ ❜❛r✉❧❤♦ ❛♣ós s❡r t♦❝❛❞♦ ♦✉ s❡ é ❞✉r♦ s♦♠❡♥t❡

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

❝♦♥❞✐❝✐♦♥❛❧♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s ❝♦♠ P▲❙❆ ✭Pr♦❜❛❜✐❧✐st✐❝ ▲❛t❡♥t ❙❡♠❛♥t✐❝ ❆♥❛❧②s✐s✮

❬❍♦❢♠❛♥♥✱ ✶✾✾✾❪ ♦✉ ▲❉❆ ✭▲❛t❡♥t ❉✐r✐❝❤❧❡t ❆❧❧♦❝❛t✐♦♥✮✱ ❡♠ ❬◆❛❦❛♠✉r❛ ❡t ❛❧✳✱ ✷✵✵✾❪✳

❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❝♦♠ ✹✵ ♦❜❥❡t♦s ❡♠ ✽ ❝❛t❡❣♦r✐❛s ❞✐❢❡r❡♥t❡s ❝♦rr♦❜♦r❛♠

♦ ❢❛t♦ ❞❡ q✉❡ ♦ ✉s♦ ❞❡ ♦✉tr❛s ❢♦♥t❡s s❡♥s♦r✐❛✐s ❛❧✐❛❞❛s à ✈✐sã♦ r❡❢♦rç❛ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦✱

♠❛s ❛♣♦♥t❛♠ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ ❝♦rr❡❧❛çã♦ ♠✉✐t♦ ♠❛✐♦r ❡♥tr❡ ✐♥❢♦r♠❛çõ❡s ❤á♣t✐❝♦✲

✈✐s✉❛✐s ❞♦ q✉❡ ❛✉❞✐♦✈✐s✉❛✐s✳

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

✐♥t❡r❛çã♦ ❡s❝♦❧❤✐❞❛ ✭❛❣✐t♦ ❞♦ ♦❜❥❡t♦✮ ❡ ❜❛s❡ ❞❡ ❞❛❞♦s ✉s❛❞❛✱ ❝♦♥st✐t✉í❞❛ ♥❛ ♠❛✐♦r ♣❛rt❡

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

❜✐❝❤♦s ❞❡ ♣❡❧ú❝✐❛✳

❙✐♥❛♣♦✈ ❬✷✵✶✸❪ ❞❡♠♦♥str❛ q✉❡ ♠❡s♠♦ ✉♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♦❜❥❡t♦s ♣♦❞❡

s❡r ❞✐s❝r✐♠✐♥❛❞❛ ❡♥tr❡ s✐ q✉❛♥❞♦ ♠ú❧t✐♣❧❛s ✐♥t❡r❛çõ❡s sã♦ ❡①❡❝✉t❛❞❛s✱ ❝♦♠♦ ❛❣❛rr❛r✱

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

♣r♦♣r✐♦❝❡♣t✐✈❛s ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✉♠❛ ❜❛s❡ ❝♦♥t❡♥❞♦ ✶✵✵ ♦❜❥❡t♦s ❡stát✐❝♦s ❡♠

✷✵ ❝❛t❡❣♦r✐❛s✳

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

✈✐s✉❛❧♠❡♥t❡ ✉s❛♥❞♦ ❤✐st♦❣r❛♠❛s ❘●❇✱ ❞❡s❝r✐t♦r❡s ❙❯❘❋ ✭❙♣❡❡❞❡❞✲❯♣ ❘♦❜✉st ❋❡❛t✉r❡s✮

❬❇❛② ❡t ❛❧✳✱ ✷✵✵✽❪ ❝♦❞✐✜❝❛❞♦s ❝♦♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❇♦❲ ❬❈s✉r❦❛ ❡t ❛❧✳✱ ✷✵✵✹❪✱ ❛❧é♠ ❞♦

✢✉①♦ ó♣t✐❝♦ ❞❛s ✐♠❛❣❡♥s✹ ❬❙✉♥ ❡t ❛❧✳✱ ✷✵✶✵❪✳ ❖ á✉❞✐♦ é r❡♣r❡s❡♥t❛❞♦ ♣♦r ❝♦❡✜❝✐❡♥t❡s

❞❛ ❉❋❚ ✭❉✐s❝r❡t❡ ❋♦✉r✐❡r ❚r❛♥s❢♦r♠✮ ❝♦❞✐✜❝❛❞♦s ❡♠ ✐♥t❡r✈❛❧♦s ❞✐s❝r❡t♦s ❛♦ ❧♦♥❣♦

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

♣r♦♣r✐♦❝❡♣t✐✈♦s✳

❖s ♠♦❞❡❧♦s ✭✉♠ ♣❛r❛ ❝❛❞❛ t✐♣♦ ❞❡ ✐♥t❡r❛çã♦ ♣♦ssí✈❡❧✮ sã♦ ❝❧❛ss✐✜❝❛❞♦s s❡♣❛r❛❞❛✲

✹P❛❞rã♦ q✉❡ ❞á s❡♥s❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦ ❡♥tr❡ ❞✉❛s ✐♠❛❣❡♥s ❝♦♥s❡❝✉t✐✈❛s✳



✶✻ ❈❛♣ít✉❧♦ ✷✳ ❚r❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s

♠❡♥t❡ ❡ ❝♦♠❜✐♥❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❡❣r❛ ❞❛ ❝♦♠❜✐♥❛çã♦ ✉♥✐❢♦r♠❡✳ ❙❡❥❛ A ✉♠ ✈❡t♦r

❞❡ ❛tr✐❜✉t♦s ♦♥❞❡ ❝❛❞❛ am ∈ A ❡q✉✐✈❛❧❡ à ❡♥tr❛❞❛ ♣❛r❛ ✉♠ ♠♦❞❡❧♦ ❞❡ ✐♥t❡r❛çã♦✱ ❛

s❛í❞❛ ❞❡st❛ ❝♦♠❜✐♥❛çã♦ é

P (ŷ = y|A) = α
∑

am∈A

P (ŷ = y|am), ✭✷✳✷✮

♦♥❞❡ y r❡♣r❡s❡♥t❛ ❛ ❝❛t❡❣♦r✐❛ ❞♦ ♦❜❥❡t♦ ❡ α é ✉♠❛ ❝♦♥st❛♥t❡ ❞❡ ♥♦r♠❛❧✐③❛çã♦✳

❊ss❡ tr❛❜❛❧❤♦ s❡ s♦❜r❡ss❛✐ ♣❡❧♦ ✉s♦ r♦❜✉st♦ ❞❡ ♠❛✐s ❞❡ ✉♠ t✐♣♦ ❞❡ ✐♥t❡r❛çã♦ ♠❡✲

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

❛♦ ♠❛①✐♠✐③❛r ♦ ❣❛♥❤♦ ❞❡ ✐♥❢♦r♠❛çã♦ ♣❛r❛ ❛❧❣✉♠❛s ♠♦❞❛❧✐❞❛❞❡s ❛tr❛✈és ❞❡ ❞❡t❡r♠✐✲

♥❛❞❛ ✐♥t❡r❛çã♦ ✭❝♦♠♦ ❞❡✐①❛r ♦ ♦❜❥❡t♦ ❝❛✐r✱ ♣❛r❛ ♦ á✉❞✐♦✮✳ ❖ ✉s♦ ❞❡ três ✐♥❢♦r♠❛çõ❡s

s❡♥s♦r✐❛✐s ✭✈✐s✉❛❧✱ s♦♥♦r❛ ❡ ❤á♣t✐❝❛✮ é ❝♦♠♣❧❡♠❡♥t❛r ❡ ❝♦♥tr✐❜✉✐ ♣❛r❛ ❡st✐♠❛çã♦ ❞❡ ✈á✲

r✐❛s ♣r♦♣r✐❡❞❛❞❡s ❞♦ ♦❜❥❡t♦✱ ❝♦♠♦ ♣❡s♦✱ ❞✐♠❡♥sã♦✱ ♠❛t❡r✐❛❧✱ ❛❧é♠ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦

q✉❛♥❞♦ ♠❛♥✐♣✉❧❛❞♦ ✭s❡ t♦♠❜❛ ❢❛❝✐❧♠❡♥t❡ q✉❛♥❞♦ ♦ r♦❜ô t❡♥t❛ ❡♠♣✉rrá✲❧♦✱ ❝❛r❛❝t❡rís✲

t✐❝❛ ❝❛♣t✉r❛❞❛ ♣❡❧♦ ✢✉①♦ ót✐❝♦✮✱ ❛❧é♠ ❞❡ ✉♠❛ ❜❛s❡ só❧✐❞❛ ❞❡ ❡①♣❡r✐♠❡♥t❛çã♦✳

❖ tr❛❜❛❧❤♦ ❛q✉✐ ❛♣r❡s❡♥t❛❞♦ s❡ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❙✐♥❛♣♦✈ ❬✷✵✶✸❪ ♣♦r ❞❛r ♠❛✐s ê♥❢❛s❡

❛♦s ❞❡s❝r✐t♦r❡s ❞❡ á✉❞✐♦✱ ❝♦♠ ❢♦❝♦ ♥❛ ❞✐♥â♠✐❝❛ ✐♠♣✉❧s✐✈❛ ❞♦ s♦♠ ❝❛♣t✉r❛❞♦ ❬❇✐♦♥❞✐

❡t ❛❧✳✱ ✷✵✶✹❀ ❉✉❢❛✉①✱ ✷✵✵✶❀ ❋r❡✐r❡ ✫ ❆♣♦❧✐♥ár✐♦✱ ✷✵✶✵❪ ❡♠ ✈❡③ ❞♦s ❞❡s❝r✐t♦r❡s ✈✐s✉❛✐s✱ ❝♦♠

♦ ♦❜❥❡t✐✈♦ ❞❡ ❞❡♠♦♥str❛r ❝♦♠♦ ♦ á✉❞✐♦ ❛✉①✐❧✐❛ ♥♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s q✉❡ s❡❥❛♠

✈✐s✉❛❧♠❡♥t❡ ❜❛st❛♥t❡ s✐♠✐❧❛r❡s✳ ❯♠❛ ❛❜♦r❞❛❣❡♠ ❛t✐✈❛ é ✉s❛❞❛ ♣❛r❛ ✐♥t❡r❛çã♦✱ ♦♥❞❡ ✉♠

♠❛♥✐♣✉❧❛❞♦r ❡①❡❝✉t❛ ✉♠❛ ✐♥t❡r❛çã♦ ♠❡❝â♥✐❝❛ s✐♠♣❧❡s ❝♦♠ ♦s ♦❜❥❡t♦s✳ ❊①♣❡r✐♠❡♥t♦s

❝♦♥s✐❞❡r❛♥❞♦ ❛ ❣❡♦♠❡tr✐❛ ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❡ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ r✉í❞♦ t❛♠❜é♠ sã♦

✐♥❝❧✉í❞♦s✳

❉❡ ❢♦r♠❛ ❣❡r❛❧✱ ❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ❞✐✜❝✉❧t❛♠ ✉♠❛ ❛✈❛❧✐❛çã♦ q✉❛❧✐t❛t✐✈❛ ❞♦s

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

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

❞❡s❡♠♣❡♥❤♦✳ ❊ss❛ é ✉♠❛ ❞❛s r❛③õ❡s q✉❡ ♠♦t✐✈❛ ❛ ❧✐❜❡r❛çã♦ ♣❛r❛ ✐♥t❡r❡ss❛❞♦s ❞❛ ❜❛s❡

❞❡ ❞❛❞♦s ❝r✐❛❞❛✱ ❝♦♠♦ ✉♠❛ ❝♦♥tr✐❜✉✐çã♦ ♣❛r❛ ♣❡sq✉✐s❛ ♥❡st❡ s❡❣♠❡♥t♦✳



❈❛♣ít✉❧♦ ✸

❘❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦

✸✳✶ ❉❡s❝r✐t♦r❡s

❯♠ ❞❡s❝r✐t♦r é ✉♠❛ ♣r♦♣r✐❡❞❛❞❡ ♠❡♥s✉rá✈❡❧ ❞❡ ✉♠ ❢❡♥ô♠❡♥♦ ♦❜s❡r✈❛❞♦ ❬❇✐s❤♦♣✱ ✷✵✵✼❪✳

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

✐♥stâ♥❝✐❛s ❡ ♦❢❡r❡❝❡r ❝♦♠♣❛❝t❛çã♦ ❞♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s✳ ❆ ❝♦♠♣❛❝t❛çã♦ é ✐♠♣♦rt❛♥t❡

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

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

❛❝♦r❞♦ ❝♦♠ ♦ t✐♣♦ ❞❡ ❞❛❞♦s ❛♠♦str❛❞♦s✱ ❛♣❧✐❝❛çã♦ ❞❡s❡❥❛❞❛ ❡ ❡q✉✐♣❛♠❡♥t♦ ✉t✐❧✐③❛❞♦✳

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

á✉❞✐♦✱ ❡♥tr❡t❛♥t♦✱ ❤á ❛❧❣✉♥s ♣❛ss♦s ❝♦♠✉♥s ♥❛ ❡①tr❛çã♦ ❞❡ q✉❛❧q✉❡r ❞❡s❝r✐t♦r✿

✶✳ ❙❡❣♠❡♥t❛çã♦ ❞❛ ✐♥❢♦r♠❛çã♦ ❞❡ ✐♥t❡r❡ss❡✿ ❛♣❧✐❝❛❞❛ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ r❡♠♦✈❡r r✉í❞♦

♦✉ ✐♥❢♦r♠❛çã♦ q✉❡ ♥ã♦ é ❞❡ ✐♥t❡r❡ss❡ ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦✳ ❊♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡

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

♣♦r ❡①❡♠♣❧♦❀

✷✳ ❉❡t❡❝çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✐♥t❡r❡ss❡ q✉❡ s❡ ❞❡s❡❥❛ r❡♣r❡s❡♥t❛r✱ ❝♦♠♦ ♣♦♥t♦s

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

❞❛ ♦♥❞❛ ♦✉ s✉❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧❀

✸✳ ❊①tr❛çã♦ ❞❡ ❞❡s❝r✐t♦r❡s ❞❡ss❛s ❝❛r❛❝t❡ríst✐❝❛s✳

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

❝♦♠ té❝♥✐❝❛s ❞❡ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ♠áq✉✐♥❛✱ ár❡❛ q✉❡ ❝♦♥s✐st❡ ♥♦ ❡st✉❞♦ ❞❡ ♠ét♦❞♦s

❛✉t♦♠át✐❝♦s ♣❛r❛ ❡①tr❛✐r ♠♦❞❡❧♦s ❞❡ ❣❡♥❡r❛❧✐③❛çã♦ ❛ ♣❛rt✐r ❞❡ ❞❛❞♦s ❝♦♥❤❡❝✐❞♦s✱ ❝♦♠ ♦

♦❜❥❡t✐✈♦ ❞❡ r❡❝♦♥❤❡❝❡r ♥♦✈♦s ❞❛❞♦s✱ ♠❡s♠♦ s❡♠ ❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐ s♦❜r❡ ♦ ♣r♦❝❡ss♦

q✉❡ ♦s ❣❡r♦✉ ❬❆❧♣❛②❞✐♥✱ ✷✵✵✾❪✳

✶✼



✶✽ ❈❛♣ít✉❧♦ ✸✳ ❘❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦

◆♦r♠❛❧♠❡♥t❡ s✉❛ ❛♣❧✐❝❛çã♦ ♦❝♦rr❡ q✉❛♥❞♦ ♥ã♦ ❤á ❝♦♥❤❡❝✐♠❡♥t♦ s✉✜❝✐❡♥t❡ ❞♦ ❞♦✲

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

♠♦t✐✈♦ ♣❡❧♦ q✉❛❧ t❡♥t❛✲s❡ ❛♣r♦①✐♠❛r ❡st❡ ♠♦❞❡❧♦ ✐❞❡❛❧ ❛tr❛✈és ❞❡ ❞❛❞♦s✳

❯♠ ♣r♦❜❧❡♠❛ ❞❡ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ♠áq✉✐♥❛ ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ❝♦♠♦ ✉♠ ♣r♦❜❧❡♠❛ ❞❡

♠❛♣❡❛♠❡♥t♦ ❞❡✜♥✐❞♦ ❡♠ ✉♠ ❞♦♠í♥✐♦ ❞❡ ❡♥tr❛❞❛ X ✭❛tr✐❜✉t♦s ❛ s❡r❡♠ ❝♦♥s✐❞❡r❛❞♦s ♥❛

❝❧❛ss✐✜❝❛çã♦✮✱ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ s❛í❞❛s Y ✭❝❛t❡❣♦r✐❛s ♦✉ ❝❧❛ss❡s ❛ss♦❝✐❛❞❛s ❛♦s ❛tr✐❜✉t♦s✮

❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ P s♦❜r❡ X ❡ Y ✳ ❯♠ ❝❧❛ss✐✜❝❛❞♦r C é ✉♠❛ ❢✉♥çã♦

❞❡ ♠❛♣❡❛♠❡♥t♦ ❡♥tr❡ ♦s ❞♦✐s ❞♦♠í♥✐♦s✱ t❛❧ q✉❡ C : X → Y ✳ P❛r❛ ♠❛✐♦r❡s ❞❡t❛❧❤❡s

s♦❜r❡ ♠ét♦❞♦s ❞❡ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ♠áq✉✐♥❛ ❡ ❝❧❛ss✐✜❝❛❞♦r❡s✱ r❡❢❡r✐r ❛ ❇✐s❤♦♣ ❬✷✵✵✼❪❀

❆❧♣❛②❞✐♥ ❬✷✵✵✾❪✳

❆s ♣ró①✐♠❛s s❡çõ❡s ❝♦♥tê♠ ✉♠ ♣❛♥♦r❛♠❛ ❞❛s té❝♥✐❝❛s r❡❧❛❝✐♦♥❛❞❛s à r❡♣r❡s❡♥✲

t❛çã♦ ❞❡ ❞❛❞♦s ❞❡ á✉❞✐♦ ❡ ✈í❞❡♦ ♣♦r ♠❡✐♦ ❞❡ ❞❡s❝r✐t♦r❡s✳

✸✳✶✳✶ ❉❡s❝r✐t♦r❡s ❛✉❞✐t✐✈♦s

❖ s♦♠ é ✉♠ ❢❡♥ô♠❡♥♦ ❢ís✐❝♦ ❞❡❝♦rr❡♥t❡ ❞❡ ✉♠❛ ♣❡rt✉r❜❛çã♦ ♠❡❝â♥✐❝❛ ❡♠ ✉♠ ♠❡✐♦

❡❧ást✐❝♦ ✭♥♦ ❝❛s♦ ❞♦ ❛r✱ ❝♦♠♣r❡ssã♦ ❡ ❡①♣❛♥sã♦ ❞♦s ❣❛s❡s q✉❡ ♦ ❢♦r♠❛♠✮ ♥♦ ❡s♣❡❝tr♦

❛✉❞í✈❡❧✿ ✶✻❍③ ❛ ✷✵❑❍③✱ ♥♦ ❝❛s♦ ❞♦s ❤✉♠❛♥♦s ❬❇❧❛✉❡rt✱ ✶✾✾✻❪✳ ❙✐♥❛✐s ❞❡ á✉❞✐♦ tê♠

♣r♦♣r✐❡❞❛❞❡s t❡♠♣♦r❛❧♠❡♥t❡ ✈❛r✐á✈❡✐s ❡ ♣♦r ✐ss♦ sã♦ r❡❢❡r✐❞♦s ❝♦♠♦ ♣r♦❝❡ss♦s ❛❧❡❛tór✐♦s

♥ã♦✲❡st❛❝✐♦♥ár✐♦s ❬❘✐❝❤❛r❞ ❡t ❛❧✳✱ ✷✵✶✸❪✱ ♠♦t✐✈♦ ♣❡❧♦ q✉❛❧ té❝♥✐❝❛s ❞❡ ❛♥á❧✐s❡ t❛♥t♦ ♥♦

❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ q✉❛♥t♦ ❞❛ ❢r❡q✉ê♥❝✐❛ sã♦ ❡♠♣r❡❣❛❞❛s ♣❛r❛ r❡♣r❡s❡♥t❛r s✉❛ ❞✐♥â♠✐❝❛✳

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

♠❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ❝♦♠♦ ❡s❝♦♣♦ ❞♦ ❞❡s❝r✐t♦r ✭❣❧♦❜❛❧ ♦✉ ❧♦❝❛❧✮✱ t✐♣♦ ❞❡ r❡♣r❡s❡♥t❛çã♦

✉s❛❞❛ ♣❛r❛ ❛♥❛❧✐s❛r ♦ s✐♥❛❧ ❝♦♥s✐❞❡r❛❞❛✱ q✉❡ ♣♦❞❡ s❡r t❡♠♣♦r❛❧✱ ❋❚ ✭❋♦✉r✐❡r ❚r❛♥s✲

❢♦r♠✮✱ ❲❚ ✭❲❛✈❡❧❡t ❚r❛♥s❢♦r♠✮✱ ❡t❝✳ ❆ ♣❛rt✐r ❞❡ss❛s r❡♣r❡s❡♥t❛çõ❡s sã♦ ❡①tr❛í❞♦s

❞❡s❝r✐t♦r❡s ♣❛r❛ ❝❛♣t✉r❛r ❝❛r❛❝t❡ríst✐❝❛s t❡♠♣♦r❛✐s✱ ❡s♣❡❝tr❛✐s ❡ ❡s♣❡❝tr♦✲t❡♠♣♦r❛✐s ❞❡

❡✈❡♥t♦s s♦♥♦r♦s ❬P❡❡t❡rs ❡t ❛❧✳✱ ✷✵✶✶❪✳

❆❧❣✉♥s ❛✉t♦r❡s ❝♦♥s✐❞❡r❛♠ ❛✐♥❞❛ ♦✉tr♦s t✐♣♦s ❞❡s❝r✐t♦r❡s ❝♦♠♦ ❝❛t❡❣♦r✐❛s à ♣❛rt❡✱

❝♦♠♦ ❞❡s❝r✐t♦r❡s ❝❡♣str❛✐s✶ ❬P❡❧t♦♥❡♥ ❡t ❛❧✳✱ ✷✵✵✷❪ ♦✉ ❝♦❝❧❡♦❣r❛♠❛s ✭❞❡ P❛t❡rs♦♥✱ ❞❡

▲②♦♥✱ ●❛♠♠❛t♦♥❡✱ ❡t❝✳✮ ❬❘✐❝❤❛r❞ ❡t ❛❧✳✱ ✷✵✶✸❪✮✱ ♠❛s ✐st♦ ♥ã♦ é ✉♠ ❝♦♥s❡♥s♦✳

❉♦✐s ❞❡s❝r✐t♦r❡s t❡♠♣♦r❛✐s ❝♦♠✉♥s ♥❛ ❧✐t❡r❛t✉r❛✱ ♣♦r ❡①❡♠♣❧♦✱ sã♦✿

• ❙❤♦rt✲t✐♠❡ ❡♥❡r❣② ✿

Ej =
1

N

∑

i

s2j(i), ✭✸✳✶✮

✶❈❡♣str✉♠✿ ❡s♣❡❝tr♦ ❞♦ ❧♦❣❛r✐t♠♦ ❞♦ ❡s♣❡❝tr♦ ❞❡ ✉♠❛ ♦♥❞❛✳ ❈♦♥❝❡✐t♦ ✐♥tr♦❞✉③✐❞♦ ♣♦r ❇♦❣❡rt
❡t ❛❧✳ ❬✶✾✻✸❪✱ q✉❡ ❝♦♠♣❛r❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ❡st❡ ♥♦✈♦ ❞♦♠í♥✐♦✱ r❡❢❡r✐❞♦ ❝♦♠♦ ✏q✉❡❢rê♥❝✐❛✑✱ ❡ ❛ ❢r❡q✉ê♥❝✐❛
❝♦♠ ❛ r❡❧❛çã♦ t❡♠♣♦✲❢r❡q✉ê♥❝✐❛✳ ❖ t❡r♠♦ ✏❝❡♣str✉♠✑ é ✉♠ ❛♥❛❣r❛♠❛ ❞♦ t❡r♠♦ ❝♦♠ ♦ q✉❛❧ t❡♠ r❡❧❛çã♦✱
✏s♣❡❝tr✉♠✑ ❬❖♣♣❡♥❤❡✐♠ ✫ ❙❝❤❛❢❡r✱ ✷✵✵✹❪✳



✸✳✶✳ ❉❡s❝r✐t♦r❡s ✶✾

♦♥❞❡ Ej é ❛ ❡♥❡r❣✐❛ ❞♦ s✐♥❛❧ s ❡♠ ✉♠❛ ❥❛♥❡❧❛ j r❡t❛♥❣✉❧❛r ❞❡ t❛♠❛♥❤♦ N ✳ ❊st❡

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

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

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

• ❙❤♦rt✲t✐♠❡ ❆✈❡r❛❣❡ ❩❡r♦✲❈r♦ss✐♥❣ ❘❛t❡✿

Zj =
1

2

∑

i

sgn[sj(i)sj(i+ 1)], ✭✸✳✷✮

♦♥❞❡

sgn[x] =

{

1 se x ≥ 0

−1 c.c.
. ✭✸✳✸✮

❊st❡ ❞❡s❝r✐t♦r ❝♦♥t❛❜✐❧✐③❛ ♦ ♥ú♠❡r♦ ♠é❞✐♦ ❞❡ ✐♥✈❡rsõ❡s ❞❡ s✐♥❛❧ ❛♦ ❧♦♥❣♦ ❞❛

❛♠♦str❛✱ ♣♦❞❡♥❞♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ s✉❛ ❝✉r✈❛ ✭❝♦♥s✐❞❡r❛♥❞♦ ✈❛r✐â♥❝✐❛✱ ❡st❛❜✐❧✐❞❛❞❡

❡ r❡❣✉❧❛r✐❞❛❞❡✮ ✐❞❡♥t✐✜❝❛r s❡❣♠❡♥t♦s ❞❡ ❢❛❧❛✱ s♦♠ ❛♠❜✐❡♥t❡ ❡ ♠ús✐❝❛ ❬❩❤❛♥❣ ✫

❑✉♦✱ ✷✵✵✶❪✳

❉❡s❝r✐t♦r❡s ❡s♣❡❝tr❛✐s sã♦ ♦❜t✐❞♦s ❛♦ s❡ tr❛♥s❢♦r♠❛r ♦ s✐♥❛❧ ♣❛r❛ ♦ ❞♦♠í♥✐♦ ❞♦♠í✲

♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✱ ♥♦r♠❛❧♠❡♥t❡ ✉t✐❧✐③❛♥❞♦ ❛ ❚❋✳ ❉❡✈✐❞♦ à ♥❛t✉r❡③❛ ♥ã♦✲❡st❛❝✐♦♥ár✐❛

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

❙❚❋❚ ✭❙❤♦rt✲❚✐♠❡ ❋♦✉r✐❡r ❚r❛♥s❢♦r♠✮ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞❛✱ ❡①❡❝✉t❛♥❞♦ ❛ tr❛♥s❢♦r♠❛❞❛

❛ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ❝✉rt❛ ❞✉r❛çã♦✱ ❞❡ ✶✵ ❛ ✸✵ ♠s✷✱ ♣♦❞❡♥❞♦ ❛ss✐♠ r❡♣r❡s❡♥t❛r ♦ s✐♥❛❧ ♣♦r

✉♠❛ s♦♠❛ ♣♦♥❞❡r❛❞❛ ❞❡ s❡♥♦✐❞❛✐s✱ ❝♦♠♦ ♣r♦♣♦st♦ ♣❡❧❛ ❋❚ ❬❘✐❝❤❛r❞ ❡t ❛❧✳✱ ✷✵✶✸❪✳ ❊ss❡

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

s❡q✉ê♥❝✐❛ ❞❡ ♦❜s❡r✈❛çõ❡s q✉❡ ❡st✐♠❛♠ ♣r♦♣r✐❡❞❛❞❡s ❧♦❝❛✐s ❞♦ s✐♥❛❧✳

❆ ❙❚❋❚ é ✉♠ ♠❡✐♦ t❡r♠♦ ❡♥tr❡ ❛ r❡♣r❡s❡♥t❛çã♦ t❡♠♣♦r❛❧ ❡ ❡s♣❡❝tr❛❧ ❞♦ s✐♥❛❧✱

❡♥tr❡t❛♥t♦ s✉❛ r❡s♦❧✉çã♦ ❞❡♣❡♥❞❡ ❞♦ t✐♣♦ ❡ t❛♠❛♥❤♦ ❞❛ ❥❛♥❡❧❛ ❛❞♦t❛❞❛✱ q✉❡ é ❛ ♠❡s♠❛

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

♣r♦❜❧❡♠❛ é ♦ ✉s♦ ❞❡ ❲❛✈❡❧❡ts ❬▼❛❧❧❛t✱ ✶✾✽✾❪✱ q✉❡ ♦❢❡r❡❝❡ ✐♥❢♦r♠❛çã♦ ❡s♣❡❝tr♦✲t❡♠♣♦r❛❧

❡ ♣❡r♠✐t❡ ♦ ✉s♦ ❞❡ ❥❛♥❡❧❛s ♠❛✐♦r❡s ♦♥❞❡ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛s ❜❛✐①❛s ❢r❡q✉ê♥❝✐❛s sã♦

❞❡s❡❥❛❞❛s✸✱ q✉❛♥t♦ ❥❛♥❡❧❛s ♠❡♥♦r❡s ♣❛r❛ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✱ ❛❧é♠ ❞♦ ✉s♦ ❞❡ ❢✉♥çõ❡s

❛r❜✐trár✐❛s ✜♥✐t❛s q✉❡ ♥ã♦ ✉♠❛ s❡♥♦✐❞❡✱ ❝♦♠♦ ♥❛ ❚❋✳

✷■♥t❡r✈❛❧♦ ❞❡✈✐❞♦ à ✈♦③ ❤✉♠❛♥❛ s❡r ❝♦♥s✐❞❡r❛❞❛ ❡st❛❝✐♦♥ár✐❛ ♥❡st❡ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦✳ ❆❝❛❜♦✉
t♦r♥❛♥❞♦✲s❡ ✉♠ ✈❛❧♦r ❞❡ r❡❢❡rê♥❝✐❛ ♣♦r ❡st❡ ♠♦t✐✈♦✳

✸◆♦t❛✿ ❛✐♥❞❛ q✉❡ ❝♦♥❝❡✐t✉❛❧♠❡♥t❡ ❲❛✈❡❧❡ts s❡❥❛♠ r❡♣r❡s❡♥t❛❞❛s ❡♠ t❡r♠♦s ❞❡ ❡s❝❛❧❛s✱ ♦ t❡r♠♦
✏❢r❡q✉ê♥❝✐❛✑ é ♠❛♥t✐❞♦ ♣❛r❛ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦✳



✷✵ ❈❛♣ít✉❧♦ ✸✳ ❘❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦

❯♠ ❝♦♠♣ê♥❞✐♦ ❝♦♠ ♠❛✐s ❞❡t❛❧❤❡s ❞❡ ♦✉tr♦s ❞❡s❝r✐t♦r❡s ❞❡ á✉❞✐♦ ❝♦♠✉♠❡♥t❡

✉s❛❞♦s ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞♦ ❡♠ P❡❡t❡rs ❡t ❛❧✳ ❬✷✵✶✶❪✳ ❯♠❛ ✐♥✐❝✐❛t✐✈❛ ❞❡ ♣❛❞r♦♥✐③❛r

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

❝r✐❛çã♦ ❞♦ ♣❛❞rã♦ ▼P❊●✲✼ ❬❈❛s❡②✱ ✷✵✵✶❪✳ ❆♥á❧✐s❡s ❝♦♠♣❛r❛t✐✈❛s ❞❡ ❞❡s❝r✐t♦r❡s ♣♦❞❡♠

s❡r ❡♥❝♦♥tr❛❞❛s ❡♠ P❡❧t♦♥❡♥ ❡t ❛❧✳ ❬✷✵✵✷❪❀ ❈♦✇❧✐♥❣ ✫ ❙✐tt❡ ❬✷✵✵✸❪❀ ▼✐tr♦✈✐❝ ❡t ❛❧✳ ❬✷✵✵✼❪❀

❈❤✉ ❡t ❛❧✳ ❬✷✵✵✾❪✳

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

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

✈❡r✐✜❝❛r s✉❛ ❡✜❝á❝✐❛ ♥❛ t❛r❡❢❛ ❞❡s❡❥❛❞❛✳

❊s♣❡❝✐✜❝❛♠❡♥t❡ ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ♦❜❥❡t♦s✱ q✉❡ ♣r♦❞✉③❡♠ s♦♥s ♥ã♦✲✈♦❝❛✐s✱ ♦

❡st✉❞♦ ❝♦♠♣❛r❛t✐✈♦ ❞❡ ❈♦✇❧✐♥❣ ✫ ❙✐tt❡ ❬✷✵✵✸❪ ❛♣♦♥t❛ ♦ ❞❡s❝r✐t♦r ▼❋❈❈ ❛♦ ❧❛❞♦ ❞❡

❈❲❚ ✭❈♦♥t✐♥✉♦✉s ❲❛✈❡❧❡t ❚r❛♥s❢♦r♠✮ ❝♦♠♦ t❡♥❞♦ ♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ❡♥tr❡ ♦s

❞❡s❝r✐t♦r❡s t❡st❛❞♦s✱ ❡♠ s✉❛ ♠❛✐♦r✐❛ ❞❡s❝r✐t♦r❡s ❡s♣❡❝tr❛✐s✱ ❝♦♠♦ ❝♦❡✜❝✐❡♥t❡s ▲P❈ ✭▲✐✲

♥❡❛r Pr❡❞✐❝t✐✈❡ ❈♦❞✐♥❣✮✱ ❇❋❈❈ ✭❇❛r❦ ❋r❡q✉❡♥❝② ❈❡♣str❛❧ ❈♦❡✣❝✐❡♥ts✮✱ ❡t❝✳ ❖ ❡st✉❞♦

❞❡ ❈❤✉ ❡t ❛❧✳ ❬✷✵✵✾❪ r❡❢♦rç❛ ♦ ❜♦♠ ❞❡s❡♠♣❡♥❤♦ ❞♦ ▼❋❈❈ ♣❛r❛ ❡st❡ t✐♣♦ ❞❡ t❛r❡❢❛✱

❝♦♠ ê♥❢❛s❡ ♥♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ❛❧❝❛♥ç❛❞♦ ❛tr❛✈és ❞❡ s❡✉ ✉s♦ ❝♦♥❥✉♥t♦ ❝♦♠ ♦✉tr♦s

❞❡s❝r✐t♦r❡s✳

❖ ❞❡s❝r✐t♦r ▼❋❈❈✱ ✐♥tr♦❞✉③✐❞♦ ❡♠ ✶✾✽✵ ♣♦r ❉❛✈✐s ✫ ▼❡r♠❡❧st❡✐♥ ❬✶✾✽✵❪✱ é ✉♠

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

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

♠❛t✐❝❛♠❡♥t❡ ❬❘✐❝❤❛r❞ ❡t ❛❧✳✱ ✷✵✶✸❪✳ ❊st❡ t❡♠ ❣r❛♥❞❡ ❛❝❡✐t❛çã♦ ♣❡❧♦ ❢❛t♦ ❞❡ s❡r ✉♠❛

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

t✐✈♦ ❤✉♠❛♥♦✹ ❡ ❞❡ s✉♣r✐♠✐r ✈❛r✐❛çõ❡s ❡s♣❡❝tr❛✐s ✐rr❡❧❡✈❛♥t❡s ❡♠ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ❞❡✈✐❞♦

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

❏✉♥t❛♠❡♥t❡ ❝♦♠ ♦ ❞❡s❝r✐t♦r ❘❆❙❚❆✲P▲P ✭❘❡❧❛t✐✈❡ ❙♣❡❝tr❛❧ ❚r❛♥s❢♦r♠ ✲ P❡r❝❡♣✲

t✉❛❧ ▲✐♥❡❛r Pr❡❞✐❝t✐♦♥✮ ❬❍❡r♠❛♥s❦②✱ ✶✾✾✵❪ ❢♦✐ ✉♠ ❞♦s ❞❡s❝r✐t♦r❡s ♠❛✐s ✉s❛❞♦s ♣❛r❛

r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❝♦♠ ♠♦❞❡❧♦s ❛❝úst✐❝♦s ❜❛s❡❛❞♦s ❡♠ ●▼▼✲❍▼▼ ✭●❛✉ss✐❛♥

▼✐①t✉r❡ ▼♦❞❡❧ ✲ ❍✐❞❞❡♥ ▼❛r❦♦✈ ▼♦❞❡❧✮ ❬❘❛❜✐♥❡r✱ ✶✾✽✾❪ ♣❛r❛ ❝♦♥t♦r♥❛r ♦s ♣r♦❜❧❡♠❛s

❞❡ t❛♠❛♥❤♦ ❡ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞♦ s✐♥❛❧ ❡♠ s✐✳

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

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

❜❛s❡❛❞❛s ❡♠ ❞❡❡♣ ❧❡❛r♥✐♥❣ ❬❇❡♥❣✐♦ ❡t ❛❧✳✱ ✷✵✶✹❪✱ ❝♦♠♦ ♦ ♠♦❞❡❧♦ ❉◆◆✲❍▼▼ ✭❉❡❡♣

◆❡✉r❛❧ ◆❡t✇♦r❦ ✲ ❍✐❞❞❡♥ ▼❛r❦♦✈ ▼♦❞❡❧✮ ❬❉❛❤❧ ❡t ❛❧✳✱ ✷✵✶✷❀ ❨✉ ✫ ❉❡♥❣✱ ✷✵✶✹❪✱ ♦♥❞❡ ♦

