
❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s
❋❛❝✉❧❞❛❞❡ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ❡ ❞❡ ❈♦♠♣✉t❛çã♦

Pr❡✈✐sã♦ ❞❡ ❙ér✐❡s ❚❡♠♣♦r❛✐s ✈✐❛ ❙❡❧❡çã♦ ❞❡
❱❛r✐á✈❡✐s✱ ❘❡❝♦♥str✉çã♦ ❉✐♥â♠✐❝❛✱

❆❘▼❆✲●❆❘❈❍ ❡ ❘❡❞❡s ◆❡✉r❛✐s ❆rt✐✜❝✐❛✐s

❆✉t♦r✿ ❆♥t♦♥✐♦ ❆✐rt♦♥ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s
❖r✐❡♥t❛❞♦r✿ Pr♦❢✳ ❉r✳ ▼ár❝✐♦ ▲✉✐③ ❞❡ ❆♥❞r❛❞❡ ◆❡tt♦

❈♦✲♦r✐❡♥t❛❞♦r❡s✿ Pr♦❢✳ ❉r✳ ❏♦sé ❘♦❜❡rt♦ ❙❡❝✉r❛t♦ ❡ Pr♦❢❛✳
❉r❛✳ ❆❧❡ss❛♥❞r❛ ❞❡ ➪✈✐❧❛ ▼♦♥t✐♥✐

❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦ ❛♣r❡s❡♥t❛❞❛ à ❋❛❝✉❧❞❛❞❡ ❞❡
❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ❡ ❞❡ ❈♦♠♣✉t❛çã♦ ❝♦♠♦ ♣❛rt❡
❞♦s r❡q✉✐s✐t♦s ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ tít✉❧♦ ❞❡ ❉♦✉t♦r
❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛✳ ➪r❡❛ ❞❡ ❝♦♥❝❡♥tr❛çã♦✿
❊♥❣❡♥❤❛r✐❛ ❞❡ ❈♦♠♣✉t❛çã♦✳

❇❛♥❝❛ ❊①❛♠✐♥❛❞♦r❛

▼ár❝✐♦ ▲✉✐③ ❞❡ ❆♥❞r❛❞❡ ◆❡tt♦✱ Pr♦❢✳ ❉r✳ ✳ ✳ ✳ ✳ ✳ ✳ ❉❈❆✴❋❊❊❈✴❯◆■❈❆▼P
❘✐❝❛r❞♦ ❘✐❜❡✐r♦ ●✉❞✇✐♥✱ Pr♦❢✳ ❉r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❉❈❆✴❋❊❊❈✴❯◆■❈❆▼P
❋❡r♥❛♥❞♦ ❏♦sé ❱♦♥ ❩✉❜❡♥✱ Pr♦❢✳ ❉r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❉❈❆✴❋❊❊❈✴❯◆■❈❆▼P
❈❡❧♠❛ ❞❡ ❖❧✐✈❡✐r❛ ❘✐❜❡✐r♦✱ Pr♦❢❛✳ ❉r❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❉❊P✴P❖▲■✴❯❙P
■✈❛♥ ◆✉♥❡s ❞❛ ❙✐❧✈❛✱ Pr♦❢✳ ❉r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❉❊❊✴❊❊❙❈✴❯❙P

❈❛♠♣✐♥❛s✱ ❙P
❏❛♥❡✐r♦✴✷✵✵✼



❋■❈❍❆ ❈❆❚❆▲❖●❘➪❋■❈❆ ❊▲❆❇❖❘❆❉❆ P❊▲❆ ❇■❇▲■❖❚❊❈❆
❉❆ ➪❘❊❆ ❉❊ ❊◆●❊◆❍❆❘■❆ ❊ ❆❘◗❯■❚❊❚❯❘❆ ✲ ❇❆❊ ✲ ❯◆■❈❆▼P

❋✽✽✹♣ ❋r❡✐t❛s✱ ❆♥t♦♥✐♦ ❆✐rt♦♥ ❈❛r♥❡✐r♦ ❞❡
Pr❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ✈✐❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s✱

r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛✱ ❆❘▼❆✲●❆❘❈❍ ❡ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s✳
✴❆♥t♦♥✐♦ ❆✐rt♦♥ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s✳ ✲ ✲ ❈❛♠♣✐♥❛s✱ ❙P✿ ❬s✳♥✳❪✱ ✷✵✵✼✳

❖r✐❡♥t❛❞♦r❡s✿ ▼ár❝✐♦ ▲✉✐③ ❞❡ ❆♥❞r❛❞❡ ◆❡tt♦✱ ❏♦sé ❘♦❜❡rt♦ ❙❡❝✉r❛t♦✱
❆❧❡ss❛♥❞r❛ ❞❡ ➪✈✐❧❛ ▼♦♥t✐♥✐✳

❚❡s❡ ✭❞♦✉t♦r❛❞♦✮ ✲ ❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s✱
❋❛❝✉❧❞❛❞❡ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ❡ ❞❡ ❈♦♠♣✉t❛çã♦✳

✶✳ Pr❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳ ✷✳ ❙❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s
✸✳ ❘❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s✳ ✹✳ ❊❝♦♥♦♠❡tr✐❛✳ ✺✳ ❈â♠❜✐♦✳
■✳ ❆♥❞r❛❞❡ ◆❡tt♦✱ ▼ár❝✐♦ ▲✉✐③ ❞❡✳ ■■✳ ❙❡❝✉r❛t♦✱ ❏♦sé ❘♦❜❡rt♦✳
■■■✳ ▼♦♥t✐♥✐✱ ❆❧❡ss❛♥❞r❛ ❞❡ ➪✈✐❧❛✳
■❱✳ ❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s✳ ❋❛❝✉❧❞❛❞❡ ❞❡ ❊♥❣❡♥❤❛r✐❛
❊❧étr✐❝❛ ❡ ❞❡ ❈♦♠♣✉t❛çã♦✳ ❱✳ ❚ít✉❧♦

❚ít✉❧♦ ❡♠ ■♥❣❧ês✿ ❚✐♠❡ s❡r✐❡s ♣r❡❞✐❝t✐♦♥ ❜② ♠❡❛♥s ♦❢ ✈❛r✐❛❜❧❡ s❡❧❡❝t✐♦♥✱ ❞②♥❛♠✐❝ r❡❝♦♥s✲
tr✉❝t✐♦♥✱ ❆❘▼❆✲●❆❘❈❍ ❛♥❞ ❛rt✐✜❝✐❛❧ ♥❡✉r❛❧ ♥❡t✇♦r❦s

P❛❧❛✈r❛s✲❝❤❛✈❡ ❡♠ ■♥❣❧ês✿ ❚✐♠❡ s❡r✐❡s ♣r❡❞✐❝t✐♦♥✱ ✈❛r✐❛❜❧❡ s❡❧❡❝t✐♦♥✱ ❆❘▼❆✱ ●❆❘❈❍✱ ❛r✲
t✐✜❝✐❛❧ ♥❡✉r❛❧ ♥❡t✇♦r❦s✱ ❡①❝❤❛♥❣❡ r❛t❡s

➪r❡❛ ❞❡ ❝♦♥❝❡♥tr❛çã♦✿ ❊♥❣❡♥❤❛r✐❛ ❞❡ ❈♦♠♣✉t❛çã♦
❚✐t✉❧❛çã♦✿ ❉♦✉t♦r ❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ❡ ❈♦♠♣✉t❛çã♦
❇❛♥❝❛ ❡①❛♠✐♥❛❞♦r❛✿ ❘✐❝❛r❞♦ ❘✐❜❡✐r♦ ●✉❞✇✐♥✱ ❋❡r♥❛♥❞♦ ❏♦sé ❱♦♥ ❩✉❜❡♥✱ ❈❡❧♠❛ ❞❡ ❖❧✐✈❡✐r❛

❘✐❜❡✐r♦ ❡ ■✈❛♥ ◆✉♥❡s ❞❛ ❙✐❧✈❛
❉❛t❛ ❞❛ ❞❡❢❡s❛✿ ✷✼✴✵✷✴✷✵✵✼
Pr♦❣r❛♠❛ ❞❡ Pós✲●r❛❞✉❛çã♦✿ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ❡ ❈♦♠♣✉t❛çã♦
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❘❡s✉♠♦

❆ ✐♥❢❡rê♥❝✐❛ s♦❜r❡ ❛ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡ ❞❡ s✐st❡♠❛s ❞✐♥â♠✐❝♦s ♥ã♦ ❧✐♥❡❛r❡s ♠✉❧t✐✈❛r✐❛❞♦s t❡♠
s✐❞♦ ❢r❡qü❡♥t❡♠❡♥t❡ r❡❛❧✐③❛❞❛ ❛ ♣❛rt✐r ❞❡ t❡st❡s q✉❡ ♣♦❞❡♠ ✐♥❞✉③✐r à ❝♦♥❝❧✉sõ❡s ❡q✉✐✈♦❝❛❞❛s✳
■st♦ ♣♦rq✉❡ ❡♠ ♠✉✐t❛s ♣❡sq✉✐s❛s r❡❛❧✐③❛❞❛s ♦s t❡st❡s ✉t✐❧✐③❛❞♦s sã♦ ♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦✱ ♦ ❞❛
r❛③ã♦ ❞❡ ✈❛r✐â♥❝✐❛ ❡ ❞♦ ❡s♣❡❝tr♦✱ q✉❡ só ✈❡r✐✜❝❛♠ ❛ ❡①✐stê♥❝✐❛ ♦✉ ♥ã♦ ❞❛ ❝♦rr❡❧❛çã♦ s❡r✐❛❧ ❞❡
❝♦♠♣♦♥❡♥t❡s ❧✐♥❡❛r❡s✳ ◆❡st❡ tr❛❜❛❧❤♦✱ t❛♠❜é♠ sã♦ ✉t✐❧✐③❛❞♦s t❡st❡s ♣❛r❛ ❛✈❛❧✐❛r ❛ ❝♦rr❡❧❛çã♦
s❡r✐❛❧ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♥ã♦ ❧✐♥❡❛r❡s✳ ❇✉s❝❛✲s❡ ♣r♦✈❛r ❡♠♣✐r✐❝❛♠❡♥t❡ s❡ ❛s ❝❧❛ss❡s ❞❡ ♠♦❞❡❧♦s
❆❘▼❆✲●❆❘❈❍ ❡ ♥❡✉r❛✐s✱ ❜❡♠ ❝♦♠♦ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡❧❡s✱ t❡♠ q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦ s✉♣❡r✐♦r
❛♦ ♠♦❞❡❧♦ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ ❡♠ ♣r❡✈✐sõ❡s ♥❛ ♠é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡
❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ❡ ❞❛ ✉♠✐❞❛❞❡ ❡♠ ♠✐❝r♦❝❧✐♠❛✳ ❯♠ ♠ét♦❞♦ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s é ♣r♦♣♦st♦
♣❛r❛ ♠❡❧❤♦r❛r ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ♠✉❧t✐✈❛r✐❛❞♦s ♥ã♦ ❜❛s❡❛❞♦s ❡♠
t❡♦r✐❛✳ ❆s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❡❣❧✐❣❡♥❝✐❛❞❛s ❞✉r❛♥t❡ ♦ ❛❥✉st❡ ❞♦s ♠♦❞❡❧♦s ♥❡✉r❛✐s sã♦ ❛✈❛❧✐❛❞❛s
♣♦r ♠❡✐♦ ❞♦ t❡st❡ ❞❡ ❇❧❛❦❡ ❛♥❞ ❑❛♣❡t❛♥✐♦s ✭✷✵✵✸✮✳ ❖ t❡st❡ ❞❡ ❲❤✐t❡ ✭✷✵✵✵✮ é ✉t✐❧✐③❛❞♦
♣❛r❛ ❝♦♠♣❛r❛r ♦s ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ♣r♦♣♦st♦s ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦ ♠♦❞❡❧♦ ❜❡♥❝❤♠❛r❦✳ ❋♦✐
❝♦♥st❛t❛❞♦ ❡♠♣✐r✐❝❛♠❡♥t❡ q✉❡ ♦s ❞♦✐s ♣r♦❝❡ss♦s ❛♥❛❧✐s❛❞♦s ♥ã♦ sã♦ ❞♦ t✐♣♦ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ✶✳ Pr❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳ ✷✳ ❙❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s✳ ✸✳ ❘❡❞❡s ♥❡✉r❛✐s
❛rt✐✜❝✐❛✐s✳ ✹✳ ❊❝♦♥♦♠❡tr✐❛✳ ✺✳ ❈â♠❜✐♦✳

❏❊▲ ❈❧❛ss✐✜❝❛t✐♦♥✿ ❈✷✱ ❈✺✱ ❋✸✳

❆❜str❛❝t

❚❤❡ ✐♥❢❡r❡♥❝❡ ♦♥ ♣r❡❞✐❝t❛❜✐❧✐t② ♦❢ ♥♦♥❧✐♥❡❛r ♠✉❧t✐✈❛r✐❛t❡ s②st❡♠s ❤❛s ❜❡❡♥ ❞♦♥❡ ✇✐t❤ s♦♠❡
♣♦ss✐❜❧❡ ♠✐s❧❡❛❞✐♥❣ ❝♦♥❝❧✉s✐♦♥s ✇❤❡♥ t❤❡ t❡st st❛t✐st✐❝s ❛r❡ ✐♥s✐❣♥✐✜❝❛♥t ❜❡❝❛✉s❡ ❛✉t♦❝♦rr❡❧❛t✐♦♥✱
✈❛r✐❛♥❝❡ r❛t✐♦ ❛♥❞ s♣❡❝tr✉♠ t❡sts ❝❤❡❝❦ ♦♥❧② s❡r✐❛❧ ✉♥❝♦rr❡❧❛t❡❞♥❡ss ✭❧✐♥❡❛r ❝♦♠♣♦♥❡♥ts✮✳ ❚❤✐s
✇♦r❦ ❡♠♣✐r✐❝❛❧❧② ❡①♣❧♦r❡s t❤❡ ♥♦♥ ❧✐♥❡❛r ❝♦♠♣♦♥❡♥ts ❛♥❞ ✐❢ t❤❡ ❆❘▼❆✲●❆❘❈❍✱ ♥❡✉r❛❧ ♥❡t✇♦r❦
♠♦❞❡❧s✱ ❛s ✇❡❧❧ ❛s t❤❡✐r ❝♦♠❜✐♥❛t✐♦♥✱ ♦✉t♣❡r❢♦r♠ ❛ ▼❛rt✐♥❣❛❧❡ ♠♦❞❡❧ ✐♥ t❤❡ ❝♦♥❞✐t✐♦♥❛❧ ♠❡❛♥
♦✉t✲♦❢✲s❛♠♣❧❡ ❢♦r❡❝❛sts✳ ■t ✐s ♣r♦♣♦s❡❞ ❛ ✈❛r✐❛❜❧❡ s❡❧❡❝t✐♦♥ ♠❡t❤♦❞ t♦ ✐♠♣r♦✈❡ t❤❡ r❡s✉❧ts ♦❜t❛✐♥❡❞
✇✐t❤ ♠✉❧t✐✈❛r✐❛t❡ ♠♦❞❡❧s ✇✐t❤♦✉t ❛ ♣r✐♦r✐ ❦♥♦✇❧❡❞❣❡✳ ❚❤❡ ♥❡❣❧❡❝t❡❞ ♥♦♥❧✐♥❡❛r✐t✐❡s ❛♥❞ ❞❛t❛
s♥♦♦♣✐♥❣ ❜✐❛s ✇❡r❡ ❛✈♦✐❞❡❞ ❛♣♣❧②✐♥❣ r❡s♣❡❝t✐✈❡❧② t❤❡ ❇❧❛❦❡ ❛♥❞ ❑❛♣❡t❛♥✐♦s ✭✷✵✵✸✮ ❛♥❞ t❤❡ ❲❤✐t❡
✭✷✵✵✵✮ r❡❛❧✐t② ❝❤❡❝❦ t❡sts✳ ❚❤❡ ❡♠♣✐r✐❝❛❧ r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ❇r❛③✐❧✐❛♥ ❡①❝❤❛♥❣❡ r❛t❡s ❛♥❞
t❤❡ ♠✐❝r♦❝❧✐♠❛t❡ ❤✉♠✐❞✐t② ❛r❡ ♥♦t ▼❛rt✐♥❣❛❧❡ ❞✐✛❡r❡♥❝❡s✳

❑❡②✇♦r❞s✿ ✶✳ ❚✐♠❡ s❡r✐❡s ♣r❡❞✐❝t✐♦♥✳ ✷✳ ❱❛r✐❛❜❧❡ s❡❧❡❝t✐♦♥✳ ✸✳ ❆❘▼❆✳ ✹✳ ●❆❘❈❍✳ ✺✳
❆rt✐✜❝✐❛❧ ♥❡✉r❛❧ ♥❡t✇♦r❦s✳ ✻✳ ❊①❝❤❛♥❣❡ r❛t❡s✳ ✼✳ ❍✉♠✐❞✐t②✳

✐✐✐



◆♦♥✲❧✐♥❡❛r✐t② ❜❡❣❡ts ❝♦♠♣❧❡t❡♥❡ss❀ ♠✐s❥✉❣❞♠❡♥t ❝r❡❛t❡s ❧✐♥❡❛r✐t②✳
▲❛♦ ❚③✉

✐✈



❆♦s ♠❡✉s ♣❛✐s ▲✉✐③ ❡ ▼❛r✐❛✱ ♠❡✉s ✜❧❤♦s ❋❡❧✐♣❡ ❡ ❈❛r♦❧✱ ❡ ♠✐♥❤❛ ❡s♣♦s❛ ❆♥❛

✈



❆❣r❛❞❡❝✐♠❡♥t♦s

❆♦ ♠❡✉ ♦r✐❡♥t❛❞♦r Pr♦❢✳ ❉r✳ ▼ár❝✐♦ ▲✉✐③ ❞❡ ❆♥❞r❛❞❡ ◆❡tt♦ ✭❋❊❊❈✲❯◆■❈❆▼P✮ s♦✉ ♠✉✐t♦
❣r❛t♦ ♣❡❧❛ ♦♣♦rt✉♥✐❞❛❞❡✱ ♦r✐❡♥t❛çã♦ s❡❣✉r❛ ❡ ❡✜❝❛③✱ s❛❜❡❞♦r✐❛✱ tr❛t❛♠❡♥t♦ ❛♠á✈❡❧ ❡ ♣❛❝✐ê♥❝✐❛✳
➚ ♠✐♥❤❛ ❝♦✲♦r✐❡♥t❛❞♦r❛✱ Pr♦❢❛✳ ❉r❛✳ ❆❧❡ss❛♥❞r❛ ❞❡ ➪✈✐❧❛ ▼♦♥t✐♥✐ ✭❋❊❆✲❯❙P✮ s♦✉ ♠✉✐t♦ ❣r❛t♦
♣❡❧❛ ❝♦✲♦r✐❡♥t❛çã♦ ♦❜❥❡t✐✈❛ ❡ ❡✜❝❛③✱ ❛♠✐③❛❞❡ ❡ ♣❛❝✐ê♥❝✐❛✳
❆♦s Pr♦❢s✳ ❉rs✳ ❆♥t♦♥✐♦ ❋r❡✐t❛s ✭■❇▼❊❈✲❘❏ ❡ ❋●❱✲❘❏✮ ❡ ❏♦sé ❘♦❜❡rt♦ ❙❡❝✉r❛t♦ ✭❯❙P ❡ ❋■❆✮
♣❡❧❛s ♦♣♦rt✉♥✐❞❛❞❡s ❝♦♥❝❡❞✐❞❛s ❡ ❛ ❛♠✐③❛❞❡✳
❆♦s Pr♦❢s✳ ❉rs✳ ❋❡r♥❛♥❞♦ ❱♦♥ ❩✉❜❡♥ ✭❋❊❊❈✲❯◆■❈❆▼P✮✱ à Pr♦❢❛✳ ❉r❛✳ ❱❡r❛ ❋❛✈❛ ✭❋❊❆✲
❯❙P✮ ❡ à ❉♦✉t♦r❛♥❞❛ ✭❋❊❊❈✲❯◆■❈❆▼P✮ ❲❛♥❡ss❛ ●❛③③♦♥✐ ♣♦r s✉❛s ❝♦♥tr✐❜✉✐çõ❡s ♥❡st❛ t❡s❡✳
❆♦ Pr♦❢✳ ❉r✳ ■✈❛♥ ◆✉♥❡s ❞❛ ❙✐❧✈❛ ✭❊❊❙❈✲❯❙P✮ q✉❡ ♠❡ ♦r✐❡♥t♦✉ ♥♦ ♠❡str❛❞♦ ❞❡ ❢♦r♠❛ ❡✜❝❛③✱
♣❛❝✐❡♥t❡ ❡ ❛♠✐❣❛❀ ❡ à ♠✐♥❤❛ ✐r♠ã ▼❛r✐❛ ❱✐❧❛♥✐r ❈❛r♥❡✐r♦ ❞❡ ▲✐♠❛ q✉❡ ♣♦ss✐❜✐❧✐t♦✉ ♠✐♥❤❛
✐♥✐❝✐❛çã♦ ♥❛ ár❡❛ ❞❡ ❡❞✉❝❛çã♦✳
❆♦s ❝♦❧❡❣❛s ❞❛ ❋■❆ ❡ ❋❊❆✲❯❙P ♣❡❧♦ ❝♦♠♣❛♥❤❡✐r✐s♠♦✱ ❝rít✐❝❛s ❡ s✉❣❡stõ❡s ♣❛r❛ t❡♥t❛r t♦r♥❛r
♦ ❡st✉❞♦ ❛♣❧✐❝á✈❡❧ ❛♦ ♠❡r❝❛❞♦✳
❆♦s ❞❡♠❛✐s ❝♦❧❡❣❛s ❞❛ ❋❊❊❈✲❯◆■❈❆▼P✱ ❊▼❇❘❆P❆ ❡ ❯❚❋P❘ ♣❡❧♦ ❛♣♦✐♦ ♥❡❝❡ssár✐♦ ♣❛r❛
q✉❡ ❡st❡ tr❛❜❛❧❤♦ ❢♦ss❡ ❝♦♥❝r❡t✐③❛❞♦✳
❆♦s ✐♥t❡❣r❛♥t❡s ❞♦ ▲❛❜♦r❛tór✐♦ ❞❡ ❇✐♦✐♥❢♦r♠át✐❝❛ ❡ ❈♦♠♣✉t❛çã♦ ❇✐♦✲✐♥s♣✐r❛❞❛ ✭▲❇✐❈✴❯◆■❈❆▼P✮
❡ ❛♦ ❣r✉♣♦ ❞❡ ♣❡sq✉✐s❛ ❡♠ s✐st❡♠❛s ✐♥t❡❧✐❣❡♥t❡s ✭❯❚❋P❘✴❈P✮ ♣❡❧❛ ❛❥✉❞❛ ❡ ♠♦t✐✈❛çã♦✳
➚ ♠✐♥❤❛ ❡s♣♦s❛ ❆♥❛ ❡ ♠✐♥❤❛ ✜❧❤❛ ❈❛r♦❧ ♣❡❧♦ ❛♣♦✐♦ ❢✉♥❞❛♠❡♥t❛❧ à ❝♦♥❝❧✉sã♦ ❞❡st❛ ❥♦r♥❛❞❛❀ ❡
♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛♦ ♠❡✉ ✜❧❤♦ P❛✉❧♦ ❋❡❧✐♣❡ ♣❡❧❛ ❛❥✉❞❛ ✐♥❡st✐♠á✈❡❧✳
❆ ❉❡✉s✳

✈✐



❙✉♠ár✐♦

▲✐st❛ ❞❡ ❋✐❣✉r❛s ✐①
▲✐st❛ ❞❡ ❚❛❜❡❧❛s ①✐
▲✐st❛ ❞❡ ❆❝rô♥✐♠♦s ①✈
❚r❛❜❛❧❤♦s P✉❜❧✐❝❛❞♦s P❡❧♦ ❆✉t♦r ①✈✐✐
✶ ■♥tr♦❞✉çã♦ ✶

✶✳✶ ❙✐t✉❛çã♦ ♣r♦❜❧❡♠❛✱ ❥✉st✐✜❝❛t✐✈❛ ❡ r❡❧❡✈â♥❝✐❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶
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ARCH ✲ ❛✉t♦r❡❣r❡ss✐✈❡ ❝♦♥❞✐t✐♦♥❛❧ ❤❡t❡r♦s❝❡❞❛st✐❝✐t②
ARFIMA ✲ ❛✉t♦r❡❣r❡ss✐✈❡ ❢r❛❝t✐♦♥❛r② ✐♥t❡❣r❛t❡❞ ♠♦✈✐♥❣ ❛✈❡r❛❣❡
ARIA ✲ ❛❞❛♣t✐✈❡ r❛❞✐✉s ✐♠♠✉♥❡ ❛❧❣♦r✐t❤♠
ARIMA ✲ ❛✉t♦r❡❣r❡ss✐✈❡ ✐♥t❡❣r❛t❡❞ ♠♦✈✐♥❣ ❛✈❡r❛❣❡
ARMA ✲ ❛✉t♦r❡❣r❡ss✐✈❡ ♠♦✈✐♥❣ ❛✈❡r❛❣❡
BDS ✲ t❡st❡ ❞❡ ❇❘❖❈❑✱ ❉❊❈❑❊❘ ❊ ❙❈❍❊■◆❑▼❆◆ ✭✶✾✾✻✮
DM ✲ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡
EGARCH ✲ ❡①♣♦♥❡♥t✐❛❧ ❣❡♥❡r❛❧✐③❡❞ ❛✉t♦r❡❣r❡ss✐✈❡ ❝♦♥❞✐t✐♦♥❛❧ ❤❡t❡r♦s❝❡❞❛st✐❝✐t②
EXPAR ✲ ❡①♣♦♥❡♥t✐❛❧ ❛✉t♦r❡❣r❡ss✐✈❡
FAC ✲ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦
FACP ✲ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ♣❛r❝✐❛❧
FIR ✲ ✜♥✐t❡ ✐♠♣✉❧s❡ r❡s♣♦♥s❡
GARCH ✲ ❣❡♥❡r❛❧✐③❡❞ ❛✉t♦r❡❣r❡ss✐✈❡ ❝♦♥❞✐t✐♦♥❛❧ ❤❡t❡r♦s❝❡❞❛st✐❝✐t②
IGARCH ✲ ✐♥t❡❣r❛t❡❞ ❣❡♥❡r❛❧✐③❡❞ ❛✉t♦r❡❣r❡ss✐✈❡ ❝♦♥❞✐t✐♦♥❛❧ ❤❡t❡r♦s❝❡❞❛st✐❝✐t②
JPD ✲ ❥❛♥❡❧❛ ❞❡ ♣r❡✈✐sã♦ ❞✐♥â♠✐❝❛
JPID ✲ ❥❛♥❡❧❛ ❞❡ ♣r❡✈✐sã♦ ✐♥t❡❧✐❣❡♥t❡ ❞✐♥â♠✐❝❛
LMS ✲ ❧❡❛st ♠❡❛♥ sq✉❛r❡
MAFE ✲ ♠❡❛♥ ❛❜s♦❧✉t❡ ❢♦r❡❝❛st ❡rr♦r
MCFD ✲ ♠❡❛♥ ❝♦rr❡❝t ❢♦r❡❝❛st ❞✐r❡❝t✐♦♥
MFTR ✲ ♠❡❛♥ ❢♦r❡❝❛st tr❛❞✐♥❣ r❡t✉r♥
MIMO ✲ ♠✉❧t✐♣❧❡s ✐♥♣✉ts ❛♥❞ ♠✉❧t✐♣❧❡s ♦✉t♣✉ts
MISO ✲ ♠✉❧t✐♣❧❡s ✐♥♣✉ts ❛♥❞ s✐♥❣❧❡ ♦✉t♣✉t
MSE ✲ ♠❡❛♥ sq✉❛r❡ ❡rr♦r
MSFE ✲ ♠❡❛♥ sq✉❛r❡ ❢♦r❡❝❛st ❡rr♦r
NMSE ✲ ♥♦r♠❛❧✐③❡❞ ♠❡❛♥ sq✉❛r❡ ❡rr♦r
PA ✲ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦
PCA ✲ ♣r✐♥❝✐♣❛❧ ❝♦♠♣♦♥❡♥ts ❛♥❛❧②s✐s
PMC ✲ ♣❡r❝❡♣tr♦♥ ♠✉❧t✐✲❝❛♠❛❞❛s
RBF ✲ r❛❞✐❛❧ ❜❛s✐s ❢✉♥❝t✐♦♥
RNA ✲ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s
TGARCH ✲ t❤r❡s❤♦❧❞ ❣❡♥❡r❛❧✐③❡❞ ❛✉t♦r❡❣r❡ss✐✈❡ ❝♦♥❞✐t✐♦♥❛❧ ❤❡t❡r♦s❝❡❞❛st✐❝✐t②
TV AR ✲ t❤r❡s❤♦❧❞ ❱❆❘

①✈
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SARIMA ✲ s❛③♦♥❛❧ ❛✉t♦r❡❣r❡ss✐✈❡ ✐♥t❡❣r❛t❡❞ ♠♦✈✐♥❣ ❛✈❡r❛❣❡
STV AR ✲ s♠♦♦t❤ tr❛♥s✐t✐♦♥ ❱❆❘
V AR ✲ ✈❡❝t♦r ❛✉t♦r❡❣r❡ss✐✈❡ ♠♦✈✐♥❣ ❛✈❡r❛❣❡
V ARMA ✲ ✈❡❝t♦rs ❛✉t♦r❡❣r❡ss✐✈❡s
V E ✲ ✈♦❧❛t✐❧✐❞❛❞❡ ❡st♦❝ást✐❝❛
V EC ✲ ✈❡❝t♦r ❡rr♦r ❝♦rr❡❝t✐♦♥
WN ✲ ✇❤✐t❡ ♥♦✐s❡
WSS ✲ ✇✐❞❡ s❡♥s❡ st❛t✐♦♥❛r②



❚r❛❜❛❧❤♦s P✉❜❧✐❝❛❞♦s P❡❧♦ ❆✉t♦r

❆✳ ❆✳ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s✱ ❆✳ ❆✳ ▼♦♥t✐♥✐ ❛♥❞ ▼✳ ▲✳ ❆✳ ◆❡tt♦✳ ✧■♥❢❡r❡♥❝❡ ♦♥ ♣r❡❞✐❝t❛❜✐❧✐t②
♦❢ ❜r❛③✐❧✐❛♥ ❡①❝❤❛♥❣❡ r❛t❡s ✈✐❛ ❛r♠❛✲❣❛r❝❤ ❛♥❞ ♥❡✉r❛❧ ♥❡t✇♦r❦ ♠♦❞❡❧s✧✳ ✐♥✿ t❤✐r❞ ❜r❛③✐❧✐❛♥
❝♦♥❢❡r❡♥❝❡ ♦♥ st❛t✐st✐❝❛❧✱ ✷✵✵✼✱ ▼❛r❡s✐❛s✳ ❚❤✐r❞ ❇r❛③✐❧✐❛♥ ❈♦♥❢❡r❡♥❝❡ ♦♥ ❙t❛t✐st✐❝❛❧ ✷✵✵✼✳

❆✳ ❆✳ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s✱ ❏✳ ❘✳ ❙❡❝✉r❛t♦ ❡ ❘✳ ❍✳ ❘♦❝❤❛✳ ✧➪r✈♦r❡s ❜✐♥♦♠✐❛✐s ❛❞✐t✐✈❛s ♣❛r❛
❡st✐♠❛r ❝✉st♦s ❡ ❜❡♥❡❢í❝✐♦s ❞❛ ❛❞♠✐♥✐str❛çã♦ ❞♦ r✐s❝♦ ❞♦ ♥❡❣ó❝✐♦✧✳ ■♥✿ ❙❊❈❯❘❆❚❖✱ ❏♦sé
❘♦❜❡rt♦✳ ✭❖r❣✳✮✳ ➪r✈♦r❡ ❜✐♥♦♠✐❛❧ ❡ ❛ ❢♦r♠❛çã♦ ❞❡ ♣r❡ç♦s ❞❡ ❞✐r❡✐t♦s ❝♦♥t✐❣❡♥❝✐❛✐s✳ sã♦ ♣❛✉❧♦✱
✷✵✵✻✱ ✈✳ ✶✱ ♣✳ ✷✵✶✲✷✶✽✳

❆✳ ❆✳ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s ❡ ■✳ ◆✳ ❞❛ ❙✐❧✈❛✳ ✧❆♣❧✐❝❛çã♦ ❞❡ r❡❞❡s ♥❡✉r❛✐s ♥❛ ❡st✐♠❛çã♦ ❞❛
t❡♠♣❡r❛t✉r❛ ✐♥t❡r♥❛ ❞❡ tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ❞✐str✐❜✉✐çã♦ ✐♠❡rs♦s ❡♠ ó❧❡♦✧✳ ❙❜❛ ❈♦♥tr♦❧❡ ❡
❆✉t♦♠❛çã♦✱ ❈❛♠♣✐♥❛s✲❙P✱ ♣✳ ✷✻✻✲✷✼✹✱ ✵✶ s❡t✳ ✷✵✵✷✳

❆✳ ❆✳ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s✱ ❏✳ ❘✳ ❙❡❝✉r❛t♦✱ ❛♥❞ ▼✳ ▲✳ ❆✳ ◆❡tt♦✳ ✧❇r❛③✐❧✐❛♥ ❊①❝❤❛♥❣❡ ❘❛t❡s
▼♦❞❡❧✐♥❣✿ ▼❛❝r♦ ❛♥❞ ▼✐❝r♦str✉❝t✉r❡ ❱❛r✐❛❜❧❡ ❙❡❧❡❝t✐♦♥ ❜② ▼❡❛♥s ♦❢ t❤❡ ❆♥❛❧②s✐s ♦❢ ❘❡❧❡✈❛♥❝❡
❛♥❞ ❘❡❞✉♥❞❛♥❝②✧✳ ●❧♦❜❛❧ ❋✐♥❛♥❝❡ ❈♦♥❢❡r❡♥❝❡✱ ✷✵✵✻✳

❆✳ ❆✳ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s✱ ❏✳ ❘✳ ❙❡❝✉r❛t♦✱ ❛♥❞ ▼✳ ▲✳ ❆✳ ◆❡tt♦✳ ✧❆ ♥♦♥❧✐♥❡❛r ♠❡t❤♦❞♦❧♦❣②
t♦ ♣r❡❞✐❝t ❜r❛③✐❧✐❛♥ ❡①❝❤❛♥❣❡ r❛t❡s ❜② ♠❡❛♥s ♦❢ ♠❛❝r♦ ❛♥❞ ♠✐❝r♦str✉❝t✉r❡s ✈❛r✐❛❜❧❡s ✈✐❛ ♥❡✉r❛❧
♥❡t✇♦r❦✧✳ ❊◆❆◆P❆❉✱ ✷✵✵✺✳

❆✳ ❆✳ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s✱ ❏✳ ❘✳ ❙❡❝✉r❛t♦✱ ❛♥❞ ▼✳ ▲✳ ❆✳ ◆❡tt♦✳ ✧◆♦♥❧✐♥❡❛r ♣♦♥❞❡r ❛✉✲
t♦r❡❣r❡ss✐✈❡ ♥❡✉r❛❧ ♥❡t✇♦r❦ ♠❡t❤♦❞♦❧♦❣② t♦ ♣r❡❞✐❝t ❜r❛③✐❧✐❛♥ ❡①❝❤❛♥❣❡ r❛t❡s✧✳ ■❱ ❊♥❝♦♥tr♦
❇r❛s✐❧❡✐r♦ ❞❡ ❋✐♥❛♥ç❛s✳ ❙❇❋■◆✱ ✷✵✵✹✳

❆✳ ❆✳ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s✱ ❏✳ ❈✳ ▲✉①♦✱ ❛♥❞ ▼✳ ▲✳ ❆✳ ◆❡tt♦✳ ✧❆ss❡t✲❜❛❝❦❡❞ s❡❝✉r✐t✐③❛t✐♦♥
♦❢ ❇r❛③✐❧✐❛♥ ❝♦♠♣❛♥✐❡s✿ ❢✉③③② ❛♥❞ ✐♠♣❧✐❝❛t✐✈❡ st❛t✐st✐❝❛❧ ❛♥❛❧②s✐s ♦❢ ❞❡❜t ❧❡✈❡❧ ✐♥ ♣r♦✜t❛❜✐❧✐t②✧✳
●❧♦❜❛❧ ❋✐♥❛♥❝❡ ❈♦♥❢❡r❡♥❝❡✱ ✷✵✵✻✳

❏✳ ❙✳ ❋❡rr❛♥t✐✱ ❆✳ P✳ ❈❤❛✈❡s ❡ ❆✳ ❆✳ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s✳ ✧Pr❡✈✐sã♦ ❞❛ ❯♠✐❞❛❞❡ ♥❛ ❘❡❣✐ã♦
❞❡ ▲♦♥❞r✐♥❛ ♣♦r ♠❡✐♦ ❞❛ ❙❡❧❡çã♦ ❞❡ ❱❛r✐á✈❡✐s ❡ ❞❡ ❘❡❞❡s ◆❡✉r❛✐s ❆rt✐✜❝✐❛✐s ❱✐s❛♥❞♦ ♦ ❈♦♠❜❛t❡
à ❋❡rr✉❣❡♠ ❆s✐át✐❝❛✧✳ ❙❇■❆●❘❖✱ ✷✵✵✺✳

❆✳ ❆✳ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s ❡ ■✳ ◆✳ ❞❛ ❙✐❧✈❛✳ ✧❆♣❧✐❝❛çã♦ ❞❡ r❡❞❡s ♥❡✉r❛✐s ♥❛ ❡st✐♠❛çã♦
❞❛ t❡♠♣❡r❛t✉r❛ ✐♥t❡r♥❛ ❞❡ tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ❞✐str✐❜✉✐çã♦ ✐♠❡rs♦s ❡♠ ó❧❡♦✧✳ ✐♥✿ ❝♦♥❣r❡ss♦
❜r❛s✐❧❡✐r♦ ❞❡ ❛✉t♦♠át✐❝❛✱ ✷✵✵✵✱ ✢♦r✐❛♥ó♣♦❧✐s✳ ✷✵✵✵✳

❆✳ ❆✳ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s ❡ ■✳ ◆✳ ❞❛ ❙✐❧✈❛✳ ✧▼♦♥✐t♦r✐♥❣ ❛♥❞ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ ♣r♦❝❡ss❡s
r❡❧❛t❡❞ t♦ ❧✐q✉✐❞ ✐♠♠❡rs❡❞ ❞✐str✐❜✉t✐♦♥ tr❛♥s❢♦r♠❡rs ❜② ❛rt✐✜❝✐❛❧ ♥❡✉r❛❧ ♥❡t✇♦r❦s✧✳ ✐♥✿ ✶✶t❤
✐❢❛❝ ✇♦r❦s❤♦♣ ❝♦♥tr♦❧ ❛♣♣❧✐❝❛t✐♦♥s ♦❢ ♦♣t✐♠✐③❛t✐♦♥✱ ✷✵✵✵✱ ❙❛✐♥t P❡t❡rs❜✉r❣✳ ✷✵✵✵✳

❆✳ ❆✳ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s✱ ❊✳ ❘✳ ❇r✐♥❤♦❧❡✱ ❏✳ ❋✳ ❩✳ ❉❡str♦❀ ◆✳ P✳ ❞❡ ❆❧❝❛♥t❛r❛ ❏❘✳ ✧❉❡t❡r✲
♠✐♥❛t✐♦♥ ♦❢ ❘❡s♦♥❛♥t ❋r❡q✉❡♥❝✐❡s ♦❢ ❚r✐❛♥❣✉❧❛r ❛♥❞ ❘❡t❛♥❣✉❧❛r ▼✐❝r♦str✐♣ ❆♥t❡♥♥❛s✱ ❯s✐♥❣
❆rt✐✜❝✐❛❧ ◆❡✉r❛❧ ◆❡t✇♦r❦s✧✳ ■♥✿ P■❊❘❙ ✷✵✵✺✱ ✷✵✵✺✱ ❍❛♥❣③❤♦✉✳ Pr♦❣r❡ss ■♥ ❊❧❡❝tr♦♠❛❣♥❡t✐❝s
❘❡s❡❛r❝❤ ❙②♠♣♦s✐✉♠✳ Pr♦❣r❡ss ■♥ ❊❧❡❝tr♦♠❛❣♥❡t✐❝s ❘❡s❡❛r❝❤ ❙②♠♣♦s✐✉♠✱ ✷✵✵✺✳

❋✳ P❡r❡✐r❛ ❏✉♥✐♦r✱ ▼✳ ❍✳ ❙❛♥t♦s✱ ❏✳ ❆✳ ▼❛rt✐♥✐✱ ❆✳ ❆✳ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s✳ ✧❙❡❧❡çã♦ ❞❡
❱❛r✐á✈❡✐s ❡ ❈❛r❛❝t❡ríst✐❝❛s ❝♦♠♦ ❆♣❧✐❝❛çã♦ P❛r❛❧❡❧❛ ❡♠ ❈❧✉st❡r ▼P■✧✳ ❊❘■✱ ✷✵✵✻✳

①✈✐✐
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❏✳ ❙✳ ❋❡rr❛♥t✐✱ ❆✳ P✳ ❈❤❛✈❡s ❡ ❆✳ ❆✳ ❈❛r♥❡✐r♦ ❞❡ ❋r❡✐t❛s✳ ✧❆♣♣❧②✐♥❣ ❛r✐♠❛ ❛♥❞ ✜r ✜❧t❡rs ✐♥
t❤❡ ❝♦♥t❡①t ♦❢ ❛❣r✐❝✉❧t✉r❡ ❛♥❞ ✐♥❞✉str✐❡s✧✳ ❯◆■◆❉❯✱ ✷✵✵✺✳



❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

✶✳✶ ❙✐t✉❛çã♦ ♣r♦❜❧❡♠❛✱ ❥✉st✐✜❝❛t✐✈❛ ❡ r❡❧❡✈â♥❝✐❛
❱ár✐❛s q✉❡stõ❡s ❞❡s❛✜❛❞♦r❛s s✉r❣❡♠ q✉❛♥❞♦ s❡ ❞❡s❡❥❛ ✐♠♣❧❡♠❡♥t❛r ❛ ♣r❡✈✐sã♦ ❞❡ ✉♠❛ sér✐❡

t❡♠♣♦r❛❧ ❛ss♦❝✐❛❞❛ ❛ ✉♠ ♣r♦❝❡ss♦ ❝✉❥❛ ❢♦r♠❛ ❢✉♥❝✐♦♥❛❧ é ❞❡s❝♦♥❤❡❝✐❞❛✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦
❛s sér✐❡s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❞♦ ❇r❛s✐❧ ❡ ❞❛ ✉♠✐❞❛❞❡ ❡♠ ♠✐❝r♦❝❧✐♠❛s✳ ❖ ❞❡s❛✜♦ ❝♦♥s✐st❡ ❡♠
✐❞❡♥t✐✜❝❛r ✉♠❛ ❢✉♥çã♦ s♦♠❡♥t❡ ❛ ♣❛rt✐r ❞❡ ♣❛r❡s ❞❡ ❛♠♦str❛s ❡♥tr❛❞❛s✲s❛í❞❛s✳ ◆❡st❡ ❝♦♥t❡①t♦✱
♦s ♠ét♦❞♦s ❞❡ ♣r❡❞✐çã♦ ♣♦❞❡♠ s❡r ❞✐✈✐❞✐❞♦s ❡♠ três ❝❛t❡❣♦r✐❛s✿ ♠✉❧t✐✈❛r✐❛❞♦s ✲ ✉t✐❧✐③❛♠
s♦♠❡♥t❡ ❛s ✐♥❢♦r♠❛çõ❡s ❝♦♥t✐❞❛s ♥♦s ❞❛❞♦s ❞✐s♣♦♥í✈❡✐s✱ ♥ã♦ s❡ s❛❜❡ q✉❛❧ é ❛ ❢♦r♠❛ ❢✉♥❝✐♦♥❛❧✱
♥ã♦ sã♦ tr❛ç❛❞♦s ❝❡♥ár✐♦s ❡ ♥ã♦ ❡①✐st❡ t❡♦r✐❛ ❝♦♥s♦❧✐❞❛❞❛ s♦❜r❡ ♦ ❛ss✉♥t♦❀ t❡ór✐❝♦s ✲ ❜❛s❡❛❞♦s
❡♠ t❡♦r✐❛✱ ♣r♦❥❡çã♦ ❞❡ ❝❡♥ár✐♦s✱ ❝♦♠♦ ♦s ♠ét♦❞♦s ❡❝♦♥♦♠étr✐❝♦s❀ ❥✉❧❣❛♠❡♥t❛✐s q✉❡ ✉t✐❧✐③❛♠ ❛
❝♦❣♥✐çã♦ ✭✐♥t✉✐çã♦✮ ❤✉♠❛♥❛✳ ❊st❛ t❡s❡ t❡♠ ♦ ❢♦❝♦ ❡s♣❡❝✐✜❝❛♠❡♥t❡ ♥♦s ♠ét♦❞♦s ♠✉❧t✐✈❛r✐❛❞♦s✳

❆ ❝❧❛ss❡ ❞♦s ♠♦❞❡❧♦s ♥ã♦ ❧✐♥❡❛r❡s ✜❝♦✉ ♠❛✐s ♣♦♣✉❧❛r ♥♦s ú❧t✐♠♦s ❛♥♦s✱ s❡❥❛ ♣♦rq✉❡ ♦s
❞❛❞♦s ❡①✐❜❡♠ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ✐♥❡q✉í✈♦❝❛s✱ s❡❥❛ ♣❡❧❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ❝❧❛ss❡s ❞❡ ♠♦❞❡❧♦s
♥ã♦ ❧✐♥❡❛r❡s ❜❡♠ ❡s♣❡❝✐✜❝❛❞♦s✳ P♦r ❡①❡♠♣❧♦✱ ♦s ♠♦❞❡❧♦s ♥ã♦ ❧✐♥❡❛r❡s ●❆❘❈❍ ❡ ✈♦❧❛t✐❧✐❞❛❞❡
❡st♦❝ást✐❝❛ ✭❱❊✮ ❥á sã♦ ✉t✐❧✐③❛❞♦s ❝♦♠ s✉❝❡ss♦ ♣❛r❛ ❡st✐♠❛r ❛ ✈♦❧❛t✐❧✐❞❛❞❡ ❝♦♥❞✐❝✐♦♥❛❧ ✭r✐s❝♦✮ ❡♠
sér✐❡s ✜♥❛♥❝❡✐r❛s✳ ❈♦♠♦ ♥♦ ♠❡r❝❛❞♦ ✜♥❛♥❝❡✐r♦ r❡t♦r♥♦ ❡ r✐s❝♦ ❡stã♦ ❢♦rt❡♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦s✱ é
✐♠♣♦rt❛♥t❡ ✐♥✈❡st✐❣❛r ♠ét♦❞♦s q✉❡ ✐♥❝❧✉❛♠ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❛ ♠é❞✐❛ ♣❛r❛ ❡st✐♠❛r ♦s r❡t♦r♥♦s✳
❆s r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s ✭❘◆❆✮ sã♦ ❝❛♥❞✐❞❛t❛s ♥❛t✉r❛✐s ♣❛r❛ r❡❛❧✐③❛r ❡st❛ t❛r❡❢❛✳ ❊♥tr❡t❛♥t♦✱
♦s ♠♦❞❡❧♦s ❆❘▼❆✲●❆❘❈❍ ❛✐♥❞❛ sã♦ ♦s ♠❛✐s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❡①♣❧✐❝❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s
r❡t♦r♥♦s ♠é❞✐♦s✳

❆ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝t❡ríst✐❝❛s é ✐♠♣♦rt❛♥t❡ ♥❛ ♠♦❞❡❧❛❣❡♠ ❞❡ s✐st❡♠❛s ♠✉❧t✐✈❛r✐✲
❛❞♦s t✐♣♦ ▼■❙❖ ✭♠✉❧t✐♣❧❡s ✐♥♣✉ts ❛♥❞ s✐♥❣❧❡ ♦✉t♣✉t✮ ❡ ▼■▼❖ ✭♠✉❧t✐♣❧❡s ✐♥♣✉ts ❛♥❞ ♠✉❧t✐♣❧❡s
♦✉t♣✉ts✮ ❝♦♠ ✉♠ ♥ú♠❡r♦ ❣r❛♥❞❡ ❞❡ ✈❛r✐á✈❡✐s ❝❛♥❞✐❞❛t❛s✳ ❊st❛ ❛❜♦r❞❛❣❡♠ ❡stá ❞❡ ❛❝♦r❞♦ ❝♦♠
♦ ♣r✐♥❝í♣✐♦ ♣r♦♣♦st♦ ♣♦r ❲✐❧❧✐❛♠ ❞❡ ❖❝❦❤❛♠✿ ✧P❧✉r❛❧✐t❛s ♥♦♥ ❡st ♣♦♥❡♥❞❛ s✐♥❡ ♥❡❝❝❡s✐t❛t❡✧✳
❊st❡ ♣r✐♥❝í♣✐♦ ❞✐③ q✉❡ s❡ ❞♦✐s ♠♦❞❡❧♦s ❣❡r❛♠ r❡s✉❧t❛❞♦s ❞❡ ♣r❡✈✐sã♦ s❡♠❡❧❤❛♥t❡s✱ é ♣r❡❢❡rí✈❡❧
❡s❝♦❧❤❡r ♦ ♠❛✐s s✐♠♣❧❡s✳ ▲♦❣♦✱ ❞❡✈❡✲s❡ ❡❧✐♠✐♥❛r ❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❡ ♦s ♣❛râ♠❡tr♦s ❞❡s✲
♥❡❝❡ssár✐♦s ❞♦ ♠♦❞❡❧♦ ❥á q✉❡ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❛❢❡t❛ ❛ s✉❛ ❣❡♥❡r❛❧✐③❛çã♦✳ ❊st❛ s❡❧❡çã♦ t❛♠❜é♠
♣♦❞❡ s❡r út✐❧ ♣❛r❛ ❡✈✐t❛r ♦ ♣r♦❜❧❡♠❛ ❞♦ ❛r❣✉♠❡♥t♦ s❡❧❡t✐✈♦ q✉❡ ❞✐st♦r❝❡ ♦✉ ♥ã♦ ❝♦♥t❡♠♣❧❛ ❛s
✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ q✉❡ r❡❛❧♠❡♥t❡ ✐♥✢✉❡♠ ♥❛ ✈❛r✐á✈❡❧ ❞❡ s❛í❞❛✳

❯♠ ♣r♦❜❧❡♠❛ ♥❛ ❧✐t❡r❛t✉r❛ ❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❛✐♥❞❛ ♥ã♦ t♦t❛❧♠❡♥t❡ r❡s♦❧✈✐❞♦
é ♦ ❛❥✉st❡ ❞❛ ❥❛♥❡❧❛ ❞❡ ♣r❡❞✐çã♦ ❞✐♥â♠✐❝❛✳ ❆ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❛ ♣❛rt✐r ❞♦s ❞❛❞♦s ❞✐s♣♦♥í✲

✶
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✈❡✐s é ✉♠❛ ♦♣çã♦ ❛ s❡r ❝♦♥s✐❞❡r❛❞❛ ♣❛r❛ ❡st✐♠❛r ❡st❛ ❥❛♥❡❧❛ ❡ ❝♦♥s✐st❡ ♥♦ ❛❥✉st❡ ❞♦s ♣❛râ♠❡tr♦s
❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ✭▼ ✮ ❡ t❡♠♣♦ ❞❡ ❛tr❛s♦ ✭❧❛❣ ▲✮✳ ❊st❡s ❞♦✐s ♣❛râ♠❡tr♦s ❞❡✜♥❡♠ ✉♠❛ ❥❛♥❡❧❛
❞❡ ♣r❡❞✐çã♦ q✉❡ s❡ t♦r♥❛ ❞✐♥â♠✐❝❛ ❛♦ s❡ ❞❡s❧♦❝❛r ❛♦ ❧♦♥❣♦ ❞❛ sér✐❡ ♥♦ t❡♠♣♦✳ ❆ r❡❝♦♥str✉çã♦
❞✐♥â♠✐❝❛ ❣❡r❛❧♠❡♥t❡ é s✉❜✲ót✐♠❛✱ ❞❡♣❡♥❞❡ ❜❛s✐❝❛♠❡♥t❡ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❛♥❛❧✐s❛❞❛ ❡ ❞♦s ♠é✲
t♦❞♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛❥✉st❛r ❡st❡s ♣❛râ♠❡tr♦s✳ ❈❛❞❛ ✉♠ ❞❡st❡s ♠ét♦❞♦s ♣♦❞❡ s❡r ❛❞❡q✉❛❞♦
♣❛r❛ ❞❡t❡r♠✐♥❛❞❛s ❛♣❧✐❝❛çõ❡s✱ ♣♦❞❡♥❞♦ ♥ã♦ ❢✉♥❝✐♦♥❛r ♣❛r❛ ♦✉tr❛s✳ ❊♥tr❡t❛♥t♦✱ sã♦ ❛❧t❡r♥❛t✐✈❛s
❛♦ ♠ét♦❞♦ ❞❛ ❡s❝♦❧❤❛ ❛r❜✐trár✐❛ ❞♦s ♣❛râ♠❡tr♦s ❞❛ ❥❛♥❡❧❛ ❞❡ ♣r❡❞✐çã♦✳

❆ ♠♦t✐✈❛çã♦ ♣♦r trás ❞❛ ✉t✐❧✐③❛çã♦ ❞❛s r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s ✭❘◆❆✮ é ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ s❡
❡♥❝♦♥tr❛r s♦❧✉çõ❡s ❡✜❝❛③❡s ♣❛r❛ ♣r♦❜❧❡♠❛s ❞❡ ❞✐❢í❝✐❧ tr❛t❛♠❡♥t♦✱ ❥á q✉❡ ♦ ❝❡♥ár✐♦ ❛t✉❛❧ ❡①✐❣❡ s♦✲
❧✉çõ❡s ❝❛❞❛ ✈❡③ ♠❛✐s ❝♦♠♣❡t✐t✐✈❛s✳ ❊♥tr❡t❛♥t♦✱ ❛s ❘◆❆ só ♣♦❞❡♠ s❡r ❞❡✈✐❞❛♠❡♥t❡ ❡①♣❧♦r❛❞❛s
♣♦r ♠❡✐♦ ❞❡ ♣r♦❝❡❞✐♠❡♥t♦s r❡✜♥❛❞♦s ❞❡ ❛♥á❧✐s❡ ❡ sí♥t❡s❡✱ ♦✉ s❡❥❛✱ ♦s r❡❝✉rs♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
❞❡✈❡♠ s❡r ❛♣❧✐❝❛❞♦s ♥❛ ♠❡❞✐❞❛ ❝❡rt❛ ❡ ♥❛ s✐t✉❛çã♦ ❛♣r♦♣r✐❛❞❛✳ ❚❡♠✲s❡ q✉❡ ❛✈❛❧✐❛r ♦s ❣❛♥❤♦s
❞❡ ❞❡s❡♠♣❡♥❤♦ ♥❛ ♣r❡s❡♥ç❛ ❞❡ ✐♥❝r❡♠❡♥t♦s ❞❡ ❝♦♠♣❧❡①✐❞❛❞❡✳ ❆ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❛ ✐♠♣❧❡♠❡♥t❛✲
çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ✈✐❛ ❘◆❆ ♣♦❞❡ ❛✉♠❡♥t❛r ❡ t♦r♥❛r ❞✐❢í❝✐❧ ❡♥❝♦♥tr❛r ❛ s♦❧✉çã♦ ❣❧♦❜❛❧ ót✐♠❛✳
■st♦ ♦❝♦rr❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ q✉❛♥❞♦ ♥ã♦ s❡ ❝♦♥s❡❣✉❡ ❡♥❝♦♥tr❛r ♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡
❡♥tr❛❞❛ ❛♣r♦♣r✐❛❞♦ ♣❛r❛ s❡ ❡st✐♠❛r ❛❞❡q✉❛❞❛♠❡♥t❡ ❛ ❥❛♥❡❧❛ ❞❡ ♣r❡❞✐çã♦ ❞✐♥â♠✐❝❛ ❞❡ ✉♠ s✐s✲
t❡♠❛ ✈❛r✐❛♥t❡ ♥♦ t❡♠♣♦✳ ❊♥tr❡t❛♥t♦✱ ♥❛s ❝♦♠♣❡t✐çõ❡s ♣❛tr♦❝✐♥❛❞❛s ♣❡❧♦ ❙❛♥t❛ ❋é ■♥st✐t✉t❡✱ ❛
❝❧❛ss❡ ❞❡ ♠♦❞❡❧♦s ♥❡✉r❛✐s ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s
♠✉❧t✐✈❛r✐❛❞❛s✱ ♥ã♦✲❧✐♥❡❛r❡s ❡ ✈❛r✐❛♥t❡s ♥♦ t❡♠♣♦ ❬❲❊■●❊◆❉ ❛♥❞ ●❊❘❙❍❊◆❋❊▲❉✱ ✶✾✾✹❪✳

❖ ❝r✐tér✐♦ ❞❡ ❡s❝♦❧❤❛ ❞♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ t❡st❡s é ✐♠♣♦rt❛♥t❡ ♣❛r❛ ❛ q✉❛❧✐❞❛❞❡ ❞♦ ❛❥✉st❡ ❞♦
♠♦❞❡❧♦ ❡ ❞❛s ♣r❡✈✐sõ❡s✳ ■♥✐❝✐❛❧♠❡♥t❡ sã♦ ❛♣❧✐❝❛❞♦s ♦s t❡st❡s ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡✱ ❞❡ ❞❡♣❡♥❞ê♥❝✐❛
t❡♠♣♦r❛❧ ❡ ❞❛ ♣r❡s❡♥ç❛ ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✳ ❈♦♠♦ ♦s ✐♥✈❡st✐❞♦r❡s ❜✉s❝❛♠ ♠❛①✐♠✐③❛r ❧✉❝r♦s✱ ♦s
t❡st❡s q✉❡ ❛✈❛❧✐❛♠ ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ r❡t♦r♥♦s sã♦ ♠❛✐s r❡❧❡✈❛♥t❡s ♣❛r❛ ❡st❛ ár❡❛ q✉❡ ❛q✉❡❧❡s
q✉❡ ❛✈❛❧✐❛♠ s♦♠❡♥t❡ ❛ ♣r❡❝✐sã♦✳ ❖ t❡st❡ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛✈❛❧✐❛r ❛ ❤❛❜✐❧✐❞❛❞❡ ♣r❡❞✐t✐✈❛ ❞♦ ♠♦❞❡❧♦
❡♠ r❡❧❛çã♦ ❛♦ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦ ✭P❆✮ s❡rá ♦ ◆▼❙❊ ✭♥♦r♠❛❧✐③❡❞ ♠❡❛♥ sq✉❛r❡ ❡rr♦r✮✱ q✉❡ é ♠✉✐t♦
✉s❛❞♦ ❡♠ t♦❞❛s ❛s ❝♦♠✉♥✐❞❛❞❡s ❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳ ❆ ❢✉♥çã♦ ❞❡ ✉t✐❧✐❞❛❞❡ ❞♦s
t❡st❡s ♣♦❞❡ ✐♥✢✉❡♥❝✐❛r ♥❛ ❛✈❛❧✐❛çã♦ ❞♦ ♠♦❞❡❧♦✱ ♦✉ s❡❥❛✱ ✉♠ ♠♦❞❡❧♦ ♣♦❞❡ s❡r s✉♣❡r✐♦r ♣❛r❛ ✉♠❛
❞❡t❡r♠✐♥❛❞❛ ❢✉♥çã♦ ❞❡ ✉t✐❧✐❞❛❞❡✱ ♠❛s ♥ã♦ ♣❛r❛ ♦✉tr❛✳

❊♥tr❡t❛♥t♦✱ ♠❡s♠♦ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡st❡s ❝r✐tér✐♦s✱ ❛ ❛✈❛❧✐❛çã♦ ❞❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s
é ✉♠❛ t❛r❡❢❛ ❞✐❢í❝✐❧ q✉❡ ♣♦❞❡ ❧❡✈❛r ❢❛❝✐❧♠❡♥t❡ ❛ ❝♦♥❝❧✉sõ❡s ❡q✉✐✈♦❝❛❞❛s✳ ❊st❡ tr❛❜❛❧❤♦ ✉t✐❧✐③❛ ♦
t❡st❡ ❞❡ ❲❍■❚❊ ✭✷✵✵✵✮ ♣❛r❛ ❝♦♠♣❛r❛r ✉♠ ❣r✉♣♦ ❞❡ ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ♥❛ ♠é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧
❛ ✉♠ ♠♦❞❡❧♦ ❜❡♥❝❤♠❛r❦✳ ❊st❡ t❡st❡ é ♥ã♦ ♣❛r❛♠étr✐❝♦ ❡ s❡r✈❡ ♣❛r❛ ✈❡r✐✜❝❛r s❡ ♣❡❧♦ ♠❡♥♦s
✉♠ ♠♦❞❡❧♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♠♦❞❡❧♦s ❝♦♠♣❛r❛❞♦s ❣❡r❛ ♣r❡✈✐sõ❡s ❝♦♠ s✉♣❡r✐♦r✐❞❛❞❡ s✐❣♥✐✜✲
❝❛t✐✈❛ s♦❜r❡ ✉♠ ♠♦❞❡❧♦ ❜❡♥❝❤♠❛r❦✳ ❊♠ ❬❍❆◆❙❊◆✱ ✷✵✵✺❪ ❢♦✐ ♣r♦♣♦st♦ q✉❡ ❡st❡ t❡st❡ t♦r♥❛ ♦s
r❡s✉❧t❛❞♦s s❡♥s✐t✐✈♦s à ✐♥❝❧✉sã♦ ❞❡ ♠♦❞❡❧♦s ❝♦♠ r❡s✉❧t❛❞♦s ❞❡ ♣r❡✈✐sã♦ ♣♦❜r❡s ❡♥tr❡ ♦s ♠♦❞❡❧♦s
❝♦♠♣❛r❛❞♦s✳

❆ ❧✐t❡r❛t✉r❛ s♦❜r❡ ❛ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ é ❡①t❡♥s❛✳ P❛rt❡ ❞❡❧❛ ❜✉s❝❛ ♣r♦✈❛r
s❡ ❛ sér✐❡ ♥♦ t❡♠♣♦ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ é ♦✉ ♥ã♦ ✉♠ ♣r♦❝❡ss♦ ▼❛rt✐♥❣❛❧❡✳ ❆
✐♠♣♦rtâ♥❝✐❛ ❞❡st❛ ♣❡sq✉✐s❛ ❡stá ♥❛s s✉❛s ✐♠♣❧✐❝❛çõ❡s ❡❝♦♥ô♠✐❝❛s✳ ◗✉❛♥❞♦ ❡st❡ ♣r♦❝❡ss♦ ♥ã♦
é ▼❛rt✐♥❣❛❧❡✱ ❛❜r❡♠✲s❡ ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ♦✈❡rs❤♦♦t✐♥❣ ♦✉ ✉♥❞❡rs❤♦♦t✐♥❣ ♥❛ t❛①❛ ❞❡ ❝â♠❜✐♦✱
❛✈❡rsã♦ ❛♦ r✐s❝♦ ❡ ❛ ✐♥t❡r✈❡♥çã♦ ♦✜❝✐❛❧ ♥♦ ♠❡r❝❛❞♦ ❞❡ ♠♦❡❞❛s ❡str❛♥❣❡✐r❛s ✭♦✉ ✐♥❞✐r❡t❛♠❡♥t❡ ✈✐❛
♦♣❡r❛çõ❡s ❞❡ ♠❡r❝❛❞♦ ❛❜❡rt♦✮✳ ◗✉❛♥❞♦ ❡st❡ ♣r♦❝❡ss♦ ♥ã♦ é ▼❛rt✐♥❣❛❧❡✱ ❡st❛ sér✐❡ t❡♠ ❛❧❣✉♠
♥í✈❡❧ ❞❡ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡ ❡ ❛ ♣❛r✐❞❛❞❡ ❞♦ ♣♦❞❡r ❞❡ ❝♦♠♣r❛ ♥ã♦ ♦❝♦rr❡✳ ◆♦ ❇r❛s✐❧✱ q✉❡ t❡✈❡ ✉♠❛
❢♦rt❡ ❞❡s✈❛❧♦r✐③❛çã♦ ❞♦ r❡❛❧✱ ❝♦♠ ♣♦st❡r✐♦r ❛❞♦çã♦ ❞♦ r❡❣✐♠❡ ❞❡ ❝â♠❜✐♦ ✢✉t✉❛♥t❡✱ é r❡❧❡✈❛♥t❡
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❛♥❛❧✐s❛r s✉❛ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡ ❛♣ós ❡st❡s ❡✈❡♥t♦s✳
P❡sq✉✐s❛s s♦❜r❡ ❛ ✉♠✐❞❛❞❡ ♥❛ tr♦♣♦s❢❡r❛ ❛♣♦♥t❛♠ ♣❛r❛ ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ✉♠✐❞❛❞❡ ❡s♣❡❝í✲

✜❝❛ ❡ ❛ t❡♠♣❡r❛t✉r❛✳ ◆❛ tr♦♣♦s❢❡r❛✱ t❛♥t♦ ♥❛ ♣❛rt❡ ❜❛✐①❛ ❝♦♠♦ ♥❛ ❛❧t❛✱ q✉❛♥❞♦ ❛ t❡♠♣❡r❛t✉r❛
❛✉♠❡♥t❛ ❛ ✉♠✐❞❛❞❡ t❛♠❜é♠ ❛✉♠❡♥t❛✳ ❏á ✉♠❛ r❡❧❛çã♦ ✐♥✈❡rs❛ ✐♥t❡♥s❛ ♦❝♦rr❡ q✉❛♥❞♦ ❛ ✉♠✐✲
❞❛❞❡ r❡❧❛t✐✈❛ é ❝♦♠♣❛r❛❞❛ ❬❙❯◆ ❛♥❞ ❖❖❘❚✱ ✶✾✾✺❪✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ❛ ✉♠✐❞❛❞❡ é ❛ q✉❛♥t✐❞❛❞❡
❞❡ ✈❛♣♦r ❞✬á❣✉❛ ♣r❡s❡♥t❡ ♥♦ ❛r ❡ é r❛③♦á✈❡❧ q✉❡ ❞✉r❛♥t❡ ✉♠❛ ❝❤✉✈❛ ❛ ✉♠✐❞❛❞❡ s❡❥❛ ❢♦rt❡♠❡♥t❡
✐♥✢✉❡♥❝✐❛❞❛✱ r❡st❛ s❛❜❡r ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡st❛ ✐♥✢✉ê♥❝✐❛ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦ ❥á q✉❡ ♥ã♦ ❝❤♦✈❡
♥❛ t❡rr❛ ❝♦♥t✐♥✉❛♠❡♥t❡✳ ◆❡st❡ tr❛❜❛❧❤♦ é ✐♠♣❧❡♠❡♥t❛❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡ ♣r❡✈✐sã♦ ❞❛ ✉♠✐❞❛❞❡
❤♦rár✐❛ ♥♦ ♠✐❝r♦❝❧✐♠❛ ❞❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘✱ ✉t✐❧✐③❛♥❞♦ ✉♠ ♠ét♦❞♦ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s✳
❖s ❞❛❞♦s ❝♦❧❡t❛❞♦s s♦❜r❡ ❛ ✉♠✐❞❛❞❡ ♥❡st❛ r❡❣✐ã♦ s✉❣❡r❡♠ q✉❡ ❛s ✈❛r✐❛çõ❡s sã♦ rá♣✐❞❛s✱ ♠✉✐t♦
❜r✉s❝❛s ❡ ❞❡ ✐♥t❡♥s✐❞❛❞❡ ❡❧❡✈❛❞❛✳ ❆ r❡❧❡✈â♥❝✐❛ s♦❝✐❛❧ ❞❡st❡ ❡st✉❞♦ ❡stá ♥❛ ♣♦ssí✈❡❧ ❡❝♦♥♦♠✐❛ ❞❡
❜✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s ♥♦ s❡t♦r ❞❛ ❛❣r✐❝✉❧t✉r❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥❛ ❝✉❧t✉r❛ ❞❛ s♦❥❛✱ ❥á q✉❡ ♦ ❝✉st♦ ❞♦s
♣r♦❞✉t♦s q✉í♠✐❝♦s ✉t✐❧✐③❛❞♦s ♥♦ ❝♦♥tr♦❧❡ ❞❛ ❢❡rr✉❣❡♠ ❛s✐át✐❝❛✱ ❛ ♣r✐♥❝✐♣❛❧ ❛♠❡❛ç❛ à ❡st❛ ❝✉❧✲
t✉r❛✱ ♣♦❞❡ s❡r r❡❞✉③✐❞♦ s✉❜st❛♥❝✐❛❧♠❡♥t❡✳ ❆❧é♠ ❞✐ss♦✱ ❝♦♠♦ ❛ ✉t✐❧✐③❛çã♦ ❞♦s ♣r♦❞✉t♦s q✉í♠✐❝♦s
❞✐♠✐♥✉✐✱ ♦ ♠❡✐♦ ❛♠❜✐❡♥t❡ é ♠❡♥♦s ❛❣r❡❞✐❞♦✳

❋✐♥❛❧♠❡♥t❡✱ ❛s ♣❡sq✉✐s❛s ♥❛s ár❡❛s ❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❡ ❞❡ r❡❞❡s ♥❡✉r❛✐s ❛r✲
t✐✜❝✐❛✐s tê♠ ❝❛rát❡r ♠✉❧t✐❞✐s❝✐♣❧✐♥❛r ❡ q✉❛❧q✉❡r ❝♦♥tr✐❜✉✐çã♦ q✉❡ ❡st❛ t❡s❡ ♣♦ss❛ r❡♣r❡s❡♥t❛r
r❡✢❡t✐rá ❞❡ ❢♦r♠❛ ❛❜r❛♥❣❡♥t❡ ❡♠ ♦✉tr♦s s❡t♦r❡s ❞❡ ♣❡sq✉✐s❛✳

✶✳✷ ◗✉❡stã♦ ♣r✐♥❝✐♣❛❧✱ ♦❜❥❡t✐✈♦s ❡ ❤✐♣ót❡s❡ ❣❡r❛❧ ❞❛ t❡s❡

✶✳✷✳✶ ◗✉❡stã♦ ♣r✐♥❝✐♣❛❧

❆ ✈❛r✐❛çã♦ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ é ✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ ▼❛rt✐♥❣❛❧❡❄ ❊ ❛ ✈❛r✐❛çã♦
❞❛ ✉♠✐❞❛❞❡ ♥♦ ♠✐❝r♦❝❧✐♠❛ ❞❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘❄

P❛r❛ r❡s♣♦♥❞❡r ❛ ❡st❛s q✉❡stõ❡s ❢♦✐ ❞❡✜♥✐❞♦ ✉♠ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧✱ ❞❡s❞♦❜r❛❞♦ ❡♠ ♦❜❥❡t✐✈♦s
s❡❝✉♥❞ár✐♦s✱ ❞❡ ♠❛♥❡✐r❛ ❛ ❡st❛❜❡❧❡❝❡r ♦s ♣❛ss♦s ❞❛ ✐♥✈❡st✐❣❛çã♦ ❝❛♣❛③ ❞❡ r❡s♣♦♥❞ê✲❧❛s✳

✶✳✷✳✷ ❖❜❥❡t✐✈♦s

❖❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧✿
❱❡r✐✜❝❛r ❡♠♣✐r✐❝❛♠❡♥t❡ s❡ ❛ ✈❛r✐❛çã♦ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ❡ ❞❛ ✉♠✐❞❛❞❡ ♥♦ ♠✐❝r♦❝❧✐♠❛
❞❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘ sã♦ ♦✉ ♥ã♦ ♣r♦❝❡ss♦s t✐♣♦ ▼❛rt✐♥❣❛❧❡✳ ■♥✈❡st✐❣❛r q✉❛✐s ♠♦❞❡❧♦s ❢♦r✲
♥❡❝❡♠ ❛ ♠❡❧❤♦r q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦ ♣❛r❛ ❝❛❞❛ ❢✉♥çã♦ ❞❡ ♣❡r❞❛✱ ❛s ❧✐♠✐t❛çõ❡s ❞❡st❡s ♠❡❧❤♦r❡s
♠♦❞❡❧♦s ❡ s❡ ♦s ♠❡s♠♦s tê♠ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s✳

❖❜❥❡t✐✈♦s s❡❝✉♥❞ár✐♦s✿
• Pr♦✈❛r ♣♦r ♠❡✐♦ ❞❡ t❡st❡s q✉❡ ❡①✐st❡♠ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❛ ♠é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧ ❡ ❞❡♣❡♥✲

❞ê♥❝✐❛ t❡♠♣♦r❛❧ ✭❧✐♥❡❛r ❡ ♥ã♦ ❧✐♥❡❛r✮ ♥❡st❛s sér✐❡s✳
• Pr♦♣♦r ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s✳
• ❆❥✉st❡ ❞❛ ❥❛♥❡❧❛ ❞❡ ♣r❡✈✐sã♦ ♣♦r ♠❡✐♦ ❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❡ ❞❡ ❘◆❆✳
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• ■♥✈❡st✐❣❛r ❡♠♣✐r✐❝❛♠❡♥t❡ s❡ ❛s ♠❛❣♥✐t✉❞❡s ❞❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ✐♥✢✉❡♠ ♥❛ ❡s♣❡❝✐✜❝❛çã♦
❞❡ ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ t✐♣♦ ❆❘▼❆✲●❆❘❈❍ ❡ ♥❡✉r❛✐s✳

✶✳✷✳✸ ❍✐♣ót❡s❡ ❣❡r❛❧

❆ ✈❛r✐❛çã♦ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ❡ ❞❛ ✉♠✐❞❛❞❡ ♥♦ ♠✐❝r♦❝❧✐♠❛ ❞❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲
P❘ ♥ã♦ sã♦ ♣r♦❝❡ss♦s t✐♣♦ ▼❛rt✐♥❣❛❧❡✳

✶✳✸ ▼❡t♦❞♦❧♦❣✐❛

✶✳✸✳✶ ▼❡t♦❞♦❧♦❣✐❛s ❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s

❉♦ ✐♥í❝✐♦ ❞♦ sé❝✉❧♦ ♣❛ss❛❞♦ ❛té ✶✾✷✵✱ ❛ ♣r❡❞✐çã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❡r❛ r❡❛❧✐③❛❞❛ ❛ ♣❛rt✐r
❞❛ ❡①tr❛♣♦❧❛çã♦ ❞❡ ❞❛❞♦s ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✳ ❈♦✉❜❡ ❛ ❨❯▲❊ ♥♦ ✐♥í❝✐♦ ❞♦ sé❝✉❧♦ ♣❛ss❛❞♦✱
♣❡sq✉✐s❛♥❞♦ ❛s ♠❛♥❝❤❛s s♦❧❛r❡s✱ ♣r♦♣♦r ❛ té❝♥✐❝❛ ❛✉t♦r❡❣r❡ss✐✈❛ ❡♠ ❬❨❯▲❊✱ ✶✾✷✻❪ ❡ s❡r ♦
♣r✐♠❡✐r♦ ❛ ❛❜♦r❞❛r ♦ ♣r♦❜❧❡♠❛ ❞❛s r❡❣r❡ssõ❡s s❡♠ s❡♥t✐❞♦ ❡ ❡s♣úr✐❛s✳ ❆ té❝♥✐❝❛ ❛✉t♦r❡❣r❡ss✐✈❛
❡r❛ ♣✉r❛♠❡♥t❡ ❧✐♥❡❛r ❡ ❝♦♥s✐st✐❛ ❡♠ ✉t✐❧✐③❛r ❛ s♦♠❛ ♣♦♥❞❡r❛❞❛ ❞❛s ♦❜s❡r✈❛çõ❡s ❛♥t❡r✐♦r❡s ♣❛r❛
❞❡t❡r♠✐♥❛r ♦ ✈❛❧♦r ♣r❡✈✐st♦✳ ❉✉r❛♥t❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❝✐♥qü❡♥t❛ ❛♥♦s✱ ❡①❝❡t♦ ♣❡❧❛ ❛♣❧✐❝❛çã♦
❞♦ ✜❧tr♦ ❛❞❛♣t❛t✐✈♦ ❧✐♥❡❛r ❞❡ ❲■❉❘❖❲ ❡ ❍❖❋❋ ✭✶✾✻✵✮ ♣♦r ❍✉✱ ❡♠ ❡st✉❞♦s ❞❡ ♣r❡✈✐sã♦
❝❧✐♠át✐❝❛✱ ♦ ♠♦❞❡❧♦ ❜❛s❡❛❞♦ ❡♠ ✉♠ ✜❧tr♦ ❛✉t♦r❡❣r❡ss✐✈♦ ❛❝r❡s❝✐❞♦ ❞♦ r✉í❞♦ ❢♦✐ ♣r❛t✐❝❛♠❡♥t❡ ♦
ú♥✐❝♦ ❛ s❡r ✉t✐❧✐③❛❞♦ ♥❡st❛ ár❡❛✳

◆♦ ✜♥❛❧ ❞❛ ❞é❝❛❞❛ ❞❡ ✶✾✻✵✱ ♦s ♣r♦❢❡ss♦r❡s ●❡♦r❣❡ ❊✳ P✳ ❇❖❳ ❡ ●✳ ▼✳ ❏❊◆❑■◆❙ ♣✉❜❧✐❝❛r❛♠
✈ár✐♦s tr❛❜❛❧❤♦s s♦❜r❡ ❛ t❡♦r✐❛ ❞❡ ❝♦♥tr♦❧❡ ❡ ❞❡ ❛♥á❧✐s❡ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳ ❊♠ ✶✾✼✵ ♣✉❜❧✐❝❛r❛♠
♦ ❧✐✈r♦ ❚✐♠❡ s❡r✐❡s ❛♥❛❧②s✐s✱ ❢♦r❡❝❛st✐♥❣ ❛♥❞ ❝♦♥tr♦❧ ❬❇❖❳ ❛♥❞ ❏❊◆❑■◆❙✱ ✶✾✼✵❪ ❛♣r❡s❡♥t❛♥❞♦
✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❛ ❛♥á❧✐s❡ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✱ ❡ ❡♠ ✶✾✼✻ ❡ ✶✾✾✹ ❢♦r❛♠ ❧❛♥ç❛❞❛s ✈❡rsõ❡s
r❡✈✐s❛❞❛s ❞❡ss❡ ❧✐✈r♦ ❬❇❖❳ ❛♥❞ ❏❊◆❑■◆❙✱ ✶✾✼✻❪ ❡ ❬❇❖❳ ❡t ❛❧✳✱ ✶✾✾✹❪ q✉❡ ♥♦r♠❛❧♠❡♥t❡ sã♦
❛s ♠❛✐s ♠❡♥❝✐♦♥❛❞❛s✳ ❆ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ❞❡ss❡ tr❛❜❛❧❤♦ ❢♦✐ r❡✉♥✐r ❛s té❝♥✐❝❛s ❡①✐st❡♥t❡s
♥✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❝♦♥str✉✐r ♠♦❞❡❧♦s ❆❘▼❆ q✉❡ ❞❡s❝r❡✈✐❛♠ ❝♦♠ ✉♠❛ ❝❡rt❛ ♣r❡❝✐sã♦ ❡ ❞❡
❢♦r♠❛ ♣❛r❝✐♠♦♥✐♦s❛ ♦ ♣r♦❝❡ss♦ ❣❡r❛❞♦r ❞❛ sér✐❡ t❡♠♣♦r❛❧✳ ❊st❛ ❝❧❛ss❡ ❞❡ ♠♦❞❡❧♦s t❡♠ ♦❜t✐❞♦
❝♦♥s✐❞❡rá✈❡❧ s✉❝❡ss♦ ♥❛s ár❡❛s ❡❝♦♥ô♠✐❝❛ ❡ ✜♥❛♥❝❡✐r❛✱ ♠❛s ♥❡♠ s❡♠♣r❡ ❝♦♥s❡❣✉❡ ❧✐❞❛r ❝♦♠
♦s ❢❛t♦s ❡st✐❧✐③❛❞♦s ❝❛r❛❝t❡ríst✐❝♦s ❞❡ ❞❛❞♦s ✜♥❛♥❝❡✐r♦s ✭❝♦♥❣❧♦♠❡r❛❞♦s ❞❡ ✈❛❧♦r❡s ❡①tr❡♠♦s✱
❛ss✐♠❡tr✐❛s ❡ ❡①❝❡ss♦ ❞❡ ❝✉rt♦s❡✮✳

❖s ♠♦❞❡❧♦s ❞❡ ❡q✉❛çõ❡s s✐♠✉❧tâ♥❡❛s ❢♦r❛♠ ♠❛✐s ✉t✐❧✐③❛❞♦s ♥❛s ❞é❝❛❞❛s ❞❡ ✶✾✻✵ ❡ ✶✾✼✵✱
q✉❛♥❞♦ ♠♦❞❡❧♦s r❡✜♥❛❞♦s ❞❛ ❡❝♦♥♦♠✐❛ ❛♠❡r✐❝❛♥❛ ❜❛s❡❛❞♦s ❡♠ ❡q✉❛çõ❡s s✐♠✉❧tâ♥❡❛s ❞♦♠✐♥❛✲
r❛♠ ❛ ♣r❡✈✐sã♦ ❡❝♦♥ô♠✐❝❛✳ ❊♥tr❡t❛♥t♦✱ ❡♠ ❬❙■▼❙✱ ✶✾✽✵❪ ❢♦✐ s✉❣❡r✐❞♦ q✉❡ ❛ ❞❡❝✐sã♦ s♦❜r❡ ❛
❡s❝♦❧❤❛ ❞❛s ✈❛r✐á✈❡✐s ❡r❛ ♠✉✐t♦ s✉❜❥❡t✐✈❛✳ ❊❧❡ ❛❝❤❛✈❛ q✉❡ s❡ ❤á ✉♠❛ ✈❡r❞❛❞❡✐r❛ s✐♠✉❧t❛♥❡✐✲
❞❛❞❡ ❡♥tr❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s✱ t♦❞❛s ❡❧❛s ❞❡✈❡♠ s❡r tr❛t❛❞❛s ✐❣✉❛❧♠❡♥t❡❀ ♥ã♦ ❞❡✈❡ ❤❛✈❡r
❞✐st✐♥çã♦ ❛ ♣r✐♦r✐ ❡♥tr❡ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✳ ❋♦✐ ❝♦♠ ❡st❡ ❡s♣ír✐t♦ q✉❡ ❙■▼❙ ✭✶✾✽✵✮
❛♣r❡s❡♥t♦✉ ❛ ❝❧❛ss❡ ❞❡ ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❱❆❘ ✭✈❡❝t♦rs ❛✉t♦r❡❣r❡ss✐✈❡s✮✳ ❖s ❝♦♥❝❡✐t♦s ❜❛s❡ ❛ss♦✲
❝✐❛❞♦s ❛♦ ❱❆❘ sã♦✿ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧❀ ✐♠♣❛❝t♦ ❞✐♥â♠✐❝♦ ❞❡ ✉♠ ❞✐stúr❜✐♦ ❛❧❡❛tór✐♦❀ s❡❧❡çã♦
❞❡ ♠♦❞❡❧♦s ✭❆❑❆■❑❊✱ ❙❈❍❆❘❲❩✮✳

❊♠ ❬●❘❆◆●❊❘ ❛♥❞ ◆❊❲❇❖▲❉✱ ✶✾✼✹❪ ❢♦✐ ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❛♥á❧✐s❡ ❝r✐t❡r✐♦s❛ s♦❜r❡ r❡✲
❣r❡ssõ❡s ❡s♣úr✐❛s✳ ❆ r❡❣r❡ssã♦ ❞❡ ✉♠❛ ✈❛r✐á✈❡❧ s♦❜r❡ ✉♠❛ ♦✉ ♠❛✐s ✈❛r✐á✈❡✐s ♠✉✐t❛s ✈❡③❡s ♣♦❞❡
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❢♦r♥❡❝❡r r❡s✉❧t❛❞♦s s❡♠ s❡♥t✐❞♦ ♦✉ ❡s♣úr✐♦s✳ ❯♠❛ ♠❛♥❡✐r❛ ❞❡ s❡ ♣r❡✈❡♥✐r é t❡st❛r s❡ ❛s sér✐❡s
t❡♠♣♦r❛✐s sã♦ ❝♦✐♥t❡❣r❛❞❛s✳ ❇❛s✐❝❛♠❡♥t❡✱ ❝♦✐♥t❡❣r❛çã♦ s✐❣♥✐✜❝❛ q✉❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ❞✉❛s
♦✉ ♠❛✐s sér✐❡s ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡ ♥ã♦ ❡st❛❝✐♦♥ár✐❛s ♣♦❞❡ r❡s✉❧t❛r ❡♠ ✉♠❛ sér✐❡ ❡st❛❝✐♦♥ár✐❛✳ ❖
t❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❊◆●▲❊ ❛♥❞ ●❘❆◆●❊❘✱ ✶✾✽✼❪ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ♣❛r❛ ✈❡r✐✜❝❛r s❡ ❞✉❛s
♦✉ ♠❛✐s sér✐❡s sã♦ ❝♦✐♥t❡❣r❛❞❛s✱ ♦✉ s❡❥❛✱ s✉❣❡r❡ s❡ ❤á ♦✉ ♥ã♦ ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❡❧❛s ❛ ❧♦♥❣♦
♣r❛③♦ ✭❡q✉✐❧í❜r✐♦✮✳ ◆❡st❡ ♠❡s♠♦ tr❛❜❛❧❤♦ ❢♦✐ ♣r♦♣♦st♦ ✉♠ ♠❡❝❛♥✐s♠♦ ❞❡ ❝♦rr❡çã♦ ❞❡ ❡rr♦ ♣❛r❛
❝♦♥❝✐❧✐❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❛ ❝✉rt♦ ♣r❛③♦ ❞❡ ✉♠❛ ✈❛r✐á✈❡❧ ❝♦♠ s❡✉ ❝♦♠♣♦rt❛♠❡♥t♦ ❛ ❧♦♥❣♦
♣r❛③♦✱ s✉r❣✐♥❞♦ ❛ ❝❧❛ss❡ ❞❡ ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❱❊❈ ✭✈❡❝t♦r ❡rr♦r ❝♦rr❡❝t✐♦♥✮✳ P♦st❡r✐♦r♠❡♥t❡✱
❡♠ ❬❏❖❍❆◆❙❊◆ ❛♥❞ ❏❯❙❊▲■❯❙✱ ✶✾✾✵❪ ❢♦✐ s✉❣❡r✐❞❛ ✉♠❛ ❝♦♠♣❧❡♠❡♥t❛çã♦ ❛♦ t❡st❡ ❞❡ ●r❛♥✲
❣❡r✳ ◗✉❛♥❞♦ ♥ã♦ ❡①✐st❡ ❝♦✐♥t❡❣r❛çã♦✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ✉♠ ♠♦❞❡❧♦ ❧✐♥❡❛r ❱❆❘✳ ❈❛s♦ ❝♦♥trár✐♦✱
❛♣❧✐❝❛✲s❡ ✉♠ ♠♦❞❡❧♦ ❧✐♥❡❛r ❱❊❈✳ ◆♦ ❛rt✐❣♦ ❬❙■▼❙ ❡t ❛❧✳✱ ✶✾✾✵❪ ❢♦✐ ❛♥❛❧✐s❛❞❛ ❛ ❡s❝♦❧❤❛ ❞♦ t❛✲
♠❛♥❤♦ ❞♦ ❧❛❣ ♥♦s t❡st❡s ❞❡ r❛í③❡s ✉♥✐tár✐❛s✱ ❡♠ ♠♦❞❡❧♦s ❱❆❘ ❡ t❡st❡s ❞❡ ❝♦✐♥t❡❣r❛çã♦✳ ❖s
♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❆❘▼❆✱ ❱❆❘ ❡ ❱❊❈ sã♦ ♠✉✐t♦ ✉t✐❧✐③❛❞♦s ♥❛s ár❡❛s ✜♥❛♥❝❡✐r❛ ❡ ❡❝♦♥ô♠✐❝❛✳

◆♦ ✐♥í❝✐♦ ❞♦s ❛♥♦s ✽✵✱ ❛ ❝♦♠✉♥✐❞❛❞❡ ❡st❛tíst✐❝❛ ♣r♦♣ôs ❛❧t❡r♥❛t✐✈❛s ❛♦s ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❞❡
♠❡♠ór✐❛ ❝✉rt❛ ❡①✐st❡♥t❡s ✭❆❘▼❆ ❡ ❱❆❘✮✿

❛✮ ▼♦❞❡❧♦s ♥ã♦ ❧✐♥❡❛r❡s ♥❛ ♠é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧✿ ❡♠ ❬❚❖◆● ❛♥❞ ▲■▼✱ ✶✾✽✵❪ ❢♦r❛♠ ♣r♦♣♦st♦s
♦s ♠♦❞❡❧♦s ❛✉t♦r❡❣r❡ss✐✈♦s ❝♦♠ r❡❣✐♠❡s ❞❡t❡r♠✐♥❛❞♦s ♣♦r ❧✐♠✐❛r❡s ✭t❤r❡s❤♦❧❞ ❱❆❘✱ ❚❱❆❘✮ ♦✉
♣♦r ✉♠❛ ❢✉♥çã♦ ❞❡ tr❛♥s✐çã♦ s✉❛✈❡ ✭s♠♦♦t❤ tr❛♥s✐t✐♦♥ ❱❆❘✱ ❙❚❱❆❘✮ q✉❡ tê♠ ♦s r❡❣✐♠❡s ❞❡✜♥✐✲
❞♦s ♣♦r ✉♠❛ ✈❛r✐á✈❡❧ ♦❜s❡r✈❛❞❛ ❡ ♣♦r ✉♠❛ ❢✉♥çã♦ ❞❡ tr❛♥s✐çã♦ ❡ ❝♦♠❜✐♥❛ ❞♦✐s ♦✉ ♠❛✐s ♠♦❞❡❧♦s
❧✐♥❡❛r❡s ❞❡ ✉♠❛ ❢♦r♠❛ ♥ã♦✲❧✐♥❡❛r❀ ♥♦ ❛rt✐❣♦ ❬❙❯❇❇❆ ❛♥❞ ●❆❇❘✱ ✶✾✽✹❪ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ♦s
♠♦❞❡❧♦s ❜✐❧✐♥❡❛r❡s❀ ❡♠ ❬❖❩❆❑■✱ ✶✾✽✵❪ ❢♦r❛♠ s✉❣❡r✐❞♦s ♦s ♠♦❞❡❧♦s ❊❳P❆❘ ✭❡①♣♦♥❡♥t✐❛❧ ❛✉✲
t♦r❡❣r❡ss✐✈❡✮✳ ❘❛r❛s sã♦ ❛s ❛♣❧✐❝❛çõ❡s ❞❡st❡s três ♠♦❞❡❧♦s ♥❛ ❧✐t❡r❛t✉r❛ ❞❡st❛ ár❡❛✳ ◆ã♦ tã♦
r❛r❛s sã♦ ❛s ❛♣❧✐❝❛çõ❡s ❡♠ ✜♥❛♥ç❛s q✉❡ ✉t✐❧✐③❛♠ ♠✉❞❛♥ç❛s ❞❡ r❡❣✐♠❡ ▼❛r❦♦✈✐❛♥♦ ❛❜♦r❞❛❞♦ ♥❛
r❡❢❡rê♥❝✐❛ ❬❍❆▼■▲❚❖◆✱ ✶✾✾✹❪✳

❜✮ ▼♦❞❡❧♦s ♥ã♦✲❧✐♥❡❛r❡s ♥❛ ✈❛r✐â♥❝✐❛ ❝♦♥❞✐❝✐♦♥❛❧✿ ❊◆●▲❊ ✭✶✾✽✷✮ ❡ ❇❖▲▲❊❘❙▲❊❱ ✭✶✾✽✻✮
❛♣r❡s❡♥t❛r❛♠ ♠♦❞❡❧♦s ♥ã♦✲❧✐♥❡❛r❡s ♥❛ ✈❛r✐â♥❝✐❛ ✭❆❘❈❍ ✲ ❛✉t♦r❡❣r❡ss✐✈❡ ❝♦♥❞✐t✐♦♥❛❧ ❤❡t❡r♦s❦❡✲
❞❛st✐❝✐t② ❡ ●❆❘❈❍ ✲ ❣❡♥❡r❛❧✐③❡❞ ❆❘❈❍ ✮✳ ❖ ♦❜❥❡t✐✈♦ ❞❡ ❊♥❣❧❡ ❡r❛ ❞❡s❝r❡✈❡r ♦ ❝♦♠♣♦rt❛♠❡♥t♦
♣❡rs✐st❡♥t❡ ❞❛ ✈♦❧❛t✐❧✐❞❛❞❡ ❞❛ sér✐❡ ❞❡ r❡t♦r♥♦s ❞❡ ✉♠ ❛t✐✈♦✳ ◆♦s ♠♦❞❡❧♦s ❆❘❈❍ ❛ ✈❛r✐â♥❝✐❛
❝♦♥❞✐❝✐♦♥❛❧ ♠✉❞❛ ❝♦♠ ♦ t❡♠♣♦ ❡♥q✉❛♥t♦ ❛ ✈❛r✐â♥❝✐❛ ♥ã♦ ❝♦♥❞✐❝✐♦♥❛❧ ♣❡r♠❛♥❡❝❡ ❝♦♥st❛♥t❡✳
❖ ♦❜❥❡t✐✈♦ ❞❡ ❇❖▲▲❊❘❙▲❊❱ ✭✶✾✽✻✮ ❡r❛ ❛ ❣❡♥❡r❛❧✐③❛çã♦ ❞♦s ♠♦❞❡❧♦s ❆❘❈❍ ❝♦♠♦ ♦ ♣ró♣r✐♦
♥♦♠❡ s✉❣❡r❡✳ P♦st❡r✐♦r♠❡♥t❡ s✉r❣✐r❛♠ ✈❛r✐❛çõ❡s ❞❡st❡s ♠♦❞❡❧♦s✱ ❝♦♠♦ ♦ ■●❆❘❈❍✱ ❊●❆❘❈❍ ❡
❚●❆❘❈❍✳ ❊♠ ❍❆❘❱❊❨ ❡t ❛❧✳ ✭✶✾✾✹✮ ❢♦✐ ♣r♦♣♦st♦ ♦ ♠♦❞❡❧♦ ❞❡ ❱♦❧❛t✐❧✐❞❛❞❡ ❊st♦❝ást✐❝❛ ✭❱❊✮✱
❝♦♠ ♦r✐❣❡♠ ♥♦ ♠♦❞❡❧♦ ❡str✉t✉r❛❧ ♣r♦♣♦st♦ ♣❡❧♦ ♠❡s♠♦ ❛✉t♦r ❬❍❆❘❱❊❨✱ ✶✾✾✷❪✱ q✉❡ ♠♦❞❡❧❛ ❛
✈❛r✐â♥❝✐❛ ♣♦r ♠❡✐♦ ❞❡ ✉♠ ♣r♦❝❡ss♦ ♥ã♦ ♦❜s❡r✈❛❞♦ q✉❡ t❡♥t❛ ❝❛♣t❛r ✐♥❢♦r♠❛çõ❡s q✉❡ ❝❤❡❣❛♠ ❛♦
♠❡r❝❛❞♦✳

◆♦ ✜♥❛❧ ❞❛ ❞é❝❛❞❛ ❞❡ ✶✾✽✵✱ ♣❡sq✉✐s❛❞♦r❡s ❧✐❣❛❞♦s às ❝♦♠✉♥✐❞❛❞❡s ❞❡ s✐st❡♠❛s ❞✐♥â♠✐❝♦s
❡ ❞♦s ❢ís✐❝♦s ❛♣r❡s❡♥t❛r❛♠ ♠❡t♦❞♦❧♦❣✐❛s ♣❛r❛ ❞❡s❡♥✈♦❧✈❡r ♠♦❞❡❧♦s ♥ã♦✲❧✐♥❡❛r❡s ❞❡ ♣r❡✈✐sã♦ ❞❡
sér✐❡s t❡♠♣♦r❛✐s ✈✐❛ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦s ♠♦t✐✈❛❞♦s ♣❡❧♦ ❢❡♥ô♠❡♥♦ ❝♦♥st❛t❛❞♦ ❞♦ ❝❛♦s✳ ❊st❛s
❝♦♠✉♥✐❞❛❞❡s ❛❜♦r❞❛r❛♠ q✉❡stõ❡s ♠✉✐t♦ ✐♥t❡r❡ss❛♥t❡s ❧✐❣❛❞❛s à ár❡❛ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✱ ❣❡✲
r❛♥❞♦ ❝♦♥tr✐❜✉✐çõ❡s✱ ❝♦♠♦ ♦ ♠ét♦❞♦ ❇❉❙ ❬❇❘❖❈❑ ❡t ❛❧✳✱ ✶✾✾✻❪ ♣❛r❛ ❛✈❛❧✐❛r ❛ ❡①✐stê♥❝✐❛ ❞❡
❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ✭❧✐♥❡❛r ❡ ♥ã♦ ❧✐♥❡❛r✮ ❡♠ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧✳

❖ ❢♦❝♦ ❞❛ q✉❡stã♦ ♣❛ss♦✉ ❡♥tã♦ ❛ ✐♥❝❧✉✐r ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❛ ♦❜t❡♥çã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ♣♦r
♠❡✐♦ ❞❡ té❝♥✐❝❛s ❞❡ s✐st❡♠❛s ❞✐♥â♠✐❝♦s ♥ã♦✲❧✐♥❡❛r❡s ♣❛r❛ ❛✉①✐❧✐❛r ❛s ♠❡t♦❞♦❧♦❣✐❛s ❡st❛tíst✐❝❛s
❝♦♥s❛❣r❛❞❛s ❞❡ ♣r❡✈✐sã♦✳ ❋♦rt❛❧❡❝❡♥❞♦ ❛ ✐❞é✐❛ ❞❡ q✉❡ ❞❡✈❡ ♣r❡✈❛❧❡❝❡r ❛ ♣❡r❢♦r♠❛♥❝❡ ❞❡ ♣r❡✈✐sã♦
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❡♠ q✉❡✱ ❝❛s♦ ❢❡♥ô♠❡♥♦s ❞✐♥â♠✐❝♦s ❡st❡❥❛♠ ❡♥✈♦❧✈✐❞♦s✱ ❛s♣❡❝t♦s t❡♠♣♦r❛✐s ❡st❛rã♦ ♣r❡s❡♥t❡s✳
❊♠ sí♥t❡s❡✱ ❡①✐st❡ ❛❧❣✉♠❛ ❧❡✐ q✉❡ r❡❣❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❡♥tr❛❞❛✲s❛í❞❛ ♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦
❞♦♠í♥✐♦ ❞❡ ✐♥t❡r❡ss❡✳ ❈❛s♦ ❝♦♥trár✐♦✱ ❡st❛rã♦ ❡♠ ❥♦❣♦ ❛♣❡♥❛s ❛s♣❡❝t♦s ❞❛ ❞✐str✐❜✉✐çã♦ ❡s♣❛❝✐❛❧
❞♦s ❞❛❞♦s✳

◆❡st❛ ♠❡s♠❛ ❞é❝❛❞❛✱ ❝♦♠ ♦ ❝r❡s❝✐♠❡♥t♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡ ❞❡ ♠❡♠ór✐❛
❞♦s ❝♦♠♣✉t❛❞♦r❡s✱ ✈✐❛❜✐❧✐③❛r❛♠✲s❡ ♦s ❡st✉❞♦s ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❝♦♠ ❣r❛♥❞❡s ❝♦♥❥✉♥t♦s ❞❡
❞❛❞♦s ❛ ♣❛rt✐r ❞❡ ♠♦❞❡❧♦s ♠❛✐s ❝♦♠♣❧❡①♦s✳ ❊♠ ❬▲❆P❊❉❊❙ ❛♥❞ ❋❆❘❇❊❘✱ ✶✾✽✻❪ ❢♦✐ ✉t✐❧✐③❛❞♦
✉♠ ♣❡r❝❡♣tr♦♥ ♠✉❧t✐✲❝❛♠❛❞❛s ✭P▼❈✮ ♥❛ ♣r❡❞✐çã♦ ❞❡ ♣r♦❜❧❡♠❛s ♣♦♣✉❧❛r❡s ♥❛ ❝♦♠✉♥✐❞❛❞❡ q✉❡
❡st✉❞❛✈❛ s✐st❡♠❛s ❝❛ót✐❝♦s✳ ❬❯❚❆◆❙ ❛♥❞ ▼❖❖❉❨✱ ✶✾✾✶❪ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ q✉❡
✐♥❝❧✉í❛ ✉♠❛ ♣❛r❝❡❧❛ ❞❡ ❡rr♦ ♣❛r❛ ♣❡♥❛❧✐③❛r ♦ ♥ú♠❡r♦ ❡❢❡t✐✈♦ ❞❡ ♣❛râ♠❡tr♦s ❞❡ ✉♠ ♠♦❞❡❧♦
♥ã♦✲❧✐♥❡❛r q✉❛❧q✉❡r✳ ❊♠ ❬❲❊■●❊◆❉ ❡t ❛❧✳✱ ✶✾✾✵❪ ❢♦✐ ❛♣r❡s❡♥t❛❞❛ ✉♠❛ té❝♥✐❝❛ ♣❛r❛ ♣❡♥❛❧✐③❛r
♣❛râ♠❡tr♦s ❡①tr❛s ❞❡ ✉♠ P▼❈✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠ ♠♦❞❡❧♦ ♠❛✐s ♣❛r❝✐♠♦♥✐♦s♦ ❡ ♠❛✐s ❡✜❝✐❡♥t❡
q✉❡ ✉♠ ♠♦❞❡❧♦ ❚❆❘ ❝♦rr❡s♣♦♥❞❡♥t❡✳ ◆♦ ❛rt✐❣♦ ❬❘❊❋❊◆❊❙ ❡t ❛❧✳✱ ✶✾✾✸❪ ❢♦✐ ♣r♦♣♦st♦ ✉♠ ♠é✲
t♦❞♦ ♣❛r❛ ❛❞✐❝✐♦♥❛r ✉♥✐❞❛❞❡s ❞❡ ♥❡✉rô♥✐♦s ❡ ❢♦✐ ♠♦str❛❞♦ q✉❡ ❡st❡ ♠ét♦❞♦ s✉♣❡r♦✉ ✉♠ ♠♦❞❡❧♦
❆❘▼❆ ❡q✉✐✈❛❧❡♥t❡ ♥❛ ♣r❡❞✐çã♦ ❞❡ t❛①❛ ❞❡ ❝â♠❜✐♦✳

❊♠ ✶✾✾✵✱ ❲❊■●❊◆❉ ❡ ●❊❘❙❍❊◆❋❊▲❉ t✐✈❡r❛♠ ❛ ✐❞é✐❛ ❞❡ r❡❛❧✐③❛r ✉♠❛ ❝♦♠♣❡t✐çã♦ ♣❛✲
tr♦❝✐♥❛❞❛ ♣❡❧♦ ❙❛♥t❛ ❋é ■♥st✐t✉t❡✱ ❝✉❥♦ ♦❜❥❡t✐✈♦ ❡r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♣❡sq✉✐s❛s ♥❛ ár❡❛
❞❡ sér✐❡s t❡♠♣♦r❛✐s✳ ❊st❛ ❝♦♠♣❡t✐çã♦ ❡♥✈♦❧✈✐❛ ♣❡sq✉✐s❛❞♦r❡s q✉❡ ✉t✐❧✐③❛✈❛♠ sér✐❡s t❡♠♣♦r❛✐s
❡♠ ❡st✉❞♦s ❞❛s ár❡❛s ❞❡ ❜✐♦❧♦❣✐❛✱ ❡❝♦♥♦♠✐❛✱ ❢ís✐❝❛ ♣✉r❛ ❡ ❡①♣❡r✐♠❡♥t❛❧✱ ❛str♦❢ís✐❝❛✱ ❛♥á❧✐s❡
♥✉♠ér✐❝❛✱ ❡st❛tíst✐❝❛ ❛♣❧✐❝❛❞❛ ❡ s✐st❡♠❛s ❞✐♥â♠✐❝♦s✳ ❆ ✐❞é✐❛ ❢♦✐ ✉♠ s✉❝❡ss♦✱ ❡ ❝✉❧♠✐♥♦✉✱ ❡♠
✶✾✾✷✱ ♥✉♠ ❡♥❝♦♥tr♦ ♣❛tr♦❝✐♥❛❞♦ ♣❡❧❛ ❖❚❆◆ q✉❡ r❡✉♥✐✉ ♦s ♣❛rt✐❝✐♣❛♥t❡s ❞♦ ❞❡s❛✜♦ ❡ ❞❡♠❛✐s
✐♥t❡r❡ss❛❞♦s✳ ❆ ♠❛✐♦r✐❛ ❞❛s ❝♦♥tr✐❜✉✐çõ❡s r❡❧❡✈❛♥t❡s r❡s✉❧t❛♥t❡s ❞❡ss❡ ❡♥❝♦♥tr♦ ❢♦r❛♠ ❛ ♣❛rt✐r
❞❡ ♠ét♦❞♦s ❝♦♥❡①✐♦♥✐st❛s✳

