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❆❣r❛❞❡❝✐♠❡♥t♦s

❆ ❉❡✉s ♣❡❧❛ ✈✐❞❛ ❡ ♣❡❧♦ ❜❡❧♦ ✉♥✐✈❡rs♦ ❡♠ q✉❡ ✈✐✈❡♠♦s✳

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

❡ ✐r♠ã ♣♦r t♦❞♦s ♦s ♠♦♠❡♥t♦s q✉❡ ♣❛ss❛♠♦s ❥✉♥t♦s✳

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

♦♣♦rt✉♥✐❞❛❞❡ ❞❡ r❡❛❧✐③❛r tr❛❜❛❧❤♦s ♥❛ ár❡❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s✳

❆♦s ❞❡♠❛✐s ♣r♦❢❡ss♦r❡s ❞♦ ❝✉rs♦ ❞❡ ❈✐ê♥❝✐❛ ❞❛ ❈♦♠♣✉t❛çã♦ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧

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

❆♦s ❛♠✐❣♦s ❡ ❝♦❧❡❣❛s ❞♦ ❝✉rs♦ ❡♠ ❡s♣❡❝✐❛❧ ♣❛r❛ ❏♦ã♦✱ ❈❛✐♦✱ ❏❡✛❡rs♦♥ ❡ ●✐♦✈❛♥♥✐ ♣❡❧♦

❛♣♦✐♦ ❞✉r❛♥t❡ ❛ ❣r❛❞✉❛çã♦✳

❆♦s ❛♠✐❣♦s ❞♦ ◆ú❝❧❡♦ ❞❡ ❈♦♠♣✉t❛çã♦ ❆♣❧✐❝❛❞❛ ❡ ▲❛❜P❛✐✳

❆ ❋❆P❊▼❆ ♣❡❧♦ ❛♣♦✐♦ ✜♥❛♥❝❡✐r♦ ❞✉r❛♥t❡ ❛ ✐♥✐❝✐❛çã♦ ❝✐❡♥tí✜❝❛✳

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

❊ ❛ t♦❞♦s q✉❡ ❝♦♥tr✐❜✉ír❛♠ ❞✐r❡t❛ ♦✉ ✐♥❞✐r❡t❛♠❡♥t❡ ♣❛r❛ ❛ ❡❧❛❜♦r❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✳



❘❡s✉♠♦

❆ t❡r♠♦❣r❛✜❛ ❞❛s ♠❛♠❛s é ✉♠ ❡①❛♠❡ ❞❡ ✐♠❛❣❡♠ q✉❡ ✉t✐❧✐③❛ ❛ r❛❞✐❛çã♦ ✐♥❢r❛✈❡r♠❡❧❤❛ ❡♠✐t✐❞❛

♥❛t✉r❛❧♠❡♥t❡ ♣❡❧♦ ❝♦r♣♦ ❞❛ ♣❛❝✐❡♥t❡ ♣❛r❛ ❞❡t❡❝çã♦ ❞❡ ❧❡sõ❡s✳ P♦ss✉✐ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❞❡t❡❝t❛r

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

❝♦❧❛t❡r❛❧ ♦✉ ✐♥❝ô♠♦❞♦ ❢ís✐❝♦ ♥❛ ♣❛❝✐❡♥t❡✳ ❖ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s ♠é❞✐❝❛s é ✉♠❛ ár❡❛

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

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

❛s ❝❤❛♥❝❡s ❞❡ ❝✉r❛✳ ❊st❡ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡ ❛♥á❧✐s❡ ❞❡

t❡r♠♦❣r❛✜❛s ❞✐♥â♠✐❝❛s ❞❛ ♠❛♠❛✱ ❝♦♠♦ ❢♦r♠❛ ❞❡ ❛✉①✐❧✐❛r ♠é❞✐❝♦s ❡s♣❡❝✐❛❧✐st❛s ♥♦ ❞✐❛❣♥óst✐❝♦

❞❡ ❞♦❡♥ç❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦ t❡❝✐❞♦ ♠❛♠ár✐♦✳ ❖ r❡❣✐str♦ ❞❡ ✐♠❛❣❡♥s é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡❢❡t✉❛r

❛ ❝♦rr❡çã♦ ❞♦ ❡rr♦ ❞❡ ♣♦st✉r❛ ❡♥tr❡ ❛s ❞✐✈❡rs♦s s❡q✉ê♥❝✐❛s ❞❡ ✉♠❛ t❡r♠♦❣r❛✜❛ ❞✐♥â♠✐❝❛✳

❱❛❧♦r❡s ❡st❛tíst✐❝♦s sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ♠❡❞✐r ❛ ✈❛r✐❛çã♦ ❞❡ t❡♠♣❡r❛t✉r❛ ❡♥tr❡ ❛s s❡q✉ê♥❝✐❛s✱

❢♦r♠❛♥❞♦ r❡♣r❡s❡♥t❛çõ❡s ❞❛ t❡r♠♦❣r❛✜❛ ♦r✐❣✐♥❛❧✳ ❊♠ s❡❣✉✐❞❛ ❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s

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

❝♦♠♦ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳ ❚é❝♥✐❝❛s ❞❡ r❡❞✉çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s sã♦ ❛♣❧✐❝❛❞❛s ♥♦ ✈❡t♦r

❞❡ ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ✐rá s❡r✈✐r ❞❡ ❡♥tr❛❞❛ ♣❛r❛ ✉♠❛ ♠áq✉✐♥❛ ❞❡ ✈❡t♦r❡s ❞❡ s✉♣♦rt❡ q✉❡ ✐rá

❡❢❡t✉❛r ❛ ❝❧❛ss✐✜❝❛çã♦ ❡♠ ♠❛♠❛ s❛✉❞á✈❡❧ ♦✉ ❝♦♠ ❧❡sã♦✳ ❆ ♠❡t♦❞♦❧♦❣✐❛ ❛♣r❡s❡♥t❛ ✽✹✱✼✪ ❞❡

❛❝✉rá❝✐❛✱ ✽✻✱✶✪ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ ✽✸✱✸✪ ❞❡ ❡s♣❡❝✐✜❝✐❞❛❞❡✳

P❛❧❛✈r❛s ❝❤❛✈❡✿ ❈â♥❝❡r✱ ▼❛♠❛✱ ❚❡r♠♦❣r❛✜❛✱ ❆♣r❡♥❞✐③❛❞♦ ❞❡ ▼áq✉✐♥❛



❆❜str❛❝t

❚❤❡ ❜r❡❛st t❤❡r♠♦❣r❛♣❤② ✐s ❛♥ ✐♠❛❣❡ ❡①❛♠ t❤❛t ✉s❡s t❤❡ ✐♥❢r❛r❡❞ r❛❞✐❛t✐♦♥ ❡♠✐tt❡❞ ♥❛t✉r❛❧❧② ❜②

t❤❡ ❜♦❞② ♦❢ t❤❡ ♣❛t✐❡♥t t♦ ❞❡t❡❝t ❧❡s✐♦♥s✳ ■t ❤❛s t❤❡ ❛❜✐❧✐t② t♦ ❞❡t❡❝t ❜r❡❛st ❝❛♥❝❡r ❡❛r❧✐❡r t❤❛♥

♠❛♠♠♦❣r❛♣❤②✱ ✇✐t❤♦✉t ❝❛✉s✐♥❣ ❛♥② s✐❞❡ ❡✛❡❝ts ♦r ♣❤②s✐❝❛❧ ❞✐s❝♦♠❢♦rt t♦ t❤❡ ♣❛t✐❡♥t✳ ❚❤❡

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

❞✐❛❣♥♦st✐❝ ♠❡t❤♦❞♦❧♦❣✐❡s ❝❛♥ ❤❡❧♣ s♣❡❝✐❛❧✐sts ✐♥ ❞❡t❡❝t✐♥❣ ❞✐s❡❛s❡s ✐♥ ❡❛r❧② st❛❣❡s✱ ✐♥❝r❡❛s✐♥❣

t❤❡ ❝❤❛♥❝❡s ♦❢ ❝✉r❡✳ ❚❤✐s ✇♦r❦ ♣r❡s❡♥ts ❛ ♣r♦❝❡ss✐♥❣ ❛♥❞ ❛♥❛❧②s✐s ♠❡t❤♦❞♦❧♦❣② ♦❢ ❞②♥❛♠✐❝

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

✐♠❛❣❡ r❡❣✐str❛t✐♦♥ ✐s ✉s❡❞ t♦ ❛♣♣❧② t❤❡ ❝♦rr❡❝t✐♦♥ ✐♥ ♣♦st✉r❡ ❜❡t✇❡❡♥ t❤❡ s❡q✉❡♥❝❡s ♦❢ ❛ ❞②♥❛♠✐❝
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✶ ■♥tr♦❞✉çã♦

❖ ❝â♥❝❡r ❞❡ ♠❛♠❛ é ♦ t✐♣♦ ♠❛✐s ❝♦♠✉♠ ❡♥tr❡ ❛s ♠✉❧❤❡r❡s ❡♠ t♦❞♦ ♦ ♠✉♥❞♦✱

r❡s♣♦♥❞❡♥❞♦ ♣♦r ✷✺✪ ❞♦s ❝❛s♦s ❛ ❝❛❞❛ ❛♥♦ ✭■◆❈❆✱ ✷✵✶✻✮✳ ◗✉❛♥❞♦ ❞✐❛❣♥♦st✐❝❛❞♦ t❛r❞✐❛♠❡♥t❡✱

❛s ❝❤❛♥❝❡s ❞❡ ❝✉r❛ sã♦ ❡①tr❡♠❛♠❡♥t❡ r❡❞✉③✐❞❛s✱ t♦r♥❛♥❞♦ ♦ ❞✐❛❣♥óst✐❝♦ ♣r❡❝♦❝❡ ✉♠ ❞♦s ❢❛t♦r❡s

♠❛✐s ✐♠♣♦rt❛♥t❡s ♥❛ r❡❞✉çã♦ ❞❛ t❛①❛ ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❞❡ss❡ t✐♣♦ ❞❡ ❞♦❡♥ç❛✳

❆ ✐♥❝✐❞ê♥❝✐❛ ❞♦ ❝â♥❝❡r ❞❡ ♠❛♠❛ ❛✉♠❡♥t❛ ❡♠ ♣❛r❛❧❡❧♦ ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ ❢❛✐①❛ ❡tár✐❛✱

s❡♥❞♦ q✉❡ ♠✉❧❤❡r❡s ❛❝✐♠❛ ❞❡ ✺✵ ❛♥♦s sã♦ ♠❛✐s s✉s❝❡tí✈❡✐s ❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ♣❛t♦❧♦❣✐❛✳

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

❝♦♠♦ ♦ ❤✐stór✐❝♦ ❞❡ss❡ t✐♣♦ ❞❡ ❝â♥❝❡r ♥❛ ❢❛♠í❧✐❛✱ ❣❡st❛çã♦ t❛r❞✐❛✱ t❡r❛♣✐❛ ❞❡ r❡♣♦s✐çã♦ ❤♦r♠♦♥❛❧

❡ ❡①♣♦s✐çã♦ à r❛❞✐❛çã♦ ✭■◆❈❆✱ ✷✵✶✺✮✳

❖s ❡①❛♠❡s ♠❛✐s tr❛❞✐❝✐♦♥❛✐s ♥❛ ❞❡t❡❝çã♦ ❞♦ ❝â♥❝❡r ❞❡ ♠❛♠❛ sã♦ ♦s ❡①❛♠❡s ❞❡ t♦q✉❡

❡ ❛ ♠❛♠♦❣r❛✜❛✳ ❖ ❡①❛♠❡ ❞❡ t♦q✉❡ é ✉♠ ❡①❛♠❡ ❞❡ tr✐❛❣❡♠✱ ♦♥❞❡ ♦ ♣ró♣r✐❛ ♠✉❧❤❡r ♣♦❞❡

♣r♦❝✉r❛r ♣♦r ♥ó❞✉❧♦s ♥♦s s❡✐♦s✳ P♦ré♠✱ ♥❡♠ s❡♠♣r❡ ♦ ❝â♥❝❡r r❡s✉❧t❛ ❡♠ ❛♣❛r❡❝✐♠❡♥t♦ ❞❡

♥ó❞✉❧♦s ♣❛❧♣á✈❡✐s✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ♠❛♠♦❣r❛✜❛ s❡ t♦r♥♦✉ ✉♠ ❡①❛♠❡ ❡ss❡♥❝✐❛❧ ♥♦s ❞✐❛s ❞❡ ❤♦❥❡✱

♣♦✐s ✉t✐❧✐③❛ ♦s r❛✐♦s✲① ♣❛r❛ ❞❡t❡❝t❛r r❡❣✐õ❡s ❞❡ ❛❧t❛ ❞❡♥s✐❞❛❞❡ ♥❛s ♠❛♠❛s✳

❆♣❡s❛r ❞❡ s❡r ♦ t✐♣♦ ❞❡ ❡①❛♠❡ ♠❛✐s r❡❝♦♠❡♥❞❛❞♦ ♣❡❧♦s ❡s♣❡❝✐❛❧✐st❛s✱ ❛ ♠❛♠♦❣r❛✜❛ é

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

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

✭▼■◆❆▼■▼❖❚❖ ❡t ❛❧✳✱ ✷✵✶✺✮✳ ❉❡ss❛ ❢♦r♠❛ é ♥❡❝❡ssár✐♦ q✉❡ ♦✉tr♦s t✐♣♦s ❞❡ ❡①❛♠❡s s❡❥❛♠

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

❆ t❡r♠♦❣r❛✜❛ ♠❛♠ár✐❛ é ✉♠ ❡①❛♠❡ ❞❡ ✐♠❛❣❡♠ ♥ã♦ r❛❞✐♦❛t✐✈♦ ❝❛♣❛③ ❞❡ ❛✉①✐❧✐❛r

♠é❞✐❝♦s ❡s♣❡❝✐❛❧✐st❛s ♥❛ ❞❡t❡❝çã♦ ❞❡ ❧❡sõ❡s q✉❡ ♥ã♦ s❡r✐❛♠ ♣♦ssí✈❡✐s ❞❡ ❞❡s❝♦❜r✐r ❛tr❛✈és

❞❛ ♠❛♠♦❣r❛✜❛✳ ❊ss❡ t✐♣♦ ❞❡ ❡①❛♠❡ ✉t✐❧✐③❛ ❛ r❛❞✐❛çã♦ ✐♥❢r❛✈❡r♠❡❧❤❛✱ ❡♠✐t✐❞❛ ♥❛t✉r❛❧♠❡♥t❡

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

♣♦❞❡♠ ✐♥❞✐❝❛r ♦ ❛♣❛r❡❝✐♠❡♥t♦ ❞❡ ❛❧❣✉♠❛ ❧❡sã♦ ✭❙■▲❱❆✱ ✷✵✶✺❜✮✳

❘❡❣✐õ❡s ♣ró①✐♠❛s ❞❡ ✉♠ t✉♠♦r ❛♣r❡s❡♥t❛♠ ❛✉♠❡♥t♦ ♥❛ ✈❛s❝✉❧❛r✐③❛çã♦✱ ♦❝♦rr❡♥❞♦ ✉♠❛

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

♦✉tr❛s r❡❣✐õ❡s ❞❛ ♠❛♠❛✳ ❊ss❡ ❛✉♠❡♥t♦ ❞❡ t❡♠♣❡r❛t✉r❛ é ❞❡t❡❝tá✈❡❧ ❛tr❛✈és ❞❛ t❡r♠♦❣r❛✜❛✱
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♣❡r♠✐t✐♥❞♦ q✉❡ ❡s♣❡❝✐❛❧✐st❛s ❞❡t❡❝t❡♠ ❛ ❢♦r♠❛çã♦ ❞❡ ✉♠ t✉♠♦r ❛♥t❡s ♠❡s♠♦ q✉❡ ❡❧❡ s❡❥❛

♣❛❧♣á✈❡❧ ✭❇❖❘❈❍❆❘❚❚ ❡t ❛❧✳✱ ✷✵✶✸✮✳

❊①✐st❡♠ ❞✉❛s ❢♦r♠❛s ♥❛ ♦❜t❡♥çã♦ ❞❡ ❡①❛♠❡s ❞❡ t❡r♠♦❣r❛✜❛ ♠❛♠ár✐❛✳ ❆ ♣r✐♠❡✐r❛

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

❆ s❡❣✉♥❞❛ ❢♦r♠❛ é ❛ ❝❤❛♠❛❞❛ t❡r♠♦❣r❛✜❛ ❞✐♥â♠✐❝❛✱ ♦♥❞❡ ✈ár✐❛s ✐♠❛❣❡♥s s❡q✉❡♥❝✐❛✐s sã♦

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

❞❛ ♣❛❝✐❡♥t❡✳ ❆ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ✉t✐❧✐③❛ ❛s t❡r♠♦❣r❛✜❛s ❞✐♥â♠✐❝❛s ♣❛r❛ ❛✉①✐❧✐❛r ♠é❞✐❝♦s

❡s♣❡❝✐❛❧✐st❛s ♥♦ ❞✐❛❣♥óst✐❝♦ ♣r❡❝♦❝❡ ❞♦ ❝â♥❝❡r ❞❡ ♠❛♠❛✳

❉✉r❛♥t❡ ✉♠ ❡①❛♠❡ ❞❡ t❡r♠♦❣r❛✜❛ ❞✐♥â♠✐❝♦✱ ❛ ♣❛❝✐❡♥t❡ ❡①❡❝✉t❛ ♠♦✈✐♠❡♥t♦s

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

s❡q✉❡♥❝✐❛✐s ❞♦ ❡①❛♠❡ ♥ã♦ s❡ ❡♥❝❛✐①❡♠ ♣❡r❢❡✐t❛♠❡♥t❡✱ ❝❛✉s❛♥❞♦ ✉♠ ❡rr♦ q✉❡ ♣♦❞❡ ✐♥✢✉❡♥❝✐❛r

♥❛ ♠❡t♦❞♦❧♦❣✐❛✳

❖ r❡❣✐str♦ ❞❡ ✐♠❛❣❡♥s ❞❡❢♦r♠á✈❡❧ ♣♦r ❇✲❙♣❧✐♥❡s é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡❢❡t✉❛r ❛ ❝♦rr❡çã♦

❞❡ss❡ ❡rr♦✳ P♦st❡r✐♦r♠❡♥t❡✱ ❡①tr❛✐✲s❡ ❛s r❡❣✐õ❡s ❞❡ ✐♥t❡r❡ss❡ ❞♦ ❡①❛♠❡✱ q✉❡ sã♦ ❛s ♠❛♠❛s ❞❛

♣❛❝✐❡♥t❡✳ ❊ss❛ ❡①tr❛çã♦ é ❢❡✐t❛ ❞❡ ❢♦r♠❛ ♠❛♥✉❛❧ ❛tr❛✈és ❞❡ ✉♠ ❛♣❧✐❝❛t✐✈♦✱ ♦♥❞❡ ♦ ❡s♣❡❝✐❛❧✐st❛

❞❡✈❡rá ❞❡♠❛r❝❛r ❛ r❡❣✐ã♦ ❞❛ ♠❛♠❛✳

▲♦❣♦ ❛♣ós✱ ❛ ❡t❛♣❛ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s é ❡①❡❝✉t❛❞❛✱ ♦♥❞❡ ♦s ♣✐①❡❧s ❞❡

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

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

♣❛rt✐r ❞❛ t❡r♠♦❣r❛✜❛ ❞✐♥â♠✐❝❛ ♦r✐❣✐♥❛❧✳ ❆ ♣❛rt✐r ❞❡ss❛s ✐♠❛❣❡♥s ❣❡r❛❞❛s✱ sã♦ ❡①tr❛í❞❛s ♦

❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ t❡①t✉r❛ ❛ ♣❛rt✐r ❞❡ ♠❛tr✐③❡s ❞❡ ❝♦♦❝♦rrê♥❝✐❛✳

❊ss❛s ❝❛r❛❝t❡ríst✐❝❛s ♣♦❞❡♠ s❡r r❡❞✉③✐❞❛s ❛tr❛✈és ❞❡ té❝♥✐❝❛s ❞❡ r❡❞✉çã♦ ❞❡

❝❛r❛❝t❡ríst✐❝❛s ❝♦♠♦ ❛ té❝♥✐❝❛ ❞❡ ❆♥á❧✐s❡ ❞♦s ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛✐s s❡❣✉✐❞❛ ♣❡❧❛ ❆♥á❧✐s❡

❉✐s❝r✐♠✐♥❛♥t❡ ▲✐♥❡❛r✳ ◆♦ ✜♥❛❧ ❞♦ ♣r♦❝❡ss♦✱ ❛s ❝❛r❛❝t❡ríst✐❝❛s r❡❞✉③✐❞❛s ✐rã♦ s❡r✈✐r ❞❡ ❡♥tr❛❞❛

♣❛r❛ ✉♠❛ ▼áq✉✐♥❛ ❞❡ ❱❡t♦r❡s ❞❡ ❙✉♣♦rt❡ q✉❡ ✐rá s❡r r❡s♣♦♥sá✈❡❧ ♣♦r ❝❧❛ss✐✜❝❛r ❛s ♣❛❝✐❡♥t❡s

❡♠ s❛✉❞á✈❡❧ ♦✉ ❝♦♠ ❧❡sã♦✳

✶✳✶ ▼♦t✐✈❛çã♦

❖ ❞✐❛❣♥óst✐❝♦ ♣r❡❝♦❝❡ ❞♦ ❝â♥❝❡r ❞❡ ♠❛♠❛ é ✉♠ ❢❛t♦r ❡①tr❡♠❛♠❡♥t❡ ✐♠♣♦rt❛♥t❡

♣❛r❛ ❛✉♠❡♥t❛r ❛s ❝❤❛♥❝❡s ❞❡ ❝✉r❛ ❡ r❡❞✉③✐r ❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡✳ ❆ ♠❛♠♦❣r❛✜❛ ♥ã♦
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é r❡❝♦♠❡♥❞❛❞❛ ♣❛r❛ ♣❛❝✐❡♥t❡s ❥♦✈❡♥s ❡ q✉❡ ♣♦ss✉❡♠ ♠❛♠❛s ❞❡♥s❛s✱ ♣♦✐s ❡①✐st❡ ❛ ❞✐✜❝✉❧❞❛❞❡

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

✭▼■◆❆▼■▼❖❚❖ ❡t ❛❧✳✱ ✷✵✶✺✮✳ ❆ r❛❞✐❛çã♦ t❛♠❜é♠ é ✉♠ ❢❛t♦r q✉❡ t♦r♥❛ ❛ ♠❛♠♦❣r❛✜❛

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

❆ t❡r♠♦❣r❛✜❛ ♠❛♠ár✐❛ ♥ã♦ ♣♦ss✉✐ ♦s ❡❢❡✐t♦s ❞❛ r❛❞✐❛çã♦✱ ❛❧é♠ ❞♦ ♠❛✐s é ❝❛♣❛③ ❞❡

❞❡t❡❝t❛r t✉♠♦r❡s ❛♥t❡s ♠❡s♠♦s ❞❡ ❡st❡s s❡r❡♠ ♣❛❧♣á✈❡✐s✳ ❆ t❡r♠♦❣r❛✜❛ ♠❛♠ár✐❛ ❞✐♥â♠✐❝❛

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

❣r❛♥❞❡ ❛✉①í❧✐♦ ♥❛ ❞❡t❡❝çã♦ ❞❡ t✉♠♦r❡s✳

▼é❞✐❝♦s ❡s♣❡❝✐❛❧✐st❛s ♥❡♠ s❡♠♣r❡ ❝♦♥s❡❣✉❡♠ ❞✐st✐♥❣✉✐r ♦s ♣❛❞rõ❡s ❞❡ ❝♦♠♣♦rt❛♠❡♥t♦

❛♦ ♦❧❤♦ ♥✉✱ ♣♦rt❛♥t♦ é ❢✉♥❞❛♠❡♥t❛❧ ❛ ❝r✐❛çã♦ ✉♠❛ ❢❡rr❛♠❡♥t❛ q✉❡ ❛✉①✐❧✐❡ ♦s ❡s♣❡❝✐❛❧✐st❛ ♥❛

❛♥❛❧✐s❡ ❞❡ t❡r♠♦❣r❛✜❛s ♠❛♠ár✐❛s ❞✐♥â♠✐❝❛s✳

✶✳✷ ❖❜❥❡t✐✈♦s

❉❡s❡♥✈♦❧✈❡r ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ q✉❡ ❛♥❛❧ís❡ ✉♠ ❡①❛♠❡ t❡r♠♦❣rá✜❝♦