❍▼▼ é ✉s❛❞♦ ♣❛r❛ ♠♦❞❡❧❛r ❛ ♣r♦♣r✐❡❞❛❞❡ s❡q✉❡♥❝✐❛❧ ❞♦ s✐♥❛❧ ❡ ❛ ❉◆◆ ♣❛r❛ ♠♦❞❡❧❛r

❛s ❞✐str✐❜✉✐çõ❡s ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❡♠✐ssã♦ ❞♦ ❍▼▼✱ q✉❡ ♠❡❧❤♦r❛ s✉❜st❛♥❝✐❛❧♠❡♥t❡

✹❉✐③✲s❡ q✉❡ é ✉♠ ❞❡s❝r✐t♦r ♣❡r❝❡♣t✉❛❧♠❡♥t❡ ✐♥s♣✐r❛❞♦ ❞❡✈✐❞♦ ❛♦ ❡s♣❛ç❛♠❡♥t♦ ♥❛s ❜❛♥❞❛s ❞♦
❡s♣❡❝tr♦ ❞❛❞♦ ❛♦s ✜❧tr♦s✱ ❛♣r♦①✐♠❛♥❞♦ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦s ❝❛♣✐❧❛r❡s ✐♥t❡r♥♦s à ❝ó❝❧❡❛ ❤✉♠❛♥❛✳



✸✳✶✳ ❉❡s❝r✐t♦r❡s ✷✶

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

❛rt❡ ❝♦♠♦ ♠♦❞❡❧♦s ●▼▼✲❍▼▼ q✉❡ ✉s❛♠ ❝r✐tér✐♦s ❝♦♠♦ ▼▲ ✭▼❛①✐♠✉♠ ▲✐❦❡❧✐❤♦♦❞✮

♦✉ ▼P❊ ✭▼✐♥✐♠✉♠ P❤♦♥❡ ❊rr♦r✮ ♣❛r❛ tr❡✐♥❛♠❡♥t♦✳

✸✳✶✳✷ ❉❡s❝r✐t♦r❡s ✈✐s✉❛✐s

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

♠ás❝❛r❛✱ ❡st❛ ♣♦❞❡♥❞♦ s❡r ❣❡r❛❞❛ ❞❡ ♠❛♥❡✐r❛ s✐♠♣❧❡s✱ ♣♦r ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ✢♦♦❞✲✜❧❧✱

♣♦r ❡①❡♠♣❧♦✱ ♦✉ ♠❛✐s r♦❜✉st❛♠❡♥t❡✱ ❛tr❛✈és ❞❛ ♣r♦❥❡çã♦ ❞❡ ✉♠❛ ♥✉✈❡♠ ❞❡ ♣♦♥t♦s s❡❣✲

♠❡♥t❛❞❛✳ ➱ ♥❡❝❡ssár✐♦ ❛ s❡❣✉✐r s❡❧❡❝✐♦♥❛r ♣♦♥t♦s r❡♣r❡s❡♥t❛t✐✈♦s ♣r❡s❡♥t❡s ♥❛s r❡❣✐õ❡s

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

❊♠ ❝♦♥❞✐çõ❡s ❡♠ q✉❡ ❛s r❡❣✐õ❡s ❞❡ ✐♥t❡r❡ss❡ sã♦ ♣❡q✉❡♥❛s ❝♦♠ r❡❧❛çã♦ ❛♦ r❡st❛♥t❡ ❞❛

✐♠❛❣❡♠✱ ❛♠♦str❛❣❡♠ ❞❡♥s❛ ❞♦s ♣♦♥t♦s ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛✳

❍á ✉♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ tr❛❜❛❧❤♦s ♥❛ ❧✐t❡r❛t✉r❛ r❡❧❛❝✐♦♥❛❞♦s ❛ ❞❡t❡❝çã♦

❞❡ ♣♦♥t♦s ❞❡ ✐♥t❡r❡ss❡ ❬❍❛rr✐s ✫ ❙t❡♣❤❡♥s✱ ✶✾✽✽❀ ▲♦✇❡✱ ✷✵✵✹❀ ❇❛② ❡t ❛❧✳✱ ✷✵✵✽❀ ❘♦st❡♥

❡t ❛❧✳✱ ✷✵✶✵❪✳ ❉❡ ♠♦❞♦ ❣❡r❛❧✱ t❛✐s ❞❡t❡❝t♦r❡s ❢✉♥❝✐♦♥❛♠ s❡❧❡❝✐♦♥❛♥❞♦ ♣♦♥t♦s ❞❡ ❛❝♦r❞♦

❝♦♠ ❛ ❞✐st✐♥t✐✈✐❞❛❞❡ ❞❡ s✉❛ ✈✐③✐♥❤❛♥ç❛✳

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

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

✐♠❛❣❡♥s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳

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

r❡♣r❡s❡♥t❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ ♣♦r ♠ét♦❞♦s ❝♦♠♦ ❙■❋❚ ❬▲♦✇❡✱ ✷✵✵✹❪ ❡ ❙❯❘❋ ❬❇❛② ❡t ❛❧✳✱

✷✵✵✽❪✱ ❞❡s❝r✐t♦r❡s ♠✉✐t♦ ♣♦♣✉❧❛r❡s ❣r❛ç❛s ❛ s✉❛ ❣r❛♥❞❡ ❤❛❜✐❧✐❞❛❞❡ ❞✐s❝r✐♠✐♥❛t✐✈❛✳ ▼❛s

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

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

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

❡♠ ❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ ❞❛❞♦s✳

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

r✐♦s ♥♦s ú❧t✐♠♦s ❛♥♦s✱ ❝♦♠♦ ❇❘■❊❋ ✭❇✐♥❛r② ❘♦❜✉st ■♥❞❡♣❡♥❞❡♥t ❊❧❡♠❡♥t❛r② ❋❡❛t✉r❡s✮

❬❈❛❧♦♥❞❡r ❡t ❛❧✳✱ ✷✵✶✵❪✱ ❖❘❇ ✭❖r✐❡♥t❡❞ ❋❆❙❚ ❛♥❞ ❘♦t❛t❡❞ ❇❘■❊❋ ✮ ❬❘✉❜❧❡❡ ❡t ❛❧✳✱

✷✵✶✶❪✱ ❇❘■❙❑ ✭❇✐♥❛r② ❘♦❜✉st ■♥✈❛r✐❛♥t ❙❝❛❧❛❜❧❡ ❑❡②♣♦✐♥ts✮ ❬▲❡✉t❡♥❡❣❣❡r ❡t ❛❧✳✱ ✷✵✶✶❪

❡ ❋❘❊❆❑ ✭❋❛st ❘❊t✐♥❆ ❑❡②♣♦✐♥t✮ ❬❆❧❛❤✐ ❡t ❛❧✳✱ ✷✵✶✷❪✱ ♣♦r ❡①❡♠♣❧♦✳

❚❛✐s ❞❡s❝r✐t♦r❡s tê♠ ❞✐✈❡rs❛s ✈❛♥t❛❣❡♥s ❡♠ r❡❧❛çã♦ às ❛❜♦r❞❛❣❡♥s tr❛❞✐❝✐♦♥❛✐s

❝✐t❛❞❛s✿ sã♦ ❞❡ ❜❛✐①♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ✭❛♣❡♥❛s ❛s ✐♥t❡♥s✐❞❛❞❡s ❞♦s ♣✐①❡❧s ♥♦ ♣❛t❝❤

sã♦ ❝♦♠♣❛r❛❞❛s✱ s❡♠ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❝♦♠♣✉t❛çã♦ ❞♦ ❣r❛❞✐❡♥t❡✮✱ t❡♠ ❛r♠❛③❡♥❛♠❡♥t♦

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



✷✷ ❈❛♣ít✉❧♦ ✸✳ ❘❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦

❋✐❣✉r❛ ✸✳✶✳ ❉✐❢❡r❡♥t❡s ♣❛❞rõ❡s ❞❡ ❛♠♦str❛❣❡♠ t❡st❛❞♦s ♣❛r❛ ♦ ❞❡s❝r✐t♦r ❇❘■❊❋✳
❈❛❞❛ ❧✐♥❤❛ r❡♣r❡s❡♥t❛ ✉♠ ♣❛r ♥♦ ♣❛t❝❤ ❝✉❥❛s ✐♥t❡♥s✐❞❛❞❡s sã♦ ❝♦♠♣❛r❛❞❛s✳ ■♠❛✲
❣❡♠ r❡t✐r❛❞❛ ❞❡ ❬❈❛❧♦♥❞❡r ❡t ❛❧✳✱ ✷✵✶✵❪✳

❡✜❝✐❡♥t❡♠❡♥t❡✱ ❛tr❛✈és ❞❡ ♠étr✐❝❛s ❝♦♠♦ ❛ ❞✐stâ♥❝✐❛ ❞❡ ❍❛♠♠✐♥❣✺✱ ♣♦r ❡①❡♠♣❧♦ ❬▼✉❥❛

✫ ▲♦✇❡✱ ✷✵✶✷❪✳

●❡♥❡r✐❝❛♠❡♥t❡✱ ❞❡s❝r✐t♦r❡s ❜✐♥ár✐♦s tê♠ três ❝❛r❛❝t❡ríst✐❝❛s✿ ♣❛❞rã♦ ❞❡ ❛♠♦str❛✲

❣❡♠ ❞❛ ✈✐③✐♥❤❛♥ç❛ ❞♦ ♣♦♥t♦ ❞❡ ✐♥t❡r❡ss❡✱ ❝♦♠♣❡♥s❛çã♦ ❞❡ ♦r✐❡♥t❛çã♦ ✭❞❡♣❡♥❞❡♥❞♦ ❞♦

❞❡s❝r✐t♦r✮ ❡ ❛♠♦str❛❣❡♠ ❞❡ ♣❛r❡s✳ ❖ ♣❛❞rã♦ ❞❡ ❛♠♦str❛❣❡♠ s❡ r❡❢❡r❡ ❛ ✉♠ ♣❛❞rã♦ ❣❡✲

♦♠étr✐❝♦ ❞❡ s❡❧❡çã♦ ❞♦s ♣♦♥t♦s ♥❛ ✈✐③✐♥❤❛♥ç❛ ❞♦ ❦❡②♣♦✐♥t✱ ❝♦♠♦ ✐❧✉str❛❞♦ ♣❡❧❛ ❋✐❣✉r❛

✸✳✶✳

❊♠ ❛❧❣✉♥s ❞❡s❝r✐t♦r❡s✱ ❝♦♠♦ ♦ ❖❘❇✱ é ❢❡✐t❛ ❛✐♥❞❛ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ♣❛r❛ t♦r♥á✲

❧♦s ✐♥✈❛r✐❛♥t❡s à r♦t❛çã♦✳ ◆♦ ❝❛s♦ ❞❡st❡ ú❧t✐♠♦✱ é ❝❛❧❝✉❧❛❞♦ ✉♠ ✈❡t♦r ❞❡ ♦r✐❡♥t❛çã♦ ❞♦

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

♣❛r❛ ✉♠❛ ♦r✐❡♥t❛çã♦ ❝❛♥ô♥✐❝❛✳

❆ s❡❣✉✐r✱ ♣❛r❡s ❞❡ ♣♦♥t♦s ♥♦ ♣❛❞rã♦ ❣❡♦♠étr✐❝♦ tê♠ s✉❛s ✐♥t❡♥s✐❞❛❞❡s ❝♦♠♣❛r❛❞❛s

✭s❡❣✉✐♥❞♦ ✉♠❛ ♦r❞❡♠ ❡s♣❡❝í✜❝❛✮✱ s❡♥❞♦ ❛tr✐❜✉í❞♦ ✉♠ ✈❛❧♦r ❜✐♥ár✐♦ ❛ ❡ss❛ ❝♦♠♣❛r❛çã♦

❞❡ ❛❝♦r❞♦ ❝♦♠ q✉❛❧ ❡❧❡♠❡♥t♦ é ♠❛✐♦r✳ ❊ss❡s ✈❛❧♦r❡s sã♦ ❝♦❞✐✜❝❛❞♦s ❡♠ ✉♠ ✈❡t♦r✱

❣❡r❛♥❞♦ ♦ ❞❡s❝r✐t♦r ♣❛r❛ ♦ ♣♦♥t♦ ❞❡ ✐♥t❡r❡ss❡✳

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

✺◆ú♠❡r♦ ❞❡ ♣♦s✐çõ❡s ❡♠ q✉❡ ❞✉❛s str✐♥❣s ❜✐♥ár✐❛s ❞✐❢❡r❡♠ ❡♥tr❡ s✐✳



✸✳✶✳ ❉❡s❝r✐t♦r❡s ✷✸

✐♠❛❣❡♠✱ ❛ ✈✐③✐♥❤❛♥ç❛ ❞♦ ❦❡②♣♦✐♥t✱ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❣❧♦❜❛❧ ❞❛ ✐♠❛❣❡♠ é ♥❡❝❡ssár✐❛

♣❛r❛ ✉♠❛ ❡t❛♣❛ s❡❣✉✐♥t❡ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳ P❛r❛ r❡♣r❡s❡♥t❛çã♦ ❣❧♦❜❛❧ ✭♣❛r❛ ✉♠❛

❡t❛♣❛ ♣♦st❡r✐♦r ❞❡ ❝❧❛ss✐✜❝❛çã♦ ♦✉ ♣❛r❡❛♠❡♥t♦✱ ♣♦r ❡①❡♠♣❧♦✮✱ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❝♦♠✉♠

❬●❛❧✈❡③✲▲ó♣❡③ ✫ ❚❛r❞♦s✱ ✷✵✶✷❪ é ✉t✐❧✐③❛r ❛ té❝♥✐❝❛ ❇❛❣✲♦❢✲❲♦r❞s ❬❈s✉r❦❛ ❡t ❛❧✳✱ ✷✵✵✹❪✳

✸✳✶✳✸ ❇❛❣✲♦❢✲❲♦r❞s

❯♠ ❇♦❲ é ✉♠ ❤✐st♦❣r❛♠❛ ❞♦ ♥ú♠❡r♦ ❞❡ ♦❝♦rrê♥❝✐❛s ❞❡ ✉♠ ♣❛❞rã♦ ✭♦ ❞❡s❝r✐t♦r✮ ❡♠

✉♠❛ ✐♠❛❣❡♠✳ ❊st❛ ❛❜♦r❞❛❣❡♠ é ❝♦♠♣♦st❛ ❞❡ ❞✉❛s ❡t❛♣❛s ❞✐st✐♥t❛s✿ ❝♦❞✐♥❣✱ ♦♥❞❡ ♦s

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

❝❛t❡❣♦r✐❛s✳ ❊ ♣♦♦❧✐♥❣✱ ♦♥❞❡ ♦ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✜♥❛❧ ❞❛ ✐♠❛❣❡♠ é ❢♦r♠❛❞♦ ♣❡❧❛

❤✐st♦❣r❛♠❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞♦s ❦❡②♣♦✐♥ts ❡♠ ❝❛❞❛ ❝❛t❡❣♦r✐❛✳

◆❛ ár❡❛ ❞❡ ♣❡sq✉✐s❛ ❡♠ ❘❡❝✉♣❡r❛çã♦ ❞❡ ■♥❢♦r♠❛çã♦✱ ♦♥❞❡ ♦ ❇♦❲ ♥♦r♠❛❧♠❡♥t❡ é

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

♥♦ t❡①t♦✳ ❈♦♠♦ ♦ ❡s♣❛ç♦ ❛♠♦str❛❧ ❞♦s ❞❡s❝r✐t♦r❡s ♥❛ ár❡❛ ❞❡ ❱✐sã♦ ❈♦♠♣✉t❛❝✐♦♥❛❧ é

♠✉✐t♦ ✈❛st♦✱ té❝♥✐❝❛s ❞❡ ❛♣r♦①✐♠❛çã♦ ♣❛r❛ ❛tr✐❜✉✐r ❞❡s❝r✐t♦r❡s à ❝❡rt❛ ✏♣❛❧❛✈r❛✑ t❡♠

❞❡ s❡r ❛♣❧✐❝❛❞❛s✱ ❛ss✐♠ ❛ ❣❡r❛çã♦ ❞♦ ✈♦❝❛❜✉❧ár✐♦ é ❡①❡❝✉t❛❞❛ ❛tr❛✈és ❞♦ ❝❧✉st❡r✐♥❣ ❞❡

❞❡s❝r✐t♦r❡s ✭♥❡st❡ ❝❛s♦✱ ❇❆❙❊✮ ✉s❛❞♦s ♣❛r❛ ❡ss❡ ♣r♦♣ós✐t♦✳

P❛rt✐❝✉❧❛r♠❡♥t❡ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❞❡s❝r✐t♦r❡s ❜✐♥ár✐♦s✱ ✐st♦ ♣♦❞❡ s❡r ❢❡✐t♦ ✉s❛♥❞♦

♦ ❛❧❣♦r✐t♠♦ P❆▼ ✭P❛rt✐t✐♦♥ ❆r♦✉♥❞ ▼❡❞♦✐❞s✮✱ ✉♠❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ k✲♠❡❞♦✐❞❡s✱

❬❑❛✉❢♠❛♥ ✫ ❘♦✉ss❡❡✉✇✱ ✶✾✾✵❪✳ ❆ ❡s❝♦❧❤❛ ❞♦ k✲♠❡❞♦✐❞❡s ♣❛r❛ ❢❛③❡r ♦ ❛❣r✉♣❛♠❡♥t♦ s❡

❞❡✈❡ ❛♦ ❢❛t♦ ❞❡st❡ s❡r ♠❛✐s r♦❜✉st♦ ❛ r✉í❞♦ ❡ ♦✉t❧✐❡rs s❡ ❝♦♠♣❛r❛❞♦ ❛♦ k✲♠❡❛♥s✱ ♣♦r ✉s❛r

♠❡❞♦✐❞❡s✻✱ ❛❧é♠ ❞❡ ♣❡r♠✐t✐r ♦ ✉s♦ ❞❡ ♦✉tr❛s ♠étr✐❝❛s ❞❡ ❞✐stâ♥❝✐❛s ♠❛✐s ❛♣r♦♣r✐❛❞❛s✱

❞❡♣❡♥❞❡♥❞♦ ❞♦ ❝♦♥t❡①t♦✳

❖ k✲♠❡❛♥s✱ ♣♦r ❡①❡♠♣❧♦✱ q✉❡ ♠✐♥✐♠✐③❛ ❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ❡♥tr❡ ❛s ❛♠♦str❛s✱

♥ã♦ é ❛♣r♦♣r✐❛❞♦ ♣❛r❛ ✉s♦ ❝♦♠ ❞❡s❝r✐t♦r❡s ❜✐♥ár✐♦s✱ q✉❡ ♣♦❞❡♠ s❡r ❝♦❞✐✜❝❛❞♦s ❝♦♠♦

✐♥t❡✐r♦s✱ ♠❛s ♥ã♦ ♠❛♥té♠ ✉♠❛ r❡❧❛çã♦ ❞✐r❡t❛ ❡♥tr❡ ♦s ✈❛❧♦r❡s ♥♦ ❞♦♠í♥✐♦ R✳ ◆♦

❝❛s♦ ❞❡ss❡s ❞❡s❝r✐t♦r❡s✱ ✉♠❛ ♠étr✐❝❛ ❞❡ ❞✐stâ♥❝✐❛ ❝♦rr❡t❛ s❡r✐❛ ❛ ❞❡ ❍❛♠♠✐♥❣✱ q✉❡

♣♦❞❡ s❡r ✉s❛❞❛ ❝♦♠ ♦ k✲♠❡❞♦✐❞❡s✳ ❖ ❛❧t♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❞♦ ♦ k✲♠❡❞♦✐❞❡s ♣♦❞❡

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

❣❡r❛çã♦ ❞♦ ❞✐❝✐♦♥ár✐♦✱ ♣♦✐s s❡✉ ❢✉♥❝✐♦♥❛♠❡♥t♦ ♥❛ ♣rát✐❝❛ é ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❢♦rç❛ ❜r✉t❛

q✉❡ t❡♥t❛ ❡♥❝♦♥tr❛r ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞❡ k ❛♠♦str❛s ❡♥tr❡ ♦s ❞❛❞♦s ✭♦s ♠❡❞♦✐❞❡s✮ q✉❡

♣♦ss❛♠ ♠✐♥✐♠✐③❛r ❛ ❞✐stâ♥❝✐❛ ❣❧♦❜❛❧ ❞♦s ❝❧✉st❡rs✳ ❊♥tr❡t❛♥t♦✱ ❝♦♠♦ ❛ ❡t❛♣❛ ❞❡ ❝♦❞✐♥❣

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

s✐st❡♠❛ ❞✉r❛♥t❡ s✉❛ ❡①❡❝✉çã♦✳ ❖ ♣♦♦❧✐♥❣ é ❢❡✐t♦ q✉❛♥t✐③❛♥❞♦ ♦s ❞❡s❝r✐t♦r❡s ❞❛ ✐♠❛❣❡♠

❝♦♠ ❛s ✏♣❛❧❛✈r❛s✑ ❞♦ ❞✐❝✐♦♥ár✐♦ ❞❡t❡r♠✐♥❛❞❛s ♥❛ ❡t❛♣❛ ❛♥t❡r✐♦r✳

✻❆♠♦str❛ ❞♦ ♣ró♣r✐♦ ❣r✉♣♦ q✉❡ ♠✐♥✐♠✐③❛ ❛ ❞✐stâ♥❝✐❛ ❛ ❞✐stâ♥❝✐❛ t♦t❛❧ ❞♦ ❝❧✉st❡r✳



✷✹ ❈❛♣ít✉❧♦ ✸✳ ❘❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦

❋✐❣✉r❛ ✸✳✷✳ ❊①❡♠♣❧♦ ❡♠ ❛❧t♦ ♥í✈❡❧ ❞❛ ❡①❡❝✉çã♦ ❞♦ ❇♦❲ ♣❛r❛ ✐♠❛❣❡♥s✳ ❆❞❛♣t❛❞♦
❞❡ ❋❡✐✲❋❡✐ ❬✷✵✵✺❪✳

❆ ❋✐❣✉r❛ ✸✳✷ ❝♦♥té♠ ✉♠ ❡①❡♠♣❧♦ ❡♠ ❛❧t♦ ♥í✈❡❧ ❞❛ ❡①❡❝✉çã♦ ❞♦ ❇♦❲ ♣❛r❛ ✉s♦

❡♠ ✐♠❛❣❡♥s✿

■ ✿ ❆q✉✐s✐çã♦ ❞❡ ✐♠❛❣❡♥s❀

■■ ✿ ❊①tr❛çã♦ ❞♦s ❞❡s❝r✐t♦r❡s ❧♦❝❛✐s ❞❡ ❝❛❞❛ ✐♠❛❣❡♠❀

■■■ ✿ ●❡r❛çã♦ ❞❡ ✉♠ ✈♦❝❛❜✉❧ár✐♦ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❜❛s❡ ❞❡ ❞❡s❝r✐t♦r❡s ✭❣❡r❛❞♦s ♥❛

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

❝♦♠♦ ✏♣❛❧❛✈r❛✑ s❡r✈❡ ❝♦♠♦ ❝❡♥tr♦✐❞❡ ♣❛r❛ r❡♣r❡s❡♥t❛r ✉♠ ❣r✉♣♦ ❞❡ ❞❡s❝r✐t♦r❡s❀

■❱ ✿ ❍✐st♦❣r❛♠❛ ♥♦r♠❛❧✐③❛❞♦ ❞❡ ❝❛❞❛ ✏♣❛❧❛✈r❛✑ ♥❛ ✐♠❛❣❡♠❀

❖ ❞❡s❝r✐t♦r ❇♦❲ ✜♥❛❧ ♣❛r❛ ❛ ✐♠❛❣❡♠✱ ♣♦r ❡①❡♠♣❧♦✱ é ♦ ❤✐st♦❣r❛♠❛ ♦❜t✐❞♦ ♥❛

❡t❛♣❛ ■❱✳

✸✳✶✳✸✳✶ ❉❡✜♥✐çã♦ ❞♦ t❛♠❛♥❤♦ ❞✐❝✐♦♥ár✐♦

❍á ❛❧❣✉♠❛s ❛❧t❡r♥❛t✐✈❛s ♣❛r❛ ❞❡✜♥✐r ♦ t❛♠❛♥❤♦ ✐❞❡❛❧ ♣❛r❛ ♦ ❞✐❝✐♦♥ár✐♦ ✉s❛❞♦ ❝♦♠ ♦

❇♦❲✳ ❯♠❛ ❞❡❧❛s é ❛ ❛♥á❧✐s❡ ❞❛ s✐❧❤✉❡t❛ s ❞♦s ❝❧✉st❡rs ❬❘♦✉ss❡❡✉✇✱ ✶✾✽✼❀ ❑❛✉❢♠❛♥



✸✳✷✳ ❋✉sã♦ ✷✺

✫ ❘♦✉ss❡❡✉✇✱ ✶✾✾✵❪ ❞♦ ❞✐❝✐♦♥ár✐♦✳ ❙❡❥❛ D ✉♠ ❞✐❝✐♦♥ár✐♦ ❞❡ t❛♠❛♥❤♦ ❛r❜✐trár✐♦✱ ❛

s✐❧❤✉❡t❛ s ❞❡ ✉♠ ❝❧✉st❡r ❞❡ D é ❞❡✜♥✐❞❛ ❝♦♠♦

s =
b− a

max(a, b)
, ✭✸✳✹✮

♦♥❞❡ a é ❛ ❞✐stâ♥❝✐❛ ♠é❞✐❛ ❡♥tr❡ ✉♠❛ ❛♠♦str❛ ❡ ❛s r❡st❛♥t❡s ❞♦ ♠❡s♠♦ ❝❧✉st❡r ❡ b é ❛

❞✐stâ♥❝✐❛ ♠é❞✐❛ ❡♥tr❡ ✉♠❛ ❛♠♦str❛ ❡ ❛s ❞♦ ❝❧✉st❡r ♠❛✐s ♣ró①✐♠♦✳

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

é ♣❡❧♦ s❡✉ ❝❡♥tr♦✐❞❡✴♠❡❞♦✐❞❡✿ ✉♠ ✈❛❧♦r ❛❧t♦ ❞❡ s✐❧❤✉❡t❛ s✉❣❡r❡ q✉❡ ♦ ❝❧✉st❡r ♥ã♦ é

❞❡♥s♦✱ ♦✉ s❡❥❛✱ ❛♣❡s❛r ❞♦ ❝❡♥tr♦✐❞❡✴♠❡❞♦✐❞❡ s❡r ♦ ♠❛✐s ♣ró①✐♠♦ ❞❡ s✉❛s ❛♠♦str❛s✱ ♥ã♦

é ✉♠ r❡♣r❡s❡♥t❛♥t❡ ✐❞❡❛❧ ❡ ♥ã♦ ❤á ✉♠❛ s❡♣❛r❛çã♦ ❜❡♠ ❞❡✜♥✐❞❛ ❡♥tr❡ ♦ ❝❧✉st❡r ❡ s❡✉s

✈✐③✐♥❤♦s✳

❆ ❛♥á❧✐s❡ ❞❛ s✐❧❤✉❡t❛ ❝♦♥s✐st❡ ❡♠ ❛♥❛❧✐s❛r ❛ s✐❧❤✉❡t❛ ♠é❞✐❛ ❞♦s ❝❧✉st❡rs ❞❡ ❞✐✲

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

❝❧✉st❡rs ♠❛✐s ❜❡♠ ❞❡✜♥✐❞♦s✳

❖✉tr❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ❞❡✜♥✐çã♦ ❞❡ t❛♠❛♥❤♦ ❞♦ ❞✐❝✐♦♥ár✐♦ é ✈❡r✐✜❝❛r ♦ ❞❡s❡♠✲

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

tr❡✐♥❛♠❡♥t♦✳ ❖ ❞✐❝✐♦♥ár✐♦ ❝♦♠ ✉♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ✭♠❡❞✐❞♦ ♣♦r t❛①❛ ❞❡ ❛❝❡rt♦✱

♣♦r ❡①❡♠♣❧♦✮ ❡♠ ✈❛❧✐❞❛çã♦ é ✉♠ ❜♦♠ ❝❛♥❞✐❞❛t♦ ❛ ♣❛r❛ ❛ ❢❛s❡ ❞❡ tr❡✐♥❛♠❡♥t♦✴t❡st❡✳

❆♠❜❛s ❛s ❛❜♦r❞❛❣❡♥s ✈❡r✐✜❝❛♠ ♦ q✉ã♦ ❛❥✉st❛❞♦ ✉♠ ❞✐❝✐♦♥ár✐♦ é ❛♦s ❞❛❞♦s✱ ❛

❞✐❢❡r❡♥ç❛ r❡s✐❞❡ ❡♠ q✉❡ ❡s❝♦♣♦ ❡ss❛ ❛♥á❧✐s❡ é ❢❡✐t❛✳ ◆❛ ❛♥á❧✐s❡ ❞❛ s✐❧❤✉❡t❛ ❡❧❛ ♦❝♦rr❡

✈❡r✐✜❝❛♥❞♦ ♦ q✉ã♦ ❝♦♥❝✐s♦ ♦ ❞✐❝✐♦♥ár✐♦ ✉s❛❞♦ é ❡♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ♥ã♦✲s✉♣❡r✈✐s✐♦♥❛❞❛✱

♥❛ ❛♥á❧✐s❡ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❡❧❛ ♦❝♦rr❡ ✈❡r✐✜❝❛♥❞♦ ♦ q✉ã♦ ❞✐s❝r✐♠✐♥❛✲

tór✐♦ ♦ ❞✐❝✐♦♥ár✐♦ é ❞✐r❡t❛♠❡♥t❡ ♥♦s ❞❛❞♦s ✉s❛♥❞♦ ✉♠❛ ❛❜♦r❞❛❣❡♠ s✉♣❡r✈✐s✐♦♥❛❞❛✳

✸✳✷ ❋✉sã♦

◆❡st❛ s❡çã♦ s❡ ❝♦♠❡♥t❛ ❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ❢✉sã♦ ❛✉❞✐♦✈✐s✉❛❧ t❛❧ ♦❝♦rr❡ ♥❛

♥❛t✉r❡③❛✳

✸✳✷✳✶ ❊♠❜❛s❛♠❡♥t♦ ❜✐♦❧ó❣✐❝♦

❆ ♣❡r❝❡♣çã♦ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞❛ r♦❜✉st❛ s❡ r❡s♣♦♥❞❡ ❡✜❝✐❡♥t❡♠❡♥t❡ ❛ ❡stí♠✉❧♦s ❡①✲

t❡r♥♦s✳ ◆❡st❡ s❡♥t✐❞♦✱ ♦ ❝ér❡❜r♦ ❤✉♠❛♥♦ é ✉♠ ❞♦s ♠❡❧❤♦r❡s ❡①❡♠♣❧♦s ♣❛r❛ ✐❧✉str❛r

♦s ❝♦♥❝❡✐t♦s r❡❧❛t✐✈♦s ❛♦ ♣r♦❝❡ss❛♠❡♥t♦ ❡ ✐♥t❡❣r❛çã♦ ❞❡ ❡stí♠✉❧♦s✿ ❊ss❡ ♣r♦❝❡ss❛ ❡

❝♦♠❜✐♥❛ s✐♥❛✐s ❞♦s ❝✐♥❝♦ s❡♥t✐❞♦s ❞❡ ♠❛♥❡✐r❛ ❡✜❝✐❡♥t❡ ❡ ❡♠ t❡♠♣♦ r❡❛❧✳



✷✻ ❈❛♣ít✉❧♦ ✸✳ ❘❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦

P❡sq✉✐s❛s r❡❝❡♥t❡s s✉❣❡r❡♠ q✉❡ ❡ss❛ ✐♥t❡❣r❛çã♦ ♥ã♦ ♦❝♦rr❡ ❞❡ ♠❛♥❡✐r❛ rí❣✐❞❛✱ ♠❛s

q✉❡ é s❡♥sí✈❡❧ à s✐t✉❛çã♦✱ ❝♦♠♦ q✉❛✐s s❡♥t✐❞♦s ❡stã♦ s❡♥❞♦ ✐♥t❡❣r❛❞♦s ♦✉ ❛s ❝❛r❛❝t❡rís✲

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

t♦r♥❛♥❞♦ ♦ ❝ér❡❜r♦ ❜❛st❛♥t❡ ✢❡①í✈❡❧ q✉❛♥t♦ à ✐♥t❡❣r❛çã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❬❙t❡✐♥ ✫ ❙t❛♥✲

❢♦r❞✱ ✷✵✵✽❪✳

❈♦♥❤❡❝✐❞❛ ♥❛ ❜✐♦❧♦❣✐❛ ❝♦♠♦ ✐♥t❡❣r❛çã♦ ♠✉❧t✐ss❡♥s♦r✐❛❧✱ ❡st❛ é ❞❡✜♥✐❞❛ ❡♠ ♥í✈❡❧

♥❡✉r♦♥❛❧ ♣♦r ❙t❡✐♥ ✫ ❙t❛♥❢♦r❞ ❬✷✵✵✽❪ ❝♦♠♦✿

❉❡✜♥✐çã♦ ✶ ■♥t❡❣r❛çã♦ ♠✉❧t✐ss❡♥s♦r✐❛❧✿ ❞✐❢❡r❡♥ç❛ ❡st❛t✐st✐❝❛♠❡♥t❡ s✐❣♥✐✜❝❛t✐✈❛ ❡♠

♥í✈❡❧ ♥❡✉r♦♥❛❧ ❡♥tr❡ ♦ ♥ú♠❡r♦ ❞❡ ✐♠♣✉❧s♦s ♥❡r✈♦s♦s ❞❡❝♦rr❡♥t❡s ❞❛ ❝♦♠❜✐♥❛çã♦ ♠✉❧t✐✲

♠♦❞❛❧ ❞♦s ❡stí♠✉❧♦s ❡ ♦ ❞♦ ❡stí♠✉❧♦ ✐♥❞✐✈✐❞✉❛❧ ♠❛✐s ❡❢❡t✐✈♦ ❡♥tr❡ ❡st❡s✳

❆ ✐♥t❡❣r❛çã♦ ♠✉❧t✐ss❡♥s♦r✐❛❧ t❡♠ ✐♠♣❛❝t♦ ❞✐r❡t♦ ♥❛ ✈❡❧♦❝✐❞❛❞❡ ❝♦♠ q✉❡ ✉♠❛ r❡s✲

♣♦st❛ ❞♦ ♦r❣❛♥✐s♠♦ é ❣❡r❛❞❛ ✭♠♦t♦r❛✱ ♣♦r ❡①❡♠♣❧♦✮ ❛♦ ✐♥❞✉③✐r ✉♠ ❧✐♠✐❛r ♠í♥✐♠♦ ❞❡

❡stí♠✉❧♦ ✐♥❢❡r✐♦r ❛♦ ✐♥❞✉③✐❞♦ ♣❡❧♦s ❝♦♠♣♦♥❡♥t❡s ✉♥✐♠♦❞❛✐s ❬❙t❡✐♥ ✫ ❙t❛♥❢♦r❞✱ ✷✵✵✽❪✳

◆♦ s❡r ❤✉♠❛♥♦✱ ❡ss❛ ✐♥t❡❣r❛çã♦ ♦❝♦rr❡ ❞❡ ❢♦r♠❛ tã♦ s✉❛✈❡ q✉❡ é ♣❡r❝❡❜✐❞❛ ❛♣❡♥❛s

♣❡❧❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❡stí♠✉❧♦s ♠✉✐t♦ ❞✐s❝r❡♣❛♥t❡s ♦✉ ❝♦♥✢✐t❛♥t❡s ❡♥tr❡ ♦s s❡♥t✐❞♦s✱ ❣❡✲

r❛♥❞♦ ✐❧✉sõ❡s ♣❡r❝❡♣t✐✈❛s✱ ❝♦♠♦ ♦ ❊❢❡✐t♦ ▼❝●✉r❦✼ ❬▼❝●✉r❦ ✫ ▼❛❝❉♦♥❛❧❞✱ ✶✾✼✻❪ ♦✉ ♦

✈❡♥tr✐❧♦q✉✐s♠♦✽ ❬❍♦✇❛r❞ ✫ ❚❡♠♣❧❡t♦♥✱ ✶✾✻✻❪✳

P♦ssí✈❡✐s ❡①♣❧✐❝❛çõ❡s ♣❛r❛ ❡st❡s ❢❡♥ô♠❡♥♦s sã♦ q✉❡ ❛❧❣✉♥s s❡♥t✐❞♦s ♣r❡❞♦♠✐♥❛r✐❛♠

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

❛♠❜✐❡♥t❡ ❬❇✉rr ✫ ❆❧❛✐s✱ ✷✵✵✻❪ ♦✉ q✉❡ ♦ s❡♥t✐❞♦ ❞♦♠✐♥❛♥t❡ é ✉t✐❧✐③❛❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛

♣❛r❛ ❡str✉t✉r❛r ♦s ❡stí♠✉❧♦s ❞♦s ❞❡♠❛✐s s❡♥t✐❞♦s ❬❙❤❡❧t♦♥ ✫ ❙❡❛r❧❡✱ ✶✾✽✵❀ ❩❛❤♦r✐❦✱ ✷✵✵✶❪

❡ q✉❡ ♣♦r ❡ss❡ ♠♦t✐✈♦ t❡r✐❛ t❛♥t❛ ✐♥✢✉ê♥❝✐❛✳

■st♦ é ❜❛st❛♥t❡ ♣❧❛✉sí✈❡❧ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ❛ ♣❡r❝❡♣çã♦ ❞♦ s❡r ❤✉♠❛♥♦ é ♣r✐♠❛r✐❛✲

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

é ♠✉✐t♦ ♠❛✐s ❞❡s❡♥✈♦❧✈✐❞❛ ♥❛ ✈✐sã♦ q✉❡ ♥♦s ❞❡♠❛✐s s❡♥t✐❞♦s ❬❇❧❛✉❡rt✱ ✶✾✾✻❪✳ P♦❞❡✲s❡