◆ã♦ s❡ ❞❡✈❡ ♣❡r❞❡r ❛ ♥♦çã♦ ❞♦s ❢❛t♦s ❡ ♦❜s❡r✈❛r q✉❡✱ ♥❛t✉r❛❧♠❡♥t❡✱ ♥ã♦ s❡ s❛❜❡ ❝♦♠ ❝❡rt❡③❛
q✉❛❧ s❡rá ♦ ✈❛❧♦r ❢✉t✉r♦ ♣r❡✈✐st♦ ❞❡ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❛q✉❡❧❛s ❣❡r❛❞❛s ♣♦r
♣r♦❝❡ss♦s ♠✉❧t✐✈❛r✐❛❞♦s ❡ ❞❡ ❢♦r♠❛ ❢✉♥❝✐♦♥❛❧ ❞❡s❝♦♥❤❡❝✐❞❛✳ ❋✐♥❛❧♠❡♥t❡✱ ♣♦❞❡✲s❡ ❛❧❡❣❛r q✉❡
❛s s✐♠♣❧✐✜❝❛çõ❡s ❢❡✐t❛s ❧❡✈❛♠ ❛ ♠♦❞❡❧♦s ❝♦♠ ♣r❡♠✐ss❛s ✐rr❡❛✐s✳ ■ss♦ s❡♠♣r❡ ♣♦❞❡ ❛❝♦♥t❡❝❡r
❝♦♠ q✉❛❧q✉❡r ♠♦❞❡❧♦✱ q✉❡ é✱ ♣♦r ❞❡✜♥✐çã♦✱ ✉♠❛ s✐♠♣❧✐✜❝❛çã♦ ❞❛ r❡❛❧✐❞❛❞❡✳ ◆♦ ❡♥t❛♥t♦✱ ❡st❡s
♠♦❞❡❧♦s ♥♦s ♣❡r♠✐t❡♠ ❛❧❣✉♠❛s ♣r❡✈✐sõ❡s✱ ♦ q✉❡ ♣❛r❛ ✉♠ ♣r✐♠❡✐r♦ ♠♦❞❡❧♦ ❞❡ ❛♥á❧✐s❡ ❡ ❛✈❛❧✐❛çã♦
❥á é ❞❡ ❣r❛♥❞❡ r❡❧❡✈â♥❝✐❛ ✐♥❢♦r♠❛❝✐♦♥❛❧✳ ❉❡st❛ ❢♦r♠❛✱ ❡st❡s ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ♣♦❞❡♠ t❛♠❜é♠
s❡r ✉t✐❧✐③❛❞♦s ❝♦♠ ❡✜❝✐ê♥❝✐❛ ❡♠ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s✳

❆s ♠❡t♦❞♦❧♦❣✐❛s ❞❡ ♣r❡❞✐çã♦ ♥❛ ♠é❞✐❛ ❛♣r❡s❡♥t❛❞❛s ♥❡st❛ t❡s❡ sã♦ ❜❛s❡❛❞❛s ❡♠ ❘◆❆s t✐♣♦
❘❇❋✳ ❆ ♣r✐♠❡✐r❛ ✉t✐❧✐③❛ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ♣r❡❞✐çã♦ ✐♥t❡❧✐❣❡♥t❡ ❞✐♥â♠✐❝❛ ✭❏P■❉✮ ♣❛r❛ ❛tr✐❜✉✐r ♦s
❝❡♥tr♦s ♣♦r ♠❡✐♦ ❞❛ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ✭P❈❆✮ ❡ ❛ ✈❛r✐â♥❝✐❛ é ❛❥✉st❛❞❛ ✈✐❛ ❢❛t♦r
❞❡ ❞✐s♣❡rsã♦ ❛❞❛♣t❛t✐✈♦ ♣❛r❛ ❛ ❢✉♥çã♦ s♣❧✐♥❡ ✜♥❛✳ ❖s ♣❛râ♠❡tr♦s ❞❛ ❥❛♥❡❧❛ ❞❡ ♣r❡✈✐sã♦ sã♦
✐♥✐❝✐❛❧♠❡♥t❡ ❡st✐♠❛❞♦s ♣♦r ♠❡✐♦ ❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❡ ♦ ❛❥✉st❡ ✜♥❛❧ é r❡❛❧✐③❛❞♦ ✈✐❛ ❘◆❆✳

❆ s❡❣✉♥❞❛ ✉t✐❧✐③❛ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡ t❡♠ ♦s ❝❡♥tr♦s ❛tr✐❜✉í❞♦s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❆❘■❆
✭❆❞❛♣t✐✈❡ ❘❛❞✐✉s ■♠♠✉♥❡ ❆❧❣♦r✐t❤♠✮✱ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❇❊❩❊❘❘❆ ❡t ❛❧✳✱ ✷✵✵✺❪✱ ❝♦♠ ♦r✐❣❡♠
❡♠ ❝♦♥❝❡✐t♦s ❞❡ r❡❞❡s ✐♠✉♥❡s ❬❈❆❙❚❘❖ ❛♥❞ ❩❯❇❊◆✱ ✷✵✵✶❪✳ P♦r ♠❡✐♦ ❞❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s✱
❜✉s❝❛✲s❡ ✐❞❡♥t✐✜❝❛r ❝♦♥t❡ú❞♦ ✐♥❢♦r♠❛❝✐♦♥❛❧ ♥❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛s ❝❛♥❞✐❞❛t❛s ♠❛✐s r❡❧❡✈❛♥t❡s
❡ ♥❛q✉❡❧❛s ♥ã♦ tã♦ r❡❧❡✈❛♥t❡s ♠❛s ♥ã♦ r❡❞✉♥❞❛♥t❡s ✭♣r❡❞♦♠✐♥❛♥t❡s✮✱ ♣❛r❛ s❡r tr❛♥s❢❡r✐❞♦ ♣❛r❛
♦s ♣❛râ♠❡tr♦s ❧✐✈r❡s ❞❛ ❘◆❆✳

❇✉s❝❛✲s❡ ❝❧❛ss❡s ❞❡ ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s q✉❡ ❛♣r❡s❡♥t❡♠ ❝♦♥✈❡r❣ê♥❝✐❛
rá♣✐❞❛ ❞❛ r❡❞❡ ✭t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❡q✉❡♥♦✮ ❡ ♣♦✉❝❛ ❞❡♠❛♥❞❛ ♣♦r ♠❡♠ór✐❛ ❡ q✉❡ ❛s✲
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s❡❣✉r❡✳ ❊st❛s ♠❡t♦❞♦❧♦❣✐❛s t♦r♥❛♠✲s❡ ♠❛✐s ❝♦♠♣❡t✐t✐✈❛s à ♠❡❞✐❞❛ q✉❡ ♦ ✈❛❧♦r ❛❜s♦❧✉t♦ ❞❛s
❝♦♠♣♦♥❡♥t❡s ♥ã♦ ❧✐♥❡❛r❡s ❞♦ s✐st❡♠❛ s❡❥❛♠ ♠❛✐s ❡①♣r❡ss✐✈❛s ❡♠ r❡❧❛çã♦ às ❝♦♠♣♦♥❡♥t❡s ❧✐♥❡❛✲
r❡s✳

✶✳✸✳✷ ❇❛s❡ ❞❡ ❞❛❞♦s

❖s ❞❛❞♦s ✉t✐❧✐③❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦ ❢♦r❛♠ ❢♦r♥❡❝✐❞♦s ♣❡❧❛ ❊❝♦♥♦♠át✐❝❛✱ ❇❧♦♦♠❜❡r❣✱ ❇❛♥❝♦
❈❡♥tr❛❧ ❞♦ ❇r❛s✐❧ ✭❇❈❇✮ ❡ ♣❡❧❛ ❊♠♣r❡s❛ ❇r❛s✐❧❡✐r❛ ❞❡ P❡sq✉✐s❛ ❆❣r♦♣❡❝✉ár✐❛ ✭❊▼❇❘❆P❆✮✳
❆s sér✐❡s t❡♠♣♦r❛✐s ❛♥❛❧✐s❛❞❛s sã♦✿ r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛ ❡♠ r❡❣✐♠❡ ❞❡ ❝â♠❜✐♦
✢✉t✉❛♥t❡✱ ❛ ♣❛rt✐r ❞❡ ❏❛♥❡✐r♦ ❞❡ ✷✵✵✵ ❛té ❋❡✈❡r❡✐r♦ ❞❡ ✷✵✵✺✱ ❢♦r♥❡❝✐❞❛ ♣❡❧♦ ❇❈❇❀ ✈✐♥t❡ sér✐❡s
✜♥❛♥❝❡✐r❛s ❡ ❡❝♦♥ô♠✐❝❛s✱ ❞❡ ❏❛♥❡✐r♦ ❞❡ ✷✵✵✵ ❛té ❋❡✈❡r❡✐r♦ ❞❡ ✷✵✵✺✱ ✉t✐❧✐③❛❞❛s ♥❛ s❡❧❡çã♦ ❞❛s
✈❛r✐á✈❡✐s✱ ❢♦r♥❡❝✐❞❛s ♣❡❧❛ ❊❝♦♥♦♠át✐❝❛ ❡ ❇❧♦♦♠❜❡r❣❀ ♦s ❞❛❞♦s s♦❜r❡ ❛ ✈❛r✐❛çã♦ ❞❛ ✉♠✐❞❛❞❡
♥❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘✱ ❞❡ ❏❛♥❡✐r♦ ❞❡ ✶✾✾✾ ❛ ❉❡③❡♠❜r♦ ❞❡ ✷✵✵✵✱ ❢♦r❛♠ ❢♦r♥❡❝✐❞♦s ♣❡❧❛
❊▼❇❘❆P❆✳ ❊st❛s sér✐❡s t❡♠♣♦r❛✐s s❡rã♦ ❛♣r❡s❡♥t❛❞❛s ❝♦♠ ♠❛✐s ❞❡t❛❧❤❡s ♥♦ ❈❛♣ít✉❧♦ ✻✳

✶✳✹ ❖r❣❛♥✐③❛çã♦ ❞❛ t❡s❡ ❡ ❝♦♥tr✐❜✉✐çõ❡s
❖r❣❛♥✐③❛çã♦ ❞♦s ❝❛♣ít✉❧♦s ❡ s✉❛s ♣r✐♥❝✐♣❛✐s ❝♦♥tr✐❜✉✐çõ❡s✿
• ❈❛♣ít✉❧♦ ✷✿ ❆❜♦r❞❛ s✉❝✐♥t❛♠❡♥t❡ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♣r❡❞✐çã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❡st❛❝✐♦✲
♥ár✐❛s✳ ❆♣r❡s❡♥t❛ ♦s ♠ét♦❞♦s ❆❘▼❆✱ ●❆❘❈❍ ❡ ♦ ✜❧tr♦ ❋■❘✱ ✐♥❞✐❝❛❞♦s ♣❛r❛ ❧✐❞❛r ❝♦♠
s✐st❡♠❛s ❡st❛❝✐♦♥ár✐♦s✱ ✈✐s❛♥❞♦ ♣♦st❡r✐♦r♠❡♥t❡ ❝♦♥❢r♦♥t❛r ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ❡st❡s
♠ét♦❞♦s ❝♦♠ ♦s ❜❛s❡❛❞♦s ❡♠ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s✳

• ❈❛♣ít✉❧♦ ✸✿ Pr♦♣õ❡ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ♣♦r ♠❡✐♦ ❞❡ ✉♠ ✜❧tr♦
s❡❣✉✐❞♦ ♣♦r ✉♠ ✇r❛♣♣❡r✳ ❆ ♣r✐♥❝✐♣❛❧ ❝♦♥tr✐❜✉✐çã♦ é ❛ s✉❣❡stã♦ ❞❡ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛
✐♠♣❧❡♠❡♥t❛r ✉♠ ✜❧tr♦ ❜❛s❡❛❞♦ ♥❛ t❡♦r✐❛ ❞❛ ✐♥❢♦r♠❛çã♦✱ ❡♠ q✉❡ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s
✉t✐❧✐③❛ ♦s ❝♦♥❝❡✐t♦s ❞❡ r❡❧❡✈â♥❝✐❛ ❡ r❡❞✉♥❞â♥❝✐❛✳ ❊st❡ ✜❧tr♦ é ✉t✐❧✐③❛❞♦ ♣❛r❛ s❡❧❡❝✐♦♥❛r ✉♠
s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ♣r❡❧✐♠✐♥❛r❡s q✉❡ s❡rã♦ ❛✈❛❧✐❛❞❛s ♣♦r ✉♠ ✇r❛♣♣❡r✱ ❜❛s❡❛❞♦ ❡♠
r❡❞❡s ♥❡✉r❛✐s✱ q✉❡ ❢❛rá ❛ s❡❧❡çã♦ ❞♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❝♦♥s✐❞❡r❛❞♦ ót✐♠♦✳

• ❈❛♣ít✉❧♦ ✹✿ ❆♣r❡s❡♥t❛ ♠ét♦❞♦s ♣❛r❛ ❛❥✉st❛r ❛ ❥❛♥❡❧❛ ❞❡ ♣r❡❞✐çã♦ ❞✐♥â♠✐❝❛ ♣♦r ♠❡✐♦
❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛✱ ❛♥á❧✐s❡ ❞❡ ❞✐♥â♠✐❝❛ ♥ã♦ ❧✐♥❡❛r ❡ ♠✐♥❡r❛çã♦ ❞❡ ❝❧✉st❡rs ❝♦♠
❝❛♣❛❝✐❞❛❞❡ ♣r❡❞✐t✐✈❛✳

• ❈❛♣ít✉❧♦ ✺✿ ❆❜♦r❞❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♣r❡❞✐çã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ♥ã♦✲❧✐♥❡❛r❡s ✈✐❛ r❡✲
❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s t✐♣♦ ❘❇❋✳ ❆♣r❡s❡♥t❛ ✉♠ t✐♣♦ ❞❡ r❡❞❡ ❘❇❋ ❝♦♠ ❢✉♥çã♦ ❞❡ ❜❛s❡
s♣❧✐♥❡ ✜♥❛✱ ❝✉❥♦s ❝❡♥tr♦s sã♦ ❡st✐♠❛❞♦s ♣♦r ♠❡✐♦ ❞❛ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s
✭P❈❆✮ ❡ ✉♠ ❢❛t♦r ❞❡ ✈❛r✐â♥❝✐❛ ❛❞❛♣t❛t✐✈♦ ✐♠♣❧❡♠❡♥t❛❞♦ ✈✐❛ ♦t✐♠✐③❛çã♦ ❞♦ ❞❡s❡♠♣❡♥❤♦
❞❡ ♣r❡❞✐çã♦✳ ❖ ♦✉tr♦ t✐♣♦ ❞❡ r❡❞❡ ❘❇❋ ✉t✐❧✐③❛❞❛ t❡♠ ♦s ❝❡♥tr♦s ❞❡t❡r♠✐♥❛❞♦s ✈✐❛ ❛❧❣♦✲
r✐t♠♦ ❆❘■❆✳ ❆ ♣r✐♥❝✐♣❛❧ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ❝❛♣ít✉❧♦ é ❛ ❞❡❞✉çã♦ ♠❛t❡♠át✐❝❛ ❞♦ ♠ét♦❞♦ ❞❡
❛❥✉st❡ ♦t✐♠✐③❛❞♦ ❞♦ ❢❛t♦r ❞❡ ✈❛r✐â♥❝✐❛ ❛❞❛♣t❛t✐✈♦ ♣❛r❛ ✉♠❛ ❢✉♥çã♦ s♣❧✐♥❡ ✜♥❛✳ ❋❛③✲s❡ ♦
❛❥✉st❡ ❞♦s ❝❡♥tr♦s ❞❛ r❡❞❡ ✈✐❛ ❝♦♥❝❡✐t♦s ❞❡ r❡❞❡s ✐♠✉♥❡s ✭❛❧❣♦r✐t♠♦ ❆❘■❆✮✱ ❡ ♦ ❛❥✉st❡



❈❆P❮❚❯▲❖ ✶✳ ■◆❚❘❖❉❯➬➹❖ ✽

❞♦s ♣❛râ♠❡tr♦s ✭♣❡s♦s✮ ❞❛ ❘◆❆ ♣♦r ♠❡✐♦ ❞❡ t❡st❡s ❡st❛tíst✐❝♦s q✉❡ ❣❛r❛♥t❡♠ q✉❡ ❛s ♥ã♦✲
❧✐♥❡❛r✐❞❛❞❡s ♥ã♦ ❢♦r❛♠ ♥❡❣❧✐❣❡♥❝✐❛❞❛s✳ ❚❛♠❜é♠ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s t❡st❡s ✉t✐❧✐③❛❞♦s ♥❛
❛✈❛❧✐❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♣r❡❞✐çã♦ ♣❛r❛ ♠♦❞❡❧♦s ♥ã♦ ❛♥✐♥❤❛❞♦s ❡ ❛♥✐♥❤❛❞♦s ✭♥❡st❡❞✮✳

• ❈❛♣ít✉❧♦ ✻✿ ❆♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s ❞❛s ❛♥á❧✐s❡s ❡ ❞❛s ♣r❡✈✐sõ❡s ❞❛ ✈❛r✐❛çã♦ ❞❛ t❛①❛ ❞❡
❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ❡ ❞❛ ✉♠✐❞❛❞❡ ♥♦ ♠✐❝r♦❝❧✐♠❛ ❞❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘✳

• ❈❛♣ít✉❧♦ ✼✿ ❆♣r❡s❡♥t❛ ❛s ❝♦♥❝❧✉sõ❡s ❡ ♣❡rs♣❡❝t✐✈❛s ♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳ ❚❛♠❜é♠
❡①♣❧✐❝✐t❛ ❛s ❧✐♠✐t❛çõ❡s ❡ ❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ♣rát✐❝❛ ❞♦s ♠♦❞❡❧♦s ♣r♦♣♦st♦s✳



❈❛♣ít✉❧♦ ✷

Pr❡✈✐sã♦ ❞❡ ❙ér✐❡s ❚❡♠♣♦r❛✐s

❊st❛❝✐♦♥ár✐❛s

✷✳✶ ■♥tr♦❞✉çã♦
❍✐st♦r✐❝❛♠❡♥t❡✱ ❛ t❡♦r✐❛ s♦❜r❡ ♦s ♣r❡❞✐t♦r❡s ❧✐♥❡❛r❡s ❞❡r✐✈❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞♦s s❡❣✉✐♥t❡s tr❛✲

❜❛❧❤♦s✿ ❬❨❯▲❊✱ ✶✾✷✻❪✱ ❬❲■❊◆❊❘✱ ✶✾✹✾❪✱ ❬❑❖▲▼❖●❖❘❖❱✱ ✶✾✺✼❪✱ ❬❲■❉❘❖❲ ❛♥❞ ❍❖❋❋✱ ✶✾✻✵❪
❡ ❬❇❖❳ ❛♥❞ ❏❊◆❑■◆❙✱ ✶✾✼✵❪✳ ❆ ❧✐t❡r❛t✉r❛ s♦❜r❡ ♦ ❛ss✉♥t♦ ❥á é ✈❛st❛✳ ❯♠ ❧✐✈r♦ q✉❡ s❡ t♦r✲
♥♦✉ ✉♠ ❝❧áss✐❝♦ é ❛ ❡❞✐çã♦ r❡✈✐s❛❞❛ ❞❡ ❇❖❳ ❡ ❏❊◆❑■◆❙ ✭✶✾✼✻✮✳ P♦st❡r✐♦r♠❡♥t❡✱ s✉r❣✐✉ ✉♠❛
r❡✈✐sã♦ ❞❡st❛ ❡❞✐çã♦ r❡❛❧✐③❛❞❛ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❘❊■◆❙❊▲ ❬❇❖❳ ❡t ❛❧✳✱ ✶✾✾✹❪✳ ❯♠❛ r❡❢❡rê♥❝✐❛
✐♠♣♦rt❛♥t❡ s♦❜r❡ ♦ ❛ss✉♥t♦✱ ✐♥❝❧✉s✐✈❡ ✉t✐❧✐③❛❞❛ ♣♦r ❛❧❣✉♥s ❡❝♦♥♦♠❡tr✐st❛s q✉❡ tr❛❜❛❧❤❛♠ ♥♦
♠❡r❝❛❞♦✱ é ❬❍❆▼■▲❚❖◆✱ ✶✾✾✹❪✱ q✉❡ ♥ã♦ t❡♠ s✐❞♦ ❛t✉❛❧✐③❛❞❛✳ ❏á ♦ ❧✐✈r♦ ❞❡ ❊◆❉❊❘❙ ✭✷✵✵✹✮
❢♦✐ ❛t✉❛❧✐③❛❞♦ ❡ é ❜❛st❛♥t❡ ❞✐r❡❝✐♦♥❛❞♦ ♣❛r❛ ❛♣❧✐❝❛çõ❡s✳ ◆♦ ❇r❛s✐❧✱ ✉♠❛ r❡❢❡rê♥❝✐❛ ❜❛st❛♥t❡
❡①♣r❡ss✐✈❛ ❡ ❝♦♠ ❡❞✐çã♦ r❡❝❡♥t❡ é ❬▼❖❘❊❚❚■◆ ❛♥❞ ❚❖▲❖■✱ ✷✵✵✹❪✳

◆❛ ♣rát✐❝❛✱ s❛❜❡✲s❡ q✉❡ ❛ ♠❛✐♦r✐❛ ❞❛s sér✐❡s t❡♠♣♦r❛✐s r❡s✉❧t❛ ❞❡ ❡①♣❡r✐ê♥❝✐❛s q✉❡ ♥ã♦ ♣♦❞❡✲
rã♦ s❡r r❡♣❡t✐❞❛s ❡ ❣❡r❛❧♠❡♥t❡ ✜❝❛♠ ♠❡❧❤♦r r❡♣r❡s❡♥t❛❞❛s ♣♦r ♣r♦❝❡ss♦s ❡st♦❝ást✐❝♦s✳ ❖ tr❛❜❛✲
❧❤♦ ❬◆❊▲❙❖◆ ❛♥❞ P▲❖❙❙❊❘✱ ✶✾✽✷❪ s✉❣❡r✐✉ q✉❡ ❛ ♠❛✐♦r✐❛ ❞❛s sér✐❡s t❡♠♣♦r❛✐s ❡❝♦♥♦♠étr✐❝❛s
sã♦ ✐♥t❡❣r❛❞❛s ❞❡ ♣r✐♠❡✐r❛ ♦✉ s❡❣✉♥❞❛ ♦r❞❡♠✱ tr❛♥s❢♦r♠❛♥❞♦✲s❡ ❡♠ ✉♠ ♠❛r❝♦ ♥❛ ❡❝♦♥♦♠❡✲
tr✐❛ ♣♦rq✉❡ ❛té ❡♥tã♦ ♣❡♥s❛✈❛✲s❡ q✉❡ ❡st❛s sér✐❡s ❡r❛♠ ❞❡t❡r♠✐♥✐st❛s✳ ❊♠ ❬P❘■❊❙❚▲❨✱ ✶✾✽✾❪
❡ ❬❚❊❘➘❙❱■❘❚❆ ❛♥❞ ●❘❆◆●❊❘✱ ✶✾✾✸❪ sã♦ ❛♣r❡s❡♥t❛❞❛s ✈ár✐❛s ❥✉st✐✜❝❛t✐✈❛s ♣❛r❛ ❛ ❡s❝♦❧❤❛
❞❡ ♠♦❞❡❧♦s ❡st♦❝ást✐❝♦s✱ s❡♥❞♦ q✉❡ ❚❊❘➘❙❱■❘❚❆ ❡ ●❘❆◆●❊❘ r❡ss❛❧t❛♠ q✉❡ ♦s ♣r♦❝❡ss♦s
❝❛ót✐❝♦s ❞❡t❡r♠✐♥✐st❛s tê♠ ❛♣r❡s❡♥t❛❞♦ ♣♦✉❝❛ ✐♠♣♦rtâ♥❝✐❛ ❡♠ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s ❡♠ ✜♥❛♥ç❛s✱
❡①❝❡t♦ s❡ ♦ tr❛t❛♠❡♥t♦ ❢♦r r❡❛❧✐③❛❞♦ ♣♦r ♠❡✐♦ ❞❡ té❝♥✐❝❛s ❛ss♦❝✐❛❞❛s ❛ ♣r♦❝❡ss♦s ❡st♦❝ást✐❝♦s✳
❊♥tr❡t❛♥t♦✱ ♦s ❡st✉❞♦s s♦❜r❡ ♦ ❝❛♦s ❞❡t❡r♠✐♥✐st❛ r❡s✉❧t❛r❛♠ ❡♠ ❢❡rr❛♠❡♥t❛s ❞❡ ❛♥á❧✐s❡ út❡✐s
❝♦♠♦ ❛ ❡st❛tíst✐❝❛ ❇❉❙ ❞❡ ❇❘❖❈❑✱ ❉❊❈❍❊❘❚ ❡ ❙❍❊■◆❑▼❆◆ ✭✶✾✾✻✮✳

❯♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ ❡r❣ó❞✐❝♦ ❡ ❡st❛❝✐♦♥ár✐♦ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♣♦r ✉♠ ♠♦❞❡❧♦ ♣r♦❥❡✲
t❛❞♦ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❛♠♦str❛ ❛♣r♦♣r✐❛❞❛♠❡♥t❡ ❝♦❧❡t❛❞❛✳ ❈❛s♦ ❝♦♥trár✐♦✱ ✉♠❛ ❛♠♦str❛ s♦♠❡♥t❡
♥ã♦ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❣❡♥❡r❛❧✐③❛r ❛ r❡s♣❡✐t♦ ❞♦ ♣r♦❝❡ss♦✳ ❆ss✐♠✱ ❛ ❛♥á❧✐s❡ ♣r❡❧✐♠✐♥❛r ❞❛s ❜❛s❡s
❞❡ ❞❛❞♦s ♣♦ss✐❜✐❧✐t❛ ❛ ❛ss✉♥çã♦ ❞❡ ❤✐♣ót❡s❡s ♥❡❝❡ssár✐❛s ♣❛r❛ ❛ ❡s♣❡❝✐✜❝❛çã♦ ❡ ❛ ✐♠♣❧❡♠❡♥t❛çã♦
❞❡ ♠♦❞❡❧♦s ♠❛✐s ❡✜❝❛③❡s✳

❖s ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❡ ❡st❛❝✐♦♥ár✐♦s ❞❡ ✉♠❛ sér✐❡ ♥♦ t❡♠♣♦ tê♠ ❞✉❛s ❝❛r❛❝t❡ríst✐❝❛s ♣❛r✲
t✐❝✉❧❛r♠❡♥t❡ ❞❡s❡❥á✈❡✐s✿ ♣♦❞❡♠ s❡r ♠❛✐s ❢❛❝✐❧♠❡♥t❡ ❝♦♠♣r❡❡♥❞✐❞♦s ❡ ❡①✐st❡♠ ♠ét♦❞♦s ❜❡♠

✾
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❞✐r❡❝✐♦♥❛❞♦s ♣❛r❛ ✐♠♣❧❡♠❡♥tá✲❧♦s✳ ❆ ❝♦♥tr❛♣❛rt✐❞❛ ♣❛r❛ ❡st❛s ❝♦♥✈❡♥✐ê♥❝✐❛s é q✉❡ ♣♦❞❡♠ s❡r
✐♥t❡✐r❛♠❡♥t❡ ✐♠♣ró♣r✐♦s ♣❛r❛ s✐st❡♠❛s ❝♦♠ ♠♦❞❡r❛❞❛s ❝♦♠♣❧✐❝❛çõ❡s✳ ❊♥tr❡t❛♥t♦✱ ❡st❡s ♠ét♦❞♦s
❛✐♥❞❛ sã♦ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞♦s ♥❛ ♣r❡❞✐çã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳

❆s ❛♥á❧✐s❡s ♣r❡❧✐♠✐♥❛r❡s ❞❛s sér✐❡s t❡♠♣♦r❛✐s✱ ❛♣❡s❛r ❞❡ ✐♠♣♦rt❛♥t❡s✱ ♥ã♦ ❛♣r❡s❡♥t❛♠ ❝♦♠♦
♣r♦❞✉t♦ ✜♥❛❧ ❛s r❡❧❛çõ❡s ❜❡♠ ❞❡✜♥✐❞❛s✳ ❙❡rá ❛ ♠♦❞❡❧❛❣❡♠ q✉❡ ✐❞❡♥t✐✜❝❛rá ♦ t✐♣♦ ❞❡ r❡❧❛çã♦
❢✉♥❝✐♦♥❛❧ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ❡ ❡st✐♠❛rá ♦s ♣❛râ♠❡tr♦s q✉❡ ❢❛③❡♠ ♣❛rt❡ ❞❡st❛ r❡❧❛çã♦✳ ❇✉s❝❛✲s❡
❝♦♠ ❡st❡ t✐♣♦ ❞❡ ❛♥á❧✐s❡ ❛ ✈❡r✐✜❝❛çã♦ ❡♠♣ír✐❝❛ ❞❡ ❛❧❣✉♠❛s ❤✐♣ót❡s❡s ❞❡ ❝♦♠♣♦rt❛♠❡♥t♦ ❡ s❛❜❡✲
s❡ q✉❡ ✉♠❛ r❡❧❛çã♦ ❡st❛tíst✐❝❛✱ ♣♦r ♠❛✐s ❢♦rt❡ ❡ s✉❣❡st✐✈❛ q✉❡ s❡❥❛✱ ❥❛♠❛✐s ♣♦❞❡ ❡st❛❜❡❧❡❝❡r ✉♠❛
r❡❧❛çã♦ ❝❛✉s❛❧ q✉❡ ❞❡✈❡ ✈✐r ❞❡ ♦✉tr❛ t❡♦r✐❛ ✭❡❝♦♥ô♠✐❝❛✱ ♠❡t❡♦r♦❧ó❣✐❝❛ ❡ ♦✉tr❛s✮✳

❯♠❛ r❡❣r❡ssã♦ s✐♠♣❧❡s é s♦♠❡♥t❡ ✉♠ ❡st✉❞♦ ❞❛s r❡❧❛çõ❡s ❡♥tr❡ ✈❛r✐á✈❡✐s✳ ❖ ♣r✐♥❝✐♣❛❧ ♦❜✲
❥❡t✐✈♦ é✱ ❝♦♥❤❡❝✐❞❛ ❡st❛ r❡❧❛çã♦✱ ♣♦❞❡r ❡st✐♠❛r ♦ ✈❛❧♦r ❞❡ ✉♠❛ ✈❛r✐á✈❡❧ ❛ ♣❛rt✐r ❞❛ ♦✉tr❛✳ ■st♦
♣♦❞❡ ❛té s❡r út✐❧ ♥❛ ❡s❝♦❧❤❛ ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❞❡ ✉♠ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✱ ❡♠❜♦r❛ ♥ã♦
s❡ tr❛t❛ ❞❡ ✉♠ ♠ét♦❞♦ ❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳

❖s ♠♦❞❡❧♦s ❛✉t♦r❡❣r❡ss✐✈❡ ♠♦✈✐♥❣ ❛✈❡r❛❣❡ ✭❆❘▼❆✮ ❬❇❖❳ ❛♥❞ ❏❊◆❑■◆❙✱ ✶✾✼✵❪✱ ❞ã♦ ê♥❢❛s❡
❡♠ ❛♥❛❧✐s❛r ❛s ♣r♦♣r✐❡❞❛❞❡s ❡st♦❝ást✐❝❛s ❞❛ sér✐❡ ♥♦ t❡♠♣♦✱ ❞❡✐①❛♥❞♦ q✉❡ ♦s ❞❛❞♦s ❢❛❧❡♠ ♣♦r
s✐ ♠❡s♠♦s✳ ■st♦ ❝♦♥❝♦rr❡✉ ♣❛r❛ q✉❡ ❡st❛ ❝❧❛ss❡ ❞❡ ♠♦❞❡❧♦s ❢♦ss❡ ❡♥t❡♥❞✐❞❛ ♣♦r ❛❧❣✉♥s ❝♦♠♦
❛t❡ór✐❝❛✱ ♦✉ s❡❥❛✱ ♥ã♦ ❞❡r✐✈❛✈❛ ❞❡ ♥❡♥❤✉♠❛ t❡♦r✐❛✱ ❝♦♠♦ ♦s ♠♦❞❡❧♦s ❡❝♦♥♦♠étr✐❝♦s q✉❡ sã♦
❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❡❝♦♥ô♠✐❝❛✳ ❖s ♠♦❞❡❧♦s ❆❘▼❆ ✐♥t❡❣r❛❞♦s ✭❆❘■▼❆✮ sã♦ ✉t✐❧✐③❛❞♦s q✉❛♥❞♦
t♦r♥❛✲s❡ ♣♦ssí✈❡❧ r❡♠♦✈❡r ❛s t❡♥❞ê♥❝✐❛s✱ r❡st❛♥❞♦ ❛♦ ✜♥❛❧ s♦♠❡♥t❡ ✉♠ ❡rr♦ ❡st♦❝ást✐❝♦✳ ◆❡st❡
❝❛s♦ ❛ ❡q✉❛çã♦ é ❤♦♠♦❣ê♥❡❛✱ ♠❛s q✉❛♥❞♦ ♥ã♦ s❡ ❝♦♥s❡❣✉❡ r❡♠♦✈❡r ❛s t❡♥❞ê♥❝✐❛s tr❛t❛✲s❡ ❞❡
✉♠❛ ❡q✉❛çã♦ ❤❡t❡r♦❣ê♥❡❛✳ ◆❛s sér✐❡s ❝♦♠ s❛③♦♥❛❧✐❞❛❞❡s✱ ❛❧é♠ ❞❡ r❡♠♦✈❡r ❛s t❡♥❞ê♥❝✐❛s ♥ã♦
s❛③♦♥❛✐s✱ ❛♣❧✐❝❛✲s❡ ✉♠ ♥ú♠❡r♦ ❛❞❡q✉❛❞♦ ❞❡ ❞✐❢❡r❡♥ç❛s s❛③♦♥❛✐s✳

❖ ❡st✉❞♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❞♦ ❡rr♦ ❡st♦❝ást✐❝♦ ✭♦✉ ✐rr❡❣✉❧❛r✮✱ ❛♣ós s❡r❡♠ ❡①tr❛í❞❛s ❛s ❝♦♠✲
♣♦♥❡♥t❡s t❡♥❞ê♥❝✐❛✱ ❝✐❝❧♦ ❡ s❛③♦♥❛❧✐❞❛❞❡✱ ♠✉✐t❛s ✈❡③❡s t♦r♥❛✲s❡ ♦ ❢♦❝♦ ♣r✐♥❝✐♣❛❧ ❞♦ ♣r♦❜❧❡♠❛
❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳ ❈❛s♦ ❡st❛ ❝♦♠♣♦♥❡♥t❡ ♣♦ss❛ s❡r ❜❡♠ ❝❛r❛❝t❡r✐③❛❞❛ ♣♦r ✉♠❛
❢✉♥çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✭❢❞♣✮✱ ❡ ♦ ♣r♦❝❡ss♦ s❡❥❛ ❧✐♥❡❛r✱ ❡st❛❝✐♦♥ár✐♦ ❡ ❝♦♠ ❝✉rt❛
❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧✱ ♦ q✉❡ ♥❡♠ s❡♠♣r❡ ♦❝♦rr❡ ♥❛ ♣rát✐❝❛✱ ✉♠ ♠♦❞❡❧♦ ❆❘▼❆ ♣♦❞❡rá ♣♦s✲
s✐❜✐❧✐t❛r ❜♦❛s ♣r❡✈✐sõ❡s✳ ◗✉❛♥❞♦ s❡ tr❛t❛ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❧✐♥❡❛r✱ ❡st❛❝✐♦♥ár✐♦✱ ♠❛s ❝♦♠ ❧♦♥❣❛
❞❡♣❡♥❞ê♥❝✐❛✱ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ ♦✉ ✉♠ ♠♦❞❡❧♦ ❆❘❋■▼❆ ♣♦❞❡rá s❡r ✉♠❛ ❛❧t❡r♥❛t✐✈❛ ♠❡❧❤♦r✳
❈❛s♦ ❡①✐st❛ ✉♠❛ ❝♦♠♣♦♥❡♥t❡ s❛③♦♥❛❧✱ ✉t✐❧✐③❛✲s❡ ✉♠ ♠♦❞❡❧♦ ❙❆❘■▼❆✳

◆♦s ♠❡r❝❛❞♦s ✜♥❛♥❝❡✐r♦s✱ ❛❧é♠ ❞❡ ❡st✐♠❛r ♦s r❡t♦r♥♦s ❞♦ ❛t✐✈♦✱ t❛♠❜é♠ é ✐♠♣♦rt❛♥t❡ ❛✈❛❧✐❛r
♦ r✐s❝♦ ✭✈♦❧❛t✐❧✐❞❛❞❡✮✳ ◗✉❛♥❞♦ ❛ ✈❛r✐â♥❝✐❛ ❝♦♥❞✐❝✐♦♥❛❧ ❞❡ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ ✜♥❛♥❝❡✐r❛ ♥ã♦
é ❝♦♥st❛♥t❡✱ ♠❛s ❛ ♠é❞✐❛ ❡ ❛ ✈❛r✐â♥❝✐❛ ♥ã♦ ❝♦♥❞✐❝✐♦♥❛❧ ❞❡ ❧♦♥❣♦ ♣r❛③♦ sã♦ ❝♦♥st❛♥t❡s✱ ♣♦❞❡✲
s❡ ❡st✐♠❛r ❛ ✈♦❧❛t✐❧✐❞❛❞❡ ✭✐♥❝❡rt❡③❛✮ ❛ss♦❝✐❛❞❛ ❛ ❡st❡ ❛t✐✈♦✳ ❆ ❢❛♠í❧✐❛ ❞♦s ♠♦❞❡❧♦s ●❆❘❈❍
❢♦✐ ❝r✐❛❞❛ ♣❛r❛ ❡st❡ ✜♠✳ ❊♠ ❬❍❆❘❱❊❨ ❡t ❛❧✳✱ ✶✾✾✹❪ ❢♦✐ ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❝❧❛ss❡ ❞❡ ♠♦❞❡❧♦s
❛❧t❡r♥❛t✐✈❛ à ❢❛♠í❧✐❛ ❆❘❈❍ ❞❡♥♦♠✐♥❛❞❛ ❞❡ ✈♦❧❛t✐❧✐❞❛❞❡ ❡st♦❝ást✐❝❛ ✭❱❊✮✱ ✐♥❝❧✉✐♥❞♦ ✉♠ t❡r♠♦
❡st♦❝ást✐❝♦ q✉❡ t♦r♥❛ ♦ ✈❛❧♦r ❞❡ ✈♦❧❛t✐❧✐❞❛❞❡ ❝❛❧❝✉❧❛❞♦ ♠❛✐s s✉❛✈✐③❛❞♦ q✉❡ ♦s ❡st✐♠❛❞♦s ♣♦r
♠❡✐♦ ❞♦s ♠♦❞❡❧♦s ❆❘❈❍✳

❖ t❡st❡ ❞❛s r❛í③❡s ✉♥✐tár✐❛s é ✉t✐❧✐③❛❞♦ ♣❛r❛ s❡ ✈❡r✐✜❝❛r s❡ ❛ sér✐❡ t❡♠♣♦r❛❧ é ❡st❛❝✐♦♥ár✐❛✱
♦✉ s❡❥❛✱ s❡ é ❡①♣❧♦s✐✈❛ ♦✉ ❡stá✈❡❧✳ ❆ ❡st❛❜✐❧✐❞❛❞❡ ❞❛ sér✐❡ é ✉♠❛ ❝♦♥❞✐çã♦ ♥❡❝❡ssár✐❛ ♣❛r❛
✉t✐❧✐③❛çã♦ ❞❡ ♠♦❞❡❧♦s ❆❘▼❆✱ ♠❛s ♥ã♦ s✉✜❝✐❡♥t❡✳ ➱ ♥❡❝❡ssár✐♦ t❛♠❜é♠ q✉❡ ❤❛❥❛ ❞❡♣❡♥❞ê♥❝✐❛
t❡♠♣♦r❛❧ ❡♥tr❡ ❛s ❛♠♦str❛s ❡ q✉❡ ❛ sér✐❡ s❡❥❛ ❧✐♥❡❛r✳ ❊st❡ ❛ss✉♥t♦ s❡rá ❛❜♦r❞❛❞♦ ❡♠ ❞❡t❛❧❤❡s
♣♦st❡r✐♦r♠❡♥t❡✳

❖s ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ♣♦❞❡♠ s❡r ❞✐✈✐❞✐❞♦s ❡♠ ❞♦✐s ❣r❛♥❞❡s ❣r✉♣♦s✿
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♠♦❞❡❧♦s ♣❛r❛♠étr✐❝♦s ❡ ♥ã♦✲♣❛r❛♠étr✐❝♦s✳ ❆ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ♣♦r ❇❖❳ ❡ ❏❊◆❑■◆❙
✭✶✾✼✵ ❡ ✶✾✼✻✮ é ❝❧❛ss✐✜❝❛❞❛ ❝♦♠♦ ♣❛r❛♠étr✐❝❛ ❡ t❡♠ s✐❞♦ ❧❛r❣❛♠❡♥t❡ ✉t✐❧✐③❛❞❛ ♣❛r❛ ♣r❡❞✐çõ❡s
❡♠ ár❡❛s ❝♦♠♦ ❡❝♦♥♦♠✐❛✱ ✜♥❛♥ç❛s✱ ♠❡t❡♦r♦❧♦❣✐❛✱ ❤✐❞r♦❧♦❣✐❛ ❡ ♦✉tr❛s✳ ❖s ♠♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠
r❡❞❡s ♥❡✉r❛✐s sã♦ ❡①❡♠♣❧♦s ❞❡ ♠♦❞❡❧♦s ♥ã♦✲♣❛r❛♠étr✐❝♦s✳

❊♠ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s✱ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✱ ♥ã♦ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡s ❡ ❧♦♥❣❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠✲
♣♦r❛❧ ♣♦❞❡♠ s❡r ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡ ♦✉ ❡♠ ❝♦♥❥✉♥t♦ ✐♥trí♥s❡❝❛s ❛♦ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ ❡st✉❞❛❞♦✳
❆ss✐♠✱ ♥❡♠ s❡♠♣r❡ ❛s ♣r❡♠✐ss❛s ❛ss✉♠✐❞❛s ❞✉r❛♥t❡ ❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❜❧❡♠❛ sã♦ t♦t❛❧♠❡♥t❡
✈❡r❞❛❞❡✐r❛s ❡ ♦ ♠♦❞❡❧♦ é ❣❡r❛❧♠❡♥t❡ s✉❜✲ót✐♠♦✳ ▲♦❣♦✱ é ✈❛♥t❛❥♦s♦ ❛❜❛♥❞♦♥❛r ✉♠ ♠♦❞❡❧♦ ❡♠
❞❡tr✐♠❡♥t♦ ❞❡ ♦✉tr♦ ♠❛✐s ❛❝✉r❛❞♦✱ ♦✉ s❡❥❛✱ q✉❡ r❡♣r❡s❡♥t❡ ♠❡❧❤♦r ❛ r❡❛❧✐❞❛❞❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡
q✉❛♥❞♦ ❡st❛ r❡❛❧✐❞❛❞❡ s❡ ❛❧t❡r❛ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳

❖ ✜❧tr♦ ❧✐♥❡❛r ❛❞❛♣t❛t✐✈♦ ❋■❘ ✭❋✐♥✐t❡ ■♠♣✉❧s❡ ❘❡s♣♦♥s❡✮✱ ❞❛ ❝❧❛ss❡ ❞♦s ♠♦❞❡❧♦s ❆❘✱ t❡♠
❣r❛♥❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❞❛♣t❛çã♦ ❡ s❡r✈✐✉ ❝♦♠♦ ✉♠❛ ❞❛s ❢♦♥t❡s ❞❡ ✐♥s♣✐r❛çã♦ ♣❛r❛ ❛ ár❡❛ ❞❡
r❡❞❡s ♥❡✉r❛✐s✳ ❯♠❛ ❛rq✉✐t❡t✉r❛ ♥❡✉r❛❧ ❝♦♠ ✉♠ ✜❧tr♦ ❋■❘ ❞❡ ♦r❞❡♠ ♣ s✉❜st✐t✉✐♥❞♦ ❛s ❝♦♥❡①õ❡s
s✐♥á♣t✐❝❛s✱ ❞✐str✐❜✉í❞❛ ♥♦ t❡♠♣♦✱ ✈❡♥❝❡✉ ❛ ❝♦♠♣❡t✐çã♦ ♣❛tr♦❝✐♥❛❞❛ ♣❡❧♦ ❙❛♥t❛ ❋é ■♥st✐t✉t❡
❬❲❊■●❊◆❉ ❛♥❞ ●❊❘❙❍❊◆❋❊▲❉✱ ✶✾✾✹❪✳ ❊st❡ t✐♣♦ ❞❡ r❡❞❡ ♥❡✉r❛❧ ♣♦❞❡ ❧✐❞❛r ❞✐r❡t❛♠❡♥t❡
❝♦♠ ❛ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ♥ã♦ ❧✐♥❡❛r❡s✳ ❊♥tr❡t❛♥t♦✱ ♦ ✜❧tr♦ ❧✐♥❡❛r ❛❞❛♣t❛t✐✈♦ ❋■❘
❝♦♥✈❡♥❝✐♦♥❛❧ é ✐♥❞✐❝❛❞♦ s♦♠❡♥t❡ ♣❛r❛ ♣r♦❝❡ss♦s ❧✐♥❡❛r❡s ❡ ❡st❛❝✐♦♥ár✐♦s✳ ❈♦♠♦ ❡st❡ t✐♣♦ ❞❡
✜❧tr♦ t❡♠ ❣r❛♥❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❞❛♣t❛çã♦ ♣❛r❛ ❛❝♦♠♣❛♥❤❛r ✈❛r✐❛çõ❡s ❜r✉s❝❛s ❞❡ s✐♥❛✐s✱ t❡♠
s✐❞♦ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞♦ ♥❛s ár❡❛s ❞❡ ❛♥t❡♥❛s ❡ r❛❞❛r❡s✳

❖s ♦❜❥❡t✐✈♦s ♣r✐♥❝✐♣❛✐s ❞❡st❡ ❝❛♣ít✉❧♦ sã♦✿ ❛♣r❡s❡♥t❛r ♦s ♠♦❞❡❧♦s ❆❘■▼❆✱ ●❆❘❈❍ ❡ ♦s ✜❧✲
tr♦s ❛❞❛♣t❛t✐✈♦s ❧✐♥❡❛r❡s ✭t✐♣♦ ❋■❘✮❀ ❛♥❛❧✐s❛r ❛s ✈❛♥t❛❣❡♥s ❡ ❧✐♠✐t❛çõ❡s ❞❡st❡s ♠♦❞❡❧♦s✳ ◆❡st❛
t❡s❡✱ ❢❛③✲s❡ ✉♠❛ ❡s❝♦❧❤❛ ♣❡❧❛ ♠♦❞❡❧❛❣❡♠ ❡♠ t❡♠♣♦ ❞✐s❝r❡t♦ ❡♠ r❛③ã♦ ❞❛ s✉❛ ❝♦♥✈❡♥✐ê♥❝✐❛✱
s✐♠♣❧✐❝✐❞❛❞❡ ❡♠ r❡❧❛çã♦ à ❞❡ t❡♠♣♦ ❝♦♥tí♥✉♦ ❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣♦rq✉❡✱ ♠❡s♠♦ q✉❡ ♦s ♣r♦❝❡s✲
s♦s ❣❡r❛❞♦r❡s s❡❥❛♠ ❝♦♥tí♥✉♦s✱ ❛s ❝♦❧❡t❛s ❞❛s sér✐❡s t❡♠♣♦r❛✐s sã♦ ♥♦r♠❛❧♠❡♥t❡ ❡♠ ♣❡rí♦❞♦s
❞❡ t❡♠♣♦ ❞✐s❝r❡t♦✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ♦s ❞❛❞♦s ❞❛s sér✐❡s ❡❝♦♥ô♠✐❝❛s✳ ❈♦♥s✐❞❡r❛✲s❡ q✉❡ ❛s
♦❜s❡r✈❛çõ❡s sã♦ ❢❡✐t❛s ❡♠ ✐♥t❡r✈❛❧♦s r❡❣✉❧❛r❡s ❞❡ t❡♠♣♦ ❡ q✉❡ ❡st❡ ✐♥t❡r✈❛❧♦ t❡♠ ❞✉r❛çã♦ ❞❡
✉♠❛ ✉♥✐❞❛❞❡ ❞❡ t❡♠♣♦✳

❊st❡ ❝❛♣ít✉❧♦ ❢♦✐ ♦r❣❛♥✐③❛❞♦ ❝♦♠♦ s❡ s❡❣✉❡✿ ♥❛ ❙❡çã♦ ✷✳✷✱ ❛s ❞❡✜♥✐çõ❡s ❞❡ ♣r♦❝❡ss♦s ❡st♦✲
❝ást✐❝♦s ❧✐♥❡❛r❡s ❡ ❡st❛❝✐♦♥ár✐♦s sã♦ ❛♣r❡s❡♥t❛❞❛s❀ ♥❛ ❙❡çã♦ ✷✳✸✱ ✐❧✉str❛✲s❡ ♦s ♠♦❞❡❧♦s ❆❘■▼❆
❡ ♦s t❡st❡s r❡❧❛❝✐♦♥❛❞♦s❀ ♥❛ ❙❡çã♦ ✷✳✹ é ❛♥❛❧✐s❛❞♦ s✉❝✐♥t❛♠❡♥t❡ ♦ ♠♦❞❡❧♦ ●❆❘❈❍✳ ◆❛ ❙❡çã♦
✷✳✺✱ ❛❜♦r❞❛✲s❡ ♦s ✜❧tr♦s ❧✐♥❡❛r❡s ❛❞❛♣t❛t✐✈♦s✳

✷✳✷ ❉❡✜♥✐çõ❡s
❆s ❞❡✜♥✐çõ❡s ❜ás✐❝❛s ♥❡❝❡ssár✐❛s ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❡ ❢✉♥❞❛♠❡♥t❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦ sã♦

❛♣r❡s❡♥t❛❞❛s ♥❡st❛ s❡çã♦✳

✷✳✷✳✶ ▼♦❞❡❧♦s ❧✐♥❡❛r❡s

❉❡✜♥✐çã♦ ✷✳✷✳✶✿ ❯♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ Yt,θ = {Yt,θ; t ǫ T, θ ǫ Ω} é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈✳❛s✳
❞❡✜♥✐❞❛s s♦❜r❡ ✉♠ ❡s♣❛ç♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❡♠ (Ω,Υ, P ) ❡ t❡♠ ❝♦♠♦ í♥❞✐❝❡s ❞♦s ❡❧❡♠❡♥t♦s ❞❛
❛♠♦str❛ ♦s ✈❛❧♦r❡s ❞❡ t ǫ T ✳ ❖ ❝♦♥❥✉♥t♦ ❞❡ ❡❧❡♠❡♥t♦s ❞❛ ❛♠♦str❛ é ♥♦r♠❛❧♠❡♥t❡ ❝♦♠♣♦st♦ ❞❡
♥ú♠❡r♦s ✐♥t❡✐r♦s ♦✉ r❡❛✐s✳ ❏á ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ é ❞❡✜♥✐❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ θ ǫ Ω✱ ❡
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♣♦r q✉❡stõ❡s ❞❡ s✐♠♣❧✐❝✐❞❛❞❡ s❡rá r❡♣r❡s❡♥t❛❞❛ ♣♦r {Yt}✳ ❆ss✐♠✱ é ✉♠❛ ♣❛rt❡ ❞❡ ✉♠❛ tr❛❥❡tór✐❛
❡♥tr❡ ❛s ♠✉✐t❛s q✉❡ ♣♦❞❡r✐❛♠ s❡r ❛ss♦❝✐❛❞❛s ❛ ✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦✳ ◆❛s sér✐❡s ❝♦♠ ❛
♠❡s♠❛ ❡str✉t✉r❛✱ ❝❛❞❛ sér✐❡ t❡♠♣♦r❛❧ é ✉♠❛ r❡❛❧✐③❛çã♦ ♣♦ssí✈❡❧ ❞♦ ♣r♦❝❡ss♦ ❡♠ q✉❡stã♦✳ ▲♦❣♦✱
tr❛❥❡tór✐❛ ❡ sér✐❡ t❡♠♣♦r❛❧ tê♠ ♦ ♠❡s♠♦ s✐❣♥✐✜❝❛❞♦✳ ❖❜s❡r✈❛✲s❡ q✉❡ ✉♠❛ ✈❛r✐á✈❡❧ ❞✐s❝r❡t❛ ② é
❞✐t❛ ✉♠❛ ✈❛r✐á✈❡❧ ❡st♦❝ást✐❝❛ ✭r❛♥❞ô♠✐❝❛✮ s❡ ♣❛r❛ q✉❛❧q✉❡r ♥ú♠❡r♦ r❡❛❧ r ❡①✐st❡ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡
q✉❡ ② t❡rá ✉♠ ✈❛❧♦r ♠❡♥♦r ♦✉ ✐❣✉❛❧ ❛ r✱ ♦✉ s❡❥❛✱ P (② ≤ r) < 1✳ ❈❛s♦ ❡①✐st❛ ❛❧❣✉♠ r ♣❛r❛ ♦
q✉❛❧ P (② = r) = 1✱ ② s❡rá ❞❡t❡r♠✐♥íst✐❝♦ ❡♠ ✈❡③ ❞❡ r❛♥❞ô♠✐❝♦✳

❉❡✜♥✐çã♦ ✷✳✷✳✷✿ ❆s ❞✐str✐❜✉✐çõ❡s ✜♥✐t♦✲❞✐♠❡♥s✐♦♥❛✐s ❞❡ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ {Yt} sã♦ ❞❛❞❛s
♣♦r✿

F (y1, y2, . . . , yN ; t1, t2, . . . , tN) = P (Yt1 ≤ y1, Yt2 ≤ y2, . . . , YtN ≤ yN). ✭✷✳✶✮
❉❡✜♥✐çã♦ ✷✳✷✳✸✿ ❆s ❢✉♥çõ❡s ♠é❞✐❛✱ ✈❛r✐â♥❝✐❛✱ ❛✉t♦❝♦✈❛r✐â♥❝✐❛ ❡ ❛✉t♦❝♦rr❡❧❛çã♦ s❡rã♦ ❛♣r❡✲

s❡♥t❛❞❛s ❛ s❡❣✉✐r

E(Yt) =
∫ ∞

−∞
Y dF (y; t) = µyt, ✭✷✳✷✮

V ar(Yt) =
∫ ∞

−∞
(Y − µyt)

2dF (y; t) = γy(t, t), ✭✷✳✸✮

Cov(yt, yk) =
∫ ∞

−∞

∫ ∞

−∞
(Yt − µyt)(Yk − µyk)dF (yt, yk; t, k) = γy(t, k), ✭✷✳✹✮

Corry(t, k) =
γy(t, k)√

γy(t, t)
√
γy(k, k)

= Ry(t, k). ✭✷✳✺✮

❉❡✜♥✐çã♦ ✷✳✷✳✹✿ ❯♠❛ s❡qüê♥❝✐❛ {εt} é ✉♠ r✉í❞♦ ❜r❛♥❝♦ ✭❲❤✐t❡ ◆♦✐s❡ ✲ ❲◆✮ s❡ ❡ s♦♠❡♥t❡
s❡ E(εt) = 0✱ V ar(εt) = σ2✱ ♥ã♦ ❝♦rr❡❧❛❝✐♦♥❛❞❛ ❝♦♠ t♦❞❛s ❛s ♦✉tr❛s r❡❛❧✐③❛çõ❡s✱ ♦✉ s❡❥❛✱ ♥ã♦
t❡♠ ♠❡♠ór✐❛✳

❉❡✜♥✐çã♦ ✷✳✷✳✺✿ ❙❡❥❛ Yt ✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦✱ ❡st❡ é ❞✐t♦ ❧✐♥❡❛r s❡ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦
♥❛ ❢♦r♠❛✿ Yt = µyt +

∑∞
j=−∞ Ψjεt−j,∀t✱ ❡♠ q✉❡ εt ∼ WN(0, σ2) ❡ Ψj é ✉♠❛ s❡qüê♥❝✐❛ ❞❡

❝♦♥st❛♥t❡s t❛✐s q✉❡ ∑∞
j=−∞ |Ψj| <∞✳ ❖❜s❡r✈❛✲s❡ q✉❡ ❛ ❝♦♥❞✐çã♦ ❞❡ ♥ã♦ ❝♦rr❡❧❛çã♦ é ❞✐❢❡r❡♥t❡

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

❉❡✜♥✐çã♦ ✷✳✷✳✻✿ ❯♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ Yt é ✉♠▼❛rt✐♥❣❛❧❡ s❡ ❡ s♦♠❡♥t❡ s❡ E(|Yt|) ≤ ∞ ❡
E(Yt|Yt−1, Yt−2, . . .) = Yt−1 ♣❛r❛ t♦❞♦ t ♦✉✱ ❞❡ ❢♦r♠❛ ❡q✉✐✈❛❧❡♥t❡✱ E(Yt−Yt−1|f(Yt−1, Yt−2, . . .)) =
0✱ ❡ ♥❡st❡ ❝❛s♦ s❡rá ❝❤❛♠❛❞♦ ❞❡ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡✳ ❆ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ ✐♠♣õ❡ ✉♠❛ ❝♦♥✲
❞✐çã♦ ♠❛✐s ❢♦rt❡ ❞♦ q✉❡ ❛q✉❡❧❛ ❞❛❞❛ ♣❛r❛ ✉♠ ♣r♦❝❡ss♦ ♥ã♦ ❛✉t♦❝♦rr❡❧❛❝✐♦♥❛❞♦ s❡r✐❛❧♠❡♥t❡✳
❊st❡ t✐♣♦ ❞❡ ♣r♦❝❡ss♦ ♥ã♦ ♣♦❞❡ s❡r ♣r❡✈✐st♦ ❝♦♠ ❜❛s❡ ❡♠ ✉♠❛ ❢✉♥çã♦ ❧✐♥❡❛r ❞❡ s❡✉s ✈❛❧♦r❡s
♣❛ss❛❞♦s✳ ❏á ✉♠❛ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ ✭❉▼✮ ♥ã♦ ♣♦❞❡ s❡r ♣r❡✈✐st❛ ♥❡♠ ♣♦r ✉♠❛ s❡qüê♥❝✐❛
❧✐♥❡❛r ❡ ♥❡♠ t❛♠♣♦✉❝♦ ♣♦r ✉♠❛ ♥ã♦ ❧✐♥❡❛r✳

✷✳✷✳✷ ▼♦❞❡❧♦s ❡st❛❝✐♦♥ár✐♦s

❉❡✜♥✐çã♦ ✷✳✷✳✼✿ ❙❡❥❛ Yt ✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦✱ ❡st❡ é ❞✐t♦ ❢r❛❝❛♠❡♥t❡ ❡st❛❝✐♦♥ár✐♦✱ ♦✉
❡st❛❝✐♦♥ár✐♦ ❞❡ s❡❣✉♥❞❛ ♦r❞❡♠✱ s❡ ❛ ♠é❞✐❛ µyt = E(Yt)✱ ❛ ✈❛r✐â♥❝✐❛ V ar(Yt) = σ2 ❡ ❛ ❝♦✈❛r✐â♥❝✐❛
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γy(t, k) = γ(|t − k|)✱ ∀t ǫ T ✱ ♦✉ s❡❥❛✱ é ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ t❡♠♣♦ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❛
❝♦rr❡❧❛çã♦ t❛♠❜é♠ s❡rá✳ ❈❛s♦ Yt = βt+ εt r❡♣r❡s❡♥t❡ ✉♠❛ t❡♥❞ê♥❝✐❛ ♥♦ t❡♠♣♦ ♠❛✐s ✉♠ r✉í❞♦
❜r❛♥❝♦ ❣❛✉ss✐❛♥♦✱ ❡st❡ ♣r♦❝❡ss♦ ♥ã♦ s❡rá ❡st❛❝✐♦♥ár✐♦ ❥á q✉❡ E(Yt) = βt✱ ♦✉ s❡❥❛✱ ❛ ❡s♣❡r❛♥ç❛
❞❛ ♠é❞✐❛ ❞❡♣❡♥❞❡ ❞♦ t❡♠♣♦✳

◆♦ ❝♦♥t❡①t♦ ❞❡st❛ t❡s❡✱ q✉❛♥❞♦ s❡ ❢❛❧❛ q✉❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ é ❡st❛✲
❝✐♦♥ár✐♦✱ ❛ss✉♠❡✲s❡ q✉❡ ♦ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ é ❢r❛❝❛♠❡♥t❡ ❡st❛❝✐♦♥ár✐♦ ✭❲❙❙ ✲ ❲✐❞❡ ❙❡♥s❡
st❛t✐♦♥❛r②✮✳

❉❡✜♥✐çã♦ ✷✳✷✳✽✿ ❙❡❥❛ Yt ✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦✱ ❡st❡ é ❞✐t♦ ❡str✐t❛♠❡♥t❡ ❡st❛❝✐♦♥ár✐♦
s❡ (Y1, Y2, . . . , Yk) ∼= (Y1+h, Y2+h, . . . , Yk+h),∀(k, h) ≥ 1✱ ❡♠ q✉❡ ∼= ✐♥❞✐❝❛ q✉❡ ♦s ❞♦✐s ✈❡t♦r❡s
❛❧❡❛tór✐♦s sã♦ ✐❞❡♥t✐❝❛♠❡♥t❡ ❞✐str✐❜✉í❞♦s✳

❯♠❛ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ❢r❛❝❛ ♥ã♦ ✐♠♣❧✐❝❛ q✉❡ ❡st❛ s❡❥❛ ❡str✐t❛ ❡ q✉❡ ✉♠ ♣r♦❝❡ss♦ é ❡str✐t❛✲
♠❡♥t❡ ❡st❛❝✐♦♥ár✐♦ q✉❛♥❞♦ E(Y 2

t ) < ∞✳ ❯♠ ❝❛s♦ ❡♠ q✉❡ ♦❝♦rr❡ ✉♠ ♣r♦❝❡ss♦ ❡str✐t❛♠❡♥t❡
❡st❛❝✐♦♥ár✐♦ ❞❡ s❡❣✉♥❞❛ ♦r❞❡♠ é ❛q✉❡❧❡ q✉❡ tr❛t❛ ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❣❛✉ss✐❛♥❛✱ ❥á q✉❡ ❡st❛
❞✐str✐❜✉✐çã♦ ♣♦❞❡ s❡r ❞❡t❡r♠✐♥❛❞❛ ❛♣❡♥❛s ♣❡❧♦s ❞♦✐s ♣r✐♠❡✐r♦s ♠♦♠❡♥t♦s ✭♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛✮✳
❖❜s❡r✈❛✲s❡ q✉❡ ♣❛r❛ ✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ ❡st❛❝✐♦♥ár✐♦ ❛ ♠é❞✐❛ ❞❡st❡ ♣r♦❝❡ss♦ t❡♥❞❡ ♣❛r❛ ❛
♠é❞✐❛ ♣♦♣✉❧❛❝✐♦♥❛❧ ❞❛ ❛♠♦str❛ ❡ q✉❛♥❞♦ ♥ã♦ é ❡st❛❝✐♦♥ár✐♦ ❛ ♠é❞✐❛ ♣❛ss❛ ❛ s❡r ✉♠❛ ✈❛r✐á✈❡❧
❛❧❡❛tór✐❛✳

❆ q✉❡stã♦ ❞❛ ❡r❣♦❝✐❞❛❞❡ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ é ✐♠♣♦rt❛♥t❡ ♣♦rq✉❡ ❛s ❞❡✜♥✐çõ❡s ❞❡
❡st❛❝✐♦♥❛r✐❡❞❛❞❡ sã♦ ❞❡s❡♥✈♦❧✈✐❞❛s ❛ ♣❛rt✐r ❞❛ ❡s♣❡r❛♥ç❛ E(Yt) ❡✱ ❝♦♠♦ ♥❛ ♣rát✐❝❛ ♦ q✉❡ s❡
t❡♠ ❣❡r❛❧♠❡♥t❡ é ✉♠❛ ú♥✐❝❛ ❛♠♦str❛✱ ♦ q✉❡ s❡ ♣♦❞❡ ❝❛❧❝✉❧❛r ❡❢❡t✐✈❛♠❡♥t❡ é ❛ ♠é❞✐❛ ♥♦ t❡♠♣♦
❞❡st❛ ❛♠♦str❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❢ór♠✉❧❛ ❛❜❛✐①♦✳

y = (1/T ) ∗
T∑

t=1

yt, t = 1, 2, . . . , T. ✭✷✳✻✮

❡♠ q✉❡ ❚ é ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛✳
❈❛s♦ ❡st❛ ♠é❞✐❛ ♥♦ t❡♠♣♦ ❝♦♥✈✐r❥❛ ❡✈❡♥t✉❛❧♠❡♥t❡ ♣❛r❛ E(Yt)✱ ❡ s❡ tr❛t❛r ❞❡ ✉♠ ♣r♦❝❡ss♦

❡st❛❝✐♦♥ár✐♦✱ ♣♦❞❡ ❤❛✈❡r ❡r❣♦❝✐❞❛❞❡✳
❉❡✜♥✐çã♦ ✷✳✷✳✾✿ ✉♠ ♣r♦❝❡ss♦ ❡st❛❝✐♦♥ár✐♦ ♥❛ ✈❛r✐â♥❝✐❛ é t✐❞♦ ❝♦♠♦ ❡r❣ó❞✐❝♦ ♥❛ ♠é❞✐❛

q✉❛♥❞♦ ❛ ❢ór♠✉❧❛ ❛♥t❡r✐♦r ❞❛ ♠é❞✐❛ ❝♦♥✈❡r❣❡ ❡♠ ♣r♦❜❛❜✐❧✐❞❛❞❡ ♣❛r❛ E(Yt) q✉❛♥❞♦ T → ∞ ♦✉
♦❜❡❞❡❝❡ à s❡❣✉✐♥t❡ ❝♦♥❞✐çã♦✿ ∑∞

k=0 |γy(t, k)| <∞✱ ♦✉ s❡❥❛✱ t♦❞❛s ❛s r❛í③❡s ❡stã♦ ❞❡♥tr♦ ❞♦ ❝ír❝✉❧♦
✉♥✐tár✐♦✱ s❛t✐s❢❛③❡♥❞♦ ❛ ❝♦♥❞✐çã♦ ❞❡ ✐♥✈❡rt✐❜✐❧✐❞❛❞❡✳ ❯♠ ♣r♦❝❡ss♦ ❡r❣ó❞✐❝♦ ♥❛ ♠é❞✐❛ s✐❣♥✐✜❝❛
q✉❡ ❛ ❛✉t♦❝♦✈❛r✐â♥❝✐❛ γy(t, k) ❝♦♥✈❡r❣❡ rá♣✐❞♦ ♣❛r❛ ③❡r♦✱ ♣❛r❛ ❦ s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡✳

❉❡✜♥✐çã♦ ✷✳✷✳✶✵✿ ✉♠ ♣r♦❝❡ss♦ ❡st❛❝✐♦♥ár✐♦ ♥❛ ✈❛r✐â♥❝✐❛ é t✐❞♦ ❝♦♠♦ ❡r❣ó❞✐❝♦ ♥❛ ✈❛r✐â♥❝✐❛
s❡

(1/(T − j)) ∗
T∑

t=j+1

(yt − ȳ)(yt−j − ȳ) → γy(t, t− j) ✭✷✳✼✮

para todo j✳ ◆♦ ❝❛s♦ ❞❡ ♣r♦❝❡ss♦s ❣❛✉ss✐❛♥♦s ❡st❛❝✐♦♥ár✐♦s✱ ❛ ❝♦♥❞✐çã♦ ❞❛❞❛ ♣❡❧❛ ❞❡✜♥✐çã♦
✷✳✷✳✽ ♣❛r❛ ❛s ❛✉t♦❝♦✈❛r✐â♥❝✐❛s é s✉✜❝✐❡♥t❡ ♣❛r❛ ❣❛r❛♥t✐r ❡r❣♦❝✐❞❛❞❡ ♣❛r❛ t♦❞♦s ♦s ♠♦♠❡♥t♦s✳

❊♠ ♠✉✐t❛s ❛♣❧✐❝❛çõ❡s✱ ♦s ❝♦♥❝❡✐t♦s ❞❡ ❡r❣♦❝✐❞❛❞❡ ❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ♣♦❞❡♠ s❡r ❝♦♥❢✉♥❞✐❞♦s
s❡ ♥ã♦ ❢♦r❡♠ tr❛t❛❞♦s ❝♦♠ ❝r✐tér✐♦✳ P❛r❛ ✐❧✉str❛r ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ♠❡s♠♦s✱ ❛♣r❡s❡♥t❛✲s❡ ✉♠
❡①❡♠♣❧♦ ❡♠ q✉❡ ♦ ♣r♦❝❡ss♦ é ❡st❛❝✐♦♥ár✐♦✱ ♠❛s ♥ã♦ ❡r❣ó❞✐❝♦✳ ❙✉♣♦♥❞♦✲s❡ ✉♠❛ ♠é❞✐❛ µ(i)

❡st✐♠❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ r❡❛❧✐③❛çã♦ ❣❡r❛❞❛ ♣♦r ✉♠❛ ❞✐str✐❜✉✐çã♦ N(0, λ2)✱ ♦✉ s❡❥❛
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Y
(i)
t = µ(i) + εt

❝♦♠ εt ❣❡r❛❞♦ ♣♦r ✉♠ r✉í❞♦ ❜r❛♥❝♦ ❣❛✉ss✐❛♥♦ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ µ(i)✳ ◆♦t❡✲s❡ q✉❡

µt = E(µ(i)) + E(εt) = 0

é ❛ ♠é❞✐❛ ♥ã♦ ❝♦♥❞✐❝✐♦♥❛❧✳ ❆ ✈❛r✐â♥❝✐❛ ❡ ❛ ❝♦✈❛r✐â♥❝✐❛ sã♦ ❞❛❞❛s ♣♦r

γy(t, t) = E(µ(i) + εt)
2 = λ2 + σ2

❡
γy(t, t− j) = E(µ(i) + εt)(µ

(i) + εt−j) = λ2

para j 6= 0✳ ❊st❡ ♣r♦❝❡ss♦ é ❡st❛❝✐♦♥ár✐♦ ❥á q✉❡ ❛ ♠é❞✐❛✱ ✈❛r✐â♥❝✐❛ ❡ ❝♦✈❛r✐â♥❝✐❛ ♥ã♦ ❞❡♣❡♥❞❡♠
❞♦ t❡♠♣♦✱ ♠❛s ♥ã♦ s❛t✐s❢❛③ à ❝♦♥❞✐çã♦ ❞❡ ❡r❣♦❝✐❞❛❞❡ ♥❛ ♠é❞✐❛ ❛♣r❡s❡♥t❛❞❛ ❛♥t❡r✐♦r♠❡♥t❡ ❥á
q✉❡ ❛ ♠é❞✐❛ ❞❡ Y (i)

t ♥♦ t❡♠♣♦ é ❞❛❞❛ ♣♦r

(1/T ) ∗
T∑

t=1

Y
(i)
t = (1/T ) ∗

T∑

t=1

(µ(i) + εt) = µ(i)

♦✉ s❡❥❛✱ ❝♦♥✈❡r❣❡ ♣❛r❛ ❛ ♠é❞✐❛ ❞❡ Y (i)
t ❡ ♥ã♦ ♣❛r❛ ③❡r♦✳

✷✳✸ ▼♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❡st❛❝✐♦♥ár✐❛s

✷✳✸✳✶ ▼♦❞❡❧♦s ❆❘▼❆

◆❛ t❡♦r✐❛ ❞❛s ❡q✉❛çõ❡s ❧✐♥❡❛r❡s ❞❡ ❞✐❢❡r❡♥ç❛s ❝♦♠ ❝♦♠♣♦♥❡♥t❡s ❡st♦❝ást✐❝❛s ❡stá ❛ ❜❛s❡
t❡ór✐❝❛ ♣❛r❛ ♦ ❡st✉❞♦ ❞❛s sér✐❡s t❡♠♣♦r❛✐s ❡❝♦♥♦♠étr✐❝❛s✳ ■st♦ é ✈á❧✐❞♦ t❛♠❜é♠ ♣❛r❛ ❛♣❧✐❝❛çõ❡s
❞❡ ♦✉tr❛s ár❡❛s ✭❢ís✐❝❛✱ ❡♥❣❡♥❤❛r✐❛✱ ❜✐♦❧♦❣✐❛ ❡t❝✮✳ ❯♠❛ ❡q✉❛çã♦ ❧✐♥❡❛r ❞❡ ❞✐❢❡r❡♥ç❛s ❡s♣❡❝✐❛❧ ❞❡
♥✲♦r❞❡♠ ❝♦♠ ❝♦❡✜❝✐❡♥t❡s ❝♦♥st❛♥t❡s é ❛♣r❡s❡♥t❛❞❛ ❡♠ s❡❣✉✐❞❛✳

yt = α0 +
n∑

i=1

αiyt−i + xt ✭✷✳✽✮

❡♠ q✉❡ ♥ é ❛ ♦r❞❡♠ ❞❛ ❡q✉❛çã♦ ❧✐♥❡❛r ❞❡ ❞✐❢❡r❡♥ç❛s ❡ ♦s ❝♦❡✜❝✐❡♥t❡s αi sã♦ ❢✉♥çõ❡s ❞❛s ✈❛r✐á✈❡✐s
❞✐t❛❞❛s ♣❡❧❛ t❡♦r✐❛ s✉❜❥❛❝❡♥t❡✳ ❖ t❡r♠♦ xt ♣♦❞❡ s❡r ✈✐st♦ ❝♦♠♦ ♦ ♣r♦❝❡ss♦ ❢♦rç❛❞♦r ✭❢♦r❝✐♥❣
♣r♦❝❡ss✮✳ ❆ ❢♦r♠❛ ❞❡st❡ ♣r♦❝❡ss♦ ♣♦❞❡ s❡r ❜❡♠ ❣❡r❛❧❀ xt ♣♦❞❡ s❡r q✉❛❧q✉❡r ❢✉♥çã♦ ❞♦ t❡♠♣♦✱
✈❛❧♦r❡s ❛t✉❛✐s ❡ ❞❡❢❛s❛❞♦s ❞❡ ♦✉tr❛s ✈❛r✐á✈❡✐s✱ ❡✴♦✉ ❞✐stúr❜✐♦s ❡st♦❝ást✐❝♦s✳ ❆ ❡q✉❛çã♦ é ❧✐♥❡❛r
♣♦rq✉❡ ❛s ♣♦tê♥❝✐❛s ❞❡ ❝❛❞❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡ sã♦ ✉♥✐tár✐❛s✳

❊st❛ t❡♦r✐❛ ❞❛s ❡q✉❛çõ❡s ❧✐♥❡❛r❡s ❞❡ ❞✐❢❡r❡♥ç❛s ♣♦❞❡ s❡r út✐❧ ♣❛r❛ r❡♣r❡s❡♥t❛r ♦ ♣r♦❝❡ss♦
❣❡r❛❞♦r xt ♣♦r ♠❡✐♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ❡st♦❝ást✐❝♦✳ ➱ ♣♦ssí✈❡❧ ❝♦♠❜✐♥❛r ✉♠ ♣r♦❝❡ss♦ ❞❡ ♠é❞✐❛s
♠ó✈❡✐s ❝♦♠ ✉♠❛ ❡q✉❛çã♦ ❧✐♥❡❛r ❞❡ ❞✐❢❡r❡♥ç❛s✱ r❡s✉❧t❛♥❞♦ ❡♠ ♠♦❞❡❧♦ ❛✉t♦r❡❣r❡ss✐✈♦ ❛ss♦❝✐❛❞♦
❛ ♠é❞✐❛s ♠ó✈❡✐s✳ ❆ss✐♠✱ ❛ ❡q✉❛çã♦ ✭✷✳✽✮ tr❛♥s❢♦r♠❛✲s❡ ❡♠

yt = α0 +
p∑

i=1

αiyt−i +
q∑

i=0

βiεt−i. ✭✷✳✾✮
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❘❡s✉❧t❛♥❞♦ ♥❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❇♦① ❛♥❞ ❏❡♥❦✐♥s ✭✶✾✼✻✮ ❡♠ q✉❡ yt é ❣❡r❛❞♦ ✐♥t❡✐r❛♠❡♥t❡ ♣♦r
✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ ❝✉❥❛ r❡♣r❡s❡♥t❛çã♦ ♠❛t❡♠át✐❝❛ s✐♠♣❧✐✜❝❛❞❛ ❞♦ ♠♦❞❡❧♦ ❆❘▼❆✭♣✱q✮
♣♦❞❡ s❡r ❞❛❞❛ ♣♦r

yt = α0 + α1yt−1 + . . .+ αpyt−p + εt + β1εt−1 + . . .+ βqεt−q ✭✷✳✶✵✮
❡♠ q✉❡ ♦ t❡r♠♦ α0 r❡♣r❡s❡♥t❛ ✉♠❛ ❝♦♥st❛♥t❡ ♥♦ ♠♦❞❡❧♦❀ α1, . . . , αp sã♦ ♣❛râ♠❡tr♦s q✉❡ ❛❥✉st❛♠
♦s ✈❛❧♦r❡s ♣❛ss❛❞♦s ❞❡ y ❞♦ ✐♥st❛♥t❡ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♥t❡r✐♦r ❛té ♦ ♠❛✐s ❞✐st❛♥t❡ r❡♣r❡s❡♥t❛❞♦
♣♦r ♣❀ ♦s ✈❛❧♦r❡s ❞❡ εt r❡♣r❡s❡♥t❛♠ ✉♠❛ s❡qüê♥❝✐❛ ❞❡ ❝❤♦q✉❡s ❛❧❡❛tór✐♦s ❡ ✐♥❞❡♣❡♥❞❡♥t❡s ✉♥s
❞♦s ♦✉tr♦s ❡ é ✉♠❛ ♣♦rçã♦ ♥ã♦ ❝♦♥tr♦❧á✈❡❧ ❞♦ ♠♦❞❡❧♦❀ ♦s ♣❛râ♠❡tr♦s β1, . . . , βq ♣♦ss✐❜✐❧✐t❛♠
❡s❝r❡✈❡r ❛ sér✐❡ ❡♠ ❢✉♥çã♦ ❞♦s ❝❤♦q✉❡s ♣❛ss❛❞♦s✳ ◗✉❛♥❞♦ p = 0 t❡♠✲s❡ ✉♠ ♠♦❞❡❧♦ ❞❡ ♠é❞✐❛
♠ó✈❡❧ ✭▼❆✮ ♣✉r♦ ❡ q✉❛♥❞♦ q = 0 r❡s✉❧t❛ ❡♠ ✉♠ ♠♦❞❡❧♦ ❛✉t♦r❡❣r❡ss✐✈♦ ✭❆❘✮ ♣✉r♦✳

❯♠ ♠♦❞❡❧♦ ❆❘▼❆✱ q✉❛♥❞♦ α0 = 0✱ t❛♠❜é♠ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ❞❡ ❢♦r♠❛ ❝♦♠♣❛❝t❛ ♣♦r

α(B)Yt = β(B)εt ✭✷✳✶✶✮
❡♠ q✉❡ ♦ ♦♣❡r❛❞♦r ❛✉t♦r❡❣r❡ss✐✈♦ ❞❡ ♦r❞❡♠ ♣ é ❞❛❞♦ ♣♦r

α(B) = (1 − α1(B) − α2(B
2) − . . .− αp(B

p))

❡ ♦ ♦♣❡r❛❞♦r ❞❡ ♠é❞✐❛s ♠ó✈❡✐s ❞❡ ♦r❞❡♠ q✱ ❝♦♠ β0 = 1✱ é ❞❛❞♦ ♣♦r

β(B) = (1 + β1(B) + β2(B
2) + . . .+ βq(B

q))

❡♠ q✉❡ BmYt = Yt−m✳
❆ ♣❛rt❡ ❡st♦❝ást✐❝❛ ❞❛ ❡q✉❛çã♦ ✭✷✳✽✮ é s❡♠♣r❡ ❡st❛❝✐♦♥ár✐❛ s❡ ❛ s❡qüê♥❝✐❛ {xt} ❢♦r ❡st❛❝✐♦✲

♥ár✐❛✳ ❆s r❛í③❡s ❞❛ ❡q✉❛çã♦ ❤♦♠♦❣ê♥❡❛ ❞❛ ♣❛rt❡ ❛✉t♦r❡❣r❡ss✐✈❛ ❞❡st❛ ❡q✉❛çã♦ ❞❡t❡r♠✐♥❛♠ s❡
❛ s❡qüê♥❝✐❛ {Yt} é ❡st❛❝✐♦♥ár✐❛✳ ❯♠❛ ♠❛♥❡✐r❛ ❞❡ s❡ ✈❡r✐✜❝❛r ❛s ❝♦♥❞✐çõ❡s ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡
❡ ❞❡ ✐♥✈❡rt✐❜✐❧✐❞❛❞❡ é ❡♥❝♦♥tr❛r ❛ ❡q✉❛çã♦ ❝❛r❛❝t❡ríst✐❝❛ ✐♥✈❡rs❛✱ ♣❛rt✐♥❞♦✲s❡ ❞❛ ❡q✉❛çã♦ ✭✷✳✾✮✱
❛♣ós ❛❧❣✉♠❛s ♠❛♥✐♣✉❧❛çõ❡s ❛❧❣é❜r✐❝❛s✱ r❡s✉❧t❛ ❡♠

yt =
α0

1 − ∑p
i=1 αi

+
εt

1 − ∑p
i=1 αiBi

+
β1εt−1

1 − ∑p
i=1 αiBi

+
β2εt−2

1 − ∑p
i=1 αiBi

+ . . . . ✭✷✳✶✷✮

❱❡r✐✜❝❛✲s❡✱ ❛ ♣❛rt✐r ❞❛ ❡q✉❛çã♦ ❛♥t❡r✐♦r✱ q✉❡ ❛s ❝♦♥❞✐çõ❡s ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ❡ ✐♥✈❡rt✐✲
❜✐❧✐❞❛❞❡ ❞❡ ✉♠ ♠♦❞❡❧♦ ❆❘▼❆✭♣✱q✮ r❡q✉❡r❡♠ q✉❡ t♦❞❛s ❛s r❛í③❡s ❞❛ ❡q✉❛çã♦ ✐♥✈❡rt✐❞❛ ✭1 −∑p

i=1 αiB
i✮ ❡st❡❥❛♠ ❢♦r❛ ❞♦ ❝ír❝✉❧♦ ✉♥✐tár✐♦✳

➱ ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡ ♦s ♠♦❞❡❧♦s ❆❘▼❆ ♥ã♦ ❛♣r❡s❡♥t❛♠ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❣rá✜❝❛✱ ♦✉
s❡❥❛✱ s♦♠❡♥t❡ ❛ ❛♥á❧✐s❡ ❞♦ ❣rá✜❝♦ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ♥ã♦ é s✉✜❝✐❡♥t❡ ♣❛r❛ ✐❞❡♥t✐✜❝❛r t♦t❛❧♠❡♥t❡
q✉❛❧ ♦ ♠♦❞❡❧♦ q✉❡ ❛ r❡♣r❡s❡♥t❛✳ ❊♥tr❡t❛♥t♦✱ ❛ ❝♦rr❡❧❛çã♦ t❡♠♣♦r❛❧ ❣❡r❛❧♠❡♥t❡ é ♦ ♣r✐♥❝✐♣❛❧
❣✉✐❛ ♣❛r❛ s✉❛ ✐❞❡♥t✐✜❝❛çã♦✳

❖ ♣r♦❝❡ss♦ ♣rát✐❝♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❞❡ ❇❖❳ ❡ ❏❊◆❑■◆❙ ✭✶✾✼✻✮ ♣♦❞❡ s❡r ✐♠♣❧❡✲
♠❡♥t❛❞♦ ❡♠ ✉♠ ❝✐❝❧♦ ❞❡ ✷ ✭❞♦✐s✮ ❡stá❣✐♦s r❡❝✉rs✐✈♦s✿

• ■❞❡♥t✐✜❝❛çã♦ ✲ ❛♥á❧✐s❡ ❡①♣❧♦r❛tór✐❛ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ✭❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❡ ❢✉♥çã♦
❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ♣❛r❝✐❛❧✮✳
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• ❊st✐♠❛çã♦ ✲ ❡st✐♠❛çã♦ ❞♦s ♣❛râ♠❡tr♦s✱ ❛♥á❧✐s❡ ❞♦s r❡sí❞✉♦s ❡ ❝r✐tér✐♦s ❞❡ ❛❥✉st❡ ✭❆■❈ ❡
❇■❈✮✳

❊st❡ ❝✐❝❧♦✱ ❝♦♠ ❡stá❣✐♦s r❡❝✉rs✐✈♦s✱ ♣♦❞❡ s❡r ✈✐s✉❛❧✐③❛❞♦ ❝♦♠ ♠❛✐♦r ❢❛❝✐❧✐❞❛❞❡ ❡ ❝❧❛r❡③❛ ♣♦r
♠❡✐♦ ❞♦ ✢✉①♦❣r❛♠❛ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✶✳

◆❡st❛ ✜❣✉r❛✱ sã♦ ♦❜s❡r✈❛❞❛s ❛s s❡❣✉✐♥t❡s ❢❛s❡s✿ t❡st❡ ❞❛ ♥ã♦ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ♥❛ ♠é❞✐❛❀
t❡st❡ ❞❡ ❞❡♣❡♥❞ê♥❝✐❛❀ t❡st❡ ❞❡ ❧✐♥❡❛r✐❞❛❞❡❀ ❡s❝♦❧❤❛ ✭✐❞❡♥t✐✜❝❛çã♦✮ ❞♦ ♠♦❞❡❧♦❀ ❡st✐♠❛çã♦ ❞♦s
♣❛râ♠❡tr♦s✳ ❆♣ós ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦✱ é ✈❡r✐✜❝❛❞❛ ❛ ❞❡♣❡♥❞ê♥❝✐❛ ✭❝♦rr❡❧❛çã♦✮ ❡♥tr❡ ♦s r❡sí❞✉♦s✳
❈❛s♦ ♦ ♠♦❞❡❧♦ ♣❛ss❡ ♣♦r ❡st❛ ❜❛t❡r✐❛ ❞❡ t❡st❡s ❡st❛rá ❝♦♠ ❣r❛♥❞❡s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ♦❜t❡r ❜♦❛s
♣r❡✈✐sõ❡s✳

◆❛ ♣rát✐❝❛✱ ♥ã♦ s❡ ❝♦♥❤❡❝❡ ❡①❛t❛♠❡♥t❡ ❛ ♠é❞✐❛✱ ❛ ✈❛r✐â♥❝✐❛ ❡ ❛s ❛✉t♦❝♦rr❡❧❛çõ❡s ❞❛ sér✐❡
♥♦ t❡♠♣♦✱ ♠❛s q✉❛♥❞♦ s❡ tr❛t❛ ❞❡ ✉♠❛ sér✐❡ ❡st❛❝✐♦♥ár✐❛ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ♦s r❡s♣❡❝t✐✈♦s ✈❛❧♦r❡s
❛♠♦str❛❞♦s✳ P❛r❛ t❡st❛r s❡ ❛s ❛✉t♦❝♦rr❡❧❛çõ❡s sã♦ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♠❛✐♦r❡s q✉❡ ③❡r♦ ♣♦❞❡✲s❡
✉t✐❧✐③❛r ❛ ❡st❛tíst✐❝❛ ◗ ❬❊◆❉❊❘❙✱ ✷✵✵✹❪ ❞❛❞❛ ♣♦r

Q = N(N + 2)
s∑

k=1

Ry(t, k)
2/(N − k). ✭✷✳✶✸✮

❡♠ q✉❡ N é ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❡ s é ❛ ❞❡❢❛s❛❣❡♠ q✉❡ t❛♠❜é♠ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡st✐♠❛r ♦s
❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡✳

❈❛s♦ ♦ ✈❛❧♦r ❛♠♦str❛❞♦ ❞❡ ◗ ❡①❝❡❞❛ ♦ ✈❛❧♦r ❝rít✐❝♦ ❞❡ χ2 ❝♦♠ s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡✱ ❡♥tã♦ ♣❡❧♦
♠❡♥♦s ✉♠ ✈❛❧♦r ❞❡ Ry(t, k) é ❡st❛t✐st✐❝❛♠❡♥t❡ ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦ ♣❛r❛ ✉♠ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛
❡s♣❡❝✐✜❝❛❞♦✳ ❊st❡ t❡st❡ s❡r✈❡ t❛♠❜é♠ ♣❛r❛ t❡st❛r s❡ ♦s r❡sí❞✉♦s ❞❡ ✉♠ ♠♦❞❡❧♦ ❆❘▼❆✭♣✱q✮
❢♦r♠❛♠ ✉♠❛ s❡qüê♥❝✐❛ q✉❡ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞❛ ❝♦♠♦ ✉♠ r✉í❞♦ ❜r❛♥❝♦✱ ❝♦♠ ♦ ❝✉✐❞❛❞♦ ❞❡
❝♦♥s✐❞❡r❛r s − p − q ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡✳ ❈❛s♦ ❤❛❥❛ ♠❛✐s ✉♠❛ ❝♦♥st❛♥t❡ ♥♦ ♠♦❞❡❧♦ ❞❡✈❡✲s❡
❝♦♥s✐❞❡r❛r s− p− q − 1✳

◆♦r♠❛❧♠❡♥t❡ ❛❥✉st❛✲s❡ ♠❛✐s ❞❡ ✉♠ ♠♦❞❡❧♦ ❡ ♦s ❡rr♦s ❞❡ ♣r❡✈✐sã♦ ❞❡st❡s ♠♦❞❡❧♦s sã♦ ❝♦♠♣❛✲
r❛❞♦s ❛♦s ♣❛r❡s✱ ❝❤❡❣❛♥❞♦✲s❡ ❛♦ ♠♦❞❡❧♦ ❝♦♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ❡♠ ♣r❡✈✐sõ❡s ❢♦r❛ ❞❛ ❛♠♦str❛✳
●❡r❛❧♠❡♥t❡ ♦s ❡rr♦s ❞♦s ❞♦✐s ♠♦❞❡❧♦s ✭ε1t✱ ε2t✮ ❝♦♠♣❛r❛❞♦s sã♦ ❛❧t❛♠❡♥t❡ ❝♦rr❡❧❛❝✐♦♥❛❞♦s✳ P♦r
❡①❡♠♣❧♦✱ ✉♠❛ r❡❛❧✐③❛çã♦ ♥❡❣❛t✐✈❛ ❞❡ εt+1 t❡♥❞❡rá t♦r♥❛r ❛ ♣r❡✈✐sã♦ ❞♦s ❞♦✐s ♠♦❞❡❧♦s ♠✉✐t♦ ❛❧t❛✳
■♥❢❡❧✐③♠❡♥t❡✱ ❛ ✈✐♦❧❛çã♦ ❞❛ ❤✐♣ót❡s❡ ❞❡ ♥ã♦ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ♦s r❡sí❞✉♦s ✐♥✈❛❧✐❞❛ ❛ ✉t✐❧✐③❛çã♦ ❞❛
❡st❛tíst✐❝❛ ❋✱ ♣❛r❛ T ♣r❡✈✐sõ❡s✱ ❞❛❞❛ ♣♦r

F =
T∑

i=1

ε2
1i/

T∑

i=1

ε2
2i ✭✷✳✶✹✮

♦✉ s❡❥❛✱ ♥ã♦ s❡ ♣♦❞❡ ❣❛r❛♥t✐r q✉❡ ❤❛❥❛ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❋✳ ❖❜s❡r✈❛✲s❡ q✉❡ ❛ r❛③ã♦ ❋ ❞❡r✐✈❛ ❞❛
❞✐✈✐sã♦ ❡♥tr❡ ♦s ❡rr♦s q✉❛❞r❛❞♦s ♠é❞✐♦s ❞❡ ♣r❡✈✐sã♦ ❢♦r❛ ❞❛ ❛♠♦str❛✳
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❋✐❣✳ ✷✳✶✿ ❋❧✉①♦❣r❛♠❛ ♣❛r❛ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦
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P❛r❛ s✉♣❡r❛r ❡st❡ ♣r♦❜❧❡♠❛✱ ●❘❆◆●❊❘ ❛♥❞ ◆❊❲❇❖▲❉ ✭✶✾✼✹✮ ❡ ❉■❊❇❖▲❉ ❛♥❞ ▼❆❘■✲
❆◆❖ ✭✶✾✾✺✮ ❝r✐❛r❛♠ ♦✉tr♦s t❡st❡s✱ ❞❡s❝r✐t♦s ❡♠ ❬❊◆❉❊❘❙✱ ✷✵✵✹❪✱ ♣❛r❛ s❡ ♦❜t❡r ❛ ❡st❛tíst✐❝❛
t ❡ ✈❡r✐✜❝❛r s❡ ♦ t❡st❡ é ❡st❛t✐st✐❝❛♠❡♥t❡ s✐❣♥✐✜❝❛♥t❡ ❡✱ ❝♦♥s❡qü❡♥t❡♠❡♥t❡✱ s❡ ♦s ♠♦❞❡❧♦s sã♦
❡st❛t✐st✐❝❛♠❡♥t❡ ❞✐❢❡r❡♥t❡s ♦✉ ♥ã♦✳ ❊♥tr❡t❛♥t♦✱ ❡st❡ t❡st❡ ♣♦❞❡ s❡r s❡♥sí✈❡❧ à ❡s❝♦❧❤❛ ❞❛ ♦r❞❡♠ q
❞❛ ✈❛r✐â♥❝✐❛ ❡ r❡s✉❧t❛r ❡♠ ✈❛❧♦r❡s ♥❡❣❛t✐✈♦s ❞❡ ✈❛r✐â♥❝✐❛s✳ P♦st❡r✐♦r♠❡♥t❡✱ ✈ár✐♦s ❡st✉❞♦s s✉r❣✐✲
r❛♠ ♣r♦♣♦♥❞♦ ❡①t❡♥sõ❡s ❛♦ t❡st❡ ❛♣r❡s❡♥t❛❞♦ ♥❛ r❡❢❡rê♥❝✐❛ ❬❉■❊❇❖▲❉ ❛♥❞ ▼❆❘■❆◆❖✱ ✶✾✾✺❪✱
❝♦♠♦ ♦ tr❛❜❛❧❤♦ ❞❡ ❬◆❊❲❊❨ ❛♥❞ ❲❊❙❚✱ ✶✾✽✼❪✳ ❊st❡ t❡st❡ ❡ ❛s s✉❛s ❡①t❡♥sõ❡s s❡rã♦ ❛♣r❡s❡♥✲
t❛❞❛s ❡ ❞✐s❝✉t✐❞❛s ❡♠ ❞❡t❛❧❤❡s ♥♦ ❈❛♣ít✉❧♦ ✺✳

❯♠ ♠♦❞❡❧♦ ❆❘▼❆ ♣♦❞❡ ❧✐❞❛r s✐♠✉❧t❛♥❡❛♠❡♥t❡ ❝♦♠ t❡♥❞ê♥❝✐❛✱ s❛③♦♥❛❧✐❞❛❞❡ ❡ ❡str✉t✉r❛ ❞❡
❝✉rt❛ ❞❡♣❡♥❞ê♥❝✐❛✳ ◆♦ ❝❛s♦ ❞❡ ✉♠ s✐st❡♠❛ ♥ã♦ ❡st❛❝✐♦♥ár✐♦ q✉❡ ♣♦❞❡ s❡ t♦r♥❛r ❤♦♠♦❣ê♥❡♦ ❛♣ós
✉♠❛ tr❛♥s❢♦r♠❛çã♦✱ ✉t✐❧✐③❛✲s❡ ♦ ♠♦❞❡❧♦ ❆❘■▼❆ ✭❛✉t♦r❡❣r❡ss✐✈♦ ✭❆❘✮✱ ✐♥t❡❣r❛❞♦ ✭■✮ ❡ ♠é❞✐❛
♠ó✈❡❧ ✭▼❆✮✮✳ ❊st❡ ♠♦❞❡❧♦ ♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ é ❡st❛❝✐♦♥ár✐♦ ♥❛ ✈❛r✐â♥❝✐❛ ❡ ♥❛ ❝♦✈❛r✐â♥❝✐❛✱
♠❡s♠♦ ❞❡♣♦✐s ❞❛ sér✐❡ s❡r tr❛♥s❢♦r♠❛❞❛✱ ♠❛s é ♥❡❝❡ssár✐♦ q✉❡ ♦ s❡❥❛ ♥❛ ♠é❞✐❛✳ ◗✉❛♥❞♦ s❡
tr❛t❛ ❞❡ ❝♦♠♣♦♥❡♥t❡ s❛③♦♥❛❧✱ ✉t✐❧✐③❛✲s❡ ✉♠ ♠♦❞❡❧♦ ❙❆❘■▼❆ ❞❛❞♦ ♣♦r ✉♠❛ ❝♦♠♣♦s✐çã♦ ❞❡
✉♠❛ ♣❛rt❡ ♥ã♦ s❛③♦♥❛❧ ❆❘■▼❆✭♣✱❞✱q✮ ❡ ♦✉tr❛ ♣❛rt❡ s❛③♦♥❛❧ ❆❘■▼❆✭P✱❉✱◗✮✱ q✉❡ ♣♦❞❡ s❡r
❛❞✐t✐✈❛ ♦✉ ♠✉❧t✐♣❧✐❝❛t✐✈❛✳ ◆❛ ❧♦♥❣❛ ❞❡♣❡♥❞ê♥❝✐❛ é ♠❛✐s ✐♥❞✐❝❛❞♦ ✉s❛r ✉♠ ♠♦❞❡❧♦ ❆❘❋■▼❆
✭❆❘■▼❆ ❢r❛❝✐♦♥ár✐♦✮✳

◆❛s sér✐❡s t❡♠♣♦r❛✐s ❝♦♠ ❝♦♠♣♦♥❡♥t❡s s❛③♦♥❛✐s ✭♥ã♦ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡s s❛③♦♥❛✐s✮ ♣♦❞❡✲s❡
t❛♠❜é♠ t❡♥t❛r t♦r♥á✲❧❛s ❡st❛❝✐♦♥ár✐❛s ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ♥♦s ❞❛❞♦s✱ ❞❡✜♥✐♥❞♦✲s❡
✉♠❛ ♥♦✈❛ ✈❛r✐á✈❡❧✿

z =
(yt − ȳ)

S
✭✷✳✶✺✮

❡♠ q✉❡ ȳ ❡ S sã♦ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❛ ♠é❞✐❛ ❡ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❛♠♦str❛❞♦s✳ ❆ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡
é ✐♥❞✉③✐❞❛ ♣❡❧❛ ❡q✉❛çã♦ ❛♥t❡r✐♦r✱ ♦✉ s❡❥❛✱ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ p(yt) s❡ r❡❞✉③ ❛ p(z)✱
✉♠❛ ✈❡③ q✉❡ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ♣❛r❛ ❡st❛ ♥♦✈❛ ✈❛r✐á✈❡❧ é ❛ ♠❡s♠❛ ♣❛r❛ t♦❞♦ t❡♠♣♦
t✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ♣r♦❝❡ss♦ é ❞✐s❝r❡t♦✱ ❛ ❢♦r♠❛ ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ ♣✭③✮✱ ♣♦❞❡
s❡r ❞❡s❝r✐t❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❞❛❞♦s ♦❜s❡r✈❛❞♦s {z1; z2; . . . ; zN}✳ ❊st❛ tr❛♥s❢♦r♠❛çã♦ é ❛♣❧✐❝❛❞❛
♣❛r❛ q✉❡ ❛ ❝❧❛ss❡ ❞❡ ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❡ ❡st❛❝✐♦♥ár✐♦s ♣♦ss❛♠ s❡r ❡♠♣r❡❣❛❞♦s✱ ✉♠❛ ✈❡③ q✉❡ ❥á
❡①✐st❡♠ t❡st❡s ❡st❛tíst✐❝♦s ❜❡♠ ❢✉♥❞❛♠❡♥t❛❞♦s ♥❡st❛ ár❡❛✳

❖s ♠♦❞❡❧♦s ❆❘▼❆ ❞❡s❝r❡✈❡♠ sér✐❡s ❝❛r❛❝t❡r✐③❛❞❛s ♣❡❧❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ♦✉ q✉❛s❡ ✐♥❞❡♣❡♥✲
❞ê♥❝✐❛ ❡♥tr❡ ♦❜s❡r✈❛çõ❡s ❞✐st❛♥t❡s ♥♦ t❡♠♣♦✳ ❖s ♠♦❞❡❧♦s ❆❘■▼❆✱ ♣♦r s✉❛ ✈❡③✱ ❞❡s❝r❡✈❡♠
sér✐❡s ❡♠ q✉❡ ❛s ❝♦rr❡❧❛çõ❡s t❡♠ ✉♠ ❞❡❝❛✐♠❡♥t♦ ❜❛st❛♥t❡ ❧❡♥t♦✱ ♠❛s q✉❛♥❞♦ ❞❡r✐✈❛❞❛s ❛♣r❡✲
s❡♥t❛♠ ❝✉rt❛ ❞❡♣❡♥❞ê♥❝✐❛✳ ➪s ✈❡③❡s✱ ❛ ❢✉♥çã♦ ❞❡ ❝♦rr❡❧❛çã♦ ♥ã♦ ❛♣r❡s❡♥t❛ ✉♠ ❞❡❝❛✐♠❡♥t♦ tã♦
❧❡♥t♦ q✉❛♥t♦ ♦ ❞♦ ♠♦❞❡❧♦ ❆❘■▼❆ ❡ ♥❡♠ tã♦ rá♣✐❞♦ ❝♦♠♦ ♦ ❞♦ ♠♦❞❡❧♦ ❆❘▼❆✳ ◆❡st❡ ❝❛s♦✱
♦❝♦rr❡ ♦ q✉❡ s❡ ❝❤❛♠❛ ❞❡ ❡❢❡✐t♦ ❞❡ ❧♦♥❣❛ ❞❡♣❡♥❞ê♥❝✐❛✳ ❖s ♠♦❞❡❧♦s ❆❘❋■▼❆ ✭❛✉t♦r❡❣r❡ss✐✈❡
❢r❛❝✐♦♥❛r② ✐♥t❡❣r❛t❡❞ ♠♦✈✐♥❣ ❛✈❡r❛❣❡✮ ❢♦r❛♠ ❝r✐❛❞♦s ♣❛r❛ ❧✐❞❛r ❝♦♠ ❡st❡ t✐♣♦ ❞❡ ♣r♦❜❧❡♠❛ ❡
tê♠ ♣r♦❢✉♥❞❛ ❛ss♦❝✐❛çã♦ ❝♦♠ s✐st❡♠❛s ❝❛ót✐❝♦s✳

❆ ❝❛r❛❝t❡ríst✐❝❛ q✉❡ t♦r♥♦✉ ♦ ♠♦❞❡❧♦ ❆❘▼❆✭♣✱q✮ ❜❛st❛♥t❡ ♣♦♣✉❧❛r ❝♦♥s✐st❡ ♥♦ ❢❛t♦ ❞❡ ❡❧❡
♣♦❞❡r ❞❡s❝r❡✈❡r ✉♠❛ sér✐❡ ❡st❛❝✐♦♥ár✐❛ ♣♦r ♠❡✐♦ ❞❡ ✉♠ ♠♦❞❡❧♦ q✉❡ ❡♥✈♦❧✈❡ ♠❡♥♦s ♣❛râ♠❡tr♦s
q✉❡ ✉♠ ❆❘ ♦✉ ✉♠ ▼❆ ♣✉r♦✳ ❆ ♠❡t♦❞♦❧♦❣✐❛ ❆❘▼❆ ❞❡ ♣r❡❞✐çã♦ t❡♠ s✐❞♦ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞❛ ❡♠
❡st✉❞♦s ❡❝♦♥♦♠étr✐❝♦s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ♣♦rq✉❡ ✈ár✐♦s r❡s✉❧t❛❞♦s ❡①♣r❡ss✐✈♦s ❢♦r❛♠ ❛❧❝❛♥ç❛❞♦s
♥❡st❛ ár❡❛✱ ✐♥❝❧✉✐♥❞♦ ❛s ♣r♦♣r✐❡❞❛❞❡s ❞♦s ❡st✐♠❛❞♦r❡s ❞❡ ❛♠♦str❛s ✜♥✐t❛s✳ ❆❝r❡❞✐t❛✲s❡ q✉❡✱
❡♥tr❡ ❛s ♣r✐♥❝✐♣❛✐s ✈❛♥t❛❣❡♥s ❞❡st❛ ❝❧❛ss❡ ❞❡ ♠♦❞❡❧♦s✱ ❡stã♦ ❛s s❡❣✉✐♥t❡s✿ é ❝♦♥❝❡✐t✉❛❧♠❡♥t❡



❈❆P❮❚❯▲❖ ✷✳ P❘❊❱■❙➹❖ ❉❊ ❙➱❘■❊❙ ❚❊▼P❖❘❆■❙ ❊❙❚❆❈■❖◆➪❘■❆❙ ✶✾

só❧✐❞♦❀ ♦ ♠ét♦❞♦ ❞❡ ❡st✐♠❛t✐✈❛ ❞♦s ♣❛râ♠❡tr♦s ♣❡r♠✐t❡ ❝❛❧❝✉❧❛r ♦ ❡rr♦ ❛ss♦❝✐❛❞♦ ❡ ❡st❛❜❡❧❡❝❡r
✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛❀ ♣❡r♠✐t❡ ❡st❛❜❡❧❡❝❡r r❡❧❛çõ❡s ❝❛✉s❛✐s ❝♦♥s✐❞❡r❛♥❞♦ ♦ t❡♠♣♦✳ ❊♥tr❡ ❛s
❞❡s✈❛♥t❛❣❡♥s✱ ❞❡st❛❝❛♠✲s❡ ❛s s❡❣✉✐♥t❡s✿ r❡q✉❡r ♠✉✐t❛ ❡①♣❡r✐ê♥❝✐❛ ♥❛ ♠♦❞❡❧❛❣❡♠❀ ♥♦r♠❛❧♠❡♥t❡
só ❛♣r❡s❡♥t❛ ❜♦♠ ❞❡s❡♠♣❡♥❤♦ ♣❛r❛ ♣r♦❝❡ss♦s ❧✐♥❡❛r❡s✱ ❡st❛❝✐♦♥ár✐♦s ❡ ❝♦♠ ❝✉rt❛ ❞❡♣❡♥❞ê♥❝✐❛❀
❧♦❣♦✱ ♥ã♦ ❝♦♥s❡❣✉❡ ❝❛♣t❛r ❛ss✐♠❡tr✐❛s✱ ❝♦♥❣❧♦♠❡r❛❞♦s ❞❡ ✈❛❧♦r❡s ❡①tr❡♠♦s✱ ❧♦♥❣❛ ❞❡♣❡♥❞ê♥❝✐❛
❡ ♦✉tr❛s ♣❡❝✉❧✐❛r✐❞❛❞❡s q✉❡ ♣♦❞❡♠ ♦❝♦rr❡r ♥❛s sér✐❡s ♥♦ t❡♠♣♦✳

✷✳✸✳✷ ▼♦❞❡❧♦s ●❆❘❈❍

❖ ❢❛t♦ ❡st✐❧✐③❛❞♦ q✉❡ ❝♦♥s✐st❡ ♥❛ ♣r❡s❡♥ç❛ ❞❡ ❝♦♥❣❧♦♠❡r❛❞♦s ❞❡ ✈❛❧♦r❡s ❡①tr❡♠♦s ❡♠ sér✐❡s ♥♦
t❡♠♣♦ ❢♦✐ ♣r✐♠❡✐r❛♠❡♥t❡ ❝♦♠❡♥t❛❞♦ ❡♠ ❬▼❆◆❉❊▲❇❘❖❚✱ ✶✾✻✸❪✳ P♦st❡r✐♦r♠❡♥t❡✱ ❡st❡ ❡❢❡✐t♦
t❛♠❜é♠ ❢♦✐ ♦❜s❡r✈❛❞♦ ❡♠ ✈ár✐❛s sér✐❡s t❡♠♣♦r❛✐s ✜♥❛♥❝❡✐r❛s✱ ❝♦♠♦ ♥❛s ✈❛r✐❛çõ❡s ❞✐ár✐❛s ❞♦
í♥❞✐❝❡ ❝♦♠♣♦st♦ ❞❛ ◆❨❙❊ ✭◆❡✇ ❨♦r❦ ❙t♦❝❦ ❊①❝❤❛♥❣❡✮✳ ❊st❡ ❢❡♥ô♠❡♥♦ ✐♥✢✉✐ ♥❛ ✈❛r✐â♥❝✐❛
❝♦♥❞✐❝✐♦♥❛❧ ❞❛ sér✐❡ t❡♠♣♦r❛❧✳

❊♠ ✶✾✽✷✱ ❡♠ ❡st✉❞♦s s♦❜r❡ ❛ ❛♥t❡❝✐♣❛çã♦ r❛❝✐♦♥❛❧ ❞❛ ✐♥✢❛çã♦ ❞♦ ❘❡✐♥♦ ❯♥✐❞♦✱ ❊◆●▲❊
❛♥❛❧✐s❛✈❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ✈❛r✐â♥❝✐❛ ❞❡st❛ sér✐❡ ❡ ❝♦♥st❛t♦✉ ❛ ♣r❡s❡♥ç❛ ❞❡ ❤❡t❡r♦s❝❡❞❛st✐✲
❝✐❞❛❞❡ ♥ã♦ ❝♦♥❞✐❝✐♦♥❛❧✳ ❙✉❣❡r✐✉ ♥♦ s❡✉ ❛rt✐❣♦ s❡♠✐♥❛❧ ❬❊◆●▲❊✱ ✶✾✽✷❪ ✉♠❛ ❝❧❛ss❡ ❞❡ ♠♦❞❡❧♦s
♣❛r❛ ❡①♣r❡ss❛r ❡st❡ ❢❡♥ô♠❡♥♦ ❢♦r♠✉❧❛❞♦ ❛ ♣❛rt✐r ❞♦ ♠♦❞❡❧♦ ❛✉t♦r❡❣r❡ss✐✈♦ ❞❛❞♦ ♣❡❧❛ ❡q✉❛çã♦
✭✷✳✶✶✮ ❝♦♠ yt ❞❛❞♦ ♣♦r

yt = βxt + εt ✭✷✳✶✻✮
❡♠ q✉❡ εt é ✉♠ r✉í❞♦ ❜r❛♥❝♦ q✉❡ t❡♠ ❝♦rr❡❧❛çã♦ s❡r✐❛❧ ❡♥tr❡ ♦s q✉❛❞r❛❞♦s ❞❡ s❡✉s ❡❧❡♠❡♥t♦s✳
❖ ✈❛❧♦r ❞❡ εt ❢♦✐ ❞❡✜♥✐❞♦ ❝♦♠♦

εt = vt

√
ht ✭✷✳✶✼✮

❡♠ q✉❡ vt ❡ ht sã♦ ✐♥❞❡♣❡♥❞❡♥t❡s ❝♦♠ vt ∼ i.i.d.(0, 1)✳ ❖ ♠♦❞❡❧♦ ❆❘❈❍✭♠✮ ❢♦✐ ❝♦♥❝❡❜✐❞♦ ♣♦r
❊◆●▲❊ ❝♦♠♦ ❛q✉❡❧❡ ❡♠ q✉❡ ht é ❞❛❞♦ ♣♦r

ht = α0 + α1ε
2
t−1 + α2ε

2
t−2 + ...+ αmε

2
t−m

❡♠ q✉❡ ❛s ✈❛r✐â♥❝✐❛s ❞❡✈❡♠ s❡r ♣♦s✐t✐✈❛s ❡ ✜♥✐t❛s✱ ♦ q✉❡ é s❛t✐s❢❡✐t♦ ❛ ♣❛rt✐r ❞❛ s❡❣✉✐♥t❡ ❝♦♥❞✐çã♦✿
α0 > 0;α1, α2, ..., αm ≥ 0❀ ∑m

i=1 αi < 1✳ ❊st❡ ♠♦❞❡❧♦ ♥ã♦ ✐♥❝❧✉✐ ♦ ❡rr♦✱ ❧♦❣♦ é ❞❡t❡r♠✐♥✐st❛✳
❊♥❣❧❡ t❛♠❜é♠ ❝r✐♦✉ ♦ t❡st❡ ❆❘❈❍✲▲▼✱ ❜❛s❡❛❞♦ ♥❛ ❛✉t♦❝♦rr❡❧❛çã♦✱ ❛ ♣❛rt✐r ❞❛ ❡q✉❛çã♦

❛♣r❡s❡♥t❛❞❛ ❛ s❡❣✉✐r

ε2
t = α0 + α1ε

2
t−1 + α2ε

2
t−2 + ...+ αmε

2
t−m + νt.

