
❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s

■♥st✐t✉t♦ ❞❡ ▼❛t❡♠át✐❝❛✱ ❊st❛tíst✐❝❛ ❡ ❈♦♠♣✉t❛çã♦ ❈✐❡♥tí✜❝❛

❉❡♣❛rt❛♠❡♥t♦ ❞❡ ▼❛t❡♠át✐❝❛ ❆♣❧✐❝❛❞❛

❆♣❧✐❝❛çã♦ ❞❛ ❚❡♦r✐❛ ❞❡ ❈♦♥❥✉♥t♦s ❋✉③③② ♥❛ ♣r❡❞✐çã♦

❞♦ ❡st❛❞✐❛♠❡♥t♦ ♣❛t♦❧ó❣✐❝♦ ❞♦ ❈â♥❝❡r ❞❡ Próst❛t❛

❆✉t♦r❛✿ ●r❛❝✐❡❧❡ P❛r❛❣✉❛✐❛ ❙✐❧✈❡✐r❛

❖r✐❡♥t❛❞♦r✿ Pr♦❢✳ ❉r✳ ▲❛ér❝✐♦ ▲✉✐s ❱❡♥❞✐t❡

❈❛♠♣✐♥❛s ✲ ❙P

❆❜r✐❧✴✷✵✵✼

✐



✐✐✐



✐✈



✈



✏❆ ♣r♦❝✉r❛ ❞❛ ✈❡r❞❛❞❡ é ❞✐❢í❝✐❧ ❡ é ❢á❝✐❧✱ ❥á q✉❡ ♥✐♥✲

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

❧❛ ✐♥t❡✐r❛♠❡♥t❡✳ ❈♦♥t✉❞♦✱ ❝❛❞❛ ✉♠ ❞❡ ♥ós ♣♦❞❡rá

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

❛ ♥❛t✉r❡③❛ ❡✱ ❞✐st♦✱ ✉♠❛ ❝❡rt❛ ❣r❛♥❞❡③❛ ❡♠❡r❣✐rá✑✳

❆r✐stót❡❧❡s✱ ✸✺✵ ❆❈✳

✈✐✐



❆❣r❛❞❡❝✐♠❡♥t♦s

❆♦ ♣r♦❢❡ss♦r ▲❛ér❝✐♦ ▲✉✐s ❱❡♥❞✐t❡✱ ♣❡❧❛ ♦r✐❡♥t❛çã♦ ❡ ♣♦r t♦❞♦ ♦ ❛✉①í❧✐♦ ♣r❡s✲

t❛❞♦✳

❆♦ ❉r✳ ❯❜✐r❛❥❛r❛ ❋❡rr❡✐r❛✱ ♣❡❧❛ ❞✐s♣♦s✐çã♦ ❡ ♣❡❧♦ ❡♠♣❡♥❤♦ ❡♠ ♥♦s ❛❥✉❞❛r

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

❢♦r❛♠ tã♦ út❡✐s✱ ❡ ❛✉①✐❧✐❛♥❞♦✲♥♦s ♥❛ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s q✉❡ ♦❜t✐✈❡♠♦s✳

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

♠❡ ❢♦r❛♠ ♣r❡st❛❞♦s ❛❝❡r❝❛ ❞♦ ❝♦♥t❡ú❞♦ ❞♦ tr❛❜❛❧❤♦✳

❆♦s ♠❡✉s ♣❛✐s ■♦♥❡ ▲✉✐③❛ ❡ ❏❡s✉s ▲✉✐s✱ ♣❡❧❛ ❡❞✉❝❛çã♦ q✉❡ ♠❡ ♣r♦♣♦r❝✐♦✲

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

✈❛r❛♠✳

❆♦s ♠❡✉s ✐r♠ã♦s ❋❡r♥❛♥❞♦ ▲✉✐s ❡ ▲❡✐❞✐❛♥❡✱ ♣❡❧❛ ❢♦rç❛ ❡ ✐♥❝❡♥t✐✈♦✳

❆♦ ❘❛♣❤❛❡❧ ♣♦r t♦❞♦ ♦ s❡✉ ❛♠♦r✱ ❛t❡♥çã♦ ❡ ❞❡❞✐❝❛çã♦ ❞✉r❛♥t❡ ❡ss❡s três

❛♥♦s q✉❡ ♥♦s ❝♦♥❤❡❝❡♠♦s ❡ ❥✉♥t♦s ❡st❛♠♦s✳

❆ ♠✐♥❤❛ ❣r❛♥❞❡ ❡ q✉❡r✐❞❛ ❛♠✐❣❛ ❋❧á✈✐❛✱ ♣❡❧❛ ♥♦ss❛ ❛♠✐③❛❞❡ ❞❡s❞❡ ❛

✐♥❢â♥❝✐❛✱ ♣❡❧♦s ❛♥♦s ❥✉♥t❛s ♥♦ ❝✉rs♦ ❞❡ ❣r❛❞✉❛çã♦ ♥❛ ❯❋●✴❏❛t❛í✲●❖ ❡ ♣♦r

t♦❞♦ ♦ ❛♣♦✐♦ q✉❡ s❡♠♣r❡ ♠❡ ❢♦✐ ❞❛❞♦✳

❊✱ ♣♦r ✜♠✱ ❛ ❋❡r♥❛♥❞❛ ❘♦❝❤❛✱ ▲✉❝✐❛♥❛ ❊❧✐❛s✱ ❚❛❝②❛♥♥❡ ❆ss✐s✱ ❉❡♥✐s❡

❇❡r♥❛s♦❧✐ ❡ ▲✉❝✐❛♥❛ ◆❛❦❛②❛♠❛✱ ♣❡❧❛ ❛♠✐③❛❞❡ ❡ ♣♦r ❞❡ ❛❧❣✉♠❛ ❢♦r♠❛ t❡r❡♠

♠❡ ✐♥❝❡♥t✐✈❛❞♦ ❛ ❡st❛r ❛q✉✐ ❤♦❥❡✳

✐①



❘❡s✉♠♦

❖ ❛✉♠❡♥t♦ ❞❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❝❛s♦s ❞❡ ❝â♥❝❡r ❞❡ ♣róst❛t❛✱ ♥♦s ú❧t✐♠♦s ❛♥♦s✱ é

✉♠ ✐♠♣♦rt❛♥t❡ ♣r♦❜❧❡♠❛ ❞❡ s❛ú❞❡ ♣ú❜❧✐❝❛ ❡ ✉♠ ❞❡s❛✜♦ ♣❛r❛ ❛ ❝✐ê♥❝✐❛ ♠é❞✐❝❛✳

◆❡st❛ ❞✐ss❡rt❛çã♦ ❡st✉❞❛♠♦s ❛ ❝♦♥str✉çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✱ q✉❡ ❢♦✐

❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ ♣r❡❞✐③❡r ♦ ❡st❛❞✐❛♠❡♥t♦ ♣❛t♦❧ó❣✐❝♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳

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

r❡❧❛çã♦ ❛♦ ❡stá❣✐♦ ❞❛ ❞♦❡♥ç❛✳ ❖ ♠♦❞❡❧♦ ❝♦♥s✐st❡ ♥✉♠ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠

r❡❣r❛s ❢✉③③②✱ q✉❡ ❝♦♠❜✐♥❛ ♦s ❞❛❞♦s ♣ré✲❝✐rúr❣✐❝♦s ✲ ❡st❛❞♦ ❝❧í♥✐❝♦✱ ♥í✈❡❧ ❞❡

P❙❆ ❡ ❣r❛✉ ❞❡ ●❧❡❛s♦♥ ✲ ✈❛❧❡♥❞♦✲s❡ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ r❡❣r❛s✱ ❞❡ ♥❛t✉r❡③❛

❧✐♥❣üíst✐❝❛✱ ❡❧❛❜♦r❛❞♦ ❛ ♣❛rt✐r ❞❛s ✐♥❢♦r♠❛çõ❡s ♣r❡s❡♥t❡s ♥♦s ♥♦♠♦❣r❛♠❛s ❥á

❡①✐st❡♥t❡s✳ ❈♦♠ ✐ss♦ ❡s♣❡r❛✈❛✲s❡ ♦❜t❡r✱ ♥❛ s❛í❞❛ ❞♦ s✐st❡♠❛✱ ❛ ❝❤❛♥❝❡ ❞❡ ♦

✐♥❞✐✈í❞✉♦✱ ❝♦♠ ❞❡t❡r♠✐♥❛❞♦ q✉❛❞r♦ ❝❧í♥✐❝♦✱ ❡st❛r ❡♠ ❝❛❞❛ ❡stá❣✐♦ ❞❡ ❡①t❡♥✲

sã♦ ❞♦ t✉♠♦r✿ ❧♦❝❛❧✐③❛❞♦✱ ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞♦ ❡ ♠❡t❛stát✐❝♦✳ ❋♦r❛♠ ❢❡✐t❛s

s✐♠✉❧❛çõ❡s✱ ❝♦♠ ❞❛❞♦s ❞❡ ♣❛❝✐❡♥t❡s ❞♦ ❍♦s♣✐t❛❧ ❞❛s ❈❧í♥✐❝❛s✴❯◆■❈❆▼P✳ ❖s

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

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

s✐♠✐st❛s✱ ❡♠ r❡❧❛çã♦ ❛♦ ❡stá❣✐♦ ❞❛ ❞♦❡♥ç❛✳ ❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❛♣r♦①✐♠❛r

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

❞✐✜❝❛çõ❡s ♥❛ ♠♦❞❡❧❛❣❡♠✳ ❚❛✐s ♠✉❞❛♥ç❛s ❢♦r❛♠ s✉✜❝✐❡♥t❡s ♣❛r❛ ❞❡✐①❛r ♦s

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

①✐



❆❜str❛❝t

❚❤❡ ✐♥❝r❡❛s❡ ♦❢ t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ ♣r♦st❛t❡ ❝❛♥❝❡r ✐s ❛ ✐♠♣♦rt❛♥t ♣r♦❜❧❡♠ ♦❢

♣✉❜❧✐❝ ❤❡❛❧t❤ ❛♥❞ ❛ ❝❤❛❧❧❡♥❣❡ t♦ ♠❡❞✐❝❛❧ s❝✐❡♥❝❡✳ ■♥ t❤✐s ❞✐ss❡rt❛t✐♦♥✱ ✇❡

st✉❞✐❡❞ t❤❡ ❝♦♥str✉❝t✐♦♥ ♦❢ ❛ ♠❛t❤❡♠❛t✐❝❛❧ ♠♦❞❡❧ ✇✐❝❤ ✐t ✇❛s ❞❡✈❡❧♦♣❡❞ t♦

♣r❡❞✐❝t t❤❡ ♣❛t❤♦❧♦❣✐❝ st❛❣❡ ♦❢ ♣r♦st❛t❡ ❝❛♥❝❡r✳ ❚❤❡ ✐♥t❡♥t✐♦♥ ✐s t♦ ❤❡❧♣ s♣❡✲

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

♦♥ ❛ s②st❡♠ ❢♦✉♥❞❡❞ ✐♥ ❢✉③③② ❧❛✇s t❤❛t ✐t ❝♦♠❜✐♥❡ t❤❡ ♣r❡✲s✉r❣✐❝❛❧s ❞❛t❡s

✲ ❝❧✐♥✐❝ st❛t❡✱ P❙❆ ❧❡✈❡❧s ❛♥❞ ●❧❡❛s♦♥ s❝♦r❡ ✲ ❛✈❛✐❧✐♥❣ ♦❢ ❛ ❧✐♥❣✉✐st✐❝ ❧❛✇s

s❡t ♠❛❞❡ ✇✐t❤ ❜❛s❡ ♦♥ ✐♥❢♦r♠❛t✐♦♥s ♦❢ t❤❡ ❡①✐st❡♥ts ♥♦♠♦❣r❛♠s✳ ❍❡r❡✇✐t❤

✇❡ ✇❡r❡ ❤♦♣✐♥❣ t♦ ❣❡r ♣❡rs♦♥✬s ❝❤❛♥❝❡✱ ✇✐t❤ ❝❧✐♥✐❝s ❝❤❛r❛❝t❡r✐st✐❝s ❞❡t❡r♠✐✲

♥❛t❡s✱ ✐s ✐♥ ❡❛❝❤ st❛❣❡ ♦❢ t✉♠♦r ❡①t❡♥s✐♦♥✿ ❧♦❝❛❧✐③❡❞✱ ❛❞✈❛♥❝❡❞ ❧♦❝❛❧❧② ❛♥❞

♠❡t❛st❛t✐❝✳ ❙✐♠✉❧❛t✐♦♥s ✇❡r❡ ♠❛❞❡ ✇✐t❤ ♣❛t✐❡♥t✬s ❞❛t❡s ♦❢ t❤❡ ❈❧✐♥✐❝s ❍♦s♣✐✲

t❛❧✴❯◆■❈❆▼P✳ ❚❤❡ r❡s✉❧ts ✇❡r❡ ❝♦♠♣❛r❡❞ ✇✐t❤ ❑❛tt❛♥✬s ♣r♦❜❛❜✐❧✐t✐❡s t❤❛t

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

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

t❤❡ r❡❛❧✐t② ❧✐✈❡❞ ❜② ♣❛t✐❡♥ts✱ ✇❡ ❞✐❞ s♦♠❡ ♠♦❞✐✜❝❛t✐♦♥s ♦♥ t❤❡ ♠♦❞❡❧✳ ❚❤✐s

❝❤❛♥❣❡s ✇❡r❡ ❡♥♦✉❣❤ t♦ ❜❡❝❛♠❡ t❤❡ r❡s✉❧ts ♠♦r❡ ♦t✐♠✐sts ❛♥❞ t❤❡r❡❢♦r❡ ♠♦r❡

r❡❛❧✐st✐❝s✳
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■♥tr♦❞✉çã♦

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

✈❡③ ♠❛✐s ❝♦♠♣❧❡①♦s ✲ ❡♠ ❞✐✈❡rs❛s ár❡❛s ✲ q✉❡ ♥❡❝❡ss✐t❛♠ s❡r tr❛t❛❞♦s ❡♠

t❡♠♣♦ ♠❡♥♦r ❡ q✉❡ ❡①✐❣❡♠ r❡s♣♦st❛s t❛♠❜é♠ ❝♦♠♣❧❡①❛s✳

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

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

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

♠♦❞❡❧❛❣❡♠ ❞❡ s✐st❡♠❛s ♠✉❧t✐✈❛r✐á✈❡✐s✳

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

s✉❛s t❡♥❞ê♥❝✐❛s✱ ♥♦ ❞❡❝♦rr❡r ❞♦ t❡♠♣♦✳ ❯♠❛ ❞❛s ár❡❛s ❡♠ q✉❡ é ❝♦♥s✐❞❡r❛❞❛

✉♠❛ ❢❡rr❛♠❡♥t❛ ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ é ❛ ♠❡❞✐❝✐♥❛✳

❖s ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s ❡♠ ♠❡❞✐❝✐♥❛✱ sã♦ ❝❧❛ss✐✜❝❛❞♦s✱ s❡❣✉♥❞♦ ❛❧❣✉♥s

❛✉t♦r❡s✱ ❝♦♠♦ ♠♦❞❡❧♦s ❡st♦❝ást✐❝♦s✱ ✐st♦ é✱ ♠♦❞❡❧♦s q✉❡ ✐♥❝♦r♣♦r❛♠ ❡❧❡♠❡♥✲

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

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

✈❛❧♦r❡s ❞♦s ♣❛râ♠❡tr♦s ❬✸✶❪✳

❯♠ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ é ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ♦✉ ✐♥t❡r♣r❡t❛çã♦ s✐♠♣❧✐✜✲

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

♠é❞✐❝♦s✱ ❜✐♦❧ó❣✐❝♦s ❡ ❡♣✐❞❡♠✐♦❧ó❣✐❝♦s✱ ❛ss✐♠ ❝♦♠♦ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ✈❛✲

r✐á✈❡✐s ❡st❛❜❡❧❡❝✐❞❛s✱ ❞❡✈❡♠ s❡r ❝♦♥s✐❞❡r❛❞❛s✳

❆s ❞♦❡♥ç❛s ❣❡r❛❧♠❡♥t❡ sã♦ ❞❡s❝r✐t❛s ♣♦r ♠❡✐♦ ❞❡ t❡r♠♦s ❧✐♥❣üíst✐❝♦s✱ q✉❡

✶



sã♦ ✐♥tr✐♥s❡❝❛♠❡♥t❡ ✈❛❣♦s✱ ❡ q✉❡ ♠✉✐t❛s ✈❡③❡s ❝♦♥st✐t✉❡♠ ✈❛r✐á✈❡✐s q✉❛❧✐t❛✲

t✐✈❛s ❡♠ ♠❡❞✐❝✐♥❛✳ ❖ tr❛t❛♠❡♥t♦ ❞❡ss❛s ✈❛r✐á✈❡✐s✱ ✉t✐❧✐③❛♥❞♦ ♠ét♦❞♦s q✉❛♥✲

t✐t❛t✐✈♦s✱ ❛♣r❡s❡♥t❛ ❞✐✜❝✉❧❞❛❞❡s✳

❋♦✐ ❛ ♣❛rt✐r ❞❡ s✐t✉❛çõ❡s ❝♦♠♦ ❡ss❛✱ ❡♥✈♦❧✈❡♥❞♦ ✐♥❝❡rt❡③❛s ♥ã♦✲❡st❛tíst✐❝❛s✱

q✉❡ s✉r❣✐✉ ❛ ❚❡♦r✐❛ ❞♦s ❈♦♥❥✉♥t♦s ❋✉③③②✱ ✐♥tr♦❞✉③✐❞❛ ♣♦r ▲♦t✜ ❆s❦❡r ❩❛❞❡❤✱

❡♠ ✶✾✻✺✳ ❆ ✐♥t❡♥çã♦ ❞❡ ❩❛❞❡❤ ❢♦✐ ✢❡①✐❜✐❧✐③❛r ❛ ♣❡rt✐♥ê♥❝✐❛ ❞❡ ❡❧❡♠❡♥t♦s ❛♦s

❝♦♥❥✉♥t♦s✱ ❝r✐❛♥❞♦ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛✳

❆ ♣❛❧❛✈r❛ ✏❢✉③③②✑✱ ❞❡ ♦r✐❣❡♠ ✐♥❣❧❡s❛✱ s✐❣♥✐✜❝❛ ✐♥❝❡rt♦✱ ✈❛❣♦✱ ✐♠♣r❡❝✐s♦✱

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

♦ ♣♦rt✉❣✉ês ❬✺❪✳

❖ ♦❜❥❡t✐✈♦ ❞❛ t❡♦r✐❛ ❞❡ ❈♦♥❥✉♥t♦s ❋✉③③② é ❞❡✐①❛r ♠❛✐s ♣ró①✐♠❛s✱ ❛ ♣r❡❝✐✲

sã♦ ❞❛ ♠❛t❡♠át✐❝❛ ❝❧áss✐❝❛ ❡ ❛s ✐♠♣r❡❝✐sõ❡s ❞♦ ♠✉♥❞♦ r❡❛❧✳ ◗✉❛♥❞♦ s❡ ✉t✐❧✐③❛

❡ss❛ t❡♦r✐❛✱ ❛ ✐♥❝❡rt❡③❛ ✐♥❡r❡♥t❡ ❛♦s ❞❛❞♦s ❡ à ♦♣✐♥✐ã♦ ❞♦ ❡s♣❡❝✐❛❧✐st❛ ♣♦❞❡♠

s❡r ✐♥❝♦r♣♦r❛❞♦s ❛♦s ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s ❬✶✶❪✳ ❙✉r❣❡♠ ❡♥tã♦✱ ♦s ♠♦❞❡❧♦s

♠❛t❡♠át✐❝♦s ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❡ ❈♦♥❥✉♥t♦s ❋✉③③②✳ ❊ss❡s ♠♦❞❡❧♦s ✈ê♠

s❡♥❞♦ ✉t✐❧✐③❛❞♦s ❡♠ ♠❡❞✐❝✐♥❛✱ ❞❡s❞❡ ❛ ❞é❝❛❞❛ ❞❡ ✼✵✱ ❡♠ ✈ár✐❛s ❛♣❧✐❝❛çõ❡s✱

✐♥❝❧✉✐♥❞♦ ❞✐❛❣♥óst✐❝♦s✳

❖ ❛✉♠❡♥t♦ ♥❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❝❛s♦s ❞❡ ❝â♥❝❡r✱ ❡♠ ♣❛ís❡s ❞❡s❡♥✈♦❧✈✐❞♦s ❡

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

♣ú❜❧✐❝❛✱ q✉❡ t❡♠ ♣r❡♦❝✉♣❛❞♦ ❛ ❝❧❛ss❡ ♠é❞✐❝❛✳

❖ ♣r♦❝❡ss♦ ❣❧♦❜❛❧ ❞❡ ✐♥❞✉str✐❛❧✐③❛çã♦✱ ♦❝♦rr✐❞♦ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦ sé❝✉❧♦

♣❛ss❛❞♦✱ ❞❡s❡♥❝❛❞❡♦✉ ❛ r❡❞❡✜♥✐çã♦ ❞❡ ♣❛❞rõ❡s ❞❡ ✈✐❞❛✱ ❝♦♥❞✐çõ❡s ❞❡ tr❛❜❛❧❤♦✱

♥✉tr✐çã♦ ❡ ❝♦♥s✉♠♦ ❬✷✺❪✳

◆♦ ❇r❛s✐❧✱ ❝♦♠♦ ♥♦s ❞❡♠❛✐s ♣❛ís❡s✱ ❡st❡ ♣r♦❝❡ss♦ ❞❡t❡r♠✐♥♦✉ s✐❣♥✐✜❝❛t✐✈❛s

❛❧t❡r❛çõ❡s ♥❛ ❞❡♠♦❣r❛✜❛✱ r❡❞✉③✐♥❞♦ t❛①❛s ❞❡ ♥❛t❛❧✐❞❛❞❡ ❡ ♠♦rt❛❧✐❞❛❞❡✱ ❡

❛✉♠❡♥t❛♥❞♦ ❛ ❡①♣❡❝t❛t✐✈❛ ❞❡ ✈✐❞❛ ❞❛ ♣♦♣✉❧❛çã♦✳ ❈♦♠ ✐ss♦✱ ❛ ❡①♣♦s✐çã♦ ❛

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

✷



❞✐s♣❛r✐❞❛❞❡s s♦❝✐❛✐s✱ t❛♠❜é♠ ❝r❡s❝❡r❛♠✳

❖ ❝â♥❝❡r ❞❡ ♣róst❛t❛ é ✉♠ ❞♦s t✐♣♦s ❞❡ ❝â♥❝❡r ❝♦♠ ♠❛✐♦r ♦❝♦rrê♥❝✐❛ ♥♦

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

❈♦♥❥✉♥t♦s ❋✉③③②✱ q✉❡ ❛❝r❡❞✐t❛♠♦s s❡r ❛♣r♦♣r✐❛❞❛ ♣❛r❛ ❧✐❞❛r ❝♦♠ ❛s ✐♥❝❡rt❡③❛s

❡ s✉❜❥❡t✐✈✐❞❛❞❡s ❞❛s ✐♥❢♦r♠❛çõ❡s✳

❯♠ ❞♦s ♦❜❥❡t✐✈♦s ❞♦ tr❛❜❛❧❤♦ é ❢❛③❡r ✉♠❛ ❧❡✐t✉r❛ ❞♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦

❢✉③③②✱ ♣❛r❛ ♣r❡❞✐③❡r ♦ ❡stá❣✐♦ ♣❛t♦❧ó❣✐❝♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛ ✲ ❝♦♥str✉í❞♦

♣♦r ❈❛st❛♥❤♦ ✭✷✵✵✺✮ ❬✶✶❪ ✲ ❞❡s❝r❡✈❡♥❞♦ ♠♦❞✐✜❝❛çõ❡s ❡ ❛t✉❛❧✐③❛çõ❡s✱ ❝♦♠❡♥✲

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

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

♠♦❞❡❧❛❣❡♠✱ ❛ ✜♠ ❞❡ ♦❜t❡r ✉♠❛ ♠❡❧❤♦r ♣❡r❢♦r♠❛♥❝❡ ❞♦ ♠♦❞❡❧♦✱ ❞❡ ❛❝♦r❞♦

❝♦♠ ❛ ❛✈❛❧✐❛çã♦ ❞❡ ✉♠ ❡s♣❡❝✐❛❧✐st❛✳

❖ ❈❛♣ít✉❧♦ ✶ ❛♣r❡s❡♥t❛ ✐♥❢♦r♠❛çõ❡s ❣❡r❛✐s s♦❜r❡ ♦ ❝â♥❝❡r✱ ❡ ❡s♣❡❝í✜❝❛s

s♦❜r❡ ♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✱ t❛✐s ❝♦♠♦ ❞✐❛❣♥óst✐❝♦✱ ❡st❛❞✐❛♠❡♥t♦ ❡ t❡r❛♣✐❛s

q✉❡ ♣♦❞❡♠ s❡r ❛❞♦t❛❞❛s✳

◆♦ ❈❛♣ít✉❧♦ ✷ sã♦ ✐♥tr♦❞✉③✐❞♦s ❛❧❣✉♥s ❝♦♥❝❡✐t♦s ✐♠♣♦rt❛♥t❡s✱ r❡❧❛❝✐♦♥❛✲

❞♦s à t❡♦r✐❛ ❞❡ ❈♦♥❥✉♥t♦s ❋✉③③②✳ ❆s ❞❡✜♥✐çõ❡s ❡ ❛❧❣✉♠❛s ♣r♦♣r✐❡❞❛❞❡s ❞❛s

❞✐str✐❜✉✐çõ❡s ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❡ ♣♦ss✐❜✐❧✐❞❛❞❡✱ q✉❡ s❡rã♦ út❡✐s ♥❛ ♠♦❞❡❧❛❣❡♠✱

t❛♠❜é♠ sã♦ ❛♣r❡s❡♥t❛❞❛s✳

❖ ❈❛♣ít✉❧♦ ✸ ❢♦✐ ❞❡st✐♥❛❞♦ à ❝♦♥str✉çã♦ ❞♦ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠ r❡❣r❛s

❢✉③③②✱ ♣❛r❛ ♣r❡❞✐③❡r ♦ ❡st❛❞✐❛♠❡♥t♦ ♣❛t♦❧ó❣✐❝♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳ ❈♦♠♦

❥á ♠❡♥❝✐♦♥❛♠♦s✱ ✜③❡♠♦s ❛t✉❛❧✐③❛çõ❡s ❡ ❛❧❣✉♠❛s ♠♦❞✐✜❝❛çõ❡s✱ ♥❛ ♠♦❞❡❧❛✲

❣❡♠ ❢❡✐t❛ ♣♦r ❈❛st❛♥❤♦ ✭✷✵✵✺✮✳ ❆❧é♠ ❞✐ss♦✱ ♦s r❡s✉❧t❛❞♦s ❞❡ s✐♠✉❧❛çõ❡s ❡

❛ ❝♦♠♣❛r❛çã♦ ❝♦♠ ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❡①✐st❡♥t❡s ♥♦s ♥♦♠♦❣r❛♠❛s s❡rã♦ ❛♣r❡✲

s❡♥t❛❞♦s✳

◆♦ ❈❛♣ít✉❧♦ ✹✱ sã♦ ❞✐s❝✉t✐❞❛s ♥♦✈❛s ♠✉❞❛♥ç❛s q✉❡ ✐♠♣❧❡♠❡♥t❛♠♦s✱ ♥❛

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

✸



s✐♠✉❧❛çõ❡s✱ ❞❛ r❡❛❧✐❞❛❞❡ ❝❧í♥✐❝❛ ❞♦s ♣❛❝✐❡♥t❡s ❝♦♠ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳

❋✐♥❛❧♠❡♥t❡✱ ♥♦ ❈❛♣ít✉❧♦ ✺✱ ❛♣r❡s❡♥t❛♠♦s ❛ ❝♦♥❝❧✉sã♦ ❞❛ ❞✐ss❡rt❛çã♦ ❡

❛❧❣✉♠❛s s✉❣❡stõ❡s ❞❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳

✹



❈❛♣ít✉❧♦ ✶

❈â♥❝❡r ✲ ❈❛r❛❝t❡ríst✐❝❛s ❞♦

❋❡♥ô♠❡♥♦

✶✳✶ ■♥tr♦❞✉çã♦

❖s ❝❛s♦s ❞❡ ❝â♥❝❡r tê♠ ❛✉♠❡♥t❛❞♦ ❞❡ ♠❛♥❡✐r❛ ❝♦♥s✐❞❡rá✈❡❧✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛

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

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

❙❡❣✉♥❞♦ ❛ ❲♦r❧❞ ❍❡❛❧t❤ ❖r❣❛♥✐③❛t✐♦♥✱ sã♦ ❞✐❛❣♥♦st✐❝❛❞♦s✱ ❛♥✉❛❧♠❡♥t❡✱

♠❛✐s ❞❡ ✶✶ ♠✐❧❤õ❡s ❞❡ ♥♦✈♦s ❝❛s♦s ❞❡ ❝â♥❝❡r ♥♦ ♠✉♥❞♦✳ ❆ ❡st✐♠❛t✐✈❛ é ❞❡

q✉❡ ✶✻ ♠✐❧❤õ❡s ❞❡ ♥♦✈♦s ❝❛s♦s s✉r❥❛♠ ❡♠ ✷✵✷✵ ❬✺✶❪✳

◆♦ ❇r❛s✐❧✱ ♦ ■♥st✐t✉t♦ ◆❛❝✐♦♥❛❧ ❞♦ ❈â♥❝❡r ✲ ■◆❈❆ ✲ é ♦ ór❣ã♦ ❞♦ ▼✐♥✐s✲

tér✐♦ ❞❛ ❙❛ú❞❡ r❡s♣♦♥sá✈❡❧ ♣❡❧❛s ❛çõ❡s ♥❛❝✐♦♥❛✐s ✐♥t❡❣r❛❞❛s✱ ✈♦❧t❛❞❛s ♣❛r❛ ❛

♣r❡✈❡♥çã♦ ❡ ❝♦♥tr♦❧❡ ❞❛ ♥❡♦♣❧❛s✐❛✳

❊♠ ♠❛✐♦ ❞❡ ✷✵✵✺✱ ♦ ■◆❈❆ ✐♥❛✉❣✉r♦✉ ♦ ❇❛♥❝♦ ◆❛❝✐♦♥❛❧ ❞❡ ❚✉♠♦r❡s ❡

❉◆❆✱ ❝✉❥❛ ❢✉♥çã♦ s❡rá r❡✉♥✐r ❛s ✐♥❢♦r♠❛çõ❡s ♥❡❝❡ssár✐❛s ♣❛r❛ ❛ ❡❧❛❜♦r❛çã♦

❞♦ ♣❡r✜❧ ❣❡♥ét✐❝♦ ❞❛ ♣♦♣✉❧❛çã♦ ❜r❛s✐❧❡✐r❛✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ ❡st✉❞♦s ✈♦❧t❛❞♦s ❛♦

❛♣r✐♠♦r❛♠❡♥t♦ ❞♦ ❞✐❛❣♥óst✐❝♦ ❡ ❞♦ tr❛t❛♠❡♥t♦ ❞♦ ❝â♥❝❡r✳

✺



❊♥tr❡ ♦s ❜r❛s✐❧❡✐r♦s✱ ♦ ❝â♥❝❡r é ❛ s❡❣✉♥❞❛ ❝❛✉s❛ ❞❡ ♠♦rt❡s✱ s✉♣❡r❛❞♦

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

t❡♥sã♦✱ ❡♥tr❡ ♦✉tr♦s ❬✷✼❪✳

❆s ❡st✐♠❛t✐✈❛s ❞♦ ■◆❈❆✱ ♣❛r❛ ✷✵✵✻✱ ♠♦str❛r❛♠ q✉❡ ❝❡r❝❛ ❞❡ ✹✼✷ ♠✐❧

♥♦✈♦s ❝❛s♦s ❞❡ ❝â♥❝❡r s❡r✐❛♠ ❞✐❛❣♥♦st✐❝❛❞♦s✱ s❡♥❞♦ ✷✸✹ ♠✐❧ ❡♥tr❡ ♦s ❤♦♠❡♥s

❡ ✷✸✽ ♠✐❧ ❡♥tr❡ ❛s ♠✉❧❤❡r❡s✳ ❖ ❝â♥❝❡r ❞❡ ♣róst❛t❛ ❛♣r❡s❡♥t♦✉ ❛ s❡❣✉♥❞❛

t❛①❛ ♠❛✐s ❡❧❡✈❛❞❛✱ ♣❡r❞❡♥❞♦ ❛♣❡♥❛s ♣❛r❛ ♦ ❝â♥❝❡r ❞❡ ♣❡❧❡ ♥ã♦ ♠❡❧❛♥♦♠❛✳ ❆

♦❝♦rrê♥❝✐❛ ❡st✐♠❛❞❛ ❢♦✐ ❞❡ ✹✼✳✷✽✵ ♥♦✈♦s ❝❛s♦s✱ ♦ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ r✐s❝♦

❞❡ ✺✶ ❝❛s♦s ❛ ❝❛❞❛ ✶✵✵ ♠✐❧ ❤♦♠❡♥s✳

✶✳✷ ❈â♥❝❡r

❈â♥❝❡r é ♦ ♥♦♠❡ ❞❛❞♦ ❛ ✉♠❛ ❝❧❛ss❡ ❞❡ ❞♦❡♥ç❛s ❝❛r❛❝t❡r✐③❛❞❛s ♣❡❧♦ ❝r❡s❝✐✲

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

❞♦ ❝♦r♣♦ ✈✐✈❡♠✱ s❡ ❞✐✈✐❞❡♠ ❡ ♠♦rr❡♠ ❞❡ ❢♦r♠❛ ❝♦♥tr♦❧❛❞❛✳ ❆s ❝é❧✉❧❛s ❝❛♥❝❡✲

r♦s❛s sã♦ ❞✐❢❡r❡♥t❡s✱ ♥ã♦ ♦❜❡❞❡❝❡♠ ❛ ❡ss❡s ❝♦♥tr♦❧❡s ❡ s❡ ❞✐✈✐❞❡♠ s❡♠ ♣❛r❛r✳

❆❧é♠ ❞✐ss♦✱ ♥ã♦ ♠♦rr❡♠ ❝♦♠♦ ❛s ❝é❧✉❧❛s ♥♦r♠❛✐s ❡ ❝♦♥t✐♥✉❛♠ ❛ ♣r♦❞✉③✐r

♠❛✐s ❝é❧✉❧❛s ❛♥♦r♠❛✐s ✭❙❛ss❡✱ ✷✵✵✼✮ ❬✹✸❪✳

❆ ❛t✐✈✐❞❛❞❡ ❞❡ ❝❛❞❛ ❝é❧✉❧❛ ♦✉ t❡❝✐❞♦ é ❞✐r✐❣✐❞❛ ♣❡❧♦ s❡✉ ❉◆❆✳ ◆♦ ❞❡❝♦r✲

r❡r ❞❛ ✈✐❞❛✱ ♦ ❉◆❆ s♦❢r❡ ❛❧t❡r❛çõ❡s ❞❡♥♦♠✐♥❛❞❛s ♠✉t❛çõ❡s✱ ❝❛✉s❛❞❛s ♣♦r

❡rr♦s q✉❡ ♦❝♦rr❡♠ ❞✉r❛♥t❡ s✉❛ ❞✉♣❧✐❝❛çã♦✱ ♥❡❝❡ssár✐❛ à ❞✐✈✐sã♦ ❝❡❧✉❧❛r✳ ◆❛

♠❛✐♦r✐❛ ❞❛s ✈❡③❡s✱ ♦ ♣ró♣r✐♦ ❉◆❆ ❞❡t❡❝t❛ ❡ ❝♦♥s❡rt❛ s❡✉s ❡rr♦s✳ ❊♥tr❡t❛♥t♦✱

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

♦❝♦rr❡♠ ❡♠ ❣❡♥❡s ❡s♣❡❝í✜❝♦s ❡✱ ♣♦rt❛♥t♦✱ ♣♦❞❡♠ ♣r♦✈♦❝❛r ♦ ❝r❡s❝✐♠❡♥t♦ ❞❡✲

s♦r❞❡♥❛❞♦ ❞❛s ❝é❧✉❧❛s✱ ❝♦♥st✐t✉✐♥❞♦ ❛ ♦r✐❣❡♠ ❞❡ t✉♠♦r❡s ✭❛❝ú♠✉❧♦ ❞❡ ❝é❧✉❧❛s

❝❛♥❝❡r♦s❛s✮ ♦✉ ♥❡♦♣❧❛s✐❛s ♠❛❧✐❣♥❛s ❬✷✻❪✳

❆s s❡❣✉✐♥t❡s ❝❛r❛❝t❡ríst✐❝❛s sã♦ ❝♦♠✉♥s ❛ t♦❞❛ ❝é❧✉❧❛ t✉♠♦r❛❧✿

✻



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

s❛✉❞á✈❡❧❀

• ✐♥✜❧tr❛çã♦ ♥♦s t❡❝✐❞♦s ❛❞❥❛❝❡♥t❡s❀

• ❢♦r♠❛çã♦ ❞❡ ♠❡tást❛s❡s ✭♣r♦♣❛❣❛çã♦ ✐rr❡❣✉❧❛r ♣❡❧♦ ♦r❣❛♥✐s♠♦✮✱ ♣♦r ✈✐❛

❤❡♠❛t♦❣ê♥✐❝❛✱ ❧✐♥❢át✐❝❛ ♦✉ s✉♣❡r❢í❝✐❡ s❡r♦s❛✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ■◆❈❆ ❬✷✼❪✱ ❛ ❡①t❡♥s❛ ♠❛✐♦r✐❛ ❞♦s ❝❛s♦s ❞❡ ❝â♥❝❡r ✭✽✵✪

❛ ✾✵✪✮ ❡stá✱ ❞❡ ❛❧❣✉♠❛ ❢♦r♠❛✱ ❛ss♦❝✐❛❞❛ ❛ ❢❛t♦r❡s ❛♠❜✐❡♥t❛✐s✳ ❊♥t❡♥❞❡✲s❡

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

♠❡♥t♦s✮✱ ❛ ❛♠❜✐❡♥t❡ ♦❝✉♣❛❝✐♦♥❛❧ ✭✐♥❞✉str✐❛❧✐③❛çã♦ ✲ ❛❣❡♥t❡s q✉í♠✐❝♦s✱ ❢ís✐❝♦s

❡ ❜✐♦❧ó❣✐❝♦s✮ ❡ ♦ ❛♠❜✐❡♥t❡ só❝✐♦✲❝✉❧t✉r❛❧ ✭❡st✐❧♦ ❡ ❤á❜✐t♦s ❞❡ ✈✐❞❛✮✳ ❖s ❝❛s♦s

❞❡ ❝â♥❝❡r q✉❡ s❡ ❞❡✈❡♠✱ ❡①❝❧✉s✐✈❛♠❡♥t❡✱ ❛ ❢❛t♦r❡s ❤❡r❡❞✐tár✐♦s✱ ❢❛♠✐❧✐❛r❡s ❡

ét♥✐❝♦s sã♦ r❛r♦s✳

❊♠ s✉❛s ❡t❛♣❛s ✐♥✐❝✐❛✐s✱ ♦ ❝r❡s❝✐♠❡♥t♦ ❞♦ ❝â♥❝❡r é r❡❧❛t✐✈❛♠❡♥t❡ s✐❧❡♥❝✐✲

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

❡♥❢❡r♠✐❞❛❞❡s ❜❡♥✐❣♥❛s ♦✉ ❛té ♠❡s♠♦ ❜❛♥❛✐s✳ ❙♦♠❡♥t❡ q✉❛♥❞♦ ♦ t✉♠♦r s❡

❡①♣❛♥❞❡ é q✉❡ s✉r❣❡♠ ♠❛♥✐❢❡st❛çõ❡s q✉❡ ♣❡r♠✐t❡♠ ♦ ❞✐❛❣♥óst✐❝♦✳

❙❡❣✉♥❞♦ ❋❛✐r✱ ❍❡st♦♥ ❡ ❈♦r❞♦♥✲❈❛r❞♦ ✭✶✾✾✼✮ ❬✷✶❪✱ ❡st✐♠❛✲s❡ q✉❡ 1g ❞❡

t✉♠♦r ❝♦♥t❡♥❤❛ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶ ❜✐❧❤ã♦ ✭109✮ ❞❡ ❝é❧✉❧❛s ❡ q✉❡ s❡✉ ✈♦❧✉♠❡

s❡❥❛ ❞❡ 1cm3✳ ❙✉♣♦♥❞♦ q✉❡ ♦ t✉♠♦r s❡ ❞❡s❡♥✈♦❧✈❡ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ú♥✐❝❛

❝é❧✉❧❛✱ ✸✵ ❞✉♣❧✐❝❛çõ❡s ✐♠♣❧✐❝❛♠ ❡♠ ✉♠ ✈♦❧✉♠❡ ❞❡ 1cm3✳ ❯♠❛ ♠❛ss❛ ❞❡

1Kg✱ q✉❡ é ♦ t❛♠❛♥❤♦ ♠á①✐♠♦ q✉❡ ✉♠ t✉♠♦r ♣♦❞❡ ❛❧❝❛♥ç❛r✱ é ♦ r❡s✉❧t❛❞♦

❞❡ ✹✵ ❞✉♣❧✐❝❛çõ❡s ✭❱❡r t❛❜❡❧❛ ✶✳✶✮✳

➱ ✐♠♣♦rt❛♥t❡ ♦❜s❡r✈❛r q✉❡ ❛ ♣r♦❣r❡ssã♦ ♥♦ t❛♠❛♥❤♦ ❞♦ t✉♠♦r✱ ♥ã♦ ❞❡✲

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

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

❞✐st❛♥t❡s✳

✼



❉✉♣❧✐❝❛çõ❡s ❈é❧✉❧❛s ●r❛♠❛s ❞❡ t✉♠♦r ❉❡t❡❝çã♦

✵ ✶ ◆❛♥♦❣r❛♠❛

✶✵ 103 ▼✐❝r♦❣r❛♠❛

✷✵ 106 ▼✐❧✐❣r❛♠❛ ▼✐❝r♦s❝ó♣✐❝❛

✸✵ 109 ●r❛♠❛ P❛❧♣á✈❡❧

✹✵ 1012 ◗✉✐❧♦❣r❛♠❛ ❉❡❜✐❧✐t❛çã♦

▼♦rt❡

❚❛❜❡❧❛ ✶✳✶✿ ❘❡❧❛çã♦ ❡♥tr❡ no ❞❡ ❞✉♣❧✐❝❛çõ❡s✱ no ❞❡ ❝é❧✉❧❛s ❡ ♠❛ss❛ ❞♦ t✉♠♦r✳

❉✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❝â♥❝❡r tê♠ ❝♦♠♣♦rt❛♠❡♥t♦s ❞✐❢❡r❡♥t❡s ❡ ❡①✐❣❡♠ tr❛✲

t❛♠❡♥t♦s ❞✐st✐♥t♦s✱ ❛té ♠❡s♠♦ q✉❛♥❞♦ s❡ tr❛t❛ ❞❡ ❝â♥❝❡r ❞♦ ♠❡s♠♦ ór❣ã♦

❬✷✻❪✳ ❖ ♣r✐♠❡✐r♦ ♦❜❥❡t✐✈♦ é r❡♠♦✈❡r t♦❞❛s ❛s ❝é❧✉❧❛s ❝❛♥❝❡r♦s❛s✱ ❞❡ ♠♦❞♦ q✉❡

❛s ❢✉♥çõ❡s ❞♦ t❡❝✐❞♦ ♥♦r♠❛❧ ♥ã♦ s❡❥❛♠ ❞❛♥✐✜❝❛❞❛s✳ ❈❛s♦ ♣❡r♠❛♥❡ç❛ ❛❧❣✉♠❛✱

✉♠ ♥♦✈♦ t✉♠♦r ♣♦❞❡ s❡ ❞❡s❡♥✈♦❧✈❡r ❢❛③❡♥❞♦ ❝♦♠ q✉❡ ❛ ❞♦❡♥ç❛ r❡❛♣❛r❡ç❛✳

❆ s❡❣✉✐r ❞❡s❝r❡✈❡♠♦s ❛s ♠♦❞❛❧✐❞❛❞❡s t❡r❛♣ê✉t✐❝❛s ❞❡st✐♥❛❞❛s à ♣❛❝✐❡♥t❡s

❝♦♠ ❝â♥❝❡r✿

• ❈✐r✉r❣✐❛✿ é ✉♠ tr❛t❛♠❡♥t♦ ❧♦❝❛❧ ❡ ♦ ♠❛✐s ❞❡✜♥✐t✐✈♦✱ q✉❛♥❞♦ ♦ t✉♠♦r é

❧♦❝❛❧✐③❛❞♦✳ ❆ ✜♥❛❧✐❞❛❞❡ é r❡♠♦✈❡r t♦❞♦ ♦ t❡❝✐❞♦ ❞♦❡♥t❡ ❡ ♦ ♠í♥✐♠♦ ♣♦s✲

sí✈❡❧ ❞❡ t❡❝✐❞♦ s❛✉❞á✈❡❧✳ ◆♦ ❡♥t❛♥t♦✱ ♣❛r❛ ❛❧❣✉♥s t✐♣♦s ❞❡ ❝â♥❝❡r ❛♣❡♥❛s

❛ ❝✐r✉r❣✐❛ ♥ã♦ é s✉✜❝✐❡♥t❡✱ ❞❡✈✐❞♦ à ❞✐ss❡♠✐♥❛çã♦ ❞❡ ❝é❧✉❧❛s ❝❛♥❝❡r♦s❛s

❧♦❝❛❧ ♦✉ ❞✐❢✉s❛♠❡♥t❡✳ ➱ ❝♦♥s✐❞❡r❛❞❛ r❛❞✐❝❛❧ q✉❛♥❞♦ ❛ ❧❡sã♦ ✐♥t❡✐r❛ é

r❡t✐r❛❞❛✱ ❝♦♠ ♠❛r❣❡♥s ❞❡ s❡❣✉r❛♥ç❛ ❛❞❡q✉❛❞❛s ❡ ❝♦♠ ✐♥t❡♥çã♦ ❞❡ ❝✉r❛✳

❊♠ ❛❧❣✉♠❛s s✐t✉❛çõ❡s✱ ♣❛r❛ ♠❛♥t❡r ❛ ❢✉♥çã♦ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ór❣ã♦

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

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

♣♦❞❡♠ s❡r ❛ss♦❝✐❛❞❛s✳

✽



• ❘❛❞✐♦t❡r❛♣✐❛✿ ❝♦♥s✐st❡ ♥❛ ❛♣❧✐❝❛çã♦ ❞❡ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ r❛✐♦s✲❳✱ ❝♦♠

❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ❞❡str✉✐r ❛s ❝é❧✉❧❛s ❞♦❡♥t❡s✳ ➱ ✉t✐❧✐③❛❞❛ ❡♠ ❝â♥❝❡r❡s

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

❡❧✐♠✐♥❛r ❡✈❡♥t✉❛✐s ❝é❧✉❧❛s ❝❛♥❝❡r♦s❛s ❛♣ós ❛ ❝✐r✉r❣✐❛✳ ❆t✉❛❧♠❡♥t❡✱ ❛

r❛❞✐♦t❡r❛♣✐❛ é ✉♠❛ té❝♥✐❝❛ ❞❡ ❛❧t❛ ♣r❡❝✐sã♦✱ q✉❡ ❛t✐♥❣❡ ❞❡ ❢♦r♠❛ ❡✜❝❛③

❛s ❝é❧✉❧❛s ❞♦❡♥t❡s ❡ ❛❢❡t❛ ♠✐♥✐♠❛♠❡♥t❡ ór❣ã♦s ❡ t❡❝✐❞♦s ♥♦r♠❛✐s ❬✷✻❪✳

• ◗✉✐♠✐♦t❡r❛♣✐❛✿ ❝♦♥s✐st❡ ♥❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠❡❞✐❝❛♠❡♥t♦s q✉❡ tê♠ ❛çã♦

❝✐t♦tó①✐❝❛ ✭❝❛✉s❛♠ ❞❛♥♦s às ❝é❧✉❧❛s✮✱ ❛❞♠✐♥✐str❛❞♦s ♣♦r ✈✐❛ ♦r❛❧ ♦✉

✐♥❥❡t❛❞♦s✳ ❉✐❢❡r❡♥t❡ ❞❛ r❛❞✐♦t❡r❛♣✐❛✱ ♦s ♠❡❞✐❝❛♠❡♥t♦s ✉s❛❞♦s ♥❛ q✉✐✲

♠✐♦t❡r❛♣✐❛ ♣♦❞❡♠ ❛t✐♥❣✐r q✉❛❧q✉❡r ♣❛rt❡ ❞♦ ❝♦r♣♦✱ ❛tr❛✈és ❞❛ ❝♦rr❡♥t❡

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

❝â♥❝❡r ❞❡ t❡stí❝✉❧♦✱ ❧✐♥❢♦♠❛s✮✱ ♠❛s ♥♦r♠❛❧♠❡♥t❡ é ❛❞❥✉✈❛♥t❡✱ ❛♣ós ❝✐✲

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

• ❍♦r♠♦♥♦t❡r❛♣✐❛✿ tr❛t❛✲s❡ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡ ❤♦r♠ô♥✐♦s q✉❡ ♣♦ss✉❡♠ ✐♥✲