❞✐♥â♠✐❝♦ ❞❛s ♠❛♠❛s✱ ❛ ✜♠ ❞❡ ❡♥❝♦♥tr❛r ♣❛❞rõ❡s q✉❡ ❞✐❢❡r❡♥❝✐❡♠ ♠❛♠❛s s❛✉❞á✈❡✐s ❞❡ ♠❛♠❛s

❝♦♠ ❛❧❣✉♠ t✐♣♦ ❞❡ ❧❡sã♦✳

✶✳✷✳✶ ❖❜❥❡t✐✈♦s ❊s♣❡❝í✜❝♦s

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

❡❧❡s✿

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

❛q✉✐s✐çã♦ ❞❡ ❡①❛♠❡s t❡r♠♦❣rá✜❝♦s ❞✐♥â♠✐❝♦s✳

❼ ❆♥❛❧✐s❛r ❛ ✈❛r✐❛çã♦ ❞❡ t❡♠♣❡r❛t✉r❛ ❡♥tr❡ ♦s ❞✐❢❡r❡♥t❡s t❡♠♣♦s ❞♦ ❡①❛♠❡✱ ❣❡r❛♥❞♦

❝❛r❛❝t❡ríst✐❝❛s q✉❡ s❡❥❛♠ ❝❛♣❛③❡s ❞❡ ❞✐❢❡r❡♥❝✐❛r ♦s ♣❛❝✐❡♥t❡s s❛✉❞á✈❡✐s ❡ ❝♦♠ ❧❡sã♦✳

❼ ❯t✐❧✐③❛r ❛s ❝❛r❛❝t❡ríst✐❝❛s ❡①tr❛í❞❛s ♣❛r❛ ❣❡r❛r ✉♠❛ ▼áq✉✐♥❛ ❞❡ ❱❡t♦r❡s ❞❡ ❙✉♣♦rt❡✱ q✉❡

s❡❥❛ ❝❛♣❛③ ❞❡ ❝❧❛ss✐✜❝❛r ❝♦rr❡t❛♠❡♥t❡ ♥♦✈♦s ❡①❛♠❡s✳



❈❆P❮❚❯▲❖ ✶✳ ■◆❚❘❖❉❯➬➹❖ ✶✹

✶✳✸ ❖r❣❛♥✐③❛çã♦ ❞♦ ❚r❛❜❛❧❤♦

❊st❡ tr❛❜❛❧❤♦ é ❝♦♠♣♦st♦ ♣♦r ✻ ❝❛♣ít✉❧♦s✳ ❖ ❈❛♣ít✉❧♦ ✷ ❛♣r❡s❡♥t❛ ♦s tr❛❜❛❧❤♦s

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

❖ ❈❛♣ít✉❧♦ ✸ ❛❜♦r❞❛ ♦s ❝♦♥❝❡✐t♦s ❢✉♥❞❛♠❡♥t❛✐s ♣❛r❛ ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞❛ ♠❡t♦❞♦❧♦❣✐❛✳

◆❡❧❡ sã♦ ❞❡s❝r✐t❛s ❛s té❝♥✐❝❛s ✉t✐❧✐③❛❞❛s ❡ s❡✉ ❢✉♥❝✐♦♥❛♠❡♥t♦✳ ❙ã♦ ❝✐t❛❞♦s✿ ❆ t❡r♠♦❣r❛✜❛

♠❛♠ár✐❛❀ ♦ r❡❣✐str♦ ❞❡ ✐♠❛❣❡♥s❀ ♠❛tr✐③❡s ❞❡ ❝♦♦❝♦rrê♥❝✐❛ ❞❡ ♥í✈❡✐s ❞❡ ❝✐♥③❛ ❡ s✉❛s

❝❛r❛❝t❡ríst✐❝❛s ❞❡ t❡①t✉r❛❀ té❝♥✐❝❛s ❞❡ r❡❞✉çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❝♦♠♦ ❛ ❛♥á❧✐s❡ ❞✐s❝r✐♠✐♥❛♥t❡

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

❆ ♠❡t♦❞♦❧♦❣✐❛ é ❛♣r❡s❡♥t❛❞❛ ♥♦ ❈❛♣ít✉❧♦ ✹✱ ✐♥✐❝✐❛♥❞♦ ❝♦♠ ❛ ❛q✉✐s✐çã♦ ❞♦ ❜❛♥❝♦ ❞❡

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

t❡♠♣♦s ❞❡ ✉♠ ❡①❛♠❡ t❡r♠♦❣rá✜❝♦ ❞✐♥â♠✐❝♦✱ ❛ ❡①tr❛çã♦ ❞❛ r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡✱ ❛ ❡①tr❛çã♦ ❞❡

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

❖ ❈❛♣ít✉❧♦ ✺ ❛♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ❝♦♠ ❞✐✈❡rs♦s t❡st❡s ❞✐st✐♥t♦s✱

♦♥❞❡ sã♦ ❛♥❛❧✐s❛❞♦s✳

P♦r ✜♠✱ ♦ ❈❛♣ít✉❧♦ ✻ ❛♣r❡s❡♥t❛ ❛s ❝♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s ❡ ♦s tr❛❜❛❧❤♦s ❢✉t✉r♦s✳



✷ ❚r❛❜❛❧❤♦s ❘❡❧❛❝✐♦♥❛❞♦s

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

❞❡ ❞❡t❡❝t❛r ♦ ❝â♥❝❡r ❞❡ ♠❛♠❛ ❛tr❛✈és ❞❡ t❡r♠♦❣r❛✜❛s✳ P❛r❛ ❝❛❞❛ tr❛❜❛❧❤♦ sã♦ ❛❜♦r❞❛❞♦s ♦s

♣♦♥t♦s ♠❛✐s ✐♠♣♦rt❛♥t❡s ❡ s✉❛s ❝♦♥tr✐❜✉✐çõ❡s✳

❊♠ ✭❊❚❊❍❆❉❚❆❱❆❑❖▲❀ ❙❆❉❘■❀ ◆●✱ ✷✵✶✵✮ ♦s ❛❧❣♦r✐t♠♦s ❦✲♠❡❛♥s ❡ ❢✉③③② ❝✲♠❡❛♥s

sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ s❡❣♠❡♥t❛r ♣♦r ❝♦r✱ t❡r♠♦❣r❛✜❛s ❡stát✐❝❛s ❝♦❧♦r✐❞❛s✳ ➱ ❝✐t❛❞♦ q✉❡ r❡❣✐õ❡s

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

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

r❡❣✐õ❡s ❞❡ ❛❧t❛ t❡♠♣❡r❛t✉r❛✳

❊♠ ✭❏❯◆■❖❘ ❡t ❛❧✳✱ ✷✵✶✸✮ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❞❡t❡❝çã♦ ❞❡ r❡❣✐õ❡s

s✉s♣❡✐t❛s ♥❛ ♠❛♠❛ ❛tr❛✈és t❡r♠♦❣r❛✜❛s ❡stát✐❝❛s✳ ❆ ❞❡t❡❝çã♦ é ❢❡✐t❛ ❛ ♣❛rt✐r ❞❛ ❛♥á❧✐s❡ ❞❡

❛ss✐♠❡tr✐❛ ❡♥tr❡ ❛s ♠❛♠❛s ❞✐r❡✐t❛ ❡ ❡sq✉❡r❞❛✳ ❆s ♠❛♠❛s sã♦ s❡❣♠❡♥t❛❞❛s ❡ ❡♠ s❡❣✉✐❞❛ sã♦

♠❛♣❡❛❞❛s ♣❛r❛ ♦ ♠❡s♠♦ ❡s♣❛ç♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❛tr❛✈és ❞♦ r❡❣✐str♦ ❞❡ ✐♠❛❣❡♥s✳ ❖ s♣❛t✐♦❣r❛♠

é ✉t✐❧✐③❛❞♦ ♣❛r❛ s❡❣♠❡♥t❛r ❛s ❛ss✐♠❡tr✐❛s✳ ❉❡ ❝❛❞❛ r❡❣✐ã♦ ❛ss✐♠étr✐❝❛✱ sã♦ r❡t✐r❛❞❛s ✉♠

❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♣❛r❛ s❡r❡♠ ✉t✐❧✐③❛❞❛s ❝♦♠♦ ❡♥tr❛❞❛ ♣❛r❛ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ ❝♦♠

♣❡r❝❡♣tr♦♥s ❡♠ ♠✉❧t✐❝❛♠❛❞❛s✳ ❆ ♠❡t♦❞♦❧♦❣✐❛ ❛♣r❡s❡♥t♦✉ ✼✺✪ ❞❡ ❛❝✉rá❝✐❛✳

❊♠ ✭●❊❘❆❙■▼❖❱❆ ❡t ❛❧✳✱ ✷✵✶✹✮ ❛s t❡r♠♦❣r❛✜❛s ❞✐♥â♠✐❝❛s sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❣❡r❛r

sér✐❡s t❡♠♣♦r❛✐s✱ ♦♥❞❡ ❛ ❛♥á❧✐s❡ ♠✉❧t✐❢r❛❝t❛❧ é ❡①❡❝✉t❛❞❛ ♣❛r❛ ✈❡r✐✜❝❛r ❞✐❢❡r❡♥ç❛s ❡♥tr❡

❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ t❡❝✐❞♦s s❛✉❞á✈❡✐s ❡ ❞❡ ✉♠ t✉♠♦r ♠❛❧✐❣♥♦✳ ❋♦✐ ❝♦♥st❛t❛❞♦ q✉❡ ❛s

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

r❡❧❛çã♦ à ♠❛♠❛s s❛✉❞á✈❡✐s✳ P❛r❛ ♠❛♠❛s s❛✉❞á✈❡✐s ❢♦✐ ❡♥❝♦♥tr❛❞❛ ✉♠❛ ❞✐♠❡♥sã♦ ♠✉❧t✐❢r❛❝t❛❧

q✉❡ t❡♠ ♣♦r ❝❛r❛❝t❡ríst✐❝❛ ✉♠❛ ♠✉❞❛♥ç❛ ❝♦♥tí♥✉❛ ♥❛ ❢✉♥çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡

❞❛ ✈❛r✐❛çã♦ ❞❡ t❡♠♣❡r❛t✉r❛ ❛tr❛✈és ❞♦ t❡♠♣♦✳ P❛r❛ ♠❛♠❛s ❝♦♠ t✉♠♦r✱ ♦s s✐♥❛✐s tér♠✐❝♦s

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

❝♦♠♣❧❡①✐❞❛❞❡✳

❊♠ ✭❙■▲❱❆✱ ✷✵✶✺❜✮ sér✐❡s t❡♠♣♦r❛✐s ❞❡ ❥❛♥❡❧❛s ❞❡ ✉♠❛ t❡r♠♦❣r❛✜❛ ❞✐♥â♠✐❝❛ sã♦

✉t✐❧✐③❛❞❛s ♥❛ ❝❧❛ss✐✜❝❛çã♦ ❛✉t♦♠át✐❝❛ ❞❡ ♠❛♠❛s s❛✉❞á✈❡✐s ❡ ❞♦❡♥t❡s✳ ❖ r❡❣✐str♦ ❞❡ ✐♠❛❣❡♠

é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦rr✐❣✐r ♦ ❡rr♦ ❞❡ ♣♦st✉r❛ ❡♥tr❡ ♦s ❞✐✈❡rs♦s t❡♠♣♦s✳ ➱ ❢❡✐t❛ ❛ s❡❣♠❡♥t❛çã♦

♠❛♥✉❛❧ ❞❛ r❡❣✐ã♦ ❞❛s ♠❛♠❛s q✉❡ s❡rá ❞✐✈✐❞✐❞❛ ❡♠ ❥❛♥❡❧❛s ❞❡ ✈ár✐♦s t❛♠❛♥❤♦s✳ P❛r❛ ❝❛❞❛ ❥❛♥❡❧❛



❈❆P❮❚❯▲❖ ✷✳ ❚❘❆❇❆▲❍❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ✶✻

♦ ✈❛❧♦r ♠á①✐♠♦ ❞❡ t❡♠♣❡r❛t✉r❛ ❞❡ ❝❛❞❛ t❡♠♣♦ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝r✐❛r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✳

❊ss❡s ❞❛❞♦s sã♦ ❛❣r✉♣❛❞♦s ❛tr❛✈és ❞♦ ❑✲♠❡❛♥s✱ ♦♥❞❡ ♠étr✐❝❛s sã♦ ❣❡r❛❞❛s ❡ ✉t✐❧✐③❛❞❛s ♣♦r

✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ♠áq✉✐♥❛✳ ❖ tr❛❜❛❧❤♦ ✉t✐❧✐③❛ ✈ár✐❛s té❝♥✐❝❛s ♣❛r❛ ❞❡♠♦str❛r ❛

❡✜❝✐ê♥❝✐❛ ❞♦ ♠ét♦❞♦✱ ♦♥❞❡ ❢♦✐ ♣♦ssí✈❡❧ ♦❜t❡r ✉♠ ❛❝❡rt♦ ❞❡ ✶✵✵✪ ♣❛r❛ ❛❧❣✉♥s ❝❧❛ss✐✜❝❛❞♦r❡s

✉t✐❧✐③❛❞♦s✳

❖s tr❛❜❛❧❤♦s ❛♣r❡s❡♥t❛❞♦s ♠♦str❛♠ ❞✐❢❡r❡♥t❡s ♠ét♦❞♦s ❞❡ ✉t✐❧✐③❛çã♦ ❞❛s t❡r♠♦❣r❛✜❛s

♠❛♠ár✐❛s ♥♦ ❛✉①í❧✐♦ ❞❡ ❞❡t❡❝çã♦ ❞♦ ❝â♥❝❡r ❞❡ ♠❛♠❛ ❡ q✉❡ ♣♦ss✉❡♠ r❡s✉❧t❛❞♦s q✉❡ ❝♦♠♣r♦✈❛♠

❛ ❡✜❝á❝✐❛ ❞❡ss❡ t✐♣♦ ❞❡ ❡①❛♠❡✳



✸ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛

◆❡st❡ ❝❛♣ít✉❧♦✱ s❡rã♦ ❛❜♦r❞❛❞♦s ♦s ❝♦♥❝❡✐t♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞❛

♠❡t♦❧♦❣✐❛ ♣r♦♣♦st❛✳

✸✳✶ ❆ ❚❡r♠♦❣r❛✜❛

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

✐♥❢r❛✈❡r♠❡❧❤♦ ❞❡ ❢♦r♠❛ ❛ ♠❛♣❡❛r ❛ t❡♠♣❡r❛t✉r❛ ❞❡ ✉♠ ♦❜❥❡t♦✳ ❆ t❡r♠♦❣r❛✜❛ ✐♥❢r❛✈❡r♠❡❧❤❛

❞❛ ♠❛♠❛✱ é ✉♠ t✐♣♦ ❞❡ ❡①❛♠❡ q✉❡ ❞❡t❡❝t❛ ❛ r❛❞✐❛çã♦ ✐♥❢r❛✈❡r♠❡❧❤❛ ❡♠✐t✐❞❛ ♣❡❧❛ s✉♣❡r❢í❝✐❡

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

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

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

♥ã♦ ❝❛✉s❛ ✐♥❝ô♠♦❞♦ ❢ís✐❝♦ ❛♦ ♣❛❝✐❡♥t❡✱ ♣♦✐s ♥ã♦ é ♥❡❝❡ssár✐♦ ❛ ❝♦♠♣r❡ssã♦ ❞❛s ♠❛♠❛s✱ ❝♦♠♦

♦❝♦rr❡ ♥❛ ♠❛♠♦❣r❛✜❛✳

❖✉tr♦ ❢❛t♦r ❛ s❡ ❧❡✈❛r ❡♠ ❝♦♥s✐❞❡r❛çã♦ é ♦ ❝✉st♦ ❡①tr❡♠❛♠❡♥t❡ ❜❛✐①♦ ❡ ♦ ❢á❝✐❧ ♠❛♥✉s❡✐♦

❞♦ ❡q✉✐♣❛♠❡♥t♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ ❡①❛♠❡ ✭❇❖❘❈❍❆❘❚❚ ❡t ❛❧✳✱ ✷✵✶✸✮✳ ❆ ❋✐❣✉r❛ ✶

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

❞❡ ❝♦r❡s à ❞✐r❡✐t❛ ❞❛ ✐♠❛❣❡♠✳

❋✐❣✉r❛ ✶ ✕ ❚❡r♠♦❣r❛✜❛ ♠❛♠ár✐❛✳

❋♦♥t❡ ✕ ✭❙■▲❱❆ ❡t ❛❧✳✱ ✷✵✶✹✮



❈❆P❮❚❯▲❖ ✸✳ ❋❯◆❉❆▼❊◆❚❆➬➹❖ ❚❊Ó❘■❈❆ ✶✽

❆ t❡r♠♦❣r❛✜❛ ❡stát✐❝❛ ✭❚■✮✱ é ♦ t✐♣♦ ❞❡ t❡r♠♦❣r❛✜❛ ♦♥❞❡ ❛ ♠❡❞✐çã♦ ❞❡ t❡♠♣❡r❛t✉r❛

é ❢❡✐t❛ ✉♠❛ ú♥✐❝❛ ✈❡③✳ ◆♦ ❝❛s♦ ❞❡ ❚■ ❞❛s ♠❛♠❛s sã♦ ♥❡❝❡ssár✐♦s ♣r♦❝❡❞✐♠❡♥t♦s ✭❙■▲❱❆ ❡t

❛❧✳✱ ✷✵✶✹✮ ❞❡ ♣r❡♣❛r❛çã♦ ❞♦ ❛♠❜✐❡♥t❡ ❡ ❝✉✐❞❛❞♦s ❡①tr❛s ❛♦ ♣❛❝✐❡♥t❡ ♣❛r❛ q✉❡ ♦ ❡①❛♠❡ t❡♥❤❛

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

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

✜♥❛❧ ✭❙■▲❱❆✱ ✷✵✶✺❜✮✳

❆ t❡r♠♦❣r❛✜❛ ❞✐♥â♠✐❝❛ ✭❚■❉✮✱ é ✉♠ t✐♣♦ ❞❡ t❡r♠♦❣r❛✜❛ ♦♥❞❡ ❛ ♠❡❞✐❛çã♦ ❞❡

t❡♠♣❡r❛t✉r❛ é r❡❛❧✐③❛❞❛ ❛tr❛✈és ❞❡ ✈ár✐❛s ❡t❛♣❛s ❞❡ t❡♠♣♦✱ ♦✉ s❡❥❛✱ ❛ ❚■❉ ♠❡❞❡ ❛s ♠✉❞❛♥ç❛s

❞❡ t❡♠♣❡r❛t✉r❛ s♦❜r❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦✳

❖r✐❣✐♥❛❧♠❡♥t❡ ❝♦♥❝❡✐t✉❛❞❛ ♣♦r ✭❆◆❇❆❘✱ ✶✾✽✼✮✱ ♦♥❞❡ ♥♦t♦✉✲s❡ q✉❡ ♠✉❞❛♥ç❛s ❜r✉s❝❛s

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

❞❡ ✉♠❛ ❚■✳

❆ ❚■❉ ❛♣r❡s❡♥t❛ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ ✐♠♣♦rt❛♥t❡ ♥❛ ❞❡t❡❝çã♦ ❞❡ ❧❡sõ❡s ♠❛♠ár✐❛s✱ ♣♦✐s

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

◆❡♦♣❧❛s✐❛s sã♦ ❛ss♦❝✐❛❞❛s ❝♦♠ ❛ ❛♥❣✐♦❣ê♥❡s❡ q✉❡ ❝❛✉s❛ ✉♠ ❛✉♠❡♥t♦ ❞❡ ✈❛s❝✉❧❛r✐③❛çã♦ ♥❛

r❡❣✐ã♦✱ s❡♥❞♦ q✉❡✱ ♦s ✈❛s♦s r❡❝é♠ ❢♦r♠❛❞♦s t❡♥❞❡♠ ❛ ♣♦ss✉✐r ♣♦✉❝❛s t❡r♠✐♥❛çõ❡s ♥❡r✈♦s❛s✱ ♦

q✉❡ ❝❛✉s❛ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ✐rr❡❣✉❧❛r à ❡stí♠✉❧♦s ❡①t❡r♥♦s✱ q✉❡ é ❞❡t❡❝tá✈❡❧ ❛tr❛✈és ❞❡ ✉♠

❡①❛♠❡ ❞❡ t❡r♠♦❣r❛✜❛ ❞✐♥â♠✐❝♦ ✭❙■▲❱❆✱ ✷✵✶✺❜✮✳

◆❛ ♣rát✐❝❛ ❛ ❚■❉ ♠♦♥✐t♦r❛ ❛s ♠✉❞❛♥ç❛s ♥❛ t❡♠♣❡r❛t✉r❛ ❞❛ ♣❡❧❡✱ ♦♥❞❡ ♦ ❡stí♠✉❧♦

tér♠✐❝♦✱ ❝♦♠♦ ✉♠❛ ❝♦rr❡♥t❡ ❞❡ ❛r✱ ♣r♦❞✉③ ✉♠ ❝♦♥tr❛st❡ ❡♥tr❡ t❡❝✐❞♦s s❛✉❞á✈❡✐s ❡ ❞♦❡♥t❡s✳

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

❡♥q✉❛♥t♦ ❛s r❡❣✐õ❡s ❞♦❡♥t❡s ♣♦ss✉❡♠ ❡✈♦❧✉çã♦ ♠❛✐s ❛❧❡❛tór✐❛ ✭❆▼❆▲❯✱ ✷✵✵✹✮✳ ❆ ❋✐❣✉r❛

✷ ♠♦str❛ ♦s t❡r♠♦❣r❛♠❛s ❡♠ s❡q✉ê♥❝✐❛ ❡♠ ✉♠❛ ❚■❉✳

✸✳✷ ❘❡❣✐str♦ ❞❡ ■♠❛❣❡♥s

◗✉❛♥❞♦ ✐♠❛❣❡♥s q✉❡ ❢♦r❛♠ ❡①tr❛í❞❛s ❡♥tr❡ ❞✐❢❡r❡♥t❡s t❡♠♣♦s✱ ♣♦♥t♦s ❞❡ ✈✐st❛ ♦✉

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

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

♣♦ss❛♠ s❡r ❝♦♠♣❛r❛❞❛s ❛❞❡q✉❛❞❛♠❡♥t❡✳ ❖ ❘❡❣✐str♦ ❞❡ ■♠❛❣❡♥s é ✉♠❛ té❝♥✐❝❛ q✉❡ ✉t✐❧✐③❛

✉♠❛ tr❛♥s❢♦r♠❛çã♦ T ♣❛r❛ ♠❛♣❡❛r ❛ ♣♦s✐çã♦ ❡ ♦ ✈❛❧♦r ❞❡ ✐♥t❡♥s✐❞❛❞❡ ❞❡ ✉♠ ♣✐①❡❧ p ❞❛ ✐♠❛❣❡♠



❈❆P❮❚❯▲❖ ✸✳ ❋❯◆❉❆▼❊◆❚❆➬➹❖ ❚❊Ó❘■❈❆ ✶✾

❋✐❣✉r❛ ✷ ✕ ❚❡r♠♦❣r❛✜❛ ❞✐♥â♠✐❝❛✳

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r

A ♣❛r❛ q ♥❛ ✐♠❛❣❡♠ B✱ ❝♦♠♦ ♣♦❞❡ s❡r ✈✐st♦ ♣❡❧❛ ❊q✉❛çã♦ ✶✳ ❆ ❋✐❣✉r❛ ✸ ♠♦str❛ ♦ ❡❢❡✐t♦

❞❡ss❡ ♠❛♣❡❛♠❡♥t♦✳

T : p → q ⇔ T (p) = q ✭✶✮

❋✐❣✉r❛ ✸ ✕ ❘❡❣✐str♦ ❞❡ ✐♠❛❣❡♥s é ❛ t❛r❡❢❛ ❞❡ ❛❝❤❛r ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❡s♣❛❝✐❛❧ ❞❡ ✉♠❛ ✐♠❛❣❡♠
❡♠ ♦✉tr❛✳

❋♦♥t❡ ✕ ✭■❇❆◆❊❩ ❡t ❛❧✳✱ ✷✵✵✸✮

◆❛ ❧✐t❡r❛t✉r❛ é ♣♦ssí✈❡❧ ❡♥❝♦♥tr❛r ❞✐✈❡rs❛s ❞❡✜♥✐çõ❡s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ r❡❣✐str♦ ❞❡

✐♠❛❣❡♥s✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❇❘❖❲◆✱ ✶✾✾✷✮✱ ♦ ♣r♦❝❡ss♦ ❞❡ r❡❣✐str♦ ❞❡ ✐♠❛❣❡♥s é tr❛♥s❢♦r♠❛çã♦

❞❡ ❝♦♥❥✉♥t♦s ❞✐st✐♥t♦s ❞❡ ❞❛❞♦s ♣❛r❛ ✉♠ ♠❡s♠♦ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s✳ ❊♠ ✭❈❘❯▼❀