❝♦♠ ❛ ❤✐♣ót❡s❡ ♥✉❧❛
H0 : α1 = α2 = . . . = αm = 0

❈❛s♦ ❛ ❤✐♣ót❡s❡ ♥✉❧❛ s❡❥❛ ✈❡r❞❛❞❡✐r❛✱ ❧♦❣♦ ❊[ε2
t ] = α0 ❡ ♥ã♦ ❡①✐st❡ ❤❡t❡r♦s❝❡❞❛st✐❝✐❞❛❞❡

❝♦♥❞✐❝✐♦♥❛❧✳ ❈❛s♦ ❝♦♥trár✐♦✱ ❡st❛r✐❛ ❝♦♥✜r♠❛❞❛ ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡❢❡✐t♦ q✉❡ ❢♦✐ ❞❡♥♦♠✐♥❛❞♦
❞❡ ❛✉t♦r❡❣r❡ss✐✈❡ ❝♦♥❞✐t✐♦♥❛❧ ❤❡t❡r♦s❦❡❞❛st✐❝✐t② ✭❆❘❈❍✮ ❡ ❛ ✈❛r✐â♥❝✐❛ ❝♦♥❞✐❝✐♦♥❛❧ ♣♦❞❡r✐❛ s❡r
❡①♣r❡ss❛ ❝♦♠♦ ❢✉♥çã♦ ❞♦s ❝❤♦q✉❡s ❛❧❡❛tór✐♦s ❞♦s ♠ ✐♥st❛♥t❡s ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♥t❡r✐♦r❡s✳
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❖ ♠♦❞❡❧♦ ❞❡ ❊◆●▲❊✭✶✾✽✷✮ t♦r♥❛ ♣♦ssí✈❡❧ ❡①♣❧✐❝❛r ❛ t❡♥❞ê♥❝✐❛ ❞❡ ❛❣r✉♣❛♠❡♥t♦s✱ ♥♦s q✉❛✐s
♦❝♦rr❡ ❛ ♣❡rs✐stê♥❝✐❛ ❞♦s ✈❛❧♦r❡s ❞❛ ✈♦❧❛t✐❧✐❞❛❞❡ ♥❛s sér✐❡s ❞❡ ❛❧t❛s ❢r❡qüê♥❝✐❛s✳ ❖✉ s❡❥❛✱ ✈❛❧♦r❡s
❛❧t♦s ❞❡ ✈♦❧❛t✐❧✐❞❛❞❡s sã♦ s❡❣✉✐❞♦s ♣♦r ♦✉tr♦s ✈❛❧♦r❡s ❛❧t♦s ❞❡ ✈♦❧❛t✐❧✐❞❛❞❡ ❡ ✈❛❧♦r❡s ❜❛✐①♦s ❞❡ ✈♦✲
❧❛t✐❧✐❞❛❞❡ sã♦ s❡❣✉✐❞♦s ♣♦r ♦✉tr♦s ✈❛❧♦r❡s ❜❛✐①♦s ❞❡ ✈♦❧❛t✐❧✐❞❛❞❡s✱ ❢♦r♠❛♥❞♦ ❛❣r✉♣❛♠❡♥t♦s✱ ♦r❛
❞❡ ❛❧t❛s✱ ♦r❛ ❞❡ ❜❛✐①❛s ✈♦❧❛t✐❧✐❞❛❞❡s✳ ❘❡ss❛❧t❡✲s❡ q✉❡ ❊◆●▲❊ ♥ã♦ ✉t✐❧✐③♦✉ ♦s ✈❛❧♦r❡s ♣❛ss❛❞♦s
❞❛ ✈❛r✐â♥❝✐❛✱ s♦♠❡♥t❡ ♦s ✈❛❧♦r❡s ❞♦s q✉❛❞r❛❞♦s ❞♦s r❡sí❞✉♦s ♣❛ss❛❞♦s✳ ❚❛♠❜é♠ é ❜♦♠ ❧❡♠❜r❛r
q✉❡✱ ♥♦s ♠♦❞❡❧♦s ❆❘❈❍✭♠✮✱ εt ♥ã♦ é ✉♠ ♣r♦❝❡ss♦ ❛✉t♦❝♦rr❡❧❛❝✐♦♥❛❞♦✱ ♠❛s s❡✉s ✈❛❧♦r❡s ♥ã♦
sã♦ ✐♥❞❡♣❡♥❞❡♥t❡s ♣♦rq✉❡ ♦s s❡✉s s❡❣✉♥❞♦s ♠♦♠❡♥t♦s ❡stã♦ r❡❧❛❝✐♦♥❛❞♦s✳

❯♠❛ ❡①t❡♥sã♦ ❛♦s ♠♦❞❡❧♦s ❆❘❈❍ ❢♦✐ ❛ s✉❛ ❣❡♥❡r❛❧✐③❛çã♦ ♣r♦♣♦st❛ ❡♠ ❬❇❖▲▲❊❘❙▲❊❱✱ ✶✾✽✻❪✱
❞❛♥❞♦ ♦r✐❣❡♠ à ❝❧❛ss❡ ❞❡ ♠♦❞❡❧♦s ✭●❆❘❈❍✮ ❣❡♥❡r❛❧✐③❡❞ ❛✉t♦r❡❣r❡ss✐✈❡ ❝♦♥❞✐t✐♦♥❛❧ ❤❡t❡r♦s❦❡✲
❞❛st✐❝✐t②✱ ♣❛r❝✐♠♦♥✐♦s♦s✱ q✉❡ s❡ t♦r♥❛r❛♠ ♦s ♠♦❞❡❧♦s ♠❛✐s ✉t✐❧✐③❛❞♦s ❞❛ ❢❛♠í❧✐❛ ❆❘❈❍✳ ❇❖▲✲
▲❊❘❙▲❊❱ ❝♦♥t♦r♥♦✉ ❛ ❧✐♠✐t❛çã♦ ❞♦ ♠♦❞❡❧♦ ▼❆ ❞❡ ❊◆●▲❊✱ ✐♥❝❧✉✐♥❞♦ ♥♦ ♥♦✈♦ ♠♦❞❡❧♦ ♦s
✈❛❧♦r❡s ♣❛ss❛❞♦s ❞❛ ✈❛r✐â♥❝✐❛✱ ♦✉ s❡❥❛✱ ✉♠❛ ✈❛r✐â♥❝✐❛ ❝♦♥❞✐❝✐♦♥❛❧ q✉❡ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞❛
♣♦r ✉♠ ♠♦❞❡❧♦ ❆❘▼❆✳ ❖ ♠♦❞❡❧♦ ❛✉t♦r❡❣r❡ss✐✈♦ ❝♦♠ ❤❡t❡r♦❝❡❞❛st✐❝✐❞❛❞❡ ❝♦♥❞✐❝✐♦♥❛❧ ❣❡♥❡r❛✲
❧✐③❛❞♦ ✲ ●❆❘❈❍✭q✱♣✮✱ ❞❛❞♦ ♥❛ s✉❛ ❢♦r♠❛ ♠✉❧t✐♣❧✐❝❛t✐✈❛✱ ❢♦✐ ❞❡✜♥✐❞♦ ❝♦♠♦

εt = (
√
σ2

t )νt

❢❛③❡♥❞♦

σ2
t = α0 +

q∑

i=1

αiε
2
t−i +

p∑

j=1

βjσ
2
t−j ✭✷✳✶✽✮

t❛♠❜é♠ ❝♦♠ ❛ s✉♣♦s✐çã♦ q✉❡ ❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ νt ♣♦ss✉✐ ♠é❞✐❛ ③❡r♦✱ ✈❛r✐â♥❝✐❛ ✶ ❡ ✈❛❧♦r❡s ♥ã♦
❝♦rr❡❧❛❝✐♦♥❛❞♦s✳ ❖❜s❡r✈❛♥❞♦ ❛ ❡q✉❛çã♦ ❛♥t❡r✐♦r é ♣♦ssí✈❡❧ ♥♦t❛r q✉❡ s❡ tr❛t❛ ❞❡ ✉♠ ♣r♦❝❡ss♦
❆❘▼❆ ❞❡♥♦♠✐♥❛❞♦ ♣♦r ●❆❘❈❍✭q✱♣✮ ❡ ❡st❛ ❡①♣r❡ssã♦ ♣♦❞❡ ❡♥❣❧♦❜❛r ✉♠ ❆❘❈❍✭✶✮ q✉❡ é
✐❣✉❛❧ ❛ ✉♠ ●❆❘❈❍✭✶✱✵✮✳ ❊♥tr❡t❛♥t♦✱ é ♥❡❝❡ssár✐♦ q✉❡ ❛s ✈❛r✐â♥❝✐❛s s❡❥❛♠ ❡st❛❝✐♦♥ár✐❛s✱ ♦ q✉❡
é s❛t✐s❢❡✐t♦ ❛ ♣❛rt✐r ❞❛ s❡❣✉✐♥t❡ ❝♦♥❞✐çã♦✿

q∑

t=1

αi +
p∑

j=1

βj < 1. ✭✷✳✶✾✮

❚❛♠❜é♠✱ s❡ ❢❛③ ♥❡❝❡ssár✐♦ q✉❡ ht s❡❥❛ ♣♦s✐t✐✈♦✱ ♦✉ s❡❥❛

α0 > 0, αi ≥ 0 e βj ≥ 0.

❉❡❝♦rr❡ ❞❡st❡ ♠♦❞❡❧♦ q✉❡ ❛ ✈❛r✐â♥❝✐❛ ❝♦♥❞✐❝✐♦♥❛❧ ❞❡♣❡♥❞❡ ❞♦ ❝❤♦q✉❡ ❛❧❡❛tór✐♦ ♦❝♦rr✐❞♦ ♥♦
✐♥st❛♥t❡ t− i✳ ❈❛s♦ εt−i ❢♦r ❣r❛♥❞❡ ✭♣❡q✉❡♥♦✮✱ ht t❛♠❜é♠ s❡rá ❣r❛♥❞❡ ✭♣❡q✉❡♥♦✮✳ ❉❡st❡ ♠♦❞♦✱
♦ ♠♦❞❡❧♦ ♣♦❞❡ ❝❛♣t❛r ♦ ❛❣r✉♣❛♠❡♥t♦ ❞❛s ✈♦❧❛t✐❧✐❞❛❞❡s✱ q✉❡ ♣♦r s✉❛ ✈❡③ ❝❛r❛❝t❡r✐③❛ q✉❡ ❡①✐st❡
❛❧❣✉♠❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ♥♦ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦✳

❊♠ ❬❊◆●▲❊ ❡t ❛❧✳✱ ✶✾✽✼❪ ❢♦✐ s✉❣❡r✐❞♦ q✉❡ ❛ ✈❛r✐â♥❝✐❛ ❝♦♥❞✐❝✐♦♥❛❧ ❞❛s sér✐❡s ✜♥❛♥❝❡✐r❛s
❛❢❡t❛✈❛ ❛ ♠é❞✐❛✱ ❞❛♥❞♦ ♦r✐❣❡♠ ❛♦s ♠♦❞❡❧♦s ❆❘❈❍✲▼✳ ◆❛ ♣rát✐❝❛ s✐❣♥✐✜❝❛✈❛ q✉❡ ♦ ❛✉♠❡♥t♦ ❞♦
r✐s❝♦ ❛ss♦❝✐❛❞♦ ❛ ✉♠ tít✉❧♦ ❧❡✈❛r✐❛ ❛♦ ❛✉♠❡♥t♦ ❞♦ r❡♥❞✐♠❡♥t♦ ❞♦ ♠❡s♠♦✳ ▼❛t❡♠❛t✐❝❛♠❡♥t❡✱
♣❛r❛ ♦ ❡①❝❡ss♦ ❞❡ r❡♥❞✐♠❡♥t♦✱ t❡♠✲s❡

yt = µyt + εt ✭✷✳✷✵✮
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❡♠ q✉❡ ❊(yt) = µyt ❡ r❡♣r❡s❡♥t❛ ♦ ♣rê♠✐♦ ❞❡ r✐s❝♦✳
❆ ✐❞é✐❛ ❜ás✐❝❛ ❞❡ ❊◆●▲❊ ❢♦✐ ❛ss✉♠✐r q✉❡

µyt = β + δht ✭✷✳✷✶✮
❝♦♠ (δ > 0) ❡ ht r❡♣r❡s❡♥t❛❞♦ ♣♦r

ht = α0 +
q∑

i=1

αiht−i. ✭✷✳✷✷✮

❊st❛ ❛❜♦r❞❛❣❡♠ ❝♦❧♦❝❛ ❛ ✈♦❧❛t✐❧✐❞❛❞❡ ♥❛ ♠é❞✐❛ ❡ ❢♦✐ ❞❡♥♦♠✐♥❛❞❛ ♣♦r ❊◆●▲❊ ❞❡ ♠♦❞❡❧♦s
❆❘❈❍✲▼✳ ◆❛t✉r❛❧♠❡♥t❡ ht ♣♦❞❡ t❡r ♦✉tr❛s r❡♣r❡s❡♥t❛çõ❡s ♠❛✐s ❣❡r❛✐s✳

❆ ♣❡r❝❡♣çã♦ ❞❛ ♣r❡s❡♥ç❛ ❞❡ ❛ss✐♠❡tr✐❛s ♥❛ sér✐❡ ❞❡ r❡t♦r♥♦s ❞❡ ❞✐✈❡rs♦s ❛t✐✈♦s ✜♥❛♥❝❡✐r♦s✱
q✉❡ ❣❡r❛❧♠❡♥t❡ t❡♠ ♦r✐❣❡♠ ♥♦s ✐♠♣❛❝t♦s ❞❛s ❜♦❛s ❡ ❞❛s ♠ás ♥♦tí❝✐❛s✱ ♠♦t✐✈♦✉ ❛ ✉t✐❧✐③❛çã♦ ❞❡
♠♦❞❡❧♦s ♥ã♦✲❧✐♥❡❛r❡s ♥❛ ✈❛r✐â♥❝✐❛ ❞✐r❡❝✐♦♥❛❞♦s ♣❛r❛ ❧✐❞❛r ❝♦♠ ❡st❡ t✐♣♦ ❞❡ ♣r♦❜❧❡♠❛✳ ❖❜s❡r✈❛✲
s❡ q✉❡ ♦s ✈❛❧♦r❡s ♥❡❣❛t✐✈♦s ❡ ♣♦s✐t✐✈♦s ❞❡ ♠❡s♠❛ ♠❛❣♥✐t✉❞❡ t❡♠ ♦ ♠❡s♠♦ ✈❛❧♦r ❛❜s♦❧✉t♦✱ ♠❛s
♥♦ ♠❡r❝❛❞♦ ✜♥❛♥❝❡✐r♦ t❡♠ ❡❢❡✐t♦s ❞✐❢❡r❡♥t❡s✱ ♦✉ s❡❥❛✱ sã♦ ❛ss✐♠étr✐❝♦s✳

Pr✐♠❡✐r❛♠❡♥t❡✱ ❡♠ ❬◆❊▲❙❖◆✱ ✶✾✾✶❪ ❢♦✐ ♣r♦♣♦st♦ ✉♠ ♠♦❞❡❧♦ ♥ã♦✲❧✐♥❡❛r ❛❧t❡r♥❛t✐✈♦ ♣❛r❛ ♦
❢❡♥ô♠❡♥♦✳ ❊st❡ ♠♦❞❡❧♦ ❢♦✐ ❞❡♥♦♠✐♥❛❞♦ ❞❡ ❊●❆❘❈❍ ✭❡①♣♦♥❡♥t✐❛❧ ●❆❘❈❍✮ q✉❡ ♠❛t❡♠❛t✐❝❛✲
♠❡♥t❡ é ❞❛ ❢♦r♠❛✿

log(ht) = ω +
p∑

i=1

αiεt−i/
√
ht−i + γ(|εt−i/

√
ht−i| − E|εt−i|) +

q∑

j=1

βj log ht−j. ✭✷✳✷✸✮

❖✉tr♦s ♠♦❞❡❧♦s t❛♠❜é♠ t❡♥t❛r❛♠ ❡①♣❧✐❝❛r ♦ ❢❡♥ô♠❡♥♦ ❞❛ ❛ss✐♠❡tr✐❛✱ ❝♦♠♦ ♦ ❚❆❘❈❍
✭t❤r❡s❤♦❧❞ ❆❘❈❍✮✱ ♣r♦♣♦st♦ s❡♣❛r❛❞❛♠❡♥t❡ ❡♠ ❬❩❆❑❖■❆◆✱ ✶✾✾✵❪ ❡ ❬●▲❖❙❚❊◆ ❡t ❛❧✳✱ ✶✾✾✸❪✳
❆ ✈❛r✐â♥❝✐❛ ❝♦♥❞✐❝✐♦♥❛❧ é ❞❛❞❛ ♣♦r

ht = α0 +
q∑

i=1

αiε
2
t−i +

q∑

i=1

δiε
2
t−idt−i +

p∑

j=1

βjht−j ✭✷✳✷✹✮

❡♠ q✉❡ dt = 1 s❡ εt < 0✱ ❝❛s♦ ❝♦♥trár✐♦✱ ❡♥tã♦✱ dt = 0✳ ❆ss✐♠✱ ❤á ✉♠❛ ❞✐st✐♥çã♦ ❡♥tr❡ ❝❤♦q✉❡s
♣♦s✐t✐✈♦s ❡ ♥❡❣❛t✐✈♦s✱ ♦❝❛s✐♦♥❛♥❞♦ ❡❢❡✐t♦s ❞✐❢❡r❡♥t❡s s♦❜r❡ ❛ ✈❛r✐â♥❝✐❛ ❝♦♥❞✐❝✐♦♥❛❧✱ ♦✉ s❡❥❛✱ ♦s
❝❤♦q✉❡s ♣♦s✐t✐✈♦s tê♠ ♦s ✐♠♣❛❝t♦s ♣♦♥❞❡r❛❞♦s ♣❡❧♦s α′s✱ ❡♥q✉❛♥t♦ ♦s ❝❤♦q✉❡s ♥❡❣❛t✐✈♦s sã♦
♣♦♥❞❡r❛❞♦s ♣❡❧❛s s♦♠❛s ❞❡ α′s + β′s✳ ❈❛s♦ δ > 0✱ ♦s ❝❤♦q✉❡s ♥❡❣❛t✐✈♦s t❡rã♦ ♠❛✐♦r ✐♠♣❛❝t♦
s♦❜r❡ ❛ ✈❛r✐â♥❝✐❛ ❝♦♥❞✐❝✐♦♥❛❧✳

❋✐♥❛❧♠❡♥t❡✱ ❝♦♠♦ ♦s ✐♥✈❡st✐❞♦r❡s ❡♠ ❛t✐✈♦s ✜♥❛♥❝❡✐r♦s ❡stã♦ ✐♥t❡r❡ss❛❞♦s ♥❛ ✈♦❧❛t✐❧✐❞❛❞❡
❢✉t✉r❛ ❞♦s r❡t♦r♥♦s ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡ ❛♣❧✐❝❛çã♦ ❞❡ ❝❛❞❛ ❛t✐✈♦ ❡ ♥ã♦ ♥❛ ✈♦❧❛t✐❧✐❞❛❞❡ ❤✐stór✐❝❛✱
❡ ❛ ✈❛r✐â♥❝✐❛ ❞♦s ❡rr♦s ♣♦❞❡ s❡r ✐♥t❡r♣r❡t❛❞❛ ❝♦♠♦ ❛ ✐♥❝❡rt❡③❛ ❛ss♦❝✐❛❞❛ ❛♦s ✈❛❧♦r❡s ♠é❞✐♦s ❞♦s
r❡t♦r♥♦s✱ ♦ ♠♦❞❡❧♦ ❆❘❈❍ ❡ ❛q✉❡❧❡s ❞❡r✐✈❛❞♦s ❞❡❧❡ ♣❛ss❛r❛♠ ❛ s❡r ♠✉✐t♦ ✉t✐❧✐③❛❞♦s ♣❡❧♦ ♠❡r❝❛❞♦
✜♥❛♥❝❡✐r♦ ♣❛r❛ ❡st✐♠❛r ❛ ✐♥❝❡rt❡③❛ ❞♦s r❡t♦r♥♦s ❞♦s ❛t✐✈♦s✳ ❖❜✈✐❛♠❡♥t❡✱ ❡st❛ ❝❧❛ss❡ ❞❡ ♠♦❞❡❧♦s
♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ♣❛r❛ sér✐❡s ♥♦ t❡♠♣♦ ❞❡ ♦✉tr❛s ár❡❛s ✭❜✐♦❧♦❣✐❛✱ ❡♥❣❡♥❤❛r✐❛✱ ❢ís✐❝❛ ❡t❝✮ q✉❡
❛♣r❡s❡♥t❡♠ ❡st❡ ♠❡s♠♦ ❢❛t♦ ❡st✐❧✐③❛❞♦✳
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✷✳✸✳✸ ❖s ✜❧tr♦s ❧✐♥❡❛r❡s ❛❞❛♣t❛t✐✈♦s

❆ t❡♦r✐❛ ❞❡ ✜❧tr❛❣❡♠ ❧✐♥❡❛r ❥á s❡ ❡♥❝♦♥tr❛ ❜❡♠ ❡st❛❜❡❧❡❝✐❞❛ ❡ t❡♠ s✐❞♦ ❛♣❧✐❝❛❞❛ ❝♦♠ s✉❝❡ss♦
❡♠ ❝❛♠♣♦s tã♦ ❞✐✈❡rs♦s ❝♦♠♦ s✐st❡♠❛s ❞❡ ❝♦♠✉♥✐❝❛çõ❡s✱ s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡✱ r❛❞❛r✱ s♦♥❛r✱
❛♥t❡♥❛s ❡ ♦✉tr♦s ❬❍❆❨❑■◆✱ ✶✾✽✾✱ ❍❆❨❊❙✱ ✶✾✾✻❪✳ ❖ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ♣❛r❛ s❡ ♣r♦❥❡t❛r ❡st❡
t✐♣♦ ❞❡ ✜❧tr♦ é ❛❥✉st❛r ♦s s❡✉s ♣❛râ♠❡tr♦s ✭♣❡s♦s✮ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ q✉❡ ✉t✐❧✐③❛
♦ ❡rr♦ q✉❛❞rát✐❝♦ ♦✉ ♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦✳

❯♠ ♠♦❞❡❧♦ ♣✉r❛♠❡♥t❡ ❛✉t♦r❡❣r❡ss✐✈♦ ❞❡ ♦r❞❡♠ ♣✱ ❆❘✭♣✮✱ ♦❝♦rr❡ q✉❛♥❞♦ s❡ r❡♣r❡s❡♥t❛ ✉♠❛
sér✐❡ t❡♠♣♦r❛❧ ♥❛ ❢♦r♠❛ yt+1 =

∑p−1
i=0 wiyt−i + εt✱ ❡♠ q✉❡ εt é ✉♠ r✉í❞♦ ❜r❛♥❝♦✳ ❆ss✐♠✱ ❛ sér✐❡

yt é ❡s❝r✐t❛ ❛ ♣❛rt✐r ❞♦s s❡✉s ✈❛❧♦r❡s ♣❛ss❛❞♦s✱ s✉♣♦♥❞♦ q✉❡ ❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ yt é ❧✐♥❡❛r♠❡♥t❡
❝♦rr❡❧❛❝✐♦♥❛❞❛ ❝♦♠ s❡✉s ♣ró♣r✐♦s ✈❛❧♦r❡s ❞❡❢❛s❛❞♦s✳ ❯♠ ♣❛râ♠❡tr♦ ❝rít✐❝♦ ❡ ❞✐❢í❝✐❧ ❞❡ ❡st✐♠❛r
é ❛ ♦r❞❡♠ ♣ ❞♦ ♠♦❞❡❧♦✳

❆ t❡♦r✐❛ ❛♣❧✐❝❛❞❛ ♥♦ ❛❥✉st❡ ❞♦s ♣❡s♦s ❞♦s ✜❧tr♦s ❧✐♥❡❛r❡s ❛❞❛♣t❛t✐✈♦s ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛
♣❛r❛ ✐♥❝❧✉✐r ❛ ✈❛r✐á✈❡❧ t❡♠♣♦ ♥❛s r❡❞❡s ♥❡✉r❛✐s t✐♣♦ P▼❈ ❡ ❘❇❋✱ ❢❛③❡♥❞♦ ♣❛rt❡ ❞♦ ❝♦♥t❡①t♦
❞❡st❛ t❡s❡✳ ❆s ♠❛✐♦r❡s s✉s❝❡♣t✐❜✐❧✐❞❛❞❡s ❞❡st❡s t✐♣♦s ❞❡ ✜❧tr♦ ❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ❛s ♥ã♦
❧✐♥❡❛r✐❞❛❞❡s ❡ ❛s ♥ã♦ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡s ♣r❡s❡♥t❡s ❡♠ ❛❧❣✉♥s ♣r♦❝❡ss♦s ❣❡r❛❞♦r❡s ❞❛s sér✐❡s ♥♦
t❡♠♣♦✳ ▲♦❣♦✱ ✉♠ ❝❛♠✐♥❤♦ ♥❛t✉r❛❧ é ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✜❧tr♦s ♥ã♦ ❧✐♥❡❛r❡s ✭r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s✮
♣❛r❛ ❧✐❞❛r ❝♦♠ ♦ ♣r♦❜❧❡♠❛ ❞❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✳

❊st❡s ✜❧tr♦s sã♦ ❜❛st❛♥t❡ ✢❡①í✈❡✐s ❡ ❝❛♣❛③❡s ❞❡ ✜❧tr❛r r✉í❞♦s r❡❧❛t✐✈❛♠❡♥t❡ ♣❡q✉❡♥♦s✱ ❡ t❛♠✲
❜é♠ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ❛ss♦❝✐❛❞♦s ❛ ♦✉tr♦s r❡❝✉rs♦s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ♦ ✜❧tr♦ ❞❡ ❑❆▲▼❆◆✳
❊❧❡s ♦♣❡r❛♠ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r s♦❜r❡ ❛ ❡♥tr❛❞❛ ❡✱ ♥♦ ❝❛s♦ ❞❡ ♣r♦❝❡ss♦s ♥ã♦ ❡st❛❝✐♦♥ár✐♦s✱
❛♣❧✐❝❛✲s❡ ♦ ♦♣❡r❛❞♦r ❞✐❢❡r❡♥ç❛ ❛té t♦r♥❛r ❛ sér✐❡ t❡♠♣♦r❛❧ ❡st❛❝✐♦♥ár✐❛✱ r❡s✉❧t❛♥❞♦ ♥✉♠ ♠♦❞❡❧♦
❛✉t♦r❡❣r❡ss✐✈♦ ✐♥t❡❣r❛❞♦ ✭❆❘■✮✳ ❆ ❋✐❣✉r❛ ✷✳✷ ❢❛③ ✉♠ t✐♣♦ ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞❡st❡s ✜❧tr♦s✱ ♥♦
✐♥st❛♥t❡ ♥✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ ❛ ❝♦♠♣❛❝t❛çã♦ ❞❛s ❡q✉❛çõ❡s q✉❡ s❡ s❡❣✉❡♠✱ ❡♠ q✉❡ ① é ♦ ✈❡t♦r ❞❡
❡♥tr❛❞❛s ❝♦♠ ❞❡❢❛s❛❣❡♠ p ♥♦ ✐♥st❛♥t❡ n✱ y(n+1) é ♦ ✈❛❧♦r ♦❜s❡r✈❛❞♦ ♥♦ ✐♥st❛♥t❡ n+1✱ ŷ(n+1)
é ♦ ✈❛❧♦r ❡st✐♠❛❞♦ ✉♠ ♣❛ss♦ à ❢r❡♥t❡✱ e(n) é ♦ ❡rr♦ ❡ J é ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳ ❖ ✜❧tr♦ ❋■❘ ❢♦✐
♣r♦❥❡t❛❞♦ ♦r✐❣✐♥❛❧♠❡♥t❡ ♣❛r❛ ♥ã♦ t❡r ❜✐❛s✳
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❋✐❣✳ ✷✳✷✿ ❋✐❧tr♦ ▲✐♥❡❛r ❆❞❛♣t❛t✐✈♦

◗✉❛♥❞♦ s❡ tr❛t❛ ❞❡ ✉♠❛ t❡♥❞ê♥❝✐❛ ❡st♦❝ást✐❝❛ ❡✴♦✉ ❞❡ ✉♠❛ ♠✉❞❛♥ç❛ ❡str✉t✉r❛❧✱ ❝❛r❛❝t❡r✐✲
③❛♥❞♦ ✉♠❛ ♥ã♦ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ♠❛✐s ❞✐❢í❝✐❧ ❞❡ s❡r tr❛❜❛❧❤❛❞❛ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ tr❛♥s❢♦r♠❛çã♦
♦✉ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❞♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛✱ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❞❛♣t❛çã♦ ❞❡st❡s ✜❧tr♦s t♦r♥❛✲s❡ ❧✐✲
♠✐t❛❞❛✳ ❊♥tr❡t❛♥t♦✱ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❞❛♣t❛❜✐❧✐❞❛❞❡ ❞❡st❡ t✐♣♦ ❞❡ ✜❧tr♦ ❛ ❝❛❞❛ ♥♦✈❛ ✐♥❢♦r♠❛çã♦
t♦r♥❛✲♦ ✉♠❛ ❢❡rr❛♠❡♥t❛ út✐❧ ♥♦ ♣r♦❝❡ss❛♠❡♥t♦ ❛❞❛♣t❛t✐✈♦ ❞❡ s✐♥❛✐s ❡ ♥♦ ❝♦♥tr♦❧❡ ❛❞❛♣t❛t✐✈♦✳
❆ ❛♣❧✐❝❛çã♦ ♣rát✐❝❛ ❞❡st❡s ✜❧tr♦s s❡ t♦r♥❛ ♠❛✐s ❛❞❡q✉❛❞❛ ❡♠ s✐st❡♠❛s ❝♦♠ r✉í❞♦s✱ ♠❛s ❝♦♠
❢♦rt❡ r❡❧❛çã♦ ❝❛✉s❛❧✱ ❝♦♠♦ ❡♠ ❝♦♥tr♦❧❡s✱ r❛❞❛r❡s✱ ❛♥t❡♥❛s✱ s♦♥❛r❡s ❡t❝✳

❊st❛ ❝❛♣❛❝✐❞❛❞❡ r❡❧❛t✐✈❛ ❞❡ ❛❞❛♣t❛❜✐❧✐❞❛❞❡ ♣♦❞❡ ❣❡r❛r ✐♥st❛❜✐❧✐❞❛❞❡s✳ ❆♣ós s❡r ❛❥✉st❛❞♦✱
♦ ✜❧tr♦ ❞❡✈❡ s❡r ❝❛♣❛③ ❞❡ ✐❣♥♦r❛r ♣❡rt✉r❜❛çõ❡s ❡s♣úr✐❛s s❡♠ ❞❡✐①❛r ❞❡ r❡s♣♦♥❞❡r às ♠✉❞❛♥ç❛s
s✐❣♥✐✜❝❛t✐✈❛s ♥♦ ♣r♦❝❡ss♦ ❡✱ ❛✐♥❞❛✱ ♠❛♥t❡r✲s❡ ❡stá✈❡❧✳ ➱ ♦ ❞✐❧❡♠❛ ❞❛ ❡st❛❜✐❧✐❞❛❞❡ ❛❜♦r❞❛❞♦ ❡♠
❬●❘❖❙❙❇❊❘●✱ ✶✾✽✷❪✳

❈❛s♦ ♦ s✐♥❛❧ yt s❡❥❛ tr❛♥s❢♦r♠❛❞♦ ❡♠ xt✱ ♦ ❣r❛❢♦ ❞♦ ✢✉①♦ ❞❡ s✐♥❛❧ ❞♦ ✜❧tr♦ ❧✐♥❡❛r ❛❞❛♣✲
t❛✈✐✈♦ ♣♦❞❡rá s❡r r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ❋✐❣✉r❛ ✷✳✸✱ q✉❡ s❡rá ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛♥❛❧✐s❛r ♦s ❡❢❡✐t♦s ❞❛
r❡❛❧✐♠❡♥t❛çã♦ ♥❛ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ ✜❧tr♦✳
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❋✐❣✳ ✷✳✸✿ ●r❛❢♦ ❞♦ ✢✉①♦ ❞❡ s✐♥❛❧ ❞♦ ✜❧tr♦ ❧✐♥❡❛r ❛❞❛♣t❛✈✐✈♦

❆ ♣❛rt✐r ❞❛ ❋✐❣✉r❛ ✷✳✸ ❝❤❡❣❛✲s❡ à ❋✐❣✉r❛ ✷✳✹ q✉❡ r❡♣r❡s❡♥t❛ ✉♠ s✐st❡♠❛ r❡❛❧✐♠❡♥t❛❞♦ ❞❡
❧❛ç♦ ú♥✐❝♦ ♣♦r ♠❡✐♦ ❞❡ ✉♠ ❣r❛❢♦ ❞❡ ✢✉①♦ ❞❡ s✐♥❛❧ q✉❡ s❡rá ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛♥❛❧✐s❛r ♦s ❞❡t❛❧❤❡s
❞♦s ❡❢❡✐t♦s ❞❛ ❛❞❛♣t❛çã♦ ❞♦s ♣❡s♦s ♣♦r ♠❡✐♦ ❞♦ ❡rr♦ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❡❧❡♠❡♥t♦✳ ❆ ❛❞❛♣✲
t❛çã♦ ❞♦s ♣❡s♦s é r❡❛❧✐③❛❞❛ ♣♦r ♠❡✐♦ ❞❛ r❡❛❧✐♠❡♥t❛çã♦ ❞♦ ❡rr♦ q✉❡✱ ❡♠ s✐st❡♠❛s ❞✐♥â♠✐❝♦s✱
❝♦♥s✐st❡ ♥❛q✉❡❧❛ ♣❛r❝❡❧❛ ❞❡ ✐♥✢✉ê♥❝✐❛ ❡①❡r❝✐❞❛ ♣❡❧❛ s❛í❞❛ s♦❜r❡ ❛ ❡♥tr❛❞❛ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦
❡❧❡♠❡♥t♦✳ ❆ r❡❛❧✐♠❡♥t❛çã♦✱ ❝♦♠♦ s❡rá ✈✐st♦ ♠❛✐s ❛❞✐❛♥t❡✱ ❡①❡r❝❡ ✉♠❛ ✐♥✢✉ê♥❝✐❛ ✐♠♣♦rt❛♥t❡ ♥❛
❡st❛❜✐❧✐❞❛❞❡ ❞♦ ✜❧tr♦✳

❋✐❣✳ ✷✳✹✿ ●r❛❢♦ ❞♦ ✢✉①♦ ❞❡ s✐♥❛❧ ❞❡ ✉♠ s✐st❡♠❛ r❡❛❧✐♠❡♥t❛❞♦ ❝♦♠ ❧❛ç♦ ú♥✐❝♦

❆ ♣❛rt✐r ❞❛ ✜❣✉r❛ ❛♥t❡r✐♦r ❝❤❡❣❛✲s❡ ❢❛❝✐❧♠❡♥t❡ às s❡❣✉✐♥t❡s r❡❧❛çõ❡s ❡♥tr❛❞❛✲s❛í❞❛✿

yk(n) = w[x′j(n)] ✭✷✳✷✺✮
❡♠ q✉❡

x′j(n) = xj(n) + z−1[yk(n)] ✭✷✳✷✻✮



❈❆P❮❚❯▲❖ ✷✳ P❘❊❱■❙➹❖ ❉❊ ❙➱❘■❊❙ ❚❊▼P❖❘❆■❙ ❊❙❚❆❈■❖◆➪❘■❆❙ ✷✺

❡♠ q✉❡ z−1 é ✉♠ ♦♣❡r❛❞♦r ❞❡ ❛tr❛s♦ ✉♥✐tár✐♦✳ ❙✉❜st✐t✉✐♥❞♦ ❛ ❡q✉❛çã♦ ✭✷✳✷✻✮ ❡♠ ✭✷✳✷✺✮ ❡
❞❡s❡♥✈♦❧✈❡♥❞♦✱ ❝❤❡❣❛✲s❡ à s❡❣✉✐♥t❡ r❡❧❛çã♦ ✜♥❛❧ ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✿

yk(n) =
w

1 − wz−1
[xj(n)]. ✭✷✳✷✼✮

❯t✐❧✐③❛♥❞♦ ❛ ❡①♣❛♥sã♦ ♣♦❧✐♥♦♠✐❛❧ ❡♠ (1 − wz−1)−1✱ ♦❜té♠✲s❡✿
w

1 − wz−1
= w

∞∑

l=0

wlz−1. ✭✷✳✷✽✮

❙✉❜st✐t✉✐♥❞♦ ❛ ❡q✉❛çã♦ ✭✷✳✷✽✮ ❡♠ ✭✷✳✷✼✮✱ r❡s✉❧t❛✿

yk(n) = w
∞∑

l=0

wlz−1[xj(n)] =
∞∑

l=0

wl+1[xj(n− l)] ✭✷✳✷✾✮
❡♠ q✉❡ s❡ ♣♦❞❡ ♣❡r❝❡❜❡r q✉❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛ é ❝♦♥tr♦❧❛❞♦ ♣❡❧♦ ♣❡s♦ ✇ ❡ ♣❡❧♦
✈❛❧♦r ❞❛ ❡♥tr❛❞❛✳ ❉✐st✐♥❣✉❡♠✲s❡ ♦s s❡❣✉✐♥t❡s ❝❛s♦s ❡s♣❡❝í✜❝♦s✿

✶✳ |w| < 1✱ t♦r♥❛ ♦ s✐♥❛❧ ❞❡ s❛í❞❛ ❡①♣♦♥❡♥❝✐❛❧♠❡♥t❡ ❝♦♥✈❡r❣❡♥t❡✱ ✐st♦ é✱ ♦ s✐st❡♠❛ é ❡stá✈❡❧✳
✷✳ |w| > 1✱ t♦r♥❛ ♦ s✐♥❛❧ ❞❡ s❛í❞❛ ❡①♣♦♥❡♥❝✐❛❧♠❡♥t❡ ❞✐✈❡r❣❡♥t❡✱ ✐st♦ é✱ ♦ s✐st❡♠❛ é ✐♥stá✈❡❧✳

❈❛s♦ |w| = 1✱ ❛ ❞✐✈❡r❣ê♥❝✐❛ é ❧✐♥❡❛r✳
▲♦❣♦✱ ❛ ❡st❛❜✐❧✐❞❛❞❡ t❡♠ ❞❡st❛q✉❡ ♥♦ ❡st✉❞♦ ❞❡ s✐st❡♠❛s r❡❛❧✐♠❡♥t❛❞♦s ❡ ❛ ❛t✉❛❧✐③❛çã♦

❞♦s ♣❡s♦s ✐♥✢✉✐ ♥❛ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛✳ ❆ ♠❡♠ór✐❛ ♣❛r❛ |w| < 1✱ ❡♠❜♦r❛ s❡❥❛ ✐♥✜♥✐t❛✱ é
❡s✈❛❡❝❡♥t❡ ❥á q✉❡ ❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ✉♠❛ ❛♠♦str❛ ♣❛ss❛❞❛ s❡ r❡❞✉③ ❡①♣♦♥❡♥❝✐❛❧♠❡♥t❡ ❝♦♠ ♦ t❡♠♣♦
♥✳

◗✉❛♥❞♦ s❡ tr❛t❛ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❡r❣ó❞✐❝♦ ❡ ❡st❛❝✐♦♥ár✐♦✱ ♦ ✜❧tr♦ ♦r✐❣✐♥❛❧ ❞❡ ❲✐❡♥❡r ✭❲■❊✲
◆❊❘✱ ✶✾✹✾✮ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞♦ ❡ ❛s ♠é❞✐❛s ❞❛s ❛♠♦str❛s ❞❡ ❧♦♥❣♦ ♣r❛③♦ ♣♦❞❡♠ s❡r s✉❜st✐t✉í❞❛s
♣♦r ❡①♣❡❝t❛t✐✈❛s ✭♦♣❡r❛❞♦r ❡s♣❡r❛♥ç❛ E{.}✮✳ P❛r❛ ❡st❡ ❝❛s♦✱ ✉t✐❧✐③❛♥❞♦ ❛ ❛❜♦r❞❛❣❡♠ ✈❡t♦r✐❛❧
✭❣❡♦♠étr✐❝❛✮ ❞❡ ♠✐♥✐♠✐③❛çã♦ ❞♦ ✈❡t♦r ❡rr♦✱ ❡♠ q✉❡ ♦ ✈❡t♦r ❞❡ ❡rr♦ ♠í♥✐♠♦ ❞❡✈❡ s❡r ♦rt♦❣♦♥❛❧
❛♦ ✈❡t♦r ❞❛ ❡♥tr❛❞❛✱ r❡s✉❧t❛ ❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦

E{[d(n) −
M−1∑

k=0

w(k)x(n− k)]x(n− i)} = 0 ✭✷✳✸✵✮
❡♠ q✉❡ k = 0, 1, 2, ..., p − 1 ❡ i = 0, 1, 2, ..., p − 1✳ ❉✐str✐❜✉✐♥❞♦ ♦s ♣r♦❞✉t♦s ❡ r❡✲❛rr❛♥❥❛♥❞♦✱
t❡♠✲s❡✿

M−1∑

k=0

w(k)E{x(n− k)x(n− i)} = E{d(n)x(n− i)}. ✭✷✳✸✶✮
❖ ❧❛❞♦ ❡sq✉❡r❞♦ ❞❛ ✐❣✉❛❧❞❛❞❡ ❛♥t❡r✐♦r ❡①♣r❡ss❛ ❛ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❞♦ ♣r♦❝❡ss♦ ❡s✲

t♦❝ást✐❝♦ ❞❛ ❡♥tr❛❞❛ ✭❆❘✭♣✮✮✱ ❡ ♦ ❧❛❞♦ ❞✐r❡✐t♦ ❛ ❢✉♥çã♦ ❞❡ ❝♦rr❡❧❛çã♦ ❝r✉③❛❞❛ ❡♥tr❡ ♦ ♣r♦❝❡ss♦
❡st♦❝ást✐❝♦ q✉❡ ❞❡s❝r❡✈❡ ❛ s❛í❞❛ ❞❡s❡❥❛❞❛ d(n) = x(n + 1) ❡ ♦ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ ❛♣r❡s❡♥✲
t❛❞♦ à ❡♥tr❛❞❛✳ P❛r❛ ♠❡❧❤♦r ✐❧✉str❛r ♦ s✐❣♥✐✜❝❛❞♦ ❞❛s ❢✉♥çõ❡s ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❡ ❝♦rr❡❧❛✲
çã♦ ❝r✉③❛❞❛✱ ❝♦♥s✐❞❡r❡✲s❡ ✉♠ ❡①❡♠♣❧♦ ♣❛r❛ M = 3 ❡♠ q✉❡ ♦ ♣r♦❝❡ss♦ U é r❡♣r❡s❡♥t❛❞♦ ♣♦r
✉(n) =

[
u(n) u(n− 1) u(n− 2)

]T ✳ ❆ ♠❛tr✐③ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❘ ♣♦❞❡ s❡r ❞❛❞❛ ♣♦r✿
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❘ = E
[
✉(n)✉(n)T

]
} =

= E{




u(n)

u(n− 1)
u(n− 2)




[
u(n) u(n− 1) u(n− 2)

]
} =

=




Ruu(0) Ruu(−1) Ruu(−2)
Ruu(1) Ruu(0) Ruu(−1)
Ruu(2) Ruu(1) Ruu(0)



 . ✭✷✳✸✷✮

❈♦♠♦ Ruu(x) = Ruu(−x)✱ R ♣♦❞❡ s❡r ❡①♣r❡ss❛ ♣♦r✿

❘ =




Ruu(0) Ruu(1) Ruu(2)
Ruu(1) Ruu(0) Ruu(1)
Ruu(2) Ruu(1) Ruu(0)



 . ✭✷✳✸✸✮

❆ ❝♦rr❡❧❛çã♦ ❝r✉③❛❞❛ ♣♦❞❡ s❡r ❞❡✜♥✐❞❛ ♣♦r ✉♠ ✈❡t♦r p ❞❛❞♦ ♣♦r✿

♣ = E{❞(n)✉(n)}. ✭✷✳✸✹✮
=

[
E{d(n)u(n)} E{d(n)u(n− 1)} ... E{d(n)u(n−M + 1)}

]
=

=
[
P (0) P (−1) ... P (1 −M)

]T
.

❙❡❥❛ ♦ ✈❡t♦r ❞❡ ♣❡s♦s ❞❛❞♦ ♣♦r✿

✇ =
[
w0 w1 ... wM−1

]T
.

❆ss✐♠✱ t❡♠✲s❡ q✉❡✿

❘✇ = ♣. ✭✷✳✸✺✮
P♦❞❡✲s❡ ❡♥tã♦ ❞❡❞✉③✐r ❛ ❡q✉❛çã♦ q✉❡ ❢♦r♥❡❝❡ ♦ ✈❡t♦r ♣❡s♦✱ ❛ss♦❝✐❛❞♦ ❛♦ ❡rr♦ q✉❛❞r❛❞♦

♠í♥✐♠♦✱ ❛♣r❡s❡♥t❛❞❛ ❛ s❡❣✉✐r✿

✇ = ❘−1♣. ✭✷✳✸✻✮
❊st❛ ❡q✉❛çã♦ ✜❝♦✉ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❛ ❡q✉❛çã♦ ❞❡ ❲■❊◆❊❘✲❍❖P❋ ✭❲■❊◆❊❘✱ ✶✾✹✾✮✱ ❡♠

❤♦♠❡♥❛❣❡♠ ❛ ◆❖❘❇❊❘❚ ❲■❊◆❊❘✳ ◗✉❛♥❞♦ ❛ ♠❛tr✐③ ❞❡ ❝♦rr❡❧❛çã♦ ❘ é ♥ã♦✲s✐♥❣✉❧❛r ♣❛r❛ ✉♠
❞❡t❡r♠✐♥❛❞♦ M ✱ ❡♥tã♦ ❡①✐st❡ ✉♠❛ s♦❧✉çã♦✳ ❙❡♥❞♦ ♦ ♣r♦❝❡ss♦ ❧✐♥❡❛r ❡ ❡st❛❝✐♦♥ár✐♦✱ ❛ ♣r❡❝✐sã♦
❝♦♠ q✉❡ ❘ ❡ ♣ r❡♣r❡s❡♥t❛♠ ❛s ❝♦rr❡❧❛çõ❡s ❡♥✈♦❧✈✐❞❛s s❡rá t❛♥t♦ ♠❛✐♦r q✉❛♥t♦ ♠❛✐♦r ❢♦r Nt ❝♦♠
r❡❧❛çã♦ ❛M ✳ ❆ss✐♠✱ q✉❛♥❞♦ ❛s ❢✉♥çõ❡s ❞❡ ❛✉t♦❝♦rr❡❧❛çõ❡s ♥ã♦ sã♦ ❝♦♥❤❡❝✐❞❛s✱ ♦ ♦♣❡r❛❞♦r E{.}
♣♦❞❡ s❡r s✉❜st✐t✉í❞♦ ♣❡❧❛ ♠é❞✐❛ ❞♦s ✈❡t♦r❡s ❞❛s M ❝♦♠♣♦♥❡♥t❡s ❡♥✈♦❧✈✐❞❛s ♥♦ ❝ô♠♣✉t♦ ❞❡ ❘
❡ ♣✱ ♠é❞✐❛ ❡st❛ r❡❛❧✐③❛❞❛ s♦❜r❡ ♦ ✐♥t❡r✈❛❧♦ ❞❡ Nt ❛♠♦str❛s t♦t❛✐s ❝♦♥❤❡❝✐❞❛s ❞❛ sér✐❡ t❡♠♣♦r❛❧✳
❊♥tr❡t❛♥t♦✱ ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ♣♦r ✐♥t❡r✈❛❧♦s ♥❡♠ s❡♠♣r❡ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❡①♣r❡ss❛r ❝♦♠
✜❞❡❧✐❞❛❞❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛✳

❖ ❛❧❣♦r✐t♠♦ ❞❡ ▲❊❱■◆❙❖◆✲❉❯❘❇■◆✱ ✐♥✐❝✐❛❧♠❡♥t❡✱ ❢♦✐ ♠✉✐t♦ ✉t✐❧✐③❛❞♦ ❝♦♠♦ ❛❧❣♦r✐t♠♦ ❞❡
✐♥✈❡rsã♦ ❞❡ ❘✳ ◆♦s ❞✐❛s ❛t✉❛✐s✱ ❣❡r❛❧♠❡♥t❡ ❛ ✐♥✈❡rsã♦ é ✐♠♣❧❡♠❡♥t❛❞❛ ❛ ♣❛rt✐r ❞❛ ♣s❡✉❞♦✲
✐♥✈❡rsã♦ ❞❡ ▼❖❖❘❊✲P❊◆❘❖❙❊✱ ✉t✐❧✐③❛♥❞♦ ❛ té❝♥✐❝❛ ❙✐♥❣✉❧❛r ❱❛❧✉❡ ❉❡❝♦♠♣♦s✐t✐♦♥ ✭❙❱❉✮✱
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♠✉✐t♦ ❡stá✈❡❧ ❞♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ♥✉♠ér✐❝♦ ❡ ❢r❡qü❡♥t❡♠❡♥t❡ ❛❞❡q✉❛❞❛ ♣❛r❛ ❝♦♥t♦r♥❛r ♦ ❢❛t♦ ❞❡
q✉❡ ❛ ♠❛tr✐③ ❘✱ ♠✉✐t❛s ✈❡③❡s✱ é q✉❛s❡ s✐♥❣✉❧❛r✳

◆♦ ❝♦♥t❡①t♦ ❞❛ ♥ã♦ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡✱ ♣♦❞❡✲s❡ ❛ss✉♠✐r q✉❡ ✇(n) = ❘(n)−1♣(n)✱ ♦✉ s❡❥❛✱
❝♦♠ ✇ ✈❛r✐❛♥❞♦ ❝♦♠ ♥✱ ♥ã♦ t❡♥❞♦ ✈❛❧♦r ✜①♦ ❝♦♠♦ ♥❛ ❡q✉❛çã♦ ♦r✐❣✐♥❛❧ ❞❡ ❲■❊◆❊❘✲❍❖P❋✱
❝r✐❛❞❛ ♥♦ ❝♦♥t❡①t♦ ❞❡ ♣r♦❝❡ss♦s ❢r❛❝❛♠❡♥t❡ ❡st❛❝✐♦♥ár✐♦s✳ ❊st❛ ❛❜♦r❞❛❣❡♠ ♣♦❞❡ s❡ t♦r♥❛r
✐♠♣r❛t✐❝á✈❡❧ ♣❛r❛ ♠✉✐t❛s ❛♣❧✐❝❛çõ❡s r❡❛✐s✳ P❛r❛ ❝♦♥t♦r♥❛r ❡st❡ ♣r♦❜❧❡♠❛✱ ❲■❉❘❖❲ ❡ ❍❖❋❋
✭✶✾✻✵✮ ❝r✐❛r❛♠ ❛ r❡❣r❛ ❞❡❧t❛✱ ❡ ♦ ✜③❡r❛♠ ♣❛r❛ ❢♦r♠✉❧❛r ♦ ❡❧❡♠❡♥t♦ ❧✐♥❡❛r ❛❞❛♣t❛t✐✈♦ ✭❆❞❛❧✐♥❡
✲ ❆❞❛♣t✐✈❡ ▲✐♥❡❛r ❊❧❡♠❡♥t✮✳ ❊st❡ t✐♣♦ ❞❡ ✜❧tr♦ s❡ t♦r♥♦✉ ♦ ❝❛rr♦ ❝❤❡❢❡ ❞❛ ✜❧tr❛❣❡♠ ❧✐♥❡❛r
❛❞❛♣t❛t✐✈❛ ❡ ❢♦♥t❡ ❞❡ ✐♥s♣✐r❛çã♦ ♣❛r❛ ❛s r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s✳

❆ ♠❛♥❡✐r❛ ❝♦♠♦ ♦ s✐♥❛❧ ❞♦ ❡rr♦ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦♥tr♦❧❛r ♦ ❛❥✉st❡ ❞♦s ♣❡s♦s é ❞❡t❡r♠✐♥❛❞❛
♣❡❧❛ ❢✉♥çã♦ ❞❡ ❝✉st♦ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❞❡r✐✈❛r ♦ ❛❧❣♦r✐t♠♦ ❞❡ ✜❧tr❛❣❡♠ ❛❞❛♣t❛t✐✈❛ ❞❡ ✐♥t❡r❡ss❡ ❡
❡stá ✐♥t✐♠❛♠❡♥t❡ ❧✐❣❛❞❛ ❛♦ ♠ét♦❞♦ ❞❡ ♦t✐♠✐③❛çã♦ ✉t✐❧✐③❛❞♦✳ ❈♦♠♦ ❡①❡♠♣❧♦s ❞❡ ♠ét♦❞♦s ❞❡
♦t✐♠✐③❛çã♦✱ ♣♦❞❡✲s❡ ❝✐t❛r ❛❧❣✉♠❛s té❝♥✐❝❛s ❞❡ ♦t✐♠✐③❛çã♦ ✐rr❡str✐t❛s ❝❧áss✐❝❛s r❡❧❛❝✐♦♥❛❞❛s ❝♦♠
♦ ❛ss✉♥t♦✿ ❞❡s❝✐❞❛ ♠❛✐s í♥❣r❡♠❡ ✭❣r❛❞✐❡♥t❡✮✱ ◆❡✇t♦♥ ❡ ●❛✉ss✲◆❡✇t♦♥✳ ◆♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦
q✉❡ s❡rá ❛♣r❡s❡♥t❛❞♦ ❛ s❡❣✉✐r✱ ❛♣❧✐❝❛✲s❡ ♦ ♠ét♦❞♦ ❞♦ ❣r❛❞✐❡♥t❡ ✭❞❡s❝✐❞❛ ♠❛✐s í♥❣r❡♠❡✮✳ ❊st❡
❛❧❣♦r✐t♠♦ ❢❛③ ♦ ❛❥✉st❡ ✭❛❞❛♣t❛çã♦✮ ❞♦s ♣❡s♦s ❞♦ ✜❧tr♦ ✉s❛♥❞♦ ❛ ♠✐♥✐♠✐③❛çã♦ ❞♦ ❡rr♦ q✉❛❞rát✐❝♦
♠é❞✐♦ ✭▼❙❊✱ ❞♦ ✐♥❣❧ês ♠❡❛♥ sq✉❛r❡ ❡rr♦r✮✳

❆ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❜❛s❡❛❞❛ ♥♦ ▼❙❊ t❡♠ ❛ ❢♦r♠❛ q✉❛❞rát✐❝❛ ❡ ❣❛r❛♥t❡ ✉♠ ♣♦♥t♦ ❞❡ ♠í♥✐♠♦✳
▲♦❣♦✱ ♦ ✈❡t♦r ❞❡ ♣❡s♦s ✇∗✱ ❛ss♦❝✐❛❞♦ ❛♦ ♣♦♥t♦ ❞❡ ♠í♥✐♠♦✱ ❡①✐st❡ ❡ ❛ s♦♠❛ ❞♦ ❡rr♦ q✉❛❞rát✐❝♦ ✭ξ✮
s♦❜r❡ t♦❞♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❡♥tr❛❞❛s é ♠í♥✐♠❛ ❡ ♣♦ssí✈❡❧ ❞❡ s❡r ❞❡t❡r♠✐♥❛❞❛✳ ▼❛t❡♠❛t✐❝❛♠❡♥t❡✱
t❡♠✲s❡ q✉❡ ∃ξ | ξ(✇∗) ≤ ξ(✇), ∀✇ ǫ R✳

❖ ❡rr♦ ❞❡ ♣r❡❞✐çã♦ e(n) ♣♦❞❡ s❡r ❡①♣r❡ss♦ ♣♦r✿

e(n) = d(n) − y(n). ✭✷✳✸✼✮
❆ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ ♦✉ s❡❥❛✱ ❛ ❢✉♥çã♦ s♦♠❛ ❞♦s ❡rr♦s q✉❛❞rát✐❝♦s ♣♦❞❡ s❡r ❝♦♥✈❡♥✐❡♥t❡♠❡♥t❡

❞❡✜♥✐❞❛ ♣♦r✿

ξ(✇) = E[|e(n)|2]. ✭✷✳✸✽✮
❆ ♠✐♥✐♠✐③❛çã♦ ❞♦ ❡rr♦ ♣♦❞❡ s❡r ❢❡✐t❛ ❝♦♠ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ✈❡t♦r ❣r❛❞✐❡♥t❡ ❡♠ ξ(✇)✱ ❞❛❞♦

♣♦r✿

∇ξ(✇) = ∇E[|e(n)|2] = E[∇|e(n)|2] = E[e(n)∇e∗(n)]

❡

∇e∗(n) = −①∗(n).

❘❡s✉❧t❛♥❞♦ ❡♠✿

∇ξ(♥) = −E[e(n)①∗(n)].

❈♦♠♦ ❛ ❛❞❛♣t❛çã♦ ✭❛❥✉st❡✮ ❞♦s ♣❡s♦s ❞❡✈❡ s❡r ❡❢❡t✉❛❞❛ ♥❛ ❞✐r❡çã♦ ♦♣♦st❛ ❛♦ ❣r❛❞✐❡♥t❡✱
t❡♠✲s❡✿

△✇ = ηE[e(n)①∗(n)]. ✭✷✳✸✾✮
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❯t✐❧✐③❛♥❞♦ ❛ ❡q✉❛çã♦ ❞❡ ❛t✉❛❧✐③❛çã♦ ❞♦s ♣❡s♦s✱ t❡♠✲s❡✿

✇(t+ 1) = ✇(t) + ηE[e(n)①∗(n)]. ✭✷✳✹✵✮
❆ss✐♠✱ ♣♦❞❡✲s❡ ❛t✉❛❧✐③❛r ✇ ❞✐s❝r❡t❛♠❡♥t❡ ❛♣ós ❛ ❛♣r❡s❡♥t❛çã♦ ❞❡ ❝❛❞❛ é♣♦❝❛ ❞❡ tr❡✐♥❛✲

♠❡♥t♦✳ ❖ ♣❛râ♠❡tr♦ η é ❛ t❛①❛ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✳ ◆♦ ❝❛s♦ ❞♦ ✜❧tr♦ ❧✐♥❡❛r ❛❞❛♣t❛t✐✈♦✱ ✈✐❛
❣r❛❞✐❡♥t❡ ❞❡s❝❡♥❞❡♥t❡✱ ❝♦♥❢♦r♠❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✷✱ ❛ ❛♠♦str❛ ♣r❡❞✐t❛ ŷ(n+ 1)
é ❞❛❞❛ ♣♦r✿

ŷ(n+ 1) = y(n) =
M−1∑

k=0

wk(n)y(n− k) = ✇T (n)①(n). ✭✷✳✹✶✮

❋♦r❛♠ r❡❛❧✐③❛❞❛s ♦♣❡r❛çõ❡s ❞❡ ✜❧tr❛❣❡♠ ✭❝♦♠♣❛r❛çã♦ ❞♦ s✐♥❛❧ ♦❜s❡r✈❛❞♦ ❝♦♠ ♦ ❡st✐♠❛❞♦✮
❡ ❞❡ ❛❞❛♣t❛çã♦ ✭❛❥✉st❡ ❞♦s ♣❡s♦s ❡♠ ❢✉♥çã♦ ❞♦ s✐♥❛❧ ❞♦ ❡rr♦✮✳ P❛r❛ ✉♠ ♣r♦❝❡ss♦ ❢r❛❝❛♠❡♥t❡
❡st❛❝✐♦♥ár✐♦✱ ❡st❡ ❛❧❣♦r✐t♠♦ ❝♦♥✈❡r❣❡ ♣❛r❛ ❛ ❡q✉❛çã♦ ❞❡ ❲■❊◆❊❘✲❍❖P❋✱ q✉❛♥❞♦ ❛ t❛①❛ ❞❡
❛♠♦str❛❣❡♠ η < 2/λmax✱ ❡♠ q✉❡ λmax ❬❍❆❨❊❙✱ ✶✾✾✻❪ é ♦ ♠❛✐♦r ❛✉t♦✈❛❧♦r ❞❛ ♠❛tr✐③ ❞❡ ❛✉t♦✲
❝♦rr❡❧❛çã♦ ❘✳

❖ ✜❧tr♦ ❞❡ ❲✐❡♥❡r ♣♦❞❡ s❡r ✈✐st♦ ❝♦♠♦ ✉♠ ♠♦❞❡❧♦ ❧✐♥❡❛r ❆❘ ♣✉r♦✱ ❛❞❡q✉❛❞♦ ❛ s✐st❡♠❛s
❧✐♥❡❛r❡s ❢r❛❝❛♠❡♥t❡ ❡st❛❝✐♦♥ár✐♦s ♦✉ àq✉❡❧❡s s✐st❡♠❛s q✉❡ ♣♦❞❡♠ s❡r ❝♦♥s✐❞❡r❛❞♦s ❡st❛❝✐♦♥ár✐♦s
❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❝♦♥s✐❞❡r❛❞♦ s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡✳ ❆ss✉♠✐r ❡st❛ ❤✐✲
♣ót❡s❡ t❡♠ ❞❡s✈❛♥t❛❣❡♥s✿ s✐st❡♠❛s ❝♦♠ ✈❛r✐❛çõ❡s rá♣✐❞❛s ♣♦❞❡♠ ❣❡r❛r ✐♥t❡r✈❛❧♦s r❡❧❛t✐✈❛♠❡♥t❡
♣❡q✉❡♥♦s ♣❛r❛ ❡st✐♠❛r ❛♣r♦♣r✐❛❞❛♠❡♥t❡ ♦s ♣❛râ♠❡tr♦s ❞♦ ✜❧tr♦❀ ♥ã♦ ❛❜s♦r✈❡♠ ❢❛❝✐❧♠❡♥t❡ ♠✉✲
❞❛♥ç❛s ❡str✉t✉r❛✐s ❞❡ ♥í✈❡❧❀ ✐♠♣õ❡ ✉♠ ♠♦❞❡❧♦ ❡st❛❝✐♦♥ár✐♦ ♣❛r❛ ❞❛❞♦s q✉❡ ❞❡r✐✈❛♠ ❞❡ ✉♠
♣r♦❝❡ss♦ ♥ã♦ ❡st❛❝✐♦♥ár✐♦✳

❊st❡ ♠ét♦❞♦ é ♣♦✉❝♦ ✉t✐❧✐③❛❞♦ ❡♠ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s ❡♠❜♦r❛ t❡♥❤❛ s✐❣♥✐✜❝❛❞♦ ♠✉✐t♦ ♣❛r❛
♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ t❡ór✐❝♦ ❞❡st❛ ár❡❛✳ ❆ r❛③ã♦ ♣❛r❛ ✐st♦ é q✉❡ ♣❛r❛ ❝♦♠♣✉t❛r ♦ ✈❡t♦r ❣r❛❞✐❡♥t❡
é ♥❡❝❡ssár✐♦ q✉❡ E[e(n)①∗(n)] s❡❥❛ ❝♦♥❤❡❝✐❞❛✳ ❆ss✐♠ ❛s ♠❛tr✐③❡s ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❞❡ ①(n) ❡
❝♦rr❡❧❛çã♦ ❝r✉③❛❞❛ ❞❡ d(n) ❡ ①(n) ❞❡✈❡♠ s❡r ❝♦♥❤❡❝✐❞❛s ❡ ♥❡♠ s❡♠♣r❡ ✐st♦ ❛❝♦♥t❡❝❡✱ s❡♥❞♦
♥❡❝❡ssár✐♦ ❡st✐♠á✲❧❛s ❛ ♣❛rt✐r ❞♦s ❞❛❞♦s ❞✐s♣♦♥í✈❡✐s✳

❖ ❛❧❣♦r✐t♠♦ ▲▼❙ ✭❧❡❛st ♠❡❛♥ sq✉❛r❡✮ s✉r❣✐✉ ♥❛ ❡st❡✐r❛ ❞❡st❡ ♣r♦❜❧❡♠❛ ❬❲■❉❘❖❲✱ ✶✾✼✻❪
❝❛❧❝✉❧❛♥❞♦ ♦s ✈❛❧♦r❡s ❞❛ ❢✉♥çã♦ ❞❡ ❝✉st♦ ❛ ♣❛rt✐r ❞❡ ❛♠♦str❛s ❞✐s♣♦♥í✈❡✐s ♥♦ ♠♦♠❡♥t♦✱ ♦✉ s❡❥❛

ξ(✇) =
1

2
e2(n) ✭✷✳✹✷✮

❡♠ q✉❡ e(n) é ♦ ❡rr♦ ♥♦ ✐♥st❛♥t❡ n✳ ❆ ❡s♣❡r❛♥ç❛ E[|e(n)|2] ❞♦ ♠ét♦❞♦ ❞♦ ❣r❛❞✐❡♥t❡ ❞❡s❝❡♥❞❡♥t❡
é s✉❜st✐t✉í❞❛ ♣❡❧♦ ❡rr♦ q✉❛❞r❛❞♦ ✐♥st❛♥tâ♥❡♦ |e(n)|2✳ ❉✐❢❡r❡♥❝✐❛♥❞♦ ξ(✇) ❡♠ r❡❧❛çã♦ ❛♦ ✈❡t♦r
♣❡s♦ ✇✱ r❡s✉❧t❛✿

∂ξ(✇)

∂✇ = e(n)
∂e(n)

∂✇ . ✭✷✳✹✸✮
❈♦♠♦ ♦ ❛❧❣♦r✐t♠♦ ▲▼❙ ♦♣❡r❛ ❛ss♦❝✐❛❞♦ ❛ ✉♠ ♥❡✉rô♥✐♦ ❧✐♥❡❛r✱ ♣♦❞❡✲s❡ ❡①♣r❡ss❛r ♦ s✐♥❛❧ ❞❡

❡rr♦ ♣♦r ♠❡✐♦ ❞❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

e(n) = d(n) − ①T (n)✇(n). ✭✷✳✹✹✮
❉❡r✐✈❛♥❞♦ ❛ ❡q✉❛çã♦ ❛♥t❡r✐♦r✱ t❡♠✲s❡✿
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∂e(n)

∂✇(n)
= −①(n). ✭✷✳✹✺✮

❙✉❜st✐t✉✐♥❞♦ ✭✷✳✹✺✮ ❡♠ ✭✷✳✹✸✮✱ ❝❤❡❣❛✲s❡ à ❡q✉❛çã♦✿
∂ξ(✇)

∂✇(n)
= −①(n)e(n). ✭✷✳✹✻✮

❯t✐❧✐③❛♥❞♦ ❛ ❡q✉❛çã♦ ❛♥t❡r✐♦r ❝♦♠♦ ♦ ✈❛❧♦r ❞♦ ✈❡t♦r ❣r❛❞✐❡♥t❡ ❡ s✉❜st✐t✉✐♥❞♦ ♥❛ ❡q✉❛çã♦
❞❡ ❛t✉❛❧✐③❛çã♦ ❞♦s ♣❡s♦s✱ ❝❤❡❣❛✲s❡ ❛♦ ❛❧❣♦r✐t♠♦ ▲▼❙

✇̂(n+ 1) = ✇̂(n) + η①(n)e(n) ✭✷✳✹✼✮
❡♠ q✉❡ η é ❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠✱ ✈❛r✐❛♥❞♦ ❡♥tr❡ ✵ ❡ ✶✳ ❆ ❛t✉❛❧✐③❛çã♦ ❞♦s ♣❡s♦s é ♣♦r ♠❡✐♦ ❞❛
r❡❛❧✐♠❡♥t❛çã♦ ❞♦ ✜❧tr♦ ❡ ✐♥✢✉✐ ♥❛ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛✳ ❖ ♣❛râ♠❡tr♦s t❛①❛ ❞❡ ❛♠♦str❛❣❡♠
η ❡ ❛s ❡♥tr❛❞❛s ✐♥✢✉❡♠ ♥❛ ❛t✉❛❧✐③❛çã♦ ❞♦s ♣❡s♦s q✉❡ ♣♦r s✉❛ ✈❡③ ❞❡t❡r♠✐♥❛♠ ❛ ❡st❛❜✐❧✐❞❛❞❡ ❞♦
s✐st❡♠❛✳

❆ r❡❛❧✐♠❡♥t❛çã♦ ❞♦ ✜❧tr♦ ▲▼❙ ❡♠ t♦r♥♦ ❞♦ ✈❡t♦r ❞❡ ♣❡s♦ ❡st✐♠❛❞♦ ✇̂✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛
❋✐❣✉r❛ ✷✳✷✱ ♣♦❞❡ ❢✉♥❝✐♦♥❛r ❝♦♠♦ ✉♠ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s✱ ❞❡✐①❛♥❞♦ ♣❛ss❛r ❛s ❢r❡qüê♥❝✐❛s ❜❛✐①❛s
❞♦ ❡rr♦ ❡ ❛t❡♥✉❛♥❞♦ ❛s ❛❧t❛s ❢r❡qüê♥❝✐❛s ❬❲■❉❘❖❲ ❛♥❞ ❙❚❊❘◆❙✱ ✶✾✽✺❪✳ ❚❛♠❜é♠✱ ♦ ✐♥✈❡rs♦
❞❡ η é ✉♠❛ ♠❡❞✐❞❛ ❞❡ ♠❡♠ór✐❛ ❞♦ ❛❧❣♦r✐t♠♦ ▲▼❙✱ ♦✉ s❡❥❛✱ ♣❛r❛ ✈❛❧♦r❡s ♠❡♥♦r❡s ❞❡ η ✉♠
♥ú♠❡r♦ ♠❛✐♦r ❞❡ ❞❛❞♦s ♣❛ss❛❞♦s s❡rá ❡♥tã♦ r❡❝♦r❞❛❞♦ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ▲▼❙✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠❛
❛çã♦ ❞❡ ✜❧tr❛❣❡♠ ♠❛✐s ❡❢❡t✐✈❛✳

◆♦ ❛❧❣♦r✐t♠♦ ❝♦♠ ❣r❛❞✐❡♥t❡ ❞❡ ❞❡s❝✐❞❛ ♠❛✐s í♥❣r❡♠❡✱ ♦ ✈❡t♦r ♣❡s♦ ✇ s❡❣✉❡ ✉♠❛ tr❛❥❡tór✐❛
❜❡♠ ❞❡✜♥✐❞❛ ❞❡ ❡♥❝♦♥tr♦ à s♦❧✉çã♦ ót✐♠❛ ❞❡ ❲✐❡♥❡r ✭✇0✮ ♣❛r❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ t❛①❛ η✳ P♦r
♦✉tr♦ ❧❛❞♦✱ ♥♦ ❛❧❣♦r✐t♠♦ ▲▼❙✱ ♦ ✈❡t♦r ❞❡ ♣❡s♦ ✇̂ tr❛ç❛ ✉♠❛ tr❛❥❡tór✐❛ ❛❧❡❛tór✐❛✳ P♦r ❡st❛ r❛③ã♦✱
t❛♠❜é♠ é ❝❤❛♠❛❞♦ ❞❡ ❛❧❣♦r✐t♠♦ ❞♦ ❣r❛❞✐❡♥t❡ ❡st♦❝ást✐❝♦✳ ❆ss✐♠✱ ♦ ❛❧❣♦r✐t♠♦ ♣♦❞❡ r❡❛❧✐③❛r
✉♠❛ ❝❛♠✐♥❤❛❞❛ ❛❧❡❛tór✐❛ ♣❛r❛ ✉♠ ♣♦♥t♦ ♣ró①✐♠♦ ❞❛ s♦❧✉çã♦ ót✐♠❛ ❞❡ ❲✐❡♥❡r ✭✇0✮✳

P♦st❡r✐♦r♠❡♥t❡✱ s✉r❣✐r❛♠ ♦✉tr♦s ♠♦❞❡❧♦s q✉❡ ❞❡r✐✈❛r❛♠ ❞♦ ▲▼❙ ♦r✐❣✐♥❛❧✳ ❚❛♠❜é♠ ❢♦✐
❞❡s❡♥✈♦❧✈✐❞♦ ♦ ✜❧tr♦ r❡❝✉rs✐✈♦✱ q✉❡ ❣❡r❛❧♠❡♥t❡ ❝♦♥✈❡r❣❡ ♠❛✐s rá♣✐❞♦ q✉❡ ♦ ✜❧tr♦ ▲▼❙✳ ❖ ✜❧tr♦
r❡❝✉rs✐✈♦ t❡♠ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♣r❡✈✐sã♦ s❡♠❡❧❤❛♥t❡ ❛♦ ▲▼❙✱ ♠❛s é ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ♠❛✐s
❝♦♠♣❧❡①♦ ❡ ♥✉♠❡r✐❝❛♠❡♥t❡ ♠❛✐s ✐♥stá✈❡❧ ❬❍❆❨❊❙✱ ✶✾✾✻❪✳

❖ ❝♦♥❤❡❝✐♠❡♥t♦ ❛❞q✉✐r✐❞♦ ❝♦♠ ♦s ❡st✉❞♦s s♦❜r❡ ❡st❡ t✐♣♦ ❞❡ ✜❧tr♦ ❢♦✐ ✐♠♣♦rt❛♥t❡ ♣❛r❛ ♦
❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s ❛ss♦❝✐❛❞❛s à ♣r❡✈✐sã♦
❞❡ sér✐❡s t❡♠♣♦r❛✐s✳ ❊st❡ t✐♣♦ ❞❡ r❡❞❡ ❞❡♣❡♥❞❡ ❞❛ ❡①tr❛çã♦ ❡ ❞❛ tr❛♥s❢❡rê♥❝✐❛ ❡✜❝❛③ ❞❛s ✐♥❢♦r✲
♠❛çõ❡s ❝♦♥t✐❞❛s ♥❛s ❛♠♦str❛s ♣❛r❛ ♦s s❡✉s ♣❛râ♠❡tr♦s ❧✐✈r❡s✳ ❯♠ ♦❜❥❡t✐✈♦ ♥❛t✉r❛❧ s❡r✐❛ ✉t✐❧✐③❛r
♠ét♦❞♦s q✉❡ ♠❛♥✐♣✉❧❛ss❡♠ ❞✐r❡t❛♠❡♥t❡ ❛ ✐♥❢♦r♠❛çã♦ ❡ r❡q✉❡r❡ss❡♠ s♦♠❡♥t❡ ❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡
❞❛s ✐♥❢♦r♠❛çõ❡s ♥♦s ❞❛❞♦s✱ ♥ã♦ ♥❡❝❡ss✐t❛♥❞♦ ❞❡ s✉♣♦s✐çõ❡s ❛ ♣r✐♦r✐ s♦❜r❡ ❛s ❞✐str✐❜✉✐çõ❡s ❞♦s
❞❛❞♦s✳ ❖ ♣♦♥t♦ ❝r✉❝✐❛❧ ❡r❛ ❡♥❝♦♥tr❛r ❛ ♠❡t♦❞♦❧♦❣✐❛ ❛♣r♦♣r✐❛❞❛ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ♦ ♣♦t❡♥❝✐❛❧ ❞❡
✐♥❢♦r♠❛çõ❡s ❝♦♥t✐❞♦ ♥❛ sér✐❡ t❡♠♣♦r❛❧ ❡ tr❛♥s❢❡r✐✲❧❛s tã♦ ❡✜❝✐❡♥t❡♠❡♥t❡ q✉❛♥t♦ ♣♦ssí✈❡❧ ♣❛r❛
♦s ♣❛râ♠❡tr♦s ❧✐✈r❡s ❞❛ r❡❞❡ ♥❡✉r❛❧ ❛rt✐✜❝✐❛❧✳

◆♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦ ✉t✐❧✐③❛✲s❡ ✉♠❛ ❛♣r♦①✐♠❛çã♦ ♥ã♦ ♣❛r❛♠étr✐❝❛ ♣❛r❛ ❡st✐♠❛r ❛ ❡♥tr♦♣✐❛✱
♥❛ q✉❛❧ ❛ ✐♥t❡❣r❛çã♦ ❞❛ ❡♥tr♦♣✐❛ q✉❛❞rát✐❝❛ ❞❡ ❘❡♥②✐✱ ❞❛ ✐♥❡q✉❛çã♦ ❞❡ ❈❛✉❝❤②✲❙❝❤✇❛rt③ ❡ ❞❛
❥❛♥❡❧❛ ❞❡ P❛r③❡♥ ❢♦r♥❡❝❡♠ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❡st✐♠❛r ❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛✳ ❊st❡ ♠ét♦❞♦ é ♠✉✐t♦
♣rát✐❝♦ ❡ ❛❥✉❞❛ ❛ ❝♦♥t♦r♥❛r ♦ ♣r♦❜❧❡♠❛ ❞❛ ❡st✐♠❛t✐✈❛ ❞❛ ❢✉♥çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✳
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❊st❡s ✈❛❧♦r❡s ❡st✐♠❛❞♦s ❞❡ ✐♥❢♦r♠❛çã♦ ♠út✉❛✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ♦s ❝♦♥❝❡✐t♦s ❞❡ r❡❧❡✈â♥❝✐❛ ❡ ❞❡
r❡❞✉♥❞â♥❝✐❛✱ s❡rã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡
❝❛r❛❝t❡ríst✐❝❛s✳



❈❛♣ít✉❧♦ ✸

❙❡❧❡çã♦ ❞❡ ❱❛r✐á✈❡✐s ❡ ❈❛r❛❝t❡ríst✐❝❛s

✸✳✶ ■♥tr♦❞✉çã♦
❊♠ ♠♦❞❡❧♦s ❞❡ ♣r❡❞✐çã♦ ♣❛r❛ ♠❡r❝❛❞♦s ✜♥❛♥❝❡✐r♦s ❡ ♠❡t❡♦r♦❧♦❣✐❛ ❡①✐st❡ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦

❞❡ ✈❛r✐á✈❡✐s ❡①ó❣❡♥❛s ❝❛♥❞✐❞❛t❛s✳ ❙✉r❣❡✱ ❡♥tã♦ ❛ q✉❡stã♦ ❞❡ s❡ ❞❡t❡r♠✐♥❛r q✉❛❧ ♦ s✉❜❝♦♥❥✉♥t♦
❞❡ ✈❛r✐á✈❡✐s ♦❢❡r❡❝❡ ♠❡❧❤♦r q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦✳ ❆ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s t❛♠❜é♠ é ✐♠♣♦r✲
t❛♥t❡ ♣❛r❛ ár❡❛s ❞❡ ♣❡sq✉✐s❛s ❝♦♠♦ ❛ ♠♦❞❡❧❛❣❡♠ ❞❡ s✐st❡♠❛s ❝♦♠♣❧❡①♦s✱ ♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s
❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s✳ ❖s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s ❞❡st❛s ár❡❛s ❣❡r❛❧♠❡♥t❡ ❛♣r❡s❡♥t❛♠ ❛❧t❛
❞✐♠❡♥sã♦ ❡ ✐st♦ ❝r✐❛ ♣r♦❜❧❡♠❛s ♣❛r❛ ♦s ❛❧❣♦r✐t♠♦s ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✳ ▲♦❣♦✱ ❛ r❡❞✉çã♦ ❞❛ ❞✐✲
♠❡♥sã♦ ♦✉ ❛ s❡❧❡çã♦ ❞❡ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝t❡ríst✐❝❛s t♦r♥❛♠ ♦ ♠♦❞❡❧♦ ♠❛✐s
♣❛r❝✐♠♦♥✐♦s♦✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❛♣r❡♥❞✐③❛❞♦ ✜❝❛ ♠❡❧❤♦r✱ ♠❛✐s rá♣✐❞♦ ❡ ♠❛✐s ❢á❝✐❧ ❞❡ s❡r ❡♥t❡♥✲
❞✐❞♦✳ ❚❛♠❜é♠ ♣♦❞❡ ❡✈✐t❛r ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡①❝❡ss♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ✭♦✈❡r✜tt✐♥❣✮ ❡ ❧✐❞❛r ♠❡❧❤♦r
❝♦♠ ♦ ♣r♦❜❧❡♠❛ ❞❛ ❛❧t❛ ❞✐♠❡♥sã♦✳ ❯♠ ♠♦❞❡❧♦ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ❡♠ ♦✈❡r✜tt✐♥❣ q✉❛♥❞♦ ♦
s❡✉ ❡rr♦ ❞❡ tr❡✐♥❛♠❡♥t♦ é ♠✉✐t♦ ♣❡q✉❡♥♦✱ ♠❛s t❡♠ r❡s✉❧t❛❞♦s ❞❡ ♣r❡✈✐sã♦ ♣♦❜r❡s ♣❛r❛ ❞❛❞♦s
❢♦r❛ ❞❛ ❛♠♦str❛ ❞❡ tr❡✐♥❛♠❡♥t♦✳

◆♦ ❝♦♥t❡①t♦ ❞❛ ♣r❡✈✐sã♦ ❞❡ sér✐❡s ♥♦ t❡♠♣♦✱ ♦s ♦❜❥❡t✐✈♦s ♣r✐♥❝✐♣❛✐s ❞❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s
❣❡r❛❧♠❡♥t❡ sã♦✿ ♠❡❧❤♦r❛r ❛ ♣❡r❢♦r♠❛♥❝❡ ❞❡ ♣r❡❞✐çã♦ ❞♦s ♠♦❞❡❧♦s❀ ❞✐♠✐♥✉✐r ♦s ❝✉st♦s ❞❡ ♣r♦✲
❝❡ss❛♠❡♥t♦❀ ♣r♦✈❡r ✉♠ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦ s♦❜r❡ ♦ ♣r♦❝❡ss♦ ❛♥❛❧✐s❛❞♦✳ ❖ ♦❜❥❡t✐✈♦✱ ♣♦rt❛♥t♦✱
é ❡s❝♦❧❤❡r ❡st❛t✐st✐❝❛♠❡♥t❡ ✉♠ s✉❜❝♦♥❥✉♥t♦ ♠í♥✐♠♦ ❞❡ ✈❛r✐á✈❡✐s ❛ ♣❛rt✐r ❞♦ ❝♦♥❥✉♥t♦ ♦r✐❣✐♥❛❧
❞❛s ♣♦ssí✈❡✐s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❞♦ ♣r♦❝❡ss♦ ❬❑❖❍❆❱■ ❛♥❞ ❏❖❍◆✱ ✶✾✾✼❪✳ ❚♦❞❛✈✐❛✱ ❡♥❝♦♥tr❛r
✉♠ s✉❜❝♦♥❥✉♥t♦ ót✐♠♦ é ✉♠ ♣r♦❜❧❡♠❛ às ✈❡③❡s ✐♥tr❛tá✈❡❧ ❬●❯❨❖◆ ❛♥❞ ❊▲■❙❙❊❊❋❋✱ ✷✵✵✸❪✳
▼✉✐t♦s ♣r♦❜❧❡♠❛s r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❢♦r❛♠ ❝❛r❛❝t❡r✐③❛❞♦s ❝♦♠♦ ❞❡ ❞✐❢í❝✐❧
s♦❧✉çã♦ ❬❇▲❯▼ ❛♥❞ ▲❆◆●▲❊❨✱ ✶✾✾✼❪✳

❱✐st♦ ❞❡ ✉♠❛ ♠❛♥❡✐r❛ ♥ã♦ ❢♦r♠❛❧✱ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❝❛✉s❛❧✐❞❛❞❡ ❞❡ ●❘❆◆●❊❘ ❬●❘❆◆●❊❘✱ ✶✾✻✾❪
♣❛r❛ sér✐❡s t❡♠♣♦r❛✐s ❜❛s❡✐❛✲s❡ ♥❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡✱ ♦✉ s❡❥❛✱ Yt é ❝❛✉s❛❞♦ ♣♦r Xt s❡
❛ ♣r❡✈✐sã♦ ❞❡ Yt é ♠❡❧❤♦r q✉❛♥❞♦ s❡ ✉t✐❧✐③❛ ✈❛❧♦r❡s ❞❡ Xt ❞♦ q✉❡ s♦♠❡♥t❡ ❝♦♠ ✈❛❧♦r❡s ❞♦ ♣ró♣r✐♦
Yt✳ ❊st❡ ❝♦♥❝❡✐t♦ s❡rá ❢♦r♠❛❧✐③❛❞♦ ♥❛ ❙❡çã♦ ✸✳✷ ❡ s❡rá ✉t✐❧✐③❛❞♦ ♣❛r❛ ❢✉♥❞❛♠❡♥t❛r ♦ ♠ét♦❞♦
❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ♣r♦♣♦st♦ ♥❡st❡ ❝❛♣ít✉❧♦✳ ❊♥tr❡t❛♥t♦✱ é ♠✉✐t♦ ❞✐❢í❝✐❧ s❡ ❢❛③❡r ✐♥❢❡rê♥❝✐❛
s♦❜r❡ ❛ ❡①✐stê♥❝✐❛ ❞❡ r❡❧❛çõ❡s ❞❡ ❝❛✉s❛❧✐❞❛❞❡✳ ❖❜s❡r✈❛✲s❡ q✉❡ ❛ ❡①✐stê♥❝✐❛ ❞❡ ❝♦rr❡❧❛çã♦ ❡♥tr❡
❞✉❛s ✈❛r✐á✈❡✐s ♥ã♦ ✐♠♣❧✐❝❛ ❡♠ ✉♠❛ r❡❧❛çã♦ ❞❡ ❝❛✉s❛ ❡ ❡❢❡✐t♦ ❡♥tr❡ ❛s ♠❡s♠❛s ❥á q✉❡ ❛♠❜❛s
♣♦❞❡♠ ❡st❛r r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ✉♠❛ t❡r❝❡✐r❛✳

❖s ♠ét♦❞♦s ❡❝♦♥♦♠étr✐❝♦s ❝r✐❛❞♦s ♣❛r❛ ❛s ár❡❛s ❞❡ ❡❝♦♥♦♠✐❛ ❡ ✜♥❛♥ç❛s✱ ❜❛s❡❛❞♦s ❡♠ r❡✲

✸✶



❈❆P❮❚❯▲❖ ✸✳ ❙❊▲❊➬➹❖ ❉❊ ❱❆❘■➪❱❊■❙ ❊ ❈❆❘❆❈❚❊❘❮❙❚■❈❆❙ ✸✷

❣r❡ssã♦ ✭❱❆❘✱ ❱❊❈✲▼ ❡ ♦✉tr♦s✮✱ ✉t✐❧✐③❛♥❞♦ ❛ ❛♥á❧✐s❡ ❞❡ ❝♦✲✐♥t❡❣r❛çã♦ ❡ ❝♦♥str✉çã♦ ❞❡ ❝❡♥ár✐♦s
✭❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐✮✱ sã♦ ♠❛✐s ✉t✐❧✐③❛❞♦s ♣❡❧♦s ♣r♦✜ss✐♦♥❛✐s ❞❡st❛s ár❡❛s q✉❡ ♦s ♠ét♦❞♦s
♠✉❧t✐✈❛r✐❛❞♦s✳ ❖❜s❡r✈❛✲s❡ q✉❡ ♦s ♠♦❞❡❧♦s ❡❝♦♥♦♠étr✐❝♦s ❥á ❞✐s♣õ❡♠ ❞❡ ❢❡rr❛♠❡♥t❛s ♣❛r❛ ❡st✐✲
♠❛r r❡❧❡✈â♥❝✐❛ ✭t❡st❡ t✱ t❡st ❋✱ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❡ ❝♦rr❡❧❛çã♦ ❝❛♥ô♥✐❝❛✮ ❡ r❡❞✉♥❞â♥❝✐❛
✭t❡st❡ ❞❡ ♠✉❧t✐❝♦❧✐♥❡❛r✐❞❛❞❡✱ ❝♦❡✜❝✐❡♥t❡s ❞❡ ❝♦rr❡❧❛çã♦✱ r❡❣r❡ssã♦ ❛♦s ♣❛r❡s✱ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦✲
♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ❡ ❛♥á❧✐s❡ ❞❡ ❢❛t♦r❡s✮✳

❆ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ♣r♦♣♦st❛ ♥❡st❡ ❝❛♣ít✉❧♦ ❢❛③ ❛ ❛✈❛❧✐❛çã♦ ❞❛ r❡❧❡✈â♥❝✐❛
❡ ❞❛ r❡❞✉♥❞â♥❝✐❛✳ ❖ ♦❜❥❡t✐✈♦ é ❝♦♥tr✐❜✉✐r ♣❛r❛ ♠❡❧❤♦r❛r ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♠♦❞❡❧♦s ❞❡
♣r❡✈✐sã♦ ♠✉❧t✐✈❛r✐❛❞♦s t✐♣♦ ▼■❙❖ ✭♠✉❧t✐♣❧❡ ✐♥♣✉ts ❛♥❞ s✐♥❣❧❡ ♦✉t♣✉t✮ ❡ ▼■▼❖ ✭♠✉❧t✐♣❧❡ ✐♥♣✉ts
❛♥❞ ♠✉❧t✐♣❧❡ ♦✉t♣✉t✮ ♥ã♦ ❜❛s❡❛❞♦s ❡♠ t❡♦r✐❛ ♦✉ ♥❛q✉❡❧❡s ❝❛s♦s ❡♠ q✉❡ ❡①✐st❛ ✉♠❛ t❡♦r✐❛✱ ♠❛s ♦
❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐ s♦❜r❡ ♦ ❛ss✉♥t♦ ✈❛r✐❛ ♥♦ t❡♠♣♦ ✭t❛①❛ ❞❡ ❝â♠❜✐♦✮ ♦✉ ♥ã♦ ❡stá ❞✐s♣♦♥í✈❡❧
❡♠ t❡♠♣♦ ✈✐á✈❡❧ ✭❞❛❞♦s ✐♥tr❛✲❞✐ár✐♦s ❞♦ ♠❡r❝❛❞♦ ✜♥❛♥❝❡✐r♦✮✳ ❚❛♠❜é♠ ♣♦❞❡ s❡r ❝♦♠❜✐♥❛❞❛
❝♦♠ ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ t❡♦r✐❛✱ ❝♦♠♦ ♦s ♠ét♦❞♦s ❡❝♦♥♦♠étr✐❝♦s✱ ❛✉♠❡♥t❛♥❞♦ ❛ ❝❛♣❛❝✐❞❛❞❡
❞❡ ❝❛♣t❛r ♠❛✐s ✐♥❢♦r♠❛çõ❡s✳

❊st❡ ❝❛♣ít✉❧♦ ❢♦✐ ♦r❣❛♥✐③❛❞♦ ❝♦♠♦ s❡❣✉❡✿ ❛ ❙❡çã♦ ✸✳✷ ❛♣r❡s❡♥t❛ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❝❛✉s❛❧✐❞❛❞❡
❞❡ ●❘❆◆●❊❘ ✭✶✾✻✾✮ ❡♥tr❡ sér✐❡s t❡♠♣♦r❛✐s ❡ ✈❡t♦r❡s ❞❡ sér✐❡s t❡♠♣♦r❛✐s❀ ❛ ❙❡çã♦ ✸✳✸ ❢❛③ ✉♠❛
✐♥tr♦❞✉çã♦ ❛♦s ♠ét♦❞♦s ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝t❡ríst✐❝❛s❀ ❛ ❙❡çã♦ ✸✳✹ ❛♣r❡s❡♥t❛ ✉♠❛
♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s✳

✸✳✷ ❉❡✜♥✐çõ❡s ❢♦r♠❛✐s ❞❡ ❝❛✉s❛❧✐❞❛❞❡ ❡♥tr❡ sér✐❡s t❡♠♣♦✲
r❛✐s

❆s ❞❡✜♥✐çõ❡s ❛ s❡❣✉✐r sã♦ ❜❛s❡❛❞❛s ♥♦ ❝♦♥❝❡✐t♦ ❞❡ ❝❛✉s❛❧✐❞❛❞❡ ❞❡ ●❘❆◆●❊❘ ✭✶✾✻✾✮ ❡
❛♣r❡s❡♥t❛❞♦s ❡♠ ❬❈❯◆❍❆✱ ✶✾✾✼❪✳ ❊st❡s ❝♦♥❝❡✐t♦s sã♦ ✐♠♣♦rt❛♥t❡s ♥❡st❡ ❝♦♥t❡①t♦ ♣♦rq✉❡ s❡rã♦
✉t✐❧✐③❛❞♦s ♣❛r❛ ❞❛r s✉st❡♥t❛çã♦ t❡ór✐❝❛ à ❡s❝♦❧❤❛ ❞♦ ♠ét♦❞♦ ❞❡ s❡❧❡çã♦ ❞❛s ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝✲
t❡ríst✐❝❛s ♣r♦♣♦st♦ ♥❡st❛ t❡s❡✳ ❖s t❡st❡s ❞❡ ●r❛♥❣❡r ♥ã♦ s❡rã♦ ❛♣❧✐❝❛❞♦s ♥❡st❛ t❡s❡ ♣♦rq✉❡ sã♦
❛❞❡q✉❛❞♦s s♦♠❡♥t❡ ♣❛r❛ s✐st❡♠❛s ❧✐♥❡❛r❡s✱ ♠❛s ♦ ❝♦♥❝❡✐t♦ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞♦ ♥❡st❡ ❝♦♥t❡①t♦✳

❙❡❥❛♠ {①t, t = 0,±1,±2, ...} ❡ {②t, t = 0,±1,±2, ...} ♣r♦❝❡ss♦s ❡st♦❝ást✐❝♦s ❡st❛❝✐♦♥ár✐♦s✳
➱ ❞❛❞♦ q✉❡ ①t = {①t−j, j = 1, 2, ...} é ♦ ❝♦♥❥✉♥t♦ ❞♦s ✈❛❧♦r❡s ♣❛ss❛❞♦s ❞❡ ①t ❡ ①t = {①t−j, j =
0, 1, 2, ...} é ♦ ❝♦♥❥✉♥t♦ ❞♦s ✈❛❧♦r❡s ♣❛ss❛❞♦s ❡ ♣r❡s❡♥t❡s ❞❡ ①t✳ ❆s ♠❡s♠❛s ❞❡✜♥✐çõ❡s sã♦
❛♣❧✐❝❛❞❛s ❛ ②t ❡ ②t✳

❙❡❥❛❆t ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✐♥❢♦r♠❛çõ❡s q✉❡ ✐♥❝❧✉✐ ❛s sér✐❡s ①t ❡ ②t✱ ❝♦♠ ✐♥❢♦r♠❛çõ❡s ❞✐s♣♦♥í✈❡✐s
❛té ♦ ✐♥st❛♥t❡ t = 0 ❡ ❆t ❛té ♦ ✐♥st❛♥t❡ t = 1✳ ❙❡❥❛ t❛♠❜é♠ ❆t − ①t ♦ ❝♦♥❥✉♥t♦ ❞❡ ✐♥❢♦r♠❛çõ❡s
q✉❡ ❡①❝❧✉✐ ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ①t✳

❙❡❥❛ t❛♠❜é♠ P (②t/❆t) ✉♠ ♣r❡✈✐s♦r ❞❡ ♠í♥✐♠♦s q✉❛❞r❛❞♦s ót✐♠♦ ♥ã♦ ✈✐❝✐❛❞♦ ❞❡ ②t✱ ✉s❛♥❞♦
♦ ❝♦♥❥✉♥t♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ ❆t ❬❍❆▼■▲❚❖◆✱ ✶✾✾✹❪✳ ❉❛❞♦ t❛♠❜é♠ q✉❡ ♦ ❡rr♦ ❞❡ ♣r❡✈✐sã♦ é
ε(②t/❆t) = ②t − P (②t/❆t) ❡ ❛ ✈❛r✐â♥❝✐❛ ❞♦ ❡rr♦ ❞❡ ♣r❡✈✐sã♦ é σ2(②t/❆t)✳

❉❡✜♥✐çã♦ ✸✳✷✳✶✿✿ ❈❛✉s❛❧✐❞❛❞❡ ❡♥tr❡ sér✐❡s t❡♠♣♦r❛✐s
①t ❝❛✉s❛ ②t s❡

σ2(②t/❆t) < σ2(②t/(❆t − ①t)) ✭✸✳✶✮
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♦✉ s❡❥❛✱ ♦ ♣r❡✈✐s♦r ❞❛ sér✐❡ t❡♠♣♦r❛❧ ②t ♣♦❞❡ ❛♣r❡s❡♥t❛r ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❞❡ ♣r❡✈✐sã♦ ✉s❛♥❞♦
t♦❞❛ ❛ ✐♥❢♦r♠❛çã♦ ❞✐s♣♦♥í✈❡❧✱ ✐st♦ é✱ ✉t✐❧✐③❛♥❞♦ ♦ ♣❛ss❛❞♦ ❞❡ ②t ❡ ❞❡ ①t✳ ❉✐③✲s❡ q✉❡ ①t ❛♥t❡❝❡❞❡
②t✳