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

s❡r ❛❞♦t❛❞❛ ❝♦♠♦ tr❛t❛♠❡♥t♦ ❡①❝❧✉s✐✈♦✱ ♠❛s ❣❡r❛❧♠❡♥t❡ é ❛ss♦❝✐❛❞❛ às

❞❡♠❛✐s✳

• ■♠✉♥♦t❡r❛♣✐❛✿ ❡ss❡ tr❛t❛♠❡♥t♦ ❜❛s❡✐❛✲s❡ ♥❛ ❛t✐✈❛çã♦ ❞♦ s✐st❡♠❛ ✐♠✉♥❡✱

❝♦♥tr❛ ❛s ❝é❧✉❧❛s ♠❛❧✐❣♥❛s✱ ❥á q✉❡ ❤á ❢♦rt❡s ✐♥❞í❝✐♦s ❞❡ q✉❡ ♦ ♥♦ss♦

s✐st❡♠❛ ❞❡ ❞❡❢❡s❛ t❡♠ ♣❛♣❡❧ ✐♠♣♦rt❛♥t❡ ♥❛ r❡s♣♦st❛ ❛♦ ❝â♥❝❡r✳ P♦❞❡

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

• ❇r❛q✉✐t❡r❛♣✐❛ ✭❝â♥❝❡r ❞❡ ♣róst❛t❛✮✿ ❝♦♥s✐st❡ ♥♦ ✐♠♣❧❛♥t❡ ❞❡ s❡♠❡♥t❡s

❞❡ ✐♦❞♦ ✶✷✺✱ ❞✐r❡t❛♠❡♥t❡ ♥❛ ♣róst❛t❛✳ ❆ ❛♣❧✐❝❛çã♦ é ❢❡✐t❛ ❛tr❛✈és ❞❡

❛❣✉❧❤❛s ✭✈❛r✐❛ ❡♥tr❡ ✶✹ ❛ ✶✻ ❞❡❧❛s✮ ❝♦❧♦❝❛❞❛s ♥♦ ♣❡rí♥❡♦✳ ❊st❡ ♠❛t❡✲

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

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

✾



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

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

♥♦ ♦r❣❛♥✐s♠♦✱ ♥ã♦ ❝❛✉s❛♥❞♦ ♣r♦❜❧❡♠❛s ❢✉t✉r♦s✳ ◆♦ ❝❛s♦ ❞❡ t✉♠♦r❡s

❛✈❛♥ç❛❞♦s✱ ❛ s✉❜stâ♥❝✐❛ é ♦ ✐rí❞✐♦ ✶✾✷✱ ❛♣❧✐❝❛❞❛ ❛tr❛✈és ❞❡ ❛❣✉❧❤❛s✱ ♥♦

♣❡rí♥❡♦✱ ♠❛s s❡♠ q✉❡ ♦ ♠❛t❡r✐❛❧ ✜q✉❡ ❛❧♦❥❛❞♦ ♥♦ ❧♦❝❛❧ ❬✶✸❪✳

❆s t❡r❛♣✐❛s ✐♥❞✐❝❛❞❛s ♣❛r❛ ♦ tr❛t❛♠❡♥t♦ ❞❡ ❝â♥❝❡r✱ ❢r❡q✉❡♥t❡♠❡♥t❡ tê♠

❡❢❡✐t♦s ❛❞✈❡rs♦s ❡✱ ❛❧❣✉♠❛s ✈❡③❡s✱ ❢❛❧❤❛♠✳ ❙❡❣✉♥❞♦ ❙❛ss❡ ✭✷✵✵✼✮ ❬✹✸❪✱ s❡ ❛

❝✉r❛ ♥ã♦ é ♣♦ssí✈❡❧✱ ♦ ♦❜❥❡t✐✈♦ ♣❛ss❛ ❛ s❡r ❛ r❡♠✐ssã♦ ❞❛ ❞♦❡♥ç❛✱ ❞❡✐①❛♥❞♦

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

❝❤❛♥❝❡s ❞❡ r❡♠✐ssã♦✱ ❛ ♦♣çã♦ ♣❡❧♦ tr❛t❛♠❡♥t♦ ❞❡✈❡ ♣r✐♦r✐③❛r ❛ ♠❡❧❤♦r✐❛ ❞❛

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

s♦❢r✐❞❛✳

❈❛st❛♥❤♦ ✭✷✵✵✺✮ ❬✶✶❪✱ r❡ss❛❧t❛ q✉❡ ❞❡✜♥✐r ❛ ❝✉r❛ ❞♦ ❝â♥❝❡r é ♠✉✐t♦ ❞✐❢í❝✐❧✱

♣♦✐s ♥ã♦ ❡①✐st❡♠ ♠ét♦❞♦s ♣❛r❛ ❝♦♠♣r♦✈❛r q✉❡ ❛ ú❧t✐♠❛ ❝é❧✉❧❛ ❝❛♥❝❡r♦s❛

❢♦✐ ❡❧✐♠✐♥❛❞❛ ❞♦ ♦r❣❛♥✐s♠♦✳ ❊st❛t✐st✐❝❛♠❡♥t❡✱ ❝✉r❛ é ♦ ❡st❛❞♦ ♥♦ q✉❛❧ ♦

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

❝â♥❝❡r✱ q✉❛♥t♦ ♣❛r❛ ♦s q✉❡ ♥ã♦ t✐✈❡r❛♠✳ ❖ s✉❝❡ss♦ ❞❛ t❡r❛♣✐❛ ❡ ❛s ❝❤❛♥❝❡s ❞❡

s♦❜r❡✈✐✈ê♥❝✐❛ ❞❡♣❡♥❞❡♠ ❞♦ t✐♣♦ ❞❡ ❝â♥❝❡r✱ ❞❡ q✉ã♦ ♣r❡❝♦❝❡ ❡❧❡ é ❞❡s❝♦❜❡rt♦ ❡

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

✶✳✷✳✶ ▼❛r❝❛❞♦r❡s ❚✉♠♦r❛✐s

❖s ♠❛r❝❛❞♦r❡s t✉♠♦r❛✐s sã♦ s✉❜stâ♥❝✐❛s ♣r♦❞✉③✐❞❛s ♣❡❧♦s t✉♠♦r❡s✱ ♦✉ ♣❡❧♦s

♦r❣❛♥✐s♠♦s ❡♠ r❡s♣♦st❛ à ♣r❡s❡♥ç❛ t✉♠♦r❛❧✱ ❝♦♠ ❡①♣r❡ssã♦ ♦✉ q✉❛♥t✐✜❝❛çã♦

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

❉❡ ❛❝♦r❞♦ ❝♦♠ ❙♦✉t♦ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✷✵✵✹✮ ❬✹✼❪✱ ♦ ♠❛r❝❛❞♦r t✉♠♦r❛❧

✐❞❡❛❧ ❞❡✈❡ ♣♦ss✉✐r ♦s s❡❣✉✐♥t❡s ❛tr✐❜✉t♦s✿

✶✵



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

❝❛♥❝❡r♦s❛s ❡st✐✈❡r❡♠ ♣r❡s❡♥t❡s❀

• ❆❧t❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ✲ ♥ã♦ s❡r ❞❡t❡❝t❛❞♦ ❡♠ ✐♥❞✐✈í❞✉♦s s❛✉❞á✈❡✐s ♦✉ ❡♠

❞♦❡♥ç❛s ❜❡♥✐❣♥❛s❀

• ❙❡r ór❣ã♦✲❡s♣❡❝í✜❝♦✱ ♦✉ s❡❥❛✱ ❡s♣❡❝í✜❝♦ ♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ t✐♣♦ ❞❡

❝â♥❝❡r❀

• ❉♦s❛❣❡♠ ❢á❝✐❧ ❡ ❜❛✐①♦ ❝✉st♦❀

• ❯t✐❧✐❞❛❞❡ ♥♦ ❞✐❛❣♥óst✐❝♦✱ ❡st❛❞✐❛♠❡♥t♦ ❡ ♠♦♥✐t♦r✐③❛çã♦ ❞♦ tr❛t❛♠❡♥t♦✳

◆❛s ú❧t✐♠❛s ❞é❝❛❞❛s✱ ✈ár✐♦s ♠❛r❝❛❞♦r❡s t✉♠♦r❛✐s ❢♦r❛♠ ❞❡s❝r✐t♦s ❡ ♥❡✲

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

❙❡❣✉♥❞♦ Pr❛❞❛❧ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✶✾✾✾✮ ❬✹✶❪✱ ❡♠❜♦r❛ ❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❡

✐♥t❡r♣r❡t❛çã♦ ❝♦rr❡t❛s✱ ❞♦s ♠❛r❝❛❞♦r❡s t✉♠♦r❛✐s✱ ❛✐♥❞❛ ♥ã♦ t❡♥❤❛♠ ❛t✐♥❣✐❞♦

❞♦♠í♥✐♦ ❛♠♣❧♦✱ ❡❧❡s ♠✉✐t♦ ❝♦♥tr✐❜✉ír❛♠ ♣❛r❛ ❛ ❝♦♠♣r❡❡♥sã♦ ❡ ♠❡❧❤♦r ❝♦♥✲

tr♦❧❡ ❞♦ ♣r♦❝❡ss♦ ♥❡♦♣❧ás✐❝♦✳

✶✳✸ ❈â♥❝❡r ❞❡ Próst❛t❛

❆ ♣róst❛t❛ é ✉♠❛ ❣❧â♥❞✉❧❛ ❞♦ s✐st❡♠❛ ✉r♦❣❡♥✐t❛❧ ♠❛s❝✉❧✐♥♦✱ q✉❡ s❡ ❧♦❝❛❧✐③❛

❧♦❣♦ ❛❜❛✐①♦ ❞❛ ❜❡①✐❣❛ ❡ é ❛tr❛✈❡ss❛❞❛ ♣❡❧❛ ✉r❡tr❛ ✭✈❡r ✜❣✉r❛ ✶✳✶✮✳ ➱ r❡s✲

♣♦♥sá✈❡❧ ♣❡❧❛ ♣r♦❞✉çã♦ ❞❡ ♣❛rt❡ ❞♦ ❧íq✉✐❞♦ s❡♠✐♥❛❧✱ q✉❡ ♣r♦t❡❣❡ ❡ ♥✉tr❡ ♦s

❡s♣❡r♠❛t♦③ó✐❞❡s✳ ❚❛♠❜é♠ ♣r♦❞✉③ ♦ P❙❆ ✭❆♥tí❣❡♥♦ Pr♦stát✐❝♦ ❊s♣❡❝í✜❝♦✮✱

❝✉❥❛ ❢✉♥çã♦ ❜✐♦❧ó❣✐❝❛ é ❛ ❧✐s❡ ❞♦ ❝♦á❣✉❧♦ s❡♠✐♥❛❧✱ ❛✉①✐❧✐❛♥❞♦ ♥❛ r❡♣r♦❞✉çã♦

❤✉♠❛♥❛✳

❖ ❝â♥❝❡r ❞❡ ♣róst❛t❛ é ❛ ♥❡♦♣❧❛s✐❛ ♠❛✐s ❢r❡qü❡♥t❡ ❞✐❛❣♥♦st✐❝❛❞❛ ❡♠ ❤♦✲

♠❡♥s ❡ ✉♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ❝❛✉s❛s ❞❡ ♠♦rt❡✱ ♣♦r ❞♦❡♥ç❛ ♠❛❧✐❣♥❛✱ ♥♦ ❇r❛s✐❧

✶✶



❋✐❣✉r❛ ✶✳✶✿ ■❧✉str❛çã♦ ❞♦ s✐st❡♠❛ r❡♣r♦❞✉t♦r ♠❛s❝✉❧✐♥♦✳

✭❋❡rr❡✐r❛ ❡ ◆❛r❞✐✱ ✶✾✾✾✮ ❬✷✷❪✳ ❆ ♦r✐❣❡♠ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛ ❛✐♥❞❛ é ❞❡s❝♦✲

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

❞❡s❡♥✈♦❧✈✐♠❡♥t♦✱ ❛ s❛❜❡r✿

• ■❞❛❞❡✿ é ✉♠ t✉♠♦r r❛r♦ ❛♥t❡s ❞♦s ✺✵ ❛♥♦s ❡ ♦ r✐s❝♦ ❛✉♠❡♥t❛ ♣r♦❣r❡ss✐✲

✈❛♠❡♥t❡ ❝♦♠ ❛ ✐❞❛❞❡❀

• ❋❛t♦r ❣❡♥ét✐❝♦✿ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❛♣❛r❡❝✐♠❡♥t♦ ❞❛ ❞♦❡♥ç❛ é ✷ ✈❡③❡s

♠❛✐♦r✱ q✉❛♥❞♦ ♦ ♣❛✐ ♦✉ ✐r♠ã♦ ❥á ❢♦✐ ❛❝♦♠❡t✐❞♦ ♣❡❧♦ ♣r♦❜❧❡♠❛✳ ◆♦

❝❛s♦ ❞❡ ✷ ♦✉ ✸ ♣❛r❡♥t❡s ❞❡ 1o ❣r❛✉✱ ♦s r✐s❝♦s ❛✉♠❡♥t❛♠ ✺ ❡ ✶✶ ✈❡③❡s✱

r❡s♣❡❝t✐✈❛♠❡♥t❡ ❬✷✷❪❀

• ❘❛ç❛✿ ❤á ✉♠❛ ✈❛r✐❛çã♦ ❡♠ ❞✐❢❡r❡♥t❡s ❣r✉♣♦s ét♥✐❝♦s✳ ❖ ❝â♥❝❡r ❞❡ ♣rós✲

t❛t❛ é ❡①tr❡♠❛♠❡♥t❡ r❛r♦ ❡♠ ❛s✐át✐❝♦s ❡ t❡♠ s✉❛ ♣r❡✈❛❧ê♥❝✐❛ ❛✉♠❡♥t❛❞❛

❡♥tr❡ ♥❡❣r♦s ❛♠❡r✐❝❛♥♦s ❬✸✸❪❀

• ❉✐❡t❛✿

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

✶✷



❞✉r❛ ❛♥✐♠❛❧✱ ♥❛s ár❡❛s ❞❡ ❛❧t♦✲r✐s❝♦ ✭♣❛ís❡s ❡s❝❛♥❞✐♥❛✈♦s✮ ❡ ❜❛✐①♦✲r✐s❝♦

✭❡①tr❡♠♦ ♦r✐❡♥t❡✮❀

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

❞✐♠✐♥✉✐ ❛s ❝❤❛♥❝❡s ❞❡ s✉r❣✐r ✉♠ ❝â♥❝❡r ❞❡ ♣róst❛t❛ ❬✷✹❪❀

✲ ♦✉tr♦s ❛❣❡♥t❡s ✐♠♣♦rt❛♥t❡s✱ ♥♦ ❝♦♠❜❛t❡ ❛♦ t✉♠♦r✱ sã♦ ❛ ✈✐t❛♠✐♥❛ ❆✱

✈✐t❛♠✐♥❛ ❊✱ s❡❧ê♥✐♦ ❡ ❛❧❣✉♥s ❝❡r❡❛✐s ❡ ❣rã♦s ✲ ❝♦♠♦ ❛ s♦❥❛✱ ❡r✈✐❧❤❛✱ ❧❡♥✲

t✐❧❤❛ ✲ q✉❡ tê♠ ✉♠ ❝♦♠♣♦♥❡♥t❡ ❝❤❛♠❛❞♦ ✐s♦✢❛✈♦♥❛✳ ❚❛✐s s✉❜stâ♥❝✐❛s

t❡r✐❛♠ ❡❢❡✐t♦ ♣r♦t❡t♦r ❝♦♥tr❛ ❛ ♣r♦❣r❡ssã♦ ❞♦ ❝â♥❝❡r ❬✷✹❪❀

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

❝♦✉✈❡✲✢♦r✮✱ ❞✐♠✐♥✉✐ ♦ r✐s❝♦ ❞❡ ♥❡♦♣❧❛s✐❛ ♥❛ ♣róst❛t❛✳ ❊ss❛s s✉❜stâ♥❝✐❛s

❛t✐✈❛♠ ❡♥③✐♠❛s ❝❛♣❛③❡s ❞❡ ❞❡t♦①✐✜❝❛r ❝❛r❝✐♥ó❣❡♥♦s ❬✶✼❪✳

❖✉tr♦s ♣♦t❡♥❝✐❛✐s ❢❛t♦r❡s✱ q✉❡ ♣♦❞❡♠ ♦❢❡r❡❝❡r r✐s❝♦ sã♦ ❝✐t❛❞♦s ♣♦r ❋❡r✲

r❡✐r❛ ❡ ◆❛r❞✐ ✭✶✾✾✾✮ ❬✷✷❪✱ ❝♦♠♦ ❛ ♣♦❧✉✐çã♦ ❞♦ ❛r ❡ ❛ ❡①♣♦s✐çã♦ ❛ ❛❧t♦s ♥í✲

✈❡✐s ❞❡ ❝á❞♠✐♦ ❡ ③✐♥❝♦ ✭❛♥t❛❣♦♥✐st❛s ❞♦ s❡❧ê♥✐♦✮❀ P✐❡♥t❛ ✭✶✾✾✼✮ ❬✹✵❪ ❝✐t❛ ♦

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

♣r✐♥❝✐♣❛❧♠❡♥t❡ ♦s ❝♦♠♣♦st♦s ♣♦r ♠❡t✐❧❜r♦♠❡t♦✱ é ❛♣♦♥t❛❞❛ ♣♦r ❆❧❛✈❛♥❥❛ ❡

❝♦❧❛❜♦r❛❞♦r❡s ✭✷✵✵✸✮ ❬✹❪✳

❊♠❜♦r❛ ❛ ♣róst❛t❛ s❡❥❛ ❝♦♥st✐t✉í❞❛ ♣♦r ✈ár✐♦s t✐♣♦s ❞❡ ❝é❧✉❧❛s✱ ❛ ♠❛✐♦r✐❛

❞♦s ❝â♥❝❡r❡s ❞❡ ♣róst❛t❛ t❡♠ ♦r✐❣❡♠ ♥❛s ❝é❧✉❧❛s ❞❛s ❣❧â♥❞✉❧❛s q✉❡ ♣r♦❞✉③❡♠

♦ ❧íq✉✐❞♦ s❡♠✐♥❛❧ ✭♣♦rçõ❡s ♠❛✐s ♣❡r✐❢ér✐❝❛s ❡ ♣♦st❡r✐♦r✮✳ ❊❧❡s sã♦ ❝❤❛♠❛❞♦s

❞❡ ❛❞❡♥♦❝❛r❝✐♥♦♠❛s✳ ❖ r❡st❛♥t❡ ❝♦♠♣r❡❡♥❞❡ ❝❛s♦s ❞❡ s❛r❝♦♠❛s✱ ❝❛r❝✐♥♦♠❛s

❡♣✐❞❡r♠ó✐❞❡s ❡ ❞❡ ❝é❧✉❧❛s tr❛♥s✐❝✐♦♥❛✐s✳

❙❡❣✉♥❞♦ ❋❡rr❡✐r❛ ❡ ◆❛r❞✐ ✭✶✾✾✾✮✱ ❛ ❤✐stór✐❛ ♥❛t✉r❛❧ ❞♦ ❝â♥❝❡r ❞❡ ♣rós✲

t❛t❛ é ✈❛r✐á✈❡❧ ❡ ✐♠♣r❡✈✐sí✈❡❧✳ ❆❧❣✉♥s t✉♠♦r❡s ❛♣r❡s❡♥t❛♠ ♣♦t❡♥❝✐❛❧ ♠❛❧✐❣♥♦

tã♦ ♣r♦♥✉♥❝✐❛❞♦✱ q✉❡ ❛s ♠❡tást❛s❡s s✉r❣❡♠ ❛♥t❡s q✉❡ ♦❝♦rr❛♠ s✐♥❛✐s ❧♦❝❛✐s

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

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

✶✸



r❡♣❡r❝✉ssã♦ ❝❧í♥✐❝❛✳

❖ ❝â♥❝❡r ❞❡ ♣róst❛t❛ ♣♦❞❡ s❡r ❝❧❛ss✐✜❝❛❞♦ ❝♦♠♦ s❡ s❡❣✉❡✿

• ❝♦♥✜♥❛❞♦ ♦✉ ❧♦❝❛❧✐③❛❞♦ ♥❛ ❣❧â♥❞✉❧❛✿ s❡ t♦❞♦ ♦ ❝â♥❝❡r ❡st✐✈❡r ❝♦♥✜♥❛❞♦

♥❛ ❣❧â♥❞✉❧❛ ♣r♦stát✐❝❛❀

• ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞♦✿ s❡ ♦ ❝â♥❝❡r s❡ ❡s♣❛❧❤♦✉ ♣❛r❛ ❢♦r❛ ❞❛ ♣róst❛t❛❀

• ♠❡t❛stát✐❝♦✿ s❡ ♦ t✉♠♦r s❡ ❡s♣❛❧❤♦✉ ♣❡❧♦ ♦r❣❛♥✐s♠♦✳ ❆ ❞♦❡♥ç❛ ❛t✐♥❣❡

♣♦r ❡①t❡♥sã♦ ❞✐r❡t❛ ♦s ór❣ã♦s ❝♦♥tí❣✉♦s ❝♦♠♦ ❛ ❜❡①✐❣❛✱ ❛s ✈❡sí❝✉❧❛s

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

❝♦s✳ ❖✉tr❛s ✈❡③❡s ❛❞q✉✐r❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ s❡ ❞✐ss❡♠✐♥❛r ♣❛r❛ ór❣ã♦s

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

◗✉❛♥❞♦ ♦ ❡stá❣✐♦ ❞❛ ❞♦❡♥ç❛ é ❝♦♥✜♥❛❞♦✱ ❛s ♦♣çõ❡s ❞❡ tr❛t❛♠❡♥t♦ ✐♥✲

❝❧✉❡♠ ❛ ❝✐r✉r❣✐❛ ✭♣r♦st❛t❡❝t♦♠✐❛ r❛❞✐❝❛❧✮✱ r❛❞✐♦t❡r❛♣✐❛ ❡①t❡r♥❛✱ ❜r❛q✉✐t❡r❛✲

♣✐❛✱ t❡r❛♣✐❛ ❤♦r♠♦♥❛❧ ♦✉ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡❧❡s✳ P❛r❛ ♦ ❝â♥❝❡r q✉❡ ❥á ♣r♦❞✉③✐✉

♠❡tást❛s❡✱ ♦ tr❛t❛♠❡♥t♦ é ♣❛❧✐❛t✐✈♦✱ ♦✉ s❡❥❛✱ ✈✐s❛ ❞✐♠✐♥✉✐r ❛ ♣r♦❣r❡ssã♦ ❞♦

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

❤♦r♠♦♥♦t❡r❛♣✐❛ ❡ q✉✐♠✐♦t❡r❛♣✐❛✳

✶✳✸✳✶ ❉✐❛❣♥óst✐❝♦

◆❛ ❢❛s❡ ✐♥✐❝✐❛❧ é ❝♦♠✉♠ ♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛ ♥ã♦ ❛♣r❡s❡♥t❛r s✐♥t♦♠❛s✳ ◆❛

❞♦❡♥ç❛ ❛✈❛♥ç❛❞❛✱ ♦s s✐♥t♦♠❛s ♣♦❞❡♠ ♠❛♥✐❢❡st❛r✲s❡ ♣❡❧❛ ♦❜str✉çã♦ ❞♦ ✢✉①♦

✉r✐♥ár✐♦✱ ❝♦♠ ❝♦♥s❡qü❡♥t❡ ♣✐♦r❛ ❞❛ ❢✉♥çã♦ r❡♥❛❧✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❋❡rr❡✐r❛

❡ ◆❛r❞✐ ✭✶✾✾✾✮ ❬✷✷❪✱ ❛✐♥❞❛ ♥❛ ❢❛s❡ ❛✈❛♥ç❛❞❛✱ ♣♦❞❡♠ ♦❝♦rr❡r ❞♦r❡s óss❡❛s

❞❡❝♦rr❡♥t❡s ❞❡ ♠❡tást❛s❡s✳

P❛r❛ ♦ ❞✐❛❣♥óst✐❝♦ ♣r❡❝♦❝❡✱ ❞♦ ❝❛r❝✐♥♦♠❛ ❞❛ ♣róst❛t❛✱ sã♦ ✐♥❞✐❝❛❞♦s ♦

❡①❛♠❡ ❝❧í♥✐❝♦ ✭t♦q✉❡ r❡t❛❧✮ ❡ ❛ ❞♦s❛❣❡♠ ❞♦ ❆♥tí❣❡♥♦ Pr♦stát✐❝♦ ❊s♣❡❝í✜❝♦

✶✹



✭P❙❆✮✳ ❖s r❡s✉❧t❛❞♦s ♣♦❞❡♠ s✉❣❡r✐r ❛ ❡①✐stê♥❝✐❛ ❞❛ ❞♦❡♥ç❛ ❡ ✐♥❞✐❝❛r❡♠ ❛

r❡❛❧✐③❛çã♦ ❞❛ ✉❧tr❛✲s♦♥♦❣r❛✜❛ tr❛♥sr❡t❛❧✳ ❊st❛ ✉❧tr❛✲s♦♥♦❣r❛✜❛✱ ♣♦r s✉❛ ✈❡③✱

♣♦❞❡rá ♠♦str❛r ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ r❡❛❧✐③❛r ❛ ❜✐ó♣s✐❛ ♣r♦stát✐❝❛ tr❛♥sr❡t❛❧✱

q✉❡ ❢♦r♥❡❝❡rá ♦ ❞✐❛❣♥óst✐❝♦ ❞❡✜♥✐t✐✈♦ ❬✷✼❪✳ ❖✉tr♦s ❡①❛♠❡s ❝♦♠♦ ❛ t♦♠♦❣r❛✜❛

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

♦ ❛✈❛♥ç♦ ❞❛ ❞♦❡♥ç❛✳

❚♦q✉❡ ❘❡t❛❧

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

❝❛r❝✐♥♦♠❛ ❞❛ ♣róst❛t❛✳ ◆❛ ❢❛s❡ ✐♥✐❝✐❛❧✱ ♣♦❞❡ r❡✈❡❧❛r ❛ ♣r❡s❡♥ç❛ ❞❡ ✉♠ ♥ó❞✉❧♦

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

❧❡sõ❡s ❜❡♥✐❣♥❛s✱ ❝♦♠♦ ♥ó❞✉❧♦s ❞❛ ❤✐♣❡r♣❧❛s✐❛ ❜❡♥✐❣♥❛✱ ❝á❧❝✉❧♦s ♣r♦stát✐❝♦s ❡

ár❡❛s ❞❡ ✐♥❢❛rt♦✱ ♣♦❞❡♠ ♣r♦❞✉③✐r ár❡❛s ❡♥❞✉r❡❝✐❞❛s ❡ s✐♠✉❧❛r ♦ ❝â♥❝❡r✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ♦ t♦q✉❡ ♥♦r♠❛❧ ♥ã♦ ❡①❝❧✉✐ ❛ ♣r❡s❡♥ç❛ ❞❡ ❝â♥❝❡r✳ ❋❡rr❡✐r❛ ❡

◆❛r❞✐ ✭✶✾✾✾✮✱ r❡ss❛❧t❛♠ q✉❡ ❜♦❛ ♣❛rt❡ ❞♦s ❝â♥❝❡r❡s ✭❝❡r❝❛ ❞❡ ✷✵✪✮ s❡ ♦r✐❣✐♥❛

♥❛s ♣♦rçõ❡s ♠❛✐s ❝❡♥tr❛✐s ❞❛ ❣❧â♥❞✉❧❛✱ ✐♥❛❝❡ssí✈❡✐s ❛♦ ❡①❛♠❡ ❞✐❣✐t❛❧ ❞♦ r❡t♦✳

◆♦s ❝❛s♦s ❛✈❛♥ç❛❞♦s✱ ❛ ❣❧â♥❞✉❧❛ ❛♣r❡s❡♥t❛ ❝♦♥s✐stê♥❝✐❛ ❞✉r❛✱ ❛❧❣✉♠❛s

✈❡③❡s ♣étr❡❛✱ ♣♦❞❡♥❞♦✲s❡ ♥♦t❛r ❡♥❞✉r❡❝✐♠❡♥t♦ ❞❛s ✈❡sí❝✉❧❛s s❡♠✐♥❛✐s✳

❊♠ sí♥t❡s❡✱ s✉❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❞✐❛❣♥óst✐❝❛ ✈❛r✐❛ ❞❡ ✹✵✪ ❛ ✽✵✪✱ ❞❡♣❡♥❞❡♥❞♦

❞♦ t✐♣♦ ❞❡ ❝â♥❝❡r q✉❡ ❡stá s❡♥❞♦ ❛✈❛❧✐❛❞♦✳ ❋❛❧❤❛ ❡♠ ✷✸✪ ❛ ✹✺✪ ❞❛s ♥❡♦♣❧❛s✐❛s

❞❡t❡❝t❛❞❛s✱ ❡♠ ❜✐ó♣s✐❛s ❢❡✐t❛s✱ ♣♦rq✉❡ ❡st❛✈❛♠ ❡❧❡✈❛❞♦s ♦s ♥í✈❡✐s ❞❡ P❙❆

✭❙r♦✉❣✐✱ ✶✾✾✾✮ ❬✹✽❪✳ ❆❧é♠ ❞✐ss♦✱ ❡♠ ♠❛✐s ❞❡ ✺✵✪ ❞♦s ♣❛❝✐❡♥t❡s✱ ♦s ❝â♥❝❡r❡s

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

♦ tr❛t❛♠❡♥t♦ t❡♠ ♣♦✉❝❛s ❝❤❛♥❝❡s ❞❡ s✉❝❡ss♦ ✭❈❛rt❡r ❡ P❛rt✐♥✱ ✶✾✾✼✮ ❬✶✵❪✳

▼❛r❝❛❞♦r❡s ❚✉♠♦r❛✐s ❡♠ ❈â♥❝❡r ❞❡ Próst❛t❛

■✳ ❋♦s❢❛t❛s❡ ➪❝✐❞❛ Pr♦stát✐❝❛ ✲ ❋❆P

✶✺



❆ ❢♦st❛t❛s❡ á❝✐❞❛ ❢♦✐ ♦ ♣r✐♠❡✐r♦ ♠❛r❝❛❞♦r t✉♠♦r❛❧ ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦ ❡st❛✲

❞✐❛♠❡♥t♦ ❝❧í♥✐❝♦✱ ❞♦s ♣❛❝✐❡♥t❡s ❝♦♠ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳ ❋❆P é ✉♠❛ ❢♦s❢♦♠♦✲

♥♦❡st❡r❛s❡ ♥ã♦✲❡s♣❡❝í✜❝❛✱ ♣♦✐s ♥ã♦ é ❡♥❝♦♥tr❛❞❛ ❡①❝❧✉s✐✈❛♠❡♥t❡ ♥❛ ♣róst❛t❛✳

➱ s✐♥t❡t✐③❛❞❛ ♣❡❧❛s ❝é❧✉❧❛s ❡♣✐t❡❧✐❛✐s ♣r♦stát✐❝❛s✱ s♦❜ ❝♦♥tr♦❧❡ ❛♥❞r♦❣ê♥✐❝♦✳

❙❡❣✉♥❞♦ ❙♦✉t♦ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✷✵✵✹✮ ❬✹✼❪✱ s✉❛ ✉t✐❧✐❞❛❞❡ é ❧✐♠✐t❛❞❛✱ ♣♦✐s

♠❡s♠♦ ❛♣ós ❛ r❡♠♦çã♦ ❝✐rúr❣✐❝❛ ❞❛ ♣róst❛t❛✱ ♥í✈❡✐s sér✐❝♦s ❞♦ ♠❛r❝❛❞♦r ♣♦✲

❞❡♠ s❡r ❞❡t❡❝t❛❞♦s✱ ❡ ✉♠❛ sér✐❡ ❞❡ ❞♦❡♥ç❛s r❡♥❛✐s✱ óss❡❛s ❡ ❡sq✉❡❧ét✐❝❛s ♣♦❞❡

❛❧t❡rá✲❧♦s✳

❱❛❧♦r❡s ❛♥♦r♠❛✐s ❞❛ ❋❆P ❡ ✈❛❧♦r❡s ♥❛ ♠❡t❛❞❡ s✉♣❡r✐♦r ❞❛ ❢❛✐①❛ ♥♦r♠❛❧

s✉❣❡r❡♠ ❛❝♦♠❡t✐♠❡♥t♦ óss❡♦ ❡♠ ♠❛✐s ❞❡ ✽✵✪ ❞♦s ❝❛s♦s✳ ◆♦ ❡♥t❛♥t♦✱ ♥í✈❡✐s

♥♦r♠❛✐s ♥ã♦ ✐♠♣❧✐❝❛♠ ❡♠ ❛✉sê♥❝✐❛ ❞❛ ❞♦❡♥ç❛ ❡①tr❛✲♣r♦stát✐❝❛✳

■■✳ ❆♥tí❣❡♥♦ Pr♦stát✐❝♦ ❊s♣❡❝í✜❝♦ ✲ P❙❆

❖ ❆♥tí❣❡♥♦ Pr♦stát✐❝♦ ❊s♣❡❝í✜❝♦ ✭P❙❆✮ é ✉♠❛ ❣❧✐❝♦♣r♦t❡í♥❛ ♣r❡s❡♥t❡ ♥♦

❡♣✐té❧✐♦ ♣r♦stát✐❝♦ ❡ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❧✐q✉❡❢❛çã♦ ❞♦ ❝♦á❣✉❧♦ ❞♦ ❡s♣❡r♠❛✱

❛♣ós ❛ ❡❥❛❝✉❧❛çã♦✳

P❛r❛ ❙♦✉t♦ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✷✵✵✹✮✱ ♦ P❙❆ é ♦ q✉❡ ♠❛✐s s❡ ❛♣r♦①✐♠❛

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

❞♦r❡s ❤♦❥❡ ❞✐s♣♦♥í✈❡✐s ❡♠ ♦♥❝♦❧♦❣✐❛✳ ❊stá ❡♠ ✉s♦ ❝❧í♥✐❝♦ ♣❛r❛ ❞✐❛❣♥óst✐❝♦ ❡

s❡❣✉✐♠❡♥t♦ ❞♦ ❝â♥❝❡r ♣r♦stát✐❝♦ ❞❡s❞❡ ✶✾✽✻✳

❖ P❙❆ é ✏♣róst❛t❛ ✲ ❡s♣❡❝í✜❝♦✑✱ ♦✉ s❡❥❛ é ♣r♦❞✉③✐❞♦ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❡❧♦

t❡❝✐❞♦ ♣r♦stát✐❝♦✱ ♠❛s ♥ã♦ é ✉♠ t❡st❡ ✏❝â♥❝❡r ✲ ❡s♣❡❝í✜❝♦✑✳ ■ss♦ s✐❣♥✐✜❝❛ q✉❡

s✉❛ ♣r❡s❡♥ç❛ ❡♠ ♥í✈❡✐s sér✐❝♦s ❡❧❡✈❛❞♦s ♥❡♠ s❡♠♣r❡ é ✐♥❞✐❝❛t✐✈♦ ❞❡ ❝â♥❝❡r ❞❡

♣róst❛t❛✳ ❙❛❜❡✲s❡ q✉❡ ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ P❙❆ ♣♦❞❡♠ ❛❧t❡r❛r✲s❡ ❡♠ ❞✐✈❡rs❛s

♣❛t♦❧♦❣✐❛s ♣r♦stát✐❝❛s ❡ ❡♠ s✐t✉❛çõ❡s ❞✐st✐♥t❛s✱ ❝♦♠♦ ♠♦str❛ ❛ t❛❜❡❧❛ ✶✳✷✳

❙❡❣✉♥❞♦ ❙♦✉t♦ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✷✵✵✹✮✱ ❛❝r❡❞✐t❛✲s❡ q✉❡ ♦ P❙❆ s❡❥❛ ❧✐❜❡✲

r❛❞♦ ♣❛r❛ ❛ ❝♦rr❡♥t❡ s❛♥❣üí♥❡❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ q✉❛♥❞♦ ❤á ❛❧❣✉♠❛ r✉♣t✉r❛

✶✻



❈❛✉s❛s ❞❡ ❆❧t❡r❛çõ❡s ❞♦ P❙❆

❈♦♠♣r♦✈❛❞❛s ❉✐s❝✉t✐❞❛s

❈â♥❝❡r ❞❡ Próst❛t❛ ❚♦q✉❡ ❘❡t❛❧

❍✐♣❡r♣❧❛s✐❛ ❇❡♥✐❣♥❛ ❊❥❛❝✉❧❛çã♦

Pr♦st❛t✐t❡s ❊①❡r❝í❝✐♦s ✭❝✐❝❧✐s♠♦✮

■sq✉❡♠✐❛s✱ ✐♥❢❛rt♦s ♣r♦stát✐❝♦s ◆❡♦♣❧❛s✐❛ ♣r♦stát✐❝❛ ✐♥tr❛❡♣✐t❡❧✐❛❧ ✭P■◆✮

▼❛♥✐♣✉❧❛çã♦ ✲ ❜✐ó♣s✐❛s ♣r♦stát✐❝❛s✱

r❡ss❡❝çõ❡s✱ ❝✐st♦❝♦♣✐❛s

▼❡❞✐❝❛çõ❡s ✲ ❛♥t✐❛♥❞r♦❣ê♥✐❝♦s

❚❛❜❡❧❛ ✶✳✷✿ P♦ssí✈❡✐s ❝❛✉s❛s ❞❡ ❛❧t❡r❛çõ❡s ❞♦s ♥í✈❡✐s sér✐❝♦s ❞❡ P❙❆ ❬✹✼❪✳

♥♦s ♠❡❝❛♥✐s♠♦s q✉❡ ♦ ♠❛♥tê♠ ♥♦ t❡❝✐❞♦ ♣r♦stát✐❝♦✱ ❝♦♠♦ ✐sq✉❡♠✐❛s✱ ✐♥✲

❢❛rt♦s✱ ♣r♦❝❡ss♦s ✐♥✢❛♠❛tór✐♦s ❡ ❝â♥❝❡r✳ ❆ ❤✐♣❡r♣❧❛s✐❛ ❜❡♥✐❣♥❛ ❞❛ ♣róst❛t❛

✭❍❇P✮ ❡❧❡✈❛ ♦s ♥í✈❡✐s ❞❡ P❙❆ sér✐❝♦ ❞❡✈✐❞♦ ❛♦ ❛✉♠❡♥t♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝é❧✉❧❛s

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

P❙❆ sér✐❝♦ ❡♠ ✵✱✸ ♥❣✴♠❧✱ ❛♦ ♣❛ss♦ q✉❡ ❝❛❞❛ ❣r❛♠❛ ❞❡ t❡❝✐❞♦ ❝♦♠ ❝â♥❝❡r

❡❧❡✈❛r✐❛ ♦ ♠❡s♠♦ ❡♠ ✸✱✵ ♥❣✴♠❧✳

◆❛ ❝❧❛ss✐✜❝❛çã♦ ✏❝❧áss✐❝❛✑✱ ♣r❡s❡♥t❡ ♥❛ ❧✐t❡r❛t✉r❛✱ ♦s ✈❛❧♦r❡s ♥♦r♠❛✐s ❞❡

P❙❆ ✈❛r✐❛♠ ❞❡ ✵ ❛ ✹ ♥❣✴♠❧✱ ♥í✈❡✐s ❡♥tr❡ ✹ ❡ ✶✵ ♥❣✴♠❧ sã♦ ❝♦♥s✐❞❡r❛❞♦s

❧❡✈❡♠❡♥t❡ ❡❧❡✈❛❞♦s✱ ❡♥tr❡ ✶✵ ❡ ✷✵ ♥❣✴♠❧ sã♦ ♠♦❞❡r❛❞❛♠❡♥t❡ ❡❧❡✈❛❞♦s ❡ ❛❝✐♠❛

❞❡ ✷✵ ♥❣✴♠❧ sã♦ ❛❧t❛♠❡♥t❡ ❡❧❡✈❛❞♦s✳

❋❡rr❡✐r❛ ❡ ◆❛r❞✐ ✭✶✾✾✾✮ ❬✷✷❪ ❛✜r♠❛♠ q✉❡✱ ❝♦♠♦ r❡❣r❛ ❣❡r❛❧✱ ❞❡✈❡✲s❡ ❝♦♥✲

s✐❞❡r❛r ✉♠❛ ♠❛r❣❡♠ ❞❡ ❡rr♦ ❡♠ t♦r♥♦ ❞❡ ✷✵✪✱ t❛♥t♦ ♣❛r❛ ❝❛s♦s ❞❡ ♣❛❝✐❡♥t❡s

♣♦rt❛❞♦r❡s ❞❡ ❝â♥❝❡r✱ ❝✉❥♦ P❙❆ ❡♥❝♦♥tr❛✲s❡ ♥♦r♠❛❧✱ q✉❛♥t♦ ♥♦s ❝❛s♦s ❞❡ ❍❇P

❝✉❥♦ P❙❆ ❛♣r❡s❡♥t❛✲s❡ ❡❧❡✈❛❞♦✳ ❊♥tr❡t❛♥t♦✱ r❡s✉❧t❛❞♦s ❛❝✐♠❛ ❞❡ ✶✵ ♥❣✴♠❧

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

❖ ♥í✈❡❧ ❞❡ P❙❆ ❝♦rr❡❧❛❝✐♦♥❛✲s❡ ❝♦♠ ❛ ❡①t❡♥sã♦ ❞♦ t✉♠♦r✳ ◗✉❛♥t♦ ♠❛✐♦r
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♦ í♥❞✐❝❡ ❞❡ P❙❆ ❡♥❝♦♥tr❛❞♦✱ ♠❛✐♦r❡s sã♦ ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ❞♦❡♥ç❛ ❡①tr❛✲

♣r♦stát✐❝❛✳ P♦ré♠✱ s♦♠❡♥t❡ ♦ ♥í✈❡❧ ❞❡ P❙❆ ♥ã♦ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❞❡t❡r♠✐♥❛r

♦ ❡stá❣✐♦ ❞♦ ❝â♥❝❡r✱ ♣♦✐s ❡①✐st❡♠ ♣❛❝✐❡♥t❡s ❝♦♠ ♠❡s♠♦ P❙❆ ❡♠ ❡stá❣✐♦s

❞✐st✐♥t♦s✳

❊st✉❞♦s ❛♣♦♥t❛♠ q✉❡ ❝❡r❝❛ ❞❡ ✽✵✪ ❞♦s ♣❛❝✐❡♥t❡s ❝♦♠ ❝â♥❝❡r ❞❡ ♣róst❛t❛

❛♣r❡s❡♥t❛♠✱ ❛♦ ❞✐❛❣♥óst✐❝♦✱ ♥í✈❡❧ ❞❡ P❙❆ ❛❝✐♠❛ ❞❡ ✹ ♥❣✴♠❧✳ ◆♦ ❡♥t❛♥t♦✱

❈❛t❛❧♦♥❛✱ ❙♠✐t❤ ❡ ❖r♥st❡✐♥ ✭✶✾✾✼✮ ❬✶✷❪ ♠♦str❛r❛♠✱ ❡♠ s✉❛s ♣❡sq✉✐s❛s✱ q✉❡

✷✷✪ ❞♦s ❤♦♠❡♥s ❝♦♠ ❝â♥❝❡r ❞❡ ♣róst❛t❛ tê♠ P❙❆ sér✐❝♦ ❡♥tr❡ ✷✱✻ ❡ ✹ ♥❣✴♠❧✳

❩❤✉ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✷✵✵✺✮ ❬✺✷❪ t❛♠❜é♠ ♠♦str❛r❛♠ q✉❡ ❝â♥❝❡r❡s ❞❡ ♣rós✲

t❛t❛ ❝❧✐♥✐❝❛♠❡♥t❡ s✐❣♥✐✜❝❛♥t❡s✱ ♥♦ ❡stá❣✐♦ ❧♦❝❛❧✐③❛❞♦✱ ❢♦r❛♠ ❞❡t❡❝t❛❞♦s ❝♦♠

❢r❡qüê♥❝✐❛✱ ❡♠ ❤♦♠❡♥s q✉❡ ❛♣r❡s❡♥t❛✈❛♠ P❙❆ ❡♥tr❡ ✷✱✻ ❡ ✹ ♥❣✴♠❧ ❡ ✜③❡r❛♠

❜✐ó♣s✐❛✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❉✐♥✐ ❡ ❑♦✛ ✭✷✵✵✻✮ ❬✶✽❪✱ ♦ ♥ú♠❡r♦ ❞❡ ❜✐ó♣s✐❛s ❞❛ ♣róst❛t❛

t❡♠ ❛✉♠❡♥t❛❞♦ ❞❡✈✐❞♦ ❛♦ r❛str❡❛♠❡♥t♦ ❞❛ ❞♦❡♥ç❛ ❝♦♠ P❙❆✱ q✉❡ é ✉♠ ♠❛r✲

❝❛❞♦r q✉❡ ❛♣r❡s❡♥t❛ ❜❛✐①❛ ❡s♣❡❝✐✜❝✐❞❛❞❡✳ ❱ár✐♦s ♣❡q✉✐s❛❞♦r❡s ♣r❡❝♦♥✐③❛♠

✉♠ ♣♦♥t♦ ❞❡ ❝♦rt❡ ♠❡♥♦r ✭✷✱✺ ♥❣✴♠❧✮✱ ♣❛r❛ ❛ ✐♥❞✐❝❛çã♦ ❞❡ ❜✐ó♣s✐❛ ♣❡❧♦ P❙❆✱

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

❝✉rá✈❡✐s✱ ♠❛s ❝❡rt❛♠❡♥t❡ ❡❧❡✈❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❜✐ó♣s✐❛s ❞❡s♥❡❝❡ssár✐❛s✳

◗✉❛♥❞♦ ♦ P❙❆ s✐t✉❛✲s❡ ❡♥tr❡ ✹ ❡ ✶✵ ♥❣✴♠❧✱ ♦❜t❡r ✉♠❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❛❝❡✐✲

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

❞✐❛❣♥óst✐❝♦✱ ♥❡ss❛ ❢❛✐①❛✱ ♠✉✐t♦s ♣❛❝✐❡♥t❡s sã♦ s✉❜♠❡t✐❞♦s ❛ ❡①❛♠❡s ❞❡s♥❡✲

❝❡ssár✐♦s✳ ❙❡❣✉♥❞♦ ❉✐♥✐ ❡ ❑♦✛ ✭✷✵✵✻✮✱ ❛ss✉♠❡✲s❡ q✉❡ ❝❡r❝❛ ❞❡ ✶✶✪ ❛ ✸✾✪

❞♦s ♣❛❝✐❡♥t❡s✱ ❝♦♠ P❙❆ ❡♥tr❡ ✹ ❡ ✶✵ ♥❣✴♠❧✱ ❛♣r❡s❡♥t❛♠ ❝â♥❝❡r à ❜✐ó♣s✐❛

tr❛♥sr❡t❛❧✳

P❛r❛ ♦t✐♠✐③❛r ❛ ❡✜❝á❝✐❛ ❞❛ ♠❡❞✐çã♦ ❞♦ P❙❆✱ ❝♦♠♦ t❡st❡ ❞✐❛❣♥óst✐❝♦✱ ♦✉✲

tr♦s ❝♦♥❝❡✐t♦s ❢♦r❛♠ ♣r♦♣♦st♦s✱ s❡♠♣r❡ ✈✐s❛♥❞♦ ✐♥❝r❡♠❡♥t❛r ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡

❞♦ t❡st❡ ❡ ❡✈✐t❛r ❜✐ó♣s✐❛s ❞❡s♥❡❝❡ssár✐❛s✳
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✶✳ ❱❡❧♦❝✐❞❛❞❡ ❞♦ P❙❆✿ é ❛ t❛①❛ ❞❡ ❛✉♠❡♥t♦ ❞♦ P❙❆ ❝♦♠ ♦ t❡♠♣♦✳

❊st✉❞♦s r❡✈❡❧❛r❛♠ q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❡❧❡✈❛çã♦ ❞♦ P❙❆ ❞✐❢❡r❡✱ ❝♦♥s✐❞❡r❛✲

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

s✉❣❡r✐♥❞♦ q✉❡ t❛①❛s ♠❛✐♦r❡s ❞♦ q✉❡ ✵✱✼✺ ♥❣✴♠❧ ❛♦ ❛♥♦ r❡♣r❡s❡♥t❛♠ ❛❧t♦ r✐s❝♦

❞❡ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳

✷✳ ❉❡♥s✐❞❛❞❡s ❞♦ P❙❆✿ ♥♦ ❝á❧❝✉❧♦ ❞❛ ❞❡♥s✐❞❛❞❡✱ ♦ P❙❆ sér✐❝♦ ✭ng/ml✮

é ❞✐✈✐❞✐❞♦ ♣❡❧♦ ✈♦❧✉♠❡ ♣r♦stát✐❝♦ ✭cm3✮✱ ❞❡t❡r♠✐♥❛❞♦ ♣♦r ✉❧tr❛✲s♦♥♦❣r❛✜❛

tr❛♥sr❡t❛❧✳ ❖ ♣♦♥t♦ ❞❡ ❝♦rt❡ s✉❣❡r✐❞♦ t❡♠ s✐❞♦ ✵✱✶✺✱ ❝♦♠ ✈❛❧♦r❡s s✉♣❡r✐♦r❡s

✐♥❞✐❝❛♥❞♦ ♣r❡s❡♥ç❛ ❞❡ ❝â♥❝❡r✳ ❈rít✐❝❛s s♦❜r❡ ❛ ✉t✐❧✐❞❛❞❡ ❞❡ss❡ t❡st❡ ✈ê♠

s❡♥❞♦ ❢❡✐t❛s✱ ❞❡✈✐❞♦ à ✈❛r✐❛❜✐❧✐❞❛❞❡ ♥❛ ❛✈❛❧✐❛çã♦ ❞♦ ✈♦❧✉♠❡ ♣r♦stát✐❝♦ ❡ às

❞✐❢❡r❡♥ç❛s ❞❡ P❙❆s ❝♦♠ ♠❡s♠♦ ✈♦❧✉♠❡ ❣❧❛♥❞✉❧❛r✱ ❡♠ ❝❛s♦s ❞❡ ❍❇P ❬✹✼❪✳

✸✳ P❙❆ ❡s♣❡r❛❞♦✿ é ♦ q✉♦❝✐❡♥t❡ ❞♦ ✈♦❧✉♠❡ ♣r♦stát✐❝♦ ✭❛✈❛❧✐❛❞♦ ♣❡❧❛

✉❧tr❛✲s♦♥♦❣r❛✜❛✮ ♣♦r ✶✷ ✲ ♦✉ ❞✐❞❛t✐❝❛♠❡♥t❡ ♣♦r ✶✵✳ ➱ ❝♦♥s✐❞❡r❛❞♦ ♥♦r♠❛❧

✉♠❛ ❣❧â♥❞✉❧❛ ❝♦♠ 90g ♣r♦❞✉③✐r ✸ ♥❣✴♠❧ ❞❡ P❙❆✱ ♣♦ré♠ ✉♠❛ ❣❧â♥❞✉❧❛ ❝♦♠

30g ♥ã♦ ♣♦❞❡ ♣r♦❞✉③✐r ✾ ♥❣✴♠❧✳ ◆❡ss❡ ú❧t✐♠♦ ❝❛s♦✱ s❡r✐❛ ✐♥❞✐❝❛❞❛ ❛ r❡❛❧✐③❛çã♦

❞❛ ❜✐ó♣s✐❛✳

✹✳ P❙❆ ❛❥✉st❛❞♦ à ✐❞❛❞❡✿ ❛ ✐❞❛❞❡ é ✉♠ ❢❛t♦r ✐♠♣♦rt❛♥t❡ ♥❛ ❡❧❡✈❛✲

çã♦ ❞♦s ♥í✈❡✐s ❞❡ P❙❆✳ ❖ ✉s♦ ❞♦ P❙❆ ❛❥✉st❛❞♦ à ✐❞❛❞❡ ✈✐s❛ ❛✉♠❡♥t❛r ❛

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

❡ ❛✉♠❡♥t❛r ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ♥❛s ♠❛✐s ✐❞♦s❛s✳ ◆♦ ❡♥t❛♥t♦✱ s❡❣✉♥❞♦ ❙♦✉t♦ ❡

❝♦❧❛❜♦r❛❞♦r❡s ✭✷✵✵✹✮ ❬✹✼❪✱ ❛ ♠❛✐♦r✐❛ ❞♦s ❛✉t♦r❡s ❝♦♥❝♦r❞❛ q✉❡ ❛ r❡❞✉çã♦ ❞❛

s❡♥s✐❜✐❧✐❞❛❞❡ ♥❛s ❢❛✐①❛s ❡tár✐❛s ❛❝✐♠❛ ❞❡ ✻✵ ❛♥♦s é ♣r♦❜❧❡♠át✐❝❛✱ ❡ r❡❝♦♠❡♥❞❛

❛ ♠❛♥✉t❡♥çã♦ ❞♦ ✉s♦ ❞♦ ❧✐♠✐t❡ ❞❡ ✹ ♥❣✴♠❧ ❡♥tr❡ ♦s ♠❛✐s ✐❞♦s♦s✳

❱❛❧♦r❡s ♠á①✐♠♦s ❞✐❢❡r❡♥t❡s ❞♦ P❙❆ ✭♥❣✴♠❧✮✱ ❛ s❛❜❡r ✵✲✷✱✺❀ ✵✲✸✱✺❀ ✵✲✹✱✺

❡ ✵✲✻✱✺✱ ❢♦r❛♠ ♣r♦♣♦st♦s ♣❛r❛ ❛s ❝❛t❡❣♦r✐❛s ❡tár✐❛s ✹✵✲✹✾❀ ✺✵✲✺✾❀ ✻✵✲✻✾ ❡ ✼✵✲

✼✾ ❛♥♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❬✸✺❪✳ ❊♥tr❡t❛♥t♦✱ ❞❛❞♦s r❡❝❡♥t❡s ✐♥❞✐❝❛♠ q✉❡ ❡ss❡s