♦❜s❡r✈❛r q✉❡ ❝♦♥❝❡✐t♦s ❡ ❞❡s❝r✐çõ❡s sã♦ ❢♦rt❡♠❡♥t❡ ❜❛s❡❛❞♦s ❡♠ ✐❞❡♥t✐❞❛❞❡s ✈✐s✉❛✐s✿

❞✐③✲s❡ ❡♠ ✐♥❣❧ês ✏t❤❡ ❜❡❧❧ r✐♥❣s✑ ❡♠ ✈❡③ ❞❡ ✏t❤❡ s♦✉♥❞ ❜❡❧❧s✑✱ ♣♦r ❡①❡♠♣❧♦✳ ❆✐♥❞❛ q✉❡

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

❢♦rt❡✳

✼❊✈❡♥t♦ ♦❝♦rr✐❞♦ ❞✉r❛♥t❡ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❢❛❧❛ ❛♦ s❡ ❛ss♦❝✐❛r ✐♥❢♦r♠❛çõ❡s ✈✐s✉❛✐s ❡ ❛✉❞✐t✐✈❛s
♠✉✐t♦ ❝♦♥✢✐t❛♥t❡s✱ ♣♦❞❡♥❞♦ ❛ ✐♥❢♦r♠❛çã♦ ✜♥❛❧ ♣❡r❝❡❜✐❞❛ ❞✐❢❡r✐r ❜❛st❛♥t❡ ❞❡ ❛♠❜❛s✳ P♦r ❡①❡♠♣❧♦✱
q✉❛♥❞♦ ✉♠❛ ♣❡ss♦❛ ♦✉✈❡ ♦ s♦♠ r❡♣r❡s❡♥t❛❞♦ ♣❡❧♦ ❢♦♥❡♠❛ ✴❜❛✴ ♠❛s ✈ê ♦ ❧♦❝✉t♦r ♣r♦♥✉♥❝✐❛♥❞♦ ♦
❢♦♥❡♠❛ ✴❣❛✴✱ ❛ ✐♥❢♦r♠❛çã♦ ✜♥❛❧ ♥ã♦ é ✴❜❛✴ ♦✉ ✴❣❛✴✱ ♠❛s s✐♠ ❛❧❣♦ ♣ró①✐♠♦ ❛ ✴❞❛✴✳ ■st♦ ♦❝♦rr❡ ♣♦✐s ♦
❝ér❡❜r♦ ✐♥t❡❣r❛ ❛ ✈✐sã♦ ✭♠♦✈✐♠❡♥t♦ ❞♦s ❧á❜✐♦s✮ ❝♦♠ ♦ s♦♠ ❞❛ ❢❛❧❛✱ ♠♦❞✐✜❝❛♥❞♦ ❛ ❛t✐✈✐❞❛❞❡ ❝❡r❡❜r❛❧
r❡❧❛❝✐♦♥❛❞❛ ❛♦ ❡stí♠✉❧♦✳

✽❙❡♥s❛çã♦ ❞❡ q✉❡ ♦ s♦♠ ♣❛r❡❝❡ ✈✐r ❞♦s ❧á❜✐♦s ❞❡ ✉♠ ❧♦❝✉t♦r✱ ❛♦ ✐♥✈és ❞❡ s✉❛ r❡❛❧ ♦r✐❣❡♠✳



✸✳✷✳ ❋✉sã♦ ✷✼

▼❡s♠♦ ❝♦♠ ❛ ❛♣❛r❡♥t❡ ♣r❡❞♦♠✐♥â♥❝✐❛ ❞❛ ✈✐sã♦✱ s❡r❡s ❤✉♠❛♥♦s t❛♠❜é♠ ❡①tr❛❡♠

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

♦✉ ✉♠❛ ♣♦rt❛ ❢❡❝❤❛♥❞♦✱ ♣♦r ❡①❡♠♣❧♦✮✱ ❝♦♠♦ ❢♦✐ ♣r♦❞✉③✐❞♦ ✭✉♠ ❝❤♦q✉❡ ♠❡❝â♥✐❝♦ ♦✉

r❡ss♦♥â♥❝✐❛✮✱ ❛❧é♠ ❞❡ s✐♠♣❧❡s ♣r♦♣r✐❡❞❛❞❡s ❞♦ s♦♠ ❡♠ s✐✱ ❝♦♠♦ ♦ t✐♠❜r❡ ❬●❛✈❡r✱ ✶✾✾✸❪✳

❖✉tr❛s ♣❡sq✉✐s❛s r❡❢♦rç❛♠ ❡ss❡ ❝♦♥❝❡✐t♦ ❛♦ ❝♦♠♣r♦✈❛r q✉❡ ❤✉♠❛♥♦s ❝♦♥s❡❣✉❡♠ ❞✐st✐♥✲

❣✉✐r ❡♥tr❡ ♠❛t❡r✐❛✐s ❝♦♠ ❜❛st❛♥t❡ ❡①❛t✐❞ã♦ ❬●✐♦r❞❛♥♦ ✫ ▼❝❆❞❛♠s✱ ✷✵✵✻❪✳

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

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

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

♠❛♥t✐❝❛♠❡♥t❡ r❡❧❡✈❛♥t❡ ❞♦ ♠✉♥❞♦ ♣❡r♠❛♥❡❝❡ ✉♠ ♣r♦❜❧❡♠❛ ❡♠ ❛❜❡rt♦ ❬❇✉rr ✫ ❆❧❛✐s✱

✷✵✵✻❪✳

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

♥❡✉rô♥✐♦s ♠✉❧t✐ss❡♥s♦r✐❛✐s ✭♣r❡s❡♥t❡s ❡♠ ✈ár✐❛s r❡❣✐õ❡s ❞♦ ❝ér❡❜r♦✱ ♠❛s ❡①✐st❡♥t❡s ❡♠

♠❛✐♦r ❝♦♥❝❡♥tr❛çã♦ ♥♦ ♠❡s❡♥❝é❢❛❧♦ ❡ ❝órt❡① ❝❡r❡❜r❛❧✱ ❡s♣❡❝✐✜❝❛♠❡♥t❡ ♥♦ ❝♦❧í❝✉❧♦ s✉♣❡✲

r✐♦r✾✮ ❡ ♣❛r❡❝❡ s❡❣✉✐r ❞✉❛s r❡❣r❛s ❣❡r❛✐s ❬❊r♥st ✫ ❇ü❧t❤♦✛✱ ✷✵✵✹❪✿

✶✳ ▼❛①✐♠✐③❛ ♦ ❣❛♥❤♦ ❞❡ ✐♥❢♦r♠❛çã♦ r❡❝❡❜✐❞♦ ❞❛s ❞✐❢❡r❡♥t❡s ♠♦❞❛❧✐❞❛❞❡s❀

✷✳ ❘❡❞✉③ ❛ ✈❛r✐â♥❝✐❛ ♥❛ ❡st✐♠❛çã♦ s❡♥s♦r✐❛❧ ♣❛r❛ ❛✉♠❡♥t❛r s✉❛ ❝♦♥✜❛♥ç❛✳

❆ ❤✐♣ót❡s❡ ♠❛✐s ❛❝❡✐t❛ ❞❡ ❝♦♠♦ ❡ss❛s ♣r♦♣r✐❡❞❛❞❡s s❡ ❝♦♠♣♦rt❛♠ ❝♦♠ r❡❧❛çã♦ à

❞♦♠✐♥â♥❝✐❛ ❞❡ ✉♠ s❡♥t✐❞♦ ♦✉ ♦✉tr♦✱ ❝♦♠♦ ♥♦ ❝❛s♦ ❞♦ ❡❢❡✐t♦ ▼❝●✉r❦ ❡ ✈❡♥tr✐❧♦q✉✐s♠♦✱

é q✉❡ ❛ ♣❡r❝❡♣çã♦ ❢❛✈♦r❡❝❡ ❛ ♠♦❞❛❧✐❞❛❞❡ ♠❛✐s ♣r❡❝✐s❛ ♦✉ ❛♣r♦♣r✐❛❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛

s✐t✉❛çã♦ ❬❇♦✛ ❡t ❛❧✳✱ ✶✾✽✻❪✳ ❊♠ t❛r❡❢❛s ❝♦♠♦ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❡✈❡♥t♦s✱ ❛ ✈✐sã♦ t❡♠ ❢♦rt❡

✐♥✢✉ê♥❝✐❛ ❞❡✈✐❞♦ ❛ s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❞❡t❡r♠✐♥❛r ❞✐stâ♥❝✐❛s ❡ ✐♥❢♦r♠❛çõ❡s ❡s♣❛❝✐❛✐s ❝♦♠

♠❛✐♦r ♣r❡❝✐sã♦✱ ❛✐♥❞❛ q✉❡ ❛ ❛✉❞✐çã♦ ♠✉✐t❛s ✈❡③❡s ❢♦r♥❡ç❛ ✉♠❛ ❡st✐♠❛t✐✈❛ ✐♥✐❝✐❛❧ ❞❡✈✐❞♦

❛♦ rá♣✐❞♦ t❡♠♣♦ ❞❡ r❡s♣♦st❛ ❬❙t❡✐♥ ✫ ❙t❛♥❢♦r❞✱ ✷✵✵✽❪✳ ■ss♦ ♦❝♦rr❡ ♣♦✐s ♦ ♣r♦❝❡ss❛♠❡♥t♦

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

❞❡ ♣r♦♣❛❣❛çã♦ ❞♦ s♦♠ ✭♥♦ ❛r✮ s❡❥❛ ♠✉✐t♦ ♠❡♥♦r q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ ❧✉③ ✭✸✹✵ ♠✴s ❝♦♥tr❛

✸ ① 108 ♠✴s✮✱ ♠♦t✐✈♦ ♣❡❧♦ q✉❛❧ ❛ ❛✉❞✐çã♦ t❡r✐❛ ❞♦♠✐♥â♥❝✐❛ ♥❛ ♣❡r❝❡♣çã♦ t❡♠♣♦r❛❧ ❞❡

❡✈❡♥t♦s✳

❆ ❞♦♠✐♥â♥❝✐❛ é ❞❡t❡r♠✐♥❛❞❛ ♥ã♦ ♣❡❧♦ s❡♥t✐❞♦✱ ♠❛s s✐♠ ♣❡❧❛ ✐♥❢♦r♠❛çã♦ ❢♦r♥❡❝✐❞❛

❡ ♦ q✉ã♦ ❝♦♥✜á✈❡❧ ❡❧❛ é ❞❛❞♦ ♦ ❡stí♠✉❧♦ ❬❊r♥st ✫ ❇ü❧t❤♦✛✱ ✷✵✵✹❪✱ ♦ q✉❡ ❡①♣❧✐❝❛ ❛s ✐❧✉sõ❡s

s❡♥s♦r✐❛✐s ❝♦♠❡♥t❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡✳

➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❡ss❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ♣❡r❝❡♣çã♦ sã♦ ♠✉✐t♦ s✐♠✐❧❛r❡s

❡ ❝♦♠♣❛tí✈❡✐s ❝♦♠ ♠♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠ ✐♥❢❡rê♥❝✐❛ ❇❛②❡s✐❛♥❛ ❡ ▼❆P ✭▼❛①✐♠✉♠ ❛

✾❘❡❣✐ã♦ ❞♦ s✐st❡♠❛ ♥❡r✈♦s♦ ❝❡♥tr❛❧✱ ❡s♣❡❝✐✜❝❛♠❡♥t❡ ♥♦ t❡t♦ ❞♦ ♠❡s❡♥❝é❢❛❧♦✳



✷✽ ❈❛♣ít✉❧♦ ✸✳ ❘❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦

P♦st❡r✐♦r✐✮ ❡♠♣r❡❣❛❞♦s ❡♠ té❝♥✐❝❛s ❝♦♠♦ ❋✐❧tr♦ ❞❡ ❇❛②❡s ❡ ❞❡r✐✈❛❞♦s✱ ✉t✐❧✐③❛❞♦s ❛♠✲

♣❧❛♠❡♥t❡ ❡♠ ❢✉sã♦ ❞❡ s❡♥s♦r❡s✳

✸✳✷✳✷ ❋✉sã♦ ❞❡ s❡♥s♦r❡s

❆ ❢✉sã♦ ❞❡ s❡♥s♦r❡s ♣♦❞❡ s❡r ❞❡✜♥✐❞❛ ❝♦♠♦ ❬❉❛s❛r❛t❤②✱ ✶✾✾✼❪✿

❉❡✜♥✐çã♦ ✷ ❊st✉❞♦ ❞♦s ❝♦♥❝❡✐t♦s ❡ té❝♥✐❝❛s ❞❡s❡♥✈♦❧✈✐❞❛s ❝♦♠ ♦❜❥❡t✐✈♦ ❞❡ ♣r♦❝❡ss❛r

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

✜ssã♦ ❞❡ ✐♥❢♦r♠❛çã♦ ✐♥❡r❡♥t❡ ❛♦ ♣r♦❝❡ss♦ ❞❡ ♣❡r❝❡♣çã♦ ❞❡ ✉♠ ❛♠❜✐❡♥t❡ ❢ís✐❝♦ ♣♦r ♣❛rt❡

❞❡ ✉♠ s❡♥s♦r✳

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

r❛♠ ❛♣❡♥❛s ♣❛rt❡ ❞❛ ✐♥❢♦r♠❛çã♦ ❞✐s♣♦♥í✈❡❧ ✭✜ssã♦✮✱ ❡ ♥ã♦ ♣❡❧❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡st❛✳

❆ ❢✉sã♦ é ✉♠ ♠❡✐♦ ❞❡ r❡❝♦♠❜✐♥❛r ❡ss❛s ✐♥❢♦r♠❛çõ❡s ✈✐s❛♥❞♦ r❡♣r❡s❡♥t❛r ♦ ♠❛✐s ✜❡❧ ♦✉

♣r❡❝✐s❛♠❡♥t❡ ❛ ✐♥❢♦r♠❛çã♦ s❡♥s♦r❡❛❞❛✳

❈♦♠ ♦ ❛✉♠❡♥t♦ ❞❡ ♣♦♣✉❧❛r✐❞❛❞❡ ♥❛s ú❧t✐♠❛s ❞é❝❛❞❛s ❡ ♦ ♠❛✐♦r ❛❝❡ss♦ ❛ ♥♦✲

✈♦s t✐♣♦s ❞❡ s❡♥s♦r❡s✱ ❛t✉❛❧♠❡♥t❡ ❡①✐st❡ ✉♠❛ ❣r❛♥❞❡ ✈❛r✐❡❞❛❞❡ ❞❡ ♠ét♦❞♦s ❡♠♣r❡✲

❣❛❞♦s ♣❛r❛ ❢✉sã♦ ♥♦s ♠❛✐s ❞✐✈❡rs♦s ❞♦♠í♥✐♦s ❞❡ ❛♣❧✐❝❛çã♦ ❬◆❛❦❛♠✉r❛ ❡t ❛❧✳✱ ✷✵✵✼❛❪✳

❈♦♥s✐❞❡r❛♥❞♦ ❛ ❡①✐stê♥❝✐❛ ❞❡ ❝♦♥❢✉sã♦ ❝♦♠ r❡❧❛çã♦ ❛ t❡r♠✐♥♦❧♦❣✐❛ ❞❡ ❢✉sã♦ ❞❡ s❡♥s♦✲

r❡s✴✐♥❢♦r♠❛çã♦✴❞❛❞♦s ❞❡✈✐❞♦ ❛ s✉❛ ❛♣❧✐❝❛çã♦ ❡♠ ❞✐✈❡rs❛s ár❡❛s✱ s❡rá ❛❞♦t❛❞❛ ❛ s❡❣✉✐♥t❡

❞❡✜♥✐çã♦ ❞❡ ❍❛❧❧ ✫ ▲❧✐♥❛s ❬✶✾✾✼❪ ♣❛r❛ ♦ t❡r♠♦ ✏❢✉sã♦✑ ♣❡❧♦ r❡st❛♥t❡ ❞❡st❡ ❞♦❝✉♠❡♥t♦✿

❉❡✜♥✐çã♦ ✸ ❈♦♠❜✐♥❛çã♦ ❞❡ ❞❛❞♦s ❞❡ ♠ú❧t✐♣❧♦s s❡♥s♦r❡s✱ ❡ ✐♥❢♦r♠❛çõ❡s r❡❧❛❝✐♦♥❛❞❛s

♣r♦✈✐❞❛s ♣♦r ❜❛s❡ ❞❡ ❞❛❞♦s ❛ss♦❝✐❛❞❛s✱ ♣❛r❛ ❛❧❝❛♥ç❛r ♠❛✐♦r ❡①❛t✐❞ã♦ ❡ ✐♥❢❡rê♥❝✐❛s ♠❛✐s

❡s♣❡❝í✜❝❛s ❞♦ q✉❡ s❡r✐❛ ♣♦ssí✈❡❧ ✉s❛♥❞♦ ❛♣❡♥❛s ✉♠ ú♥✐❝♦ s❡♥s♦r✳

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

✈ár✐❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ❝♦♠♦✿ ❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛✱ ♦ ♥í✈❡❧ ❞❡ ❛❜str❛çã♦

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

t❡♦r✐❛ ❜❛s❡ ♣♦r trás ❞♦ ♣r♦❝❡ss♦ ❞❡ ❢✉sã♦✿ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ t❡♦r✐❛ ❞❛ ❡✈✐❞ê♥❝✐❛✱ t❡♦r✐❛ ❞❛

♣♦ss✐❜✐❧✐❞❛❞❡ ♦✉ ❧ó❣✐❝❛ ❢✉③③② ❬❇❧♦❝❤✱ ✶✾✾✻❪✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ❞❛❞♦s ❛ s❡r❡♠ ❝♦♠❜✐♥❛❞♦s✱ ❛ ❢✉sã♦ ♣♦❞❡ s❡r

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

• ❈♦♠♣❧❡♠❡♥t❛r✿ q✉❛♥❞♦ ♦s ❞❛❞♦s ❛ s❡r❡♠ ❝♦♠❜✐♥❛❞♦s r❡♣r❡s❡♥t❛♠ ❞✐❢❡r❡♥t❡s

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

♣♦❞❡ s❡r ♦❜t✐❞❛ ❛tr❛✈és ❞❛ ❢✉sã♦ ✭❝❛s♦ ❞❛ ❢✉sã♦ ❛✉❞✐♦✈✐s✉❛❧ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦



✸✳✷✳ ❋✉sã♦ ✷✾

❋✐❣✉r❛ ✸✳✸✳ ❈❛t❡❣♦r✐❛s ❞❡ ❢✉sã♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ❢♦♥t❡s✳ ■♠❛❣❡♠
tr❛❞✉③✐❞❛ ❞❡ ◆❛❦❛♠✉r❛ ❡t ❛❧✳ ❬✷✵✵✼❛❪✳

❞❡ ✈♦③✱ ♦♥❞❡ ❛ ✈♦③ ❡ ❛ ❝♦♥✜❣✉r❛çã♦ ❞❛ ❜♦❝❛ ❞❡ ✉♠❛ ♣❡ss♦❛ ♣♦❞❡♠ s❡r ✉s❛❞❛s✱

♣♦r ❡①❡♠♣❧♦✮✳

• ❘❡❞✉♥❞❛♥t❡✿ q✉❛♥❞♦ ❞❛❞♦s s✐♠✐❧❛r❡s ♦❜t✐❞♦s ❞❡ ❢♦♥t❡s ❞✐❢❡r❡♥t❡s sã♦ ❝♦♠❜✐♥❛❞♦s

❛ ✜♠ ❞❡ t♦r♥á✲❧♦ ♠❛✐s ❡①❛t♦ ✭❝♦♠♦ ♥❛ ❧♦❝❛❧✐③❛çã♦ ✈✐❛ ●P❙✱ ♣♦r ❡①❡♠♣❧♦✱ ♦♥❞❡ ❛

♣♦s✐çã♦ é ❝♦rr✐❣✐❞❛ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ♦ t❡♠♣♦ ❞❡ r❡s♣♦st❛ ❞❡ ✈ár✐♦s s❛té❧✐t❡s✮❀

• ❈♦♦♣❡r❛t✐✈❛✿ q✉❛♥❞♦ ❞❛❞♦s ♣♦❞❡♠ s❡r ❝♦♠❜✐♥❛❞♦s ♣❛r❛ ❣❡r❛r ✉♠ ♠❛✐s ❝♦♠♣❧❡①♦✱

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

❡st❡r❡♦s❝♦♣✐❛✮❀

❖✉tr❛ ❝❧❛ss✐✜❝❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ❢✉sã♦ é r❡❢❡r❡♥t❡ ❛♦ ♥í✈❡❧ ❞❡ ❛❜str❛çã♦ ❡♠ q✉❡

❛ ✐♥t❡❣r❛çã♦ ❞♦s ❞❛❞♦s ♦❝♦rr❡✿

• ❋✉sã♦ ❞❡ ❞❛❞♦s ✭❢✉sã♦ ❞❡ ❜❛✐①♦ ♥í✈❡❧✮✿ ♦s ❞❛❞♦s sã♦ ❝♦♠❜✐♥❛❞♦s ❞✐r❡t❛♠❡♥t❡

s❡ ♦s s❡♥s♦r❡s q✉❡ ♦s ♠❡❞❡♠ ♦ ❢❛ç❛♠ ♣❛r❛ ♦ ♠❡s♠♦ ❢❡♥ô♠❡♥♦ ❢ís✐❝♦✱ ❝♦♠♦ ♦

s♦♠ ❝❛♣t✉r❛❞♦ ♣♦r ♠✐❝r♦❢♦♥❡s✱ ❝✉❥❛s ❞✐❢❡r❡♥ç❛s ❞❡ ❢❛s❡ ❡♥tr❡ ♦s s✐♥❛✐s ♣♦❞❡♠ s❡r

❡①♣❧♦r❛❞❛s ♣♦r ✉♠ ❜❡❛♠❢♦r♠❡r✶✵❀
✶✵❚é❝♥✐❝❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛✐s ❡♠ q✉❡ ❞♦✐s ♦✉ ♠❛✐s s✐♥❛✐s ♣r♦✈❡♥✐❡♥t❡s ❞❡ s❡♥s♦r❡s ❞✐❢❡r❡♥t❡s✱

❝✉❥❛ ♣♦s✐çã♦ r❡❧❛t✐✈❛ é ❝♦♥❤❡❝✐❞❛✱ sã♦ ❝♦♠❜✐♥❛❞♦s✱ ❣❡r❛♥❞♦ ✐♥t❡r❢❡rê♥❝✐❛ ❝♦♥str✉t✐✈❛ ❡ ❞❡str✉t✐✈❛✱
r❡s✉❧t❛♥❞♦ ❡♠ ✉♠ s✐♥❛❧ q✉❡ ♣r✐✈✐❧❡❣✐❛ ♦♥❞❛s ✈✐♥❞❛s✴❡♠✐t✐❞❛s ❞❡ ❞❛❞❛ ❞✐r❡çã♦✳



✸✵ ❈❛♣ít✉❧♦ ✸✳ ❘❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦

• ❋✉sã♦ ❞❡ ❛tr✐❜✉t♦s ✭❢✉sã♦ ❞❡ ♥í✈❡❧ ✐♥t❡r♠❡❞✐ár✐♦✮✿ ❡♥✈♦❧✈❡ ❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡✲

ríst✐❝❛s r❡♣r❡s❡♥t❛t✐✈❛s ❞♦s ❞❛❞♦s ♦❜t✐❞♦s ❞♦s s❡♥s♦r❡s ❡ s✉❛ ❝♦♠❜✐♥❛çã♦ ✭❛tr❛✈és

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

❛✉❞✐♦✈✐s✉❛✐s é ✉t✐❧✐③❛❞❛ ❛ s✐❣❛ ❋❆❱ ✭❋❡❛t✉r❡ ❆❱ ✮ ♥❡st❡ t❡①t♦❀

• ❋✉sã♦ ❞❡ ❞❡❝✐sõ❡s ✭❢✉sã♦ ❞❡ ❛❧t♦ ♥í✈❡❧✮✿ ❝♦♠❜✐♥❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ❝❛❞❛

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

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

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

❡ ✈❛r✐❛♥t❡s✳ P❛r❛ ❞❛❞♦s ❛✉❞✐♦✈✐s✉❛✐s é ✉t✐❧✐③❛❞❛ ❛ s✐❣❧❛ ▼❆❱ ✭▼❡t❛ ❆❱ ✮ ♥❡st❡

t❡①t♦✳

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

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

❞❛❞♦s✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ❛ ❞✐♠❡♥sã♦ ❞♦ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✜♥❛❧ s❡ ❛♣r❡s❡♥t❛ ❝♦♠♦

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

❝♦♠♦ P❈❆ ✭Pr✐♥❝✐♣❛❧ ❈♦♠♣♦♥❡♥t ❆♥❛❧②s✐s✮ ❬❇✐s❤♦♣✱ ✷✵✵✼❪ sã♦ ❧❛r❣❛♠❡♥t❡ ✉t✐❧✐③❛❞❛s✱

❜❡♥❡✜❝✐❛♥❞♦ ♠ét♦❞♦s q✉❡ s♦❢r❡r✐❛♠ ❞❡st❛ ❧✐♠✐t❛çã♦✱ ❝♦♠♦ ✉♠ ❍▼▼ ❬❘❛❜✐♥❡r ✫ ❙❝❤❛✲

❢❡r✱ ✷✵✵✼❪✳ ❖✉tr❛s té❝♥✐❝❛s✱ ❝♦♠♦ ✉♠❛ ❙❱▼ ❬❇✐s❤♦♣✱ ✷✵✵✼❪✱ q✉❡ ♣♦❞❡ ✉t✐❧✐③❛r ❢✉♥çõ❡s

❞❡ ❦❡r♥❡❧✱ ❞✐s♣❡♥s❛♠ t❛❧ tr❛t❛♠❡♥t♦✱ ❥á q✉❡ ♣♦❞❡♠ ❧✐❞❛r ❝♦♠ ❛ r❡❞✉çã♦ ❞❡ ❞✐♠❡♥sã♦

✐♥t❡r♥❛♠❡♥t❡✳

❆ ❢✉sã♦ ♥❡st❡ ♥í✈❡❧ ❞❡ ❛❜str❛çã♦ t❡♠ ❛ ✈❛♥t❛❣❡♠ ❞❡ t❡r ✉♠ ❡sq✉❡♠❛ ❞❡ ❢á❝✐❧

✐♠♣❧❡♠❡♥t❛çã♦✱ t♦❞❛✈✐❛✱ ❤á ❛ r❡str✐çã♦ ❞❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s✐♥❝r♦♥✐③❛çã♦ ❞♦s ❞❛❞♦s ♣r♦✲

✈❡♥✐❡♥t❡s ❞♦s s❡♥s♦r❡s✱ ❛tr❛✈és ❞❡ ❞♦✇♥s❛♠♣❧✐♥❣ ♦✉ ✉♣s❛♠♣❧✐♥❣✳

❆ ❢✉sã♦ ❛ ♥í✈❡❧ ❞❡ ❞❡❝✐sã♦ ❡♥✈♦❧✈❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ♦✉ ✈❡r♦ss✐♠✐✲

❧❤❛♥ç❛s ✭❣❡r❛❞❛s ♣♦r ❝❧❛ss✐✜❝❛❞♦r❡s ✉♥✐♠♦❞❛✐s ♣❛r❛ ❝❛❞❛ s✐♥❛❧✱ ♣♦r ❡①❡♠♣❧♦✮ ❜❛s❡❛❞❛

❡♠ ❛❧❣✉♠ ❡sq✉❡♠❛ ❞❡ ♣♦♥❞❡r❛çã♦ ❛ss♦❝✐❛❞♦ à ❝♦♥✜❛♥ç❛ ❞♦s ❞❛❞♦s✳ ❆s ✈❛♥t❛❣❡♥s ❞❡st❡

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

❞❡ ❢✉sã♦✱ ❞❛♥❞♦ ♠❛✐♦r ♣❡s♦ às ❢♦♥t❡s ❞❡ ❞❛❞♦s ❝♦♠ ♠❡♥♦r ✐♥❝❡rt❡③❛✱ ❡ ✉t✐❧✐③❛r ❛♠♦s✲

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

rá♣✐❞❛✳

❚é❝♥✐❝❛s ❞❡ ♠❡t❛✲❛♣r❡♥❞✐③❛❞♦ ❡ ❡♥s❡♠❜❧❡ s❡ ❡♥❝♦♥tr❛♠ ♥❡st❛ ❝❛t❡❣♦r✐❛✱ ❝♦♠♦

❜❛❣❣✐♥❣✱ ❜♦♦st✐♥❣ ❡ st❛❝❦✐♥❣ ✭t✐♣♦ ❞❡ ❜❛❣❣✐♥❣✮✳ ◆♦ ❜❛❣❣✐♥❣ ♦ tr❡✐♥♦ é ❞✐✈✐❞✐❞♦ ❡♠ n

❝♦♥❥✉♥t♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ❛♠♦str❛❞♦s ✉♥✐❢♦r♠❡♠❡♥t❡ ❝♦♠ r❡♣♦s✐çã♦✱ ❝❛❞❛ ✉♠ ❞❡ss❡s

❝♦♥❥✉♥t♦s é ✉s❛❞♦ ♣❛r❛ tr❡✐♥❛r ✉♠ ❝❧❛ss✐✜❝❛❞♦r ❢r❛❝♦✶✶✱ ❝♦♠♦ ✉♠❛ ár✈♦r❡ ❞❡ ❞❡❝✐sã♦✳ ◆♦

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

✶✶❈❧❛ss✐✜❝❛❞♦r ❝✉❥♦ ♦ ❞❡s❡♠♣❡♥❤♦ é ♣♦✉❝♦ ♠❡❧❤♦r q✉❡ ✉♠ ❝❧❛ss✐✜❝❛❞♦r ❛❧❡❛tór✐♦✳



✸✳✷✳ ❋✉sã♦ ✸✶

❢r❛❝♦s ❡ ❝♦♠❜✐♥❛♥❞♦ ♦ r❡s✉❧t❛❞♦ ❞❡ ❝❛❞❛ ✉♠ ❛tr❛✈és ❞❡ té❝♥✐❝❛s ❞❡ ✈♦t❛çã♦ ♦✉ ♠❛✐♦r✐❛

❬❑✐tt❧❡r ❡t ❛❧✳✱ ✶✾✾✻❪✱ ♣♦r ❡①❡♠♣❧♦✳ ❖ ❝❧❛ss✐✜❝❛❞♦r ❘❛♥❞♦♠ ❋♦r❡st ❬❇r❡✐♠❛♥✱ ✷✵✵✶❪

♣❡rt❡♥❝❡ ❛ ❡st❛ ❝❛t❡❣♦r✐❛✳

◆♦ ❜♦♦st✐♥❣✱ sã♦ ❢❡✐t♦s tr❡✐♥♦s s✉❝❡ss✐✈♦s ❝♦♠ ❛♠♦str❛s ❝❧❛ss✐✜❝❛❞❛s ❡rr♦♥❡❛♠❡♥t❡

❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ❛♣r✐♠♦r❛r s❡✉ r❡s✉❧t❛❞♦ ♣❛r❛ ❛♠♦str❛s ❞✐❢í❝❡✐s ❞❡ ❝❧❛ss✐✜❝❛r✳ ❖ ❝❧❛s✲

s✐✜❝❛❞♦r ❆❞❛❇♦♦st ❬❆❧♣❛②❞✐♥✱ ✷✵✵✾❪ ♣❡rt❡♥❝❡ ❛ ❡st❛ ❝❛t❡❣♦r✐❛✳

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

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

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

♥♦✈❛ ❡t❛♣❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❬❉③❡r♦s❦✐ ✫ ❩❡♥❦♦✱ ✷✵✵✹❀ ❆❧♣❛②❞✐♥✱ ✷✵✵✾❪✳

❯♠ ❝r✐tér✐♦ ✐♠♣♦rt❛♥t❡ ❞❡ ❡s❝♦❧❤❛ ❡♥tr❡ ❛s ❛❜♦r❞❛❣❡♥s é ❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛s

♠♦❞❛❧✐❞❛❞❡s✿ ✉♠❛ ❢✉sã♦ ❛ ♥í✈❡❧ ❞❡ ❞❡❝✐sã♦ é ✐❞❡❛❧ q✉❛♥❞♦ ❛s ♠♦❞❛❧✐❞❛❞❡s ♥ã♦ sã♦

❝♦rr❡❧❛❝✐♦♥❛❞❛s ♦✉ ❤á ❣r❛♥❞❡ ✈❛r✐❛çã♦ ♥❛ ❞❡❣r❛❞❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ❝❛❞❛ s❡♥s♦r✱

❛ss✐♠ ❝❛❞❛ ❡♥tr❛❞❛ é ♣r♦❝❡ss❛❞❛ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❛ ♦✉tr❛✳ ❉❡ ♠❛♥❡✐r❛ ✐♥✈❡rs❛✱

✉♠❛ ❢✉sã♦ ❞❡ ❛tr✐❜✉t♦s é ❡❢❡t✐✈❛ q✉❛♥❞♦ ❛s ♠♦❞❛❧✐❞❛❞❡s sã♦ ❢♦rt❡♠❡♥t❡ ❝♦rr❡❧❛❝✐♦♥❛❞❛s✳

❊♥tr❡t❛♥t♦✱ ❞❛❞♦ ♦ ♣r♦❜❧❡♠❛ ❞❛ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡✱ ✉♠❛ ❢✉sã♦ ❞❡ ❞❡❝✐sõ❡s ♣♦❞❡ s✉♣❡r❛r

✉♠❛ ❞❡ ❛tr✐❜✉t♦s ♠❡s♠♦ s❡ ♦s ❞❛❞♦s ❢♦r❡♠ ♠✉✐t♦ ❝♦rr❡❧❛❝✐♦♥❛❞♦s ❬❙❛r❣✐♥ ✫ ❨❡♠❡③✱

✷✵✵✼❪✳

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

ót✐♠❛ s♦③✐♥❤❛ ✭❡s♣❡❝✐❛❧♠❡♥t❡ q✉❛♥❞♦ ❛s ♠♦❞❛❧✐❞❛❞❡s t❡♠ ♠✐st✉r❛ ❞❡ ❞❛❞♦s ❝♦rr❡❧❛❝✐♦✲

♥❛❞♦s ❡ ♥ã♦✲❝♦rr❡❧❛❝✐♦♥❛❞♦s✮✱ ♠♦t✐✈♦ ♣❡❧♦ q✉❛❧ ❤á ❛ ❡①✐stê♥❝✐❛ ❞❡ ❡str❛té❣✐❛s ❤í❜r✐❞❛s✱

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

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

♣❛r❛ ♣❛r❛ ❞❛❞♦s ♣♦✉❝♦ ❝♦♥✜á✈❡✐s✱ ❛♦ ❝✉st♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❛❞✐❝✐♦♥❛❧ ❬❙t♦r❦

❡t ❛❧✳✱ ✶✾✾✷❀ ◆❡t✐ ❡t ❛❧✳✱ ✷✵✵✶❪✳

◆❡st❛ ♣❡sq✉✐s❛ ❢♦r❛♠ ✉s❛❞♦s ❝♦♠♦ ❞❡s❝r✐t♦r❡s ❛✉❞✐t✐✈♦s ❛ ❋❚✱ ❞❡s❝r✐t♦r ❡s♣❡❝✲

tr❛❧ ❝♦♠ ❜♦♠ ♣♦❞❡r ❞✐s❝r✐♠✐♥❛t✐✈♦✱ ❇♦❲ ❞❡ ▼❋❈❈s✱ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❝♦♠♣❛❝t❛

❡ ❞✐s❝r✐♠✐♥❛tór✐❛ ❞❡ s✐♥❛✐s ❞❡ á✉❞✐♦ ❡ ✉♠ ❞❡s❝r✐t♦r ❝♦♥str✉í❞♦ ❛ ♣❛rt✐r ❞♦ t❡♠♣♦ ❞❡

❞❡❝❛✐♠❡♥t♦ ❞♦ s✐♥❛❧ ❞❡ á✉❞✐♦✱ ❞❡✈✐❞♦ à ❣r❛♥❞❡ ❞✐❢❡r❡♥ç❛ ❞♦ t❡♠♣♦ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❞❛s

❛♠♦str❛s ❞❡♣❡♥❞❡♥❞♦ ❞♦ ♦❜❥❡t♦✳

❈♦♠♦ ❞❡s❝r✐t♦r ✈✐s✉❛❧ ❢♦✐ ❛❞♦t❛❞♦ ♦ ❇❆❙❊ ❬◆❛s❝✐♠❡♥t♦ ❡t ❛❧✳✱ ✷✵✶✸❪✱ ♣♦r s❡r ✉♠

❞❡s❝r✐t♦r ❝✉❥❛ ❛q✉✐s✐çã♦ t❡♠ ❜❛✐①♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ❝♦❞✐✜❝❛❞♦ ❝♦♠♦ ✉♠ ❇♦❲✱

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

◆❛ ❝❧❛ss✐✜❝❛çã♦ ❢♦r❛♠ ✉s❛❞♦s ❞♦✐s ❝❧❛ss✐✜❝❛❞♦r❡s✱ ♦ ❘❛♥❞♦♠ ❋♦r❡st ❬❇r❡✐♠❛♥✱

✷✵✵✶❪ ❡ ❛ ❘❡❣r❡ssã♦ ▲♦❣íst✐❝❛ ❬❇✐s❤♦♣✱ ✷✵✵✼❪✱ ♦ ♣r✐♠❡✐r♦ ♣♦r s❡r ✉♠ ❝❧❛ss✐✜❝❛❞♦r ❡♥✲