❉❡✜♥✐çã♦ ✸✳✷✳✷✿ ❈❛✉s❛❧✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛
①t ❝❛✉s❛ ②t ✐♥st❛♥t❛♥❡❛♠❡♥t❡ s❡

σ2(②t/(❆t,①t)) < σ2(②t/❆t). ✭✸✳✷✮
❖ ✈❛❧♦r ♣r❡s❡♥t❡ ❞❡ ②t ♣♦❞❡ s❡r ♠❡❧❤♦r ♣r❡✈✐st♦ s❡ ♦ ✈❛❧♦r ♣r❡s❡♥t❡ ❞❡ ①t t❛♠❜é♠ ❢♦r

✉t✐❧✐③❛❞♦✳

❉❡✜♥✐çã♦ ✸✳✷✳✸✿ ❊❢❡✐t♦ ❞❡ r❡tr♦✲❛❧✐♠❡♥t❛çã♦ ✐♥st❛♥tâ♥❡♦
◗✉❛♥❞♦ ①t ❝❛✉s❛ ②t ❡ t❛♠❜é♠ ②t ❝❛✉s❛ ①t ✐♥st❛♥t❛♥❡❛♠❡♥t❡ t❡♠✲s❡ ♦ ❡❢❡✐t♦ ❞❡ r❡tr♦✲

❛❧✐♠❡♥t❛çã♦ ✐♥st❛♥tâ♥❡♦✳

❖❜s❡r✈❛✲s❡ q✉❡ ❛s ✐♥t❡r✲r❡❧❛çõ❡s ❡♥tr❡ ❞✉❛s sér✐❡s ♥♦ t❡♠♣♦ ①t ❡ ②t t❡♠ três ❞✐♠❡♥sõ❡s✿ ①t

❝❛✉s❛ ♦✉ ♥ã♦ ②t❀ ②t ❝❛✉s❛ ♦✉ ♥ã♦ ①t❀ ♦❝♦rr❡ ❝❛✉s❛❧✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛✳ ❆ss✐♠✱ ♦ ❡s♣❛ç♦ ❞❛s
r❡❧❛çõ❡s ❞❡ ❝❛✉s❛❧✐❞❛❞❡ é ❞❡ ♦✐t♦ ♣♦ss✐❜✐❧✐❞❛❞❡s✱ ❝♦♠♦ ✐❧✉str❛❞♦ ❞❡ ❢♦r♠❛ ❜✐♥ár✐❛ ❡ ❡♠ ♥♦t❛çã♦
♠❛t❡♠át✐❝❛ ❝♦♠♣❛❝t❛ ♥❛ ❚❛❜❡❧❛ ✸✳✶✳
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P♦ss✐❜✐❧✐❞❛❞❡ ◆♦t❛çã♦ ♠❛t❡♠át✐❝❛ ◆♦t❛çã♦ ❜✐♥ár✐❛
①t ❡ ②t sã♦ ✐♥❞❡♣❡♥❞❡♥t❡s ①t ⊥ ②t ✵✵✵
❝❛✉s❛❧✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ①t − ②t ✵✵✶
①t ❝❛✉s❛ ②t s♦♠❡♥t❡ ①t → ②t ✶✵✵

①t ❝❛✉s❛ ②t ✐♥st❛♥t❛♥❡❛♠❡♥t❡ ①t ⇒ ②t ✶✵✶
②t ❝❛✉s❛ ①t s♦♠❡♥t❡ ②t → ①t ✵✶✵

②t ❝❛✉s❛ ①t ✐♥st❛♥t❛♥❡❛♠❡♥t❡ ②t ⇒ ①t ✵✶✶
r❡tr♦✲❛❧✐♠❡♥t❛çã♦✱ ♥ã♦ ✐♥st❛♥t❛♥❡❛♠❡♥t❡ ①t ↔ ②t ✶✶✵

r❡tr♦✲❛❧✐♠❡♥t❛çã♦ ❡ ❝❛✉s❛❧✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ①t ⇔ ②t ✶✶✶
❚❛❜✳ ✸✳✶✿ ❘❡❧❛çõ❡s ❞❡ ❝❛✉s❛❧✐❞❛❞❡ ❡♥tr❡ ①t ❡ ②t

◗✉❛♥❞♦ ❛s sér✐❡s ♥♦ t❡♠♣♦ ①t ❡ ②t ♥ã♦ sã♦ ❡st❛❝✐♦♥ár✐❛s ❛♣❧✐❝❛✲s❡ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ q✉❡
♣r❡s❡r✈❡ ❛s r❡❧❛çõ❡s ❞❡ ❝❛✉s❛❧✐❞❛❞❡ ✭tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r❀ ❞✐❢❡r❡♥ç❛s s✐♠♣❧❡s ❡ s❛③♦♥❛✐s❀ ♦✉tr❛s✮✳
❈❛s♦ ❛ sér✐❡ ❛♦ s❡r ❞✐❢❡r❡♥❝✐❛❞❛ s❡ t♦r♥❡ ❡st❛❝✐♦♥ár✐❛✱ ❞✐③✲s❡ q✉❡ ❛ ♠❡s♠❛ é ❤♦♠♦❣ê♥❡❛✱ ❝❛s♦
❝♦♥trár✐♦✱ é ❝❤❛♠❛❞❛ ❞❡ ❤❡t❡r♦❣ê♥❡❛✳

❉❡✜♥✐çã♦ ✸✳✷✳✹✿ ❈❛✉s❛❧✐❞❛❞❡ ❡♥tr❡ ✈❡t♦r❡s ❞❡ sér✐❡s t❡♠♣♦r❛✐s
❉❛❞♦ q✉❡ {❳t, t = 0,±1,±2, ...} ❡ {❨t, t = 0,±1,±2, ...} sã♦ ❞♦✐s ✈❡t♦r❡s ❝♦♠ ❞✐♠❡♥sã♦

b1 ❡ b2✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❞❡ sér✐❡s ♥♦ t❡♠♣♦ ❡st❛❝✐♦♥ár✐❛s ❞❡ s❡❣✉♥❞❛ ♦r❞❡♠✱ ❡♠ q✉❡ ❳t =
①1t, . . . ,①b1t ❡ ❨t = ②1t, . . . ,②b2t✳

❉❡✜♥✐♥❞♦ q✉❡ {❆t, t = 0,±1,±2, ...} é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❝♦♥t❡♥❞♦ ♦s ✈❡t♦r❡s ❳t

❡ ❨t✱ ❡ ❛s ✐♥❢♦r♠❛çõ❡s ♣❛ss❛❞❛s ❞❡ ❆t ❝♦♠♦ ❆t = {❆s : s < t}✳
❖❜s❡r✈❛✲s❡ q✉❡ ♣❛r❛ ❛❧❣✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❇t ❝♦♥t✐❞♦ ❡♠ ❆t✱ ♦ ♠❡❧❤♦r ♣r❡✈✐s♦r ❞❡

♠í♥✐♠♦s q✉❛❞r❛❞♦s ❞❡ ②it ❜❛s❡❛❞♦ ❡♠ ❇t é ❞❛❞♦ ♣♦r P (②it/❇t)✱ εit(②it/❇t) = ②it − P (②it/❇t)
é ♦ ❡rr♦ ❞❡ ♣r❡✈✐sã♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❡ σ2

it(②it/❇t) é ❛ ✈❛r✐â♥❝✐❛ ❞❡ εit✳
❖ ♣r❡✈✐s♦r P (②it/❇t) é ✉♠❛ ♣r♦❥❡çã♦ ♦rt♦❣♦♥❛❧ ❞❡ ②it ♥♦ ❡s♣❛ç♦ ❣❡r❛❞♦ ♣♦r ❇t✳ ◗✉❛♥❞♦ s❡

tr❛t❛ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❣❛✉ss✐❛♥♦✱ P (②it/❇t) = E(②it/❇t) ❬❇❘❖❈❑❲❊▲▲ ❛♥❞ ❉❆❱■❙✱ ✶✾✾✶❪✳
❖ ♠❡❧❤♦r ♣r❡✈✐s♦r ❧✐♥❡❛r ❞❡ ❨t ❞❛❞♦ ❇t é ♦ ✈❡t♦r

P (❨t/❇t) = (P (②1t/❇t), . . . , P (②b2t
/❇t))

T . ✭✸✳✸✮
❡ ♦ ✈❡t♦r ❡rr♦ ❞❡ ♣r❡✈✐sã♦ é

εt(❨t/❇t) = (ε1t(②1t/❇t), . . . , εb2t
(②b2t

/❇t))
T . ✭✸✳✹✮

❡ ❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❞❡ εt é ❞❛❞❛ ♣♦r ∑
(❨t/❇t)✳ ❊ s❡❥❛ ♦ ❝♦♥❥✉♥t♦ ❇t−❳t q✉❡ r❡♣r❡s❡♥t❛

t♦❞❛s ❛s ✐♥❢♦r♠❛çõ❡s ❡♠ ❇t ♠❡♥♦s ❛s ✐♥❢♦r♠❛çõ❡s ❡♠ ❳t✳
❆s ❞❡✜♥✐çõ❡s q✉❡ s❡rã♦ ❛♣r❡s❡♥t❛❞❛s ❛ s❡❣✉✐r ♣❛r❛ ❡①♣r❡ss❛r ❛ ❝❛✉s❛❧✐❞❛❞❡ ❡♥tr❡ ✈❡t♦r❡s ❞❡

sér✐❡s t❡♠♣♦r❛✐s sã♦ ❡①t❡♥sõ❡s s✐♠♣❧❡s ❞❛s ♥♦çõ❡s ❞❡ ❝❛✉s❛❧✐❞❛❞❡ ❡♥tr❡ ❞✉❛s sér✐❡s ✉♥✐✈❛r✐❛❞❛s
❞❡✜♥✐❞❛s ❛♥t❡r✐♦r♠❡♥t❡✳

❉❡✜♥✐çã♦ ✸✳✷✳✺✿ ❖ ✈❡t♦r ❳t ♥ã♦ ❝❛✉s❛ ♦ ✈❡t♦r ❨t s❡
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σ2(②it/❆t) = σ2(②it/(❆t −❳t)), i = 1, . . . , b2. ✭✸✳✺✮
▲♦❣♦ ♦ ✈❡t♦r ❳t ❝❛✉s❛ ♦ ✈❡t♦r ❨t s❡

σ2(②it/❆t) < σ2(②it/(❆t −❳t)), i = 1, . . . , b2 ✭✸✳✻✮
♣❛r❛ ♣❡❧♦ ♠❡♥♦s ✉♠ ✈❛❧♦r ❞❡ ✐✳

❉❡✜♥✐çã♦ ✸✳✷✳✻✿ ❖✉tr❛ ❞❡✜♥✐çã♦ ❞❡ q✉❡ ♦ ✈❡t♦r ❳t ♥ã♦ ❝❛✉s❛ ♦ ✈❡t♦r ❨t s❡
∑

(❨t/❆t) =
∑

(❨t/(❆t −❳t)). ✭✸✳✼✮
◆❡st❡ ❝♦♥t❡①t♦✱ ❛s ❡q✉❛çõ❡s ✭✸✳✺✮ ❡ ✭✸✳✼✮ sã♦ ❡q✉✐✈❛❧❡♥t❡s ❡ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❝❛✉s❛❧✐❞❛❞❡ t❛♠❜é♠

♣♦❞❡ s❡r ❡①♣r❡ss♦ ❡♠ t❡r♠♦s ❞❡ ♣r♦❥❡çõ❡s✳

P (②it/❆t) = P (②it/(❆t −❳t)), i = 1, . . . , b2 ✭✸✳✽✮
♦✉

P (❨t/❆t) = P (❨t/(❆t −❳t)). ✭✸✳✾✮
P♦❞❡✲s❡ ❞❡♠♦♥str❛r q✉❡ ❛ ❡q✉❛çã♦ ✭✸✳✾✮ ✐♠♣❧✐❝❛ ❛ ❡q✉❛çã♦ ✭✸✳✼✮ ❡ q✉❡ ❡st❛ ✐♠♣❧✐❝❛ ❛ ❡q✉❛çã♦

✭✸✳✺✮✳ ▲♦❣♦ ❛s ❡q✉❛çõ❡s ✭✸✳✺✮✱ ✭✸✳✼✮ ❡ ✭✸✳✾✮ sã♦ ❡q✉✐✈❛❧❡♥t❡s✳ ❖s ❝♦♥❝❡✐t♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❛
s❡çã♦ ❡stã♦ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ❛s ❞❡✜♥✐çõ❡s ❛ss♦❝✐❛❞❛s ❛♦ ✜❧tr♦ ❡ ❛♦ ✇r❛♣♣❡r q✉❡ s❡rã♦ ❛❜♦r❞❛❞♦s
♠❛✐s ❛❞✐❛♥t❡✳

✸✳✸ ▼ét♦❞♦s ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝t❡ríst✐❝❛s
❖ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ♠áq✉✐♥❛s ❣❡r❛❧♠❡♥t❡ ❝♦♠❡ç❛ ❝♦♠ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❛♣r♦♣r✐❛❞❛ q✉❡

❛❧❝❛♥❝❡ ✉♠❛ r❡❝♦♥str✉çã♦ ♠❡❧❤♦r ❞♦s ❞❛❞♦s✳ ◆♦ ❝♦♥t❡①t♦ ❞❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝t❡rís✲
t✐❝❛s✱ ❡①✐st❡♠ três ❛❜♦r❞❛❣❡♥s tr❛❞✐❝✐♦♥❛✐s ♣❛r❛ s❡ ❧✐❞❛r ❝♦♠ ❡st❡ ♣r♦❜❧❡♠❛ ❞❡ r❡♣r❡s❡♥t❛çã♦✿
❛ tr❛♥s❢♦r♠❛çã♦ ❞❡ ✈❛r✐á✈❡✐s q✉❡ ❝♦♥s✐st❡ ❡♠ ❝♦♥✈❡rt❡r ♦s ❞❛❞♦s ♣❛r❛ ✉♠❛ r❡♣r❡s❡♥t❛çã♦
❞❡ ❞✐♠❡♥sã♦ ♠❛✐s ❜❛✐①❛ ❞♦ q✉❡ ❛ ♦r✐❣✐♥❛❧❀ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡s❝❛rt❛ ❛❧❣✉♠❛s ✈❛r✐á✈❡✐s
♦r✐❣✐♥❛✐s ❡ s❡ ❝❤❡❣❛ ❛ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❛s ✈❛r✐á✈❡✐s ♦r✐❣✐♥❛✐s s❡♠ tr❛♥s❢♦r♠❛r s✉❛s ❝♦♦r❞❡♥❛❞❛s❀
❛ ♣♦♥❞❡r❛çã♦ ❞❡ ✈❛r✐á✈❡✐s q✉❡ é ✉♠❛ ❣❡♥❡r❛❧✐③❛çã♦ ❞❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s✳

●❡r❛❧♠❡♥t❡✱ ♦ t❡r♠♦ ✈❛r✐á✈❡❧ é ❛tr✐❜✉í❞♦ às ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❝♦♠ ♦s ❞❛❞♦s ❛✐♥❞❛ ❜r✉✲
t♦s✳ ❊♥q✉❛♥t♦ ♦ t❡r♠♦ ❝❛r❛❝t❡ríst✐❝❛ ❡stá r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ✈❛r✐á✈❡✐s ❝♦♥str✉í❞❛s ✭❝❧✉st❡r✐♥❣✱
P❈❆✴❙❱❉✱ ❋♦✉r✐❡r ❡ ♦✉tr❛s✮ ♣❛r❛ s❡r❡♠ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛✳ ❊♥tr❡t❛♥t♦✱ ❛❧❣✉♠❛s ❝❛r❛❝t❡rís✲
t✐❝❛s r❡s✉❧t❛♠ ❞♦ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❜r✉t❛s ❡①♣❧✐❝✐t❛♠❡♥t❡ ❝♦♠♣✉t❛❞❛s ♣❛r❛ s❡r❡♠
✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❬●❯❨❖◆ ❛♥❞ ❊▲■❙❙❊❊❋❋✱ ✷✵✵✸❪✳ ❆ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s r❡s✉❧t❛
t❛♥t♦ ❞❛ ❝♦♥str✉çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❝♦♠♦ ❞❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s✳ ❈♦♠♦ ❡st❛ t❡s❡ tr❛t❛ ❞❛
♣r❡❞✐çã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✱ q✉❛♥❞♦ ♥ã♦ ❤♦✉✈❡r ✐♠♣❛❝t♦ ♥♦ ❛❧❣♦r✐t♠♦ ❞❡ s❡❧❡çã♦✱ ♦ t❡r♠♦
✈❛r✐á✈❡❧ s❡rá ✉t✐❧✐③❛❞♦✳

❊♥tr❡ ♦s ♠ét♦❞♦s ♠❛✐s ❝♦♥❤❡❝✐❞♦s ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡stã♦✿ P❈❆ ✭Pr✐♥❝✐♣❧❡
❈♦♠♣♦♥❡♥t ❆♥❛❧②s✐s✮✱ ■❈❆ ✭■♥❞❡♣❡♥❞❡♥t ❈♦♠♣♦♥❡♥t ❆♥❛❧②s✐s✮ ❡ ❛ ❛♥á❧✐s❡ ❞❡ ❢❛t♦r❡s ✭❋❛❝t♦r
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❆♥❛❧②s✐s✮✳ ❏á ❡♥tr❡ ♦s ♠ét♦❞♦s ♠❛✐s ❝♦♥❤❡❝✐❞♦s ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡stã♦✿ ♦ ✜❧tr♦✱ ♦ ✇r❛♣♣❡r
❡ ♦ ❡♠❜❡❞❞❡❞ ❬❯◆❈❯ ❛♥❞ ❚Ü❘❑❙❊◆✱ ✷✵✵✻❪✳

◆♦ P❈❆✱ ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞♦s ❞❛❞♦s ♣♦❞❡ s❡r ❞❡s❝r✐t❛ ✉s❛♥❞♦ ✉♠ ♥ú♠❡r♦ ♠❡♥♦r ❞❡ ✈❡t♦r❡s ❞❡
❜❛s❡✳ ❊st❡ ♠ét♦❞♦ ❢✉♥❝✐♦♥❛ ♠❡❧❤♦r q✉❛♥❞♦ ❛s ❝❛r❛❝t❡ríst✐❝❛s sã♦ ❝♦rr❡❧❛❝✐♦♥❛❞❛s✱ ❡♥tr❡t❛♥t♦✱
❛s ♥♦✈❛s ❞✐♠❡♥sõ❡s ✭❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s✮ s❡rã♦ ♥ã♦ ❝♦rr❡❧❛❝✐♦♥❛❞❛s✳ ❖ P❈❆ ❝♦♠♣r✐♠❡
♦s ❞❛❞♦s✱ t♦r♥❛♥❞♦ ❛s ♥♦✈❛s ❝❛r❛❝t❡ríst✐❝❛s ✭❢❛t♦r❡s✮ ♥ã♦ ✐♥t❡r♣r❡tá✈❡✐s✱ ❡ ♥ã♦ é ✐♥❞✐❝❛❞♦ ♣❛r❛
❛♣❧✐❝❛çõ❡s q✉❡ ♥❡❝❡ss✐t❛♠ q✉❡ ❡st❛s ❝❛r❛❝t❡ríst✐❝❛s s❡❥❛♠ ✐♥t❡r♣r❡tá✈❡✐s❀ ✐♥❝❧✉s✐✈❡✱ t❡♠ ❧✐♠✐t❛✲
çõ❡s ❡♠ ❝❧❛ss✐✜❝❛çõ❡s✳ ❖❜s❡r✈❛✲s❡ q✉❡ ♥♦ P❈❆✱ ♦ ❡s♣❛ç♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞❛s ✈❛r✐á✈❡✐s t❡♠
❛ ❢♦r♠❛ ❡s❢ér✐❝❛ ❡ ❝❛❞❛ ♥♦✈❛ ✈❛r✐á✈❡❧ é ♦ r❡s✉❧t❛❞♦ ❞♦ ♣r♦❞✉t♦ ✐♥t❡r♥♦ ❞❛ ✈❛r✐á✈❡❧ ♦r✐❣✐♥❛❧ ♣♦r
✉♠ ❛✉t♦✈❡t♦r✳

❆ ❛♥á❧✐s❡ ❞❡ ❢❛t♦r❡s é ❛ ❣❡♥❡r❛❧✐③❛çã♦ ❞♦ P❈❆ ❡ ❛ ♣r✐♥❝✐♣❛❧ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❡❧❡s é q✉❡ ❛ ❛♥á❧✐s❡
❞❡ ❢❛t♦r❡s ♣❡r♠✐t❡ q✉❡ s❡ ❛❞✐❝✐♦♥❡ r✉í❞♦s às ✈❛r✐á✈❡✐s ♣❛r❛ q✉❡ ♦ ❡s♣❛ç♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ♥ã♦
t❡♥❤❛ ❛ ❢♦r♠❛ ❡s❢ér✐❝❛✳ ❖ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧✱ t❛♥t♦ ❞♦ P❈❆ ❝♦♠♦ ❞❛ ❛♥á❧✐s❡ ❞❡ ❢❛t♦r❡s✱ é
tr❛♥s❢♦r♠❛r ❛s ❝♦♦r❞❡♥❛❞❛s ❞♦ s✐st❡♠❛ t❛❧ q✉❡ ❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ❞♦ s✐st❡♠❛ s❡❥❛
♠✐♥✐♠✐③❛❞❛✳

❆ ✉t✐❧✐③❛çã♦ ❞♦ P❈❆ é ❡q✉✐✈❛❧❡♥t❡ ❛ ❛♣❧✐❝❛r ✉♠❛ ❙❱❉ ✭❙✐♥❣✉❧❛r ❱❛❧✉❡ ❉❡❝♦♠♣♦s✐t✐♦♥✮ ♥♦s
❞❛❞♦s✳ ❖ P❈❆ ❞❡s❝♦❜r❡ ❛s ❞✐♠❡♥sõ❡s q✉❡ sã♦ ♥ã♦ ❝♦rr❡❧❛❝✐♦♥❛❞❛s✳ ❆ ■❈❆ ❞❡s❝♦❜r❡ ❛s ❞✐♠❡♥✲
sõ❡s q✉❡ sã♦ ✐♥❞❡♣❡♥❞❡♥t❡s✱ q✉❡ ❝♦♥s✐st❡ ❡♠ ✉♠❛ ♣r♦♣r✐❡❞❛❞❡ ♠✉✐t♦ ♠❛✐s ❢♦rt❡✱ ♣♦❞❡♥❞♦ s❡r
✉t✐❧✐③❛❞❛ ♣❛r❛ ❛ s❡♣❛r❛çã♦ ❞❡ ❞♦✐s s✐♥❛✐s ✉t✐❧✐③❛♥❞♦ ♦ ❢❛t♦ ❞❡ q✉❡ ❡❧❡s r❡❛❧♠❡♥t❡ sã♦ ✐♥❞❡♣❡♥✲
❞❡♥t❡s✳ ◆❡st❛ t❡s❡ s♦♠❡♥t❡ ♦ ♠ét♦❞♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ P❈❆ s❡rá ✉t✐❧✐③❛❞♦✳ ❆s ❝♦♠♣♦♥❡♥t❡s
♣r✐♥❝✐♣❛✐s s❡rã♦ ❡st✐♠❛❞❛s ♣♦r ♠❡✐♦ ❞♦ ♠ét♦❞♦ ❞❛ ❙❱❉✳

❖s ♠ét♦❞♦s ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ✭✜❧tr♦✱ ✇r❛♣♣❡r ❡ ❡♠❜❡❞❞❡❞✮ ❣❡r❛❧♠❡♥t❡ sã♦ ❝❧❛ss✐✜❝❛❞♦s
❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ❡str✉t✉r❛ ❞❡ s❡❧❡çã♦ ❡ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ✐♥❞✉çã♦✳ ❊st❛ ❞❡❝♦♠✲
♣♦s✐çã♦ é ♣❛r❛ ❛❥✉❞❛r ❛ ❝♦♠♣❛r❛r ❞✐❢❡r❡♥t❡s ❛❜♦r❞❛❣❡♥s q✉❡ ♣♦❞❡♠ s❡r ✈✐st❛s ❝♦♠♦ ❞❛ ♠❡s♠❛
❝❛t❡❣♦r✐❛✳ ❆ ❋✐❣✉r❛ ✸✳✶ ✐❧✉str❛ s✉❝✐♥t❛♠❡♥t❡ ❡st❡s ♠ét♦❞♦s ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s✳
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❋✐❣✳ ✸✳✶✿ ▼ét♦❞♦s ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝t❡ríst✐❝❛s

❆ ❡str✉t✉r❛ ❞❡ s❡❧❡çã♦ ♣♦❞❡ s❡r s✉❜❞✐✈✐❞✐❞❛ ❡♠ três ♣❛ss♦s✳ ❖ ♣r✐♠❡✐r♦ ❝♦♥s✐st❡ ♥❛ ❜✉s❝❛
q✉❡ ❞❡t❡r♠✐♥❛ ♦✭s✮ ♣♦♥t♦✭s✮ ❞❡ ♣❛rt✐❞❛ ♥♦ ❡s♣❛ç♦ ❞❡ ❜✉s❝❛✱ q✉❛✐s ✐♥✢✉❡♥❝✐❛♠ ❛ ❞✐r❡çã♦ ❞❡
❜✉s❝❛ ❡ q✉❛✐s ♦♣❡r❛❞♦r❡s s❡rã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❣❡r❛r ♦s ❡st❛❞♦s s✉❝❡ss♦r❡s✳ ❆ ❞❡❝✐sã♦ s♦❜r❡ ❛
♦r❣❛♥✐③❛çã♦ ❞❛ ❜✉s❝❛ t❛♠❜é♠ é ✐♠♣♦rt❛♥t❡❀ ♣♦r ❡①❡♠♣❧♦✱ ✉♠❛ ❜✉s❝❛ ❡①❛✉st✐✈❛ ❣❡r❛❧♠❡♥t❡ é
✐♠♣r❛t✐❝á✈❡❧ ♣♦rq✉❡ ♦ ❡s♣❛ç♦ ❞❡ ❜✉s❝❛ ♣❛r❛ n ✈❛r✐á✈❡✐s é ❞❡ 2n−1 s✉❜❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s✳ ❖
s❡❣✉♥❞♦ ♣❛ss♦ ❝♦♥s✐st❡ ♥❛ ❡s❝♦❧❤❛ ❞♦ ❝r✐tér✐♦ ❞❡ ❛✈❛❧✐❛çã♦ ❞♦s s✉❜❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s❀ ❡✳ ❣✳✱
✉t✐❧✐③❛♥❞♦ ♦ ◆▼❙❊✳ ❖ ú❧t✐♠♦ ♣❛ss♦ ❝♦♥s✐st❡ ❡♠ ❞❡❝✐❞✐r q✉❛♥❞♦ ♣❛r❛r ❛ ❛✈❛❧✐❛çã♦ ❞♦ ♠♦❞❡❧♦
❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ s❡❧❡çã♦❀ ❡✳ ❣✳✱ ♣❛r❛r ❞❡ ❛❞✐❝✐♦♥❛r ❡ r❡t✐r❛r ✈❛r✐á✈❡✐s q✉❛♥❞♦ ♥❡♥❤✉♠❛ ❞❛s
❛❧t❡r♥❛t✐✈❛s ♠❡❧❤♦r❛ ❛ ♣r❡❞✐çã♦✳

❖ ♠ét♦❞♦ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s t✐♣♦ ✜❧tr♦ ❢❛③ ♦ ♦r❞❡♥❛♠❡♥t♦ ❞❛s ✈❛r✐á✈❡✐s ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡
♦✉ ❡♠ s✉❜❝♦♥❥✉♥t♦s✱ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞♦ ♣r❡❞✐t♦r✱ ❡ ❣❡r❛❧♠❡♥t❡ é r♦❜✉st♦ ❛ ♦✈❡r✜tt✐♥❣✱ ♠❛s
❢❛❧❤❛ ❡♠ ❡♥❝♦♥tr❛r ♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ♠❛✐s ♣r♦♠✐ss♦r✳ ❖ ✇r❛♣♣❡r ✉t✐❧✐③❛ ♦ ♣r❡❞✐t♦r
♣❛r❛ ❛✈❛❧✐❛r ♦s s✉❜❝♦♥❥✉♥t♦s ❡✱ ✐❞❡❛❧♠❡♥t❡ ❡♥❝♦♥tr❛ ♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ♠❛✐s ♣r♦♠✐ss♦r
❡♠❜♦r❛ s❡❥❛ ♣r♦♣❡♥s♦ ❛♦ ♦✈❡r✜tt✐♥❣✳ ❖ ❡♠❜❡❞❞❡❞ é s✐♠✐❧❛r ❛♦ ✇r❛♣♣❡r✱ ❛ ❞✐❢❡r❡♥ç❛ ❡stá ♥❛
❜✉s❝❛ q✉❡ é ❣✉✐❛❞❛ ♣❡❧♦ ♣r♦❝❡ss♦ ❞❡ ❛♣r❡♥❞✐③❛❞♦✱ t♦r♥❛♥❞♦✲♦ ♠❡♥♦s ♣r♦♣❡♥s♦ ❛♦ ♦✈❡r✜tt✐♥❣✱
❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ❛tr❛❡♥t❡✱ ♠❛s é ❝♦♠♣❧❡①♦✳

❈❛❞❛ ✉♠ ❞❡st❡s ♠ét♦❞♦s t❡♠ ♦s s❡✉s r❡s♣❡❝t✐✈♦s t✐♣♦s ❞❡ ❜✉s❝❛✱ ❝r✐tér✐♦ ❡ ❛✈❛❧✐❛çã♦ ❞♦s
s✉❜❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s✳ ❆ ❚❛❜❡❧❛ ✸✳✷ ✐❧✉str❛ ❛s ❝❛r❛❝t❡ríst✐❝❛s ♣r✐♥❝✐♣❛✐s ❞❡st❡s ♠ét♦❞♦s✳

❖s ♣r✐♥❝✐♣❛✐s t✐♣♦s ❞❡ ❜✉s❝❛ sã♦✿ ❡①♣♦♥❡♥❝✐❛❧✱ r❛♥❞ô♠✐❝❛ ❡ s❡qü❡♥❝✐❛❧✳ ❆s ❜✉s❝❛s ❡①♣♦✲
♥❡♥❝✐❛✐s ♣♦❞❡♠ s❡r ❞♦ t✐♣♦ ❡①❛✉st✐✈❛✱ ❜✉s❝❛ ❡♠ ár✈♦r❡ ❡ ♦✉tr❛s✳ ❊st❡ t✐♣♦ ❞❡ ❜✉s❝❛ ❣❛r❛♥t❡
✉♠❛ s♦❧✉çã♦ ót✐♠❛✱ ♠❛s é ❛ ♠❛✐s ❝♦♠♣❧❡①❛ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡✳ ❆ ❜✉s❝❛ ❡♠ ár✈♦r❡ ❞✐♠✐♥✉✐
♦ t❡♠♣♦ ❞❡ ❜✉s❝❛ ♣♦r ♠❡✐♦ ❞❛ ❡❧✐♠✐♥❛çã♦ ❞❡ ❛❧❣✉♥s r❛♠♦s ❞❛ ár✈♦r❡ ❞❡ ❜✉s❝❛✳ P❛r❛ ♠❡❧❤♦r❛r
♦ t❡♠♣♦ ❞❡ ❜✉s❝❛✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ❤❡✉ríst✐❝❛s ❞❡t❡r♠✐♥íst✐❝❛s ♦✉ r❛♥❞ô♠✐❝❛s✳ ❯♠❛ ❤❡✉ríst✐❝❛
é ❞✐t❛ ❞❡t❡r♠✐♥✐st❛ q✉❛♥❞♦ ❢♦r♥❡❝❡ ♦ ♠❡s♠♦ r❡s✉❧t❛❞♦ ❡♠ t♦❞❛s ❛s ❡①❡❝✉çõ❡s✳ ❏á ❛ r❛♥❞ô♠✐❝❛
♣♦❞❡ ❢♦r♥❡❝❡r ❞✐❢❡r❡♥t❡s r❡s✉❧t❛❞♦s ♣❛r❛ ❝❛❞❛ s❡♠❡♥t❡ ❞♦ ❛❧❣♦r✐t♠♦ ❣❡r❛❞♦r ❞❡ ♥ú♠❡r♦s r❛♥❞ô✲
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❚✐♣♦s ❇✉s❝❛ ❈r✐tér✐♦ ❆✈❛❧✐❛çã♦
❋✐❧tr♦ ♦r❞❡♥❛ ✈❛r✐á✳✴s✉❜❝♦♥❥✉♥t♦s ♠ér✐t♦ ✈❛r✐á✳✴s✉❜❝♦♥❥✉♥t♦s t❡st❡ ❡st❛tíst✐❝♦s

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

❚❛❜✳ ✸✳✷✿ ❚✐♣♦s ❞❡ ❜✉s❝❛✱ ❝r✐tér✐♦ ❡ ❛✈❛❧✐❛çã♦ ❞♦ ✜❧tr♦✱ ✇r❛♣♣❡r ❡ ❡♠❜❡❞❞❡❞ ❞♦s s✉❜❝♦♥❥✉♥t♦s
❞❡ ✈❛r✐á✈❡✐s

♠✐❝♦s✳ ❊♥tr❡ ♦s ♠ét♦❞♦s s❡qü❡♥❝✐❛✐s ♠❛✐s ❝♦♥❤❡❝✐❞♦s ❡stã♦✿ ❜✉s❝❛ ❞✐r❡t❛✱ ❡❧✐♠✐♥❛çã♦ ♣❛r❛ trás✱
❜✉s❝❛ ❜✐✲❞✐r❡❝✐♦♥❛❧✱ s❡❧❡çã♦ ✢✉t✉❛♥t❡ ❡ ❛ ♣r✐♠❡✐r❛ ♠❡❧❤♦r ❜✉s❝❛✳ ❖s ❛❧❣♦r✐t♠♦s ❜✉s❝❛ ❞✐r❡t❛ ❡
❡❧✐♠✐♥❛çã♦ ♣❛r❛ trás sã♦ ❧❛r❣❛♠❡♥t❡ ✉t✐❧✐③❛❞♦s ❬❯◆❈❯ ❛♥❞ ❚Ü❘❑❙❊◆✱ ✷✵✵✻❪✳

❖ ❛❧❣♦r✐t♠♦ ❞❡ ❜✉s❝❛ ❞✐r❡t❛ ♣♦❞❡ s❡r s✉♠❛r✐③❛❞♦ ❝♦♠♦✿ ✐♥✐❝✐❛❧✐③❛r ♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s
s✐❣♥✐✜❝❛♥t❡s ❝♦♠ ✉♠ ❝♦♥❥✉♥t♦ ✈❛③✐♦✳ ❆ss✐♠✱ ❡♥tr❡ t♦❞♦s ♦s ♣♦ssí✈❡✐s s✉❜❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s
❝♦♠ ♠❛✐s ✉♠❛ ✈❛r✐á✈❡❧ ❞❡ ❡♥tr❛❞❛✱ s❡❧❡❝✐♦♥❛ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ q✉❡ ❢♦r♥❡❝❡ ❛
♠❡❧❤♦r ❢✉♥çã♦ ❞❡ ❛✈❛❧✐❛çã♦ ❜❛s❡❛❞❛ ♥❛ ❢✉♥çã♦ ❡rr♦✳ ❊st❡ ♣r♦❝❡ss♦ ✐♥t❡r❛t✐✈♦ ❞❡✈❡ ❝♦♥t✐♥✉❛r ❛té
q✉❡ ❛ ❢✉♥çã♦ ❞❡ ❛✈❛❧✐❛çã♦ ❞❛ ♠❡❧❤♦r ❝♦♠❜✐♥❛çã♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❞❛ ✐♥t❡r❛çã♦ ❝♦rr❡♥t❡
é ♣✐♦r q✉❡ ❛ ♠❡❧❤♦r ❞❛ ❛♥t❡r✐♦r✳

❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡❧✐♠✐♥❛çã♦ ♣❛r❛ trás ♣♦❞❡ s❡r s✉♠❛r✐③❛❞♦ ❝♦♠♦✿ ✐♥✐❝✐❛❧✐③❛r ♦ ❝♦♥❥✉♥t♦ ❞❡
✈❛r✐á✈❡✐s s✐❣♥✐✜❝❛♥t❡s ❝♦♠ ♦ ❝♦♥❥✉♥t♦ ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛✳ ❆ss✐♠✱ ❡♥tr❡ t♦❞♦s ♦s ♣♦ssí✈❡✐s
s✉❜❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s ❝♦♠ ♠❡♥♦s ✉♠❛ ✈❛r✐á✈❡❧ ❞❡ ❡♥tr❛❞❛✱ s❡❧❡❝✐♦♥❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡
✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ q✉❡ ❢♦r♥❡❝❡ ❛ ♠❡❧❤♦r ❢✉♥çã♦ ❞❡ ❛✈❛❧✐❛çã♦ ❜❛s❡❛❞❛ ♥❛ ❢✉♥çã♦ ❡rr♦✳ ❊st❡
♣r♦❝❡ss♦ ✐♥t❡r❛t✐✈♦ ❞❡✈❡ ❝♦♥t✐♥✉❛r ❛té q✉❡ t♦❞❛s ❛s ✈❛r✐á✈❡✐s s❡❥❛♠ ❛♥❛❧✐s❛❞❛s s❡♣❛r❛❞❛♠❡♥t❡
♦✉ ❛té q✉❡ ❛ ❢✉♥çã♦ ❞❡ ❛✈❛❧✐❛çã♦ ❞❛ ♠❡❧❤♦r ❝♦♠❜✐♥❛çã♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❛t✐♥❥❛ ✉♠ ✈❛❧♦r
ót✐♠♦✳

❆♣❡s❛r ❞♦s ♠ét♦❞♦s s❡qü❡♥❝✐❛✐s s❡r❡♠ ♠✉✐t♦ ✉t✐❧✐③❛❞♦s✱ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ❛tr❛t✐✈♦s ❡ ❢á✲
❝❡✐s ❞❡ ✐♠♣❧❡♠❡♥t❛r✱ ♦ s❡✉ ❛❧❣♦r✐t♠♦ ♣♦❞❡ ✜❝❛r ♣r❡s♦ ❡♠ ♠í♥✐♠♦s ❧♦❝❛✐s✳ ◗✉❛♥❞♦ ✐st♦ ♦❝♦rr❡✱
✉♠❛ ♣♦ssí✈❡❧ s♦❧✉çã♦ ♣❛r❛ ❡st❡ ♣r♦❜❧❡♠❛ é ✉t✐❧✐③❛r ♠ét♦❞♦s ❡st♦❝ást✐❝♦s ✭s✐♠✉❧❛t❡❞ ❛♥♥❡❛❧✐♥❣✱
❣❡♥❡t✐❝ ❛❧❣♦r✐t❤♠s✱ ♣r♦❜❛❜✐❧✐st✐❝ ❤✐❧❧✲❝❧✐♠❜✐♥❣ ❡ ♦✉tr♦s✮ ❬❇▲❯▼ ❛♥❞ ▲❆◆●▲❊❨✱ ✶✾✾✼❪✳ ❆ ♣r✐♥✲
❝✐♣❛❧ ✈❛♥t❛❣❡♠ ❞❡st❡s ♠ét♦❞♦s ❡st♦❝ást✐❝♦s é ❢✉❣✐r ❞♦s ♠í♥✐♠♦s ❧♦❝❛✐s✳

❯♠ ✜❧tr♦ ❜❛s❡✐❛✲s❡ ❡♠ ✉♠❛ ❢✉♥çã♦ ❞❡ ♠ér✐t♦✳ ➱ ❝r✐❛❞♦ ✉♠ í♥❞✐❝❡ q✉❡ ✐♥❞✐❝❛ ❛ ❝❛♣❛❝✐❞❛❞❡
❞❡ ♣r❡✈✐sã♦ ❞❡ ❝❛❞❛ ✈❛r✐á✈❡❧✱ ❞❡t❡❝t❛♥❞♦ ❛s ✈❛r✐á✈❡✐s ❝♦♠ ❛❧t♦ ❣❛♥❤♦✱ ♣♦r ❡①❡♠♣❧♦✱ ✈✐❛ t❡♦r✐❛ ❞❛
✐♥❢♦r♠❛çã♦✳ ❊st❛ ❛❜♦r❞❛❣❡♠ ❜❛s❡❛❞❛ ❡♠ ✜❧tr♦s tr❛❞✐❝✐♦♥❛✐s t❡♠ ❛❧❣✉♥s ♣r♦❜❧❡♠❛s✱ ♣♦r ❡①❡♠✲
♣❧♦✿ ✈✐és ❞❡ ♠♦❞❡❧♦s✱ ❡♠ q✉❡ ❞✐❢❡r❡♥t❡s ❝❛r❛❝t❡ríst✐❝❛s s✉❣❡r❡♠ ❞✐❢❡r❡♥t❡s ♠♦❞❡❧♦s ❞❡ ✐♥❞✉çã♦
✭✜❧tr♦s ❧✐♥❡❛r❡s✱ r❡❞❡s ♥❡✉r❛✐s ❡t❝✮❀ ❝❛r❛❝t❡ríst✐❝❛s ❞❡♣❡♥❞❡♥t❡s✱ q✉❡ s❡ ❢♦r❡♠ ❝♦♥s✐❞❡r❛❞❛s ❡♠
❝♦♥❥✉♥t♦✱ ♣♦❞❡♠ s❡r r❡❞✉♥❞❛♥t❡s✱ ♠❛s ♣♦❞❡ ♦❝♦rr❡r q✉❡ ✉♠❛ ✈❛r✐á✈❡❧ ♥❡❝❡ss✐t❡ ❞❛ ♦✉tr❛ ♣❛r❛
❢♦r♥❡❝❡r ✉♠❛ ❜♦❛ ♣r❡✈✐sã♦✳ ❆ ❋✐❣✉r❛ ✸✳✷ ✐❧✉str❛ ❝♦♠ ♠❛✐s ❞❡t❛❧❤❡s ✉♠ ✜❧tr♦✳
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❋✐❣✳ ✸✳✷✿ ▼ét♦❞♦ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝t❡ríst✐❝❛s t✐♣♦ ✜❧tr♦
❆ ❛❜♦r❞❛❣❡♠ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ✇r❛♣♣❡r ✭❡♠♣❛❝♦t❛♠❡♥t♦✮ ❝♦♥s✐st❡ ❡♠ ✉t✐❧✐③❛r ✉♠ ❛❧❣♦r✐t♠♦

❞❡ ✐♥❞✉çã♦ ♣❛r❛ ❢❛③❡r ❛ ❛✈❛❧✐❛çã♦ ❞♦s s✉❜❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s✳ ❆s ✈❛♥t❛❣❡♥s ♣r✐♥❝✐♣❛✐s ❞❡st❡
♠ét♦❞♦ sã♦✿ ❧❡✈❛r ❡♠ ❝♦♥t❛ ♦ ✈✐és ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ✐♥❞✉çã♦❀ ❝♦♥s✐❞❡r❛r ❛s ✈❛r✐á✈❡✐s ❞❡♥tr♦
❞♦ ❝♦♥t❡①t♦✳ ❆ ♣r✐♥❝í♣✐♦ ❛ ❜✉s❝❛ é ❡①♣♦♥❡♥❝✐❛❧✱ ♠❛s ♣♦❞❡✲s❡ ✐♠♣❧❡♠❡♥t❛r ❜✉s❝❛s ❡st♦❝ást✐❝❛s
✭❛❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s✱ s✐♠✉❧❛t❡❞ ❛♥♥❡❛❧✐♥❣ ❡ ♦✉tr❛s✮ ♦✉ s❡qü❡♥❝✐❛✐s ✭❜✉s❝❛ ❞✐r❡t❛✱ ❡❧✐♠✐♥❛çã♦
♣❛r❛ trás ❡ ♦✉tr❛s✮✳ ❆ ♣❡r❢♦r♠❛♥❝❡ ❞❛ ❡❧✐♠✐♥❛çã♦ ♣❛r❛ trás é ❧✐❣❡✐r❛♠❡♥t❡ s✉♣❡r✐♦r à ❜✉s❝❛
❞✐r❡t❛ ♣♦rq✉❡ ❡❧❛ ❝♦♥s✐❞❡r❛ ❛s ✈❛r✐á✈❡✐s ♥♦ ❝♦♥t❡①t♦✳ ❆ ❋✐❣✉r❛ ✸✳✸ ✐❧✉str❛ ❝♦♠ ♠❛✐s ❞❡t❛❧❤❡s ♦
♠ét♦❞♦ ✇r❛♣♣❡r✳

❋✐❣✳ ✸✳✸✿ ▼ét♦❞♦ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝t❡ríst✐❝❛s t✐♣♦ ✇r❛♣♣❡r
❆ ❛❜♦r❞❛❣❡♠ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❡♠❜❡❞❞❡❞ ❝♦♥s✐st❡ ❡♠ ✉♠ ❛❧❣♦r✐t♠♦ ❡♠ q✉❡ ♦ ♠❡❝❛♥✐s♠♦

❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ✜❝❛ ❡♠❜✉t✐❞♦✴❡♥❝❛✐①❛❞♦ ♥♦ ❛❧❣♦r✐t♠♦ ❞❡ ✐♥❞✉çã♦✳ ●❡r❛❧♠❡♥t❡ ❡st❡
♠❡❝❛♥✐s♠♦ ✜❝❛ ❧✐❣❛❞♦ ❛ ✉♠ ❛❧❣♦r✐t♠♦ ♠❛✐s ❝♦♠♣❧❡①♦✳ ❖❜s❡r✈❛✲s❡ q✉❡ ❛ ú♥✐❝❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡
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❡st❡ ♠ét♦❞♦ ❡ ♦ ✇r❛♣♣❡r é q✉❡ ♥❡st❡ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ✜❝❛ ❛♦ ❧❛❞♦ ❡ ♥♦ ❡♠❜❡❞❞❡❞ ✜❝❛
❥✉♥t♦ ❛♦ ❛❧❣♦r✐t♠♦ ❞❡ ✐♥❞✉çã♦✳ ❊st❛ ❛❜♦r❞❛❣❡♠ ❢✉♥❝✐♦♥❛ ❜❡♠ q✉❛♥❞♦ ❛s ✈❛r✐á✈❡✐s r❡❧❡✈❛♥t❡s
t❡♠ ♣❡q✉❡♥❛s ✐♥t❡r❛çõ❡s✳ ❊♥tr❡t❛♥t♦✱ q✉❛♥❞♦ ❤á ✐♥t❡r❛çõ❡s ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s r❡❧❡✈❛♥t❡s✱ ❡st❡
♠ét♦❞♦ t❡♠ ♣♦✉❝♦ ♣♦❞❡r ❞❡ ❞✐s❝r✐♠✐♥❛çã♦ ❡♥tr❡ ✉♠❛ ✈❛r✐á✈❡❧ r❡❧❡✈❛♥t❡ ❡ ✉♠❛ ♣♦✉❝♦ r❡❧❡✈❛♥t❡
✐s♦❧❛❞❛♠❡♥t❡✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣r♦✈❛r❛♠ q✉❡ q✉❛♥❞♦ s❡ ❛❝r❡s❝❡♥t❛ ✈❛r✐á✈❡✐s ✐rr❡❧❡✈❛♥t❡s✱ ❡st❡
♠ét♦❞♦ ♣❡r❞❡ ♣r❡❝✐sã♦✳

❉✉r❛♥t❡ ♦ ❛♣r❡♥❞✐③❛❞♦ s✉♣❡r✈✐s✐♦♥❛❞♦ ❞❡ ♠áq✉✐♥❛✱ q✉❛♥❞♦ s❡ ✉t✐❧✐③❛ ♦s ♠ét♦❞♦s ✇r❛♣♣❡r✱
é ✐♠♣♦rt❛♥t❡ s❡ ♦❜t❡r ✉♠❛ ❜♦❛ ❣❡♥❡r❛❧✐③❛çã♦✱ ✉t✐❧✐③❛♥❞♦ ✉♠❛ ❝r✐t❡r✐♦s❛ s❡❧❡çã♦ ❞♦ ♠❡❧❤♦r
♠♦❞❡❧♦✳ ❖ ♣r♦❜❧❡♠❛ ❞❛ ❣❡♥❡r❛❧✐③❛çã♦ s❡ t♦r♥❛ ♠❛✐s ❝rít✐❝♦ q✉❛♥❞♦ ♦s ❞❛❞♦s sã♦ ✐♥❝♦♠♣❧❡t♦s
♦✉ ❝❛rr❡❣❛♠ r✉í❞♦s✳ ❊st❡ ❛ss✉♥t♦ s❡rá ❛❜♦r❞❛❞♦ ♠❛✐s ❛❞✐❛♥t❡ ♥❡st❡ ❝❛♣ít✉❧♦ ❡ ❡♠ ❞❡t❛❧❤❡s ♥♦
❈❛♣ít✉❧♦ ✺✳

✸✳✹ ▼ét♦❞♦ ♣r♦♣♦st♦ ♣❛r❛ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝✲
t❡ríst✐❝❛s

❆ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ♣r♦♣♦st❛ ✉t✐❧✐③❛ ✉♠ ✜❧tr♦ ♥♦ ♣r✐♠❡✐r♦ ❡stá❣✐♦ ❡ ✉♠
✇r❛♣♣❡r ♥♦ s❡❣✉♥❞♦ ❡stá❣✐♦✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ♦ ✜❧tr♦ ❡❧✐♠✐♥❛ ♦s s❡❣✉✐♥t❡s t✐♣♦s ❞❡ ✈❛r✐á✈❡✐s✿ ❛s
✐rr❡❧❡✈❛♥t❡s❀ ❛s ♣♦✉❝♦ r❡❧❡✈❛♥t❡s✱ ♠❛s r❡❞✉♥❞❛♥t❡s✳ ❊♠ s❡❣✉✐❞❛✱ ♦ ✇r❛♣♣❡r ❢❛③ ❛ ❡s❝♦❧❤❛ ❞♦
♠❡❧❤♦r s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s✱ ✉t✐❧✐③❛♥❞♦ ❛❧❣♦r✐t♠♦s ❞❡ ✐♥❞✉çã♦ ❜❛s❡❛❞♦s ❡♠ r❡❞❡s ♥❡✉r❛✐s
t✐♣♦ ❘❇❋✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❝❛✉s❛❧✐❞❛❞❡ ❞❡ ●❘❆◆●❊❘ ✭✶✾✻✾✮ ❛♣r❡s❡♥t❛❞♦ ❛♥t❡r✐✲
♦r♠❡♥t❡✳ ❊st❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❛✈❛❧✐❛ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❡♠ ❝♦♥❥✉♥t♦
♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡✳ ❆ ❋✐❣✉r❛ ✸✳✹ ✐❧✉str❛ ❡st❡ ♠ét♦❞♦✳

❋✐❣✳ ✸✳✹✿ ▼ét♦❞♦ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝t❡ríst✐❝❛s ❝♦♠ ✜❧tr♦ ❡ ✇r❛♣♣❡r
❆ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝t❡ríst✐❝❛s ♣♦ss✐❜✐❧✐t❛ ❛ tr❛♥s❢❡rê♥❝✐❛ ❡✜❝❛③ ❞❛s ✐♥❢♦r♠❛çõ❡s ❝♦♥✲

t✐❞❛s ♥♦s ❞❛❞♦s ♣❛r❛ ♦ ♠♦❞❡❧♦✳ ◆❛ t❡♦r✐❛✱ ♠❛✐s ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡✈❡r✐❛♠ ♣r♦✈❡r ♠❛✐s
♣♦❞❡r ❞❡ ❞✐s❝r✐♠✐♥❛çã♦✱ ♠❛s ♥❛ ♣rát✐❝❛✱ ❛ ❡①❝❡ss✐✈❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✈❛r✐á✈❡✐s ❡ ❝❛r❛❝t❡ríst✐❝❛s
♥ã♦ só t♦r♥❛ ❛ ❛♣r❡♥❞✐③❛❣❡♠ ❞♦ ♣r♦❝❡ss♦ ♠❛✐s ❧❡♥t❛ ❝♦♠♦ t❛♠❜é♠ ❝❛✉s❛ ❡①❝❡ss✐✈♦ ❝✉st♦ ❞❡
♣r♦❝❡ss❛♠❡♥t♦ ❡✱ ♠✉✐t❛s ✈❡③❡s✱ ❝♦♥❢✉♥❞❡ ❛ ❛♣r❡♥❞✐③❛❣❡♠ ❞♦ ♠♦❞❡❧♦✳

◆♦ ❡stá❣✐♦ ❞♦ ✜❧tr♦ ❢❛③✲s❡ ❛ ❛♥á❧✐s❡ ❞♦ ❝♦♥❝❡✐t♦ ❞❡ r❡❧❡✈â♥❝✐❛ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦ ❝♦♥❝❡✐t♦
❞❡ r❡❞✉♥❞â♥❝✐❛ ✈✐❛ t❡♦r✐❛ ❞❛ ✐♥❢♦r♠❛çã♦✱ ❥á q✉❡ ❛ ❛♥á❧✐s❡ ❞❡ r❡❧❡✈â♥❝✐❛ ✭♦r❞❡♥❛♠❡♥t♦✮ s♦③✐♥❤❛
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é ✐♥s✉✜❝✐❡♥t❡ ♣❛r❛ ✉♠❛ ❡✜❝✐❡♥t❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s✳ ❊st❛ s❡❧❡çã♦ ♦❜❥❡t✐✈❛ ❝♦♥tr✐❜✉✐r ♣❛r❛ ❛
♠❡❧❤♦r❛ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ♠✉❧t✐✈❛r✐❛❞♦s ♥ã♦ ❜❛s❡❛❞♦s ❡♠ t❡♦r✐❛
♦✉✱ ♠❡s♠♦ ❝♦♠ ❛q✉❡❧❡s ❡♠ q✉❡ ❡①✐st❛ ✉♠❛ t❡♦r✐❛✱ ♠❛s ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐ s♦❜r❡ ♦ ❛ss✉♥t♦
✈❛r✐❛ ♥♦ t❡♠♣♦ ♦✉ ♥ã♦ ❡stá ❞✐s♣♦♥í✈❡❧ ❡♠ t❡♠♣♦ ✈✐á✈❡❧ ♣❛r❛ ♣r❡✈✐sõ❡s ❞❡ ❝✉rt♦ ♣r❛③♦✳

❆ r❡❢❡rê♥❝✐❛ ❬❨❯ ❛♥❞ ▲■❯✱ ✷✵✵✹❪ ❛♣r❡s❡♥t♦✉ ✉♠ ♠ét♦❞♦ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s t✐♣♦ ✜❧tr♦
q✉❡ ✉t✐❧✐③❛ s♦♠❡♥t❡ ♦s ❝♦♥❝❡✐t♦s ❞❡ r❡❧❡✈â♥❝✐❛ ❡ r❡❞✉♥❞â♥❝✐❛ ❛♣❧✐❝❛❞♦s ❡♠ ❝♦♥❥✉♥t♦✳ ❖s ❝♦♥❝❡✐✲
t♦s ❞❡ r❡❧❡✈â♥❝✐❛ ❡ r❡❞✉♥❞â♥❝✐❛ sã♦ ❣❡r❛❧♠❡♥t❡ ❧✐❣❛❞♦s ❛♦ ❝♦♥❝❡✐t♦ ❞❡ ❝♦rr❡❧❛çã♦ q✉❡ ♥♦ ♣❧❛♥♦
❧✐♥❡❛r ♣♦❞❡ s❡r ❡st✐♠❛❞♦ ✈✐❛ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛çã♦✳ ❉✉❛s ✈❛r✐á✈❡✐s sã♦ ❝♦♥s✐❞❡r❛❞❛s t♦t❛❧✲
♠❡♥t❡ r❡❞✉♥❞❛♥t❡s s❡ s❡✉s ✈❛❧♦r❡s ❢♦r❡♠ ❝♦♠♣❧❡t❛♠❡♥t❡ ❝♦rr❡❧❛❝✐♦♥❛❞♦s ❡ ♥ã♦ ❡①✐st✐rá r❡❧❛çã♦
❧✐♥❡❛r ❡♥tr❡ ❡❧❛s s❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛çã♦ ❢♦r ③❡r♦✳ ❆s ❞❡✜♥✐çõ❡s ❢♦r♠❛✐s ❞❡ r❡❧❡✈â♥❝✐❛ ❡
r❡❞✉♥❞â♥❝✐❛ s❡rã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ s✉❜s❡çã♦ ✸✳✹✳✷✳

❊st❛ t❡s❡ ❛♣r❡s❡♥t❛ ✉♠ ♠ét♦❞♦ ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ♦ ✜❧tr♦ ❞❡ ❨❯ ❡ ▲■❯ ✭✷✵✵✹✮ ♣♦r ♠❡✐♦ ❞❛
✐♥❢♦r♠❛çã♦ ♠út✉❛ ✭■▼✮ ❥á q✉❡ ❡♠ s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s ❣❡r❛❧♠❡♥t❡ ❛ r❡❧❛çã♦ ❡♥tr❡ ✈❛r✐á✈❡✐s
é ❡st✐♠❛❞❛ ✈✐❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ✭■▼✮✳ ❊♥tr❡t❛♥t♦✱ ❛ ■▼ é ❞✐❢í❝✐❧ ❞❡ ❡st✐♠❛r ❡✱ às ✈❡③❡s é
♥❡❝❡ssár✐♦ r❡❣✉❧❛r✐③❛r ♦s ❞❛❞♦s✱ ✉t✐❧✐③❛♥❞♦ ✉♠ ♠ét♦❞♦ ❞❡ s✉❛✈✐③❛çã♦✳ ❈❛s♦ ♦ ♦❜❥❡t✐✈♦ s❡❥❛
❢❛③❡r ♣r❡✈✐sõ❡s ♣♦❞❡ s❡r q✉❡ ❛❧❣✉♠❛s ✈❛r✐á✈❡✐s ♣♦ss❛♠ s❡r ✐♥❝❧✉í❞❛s ✐♥❞❡✈✐❞❛♠❡♥t❡✱ ❧♦❣♦ é
✐♠♣♦rt❛♥t❡ t❡r ♦ ♠ét♦❞♦ ✇r❛♣♣❡r ♥❛ s❛í❞❛ ❞♦ ✜❧tr♦ ♣❛r❛ ❢❛③❡r ❛ ❛✈❛❧✐❛çã♦ ❡♠ ❝♦♥❥✉♥t♦ ❞❛s
✈❛r✐á✈❡✐s ❡ ❡❧✐♠✐♥❛r ❛s ✈❛r✐á✈❡✐s ✐♥❞❡s❡❥á✈❡✐s✳

❖❜s❡r✈❛✲s❡ q✉❡ q✉❛♥❞♦ ♥ã♦ s❡ ❝♦♥❤❡❝❡ ❛ ❢✉♥çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s ✭❢❞♣✮ ❞❛
❞✐str✐❜✉✐çã♦ ❞♦s ❞❛❞♦s✱ ❝r✐❛✲s❡ ✉♠ ❤✐st♦❣r❛♠❛✱ ♠❛s ❛ ❢r❡qüê♥❝✐❛ ❞♦s ✈❛❧♦r❡s ❛♠♦str❛❞♦s t❡♠
q✉❡ s❡r ❛❞❡q✉❛❞❛♠❡♥t❡ ❜❛✐①❛ ♣❛r❛ s❡ ♦❜t❡r ✈❛❧♦r❡s ♣r❡❝✐s♦s ❬❈❊▲▲❯❈❈■ ❡t ❛❧✳✱ ✷✵✵✸❪✳ ❚❛♠❜é♠
♣♦❞❡✲s❡ ❢❛③❡r ❤✐♣ót❡s❡s s✐♠♣❧✐✜❝❛❞♦r❛s ❝♦♠♦ ❝♦♥s✐❞❡r❛r q✉❡ ❛ ❢❞♣ é ◆♦r♠❛❧✳ ❖ ✜❧tr♦ ♣r♦♣♦st♦
♥❡st❛ t❡s❡ ❡st✐♠❛ ❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ ✈❛r✐á✈❡✐s✱ ❞✐r❡t❛♠❡♥t❡ ❞❡ ❞❛❞♦s ❞✐s❝r❡t♦s✱ s❡♠ ❛
♥❡❝❡ss✐❞❛❞❡ ❞❡ ❢❛③❡r ❤✐♣ót❡s❡s s♦❜r❡ ❛ ❞✐str✐❜✉✐çã♦ ❛ ♣r✐♦r✐ ❞♦s ❞❛❞♦s✱ t❡♥❞♦ ✈✐t❛❧ ✐♠♣♦rtâ♥❝✐❛
♣rát✐❝❛✳ ■st♦ ♣ô❞❡ s❡r ❛❧❝❛♥ç❛❞♦ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛ ✐♥❡q✉❛çã♦ ❞❡ ❈❛✉❝❤②✲❙❝❤✇❛rt③✱ q✉❡
é ✉♠❛ s✉❜st✐t✉t❛ ❞♦ ❞✐✈❡r❣❡♥t❡ ❞❡ ❑✉❧❧❜❛❝❦✲▲❡✐❜❧❡r✱ ✐♥t❡❣r❛❞❛ ❛ ✉♠❛ ❏❛♥❡❧❛ ❞❡ P❆❘❩❊◆
❬P❆❘❩❊◆✱ ✶✾✻✷❪✳ ❊st❡ ♣r♦❝❡❞✐♠❡♥t♦ s❡rá ❛♣r❡s❡♥t❛❞♦ ♥❛ ♣ró①✐♠❛ s✉❜s❡çã♦✳

✸✳✹✳✶ ▼ét♦❞♦ ♣❛r❛ ❡st✐♠❛r ❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛

❙❍❆◆◆❖◆ ❬❙❍❆◆◆❖◆✱ ✶✾✹✽❪ ♣r♦✈♦❝♦✉ ✉♠ ✐♠♣❛❝t♦ s✐❣♥✐✜❝❛t✐✈♦ ♥❛ ár❡❛ ❞❡ t❡❝♥♦❧♦❣✐❛ ❞❡
✐♥❢♦r♠❛çã♦ ✭❚■✮✳ ❆♣❡s❛r ❞❛ s✉❛ ♦r✐❣❡♠ ♣rát✐❝❛✱ tr❛t❛✈❛✲s❡ ❞❡ ✉♠❛ t❡♦r✐❛ ♠❛t❡♠át✐❝❛ ♣r♦❢✉♥❞❛
r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ❛ ❡ssê♥❝✐❛ ❞♦ ♣r♦❝❡ss♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ✐♥❢♦r♠❛çã♦ ❬P❘❮◆❈■P❊✱ ✶✾✾✽❪✳
❏á ❘❊◆❨■ ❬❘❊◆❨■✱ ✶✾✼✻❪ ❢♦r♠❛❧✐③♦✉ ♠❛t❡♠❛t✐❝❛♠❡♥t❡ ♥♦ss❛ ♥♦çã♦ ✐♥t✉✐t✐✈❛ ❞❡ ✐♥❢♦r♠❛çã♦
❝♦♥t✐❞❛ ❡♠ ❞❛❞♦s✳ ❙❡ ♦s ❞❛❞♦s ❢♦r❡♠ t♦t❛❧♠❡♥t❡ ❝♦♥❤❡❝✐❞♦s ❛ ♣r✐♦r✐✱ s❡✉ í♥❞✐❝❡ ❞❡ ✐♥❢♦r♠❛çã♦
é ③❡r♦✳ ❊♥tr❡t❛♥t♦✱ q✉❛♥t♦ ♠❡♥♦s ❝♦♥❤❡❝✐❞♦s sã♦ ♦s ❞❛❞♦s✱ ♠❛✐♦r é s❡✉ í♥❞✐❝❡ ❞❡ ✐♥❢♦r♠❛çã♦✳

❊♠ ❙❍❆◆◆❖◆ ✭✶✾✹✽✮✱ t❡♠✲s❡ ✉♠❛ ❛♣r♦①✐♠❛çã♦ ❛①✐♦♠át✐❝❛ ♣❛r❛ ❡♥tr♦♣✐❛ ❞❡ ✉♠❛ ❢✉♥çã♦
❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s P = {p1, p2, ..., pN} ❝♦♠♦✿

HS(P ) =
N∑

k=1

pk log
1

pk

✭✸✳✶✵✮

❡♠ q✉❡ HS é ❛ ❡♥tr♦♣✐❛ ❞❡ ❙❤❛♥♦♥ ❝♦♠ ∑N
k=1 pk = 1 ❡ pk ≥ 0✳ ❊st❛ ❡q✉❛çã♦ ❢♦r♥❡❝❡ ❛

q✉❛♥t✐❞❛❞❡ ❞❡ ✐♥❢♦r♠❛çã♦ ♠é❞✐❛ ❝♦♥t✐❞❛ ❡♠ ✉♠❛ ú♥✐❝❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ Y = {y1, y2, ..., yN}
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❡ ❝♦♠ ❛s ❞✐str✐❜✉✐çõ❡s ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❛❞❛s ♣♦r pk = P (y = yk)✱ ♦♥❞❡ k = 1, 2, ..., N ✳
❆ ❡♥tr♦♣✐❛ t❛♠❜é♠ ♣♦❞❡ s❡r ✈✐st❛ ❝♦♠♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✐♥❢♦r♠❛çã♦ ❢❛❧t❛♥t❡ ❡♠ Y ✱ ❝✉❥❛
❞✐str✐❜✉✐çã♦ ❛ ♣r✐♦r✐ é ❝♦♥❤❡❝✐❞❛✳

❆ ❞❡✜♥✐çã♦ ❞❡ ❡♥tr♦♣✐❛ ♣♦❞❡ s❡r t❛♠❜é♠ ❞❡r✐✈❛❞❛ ❞❛ t❡♦r✐❛ ❣❡r❛❧ ❞❛s ♠é❞✐❛s✱ ❡♠ q✉❡ ❛
♠é❞✐❛ ❞♦s ♥ú♠❡r♦s r❡❛✐s {y1, y2, ..., yN}✱ ❝♦♠ ♣❡s♦s ♣♦s✐t✐✈♦s ✭♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ❞❡♥s✐❞❛❞❡s
❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s✮ {p1, p2, ..., pN}✱ t❡♠ ❛ s❡❣✉✐♥t❡ ❢ór♠✉❧❛✿

ȳ = ϕ−1(
N∑

k=1

pkϕ(yk)) ✭✸✳✶✶✮

❡♠ q✉❡ ϕ(y) é ❞❛❞♦ ♣❡❧❛ ❢✉♥çã♦ ❞❡ ❑♦❧♠♦❣♦r♦✈✲◆❛❣✉♠♦✱ q✉❡ é ✉♠❛ ❢✉♥çã♦ ❛r❜✐trár✐❛ ❝♦♥tí♥✉❛✱
❡str✐t❛♠❡♥t❡ ♠♦♥♦tô♥✐❝❛ ❡ ❞❡✜♥✐❞❛ ♥♦s ♥ú♠❡r♦s r❡❛✐s✳ ◆♦ ❣❡r❛❧✱ é ✉♠❛ ♠❡❞✐❞❛ ❞❛ ❡♥tr♦♣✐❛
(H) ❡ ♦❜❡❞❡❝❡ à r❡❧❛çã♦✿

H(P ) = ϕ−1(
N∑

k=1

pkϕ(I(pk))) ✭✸✳✶✷✮

❡♠ q✉❡ I(pk) = − log (pk) é ❛ ♠❡❞✐❞❛ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ ❍❛rt❧❡② ❬❍❆❘❚▲❊❨✱ ✶✾✷✽❪✳ ❆ ✜♠ ❞❡ t❡r
✉♠❛ ♠❡❞✐❞❛ ❞❡ ✐♥❢♦r♠❛çã♦✱ ϕ(.) ♥ã♦ ♣♦❞❡ s❡r ❡s❝♦❧❤✐❞❛ ❛r❜✐tr❛r✐❛♠❡♥t❡ ♣♦rq✉❡ ❛ ✐♥❢♦r♠❛çã♦
t❡♠ q✉❡ s❡r ❛❞✐t✐✈❛✳ P❛r❛ s❛t✐s❢❛③❡r ❛ ❝♦♥❞✐çã♦ ❞❡ ❛❞✐t✐✈✐❞❛❞❡✱ ♣♦❞❡ s❡r ❡s❝♦❧❤✐❞❛ ❡♥tr❡ ❛s
s❡❣✉✐♥t❡s ❢❛♠í❧✐❛s ❞❡ ❢✉♥çõ❡s✿ ϕ(y) = y ♦✉ ϕ(y) = 2(1−α)y✳ ❈❛s♦ ❢♦r s❡❧❡❝✐♦♥❛❞❛ ❛ ♣r✐♠❡✐r❛
❢❛♠í❧✐❛✱ t❡♠✲s❡ ❛ ❡♥tr♦♣✐❛ ❞❡ ❙❤❛♥♥♦♥✱ ❝❛s♦ ❝♦♥trár✐♦✱ t❡♠✲s❡ ❛ ❡♥tr♦♣✐❛ ❞❡ ❘❡♥②✐ ❞❡ ♦r❞❡♠ α✱
q✉❡ ♣♦❞❡ s❡r ❡①♣r❡ss❛ ♣♦r

HRα
(P ) =

1

1 − α
log(

N∑

k=1

pα
k ) ✭✸✳✶✸✮

❝♦♠ α > 0 ❡ α 6= 1✳
❘❡s✉❧t❛♥❞♦ q✉❡✿

HRα
≥ HS ≥ HRβ

❝❛s♦ 1 > α > 0 ❡ β > 1✳
❈♦♥s✐❞❡r❛♥❞♦ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s P = {p1, p2, ..., pN} ❝♦♠♦ ✉♠ ♣♦♥t♦ ❡♠

✉♠ ❡s♣❛ç♦ ❞✐♠❡♥s✐♦♥❛❧ ❞❡ N ❡ ❧❡♠❜r❛♥❞♦ ❛s ❝♦♥❞✐çõ❡s ✐♠♣♦st❛s ♣❡❧❛s ❧❡✐s ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s
pk ≥ 0✱ ∑N

k=1 pk = 1✱ ❡♥tã♦✱ P ❡♥❝♦♥tr❛✲s❡ ♥✉♠ ❤✐♣❡r♣❧❛♥♦ ❧♦❝❛❧✐③❛❞♦ ♥♦ ♣r✐♠❡✐r♦ q✉❛❞r❛♥t❡✱
❝♦♠ s✉❛s N ❞✐♠❡♥sõ❡s ♣♦❞❡♥❞♦ ❛❧❝❛♥ç❛r ❛s ❝♦♦r❞❡♥❛❞❛s ❞❡ ✈❛❧♦r 1✳ ❆ ❞✐stâ♥❝✐❛ ❞❡ P à ♦r✐❣❡♠
é ❛ α r❛✐③ ❞❡ Vα q✉❡ é ❞❛❞❛ ♣♦r✿

Vα =
N∑

k=1

pα
k = ‖P‖α. ✭✸✳✶✹✮

❆ r❛✐③ α ❞❡ Vα é ❝❤❛♠❛❞❛ ❞❡ ♥♦r♠❛ ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s✳ ▲♦❣♦✱ ❛ ❡♥tr♦♣✐❛ ❞❡
❘❡♥②✐ ♣♦❞❡ s❡r ❡s❝r✐t❛ ❡♠ ❢✉♥çã♦ ❞❡ Vα ✿

HRα(P ) =
1

1 − α
log Vα. ✭✸✳✶✺✮
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◗✉❛♥❞♦ ✈❛❧♦r❡s ❞✐❢❡r❡♥t❡s ❞❡ α sã♦ s❡❧❡❝✐♦♥❛❞♦s ♥❛ ❢❛♠í❧✐❛ ❞❡ ❢✉♥çõ❡s ❞❡ ❘❡♥②✐✱ ♦ r❡s✉❧t❛❞♦
✜♥❛❧ é ❛ s❡❧❡çã♦ ❞❡ ❞✐❢❡r❡♥t❡s α✲♥♦r♠❛s✳ ❆ ❡♥tr♦♣✐❛ ❞❡ ❙❤❛♥♥♦♥ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞❛ ❝♦♠♦ ✉♠
❡①❡♠♣❧♦ ❧✐♠✐t❡ ❞❛ ♥♦r♠❛ ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s✳ ❖❜s❡r✈❛✲s❡ q✉❡ ♦ ❧✐♠✐t❡ ❢♦r♥❡❝❡
✉♠❛ ✐♥❞❡t❡r♠✐♥❛çã♦✱ ♠❛s ♦ r❡s✉❧t❛❞♦ ❡①✐st❡ ❡ é ❞❛❞♦ ♣❡❧❛ ❡♥tr♦♣✐❛ ❞❡ ❙❤❛♥♥♦♥✳ ❈♦♠ ❡st❛
✈✐sã♦✱ ❛ ❡♥tr♦♣✐❛ ❞❡ ❘❡♥②✐ é ✉♠❛ ❢✉♥çã♦ ♠♦♥♦tô♥✐❝❛ ❞❛ α✲♥♦r♠❛ ❞❛ ❢❞♣ ❡ é ❡ss❡♥❝✐❛❧♠❡♥t❡
✉♠❛ ❢✉♥çã♦ ♠♦♥♦tô♥✐❝❛ ❞❛ ❞✐stâ♥❝✐❛ ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s à ♦r✐❣❡♠✳ ❚❡♠✲s❡ ❛
❧✐❜❡r❞❛❞❡ ♣❛r❛ ❡s❝♦❧❤❡r ❛ α✲♥♦r♠❛ ❡ q✉❛♥❞♦ α = 2 r❡s✉❧t❛✿

HR2(P ) = − log
N∑

k=1

p2
k ✭✸✳✶✻✮

❡♠ q✉❡ ♦ ✈❛❧♦r ❞❡HR2(P ) é ❝❤❛♠❛❞♦ ❞❡ ❡♥tr♦♣✐❛ q✉❛❞rát✐❝❛ ❞❡ ❘❡♥②✐ ❡ ❝♦rr❡s♣♦♥❞❡ à ♥♦r♠❛ L2
❞❛ ❢❞♣ P✳ ❆ ❡♥tr♦♣✐❛ ❞❡ ❘❡♥②✐ ❥á ❢♦✐ ✉t✐❧✐③❛❞❛ ❝♦♠ s✉❝❡ss♦ ♣❛r❛ ❡st✐♠❛r ❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦
❞❡ ❛tr❛t♦r❡s ❞❡ s✐st❡♠❛s ❞✐♥â♠✐❝♦s ♥ã♦✲❧✐♥❡❛r❡s✳ ❊♠ ❬❙❈❍❘❊■❇❊❘✱ ✶✾✾✽❪ ❢♦✐ s✉❣❡r✐❞♦ q✉❡ ❡st❛
❢❡rr❛♠❡♥t❛ é ✉♠❛ ♠❡❞✐❞❛ ❛❞❡q✉❛❞❛ ♣❛r❛ t❛❧ ✜♠✳

❖ ❝á❧❝✉❧♦ ❞❛ ❡♥tr♦♣✐❛ q✉❛❞rát✐❝❛ ❞❡ ❘❡♥②✐ é ❛ ♣❛rt✐r ❞❛ s♦♠❛ ❞❛s ♣♦tê♥❝✐❛s ❞❛s ♣r♦❜❛❜✐❧✐✲
❞❛❞❡s✱ ♦✉ s❡❥❛✱ é ❛ ♥♦r♠❛ ❞❛ ❢✉♥çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❡ ✭❢❞♣✮✱ ❧♦❣♦ ♣♦❞❡ s❡r ❡st✐♠❛❞❛
❞✐r❡t❛♠❡♥t❡ ❞♦s ❞❛❞♦s✳

❆ss✐♠✱ s❡❥❛ ai ∈ Rm✱ i = 1, 2, ...N ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❛♠♦str❛s ♣❡rt❡♥❝❡♥❞♦ ❛ ✉♠❛ ✈❛r✐á✈❡❧
r❛♥❞ô♠✐❝❛ Y ∈ Rm✱ ♦✉ s❡❥❛✱ ❛ ✉♠ ❡s♣❛ç♦ ♠✲❞✐♠❡♥s✐♦♥❛❧✳ ❆ ❡♥tr♦♣✐❛ ❞❡ ❘❡♥②✐ ❛ss♦❝✐❛❞❛ ❛ ❡st❡
❝♦♥❥✉♥t♦ ❞❡ ❛♠♦str❛s ♣♦❞❡ s❡r ❡st✐♠❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❢❞♣ ❛❥✉st❛❞❛ ❛ ❡st❡s ❞❛❞♦s ♣♦r ♠❡✐♦
❞❡ ✉♠❛ ❥❛♥❡❧❛ ❞❡ P❛r③❡♥ ❞❛❞❛ ♣♦r✿

fy(y) =
1

N

N∑

i=1

G(y − ai, σ
2I) ✭✸✳✶✼✮

❡♠ q✉❡ G é ✉♠❛ ❢✉♥çã♦ ●❛✉ss✐❛♥❛✱ σ2 é ❛ ✈❛r✐â♥❝✐❛ ❡ I é ❛ ♠❛tr✐③ q✉❛❞r❛❞❛ ❞❡ ✐❞❡♥t✐❞❛❞❡ ❞❡
♦r❞❡♠ m✳ ❆ ❥❛♥❡❧❛ ❞❡ P❛r③❡♥ é ✉♠❛ ❣❡♥❡r❛❧✐③❛çã♦ ❞❛ té❝♥✐❝❛ ❞♦s ❦✲✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s ❞❡
✉♠ ♣♦♥t♦ ❞❛❞♦ ✭t❡st❡✮✳ ❆ ♣❛rt✐r ❞♦ ♣♦♥t♦ ❞❡ t❡st❡✱ ❞✐str✐❜✉✐✲s❡ ♦s ♣❡s♦s ♣❡❧❛s ❝✉r✈❛s ❞❡ ♥í✈❡❧
♥♦ ♣❧❛♥♦ ❞❡ ❢♦r♠❛ q✉❡ ♦s q✉❡ ❡stã♦ ♠❛✐s ♣ró①✐♠♦s ❞♦ ♣♦♥t♦ ❞❡ t❡st❡ t❡♠ ♣❡s♦ ♠❛✐♦r✳ ❉❡✜♥❡✲s❡
♦ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❝♦♠♦ ♦ ❧✐♠✐t❡ ❞❛s ❝✉r✈❛s ❞❡ ♥í✈❡❧ ❡ t❡♠✲s❡ ❡♥tã♦ ♦ ♥ú❝❧❡♦ ❞❛ ❢✉♥çã♦✳
◆❡st❡ ❝❛♣ít✉❧♦✱ ❛ ❢✉♥çã♦ ●❛✉ss✐❛♥❛ ❡stá ♥♦ ♥ú❝❧❡♦✱ ♦ q✉❡ ✐♠♣❧✐❝❛ q✉❡ ♦s ♣❡s♦s ❞❡❝r❡s❝❡♠
❡①♣♦♥❡♥❝✐❛❧♠❡♥t❡ ❝♦♠ ♦ q✉❛❞r❛❞♦ ❞❛ ❞✐stâ♥❝✐❛✱ ❞❡ ❢♦r♠❛ q✉❡ ♦s ♣♦♥t♦s ♠❛✐s ❞✐st❛♥t❡s sã♦
✐rr❡❧❡✈❛♥t❡s✳ ❖ ❡s♣❛❧❤❛♠❡♥t♦ ✭✈❛r✐â♥❝✐❛✮ ❞♦s ♣♦♥t♦s ❞❡t❡r♠✐♥❛ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ♣❡s♦s ❞♦s
♣♦♥t♦s ♠❛✐s ♣ró①✐♠♦s ❡♠ r❡❧❛çã♦ ❛♦s ♠❛✐s ❞✐st❛♥t❡s✳ ❆ ✉t✐❧✐③❛çã♦ ❞❡st❛ ♠❡t♦❞♦❧♦❣✐❛ t♦r♥❛
❛ ❡st✐♠❛t✐✈❛ ❞❡ ❡♥tr♦♣✐❛ ♠❡♥♦s ❝♦♠♣❧❡①❛ ❞♦ q✉❡ s❡ ❢♦ss❡ ❡st✐♠❛❞❛ ♣♦r ♠❡✐♦ ❞❛ ❡♥tr♦♣✐❛ ❞❡
❙❤❛♥♥♦♥✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ❛ ❡♥tr♦♣✐❛ q✉❛❞rát✐❝❛ ❞❡ ❘❡♥②✐ ♥♦ t❡♠♣♦ ❝♦♥tí♥✉♦ ♣♦❞❡ s❡r ❡①♣r❡ss❛ ♣❡❧❛
s❡❣✉✐♥t❡ ❡q✉❛çã♦

HR2(y) = −log(
∫
f 2

y (y)dy)

❡ ✉t✐❧✐③❛♥❞♦ ❛ ❥❛♥❡❧❛ ❞❡ P❛r③❡♥✱ s❛❜❡♥❞♦ q✉❡ ✉♠❛ s♦♠❛ ❞❡ ❣❛✉ss✐❛♥❛s ❝♦♥✈❡r❣❡ ♣❛r❛ ✉♠❛
❣❛✉ss✐❛♥❛✱ r❡s✉❧t❛
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∫
f 2

y (y)dy =
∫

[
1

N

N∑

i=1

G(y − ai, σ
2I)]2dy =

1

N2

N∑

i=1

N∑

j=1

∫
G(y − ai, σ

2)dy
∫
G(y − aj, σ

2)dy

=
1

N2

N∑

i=1

N∑

j=1

G(ai − aj, 2σ
2) ✭✸✳✶✽✮

❡ ❞❡✜♥✐♥❞♦ P ({ai}) =
∫
f 2

y (y)dy✱ r❡s✉❧t❛✿

P ({ai}) =
1

N2

N∑

i=1

N∑

j=1

G(ai − aj, 2σ
2) ✭✸✳✶✾✮

❡♠ q✉❡ ♦ t❡r♠♦ P ({ai}) ♣♦❞❡ s❡r ✐♥t❡r♣r❡t❛❞♦ ❝♦♠♦ ♦ ♣♦t❡♥❝✐❛❧ ❞❡ ✐♥❢♦r♠❛çã♦ ❝♦♥t✐❞♦ ♥❛s
❛♠♦str❛s ai ❡ G(ai−aj, 2σ

2I) ❝♦♠♦ ♦ ♣♦t❡♥❝✐❛❧ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❛s ❛♠♦str❛s ai s♦❜r❡ ❛s ❛♠♦str❛s
aj✱ ❡ ✈✐❝❡✲✈❡rs❛✳ ❆ss✐♠✱ ♠✐♥✐♠✐③❛r ❛ ❡♥tr♦♣✐❛ ❡q✉✐✈❛❧❡ ❛ ♠✐♥✐♠✐③❛r ♦ ♣♦t❡♥❝✐❛❧ ❞❡ ✐♥❢♦r♠❛çã♦
❝♦♥t✐❞♦ ♥❛s ❛♠♦str❛s✳

❆ ✐♥❢♦r♠❛çã♦ ♠út✉❛ é ✉♠❛ ✐❞é✐❛ ♠❛✐s ❣❡r❛❧ q✉❡ ❛ ✐❞é✐❛ ❞❡ ❡♥tr♦♣✐❛ ❡✱ às ✈❡③❡s✱ ♠❛✐s ♥❡❝❡s✲
sár✐❛ ♣♦r ❢♦r♥❡❝❡r ✉♠❛ ♠❡❞✐❞❛ ❞❡ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡ ❞✉❛s ✈❛r✐á✈❡✐s r❛♥❞ô♠✐❝❛s r❡♣r❡s❡♥t❛❞❛s
♣❡❧❛s s✉❛s r❡s♣❡❝t✐✈❛s ❢❞♣s f(x) ❡ g(x)✳ ❖ ❞✐✈❡r❣❡♥t❡ ❞❡ ❑✉❧❧❜❛❝❦✲▲❡✐❜❧❡r ❞❛❞♦ ♣❡❧❛ ❡q✉❛çã♦
❛❜❛✐①♦ é ✉♠❛ ♠❡❞✐❞❛ ❞❡ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ✉t✐❧✐③❛❞❛ ♥❛ ár❡❛ ❞❛ t❡♦r✐❛ ❞❛ ✐♥❢♦r♠❛çã♦✳

K(f, g) =
∫
f(x) log (f(x)/g(x))dx. ✭✸✳✷✵✮

❆ ♠❡❞✐❞❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❞❡ ❞✐✈❡r❣❡♥t❡ ❞❡ ❘❡♥②✐ ♣♦❞❡ s❡r ❞❛❞❛ ♣♦r✿

Rα(f, g) = log (
∫

(f(x)α/g(x)α)dx)/(α− 1). ✭✸✳✷✶✮
◆❡♥❤✉♠ ❞❡st❡s ❞✐✈❡r❣❡♥t❡s sã♦ ❢á❝❡✐s ❞❡ s❡r ✐♥t❡❣r❛❞♦s ❝♦♠ ❛ ❥❛♥❡❧❛ ❞❡ P❛r③❡♥✱ ❛♣r❡s❡♥t❛❞❛

❛♥t❡r✐♦r♠❡♥t❡✳ ❆ss✐♠✱ ❛ r❡❢❡rê♥❝✐❛ ❬❳❯ ❛♥❞ P❘❮◆❈■P❊✱ ✶✾✾✽❪ ♣r♦♣ôs ✉♠❛ ♠étr✐❝❛✱ ❜❛s❡❛❞❛
♥❛ ✐♥❡q✉❛çã♦ ❞❡ ❈❛✉❝❤②✲❙❝❤✇❛rt③✱ ♣❛r❛ ♠❡❞✐r ❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡ ❞✉❛s ❢❞♣s f(x) ❡ g(x)✿

C(f, g) = log
(
∫
f(x)2dx)(

∫
g(x)2dx)

(
∫
f(x)g(x)dx)2

. ✭✸✳✷✷✮
P♦❞❡ s❡r ✈❡r✐✜❝❛❞♦ q✉❡ C(f, g) ≥ 0 ❡ q✉❡ ❛ ✐♥❡q✉❛çã♦ t♦r♥❛✲s❡ ✈❡r❞❛❞❡✐r❛ s❡ ❡ s♦♠❡♥t❡ s❡

f(x) = g(x)✳ P❛r❛ ❞✉❛s ✈❛r✐á✈❡✐s r❛♥❞ô♠✐❝❛s Y1 ❡ Y2 ✭❝♦♠ ❢❞♣s ♠❛r❣✐♥❛✐s fy1
(y1), fy2

(y2) ❡ ❢❞♣
❝♦♥❥✉♥t❛ fy1y2

(y1, y2)✱ r❡s✉❧t❛ ♥❛ s❡❣✉✐♥t❡ ♠❡❞✐❞❛ ❞❡ ✐♥❞❡♣❡♥❞ê♥❝✐❛

C(Y1, Y2) = log
(
∫ ∫

fy1y2
(y1, y2)

2dy1dy2)(
∫ ∫

fy1
(y1)

2fy2
(y2)

2dy1dy2)

(
∫ ∫

fy1y2
(y1, y2)2fy1

(y1)2fy2
(y2)2dy1dy2)

. ✭✸✳✷✸✮
❈♦♠♦ C(Y1, Y2) ≥ 0✱ ❡♥tã♦✱ Y1 ❡ Y2 s❡rã♦ ❡st❛t✐st✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s s❡ ❡ s♦♠❡♥t❡ s❡

C(Y1, Y2) = 0✳ ❆ss✐♠✱ s❡❥❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s {ai, i = 1, 2, ..., N}✱ ❝♦♠ ai1 ❡ ai2 ♥♦ ♠❡s♠♦
❡s♣❛ç♦ ❝♦♥❥✉♥t♦✱ ❛ ❡q✉❛çã♦ ✭✸✳✷✸✮ ♣♦❞❡ s❡r ✉s❛❞❛ ♣❛r❛ ❡st✐♠❛r ❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡ ❡st❡s ❞♦✐s
❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s✳
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P❛r❛ ✈✐❛❜✐❧✐③❛r ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ q✉❡ ✉t✐❧✐③❡ ❛ ❡q✉❛çã♦ ❛♥t❡r✐♦r ♥♦ t❡♠♣♦ ❞✐s❝r❡t♦✱ ❢❛③✲s❡ ✉♠
❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ♠❛t❡♠át✐❝♦ ♣❛r❛ s❡ ❝❤❡❣❛r ❛ ✉♠❛ ❡q✉❛çã♦ q✉❡ ♣❡r♠✐t❛ ❛ s✉❛ ✐♠♣❧❡♠❡♥t❛çã♦✳
❆ss✐♠✱ é ❢❛t♦ q✉❡

∫ ∫
fy1y2

(y1, y2)
2dy1dy2 =

∫
fy1

(y1)
2dy1

∫
fy2

(y2)
2dy2

♣♦r ❞❡✜♥✐çã♦
fy1y2

(y1, y2)
2 = fy1

(y1)
2fy2

(y2)
2

❡ ❛ ♣❛r❝❡❧❛ fy1y2
(y1, y2)

2 ❞♦ ❞❡♥♦♠✐♥❛❞♦r ❞❛ ❡q✉❛çã♦ ✭✸✳✷✸✮ ♣♦❞❡ s❡r s✉❜st✐t✉í❞❛ ♣♦r fy1
(y1)

2fy2
(y2)

2

❡ ♦ ❞❡♥♦♠✐♥❛❞♦r ❞❡st❛ ❡q✉❛çã♦ r❡s✉❧t❛ ❡♠
∫ ∫

fy1y2
(y1, y2)

2fy1
(y1)

2fy2
(y2)

2dy1dy2

=
∫ ∫

fy1
(y1)

4fy2
(y2)

4dy1dy2 = [
∫ ∫

fy1
(y1)

2fy2
(y2)

2dy1dy2]
2.

❙❡ ❛i✱ i = 1, 2, ..., N é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❛♠♦str❛s s✉❜❞✐✈✐❞✐❞♦ ❡♠ ❞♦✐s ✈❡t♦r❡s ❛i1 ❡ ❛i2 ♥❛
❢♦r♠❛ ❛i = [❛i1 ❛i2 ] ❡ ♦s ✈❛❧♦r❡s ❞❡ ❨ sã♦ ❞✐✈✐❞✐❞♦s ❡♠ Y1 ❡ Y2✳ ❙❡❣✉♥❞♦ ❡st❡ ♠♦❞❡❧♦✱ Y1 ❡ Y2

♥ã♦ tê♠ ❝♦rr❡❧❛çã♦ ❡①♣❧í❝✐t❛ ✭❝❛s♦ ❝♦♥trár✐♦✱ ❛ ❞❡✜♥✐çã♦ ❞❡ ❛i = [❛i1 ❛i2 ] ♥ã♦ ❡st❛r✐❛ ❝♦rr❡t❛✮✳
❆ss✐♠✱ ❞❡✜♥✐♥❞♦

P ({❛i}) =
∫ ∫

fy1y2
(y1, y2)

2dy1dy2

❡
P ({❛i1}) =

∫ ∫
fy1

(y1)
2dy1

❡
P ({❛i2}) =

∫ ∫
fy2

(y2)
2dy2.

❋✐♥❛❧♠❡♥t❡✱ ❛ ❡q✉❛çã♦ ✭✸✳✷✸✮ r❡s✉❧t❛ ♥❛ ❡q✉❛çã♦ ❛❜❛✐①♦ q✉❡ ♣❡r♠✐t❡ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦
❝á❧❝✉❧♦ ❞❡ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❞✐r❡t❛♠❡♥t❡ ❞♦s ❞❛❞♦s✳

C(❛i1, ❛i2) = log
P ({❛i})P1({❛i1})P2({❛i2})

Pc({❛i})2
✭✸✳✷✹✮

❡♠ q✉❡ P ({❛i}) é ♦ ♣♦t❡♥❝✐❛❧ t♦t❛❧ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❛s ❛♠♦str❛s✱ Pl(j, {❛i}) = 1
N

∑N
i=1G(❛jl

−
❛il , 2σ

2Il) é ♦ ♣♦t❡♥❝✐❛❧ ♠❛r❣✐♥❛❧ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❛s ❛♠♦str❛s (l = 1, 2) ❡ Pc({❛i}) = 1
N

∑N
j=1

P1(j, {❛i})P2(j, {❛i}) é ♦ ♣♦t❡♥❝✐❛❧ ❞❡ ✐♥❢♦r♠❛çã♦ ❝r✉③❛❞❛ ❡♥tr❡ ❛♠♦str❛s✳ ❆ ✐♥❞❡♣❡♥❞ê♥❝✐❛
❡♥tr❡ ❞✉❛s ✈❛r✐á✈❡✐s r❡q✉❡r✿ ❜❛✐①♦ ♣♦t❡♥❝✐❛❧ t♦t❛❧ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❛s ❛♠♦str❛s✱ ❜❛✐①♦ ♣♦t❡♥❝✐❛❧
❞❡ ✐♥❢♦r♠❛çã♦ ♠❛r❣✐♥❛❧ ❡ ❛❧t♦ ♣♦t❡♥❝✐❛❧ ❞❡ ✐♥❢♦r♠❛çã♦ ❝r✉③❛❞❛✳

❆s ✈❛r✐á✈❡✐s ♣♦❞❡♠ s❡r ❜✐♥ár✐❛s ♦✉ ❝♦♥tí♥✉❛s ❛♠♦str❛❞❛s ❡ q✉❛♥t✐③❛❞❛s ♥♦ ❡s♣❛ç♦ ❞♦s ♥ú✲
♠❡r♦s r❡❛✐s✳ ➱ s❡♠♣r❡ ♣♦ssí✈❡❧ ♥♦r♠❛❧✐③❛r ♦s ✈❡t♦r❡s ❛ss♦❝✐❛❞♦s às ✈❛r✐á✈❡✐s ❡♠ q✉❡stã♦✳ ■st♦
♣♦rq✉❡ s❡ tr❛t❛ ❞❡ ❡q✉❛çõ❡s ❜❛s❡❛❞❛s ❡♠ ❢✉♥çõ❡s ❣❛✉ss✐❛♥❛s ❜❡♠ ❞❡✜♥✐❞❛s ♣♦r ♠❡✐♦ ❞❛ ❥❛✲
♥❡❧❛ ❞❡ P❛r③❡♥✱ ♠❛s ❞❡✈❡✲s❡ ✉t✐❧✐③❛r ♦ ♠❡s♠♦ ♠ét♦❞♦ ❞❡ ♥♦r♠❛❧✐③❛çã♦ ❡♠ t♦❞❛s ❛s ✈❛r✐á✈❡✐s✳
❊♥tr❡t❛♥t♦✱ é ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ q✉❡ t❡♠ ❛❧t❛ ❞❡♠❛♥❞❛ ♣♦r ❞❛❞♦s✱ ♦✉ s❡❥❛✱ ♦s r❡s✉❧t❛❞♦s ♠❛✐s
❝♦♥✜á✈❡✐s sã♦ ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❧♦♥❣❛s✳
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✸✳✹✳✷ ❋✐❧tr♦

◆❛ s❡❧❡çã♦ ❞♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ♦ ♦❜❥❡t✐✈♦ é ❡❧✐♠✐♥❛r ✉♠❛ ✈❛r✐á✈❡❧ ❝❛s♦
❛ ♠❡s♠❛ ♥ã♦ ❢♦r♥❡ç❛ ♥❡♥❤✉♠❛ ✐♥❢♦r♠❛çã♦ ❛❞✐❝✐♦♥❛❧ ❛❧é♠ ❞❛q✉❡❧❛s ❢♦r♥❡❝✐❞❛s ♣❡❧❛s ♦✉tr❛s r❡s✲
t❛♥t❡s✳ ❚r❛❞✐❝✐♦♥❛❧♠❡♥t❡✱ ❛ ♣❡sq✉✐s❛ ♥❡st❛ ár❡❛ ❢♦✐ ❞✐r❡❝✐♦♥❛❞❛ ♣❛r❛ ♣r♦❝✉r❛r ♣♦r ✈❛r✐á✈❡✐s
r❡❧❡✈❛♥t❡s ❬❑❖❍❆❱■ ❡t ❛❧✳✱ ✶✾✾✹❪✳ ❊♠❜♦r❛ ❛❧❣✉♥s tr❛❜❛❧❤♦s ♣✉❜❧✐❝❛❞♦s ❥á ✐♥❞✐❝❛ss❡♠ ❛ ❡①✐s✲
tê♥❝✐❛ ❡ ♦ ❡❢❡✐t♦ ❞❛ r❡❞✉♥❞â♥❝✐❛ ♥❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ❤❛✈✐❛ ♣♦✉❝♦s tr❛❜❛❧❤♦s s♦❜r❡ ♦ tr❛t❛♠❡♥t♦
❡①♣❧í❝✐t♦ ❞❡st❡ ❛ss✉♥t♦ ❛té ❛ r❡❢❡rê♥❝✐❛ ❬❨❯ ❛♥❞ ▲■❯✱ ✷✵✵✹❪ ❛♣r❡s❡♥t❛r❡♠ ✉♠❛ ❞❡✜♥✐çã♦ ❢♦r♠❛❧
❞❡ r❡❞✉♥❞â♥❝✐❛✳

❙❡❥❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s F = {F1, F2, . . . , FN} ✉♠❛ ❛♠♦str❛ ❞❡ ✈❛r✐á✈❡✐s ❞❡♥tr♦ ❞❡ ✉♠
❞❡t❡r♠✐♥❛❞♦ ❝♦♥t❡①t♦ ❝♦♠ Fi s❡♥❞♦ ✉♠❛ ✈❛r✐á✈❡❧ ❞❡st❡ ❝♦♥❥✉♥t♦✳ ❙❡❥❛ t❛♠❜é♠ ✉♠ ❝♦♥❥✉♥t♦
❞❡ ❝❧❛ss❡s C = {C1, C2, . . . , Ck} ❞❡ ♠♦❞❡❧♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦
♣r♦❝❡ss♦✳ ❈♦♥s✐❞❡r❛♥❞♦ G ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ F ✱ ❣❡r❛❧♠❡♥t❡ ♦ ♦❜❥❡t✐✈♦ ❞❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s
é s❡❧❡❝✐♦♥❛r ✉♠ s✉❜❝♦♥❥✉♥t♦ ♠í♥✐♠♦ G t❛❧ q✉❡ P (C|G) é ✐❣✉❛❧ ♦✉ tã♦ ♣ró①✐♠❛ ♣♦ssí✈❡❧ ❞❡
P (C|F )✱ ❡♠ q✉❡ P (C|G) é ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ C ❞❛❞♦ ♦ s✉❜❝♦♥❥✉♥t♦ G ❡
P (C|F ) é ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ C ❞❛❞♦ F ❬❑❖▲▲❊❘ ❛♥❞ ❙❆❍❆▼■✱ ✶✾✾✻❪✳

❆s ❞❡✜♥✐çõ❡s ❢♦r♠❛✐s ❞❛s ❝❛t❡❣♦r✐❛s ❞❡ r❡❧❡✈â♥❝✐❛ ✭❢♦rt❡✱ ♠é❞✐❛ ❡ ❢r❛❝❛✮ s❡rã♦ ❛♣r❡s❡♥t❛❞❛s
❡♠ s❡❣✉✐❞❛✳ ❆ss✐♠✱ s❡❥❛ ♦ s✉❜❝♦♥❥✉♥t♦ Si = F − {Fi}✳

❉❡✜♥✐çã♦ ✸✳✹✳✶✿ r❡❧❡✈â♥❝✐❛ ❢♦rt❡
❆ ✈❛r✐á✈❡❧ Fi é ❢♦rt❡♠❡♥t❡ r❡❧❡✈❛♥t❡ s❡ ❡ s♦♠❡♥t❡ s❡

P (C|Fi, Si) 6= P (C|Si).

❉❡✜♥✐çã♦ ✸✳✹✳✷✿ r❡❧❡✈â♥❝✐❛ ❢r❛❝❛
❆ ✈❛r✐á✈❡❧ Fi é ❢r❛❝❛♠❡♥t❡ r❡❧❡✈❛♥t❡ s❡ ❡ s♦♠❡♥t❡ s❡
P (C|Fi, Si) = P (C|Si),∃S ′

i ⊂ Si✱ t❛❧ q✉❡ P (C|Fi, S
′

i) 6= P (C|S ′

i)✳

❉❡✜♥✐çã♦ ✸✳✹✳✸✿ ✐rr❡❧❡✈❛♥t❡
❆ ✈❛r✐á✈❡❧ Fi é ✐rr❡❧❡✈❛♥t❡ s❡ ❡ s♦♠❡♥t❡ s❡

∀S ′

i ⊆ Si, P (C|Fi, S
′

i) = P (C|S ′

i).