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

✶✾



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

❈❤✉♥ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✷✵✵✻✮ ❬✶✺❪✱ ❡♠ ✉♠ ❡st✉❞♦ ❝♦♠ ♣❛❝✐❡♥t❡s ❝❛♥❛❞❡♥✲

s❡s✱ ❝♦♥❝❧✉ír❛♠ q✉❡ ♦ ♥í✈❡❧ ❞❡ P❙❆ ♠é❞✐♦✱ ♥❛ ♠❛✐♦r ♣❛rt❡ ❞❛s ❢❛✐①❛s ❡tár✐❛s✱

♥ã♦ ❛t✐♥❣✐✉ ✶ ♥❣✴♠❧✳ ❖s ✈❛❧♦r❡s ❞❡ P❙❆ ❡♥❝♦♥tr❛❞♦s ❢♦r❛♠ ✵✱✼✵✱ ✵✱✾✵✱ ✵✱✾✼ ❡

✶✱✹✼ ♥❣✴♠❧✱ r❡❢❡r❡♥t❡s às ❝❛t❡❣♦r✐❛s ❡tár✐❛s ✹✵✲✹✾✱ ✺✵✲✺✾✱ ✻✵✲✻✾ ❡ ✼✵✲✼✾ ❛♥♦s✱

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

❧✐♠✐t❛çã♦ ❞❡ s✉❛ ♣❡sq✉✐s❛ ❡ r❡ss❛❧t❛♠ q✉❡ ❡ss❡ ❢❛t♦ ❞✐✜❝✉❧t❛ s✉❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡

❡♠ ♦✉tr❛s ♣♦♣✉❧❛çõ❡s✳

❈♦♥t✉❞♦✱ ❛ss✐♠ ❝♦♠♦ ❉✐♥✐ ❡ ❑♦✛ ✭✷✵✵✻✮ ❬✶✽❪✱ ❡ss❡s ♣❡sq✉✐s❛❞♦r❡s r❡❛✲

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

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

❇r❛s✐❧ ❡ ♥♦ ♠✉♥❞♦✳

✺✳ P❙❆ ❧✐✈r❡✿ tr❛t❛✲s❡ ❞❡ ✉♠❛ ❞❡♥tr❡ ❛s três ❢♦r♠❛s ♠♦❧❡❝✉❧❛r❡s ♣r✐♥✲

❝✐♣❛✐s ❞♦ P❙❆✱ ♥♦ ♣❧❛s♠❛✳ ❱ár✐♦s ❡st✉❞♦s ❞❡♠♦♥str❛r❛♠ q✉❡ ❛ ♣r♦♣♦rçã♦

❞❡ P❙❆ ❧✐✈r❡✱ ❡♠ r❡❧❛çã♦ ❛♦ P❙❆ t♦t❛❧✱ é ✐♥❢❡r✐♦r ♥♦s ♣❛❝✐❡♥t❡s ❝♦♠ ❝â♥❝❡r✳

❆s ♣❡sq✉✐s❛s t❛♠❜é♠ ❡st❛❜❡❧❡❝❡r❛♠ q✉❡ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ P❙❆ ❧✐✈r❡ é ♠❛✐s

♣r❡❞✐❝t✐✈❛✱ ❞♦ ❞✐❛❣♥óst✐❝♦ ❞❡ ❝â♥❝❡r✱ ❞♦ q✉❡ ♦s ♥í✈❡✐s ❞❡ P❙❆ t♦t❛❧ ❡♠ ♣❛❝✐✲

❡♥t❡s ❝♦♠ P❙❆ t♦t❛❧ ❡♥tr❡ ✹ ❡ ✶✵ ♥❣✴♠❧ ❬✹✼❪✳ ◆ã♦ s❡ s❛❜❡ ♦ ♣♦♥t♦ ❞❡ ❝♦rt❡

✐❞❡❛❧ ✲ ❢♦r❛♠ s✉❣❡r✐❞♦s ✈❛❧♦r❡s ❡♥tr❡ ✶✺✪ ❡ ✷✺✪✳

❉❡ ♠♦❞♦ ❣❡r❛❧✱ ♦ t❡st❡ ❞❡ P❙❆ t❡♠ ❣r❛♥❞❡ ✉t✐❧✐❞❛❞❡ ♥♦ ❛❝♦♠♣❛♥❤❛♠❡♥t♦

❞♦s tr❛t❛♠❡♥t♦s ✐♥st✐t✉í❞♦s ♣❛r❛ ♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳ ❙❡ ♦ ♥í✈❡❧ ❞❡ P❙❆

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

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

✐♥❞✐❝❛ t✉♠♦r r❡s✐❞✉❛❧ ♦✉ ♠❡tást❛s❡ ❡ ✉♠ ❛✉♠❡♥t♦ ♥♦s ♥í✈❡✐s ❞❡ P❙❆✱ ❛♣ós

♦ ♣❡rí♦❞♦ ❞❡ ♥♦r♠❛❧✐③❛çã♦✱ ✐♥❞✐❝❛ r❡❝♦rrê♥❝✐❛✳

❙❡❣✉♥❞♦ ❙♦✉t♦ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✷✵✵✹✮✱ ❛♣ós ✉♠ ♠ês ❞❛ ♣r♦st❛t❡❝t♦♠✐❛

r❛❞✐❝❛❧✱ ♦s ♥í✈❡✐s sér✐❝♦s ❞❡ P❙❆ ❞❡✈❡♠ t♦r♥❛r✲s❡ ✐♥❞❡t❡❝tá✈❡✐s✳ ❚❛♠❜é♠

✷✵



❛♣ós ♦s tr❛t❛♠❡♥t♦s r❛❞✐♦t❡rá♣✐❝♦s ♦✉ ❤♦r♠♦♥❛✐s✱ ♦ P❙❆ t❡♥❞❡ ❛ s♦❢r❡r ✉♠❛

❞rást✐❝❛ r❡❞✉çã♦ ❡ ❡❧❡✈❛çõ❡s ❡♠ s❡✉ ♥í✈❡❧ ❞❡♥♦t❛♠ ♣r♦❣r❡ssã♦✳ ❏á ♦s ♣❛❝✐❡♥t❡s

❝♦♠ ❞♦❡♥ç❛ ♠❡t❛stát✐❝❛✱ q✉❡ r❡s♣♦♥❞❡♠ ❛♦ tr❛t❛♠❡♥t♦ ❤♦r♠♦♥❛❧✱ ❛♣r❡s❡♥✲

t❛♠ ✉♠❛ r❡❞✉çã♦ ✐♠♣♦rt❛♥t❡ ❞♦ P❙❆✱ q✉❡ ❝♦st✉♠❛ ❛ ❡q✉✐✈❛❧❡r ❛ ✽✵✪ ❞♦s

✈❛❧♦r❡s ♣ré✈✐♦s✱ ❛♣ós ✸✵ ❞✐❛s ❞♦ ✐♥í❝✐♦ ❞♦ ❜❧♦q✉❡✐♦ ❤♦r♠♦♥❛❧✳

❯❧tr❛ ✲ ❙♦♠ ❚r❛♥sr❡t❛❧ ✲ ❯❙❚❘

❆ ✐♥❞✐❝❛çã♦ ♣❛r❛ ✉❧tr❛✲s♦♠ ❞❛ ♣róst❛t❛ ❞❡✈❡ ♦❝♦rr❡r ❛♣ós ❛ r❡❛❧✐③❛çã♦

❞♦ t❡st❡ ❞❡ P❙❆ ❡ ❞♦ t♦q✉❡ r❡t❛❧✳ ❚r❛t❛✲s❡ ❞❡ ✉♠ ❡①❛♠❡ q✉❡ ❛✉①✐❧✐❛ ♥❛

✐❞❡♥t✐✜❝❛çã♦ ❞❡ ár❡❛s s✉s♣❡✐t❛s✱ ♥ã♦ ❞❡t❡❝t❛❞❛s ❛♦ t♦q✉❡✱ ❡ é út✐❧ ♣❛r❛ ❣✉✐❛r

❛ ❛❣✉❧❤❛ ❞❛ ❜✐ó♣s✐❛✳

❙❡❣✉♥❞♦ ❋❡rr❡✐r❛ ❡ ◆❛r❞✐ ✭✶✾✾✾✮ ❬✷✷❪✱ ♦ ❝â♥❝❡r ❧♦❝❛❧✐③❛❞♦ ♠♦str❛✲s❡ ❝♦♠♦

✉♠❛ ár❡❛ s✉s♣❡✐t❛ ❡♠ ❛té ✻✵✪ ❞♦s ❝❛s♦s✳ ◆♦ ❡♥t❛♥t♦✱ ❡①✐st❡♠ ♦✉tr❛s ❝❛✉✲

s❛s✱ ♥ã♦ ♠❛❧✐❣♥❛s✱ q✉❡ ❡①♣❧✐❝❛♠ ❛s ár❡❛s s✉s♣❡✐t❛s ❛♦ ❯❙❚❘✱ ❝♦♠♦ ✐♥❢❛rt♦

♣r♦stát✐❝♦✱ ❝✐st♦s ❡ ár❡❛s ❞❡ ✜❜r♦s❡✳

❖ ❯❙❚❘ ♣♦❞❡ ❛✉①✐❧✐❛r ♦ ❡st❛❞✐❛♠❡♥t♦ ❧♦❝❛❧ ❞❛ ❞♦❡♥ç❛✱ ❢♦r♥❡❝❡♥❞♦ ✐♥✲

❢♦r♠❛çõ❡s ❝♦♠♦ ♣r❡s❡♥ç❛ ❞❡ ❡①t❡♥sã♦ ❡①tr❛✲♣r♦stát✐❝❛ ❡ ❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s

✈❡sí❝✉❧❛s s❡♠✐♥❛✐s✳

❇✐ó♣s✐❛ ❞❛ Próst❛t❛

❆ ❜✐ó♣s✐❛ ♣r♦stát✐❝❛ é ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ❝✐rúr❣✐❝♦✱ ♠❡❞✐❛♥t❡ ♦ q✉❛❧ é ❝♦❧❡✲

t❛❞❛ ✉♠❛ ❛♠♦str❛ ❞❡ t❡❝✐❞♦ q✉❡ s❡rá ❡①❛♠✐♥❛❞❛✳ ❆ ❜✐ó♣s✐❛ s❡①t❛♥t❡ ❡q✉✐✈❛❧❡

à r❡t✐r❛❞❛ ❞❡ s❡✐s ❢r❛❣♠❡♥t♦s ❡ ❛ ❜✐ó♣s✐❛ s❡①t❛♥t❡ ❡st❡♥❞✐❞❛ ❝♦rr❡s♣♦♥❞❡ à

r❡t✐r❛❞❛ ❞❡ ❞♦③❡ ❢r❛❣♠❡♥t♦s✱ ♥♦ ♠í♥✐♠♦✳ ❊ss❡ ♥ú♠❡r♦ ♣♦❞❡ s❡r ❛♠♣❧✐❛❞♦✱

❞❡♣❡♥❞❡♥❞♦ ❞❛ s✐t✉❛çã♦ ❝❧í♥✐❝❛ ❡ ❞❛ ✉❧tr❛✲s♦♥♦❣r❛✜❛ ❞♦ ♣❛❝✐❡♥t❡✳

❆ ♠❛✐♦r✐❛ ❞❛s ❜✐ó♣s✐❛s sã♦ r❡❛❧✐③❛❞❛s ❝♦♠ ♦ ❛✉①í❧✐♦ ❞♦ ✉❧tr❛✲s♦♠✳ ❆ s♦♥❞❛

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

✷✶



♣r♦stát✐❝❛✳ ◆♦ ❝❛s♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❛❧❣✉♠❛ ❛♥♦r♠❛❧✐❞❛❞❡ ✭❧❡sã♦✮✱ ❛ ❛❣✉❧❤❛

s❡rá ♣♦s✐❝✐♦♥❛❞❛ ♥❡st❛ ár❡❛✱ ❛ ✜♠ ❞❡ ♦❜t❡r ✉♠❛ ❛♠♦str❛ ❞❡ t❡❝✐❞♦✳ ❇✐ó♣s✐❛s

♠ú❧t✐♣❧❛s ♣♦❞❡♠ ❛✉①✐❧✐❛r ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❝❛✉s❛ ❡ ❡①t❡♥sã♦ ❞❛ ❞♦❡♥ç❛✳

❙❡❣✉♥❞♦ ❛ ❙♦❝✐❡❞❛❞❡ ❇r❛s✐❧❡✐r❛ ❞❡ ❯r♦❧♦❣✐❛ ❬✹✻❪✱ ❛s ✐♥❞✐❝❛çõ❡s ♣❛r❛ ❛

❜✐ó♣s✐❛ ♣r♦stát✐❝❛ sã♦✿ ♣r❡s❡♥ç❛ ❞❡ ♥ó❞✉❧♦s ✭❞❡t❡❝t❛❞♦s ♥♦ t♦q✉❡ r❡t❛❧✮✱ ♥í✲

✈❡✐s ❞❡ P❙❆ ❡❧❡✈❛❞♦s ✭❣❡r❛❧♠❡♥t❡ ❛❝✐♠❛ ❞❡ ✹♥❣✴♠❧✮ ❡✱ ♠❛✐s r❡❝❡♥t❡♠❡♥t❡✱

✐♥❞✐❝❛✲s❡ t❛♠❜é♠ ❡♠ ♣❛❝✐❡♥t❡s ♠❛✐s ❥♦✈❡♥s ✭❝♦♠ ✐❞❛❞❡ ✐♥❢❡r✐♦r ❛ ✺✺ ❛♥♦s✮

❡ q✉❡ t❡♥❤❛♠ P❙❆ ❛❝✐♠❛ ❞❡ ✷✱✺ ♥❣✴♠❧✱ ❡ ♥❛q✉❡❧❡s ❡♠ q✉❡ ❛ ❞❡♥s✐❞❛❞❡ ❞❡

P❙❆ > ✵✱✶✺ ❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❛♥✉❛❧ > ✵✱✼✺ ♥❣✴♠❧✳

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

❛s ❝é❧✉❧❛s ♥♦r♠❛✐s✱ é ❞❡♥♦♠✐♥❛❞♦ ❣r❛✉ ❞♦ t✉♠♦r✳ ❖ ♣❛t♦❧♦❣✐st❛✱ ❛tr❛✈és ❞❛

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

❛çã♦ ❝❡❧✉❧❛r ✲ ♦✉ s❡❥❛✱ ❞❡s❝r❡✈❡ q✉ã♦ s✐♠✐❧❛r❡s✱ ❡♠ ❛♣❛rê♥❝✐❛ ❡ ❢✉♥çã♦✱ sã♦ ❛s

❝é❧✉❧❛s s❛✉❞á✈❡✐s ❡ ❛s ❝é❧✉❧❛s ♥❡♦♣❧ás✐❝❛s✳

❆ ❣r❛❞✉❛çã♦ ❤✐st♦❧ó❣✐❝❛ ❞♦ ❝❛r❝✐♥♦♠❛ ❞❛ ♣róst❛t❛ t❡♠ ❝♦rr❡❧❛çã♦ ❝♦♠ ♦

❡st❛❞✐❛♠❡♥t♦ ❝❧í♥✐❝♦ t❡♥❞♦✱ ♣♦rt❛♥t♦✱ ✈❛❧♦r ♣r♦❣♥óst✐❝♦ ✭❇✐❧❧✐s✱ ✷✵✵✸✮ ❬✽❪✳ ❖s

t✉♠♦r❡s ❞❛ ♣róst❛t❛ sã♦ ❜❛st❛♥t❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❝♦♠ ár❡❛s ❞❡ ♠❛✐♦r ❡ ♠❡♥♦r

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

♠❛✐♦r ❛♥❛♣❧❛s✐❛✳

❆t✉❛❧♠❡♥t❡ ♦ s✐st❡♠❛ ❞❡ ●❧❡❛s♦♥✱ q✉❡ ❡♥❢❛t✐③❛ ❛ ❛rq✉✐t❡t✉r❛ ❣❧❛♥❞✉❧❛r✱

é ♦ ♠❛✐s ✉t✐❧✐③❛❞♦ ❡ t❡♠ r❡❝❡❜✐❞♦ ❣r❛♥❞❡ ❛❝❡✐t❛çã♦ ❞❡✈✐❞♦ à ❛❧t❛ ❝♦rr❡❧❛çã♦

❝♦♠ ♦ ♣r♦❣♥óst✐❝♦ ❡ r❡❧❛t✐✈❛ s✐♠♣❧✐❝✐❞❛❞❡ ❬✽❪✳ ◆♦ s✐st❡♠❛ ❞❡ ●❧❡❛s♦♥ ♦s

t✉♠♦r❡s sã♦ ❝❧❛ss✐✜❝❛❞♦s ❡♠ ✺ ❣r❛✉s✱ s❡♥❞♦ q✉❡ ♦ ❣r❛✉ ✶ r❡♣r❡s❡♥t❛ ❛s ❧❡sõ❡s

♠❛✐s ❞✐❢❡r❡♥❝✐❛❞❛s ✲ q✉❡ tê♠ ❝♦♠♣♦rt❛♠❡♥t♦ ♠❡♥♦s ❛❣r❡ss✐✈♦ ✲ ❡ ♦ ❣r❛✉ ✺

s✐♠❜♦❧✐③❛ ❛s ♠❛✐s ✐♥❞✐❢❡r❡♥❝✐❛❞❛s ✲ q✉❡ ❛♣r❡s❡♥t❛♠ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ♠❛✐s

❛❣r❡ss✐✈♦✳ ❆ ✜❣✉r❛ ✶✳✷ ♠♦str❛ ❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ss❡ s✐st❡♠❛✳

❖ ❞✐❛❣♥óst♦❝♦ ✜♥❛❧ ♥❛ ❡s❝❛❧❛ ❞❡ ●❧❡❛s♦♥ é ❞❛❞♦ ♣❡❧❛ s♦♠❛ ❞♦s ❣r❛✉s ❞♦

✷✷



❋✐❣✉r❛ ✶✳✷✿ ❙✐st❡♠❛ ❞❡ ●❧❡❛s♦♥ ♣❛r❛ ❣r❛❞✉❛çã♦ ❤✐st♦❧ó❣✐❛ ❞♦ ❝❛r❝✐♥♦♠❛ ❞❛ ♣rós✲

t❛t❛ ❬✸✹❪✳

♣r✐♠❡✐r♦ ❡ ❞♦ s❡❣✉♥❞♦ ♣❛❞rõ❡s ❤✐st♦❧ó❣✐❝♦s ♣r❡❞♦♠✐♥❛♥t❡s✳ ❉❡ss❛ ❢♦r♠❛✱ ❛s

♥❡♦♣❧❛s✐❛s ♠❛✐s ❞✐❢❡r❡♥❝✐❛❞❛s sã♦ ❝❛r❛❝t❡r✐③❛❞❛s ❝♦♠♦ ❣r❛✉ ✷ ❂ ✶ ✰ ✶ ❡ ❛s

♠❛✐s ❛❣r❡ss✐✈❛s sã♦ ❝❧❛ss✐✜❝❛❞❛s ❝♦♠♦ ❣r❛✉ ✶✵ ❂ ✺ ✰ ✺✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❇✐❧❧✐s ✭✷✵✵✸✮✱ ❡♠ ❝❛s♦s ❞❡ ❜✐ó♣s✐❛ ♣r♦stát✐❝❛ ❞❡ ❛❣✉❧❤❛✱

r❡❝♦♠❡♥❞❛✲s❡ q✉❡ s❡ ❡①✐st✐r❡♠ ♠❛✐s ❞❡ ❞♦✐s ❣r❛✉s ♣r❡s❡♥t❡s✱ s❡❥❛ ✉s❛❞♦ ❝♦♠♦

♣r✐♠❡✐r♦ ♣❛❞rã♦ ♦ ♠❛✐s ❡①t❡♥s♦ ❡ ❝♦♠♦ s❡❣✉♥❞♦✱ ♦ ♣✐♦r✳

✶✳✸✳✷ ❊st❛❞✐❛♠❡♥t♦

❆♣ós ❛ ❝♦♥✜r♠❛çã♦ ❤✐st♦❧ó❣✐❝❛ ❞♦ ❞✐❛❣♥óst✐❝♦ ❞❡ ❝â♥❝❡r ❞❡ ♣róst❛t❛✱ ❛ ❛✈❛✲

❧✐❛çã♦ ❞❛ ❡①t❡♥sã♦ ❞❛ ❞♦❡♥ç❛ ❞❡✈❡ s❡r ❢❡✐t❛ ♣❛r❛ q✉❡ ♦ ♣❛❝✐❡♥t❡ s❡❥❛ ❡♥❝❛♠✐✲

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

r✐s❝♦s ❞❡ s❡ s✉❜♠❡t❡r ❛♦s tr❛t❛♠❡♥t♦s ✐♥t❡♥s✐✈♦s s❡ ❥✉st✐✜❝❛♠✱ s❡ ❡①✐st✐r❡♠

❝❤❛♥❝❡s r❡❛✐s ❞❡ s✉❝❡ss♦✳

✷✸



❊st❛❞✐❛♠❡♥t♦ ❈❧í♥✐❝♦

❖ ❡st❛❞✐❛♠❡♥t♦ ❝❧í♥✐❝♦ ❝♦♥s✐st❡ ♥❛ ❛✈❛❧✐❛çã♦ ❞❛ ❡①t❡♥sã♦ ❞❛ ❞♦❡♥ç❛✱ ❢❡✐t❛

❛ ♣❛rt✐r ❞♦s r❡s✉❧t❛❞♦s ❞♦s ❡①❛♠❡s ❞♦ t♦q✉❡ r❡t❛❧✱ ♠❛r❝❛❞♦r❡s t✉♠♦r❛✐s✱

❣r❛✉ ❞♦ t✉♠♦r ❡ ❡①❛♠❡s ❞❡ ✐♠❛❣❡♠✱ ❝♦♠♦ ✉❧tr❛✲s♦♠✱ ❝✐♥t✐❧♦❣r❛✜❛ óss❡❛✱

r❛❞✐♦❣r❛✜❛✱ ❡♥tr❡ ♦✉tr♦s✳

❖ s✐st❡♠❛ ❚◆▼ ✭t✉♠♦r✱ ♥♦❞♦ ❡ ♠❡tást❛s❡✮✱ ♣❛r❛ ❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ t✉✲

♠♦r❡s ♠❛❧✐❣♥♦s✱ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ♣♦r P✐❡rr❡ ❉❡♥♦✐① ✭❋r❛♥ç❛✮✱ ❡♥tr❡ ♦s ❛♥♦s

❞❡ ✶✾✹✸ ❡ ✶✾✺✷✳ ❊♠ ✶✾✺✹✱ ❛ ❯♥✐ã♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❈♦♥tr❛ ♦ ❈â♥❝❡r ✭❯■❈❈✮

❝r✐♦✉ ✉♠ ❝♦♠✐tê ♣❛r❛ ♣r♦ss❡❣✉✐r ♦s ❡st✉❞♦s ♥❡ss❡ ❝❛♠♣♦ ❡ ❡st❡♥❞❡r ❛ té❝♥✐❝❛

❣❡r❛❧✱ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞♦ ❝â♥❝❡r✱ ♣❛r❛ t♦❞❛s ❛s ❧♦❝❛❧✐③❛çõ❡s ❛♥❛tô♠✐❝❛s✳ ❆

♣r✐♠❡✐r❛ ❡❞✐çã♦ ❢♦✐ ♣✉❜❧✐❝❛❞❛ ❡♠ ✶✾✺✽ ❡✱ ❞❡s❞❡ ❡♥tã♦✱ ❡❞✐çõ❡s r❡❢♦r♠✉❧❛❞❛s

❡ ❛♣❡r❢❡✐ç♦❛❞❛s ✈ê♠ s❡♥❞♦ ❛♣r❡s❡♥t❛❞❛s ❬✹✺❪✳

❆ t❛❜❡❧❛ ✶✳✸ ❞❡s❝r❡✈❡ ❛ ❝❧❛ss✐✜❝❛çã♦ ❚◆▼✱ ♣r❡s❡♥t❡ ♥❛ s❡①t❛ ❡❞✐çã♦ ♣✉✲

❜❧✐❝❛❞❛ ♣❡❧♦ ■◆❈❆✱ ❡♠ ✷✵✵✹✳ ❆s r❡❣r❛s ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦ ❡ ❡st❛❞✐❛♠❡♥t♦

❝♦rr❡s♣♦♥❞❡♠ ❡①❛t❛♠❡♥t❡ àq✉❡❧❛s q✉❡ ❛♣❛r❡❝❡♠ ♥❛ s❡①t❛ ❡❞✐çã♦ ❞♦ ▼❛♥✉❛❧

♣❛r❛ ❊st❛❞✐❛♠❡♥t♦ ❞♦ ❈â♥❝❡r✱ ❞❛ ❆♠❡r✐❝❛♥ ❏♦✐♥t ❈♦♠♠✐tt❡❡ ❢♦r ❈❛♥❝❡r

❙t❛❣✐♥❣ ✭❆❏❈❈✮✳

◆❡ss❛ ❛❜♦r❞❛❣❡♠✱ ♦ t✉♠♦r ♣r✐♠ár✐♦ ✭❚✮ ❢♦✐ ❝❧❛ss✐✜❝❛❞♦ ❡♠ q✉❛tr♦ ❡s✲

tá❣✐♦s✱ ❝♦♠ s❡✉s r❡s♣❡❝t✐✈♦s s✉❜✲❡stá❣✐♦s✳ ❆ ❞❡♥♦♠✐♥❛çã♦ ❚✶ ✐♥❞✐❝❛ q✉❡ ♦

t✉♠♦r ♣♦ss✉✐ ❞✐♠❡♥sõ❡s ♠✐❝r♦s❝ó♣✐❝❛s ❡ ♥ã♦ ♣♦❞❡ s❡r ♣❛❧♣❛❞♦ ♥♦ t♦q✉❡ r❡✲

t❛❧✳ ❆ ❞❡s✐❣♥❛çã♦ ❚✷ r❡♣r❡s❡♥t❛ ♦s t✉♠♦r❡s q✉❡ ♣♦❞❡♠ s❡r t♦❝❛❞♦s✱ ♠❛s

♣❛r❡❝❡♠ ❡st❛r ✐♥t❡✐r❛♠❡♥t❡ ❧♦❝❛❧✐③❛❞♦s ♥❛ ❣❧â♥❞✉❧❛ ♣r♦stát✐❝❛✳ ❖ t✉♠♦r ❚✸

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

sí❝✉❧❛s s❡♠✐♥❛✐s✳ ❖ ❝â♥❝❡r ❚✹ ❡stá ✜①♦ ♦✉ ♣♦ss✉✐ ❡①t❡♥sã♦ ❛✐♥❞❛ ♠❛✐♦r✱

❛t✐♥❣✐♥❞♦ ♦✉tr❛s ❡str✉t✉r❛s ❛❞❥❛❝❡♥t❡s✳ ❖ ❝â♥❝❡r ◆ ❥á ❛♣r❡s❡♥t♦✉ ♠❡tást❛s❡

♥♦s ❧✐♥❢♦♥♦❞♦s ♣é❧✈✐❝♦s ❡ ▼ s✐❣♥✐✜❝❛ ♠❡tást❛s❡s ❡♠ r❡❣✐õ❡s ❞✐st❛♥t❡s✳
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❊stá❣✐♦ ❉❡s❝r✐çã♦

❚✶❛ ◆ã♦ ♣❛❧♣á✈❡❧❀ ✺✪ ✭♦✉ ♠❡♥♦s✮ ❞❛ ❛♠♦str❛ é ♠❛❧✐❣♥❛

❚✶❜ ◆ã♦ ♣❛❧♣á✈❡❧❀ ♠❛✐s ❞❡ ✺✪ ❞❛ ❛♠♦str❛ é ♠❛❧✐❣♥❛

❚✶❝ ❚✉♠♦r ✐❞❡♥t✐✜❝❛❞♦ ♣♦r ❜✐ó♣s✐❛ ✭❡①✿ ❞❡✈✐❞♦ ❛ P❙❆ ❡❧❡✈❛❞♦✮

❚✷❛ P❛❧♣á✈❡❧❀ ❡♥✈♦❧✈❡ ✉♠❛ ♠❡t❛❞❡ ✭♦✉ ♠❡♥♦s✮ ❞❡ ✉♠ ❞♦s ❧♦❜♦s

❚✷❜ P❛❧♣á✈❡❧❀ ❡♥✈♦❧✈❡ ♠❛✐s ❞❛ ♠❡t❛❞❡ ❞❡ ✉♠ ❞♦s ❧♦❜♦s✱ ♠❛s ♥ã♦ ♦s ❞♦✐s

❚✷❝ ❚✉♠♦r q✉❡ ❡♥✈♦❧✈❡ ❛♠❜♦s ♦s ❧♦❜♦s

❚✸❛ ❊①t❡♥sã♦ ❡①tr❛✲♣r♦stát✐❝❛ ✭✉♥✐✲ ♦✉ ❜✐❧❛t❡r❛❧✮

❚✸❜ ❚✉♠♦r q✉❡ ✐♥✈❛❞✐✉ ✈❡sí❝✉❧❛✭s✮ s❡♠✐♥❛❧ ✭❛✐s✮

❚✹ ❚✉♠♦r ✜①♦ ♦✉ q✉❡ ✐♥✈❛❞✐✉ ♦✉tr❛s ❡str✉t✉r❛s ❛❞❥❛❝❡♥t❡s

◆ ❚✉♠♦r q✉❡ s❡ ❡s♣❛❧❤♦✉ ♣❡❧♦s ❧✐♥❢♦♥♦❞♦s r❡❣✐♦♥❛✐s

▼ ▼❡tást❛s❡ à ❞✐stâ♥❝✐❛

❚❛❜❡❧❛ ✶✳✸✿ ❊st❛❞♦ ❈❧í♥✐❝♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛ ✲ ❚❛❜❡❧❛ ❚◆▼✳

❆ ✜❣✉r❛ ✶✳✸ ♠♦str❛ ✉♠❛ ✐❧✉str❛çã♦ ❞♦s ❡stá❣✐♦s ❚✶ ✲ t✉♠♦r ❧♦❝❛❧✐③❛❞♦✱

❚✸❛ ✲ ❡①t❡♥sã♦ ❡①tr❛✲♣r♦stát✐❝❛ ✉♥✐❧❛t❡r❛❧ ❡ ◆ ✲ ♠❡tást❛s❡ ♥♦s ❧✐♥❢♦♥♦❞♦s

r❡❣✐♦♥❛✐s✳

❋✐❣✉r❛ ✶✳✸✿ ❚✉♠♦r ❧♦❝❛❧✐③❛❞♦ ✭❚✶✮✱ ❡①t❡♥sã♦ ❡①tr❛✲♣r♦stát✐❝❛ ✉♥✐❧❛t❡r❛❧ ✭❚✸❛✮ ❡

♠❡tást❛s❡ ♥♦s ❧✐♥❢♦♥♦❞♦s ✭◆✮✳

❊st❛❞✐❛♠❡♥t♦ P❛t♦❧ó❣✐❝♦

❖ ❡st❛❞✐❛♠❡♥t♦ ♣❛t♦❧ó❣✐❝♦ ❛✈❛❧✐❛ ❛ ❡①t❡♥sã♦ ❞❛ ❞♦❡♥ç❛ ❛tr❛✈és ❞♦ ❡①❛♠❡

❞♦s ❧✐♥❢♦♥♦❞♦s ♣é❧✈✐❝♦s ❡ ❞❛ ♣róst❛t❛✱ ❛♣ós ❛ r❡t✐r❛❞❛ ❞❡ss❡s t❡❝✐❞♦s ✲ ♣♦r
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♠❡✐♦ ❞❛ ♣r♦st❛t❡❝t♦♠✐❛ r❛❞✐❝❛❧✳ ➱ ♠❛✐s ♣r❡❝✐s♦✱ ❝♦♠♣❛r❛❞♦ ❛♦ ❡st❛❞✐❛♠❡♥t♦

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

❞❛s ✈❡sí❝✉❧❛s s❡♠✐♥❛✐s ♣♦❞❡♠ s❡r ❞❡t❡r♠✐♥❛❞♦s✳ ❈❛rt❡r ❡ P❛rt✐♥ ✭✶✾✾✼✮ ❬✶✵❪✱

❛✜r♠❛♠ q✉❡ ❡ss❛ é ❛ r❛③ã♦ ♣❡❧❛ q✉❛❧ ❝♦♠♣❛r❛çõ❡s✱ r❡❢❡r❡♥t❡s à s♦❜r❡✈✐✈ê♥❝✐❛✱

❡♥tr❡ t❡r❛♣✐❛s ❝✐rúr❣✐❝❛s ❡ ♥ã♦✲❝✐rúr❣✐❝❛s ❝♦♥t✐♥✉❛rã♦ ❧✐♠✐t❛❞❛s✳

❖ ❡stá❣✐♦ ♣❛t♦❧ó❣✐❝♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛ é ❝❧❛ss✐✜❝❛❞♦ ❡♠✿

• ór❣ã♦✲❝♦♥✜♥❛❞♦ ♦✉ ❧♦❝❛❧✐③❛❞♦✿ q✉❛♥❞♦ ❛ ❞♦❡♥ç❛ ❡stá ❝♦♥✜♥❛❞❛ ♥❛ ❣❧â♥✲

❞✉❧❛ ♣r♦stát✐❝❛❀

• ❡①tr❛✲♣r♦stát✐❝♦✿ q✉❛♥❞♦ ❛ ❞♦❡♥ç❛ s❡ ❡s♣❛❧❤♦✉ ❛❧é♠ ❞❛ ♣róst❛t❛✱ ♥❛s

♥ã♦ ❡♥✈♦❧✈❡✉ ❛s ✈❡sí❝✉❧❛s s❡♠✐♥❛✐s❀

• ❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s ✈❡sí❝✉❧❛s s❡♠✐♥❛✐s✿ q✉❛♥❞♦ ❛ ❞♦❡♥ç❛ ❥á ❛t✐♥❣✐✉ ❛s

♣❛r❡❞❡s ♠✉s❝✉❧❛r❡s ❞❛s ✈❡sí❝✉❧❛s s❡♠✐♥❛✐s❀

• ❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s ❧✐♥❢♦♥♦❞♦s ♣é❧✈✐❝♦s✳

✶✳✹ ❈♦♥s✐❞❡r❛çõ❡s ❋✐♥❛✐s

❖ ❝â♥❝❡r ❞❡ ♣róst❛t❛ ❝♦♥✜❣✉r❛ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ s❛ú❞❡ ♣ú❜❧✐❝❛✳ ❆ ❙♦❝✐❡✲

❞❛❞❡ ❇r❛s✐❧❡✐r❛ ❞❡ ❯r♦❧♦❣✐❛ ♣r♦♠♦✈❡ ❝❛♠♣❛♥❤❛s ❞❡ ❡s❝❧❛r❡❝✐♠❡♥t♦ ❡ ✐♥st✐✲

t✉✐✉✱ ❞❡s❞❡ ♦ ❛♥♦ ❞❡ ✷✵✵✹✱ ♦ ❞✐❛ ✶✼ ❞❡ ♥♦✈❡♠❜r♦ ❝♦♠♦ ♦ ✏❉✐❛ ◆❛❝✐♦♥❛❧ ❞❡

❈♦♠❜❛t❡ ❛♦ ❈â♥❝❡r ❞❡ Próst❛t❛✑✳

❆❧é♠ ❞❛ ❞✐❢✉sã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s✱ ♦ ♦❜❥❡t✐✈♦ ❞❛ 3a ❈❛♠♣❛♥❤❛ ◆❛❝✐♦♥❛❧✱

r❡❛❧✐③❛❞❛ ❡♠ ✷✵✵✻✱ ❢♦✐ ❝♦❜r❛r ❛çõ❡s ❣♦✈❡r♥❛♠❡♥t❛✐s ❡♠ r❡❧❛çã♦ ❛ ♠❡❞✐❝❛♠❡♥✲

t♦s ❡ t❡♠♣♦ ❞❡ ❡s♣❡r❛ ♣♦r ❝✐r✉r❣✐❛ ✲ ♣❛r❛ q✉❡♠ r❡❝♦rr❡ ❛♦ ❙✐st❡♠❛ Ú♥✐❝♦ ❞❡

❙❛ú❞❡ ✭❙❯❙✮✳

❖s í♥❞✐❝❡s ❡♥✈♦❧✈❡♥❞♦ ❛ ❞♦❡♥ç❛ sã♦ ❛❧❛r♠❛♥t❡s✳ ▼❡s♠♦ ❛ss✐♠✱ ♠✉✐t♦s

❤♦♠❡♥s ❛✐♥❞❛ r❡❧✉t❛♠ ❡♠ ❛❝❡✐t❛r ❛ r❡❛❧✐③❛çã♦ ❞♦s ❡①❛♠❡s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♦
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t♦q✉❡ r❡t❛❧✱ ♣♦r ✈❡r❣♦♥❤❛✱ ♠❡❞♦ ♦✉ ♣r❡❝♦♥❝❡✐t♦✳

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

✹✺ ❛♥♦s ❞❡ ✐❞❛❞❡✱ ❝❛s♦ ♥ã♦ ❤❛❥❛ ❞✐❛❣♥óst✐❝♦ ❛♥t❡r✐♦r ♥❛ ❢❛♠í❧✐❛✳ ❙❡ ❤♦✉✈❡r✱

❛ r❡❝♦♠❡♥❞❛çã♦ é q✉❡ ♦ ❢❛ç❛ ❛ ♣❛rt✐r ❞♦s ✹✵ ❛♥♦s✳ ❊st❡ ❡①❛♠❡ é út✐❧ ♥❛

✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♥ó❞✉❧♦s ♦✉ ❞❡ ár❡❛s s✉s♣❡✐t❛s✱ ❝♦♠♦ r❡❣✐õ❡s ❡♥❞✉r❡❝✐❞❛s ❞❛

♣róst❛t❛✳

❆s ❞♦s❛❣❡♥s sér✐❝❛s ❞❡ P❙❆ ♣♦❞❡♠ ❛✉①✐❧✐❛r ♥❛ ❞❡t❡❝çã♦ ❞❛ ❞♦❡♥ç❛✳ ◆♦

❡♥t❛♥t♦✱ ❡ss❡ t❡st❡ ❛✐♥❞❛ ♥ã♦ ♣❡r♠✐t❡ ❛ ❞❡s❝♦❜❡rt❛ ♣r❡❝♦❝❡ ❞❡ t♦❞♦s ♦s ❝❛s♦s

❞❡ ❝â♥❝❡r✳ ❉❛ ♠❡s♠❛ ❢♦r♠❛✱ ❛s ❜✐ó♣s✐❛s ♣♦❞❡♠ ♥ã♦ r❡✈❡❧❛r ❛ ♣r❡s❡♥ç❛ ❞❡

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

❆✈❛❧✐❛r ❛ ❡①t❡♥sã♦ ❞♦ t✉♠♦r é ♦✉tr❛ ❞✐✜❝✉❧❞❛❞❡ ❡♥❢r❡♥t❛❞❛ ♣❡❧♦s ❝❧í♥✐❝♦s✳

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

♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✱ s❡ ❡st❡ ❢♦r ❞❡s❝♦❜❡rt♦ ♣r❡❝♦❝❡♠❡♥t❡ ❡ ❛✐♥❞❛ ❡st✐✈❡r

❝♦♥✜♥❛❞♦ ♥❛ ❣❧â♥❞✉❧❛✳

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

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

♣r❡❞✐③❡r ♦ ❡stá❣✐♦ ♣❛t♦❧ó❣✐❝♦ ❞♦s ♣❛❝✐❡♥t❡s✳ ❆ ❢❡rr❛♠❡♥t❛ ❡s❝♦❧❤✐❞❛✱ ♣❛r❛ ❛

❝♦♥str✉çã♦ ❞❡ss❡ ♠♦❞❡❧♦✱ ❢♦✐ ❛ t❡♦r✐❛ ❞♦s ❝♦♥❥✉♥t♦s ❢✉③③②✱ ❞❡✈✐❞♦ ❛ s✉❛ ❝❛♣❛✲

❝✐❞❛❞❡ ❞❡ ❧✐❞❛r ❝♦♠ ❛s ✐♥❝❡rt❡③❛s ❡ s✉❜❥❡t✐✈✐❞❛❞❡s ❡♥✈♦❧✈✐❞❛s ♥♦ ♣r♦❜❧❡♠❛✳
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❈❛♣ít✉❧♦ ✷

❆ ❚❡♦r✐❛ ❞❡ ❈♦♥❥✉♥t♦s ❋✉③③②

✷✳✶ ■♥tr♦❞✉çã♦

❆ s✉❜❥❡t✐✈✐❞❛❞❡ ✐♥trí♥s❡❝❛ ❞❡ ✈❛r✐á✈❡✐s✱ ❡♠❜♦r❛ s❡❥❛ ✉t✐❧✐③❛❞❛ ❡♠ ♥♦ss♦ ❝♦✲

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

t❡♠ ✐♥✈❛r✐❛✈❡❧♠❡♥t❡ ♣❡r♠❛♥❡❝✐❞❛ ❢♦r❛ ❞♦ tr❛t❛♠❡♥t♦ ♠❛t❡♠át✐❝♦ tr❛❞✐❝✐♦✲

♥❛❧ ✭❇❛rr♦s ❡ ❇❛ss❛♥❡③✐✱ ✷✵✵✶✮ ❬✻❪✳

◆♦ ❡♥t❛♥t♦✱ ♣❛r❛ ♠♦❞❡❧❛r ❢❡♥ô♠❡♥♦s ❞♦ ♠✉♥❞♦ r❡❛❧ é ♣r❡❝✐s♦ ❝♦♥s✐❞❡r❛r

✐♠♣r❡❝✐sõ❡s✱ ✐♥❝❡rt❡③❛s✱ s✉❜❥❡t✐✈✐❞❛❞❡s ❡ ❝♦♥❝❡✐t♦s ✈❛❣♦s✱ ❡str✉t✉r❛s q✉❡ ♥ã♦

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

♦s ❞❡✜♥❡♠ sã♦ ✐♥❝❡rt❛s✱ ❝♦♠ ❢r♦♥t❡✐r❛s ✐♥❞❡✜♥✐❞❛s✱ ♥♦s q✉❛✐s ❛ tr❛♥s✐çã♦ ❞❡

♣❡rt✐♥ê♥❝✐❛ ♣❛r❛ ♥ã♦ ✲ ♣❡rt✐♥ê♥❝✐❛ é ❣r❛❞✉❛❧✳

❆ss✐♠✱ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ❡st❛❜❡❧❡❝❡r ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ♣r❡❝✐sã♦ ❞❛ ♠❛✲

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

❝♦♥❥✉♥t♦s ❢✉③③②✱ ❡♠ ✶✾✻✺✱ ♣❡❧♦ ♠❛t❡♠át✐❝♦ ❞❡ ♦r✐❣❡♠ ✐r❛♥✐❛♥❛ ▲♦t✜ ❆s❦❡r

❩❛❞❡❤✱ ♣r♦❢❡ss♦r ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❞❡ ❇❡r❦❧❡② ✲ ❊st❛❞♦s ❯♥✐❞♦s✳ ❙❡✉ ♣r✐♥❝✐♣❛❧

♦❜❥❡t✐✈♦ ❡r❛ ♣r♦❢❡r✐r ✉♠ tr❛t❛♠❡♥t♦ ♠❛t❡♠át✐❝♦ ❛ ❝❡rt♦s t❡r♠♦s ❧✐♥❣üíst✐❝♦s

s✉❜❥❡t✐✈♦s✱ ❝♦♠♦ ✏❛♣r♦①✐♠❛❞❛♠❡♥t❡✑✱ ✏❡♠ t♦r♥♦ ❞❡✑✱ ❡♥tr❡ ♦✉tr♦s✳
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❙❡❣✉♥❞♦ ❇❛rr♦s ❡ ❇❛ss❛♥❡③✐ ✭✷✵✵✻✮ ❬✺❪✱ ❡ss❡ s❡r✐❛ ✉♠ ♣r✐♠❡✐r♦ ♣❛ss♦ ♥♦

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

♥❛♥❞♦ ♣♦ssí✈❡❧ ❛ ♣r♦❞✉çã♦ ❞❡ ❝á❧❝✉❧♦s ❝♦♠ ✐♥❢♦r♠❛çõ❡s ✐♠♣r❡❝✐s❛s✱ ❛ ❡①❡♠♣❧♦

❞♦ q✉❡ ❢❛③ ♦ s❡r ❤✉♠❛♥♦✳

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

t✐❝❛ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③②✱ ❩❛❞❡❤ ❜❛s❡♦✉✲s❡ ♥♦ ❢❛t♦ ❞❡ q✉❡ q✉❛❧q✉❡r ❝♦♥❥✉♥t♦

❝❧áss✐❝♦ ♣♦❞❡ s❡r ❝❛r❛❝t❡r✐③❛❞♦ ♣♦r ✉♠❛ ❢✉♥çã♦ ✲ s✉❛ ❢✉♥çã♦ ❝❛r❛❝t❡ríst✐❝❛ ✲

❝✉❥❛ ❞❡✜♥✐çã♦ s❡rá ❞❛❞❛ ❛ s❡❣✉✐r✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛❧❣✉♥s ❝♦♥❝❡✐t♦s ❢✉♥❞❛✲

♠❡♥t❛✐s ❞❛ t❡♦r✐❛✳

✷✳✷ ❈♦♥❥✉♥t♦s ❋✉③③②

❉❡✜♥✐çã♦ ✷✳✷✳✶ ❙❡❥❛ ❯ ✉♠ ❝♦♥❥✉♥t♦ ❡ ❆ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ ❯✳ ❆ ❢✉♥çã♦

❝❛r❛❝t❡ríst✐❝❛ ❞❡ ❆ é ❞❛❞❛ ♣♦r

χA (x) =







1 s❡ x ∈ A

0 s❡ x /∈ A.

❉❡ss❡ ♠♦❞♦✱ χA é ✉♠❛ ❢✉♥çã♦ ❝✉❥♦ ❞♦♠í♥✐♦ é ❯ ❡ ❛ ✐♠❛❣❡♠ ❡stá ❝♦♥t✐❞❛

♥♦ ❝♦♥❥✉♥t♦ {0, 1}✱ ♦♥❞❡ χA = 1 ✐♥❞✐❝❛ q✉❡ ① é ✉♠ ❡❧❡♠❡♥t♦ ❞❡ ❆ ❡ χA = 0

✐♥❞✐❝❛ q✉❡ ① ♥ã♦ ❡stá ❡♠ ❆✳

❊ss❛ ♥♦çã♦ é ❣❡♥❡r❛❧✐③❛❞❛ s❡✱ ❛♦ ✐♥✈és ❞❡ ❡st❛r r❡str✐t♦ ❛♦ ❝♦♥❥✉♥t♦ ❝♦♠

❞♦✐s ❡❧❡♠❡♥t♦s {0, 1}✱ ♦ ❝♦♥tr❛❞♦♠í♥✐♦ ❞❛ ❢✉♥çã♦ ❝❛r❛❝t❡ríst✐❝❛ ❢♦r ♦ ✐♥t❡r✈❛❧♦

r❡❛❧ [0, 1]✳

❉❡✜♥✐çã♦ ✷✳✷✳✷ ❯♠ s✉❜❝♦♥❥✉♥t♦ ❢✉③③② ❆✱ ❞♦ ✉♥✐✈❡rs♦ ❯ ✭❝❧áss✐❝♦✮✱ é ❝❛✲

r❛❝t❡r✐③❛❞♦ ♣♦r ✉♠❛ ❢✉♥çã♦ ❞❡ ♣❡rt✐♥ê♥❝✐❛ µA : U −→ [0, 1]✱ ♦♥❞❡ µA (x)

✐♥❞✐❝❛ ♦ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞♦ ❡❧❡♠❡♥t♦ ① ❡♠ ❆✱

A = {(x, µA (x)) | x ∈ U e µA : U −→ [0, 1]}✳
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❖ ✈❛❧♦r µA (x) ∈ [0, 1] ✐♥❞✐❝❛ ♦ ❣r❛✉ ❝♦♠ q✉❡ ♦ ❡❧❡♠❡♥t♦ ①✱ ❞❡ ❯✱ ❡stá ♥♦

❝♦♥❥✉♥t♦ ❢✉③③② ❆✳ ◗✉❛♥t♦ ♠❛✐s ✉♠ ❡❧❡♠❡♥t♦ ♣❡rt❡♥❝❡ ❛ ❆✱ ♠❛✐s ♣ró①✐♠♦ ❞❡

✶ s❡rá s❡✉ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛✳ ❖s ✈❛❧♦r❡s µA (x) = 0 ❡ µA (x) = 1 ✐♥❞✐❝❛♠✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛ ♥ã♦ ♣❡rt✐♥ê♥❝✐❛ ❡ ❛ ♣❡rt✐♥ê♥❝✐❛ ❝♦♠♣❧❡t❛ ❞❡ ①✱ ❛♦ ❝♦♥❥✉♥t♦

❢✉③③② ❆✳

❙❡❣✉♥❞♦ ❑❧✐r ❡ ❨✉❛♥ ✭✶✾✾✼✮ ❬✸✵❪✱ ♦ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ µA (x)✱ ❞❡ ✉♠

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

❛tr✐❜✉t♦ ❛ss♦❝✐❛❞♦ ❝♦♠ ❆ ❡ ♦ ❡❧❡♠❡♥t♦ ①✳ ❖rt❡❣❛ ✭✷✵✵✶✮ ❬✸✻❪✱ ❛❝r❡s❝❡♥t❛ q✉❡

♦ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ✉♠❛ ♠❡❞✐❞❛ q✉❡ ❡①♣r❡ss❛

❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ q✉❡ ✉♠ ❞❛❞♦ ❡❧❡♠❡♥t♦ s❡❥❛ ♠❡♠❜r♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③②✳

❙❡❣✉❡♠ ❛❜❛✐①♦ ❛❧❣✉♠❛s ❞❡✜♥✐çõ❡s ✐♠♣♦rt❛♥t❡s✳

❉❡✜♥✐çã♦ ✷✳✷✳✸ ❖ s✉♣♦rt❡ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③② ❆ é ♦ ❝♦♥❥✉♥t♦ ❝❧áss✐❝♦ ❞❡

t♦❞♦s ♦s ❡❧❡♠❡♥t♦s x ∈ U✱ ❝✉❥❛ ❢✉♥çã♦ ❞❡ ♣❡rt✐♥ê♥❝✐❛ t❡♠ ✈❛❧♦r ❞✐❢❡r❡♥t❡

❞❡ ③❡r♦✿

supp (A) = {x ∈ U | µA (x) > 0} .

❉❡✜♥✐çã♦ ✷✳✷✳✹ ❖ ❝♦♥❥✉♥t♦ ❞❡ ❡❧❡♠❡♥t♦s q✉❡ ♣❡rt❡♥❝❡♠ ❛ ✉♠ ❝♦♥❥✉♥t♦

❢✉③③② ❆✱ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ✉♠ ❣r❛✉ α✱ é ❝❤❛♠❛❞♦ ❝♦♥❥✉♥t♦ α ✲ ♥í✈❡❧ ♦✉ ❝♦♥✲

❥✉♥t♦ α ✲ ❝✉t✿

Aα = {x ∈ A | µA(x) > α}

❉❡✜♥✐çã♦ ✷✳✷✳✺ ❖ ♥ú❝❧❡♦ ✭❝♦r❡✮ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③② ❆ é ♦ ❝♦♥❥✉♥t♦ ❝❧ás✲

s✐❝♦ ❞❡ ❯✿

core (A) = {x ∈ U | µA (x) = 1} .

❉❡✜♥✐çã♦ ✷✳✷✳✻ ❆ ❛❧t✉r❛ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③② ❆ é ♦ ♠❛✐♦r ❣r❛✉ ❞❡ ♣❡rt✐✲

♥ê♥❝✐❛ ♦❜t✐❞♦✱ ♣♦r q✉❛❧q✉❡r ❡❧❡♠❡♥t♦ ♥♦ ❝♦♥❥✉♥t♦✱ ♦✉ s❡❥❛✿

✸✶



hgt (A) = sup
x ∈ U

µA (x) .

❉❡✜♥✐çã♦ ✷✳✷✳✼ ❆ é ❞✐t♦ ♥♦r♠❛❧ s❡✱ ❡ s♦♠❡♥t❡ s❡✱ ∃ x ∈ U✱ t❛❧ q✉❡✿

µA (x) = 1.