❍❆❘❚❑❊◆❙❀ ❍■▲▲✱ ✷✵✶✹✮ é ❞❡✜♥✐❞♦ ❝♦♠♦ ✉♠ ♣r♦❝❡ss♦ q✉❡ ❞❡t❡r♠✐♥❛ ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ❡♥tr❡

❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✐♠❛❣❡♥s ❡①tr❛í❞❛s ❡♠ ❞✐❢❡r❡♥t❡s ♠♦♠❡♥t♦s✱ ♣♦♥t♦s ❞❡ ✈✐st❛ ♦✉ ❛♣❛r❡❧❤♦s✳

❚❛✐s ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛♣❧✐❝❛r tr❛♥s❢♦r♠❛çõ❡s ✭r♦t❛çã♦✱ tr❛♥s❧❛çã♦✱
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❛❧♦♥❣❛♠❡♥t♦✱ ❡t❝✳✮ ❡♠ ✉♠❛ ❞❛s ✐♠❛❣❡♥s✱ ❞❡ ❢♦r♠❛ q✉❡ s❡❥❛ ♣♦ssí✈❡❧ ❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ❛s

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

❡♥tr❡ ✈❛rr❡❞✉r❛s ❡♠ t❡♠♣♦s ❞✐st✐♥t♦s✳

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

✭❈❚✱ ▼❘✱ ✉❧tr❛s♦♠✮ ❡ ❢✉♥❝✐♦♥❛✐s ✭P❊❚✱ ❙P❊❈❚✱ ❢✉♥❝t✐♦♥❛❧ ▼❘■✮ s❡❥❛♠ ✈✐st❛s ❡ ❛♥❛❧✐s❛❞❛s

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

❡ q✉❛♥t✐✜❝❛r ❛ ❡✈♦❧✉çã♦ ❞❡ ✉♠❛ ❞♦❡♥ç❛ à ♠❡❞✐❞❛ q✉❡ ♦ t❡♠♣♦ ♣❛ss❛ ✭❈❘❯▼❀ ❍❆❘❚❑❊◆❙❀

❍■▲▲✱ ✷✵✶✹✮✳

❆ ❋✐❣✉r❛ ✹ ♠♦str❛ ♦ ✢✉①♦❣r❛♠❛ ❜ás✐❝♦ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❞❡ r❡❣✐str♦ ❞❡ ✐♠❛❣❡♥s✳ ❖s

❝♦♠♣♦♥❡♥t❡s ❜ás✐❝♦s ❞❡ ✉♠ ♣r♦❝❡ss♦ ❞❡ r❡❣✐str♦ ❞❡ ✐♠❛❣❡♥s é ❝♦♠♣♦st♦ ♣♦r✿

❼ ■♠❛❣❡♠ ✜①❛✿ ✐♠❛❣❡♠ ❡stát✐❝❛ ❝✉❥♦ ❡s♣❛ç♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s é ♦ ♦❜❥❡t✐✈♦✳

❼ ■♠❛❣❡♠ ♠ó✈❡❧✿ ✐♠❛❣❡♠ q✉❡ s❡rá tr❛♥s❢♦r♠❛❞❛ ♣❛r❛ ♦ ❡s♣❛ç♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❞❛ ✐♠❛❣❡♠

✜①❛✳

❼ ❚r❛♥s❢♦r♠❛çã♦✿ ❢✉♥çã♦ q✉❡ ✐rá s❡r r❡s♣♦♥sá✈❡❧ ♣♦r ♠❛♣❡❛r ♦s ♣✐①❡❧s ❞❛ ✐♠❛❣❡♠ ♠ó✈❡❧

♥❛ ✐♠❛❣❡♠ ✜①❛✳ ●❡r❛❧♠❡♥t❡ é r❡s♣♦♥sá✈❡❧ ♣♦r ❞❛r ♥♦♠❡ ❛♦ r❡❣✐str♦✳

❼ ▼étr✐❝❛✿ ✉♠❛ ♠❡❞✐❞❛ q✉❡ ✐♥❞✐❝❛ ♦ q✉❛♥t♦ ❞✉❛s ✐♠❛❣❡♥s sã♦ ❡q✉✐✈❛❧❡♥t❡s✳

❼ ■♥t❡r♣♦❧❛❞♦r✿ ✉♠❛ té❝♥✐❝❛ ♣❛r❛ ✐♥t❡r♣♦❧❛r ♦s ✈❛❧♦r❡s ❞❛ ✐♠❛❣❡♠ ♠ó✈❡❧ q✉❛♥❞♦ sã♦

♠❛♣❡❛❞♦s ❛tr❛✈és ❞❛ tr❛♥s❢♦r♠❛çã♦✳

❼ ❖t✐♠✐③❛❞♦r✿ ♦ ♠ét♦❞♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛❝❤❛r ♦s ♠❡❧❤♦r❡s ♣❛râ♠❡tr♦s ❞❛ tr❛♥s❢♦r♠❛çã♦✱

q✉❡ ♦t✐♠✐③❛ ❛ ♠étr✐❝❛ ❡♥tr❡s ❛s ❞✉❛s ✐♠❛❣❡♥s✳

✸✳✷✳✶ ▼étr✐❝❛s ❞❡ s✐♠✐❧❛r✐❞❛❞❡

❆s ♠étr✐❝❛s ❞❡ s✐♠✐❧❛r✐❞❛❞❡ sã♦ ♣r♦✈❛✈❡❧♠❡♥t❡ ♦ ❡❧❡♠❡♥t♦ ♠❛✐s ❝rít✐❝♦ ♥♦ ♣r♦❜❧❡♠❛ ❞♦

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

♠ó✈❡❧ é ❡q✉✐✈❛❧❡♥t❡ à ✐♠❛❣❡♠ ✜①❛ ❛♣ós ❛ ❛♣❧✐❝❛çã♦ ❞❛ tr❛♥s❢♦r♠❛çã♦✳

✸✳✷✳✶✳✶ ❈♦rr❡❧❛çã♦ ❈r✉③❛❞❛ ◆♦r♠❛❧✐③❛❞❛

❆ ❈♦rr❡❧❛çã♦ ❈r✉③❛❞❛ ◆♦r♠❛❧✐③❛❞❛ é ✉♠❛ ♠étr✐❝❛ ✐♥s❡♥sí✈❡❧ à ❢❛t♦r❡s ♠✉❧t✐♣❧✐❝❛t✐✈♦s

❡♥tr❡ ❛s ✐♠❛❣❡♥s✳ Pr♦❞✉③ ✉♠❛ ❢✉♥çã♦ ❞❡ ❝✉st♦ ❝♦♠ ♣✐❝♦s ❛✜❛❞♦s ❡ ♠í♥✐♠♦s ❜❡♠ ❞❡✜♥✐❞♦s✳
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❋✐❣✉r❛ ✹ ✕ ❋❧✉①♦❣r❛♠❛ ❞♦ ♣r♦❝❡ss♦ ❞❡ r❡❣✐str♦ ❞❡ ✐♠❛❣❡♥s✳

❋♦♥t❡ ✕ ✭P❆❘❘❆●❆✱ ✷✵✵✽✮

P♦r ♦✉tr♦ ❧❛❞♦ t❡♠ ✉♠ r❛✐♦ ❞❡ ❝❛♣t✉r❛ r❡❧❛t✐✈❛♠❡♥t❡ ♣❡q✉❡♥♦✳ ❙✉❛ ❛♣❧✐❝❛çã♦ é ❧✐♠✐t❛❞❛ ❛

✐♠❛❣❡♥s ❞❡ ♠❡s♠❛ ♠♦❞❛❧✐❞❛❞❡ ✭■❇❆◆❊❩ ❡t ❛❧✳✱ ✷✵✵✸✮✳ ❆ ❝♦rr❡❧❛çã♦ ❝r✉③❛❞❛ ♥♦r♠❛❧✐③❛❞❛ é

❞❡✜♥✐❞❛ ❊q✉❛çã♦ ✷✿

C(f,m) = −1 ·
∑N

i=1
(fi ·mi)

√

∑N

i=1
f 2
i ·
∑N

i=1
m2

i

, ✭✷✮

♦♥❞❡ f ❡ m sã♦ ♦s ✈❛❧♦r❡s ❞❡ ♣✐①❡❧s ❡♠ ❢♦r♠❛ ❞❡ ✈❡t♦r ❞❛s ✐♠❛❣❡♥s ✜①❛ ❡ ♠ó✈❡❧✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✱ i ✐♥❞✐❝❛ ❛ ♣♦s✐çã♦ ❞♦ ♣✐①❡❧ ❡♠ f ❡ m✱ ❡ N ❛ q✉❛♥t✐❞❛❞❡ ♣✐①❡❧s ❛ s❡r

❝♦♥s✐❞❡r❛❞♦✳ ◆♦t❡ q✉❡ ❛ ❡q✉❛çã♦ é ♠✉❧t✐♣❧✐❝❛❞❛ ♣♦r −1✳ ❊ss❡ ❢❛t♦r é r❡s♣♦♥sá✈❡❧ ♣♦r ❢❛③❡r ♦

♦t✐♠✐③❛❞♦r ♣r♦❝✉r❛r ♦s ✈❛❧♦r❡s q✉❡ ♠❛✐s s❡ ❛♣r♦①✐♠❡♠ ❞❡ 0✱ q✉❡ é q✉❛♥❞♦ ❞✉❛s ✐♠❛❣❡♥s sã♦

❞✐t❛s ❡q✉✐✈❛❧❡♥t❡s✳

✸✳✷✳✷ ❚r❛♥s❢♦r♠❛çã♦

❆ tr❛♥s❢♦r♠❛çã♦ é r❡s♣♦♥sá✈❡❧ ♣♦r ♠❛♣❡❛r ♦s ♣✐①❡❧s ❞❛ ✐♠❛❣❡♠ ♠ó✈❡❧ ♣❛r❛ ❛ ✐♠❛❣❡♠

✜①❛✳ P♦❞❡♠♦s ❞✐✈✐❞✐r ❛s tr❛♥s❢♦r♠❛çõ❡s ❡♠ ❞♦✐s ❝♦♥❥✉♥t♦s ❞✐st✐♥t♦s✱ rí❣✐❞❛s ❡ ❞❡❢♦r♠á✈❡✐s✳

❆s tr❛♥s❢♦r♠❛çõ❡s rí❣✐❞❛s ❛♣❧✐❝❛♠ s♦❜r❡ ❛ ✐♠❛❣❡♠ ♠ó✈❡❧ ❛♣❡♥❛s tr❛♥s❢♦r♠❛çõ❡s

s✐♠♣❧❡s ❝♦♠♦ ♦♣❡r❛çõ❡s ❞❡ tr❛♥s❧❛çã♦ ❡ r♦t❛çã♦✱ ❞❡ss❛ ❢♦r♠❛ ❛ ✐♠❛❣❡♠ ♠ó✈❡❧ ♥ã♦ s♦❢r❡

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

❘❡❣✐str♦s q✉❡ ✉t✐❧✐③❛♠ tr❛♥s❢♦r♠❛çõ❡s rí❣✐❞❛s sã♦ ❝❤❛♠❛❞♦s ❞❡ r❡❣✐str♦ rí❣✐❞♦s ❡

♥❛ ♣rát✐❝❛ ♥ã♦ sã♦ ✉t✐❧✐③❛❞♦s ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡✱ ♣♦✐s ♥ã♦ sã♦ ❝❛♣❛③❡s ❞❡ ❝♦rr✐❣✐r ❡rr♦s ❧♦❝❛✐s

q✉❡ ♥❡❝❡ss✐t❛♠ ❞❡ tr❛♥s❢♦r♠❛çõ❡s ♠❛✐s ❝♦♠♣❧❡①❛s ♣❛r❛ s❡r❡♠ r❡s♦❧✈✐❞❛s✳ ❆♣❡s❛r ❞✐ss♦✱ sã♦

❜❛st❛♥t❡ ✉t✐❧✐③❛❞♦s ❝♦♠♦ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ♦s ❝❤❛♠❛❞♦s r❡❣✐str♦s ❞❡❢♦r♠á✈❡✐s✳
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❆s tr❛♥s❢♦r♠❛çõ❡s ❞❡❢♦r♠á✈❡✐s sã♦ ❝❛♣❛③❡s ❞❡ ❡❢❡t✉❛r ❞❡❢♦r♠❛çõ❡s ♥❛s ✐♠❛❣❡♥s✱

t♦r♥❛♥❞♦ ♣♦ssí✈❡❧ ❛ ❝♦rr❡çã♦ ❞❡ ❡rr♦s q✉❡ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ rí❣✐❞❛ ♥ã♦ é ❝❛♣❛③ ❞❡ ❝♦rr✐❣✐r✳

❘❡❣✐str♦ ❞❡ ✐♠❛❣❡♥s q✉❡ ✉t✐❧✐③❛♠ ❡ss❡ t✐♣♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ sã♦ ❣❡r❛❧♠❡♥t❡ ❝❤❛♠❛❞♦s ❞❡

r❡❣✐str♦s ♥ã♦✲rí❣✐❞♦s ♦✉ ❞❡❢♦r♠á✈❡✐s✳

✸✳✷✳✷✳✶ ❚r❛♥s❢♦r♠❛çõ❡s ♣♦r ❇✲❙♣❧✐♥❡s ❝ú❜✐❝❛s

❯♠ ❞♦s t✐♣♦s ❞❡ tr❛♥s❢♦r♠❛çõ❡s ♥ã♦✲rí❣✐❞❛s ♠❛✐s ❝♦♠✉♥s ❛t✉❛❧♠❡♥t❡ sã♦ ❛s ❝❤❛♠❛❞❛s

tr❛♥s❢♦r♠❛çõ❡s ♣♦r ❇✲s♣❧✐♥❡s ❝ú❜✐❝❛s ✭❨■◆❀ ❍❖❋❋▼❆◆❀ ▲■◆✱ ✷✵✵✾✮✳ ❆ ✐❞❡✐❛ ❜ás✐❝❛ ❞❡ss❡ t✐♣♦

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

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

♠ó✈❡❧✳ ❆ ❋✐❣✉r❛ ✺ ♠♦str❛ ♦ ❝❛♠♣♦ ❞❡ ❞❡s❧♦❝❛♠❡♥t♦ q✉❡ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ♠❛♣❡❛r ♦s ♣✐①❡❧s ❞❛

✐♠❛❣❡♠ ♠ó✈❡❧✱ ❞❡ ❢♦r♠❛ q✉❡ s❡ ❛ss❡♠❡❧❤❡♠ à ✐♠❛❣❡♠ ✜①❛✳

❋✐❣✉r❛ ✺ ✕ ❈❛♠♣♦ ❞❡ ❞❡s❧♦❝❛♠❡♥t♦ ❞❛ ✐♠❛❣❡♠ ♠ó✈❡❧ ♣❛r❛ ❛ ✐♠❛❣❡♠ ✜①❛✳

❋♦♥t❡ ✕ ✭❙❈❍❲❆❘❩✱ ✷✵✵✼✮

❙❡❥❛ Φ✱ ❛ ❣r❛❞❡ ✉♥✐❢♦r♠❡ ❞❡ ❞✐♠❡♥sõ❡s nx × ny × nz ❝♦♠ Φi,j,k r❡♣r❡s❡♥t❛♥❞♦ ♦

❞❡s❧♦❝❛♠❡♥t♦ ❞♦ ijk✲és✐♠♦ ♣♦♥t♦ ❞❡ ❝♦♥tr♦❧❡✳ ❖ ❡s♣❛ç♦ ❡♥tr❡ ❛s ❣r❛❞❡s ❞❡ ❝♦♥tr♦❧❡ ♥❛s

❞✐r❡çõ❡s x✱ y ❡ z sã♦ ❞❡♥♦t❛❞❛s ♣♦r δx✱ δy❡ δz✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ tr❛♥s❢♦r♠❛çã♦ T (① : Φ) é

❞❡✜♥✐❞❛ ♣♦r

T (① : Φ) =
3

∑

l=0

3
∑

m=0

3
∑

n=0

βl(u)βm(v)βn(w)Φi+l,j+m,k+n, ✭✸✮

♦♥❞❡ ♦s ♣❛râ♠❡tr♦s sã♦ ❞❛❞♦s ♣♦r

i = | x
δx
| − 1, ✭✹✮
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j = | y
δy
| − 1, ✭✺✮

k = | z
δz
| − 1, ✭✻✮

u =
x

δx
− (i+ 1), ✭✼✮

v =
y

δy
− (j + 1), ✭✽✮

w =
z

δz
− (k + 1). ✭✾✮

❆s ❢✉♥çõ❡s β sã♦ ❇✲s♣❧✐♥❡s ❝ú❜✐❝❛s ❡ ❞❡✜♥✐❞❛s ♣♦r

β0(t) = (−t3 + 3t2 − 3t+ 1)/6, ✭✶✵✮

β1(t) = (3t3 − 6t2 + 4)/6, ✭✶✶✮

β2(t) = (−3t3 + 3t2 + 3t+ 1)/6, ✭✶✷✮

β3(t) = t3/6, ✭✶✸✮

♦♥❞❡ 0 ≤ t ≤ 1✳

❯♠ ♣❛râ♠❡tr♦ ✐♠♣♦rt❛♥t❡ ♥❡ss❡ t✐♣♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ é ❛ r❡s♦❧✉çã♦ ❞❛ ❣r❛❞❡ ❞❡

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

❡s♣❛ç♦s❛ ♣❡r♠✐t❡ ❛ ♠♦❞❡❧❛❣❡♠ ❞❡ tr❛♥s❢♦r♠❛çõ❡s ❞❡❢♦r♠á✈❡✐s ❣❧♦❜❛✐s✱ ❡♥q✉❛♥t♦ ✉♠❛ ❣r❛❞❡

♠❛✐s ✜♥❛ ♠♦❞❡❧❛ ❞❡❢♦r♠❛çõ❡s ❛❧t❛♠❡♥t❡ ❧♦❝❛✐s ✭❨■◆❀ ❍❖❋❋▼❆◆❀ ▲■◆✱ ✷✵✵✾✮✳
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✸✳✷✳✸ ■♥t❡r♣♦❧❛❞♦r

◆♦ ♣r♦❝❡ss♦ ❞♦ r❡❣✐str♦✱ ❛ ♠étr✐❝❛ ❣❡r❛❧♠❡♥t❡ ❝♦♠♣❛r❛ ♦s ✈❛❧♦r❡s ❞❡ ✐♥t❡♥s✐❞❛❞❡ ❞♦s

♣✐①❡❧s ❞❛ ✐♠❛❣❡♠ ✜①❛ ❝♦♠ ♦s ♣✐①❡❧s ❝♦rr❡s♣♦♥❞❡♥t❡s ♥❛ ✐♠❛❣❡♠ ♠ó✈❡❧ tr❛♥s❢♦r♠❛❞❛✳ ◗✉❛♥❞♦

tr❛♥s❢♦r♠❛♠♦s ✉♠ ♣♦♥t♦ ❞❡ ✉♠ ❡s♣❛ç♦ ♣❛r❛ ♦ ♦✉tr♦ ❛tr❛✈és ❞❡ ✉♠❛ tr❛♥s❢♦r♠❛çã♦✱ ❡st❡

❣❡r❛❧♠❡♥t❡ ✐rá s❡r ♠❛♣❡❛❞♦ ♣❛r❛ ✉♠❛ ♣♦s✐çã♦ ❢♦r❛ ❞❛ ❣r❛❞❡ ❞❡ ♣✐①❡❧s ❞❛ ✐♠❛❣❡♠ ✭❋✐❣✉r❛ ✻✮

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

❝♦rr❡t❛ ✭■❇❆◆❊❩ ❡t ❛❧✳✱ ✷✵✵✸✮✳

❋✐❣✉r❛ ✻ ✕ P♦s✐çõ❡s ❞❡ ❣r❛❞❡ ❞❛ ✐♠❛❣❡♠ ✜①❛ ♠❛♣❡❛❞❛s ♣❛r❛ ♣♦s✐çõ❡s ❢♦r❛ ❞❛ ❣r❛❞❡ ♥❛ ✐♠❛❣❡♠
♠ó✈❡❧✳

❋♦♥t❡ ✕ ✭■❇❆◆❊❩ ❡t ❛❧✳✱ ✷✵✵✸✮

✸✳✷✳✸✳✶ ■♥t❡r♣♦❧❛❞♦r ▲✐♥❡❛r

❖ ✐♥t❡r♣♦❧❛❞♦r ❧✐♥❡❛r ❛ss✉♠❡ q✉❡ ♦s ✈❛❧♦r❡s ❞❡ ✐♥t❡♥s✐❞❛❞❡ ❞♦s ♣✐①❡❧s ✈❛r✐❛♠ ❞❡ ❢♦r♠❛

❧✐♥❡❛r ❡♥tr❡ ❛s ♣♦s✐çõ❡s ❞❡ ❣r❛❞❡✳ ❉❡ss❛ ❢♦r♠❛✱ ♦s ✈❛❧♦r❡s ✐♥t❡r♣♦❧❛❞♦s s❡rã♦ ❝♦♥tí♥✉♦s

❡s♣❛❝✐❛❧♠❡♥t❡✱ ♣♦ré♠ ♦ ❣r❛❞✐❡♥t❡ ❞❡ ✐♥t❡♥s✐❞❛❞❡ s❡rá ❞❡s❝♦♥tí♥✉♦ ♥❛ ❣r❛❞❡✳ ❙❡ ❞♦✐s ♣♦♥t♦s

❝♦♥❤❡❝✐❞♦s sã♦ ❞❛❞♦s ♣♦r (x0, y0) ❡ (x1, y1) ❛ ✐♥t❡r♣♦❧❛çã♦ ❧✐♥❡❛r é ❞❡✜♥✐❞❛ ♣❡❧❛ ❊q✉❛çã♦ ✶✹✳

y = y0 + (y1 − y0)
x− x0

x1 − x0

✭✶✹✮

✸✳✷✳✹ ❖t✐♠✐③❛❞♦r

❈♦♠♦ ❞✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♦ ♣❛♣❡❧ ❞♦ ♦t✐♠✐③❛❞♦r é ❡♥❝♦♥tr❛r ♦s ♠❡❧❤♦r❡s ♣❛râ♠❡tr♦s

♣❛r❛ ❛ tr❛♥s❢♦r♠❛çã♦ ❡s❝♦❧❤✐❞❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ r❡❣✐str♦ ❞❡ ✐♠❛❣❡♥s✳ ❉❡ss❛ ❢♦r♠❛✱ ✉♠ ❛♠♣❧♦
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❝♦♥❥✉♥t♦ ❞❡ ♦t✐♠✐③❛❞♦r❡s ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s✱ ❝♦♠♦ ♦s ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s ✭❲❍■❚▲❊❨✱

✶✾✾✹✮ ❡ ♦ ●r❛❞✐❡♥t❡ ❉❡s❝❡♥❞❡♥t❡ ✭❇❯❘●❊❙ ❡t ❛❧✳✱ ✷✵✵✺✮✳

✸✳✷✳✹✳✶ ▲✐♠✐t❡❞✲♠❡♠♦r② ❇r♦②❞❡♥✲❋❧❡t❝❤❡r✲●♦❧❞❢❛r❜✲❙❤❛♥♥♦

❖ ▲✐♠✐t❡❞✲♠❡♠♦r② ❇r♦②❞❡♥✲❋❧❡t❝❤❡r✲●♦❧❞❢❛r❜✲❙❤❛♥♥♦ ✭▲❇❋●❙✮ é ✉♠ ♠ét♦❞♦ ❞❡

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

✭❙❍❊PP❆❘❉❀ ❚❊❘❘❊▲▲❀ ❍❊◆❑❊▲▼❆◆✱ ✷✵✵✽✮✱ é ✉♠ ♠ét♦❞♦ q✉❛s✐✲◆❡✇t♦♥ q✉❡ ❝♦♥stró✐

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

❛✈❛♥ç❛r ❡♠ ❞✐r❡çã♦ ❛♦ ♠✐♥✐♠♦ ❤❛r♠ô♥✐❝♦ ♣r❡✈✐st♦✳ ▼❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡✱ ❛ ✐♥✈❡rs❛ ❞❛ ♠❛tr✐③

❤❡ss✐❛♥❛ H−1 é ❝♦♥str✉í❞❛ ✐♥t❡r❛t✐✈❛♠❡♥t❡✱ ❝♦♠❡ç❛♥❞♦ ❛ ♣❛rt✐r ❞❛ ♠❛tr✐③ ❞✐❛❣♦♥❛❧✳ ❖ ♠ét♦❞♦