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

❝❧❛ss✐✜❝❛❞♦r ❧✐♥❡❛r✱ ♥❡❝❡ssár✐♦ ❡♠ ✉♠❛ ❞❛s ❛❜♦r❞❛❣❡♥s ♣❛r❛ ❢✉sã♦✱ ❝♦♠ ❞❡s❡♠♣❡♥❤♦



✸✷ ❈❛♣ít✉❧♦ ✸✳ ❘❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦

s✉♣❡r✐♦r ❛ ✉♠❛ ❘❡❣r❡ssã♦ ▲✐♥❡❛r s✐♠♣❧❡s✳



❈❛♣ít✉❧♦ ✹

▼❡t♦❞♦❧♦❣✐❛

❊st❡ ❝❛♣ít✉❧♦ ❛❜♦r❞❛ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❛❞♦t❛❞❛ ♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦ ❡ ❡①tr❛çã♦ ❞❡ ❛tr✐❜✉t♦s

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

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

✹✳✶ ❱✐sã♦ ❣❡r❛❧

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

❘●❇ ❛❝♦♠♣❛♥❤❛❞❛ ❞❡ s✉❛ r❡s♣❡❝t✐✈❛ ✐♠❛❣❡♠ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✱ ♦♥❞❡ ❛ss✉♠❡✲s❡ q✉❡ ❛s

✐♠❛❣❡♥s sã♦ ❞❡ ♠❡s♠❛ r❡s♦❧✉çã♦ ❡ r❡❣✐str❛❞❛s✶✳ ❆ s❡❣✉✐r✱ ❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡ s❡♥s♦r✐❛❧ é

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

✶✳ Pré✲♣r♦❝❡ss❛♠❡♥t♦ ❞♦s ❞❛❞♦s❀

✷✳ ❊①tr❛çã♦ ❞❡ ❞❡s❝r✐t♦r❡s❀

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

❝♦♠♦ ❡♥tr❛❞❛ ♥❛ ❡t❛♣❛ s❡❣✉✐♥t❡✱ ❞❡ ❝❧❛ss✐✜❝❛çã♦✳ ❖ ❞✐❛❣r❛♠❛ ❞❛ ❋✐❣✉r❛ ✹✳✶ ♣r♦✈ê ✉♠❛

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

trás ❞❡ s✉❛ ♠♦❞❡❧❛❣❡♠ s❡ ❡♥❝♦♥tr❛♠ ♥❛s ♣ró①✐♠❛s s❡çõ❡s✱ ❝♦♠ ❛ ❞❡s❝r✐çã♦ ❞♦ ♠ó❞✉❧♦

❛✉❞✐t✐✈♦ ♥❛ ❙❡çã♦ ✹✳✷✱ ♠ó❞✉❧♦ ✈✐s✉❛❧ ♥❛ ❙❡çã♦ ✹✳✸ ❡ ❢✉sã♦ ❛✉❞✐♦✈✐s✉❛❧ ♥❛ ❙❡çã♦ ✹✳✹✳

✶❍á ✉♠❛ r❡❧❛çã♦ ❜✐✉♥í✈♦❝❛ ❡♥tr❡ ♦s ♣✐①❡❧s ❞❡ ❝❛❞❛ ✐♠❛❣❡♠✳ ❉❛❞♦ ✉♠ ♣✐①❡❧ ✭①✱②✮✱ s✉❛ ✐♥t❡♥s✐❞❛❞❡
é ■✭①✱②✮ ❡ s✉❛ ♣r♦❢✉♥❞✐❞❛❞❡ ❉✭①✱②✮✳

✸✸



✸✹ ❈❛♣ít✉❧♦ ✹✳ ▼❡t♦❞♦❧♦❣✐❛

❋✐❣✉r❛ ✹✳✶✳ ❉✐❛❣r❛♠❛ ❞❡ ✢✉①♦ ❞♦ s✐st❡♠❛✳ ❆❞q✉✐r✐❞❛s ❛♠♦str❛s ❞❡ ✐♠❛❣❡♠
✭❘●❇ ❡ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✮ ❡ á✉❞✐♦ ❞♦ ♦❜❥❡t♦✱ ❡ss❛s sã♦ ♣r♦❝❡ss❛❞❛s s❡♣❛r❛❞❛♠❡♥t❡
s❡❣✉✐♥❞♦ ♦ ✢✉①♦ ❞❡ ❝❛❞❛ ♠ó❞✉❧♦✳

✹✳✷ ▼ó❞✉❧♦ ❆✉❞✐t✐✈♦

❖ ♠ó❞✉❧♦ ❛✉❞✐t✐✈♦ é ♦ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❝❛r❛❝t❡r✐③❛çã♦ s♦♥♦r❛ ❞♦s ♦❜❥❡t♦s✳ P❛r❛ ✐st♦ é

❛♥❛❧✐s❛❞♦ ✉♠ tr❡❝❤♦ ❞❡ á✉❞✐♦ ♦♥❞❡ s❡ s❛❜❡ q✉❡ ❤á s♦♠ ♣r♦❞✉③✐❞♦ ♣❡❧♦ ♦❜❥❡t♦✱ ❛ ♣❛rt✐r

❞♦ q✉❛❧ sã♦ ❡①tr❛í❞♦s ♦s ❞❡s❝r✐t♦r❡s✳ ❊st❡ ♣r♦❝❡ss♦ ❡♥✈♦❧✈❡ ❞✉❛s ❡t❛♣❛s ❢✉♥❞❛♠❡♥t❛✐s✿

r❡❝♦rt❡ ❞♦ s✐♥❛❧ ❡ ❡①tr❛çã♦ ❞❡ ❞❡s❝r✐t♦r❡s✳ ❆ ❋✐❣✉r❛ ✹✳✷ ❝♦♥té♠ ✉♠ ❞✐❛❣r❛♠❛ ❞♦

❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ♠ó❞✉❧♦ ❛✉❞✐t✐✈♦✳

❋✐❣✉r❛ ✹✳✷✳ ❉✐❛❣r❛♠❛ ❞❡ ✢✉①♦ ❞♦ ♠ó❞✉❧♦ ❛✉❞✐t✐✈♦✱ ❝♦♥t❡♥❞♦ ❛ ❡t❛♣❛ ❞❡ ♣ré✲
♣r♦❝❡ss❛♠❡♥t♦ ✭r❡❝♦rt❡ ❡ ♥♦r♠❛❧✐③❛çã♦ ❞♦ s✐♥❛❧✮ ❡ ❡①tr❛çã♦ ❞♦s ❞❡s❝r✐t♦r❡s✳

✹✳✷✳✶ ❘❡❝♦rt❡

❆ ♣r✐♠❡✐r❛ ❢❛s❡✱ r❡❝♦rt❡ ❞♦ s✐♥❛❧✱ é ❢❡✐t❛ ❞❡ ❢♦r♠❛ s✐♠♣❧❡s✱ ❛tr❛✈és ❞❛ ✈❛r✐❛çã♦ ❞❡

❡♥❡r❣✐❛ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✳ ❙❡❥❛ sj(i) ♦ ✈❛❧♦r ❞❛ ❛♠♦str❛ i ❞♦ s✐♥❛❧ s ❡♠ ✉♠❛ ❥❛♥❡❧❛

❞❡s❧✐③❛♥t❡ r❡t❛♥❣✉❧❛r j ❞❡ t❛♠❛♥❤♦ N ✱ ❛ ❡♥❡r❣✐❛ E ❬P❡❡t❡rs ❡t ❛❧✳✱ ✷✵✶✶❪ ❞♦ s✐♥❛❧ ♥❛

❥❛♥❡❧❛ é ❞❛❞❛ ♣♦r

Ej =
∑

i

s2j(i). ✭✹✳✶✮



✹✳✷✳ ▼ó❞✉❧♦ ❆✉❞✐t✐✈♦ ✸✺

❉❛❞❛ ❛ ❡♥❡r❣✐❛ ❡♠ ❝❛❞❛ ❢r❛♠❡✷✱ ❝♦♠ ❞✉r❛çã♦ ❞❡ ✶✵♠s ❡ ♣❛ss♦ ❞❡ ✶♠s✱ ♦ ❢r❛♠❡ o

❡♠ q✉❡ ❛ ❡♥❡r❣✐❛ é ♠á①✐♠❛ é ❝♦♥s✐❞❡r❛❞❛ ❝♦♠♦ ♦ ✐♥í❝✐♦ ❞♦ ❝❤♦q✉❡✿

o = arg max
j∈J

(Ej), ✭✹✳✷✮

♦♥❞❡ J é ♦ ❝♦♥❥✉♥t♦ ♦r❞❡♥❛❞♦ ❞❡ ❢r❛♠❡s ❛♦ ❧♦♥❣♦ ❞♦ s✐♥❛❧✳

❖ ú❧t✐♠♦ ❢r❛♠❡ u ❝♦♥s✐❞❡r❛❞♦ ♣❛rt❡ ❞♦ r❡❝♦rt❡ é ❞❛❞♦ ♣❡❧♦ ♣r✐♠❡✐r♦ ❢r❛♠❡ ❛♣ós

o ❝✉❥❛ ❡♥❡r❣✐❛ t❡♠ ✉♠ ❞❡❝❛✐♠❡♥t♦ ❞❡ ✶✵✵ ❞❇✸ ❡♠ r❡❧❛çã♦ ❛ o✱ ❛ss✐♠ ❛ ❝♦♥❞✐çã♦✿

Eu50
≥
(

Eo

1050

)

. ✭✹✳✸✮

P♦r ✜♠✱ ❛s ❛♠♦str❛s ♥♦ ✐♥t❡r✈❛❧♦ ❞♦ r❡❝♦rt❡ sã♦ ❛ s❡❣✉✐r ♥♦r♠❛❧✐③❛❞❛s ♣❡❧♦ ♠á✲

①✐♠♦✿

s =
s

max s(i)
. ✭✹✳✹✮

❯♠ ❡①❡♠♣❧♦ ❞♦ ♣r♦❝❡❞✐♠❡♥t♦ é ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✸✳

❋✐❣✉r❛ ✹✳✸✳ ❊①❡♠♣❧♦ ❞♦ r❡❝♦rt❡ ❞❡ s✐♥❛❧ ❞❡ ✉♠ tr❡❝❤♦ ❞❡ á✉❞✐♦ ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s
❝♦❧❡t❛❞❛ ♣❛r❛ ❡st❡ tr❛❜❛❧❤♦✳

✷❚r❡❝❤♦ ❞♦ s✐♥❛❧✱ ❛q✉✐ ✉s❛❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ❛♦ s✐♥❛❧ ♥❛ ❥❛♥❡❧❛ ❞❡s❧✐③❛♥t❡✳
✸❱❛❧♦r ❞❡✜♥✐❞♦ ❡♠♣✐r✐❝❛♠❡♥t❡ ❛♣ós ✐♥s♣❡çã♦ ♠❛♥✉❛❧ ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ✉s❛❞❛✳



✸✻ ❈❛♣ít✉❧♦ ✹✳ ▼❡t♦❞♦❧♦❣✐❛

✹✳✷✳✷ ❉❡s❝r✐t♦r❡s

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

❡s♣❡❝tr❛✐s✿ ♠❡❞✐❞❛s ❞♦ ❡♥✈❡❧♦♣❡ ❞❡ ❡♥❡r❣✐❛ ❞♦ s✐♥❛❧✱ ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈ ❝♦❞✐✜❝❛❞♦s ❡♠

✉♠❛ ❛❜♦r❞❛❣❡♠ ❇❛❣✲♦❢✲❲♦r❞s ❡ ❝♦❡✜❝✐❡♥t❡s ❞❛ ❚r❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r✳

✹✳✷✳✷✳✶ ❚✐♠❡ ❢♦r ❊♥❡r❣② ❉❡❝❛② ✭❚❊❉✮

❊st❡ ❞❡s❝r✐t♦r ❢♦✐ ❝r✐❛❞♦ ❛ ♣❛rt✐r ❞♦ t❡♠♣♦ ❞❡ r❡✈❡r❜❡r❛çã♦ ✭❘❚✮ ❞❡ ❙❛❜✐♥❡ ❬❙❛❜✐♥❡✱

✶✾✵✻❪✳ ❖ ❞❡s❝r✐t♦r✱ ❛ ♣❛rt✐r ❞❛q✉✐ ❝❤❛♠❛❞♦ ❞❡ TED✭❚✐♠❡ ❢♦r ❊♥❡r❣② ❉❡❝❛②✮✱ é ❛ss✐♠

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

r❡✈❡r❜❡r❛çã♦ ✐♥t❡r♥❛ ❞♦s ♦❜❥❡t♦s✳ ❙❡❥❛ TEDN ♦ t❡♠♣♦ ♣❛r❛ q✉❡ ❛ ❡♥❡r❣✐❛ ❞❡ ✉♠ s✐♥❛❧

❞❡❝❛✐❛ N❞❇✱ s❡❣✉✐♥❞♦ ❛ ♠❡s♠❛ ❡str✉t✉r❛ ❞❛ ❡q✉❛çã♦ ✹✳✸✱ ♦ ú❧t✐♠♦ ❢r❛♠❡ ♣❛r❛ ❝❛❞❛

♥í✈❡❧ ❞❡ ❞❡❝❛✐♠❡♥t♦ N ♦❜❡❞❡❝❡ ❛ ❝♦♥❞✐çã♦

EuN
≥
(

Eo

10N/10

)

. ✭✹✳✺✮

❖ TEDN ✱ ❡♠ ♠✐❧✐ss❡❣✉♥❞♦s✱ é ❡♥tã♦ ❡st✐♠❛❞♦✿

TEDN =
103(IuN

− Io)

f
ms, ✭✹✳✻✮

♦♥❞❡ Iu é ♦ í♥❞✐❝❡ ❞❛ ♣r✐♠❡✐r❛ ❛♠♦str❛ ❞♦ ❢r❛♠❡ ❡s♣❡❝✐✜❝❛❞♦ ✭u✱ ♥❡st❡ ❝❛s♦✮ ❡ f é ❛

❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❞♦ s✐♥❛❧✳

P♦r ✜♠ ♦ ❞❡s❝r✐t♦r ✜♥❛❧✱ TED✱ é ❢♦r♠❛❞♦ ♣❡❧❛ ❝♦♥❝❛t❡♥❛çã♦ ❞♦s ❞✐❢❡r❡♥t❡s TEDN

❡♠ ✉♠ ✈❡t♦r✿

TED = [TED5, TED10, · · · , TED50]. ✭✹✳✼✮

❋♦r❛♠ ✉t✐❧✐③❛❞♦s ✈❛❧♦r❡s ❞❡ ❞❡❝❛✐♠❡♥t♦ ♥♦ ✐♥t❡r✈❛❧♦ ❬✺✱✺✵❪ ❝♦♠ ♣❛ss♦ ❞❡ ✺✳

❖ ✉s♦ ❞❡st❡ ❞❡s❝r✐t♦r ❢♦✐ ✐♥tr♦❞✉③✐❞♦ ❛♣ós ✈❡r✐✜❝❛r ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡ q✉❡✱ ❞❡♣❡♥✲

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

❞❡ ❡♥❡r❣✐❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♣r❡♠✐ss❛ ❞❡ ❲✐❧❞❡s ✫ ❘✐❝❤❛r❞s ❬✶✾✽✽❪✳ ❯♠ ♦❜❥❡t♦ ❢❡✐t♦

❞❡ ✐s♦♣♦r✱ q✉❡ ❣❡r❛ ✉♠ s✐♥❛❧ ❞❡ ❜❛✐①❛ ❛♠♣❧✐t✉❞❡✱ t❡♠ TED30 ❡♠ t♦r♥♦ ❞❡ ✺ ❛ ✻ ✈❡③❡s

♦ ❞❡ ♦✉tr♦s ♠❛t❡r✐❛✐s✱ ❝♦♠♦ ♠❛❞❡✐r❛✱ ♣♦r ❡①❡♠♣❧♦✳ ■st♦ ♦❝♦rr❡ ❞❡✈✐❞♦ à ❙◆❘ ✭❙✐❣♥❛❧✲

t♦✲♥♦✐s❡ ❘❛t✐♦✮✿ ♠❡s♠♦ ❡♠ s❡✉ ♣✐❝♦✱ ❛ ❡♥❡r❣✐❛ ❣❡r❛❞❛ ♣❡❧♦s ♦❜❥❡t♦s ❛✐♥❞❛ é ♣♦✉❝♦

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

❛❝♦r❞♦ ❝♦♠ ❛ ❡q✉❛çã♦ ✹✳✺✱ ❛♥á❧♦❣❛ à ✹✳✸✱ ❛ t❡♥❞ê♥❝✐❛ é q✉❡ s✐♥❛✐s ❝♦♠ ❜❛✐①❛ ❛♠♣❧✐t✉❞❡

t❡♥❤❛♠ ♠❛✐♦r t❡♠♣♦ ❞❡ r❡✈❡r❜❡r❛çã♦✳



✹✳✷✳ ▼ó❞✉❧♦ ❆✉❞✐t✐✈♦ ✸✼

✹✳✷✳✷✳✷ ❇♦❲ ▼❋❈❈ ✭❇▼❋❈❈✮

❊st❡ ❞❡s❝r✐t♦r s❡ ❜❛s❡✐❛ ♥♦s ▼❋❈❈ ❬❉❛✈✐s ✫ ▼❡r♠❡❧st❡✐♥✱ ✶✾✽✵❪ ♣❛r❛ ❝r✐❛r ✉♠❛ r❡✲

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

❝♦♥❥✉♥t♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s é ❣❡r❛❞♦ ❛tr❛✈és ❞♦ ✉s♦ ❞❡ ✜❧tr♦s tr✐❛♥❣✉❧❛r❡s ❡s♣❛ç❛❞♦s ♥❛

❡s❝❛❧❛ ▼❡❧✱ ❝✉❥❛ ❝♦♥✈❡rsã♦ ♣❛r❛ ❛ ❡s❝❛❧❛ ❍❡rt③ é

M(f) = 1125 ln(1 + f/700), ✭✹✳✽✮

✐❧✉str❛❞❛ ♥❛ ❋✐❣✉r❛ ✹✳✹✳

❋✐❣✉r❛ ✹✳✹✳ ❘❡❧❛çã♦ ❡♥tr❡ ❛s ❡s❝❛❧❛s ❍❡rt③ ❡ ▼❡❧✳

P❛r❛ ❣❡r❛çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s✱ ♦ s✐♥❛❧ ❡♠ ❝❛❞❛ ❢r❛♠❡ j é ♣r✐♠❡✐r❛♠❡♥t❡ ❝♦♥✈❡rt✐❞♦

♣❛r❛ ♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❛tr❛✈és ❞❛ ❚r❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r✱ ❉❋❚ ✭❉✐s❝r❡t❡

❋♦✉r✐❡r ❚r❛♥s❢♦r♠✮✱ ♥❡st❡ ❝❛s♦✿

Sj(k) =
N
∑

n=1

sj(n)e
−2iπkn/N , ✭✹✳✾✮

♦♥❞❡ 1 ≤ k ≤ K ❡ K é ♦ t❛♠❛♥❤♦ ❞❛ tr❛♥s❢♦r♠❛❞❛✳ ❆ s❡❣✉✐r sã♦ ❛♣❧✐❝❛❞♦s ❛♦ ❡s♣❡❝tr♦

✜❧tr♦s ❜❛♥❞♣❛ss tr✐❛♥❣✉❧❛r❡s ❧♦❣❛r✐t♠✐❝❛♠❡♥t❡ ❡s♣❛ç❛❞♦s ✭s❡❣✉✐♥❞♦ ❛ ❡s❝❛❧❛ ▼❡❧✮✱ ❛



✸✽ ❈❛♣ít✉❧♦ ✹✳ ▼❡t♦❞♦❧♦❣✐❛

♣❛rt✐r ❞♦s q✉❛✐s sã♦ ❝♦♠♣✉t❛❞♦s ♦s ▼❋❈❈s✿

MFCC(i) =
K
∑

k=1

XK cos

[

i

(

k − 1

2

)

π

20

]

, ✭✹✳✶✵✮

♦♥❞❡ i é ♦ i✲és✐♠♦ ❝♦❡✜❝✐❡♥t❡ ▼❋❈❈ ❞♦ ❢r❛♠❡ ❡ Xk ♦ ❧♦❣❛r✐t♠♦ ❞❛ ❡♥❡r❣✐❛ ❞♦ k✲és✐♠♦

✜❧tr♦✳ ❆q✉✐✱ ✷✻ ✜❧tr♦s ❡ ✶✸ ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈ ❢♦r❛♠ ✉s❛❞♦s✱ ✈❛❧♦r❡s ❡st✐♣✉❧❛❞♦s ❛♣ós

❛♥á❧✐s❡ ❡①♣❡r✐♠❡♥t❛❧✳

❉❡✈✐❞♦ à ❢❛❧t❛ ❞❡ ❡str✉t✉r❛ ♥♦ s✐♥❛❧✱ ❛♦ ❝♦♥trár✐♦ ❞♦ ❝♦♥t❡①t♦ ❡♠ q✉❡ ♦s ▼❋❈❈s

❣❡r❛❧♠❡♥t❡ sã♦ ❛♣❧✐❝❛❞♦s ❝♦♥❥✉♥t❛♠❡♥t❡ ❝♦♠ ♠♦❞❡❧♦s s❡q✉❡♥❝✐❛✐s ❝♦♠♦ ❍▼▼ ❬❘❛❜✐♥❡r

✫ ❙❝❤❛❢❡r✱ ✷✵✵✼❪✱ é ♥❡❝❡ssár✐♦ ❣❡r❛r ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❣❧♦❜❛❧ ♣❛r❛ ❛ ❛♠♦str❛✳ ❆✐♥❞❛

q✉❡ s❡❥❛ ♣♦ssí✈❡❧ ✉s❛r ♦♣❡r❛❞♦r❡s ❡st❛tíst✐❝♦s ❝♦♠♦ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s

❬❇❧♦❝❤✱ ✶✾✾✻❪✱ ❤á ♣❡r❞❛ ❞❡ ✐♥❢♦r♠❛çã♦ r❡❧❡✈❛♥t❡✱ ♦♣t❛♥❞♦✲s❡ ♣♦r ❛❞♦t❛r ✉♠❛ ❡str❛té❣✐❛

❇♦❲✱ ♠♦❞❡❧♦ ❛❞❡q✉❛❞♦ ❡ ✐♥t✉✐t✐✈♦ ♣❛r❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ s♦♥s ❛♠❜✐❡♥t❡ ❬❆✉❝♦✉t✉r✐❡r

❡t ❛❧✳✱ ✷✵✵✼❪✳

❖s ❝♦❡✜❝✐❡♥t❡s ❞♦s ❢r❛♠❡s ❞❡ ❛❧❣✉♠❛s ❛♠♦str❛s sã♦ ✉t✐❧✐③❛❞♦s ❡♠ ❡t❛♣❛ ♣ré✈✐❛

♣❛r❛ ❣❡r❛çã♦ ❞♦ ✈♦❝❛❜✉❧ár✐♦ ❛tr❛✈és ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ ❦✲♠❡❛♥s ❬❑❛✉❢♠❛♥

✫ ❘♦✉ss❡❡✉✇✱ ✶✾✾✵❪✱ ❞❛❞❛ ❛ s✉❛ rá♣✐❞❛ ❝♦♥✈❡r❣ê♥❝✐❛ ❡ s✉♣♦rt❡ ❛ ✈❛❧♦r❡s ❞❡ ♣♦♥t♦

✢✉t✉❛♥t❡✱ ❝♦♠♦ ♦s ▼❋❈❈s✳

❉❛❞♦ ♦ ✈♦❝❛❜✉❧ár✐♦✱ ❝❛❞❛ ❝♦♥❥✉♥t♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ▼❋❈❈ i é ❛tr✐❜✉í❞♦ à ✏♣❛❧❛✈r❛✑

q✉❡ ♠✐♥✐♠✐③❛ ❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛✿

Palavra(MFCCi) = arg min
p∈P





√

√

√

√

13
∑

k=1

(MFCCi(k)− Pp(k))2



 , ✭✹✳✶✶✮

♦♥❞❡ MFCCi(k) ❡ Pp(k) s❡ r❡❢❡r❡♠ ❛♦ ❦✲és✐♠♦ ❝♦❡✜❝✐❡♥t❡ ❞♦ ✐✲és✐♠♦ ❝♦♥❥✉♥t♦ ❞❡

▼❋❋❈s ❡ ♣✲és✐♠❛ ✏♣❛❧❛✈r❛✑ ❞♦ ✈♦❝❛❜✉❧ár✐♦✳

❙❡❥❛ ❖ ♦ ✈❡t♦r ❝♦♠ ♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ♦❝♦rrê♥❝✐❛s ❞❛s ⑤P⑤ ✏♣❛❧❛✈r❛s✑

O = O1, O2, · · · , O|P |, ✭✹✳✶✷✮

❡st❡ é ♥♦r♠❛❧✐③❛❞♦ ♣❡❧♦ ♠á①✐♠♦✱ ❣❡r❛♥❞♦ ♦ ❞❡s❝r✐t♦r ❇♦❲ ▼❋❈❈ ✭❇▼❋❈❈✮✿

BMFCC =
O

max(O)
. ✭✹✳✶✸✮

❖ ✉s♦ ❞♦s ▼❋❈❈s ♥♦ ❞❡s❝r✐t♦r s❡ ❞❡✈❡ ❛♦ s❡✉ ❜♦♠ ❞❡s❡♠♣❡♥❤♦ ❡♠ t❛r❡❢❛s ❞❡

❝❧❛ss✐✜❝❛çã♦ ❞❡ s♦♥s ❣❡r❛❞♦s ♣♦r ♦❜❥❡t♦s ♣❛ss✐✈♦s ❬◆❛❦❛♠✉r❛ ❡t ❛❧✳✱ ✷✵✵✼❜❀ ▼❝●✐❜♥❡②

❡t ❛❧✳✱ ✷✵✶✷❪ ❜❡♠ ❝♦♠♦ ♥❛ ❝❛r❛❝t❡r✐③❛çã♦ ❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ á✉❞✐♦ ❞❡ ✉♠❛ ❢♦r♠❛ ❣❡♥ér✐❝❛



✹✳✸✳ ▼ó❞✉❧♦ ✈✐s✉❛❧ ✸✾

❡♠ ✈ár✐♦s ❞♦♠í♥✐♦s ❞❡ ❛♣❧✐❝❛çã♦ ❬❘✐❝❤❛r❞ ❡t ❛❧✳✱ ✷✵✶✸❀ ❈❤✉ ❡t ❛❧✳✱ ✷✵✵✾❪✱ ❛❧é♠ ❞❡ s✉❛

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

✹✳✷✳✷✳✸ ❈♦♠♣❛❝t ❋♦✉r✐❡r ❚r❛♥s❢♦r♠ ✭❈❋❚✮

❙❡❣✉✐♥❞♦ ❛ ❛❜♦r❞❛❣❡♠ ❞❡ ❇✐♦♥❞✐ ❡t ❛❧✳ ❬✷✵✶✹❪ ♣❛r❛ ❝❛r❛❝t❡r✐③❛çã♦ ❞❡ s✐♥❛✐s ❞❡ á✉❞✐♦

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

❚r❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r é ✉t✐❧✐③❛❞♦✳ ❉❛❞♦s ♦s ❝♦❡✜❝✐❡♥t❡s Fk ❞❡ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ k✱

❝♦♠♦ ♦s ❝♦♠♣✉t❛❞♦s ♣❡❧❛ ❡q✉❛çã♦ ✹✳✾✿

Fk =
∑

i

Si(k), ✭✹✳✶✹✮

♦♥❞❡ ❝❛❞❛ ✈❛❧♦r Fk ❝♦rr❡s♣♦♥❞❡ à ❝♦♥tr✐❜✉✐çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ k ❛♦ ❧♦♥❣♦ ❞♦s ❢r❛♠❡s i✳

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

❈❋❚✿

CFT = F0, F1, .., Fn, ✭✹✳✶✺✮

❡ ♥♦r♠❛❧✐③❛❞♦s ♣❡❧♦ ♠á①✐♠♦✿

CFT =
CFT

max(CFT )
. ✭✹✳✶✻✮

❆ ♠♦t✐✈❛çã♦ ♣❛r❛ ✉s♦ ❞❡st❡ ❞❡s❝r✐t♦r é s✉❛ s✐♠♣❧✐❝✐❞❛❞❡✱ r❛♣✐❞❡③ ❞❡ ❡①tr❛çã♦ ❡

r❡♣r❡s❡♥t❛çã♦ ❞♦ ❡s♣❡❝tr♦ ❡♠ ✉♠❛ ❡s❝❛❧❛ ❞✐❢❡r❡♥t❡ ❞❛ ✉s❛❞❛ ♣❡❧♦s ▼❋❈❈s✱ ❛❧é♠ ❞❡ s❡

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

✹✳✷✳✷✳✹ ❉❡s❝r✐t♦r ✜♥❛❧

P♦r ✜♠ ♦ ❞❡s❝r✐t♦r ✜♥❛❧ ❞❡ á✉❞✐♦ é ♦❜t✐❞♦ ❝♦♠❜✐♥❛♥❞♦ ♦s ❞❡s❝r✐t♦r❡s ❣❧♦❜❛✐s ❝✐t❛❞♦s

❛♥t❡r✐♦r♠❡♥t❡ ❡♠ ✉♠ ú♥✐❝♦ ✈❡t♦r ❞❡ ❛tr✐❜✉t♦s Aa✿

Aa = [TED,BMFCC,CFT ]. ✭✹✳✶✼✮

✹✳✸ ▼ó❞✉❧♦ ✈✐s✉❛❧

❖ ♠ó❞✉❧♦ ✈✐s✉❛❧ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛ s❡❣♠❡♥t❛çã♦ ❞♦ ♦❜❥❡t♦ ❞❡ ✐♥t❡r❡ss❡ ❡ ❡①tr❛çã♦ ❞❡

❞❡s❝r✐t♦r❡s ✈✐s✉❛✐s ❞♦ ♦❜❥❡t♦ ❞❡ ✐♥t❡r❡ss❡✱ ❞❡s❝r✐t❛s ❛ s❡❣✉✐r✳ ❆ ❋✐❣✉r❛ ✹✳✺ ❝♦♥té♠ ✉♠

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



✹✵ ❈❛♣ít✉❧♦ ✹✳ ▼❡t♦❞♦❧♦❣✐❛

❋✐❣✉r❛ ✹✳✺✳ ❉✐❛❣r❛♠❛ ❞❡ ✢✉①♦ ❞♦ ♠ó❞✉❧♦ ✈✐s✉❛❧✱ ❝♦♥t❡♥❞♦ ❛ ❡t❛♣❛ ❞❡ ♣ré✲
♣r♦❝❡ss❛♠❡♥t♦ ✭❝r✐❛çã♦ ❞❡ ♠ás❝❛r❛ ❡ ❞❡t❡❝çã♦ ❞❡ ❦❡②♣♦✐♥ts✮ ❡ ❡①tr❛çã♦ ❞♦s ❞❡s✲
❝r✐t♦r❡s✳

✹✳✸✳✶ ❙❡❣♠❡♥t❛çã♦

◆❡st❛ ❡t❛♣❛ ❞❡s❡❥❛✲s❡ ❣❡r❛r ✉♠❛ r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡ ♣❛r❛ q✉❡ s❡❥❛♠ ❞❡t❡❝t❛❞♦s ♣♦♥t♦s

❞❡ ✐♥t❡r❡ss❡ ❞♦ ♦❜❥❡t♦✱ ❝✉❥♦s ❞❡s❝r✐t♦r❡s sã♦ ❡①tr❛í❞♦s ♥❛ ❡t❛♣❛ s❡❣✉✐♥t❡✳ ❚❡♥❞♦ ❝♦♠♦

♦❜❥❡t✐✈♦ ❛ s✐♠♣❧✐❝✐❞❛❞❡ ❡ ❛s ❝♦♥✜❣✉r❛çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❛❞♦t❛❞❛s✱ ♦♣t♦✉✲s❡ ♣♦r ✉♠❛

❛❜♦r❞❛❣❡♠ s✐♠♣❧✐✜❝❛❞❛ ❞♦ tr❛❜❛❧❤♦ ❞❡ ❇❥♦r❦♠❛♥ ✫ ❑r❛❣✐❝ ❬✷✵✶✵❪ ❜❛s❡❛❞❛ ♥♦ ❙❆❈

✭❙❆♠♣❧❡❞ ❈♦♥s❡♥s✉s ✐♥✐t✐❛❧ ❛❧✐❣♥♠❡♥t✮ ❬❋✐s❝❤❧❡r ✫ ❇♦❧❧❡s✱ ✶✾✽✶❪✳

❖ ♣❧❛♥♦ ❞❛ s✉♣❡r❢í❝✐❡ ♥♦ q✉❛❧ ♦ ♦❜❥❡t♦ s❡ ❡♥❝♦♥tr❛ é r❡❝♦♥❤❡❝✐❞♦ ♣♦r ❝♦♥s❡♥s♦

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

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

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

♠ás❝❛r❛ ❛ s❡r ✉s❛❞❛ ♥❛ ❞❡t❡❝çã♦ ❞❡ ♣♦♥t♦s ❞❡ ✐♥t❡r❡ss❡✳ ❆ ❋✐❣✉r❛ ✹✳✻ ❝♦♥t❡♠ ✉♠

❡①❡♠♣❧♦ ❞❡ ♠ás❝❛r❛ ❝r✐❛❞❛✳

✭❛✮ ❖❜❥❡t♦ ✭❜✮ ▼ás❝❛r❛

❋✐❣✉r❛ ✹✳✻✳ ❊①❡♠♣❧♦ ❞❡ ♠ás❝❛r❛ ❞❡ ✉♠❛ ❛♠♦str❛✳



✹✳✸✳ ▼ó❞✉❧♦ ✈✐s✉❛❧ ✹✶

✹✳✸✳✷ ❉❡s❝r✐t♦r

P❛r❛ ❞❡t❡❝çã♦ ❞❡ ♣♦♥t♦s ❞❡ ✐♥t❡r❡ss❡ é ✉t✐❧✐③❛❞♦ ♦ ❞❡t❡❝t♦r ❋❆❙❚ ✭❋❡❛t✉r❡s ❢r♦♠ ❆❝❝❡✲

❧❡r❛t❡❞ ❙❡❣♠❡♥t ❚❡st✮❬❘♦st❡♥ ❡t ❛❧✳✱ ✷✵✶✵❪✱ ✐st♦ s❡ ❞❡✈❡ ❛ s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❡①tr❛✐r ✉♠❛

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

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

♣♦r ◆❛s❝✐♠❡♥t♦ ❡t ❛❧✳ ❬✷✵✶✸❪ ❛♣♦♥t❛ ♦ ❜♦♠ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ❥✉♥t❛♠❡♥t❡ ❝♦♠

❞❡s❝r✐t♦r❡s ❜✐♥ár✐♦s ♣❛r❛ ❛ t❛r❡❢❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳

❆ r❡♣r❡s❡♥t❛çã♦ ✈✐s✉❛❧ ❞❡ ❝❛❞❛ ♦❜❥❡t♦ é ❢❡✐t❛ ✉t✐❧✐③❛♥❞♦ ♦ ❞❡s❝r✐t♦r ❇❆❙❊ ✭❇✐♥❛r②

❆♣♣❡❛r❛♥❝❡ ❛♥❞ ❙❤❛♣❡ ❊❧❡♠❡♥ts✮ ❬◆❛s❝✐♠❡♥t♦ ❡t ❛❧✳✱ ✷✵✶✸❪ ♣❛r❛ r❡♣r❡s❡♥t❛r s❡✉s ♣♦♥t♦s

❞❡ ✐♥t❡r❡ss❡✳ ❆ ❡s❝♦❧❤❛ ❞❡st❡ ❞❡s❝r✐t♦r é ❡♠❜❛s❛❞❛ ❡♠ ❞♦✐s ♠♦t✐✈♦s✿ ✉t✐❧✐③❛ ✐♥❢♦r♠❛çõ❡s

❞❡ t❡①t✉r❛ ❡ ❣❡♦♠❡tr✐❛✱ s❡♥❞♦ r♦❜✉st♦ à ❢❛❧t❛ ❞❡ t❡①t✉r❛s ❡ ✈❛r✐❛çõ❡s ♥❛ ✐❧✉♠✐♥❛çã♦✱

❡✱ s❡♥❞♦ ✉♠ ❞❡s❝r✐t♦r ❜✐♥ár✐♦✱ t❡♠ t♦❞❛s ❛s ✈❛♥t❛❣❡♥s ❞♦s ❞❡s❝r✐t♦r❡s ❞❡st❛ ❝❛t❡❣♦r✐❛

♠❡♥❝✐♦♥❛❞♦s ♥❛ s❡çã♦ ❛♥t❡r✐♦r✿ r❛♣✐❞❡③✱ r❡♣r❡s❡♥t❛çã♦ ❝♦♠♣❛❝t❛ ❡ ❜❛✐①♦ ❝✉st♦ ❝♦♠♣✉✲

t❛❝✐♦♥❛❧✳

❆ ❝r✐❛çã♦ ❞♦ ❞❡s❝r✐t♦r t❡♠ três ❡t❛♣❛s✿

• ❊①tr❛çã♦ ❞♦s ❛tr✐❜✉t♦s ❞❡ t❡①t✉r❛ ❞❛ ✈✐③✐♥❤❛♥ç❛ ❞♦ ♣♦♥t♦ ❞❡ ✐♥t❡r❡ss❡❀

• ❊①tr❛çã♦ ❞♦s ❛tr✐❜✉t♦s ❣❡♦♠étr✐❝♦s ❞❛ ♥✉✈❡♠ ❞❡ ♣♦♥t♦s ❛♦ r❡❞♦r ❞♦ ♣♦♥t♦ ❞❡

✐♥t❡r❡ss❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ s✉❛s ♥♦r♠❛✐s❀

• ❈♦♠❜✐♥❛çã♦ ❞♦s ❛tr✐❜✉t♦s ❡♠ ✉♠ ✈❡t♦r ❜✐♥ár✐♦❀

❙❡❥❛ k ✉♠ ❦❡②♣♦✐♥t ❞❛ ✐♠❛❣❡♠ ❘●❇ r❡♣r❡s❡♥t❛❞❛ ❡♠ ❡s❝❛❧❛ ❞❡ ❝✐♥③❛ ❡ ✉♠ ♣❛t❝❤

P ❛♦ r❡❞♦r ❞❡ k✱ sã♦ ❛♠♦str❛❞♦s ♣❛r❡s ❞❡ ♣✐①❡❧s ❡♠ P ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♣❛❞rã♦ ❞❡