❆♥t❡s ❞❡ ❛♣r❡s❡♥t❛r ❛ ❞❡✜♥✐çã♦ ❢♦r♠❛❧ ❞❡ r❡❞✉♥❞â♥❝✐❛ s❡rá ❛♣r❡s❡♥t❛❞❛ ❛ ❞❡✜♥✐çã♦ ❞❡
❝♦❜❡rt✉r❛ ❞❡ ▼❛r❦♦✈ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❡❢❡rê♥❝✐❛ ❑❖▲▲❊❘ ❡ ❙❆❍❆▼■ ✭✶✾✾✻✮✳

❉❡✜♥✐çã♦ ✸✳✹✳✹✿ ❝♦❜❡rt✉r❛ ❞❡ ▼❛r❦♦✈
❉❛❞❛ ✉♠❛ ✈❛r✐á✈❡❧ Fi ❡ ♦ s✉❜❝♦♥❥✉♥t♦ Mi ⊂ F ✭Fi ♥ã♦ ♣❡rt❡♥❝❡ ❛ Mi✮✱ Mi é ❞✐t❛ ✉♠❛

❝♦❜❡rt✉r❛ ❞❡ ♠❛r❦♦✈ ♣❛r❛ Fi s❡ ❡ s♦♠❡♥t❡ s❡

P (F −Mi − {Fi}, C|Fi,Mi) = P (F −Mi − {Fi}, C|Mi).
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❆ ❝♦❜❡rt✉r❛ ❞❡ ▼❛r❦♦✈ ♣♦ss✐❜✐❧✐t❛ q✉❡ ♦ s✉❜❝♦♥❥✉♥t♦ Mi ✐♥❝❧✉❛ ♥ã♦ s♦♠❡♥t❡ ❛ ✐♥❢♦r♠❛çã♦
q✉❡ Fi t❡♠ ❞❡ C✱ ♠❛s t❛♠❜é♠ ❞❡ ♦✉tr❛s ✈❛r✐á✈❡✐s✳

❆ ❞❡✜♥✐çã♦ ❢♦r♠❛❧ ❞❡ r❡❞✉♥❞â♥❝✐❛ s❡rá ❛♣r❡s❡♥t❛❞❛ ❡♠ s❡❣✉✐❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❡❢❡rê♥❝✐❛
❨❯ ❡ ▲■❯ ✭✷✵✵✹✮✳

❉❡✜♥✐çã♦ ✸✳✹✳✺✿ r❡❞✉♥❞â♥❝✐❛
❙❡❥❛ G ✉♠ ❝♦♥❥✉♥t♦ ❝♦rr❡♥t❡ ❞❡ ✈❛r✐á✈❡✐s✱ ✉♠❛ ✈❛r✐á✈❡❧ é r❡❞✉♥❞❛♥t❡ ❡ ♣♦❞❡ s❡r r❡♠♦✈✐❞❛

❞❡ G s❡ ❡ s♦♠❡♥t❡ s❡ é ❢r❛❝❛♠❡♥t❡ r❡❧❡✈❛♥t❡ ❡ t❡♠ ✉♠❛ ❝♦❜❡rt✉r❛ ❞❡ ▼❛r❦♦✈ Mi ❡♠ G✳
◆❛ r❡❛❧✐❞❛❞❡✱ ♥ã♦ s❡ ♣♦❞❡ ❞❡t❡r♠✐♥❛r ❛ r❡❞✉♥❞â♥❝✐❛ ❞✐r❡t❛♠❡♥t❡ ❞❡ ✉♠❛ ✈❛r✐á✈❡❧ s♦♠❡♥t❡

q✉❛♥❞♦ ❡st❛ ✈❛r✐á✈❡❧ ❡stá ❝♦rr❡❧❛❝✐♦♥❛❞❛ ✭t❛❧✈❡③ ♣❛r❝✐❛❧♠❡♥t❡✮ ❝♦♠ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s✳
P❛r❛ ❞❡✜♥✐r ♦ ❛❧❣♦r✐t♠♦ q✉❡ ❢❛③ ❛ s❡❧❡çã♦ ❛✉t♦♠át✐❝❛ ❞❡ ✈❛r✐á✈❡✐s sã♦ ♥❡❝❡ssár✐❛s ❛s s❡❣✉✐♥t❡s

❞❡✜♥✐çõ❡s✿ ❈✲✐♥❢♦r♠❛çã♦ ♠út✉❛✱ ❋✲✐♥❢♦r♠❛çã♦ ♠út✉❛✱ ❝♦❜❡rt✉r❛ ❛♣r♦①✐♠❛❞❛ ❞❡ ▼❛r❦♦✈ ❡
✈❛r✐á✈❡❧ ♣r❡❞♦♠✐♥❛♥t❡✳

❉❡✜♥✐çã♦ ✸✳✹✳✻✿ ❈✲✐♥❢♦r♠❛çã♦ ♠út✉❛
❆ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❝❛♥❞✐❞❛t❛s Fi ❡ ❛ ❝❧❛ss❡ C ✭✈❛r✐á✈❡❧ ❞❡♣❡♥✲

❞❡♥t❡✮✱ ❞❡♥♦t❛❞❛ ♣♦r SUi,c✳

❉❡✜♥✐çã♦ ✸✳✹✳✼✿ ❋✲✐♥❢♦r♠❛çã♦ ♠út✉❛
❆ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ q✉❛❧q✉❡r ♣❛r ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ Fi ❡ Fj ✭✐ ❞✐❢❡r❡♥t❡ ❞❡ ❥✮✱

❞❡♥♦t❛❞❛ ♣♦r SUi,j✳

❉❡✜♥✐çã♦ ✸✳✹✳✽✿ ❝♦❜❡rt✉r❛ ❛♣r♦①✐♠❛❞❛ ❞❡ ▼❛r❦♦✈
P❛r❛ ❞✉❛s ✈❛r✐á✈❡✐s r❡❧❡✈❛♥t❡s ❞❡ ❡♥tr❛❞❛ Fi ❡ Fj ✭✐ ❞✐❢❡r❡♥t❡ ❞❡ ❥✮✱ Fi ❢♦r♠❛ ✉♠❛ ❝♦❜❡rt✉r❛

❛♣r♦①✐♠❛❞❛ ❞❡ ▼❛r❦♦✈ ♣❛r❛ Fj s❡ ❡ s♦♠❡♥t❡ s❡ SUi,c ≥ SUj,c ❡ SUi,j ≥ SUi,c✳

❉❡✜♥✐çã♦ ✸✳✹✳✾✿ ✈❛r✐á✈❡❧ ♣r❡❞♦♠✐♥❛♥t❡
❆s ❝❛r❛❝t❡ríst✐❝❛s ♣r❡❞♦♠✐♥❛♥t❡s sã♦ ❛q✉❡❧❛s q✉❡ ♥ã♦ t❡♠ ♥❡♥❤✉♠❛ ❝♦❜❡rt✉r❛ ❛♣r♦①✐♠❛❞❛

❞❡ ▼❛r❦♦✈ ♥♦ ❝♦♥❥✉♥t♦ ❛t✉❛❧ ❡ ♥ã♦ ♣♦❞❡♠ s❡r r❡♠♦✈✐❞❛s ❡♠ ♥❡♥❤✉♠❛ ❤✐♣ót❡s❡✳
❆ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ♣♦r ♠❡✐♦ ❞❡ ✉♠ ✜❧tr♦ ♥♦ ♣r✐♠❡✐r♦ ❡stá❣✐♦✱ ✉t✐❧✐③❛♥❞♦ ♦s ❝♦♥❝❡✐t♦s ❞❡

r❡❧❡✈â♥❝✐❛ ❡ r❡❞✉♥❞â♥❝✐❛✱ r❡s✉❧t❛ ♥❛ ❝❛t❡❣♦r✐③❛çã♦ ❞❛s ✈❛r✐á✈❡✐s ❡♠ q✉❛tr♦ ❝❧❛ss❡s✿ r❡❧❡✈❛♥t❡s❀
♣♦✉❝♦ r❡❧❡✈❛♥t❡s ❡ ♥ã♦ r❡❞✉♥❞❛♥t❡s❀ ♣♦✉❝♦ r❡❧❡✈❛♥t❡s ❡ r❡❞✉♥❞❛♥t❡s❀ ✐rr❡❧❡✈❛♥t❡s✳ ❆ ❋✐❣✉r❛
✸✳✺ ✐❧✉str❛ ❡st❡s q✉❛tr♦ t✐♣♦s ❞❡ ✈❛r✐á✈❡✐s✳ ❖ ✜❧tr♦ ❜✉s❝❛ ❡❧✐♠✐♥❛r ♦s s❡❣✉✐♥t❡s t✐♣♦s ❞❡ ✈❛r✐á✲
✈❡✐s✿ ♣♦✉❝♦ r❡❧❡✈❛♥t❡s ❡ r❡❞✉♥❞❛♥t❡s❀ ✐rr❡❧❡✈❛♥t❡s✳ ❖ s✉❜❝♦♥❥✉♥t♦ ❞❛s ✈❛r✐á✈❡✐s ♣r♦♠✐ss♦r❛s é
❢♦r♠❛❞♦ ♣❡❧❛s ✈❛r✐á✈❡✐s✿ r❡❧❡✈❛♥t❡s❀ ♣♦✉❝♦ r❡❧❡✈❛♥t❡s ❡ ♥ã♦ r❡❞✉♥❞❛♥t❡s✳
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❋✐❣✳ ✸✳✺✿ ❚✐♣♦s ❞❡ ✈❛r✐á✈❡✐s✿ ■ ✲ ✐rr❡❧❡✈❛♥t❡s❀ ■■ ✲ ❢r❛❝❛♠❡♥t❡ r❡❧❡✈❛♥t❡s ❡ r❡❞✉♥❞❛♥t❡s❀ ■■■ ✲
❢r❛❝❛♠❡♥t❡ r❡❧❡✈❛♥t❡s ❡ ♥ã♦ r❡❞✉♥❞❛♥t❡s❀ ■❱ ✲ r❡❧❡✈❛♥t❡s

❖ ✜❧tr♦ ❡s❝♦❧❤❡ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❛ ♣❛rt✐r ❞♦ ❛❧❣♦r✐t♠♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛
✸✳✻✳ ❊st❡ ❛❧❣♦r✐t♠♦ ❡♥✈♦❧✈❡ ❞✉❛s ❡t❛♣❛s ❝♦♥❡❝t❛❞❛s✿

• s❡❧❡❝✐♦♥❛♥❞♦ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s r❡❧❡✈❛♥t❡s❀
• s❡❧❡❝✐♦♥❛♥❞♦ ❛s ✈❛r✐á✈❡✐s ♣r❡❞♦♠✐♥❛♥t❡s ❡♥tr❡ ❛s ♣♦✉❝♦ r❡❧❡✈❛♥t❡s✱ ♦✉ s❡❥❛✱ ❛s ❢r❛❝❛♠❡♥t❡

r❡❧❡✈❛♥t❡s ❡ ♥ã♦ r❡❞✉♥❞❛♥t❡s✳
❊♥tr❡t❛♥t♦✱ ♣♦❞❡♠ ❡①✐st✐r ✈❛r✐á✈❡✐s ♥ã♦ ❝♦♥tr♦❧á✈❡✐s ✭❛❧❣✉♠❛s ♥ã♦ ♦❜s❡r✈á✈❡✐s ❡ ❛❧❣✉♠❛s ♥ã♦
❝♦♥❤❡❝✐❞❛s✮ ❡ t❛♠❜é♠ ❛s ❛♠♦str❛s ✜♥✐t❛s ❞❡ ❞❛❞♦s ♣♦❞❡♠ ♥ã♦ ❡①♣❧✐❝❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦
♣r♦❝❡ss♦✳

◆❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ❞♦ ✜❧tr♦ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s✱ ♣r✐♠❡✐r❛♠❡♥t❡ sã♦ ❞❡✜♥✐❞♦s
❞♦✐s t✐♣♦s ❞❡ ✐♥❢♦r♠❛çã♦ ♠út✉❛✿ ❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❝❛♥❞✐❞❛t❛s Fi ❡
❛ ❝❧❛ss❡ ❈✱ ❝❤❛♠❛❞❛ ❞❡ ❈✲✐♥❢♦r♠❛çã♦ ♠út✉❛✱ ❞❡♥♦t❛❞❛ ♣♦r SUi,c❀ ❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡
q✉❛❧q✉❡r ♣❛r ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ Fi ❡ Fj ✭✐ ❞✐❢❡r❡♥t❡ ❞❡ ❥✮✱ é ❝❤❛♠❛❞❛ ❞❡ ❋✲✐♥❢♦r♠❛çã♦
♠út✉❛✱ ❞❡♥♦t❛❞❛ ♣♦r SUi,j✳ ◆❛ ❛♥á❧✐s❡ ❞❡ r❡❧❡✈â♥❝✐❛✱ ❝❛❧❝✉❧❛✲s❡ ❛ ❈✲✐♥❢♦r♠❛çã♦ ♠út✉❛ ♣❛r❛
❝❛❞❛ ✈❛r✐á✈❡❧✱ ❡ ❤❡✉r✐st✐❝❛♠❡♥t❡ ❛ss✉♠❡✲s❡ q✉❡ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ Fi é r❡❧❡✈❛♥t❡ s❡ t✐✈❡r ✉♠
✈❛❧♦r ❛❧t♦ ❞❡ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❝♦♠ ❛ ❝❧❛ss❡ ❈✱ ✐st♦ é✱ s❡ SUi,c > δ✱ ❡♠ q✉❡ δ é ✉♠ ♣❛t❛♠❛r
✐♥✐❝✐❛❧ ❞❡ r❡❧❡✈â♥❝✐❛ ❞❡t❡r♠✐♥❛❞♦ ♣❡❧♦ ✉s✉ár✐♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❛♣❧✐❝❛çã♦✳ ❆ss✐♠✱ ❞❡t❡r♠✐♥❛✲s❡
✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s r❡❧❡✈❛♥t❡s ❡✱ ♣♦r ❡①❝❧✉sã♦✱ ❛s ✐rr❡❧❡✈❛♥t❡s✳

◆❛ ❛♥á❧✐s❡ ❞❡ r❡❞✉♥❞â♥❝✐❛✱ ♣♦❞❡✲s❡ ❛✈❛❧✐❛r ❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ ✈❛r✐á✈❡✐s ✐♥❞✐✈✐❞✉❛✐s
s❡♠ ❝♦♥s✐❞❡r❛r ❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ ✈ár✐♦s s✉❜❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s✳ ❊♥tr❡t❛♥t♦✱ ❤á
♣❡❧♦ ♠❡♥♦s ❞✉❛s ❞❡s✈❛♥t❛❣❡♥s ❡♠ s❡ ❞❡t❡r♠✐♥❛r ❛ r❡❞✉♥❞â♥❝✐❛ ❡♥tr❡ ♣❛r❡s ❞❡ ✈❛r✐á✈❡✐s ♣♦r
♠❡✐♦ ❞♦ ❝á❧❝✉❧♦ ❞❛ ❋✲✐♥❢♦r♠❛çã♦ ♠út✉❛✿ ✭✶✮ q✉❛♥❞♦ ❞✉❛s ✈❛r✐á✈❡✐s ♥ã♦ sã♦ ❝♦♠♣❧❡t❛♠❡♥t❡
❝♦rr❡❧❛❝✐♦♥❛❞❛s✱ ♣♦❞❡ t♦r♥❛r✲s❡ ❞✐❢í❝✐❧ ❞❡t❡r♠✐♥❛r ❛ r❡❞✉♥❞â♥❝✐❛ ❡♥tr❡ ❡❧❛s ❡ q✉❛❧ ❞❡❧❛s ✈❛✐ s❡r
r❡♠♦✈✐❞❛❀ ✭✷✮ r❡q✉❡r ♦ ❝á❧❝✉❧♦ ❞❛ ❋✲✐♥❢♦r♠❛çã♦ ♠út✉❛ ♣❛r❛ ✉♠ t♦t❛❧ ❞❡ ◆✭◆✲✶✮ ♣❛r❡s✱ ♦ q✉❡ é
✐♥❡✜❝✐❡♥t❡ ♣❛r❛ ❞❛❞♦s ❞❡ ❞✐♠❡♥sã♦ ♠✉✐t♦ ❡❧❡✈❛❞❛✳
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❆ ❋✐❣✉r❛ ✸✳✻ ❛♣r❡s❡♥t❛ ♦ ❛❧❣♦r✐t♠♦ ❞♦ ✜❧tr♦ ♣❛r❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❙ ❝♦♠ ◆ ✈❛r✐á✈❡✐s
❡ ✉♠❛ ❝❧❛ss❡ ❈✱ ♦ ❛❧❣♦r✐t♠♦ ❡♥❝♦♥tr❛ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s r❡❧❡✈❛♥t❡s Sfiltro✳ ◆❛ ♣r✐♠❡✐r❛
❡t❛♣❛ ✭❧✐♥❤❛s ✶✲✻✮✱ ❝❛❧❝✉❧❛✲s❡ ♦ ✈❛❧♦r ❞❡ SUi,c ♣❛r❛ ❝❛❞❛ ✈❛r✐á✈❡❧ ❡ sã♦ s❡❧❡❝✐♦♥❛❞❛s ❛s ✈❛r✐á✈❡✐s
r❡❧❡✈❛♥t❡s ♣❛r❛ ❢♦r♠❛r ❛ ❧✐st❛ Slista✱ q✉❡ ❡♥tã♦ é ♦r❞❡♥❛❞❛ ❞❡ ❢♦r♠❛ ❞❡s❝❡♥❞❡♥t❡ ❞❡ ❛❝♦r❞♦
❝♦♠ ✈❛❧♦r❡s ❞❡ SUi,c✳ ◆❛ s❡❣✉♥❞❛ ❡t❛♣❛ ✭❧✐♥❤❛s ✼✲✷✵✮✱ ♣r♦❝❡ss❛✲s❡ ❛ Slista ♣❛r❛ s❡❧❡❝✐♦♥❛r ❛s
❝❛r❛❝t❡ríst✐❝❛s ♣r❡❞♦♠✐♥❛♥t❡s ❡ ❢♦r♠❛r ♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s s❡❧❡❝✐♦♥❛❞❛s ♣❡❧♦ ✜❧tr♦ Sfiltro✳
❖❜s❡r✈❛✲s❡ q✉❡ ♥❡st❡ ❛❧❣♦r✐t♠♦ sã♦ ✉t✐❧✐③❛❞♦s ♦s ❝♦♥❝❡✐t♦s ❞❡ ❝♦❜❡rt✉r❛ ❛♣r♦①✐♠❛❞❛ ❞❡ ▼❛r❦♦✈
❡ ❞❡ ✈❛r✐á✈❡✐s ♣r❡❞♦♠✐♥❛♥t❡s✳

❋✐❣✳ ✸✳✻✿ ❆❧❣♦r✐t♠♦ ❞♦ ✜❧tr♦ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ✈✐❛ r❡❧❡✈â♥❝✐❛ ❡ r❡❞✉♥❞â♥❝✐❛

❊st❡ ❛❧❣♦r✐t♠♦ ❡①♣❧✐❝✐t❛♠❡♥t❡ ❧✐❞❛ ❝♦♠ r❡❧❡✈â♥❝✐❛ ❡ ❛ r❡❞✉♥❞â♥❝✐❛ ♣♦r ♠❡✐♦ ❞❡ ❞✉❛s ❡t❛♣❛s✿
♣r✐♠❡✐r❛♠❡♥t❡✱ ❛ ❛♥á❧✐s❡ ❞❛ r❡❧❡✈â♥❝✐❛ ❞❡t❡r♠✐♥❛ ♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s r❡❧❡✈❛♥t❡s
❡ r❡♠♦✈❡ ❛s ✐rr❡❧❡✈❛♥t❡s✱ ❡ ❡♠ s❡❣✉♥❞♦ ❧✉❣❛r✱ ❛ ❛♥á❧✐s❡ ❞❛ r❡❞✉♥❞â♥❝✐❛ ❞❡t❡r♠✐♥❛ ❡ ❡❧✐♠✐♥❛
❝❛r❛❝t❡ríst✐❝❛s r❡❞✉♥❞❛♥t❡s✱ ♠❛s ♣♦✉❝♦ r❡❧❡✈❛♥t❡s✱ ❞❡s❛❝♦♣❧❛♥❞♦ ❛ ❛♥á❧✐s❡ ❞❡ r❡❧❡✈â♥❝✐❛ ❞❛
❛♥á❧✐s❡ ❞❡ r❡❞✉♥❞â♥❝✐❛✳

❆ ❋✐❣✉r❛ ✸✳✼ ✐❧✉str❛ ❞❡ ❢♦r♠❛ r❡s✉♠✐❞❛ ❡ ❞❡s❛❝♦♣❧❛❞❛ ❛s ❞✉❛s ❢❛s❡s ❞♦ ❛❧❣♦r✐t♠♦ ❞♦ ✜❧tr♦
♣r♦♣♦st♦ ♥❡st❡ ❝❛♣ít✉❧♦ ♣❛r❛ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s✿ ❛ ♣r✐♠❡✐r❛ ❢❛s❡ ❢❛③ ❛ ❛♥á❧✐s❡ ❞❡ r❡❧❡✈â♥❝✐❛
❡ ❛ s❡❣✉♥❞❛ ❛ ❛♥á❧✐s❡ ❞❡ r❡❞✉♥❞â♥❝✐❛✳



❈❆P❮❚❯▲❖ ✸✳ ❙❊▲❊➬➹❖ ❉❊ ❱❆❘■➪❱❊■❙ ❊ ❈❆❘❆❈❚❊❘❮❙❚■❈❆❙ ✺✵

❋✐❣✳ ✸✳✼✿ ❘❡♣r❡s❡♥t❛çã♦ s✉❝✐♥t❛ ❡ ❞❡s❛❝♦♣❧❛❞❛ ❞♦ ✜❧tr♦ ♣r♦♣♦st♦ ♣❛r❛ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s
❜❛s❡❛❞♦ ♥❛ ❛♥á❧✐s❡ ❞❡ r❡❧❡✈â♥❝✐❛ ❡ r❡❞✉♥❞â♥❝✐❛

◆❛ s❛í❞❛ ❞❛ ❋✐❣✉r❛ ✸✳✼ q✉❡ r❡♣r❡s❡♥t❛ ♦ ✜❧tr♦ ♣r♦♣♦st♦ ♣❛r❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s r❡st❛rá
s♦♠❡♥t❡ ♦ s✉❜❝♦♥❥✉♥t♦ ❞❛s ✈❛r✐á✈❡✐s s❡❧❡❝✐♦♥❛❞❛s q✉❡ ✐rã♦ s❡r ❛✈❛❧✐❛❞❛s ♥♦ ✇r❛♣♣❡r✳ ❈♦♠♦
✈ár✐❛s ❝❛♥❞✐❞❛t❛s ❥á ❢♦r❛♠ ❡❧✐♠✐♥❛❞❛s ♣❡❧♦ ✜❧tr♦ ♦ tr❛❜❛❧❤♦ ❞♦ ✇r❛♣♣❡r s❡rá ❢❛❝✐❧✐t❛❞♦✳

✸✳✹✳✸ ❲r❛♣♣❡r
❆ s❡❧❡çã♦ ❞♦ s✉❜❝♦♥❥✉♥t♦ ✜♥❛❧ ❞❡ ✈❛r✐á✈❡✐s é ✈✐❛ ✇r❛♣♣❡r✱ ✉t✐❧✐③❛♥❞♦ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ ❝♦♠♦

❛❧❣♦r✐t♠♦ ❞❡ ✐♥❞✉çã♦✳ ❊st❛ s❡❧❡çã♦ ❡stá ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❝❛✉s❛❧✐❞❛❞❡ ❞❡ ●❘❆◆●❊❘
✭✶✾✻✾✮✱ ❢♦r♠❛❧✐③❛❞♦ ♥❛ ❙❡çã♦ ✸✳✷ ❞❡st❡ ❝❛♣ít✉❧♦✳

❖ ♠ét♦❞♦ ❞❡ ❡❧✐♠✐♥❛çã♦ ♣❛r❛ trás ✭❜❛❝❦✇❛r❞ s❡❧❡❝t✐♦♥✮ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡♥❝♦♥tr❛r ♦ s✉❜✲
❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s q✉❡ ❢♦r♥❡❝❡ ❛s ♠❡❧❤♦r❡s ♣r❡✈✐sõ❡s ♣♦r ♠❡✐♦ ❞❡ ♠♦❞❡❧♦s ♥❡✉r❛✐s ♣r♦♣♦st♦s
♥❡st❛ t❡s❡✳ ❊st❛ ♦♣çã♦ ❞❡✈❡✲s❡ ❛♦ ❢❛t♦ ❞❛s ❛♣❧✐❝❛çõ❡s ❛♥❛❧✐s❛❞❛s ♥❡st❡ tr❛❜❛❧❤♦ t❡r❡♠ r❡❧❛t✐✲
✈❛♠❡♥t❡ ♣♦✉❝❛s ✈❛r✐á✈❡✐s s❡❧❡❝✐♦♥❛❞❛s ♣❡❧♦ ✜❧tr♦ ❛♣r❡s❡♥t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳ ❊st❡ ♠ét♦❞♦ ❢♦✐
✐♠♣❧❡♠❡♥t❛❞♦ ❡♠ ❬❖❘❘✱ ✶✾✾✻✱ ❖❘❘✱ ✶✾✾✾❪ ❛ ♣❛rt✐r ❞❡ r❡❞❡s ❘❇❋✱ ♠❛s ❡st❡ ❝♦♥❝❡✐t♦ ♣♦❞❡ s❡r
❛♣❧✐❝❛❞♦ ❛ ♦✉tr♦s t✐♣♦s ❞❡ ♠♦❞❡❧♦s✳

❊st❡ t✐♣♦ ❞❡ ❜✉s❝❛ ❞✐r❡t❛ ❛❥✉st❛ ♦ t❛♠❛♥❤♦ ❞❛ r❡❞❡ ❘❇❋ ❡ ♦ ♣❛râ♠❡tr♦ ❞❡ r❡❣✉❧❛r✐③❛çã♦
✭λ✮ ❡♠ ❝♦♥❥✉♥t♦✳ ❊st❡ ♠ét♦❞♦ ♣❡r♠✐t❡ q✉❡ ♠ú❧t✐♣❧♦s ✈❛❧♦r❡s ❞❡ λ s❡❥❛♠ ❣❡r❛❞♦s ❡ ❝♦♠♣❛r❛❞♦s
♣❛r❛ ❡✈✐t❛r q✉❡ ♦ ✈❛❧♦r ❛❥✉st❛❞♦ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❝❛✐❛ ❡♠ ✉♠ ♠í♥✐♠♦ ❧♦❝❛❧✳ ❖ λ✱ ♥❡st❛ t❡s❡✱
s❡rá ❡st✐♠❛❞♦ ✈✐❛ ✈❛❧✐❞❛çã♦ ❝r✉③❛❞❛ ❣❡♥❡r❛❧✐③❛❞❛ ❬●❖▲❯❇ ❡t ❛❧✳✱ ✶✾✼✾❪✳ ❖ ♠ét♦❞♦ ❞❡ ❡❧✐♠✐✲
♥❛çã♦ ♣❛r❛ trás é ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ tr❛tá✈❡❧ ❡ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ❡♠ ✈ár✐❛s ❛❜♦r❞❛❣❡♥s q✉❡
❝♦♥tr♦❧❛♠ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❡ ♠♦❞❡❧♦s ♥❡✉r❛✐s✱ ✐♥❝❧✉s✐✈❡ ♥❛q✉❡❧❡s ❡♠ q✉❡ ♥ã♦ ❤á r❡❣✉❧❛r✐③❛çã♦✳

❊①✐st❡♠ ♦✉tr♦s ♠ét♦❞♦s ❝♦♠♦ ♦ q✉❡ ❝♦♠❜✐♥❛ ár✈♦r❡s ❞❡ r❡❣r❡ssã♦ ❡ r❡❞❡s ❘❇❋ q✉❡ t❡♠
❝♦♠♦ ✐❞é✐❛ ❜ás✐❝❛ ♣❛rt✐❝✐♦♥❛r r❡❝✉rs✐✈❛♠❡♥t❡ ♦ ❡s♣❛ç♦ ❞❡ ❡♥tr❛❞❛ ❡♠ ❞♦✐s ❡ ❛♣r♦①✐♠❛r ✉♠❛
❢✉♥çã♦ ❡♠ ❝❛❞❛ ♣❛rt✐çã♦✳ ❊st❡ ♠ét♦❞♦ ♣❡r♠✐t❡ ✐♥✈❡st✐❣❛r ❛ r❡❧❡✈â♥❝✐❛ ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛✱
♦✉ s❡❥❛✱ ❛s ♠❛✐s r❡❧❡✈❛♥t❡s t❡♥❞❡♠ ❛ s❡r s✉❜❞✐✈✐❞❛s ♣r✐♠❡✐r♦ ❡ ❝♦♠ ♠❛✐s ❢r❡qüê♥❝✐❛✳ ◆ã♦ ❤á
♦ ♣r♦❜❧❡♠❛ ❞❡ ❞❡❝✐❞✐r q✉❛♥❞♦ ♣❛r❛r ❞❡ ❢❛③❡r ❝r❡s❝❡r ❛ r❡❞❡ ♦✉ q✉❛♥t♦s ♥❡✉rô♥✐♦s tê♠ q✉❡
s❡r ♣♦❞❛❞♦s❀ ♦✉ s❡❥❛✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❜❛❧❛♥❝❡❛r ♦ ❜✐❛s ❡ ❛ ✈❛r✐â♥❝✐❛✱ ❝♦♠✉♠ ♥♦s ♠ét♦❞♦s ❞❡
r❡❣r❡ssã♦ ♥ã♦ ♣❛r❛♠étr✐❝❛✱ ❥á é ❛✉t♦♠❛t✐❝❛♠❡♥t❡ r❡s♦❧✈✐❞♦✳



❈❛♣ít✉❧♦ ✹

▼✐♥❡r❛çã♦ ❞❡ ❉❛❞♦s ❡♠ ❙ér✐❡s ❚❡♠♣♦r❛✐s

✹✳✶ ■♥tr♦❞✉çã♦
❆s ♣✉❜❧✐❝❛çõ❡s ♦r✐❣✐♥❛✐s ❬❇❆❈❍❊▲■❊❘✱ ✶✾✵✵❪ ❡ ❬P❖■◆❈❆❘➱✱ ✶✾✺✷❪ ❞❡r❛♠ ♦r✐❣❡♠ ❛ ❞✉❛s

❝♦rr❡♥t❡s ❞❡ ♦♣✐♥✐õ❡s s♦❜r❡ ♦ ❡st✉❞♦ ❞❛s sér✐❡s t❡♠♣♦r❛✐s✳ ◆❛ ár❡❛ ❞❡ ✜♥❛♥ç❛s ❛ ♣r✐♠❡✐r❛ ❝♦r✲
r❡♥t❡ ❞❡❢❡♥❞❡ q✉❡ ♦s r❡♥❞✐♠❡♥t♦s ❞♦s ❛t✐✈♦s ✜♥❛♥❝❡✐r♦s t❡♠ ❝❛rát❡r ❡st♦❝ást✐❝♦ ❥á q✉❡ ❞❡♣❡♥❞❡
❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ ♠ú❧t✐♣❧❛s ✈❛r✐á✈❡✐s t✐♣✐❝❛♠❡♥t❡ ✐♠♣r❡✈✐sí✈❡✐s✳ ❖ tr❛❜❛❧❤♦ ❞❡ ❇❆❈❍❊▲■❊❘
✈✐r✐❛♠ ❛ t❡r ❞❡s❞♦❜r❛♠❡♥t♦s q✉❡ ❞❡r❛♠ ♦r✐❣❡♠ ❛♦s ♣r✐♥❝✐♣❛✐s tr❛❜❛❧❤♦s ♥❛ ár❡❛ ❞❡ ✜♥❛♥ç❛s✱
❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ❛♦ ♠♦❞❡❧♦ ❞❡ ❛♥á❧✐s❡ ❞❡ ♣♦rt❢ó❧✐♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬▼❆❘❑❖❲■❚❩✱ ✶✾✺✾❪✳

P❖■◆❈❆❘➱ ✭✶✾✺✷✮ ❢❡③ ♣❡sq✉✐s❛s ♥❛ ár❡❛ ❞❛s ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s✱ ❢♦r♠❛❧✐③❛♥❞♦ ♣r♦❝❡ss♦s
❞❡t❡r♠✐♥✐st❛s ♥ã♦ ❧✐♥❡❛r❡s✱ ❣❛♥❤❛♥❞♦ r❡❧❡✈â♥❝✐❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥❛ ❛♥á❧✐s❡ ❞❡ sér✐❡s t❡♠♣♦r❛✐s
❝❛ót✐❝❛s✳ ◆❡st❡s s✐st❡♠❛s✱ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❡rr♦s ♥❛s ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s s❡r✐❛♠ ❛♠♣❧✐❛❞❛s ♣❡❧❛
❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ r❡❛❧✐♠❡♥t❛çã♦ ♥♦ ♣r♦❝❡ss♦✳ ▲♦❣♦✱ ❛ ♣r❡✈✐sã♦ ❛ ❧♦♥❣♦ ♣r❛③♦ s❡r✐❛ ✐♠♣♦ssí✈❡❧
❞❡✈✐❞♦ à ❡①✐stê♥❝✐❛ ❞❡ s❡♥sí✈❡❧ ❞❡♣❡♥❞ê♥❝✐❛ às ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✱ ❡♥q✉❛♥t♦ ❛s ♣r❡✈✐sõ❡s ❞❡ ❝✉rt♦
♣r❛③♦ ♣♦❞❡r✐❛♠ s❡r ✈✐á✈❡✐s✳ P♦✐♥❝❛ré ❡st❛✈❛ ♥❛ ♦r✐❣❡♠ ❞❛q✉✐❧♦ q✉❡ s❡ ❝❤❛♠❛r✐❛ ♠❛✐s t❛r❞❡ ❞❡
t❡♦r✐❛ ❞♦ ❝❛♦s✳

❖s s✐st❡♠❛s ❞✐♥â♠✐❝♦s ❞❡t❡r♠✐♥✐st❛s✱ ✐♥❝❧✉s✐✈❡ ♦s ❝❛ót✐❝♦s✱ ♣♦❞❡♠ t❡r s✉❛ r❡❝♦♥str✉çã♦ ❞✐♥â✲
♠✐❝❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ ❡s❝❛❧❛r ❬❚❆❑❊◆❙✱ ✶✾✽✶❪✳ ❊♥tr❡t❛♥t♦✱ ♥❡♠ s❡♠♣r❡ ❡st❛♠♦s
❝❡rt♦s s❡ ❛ sér✐❡ t❡♠♣♦r❛❧ é ❞❡t❡r♠✐♥✐st❛✳ P❛r❛ t❡♥t❛r ❧✐❞❛r ♠❡❧❤♦r ❝♦♠ ❡st❡ ♣♦ssí✈❡❧ ♣r♦❜❧❡♠❛✱
❛♣ós ❡st✐♠❛r ♦s ♣❛râ♠❡tr♦s ❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ✭❧❛❣ ❡ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦✮✱ é r❡❛❧✐③❛❞♦
♦ ❛❥✉st❡ ✜♥♦ ❞❡st❡s ♣❛râ♠❡tr♦s ❡♠ ❢✉♥çã♦ ❞❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s ✭◆▼❙❊✮ ♣♦r ♠❡✐♦ ❞❡ ✉♠
♠♦❞❡❧♦ ❜❛s❡❛❞♦ ❡♠ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ t✐♣♦ ❘❇❋ r❡❣✉❧❛r✐③❛❞❛ ❬P❖●●■❖ ❛♥❞ ●■❘❖❙■✱ ✶✾✾✵❜❪✱
✈✐s❛♥❞♦ s♦♠❡♥t❡ ♣r❡✈✐sõ❡s ❞❡ ❝✉rt♦ ♣r❛③♦✳

❖s s✐st❡♠❛s ❝❛ót✐❝♦s ❞❡t❡r♠✐♥✐st❛s✱ ❛♣❡s❛r ❞❡ ❛♣❛r❡♥t❛r ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❛❧❡❛tór✐♦✱ sã♦
❣♦✈❡r♥❛❞♦s ♣♦r ❧❡✐s ❞❡t❡r♠✐♥✐st❛s✳ ❆s ❝❛r❛❝t❡ríst✐❝❛s ✐♥✈❛r✐❛♥t❡s ❞❛ ❞✐♥â♠✐❝❛ ❝❛ót✐❝❛ ❛♥❛❧✐s❛❞❛s
♥❡st❛ t❡s❡ sã♦ ❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ q✉❡ ❡①♣r❡ss❛ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ s✐st❡♠❛ ❡ ♦ ❡①♣♦❡♥t❡
❞❡ ▲❨❆P❯◆❖❱ q✉❡ s✐♥❛❧✐③❛ ❛ ❞❡♣❡♥❞ê♥❝✐❛ às ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✳ ❯♠ ♣r♦❝❡ss♦ ❝❛ót✐❝♦✱ ♣♦r
❞❡✜♥✐çã♦✱ é ❛q✉❡❧❡ q✉❡ t❡♠ ♣❡❧♦ ♠❡♥♦s ✉♠ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱ ♣♦s✐t✐✈♦✳ ■st♦ s✐♥❛❧✐③❛ q✉❡
❛ ❛♠♦str❛ é ❣❡r❛❞❛ ♣♦r ✉♠ s✐st❡♠❛ ❞❡t❡r♠✐♥✐st❛ ♥ã♦ ❧✐♥❡❛r✳ ❖ ✐♥✈❡rs♦ ❞❡st❡ ❡①♣♦❡♥t❡ ❞❡✜♥❡ ♦
❤♦r✐③♦♥t❡ ❞❡ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡ ❞❡ ❝✉rt♦ ♣r❛③♦ ❞❛ sér✐❡ t❡♠♣♦r❛❧✳

❯♠ ✐♥t❡r❡ss❡ ♠❛✐♦r ♥❛ ❡①✐stê♥❝✐❛ ❞❡ ❞✐♥â♠✐❝❛ ❝❛ót✐❝❛ ❡♠ sér✐❡s ♥♦ t❡♠♣♦ s✉r❣✐✉ ♥❛ ❞é❝❛❞❛
❞❡ ✶✾✽✵✳ ❱ár✐♦s ♣r♦❝❡❞✐♠❡♥t♦s ✐♠♣♦rt❛♥t❡s ❞❡ t❡st❡s ❢♦r❛♠ ❡st❛❜❡❧❡❝✐❞♦s ♥❡st❛ é♣♦❝❛✱ ♥❛

✺✶



❈❆P❮❚❯▲❖ ✹✳ ▼■◆❊❘❆➬➹❖ ❉❊ ❉❆❉❖❙ ❊▼ ❙➱❘■❊❙ ❚❊▼P❖❘❆■❙ ✺✷

♠❛✐♦r ♣❛rt❡ ❛❥✉st❛♥❞♦ ❛s ❢❡rr❛♠❡♥t❛s ✉s❛❞❛s ♥❛ ❢ís✐❝❛ ❡ ❡♠ ♦✉tr❛s ❝✐ê♥❝✐❛s ♥❛t✉r❛✐s✳ ❯♠
r❡s✉♠♦ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❡st❡ ♣❡rí♦❞♦✱ ♣❛r❛ ❛ ár❡❛ ❞❡ ✜♥❛♥ç❛s✱ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞♦ ❡♠
❬▲❊❇❆❘❖◆✱ ✶✾✾✹❪✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ❛ ♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s ❡♠ sér✐❡s t❡♠♣♦r❛✐s ❛♣ó✐❛✲s❡ ❡♠ ✈ár✐♦s ❝❛♠♣♦s ❞❛
❝✐ê♥❝✐❛✿ ❛♥á❧✐s❡ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✱ ❛♥á❧✐s❡ ❞✐♥â♠✐❝❛ ♥ã♦✲❧✐♥❡❛r✱ ❡st❛tíst✐❝❛ ❛♣❧✐❝❛❞❛ ❡ ♦✉tr❛s
❬P❖❱■◆❊▲▲■✱ ✶✾✾✾❪✳ ❆ ♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s é ❛ ❜✉s❝❛ ❞❡ r❡❧❛çõ❡s ❡ ♣❛❞rõ❡s ❡s❝♦♥❞✐❞♦s ♥♦s
❞❛❞♦s✳ ◆♦ ❝♦♥t❡①t♦ ❞❡st❛ t❡s❡✱ ❛ ♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s ❝♦♥s✐st❡ ❥✉st❛♠❡♥t❡ ♥❛ ❜✉s❝❛ ❞❡ r❡❧❛çõ❡s
❡ ❝❧✉st❡rs ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ♣r❡❞✐t✐✈❛✳

❖ ♦❜❥❡t✐✈♦ ❞❡st❡ ❝❛♣ít✉❧♦ é ❢❛③❡r ❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❡✱ ❛ ♣❛rt✐r ❞❡❧❛✱ ❛❥✉st❛r ❛ ❥❛♥❡❧❛
❞❡ ♣r❡✈✐sã♦ ❞✐♥â♠✐❝❛ ✈✐❛ ♠♦❞❡❧♦s ♥❡✉r❛✐s ❡ ✐♠♣❧❡♠❡♥t❛r ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ r❡❧❛çõ❡s ✭❧✐♥❡❛r❡s
❡ ♥ã♦ ❧✐♥❡❛r❡s✮ ❡ ❞❡ ❝❧✉st❡rs ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ♣r❡❞✐t✐✈❛ ✐♥❝❧✉s✐✈❡ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ❝❡♥tr♦s
❞❛s r❡❞❡s ❘❇❋ ✉t✐❧✐③❛❞❛s ♥❛s ♣r❡✈✐sõ❡s✳ ❊st❡ ❝❛♣ít✉❧♦ ❢♦✐ ♦r❣❛♥✐③❛❞♦ ❝♦♠♦ s❡❣✉❡✿ ♥❛ ❙❡çã♦
✹✳✷ ❢❛③✲s❡ ✉♠❛ r❡✈✐sã♦ s♦❜r❡ ❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛❀ ♥❛ ❙❡çã♦ ✹✳✸ é ❛♣r❡s❡♥t❛❞♦ ♦ ♠ét♦❞♦
✉t✐❧✐③❛❞♦ ♣❛r❛ ♦ ❛❥✉st❡ ❞❛ ❥❛♥❡❧❛ ❞❡ ♣r❡✈✐sã♦ ✐♥t❡❧✐❣❡♥t❡ ❞✐♥â♠✐❝❛ ✭❏P■❉✮❀ ❆ ❙❡çã♦ ✹✳✹ ❛♥❛❧✐s❛
❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ❞✐♥â♠✐❝❛ ♥ã♦✲❧✐♥❡❛r ♥❛ sér✐❡ t❡♠♣♦r❛❧❀ ❆ ❙❡çã♦ ✹✳✺ ❛❜♦r❞❛
❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❝❧✉st❡rs ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s✱ ❜✉s❝❛♥❞♦ ❡♥❝♦♥tr❛r ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛q✉❡❧❡s
❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ♣r❡❞✐t✐✈❛✳ ❖s ♠ét♦❞♦s ❛❜♦r❞❛❞♦s ♥❡st❡ ❝❛♣ít✉❧♦ s❡rã♦ ✉t✐❧✐③❛❞♦s t❛♠❜é♠ ♣❛r❛
❣❡r❛r ♦s r❡s✉❧t❛❞♦s q✉❡ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✻✳

✹✳✷ ❘❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛
❆ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ ❡s❝❛❧❛r ❣❡r❛❞❛ ♣♦r ✉♠ s✐st❡♠❛

❞❡t❡r♠✐♥✐st❛ s❡ ❜❛s❡✐❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦ t❡♦r❡♠❛ ❞❡ ❚❆❑❊◆❙ ✭✶✾✽✶✮ ❡♠❜♦r❛ t❡♥❤❛ s✐❞♦ ❡♠
❬P❆❈❑❆❘❉ ❡t ❛❧✳✱ ✶✾✽✵❪ q✉❡ ♣r✐♠❡✐r♦ s❡ ✈✐s✉❛❧✐③♦✉ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛✳
❊♥tr❡t❛♥t♦✱ ❡♠ ❬❈❊▲▲❯❈❈■ ❡t ❛❧✳✱ ✷✵✵✸❪ ❢♦✐ ♦❜s❡r✈❛❞♦ q✉❡ é t❡♠❡r♦s♦ ❢❛③❡r ❛ r❡❝♦♥str✉çã♦
❞✐♥â♠✐❝❛ s♦♠❡♥t❡ ♣♦r ♠❡✐♦ ❞❡ ❝r✐tér✐♦s ❜❛s❡❛❞♦s ♥❛ ♣ró♣r✐❛ sér✐❡ t❡♠♣♦r❛❧✳ ❘❡❝♦♠❡♥❞❛♠✱ ♣♦r
❡①❡♠♣❧♦✱ ✉♠ ❡st✉❞♦ ❛♥❛❧ít✐❝♦ s♦❜r❡ ♦ s✐st❡♠❛ ❞✐♥â♠✐❝♦ ❛♥❛❧✐s❛❞♦✱ q✉❡ ♣❡r♠✐t❛ ❛ ❝♦♥✜r♠❛çã♦
❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❡ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✱ ❡✈✐t❛♥❞♦ ❛ ❛r♠❛❞✐❧❤❛ ❞❛ ❧ó❣✐❝❛ ❝✐r❝✉❧❛r✳
■st♦ ❢♦r♥❡❝❡ ♠❛✐s ✉♠❛ ♠♦t✐✈❛çã♦ ♣❛r❛ q✉❡ ♦ ❛❥✉st❡ ❞❛ ❥❛♥❡❧❛ ❞❡ ♣r❡✈✐sã♦ s❡❥❛ ❛ ♣❛rt✐r ❞❛
q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s ✭◆▼❙❊✮✳

❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❝♦♥s✐st❡ ♥♦ ❛❥✉st❡ ❞♦s ♣❛râ♠❡tr♦s t❡♠♣♦ ❞❡
❛tr❛s♦ ✭❧❛❣ ▲✮ ❡ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ✭▼ ✮ ❛ ♣❛rt✐r ❞❡ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ ❡s❝❛❧❛r ♦❜s❡r✈❛❞❛✳
❊st❡s ♣❛râ♠❡tr♦s s❡r✈❡♠ ♣❛r❛ ❡st✐♠❛r ✈❡t♦r❡s ♥♦ ℜM ✱ ❡①♣r❡ss♦s ♠❛t❡♠❛t✐❝❛♠❡♥t❡ ♥❛ ❢♦r♠❛
Yt = {y(t), y(t+L), y(t+ 2L), ..., y(t+ (M − 1)L)}✳ ❊st❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ s❡rá ✉t✐❧✐③❛❞❛
♣❛r❛ ❛❥✉❞❛r ❛ ❞❡t❡r♠✐♥❛r ♦ q✉❡ s❡ ❝❤❛♠❛ ❥❛♥❡❧❛ ❞❡ ♣r❡❞✐çã♦ q✉❡ s❡ t♦r♥❛ ❞✐♥â♠✐❝❛ ❛♦ s❡
❞❡s❧♦❝❛r ❛♦ ❧♦♥❣♦ ❞❛ sér✐❡ ♥♦ t❡♠♣♦✳ ❈♦♠♦ é ❞❡t❡r♠✐♥❛❞❛ ♣♦r ♠❡✐♦ ❞❡ ❘◆❆✱ s❡rá ❞❡♥♦♠✐♥❛❞❛
❞❡ ❥❛♥❡❧❛ ❞❡ ♣r❡❞✐çã♦ ✐♥t❡❧✐❣❡♥t❡✳ ❆ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❛♣r♦♣r✐❛❞❛ é t❛♠❜é♠ ♥❡❝❡ssár✐❛ ♣❛r❛
❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❡ ❞♦ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱ q✉❡ s❡rã♦ ✉t✐❧✐③❛❞♦s
♣♦st❡r✐♦r♠❡♥t❡ ♣❛r❛ ✐♥✈❡st✐❣❛r ❛ ♣r❡s❡♥ç❛ ❞❡ ❝❛♦s ♥❛ sér✐❡ t❡♠♣♦r❛❧✳

❆ ❡str❛té❣✐❛ ❛❞❡q✉❛❞❛ ❞❡ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❞❡♣❡♥❞❡ ❜❛s✐❝❛♠❡♥t❡ ❞❛ sér✐❡ t❡♠♣♦r❛❧
❛♠♦str❛❞❛ ❡ ❞♦s ♠ét♦❞♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛❥✉st❛r ♦s ♣❛râ♠❡tr♦s ▲ ✭✐♥❢♦r♠❛çã♦ ♠út✉❛✱ ❢✉♥çã♦
❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❡ ♦✉tr♦s✮ ❡ ▼ ✭❢❛❧s♦s ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s ❣❧♦❜❛✐s✱ ❘◆❆✬s ❡ ♦✉tr♦s✮✳ ❯♠
❞❡st❡s ♠ét♦❞♦s ♣♦❞❡ s❡r ❛❞❡q✉❛❞♦ ♣❛r❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❛♣❧✐❝❛çã♦✱ ♠❛s ♣♦❞❡ ♥ã♦ ❢✉♥❝✐♦♥❛r
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♣❛r❛ ♦✉tr❛s✳ ◆ã♦ ❡①✐st❡ r❡s♣♦st❛s s✐♠♣❧❡s ♣❛r❛ ❡st❡ ❛ss✉♥t♦✳ ❊♥tr❡t❛♥t♦✱ é ✉♠❛ ❛❧t❡r♥❛t✐✈❛ à
❞❡t❡r♠✐♥❛çã♦ ❛r❜✐trár✐❛ ❞♦s ♣❛râ♠❡tr♦s✳

◆❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❞❡ ✉♠ s✐st❡♠❛ ♣♦❞❡ ♦❝♦rr❡r q✉❡ ❡st❡ s✐st❡♠❛ s❡❥❛ ❝❛ót✐❝♦✳ ❉❡ss❛
❢♦r♠❛✱ ❛♣❡s❛r ❞❛s ❡q✉❛çõ❡s r❡♣r❡s❡♥t❛r❡♠ ✉♠ s✐st❡♠❛ ❞❡t❡r♠✐♥✐st❛ ❡①✐❜❡♠ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦
❛♣❛r❡♥t❡♠❡♥t❡ ❡st♦❝ást✐❝♦ ❡ ♦ ♣♦❞❡r ❞❡ ♣r❡✈✐sã♦ ♥ã♦ é ♠❛✐s ❛❜s♦❧✉t♦✳ ❆ss✐♠✱ tr❛t❛✲s❡ ❞❡ ✉♠
s✐st❡♠❛ ❞❡t❡r♠✐♥✐st❛ ♥ã♦ ♣r❡✈✐sí✈❡❧ ♥♦ ❧♦♥❣♦ ♣r❛③♦✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ q✉ã♦ ♣r❡❝✐s❛s sã♦ ❛s ❝♦♥✲
❞✐çõ❡s ✐♥✐❝✐❛✐s✳ ❊♥tr❡t❛♥t♦✱ ❤á ✉♠ ❧✐♠✐t❡ ♣❛r❛ ♦ ❝❛♦s q✉❡✱ ❝♦♥tr❛r✐❛♠❡♥t❡ ❛♦ ✉s♦ ❝♦♠✉♠ ❞❛
♣❛❧❛✈r❛✱ q✉❡ s✐❣♥✐✜❝❛ ♦ ♦♣♦st♦ ❞❛ ♦r❞❡♠✱ ❡♠ ✉♠ s✐st❡♠❛ ❢ís✐❝♦ r❡♣r❡s❡♥t❛ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦
q✉❡✱ ❛♣❡s❛r ❞❡ ❝♦♠♣❧❡①♦✱ ♥ã♦ é ✐♥t❡✐r❛♠❡♥t❡ ❞❡s♦r❣❛♥✐③❛❞♦✳ ❍á ✉♠❛ ♣❡rs✐stê♥❝✐❛ ♥♦ ❝♦♠♣♦r✲
t❛♠❡♥t♦ ❞♦ s✐st❡♠❛✱ ✉♠❛ ♦❜❡❞✐ê♥❝✐❛ ❛ ❝❡rt♦s ✈í♥❝✉❧♦s✱ q✉❡ ♥ã♦ ❡①✐st❡ ❡♠ ✉♠ s✐st❡♠❛ ❛❧❡❛tór✐♦✳

P❛r❛ ❞✐✈❡rs♦s ❡①♣❡r✐♠❡♥t♦s é ✐♠♣♦ssí✈❡❧ r❡❣✐str❛r t♦❞♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ✐♥❞❡♣❡♥❞❡♥✲
t❡s s✐♠✉❧t❛♥❡❛♠❡♥t❡ ❛ ✜♠ ❞❡ s❡ ❝♦♥str✉✐r ♦ ❛tr❛t♦r✳ ❊♥tr❡t❛♥t♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❡♦r❡♠❛ ❞❡
❚❆❑❊◆❙ ✭✶✾✽✶✮✱ ♦ ❛tr❛t♦r ♣♦❞❡ s❡r r❡❝♦♥str✉í❞♦ ❛ ♣❛rt✐r ❞❛ ♠❡❞✐❞❛ ❞❡ ✉♠❛ ú♥✐❝❛ sér✐❡ t❡♠✲
♣♦r❛❧✳ ❖✉ s❡❥❛✱ é ♣♦ssí✈❡❧ ❞❡✜♥✐r ✉♠ ❡s♣❛ç♦ ❞❡ ❢❛s❡ q✉❡ ❝❛♣t✉r❡ ❛ ❞✐♥â♠✐❝❛ ❞♦ s✐st❡♠❛ ❡♠ ✉♠❛
❡str✉t✉r❛ ❣❡♦♠étr✐❝❛ ✐♠❡rs❛ ♥❡ss❡ ❡s♣❛ç♦✳ ❖ ❝♦♥❥✉♥t♦ ❣❡♦♠étr✐❝♦ ✐♠❡rs♦ é ❝❤❛♠❛❞♦ ❞❡ ❛tr❛t♦r
r❡❝♦♥str✉í❞♦ ❡ ❡❧❡ é t♦♣♦❧♦❣✐❝❛♠❡♥t❡ ❡q✉✐✈❛❧❡♥t❡ ❛♦ ❛tr❛t♦r q✉❡ s❡r✐❛ ♣r♦❞✉③✐❞♦ ♣❡❧❛ ❡✈♦❧✉çã♦
❞♦ s✐st❡♠❛ ❞✐♥â♠✐❝♦✱ ❝❛s♦ s✉❛s ❡q✉❛çõ❡s ❢♦ss❡♠ ❝♦♥❤❡❝✐❞❛s✳ ❆ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❡ ♦
❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱ ❞❡✈❡♠ s❡r ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ♦s ♠❡s♠♦s t❛♥t♦ ♣❛r❛ ♦ ❛tr❛t♦r ♦r✐❣✐♥❛❧
❝♦♠♦ ♣❛r❛ ♦ ❛tr❛t♦r r❡❝♦♥str✉í❞♦✳

❆ q✉❛❧✐❞❛❞❡ ❞♦ ❛tr❛t♦r r❡❝♦♥str✉í❞♦ é ❜❛st❛♥t❡ s❡♥sí✈❡❧ ❛♦ ✈❛❧♦r ❡s❝♦❧❤✐❞♦ ♣❛r❛ ♦ t❡♠♣♦
❞❡ ❛tr❛s♦ ✭▲✮✳ P♦r q✉❛❧✐❞❛❞❡ ❞♦ ❛tr❛t♦r✱ ❡♥t❡♥❞❡✲s❡ q✉ã♦ s✐♠✐❧❛r ♦ ❛tr❛t♦r r❡❝♦♥str✉í❞♦ é ❞♦
❛tr❛t♦r ♦r✐❣✐♥❛❧✳ ◆❛ ♣rát✐❝❛✱ ❛tr❛t♦r❡s ❣❡r❛❞♦s ❝♦♠ L ♣❡q✉❡♥♦ sã♦ ❢❡❝❤❛❞♦s ❡ ♠❛❧ ❞❡✜♥✐❞♦s✱
✈❛❧♦r❡s ❡❧❡✈❛❞♦s ❞❡ L ❣❡r❛♠ ❛tr❛t♦r❡s ❞✐s♣❡rs♦s✱ ❛♦ ♣❛ss♦ q✉❡ ✈❛❧♦r❡s ❛❞❡q✉❛❞♦s ❞❡ L ❣❡r❛♠
❛tr❛t♦r❡s ❝♦♠ ❞✐♥â♠✐❝❛ ❜❡♠ ❞❡✜♥✐❞❛✳

❖ t❡♦r❡♠❛ ❞❡ ❚❆❑❊◆❙ ✭✶✾✽✶✮ ❢♦✐ ❝♦♥❝❡❜✐❞♦ ♣❛r❛ ❛ r❡❝♦♥str✉çã♦ ❞❡ s✐st❡♠❛s ❞✐♥â♠✐❝♦s
❞❡t❡r♠✐♥✐st❛s ❝♦♠ ❞✐♠❡♥sã♦ ✜♥✐t❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ sér✐❡ ❡s❝❛❧❛r ♥♦ t❡♠♣♦ ♦❜s❡r✈❛❞❛ {yt}N

t=1✳
❊st❛ sér✐❡ ♣♦❞❡ r❡♣r❡s❡♥t❛r✱ ♣♦r ❡①❡♠♣❧♦✱ t❛♥t♦ ✉♠ s✐♥❛❧ ❞❡ t❡♥sã♦ ♠❡❞✐❞♦ ❞✉r❛♥t❡ ✉♠ ❡①❛♠❡
❝♦♠ ❡❧❡tr♦✲❡♥❝❡❢❛❧♦❣r❛♠❛ ✭❊❊●✮ ❝♦♠♦ ❛ ❝♦t❛çã♦ ❞✐ár✐❛ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛✳ ◆♦
❝❛s♦ ❞✐s❝r❡t♦✱ ❛ sér✐❡ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞❛ ♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ♦❜s❡r✈❛❞♦s ♥♦ t❡♠♣♦✿
{y(1), y(2), y(3), ..., y(N)}✱ yt ǫ ℜ✳ ◗✉❛♥❞♦ ♦ ✈❛❧♦r ❞♦ ❧❛❣ é ✐❣✉❛❧ ❛ ✶ ✭✈❛❧♦r❡s ❞❡ ❧❛❣ ❞✐❢❡r❡♥t❡s
❞❡ ✉♠ s❡rã♦ ❛♥❛❧✐s❛❞♦s ♠❛✐s ❛❞✐❛♥t❡✮✱ ❡st❡s ✈❛❧♦r❡s ♦❜s❡r✈❛❞♦s ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ♣❛r❛ ❝r✐❛r
✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣♦♥t♦s s✉✜❝✐❡♥t❡s ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ✈✐❛ ❨t ǫ R

M ✱
❞❛❞❛ ♣♦r

❨t = {y(t), y(t+ 1), y(t+ 2), ..., y(t+M − 1)} ✭✹✳✶✮
❡♠ q✉❡ ▼ é ❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ✭❡♠❜❡❞❞✐♥❣✮✳ ❖ ❝♦♠♣♦rt❛♠❡♥t♦ ♥♦ t❡♠♣♦ ❞❡ ❨t é ❛
tr❛❥❡tór✐❛ ❡♠ ✉♠ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦s ❞❡ ❞✐♠❡♥sã♦ ▼ q✉❡ ♣♦❞❡ s❡r ❡①♣r❡ss♦ ♣♦r ❨1 → ❨2 →
❨3 → ... ✳ ■st♦ s✐❣♥✐✜❝❛ q✉❡ ❛s ♣r♦♣r✐❡❞❛❞❡s ❞✐♥â♠✐❝❛s ❞♦ s✐st❡♠❛ sã♦ r❡✢❡t✐❞❛s ❡♠❨t ❛❥✉st❛❞♦
❛ ♣❛rt✐r ❞♦ s✐♥❛❧ ♦❜s❡r✈❛❞♦✳

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ s✐♥❛❧ ♦❜s❡r✈❛❞♦ é ❣❡r❛❞♦ ♣♦r ✉♠ s✐st❡♠❛ ❞✐♥â♠✐❝♦ ❝♦♠ ω ✈❛r✐á✈❡✐s
r❡❛✐s✱ às ✈❡③❡s✱ ♥❡♠ t♦❞❛s ❛s ✈❛r✐á✈❡✐s sã♦ ♦❜s❡r✈á✈❡✐s✳ ❈♦♠♦ ✉♠❛ ❢✉♥çã♦ ❞♦ t❡♠♣♦✱ ♦ s✐st❡♠❛
❞✐♥â♠✐❝♦ ♣♦❞❡ s❡ ♠♦✈❡r ❡♠ ✉♠ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦s ❝♦♠♣❛❝t♦ ❞❛❞♦ ♣♦r P✱ ♦ q✉❛❧ é ✉♠ s✉❜✲
❝♦♥❥✉♥t♦ ❞❡ ℜω✳ ❆ ❤✐♣ót❡s❡ ❞❡ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦s ❝♦♠♣❛❝t♦ ✭✐♥t❡r✈❛❧♦ ❢❡❝❤❛❞♦✮ é ❝♦♥s✐❞❡r❛❞❛
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♣❛r❛ P✱ ❡♥tr❡t❛♥t♦✱ ❡♠ ❞❡t❡r♠✐♥❛❞❛s ❛♣❧✐❝❛çõ❡s ♣♦❞❡ s❡r q✉❡ ♥ã♦ ♣♦ss❛ s❡r ❝♦♥✜r♠❛❞❛ ❛ ♣❛rt✐r
s♦♠❡♥t❡ ❞♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❞✐s♣♦♥í✈❡✐s✳ ❆ ♣❛rt✐r ❞♦ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦s P✱ ♦ s✐st❡♠❛ ❞✐✲
♥â♠✐❝♦ ♣♦❞❡ s❡r ♣❡♥s❛❞♦ ❝♦♠♦ ✉♠ ♠❛♣❡❛♠❡♥t♦ ❝♦♥tí♥✉♦ ❛t✉❛♥❞♦ ♥♦ ❡s♣❛ç♦ Ψ✿ P → P✳ P❛r❛
q✉❛❧q✉❡r ♣♦♥t♦ ❝♦♠ ✈❛❧♦r ✐♥✐❝✐❛❧ ❨t✱ ❨t ǫ P ⊆ ℜω✱ ♦ ❡st❛❞♦ ❞♦ s✐st❡♠❛ ♥♦ t❡♠♣♦ t é ❞❛❞♦ ♣♦r
Ψ(❨t)✳ ❖ ♦❜❥❡t✐✈♦ ❞❛ ❛♥á❧✐s❡ é ✐♥❢❡r✐r ♣r♦♣r✐❡❞❛❞❡s ❞♦ ♠❛♣❡❛♠❡♥t♦ Ψ ❛ ♣❛rt✐r ❞❛s ❛♠♦str❛s
❡s❝❛❧❛r❡s {yt}N

t=1✱ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛❥✉st❛r ♦ ✈❡t♦r ❨t✳
❙❡❥❛ ❨t ǫ P✱ q✉❡ ❞❡♥♦t❛ ❛ s✐t✉❛çã♦ r❡❛❧ ❞♦ s✐st❡♠❛ ♥♦ ✐♥st❛♥t❡ t✱ ❡ yt ǫ ℜ q✉❡ é ♦ ✈❛❧♦r ❡s❝❛❧❛r

❞❛ ✈❛r✐á✈❡❧ ♥♦ ✐♥st❛♥t❡ t✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ❨t é r❡❧❛❝✐♦♥❛❞♦ ❛ yt ♣♦r ♠❡✐♦ ❞❡ ✉♠ ♠❛♣❡❛♠❡♥t♦
s✉❛✈❡ ❞❛❞♦ ♣♦r c : P → ℜ✱ t❛❧ q✉❡ c(❨t) = yt✱ ♣❛r❛ q✉❛❧q✉❡r t✳ ❈♦♥s✐❞❡r❛♥❞♦ t❛♠❜é♠ q✉❡
♦ ❝♦♥❥✉♥t♦ ❞❡ ❨′

ts ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦s y′ts ❢♦r♠❛♠ ✉♠ ❝♦♥❥✉♥t♦ r❡♣r❡s❡♥t❛t✐✈♦ ❞❡ P✳ ❆ss✐♠✱
♣❛r❛ q✉❛❧q✉❡r ▼✱ ❝♦♠ ▼ ❃ ✷ω✱ ❞❡✜♥❡✲s❡ ♦ ♠❛♣❡❛♠❡♥t♦ Φ : P ⊆ ℜω → ℜM ✱ ❧♦❣♦

Φ(❨t) = {c(❨t), c(Ψ(❨t)), c(Ψ
2(❨t)), ..., c(Ψ

M−1(❨t))} ✭✹✳✷✮
❝♦♠♦ Ψ(❨t) = ❨t+1 ❡ c(❨t) = yt✱ ❡♥tã♦

Φ(❨t) = {y(t), y(t+ 1), y(t+ 2), ..., y(t+M − 1)}. ✭✹✳✸✮
■st♦ r❡s✉❧t❛ q✉❡✿
• ♣❛r❛ ❛❧❣✉♥s ✈❛❧♦r❡s ❞❡ Ψ ❡ c✱ Φ é ✉♠❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❞♦ s✐st❡♠❛ s❡ P✱ s♦❜ ♦

❞✐❢❡♦♠♦r✜s♠♦ ✭✉♠❛ ❢✉♥çã♦ ❞✐❢❡r❡♥❝✐á✈❡❧ ❝♦♠ ❛ s✉❛ ✐♥✈❡rs❛ t❛♠❜é♠ ❞✐❢❡r❡♥❝✐á✈❡❧✮✱ t❡♠
s✉❛ ✐♠❛❣❡♠ ❡♠ Φ❀

• ♦ ♠❛♣❡❛♠❡♥t♦ ❝♦♥tí♥✉♦ ❨t → ❨t+1 ❝♦rr❡s♣♦♥❞❡ ❛♦ ♠❛♣❡❛♠❡♥t♦ ♦r✐❣✐♥❛❧ Ψ✳ ❆ss✐♠✱ ❛
tr❛❥❡tór✐❛ ♦❜s❡r✈❛❞❛ ❨t → ❨t+1 é ✐♥t✐♠❛♠❡♥t❡ ❧✐❣❛❞❛ ❛♦ ♠❛♣❡❛♠❡♥t♦ ♦r✐❣✐♥❛❧ Ψ✳ ❆s
♣r♦♣r✐❡❞❛❞❡s ❞♦ ♠❛♣❡❛♠❡♥t♦ ❨t → ❨t+1✱ ❡st❛❜❡❧❡❝✐❞❛s ❛ ♣❛rt✐r ❞♦s ❞❛❞♦s ♦❜s❡r✈❛❞♦s
s❡rã♦ t❛♠❜é♠ ✈❡r❞❛❞❡✐r❛s ♣❛r❛ Ψ✳

❙❡ ❡st❛s ❝♦♥❞✐çõ❡s sã♦ ❡st❛❜❡❧❡❝✐❞❛s✱ ♣♦❞❡✲s❡ ❢❛③❡r ✐♥❢❡rê♥❝✐❛s s♦❜r❡ Ψ ❛ ♣❛rt✐r ❞❡❨t✱ ♦✉ s❡❥❛✱
❛ ❞✐♥â♠✐❝❛ ❞♦ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦s r❡❝♦♥str✉í❞♦ ♣♦❞❡ ❝♦♥t❡r ❛s ♠❡s♠❛s ✐♥❢♦r♠❛çõ❡s t♦♣♦❧ó❣✐❝❛s
❞♦ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦s ♦r✐❣✐♥❛❧✳

❆ss✐♠✱ ♣♦❞❡✲s❡ ❢❛③❡r ❛ ❛♥á❧✐s❡ ❞❡ ✉♠ s✐st❡♠❛ ❞✐♥â♠✐❝♦ ❝♦♠ ❞✐♠❡♥sã♦ ✇ s♦♠❡♥t❡ ❜❛s❡❛♥❞♦✲
s❡ ❡♠ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ ❡s❝❛❧❛r✳ ❊♥tr❡t❛♥t♦✱ ♥♦ ♠✉♥❞♦ r❡❛❧✱ ❛s ❝♦♥❞✐çõ❡s ❞♦ t❡♦r❡♠❛ ❛♥t❡r✐♦r
❣❡r❛❧♠❡♥t❡ ♥ã♦ sã♦ ❡st❛❜❡❧❡❝✐❞❛s t♦t❛❧♠❡♥t❡✳ ❆ ❤✐♣ót❡s❡ ❝r✉❝✐❛❧ é q✉❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❨′

ts
❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦s ✈❛❧♦r❡s ♦❜s❡r✈❛❞♦s y′ts ❢♦r♠❛♠ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❝♦♠♣❛❝t♦ ♥♦ ❡s♣❛ç♦ P✳

❆♦ ✐♥❝♦r♣♦r❛r ♦ ❧❛❣ ▲✱ ❝♦♠ ▲ ǫ Z+✱ t❡♠✲s❡ ♠❛✐s ✐♥❢♦r♠❛çõ❡s ♣❛r❛ ❛✉①✐❧✐❛r ❛ ❡♥❝♦♥tr❛r ♦
❡s♣❛ç♦ ❞❡ ❡st❛❞♦s ❞❛ tr❛❥❡tór✐❛✳ ❆ ♣❛rt✐r ❞❛ ❡q✉❛çã♦ ✭✹✳✶✮✱ ✐♥❝♦r♣♦r❛✲s❡ ♦ ❧❛❣ ▲✱ r❡s✉❧t❛♥❞♦ ♥❛
❡q✉❛çã♦ ❞♦ ❛tr❛t♦r

❨t = {②(t),②(t+ L),②(t+ 2L), ...,②(t+ (M − 1)L)}. ✭✹✳✹✮
❆s ❧✐♠✐t❛çõ❡s ✐♠♣♦st❛s ♣❡❧♦ t❛♠❛♥❤♦ ✜♥✐t♦ ❞❡ {yt}N

t=1 ♣♦❞❡♠ s❡r ❝♦♥t♦r♥❛❞❛s ♣♦r ♠❡✐♦
❞❛ ♦❜s❡r✈❛çã♦ ❞❡ ♠❛✐s ❞❡ ✉♠❛ ✈❛r✐á✈❡❧✳ ❆ ✐♠❡rsã♦ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞❛ ❛ ❞❛❞♦s ♠✉❧t✐❝❛♥❛✐s✳
❙✉♣♦♥❞♦ q✉❡ ❢♦r❛♠ ♦❜s❡r✈❛❞♦s ❑ ❝❛♥❛✐s ❡ ❝❛s♦ {yi

t}N
t=1 ❡①♣r❡ss❡ ❛ sér✐❡ t❡♠♣♦r❛❧ ♦❜s❡r✈❛❞❛ ♥♦

❝❛♥❛❧ ✐✱ ❡♥tã♦
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②i
t = {yi

1, y
i
2, y

i
3, ..., y

i
N}. ✭✹✳✺✮

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ♠❛✐s ❢á❝✐❧ é ❛q✉❡❧❡ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦♥str✉✐r ♦ ❡s♣❛ç♦ ❞❡
✐♠❡rsã♦ ❡♠ ℜK ✿

❨t = {②1
t ,②2

t , ...,②K
t }. ✭✹✳✻✮

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

❨t = {②1
t ,②2

t , ...,②K
t ,②1

t+1,②2
t+1, ...,②K

t+1, ...}. ✭✹✳✼✮
❊st❡ ♣r♦❝❡❞✐♠❡♥t♦ ♣♦❞❡rá ❢❛❧❤❛r s❡ ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ♦❜s❡r✈❛❞❛s ❑ ❢♦r ♠❡♥♦r q✉❡

❛ ❞✐♠❡♥sã♦ ❡❢❡t✐✈❛ ❞♦ s✐st❡♠❛ ❞✐♥â♠✐❝♦ ❣❡r❛❞♦r ❞♦s ❞❛❞♦s✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ❛s ✈❛r✐á✈❡✐s
♦❜s❡r✈❛❞❛s s❡❥❛♠ ✇✱ ③ ❡ ②✱ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ♠❛✐s s✐♠♣❧❡s ❞❡ ❨t ♣♦❞❡ s❡r ❢♦r♠❛❞❛ ♥♦ ℜ3✱ ❞❡
❛❝♦r❞♦ ❝♦♠ ❛ ❡q✉❛çã♦ ❛❜❛✐①♦✳

❨t = {✇t, ③t,②t}. ✭✹✳✽✮

✹✳✸ ❏❛♥❡❧❛ ❞❡ ♣r❡✈✐sã♦ ✐♥t❡❧✐❣❡♥t❡ ❞✐♥â♠✐❝❛ ✭❏P■❉✮
❆ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❧✐♥❡❛r t❡♠ s✐❞♦ ✉t✐❧✐③❛❞❛ ❞❡ ❢♦r♠❛ ❡①t❡♥s✐✈❛ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦

❧❛❣ ▲✱ ❡♥tr❡t❛♥t♦ ♥ã♦ ❝❛♣t❛ ❛s r❡❧❛çõ❡s ♥ã♦ ❧✐♥❡❛r❡s✳ ❊♠ ❬❆❇❆❘❇❆◆❊▲✱ ✶✾✾✸❪ ❢♦✐ ♦❜s❡r✈❛❞♦
q✉❡ ♦ ♣r✐♠❡✐r♦ ♠í♥✐♠♦ ❞❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛ é ✉♠❛ ❡s❝♦❧❤❛ ♠❛✐s ❛♣r♦♣r✐❛❞❛ ♣❛r❛ ❞❡t❡r♠✐♥❛r
♦ ❧❛❣ ▲✱ ❥á q✉❡ ❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞❛ ❝♦♠♦ ✉♠❛ ❛♥á❧♦❣❛ ♥ã♦ ❧✐♥❡❛r ❞❛
❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦✳ ❖s ❝♦♥❝❡✐t♦s ❛ss♦❝✐❛❞♦s à ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❥á ❢♦r❛♠ ❛❜♦r❞❛❞♦s ♥♦
❝❛♣ít✉❧♦ ❛♥t❡r✐♦r ❡ ❞❡st❛❝❛✲s❡ s♦♠❡♥t❡ q✉❡ ♦ ♠ét♦❞♦ ✉t✐❧✐③❛❞♦ ♥❡st❛ s❡çã♦ é ♦ ❛♣r❡s❡♥t❛❞♦ ❡♠
❬❈❊▲▲❯❈❈■ ❡t ❛❧✳✱ ✷✵✵✺❪✳

❆ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ▼ é r❡❛❧✐③❛❞❛ ♣♦r ♠❡✐♦ ❞♦ ❝♦♥❝❡✐t♦ ❞♦s K ✈✐③✐♥❤♦s
♠❛✐s ♣ró①✐♠♦s✳ ◆♦s ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❞❡ ❛❧t❛ ❢r❡qüê♥❝✐❛✱ ♦ ❛❧❣♦r✐t♠♦
❞♦s ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s s❡ ❛♣r❡s❡♥t❛ ❝♦♠♦ ✉♠❛ ót✐♠❛ ♦♣çã♦ ❡ ❥á t❡♠ ✉♠ ❤✐stór✐❝♦ ❞❡ ❜♦♥s
r❡s✉❧t❛❞♦s ❬❆▲❊❳❆◆❉❊❘✱ ✷✵✵✺❪✳ ◆❡st❡ ❛❧❣♦r✐t♠♦✱ ❝❛❞❛ ♣♦♥t♦ é ♠❛♣❡❛❞♦ ♥♦ ❡s♣❛ç♦ ℜM ✱ ♦♥❞❡
▼ é ❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦✳ ➱ ❝r✐❛❞❛ ✉♠❛ ❜✐❜❧✐♦t❡❝❛ ❞❡ ❞❛❞♦s ♥♦ ℜM ✳ P❛r❛ ❢❛③❡r ✉♠❛ ♣r❡✈✐sã♦
♥♦ ✐♥st❛♥t❡ t é ♠❛♣❡❛❞❛ ❛ ❜✐❜❧✐♦t❡❝❛ ♥❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ▼✳ ❆ss✐♠✱ sã♦ ❡♥❝♦♥tr❛❞♦s ♦s
✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s ♥♦ ℜM ❞❡ ♠♦❞♦ q✉❡ ❛s ❝♦♦r❞❡♥❛❞❛s ❞❡ss❡s ♣♦♥t♦s ♣♦ss❛♠ s❡r ✉s❛❞❛s
❝♦♠♦ ❞❛❞♦s ❞❛ ✈❛r✐á✈❡❧ ❡①♣❧✐❝❛t✐✈❛✳

◆♦s ♠ét♦❞♦s ❝♦♥✈❡♥❝✐♦♥❛✐s ❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s ♥♦ t❡♠♣♦ sã♦ ✉t✐❧✐③❛❞♦s ♦s ♣♦♥t♦s ✐♠❡✲
❞✐❛t❛♠❡♥t❡ ♣r❡❝❡❞❡♥t❡s✱ t♦♠❛❞♦s ❡♠ ✐♥t❡r✈❛❧♦s s✉❝❡ss✐✈♦s ❡ ❡s♣❛ç❛❞♦s ✐❣✉❛❧♠❡♥t❡ ♥♦ t❡♠♣♦✳
❏á ♥♦s ♠ét♦❞♦s ❞❡ ♣r❡✈✐sã♦ q✉❡ ✉t✐❧✐③❛♠ ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s é ✉t✐❧✐③❛❞❛ ✉♠❛ s❡❧❡çã♦ ❞❡
♣♦♥t♦s q✉❡ ❡stã♦ s❡♥❞♦ ❡s❝♦❧❤✐❞♦s ♣♦rq✉❡ sã♦ s✐♠✐❧❛r❡s ❛♦ ✈❛❧♦r ❞❛ sér✐❡ ♥♦ ✐♥st❛♥t❡ ❞❛ ♣r❡✈✐sã♦✱
r❡s♣❡✐t❛♥❞♦ ❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦✳ ❆ ♠❡♥♦s q✉❡ ❛❧❣✉é♠ r❡s♦❧✈❛ ✐♥✈❡st✐❣❛r ❞❡t❛❧❤❛❞❛♠❡♥t❡
♦ ❛❧❣♦r✐t♠♦✱ ♥ã♦ s❡ s❛❜❡ ❡①❛t❛♠❡♥t❡ ♦♥❞❡ ♦❝♦rr❡r❛♠ ♦s ♣♦♥t♦s q✉❡ ❡stã♦ s❡♥❞♦ ❡s❝♦❧❤✐❞♦s ♥❛
♣r❡✈✐sã♦ ❞❡ ❝❛❞❛ ♣♦♥t♦✳ ❊❧❡s ♣♦❞❡♠ t❡r ♦❝♦rr✐❞♦ ❡♠ q✉❛❧q✉❡r t❡♠♣♦ ❡ ♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡
❝❛♠✐♥❤❛♠ ❝♦♥s❡❝✉t✐✈❛♠❡♥t❡ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳
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❆ss✐♠✱ s❡❥❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣♦♥t♦s Q ♥♦ ❡s♣❛ç♦ ▼✲❞✐♠❡♥s✐♦♥❛❧✱ é ❞❡✜♥✐❞♦ ❝♦♠♦ ✈✐③✐♥❤♦
♠❛✐s ♣ró①✐♠♦ ❞❡ ✉♠ ♣♦♥t♦ ❞❡ r❡❢❡rê♥❝✐❛ p ❛q✉❡❧❡ ♣♦♥t♦ q ♣❡rt❡♥❝❡♥t❡ ❛ Q q✉❡ t❡♠ ❛ ♠❡♥♦r
❞✐stâ♥❝✐❛ ❞❡ p✳ ❆ q✉❡stã♦ ♠❛✐s ❣❡r❛❧ ❞❡ ❡♥❝♦♥tr❛r ♠❛✐s ❞❡ ✉♠ ✈✐③✐♥❤♦ é ❝❤❛♠❛❞❛ ❞♦ ♣r♦❜❧❡♠❛
❞♦s K ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s✳ ❊♠ ❣❡r❛❧✱ ♦ ♣♦♥t♦ ❞❡ r❡❢❡rê♥❝✐❛ p é ✉♠ ♣♦♥t♦ ❛r❜✐tr❛r✐❛♠❡♥t❡
❧♦❝❛❧✐③❛❞♦✱ ♠❛s é t❛♠❜é♠ ♣♦ssí✈❡❧ q✉❡ p s❡❥❛ ✉♠ ♠❡♠❜r♦ ❞♦ ❝♦♥❥✉♥t♦ Q✳ ❆ ❋✐❣✉r❛ ✹✳✶ ✐❧✉str❛
❡st❛ ❞❡✜♥✐çã♦✳

❊①✐st❡♠ ❞✉❛s ♠❛♥❡✐r❛s ❞❡ s❡ ✐♠♣❧❡♠❡♥t❛r ♦ ❛❧❣♦r✐t♠♦ ❞♦s K ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s✿
• ❝♦♥s✐❞❡r❛r ✉♠ ♥ú♠❡r♦ ✜①♦ ❞❡ K ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s✱ ✈✐❞❡ ❋✐❣✉r❛ ✹✳✶❀
• ❛❞♦t❛r ✉♠❛ ❡s❢❡r❛ ❞❡ r❛✐♦ ✜①♦ ♥❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ▼ ❡♠ t♦r♥♦ ❞❡ ♣✱ ❞❡ ❛❝♦r❞♦ ❝♦♠

❛ ❋✐❣✉r❛ ✹✳✷✳
◆♦ r❛✐♦ ✜①♦✱ ❝♦♥s✐❞❡r❛✲s❡ t♦❞♦s ♦s ✈❛❧♦r❡s ❞❡♥tr♦ ❞❛ ❡s❢❡r❛ ❡ q✉❛♥t♦ ♠❛✐♦r ❢♦r ♦ r❛✐♦ ❞❛

❡s❢❡r❛✱ ♠❛✐♦r é ♦ ♥ú♠❡r♦ ❞❡ ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s✳ ❈❛❞❛ ✈❛❧♦r ❞❡ p ♣♦❞❡ t❡r ✉♠ ♥ú♠❡r♦
❞✐❢❡r❡♥t❡ ❞❡ ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s✳ ❆ ♣r❡✈✐sã♦ ✉t✐❧✐③❛rá ♠✉✐t♦s ♦✉ ♣♦✉❝♦s ✈❛❧♦r❡s✱ ❞❡♣❡♥❞❡♥❞♦
❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ♣r♦❝❡ss♦✳ ◆♦ ♠ét♦❞♦ ❞❛ ❡s❢❡r❛✱ ♦ ✈❛❧♦r ❞❛ ❞✐stâ♥❝✐❛ ✭♣♦r ❡①❡♠♣❧♦ ❛
❡✉❝❧✐❞✐❛♥❛✮ s❡rá ♠❡♥♦r ♦✉ ♠❛✐♦r ❞❡♣❡♥❞❡♥❞♦ ❞♦ ♠❡r❝❛❞♦ ❡st❛r ♠❛✐s ❡stá✈❡❧ ♦✉ ♠❛✐s ❛❣✐t❛❞♦✳

❖s ❞♦✐s ♠ét♦❞♦s ♥❡❝❡ss✐t❛♠ ❞♦ ❝á❧❝✉❧♦ ❞❛ ❞✐stâ♥❝✐❛✱ ❡ ❣❡r❛❧♠❡♥t❡ é ✉t✐❧✐③❛❞❛ ❛ ❡✉❝❧✐❞✐❛♥❛✳
❖❜✈✐❛♠❡♥t❡✱ s❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❛♠♦str❛ ❢♦r ♠✉✐t♦ ❣r❛♥❞❡✱ ❣❛st❛✲s❡ ♠✉✐t♦ t❡♠♣♦ ❞❡ ♣r♦❝❡s✲
s❛♠❡♥t♦✳ ❆❧❣✉♠❛s ✈❡③❡s✱ ♦ ♠ét♦❞♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❜✉s❝❛ é ❝❤❛♠❛❞♦ ❞❡ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡
t❛♠❛♥❤♦ ✜①♦✱ ❡♥q✉❛♥t♦ ❛ ❜✉s❝❛ ❞❡ K ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s é ❝❤❛♠❛❞❛ ❞❡ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡
♠❛ss❛ ✜①❛✳ ❆ ❋✐❣✉r❛ ✹✳✶ ✐❧✉str❛ ✉♠ ❣rá✜❝♦ ❝♦♠ ✉♠ ❡①❡♠♣❧♦ ❞❡ ✈✐③✐♥❤❛♥ç❛ ♠❛✐s ♣ró①✐♠❛ ❞♦
t✐♣♦ K ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s✳

❋✐❣✳ ✹✳✶✿ ●rá✜❝♦ ❞❛ ✈✐③✐♥❤❛♥ç❛ ♠❛✐s ♣ró①✐♠❛
❖ ❛❧❣♦r✐t♠♦ ❞❛ ❝✐r❝✉♥❢❡rê♥❝✐❛✱ ♦✉ s❡❥❛✱ ❛q✉❡❧❡ q✉❡ ♣❡r♠✐t❡ ✉♠ ♣❡q✉❡♥♦ ❡rr♦ ε✱ ❞❡ ❛❝♦r❞♦ ❝♦♠

❛ ❋✐❣✉r❛ ✹✳✷✱ ❡st✐♠❛ ♦s ✈✐③✐♥❤♦s ❡♠ ✈♦❧t❛ ❞♦ ♣♦♥t♦ ❞❡ r❡❢❡rê♥❝✐❛ ♣ ❝♦♠ ❞✐stâ♥❝✐❛ ♣♦ss✐✈❡❧♠❡♥t❡
♠❡♥♦r ♦✉ ♠❛✐♦r q✉❡ ❛ ❞✐stâ♥❝✐❛ ❡st✐♣✉❧❛❞❛✳

❖ ❡rr♦ r❡❧❛t✐✈♦ ♠á①✐♠♦ ♣❡r♠✐t✐❞♦ ε é ❞❛❞♦ ❝♦♠♦ ✉♠ ♣❛râ♠❡tr♦ ❞♦ ❛❧❣♦r✐t♠♦✳ P❛r❛ ε = 0✱
❛ ❜✉s❝❛ r❡t♦r♥❛ ❛ ❞✐stâ♥❝✐❛ ❡①❛t❛ ❞♦s ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s✳ ❈♦♠♣✉t❛r ♦s ✈✐③✐♥❤♦s ♠❛✐s
♣ró①✐♠♦s ♣♦r ♠❡✐♦ ❞❛ ❞✐stâ♥❝✐❛ ❡①❛t❛ ❞❡ ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s ❝♦♠ ❞✐♠❡♥sã♦ ❢r❛❝t❛❧ ♠❛✐♦r q✉❡
✻ ✭s❡✐s✮ ♣❛r❡❝❡ s❡r ✉♠❛ t❛r❡❢❛ q✉❡ ❝♦♥s♦♠❡ ❜❛st❛♥t❡ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳ P♦✉❝♦s ❛❧❣♦r✐t♠♦s
t❡♠ ♣❡r❢♦r♠❛♥❝❡ ♠❡❧❤♦r q✉❡ s✐♠♣❧❡s♠❡♥t❡ ❝♦♠♣✉t❛r t♦❞❛s ❛s ❞✐stâ♥❝✐❛s✳ ❊♥tr❡t❛♥t♦✱ ❝♦♠
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❋✐❣✳ ✹✳✷✿ ●rá✜❝♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❛ ✈✐③✐♥❤❛♥ç❛ ♠❛✐s ♣ró①✐♠❛

♦ ❛♣❡r❢❡✐ç♦❛♠❡♥t♦ ❞♦s ❛❧❣♦r✐t♠♦s ❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ♠áq✉✐♥❛s✱ t❡♠ s✐❞♦
✈❡r✐✜❝❛❞♦ q✉❡ ❝♦♠♣✉t❛r ♦s ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s ❛♣r♦①✐♠❛❞♦s ♣♦ss✐❜✐❧✐t❛ ❛❧❝❛♥ç❛r t❡♠♣♦s ❞❡
♣r♦❝❡ss❛♠❡♥t♦ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♠❡♥♦r❡s ❝♦♠ ❡rr♦s ❞❡ ❞✐stâ♥❝✐❛ r❡❧❛t✐✈❛♠❡♥t❡ ♠❡♥♦r❡s✳

❙❡❥❛ ❨i ✉♠ ❡❧❡♠❡♥t♦ ❝♦♠ ▼ ❡ ▲ ❛❥✉st❛❞♦s✱ ❡ ❨NN
i = {②NN

i ,②NN
i+L, ...,②NN

i+(M−1)L} q✉❡ ❡①✲
♣r❡ss❛ s❡✉ ✈✐③✐♥❤♦ ♠❛✐s ♣ró①✐♠♦✳ ❆ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞❡❛♥❛ ❡♥tr❡ ❡st❡s ❞♦✐s ♣♦♥t♦s ♥♦ ℜM é ❞❛❞❛
♣♦r✿

|❨i −❨NN
i |2M =

M−1∑

k=0

(②i+kL − ②NN
i+kL)2. ✭✹✳✾✮

❆ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞❡❛♥❛ ❡♥tr❡ ❛ ♣r♦❥❡çã♦ ❞❡st❡s ❞♦✐s ♣♦♥t♦s ♥♦ ℜM+1 é ❞❛❞❛ ♣♦r

|❨i −❨NN
i |2M+1 = |❨i −❨NN

i |2M + (②i+ML − ②NN
i+ML)2. ✭✹✳✶✵✮

❊♠ ❆❇❆❘❇❆◆❊▲ ❡t ❛❧✳ ✭✶✾✾✸✮ ❡ ❈❊▲▲❯❈❈■ ❡t ❛❧✳ ✭✷✵✵✸✮ ❢♦✐ ❞❡✜♥✐❞♦ ✉♠ ♣❛râ♠❡tr♦ ❘
❝♦♠♦ ✉♠❛ ♠❡❞✐❞❛ ❞❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❨i ❡ ❨NN

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

R = {|❨i −❨NN
i |2M+1 − |❨i −❨NN

i |2M
|❨i −❨NN

i |2M
}1/2. ✭✹✳✶✶✮

❯♠❛ ❢♦r♠❛ ♠❛✐s s✐♠♣❧❡s ❞❡ ❡①♣r❡ss❛r ❘ é

R =
|②i+ML − ②NN

i+ML|
|❨i −❨NN

i |2M
. ✭✹✳✶✷✮

▲♦❣♦✱ ❨NN
i s❡rá ❥✉❧❣❛❞♦ ✉♠ ❢❛❧s♦ ✈✐③✐♥❤♦ ♠❛✐s ♣ró①✐♠♦ ♥♦ RM s❡ ❘ ❡①❝❡❞❡r à ❝♦♥st❛♥t❡

Rtot✳ ◆❡st❛ t❡s❡ ❛s r❡❝♦♠❡♥❞❛çõ❡s ❞❡ ❆❇❆❘❇❆◆❊▲ ❡t ❛❧✳ ✭✶✾✾✸✮ ❡ ❈❊▲▲❯❈❈■ ❡t ❛❧✳ ✭✷✵✵✸✮
❞❡ ❢❛③❡r Rtot = 15 s❡rá s❡❣✉✐❞❛✳

❖ ♠ét♦❞♦ ❞♦s ❢❛❧s♦s ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s ❣❧♦❜❛✐s ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦
é ✐♠♣❧❡♠❡♥t❛❞♦ ♥❡st❡ ❝❛♣ít✉❧♦ ♣♦r ♠❡✐♦ ❞♦ s❡❣✉✐♥t❡ ♣r♦❝❡❞✐♠❡♥t♦✿

• ❖ ❧❛❣ ▲ é ❛❥✉st❛❞♦ ✈✐❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛✳
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• ❖ Rtot é ❛r❜✐tr❛r✐❛♠❡♥t❡ ✜①❛❞♦ ❡♠ ✶✺✳
• ❆ q✉❛♥t✐❞❛❞❡ ❞❡ ✈✐③✐♥❤♦s ❢❛❧s♦s ♠❛✐s ♣ró①✐♠♦s é ❝❛❧❝✉❧❛❞❛ ❡♠ ❢✉♥çã♦ ❞❡ ▼✱ ✉s❛♥❞♦ ♦
s❡❣✉✐♥t❡ ♣r♦❝❡❞✐♠❡♥t♦✿ ✭❛✮ P❛r❛ ❝❛❞❛ ♣♦♥t♦ ❨i ǫ ℜM ✱ ♦s ❢❛❧s♦s ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s
❨NN

i s❡rã♦ ❞❡t❡r♠✐♥❛❞♦s✳ ✭❜✮ ❖ ✈❛❧♦r ❝♦rr❡s♣♦♥❞❡♥t❡ ❞❡ ❘ é ❝❛❧❝✉❧❛❞♦✳ ✭❝✮ ❙❡ ❘ > Rtot✱
❨NN

i s❡rá ❝♦♥s✐❞❡r❛❞♦ ✉♠ ❢❛❧s♦ ✈✐③✐♥❤♦ ♠❛✐s ♣ró①✐♠♦ ❞❡ ❨i✳
• ❖ ✈❛❧♦r ❞❡ ▼ s❡rá ❛✉♠❡♥t❛❞♦ ❛té q✉❡ ♦s ❢❛❧s♦s ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s ♥ã♦ s❡❥❛♠ ♠❛✐s
♦❜s❡r✈❛❞♦s ♦✉ ❛té q✉❡ ❛ s✉❛ ❢r❡qüê♥❝✐❛ ✜q✉❡ ❛❜❛✐①♦ ❞❡ ✉♠❛ ♣❡r❝❡♥t❛❣❡♠ ❛❝❡✐tá✈❡❧✳

❖ ♠ét♦❞♦ ❞♦s ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ t❛♠❜é♠ ♥❛ ❛♥á❧✐s❡ ❞❡ ❝❧✉st❡rs✳
❊st❡ ♠ét♦❞♦ ♣♦❞❡rá ♥ã♦ ❢✉♥❝✐♦♥❛r ♣❛r❛ sér✐❡s ♥♦ t❡♠♣♦ ❡s❝❛❧❛r❡s ❝♦♠ q✉❛♥t✐❞❛❞❡ ❞❡ ❛♠♦str❛s
♣❡q✉❡♥❛s✱ ♠❛s ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ❡♠ sér✐❡s t❡♠♣♦r❛✐s ♠✉❧t✐✈❛r✐❛❞❛s✳

❘❡s✉♠✐♥❞♦✱ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ♣❛r❛ ❛❥✉st❛r ❛ ❥❛♥❡❧❛ ❞❡ ♣r❡✈✐sã♦ ✐♥t❡❧✐❣❡♥t❡ ❞✐♥â♠✐❝❛ ✭❏P■❉✮
❝♦♥s✐st❡ ♥♦s s❡❣✉✐♥t❡s ❡stá❣✐♦s✿

• Pr✐♠❡✐r♦ ❡stá❣✐♦✿ ♦ ❝á❧❝✉❧♦ ❞❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ♣r♦♣♦st❛ ❡♠ ❈❊▲▲❯❈❈■ ❡t ❛❧✳ ✭✷✵✵✸✮✱
♣❛r❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✵✱✵✺✱ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡st✐♠❛r ✐♥✐❝✐❛❧♠❡♥t❡ ♦ ❧❛❣ L❀ ❛ ♣❛rt✐r ❞♦
✈❛❧♦r ❞❡ L✱ ♦ ❛❧❣♦r✐t♠♦ ❞♦s ❢❛❧s♦s ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s ❣❧♦❜❛✐s é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡st✐♠❛r
❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ▼✳

• ❙❡❣✉♥❞♦ ❡stá❣✐♦✿ r❡❞❡ ❘❇❋ ❝♦♠ ✈❛❧✐❞❛çã♦ ❝r✉③❛❞❛ ❣❡♥❡r❛❧✐③❛❞❛ ❬●❖▲❯❇ ❡t ❛❧✳✱ ✶✾✼✾❪ é
✉t✐❧✐③❛❞❛ ♣❛r❛ ♦ ❛❥✉st❡ ✜♥❛❧ ❞♦ ❧❛❣ ▲ ❡ ❞❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ▼ ❡♠ ❢✉♥çã♦ ❞❛ q✉❛❧✐❞❛❞❡
❞❛s ♣r❡✈✐sõ❡s✳

◆❡st❡ ❝♦♥t❡①t♦ é ✐♠♣♦rt❛♥t❡ ♦❜s❡r✈❛r q✉❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡ ✉♠❛ r❡❞❡ ♥❡✉r❛❧
❞❡♣❡♥❞❡ ❞❛ tr❛♥s❢❡rê♥❝✐❛ ❡✜❝❛③ ❞❛s ✐♥❢♦r♠❛çõ❡s ❝♦♥t✐❞❛s ♥❛s ❛♠♦str❛s ♣❛r❛ ♦s ♣❛râ♠❡tr♦s ❞❛
♠❡s♠❛✳ ❖ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ é ❝❛♣t✉r❛r ❛ ✐♥❢♦r♠❛çã♦ ❡ ❝♦♥❝❡♥trá✲❧❛ ♥❛ r❡❞❡✱ ♠❛♥✐♣✉❧❛♥❞♦✲❛
❞✐r❡t❛♠❡♥t❡✱ ♥ã♦ ♥❡❝❡ss✐t❛♥❞♦ ❞❡ s✉♣♦s✐çõ❡s ❛ ♣r✐♦r✐✳ ❆ ❏P■❉ ❡stá ❡♠ s✐♥t♦♥✐❛ ❝♦♠ ❡st❡ t✐♣♦
❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ❡ t❛♠❜é♠ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❝❧✉st❡rs ❝♦♠ ❝❛♣❛❝✐❞❛❞❡
♣r❡❞✐t✐✈❛✳

◆❡st❛ ❥❛♥❡❧❛ ❛ r❡❞❡ ❘❇❋ ❜✉s❝❛ ♦ ♠❛♣❡❛♠❡♥t♦ ót✐♠♦ ❡♥tr❡ ❛ ❡♥tr❛❞❛ ❡ ❛ s❛í❞❛ ❡♠ ❢✉♥çã♦
❞♦ ◆▼❙❊ ✭♥♦r♠❛❧✐③❡❞ ♠❡❛♥ sq✉❛r❡ ❡rr♦r✮✱ ♦✉ s❡❥❛✱ ♦ L ❡ ♦ M q✉❡ ♣❡r♠✐t❡ ❝❛♣t✉r❛r ♦ ♠á①✐♠♦
❞❡ ✐♥❢♦r♠❛çã♦ ❞✐s♣♦♥í✈❡❧ ♥♦s ❞❛❞♦s✳ ❊st❡ ♠ét♦❞♦ ❜✉s❝❛ ♦ ❡rr♦ q✉❛❞r❛❞♦ ♠é❞✐♦ ♥♦r♠❛❧✐③❛❞♦
✭◆▼❙❊✮ ♠í♥✐♠♦ ❞❡ ♣r❡❞✐çã♦✳ ❆ ✈❛❧✐❞❛çã♦ ❝r✉③❛❞❛ ❣❡♥❡r❛❧✐③❛❞❛ ❬●❖▲❯❇ ❡t ❛❧✳✱ ✶✾✼✾❪ ❡ ❛
❞❡t❡r♠✐♥❛çã♦ ❞♦ ❡s♣❛❧❤❛♠❡♥t♦ ❞♦s ❝❧✉st❡rs sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ♦t✐♠✐③❛r ❡st❡ ❛❥✉st❡ ❡ s❡rã♦
❛♣r❡s❡♥t❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✺✳

✹✳✹ ❆♥á❧✐s❡ ❞✐♥â♠✐❝❛ ♥ã♦✲❧✐♥❡❛r
❆té ✶✾✻✸✱ ♦s s✐st❡♠❛s ❞✐♥â♠✐❝♦s ❡r❛♠ ❝❧❛ss✐✜❝❛❞♦s ❡♠ três ❝❛t❡❣♦r✐❛s✱ s❡❣✉♥❞♦ ♦ ♣❛❞rã♦ ❞❡

✈❛r✐❛çã♦ ♥♦ t❡♠♣♦✿ ❡stá✈❡✐s✱ ❝♦♥✈❡r❣✐♥❞♦ ♣❛r❛ ✉♠ ✈❛❧♦r ✜①♦❀ ♣❡r✐ó❞✐❝♦s✱ ❡st❛❜❡❧❡❝❡♥❞♦✲s❡ ❡♠
♦s❝✐❧❛çõ❡s ♣❡r✐ó❞✐❝❛s❀ ♦✉ ✐♠♣r❡✈✐sí✈❡✐s✱ ❝❛r❛❝t❡r✐③❛❞♦s ♣♦r ✢✉t✉❛çõ❡s ✐rr❡❣✉❧❛r❡s✳ ❖s s✐st❡♠❛s
✐♠♣r❡✈✐sí✈❡✐s ❡r❛♠ t❛♠❜é♠ ❞❡♥♦♠✐♥❛❞♦s ❛❧❡❛tór✐♦s ♦✉ r✉✐❞♦s♦s✳
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❊❉❲❆❘❉ ▲❖❘❊◆❩✱ q✉❛♥❞♦ ❡st✉❞❛✈❛ ✉♠ ♠♦❞❡❧♦ ❞❡ ♣r❡✈✐sã♦ ❞♦ t❡♠♣♦✱ ❢❡③ ✉♠❛ ❣r❛♥❞❡
❞❡s❝♦❜❡rt❛ q✉❡ s✉r♣r❡❡♥❞❡✉ ♦ ♠✉♥❞♦✳ ❊♠ ❬▲❖❘❊◆❩✱ ✶✾✻✸❪ ❛♣r❡s❡♥t♦✉ ✉♠ ♠♦❞❡❧♦ q✉❡ s❡❣✉✐❛
✉♠ ❝✉rs♦ q✉❡ ♥ã♦ s❡ ❡♥q✉❛❞r❛✈❛ ❝♦♠♦ ❛❧❡❛tór✐♦✱ ♣❡r✐ó❞✐❝♦ ♦✉ ❝♦♥✈❡r❣❡♥t❡✱ ❡①✐❜✐♥❞♦ ✉♠ ❝♦♠✲
♣♦rt❛♠❡♥t♦ ❜❛st❛♥t❡ ❝♦♠♣❧❡①♦✱ ❡♠❜♦r❛ ❢♦ss❡ ❞❡✜♥✐❞♦ ❛♣❡♥❛s ♣♦r ♣♦✉❝❛s ❡ s✐♠♣❧❡s ❡q✉❛çõ❡s
❞✐❢❡r❡♥❝✐❛✐s✳ ❆ ❞✐♥â♠✐❝❛ ❣❡r❛❞❛ ♣❡❧♦ ♠♦❞❡❧♦ ❡①✐❜✐❛ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ ♥ã♦ ✉s✉❛❧✿ ❞♦✐s ♣♦♥t♦s
❧♦❝❛❧✐③❛❞♦s ❛ ✉♠❛ ❞✐stâ♥❝✐❛ ♠✉✐t♦ ♣❡q✉❡♥❛ s❡❣✉✐❛♠ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦ r♦t❛s ❜❛st❛♥t❡ ❞✐✈❡r❣❡♥✲
t❡s✳ ❊st❛ ♦❜s❡r✈❛çã♦ ❧❡✈♦✉ ▲❖❘❊◆❩ ❛ ❝♦♥❥❡❝t✉r❛r q✉❡ ❛ ♣r❡✈✐sã♦ ❞♦ t❡♠♣♦ ❡♠ ✉♠ ✐♥t❡r✈❛❧♦
❞❡ t❡♠♣♦ ❧♦♥❣♦ ♥ã♦ s❡r✐❛ ♣♦ssí✈❡❧✳ ❙✐st❡♠❛s ❝♦♠♦ ♦ ❞❡ ▲❖❘❊◆❩ sã♦ ❞❡♥♦♠✐♥❛❞♦s ❝❛ót✐❝♦s
❞❡t❡r♠✐♥✐st❛s ♦✉ s✐♠♣❧❡s♠❡♥t❡ ❝❛ót✐❝♦s✳ ❊♠❜♦r❛ ❛♣r❡s❡♥t❡♠ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❛♣❡r✐ó❞✐❝♦ ❡
✐♠♣r❡✈✐sí✈❡❧✱ ❛ s✉❛ ❞✐♥â♠✐❝❛ é ❣♦✈❡r♥❛❞❛ ♣♦r ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ❞❡t❡r♠✐♥✐st❛s✳

◆ã♦ ❡①✐st❡ ✉♠❛ ❞❡✜♥✐çã♦ ❣❡r❛❧ ❞❡ ❝❛♦s✱ ♠❛s ❡♠ ❬❚❍❊■▲❊❘✱ ✶✾✾✵❪ é t✐❞♦ ❝♦♠♦ ✉♠ ❝♦♠✲
♣♦rt❛♠❡♥t♦ ✐rr❡❣✉❧❛r ❞❡ ❡q✉❛çõ❡s s✐♠♣❧❡s✳ ❊st❡s s✐st❡♠❛s ♣♦ss✉❡♠ tr❛❥❡tór✐❛s ♥♦ ❡s♣❛ç♦ ❞❡
❡st❛❞♦s ♣♦r ♦♥❞❡ ❝♦♥✈❡r❣❡♠ ♣❛r❛ ❛tr❛t♦r❡s ❡str❛♥❤♦s ❝✉❥❛ ❞✐♠❡♥sã♦ ❢r❛❝t❛❧ s✐♥❛❧✐③❛ ♦ ♥ú♠❡r♦
❡❢❡t✐✈♦ ❞❡ ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❡ ♥í✈❡❧ ❞❡ ❝♦♠♣❧❡①✐❞❛❞❡✳ ❆ss✐♠✱ q✉❛♥❞♦ ✉♠ ❛tr❛t♦r ❞❡ ✉♠ s✐s✲
t❡♠❛ ❞✐♥â♠✐❝♦ é ❢r❛❝✐♦♥ár✐♦ ✭❢r❛❝t❛❧✮✱ ❡st❡ s✐st❡♠❛ é ❝❛ót✐❝♦ ❡ ♦ s❡✉ ❛tr❛t♦r é ❝♦♥❤❡❝✐❞♦ ❝♦♠♦
❡str❛♥❤♦✳ ❆ s❡♥s✐❜✐❧✐❞❛❞❡ às ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✱ ✉♠❛ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s s✐st❡♠❛s ❝❛ót✐❝♦s✱
♣♦❞❡ s❡r ❛♥❛❧✐s❛❞❛ ♣♦r ♠❡✐♦ ❞♦ ❡①♣♦❡♥t❡ ❞❡ ▲②❛♣✉♥♦✈✳

❖ t❡r♠♦ ❢r❛❝t❛❧ ❢♦✐ ❝✉♥❤❛❞♦ ❡♠ ❬▼❆◆❉❊▲❇❘❖❚✱ ✶✾✻✸❪ ❡ r❡♣r❡s❡♥t❛ ♣❛r❛ ❛ ♠❛t❡♠át✐❝❛✱
✉♠❛ ❢♦r♠❛ ❣❡♦♠étr✐❝❛ ❝♦♠♣❧❡①❛✱ ❞❡t❛❧❤❛❞❛ ❡ ❛✉t♦✲s❡♠❡❧❤❛♥t❡ ✭❝❛❞❛ ♣♦rçã♦ é ✉♠❛ ré♣❧✐❝❛
r❡❞✉③✐❞❛ ❞♦ t♦❞♦✮ q✉❡ ♥ã♦ ♣♦❞❡ s❡r tr❛t❛❞❛ ❝♦♠♦ t❡♥❞♦ ✉♠❛✱ ❞✉❛s✱ ♦✉ q✉❛❧q✉❡r ♦✉tr❛ ❞✐♠❡♥sã♦
✐♥t❡✐r❛✱ ♠❛s ❛❧❣✉♠❛ ❞✐♠❡♥sã♦ ❢r❛❝✐♦♥ár✐❛✳ ❆ s✉❛ ❝❛r❛❝t❡ríst✐❝❛ ♣r✐♥❝✐♣❛❧ é ♣♦❞❡r s❡r ❞❡s❝r✐t♦ ♣♦r
✉♠❛ ❞✐♠❡♥sã♦ ♥ã♦ ✐♥t❡✐r❛✳ P♦❞❡♠ s❡r ❛r❜✐tr❛r✐❛♠❡♥t❡ ❞✐✈✐❞✐❞♦s ❡♠ ❞✉❛s ❝❛t❡❣♦r✐❛s✿ ♦❜❥❡t♦s
só❧✐❞♦s ♦✉ ❛tr❛t♦r❡s ❡str❛♥❤♦s✳ ❆s ♥✉✈❡♥s ♦✉ r❡❣✐õ❡s ❝♦st❡✐r❛s sã♦ ❡①❡♠♣❧♦s ❜❡♠ ❝♦♥❤❡❝✐❞♦s ❞❡
♦❜❥❡t♦s só❧✐❞♦s✳ ❖ ❛tr❛t♦r ❡str❛♥❤♦✱ ❡♠ ❝♦♥tr❛st❡✱ é ✉♠ ❝♦♥❝❡✐t♦ ❛❜str❛t♦✱ ♠❛s é ❛ ❞✐♠❡♥sã♦
❢r❛❝✐♦♥ár✐❛ ❞❡ ❛tr❛t♦r❡s ❞❡ s✐st❡♠❛s ❞✐♥â♠✐❝♦s ❝❛ót✐❝♦s✳