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

dj = FjH
−1

j , ✭✶✺✮

é ✐❞❡♥t✐✜❝❛❞❛ ❡♠ ❝❛❞❛ ✐t❡r❛çã♦✱ ❡ ❛ ♠✐♥✐♠✐③❛❞♦r ❞❡ ❧✐♥❤❛ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛✈❛♥ç❛r ♥❛ ❞✐r❡çã♦✱

Rj+1 = Rj + λdj. ✭✶✻✮

❆ s❡❣✉♥❞❛ ❢♦r♠❛ é ✉t✐❧✐③❛r H−1 ❞✐r❡t❛♠❡♥t❡ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ❛✈❛♥ç♦✱

Rj+1 = Rj + FjH
−1. ✭✶✼✮

❖ ▲❇❋●❙ ✉t✐❧✐③❛ ❛ ♠❡♠ór✐❛ ❞❛ ✐t❡r❛çã♦ ❛♥t❡r✐♦r ♣❛r❛ ❝♦♥str✉✐r H−1✳ ❖ ♥ú♠❡r♦ ❞❡

✐t❡r❛çõ❡s é ✉♠ ♣❛râ♠❡tr♦ ✈❛r✐á✈❡❧ ❡ é ❞❡✜♥✐❞♦ ♣❡❧♦ ✉s✉ár✐♦✳

✸✳✸ ▼❛tr✐③❡s ❞❡ ❈♦♦❝♦rrê♥❝✐❛ ❞❡ ◆í✈❡✐s ❞❡ ❈✐♥③❛

❆ ❛♥á❧✐s❡ ❞❡ t❡①t✉r❛ é ✉♠❛ té❝♥✐❝❛ ✐♠♣♦rt❛♥t❡ ♥❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡♠

✐♠❛❣❡♥s ❞✐❣✐t❛✐s✳ ❯♠❛ ❞❛s ♣r✐♠❡✐r❛s té❝♥✐❝❛s ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛ ❡①tr❛çã♦ ❞❡ss❛s ❝❛r❛❝t❡ríst✐❝❛s

❢♦r❛♠ ❛s ♠❛tr✐③❡s ❞❡ ❝♦♦❝♦rrê♥❝✐❛s ❞❡ ♥í✈❡✐s ❞❡ ❝✐♥③❛ t❛♠❜é♠ ❝❤❛♠❛❞❛s ❞❡ ●r❛② ▲❡✈❡❧

❈♦✲♦❝✉rr❡♥❝❡ ▼❛tr✐① ✭●▲❈▼✮ ♦r✐❣✐♥❛❧♠❡♥t❡ ♣r♦♣♦st❛s ❡♠ ✭❍❆❘❆▲■❈❑❀ ❙❍❆◆▼❯●❆▼❀

❉■◆❙❚❊■◆✱ ✶✾✼✸✮✳ ❉❡s❞❡ ❡♥tã♦ ❡❧❛s ✈❡♠ s❡♥❞♦ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞❛s ❡♠ ✈ár✐❛s ❛♣❧✐❝❛çõ❡s

❞❡ ❛♥á❧✐s❡ ❞❡ t❡①t✉r❛ ❡ ♣❡r♠❛♥❡❝❡♠ s❡♥❞♦ ✉♠❛ ❢❡rr❛♠❡♥t❛ ✐♠♣♦rt❛♥t❡ ♥♦ ❞♦♠í♥✐♦ ❞❡ ❛♥á❧✐s❡

❞❡ t❡①t✉r❛s ✭❙❊❇❆❙❚■❆◆ ❡t ❛❧✳✱ ✷✵✶✷✮✳



❈❆P❮❚❯▲❖ ✸✳ ❋❯◆❉❆▼❊◆❚❆➬➹❖ ❚❊Ó❘■❈❆ ✷✻

❆ ●▲❈▼ é ✉♠❛ té❝♥✐❝❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡①tr❛✐r ❝❛r❛❝t❡ríst✐❝❛s ❡st❛tíst✐❝❛s ❞❡ s❡❣✉♥❞❛

♦r❞❡♠ ✭❆▲❇❘❊●❚❙❊◆ ❡t ❛❧✳✱ ✷✵✵✽✮✱ ♦✉ s❡❥❛✱ ❛ ♠❡❞✐çã♦ ❝♦♥s✐❞❡r❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ♣❛r❡s ❞❡

♣✐①❡❧s✱ ❣❡r❛❧♠❡♥t❡ ✈✐③✐♥❤♦s ✭❍❆▲▲✲❇❊❨❊❘✱ ✷✵✵✽✮✳

✸✳✸✳✶ ❈♦♥str✉çã♦ ❞❡ ✉♠❛ ●▲❈▼

❙❡❥❛ I ✉♠❛ ✐♠❛❣❡♠ ❡♠ ♥í✈❡✐s ❞❡ ❝✐♥③❛ ❡ N ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♥í✈❡✐s ❞❡ ❝✐♥③❛✱ ✉♠❛ ●▲❈▼

G é ✉♠❛ ♠❛tr✐③ q✉❛❞r❛❞❛ ❞❡ ♦r❞❡♠ N ✭❙❊❇❆❙❚■❆◆ ❡t ❛❧✳✱ ✷✵✶✷✮✳ ❖ ❡❧❡♠❡♥t♦ ❞❛ ♠❛tr✐③

P (i, j|∆x,∆y) é ❛ ❢r❡q✉ê♥❝✐❛ r❡❧❛t✐✈❛ ❡♠ q✉❡ ❞♦✐s ♣✐①❡❧s ❞❡ ✐♥t❡♥s✐❞❛❞❡ (i, j)✱ s❡♣❛r❛❞♦s ♣♦r

✉♠❛ ❞✐stâ♥❝✐❛ (∆x,∆y)✱ sã♦ ✈✐③✐♥❤♦s✳ ❚❛♠❜é♠ é ♣♦ssí✈❡❧ ❞✐③❡r q✉❡ ♦ ❡❧❡♠❡♥t♦ P (i, j|d, θ)
❝♦♥té♠ ♦s ✈❛❧♦r❡s ❞❛ ❞❡ ❢r❡q✉ê♥❝✐❛ r❡❧❛t✐✈❛ ♣❛r❛ ♠✉❞❛♥ç❛s ❡♥tr❡ ♦s ♥í✈❡✐s ❞❡ ❝✐♥③❛ i ❡ j ❡♠

✉♠❛ ❞✐stâ♥❝✐❛ d ❡ ✉♠ â♥❣✉❧♦ θ ✭❆▲❇❘❊●❚❙❊◆ ❡t ❛❧✳✱ ✷✵✵✽✮✳

❙❡❥❛ I ✉♠❛ ✐♠❛❣❡♠ ❞❡ ❞✐♠❡♥sõ❡s W × H✱ ❡♥tã♦ ✉♠❛ ●▲❈▼ ❞❡ I é ❞❡✜♥✐❞❛ ♣❡❧❛

❊q✉❛çã♦ ✶✽✳

G(i, j|∆x,∆y) =
W
∑

p=1

H
∑

q=1

A, ✭✶✽✮

A =











1, se I(p, q) = i e I(p+∆x, q +∆y) = j

0, caso contrário

✭✶✾✮

✸✳✸✳✷ ●▲❈▼ ◆♦r♠❛❧✐③❛❞❛

❈♦♥s✐❞❡r❡ N =
∑

i

∑

j Gd(i, j) ❛ q✉❛♥t✐❞❛❞❡ ♦❝♦rrê♥❝✐❛s ❞❡ ♣❛r❡s ❡♠ Gd✳ ❙❡❥❛

GNd(i, j) = 1

N
Gd(i, j) · GNd✱ ❝❤❛♠❛❞❛ ❞❡ ●▲❈▼ ♥♦r♠❛❧✐③❛❞❛✱ ♦♥❞❡ ❛s ❡♥tr❛❞❛s (i, j) ❞❡

GNd(i, j) sã♦ ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ ❝♦♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣✐①❡❧ ❝♦♠ ✐♥t❡♥s✐❞❛❞❡ i

s❡r s❡♣❛r❛❞♦ ❞❡ ✉♠ ♣✐①❡❧ ❞❡ ✐♥t❡♥s✐❞❛❞❡ j ♣♦r ✉♠❛ ❞✐stâ♥❝✐❛ k ❡♠ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❞✐r❡çã♦

d ✭❙❊❇❆❙❚■❆◆ ❡t ❛❧✳✱ ✷✵✶✷✮✳

✸✳✸✳✸ ❈❛r❛❝t❡ríst✐❝❛s ❞❡ ❚❡①t✉r❛

❆ ♣❛rt✐r ❞❡ ✉♠❛ ●▲❈▼✱ é ♣♦ssí✈❡❧ ❡①tr❛✐r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ❞❡s❝r❡✈❡♠

❛ t❡①t✉r❛ ❞❡ ❞❡t❡r♠✐♥❛❞❛ ✐♠❛❣❡♠ ✭❆▲❇❘❊●❚❙❊◆ ❡t ❛❧✳✱ ✷✵✵✽✮✱ ❞✐s♣♦♥í✈❡✐s ❡♠ ✭❍❆❘❆▲■❈❑❀

❙❍❆◆▼❯●❆▼❀ ❉■◆❙❚❊■◆✱ ✶✾✼✸❀ ❍❆❘❆▲■❈❑✱ ✶✾✼✾❀ ❈❖◆◆❊❘❙❀ ❚❘■❱❊❉■❀ ❍❆❘▲❖❲✱



❈❆P❮❚❯▲❖ ✸✳ ❋❯◆❉❆▼❊◆❚❆➬➹❖ ❚❊Ó❘■❈❆ ✷✼

✶✾✽✹✮✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❍❆▲▲✲❇❊❨❊❘✱ ✷✵✵✽✮ t❡♠♦s ❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ♣♦❞❡♠

s❡r ❡①tr❛í❞❛s ❛ ♣❛rt✐r ❞❡ ✉♠❛ ●▲❈▼✿

Constraste =
N−1
∑

i,j=0

Pi,j(i− j)2, ✭✷✵✮

Dissimilaridade =
N−1
∑

i,j=0

Pi,j|i− j|, ✭✷✶✮

Homogeineidade =
N−1
∑

i,j=0

Pi,j

1 + (i− j)2
, ✭✷✷✮

ASM =
N−1
∑

i,j=0

P 2

i,j, ✭✷✸✮

Energia =
√
ASM, ✭✷✹✮

Correlação =
N−1
∑

i,j=0

Pi,j





(i− µi) · (j − µj)
√

(σ2
i ) · (σ2

j )



 , ✭✷✺✮

µi =
N−1
∑

i,j=0

i · (Pi,j), ✭✷✻✮

µj =
N−1
∑

i,j=0

j · (Pi,j), ✭✷✼✮

σ2

i =
N−1
∑

i,j=0

Pi,j(i− µi)
2, ✭✷✽✮

σ2

j =
N−1
∑

i,j=0

Pi,j(j − µj)
2, ✭✷✾✮

♦♥❞❡ N é q✉❛♥t✐❞❛❞❡ ❞❡ ♥í✈❡✐s ❞❡ ❝✐♥③❛ Pi,jé ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✉♠ ♣❛r ❞❡ ♣✐①❡❧s i ❡ j s❡r❡♠

✈✐③✐♥❤♦s✳



❈❆P❮❚❯▲❖ ✸✳ ❋❯◆❉❆▼❊◆❚❆➬➹❖ ❚❊Ó❘■❈❆ ✷✽

✸✳✹ ❘❡❞✉çã♦ ❞❡ ❉✐♠❡♥s✐♦♥❛❧✐❞❛❞❡

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

❞✐s♣♦♥í✈❡✐s ✳ ◆❡ss❡ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✱ ❝❛❞❛ ✐♥❞✐✈í❞✉♦ é r❡♣r❡s❡♥t❛❞♦ ♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❞❡

❝❛r❛❝t❡ríst✐❝❛s ❡①tr❛í❞❛s ❞♦ ❞❛❞♦ ♦r✐❣✐♥❛❧✳ P♦r ❡①❡♠♣❧♦✱ ❡♠ ✐♠❛❣❡♥s ❞❡ ♥í✈❡✐s ❞❡ ❝✐♥③❛ é

♣♦ssí✈❡❧ ❡①tr❛✐r ❛s ❝❛r❛❝t❡ríst✐❝❛s ❛ ♣❛rt✐r ❞❡ ✉♠❛ ●▲❈▼✳

❆ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ✉♠ ✐♥❞✐✈í❞✉♦ ♣♦ss✉✐ é ❝❤❛♠❛❞♦ ❞❡ ❞✐♠❡♥sã♦✳ P❛r❛

✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❞❡ ❞✐♠❡♥sã♦ D = 6✱ ❡♥tã♦ t❡♠♦s 6 ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ❞❡s❝r❡✈❡♠ ❝❛❞❛

✐♥❞✐✈í❞✉♦✳

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

♦s ✐♥❞✐✈í❞✉♦s✳ P♦ré♠✱ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❝♦♠ ✉♠❛ ❞✐♠❡♥sã♦ ♠✉✐t♦ ❛❧t❛ ✐♠♣❧✐❝❛ ♠❛✐♦r

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

❛s ❝❛r❛❝t❡ríst✐❝❛s sã♦ ❝♦♥s✐❞❡r❛❞❛s ✐♠♣♦rt❛♥t❡s ♣❛r❛ ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞❡ ✉♠ ❝❡rt♦ ♣r♦❜❧❡♠❛

✭❋❖❉❖❘✱ ✷✵✵✷✮✳ ❊♠ t❡r♠♦s ♠❛t❡♠át✐❝♦s✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ r❡❞✉çã♦ ❞❡ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡ ♣♦❞❡

s❡r ❞❡s❝r✐t♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

❉❛❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❛❞♦s x = (x1, x2, ..., xp)
T ✱ ❝♦♠ p ❞✐♠❡♥sõ❡s✱ ❡♥❝♦♥tr❛r ✉♠❛

r❡♣r❡s❡♥t❛çã♦ ❞❡ ♠❡♥♦r ❞✐♠❡♥sã♦ s = (s1, s2, ..., sk)
T ✱ ♦♥❞❡ k ≤ p ✱ q✉❡ s❡❥❛ ❝❛♣❛③ ❞❡

❝❛♣t✉r❛r ♦ ❝♦♥t❡ú❞♦ ❞♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠ ❝r✐tér✐♦ ♣r❡❡st❛❜❡❧❡❝✐❞♦ ✭❋❖❉❖❘✱

✷✵✵✷✮✳

✸✳✹✳✶ ❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛✐s

❆ ❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛✐s ✭P❈❆✮ é ✉♠❛ té❝♥✐❝❛ ❞❡ r❡❞✉çã♦ ❧✐♥❡❛r

✭❏❆❈❑❙❖◆✱ ✷✵✵✺✮✳ P♦r s❡r ❜❛s❡❛❞❛ ♥❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❞♦s ❞❛❞♦s✱ é ✉♠ ♠ét♦❞♦ ❞❡

s❡❣✉♥❞❛ ♦r❞❡♠✳

❖ P❈❆ r❡❞✉③ ❛ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡ ❡♥❝♦♥tr❛♥❞♦ ♦s ♣r✐♥❝✐♣❛✐s ❝♦♠♣♦♥❡♥t❡s ✭P❈s✮ ❞♦

❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✳ ❖s P❈s sã♦ ✈❡t♦r❡s ❢♦r♠❛❞♦s ♣❡❧❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❞❛s ❝❛r❛❝t❡ríst✐❝❛s

♦r✐❣✐♥❛✐s q✉❡ ❛♣r❡s❡♥t❛♠ ♠❛✐♦r ❞✐s♣❡rsã♦✳ P♦r ❡①❡♠♣❧♦✱ ♦ ♣r✐♠❡✐r♦ P❈ é ♦ q✉❡ ♣♦ss✉✐

♠❛✐♦r ✈❛r✐â♥❝✐❛✱ t❡♠♦s s1 = xTw1✱ ♦♥❞❡ ♦ ✈❡t♦r ❞❡ ❝♦❡✜❝✐❡♥t❡s ❞❡ p ❞✐♠❡♥sõ❡s é w1 =

(w1,1, ..., w1,p)
T q✉❡ r❡s♦❧✈❡✿

w1 = arg max||w=1||V ar{xTw} ✭✸✵✮
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❖ s❡❣✉♥❞♦ P❈ é ❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❝♦♠ ❛ s❡❣✉♥❞❛ ♠❛✐♦r ✈❛r✐â♥❝✐❛ ❡ ♦rt♦❣♦♥❛❧ ❛♦

♣r✐♠❡✐r♦ P❈✱ ❡ ❛ss✐♠ s✉❝❡ss✐✈❛♠❡♥t❡✳ ❊①✐st❡♠ t❛♥t♦s P❈s q✉❛♥t♦ ♦ ♥ú♠❡r♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s

♦r✐❣✐♥❛✐s ✭❋❖❉❖❘✱ ✷✵✵✷✮✳

●❡r❛❧♠❡♥t❡✱ ♥♦r♠❛❧✐③❛✲s❡ ♦s ❞❛❞♦s ❛♥t❡s ❞❛ ❛♣❧✐❝❛çã♦ ❞♦ P❈❆✱ ♣♦✐s ♦ ♠ét♦❞♦ é

❞❡♣❡♥❞❡♥t❡ ❞❛ ❡s❝❛❧❛✳ ❯♠ ❞♦s ♠ét♦❞♦s ♣♦ssí✈❡✐s ♣❛r❛ ❛ ♥♦r♠❛❧✐③❛çã♦ é ❡s❝❛❧❛r ❝❛❞❛

❝❛r❛❝t❡ríst✐❝❛s ❡♥tr❡ ✵ ❡ ✶✳ ❊♥tã♦✱ ❛ss✉♠✐♥❞♦ q✉❡ ♦s ❞❛❞♦s ❡stã♦ ♥♦r♠❛❧✐③❛❞♦s✱ ❝❛❧❝✉❧❛✲s❡

❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛

C =
1

p− 1

p
∑

i=1

(xi − x̄) · (xi − x̄)T , ✭✸✶✮

♦♥❞❡ x̄ é ♦ ✈❡t♦r ♠é❞✐♦ ❞❛❞♦ ♣♦r

x̄ =
1

p

p
∑

i=1

xi. ✭✸✷✮

❯t✐❧✐③❛♥❞♦ ❛ r❡❧❛çã♦

Cv = λv, ✭✸✸✮

♦♥❞❡ v é ✉♠ ❛✉t♦✈❡t♦r ❞❡ C ❡ λ ♦ s❡✉ r❡s♣❡❝t✐✈♦ ❛✉t♦✈❛❧♦r✳ ❈❛❞❛ ❛✉t♦✈❡t♦r ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠

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

♦s k P❈s ❝♦♠ ♠❛✐♦r ✈❛r✐â♥❝✐❛ ❛❜s♦❧✉t❛✱ ♣♦❞❡♠♦s ♠❛♣❡❛r ♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s ❡♠ ✉♠ ♥♦✈♦

❝♦♥❥✉♥t♦

S = W TX, ✭✸✹✮

♦♥❞❡ X é ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ♦r✐❣✐♥❛✐s ❡ W ✉♠❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦

W = (v1, ...vk), ✭✸✺✮

♦♥❞❡ v1é ♦ P❈ ❞❡ ♠❛✐♦r ✈❛r✐â♥❝✐❛ ❡ vk ♦ ❦✲és✐♠♦ P❈ ❞❡ ♠❛✐♦r ✈❛r✐â♥❝✐❛✳

❖ P❈❆ é ✉♠❛ té❝♥✐❝❛ ♠✉✐t♦ út✐❧ q✉❛♥❞♦ ❛s ❝❛r❛❝t❡ríst✐❝❛s ♦r✐❣✐♥❛✐s ♥ã♦ ♦❢❡r❡❝❡♠ ♠✉✐t❛

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

❛s ♥♦✈❛s ❝❛r❛❝t❡ríst✐❝❛s ♣♦ss✉❡♠ ✉♠❛ ♠❡❧❤♦r ❞✐s♣❡rsã♦✳ ❆ ❋✐❣✉r❛ ✼ ♠♦str❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡

✐♥❞✐✈í❞✉♦s ❣❡r❛❞♦s ♣♦r ❞✐str✐❜✉✐çõ❡s ♥♦r♠❛✐s ♠✉❧t✐✈❛r✐❛❞❛s ❝♦♠ ✸ ❝❛r❛❝t❡ríst✐❝❛s✳ ❯t✐❧✐③❛♥❞♦ ♦
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P❈❆ ♣❛r❛ r❡❞✉③✐r ♦ ❡s♣❛ç♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ♣❛r❛ ❜✐❞✐♠❡♥s✐♦♥❛❧✱ t❡♠♦s ❛ ❋✐❣✉r❛ ✽✱ q✉❡ ❡①❡♠♣❧✐✜❝❛

♦ ❡❢❡✐t♦ ❞❛ r❡❞✉çã♦✳

❋✐❣✉r❛ ✼ ✕ ❆♠♦str❛s ❣❡r❛❞❛s ✉t✐❧✐③❛♥❞♦ ✉♠ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ♠✉❧t✐✈❛r✐❛❞❛✳

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r

❋✐❣✉r❛ ✽ ✕ ❆♠♦str❛s r❡❞✉③✐❞❛s ♣❛r❛ ♦ ❡s♣❛ç♦ ❜✐❞✐♠❡♥s✐♦♥❛❧ ✉t✐❧✐③❛♥❞♦ ♦s ❞♦✐s ♣r✐♥❝✐♣❛✐s
❝♦♠♣♦♥❡♥t❡s✳

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r
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✸✳✹✳✷ ❆♥á❧✐s❡ ❉✐s❝r✐♠✐♥❛♥t❡ ▲✐♥❡❛r

❆ ❆♥á❧✐s❡ ❉✐s❝r✐♠✐♥❛♥t❡ ▲✐♥❡❛r ✭▲❉❆✮ é ✉♠❛ té❝♥✐❝❛ s✐♠✐❧❛r ❛♦ P❈❆✱ ♦♥❞❡ ❝♦♠❜✐♥❛çõ❡s

❧✐♥❡❛r❡s ❞❛ ❝❛r❛❝t❡ríst✐❝❛s sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❢♦r♠❛r ✉♠ ♥♦✈♦ ❡s♣❛ç♦ ❞❡ ❞✐♠❡♥sõ❡s r❡❞✉③✐❞❛s✳

❆ ❞✐❢❡r❡♥ç❛ é q✉❡✱ ❛♦ ❝♦♥trár✐♦ ❞♦ P❈❆ q✉❡ ❜✉s❝❛ ❝♦♠❜✐♥❛çõ❡s ❝♦♠ ♠❛✐♦r ✈❛r✐â♥❝✐❛

❡♥tr❡ ♦s ❞❛❞♦s✱ ♦ ▲❉❆ ♣r♦❝✉r❛ ❝♦♠❜✐♥❛çõ❡s q✉❡ ♠❡❧❤♦r s❡♣❛r❛♠ ❛s ❝❧❛ss❡s ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦

♣r♦❜❧❡♠❛✱ ♣♦rt❛♥t♦ ♦ ▲❉❆ é ❞✐t♦ ❝♦♠♦ ✉♠❛ té❝♥✐❝❛ s✉♣❡r✈✐s✐♦♥❛❞❛✱ ♣♦✐s é ♥❡❝❡ssár✐♦ ❝♦♥❤❡❝❡r

❛s ❝❧❛ss❡s q✉❡ ❝❛❞❛ ✐♥❞✐✈í❞✉♦ ♣❡rt❡♥❝❡ ❛♥t❡s ❞❛ ❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦✳

◆♦r♠❛❧♠❡♥t❡ é ✉t✐❧✐③❛❞♦ ♣❛r❛ r❡❞✉çã♦ ❞❡ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡✱ ❝♦♠♦ ✉♠ ♣ré✲

♣r♦❝❡ss❛♠❡♥t♦ ❞❡ té❝♥✐❝❛s ❞❡ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ♠áq✉✐♥❛ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s

✭❘❆❙❈❍❑❆✱ ✷✵✶✹✮✱ ♠❛s t❛♠❜é♠ é ♣♦ssí✈❡❧ ✉t✐❧✐③❛r ♦ ▲❉❆ ❝♦♠♦ ✉♠ ❝❧❛ss✐✜❝❛❞♦r ❧✐♥❡❛r✳

❋♦✐ ♦r✐❣✐♥❛❧♠❡♥t❡ ♣r♦♣♦st♦ ❡♠ ✭❋■❙❍❊❘✱ ✶✾✸✻✮ ❝♦♠♦ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❞✉❛s ❝❧❛ss❡s✱

q✉❡ ❢♦✐ ❣❡♥❡r❛❧✐③❛❞♦ ♣❛r❛ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ♠ú❧t✐♣❧❛s ❝❧❛ss❡s ❡♠ ✭❘❆❖✱ ✶✾✹✽✮✳