❛♠♦str❛❣❡♠ ❞♦ ❞❡s❝r✐t♦r✱ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✼✳

❋✐❣✉r❛ ✹✳✼✳ P❛❞rã♦ ❞❡ ❛♠♦str❛❣❡♠ ❞♦ ❞❡s❝r✐t♦r ❇❆❙❊✳ ■♠❛❣❡♠ r❡t✐r❛❞❛ ❞❡
◆❛s❝✐♠❡♥t♦ ❡t ❛❧✳ ❬✷✵✶✸❪✳



✹✷ ❈❛♣ít✉❧♦ ✹✳ ▼❡t♦❞♦❧♦❣✐❛

❙❡❥❛ C = {(xi, yi), i = 1, ..., 256} ♦ ❝♦♥❥✉♥t♦ ❞♦s ♣❛r❡s ❞❡ ♣✐①❡❧s ❛♠♦str❛❞♦s ❞❡

P s❡❣✉♥❞♦ ♦ ♣❛❞rã♦ ❛♣r❡s❡♥t❛❞♦✳ P❛r❛ ❝❛❞❛ ♣❛r ❞❡ C✱ s✐♠✐❧❛r♠❡♥t❡ ❛ ❈❛❧♦♥❞❡r ❡t ❛❧✳

❬✷✵✶✵❪✱ é ❝♦♠♣❛r❛❞❛ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞♦s ♣✐①❡❧s ✿

τa(xi, xi) =

{

1 se pi(xi) < pi(yi)

0 c.c.
, ✭✹✳✶✽✮

♦♥❞❡ p(x) é ❛ ✐♥t❡♥s✐❞❛❞❡ ❞♦ ♣✐①❡❧✳

❆ s❡❣✉✐r✱ ❛ ❡①tr❛çã♦ ❞❛ ❣❡♦♠❡tr✐❛ τg(xi, yi) ❞❡ ❝❛❞❛ ♣❛r s❡❧❡❝✐♦♥❛❞♦ é ❜❛s❡❛❞❛ ❡♠

❞✉❛s ♣r♦♣r✐❡❞❛❞❡s✿

• ❉❡s❧♦❝❛♠❡♥t♦ d ❞❛ ♥♦r♠❛❧ ✭❝❛❧❝✉❧❛❞♦ ❛tr❛✈és ❞♦ ♣r♦❞✉t♦ ❡s❝❛❧❛r ❡♥tr❡ ❛s ❞✉❛s

♥♦r♠❛✐s✱ ✈❡r✐✜❝❛♥❞♦✲s❡ s❡ ❡①❝❡❞❡ ❞❡t❡r♠✐♥❛❞♦ ❧✐♠✐❛r l✮❀

• ❈♦♥✈❡①✐❞❛❞❡ c ❞❛ s✉♣❡r❢í❝✐❡ ❡♥tr❡ ♦s ❞♦✐s ♣♦♥t♦s✱ s❡♥❞♦ ♦ ✈❛❧♦r ❞❡ c ♥❡❣❛t✐✈♦ ❝❛s♦

❛ s✉♣❡r❢í❝✐❡ ❡♥tr❡ ♦s ♣♦♥t♦s s❡❥❛ ❝♦♥✈❡①❛ ❡ ♣♦s✐t✐✈♦ ❝❛s♦ ❝♦♥trár✐♦✳

τg(xi, xi) =

{

1 se d < l ∧ c < 0

0 c.c.
. ✭✹✳✶✾✮

❆s ✐♥❢♦r♠❛çõ❡s ❞❡ ❛♣❛rê♥❝✐❛ ❡ ❣❡♦♠❡tr✐❛ ❞❡ ❝❛❞❛ ✉♠ ❞♦s ♣❛r❡s (xi, yi) ∈ C sã♦

❡♥tã♦ ❝♦♠❜✐♥❛❞❛s✿

f(xi, yi) =

{

1 se τa(xi, yi) ∨ τg(xi, yi)

0 c.c.
. ✭✹✳✷✵✮

❖ ❞❡s❝r✐t♦r ❞❡ ❝❛❞❛ ♣♦♥t♦ ❞❡ ✐♥t❡r❡ss❡ é ♦❜t✐❞♦ ❝♦♥❝❛t❡♥❛♥❞♦ ♦ ✈❛❧♦r ❜✐♥ár✐♦ ❞❡

f(xi, yi) ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ✷✺✻ ♣❛r❡s ❡♠ C✱ ♣♦❞❡♥❞♦ s❡r ❝♦♠♣r✐♠✐❞♦ ❡♠ ✐♥t❡✐r♦s ❞❡ ✽

❜✐ts ✭✸✷✱ ♥♦ ❝❛s♦✮✱ ♣♦r ❡①❡♠♣❧♦✳

❈♦♠ ♦s ❞❡s❝r✐t♦r❡s ❧♦❝❛✐s ❝♦♠♣✉t❛❞♦s✱ ❛ss✐♠ ❝♦♠♦ ♥♦ ♠ó❞✉❧♦ ❞❡ á✉❞✐♦✱ é ❝r✐❛❞❛

✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❣❧♦❜❛❧ ✉s❛♥❞♦ ❛ té❝♥✐❝❛ ❇♦❲ ❬❈s✉r❦❛ ❡t ❛❧✳✱ ✷✵✵✹❪✳ ❖s ❞❡s❝r✐t♦r❡s

❞❡ ❛❧❣✉♠❛s ❛♠♦str❛s sã♦ ✉t✐❧✐③❛❞♦s ❡♠ ❡t❛♣❛ ♣ré✈✐❛ ♣❛r❛ ❣❡r❛çã♦ ❞♦ ✈♦❝❛❜✉❧ár✐♦ ❛tr❛✲

✈és ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ ❦✲♠❡❞♦✐❞s ❬❑❛✉❢♠❛♥ ✫ ❘♦✉ss❡❡✉✇✱ ✶✾✾✵❪✱ ❞❡✈✐❞♦ à

♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ✉s♦ ❞❡ ❞✐❢❡r❡♥t❡s ♠étr✐❝❛s ❞❡ ❞✐stâ♥❝✐❛✱ ❝♦♠♦ ❛ ❞❡ ❍❛♠♠✐♥❣✱ ♠❛✐s

❛❞❡q✉❛❞❛ à r❡♣r❡s❡♥t❛çã♦ ❜✐♥ár✐❛ ✉s❛❞❛✳

❉❛❞♦ ♦ ✈♦❝❛❜✉❧ár✐♦✱ ❝❛❞❛ ❞❡s❝r✐t♦r d é ❛tr✐❜✉í❞♦ à ✏♣❛❧❛✈r❛✑ p q✉❡ ♠✐♥✐♠✐③❛ ❛

❞✐stâ♥❝✐❛ ❞❡ ❍❛♠♠✐♥❣✿

Palavra(d) = arg min
p∈P

(

256
∑

i=1

(d(i)⊕ Pp(i) ∧ 1)

)

, ✭✹✳✷✶✮



✹✳✹✳ ❋✉sã♦ ❛✉❞✐♦✈✐s✉❛❧ ✹✸

♦♥❞❡ d(i) ❡ Pp(i) s❡ r❡❢❡r❡♠ ❛♦ ✐✲és✐♠♦ ❜✐t ❞♦ ❞❡s❝r✐t♦r ❇❆❙❊ ❡ ❞❛ ♣✲és✐♠❛ ✏♣❛❧❛✈r❛✑ ❡

⊕ é ♦ ♦♣❡r❛❞♦r ❜✐♥ár✐♦ ❳❖❘✳

❆ ✏♣❛❧❛✈r❛✑ ❝♦♠ ♠❡♥♦r ❞✐stâ♥❝✐❛ ♣❛r❛ ♦ ❞❡s❝r✐t♦r é ❝♦♥s✐❞❡r❛❞❛ ❝♦♠♦ ✉♠❛ ♦❝♦r✲

rê♥❝✐❛✳ ❙❡❥❛ O ♦ ✈❡t♦r ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ♦❝♦rrê♥❝✐❛s ❞❛s ⑤P⑤ ✏♣❛❧❛✈r❛s✑

O = O1, O2, · · · , O|P |, ✭✹✳✷✷✮

❡st❡ é ♥♦r♠❛❧✐③❛❞♦ ♣❡❧❛ ♥♦r♠❛ ▲✶✱ ❣❡r❛♥❞♦ ♦ ✈❡t♦r ❞❡ ❛tr✐❜✉t♦s ✈✐s✉❛❧ Av✿

Av =
O

|P |
∑

i=0

|Oi|
. ✭✹✳✷✸✮

✹✳✹ ❋✉sã♦ ❛✉❞✐♦✈✐s✉❛❧

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

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

❞❡ ❛tr✐❜✉t♦s ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦ ♦✉ ❝♦♠❜✐♥❛çã♦ ❞❡ ♠ú❧t✐♣❧♦s ❝❧❛ss✐✜❝❛❞♦r❡s ❛tr❛✈és ❞❡

té❝♥✐❝❛s ❞❡ ♠❡t❛✲❛♣r❡♥❞✐③❛❞♦✳

P❛r❛ ❝♦♠❜✐♥❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❛✉❞✐t✐✈❛s ❡ ✈✐s✉❛✐s ❞♦s ♦❜❥❡t♦s✱ ❞✉❛s ❛❜♦r❞❛❣❡♥s

❝❧áss✐❝❛s ❡♠ ❢✉sã♦ ❞❡ s❡♥s♦r❡s ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞❛s✿ ❢✉sã♦ ❞❡ ❛tr✐❜✉t♦s ❡ ❢✉sã♦ ❞❡

❞❡❝✐sõ❡s✳

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

❞❡ ❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡ s❡♥s♦r✐❛❧ ♣♦r ❝♦♥❝❛t❡♥❛çã♦✳ ❉❡ ♠♦❞♦ ❣❡♥ér✐❝♦✱ s❡❥❛ Ai ♦ ✈❡t♦r ❞❡

❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡ i✱ ♦ ✈❡t♦r ❞❡ ❛tr✐❜✉t♦s ✜♥❛❧ é

Af = Ai, · · · , An. ✭✹✳✷✹✮

▲♦❣♦✱ ♦ ✈❡t♦r ❞❡ ❛tr✐❜✉t♦s ❛✉❞✐♦✈✐s✉❛✐s ♣❛r❛ ❡st❛ ❛❜♦r❞❛❣❡♠✱ ❛ ♣❛rt✐r ❞❛q✉✐

r❡❢❡r✐❞❛ ❝♦♠♦ FAV ✱ é✿

Aav = Aa, Av. ✭✹✳✷✺✮

◆❛ s❡❣✉♥❞❛ ❛❜♦r❞❛❣❡♠ é ✉s❛❞❛ ❛ ❛❜♦r❞❛❣❡♠ ❞❡ ♠❡t❛✲❛♣r❡♥❞✐③❛❞♦ st❛❝❦✐♥❣ ❬❉③❡✲

r♦s❦✐ ✫ ❩❡♥❦♦✱ ✷✵✵✹❪✳ ❙❡❥❛ P (i) ♦ ✈❡t♦r ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛ ♠♦❞❛❧✐❞❛❞❡

✐✱ ♦ ✈❡t♦r ❞❡ ❛tr✐❜✉t♦s ❛✉❞✐♦✈✐s✉❛✐s ♣❛r❛ ❡st❛ ❛❜♦r❞❛❣❡♠✱ ❛ ♣❛rt✐r ❞❛q✉✐ r❡❢❡r✐❞❛ ❝♦♠♦

MAV ✱ é✿

Aav = P (a), P (v). ✭✹✳✷✻✮



✹✹ ❈❛♣ít✉❧♦ ✹✳ ▼❡t♦❞♦❧♦❣✐❛

❆ ❋✐❣✉r❛ ✹✳✽ ❝♦♥té♠ ✉♠ ❞✐❛❣r❛♠❛ ❞♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ ❢✉sã♦ ❛✉❞✐♦✈✐s✉❛❧✳

❋✐❣✉r❛ ✹✳✽✳ ❉✐❛❣r❛♠❛ ❞❡ ✢✉①♦ ❞❛ ❢✉sã♦ ❛✉❞✐♦✈✐s✉❛❧✳ ❋❆❱ ❡ ▼❆❱ ❝♦rr❡s♣♦♥❞❡♠
❛ ❋❡❛t✉r❡ ❆❱ ❡ ▼❡t❛ ❆❱✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛s ❞✉❛s ❛❜♦r❞❛❣❡♥s ✉s❛❞❛s ♣❛r❛ ❢✉sã♦
❛✉❞✐♦✈✐s✉❛❧✳

❯♠❛ ❞❛s ♠♦t✐✈❛çõ❡s ♣♦r trás ❞♦ ✉s♦ ❞❡st❛s ❛❜♦r❞❛❣❡♥s é ❛ ❝♦♠♣❛r❛çã♦ ❞❡ ❞❡✲

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

❞❡❝✐sõ❡s✱ ❛❧é♠ ❞❛ ✈❡r✐✜❝❛çã♦ ❞❛ ❤✐♣ót❡s❡ ❞❡ q✉❡ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❜❛s❡❛❞❛ ❡♠ ❢✉sã♦ ❞❡

❞❡❝✐sõ❡s s❡ s♦❜r❡ss❛✐ s♦❜r❡ ✉♠❛ ❞❡ ❢✉sã♦ ❞❡ ❛tr✐❜✉t♦s ❡♠ ✉♠ ❝❡♥ár✐♦ ❞❡ ✐♥❞❡♣❡♥❞ê♥✲

❝✐❛ ❡♥tr❡ ❛s ♠♦❞❛❧✐❞❛❞❡s ❬❙❛r❣✐♥ ✫ ❨❡♠❡③✱ ✷✵✵✼❪✱ ❝♦♠♦ s✉♣♦st♦ ❞❡✈✐❞♦ ❛♦ ♠ét♦❞♦ ❞❡

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

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

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

✉♠ ❞♦♠í♥✐♦ ❝♦♠✉♠✱ ♥ã♦ ❤á ❛ss♦❝✐❛çã♦ ❞✐r❡t❛ ❡♥tr❡ ♦s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡

s❡♥s♦r✐❛❧✱ ❝❛s♦ ❡♠ q✉❡ ✉♠❛ r❡♣r❡s❡♥t❛çã♦✴❢✉sã♦ ❞♦s ❞❛❞♦s ❡♠ ❜❛✐①♦ ♥í✈❡❧ ♥ã♦ é ✐♥t✉✐t✐✈❛

♦✉ ♣rát✐❝❛✳



❈❛♣ít✉❧♦ ✺

❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❊st❡ ❝❛♣ít✉❧♦ ❛❜♦r❞❛ ♦s r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❞❡st❛ ♣❡sq✉✐s❛✳ ◆❛ ❙❡çã♦ ✺✳✶ ❞❡t❛❧❤❡s

❞❛ ✐♠♣❧❡♠❡♥t❛çã♦ sã♦ ❞❡s❝r✐t♦s✳ ❆ ❙❡çã♦ ✺✳✷ ❝♦♥té♠ ❞❡t❛❧❤❡s ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❝❛♣✲

t✉r❛❞❛ ♣❛r❛ t❡st❡✳ ◆❛ ❙❡çã♦ ✺✳✸ é ❞❡s❝r✐t❛ ❛ ✈❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦ ❡✱ ♣♦r ✜♠✱ ♥❛ ❙❡çã♦

✺✳✹ ❝❛❞❛ ❡①♣❡r✐♠❡♥t♦ ❡①❡❝✉t❛❞♦ é ❞❡s❝r✐t♦ ❡ ❛♥❛❧✐s❛❞♦✳ ❈♦♠❡♥tár✐♦s ❣❡r❛✐s ❝♦♥st❛♠

♥❛ ❙❡çã♦ ✺✳✺✳

✺✳✶ ■♠♣❧❡♠❡♥t❛çã♦

❖ ♠ó❞✉❧♦ ❛✉❞✐t✐✈♦ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ❡♠ P②t❤♦♥ ✉s❛♥❞♦ ❛s ❜✐❜❧✐♦t❡❝❛s ❙❝✐♣② ❬❏♦♥❡s

❡t ❛❧✳✱ ✷✵✵✶❪ ❡ ◆✉♠♣② ❬✈❛♥ ❞❡r ❲❛❧t ❡t ❛❧✳✱ ✷✵✶✶❪ ❞❡✈✐❞♦ s✉❛ ❢á❝✐❧ ♣r♦t♦t✐♣❛çã♦✱ ❛♠♣❧❛

❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ♠ét♦❞♦s ♣❛r❛ ❛♥á❧✐s❡ ❞❡ s✐♥❛✐s ❡ r❛♣✐❞❡③ ♥♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡✈✐❞♦

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

◆♦ ♠ó❞✉❧♦ ✈✐s✉❛❧ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ ❈✰✰ ❞❡ ◆❛s❝✐♠❡♥t♦

❡t ❛❧✳ ❬✷✵✶✸❪ ♣❛r❛ ♦ ❞❡s❝r✐t♦r ❇❆❙❊ ❡ ❛s ❜✐❜❧✐♦t❡❝❛s ❖♣❡♥❈❱ ❬❇r❛❞s❦✐✱ ✷✵✵✵❪ ❡ P❈▲

❬❘✉s✉ ✫ ❈♦✉s✐♥s✱ ✷✵✶✶❪ ♣❛r❛ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❞♦s ❞❛❞♦s ❞❡✈✐❞♦ às ✐♠♣❧❡♠❡♥t❛çõ❡s

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

❞❡ ♣♦♥t♦s ❞❡ ✐♥t❡r❡ss❡ ❡ s❡❣♠❡♥t❛çã♦ ❞❡ ♥✉✈❡♥s ❞❡ ♣♦♥t♦s✳

❆ ❢✉sã♦ ❛✉❞✐♦✈✐s✉❛❧ ❡ ❝❧❛ss✐✜❝❛çã♦ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s ❡♠ P②t❤♦♥ ❡ ✐♥t❡❣r❛❞❛s

❝♦♠ ♦s ♠ó❞✉❧♦s ❛♥t❡r✐♦r❡s ✉s❛♥❞♦ ♦ s✐st❡♠❛ ♦♣❡♥s♦✉r❝❡ ❘❖❙ ❬◗✉✐❣❧❡② ❡t ❛❧✳✱ ✷✵✵✾❪✳

❋♦✐ ✉s❛❞❛ ❛ ❜✐❜❧✐♦t❡❝❛ ❙❝✐❦✐t✲▲❡❛r♥ ❬P❡❞r❡❣♦s❛ ❡t ❛❧✳✱ ✷✵✶✶❪✱ q✉❡ ❝♦♥té♠ ✐♠♣❧❡♠❡♥t❛✲

çõ❡s ❡stá✈❡✐s ❞❡ ❝❧❛ss✐✜❝❛❞♦r❡s✱ ❝♦♠♦ ♦ ❘❛♥❞♦♠ ❋♦r❡st ❬❇r❡✐♠❛♥✱ ✷✵✵✶❪✱ ✉s❛❞♦ ♥❡st❛

♣❡sq✉✐s❛✳

❖ s✐st❡♠❛ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ✉s❛♥❞♦ ❘❖❙ ❍②❞r♦✱ P②t❤♦♥ ✷✳✼✳✸ ❡ ❝♦♠♣✐❧❛❞♦r ❈✰✰

❣✰✰ ✹✳✻✳✸ ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❯❜✉♥t✉ ✶✷✳✵✹ ✐♥st❛❧❛❞♦ ❡♠ ✉♠❛ ♠áq✉✐♥❛ ❝♦♠ ♣r♦❝❡ss❛❞♦r

■♥t❡❧ ❈♦r❡ ✐✺ ❡ ✹●❇ ❞❡ ❘❆▼✳

✹✺



✹✻ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

✺✳✷ ❇❛s❡ ❞❡ ❞❛❞♦s

❘♦❜ôs ❡ s✐st❡♠❛s ❛✉tô♥♦♠♦s q✉❡ ♦♣❡r❛♠ ❡♠ ❛♠❜✐❡♥t❡s ❝♦♠ ♣r❡s❡♥ç❛ ❤✉♠❛♥❛ ✐❞❡❛❧✲

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

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

❡ ♠❡t❛❧✳

❊♠❜♦r❛ ✐♥ú♠❡r♦s ❞❛t❛s❡ts ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s ❡st❡❥❛♠ ❞✐s♣♦♥í✈❡✐s

♣❛r❛ ✉s♦✱ ❝♦♠♦ ❛s ❜❛s❡s ❆❧♦✐ ❬●❡✉s❡❜r♦❡❦ ❡t ❛❧✳✱ ✷✵✵✺❪✱ ❈❛❧t❡❝❤✲✶✵✶ ❬❋❡✐✲❋❡✐ ❡t ❛❧✳✱

✷✵✵✹❪✱ ❈❛❧t❡❝❤✲✷✺✻ ❬●r✐✣♥ ❡t ❛❧✳✱ ✷✵✵✻❪✱ ❈♦✐❧ ❬◆❡♥❡ ❡t ❛❧✳✱ ✶✾✾✻❪✱ ■♠❛❣❡◆❡t ❬❉❡♥❣ ❡t ❛❧✳✱

✷✵✵✾❪ ❡ ❘●❇✲❉ ❖❜❥❡❝t ❉❛t❛s❡t ❬▲❛✐ ❡t ❛❧✳✱ ✷✵✶✶❪✱ ♥ã♦ ❤á ❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ ❡①✐stê♥❝✐❛

❞❡ ❞❛t❛s❡ts ❛✉❞✐♦✈✐s✉❛✐s ❞✐s♣♦♥í✈❡✐s ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s✳ ❯♠ ❞❛t❛s❡t ❛✉✲

❞✐♦✈✐s✉❛❧ r❡❧❛❝✐♦♥❛❞♦ ❛ ❡st❛ t❛r❡❢❛ ❢♦✐ ❞✐s♣♦♥✐❜✐❧✐③❛❞♦ ♣♦r P✐❡r♦♣❛♥ ✫ ❙❛❧✈✐ ❬✷✵✶✹❪✱ ♠❛s

s❡✉ ♣r♦♣ós✐t♦ s❡ r❡str✐♥❣❡ à ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❛çõ❡s ❤✉♠❛♥❛s ❛ss♦❝✐❛❞❛s ❛ ♦❜❥❡t♦s✱ ♥ã♦

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

♠❛t❡r✐❛✐s ❡ ❝r✐❛❞❛ ✉♠❛ ❜❛s❡ ❝♦♥t❡♥❞♦ ❛♠♦str❛s ❞❡ ❛✉❞✐t✐✈❛s ❡ ✈✐s✉❛✐s ❞❡ ✶✻ ♦❜❥❡t♦s

❝♦♠ ❞✐❢❡r❡♥t❡s ❝♦♥✜❣✉r❛çõ❡s ❞❡ ♠❛t❡r✐❛❧ ❡ ❣❡♦♠❡tr✐❛✳

❆ ❜❛s❡✱ ✐❧✉str❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✶✱ é ❝♦♠♣♦st❛ ♣♦r ♣♦❧✐❡❞r♦s ♦❝♦s ❢❡✐t♦s ❞❡ ♠❛❞❡✐r❛✱

♣❧ást✐❝♦ ❡ ♣❛♣❡❧ã♦✳ ❊♠ ❝❛❞❛ ♠❛t❡r✐❛❧✱ ✹ ❣❡♦♠❡tr✐❛s ❞✐❢❡r❡♥t❡s ❢♦r❛♠ ❝♦♥❢❡❝❝✐♦♥❛❞❛s✿

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

❢❡✐t♦s ❞❡ ■s♦♣♦r ❢♦r❛♠ ✉s❛❞♦s✿ ❝✉❜♦✱ ❝✐❧✐♥❞r♦✱ ❡s❢❡r❛ ❡ ❝♦♥❡✳

✭❛✮ ❖❜❥❡t♦s ♦❝♦s ✭❜✮ ❖❜❥❡t♦s só❧✐❞♦s

❋✐❣✉r❛ ✺✳✶✳ ❖❜❥❡t♦s ✉s❛❞♦s ♣❛r❛ ❛♥á❧✐s❡ ❞❡ ✐♠♣❛❝t♦ ❞❡ ❣❡♦♠❡tr✐❛ ❡ ♠❛t❡r✐❛❧ ♥♦
❞❡s❡♠♣❡♥❤♦ ❞❡ ❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡ ♥♦ ♣r♦❜❧❡♠❛ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✳

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

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

♠♦❞❛❧✐❞❛❞❡s s❡♥s♦r✐❛✐s✳

❋♦r❛♠ ❝♦♥❢❡❝❝✐♦♥❛❞♦s ♦❜❥❡t♦s ♥♦s s❡❣✉✐♥t❡s ♠❛t❡r✐❛✐s ❡ ❝❛r❛❝t❡ríst✐❝❛s✿



✺✳✷✳ ❇❛s❡ ❞❡ ❞❛❞♦s ✹✼

• ▼❛❞❡✐r❛ ❞❡ ❝♦♠♣❡♥s❛❞♦ ❝♦♠ ✹♠♠ ❞❡ ❡s♣❡ss✉r❛❀

• P❧ást✐❝♦ ✐s♦♣r♦♣❡♥♦ ❝♦♠ ✷♠♠ ❞❡ ❡s♣❡ss✉r❛❀

• P❛♣❡❧ã♦ ❝♦♠ ✹♠♠ ❞❡ ❡s♣❡ss✉r❛✳

❆ ❜❛s❡✱ q✉❡ t♦t❛❧✐③❛ ✶✻✵✵ ❛♠♦str❛s ❞❡ ❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡ s❡♥s♦r✐❛❧✱ ✐♥❝❧✉✐✿

• ✶✵✵ ✐♠❛❣❡♥s ❘●❇✲❉ r❡❣✐str❛❞❛s ♣♦r ♦❜❥❡t♦✱ ❝♦♠ r❡s♦❧✉çã♦ ❞❡ ✻✹✵①✹✽✵✱ ❝❛♣t✉r❛✲

❞❛s ❝♦♠ ♦ s❡♥s♦r ❑✐♥❡❝t❀

• ✶✵✵ ❛♠♦str❛s ❞❡ á✉❞✐♦ ♣♦r ♦❜❥❡t♦✱ ❝♦♥t❡♥❞♦ ✹ ❢❛✐①❛s ❛♠♦str❛❞❛s ❛ ✶✻❦❍③ ❝♦♠ ✸✷

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

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

s✐❞♦ ❛❜♦r❞❛❞♦ ❞❡ ❢♦r♠❛ ❞✐r❡t❛ ❡ ✐♠❡❞✐❛t❛ ♥❡st❡ ❡st✉❞♦✱ ❛ ❡str✉t✉r❛çã♦ ❞❛ ❜❛s❡ ❞❡

❞❛❞♦s ♣❡r♠✐t❡ ✉♠ ❡st✉❞♦ ♠❛✐s s✐st❡♠át✐❝♦ ❡ ❝♦♥tr♦❧❛❞♦ ❞❡ ✐♥✢✉ê♥❝✐❛s ❞♦ ♠❛t❡r✐❛❧ ❡

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

❞❡st❛ ♣❡sq✉✐s❛✳

✺✳✷✳✶ ❆q✉✐s✐çã♦ ❞❡ ❞❛❞♦s

❆s ❝❛♣t✉r❛s ❢♦r❛♠ ❢❡✐t❛s ❡♠ ❧❛❜♦r❛tór✐♦ s✐❧❡♥❝✐♦s♦✱ s❡♠ ✐s♦❧❛♠❡♥t♦ ❛❝úst✐❝♦ ♦✉ ❝♦♥tr♦❧❡

❞❡ r❡✈❡r❜❡r❛çã♦✱ s♦❜ ❝♦♥❞✐çõ❡s ❡stá✈❡✐s ❞❡ ✐❧✉♠✐♥❛çã♦ ❛rt✐✜❝✐❛❧✳ ❖ ❛♠❜✐❡♥t❡ ❞❡ ❝❛♣t✉r❛

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

❞❡ ✉♠❛ ❜❛s❡ ❞✐st❛♥t❡ ❛ 50
√
2 ❝♠ ❞♦ s❡♥s♦r✱ ❛♣♦♥t❛❞♦ ❞✐r❡t❛♠❡♥t❡ ♣❛r❛ ♦ ♦❜❥❡t♦✳ ❆

❋✐❣✉r❛ ✺✳✸ ✐❧✉str❛ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❝❛♣t✉r❛ ❞❛s ❛♠♦str❛s✳

❋✐❣✉r❛ ✺✳✷✳ ❆♠❜✐❡♥t❡ ❞❡ ❝❛♣t✉r❛ ❞❛s ❛♠♦str❛s ❞❛ ❜❛s❡✳ ❆s ❛♠♦str❛s ❢♦r❛♠ ❝❛♣✲
t✉r❛❞❛s ♥❛ ♠❡s❛ ❛♦ ❝❡♥tr♦ ❞♦ ❧❛❜♦r❛tór✐♦ ❛ ✉♠❛ ❞✐stâ♥❝✐❛ ✜①❛ ❞❡ ✺✵ ❝❡♥tí♠❡tr♦s
❞♦ s❡♥s♦r✳



✹✽ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✺✳✸✳ ❆q✉✐s✐çã♦ ❞❡ ❛♠♦str❛s✳ ❖ s❡♥s♦r ✜❝❛ ♣♦s✐❝✐♦♥❛❞♦ ♥♦ t♦♣♦ ❞♦ r♦❜ô✱
❝♦♠ ✉♠ ❜r❛ç♦ r♦❜ót✐❝♦ ✐♥t❡r❛❣✐♥❞♦ ❛t✐✈❛♠❡♥t❡ ❝♦♠ ♦ ♦❜❥❡t♦ ♣❛r❛ ❛q✉✐s✐çã♦ ❞❡
á✉❞✐♦✳

✺✳✷✳✶✳✶ ❆q✉✐s✐çã♦ ❛✉❞✐t✐✈❛

❆ ♠❛✐♦r✐❛ ❞♦s ♦❜❥❡t♦s ❞♦ ❝♦t✐❞✐❛♥♦ ♥ã♦ ❣❡r❛ s♦♠ ♣♦r s✐ só✱ ♣♦r ❡st❡ ♠♦t✐✈♦✱ ❛ ❛q✉✐s✐çã♦

❞❡ ❛✉❞✐t✐✈❛ é ❢❡✐t❛ ❞❡ ❢♦r♠❛ ❛t✐✈❛✱ ♥❡st❡ ❝❛s♦✱ ❛tr❛✈és ❞❛ ✐♥t❡r❛çã♦ ♠❡❝â♥✐❝❛ ❞❡ ✉♠

❜r❛ç♦ r♦❜ót✐❝♦ ❝♦♠ ♦ ♦❜❥❡t♦✳ ❖ ❜r❛ç♦ r♦❜ót✐❝♦ ✉s❛❞♦ é ✉♠ ❈r✉st❈r❛✇❧❡r ❆❳✲✶✷ ❙♠❛rt

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

s❡r✈♦ ♠♦t♦r❡s ❉②♥❛♠✐①❡❧ ❆❳✲✶✷✳

❆❧é♠ ❞❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞♦ ❡q✉✐♣❛♠❡♥t♦ ❡♠ ❧❛❜♦r❛tór✐♦✱ ♦ ✉s♦ ❞♦ ❜r❛ç♦ ❢♦✐ ♣r♦✲

❥❡t❛❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ tr❛❜❛❧❤♦ ❞❡ ◆❛❦❛♠✉r❛ ❡t ❛❧✳ ❬✷✵✵✼❛❪❀ ❙✐♥❛♣♦✈ ❬✷✵✶✸❪✱ ♦♥❞❡ ❛

❛q✉✐s✐çã♦ é ❢❡✐t❛ ❛tr❛✈és ❞❛ ✐♥t❡r❛çã♦ ❞♦ r♦❜ô ❝♦♠ ♦ ♦❜❥❡t♦ ❛tr❛✈és ❞❡ ♠♦✈✐♠❡♥t♦s

♣ré✲❝♦♥✜❣✉r❛❞♦s✱ ♦✉ ▼❝●✐❜♥❡② ❡t ❛❧✳ ❬✷✵✶✷❪✱ ♦♥❞❡ ♦ á✉❞✐♦ ❞♦ ♦❜❥❡t♦ é ❣❡r❛❞♦ ❛ ♣❛rt✐r

❞❡ s❡✉ ❝❤♦q✉❡ ❝♦♠ ♦ ❝❤ã♦ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❛❧t✉r❛ ✜①❛✳

❖✉tr❛s ❢♦r♠❛s ❞❡ ❛q✉✐s✐çã♦ sã♦ ♣♦ssí✈❡✐s✱ ❝♦♠♦ ❝❛♣t✉r❛ ❞❛ r❡s♣♦st❛ ❡❝ó✐❝❛ ❞❡

✉♠ ♣✉❧s♦ s♦♥♦r♦ ♦✉ ❚❙P ✭❚✐♠❡✲❙tr❡t❝❤❡❞ P✉❧s❡✮ ❬❙✉③✉❦✐ ❡t ❛❧✳✱ ✶✾✾✺❪ ❣❡r❛❞♦ ♣❛r❛ ❡st❡

✜♠✳ ❊♥tr❡t❛♥t♦✱ ♣❛r❛ r❡❞✉çã♦ ❞♦ ❡s❝♦♣♦ ❞❛ ♣❡sq✉✐s❛✱ ❡ss❛ ❛♥á❧✐s❡ ♣❡r♠❛♥❡❝❡ ❝♦♠♦ ✉♠

tr❛❜❛❧❤♦ ❢✉t✉r♦✳

❆ ✐♥t❡r❛çã♦ é ❢❡✐t❛ ❛tr❛✈és ❞❡ ♠♦✈✐♠❡♥t♦s ♣ré✲❝♦♥✜❣✉r❛❞♦s s✐♠♣❧❡s ❞♦ ❜r❛ç♦ ❝♦♠

♦ ♦❜❥❡t♦ ❡ ❜❛s❡ ✐♠ó✈❡✐s✳ ❆♣ós s✐♥❛❧✐③❛çã♦ ❞❡ q✉❡ ✉♠❛ ❝❛♣t✉r❛ ❞❡ á✉❞✐♦ ❞❡✈❡ s❡r

❡①❡❝✉t❛❞❛✱ ♦ ♠❛♥✐♣✉❧❛❞♦r é ❡st❡♥❞✐❞♦ ❛té ✉♠❛ ♣♦s✐çã♦ ✜①❛ p ❛ ✶✵ ❝♠ ❞♦ ♦❜❥❡t♦✳

❖ s✐♥❛❧ ❞❡ á✉❞✐♦ ❝♦♠❡ç❛ ❛ s❡r ❝❛♣t✉r❛❞♦✱ ❡♥q✉❛♥t♦ ♦ ❜r❛ç♦ é ❞❡s❧♦❝❛❞♦ ♣❛r❛

✉♠❛ ♣♦s✐çã♦ p′ ❛❧t❡r❛♥❞♦✲s❡ ♦ â♥❣✉❧♦ ❞♦ s❡r✈♦ ❞❛ ❜❛s❡ ❞♦ ❜r❛ç♦ r♦❜ót✐❝♦✳ P♦r ✐♥ér❝✐❛✱

♦ ❝♦♥tr❛♣❡s♦✱ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✹✱ ♦s❝✐❧❛✱ ❜❛t❡♥❞♦ ♥♦ ♦❜❥❡t♦ ❡ ✈♦❧t❛♥❞♦ ❛ ✉♠❛

♣♦s✐çã♦ ❞❡ r❡♣♦✉s♦✳ ❆♣ós ✉♠ t❡♠♣♦ ✜①♦ ❞❡ três s❡❣✉♥❞♦s✱ ❛ ❝❛♣t✉r❛ é ✐♥t❡rr♦♠♣✐❞❛✳



✺✳✷✳ ❇❛s❡ ❞❡ ❞❛❞♦s ✹✾

❋✐❣✉r❛ ✺✳✹✳ ❈♦♥tr❛♣❡s♦ ❛♥❡①❛❞♦ ❛♦ ♠❛♥✐♣✉❧❛❞♦r ❞♦ r♦❜ô✳

❖ r✉í❞♦ ❣❡r❛❞♦ ♣❡❧♦ ♠❛♥✐♣✉❧❛❞♦r é ♠✐♥✐♠✐③❛❞♦ ♣♦r ❞✉❛s r❛③õ❡s✿

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

❞❛ ❜❛s❡✳ ■ss♦ ♦❝♦rr❡ ♣❛r❛ ❛✉♠❡♥t❛r ❛ ✐♥ér❝✐❛ ❞♦ ❝♦♥tr❛♣❡s♦✱ ❣❡r❛♥❞♦ ✉♠ ❝❤♦q✉❡

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

♦ r✉í❞♦ s♦♥♦r♦ ❣❡r❛❞♦✳

✷✳ ❖ ♣❛❞rã♦ ♣♦❧❛r ❞♦ ♠✐❝r♦❢♦♥❡ é ❤✐♣❡r❝❛r❞✐ó✐❞❡✱ ♦ q✉❡ ♠✐♥✐♠✐③❛ ♦ r✉í❞♦ ❞❡ ❢♦♥t❡s