❖ ♥ú♠❡r♦ ❡❢❡t✐✈♦ ❞❡ ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ♣❛r❛ s❡ ❞✐st✐♥❣✉✐r ♦s s✐st❡♠❛s
❡st♦❝ást✐❝♦s ✭♠✉✐t♦s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❡❢❡t✐✈❛✮ ❞♦s s✐st❡♠❛s ❞❡t❡r♠✐♥✐st❛s ✭♣♦✉❝♦s ❣r❛✉s ❞❡
❧✐❜❡r❞❛❞❡ ❡❢❡t✐✈❛✮✳ ❋❡rr❛♠❡♥t❛s t❡ór✐❝❛s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱ ❡ ❛
❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦✱ ❢♦r♥❡❝❡♠ ✐♥❢♦r♠❛çõ❡s ❣❧♦❜❛✐s s♦❜r❡ ♦ ♣r♦❝❡ss♦✱ s✐♥❛❧✐③❛♥❞♦ ♣❛r❛ ✉♠
s✐st❡♠❛ ❡st♦❝ást✐❝♦✱ ❞❡t❡r♠✐♥✐st❛ ♦✉ ❝❛ót✐❝♦✲❞❡t❡r♠✐♥✐st❛✳ ●❡r❛❧♠❡♥t❡ sã♦ ❡st✐♠❛❞♦s ❛ ♣❛rt✐r
❞❡ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ♦❜t✐❞♦s ❞❡ sér✐❡s ♥♦ t❡♠♣♦ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡❝♦♥❤❡❝❡r ❡st❛❞♦s ❢ís✐❝♦s
❞✐❢❡r❡♥t❡s ❞♦ s✐st❡♠❛✳

❆ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛✉t♦✲♦r❣❛♥✐③❛çã♦ ♣♦❞❡ ❡st❛r ♣r❡s❡♥t❡ ❡♠ s✐st❡♠❛s ❞✐♥â♠✐❝♦s ❞✐ss✐♣❛t✐✈♦s
❝✉❥♦ tr❛♥s✐❡♥t❡ ❡✈♦❧✉✐ ♣❛r❛ ♣♦✉❝♦s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡✳ ❆ss✐♠✱ ✉♠ s✐st❡♠❛ ♣♦❞❡ t❡r ✈ár✐♦s
❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ♥♦♠✐♥❛❧✱ ♠❡s♠♦ ❝♦♠ ♣♦✉❝♦s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❡❢❡t✐✈❛✳ P♦r ♦✉tr♦ ❧❛❞♦✱
❛ ❞✐✈❡r❣ê♥❝✐❛ ❞❡ r♦t❛s ❜❛st❛♥t❡ ♣ró①✐♠❛s ♦❜s❡r✈❛❞❛ ♣♦r ▲❖❘❊◆❩ ❝❤❛♠♦✉ ❛ ❛t❡♥çã♦ ♣❛r❛ ❛
s❡♥s✐❜✐❧✐❞❛❞❡ à ✈❛r✐❛çã♦ ❞❛s ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✳ ➱ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ q✉❡ ❞✐❢❡r❡♥❝✐❛ ♦s s✐st❡♠❛s
❝❛ót✐❝♦s ❞❡t❡r♠✐♥✐st❛s ❞♦s s✐st❡♠❛s ❡st♦❝ást✐❝♦s✳ P❛r❛ s✐st❡♠❛s ❡st♦❝ást✐❝♦s✱ ❛ ♠❡s♠❛ ❝♦♥❞✐✲
çã♦ ✐♥✐❝✐❛❧ ♣♦❞❡ ❝♦♥❞✉③✐✲❧♦s ❛ ❡st❛❞♦s ❜❛st❛♥t❡s ❞✐st✐♥t♦s ❡♠ ♣❡q✉❡♥♦s ✐♥t❡r✈❛❧♦s ❞❡ t❡♠♣♦✱ ♦
q✉❡ ♥ã♦ ♦❝♦rr❡ ♥♦s s✐st❡♠❛s ❝❛ót✐❝♦s ❞❡t❡r♠✐♥✐st❛s✱ ♥♦s q✉❛✐s ❛s tr❛❥❡tór✐❛s ♣ró①✐♠❛s ❝r❡s❝❡♠
♣r❛t✐❝❛♠❡♥t❡ ❞❡ ❢♦r♠❛ ✐♥❞❡♣❡♥❞❡♥t❡ ❡ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❡❧❛s ❛✉♠❡♥t❛ ❡①♣♦♥❡♥❝✐❛❧♠❡♥t❡✳

❊♠❜♦r❛ s✐st❡♠❛s ❝♦♥s❡r✈❛t✐✈♦s ♣♦ss❛♠ ❡①✐❜✐r ❝♦♠♣♦rt❛♠❡♥t♦ ❝❛ót✐❝♦ s♦♠❡♥t❡ s✐st❡♠❛s ❞✐s✲
s✐♣❛t✐✈♦s ♣♦ss✉❡♠ ❛tr❛t♦r❡s ❡str❛♥❤♦s✳ ❖s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❡❢❡t✐✈❛ ❞♦s s✐st❡♠❛s ♣♦❞❡♠ s❡r
❡st✐♠❛❞♦s ♣♦r ♠❡✐♦ ❞♦ ❝♦♥❝❡✐t♦ ❞❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❞♦s ❛tr❛t♦r❡s ❡str❛♥❤♦s✳ ❊♥tr❡t❛♥t♦✱
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❡♠ sér✐❡s t❡♠♣♦r❛✐s✱ ♣❛r❛ s❡ ❞❡t❡r♠✐♥❛r ❡st❡ ♣❛râ♠❡tr♦ é ♣r❡❝✐s♦ ❛♥t❡s ❢❛③❡r ❛ r❡❝♦♥str✉çã♦
❞✐♥â♠✐❝❛ ❞♦ s✐st❡♠❛✳

❆ t❡♦r✐❛ ❞♦ ❝❛♦s é ✉t✐❧✐③❛❞❛ ❣❡r❛❧♠❡♥t❡ ❝♦♠♦ ✉♠❛ ❢❡rr❛♠❡♥t❛ ♣❛r❛ ❛♥❛❧✐s❛r s✐st❡♠❛s ♠❛❧
❝♦♠♣r❡❡♥❞✐❞♦s ❞♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞❡t❡r♠✐♥íst✐❝♦✱ t❛✐s ❝♦♠♦ ❢❡♥ô♠❡♥♦s s♦❝✐❛✐s✱ t✉r❜✉❧ê♥❝✐❛ ❡♠
✢✉✐❞♦s✱ ❡❝♦♥ô♠✐❝♦s✱ ❝❧✐♠át✐❝♦s✱ ❡♣✐❞❡♠✐♦❧ó❣✐❝♦s ❡ ♦✉tr♦s✳ ❯♠ s✐st❡♠❛ ❡st♦❝ást✐❝♦ é ♥♦r♠❛❧✲
♠❡♥t❡ ❛❜♦r❞❛❞♦ ♣♦r ♠❡✐♦ ❞❛ t❡♦r✐❛ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ ❥á q✉❡ t❡♠ ♠✉✐t♦s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❡
t♦r♥❛✲s❡ ♠✉✐t♦ ❞✐❢í❝✐❧ ❞❡ s❡r ❞❡s❝r✐t♦ ♣♦r ✉♠ s✐st❡♠❛ ❞❡ ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s✳

✹✳✹✳✶ ❉❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ♥ã♦✲❧✐♥❡❛r

❆ ✈❡r✐✜❝❛çã♦ ❞❛ ❡①✐stê♥❝✐❛ ❞❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ q✉❡ ♣♦ss❛ ✐♥❝❧✉✐r ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s é
r❡❧❡✈❛♥t❡ ♥♦ ❝♦♥t❡①t♦ ❞❛ ♣r❡❞✐çã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ♣♦rq✉❡ ♦s ❣rá✜❝♦s ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❡
❛✉t♦❝♦rr❡❧❛çã♦ ♣❛r❝✐❛❧ só ❞❡t❡❝t❛♠ ❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❧✐♥❡❛r✳ ➱ ❜♦♠ ❧❡♠❜r❛r q✉❡ ✉♠❛
sér✐❡ t❡♠♣♦r❛❧ q✉❡ ♥ã♦ ❛♣r❡s❡♥t❛ ♥❡♥❤✉♠ t✐♣♦ ❞❡ ❞❡♣❡♥❞ê♥❝✐❛ ✭❧✐♥❡❛r ❡ ♥ã♦ ❧✐♥❡❛r✮ t❡♠♣♦r❛❧ é
✉♠❛ ▼❛rt✐♥❣❛❧❡ ❡ ♥ã♦ é ✈✐á✈❡❧ s❡ ❢❛③❡r ♣r❡✈✐sõ❡s s♦❜r❡ ❡st❛ sér✐❡✳

❖ t❡st❡ ❞❡ ❇❘❖❈❑✱ ❉❊❈❍❊❘❚ ❊ ❙❈❍❊■◆❑▼❆◆ ✭✶✾✾✻✮✱ ❡st❛tíst✐❝❛ ❇❉❙✱ t❡st❛ ❛ ❤✐♣ót❡s❡
♥✉❧❛ ❞❡ q✉❡ ❛s ❛♠♦str❛s ❞❛ ❞✐str✐❜✉✐çã♦ ❞❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ sã♦ ❡st♦❝❛st✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥✲
t❡s✱ ✐♥❞✐❝❛♥❞♦ ♦✉ ♥ã♦ ❛ ♣r❡s❡♥ç❛ ❞❡ ❞❡♣❡♥❞ê♥❝✐❛ ❧✐♥❡❛r ♦✉ ♥ã♦ ❧✐♥❡❛r✳ ❊st❡ t❡st❡ t❛♠❜é♠
s✐♥❛❧✐③❛ q✉❡ ❡st❛ sér✐❡ t❡♠ ❛❧❣✉♠ ♥í✈❡❧ ❞❡ ♣r❡✈✐sã♦ ❡ t❛♠❜é♠ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❛ ♣r❡s❡♥ç❛ ❞❡
♥ã♦✲❧✐♥❡❛r✐❞❛❞❡s ♥❛ sér✐❡✱ ♦✉ s❡❥❛✱ é ✉♠ t❡st❡ ✐♥❞✐r❡t♦ ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡✱ ♠❛s ♣❛r❛ q✉❡ s❡❥❛
❛❝❡✐t♦ ♣❛r❛ ❡st❡ ✜♠✱ é ♥❡❝❡ssár✐♦ ❛♥t❡s ✜❧tr❛r ❛s ❝♦♠♣♦♥❡♥t❡s ❧✐♥❡❛r❡s✳ P♦r ❡①❡♠♣❧♦✱ ♥♦s r❡✲
sí❞✉♦s q✉❡ r❡s✉❧t❛r❛♠ ❞❡ ✉♠ ❛❥✉st❡ ❞❡ ✉♠ ♠♦❞❡❧♦ ❆❘■▼❆✱ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ✉♠ t❡st❡ ❇❉❙
♣❛r❛ ❞❡t❡❝t❛r ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✳ ❯♠ t❡st❡ ♣❛r❛ ❞❡t❡❝t❛r ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡s ❜❛st❛♥t❡ ✉t✐❧✐③❛❞♦ ♥❛
❧✐t❡r❛t✉r❛ é ♦ ❞❡ ❍❙■❊❍ ✭✶✾✽✾✮✳ ❊st❡ t❡st❡ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦ t❡st❡ ❇❉❙ ♣❛r❛
✉♠❛ ❛♥á❧✐s❡ ♠❛✐s ❛♣r♦♣r✐❛❞❛ ❞❛ ❡①✐stê♥❝✐❛ ♦✉ ♥ã♦ ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✳ ◆♦ ❝❛s♦ ❞❛ ❞❡♣❡♥❞ê♥❝✐❛✱
♦ t❡st❡ ❇❉❙ ♥ã♦ ✐♥❢♦r♠❛ s❡ é ❞❡ ❝✉rt♦✱ ♠é❞✐♦ ♦✉ ❧♦♥❣♦ ♣r❛③♦✳

❖s ✈❛❧♦r❡s ❞❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❡ ❞♦ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱ ♣♦❞❡♠ s❡r ❡st✐♠❛❞♦s
❛ ♣❛rt✐r ❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❞♦ ♣r♦❝❡ss♦✳ ❖ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱ ❢❛③ ❛ ❛✈❛❧✐❛çã♦ ❞❛
s❡♥s✐❜✐❧✐❞❛❞❡ ❝♦♠♦ ❡st❡ s✐st❡♠❛ r❡❛❣❡ às ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✱ s✐♥❛❧✐③❛♥❞♦ s❡ ♦ ♠❡s♠♦ é ❡st♦❝ást✐❝♦
♦✉ ❝❛ót✐❝♦✳ ❆ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ s✐♥❛❧✐③❛ ♦ ♥í✈❡❧ ❞❡ ❝♦♠♣❧❡①✐❞❛❞❡✱ ✐♥❞✐❝❛♥❞♦ t❛♠❜é♠ s❡
♦ ♣r♦❝❡ss♦ é ❡st♦❝ást✐❝♦✱ ❞❡t❡r♠✐♥✐st❛ ♦✉ ❝❛ót✐❝♦✲❞❡t❡r♠✐♥✐st❛✳ ❊①✐st❡♠ ♦✉tr❛s ❢❡rr❛♠❡♥t❛s ❞❡
❛♥á❧✐s❡ ✭s❡çõ❡s ❞❡ P❖■◆❈❆❘➱✱ tr❛♥s❢♦r♠❛❞❛ rá♣✐❞❛ ❞❡ ❋♦✉r✐❡r✱ ❞✐♠❡♥sã♦ ❞❡ ▲❨❆P❯◆❖❱ ❡
♦✉tr❛s✮ q✉❡ ♣♦❞❡♠ s❡r ♦✉ ♥ã♦ ✉t✐❧✐③❛❞❛s✱ ❞❡♣❡♥❞❡♥❞♦ ❞♦ ❝♦♥t❡①t♦ ❞❛ ❛♣❧✐❝❛çã♦✳

◆❛ ár❡❛ ❞❡ ✜♥❛♥ç❛s✱ ❛ ♠❛✐♦r✐❛ ❞❛s ♣✉❜❧✐❝❛çõ❡s ♠❛✐s r❡❧❡✈❛♥t❡s ❛♥❛❧✐s❛♠ ♦s ♠❡r❝❛❞♦s ✜♥❛♥✲
❝❡✐r♦s ❝♦♠♦ ✉♠ ♣r♦❝❡ss♦ ❛❧❡❛tór✐♦✱ ♣❡r♠✐t✐♥❞♦ s❡✉ ❡st✉❞♦ ❡st❛tíst✐❝♦✳ ❖ ♠♦❞❡❧♦ ❛♣r❡s❡♥t❛❞♦
❡♠ ❬❇▲❆❈❑ ❛♥❞ ❙❈❍❖▲❊❙✱ ✶✾✼✸❪✱ ❛ t❡♦r✐❛ ♠♦❞❡r♥❛ ❞❛ ❣❡stã♦ ❞❡ ❝❛rt❡✐r❛s ❬❙❍❆❘P❊✱ ✶✾✻✸✱
❙❍❆❘P❊✱ ✶✾✻✹❪ ❡ ❛ ❞✐♠✐♥✉✐çã♦ ❞♦ r✐s❝♦ ✈✐❛ ❝á❧❝✉❧♦ ❞❛s ❝♦✈❛r✐â♥❝✐❛s ❬▼❆❘❑❖❲■❚❩✱ ✶✾✺✾❪ sã♦
❜❛s❡❛❞♦s ♥❡st❛ ❤✐♣ót❡s❡✳ ❆ ❝♦♥s✐❞❡r❛çã♦ ❞❡ ♣r♦❝❡ss♦s ♣❡rs✐st❡♥t❡s ♥❛ ár❡❛ ❞❡ ✜♥❛♥ç❛s✱ ♠❡s♠♦
❛♣♦✐❛❞❛ ♣♦r ♠❛t❡♠át✐❝♦s ❞❡ r❡♥♦♠❡✱ ♣♦r ❡①❡♠♣❧♦✱ ▼❆◆❉❊▲❇❘❖❚ ❡ P❘■●❖●❨◆❊✱ s♦❢r❡✉
✈ár✐♦s r❡✈❡③❡s ❝♦♠♦ t❛♠❜é♠ ❛ q✉❡ ❝♦♥s✐❞❡r❛ ♦s ♣r♦❝❡ss♦s ✜♥❛♥❝❡✐r♦s ❛❧❡❛tór✐♦s ✭❆▲❊❳❆◆❉❊❘✱
✷✵✵✺✮✳ ➱ ✐♠♣♦rt❛♥t❡ ♦❜s❡r✈❛r q✉❡ ❛ ❞✐s❝✉ssã♦ s♦❜r❡ s❡ ♦s ♣r♦❝❡ss♦s ❞❡ ❢♦r♠❛çã♦ ❞❡ ♣r❡ç♦s tê♠
♠❡♠ór✐❛ ❝✉rt❛✱ ♦ q✉❡ ♦s ❝♦♥❞✉③✐r✐❛♠ ❛ s❡r ♣r♦❝❡ss♦s ❛❧❡❛tór✐♦s❀ ♦✉ ❞❡ ♣❛ss❛❞♦ ❞✐st❛♥t❡✱ q✉❡
r❡s✉❧t❛r✐❛ ❡♠ ♣r♦❝❡ss♦s ♣❡rs✐st❡♥t❡s✱ ❛✐♥❞❛ ♥ã♦ ❢♦✐ ❜❡♠ r❡s♦❧✈✐❞❛✳

❆ss✐♠✱ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❛❞♦t❛❞❛ ♣❛r❛ ❛ ❛♥á❧✐s❡ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❞❡ s✐st❡♠❛s ❞✐♥â♠✐❝♦s



❈❆P❮❚❯▲❖ ✹✳ ▼■◆❊❘❆➬➹❖ ❉❊ ❉❆❉❖❙ ❊▼ ❙➱❘■❊❙ ❚❊▼P❖❘❆■❙ ✻✶

♥ã♦✲❧✐♥❡❛r❡s ❝♦♥s✐st✐rá ❡♠✿
• ❛♣❧✐❝❛r t❡st❡s ❇❉❙✱ ❝♦♠ ❞✐str✐❜✉✐çã♦ ❛ss✐♥tót✐❝❛ ♣❛❞rã♦ ✭R̂ < 1.96✱ ❝♦♠ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜✲
❛♥ç❛ ✵✱✵✺✮ ♣❛r❛ ✐♥✈❡st✐❣❛r ❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧❀ ❡ ♦ t❡st❡ ❞❡ ❍❙■❊❍✱ ❝♦♠ ❞✐str✐❜✉✐çã♦
❛ss✐♥tót✐❝❛ ♣❛❞rã♦✱ ♣❛r❛ ❞❡t❡❝t❛r ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡s ❛❞✐t✐✈❛s ✭♥❛ ♠é❞✐❛✮ ❡ ♠✉❧t✐♣❧✐❝❛t✐✈❛s
✭♥❛ ✈❛r✐â♥❝✐❛✮❀

• ❡st✐♠❛r ♦ ❛tr❛t♦r ♣♦r ♠❡✐♦ ❞❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❛ ♣❛rt✐r ❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛
❞❛ sér✐❡ t❡♠♣♦r❛❧ ❡s❝❛❧❛r ♦❜s❡r✈❛❞❛ ♣❛r❛ ✈❡r✐✜❝❛r ♦ ♥í✈❡❧ ❞❡ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦✱
s✐♥❛❧✐③❛♥❞♦ s❡ ♦ ♠❡s♠♦ é ❡st♦❝ást✐❝♦ ♦✉ ❝❛ót✐❝♦❀

• ❞❡t❡r♠✐♥❛r ♦ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱ ♣❛r❛ ❛♥❛❧✐s❛r ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦ às ❝♦♥✲
❞✐çõ❡s ✐♥✐❝✐❛✐s✳ ❊st❡ ♣❛râ♠❡tr♦ s✐♥❛❧✐③❛ s❡ ♦ ♣r♦❝❡ss♦ é ❡st♦❝ást✐❝♦ ♦✉ ❝❛ót✐❝♦✳

❯♠❛ q✉❡stã♦ ♣rát✐❝❛ é ❛ ❝❛r❛❝t❡r✐③❛çã♦ ❞♦ ♣r♦❝❡ss♦ ❡♠ ❛❧❡❛tór✐♦ ♦✉ ❝❛ót✐❝♦ ❝♦♠ ❛ ✐♥t❡♥çã♦
❞❡ ❡st❛❜❡❧❡❝❡r ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ♠♦❞❡❧❛❣❡♠✳

✹✳✹✳✷ ❉✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦

❆ ❞✐♠❡♥sã♦ ❞♦s ❡st❛❞♦s ❛t✐✈♦s ♣♦❞❡ s❡r ❡st✐♠❛❞❛ ♣♦r ♠❡✐♦ ❞❛ ❞✐♠❡♥sã♦ ❞❡ ❝♦rr❡❧❛çã♦
❬●❘❆❙❙❇❊❘●❊❘ ❛♥❞ P❘❖❈❆❈❈■❆✱ ✶✾✽✸❛✱ ●❘❆❙❙❇❊❘●❊❘ ❛♥❞ P❘❖❈❆❈❈■❆✱ ✶✾✽✸❜❪✳ ➱
✉♠❛ ♠❡❞✐❞❛ ♥♦ ❡s♣❛ç♦ ❞❡ ❢❛s❡ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❞❡t❡r♠✐♥❛r ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ s✐st❡♠❛
❣❡r❛❞♦r✱ ❡st✐♠❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s q✉❡ ❛❢❡t❛♠ ❛ ❡✈♦❧✉çã♦ ❢✉t✉r❛ ❞♦ s✐st❡♠❛✳ ❊♠
❬❚❆❘❆▼❆❙❈❖ ❛♥❞ ■❙❆❇❊▲▲❊✱ ✶✾✾✼❪ é ♦❜s❡r✈❛❞♦ q✉❡ ✉♠ s✐st❡♠❛ ❞✐♥â♠✐❝♦ ❞❡ ♥❛t✉r❡③❛ ❝❛ó✲
t✐❝❛ só ❡①✐st❡ s❡ t❡♠ ✉♠ ❛tr❛t♦r ❞❡ ❞✐♠❡♥sã♦ ✜♥✐t❛✱ ♠❡s♠♦ q✉❡ ❡st❡ s❡❥❛ ❢r❛❝✐♦♥ár✐♦✳ ❈❛s♦
❝♦♥trár✐♦✱ t❡♠✲s❡ ✉♠ ♣r♦❝❡ss♦ ❛❧❡❛tór✐♦✳ ❆ q✉❛❧✐❞❛❞❡ ❞♦ ❛tr❛t♦r r❡❝♦♥str✉í❞♦✱ ❡♥t❡♥❞✐❞❛ ❝♦♠♦
q✉ã♦ ❜❡♠ ❡st❛ tr❛❥❡tór✐❛ ❡st✐♠❛❞❛ ❡①♣r❡ss❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞✐♥â♠✐❝♦ r❡❛❧ ❞♦ s✐st❡♠❛✱ é
❜❛st❛♥t❡ s❡♥sí✈❡❧ ❛♦ t❡♠♣♦ ❞❡ ❛tr❛s♦ ❡s❝♦❧❤✐❞♦ ✭❧❛❣✮✳ ◆❛ ♣rát✐❝❛✱ s❡ L é ♠✉✐t♦ ♣❡q✉❡♥♦ ♦s ❛tr❛✲
t♦r❡s sã♦ ❢❡❝❤❛❞♦s ❡ ♠❛❧ ❞❡✜♥✐❞♦s✱ ❝❛s♦ s❡❥❛ ♠✉✐t♦ ❣r❛♥❞❡ ❣❡r❛♠ ✈❛❧♦r❡s ❞✐s♣❡rs♦s✳ ◗✉❛♥❞♦ é
❛❞❡q✉❛❞♦ ❣❡r❛ ❛tr❛t♦r❡s ❛❜❡rt♦s ❡ ❜❡♠ ❞❡✜♥✐❞♦s✳

❖❜s❡r✈❛✲s❡ q✉❡ ♦ ❡s♣❛ç♦ ❞❡ ❢❛s❡s ❝♦♥s✐st❡ ❡♠ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❛ss♦❝✐❛❞♦ às
✈❛r✐á✈❡✐s ✐♥❞❡♣❡♥❞❡♥t❡s ✭❡①♣❧✐❝❛t✐✈❛s✮ q✉❡ ❞❡s❝r❡✈❡♠ ❛ ❞✐♥â♠✐❝❛ ❞♦ s✐st❡♠❛✳ P♦r ❡①❡♠♣❧♦✱ ♥♦
❝❛s♦ ❞❡ ✉♠ ♣ê♥❞✉❧♦ s✐♠♣❧❡s✱ ♦ s❡✉ ❡s♣❛ç♦ ❞❡ ❢❛s❡s é ❞❛❞♦ ♣❡❧❛s ❝♦♦r❞❡♥❛❞❛s ❝♦♠♣♦st❛s ♣♦r s✉❛
♣♦s✐çã♦ ❡ s✉❛ ✈❡❧♦❝✐❞❛❞❡✳ ❖ ❛tr❛t♦r é ❛ r❡♣r❡s❡♥t❛çã♦ ❞❛ ❞✐♥â♠✐❝❛ ❞❡ ✉♠ s✐st❡♠❛ ♥♦ ❡s♣❛ç♦ ❞❡
❢❛s❡s✳

❖ ❝♦♥❝❡✐t♦ ❞❡ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ (dc) ❡st✐♠❛❞♦✱ ❝❛❧❝✉❧❛❞♦ ♣♦r ♠❡✐♦ ❞❛ ✐♥t❡❣r❛❧ ❞❛
❝♦rr❡❧❛çã♦✱ ♣♦❞❡ s❡r ❛ss✉♠✐❞♦ ❝♦♠♦ ❛ ❞✐♠❡♥sã♦ ❡❢❡t✐✈❛ ❞♦ s✐st❡♠❛ ❞✐♥â♠✐❝♦✳ ❊st❛ ♠❡❞✐❞❛
s✐♥❛❧✐③❛ ♦ ♥ú♠❡r♦ ❞❡ ♠♦❞♦s ❛t✐✈♦s✱ ♦✉ s❡❥❛✱ ♦ ♥ú♠❡r♦ ❡❢❡t✐✈♦ ❞❡ ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❞♦ s✐st❡♠❛✳
❊st❡ ♣❛râ♠❡tr♦ ❢♦r♥❡❝❡ ✉♠❛ ✐♥❞✐❝❛çã♦ s❡ ♦ s✐st❡♠❛ ❝♦♠♣❧❡①♦ é ❡st♦❝ást✐❝♦ ✭♠✉✐t♦s ❣r❛✉s ❞❡
❧✐❜❡r❞❛❞❡✮ ♦✉ é ❞❡t❡r♠✐♥✐st❛ ✭♣♦✉❝♦s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡✮✳ P❛r❛ q✉❡ ✉♠ s✐st❡♠❛ s❡❥❛ ❝❛ót✐❝♦ é
t❛♠❜é♠ ♥❡❝❡ssár✐♦ q✉❡ ❡①✐st❛ ✉♠❛ s❡♥sí✈❡❧ ❞❡♣❡♥❞ê♥❝✐❛ às ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✱ ❛❧é♠ ❞❛ ❡①✐stê♥❝✐❛
❞❡ ✉♠❛ ❜❛✐①❛ ❞✐♠❡♥sã♦ ❢r❛❝t❛❧✳

❆ss✐♠✱ ❢❛③✲s❡ ❛ ❣❡♥❡r❛❧✐③❛çã♦ ❞♦ ❝♦♥❝❡✐t♦ ❞❛ ❞✐♠❡♥sã♦ ✐♥t❡✐r❛ ❞♦s ♦❜❥❡t♦s ♣❛r❛ ❛ ❞✐♠❡♥sã♦
❢r❛❝✐♦♥ár✐❛✱ ♦✉ s❡❥❛✱ ✉♠❛ ❞✐♠❡♥sã♦ ♥ã♦ ✐♥t❡✐r❛✳ ❆s ❞✐♠❡♥sõ❡s ✐♥t❡✐r❛s ✭♣♦r ❡①❡♠♣❧♦✿ ✉♠❛✱
❞✉❛s✱ três ♦✉ ♠❛✐s ❞✐♠❡♥sõ❡s ✐♥t❡✐r❛s✮ sã♦ ❡st❛❜❡❧❡❝✐❞❛s ❢❛❝✐❧♠❡♥t❡ ❡ sã♦ ✐♥t✉✐t✐✈❛♠❡♥t❡ ó❜✈✐❛s✳
❈♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ❛ ♠❡❞✐❞❛ ❞♦ ✈♦❧✉♠❡ ❱✱ q✉❡ ✈❛r✐❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡q✉❛çã♦✿
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V ≈ τ d ✭✹✳✶✸✮
❡♠ q✉❡ τ é ♦ ❝♦♠♣r✐♠❡♥t♦ ♥✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❡s❝❛❧❛✱ ♣♦r ❡①❡♠♣❧♦✱ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ✉♠ ❧❛❞♦
❞❡ ✉♠ ❝✉❜♦ ♦✉ ❞♦ r❛✐♦ ❞❡ ✉♠❛ ❡s❢❡r❛✱ ❡ ❞ é ❛ ❞✐♠❡♥sã♦ ❞♦ ♦❜❥❡t♦✳ P❛r❛ ✉♠ ❢r❛❝t❛❧ ❣❡♥❡r❛❧✐③❛❞♦✱
é ♥❛t✉r❛❧ s✉♣♦r q✉❡ ✉♠❛ r❡❧❛çã♦ ❝♦♠♦ ❛ ❡q✉❛çã♦ ✹✳✶✸ é ✈❡r❞❛❞❡✐r❛ ❡ ♣♦❞❡ ❡✈♦❧✉✐r ♣❛r❛ ❛ s❡❣✉✐♥t❡
r❡❧❛çã♦✿

d =
log V

log τ
. ✭✹✳✶✹✮

❊ ♣❛r❛ ✉♠❛ sér✐❡ ♥♦ t❡♠♣♦ ♦❜s❡r✈❛❞❛ ❡♠ ❘1✱ r❡♣r❡s❡♥t❛❞❛ ♣♦r {yt}N
t=1✱ ❚❆❑❊◆❙ ✭✶✾✽✶✮

❞❡♠♦♥str♦✉ q✉❡ ♣❛r❛ ✉♠ ▼ s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡✱ ❞❡♥tr♦ ❞❡ ❝❡rt❛s ❝♦♥❞✐çõ❡s ❣❡♥ér✐❝❛s ❞❡
♠❡❞✐❞❛s✱ ✉♠ s✐st❡♠❛ ❝♦♠ ❛tr❛t♦r ❞❡ ❞✐♠❡♥sã♦ dc ❡♠ s❡✉ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦s✱ ♦ s✉❜❡s♣❛ç♦ ℜdc

❞❡st❡ ❛tr❛t♦r ❡st❛rá ❝♦♥t✐❞♦ ♥♦ ❡s♣❛ç♦ ❞❡ ✐♠❡rsã♦ ℜM ✳
P❛r❛ ❝❛❧❝✉❧❛r dc✱ ❡♠ ❬●❘❆❙❙❇❊❘●❊❘ ❛♥❞ P❘❖❈❆❈❈■❆✱ ✶✾✽✸❛❪ ❢♦✐ s✉❣❡r✐❞♦ ✉♠❛ ❡①♣r❡s✲

sã♦ ✐♥t✉✐t✐✈❛ ♣❛r❛ ❛ ❢✉♥çã♦ ❞❡ ❝♦rr❡❧❛çã♦ ✐♥t❡❣r❛❧ ❞❡st❛ sér✐❡✱ q✉❡ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞❛ ♣♦r

C(τ,N) = (1/N2)[pares(i, j) | (‖ vi − vj ‖≤ τ)]. ✭✹✳✶✺✮
▼❛t❡♠❛t✐❝❛♠❡♥t❡✱ ♣♦❞❡ s❡r ❡①♣r❡ss❛ ♣♦r

C(τ,N) = (1/N2)(
N∑

i=1

N−n∑

j=i+1

H(τ− ‖ vi − vj ‖) ✭✹✳✶✻✮

❡♠ q✉❡ H(X) é ❛ ❢✉♥çã♦ ❞❡❣r❛✉ ❡ ‖ . ‖ ♣♦❞❡ s❡r ❛ ♥♦r♠❛ ❡✉❝❧✐❞✐❛♥❛ ♦✉ q✉❛❧q✉❡r ♦✉tr❛ ♥♦r♠❛
❝♦♥s✐❞❡r❛❞❛ ♠❛✐s ❝♦♥✈❡♥✐❡♥t❡✳

❊♥tr❡t❛♥t♦✱ ♠✉✐t❛s ✈❡③❡s✱ ❡st❡ ♠ét♦❞♦ ❛♣r❡s❡♥t❛✈❛ ❞✐st♦rçõ❡s t❛♥t♦ ♣❛r❛ s✐st❡♠❛s ❡st♦❝ás✲
t✐❝♦s ❝♦♠♦ ♣❛r❛ s✐st❡♠❛s ❞❡t❡r♠✐♥✐st❛s ♥ã♦✲❧✐♥❡❛r❡s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ♣❛r❛ ❛q✉❡❧❡s ❢♦rt❡♠❡♥t❡
❛✉t♦❝♦rr❡❧❛❝✐♦♥❛❞♦s✳ ❆s r❡❢❡rê♥❝✐❛s ❬❚❍❊■▲❊❘✱ ✶✾✽✻✱ ❚❍❊■▲❊❘✱ ✶✾✽✼❪ ❛♣r❡s❡♥t❛r❛♠ ❡①t❡♥✲
sõ❡s ❛♦ ♠ét♦❞♦ ❛♥t❡r✐♦r✱ ❝♦rr✐❣✐♥❞♦ ♣r❛t✐❝❛♠❡♥t❡ ❛s ❞✐st♦rçõ❡s ❡ ✐♥❝r❡♠❡♥t❛♥❞♦ ❝♦♠♣✉t❛❝✐♦✲
♥❛❧♠❡♥t❡ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❝á❧❝✉❧♦✳ P❛r❛ ❝♦rr✐❣✐r ❛s ❞✐st♦rçõ❡s✱ ❛ ❡q✉❛çã♦ ✹✳✶✻ ❢♦✐ ♠♦❞✐✜❝❛❞❛
♣❛r❛

C(τ,N,W ) = (1/N2)(
N∑

i=W

N−n∑

j=i+1

H(τ− ‖ vi − vj ‖) ✭✹✳✶✼✮

❡♠ q✉❡❲ é ✉♠ ♣❛râ♠❡tr♦ q✉❡ ✐♥❝r❡♠❡♥t❛ ❛ ❝♦♥✈❡r❣ê♥❝✐❛ ❞♦ ❛❧❣♦r✐t♠♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ●❘❆❙❙✲
❇❊❘●❊❘ ❡ P❘❖❈❈❆❈■❆✳ ❖ ❛❧❣♦r✐t♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❚❍❊■▲❊❘ ✭✶✾✽✻✮ ❝❛❧❝✉❧❛ ❛s ❞✐stâ♥❝✐❛s
❡♥tr❡ t♦❞♦s ♦s ♣❛r❡s ❞❡ ♣♦♥t♦s✱ ❡①❝❡t♦ ❛q✉❡❧❡s q✉❡ ❡stã♦ ♠❛✐s ♣ró①✐♠♦s ♥♦ t❡♠♣♦ ❞♦ q✉❡ ♦ ✈❛❧♦r
❲ ❛ss✉♠✐❞♦✳ ❆ss✐♠✱ ❡❧✐♠✐♥❛ ❛s ❞✐st♦rçõ❡s q✉❡ sã♦ ❝♦♠✉♥s ❛♦ ❛❧❣♦r✐t♠♦ ♦r✐❣✐♥❛❧ ❞❡ ●❘❆❙✲
❙❇❊❘●❊❘ ❡ P❘❖❈❈❆❈■❆✳ ❊♠ ❚❤❡✐❧❡r ✭✶✾✽✻✮ é r❡❝♦♠❡♥❞❛❞♦ q✉❡ W s❡❥❛ ✐❣✉❛❧ ❛♦ ❧❛❣ L✳
◆♦t❡✲s❡ q✉❡ ❝❛s♦ W = 1 ❡st❛ ❡q✉❛çã♦ ✈♦❧t❛ à ❡q✉❛çã♦ ♦r✐❣✐♥❛❧ ❞❡ ●❘❆❙❙❇❊❘●❊❘ ❡ P❘❖❈✲
❈❆❈■❆✳ ◗✉❛♥❞♦ ♦ s✐st❡♠❛ é ❡st♦❝ást✐❝♦✱ ❛ ❡q✉❛çã♦ ❛♥t❡r✐♦r ♣♦❞❡ s❡r r❡❡s❝r✐t❛✱ s✉❜st✐t✉✐♥❞♦ ❛
s♦♠❛tór✐❛ ✐♥t❡r♥❛ s♦❜r❡ ❛ ❢✉♥çã♦ ❞❡ ❍❡❛✈✐s✐❞❡ ♣❡❧♦ ✈❛❧♦r ❞❛ ❡s♣❡r❛♥ç❛✱ r❡s✉❧t❛♥❞♦ ❡♠
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C(τ,N,W ) = (1/N2)(
N∑

n=W

(N − n)P (‖ vi+n − vi ‖≤ τ). ✭✹✳✶✽✮

◆♦t❡✲s❡ q✉❡ ♥ã♦ é ❡str✐t❛♠❡♥t❡ ♥❡❝❡ssár✐♦✱ ♠❛s ❢❛❝✐❧✐t❛ ❛ ❛♥á❧✐s❡ ❡♥tr❡ ♦s ✈❛❧♦r❡s xi ❡ xi+L✱
❝❛s♦ s❡❥❛ ✐♠♣♦st♦ q✉❡ L >> τ ✳ ■st♦ ♣❡r♠✐t✐rá ❛ss✉♠✐r q✉❡ xi ❡ xi+L s❡❥❛♠ ✐♥❞❡♣❡♥❞❡♥t❡s ❡
s✐♠♣❧✐✜❝❛ ❛ ❡①♣r❡ssã♦ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ q✉❡ ❞♦✐s ✈❡t♦r❡s sã♦ s❡♣❛r❛❞♦s ♣♦r ✉♠❛ ❞✐stâ♥❝✐❛
♠❡♥♦r q✉❡ τ ✳

❈❛s♦ ♦s ♣♦♥t♦s s❡❥❛♠ ❞✐str✐❜✉í❞♦s ✉♥✐❢♦r♠❡♠❡♥t❡ ❞❡♥tr♦ ❞❡ ✉♠ ♦❜❥❡t♦✱ ❡st❛ s♦♠❛ é ♣r♦✲
♣♦r❝✐♦♥❛❧ ❛♦ ✈♦❧✉♠❡ ❞❛ ✐♥t❡rs❡❝çã♦ ❞❡ ✉♠❛ ❡s❢❡r❛ ❞❡ r❛✐♦ τ ❝♦♠ ❡st❡ ♦❜❥❡t♦✱ ❡ C(τ,N,W ) é
♣r♦♣♦r❝✐♦♥❛❧ à ♠é❞✐❛ ❞❡st❡ ✈♦❧✉♠❡✳ ❈♦♠♣❛r❛♥❞♦ ❝♦♠ ❛ ❡q✉❛çã♦ ✹✳✶✼✱ t❡♠✲s❡

C(τ,N,W ) ≈ τ dc ✭✹✳✶✾✮
❡♠ q✉❡ dc é ❛ ❞✐♠❡♥sã♦ ❞♦ ♦❜❥❡t♦✳ ❈♦♥s✐❞❡r❛♥❞♦ ❛ ❡q✉❛çã♦ ✭✹✳✶✼✮✱ é ♥❛t✉r❛❧ ❞❡✜♥✐r dc ❝♦♠♦

dc(τ,N,W ) = lim
τ→0

lim
N→∞

logC(τ,N,W )

log τ
. ✭✹✳✷✵✮

❈❛s♦ ❛s ❞❡r✐✈❛❞❛s ❡①✐st❛♠✱ r❡s✉❧t❛ ♥❛ ❡q✉❛çã♦

dc(τ,N,W ) = lim
τ→0

lim
N→∞

d[logC(τ,N,W )]/dτ

d(log τ)/dτ
. ✭✹✳✷✶✮

❆ ❡s❝❛❧❛ ❞❡ C(τ,N) é ❡s❝♦❧❤✐❞❛ ❞❡ ♠♦❞♦ q✉❡ ♠❡❧❤♦r ❡①♣r❡ss❡ ✉♠❛ ❡st✐♠❛t✐✈❛ ❞♦ ✈♦❧✉♠❡
♠é❞✐♦ ❞❡ ✉♠ ♦❜❥❡t♦ ❛❥✉st❛❞♦ ❞❡♥tr♦ ❞❡ ✉♠❛ ❡s❢❡r❛ ❞❡ r❛✐♦ τ ✱ ❡♠ r❡❧❛çã♦ ❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦
♣♦♥t♦✱ ♦✉ s❡❥❛✱ ♣r❡❢❡r✐✈❡❧♠❡♥t❡ ✉♠❛ ❡st✐♠❛t✐✈❛ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ q✉❡ ❞♦✐s ♣♦♥t♦s ❡s❝♦❧❤✐❞♦s
❛❧❡❛t♦r✐❛♠❡♥t❡ ❡st❡❥❛♠ ❞❡♥tr♦ ❞❡ ✉♠❛ ❞✐stâ♥❝✐❛ τ ✱ ✉♠ ❞♦ ♦✉tr♦✳ ❆ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦ ✈♦❧✉♠❡ ❡
❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ é s♦♠❡♥t❡ ✉♠❛ ❝♦♥st❛♥t❡ ❞❡ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡✳ ❈❛s♦ ♦s ♣♦♥t♦s s❡❥❛♠ ❞✐str✐✲
❜✉í❞♦s ✉♥✐❢♦r♠❡♠❡♥t❡✱ ❡st❛ ❝♦♥st❛♥t❡ ❞❡s❛♣❛r❡❝❡ ♥♦s ❧✐♠✐t❡s ❞❛ ❡q✉❛çã♦ ✹✳✷✶✳ ❆ r❛③ã♦ ♣❛r❛ s❡
❡s❝♦❧❤❡r ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❡♠ ❞❡tr✐♠❡♥t♦ ❞♦ ✈♦❧✉♠❡ é q✉❡ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❞✐♠❡♥sã♦ ❛✐♥❞❛ ❝♦♥t✐♥✉❛
❢❛③❡♥❞♦ s❡♥t✐❞♦ ❡ ♥♦r♠❛❧♠❡♥t❡ ❣❡♥❡r❛❧✐③❛ ♠❡❧❤♦r ♣❛r❛ s✐t✉❛çõ❡s ♥❛s q✉❛✐s ♦s ♣♦♥t♦s ❞❛ ❛♠♦str❛
♥ã♦ sã♦ ❞✐str✐❜✉í❞♦s ✉♥✐❢♦r♠❡♠❡♥t❡ ❞❡♥tr♦ ❞♦ ♦❜❥❡t♦✳

P♦❞❡✲s❡ ❞✐③❡r✱ ❞❡ss❛ ♠❛♥❡✐r❛✱ q✉❡ ❛ ❞✐♠❡♥sã♦ ❞❡ ❝♦rr❡❧❛çã♦ dc é ✉♠❛ ♠❡❞✐❞❛ ❞❡ ❞❡♥s✐✲
❞❛❞❡ ✭♦✉ ❞✐s♣❡rsã♦✮ ❞♦ ❛tr❛t♦r ❞❡♥tr♦ ❞❡ ✉♠ ❡s♣❛ç♦ ❞❡ ❢❛s❡✳ ❆ss✐♠✱ ❛ ✐♥t❡❣r❛❧ ❞❛ ❝♦rr❡❧❛çã♦
C(τ,N,W ) ♠❡❞❡ ♦ ♥ú♠❡r♦ ❞❡ ♣♦♥t♦s ❡♠ ✉♠❛ ❡s❢❡r❛ ❞❡ r❛✐♦ τ ♥♦ ℜM ✱ ❝♦♥❢♦r♠❡ ❛ ❞❡❢❛s❛✲
❣❡♠ ❞❛ sér✐❡ ♥♦ t❡♠♣♦ ❛✉♠❡♥t❛✳ ❆ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ dc ♠❡❞❡ ❛ t❛①❛ ❞❡ ❝r❡s❝✐♠❡♥t♦
❞❡ C(τ,N,W ) ❝♦♠ r❡❧❛çã♦ ❛ τ ✳ ❆ss✐♠✱ ❛ ❞✐♠❡♥sã♦ ❞❡ ❝♦rr❡❧❛çã♦ dc é ♥♦r♠❛❧♠❡♥t❡ ❡st✐♠❛❞❛
❡♥❝♦♥tr❛♥❞♦✲s❡ ✉♠❛ ❛♣r♦①✐♠❛çã♦ ✜♥✐t❛ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ✐♥t❡❣r❛✐s ❞❛ ❝♦rr❡❧❛çã♦ C(τ,N,W )
♣❛r❛ ❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s ❞❡ τ ❡✱ ❧♦❣♦ ❛ s❡❣✉✐r✱ é tr❛ç❛❞♦ ♦ ❣rá✜❝♦ log(C(τ,N,W )) ✈❡rs✉s log(τ)✳
❯♠ ✈❛❧♦r tí♣✐❝♦ ❞❛ ✐♥t❡❣r❛❧ ❞❡ ❝♦rr❡❧❛çã♦ ❝♦♥t❡rá ✉♠❛ r❡❣✐ã♦ ❞❛ ❡s❝❛❧❛ s♦❜r❡ ❛ q✉❛❧ ❛ ✐♥❝❧✐♥❛✲
çã♦ ❞❡st❡ ❣rá✜❝♦ ♣❡r♠❛♥❡❝❡ r❡❧❛t✐✈❛♠❡♥t❡ ❝♦♥st❛♥t❡✳ ■st♦ ♣r♦❞✉③ ✉♠❛ ❢✉♥çã♦ q✉❡ é ❝♦♥st❛♥t❡
s♦❜r❡ ❛ r❡❣✐ã♦ ❞❛ ❡s❝❛❧❛ ❡ ♦ ❣r❛❞✐❡♥t❡ ❞❡st❛ r❡❣✐ã♦ ❞♦ ❣rá✜❝♦ ❞❡✈❡ s❡ ❛♣r♦①✐♠❛r ❞❛ ❞✐♠❡♥sã♦
❞❛ ❝♦rr❡❧❛çã♦✳



❈❆P❮❚❯▲❖ ✹✳ ▼■◆❊❘❆➬➹❖ ❉❊ ❉❆❉❖❙ ❊▼ ❙➱❘■❊❙ ❚❊▼P❖❘❆■❙ ✻✹

◆ú♠❡r♦s ❞❡ ❛♠♦str❛s ♥❡❝❡ssár✐❛s ❉✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❡st✐♠❛❞❛ (dc)
✶✳✵✵✵ ✼✱✽✸
✷✳✵✵✵ ✼✱✾✹
✺✳✵✵✵ ✽✱✸✵
✶✵✳✵✵✵ ✽✱✺✻
✸✵✳✵✵✵ ✾✱✶✶
✶✵✵✳✵✵✵ ✾✱✼✸

❚❛❜✳ ✹✳✶✿ ❆♠♦str❛s ♥❡❝❡ssár✐❛s ♣❛r❛ ❡st✐♠❛r ❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ (dc)

■♥❢❡❧✐③♠❡♥t❡✱ ❤á ❞✐✈❡rs♦s ♣r♦❜❧❡♠❛s ♣❛r❛ s❡ ❞❡t❡r♠✐♥❛r ❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦✳ ❖ ♠❛✐s
ó❜✈✐♦ ❞❡st❡s é q✉❡ ❛ ❡s❝♦❧❤❛ ❞❛ r❡❣✐ã♦ ❞❡ ❡s❝❛❧❛ é ✐♥t❡✐r❛♠❡♥t❡ s✉❜❥❡t✐✈❛✳ P❛r❛ ♠✉✐t❛s sér✐❡s
❞❡ ❞❛❞♦s✱ ✉♠❛ ❧✐❣❡✐r❛ ♠✉❞❛♥ç❛ ♥❛ r❡❣✐ã♦ ✉s❛❞❛ ♣♦❞❡ ❝♦♥❞✉③✐r ❛ r❡s✉❧t❛❞♦s s✉❜st❛♥❝✐❛❧♠❡♥t❡
❞✐❢❡r❡♥t❡s✳ ❆ss✐♠✱ ♣❛r❛ ✉♠❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s r❡❧❛t✐✈❛♠❡♥t❡ ♣❡q✉❡♥❛ ♦✉ ❞❡ ❞✐♠❡♥sã♦
❡❧❡✈❛❞❛✱ ♦ ❣rá✜❝♦ ♣♦❞❡rá s❛❧t❛r ❞❡ ❢♦r♠❛ ✐rr❡❣✉❧❛r ♣❛r❛ ✈❛❧♦r❡s ♣❡q✉❡♥♦s ❞❡ τ ✳ P❛r❛ ❡✈✐t❛r
♣r♦❜❧❡♠❛s✱ ♦❧❤❛✲s❡ ♣r❡❢❡r✐✈❡❧♠❡♥t❡ ♣❛r❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡st❡ ❣rá✜❝♦ ♣❛r❛ ✈❛❧♦r❡s ♠♦❞❡r❛❞♦s
❞❡ τ ✳ ❊♥tr❡t❛♥t♦✱ ❡st❡ ♠ét♦❞♦ ❝♦♥t✐♥✉❛ ❜❛st❛♥t❡ ♣♦♣✉❧❛r✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣♦r ❝❛✉s❛ ❞❡ s✉❛
s✐♠♣❧✐❝✐❞❛❞❡ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ❡♠❜♦r❛ ❡①✐st❛♠ ♦✉tr♦s ♠ét♦❞♦s ♠❛✐s s♦✜st✐❝❛❞♦s q✉❡ ✐♥❝❧✉❡♠
t❡st❡s ❡st❛tíst✐❝♦s✱ ❝♦♠♦ ♦ ❞❡ ❑❖▲▼❖●❖❘❖❱✲❙▼■❘◆❖❱✳

❖✉tr❛ q✉❡stã♦ ✐♠♣♦rt❛♥t❡ é ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❛♠♦str❛s ♥❡❝❡ssár✐❛s ✭◆ ✮ ♣❛r❛ ❡st✐♠❛r ✉♠❛
❞❡t❡r♠✐♥❛❞❛ ❞✐♠❡♥sã♦ ❞❡ ❝♦rr❡❧❛çã♦ dc✳ ❊♠ ❬❙▼■❚❍✱ ✶✾✽✽❪ ❢♦✐ s✉❣❡r✐❞♦ q✉❡✱ ♣❛r❛ ✉♠❛ ♣r❡❝✐sã♦
❞❡ 5%✱ s❡r✐❛♠ ♥❡❝❡ssár✐❛s ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❛♠♦str❛s ❝♦♥st❛♥t❡s ♥❛ ❚❛❜❡❧❛ ✹✳✶✳

❖❜s❡r✈❛✲s❡ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ♥❡❝❡ssár✐❛s ❛✉♠❡♥t❛ s✉❜st❛♥❝✐❛❧♠❡♥t❡ ❝♦♠ ♦ ❛✉♠❡♥t♦
❞❛ ❞✐♠❡♥sã♦ ❛ s❡r ❡st✐♠❛❞❛✳ ❈♦♥st❛t❛✲s❡ ♦ ❢❡♥ô♠❡♥♦ ❞❛ ♠❛❧❞✐çã♦ ❞❛ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡✳ ▲♦❣♦✱
♣❛r❛ ❞✐♠❡♥sõ❡s ❡❧❡✈❛❞❛s✱ t♦r♥❛✲s❡ ♠✉✐t♦ ❞✐❢í❝✐❧ ❡st✐♠❛r ♣r❡❝✐s❛♠❡♥t❡ ❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦✳
❯♠❛ té❝♥✐❝❛ q✉❡ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ♣❛r❛ ✐♥❝r❡♠❡♥t❛r ♦ ❝á❧❝✉❧♦ ❞❡st❡ ♣❛râ♠❡tr♦ é ♦ ❜♦♦tstr❛♣✳

✹✳✹✳✸ ❊①♣♦❡♥t❡ ❞❡ ▲②❛♣✉♥♦✈

❖ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱ (λ) é ✉♠ ♣❛râ♠❡tr♦ ❞❡ ❝❛r❛❝t❡r✐③❛çã♦ ❞✐♥â♠✐❝❛ ❞♦ ♣r♦❝❡ss♦✳
❊st✐♠❛ ❛ t❛①❛ ❞❡ ❞✐✈❡r❣ê♥❝✐❛ ❞❡ ór❜✐t❛s ✈✐③✐♥❤❛s ✭❡ ❝♦♥s❡❝✉t✐✈❛s✮✱ q✉❛♥t✐✜❝❛♥❞♦ ❛ s❡♥s✐❜✐❧✐❞❛❞❡
❞♦ s✐st❡♠❛ ❛ ✈❛r✐❛çõ❡s ♥❛s ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✳ ❆♥❛❧♦❣❛♠❡♥t❡✱ ♣♦❞❡✲s❡ ❞✐③❡r q✉❡ ❡st❡ ❡①♣♦❡♥t❡
❢♦r♥❡❝❡ ✉♠❛ ✐♥❞✐❝❛çã♦ ❞❡ q✉ã♦ rá♣✐❞♦ ♣❡r❞❡✲s❡ ✐♥❢♦r♠❛çã♦✱ ♠♦✈❡♥❞♦✲s❡ ❛♦ ❧♦♥❣♦ ❞❛ tr❛❥❡tór✐❛
♥♦ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦s✳ ❊♠ s✐st❡♠❛s ❝❛ót✐❝♦s✱ ❛ss♦❝✐❛❞♦s ❛ ✉♠ ❛tr❛t♦r ❡str❛♥❤♦✱ ❛ ❞❡♣❡♥❞ê♥❝✐❛
à ✈❛r✐❛çã♦ ❞❛s ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s ✐♠♣❧✐❝❛ ♥❛ ❡①✐stê♥❝✐❛ ❞❡ ♣❡❧♦ ♠❡♥♦s ✉♠ ❡①♣♦❡♥t❡ ♣♦s✐t✐✈♦✳

❊♠ sér✐❡s t❡♠♣♦r❛✐s✱ ♦ ♣♦♥t♦ ❞❡ ♣❛rt✐❞❛ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦s ❡①♣♦❡♥t❡s ❞❡ ▲❨❆P❯◆❖❱ é ♦
❛tr❛t♦r r❡❝♦♥str✉í❞♦ ❡♠ ✉♠❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ❛❞❡q✉❛❞❛✳ ❯♠❛ ✈❡③ r❡❝♦♥str✉í❞♦ ♦ ❛tr❛t♦r✱
❞❡✜♥❡✲s❡ ✉♠❛ tr❛❥❡tór✐❛ ✜❞✉❝✐❛❧ ❛ ♣❛rt✐r ❞❛ s❡qüê♥❝✐❛ ❞❡ ✈❡t♦r❡s r❡❝♦♥str✉í❞♦s✳ ❆ s❡❣✉✐r✱ ❞❡✈❡✲
s❡ ❛♥❛❧✐s❛r ♦ q✉❡ ♦❝♦rr❡ ❝♦♠ ♣♦♥t♦s ✈✐③✐♥❤♦s ❞❡st❛ tr❛❥❡tór✐❛✳ ❈♦♠ ❛s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛s
t❛①❛s ❞❡ ❞✐✈❡r❣ê♥❝✐❛ ❞❡st❡s ♣♦♥t♦s✱ ♣♦❞❡✲s❡ ♦❜t❡r✱ ❡♥tã♦✱ ❡st❡s ❡①♣♦❡♥t❡s✳

❖ ✐♥✈❡rs♦ ❞♦ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱ ❞á✲♥♦s ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦ ❡①✐st❡♥t❡✳ ❙❡♥sí✈❡❧
❞❡♣❡♥❞ê♥❝✐❛ às ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s ❡ ❞✐♠❡♥sã♦ ❢r❛❝t❛❧ ✜♥✐t❛ ✭❡st✐♠❛❞❛ ♣❡❧♦ ✈❛❧♦r ❞❛ ❞✐♠❡♥sã♦
❞❡ ❝♦rr❡❧❛çã♦✮ sã♦ ❞✉❛s ❝♦♥❞✐çõ❡s ❡ss❡♥❝✐❛✐s ♣❛r❛ ❛✈❡r✐❣✉❛r ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠ s✐st❡♠❛ ❝❛ót✐❝♦✳
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❉❛í ❛❞✈é♠ ♦ ❢❛t♦ ❞❛ ♣r❡✈✐sã♦ ❛ ❧♦♥❣♦ ♣r❛③♦ s❡r ♣r❛t✐❝❛♠❡♥t❡ ✐♠♣♦ssí✈❡❧ ❞❛❞❛s ❛s ❜✐❢✉r❝❛çõ❡s
❡ ❡❢❡✐t♦s ❞❡ r❡❛❧✐♠❡♥t❛çã♦ ❡①✐st❡♥t❡s ♥✉♠ s✐st❡♠❛ ❝❛ót✐❝♦✳

❊①✐st❡♠ ✈ár✐♦s ♠ét♦❞♦s ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❡ t❛✐s ❡①♣♦❡♥t❡s✱ ♦s q✉❛✐s ❞✐❢❡r❡♠ ♥❛ ♠❛♥❡✐r❛ ❞❡
❛♥❛❧✐s❛r ❛ ❞✐♥â♠✐❝❛ ❛♦ ❧♦♥❣♦ ❞❛ tr❛❥❡tór✐❛ ✜❞✉❝✐❛❧✳ ❊♥tr❡ ♦s ♠ét♦❞♦s ♠❛✐s ❝♦♥❤❡❝✐❞♦s ❡stã♦
♦s ❞❡✿ ❬❲❖▲❋ ❡t ❛❧✳✱ ✶✾✽✺❪ ❡ ❬❊❈❑▼❆◆◆ ❛♥❞ ❘❯❊▲▲❊✱ ✶✾✾✷❪✳ ❆t✉❛❧♠❡♥t❡✱ ♦ ♠ét♦❞♦ ❞❡
❬❙❍■◆❚❆◆■ ❛♥❞ ▲■◆❚❖◆✱ ✷✵✵✹❪ ❡stá s❡♥❞♦ ❝♦♥s✐❞❡r❛❞♦ ❡♥tr❡ ♦s ♠❛✐s ❡✜❝✐❡♥t❡s ❡ é ❝❛♣❛③ ❞❡
❢♦r♥❡❝❡r ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✳

◆❡st❡ tr❛❜❛❧❤♦✱ ♦ ♠❛✐♦r ❡①♣♦❡♥t❡ ♣♦s✐t✐✈♦ ❞❡ ▲❨❆P❯◆❖❱ s❡rá ❡st✐♠❛❞♦ ❛ ♣❛rt✐r ❞❡ ✉♠
♠ét♦❞♦ q✉❡ tr❛t❛ ❞❛ ❡st✐♠❛t✐✈❛ ❞❡st❡s ❡①♣♦❡♥t❡s ♥ã♦ ♥❡❣❛t✐✈♦s ❞❡ ✉♠❛ sér✐❡ ❡①♣❡r✐♠❡♥t❛❧✳
❊st❡ ❡①♣♦❡♥t❡ é ♦❜t✐❞♦ ❛ss✉♠✐♥❞♦ ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s ✐♥❞❡♣❡♥❞❡♥t❡s ❡ q✉❡ ♦ ❧✐♠✐t❡ ❡①✐st❡✳

λi := limn→∞
1

n
ln[|mi(t)|], i = 1, 2, ..., n. ✭✹✳✷✷✮

❖ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞♦ ❡♠ ✉♠ ♣♦♥t♦ ❞❡ ❡q✉✐❧í❜r✐♦ yeq✳ ❙❡❥❛ {λi}n
i=1

❡ {ηi}n
i=1 ♦s ❛✉t♦✈❛❧♦r❡s ❡ ❛✉t♦✈❡t♦r❡s r❡s♣❡❝t✐✈❛♠❡♥t❡ ❞❡ Df(yeq)✳ ❆ ♠❛tr✐③ ❞❡ tr❛♥s✐çã♦ ♥❡st❡

❝❛s♦ é

Ψt(yeq) = eDf(yeq)t

❡ s❡❣✉❡ q✉❡ ♦ ✈❛r✐❛❝✐♦♥❛❧ mi(t) = eλit ❡

λi = limt→∞
1

t
ln|eλit|. ✭✹✳✷✸✮

limt→∞
1

t
Re[λi]t = Re[λi].

❆ss✐♠✱ ♥❡st❡ ❝❛s♦ ❡s♣❡❝✐❛❧✱ ♦s ❡①♣♦❡♥t❡s ❞❡ ▲❨❆P❯◆❖❱ sã♦ ✐❣✉❛✐s às ♣❛rt❡s r❡❛✐s ❞♦s
❛✉t♦✈❛❧♦r❡s ♥♦ ♣♦♥t♦ ❞❡ ❡q✉✐❧í❜r✐♦✳ ◗✉❛♥❞♦ ❡st❡ ❡①♣♦❡♥t❡ é ♣♦s✐t✐✈♦ ❛s tr❛❥❡tór✐❛s ❞✐✈❡r❣❡♠ ❡
q✉❛♥❞♦ é ♥❡❣❛t✐✈♦ ❝♦♥✈❡r❣❡♠✳ ❙❡♥❞♦ ❛ ❢✉♥çã♦ ❢ ❞❡s❝♦♥❤❡❝✐❞❛✱ ♦✉ s❡❥❛✱ t✉❞♦ ♦ q✉❡ s❡ ♦❜s❡r✈❛
sã♦ ❛s r❡❛❧✐③❛çõ❡s ❞❛ sér✐❡ ♥♦ t❡♠♣♦✱ ❡♥tã♦ ❞❡✈❡♠ s❡r ♣r♦❥❡t❛❞♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ s❡ ❡st✐♠❛r
❡st❡s ❡①♣♦❡♥t❡s✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ❡st❡ ❡①♣♦❡♥t❡ é ❝❛❧❝✉❧❛❞♦ ♣♦r ♠❡✐♦ ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ s✐♠✐❧❛r ❛♦
❞❡ ❬❲❖▲❋ ❡t ❛❧✳✱ ✶✾✽✺❪✱ q✉❡ ❝♦♠♣✉t❛ ❛ ♠é❞✐❛ ❡①♣♦♥❡♥❝✐❛❧ ❞♦ ❝r❡s❝✐♠❡♥t♦ ❞❛ ❞✐stâ♥❝✐❛ ❡♥tr❡
ór❜✐t❛s ✈✐③✐♥❤❛s ♣♦r ♠❡✐♦ ❞♦ ❡rr♦ ❞❡ ♣r❡✈✐sã♦✳ ❖ ✐♥❝r❡♠❡♥t♦ ❞♦ ❡rr♦ ❞❡ ♣r❡❞✐çã♦ ✈❡rs✉s ♦ t❡♠♣♦
❞❡ ♣r❡❞✐çã♦ ♣❡r♠✐t❡ ❡st✐♠❛r ♦ ♠❛✐♦r ❡①♣♦❡♥t❡✳

■st♦ ♥♦s ❞á ✉♠❛ ♠❡❞✐❞❛ q✉❛♥t✐t❛t✐✈❛ ❞❛ ❡st❛❜✐❧✐❞❛❞❡ ❞❛ sér✐❡✱ ♣❡r♠✐t✐♥❞♦ ♦❜s❡r✈❛r ❝♦♠♦
❡❧❛ ❝♦♥✈❡r❣❡ ♦✉ ❞✐✈❡r❣❡ ♥♦ t❡♠♣♦✳ ◗✉❛♥t♦ ♠❛✐s ♥❡❣❛t✐✈♦ é ♦ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱✱ ♠❛✐s
rá♣✐❞♦ ❛ sér✐❡ ❝♦♥✈❡r❣❡ ♣❛r❛ ♦s ✈❛❧♦r❡s ✜♥❛✐s✱ q✉❛♥❞♦ ♦ ❡①♣♦❡♥t❡ é ♣♦s✐t✐✈♦✱ ♦ s✐st❡♠❛ ❛♣r❡s❡♥t❛
❝♦♠♣♦rt❛♠❡♥t♦ ❝❛ót✐❝♦✳

❊①✐st❡♠ ♠ét♦❞♦s ♠❛t❡♠át✐❝♦s ❛♥❛❧ít✐❝♦s✱ ❝♦♠♦ ♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❇❊◆❊❚❚■◆ ❡t ❛❧✳✱ ✶✾✽✵❪✱
♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱✳ ❊st❛ ❛♥á❧✐s❡ ♥ã♦ s❡rá ✐♠♣❧❡♠❡♥t❛❞❛ ♥❡st❡
tr❛❜❛❧❤♦✳ ❊♠ r❡❧❛çã♦ ❛♦s ♠ét♦❞♦s ❡♠♣ír✐❝♦s✱ ❡①✐st❡♠ ♣♦♥t♦s ✐♠♣♦rt❛♥t❡s q✉❡ ❞❡✈❡♠ s❡r ♦❜✲
s❡r✈❛❞♦s ❡♠ r❡❧❛çã♦ ❛ ❡st❡ ❛❧❣♦r✐t♠♦✿

• ❈♦♥❝❧✉sõ❡s ❡rr❛❞❛s ♣♦❞❡♠ s❡r t✐r❛❞❛s ♠❡s♠♦ ❝♦♠ ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s ❣r❛♥❞❡s✳



❈❆P❮❚❯▲❖ ✹✳ ▼■◆❊❘❆➬➹❖ ❉❊ ❉❆❉❖❙ ❊▼ ❙➱❘■❊❙ ❚❊▼P❖❘❆■❙ ✻✻

• ❖s ❞❛❞♦s ♥ã♦ ❞❡✈❡♠ ❝♦♥t❡r ♠✉✐t♦ r✉í❞♦ ♣♦r q✉❡ ♦s ♠ét♦❞♦s ♥ã♦ ❝♦♥s❡❣✉❡♠ ❞❡t❡❝t❛r ♦
❝❛♦s s✉❜❥❛❝❡♥t❡✱ ♠❡s♠♦ q✉❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ r✉í❞♦ s❡❥❛ ♣❡q✉❡♥❛✳

• ❆s sér✐❡s ♥♦ t❡♠♣♦ ❞❡✈❡♠ s❡r ❡st❛❝✐♦♥ár✐❛s ♣❛r❛ q✉❡ ♦s r❡s✉❧t❛❞♦s s❡❥❛♠ ❝♦rr❡t❛♠❡♥t❡
✐♥t❡r♣r❡t❛❞♦s✳

❆ss✐♠✱ ❢❛③✲s❡ ♥❡❝❡ssár✐♦ ✉♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s ♣ré✲❜r❛♥q✉❡❛❞♦s ♣❛r❛ q✉❡ ❡ss❡s
❛❧❣♦r✐t♠♦s ♣♦ss❛♠ s❡r ✉t✐❧✐③❛❞♦s ❡✜❝❛③♠❡♥t❡✳

❊♠ ❬❱❆◆❉❘❖❱❨❈❍✱ ✷✵✵✺❪ ❛ ❞✐♥â♠✐❝❛ ❞❡ s❡✐s t❛①❛s ❞❡ ❝â♠❜✐♦ ❞♦s ♣r✐♥❝✐♣❛✐s ♣❛ís❡s ❞❡✲
s❡♥✈♦❧✈✐❞♦s sã♦ ❛♥❛❧✐s❛❞❛s✳ ❆s ❡st✐♠❛t✐✈❛s ❞❛ ❞✐♠❡♥sã♦ ❞❡ ❝♦rr❡❧❛çã♦ ✐♥❞✐❝❛♠ ❛ ❝♦♠♣❧❡①✐❞❛❞❡
❡❧❡✈❛❞❛ ❡♠ t♦❞❛ ❛ sér✐❡✱ s✉❣❡r✐♥❞♦ q✉❡ ❛s sér✐❡s sã♦ ♣r♦❝❡ss♦s ❡st♦❝ást✐❝♦s ♦✉ ♣r♦❝❡ss♦s ❞❡✲
t❡r♠✐♥✐st❛s ❝♦♠ ❞✐♠❡♥sõ❡s ❡❧❡✈❛❞❛s✳ ❊♠❜♦r❛ t❡♥❤❛ s✐❞♦ ♦❜t✐❞♦ ✉♠ ♥ú♠❡r♦ ❞❡ ❡st✐♠❛t✐✈❛s
♣♦s✐t✐✈❛s ❞♦ ❡①♣♦♥❡♥t❡ ❞❡ ▲■❆P❯◆❖❱✱ sã♦ ✈❛❧♦r❡s ♠✉✐t♦ ♣❡q✉❡♥♦s ❡ ♦ ❛✉t♦r ❛❝r❡❞✐t❛ q✉❡ é
♠❛✐s ❛♣r♦♣r✐❛❞♦ ✐♥t❡r♣r❡t❛r ❡st❡s ❞❛❞♦s ❝♦♠♦ ✉♠ ✐♥❞✐❝❛❞♦r ❞❡ ♦r✐❣❡♠ ❡st♦❝ást✐❝❛ ❞❛ sér✐❡✳

✹✳✺ ■❞❡♥t✐✜❝❛çã♦ ❞❡ ❝❧✉st❡rs ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s ❝♦♠
❝❛♣❛❝✐❞❛❞❡ ♣r❡❞✐t✐✈❛

❆ ♣❛rt✐r ❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛✱ ❢❛③✲s❡ ❛ ♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s ✭✐♥❢♦r♠❛çõ❡s✮ ♥❛ sér✐❡
t❡♠♣♦r❛❧ ❡♠ q✉❡ s❡ ❜✉s❝❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❝❧✉st❡rs ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s ❝♦♠
❝❛♣❛❝✐❞❛❞❡ ♣r❡❞✐t✐✈❛✳ ◆❛ ♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❡①✐st❡♠
❜❛s✐❝❛♠❡♥t❡ ❞✉❛s ❛❜♦r❞❛❣❡♥s✿ ❛ q✉❡ ♥ã♦ ✉t✐❧✐③❛ ❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐ ❬P❖❱■◆❊▲▲■ ❡t ❛❧✳✱
✶✾✾✾❪❀ ❛ q✉❡ ✉t✐❧✐③❛ ❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐ s♦❜r❡ ♦s ♣❛❞rõ❡s t❡♠♣♦r❛✐s ❡ r❡♣r❡s❡♥t❛ ❡st❡s ♣❛❞rõ❡s
t❡♠♣♦r❛✐s ♣♦r ♠❡✐♦ ❞❡ ❡str✉t✉r❛s ♣ré✲❞❡✜♥✐❞❛s✳ ◆❡st❛ t❡s❡ ✉t✐❧✐③❛✲s❡ ❛ ♣r✐♠❡✐r❛ ❛❜♦r❞❛❣❡♠✳

❆ ♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s ❝♦♥s✐st❡ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡①tr❛✐r ✐♥❢♦r♠❛çõ❡s ♥ã♦ ❝♦♥❤❡❝✐❞❛s ❛ ♣r✐♦r✐✱
✈á❧✐❞❛s✱ ✉t✐❧✐③á✈❡✐s✱ ❞❡ ❣r❛♥❞❡s ❜❛♥❝♦s ❞❡ ❞❛❞♦s ❡✱ ❡♥tã♦ ✉sá✲❧❛s ♣❛r❛ ❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sõ❡s
❝r✉❝✐❛✐s ♥♦s ♥❡❣ó❝✐♦s✳ ❯♠❛ ❜♦❛ ❛♥❛❧♦❣✐❛ ♣♦❞❡ s❡r ❢❡✐t❛ ❡♥tr❡ ❛ ♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s ❡ ❛ ❞❡ ♦✉r♦✳
❊st❛ ❜✉s❝❛ ♣❡♣✐t❛s ❞❡ ♦✉r♦ ❡ ❛ ♦✉tr❛ ♣r♦❝✉r❛ ♣❡♣✐t❛s ❞❡ ✐♥❢♦r♠❛çã♦✳ ❯♠ ♣♦♥t♦ ✐♠♣♦rt❛♥t❡
é q✉❡ ❡st❛s ♣❡♣✐t❛s ✭♣❛❞rõ❡s✮ ♣♦❞❡♠ ❧❡✈❛r ❛ ✉♠❛ ❣r❛♥❞❡ ❥❛③✐❞❛ ❞❡ ♦✉r♦ ✭❡✈❡♥t♦✮✳ ❊♥q✉❛♥t♦
♦ ♦✉r♦ ❡stá ❡s❝♦♥❞✐❞♦ ❡♠❜❛✐①♦ ❞❛ t❡rr❛ ❛s ✐♥❢♦r♠❛çõ❡s ❡stã♦ ❡s❝♦♥❞✐❞❛s ♥♦s ❞❛❞♦s✳ P❛r❛ ✉♠
♠✐♥❡✐r♦ ❡①♣❡r✐❡♥t❡ ♦ t❛♠❛♥❤♦ ❞❛s ♣❡♣✐t❛s ✭♣❛❞rõ❡s✮ ❢❛③ ✉♠❛ ❣r❛♥❞❡ ❞✐❢❡r❡♥ç❛ ♥❛ ❛❜♦r❞❛❣❡♠
✉t✐❧✐③❛❞❛ ♣❛r❛ ❡♥❝♦♥tr❛r ❛ ❥❛③✐❞❛ ❞❡ ♦✉r♦✱ ♦✉ s❡❥❛✱ ❡❧❡ s❡❣✉❡ ♦s s✐♥❛✐s ♣♦s✐t✐✈♦s✱ ✐♥t❡r♣r❡t❛♥❞♦✲
♦s ❛ ♣❛rt✐r ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐✳ ❊♥tr❡t❛♥t♦✱ s❡ ✉♠❛ ❡♠♣r❡s❛ ❡stá ♣r♦❝✉r❛♥❞♦ ♦✉r♦ ♦✉
♣❡tró❧❡♦✱ ♦ ♣r♦❝❡ss♦ ❞❡ ♠✐♥❡r❛çã♦ é ❞✐❢❡r❡♥t❡✳ ■st♦ s✐♥❛❧✐③❛ q✉❡ é ✐♠♣♦rt❛♥t❡ ❞❡✜♥✐r ❝❧❛r❛♠❡♥t❡
♦ q✉❡ s❡ ♣r♦❝✉r❛ ❞❡s❝♦❜r✐r✱ ♦✉ s❡❥❛✱ q✉❛❧ é ♦ ❡✈❡♥t♦✳ ❆ss✐♠✱ ❝❛s♦ ❡st❡ ♥ã♦ s❡❥❛ ❜❡♠ ❞❡✜♥✐❞♦✱
♥ã♦ s❡ s❛❜❡ s❡ ❢♦r❛♠ ❡♥❝♦♥tr❛❞♦s ✐♥❞í❝✐♦s ❞❡ ♦✉r♦ ♦✉ ❞❡ ♣❡tró❧❡♦✳

❖✉tr♦ ♣♦♥t♦ ✐♠♣♦rt❛♥t❡ é q✉❡ ♦ ♠✐♥❡✐r♦ ❛♣r❡♥❞❡ ❛♦♥❞❡ ♣r♦❝✉r❛r ♦ ♦✉r♦✳ ❊❧❡ ❛♣r❡♥❞❡ ❝♦♠♦
♦s ♦✉tr♦s ♠✐♥❡✐r♦s t✐✈❡r❛♠ s✉❝❡ss♦✳ ❙✐♠✐❧❛r♠❡♥t❡✱ t❡♠✲s❡ q✉❡ s❛❜❡r ❛♦♥❞❡ s❡ ♣♦❞❡ ❡♥❝♦♥tr❛r
♣❡♣✐t❛s ❞❡ ✐♥❢♦r♠❛çã♦✳ ❊♠ sér✐❡s t❡♠♣♦r❛✐s✱ ❡st❛s s✐♥❛❧✐③❛çõ❡s q✉❡ ✐❞❡♥t✐✜❝❛♠ ❡st❛s ✐♥❢♦r♠❛çõ❡s
sã♦ ♦s ♣❛❞rõ❡s t❡♠♣♦r❛✐s✳ P❛❞rã♦✱ ♣❡❧❛ ❡str✉t✉r❛ q✉❡ ♦ ✐❞❡♥t✐✜❝❛✱ t❡♠♣♦r❛❧✱ ♣❡❧❛ ♥❛t✉r❡③❛
t❡♠♣♦r❛❧ ❞♦ ♣r♦❜❧❡♠❛✳ ❖ ♣♦♥t♦ ❝♦♠✉♠ ❡♥tr❡ ❛ ♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s ❡ ❛ ❞❡ ♦✉r♦ é q✉❡ ♦s ♣❛❞rõ❡s
t❡♠♣♦r❛✐s q✉❡ s✐♥❛❧✐③❛♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❡✈❡♥t♦s ♥ã♦ ♣r❡❝✐s❛♠ s❡r ♣❡r❢❡✐t♦s✱ só ♥❡❝❡ss✐t❛♠ q✉❡
❝♦♥tr✐❜✉❛♠ ♣❛r❛ ❛ ❞❡s❝♦❜❡rt❛ ❞❛s ✐♥❢♦r♠❛çõ❡s✳ ❖❜s❡r✈❛✲s❡ q✉❡ ❡✈❡♥t♦s✱ ❡♠ sér✐❡s t❡♠♣♦r❛✐s✱
sã♦ ❞❡✜♥✐❞♦s ❝♦♠♦ ♦❝♦rrê♥❝✐❛s ✐♠♣♦rt❛♥t❡s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❛❜❛❧♦s sís♠✐❝♦s✳
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❖s ❝♦♥❝❡✐t♦s ✉t✐❧✐③❛❞♦s ♥❛ ♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s ❞❡ sér✐❡s t❡♠♣♦r❛✐s s❡rã♦ ❛❜♦r❞❛❞♦s ❡♠
s❡❣✉✐❞❛✳

✹✳✺✳✶ P❛❞rã♦ t❡♠♣♦r❛❧✱ ❝❧✉st❡r ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s ❡ ❡✈❡♥t♦

❯♠ ❡✈❡♥t♦ ❡♠ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ é ✉♠❛ ♦❝♦rrê♥❝✐❛ ✐♠♣♦rt❛♥t❡ ❡✱ ❝♦♠♦ ❥á ♠❡♥❝✐♦♥❛❞♦
❛♥t❡r✐♦r♠❡♥t❡✱ é ♥❡❝❡ssár✐♦ ❞❡✜♥✐✲❧♦ ❝❧❛r❛♠❡♥t❡ ♣❛r❛ q✉❡ s❡ ♣♦ss❛ ✐❞❡♥t✐✜❝❛r ♣❛❞rõ❡s t❡♠♣♦r❛✐s
❛ss♦❝✐❛❞♦s ❛♦ ♠❡s♠♦✳ ❯♠ ♣❛❞rã♦ t❡♠♣♦r❛❧ é ✉♠❛ ❡str✉t✉r❛ ❡s❝♦♥❞✐❞❛ ♥❛ sér✐❡ t❡♠♣♦r❛❧ q✉❡
é ❝❛r❛❝t❡ríst✐❝❛ ❡ é ❝❛♣❛③ ❞❡ ♣♦ss✐❜✐❧✐t❛r ❛ ♣r❡✈✐sã♦ ❞❡ ❡✈❡♥t♦s✳ ➱ ❞❡✜♥✐❞♦ ❝♦♠♦ ✉♠ ✈❡t♦r r❡❛❧
♣ ❞❡ ❝♦♠♣r✐♠❡♥t♦ ▼✱ ♦✉ s❡❥❛✱ ❡st❡ ✈❡t♦r s❡rá r❡♣r❡s❡♥t❛❞♦ ❝♦♠♦ ✉♠ ♣♦♥t♦ ❡♠ ✉♠ ❡s♣❛ç♦
▼ ❞✐♠❡♥s✐♦♥❛❧ ♥♦s ♥ú♠❡r♦s r❡❛✐s✱ ♣♦r ❡①❡♠♣❧♦✱ ♣ ∈ RM ✳ ❖s r✉í❞♦s ♣♦❞❡♠ ❢❛③❡r ❝♦♠ q✉❡
♦s ♣❛❞rõ❡s t❡♠♣♦r❛✐s ♥ã♦ s❡❥❛♠ ♣❡r❢❡✐t❛♠❡♥t❡ ✐❣✉❛✐s às ♦❜s❡r✈❛çõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ q✉❡
♣r❡❝❡❞❡♠ ♦ ❡✈❡♥t♦✳ P❛r❛ s✉♣❡r❛r ❡st❛ ❧✐♠✐t❛çã♦✱ ✉♠ ❝❧✉st❡r ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s ❞❡ sér✐❡
t❡♠♣♦r❛❧ ✉♥✐✈❛r✐❛❞❛ é ❞❡✜♥✐❞♦ ❝♦♠♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣♦♥t♦s ❞❡♥tr♦ ❞❡ ✉♠❛ ❤✐♣❡r❡s❢❡r❛ ❞❡
❞✐♠❡♥sã♦ ▼✱ r❛✐♦ δ ❡ ❝❡♥tr♦ ❛ ✱ ♦✉ s❡❥❛

P = {❛ ∈ RM : d(♣, ❛) ≤ δ} ✭✹✳✷✹✮
❡♠ q✉❡ ❞ é ✉♠❛ ❞✐stâ♥❝✐❛ ♦✉ ♠étr✐❝❛ ❞❡✜♥✐❞❛ ♥♦ ❡s♣❛ç♦✳

❆s sér✐❡s t❡♠♣♦r❛✐s ✉t✐❧✐③❛❞❛s ♣❛r❛ ✐❧✉str❛r ♦s ❝♦♥❝❡✐t♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❛ s❡çã♦ s❡rã♦
❛♣r❡s❡♥t❛❞♦s ♥♦ ❡s♣❛ç♦ ❞❡ ❢❛s❡ ❞❡ ♦r❞❡♠ ❞♦✐s ♣❛r❛ ❢❛❝✐❧✐t❛r ❛ ✈✐s✉❛❧✐③❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s✳

❆ ❋✐❣✉r❛ ✹✳✸ ❛♣r❡s❡♥t❛ ♦ ❣rá✜❝♦ ❞♦s ❞❛❞♦s ❜r✉t♦s ❡ ❞❛ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❞♦ t❡rr❡♠♦t♦
◆✐sq✉❛❧❧②✱ ❡st❛çã♦ ❞❡ ❖❧②♠♣✐❛✱ ❲❆✱ ❯❙❆✱ ❡♠ ✷✽ ❞❡ ❢❡✈❡r❡✐r♦ ❞❡ ✷✵✵✶✳ ❆ ✈❛r✐á✈❡❧ ❛♥❛❧✐s❛❞❛ é
❛ ❛❝❡❧❡r❛çã♦ ❞♦ t❡rr❡♠♦t♦ ❡♠ ❝♠✴s❡❣✴s❡❣ ✭❡✐①♦ ②✮ ❡ ♦ t❡♠♣♦ é ❡♠ s❡❣✉♥❞♦s ✭❡✐①♦ ①✮✳ ◆❡st❡
❣rá✜❝♦ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ❝❧❛r❛♠❡♥t❡ ♦ ♣✐❝♦ ❞♦ t❡rr❡♠♦t♦ ❡ ♦ ♣❛❞rã♦ ❞❡ ❝♦♠♣♦rt❛♠❡♥t♦ tí♣✐❝♦
❞❡st❡ ❡✈❡♥t♦✳

❋✐❣✳ ✹✳✸✿ ❉❛❞♦s ❜r✉t♦s ❡ ❛ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❞♦ t❡rr❡♠♦t♦ ◆✐sq✉❛❧❧②✱ ❡st❛çã♦ ❞❡ ❖❧②♠♣✐❛✱ ❲❆✱
❯❙❆✱ ❡♠ ✷✽ ❞❡ ❢❡✈❡r❡✐r♦ ❞❡ ✷✵✵✶
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❆ ❋✐❣✉r❛ ✹✳✹ ❛♣r❡s❡♥t❛ ♦ ❣rá✜❝♦ ❞♦s ❞❛❞♦s ❜r✉t♦s ❡ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛
❡♠ r❡❧❛çã♦ ❛♦ ❞ó❧❛r ❛♠❡r✐❝❛♥♦ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✷✷ ❞❡ ♠❛rç♦ ❞❡ ✷✵✵✷ ❛ ✵✸ ❞❡ ♠❛✐♦ ❞❡ ✷✵✵✹✳ ❊st❡
♣❡rí♦❞♦ ❢♦✐ ♠❛r❝❛❞♦ ♣♦r ✈❛r✐❛çõ❡s ❜r✉s❝❛s ♥❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❞❡✈✐❞❛s ♣r✐♥❝✐♣❛❧♠❡♥t❡ à ❡❧❡✐çã♦
❞♦ Pr❡s✐❞❡♥t❡ ▲✉❧❛✳ ❖❜s❡r✈❛✲s❡ q✉❡ ♦❝♦rr❡ ✉♠ ♣❛❞rã♦ ❞❡ ❝♦♠♣♦rt❛♠❡♥t♦ tí♣✐❝♦ ❞❛s sér✐❡s
✜♥❛♥❝❡✐r❛s✱ ♦✉ s❡❥❛✱ ♣❡r❝❡❜❡✲s❡ ❛ ❢♦r♠❛çã♦ ❞❡ ❝♦♥❣❧♦♠❡r❛❞♦s ❞❡ ✈❛❧♦r❡s ❡①tr❡♠♦s✱ ✐♥❞✐❝❛♥❞♦ ❛
♣r❡s❡♥ç❛ ❞❡ ❤❡t❡r♦❝❡❞❛st✐❝✐❞❛❞❡ ❝♦♥❞✐❝✐♦♥❛❧✳

❋✐❣✳ ✹✳✹✿ ❉❛❞♦s ❜r✉t♦s ❡ r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ❡♠ r❡❧❛çã♦ ❛♦ ❞ó❧❛r ❛♠❡r✐❝❛♥♦
♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✷✷ ❞❡ ♠❛rç♦ ❞❡ ✷✵✵✷ ❛ ✵✸ ❞❡ ♠❛✐♦ ❞❡ ✷✵✵✹

➱ ✐♠♣♦rt❛♥t❡ ✉s❛r ✉♠❛ ♥♦t❛çã♦ ❡♠ q✉❡ ♦ t❡♠♣♦ s❡❥❛ ♣❛rt✐❝✐♦♥❛❞♦ ❡♠ ♣❛ss❛❞♦✱ ♣r❡s❡♥t❡
❡ ❢✉t✉r♦✳ ❖s ♣❛❞rõ❡s t❡♠♣♦r❛✐s ♦❝♦rr❡♠ ♥♦ ♣❛ss❛❞♦ ❡ s❡ ❝♦♠♣❧❡t❛♠ ♥♦ ♣r❡s❡♥t❡✳ ❖s ❡✈❡♥t♦s
♦❝♦rr❡♠ ♥♦ ❢✉t✉r♦✳ ❯♠ ❡s♣❛ç♦ ❞❡ ❢❛s❡ r❡❝♦♥str✉í❞♦✱ ❝♦♠♦ ❥á ✈✐st♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♣❡r♠✐t❡
q✉❡ s❡qüê♥❝✐❛s ♣♦ss❛♠ s❡r ❝♦♠♣❛r❛❞❛s ❛ ♣❛❞rõ❡s t❡♠♣♦r❛✐s✳ P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ✉♠ ❧❛❣ ▲✱
❛s ♦❜s❡r✈❛çõ❡s {②(t + (M − 1)L), ...,②(t − 2L),②(t − L),②(t)} ❢♦r♠❛♠ ✉♠❛ s❡qüê♥❝✐❛ q✉❡
♣♦❞❡ s❡r ❝♦♠♣❛r❛❞❛ ❛ ♣❛❞rõ❡s t❡♠♣♦r❛✐s✱ ❡♠ q✉❡ ②(t) r❡♣r❡s❡♥t❛ ❛ ✐♥❢♦r♠❛çã♦ ♣r❡s❡♥t❡ ❡
{②(t + (M − 1)L), ...,②(t − 2L),②(t − L)} r❡♣r❡s❡♥t❛♠ ❛s ✐♥❢♦r♠❛çõ❡s ♣❛ss❛❞❛s✳ ❙❡❥❛ L ✉♠
✐♥t❡✐r♦ ♣♦s✐t✐✈♦✱ s❡ t r❡♣r❡s❡♥t❛ ♦ í♥❞✐❝❡ ❛t✉❛❧✱ ❡♥tã♦ t−L é ✉♠ í♥❞✐❝❡ ♥♦ ♣❛ss❛❞♦ ❡ t+L é ✉♠
í♥❞✐❝❡ ♥♦ ❢✉t✉r♦✳ ❆ss✐♠✱ ♦ t❡♠♣♦ é ♣❛rt✐❝✐♦♥❛❞♦ ❡♠ ♣❛ss❛❞♦✱ ♣r❡s❡♥t❡ ❡ ❢✉t✉r♦✳
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✹✳✺✳✷ ❋✉♥çã♦ ❞❡ ❝❛r❛❝t❡r✐③❛çã♦ ❞❡ ❡✈❡♥t♦

P❛r❛ ❧✐❣❛r ♦s ♣❛❞rõ❡s t❡♠♣♦r❛✐s ✭♣❛ss❛❞♦ ❡ ♣r❡s❡♥t❡✮ ❛♦s ❡✈❡♥t♦s ✭❢✉t✉r♦✮ ✉♠❛ ❢✉♥çã♦ ❞❡
❝❛r❛❝t❡r✐③❛çã♦ ❞❡ ❡✈❡♥t♦ é ❝r✐❛❞❛✳ ❊st❛ ❢✉♥çã♦ é ❞❡✜♥✐❞❛ ❛ ♣r✐♦r✐✱ ❞❡♣❡♥❞❡ ❞❛ ❛♣❧✐❝❛çã♦ ❡
r❡♣r❡s❡♥t❛ ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❡✈❡♥t♦ ♦❝♦rr❡r ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ t❡♠♣♦ t✰✐
❛ ♣❛rt✐r ❞♦ t❡♠♣♦ t✳ ❯♠ ❡①❡♠♣❧♦ s✐♠♣❧❡s ❞❡ ❢✉♥çã♦ ❞❡ ❝❛r❛❝t❡r✐③❛çã♦ ❞❡ ❡✈❡♥t♦ ♥❛ ♣r❡✈✐sã♦ ❞❡
sér✐❡s t❡♠♣♦r❛✐s é g(t) = yt+1✳ ❊st❛ ❢✉♥çã♦ ❝❛♣t✉r❛ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♣r❡✈❡r sér✐❡s t❡♠♣♦r❛✐s ✉♠
♣❛ss♦ ❛ ❢r❡♥t❡ ♥♦ ❢✉t✉r♦✳ ◆♦ ♠❡r❝❛❞♦ ✜♥❛♥❝❡✐r♦✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ✉♠❛ ❢✉♥çã♦ ❞❡ ❝❛r❛❝t❡r✐③❛çã♦
❞❡ ❡✈❡♥t♦ ♣❛r❛ ❞❡❝✐❞✐r s♦❜r❡ ❛ ❝♦♠♣r❛ ♦✉ ✈❡♥❞❛ ❞❡ ✉♠ ❛t✐✈♦✳ P♦r ❡①❡♠♣❧♦✱ ✉t✐❧✐③❛♥❞♦ ❛ t❛①❛
❞❡ r❡t♦r♥♦✱ ❛♣r❡s❡♥t❛❞❛ ❡♠ s❡❣✉✐❞❛✿

g(t) =
yt+1 − yt

yt

✭✹✳✷✺✮
q✉❡ ❛tr✐❜✉✐ ❛ ♣❡r❝❡♥t❛❣❡♠ ❞❡ ✈❛r✐❛çã♦ ❞♦ ♣r❡ç♦ ❞♦ ❛t✐✈♦ ♣❛r❛ ♦ ♣ró①✐♠♦ ❞✐❛✳

✹✳✺✳✸ ❊s♣❛ç♦ ❞❡ ❢❛s❡ ❡st❡♥❞✐❞♦

❖ ❝♦♥❝❡✐t♦ ❞❡ ❡s♣❛ç♦ ❞❡ ❢❛s❡ ❡st❡♥❞✐❞♦ ❞❡r✐✈❛ ❞♦s ❝♦♥❝❡✐t♦s ❞❡ ❢✉♥çã♦ ❞❡ ❝❛r❛❝t❡r✐③❛çã♦ ❞❡
❡✈❡♥t♦ ❡ ❞❡ ❡s♣❛ç♦ ❞❡ ❢❛s❡✱ ♥♦ q✉❛❧ ❛ sér✐❡ t❡♠♣♦r❛❧ é r❡❝♦♥str✉í❞❛✳ ❊st❡ ❡s♣❛ç♦ t❡♠ ❞✐♠❡♥sã♦
M + 1✱ ♦✉ s❡❥❛✱ é ❝♦♠♣♦st♦ ♣❡❧♦ ❡s♣❛ç♦ ❞❡ ❢❛s❡ ❡ t❡♠ ❛ ❢✉♥çã♦ ❞❡ ❝❛r❛❝t❡r✐③❛çã♦ ❞❡ ❡✈❡♥t♦ ❣✭✳✮
❝♦♠♦ ❛ ❞✐♠❡♥sã♦ ❡①tr❛✳ ❈❛❞❛ ♣♦♥t♦ ❞♦ ❡s♣❛ç♦ ❞❡ ❢❛s❡ ❡st❡♥❞✐❞♦ é ✉♠ ✈❡t♦r ❨t, g(t) ∈ RM+1✳

❆♥t❡s ❞❡ ✐♠♣❧❡♠❡♥t❛r ♦ ❣rá✜❝♦ ❞♦ ❡s♣❛ç♦ ❞❡ ❢❛s❡ ❡st❡♥❞✐❞♦ é ♥❡❝❡ssár✐♦ ❞❡✜♥✐r ♦ q✉❡ s❡
❝❤❛♠❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳

✹✳✺✳✹ ❋✉♥çã♦ ♦❜❥❡t✐✈♦ ♣❛r❛ ♣❛❞rõ❡s t❡♠♣♦r❛✐s ✉♥✐✈❛r✐❛❞♦s

❊st❛ ❢✉♥çã♦ ❝❛r❛❝t❡r✐③❛ ❛ ❡✜❝á❝✐❛ q✉❡ ✉♠ ❝❧✉st❡r ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s t❡♠ ♣❛r❛ ♣r❡✈❡r
✉♠ ❡✈❡♥t♦✱ ♦r❞❡♥❛♥❞♦ ♦s ❝❧✉st❡rs ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s P ❞❡ ❛❝♦r❞♦ ❝♦♠ s✉❛s ❤❛❜✐❧✐❞❛❞❡s ❡♠
♣r❡✈❡r ♦s ❡✈❡♥t♦s✳ ➱ ❝♦♥str✉í❞❛ ❞❡ t❛❧ ♠❛♥❡✐r❛ q✉❡ ♦ P ∗ ót✐♠♦ ❛t✐♥❣❡ ❛ ♠❡❧❤♦r ♣r❡✈✐sã♦✳

❆ ❢♦r♠❛ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ é ❞❡♣❡♥❞❡♥t❡ ❞❛ ❛♣❧✐❝❛çã♦ ❡ ✈ár✐❛s ❢✉♥çõ❡s ♦❜❥❡t✐✈♦ ❞✐❢❡r❡♥t❡s
♣♦❞❡♠ ❛❧❝❛♥ç❛r ♦ ♠❡s♠♦ r❡s✉❧t❛❞♦✳ ❊♥tr❡t❛♥t♦✱ ❛♥t❡s ❞❡ ❛♣r❡s❡♥t❛r ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ q✉❡ s❡rá
✉t✐❧✐③❛❞❛ ♥❡st❛ t❡s❡✱ sã♦ ♥❡❝❡ssár✐❛s ❛❧❣✉♠❛s ❞❡✜♥✐çõ❡s✳
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❖ ❝♦♥❥✉♥t♦ ✐♥❞❡①❛❞♦r Λ é ♦ ❝♦♥❥✉♥t♦ ❞❡ t♦❞♦s ♦s í♥❞✐❝❡s t ❞♦s ♣♦♥t♦s ♥♦ ❡s♣❛ç♦ ❞❡ ❢❛s❡✳

Λ = {t : t = (M − 1)L+ 1, ..., N} ✭✹✳✷✻✮
❡♠ q✉❡ (M − 1)L é ♦ ú❧t✐♠♦ ✈❡t♦r ❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❡ N é ♦ ♥ú♠❡r♦ ❞❡ ♦❜s❡r✈❛çõ❡s
❞❛ sér✐❡ ♥♦ t❡♠♣♦✳

❖ ❝♦♥❥✉♥t♦ ✐♥❞❡①❛❞♦r Q é ♦ ❝♦♥❥✉♥t♦ ❞❡ t♦❞♦s ♦s í♥❞✐❝❡s t ❞♦s ♣❛❞rõ❡s t❡♠♣♦r❛✐s q✉❡ ❡stã♦
❞❡♥tr♦ ❞♦ ❝❧✉st❡r ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s✱ ❝✉❥❛ r❡♣r❡s❡♥t❛çã♦ ♠❛t❡♠át✐❝❛ é

Q = {t : ❨t ∈ P, t ∈ Λ}. ✭✹✳✷✼✮
❙✐♠✐❧❛r♠❡♥t❡✱ Q✱ é ♦ ❝♦♠♣❧❡♠❡♥t♦ ❞❡ Q✳ ❆ ♠é❞✐❛ ❞♦s ✈❛❧♦r❡s ❞❡ g(t) ❞♦s ♣♦♥t♦s ♥♦ ❡s♣❛ç♦

❞❡ ❢❛s❡ q✉❡ ❡stã♦ ❞❡♥tr♦ ❞♦ ❝❧✉st❡r P é

µQ =
1

c(Q)

∑

t∈Q

g(t) ✭✹✳✷✽✮

❡♠ q✉❡ c(Q) é ❛ ❝❛r❞✐♥❛❧✐❞❛❞❡ ❞❡ ◗✳
❆ ♠é❞✐❛ ❞♦s ✈❛❧♦r❡s ❞❡ g(t) ❞♦s ♣♦♥t♦s ♥♦ ❡s♣❛ç♦ ❞❡ ❢❛s❡ q✉❡ ❡stã♦ ❢♦r❛ ❞♦ ❝❧✉st❡r P é

µQ =
1

c(Q)

∑

t∈Q

g(t). ✭✹✳✷✾✮

❆ ♠é❞✐❛ ❞♦s ✈❛❧♦r❡s ❞❡ g(t) ❡♠ t♦❞♦s ♦s ♣♦♥t♦s ♥♦ ❡s♣❛ç♦ ❞❡ ❢❛s❡ é

µy =
1

c(Λ)

∑

t∈Λ

g(t). ✭✹✳✸✵✮

❆s ✈❛r✐â♥❝✐❛s ❝♦rr❡s♣♦♥❞❡♥t❡s sã♦

σ2
Q =

1

c(Q)

∑

t∈Q

(g(t) − µQ)2. ✭✹✳✸✶✮

σ2
Q

=
1

c(Q)

∑

t∈Q

(g(t) − µQ)2. ✭✹✳✸✷✮
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σ2
y =

1

c(Λ)

∑

t∈Λ

(g(t) − µy)
2. ✭✹✳✸✸✮

❆ ♣❛rt✐r ❞❡st❛s ❞❡✜♥✐çõ❡s✱ ✈ár✐♦s t✐♣♦s ❞❡ ❢✉♥çõ❡s ♦❜❥❡t✐✈♦ ♣♦❞❡♠ s❡r ❝♦♥str✉í❞❛s✳ ❊st❛
❢✉♥çã♦ ♦❜❥❡t✐✈♦ t❡♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♦r❞❡♥❛r ♦s ❝❧✉st❡rs ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s ❞❡ ❛❝♦r❞♦ ❝♦♠
s✉❛s ❤❛❜✐❧✐❞❛❞❡s ♣❛r❛ ❛✉①✐❧✐❛r ♥❛ ♣r❡❞✐çã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❡✱ ♥♦ ♠í♥✐♠♦✱ ❣❡r❛r ❛❧❣✉♥s
❡✈❡♥t♦s✳ ❈♦♠♦ ♦ ♦❜❥❡t✐✈♦ ❞❡st❡ ❝❛♣ít✉❧♦ é s♦♠❡♥t❡ ❡s❝♦❧❤❡r ♦s ❝❧✉st❡rs q✉❡ s❡rã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛
❞❡t❡r♠✐♥❛r ♦s ❝❡♥tr♦s ❞❛ r❡❞❡ ❘❇❋✱ ❧♦❣♦ ❡❧❡s ♥ã♦ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ❝♦♠ ❛s s✉❛s r❡s♣❡❝t✐✈❛s
❝❛♣❛❝✐❞❛❞❡s ♣r❡❞✐t✐✈❛s✳

f(C) =





µQ s❡ c(Q)

c(Λ)
≥ β

(µQ − g0)
c(Q)
βc(Λ)

+ g0 s❡ c(Q)
c(Λ)

< β

❡♠ q✉❡ β é ❛ ♣❡r❝❡♥t❛❣❡♠ ♠í♥✐♠❛ ❞❡ ❝❛r❞✐♥❛❧✐❞❛❞❡ ❞♦ ❝❧✉st❡r ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s ❡ g0 é ❛
♠í♥✐♠❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦s ♣♦♥t♦s ♥♦ ❡s♣❛ç♦✱ ♣♦r ❡①❡♠♣❧♦✱

g0 = min{gt : t ∈ Λ}. ✭✹✳✸✹✮
▲♦❣♦✱ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ r❡♣r❡s❡♥t❛ ✉♠ ✈❛❧♦r ♦✉ ✜t♥❡ss ❞❡ ✉♠ ❝❧✉st❡r ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s✳
❆ ❋✐❣✉r❛ ✹✳✺ ❛♣r❡s❡♥t❛ ♦ ❣rá✜❝♦ ❞♦ ❡s♣❛ç♦ ❞❡ ❢❛s❡ ❡st❡♥❞✐❞♦ ❞♦s ❞❛❞♦s ❜r✉t♦s ❡ ❞❛ ♣r✐♠❡✐r❛

❞✐❢❡r❡♥ç❛ ❞♦ t❡rr❡♠♦t♦ ◆✐sq✉❛❧❧②✱ ❡st❛çã♦ ❞❡ ❖❧②♠♣✐❛✱ ❲❆✱ ❯❙❆✱ ❡♠ ✷✽ ❞❡ ❢❡✈❡r❡✐r♦ ❞❡ ✷✵✵✶✳
◆♦ ❣rá✜❝♦ ❞❛ ❡sq✉❡r❞❛✱ ❞♦s ❞❛❞♦s ❜r✉t♦s✱ ♦❜s❡r✈❛✲s❡ ♦ ♣✐❝♦ ❞♦ t❡rr❡♠♦t♦✱ ♦✉ s❡❥❛✱ ❛ ♠❛✐♦r
❛❝❡❧❡r❛çã♦ ✭❝ír❝✉❧♦ ❆✮✳ ❏á ♥♦ ❣rá✜❝♦ ❞❛ ❞✐r❡✐t❛✱ ❞❛s ♣r✐♠❡✐r❛s ❞✐❢❡r❡♥ç❛s✱ ♦❜s❡r✈❛✲s❡ ❛s ❞✉❛s
♠❛✐♦r❡s ❛❝❡❧❡r❛çõ❡s ✭❝ír❝✉❧♦ ❆✮ ❡ ❛ ♠❛✐♦r ❞❡s❛❝❡❧❡r❛çã♦ ✭❝ír❝✉❧♦ ❇✮✱ s✐♥❛❧✐③❛♥❞♦ ♦ ✜♥❛❧ ❞♦
♣❡rí♦❞♦ ♠❛✐s ❝rít✐❝♦✳

❋✐❣✳ ✹✳✺✿ ❊s♣❛ç♦ ❞❡ ❢❛s❡ ❡st❡♥❞✐❞♦ ❞♦s ❞❛❞♦s ❜r✉t♦s ❡ ❞❛ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❞♦ t❡rr❡♠♦t♦
◆✐sq✉❛❧❧②✱ ❡st❛çã♦ ❞❡ ❖❧②♠♣✐❛✱ ❲❆✱ ❯❙❆✱ ❡♠ ✷✽ ❞❡ ❢❡✈❡r❡✐r♦ ❞❡ ✷✵✵✶
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✹✳✺✳✺ ❋✉♥çã♦ ♦❜❥❡t✐✈♦ ♣❛r❛ ♣❛❞rõ❡s t❡♠♣♦r❛✐s ♠✉❧t✐✈❛r✐❛❞♦s