❈♦♥s✐❞❡r❛♥❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♦❜s❡r✈❛çõ❡sX ❞❡ ❞✐♠❡♥sõ❡s k×p✱ ❡♠ q✉❡ k ❝♦rr❡s♣♦♥❞❡

à q✉❛♥t✐❞❛❞❡ ❞❡ ✐♥❞✐✈í❞✉♦s ❡ p à q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❝❛❞❛ ✐♥❞✐✈í❞✉♦✳ P❛r❛ ❝❛❞❛

✐♥❞✐✈í❞✉♦ ❡♠ X✱ ❡①✐st❡ ✉♠ ❡❧❡♠❡♥t♦ ❡♠ y q✉❡ ✐♥❞✐❝❛ ❛ ❝❧❛ss❡ ❛♦ q✉❛❧ ♣❡rt❡♥❝❡✳ ❖ ♦❜❥❡t✐✈♦ é

❡♥❝♦♥tr❛r ✉♠❛ tr❛♥s❢♦r♠❛çã♦ W ✱ q✉❡ ♠✐♥✐♠✐③❡ ❛ ❞✐stâ♥❝✐❛ ✐♥tr❛✲❝❧❛ss❡ ✭❋✐❣✉r❛ ✾✮ ❡ ♠❛①✐♠✐③❡

❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❝❧❛ss❡s ✭❋✐❣✉r❛ ✶✵✮✳

❋✐❣✉r❛ ✾ ✕ ❉✐stâ♥❝✐❛ ✐♥tr❛✲❝❧❛ss❡✳

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r
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❋✐❣✉r❛ ✶✵ ✕ ❉✐st❛♥❝✐❛ ✐♥t❡r✲❝❧❛ss❡s✳

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r

❆ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r W ♠❛♣❡✐❛ X ❡♠ X̄ ❛tr❛✈és ❞❛ ❊q✉❛çã♦ ✸✻✿

X̄ = W T ·X, ✭✸✻✮

♦♥❞❡ W é ❢♦r♠❛❞♦ ♣❡❧♦s m ❛✉t♦✈❡t♦r❡s ❝♦♠ ♠❛✐♦r❡s ❛✉t♦✈❛❧♦r❡s ❛❜s♦❧✉t♦s ❞❛ ♠❛tr✐③ S ❞❛❞❛

♣❡❧❛ ❊q✉❛çã♦ ✸✼ ✳ ❯♠❛ ♦❜s❡r✈❛çã♦ ✐♠♣♦rt❛♥t❡ é q✉❡ m < c − 1✱ ♦♥❞❡ c é ❛ q✉❛♥t✐❞❛❞❡ ❞❡

❝❧❛ss❡s q✉❡ ❡①✐st❡♠ ❡♠ y ✭❘❆❙❈❍❑❆✱ ✷✵✶✹✮✳

S = S−1

W · SB ✭✸✼✮

❆ ♠❛tr✐③ SW é ❝❤❛♠❛❞❛ ❞❡ ♠❛tr✐③ ❞❡ ❞✐s♣❡rsã♦ ✐♥tr❛✲❝❧❛ss❡ ❡ é ❞❡✜♥✐❞❛ ♣♦r✿

SW =
c

∑

i=1

Si ✭✸✽✮

Si =
n

∑

x∈ci

(x− µi) · (x− µi)
T ✭✸✾✮

µi =
1

ni

n
∑

x∈ci

xk ✭✹✵✮

♦♥❞❡✱ Si é ♠❛tr✐③ ❞❡ ❞✐s♣❡rsã♦ ❞❛ ❝❧❛ss❡ ci ❡ µi é ♦ ✈❡t♦r q✉❡ r❡♣r❡s❡♥t❛ ♦s ✈❛❧♦r❡s ♠é❞✐♦s ❞❡

❝❛❞❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ✐♥❞✐✈í❞✉♦s q✉❡ ♣❡rt❡♥❝❡♠ ❛ ❝❧❛ss❡ ci✳

❆ ♠❛tr✐③ SB é ❝❤❛♠❛❞❛ ❞❡ ♠❛tr✐③ ❞❡ ❞✐s♣❡rsã♦ ✐♥t❡r✲❝❧❛ss❡s ❡ é ❞❡✜♥✐❞❛ ♣♦r✿

SB =
c

∑

i=1

Ni(µi − µ) · (µi − µ)T ✭✹✶✮
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♦♥❞❡✱ Ni é ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✐♥❞✐✈í❞✉♦s q✉❡ ♣❡rt❡♥❝❡♠ ❛ ❝❧❛ss❡ ci ❡ µé ♦ ✈❡t♦r q✉❡ r❡♣r❡s❡♥t❛

❛ ♠é❞✐❛ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ t♦❞♦s ♦s ✐♥❞✐✈í❞✉♦s ❡♠ X✳

❆ ✈❛♥t❛❣❡♠ ❞❡ ✉t✐❧✐③❛r ♦ ▲❉❆✱ é q✉❡ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ é s✐♠♣❧✐✜❝❛❞♦ ♣❡❧❛

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

❞❡ ❞❛❞♦s✳

❆ ❣r❛♥❞❡ ❞❡s✈❛♥t❛❣❡♠ é q✉❡ ♥ã♦ é ♣♦ssí✈❡❧ s❛❜❡r q✉❛✐s ❝❛r❛❝t❡ríst✐❝❛s ♦r✐❣✐♥❛✐s t❡♠

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

❡❧❛s✳

❆ ❋✐❣✉r❛ ✶✶ ❛♣r❡s❡♥t❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✐♥❞✐✈í❞✉♦s q✉❡ ♣❡rt❡♥❝❡♠ ❛ três ❝❧❛ss❡s ❞✐st✐♥t❛s✳

❈❛❞❛ ❝❧❛ss❡ ❢♦✐ ❣❡r❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ♠✉❧t✐✈❛r✐❛❞❛✱ ♦♥❞❡ ♦s ♣❛râ♠❡tr♦s

❞✐❢❡r❡♠ ❡♥tr❡ ❡❧❛s✳ ❆ ❋✐❣✉r❛ ✶✷ ❛♣r❡s❡♥t❛ ♦ r❡s✉❧t❛❞♦ ❞❛ ❛♣❧✐❝❛çã♦ ❞♦ ▲❉❆ ♣❛r❛ ❡❢❡t✉❛r ❛

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

❋✐❣✉r❛ ✶✶ ✕ ❆♠♦str❛s ❣❡r❛❞❛s ❞❡ ❞✐str✐❜✉çõ❡s ♥♦r♠❛✐s ♠✉❧t✐✈❛r✐❛❞❛s✳

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r



❈❆P❮❚❯▲❖ ✸✳ ❋❯◆❉❆▼❊◆❚❆➬➹❖ ❚❊Ó❘■❈❆ ✸✹

❋✐❣✉r❛ ✶✷ ✕ ❆♠♦str❛s r❡❞✉③✐❞❛s ♣❡❧❛ ❛♣❧✐❝❛çã♦ ❞♦ ▲❉❆✳

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r

✸✳✺ ▼áq✉✐♥❛s ❞❡ ❱❡t♦r❡s ❞❡ ❙✉♣♦rt❡

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

à ❝❧❛ss❡ A✱B ♦✉ C✳

❆t✉❛❧♠❡♥t❡ ❡①✐st❡♠ ❞✐✈❡rs❛s té❝♥✐❝❛s ❞❡ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ♠áq✉✐♥❛ ❝❛♣❛③❡s ❞❡ r❡❛❧✐③❛r

❡ss❛ t❛r❡❢❛ ❝♦♠ ê①✐t♦ ❡ ✉♠❛s ❞❛s ♣r✐♥❝✐♣❛✐s té❝♥✐❝❛s ✉t✐❧✐③❛❞❛s ❤♦❥❡ ❡♠ ❞✐❛ sã♦ ❛s ▼áq✉✐♥❛s

❞❡ ❱❡t♦r❡s ❞❡ ❙✉♣♦rt❡ ✭❙❱▼✮✳

❋♦r❛♠ ♦r✐❣✐♥❛❧♠❡♥t❡ ♣r♦♣♦st❛s ♣♦r ✭❈❖❘❚❊❙❀ ❱❆P◆■❑✱ ✶✾✾✺✮ ❝♦♠♦ ✉♠ ❝❧❛ss✐✜❝❛❞♦r

❜✐♥ár✐♦✱ ❝❛♣❛③ ❞❡ ❞✐③❡r s❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ✐♥❞✐✈í❞✉♦ ♣❡rt❡♥❝❡ à ❝❧❛ss❡ A ♦✉ B✳

❙ã♦ ♣❛rt❡ ❞♦ ❣r✉♣♦ ❞❡ té❝♥✐❝❛s ❞❡ ❛♣r❡♥❞✐③❛❞♦ s✉♣❡r✈✐s✐♦♥❛❞♦✱ ♦♥❞❡ é ♥❡❝❡ssár✐♦

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

♠♦❞❡❧♦ ❝❛♣❛③ ❞❡ ♣r❡❞✐③❡r q✉❛❧ ❛ ❝❧❛ss❡ ❞❡ ✉♠❛ ♥♦✈❛ ❡♥tr❛❞❛✳

❯♠❛ ❙❱▼ ❝♦♥stró✐ ❤✐♣❡r♣❧❛♥♦s ❡♠ ✉♠ ❡s♣❛ç♦ ❞❡ ❛❧t❛ ❞✐♠❡♥sã♦✱ q✉❡ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦

♣❛r❛ ❛ t❛r❡❢❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦✳ ❯♠❛ ❜♦❛ s❡♣❛r❛çã♦ é ♦❜t✐❞❛ ❛tr❛✈és ❞♦ ❤✐♣❡r♣❧❛♥♦ q✉❡ ♣♦ss✉✐
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♠❛✐♦r ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦s ♣♦♥t♦s ♠❛✐s ♣ró①✐♠♦s ❞❡ ❝❛❞❛ ❝❧❛ss❡ ♥♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❞❡ tr❡✐♥♦

✭▲❊❆❘◆✱ ✷✵✶✻✮✳ ❆ ❋✐❣✉r❛ ✶✸ ♠♦str❛ ❤✐♣❡r♣❧❛♥♦s ❣❡r❛❞♦s ♣♦r ✉♠❛ ❙❱▼✳

❋✐❣✉r❛ ✶✸ ✕ ❈♦♥str✉çã♦ ❞❡ ❤✐♣❡r♣❧❛♥♦s✳

❋♦♥t❡ ✕ ✭▲❊❆❘◆✱ ✷✵✶✻✮

❉❛❞♦ (xk, yk) ♦ ❝♦♥❥✉♥t♦ ❞❡ ❛♠♦str❛s ♣❛r❛ tr❡✐♥❛♠❡♥t♦✱ s❡♥❞♦ q✉❡ xi ∈ R
n

❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ✐♥❞✐✈í❞✉♦ i✱ yi ∈ {1,−1} ❝♦rr❡s♣♦♥❞❡ à ❝❧❛ss❡

❞♦ ✐♥❞✐✈í❞✉♦ i✱ s❡♥❞♦ i = 1, 2, ..., k✳ ❖ ♦❜❥❡t✐✈♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ é ❡♥❝♦♥tr❛r ✉♠❛

❢✉♥çã♦ f(x) : Rn → {1,−1} q✉❡ s❡❥❛ ❝❛♣❛③ ❞❡ ❡st✐♠❛r ❝♦rr❡t❛♠❡♥t❡ ❛ ❝❧❛ss❡ ❞♦ ✐♥❞✐✈í❞✉♦ x✳

◆❛ ❡t❛♣❛ ❞❡ tr❡✐♥❛♠❡♥t♦ ❛ ❢✉♥çã♦ f(x) = (w · x) + b é ❡st✐♠❛❞❛✱ ❞❡ ❢♦r♠❛ q✉❡ ❛

s❡❣✉✐♥t❡ r❡❧❛çã♦ s❡❥❛ s❛t✐s❢❡✐t❛✿

yi((w · xi) + b) ≥ 1, ✭✹✷✮

♦♥❞❡ w é ♦ ✈❡t♦r ♥♦r♠❛❧ ❛♦ ❤✐♣❡r♣❧❛♥♦ ❡ b ❛ ❞✐stâ♥❝✐❛ ❞❛ ❢✉♥çã♦ f ❡♠ r❡❧❛çã♦ à ♦r✐❣❡♠✳ ❖s

✈❛❧♦r❡s ót✐♠♦s ❞❡ w ❡ b sã♦ ❡♥❝♦♥tr❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❡str✐çã♦ ❞❛❞❛ ♣❡❧❛ ❊q✉❛çã♦ ✹✷ ❛♦

♠✐♥✐♠✐③❛r ❛ ❡q✉❛çã♦✿

φ(w) =
w2

2
✭✹✸✮



❈❆P❮❚❯▲❖ ✸✳ ❋❯◆❉❆▼❊◆❚❆➬➹❖ ❚❊Ó❘■❈❆ ✸✻

❖ ❙❱▼ ♣♦ss✐❜✐❧✐t❛ ❡♥❝♦♥tr❛r ✉♠ ❤✐♣❡r♣❧❛♥♦ q✉❡ ♠✐♥✐♠✐③❡ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❡rr♦s ♥♦s

❝❛s♦s ❡♠ q✉❡ ❛ s❡♣❛r❛çã♦ ót✐♠❛ ❡♥tr❡ ❛s ❝❧❛ss❡s ♥ã♦ s❡❥❛ ♣♦ssí✈❡❧✳ ❈♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡

✈❛r✐á✈❡✐s ❞❡ ❢♦❧❣❛✱ é ♣♦ssí✈❡❧ r❡❧❛①❛r ❛ r❡str✐çã♦ ❞❛ ❊q✉❛çã♦ ✹✷✱ r❡s♦❧✈❡♥❞♦✿

min φ(w, ζ) =
w2

2
C

N
∑

i=1

ζi ✭✹✹✮

s✉❥❡✐t♦ ❛✿

yi((w · xi) + b) + ζi ≥ 1 ✭✹✺✮

♦♥❞❡ C é ✉♠ ♣❛râ♠❡tr♦ ❞❡ tr❡✐♥❛♠❡♥t♦ q✉❡ ❞❡✜♥❡ ♦ ❡q✉✐❧í❜r✐♦ ❡♥tr❡ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♠♦❞❡❧♦

❡ ♦ ❡rr♦ ❞❡ tr❡✐♥❛♠❡♥t♦✳

❯t✐❧✐③❛♥❞♦ ❛ t❡♦r✐❛ ❞♦ ♠✉❧t✐♣❧✐❝❛❞♦r❡s ❞❡ ▲❛❣r❛♥❣❡ é ♣♦ssí✈❡❧ ♦❜t❡r✿

L(a) =
N
∑

i=1

ai −
1

2

N
∑

i,j=1

aiajyiyj(xi, xj) ✭✹✻✮

❆ss✐♠✱ ♦ ♦❜❥❡t✐✈♦ é ❡♥❝♦♥tr❛r ♦s ♠✉❧t✐♣❧✐❝❛❞♦r❡s ❞❡ ▲❛❣r❛♥❣❡ ai ót✐♠♦s q✉❡ s❛t✐s❢❛çã♦

❛ ❊q✉❛çã♦ ✹✼ ✭❈❍❆❱❊❙✱ ✷✵✵✻✮✳

N
∑

i=1

aiyi = 0, 0 ≤ ai ≤ C ✭✹✼✮

❆♣❡♥❛s ♦s ♣♦♥t♦s ♦♥❞❡ ❛ r❡str✐çã♦ ✐♠♣♦st❛ ♣❡❧❛ ❊q✉❛çã♦ ✹✷ é ✐❣✉❛❧ 1✱ t❡♠

❝♦rr❡s♣♦♥❞❡♥t❡s ai 6= 0✳ ❊ss❡s ♣♦♥t♦s sã♦ ❝❤❛♠❛❞♦s ❞❡ ✈❡t♦r❡s ❞❡ s✉♣♦rt❡✱ ❡ ❡stã♦

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

ót✐♠♦✱ ♣♦✐s ❞❡❧✐♠✐t❛♠ ❛s ♠❛r❣❡♥s ❞♦ ❝♦♥❥✉♥t♦ ❞❡ tr❡✐♥❛♠❡♥t♦✳ ◆❛ ❋✐❣✉r❛ ✶✹✱ ♦s ✈❡t♦r❡s ❞❡

s✉♣♦rt❡ sã♦ r❡♣r❡s❡♥t❛❞♦s ♣♦r ❝ír❝✉❧♦s ❝✐r❝✉♥s❝r✐t♦s✳
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❋✐❣✉r❛ ✶✹ ✕ ❱❡t♦r❡s ❞❡ s✉♣♦rt❡✳

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r

P♦♥t♦s ❛❧é♠ ❞❛ ♠❛r❣❡♠ ♥ã♦ t❡♠ ✐♥✢✉ê♥❝✐❛ s✉✜❝✐❡♥t❡ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦ ❤✐♣❡r♣❧❛♥♦✱

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

❈♦♥s✐❞❡r❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❛♠♦str❛s ❞❛ ❋✐❣✉r❛ ✶✺✳ ◆ã♦ é ♣♦ssí✈❡❧ tr❛ç❛r ✉♠❛ r❡t❛ ❝❛♣❛③

❞❡ s❡♣❛r❛r ❛s ❝❧❛ss❡s✱ t♦r♥❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ ✉♠ ❝❛s♦ ♥ã♦✲❧✐♥❡❛r✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❙■▲❱❆✱ ✷✵✶✺❛✮✱

é ♥❡❝❡ssár✐♦ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ♥ã♦✲❧✐♥❡❛r ❝❛♣❛③ ❞❡ ♠❛♣❡❛r ♦ ❝♦♥❥✉♥t♦ ♦r✐❣✐♥❛❧ ✭❡s♣❛ç♦ ❞❛❞♦s✮

♣❛r❛ ✉♠ ♥♦✈♦ ❡s♣❛ç♦ ✭❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✮✳

❊ss❡ ♥♦✈♦ ❡s♣❛ç♦ ❞❡✈❡ ❛♣r❡s❡♥t❛r ❞✐♠❡♥sõ❡s s✉✜❝✐❡♥t❡s ♣❛r❛ q✉❡ s❡❥❛ ♣♦ssí✈❡❧ r❡❛❧✐③❛r

❛ s❡♣❛r❛çã♦ ❧✐♥❡❛r ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✳ ❉❡ss❛ ❢♦r♠❛✱ ♦ ❤✐♣❡r♣❧❛♥♦ ❞❡ s❡♣❛r❛çã♦ é ❞❡✜♥✐❞♦

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

❞❛❞♦s✳

❆ ❝♦♥str✉çã♦ ❞❡ss❡ ❝♦♥❥✉♥t♦ ❞❡♣❡♥❞❡ ❞❡ ✉♠❛ ❢✉♥çã♦ K✱ ❝❤❛♠❛❞❛ ❞❡ ❦❡r♥❡❧ ✭❍❆❨❑■◆✱

✷✵✵✶✮✳ ❆ ❊q✉❛çã♦ ✹✽ ❛♣r❡s❡♥t❛ ❛ ❢♦r♠❛ ♠♦❞✐✜❝❛❞❛ ❞❛ ❊q✉❛çã♦ ✹✼ ✉t✐❧✐③❛♥❞♦ ✉♠❛ ❢✉♥çã♦ K✳

❋✐❣✉r❛ ✶✺ ✕ ❈♦♥❥✉♥t♦ ❞❡ ✐♥❞✐✈í❞✉♦s ♥ã♦ s❡♣❛rá✈❡✐s ❧✐♥❡❛r♠❡♥t❡✳

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r
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L(a) =
N
∑

i=1

ai −
1

2

N
∑

i,j=1

aiajyiyjK(xi, xj) ✭✹✽✮

❯♠ ❝♦♥❥✉♥t♦ ❞❡ ❢✉♥çõ❡s ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞❛s ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ✉♠❛ ❙❱▼ ♣❛r❛

❝❧❛ss✐✜❝❛çã♦ ❞❡ ❞❛❞♦s ♥ã♦ ❧✐♥❡❛r♠❡♥t❡ s❡♣❛rá✈❡✐s sã♦ ❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ ✭❘❇❋✮✳ ❯♠❛

❢✉♥çã♦ ❘❇❋ é ❞❡✜♥✐❞❛ ♣♦r✿

K(xi, yi) = exp(−γ||xi − yi||2) ✭✹✾✮

♦♥❞❡ γ = 1/σ2✱ ♦♥❞❡ σ é ❛ ✈❛r✐â♥❝✐❛✳



✹ ▼❡t♦❞♦❧♦❣✐❛ Pr♦♣♦st❛

◆❡st❡ ❝❛♣ít✉❧♦✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♣r♦❝❡❞✐♠❡♥t♦s ♣r♦♣♦st♦s ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦s

♦❜❥❡t✐✈♦s ❞❡s❝r✐t♦s ♥❛ ❙❡çã♦ ✶✳✷✳ ❆ ❋✐❣✉r❛ ✶✻ ❛♣r❡s❡♥t❛ ♦ ✢✉①♦ ❞❛s ❡t❛♣❛s ❡①❡❝✉t❛❞❛s✳

❋✐❣✉r❛ ✶✻ ✕ ❋❧✉①♦❣r❛♠❛ ❞❛ ♠❡t♦❞♦❧♦❣✐❛✳

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r

✹✳✶ ❆q✉✐s✐çã♦ ❞❡ ■♠❛❣❡♥s

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

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

❞❡ ✐♠❛❣❡♥s t❡r♠♦❣rá✜❝❛s ♠❛♠ár✐❛s ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ♦ ♣ú❜❧✐❝♦ ❣❡r❛❧✱ s❡♥❞♦ ❛ ♠❛✐♦r✐❛ ❞❡❧❡s

❞❡ ♣r♦♣ós✐t♦ ♣r✐✈❛❞♦✳ ❆s ✐♠❛❣❡♥s ✉t✐❧✐③❛❞❛s ♥❡st❡ tr❛❜❛❧❤♦ sã♦ ♣r♦✈❡♥✐❡♥t❡s ❞♦ ❉❛t❛❜❛s❡

❢♦r ▼❛st♦❧♦❣② ❘❡s❡❛r❝❤ ✇✐t❤ ■♥❢r❛r❡❞ ■♠❛❣❡ ✲ ❉▼❘✲■❘✱ ❛❝❡ssí✈❡❧ ❛tr❛✈és ❞❛ ✐♥t❡r❢❛❝❡ ♦♥✲❧✐♥❡

❁❤tt♣✿✴✴✈✐s✉❛❧✳✐❝✳✉✛✳❜r✴❞♠✐❃✳ ▼❛✐s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛ ❜❛s❡ ❞❡ ✐♠❛❣❡♥s ✉t✐❧✐③❛❞❛ ♣♦❞❡♠ s❡r

❡♥❝♦♥tr❛❞❛s ❡♠ ✭❙■▲❱❆ ❡t ❛❧✳✱ ✷✵✶✹✮ ❡ ❡♠ ✭❙■▲❱❆✱ ✷✵✶✺❜✮✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❙■▲❱❆ ❡t ❛❧✳✱ ✷✵✶✹✮✱ ♥♦ ♣r♦t♦❝♦❧♦ ❞❡ t❡r♠♦❣r❛✜❛s ❞✐♥â♠✐❝❛s ❛s

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

❡❧étr✐❝♦✳ ◗✉❛♥❞♦ ❛ ♠é❞✐❛ ❞❡ t❡♠♣❡r❛t✉r❛ ❡♥tr❡ ❛s ♠❛♠❛s é ❞❡ ✸✵✳✺➸❈ ✭❋✐❣✉r❛ ✶✼✮✱ ♦✉ ❛té

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

❞❛s ✐♠❛❣❡♥s é ✐♥✐❝✐❛❞❛✱ ❡①tr❛✐♥❞♦ ✉♠ t♦t❛❧ ❞❡ ✷✵ ✐♠❛❣❡♥s s❡q✉❡♥❝✐❛✐s ❝♦♠ ✐♥t❡r✈❛❧♦s ❞❡ ✶✺

s❡❣✉♥❞♦s ❡♥tr❡ ❛s ✐♠❛❣❡♥s✳
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❋✐❣✉r❛ ✶✼ ✕ ▼♦♥✐t♦r❛♠❡♥t♦ ❞❛ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ♣❛r❛ ❝♦♠❡ç❛r ❛ ❛q✉✐s✐çã♦ s❡q✉❡♥❝✐❛❧✳

❋♦♥t❡ ✕ ✭❙■▲❱❆ ❡t ❛❧✳✱ ✷✵✶✹✮

❆s ✐♠❛❣❡♥s ✉t✐❧✐③❛❞❛s ♣♦ss✉❡♠ ❞✐♠❡♥sã♦ ❞❡ 640 × 480 ♣✐①❡❧s ❡ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s