♣ró①✐♠❛s✱ ❝♦♠♦ ♦ s❡r✈♦ ❞❛ ❜❛s❡✳ ❈♦♠♦ ♦ s❡r✈♦ ♠♦t♦r ❡stá ❧♦❝❛❧✐③❛❞♦ ♦ ♠❛✐s ❧♦♥❣❡

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

é ♠✉✐t♦ ❜❛✐①♦❀

❆✐♥❞❛ q✉❡ ❛ ❢r❡q✉ê♥❝✐❛ ♠á①✐♠❛ ❞❡ ❝❛♣t✉r❛✶ ❞❡ á✉❞✐♦ ❞♦ ❑✐♥❡❝t s❡❥❛ ✶✻ ❦❍③✱

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

q✉❡ ❣r❛♥❞❡ ♣❛rt❡ ❞❛ ❡♥❡r❣✐❛ ❞♦s s✐♥❛✐s s❡ ❝♦♥❝❡♥tr❛ ♥❛ ❢❛✐①❛ ❛té ✽ ❦❍③✱ ❡①❡♠♣❧✐✜❝❛❞♦

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

♦ ❑✐♥❡❝t ❬▼❝●✐❜♥❡② ❡t ❛❧✳✱ ✷✵✶✷❀ P✐❡r♦♣❛♥ ✫ ❙❛❧✈✐✱ ✷✵✶✹❪ ❡ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ✉s♦ ❞♦s

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

❆s ✜❣✉r❛s ✺✳✻ ❡ ✺✳✼ ✐❧✉str❛♠ ♦ ❡s♣❡❝tr♦ ❞❡ ❛❧❣✉♠❛s ❛♠♦str❛s ❝❛♣t✉r❛❞❛s ❝♦♠ ♦

❑✐♥❡❝t✳

✶❙❡❣✉♥❞♦ ♦ ❚❡♦r❡♠❛ ❞❡ ◆②q✉✐st✱ ♣❛r❛ q✉❡ ✉♠ s✐♥❛❧ ❛♥❛❧ó❣✐❝♦ s❡❥❛ r❡♣r❡s❡♥t❛❞♦ ❞✐s❝r❡t❛♠❡♥t❡
❝♦♠ ♠í♥✐♠♦ ❞❡ ♣❡r❞❛✱ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡✈❡ s❡r✱ ♥♦ ♠í♥✐♠♦✱ ♦ ❞♦❜r♦ ❞❛ ♠❛✐♦r ❢r❡q✉ê♥❝✐❛
❞♦ ❡s♣❡❝tr♦ ❞❡ss❡ s✐♥❛❧✳



✺✵ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✺✳✺✳ ❊s♣❡❝tr♦❣r❛♠❛ ❞❡ ✉♠ ❛♠♦str❛ ❞♦ ♦❜❥❡t♦ ❝✉❜♦ ❞❡ ♠❛❞❡✐r❛ ❝❛♣t✉r❛❞❛
❝♦♠ ♦ ♠✐❝r♦❢♦♥❡ ❆✉❞✐♦ ❚❡❝❤♥✐❝❛ ❆❚✽✷✾✱ ❞❡ ♣❛❞rã♦ ♣♦❧❛r ♦♠♥✐❞✐r❡❝✐♦♥❛❧✳

✭❛✮ ❈✉❜♦ ❞❡ ♠❛❞❡✐r❛ ✭❜✮ ❈✉❜♦ ❞❡ ♣❛♣❡❧ã♦

✭❛✮ ❈✉❜♦ ❞❡ ♣❧ást✐❝♦ ✭❜✮ ❈✉❜♦ ❞❡ ■s♦♣♦r

❋✐❣✉r❛ ✺✳✻✳ ❊s♣❡❝tr♦❣r❛♠❛s ❞❡ ♦❜❥❡t♦s ❞❡ ♠❡s♠❛ ❣❡♦♠❡tr✐❛ ✭❝✉❜♦✮ ❡ ❞✐❢❡r❡♥t❡s
♠❛t❡r✐❛✐s✳



✺✳✸✳ ❱❛❧✐❞❛çã♦ ❞♦s ❡①♣❡r✐♠❡♥t♦s ✺✶

❆ ❞✐❢❡r❡♥ç❛ ❞❡ ❡♥❡r❣✐❛ ❛♦ ❧♦♥❣♦ ❞❛ ❝❛♣t✉r❛ ❞♦ ♦❜❥❡t♦ ❞❡ ■s♦♣♦r ❝♦♠♣❛r❛❞❛ às

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

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

✭❛✮ ❈✉❜♦ ❞❡ ♠❛❞❡✐r❛ ✭❜✮ ❖❝t❛❡❞r♦ ❞❡ ♠❛❞❡✐r❛

✭❛✮ ❚❡tr❛❡❞r♦ ❞❡ ♠❛❞❡✐r❛ ✭❜✮ Pr✐s♠❛ ❞❡ ♠❛❞❡✐r❛

❋✐❣✉r❛ ✺✳✼✳ ❊s♣❡❝tr♦❣r❛♠❛s ❞❡ ♦❜❥❡t♦s ❞❡ ♠❡s♠♦ ♠❛t❡r✐❛❧ ✭♠❛❞❡✐r❛✮ ❡ ❞✐❢❡r❡♥t❡s
❣❡♦♠❡tr✐❛s✳

✺✳✷✳✶✳✷ ❆q✉✐s✐çã♦ ✈✐s✉❛❧

❆ ❛q✉✐s✐çã♦ ✈✐s✉❛❧✱ ❛♦ ❝♦♥trár✐♦ ❞❛ ❛✉❞✐t✐✈❛✱ ♥ã♦ r❡q✉❡r❡✉ ✐♥t❡r❛çã♦ ♠❡❝â♥✐❝❛✱ ❡ ❢♦✐

❡①❡❝✉t❛❞❛ ❝♦♠ ❛ ❜❛s❡ s♦❜ ♦ ♦❜❥❡t♦ r♦t❛❝✐♦♥❛♥❞♦ ❛ ✺✾ r♣♠ ❡ ♦ ❜r❛ç♦ r♦❜ót✐❝♦ ❡♠

r❡♣♦✉s♦ ❢♦r❛ ❞♦ ❝❛♠♣♦ ❞❡ ✈✐sã♦ ❞♦ s❡♥s♦r✳ ❋♦r❛♠ ❝❛♣t✉r❛❞♦s ✈í❞❡♦s ❞♦ ♦❜❥❡t♦ ❣✐r❛♥❞♦

❛ ✸✵ ❍③✱ ❞♦ q✉❛❧ ❢♦r❛♠ s❡r ❡①tr❛í❞❛s ❛s ✐♠❛❣❡♥s ❞❡ t❡①t✉r❛ ❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭♦s ❢r❛♠❡s

❞♦ ✈í❞❡♦✮ ✉s❛❞❛s ♥♦s ❡①♣❡r✐♠❡♥t♦s✳

✺✳✸ ❱❛❧✐❞❛çã♦ ❞♦s ❡①♣❡r✐♠❡♥t♦s

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

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

❝❧❛ss✐✜❝❛çã♦✳



✺✷ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❖s r❡s✉❧t❛❞♦s ❡①✐❜✐❞♦s ❢♦r❛♠ ♣r♦❞✉③✐❞♦s ✉s❛♥❞♦ ♦ ❝❧❛ss✐✜❝❛❞♦r ❘❛♥❞♦♠ ❋♦r❡st

❬❇r❡✐♠❛♥✱ ✷✵✵✶❪✱ q✉❡ ❡①✐❜✐✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❡♠ ❛♥á❧✐s❡ ♣ré✈✐❛✳ P❛r❛ ❛ ❛❜♦r❞❛❣❡♠

▼❆❱✱ q✉❡ ❡①❡❝✉t❛ ❞✉❛s ❡t❛♣❛s ❞❡ ❝❧❛ss✐✜❝❛çã♦✱ ❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡ é

❡①❡❝✉t❛❞❛ ♣♦r ✉♠ ❘❛♥❞♦♠ ❋♦r❡st ❝♦♠ ✶✵✵ ár✈♦r❡s ❞❡ ❞❡❝✐sã♦ ❡ ❛ ❝❧❛ss✐✜❝❛çã♦ ✜♥❛❧ é

❢❡✐t❛ ✉s❛♥❞♦ ✉♠❛ ❘❡❣r❡ssã♦ ▲♦❣íst✐❝❛ ❬❇✐s❤♦♣✱ ✷✵✵✼❪✱ ✉♠ t✐♣♦ ❞❡ ❝❧❛ss✐✜❝❛❞♦r ❧✐♥❡❛r✱

❝❛t❡❣♦r✐❛ s✉❣❡r✐❞❛ ♥❡st❛ ❡t❛♣❛ ♣♦r ❬❉③❡r♦s❦✐ ✫ ❩❡♥❦♦✱ ✷✵✵✹❪✳

P❛r❛ q✉❛♥t✐✜❝❛r ♦ ❞❡s❡♠♣❡♥❤♦✱ ♦s ❡①♣❡r✐♠❡♥t♦s ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❢♦r❛♠ r❡❛❧✐③❛❞♦s

✉s❛♥❞♦ ✈❛❧✐❞❛çã♦ ❝r✉③❛❞❛ ❝♦♠ ✶✵ ♣❛rt✐çõ❡s✷✱ ♦♥❞❡ ♦s r❡s✉❧t❛❞♦s ❡①✐❜✐❞♦s sã♦ ❛ ♠é❞✐❛ µ

❞❡ ❛❝❡rt♦s ♥❛s ✶✵ ♣❛rt✐çõ❡s ❡ s❡✉ ❞❡s✈✐♦ ❞❡s✈✐♦ ♣❛❞rã♦ σ ♦✉ s✉❛ r❡s♣❡❝t✐✈❛ ❆❯❈ ✭❆r❡❛

❯♥❞❡r ❘❖❈ ❈✉r✈❡✮ ❬❋❛✇❝❡tt✱ ✷✵✵✻❪✳

❆ ❆❯❈ é ✉♠❛ ♠❡❞✐❞❛ ❝♦♠ ✈❛❧♦r ❡♥tr❡ ✵ ❡ ✶ ❡ r❡✢❡t❡ ❛ r❡❧❛çã♦ ❡♥tr❡ ❢❛❧s♦s ♣♦s✐t✐✈♦s

❡ ❢❛❧s♦s ♥❡❣❛t✐✈♦s ♥❛ ❝❧❛ss✐✜❝❛çã♦✱ ♦♥❞❡ ✉♠ ❝❧❛ss✐✜❝❛❞♦r ✐❞❡❛❧ ♦❜t❡r✐❛ ✶✳ ◗✉❛♥t♦ ♠❛✐s

s✐♠✐❧❛r❡s ♦s ❛tr✐❜✉t♦s ✐♥t❡r❝❧❛ss❡s sã♦✱ ♠❛✐♦r ❛ t❡♥❞ê♥❝✐❛ ❞❡ q✉❡ ❛ ❆❯❈ ✜q✉❡ ❡♠ t♦r♥♦

❞❡ ✵✳✺✱ ❝❛s♦ ❡♠ q✉❡ ❛ ❛❜♦r❞❛❣❡♠ ♥ã♦ s❡r✐❛ ♠❡❧❤♦r q✉❡ ✉♠❛ ❞❡❝✐sã♦ ❛❧❡❛tór✐❛✳

P❛r❛ ❣❡r❛çã♦ ❞♦ ❞✐❝✐♦♥ár✐♦ ❞♦ ❇♦❲ ❛✉❞✐t✐✈♦ ❡ ✈✐s✉❛❧ ❡ s❡❧❡çã♦ ❞❡ ❛tr✐❜✉t♦s✱ ❞❡③

❛♠♦str❛s ❞❡ ❝❛❞❛ ♦❜❥❡t♦ ✭❞❡③ s✐♥❛✐s ❞❡ á✉❞✐♦ ❡ ❞❡③ ✐♠❛❣❡♥s ❞❡ t❡①t✉r❛✴♣r♦❢✉♥❞✐❞❛❞❡✮

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

❝♦♠❜✐♥❛çõ❡s ❛✈❛❧✐❛❞♦s✳

❆ ❣❡r❛çã♦ ❞♦ ❞✐❝✐♦♥ár✐♦ ❛✉❞✐t✐✈♦ ♦❝♦rr❡✉ ❛❣r✉♣❛♥❞♦ ♦s ❞❡s❝r✐t♦r❡s ▼❋❈❈ ✉s❛♥❞♦

♦ ❛❧❣♦r✐t♠♦ ❦✲♠❡❛♥s ❬❑❛✉❢♠❛♥ ✫ ❘♦✉ss❡❡✉✇✱ ✶✾✾✵❪✳ ❖ ❞✐❝✐♦♥ár✐♦ ✈✐s✉❛❧ ❢♦✐ ❣❡r❛❞♦

❛❣r✉♣❛♥❞♦ ♦s ❞❡s❝r✐t♦r❡s ❇❆❙❊ ✉s❛♥❞♦ ❞♦ ❛❧❣♦r✐t♠♦ ❦✲♠❡❞♦✐❞s ❬❑❛✉❢♠❛♥ ✫ ❘♦✉ss❡✲

❡✉✇✱ ✶✾✾✵❪✱ ❞❡✈✐❞♦ ❛ ♥❛t✉r❡③❛ ❜✐♥ár✐❛ ❞♦ ❞❡s❝r✐t♦r✳

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

❞♦ ❞✐❝✐♦♥ár✐♦ ❞❡ ❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡✳ ❋♦r❛♠ t❡st❛❞♦s t❛♠❛♥❤♦s ❞❡ ❞✐❝✐♦♥ár✐♦ ♥♦ ✐♥t❡r✈❛❧♦

❬✷✱ ✶✵✵❪ ♣❛r❛ ❛ ♠♦❞❛❧✐❞❛❞❡ ❛✉❞✐t✐✈❛ ❡ t❛♠❛♥❤♦s ❞❡ ✶✵✵✵✱ ✷✵✵✵✱ ✸✵✵✵ ❡ ✹✵✵✵ ♣❛r❛ ❛

♠♦❞❛❧✐❞❛❞❡ ✈✐s✉❛❧✳ ❆ ❛♥á❧✐s❡ ❞❛s s✐❧❤✉❡t❛s ❞♦s ❞✐❝✐♦♥ár✐♦s ❛✉❞✐t✐✈♦s ✐♥❞✐❝♦✉ q✉❡ ♦ q✉❡

♠❡❧❤♦r r❡♣r❡s❡♥t❛✈❛ ♦s ❞❡s❝r✐t♦r❡s ▼❋❈❈ ❡r❛ ♦ ❞✐❝✐♦♥ár✐♦ ❝♦♠ ✷✵ ✏♣❛❧❛✈r❛s✑✳ ❖s ❞✐❝✐✲

♦♥ár✐♦s ✈✐s✉❛✐s ♣❛ss❛r❛♠ ♣♦r ♦✉tr♦ ♣r♦❝❡ss♦ ❞❡ ❛♥á❧✐s❡✱ ♦♥❞❡ ✈❡r✐✜❝♦✉✲s❡ ❛ ❝❛♣❛❝✐❞❛❞❡

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

♥❛ ❢♦r♠❛ ❞❡ ❆❯❈ ♥❛ ❚❛❜❡❧❛ ✺✳✶✳ ❆ss✐♠ ❢♦r❛♠ ✉s❛❞♦ ✉♠ ❞✐❝✐♦♥ár✐♦ ❛✉❞✐t✐✈♦ ❝♦♠ ✷✵

✏♣❛❧❛✈r❛s✑ ❡ ✉♠ ✈✐s✉❛❧ ❝♦♠ ✶✵✵✵✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷❆ ❜❛s❡ ❞❡ ❛♠♦str❛s é ❞✐✈✐❞✐❞❛ ❡♠ ✶✵ ♣❛rt✐çõ❡s ❞✐s❥✉♥t❛s✱ ❝♦♠ ❛♠♦str❛s s❡❧❡❝✐♦♥❛❞❛s ❛❧❡❛t♦r✐❛✲
♠❡♥t❡ s❡♠ r❡♣♦s✐çã♦✱ ❞❛s q✉❛✐s ✉♠❛ é ✉t✐❧✐③❛❞❛ ❝♦♠♦ t❡st❡ ❡ ♦ r❡st❛♥t❡ ❝♦♠♦ tr❡✐♥♦ ♣❛r❛ ♦ ❝❧❛ss✐✜❝❛❞♦r✳
❖ ♣r♦❝❡ss♦ é ❡①❡❝✉t❛❞♦ ✶✵ ✈❡③❡s✱ ❞❡ t❛❧ ❢♦r♠❛ q✉❡ ❝❛❞❛ ♣❛rt✐çã♦ s❡❥❛ ✉t✐❧✐③❛❞❛ ❝♦♠♦ t❡st❡ ❡①❛t❛♠❡♥t❡
✉♠❛ ✈❡③✳



✺✳✸✳ ❱❛❧✐❞❛çã♦ ❞♦s ❡①♣❡r✐♠❡♥t♦s ✺✸

❚❛♠❛♥❤♦ ❆❯❈
✶✵✵✵ ✵✳✾✾✾
✷✵✵✵ ✵✳✾✽✹
✸✵✵✵ ✵✳✾✾✷
✹✵✵✵ ✵✳✾✼✷

❚❛❜❡❧❛ ✺✳✶✳ ❱❛❧♦r❡s ❆❯❈ ♣❛r❛ ❞✐❝✐♦♥ár✐♦s ✈✐s✉❛✐s ❞❡ ❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s✳

✺✳✸✳✶ ❙❡❧❡çã♦ ❞❡ ❛tr✐❜✉t♦s

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

♣❛r❛ ✈❡r✐✜❝❛r s✉❛ ❡✜❝á❝✐❛ ♥❛ t❛r❡❢❛✱ ❝♦♠♦ ❝♦❡✜❝✐❡♥t❡s ❋❚ ❡ ▼❋❈❈ s❡q✉❡♥❝✐❛✐s ❡ ❲❚

❬▼❛❧❧❛t✱ ✶✾✽✾❪✳

❆ ♠♦t✐✈❛çã♦ ❞♦ t❡st❡ ❝♦♠ ♦s ❞♦✐s ♣r✐♠❡✐r♦s ❞❡s❝r✐t♦r❡s ❢♦✐ ✈❡r✐✜❝❛r ♦ q✉❛♥t♦

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

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

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

r❡♣r❡s❡♥t❛çã♦✱ ▼❡❧ ❡ ❍❡rt③✱ ❡ ✈❡r✐✜❝❛r s❡ ♥❡st❛ t❛r❡❢❛ ♦s ▼❋❈❈s s❡ s♦❜r❡ss❛✐❛♠ q✉❛♥❞♦

❝♦♠♣❛r❛❞♦s ❛♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ ❋❚✱ ❞❡ ♠❛✐s rá♣✐❞❛ ♦❜t❡♥çã♦✳

❆ ♠♦t✐✈❛çã♦ ♣❛r❛ t❡st❡ ❝♦♠ ❲❚ ❢♦✐ s✉❛ ✢❡①✐❜✐❧✐❞❛❞❡ q✉❛♥t♦ à ❞❡❝♦♠♣♦s✐çã♦ ❞♦

s✐♥❛❧✱ ❛tr❛✈és ❞♦ ✉s♦ ❞❡ ❞✐❢❡r❡♥t❡s ❡s❝❛❧❛s ❡ ❲❛✈❡❧❡ts ♠ã❡✱ ❛❧é♠ ❞❡ ❜♦♥s r❡s✉❧t❛❞♦s ❡♠

t❛r❡❢❛s ❡♥✈♦❧✈❡♥❞♦ s♦♥s ✐♠♣✉❧s✐✈♦s✱ ❝♦♠♦ ♥♦ tr❛❜❛❧❤♦ ❞❡ ▲✐❜❛❧ ✫ ❙♣②r❛ ❬✷✵✶✹❪✱ ❢❡✐t♦

♥♦ ❝♦♥t❡①t♦ ❞❡ ❛♥á❧✐s❡ ❞❡ r❡✈❡r❜❡r❛çã♦ ❜❛❧íst✐❝❛✳ ◆❡st❛ ❛❜♦r❞❛❣❡♠ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡

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

❛tr✐❜✉t♦s✱ ✉s❛❞♦ ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦✳

◆❛ ✈❛❧✐❞❛çã♦ ❢♦r❛♠ t❡st❛❞❛s ❞✉❛s ❲❛✈❡❧❡ts ♠ã❡✿ ❉❛✉❜❡❝❤✐❡s ❝♦♠ ✶ ✭❍❛❛r✮ ❡ ✸

✈❛♥✐s❤✐♥❣ ♣♦✐♥ts✳ ❖s r❡s✉❧t❛❞♦s ❞❡ ❲❛✈❡❧❡t ❛q✉✐ ❛♣r❡s❡♥t❛❞♦s ❢♦r❛♠ ♦❜t✐❞♦s ❛ ♣❛rt✐r

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

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

❞♦ ♠❛✐♦r ✈❡t♦r ❢♦✐ ❡s❝♦❧❤✐❞♦✱ s❡♥❞♦ ❛s ❞❡♠❛✐s ❛♠♦str❛s ❝♦♠♣❧❡t❛❞❛s ❝♦♠ ③❡r♦ ❛té ❡st❡

❧✐♠✐t❡✳

P❛r❛ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❝❛❞❛ ❝♦♠❜✐♥❛çã♦✱ ❛ ❆❯❈ ❢♦✐ ✉s❛❞❛✱ ❝✉❥♦s ✈❛❧♦r❡s

sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✺✳✷✳ ❆ ❝♦♠❜✐♥❛çã♦ ❞❡st❛❝❛❞❛ ❢♦✐ ❛ ❛❞♦t❛❞❛ ♥❛ ♠❡t♦❞♦❧♦❣✐❛✳

P❡❧♦s ✈❛❧♦r❡s ❆❯❈ ♦❜s❡r✈❛✲s❡ ❛ ❢❛❝✐❧✐❞❛❞❡ ❞♦s ❞❡s❝r✐t♦r❡s ❡♠ ❞✐s❝r✐♠✐♥❛r ❛s ❝❛✲

t❡❣♦r✐❛s✳ ❉❡♥tr❡ ♦s ❞❡s❝r✐t♦r❡s✱ ❛♣❡s❛r ❞❛ ❡✜❝✐ê♥❝✐❛✱ ♦ ✉s♦ ❞♦s ❞❡s❝r✐t♦r❡s s❡q✉❡♥❝✐❛✐s

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

♥ú♠❡r♦ ❞❡ ❛tr✐❜✉t♦s✱ ♦ q✉❡ r❡❢♦rç♦✉ ❛ ❡s❝♦❧❤❛ ❞♦s ❞❡s❝r✐t♦r❡s ❚❊❉✱ ❇▼❋❈❈ ❡ ❈❋❚

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



✺✹ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❈♦♠❜✐♥❛çã♦ ❆❯❈ ❈♦♠❜✐♥❛çã♦ ❆❯❈
❈ ✵✱✾✽✹✵✹ ❚ ✰ ❈ ✵✱✾✾✷✹✵
❋ ✵✱✾✾✶✺✵ ❚ ✰ ❋ ✵✱✾✽✾✻✸

❋ ✰ ❈ ✵✱✾✽✽✻✽ ❚ ✰ ❋ ✰ ❈ ✵✱✾✾✸✵✾
❲ ✵✱✾✼✽✸✺ ❚ ✰ ❲ ✵✱✾✽✷✽✽

❲ ✰ ❈ ✵✱✾✽✹✵✼ ❚ ✰ ❲ ✰ ❈ ✵✱✾✽✽✺✶
❲ ✰ ❋ ✵✱✾✾✸✾✶ ❚ ✰ ❲ ✰ ❋ ✵✱✾✾✷✵✶

❲ ✰ ❋ ✰ ❈ ✵✱✾✾✷✹✽ ❚ ✰ ❲ ✰ ❋ ✰ ❈ ✵✱✾✾✷✵✸
❇ ✵✱✾✷✷✺✼ ❚ ✰ ❇ ✵✱✾✻✸✻✹

❇ ✰ ❈ ✵✱✾✽✾✾✾ ❚ ✰ ❇ ✰ ❈ ✵✱✾✾✹✻✾

❇ ✰ ❋ ✵✱✾✾✷✹✹ ❚ ✰ ❇ ✰ ❋ ✵✱✾✾✷✵✸
❇ ✰ ❋ ✰ ❈ ✵✱✾✾✶✼✾ ❚ ✰ ❇ ✰ ❋ ✰ ❈ ✵✱✾✾✶✾✾
❇ ✰ ❲ ✵✱✾✼✺✾✹ ❚ ✰ ❇ ✰ ❲ ✵✱✾✼✼✻✶

❇ ✰ ❲ ✰ ❈ ✵✱✾✽✼✹✻ ❚ ✰ ❇ ✰ ❲ ✰ ❈ ✵✱✾✽✽✼✻
❇ ✰ ❲ ✰ ❋ ✵✱✾✾✷✸✹ ❚ ✰ ❇ ✰ ❲ ✰ ❋ ✵✱✾✽✺✻✸

❇ ✰ ❲ ✰ ❋ ✰ ❈ ✵✱✾✾✷✸✻ ❚ ✰ ❇ ✰ ❲ ✰ ❋ ✰ ❈ ✵✱✾✾✶✸✻
▼ ✵✱✾✾✶✶✻ ❚ ✰ ▼ ✵✱✾✾✵✹✸

▼ ✰ ❈ ✵✱✾✾✶✾✾ ❚ ✰ ▼ ✰ ❈ ✵✱✾✾✷✾✹
▼ ✰ ❋ ✵✱✾✾✸✾✵ ❚ ✰ ▼ ✰ ❋ ✵✱✾✾✸✻✽

▼ ✰ ❋ ✰ ❈ ✵✱✾✾✸✽✾ ❚ ✰ ▼ ✰ ❋ ✰ ❈ ✵✱✾✾✷✷✼
▼ ✰ ❲ ✵✱✾✾✷✻✷ ❚ ✰ ▼ ✰ ❲ ✵✱✾✾✷✷✹

▼ ✰ ❲ ✰ ❈ ✵✱✾✾✸✽✷ ❚ ✰ ▼ ✰ ❲ ✰ ❈ ✵✱✾✾✷✸✽
▼ ✰ ❲ ✰ ❋ ✵✱✾✾✸✺✾ ❚ ✰ ▼ ✰ ❲ ✰ ❋ ✵✱✾✾✷✵✶

▼ ✰ ❲ ✰ ❋ ✰ ❈ ✵✱✾✾✶✽✾ ❚ ✰ ▼ ✰ ❲ ✰ ❋ ✰ ❈ ✵✱✾✾✷✻✾
▼ ✰ ❇ ✵✱✾✾✵✸✵ ❚ ✰ ▼ ✰ ❇ ✵✱✾✽✼✷✼

▼ ✰ ❇ ✰ ❈ ✵✱✾✾✶✷✷ ❚ ✰ ▼ ✰ ❇ ✰ ❈ ✵✱✾✾✶✻✻
▼ ✰ ❇ ✰ ❋ ✵✱✾✾✸✶✻ ❚ ✰ ▼ ✰ ❇ ✰ ❋ ✵✱✾✾✶✽✸

▼ ✰ ❇ ✰ ❋ ✰ ❈ ✵✱✾✾✺✵✼ ❚ ✰ ▼ ✰ ❇ ✰ ❋ ✰ ❈ ✵✱✾✾✶✵✸
▼ ✰ ❇ ✰ ❲ ✵✱✾✾✵✻✹ ❚ ✰ ▼ ✰ ❇ ✰ ❲ ✵✱✾✽✽✽✺

▼ ✰ ❇ ✰ ❲ ✰ ❈ ✵✱✾✾✸✺✺ ❚ ✰ ▼ ✰ ❇ ✰ ❲ ✰ ❈ ✵✱✾✾✹✹✶
▼ ✰ ❇ ✰ ❲ ✰ ❋ ✵✱✾✾✷✵✵ ❚ ✰ ▼ ✰ ❇ ✰ ❲ ✰ ❋ ✵✱✾✾✷✽✶

▼ ✰ ❇ ✰ ❲ ✰ ❋ ✰ ❈ ✵✱✾✾✹✸✺ ❚ ✰ ▼ ✰ ❇ ✰ ❲ ✰ ❋❙ ✰ ❈ ✵✱✾✾✷✶✸
❚ ✵✱✾✸✾✼✼ ✲ ✲

❚❛❜❡❧❛ ✺✳✷✳ ❱❛❧♦r❡s ❆❯❈ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❝♦♠❜✐♥❛çõ❡s ❡♥tr❡ ♦s ❞❡s❝r✐t♦r❡s ❞❡
á✉❞✐♦✳ ❖♥❞❡ ❈ ❂ ❈❋❚✱ ❋ ❂ ❋❚ ❙❡q✉❡♥❝✐❛❧✱ ❇ ❂ ❇▼❋❈❈✱ ▼ ❂▼❋❈❈ ❙❡q✉❡♥❝✐❛❧✱
❚ ❂ ❚❊❉ ❡ ❲ ❂ ❲❛✈❡❧❡t✳

❈♦♠ ❜❛s❡ ♥♦ tr❛❜❛❧❤♦ ❞❡ ◆❛s❝✐♠❡♥t♦ ❡t ❛❧✳ ❬✷✵✶✸❪ ❡ ❝♦♥s✐❞❡r❛♥❞♦ ❛ r♦❜✉st❡③ ❞♦

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

❞♦ ❞✐❝✐♦♥ár✐♦✳



✺✳✸✳ ❱❛❧✐❞❛çã♦ ❞♦s ❡①♣❡r✐♠❡♥t♦s ✺✺

✺✳✸✳✷ ❱❛❧✐❞❛çã♦ ❝♦♠ rót✉❧♦s ❛❧❡❛tór✐♦s

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

❝♦♠ rót✉❧♦s ❛❧❡❛tór✐♦s ✉s❛♥❞♦ t♦❞❛ ❛ ❜❛s❡✱ ♦♥❞❡ ✉♠ rót✉❧♦ ❛❧❡❛tór✐♦ é ❛tr✐❜✉í❞♦ ❛ ❝❛❞❛

❛♠♦str❛ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ s❡✉ ✈❡t♦r ❞❡ ❛tr✐❜✉t♦s ♦✉ ❝❧❛ss❡ r❡❛❧✳ ❆s ♠❛tr✐③❡s ❞❡ ❝♦♥❢✉sã♦

❛s ❛❜♦r❞❛❣❡♥s ❛✉❞✐t✐✈❛✱ ✈✐s✉❛❧✱ ❋❆❱ ❡ ▼❆❱ ❡stã♦ ♥❛ ❋✐❣✉r❛ ✺✳✽✱ ❝✉❥❛ ❧❡❣❡♥❞❛ ❝♦♥st❛

♥❛ ❚❛❜❡❧❛ ✺✳✸✳

❋✐❣✉r❛ ✺✳✽✳ ▼❛tr✐③❡s ❞❡ ❝♦♥❢✉sã♦ ❞❛s ❛❜♦r❞❛❣❡♥s ♥❛ ✈❛❧✐❞❛çã♦ ❝♦♠ rót✉❧♦s
❛❧❡❛tór✐♦s✳



✺✻ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❮♥❞✐❝❡ ❖❜❥❡t♦ ❮♥❞✐❝❡ ❖❜❥❡t♦
✵ ❈✉❜♦ ❞❡ ♠❛❞❡✐r❛ ✽ ❈✉❜♦ ❞❡ ♣❛♣❡❧ã♦
✶ ❚❡tr❛❡❞r♦ ❞❡ ♠❛❞❡✐r❛ ✾ ❚❡tr❛❡❞r♦ ❞❡ ♣❛♣❡❧ã♦
✷ Pr✐s♠❛ ❞❡ ♠❛❞❡✐r❛ ✶✵ Pr✐s♠❛ ❞❡ ♣❛♣❡❧ã♦
✸ ❖❝t❛❡❞r♦ ❞❡ ♠❛❞❡✐r❛ ✶✶ ❖❝t❛❡❞r♦ ❞❡ ♣❛♣❡❧ã♦
✹ ❈✉❜♦ ❞❡ ♣❧ást✐❝♦ ✶✷ ❈✉❜♦ ❞❡ ■s♦♣♦r
✺ ❚❡tr❛❡❞r♦ ❞❡ ♣❧ást✐❝♦ ✶✸ ❈✐❧✐♥❞r♦ ❞❡ ■s♦♣♦r
✻ Pr✐s♠❛ ❞❡ ♣❧ást✐❝♦ ✶✹ ❈♦♥❡ ❞❡ ■s♦♣♦r
✼ ❖❝t❛❡❞r♦ ❞❡ ♣❧ást✐❝♦ ✶✺ ❊s❢❡r❛ ❞❡ ■s♦♣♦r

❚❛❜❡❧❛ ✺✳✸✳ ▲❡❣❡♥❞❛ ❞❡ ♦❜❥❡t♦s ♣❛r❛ ❛s ♠❛tr✐③❡s ❞❡ ❝♦♥❢✉sã♦✳

❋✐❣✉r❛ ✺✳✾✳ ❚❛①❛ ❞❡ ❛❝❡rt♦ ❞❡ ❝❛❞❛ ❛❜♦r❞❛❣❡♠ ♥❛ ✈❛❧✐❞❛çã♦ ❝♦♠ rót✉❧♦s ❛❧❡❛✲
tór✐♦s✳

❆ ❞✐str✐❜✉✐çã♦ ❞❛ ♠❛tr✐③ ❞❡ ❝♦♥❢✉sã♦ ♠♦str❛ ♦ ❜❛✐①♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ r❡❝♦♥❤❡❝✐✲

♠❡♥t♦✱ ♦ q✉❡ é ❡s♣❡r❛❞♦✱ ❥á q✉❡ ♥ã♦ ❤á r❡❧❛çã♦ ❞✐r❡t❛ ❡♥tr❡ ♦s ❛tr✐❜✉t♦s ❞❡ ❝❛❞❛ ❛♠♦str❛

❡ s✉❛ ❝❛t❡❣♦r✐❛✱ ✐♥❞✐❝❛♥❞♦ ♥ã♦ ❤❛✈❡r ❡rr♦ ❛♣❛r❡♥t❡ ♥❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛ ❡t❛♣❛ ❞❡ ❝❧❛s✲

s✐✜❝❛çã♦ ♦✉ ♦✈❡r✜tt✐♥❣ ❝❧❛r♦ ❞♦s ❞❛❞♦s✳

◆❛ ❋✐❣✉r❛ ✺✳✾ ❡stã♦ ❛s t❛①❛s ❞❡ ❛❝❡rt♦ ♣❛r❛ ❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡✱ ♦♥❞❡ é ♣♦ssí✈❡❧

♦❜s❡r✈❛r q✉❡✱ ❡♠ ♠é❞✐❛✱ ♦ ❛❝❡rt♦ ❞❡ ❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡ é ❡♠ t♦r♥♦ ❞❡ ✻✱✶✷✪✱ ♣ró①✐♠♦

❞♦s ✻✱✷✺✪ ❡s♣❡r❛❞♦s ❞❡ ✉♠ ❝❧❛ss✐✜❝❛❞♦r ❛❧❡❛tór✐♦ ♣❛r❛ ❛s ✶✻ ❝❛t❡❣♦r✐❛s✳

✺✳✹ ❊①♣❡r✐♠❡♥t♦s

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

♣❡❝t✐✈❛s ❞❛ ♠❡t♦❞♦❧♦❣✐❛✱ sã♦ ❡❧❡s✿



✺✳✹✳ ❊①♣❡r✐♠❡♥t♦s ✺✼

✶✳ ❱❡r✐✜❝❛çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡s❝r✐t✐✈❛ ❞♦ á✉❞✐♦ ♣❛r❛ ♦❜❥❡t♦s ❝♦♠ ♠❡s♠♦ ♠❛t❡r✐❛❧

✭❙❡çã♦ ✺✳✹✳✶✮❀

✷✳ ❱❡r✐✜❝❛çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡s❝r✐t✐✈❛ ❞♦ á✉❞✐♦ ♣❛r❛ ♦❜❥❡t♦s ❝♦♠ ♠❡s♠❛ ❣❡♦♠❡tr✐❛

✭❙❡çã♦ ✺✳✹✳✷✮❀

✸✳ ❱❡r✐✜❝❛çã♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉❞✐♦✈✐s✉❛❧ ❡♠ ❛♠❜✐❡♥t❡ ❧✐✈r❡ ❞❡

r✉í❞♦ ✭❙❡çã♦ ✺✳✹✳✸✮❀

✹✳ ❘♦❜✉st❡③ ❛ r✉í❞♦ ❛✉❞✐t✐✈♦✳ ❋♦✐ ✐♥tr♦❞✉③✐❞♦ r✉í❞♦ ♥❛s ❛♠♦str❛s ❞❡ á✉❞✐♦ ❡♠

❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ ✐♥t❡r❢❡rê♥❝✐❛✱ ♣❛r❛ ✈❡r✐✜❝❛r ❛ r♦❜✉st❡③ ❛ ❞❛❞♦s r✉✐❞♦s♦s ♥❛

♠♦❞❛❧✐❞❛❞❡ ❛✉❞✐t✐✈❛ ✭❙❡çã♦ ✺✳✹✳✹✮❀

✺✳ ❘♦❜✉st❡③ ❛ r✉í❞♦ ✈✐s✉❛❧✳ ❋♦✐ ✐♥tr♦❞✉③✐❞♦ r✉í❞♦ ♥❛s ❛♠♦str❛s ✈✐s✉❛✐s ❡♠ ❞✐❢❡r❡♥t❡s

♥í✈❡✐s ❞❡ ✐♥t❡r❢❡rê♥❝✐❛✱ ♣❛r❛ ✈❡r✐✜❝❛r ❛ r♦❜✉st❡③ ❛ ❞❛❞♦s r✉✐❞♦s♦s ♥❛ ♠♦❞❛❧✐❞❛❞❡

✈✐s✉❛❧ ✭❙❡çã♦ ✺✳✹✳✺✮❀

✻✳ ❘♦❜✉st❡③ ❛ r✉í❞♦ ✈✐s✉❛❧✳ ❘✉í❞♦ ❛❞✐t✐✈♦ ❡♠ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❢♦✐ ✐♥tr♦❞✉③✐❞♦ ❡♠