❊ss❛ ❞❡✜♥✐çã♦ ✐♠♣❧✐❝❛ q✉❡✱ ♥✉♠ ❝♦♥❥✉♥t♦ ❢✉③③② ♥♦r♠❛❧ ❆✱ hgt (A) = 1.

◆♦r♠❛❧✐③❛çã♦ é ❛ ♦♣❡r❛çã♦ q✉❡ ❝♦♥✈❡rt❡ ✉♠ ❝♦♥❥✉♥t♦ s✉❜♥♦r♠❛❧✱ ♥ã♦

✈❛③✐♦✱ ❡♠ s✉❛ ✈❡rsã♦ ♥♦r♠❛❧✐③❛❞❛✱ ❞✐✈✐❞✐♥❞♦ ❛ ❢✉♥çã♦ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ♦r✐❣✐♥❛❧

♣❡❧❛ ❛❧t✉r❛ ❞❡ ❆✿

Norm [µA (x)] =
µA (x)

hgt (A)
✭✷✳✶✮

❈♦♥❝❡♥tr❛çã♦ é ❛ ♦♣❡r❛çã♦ ♣♦r ♠❡✐♦ ❞❛ q✉❛❧ ❛ ❢✉♥çã♦ ❞❡ ♣❡rt✐♥ê♥❝✐❛ s❡

t♦r♥❛ ♠❛✐s ❝♦♥❝❡♥tr❛❞❛ ❛♦ r❡❞♦r ❞♦s ♣♦♥t♦s ❝♦♠ ❛❧t♦s ❣r❛✉s ❞❡ ♣❡rt✐♥ê♥❝✐❛✿

Con [µA (x)] = (µA)p (x) ✭✷✳✷✮

♦♥❞❡ p > 1.

❉❡✜♥✐çã♦ ✷✳✷✳✽ P❛r❛ ♦ ❝♦♥❥✉♥t♦ ✈❛③✐♦ φ✱ t❡♠✲s❡ µφ (x) = 0,∀ x ∈ U ❡ ✱

♣❛r❛ ♦ ❝♦♥❥✉♥t♦ ✉♥✐✈❡rs♦✱ t❡♠✲s❡✱ ∀ x, µU (x) = 1.

❉❡✜♥✐çã♦ ✷✳✷✳✾ P❛r❛ q✉❛❧q✉❡r ❝♦♥❥✉♥t♦ ❢✉③③② A✱ ❞❡✜♥✐❞♦ ♥✉♠ ✉♥✐✈❡rs♦ ✜✲

♥✐t♦ ❯✱ ❛ ❝❛r❞✐♥❛❧✐❞❛❞❡ é ❞❡✜♥✐❞❛ ♣♦r

|A| =
∑

x ∈ U

µA (x) .

◗✉❛♥❞♦ ❯ ♥ã♦ é ✜♥✐t♦✱ |A| ♥❡♠ s❡♠♣r❡ ❡①✐st❡✳ ❊♥tr❡t❛♥t♦✱ s❡ ❆ t❡♠

s✉♣♦rt❡ ✜♥✐t♦ ❬✶✾❪✱

|A| =
∑

x ∈ supp (U)

µA (x) .
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❆s três ♦♣❡r❛çõ❡s ❜ás✐❝❛s ❡♠ ❝♦♥❥✉♥t♦s ❝❧áss✐❝♦s ✲ ❝♦♠♣❧❡♠❡♥t♦✱ ✐♥t❡rs❡❝✲

çã♦ ❡ ✉♥✐ã♦ ✲ ♣♦❞❡♠ s❡r ❣❡♥❡r❛❧✐③❛❞❛s✱ ♣❛r❛ ❝♦♥❥✉♥t♦s ❢✉③③②✱ ❡ ❡stã♦ ❞❡✜♥✐❞❛s

❛ s❡❣✉✐r✿

❉❡✜♥✐çã♦ ✷✳✷✳✶✵ ❖ ❝♦♠♣❧❡♠❡♥t❛r Ā✱ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③② ❆✱ ❝♦♠ r❡s♣❡✐t♦

❛♦ ✉♥✐✈❡rs♦ ❯✱ é ❞❡✜♥✐❞♦✱ ♣❛r❛ t♦❞♦ x ∈ U✱ ♣♦r

µĀ (x) = 1 − µA (x) .

❉❡✜♥✐çã♦ ✷✳✷✳✶✶ ❉❛❞♦s ❞♦✐s ❝♦♥❥✉♥t♦s ❢✉③③② ❆ ❡ ❇✱ ❛ ✐♥t❡rs❡❝çã♦ A∩B ❡

❛ ✉♥✐ã♦ A ∪ B sã♦ ❞❡✜♥✐❞❛s✱ ♣❛r❛ t♦❞♦ x ∈ U✱ ♣♦r

µA∩B (x) = µA (x) ∧ µB (x) ❡ µA∪B (x) = µA (x) ∨ µB (x) ,

♦♥❞❡ ∧ ❡ ∨ ❞❡♥♦t❛♠ ♦ ♦♣❡r❛❞♦r ♠í♥✐♠♦ ❡ ♦ ♦♣❡r❛❞♦r ♠á①✐♠♦✱ r❡s♣❡❝t✐✈❛✲

♠❡♥t❡✳

✷✳✸ ▲ó❣✐❝❛ ❢✉③③②

▲ó❣✐❝❛ é ❛ ❞❡s✐❣♥❛çã♦ ♣❛r❛ ♦ ❡st✉❞♦ ❞❡ s✐st❡♠❛s ♣r❡s❝r✐t✐✈♦s ❞❡ r❛❝✐♦❝í♥✐♦✱

♦✉ s❡❥❛✱ s✐st❡♠❛s q✉❡ ❞❡✜♥❡♠ ❝♦♠♦ s❡ ✏❞❡✈❡r✐❛✑ ♣❡♥s❛r✱ ✉s❛♥❞♦ ❛ r❛③ã♦ ❞❡✲

❞✉t✐✈❛♠❡♥t❡ ❡ ✐♥❞✉t✐✈❛♠❡♥t❡✳

❆ ❧ó❣✐❝❛ ❝❧áss✐❝❛ tr❛❜❛❧❤❛ ❝♦♠ ♣r♦♣♦s✐çõ❡s q✉❡ sã♦ ✈❡r❞❛❞❡✐r❛s ♦✉ ❢❛❧s❛s✳

❆ ❧ó❣✐❝❛ ❢✉③③②✶✱ é ❞❡✜♥✐❞❛✱ s❡❣✉♥❞♦ ❙❛♥t♦s ✭✷✵✵✸✮ ❬✹✷❪✱ ❝♦♠♦ ❛ ❧ó❣✐❝❛ q✉❡

s✉♣♦rt❛ ♦s ♠♦❞♦s ❞❡ r❛❝✐♦❝í♥✐♦ q✉❡ sã♦ ❛♣r♦①✐♠❛❞♦s✱ ❛♦ ✐♥✈és ❞❡ ❡①❛t♦s✱

❝♦♠♦ ❡st❛♠♦s ♥❛t✉r❛❧♠❡♥t❡ ❛❝♦st✉♠❛❞♦s ❛ tr❛❜❛❧❤❛r✳ ◆❡st❛ ❧ó❣✐❝❛✱ ♦ r❛❝✐♦✲

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

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

✶❚❛♠❜é♠ ❝❤❛♠❛❞❛ ❞❡ ❧ó❣✐❝❛ ❞✐❢✉s❛ ♦✉ ❧ó❣✐❝❛ ♥❡❜✉❧♦s❛

✸✸



P❛r❛ ❇✐❧♦❜r♦✈❡❝ ✭✷✵✵✺✮ ❬✾❪✱ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❡s♣❡❝✐❛❧ ❞❛ ❧ó❣✐❝❛ ❢✉③③② é ❛

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

❞❡ ❢♦r♠❛ ♠✉✐t♦ ❞✐st✐♥t❛ ❞❛ t❡♦r✐❛ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s✳ ❆ ❧ó❣✐❝❛ ❢✉③③② ♣r♦✈ê

✉♠ ♠ét♦❞♦ ❞❡ tr❛❞✉③✐r ❡①♣r❡ssõ❡s ✈❡r❜❛✐s✱ ✈❛❣❛s✱ ✐♠♣r❡❝✐s❛s ❡ q✉❛❧✐t❛t✐✈❛s✱

❝♦♠✉♥s ♥❛ ❝♦♠✉♥✐❝❛çã♦ ❤✉♠❛♥❛✱ ❡♠ ✈❛❧♦r❡s ♥✉♠ér✐❝♦s✳

❆ss✐♠✱ s✉❛ ✐♠♣♦rtâ♥❝✐❛ ❡stá ♥❛ ❤❛❜✐❧✐❞❛❞❡ ❞❡ ❧✐❞❛r ❝♦♠ ♣r♦♣♦s✐çõ❡s q✉❡

♥ã♦ ❛♣r❡s❡♥t❛♠ ❧✐♠✐t❡s ❝❧❛r❛♠❡♥t❡ ❞❡✜♥✐❞♦s✱ ♦✉ s❡❥❛✱ ❛ ❧ó❣✐❝❛ ❢✉③③② ♥ã♦ ✐♠♣õ❡

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

❞❡t❡r♠✐♥❛❞❛ ❝❛t❡❣♦r✐❛✳

✷✳✸✳✶ ❱❛r✐á✈❡✐s ▲✐♥❣üíst✐❝❛s

❯♠ ❝♦♥❥✉♥t♦ ❢✉③③② ♣❡r♠✐t❡ r❡♣r❡s❡♥t❛r ❝♦♥❝❡✐t♦s ✈❛❣♦s✱ ❡①♣r❡ss♦s ❡♠ ❧✐♥✲

❣✉❛❣❡♠ ♥❛t✉r❛❧✳ ❈❛st❛♥❤♦ ✭✷✵✵✺✮ ❬✶✶❪✱ r❡ss❛❧t❛ q✉❡ ❡ss❛ r❡♣r❡s❡♥t❛çã♦ ♥ã♦

❞❡♣❡♥❞❡ ❛♣❡♥❛s ❞♦ ❝♦♥❝❡✐t♦✱ t❛♠❜é♠ ❞❡♣❡♥❞❡ ❞♦ ❝♦♥t❡①t♦ ♥♦ q✉❛❧ ❡stá ✐♥s❡✲

r✐❞♦✳ ❱ár✐♦s ❝♦♥❥✉♥t♦s ❢✉③③② r❡♣r❡s❡♥t❛♥❞♦ ❝♦♥❝❡✐t♦s ❧✐♥❣üíst✐❝♦s ❝♦♠♦ ❛❧t♦✱

♠é❞✐♦ ♦✉ ❜❛✐①♦ sã♦ ❢r❡q✉❡♥t❡♠❡♥t❡ ❡♠♣r❡❣❛❞♦s ♣❛r❛ ❞❡✜♥✐r ♦ ❡st❛❞♦ ❞❡ ✉♠❛

✈❛r✐á✈❡❧✳ ❚❛❧ ✈❛r✐á✈❡❧ é ❞❡♥♦♠✐♥❛❞❛ ✈❛r✐á✈❡❧ ❧✐♥❣üíst✐❝❛ ♦✉ ✈❛r✐á✈❡❧ ❢✉③③②✳

❆s ✈❛r✐á✈❡✐s ❡ s✉❛s ❝❧❛ss✐✜❝❛çõ❡s ❧✐♥❣üíst✐❝❛s sã♦ ♠♦❞❡❧❛❞❛s ♣♦r ❝♦♥❥✉♥t♦s

❢✉③③②✱ ✐st♦ é✱ ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ q✉❡ ♣♦❞❡♠ ❛ss✉♠✐r ✈❛r✐❛❞❛s ❢♦r♠❛s ✲

❧✐♥❡❛r ♣♦r ♣❛rt❡s ✭tr✐❛♥❣✉❧❛r ♦✉ tr❛♣❡③♦✐❞❛❧✮✱ q✉❛❞rát✐❝❛✱ ❣❛✉ss✐❛♥❛✱ ❡♥tr❡

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

♣❛rt✐❝✉❧❛r✳

❖s ♠ét♦❞♦s ♣❛r❛ s❡ ♦❜t❡r ❡ss❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ sã♦✿ ❛♣❡❧♦s ✐♥t✉✐✲

t✐✈♦s✱ ❛❥✉st❡s ❞❡ ❝✉r✈❛s✱ ✐♥t❡r♣♦❧❛çõ❡s ❡ ❛té ♠❡s♠♦ r❡❞❡s ♥❡✉r❛✐s ❬✺❪✳

❖s rót✉❧♦s✱ ❞❡ ❝♦♥❥✉♥t♦s ❢✉③③②✱ q✉❡ ❞❡s❝r❡✈❡♠ ✉♠❛ ✈❛r✐á✈❡❧ ❧✐♥❣üíst✐❝❛

sã♦ ❝❤❛♠❛❞♦s t❡r♠♦s ♣r✐♠ár✐♦s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ❜❛✐①♦✱ ♠é❞✐♦✱ ❛❧t♦✱ ❡♥tr❡

♦✉tr♦s✳ P♦❞❡♠ ❛✐♥❞❛ s❡r ❛♣❧✐❝❛❞♦s ♠♦❞✐✜❝❛❞♦r❡s ❧✐♥❣üíst✐❝♦s✱ ❛ ❡ss❡s t❡r♠♦s
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♣r✐♠ár✐♦s✱ ❝♦♠♦ ♠✉✐t♦✱ ♣♦✉❝♦✱ ♠❛✐s ♦✉ ♠❡♥♦s✱ ❞❡♥tr❡ ♦✉tr♦s✳ ❖s t❡r♠♦s ♣r✐✲

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

❞♦s ❝♦♥❡❝t✐✈♦s ❡ ❡ ♦✉✳

❆ ✉t✐❧✐③❛çã♦ ❞❡ ✈❛r✐á✈❡✐s ❢✉③③②✱ ♦✉ ✈❛r✐á✈❡✐s ❧✐♥❣üíst✐❝❛s✱ ❢❛❝✐❧✐t❛ ❛ tr❛♥✲

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

❡①♣r❡ss❛r ♦❜s❡r✈❛çõ❡s ❡ ♠❡❞✐❞❛s ✐♥❝❡rt❛s✳ ❆❧é♠ ❞✐ss♦✱ ❝♦♠ ❡st❛s ✈❛r✐á✈❡✐s é

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

♠❡♥t❛❞❛s ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡✳

✷✳✸✳✷ ❘❡❧❛çõ❡s ❋✉③③②

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

❡♥tr❡ ♦s ❡❧❡♠❡♥t♦s ❞❡ ✈ár✐♦s ❝♦♥❥✉♥t♦s✳ ❙❡❣✉♥❞♦ ❇❛rr♦s ❡ ❇❛ss❛♥❡③✐ ✭✷✵✵✻✮

❬✺❪✱ ✉♠❛ r❡❧❛çã♦ ❝❧áss✐❝❛ ✐♥❞✐❝❛ s❡ ❤á ♦✉ ♥ã♦ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ❞♦✐s ♦❜❥❡t♦s✱

❡♥q✉❛♥t♦ q✉❡ ✉♠❛ r❡❧❛çã♦ ❢✉③③②✱ ❛❧é♠ ❞❡ ❛♣♦♥t❛r s❡ ❤á ♦✉ ♥ã♦ t❛❧ ❛ss♦❝✐❛çã♦✱

✐♥❞✐❝❛ ♦ ❣r❛✉ ❞❡st❛ r❡❧❛çã♦✳

❯♠❛ ♣r♦♣♦s✐çã♦ ❞❛ ❢♦r♠❛✱ ✏ ❙❡ ① é ❆ ❡ ② é ❇✱ ❡♥tã♦ ③ é ❈ ♦✉ ③ é ❉ ✑✱

♣♦❞❡ s❡r ♠♦❞❡❧❛❞❛ ❝♦♠♦ ❝♦♥❥✉♥t♦s ❢✉③③②✳ P❛r❛ ✐ss♦✱ é ♥❡❝❡ssár✐♦ ♠♦❞❡❧❛r ♦s

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

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

♦ ❝♦♥❡❝t✐✈♦ ♦✉✱ ❡①✐st❡♠ ❛s s✲♥♦r♠❛s✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞❛s ♣♦r t✲❝♦♥♦r♠❛s✳

❉❡✜♥✐çã♦ ✷✳✸✳✶ ❯♠❛ ♦♣❡r❛çã♦ ❜✐♥ár✐❛ t : [0, 1] × [0, 1] → [0, 1] é ✉♠❛ t✲

♥♦r♠❛ s❡ s❛t✐s❢❛③ ❛s s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s✿

✶✳ ❈♦♠✉t❛t✐✈✐❞❛❞❡✿ xty = ytx❀

✷✳ ❆ss♦❝✐❛t✐✈✐❞❛❞❡✿ xt(ytz) = (xty)tz❀

✸✳ ▼♦♥♦t♦♥✐❝✐❞❛❞❡✿ ❙❡ x ≤ y ❡ w ≤ z ❡♥tã♦ xtw ≤ ytz❀
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✹✳ ❈♦♥❞✐çõ❡s ❞❡ ❋r♦♥t❡✐r❛✿ 0tx = 0 ❡ 1tx = x✳

❉❡✜♥✐çã♦ ✷✳✸✳✷ ❯♠❛ ♦♣❡r❛çã♦ ❜✐♥ár✐❛ s : [0, 1] × [0, 1] → [0, 1] é ✉♠❛ s✲

♥♦r♠❛ s❡ s❛t✐s❢❛③ ❛s s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s✿

✶✳ ❈♦♠✉t❛t✐✈✐❞❛❞❡✿ xsy = ysx❀

✷✳ ❆ss♦❝✐❛t✐✈✐❞❛❞❡✿ xs(ysz) = (xsy)sz❀

✸✳ ▼♦♥♦t♦♥✐❝✐❞❛❞❡✿ ❙❡ x ≤ y ❡ w ≤ z ❡♥tã♦ xsw ≤ ysz❀

✹✳ ❈♦♥❞✐çõ❡s ❞❡ ❋r♦♥t❡✐r❛✿ 0sx = x ❡ 1sx = 1✳

❆ ♣r♦♣♦s✐çã♦ ✏❙❡ ① é ❆✱ ❡♥tã♦ ② é ❇✑ ❞❡s❝r❡✈❡ ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛s

✈❛r✐á✈❡✐s ① ❡ ②✳ ❯♠❛ r❡❧❛çã♦ ❝❧áss✐❝❛ ❡♥tr❡ ❝♦♥❥✉♥t♦s ❝❧áss✐❝♦s ❆ ❡ ❇ ♣♦❞❡

s❡r ❡①♣r❡ss❛ ♣♦r

R = {(x, y) | (x, y) ∈ A × B}✱

♦♥❞❡ A × B r❡♣r❡s❡♥t❛ ♦ ♣r♦❞✉t♦ ❝❛rt❡s✐❛♥♦ ❡♥tr❡ ❆ ❡ ❇✳

❉❡✜♥✐çã♦ ✷✳✸✳✸ ❯♠❛ r❡❧❛çã♦ ❢✉③③② R✱ ❡♠ A × B✱ é ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③②

❝❛r❛❝t❡r✐③❛❞♦ ♣♦r ✉♠❛ ❢✉♥çã♦ ❞❡ ♣❡rt✐♥ê♥❝✐❛ µR✱ q✉❡ ❛ss♦❝✐❛ ❛ ❝❛❞❛ ♣❛r

♦r❞❡♥❛❞♦ (x, y)✱ ✉♠ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❡♠ R✱

R = {((x, y), µR(x, y)) | (x, y) ∈ A × B, µR(x, y) ∈ [0, 1]} .

●❡♥❡r❛❧✐③❛♥❞♦✱ s❡ ❯ é ♦ ♣r♦❞✉t♦ ❝❛rt❡s✐❛♥♦ ❞❡ ♥ ✉♥✐✈❡rs♦s ❞❡ ❞✐s❝✉rs♦✱

U1×U2×. . .×Un✱ ❡♥tã♦✱ ✉♠❛ r❡❧❛çã♦ ❢✉③③②R ❡♠❯ é ✉♠ s✉❜❝♦♥❥✉♥t♦ ❢✉③③② ❞❡

❯✱ ❝❛r❛❝t❡r✐③❛❞♦ ♣♦r ✉♠❛ ❢✉♥çã♦ ❞❡ ♣❡rt✐♥ê♥❝✐❛ µR(u1, . . . , un)✱ ❝♦♠ ui ∈ Ui✱

i = 1, . . . , n✳

❉❡✜♥✐çã♦ ✷✳✸✳✹ ❖ ♣r♦❞✉t♦ ❝❛rt❡s✐❛♥♦ R✱ ❞♦s s✉❜❝♦♥❥✉♥t♦s ❢✉③③②✱ A1✱ A2✱

✳ ✳ ✳ ✱ An ❞❡ U1✱ U2✱ ✳ ✳ ✳ ✱ Un é ❛ r❡❧❛çã♦ ❢✉③③② ❝✉❥❛ ❢✉♥çã♦ ❞❡ ♣❡rt✐♥ê♥❝✐❛ é

µR(u1, u2, . . . , un) = min [ µA1
(u1), µA2

(u2), . . . , µAn
(un) ].
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✷✳✸✳✸ ❘❡❣r❛s ❋✉③③②

❯♠❛ ♣r♦♣♦s✐çã♦ é ✉♠ t✐♣♦ ♣❛rt✐❝✉❧❛r ❞❡ s❡♥t❡♥ç❛✱ ❛ s❛❜❡r✱ ❛q✉❡❧❛ q✉❡ ❛✜r♠❛

♦✉ ♥❡❣❛ ✉♠ ♣r❡❞✐❝❛❞♦ ❞❡ ✉♠ s✉❥❡✐t♦✳ ❈♦♠♦ ❥á ❢♦✐ ❞✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❛

♣r✐♥❝✐♣❛❧ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♣r♦♣♦s✐çõ❡s ❝❧áss✐❝❛s ❡ ♣r♦♣♦s✐çõ❡s ❢✉③③② é q✉❡✱ ♥✉♠❛

♣r♦♣♦s✐çã♦ ❢✉③③② ❛ ✈❡r❞❛❞❡ ♦✉ ❢❛❧s✐❞❛❞❡ é ✉♠❛ q✉❡stã♦ ❞❡ ❣r❛✉✳

❆s ♣r♦♣♦s✐çõ❡s ❢✉③③② sã♦ ❡str✉t✉r❛s ✈❛st❛♠❡♥t❡ ✉t✐❧✐③❛❞❛s ❡♠ ✈ár✐❛s ❛❜♦r✲

❞❛❣❡♥s ❞❛ t❡♦r✐❛ ❢✉③③②✳ ❈♦♥❝❡✐t✉❛❧♠❡♥t❡✱ ❡st❛s r❡❣r❛s ❞❡s❝r❡✈❡♠ s✐t✉❛çõ❡s

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

❡ ❝✉❥❛ ✐♥❢❡rê♥❝✐❛ ♥♦s ❝♦♥❞✉③ ❛ ❛❧❣✉♠ r❡s✉❧t❛❞♦ ❞❡s❡❥❛❞♦ ✭❖rt❡❣❛✱ ✷✵✵✶✮ ❬✸✻❪✳

❯♠❛ ♣r♦♣♦s✐çã♦ ❢✉③③② ❜ás✐❝❛ ♣♦❞❡ s❡r ❡①♣r❡ss❛ ♥❛ ❢♦r♠❛ ❝❛♥ô♥✐❝❛

♣✿ ① é ❆✱

♦♥❞❡✱ ① é ♦ s✉❥❡✐t♦ q✉❡ ♣♦❞❡ s❡r ✐♥t❡r♣r❡t❛❞♦ ❝♦♠♦ ✉♠❛ ✈❛r✐á✈❡❧ ❧✐♥❣üíst✐❝❛ ❡

❆ é ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③② q✉❡ r❡♣r❡s❡♥t❛ ✉♠ ♣r❡❞✐❝❛❞♦ ❢✉③③②✱ ♦✉ s❡❥❛✱ ♦ ❡st❛❞♦

❞❛ ✈❛r✐á✈❡❧✳

❯♠❛ ♣r♦♣♦s✐çã♦ ❝♦♠♣♦st❛ é ❝♦♥str✉í❞❛ ❛ ♣❛rt✐r ❞❡ ❝♦♥❥✉♥çõ❡s✱

♣✿ x1 é A1 ❡ x2 é A2 ❡ ✳ ✳ ✳ ❡ xn é An✱

♦✉ ❞✐s❥✉♥çõ❡s✱

q✿ x1 é A1 ♦✉ x2 é A2 ♦✉ ✳ ✳ ✳ ♦✉ xn é An✱

♦♥❞❡ A1✱ A2✱ ✳ ✳ ✳ ✱ An sã♦ ❝♦♥❥✉♥t♦s ❢✉③③②✱ ♥♦s ✉♥✐✈❡rs♦s U1✱ U2✱ ✳ ✳ ✳ ✱ Un ❡

x1✱ x2✱ ✳ ✳ ✳ ✱ xn sã♦ ✈❛r✐á✈❡✐s✳

❯♠❛ ♣r♦♣♦s✐çã♦ ❝♦♥❞✐❝✐♦♥❛❧ é ✉♠❛ r❡❣r❛ ❞♦ t✐♣♦✱ ✏❙❡ ✭❛♥t❡❝❡❞❡♥t❡✮✱ ❡♥tã♦

✭❝♦♥s❡qü❡♥t❡✮✑✱ ♦♥❞❡ ♦ ❛♥t❡❝❡❞❡♥t❡ ❡ ♦ ❝♦♥s❡qü❡♥t❡ sã♦ ♣r♦♣♦s✐çõ❡s ❢✉③③②✳

P♦r ❡①❡♠♣❧♦✿

♣✿ ❙❡ x1 é A1 ❡ ✳ ✳ ✳ ❡ xn é An✱ ❡♥tã♦ y1 é B1 ❡ ✳ ✳ ✳ ❡ ym é Bm✱

✸✼



q✿ ❙❡ x1 é A1 ♦✉ ✳ ✳ ✳ ♦✉ xn é An✱ ❡♥tã♦ y1 é B1 ♦✉ ✳ ✳ ✳ ♦✉ ym é Bm✱

♦♥❞❡ A1✱ A2✱ ✳ ✳ ✳ ✱ An sã♦ ❝♦♥❥✉♥t♦s ❢✉③③② ❡♠ U1,U2, . . . ,Un ❡ B1✱ B2✱ ✳ ✳ ✳ ✱

Bn sã♦ ❝♦♥❥✉♥t♦s ❢✉③③② ❡♠ V1✱ V2✱ ✳ ✳ ✳ ✱ Vm ❡ x1✱ x2✱ ✳ ✳ ✳ ✱ xn ❡ y1✱ y2✱ ✳ ✳ ✳ ✱ yn

sã♦ ✈❛r✐á✈❡✐s✳

❆s r❡❣r❛s ♣ ❡ q ✐♥❞✉③❡♠ r❡❧❛çõ❡s P ❡ ◗ ❡♠ U1 × U2 × . . . × Un × V1 ×

V2 × . . . × Vm✱ ♦✉ s❡❥❛✿

P (x1, . . . , xn, y1, . . . , ym) = f(Pa(x1, . . . , xn), Pc(y1, . . . , ym))✱

Q(x1, . . . , xn, y1, . . . , ym) = f(Qa(x1, . . . , xn), Qc(y1, . . . , ym))✱

♦♥❞❡ f ♣♦❞❡ s❡r ✉♠❛ ✐♠♣❧✐❝❛çã♦✱ ❝♦♥❥✉♥çã♦ ✭t✲♥♦r♠❛s✮ ♦✉ ❞✐s❥✉♥çã♦ ✭s✲

♥♦r♠❛s✮ ❡ Pa ✱ Qa ❡ Pc✱ Qc sã♦ ❛s r❡❧❛çõ❡s ✐♥❞✉③✐❞❛s ♣❡❧♦s ❛♥t❡❝❡❞❡♥t❡s ❡

❝♦♥s❡qü❡♥t❡s ❞❛s r❡❣r❛s ♣ ❡ q✳ ▲♦❣♦✱ s❡❣✉♥❞♦ P❡❞r②❝③ ❡ ●♦♠✐❞❡ ✭✶✾✾✽✮ ❬✸✾❪✱

❛s r❡❣r❛s ♣♦❞❡♠ s❡r ❡①♣r❡ss❛s ❝♦♠♦ ♣r♦♣♦s✐çõ❡s✿

♣✿ (x1, x2, . . . , xn, y1, y2, . . . , ym) é P✱

q✿ (x1, x2, . . . , xn, y1, y2, . . . , ym) é ◗✳

❯♠❛ r❡❣r❛ ♣♦❞❡ ❛✐♥❞❛✱ s❡r ♣♦♥❞❡r❛❞❛✱ ✐st♦ é t❡r ❛ ❢♦r♠❛✿ ✏❙❡ ✭❛♥t❡❝❡✲

❞❡♥t❡✮✱ ❡♥tã♦ ✭❝♦♥s❡qü❡♥t❡✮ ❬♣❡s♦❪✑✱ ♦♥❞❡ ♣❡s♦ é ✉♠ ♥ú♠❡r♦ r❡❛❧✱ ♥♦ ✐♥t❡r✈❛❧♦

[0, 1]✱ q✉❡ ❞❡s❝r❡✈❡ ❛ ❝♦♥✜❛♥ç❛ ❞❛ r❡❣r❛ ✭❈❛st❛♥❤♦✱ ✷✵✵✺✮ ❬✶✶❪✳

❖ ♣❡s♦ é ❛♣❧✐❝❛❞♦ ❛♦ ❛♥t❡❝❡❞❡♥t❡ ❞❛ r❡❣r❛✳ ❯♠ ♣❡s♦ ✐❣✉❛❧ ❛ ✵ ✐♥❞✐❝❛

q✉❡ ❛ r❡❣r❛ ♥ã♦ é ✐♠♣♦rt❛♥t❡ ❡ ♣♦❞❡ ❛té s❡r ❞❡s♣r❡③❛❞❛✱ ❡♥q✉❛♥t♦ ✉♠ ♣❡s♦

✐❣✉❛❧ ❛ ✶ ♥ã♦ ♠♦❞✐✜❝❛ s✉❛ ✐♠♣♦rtâ♥❝✐❛ ❡ ♥ã♦ ✐♥t❡r❢❡r❡ ♥❛ ✐♠♣❧✐❝❛çã♦✳ ●r❛✉s

❞❡ ✐♠♣♦rtâ♥❝✐❛ ✐♥t❡r♠❡❞✐ár✐♦s ♣♦❞❡♠ s❡r ❛tr✐❜✉í❞♦s ❛❥✉st❛♥❞♦ ♦s ✈❛❧♦r❡s ❞♦s

♣❡s♦s ♥♦ ✐♥t❡r✈❛❧♦ ✉♥✐tár✐♦✳

❆ r❡❧❛çã♦ ❢✉③③② é ❝❛❧❝✉❧❛❞❛ ✐♥❝❧✉✐♥❞♦✲s❡ ♦ ♣r♦❞✉t♦ ❡♥tr❡ ❛ r❡❧❛çã♦ ✐♥❞✉③✐❞❛

♣❡❧♦ ❛♥t❡❝❡❞❡♥t❡ ❡ ♦ ♣❡s♦✱ ♦✉ s❡❥❛✿
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P (x1, . . . , xn, y1, . . . , ym) = f(Pa(x1, . . . , xn) ∗ peso , Pc(y1, . . . , ym))✳

❆ ✜❣✉r❛ ✷✳✷ ♠♦str❛ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❞❛ r❡❣r❛✿ ✏❙❡ ① é ❆ ❡♥tã♦

② é ❇✑✳

❋✐❣✉r❛ ✷✳✶✿ ❘❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❞❛ ♣r♦♣♦s✐çã♦ ♣✿ ❙❡ ① é ❆ ❡♥tã♦ ② é ❇✳

❆s r❡❣r❛s ❞♦ t✐♣♦ ✏s❡ ✳ ✳ ✳ ❡♥tã♦ ✳ ✳ ✳ ✑ ♣♦❞❡♠ s❡r ♠♦❞❡❧❛❞❛s ❛tr❛✈és ❞❡

❝♦♥❥✉♥çõ❡s✱ ❞✐s❥✉♥çõ❡s ♦✉ ✐♠♣❧✐❝❛çõ❡s ❢✉③③②✿

✶✳ ❈♦♥❥✉♥çã♦ ❢✉③③② ✲ é ✉♠❛ ❢✉♥çã♦ ft : [0, 1]2 → [0, 1]✱ ❞❡✜♥✐❞❛ ♣♦r✿

ft( µA(x), µB(y) ) = µA(x)tµB(y)✱ ∀ (x, y) ∈ U × V✳

❖ ♦♣❡r❛❞♦r ❞❡ ▼❛♠❞❛♥✐✱ q✉❡ ✈❡r❡♠♦s ❛❞✐❛♥t❡✱ é ✉♠ ❡①❡♠♣❧♦ ❞❡ ❝♦♥✲

❥✉♥çã♦ ❢✉③③②✳

✷✳ ❉✐s❥✉♥çã♦ ❢✉③③② ✲ é ✉♠❛ ❢✉♥çã♦ fs : [0, 1]2 → [0, 1]✱ ❞❡✜♥✐❞❛ ♣♦r✿

fs( µA(x), µB(x) ) ❂ µA(x)sµB(y)✱ ∀ (x, y) ∈ U × V✳

✸✳ ■♠♣❧✐❝❛çã♦ ❢✉③③② ✲ é ✉♠❛ ❢✉♥çã♦ fi : [0, 1]2 → [0, 1]✱ q✉❡ ♦❜❡❞❡❝❡ ❛s

s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s✿

• ▼♦♥♦tô♥✐❝❛ ♥♦ s❡❣✉♥❞♦ ❛r❣✉♠❡♥t♦✿
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µB(y1) ≤ µB(y2) ⇒ fi( µA(x), µB(y1) ) ≤ fi( µA(x), µB(y2) )❀

• ❉♦♠✐♥â♥❝✐❛ ❞❛ ❢❛❧s✐❞❛❞❡✿ fi( 0, µB(y) ) = 1❀

• ◆❡✉tr❛❧✐❞❛❞❡ ❞❛ ✈❡r❞❛❞❡✿ fi( 1, µB(y) ) = µB(y)✳

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

❢✉③③② é ♠❛t❡♠❛t✐❝❛♠❡♥t❡✱ ❞❡s❝r✐t❛ ♣♦r ✉♠❛ r❡❧❛çã♦ ❢✉③③② ❡♥tr❡ ♦s ❝♦♥❥✉♥t♦s

q✉❡ ❞❡s❝r❡✈❡♠ ♦ ❛♥t❡❝❡❞❡♥t❡ ❡ ♦ ❝♦♥s❡qü❡♥t❡✳

✷✳✸✳✹ ■♥❢❡rê♥❝✐❛

❖ ♠ét♦❞♦ ❞❡ ✐♥❢❡rê♥❝✐❛ é ♦♥❞❡ s❡ ❞❡✜♥❡♠ q✉❛✐s sã♦ ♦s ❝♦♥❡❝t✐✈♦s ❧ó❣✐❝♦s

✉s❛❞♦s ♣❛r❛ ❡st❛❜❡❧❡❝❡r ❛ r❡❧❛çã♦ ❢✉③③② q✉❡ ♠♦❞❡❧❛ ❛ ❜❛s❡ ❞❡ r❡❣r❛s✳ ❖

s✉❝❡ss♦ ❞♦ s✐st❡♠❛ ❢✉③③② ❞❡♣❡♥❞❡ ❞❡st❡ ♠ét♦❞♦✱ ❥á q✉❡ ❡❧❡ ❢♦r♥❡❝❡rá ❛ s❛í❞❛

✭❝♦♥tr♦❧❡✮ ❢✉③③② à s❡r ❛❞♦t❛❞❛ ♣❡❧♦ ❝♦♥tr♦❧❛❞♦r✱ ❛ ♣❛rt✐r ❞❡ ❝❛❞❛ ❡♥tr❛❞❛ ❢✉③③②

✭❆♠❡♥❞♦❧❛✱ ❙♦✉③❛ ❡ ❇❛rr♦s✱ ✷✵✵✺✮ ❬✸❪✳

Pr❡ss✉♣♦♥❞♦ q✉❡ ❘ é ✉♠❛ r❡❧❛çã♦ ❢✉③③② ❡♠ X×Y ❡ A′ ❡ B ′ sã♦ ❝♦♥❥✉♥t♦s

❢✉③③② ❡♠ ❳ ❡ ❨✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡♥tã♦✱ s❡ ❘ ❡ ❆✬ sã♦ ❞❛❞♦s✱ ♦❜té♠✲s❡ ❇✬

❞❛ ❡q✉❛çã♦

µB′(y) = sup
x ∈ X

min [ µA′(x), µR(x, y) ], ∀ y ∈ Y. ✭✷✳✸✮

❯♠❛ ♣r♦♣♦s✐çã♦ ❢✉③③② ❞❛ ❢♦r♠❛✱ ✏♣✿ ❙❡ ① é ❆ ❡♥tã♦ ② é ❇✑✱ ♣♦❞❡ s❡r

✐♥t❡r♣r❡t❛❞❛ ❝♦♠♦ ✉♠❛ r❡❧❛çã♦ ❢✉③③②✱

µR(x, y) = f [ µA(x), µB(y) ], ✭✷✳✹✮

♦♥❞❡ ❢ ❞❡♥♦t❛ ✉♠❛ r❡❧❛çã♦ ❢✉③③② q✉❡ ❞❡s❝r❡✈❡ ♦ ❛♥t❡❝❡❞❡♥t❡ ❡ ♦ ❝♦♥s❡qü❡♥t❡✳

❙❡❥❛ ❛ ♣r♦♣♦s✐çã♦ q ❞❛ ❢♦r♠❛ ✏ q✿ ① é ❆✬ ✑✳ ❈♦♥s✐❞❡r❛♥❞♦ ❛ ♣r♦♣♦s✐çã♦ ♣

❝♦♠♦ ✉♠❛ r❡❣r❛ ❡ ❛ ♣r♦♣♦s✐çã♦ q ❝♦♠♦ ✉♠ ❢❛t♦✱ t❡♠♦s ♦ ❡sq✉❡♠❛✿
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❘❡❣r❛✿ ❙❡ ① é ❆ ❡♥tã♦ ② é ❇

❋❛t♦✿ ① é ❆✬

❈♦♥❝❧✉sã♦✿ ② é ❇✬

❊ss❡ ♣r♦❝❡❞✐♠❡♥t♦ é ❝❤❛♠❛❞♦ ♠♦❞✉s ♣♦♥❡♥s ❣❡♥❡r❛❧✐③❛❞♦ ✭❩✐♠♠❡r♠❛♥♥✱

✶✾✾✸✮ ❬✺✸❪✳ ◆♦ ❡sq✉❡♠❛ ❇✬ é ❝❛❧❝✉❧❛❞♦ ♣♦r ✭✷✳✸✮ ❡ ❘ é ❞❡t❡r♠✐♥❛❞♦ ♣♦r ✭✷✳✹✮✳

◗✉❛♥❞♦ A′ = A ❡ B ′ = B ❡ ♦s ❝♦♥❥✉♥t♦s sã♦ ❝❧áss✐❝♦s✱ ♦ ❡sq✉❡♠❛ t♦r♥❛✲s❡ ♦

♠♦❞✉s ♣♦♥❡♥s ❝❧áss✐❝♦✳

❆ ✐♥❢❡rê♥❝✐❛✱ ❡♠ ♣r♦♣♦s✐çõ❡s ❝♦♠ ♠ú❧t✐♣❧♦s ❛♥t❡❝❡❞❡♥t❡s✱ ✐♥❝❧✉✐ ♦♣❡r❛çõ❡s

❞❡ ❝♦♥❥✉♥çã♦ ✭❝♦♠ ♦ ❝♦♥❡❝t✐✈♦ ❡✮ ♦✉ ❞✐s❥✉♥çã♦ ✭❝♦♠ ♦ ❝♦♥❡❝t✐✈♦ ♦✉✮✱ ❛♥t❡s ❞❛

❝♦♥❝❧✉sã♦ ❞❡ ❇✬✳ ❊♠ ❣❡r❛❧✱ ♦ ♠ét♦❞♦ ❞❡ ✐♥❢❡rê♥❝✐❛ é ❛♣❧✐❝❛❞♦ à ✈ár✐❛s r❡❣r❛s✱

❣❡r❛♥❞♦ ♠✉✐t❛s ❝♦♥❝❧✉sõ❡s B ′
i ✳ ❆ ❝♦♥❝❧✉sã♦ ✜♥❛❧ ❞♦ s✐st❡♠❛ é ❛ ❞✐s❥✉♥çã♦ ❞❡

t♦❞♦s ♦s B ′
i

❖ ♣r♦❝❡ss♦ ❞❡ ✐♥❢❡rê♥❝✐❛ ❜❛s❡❛❞♦ ♥♦ ♠♦❞✉s ♣♦♥❡♥s ♥ã♦ é ú♥✐❝♦✳ ❖s ♠❛✐s

❞✐✈✉❧❣❛❞♦s sã♦ ♦ ▼ét♦❞♦ ❞❡ ▼❛♠❞❛♥✐ ❡ ♦ ▼ét♦❞♦ ❞❡ ❑❛♥❣✲❚❛❦❛❣✐✲❙✉❣❡♥♦

✭❑❚❙✮✳

▼ét♦❞♦ ❞❡ ▼❛♠❞❛♥✐

◆♦ ♠ét♦❞♦ ❞❡ ✐♥❢❡rê♥❝✐❛ ❞❡ ▼❛♠❞❛♥✐✱ ❛ r❡❧❛çã♦ ❛ss♦❝✐❛❞❛ ❝♦♠ ✉♠❛ r❡✲

❣r❛ ♣❛rt✐❝✉❧❛r é ♦❜t✐❞❛ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❝♦♥❥✉♥çã♦ ❞♦ ❛♥t❡❝❡❞❡♥t❡ ❡ ♦ ❝♦♥✲

s❡qü❡♥t❡ ❞❛ r❡❣r❛ ❡✱ ♥✉♠❛ ❝♦❧❡çã♦ ❞❡ r❡❣r❛s✱ ❛ ❛❣r❡❣❛çã♦ é r❡❛❧✐③❛❞❛ ❛tr❛✈és

❞❛ ✉♥✐ã♦ ❞❛s r❡❧❛çõ❡s ✐♥❞✐✈✐❞✉❛✐s✳

❈♦♥s✐❞❡r❡♠♦s ♦ r❛❝✐♦❝í♥✐♦ ❢✉③③② ✲ ❝♦♠♦ ♥♦ ❡sq✉❡♠❛ ❛ s❡❣✉✐r ✲ ❝♦♠ ♥ r❡❣r❛s

❝♦♠❜✐♥❛❞❛s ❝♦♠ ♦s ❝♦♥❡❝t✐✈♦s ❡ ❡ ♦✉✿

◆♦ ❡sq✉❡♠❛✱ Ajk ❡ Cj sã♦ s✉❜❝♦♥❥✉♥t♦s ❢✉③③② ♥♦s ✉♥✐✈❡rs♦s ❞❡ ❞✐s❝✉rs♦✱

Xk ❡ Zk✱ ❡ ❦ é ♦ ♥ú♠❡r♦ ❞❡ ❝♦♥❥✉♥t♦s ❢✉③③② ♥♦ ❛♥t❡❝❡❞❡♥t❡✳

✹✶



❘❡❣r❛ ✶✿ ❙❡ x1 é A11 ✱ ✳ ✳ ✳ ✱ xk é A1k ❡♥tã♦ z1 é C1

♦✉

❘❡❣r❛ ✷✿ ❙❡ x1 é A21 ✱ ✳ ✳ ✳ ✱ xk é A2k ❡♥tã♦ z2 é C2

♦✉

✳✳✳
✳✳✳

♦✉

❘❡❣r❛ ♥✿ ❙❡ x1 é An1 ✱ ✳ ✳ ✳ ✱ xk é Ank ❡♥tã♦ zn é Cn

❋❛t♦✿ A = x1 é A1 ❡ x2 é A2 ❡ ✳ ✳ ✳ ❡ xk é Ak

❈♦♥❝❧✉sã♦✿ z é C = R(A)

❖ ♠ét♦❞♦ ❞❡ ▼❛♠❞❛♥✐ ♣r♦♣õ❡ ✉♠❛ r❡❧❛çã♦ ❢✉③③② ❜✐♥ár✐❛ M✱ ❡♥tr❡ x ❡ z✱

❡ ❜❛s❡✐❛✲s❡ ♥❛ r❡❣r❛ ❞❡ ❝♦♠♣♦s✐çã♦ ❞❡ ✐♥❢❡rê♥❝✐❛ ♠❛①✲♠✐♥✳ ❆ s❡❣✉✐r ❡stã♦ ♦s

♣❛ss♦s ♣❛r❛ ❞❡t❡r♠✐♥❛r ❈✱ s❡❣✉♥❞♦ ❇❛rr♦s ❡ ❇❛ss❛♥❡③✐ ✭✷✵✵✻✮ ❬✺❪✿

✶✳ ❊♠ ❝❛❞❛ r❡❣r❛ Rj✱ ❞❛ ❜❛s❡ ❞❡ r❡❣r❛s ❢✉③③②✱ ❛ ❝♦♥❞✐❝✐♦♥❛❧ ✏s❡ x é Aj

❡♥tã♦ z é Cj✑ é ♠♦❞❡❧❛❞❛ ♣❡❧❛ ❛♣❧✐❝❛çã♦ ∧ ✭♠í♥✐♠♦✮❀

❙❡ ❛ r❡❣r❛ ❢♦r ♣♦♥❞❡r❛❞❛✱ ♦ ♣❡s♦ wj ❞❡✈❡ s❡r ✐♥❝❧✉í❞♦ ♥♦ ❣r❛✉ ❞❡ ❛t✐✈❛çã♦

❞❛ r❡❣r❛✱

✷✳ ❆❞♦t❛✲s❡ ❛ t✲♥♦r♠❛ ∧ ✭♠í♥✐♠♦✮ ♣❛r❛ ♦ ❝♦♥❡❝t✐✈♦ ❧ó❣✐❝♦ ✏❡✑❀

✸✳ P❛r❛ ♦ ❝♦♥❡❝t✐✈♦ ❧ó❣✐❝♦ ✏♦✉✑ ❛❞♦t❛✲s❡ ❛ t✲❝♦♥♦r♠❛ ∨ ✭♠á①✐♠♦✮✱ q✉❡

❝♦♥❡❝t❛ ❛s r❡❣r❛s ❢✉③③②✳

❆ r❡❧❛çã♦ ❢✉③③② M é ♦ s✉❜❝♦♥❥✉♥t♦ ❢✉③③② ❞❡ X× Z ❝✉❥❛ ❢✉♥çã♦ ❞❡ ♣❡rt✐✲

♥ê♥❝✐❛ é

µM(x, z) = max
1≤i≤r

(µRi
(x, z)) = max

1≤i≤r
[µAj

(x) ∧ µCj
(z)]✱

✹✷



♦♥❞❡ r é ♦ ♥ú♠❡r♦ ❞❡ r❡❣r❛s ❡✱ Aj ❡ Cj sã♦ ♦s s✉❜❝♦♥❥✉♥t♦s ❢✉③③② ❞❛ r❡❣r❛

j✳ ❖s ✈❛❧♦r❡s µAj
(x) ❡ µCj

(z) sã♦ ✐♥t❡r♣r❡t❛❞♦s ❝♦♠♦ ♦s ❣r❛✉s ❝♦♠ q✉❡ x ❡

z ❡stã♦ ♥♦s s✉❜❝♦♥❥✉♥t♦s ❢✉③③② Aj ❡ Cj✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆ ✜❣✉r❛ ✷✳✸ ✐❧✉str❛ ❛s s❛í❞❛s ♣❛r❝✐❛✐s✱ ❞♦ ♠ét♦❞♦ ❞❡ ✐♥❢❡rê♥❝✐❛ ❞❡ ▼❛♠✲

❞❛♥✐✱ ♣❛r❛ ❞✉❛s ❡♥tr❛❞❛s r❡❛✐s✱ x0 ❡ y0✱ ✉♠❛ s❛í❞❛ ❡ ❞✉❛s r❡❣r❛s✳

❋✐❣✉r❛ ✷✳✷✿ ❙❛í❞❛s ♣❛r❝✐❛✐s ♥♦ ♠ét♦❞♦ ❞❡ ▼❛♠❞❛♥✐✳

❆ s❛í❞❛ ✜♥❛❧ C é ❞❛❞❛ ♣❡❧❛ ✉♥✐ã♦ ❞❛s s❛í❞❛s ♣❛r❝✐❛✐s✱ ❝♦♠♦ ♠♦str❛ ❛

✜❣✉r❛ ✷✳✹✳

❋✐❣✉r❛ ✷✳✸✿ ❙❛í❞❛ ✜♥❛❧ ❞♦ ❝♦♥tr♦❧❛❞♦r ❢✉③③② ❞❡ ▼❛♠❞❛♥✐✳

❖ r❡s✉❧t❛❞♦ ❞♦ ♠ét♦❞♦ ❞❡ ▼❛♠❞❛♥✐✱ ú❧t✐♠♦ ❣rá✜❝♦ ❞❛ ✜❣✉r❛ ✷✳✹✱ r❡♣r❡✲

s❡♥t❛ ❛ ❢✉♥çã♦ ❞❡ ♣❡rt✐♥ê♥❝✐❛ µC ❞♦ ❝♦♥tr♦❧❡ C q✉❡ ❢♦✐ ♦❜t✐❞♦ ♣♦r ♠❡✐♦ ❞♦s

♣r♦❝❡❞✐♠❡♥t♦s ❞❡s❝r✐t♦s✳ P❛r❛ s❡ ♦❜t❡r ✉♠ ♥ú♠❡r♦ r❡❛❧✱ q✉❡ r❡♣r❡s❡♥t❡ ♦

❝♦♥❥✉♥t♦✱ é ♥❡❝❡ssár✐♦ ✉t✐❧✐③❛r ❛❧❣✉♠ ♠ét♦❞♦ ❞❡ ❞❡❢✉③③✐✜❝❛çã♦✳

✹✸



▼ét♦❞♦ ❞❡ ❑❛♥❣✲❚❛❦❛❣✐✲❙✉❣❡♥♦

❊♠ ♠✉✐t♦s ❛s♣❡❝t♦s ❡st❡ ♠ét♦❞♦ é s✐♠✐❧❛r ❛♦ ♠ét♦❞♦ ❞❡ ▼❛♠❞❛♥✐✳ ❆

♣r✐♥❝✐♣❛❧ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛ ✐♥❢❡rê♥❝✐❛ ❢✉③③② ❞♦ t✐♣♦ ▼❛♠❞❛♥✐ ❡ ❛ ❞♦ t✐♣♦ ❙✉✲

❣❡♥♦ é q✉❡✱ ♥❡ss❡ ú❧t✐♠♦✱ ♦ ❝♦♥s❡qü❡♥t❡ ❞❡ ❝❛❞❛ r❡❣r❛ é ❞❛❞♦ ❡①♣❧✐❝✐t❛♠❡♥t❡

♣♦r ✉♠❛ ❢✉♥çã♦ ❞♦s ✈❛❧♦r❡s ❞❡ ❡♥tr❛❞❛ ❞❡st❛ r❡❣r❛✳

❖ ♠ét♦❞♦ ❞❡ r❛❝✐♦❝í♥✐♦✱ ♣r♦♣♦st♦ ♣♦r ❚❛❦❛❣✐ ❡ ❙✉❣❡♥♦✱ ❡stá ❛ss♦❝✐❛❞♦ ❛

✉♠ ❝♦♥❥✉♥t♦ ❞❡ r❡❣r❛s ❞♦ t✐♣♦✱ ✏s❡ ✳ ✳ ✳ ❡♥tã♦✑✱ ❝✉❥♦s ❝♦♥s❡qü❡♥t❡s sã♦ r❡♣r❡✲

s❡♥t❛❞♦s ♣♦r ❢✉♥çõ❡s ❧✐♥❡❛r❡s ✭❖rt❡❣❛✱ ✷✵✵✶✮ ❬✸✻❪✳ ❯♠ ❝♦♥❥✉♥t♦ ❞❡ r❡❣r❛s

♥❡ss❡ ♠♦❞❡❧♦ ♣♦ss✉✐ ❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

❘❡❣r❛ ✭✐✮✿ ❙❡ x1 é Ai1✱ ✳ ✳ ✳ ✱ xk é Aik ❡♥tã♦ zi = ci0 + ci1x1 + . . . + cikxk✱

♦♥❞❡ i = 1, . . . , n❀ ♥ é ♦ ♥ú♠❡r♦ ❞❡ r❡❣r❛s ❢✉③③②❀ cij✱ ❝♦♠ j = 0, . . . , k✱ sã♦ ♦s