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

✉t✐❧✐③❛❞❛ ♥❛ ❛q✉✐s✐çã♦✳

◆♦ t♦t❛❧ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ✼✵ ❡①❛♠❡s ♣r❡✈✐❛♠❡♥t❡ ❞✐❛❣♥♦st✐❝❛❞♦s ♣❛r❛ ❛♣❧✐❝❛çã♦ ❞❡st❛

♠❡t♦❞♦❧♦❣✐❛✱ s❡♥❞♦ q✉❡ ✸✺ sã♦ ❞❡ ♣❛❝✐❡♥t❡s s❛✉❞á✈❡✐s ❡ ♦s ✸✺ r❡st❛♥t❡s ❞❡ ♣❛❝✐❡♥t❡s q✉❡

❛♣r❡s❡♥t❛♠ ❛❧❣✉♠ t✐♣♦ ❞❡ ❧❡sã♦✳

✹✳✷ ❘❡❣✐str♦ ❞❛s ■♠❛❣❡♥s

❉✉r❛♥t❡ ♦ ♣r♦t♦❝♦❧♦ ❞❡ ❛q✉✐s✐çã♦ ❞❡ ✐♠❛❣❡♥s✱ é ♥❛t✉r❛❧ q✉❡ ❛ ♣❛❝✐❡♥t❡ ❡①❡❝✉t❡

♠♦✈✐♠❡♥t♦s ✐♥✈♦❧✉♥tár✐♦s ❝❛✉s❛❞♦s ♣❡❧❛ r❡s♣✐r❛çã♦ ❡ ❛❥✉st❡ ❞❡ ♣♦st✉r❛✳ ❊ss❡s ♠♦✈✐♠❡♥t♦s

❝❛✉s❛♠ ❞✐❢❡r❡♥ç❛s ❡s♣❛❝✐❛✐s ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ♣❛r❛ ❛ ♦✉tr❛✳ ❆ ❋✐❣✉r❛ ✶✽ ❛♣r❡s❡♥t❛ ❛ ❞✐❢❡r❡♥ç❛

❡♥tr❡ ❞♦✐s t❡r♠♦❣r❛♠❛s ❞❡ t❡♠♣♦s ❞✐st✐♥t♦s✱ ❞❡✜♥✐❞❛ ♣♦r d =
√

(Pt(i, j)− Pt(i, j))2✱ ♦♥❞❡

(i, j) é ❛ ♣♦s✐çã♦ ❞♦ ♣✐①❡❧✱ s❡♥❞♦ i = 0, ..., 639 ❡ j = 0, ..., 479✱ ❡ Pt(i, j) é ♦ ✈❛❧♦r ❞❡

♣✐①❡❧ ♥❛ ♣♦s✐çã♦ (i, j) ♥♦ t❡♠♣♦ t✳ ➱ ♣♦ssí✈❡❧ ♥♦t❛r q✉❡ ❡①✐st❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❝❛✉s❛❞❛ ♣❡❧❛

♠♦✈✐♠❡♥t❛çã♦ ✐♥✈♦❧✉♥tár✐❛ ❞❛ ♣❛❝✐❡♥t❡✳
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❋✐❣✉r❛ ✶✽ ✕ ❉✐❢❡r❡♥ç❛ ❡♥tr❡ t❡r♠♦❣r❛♠❛s ❡♠ t❡♠♣♦s ❞✐st✐♥t♦s✳

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r✳

P❛r❛ ❛♥❛❧✐s❛r ❛s s❡q✉ê♥❝✐❛s ❞❡ t❡r♠♦❣r❛♠❛s ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❡①❛♠❡ é ♥❡❝❡ssár✐♦

❝♦rr✐❣✐r ❡ss❛s ❞✐❢❡r❡♥ç❛s✱ t♦r♥❛♥❞♦ ♦ r❡❣✐str♦ ❞❡ ✐♠❛❣❡♥s ✉♠❛ ❡t❛♣❛ ❡ss❡♥❝✐❛❧ ❞❡ ♣ré✲

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

✉t✐❧✐③❛❞❛s✿

❼ ▼étr✐❝❛✿ ❈♦rr❡❧❛çã♦ ❈r✉③❛❞❛ ◆♦r♠❛❧✐③❛❞❛ ✭❙❡çã♦✸✳✷✳✶✳✶✮

❼ ❚r❛♥s❢♦r♠❛çã♦✿ ❇✲❙♣❧✐♥❡s ✭❙❡çã♦ ✸✳✷✳✷✳✶✮

❼ ■♥t❡r♣♦❧❛❞♦r✿ ▲✐♥❡❛r ✭❙❡çã♦ ✸✳✷✳✸✳✶✮

❼ ❖t✐♠✐③❛❞♦r✿ ▲❇❋●❙ ✭❙❡çã♦ ✸✳✷✳✹✳✶✮

❯t✐❧✐③❛♥❞♦ ❛ ♣r✐♠❡✐r❛ s❡q✉ê♥❝✐❛ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ t❡r♠♦❣r❛♠❛s ❝♦♠♦ ✐♠❛❣❡♠ ✜①❛✱ ♦

♣r♦❝❡ss♦ é ❛♣❧✐❝❛❞♦ ♣❛r❛ ❝❛❞❛ s❡q✉ê♥❝✐❛ r❡st❛♥t❡ ❢❛③❡♥❞♦ ♦ ♣❛♣❡❧ ❞❡ ✐♠❛❣❡♠ ♠ó✈❡❧✱ r❡s✉❧t❛♥❞♦

❡♠ ✶✾ ❛♣❧✐❝❛çõ❡s s✉❝❡ss✐✈❛s✳ ❆♣ós ❛ ❛♣❧✐❝❛çã♦ ❞♦ r❡❣✐str♦✱ ♦s ❡rr♦s ❞❡ ♣♦st✉r❛ sã♦ ❝♦rr✐❣✐❞♦s✱

♣❡r♠✐t✐♥❞♦ q✉❡ ❛s s❡q✉ê♥❝✐❛s ❞❡ ✉♠❛ ❚■❉ s❡❥❛♠ ❛♥❛❧✐s❛❞❛s ❡ ❝♦♠♣❛r❛❞❛s✳

✹✳✸ ❊①tr❛çã♦ ❞❛ ❘❡❣✐ã♦ ❞❡ ■♥t❡r❡ss❡

❊ss❛ ❡t❛♣❛ ❝♦♥s✐st❡ ❡♠ ❡①tr❛✐r ❛ r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡ ✭❘❖■✮ ❞❛ ✐♠❛❣❡♠✳ ❈♦♠♦ ❛

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

❞❡ ✐♥t❡r❡ss❡ q✉❡ ❛s ❞❡♠❛✐s r❡❣✐õ❡s ❞❡ ✉♠❛ ❚■❉ s❡❥❛♠ ❡①❝❧✉í❞❛s ❞♦ ♣r♦❝❡ss♦✳
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❆❧❣✉♥s ♠ét♦❞♦s ❞❡ s❡❣♠❡♥t❛çã♦ ❛✉t♦♠át✐❝❛ sã♦ ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛

✭▼❆❘◗❯❊❙✱ ✷✵✶✷✮✱ ♣♦ré♠ ❡①✐st❡♠ ❧✐♠✐t❛çõ❡s q✉❛♥t♦ ❛ ❢♦r♠❛ ❞❛s ♠❛♠❛s✱ q✉❡ ♥ã♦ t♦r♥❛♠

♣♦ssí✈❡✐s ❛ ✉t✐❧✐③❛çã♦ ❞❡ss❡ t✐♣♦ ❞❡ té❝♥✐❝❛✳

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

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

❆♣❡s❛r ❞❡ ❝❛❞❛ ❚■❉ ♣♦ss✉✐r ✉♠ t♦t❛❧ ❞❡ ✷✵ s❡q✉ê♥❝✐❛s ❞❡ t❡r♠♦❣r❛♠❛s✱ ❛♣❡♥❛s

❛ s❡q✉ê♥❝✐❛ ♥♦ t❡♠♣♦ ✐♥✐❝✐❛❧ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ❣❡r❛r ❛ ♠ás❝❛r❛ ❜✐♥ár✐❛✱ q✉❡ é r❡s♣♦♥sá✈❡❧

♣♦r ❞❡♠❛r❝❛r ❛ ❘❖■ s❡❣♠❡♥t❛❞❛ ♠❛♥✉❛❧♠❡♥t❡ ❛tr❛✈és ❞♦ s♦❢t✇❛r❡ ■♠❛❣❡❏ ✭❆❇❘➚▼❖❋❋❀

▼❆●❆▲❍➹❊❙❀ ❘❆▼✱ ✷✵✵✹❀ ❘❆❙❇❆◆❉❀ ■▼❆●❊❏ ❡t ❛❧✳✱ ✶✾✾✼✮✳

❯t✐❧✐③❛♥❞♦ ❛ ♠ás❝❛r❛ ❞❛ s❡q✉ê♥❝✐❛ ✐♥✐❝✐❛❧✱ é ♣♦ssí✈❡❧ ❡①tr❛✐r ❛s ❘❖■s ❞❛s ❞❡♠❛✐s

s❡q✉ê♥❝✐❛s ❛♣ós ❛ ❛♣❧✐❝❛çã♦ ❞♦ r❡❣✐str♦ ❞♦s t❡r♠♦❣r❛♠❛s ✭❙❡çã♦ ✹✳✷✮✳ ❆ ❋✐❣✉r❛ ✶✾❛ ❞❡♠♦♥str❛

❛ ❡t❛♣❛ ❞❡ s❡❣♠❡♥t❛çã♦ ♠❛♥✉❛❧ ✉t✐❧✐③❛♥❞♦ ♦ ♠♦✉s❡ ♣❛r❛ ❞❡s❡♥❤❛r ♦ ♣♦❧í❣♦♥♦ q✉❡ ❞❡✜♥✐rá ❛

❘❖■✳ ❈♦♠♦ r❡s✉❧t❛❞♦ ✉♠❛ ♠ás❝❛r❛ ❜✐♥ár✐❛ ✭❋✐❣✉r❛ ✶✾❜✮ é ❣❡r❛❞❛✱ ♣❛r❛ s❡r ✉t✐❧✐③❛❞❛ ❝♦♠♦ ❘❖■

♣❛r❛ t♦❞❛s ❛s ✷✵ s❡q✉ê♥❝✐❛s ❞❡ t❡r♠♦❣r❛♠❛s ❡♠ ✉♠❛ ❚■❉✳

❋✐❣✉r❛ ✶✾ ✕ ❊①tr❛çã♦ ❞❛ r❡❣✐ã♦ ❞❛s ♠❛♠❛s ❛tr❛✈és ❞♦ s♦❢t✇❛r❡ ■♠❛❣❡❏✳

✭❛✮ ✭❜✮

❋♦♥t❡ ✕ ✭❙■▲❱❆✱ ✷✵✶✺❜✮

✹✳✹ ❊①tr❛çã♦ ❞❡ ❈❛r❛❝t❡ríst✐❝❛s

❉❛❞♦ ✉♠ ❡①❛♠❡ ❚■❉✱ t❡♠♦s ✷✵ s❡q✉ê♥❝✐❛s ❞❡ t❡r♠♦❣r❛♠❛s✱ ❝❛❞❛ ✉♠ ❝♦rr❡s♣♦♥❞❡♥❞♦

à ✉♠ t❡♠♣♦ ❞✐st✐♥t♦ ❡♠ ♦r❞❡♠ s❡q✉❡♥❝✐❛❧✳ ➱ ♥❡❝❡ssár✐♦ ❡①tr❛✐r ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ❞✐❢❡r❡♥❝✐❡♠

❛s ❚■❉ ❞❡ ♣❛❝✐❡♥t❡s s❛✉❞á✈❡✐s ❞❡ ❚■❉ ❞❡ ♣❛❝✐❡♥t❡s ❝♦♠ ❛❧❣✉♠ t✐♣♦ ❞❡ ❧❡sã♦✳

❉❛❞♦ ♦ ✈❡t♦r p = [I1(i, j), I2(i, j), ...I20(i, j)]✱ ♦♥❞❡ It(i, j) é ♦ ✈❛❧♦r ❞❡ t❡♠♣❡r❛t✉r❛

❞♦ t❡r♠♦❣r❛♠❛ ❞❡ t❡♠♣♦ t ♥❛ ♣♦s✐çã♦ (i, j)✱ é ♣♦ssí✈❡❧ ❡①tr❛✐r 4 ✈❛❧♦r❡s ❡st❛tíst✐❝♦s ❞❡ p✱

s❡♥❞♦ ❡❧❡s✿



❈❆P❮❚❯▲❖ ✹✳ ▼❊❚❖❉❖▲❖●■❆ P❘❖P❖❙❚❆ ✹✸

❼ ❆ t❡♠♣❡r❛t✉r❛ ❞❡ ✐♥✐❝✐❛❧✱ ♦✉ s❡❥❛✱ ♦ ✈❛❧♦r ❞❡ I1(i, j). ◆♦t❛✲s❡ q✉❡ ❛ t❡♠♣❡r❛t✉r❛ ✐♥✐❝✐❛❧ ❞❛

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

t❡♥❞❡♠ ❛ ✜❝❛r ♠❛✐s ❞❡✜♥✐❞❛s ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ r❡s❢r✐❛♠❡♥t♦ ❡ ♥ã♦ ♣♦ss✉❡♠ r❡❣✐õ❡s

❡q✉✐✈❛❧❡♥t❡s ♥❛ ♠❛♠❛ ♦♣♦st❛✳ ❆ ❋✐❣✉r❛ ✷✵ ♠♦str❛ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ✉♠❛ ❚■❉ s❛✉❞á✈❡❧

❡ ♦✉tr❛ ❝♦♠ ❧❡sã♦✳

❼ ❖ ❣❛♥❤♦ ❞❡ t❡♠♣❡r❛t✉r❛ t♦t❛❧ ❞❛❞♦ ♣♦r G = I20(i, j) − I1(i, j)✳ ❊ss❛ ♠❡❞✐❞❛ ✐♥❢♦r♠❛

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

t❡r♠♦❣r❛♠❛s✳ ❉✉r❛♥t❡ ♦s t❡st❡s r❡❛❧✐③❛❞♦s✱ ❢♦✐ ♣♦ssí✈❡❧ ♥♦t❛r q✉❡ r❡❣✐õ❡s ❝♦♠ ❛❧❣✉♠

t✐♣♦ ❞❡ ❧❡sã♦ t❡♥❞❡♠ ❛ ❣❛♥❤❛r ♠❛✐s t❡♠♣❡r❛t✉r❛ ❞✉r❛♥t❡ ♦ t❡♠♣♦ ❞❡ ❡①tr❛çã♦ ❞❛s

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

❡①✐st❡ ✉♠ t✐♣♦ ❞❡ ❡s♣❡❧❤❛♠❡♥t♦✱ ❞❡ ❢♦r♠❛ q✉❡ ❡❧❡ ❛♣❛r❡❝❡ ♥❛s ❞✉❛s ♠❛♠❛s✳ ❆ ❋✐❣✉r❛

✷✶❛ ♠♦str❛ ✉♠❛ ❚■❉ ❞❡ ♣❛❝✐❡♥t❡ s❛✉❞á✈❡❧✱ ♦♥❞❡ ❡①✐st❡ ✉♠ ❛s♣❡❝t♦ s✐♠étr✐❝♦ ❡♥tr❡ ❛s

r❡❣✐õ❡s✳ ❆ ❋✐❣✉r❛ ✷✶❜ ♣♦ss✉✐ ✉♠❛ r❡❣✐ã♦ ❞❡ ❛❧t♦ ❣❛♥❤♦ ❞❡ t❡♠♣❡r❛t✉r❛ ❡♠ r❡❧❛çã♦ ❛s

❞❡♠❛✐s r❡❣✐õ❡s ❞❛ ♠❛♠❛✱ ❝♦✐♥❝✐❞✐♥❞♦ ❝♦♠ ❛ r❡❣✐ã♦ ❞♦ t✉♠♦r ❞❡♠❛r❝❛❞❛✳

❼ ❖ ❣❛♥❤♦ ♠é❞✐♦ ❞❡ t❡♠♣❡r❛t✉r❛ ❡♥tr❡s ♦s t❡♠♣♦s ❞❛❞♦ ♣❡❧❛ ❊q✉❛çã♦ ✺✵✳ ❊ss❛

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

t❡♥❞❡♠ t❡r ✉♠❛ ♠é❞✐❛ ♠❛✐♦r q✉❡ ❛s ❞❡♠❛✐s r❡❣✐õ❡s ❡ ♥ã♦ ❛♣r❡s❡♥t❛♠ ✉♠❛ s✐♠✐❧❛r✐❞❛❞❡

♥❛ ♠❡s♠❛ r❡❣✐ã♦ ❞❛ ♦✉tr❛ ♠❛♠❛✳ ❆ ❋✐❣✉r❛ ✷✷ ❛♣r❡s❡♥t❛ ♦ r❡s✉❧t❛❞♦ ❞❛ ❡①tr❛çã♦ ❞❡ss❛

❝❛r❛❝t❡ríst✐❝❛ ❡♠ ✉♠❛ ❚■❉ ❞❡ ♣❛❝✐❡♥t❡ s❛✉❞á✈❡❧ ❡ ❡♠ ✉♠❛ ❚■❉ ❞❡ ♣❛❝✐❡♥t❡ ❞♦❡♥t❡✳

❼ ❖ ❞❡s✈✐♦ ♣❛❞rã♦ ❞♦ ❣❛♥❤♦ ❞❡ t❡♠♣❡r❛t✉r❛ ❡♥tr❡s ♦s t❡♠♣♦s ❞❛❞❛ ♣❡❧❛ ❊q✉❛çã♦ ✺✶✳

❊ss❛ ❝❛r❛❝t❡ríst✐❝❛ ❛♣r❡s❡♥t❛ ✉♠ ❣r❛♥❞❡ ❢❛t♦r ❞✐s❝r✐♠✐♥❛t✐✈♦ ❡♥tr❡s r❡❣✐õ❡s s❛✉❞á✈❡✐s ❡

❝♦♠ ❛♥♦♠❛❧✐❛s✳ ❘❡❣✐õ❡s s❛✉❞á✈❡✐s t❡♥❞❡♠ ❛ ❣❛♥❤❛r t❡♠♣❡r❛t✉r❛ ❞❡ ❢♦r♠❛ ✉♥✐❢♦r♠❡

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

✈❛r✐❛♠ ❜❛st❛♥t❡ ♥♦ ❣❛♥❤♦ ❞❡ t❡♠♣❡r❛t✉r❛✳ ❉❡ss❛ ❢♦r♠❛ r❡❣✐õ❡s s❛✉❞á✈❡✐s ❛♣r❡s❡♥t❛♠

✉♠ ✈❛❧♦r ♣❛r❛ S ♠❛✐s ❜❛✐①♦ ❡♠ r❡❧❛çã♦ à r❡❣✐õ❡s ❝♦♠ ❧❡sã♦✳ ❆ ❋✐❣✉r❛ ✷✸ ❛♣r❡s❡♥t❛ ♦

❞❡s✈✐♦ ♣❛❞rã♦ ❞♦ ❣❛♥❤♦ ❞❡ t❡♠♣❡r❛t✉r❛ ❡♠ ✉♠❛ ❚■❉ ❞❡ ♣❛❝✐❡♥t❡ s❛✉❞á✈❡❧ ❡ ❡♠ ✉♠❛

❚■❉ ❞❡ ♣❛❝✐❡♥t❡ ❞♦❡♥t❡✳

❆❜❛✐①♦ t❡♠♦s ❛s ❞❡✜♥✐çõ❡s ❞♦s ✈❛❧♦r❡s ✉t✐❧✐③❛❞♦s✿

M =
1

N
·

N
∑

t=2

It(i, j)− It−1(i, j), ✭✺✵✮
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S =

√

√

√

√

1

N
·

N
∑

t=2

((It(i, j)− It−1(i, j))−M)2, ✭✺✶✮

♦♥❞❡M é ♦ ❣❛♥❤♦ ♠é❞✐♦ ❡♥tr❡ ♦s t❡♠♣♦s✱ S ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❡♥tr❡ ♦s t❡♠♣♦s ❡N ❛ q✉❛♥t✐❞❛❞❡

❞❡ t❡♠♣♦s ❛ s❡r ❝♦♥s✐❞❡r❛❞♦✳

P❛r❛ ❝❛❞❛ ✈❛❧♦r ❡st❛tíst✐❝♦ ❡①tr❛í❞♦ ❞♦s ♣✐①❡❧s ❞❛ ❚■❉✱ é ❝r✐❛❞❛ ✉♠❛ ✐♠❛❣❡♠

r❡♣r❡s❡♥t❛t✐✈❛✳ ◆♦ t♦t❛❧ ✹ ✈❛❧♦r❡s ❢♦r❛♠ ❡①tr❛í❞♦s ♣❛r❛ ❝❛❞❛ ♣✐①❡❧✱ r❡s✉❧t❛♥❞♦ ♥❛ ❝r✐❛çã♦

❞❡ ✹ r❡♣r❡s❡♥t❛çõ❡s ❞❡ ✉♠❛ ❚■❉✳

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

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

♠❛♠❛s ❞✐r❡✐t❛ ❡ ❡sq✉❡r❞❛ ❝♦♠♦ ♥❛s ❋✐❣✉r❛s ✷✵❛✲✷✷❛✱ ❡ ✉♠❛ ❤♦♠♦❣❡♥❡✐❞❛❞❡ ♥♦ ❞❡s✈✐♦ ♣❛❞rã♦

❝♦♠♦ ♥❛ ❋✐❣✉r❛ ✷✸❛✳

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

❝♦♠♦ ♥❛s ❋✐❣✉r❛s ✷✵❜✲✷✷❜ ❡ ✉♠❛ ♠❛✐♦r ❤❡t❡r♦❣❡♥❡✐❞❛❞❡ ♣❛r❛ ♦ ❞❡s✈✐♦ ♣❛❞rã♦✱ ❝♦♠♦ ♥❛ ❋✐❣✉r❛

✷✸❜ ♦♥❞❡ ❡①✐st❡♠ r❡❣✐õ❡s ❝♦♠ ✉♠❛ ♠❛✐♦r ❞❡s✈✐♦ ♣❛❞rã♦ ❡♠ r❡❧❛çã♦ ❛s ❞❡♠❛✐s r❡❣✐õ❡s ❞❛ ♠❛♠❛✱

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

✳

❋✐❣✉r❛ ✷✵ ✕ ❚❡♠♣❡r❛t✉r❛ ■♥✐❝✐❛❧✳

✭❛✮ ✭❜✮

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r
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❋✐❣✉r❛ ✷✶ ✕ ●❛♥❤♦ ❞❡ t❡♠♣❡r❛t✉r❛ t♦t❛❧✳

✭❛✮ ✭❜✮

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r

❋✐❣✉r❛ ✷✷ ✕ ●❛♥❤♦ ❞❡ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ❡♥tr❡ ♦s t❡♠♣♦s ❞❛ ❚■❉✳

✭❛✮ ✭❜✮

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r

❋✐❣✉r❛ ✷✸ ✕ ❉❡s✈✐♦ ♣❛❞rã♦ ❞♦ ❣❛♥❤♦ ❞❡ t❡♠♣❡r❛t✉r❛ ❡♥tr❡ ♦s t❡♠♣♦s ❞❛ ❚■❉✳

✭❛✮ ✭❜✮

❋♦♥t❡ ✕ ❊❧❛❜♦r❛❞❛ ♣❡❧♦ ❛✉t♦r
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❆s r❡♣r❡s❡♥t❛çõ❡s sã♦ ❝♦♥✈❡rt✐❞❛s ♣❛r❛ ♦ ❢♦r♠❛t♦ ❡♠ ❡s❝❛❧❛ ❞❡ ❝✐♥③❛✱ ❝♦♠ ✈❛❧♦r❡s

✈❛r✐❛♥❞♦ ❞❡ ✵ ❛ ✷✺✺✳ ❆ ❝♦♥✈❡rsã♦ é ♦❜t✐❞❛ ♣♦r

X ′ = a− (X −Xmin)(b− a)

Xmax −Xmin

, ✭✺✷✮

♦♥❞❡ X é ♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❛❧♦r❡s✱ Xmin ♦ ♠❡♥♦r ✈❛❧♦r ✈❛❧♦r ❞♦ ❝♦♥❥✉♥t♦✱ Xmax ♦ ♠❛✐♦r ✈❛❧♦r✱

b ♦ ✈❛❧♦r ♠á①✐♠♦ ❞❡s❡❥❛❞♦ ❡ a ♦ ✈❛❧♦r ♠í♥✐♠♦ ❞❡s❡❥❛❞♦✳

❆ ♣❛rt✐r ❞❛s r❡♣r❡s❡♥t❛çõ❡s✱ sã♦ ❡①tr❛í❞❛s ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ t❡①t✉r❛