❖ ♣r♦❝❡❞✐♠❡♥t♦ ♣❛r❛ s❡ ❢❛③❡r ❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❞❡ ❞❛❞♦s ♠✉❧t✐❝❛♥❛✐s ❥á ❢♦✐ ❛♣r❡✲
s❡♥t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳ ■♥t✉✐t✐✈❛♠❡♥t❡✱ s❡♥s♦r❡s ❛❞✐❝✐♦♥❛✐s ♣♦❞❡♠ ❛❝r❡s❝❡♥t❛r ✐♥❢♦r♠❛çõ❡s✱
❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ♥ã♦ ❡stã♦ ❝❛♣t❛♥❞♦ ❡st❛s ✐♥❢♦r♠❛çõ❡s ❞❛ ♠❡s♠❛ ✈❛r✐á✈❡❧ ❞❡ ❡st❛❞♦✳ ❆ ❋✐✲
❣✉r❛ ✹✳✻ ✐❧✉str❛ ✉♠ ♠ét♦❞♦ ❞❡ ▼❉❙❚ ♣❛r❛ sér✐❡s t❡♠♣♦r❛✐s ♠✉❧t✐✈❛r✐❛❞❛s✱ ❜✉s❝❛♥❞♦ ✐❞❡♥t✐✜❝❛r
❝❧✉st❡rs ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s✳

❋✐❣✳ ✹✳✻✿ ▼ét♦❞♦ ❞❡ ▼❉❙❚ ♣❛r❛ sér✐❡s t❡♠♣♦r❛✐s ♠✉❧t✐✈❛r✐❛❞❛s

❖❜s❡r✈❛✲s❡ q✉❡ é ♥❡❝❡ssár✐❛ ❛ ♥♦r♠❛❧✐③❛çã♦✱ ✈✐❞❡ ❋✐❣✉r❛ ✹✳✻✱ ♣❛r❛ ❢♦rç❛r q✉❡ ❝❛❞❛ ✈❛r✐á✈❡❧
❡st❡❥❛ ♥❛ ♠❡s♠❛ ❢❛✐①❛ ✭r❛♥❣❡✮✳ ❊st❛ ♥♦r♠❛❧✐③❛çã♦ ♥ã♦ ♠✉❞❛ ❛ t♦♣♦❧♦❣✐❛ ❞♦ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦s✱
♠❛s ♠❛♣❡✐❛ ❝❛❞❛ sér✐❡ t❡♠♣♦r❛❧ ♥♦ ♠❡s♠♦ r❛♥❣❡ ❡ ♣❡r♠✐t❡ q✉❡ s❡ ✉s❡ s✐♠✐❧❛r❡s t❛♠❛♥❤♦ ❞❡
♣❛ss♦ ❞❡ ❜✉s❝❛ ♣❛r❛ t♦❞❛s ❛s ❞✐♠❡♥sõ❡s ❞♦ ❡s♣❛ç♦ ❞❡ ❢❛s❡✳ ❆ ♥♦r♠❛❧✐③❛çã♦ ❛✉①✐❧✐❛ ♥❛s r♦t✐♥❛s
❞❡ ♦t✐♠✐③❛çã♦ ❡ ❛s ❝♦♥st❛♥t❡s ❞❡ ♥♦r♠❛❧✐③❛çã♦ sã♦ r❡t✐❞❛s ♥♦ ❡stá❣✐♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ♣❛r❛ s❡r❡♠
✉t✐❧✐③❛❞❛s ♥♦s ❡✈❡♥t♦s ❞❡ ♣r❡❞✐çã♦ ♥♦ ❡stá❣✐♦ ❞❡ t❡st❡✳

❆ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♣❛r❛ ✐♥❝❧✉✐r ♦s ♣♦♥t♦s ❞♦ ❡s♣❛ç♦ ❞❡ ❢❛s❡ ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❝❧✉st❡r ❞❡ ♣❛❞rõ❡s
t❡♠♣♦r❛✐s é✿ Pi ∈ C, i = 1, 2, ..., n✳ ❆ ❢✉♥çã♦ ✉t✐❧✐③❛❞❛ é ❛ ♠❡s♠❛ ❛♣r❡s❡♥t❛❞❛ ❛♥t❡r✐♦r♠❡♥t❡✱
♦✉ s❡❥❛✱

f(C) =





µQ s❡ c(Q)

c(Λ)
≥ β

(µQ − g0)
c(Q)
βc(Λ)

+ g0 s❡ c(Q)
c(Λ)

< β
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❡♠ q✉❡ ♦ ✐♥❞❡①❛❞♦r Q é ❣❡♥❡r❛❧✐③❛❞♦ ❡ ❡①♣r❡ss♦ ♣♦r

Q = {t : ❨t ∈ Pi, t ∈ Λ}. ✭✹✳✸✺✮
❡♠ q✉❡ Pi ∈ C, i = 1, 2, ..., n✳ ❖❜s❡r✈❛✲s❡ q✉❡ Q é ♦ ❝♦♥❥✉♥t♦ ❞❡ t♦❞♦s ♦s í♥❞✐❝❡s t q✉❛♥❞♦ ❨t

♥ã♦ ❡stá ❡♠ ♥❡♥❤✉♠ ❞♦s Pi ∈ C✳
❋✐♥❛❧♠❡♥t❡✱ ❛ ♦t✐♠✐③❛çã♦ ♣♦❞❡ s❡r ❞❛❞❛ ❛ ♣❛rt✐r ❞❛ ❢♦r♠✉❧❛çã♦ ❛❜❛✐①♦✳

Max ♣
i,δ

f(C). ✭✹✳✸✻✮

✹✳✺✳✻ ❊s❝♦❧❤❛ ❞♦s ❝❧✉st❡rs ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ❝❡♥tr♦s ❞❛s r❡❞❡s ❘❇❋

❆ ❡s❝♦❧❤❛ ❞♦s ❝❧✉st❡rs ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ❝❡♥tr♦s ❞❛s r❡❞❡s ❘❇❋ é ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❣❛r❛♥t✐r
❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s ♣♦r ♠❡✐♦ ❞❡st❡ t✐♣♦ ❞❡ r❡❞❡ ♥❡✉r❛❧✳ ◆❡st❛ s❡çã♦✱ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s
❝❧✉st❡rs s❡rá ✐❧✉str❛❞❛ ✈✐❛ ❛❧❣♦r✐t♠♦ ❦✲♠❡❛♥s ❡ ❛❧❣♦r✐t♠♦ ❊▼ ✭❡①♣❡❝t❛t✐♦♥ ♠❛①✐♠✐③❛t✐♦♥✮✳ ❊st❡s
♠ét♦❞♦s tê♠ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ❧♦❝❛❧✐❞❛❞❡ ❣❡♦♠étr✐❝❛✳

◆♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♠ét♦❞♦s ❞❡ ✐❞❡♥t✐✜❝❛r ❝❧✉st❡rs ❜❛s❡❛❞♦s ♥♦ P❈❆
❡ ♥♦ ❛❧❣♦r✐t♠♦ ❆❘■❆✱ ❝♦♠ ♦ ❢♦❝♦ ♥❛ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ✈✐❛ r❡❞❡s ❘❇❋✳ ❖s ❝❡♥tr♦s
♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ♥ã♦ t❡♠ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ❧♦❝❛❧✐❞❛❞❡
❣❡♦♠étr✐❝❛✳ ❖ ❛❥✉st❡ ❞♦s ❝❡♥tr♦s ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ ♣♦r ♠❡✐♦ ❞♦ P❈❆ t❡♠ ❝♦♠♦ ♣r✐♠❡✐r♦
♣❛ss♦ ❝❛❧❝✉❧❛r ❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❝❛♣t❛r ❛ ❞✐♥â♠✐❝❛ t❡♠♣♦r❛❧ ❞♦ ♣r♦❝❡ss♦
❛ss♦❝✐❛❞♦ à sér✐❡✳

❖ ❛❧❣♦r✐t♠♦ ❆❘■❆ ✭❆❞❛♣t✐✈❡ ❘❛❞✐✉s ■♠♠✉♥❡ ❆❧❣♦r✐t♠✮ ❬❇❊❩❊❘❘❆ ❡t ❛❧✳✱ ✷✵✵✹❪ t❡♠ ❛
❝❛r❛❝t❡ríst✐❝❛ ❞❡ ❧♦❝❛❧✐❞❛❞❡ ❣❡♦♠étr✐❝❛✱ ♠❛s ♣❡r♠✐t❡ ✉♠❛ ✈✐sã♦ ❣❡r❛❧ ♠❛✐s ❝♦♠♣❧❡t❛ ❡ ♠❡❧❤♦r
❞♦s ❞❛❞♦s ♣♦rq✉❡ ♣r❡s❡r✈❛ ❛ ❞❡♥s✐❞❛❞❡ ❞♦s ♠❡s♠♦s✳ ❆ ♠❛✐♦r✐❛ ❞♦s ♠ét♦❞♦s ❞❡ ❝❧✉st❡r✐③❛çã♦
♥ã♦ ❛✈❛❧✐❛ ❛s ❞❡♥s✐❞❛❞❡s ❧♦❝❛✐s ❞♦s ❞❛❞♦s✳ P♦r ❡①❡♠♣❧♦✱ ♦s ❛❧❣♦r✐t♠♦s ❙❖▼ ✭❙❡❧❢✲❖r❣❛♥✐③✐♥❣
▼❛♣s✮✱ ❛♣r❡s❡♥t❛❞♦s ❡♠ ❬❑❖❍❖◆❊◆✱ ✶✾✽✽❪✱ ❡ ♦ ❛✐◆❡t ❛♣r❡s❡♥t❛❞♦ ❡♠ ❉❊ ❈❆❙❚❘❖ ❡ ❱❖◆
❩❯❇❊◆ ✭✷✵✵✶✮ ❡stã♦ ♥❡st❛ ❝❛t❡❣♦r✐❛✳ ❊st❡ ♣r♦❜❧❡♠❛ s❡rá ❛♥❛❧✐s❛❞♦ ❝♦♠ ♠❛✐♦r ♣r♦❢✉♥❞✐❞❛❞❡
♥♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✳

❆s ❋✐❣✉r❛s ✹✳✼ ❡ ✹✳✽ ❛♣r❡s❡♥t❛♠ r❡s♣❡❝t✐✈❛♠❡♥t❡ ♦s ❝❧✉st❡rs ❞♦s ❞❛❞♦s ❜r✉t♦s ❡ ❞❛s ♣r✐♠❡✐r❛s
❞✐❢❡r❡♥ç❛s ❞♦ t❡rr❡♠♦t♦ ◆✐sq✉❛❧❧②✱ ❡st❛çã♦ ❞❡ ❖❧②♠♣✐❛✱ ❲❆✱ ❯❙❆✱ ❡♠ ✷✽ ❞❡ ❢❡✈❡r❡✐r♦ ❞❡ ✷✵✵✶✱
❡st✐♠❛❞♦s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❦✲♠❡❛♥s ❡ ❊▼ ✳
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❋✐❣✳ ✹✳✼✿ ❈❧✉st❡rs ❡st✐♠❛❞♦s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❦✲♠❡❛♥s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❞♦s ❞❛❞♦s ❜r✉t♦s ❡ ❞❛s
♣r✐♠❡✐r❛s ❞✐❢❡r❡♥ç❛s ❞♦ t❡rr❡♠♦t♦ ◆✐sq✉❛❧❧②✱ ❡st❛çã♦ ❞❡ ❖❧②♠♣✐❛✱ ❲❆✱ ❯❙❆✱ ❡♠ ✷✽ ❞❡ ❢❡✈❡r❡✐r♦
❞❡ ✷✵✵✶

❋✐❣✳ ✹✳✽✿ ❈❧✉st❡rs ❡st✐♠❛❞♦s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❊▼✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❞♦s ❞❛❞♦s ❜r✉t♦s ❡ ❞❛s ♣r✐✲
♠❡✐r❛s ❞✐❢❡r❡♥ç❛s ❞♦ t❡rr❡♠♦t♦ ◆✐sq✉❛❧❧②✱ ❡st❛çã♦ ❞❡ ❖❧②♠♣✐❛✱ ❲❆✱ ❯❙❆✱ ❡♠ ✷✽ ❞❡ ❢❡✈❡r❡✐r♦
❞❡ ✷✵✵✶

❆s ❋✐❣✉r❛s ✹✳✾ ❡ ✹✳✶✵ ❛♣r❡s❡♥t❛♠ ♦s ❝❧✉st❡rs✱ ❡st✐♠❛❞♦s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❦✲♠❡❛♥s ❡ ❊▼✱
r❡s♣❡❝t✐✈❛♠❡♥t❡ ❞♦s ❞❛❞♦s ❜r✉t♦s ❡ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ♣❛r❛ ♦ ♣❡rí♦❞♦
❞❡ ✷✷ ❞❡ ♠❛rç♦ ❞❡ ✷✵✵✷ ❛ ✵✸ ❞❡ ♠❛✐♦ ❞❡ ✷✵✵✹✳
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❋✐❣✳ ✹✳✾✿ ❈❧✉st❡rs ❡st✐♠❛❞♦s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❦✲♠❡❛♥s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❞♦s ❞❛❞♦s ❜r✉t♦s ❡ ❞♦s
r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ❡♠ r❡❧❛çã♦ ❛♦ ❞ó❧❛r ❛♠❡r✐❝❛♥♦ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✷✷ ❞❡
♠❛rç♦ ❞❡ ✷✵✵✷ ❛ ✵✸ ❞❡ ♠❛✐♦ ❞❡ ✷✵✵✹

❋✐❣✳ ✹✳✶✵✿ ❈❧✉st❡rs ❡st✐♠❛❞♦s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❊▼✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❞♦s ❞❛❞♦s ❜r✉t♦s ❡ ❞♦s
r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ❡♠ r❡❧❛çã♦ ❛♦ ❞ó❧❛r ❛♠❡r✐❝❛♥♦ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✷✷ ❞❡
♠❛rç♦ ❞❡ ✷✵✵✷ ❛ ✵✸ ❞❡ ♠❛✐♦ ❞❡ ✷✵✵✹

❖s ❣rá✜❝♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❛ s❡çã♦ ✐❧✉str❛♠ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ❧♦❝❛❧✐❞❛❞❡ ❣❡♦♠étr✐❝❛ ♥❛
✐❞❡♥t✐✜❝❛çã♦ ❞♦s ❝❧✉st❡rs ✈✐❛ ❛❧❣♦r✐t♠♦ ❦✲♠❡❛♥s ❡ ❛❧❣♦r✐t♠♦ ❊▼ ✭❡①♣❡❝t❛t✐♦♥ ♠❛①✐♠✐③❛t✐♦♥✮✳
❊st❡s ♠ét♦❞♦s ♥ã♦ ✐❞❡♥t✐✜❝❛♠ ♦s ♠♦❞♦s ❞✐♥â♠✐❝♦s ❞♦ ♣r♦❝❡ss♦ ❛ss♦❝✐❛❞♦ à sér✐❡ ❡ ♥ã♦ ❛✈❛❧✐❛♠
❛s ❞❡♥s✐❞❛❞❡s ❧♦❝❛✐s ❞♦s ❞❛❞♦s✱ ❧♦❣♦ ♥ã♦ ♣❡r♠✐t❡♠ ✉♠❛ ✈✐sã♦ ❣❡r❛❧ ♠❛✐s ❝♦♠♣❧❡t❛ ❡ ♠❡❧❤♦r
❞♦s ❞❛❞♦s✳ ❆ss✐♠✱ ❛ ❡s❝♦❧❤❛ ❞♦s ❝❧✉st❡rs ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ❝❡♥tr♦s ❞❛s r❡❞❡s ❘❇❋ ♣♦r ♠❡✐♦
❞❡st❡s ♠ét♦❞♦s ♣♦❞❡ ❝♦♠♣r♦♠❡t❡r ❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s ✈✐❛ r❡❞❡s ❘❇❋✳

◆♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦ s❡rá ❛♣r❡s❡♥t❛❞♦ ✉♠ ♠ét♦❞♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ q✉❡ ❛✈❛❧✐❛ ❛s ❞❡♥s✐❞❛❞❡s
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❧♦❝❛✐s ❞♦s ❞❛❞♦s ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ❝❡♥tr♦s ❞❡ ❛❧❣✉♠❛s ❞❛s r❡❞❡s t✐♣♦ ❘❇❋ ✉t✐❧✐③❛❞❛s ♥❛s
♣r❡✈✐sõ❡s ❞❛s sér✐❡s t❡♠♣♦r❛✐s q✉❡ s❡rã♦ ❛♥❛❧✐s❛❞❛s ♥❡st❡ tr❛❜❛❧❤♦✳ ❋✐♥❛❧♠❡♥t❡✱ ♦s r❡s✉❧t❛❞♦s
♦❜t✐❞♦s ♥❛s ♣r❡✈✐sõ❡s ❞❡ sér✐❡s t❡♠♣♦r❛✐s ♣♦r ♠❡✐♦ ❞❡ r❡❞❡s ❘❇❋✱ ❝♦♠ ❝❡♥tr♦s ❞❡t❡r♠✐♥❛❞♦s
✈✐❛ ♠ét♦❞♦s ❞❡ ❝❧✉st❡r✐③❛çã♦✱ ♣♦❞❡♠ s✐♥❛❧✐③❛r s❡ ❡①✐st❡♠ ♦✉ ♥ã♦ ❝❧✉st❡rs ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s
❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ♣r❡❞✐t✐✈❛✳



❈❛♣ít✉❧♦ ✺

Pr❡✈✐sã♦ ❞❡ ❙ér✐❡s ♥♦ ❚❡♠♣♦ ✈✐❛ ❘❡❞❡s

❘❇❋

✺✳✶ ■♥tr♦❞✉çã♦
❆ ✐♥❝♦r♣♦r❛çã♦ ❞♦ t❡♠♣♦ ♥❛ ❡str✉t✉r❛ ❞❡ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ ❛rt✐✜❝✐❛❧ ✭❘◆❆✮ é ❝♦♥❞✐çã♦

♥❡❝❡ssár✐❛ ♣❛r❛ ❝❛♣❛❝✐tá✲❧❛ ❛ ❢❛③❡r ♣r❡✈✐sõ❡s ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳ ❆ ♠❡♠ór✐❛ t❡♠ ♦ ♣❛♣❡❧
✐♠♣♦rt❛♥t❡ ❞❡ tr❛♥s❢♦r♠❛r ✉♠❛ r❡❞❡ ❡stát✐❝❛ ❡♠ ❞✐♥â♠✐❝❛✱ ♦✉ s❡❥❛✱ ✉♠❛ r❡❞❡ t✐♣♦ ♣❡r❝❡♣tr♦♥
♠✉❧t✐✲❝❛♠❛❞❛s ✭P▼❈✮ ❡stát✐❝❛ ♣♦❞❡ ✐♥❝♦r♣♦r❛r ♠❡♠ór✐❛ ✭♦ t❡♠♣♦✮ ❡♠ s✉❛ ❡str✉t✉r❛ ♣♦r ♠❡✐♦
❞❡ ❞❡❢❛s❛❣❡♥s ♥♦ t❡♠♣♦✳ ◆❡st❡ ❝❛s♦✱ ❡①✐st❡ ✉♠❛ s❡♣❛r❛çã♦ ❝❧❛r❛ ❞❡ ❢✉♥çõ❡s ❡♠ q✉❡ ❛ P▼❈
✐♥❝♦r♣♦r❛ ❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❡ ❛ ♠❡♠ór✐❛ é r❡s♣♦♥sá✈❡❧ ♣❡❧♦ t❡♠♣♦✳

❆s ❝❧❛ss❡s ❞❡ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s ✭❘◆❆✮ ♠❛✐s ✉t✐❧✐③❛❞❛s ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ♠♦❞❡❧♦s ❞❡
♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❢♦r❛♠✿ ❛s r❡❞❡s ❛❧✐♠❡♥t❛❞❛s ❛❞✐❛♥t❡ ❛tr❛s❛❞❛s ♥♦ t❡♠♣♦ ✭❢♦❝❛✲
❞❛s ❡ ❞✐str✐❜✉í❞❛s✮ ❡ ❛s r❡❞❡s r❡❝♦rr❡♥t❡s ❝♦♠ ✉♠ ♦✉ ♠❛✐s ❧❛ç♦s ❞❡ r❡❛❧✐♠❡♥t❛çã♦ ❡①t❡r♥♦s ♦✉
✐♥t❡r♥♦s ✭❏♦r❞❛♥ ❡ ❊❧♠❛♥✮✳ ❆s P▼❈s ❢♦❝❛❞❛s sã♦ ❛❞❡q✉❛❞❛s s♦♠❡♥t❡ ♣❛r❛ ♣r♦❝❡ss♦s ❡st❛✲
❝✐♦♥ár✐♦s✳ ❆s ❞✐str✐❜✉í❞❛s ❡ ♦ ♣❡r❝❡♣tr♦♥ ❞❡ ♠ú❧t✐♣❧❛s ❝❛♠❛❞❛s r❡❝♦rr❡♥t❡ ♣♦❞❡♠ ❧✐❞❛r ❝♦♠
♣r♦❝❡ss♦s ♥ã♦ ❡st❛❝✐♦♥ár✐♦s✳ ❊♥tr❡t❛♥t♦✱ s❡ ♦ tr❡✐♥❛♠❡♥t♦ ❢♦r ❢❡✐t♦ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❜❛❝❦♣r♦♣❛❣❛✲
t✐♦♥ ♣♦❞❡ ❛♣r❡s❡♥t❛r ❞✐✜❝✉❧❞❛❞❡s tí♣✐❝❛s ❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ♦t✐♠✐③❛çã♦ ❜❛s❡❛❞♦s ❡♠ ❣r❛❞✐❡♥t❡✳
❊st❛s ❞✐✜❝✉❧❞❛❞❡s ♣♦❞❡♠ s❡r ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❝♦♥✈❡r❣ê♥❝✐❛ ♦✉ s✉s❝❡♣t✐❜✐❧✐❞❛❞❡ ❛ ♠í♥✐♠♦s ❧♦✲
❝❛✐s✱ ❛✉♠❡♥t❛♥❞♦ ♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡ ❞✐♠✐♥✉✐♥❞♦ ❛ ✐♥t❡r♣r❡t❛❜✐❧✐❞❛❞❡ ❡ ❛ tr❛♥s♣❛rê♥❝✐❛✳
❆s r❡❞❡s r❡❝♦rr❡♥t❡s t❛♠❜é♠ ♣♦❞❡♠ ❛♣r❡s❡♥t❛r ♣r♦❜❧❡♠❛s ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ♦✉ ❞❡ ❡①t✐♥çã♦ ❞❡
❣r❛❞✐❡♥t❡✳

◆❡st❛ t❡s❡✱ ✉t✐❧✐③❛✲s❡ ❛ ❝❧❛ss❡ ❞❛s r❡❞❡s ❘❇❋ ✭❘❛❞✐❛❧ ❇❛s✐s ❋✉♥❝t✐♦♥✮ ❝♦♠ r❡❣✉❧❛r✐③❛çã♦ ❡
❝❡♥tr♦s ❞❡t❡r♠✐♥❛❞♦s ✈✐❛ P❈❆ ❛ss♦❝✐❛❞❛ ❛ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ♣r❡✈✐sã♦ ✐♥t❡❧✐❣❡♥t❡ ❞✐♥â♠✐❝❛ ✭❏P■❉✮
q✉❡ ✐♥❝♦r♣♦r❛ ♦ t❡♠♣♦ ✭❞✐♥â♠✐❝❛ ❞♦ ♣r♦❝❡ss♦✮ ♥❛ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳ ❊st❛ ❥❛♥❡❧❛ ❞❡
♣r❡✈✐sã♦ é ✐♥✐❝✐❛❧♠❡♥t❡ ✐❞❡♥t✐✜❝❛❞❛ ♣♦r ♠❡✐♦ ❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❡ ♦ s❡✉ ❛❥✉st❡ ✜♥❛❧ é ✈✐❛
❘◆❆✳ ■♠♣❧❡♠❡♥t❛✲s❡ t❛♠❜é♠ ✉♠❛ r❡❞❡ ❘❇❋ ❝♦♠ ❝❡♥tr♦s ❞❡t❡r♠✐♥❛❞♦s ✈✐❛ ❛❧❣♦r✐t♠♦ ❆❘■❆
❡♠ q✉❡ ❝❧✉st❡rs ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s ♠✉❧t✐✈❛r✐❛❞♦s ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ♣r❡❞✐t✐✈❛ sã♦ ✐❞❡♥t✐✜❝❛❞♦s
❛ ♣❛rt✐r ❞❡ t♦❞♦s ♦s ❞❛❞♦s ❞✐s♣♦♥í✈❡✐s✱ t❡♥❞♦ ✉♠ ❝❛rát❡r ♠❛✐s ♣r♦❜❛❜✐❧íst✐❝♦✳

❆ ❝❧❛ss❡ ❞❛s r❡❞❡s ❘❇❋ t❡♠ ♦r✐❣❡♠ ♥♦ t❡♦r❡♠❛ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬▼■❈❈❍❊▲▲■✱ ✶✾✽✻❪✱ ♣r♦✲
♣♦♥❞♦ q✉❡ ♦ ú♥✐❝♦ ♣ré✲r❡q✉✐s✐t♦ ♣❛r❛ ❛ ✐♥✈❡rsã♦ ❞❡ ✉♠❛ ♠❛tr✐③ ❞❡ r❡❣r❡ssã♦ ❣❡r❛❞❛ ♣♦r ❢✉♥çõ❡s
❞❡ ❜❛s❡ r❛❞✐❛❧ s❡r✐❛ q✉❡ ❛s N ❛♠♦str❛s ❢♦ss❡♠ ❞✐st✐♥t❛s✳ ❆ r❡❢❡rê♥❝✐❛ ❬P❖❲❊▲▲✱ ✶✾✽✺❪ ❢♦✐

✼✼



❈❆P❮❚❯▲❖ ✺✳ P❘❊❱■❙➹❖ ❉❊ ❙➱❘■❊❙ ◆❖ ❚❊▼P❖ ❱■❆ ❘❊❉❊❙ ❘❇❋ ✼✽

q✉❡♠ ♣r✐♠❡✐r❛♠❡♥t❡ s✉❣❡r✐✉ ❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ ♣❛r❛ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❞❡ ✐♥t❡r♣♦❧❛✲
çã♦ ♠✉❧t✐✈❛r✐❛❞❛ ❡♠ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ❝❡♥tr♦s ❡r❛ ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s✳ ❖ ❛rt✐❣♦
❞❡ ❬❇❘❖❖▼❍❊❆❉ ❛♥❞ ▲❖❲❊✱ ✶✾✽✽❪ q✉❡st✐♦♥♦✉ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❣❡♥❡r❛❧✐③❛çã♦ ❞❛ ❡str❛té❣✐❛
❛♥t❡r✐♦r ❡ ❝r✐❛r❛♠ ❛s r❡❞❡s ♥❡✉r❛✐s t✐♣♦ ❘❇❋ ❡♠ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ❝❡♥tr♦s ❡r❛ ♠❡♥♦r ❞♦ q✉❡
♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s✳ ❏á ♦ tr❛❜❛❧❤♦ ❞❡ ❬▼❖❖❉❨ ❛♥❞ ❉❆❘❑❊◆✱ ✶✾✾✶❪ ❝♦♥tr✐❜✉✐✉ ♣❛r❛ ❛
❞❡t❡r♠✐♥❛çã♦ ❞♦s ❝❡♥tr♦s ❞❛s r❡❞❡s ❘❇❋ ❡ ♣❛r❛ ❛ ❡✈♦❧✉çã♦ ❞❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❛❥✉st❡
❞❡ ❝✉r✈❛s✳ ❉❡st❛❝❛✲s❡ t❛♠❜é♠ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞♦ tr❛❜❛❧❤♦ ❞❡ ❬P❖●●■❖ ❛♥❞ ●■❘❖❙■✱ ✶✾✾✵❛❪
♥❛ ❛♣r♦①✐♠❛çã♦ ✈✐❛ r❡❣✉❧❛r✐③❛çã♦ ❞❡ ♠❛♣❡❛♠❡♥t♦s ♠❛❧✲❢♦r♠✉❧❛❞♦s✳

❖ ❞❡s❡♠♣❡♥❤♦ ❞❡ ✉♠❛ r❡❞❡ ❘❇❋ ❞❡♣❡♥❞❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❛ ❡s❝♦❧❤❛ ❞♦ ♥ú♠❡r♦ ❞❡ ❢✉♥çõ❡s
❞❡ ❜❛s❡ ❡ ❞❛s r❡s♣❡❝t✐✈❛s ♣♦s✐çõ❡s ❞♦s ❝❡♥tr♦s✳ ❖ ♣r♦❝❡❞✐♠❡♥t♦ ♠❛✐s s✐♠♣❧❡s ♣❛r❛ ♦ tr❡✐♥❛♠❡♥t♦
❞❛ r❡❞❡ é ❛ss✉♠✐r q✉❡ ❛s ❢✉♥çõ❡s ❞❡ ❛t✐✈❛çã♦ tê♠ ❝❡♥tr♦s ✜①♦s ❡ ❡♠ s❡❣✉✐❞❛ ❛♣❧✐❝❛r ✉♠❛
r❡❣r❡ssã♦ ❧✐♥❡❛r ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ♣❡s♦s ❞❛ ❝❛♠❛❞❛ ❞❡ s❛í❞❛✳ ❊st❛ ❡str❛té❣✐❛ ❣❡r❛❧♠❡♥t❡
♥ã♦ ♣♦ss✐❜✐❧✐t❛ ✉♠❛ ❜♦❛ ❣❡♥❡r❛❧✐③❛çã♦✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ♣❛r❛ ❝♦♥t♦r♥❛r ❡st❡ ♣r♦❜❧❡♠❛✱ ❢♦r❛♠
✉t✐❧✐③❛❞♦s ♦s s❡❣✉✐♥t❡s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ❝❡♥tr♦s✿ P❈❆ ❡ ❆❘■❆✳ ❖ ❛❧❣♦r✐t♠♦ ❆❘■❆
✭❆❞❛♣t✐✈❡ ❘❛❞✐✉s ■♠♠✉♥❡ ❆❧❣♦r✐t❤♠✮ ❛✈❛❧✐❛ ✭♣r❡s❡r✈❛✮ ❛ ❞❡♥s✐❞❛❞❡ ❞♦s ❝❧✉st❡rs ❡ t❡♠ ❝❛rát❡r
♠❛✐s ❡st♦❝ást✐❝♦✳ ❖ ❛❧❣♦r✐t♠♦ ❜❛s❡❛❞♦ ❡♠ P❈❆✱ ❝♦♠ ❛ ✈❛r✐â♥❝✐❛ ❝♦♥tr♦❧❛❞❛ ♣♦r ♠❡✐♦ ❞❡
✉♠ ❢❛t♦r ❛❞❛♣t❛t✐✈♦✱ ♣❛r❛ ✉♠❛ ❢✉♥çã♦ ❞❡ ❜❛s❡ t✐♣♦ s♣❧✐♥❡ ✜♥❛✱ ♣r❡s❡r✈❛ ♦s ♠♦❞♦s ❞✐♥â♠✐❝♦s
✭❛✉t♦✈❛❧♦r❡s ❡ ❛✉t♦✈❡t♦r❡s✮ ❡ t❡♠ ❝❛r❛❝t❡r ♠❛✐s ❞❡t❡r♠✐♥✐st❛✳

❊st❡ ❝❛♣ít✉❧♦ t❡♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❛♣r❡s❡♥t❛r ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❢❛③❡r ♣r❡✈✐sõ❡s ❞❡ ❝✉rt♦
♣r❛③♦ ✭✉♠ ♣❛ss♦ ❛❞✐❛♥t❡✮ ❞❡ s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s ❡ ♥ã♦ ❡st❛❝✐♦♥ár✐♦s ♣♦r ♠❡✐♦ ❞❡ r❡❞❡s ❘❇❋✳
❖ ❝❛♣ít✉❧♦ ❢♦✐ ♦r❣❛♥✐③❛❞♦ ❝♦♠♦ s❡❣✉❡✿ ♥❛ ❙❡çã♦ ✺✳✷ ❛❜♦r❞❛✲s❡ ♦ ❛♣r❡♥❞✐③❛❞♦ ❝♦♠♦ ❛♣r♦①✐♠❛çã♦
❛ ♣❛rt✐r ❞❡ ❡①❡♠♣❧♦s❀ ♥❛ ❙❡çã♦ ✺✳✸ ❢❛③✲s❡ ✉♠❛ ✐♥tr♦❞✉çã♦ às r❡❞❡s ❘❇❋ ❡①❛t❛s ❡ ❣❡♥❡r❛❧✐③❛❞❛s❀
♥❛ ❙❡çã♦ ✺✳✹ ♣r♦♣õ❡✲s❡ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ♣r❡✈✐sã♦ ❞❡ sér✐❡s ♥♦ t❡♠♣♦ ♣♦r ♠❡✐♦ ❞❡ r❡❞❡s
♥❡✉r❛✐s ❘❇❋ r❡❣✉❧❛r✐③❛❞❛s ♣♦r ♠❡✐♦ ❞❛ ❢✉♥çã♦ s♣❧✐♥❡ ✜♥❛✱ ❝♦♠ ♦s ❝❡♥tr♦s ❛❥✉st❛❞♦s ✈✐❛ P❈❆ ❡
♦ ❡s♣❛❧❤❛♠❡♥t♦ ✭✈❛r✐â♥❝✐❛✮ é ❝♦♥tr♦❧❛❞♦ ♣♦r ♠❡✐♦ ❞❡ ✉♠ ❢❛t♦r ❛❞❛♣t❛t✐✈♦ ♣r♦♣♦st♦❀ ✉t✐❧✐③❛✲s❡
t❛♠❜é♠ ✉♠❛ r❡❞❡ ❘❇❋ ❝♦♠ ❝❡♥tr♦s ❛❥✉st❛❞♦s ♣♦r ♠❡✐♦ ❞♦ ❛❧❣♦r✐t♠♦ ❆❘■❆ ✭r❡❞❡s ✐♠✉♥❡s✮❀
♥❛ ❙❡çã♦ ✺✳✺ ❛♣r❡s❡♥t❛✲s❡ ♦s t❡st❡s ❡st❛tíst✐❝♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛✉①✐❧✐❛r ♥♦ tr❡✐♥❛♠❡♥t♦ ❡ ♥❛
❛✈❛❧✐❛çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ♣r❡❞✐t✐✈❛ ❞♦s ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦✳

✺✳✷ ❆♣r❡♥❞✐③❛❞♦ ❝♦♠♦ ❛♣r♦①✐♠❛çã♦ ❛ ♣❛rt✐r ❞❡ ❡①❡♠♣❧♦s
❯♠❛ ✐♥t❡r♣♦❧❛çã♦ ❡str✐t❛ ❝♦♥s✐❞❡r❛ q✉❡ ♦ ❝♦♥❥✉♥t♦D = {f(①i; yi) ∈ ❳,❨}N

i=1 é ✉♠❛ ❛♠♦str❛
❞❡ ✉♠❛ ❢✉♥çã♦ ♠✉❧t✐✈❛r✐❛❞❛ f ✱ q✉❡ ❞❡♣❡♥❞❡ ❞♦ ❡s♣❛ç♦ ❞❡ ❡♥tr❛❞❛s ❡ ❞❡ s❛í❞❛s✱❳ ❡❨✳ ❈♦♥s✐❞❡r❛
t❛♠❜é♠ q✉❡ ❡①✐st❡ ❛❧❣✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❡st❛s ❡♥tr❛❞❛s ❡ ❛s s❛í❞❛s✱ ❡ q✉❡ ♦s ♣❛r❡s (①i; yi) sã♦
❡①❡♠♣❧♦s ♦❜s❡r✈❛❞♦s ❞♦ ♣r♦❝❡ss♦✳ P♦rt❛♥t♦✱ ❡①✐st❡ ✉♠ ♠❛♣❡❛♠❡♥t♦ f : ❳→ ❨ ❝♦♠ ❛ s❡❣✉✐♥t❡
♣r♦♣r✐❡❞❛❞❡✿ f(①i) = yi ❝♦♠ i = 1, ..., N ✳ ❊♥tr❡t❛♥t♦✱ ❡st❛ ❛❜♦r❞❛❣❡♠ ♣♦❞❡ ♥ã♦ s❡r ❛ ♠❛✐s
❛❞❡q✉❛❞❛ ♣❛r❛ ♦ tr❡✐♥❛♠❡♥t♦ ❞❛s r❡❞❡s ❘❇❋ ❥á q✉❡ ❛ ❣❡♥❡r❛❧✐③❛çã♦ ♣♦❞❡ s❡r ♣♦❜r❡ ♣❡❧❛s
s❡❣✉✐♥t❡s r❛③õ❡s✿ q✉❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❞❡ tr❡✐♥❛♠❡♥t♦ é ♠✉✐t♦ ♠❛✐♦r q✉❡ ♦ ♥ú♠❡r♦
❞❡ ❡st❛❞♦s ❞♦ ♣r♦❝❡ss♦ ❢ís✐❝♦ ✐ss♦ t♦r♥❛ ♦ s✐st❡♠❛ ✐♥❞❡t❡r♠✐♥❛❞♦❀ ❛ ❣❡♥❡r❛❧✐③❛çã♦ t❛♠❜é♠ ♣♦❞❡
❞❡❣r❛❞❛r ♣♦rq✉❡ ♦s r✉í❞♦s ♣♦❞❡♠ ❣❡r❛r ✈❛r✐❛çõ❡s ❡♥❣❛♥♦s❛s✳

❆ ❛♣r❡♥❞✐③❛❣❡♠ ❝♦♠♦ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ r❡❝♦♥str✉çã♦ ❞❡ ✉♠❛ ❤✐♣❡rs✉♣❡r❢í❝✐❡ ♠❛❧✲❢♦r♠✉❧❛❞♦
s✉r❣✐✉ ❝♦♠♦ ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ❡st❡ ♣r♦❜❧❡♠❛ ❞❡ ✐♥t❡r♣♦❧❛çã♦✳ ❊♥t❡♥❞❛✲s❡ ❝♦♠♦ ✉♠ ♣r♦❜❧❡♠❛
❜❡♠ ❢♦r♠✉❧❛❞♦ ❛q✉❡❧❡ q✉❡ t❡♠✿ ❡①✐stê♥❝✐❛✱ ✉♥✐❝✐❞❛❞❡ ❡ ❝♦♥t✐♥✉✐❞❛❞❡✳ ❈❛s♦ ❛❧❣✉♠❛ ❞❡st❛s
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❝♦♥❞✐çõ❡s ♥ã♦ s❡❥❛ s❛t✐s❢❡✐t❛✱ ♦ ♣r♦❜❧❡♠❛ s❡rá ♠❛❧✲❢♦r♠✉❧❛❞♦✳ ■♥t✉✐t✐✈❛♠❡♥t❡✱ ♣♦❞❡✲s❡ ❞✐③❡r
q✉❡ ✉♠ ♣r♦❜❧❡♠❛ ♠❛❧✲❢♦r♠✉❧❛❞♦ é ❛q✉❡❧❡ q✉❡✱ ♠❡s♠♦ ♣♦ss✉✐♥❞♦ ✉♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡
❞❛❞♦s✱ ♣♦❞❡ ❝♦♥t❡r ♣♦✉❝❛ ✐♥❢♦r♠❛çã♦ ❛❝❡r❝❛ ❞❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✳

❯♠❛ ❢✉♥çã♦ ♠✉❧t✐✲❞✐♠❡♥s✐♦♥❛❧ ❞❡ ❛♣r♦①✐♠❛çã♦ F (✇;①) ♣♦❞❡ ❛♣r♦①✐♠❛r ✉♠❛ ❢✉♥çã♦ ♠✉❧t✐✲
❞✐♠❡♥s✐♦♥❛❧ ❞❡ ❢♦r♠❛ ❢✉♥❝✐♦♥❛❧ F (①) ❞❡s❝♦♥❤❡❝✐❞❛ ❛ ♣❛rt✐r ❞❡ ❡①❡♠♣❧♦s✱ ♠❡s♠♦ q✉❡ ❡st❡s s❡❥❛♠
❡s♣❛rs♦s ❡ ❝♦♥t❡♥❤❛♠ r✉í❞♦s✳ ❖ ❛♣r❡♥❞✐③❛❞♦ ❝♦♠♦ ❛♣r♦①✐♠❛çã♦ ❛ ♣❛rt✐r ❞❡ ❡①❡♠♣❧♦s ❡s♣❛rs♦s
♣♦❞❡ s❡r ❛❜♦r❞❛❞♦ ❝♦♠♦ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ r❡❝♦♥str✉çã♦ ❞❡ ✉♠❛ ❤✐♣❡rs✉♣❡r❢í❝✐❡✳ P❖●●■❖ ❡
●■❘❖❙■ ✭✶✾✾✵✮ ♦❜s❡r✈❛r❛♠ q✉❡ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❡①❛t❛ ♥ã♦ ❡①✐st❡❀ ❡♥tr❡t❛♥t♦✱ ♣♦❞❡ ❢♦r♥❡❝❡r
✉♠❛ ❛♣r♦①✐♠❛çã♦ r❛③♦❛✈❡❧♠❡♥t❡ ❜♦❛ ❡ ❣❡r❛❧✳

❉♦✐s ♣r♦❜❧❡♠❛s ♣r✐♥❝✐♣❛✐s s✉r❣❡♠ ❞❡❝♦rr❡♥t❡s ❞❡st❛ ❛❜♦r❞❛❣❡♠✿
• ❖ ♣r♦❜❧❡♠❛ ❞❛ r❡♣r❡s❡♥t❛çã♦ q✉❡ ❝♦♥s✐st❡ ❡♠ s❛❜❡r q✉❛❧ ❢✉♥çã♦ F (①) ♣♦❞❡ s❡r ❛♣r♦①✐✲
♠❛❞❛ ❡❢❡t✐✈❛♠❡♥t❡ ♣♦r q✉❛❧ ❢✉♥çã♦ F (✇;①)✳ ❉❡st❡ ♣r♦❜❧❡♠❛ ❞❡❝♦rr❡ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❛
❛♣r♦①✐♠❛çã♦ ✭♥ú♠❡r♦ ❞❡ t❡r♠♦s✱ ❡s❝♦❧❤❛ ❞❛s ❡s❝❛❧❛s ❡ ❛❧t❛s ❞✐♠❡♥sõ❡s✮✳

• ❖ ♣r♦❜❧❡♠❛ ❞❛ ❡s❝♦❧❤❛ ❞♦ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❡♥❝♦♥tr❛r ♦s ✈❛❧♦r❡s ót✐♠♦s ❞♦s ♣❛râ♠❡tr♦s ✇
♣❛r❛ ✉♠❛ ❞❛❞❛ ❡s❝♦❧❤❛ ❞❡ F (✇;①)✳

❊st❡s ♣r♦❜❧❡♠❛s ♣♦❞❡♠ ❧❡✈❛r ❛ ✉♠❛ ❢✉♥çã♦ ❞❡ ❛♣r♦①✐♠❛çã♦ F (✇;①) ❝♦♠ r❡♣r❡s❡♥t❛çã♦
♣♦❜r❡ ❞❡ F (①)✱ ♠❡s♠♦ q✉❡ ♦s ♣❛râ♠❡tr♦s ✇ s❡❥❛♠ ♦t✐♠✐③❛❞♦s✳ ❆s s♦❧✉çõ❡s sã♦ ❣❡r❛❧♠❡♥t❡
s✉❜✲ót✐♠❛s✳ ❊♠ ♣❛rt✐❝✉❧❛r✱ ❥á q✉❡ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❛♣r♦①✐♠❛r ✉♠❛ s✉♣❡r❢í❝✐❡ ❛ ❞❛❞♦s ❡s♣❛rs♦s é
♠❛❧✲❢♦r♠✉❧❛❞♦✱ ❛ r❡❣✉❧❛r✐③❛çã♦ ♣♦❞❡ s❡r ✉♠❛ ❛❜♦r❞❛❣❡♠ ✐♥❞✐❝❛❞❛✳ ❆ t❡♦r✐❛ ❞❛ r❡❣✉❧❛r✐③❛çã♦
❧❡✈❛ ♥❛t✉r❛❧♠❡♥t❡ à ❢♦r♠✉❧❛çã♦ ❞♦ ♣r✐♥❝í♣✐♦ ❞♦ ✈❛r✐❛❝✐♦♥❛❧✱ ❛ ♣❛rt✐r ❞♦ q✉❛❧ é ♣♦ssí✈❡❧ ❞❡r✐✈❛r
✉♠ ❡sq✉❡♠❛ ❞❡ ❛♣r♦①✐♠❛çã♦ ❜❡♠ ❝♦♥❤❡❝✐❞♦✱ ❝♦♠♦ ♦ r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧
q✉❡ ❣❡r❛❧♠❡♥t❡ sã♦ ❛♣r♦♣r✐❛❞❛s ♣❛r❛ ♦ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ♠áq✉✐♥❛✳

❖ ❛♣r❡♥❞✐③❛❞♦✱ ♦✉ ❣❡♥❡r❛❧✐③❛çã♦✱ s✐❣♥✐✜❝❛ q✉❡ ♦ ♠♦❞❡❧♦ é ❝❛♣❛③ ❞❡ ❡st✐♠❛r ❛ ❢✉♥çã♦ ♥♦s
♣♦♥t♦s ❞♦ s❡✉ ❞♦♠í♥✐♦ ❳ ❡♠ q✉❡ ♥ã♦ s❡ t❡♠ ❞❛❞♦s ❞✐s♣♦♥í✈❡✐s✳ ■st♦ s✐❣♥✐✜❝❛ ❡st✐♠❛r ❛ ❢✉♥çã♦
f ❡♥tr❡ ♦s ❞❛❞♦s ❡s♣❛rs♦s✳ P♦rt❛♥t♦✱ ❛ ♣❛rt✐r ❞❡st❡ ♣♦♥t♦ ❞❡ ✈✐st❛✱ ♦ ♣r♦❜❧❡♠❛ ❞♦ ❛♣r❡♥❞✐③❛❞♦
é ❡q✉✐✈❛❧❡♥t❡ ❛♦ ❞❛ r❡❝♦♥str✉çã♦ ❞❡ ✉♠❛ ❤✐♣❡rs✉♣❡r❢í❝✐❡ s✉❛✈✐③❛❞❛✳ ❆ ❣❡♥❡r❛❧✐③❛çã♦ ♥ã♦ é
♣♦ssí✈❡❧ s❡♠ s✉❛✈✐③❛çã♦✳ ❉❡ss❛ ❢♦r♠❛✱ s❡ ♦ ♠❛♣❡❛♠❡♥t♦ ❢♦r t♦t❛❧♠❡♥t❡ r❛♥❞ô♠✐❝♦ ♥ã♦ ❡①✐st✐rá
❣❡♥❡r❛❧✐③❛çã♦✳

❯♠ ❢❡♥ô♠❡♥♦ ❢ís✐❝♦ q✉❡ ❣❡r❛ ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ✭♣♦r ❡①❡♠♣❧♦✱ ✈♦③✱ ❛❜❛❧♦ sís♠✐❝♦✮ é ✉♠
♣r♦❜❧❡♠❛ ❞✐r❡t♦ ❜❡♠✲❢♦r♠✉❧❛❞♦✳ ❊♥tr❡t❛♥t♦✱ ❛♣r❡♥❞❡r ❛ ♣❛rt✐r ❞❡st❡s ❞❛❞♦s✱ ✉♠ ♣r♦❜❧❡♠❛ ❞❡
r❡❝♦♥str✉çã♦ ❞❡ ✉♠❛ ❤✐♣❡rs✉♣❡r❢í❝✐❡✱ ❣❡r❛❧♠❡♥t❡ é ✉♠ ♣r♦❜❧❡♠❛ ✐♥✈❡rs♦ ♠❛❧✲❢♦r♠✉❧❛❞♦ ❥á q✉❡
❛s ❝♦♥❞✐çõ❡s ❞❡ ❡①✐stê♥❝✐❛✱ ✉♥✐❝✐❞❛❞❡ ❡ ❝♦♥t✐♥✉✐❞❛❞❡✱ ❡♠ ❝♦♥❥✉♥t♦ ♦✉ ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡✱ ♣♦❞❡♠
s❡r ✈✐♦❧❛❞❛s✳ ◆ã♦ ❤á ❝♦♠♦ s✉♣❡r❛r ❡st❡ ♣r♦❜❧❡♠❛ s❡ ♥ã♦ ❤♦✉✈❡r ❛❧❣✉♠❛ ✐♥❢♦r♠❛çã♦ ❛ ♣r✐♦r✐
s♦❜r❡ ♦ ♠❛♣❡❛♠❡♥t♦ ❡♥tr❛❞❛✲s❛í❞❛✱ ♦✉ s❡❥❛✱ ♥ã♦ ❡①✐st❡ tr✉q✉❡ ♠❛t❡♠át✐❝♦ q✉❡ ❝♦♥t♦r♥❡ ❛ ❢❛❧t❛
❞❡ ✐♥❢♦r♠❛çã♦✳

◆♦ ❝❛s♦ ❞❡ ♣r♦❝❡ss♦s q✉❡ ❣❡r❛♠ sér✐❡s ♥♦ t❡♠♣♦✱ ♥❛ ♣rát✐❝❛✱ ♣r✐♠❡✐r❛♠❡♥t❡ ♦❜s❡r✈❛✲s❡ ✉♠❛
r❡❛❧✐③❛çã♦ ❞♦ ♣r♦❝❡ss♦ ❡✱ ❛ ♣❛rt✐r ❞❡❧❛✱ ❢❛③✲s❡ ❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❞❛ ❢♦r♠❛

❨t = {②(t),②(t+ L),②(t+ 2L), ...,②(t+ (M − 1)L)}
❡♠ q✉❡ ▼ é ❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ✭❡♠❜❡❞❞✐♥❣✮ ❡ ▲ é ♦ ❧❛❣✱ ❝♦♠♦ ❥á ✈✐st♦ ♥♦ ❈❛♣ít✉❧♦ ✹✳
❚❆❑❊◆❙ ✭✶✾✽✶✮ ♣r♦♣ôs q✉❡ ❡st❛ r❡♣r❡s❡♥t❛çã♦ ♣r❡s❡r✈❛ ❛s ♣r♦♣r✐❡❞❛❞❡s t♦♣♦❧ó❣✐❝❛s ❞♦ ❛tr❛t♦r✳
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❊♥tr❡t❛♥t♦✱ ❡♠ ❬❇❘❖❖▼❍❊❆❉ ❛♥❞ ❑■◆●✱ ✶✾✽✺❪ ❢♦✐ ♦❜s❡r✈❛❞♦ q✉❡ ❡st❛ ♥ã♦ é ❛ ú♥✐❝❛ té❝♥✐❝❛
q✉❡ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ♣❛r❛ r❡♣r❡s❡♥t❛r ♦ ❡st❛❞♦ ❞❡ ✉♠ s✐st❡♠❛ ❞✐♥â♠✐❝♦✳

P♦rt❛♥t♦✱ ♥❛ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✱ ♦ ♠❛♣❡❛♠❡♥t♦ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♣♦r

fT : RLxM → R, fT (②(t)) → ②(t+ T ).

❱ár✐♦s ❛✉t♦r❡s ❬❇❘❖❖▼❍❊❆❉ ❛♥❞ ▲❖❲❊✱ ✶✾✽✽✱ ❯❚❆◆❙ ❛♥❞ ▼❖❖❉❨✱ ✶✾✾✶❪ ❥á ❛♣❧✐❝❛✲
r❛♠ ❛s r❡❞❡s ❘❇❋ ♥❛ ♣r❡❞✐çã♦ ❞❡ sér✐❡s ♥♦ t❡♠♣♦ ❝♦♠ r❡❧❛t✐✈♦ s✉❝❡ss♦✳ ❊♥tr❡t❛♥t♦✱ ❡①✐st❡♠
❞♦✐s ♣r♦❜❧❡♠❛s ❝r✉❝✐❛✐s✿ ❛ ❡s❝♦❧❤❛ ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛❀ ❡st✐♠❛r ❛ ❞✐♠❡♥sã♦ ❞♦ ❛tr❛t♦r✳
❊st❡s ❞♦✐s ❛ss✉♥t♦s ❥á ❢♦r❛♠ ❛❜♦r❞❛❞♦s ♥♦s ❈❛♣ít✉❧♦s ✸ ❡ ✹ ❞❡st❛ t❡s❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✺✳✷✳✶ ❘❡❣✉❧❛r✐③❛çã♦ ❝♦♠♦ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❛♣r♦①✐♠❛çã♦

◆♦ ❛♣r❡♥❞✐③❛❞♦ ✈✐❛ ❛♣r♦①✐♠❛çã♦✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❛♣r❡♥❞❡r ✉♠ ♠❛♣❡❛♠❡♥t♦ s✉❛✈❡ ❛ ♣❛rt✐r
❞❡ ❡①❡♠♣❧♦s ❝♦♠ r✉í❞♦s é ♠❛❧✲❢♦r♠✉❧❛❞♦ ♥♦ s❡♥t✐❞♦ ❞❡ q✉❡ ❛ ✐♥❢♦r♠❛çã♦ ❝♦♥t✐❞❛ ♥♦s ❞❛❞♦s
❣❡r❛❧♠❡♥t❡ ♥ã♦ é s✉✜❝✐❡♥t❡ ♣❛r❛ r❡❝♦♥str✉✐r ✉♠ ♠❛♣❡❛♠❡♥t♦ ú♥✐❝♦ ❡♠ r❡❣✐õ❡s ♦♥❞❡ ♥ã♦ ❤á
❞❛❞♦s ❞✐s♣♦♥í✈❡✐s✳ ❆ ❝❛r❛❝t❡ríst✐❝❛ ❝r✉❝✐❛❧ ♣❛r❛ ❡st❡ ♠❛♣❡❛♠❡♥t♦ é ❛ s✉❛✈✐③❛çã♦✱ s❡♠ ❛ q✉❛❧
♥ã♦ ❤á ❡s♣❡r❛♥ç❛ ❞❡ s❡ ❝♦♥s❡❣✉✐r ❛ ❣❡♥❡r❛❧✐③❛çã♦✳ P❛r❛ ❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ ú♥✐❝❛ ♣❛r❛
❡st❡ ♠❛♣❡❛♠❡♥t♦ é ♥❡❝❡ssár✐♦ ❛❧❣✉♠ ❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐ ❡✱ ♥❡st❡ ❝♦♥t❡①t♦✱ ❛ s✉❛✈✐③❛çã♦ é
✉♠❛ ✐♥❢♦r♠❛çã♦ ✐♠♣♦rt❛♥t❡✳ ❆ t❡♦r✐❛ ❞❛ r❡❣✉❧❛r✐③❛çã♦ ❢♦✐ q✉❡ ✉♥✐✜❝♦✉ ❛s ♣❡sq✉✐s❛s s♦❜r❡ ❡st❡
❛ss✉♥t♦✳ ❙❡❣✉♥❞♦ ❡st❛ t❡♦r✐❛✱ ❛ s♦❧✉çã♦ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ♠❛❧✲❢♦r♠✉❧❛❞♦ ♣♦❞❡ s❡r ♦❜t✐❞❛ ❛ ♣❛rt✐r
❞♦ ❝♦♥❝❡✐t♦ ❞❡ ✈❛r✐❛❝✐♦♥❛❧ q✉❡ ❡♠❜✉t❡ ♦s ❞❛❞♦s ❡ ❛s ✐♥❢♦r♠❛çõ❡s ❛ ♣r✐♦r✐✳

P♦rt❛♥t♦✱ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ❝♦♥❥✉♥t♦ D = {f(①i; yi) ∈ Rd → R}N
i=1 é ✉♠❛ ❛♠♦str❛ ❝♦♠

r✉í❞♦ ❞❡ ✉♠❛ ❢✉♥çã♦ ♠✉❧t✐✈❛r✐❛❞❛ f ✱ ❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❛❥✉st❛r ❡st❛ ❢✉♥çã♦ f ❛♦s ❞❛❞♦s
D✱ ✈✐❛ t❡♦r✐❛ ❞❛ r❡❣✉❧❛r✐③❛çã♦ ❬●❖▲❯❇ ❡t ❛❧✳✱ ✶✾✼✾✱ P❖●●■❖ ❛♥❞ ●■❘❖❙■✱ ✶✾✾✵❜❪✱ ✉t✐❧✐③❛♥❞♦
✉♠ ✈❛r✐❛❝✐♦♥❛❧✱ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ♣♦r ♠❡✐♦ ❞❛ ♠✐♥✐♠✐③❛çã♦ ❞♦ s❡❣✉✐♥t❡ ❢✉♥❝✐♦♥❛❧

H(f) =
N∑

i=1

(yi − f(①i))
2 + λψ(f) ✭✺✳✶✮

❡♠ q✉❡ ∑N
i=1(yi − f(①i))

2 é ♦ t❡r♠♦ ❞♦ ❡rr♦ ♣❛❞rã♦✱ λψ(f) é ♦ t❡r♠♦ ❞❡ r❡❣✉❧❛r✐③❛çã♦✱ λ é
✉♠ ♥ú♠❡r♦ ♣♦s✐t✐✈♦ q✉❡ é ❝❤❛♠❛❞♦ ✉s✉❛❧♠❡♥t❡ ❞❡ ♣❛râ♠❡tr♦ ❞❡ r❡❣✉❧❛r✐③❛çã♦ ❡ ψ(f) é ✉♠❛
❢✉♥çã♦ ❞❡ ❝✉st♦ q✉❡ r❡str✐♥❣❡ ♦ ❡s♣❛ç♦ ❞❛s ♣♦ssí✈❡✐s s♦❧✉çõ❡s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛❧❣✉♠❛ ❢♦r♠❛ ❞❡
❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐✳ ❆ ❢♦r♠❛ ♠❛✐s ❝♦♠✉♠ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐ é ❛ s✉❛✈✐③❛çã♦✳ ❊♠
❬P❖●●■❖ ❛♥❞ ●■❘❖❙■✱ ✶✾✾✵❛❪ ❢♦✐ ✉t✐❧✐③❛❞❛ ✉♠❛ ❝❧❛ss❡ ❣❡r❛❧ ❞❡ ❢✉♥❝✐♦♥❛❧ s✉❛✈✐③❛❞♦✱ ✐♥✈❛r✐❛♥t❡
à tr❛♥s❧❛çõ❡s ❡ à r♦t❛çõ❡s✱ ❡①♣r❡ss♦ ♣♦r

ψ(f) =
∫

Rd

|f(s)|2
G(s) ds ✭✺✳✷✮

❡♠ q✉❡ f ❡ G sã♦ ❛s tr❛♥s❢♦r♠❛❞❛s ❣❡♥❡r❛❧✐③❛❞❛s ❞❡ ❋♦✉r✐❡r ❞❡ f ❡ G✱ ❡♠ q✉❡ G é ✉♠❛ ❢✉♥çã♦
❞❡ ❜❛s❡ r❛❞✐❛❧ ❞❡✜♥✐❞❛ ♣♦s✐t✐✈❛ q✉❡ t❡♥❞❡ ❛ ③❡r♦ q✉❛♥❞♦ s → ∞✳ ❊♠ ●■❘❖❙■✱ ❏❖◆❊❙ ❡
P❖●●■❖ ✭✶✾✾✺✮ ❢♦✐ ♣r♦♣♦st♦ q✉❡ ❛ ❢✉♥çã♦ q✉❡ ♠✐♥✐♠✐③❛ ♦ ❢✉♥❝✐♦♥❛❧ ❞❛ ❡q✉❛çã♦ ✺✳✶ é

f(①) =
N∑

i=1

ciG(①− ①i) +
K∑

j=1

djγj(①) ✭✺✳✸✮



❈❆P❮❚❯▲❖ ✺✳ P❘❊❱■❙➹❖ ❉❊ ❙➱❘■❊❙ ◆❖ ❚❊▼P❖ ❱■❆ ❘❊❉❊❙ ❘❇❋ ✽✶

❡♠ q✉❡ N é ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❞❡ ① ❡ {γj}K
j=1 é ✉♠❛ ❜❛s❡ ♥♦ ❡s♣❛ç♦ ♣♦❧✐♥♦♠✐❛❧ ❞❡ ♥♦

♠á①✐♠♦ ♦r❞❡♠ m ✭❛ ♦r❞❡♠ ❞❡ ✉♠❛ ❢✉♥çã♦ ❞❡✜♥✐❞❛ ♣♦s✐t✐✈❛ ●✮ ✱ ❡ ci ❡ dj sã♦ ❝♦❡✜❝✐❡♥t❡s q✉❡
tê♠ q✉❡ s❡r ❞❡t❡r♠✐♥❛❞♦s✳ ❙❡ ❛ ❡q✉❛çã♦ ❛♥t❡r✐♦r é s✉❜st✐t✉í❞❛ ♥❛ ❡q✉❛çã♦ ✺✳✶✱ ❛ ❡q✉❛çã♦ H(f)
♣❛ss❛ ❛ s❡r H(❝,❞)✱ ♦✉ s❡❥❛✱ ✉♠❛ ❢✉♥çã♦ ❞❛s ✈❛r✐á✈❡✐s ci ❡ dj✳ ▼✐♥✐♠✐③❛♥❞♦ H(❝,❞) ❡♠ ❢✉♥çã♦
❞❡st❛s ✈❛r✐á✈❡✐s ♦❜té♠✲s❡ ✉♠❛ ❡q✉❛çã♦ ❧✐♥❡❛r

(G+ λI)❝ + ΓT❞ = ② ✭✺✳✹✮

Γ❝ = 0

❡♠ q✉❡ ■ é ❛ ♠❛tr✐③ ✐❞❡♥t✐❞❛❞❡✱ (②)i = yi✱ (❝)i = ci✱ (❞)i = di✱ (Γ)ji = γj(①i) ❡ (G)ij =
G(①i − ①j)✳ ❊①❡♠♣❧♦s ❝❧áss✐❝♦s ❞❡ ❢✉♥çõ❡s ❞❡ ❜❛s❡ G sã♦ ❛ ❣❛✉ss✐❛♥❛ ❡ ❛ ♠✉❧t✐q✉❛❞rát✐❝❛
✐♥✈❡rs❛✳ ❖❜s❡r✈❛✲s❡ q✉❡ ♣❛r❛ λ = 0 ❛s ❡q✉❛çõ❡s ❛♥t❡r✐♦r❡s s❡ t♦r♥❛♠ ❛s ❡q✉❛çõ❡s ❞❛s ❢✉♥çõ❡s
❞❡ ❜❛s❡ r❛❞✐❛❧ ❡ ❛s ❝♦♥❞✐çõ❡s ❞❡ ✐♥t❡r♣♦❧❛çã♦ f(①i) = yi sã♦ s❛t✐s❢❡✐t❛s✳ ❈❛s♦ ♦s ❞❛❞♦s t❡♥❤❛♠
r✉í❞♦s✱ ♦ λ ❞❡✈❡ s❡r ♣r♦♣♦r❝✐♦♥❛❧ à q✉❛♥t✐❞❛❞❡ ❞❡ r✉í❞♦s ♣r❡s❡♥t❡ ♥♦s ❞❛❞♦s✳ ❖ ✈❛❧♦r ót✐♠♦ ❞❡
λ ♣♦❞❡ s❡r ❞❡t❡r♠✐♥❛❞♦ ♣♦r ♠❡✐♦ ❞❛ ✈❛❧✐❞❛çã♦ ❝r✉③❛❞❛ ❣❡♥❡r❛❧✐③❛❞❛ ❬❍❆❨❑■◆✱ ✶✾✾✾❪✳

✺✳✷✳✷ ❊①t❡♥sõ❡s ❛♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ r❡❣✉❧❛r✐③❛çã♦

❆ té❝♥✐❝❛ ❜❛s❡❛❞❛ ❡♠ ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ r❡✈❡❧♦✉✲s❡ ❝♦♠♦ ✉♠❛ ❞❛s ♠❛✐s ❛♣r♦♣r✐❛❞❛s
♣❛r❛ ❛♣r♦①✐♠❛r ❢✉♥çõ❡s ❡♠ ✉♠ ❡s♣❛ç♦ ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧✳ ❊♥tr❡t❛♥t♦✱ t❡♠✲s❡ q✉❡ s✉♣❡r❛r ❞♦✐s
♣r♦❜❧❡♠❛s✿ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❧✐❞❛r ❝♦♠ s✐st❡♠❛s ❧✐♥❡❛r❡s ♠❛❧✲❢♦r♠✉❧❛❞♦s❀ ❡♥❝♦♥tr❛r ♥♦r♠❛s ♣♦♥✲
❞❡r❛❞❛s ❛❞❡q✉❛❞❛s✳

❊st❡s ❞♦✐s ♣r♦❜❧❡♠❛s sã♦ ❛♥❛❧✐s❛❞♦s ❡♠ s❡❣✉✐❞❛✿
❛✮ ❙✐st❡♠❛s ❧✐♥❡❛r❡s ♠❛❧✲❢♦r♠✉❧❛❞♦s✿ ❛s té❝♥✐❝❛s ✐t❡r❛t✐✈❛s ✈✐❛ ♠í♥✐♠♦s q✉❛❞r❛❞♦s

♣♦❞❡♠ ❝♦♥t♦r♥❛r ❛s ✐♥st❛❜✐❧✐❞❛❞❡s ♥✉♠ér✐❝❛s✳ P♦rt❛♥t♦✱ ❛ s❡♠✐♥♦r♠❛ ψ(f) ❞❛ ❡q✉❛çã♦ ✺✳✶
é ❛ss♦❝✐❛❞❛ ❛ ✉♠❛ ❢✉♥çã♦ ❞❡ ●r❡❡♥ ● ❬❍❆❨❑■◆✱ ✶✾✾✾❪✱ s✐♠étr✐❝❛✱ ❝♦❜❡rt❛ ♣❡❧♦ ❚❡♦r❡♠❛ ❞❡
▼■❈❈❍❊▲▲■✳ ▲♦❣♦✱ ✉♠❛ ❢✉♥çã♦ ❞❡ ❜❛s❡ r❛❞✐❛❧ ❝♦♠ ❡①♣❛♥sã♦ ❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s é ✉♠❛
s♦❧✉çã♦ ♣❛r❛ ❡st❡ ♣r♦❜❧❡♠❛

f ∗(①) =
n∑

i=1

ciG(||①− ti||) ✭✺✳✺✮
❡♠ q✉❡ {ti}n

i=1 é ✉♠ ❝♦♥❥✉♥t♦ ✜①♦ ❞❡ ✈❡t♦r❡s✱ ❝❤❛♠❛❞♦s ❞❡ ❝❡♥tr♦s✱ ❝✉❥❛s ❧♦❝❛❧✐③❛çõ❡s ♣♦❞❡♠
♦✉ ♥ã♦ ❝♦✐♥❝✐❞✐r ❝♦♠ ❛❧❣✉♠ ❞❛❞♦ ♦❜s❡r✈❛❞♦✱ n é ♦ ♥ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❞❡ ❜❛s❡ ❡ ◆ é ♦ ♥ú♠❡r♦
❞❡ ❛♠♦str❛s✱ ❝♦♠ n < N ✳ ❙✉❜st✐t✉✐♥❞♦ ❛ ❡q✉❛çã♦ ✺✳✺ ✭❡①♣❛♥sã♦ ❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s✮ ♥❛
❡q✉❛çã♦ ✺✳✶ ✭❢✉♥❝✐♦♥❛❧✮ ❡ ♠✐♥✐♠✐③❛♥❞♦ ❛ ❡q✉❛çã♦ r❡s✉❧t❛♥t❡ H(f ∗) ❡♠ ❢✉♥çã♦ ❞❡ ❝ ❛ s❡❣✉✐♥t❡
❡q✉❛çã♦ ❧✐♥❡❛r é ♦❜t✐❞❛

(GTG+ λ❣)❝ = GT② ✭✺✳✻✮
❡♠ q✉❡ s❡ ❞❡✜♥❡ ♦s s❡❣✉✐♥t❡s ✈❡t♦r❡s ❡ ♠❛tr✐③❡s✿ (②)i = yi✱ (❝)i = ci✱ (G)ji = G(||①i − tj) ❡ ❛
♠❛tr✐③ (❣)jk = G(||tj − tk||)✱ ♣❛r❛ s❡ ❝❤❡❣❛r ❛ ❡st❛s ❡q✉❛çõ❡s ❢♦✐ ✉s❛❞♦ ♦ ❢❛t♦ ❞❡

ψ(f) =
∫

Rd

|f ∗
(s)|2

G(s) ds =
∫

Rd

1

G(s)
n∑

j,k=1

cjcke
is(tj−tk)(G(s))2ds
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=
n∑

j,k=1

cjck

∫

Rd
eis(tj−tk)G(s)ds =

n∑

j,k=1

cjckG(||tj − tk||).

❆s ❡q✉❛çõ❡s ✺✳✻ ❡ ✺✳✹ sã♦ s✐♠✐❧❛r❡s❀ ❡♥tr❡t❛♥t♦✱ ❛ ♠❛tr✐③ ❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s ❛ s❡r ✐♥✲
✈❡rt✐❞❛ é nxn ❡♠ ✈❡③ ❞❡ NxN ✳ ❊st❛ té❝♥✐❝❛ ❞❡ r❡❣✉❧❛r✐③❛çã♦ ❝♦♠ n ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❡❞✉③
❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ♠❛s ❞❡♣❡♥❞❡ ❞❛ ❡s❝♦❧❤❛ ❞♦s ❝❡♥tr♦s ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡✱ q✉❡
s❡rá ❛❜♦r❞❛❞❛ ♠❛✐s ❛❞✐❛♥t❡✳ P❛r❛ λ = 0✱ ❛ s♦❧✉çã♦ ❞❛ ❡q✉❛çã♦ ✺✳✻ só ❞❡♣❡♥❞❡ ❞❛s ❝♦♥❞✐çõ❡s
❞❡ ✐♥✈❡rt✐❜✐❧✐❞❛❞❡ ❞❛ ♠❛tr✐③ GTG✳ ❖❜s❡r✈❛♥❞♦ ❛s ❡q✉❛çõ❡s✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ❡①✐st❡♠ ❞♦✐s ♣❛✲
râ♠❡tr♦s ❞❡ s✉❛✈✐③❛çã♦✿ λ ❡ ♦s n ♥ú♠❡r♦s ❞❡ ❢✉♥çõ❡s ❞❡ ❜❛s❡✳ ➱ ❝♦♠✉♠ ❢❛③❡r λ = 0✱ ❝♦♠♦
✜③❡r❛♠ ❇❘❖❖▼❍❊❆❉ ❡ ▲❖❲❊ ✭✶✾✽✽✮✱ q✉❡ ❥✉❧❣❛✈❛♠ q✉❡ ♦s n ♥ú♠❡r♦s ❞❡ ❢✉♥çõ❡s ❞❡ ❜❛s❡
❡r❛♠ s✉✜❝✐❡♥t❡s ♣❛r❛ s❡ ❢❛③❡r ❛ s✉❛✈✐③❛çã♦ ❞❛ ❛♣r♦①✐♠❛çã♦✳ ❊♥tr❡t❛♥t♦✱ ♦s ❡❢❡✐t♦s ❞❡ λ ❡ n ♥❛
s✉❛✈✐③❛çã♦ sã♦ ❞✐❢❡r❡♥t❡s ❡ q✉❛♥❞♦ s❡ ♦♣t❛ ♣♦r λ = 0✱ t♦r♥❛✲s❡ ❛ s♦❧✉çã♦ ❞❛ ❡q✉❛çã♦ s✉❜ót✐♠❛✳

❜✮ ◆♦r♠❛s ♣♦♥❞❡r❛❞❛s✿ ❛ ♥♦r♠❛ ||①−ti|| ♣♦❞❡ ♣❛ss❛r ❛ s❡r ✉♠❛ ♥♦r♠❛ ♣♦♥❞❡r❛❞❛ ||①−
ti||2◗ = (①−ti)

T◗T◗(①−ti) ❡♠ q✉❡ ◗ é ✉♠❛ ♠❛tr✐③ q✉❛❞r❛❞❛ ❡ ♦ ❡①♣♦❡♥t❡ T ✐♥❞✐❝❛ q✉❡ ❡st❛
♠❛tr✐③ é tr❛♥s♣♦st❛✳ ◆♦ ❝❛s♦ s✐♠♣❧❡s ❡♠ q✉❡ ◗ é ✉♠❛ ♠❛tr✐③ ❞✐❛❣♦♥❛❧ ❝♦♠ ❡❧❡♠❡♥t♦s qij✱ ❝❛❞❛
❡❧❡♠❡♥t♦ ❛tr✐❜✉✐ ✉♠ ♣❡s♦ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❛ ❝❛❞❛ ❡♥tr❛❞❛✳ ◗✉❛♥❞♦ ◗ é ✉♠❛ ♠❛tr✐③ ✐❞❡♥t✐❞❛❞❡✱
t❡♠✲s❡ ❛ ♥♦r♠❛ ❡✉❝❧✐❞✐❛♥❛✳ ❆ ♠❛tr✐③ ◗ é ❣❡r❛❧♠❡♥t❡ ✉t✐❧✐③❛❞❛ q✉❛♥❞♦ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡
❡♥tr❛❞❛s ❡stã♦ ♣r❡s❡♥t❡s✱ ❞❡s❞❡ q✉❡ ❛s ❡s❝❛❧❛s r❡❧❛t✐✈❛s ❞❛s ❝♦♠♣♦♥❡♥t❡s s❡❥❛♠ ❛r❜✐tr❛r✐❛♠❡♥t❡
❞✐❢❡r❡♥t❡s✳

◗✉❛♥❞♦ ❛ ♠❛tr✐③ Q é ❝♦♥❤❡❝✐❞❛ ❛ ♣r✐♦r✐ ♦ tr❛❜❛❧❤♦ é s✐♠♣❧✐✜❝❛❞♦✳ ❈♦♠♦ ♦ ♣r✐♥❝✐♣✐♦ ❞❛
r❡❣✉❧❛r✐③❛çã♦ ❝♦♥s✐st❡ ❡♠ ❡♥❝♦♥tr❛r ✉♠❛ ❢✉♥çã♦ f q✉❡ ♠✐♥✐♠✐③❛ ♦ ❢✉♥❝✐♦♥❛❧ ❞❛ ❡q✉❛çã♦ ✺✳✶✱
❧♦❣♦ ❛ s♦❧✉çã♦ ❛♣r♦①✐♠❛❞❛ ❞♦ ♣r♦❜❧❡♠❛ ♣♦❞❡ s❡r ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛

f ∗(①) =
n∑

i=1

ciG(||①− ti||2Q). ✭✺✳✼✮

❙✉♣♦♥❞♦ q✉❡ ♦s ✈❛❧♦r❡s ❞❡ Q ♥ã♦ sã♦ ❝♦♥❤❡❝✐❞♦s✱ ♦ ♣r♦❜❧❡♠❛ ♣♦❞❡ s❡r ❢♦r♠✉❧❛❞♦ ♣❛r❛
❡♥❝♦♥tr❛r f ❡ Q q✉❡ ♠✐♥✐♠✐③❡ ♦ ❢✉♥❝✐♦♥❛❧ HQ(f)✱ ❡♥❝♦♥tr❛♥❞♦ ♦ Q ót✐♠♦ q✉❡ ❝♦rr❡s♣♦♥❞❛ à
tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r ót✐♠❛✳ ❈♦♠♦ ❡①❡♠♣❧♦✱ ❛♣r❡s❡♥t❛✲s❡ ♦ ❝❛s♦ ♠❛✐s s✐♠♣❧❡s✱ ♥♦ q✉❛❧ ❛ ♠❛tr✐③
Q é ❞✐❛❣♦♥❛❧ ❡ G(x) = e−x2 ✳ ▲♦❣♦✱

G(||①||2Q) = e−x2

1
q2

1e−x2

2
q2

2 ...e−x2
nq2

n

❡♠ q✉❡ ♦s ❡❧❡♠❡♥t♦s ❞❛ ❞✐❛❣♦♥❛❧ ❞❛ ♠❛tr✐③ Q sã♦ ♣r♦♣♦r❝✐♦♥❛✐s ❛♦ ✐♥✈❡rs♦ ❞❛s r❡s♣❡❝t✐✈❛s
✈❛r✐â♥❝✐❛s ✭σ2✮ ❞❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ ❞❛ ❣❛✉ss✐❛♥❛ ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧✳

✺✳✸ ❆s r❡❞❡s ❘❇❋ ❡①❛t❛s ❡ ❛s ❣❡♥❡r❛❧✐③❛❞❛s
❊①✐st❡♠ ✈ár✐❛s té❝♥✐❝❛s ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ❛ ❛♣r♦①✐♠❛çã♦ ❞❡ s✉♣❡r❢í❝✐❡s ✭r❡❣r❡ssã♦ ❧✐♥❡❛r ♠✉❧✲

t✐✈❛r✐❛❞❛✱ s♣❧✐♥❡s ❝ú❜✐❝❛s ❡ ♦✉tr❛s✮✱ ♠❛s ♣❛r❛ ❛❧❣✉♠❛s ❛♣❧✐❝❛çõ❡s✱ ❝♦♠♦ ❛ ♣r❡✈✐sã♦ ❞❡ sér✐❡s
t❡♠♣♦r❛✐s ♠✉❧t✐✈❛r✐❛❞❛s✱ ❡st❛ t❛r❡❢❛ t❡♠ ❝❛r❛❝t❡ríst✐❝❛s tí♣✐❝❛s q✉❡ ❢❛③❡♠ ❝♦♠ q✉❡ ✈ár✐❛s ❞❡st❛s
té❝♥✐❝❛s ♥ã♦ s❡❥❛♠ ✐♥❞✐❝❛❞❛s✳ ❊♥tr❡ ❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❡stã♦✿

✭✶✮❆❧t❛ ❞✐♠❡♥sã♦✿ ♦s ♣r♦❜❧❡♠❛s q✉❡ ❡♥✈♦❧✈❡♠ ✈✐sã♦ ❣❡r❛❧♠❡♥t❡ t❡♠ ❛❧t❛ ❞✐♠❡♥sã♦ ❡ ❡♠
❛❧❣✉♠❛s sér✐❡s t❡♠♣♦r❛✐s ❡st❡ ♣r♦❜❧❡♠❛ t❛♠❜é♠ ♣♦❞❡rá ♦❝♦rr❡r ❥á q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s
♣♦❞❡ s❡r r❡❧❛t✐✈❛♠❡♥t❡ ♣❡q✉❡♥♦✳
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✭✷✮ ◆ú♠❡r♦ ❞❡ ❛♠♦str❛s r❡❧❛t✐✈❛♠❡♥t❡ ♣❡q✉❡♥♦✿ ♣❛r❛ ✉♠❛ ❞✐♠❡♥sã♦ ✸✵✱ t❡♠✲s❡ q✉❡
t❡r 230 ✈ért✐❝❡s✱ ♦✉ s❡❥❛✱ 109 ✈ért✐❝❡s ❡ ❣❡r❛❧♠❡♥t❡ t❡♠✲s❡ ♥♦ ♠á①✐♠♦ 104 ❛♠♦str❛s✳ ■st♦ é ♦ q✉❡
s❡ ❝❤❛♠❛ ❞❡ ✧♠❛❧❞✐çã♦ ❞❛ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡✧❡ ✐♠♣õ❡ ❧✐♠✐t❡s ❛ q✉❛❧q✉❡r té❝♥✐❝❛ ❞❡ ❛♣r♦①✐♠❛çã♦✳
◆♦ ❝❛s♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❝♦♠ ❛tr❛t♦r ❞❡ ♦r❞❡♠ ✶✵ sã♦ ♥❡❝❡ssár✐❛s ✶✳✵✷✹ ❛♠♦str❛s✳

✭✸✮ ❉❛❞♦s r✉✐❞♦s♦s✿ ❥á q✉❡ t♦❞♦s ♦s ❞❛❞♦s ♦❜s❡r✈❛❞♦s✱ ❝♦♠♦ ❛s sér✐❡s t❡♠♣♦r❛✐s✱ sã♦
r✉✐❞♦s♦s✱ ✉♠❛ ❛♣r♦①✐♠❛çã♦ é ♣r❡❢❡rí✈❡❧ ❛ ✉♠❛ ✐♥t❡r♣♦❧❛çã♦ ♣✉r❛✳

➱ ♥❛t✉r❛❧ q✉❡ s✉r❥❛ ❛ ♣❡r❣✉♥t❛✿ é ♣♦ssí✈❡❧ ❛♣r♦①✐♠❛r ✉♠❛ ❢✉♥çã♦ ❝♦♠ ✸✵ ✈❛r✐á✈❡✐s ❞❡
❡♥tr❛❞❛ ❛ ♣❛rt✐r ❞❡ 104 ❛♠♦str❛s r✉✐❞♦s❛s ♦✉ ♠❡♥♦s❄ ❆ r❡s♣♦st❛ ❡stá r❡❧❛❝✐♦♥❛❞❛ ♠❛✐s ❝♦♠
❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ❢✉♥çã♦ q✉❡ s❡rá ❛♣r♦①✐♠❛❞❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♦ s❡✉ ❣r❛✉ ❞❡ s✉❛✈✐③❛çã♦ ❡ ♦
♥í✈❡❧ ❞❡ ♣r❡❝✐sã♦ r❡q✉❡r✐❞♦✳

❆ r❡❞❡ ❘❇❋ t❡♠ ❣r❛♥❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛♣r♦①✐♠❛r ❢✉♥çõ❡s ♠✉❧t✐✈❛r✐❛❞❛s ♥ã♦ ❧✐♥❡❛r❡s ❡♠
♠❛♣❡❛♠❡♥t♦s ❝♦♥tí♥✉♦s✳ ❊❧❛ t❡♠ ✉♠❛ ❛rq✉✐t❡t✉r❛ s✐♠♣❧❡s ❡ s❡✉ ❛❧❣♦r✐t♠♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠
❝♦rr❡s♣♦♥❞❡ à s♦❧✉çã♦ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ r❡❣r❡ssã♦ ❧✐♥❡❛r✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠ ♣r♦❝❡ss♦ ❞❡
tr❡✐♥❛♠❡♥t♦ rá♣✐❞♦✳ ❊❧❛ t❡♠ três ♣r♦♣r✐❡❞❛❞❡s ✐♠♣♦rt❛♥t❡s ♣❛r❛ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s✿ ❧✐❞❛ ❜❡♠
❝♦♠ ❛❧t❛s ❞✐♠❡♥sõ❡s❀ ♣♦❞❡ s❡r ❛tr✐❜✉í❞♦ ✉♠ ✈❛r✐❛❝✐♦♥❛❧ à ♠❡s♠❛ ❡✱ ♣♦rt❛♥t♦✱ ❧✐❞❛ ♠❡❧❤♦r ❝♦♠
❞❛❞♦s r✉✐❞♦s♦s❀ ♣r♦❝❡ss❛♠❡♥t♦ ❝♦♠ ♣❛r❛❧❡❧✐s♠♦✳

❊♥tr❡ ❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ s❡ ❞❡st❛❝❛ ❛ ❢✉♥çã♦ ❣❛✉ss✐❛♥❛ q✉❡ ♥♦r♠❛❧♠❡♥t❡ é ❛ ♠❛✐s
✉t✐❧✐③❛❞❛ ❡♠ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s✳ ❊♥tr❡t❛♥t♦✱ ❛s ❢✉♥çõ❡s t✐♣♦ s♣❧✐♥❡ ✜♥❛ sã♦ ❝♦♥❤❡❝✐❞❛s ❝♦♠♦
❡①❡♠♣❧♦s ❞❡ ❛♣r♦①✐♠❛❞♦r❡s ♣♦❧✐♥♦♠✐❛✐s ♣♦r ♣❛rt❡s r❡❧❛t✐✈❛♠❡♥t❡ s✉❛✈❡s✱ ❡stá✈❡✐s✱ ❢á❝❡✐s ❞❡
♠❛♥✐♣✉❧❛r ❡ ❝❛❧❝✉❧❛r ❡♠ ✉♠ ❝♦♠♣✉t❛❞♦r✳ ❊♠ ❬❇❖❘❙✱ ✷✵✵✹❪ é ❞❡st❛❝❛❞♦ q✉❡ ❛ s♣❧✐♥❡ ✜♥❛ é
♠❛✐s ✐♥❞✐❝❛❞❛ ♣❛r❛ ❛ ♣r❡❞✐çã♦ ❡ ❛ ❣❛✉ss✐❛♥❛ é ♠❛✐s ❛♣r♦♣r✐❛❞❛ ♣❛r❛ ❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ♣❛❞rõ❡s✳
❆ ❚❛❜❡❧❛ ✺✳✶ ❛♣r❡s❡♥t❛ ❡①❡♠♣❧♦s ❞❡ ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧✳
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◆♦♠❡ ❊q✉❛çã♦ ♠❛t❡♠át✐❝❛ ❈♦♥❞✐çã♦
●❛✉ss✐❛♥❛ ✭❧♦❝❛❧✐③❛❞❛✮ h(r) = e(

−r2

2σ2
) σ > 0 ❡ r ∈ R

▼✉❧t✐q✉❛❞rát✐❝❛ ✭♥ã♦ ❧♦❝❛❧✐③❛❞❛✮ h(r) = (c2 + r2)α α > 0✱ c > 0 ❡ r ∈ R
▼✉❧t✐q✉❛❞rát✐❝❛ ✐♥✈❡rs❛ ✭❧♦❝❛❧✐③❛❞❛✮ h(r) = 1

(c2+r2)α α > 0✱ c > 0 ❡ r ∈ R

❙♣❧✐♥❡ ✜♥❛ ✭❧♦❝❛❧✐③❛❞❛✮ h(r) = r
c2

log( r
c
) c > 0 ❡ r ∈ R

❚❛❜✳ ✺✳✶✿ ❊①❡♠♣❧♦s ❞❡ ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧

❖ ♣❛râ♠❡tr♦ σ ❝♦♥tr♦❧❛ ♦ r❛✐♦ ❞❡ ✐♥✢✉ê♥❝✐❛ ❞❡ ❝❛❞❛ ❢✉♥çã♦✳ ➱ ♣❛rt✐❝✉❧❛r♠❡♥t❡ ❡✈✐❞❡♥t❡✱ ♥♦
❝❛s♦ ❞❛ ❢✉♥çã♦ ❣❛✉ss✐❛♥❛✱ q✉❡ ❡st❛ ❢✉♥çã♦ é ❧♦❝❛❧✐③❛❞❛ ❡ ♠♦♥♦tô♥✐❝❛ ❞❡❝r❡s❝❡♥t❡ ✭ Θ(α) → 0 à
♠❡❞✐❞❛ q✉❡ α→ ∞✮✳ ❖ ♣❛râ♠❡tr♦ σ ❞❡t❡r♠✐♥❛ ♦ q✉ã♦ r❛♣✐❞❛♠❡♥t❡ ♦ ✈❛❧♦r ❞❡st❛ ❢✉♥çã♦ ❝❛✐ ❛
③❡r♦ à ♠❡❞✐❞❛ ❡♠ q✉❡ s❡ ❛❢❛st❛ ❞♦ ❝❡♥tr♦✳ ◆♦ ❝❛s♦ ❞❛ ❢✉♥çã♦ ❞❡ ❜❛s❡ r❛❞✐❛❧ ❞♦ t✐♣♦ ❣❛✉ss✐❛♥❛✱
♦ ♣❛râ♠❡tr♦ σ é ♦ ♣ró♣r✐♦ ❞❡s✈✐♦ ♣❛❞rã♦✳ ❆ss✐♠✱ σ ❞❡✜♥❡ ❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ♠é❞✐❛ ✭r❛✐♦
♠é❞✐♦✮ q✉❡ ♠❡❞❡ ♦ ❡s♣❛❧❤❛♠❡♥t♦ ❞♦s ❞❛❞♦s r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛ ❢✉♥çã♦ ❞❡ ❜❛s❡ r❛❞✐❛❧ ❡♠ t♦r♥♦
❞❡ s❡✉ ❝❡♥tr♦✳

❆ r❡❞❡ ❘❇❋ ❡①❛t❛ é ❛q✉❡❧❛ ❡♠ q✉❡ sã♦ ✉t✐❧✐③❛❞❛s t❛♥t❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ q✉❛♥t♦s s❡❥❛♠
♦s ♣❛❞rõ❡s r❡♣r❡s❡♥t❛t✐✈♦s ❞❛ ❢✉♥çã♦ ❛ s❡r ❛♣r♦①✐♠❛❞❛✳ ❊♠ ✶✾✽✽✱ ❇❘❖❖▼❍❊❆❉ ❡ ▲❖❲❊
s✉❣❡r✐r❛♠ q✉❡ ♥❡♠ t♦❞♦s ♦s ✈❡t♦r❡s ❞❡ ❡♥tr❛❞❛ ✭♣❛❞rõ❡s ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✮ ♥❡❝❡ss✐t❛✈❛♠ t❡r
✉♠❛ ❢✉♥çã♦ ❞❡ ❜❛s❡ r❛❞✐❛❧ ❛ss♦❝✐❛❞❛ ❡ q✉❡ ♥ã♦ ❤❛✈✐❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ q✉❡ ❛ ❡s❝♦❧❤❛ ❞♦s ❝❡♥tr♦s
❢♦ss❡ r❡str✐t❛ ❛♦ ❝♦♥❥✉♥t♦ ♦r✐❣✐♥❛❧ ❞❡ ✈❡t♦r❡s✳ ❊st❡ t✐♣♦ ❞❡ r❡❞❡ ❢♦✐ ❞❡♥♦♠✐♥❛❞❛ ❞❡ ❣❡♥❡r❛❧✐③❛❞❛
❡ t✐❞❛ ❝♦♠♦ ✉♠ ❡st✐♠❛❞♦r ❞❡ ♠í♥✐♠♦s q✉❛❞r❛❞♦s✳ ❆s r❡❞❡s ❘❇❋ ❡①❛t❛s ✐♥✐❝✐❛❧♠❡♥t❡ ♥ã♦
✐♥❝❧✉í❛♠ ✉♠ ❜✐❛s✳ ❊♥tr❡t❛♥t♦✱ ❛ ♣❛rt✐r ❞♦ ♠♦❞❡❧♦ s✉❣❡r✐❞♦ ♣♦r ❇❘❖❖▼❍❊❆❉ ❡ ▲❖❲❊
✭✶✾✽✽✮✱ ❢♦✐ ❛❝r❡s❝✐❞♦ ✉♠ t❡r♠♦ ❝♦♥st❛♥t❡ ❞❡ ♣♦❧❛r✐③❛çã♦ ✭❜✐❛s✮✳

❆ ❝♦♥s❝✐ê♥❝✐❛ ❞❡ q✉❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s r❡❞❡s ❘❇❋ ❞❡♣❡♥❞❡ ❢♦rt❡♠❡♥t❡ ❞♦ ♥ú♠❡r♦
❞❡ ♥❡✉rô♥✐♦s ❞❛ ❝❛♠❛❞❛ ❡s❝♦♥❞✐❞❛ ❡ ❞❛ ❛tr✐❜✉✐çã♦ ❞♦s s❡✉s ❝❡♥tr♦s ❢♦✐ ❝r✐❛❞❛✳ ❖s ♠ét♦❞♦s
tr❛❞✐❝✐♦♥❛✐s ❞❡ s❡ ❞❡t❡r♠✐♥❛r ♦s ❝❡♥tr♦s sã♦✿ ❡s❝♦❧❤❡r r❛♥❞♦♠✐❝❛♠❡♥t❡ ♦s ✈❡t♦r❡s ❞❡ ❡♥tr❛❞❛
❞♦s ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦❀ ❛❧❣♦r✐t♠♦s ❞❡ ❝❧✉st❡r✐③❛çã♦ ♥ã♦ s✉♣❡r✈✐s✐♦♥❛❞♦s ♣❛r❛ ♦❜t❡r ♦s ✈❡t♦r❡s
❞♦s ❝❡♥tr♦s ❛ ♣❛rt✐r ❞♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛❀ ♠ét♦❞♦s s✉♣❡r✈✐s✐♦♥❛❞♦s ♣❛r❛ ❛ ❡s❝♦❧❤❛ ❞♦s ❝❡♥tr♦s✳

P♦st❡r✐♦r♠❡♥t❡✱ s✉r❣✐r❛♠ ❛s r❡❞❡s ❘❇❋ ❝♦♠ r❡❣r❡ssã♦ ❣❡♥❡r❛❧✐③❛❞❛✱ q✉❡ sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛
❛♣r♦①✐♠❛çã♦ ❞❡ ❢✉♥çõ❡s ♠✉❧t✐✈❛r✐❛❞❛s ♥ã♦ ❧✐♥❡❛r❡s✳ ❏á ❢♦✐ ♣r♦✈❛❞♦ q✉❡ ❞❛❞❛ ✉♠❛ q✉❛♥t✐❞❛❞❡
❛♣r♦♣r✐❛❞❛ ❞❡ ♥❡✉rô♥✐♦s ♥❛ ❝❛♠❛❞❛ ❡s❝♦♥❞✐❞❛ ❡st❡ t✐♣♦ ❞❡ r❡❞❡ ♣♦❞❡ ❛♣r♦①✐♠❛r ✉♠❛ ❢✉♥çã♦
❝♦♥tí♥✉❛ ❞❡♥tr♦ ❞❡ ✉♠❛ ♣r❡❝✐sã♦ r❡q✉❡r✐❞❛ ❬❉❊▼❯❚❍ ❛♥❞ ❇❊❆▲❊✱ ✶✾✾✽❪✳ ❊♥tr❡t❛♥t♦✱ ❡st❡
t✐♣♦ ❞❡ r❡❞❡ ❡①✐❣❡ ✉♠ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❜❡♠ ♠❛✐♦r q✉❡ ❛s ♦✉tr❛s r❡❞❡s ❘❇❋✳

❆ r❛③ã♦ ❞❡ ❢r❡qü❡♥t❡♠❡♥t❡ s❡ ❢❛③❡r ❝♦♠ q✉❡ ❛ ❞✐♠❡♥sã♦ ❞♦ ❡s♣❛ç♦ ♦❝✉❧t♦ ❞❡ ✉♠❛ r❡❞❡ ❘❇❋
s❡❥❛ ❛❧t❛ ✭❡①♣❛♥sã♦✮ é q✉❡ ❡st❡ ♣❛râ♠❡tr♦ ❡stá r❡❧❛❝✐♦♥❛❞♦ à ❝❛♣❛❝✐❞❛❞❡ ❞❛ r❡❞❡ ❞❡ ❛♣r♦①✐♠❛r
✉♠ ♠❛♣❡❛♠❡♥t♦ ❡♥tr❛❞❛✲s❛í❞❛ s✉❛✈❡ ❡ q✉❛♥t♦ ♠❛✐s ❛❧t❛ ❢♦r ❛ ❞✐♠❡♥sã♦ ❞♦ ❡s♣❛ç♦ ♦❝✉❧t♦✱ ♠❛✐s
♣r❡❝✐s❛ s❡rá ❛ ❛♣r♦①✐♠❛çã♦ ❬◆■❨❖●■ ❛♥❞ ●■❘❖❙■✱ ✶✾✾✻❪✳ ❊st❛ q✉❡stã♦ t❡♠ ♦r✐❣❡♠ ♥♦ ❛rt✐❣♦
♦r✐❣✐♥❛❧ ❞❡ ❈❖❱❊❘ ❬❍❆❨❑■◆✱ ✶✾✾✾❪✱ s✐♥❛❧✐③❛♥❞♦ q✉❡ ❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ♣❛❞rõ❡s ❞✐s♣♦st♦s ❡♠
✉♠ ❡s♣❛ç♦ ❞❡ ❛❧t❛ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡ é ♠❛✐s ♣r♦✈á✈❡❧ ❞❡ s❡r ❧✐♥❡❛r♠❡♥t❡ s❡♣❛rá✈❡❧ q✉❡ ❡♠ ✉♠
❡s♣❛ç♦ ❞❡ ❜❛✐①❛ ❞✐♠❡♥s✐♦♥❛❧✐❞❛❞❡✳

❆ ❛rq✉✐t❡t✉r❛ ❢❡❡❞❢♦r✇❛r❞ ❞❛s r❡❞❡s ❘❇❋ ❡①❛t❛s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✺✳✶✱ é ❝♦♠♣♦st❛ ❞❡
✉♠❛ ❝❛♠❛❞❛ ❞❡ ♥ós ❢♦♥t❡ ✭q✉❡ ❝♦♥❡❝t❛♠ ❛ r❡❞❡ ❛ s❡✉ ❛♠❜✐❡♥t❡ ❡①t❡r♥♦✮✱ à q✉❛❧ é ❛♣r❡s❡♥t❛❞♦



❈❆P❮❚❯▲❖ ✺✳ P❘❊❱■❙➹❖ ❉❊ ❙➱❘■❊❙ ◆❖ ❚❊▼P❖ ❱■❆ ❘❊❉❊❙ ❘❇❋ ✽✺

♦ ✈❡t♦r ❞❡ ❡♥tr❛❞❛ ✉i ∈ RL✳ ❯♠❛ ú♥✐❝❛ ❝❛♠❛❞❛ ✐♥t❡r♠❡❞✐ár✐❛ ❝♦♠ K ♥❡✉rô♥✐♦s ♥ã♦✲❧✐♥❡❛r❡s✱
❝❛❞❛ ✉♠ ❞❡❧❡s ❝♦♠♣✉t❛♥❞♦ ✉♠❛ ❢✉♥çã♦ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ✈❡t♦r ❞❡ ❡♥tr❛❞❛ ❡ ♦ r❡s♣❡❝t✐✈♦ ❝❡♥tr♦
❞❛ ❢✉♥çã♦ ❞❡ ❜❛s❡ r❛❞✐❛❧✱ ♦♣❡r❛ ❛ tr❛♥s❢♦r♠❛çã♦ ♥ã♦ ❧✐♥❡❛r ❡ ❝♦♥st✐t✉✐ ❛ ❝❤❛♠❛❞❛ ❝❛♠❛❞❛
❡s❝♦♥❞✐❞❛✳ ◆❛ ❝❛♠❛❞❛ ❞❡ s❛í❞❛ t❡♠✲s❡ ✉♠❛ ❢✉♥çã♦ ❞❡ ❛t✐✈❛çã♦ ❧✐♥❡❛r ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♥ã♦
❧✐♠✐t❛r ✭s❛t✉r❛r✮ ♦s ✈❛❧♦r❡s ❞❡ s❛í❞❛ ❡ ✐♥❝♦r♣♦r❛r té❝♥✐❝❛s ❡st❛tíst✐❝❛s ❞❡ r❡❣r❡ssã♦ ❧✐♥❡❛r✳ ❯♠❛
❢✉♥çã♦ ❞❡ ❛t✐✈❛çã♦ t✐♣♦ s✐❣♠ó✐❞❡ ❧✐♠✐t❛r✐❛ ❛ s❛í❞❛ ❡♥tr❡ ✵ ❡ ✰✶ ❡ ✉♠❛ ❢✉♥çã♦ t✐♣♦ t❛♥❣❡♥t❡
❤✐♣❡r❜ó❧✐❝❛ ❡♥tr❡ ✲✶ ❡ ✰✶✱ ♣♦❞❡♥❞♦ ❞❡❣r❛❞❛r ❛ ♣r❡✈✐sã♦✳

❋✐❣✳ ✺✳✶✿ ❆rq✉✐t❡t✉r❛ ❞❛ r❡❞❡ ❘❇❋

P♦❞❡✲s❡ ❛❝r❡s❝❡♥t❛r ✉♠ ❜✐❛s à ✜❣✉r❛ ❛♥t❡r✐♦r✳ ❖ ♠❛♣❡❛♠❡♥t♦ ♥ã♦✲❧✐♥❡❛r ❞❛ ❝❛♠❛❞❛ ❡s❝♦♥✲
❞✐❞❛ ♣♦❞❡ s❡r ❡①♣r❡ss♦✱ ♣♦r ❡①❡♠♣❧♦✱ ✈✐❛ ❢✉♥çõ❡s ❞❡ ❛t✐✈❛çã♦ ❣❛✉ss✐❛♥❛s✱ ❞❛ ❢♦r♠❛✿

ϕj(✉i(n)) = exp(− 1

2σ2
j (n)

‖✉i(n) − tj(n)‖2) ✭✺✳✽✮

❡♠ q✉❡ ✉i(n) ∈ RL ❡ r❡♣r❡s❡♥t❛ ♦ ✈❡t♦r ❞❡ ❡♥tr❛❞❛ q✉❡ ♣❡rt❡♥❝❡ ❛♦ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ U✱ ♥♦
✐♥st❛♥t❡ n✳ ❚❛♠❜é♠✱ tj(n) ∈ RL ❡ r❡♣r❡s❡♥t❛ ♦ ✈❡t♦r ❝❡♥tr♦ ❞❛ ❥✲és✐♠❛ ❢✉♥çã♦ ❞❡ ❜❛s❡ r❛❞✐❛❧
❝♦♠ j = 0, 1, ..., K✱ ❡♠ q✉❡ K é ♦ ♥ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ ✭♥❡✉rô♥✐♦s✮ q✉❡ ♣♦r s✉❛
✈❡③ é ✐❣✉❛❧ ✭r❡❞❡s ❘❇❋ ❡①❛t❛s✮ ♦✉ ♠❡♥♦r ✭r❡❞❡s ❘❇❋ ❣❡♥❡r❛❧✐③❛❞❛s✮ ❛♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s✳
❆ ✈❛r✐â♥❝✐❛ σ2

j (n) ∈ R ❡ é ❛ss♦❝✐❛❞❛ ❛ ❝❛❞❛ ✉♠❛ ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ ♥♦ ✐♥st❛♥t❡ n✳
❈♦♠♦ ❛ ❝❛♠❛❞❛ ❞❡ s❛í❞❛ ❞❛ r❡❞❡ ♥❡✉r❛❧ ❘❇❋ é ❢♦r♠❛❞❛ ♣♦r ✉♠ ú♥✐❝♦ ♥❡✉rô♥✐♦ ❧✐♥❡❛r✱ ❡st❡

♥❡✉rô♥✐♦ q✉❡ ❝♦♠♣õ❡ ❛ ❝❛♠❛❞❛ ❞❡ s❛í❞❛ é ❞❡✜♥✐❞♦ ❝♦♠♦ ✉♠ ❝♦♠❜✐♥❛❞♦r ❧✐♥❡❛r ❞❛s ❢✉♥çõ❡s ❞❡
❜❛s❡ r❛❞✐❛❧✳ ▲♦❣♦✱ ❛ s❛í❞❛ y ❞❛ r❡❞❡ ❘❇❋ é ❛ s♦♠❛ ❞❛s s❛í❞❛s ❞❡ ❝❛❞❛ ❣❛✉ss✐❛♥❛✱ ♣♦♥❞❡r❛❞❛s
♣❡❧♦s r❡s♣❡❝t✐✈♦s ♣❡s♦s s✐♥á♣t✐❝♦s wk✱ ❞❡ t❛❧ ❢♦r♠❛ q✉❡ ❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r é ❡①♣r❡ss❛ ♣♦r

ŷ(n+ 1) =
k−1∑

k=0

wk(n) exp(− 1

2σ2
k(n)

‖✉i(n) − tk(n)‖2) ✭✺✳✾✮

= ✇T (n).ϕ(n)

❡♠ q✉❡ ϕk(✉i(n), tk(n), σ2
k(n)) r❡♣r❡s❡♥t❛ ❛ ❦✲és✐♠❛ ❢✉♥çã♦ ❞❡ ❜❛s❡ r❛❞✐❛❧✳ ❆ ❢✉♥çã♦ ❣❛✉ss✐❛♥❛

ϕk ❝♦♠♣✉t❛ ♦ q✉❛❞r❛❞♦ ❞❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ✭♦✉ ♦✉tr❛ ♥♦r♠❛✮ d2
k = ‖✉i − tk‖2 ❡♥tr❡ ✉♠
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✈❡t♦r ❞❡ ❡♥tr❛❞❛ ✉i ❡ ♦ ❝❡♥tr♦ tk ❞❛ ❦✲és✐♠❛ ❢✉♥çã♦ ❞❡ ❜❛s❡ r❛❞✐❛❧✳ ❖ s✐♥❛❧ ❞❡ s❛í❞❛ ♣r♦❞✉③✐❞♦
♣❡❧♦ ❦✲és✐♠♦ ♥❡✉rô♥✐♦ ❡s❝♦♥❞✐❞♦ é ❞❡✈✐❞♦ à ❢✉♥çã♦ exp(.) ❡ ❛♦ ♦♣❡r❛❞♦r (.)2 ✱ ✉♠❛ ❢✉♥çã♦ ♥ã♦✲
❧✐♥❡❛r ❞❛ ❞✐stâ♥❝✐❛ dk✳ ❖s ♣❡s♦s wk ❝♦♥❡❝t❛♠ ♦ ❦✲és✐♠♦ ♥❡✉rô♥✐♦ ❡s❝♦♥❞✐❞♦ ❛♦ ♥ó ❞❡ s❛í❞❛ ❞❛
r❡❞❡✳