♣❛râ♠❡tr♦s ❞♦ ❝♦♥s❡qü❡♥t❡ ❡ Aij sã♦ s✉❜❝♦♥❥✉♥t♦s ❢✉③③②✳

❉❛❞❛ ✉♠❛ ❡♥tr❛❞❛ (x1, x2, . . . , xn)✱ ♦ r❡s✉❧t❛❞♦ ✜♥❛❧ ❞❡st❡ ♠ét♦❞♦ é ❛

♠é❞✐❛ ♣♦♥❞❡r❛❞❛ ❞❛s s❛í❞❛s ❞❡ ❝❛❞❛ r❡❣r❛✱ ✐st♦ é

z =

∑n

i=1 mizi
∑n

i=1 mi

=

∑n

i=1 mi(ci0 + ci1x1 + . . . + cikxk)
∑n

i=1 mi

, ✭✷✳✺✮

♦♥❞❡ mi é ♦ ♣❡s♦ ♦✉ ❣r❛✉ ❞❡ ❛t✐✈❛çã♦ ❞❛ ✐✲és✐♠❛ r❡❣r❛

mi = min (µAij
(xj))✳

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

♥ã♦✲❧✐♥❡❛r❡s ❬✶✶❪✳ ◆❡ss❡ ❝❛s♦✱ ❛s r❡❣r❛s sã♦ ❞♦ t✐♣♦✿

❘❡❣r❛ ✭✐✮✿ ❙❡ x1 é Ai1✱ ✳ ✳ ✳ ✱ xk é Aik ❡♥tã♦ zi = fi(x1, . . . , xk)✱

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

❡①♣r❡ssã♦ ✭✷✳✺✮✳

✹✹



❙❡❣✉♥❞♦ ❖rt❡❣❛ ✭✷✵✵✶✮✱ ❛ ❣r❛♥❞❡ ✈❛♥t❛❣❡♠ ❞❡ss❡ ♠♦❞❡❧♦ ❝♦♥s✐st❡ ♥♦ s❡✉

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

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

s✉❜✲s✐st❡♠❛s ♠❛✐s s✐♠♣❧❡s✳ ❊♠ ✉♠❛ ❛t✐✈❛çã♦ r❡❛❧íst✐❝❛✱ s❡r✐❛ ♣r❛t✐❝❛♠❡♥t❡

✐♠♣♦ssí✈❡❧ ❛ ❞❡❝♦♠♣♦s✐çã♦ ❞❡ ✉♠ s✐st❡♠❛ ❡♠ s✉❜✲s✐st❡♠❛s ❝❧áss✐❝♦s✱ ✉♠❛

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

❞❡❧✐♠✐t❛❞❛s ♣❛r❛ ♦s s✐st❡♠❛s✳

▼ét♦❞♦s ❞❡ ❉❡❝♦❞✐✜❝❛çã♦

❖s ♠ét♦❞♦s ❞❡ ❞❡❝♦❞✐✜❝❛çã♦ ♦✉ ❞❡❢✉③③✐✜❝❛çã♦✱ ❝♦♠♦ t❛♠❜é♠ sã♦ ❝❤❛♠❛✲

❞♦s✱ s❡❧❡❝✐♦♥❛♠ ✉♠ ♥ú♠❡r♦ r❡❛❧ q✉❡ s❡❥❛ r❡♣r❡s❡♥t❛t✐✈♦ ❞♦ ❝♦♥❥✉♥t♦ ❢✉③③②✳

P♦❞❡♠♦s ❝✐t❛r✱ ❞❡♥tr❡ ♦✉tr♦s ♠ét♦❞♦s q✉❡ tê♠ s✐❞♦ ♣r♦♣♦st♦s✱ ♦ ❈❡♥tr♦ ❞❡

●r❛✈✐❞❛❞❡ ✭♦✉ ❈❡♥tró✐❞❡✱ ♦✉ ❈❡♥tr♦ ❞❡ ➪r❡❛✮✱ ❈❡♥tr♦ ❞♦s ▼á①✐♠♦s✱ ▼é❞✐❛

❞♦s ▼á①✐♠♦s ❡ ▼ét♦❞♦ ❞❛s ❆❧t✉r❛s✳

❖ ▼ét♦❞♦ ❞♦ ❈❡♥tr♦ ❞❡ ●r❛✈✐❞❛❞❡ é s❡♠❡❧❤❛♥t❡ à ♠é❞✐❛ ❛r✐t♠ét✐❝❛ ♣❛r❛

✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❞❛❞♦s✳ ❆ ❞✐❢❡r❡♥ç❛ é q✉❡ ♦s ♣❡s♦s sã♦ ♦s ✈❛❧♦r❡s µC(zi)✱

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

♣❡❧♦ ❝♦♥❥✉♥t♦ ❢✉③③② C ❬✺❪✳

❖ ❝❡♥tr♦ ❞❡ ❣r❛✈✐❞❛❞❡ ❢♦r♥❡❝❡ ❛ ♠é❞✐❛ ❞❛s ár❡❛s ❞❡ t♦❞❛s ❛s ✜❣✉r❛s q✉❡

r❡♣r❡s❡♥t❛♠ ♦s ❣r❛✉s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③②✳ ❊ss❡ ♠ét♦❞♦ é

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

r❡q✉❡r✐❞❛ é ✉♠ t❛♥t♦ ❝♦♠♣❧❡①❛ ✭▼✐③✉♠♦t♦✱ ✶✾✾✺✮ ❬✸✷❪✳

❆s ❡q✉❛çõ❡s ✭✷✳✻✮ ❡ ✭✷✳✼✮ r❡❢❡r❡♠✲s❡ ❛♦s ❞♦♠í♥✐♦s ❞✐s❝r❡t♦ ❡ ❝♦♥tí♥✉♦✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳

G(C) =

n
∑

i=0

ziµC(zi)

n
∑

i=0

µC(zi)

. ✭✷✳✻✮

✹✺



G(C) =

∫

R
zµC(z)dz

∫

R
µC(z)dz

✭✷✳✼✮

◆♦ ❈❡♥tr♦ ❞♦s ▼á①✐♠♦s✱ ♦ ♣♦♥t♦ r❡♣r❡s❡♥t❛t✐✈♦ ❞♦ ❝♦♥❥✉♥t♦ é ♦❜t✐❞♦

❝♦♠♦ ✉♠❛ ♠é❞✐❛ ❡♥tr❡ ❛s r❡❣✐õ❡s ❞❡ ♠❛✐♦r ♣♦ss✐❜✐❧✐❞❛❞❡✱ ❡♥tr❡ ♦s ♣♦ssí✈❡✐s

✈❛❧♦r❡s ❞❛ ✈❛r✐á✈❡❧✳ ◆❡st❡ ❝❛s♦ t❡♠♦s✿

C(C) =
i + j

2
✭✷✳✽✮

♦♥❞❡

i = inf
{

z ∈ R : µC(z) = max
z

µC(z)
}

❡

j = sup
{

z ∈ R : µC(z) = max
z

µC(z)
}

✳

❖ ▼ét♦❞♦ ❞❛ ▼é❞✐❛ ❞♦s ▼á①✐♠♦s é ✉t✐❧✐③❛❞♦ ❝♦♠♦ ❞❡❢✉③③✐✜❝❛❞♦r ♣❛r❛

❞♦♠í♥✐♦ ❞✐s❝r❡t♦✳ ❙✉❛ ❞❡✜♥✐çã♦ é ❞❛❞❛ ♣♦r

M(C) =

∑

zi
∑

i
, ✭✷✳✾✮

♦♥❞❡ zi sã♦ ♦s ❡❧❡♠❡♥t♦s ❞❡ ♠❛✐♦r❡s ♣❡rt✐♥ê♥❝✐❛s ❛♦ ❝♦♥❥✉♥t♦ ❢✉③③② C✱ ✐st♦ é✱

♣❛r❛ ❝❛❞❛ i t♦♠❛♠♦s

µC(zi) = max
z

µC(z)✳

◆♦ ▼ét♦❞♦ ❞❛s ❆❧t✉r❛s ❛ s❛í❞❛ é ✉♠❛ ♠é❞✐❛ ♣♦♥❞❡r❛❞❛ ❞♦s ♣♦♥t♦s zi✱

♣❡❧❛s ❛❧t✉r❛s ❞❡ Ci✱ ♦✉ s❡❥❛✿

A(C) =

∑n

i=1 mihgt(Ci)
∑n

i=1 hgt(Ci)
, ✭✷✳✶✵✮

♦♥❞❡ n é ♦ ♥ú♠❡r♦ ❞❡ r❡❣r❛s ❛t✐✈❛❞❛s ❡ mi é ♦ ❣r❛✉ ❞❡ ❛t✐✈❛çã♦ ❞❛ r❡❣r❛✳
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❊ss❡ ♠ét♦❞♦ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ✉♠ ❝❛s♦ ❡s♣❡❝✐❛❧ ❞♦ ♠ét♦❞♦ ❞❡

❑❛♥❣✲❚❛❦❛❣✐✲❙✉❣❡♥♦✱ ♥♦ q✉❛❧ ❛ s❛í❞❛ ❞❡ ✉♠ ❝♦♥tr♦❧❛❞♦r ❢✉③③② é ✉♠❛ ❢✉♥çã♦

♦✉ ✉♠ ♥ú♠❡r♦ r❡❛❧✳

✷✳✹ ❙✐st❡♠❛ ❇❛s❡❛❞♦ ❡♠ ❘❡❣r❛s ❋✉③③②

❖s s✐st❡♠❛s ❜❛s❡❛❞♦s ❡♠ r❡❣r❛s ❢✉③③② ✲ ❙❇❘❋ ✲ ❞❡✈✐❞♦ ❛ ♥❛t✉r❡③❛ ♠✉❧t✐✲

❞✐s❝✐♣❧✐♥❛r✱ r❡❝❡❜❡♠ ✈ár✐❛s ❞❡♥♦♠✐♥❛çõ❡s✱ t❛✐s ❝♦♠♦✿ s✐st❡♠❛ ❞❡ ✐♥❢❡rê♥❝✐❛

❢✉③③②✱ s✐st❡♠❛ ❡s♣❡❝✐❛❧✐st❛ ❢✉③③②✱ ♠♦❞❡❧♦ ❢✉③③②✱ ❝♦♥tr♦❧❛❞♦r ❧ó❣✐❝♦ ❢✉③③② ♦✉

s✐♠♣❧❡s♠❡♥t❡ s✐st❡♠❛ ❢✉③③② ❬✶✶❪✳

❆ ❧ó❣✐❝❛ ❢✉③③② é ✉♠❛ té❝♥✐❝❛ q✉❡ ✐♥❝♦r♣♦r❛ ❛ ❢♦r♠❛ ❤✉♠❛♥❛ ❞❡ ♣❡♥s❛r✱

❡♠ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧❡✳ ❙❡❣✉♥❞♦ ❙❤❛✇ ❡ ❙✐♠õ❡s ✭✶✾✾✾✮ ❬✹✹❪✱ ✉♠ ❝♦♥tr♦❧❛✲

❞♦r ❢✉③③② tí♣✐❝♦ ♣♦❞❡ s❡r ♣r♦❥❡t❛❞♦ ♣❛r❛ ❝♦♠♣♦rt❛r✲s❡ ❝♦♥❢♦r♠❡ ♦ r❛❝✐♦❝í♥✐♦

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

❜❛s❡❛❞❛s ❡♠ ✐♥❢♦r♠❛çõ❡s q✉❡ ❡❧❛s ❥á ❝♦♥❤❡❝❡♠✳

❆ ❤❛❜✐❧✐❞❛❞❡ ❞❡ ❡①♣❧✐❝✐t❛r✱ ❧✐♥❣✉✐st✐❝❛♠❡♥t❡✱ r❡❧❛çõ❡s q✉❡✱ ♦✉ sã♦ ♠✉✐t♦

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

♣♦r ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s ♣r❡❝✐s♦s✱ é ✉♠❛ ✈❛♥t❛❣❡♠ ❞♦s s✐st❡♠❛s ❢✉③③②✳

❙❤❛✇ ❡ ❙✐♠õ❡s ✭✶✾✾✾✮ ❝✐t❛♠ ♦ Pr✐♥❝í♣✐♦ ❞❛ ■♥❝♦♠♣❛t✐❜✐❧✐❞❛❞❡ ❞❡ ❩❛❞❡❤✱

♦ q✉❛❧ ❛✜r♠❛ q✉❡

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

♥♦ss❛ ❤❛❜✐❧✐❞❛❞❡ ❞❡ ❢❛③❡r ❛✜r♠❛çõ❡s ♣r❡❝✐s❛s ❡ s✐❣♥✐✜✲

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

❡♠ q✉❡ ❛ ♣r❡❝✐sã♦ ❡ r❡❧❡✈â♥❝✐❛ t♦r♥❛♠✲s❡ ♣r❛t✐❝❛♠❡♥t❡

❝❛r❛❝t❡ríst✐❝❛s ♠✉t✉❛♠❡♥t❡ ❡①❝❧✉s✐✈❛s✑✳

❆ ❡str✉t✉r❛ ❜ás✐❝❛✱ ❞❡ ✉♠ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠ r❡❣r❛s ❢✉③③②✱ ❝♦♥s✐st❡ ❡♠

q✉❛tr♦ ♠ó❞✉❧♦s ♣r✐♥❝✐♣❛✐s✿ ✉♠ ♣r♦❝❡ss❛❞♦r ❞❡ ❡♥tr❛❞❛✱ ✉♠❛ ❜❛s❡ ❞❡ ❝♦♥❤❡✲

✹✼



❝✐♠❡♥t♦✱ ✉♠❛ ♠áq✉✐♥❛ ❞❡ ✐♥❢❡rê♥❝✐❛ ❡ ✉♠ ♣r♦❝❡ss❛❞♦r ❞❡ s❛í❞❛✱ ❝♦♠♦ ❡stá

r❡♣r❡s❡♥t❛❞♦ ♥❛ ✜❣✉r❛ ✷✳✺✳

Entrada

Clássica

Dados

Base de Conhecimento

Regras

Entrada

Fuzzy

Saída

Fuzzy

Saída

Clássica

Processador 

de Saída

Máquina de

Inferência

Processador 

de Entrada

❋✐❣✉r❛ ✷✳✹✿ ❊str✉t✉r❛ ❜ás✐❝❛ ❞❡ ✉♠ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠ r❡❣r❛s ❢✉③③②✳

Pr♦❝❡ss❛❞♦r ❞❡ ❊♥tr❛❞❛

■❞❡♥t✐✜❝❛❞❛s ❛s ✈❛r✐á✈❡✐s r❡❧❡✈❛♥t❡s✱ ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞♦ s✐st❡♠❛✱ ❡ ♦

✐♥t❡r✈❛❧♦ ❞❡ ✈❛❧♦r❡s ❞❡ ❝❛❞❛ ✈❛r✐á✈❡❧✱ sã♦ ❛tr✐❜✉í❞♦s t❡r♠♦s ❧✐♥❣üíst✐❝♦s✱ q✉❡

❞❡s❝r❡✈❡♠ ♦s ❡st❛❞♦s ❞❡st❛s ✈❛r✐á✈❡✐s✳ ❊st❡s t❡r♠♦s sã♦ tr❛❞✉③✐❞♦s ✲ ❡♠ ✉♠

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

❢✉③③②✳ ❊ss❛ ❢❛s❡ é ❝❤❛♠❛❞❛ ❢✉③③✐✜❝❛çã♦ ♦✉ ❝♦❞✐✜❝❛çã♦✳

❆s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ r❡♣r❡s❡♥t❛♠ ♦s ❛s♣❡❝t♦s ❢✉♥❞❛♠❡♥t❛✐s ❞❡ t♦❞❛s

❛s ❛çõ❡s t❡ór✐❝❛s ❡ ♣rát✐❝❛s ❞♦s s✐st❡♠❛s ❢✉③③②✳ ❊st❛s ❢✉♥çõ❡s ♣♦❞❡♠ s❡r ❣❡r❛✲

❞❛s ❞❡ ✈ár✐❛s ♠❛♥❡✐r❛s✱ ✐♥❝❧✉✐♥❞♦ ❛♣❡❧♦s ✐♥t✉✐t✐✈♦s ❡ ❛✉①í❧✐♦ ❞❡ ❡s♣❡❝✐❛❧✐st❛s✳

❑❧✐r ❡ ❨✉❛♥ ✭✶✾✾✼✮ ❬✸✵❪✱ ❛♣r❡s❡♥t❛♠ ❞♦✐s ♠ét♦❞♦s ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛

♠❛t❡♠át✐❝❛ ❞❡ ❛❥✉st❡ ❞❡ ❝✉r✈❛s✿ ♦ ♠ét♦❞♦ ❞❡ ✐♥t❡r♣♦❧❛çã♦ ❞❡ ▲❛❣r❛♥❣❡ ❡ ♦

♠ét♦❞♦ ❞❡ ♠í♥✐♠♦s q✉❛❞r❛❞♦s✳ ❈✐✈❛♥❧❛r ❡ ❚r✉ss❡❧❧ ✭✶✾✽✻✮ ❬✶✻❪✱ ❞❡t❡r♠✐♥❛r❛♠

❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛✱ ♣❛r❛ ❝♦♥❥✉♥t♦s ❢✉③③②✱ ❛ ♣❛rt✐r ❞❛ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❡

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

✹✽



❞❡ ❞✐s❝✉rs♦✳ ❙❤❛✇ ❡ ❙✐♠õ❡s ✭✷✵✵✶✮ ❬✹✹❪✱ r❡ss❛❧t❛♠ q✉❡ té❝♥✐❝❛s ❡s♣❡❝✐❛✐s

✉s❛♥❞♦ r❡❞❡s ♥❡✉r❛✐s ♦✉ ❛❧❣♦rít♠♦s ❣❡♥ét✐❝♦s sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛ ❣❡r❛çã♦

❞❡ ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛✳

❇❛s❡ ❞❡ ❈♦♥❤❡❝✐♠❡♥t♦

❆ ❜❛s❡ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦ ❝♦♥té♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ r❡❣r❛s ❢✉③③②✱ ❞❡♥♦♠✐♥❛❞♦

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

❞❡ ❞❛❞♦s✳

❆ ❜❛s❡ ❞❡ r❡❣r❛s ❢✉③③② é ❢♦r♠❛❞❛ ♣♦r ✉♠❛ ❝♦❧❡çã♦ ❞❡ ♣r♦♣♦s✐çõ❡s ❞♦ t✐♣♦

✏s❡ ✳ ✳ ✳ ❡♥tã♦ ✳ ✳ ✳ ✑✱ q✉❡ ♣♦❞❡♠ s❡r ❝♦♥str✉í❞❛s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ✐♥❢♦r♠❛çõ❡s

❞❡ ✉♠ ❡s♣❡❝✐❛❧✐st❛ ♦✉ ❞❡ ✉♠ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✳

▼áq✉✐♥❛ ❞❡ ■♥❢❡rê♥❝✐❛

❖ ♠ét♦❞♦ ❞❡ ✐♥❢❡rê♥❝✐❛ ❞❡t❡r♠✐♥❛ ❛ ❢♦r♠❛ ♦♣❡r❛❝✐♦♥❛❧ ❞♦ ♠♦❞❡❧♦ ❧✐♥❣üís✲

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

❢✉③③② ❞❡ ❡♥tr❛❞❛ ❡♠ ✉♠ ✈❛❧♦r ❞❡ s❛í❞❛✳

❊①✐st❡♠ ✈ár✐♦s ♠ét♦❞♦s ❞❡ ✐♥❢❡rê♥❝✐❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝♦♥❝❡♣çã♦ ❞❡ r❡❣r❛

❢✉③③② ✭❝♦♥❥✉♥çã♦ ♦✉ ✐♠♣❧✐❝❛çã♦✮ ❡ ❝♦♠ ❛ ❞❡✜♥✐çã♦ ❞♦s ♦♣❡r❛❞♦r❡s ❞❡ ✉♥✐ã♦

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

♠❡❧❤♦r s❡ ❛❞❛♣t❛ ❛♦ s✐st❡♠❛ q✉❡ s❡ ❡stá ♠♦❞❡❧❛♥❞♦✳ ❖ ♠ét♦❞♦ ♠❛✐s ✉t✐❧✐③❛❞♦

é ♦ ♠ét♦❞♦ ❞❡ ▼❛♠❞❛♥✐✳

Pr♦❝❡ss❛❞♦r ❞❡ ❙❛í❞❛

◆❛ ♠❛✐♦r✐❛ ❞❛s ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s ❞❡ s✐st❡♠❛s ❢✉③③②✱ ❛ s❛í❞❛ ✜♥❛❧ ❞❡✈❡

s❡r ✉♠ ♥ú♠❡r♦ r❡❛❧✱ ❛♦ ✐♥✈és ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③②✳

❆ ❞❡❝♦❞✐✜❝❛çã♦ ♦✉ ❞❡❢✉③③✐✜❝❛çã♦ é ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ q✉❡ ♥♦s ♣❡r♠✐t❡

✐♥t❡r♣r❡t❛r ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡s✱ ❞❛ s❛í❞❛ ❞❡ ✉♠ ♠♦❞❡❧♦ ❧✐♥❣üís✲

t✐❝♦ ❢✉③③②✱ ❞❡ ❢♦r♠❛ q✉❛♥t✐t❛t✐✈❛✱ ♦✉ s❡❥❛✱ ❡❧❡ ♥♦s ❢♦r♥❡❝❡ ✉♠ ✈❛❧♦r ♥✉♠ér✐❝♦

✹✾



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

s✐❜✐❧✐❞❛❞❡s ✭❖rt❡❣❛✱ ✷✵✵✶✮ ❬✸✻❪✳

✷✳✺ P♦ss✐❜✐❧✐❞❛❞❡ ❡ Pr♦❜❛❜✐❧✐❞❛❞❡

❆ t❡♦r✐❛ ❞❡ ❝♦♥❥✉♥t♦s ❢✉③③② é ❜❛s❡❛❞❛ ♥♦ ❢❛t♦ ❞❡ q✉❡ ♦s ❝♦♥❥✉♥t♦s ❡①✐st❡♥t❡s

♥♦ ♠✉♥❞♦ r❡❛❧ ♥ã♦ ♣♦ss✉❡♠ ❧✐♠✐t❡s ♣r❡❝✐s♦s✳ ❆ ✏❝❛r❛❝t❡ríst✐❝❛ ❢✉③③②✑ ✐♠✲

♣❧✐❝❛ ❡♠ ❡①✐stê♥❝✐❛ ❞❡ ✐♠♣r❡❝✐sã♦✱ ✐♥❝❡rt❡③❛ ❡ ❞❡✜♥✐çõ❡s q✉❛❧✐t❛t✐✈❛s ✭❙❤❛✇

❡ ❙✐♠õ❡s✱ ✷✵✵✶✮ ❬✹✹❪✳

▼♦❞❡❧❛r ♣r♦❜❧❡♠❛s ❞♦ ♠✉♥❞♦ r❡❛❧ ❡♥✈♦❧✈❡ ❡ss❛s ✐♥❝❡rt❡③❛s✱ q✉❡ ♣♦❞❡♠

s❡r ❞❡ ❞♦✐s t✐♣♦s ❞✐st✐♥t♦s✿ ✐♥❝❡rt❡③❛s q✉❡ ♣r♦✈ê♠ ❞❛ ❢❛❧t❛ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦

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

✐♥❡r❡♥t❡ ❛♦s ♣ró♣r✐♦s ❝♦♥❝❡✐t♦s✳

◆❡ss❡ ❝♦♥t❡①t♦✱ ✉♠ ❝♦♥❝❡✐t♦ ✐♠♣♦rt❛♥t❡ é ♦ ❞❡ ♠❡❞✐❞❛ ❢✉③③②✳ ❯♠❛ ♠❡❞✐❞❛

❢✉③③② r❡♣r❡s❡♥t❛ ❛ ✐♥❝❡rt❡③❛ ❝♦♠ q✉❡ s❡ ❛✜r♠❛ q✉❡ ✉♠ ❞❛❞♦ ❡❧❡♠❡♥t♦ ♣❡rt❡♥❝❡

❛ ✉♠ ❝♦♥❥✉♥t♦ ❝❧áss✐❝♦✳

❉❡✜♥✐çã♦ ✷✳✺✳✶ ❙❡❥❛ Ω ✉♠ ❝♦♥❥✉♥t♦ ♥ã♦ ✈❛③✐♦ ❡ P(Ω) ♦ ❝♦♥❥✉♥t♦ ❞❛s ♣❛rt❡s

❞❡ Ω✳ ❯♠❛ ♠❡❞✐❞❛ ❢✉③③② é ✉♠❛ ❢✉♥çã♦

ϕ : P(Ω) → [0, 1]

q✉❡ s❛t✐s❢❛③ ❛s s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s✿

✶✳ ϕ(φ) = 0 ❡ ϕ(Ω) = 1 ✭❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦✮❀

✷✳ ∀ A, B ∈ P(Ω)✱ s❡ A ⊆ B ❡♥tã♦ ϕ(A) ≤ ϕ(B) ✭♠♦♥♦t♦♥✐❝✐❞❛❞❡✮✳

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

❞❡ ♦❜t❡♥çã♦ ♦✉ r❡❛❧✐③❛çã♦ ❞❡ ❛❧❣♦✱ ❡♥q✉❛♥t♦ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❡stá ❛ss♦❝✐❛❞❛ à

✺✵



❢r❡qüê♥❝✐❛ ❝♦♠ q✉❡ ❛❧❣♦ ♦❝♦rr❡✳ ❆ss✐♠✱ ♦ q✉❡ é ♣♦ssí✈❡❧ ♣♦❞❡ ♥ã♦ s❡r ♣r♦✈á✈❡❧

❡ ♦ q✉❡ é ✐♠♣r♦✈á✈❡❧ ♥ã♦ é ♥❡❝❡ss❛r✐❛♠❡♥t❡✱ ✐♠♣♦ssí✈❡❧✳

❖rt❡❣❛ ✭✷✵✵✶✮ ❬✸✻❪✱ r❡❛✜r♠❛ q✉❡ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡s é ❞✐❢❡✲

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

❞❡ ✐♥❝❡rt❡③❛s✳ ➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡ ♦ ❝♦♥❝❡✐t♦ ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡ ♥ã♦

❡♥✈♦❧✈❡✱ ❞❡ ♠♦❞♦ ❛❧❣✉♠✱ ❛ ♥♦çã♦ ❞❡ ❡①♣❡r✐♠❡♥t❛çã♦ r❡♣❡t✐❞❛ ❡ ♣♦r ✐ss♦ é ✉♠

❝♦♥❝❡✐t♦ ♥ã♦✲❡st❛tíst✐❝♦✳

❊♠ t❡r♠♦s ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡✱ ❞✐③❡r q✉❡ ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❳✱ ❡♠ ❯✱

♣♦❞❡r✐❛ ❡st❛r ❡♠ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❝❧áss✐❝♦ ❆ ❞❡ ❯ é ❡q✉✐✈❛❧❡♥t❡ ❛

Π(X = x ) = πX (x) =







1, s❡ x ∈ A

0, s❡ x /∈ A
✭✷✳✶✶✮

❉❡ ❛❝♦r❞♦ ❝♦♠ ❖rt❡❣❛ ✭✷✵✵✶✮✱ ❛ss✐♠ ❝♦♠♦ ♦❝♦rr❡ ❝♦♠ ♦s ❝♦♥❥✉♥t♦s ❝❧ás✲

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

❞❡ ✈❛❧♦r❡s✳ ❖ q✉❡ ❞✐❢❡r❡♥❝✐❛ ❛s ❞✉❛s ❛❜♦r❞❛❣❡♥s é ❥✉st❛♠❡♥t❡ ❛ ♥♦çã♦ ❞❡

✈❛❧♦r❡s ♣♦ssí✈❡✐s ❡ ✐♠♣♦ssí✈❡✐s✱ q✉❡ ♥❛ ❧ó❣✐❝❛ ❢✉③③② é ❡①♣r❡ss❛ ♣♦r ❞✐❢❡r❡♥t❡s

❣r❛✉s✳

❆ ❡①t❡♥sã♦ ❞❛ r❡♣r❡s❡♥t❛çã♦ ✭✷✳✶✶✮✱ ♣❛r❛ ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③②✱ q✉❛♥❞♦ ❆ é

♥♦r♠❛❧✱ é

Π(X = x ) = πX (x) = µA(x).

❯♠❛ ♣r♦♣♦s✐çã♦ ❢✉③③② ❞❛ ❢♦r♠❛✱ ✏❳ é ❆✑✱ ♦♥❞❡ ❳ é ✉♠❛ ✈❛r✐á✈❡❧ q✉❡ t♦♠❛

✈❛❧♦r❡s ♥✉♠ ✉♥✐✈❡rs♦ ❞❡ ❞✐s❝✉rs♦ ❯ ❡ ❆ é ✉♠ s✉❜❝♦♥❥✉♥t♦ ❢✉③③② ❞❡ ❯✱ ✐♥❞✉③

❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡ ΠX ✱ q✉❡ é ✐❣✉❛❧ ❛ ❆✱ ✐st♦ é

ΠX = A.

❆ss✐♠✱ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❳ é ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③② ❡ s❡r✈❡

♣❛r❛ ❞❡✜♥✐r ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❝♦♠ q✉❡ ❳ ♣♦❞❡ ❛ss✉♠✐r ❛❧❣✉♠ ✈❛❧♦r ❡s♣❡❝í✜❝♦

✺✶



❡♠ ❯✳ ❖✉ s❡❥❛✱ s❡ x ∈ U ❡ µA : U → [0, 1] é ❛ ❢✉♥çã♦ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞❡ ❆✱

❡♥tã♦ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ q✉❡ X = x✱ ❞❛❞❛ ❛ ♣r♦♣♦s✐çã♦✱ ✏❳ é ❆✑✱ é

π {X = x | X éA} = µA(x), x ∈ U.

❆ é ♦ ❝♦♥❥✉♥t♦ ❞❡ ♠❛✐s ♦✉ ♠❡♥♦s ♣♦ssí✈❡✐s ✈❛❧♦r❡s ♣❛r❛ ❳✳

❉❛❞❛ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡ ΠX ✱ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ① ♣❡rt❡♥❝❡r

❛ ✉♠ ❝♦♥❥✉♥t♦ ❝❧áss✐❝♦ ❇ é ❞❡✜♥✐❞❛ ❝♦♠♦✿

π(X ∈ B) = sup
x ∈ B

πX (x).

❊ss❛ ❞❡✜♥✐çã♦ é ❝♦♥s✐st❡♥t❡✱ ❞✐❛♥t❡ ❞❛ ♥♦çã♦ ✐♥t✉✐t✐✈❛ ❞❡ q✉❡ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡

❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ q✉❛❧q✉❡r ❡✈❡♥t♦✱ ❞❡♥tr❡ ✈ár✐♦s✱ ❝♦rr❡s♣♦♥❞❡ à ♣♦ss✐❜✐❧✐❞❛❞❡

❞❡ ♦❝♦rrê♥❝✐❛ ❞❛q✉❡❧❡ q✉❡ é ♠❛✐s ♣♦ssí✈❡❧✳

❆s ♠❡❞✐❞❛s ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡ ❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ sã♦ ♠❡❞✐❞❛s ❢✉③③② ❡ s❡rã♦

❞❡✜♥✐❞❛s ❛ s❡❣✉✐r✳

❉❡✜♥✐çã♦ ✷✳✺✳✷ ❯♠❛ ♠❡❞✐❞❛ ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡ Π✱ s♦❜r❡ Ω✱ é ✉♠❛ ❢✉♥çã♦ ❞❡

P(Ω) ❡♠ [0, 1]✱ t❛❧ q✉❡✿

✶✳ Π(φ) = 0❀

✷✳ Π(Ω) = 1❀

✸✳ Π(
⋃

i Ai) = sup
i

Π(Ai)✱ ♣❛r❛ q✉❛❧q✉❡r ❢❛♠í❧✐❛ {Ai} ❞❡ s✉❜❝♦♥❥✉♥t♦s ❞❡

Ω✱

♦♥❞❡ P(Ω) é ♦ ❝♦♥❥✉♥t♦ ❞❛s ♣❛rt❡s ❞❡ Ω✳

❉❡✜♥✐çã♦ ✷✳✺✳✸ ❯♠❛ ♠❡❞✐❞❛ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ P é ✉♠❛ ❢✉♥çã♦ r❡❛❧ q✉❡ ❞❡✲

t❡r♠✐♥❛✱ ♣❛r❛ t♦❞♦ ❆ ❡♠ Ω✱ ✉♠❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ P✭❆✮✱ t❛❧ q✉❡✿

✶✳ P (A) ≥ 0, ∀A ∈ Ω;

✺✷



✷✳ P (Ω) = 1;

✸✳ P (
⋃∞

i=1 Ai) =
∑∞

i=1 P (Ai)✱ ♦♥❞❡ Ai é ✉♠❛ ❝♦❧❡çã♦ ❞❡ ❡✈❡♥t♦s ❞✐s❥✉♥t♦s✳

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

❜✐❧íst✐❝♦s ❡ ♣♦ss✐❜✐❧íst✐❝♦s✱ ❛s ❞✉❛s ❞❡s❝r✐çõ❡s ❞❡✈❡♠ s❡r✱ ❞❡ ❛❧❣✉♠❛ ❢♦r♠❛✱

❝♦♥s✐st❡♥t❡s ✭❑❧✐r ❡ ❨✉❛♥✱ ✶✾✾✺✮ ❬✸✵❪✳ ■st♦ é✱ ❞❛❞❛ ✉♠❛ ♠❡❞✐❞❛ ❞❡ ♣r♦❜❛✲

❜✐❧✐❞❛❞❡ P ❡ ✉♠❛ ♠❡❞✐❞❛ ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡ Π✱ ❞❡✜♥✐❞❛s ❡♠ P(Ω)✱ ❛s ❞✉❛s

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

❊♠❜♦r❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ s❡❥❛♠ ♠❡❞✐❞❛s ❞✐st✐♥t❛s✱ ❡①✐st❡ ✉♠❛

r❡❧❛çã♦ ❡♥tr❡ ❡❧❛s✳ ❙❡❣✉♥❞♦ ❉✉❜♦✐s ❡ Pr❛❞❡ ✭✶✾✽✵✮ ❬✶✾❪✱ ♦ ❣r❛✉ ❞❡ ♣♦ss✐❜✐❧✐✲

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

P(A) ≤ Π(A) ∀A ⊂ Ω✱

♦♥❞❡ P é ❛ ♠❡❞✐❞❛ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❛ss♦❝✐❛❞❛ ❛ ♣✱

P(A) =
∑

x ∈ A

p(x)

❡ Π é ❛ ♠❡❞✐❞❛ ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡ ❛ss♦❝✐❛❞❛ ❛ π✱

Π(A) = sup
x ∈ A

[π(x)]✳

➱ ❡ss❡♥❝✐❛❧✱ ♣❛r❛ q✉❛❧q✉❡r tr❛♥s❢♦r♠❛çã♦ ♣r♦❜❛❜✐❧✐❞❛❞❡✴♣♦ss✐❜✐❧✐❞❛❞❡✱

♦❜❡❞❡❝❡r ♦ ♣r✐♥❝í♣✐♦ ❞❡ ❝♦♥s✐stê♥❝✐❛ ❛❝✐♠❛✳ ❑❧✐r ❡ ❨✉❛♥ ✭✶✾✾✺✮✱ ❛✜r♠❛♠ q✉❡

❡ss❛s tr❛♥s❢♦r♠❛çõ❡s sã♦ út❡✐s ❡♠ ♣r♦❜❧❡♠❛s ♣rát✐❝♦s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ♥❛

❝♦♥str✉çã♦ ❞❡ ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③②✱ ❛ ♣❛rt✐r ❞❡ ❞❛❞♦s

❡st❛tíst✐❝♦s ❡ ♥❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ♣♦ss✐❜✐❧íst✐❝❛s ❡ ♣r♦❜❛❜✐❧íst✐❝❛s

❡♠ s✐st❡♠❛s ❡s♣❡❝✐❛❧✐st❛s✳

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

♣r♦❜❛❜✐❧✐❞❛❞❡s ♥ã♦ ❝♦♥s✐❞❡r❛r s✉❜❥❡t✐✈✐❞❛❞❡s✳ P❛r❛ ❝✐t❛r ♦ ❞✐❛❣♥óst✐❝♦ ♠é✲

❞✐❝♦✱ ♣♦❞❡♠♦s ❞✐③❡r q✉❡ ♦ r❛❝✐♦❝í♥✐♦ ♠é❞✐❝♦ ♣❛r❡❝❡ ❡st❛r ♠✉✐t♦ ♠❛✐s ❜❛s❡❛❞♦

✺✸



❡♠ ❣r❛✉s ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞♦ q✉❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ ✉♠❛ ✈❡③ q✉❡ s❡r✐❛ ❤✉✲

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

r❡❧❛❝✐♦♥❛❞❛s à ❢r❡qüê♥❝✐❛ ❞♦s s✐♥t♦♠❛s ❡ à ♣r❡✈❛❧ê♥❝✐❛ ❞❛s ❞♦❡♥ç❛s ❡♠ ✉♠❛

❞❛❞❛ ♣♦♣✉❧❛çã♦✳

❖rt❡❣❛ ✭✷✵✵✶✮✱ ❛❝r❡s❝❡♥t❛ ❛✐♥❞❛ q✉❡ ♦s ♠é❞✐❝♦s r❛r❛♠❡♥t❡ ❡①♣r❡ss❛♠ s✉❛s

✐♠♣r❡ssõ❡s ❡♠ ✈❛❧♦r❡s ♥✉♠ér✐❝♦s❀ sã♦ ✉s❛❞♦s t❡r♠♦s ❧✐♥❣üíst✐❝♦s t❛♥t♦ ♣❛r❛

s❡ ❡①♣r❡ss❛r q✉❛♥t♦ ♣❛r❛ ❛ss♦❝✐❛r ❝♦❣♥✐t✐✈❛♠❡♥t❡ ♦s s✐♥t♦♠❛s✴❞♦❡♥ç❛s✳

❚r❛♥s❢♦r♠❛çõ❡s ♣r♦❜❛❜✐❧✐❞❛❞❡✴♣♦ss✐❜✐❧✐❞❛❞❡

❙❡❥❛♠ X = {x1, x2, . . . , xn} , pi = p(xi) ❡ πi = π(xi), ❝♦♠ i = 1, . . . , n ❡✱

❛✐♥❞❛✱ π1 = 1 ❡
∑n

i=1 pi = 1 s❡❥❛♠ ♥♦r♠❛❧✐③❛çõ❡s ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡ ❡ ♣r♦❜❛❜✐✲

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

❞❡ t❛❧ ❢♦r♠❛ q✉❡✱ ❛s ❞✐str✐❜✉✐çõ❡s ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡

Π = 〈π1, π2, . . . , πn〉

❡ ❛s ❞✐str✐❜✉✐çõ❡s ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡

P = 〈p1, p2, . . . , pn〉

s❡❥❛♠ s❡♠♣r❡ s❡qüê♥❝✐❛s ♥ã♦ ❝r❡s❝❡♥t❡s✳ ❊♥tã♦✱ ❛s tr❛♥s❢♦r♠❛çõ❡s ♠❛✐s s✐♠✲

♣❧❡s✱ P ↔ Π✱ sã♦ ❜❛s❡❛❞❛s ♥❛ r❛③ã♦ ❡s❝❛❧❛r πi = piαi✱ ∀i✱ ♦♥❞❡ α é ✉♠❛

❝♦♥st❛♥t❡ ♣♦s✐t✐✈❛ ❡ sã♦ ❡①♣r❡ss❛s ♣❡❧❛s ❡q✉❛çõ❡s✿

πi =
pi

p1

, ✭✷✳✶✷✮

pi =
πi

∑n

i=1 πi

. ✭✷✳✶✸✮

✺✹



✷✳✻ ❈♦♥s✐❞❡r❛çõ❡s ❋✐♥❛✐s

❆ t❡♦r✐❛ ❞❡ ❝♦♥❥✉♥t♦s ❢✉③③② ♣♦ss✉✐ ♣r♦♣r✐❡❞❛❞❡s q✉❡ ❛ t♦r♥❛♠ ❛♣r♦♣r✐❛❞❛

♣❛r❛ ❧✐❞❛r ❝♦♠ ♦s ✈ár✐♦s ♥í✈❡✐s ❞❡ ✐♠♣r❡❝✐sã♦ ❡ ✐♥❝❡rt❡③❛✱ tã♦ ❡✈✐❞❡♥t❡s ♥❛

ár❡❛ ♠é❞✐❝❛✱ ❞❡ ❢♦r♠❛ ♠❛✐s ❝rít✐❝❛ ❡ r❡❛❧✐st❛✳

❖s t❡r♠♦s ❧✐♥❣üíst✐❝♦s✱ q✉❡ ❞❡s❝r❡✈❡♠ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ❞♦❡♥ç❛s ✲ ❡♠

♣❛rt✐❝✉❧❛r ♦ ❝â♥❝❡r✱ q✉❡ é ♦ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ♥❡ss❡ tr❛❜❛❧❤♦ ✲ sã♦ ✐♥tr✐♥s❡✲

❝❛♠❡♥t❡ ✈❛❣♦s✱ ❡ ♠✉✐t❛s ✈❡③❡s sã♦ ✈❛r✐á✈❡✐s q✉❛❧✐t❛t✐✈❛s ❡♠ ♠❡❞✐❝✐♥❛✳ ◆❡ss❡

s❡♥t✐❞♦✱ ❛ ❧ó❣✐❝❛ ❢✉③③② ❛♣r❡s❡♥t❛✲s❡ ❝♦♠♦ ✉♠❛ ❛❧t❡r♥❛t✐✈❛ ♣♦❞❡r♦s❛✱ ❝❛♣❛③ ❞❡

s❡ ❛♣r♦①✐♠❛r ❞❛ ❢♦r♠❛ ❞❡ r❛❝✐♦❝✐♥❛r ❞♦ ♠é❞✐❝♦✳

✺✺



✺✻



❈❛♣ít✉❧♦ ✸

▼♦❞❡❧❛❣❡♠ ❋✉③③② ♣❛r❛ ♣r❡❞✐③❡r ♦

❡stá❣✐♦ ❞♦ ❈â♥❝❡r ❞❡ Próst❛t❛

✸✳✶ ■♥tr♦❞✉çã♦

❖ ✐♥t❡r❡ss❡✱ ❞❡ ♣r♦✜ss✐♦♥❛✐s ❡ ♣❡sq✉✐s❛❞♦r❡s ❞❛s ♠❛✐s ❞✐❢❡r❡♥t❡s ár❡❛s✱ ❡♠ r❡✲

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

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

■♥t❡❧✐❣ê♥❝✐❛ ❆rt✐✜❝✐❛❧✳

❆ ✐♥❢♦r♠át✐❝❛ ♠é❞✐❝❛ ❛❝♦♠♣❛♥❤❛ ❡st❛ ❡✈♦❧✉çã♦ ❡ ♦ ❝♦♠♣✉t❛❞♦r ❛✉①✐❧✐❛ ♦

♠é❞✐❝♦ ♥❛s ♠❛✐s ❞✐✈❡rs❛s ❛t✐✈✐❞❛❞❡s✳ ❙❡❣✉♥❞♦ ❖rt❡❣❛ ✭✷✵✵✶✮ ❬✸✻❪✱ ❛s ❝♦♥tr✐✲

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

sã♦ ✐♥❡❣á✈❡✐s✳ ❆ ❧ó❣✐❝❛ ❢✉③③② t❡♠ ♣❛rt✐❝✐♣❛❞♦ ❡❢❡t✐✈❛♠❡♥t❡ ❞❡ss❡ ♣r♦❝❡ss♦ ❡

✐ss♦ s❡ ❞❡✈❡ ❛♦s t✐♣♦s ❞❡ ✐♥❝❡rt❡③❛s ❡♥✈♦❧✈✐❞♦s ♥♦s ♣r♦❝❡❞✐♠❡♥t♦s ♠é❞✐❝♦s✱

❜✐♦❧ó❣✐❝♦s ❡ ❡♣✐❞❡♠✐♦❧ó❣✐❝♦s✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❈❛st❛♥❤♦ ✭✷✵✵✺✮ ❬✶✶❪✱ ❛ ♥❛t✉r❡③❛ ✐♠♣r❡❝✐s❛ ❡✱ ♠✉✐t❛s ✈❡③❡s

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

❞❡❝✐sã♦ ♠é❞✐❝❛✱ ♣♦✐s ♣♦❞❡♠ t❡r ❝♦♥s❡qüê♥❝✐❛s ✐♠♣♦rt❛♥t❡s✱ ♦✉ ♠❡s♠♦ ✈✐t❛✐s✱

✺✼



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

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

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

❡♠ ❝♦♥❤❡❝✐♠❡♥t♦ ❡①♣r❡ss♦ ❧✐♥❣✉✐st✐❝❛♠❡♥t❡ ❡ ♥❛ ♣r❡s❡♥ç❛ ❞❡ ❞✐✈❡rs♦s t✐♣♦s

❞❡ ✐♥❝❡rt❡③❛ ❡ ✐♠♣r❡❝✐sã♦✳ ❉✐❛♥t❡ ❞✐ss♦✱ ❛ t❡♦r✐❛ ❞♦s ❝♦♥❥✉♥t♦s ❢✉③③② é ❛♣r♦✲

♣r✐❛❞❛ ♣❛r❛ ❞❡s❡♥✈♦❧✈❡r s✐st❡♠❛s ❡s♣❡❝✐❛❧✐st❛s q✉❡ ❛✉①✐❧✐❛rã♦ ♦s ♠é❞✐❝♦s ❡♠

s✉❛s ❞❡❝✐sõ❡s✳

❑❛❧♠❛♥s♦♥ ❡ ❙t❡❣❛❧❧ ✭✶✾✼✺✮ ❬✷✾❪✱ ✐♥❞✐❝❛r❛♠ ❛ t❡♦r✐❛ ❢✉③③② ❝♦♠♦ ✉♠❛ ❛❧✲

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

às r❡❛✐s ♥❡❝❡ss✐❞❛❞❡s ❝❧í♥✐❝❛s ❡ ❡①♣❡r✐♠❡♥t❛✐s✳ ❆❞❧❛ss♥✐❣ ✭✶✾✽✵ ❡ ✶✾✽✻✮ ❬✶❪ ❬✷❪✱

❞❡s❝r❡✈❡✉ ♦ ❈❆❉■❆● ✲ ✷✱ ✉♠ ❞♦s ♣r✐♠❡✐r♦s s✐st❡♠❛s ❞❡ ❞✐❛❣♥óst✐❝♦ ❝♦♠♣✉t❛✲

❞♦r✐③❛❞♦✱ q✉❡ ✉t✐❧✐③❛ ❛ t❡♦r✐❛ ❞♦s ❝♦♥❥✉♥t♦s ❢✉③③② ♣❛r❛ ❢♦r♠❛❧✐③❛r ❛s r❡❧❛çõ❡s

♠é❞✐❝❛s ❡ ♠♦❞❡❧❛r ♦ ♣r♦❝❡ss♦ ❞❡ ❞✐❛❣♥óst✐❝♦✳ ❆♣❧✐❝❛çõ❡s ❞❡ss❛ t❡♦r✐❛ t❛♠✲

❜é♠ ❢♦r❛♠ ❢❡✐t❛s ❡♠ ♠♦❞❡❧❛❣❡♠ ♠é❞✐❝❛✱ ❝♦♠♦ ❡♣✐❞❡♠✐♦❧♦❣✐❛ ✭❇❛rr♦s✱ ▲❡✐t❡

❡ ❇❛ss❛♥❡③✐✱ ✷✵✵✸❀ ❖rt❡❣❛✱ ✷✵✵✶✮ ❬✼❪ ❬✸✻❪ ❡ ❡✈♦❧✉çã♦ ❞❛ ❆■❉❙ ✭❏❛❢❡❧✐❝❡✱ ✷✵✵✸✮

❬✷✽❪✳

❈❛st❛♥❤♦ ✭✷✵✵✺✮ ❬✶✶❪ ❝♦♥str✉✐✉✱ ♣❡❧❛ ♣r✐♠❡✐r❛ ✈❡③✱ ✉♠ ♠♦❞❡❧♦ ♠❛t❡♠á✲

t✐❝♦✱ q✉❡ ❝♦♥s✐st❡ ♥✉♠ ❙✐st❡♠❛ ❇❛s❡❛❞♦ ❡♠ ❘❡❣r❛s ❋✉③③② ✲ ❙❇❘❋ ✲ ❝♦♠ ❛

✜♥❛❧✐❞❛❞❡ ❞❡ ♣r❡❞✐③❡r ♦ ❡stá❣✐♦ ♣❛t♦❧ó❣✐❝♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳ ❊ss❡ ♠♦✲

❞❡❧♦ é ♣❛rt❡ ✐♥t❡❣r❛♥t❡ ❞❛ t❡s❡ ❞❡ ❞♦✉t♦r❛❞♦✱ ❞❡ss❛ ❛✉t♦r❛✱ ❞❡❢❡♥❞✐❞❛ ♥❛

❋❊❊❈✴❯◆■❈❆▼P✱ ❡♠ ✷✵✵✺✳

◆♦ss❛ ✐♥t❡♥çã♦✱ ♥❡ss❡ ❝❛♣ít✉❧♦✱ é ❢❛③❡r ✉♠❛ ❧❡✐t✉r❛ ❞❡st❛ ♠♦❞❡❧❛❣❡♠ ❢✉③③②✱

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

s❡♥t❛♥❞♦ ❛❧❣✉♠❛s s✐♠✉❧❛çõ❡s ❞❡ ♣❛❝✐❡♥t❡s ❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳ ❘❡ss❛❧t❛✲

♠♦s q✉❡ t♦❞❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠♦❞❡❧♦ ❢♦✐ ❢❡✐t❛ ♥♦ ▼❆❚▲❆❇ ✼✳

✺✽



✸✳✷ ◆♦♠♦❣r❛♠❛s ♣❛r❛ ♦ ❈â♥❝❡r ❞❡ Próst❛t❛

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

t✐✈❛s ❞❡ r✐s❝♦s✱ ❛❝♦♥s❡❧❤❛♠❡♥t♦ ❞❡ ♣❛❝✐❡♥t❡s ❡ t♦♠❛❞❛s ❞❡ ❞❡❝✐sõ❡s✳ ❊♥tr❡✲

t❛♥t♦✱ s❡❣✉♥❞♦ ❙t❡♣❤❡♥s♦♥ ❡ ❑❛tt❛♥ ✭✷✵✵✻✮ ❬✹✾❪✱ ❛s ♣❡ss♦❛s tê♠ ❞✐✜❝✉❧❞❛❞❡s

♣❛r❛ ♣r❡❞✐③❡r r❡s✉❧t❛❞♦s✱ ❞❡✈✐❞♦ às ❧✐♥❤❛s ❡ t❡♥❞ê♥❝✐❛s q✉❡ ❡①✐st❡♠✱ ♣❛r❛

t♦❞♦s ♦s ❡stá❣✐♦s ❞♦ ♣r♦❝❡ss♦ ❞❡ ♣r❡❞✐çã♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❡ss❡s ❛✉t♦r❡s✱ ♦s ❝❧í♥✐❝♦s ♥ã♦ tr❛t❛♠ t♦❞♦s ♦s ❝❛s♦s ✐❣✉❛❧✲