❜❛s❡❛❞❛s ❡♠ ●▲❈▼✱ ❞❡✜♥✐❞❛s ♣❡❧❛s ❊q✉❛çõ❡s ✷✵✲✷✺ ♠♦str❛❞❛s ♥❛ ❙❡çã♦ ✸✳✸✳

P❛r❛ ❝❛❞❛ r❡♣r❡s❡♥t❛çã♦✱ sã♦ ❣❡r❛❞❛s ●▲❈▼s ❛ ♣❛rt✐r ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞✐stâ♥❝✐❛s d =

[d1, ...., dn] ❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ â♥❣✉❧♦s θ = [θ1, ..., θn]✳ P❛r❛ ❝❛❞❛ ●▲❈▼ sã♦ ❡①tr❛í❞❛s ❛s ✻

❝❛r❛❝t❡ríst✐❝❛s ❞❛❞❛s ♣❡❧❛s ❊q✉❛çõ❡s ✷✵✲✷✺✳ P♦rt❛♥t♦ ♦ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s é ❢♦r♠❛❞♦ ♣♦r

4 × dn × θn × 6 ❝❛r❛❝t❡ríst✐❝❛s✱ ♦♥❞❡ dn é ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❞✐stâ♥❝✐❛s ❡ θn❛ q✉❛♥t✐❞❛❞❡ ❞❡

â♥❣✉❧♦s ✉t✐❧✐③❛❞♦s ♥❛ ❣❡r❛çã♦ ❞❛s ●▲❈▼s✳

✹✳✺ ❘❡❞✉çã♦ ❞❡ ❈❛r❛❝t❡ríst✐❝❛s

❊ss❛ ❡t❛♣❛ ❝♦♥s✐st❡ ❡♠ r❡❞✉③✐r ♦ ❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♣r❡✈✐❛♠❡♥t❡ ❡①tr❛í❞❛s

♣❛r❛ ✉♠ ❝♦♥❥✉♥t♦ ♠❡♥♦r ❡ ♠❛✐s ❝♦♥❝✐s♦✳ ❯t✐❧✐③❛♥❞♦ ♦s ✷ ♠ét♦❞♦s ❞❡s❝r✐t♦s ♥❛ ❙❡çã♦ ✸✳✹✱

tr❛♥s❢♦r♠❛✲s❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ♦r✐❣✐♥❛✐s ❡♠ ❝♦♥❥✉♥t♦s ❞✐st✐♥t♦s q✉❡ s❡rã♦ ❛♥❛❧✐s❛❞♦s

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

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

❛♣r❡s❡♥t❛r❛♠ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❢♦r❛♠✿

❼ P❈❆ ❝♦♠ C = 40✱ q✉❡ ♣r♦❥❡t❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡♠ ✉♠ ♥♦✈♦ ❡s♣❛ç♦ ❞❡ ✹✵

❞✐♠❡♥sõ❡s✳

❼ P❈❆ ❝♦♠ C = 20✱ q✉❡ ♣r♦❥❡t❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡♠ ✉♠ ♥♦✈♦ ❡s♣❛ç♦ ❞❡ ✷✵

❞✐♠❡♥sõ❡s✳

❼ ▲❉❆ ❝♦♠ L = 1✱ q✉❡ ♣r♦❥❡t❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡♠ ✉♠ ♥♦✈♦ ❡s♣❛ç♦ ❞❡ ✶

❞✐♠❡♥sã♦✳
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❼ ❈♦♠❜✐♥❛çã♦ ❞♦ P❈❆ ❡ ▲❉❆✱ ♦♥❞❡ ♦ P❈❆ ❝♦♠ C = 40 é ❛♣❧✐❝❛❞♦✱ r❡❞✉③✐♥❞♦ ♦ ❡s♣❛ç♦

♣❛r❛ ✹✵ ❞✐♠❡♥sõ❡s ❡ ❡♠ s❡❣✉✐❞❛ ♦ ▲❉❆ ❝♦♠ L = 1 é ✉t✐❧✐③❛❞♦✱ r❡❞✉③✐♥❞♦ ♦ ❡s♣❛ç♦ ♣❛r❛

✶ ❞✐♠❡♥sã♦✳

❖s ✈❛❧♦r❡s ❞❡ C ✐♥❞✐❝❛♠ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ✉t✐❧✐③❛❞♦s ♥♦ P❈❆✱ ❡♥q✉❛♥t♦

L ✐♥❞✐❝❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❞✐s❝r✐♠✐♥❛♥t❡s ✉t✐❧✐③❛❞♦s ❝♦♠ ♦ ▲❉❆✳

✹✳✻ ❈❧❛ss✐✜❝❛çã♦

❊ss❛ ❡t❛♣❛ ❝♦♥s✐st❡ ❡♠ ❝❧❛ss✐✜❝❛r ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❡①❛♠❡ ❚■❉ ❡♠ s❛✉❞á✈❡❧ ♦✉ ❝♦♠

❧❡sã♦✳ ❙ã♦ ✉t✐❧✐③❛❞❛s ❛s ❝❛r❛❝t❡ríst✐❝❛s ❡①tr❛í❞❛s ♥❛ ❙❡çã♦ ✹✳✹ ❝♦♠♦ ❡♥tr❛❞❛ ♣❛r❛ ✉♠❛ ❙❱▼✳

❖ ❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♦r✐❣✐♥❛❧ é ❞✐✈✐❞✐❞♦ ❡♠ ✷ s✉❜❝♦♥❥✉♥t♦s ❞✐st✐♥t♦s ❝❤❛♠❛❞♦s

❞❡ ❜❛s❡ ❞❡ tr❡✐♥♦ ❡ t❡st❡✱ q✉❡ ♥ã♦ ♣♦ss✉❡♠ ✐♥❞✐✈í❞✉♦s ❡♠ ❝♦♠✉♠ ❡♥tr❡ ❡❧❡s✳

❖s ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ❜❛s❡s sã♦ tr❛♥s❢♦r♠❛❞♦s ❛tr❛✈és ❞❡ ✉♠ ❞♦s ♠ét♦❞♦s

❞❡s❝r✐t♦s ♥❛ ❙❡çã♦ ✹✳✺✳ ❊ss❛ tr❛♥s❢♦r♠❛çã♦ é ❝❛❧❝✉❧❛❞❛ ❛ ♣❛rt✐r ❞❛ ❜❛s❡ ❞❡ tr❡✐♥♦ ❡ ❞❡♣♦✐s

❛♣❧✐❝❛❞❛ ❡♠ ❛♠❜❛s ❛s ❜❛s❡s✱ ♣❛r❛ q✉❡ ❛ ❜❛s❡ ❞❡ t❡st❡ ♥ã♦ t❡♥❤❛ ✐♥✢✉ê♥❝✐❛ ♥❛ ❣❡r❛çã♦ ❞❛

tr❛♥s❢♦r♠❛çã♦✳

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

❞❡ ❝❧❛ss❡✱ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡♥❝♦♥tr❛r ♦s ♠❡❧❤♦r❡s ✈❡t♦r❡s ❞❡ s✉♣♦rt❡ ♣❛r❛ ❛ ❙❱▼ ❛tr❛✈és ❞♦

♣r♦❝❡ss♦ ❞❡ ♦t✐♠✐③❛çã♦✳

❆ ✈❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦ é ❛♣❧✐❝❛❞❛ ❛♣ós ♦ tr❡✐♥❛♠❡♥t♦✱ ♦♥❞❡ ✉t✐❧✐③❛♠♦s ❛ ❜❛s❡ ❞❡

t❡st❡ ❝♦♠♦ ❡♥tr❛❞❛ ♥♦ ♠♦❞❡❧♦ ❣❡r❛❞♦✱ q✉❡ ✐rá ❝❧❛ss✐✜❝❛r ♦s ✐♥❞✐✈í❞✉♦s✳ ❖s r❡s✉❧t❛❞♦s sã♦

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

P❛r❛ ❝♦♠♣❛r❛r ♦s r❡s✉❧t❛❞♦s sã♦ ❡①tr❛í❞♦s ♦s ✈❛❧♦r❡s ❞❡ ❛❝✉rá❝✐❛ ✭❊q✉❛çã♦ ✺✸✮ q✉❡

♠❡❞❡ ❛ t❛①❛ ❞❡ ❛❝❡rt♦ ❣❡r❛❧✱ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ✭❊q✉❛çã♦ ✺✹✮ q✉❡ ♠❡❞❡ ❛ t❛①❛ ❞❡ ❛❝❡rt♦ ♣❛r❛ ♦s

❝❛s♦s q✉❡ ♣♦ss✉❡♠ ❧❡sã♦ ❡ ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ✭❊q✉❛çã♦ ✺✺✮ q✉❡ ♠❡❞❡ ❛ t❛①❛ ❞❡ ❛❝❡rt♦ ❞❡ ❝❛s♦s

s❛✉❞á✈❡✐s✳

Acurácia =
TP + TN

TP + FP + TN + FN
✭✺✸✮

Sensibilidade =
TP

TP + FN
✭✺✹✮
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Especificidade =
TN

TN + FP
✭✺✺✮

♦♥❞❡ TP, TN, FP ❡ FN sã♦ ❛s q✉❛♥t✐❞❛❞❡s ❞❡ ✈❡r❞❛❞❡✐r♦ ♣♦s✐t✐✈♦✱ ✈❡r❞❛❞❡✐r♦ ♥❡❣❛t✐✈♦✱ ❢❛❧s♦

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



✺ ❘❡s✉❧t❛❞♦s

◆❡ss❡ ❝❛♣ít✉❧♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ❞❛ ❛♣❧✐❝❛çã♦ ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❛

❝❧❛ss✐✜❝❛çã♦ ❞❡ t❡r♠♦❣r❛✜❛s ❞✐♥â♠✐❝❛s ❡♠ s❛✉❞á✈❡❧ ❡ ❝♦♠ ❧❡sã♦✳ ❖s t❡st❡s ❢♦r❛♠ ❞✐✈✐❞✐❞♦s

❡♠ ❣r✉♣♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❞✐stâ♥❝✐❛s ❡ â♥❣✉❧♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❣❡r❛r ❛s ●▲❈▼s✳ ❚❡♠♦s ♦s

s❡❣✉✐♥t❡s ❣r✉♣♦s✿

❼ ●r✉♣♦ ✶✿ d = [1]✱ θ = [0➸✱ 45➸, 90➸, 135➸], ✾✻ ❝❛r❛❝t❡ríst✐❝❛s✳

❼ ●r✉♣♦ ✷✿ d = [1, 3, 5]✱ θ = [0➸✱ 45➸, 90➸, 135➸]✱ ✷✽✽ ❝❛r❛❝t❡ríst✐❝❛s✳

❼ ●r✉♣♦ ✸✿ d = [1, 3, 5, 7, 9]✱ θ = [0➸✱ 45➸, 90➸, 135➸]✱ ✹✽✵ ❝❛r❛❝t❡ríst✐❝❛s✳

❼ ●r✉♣♦ ✹✿ d = [1, 3, 5, 7, 9, 11]✱ θ = [0➸✱ 45➸, 90➸, 135➸]✱ ✺✼✻ ❝❛r❛❝t❡ríst✐❝❛s✳

❉❡✈✐❞♦ ❛ q✉❛♥t✐❞❛❞❡ ♣❡q✉❡♥❛ ❞❡ ✐♥❞✐✈í❞✉♦s✱ ♦s r❡s✉❧t❛❞♦s ♣♦❞❡♠ ✈❛r✐❛r ❜❛st❛♥t❡ ❡♥tr❡

✉♠❛ ✐t❡r❛çã♦ ❡ ♦✉tr❛✱ ❞❡ss❛ ❢♦r♠❛✱ ❛ ❡t❛♣❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ é ❛♣❧✐❝❛❞❛ ✶✵✵ ✈❡③❡s ❝♦♥s❡❝✉t✐✈❛s✱

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

♣❛❞rã♦ ❞❛ ❛❝✉rá❝✐❛✱ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ ❡s♣❡❝✐✜❝✐❞❛❞❡ s❡r❡♠ ❝❛❧❝✉❧❛❞♦s✳

❊♠ ❝❛❞❛ ❛♣❧✐❝❛çã♦ ❞❛ ❡t❛♣❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦✱ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s é ❞✐✈✐❞✐❞❛ ❡♠ ❜❛s❡s ❞❡

tr❡✐♥♦ ❡ t❡st❡ ❞❡ ❢♦r♠❛ ❛❧❡❛tór✐❛✱ ♠❛♥t❡♥❞♦ ❛ ♣r♦♣♦rçã♦ ❡♥tr❡ ❛s ❝❧❛ss❡s ❡♠ ❛♠❜❛s ❛s ❜❛s❡s✳

❆♣ós ❛ ❞✐✈✐sã♦ ❞❛s ❜❛s❡s✱ ❛s té❝♥✐❝❛s ❞❡ r❡❞✉çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡s❝r✐t❛s ♥❛ ❙❡çã♦

✹✳✺ sã♦ ❛♣❧✐❝❛❞❛s✱ ♦♥❞❡ ❛ ❜❛s❡ ❞❡ tr❡✐♥♦ é ✉t✐❧✐③❛❞❛ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ♣❛r❛ ❛ ❣❡r❛çã♦ ❞❛ ♠❛tr✐③

❞❡ tr❛♥s❢♦r♠❛çã♦ ❞❡ ❝❛❞❛ té❝♥✐❝❛✱ s❡♥❞♦ ♣♦st❡r✐♦r♠❡♥t❡ ❛♣❧✐❝❛❞❛ ♥❛ ❜❛s❡ ❞❡ t❡st❡✳

❈❛❞❛ té❝♥✐❝❛ ❞❡ r❡❞✉çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✐rá ❣❡r❛r ✉♠ ♥♦✈♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❞❡

tr❡✐♥♦ ❡ t❡st❡✱ ♦♥❞❡ ❛ ❜❛s❡ ❞❡ tr❡✐♥♦ r❡s✉❧t❛♥t❡ ❞❡ ❞❡t❡r♠✐♥❛❞❛ té❝♥✐❝❛ s❡rá ✉t✐❧✐③❛❞❛ ♣❛r❛

❣❡r❛r ♦ ♠♦❞❡❧♦ ❙❱▼ q✉❡ ✐rá ❝❧❛ss✐✜❝❛r ❛ ❜❛s❡ ❞❡ t❡st❡s ❝♦rr❡❧❛❝✐♦♥❛❞❛✳ ❖s r❡s✉❧t❛❞♦s sã♦

❛♥❛❧✐s❛❞♦s s❡♣❛r❛❞❛♠❡♥t❡ ♣❛r❛ ❝❛❞❛ té❝♥✐❝❛ ❞❡ r❡❞✉çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳

❈❛s♦ ✉♠❛ q✉❛♥t✐❞❛❞❡ ♣❡q✉❡♥❛ ❞❡ ✐t❡r❛çõ❡s s❡❥❛ ✉t✐❧✐③❛❞❛✱ ♦s ✈❛❧♦r❡s ✐rã♦ ✈❛r✐❛r ❜❛st❛♥t❡

❡♥tr❡ ❛ ❡①❡❝✉çã♦ ❡♥tr❡ ✉♠ t❡st❡ ❡ ♦✉tr♦✱ ♣♦✐s ❞❡♣❡♥❞❡♥❞♦ ❞❡ q✉❛✐s ✐♥❞✐✈í❞✉♦s s❡❥❛♠ ❡s❝♦❧❤✐❞♦s

♣❛r❛ ❛s ❜❛s❡s ❞❡ tr❡✐♥♦ ❡ t❡st❡✱ ♦s r❡s✉❧t❛❞♦s ♣♦❞❡♠ ❝♦♥t❡r ót✐♠♦s ✈❛❧♦r❡s ♦✉ ♣éss✐♠♦s ✈❛❧♦r❡s

✭❞❡♣❡♥❞❡♥❞♦ ❞❡ q✉ã♦ r❡♣r❡s❡♥t❛t✐✈❛ é ❛ ❜❛s❡ ❞❡ tr❡✐♥♦✮✳ P♦rt❛♥t♦✱ q✉❛♥t♦ ♠❛✐♦r ♦ ♥ú♠❡r♦
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❞❡ ✈❡③❡s q✉❡ ❛ ❛♣❧✐❝❛çã♦ ❞❛ ❡t❛♣❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❢♦r ❡①❡❝✉t❛❞❛ ❡♠ ✉♠ t❡st❡✱ ♠❡♥♦r s❡rá ❛

✈❛r✐❛çã♦ ❞❡ ✈❛❧♦r❡s ❞❡ ♠é❞✐❛ ❡ ❞❡s✈✐♦ ♣❛❞rã♦ ❡♥tr❡ t❡st❡s✳

❆s ❚❛❜❡❧❛s ✶✲✹ ♠♦str❛♠ ♦s r❡s✉❧t❛❞♦s ♣❛r❛ ❛ ♣r♦♣♦rçã♦ ❞❡ ✽✵✪ ❞♦s ✐♥❞✐✈í❞✉♦s ❝♦♠♦

❜❛s❡ ❞❡ tr❡✐♥♦ ❡ ✷✵✪ ❝♦♠♦ ❜❛s❡ ❞❡ t❡st❡✳ ❖s r❡s✉❧t❛❞♦s ♠♦str❛♠ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞❛s

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

❡♥q✉❛♥t♦ ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ s❡ ♠❛♥t❡✈❡ ❡♥tr❡ ✼✵✪ ❡ ✽✵✪✳ ◆♦t❛✲s❡ ♦ ❛❧t♦ ✈❛❧♦r ♣❛r❛ ♦ ❞❡s✈✐♦

♣❛❞rã♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥❛ ❚❛❜❡❧❛ ✹ q✉❡ ♣♦ss✉✐ ✉♠ ❞❡s✈✐♦ ♣❛❞rã♦ ❞❡ ✷✾✪ ♥❛ ❡s♣❡❝✐✜❝✐❞❛❞❡

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

❚❛❜❡❧❛ ✶ ✕ ❘❡s✉❧t❛❞♦s ❞♦ ●r✉♣♦ ✶ ✭✾✻ ❝❛r❛❝t❡ríst✐❝❛s✮ ♥❛ ♣r♦♣♦rçã♦ ✽✵✴✷✵ ✭✺✻ ❡①❛♠❡s ♣❛r❛
tr❡✐♥♦✱ ✶✹ ♣❛r❛ t❡st❡✮✳

❆❝✉rá❝✐❛ ❙❡♥s✐❜✐❧✐❞❛❞❡ ❊s♣❡❝✐✜❝✐❞❛❞❡
▼ét♦❞♦ ▼é❞✐❛⑦❉❡s✈✐♦ ▼é❞✐❛⑦❉❡s✈✐♦ ▼é❞✐❛⑦❉❡s✈✐♦

❙❡♠ r❡❞✉çã♦ ✹✽✱✾✪ ⑦ ✾✱✽✪ ✶✻✱✸✪ ⑦ ✶✻✱✺✪ ✽✶✱✹✪ ⑦ ✷✶✱✾✪
P❈❆✱ ❈❂✹✵ ✺✵✱✾✪ ⑦ ✾✱✵✪ ✷✶✱✻✪ ⑦ ✶✽✱✾✪ ✽✵✱✸✪ ⑦ ✷✷✱✼✪
P❈❆✱ ❈❂✷✵ ✺✵✱✼✪ ⑦ ✾✱✻✪ ✶✾✱✶✪ ⑦ ✶✽✱✹✪ ✽✷✱✸✪ ⑦ ✷✵✱✸✪
▲❉❆✱ ▲❂✶ ✼✷✱✵✪ ⑦ ✶✸✱✻✪ ✼✻✱✶✪ ⑦ ✶✾✱✻✪ ✻✼✱✾✪ ⑦ ✶✼✱✾✪

P❈❆✰▲❉❆✱ ❈❂ ✹✵✱ ▲❂✶ ✼✽✱✺✪ ⑦ ✶✶✱✵✪ ✽✸✱✹✪ ⑦ ✶✺✱✷✪ ✼✸✱✻✪ ⑦ ✶✼✱✷✪

❚❛❜❡❧❛ ✷ ✕ ❘❡s✉❧t❛❞♦s ❞♦ ●r✉♣♦ ✷ ✭✷✽✽ ❝❛r❛❝t❡ríst✐❝❛s✮ ♥❛ ♣r♦♣♦rçã♦ ✽✵✴✷✵ ✭✺✻ ❡①❛♠❡s ♣❛r❛
tr❡✐♥♦✱ ✶✹ ♣❛r❛ t❡st❡✮✳

❆❝✉rá❝✐❛ ❙❡♥s✐❜✐❧✐❞❛❞❡ ❊s♣❡❝✐✜❝✐❞❛❞❡
▼ét♦❞♦ ▼é❞✐❛⑦❉❡s✈✐♦ ▼é❞✐❛⑦❉❡s✈✐♦ ▼é❞✐❛⑦❉❡s✈✐♦

❙❡♠ r❡❞✉çã♦ ✹✼✱✾✪ ⑦ ✽✱✾✪ ✷✵✱✸✪ ⑦ ✷✵✱✻✪ ✼✺✱✻✪ ⑦ ✷✼✱✶✪
P❈❆✱ ❈❂✹✵ ✹✼✱✽✪ ⑦ ✶✵✱✸✪ ✷✸✱✶✪ ⑦ ✷✵✱✼✪ ✼✷✱✹✪ ⑦ ✸✵✱✾✪
P❈❆✱ ❈❂✷✵ ✹✼✱✵✪ ⑦ ✾✱✸✪ ✷✷✱✶✪ ⑦ ✷✶✱✹✪ ✼✶✱✾✪ ⑦ ✸✵✱✼✪
▲❉❆✱ ▲❂✶ ✼✾✱✶✪ ⑦ ✽✱✹✪ ✽✶✱✹✪ ⑦ ✶✸✱✽✪ ✼✻✱✾✪ ⑦ ✶✸✱✽✪

P❈❆✰▲❉❆✱ ❈❂ ✹✵✱ ▲❂✶ ✼✾✱✵✪ ⑦ ✾✱✶✪ ✽✵✱✶✪ ⑦ ✶✷✱✻✪ ✼✼✱✾✪ ⑦ ✶✺✱✽✪

❚❛❜❡❧❛ ✸ ✕ ❘❡s✉❧t❛❞♦s ❞♦ ●r✉♣♦ ✸ ✭✹✽✵ ❝❛r❛❝t❡ríst✐❝❛s✮ ♥❛ ♣r♦♣♦rçã♦ ✽✵✴✷✵ ✭✺✻ ❡①❛♠❡s ♣❛r❛
tr❡✐♥♦✱ ✶✹ ♣❛r❛ t❡st❡✮✳

❆❝✉rá❝✐❛ ❙❡♥s✐❜✐❧✐❞❛❞❡ ❊s♣❡❝✐✜❝✐❞❛❞❡
▼ét♦❞♦ ▼é❞✐❛⑦❉❡s✈✐♦ ▼é❞✐❛⑦❉❡s✈✐♦ ▼é❞✐❛⑦❉❡s✈✐♦

❙❡♠ r❡❞✉çã♦ ✹✽✱✾✪ ⑦ ✽✱✷✪ ✷✶✱✸✪ ⑦ ✷✵✱✷✪ ✼✻✱✻✪ ⑦ ✷✼✱✶✪
P❈❆✱ ❈❂✹✵ ✹✽✱✻✪ ⑦ ✶✵✱✻✪ ✷✺✱✹✪ ⑦ ✷✷✱✽✪ ✼✶✱✾✪ ⑦ ✸✶✱✶✪
P❈❆✱ ❈❂✷✵ ✹✾✱✶✪ ⑦ ✾✱✼✪ ✷✸✱✹✪ ⑦ ✷✸✱✸✪ ✼✹✱✼✪ ⑦ ✷✽✱✼✪
▲❉❆✱ ▲❂✶ ✼✾✱✶✪ ⑦ ✶✵✱✶✪ ✽✵✱✻✪ ⑦ ✶✺✱✶✪ ✼✼✱✼✪ ⑦ ✶✺✱✽✪

P❈❆✰▲❉❆✱ ❈❂✹✵✱ ▲❂✶ ✽✹✱✼✪ ⑦ ✽✳✶✪ ✽✻✱✶✪ ⑦ ✶✷✱✹✪ ✽✸✱✸✪ ⑦ ✶✷✱✻✪
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❚❛❜❡❧❛ ✹ ✕ ❘❡s✉❧t❛❞♦s ❞♦ ●r✉♣♦ ✹ ✭✺✼✻ ❝❛r❛❝t❡ríst✐❝❛s✮ ♥❛ ♣r♦♣♦rçã♦ ✽✵✴✷✵ ✭✺✻ ❡①❛♠❡s ♣❛r❛
tr❡✐♥♦✱ ✶✹ ♣❛r❛ t❡st❡✮ ✳