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

❢✉sã♦ ♠❡s♠♦ ❝♦♠ ❞❛❞♦s r✉✐❞♦s♦s ❡♠ ❛♠❜❛s ❛s ♠♦❞❛❧✐❞❛❞❡s ✭❙❡çã♦ ✺✳✹✳✻✮❀

✼✳ ❱❡r✐✜❝❛çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s ❡①t❡r♥♦s ❛♦ tr❡✐♥❛♠❡♥t♦✳

❙ã♦ ✐♥❝❧✉í❞❛s ❛♠♦str❛s ❞❡ ♦❜❥❡t♦s ❡①t❡r♥♦s à ❜❛s❡ ♣❛r❛ ✈❡r✐✜❝❛r ❛ ❡st❛❜✐❧✐❞❛❞❡

❞♦ s✐st❡♠❛ ♣❛r❛ ❝❧❛ss❡s ♥ã♦ tr❡✐♥❛❞❛s ✭❙❡çã♦ ✺✳✹✳✼✮✳

✺✳✹✳✶ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♠❛t❡r✐❛✐s ♣❡❧♦ s♦♠

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

t❡st❡s ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❜✐♥ár✐❛ ❡♥tr❡ ♦❜❥❡t♦s ❞❡ ♠❡s♠❛ ❣❡♦♠❡tr✐❛✱ ♦♥❞❡ ❛ ❝❧❛ss❡ r❡❛❧ ❞❡

❝❛❞❛ ♦❜❥❡t♦ é ❛tr✐❜✉í❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ s❡✉ ♠❛t❡r✐❛❧✳

❆s t❛❜❡❧❛s ✺✳✹✱ ✺✳✺✱ ✺✳✻ ❡ ✺✳✼ ♠♦str❛♠ ♦s ✈❛❧♦r❡s ❆❯❈ ♣❛r❛ ❛s ❝♦♠♣❛r❛çõ❡s ❡♥tr❡

♦❜❥❡t♦s ❞❡ ♠❡s♠❛ ❣❡♦♠❡tr✐❛ ♠❛s ♠❛t❡r✐❛✐s ❞✐❢❡r❡♥t❡s✿ ♠❛❞❡✐r❛ ❡ ♣❛♣❡❧ã♦✱ ♣❛♣❡❧ã♦ ❡

♣❧ást✐❝♦✱ ❡t❝✳

P❛♣❡❧ã♦ P❧ást✐❝♦
▼❛❞❡✐r❛ ✵✱✾✾✺ ✵✱✾✾✺
P❛♣❡❧ã♦ ✲ ✵✱✾✽✾

❚❛❜❡❧❛ ✺✳✹✳ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ t❡tr❛❡❞r♦s ❞❡ ❞✐❢❡r❡♥t❡s ♠❛t❡r✐❛✐s✳

❖s ✈❛❧♦r❡s ❆❯❈ ✐♥❞✐❝❛♠ q✉❡ é ♣♦ssí✈❡❧ ❞✐s❝r✐♠✐♥❛r ❡♥tr❡ ♠❛t❡r✐❛✐s ❝♦♠ r❡❧❛t✐✈❛

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



✺✽ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

P❛♣❡❧ã♦ P❧ást✐❝♦
▼❛❞❡✐r❛ ✵✱✾✾✺ ✵✱✾✾✺
P❛♣❡❧ã♦ ✲ ✵✱✾✾✶

❚❛❜❡❧❛ ✺✳✺✳ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ♣r✐s♠❛s ❞❡ ❞✐❢❡r❡♥t❡s ♠❛t❡r✐❛✐s✳

P❛♣❡❧ã♦ P❧ást✐❝♦
▼❛❞❡✐r❛ ✵✱✾✾✺ ✵✱✾✾✺
P❛♣❡❧ã♦ ✲ ✵✱✾✾✺

❚❛❜❡❧❛ ✺✳✻✳ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ❝✉❜♦s ❞❡ ❞✐❢❡r❡♥t❡s ♠❛t❡r✐❛✐s✳

P❛♣❡❧ã♦ P❧ást✐❝♦
▼❛❞❡✐r❛ ✵✱✾✾✺ ✵✱✾✾✺
P❛♣❡❧ã♦ ✲ ✵✱✾✾✺

❚❛❜❡❧❛ ✺✳✼✳ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ♦❝t❛❡❞r♦s ❞❡ ❞✐❢❡r❡♥t❡s ♠❛t❡r✐❛✐s✳

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

❞❡ r❡✢❡①ã♦ ♥❛s ♣❛r❡❞❡s ✐♥t❡r♥❛s✳

P❛r❛ ✈❡r✐✜❝❛r ♦ ✐♠♣❛❝t♦ q✉❡ ❛ ❝♦♠♣♦s✐çã♦ ❞❡ ✉♠ ♦❜❥❡t♦ t❡♠ ♥♦s ❞❡s❝r✐t♦r❡s

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

t♦❞♦ ♦ s❡✉ ✐♥t❡r✐♦r✱ ❝♦♠♦ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✶✵✳

❋✐❣✉r❛ ✺✳✶✵✳ ❊s♣✉♠❛ ❞❡ ♣♦❧✐❡t✐❧❡♥♦ ❡①♣❛♥❞✐❞♦ ✉s❛❞❛ ♣❛r❛ ♣r❡❡♥❝❤✐♠❡♥t♦ ❞♦
❝✉❜♦ ❞❡ ♠❛❞❡✐r❛✳

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

✺✳✶✶✱ ❛♦ s❡r❡♠ ❝♦♠♣❛r❛❞♦s ♦ TED30 ❞♦ ♠❡s♠♦ ♦❜❥❡t♦ ♦❝♦ ❡ ♣r❡❡♥❝❤✐❞♦ ♣❡❧❛ ❡s♣✉♠❛✳

✸❆ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛❣❛çã♦ ❞♦ s♦♠ ❛♦ ❧♦♥❣♦ ❞❛ ✜❜r❛ ❞❛ ♠❛❞❡✐r❛ é ♠❛✐s rá♣✐❞❛ ❞♦ q✉❡ ♥❛ ❞✐r❡çã♦
♦rt♦❣♦♥❛❧ ❬❘♦ss✐♥❣✱ ✷✵✵✼❪✱ ♣♦r ❡①❡♠♣❧♦✳



✺✳✹✳ ❊①♣❡r✐♠❡♥t♦s ✺✾

❋✐❣✉r❛ ✺✳✶✶✳ ❈♦♠♣❛r❛çã♦ ❞♦ TED30 ❞♦ ♠❡s♠♦ ♦❜❥❡t♦ q✉❛♥❞♦ ♦❝♦ ❡ ♣r❡❡♥❝❤✐❞♦
❝♦♠ ❡s♣✉♠❛ ❞❡ ♣♦❧✐❡t✐❧❡♥♦ ❡①♣❛♥❞✐❞♦✳

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

❛❝úst✐❝♦✱ s✉❛ ✐♥❝❧✉sã♦ ♥♦ ✐♥t❡r✐♦r ❞♦ ♦❜❥❡t♦ r❡❞✉③ ❜❛st❛♥t❡ ♦ t❡♠♣♦ TED30 ❞♦ s✐♥❛❧ ❛♦

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

q✉❛♥t♦ ♦s ❞❡s❝r✐t♦r❡s ❡①tr❛í❞♦s sã♦ ❛❢❡t❛❞♦s ♣❡❧❛ ❝♦♠♣♦s✐çã♦ ❞♦ ♦❜❥❡t♦✳

✺✳✹✳✷ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❣❡♦♠❡tr✐❛s ♣❡❧♦ s♦♠

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

❢♦r❛♠ ❡①❡❝✉t❛❞♦s t❡st❡s ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❜✐♥ár✐❛ ❡♥tr❡ ♦❜❥❡t♦s ❞❡ ♠❡s♠♦ ♠❛t❡r✐❛❧ ♠❛s

❣❡♦♠❡tr✐❛s ❞✐❢❡r❡♥t❡s✱ ♦♥❞❡ ❛ ❝❧❛ss❡ r❡❛❧ ❞❡ ❝❛❞❛ ♦❜❥❡t♦ é ❛tr✐❜✉í❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ s✉❛

❣❡♦♠❡tr✐❛✳

❆s t❛❜❡❧❛s ✺✳✽✱ ✺✳✾✱ ✺✳✶✵ ❡ ✺✳✶✶ ♠♦str❛♠ ♦s ✈❛❧♦r❡s ❆❯❈ ♣❛r❛ ❛s ❝♦♠♣❛r❛çõ❡s

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

♣r✐s♠❛ ❡ t❡tr❛❡❞r♦ ❞❡ ♣❛♣❡❧ã♦✱ ❡t❝✳

Pr✐s♠❛ ❈✉❜♦ ❖❝t❛❡❞r♦
❚❡tr❛❡❞r♦ ✵✱✾✾✺ ✵✱✾✾✺ ✵✱✾✾✺
Pr✐s♠❛ ✲ ✵✱✾✾✺ ✵✱✾✾✺
❈✉❜♦ ✲ ✲ ✵✱✾✾✺

❚❛❜❡❧❛ ✺✳✽✳ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ♦s ♦❜❥❡t♦s ❞❡ ♠❛❞❡✐r❛✳



✻✵ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

Pr✐s♠❛ ❈✉❜♦ ❖❝t❛❡❞r♦
❚❡tr❛❡❞r♦ ✵✱✾✽✺ ✵✱✾✾✺ ✵✱✾✻✻
Pr✐s♠❛ ✲ ✵✱✽✺✹ ✵✱✾✾✺
❈✉❜♦ ✲ ✲ ✵✱✾✾✺

❚❛❜❡❧❛ ✺✳✾✳ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ♦s ♦❜❥❡t♦s ❞❡ ♣❛♣❡❧ã♦✳

Pr✐s♠❛ ❈✉❜♦ ❖❝t❛❡❞r♦
❚❡tr❛❡❞r♦ ✵✱✾✾✺ ✵✱✾✾✺ ✵✱✾✼✶
Pr✐s♠❛ ✲ ✵✱✾✻✵ ✵✱✾✽✻
❈✉❜♦ ✲ ✲ ✵✱✾✾✺

❚❛❜❡❧❛ ✺✳✶✵✳ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ♦s ♦❜❥❡t♦s ❞❡ ♣❧ást✐❝♦✳

❈✐❧✐♥❞r♦ ❈♦♥❡ ❊s❢❡r❛
❈✉❜♦ ✵✱✻✾✽ ✵✱✽✼✷ ✵✱✾✽✼

❈✐❧✐♥❞r♦ ✲ ✵✱✼✹✵ ✵✱✾✾✹
❈♦♥❡ ✲ ✲ ✵✱✾✼✶

❚❛❜❡❧❛ ✺✳✶✶✳ ❱❛❧♦r❡s ❆❯❈ ❡♥tr❡ ♦s ♦❜❥❡t♦s ❞❡ ■s♦♣♦r✳

◆♦✈❛♠❡♥t❡✱ ♦s ✈❛❧♦r❡s ❆❯❈ ✐♥❞✐❝❛♠ q✉❡ é ♣♦ssí✈❡❧ ❞✐s❝r✐♠✐♥❛r ❡♥tr❡ ❣❡♦♠❡tr✐❛s

❝♦♠ ♠❡s♠♦ ♠❛t❡r✐❛❧ ❝♦♠ r❡❧❛t✐✈❛ ❢❛❝✐❧✐❞❛❞❡ ✉s❛♥❞♦ s♦♠✳ ❊st✐♠❛✲s❡ q✉❡ ❛ r❡✈❡r❜❡r❛çã♦

✐♥t❡r♥❛ ❞♦ s♦♠ ❡ s✉❛ r❡✢❡①ã♦ ♥❛s ♣❛r❡❞❡s ❞♦s ♣♦❧✐❡❞r♦s ❛❥✉❞❛♠ ♥❛ ❞✐s❝r✐♠✐♥❛çã♦

❛✉❞✐t✐✈❛✳

◆❡st❡ ❡①♣❡r✐♠❡♥t♦ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞♦s ♦❜❥❡t♦s ❞❡ ■s♦♣♦r t❡✈❡ ♣✐♦r ❞❡s❡♠♣❡♥❤♦✱

q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛♦s ❞❡♠❛✐s✳ ◆❡st❡ ❝❛s♦✱ ❣❡♦♠❡tr✐❛ ❡ ♠❛t❡r✐❛❧ ♣❛r❡❝❡♠ ✐♥✢✉❡♥❝✐❛r

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

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

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

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

✺✳✹✳✸ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s ♣❡❧❛ ❢✉sã♦ ❞❡ ❞❛❞♦s

❛✉❞✐♦✈✐s✉❛✐s

❖ ♦❜❥❡t✐✈♦ ❞❡st❡ ❡①♣❡r✐♠❡♥t♦ ❢♦✐ ❛✈❡r✐❣✉❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞✐s❝r✐♠✐♥❛t✐✈❛ ❛✉❞✐t✐✈❛ ❡ ✈✐s✉❛❧

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

❢♦r❛♠ ❡①❡❝✉t❛❞♦s✳ ❖s r❡s✉❧t❛❞♦s ❝♦♠♣❛r❛t✐✈♦s ❞❡ ❝❛❞❛ ❛❜♦r❞❛❣❡♠ sã♦ ✐❧✉str❛❞♦s ♣❡❧❛s

♠❛tr✐③❡s ❞❡ ❝♦♥❢✉sã♦ ♥❛ ❋✐❣✉r❛ ✺✳✶✷ ❡ t❛①❛s ❞❡ ❛❝❡rt♦ ♥❛ ❋✐❣✉r❛ ✺✳✶✸✳ ❆ ❋✐❣✉r❛ ✺✳✶✹

♠♦str❛ ❛s ❝✉r✈❛s ❘❖❈ ✭❘❡❝❡✐✈❡r ❖♣❡r❛t✐♥❣ ❈❤❛r❛❝t❡r✐st✐❝✮ ❡ s❡✉s r❡s♣❡❝t✐✈♦s ✈❛❧♦r❡s

❆❯❈✳



✺✳✹✳ ❊①♣❡r✐♠❡♥t♦s ✻✶

❋✐❣✉r❛ ✺✳✶✷✳ ▼❛tr✐③❡s ❞❡ ❝♦♥❢✉sã♦ ❞❛s ❛❜♦r❞❛❣❡♥s ♥♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ r❡❝♦♥❤❡✲
❝✐♠❡♥t♦ ❝♦♥t❡♥❞♦ t♦❞♦s ♦s ♦❜❥❡t♦s ❞❛ ❜❛s❡✳

❋✐❣✉r❛ ✺✳✶✸✳ ❚❛①❛s ❞❡ ❛❝❡rt♦ ❞❛s ❛❜♦r❞❛❣❡♥s ♥♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦
❝♦♥t❡♥❞♦ t♦❞♦s ♦s ♦❜❥❡t♦s ❞❛ ❜❛s❡✳



✻✷ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✺✳✶✹✳ ❈✉r✈❛s ❘❖❈ ❞❛s ❛❜♦r❞❛❣❡♥s ♥♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦
❝♦♥t❡♥❞♦ t♦❞♦s ♦s ♦❜❥❡t♦s ❞❛ ❜❛s❡✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❝✉r✈❛s ❞❛ ❋✐❣✉r❛ ✺✳✶✹✱ ❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ❢✉sã♦ ❛✉❞✐♦✈✐s✉❛❧

▼❆❱ t❡♠ ♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♥❡st❡ ❡①♣❡r✐♠❡♥t♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡

❛♦ s❡ ♦❜s❡r✈❛r ❛s ♠❛tr✐③❡s ❞❡ ❝♦♥❢✉sã♦ ❞❛ ❋✐❣✉r❛ ✺✳✶✷✳ ◆❡ss❛s✱ ❡♥q✉❛♥t♦ ❛s ❛❜♦r❞❛❣❡♥s

❛✉❞✐t✐✈❛ ❡ ❋❆❱ tê♠ ❞✐✜❝✉❧❞❛❞❡ ❡♠ ❞❡s❛♠❜✐❣✉❛r ♦❜❥❡t♦s ❢❡✐t♦s ❞❡ ✐s♦♣♦r ✭❞❡✈✐❞♦ ❛♦s

s✐♥❛✐s ❞❡ ❜❛✐①❛ ❛♠♣❧✐t✉❞❡✮ ❡ ❛ ✈✐s✉❛❧ t❡♠ ♣r♦❜❧❡♠❛ s✐♠✐❧❛r ❝♦♠ ♦❜❥❡t♦s ❞❡ ♣❧ást✐❝♦

✭❞❡✈✐❞♦ à tr❛♥s♣❛rê♥❝✐❛✮ ❡ ■s♦♣♦r✱ ❛ ❛❜♦r❞❛❣❡♠ ▼❆❱ ❝♦♥s❡❣✉❡ ❡①♣❧♦r❛r ❛ ❝♦♠♣❧❡♠❡♥✲

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

✉♠❛ ❡ ♠❡❧❤♦r❛♥❞♦ ♦ r❡s✉❧t❛❞♦ ❞❡ ❢♦r♠❛ ❣❡r❛❧✳

❊♠ ♣❛rt✐❝✉❧❛r✱ ❡st❡ r❡s✉❧t❛❞♦ t❡♠ ❝♦♥❢♦r♠✐❞❛❞❡ ❝♦♠ ❛ ♣r❡♠✐ss❛ ❞❡ ❙❛r❣✐♥ ✫ ❨❡✲

♠❡③ ❬✷✵✵✼❪ ❞❡ q✉❡ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❜❛s❡❛❞❛ ❡♠ ❢✉sã♦ ❞❡ ❞❡❝✐sõ❡s é ♠❛✐s ❡✜❝❛③ q✉❛♥❞♦

❛s ♠♦❞❛❧✐❞❛❞❡s sã♦ ✐♥❞❡♣❡♥❞❡♥t❡s ❡♥tr❡ s✐✱ ❛❧é♠ ❞❡ ❡st❛r ♠❛✐s ❛❧✐♥❤❛❞❛ ❝♦♠ ❛s ❝❛r❛❝✲

t❡ríst✐❝❛s ❞❛ ❢✉sã♦ ❜✐♦❧ó❣✐❝❛✳

✺✳✹✳✹ ❘♦❜✉st❡③ ❛ r✉í❞♦ ❛✉❞✐t✐✈♦

➱ ❞✐❢í❝✐❧ ❛✈❛❧✐❛r ♦ ✐♠♣❛❝t♦ r❡❛❧ ❞❛ ❢✉sã♦ q✉❛♥❞♦ ❛s t♦❞❛s ❛s ♠♦❞❛❧✐❞❛❞❡s ❥á t❡♠ ❞❡s❡♠✲

♣❡♥❤♦ tã♦ ❛❧t♦✱ ❛ss✐♠ ♣❛r❛ ❛✈❡r✐❣✉❛r ❛ r♦❜✉st❡③ ❛ r✉í❞♦ ♣r♦✈✐❞❛ ♣❡❧❛ ❢✉sã♦ ❛✉❞✐♦✈✐s✉❛❧✱

r✉í❞♦ ❛❞✐t✐✈♦ s✐♥tét✐❝♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ♥❛s ❛♠♦str❛s ❞❡ á✉❞✐♦ ❞❡ ♠♦❞♦ ❛ ♣❡rt✉r❜❛r s✉❛

r❡♣r❡s❡♥t❛çã♦ ♣❡❧♦s ❞❡s❝r✐t♦r❡s✳ ❘✉í❞♦ ❡♠ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ ❙◆❘ ✭❙✐❣♥❛❧✲t♦✲♥♦✐s❡

❘❛t✐♦✮ ❢♦✐ ❛❝r❡s❝✐❞♦ ❛♦ s✐♥❛✐s ♣❛r❛ ❛✈❛❧✐❛r ❛ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛ ❡♠ ❞✐❢❡r❡♥t❡s ❝❡✲



✺✳✹✳ ❊①♣❡r✐♠❡♥t♦s ✻✸

♥ár✐♦s✳ ❙❡❥❛ s ♦ s✐♥❛❧ ❡ r ✉♠ r✉í❞♦ s✐♥tét✐❝♦✱ ❛ ❙◆❘✱ ❡♠ ❞❡❝✐❜é✐s✱ é ❞❛❞❛ ♣♦r

SNR(dB) = 10 log
10

(

Es

Er

)

, ✭✺✳✶✮

♦♥❞❡ Es ❡ Er sã♦ ❛s ❡♥❡r❣✐❛s t♦t❛✐s ❞♦ s✐♥❛❧ ❡ ❞♦ r✉í❞♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ ❡♥❡r❣✐❛

❞❡ ❝❛❞❛ ✉♠ ♣♦❞❡ s❡r ♦❜t✐❞❛ ❛tr❛✈és ❞❡ s✉❛ ✈❛r✐â♥❝✐❛✱ s❛❜❡♥❞♦ q✉❡ ♦ ❝♦♠♣♦♥❡♥t❡ ❉❈

✭♠é❞✐❛ ❞♦ s✐♥❛❧✮ ❢♦✐ r❡♠♦✈✐❞♦✱ ❛ss✐♠

s = s− µ(s) ❡ r = r − µ(r). ✭✺✳✷✮

▲♦❣♦✱

Es = σ2(s) ❡ Er = σ2(r). ✭✺✳✸✮

❆ss✐♠✱

SNR(dB) = 10 log
10

(

σ2(s)

σ2(r)

)

. ✭✺✳✹✮

❉❛❞❛ ✉♠❛ ❙◆❘ ❞❡s❡❥❛❞❛✱ ❛ ♣❛rt✐r ❞❛ ❊q✉❛çã♦ ✺✳✹✱ ✈❡r✐✜❝❛✲s❡ ❛ ✈❛r✐â♥❝✐❛ v ♥❡✲

❝❡ssár✐❛✿

σ2(r) =
σ2(s)

10SNR/10
. ✭✺✳✺✮

P♦r ✜♠✱ ❢❛③✲s❡

r = r ∗
√
v

√

σ2(r)
. ✭✺✳✻✮

❆❞✐❝✐♦♥❛♥❞♦ r✉í❞♦ ❝♦♠ ❛ ❛❜♦r❞❛❣❡♠ ♠❡♥❝✐♦♥❛❞❛✱ ❢♦r❛♠ t❡st❛❞♦s ❞✐❢❡r❡♥t❡s ♥í✈❡✐s

❞❡ ❙◆❘✿ −∞ ✭❛♣❡♥❛s r✉í❞♦✮✱ ✲✷✵✱ ✲✶✺✱ ✲✶✵✱ ✲✺✱ ✵✱ ✺✱ ✶✵✱ ✷✵✱ ✸✵✱ ✹✵✱ ✺✵ ❡ ∞ ✭s✐♥❛❧ ♣✉r♦✮✳

❆s ✜❣✉r❛s ✺✳✶✺ ❡ ✺✳✶✻ ❝♦♥té♠ ♦s r❡s✉❧t❛❞♦s ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ r✉í❞♦s ♠❡♥❝✐♦♥❛❞♦s

♣❛r❛ ❞♦✐s t✐♣♦s ❞❡ r✉í❞♦✿ ❣❛✉ss✐❛♥♦✱ ❛♠♦str❛❞♦ ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ N(µ = 0, σ2 = 1)✱

❡ r♦s❛✱ ❜❛s❡❛❞♦ ♥♦ ❛❧❣♦r✐t♠♦ ❞❡ ❱♦ss✲▼❝❈❛rt♥❡② ❬❱♦ss ✫ ❈❧❛r❦❡✱ ✶✾✼✺❪ ♣r♦✈✐❞♦ ♣♦r

❏♦❤♥s♦♥ ❬✷✵✶✶❪✳ ❊st❡ ú❧t✐♠♦ ❢♦✐ t❡st❛❞♦ ♣❛r❛ s✐♠✉❧❛r ♠❡❧❤♦r ✉♠ ❛♠❜✐❡♥t❡ r❡❛❧✱ ♦♥❞❡

❞✐✜❝✐❧♠❡♥t❡ ❤á q✉❛♥t✐❞❛❞❡ ✐❣✉❛❧ ❞❡ ❡♥❡r❣✐❛ ❡♠ t♦❞❛s ❛s ❜❛♥❞❛s ❞♦ ❡s♣❡❝tr♦✳



✻✹ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✺✳✶✺✳ ❉❡s❡♠♣❡♥❤♦ ❞❛s ❛❜♦r❞❛❣❡♥s ❝♦♠ ❛❞✐çã♦ ❞❡ r✉í❞♦ ❛✉❞✐t✐✈♦ ❣❛✉ss✐✲
❛♥♦✳

❋✐❣✉r❛ ✺✳✶✻✳ ❉❡s❡♠♣❡♥❤♦ ❞❛s ❛❜♦r❞❛❣❡♥s ❝♦♠ ❛❞✐çã♦ ❞❡ r✉í❞♦ ❛✉❞✐t✐✈♦ r♦s❛✳



✺✳✹✳ ❊①♣❡r✐♠❡♥t♦s ✻✺

P❛r❛ ♦s ❞♦✐s t✐♣♦s ❞❡ r✉í❞♦✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛ ❢✉sã♦ ❛✉❞✐♦✈✐s✉❛❧ ♣r♦✈ê ❡st❛❜✐❧✐❞❛❞❡

♥♦ r❡❝♦♥❤❡❝✐♠❡♥t♦✱ ♠❡s♠♦ s♦❜ ❢♦rt❡ ✐♥t❡r❢❡rê♥❝✐❛✿ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉❞✐♦✈✐s✉❛❧ é

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

❖ ♥í✈❡❧ ❞❡ r✉í❞♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ❞❡❣r❛❞❛r s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♦ s✐♥❛❧ ✭❞❡ −∞ ❛

✵❞❇✮ s❡ ❞á ♣❡❧❛ ♥❛t✉r❡③❛ ❞❛ ❝❛♣t✉r❛✿ ❛ ❙◆❘ é ❝❛❧❝✉❧❛❞❛ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦

r❡❝♦rt❡ ❞♦ s✐♥❛❧ ❝♦♠♦ ✉♠ t♦❞♦✱ ♠❛s ❤á ❛❧t❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❡♥❡r❣✐❛ ♥♦s ♠♦♠❡♥t♦s

✐♥✐❝✐❛✐s✱ ♦♥❞❡ ❤á ♦ ♣✐❝♦ ❞♦ s✐♥❛❧✱ ❛ss✐♠✱ ❛♣❡♥❛s ❙◆❘ ❜❛✐①❛s ♠❛s❝❛r❛♠ ♦ tr❡❝❤♦ ✐♥✐❝✐❛❧

❞♦ r❡❝♦rt❡✳

➱ ✐♥t❡r❡ss❛♥t❡ ♥♦t❛r ❛✐♥❞❛ ❝♦♠♦ ❛ ❛❜♦r❞❛❣❡♠ ▼❆❱ s✉♣❡r❛ ❛ ❋❆❱ ❡♠ t♦❞♦s ♦s

❝❛s♦s✱ ✐♥❞✐❝❛♥❞♦ ♦ ❜♦♠ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❢✉sã♦ ❞❡ ❞❡❝✐sõ❡s ❡♠ ❝❡♥ár✐♦s ❝♦♠ ❙◆❘ ✐♥✈❡r✲

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

❛✉❞✐t✐✈❛ ❝♦♠ r✉í❞♦ ✐♥✜♥✐t♦✮✱ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✐♥❞❛ é ♠❛♥t✐❞♦ ❝♦♠ ❛ ♠❡s♠❛ q✉❛❧✐❞❛❞❡

❞❛ ♠♦❞❛❧✐❞❛❞❡ ✈✐s✉❛❧✱ ♠❡♥♦s r✉✐❞♦s❛✳

❆s q✉❡❞❛s ❞❡ ❞❡s❡♠♣❡♥❤♦ ♥♦s ✐♥t❡r✈❛❧♦s ❬✲✷✵✱✲✶✺❪ ❡ ❬✲✶✵✱✲✺❪ ♥♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠

r✉í❞♦ r♦s❛ sã♦ ❛tr✐❜✉í❞❛s ❛ ❞❡s✈✐♦ ❡st❛tíst✐❝♦✱ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦s ✐♥t❡r✈❛❧♦s sã♦ ♣ró✲

①✐♠♦s ❡ ❛s ♠é❞✐❛s ❡stã♦ ♥♦ ❞❡s✈✐♦ ♣❛❞rã♦✱ ♣♦ss✐✈❡❧♠❡♥t❡ t❡♥❞♦ s✐❞♦ ❣❡r❛❞❛s ♣❡❧♦ ♣❛r✲

t✐❝✐♦♥❛♠❡♥t♦ ❛❧❡❛tór✐♦ ❞❛ ✈❛❧✐❞❛çã♦ ❝r✉③❛❞❛✱ ❢❡✐t❛ ❛ ❝❛❞❛ ❙◆❘✳

✺✳✹✳✺ ❘♦❜✉st❡③ ❛ r✉í❞♦ ✈✐s✉❛❧

❙✐♠✐❧❛r♠❡♥t❡ ❛♦ ❡①♣❡r✐♠❡♥t♦ ❛♥t❡r✐♦r✱ r✉í❞♦ ❛❞✐t✐✈♦ ❣❛✉ss✐❛♥♦ ❢♦✐ ✐♥tr♦❞✉③✐❞♦ ♥❛s

❛♠♦str❛s ✈✐s✉❛✐s ❞❡ ♠♦❞♦ ❛ ♣❡rt✉r❜❛r s✉❛ r❡♣r❡s❡♥t❛çã♦ ♣❡❧♦s ❞❡s❝r✐t♦r❡s✳ ❘✉í❞♦ ❡♠

❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ ❙◆❘ ❢♦✐ ❛❝r❡s❝✐❞♦ às ✐♠❛❣❡♥s ♣❛r❛ ❛✈❛❧✐❛r ❛ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛

❡♠ ❞✐❢❡r❡♥t❡s ❝❡♥ár✐♦s ❞❡ ✐♥t❡r❢❡rê♥❝✐❛✳ ❖s ♥í✈❡✐s ❞❡ ❙◆❘ t❡st❛❞♦s ❢♦r❛♠ ✵✱ ✶✵✱ ✷✵✱ ✸✵✱

✹✵✱ ✺✵ ❡ ∞ ✭❛♠♦str❛ s❡♠ r✉í❞♦✮✱ ❛♠♦str❛❞♦s ❞❛s ❞✐str✐❜✉✐çõ❡s ♥♦r♠❛✐s ✐♥❞✐❝❛❞❛s ♥❛

❚❛❜❡❧❛ ✺✳✶✷✳

❙◆❘ ❉✐str✐❜✉✐çã♦
✵ N(µ = 0, σ2 = 250)
✶✵ N(µ = 0, σ2 = 80)
✷✵ N(µ = 0, σ2 = 20)
✸✵ N(µ = 0, σ2 = 8)
✹✵ N(µ = 0, σ2 = 2, 5)
✺✵ N(µ = 0, σ2 = 0, 8)
∞ N(µ = 0, σ2 = 0)

❚❛❜❡❧❛ ✺✳✶✷✳ ❙◆❘ ✈✐s✉❛❧ ❡ ❞✐str✐❜✉✐çõ❡s ❛♠♦str❛❞❛s✳

❊ss❡s ✈❛❧♦r❡s ❞❡ σ2 ❢♦r❛♠ ♦❜t✐❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❞❡✜♥✐çã♦ ❞❡ P◆❙❘ ✭P❡❛❦



✻✻ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❙✐❣♥❛❧✲t♦✲◆♦✐s❡✮✱ s✐♠✐❧❛r à ❊q✉❛çã♦ ✺✳✶✿

PSNR = 10 log
10

(

MAX2

MSE

)

, ✭✺✳✼✮

♦♥❞❡ ▼❆❳ é ♦ ✈❛❧♦r ♠á①✐♠♦ ❛tr✐❜✉í❞♦ ❛ ✉♠ ♣✐①❡❧ ❡ ▼❙❊ é ♦ ▼❡❛♥ ❙q✉❛r❡❞ ❊rr♦r✳

❈♦♠♦ ❛s ✐♠❛❣❡♥s sã♦ ❡♠ ❡s❝❛❧❛ ❞❡ ❝✐♥③❛✱ MAX = 255✳ ❖ ▼❙❊ ♣♦❞❡ s❡r ❞❡✜♥✐❞♦

❝♦♠♦✿

MSE =
1

mn

m−1
∑

i=0

n−1
∑

j=0

|o(x, y)− e(x, y)|2 ✭✺✳✽✮

♦♥❞❡ ♠ ❡ ♥ sã♦ ❧❛r❣✉r❛ ❡ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ✐♠❛❣❡♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡ i(x, y) ❡ e(x, y)

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

❆ ❋✐❣✉r❛ ✺✳✶✼ ❝♦♥té♠ ❛s t❛①❛s ❞❡ ❛❝❡rt♦ ❞♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡

r✉í❞♦s ♠❡♥❝✐♦♥❛❞♦s✳

❋✐❣✉r❛ ✺✳✶✼✳ ❉❡s❡♠♣❡♥❤♦ ❞❛s ❛❜♦r❞❛❣❡♥s ❝♦♠ ❛❞✐çã♦ ❞❡ r✉í❞♦ ✈✐s✉❛❧ ❣❛✉ss✐❛♥♦✳

❆ss✐♠ ❝♦♠♦ ♦ ❡①♣❡r✐♠❡♥t♦ ♦♥❞❡ ❤♦✉✈❡ ❞❡❣r❛❞❛çã♦ ❞❛s ❛♠♦str❛s ❛✉❞✐t✐✈❛s✱ ♥❡st❡

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

❝❡♥ár✐♦ ❛ ❛❜♦r❞❛❣❡♠ ▼❆❱ t❛♠❜é♠ s✉♣❡r❛ ❛ ❋❆❱ ❡ ♥ã♦ é ❞❡❣r❛❞❛❞❛ ❛❜❛✐①♦ ❞❛ ♠♦✲

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

❛♠❜✐❡♥t❡ t❡♠ ♠❛✐♦r ♣❡s♦✱ ❛ss✐♠ ❝♦♠♦ ❛❝♦♥t❡❝❡ ♥❛ ♥❛t✉r❡③❛✳



✺✳✹✳ ❊①♣❡r✐♠❡♥t♦s ✻✼

✺✳✹✳✻ ❘♦❜✉st❡③ ❛ r✉í❞♦ ❛✉❞✐t✐✈♦ ❡ ✈✐s✉❛❧

P❛r❛ ✈❡r✐✜❝❛r ❝♦♠♦ ❛ ❢✉sã♦ s❡ ❝♦♠♣♦rt❛ ❡♠ ❝❛s♦s ❡♠ q✉❡ ❤á r✉í❞♦ ♥❛s ❞✉❛s ♠♦❞❛❧✐✲

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

r✉í❞♦ s✐♥tét✐❝♦✳ ◆❡st❡✱ r✉í❞♦ ❡♠ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❢♦✐ ❛❝r❡s❝❡♥t❛❞♦ às ❞✉❛s ♠♦❞❛❧✐❞❛❞❡s

s❡♥s♦r✐❛✐s✳ ❖s ♥í✈❡✐s ❞❡ ❙◆❘ ♣❛r❛ ❛ ♠♦❞❛❧✐❞❛❞❡ ❛✉❞✐t✐✈❛ ❡ ✈✐s✉❛❧ ❢♦r❛♠ −∞ ✭❛♣❡♥❛s

r✉í❞♦✮✱ ✵✱ ✸✵ ❡ ∞ ❡ ✵✱ ✸✵ ❡ ∞✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆ ❋✐❣✉r❛ ✺✳✶✽✱ ✺✳✶✾ ❝♦♥té♠ ❛s t❛①❛s ❞❡ ❛❝❡rt♦ ❞♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ♣❛r❛ ♦s ♥í✈❡✐s

❞❡ r✉í❞♦s ♠❡♥❝✐♦♥❛❞♦s ♣❛r❛ r✉í❞♦ ❛✉❞✐t✐✈♦ ❣❛✉ss✐❛♥♦ ❡ r♦s❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❘✉í❞♦

✈✐s✉❛❧ ❣❛✉ss✐❛♥♦ ❢♦✐ ✉s❛❞♦ ❡♠ ❛♠❜♦s ♦s ❝❛s♦s✳



✻✽ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✺✳✶✽✳ ❚❛①❛ ❞❡ ❛❝❡rt♦ ❞❡ ❝❛❞❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ r✉í❞♦
❛✉❞✐t✐✈♦ ❣❛✉ss✐❛♥♦ ❡ r✉í❞♦ ✈✐s✉❛❧ ❣❛✉ss✐❛♥♦✳



✺✳✹✳ ❊①♣❡r✐♠❡♥t♦s ✻✾

❋✐❣✉r❛ ✺✳✶✾✳ ❚❛①❛ ❞❡ ❛❝❡rt♦ ❞❡ ❝❛❞❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ r✉í❞♦
❛✉❞✐t✐✈♦ r♦s❛ ❡ r✉í❞♦ ✈✐s✉❛❧ ❣❛✉ss✐❛♥♦✳



✼✵ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❈♦♠♦ ❡s♣❡r❛❞♦✱ ❛ ♠❡❞✐❞❛ q✉❡ ♦s ❞✉❛s ♠♦❞❛❧✐❞❛❞❡s s❡♥s♦r✐❛✐s ✈ã♦ s❡♥❞♦ ❞❡❣r❛❞❛✲