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

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

◆❛ t❡♥t❛t✐✈❛ ❞❡ ♦❜t❡r ♠❛✐♦r ♣r❡❝✐sã♦✱ ♦s ♣❡sq✉✐s❛❞♦r❡s tê♠ ❞❡s❡♥✈♦❧✈✐❞♦

❢❡rr❛♠❡♥t❛s ♣r❡❞✐❝t✐✈❛s✱ ❜❛s❡❛❞❛s ❡♠ ♠♦❞❡❧♦s ❡st❛tíst✐❝♦s✳ ❙t❡♣❤❡♥s♦♥ ❡

❑❛tt❛♥ ✭✷✵✵✻✮ r❡ss❛❧t❛♠ q✉❡ ❡ss❡s ♠♦❞❡❧♦s tê♠ ♠♦str❛❞♦ ♣❡r❢♦r♠❛♥❝❡ s❡✲

♠❡❧❤❛♥t❡ ♦✉✱ ❡♠ ♠✉✐t❛s s✐t✉❛çõ❡s✱ ❛té ♠❡❧❤♦r ❞♦ q✉❡ ♦ ❥✉❧❣❛♠❡♥t♦ ❝❧í♥✐❝♦✳

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

❡♥❢r❡♥t❛✱ ❛♣ós ❞✐❛❣♥♦st✐❝á✲❧♦✱ é ❡st❛❜❡❧❡❝❡r ♦ ❡stá❣✐♦ ❡♠ q✉❡ ❡st❡ s❡ ❡♥❝♦♥tr❛

♣❛r❛ q✉❡ ♣♦ss❛ ❛❞♠✐♥✐str❛r ❛ t❡r❛♣✐❛ ❛♣r♦♣r✐❛❞❛✳

❯♠❛ t❛①❛ ❞❡ ❝✉r❛ ❞❡ ♠❛✐s ❞❡ ✽✺✪ é ❡st✐♠❛❞❛✱ ♣❡❧❛ ❙♦❝✐❡❞❛❞❡ ❆♠❡r✐❝❛♥❛

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

❛tr❛✈és ❞❛ ♣r♦st❛t❡❝t♦♠✐❛ r❛❞✐❝❛❧ ✭❲❛♥❣ ❡t ❛❧✱ ✷✵✵✻✮ ❬✺✵❪✳ ◗✉❛♥❞♦ ❛ ❞♦❡♥ç❛

❛♣r❡s❡♥t❛ ♠❡tást❛s❡✱ ♦ ♦❜❥❡t✐✈♦ ♣❛ss❛ ❛ s❡r ♦ ❛❧í✈✐♦ ❞♦s s✐♥t♦♠❛s ❡✱ ♣♦rt❛♥t♦✱

♦✉tr❛s t❡r❛♣✐❛s s❡rã♦ ❛❞♠✐♥✐str❛❞❛s✳

❙❡❣✉♥❞♦ ●❛♥♥ ❡ ❍❛♥ ✭✷✵✵✺✮ ❬✷✸❪✱ ❛ ❣r❛♥❞❡ ♠❛✐♦r✐❛ ❞♦s ❝â♥❝❡r❡s ❞❡ ♣rós✲

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

t❛✐s ♦✉ ❡♠ ❝✐r✉r❣✐❛s r❡❛❧✐③❛❞❛s✱ ❡♠ r❛③ã♦ ❞❛ ❤✐♣❡r♣❧❛s✐❛ ❜❡♥✐❣♥❛ ❞❛ ♣róst❛t❛✳

P❛rt✐♥ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✶✾✾✼✮ ❬✸✼❪✱ ❛✜r♠❛♠ q✉❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✻✵✪ ❞♦s

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

♥❛ ♣róst❛t❛✱ ♥❛ r❡❛❧✐❞❛❞❡ ❛♣r❡s❡♥t❛♠ ❛ ❞♦❡♥ç❛ ❡♠ ❡stá❣✐♦ ❛✈❛♥ç❛❞♦✱ ♥ã♦

✺✾



s❡♥❞♦ ♠❛✐s ♣♦ssí✈❡❧ ❡❧✐♠✐♥á✲❧❛ ♣♦r ❝✐r✉r❣✐❛ ♦✉ r❛❞✐❛çã♦✳

❆ss✐♠✱ ❛ ❛✈❛❧✐❛çã♦ ❝♦rr❡t❛ ❞♦ ❡stá❣✐♦ ❞♦ ❝â♥❝❡r é ❡ss❡♥❝✐❛❧✱ ♣♦✐s ♦s ❝❧í♥✐❝♦s

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

t✐✈❛s ✐♥t❡♥s✐✈❛s✱ ❥✉st✐✜❝❛♠✲s❡ ❛♣❡♥❛s s❡ ❡①✐st✐r❡♠ r❛③♦á✈❡✐s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡

ê①✐t♦✳

❖ ❡st❛❞✐❛♠❡♥t♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛ t♦r♥❛✲s❡✱ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡✱ ♠❛✐s

♣r❡❝✐s♦✱ s❡ ❝♦♠❜✐♥❛❞♦s ♦s ♣❛râ♠❡tr♦s ❞❡ ❡①t❡♥sã♦ ❧♦❝❛❧ ❞❛ ❞♦❡♥ç❛ ✭❡st❛❞♦

❝❧í♥✐❝♦ ✲ ❝♦♥❢❡r✐r t❛❜❡❧❛ ✶✳✸✮✱ ♦ ♥í✈❡❧ ❞❡ P❙❆ ❡ ♦ ❡s❝♦r❡ ❞❡ ●❧❡❛s♦♥ ✭❈❛rt❡r ❡

P❛rt✐♥✱ ✶✾✾✼✮ ❬✶✵❪✳

❯♠❛ ❛❧t❡r♥❛t✐✈❛ q✉❡ ✈❡♠ s❡♥❞♦ ✉t✐❧✐③❛❞❛✱ ♥♦s ú❧t✐♠♦s ❛♥♦s✱ é ♦ ❞❡✲

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

❙t❡♣❤❡♥s♦♥ ❡ ❑❛tt❛♥ ✭✷✵✵✻✮ ❬✹✾❪✱ ❞❡✜♥❡♠ ✉♠ ♥♦♠♦❣r❛♠❛ ❝♦♠♦ s❡♥❞♦ ✉♠❛

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

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

③❡r ✉♠ r❡s✉❧t❛❞♦ ♣❛rt✐❝✉❧❛r✳

P❛rt✐♥ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✶✾✾✼ ❡ ✷✵✵✶✮ ❬✸✼❪ ❬✸✽❪✱ ❝♦♥str✉ír❛♠ t❛❜❡❧❛s ❞❡

♣r♦❜❛❜✐❧✐❞❛❞❡s✱ ❜❛s❡❛❞❛s ♥♦ ❡st❛❞♦ ❝❧í♥✐❝♦ ❞♦ t✉♠♦r✱ P❙❆ ❡ ❣r❛✉ ❞❡ ●❧❡❛✲

s♦♥✱ ♣ré✲❝✐rúr❣✐❝♦s✳ ❊ss❡s ❛✉t♦r❡s ✉t✐❧✐③❛r❛♠ ✐♥❢♦r♠❛çõ❡s ♣r❡❝✐s❛s ❞♦ ❡stá❣✐♦

♣❛t♦❧ó❣✐❝♦✱ ❞❡ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ✐♥❞✐✈í❞✉♦s s✉❜♠❡t✐❞♦s à ♣r♦st❛t❡❝t♦♠✐❛

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

♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❛ ❞♦❡♥ç❛ ❡st❛r ❡♠ ✉♠ ❞♦s s❡❣✉✐♥t❡s ❡stá❣✐♦s✿ ❝â♥❝❡r ❧♦❝❛✲

❧✐③❛❞♦ ♥❛ ♣róst❛t❛✱ ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞♦ ♦✉ ♠❡t❛stát✐❝♦ ✲ ❝♦♠ ❡♥✈♦❧✈✐♠❡♥t♦

❞❛s ✈❡sí❝✉❧❛s s❡♠✐♥❛✐s ❡✴♦✉ ❞♦s ❧✐♥❢♦♥♦❞♦s ♣é❧✈✐❝♦s✳

➱ ✐♠♣♦rt❛♥t❡ ♦❜s❡r✈❛r q✉❡✱ P❛rt✐♥ ❡t ❛❧ ❝♦♥s✐❞❡r❛r❛♠ ♦s ❡stá❣✐♦s ❞♦ ❝â♥✲

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

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

sí✈❡❧✱ ♥❡ss❛s ❝♦♥❞✐çõ❡s✱ q✉❡ ♦ t✉♠♦r ❥á t❡♥❤❛ ❛t✐♥❣✐❞♦ ❛s ✈❡sí❝✉❧❛s s❡♠✐♥❛✐s✳

✻✵



❖ ♠❡s♠♦ ♦❝♦rr❡✉ ♥♦ ❝á❧❝✉❧♦ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ t❡r ❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s ❧✐♥❢♦✲

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

❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s ✈❡sí❝✉❧❛s s❡♠✐♥❛✐s✳

❑❛tt❛♥ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✷✵✵✻✮✱ t❛♠❜é♠ ❞❡s❡♥✈♦❧✈❡r❛♠ ♥♦♠♦❣r❛♠❛s ✲

❜❛s❡❛❞♦s ♥♦ ❡st❛❞♦ ❝❧í♥✐❝♦ ❞♦ t✉♠♦r✱ ♥í✈❡❧ ❞❡ P❙❆ ❡ ❣r❛✉ ❞❡ ●❧❡❛s♦♥ ✲ q✉❡

❢♦r♥❡❝❡♠ ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s✱ ♣❛r❛ ♦s ❞✐❢❡r❡♥t❡s ❡stá❣✐♦s ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳

❖ ♠♦❞❡❧♦ ❡st❛tíst✐❝♦ ❞❡ ❑❛tt❛♥ ❡t ❛❧ ❢♦✐ ❝♦♥str✉í❞♦ ❛ ♣❛rt✐r ❞❛ ❛♥á❧✐s❡ ❞❡

r❡❣r❡ssã♦ ❧♦❣íst✐❝❛ ♠♦❞✐✜❝❛❞❛✱ r❡str✐t❛ ❛ s♣❧✐♥❡s ❝ú❜✐❝♦s✳

◗✉❛♥❞♦ s❡ ✉t✐❧✐③❛ ♦ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ ♥ã♦ ♠♦❞✐✜❝❛❞❛✱ ❝♦♠♦ ❢♦✐ ♦ ❝❛s♦

❞❡ P❛rt✐♥ ❡t ❛❧✱ ❛ss✉♠❡✲s❡ q✉❡ ♠✉❞❛♥ç❛s ✐♥❝r❡♠❡♥t❛✐s r❡♣r❡s❡♥t❛♠ ♦ ♠❡s♠♦

s✐❣♥✐✜❝❛❞♦✱ s♦❜r❡ ✉♠ ❡s♣❡❝tr♦ ❞❡ ✈❛❧♦r❡s✳ P♦r ❡①❡♠♣❧♦✱ ❛ss✉♠❡✲s❡ q✉❡ ✉♠❛

✈❛r✐❛çã♦ ♥♦ ♥í✈❡❧ ❞❡ P❙❆✱ ❞❡ ✷ ♥❣✴♠❧ ♣❛r❛ ✹ ♥❣✴♠❧✱ ♣♦❞❡ r❡♣r❡s❡♥t❛r ♦

♠❡s♠♦ ✐♠♣❛❝t♦ q✉❡ ✉♠❛ ♠✉❞❛♥ç❛ ❞❡ ✸✵✷ ♥❣✴♠❧ ♣❛r❛ ✸✵✹ ♥❣✴♠❧✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❙t❡♣❤❡♥s♦♥ ❡ ❑❛tt❛♥ ✭✷✵✵✻✮✱ ❛ ❛♣❧✐❝❛çã♦ ❞❡ s♣❧✐♥❡s ❝ú❜✐❝♦s

♣♦ss✐❜✐❧✐t❛ ❛ ✢❡①✐❜✐❧✐❞❛❞❡ ❞♦ ♥♦♠♦❣r❛♠❛✱ ♣❡r♠✐t✐♥❞♦ q✉❡ ✈❛r✐á✈❡✐s ❝♦♥tí♥✉❛s

♠❛♥t❡♥❤❛♠ ❛s ❝♦♥❡①õ❡s ♥ã♦✲❧✐♥❡❛r❡s✳ ❈♦♠ ✐ss♦✱ ❢♦✐ ♣♦ssí✈❡❧ ❝♦♥s✐❞❡r❛r ♦s

❡stá❣✐♦s ❞❛ ❞♦❡♥ç❛ ♥ã♦ ♠✉t✉❛♠❡♥t❡ ❡①❝❧✉s✐✈♦s✱ ♦✉ s❡❥❛✱ ♦s ❛✉t♦r❡s ❧❡✈❛r❛♠

❡♠ ❝♦♥t❛ ❛s s♦❜r❡♣♦s✐çõ❡s ❞♦s ❡stá❣✐♦s✳

❊ss❡s ❡ ♦✉tr♦s ♥♦♠♦❣r❛♠❛s✱ ❞❡ss❡s ❛✉t♦r❡s✱ ❡stã♦ ❞✐s♣♦♥í✈❡✐s ❛♦ ♣ú❜❧✐❝♦

❡♠ ❣❡r❛❧✱ ♥♦ s✐t❡ ❞♦ ▼❡♠♦r✐❛❧ ❙❧♦❛♥✲❑❡tt❡r✐♥❣ ❈❛♥❝❡r ❈❡♥t❡r✱ ♣❛r❛ ❞♦✇♥✲

❧♦❛❞ ✭❤tt♣✿✴✴✇✇✇✳♠s❦❝❝✳♦r❣✮ ♦✉ ♠❡s♠♦ ♣❛r❛ ❡❢❡t✉❛r ♦♥❧✐♥❡ ♦ ❝á❧❝✉❧♦ ❞❛s

♣r♦❜❛❜✐❧✐❞❛❞❡s✱ r❡❢❡r❡♥t❡s ❛♦s ❡stá❣✐♦s ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳

❆ ✜❣✉r❛ ✸✳✶ ✐❧✉str❛ ❛ ✉t✐❧✐③❛çã♦ ❞♦s ♥♦♠♦❣r❛♠❛s✱ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠ ❞❡t❡r✲

♠✐♥❛❞♦ q✉❛❞r♦ ❝❧í♥✐❝♦✳

❙t❡♣❤❡♥s♦♥ ❡ ❑❛tt❛♥ ✭✷✵✵✻✮✱ ❞❡st❛❝❛♠ ❛✐♥❞❛ q✉❡ ♦✉tr♦s ♠ét♦❞♦s ❞❡ ♠♦✲

❞❡❧❛❣❡♠✱ t❛✐s ❝♦♠♦ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s✱ ♣♦❞❡♠ ♣r♦♣♦r❝✐♦♥❛r ♠❛✐♦r ✢❡①✐✲

❜✐❧✐❞❛❞❡ ❞♦ q✉❡ ♦s ♠ét♦❞♦s ❡st❛tíst✐❝♦s tr❛❞✐❝✐♦♥❛✐s✳ ◆♦ ❡♥t❛♥t♦✱ ❛s ❞✐✜❝✉❧✲
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❋✐❣✉r❛ ✸✳✶✿ ❈á❧❝✉❧♦ ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s✱ ♣❛r❛ ♦s ❞✐❢❡r❡♥t❡s ❡stá❣✐♦s ❞♦ ❝â♥❝❡r ❞❡

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

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

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

✈❛♥t❛❣❡♥s ❡ ❧✐♠✐t❛çõ❡s✳

❙❡❣✉♥❞♦ ❈❤✉♥ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✷✵✵✻✮ ❬✶✹❪✱ ❝♦♥tr♦✈érs✐❛s ❡♥✈♦❧✈❡♠ ❛ q✉❡s✲

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

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

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

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

❆❧é♠ ❞✐ss♦✱ s❡ ❛ ❛♠♦str❛ ❞❡ ♣❛❝✐❡♥t❡s ♣♦ss✉✐r ✉♠ ♥ú♠❡r♦ ♠❛✐♦r ❞❡ ✐♥❞✐✈í❞✉♦s

❞❡ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ r❛ç❛✱ ♦ ♥♦♠♦❣r❛♠❛ ♣♦❞❡ ♥ã♦ s❡r ❛♣❧✐❝á✈❡❧ ❛ ✐♥❞✐✈í❞✉♦s

❞❡ ♦✉tr❛s ♦r✐❣❡♥s✳

❯♠ ♦✉tr♦ ❢❛t♦ ✐♠♣♦rt❛♥t❡ é q✉❡ ❛s ✈❛r✐á✈❡✐s ✉t✐❧✐③❛❞❛s✱ ♣♦r ❑❛tt❛♥ ❡t

❛❧ ❡ ♣♦r P❛rt✐♥ ❡t ❛❧✱ sã♦ ✈❛r✐á✈❡✐s ✐♥❝❡rt❛s✳ ❈♦♠♦ ✈✐♠♦s ❛♥t❡r✐♦r♠❡♥t❡✱ ♦

❡st❛❞♦ ❝❧í♥✐❝♦ é ♦❜t✐❞♦ ♣❡❧♦ ❡①❛♠❡ ❞♦ t♦q✉❡ r❡t❛❧✱ q✉❡ ❞❡♣❡♥❞❡ ❞❛ ❡①♣❡r✐ê♥❝✐❛

✻✷



❡ ♣❡r❝❡♣çã♦ ❞♦ ❡s♣❡❝✐❛❧✐st❛✳ ❆❧❣✉♠❛s ✈❡③❡s✱ ❛ ✉❧tr❛✲s♦♥♦❣r❛✜❛ tr❛♥sr❡t❛❧ é

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

ár❡❛s s✉s♣❡✐t❛s✳ ❈♦♥t✉❞♦✱ ❡ss❡ ♣r♦❝❡❞✐♠❡♥t♦ t❛♠❜é♠ ❞❡t❡❝t❛ ♥ó❞✉❧♦s ✐♥tr❛✲

♣r♦stát✐❝♦s ❞❡ ♦✉tr❛ ♥❛t✉r❡③❛✱ ❝♦♠♦✿ ✐♥❢❛rt♦ ♣r♦stát✐❝♦✱ ❝✐st♦s ❡ ár❡❛s ❞❡

✜❜r♦s❡ ✭❋❡rr❡✐r❛ ❡ ◆❛r❞✐✱ ✶✾✾✾✮ ❬✷✷❪✳

❊①✐st❡ ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛✉♠❡♥t♦ ♥♦s ♥í✈❡✐s ❞❡ P❙❆ ❡ ❡stá❣✐♦ ♣❛t♦❧ó❣✐❝♦✳

❊♥tr❡t❛♥t♦✱ s❡❣✉♥❞♦ ❊♣st❡✐♥ ✭✶✾✾✼✮ ❬✷✵❪✱ ♥í✈❡✐s ❡❧❡✈❛❞♦s ❞❡ P❙❆ ♥❡♠ s❡♠♣r❡

❡stã♦ ❛ss♦❝✐❛❞♦s ❛ ❝❛r❛❝t❡ríst✐❝❛s ♣❛t♦❧ó❣✐❝❛s ❛✈❛♥ç❛❞❛s ✭❝â♥❝❡r ❧♦❝❛❧♠❡♥t❡

❛✈❛♥ç❛❞♦✱ ❝♦♠ ❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✈❡sí❝✉❧❛s s❡♠✐♥❛✐s ♦✉ ❞❡ ❧✐♥❢♦♥♦❞♦s✮ ❡ ♥í✈❡✐s

❜❛✐①♦s ♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ s✉❣❡r❡♠ ❞♦❡♥ç❛ ❧♦❝❛❧✐③❛❞❛ ♥❛ ❣❧â♥❞✉❧❛ ♣r♦stá✲

t✐❝❛✳

◆♦ ♣r✐♠❡✐r♦ ❝❛♣ít✉❧♦ ✈✐♠♦s q✉❡✱ ♥❛ ❝❧❛ss✐✜❝❛çã♦ ❝❧áss✐❝❛✱ ♦ ♥í✈❡❧ ❞❡ P❙❆

♥♦ s❛♥❣✉❡ é ❝♦♥s✐❞❡r❛❞♦ ♥♦r♠❛❧ ❛té ✹ ♥❣✴♠❧✱ ❡♠❜♦r❛ ❛ ❧✐♥❤❛ ❞❡ ❝♦rt❡ ❡♥tr❡

♥♦r♠❛❧ ❡ ❛❧t❡r❛❞♦ ♥ã♦ s❡❥❛ t♦t❛❧♠❡♥t❡ ❝❧❛r❛✳ ❯♠ ❡st✉❞♦ ❞❡ ❈❛t❛❧♦♥❛✱ ❙♠✐t❤

❡ ❖r♥st❡✐♥ ✭✶✾✾✼✮ ❬✶✷❪✱ ♠♦str♦✉ q✉❡ ✷✷✪ ❞♦s ❤♦♠❡♥s ❝♦♠ ❝â♥❝❡r ❞❡ ♣róst❛t❛✱

tê♠ ♥í✈❡✐s ❞❡ P❙❆ ❡♥tr❡ ✷✱✻ ❡ ✹ ♥❣✴♠❧✳ ❩❤✉ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✷✵✵✺✮ ❬✺✷❪✱ ❡♠

✉♠❛ ♦✉tr❛ ♣❡sq✉✐s❛✱ ♠♦str❛r❛♠ q✉❡ ❜✐ó♣s✐❛s ❢❡✐t❛s ❡♠ ❤♦♠❡♥s✱ ❝♦♠ ♥í✈❡✐s

❞❡ P❙❆ ❡♥tr❡ ✷✱✻ ❡ ✹ ♥❣✴♠❧✱ ❢r❡q✉❡♥t❡♠❡♥t❡ ❞❡t❡❝t❛r❛♠ ❝â♥❝❡r ❞❡ ♣róst❛t❛✱

❝❧✐♥✐❝❛♠❡♥t❡ s✐❣♥✐✜❝❛♥t❡✱ ♥♦ ❡stá❣✐♦ ❧♦❝❛❧✐③❛❞♦✳

❆❧é♠ ❞✐ss♦✱ ♥♦s ❞♦✐s ♥♦♠♦❣r❛♠❛s q✉❡ ❞❡s❝r❡✈❡♠♦s✱ ♦s ♥í✈❡✐s ❞❡ P❙❆

❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ♥♦s ✐♥t❡r✈❛❧♦s ≤ 4✱ (4, 10]✱ (10, 20]✱ > 20 ❡✱ ❞❡ss❛ ❢♦r♠❛✱

❞♦✐s ♣❛❝✐❡♥t❡s ❝♦♠ ♥í✈❡✐s ❞❡ P❙❆ ✐❣✉❛✐s ❛ ✶✵ ❡ ✶✵✱✶ ♥❣✴♠❧✱ ❝♦♠ ♠❡s♠♦ ❡st❛❞♦

❝❧í♥✐❝♦ ❡ ♠❡s♠♦ ❡s❝♦r❡ ❞❡ ●❧❡❛s♦♥✱ tê♠ ❞✐❢❡r❡♥t❡s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ ❡st❛r ❡♠

✉♠ ❞❡t❡r♠✐♥❛❞♦ ❡stá❣✐♦ ♣❛t♦❧ó❣✐❝♦✳ ❏á ✉♠ ♣❛❝✐❡♥t❡ ❝♦♠ ♥í✈❡❧ ❞❡ P❙❆ ✐❣✉❛❧

❛ ✷✵ ♥❣✴♠❧✱ t❡♠ ❛ ♠❡s♠❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛q✉❡❧❡ ❝♦♠ ✶✵✱✶ ♥❣✴♠❧✳

❖ ❣r❛✉ ❞❡ ●❧❡❛s♦♥ é ❛tr✐❜✉í❞♦ ♣♦r ✉♠ ♣❛t♦❧♦❣✐st❛✱ ❛♣ós ❛ ❛♥á❧✐s❡ ❞❡ ✉♠❛

❛♠♦str❛ ❞♦ t✉♠♦r✱ q✉❡ ♣♦❞❡ s❡r ❜❛st❛♥t❡ ❤❡t❡r♦❣ê♥❡♦✳ ❚❡♠✲s❡✱ ♣♦rt❛♥t♦✱ ✉♠
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✈❛❧♦r ♥✉♠ér✐❝♦ ♣r❡❝✐s♦ r❡♣r❡s❡♥t❛♥❞♦ ✉♠❛ s✐t✉❛çã♦ s✉❜❥❡t✐✈❛✳

❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❧✐❞❛r ❝♦♠ ❡ss❛s ✐♥❝❡rt❡③❛s ❡ ❛t❡♥✉❛r ❛ tr❛♥s✐çã♦ ❡♥tr❡

❛s ❝❧❛ss✐✜❝❛çõ❡s ❞❡ss❛s ✈❛r✐á✈❡✐s✱ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ✉♠ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠

r❡❣r❛s ❢✉③③②✱ ♣❛r❛ ♣r❡❞✐③❡r ♦ ❡st❛❞✐❛♠❡♥t♦ ♣❛t♦❧ó❣✐❝♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳

✸✳✸ ❖ ▼♦❞❡❧♦ ❋✉③③②

❈♦♠♦ ✈✐st♦ ♥❛ s❡çã♦ ✷✳✺✱ ✉♠ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠ r❡❣r❛s ❢✉③③② ✲ ❙❇❘❋ ✲ ❝♦♠✲

♣r❡❡♥❞❡ q✉❛tr♦ ♠ó❞✉❧♦s ♣r✐♥❝✐♣❛✐s✿ ✉♠ ♠ó❞✉❧♦ ❞❡ ❢✉③③✐✜❝❛çã♦ ♦✉ ❝♦❞✐✜❝❛✲

❞♦r✱ q✉❡ r❡♣r❡s❡♥t❛ ❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞♦ s✐st❡♠❛✱ ♣♦r ❝♦♥❥✉♥t♦s

❢✉③③②❀ ✉♠ ♠ó❞✉❧♦ ❞❡ ✐♥❢❡rê♥❝✐❛❀ ✉♠❛ ❜❛s❡ ❞❡ r❡❣r❛s ❡ ✉♠ ♠ó❞✉❧♦ ❞❡ ❞❡❢✉③③✐✲

✜❝❛çã♦ ♦✉ ❞❡❝♦❞✐✜❝❛❞♦r✱ q✉❡ tr❛♥s❢♦r♠❛ ❛ s❛í❞❛✱ q✉❡ é ✉♠ ❝♦♥❥✉♥t♦ ❢✉③③②✱

❡♠ ✉♠ ✈❛❧♦r ♥✉♠ér✐❝♦ ✭❝r✐s♣✮✳

❆ ✜❣✉r❛ ✸✳✷ ✐❧✉str❛ ♦ ❡sq✉❡♠❛ ❞♦ ❙❇❘❋ q✉❡ ✉t✐❧✐③❛♠♦s✳

❋✐❣✉r❛ ✸✳✷✿ ❊str✉t✉r❛ ❜ás✐❝❛ ❞❡ ✉♠ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠ r❡❣r❛s ❢✉③③②✳

◆❛ ♠♦❞❡❧❛❣❡♠ ❢✉③③②✱ ❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ✲ ❊st❛❞♦ ❈❧í♥✐❝♦✱ ◆í✈❡❧ ❞❡

P❙❆ ❡ ❊s❝♦r❡ ❞❡ ●❧❡❛s♦♥ ✲ ❡ ❛ ✈❛r✐á✈❡❧ ❞❡ s❛í❞❛ ✲ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛ ✲ ❢♦r❛♠
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❝♦♥s✐❞❡r❛❞❛s ❝♦♠♦ ✈❛r✐á✈❡✐s ❧✐♥❣üíst✐❝❛s ❡ s❡✉s ✈❛❧♦r❡s ❝♦♠♦ ❝♦♥❥✉♥t♦s ❢✉③③②✱

❡♠ s❡✉s r❡s♣❡❝t✐✈♦s ❞♦♠í♥✐♦s✳ ❊ss❛s ✈❛r✐á✈❡✐s q✉❡ ✉t✐❧✐③❛♠♦s sã♦ ❛s ♠❡s♠❛s

✉s❛❞❛s ♣♦r ❈❛st❛♥❤♦ ✭✷✵✵✺✮✱ ❡♠ s❡✉ ♠♦❞❡❧♦ ❢✉③③②✳ P❛rt✐♥ ❡❧ ❛❧ ✭✶✾✾✼✮ ❬✸✼❪

❡ ❙t❡♣❤❡♥s♦♥ ❡ ❑❛tt❛♥ ✭✷✵✵✻✮ ❬✹✾❪✱ t❛♠❜é♠ ❛s ✉t✐❧✐③❛r❛♠ ♥❛ ❝♦♥str✉çã♦ ❞❡

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

❆s ✈❛r✐á✈❡✐s q✉❛♥t✐t❛t✐✈❛s sã♦ ❢✉③③✐✜❝❛❞❛s ❞✐r❡t❛♠❡♥t❡ ❡ ❛s ✈❛r✐á✈❡✐s q✉❛✲

❧✐t❛t✐✈❛s sã♦ ❛rr❛♥❥❛❞❛s ♥✉♠❛ ❡s❝❛❧❛ ❧✐♥❡❛r ✭♣♦r ❡①❡♠♣❧♦✱ ❞❡ ✵ ❛ ✶✮✱ ♦♥❞❡ sã♦

q✉❛♥t✐✜❝❛❞❛s ❛s ♦❜s❡r✈❛çõ❡s ❞♦ ❡s♣❡❝✐❛❧✐st❛✳ ❙❡❣✉♥❞♦ ❈❛st❛♥❤♦ ✭✷✵✵✺✮ ❬✶✶❪✱

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

♠❛♥❡✐r❛ ♥❛t✉r❛❧✳

P❛r❛ ❛ ✈❛r✐á✈❡❧ ❧✐♥❣üíst✐❝❛ ❊st❛❞♦ ❈❧í♥✐❝♦ ❢♦r❛♠ ❛tr✐❜✉í❞♦s ❝✐♥❝♦ ❡stá❣✐♦s✱

tr❛❞✉③✐❞♦s ♣♦r ❝♦♥❥✉♥t♦s ❢✉③③②✱ ❝♦♠ ❜❛s❡ ♥❛ t❛❜❡❧❛ ❚◆▼ ✭❝♦♥❢❡r✐r t❛❜❡❧❛

✶✳✸✮✳ ❆ss✐♠ ❝♦♠♦ ❢❡✐t♦ ♣♦r ❈❛st❛♥❤♦ ✭✷✵✵✺✮✱ ♦s ❡stá❣✐♦s ❚✶❛✱ ❚✶❜ ❡ ❚✶❝

❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ❛♣❡♥❛s ❝♦♠♦ ❚✶ ✭♥ã♦ ♣❛❧♣á✈❡❧✮✱ ♣♦✐s ♦ q✉❡ ♦s ❞✐❢❡r❡ ♥❛

t❛❜❡❧❛ sã♦ ♦ ♥í✈❡❧ ❞❡ P❙❆ ❡ ♦ ❣r❛✉ ❞❡ ❞✐❢❡r❡♥❝✐❛çã♦ ❞♦ t✉♠♦r✱ q✉❡ t❛♠❜é♠

sã♦ ✈❛r✐á✈❡✐s ❞❡st❡ ♠♦❞❡❧♦✳ ❆ ✜❣✉r❛ ✸✳✸ ♠♦str❛ ❛ r❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❞❡ss❛

✈❛r✐á✈❡❧✳

❖ ❡st❛❞♦ ❝❧í♥✐❝♦ r❡❧❛❝✐♦♥❛✲s❡ ❝♦♠ ♦ t❛♠❛♥❤♦ ❞♦ t✉♠♦r ❡✱ ♣♦rt❛♥t♦✱ ♦

❞♦♠í♥✐♦ [0 1] r❡♣r❡s❡♥t❛ ♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ❝♦♠♣r♦♠❡t✐♠❡♥t♦ ❞❛ ♣róst❛t❛✱ ♦✉

s❡❥❛✱ ✵ r❡♣r❡s❡♥t❛ ✉♠❛ ♣róst❛t❛ s❡♠ t✉♠♦r✱ ❡♥q✉❛♥t♦ ✶ r❡♣r❡s❡♥t❛ ❛ ♣rós✲

t❛t❛ t♦t❛❧♠❡♥t❡ t♦♠❛❞❛ ♣❡❧♦ t✉♠♦r✳ ❆ ♣❛rt✐r ❞♦ ❡stá❣✐♦ ❚✸✱ ♦ t✉♠♦r ❥á s❡

❡s♣❛❧❤♦✉ ❛❧é♠ ❞❛ ♣róst❛t❛ ❡✱ ♣♦r ❡ss❛ r❛③ã♦✱ ♦s ❡stá❣✐♦s s❡❣✉✐♥t❡s ♥ã♦ s❡rã♦

❝♦♥s✐❞❡r❛❞♦s ♥❛ ♠♦❞❡❧❛❣❡♠✳

◆❛ ❝❧❛ss✐✜❝❛çã♦ ❝❧áss✐❝❛✱ ♦ ♥í✈❡❧ ❞❡ P❙❆ é ❝♦♥s✐❞❡r❛❞♦ ♥♦r♠❛❧ ✲ ❛té ✹

♥❣✴♠❧ ✲ ♥í✈❡✐s ❡♥tr❡ ✹ ❡ ✶✵ ♥❣✴♠❧ sã♦ ❝♦♥s✐❞❡r❛❞♦s ❧❡✈❡♠❡♥t❡ ❡❧❡✈❛❞♦s✱ ❡♥✲

tr❡ ✶✵ ❡ ✷✵ ♥❣✴♠❧ sã♦ ♠♦❞❡r❛❞❛♠❡♥t❡ ❡❧❡✈❛❞♦s ❡ ❛❝✐♠❛ ❞❡ ✷✵ ♥❣✴♠❧ sã♦

❛❧t❛♠❡♥t❡ ❡❧❡✈❛❞♦s✳ ❆ss✐♠✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ ◆í✈❡❧ ❞❡ P❙❆✱ ✉t✐❧✐③❛♠♦s ♦s t❡r✲

✻✺



❋✐❣✉r❛ ✸✳✸✿ ❋✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞♦s ❝♦♥❥✉♥t♦s ❢✉③③②✱ ❛ss✉♠✐❞♦s ♣❡❧❛ ✈❛r✐á✈❡❧

❧✐♥❣üíst✐❝❛ ❊st❛❞♦ ❈❧í♥✐❝♦✳

♠♦s ❧✐♥❣üíst✐❝♦s ◆♦r♠❛❧✱ ▲❡✈❡♠❡♥t❡ ❊❧❡✈❛❞♦✱ ▼♦❞❡r❛❞❛♠❡♥t❡ ❊❧❡✈❛❞♦ ❡ ❆❧✲

t❛♠❡♥t❡ ❊❧❡✈❛❞♦✱ ❝♦♠♦ ✐❧✉str❛❞♦ ♥❛ ✜❣✉r❛ ✸✳✹✳

❆ ✈❛r✐á✈❡❧ ❊s❝♦r❡ ❞❡ ●❧❡❛s♦♥✱ ♥❛ ♠♦❞❡❧❛❣❡♠ ❞❡ ❈❛st❛♥❤♦ ✭✷✵✵✺✮✱ ❢♦✐

❝❧❛ss✐✜❝❛❞❛ ❝♦♠ ♦s t❡r♠♦s ❧✐♥❣üíst✐❝♦s✿ ❇❡♠ ❉✐❢❡r❡♥❝✐❛❞♦✱ ♣❛r❛ r❡♣r❡s❡♥t❛r

❛s ❧❡sõ❡s ♠❡♥♦s ❛❣r❡ss✐✈❛s ✲ ❣r❛✉s ✷✱ ✸ ❡ ✹ ✲ ▼♦❞❡r❛❞❛♠❡♥t❡ ❉✐❢❡r❡♥❝✐❛❞♦ ✲

❣r❛✉s ✺ ❡ ✻ ✲ P♦✉❝♦ ❉✐❢❡r❡♥❝✐❛❞♦ ✲ ❣r❛✉ ✼ ✲ ❡ ■♥❞✐❢❡r❡♥❝✐❛❞♦✱ ♣❛r❛ r❡♣r❡s❡♥t❛r

❛s ❧❡sõ❡s ♠❛✐s ❛❣r❡ss✐✈❛s ✲ ❣r❛✉s ✽✱ ✾ ❡ ✶✵✳

❖♣t❛♠♦s ♣♦r ❢❛③❡r ✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥❡ss❛ ❝❧❛ss✐✜❝❛çã♦✿ ♦ t❡r♠♦ ❧✐♥❣üís✲

t✐❝♦ ▼♦❞❡r❛❞❛♠❡♥t❡ ❉✐❢❡r❡♥❝✐❛❞♦✱ q✉❡ r❡♣r❡s❡♥t❛ ♦s ❣r❛✉s ❞❡ ●❧❡❛s♦♥ ✺ ❡ ✻✱

❢♦✐ s✉❜❞✐✈✐❞✐❞♦ ❡♠ ▼é❞✐♦ ❉✐❢❡r❡♥❝✐❛❞♦ ✭❣r❛✉ ✺✮ ❡ ▼é❞✐♦✲❇❛✐①♦ ❉✐❢❡r❡♥❝✐❛❞♦

✭❣r❛✉ ✻✮✳

❊ss❛ ♠✉❞❛♥ç❛ ❢♦✐ ❢❡✐t❛ ♣♦✐s✱ ❝♦♠♦ ✈❡r❡♠♦s ❛❞✐❛♥t❡✱ ♣❛r❛ ❝♦♥str✉✐r ❛ ❜❛s❡

❞❡ r❡❣r❛s ❞♦ s✐st❡♠❛✱ ♣r❡❝✐s❛♠♦s ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ✲ ♣❛r❛ ♦s ❞✐❢❡r❡♥t❡s ❡stá✲

❣✐♦s ❞❛ ❞♦❡♥ç❛ ✲ ♣r❡s❡♥t❡s ♥♦s ♥♦♠♦❣r❛♠❛s ✭❞❡ ❙t❡♣❤❡♥s♦♥ ❡ ❑❛tt❛♥ ✭✷✵✵✻✮✱

✻✻



❋✐❣✉r❛ ✸✳✹✿ ❋✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞♦s ❝♦♥❥✉♥t♦s ❢✉③③②✱ ❛ss✉♠✐❞♦s ♣❡❧❛ ✈❛r✐á✈❡❧

❧✐♥❣üíst✐❝❛ ◆í✈❡❧ ❞❡ P❙❆✳

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

t❛❞♦ ❝❧í♥✐❝♦✱ ♥í✈❡❧ ❞❡ P❙❆ ❡ ❡s❝♦r❡ ❞❡ ●❧❡❛s♦♥❀ ❛s ❝♦♠❜✐♥❛çõ❡s ❡♥✈♦❧✈❡♥❞♦ ♦s

❣r❛✉s ✺ ❡ ✻✱ ❛♣r❡s❡♥t❛r❛♠ r❡s✉❧t❛❞♦s ❜❛st❛♥t❡ ❞✐st✐♥t♦s✳ ❊♥tã♦✱ ♥❛ t❡♥t❛t✐✈❛

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

❣r❛✉s ❢♦✐ s❡♣❛r❛❞❛✳

❆ ✜❣✉r❛ ✸✳✺ ♠♦str❛ ❛ r❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❞❛ ✈❛r✐á✈❡❧ ❊s❝♦r❡ ❞❡ ●❧❡❛s♦♥✳

P❛r❛ ❛ ✈❛r✐á✈❡❧ ❞❡ s❛í❞❛ ✲ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛ ✲ ❢♦r❛♠ ❛tr✐❜✉í❞♦s✱ ♣♦r ❈❛s✲

t❛♥❤♦ ✭✷✵✵✺✮✱ ♦s s❡❣✉✐♥t❡s t❡r♠♦s✿ ❈♦♥✜♥❛❞♦✱ ✐♥❞✐❝❛♥❞♦ q✉❡ t♦❞♦ ♦ ❝â♥❝❡r

❡stá ❝♦♥✜♥❛❞♦ ♥❛ ❣❧â♥❞✉❧❛ ♣r♦stát✐❝❛❀ ❈❛♣s✉❧❛r✱ s❡✱ ♠❡s♠♦ q✉❡ ♦ ❝â♥❝❡r ❥á

❡st❡❥❛ ❢♦r❛ ❞❛ ❣❧â♥❞✉❧❛ ♣r♦stát✐❝❛✱ ❛s ✈❡sí❝✉❧❛s s❡♠✐♥❛✐s ❡ ♦s ❧✐♥❢♦♥♦❞♦s ♣é❧✈✐✲

❝♦s ❡st✐✈❡r❡♠ ❧✐✈r❡s ❞♦ t✉♠♦r ❡ ❱❡sí❝✉❧❛ ✰ ▲✐♥❢♦♥♦❞♦s✱ s❡ ♦ ❝â♥❝❡r ❥á ✐♥✈❛❞✐✉

❛ ♣❛r❡❞❡ ♠✉s❝✉❧❛r ❞❡ ✉♠❛ ♦✉ ❛♠❜❛s ❛s ✈❡sí❝✉❧❛s s❡♠✐♥❛✐s ❡✴♦✉ ♦s ❧✐♥❢♦♥♦❞♦s

♣é❧✈✐❝♦s✳

❆♣ós ❝♦♥t❛t♦s ❝♦♠ ♦ ❡s♣❡❝✐❛❧✐st❛✱ ♣r♦❢✳ ❉r✳ ❯❜✐r❛❥❛r❛ ❋❡rr❡✐r❛✱ ❞❛ ❋❛✲

❝✉❧❞❛❞❡ ❞❡ ❈✐ê♥❝✐❛s ▼é❞✐❝❛s ✭❋❈▼✮ ❡ ❞♦ ❍♦s♣✐t❛❧ ❞❛s ❈❧í♥✐❝❛s ✭❍❈✮✱ ❞❛

✻✼



❋✐❣✉r❛ ✸✳✺✿ ❋✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞♦s ❝♦♥❥✉♥t♦s ❢✉③③②✱ ❛ss✉♠✐❞♦s ♣❡❧❛ ✈❛r✐á✈❡❧

❧✐♥❣üíst✐❝❛ ❊s❝♦r❡ ❞❡ ●❧❡❛s♦♥✳

❯◆■❈❆▼P✱ ♦❜t✐✈❡♠♦s ❛ ✐♥❢♦r♠❛çã♦ ❞❡ q✉❡✱ ❛t✉❛❧♠❡♥t❡✱ ♦s ❡s♣❡❝✐❛❧✐st❛s ✉t✐✲

❧✐③❛♠ ♦s t❡r♠♦s ❧✐♥❣üíst✐❝♦s✱ ❞♦❡♥ç❛ ❝♦♥✜♥❛❞❛ ♦✉ ❧♦❝❛❧✐③❛❞❛✱ ❞♦❡♥ç❛ ❧♦❝❛❧✲

♠❡♥t❡ ❛✈❛♥ç❛❞❛ ❡ ❞♦❡♥ç❛ ❡①tr❛✲♣r♦stát✐❝❛ ♦✉ ♠❡t❛stát✐❝❛✱ ♣❛r❛ ❞❡s✐❣♥❛r❡♠

♦s três ❡stá❣✐♦s ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✱ ❞❡s❝r✐t♦s ❛❝✐♠❛✳ ❆ r❛③ã♦ ♣❛r❛ ❡ss❛s ❞❡✲

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

♣r♦stát✐❝❛ ♥ã♦ ♣♦ss✉✐ ✉♠❛ ❝á♣s✉❧❛ ✭❡♥✈♦❧tór✐♦ ✜❜r♦s♦✮✳

❉✐❛♥t❡ ❞✐ss♦✱ ❝❧❛ss✐✜❝❛♠♦s ❛ ✈❛r✐á✈❡❧ ❞❡ s❛í❞❛ ✲ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛ ✲ ❝♦♠

♦s t❡r♠♦s✿ ▲♦❝❛❧✐③❛❞♦✱ ▲♦❝❛❧♠❡♥t❡ ❆✈❛♥ç❛❞♦ ❡ ▼❡t❛stát✐❝♦✳ ❊ss❛ ✈❛r✐á✈❡❧

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

✐♥❞✐❝❛r ❛ ❡①t❡♥sã♦ ❞♦ ❝â♥❝❡r✿ q✉❛♥t♦ ♠❛✐s ♣ró①✐♠♦ ❞❡ ✵✱ ♠❡♥♦r ♦ t❛♠❛♥❤♦ ❞♦

t✉♠♦r ❡✱ q✉❛♥t♦ ♠❛✐s ♣ró①✐♠♦ ❞❡ ✶✱ ♠❛✐♦r ♦ ❝♦♠♣r♦♠❡t✐♠❡♥t♦ ❞❛s ❡str✉t✉r❛s

❛❞❥❛❝❡♥t❡s à ♣róst❛t❛✳

❆s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞♦s ❝♦♥❥✉♥t♦s ❢✉③③② ❢♦r❛♠ ❝♦♥str✉í❞❛s ❞❡ ❢♦r♠❛

✻✽



❋✐❣✉r❛ ✸✳✻✿ ❋✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞♦s ❝♦♥❥✉♥t♦s ❢✉③③②✱ ❛ss✉♠✐❞♦s ♣❡❧❛ ✈❛r✐á✈❡❧

❧✐♥❣üíst✐❝❛ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛✳

tr✐❛♥❣✉❧❛r✱ ❝♦♠♦ ♠♦str❛ ❛ ✜❣✉r❛ ✸✳✻✳

❆ ❡s❝♦❧❤❛ ❞❡ss❛ ❢♦r♠❛✱ ♣❛r❛ ❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞❛ s❛í❞❛✱ ❢♦✐ ✉♠❛

❡s♣é❝✐❡ ❞❡ ✏❝❤✉t❡✑ ✐♥✐❝✐❛❧✳ ◆❛s s❡çõ❡s s❡❣✉✐♥t❡s ✈❡r❡♠♦s q✉❡ é ♣♦ssí✈❡❧✱ ❛

♣❛rt✐r ❞♦s r❡s✉❧t❛❞♦s q✉❡ s❡rã♦ ❡♥❝♦♥tr❛❞♦s ❡ ❞♦s ♥♦♠♦❣r❛♠❛s q✉❡ ✉t✐❧✐③❛♠♦s✱

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

❆ ❜❛s❡ ❞❡ r❡❣r❛s é ❝♦♥str✉í❞❛✱ ♥♦r♠❛❧♠❡♥t❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ✐♥❢♦r♠❛✲

çõ❡s ❞❡ ✉♠ ❡s♣❡❝✐❛❧✐st❛✳ ❊st❡ ❝♦♥❥✉♥t♦ ❞❡ r❡❣r❛s ❢✉③③② ❞❡s❡♠♣❡♥❤❛ ♦ ♣❛♣❡❧

❞❛ ❢✉♥çã♦ ♠❛t❡♠át✐❝❛✱ ♣❛r❛ ♦❜t❡r ❛ s❛í❞❛ ❞♦ s✐st❡♠❛✳

❈❛st❛♥❤♦ ✭✷✵✵✺✮ ❬✶✶❪ ❝♦♥str✉✐✉ s✉❛ ❜❛s❡ ❞❡ r❡❣r❛s t❡♥❞♦ ❡♠ ✈✐st❛ ❛s ✐♥❢♦r✲

♠❛çõ❡s ❝♦♥t✐❞❛s ♥♦s ♥♦♠♦❣r❛♠❛s ❞❡ P❛rt✐♥ ❡❧ ❛❧ ✭✶✾✾✼✮ ❬✸✼❪✳ ❙❡❣✉♥❞♦ ❡ss❛

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

t♦❧ó❣✐❝♦ ❞❛ ❞♦❡♥ç❛✱ q✉❛♥❞♦ ❞✐s♣♦♥í✈❡✐s ♦s ❞❛❞♦s ♣ré✲❝✐rúr❣✐❝♦s ❞♦s ♣❛❝✐❡♥t❡s✳

◆❛ ♠♦❞❡❧❛❣❡♠ q✉❡ ✜③❡♠♦s✱ ❛ ❜❛s❡ ❞❡ r❡❣r❛s ❢♦✐ ❡❧❛❜♦r❛❞❛ ❛ ♣❛rt✐r ❞❛s

✐♥❢♦r♠❛çõ❡s ❝♦♥t✐❞❛s ♥♦s ♥♦♠♦❣r❛♠❛s ❞❡ ❙t❡♣❤❡♥s♦♥ ❡ ❑❛tt❛♥ ✭✷✵✵✻✮ ❬✹✾❪✳

❊ss❛ ♠✉❞❛♥ç❛ ❢♦✐ ❢❡✐t❛ ♣♦✐s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❡s♣❡❝✐❛❧✐st❛✱ ❛♥t❡r✐♦r♠❡♥t❡ ❝✐✲

✻✾



t❛❞♦✱ ❛t✉❛❧♠❡♥t❡ ♦s ♠é❞✐❝♦s ✉t✐❧✐③❛♠ ❡ss❡s ♥♦♠♦❣r❛♠❛s✱ q✉❛♥❞♦ ♥❡❝❡ssár✐♦✳

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

tr✉çã♦ ❞❡ ✉♠❛ ❞❛s r❡❣r❛s✳

◆♦s ♥♦♠♦❣r❛♠❛s✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠ ♣❛❝✐❡♥t❡ ❝♦♠ ❊st❛❞♦ ❈❧í♥✐❝♦

✐❣✉❛❧ ❛ ❚✷❛✱ ◆í✈❡❧ ❞❡ P❙❆ ♠❡♥♦r q✉❡ ✹ ♥❣✴♠❧ ✭♥♦r♠❛❧✮ ❡ ❊s❝♦r❡ ❞❡ ●❧❡❛s♦♥

✐❣✉❛❧ ❛ ✺ ✭♠é❞✐♦ ❞✐❢❡r❡♥❝✐❛❞♦✮✱ ❡st❛r ❝♦♠ ❛ ❞♦❡♥ç❛ ❧♦❝❛❧✐③❛❞❛ é ❞❡ ✻✽✪✱ ✸✵✪

❞❡ ❡st❛r ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞❛ ❡ ✷✪ ❞❡ ❡st❛r ❝♦♠ ❛ ❞♦❡♥ç❛ ♠❡t❛stát✐❝❛✳ ❈♦♠

❡ss❛s ✐♥❢♦r♠❛çõ❡s ❢♦✐ ❝♦♥str✉í❞❛ ❛ r❡❣r❛ ♥ú♠❡r♦ ✻ ❞❛ t❛❜❡❧❛ ✸✳✶✿

✏❙❡ ❊st❛❞♦ ❈❧í♥✐❝♦ é ❚✷❛✱ ◆í✈❡❧ ❞❡ P❙❆ é ◆♦r♠❛❧ ❡ ❊s❝♦r❡ ❞❡ ●❧❡❛s♦♥ é

▼é❞✐♦ ❉✐❢❡r❡♥❝✐❛❞♦✱ ❡♥tã♦ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛ é ▲♦❝❛❧✐③❛❞♦ ✭✶✮✑✳

❉❡ ♠♦❞♦ ✐♥t❡✐r❛♠❡♥t❡ ❛♥á❧♦❣♦✱ ✐st♦ é✱ ❢❛③❡♥❞♦ t♦❞❛s ❛s ❞✐❢❡r❡♥t❡s ❝♦♠✲

❜✐♥❛çõ❡s ❡♥tr❡ ❡st❛❞♦ ❝❧í♥✐❝♦✱ ♥í✈❡❧ ❞❡ P❙❆ ❡ ❡s❝♦r❡ ❞❡ ●❧❡❛s♦♥✱ ❧❡✈❛♥❞♦ ❡♠

❝♦♥t❛ ♦s t❡r♠♦s ❧✐♥❣üíst✐❝♦s ❛tr✐❜✉í❞♦s à ❝❛❞❛ ✉♠❛ ❞❡ss❛s ✈❛r✐á✈❡✐s ❡ ✈❡r✐✲

✜❝❛♥❞♦ ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ✲ ❝♦♥st❛♥t❡s ♥♦s ♥♦♠♦❣r❛♠❛s ✲ ♣❛r❛ ♦s ❞✐❢❡r❡♥t❡s