❆❝✉rá❝✐❛ ❙❡♥s✐❜✐❧✐❞❛❞❡ ❊s♣❡❝✐✜❝✐❞❛❞❡
▼ét♦❞♦ ▼é❞✐❛⑦❉❡s✈✐♦ ▼é❞✐❛⑦❉❡s✈✐♦ ▼é❞✐❛⑦❉❡s✈✐♦

❙❡♠ r❡❞✉çã♦ ✹✽✱✶✪ ⑦ ✾✱✻✪ ✷✷✱✾✪ ⑦ ✷✸✱✻✪ ✼✸✱✸✪ ⑦ ✷✾✱✵✪
P❈❆✱ ❈❂✹✵ ✹✽✱✹✪ ⑦ ✾✱✵✪ ✶✾✱✹✪ ⑦ ✷✶✱✹✪ ✼✼✱✹✪ ⑦ ✷✼✱✼✪
P❈❆✱ ❈❂✷✵ ✹✽✱✸✪ ⑦ ✾✱✼✪ ✷✺✱✹✪ ⑦ ✷✶✱✾✪ ✼✶✱✶✪ ⑦ ✷✾✱✷✪
▲❉❆✱ ▲❂✶ ✽✵✱✹✪ ⑦ ✶✶✱✵✪ ✽✵✱✻✪ ⑦ ✶✹✱✶✪ ✽✵✱✶✪ ⑦ ✶✻✱✵✪

P❈❆✰▲❉❆✱ ❈❂ ✹✵✱ ▲❂✶ ✽✷✱✷✪ ⑦ ✾✱✶✪ ✽✷✱✷✪ ⑦ ✾✱✶✪ ✽✺✱✸✪ ⑦ ✶✷✱✷✪

❖ P❈❆ ♥ã♦ ❛♣r❡s❡♥t❛ ✉♠ ❜♦♠ ❞❡s❡♠♣❡♥❤♦ q✉❛♥❞♦ ❛♣❧✐❝❛❞♦ s♦③✐♥❤♦ ♥♦ ❝♦♥❥✉♥t♦ ❞❡

❝❛r❛❝t❡ríst✐❝❛s✳ ❊♠ ❝❡rt❛s ♦❝❛s✐õ❡s ♣♦ss✉✐ ✉♠ r❡s✉❧t❛❞♦ ❛té ♣✐♦r q✉❡ ♦s t❡st❡s ❛♣❧✐❝❛❞♦s s❡♠

✉t✐❧✐③❛çã♦ ❞❛ r❡❞✉çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳ ❆♣❡s❛r ❞✐ss♦✱ ❛ ✉t✐❧✐③❛çã♦ ❞♦ P❈❆ ❝♦♠ ♦s ✹✵ ♠❡❧❤♦r❡s

P❈s s❡ ♠♦str♦✉ s✉♣❡r✐♦r ❡♠ r❡❧❛çã♦ ❛ ✉t✐❧✐③❛çã♦ ❝♦♠ ♦s ✷✵ ♠❡❧❤♦r❡s P❈s✳

❖ ▲❉❆ ❝♦♥s❡❣✉✐✉ ♠❡❧❤♦r❛r s✉❜st❛♥❝✐❛❧♠❡♥t❡ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ♠é❞✐❛ ❞♦s r❡s✉❧t❛❞♦s✳

❚❛♠❜é♠ ❢♦✐ ❝❛♣❛③ ❞❡ ♠❡❧❤♦r❛r ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ♣❛r❛ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ ❡s♣❡❝✐✜❝✐❞❛❞❡✳ ❖✉tr♦

❢❛t♦r ♥♦tá✈❡❧ é q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠❛✐s ❝❛r❛❝t❡ríst✐❝❛s✱ t❡♥❞❡ ❛ ♠❡❧❤♦r❛r ♦ r❡s✉❧t❛❞♦ ❞❡ ❢♦r♠❛

tí♠✐❞❛✳

❆ té❝♥✐❝❛ q✉❡ ❝♦♥s❡❣✉✐✉ ♦ ♠❡❧❤♦r r❡s✉❧t❛❞♦ ❢♦✐ ❛ ❛♣❧✐❝❛çã♦ ❝♦♥❥✉♥t♦ ❞♦ P❈❆ s❡❣✉✐❞♦

❞♦ ▲❉❆✳ Pr✐♠❡✐r❛♠❡♥t❡ ❛ r❡❞✉çã♦ é ❢❡✐t❛ ❛tr❛✈és ❞❡ P❈❆ ❝♦♠ ♦s ✹✵ ♠❡❧❤♦r❡s P❈s✱ s❡❣✉✐❞♦

❞❛ ❛♣❧✐❝❛çã♦ ❞♦ ▲❉❆ ♥♦ ❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❣❡r❛❞♦s ♣❡❧♦ P❈❆✳ ❊♠ t♦❞♦s ♦s ❣r✉♣♦s✱

❛ s❡♥s✐❜✐❧✐❞❛❞❡ ♠é❞✐❛ ✜❝❛ ❛❝✐♠❛ ❞♦s ✽✵✪✳ ❖ ❣r✉♣♦ ✸ ✭✹✽✵ ❝❛r❛❝t❡ríst✐❝❛s ♦r✐❣✐♥❛✐s✮ ❢♦✐ ♦ q✉❡

❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♣❛r❛ ❛ ♣r♦♣♦çã♦ ✽✵✴✷✵✪✱ ♦♥❞❡ ❛ té❝♥✐❝❛ ❞❡ r❡❞✉çã♦ ❞♦

P❈❆ ❝♦♠❜✐♥❛❞♦ ❝♦♠ ▲❉❆ ❛♣r❡s❡♥t♦✉ r❡s✉❧t❛❞♦s ❜❡♠ s✉♣❡r✐♦r❡s ❛♦s ❞❡♠❛✐s ❣r✉♣♦s ❡st✉❞❛❞♦s✳

❆s ❚❛❜❡❧❛s ✺✲✽ ♠♦str❛♠ ♦s r❡s✉❧t❛❞♦s ♣❛r❛ ❛♣❧✐❝❛çã♦ ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ❝♦♠ ❛ ♣r♦♣♦rçã♦

❞❡ ✻✵✪ ❞♦s ✐♥❞✐✈í❞✉♦s ♣❛r❛ tr❡✐♥♦ ❡ ♦s ✹✵✪ r❡st❛♥t❡s ♣❛r❛ t❡st❡✳

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

♣r♦♣♦rçã♦ ✽✵✴✷✵✪✳ ❊♠ ❡s♣❡❝✐❛❧ ❛ ❚❛❜❡❧❛ ✽ q✉❡ ❛♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s ❞♦ ❣r✉♣♦ ✹✱ ♦♥❞❡ ❛

❛♣❧✐❝❛çã♦ ❞♦ P❈❆ s❡❣✉✐❞♦ ❞♦ ▲❉❆✱ ♦❜t❡✈❡ ✽✸✱✶✪ ❞❡ ❛❝✉rá❝✐❛✱ ✽✵✱✶✪ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ ✽✻✱✶✪

❞❡ ❡s♣❡❝✐✜❝✐❞❛❞❡✳
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❚❛❜❡❧❛ ✺ ✕ ❘❡s✉❧t❛❞♦s ❞♦ ●r✉♣♦ ✶ ✭✾✻ ❝❛r❛❝t❡ríst✐❝❛s✮ ♥❛ ♣r♦♣♦rçã♦ ✻✵✴✹✵ ✭✹✷ ❡①❛♠❡s ♣❛r❛
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❆❝✉rá❝✐❛ ❙❡♥s✐❜✐❧✐❞❛❞❡ ❊s♣❡❝✐✜❝✐❞❛❞❡
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❈❆P❮❚❯▲❖ ✺✳ ❘❊❙❯▲❚❆❉❖❙ ✺✸

❉❡✈✐❞♦ ❛ ♣❡q✉❡♥❛ ❜❛s❡ ❞❡ ❡①❛♠❡s✱ ♦✉tr❛s ♣r♦♣♦rçõ❡s ❞❡ s❡♣❛r❛çã♦ ♥ã♦ ❢♦r❛♠

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

✉♠ ❜♦♠ ♠♦❞❡❧♦ ❙❱▼✳

◆♦t❛✲s❡ ✉♠ ❛❧t♦ ✈❛❧♦r ❞❡ ❞❡s✈✐♦ ♣❛❞rã♦ ♥❛ ❡①❡❝✉çã♦ ❞♦s t❡st❡s✱ ♦ q✉❡ ♣♦❞❡ s❡r

r❡❧❛❝✐♦♥❛❞♦ ❛♦ t❛♠❛♥❤♦ r❡❞✉③✐❞♦ ❞❛ ❜❛s❡✳ ❆ ❡s❝♦❧❤❛ ❞♦s ✐♥❞✐✈í❞✉♦s ♣❛r❛ tr❡✐♥♦ ❡ t❡st❡ t❡♠

❣r❛♥❞❡ ✐♥✢✉ê♥❝✐❛ ♥♦ r❡s✉❧t❛❞♦✱ ♦♥❞❡ ❛❧❣✉♠❛s ✐t❡r❛çõ❡s ❛♣r❡s❡♥t❛♠ ✶✵✵✪ ❞❡ ❛❝✉rá❝✐❛✱ ♦ q✉❡

✐♥❞✐❝❛ q✉❡ ❛ ❜❛s❡ ❞❡ tr❡✐♥♦ ❢♦✐ ❜❡♠ r❡♣r❡s❡♥t❛t✐✈❛✳ P♦ré♠✱ ❡①✐st❡♠ ❝❛s♦s ❝♦♠ ♣éss✐♠♦s

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

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

♠♦str❛❞♦s ❛té ❛q✉✐✳

❙♦❜r❡ ❛s té❝♥✐❝❛s ❞❡ r❡❞✉çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛♣r❡s❡♥t❛❞❛s✱ ♥♦t❛✲s❡ q✉❡ ♦ ▲❉❆ ❢♦✐ ❞❡

❣r❛♥❞❡ ✈❛❧♦r ♥♦s r❡s✉❧t❛❞♦s ✜♥❛✐s✱ ❣❡r❛♥❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ❞✐st✐♥❣✉❡ ❜❡♠

❛s ❝❧❛ss❡s ❞♦ ♣r♦❜❧❡♠❛✳ P♦ré♠✱ ❛ ❣r❛♥❞❡ ❞❡s✈❛♥t❛❣❡♠ ❞♦ ▲❉❆ ❡ P❈❆ é q✉❡ ❛♠❜♦s r❡❞✉③❡♠

❛s ❝❛r❛❝t❡ríst✐❝❛s ❛tr❛✈és ❞❡ ✉♠❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❝♦♠♣♦st❛ ♣♦r ❝♦♠❜✐♥❛çõ❡s ❧✐♥❡❛r❡s

❞❛s ❝❛r❛❝t❡ríst✐❝❛s ♦r✐❣✐♥❛✐s✳ ❉❡ss❛ ❢♦r♠❛✱ ♥ã♦ é ♣♦ssí✈❡❧ s❛❜❡r q✉❛✐s ❛s ♠❡❧❤♦r❡s ❝❛r❛❝t❡ríst✐❝❛s

♣❛r❛ ❛ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✱ ❥á q✉❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s r❡s✉❧t❛♥t❡s sã♦ ❝♦♠❜✐♥❛çõ❡s ❧✐♥❡❛r❡s

❞❡ t♦❞❛s ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❡♥tr❛❞❛✳

❖✉tr♦s ✈❛❧♦r❡s ♣❛r❛ C ♥♦ ❝❛s♦ P❈❆ ❢♦r❛♠ t❡st❛❞♦s✱ ♣♦ré♠ ♦s ✈❛❧♦r❡s ♠♦str❛❞♦s ❢♦r❛♠

♦s q✉❡ ❛♣r❡s❡♥t❛r❛♠ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✱ ❡♠ ❡s♣❡❝✐❛❧ ♥❛ ❝♦♠❜✐♥❛çã♦ ❝♦♠ ♦ ▲❉❆✳ ❏á ♦

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

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

P♦rt❛♥t♦ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❜✐♥ár✐❛✱ ❛♣❡♥❛s ✉♠ ❞✐s❝r✐♠✐♥❛♥t❡ é ✉t✐❧✐③❛❞♦✳

❖s r❡s✉❧t❛❞♦s ♠♦str❛❞♦s sã♦ ♣r♦♠✐ss♦r❡s ❞❡✈✐❞♦ ❛ s✐♠♣❧✐❝✐❞❛❞❡ ❞❛s té❝♥✐❝❛s ❛♣❧✐❝❛❞❛s✳

❚é❝♥✐❝❛s ♠❛✐s r♦❜✉st❛s ♣❛r❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♣♦❞❡♠ ❛♣r❡s❡♥t❛r ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✳

❯♠ ❢❛t♦r ❞❡ ❜❛st❛♥t❡ ✐♥✢✉ê♥❝✐❛ é ❛ q✉❛♥t✐❞❛❞❡ r❡❧❛t✐✈❛♠❡♥t❡ ♣❡q✉❡♥❛ ❞❡ ❡①❛♠❡s ❚■❉

✉t✐❧✐③❛❞♦s ♥❛ ♠❡t♦❞♦❧♦❣✐❛✳ ◆♦ t♦t❛❧✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ✼✵ ❡①❛♠❡s✱ s❡♥❞♦ ✸✺ s❛✉❞á✈❡✐s ❡ ✸✺ ❝♦♠

❛❧❣✉♠❛ ❧❡sã♦✳ ➱ ♣♦ssí✈❡❧ q✉❡ ✉♠❛ ❜❛s❡ ♠❛✐♦r ❛♣r❡s❡♥t❡ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✱ ♣♦✐s ❡①✐st✐r✐❛♠

♠❛✐s ❝❛s♦s ♣❛r❛ tr❡✐♥❛r ♦ ♠♦❞❡❧♦ ❙❱▼✳



✻ ❈♦♥❝❧✉sã♦

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

❝â♥❝❡r ❞❡ ♠❛♠❛✳ ❖ ♦❜❥❡t✐✈♦ ♥ã♦ é ✐♥❞✐❝❛r ♦ ❧♦❝❛❧ s✉s♣❡✐t♦✱ ❛♣❡♥❛s ❞✐③❡r s❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦

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

➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡ ❛ t❡r♠♦❣r❛✜❛ ♥ã♦ ❞❡✈❡ s❡r ✉t✐❧✐③❛❞❛ ✐s♦❧❛❞❛♠❡♥t❡ ♣❛r❛

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

♠❛♠♦❣r❛✜❛✳

❆ ✈❛♥t❛❣❡♠ ❞❡ss❡ t✐♣♦ ❞❡ ✐♠❛❣❡♠ é ❛ ❢♦r♠❛ ❝♦♠♦ é ❛❞q✉✐r✐❞❛✱ ♣♦✐s ♥ã♦ ✉t✐❧✐③❛ ♥❡♥❤✉♠

❢♦r♠❛ ❞❡ r❛❞✐❛çã♦ ✐♦♥✐③❛♥t❡ ❡ ♥ã♦ ❝❛✉s❛ ❞❡s❝♦♥❢♦rt♦ ❢ís✐❝♦ ♥❛ ♣❛❝✐❡♥t❡✳ ❖✉tr❛ ✈❛♥t❛❣❡♠ é q✉❡

♦ ❡q✉✐♣❛♠❡♥t♦ ❞❡ ❛q✉✐s✐çã♦ ✭❝â♠❡r❛ tér♠✐❝❛✮ é r❡❧❛t✐✈❛♠❡♥t❡ ♠❛✐s ❜❛r❛t♦ q✉❡ ✉♠ ♠❛♠ó❣r❛❢♦

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

❡♠ ❧♦❝❛✐s ♠❡♥♦s ❛❝❡ssí✈❡✐s✳

❊st❡ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t♦✉ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❞✐❛❣♥óst✐❝♦ ❛ss✐st✐❞♦ ❞❡ ❧❡sõ❡s ♠❛♠ár✐❛s

❛tr❛✈és ❞❡ ❡①❛♠❡s t❡r♠♦❣rá✜❝♦s ❞✐♥â♠✐❝♦s✱ ✉t✐❧✐③❛♥❞♦ r❡♣r❡s❡♥t❛çõ❡s ❡st❛tíst✐❝❛s ❞❛ ❚■❉ ❡

❝❛r❛❝t❡ríst✐❝❛s ❞❡ t❡①t✉r❛ ❜❛s❡❛❞❛s ❡♠ ●▲❈▼ ❞❛s r❡♣r❡s❡♥t❛çõ❡s ❣❡r❛❞❛s✳ ❖s t❡st❡s ❢♦r❛♠

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

♠ét♦❞♦✱ ❛♣❧✐❝♦✉✲s❡ ❛ ❡t❛♣❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ✶✵✵ ✈❡③❡s ❝♦♥s❡❝✉t✐✈❛s✱ ❛♥❛❧✐s❛♥❞♦ ❛ ♠é❞✐❛ ❡

❞❡s✈✐♦ ♣❛❞rã♦ ❞♦s r❡s✉❧t❛❞♦s ❛❞q✉✐r✐❞♦s✳ ❊♠ ❝❛❞❛ ✉♠❛ ❞❛s ✶✵✵ ✐t❡r❛çõ❡s✱ ❛ ❜❛s❡ é ❞✐✈✐❞✐❞❛

❛❧❡❛t♦r✐❛♠❡♥t❡✱ s❡❣✉✐♥❞♦ ❛s ♣r♦♣♦rçõ❡s ✽✵✴✷✵✪ ❡ ✻✵✴✹✵✪ ♣❛r❛ tr❡✐♥♦ ❡ t❡st❡✳

❖s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✺ ❞❡♠♦♥str❛♠ ❞❡s❡♠♣❡♥❤♦ ♣r♦♠✐ss♦r ♥❛ t❛r❡❢❛

❞❡ ❝❧❛ss✐✜❝❛çã♦✳ ❊♠ t♦❞♦s ♦s t❡st❡s ❡①❡❝✉t❛❞♦s✱ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦ P❈❆ ❡ ▲❉❆ ❝♦♠♦ té❝♥✐❝❛

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

♦ ♠❡❧❤♦r r❡s✉❧t❛❞♦ ❡♥❝♦♥tr❛❞♦ ❛t✐♥❣✐✉ ✽✹✱✼✪ ❞❡ ❛❝✉rá❝✐❛✱ ✽✻✱✶✪ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ ✽✸✱✸✪ ❞❡

❡s♣❡❝✐✜❝✐❞❛❞❡✳

❆♥❛❧✐s❛♥❞♦ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣♦r ♣❛rt❡s✱ ♥♦t❛✲s❡ q✉❡✿

❼ ❆ ❝♦♠♣♦s✐çã♦ ❞❛ té❝♥✐❝❛ ❞❡ r❡❣✐str♦ ❞❡ ✐♠❛❣❡♥s ❛♣r❡s❡♥t❛❞❛ ♥❛ ❙❡çã♦ ✹✳✷ ❞❡♠♦♥str♦✉

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

P♦ré♠✱ ♦✉tr❛s té❝♥✐❝❛s ♦✉ ❝♦♠♣♦s✐çõ❡s ❞♦ r❡❣✐str♦ ❞❡ ✐♠❛❣❡♠ ♣♦❞❡♠ ❛♣r❡s❡♥t❛r



❈❆P❮❚❯▲❖ ✻✳ ❈❖◆❈▲❯❙➹❖ ✺✺

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

♣❛r❛ ❛✈❛❧✐❛r q✉❛❧ ❛ ♠❡❧❤♦r ❢♦r♠❛ ♣❛r❛ r❡s♦❧✈ê✲❧♦✳

❼ ❆s r❡♣r❡s❡♥t❛çõ❡s ❞❡ ✉♠❛ ❚■❉ ❣❡r❛❞❛s ♥❛ ❙❡çã♦ ✹✳✹✱ ❥á ❛♣r❡s❡♥t❛♠ ✉♠❛ ❢♦r♠❛ ❞❡

❛✉①✐❧✐❛r ♠é❞✐❝♦s ❡s♣❡❝✐❛❧✐st❛s ♥❛ ❞❡t❡❝çã♦ ❞❡ ❧❡sõ❡s✱ ♣♦✐s t♦r♥❛♠ ✈✐sí✈❡✐s ❝❛r❛❝t❡ríst✐❝❛s

❞♦ ❡①❛♠❡ q✉❡ ♥ã♦ s❡r✐❛♠ ♣♦ssí✈❡✐s ❞❡ ♣❡r❝❡❜❡r ❛♣❡♥❛s ❝♦♠ ❛ ✈✐s✉❛❧✐③❛çã♦ ❛ ♦❧❤♦

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

❛❞✐❝✐♦♥❡✱ ♠❛✐s ✐♥❢♦r♠❛çõ❡s ✐♠♣♦rt❛♥t❡s✱ t♦r♥❛♥❞♦ ♦ ♠ét♦❞♦ ♠❛✐s r♦❜✉st♦✱ s❡ ✉t✐❧✐③❛❞♦

❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❛s ❥á ❡①✐st❡♥t❡s✳

❼ ❉❛s té❝♥✐❝❛s ❞❡ r❡❞✉çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦ P❈❆ ❡ ▲❉❆ ❞❡♠♦♥str♦✉

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

❜❛✐①♦s ✈❛❧♦r❡s ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❛♣r❡s❡♥t❛❞♦s✳

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

♥♦ ❞✐❛❣♥óst✐❝♦ ♣r❡❝♦❝❡ ❞♦ ❝â♥❝❡r ❞❡ ♠❛♠❛ ✭❡ ♦✉tr❛s ❞♦❡♥ç❛s✮✱ ❛✉♠❡♥t❛♥❞♦ ❛s ❝❤❛♥❝❡s ❞❡

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

✻✳✶ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s

❉❡✈✐❞♦ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❛✐♥❞❛ ❡st❛r ❡♠ ❢❛s❡ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✱ ❛s té❝♥✐❝❛s ✉t✐❧✐③❛❞❛s

♣♦❞❡♠ s❡r r❡✈✐s❛❞❛s ❡ s✉❜st✐t✉í❞❛s ♣♦r ♦✉tr❛s ♥♦✈❛s✳ P♦rt❛♥❞♦✱ s❡❣✉❡ ♦s s❡❣✉✐♥t❡s tó♣✐❝♦s ❞❡

❡st✉❞♦ ♣r♦♣♦st♦s✿

❼ ❘❡❛❧✐③❛r ✉♠ ❡st✉❞♦ ❞❡t❛❧❤❛❞♦ s♦❜r❡ q✉❛❧ ❛ ♠❡❧❤♦r té❝♥✐❝❛ ❞❡ ❝♦rr❡çã♦ ❞❡ ♣♦st✉r❛ ❡♠

❡①❛♠❡s t❡r♠♦❣rá✜❝❛ ❞✐♥â♠✐❝♦s ❞❛s ♠❛♠❛s✳

❼ ❊st✉❞❛r ♥♦✈♦s ✈❛❧♦r❡s ❡st❛tíst✐❝♦s ❝❛♣❛③❡s ❞❡ ❣❡r❛r ❜♦❛s r❡♣r❡s❡♥t❛çõ❡s ❞❡ ✉♠❛ ❚■❉✳

❼ ❊st✉❞❛r ♥♦✈❛s ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ♣♦ss❛♠ s❡r ❡①tr❛í❞❛s ❞❛s r❡♣r❡s❡♥t❛çõ❡s✳

❼ ❆❞q✉✐r✐r ♠❛✐s ❡①❛♠❡s✱ ❛✉♠❡♥t❛♥❞♦ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❡ ♣♦st❡r✐♦r♠❡♥t❡ t♦r♥❛♥❞♦ ❛

♠❡t♦❞♦❧♦❣✐❛ ♠❛✐s r♦❜✉st❛ ❡ ♠❡♥♦s s✉s❝❡tí✈❡❧ à ❡rr♦s✳



❘❡❢❡rê♥❝✐❛s

❆❇❘➚▼❖❋❋✱ ▼✳ ❉✳❀ ▼❆●❆▲❍➹❊❙✱ P✳ ❏✳❀ ❘❆▼✱ ❙✳ ❏✳ ■♠❛❣❡ ♣r♦❝❡ss✐♥❣ ✇✐t❤ ✐♠❛❣❡❥✳
❇✐♦♣❤♦t♦♥✐❝s ✐♥t❡r♥❛t✐♦♥❛❧✱ ▲❛✉r✐♥ P✉❜❧✐s❤✐♥❣✱ ✈✳ ✶✶✱ ♥✳ ✼✱ ♣✳ ✸✻✕✹✷✱ ✷✵✵✹✳
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