❞❛s✱ ❤á ♠❡♥♦r ✐♠♣❛❝t♦ ❞♦ r✉í❞♦ ♥❛s ❛❜♦r❞❛❣❡♥s ❋❆❱ ❡ ▼❆❱✱ ♦♥❞❡ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦

só é r❡❛❧♠❡♥t❡ ❞❡❣r❛❞❛❞♦ q✉❛♥❞♦ ❤á ♠✉✐t❛ ✐♥t❡r❢❡rê♥❝✐❛ ❡♠ ❛♠❜❛s ❛s ♠♦❞❛❧✐❞❛❞❡s✳ ❆

❛❜♦r❞❛❣❡♠ ▼❆❱ ❞❡♠♦♥str❛ t❡r ❛✐♥❞❛ ♠❛✐s ❡st❛❜✐❧✐❞❛❞❡ q✉❡ ❛ ❋❆❱✱ ✉♠❛ ✈❡③ q✉❡ ♥♦s ❝❡✲

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

❝♦♠ ✐♥❢♦r♠❛çã♦ ✈✐s✉❛❧ s❡♠ r✉í❞♦✱ ♦ ❞❡s❡♠♣❡♥❤♦ é ❞❡❣r❛❞❛❞♦ ❛ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✼✵✪

❞❡ ❛❝❡rt♦✳

◆❛s ✶✷ ❝♦♠❜✐♥❛çõ❡s ❞❡ r✉í❞♦ t❡st❛❞❛s✱ ▼❆❱ ♦❜t❡✈❡ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ q✉❡ ❋❆❱

❡♠ ✶✵✱ s❡♥❞♦ ✐♥❢❡r✐♦r ❡♠ ❛♣❡♥❛s ❞♦✐s ❝❡♥ár✐♦s ❞❡ ❛❧t❛ ✐♥t❡r❢❡rê♥❝✐❛ ✭r✉í❞♦ ❛✉❞✐t✐✈♦ ✐♥✜✲

♥✐t♦ ❡ ✈✐s✉❛❧ ❝♦♠ ✵ ❞❇ ❡ ✸✵ ❞❇ ❞❡ ❙◆❘✮✱ ♦ q✉❡ ♣♦❞❡ s❡r ❡①♣❧✐❝❛❞♦ ♣❡❧❛ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡

❞♦ ✈❡t♦r ❞❡ ❛tr✐❜✉t♦s ❞❡ ❝❛❞❛ ❛❜♦r❞❛❣❡♠✿ ❛ ❛❜♦r❞❛❣❡♠ ❋❆❱ t❡♠ ✉♠ ✈❡t♦r ❞❡ ❛tr✐❜✉t♦s

❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✹✵ ✈❡③❡s ♠❛✐♦r q✉❡ ❛ ▼❆❱✱ ♦ q✉❡ ❛✉♠❡♥t❛ ❛s ❝❤❛♥❝❡s ❞♦ ❝❧❛ss✐✜✲

❝❛❞♦r ❡♥❝♦♥tr❛r ✉♠ ❛tr✐❜✉t♦ q✉❡ s❡❥❛ ♠❛✐s ❞✐s❝r✐♠✐♥❛♥t❡✳ ❈♦♠♦ ❤á ❜❛st❛♥t❡ r✉í❞♦

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

♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❧❛ss✐✜❝❛❞♦r✳

✺✳✹✳✼ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s ❡①t❡r♥♦s ❛♦ tr❡✐♥❛♠❡♥t♦

❊st❡ ❡①♣❡r✐♠❡♥t♦ ❢♦✐ ❡①❡❝✉t❛❞♦ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❛✈❡r✐❣✉❛r ❛ r♦❜✉st❡③ ❞♦ s✐st❡♠❛

q✉❛♥t♦ ❛♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❝❧❛ss❡s ❛✐♥❞❛ ♥ã♦ tr❡✐♥❛❞❛s ❡ ❛♥❛❧✐s❛r ❛ ✐♥t❡r❢❡rê♥❝✐❛ ❞❡

❛♠♦str❛s ❞❡st❛ ❝❛t❡❣♦r✐❛✳ P❛r❛ t❛♥t♦✱ ✉♠❛ ♣❡q✉❡♥❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❝♦♥t❡♥❞♦ ❛♠♦str❛s

♦❜❥❡t♦s ✈❛r✐❛❞♦s ♥ã♦ ♣r❡s❡♥t❡s ♥❛ ❜❛s❡ ❛♥t❡r✐♦r ❢♦r❛♠ ✐♥❝❧✉í❞❛s ♥♦ ❝♦♥❥✉♥t♦ ❞❡ t❡st❡

❞♦s ❝❧❛ss✐✜❝❛❞♦r❡s✳ ❊st❛ ♥♦✈❛ ❜❛s❡✱ ✐❧✉str❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✷✵✱ ❝♦♥té♠ ✷✵ ♦❜❥❡t♦s ❞❡ ✉s♦

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

❋✐❣✉r❛ ✺✳✷✵✳ ❖❜❥❡t♦s ✈❛r✐❛❞♦s ♣❛r❛ ❡①♣❡r✐♠❡♥t♦ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛ ❛♥t❡
❝❧❛ss❡s ♥ã♦ ❞❡s❝♦♥❤❡❝✐❞❛s✳

❈❛❞❛ ♦❜❥❡t♦ t❡✈❡ ✶✵ ❛♠♦str❛s ❝❛♣t✉r❛❞❛s ♥❛s ♠❡s♠❛s ❝♦♥❞✐çõ❡s ❞❛ ❜❛s❡ ❛♥t❡✲

r✐♦r✱ t♦t❛❧✐③❛♥❞♦ ✷✵✵ ❛♠♦str❛s ♣❛r❛ ❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡ s❡♥s♦r✐❛❧✳ ❈♦♠♦ ♥❡♥❤✉♠ ❞❡st❡s

♦❜❥❡t♦s ♣❛ss♦✉ ♣❡❧❛ ❡t❛♣❛ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ❢♦✐ ❛❞♦t❛❞❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❖♥❡ ✈s ❘❡st



✺✳✹✳ ❊①♣❡r✐♠❡♥t♦s ✼✶

❬❇✐s❤♦♣✱ ✷✵✵✼❪✿ é ❝r✐❛❞♦ ✉♠ ❝❧❛ss✐✜❝❛❞♦r ❜✐♥ár✐♦ ♣❛r❛ ❝❛❞❛ ❝❧❛ss❡ ✭♦s ✶✻ ♦❜❥❡t♦s ✐❧✉str❛✲

❞♦s ♥❛ ❋✐❣✉r❛ ✺✳✶✮✱ ✉s❛♥❞♦ ♣❛rt❡ ❞❛s ❛♠♦str❛s ❞❡st❛ ❝❧❛ss❡ ❝♦♠♦ tr❡✐♥❛♠❡♥t♦ ♣♦s✐t✐✈♦

❡ ❛♠♦str❛s ❞❛s ❞❡♠❛✐s ❝❧❛ss❡s ❝♦♠♦ tr❡✐♥❛♠❡♥t♦ ♥❡❣❛t✐✈♦✳ ❆♠♦str❛s q✉❡ sã♦ ❝♦♥s✐❞❡✲

r❛❞❛s ♥❡❣❛t✐✈❛s ♣❛r❛ t♦❞♦s ♦s ✶✻ ❝❧❛ss✐✜❝❛❞♦r❡s✱ sã♦ r♦t✉❧❛❞❛s ❝♦♠♦ ✧♥❡❣❛t✐✈♦✧✳

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

❡st❡ ❡①♣❡r✐♠❡♥t♦ sã♦ ✐❧✉str❛❞♦s ♣❡❧❛s ♠❛tr✐③❡s ❞❡ ❝♦♥❢✉sã♦ ♥❛ ❋✐❣✉r❛ ✺✳✷✶ t❛①❛s ❞❡

❛❝❡rt♦ ♥❛ ❋✐❣✉r❛ ✺✳✷✷✳ ❉❡✈✐❞♦ ❛ ❢❛❧t❛ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ❢❛❧s♦s ♣♦s✐t✐✈♦s ♥❛s ❛❜♦r❞❛❣❡♥s

❛✉❞✐t✐✈❛s ❡ ▼❆❱ ❛s ❝✉r✈❛s ❘❖❈ ❝♦♠♣❛r❛♥❞♦ s❡✉ ❞❡s❡♠♣❡♥❤♦ s❡rã♦ ♦♠✐t✐❞❛s✳

❋✐❣✉r❛ ✺✳✷✶✳ ▼❛tr✐③❡s ❞❡ ❝♦♥❢✉sã♦ ❞❛s ❛❜♦r❞❛❣❡♥s ♣❛r❛ ❢✉sã♦ ❡ ♠♦❞❛❧✐❞❛❞❡s
s❡♥s♦r✐❛✐s ♥♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❝♦♠ ♦❜❥❡t♦s ❡①t❡r♥♦s à ❜❛s❡✳



✼✷ ❈❛♣ít✉❧♦ ✺✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✺✳✷✷✳ ❚❛①❛s ❞❡ ❛❝❡rt♦ ❞❛s ❛❜♦r❞❛❣❡♥s ♣❛r❛ ❢✉sã♦ ❡ ♠♦❞❛❧✐❞❛❞❡s s❡♥s♦r✐❛✐s
♥♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❝♦♠ ♦❜❥❡t♦s ❡①t❡r♥♦s à ❜❛s❡✳

➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ♦s r❡s✉❧t❛❞♦s ❞❡st❡ ❡①♣❡r✐♠❡♥t♦ sã♦ ❝♦♥s✐st❡♥t❡s ❝♦♠ ♦

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

r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ ❋✐❣✉r❛ ✺✳✷✷✱ ♠❛✐s ❛✐♥❞❛✱ ♥❡♥❤✉♠❛ ❛♠♦str❛ ♥❡❣❛t✐✈❛ ❢♦✐ ❝❧❛ss✐✜❝❛❞❛

❡rr♦♥❡❛♠❡♥t❡ ♣❡❧❛s ❛❜♦r❞❛❣❡♥s ❛✉❞✐t✐✈❛s ❡ ▼❆❱✱ s✉st❡♥t❛♥❞♦ ♦ ✉s♦ ❞❡ ✐♥❢♦r♠❛çõ❡s

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

✺✳✺ ❈♦♠❡♥tár✐♦s ❣❡r❛✐s

❯♠❛ ❞✐✜❝✉❧❞❛❞❡ ✐♥✐❝✐❛❧ ❡♥❝♦♥tr❛❞❛ ❞✉r❛♥t❡ ♦s ❡①♣❡r✐♠❡♥t♦s ❢♦✐ ❛ ♣r♦①✐♠✐❞❛❞❡ ❞♦s

♦❜❥❡t♦s ❛ s❡r❡♠ r❡❝♦♥❤❡❝✐❞♦s ❞♦ s❡♥s♦r✳ ❉❡✈✐❞♦ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞♦ ♦❜❥❡t♦ ❡st❛r ♣ró①✐♠♦

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

❤á ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ❜✉r❛❝♦s ♥❛ ✐♠❛❣❡♠ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✹✱ ❞❡♣❡♥❞❡♥❞♦

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

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

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

❜❛s❡ ❞❡ ❞❛❞♦s ♠❛✐s ❝♦♠♣❧❡①❛ sã♦ ♥❡❝❡ssár✐♦s ❛ ✜♠ ❞❡ ✈❡r✐✜❝❛r s❡ ❡ss❡ ❞❡s❡♠♣❡♥❤♦

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

às ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ❜❛s❡✱ ❝♦♠♦ ♥ú♠❡r♦ ❞❡ ❝❧❛ss❡s✱ ❜❛✐①❛ ✈❛r✐❡❞❛❞❡ ❞❡ ♠❛t❡r✐❛✐s ❡

❣❡♦♠❡tr✐❛✱ ❛❧é♠ ❞❡ s✐♠❡tr✐❛ ♥♦s ♦❜❥❡t♦s✳ ❚❡st❡s ❡st❡♥❞✐❞♦s ✐♥❝❧✉✐♥❞♦ ♦❜❥❡t♦s ❛ss✐♠étr✐✲

✹❖ ❛❧❝❛♥❝❡ ♣❛❞rã♦ ❞♦ s❡♥s♦r ❑✐♥❡❝t✱ ♣♦r ❡①❡♠♣❧♦✱ é ❞❡ ✽✵✵♠♠ à ✹✵✵✵♠♠✳ ❋♦♥t❡✿
❤tt♣✿✴✴♠s❞♥✳♠✐❝r♦s♦❢t✳❝♦♠✴❡♥✲✉s✴❧✐❜r❛r②✴❤❤✹✸✽✾✾✽✳❛s♣①



✺✳✺✳ ❈♦♠❡♥tár✐♦s ❣❡r❛✐s ✼✸

❝♦s✱ ❢♦r♠❛s ❝ô♥❝❛✈❛s ❡ ♠❛t❡r✐❛✐s ✈❛r✐❛❞♦s sã♦ ♥❡❝❡ssár✐♦s ♣❛r❛ ❝♦rr♦❜♦r❛r ❛ ❛❜♦r❞❛❣❡♠

✉s❛❞❛ ❞❡ ♠❛♥❡✐r❛ ♠❛✐s ❛♠♣❧❛✳





❈❛♣ít✉❧♦ ✻

❈♦♥❝❧✉sã♦ ❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s

✻✳✶ ❈♦♥❝❧✉sã♦

◆❡st❡ tr❛❜❛❧❤♦✱ ❢♦✐ ✐♥✈❡st✐❣❛❞♦ ❛ ❢✉sã♦ ❞❡ ❞❛❞♦s ❛✉❞✐♦✈✐s✉❛✐s ♣❛r❛ ❛ t❛r❡❢❛ ❞❡ r❡❝♦♥❤❡✲

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

❝✐♠❡♥t♦ ♣♦r á✉❞✐♦ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ♣♦r ✐♠❛❣❡♠ ❡♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❞❡ ❛♣r❡♥❞✐③❛❞♦

❞❡ ♠áq✉✐♥❛✱ ♠❡❧❤♦r❛♥❞♦ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛ ❛♦ ❛✉♠❡♥t❛r s✉❛ t❛①❛ ❞❡ r❡❝♦♥❤❡✲

❝✐♠❡♥t♦ ❡ ♣r❡❝✐sã♦✳

❆✐♥❞❛ q✉❡ ❤❛❥❛ ✈❛st❛ ❧✐t❡r❛t✉r❛ r❡❧❛❝✐♦♥❛❞❛ à t❛r❡❢❛ ♣r♦♣♦st❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥❛

ár❡❛ ❞❡ ❱✐sã♦ ❈♦♠♣✉t❛❝✐♦♥❛❧✱ ♣♦✉❝♦s tr❛❜❛❧❤♦s ♦ ❢❛③❡♠ ❝♦♠ ✉s♦ ❞❡ á✉❞✐♦ ❡ ✐♠❛❣❡♠✱ ♦

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

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

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

❛♦ s❡✉ ✉s♦ ✐♥❞✐✈✐❞✉❛❧✱ ❛❧é♠ ❞❡ s✉❛ r♦❜✉st❡③ ❛ r✉í❞♦✳

❖✉tr❛ ✈❛♥t❛❣❡♠ ❞♦ ♠ét♦❞♦ ❛❞♦t❛❞♦ é ❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❡ s❡♥s♦r❡s✱ q✉❡✱ ♣♦r ♥ã♦

♥❡❝❡ss✐t❛r❡♠ ❞❡ s✐♥❝r♦♥✐③❛çã♦ ♥❛ ❢❛s❡ ❞❡ ❛q✉✐s✐çã♦✱ ♣♦❞❡♠ s❡r ✉s❛❞♦s ❞❡ ❢♦r♠❛ ✐♥❞❡✲

♣❡♥❞❡♥t❡✱ ❛ss✐♠✱ ❡q✉✐♣❛♠❡♥t♦s ♠❛✐s ❛❞❡q✉❛❞♦s ❛ ❝❡rt❛s s✐t✉❛çõ❡s ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s✳

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

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

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

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

❝♦♥❤❡❝✐❞♦s ♣♦r ✉♠❛ ♠♦❞❛❧✐❞❛❞❡ ✭❝♦♠♦ ♦s ❞❡ ■s♦♣♦r ✉s❛♥❞♦ s♦♠❡♥t❡ ♦ s♦♠✮✱ ❛❝r❡s✲

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

♠❡s♠♦ s♦❜ ❛❧t❛ ✐♥t❡r❢❡rê♥❝✐❛✳

✼✺



✼✻ ❈❛♣ít✉❧♦ ✻✳ ❈♦♥❝❧✉sã♦ ❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s

✻✳✷ ▲✐♠✐t❛çõ❡s ❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s

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

❞❛❞♦✱ ❤á ❧✐♠✐t❛çõ❡s r❡❢❡r❡♥t❡s à ♠❡t♦❞♦❧♦❣✐❛ ❛❞♦t❛❞❛✱ ❞✐s❝✉t✐❞♦s ❝♦♠♦ tr❛❜❛❧❤♦s ❢✉t✉✲

r♦s ♣❛r❛ ❡st❛ ♣❡sq✉✐s❛✿

• ❊①t❡♥sã♦ ❞♦s ❡①♣❡r✐♠❡♥t♦s✿ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠❛ ❜❛s❡ ♠❛✐s ❛❜r❛♥❣❡♥t❡ ❝♦♠

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

♠ét♦❞♦ ❝♦♠ ♦❜❥❡t♦s ❝♦♠ ♠❛✐♦r ✈❛r✐❛çã♦ t❡①t✉r❛✱ ❣❡♦♠❡tr✐❛ ❡ ♠❛t❡r✐❛❧❀

• ❊st✉❞♦ s✐st❡♠át✐❝♦✿ ❡st✉❞♦ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ❣❡♦♠❡tr✐❛ ❡ ♠❛t❡r✐❛❧ s♦❜r❡ ♦s

s♦♥s ♣r♦❞✉③✐❞♦s s♦❜ ❛ ♣❡rs♣❡❝t✐✈❛ ❞❡ ♣r♦♣r✐❡❞❛❞❡s ❢ís✐❝❛s✱ ❝♦♠♦ ❝♦❡✜❝✐❡♥t❡s ❞❡

r❡✢❡①ã♦❀

• ❙◆❘ ❝♦♠♦ ❢❛t♦r ♥❛ ❢✉sã♦✿ ❙❛❜❡♥❞♦ ♦ ♥í✈❡❧ ❞❡ r✉í❞♦ ❡♠ ❝❛❞❛ ♠♦❞❛❧✐❞❛❞❡ é

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

❛♦ ✉t✐❧✐③á✲❧❛✳ ❆ ✐♥❝❧✉sã♦ ❞❡st❡ ❢❛t♦r ❡①♣❧✐❝✐t❛♠❡♥t❡ ♣♦❞❡ ❛♠❡♥✐③❛r ❛ ✐♥t❡r❢❡rê♥❝✐❛

❞❡str✉t✐✈❛ ❞❡ ♠♦❞❛❧✐❞❛❞❡s r✉✐❞♦s❛s ♥♦ r❡❝♦♥❤❡❝✐♠❡♥t♦❀

• ▼♦❞♦ ❞❡ ❛q✉✐s✐çã♦ ❞❡ á✉❞✐♦✿ ❖ ✉s♦ ❞❡ ♦✉tr♦s ♠❡✐♦s ❞❡ ❣❡r❛çã♦ ❞❡ s✐♥❛❧

❞❡ á✉❞✐♦✱ ❝♦♠♦ ♦✉tr❛s ❢♦r♠❛s ❞❡ ✐♥t❡r❛çã♦ ♠❡❝â♥✐❝❛✱ s❡❣✉✐♥❞♦ ❛ ❛❜♦r❞❛❣❡♠ ❞❡

❬❙✐♥❛♣♦✈✱ ✷✵✶✸❪✱ ♦✉ ❡①❡❝✉t❛♥❞♦ ❝❛♣t✉r❛ ❞❡ r❡✢❡①ã♦ ❞❡ ✉♠ ♣✉❧s♦ s♦♥♦r♦✱ ♣♦❞❡♠

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

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

❢♦r♠❛çã♦ ❞❡ ❜✉r❛❝♦s ♥❛s ✐♠❛❣❡♥s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡❀

• P❡r❝❡♣çã♦ ❛t✐✈❛ ❞♦ ❛♠❜✐❡♥t❡✿ ❛ ❛q✉✐s✐çã♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❡ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐s✲

t❡♠❛ sã♦ ❜❛st❛♥t❡ ❧✐♠✐t❛❞♦s ♣❡❧❛ ♣♦s❡ ❞♦ s❡♥s♦r ❡♠ r❡❧❛çã♦ ❛♦ ♦❜❥❡t♦ ❞❡ ✐♥t❡r❡ss❡✳

❆tr❛✈és ❞❛ ♣❡r❝❡♣çã♦ ❛t✐✈❛ ❞♦ ❛♠❜✐❡♥t❡ é ♣♦ssí✈❡❧ ❛♠❡♥✐③❛r ❡st❡s ♣r♦❜❧❡♠❛s ❛♦

♣♦s✐❝✐♦♥❛r ♦ s❡♥s♦r ❞❡ ❢♦r♠❛ ❛ ♠❛①✐♠✐③❛r ♦ ❣❛♥❤♦ ❞❡ ✐♥❢♦r♠❛çã♦❀

• ■♥t❡❣r❛çã♦ ❞❡ s❡♠â♥t✐❝❛✿ ❆ s❡♠â♥t✐❝❛ t❡♠ ❛❧t♦ ✐♠♣❛❝t♦ ♥❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❛

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

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

t❛❞♦r❡s ❡♠ ❧❛❜♦r❛tór✐♦s ♦✉ ❡s❝r✐tór✐♦s✳ ❆♦ ❛❝❡ss❛r ❡st❡ ❢❛t♦r é ♣♦ssí✈❡❧ r❡❞✉③✐r ♦

❡s♣❛ç♦ ❛♠♦str❛❧ ❛ s❡r ❝♦♥s✐❞❡r❛❞♦ ♥♦ r❡❝♦♥❤❡❝✐♠❡♥t♦❀
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t♦ ❛✉❞✐♦ ♣❛tt❡r♥ r❡❝♦❣♥✐t✐♦♥✿ ❛ s✉✣❝✐❡♥t ♠♦❞❡❧ ❢♦r ✉r❜❛♥ s♦✉♥❞s❝❛♣❡s ❜✉t ♥♦t ❢♦r
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http://photoacute.com/studio/examples/mac_hdd/index.html
http://photoacute.com/studio/examples/mac_hdd/index.html
http://en.wikipedia.org/wiki/Kinect
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❊❦✈❛❧❧✱ ❙✳❀ ❏❡♥s❢❡❧t✱ P✳ ✫ ❑r❛❣✐❝✱ ❉✳ ✭✷✵✵✻✮✳ ■♥t❡❣r❛t✐♥❣ ❛❝t✐✈❡ ♠♦❜✐❧❡ r♦❜♦t ♦❜❥❡❝t

r❡❝♦❣♥✐t✐♦♥ ❛♥❞ ❙▲❆▼ ✐♥ ♥❛t✉r❛❧ ❡♥✈✐r♦♥♠❡♥ts✳ ❊♠ ■❊❊❊✴❘❙❏ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥✲

❢❡r❡♥❝❡ ♦♥ ■♥t❡❧❧✐❣❡♥t ❘♦❜♦ts ❛♥❞ ❙②st❡♠s ✭■❘❖❙✮✱ ♣♣✳ ✺✼✾✷✲✲✺✼✾✼✳

❊r♥st✱ ▼✳ ❖✳ ✫ ❇ü❧t❤♦✛✱ ❍✳ ❍✳ ✭✷✵✵✹✮✳ ▼❡r❣✐♥❣ t❤❡ s❡♥s❡s ✐♥t♦ ❛ r♦❜✉st ♣❡r❝❡♣t✳

❚r❡♥❞s ✐♥ ❝♦❣♥✐t✐✈❡ s❝✐❡♥❝❡s✱ ✽✭✹✮✿✶✻✷✲✲✾✳ ■❙❙◆ ✶✸✻✹✲✻✻✶✸✳

❋❛✇❝❡tt✱ ❚✳ ✭✷✵✵✻✮✳ ❆♥ ✐♥tr♦❞✉❝t✐♦♥ t♦ ❘❖❈ ❛♥❛❧②s✐s✳ P❛tt❡r♥ ❘❡❝♦❣♥✐t✐♦♥ ▲❡tt❡rs✱

✷✼✭✽✮✿✽✻✶✲✲✽✼✹✳ ■❙❙◆ ✵✶✻✼✽✻✺✺✳

❋❡✐✲❋❡✐✱ ▲✳ ✭✷✵✵✺✮✳ ❘❡❝♦❣♥✐③✐♥❣ ❛♥❞ ❧❡❛r♥✐♥❣ ♦❜❥❡❝t ❝❛t❡❣♦r✐❡s✳ ❯r❧✿ ❤tt♣✿✴✴♣❡♦♣❧❡✳

❝s❛✐❧✳♠✐t✳❡❞✉✴t♦rr❛❧❜❛✴s❤♦rt❈♦✉rs❡❘▲❖❈✴✳ ❆❝❡ss❛❞♦ ❡♠ ✶✷✴✵✺✴✷✵✶✺✳

❋❡✐✲❋❡✐✱ ▲✳❀ ❋❡r❣✉s✱ ❘✳ ✫ P❡r♦♥❛✱ P✳ ✭✷✵✵✹✮✳ ▲❡❛r♥✐♥❣ ❣❡♥❡r❛t✐✈❡ ✈✐s✉❛❧ ♠♦❞❡❧s ❢r♦♠

❢❡✇ tr❛✐♥✐♥❣ ❡①❛♠♣❧❡s✿ ❆♥ ✐♥❝r❡♠❡♥t❛❧ ❜❛②❡s✐❛♥ ❛♣♣r♦❛❝❤ t❡st❡❞ ♦♥ ✶✵✶ ♦❜❥❡❝t ❝❛✲

t❡❣♦r✐❡s✳ ❊♠ ❈♦♠♣✉t❡r ❱✐s✐♦♥ ❛♥❞ P❛tt❡r♥ ❘❡❝♦❣♥✐t✐♦♥ ❲♦r❦s❤♦♣✱ ✷✵✵✹✳ ❈❱P❘❲

✬✵✹✳ ❈♦♥❢❡r❡♥❝❡ ♦♥✱ ♣♣✳ ✶✼✽✕✶✼✽✳ ❯r❧✿ ❤tt♣✿✴✴✇✇✇✳✈✐s✐♦♥✳❝❛❧t❡❝❤✳❡❞✉✴■♠❛❣❡❴

❉❛t❛s❡ts✴❈❛❧t❡❝❤✶✵✶✳ ❆❝❡ss❛❞♦ ❡♠ ✶✷✴✵✺✴✷✵✶✺✳

❋✐s❝❤❧❡r✱ ▼✳ ❆✳ ✫ ❇♦❧❧❡s✱ ❘✳ ❈✳ ✭✶✾✽✶✮✳ ❘❛♥❞♦♠ s❛♠♣❧❡ ❝♦♥s❡♥s✉s✿ ❛ ♣❛r❛❞✐❣♠ ❢♦r

♠♦❞❡❧ ✜tt✐♥❣ ✇✐t❤ ❛♣♣❧✐❝❛t✐♦♥s t♦ ✐♠❛❣❡ ❛♥❛❧②s✐s ❛♥❞ ❛✉t♦♠❛t❡❞ ❝❛rt♦❣r❛♣❤②✳

❋r❡✐r❡✱ ■✳ ▲✳ ✫ ❆♣♦❧✐♥ár✐♦✱ ❏✳ ❆✳ ✭✷✵✶✵✮✳ ●✉♥s❤♦t ❞❡t❡❝t✐♦♥ ✐♥ ♥♦✐s② ❡♥✈✐r♦♥♠❡♥ts✳ ❊♠

■♥t❡r♥❛t✐♦♥❛❧ ❚❡❧❡❝♦♠♠✉♥✐❝❛t✐♦♥s ❙②♠♣♦s✐✉♠ ✭■❚❙✮✱ ♣✳ ✹✳

●❛❧✈❡③✲▲ó♣❡③✱ ❉✳ ✫ ❚❛r❞♦s✱ ❏✳ ❉✳ ✭✷✵✶✷✮✳ ❇❛❣s ♦❢ ❇✐♥❛r② ❲♦r❞s ❢♦r ❋❛st P❧❛❝❡ ❘❡❝♦❣✲

♥✐t✐♦♥ ✐♥ ■♠❛❣❡ ❙❡q✉❡♥❝❡s✳

●❛✈❡r✱ ❲✳ ❲✳ ✭✶✾✾✸✮✳ ❲❤❛t ✐♥ t❤❡ ❲♦r❧❞ ❉♦ ❲❡ ❍❡❛r❄✿ ❆♥ ❊❝♦❧♦❣✐❝❛❧ ❆♣♣r♦❛❝❤ t♦

❆✉❞✐t♦r② ❊✈❡♥t P❡r❝❡♣t✐♦♥✳ ❊❝♦❧♦❣✐❝❛❧ Ps②❝❤♦❧♦❣②✱ ✺✿✶✲✲✷✾✳ ■❙❙◆ ✶✵✹✵✲✼✹✶✸✳

●❡❤r✐❣✱ ❚✳❀ ◆✐❝❦❡❧✱ ❑✳❀ ❊❦❡♥❡❧✱ ❍✳ ❑✳❀ ❑❧❡❡✱ ❯✳ ✫ ▼❝❉♦♥♦✉❣❤✱ ❏✳ ✭✷✵✵✺✮✳ ❑❛❧♠❛♥ ✜❧t❡rs

❢♦r ❛✉❞✐♦✲✈✐❞❡♦ s♦✉r❝❡ ❧♦❝❛❧✐③❛t✐♦♥✳ ❊♠ ❆♣♣❧✐❝❛t✐♦♥s ♦❢ ❙✐❣♥❛❧ Pr♦❝❡ss✐♥❣ t♦ ❆✉❞✐♦

❛♥❞ ❆❝♦✉st✐❝s✱ ✷✵✵✺✳ ■❊❊❊ ❲♦r❦s❤♦♣ ♦♥✱ ♣♣✳ ✶✶✽✲✲✶✷✶✳

http://people.csail.mit.edu/torralba/shortCourseRLOC/
http://people.csail.mit.edu/torralba/shortCourseRLOC/
http://www.vision.caltech.edu/Image_Datasets/Caltech101
http://www.vision.caltech.edu/Image_Datasets/Caltech101


❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá❢✐❝❛s ✽✶

●❡✉s❡❜r♦❡❦✱ ❏✳ ▼✳❀ ❇✉r❣❤♦✉ts✱ ●✳ ❏✳ ✫ ❙♠❡✉❧❞❡rs✱ ❆✳ ❲✳ ▼✳ ✭✷✵✵✺✮✳ ❚❤❡ ❆♠st❡r✲

❞❛♠ ❧✐❜r❛r② ♦❢ ♦❜❥❡❝t ✐♠❛❣❡s✳ ■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ♦❢ ❈♦♠♣✉t❡r ❱✐s✐♦♥ ✭■❏❈❱✮✱

✻✶✭✶✮✿✶✵✸✲✲✶✶✷✳ ■❙❙◆ ✵✾✷✵✺✻✾✶✳ ❯r❧✿ ❤tt♣✿✴✴❛❧♦✐✳s❝✐❡♥❝❡✳✉✈❛✳♥❧✳ ❆❝❡ss❛❞♦ ❡♠

✶✷✴✵✺✴✷✵✶✺✳

●✐♦r❞❛♥♦✱ ❇✳ ▲✳ ✫ ▼❝❆❞❛♠s✱ ❙✳ ✭✷✵✵✻✮✳ ▼❛t❡r✐❛❧ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ r❡❛❧ ✐♠♣❛❝t s♦✉♥❞s✿

❡✛❡❝ts ♦❢ s✐③❡ ✈❛r✐❛t✐♦♥ ✐♥ st❡❡❧✱ ❣❧❛ss✱ ✇♦♦❞✱ ❛♥❞ ♣❧❡①✐❣❧❛ss ♣❧❛t❡s✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢

t❤❡ ❆❝♦✉st✐❝❛❧ ❙♦❝✐❡t② ♦❢ ❆♠❡r✐❝❛✱ ✶✶✾✿✶✶✼✶✲✲✶✶✽✶✳ ■❙❙◆ ✵✵✵✶✹✾✻✻✳

●♦❧❞✱ ❇✳❀ ▼♦r❣❛♥✱ ◆✳ ✫ ❊❧❧✐s✱ ❉✳ ✭✷✵✶✶✮✳ ❙♣❡❡❝❤ ❛♥❞ ❆✉❞✐♦ ❙✐❣♥❛❧ Pr♦❝❡ss✐♥❣✿ Pr♦❝❡s✲

s✐♥❣ ❛♥❞ P❡r❝❡♣t✐♦♥ ♦❢ ❙♣❡❡❝❤ ❛♥❞ ▼✉s✐❝✳ ❲✐❧❡②✲■♥t❡rs❝✐❡♥❝❡✳

●r✐✣♥✱ ●✳❀ ❍♦❧✉❜✱ ❆✳ ✫ P❡r♦♥❛✱ P✳ ✭✷✵✵✻✮✳ ❈❛❧t❡❝❤✲✷✺✻ ♦❜❥❡❝t ❝❛t❡❣♦r② ❞❛t❛✲

s❡t✳ ❘❡❧❛tór✐♦ té❝♥✐❝♦ ✶✳ ❯r❧✿ ❤tt♣✿✴✴✇✇✇✳✈✐s✐♦♥✳❝❛❧t❡❝❤✳❡❞✉✴■♠❛❣❡❴❉❛t❛s❡ts✴

❈❛❧t❡❝❤✷✺✻✳ ❆❝❡ss❛❞♦ ❡♠ ✶✷✴✵✺✴✷✵✶✺✳

❍❛❧❧✱ ❉✳ ✫ ▲❧✐♥❛s✱ ❏✳ ✭✶✾✾✼✮✳ ❆♥ ✐♥tr♦❞✉❝t✐♦♥ t♦ ♠✉❧t✐s❡♥s♦r ❞❛t❛ ❢✉s✐♦♥✳ Pr♦❝❡❡❞✐♥❣s

♦❢ t❤❡ ■❊❊❊✱ ✽✺✭✶✮✿✻✲✲✷✸✳ ■❙❙◆ ✵✵✶✽✲✾✷✶✾✳

❍❛rr✐s✱ ❈✳ ✫ ❙t❡♣❤❡♥s✱ ▼✳ ✭✶✾✽✽✮✳ ❆ ❈♦♠❜✐♥❡❞ ❈♦r♥❡r ❛♥❞ ❊❞❣❡ ❉❡t❡❝t♦r✳ Pr♦❝❡❞✐♥❣s

♦❢ t❤❡ ❆❧✈❡② ❱✐s✐♦♥ ❈♦♥❢❡r❡♥❝❡ ✶✾✽✽✱ ♣♣✳ ✶✹✼✲✲✶✺✶✳ ■❙❙◆ ✵✾✻✸✾✷✾✷✳

❍❡r♠❛♥s❦②✱ ❍✳ ✭✶✾✾✵✮✳ P❡r❝❡♣t✉❛❧ ❧✐♥❡❛r ♣r❡❞✐❝t✐✈❡ ✭P▲P✮ ❛♥❛❧②s✐s ♦❢ s♣❡❡❝❤✳ ❏♦✉r♥❛❧

♦❢ t❤❡ ❆❝♦✉st✐❝ ❙♦❝✐❡t② ♦❢ ❆♠❡r✐❝❛✳

❍♦❢♠❛♥♥✱ ❚✳ ✭✶✾✾✾✮✳ Pr♦❜❛❜✐❧✐st✐❝ ▲❛t❡♥t ❙❡♠❛♥t✐❝ ❆♥❛❧②s✐s✳ ❯♥❝❡rt❛✐♥✐t② ✐♥ ❆rt✐✜t✐❛❧

■♥t❡❧❧✐❣❡♥❝❡ ✲ ❯❆■✬✾✾✱ ♣✳ ✽✳ ■❙❙◆ ✶✺✷✵✻✽✽✷✳

❍♦✇❛r❞✱ ■✳ P✳ ✫ ❚❡♠♣❧❡t♦♥✱ ❲✳ ❇✳ ✭✶✾✻✻✮✳ ❍✉♠❛♥ s♣❛t✐❛❧ ♦r✐❡♥t❛t✐♦♥✳ ❏♦❤♥ ❲✐❧❡② ✫

❙♦♥s ▲t❞✳ ■❙❇◆ ✵✹✼✶✹✶✻✻✷✷✳

■♠❛❣❡◆❡t ✭✷✵✶✹✮✳ ❇❛s❡ ❞❡ ❞❛❞♦s ✐♠❛❣❡♥❡t✳ ❯r❧✿ ❤tt♣✿✴✴✇✇✇✳✐♠❛❣❡✲♥❡t✳♦r❣✴✳ ❆❝❡s✲

s❛❞♦ ❡♠ ✶✷✴✵✺✴✷✵✶✺✳

❏♦❤♥s♦♥✱ ▲✳ ✭✷✵✶✶✮✳ ♣②✲s♦✉♥❞✿ ❆ ❧✐❜r❛r② ♦❢ ♣②t❤♦♥ ❝♦❞❡ ❢♦r ♠❛♥✐♣✉❧❛t✐♥❣ s♦✉♥❞s✳ ❯r❧✿

❤tt♣s✿✴✴❣✐t❤✉❜✳❝♦♠✴❧♠❥♦❤♥s✸✴♣②✲s♦✉♥❞✴✳ ❆❝❡ss❛❞♦ ❡♠ ✶✷✴✵✺✴✷✵✶✺✳

❏♦♥❡s✱ ❊✳❀ ❖❧✐♣❤❛♥t✱ ❚✳❀ P❡t❡rs♦♥✱ P✳ ✫ ❖t❤❡rs ✭✷✵✵✶✮✳ ④❙❝✐P②⑥✿ ❖♣❡♥ s♦✉r❝❡ s❝✐❡♥t✐✜❝
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