❡stá❣✐♦s ❞❛ ❞♦❡♥ç❛✱ ❢♦✐ ❝♦♥str✉í❞❛ ❛ ❜❛s❡ ❞❡ r❡❣r❛s✱ ❢♦r♠❛❞❛ ♣♦r ✶✺✻ r❡❣r❛s✳

❖❜s❡r✈❛♠♦s q✉❡✱ ❛ss✐♠ ❝♦♠♦ ♥❛ ♠♦❞❡❧❛❣❡♠ ❞❡ ❈❛st❛♥❤♦ ✭✷✵✵✺✮✱ ❛s r❡❣r❛s

❢♦r❛♠ ♣♦♥❞❡r❛❞❛s q✉❛♥❞♦ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ ❞❡ ❡st❛r ❡♠ ❞♦✐s

❡stá❣✐♦s ❞✐st✐♥t♦s✱ ❢♦✐ ♠❡♥♦r ❞♦ q✉❡ ✷✵✪✳ ❆ss✐♠✱ ♣♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ✉♠

♣❛❝✐❡♥t❡ ❝✉❥♦ ❊st❛❞♦ ❈❧í♥✐❝♦ é ❚✷❜✱ ◆í✈❡❧ ❞❡ P❙❆ é ♥♦r♠❛❧ ✭< 4✮ ❡ ❊s❝♦r❡

❞❡ ●❧❡❛s♦♥ é ✺✱ t❡♠♦s ♥♦s ♥♦♠♦❣r❛♠❛s✿ ✺✼✪ ♣❛r❛ ▲♦❝❛❧✐③❛❞♦✱ ✹✵✪ ♣❛r❛

▲♦❝❛❧♠❡♥t❡ ❆✈❛♥ç❛❞♦ ❡ ✸✪ ♣❛r❛ ▼❡t❛stát✐❝♦✳ ❈♦♠ ✐ss♦✱ ❢♦r❛♠ ❝♦♥str✉í❞❛s

❛s r❡❣r❛s ✵✼ ❡ ✵✽ ✭✈❡r t❛❜❡❧❛ ✸✳✶✮✳

❆ r❡❣r❛ ✵✼ t❡♠ ♣❡s♦ ✐❣✉❛❧ ❛ ✵✱✻ ❡ ❛ r❡❣r❛ ✵✽ t❡♠ ♣❡s♦ ✵✱✹✱ ✐♥❞✐❝❛♥❞♦ q✉❡✱

❝♦♠ ❡ss❡s ❞❛❞♦s ❝❧í♥✐❝♦s✱ ❛ ❝❤❛♥❝❡ ❞❡ ♦ ❝â♥❝❡r ❡st❛r ❧♦❝❛❧✐③❛❞♦ é ✉♠ ♣♦✉❝♦

♠❛✐♦r ❞♦ q✉❡ ❞❡ ❡st❛r ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞♦✳

❉❡✜♥✐❞❛ ❛ ❜❛s❡ ❞❡ r❡❣r❛s✱ ♣r❡❝✐s❛♠♦s tr❛❞✉③✐✲❧❛ ♠❛t❡♠❛t✐❝❛♠❡♥t❡✱ ❝♦♠♦
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◆ ❊❙❚✳❈▲❮◆✳ P❙❆ ●▲❊❆❙❖◆ ❊❙❚➪●■❖ P❊❙❖

✵✸ ❚✷❜ ◆♦r♠❛❧ ❇❡♠ ❉✐❢✳ ▲♦❝❛❧✐③❛❞♦ ✶

✵✻ ❚✷❛ ◆♦r♠❛❧ ▼é❞✐♦ ❉✐❢✳ ▲♦❝❛❧✐③❛❞♦ ✶

✵✼ ❚✷❜ ◆♦r♠❛❧ ▼é❞✐♦ ❉✐❢✳ ▲♦❝❛❧✐③❛❞♦ ✵✱✻

✵✽ ❚✷❜ ◆♦r♠❛❧ ▼é❞✐♦ ❉✐❢✳ ▲♦❝✳ ❆✈❛♥✳ ✵✱✹

✹✵ ❚✶ ▲❡✈✳ ❊❧❡✈✳ ❇❡♠ ❉✐❢✳ ▲♦❝❛❧✐③❛❞♦ ✶

✻✶ ❚✸❛ ▲❡✈✳ ❊❧❡✈✳ ▼é❞✲❇✳ ❉✐❢✳ ▲♦❝✳ ❆✈❛♥✳ ✶

✶✶✷ ❚✸❛ ▼♦❞✳ ❊❧❡✈✳ P♦✉❝♦ ❉✐❢✳ ▲♦❝✳ ❆✈❛♥✳ ✵✱✹✺

✶✶✸ ❚✸❛ ▼♦❞✳ ❊❧❡✈✳ P♦✉❝♦ ❉✐❢✳ ▼❡t❛stát✐❝♦ ✵✱✺✺

✶✸✹ ❚✷❛ ❆❧t✳ ❊❧❡✈✳ ▼é❞✲❇✳ ❉✐❢✳ ▲♦❝✳ ❆✈❛♥✳ ✶

✶✺✹ ❚✷❝ ❆❧t✳ ❊❧❡✈✳ ■♥❞✐❢✳ ▼❡t❛stát✐❝♦ ✶

❚❛❜❡❧❛ ✸✳✶✿ ❆❧❣✉♠❛s ❞❛s ✶✺✻ r❡❣r❛s✱ ❞❛ ❇❛s❡ ❞❡ ❘❡❣r❛s ❝♦♥str✉í❞❛✳ ◆❛ 1o ❝♦❧✉♥❛

❝♦♥st❛ ♦ no ❞❛ r❡❣r❛ ❡✱ ♥❛ ú❧t✐♠❛✱ ♦ ♣❡s♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ♣♦♥❞❡rá✲❧❛✳

✈✐♠♦s ♥❛ s❡çã♦ ✷✳✹✱ ♣♦r ♠❡✐♦ ❞❛s té❝♥✐❝❛s ❞❛ ❧ó❣✐❝❛ ❢✉③③②✱ ❛ ✜♠ ❞❡ ♦❜t❡r♠♦s ❛

s❛í❞❛ ❞♦ s✐st❡♠❛✳ P❛r❛ ✐ss♦✱ ✉t✐❧✐③❛♠♦s ♦ ▼ét♦❞♦ ❞❡ ■♥❢❡rê♥❝✐❛ ❞❡ ▼❛♠❞❛♥✐✳

❆ ❞❡❢✉③③✐✜❝❛çã♦ ❞♦ ❝♦♥❥✉♥t♦ ❢✉③③②✱ q✉❡ r❡♣r❡s❡♥t❛ ❛ s❛í❞❛ ❞♦ s✐st❡♠❛✱

❢♦✐ ❢❡✐t❛ ♣❡❧♦ ▼ét♦❞♦ ❞♦ ❈❡♥tr♦ ❞❡ ●r❛✈✐❞❛❞❡✱ ♣❛r❛ q✉❡✱ ❡♥✜♠✱ ❛ s❛í❞❛

♦❜t✐❞❛ ❢♦ss❡ ✉♠ ♥ú♠❡r♦ r❡❛❧✳ ❊ss❡ ✈❛❧♦r ♣❡rt❡♥❝❡ ❛♦ ✐♥t❡r✈❛❧♦ [0, 1] ❡ ❛ ❡❧❡

❝♦rr❡s♣♦♥❞❡ ✉♠❛ ♣❡rt✐♥ê♥❝✐❛ ❛♦s ❝♦♥❥✉♥t♦s ❢✉③③②✿ ▲♦❝❛❧✐③❛❞♦✱ ▲♦❝❛❧♠❡♥t❡

❆✈❛♥ç❛❞♦ ❡ ▼❡t❛stát✐❝♦✱ q✉❡ r❡♣r❡s❡♥t❛♠ ♦ ❡stá❣✐♦ ❞❛ ❞♦❡♥ç❛ ✭✈❡r ✜❣✉r❛

✸✳✻✮✳

✸✳✸✳✶ ❙✐♠✉❧❛çõ❡s

➱ ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r ♦ ❣r❛✉ ❞❡ ❝♦♠♣❛t✐❜✐❧✐❞❛❞❡ ❝♦♠ ❞❡t❡r♠✐♥❛❞♦ ❡stá❣✐♦

❞❛ ❞♦❡♥ç❛✱ ✐st♦ é✱ ♦ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❛♦ ❝♦♥❥✉♥t♦ ❢✉③③②✱ q✉❡ r❡♣r❡s❡♥t❛

❛q✉❡❧❡ ❡stá❣✐♦✱ ❛ ♣❛rt✐r ❞♦s ❞❛❞♦s ♣ré✲❝✐rúr❣✐❝♦s ❞♦s ♣❛❝✐❡♥t❡s✳
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❋♦r❛♠ ❢❡✐t❛s s✐♠✉❧❛çõ❡s ❞♦ ♠♦❞❡❧♦ ❡ ❛❧❣✉♥s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛♠✲s❡ ♥❛

t❛❜❡❧❛ ✸✳✷✳ ❖s ❞❛❞♦s ❝♦♥s✐❞❡r❛❞♦s sã♦ ❞❡ ♣❛❝✐❡♥t❡s ❞♦ ❍♦s♣✐t❛❧ ❞❛s ❈❧í♥✐✲

❝❛s ❞❛ ❯◆■❈❆▼P✱ ♦❜t✐❞♦s ❡♠ s❡t❡♠❜r♦ ❞❡ ✷✵✵✻✱ ❥✉♥t♦ ❛♦ ❡s♣❡❝✐❛❧✐st❛ q✉❡

❝♦♥t❛❝t❛♠♦s✱ ♠❡♥❝✐♦♥❛❞♦ ♥❛ s❡çã♦ ❛♥t❡r✐♦r✳

❊st✳❈❧✐♥✳ P❙❆ ●❧❡❛s♦♥ ❙❛í❞❛ ▲♦❝❛❧✐③✳ ▲♦❝✳ ❆✈❛♥✳ ▼❡t❛st✳

❚✶ ✶✷ ✺ ✵✱✸✾✸ ✵✱✷✶ ✵✱✼✾ ✵✱✵✵

❚✷❛ ✸ ✼ ✵✱✹✹✻ ✵✱✶✶ ✵✱✽✾ ✵✱✵✵

❚✷❛ ✸✱✺ ✻ ✵✱✷✸✵ ✵✱✺✹ ✵✱✹✻ ✵✱✵✵

❚✷❜ ✶✺✱✹ ✾ ✵✱✺✾✵ ✵✱✵✵ ✵✱✽✷ ✵✱✶✽

❚✷❝ ✶✽✱✷ ✼ ✵✱✺✺✵ ✵✱✵✵ ✵✱✾✵ ✵✱✶✵

❚✸❛ ✶✼✱✷ ✼ ✵✱✺✼✵ ✵✱✵✵ ✵✱✽✻ ✵✱✶✹

❚✸❛ ✷✸✱✼ ✼ ✵✱✽✵✺ ✵✱✵✵ ✵✱✹✵ ✵✱✻✵

❚❛❜❡❧❛ ✸✳✷✿ P❡rt✐♥ê♥❝✐❛ ❛♦s ❝♦♥❥✉♥t♦s ❢✉③③② q✉❡ r❡♣r❡s❡♥t❛♠ ♦s ❡stá❣✐♦s ❞❛ ❞♦❡♥ç❛✿

▲♦❝❛❧✐③❛❞♦ ♥❛ Próst❛t❛✱ ▲♦❝❛❧♠❡♥t❡ ❆✈❛♥ç❛❞♦ ❡ ▼❡t❛stát✐❝♦✳

❆ss✐♠✱ ✉♠ ♣❛❝✐❡♥t❡ ❝♦♠ t✉♠♦r ♣❛❧♣á✈❡❧ ✭❚✷❛✮✱ ♥í✈❡❧ ❞❡ P❙❆ ✐❣✉❛❧ ❛ ✸✱✺

❡ ❡s❝♦r❡ ❞❡ ●❧❡❛s♦♥ ✐❣✉❛❧ ❛ ✻✱ t❡♠ ♣❡rt✐♥ê♥❝✐❛ ♠❛✐♦r ❛♦ ❝♦♥❥✉♥t♦ ▲♦❝❛❧✐③❛❞♦

✭✵✱✺✹✮✳ ❏á ♦✉tr♦ ♣❛❝✐❡♥t❡✱ ❝♦♠ ♠❡s♠♦ ❡st❛❞♦ ❝❧í♥✐❝♦ ✭❚✷❛✮✱ ♥í✈❡❧ ❞❡ P❙❆

♠❡♥♦r ✭✸✮✱ ♣♦ré♠ ❝♦♠ ❡s❝♦r❡ ❞❡ ●❧❡❛s♦♥ ♠❛✐♦r ✭✼✮✱ t❡♠ ♣❡rt✐♥ê♥❝✐❛ ♠❛✐♦r

❛♦ ❝♦♥❥✉♥t♦ ▲♦❝❛❧♠❡♥t❡ ❆✈❛♥ç❛❞♦ ✭✵✱✽✾✮✳

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

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

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

t✐♥ê♥❝✐❛✳ P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ♦ ♣❛❝✐❡♥t❡ ❝✉❥♦ ❡st❛❞♦ ❝❧í♥✐❝♦ é ❚✷❝✱ ♥í✈❡❧ ❞❡

P❙❆ é ✶✽✱✷ ❡ ❡s❝♦r❡ ❞❡ ●❧❡❛s♦♥ é ✼✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❝♦rr❡s♣♦♥❞❡♥t❡ à ♣❡rt✐✲

♥ê♥❝✐❛ ✵✱✾✵✱ ♣❛r❛ ♦ ❡stá❣✐♦ ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞♦✱ é ✵✱✹✺✱ q✉❡ é ❛ ♠❛✐♦r ❞❡♥tr❡

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

❝♦rr❡s♣♦♥❞❡♥t❡ à ♣❡rt✐♥ê♥❝✐❛ ✵✱✺✹ é ✵✱✻✹ ✲ q✉❡ é ❛ ♠❛✐♦r ❞❡♥tr❡ ❛s ♣r♦❜❛❜✐❧✐✲

❞❛❞❡s ✲ ❡ à ♣❡rt✐♥ê♥❝✐❛ ✵✱✽✾ é ✵✱✹✺✱ q✉❡ ♥ã♦ é ❛ ♠❛✐♦r ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s✳

❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ❡st❛❜❡❧❡❝❡r ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ♣❡rt✐♥ê♥❝✐❛ ❛♦ ❝♦♥❥✉♥t♦ ❡

♣r♦❜❛❜✐❧✐❞❛❞❡✱ ❈❛st❛♥❤♦ ✭✷✵✵✺✮ ❡♥❝♦♥tr♦✉ ✉♠❛ ❢♦r♠❛ ❞❡ ❛❞❛♣t❛r ❛s ❢✉♥çõ❡s

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

❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ❝❛❞❛ ❡stá❣✐♦✳

❱❛♠♦s ♣r♦❝❡❞❡r ❞❡ ❢♦r♠❛ ❛♥á❧♦❣❛ ❡ ❛❞❛♣t❛r ❛s ❢✉♥çõ❡s✱ q✉❡ ❞❡s❝r❡✈❡♠

♦s ❝♦♥❥✉♥t♦s ❢✉③③② ❞❛ s❛í❞❛ ✭✈❡r ✜❣✉r❛ ✸✳✻✮✱ ✉t✐❧✐③❛♥❞♦ ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡

❙t❡♣❤❡♥s♦♥ ❡ ❑❛tt❛♥ ✭✷✵✵✻✮✳

✸✳✸✳✷ ❘❡❧❛çã♦ ❡♥tr❡ Pr♦❜❛❜✐❧✐❞❛❞❡ ❡ P♦ss✐❜✐❧✐❞❛❞❡

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

q✉❛❞r♦ ❝❧í♥✐❝♦ ✲ ♥í✈❡❧ ❞❡ P❙❆✱ ❡st❛❞♦ ❝❧í♥✐❝♦ ❡ ❡s❝♦r❡ ❞❡ ●❧❡❛s♦♥ ✲ ❡st❛r

❡♠ ✉♠ ❞♦s ❡stá❣✐♦s✿ t✉♠♦r ❧♦❝❛❧✐③❛❞♦✱ ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞♦ ♦✉ ♠❡t❛stát✐❝♦

✭❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s ✈❡sí❝✉❧❛s s❡♠✐♥❛✐s ❡✴♦✉ ❧✐♥❢♦♥♦❞♦s ♣é❧✈✐❝♦s✮✳

❆ss✐♠✱ t❡♠♦s ✉♠❛ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❳✱ ♦♥❞❡ ❛ ✈❛✲

r✐á✈❡❧✱ ❛❧❡❛tór✐❛ ❞✐s❝r❡t❛ ❳✱ r❡♣r❡s❡♥t❛ ♦s ♣❛❝✐❡♥t❡s ❝♦♠ ❞❡t❡r♠✐♥❛❞♦ q✉❛❞r♦

❝❧í♥✐❝♦✱ ❝✉❥♦ ❡s♣❛ç♦ ❛♠♦str❛❧ ❙ é ❞❡✜♥✐❞♦ ♣♦r✿

S = {Localizado, Loc.Avan.,Metast.} = {x1, x2, x3}✳

❈❛❞❛ r❡s✉❧t❛❞♦ ♣♦ssí✈❡❧ xi ✱ é ❛ss♦❝✐❛❞♦ ❛ ✉♠ ♥ú♠❡r♦✱

p(xi) = P (X = xi)✱

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

✶✳ p(xi) > 0, ∀i❀
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✷✳
3

∑

i=1

p(xi) = 1✱ ♦✉ s❡❥❛✱ p(Localizado)+p(Loc.Avan.)+p(Metast.) = 1✳

❆ ✜❣✉r❛ ✸✳✼ ♠♦str❛ ❛ r❡♣r❡s❡♥t❛çã♦ ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ ❞♦s

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

❋✐❣✉r❛ ✸✳✼✿ ❉✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ ❞❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❳✱ q✉❡ r❡♣r❡s❡♥t❛

♦s ♣❛❝✐❡♥t❡s ❝♦♠ ❊st❛❞♦ ❈❧í♥✐❝♦ ❚✷❛✱ ♥í✈❡✐s ❞❡ P❙❆ ❡♥tr❡ ✹✱✶ ❡ ✶✵ ♥❣✴♠❧ ❡ ❡s❝♦r❡

❞❡ ●❧❡❛s♦♥ ✻✳

❈♦♠❜✐♥❛♥❞♦ ♦s ❞✐❢❡r❡♥t❡s ❡st❛❞♦s ❝❧í♥✐❝♦s ✭❚✶✱ ❚✷❛✱ ❚✷❜✱ ❚✷❝✱ ❚✸❛✮✱

♥í✈❡✐s ❞❡ P❙❆ ✭✵ ❛ ✸✵ ♥❣✴♠❧✮ ❡ ❡s❝♦r❡s ❞❡ ●❧❡❛s♦♥ ✭✷✲✹✱ ✺✱ ✻✱ ✼✱ ✽✲✶✵✮✱

❞❡ ✉♠❛ ❛♠♦str❛ ❞❡ ✐♥❞✐✈í❞✉♦s✱ ♦❜t✐✈❡♠♦s✱ ❛tr❛✈és ❞♦ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠

r❡❣r❛s ❢✉③③②✱ ✉♠ ♥ú♠❡r♦ r❡❛❧ α✱ ♣❡rt❡♥❝❡♥t❡ ❛♦ ✐♥t❡r✈❛❧♦ [0, 1]✱ ♣❛r❛ ❝❛❞❛

❝♦♠❜✐♥❛çã♦✳ ❈❛❞❛ ♥ú♠❡r♦ α ❡♥❝♦♥tr❛❞♦ r❡♣r❡s❡♥t❛ ✉♠❛ s✉❜♣♦♣✉❧❛çã♦ ❞❡

♣❛❝✐❡♥t❡s✱ ❝♦♠ ♠❡s♠♦ q✉❛❞r♦ ❝❧í♥✐❝♦ ❡✱ ♣♦rt❛♥t♦✱ t❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❡

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

P❛r❛ ❝❛❞❛ ❡stá❣✐♦ ❞❛ ❞♦❡♥ç❛✱ ✉♠❛ ❝✉r✈❛ ❢♦✐ ❛❥✉st❛❞❛ ❛♦s ♣♦♥t♦s q✉❡ r❡✲

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

✼✹



♥❛q✉❡❧❡ ❡stá❣✐♦✳ ❖ ❛❥✉st❡ ❢♦✐ ❢❡✐t♦ ♣❡❧♦ ♠ét♦❞♦ ❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s✳ ➱

♣♦ssí✈❡❧ ❝♦♥str✉✐r✱ ❛ ♣❛rt✐r ❞❡ss❡s ❛❥✉st❡s✱ ✉♠❛ ♥♦✈❛ ❢✉♥çã♦ ❞❡ ♣❡rt✐♥ê♥❝✐❛

❛♦s ❝♦♥❥✉♥t♦s ❢✉③③②✱ q✉❡ r❡♣r❡s❡♥t❛♠ ❛ s❛í❞❛ ❞♦ s✐st❡♠❛✳

❖ ♣r♦❝❡ss♦ ❢♦✐ r❡♣❡t✐❞♦✱ ✐st♦ é✱ ❢♦r❛♠ s✐♠✉❧❛❞❛s ✲ ♥♦ ❙❇❘❋ ✲ ✈ár✐❛s ❛♠♦s✲

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

t❛❞❛s às ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ ❝❛❞❛ ❡stá❣✐♦✳ ■ss♦ ❢♦✐ ❢❡✐t♦ ❛té q✉❡ ♥ã♦ ❤♦✉✈❡ss❡

❞✐❢❡r❡♥ç❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛ s❛í❞❛ ❛♥t❡r✐♦r ❡ ❛ ♥♦✈❛✳

◆❛ ✜❣✉r❛ ✸✳✽ ❡stã♦ r❡♣r❡s❡♥t❛❞❛s ❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❛♦s ❝♦♥❥✉♥t♦s

❢✉③③②✱ ❞❛ s❛í❞❛ ❞♦ s✐st❡♠❛✱ ♦❜t✐❞❛s ❝♦♠ ♦s ❛❥✉st❡s ❞❡ ❝✉r✈❛s✳

❋✐❣✉r❛ ✸✳✽✿ ❋✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ q✉❡ ❞❡s❝r❡✈❡♠ ♦s ❝♦♥❥✉♥t♦s ❢✉③③②✱ q✉❡ r❡♣r❡✲

s❡♥t❛♠ ♦s ❡stá❣✐♦s ❞♦ ❝â♥❝❡r✳

❆s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❛♦s ❝♦♥❥✉♥t♦s ❢✉③③②✱ ▲♦❝❛❧✐③❛❞♦✱ ▲♦❝❛❧♠❡♥t❡

❆✈❛♥ç❛❞♦ ❡ ▼❡t❛stát✐❝♦✱ r❡♣r❡s❡♥t❛♠ ♦ ❣r❛✉ ❝♦♠ ♦ q✉❛❧ ♦ ♣❛❝✐❡♥t❡ s❡ ❡♥q✉❛✲

❞r❛ ❛ ❞❡t❡r♠✐♥❛❞♦ ❡stá❣✐♦ ❞❛ ❞♦❡♥ç❛✳

P♦r ❡①❡♠♣❧♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ q✉❡ ✈✐♠♦s ♥❛ s❡çã♦ ✷✳✻✱ ❛ ♣r♦♣♦s✐çã♦

✼✺



❊stá❣✐♦ é ▲♦❝❛❧✐③❛❞♦ ♣❡r♠✐t❡ q✉❡ ❡ss❡ ❣r❛✉ s❡❥❛ ✈✐st♦ ❝♦♠♦ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡

❞❡ q✉❡ ❛ ❞♦❡♥ç❛ ❡st❡❥❛ ❧♦❝❛❧✐③❛❞❛ ♥❛ ❣❧â♥❞✉❧❛ ♣r♦stát✐❝❛✳ ❉❡ss❛ ❢♦r♠❛✱ ❡ss❛

♣r♦♣♦s✐çã♦ ❞❡✜♥❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❳✱ ♦♥❞❡ ❳ r❡♣r❡s❡♥t❛

♦s ♣❛❝✐❡♥t❡s ❡♠ ✉♠ ❡stá❣✐♦ ❞❛ ❞♦❡♥ç❛✳ ❊st❛ ❞✐str✐❜✉✐çã♦ ❡stá ♥❛ ✜❣✉r❛ ✸✳✽✳

❘❡❧❛çã♦ Pr♦❜❛❜✐❧✐❞❛❞❡✴P♦ss✐❜✐❧✐❞❛❞❡

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

s✐❜✐❧✐❞❛❞❡ ❞❡✈❡ ♦❜❡❞❡❝❡r ❛♦ ♣r✐♥❝í♣✐♦ ❞❡ ❝♦♥s✐stê♥❝✐❛✱

P(A) ≤ Π(A)✱ ∀A ⊂ X

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

♣♦ss✐❜✐❧✐❞❛❞❡✳

❯t✐❧✐③❛♥❞♦ ❛ s❛í❞❛ ❞♦ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠ r❡❣r❛s ❢✉③③②✱ ❝♦♠♦ ♠♦str❛❞♦

♥❛ ✜❣✉r❛ ✸✳✼✱ ❢♦r❛♠ ❢❡✐t❛s ♦✉tr❛s s✐♠✉❧❛çõ❡s✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ❞❛❞♦s ❞❡ ♣❛✲

❝✐❡♥t❡s ❞♦ ❍♦s♣✐t❛❧ ❞❛s ❈❧í♥✐❝❛s✱ ❞❛ ❯◆■❈❆▼P✳ ❆s t❛❜❡❧❛s ✸✳✸ ❡ ✸✳✹ ❝♦♥tê♠

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

♣r♦❜❛❜✐❧✐❞❛❞❡s✱ ❛tr❛✈és ❞❛ ❡q✉❛çã♦ ✭✷✳✶✸✮✱ ✈✐st❛ ♥❛ s❡çã♦ ✷✳✻✳

❈♦♠♦ ❡①❡♠♣❧♦✱ ♥❛ ♣r✐♠❡✐r❛ t❛❜❡❧❛ ❝♦♥st❛ ✉♠ ♣❛❝✐❡♥t❡ ❝♦♠ ❡st❛❞♦ ❝❧í♥✐❝♦

❚✷❛✱ ✐st♦ é✱ ❝♦♠ t✉♠♦r ♣❛❧♣á✈❡❧✱ ❡♥✈♦❧✈❡♥❞♦ ✉♠❛ ♠❡t❛❞❡ ✭♦✉ ♠❡♥♦s✮ ❞❡ ✉♠

❞♦s ❧♦❜♦s✳ ❖ ♥í✈❡❧ ❞❡ P❙❆ é ✶✶ ❡ ❛ ❜✐ó♣s✐❛ r❡✈❡❧❛ ✉♠ ❡s❝♦r❡ ❞❡ ●❧❡❛s♦♥ ✐❣✉❛❧

❛ ✻✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❙❇❘❋✱ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ q✉❡ ❡ss❡ ♣❛❝✐❡♥t❡ t❡♥❤❛ ❝â♥❝❡r

❞❡ ♣róst❛t❛ ❧♦❝❛❧✐③❛❞♦ ♥❛ ❣❧â♥❞✉❧❛ é ✵✱✶✸✱ ❞❡ q✉❡ t❡♥❤❛ ❛ ❞♦❡♥ç❛ ❧♦❝❛❧♠❡♥t❡

❛✈❛♥ç❛❞❛ é ✵✱✽✹ ❡ ❞❡ q✉❡ ❛♣r❡s❡♥t❡ ♠❡tást❛s❡ é ✵✱✵✶✳ ❈♦♥✈❡rt❡♥❞♦ ❡ss❛s

♣♦ss✐❜✐❧✐❞❛❞❡s ❡♠ ♣r♦❜❛❜✐❧✐❞❛❞❡s t❡♠✲s❡ ✸✸✪✱ ✺✽✪ ❡ ✾✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

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

sã♦ ✸✽✪✱ ✺✷✪ ❡ ✾✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✼✻



❙❇❘❋ ❑❛tt❛♥ ❡t ❛❧

P❛❝✐❡♥t❡ ❊stá❣✐♦ P♦ss✐❜✳ Pr♦❜❛❜✳ ◆♦♠♦❣r❛♠❛

❊st✳ ❈❧í♥✐❝♦ ❚✷❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✹✼ ✸✸✪ ✸✽✪

P❙❆ ✶✶ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✽✹ ✺✽✪ ✺✷✪

●❧❡❛s♦♥ ✻ ▼❡t❛stát✐❝♦ ✵✱✶✸ ✾✪ ✾✪

❊st✳ ❈❧í♥✐❝♦ ❚✷❜ ▲♦❝❛❧✐③❛❞♦ ✵✱✷✹ ✶✻✪ ✷✷✪

P❙❆ ✼✱✽ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✶ ✻✺✪ ✺✹✪

●❧❡❛s♦♥ ✼ ▼❡t❛stát✐❝♦ ✵✱✷✾ ✶✾✪ ✷✹✪

❊st✳ ❈❧í♥✐❝♦ ❚✷❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✶✶ ✽✪ ✶✵✪

P❙❆ ✷✼✱✾ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✾✵ ✻✶✪ ✺✶✪

●❧❡❛s♦♥ ✼ ▼❡t❛stát✐❝♦ ✵✱✹✻ ✸✶✪ ✸✾✪

❊st✳ ❈❧í♥✐❝♦ ❚✸❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✵✼ ✺✪ ✻✪

P❙❆ ✶✺✱✶ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✽✶ ✺✼✪ ✹✵✪

●❧❡❛s♦♥ ✼ ▼❡t❛stát✐❝♦ ✵✱✺✹ ✸✽✪ ✺✹✪

❊st✳ ❈❧í♥✐❝♦ ❚✶ ▲♦❝❛❧✐③❛❞♦ ✵✱✻✺ ✺✵✪ ✻✶✪

P❙❆ ✶✷ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✻✷ ✹✻✪ ✸✸✪

●❧❡❛s♦♥ ✺ ▼❡t❛stát✐❝♦ ✵✱✵✺ ✹✪ ✻✪

❊st✳ ❈❧í♥✐❝♦ ❚✷❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✷✹ ✶✻✪ ✷✷✪

P❙❆ ✶✻✱✻✾ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✶ ✻✺✪ ✺✺✪

●❧❡❛s♦♥ ✼ ▼❡t❛stát✐❝♦ ✵✱✷✾ ✶✾✪ ✷✸✪

❊st✳ ❈❧í♥✐❝♦ ❚✷❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✸✷ ✼✵✪ ✻✹✪

P❙❆ ✷✱✾ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✸✹ ✷✾✪ ✸✹✪

●❧❡❛s♦♥ ✻ ▼❡t❛stát✐❝♦ ✵✱✵✶ ✶✪ ✷✪

❚❛❜❡❧❛ ✸✳✸✿ ❈♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s✱ ♦❜t✐❞♦s ♣❡❧♦ ❙❇❘❋✱ ❝♦♠ ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s

❞❡ ❑❛tt❛♥ ❡t ❛❧ ❬✹✾❪✳ ❆ ❝♦❧✉♥❛ Pr♦❜❛❜✳ é ❛ tr❛♥s❢♦r♠❛çã♦ ❞❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❡♠

♣r♦❜❛❜✐❧✐❞❛❞❡✱ ✈✐❛ ❡q✉❛çã♦ ✭✷✳✶✸✮✳

✼✼



❙❇❘❋ ❑❛tt❛♥ ❡t ❛❧

P❛❝✐❡♥t❡ ❊stá❣✐♦ P♦ss✐❜✳ Pr♦❜❛❜✳ ◆♦♠♦❣r❛♠❛

❊st✳ ❈❧í♥✐❝♦ ❚✷❝ ▲♦❝❛❧✐③❛❞♦ ✵✱✷✵ ✶✸✪ ✶✺✪

P❙❆ ✶✶✱✸ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✾✾ ✻✺✪ ✹✺✪

●❧❡❛s♦♥ ✼ ▼❡t❛stát✐❝♦ ✵✱✸✹ ✷✷✪ ✹✵✪

❊st✳ ❈❧í♥✐❝♦ ❚✸❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✵✼ ✺✪ ✻✪

P❙❆ ✶✺ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✽✶ ✺✼✪ ✹✵✪

●❧❡❛s♦♥ ✼ ▼❡t❛stát✐❝♦ ✵✱✺✹ ✸✽✪ ✺✹✪

❊st✳ ❈❧í♥✐❝♦ ❚✶ ▲♦❝❛❧✐③❛❞♦ ✵✱✽✻ ✼✺✪ ✹✼✪

P❙❆ ✺✱✷✹ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✷✽ ✷✹✪ ✹✹✪

●❧❡❛s♦♥ ✻ ▼❡t❛stát✐❝♦ ✵✱✵✶ ✶✪ ✾✪

❊st✳ ❈❧í♥✐❝♦ ❚✷❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✽✷ ✼✵✪ ✻✹✪

P❙❆ ✷✱✽ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✸✹ ✷✾✪ ✸✹✪

●❧❡❛s♦♥ ✻ ▼❡t❛stát✐❝♦ ✵✱✵✶ ✶✪ ✷✪

❊st✳ ❈❧í♥✐❝♦ ❚✶ ▲♦❝❛❧✐③❛❞♦ ✶ ✾✽✪ ✻✷✪

P❙❆ ✵✱✷✻ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✵✷ ✷✪ ✸✷✪

●❧❡❛s♦♥ ✺ ▼❡t❛stát✐❝♦ ✵ ✵✪ ✷✪

❊st✳ ❈❧í♥✐❝♦ ❚✷❝ ▲♦❝❛❧✐③❛❞♦ ✵✱✶✻ ✶✶✪ ✶✺✪

P❙❆ ✶✷ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✾✼ ✻✹✪ ✹✺✪

●❧❡❛s♦♥ ✼ ▼❡t❛stát✐❝♦ ✵✱✸✽ ✷✺✪ ✹✵✪

❊st✳ ❈❧í♥✐❝♦ ❚✸❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✶✻ ✶✵✪ ✻✪

P❙❆ ✺✱✼✶ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✾✻ ✻✸✪ ✸✹✪

●❧❡❛s♦♥ ✽ ▼❡t❛stát✐❝♦ ✵✱✹✵ ✷✼✪ ✺✾✪

❚❛❜❡❧❛ ✸✳✹✿ ❈♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s✱ ♦❜t✐❞♦s ♣❡❧♦ ❙❇❘❋✱ ❝♦♠ ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s

❝♦♥st❛♥t❡s ♥♦s ♥♦♠♦❣r❛♠❛s ❞❡ ❑❛tt❛♥ ❡t ❛❧ ❬✹✾❪✳

◆❛ s❡❣✉♥❞❛ t❛❜❡❧❛ ❡♥❝♦♥tr❛♠✲s❡ ❛❧❣✉♥s r❡s✉❧t❛❞♦s q✉❡ s❡ ♠♦str❛r❛♠ ♠❛✐s

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

✼✽



t❡s ♥♦s ♥♦♠♦❣r❛♠❛s✳

P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ✉♠ ♣❛❝✐❡♥t❡ ❝✉❥♦ ❡st❛❞♦ ❝❧í♥✐❝♦ é ❚✶ ✲ t✉♠♦r ♥ã♦

♣❛❧♣á✈❡❧ ✲ ♥í✈❡❧ ❞❡ P❙❆ é ✺✱✷✹ ❡ ❡s❝♦r❡ ❞❡ ●❧❡❛s♦♥ é ✻✱ ♦ ❙❇❘❋ ❢♦r♥❡❝❡ ❝♦♠♦

♣♦ss✐❜✐❧✐❞❛❞❡s✿ ✵✱✽✻ ♣❛r❛ ❞♦❡♥ç❛ ❧♦❝❛❧✐③❛❞❛❀ ✵✱✷✽ ♣❛r❛ ❞♦❡♥ç❛ ❧♦❝❛❧♠❡♥t❡

❛✈❛♥ç❛❞❛ ❡ ✵✱✵✶ ♣❛r❛ ♦ ❝â♥❝❡r ♠❡t❛stát✐❝♦✳ ❚r❛♥s❢♦r♠❛♥❞♦ ❡ss❡s ✈❛❧♦r❡s ❡♠

♣r♦❜❛❜✐❧✐❞❛❞❡s t❡♠✲s❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✼✺✪✱ ✷✹✪ ❡ ✶✪✳

❖❜s❡r✈❡♠♦s q✉❡ ♥♦s ♥♦♠♦❣r❛♠❛s ❞❡ ❑❛tt❛♥ ❡t ❛❧ ❬✹✾❪ ❝♦♥st❛♠ ❛s s❡❣✉✐♥✲

t❡s ♣r♦❜❛❜✐❧✐❞❛❞❡s✿ ✹✼✪ ♣❛r❛ ❞♦❡♥ç❛ ❧♦❝❛❧✐③❛❞❛❀ ✹✹✪ ♣❛r❛ ♦ ❝â♥❝❡r ❧♦❝❛❧✲

♠❡♥t❡ ❛✈❛♥ç❛❞♦ ❡ ✾✪ ♣❛r❛ ♠❡tást❛s❡s✳

◆❡ss❡ ❝❛s♦✱ ♣♦rt❛♥t♦✱ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧♦ ❙❇❘❋ ❛♣r❡s❡♥t❛r❛♠ ✉♠❛

♣r♦❜❛❜✐❧✐❞❛❞❡ ♠❛✐♦r ❞❡ ❛ ❞♦❡♥ç❛ ❡st❛r ❧♦❝❛❧✐③❛❞❛ ♥❛ ❣❧â♥❞✉❧❛ ❡ ✉♠❛ ♠❡♥♦r

♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ q✉❡ ❤❛❥❛ ♠❡tást❛s❡✳ ❆❧é♠ ❞✐ss♦✱ ❤♦✉✈❡ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ♥❛

♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ q✉❡ ♦ ❝â♥❝❡r ❡st❡❥❛ ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞♦✳

❊♠❜♦r❛ t❡♥❤❛♠ ♦❝♦rr✐❞♦ ♦✉tr♦s ❝❛s♦s ❝♦♠♦ ❡st❡ ❡♠ ♥♦ss❛s s✐♠✉❧❛çõ❡s✱

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

❝❛❧❝✉❧❛❞❛s ♣♦r ❑❛tt❛♥ ❡t ❛❧✳ ■st♦ é✱ ♦ ❡stá❣✐♦ q✉❡ t❡♠ ♠❛✐♦r ♣r♦❜❛❜✐❧✐❞❛❞❡

❞❡ ♦❝♦rrê♥❝✐❛✱ t❛♠❜é♠ t❡♠ ♦ ♠❛✐♦r ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❡ ♦s ✈❛❧♦r❡s ❡stã♦

♣ró①✐♠♦s✳

✸✳✹ ❈♦♥s✐❞❡r❛çõ❡s ❋✐♥❛✐s

❙❛❜❡r ❡♠ q✉❛❧ ❡stá❣✐♦ ✉♠ ♣❛❝✐❡♥t❡ ❝♦♠ ❝â♥❝❡r ❞❡ ♣róst❛t❛ s❡ ❡♥❝♦♥tr❛ é

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

s❡ ❛ ❞♦❡♥ç❛ ❡st✐✈❡r ❝♦♥✜♥❛❞❛ ♥❛ ❣❧â♥❞✉❧❛✳

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

s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠ r❡❣r❛s ❢✉③③② ✲ ❙❇❘❋ ✲ ♣❛r❛ ♣r♦❣♥♦st✐❝❛r ♦ ❡stá❣✐♦ ♣❛t♦✲

❧ó❣✐❝♦ ❞❡ ♣❛❝✐❡♥t❡s ❝♦♠ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳

✼✾



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

❣r❛❞✉❛❧ ❡♥tr❡ ❛s ❢❛✐①❛s ❞❛ t❛❜❡❧❛✱ ❡ ❡♥tr❡ ♦s ❡stá❣✐♦s✱ é ❧❡✈❛❞❛ ❡♠ ❝♦♥s✐❞❡r❛✲

çã♦✳ ◆❡ss❡ s❡♥t✐❞♦✱ ♦ ❙❇❘❋ é ♠❛✐s ❝♦❡r❡♥t❡ ❝♦♠ ❛ r❡❛❧✐❞❛❞❡✳

❙✉♣♦♥❤❛✱ ♣♦r ❡①❡♠♣❧♦✱ ♣❛❝✐❡♥t❡s ❝♦♠ ♠❡s♠♦ ❡st❛❞♦ ❝❧í♥✐❝♦✱ ♠❡s♠♦ ❡s✲

❝♦r❡ ❞❡ ●❧❡❛s♦♥ ❡ ♥í✈❡✐s ❞❡ P❙❆ ✐❣✉❛✐s ❛ ✶✵✱ ✶✵✱✶ ❡ ✷✵ ♥❣✴♠❧✳ ❉✐❢❡r❡♥t❡♠❡♥t❡

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

♣❛❝✐❡♥t❡s ❝♦♠ ♥í✈❡✐s ❞❡ P❙❆ ✶✵ ❡ ✶✵✱✶ ♥❣✴♠❧ sã♦ ❝♦♥s✐❞❡r❛❞♦s✱ ♣❡❧♦ ❙❇❘❋✱

♠❛✐s ♣ró①✐♠♦s ❡ ♣❛r❛ ♦s ♣❛❝✐❡♥t❡s ❝♦♠ ♥í✈❡✐s ❞❡ P❙❆ ✶✵✱✶ ❡ ✷✵ ♥❣✴♠❧✱ ♠❛✐s

❞✐st❛♥t❡s✳

❯♠ ♦✉tr♦ ❛s♣❡❝t♦ ✐♠♣♦rt❛♥t❡ é q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞❛ t❡♦r✐❛ ❞❡ ❝♦♥❥✉♥t♦s

❢✉③③② ♣❡r♠✐t❡ ✐♥❝❧✉✐r ❛ s✉❜❥❡t✐✈✐❞❛❞❡ ❞❛ ❧✐♥❣✉❛❣❡♠✱ ❡①✐st❡♥t❡ ♥❛s ✈❛r✐á✈❡✐s✳

❈♦♠ ✐ss♦✱ ♦ ❙❇❘❋ t♦r♥♦✉✲s❡ ♠❛✐s ❛❜r❛♥❣❡♥t❡ ❡ ♦ ♠é❞✐❝♦ ♣♦❞❡ ❛✈❛❧✐❛r ❛

✈❛r✐á✈❡❧ ❡st❛❞♦ ❝❧í♥✐❝♦ ♥✉♠❛ ❡s❝❛❧❛ ❝♦♥tí♥✉❛ ❡♥tr❡ ✵ ❡ ✶✳ ❈❛❞❛ ✈❛❧♦r ❞♦

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

❝♦♠♦ ❛ ❝❡rt❡③❛ ❞❡ s❡✉ ♣r♦❣♥óst✐❝♦✳

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

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

tr❛❞✐❝✐♦♥❛✐s✳

❈♦♥t✉❞♦✱ ♠❡s♠♦ ❞✐❛♥t❡ ❞❡ t♦❞❛s ❡ss❛s ❞✐❢❡r❡♥ç❛s ❝✐t❛❞❛s✱ ❡♥tr❡ ♦s ♠♦✲

❞❡❧♦s ❡st❛tíst✐❝♦s ❡ ♦ ♠♦❞❡❧♦ ❢✉③③②✱ ♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ♥❛s s✐♠✉❧❛çõ❡s

♠♦str❛r❛♠✲s❡ s❡♠❡❧❤❛♥t❡s ❛♦s r❡s✉❧t❛❞♦s ♣r❡s❡♥t❡s ♥♦s ♥♦♠♦❣r❛♠❛s ❞❡ ❑❛t✲

t❛♥ ❡t ❛❧ ❬✹✾❪✳

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

r❡✐r❛ ✲ ❞❛ ❋❛❝✉❧❞❛❞❡ ❞❡ ❈✐ê♥❝✐❛s ▼é❞✐❝❛s ❡ ❍♦s♣✐t❛❧ ❞❛s ❈❧í♥✐❝❛s✴❯◆■❈❆▼P

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

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

❞✐ss♦✱ ❛♦ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❙❇❘❋ q✉❡ ❝♦♥str✉í♠♦s✱ ❝♦♥st❛t♦✉ ❛ s❡♠❡✲

✽✵



❧❤❛♥ç❛ ♥❛s r❡s♣♦st❛s✳

◆♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✱ ❞✐s❝✉t✐r❡♠♦s ♦✉tr❛s ♠✉❞❛♥ç❛s q✉❡ ✜③❡♠♦s ♥❡ss❛

♠♦❞❡❧❛❣❡♠ ❢✉③③②✱ ❛ ✜♠ ❞❡ ♦❜t❡r r❡s✉❧t❛❞♦s ♠❛✐s ♦t✐♠✐st❛s ❡✱ ❞❡ss❛ ❢♦r♠❛✱

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

✽✶
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❈❛♣ít✉❧♦ ✹

❇✉s❝❛♥❞♦ ✉♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦

❞♦ ▼♦❞❡❧♦ ❋✉③③②

✹✳✶ ■♥tr♦❞✉çã♦

❖ ♣r♦❝❡ss♦ ❞❡ t♦♠❛❞❛ ❞❡ ❞❡❝✐sõ❡s ♠é❞✐❝❛s é ❝♦♠♣❧❡①♦ ❡ ❡①✐❣❡ q✉❡ s❡ ❝♦♥s✐✲

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

✈ár✐♦s tr❛t❛♠❡♥t♦s✱ ♦s ❝✉st♦s ♣❛r❛ ♦ ♣❛❝✐❡♥t❡✱ ❡♥tr❡ ♦✉tr♦s✳ ❉✐❛♥t❡ ❞✐ss♦✱

t♦r♥❛✲s❡ ❡✈✐❞❡♥t❡ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ❛✈❛❧✐❛çã♦✱ ❞❡ ❢♦r♠❛ ♦❜❥❡t✐✈❛✱ ❞♦ ♣♦❞❡r

❞✐s❝r✐♠✐♥❛tór✐♦ ❞♦s t❡st❡s ❞❡ ❞✐❛❣♥óst✐❝♦✱ ❡♠ r❡❧❛çã♦ à ❞♦❡♥ç❛✳

❖ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠ r❡❣r❛s ❢✉③③② ✲ ❙❇❘❋ ✲ ❞❡s❝r✐t♦ ♥♦ ❝❛♣ít✉❧♦ ❛♥t❡✲

r✐♦r✱ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ♣r❡❞✐③❡r ♦ ❡stá❣✐♦ ♣❛t♦❧ó❣✐❝♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡✈♦❧✉çã♦ ❞❛ ❞♦❡♥ç❛✱ ❡ss❡ ❡stá❣✐♦ ♣♦❞❡ s❡r✿ ❧♦❝❛❧✐③❛❞♦ ♥❛

❣❧â♥❞✉❧❛✱ ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞♦ ❡ ♠❡t❛stát✐❝♦✱ ❝♦♠ ❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s ✈❡sí✲

❝✉❧❛s s❡♠✐♥❛✐s ❡✴♦✉ ❧✐♥❢♦♥♦❞♦s ♣é❧✈✐❝♦s✳ P♦rt❛♥t♦✱ ♦ ❙❇❘❋ é ✉♠ t❡st❡ ❞❡

❞✐❛❣♥óst✐❝♦✱ q✉❡ ❞✐s❝r✐♠✐♥❛ ♦s ❡stá❣✐♦s ❞❛ ❞♦❡♥ç❛✳

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

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

✽✸



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

✈❛❞❛✱ ♣❡❧♦s ❡s♣❡❝✐❛❧✐st❛s✱ ❛ r❡❛❧✐❞❛❞❡ ❝❧í♥✐❝❛ ❞♦s ♣❛❝✐❡♥t❡s ❜r❛s✐❧❡✐r♦s✳

❖ ♦❜❥❡t✐✈♦ ❞❡ss❡ ❝❛♣ít✉❧♦ é ✐♠♣❧❡♠❡♥t❛r ♦✉tr❛s ♠♦❞✐✜❝❛çõ❡s ♥♦ ♠♦❞❡❧♦

❢✉③③② q✉❡ ❞❡s❝r❡✈❡♠♦s✱ ✈✐s❛♥❞♦ ♠❡❧❤♦r❛r s✉❛ ♣❡r❢♦r♠❛♥❝❡✱ ✐st♦ é✱ ♦❜t❡r r❡✲

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

✹✳✷ ❆s ✈❛r✐á✈❡✐s ❞❡ ❊♥tr❛❞❛ ❡ ❙❛í❞❛ ❞♦ ❙✐st❡♠❛

◆♦ ♠♦❞❡❧♦ ❢✉③③② q✉❡ ❝♦♥str✉í♠♦s✱ ❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ✲ ❊st❛❞♦ ❈❧í♥✐❝♦✱

◆í✈❡❧ ❞❡ P❙❆ ❡ ❊s❝♦r❡ ❞❡ ●❧❡❛s♦♥ ❡ ❛ ✈❛r✐á✈❡❧ ❞❡ s❛í❞❛ ✲ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛ ✲

❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s ❝♦♠♦ ✈❛r✐á✈❡✐s ❧✐♥❣üíst✐❝❛s ❡ s❡✉s ✈❛❧♦r❡s ❝♦♠♦ ❝♦♥❥✉♥t♦s

❢✉③③②✱ ❡♠ s❡✉s r❡s♣❡❝t✐✈♦s ❞♦♠í♥✐♦s✳

❖s t❡r♠♦s ❧✐♥❣üíst✐❝♦s ❛tr✐❜✉í❞♦s à ❡st❛s ✈❛r✐á✈❡✐s ❢♦r❛♠ ♠❛♥t✐❞♦s✳ ❆s✲

s✐♠✱ ♦ ❊st❛❞♦ ❈❧í♥✐❝♦ ❢♦✐ ❝❧❛ss✐✜❝❛❞♦ ❡♠ ❚✶✱ ❚✷❛✱ ❚✷❜✱ ❚✷❝ ❡ ❚✸❛✳ ❖

◆í✈❡❧ ❞❡ P❙❆ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ◆♦r♠❛❧ ✲ ❛té ✹ ♥❣✴♠❧ ✲ ▲❡✈❡♠❡♥t❡ ❊❧❡✈❛❞♦

✲ ❡♥tr❡ ✹ ❡ ✶✵ ♥❣✴♠❧ ✲ ▼♦❞❡r❛❞❛♠❡♥t❡ ❊❧❡✈❛❞♦ ✲ ❡♥tr❡ ✶✵ ❡ ✷✵ ♥❣✴♠❧ ✲ ❡

❆❧t❛♠❡♥t❡ ❊❧❡✈❛❞♦ ✲ ❛❝✐♠❛ ❞❡ ✷✵ ♥❣✴♠❧✳ ❖ ❊s❝♦r❡ ❞❡ ●❧❡❛s♦♥ ❢♦✐ ❞❡♥♦✲

♠✐♥❛❞♦ ❇❡♠ ❉✐❢❡r❡♥❝✐❛❞♦ ✭❣r❛✉s ✷✱ ✸ ❡ ✹✮✱ ▼é❞✐♦ ❉✐❢❡r❡♥❝✐❛❞♦ ✭❣r❛✉

✺✮✱ ▼é❞✐♦✲❇❛✐①♦ ❉✐❢❡r❡♥❝✐❛❞♦ ✭❣r❛✉ ✻✮✱ P♦✉❝♦ ❉✐❢❡r❡♥❝✐❛❞♦ ✭❣r❛✉ ✼✮

❡ ■♥❞✐❢❡r❡♥❝✐❛❞♦ ✭❣r❛✉s ✽✱ ✾ ❡ ✶✵✮✳ ❋✐♥❛❧♠❡♥t❡✱ ♦ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛ ❢♦✐

❝❧❛ss✐✜❝❛❞♦ ❡♠ ▲♦❝❛❧✐③❛❞♦✱ ▲♦❝❛❧♠❡♥t❡ ❆✈❛♥ç❛❞♦ ❡ ▼❡t❛stát✐❝♦✳

❆s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛✱ ♣❛r❛ ❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛✱ ❡stã♦ r❡♣r❡s❡♥t❛✲

❞❛s ♥❛s ✜❣✉r❛s ✸✳✸✱ ✸✳✹ ❡ ✸✳✺✳

❆ ✈❛r✐á✈❡❧ ❞❡ s❛í❞❛ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛ é q✉❛❧✐t❛t✐✈❛✱ ❡ ❝♦♠♦ ❥á ❝♦♠❡♥✲

t❛♠♦s✱ ❢♦✐ ❡s❝♦❧❤✐❞❛ ✉♠❛ ❡s❝❛❧❛ ❞❡ ✵ ❛ ✶ ♣❛r❛ ✐♥❞✐❝❛r ❛ ❡①t❡♥sã♦ ❞♦ ❝â♥❝❡r✳

■♥✐❝✐❛❧♠❡♥t❡✱ ♥✉♠❛ ❡s♣é❝✐❡ ❞❡ ✏❝❤✉t❡✑✱ ❝♦♥str✉í♠♦s s✉❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥✲

❝✐❛ ♥❛ ❢♦r♠❛ tr✐❛♥❣✉❧❛r ✭✈❡r ✜❣✉r❛ ✸✳✻✮✳ P♦st❡r✐♦r♠❡♥t❡✱ ❡ss❛s ❢✉♥çõ❡s ❢♦r❛♠
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❛❞❛♣t❛❞❛s ❡ ❞✐s❝✉t✐r❡♠♦s ✐ss♦ ♠❛✐s ❛❞✐❛♥t❡✳

❋✐③❡♠♦s ✉♠❛ ♣r✐♠❡✐r❛ ♠♦❞✐✜❝❛çã♦ ♥❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ tr✐❛♥❣✉❧❛✲

r❡s✱ q✉❡ ❞❡s❝r❡✈❡♠ ♦s ❝♦♥❥✉♥t♦s ❢✉③③② ❞❛ s❛í❞❛ ❞♦ s✐st❡♠❛✳ ▼❛♥t✐✈❡♠♦s ❛

❢♦r♠❛ tr✐❛♥❣✉❧❛r✱ ♣♦ré♠ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠❛ ✐♥t❡rs❡❝çã♦ ❡♥tr❡ ♦s três ❡stá❣✐♦s✱

♣♦✐s ♣♦❞❡ ♦❝♦rr❡r ♥✉♠❛ s✐t✉❛çã♦ r❡❛❧✳ ❆ ✜❣✉r❛ ✹✳✶ ♠♦str❛ ❛ r❡♣r❡s❡♥t❛çã♦

❞❡ss❛s ❢✉♥çõ❡s✳

❋✐❣✉r❛ ✹✳✶✿ ❋✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞♦s ❝♦♥❥✉♥t♦s ❢✉③③②✱ ❛ss✉♠✐❞♦s ♣❡❧❛ ✈❛r✐á✈❡❧

❧✐♥❣üíst✐❝❛ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛✳

✹✳✸ ❆ ❇❛s❡ ❞❡ ❘❡❣r❛s ❡ ❛❧❣✉♠❛s ❙✐♠✉❧❛çõ❡s

❆s ✐♥❢♦r♠❛çõ❡s ❝♦♥t✐❞❛s ♥♦s ♥♦♠♦❣r❛♠❛s ✲ ❞❡ ❙t❡♣❤❡♥s♦♥ ❡ ❑❛tt❛♥ ✭✷✵✵✻✮

❬✹✾❪ ✲ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ♥❛ ❡❧❛❜♦r❛çã♦ ❞❛ ❜❛s❡ ❞❡ r❡❣r❛s ❢✉③③②✳ ❋✐③❡♠♦s t♦❞❛s ❛s

❞✐❢❡r❡♥t❡s ❝♦♠❜✐♥❛çõ❡s ❡♥tr❡ ❡st❛❞♦ ❝❧í♥✐❝♦✱ ♥í✈❡❧ ❞❡ P❙❆ ❡ ❣r❛✉ ❞❡ ●❧❡❛s♦♥✱

✽✺



❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ♦s t❡r♠♦s ❧✐♥❣üíst✐❝♦s✱ ❛tr✐❜✉í❞♦s à ❝❛❞❛ ✉♠❛ ❞❛s ✈❛r✐á✈❡✐s✱

❡ ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ♣❛r❛ ♦s ❞✐❢❡r❡♥t❡s ❡stá❣✐♦s ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳ ❱✐♠♦s

♥❛ t❛❜❡❧❛ ✸✳✶ ❛❧❣✉♠❛s ❞❛s r❡❣r❛s ❝♦♥str✉í❞❛s✳

❊ss❛s r❡❣r❛s ❢♦r❛♠ ♣♦♥❞❡r❛❞❛s q✉❛♥❞♦ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ ❞❡

❡st❛r ❡♠ ❞♦✐s ❡stá❣✐♦s ❞✐st✐♥t♦s✱ ❢♦✐ ♠❡♥♦r ❞♦ q✉❡ ✷✵✪✳ ❈❛s♦ ❝♦♥trár✐♦✱ ♣❛r❛

❞❡✜♥✐r ❛ r❡❣r❛ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❛ ♠❛✐♦r ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s✳ ◆❛ s❡çã♦ ✸✳✸

❞❡s❝r❡✈❡♠♦s ❡ss❡ ♣r♦❝❡❞✐♠❡♥t♦✳

◆❛ t❡♥t❛t✐✈❛ ❞❡ ❛♣❡r❢❡✐ç♦❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠♦❞❡❧♦✱ ❞❡❝✐❞✐♠♦s r❡❝♦♥s✲

tr✉✐r ❛ ❜❛s❡ ❞❡ r❡❣r❛s ❝♦♥s✐❞❡r❛♥❞♦ t♦❞❛s ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ✲ ♣r❡s❡♥t❡s ♥♦s

♥♦♠♦❣r❛♠❛s ✲ ♣❛r❛ ♦s ❞✐❢❡r❡♥t❡s ❡stá❣✐♦s ❞❛ ❞♦❡♥ç❛✱ r❡❢❡r❡♥t❡s à t♦❞❛s ❛s

❝♦♠❜✐♥❛çõ❡s ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛✳ ❆ s❡❣✉✐r ❛♣r❡s❡♥t❛♠♦s ✉♠ ❡①❡♠✲

♣❧♦ ❞♦ ♥♦✈♦ ♣r♦❝❡❞✐♠❡♥t♦ ❛❞♦t❛❞♦✳

P❛r❛ ✉♠ ♣❛❝✐❡♥t❡ ❝♦♠ ❡st❛❞♦ ❝❧í♥✐❝♦ ❚✷❛✱ ♥í✈❡❧ ❞❡ P❙❆ < ✹ ❡ ❡s❝♦r❡ ❞❡

●❧❡❛s♦♥ ✻✱ ❝♦♥st❛♠ ♥♦s ♥♦♠♦❣r❛♠❛s ❛s s❡❣✉✐♥t❡s ♣r♦❜❛❜✐❧✐❞❛❞❡s✿ ✻✹✪ ♣❛r❛

❝â♥❝❡r ❧♦❝❛❧✐③❛❞♦✱ ✸✹✪ ♣❛r❛ ❞♦❡♥ç❛ ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞❛ ❡ ✷✪ ♣❛r❛ ❞♦❡♥ç❛

♠❡t❛stát✐❝❛✳ ❈♦♠ ❡ss❛s ✐♥❢♦r♠❛çõ❡s ❝♦♥str✉í♠♦s ❛s r❡❣r❛s ♥ú♠❡r♦s ✸✶✱ ✸✷ ❡

✸✸ ❞❛ t❛❜❡❧❛ ✹✳✶✳

• ✸✶✮ ✏❙❡ ❊st❛❞♦ ❈❧í♥✐❝♦ é ❚✷❛✱ ◆í✈❡❧ ❞❡ P❙❆ é ◆♦r♠❛❧ ❡ ❊s❝♦r❡ ❞❡ ●❧❡❛✲

s♦♥ é ▼é❞✐♦✲❇❛✐①♦ ❉✐❢❡r❡♥❝✐❛❞♦✱ ❡♥tã♦ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛ é ▲♦❝❛❧✐③❛❞♦

✭✵✱✻✹✮✑✳

• ✸✷✮ ✏❙❡ ❊st❛❞♦ ❈❧í♥✐❝♦ é ❚✷❛✱ ◆í✈❡❧ ❞❡ P❙❆ é ◆♦r♠❛❧ ❡ ❊s❝♦r❡ ❞❡ ●❧❡❛✲

s♦♥ é ▼é❞✐♦✲❇❛✐①♦ ❉✐❢❡r❡♥❝✐❛❞♦✱ ❡♥tã♦ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛ é ▲♦❝❛❧♠❡♥t❡

❆✈❛♥ç❛❞♦ ✭✵✱✸✹✮✑✳

• ✸✸✮ ✏❙❡ ❊st❛❞♦ ❈❧í♥✐❝♦ é ❚✷❛✱ ◆í✈❡❧ ❞❡ P❙❆ é ◆♦r♠❛❧ ❡ ❊s❝♦r❡ ❞❡ ●❧❡❛✲

s♦♥ é ▼é❞✐♦✲❇❛✐①♦ ❉✐❢❡r❡♥❝✐❛❞♦✱ ❡♥tã♦ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛ é ▼❡t❛stát✐❝♦

✭✵✱✵✷✮✑✳

✽✻



◆ ❊❙❚✳❈▲❮◆✳ P❙❆ ●▲❊❆❙❖◆ ❊❙❚➪●■❖ P❊❙❖

✵✶ ❚✶ ◆♦r♠❛❧ ❇❡♠ ❉✐❢✳ ▲♦❝❛❧✐③❛❞♦ ✵✱✽✵

✵✷ ❚✶ ◆♦r♠❛❧ ❇❡♠ ❉✐❢✳ ▲♦❝✳ ❆✈❛♥✳ ✵✱✶✾

✵✸ ❚✶ ◆♦r♠❛❧ ❇❡♠ ❉✐❢✳ ▼❡t❛stát✐❝♦ ✵✱✵✶

✸✶ ❚✷❛ ◆♦r♠❛❧ ▼é❞✲❇ ❉✐❢✳ ▲♦❝❛❧✐③❛❞♦ ✵✱✻✹

✸✷ ❚✷❛ ◆♦r♠❛❧ ▼é❞✲❇ ❉✐❢✳ ▲♦❝✳ ❆✈❛♥✳ ✵✱✸✹

✸✸ ❚✷❛ ◆♦r♠❛❧ ▼é❞✲❇✳ ❉✐❢✳ ▼❡t❛stát✐❝♦ ✵✱✵✷

✶✷✹ ❚✷❝ ▲❡✈✳ ❊❧❡✈✳ P♦✉❝♦ ❉✐❢✳ ▲♦❝❛❧✐③❛❞♦ ✵✱✷✺

✶✷✺ ❚✷❝ ▲❡✈✳ ❊❧❡✈✳ P♦✉❝♦ ❉✐❢✳ ▲♦❝✳ ❆✈❛♥✳ ✵✱✹✽

✶✷✻ ❚✷❝ ▲❡✈✳ ❊❧❡✈✳ P♦✉❝♦ ❉✐❢✳ ▼❡t❛stát✐❝♦ ✵✱✷✼

❚❛❜❡❧❛ ✹✳✶✿ ❆❧❣✉♠❛s ❞❛s ✷✽✺ r❡❣r❛s ❞❛ ♥♦✈❛ ❇❛s❡ ❞❡ ❘❡❣r❛s✳ ❆ ú❧t✐♠❛ ❝♦❧✉♥❛ é

❢♦r♠❛❞❛ ♣❡❧♦s ♣❡s♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ♣♦♥❞❡rá✲❧❛s✳

❆s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ❝❛❞❛ ❡stá❣✐♦ ❞❛ ❞♦❡♥ç❛ ❝♦♥st✐t✉ír❛♠

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

r❡❣r❛s✳

❉❡✜♥✐❞❛ ❡ss❛ ♥♦✈❛ ❜❛s❡ ❞❡ r❡❣r❛s✱ ♠❛♥t✐✈❡♠♦s ♦ ♣r♦❝❡ss♦ ❞❡ ✐♥❢❡rê♥❝✐❛

♣❡❧♦ ▼ét♦❞♦ ❞❡ ▼❛♠❞❛♥✐ ❡ ❛ ❞❡❢✉③③✐✜❝❛çã♦ ♣❡❧♦ ▼ét♦❞♦ ❞♦ ❈❡♥tr♦ ❞❡ ●r❛✲

✈✐❞❛❞❡✳

❋✐③❡♠♦s ❛❧❣✉♠❛s s✐♠✉❧❛çõ❡s ❞❡ss❡ ♥♦✈♦ ♠♦❞❡❧♦✱ ✉t✐❧✐③❛♥❞♦ ✐♥✐❝✐❛❧♠❡♥t❡

❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛✱ ❞❛ s❛í❞❛ ❞♦ s✐st❡♠❛✱ ♥❛ ❢♦r♠❛ tr✐❛♥❣✉❧❛r ✭✈❡r ✜❣✉r❛

✹✳✶✮✳ ❖s ❞❛❞♦s ♣ré✲❝✐rúr❣✐❝♦s ❝♦♥s✐❞❡r❛❞♦s sã♦ ❞❡ ♣❛❝✐❡♥t❡s ❞♦ ❍♦s♣✐t❛❧ ❞❛s

❈❧í♥✐❝❛s ❞❛ ❯◆■❈❆▼P ❡ ♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛♠✲s❡ ♥❛ t❛❜❡❧❛ ✹✳✷✳

❆ss✐♠✱ ♣♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ♣❛❝✐❡♥t❡ ❝♦♠ t✉♠♦r ♣❛❧♣á✈❡❧ ✭❚✷❝✮✱ ♥í✈❡❧ ❞❡

P❙❆ ♠♦❞❡r❛❞❛♠❡♥t❡ ❡❧❡✈❛❞♦ ✭✶✽✱✷✮ ❡ ❡s❝♦r❡ ❞❡ ●❧❡❛s♦♥ ♣♦✉❝♦ ❞✐❢❡r❡♥❝✐❛❞♦

✭✼✮✱ ♦s ❣r❛✉s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❛♦s ❝♦♥❥✉♥t♦s ❢✉③③② ❧♦❝❛❧✐③❛❞♦✱ ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥✲

ç❛❞♦ ❡ ♠❡t❛stát✐❝♦ sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✵✱✶✵✱ ✵✱✾✷ ❡ ✵✱✷✸✳ ❊ss❡ r❡s✉❧t❛❞♦

✽✼



❊st✳❈❧✐♥✳ P❙❆ ●❧❡❛s♦♥ ❙❛í❞❛ ▲♦❝❛❧✐③✳ ▲♦❝✳ ❆✈❛♥✳ ▼❡t❛st✳

❚✶ ✶✷ ✺ ✵✱✸✾✾ ✵✱✸✸ ✵✱✽✵ ✵✱✵✵

❚✸❛ ✷✸✱✼ ✼ ✵✱✻✸✷ ✵✱✵✵ ✵✱✼✹ ✵✱✸✾

❚✷❝ ✶✽✱✷ ✼ ✵✱✺✸✽ ✵✱✶✵ ✵✱✾✷ ✵✱✷✸

❚✶ ✼✱✺ ✺ ✵✱✸✺✵ ✵✱✹✷ ✵✱✼✵ ✵✱✵✵

❚✷❜ ✶✺✱✹ ✾ ✵✱✺✾✵ ✵✱✵✷ ✵✱✽✸ ✵✱✸✶

❚❛❜❡❧❛ ✹✳✷✿ P❡rt✐♥ê♥❝✐❛ ❛♦s ❝♦♥❥✉♥t♦s ❢✉③③② q✉❡ r❡♣r❡s❡♥t❛♠ ♦s ❡stá❣✐♦s ❞❛ ❞♦❡♥ç❛✿

▲♦❝❛❧✐③❛❞♦ ♥❛ Próst❛t❛✱ ▲♦❝❛❧♠❡♥t❡ ❆✈❛♥ç❛❞♦ ❡ ▼❡t❛stát✐❝♦✳

✐♥❞✐❝❛ q✉❡ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ q✉❡ ♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛ ❡st❡❥❛ ❧♦❝❛❧♠❡♥t❡

❛✈❛♥ç❛❞♦ é ♠❛✐♦r✳

❙❡ ✈❡r✐✜❝❛r♠♦s ♦s ♥♦♠♦❣r❛♠❛s✱ ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❝♦rr❡s♣♦♥❞❡♥t❡s às ♣❡r✲

t✐♥ê♥❝✐❛s q✉❡ ♠❡♥❝✐♦♥❛♠♦s sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✵✱✶✺✱ ✵✱✹✺ ❡ ✵✱✹✵✳ P♦❞❡♠♦s

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

ç❛❞♦ ❡ ♠❡t❛stát✐❝♦ é ♣❡q✉❡♥❛✳

◆❡ss❡ ❝❛s♦✱ ♦s r❡s✉❧t❛❞♦s ❞♦ ❙❇❘❋ ♠♦str❛r❛♠✲s❡ ❧✐❣❡✐r❛♠❡♥t❡ ♠❡♥♦s ♣❡s✲

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

❛✈❛♥ç❛❞❛ ❢♦✐ ❜❡♠ ♠❛✐♦r✱ ❞♦ q✉❡ ❛ ❞❡ ❤❛✈❡r ❢♦r♠❛çã♦ ❞❡ ♠❡tást❛s❡s✳

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

✈♦s r❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s✱ ✉t✐❧✐③❛♥❞♦ ❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞❛ s❛í❞❛

♥❛ ❢♦r♠❛ tr✐❛♥❣✉❧❛r✱ ✈❡r❡♠♦s q✉❡ ❛✐♥❞❛ sã♦ r❡s♣♦st❛s ♠❛✐s ♣ró①✐♠❛s ❞❛s

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

❉✐❛♥t❡ ❞✐ss♦✱ ✜③❡♠♦s ✉♠❛ ♥♦✈❛ ❛❞❛♣t❛çã♦ ❞❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛✱

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

❞❡ ❝❛❞❛ ❡stá❣✐♦✳ ❊ss❡ é ♦ ❛ss✉♥t♦ ❞❛ ♣ró①✐♠❛ s❡çã♦✳

✽✽



✹✳✹ ❆❞❛♣t❛çã♦ ❞❛s ❋✉♥çõ❡s ❞❡ P❡rt✐♥ê♥❝✐❛

❆ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠ ♣❛❝✐❡♥t❡✱ ❝♦♠ ❞❡t❡r♠✐♥❛❞♦ q✉❛❞r♦ ❝❧í♥✐❝♦ ✲ ❡st❛❞♦

❝❧í♥✐❝♦✱ ♥í✈❡❧ ❞❡ P❙❆ ❡ ❣r❛✉ ❞❡ ●❧❡❛s♦♥ ✲ ❡st❛r ❡♠ ✉♠ ❞♦s ❡stá❣✐♦s ❞♦ ❝â♥❝❡r

❞❡ ♣róst❛t❛✿ ❧♦❝❛❧✐③❛❞♦✱ ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞♦ ❡ ♠❡t❛stát✐❝♦✱ ❡♥❝♦♥tr❛✲s❡ ♥♦s

♥♦♠♦❣r❛♠❛s ❞❡ ❙t❡♣❤❡♥s♦♥ ❡ ❑❛tt❛♥ ✭✷✵✵✻✮ ❬✹✾❪✳

◆♦ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r✱ ♠♦str❛♠♦s ✉♠❛ ❢♦r♠❛ ❞❡ ❛❞❛♣t❛r ❛s ❢✉♥çõ❡s ❞❡ ♣❡r✲

t✐♥ê♥❝✐❛✱ q✉❡ ❞❡s❝r❡✈❡♠ ❛ s❛í❞❛ ❞♦ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠ r❡❣r❛s ❢✉③③② ✭❙❇❘❋✮✱

♣♦r ♠❡✐♦ ❞❡ ❛❥✉st❡s ❞❡ ❝✉r✈❛s ✲ ♠ét♦❞♦ ❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s✳ ◆❡ss❛ s❡çã♦✱

❛❞♦t❛r❡♠♦s ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ❛♥á❧♦❣♦✱ ♣♦ré♠ ❝♦♠ ❛❧❣✉♠❛s ♠♦❞✐✜❝❛çõ❡s✳

❈♦♥s✐❞❡r❛♥❞♦ ✉♠❛ ❛♠♦str❛ ❞❡ ✐♥❞✐✈í❞✉♦s ❡ ❝♦♠❜✐♥❛♥❞♦ ♦s ❞✐❢❡r❡♥t❡s ❡s✲

t❛❞♦s ❝❧í♥✐❝♦s✱ ♥í✈❡✐s ❞❡ P❙❆ ❡ ❡s❝♦r❡s ❞❡ ●❧❡❛s♦♥✱ ♦❜t❡♠♦s✱ ♣❡❧♦ ❙❇❘❋✱ ✉♠

♥ú♠❡r♦ r❡❛❧ α✱ ♣❡rt❡♥❝❡♥t❡ ❛♦ ✐♥t❡r✈❛❧♦ [0, 1]✱ ♣❛r❛ ❝❛❞❛ ❝♦♠❜✐♥❛çã♦✳ ❈♦♠♦

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

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

♣r♦❜❛❜✐❧✐❞❛❞❡ ✭✈❡r ✜❣✉r❛ ✸✳✼✮✳

P❛r❛ ♦ ❡stá❣✐♦ ▲♦❝❛❧✐③❛❞♦✱ ❝♦♥s✐❞❡r❛♠♦s ❛ ♠❡s♠❛ ❝✉r✈❛ q✉❡ ❢♦✐ ❛❥✉st❛❞❛✱

❛♥t❡r✐♦r♠❡♥t❡✱ às ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ ♦ ♣❛❝✐❡♥t❡ ❡st❛r ♥❡ss❡ ❡stá❣✐♦✳ ■ss♦ ♦❝♦r✲

r❡✉ ♣♦✐s✱ ♣❛r❛ ❡ss❡ ❡stá❣✐♦ ❞❛ ❞♦❡♥ç❛✱ ♦s r❡s✉❧t❛❞♦s ❢♦r❛♠ s❛t✐s❢❛tór✐♦s✳

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

♥❡❝✐❞❛ ♣❡❧♦s ♥♦♠♦❣r❛♠❛s✱ ❞❡ ♦ ♣❛❝✐❡♥t❡ ❡st❛r ❡♠ ❝❛❞❛ ✉♠ ❞♦s ❡stá❣✐♦s✱ ▲♦✲

❝❛❧♠❡♥t❡ ❆✈❛♥ç❛❞♦ ❡ ▼❡t❛stát✐❝♦✳ ❊ss❛s ❢✉♥çõ❡s ❛❥✉st❛❞❛s✱ ♣❛r❛ ❡ss❡s ❞♦✐s

❡stá❣✐♦s✱ ❢♦r❛♠ ♥♦r♠❛❧✐③❛❞❛s ❡ ❝♦♥❝❡♥tr❛❞❛s ✭♣ ❂ ✸✮✳

❱ár✐❛s ❛♠♦str❛s ❞❡ ✐♥❞✐✈í❞✉♦s✱ ❝♦♠ ❞✐❢❡r❡♥t❡s q✉❛❞r♦s ❝❧í♥✐❝♦s✱ ❢♦r❛♠

s✐♠✉❧❛❞❛s ❡ ♥♦✈❛s ❝✉r✈❛s ❢♦r❛♠ ❛❥✉st❛❞❛s às ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ ♦❝♦rrê♥❝✐❛

❞❡ ❝❛❞❛ ✉♠ ❞❡ss❡s ❞♦✐s ❡stá❣✐♦s✳ ❆s ❢✉♥çõ❡s ♦❜t✐❞❛s ❢♦r❛♠ ♥♦r♠❛❧✐③❛❞❛s

❡ ❝♦♥❝❡♥tr❛❞❛s ✭♣ ❂ ✸✮✳ ❖ ♣r♦❝❡ss♦ ❢♦✐ r❡♣❡t✐❞♦ ❛té ♥ã♦ ❤❛✈❡r ❞✐❢❡r❡♥ç❛

s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛ s❛í❞❛ ♥♦✈❛ ❡ ❛ ❛♥t❡r✐♦r✳

✽✾



◆❛ ✜❣✉r❛ ✹✳✷ ❡stã♦ r❡♣r❡s❡♥t❛❞❛s ❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❛♦s ❝♦♥❥✉♥t♦s

❢✉③③②✱ ❞❛ s❛í❞❛ ❞♦ s✐st❡♠❛✱ ♦❜t✐❞❛s ♣♦r ♠❡✐♦ ❞♦s ♥♦✈♦s ❛❥✉st❡s ❞❡ ❝✉r✈❛s✳

❋✐❣✉r❛ ✹✳✷✿ ❋✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞♦s ❝♦♥❥✉♥t♦s ❢✉③③②✱ ❛ss✉♠✐❞♦s ♣❡❧❛ ✈❛r✐á✈❡❧

❧✐♥❣üíst✐❝❛ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛✳

✹✳✺ ◆♦✈❛s ❙✐♠✉❧❛çõ❡s

❯t✐❧✐③❛♥❞♦ ❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞❛ s❛í❞❛ ❞♦ s✐st❡♠❛✱ ❡♥❝♦♥tr❛❞❛s ❛tr❛✈és

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

❝♦♥s✐❞❡r❛♥❞♦ ♦s ❞❛❞♦s ❞♦ ❍♦s♣✐t❛❧ ❞❛s ❈❧í♥✐❝❛s ❞❛ ❯◆■❈❆▼P✳ ❆s t❛❜❡❧❛s

✹✳✸ ❡ ✹✳✹ ♠♦str❛♠ ♦s r❡s✉❧t❛❞♦s q✉❡ ♦❜t✐✈❡♠♦s✳

❙❡❥❛✱ ♣♦r ❡①❡♠♣❧♦✱ ✉♠ ♣❛❝✐❡♥t❡ ❝♦♠ ❡st❛❞♦ ❝❧í♥✐❝♦ ❚✷❛✱ ♥í✈❡❧ ❞❡ P❙❆ ✹✱✻

❡ ❣r❛✉ ❞❡ ●❧❡❛s♦♥ ✻✳ ❆s ♣♦ss✐❜✐❧✐❞❛❞❡s✱ ❞❡t❡r♠✐♥❛❞❛s ♣❡❧♦ ❙❇❘❋✱ ❞❡ q✉❡ ♦

❝â♥❝❡r ❞❡ ♣róst❛t❛ ❡st❡❥❛ ❧♦❝❛❧✐③❛❞♦✱ ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞♦ ❡ ♠❡t❛stát✐❝♦ sã♦✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✵✱✺✾✱ ✵✱✸✹ ❡ ✵✳ ❚r❛♥s❢♦r♠❛♥❞♦ ❡ss❡s ✈❛❧♦r❡s ❡♠ ♣r♦❜❛❜✐❧✐✲
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❞❛❞❡s ✲ ✈✐❛ ❡①♣r❡ssã♦ ✭✷✳✶✸✮ ✲ ♦❜t❡♠♦s ✻✹✪✱ ✸✻✪ ❡ ✵✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❙❇❘❋ ❑❛tt❛♥ ❡t ❛❧

P❛❝✐❡♥t❡ ❊stá❣✐♦ P♦ss✐❜✳ Pr♦❜❛❜✳ ◆♦♠♦❣r❛♠❛

❊st✳ ❈❧í♥✐❝♦ ❚✷❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✺✾ ✻✹✪ ✺✶✪

P❙❆ ✹✱✻ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✸✹ ✸✻✪ ✹✹✪

●❧❡❛s♦♥ ✻ ▼❡t❛stát✐❝♦ ✵ ✵✪ ✺✪

❊st✳ ❈❧í♥✐❝♦ ❚✷❜ ▲♦❝❛❧✐③❛❞♦ ✵✱✷✸ ✷✵✪ ✶✸✪

P❙❆ ✶✸✱✸ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✽✶ ✼✶✪ ✺✶✪

●❧❡❛s♦♥ ✼ ▼❡t❛stát✐❝♦ ✵✱✶✵ ✾✪ ✸✻✪

❊st✳ ❈❧í♥✐❝♦ ❚✷❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✹✺ ✸✼✪ ✸✽✪

P❙❆ ✶✶ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✼✻ ✻✸✪ ✺✷✪

●❧❡❛s♦♥ ✻ ▼❡t❛stát✐❝♦ ✵ ✵✪ ✾✪

❊st✳ ❈❧í♥✐❝♦ ❚✸❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✶✺ ✶✽✪ ✸✪

P❙❆ ✶✺✱✻ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✹✸ ✺✶✪ ✷✻✪

●❧❡❛s♦♥ ✽ ▼❡t❛stát✐❝♦ ✵✱✷✻ ✸✶✪ ✼✶✪

❊st✳ ❈❧í♥✐❝♦ ❚✶ ▲♦❝❛❧✐③❛❞♦ ✵✱✹✽ ✹✶✪ ✹✾✪

P❙❆ ✺✱✺ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✻✽ ✺✾✪ ✸✻✪

●❧❡❛s♦♥ ✼ ▼❡t❛stát✐❝♦ ✵ ✵✪ ✶✺✪

❊st✳ ❈❧í♥✐❝♦ ❚✷❝ ▲♦❝❛❧✐③❛❞♦ ✵✱✷✽ ✷✷✪ ✶✺✪

P❙❆ ✶✶✱✸ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✾✻ ✼✹✪ ✹✺✪

●❧❡❛s♦♥ ✼ ▼❡t❛stát✐❝♦ ✵✱✵✺ ✹✪ ✹✵✪

❊st✳ ❈❧í♥✐❝♦ ❚✷❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✷✹ ✷✵✪ ✺✪

P❙❆ ✸✵ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✽✺ ✼✷✪ ✸✽✪

●❧❡❛s♦♥ ✽ ▼❡t❛stát✐❝♦ ✵✱✵✾ ✽✪ ✺✼✪

❚❛❜❡❧❛ ✹✳✸✿ ❈♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s✱ ♦❜t✐❞♦s ♣❡❧♦ ♥♦✈♦ ❙❇❘❋✱ ❝♦♠ ❛s ♣r♦❜❛✲

❜✐❧✐❞❛❞❡s ❞❡ ❑❛tt❛♥ ❡t ❛❧ ❬✹✾❪✳ ❆ ❝♦❧✉♥❛ Pr♦❜❛❜✳ é ❛ tr❛♥s❢♦r♠❛çã♦ ❞❛ ♣♦ss✐❜✐❧✐❞❛❞❡

❡♠ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ ✈✐❛ ❡q✉❛çã♦ ✭✷✳✶✸✮✳

✾✶



❙❇❘❋ ❑❛tt❛♥ ❡t ❛❧

P❛❝✐❡♥t❡ ❊stá❣✐♦ P♦ss✐❜✳ Pr♦❜❛❜✳ ◆♦♠♦❣r❛♠❛

❊st✳ ❈❧í♥✐❝♦ ❚✸❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✶✶ ✶✺✪ ✻✪

P❙❆ ✶✼✱✷ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✸✷ ✹✸✪ ✹✵✪

●❧❡❛s♦♥ ✼ ▼❡t❛stát✐❝♦ ✵✱✸✷ ✹✷✪ ✺✹✪

❊st✳ ❈❧í♥✐❝♦ ❚✷❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✸✹ ✷✻✪ ✸✸✪

P❙❆ ✻✱✾✽ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✾✼ ✼✹✪ ✺✷✪

●❧❡❛s♦♥ ✼ ▼❡t❛stát✐❝♦ ✵✱✵✶ ✵✪ ✶✹✪

❊st✳ ❈❧í♥✐❝♦ ❚✷❛ ▲♦❝❛❧✐③❛❞♦ ✵✱✺✼ ✻✸✪ ✺✶✪

P❙❆ ✹✱✹✼ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✸✹ ✸✼✪ ✹✹✪

●❧❡❛s♦♥ ✻ ▼❡t❛stát✐❝♦ ✵ ✵✪ ✺✪

❊st✳ ❈❧í♥✐❝♦ ❚✶ ▲♦❝❛❧✐③❛❞♦ ✵✱✹✻ ✹✷✪ ✸✸✪

P❙❆ ✶✶✱✾ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✻✹ ✺✽✪ ✹✾✪

●❧❡❛s♦♥ ✻ ▼❡t❛stát✐❝♦ ✵ ✵✪ ✶✼✪

❊st✳ ❈❧í♥✐❝♦ ❚✷❝ ▲♦❝❛❧✐③❛❞♦ ✵✱✶✾ ✶✽✪ ✶✺✪

P❙❆ ✶✹✱✺ ▲♦❝✳ ❆✈❛♥ç❛❞♦ ✵✱✼✷ ✻✾✪ ✹✺✪

●❧❡❛s♦♥ ✼ ▼❡t❛stát✐❝♦ ✵✱✶✹ ✶✸✪ ✹✵✪

❚❛❜❡❧❛ ✹✳✹✿ ❈♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s✱ ♦❜t✐❞♦s ♣❡❧♦ ♥♦✈♦ ❙❇❘❋✱ ❝♦♠ ❛s ♣r♦❜❛✲

❜✐❧✐❞❛❞❡s ❞❡ ❑❛tt❛♥ ❡t ❛❧ ❬✹✾❪✳

❏á ♥♦s ♥♦♠♦❣r❛♠❛s✱ r❡❢❡r❡♥t❡s ❛ ❡ss❡ q✉❛❞r♦ ❝❧í♥✐❝♦✱ ❝♦♥st❛♠ r❡s♣❡❝t✐✈❛✲

♠❡♥t❡✱ ❛s s❡❣✉✐♥t❡s ♣r♦❜❛❜✐❧✐❞❛❞❡s✿ ✺✶✪✱ ✹✹✪ ❡ ✺✪✳

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

❢♦r❛♠ ✐❞ê♥t✐❝❛s✳ ❊♥tr❡t❛♥t♦✱ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❛ ❞♦❡♥ç❛ ❡st❛r ❧♦❝❛❧✐③❛❞❛ ♥❛

❣❧â♥❞✉❧❛ s❡ ❡❧❡✈♦✉✱ ❡♥q✉❛♥t♦ q✉❡ ♦ r✐s❝♦ ❞❡ ❤❛✈❡r ♠❡tást❛s❡ ❢♦✐ r❡❞✉③✐❞♦ à ✵✳

P❛r❛ ✉♠ ♦✉tr♦ ♣❛❝✐❡♥t❡ ❝♦♠ ❡st❛❞♦ ❝❧í♥✐❝♦ ❚✷❛✱ ♥í✈❡❧ ❞❡ P❙❆ ✸✵ ❡ ❡s❝♦r❡

❞❡ ●❧❡❛s♦♥ ✽✱ ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s✱ s❡❣✉♥❞♦ ♦ ❙❇❘❋✱ sã♦ ✵✱✷✹ ✭❞♦❡♥ç❛ ❧♦❝❛❧✐✲

③❛❞❛✮✱ ✵✱✽✺ ✭❞♦❡♥ç❛ ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞❛✮ ❡ ✵✱✵✻ ✭♠❡tást❛s❡✮✳ ◆❡ss❡ ❝❛s♦✱

✾✷



❝♦♥✈❡rt✐❞♦s à ♣r♦❜❛❜✐❧✐❞❛❞❡s✱ ❡ss❡s ✈❛❧♦r❡s sã♦✿ ✷✵✪✱ ✼✷✪ ❡ ✽✪✱ r❡s♣❡❝t✐✈❛✲

♠❡♥t❡✳ ◆♦s ♥♦♠♦❣r❛♠❛s ❡♥❝♦♥tr❛♠♦s ✺✪✱ ✸✽✪ ❡ ✺✼✪✳

❖s r❡s✉❧t❛❞♦s ❞♦ ❙❇❘❋✱ ♣❛r❛ ❡st❡ ♣❛❝✐❡♥t❡✱ ❢♦r❛♠ ♠❛✐s ♦t✐♠✐st❛s✱ ♥❛

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

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

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

❡st❛r ❡s♣❛❧❤❛❞❛ ♣❡❧♦ ♦r❣❛♥✐s♠♦✳

❉❡ ♠♦❞♦ ❣❡r❛❧✱ ♣♦❞❡♠♦s ❛✜r♠❛r q✉❡ ❛♣ós ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ t♦❞❛s

❛s ♠♦❞✐✜❝❛çõ❡s✱ ❞❡s❝r✐t❛s ♥❡ss❡ ❝❛♣ít✉❧♦✱ ♦s r❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s s❡

♠♦str❛r❛♠ ♠❛✐s ♦t✐♠✐st❛s✱ ❡♠ r❡❧❛çã♦ ❛♦ ❡stá❣✐♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✱ ❞♦

q✉❡ ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ♣r❡s❡♥t❡s ♥♦s ♥♦♠♦❣r❛♠❛s ❞❡ ❑❛tt❛♥ ❡t ❛❧ ❬✹✾❪✳

✹✳✻ ❈♦♥s✐❞❡r❛çõ❡s ❋✐♥❛✐s

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

tá❣✐♦ ♣❛t♦❧ó❣✐❝♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳ ❚r❛t❛✲s❡ ❞❡ ✉♠ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦

q✉❡✱ ❛♣♦✐❛❞♦ ♥❛ ❚❡♦r✐❛ ❞❡ ❈♦♥❥✉♥t♦s ❋✉③③②✱ ✐♥❝❧✉✐ ❛s ✐♥❝❡rt❡③❛s ❡ s✉❜❥❡t✐✈✐✲

❞❛❞❡s ❡♥✈♦❧✈✐❞❛s ♥♦ ♣r♦❜❧❡♠❛✳

❆♣❡s❛r ❞❡ t♦❞❛s ❛s ✈❛♥t❛❣❡♥s q✉❡ ❛ ♠♦❞❡❧❛❣❡♠ ❢✉③③② ♣♦ss✉✐✱ ♣❛r❛ ❧✐❞❛r

❝♦♠ ✐♥❝❡rt❡③❛s✱ ❝♦♠♦ ❥á ❞✐s❝✉t✐♠♦s ❛♥t❡r✐♦r♠❡♥t❡✱ ♥♦ss♦s ♣r✐♠❡✐r♦s r❡s✉❧t❛✲

❞♦s ❢♦r❛♠ s❡♠❡❧❤❛♥t❡s às ♣r♦❜❛❜✐❧✐❞❛❞❡s ❝❛❧❝✉❧❛❞❛s✱ ♣♦r ❑❛tt❛♥ ❡t ❛❧✱ ❛tr❛✈és

❞❡ ♠ét♦❞♦s ❡st❛tíst✐❝♦s tr❛❞✐❝✐♦♥❛✐s✳

◆❛ ❛✈❛❧✐❛çã♦ ❞♦ ❡s♣❡❝✐❛❧✐st❛ q✉❡ ♥♦s ❛✉①✐❧✐♦✉✱ ♣r♦❢✳ ❉r✳ ❯❜✐r❛❥❛r❛ ❋❡r✲

r❡✐r❛ ✲ ❋❈▼ ❡ ❍❈ ❞❛ ❯◆■❈❆▼P ✲ ♦s ♥♦♠♦❣r❛♠❛s ♠♦str❛♠✲s❡ ♣❡ss✐♠✐st❛s✱

❡♠ r❡❧❛çã♦ ❛♦ ❡stá❣✐♦ ❞❛ ❞♦❡♥ç❛✱ q✉❛♥❞♦ ♦❜s❡r✈❛❞❛ ❛ r❡❛❧✐❞❛❞❡ ❝❧í♥✐❝❛ ❞♦s

♣❛❝✐❡♥t❡s✳

Pr♦♣✉s❡♠♦s ❡♥tã♦✱ ♥❡st❡ ❝❛♣ít✉❧♦✱ ❛❧❣✉♠❛s ♠♦❞✐✜❝❛çõ❡s ♥❛ ♠♦❞❡❧❛❣❡♠

✾✸



❢✉③③②✱ ✈✐s❛♥❞♦ ♠❡❧❤♦r❛r ❛ ♣❡r❢♦r♠❛♥❝❡ ❞♦ ♠♦❞❡❧♦✳ ❊❢❡t✉❛❞❛s t❛✐s ♠✉❞❛♥ç❛s✱

♦s r❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s s❡ t♦r♥❛r❛♠ ♠❛✐s ♦t✐♠✐st❛s✱ ❞♦ q✉❡ ♦s ♥♦♠♦✲

❣r❛♠❛s✱ ❡♠ r❡❧❛çã♦ ❛♦ ❡st❛❞✐❛♠❡♥t♦ ♣❛t♦❧ó❣✐❝♦ ❞❛ ❞♦❡♥ç❛✳

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

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

❡stá❣✐♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✱ ❡stã♦ ♠❛✐s ♦t✐♠✐st❛s✳ P♦rt❛♥t♦✱ ❢♦r❛♠ ❝♦♥s✐✲

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

✾✹



❈❛♣ít✉❧♦ ✺

❈♦♥❝❧✉sã♦ ❡ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s

✺✳✶ ❈♦♥❝❧✉sã♦

❖ ❝â♥❝❡r ❞❡ ♣róst❛t❛ t❛♠❜é♠ s❡ s♦❜r❡ss❛✐ ❝♦♠♦ ✉♠ ✐♠♣♦rt❛♥t❡ ♣r♦❜❧❡♠❛ ❞❡

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

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

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

❜r❛q✉✐t❡r❛♣✐❛✳

❆ ♣r❡❞✐çã♦ ❝♦rr❡t❛✱ ❞♦ ❡st❛❞✐❛♠❡♥t♦ ♣❛t♦❧ó❣✐❝♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✱

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

❖ ♠é❞✐❝♦ ❞✐s♣õ❡ ❞❛s ✐♥❢♦r♠❛çõ❡s ❞❛❞❛s ♣❡❧♦ ❡①❛♠❡ ❝❧í♥✐❝♦ ✭t♦q✉❡ r❡t❛❧✮✱

♣❡❧❛ ❞♦s❛❣❡♠ sér✐❝❛ ❞♦ P❙❆ ❡ ♦ ❣r❛✉ ❞❡ ❞✐❢❡r❡♥❝✐❛çã♦ ❞♦ t✉♠♦r ✭❡s❝♦r❡ ❞❡

●❧❡❛s♦♥✮✳ ◗✉❛♥❞♦ ♥❡❝❡ssár✐♦✱ ✉t✐❧✐③❛ t❛♠❜é♠ ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s✱ ❝♦♥st❛♥t❡s

♥♦s ♥♦♠♦❣r❛♠❛s ❞❡ ❑❛tt❛♥ ❡t ❛❧ ❬✹✾❪✱ q✉❡ ❝♦♠❜✐♥❛♠ ❡ss❡s ❞❛❞♦s✳

❆♦ ❧♦♥❣♦ ❞❡ss❛ ❞✐ss❡rt❛çã♦✱ ❛♣r❡s❡♥t❛♠♦s ✉♠❛ ♦♣çã♦ ♣❛r❛ ♣r❡❞✐③❡r ♦ ❡s✲

tá❣✐♦ ♣❛t♦❧ó❣✐❝♦ ❞❛ ❞♦❡♥ç❛✳ ❖ ♠♦❞❡❧♦ q✉❡ ❞❡s❝r❡✈❡♠♦s ❝♦♥s✐st❡ ♥✉♠ s✐st❡♠❛

❜❛s❡❛❞♦ ❡♠ r❡❣r❛s ❢✉③③②✱ q✉❡ ❝♦♠❜✐♥❛ ♦s ❞❛❞♦s ♣ré✲❝✐rúr❣✐❝♦s ✲ ❡st❛❞♦ ❝❧í✲

♥✐❝♦✱ ♥í✈❡❧ ❞❡ P❙❆ ❡ ❡s❝♦r❡ ❞❡ ●❧❡❛s♦♥ ✲ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡

✾✺



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

♥♦s ♥♦♠♦❣r❛♠❛s✳

❆ s❛í❞❛ ❞♦ s✐st❡♠❛ é ✉♠ ♥ú♠❡r♦ r❡❛❧✱ ❡♥tr❡ ✵ ❡ ✶✱ ❡ ❛ ❡❧❡ ❝♦rr❡s♣♦♥❞❡ ✉♠

❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❛♦s ❡stá❣✐♦s✿ ❞♦❡♥ç❛ ❧♦❝❛❧✐③❛❞❛✱ ❧♦❝❛❧♠❡♥t❡ ❛✈❛♥ç❛❞❛ ❡

♠❡t❛stát✐❝❛✳

❋✐③❡♠♦s ❛t✉❛❧✐③❛çõ❡s ❡ ❛❧❣✉♠❛s ♠♦❞✐✜❝❛çõ❡s✱ ♥♦ ♠♦❞❡❧♦ ❞❡ ❈❛st❛♥❤♦

✭✷✵✵✺✮✳ ◆❛s s✐♠✉❧❛çõ❡s ✉t✐❧✐③❛♠♦s ❞❛❞♦s r❡❛✐s✱ ❞❡ ❛❧❣✉♥s ♣❛❝✐❡♥t❡s ❞♦ ❍♦s✲

♣✐t❛❧ ❞❛s ❈❧í♥✐❝❛s ❞❛ ❯◆■❈❆▼P✱ q✉❡ ❢♦r❛♠ ❞✐❛❣♥♦st✐❝❛❞♦s ❝♦♠♦ ♣♦rt❛❞♦r❡s

❞❛ ❞♦❡♥ç❛✱ ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✷ à ✷✵✵✻✳

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

❣❡♠✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛ ❛♦s ♠ét♦❞♦s ❡st❛tíst✐❝♦s tr❛❞✐❝✐♦♥❛✐s✱ ❡♥✉♠❡r❛♠♦s

♦✉tr❛s ✈❛♥t❛❣❡♥s ❞❡ s❡ tr❛❜❛❧❤❛r ❝♦♠ ❛ t❡♦r✐❛ ❞❡ ❈♦♥❥✉♥t♦s ❋✉③③②✳ ❊ss❡ ♠♦✲

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

❡s❝❛❧❛ ❝♦♥tí♥✉❛✱ ❛ ✈❛r✐á✈❡❧ ❊st❛❞♦ ❈❧í♥✐❝♦ ❡ ❛ s❛í❞❛ ❊stá❣✐♦ ❞❛ ❉♦❡♥ç❛✳ ■ss♦

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

❝♦♠♦ ♦❝♦rr❡ s❡ ♦❜s❡r✈❛r♠♦s ♦s ♥♦♠♦❣r❛♠❛s✳

❈♦♥t✉❞♦✱ ♦s r❡s✉❧t❛❞♦s q✉❡ ♦❜t✐✈❡♠♦s ♥♦ ❝❛♣ít✉❧♦ ✸✱ ♠♦str❛r❛♠✲s❡ s❡✲

♠❡❧❤❛♥t❡s ❛♦s ❡♥❝♦♥tr❛❞♦s ♥♦s ♥♦♠♦❣r❛♠❛s✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❡s♣❡❝✐❛❧✐st❛

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

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

❡♠ r❡❧❛çã♦ ❛♦ ❡stá❣✐♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✳

❉✐❛♥t❡ ❞✐ss♦✱ ♣r♦♣✉s❡♠♦s✱ ♥♦ ú❧t✐♠♦ ❝❛♣ít✉❧♦✱ ♥♦✈❛s ♠✉❞❛♥ç❛s✱ ♥❛ ❜❛s❡

❞❡ r❡❣r❛s ❢✉③③② ❡ ♥❛ ❛❞❛♣t❛çã♦ ❞❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛✱ q✉❡ r❡♣r❡s❡♥t❛♠

❛ s❛í❞❛ ❞♦ s✐st❡♠❛✳

■♠♣❧❡♠❡♥t❛❞❛s ❡ss❛s ♥♦✈❛s ♠♦❞✐✜❝❛çõ❡s✱ ❢♦✐ ♣♦ssí✈❡❧ ♠❡❧❤♦r❛r ♦ ❞❡s❡♠✲

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

♠♦str❛r❛♠✲s❡ ♠❛✐s ♦t✐♠✐st❛s✱ ❡♠ r❡❧❛çã♦ ❛♦ ❡stá❣✐♦ ❞❛ ❞♦❡♥ç❛✱ ❞♦ q✉❡ ♦s

✾✻



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

❧✐st❛✱ ❛s r❡s♣♦st❛s ❞❡ss❡ ♥♦✈♦ ♠♦❞❡❧♦ ❡stã♦ ♠❛✐s ♣ró①✐♠❛s ❞❛ r❡❛❧✐❞❛❞❡ ❝❧í♥✐❝❛

❡♥❢r❡♥t❛❞❛ ♣❡❧♦s ♣❛❝✐❡♥t❡s✳

✺✳✷ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s

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

❞✐ss❡rt❛çã♦✱ ❛tr❛✈és ❞❛ ❈✉r✈❛ ❘❖❈ ✭❘❡❝❡✐✈❡r ❖♣❡r❛t✐♥❣ ❈❤❛r❛❝t❡r✐st✐❝s✮✳

P❛r❛ ✐ss♦ s❡rá ♥❡❝❡ssár✐♦ ✉t✐❧✐③❛r ❞❛❞♦s ❞❡ ♣❛❝✐❡♥t❡s ❝✉❥♦ r❡❛❧ ❡stá❣✐♦ ♣❛t♦❧ó✲

❣✐❝♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛ é ❝♦♥❤❡❝✐❞♦✳

❖✉tr♦ ♣r♦❥❡t♦ ❢✉t✉r♦ é ❞❡s❡♥✈♦❧✈❡r ✉♠❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛ ♣❛r❛ ♦ ♠♦❞❡❧♦

❢✉③③②✱ ❢❛❝✐❧✐t❛♥❞♦ ♦ s❡✉ ❛❝❡ss♦ ♣♦r ♣❛rt❡ ❞♦s ❡s♣❡❝✐❛❧✐st❛s✳

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

❞♦ ❡stá❣✐♦ ♣❛t♦❧ó❣✐❝♦ ❞♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ P❙❆ ❛❥✉st❛❞♦

à ✐❞❛❞❡✳ ❊st✉❞♦s r❡❝❡♥t❡s✱ ❝♦♠♦ ♦s ❞❡ ❈❤✉♥ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ✭✷✵✵✻✮ ❬✶✺❪✱

❞❡t❡r♠✐♥❛r❛♠ ✈❛❧♦r❡s ♠é❞✐♦s ❞❡ P❙❆✱ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❢❛✐①❛s ❡tár✐❛s✳

❆ ♠♦❞❡❧❛❣❡♠✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ❡ss❡s ✈❛❧♦r❡s ♠é❞✐♦s ❞❡ P❙❆✱ ♣r♦✈❛✲

✈❡❧♠❡♥t❡ ✈❛✐ ❡①✐❣✐r ❛ ❝♦♥str✉çã♦ ❞❡ ♠❛✐s ❞❡ ✉♠ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠ r❡❣r❛s

❢✉③③②✳ ❆❧é♠ ❞✐ss♦✱ s❡rá ♥❡❝❡ssár✐♦ ❡❧❛❜♦r❛r t♦❞❛s ❛s r❡❣r❛s✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠

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

❛❥✉st❛❞♦ à ✐❞❛❞❡ ❡ ❛s ❞❡♠❛✐s ✈❛r✐á✈❡✐s✳

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

❡stá❣✐♦ ❞❛ ❞♦❡♥ç❛✱ ✉♠ ♥♦✈♦ s✐st❡♠❛ ❢✉③③② q✉❡ ❢♦r♥❡ç❛ ✐♥❢♦r♠❛çõ❡s r❡❧❛❝✐♦♥❛✲

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