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

f(✉i) = w0 +
K∑

j=1

wjϕj(‖✉i − tj‖2) ✭✺✳✶✵✮

❡♠ q✉❡ ✈❡t♦r ✇ r❡♣r❡s❡♥t❛ ♦s ♣❡s♦s ❡ w0 ❡①♣r❡ss❛ ♦ ❜✐❛s✳
❊♠❜♦r❛ ❛s ✈❛r✐â♥❝✐❛s ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ ❞❡ ✉♠❛ r❡❞❡ ❘❇❋ ♣♦ss❛♠ ❛ss✉♠✐r ❞✐❢❡r❡♥✲

t❡s ✈❛❧♦r❡s✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ✉♠❛ ✈❛r✐â♥❝✐❛ ❝♦♠✉♠ ❛ t♦❞♦s ♦s ♥❡✉rô♥✐♦s ❬▼❖❖❉❨ ❡ ❉❆❘❑❊◆✱
✶✾✽✾❪✳ ➱ ❝♦♠✉♠ ❛ ❝r❡♥ç❛ ❞❡ q✉❡ ✐st♦ ❥á é s✉✜❝✐❡♥t❡ ♣❛r❛ q✉❡ ❛ r❡❞❡ ❛♣r♦①✐♠❡ q✉❛❧q✉❡r ❢✉♥✲
çã♦ ❝♦♥tí♥✉❛✱ ❞❡s❞❡ q✉❡ ❤❛❥❛ ♥ú♠❡r♦ s✉✜❝✐❡♥t❡ ❞❡ ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧✳ ❖ tr❛❜❛❧❤♦ ❞❡
❬❇■❙❍❖P✱ ✶✾✾✹❪ s✉❣❡r❡ q✉❡ ♦s ✈❛❧♦r❡s ❞❛s ✈❛r✐â♥❝✐❛s ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ ❛❢❡t❛♠ s♦♠❡♥t❡
❛s ♣r♦♣r✐❡❞❛❞❡s ♥✉♠ér✐❝❛s ❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ❛♣r❡♥❞✐③❛❞♦ ❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r❡❞✐çã♦ ❞❛ r❡❞❡✱
♠❛s ♥ã♦ ❛❢❡t❛♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❣❡r❛❧ ❞❡ ❛♣r♦①✐♠❛çã♦ ❞❛s r❡❞❡s ❘❇❋✳ ❈♦♠♦ ❡st❡ tr❛❜❛❧❤♦ tr❛t❛
❞❛ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✱ ❡st❛ ❝r❡♥ç❛ ♥ã♦ s❡rá ❛❝❡✐t❛ ❡ ♣r♦♣õ❡✲s❡ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❛❥✉st❛r
❛ ✈❛r✐â♥❝✐❛ ❛ ♣❛rt✐r ❞❛ q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦✳

❖ ❛❥✉st❡ ❞♦s ❝❡♥tr♦s ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ ❞❡ ✉♠❛ r❡❞❡ ❘❇❋ ♣♦❞❡ s❡❣✉✐r ✈ár✐♦s ♠ét♦❞♦s✳
◆❡st❛ t❡s❡✱ ♣♦r ❡①❡♠♣❧♦✱ ♥❛ ❡s❝♦❧❤❛ ❞♦s ❝❡♥tr♦s ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡✱ sã♦ ✉t✐❧✐③❛❞♦s ♦s s❡❣✉✐♥t❡s
♠ét♦❞♦s✿ ❛♥á❧✐s❡ ❞❛s ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ✭P❈❆✮❀ ❛❧❣♦r✐t♠♦ ❆❘■❆✳ ◆❡st❡s ♠ét♦❞♦s✱ ♦s
♣r♦❝❡❞✐♠❡♥t♦s ✉s❛❞♦s ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ❝❡♥tr♦s sã♦ ✐♥❞❡♣❡♥❞❡♥t❡s ❞♦s ❛❥✉st❡s ❞❛s ♠❛tr✐③❡s
❞❡ ♣♦♥❞❡r❛çã♦ ❞❛ ♥♦r♠❛ ❛ss♦❝✐❛❞❛ à ❝❛♠❛❞❛ ♦❝✉❧t❛ ❡ ❞♦s ❛❥✉st❡s ❞♦s ♣❡s♦s ❞❛ ❝❛♠❛❞❛ ❞❡
s❛í❞❛✳

❆ ✈❛r✐â♥❝✐❛ é ❛❥✉st❛❞❛ ♣♦r ♠❡✐♦ ❞❡ ✉♠ ♣❛râ♠❡tr♦ ❞❡♥♦♠✐♥❛❞♦ ❞❡ ❢❛t♦r ❞❡ ✈❛r✐â♥❝✐❛ q✉❡
❝♦♥s✐st❡ ❡♠ ✉♠❛ ❝♦♥st❛♥t❡ ❞❡ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡ q✉❡ ❞❡✜♥❡ ♦ ✈❛❧♦r ❞❡ 2σ2

k✱ ❛ ♣❛rt✐r ❞♦ q✉❛❞r❛❞♦
❞❛ ♠á①✐♠❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ❡♥tr❡ ♦s ❝❡♥tr♦s✱ r❡s✉❧t❛♥❞♦ q✉❡ 2σ2

k(n) = ξ(n) max{‖ti(n) −
tj(n)‖2}✳ ❚❛♠❜é♠ é ✉t✐❧✐③❛❞♦ σk = max{‖ti(n) − tj(n)‖}/

√
2m✱ ❡♠ q✉❡ m é ♦ ♥ú♠❡r♦ ❞❡

❝❡♥tr♦s✳ ❆ ❡s❝♦❧❤❛ ❛♣r♦♣r✐❛❞❛ ❞❡ σk ❣❛r❛♥t❡ q✉❡ ❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ ✐♥❞✐✈✐❞✉❛✐s ♥ã♦ t❡♥❤❛♠
✉♠ ❡s♣❛❧❤❛♠❡♥t♦ ❝♦♠ ♣✐❝♦ ❛❝❡♥t✉❛❞♦ ❡ ♥❡♠ ❝♦♠ ♣♦✉❝❛ ❞❡❝❧✐✈✐❞❛❞❡ ✭✢❛t✮✳ ➱ r❛③♦á✈❡❧ ❛❞♠✐t✐r
q✉❡ ♦ ✈❛❧♦r ❞❡ ξ ✐♥✢✉❡♥❝✐❛ ♦s ✈❛❧♦r❡s ❞♦s ❡rr♦s ❞❡ ❛♣r♦①✐♠❛çã♦✳ ❆ss✐♠✱ ❛ ❡q✉❛çã♦ ✭✺✳✾✮ ♣♦❞❡
s❡r r❡❡s❝r✐t❛ ❝♦♠♦

ŷ(n+ 1) =
k−1∑

j=0

wj(n) exp(− 1

ξ(n) max{‖tl(n) − tj(n)‖2}‖✉i(n) − tj(n)‖2). ✭✺✳✶✶✮

❖❜s❡r✈❛✲s❡ ❡♥tã♦ q✉❡ ♥❛s r❡❞❡s ❘❇❋ ❛ ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡ ♥♦ ❛r❣✉♠❡♥t♦ é ✐♥tr♦❞✉③✐❞❛ ✈✐❛
❡①♣❛♥sã♦ ❞♦ ✈❡t♦r ❞❡ ❡♥tr❛❞❛✳ ❈❛s♦ ♦ ✈❡t♦r ✉i t❡♥❤❛ s♦❢r✐❞♦ ✉♠ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦✱ r❡s✉❧t❛♥❞♦
❡♠ ✉♠ ✈❡t♦r ①(n) = [x(n) x(n − 1) ... x(n − L + 1)]T ∈ RL ❡✱ ❛ ♣❛rt✐r ❞❡st❡ ✈❡t♦r✱ ✉♠❛
tr❛♥s❢♦r♠❛çã♦ ♥ã♦ ❧✐♥❡❛r ♥♦ ❛r❣✉♠❡♥t♦ é ❣❡r❛❞❛ ♥❛ s❛í❞❛ ❞❛s ❢✉♥çõ❡s ❞❡ ❛t✐✈❛çã♦ ❞♦s ♥❡✉rô♥✐♦s
❞❛ ❝❛♠❛❞❛ ❡s❝♦♥❞✐❞❛✱ t❡♠✲s❡
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ϕ(n) = [ϕ1(①(n)) ϕ2(①(n)) ... ϕk(①(n))] ∈ RK . ✭✺✳✶✷✮
❡♠ q✉❡ ϕj(①(n)) é ❛ ❥✲és✐♠❛ tr❛♥s❢♦r♠❛çã♦ ♥ã♦✲❧✐♥❡❛r ❞❡ RL → R s♦❜r❡ ♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛✳
❉❡✜♥✐♥❞♦ ❛ ♠❛tr✐③ ❞❡ ❡st❛❞♦ ❝♦♠♦ Φ = [ϕ(1) ϕ(2) ... ϕ(M)]T ✱ ♦♥❞❡ ❝❛❞❛ ϕj(①(n)) é ❞❛❞♦
♣❡❧❛ ❡q✉❛çã♦ ϕj(‖①n − tj‖2)✱ ✉♠❛ ❢✉♥çã♦ ❡s❝❛❧❛r r❛❞✐❛❧ s✐♠étr✐❝❛✱ t❡♥❞♦ tj ❝♦♠♦ ❝❡♥tr♦✳

❊♠ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s❡ ❡♥❝♦♥tr❛r ♠❛tr✐③❡s ♠❛❧ ❝♦♥❞✐❝✐♦♥❛❞❛s é ❣r❛♥❞❡✳
▲♦❣♦✱ ❣❡r❛❧♠❡♥t❡ ♦s ♣❡s♦s ❞❛ r❡❞❡ sã♦ ❛❥✉st❛❞♦s ❛ ♣❛rt✐r ❞❛ ♣s❡✉❞♦✐♥✈❡rs❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛
❡q✉❛çã♦ ❛❜❛✐①♦✳ ❊st❡ ♠ét♦❞♦ t♦r♥❛ ♦s r❡s✉❧t❛❞♦s ❞❡ ♣r❡✈✐sã♦ ♠❡♥♦s s❡♥sí✈❡✐s ❛♦s ♣❛râ♠❡tr♦s
❞❡ r❡❣✉❧❛r✐③❛çã♦✳

✇ = (ΦT Φ)−1ΦT②. ✭✺✳✶✸✮
❖s ♣❡s♦s ✇ ❛r♠❛③❡♥❛♠ ❛s ✐♥❢♦r♠❛çõ❡s ❛ ♣r✐♦r✐ s♦❜r❡ ♦ ♠♦❞♦ ❝♦♠♦ ♦ ♣ró①✐♠♦ ❡❧❡♠❡♥t♦

♥❛ sér✐❡ é ❣❡r❛❞♦ ❛ ♣❛rt✐r ❞❡ s❡✉s ❡st❛❞♦s ♣ré✈✐♦s✳ ▲♦❣♦✱ ♦s ♣❛râ♠❡tr♦s ❞❛ r❡❞❡ ❘❇❋ q✉❡
❞❡✈❡♠ s❡r ❛❥✉st❛❞♦s sã♦ ♦s ❝❡♥tr♦s ❡ ❛ ✈❛r✐â♥❝✐❛ ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ ❡ ♦s ♣❡s♦s ❞❛ ❝❛♠❛❞❛ ❞❡
s❛í❞❛✳ ❊st❡s ♣❛râ♠❡tr♦s ♣♦❞❡♠ t❛♠❜é♠ s❡r ❛❥✉st❛❞♦s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ▲▼❙✳ ❖ ♥ú♠❡r♦ ❑ ❞❡
♥❡✉rô♥✐♦s ❞❛ ❝❛♠❛❞❛ ❡s❝♦♥❞✐❞❛ ❞❡✈❡ s❡r ❣r❛♥❞❡ ♦ s✉✜❝✐❡♥t❡ ♣❛r❛ q✉❡ ❛ ♠❛tr✐③ ❞❡ ❡st❛❞♦s ♣♦ss❛
❛r♠❛③❡♥❛r t♦❞♦s ♦s ❡st❛❞♦s s✐❣♥✐✜❝❛t✐✈♦s ❡ ❛ ❞✐♠❡♥sã♦ ▲ ❞♦s ✈❡t♦r❡s ❞❡ ❡st❛❞♦ ❞♦ ♣r♦❝❡ss♦
❞❡✈❡ s❡r t❛♠❜é♠ s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡ ♣❛r❛ ❝❛♣t❛r ❛s ✐♥❢♦r♠❛çõ❡s ♥❡❝❡ssár✐❛s ♣❛r❛ ❛❥✉st❛r
♦s ♣❡s♦s ❞♦ ♠♦❞❡❧♦✳

❆ s❛í❞❛ ❞❡ ✉♠❛ r❡❞❡ ❘❇❋ ❣❡♥❡r❛❧✐③❛❞❛ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞❛ ❡♥tã♦ ❝♦♠♦ ✉♠ ✜❧tr♦ ❞❡
♣r❡❞✐çã♦ ❧✐♥❡❛r ❝♦♠ ♠❛tr✐③ ❞❡ ✐♥t❡r♣♦❧❛çã♦ ❞❡✜♥✐❞❛ ♣❡❧❛ ♠❛tr✐③ ❞❡ ❡st❛❞♦s Φ✳ ❊st❛ ❛❜♦r❞❛❣❡♠
❝♦♥❝♦rr❡✉ ♣❛r❛ ❛ r❡❞✉çã♦ ❞♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡ ♣♦ss✐❜✐❧✐t♦✉ ❛ ❛♣❧✐❝❛çã♦ ❞❛s r❡❞❡s ❘❇❋ ♥❛
♣r❡❞✐çã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳

✺✳✹ ❘❡❞❡s ❘❇❋ ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s
◆❛ ❢♦r♠❛❧✐③❛çã♦ ❞♦s ♠♦❞❡❧♦s ♥❡✉r❛✐s ❞❡ ♣r❡✈✐sã♦ ♣r♦♣♦st♦s✱ ❜❛s❡❛❞♦s ❡♠ r❡❞❡s ❘❇❋ ❝♦♠

❢✉♥çõ❡s ❞❡ ❛t✐✈❛çã♦ t✐♣♦ ❣❛✉ss✐❛♥❛ ❡ s♣❧✐♥❡ ✜♥❛✱ sã♦ ❛ss✉♠✐❞❛s ❛s s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s ✿
• ❆ sér✐❡ t❡♠♣♦r❛❧ {②}N

t=1✱ ♣❛r❛ ❝❛❞❛ ✈❛❧♦r ♣r❡❞✐t♦✱ ♣♦❞❡ s❡r ❛ss♦❝✐❛❞❛ ❛ ✉♠ ♣r♦❝❡ss♦
❡st♦❝ást✐❝♦ ❨ ❝♦♠ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s N ✱ ❝♦♠ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ót✐♠❛ TS✱ t❛♥t♦
♣❛r❛ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❜❛s❡❛❞❛ ❡♠ r❡❞❡s ❘❇❋ ❝♦♠ ❝❡♥tr♦s ❛❥✉st❛❞♦s ✈✐❛ P❈❆ ❝♦♠♦ ♣❛r❛ ❛
q✉❡ ✉t✐❧✐③❛ ♦ ❛❧❣♦r✐t♠♦ ❆❘■❆✳

• ❖ tr❡✐♥❛♠❡♥t♦ ❞❛ r❡❞❡ ❘❇❋ ❛ t♦r♥❛ ❝❛♣❛③ ❞❡ ❛♥t❡❝✐♣❛r t❡♠♣♦r❛❧♠❡♥t❡ ♦ ✈❛❧♦r ❞♦ ♣r♦❝❡ss♦
❡st♦❝ást✐❝♦ ❨ q✉❡ ♦❝♦rr❡ ❡♠ n + 1✱ ♦✉ s❡❥❛✱ ♦ ✈❛❧♦r ✉♠ ♣❛ss♦ ❛ ❢r❡♥t❡ r❡♣r❡s❡♥t❛❞♦ ♣♦r
ŷ(n+ 1)✳

• ❆ ❥❛♥❡❧❛ ❞❡ ♣r❡❞✐çã♦ ✐♥t❡❧✐❣❡♥t❡ ❞✐♥â♠✐❝❛ JPID ❛ss♦❝✐❛❞❛ às r❡❞❡s ❘❇❋ ❝♦♠ ❝❡♥tr♦s
❛❥✉st❛❞♦s ✈✐❛ P❈❆ ❡ ❛s ❛♠♦str❛s q✉❡ sã♦ ✉t✐❧✐③❛❞❛s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❆❘■❆ r❡♣r❡s❡♥t❛♠
♦ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ ❨ ❡ tê♠ ❛❜r❛♥❣ê♥❝✐❛ s✉✜❝✐❡♥t❡ ♣❛r❛ q✉❡ ♦s ♠♦❞♦s ❞❡ ✈❛r✐❛çã♦
❜ás✐❝♦s ❞❡ ❨ ♣♦ss❛♠ s❡r ❝❛♣t❛❞♦s✳
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❯♠ ❛s♣❡❝t♦ ♣rát✐❝♦ ✐♠♣♦rt❛♥t❡ ♥❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ♥❡✉r❛❧ é ❛ ♥♦r♠❛❧✐③❛çã♦
❞♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❡ ❞❡ s❛í❞❛✳ ❊st❛ ♥♦r♠❛❧✐③❛çã♦ é r❡❧❡✈❛♥t❡ ♣♦rq✉❡ s❡ ♣❡❧♦ ♠❡♥♦s ✉♠❛
❡♥tr❛❞❛ ❞❛ r❡❞❡ t✐✈❡r ✈❛❧♦r❡s ♠✉✐t♦ ❞✐st✐♥t♦s ❞❛s ♦✉tr❛s✱ ♣r♦✈❛✈❡❧♠❡♥t❡ ❣❡r❛rá ✈❛❧♦r❡s ❞❡ ❡rr♦s
♥ã♦ ♣r♦♣♦r❝✐♦♥❛✐s✱ ❝♦♠♣r♦♠❡t❡♥❞♦ ♦ ❛❥✉st❡ ❞♦s ♣❛râ♠❡tr♦s✳ ❯♠❛ ♠❛♥❡✐r❛ ❡✜❝❛③ ❞❡ ♥♦r♠❛❧✐③❛r
♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞❡ r❡❞❡s t✐♣♦ P▼❈ é ❢❛③❡r A(k) = (A(k) − Amin)/(Amax − Amin)❀
❡♠ q✉❡ Amax ❡ Amin sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♦s ✈❛❧♦r❡s ♠á①✐♠♦s ❡ ♠í♥✐♠♦s ❡♥❝♦♥tr❛❞♦s ❞❡♥tr♦
❞♦ ❡s♣❛ç♦ ❞❡ ❛♠♦str❛s ✉t✐❧✐③❛❞♦ ♥♦ tr❡✐♥❛♠❡♥t♦ ❞❛ ❘◆❆✳ ❏á ❛s r❡❞❡s t✐♣♦ ❘❇❋ ❣❡r❛❧♠❡♥t❡ tê♠
s✉❛s ❡♥tr❛❞❛s ❡ s❛í❞❛s ♥♦r♠❛❧✐③❛❞❛s ❞❡ ♠❛♥❡✐r❛ ❛ t♦r♥❛r ❛ ♠é❞✐❛ ❞❛s ❡♥tr❛❞❛s ✐❣✉❛❧ ❛ ③❡r♦ ❡ ♦
❞❡s✈✐♦ ♣❛❞rã♦ ✉♥✐tár✐♦✳

✺✳✹✳✶ ■❞❡♥t✐✜❝❛çã♦ ❞♦s ❝❡♥tr♦s ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ ✈✐❛ P❈❆

❖s ❝❡♥tr♦s ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ♥ã♦ t❡♠ ❛ ❝❛r❛❝t❡ríst✐❝❛
❞❡ ❧♦❝❛❧✐❞❛❞❡ ❣❡♦♠étr✐❝❛✳ ❖ ❛❥✉st❡ ❞♦s ❝❡♥tr♦s ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ ♣♦r ♠❡✐♦ ❞♦ P❈❆ t❡♠ ❝♦♠♦
♣r✐♠❡✐r♦ ♣❛ss♦ ❝❛❧❝✉❧❛r ❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ γy✱ ❛ ♣❛rt✐r ❞❛ ❥❛♥❡❧❛ ❞❡ ♣r❡❞✐çã♦ ✐♥t❡❧✐❣❡♥t❡
❞✐♥â♠✐❝❛ JPID✱ ❡①tr❛í❞❛ ❞❡ ❨✱ ❝❛♣t❛♥❞♦ ❛ ❞✐♥â♠✐❝❛ t❡♠♣♦r❛❧ ❞♦ ♣r♦❝❡ss♦ ❛ss♦❝✐❛❞♦ à sér✐❡
t❡♠♣♦r❛❧ ❛♥❛❧✐s❛❞❛✳

P❛r❛ s❡ ❝❛❧❝✉❧❛r ❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ γy✱ ♣r✐♠❡✐r❛♠❡♥t❡ s❡ ❝❛❧❝✉❧❛ ♦ ✈❡t♦r ♠é❞✐❛ ❞♦
❝♦♥❥✉♥t♦ ❨✱ ❞❡ ❛❝♦r❞♦ ❝♦♠

②̄(n) =
1

M

M−1∑

i=0

②(n− i). ✭✺✳✶✹✮

P♦st❡r✐♦r♠❡♥t❡✱ ❢♦r♠❛✲s❡ ❛ ♠❛tr✐③ ❳✱ ❝♦♠♣♦st❛ ♣♦r ✈❡t♦r❡s ①i✱ ❞❡t❡r♠✐♥❛❞♦s ❛ ♣❛rt✐r ❞❛
❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ✈❡t♦r❡s q✉❡ ❝♦♠♣õ❡♠ ❨ ❡ ♦ ✈❡t♦r ♠é❞✐❛✱ ❝❛❧❝✉❧❛❞♦ ♣♦r ♠❡✐♦ ❞❛ ❡q✉❛çã♦
❛♥t❡r✐♦r✳ ❆ss✐♠✱ t❡♠✲s❡ ❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

①i(n) = ②(n− i) − ②̄(n), i = 0, 1, ...,M − 1. ✭✺✳✶✺✮
❘❡s✉❧t❛♥❞♦ ♥❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ γy ❞❛❞❛ ♣♦r

γy(n) =
1

M

M−1∑

i=0

①(n− i)①(n− i)T . ✭✺✳✶✻✮

❋✐♥❛❧♠❡♥t❡✱ r❡s✉❧t❛ ❛ ♠❛tr✐③ q✉❛❞r❛❞❛ ❞❡ ♦r❞❡♠ M ✱ ❝♦♠ γy(n) ❞❛❞❛ ♣♦r

γy(n) =





γ0,0(n) γ0,1(n)... γ0,(M−1)(n)
γ1,0(n) γ1,1(n)... γ1,(M−1)(n)

✳✳✳ ✳✳✳ ✳✳✳
γ(M−1),0(n) γ(M−1),1(n)... γ(M−1),(M−1)(n).




✭✺✳✶✼✮

❖s ❛✉t♦✈❛❧♦r❡s ❡ ❛✉t♦✈❡t♦r❡s ❞❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ γ(n) sã♦ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ tr❛♥s✲
❢♦r♠❛❞❛ ❞❡ ❑❛❤✉♥❡♥✲▲♦é✈❡✱ ❛ ♣❛rt✐r ❞❛ s♦❧✉çã♦ ❞❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦

γ(n).❡k(n) = λk(n).❡k(n) ✭✺✳✶✽✮
❡♠ q✉❡ k = 1, ..., K r❡♣r❡s❡♥t❛ ♦ ♥ú♠❡r♦ ❞❡ ❛✉t♦✈❛❧♦r❡s ❡ ❛✉t♦✈❡t♦r❡s✳
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❆ ♣❛rt✐r ❞❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛✉t♦✈❛❧♦r❡s sã♦ ❝❛❧❝✉❧❛❞♦s ♦s ❛✉t♦✈❡t♦r❡s ❛ss♦❝✐❛❞♦s✳ ◗✉❛♥❞♦
♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❞❡♠❛♥❞❛❞♦ ♣❛r❛ ❝❛❧❝✉❧❛r ♦s ❛✉t♦✈❛❧♦r❡s é ❣r❛♥❞❡ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ❛
♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❍♦✉s❡❤♦❧❞❡r ❛ss♦❝✐❛❞❛ à tr❛♥s❢♦r♠❛çã♦ ♠❛tr✐❝✐❛❧ ◗▲✳

❋✐♥❛❧♠❡♥t❡✱ ♦s ❝❡♥tr♦s ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ ❞❛ r❡❞❡ ❘❇❋ sã♦ ❞❡t❡r♠✐♥❛❞♦s ❞❡ ❛❝♦r❞♦
❝♦♠ ❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

Ω1a(n) =
√
λ1(n).❡1(n),

Ω1b(n) = −
√
λ1(n).❡1(n),

Ω2a(n) =
√
λ2(n).❡2(n),

Ω2b(n) = −
√
λ2(n).❡2(n),

✳✳✳
ΩKa(n) =

√
λK(n).❡K(n),

ΩKb(n) = −
√
λK(n).❡K(n). ✭✺✳✶✾✮

◗✉❛♥❞♦ ❛ sér✐❡ t❡♠♣♦r❛❧ ❡stá ❝❛rr❡❣❛❞❛ ❝♦♠ r✉í❞♦ ❡ ❡st❡ r✉í❞♦ ♣♦❞❡ s❡r ❛♣r♦①✐♠❛❞♦ ♣♦r ✉♠
r✉í❞♦ ❜r❛♥❝♦✱ ♣♦❞❡✲s❡ ✜❧trá✲❧♦✱ ❞❡s♣r❡③❛♥❞♦ ♦s ❛✉t♦✈❛❧♦r❡s ♠❡♥♦s s✐❣♥✐✜❝❛t✐✈♦s✳ ◆❡st❡ ❝❛s♦✱ ♦
♥ú♠❡r♦ ❞❡ ♥❡✉rô♥✐♦s ♣♦❞❡ s❡r ♠❡♥♦r q✉❡ 2K✳ ❉❡st❛q✉❡✲s❡ q✉❡ ♦s r✉í❞♦s ❝♦♠ ❜❛✐①❛ ❝♦rr❡❧❛çã♦
sã♦ r❡♣r❡s❡♥t❛❞♦s ♥♦s s✉❜❡s♣❛ç♦s ❞❡ ♠❡♥♦r❡s ❛✉t♦✈❛❧♦r❡s✳

❋✐♥❛❧♠❡♥t❡✱ ❡st❡s ❝❡♥tr♦s ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ♥ã♦ tê♠ ❛
❝❛r❛❝t❡ríst✐❝❛ ❞❡ ❧♦❝❛❧✐❞❛❞❡ ❣❡♦♠étr✐❝❛✱ ♠❛s tê♠ ❛ ❤❛❜✐❧✐❞❛❞❡ ❞❡ ❝❛♣t❛r ❛ ❞✐♥â♠✐❝❛ t❡♠♣♦r❛❧
❞♦ ♣r♦❝❡ss♦ q✉❡ é ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❡st✉❞❛❞❛✳

✺✳✹✳✷ ■❞❡♥t✐✜❝❛çã♦ ❞♦s ❝❡♥tr♦s ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ ✈✐❛ ❛❧❣♦r✐t♠♦

❆❘■❆

❆ ♠❛✐♦r✐❛ ❞♦s ♠ét♦❞♦s ❞❡ ❝❧✉st❡r✐③❛çã♦ ♥ã♦ ❛✈❛❧✐❛♠ ❛s ❞❡♥s✐❞❛❞❡s ❧♦❝❛✐s ❞♦s ❞❛❞♦s✳ P♦r
❡①❡♠♣❧♦✱ ♦s ❛❧❣♦r✐t♠♦s ❙❖▼ ✭❙❡❧❢✲❖r❣❛♥✐③✐♥❣ ▼❛♣s✮✱ s✉❣❡r✐❞♦s ❡♠ ❬❑❖❍❖◆❊◆✱ ✶✾✽✽❪✱ ❡ ♦
❛✐◆❡t q✉❡ ❢♦✐ ♣r♦♣♦st♦ ♣❛r❛ ❛tr✐❜✉✐r ♦s ❝❡♥tr♦s ❞❡ r❡❞❡s ❘❇❋ ❡♠ ❬❈❆❙❚❘❖ ❛♥❞ ❩❯❇❊◆✱ ✷✵✵✶❪
❡stã♦ ♥❡st❛ ❝❛t❡❣♦r✐❛✳ ❊st❡s ♠ét♦❞♦s ♣♦❞❡♠ ❛♣r❡s❡♥t❛r ❞✐st♦rçõ❡s ❞❡✈✐❞♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❛♦s
s❡❣✉✐♥t❡s ❢❛t♦s✿ q✉❛♥❞♦ ♦s ❝❧✉st❡rs sã♦ ❝♦❧♦❝❛❞♦s r❡❧❛t✐✈❛♠❡♥t❡ ♣ró①✐♠♦s ✉♠ ❞♦ ♦✉tr♦❀ q✉❛♥❞♦
❛ ❞❡♥s✐❞❛❞❡ ✈❛r✐❛ ❞❡ ❝❧✉st❡r ♣❛r❛ ❝❧✉st❡r ❀ q✉❛♥❞♦ s✉❛s ❜♦r❞❛s sã♦ ♥❡❜✉❧♦s❛s ❡ s✉♣❡r♣♦st❛s✳ ■st♦
♣♦❞❡ ❣❡r❛r ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ♥ã♦ r❡❛❧✐st❛ ❞♦s ❞❛❞♦s✳

❖ ❛❧❣♦r✐t♠♦ ❆❘■❆ ✭❆❞❛♣t✐✈❡ ❘❛❞✐✉s ■♠♠✉♥❡ ❆❧❣♦r✐t❤♠✮ ❬❇❊❩❊❘❘❆ ❡t ❛❧✳✱ ✷✵✵✺❪✱ ❢♦✐ ❝r✐✲
❛❞♦ ♣❛r❛ ♣r❡s❡r✈❛r ❛ ❞❡♥s✐❞❛❞❡ ❡ é ❜❛s❡❛❞♦ ♥♦s ♠❡❝❛♥✐s♠♦s ❞❡ ❡①♣❛♥sã♦ ❝❧♦♥❛❧ ❡ s✉♣r❡ssã♦✱
❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❛ ✐♥❢♦r♠❛çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ ❞♦s ❞❛❞♦s✳ ❖s t❛♠❛♥❤♦s ❞♦s r❛✐♦s ❞♦s ❝❧✉st❡rs
sã♦ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛✐s às r❡s♣❡❝t✐✈❛s ❞❡♥s✐❞❛❞❡s✱ ♦✉ s❡❥❛✱ ❛❧t❛ ❞❡♥s✐❞❛❞❡ t❡♠ r❛✐♦s
♣❡q✉❡♥♦s ❡ ❜❛✐①❛ ❞❡♥s✐❞❛❞❡ r❛✐♦s ❣r❛♥❞❡s✳ ❊st❡ ♠ét♦❞♦ ❣❡r❛ ❝❧✉st❡rs q✉❡ ♣❡r♠✐t❡♠ ✉♠❛ ✈✐sã♦
❣❡r❛❧ ♠❛✐s ❝♦♠♣❧❡t❛ ❡ ♠❡❧❤♦r ❞♦s ❞❛❞♦s✳

❆s três ❢❛s❡s ♣r✐♥❝✐♣❛✐s ❞♦ ❆❘■❆ sã♦✿
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❛✮ ▼❛t✉r✐❞❛❞❡ ❞❛ ❛✜♥✐❞❛❞❡✿ ♦s ❛♥tí❣❡♥♦s ✭♣❛❞rõ❡s✮ sã♦ ❛♣r❡s❡♥t❛❞♦s ❛♦s ❛♥t✐❝♦r♣♦s✱ ♦s
q✉❛✐s s♦❢r❡♠ ✉♠❛ ❢♦rt❡ ♠✉t❛çã♦ ♣❛r❛ s❡ ❛❥✉st❛r ♠❡❧❤♦r ❛♦s ❛♥tí❣❡♥♦s ✭✐♥t❡r❛çõ❡s Ag ✲Ab✮✳

❜✮ ❊①♣❛♥sã♦ ❝❧♦♥❛❧✿ ♦s ❛♥t✐❝♦r♣♦s q✉❡ sã♦ ♠❛✐s ❡st✐♠✉❧❛❞♦s sã♦ s❡❧❡❝✐♦♥❛❞♦s ♣❛r❛ s❡r❡♠
❝❧♦♥❛❞♦s ❡ ❛ r❡❞❡ ✐♠✉♥❡ ❝r❡s❝❡✳

❝✮ ❙✉♣r❡ssã♦ ♥❛ r❡❞❡✿ ❛ ✐♥t❡r❛çã♦ ❡♥tr❡ ♦s ❛♥t✐❝♦r♣♦s é q✉❛♥t✐✜❝❛❞❛ ❡ s❡ ✉♠ ❛♥t✐❝♦r♣♦
r❡❝♦♥❤❡❝❡ ♦✉tr♦✱ ✉♠ ❞♦s ❞♦✐s é ❡❧✐♠✐♥❛❞♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❝é❧✉❧❛s ✭✐♥t❡r❛çõ❡s Ab ✲Ab✮✳

❊♠ s❡❣✉✐❞❛ ❛♣r❡s❡♥t❛✲s❡ ♦ ♣s❡✉❞♦ ❝ó❞✐❣♦ ❞❡st❡ ❛❧❣♦r✐t♠♦✿
✶ ■♥✐❝✐❛r ❛s ✈❛r✐á✈❡✐s✳
✷ P❛r❛ ❛ ✐t❡r❛çã♦ ❞❡ ✶ ❛ ◆ ♣❛❞rõ❡s ✭❛♥tí❣❡♥♦s✮✱ ❢❛ç❛✳

✷✳✶ P❛r❛ ❝❛❞❛ ❛♥tí❣❡♥♦ Ag✱ ❢❛ç❛✳
✷✳✶✳✶ ❙❡❧❡❝✐♦♥❛r ♦ ❛♥t✐❝♦r♣♦ Ab ❝♦♠ ♠❡❧❤♦r ♠❛t❝❤✐♥❣✳
✷✳✶✳✷ ❋❛③❡r ❛ ♠✉t❛çã♦ ❞❡ Ab ❝♦♠ ❛ t❛①❛ mi✳
❡♥❞

✷✳✷ ❊❧✐♠✐♥❛r ♦s Ab q✉❡ ♥ã♦ ❢♦r❛♠ ❡st✐♠✉❧❛❞♦s✳
✷✳✸ ❈❧♦♥❛r ♦s Ab q✉❡ r❡❝♦♥❤❡❝❡♠ ❛♥tí❣❡♥♦s ❛ ✉♠❛ ❞✐stâ♥❝✐❛ ♠❛✐♦r q✉❡ ♦ r❛✐♦ ❘✳
✷✳✹ ❈❛❧❝✉❧❛r ❛ ❞❡♥s✐❞❛❞❡ ❧♦❝❛❧ ♣❛r❛ ❝❛❞❛ Ab✳
✷✳✺ ❊st✐♠❛r ♦ ❧✐♠✐❛r ❞❡ ❡❧✐♠✐♥❛çã♦ ✭r❛✐♦✮ ❞❡ ❝❛❞❛ Ab✱ ❢❛③❡♥❞♦ Rab = r∗(denmax/den)1/dim✳
✷✳✻ ❊❧✐♠✐♥❛ ❛♥t✐❝♦r♣♦s ❞❛♥❞♦ ♣r✐♦r✐❞❛❞❡ ❞❡ ✈✐❞❛ ♣❛r❛ ❛q✉❡❧❡s ❝♦♠ ♠❡♥♦r R✳
✷✳✼ ❋❛③ E = mean(R)✳
✷✳✽ ❙❡ ❛ ❣❡♥❡r❛❧✐③❛çã♦ ❛t✉❛❧ é ♠❛✐♦r q✉❡ gen/2✳
✷✳✽✳✶ ❘❡❞✉③ mi✱ ❢❛③❡♥❞♦ mi = mi ∗ decay✳
❡♥❞

❡♥❞
❖s sí♠❜♦❧♦s ✉t✐❧✐③❛❞♦s ♥♦ ♣s❡✉❞♦ ❝ó❞✐❣♦ ❛❝✐♠❛ sã♦✿ Rab é ♦ r❛✐♦ ❞❡ ❝❛❞❛ ❛♥t✐❝♦r♣♦ ✭❧✐♠✐❛r

❞❡ ❡❧✐♠✐♥❛çã♦✮❀ r∗ é ♦ ♠✉❧t✐♣❧✐❝❛❞♦r ❞♦ r❛✐♦✱ ❞❡t❡r♠✐♥❛ ♦ t❛♠❛♥❤♦ ❞♦ ♠❡♥♦r r❛✐♦❀ mi∗ é ❛ t❛①❛
❞❡ ♠✉t❛çã♦❀ decay∗ é ✉♠❛ ❝♦♥st❛♥t❡ ✭0 < decay < 1✮ ✉s❛❞❛ ♣❛r❛ ❞✐♠✐♥✉✐r ❛ t❛①❛ ❞❡ ♠✉t❛çã♦❀
E é ♦ r❛✐♦ q✉❡ ❞❡✜♥❡ ♦ ✈✐③✐♥❤♦ ♣❛r❛ ❡st✐♠❛r ❛ ❞❡♥s✐❞❛❞❡❀ gen∗ é ♦ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s❀ dim é ❛
❞✐♠❡♥sã♦ ❞♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛✳ ❖s ♣❛râ♠❡tr♦s ❛ss✐♥❛❧❛❞♦s ❝♦♠ ❛st❡r✐s❝♦ sã♦ ❞❛❞♦s ❞❡ ❡♥tr❛❞❛
❢♦r♥❡❝✐❞♦s ♣❡❧♦ ✉s✉ár✐♦ ❞♦ ❛❧❣♦r✐t♠♦✳

❖ ♠❡❝❛♥✐s♠♦ ❞❡ ♠✉t❛çã♦ ♣❛r❛ ✉♠ ❛♥t✐❝♦r♣♦ Ab✱ ❡♠ ❢✉♥çã♦ ❞❡ ✉♠ ❛♥tí❣❡♥♦ Ag✱ é ❛♣r❡s❡♥✲
t❛❞♦ ♥❛ ❡q✉❛çã♦ ❛❜❛✐①♦

Ab = Ab +mi ∗ rand ∗ (Ag − Ab) ✭✺✳✷✵✮
❡♠ q✉❡ ❛ t❛①❛ ❞❡ ♠✉t❛çã♦ mi é ✐♥✐❝✐❛❧♠❡♥t❡ ✶ ❡ r❛♥❞ é ✉♠ ♥ú♠❡r♦ r❛♥❞ô♠✐❝♦ ❡♥tr❡ ✵ ❡ ✶✳
◗✉❛♥❞♦ mi ❡ r❛♥❞ sã♦ ✐❣✉❛✐s ❛ ✶✱ ❡♥tã♦ ♦ ❛♥t✐❝♦r♣♦ é ❡①❛t❛♠❡♥t❡ ✐❣✉❛❧ ❛♦ Ag✳

❖ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❝❧♦♥❛❣❡♠ t❛♠❜é♠ ✉t✐❧✐③❛ ❛ ❡q✉❛çã♦ ❛♥t❡r✐♦r✳ ❯♠ ❝❧♦♥❡ é ✉♠❛ s✐♠♣❧❡s
❝ó♣✐❛ ❞❡ s❡✉ ❛♥t✐❝♦r♣♦ ♣❛r❡♥t❡✳ ❈♦♠♦ ✉♠ ❛♥t✐❝♦r♣♦ ♣♦❞❡ s❡r ❡st✐♠✉❧❛❞♦ ♣♦r ✈ár✐♦s ❛♥tí❣❡♥♦s✱
✉t✐❧✐③❛✲s❡ ♦ ♣r✐♠❡✐r♦ ❛♥tí❣❡♥♦ q✉❡ ♦ ❡st✐♠✉❧❛ ♣❛r❛ s❡ ♦❜t❡r ♦ ❝❧♦♥❡✳ ❆ ❝❧♦♥❛❣❡♠ ❞❡✈❡ ♦❝♦rr❡r
❞❡♣♦✐s ❞♦ ❛♥t✐❝♦r♣♦ s♦❢r❡r ♠✉t❛çã♦ ♣❛r❛ ❣❡r❛r ❞✐✈❡rs✐❞❛❞❡✱ ❝❛s♦ ❝♦♥trár✐♦✱ ❛ ❞✐✈❡rs✐❞❛❞❡ ♣♦❞❡
s❡r ❡①♣r❡ss✐✈❛♠❡♥t❡ ❛❢❡t❛❞❛✳

❖ r❛✐♦ ❛❞❛♣t❛t✐✈♦ ❞♦ ❛♥t✐❝♦r♣♦ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❆❘■❆ é ❝❛♣❛③ ❞❡ ❝❛♣t✉r❛r ❛ ✐♥❢♦r♠❛çã♦ ❞❛
❞❡♥s✐❞❛❞❡ r❡❧❛t✐✈❛✱ ♣r❡s❡r✈❛♥❞♦ ❛s ❞✐stâ♥❝✐❛s r❡❧❛t✐✈❛s ❛♣ós ❛ ❝♦♠♣r❡ssã♦ ❞♦s ❞❛❞♦s✱ t♦❧❡r❛♥❞♦
r✉í❞♦s ❡ ❝♦♠ ♣❡r❢♦r♠❛♥❝❡ s✉♣❡r✐♦r ❛♦ ❦✲♠❡❛♥s✱ ❊▼✱ ❛✐◆❡t ❡ ♦ ❙❖▼✳ ❖ ❆❘■❆ t❡♠ s♦♠❡♥t❡ ✉♠
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♣❛râ♠❡tr♦ ✭r✮ ✐♠♣♦rt❛♥t❡ ♣❛r❛ s❡r ❛❥✉st❛❞♦ ♣❡❧♦ ✉s✉ár✐♦ ❡ ❛ ❞❡t❡r♠✐♥❛çã♦ ❡①❛t❛ ❞♦ s❡✉ ✈❛❧♦r
❛✐♥❞❛ é ✉♠❛ q✉❡stã♦ ❡♠ ❛❜❡rt♦✳ ❈❛❞❛ ♣r♦❜❧❡♠❛ t❡♠ ✉♠❛ r❡s♦❧✉çã♦ ❞✐❢❡r❡♥t❡ ❡ ❡st❡ ♣❛râ♠❡tr♦
s❡r✈❡ ♣❛r❛ ❧✐❞❛r ❝♦♠ ✐st♦✱ ❝❛❜❡♥❞♦ ❛♦ ✉s✉ár✐♦ ❢❛③ê✲❧♦ ❥á q✉❡ ♦ ❛❥✉st❡ ❛✉t♦♠át✐❝♦ ❞♦ s❡✉ ✈❛❧♦r
❛✐♥❞❛ é ✉♠❛ q✉❡stã♦ ❡♠ ❛❜❡rt♦✳

✺✳✹✳✸ ❆❥✉st❡ ❞♦ ❡s♣❛❧❤❛♠❡♥t♦ ❞❛ ❢✉♥çã♦ s♣❧✐♥❡ ✜♥❛

❊st❡ ❛❧❣♦r✐t♠♦ é ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ ❛ ❢✉♥çã♦ ❞❡ ❜❛s❡ t✐♣♦ s♣❧✐♥❡ ✜♥❛ ❞❛ ❝❛♠❛❞❛ ❡s❝♦♥❞✐❞❛
❞❛ r❡❞❡ ❘❇❋✳ ❊st❛ ❢✉♥çã♦ é ❞❛❞❛ ♣❡❧❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦

ϕk(n) =
β(n)

σ2(n)
log

β(n)

σ(n)
✭✺✳✷✶✮

❡♠ q✉❡✱ ♣❛r❛ ❝❛❞❛ ✐♥st❛♥t❡ n✱ β(n) é ❞❛❞♦ ♣♦r ‖ ①(n)−tk(n) ‖2✱ ❡st✐♠❛❞♦ ♣❡❧❛ ♥♦r♠❛ ❡✉❝❧✐❞✐❛♥❛
✭♦✉ ♦✉tr❛ ♥♦r♠❛✮ ❡♥tr❡ ♦ ✈❡t♦r ❞❡ ❡♥tr❛❞❛ ❡ ♦ ❝❡♥tr♦ ❞♦ ❛❣r✉♣❛♠❡♥t♦✱ ❡ σ(n) ❝♦♥tr♦❧❛ ♦
❡s♣❛❧❤❛♠❡♥t♦ ❞♦ ❛❣r✉♣❛♠❡♥t♦✳

➱ ❢❛t♦ ❥á ❜❡♠ ❝♦♥❤❡❝✐❞♦ q✉❡ ✉♠ ❜❛✐①♦ ❡rr♦ ❞❡ ❛♣r♦①✐♠❛çã♦ ♥ã♦ s✐❣♥✐✜❝❛ ♥❡❝❡ss❛r✐❛♠❡♥t❡
✉♠ ❜❛✐①♦ ❡rr♦ ❞❡ ♣r❡❞✐çã♦✳ ❏á ✉♠ ❛❧t♦ ❡rr♦ ❞❡ ❛♣r♦①✐♠❛çã♦ q✉❛s❡ s❡♠♣r❡ ✐♠♣❧✐❝❛ ❡♠ ✉♠ ❛❧t♦
❡rr♦ ❞❡ ♣r❡❞✐çã♦✳ P♦rt❛♥t♦✱ é r❛③♦á✈❡❧ q✉❡ s❡ ❜✉sq✉❡ ✐r ❞✐r❡t♦ ❛♦ ♣♦♥t♦ ♣r✐♥❝✐♣❛❧ ❞❛ q✉❡stã♦✱ ♦✉
s❡❥❛✱ ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ❢✉♥çã♦ q✉❡ ❛✈❛❧✐❛ ❛ ♣r❡❞✐çã♦ ❡ ✉♠ ❢❛t♦r q✉❡ ♣♦ss❛ ❛❥✉st❛r ❛ ❞✐s♣❡rsã♦✳

❖ ❡s♣❛❧❤❛♠❡♥t♦ ❞♦ ❛❣r✉♣❛♠❡♥t♦ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ❡q✉❛çã♦ ❛❜❛✐①♦
ξ(n).max

a,b
{‖ ta(n) − tb(n) ‖2}

❡♠ q✉❡ ❛ ❞✐s♣❡rsã♦ é ❛❥✉st❛❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♠❛✐♦r ✈❛❧♦r ❞♦ q✉❛❞r❛❞♦ ❞❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛
❡♥tr❡ ♣❛r❡s ❞❡ ❝❡♥tr♦s ❞♦s ❛❣r✉♣❛♠❡♥t♦s✱ ♠✉❧t✐♣❧✐❝❛❞♦ ♣♦r ✉♠ ❢❛t♦r ❞❡ ❛❥✉st❡ ❞❛ ❞✐s♣❡rsã♦✳ ❆
♣❛rt✐r ❞♦ ❢❛t♦r ❞❡ ✈❛r✐â♥❝✐❛ ξ ♣❛r❛ ✉♠❛ ❢✉♥çã♦ ❣❛✉ss✐❛♥❛✱ ❛ r❡❞✉çã♦ ❞♦ ❡rr♦ ❞❡ ❛♣r♦①✐♠❛çã♦ ♣♦r
♠❡✐♦ ❞♦ ❛❥✉st❡ ❞❡ ξ ✐♠♣❧✐❝❛ ♥❛ r❡❞✉çã♦ ❞❡ ❡rr♦ ❞❡ ♣r❡❞✐çã♦✳ ▲♦❣♦✱ ❝♦♠♦ ♦s ❡rr♦s ❞❡ ❛♣r♦①✐♠❛çã♦
❡ ♣r❡❞✐çã♦ s❡ ❝♦rr❡❧❛❝✐♦♥❛♠ ✈✐❛ ξ✱ ♦ ✉s♦ ❞♦ NMSE(n)✱ q✉❡ ❛✈❛❧✐❛ ❛ q✉❛❧✐❞❛❞❡ ❞❛ ♣r❡❞✐çã♦✱
s❡r✈❡ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ♣❛r❛ ❛❥✉st❡ ❡①♣❡r✐♠❡♥t❛❧ ❞❡ ξ✳ ❆ss✐♠✱ ❛t✉❛✲s❡ ♥♦ ❡rr♦ ❞❡ ♣r❡❞✐çã♦ ❡ ♥ã♦
♥❛ ❡✈❡♥t✉❛❧ r❡❞✉çã♦ ❞♦ ❡rr♦ ❞❡ ❛♣r♦①✐♠❛çã♦✳

❊s♣❡❝✐✜❝❛♠❡♥t❡✱ ❞❛❞❛ ❛ ❥❛♥❡❧❛ ❞❡ ♣r❡❞✐çã♦ P (n) ❡ ♦s r❡s♣❡❝t✐✈♦s ❝❡♥tr♦s tk(n)✱ ♦s ♣❡s♦s
❡ ♦ ❡s♣❛❧❤❛♠❡♥t♦ sã♦ ❛❥✉st❛❞♦s ❡♠ ❢✉♥çã♦ ❞❡ ξ(n)✳ ❙❡❥❛ ŷ(n + 1) ♦ ✈❛❧♦r ♣r❡❞✐t♦✱ ❝❛❧❝✉❧❛✲s❡
♦ NMSE(n) ❡ ♣r♦❝❡ss❛✲s❡ ❛ ♦t✐♠✐③❛çã♦✱ ♦✉ s❡❥❛✱ ❛ ♠✐♥✐♠✐③❛çã♦ ❞♦ NMSE(n)✳ ❖s ❝❡♥tr♦s
♣❡r♠❛♥❡❝❡♠ ❝♦♥st❛♥t❡s ❡ ♦s ♣❡s♦s ❡ ♦ ❡s♣❛❧❤❛♠❡♥t♦ ✈❛r✐❛♠ ❝♦♠ ♦ ♥♦✈♦ ✈❛❧♦r ❞❡ ξ✳

❖ ♣r♦❝❡❞✐♠❡♥t♦ r❡❝✉rs✐✈♦ ♣❛r❛ ❛❥✉st❛r ξ(n)✱ ♥♦ ✐♥st❛♥t❡ n✱ ♦❜❥❡t✐✈❛♥❞♦ ♠✐♥✐♠✐③❛r ♦NMSE(n)✱
✉t✐❧✐③❛rá ❛ ❡q✉❛çã♦ ❛❜❛✐①♦✱ q✉❡ ❡①♣r❡ss❛ ♦ ✈❛❧♦r ❞♦ ♥❡✉rô♥✐♦ ❧✐♥❡❛r ❞❡ s❛í❞❛ ❞❛ r❡❞❡ ❘❇❋✱ ❝♦♠
❢✉♥çã♦ s♣❧✐♥❡ ✜♥❛ ♥❛ ❝❛♠❛❞❛ ❡s❝♦♥❞✐❞❛✳

ŷ(n+1) =
k−1∑

k=0

wk(n)ϕk(n) =
k−1∑

k=0

wk(n)∗ ‖①(n) − tk(n)‖
[ξ(n).maxa,b{‖ta − tb‖2}]2 log[

‖①(n) − tk(n)‖
ξ(n).maxa,b{‖ta − tb‖2} ]

❝♦♠

σ(n) = ξ(n).max
a,b

{‖ta(n) − tb(n)‖2}
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C1 = ‖①(n) − t(n)‖

C2 = max
a,b

{‖ta(n) − tb(n)‖2}.

❘❡s✉❧t❛♥❞♦ ♥❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦

ŷ(n+ 1) =
k−1∑

k=0

wk(n)
c1

ξ(n)2(c2)2
log[

c1
ξ(n).c2

] =
k−1∑

k=0

wk(n)
c1

ξ(n)2(c2)2
[log c1 − log c2 − log ξ(n)].

✭✺✳✷✷✮
❖ ❛❥✉st❡ r❡❝✉rs✐✈♦ ❞❡ ξ(n)✱ s❡rá r❡❛❧✐③❛❞❛ ❛ ♣❛rt✐r ❞❡

ξ(s+ 1) = ξ(s) − η∇(s) ✭✺✳✷✸✮
❡♠ q✉❡ s é ♦ ♣❛ss♦ ❞❡ r❡❝✉rsã♦✱ η é ❛ t❛①❛ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ❡ ∇(s) = ∂{NMSE(s)}

∂ξ(s)
✳ P❛r❛ ❛

♦t✐♠✐③❛çã♦ ♥♦ ♠❡s♠♦ ♣❛ss♦ s ❞❡ r❡❝✉rsã♦✱ ♦ NMSE(s) =
∑n

i=0
(y(n+1)−ŷ(s))2∑n

i=0
(y(n+1)−y(n))2

✱ ❡ ŷ(s) é ♦ ✈❛❧♦r
❡st✐♠❛❞♦ ✭♣r❡❞✐t♦✮ ❡ y(n+ 1) é ♦ ✈❛❧♦r ♦❜s❡r✈❛❞♦ ❞❛ sér✐❡ t❡♠♣♦r❛❧✳ ▲♦❣♦✱

ŷ(s) =
k−1∑

k=0

wk(s) ∗
c1

ξ2(s).c22
[log c2 − log c2 − log ξ(s)].

❆ ❢✉♥çã♦ q✉❡ s❡ ❞❡s❡❥❛ ♠✐♥✐♠✐③❛r é ♦ NMSE(s)✱ ♣❛r❛ ♦ ♣❛ss♦ n✳ ❈❛s♦ s❡❥❛ ❛♣❧✐❝❛❞♦ ♦
♦♣❡r❛❞♦r ❣r❛❞✐❡♥t❡ ❛♦ ♠❡s♠♦✱ r❡s✉❧t❛✿

∇(s) =
∂

∂ξ(s)
{

∑n
i=0(y(n+ 1) − y(s))2

∑n
i=0(y(n+ 1) − y(n))2

}.

▼❛s✱ ❝♦♠♦ ξ(s) é ❛❥✉st❛❞♦ ♥♦ ✐♥st❛♥t❡ n✱ ♦ ♦♣❡r❛❞♦r ∂{.} ❛♥✉❧❛ t♦❞♦s ♦s t❡r♠♦s ❡♠ n+ 1✱
✐st♦ é✱ ♦ ❣r❛❞✐❡♥t❡ r❡s✉❧t❛ ❡♠

∇(s) =

∂
∂ξ(s)

[y(n+ 1) − ∑k−1
k=0wk(s).

c1
ξ2(s).c2

2

∗ [log c1 − log c2 − log ξ(s)]]2

∑n
i=0(y(i+ 1) − y(i))2

. ✭✺✳✷✹✮
❈♦♠♦

e(s) = y(n+ 1) − ŷ(s)

❡♥tã♦
∂e(s)2

∂ξ(s)
= 2.e(s).

∂e(s)

∂ξ(s)
✭✺✳✷✺✮

♣♦rt❛♥t♦
∂e(s)

∂ξ(s)
=

∂

∂ξ(s)
{y(n+ 1) − w0(s).f0 − w1(s).f1 − wk−1(s).fk−1}
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♠❛s
d[f(x).g(x)]

dx
= f ′(x).g(x) + f(x).g′(x) = [

∂w0(s)

∂ξ(s)
.f0(s) + w0(s).

∂f0(s)

∂ξ(s)
]

+[
∂w1(s)

∂ξ(s)
.f1(s) + w1(s).

∂f1(s)

∂ξ(s)
] + . . .+ [

∂wk(s)

∂ξ(s)
.fk(s) + wk(s).

∂fk(s)

∂ξ(s)
]

=
k−1∑

k=0

[
∂wk(s)

∂ξ(s)
.fk(s) + wk(s).

∂fk(s)

∂ξ(s)
] ✭✺✳✷✻✮

❞❡s❡♥✈♦❧✈❡♥❞♦
∂fk(s)

∂ξ(s)
=

∂

∂ξ(s)
[

c1
ξ2(s).c22

(log c1 − log c2 − log ξ(s))]

= −2ξ(s).c1
ξ(s)4.c22

.[log c1 − log c2 − log ξ(s)] +
c1

c22.ξ
2(s)

.[
−1

ξ(s)
] =

= − 2c1
c22.ξ(s)

3
. log[

c1
c2ξ(s)

] − c1
c22ξ(s)

3
.

❈♦♠♦ ❛ t❛①❛ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ❣❡r❛❧♠❡♥t❡ é ♣❡q✉❡♥❛✱ t♦r♥❛✲s❡ r❛③♦á✈❡❧ ❛ s❡❣✉✐♥t❡ ❛♣r♦①✐✲
♠❛çã♦

∂wk(s)

∂ξ(s)
=
wk(s) − wk(s− 1)

ξ(s) − ξ(s− 1)
. ✭✺✳✷✼✮

❆♣❧✐❝❛♥❞♦ ✭✺✳✷✺✮✱ ✭✺✳✷✻✮ ❡ ✭✺✳✷✼✮ ❡♠ ✭✺✳✷✹✮✱ r❡s✉❧t❛✿

∇(s) = − 2e(s)
∑n

i=0(y(i+ 1) − y(i))2

k−1∑

k=0

{wk(s)[
2c1

c22.ξ(s)
3

log(
c1

ξ(s).c2
) +

c1
c22.ξ

3(s)
] − wk(s) − wk(s− 1)

ξ(s) − ξ(s− 1)

c1
ξ2(s).c2

log(
c1

c2ξ(s)
)}.

❈♦♠ ❛ ❢ór♠✉❧❛ ❞❡ ❛❥✉st❡ ❞❛ ❞✐s♣❡rsã♦ s❡♥❞♦ ❞❛❞❛ ♣♦r✿

ξ(s+ 1) = ξ(s) − η∇(s)

❛❝r❡s❝❡♥t❛❞♦ ✉♠ ♠♦♠❡♥t✉♠ (α) ♣❛r❛ t❡♥t❛r ❢✉❣✐r ❞♦s ♠í♥✐♠♦s ❧♦❝❛✐s✱ r❡s✉❧t❛✿

ξ(s+ 1) = ξ(s) − η∇(s) + α△ξ(s)
♦♥❞❡

△ξ(s) = ξ(s) − ξ(s− 1).

❋✐♥❛❧♠❡♥t❡✱ t❡♠✲s❡ ❛ ❡q✉❛çã♦ ❞❡ ❛❥✉st❡ ❞♦ ❢❛t♦r ❞❡ ❞✐s♣❡rsã♦✿

ξ(s+ 1) = ξ(s) + α△ξ(s) +
2ηe(s)

∑n
i=0(y(i+ 1) − y(i))2



❈❆P❮❚❯▲❖ ✺✳ P❘❊❱■❙➹❖ ❉❊ ❙➱❘■❊❙ ◆❖ ❚❊▼P❖ ❱■❆ ❘❊❉❊❙ ❘❇❋ ✾✹

∗
k−1∑

k=0

[wk(s)[
2c1

c22ξ
3(s)

. log(
c1

c2.ξ(s)
) +

c1
c22ξ

3(s)
] − wk(s) − wk(s− 1)

ξ(s) − ξ(s− 1)
.

c1
c2.ξ2(s)

. log(
c1
c2
.ξ(s))]. ✭✺✳✷✽✮

❖ ♠❡s♠♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ♠❛t❡♠át✐❝♦ ♣♦❞❡ s❡r ❢❡✐t♦ ♣❛r❛ ❛ ❢✉♥çã♦ ❞❡ ❜❛s❡ r❛❞✐❛❧ ❣❛✉ss✐❛♥❛
❡ s❡ ❝❤❡❣❛ à ❡q✉❛çã♦ ✭✺✳✷✾✮ ✲ ✈✐❞❡ r❡❢❡rê♥❝✐❛ ❬❉❊❈❆❙❚❘❖✱ ✷✵✵✵❪✳ ❊st❛ ❡q✉❛çã♦ t❛♠❜é♠ é
✉t✐❧✐③❛❞❛ ♥❛s s✐♠✉❧❛çõ❡s q✉❡ s❡rã♦ ❛♣r❡s❡♥t❛❞❛s ♣♦st❡r✐♦r♠❡♥t❡✳

ξ(s+ 1) = ξ(s) + α△ξ(s) +
2ηe(s)

∑n
i=0(yi(i+ 1) − yi(i))2

∗

[

∑k−1
j=0 ϕj(s)wj(s)‖yi(s) − tk(n)‖2

ξ2(s) maxa,b[‖tb(n) − ta(n)‖2]
] +

k−1∑

j=0

ϕj(s)
wj(s) − wj(s− 1)

ξ(s) − ξ(s− 1)
. ✭✺✳✷✾✮

❡♠ q✉❡ e(s)✱ α ❡ η sã♦ r❡s♣❡❝t✐✈❛♠❡♥t❡ ♦ ❡rr♦ ❝❛❧❝✉❧❛❞♦ ♣❡❧❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦ ✈❛❧♦r ❡st✐♠❛❞♦
♥♦ ♣❛ss♦ s ❡ ♦ ✈❛❧♦r ♦❜s❡r✈❛❞♦ ♣❛r❛ ❛ ♣ró①✐♠❛ ❛♠♦str❛ y(n + 1)✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♠♦♠❡♥t✉♠
❛♣❧✐❝❛❞❛ à tr❛❥❡tór✐❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡✈✐t❛r ♦s ♠í♥✐♠♦s ❧♦❝❛✐s ❡ ❛ t❛①❛ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✳ ◆♦t❡✲s❡
q✉❡ ♦ ❛❧❣♦r✐t♠♦ ♥ã♦ ❣❛r❛♥t❡ ✉♠ ❡rr♦ ♠í♥✐♠♦ ❣❧♦❜❛❧ ❡ q✉❡ ❛s tr❛❥❡tór✐❛s ❡♠ ❞✐r❡çã♦ ❛♦ ❡rr♦
♠í♥✐♠♦ ❧♦❝❛❧ sã♦ ❡st♦❝ást✐❝❛s✳

✺✳✹✳✹ ❆ ♠❛tr✐③ ❞❡ tr❛♥s✐çã♦ ❡ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♣❡s♦s

❆ ♣❛rt✐r ❞♦ ❛❥✉st❡ ❞♦s ❝❡♥tr♦s ❡ ❞♦ ❢❛t♦r ❛❞❛♣t❛t✐✈♦ ❞❡ ✈❛r✐â♥❝✐❛ ♣♦❞❡✲s❡ ❝❛❧❝✉❧❛r ♦s ✈❛❧♦r❡s
❞❛s s❛í❞❛s ❞❛s ❢✉♥çõ❡s ❞❡ ❛t✐✈❛çã♦ ♣♦r ♠❡✐♦ ❞❛ ❡q✉❛çã♦ ✭✺✳✸✵✮✳ ❖ ✈❛❧♦r ❞❛ s❛í❞❛ ❞❛ r❡❞❡
♣♦❞❡ s❡r ❞❛❞♦ ♣❡❧♦ ♣r♦❞✉t♦ ✐♥t❡r♥♦ ❡♥tr❡ ❛s s❛í❞❛s ❞♦s ♥❡✉rô♥✐♦s ❞❛ ❝❛♠❛❞❛ ❡s❝♦♥❞✐❞❛ ❡ ♦s
♣❛râ♠❡tr♦s ❞❡ ❛❥✉st❡ ✭♣❡s♦s✮✱ r❡s✉❧t❛♥❞♦ ❡♠✿

ŷ = ϕTw. ✭✺✳✸✵✮
❊♥tr❡t❛♥t♦✱ q✉❛♥❞♦ s❡ ❢❛③ ❛ ♣r❡❞✐çã♦ ❞❡ ✉♠ ♣❛ss♦ à ❢r❡♥t❡✱ ♣r✐♠❡✐r❛♠❡♥t❡ s❡ ❛❥✉st❛♠ ♦s ♣❡✲

s♦s ❡✱ ♣❛r❛ ❢❛③ê✲❧♦✱ é ♥❡❝❡ssár✐♦ ❛♥t❡s ❞❡t❡r♠✐♥❛r ❛ ♠❛tr✐③ ❞❡ ❡st❛❞♦s q✉❡ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞❛
♣♦r✿

Φ(n) =





ϕ(n−M + 1)T

✳✳✳
ϕ(n− 1)T

ϕ(n)T .




✭✺✳✸✶✮

◆❛ ♣r❡❞✐çã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✱ ❛ ♠❛tr✐③ ❞❡ ❡st❛❞♦ Φ ❛r♠❛③❡♥❛ ❛s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦s
❡st❛❞♦s ❜ás✐❝♦s ❞♦ ♣r♦❝❡ss♦ ❛ s❡r ♣r❡❞✐t♦✳ ❆ ❝❛❞❛ ❡st❛❞♦ ❛r♠❛③❡♥❛❞♦ ❡♠ Φ é ❛ss♦❝✐❛❞❛ ✉♠❛
s❛í❞❛ ❞❡s❡❥❛❞❛✱ ❞❡ t❛❧ ❢♦r♠❛ ❛ s❡ ❞❡✜♥✐r ✉♠ ✈❡t♦r ❞❡ s❛í❞❛s ❞❡s❡❥❛❞❛s ❞✳ ❈❛❞❛ ❡❧❡♠❡♥t♦ ❞❡ ❞ é
❞❡✜♥✐❞♦ ♣❡❧♦ ❡❧❡♠❡♥t♦ q✉❡ ❡stá ✉♠❛ ♣♦s✐çã♦ à ❢r❡♥t❡ ♥❛ sér✐❡ t❡♠♣♦r❛❧ ❝♦♠ r❡s♣❡✐t♦ ❛♦ ✈❡t♦r
❞❡ ❡♥tr❛❞❛ q✉❡ ❣❡r♦✉ ♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ✈❡t♦r ❞❡ ❡st❛❞♦s ❡♠ Φ✳

❖s ♣❡s♦s ❞♦ ♠♦❞❡❧♦ ♣r♦♣♦st♦✱ ✉t✐❧✐③❛♥❞♦ ♦ ❝♦♥❝❡✐t♦ ❞❡ r❡❣✉❧❛r✐③❛çã♦✱ sã♦ ❛❥✉st❛❞♦s ❞❡
❛❝♦r❞♦ ❝♦♠ ❛ ❡q✉❛çã♦ ❛❜❛✐①♦

✇ = (ΦT Φ + λg)−1ΦT❞. ✭✺✳✸✷✮
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❡♠ q✉❡ ❛ ♠❛tr✐③ (❣)jk = G(||tj − tk||) ❡ λ é ♣❛râ♠❡tr♦ ❞❡ r❡❣✉❧❛r✐③❛çã♦ ❝❛❧❝✉❧❛❞♦ ♣❡❧♦ ♠ét♦❞♦
❞❛ ✈❛❧✐❞❛çã♦ ❝r✉③❛❞❛ ❣❡♥❡r❛❧✐③❛❞❛✳

❖s ♣❡s♦s ✇ ❛r♠❛③❡♥❛♠ ❛s ✐♥❢♦r♠❛çõ❡s ❛ ♣r✐♦r✐ s♦❜r❡ ♦ ♠♦❞♦ ❝♦♠♦ ♦ ♣ró①✐♠♦ ❡❧❡♠❡♥t♦ ♥❛
sér✐❡ é ❣❡r❛❞♦ ❛ ♣❛rt✐r ❞❡ s❡✉s ❡st❛❞♦s ♣ré✈✐♦s✳ ❉❡s❧✐③❛♥❞♦ ❛ ♠❛tr✐③ Φ ✉♠❛ ♣♦s✐çã♦ à ❢r❡♥t❡
♥❛ ❥❛♥❡❧❛ ❞❡ ♣r❡❞✐çã♦ ❡ ✉s❛♥❞♦ ❛ ✐♥❢♦r♠❛çã♦ ❞❡ tr❛♥s✐çã♦ ❝♦♥t✐❞❛ ❡♠ ✇✱ ♣♦❞❡✲s❡ ❡st✐♠❛r ♦
♣ró①✐♠♦ ❡❧❡♠❡♥t♦ ♥❛ sér✐❡✳

◆♦ ❝❛s♦ ❞❛s r❡❞❡s ❘❇❋ ❝♦♠ ❝❡♥tr♦s ❞❡t❡r♠✐♥❛❞♦s ✈✐❛ P❈❆✱ ♦ ❛♣r❡♥❞✐③❛❞♦ ♣❛r❛ ❛ ❞❡t❡r✲
♠✐♥❛çã♦ ❞♦s ❝❡♥tr♦s ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ r❛❞✐❛❧ é ♥ã♦ s✉♣❡r✈✐s✐♦♥❛❞♦ ✭P❈❆✮ ❡ ❛ ❞✐s♣❡rsã♦
❡♠ r❡❧❛çã♦ ❛♦s ❝❡♥tr♦s é ❛❥✉st❛❞❛ ❞❡ ♠❛♥❡✐r❛ s✉♣❡r✈✐s✐♦♥❛❞❛ ♣♦r ♠❡✐♦ ❞♦ ❢❛t♦r ❞❡ ❞✐s♣❡rsã♦
❛❞❛♣t❛t✐✈♦✱ ❛♣r❡s❡♥t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳

❊st❛s r❡❞❡s ♥❡✉r❛✐s tê♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ♣❛r❛ ❛r♠❛③❡♥❛r ❝♦♥❤❡❝✐♠❡♥t♦ ❡①♣❡r✐♠❡♥t❛❧ ❡ t♦r♥á✲
❧♦ ❞✐s♣♦♥í✈❡❧ ♣❛r❛ ♦ ✉s♦✳ ❆ss❡♠❡❧❤❛♠✲s❡ ❛♦ ❝ér❡❜r♦ ❡♠ ❞♦✐s ❛s♣❡❝t♦s✿ ✭✶✮ ♦ ❝♦♥❤❡❝✐♠❡♥t♦ é
❛❞q✉✐r✐❞♦ ♣❡❧❛ r❡❞❡ ♣♦r ♠❡✐♦ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❞❡ ❛♣r❡♥❞✐③❛❞♦✱ ❛ ♣❛rt✐r ❞❛s ✐♥❢♦r♠❛çõ❡s ❞✐s♣♦✲
♥í✈❡✐s❀ ✭✷✮ ❢♦rç❛s ❞❡ ❝♦♥❡①õ❡s ❡♥tr❡ ♥❡✉rô♥✐♦s✱ ❝♦♥❤❡❝✐❞♦s ❝♦♠♦ ♣❡s♦s s✐♥á♣t✐❝♦s✱ sã♦ ✉t✐❧✐③❛❞♦s
♣❛r❛ ❛r♠❛③❡♥❛r ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❛❞q✉✐r✐❞♦✳ ▲♦❣♦✱ ❛ ❡ssê♥❝✐❛ ❞❡ ✉♠❛ r❡❞❡ ♥❡✉r❛❧ ❡stá ♥❛ s✉❛
❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛♣r❡♥❞❡r ❡ ♥♦ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡st❡ ❛♣r❡♥❞✐③❛❞♦✳

✺✳✺ ❚❡st❡s ♣❛r❛ ♦ ❛❥✉st❡ ❡ ❛ ❛✈❛❧✐❛çã♦ ❞♦s ♠♦❞❡❧♦s ❞❡ ♣r❡✲
✈✐sã♦

◆♦ ❈❛♣ít✉❧♦ ✹ ❥á ❢♦r❛♠ ❛❜♦r❞❛❞♦s ♦s t❡st❡s ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❡ ❞❡ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧
❧✐♥❡❛r ❡ ♥ã♦ ❧✐♥❡❛r✳ ◆❡st❛ s❡çã♦ s❡rã♦ ❛❜♦r❞❛❞♦s ♦s t❡st❡s ❞❡ ❞❡t❡❝çã♦ ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❧♦❝❛✲
❧✐③❛❞❛s ❡ ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❡❣❧✐❣❡♥❝✐❛❞❛s ❞✉r❛♥t❡ ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ♥❡✉r❛❧✳ ❚❛♠❜é♠ s❡rã♦
❛♣r❡s❡♥t❛❞♦s ♦s t❡st❡s ❞❡ ❛✈❛❧✐❛çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ♣r❡❞✐t✐✈❛ ❞♦s ♠♦❞❡❧♦s✳ ❆ ❛✈❛❧✐❛çã♦ ♣r❡❞✐t✐✈❛
❞♦s ♠♦❞❡❧♦s ♣r♦♣♦st♦s s❡rá ❡♠ r❡❧❛çã♦ ❛ ✉♠ ♠♦❞❡❧♦ ▼❛rt✐♥❣❛❧❡✿ yt = µ + εt✱ ❡①❝❡t♦ ♣❛r❛
♦ ◆▼❙❊✳ ◆❡st❛ ❝♦♠♣❛r❛çã♦ é ✐♠♣♦rt❛♥t❡ ✈❡r✐✜❝❛r ❛ ❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡ ♦s ♠♦❞❡❧♦s✳ ❲❍■❚❊
✭✷✵✵✵✮ ♣r♦♣ôs ✉♠ t❡st❡ ♣❛r❛ ❡✈✐t❛r ❡st❡ t✐♣♦ ❞❡ ♣r♦❜❧❡♠❛ ✭❞❛t❛ s♥♦♦♣✐♥❣ ✈✐❛ r❡❛❧✐t② ❝❤❡❝❦✮✳
❊st❡ t❡st❡ s❡rá ❛❜♦r❞❛❞♦ ♠❛✐s ❛❞✐❛♥t❡ ♥❡st❡ ❝❛♣ít✉❧♦✳

✺✳✺✳✶ ❚❡st❡s ♣❛r❛ ❛ ❞❡t❡❝çã♦ ❧♦❝❛❧✐③❛❞❛ ❞❡ ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡s

❖ ♣r♦❝❡❞✐♠❡♥t♦ ♣❛r❛ t❡st❡s ❞❡ ❞❡t❡❝çã♦ ❧♦❝❛❧✐③❛❞❛ ❞❡ ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡s ❣❡r❛❧♠❡♥t❡ é ✐♠♣❧❡✲
♠❡♥t❛❞♦ ❛ ♣❛rt✐r ❞❡ ❞❛❞♦s ❞✐s❝r❡t♦s ❛♠♦str❛❞♦s✳ ❆ ❞✐✜❝✉❧❞❛❞❡ ♥❛ ❛♥á❧✐s❡ ❞❛ ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡
❛✉♠❡♥t❛ q✉❛♥❞♦ ♦s ❞❛❞♦s ❡stã♦ ❝♦♥t❛♠✐♥❛❞♦s ❝♦♠ r✉í❞♦s✳ ◆❡st❡ ❝❛s♦✱ ❛ ❞❡t❡❝çã♦ ❞❡ ♥ã♦✲
❧✐♥❡❛r✐❞❛❞❡s ❞❡✈❡ s❡r r❡❛❧✐③❛❞❛ ♣♦r ♠❡✐♦ ❞❡ té❝♥✐❝❛s ❡st❛tíst✐❝❛s✳ ❈❛s♦ s❡❥❛ ❞❡t❡❝t❛❞❛ ❛❧❣✉♠❛
❝❛r❛❝t❡ríst✐❝❛ ❞❡ s✐st❡♠❛ ♥ã♦✲❧✐♥❡❛r ❞❡t❡r♠✐♥✐st❛✱ ♠❡s♠♦ q✉❡ s❡❥❛♠ s✐♥❛✐s ❞❡ ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡s
❢r❛❝❛s✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ❛❧❣✉♥s ❞♦s ❝♦♥❝❡✐t♦s ❛ss♦❝✐❛❞♦s à t❡♦r✐❛ ❞♦s s✐st❡♠❛s ♥ã♦✲❧✐♥❡❛r❡s✳ ❊♥✲
tr❡t❛♥t♦✱ ❡♠ ❬❙▼❆▲▲ ❛♥❞ ❚❙❊✱ ✷✵✵✸❪ ❢♦✐ s✉❣❡r✐❞♦ q✉❡ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ❡st❡s
♠ét♦❞♦s sã♦ ♥❛s ❛♥á❧✐s❡s tí♣✐❝❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛✐s ❡ ♥ã♦ ♥❛ ♣r❡❞✐çã♦ ❞❡ sér✐❡s ♥♦
t❡♠♣♦✳ ❊♠ ❬❙❈❍❘❊■❇❊❘✱ ✶✾✾✽❪ ❢♦✐ ♦❜s❡r✈❛❞♦ q✉❡ ❡st❡s r❡s✉❧t❛❞♦s✱ ♠❡s♠♦ q✉❡ s❡❥❛♠ ♣♦s✐t✐✲
✈♦s✱ ❞❡✈❡♠ s❡r ❛♥❛❧✐s❛❞♦s ❝♦♠ ❝✉✐❞❛❞♦✳

◆❡st❛ t❡s❡ sã♦ ❛♣r❡s❡♥t❛❞♦s ❡ ✉t✐❧✐③❛❞♦s ❞♦✐s t❡st❡s ❞❡ ❞❡t❡❝çã♦ ❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ♥ã♦✲
❧✐♥❡❛r✐❞❛❞❡s ♣❛r❛ ✐❞❡♥t✐✜❝❛r ✐♥t❡r❛çõ❡s ♥ã♦✲❧✐♥❡❛r❡s ♥♦s ❞❛❞♦s✳ ❖ ♣r✐♠❡✐r♦ ♠ét♦❞♦ ❛♣r❡s❡♥✲



❈❆P❮❚❯▲❖ ✺✳ P❘❊❱■❙➹❖ ❉❊ ❙➱❘■❊❙ ◆❖ ❚❊▼P❖ ❱■❆ ❘❊❉❊❙ ❘❇❋ ✾✻

t❛❞♦ é ♦ ♣r♦♣♦st♦ ❡♠ ❬❇■▲▲■◆●❙ ❛♥❞ ❱❖❖◆✱ ✶✾✽✸❪ ❡ ❬❇■▲▲■◆●❙ ❛♥❞ ❱❖❖◆✱ ✶✾✽✻❪✱ ❡♠ q✉❡
❛ ❡q✉❛çã♦

E{(y(t) − E{y(t)})(y2(t− τ) − E{y2(t)})} = 0,∀τ ✭✺✳✸✸✮
só é ✈á❧✐❞❛ s❡ ❡ s♦♠❡♥t❡ s❡ ♦ s✐st❡♠❛ ♦r✐❣✐♥❛❧ ❢♦r ❧✐♥❡❛r✳ ❆ss✐♠✱ ♣♦❞❡✲s❡ ✐❞❡♥t✐✜❝❛r ♥ã♦ ❧✐♥❡❛✲
r✐❞❛❞❡s ❡✱ ♠❛✐s ❛✐♥❞❛✱ ❡st❛❜❡❧❡❝❡r ♦s ❧✐♠✐t❡s ❞❡ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✵✱✵✺✿ ±1, 96 ∗N ✱
❡♠ q✉❡ N é ♦ ❝♦♠♣r✐♠❡♥t♦ ❞♦ r❡❣✐str♦ ❞❡ ❞❛❞♦s ❞✐s♣♦♥í✈❡✐s✳ ❆ ❢✉♥çã♦ ❞❡ ❝♦rr❡❧❛çã♦ ❞❛❞❛
♣❡❧❛ ❡q✉❛çã♦ ❛♥t❡r✐♦r ♣♦❞❡ s❡r ❡st✐♠❛❞❛ ✉t✐❧✐③❛♥❞♦ ♦s ❞❛❞♦s ❞✐s♣♦♥í✈❡✐s✳ ▲♦❣♦✱ s❡ ♦s ✈❛❧♦r❡s
❞❛ ❢✉♥çã♦ s❛ír❡♠ ❢♦r❛ ❞♦s ❧✐♠✐t❡s ❡st❛❜❡❧❡❝✐❞♦s✱ ♦ s✐st❡♠❛ q✉❡ ❣❡r♦✉ ❡st❡s ❞❛❞♦s é ♥ã♦✲❧✐♥❡❛r✱
♣❡❧♦ ♠❡♥♦s ♥♦ ✐♥t❡r✈❛❧♦ ❛♥❛❧✐s❛❞♦✳

❯♠ ❝r✐tér✐♦ ✐♠♣♦rt❛♥t❡ ♣❛r❛ ❛ ❡s❝♦❧❤❛ ❞❡st❡ t✐♣♦ ❞❡ t❡st❡ é s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❞✐s❝r✐♠✐♥❛çã♦✳
❆ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❞✐s❝r✐♠✐♥❛çã♦ ✭♣♦tê♥❝✐❛✮ ❞♦ t❡st❡ é ❞❡✜♥✐❞❛ ❝♦♠♦ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s❡ r❡❥❡✐t❛r
❛ ❤✐♣ót❡s❡ ♥✉❧❛ q✉❛♥❞♦ r❡❛❧♠❡♥t❡ ❛ ♠❡s♠❛ é ❢❛❧s❛✱ ❞❡♣❡♥❞❡♥❞♦ ❞❡ q✉ã♦ ✐♥t❡♥s❛♠❡♥t❡ ♦s ❞❛❞♦s
❛t✉❛✐s s❡ ❞❡s✈✐❛♠ ❞❛ ❤✐♣ót❡s❡ ♥✉❧❛✳ ❯♠ ✐♥❞✐❝❛❞♦r ❝✉❥♦ ♣♦❞❡r ❞❡ ❞✐s❝r✐♠✐♥❛çã♦ é ♣❛rt✐❝✉❧❛r♠❡♥t❡
❡✜❝✐❡♥t❡ ♣❛r❛ ❡st❡ ✜♠ é ♦ ❞❡ ❞❡t❡❝çã♦ ❞❡ ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡s ✈✐❛ ❛ss✐♠❡tr✐❛s s♦❜ r❡✈❡rsã♦ ♥♦ t❡♠♣♦✳
❙❡❥❛ ❛ ❡q✉❛çã♦

φrev =

∑N
n=τ+1(yn − yn−τ )

3

[
∑N

n=τ+1(yn − yn−τ )2]
3

2

. ✭✺✳✸✹✮

❊st❛ ❡st❛tíst✐❝❛ ♣❡r♠✐t❡ ❞❡t❡❝t❛r ♣♦ssí✈❡✐s ❛ss✐♠❡tr✐❛s s♦❜ r❡✈❡rsã♦ ♥♦ t❡♠♣♦✳ ❆s ❡st❛tíst✐❝❛s
❞❡ ♣r♦❝❡ss♦s ❡st♦❝ást✐❝♦s ❧✐♥❡❛r❡s sã♦ s✐♠étr✐❝❛s s♦❜ r❡✈❡rsã♦ ♥♦ t❡♠♣♦✳ ❊♠ ❬❙❈❍❘❊■❇❊❘✱ ✶✾✾✽❪
❢♦r❛♠ ❝♦♠♣❛r❛❞♦s q✉❛♥t✐t❛t✐✈❛♠❡♥t❡ ♦s t❡st❡s ♠❛✐s ♣♦♣✉❧❛r❡s ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❡ ❝♦♥❝❧✉✐ q✉❡
❡st❡ ♠ét♦❞♦ ❛♣r❡s❡♥t❛ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❡♠♣ír✐❝♦s✳ ❖ r❡s✉❧t❛❞♦ ♣♦s✐t✐✈♦ ❞❡st❡s t❡st❡s s✐❣♥✐✲
✜❝❛ s♦♠❡♥t❡ ✉♠❛ ✐♥❞✐❝❛çã♦ ❞❡ ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡✱ ♠❛s ♥ã♦ q✉❡ ♦ s✐st❡♠❛ é ❞❡t❡r♠✐♥✐st❛✳ ❉❡ss❛
❢♦r♠❛✱ ❡st❡ t❡st❡ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞♦ ❛ ♣r♦❝❡ss♦s ❞❡t❡r♠✐♥✐st❛s ❡ ❡st♦❝ást✐❝♦s✳ ❊st❡s ❞♦✐s t❡st❡s
♣♦❞❡♠ ❛❥✉❞❛r ♥❛ ❡s❝♦❧❤❛ ❞♦ ♠♦❞❡❧♦ ✭❧✐♥❡❛r ♦✉ ♥ã♦ ❧✐♥❡❛r✮ ♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❝♦♥t❡①t♦ ❡♠
q✉❡ ❛ ✈❛r✐á✈❡❧ ❛♥❛❧✐s❛❞❛ ❡st❡❥❛ ✐♥s❡r✐❞❛✱ ♦✉ s❡❥❛✱ s❡ ❧✐♥❡❛r ♦✉ ♥ã♦ ❧✐♥❡❛r✳

✺✳✺✳✷ ❉❡t❡❝çã♦ ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❡❣❧✐❣❡♥❝✐❛❞❛s

❖s ♠♦❞❡❧♦s ♥ã♦ ❧✐♥❡❛r❡s ✜❝❛r❛♠ ♣♦♣✉❧❛r❡s ♥♦s ú❧t✐♠♦s ❛♥♦s✱ s❡❥❛ ♣♦rq✉❡ ♦s ❞❛❞♦s ❡①✐❜❡♠
♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ✐♥❡q✉í✈♦❝❛s✱ s❡❥❛ ♣❡❧❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ♠♦❞❡❧♦s ♥ã♦ ❧✐♥❡❛r❡s q✉❡ ♣♦❞❡♠ s❡r
❜❡♠ ❡s♣❡❝✐✜❝❛❞♦s✳ ❊♥tr❡t❛♥t♦✱ ❛ ❤✐♣ót❡s❡ ❞❡ ❧✐♥❡❛r✐❞❛❞❡ ✭❧♦❣❛rít♠✐❝❛✮ ❛✐♥❞❛ é ♠✉✐t❛s ✈❡③❡s
♠❛♥t✐❞❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣♦r q✉❡ ❡st❡ t✐♣♦ ❞❡ ♠♦❞❡❧♦ é ♠❛✐s ❢á❝✐❧ ❞❡ ❡st✐♠❛r ❡ ❞❡ ✐♥t❡r♣r❡t❛r✳
▲♦❣♦✱ ❡rr♦s s✐❣♥✐✜❝❛t✐✈♦s ❞❡ ❡s♣❡❝✐✜❝❛çã♦ ❞❡st❡ t✐♣♦ ❞❡ ♠♦❞❡❧♦ ♣♦❞❡♠ ♦❝♦rr❡r ♣❡❧♦ ❢❛t♦ ❞❡ s❡
✐❣♥♦r❛r ❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✳

◆♦ ❛❥✉st❡ ❞❡ ♠♦❞❡❧♦s ♥ã♦ ❧✐♥❡❛r❡s é ♣r✉❞❡♥t❡ t❡st❛r s❡ ❛❧❣✉♠❛ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡ ❣❡r❛❞❛ ♣❡❧♦
♣r♦❝❡ss♦ ❢♦✐ ♥❡❣❧✐❣❡♥❝✐❛❞❛ ♣❡❧♦ ♠♦❞❡❧♦✱ ❛ss❡❣✉r❛r q✉❡ ❛s r❡❧❛çõ❡s ❢✉♥❝✐♦♥❛✐s ❢♦r❛♠ ♣r♦♣r✐❛♠❡♥t❡
❛❥✉st❛❞❛s ❡ q✉❡ ♥❡♥❤✉♠❛ ✐♥❢♦r♠❛çã♦ ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❡①♣❧❛♥❛tór✐❛ ❢♦✐ ♥❡❣❧✐❣❡♥❝✐❛❞❛✳ ◆❡st❡
❝♦♥t❡①t♦✱ ❡①✐st❡♠ ❞✉❛s ❝❛t❡❣♦r✐❛s ❞❡ t❡st❡s✿ ❛q✉❡❧❡s ♣r♦❥❡t❛❞♦s ♣❛r❛ t❡st❛r ❢♦r♠❛s ❡s♣❡❝í✜❝❛s ❞❡
♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✱ t❡♥❞♦ ✉♠❛ ❤✐♣ót❡s❡ ❛❧t❡r♥❛t✐✈❛ ♣❛r❛♠étr✐❝❛❀ ♦s q✉❡ ♥ã♦ t❡♠ ✉♠❛ ❛❧t❡r♥❛t✐✈❛
♣❛r❛♠étr✐❝❛✱ ♠❛s ♦❜❥❡t✐✈❛♠ ❞❡t❡❝t❛r ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥♦s ❞❛❞♦s✳ ❊st❡ ú❧t✐♠♦ t✐♣♦ ❞❡ t❡st❡
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♣♦❞❡ ✐❞❡♥t✐✜❝❛r ♠♦❞❡❧♦s ♠❛❧ ❡s♣❡❝✐✜❝❛❞♦s q✉❡ ♥ã♦ ❝❛♣t❛r❛♠ ❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❛ ♠é❞✐❛
❝♦♥❞✐❝✐♦♥❛❧✳

❇▲❆❑❊ ❡ ❑❆P❊❚❆◆■❖❙ ✭✷✵✵✸✮ ♣r♦♣✉s❡r❛♠ ✉♠ t❡st❡ ❡st❛tíst✐❝♦ ❜❛s❡❛❞♦ ❡♠ r❡❞❡s ❘❇❋
♣❛r❛ ❞❡t❡❝t❛r ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❡❣❧✐❣❡♥❝✐❛❞❛s ♣❡❧♦ ♠♦❞❡❧♦✱ ♦✉ s❡❥❛✱ ✉♠ t❡st❡ q✉❡ ✈❡r✐✜❝❛ s❡ ♦
♠♦❞❡❧♦ ❝❛♣t❛ ❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♦✉ s❡ ❛❧❣✉♠❛ ❞❡❧❛s ❢♦✐ ♥❡❣❧✐❣❡♥❝✐❛❞❛✳ ❊♠ ❬▲❊❊ ❡t ❛❧✳✱ ✶✾✾✸❪
❢♦✐ ♣r♦♣♦st♦ ✉♠ t❡st❡ ❝♦♠ ❡st❡ ♠❡s♠♦ ♦❜❥❡t✐✈♦ ❡ é ❜❛st❛♥t❡ ♣♦♣✉❧❛r✳ ❋♦r❛♠ ❛♣r❡s❡♥t❛❞♦s
❡st✉❞♦s ❛♥❛❧ít✐❝♦s ❡♠ ❬❚❊❘➘❙❱■❘❚❆ ❛♥❞ ●❘❆◆●❊❘✱ ✶✾✾✸❪ s♦❜r❡ ❡st❡ t❡st❡ ❡ s✉❣❡r✐r❛♠ q✉❡
❡st❡ t❡st❡ t❡♠ ❛s ♠❡❧❤♦r❡s ♣r♦♣r✐❡❞❛❞❡s ❞❡ ♣♦tê♥❝✐❛✳ ❊♥tr❡t❛♥t♦✱ ♦s ❡st✉❞♦s ❡♠♣ír✐❝♦s ❞❡
❇▲❆❑❊ ❡ ❑❆P❊❚❆◆■❖❙ ✭✷✵✵✸✮ s✉❣❡r❡♠ q✉❡ ♦ t❡st❡ ♣r♦♣♦st♦ ♣♦r ❡❧❡s t❡♠ ♠❛✐♦r ♣♦tê♥❝✐❛
q✉❡ ♦ t❡st❡ ❞❡ ▲❊❊ ❡t ❛❧✳ ✭✶✾✾✸✮✳

❇▲❆❑❊ ❡ ❑❆P❊❚❆◆■❖❙ ✭✷✵✵✸✮ ❧❡❣❛r❛♠ ❞✉❛s ❝♦♥tr✐❜✉✐çõ❡s ♥❡st❛ ár❡❛✿ ✉t✐❧✐③❛r❛♠ ✉♠❛
r❡❞❡ ❘❇❋ q✉❡✱ ✉♠❛ ✈❡③ q✉❡ ♦s ♣❛râ♠❡tr♦s ❞❛ ❝❛♠❛❞❛ ❡s❝♦♥❞✐❞❛ sã♦ ❞❡t❡r♠✐♥❛❞♦s✱ r❡❞✉③ ❛
❡st✐♠❛t✐✈❛ ❞♦s ♣❡s♦s ❛ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ♠í♥✐♠♦s q✉❛❞r❛❞♦s ❧✐♥❡❛r❡s❀ ❡s❝♦❧❤❡ ❛ ♦r❞❡♠ ❞♦ ♠♦❞❡❧♦
✈✐❛ ❝r✐tér✐♦s ❞❡ ✐♥❢♦r♠❛çã♦✱ ♦✉ s❡❥❛✱ ♥ã♦ ♥❡❝❡ss✐t❛ q✉❡ ❛ ❛rq✉✐t❡t✉r❛ ❞❛ r❡❞❡ ❘❇❋ s❡❥❛ ♣r❡❝✐s❛✳
❖ ❛❥✉st❡ ❞❡ r❡❞❡s ❘❇❋ ✈✐❛ ❝r✐tér✐♦ ❞❡ ✐♥❢♦r♠❛çã♦ é ✉♠❛ ♣rát✐❝❛ ❥á ❜❛st❛♥t❡ ❝♦♥❤❡❝✐❞❛ ♥❛
❧✐t❡r❛t✉r❛✳ ❊♥tr❡t❛♥t♦✱ ❛ ♣r✐♥❝✐♣❛❧ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ❇▲❆❑❊ ❡ ❑❆P❊❚❆◆■❖❙ ✭✷✵✵✸✮ r❡s✐❞❡ ♥❛
s✉❛ ❛♣❧✐❝❛çã♦ ❡♠ t❡st❛r s❡ ❛❧❣✉♠❛ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡ ❢♦✐ ♥❡❣❧✐❣❡♥❝✐❛❞❛✳ ❆ ✉t✐❧✐③❛çã♦ ❞♦ ❜♦♦tstr❛♣
♣♦❞❡ ❝♦rr✐❣✐r ❛❧❣✉♠❛ ❞✐st♦rçã♦ ♥♦ t❡st❡✱ ♠❛s ♣♦❞❡ ❛❝❛rr❡t❛r q✉❡ ❡st❡ t❡st❡ ♣❡r❝❛ ♣♦tê♥❝✐❛✳

❖ t❡st❡ ♣❛r❛ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❛ ♠é❞✐❛ ❞❡ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ {yt}N
1 ❝♦♥❞✐❝✐♦♥❛❞❛ às ❡♥✲

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

P [E(yt|①t) = θ
′①t] = 1 ✭✺✳✸✺✮

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

P [E(yt|①t) = θ
′①t] < 1 ✭✺✳✸✻✮

♣❛r❛ q✉❛❧q✉❡r θ✳ ❆ ❢♦r♠❛ ❣❡♥ér✐❝❛ ❞❡ ❛♣r♦①✐♠❛çã♦ ❞❡ ✉♠❛ ❘◆❆ ❛♣❧✐❝❛❞❛ ♥❡st❡ ❝♦♥t❡①t♦ ♣♦❞❡
s❡r ❞❛❞❛ ♣♦r

E(yt|①t) = θ
′①t +

K∑

j=1

wjϕj(‖①i − tj‖2). ✭✺✳✸✼✮

❖ t❡st❡ ❝♦♥s✐st❡ ❡♠ ✈❡r✐✜❝❛r s❡ w1, w2, . . . , wq = 0 ❛ ♣❛rt✐r ❞❛ ❡q✉❛çã♦ ❛❜❛✐①♦

yt = θ
′①t +

K∑

j=1

wjϕj(‖①i − tj‖2) + εt ✭✺✳✸✽✮

❡♠ q✉❡ εt é ✉♠ r✉í❞♦ ❜r❛♥❝♦✳ ❊st❛ ❡q✉❛çã♦ ♣♦ss✐❜✐❧✐t❛ ✉♠ t❡st❡ ♣❛r❛ ❧✐♥❡❛r✐❞❛❞❡s ♥❡❣❧✐❣❡♥❝✐❛✲
❞❛s✳ ❆ss✉♠❡✲s❡ t❛♠❜é♠✱ s♦❜ ❛ ❤✐♣ót❡s❡ ♥✉❧❛✱ q✉❡

yt = θ
′①t + εt, t = 1, 2, . . . , N. ✭✺✳✸✾✮

◆❡st❡ t❡st❡✱ ♦s ♣❛râ♠❡tr♦s ❞❛ ❝❛♠❛❞❛ ❡s❝♦♥❞✐❞❛ ❞❛ r❡❞❡ ❘❇❋ ♥ã♦ sã♦ ✉t✐❧✐③❛❞♦s✳ ❊♥tr❡✲
t❛♥t♦✱ ❡①✐st❡ ♦ ♣r♦❜❧❡♠❛ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞❛
❝❛♠❛❞❛ ❡s❝♦♥❞✐❞❛✳ ❖ t❡st❡ ❞❡ ▲❊❊ ❡t ❛❧✳ ✭✶✾✾✸✮ t❛♠❜é♠ t❡♠ ♣r♦❜❧❡♠❛ ❞❡ ✐❞❡♥t✐✜❝❛çã♦✱ q✉❡
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♣♦❞❡ s❡r ❞❡✈✐❞♦ ❛ ✉♠❛ ♣♦ssí✈❡❧ ♠✉❧t✐❝♦❧✐♥❡❛r✐❞❛❞❡ ❣❡r❛❞❛ ♣❡❧❛ ❢✉♥çã♦ ❧♦❣íst✐❝❛✳ P❛r❛ ❝♦♥t♦r♥❛r
❡st❡ ♣r♦❜❧❡♠❛ ❡♠ r❡❞❡s ❘❇❋✱ ❇▲❆❑❊ ❡ ❑❆P❊❚❆◆■❖❙ ✭✷✵✵✸✮ s✉❣❡r❡♠ q✉❡ ❛ ♦r❞❡♠ ❞♦ ♠♦❞❡❧♦
✭♥ú♠❡r♦ ❞❡ ♥❡✉rô♥✐♦s✮✱ ♦s ❝❡♥tr♦s ❡ ❛s ✈❛r✐â♥❝✐❛s ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ ♣♦❞❡♠ s❡r ❛❥✉st❛❞♦s ♣♦r
✉♠ ❝r✐tér✐♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❬❆❑❆■❑❊✱ ✶✾✼✹❪✳

❯♠❛ ❡st❛tíst✐❝❛ ❲❆▲❉ ♣❛❞rã♦ é ✉t✐❧✐③❛❞❛ ♣❛r❛ t❡st❛r ❛ ❤✐♣ót❡s❡ ♥✉❧❛ ❞❡ q✉❡w1, w2, . . . , wq =
0✳ ❊st❡ t❡st❡ t❡♠ ❛ s❡❣✉✐♥t❡ ❢♦r♠❛

1

σ2
✇′

[❘′

(Φ
′

Φ)−1❘]−1✇ ✭✺✳✹✵✮
❡♠ q✉❡ Φ é ❛ ♠❛tr✐③ ❞♦s r❡❣r❡ss♦r❡s ❞❛ ❡q✉❛çã♦ ✭✺✳✸✼✮✱ R é ❛ ♠❛tr✐③ ❞❡ r❡str✐çõ❡s ♣❛r❛ ♦s
❝♦❡✜❝✐❡♥t❡s ❞❛s ❢✉♥çõ❡s ❡s❝♦♥❞✐❞❛s (✇ = [w1, w2, . . . , wq]

′

) ❡ σ2 é ❛ ✈❛r✐â♥❝✐❛ ❞♦s r❡sí❞✉♦s✳ ❊st❡
t❡st❡ t❡♠ ❞✐str✐❜✉✐çã♦ ❛ss✐♥tót✐❝❛ s❡♠❡❧❤❛♥t❡ à ❞✐str✐❜✉✐çã♦ ❝❤✐✲q✉❛❞r❛❞❛ ✭χ2

q✮✳ ❋✐♥❛❧♠❡♥t❡✱ ❡st❡
t✐♣♦ ❞❡ t❡st❡ ♦❜❥❡t✐✈❛ ❡✈✐t❛r ❡rr♦s ♣♦t❡♥❝✐❛✐s ❞❡ ❛♣r♦①✐♠❛çã♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛q✉❡❧❡ ❞❡✈✐❞♦ ❛♦
❞❡s❝♦♥❤❡❝✐♠❡♥t♦ ❞♦ ♠❛♣❡❛♠❡♥t♦ ❡①❛t♦ ❞❛ r❡❧❛çã♦✱ q✉❡ ❣❡r❛❧♠❡♥t❡ é ✐♥❡✈✐tá✈❡❧✳

✺✳✺✳✸ ❚❡st❡s ❡st❛tíst✐❝♦s ❞❡ ❤❛❜✐❧✐❞❛❞❡ ♣r❡❞✐t✐✈❛

❖ ♣r✐♥❝✐♣❛❧ ❝r✐tér✐♦ ❞❡ ❛✈❛❧✐❛çã♦ ❛❞♦t❛❞♦ ❡♠ ❬❲❊■●❊◆❉ ❛♥❞ ●❊❘❙❍❊◆❋❊▲❉✱ ✶✾✾✹❪ ❡
❝♦♥s✐❞❡r❛❞♦ ✉♠❛ r❡❢❡rê♥❝✐❛ ♣❛r❛ ❛ ❝♦♠✉♥✐❞❛❞❡ ❞❛ ár❡❛ ❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ✈✐❛
r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s é ♦ ❝r✐tér✐♦ ❜❛s❡❛❞♦ ♥♦ ❡rr♦ ♠é❞✐♦ q✉❛❞rát✐❝♦ ♥♦r♠❛❧✐③❛❞♦ ✭NMSE ✲
♥♦r♠❛❧✐③❡❞ ♠❡❛♥ sq✉❛r❡ ❡rr♦r✮✳ ❈♦♥s✐st❡ ♥❛ r❛③ã♦ ❡♥tr❡ ♦s ❡rr♦s ♠é❞✐♦s q✉❛❞rát✐❝♦s ❞❡ ❞♦✐s
♠♦❞❡❧♦s q✉❡ ❡stã♦ s❡♥❞♦ ❝♦♠♣❛r❛❞♦s✳ ❋r❡qü❡♥t❡♠❡♥t❡✱ ♦ ♠♦❞❡❧♦ ❞♦ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦ é ✉t✐❧✐③❛❞♦
❝♦♠♦ r❡❢❡rê♥❝✐❛ ♣❛❞rã♦ ♣❛r❛ ❛✈❛❧✐❛r ♥♦✈♦s ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳ ❆ ❡q✉❛çã♦
❛♣r❡s❡♥t❛❞❛ ❡♠ s❡❣✉✐❞❛ r❡♣r❡s❡♥t❛ ♦ NMSE✱ t❡♥❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ♦ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦✳

NMSE =

∑n
i=1(ŷ(i) − y(i))2

∑n
i=1(y(i) − y(i− 1))2

✭✺✳✹✶✮
❡♠ q✉❡ ♦ ✈❛❧♦r ♦❜t✐❞♦ ♣❛r❛ ♦ ♥✉♠❡r❛❞♦r é r❡s✉❧t❛♥t❡ ❞❛ s♦♠❛ ❞♦s q✉❛❞r❛❞♦s ❞❛s ♥ ❞✐❢❡r❡♥ç❛s
❡♥tr❡ ♦s ✈❛❧♦r❡s ❡❢❡t✐✈❛♠❡♥t❡ ♦❜s❡r✈❛❞♦s (y(i)) ❡ ♦s r❡s♣❡❝t✐✈♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣❡❧♦ ♣r❡❞✐t♦r
(ŷ(i))✳ ❖ ❞❡♥♦♠✐♥❛❞♦r ❡①♣r❡ss❛ ❛ s♦♠❛ ❞♦s q✉❛❞r❛❞♦s ❞❛s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ♦s ✈❛❧♦r❡s ❛t✉❛✐s
(y(i)) ❡ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♥t❡r✐♦r❡s ❞❛ ❛♠♦str❛ (y(i − 1))✳ ❯♠❛ r❛③ã♦ ✐♥❢❡r✐♦r ❛ 1 ❝♦rr❡s♣♦♥❞❡
❛ ✉♠❛ ♣r❡❞✐çã♦ ♠❡❧❤♦r ❞♦ q✉❡ ❛q✉❡❧❛ ♦❜t✐❞❛ ♣❡❧❛ s✐♠♣❧❡s r❡♣❡t✐çã♦ ❞♦ ✈❛❧♦r ❡❢❡t✐✈❛♠❡♥t❡
♦❜s❡r✈❛❞♦ ♣❛r❛ ❛ ♠♦str❛ ❛♥t❡r✐♦r àq✉❡❧❛ ❛ s❡r ♣r❡❞✐t❛ ✲ ❧✐♠✐❛r q✉❡ q✉❛❧✐✜❝❛ ✉♠ ♣r❡❞✐t♦r q✉❡
♣r❡t❡♥❞❛ s❡r út✐❧✳ ❚❛❧ ❝r✐tér✐♦ ♣❛r❛ ♦ ▼❙❊ é t✐❞♦ ❝♦♠♦ ♥♦r♠❛❧✐③❛❞♦r ❡ s✐♥❛❧✐③❛ s❡ ♦ ♣r❡✈✐s♦r
❣❡r❛ ♠❡❧❤♦r❡s ♣r❡✈✐sõ❡s ❞♦ q✉❡ ♦ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦ ✭r❛♥❞♦♠ ✇❛❧❦✮✳

❖✉tr♦s ❞♦✐s t❡st❡s ❡st❛tíst✐❝♦s ✉t✐❧✐③❛❞♦s s❡rã♦ ♦ ▼❙❋❊ ✭♠❡❛♥ sq✉❛r❡ ❢♦r❡❝❛st ❡rr♦r✮ ❡ ▼❆❋❊
✭♠❡❛♥ ❛❜s♦❧✉t❡ ❢♦r❡❝❛st ❡rr♦r✮ ❞❛❞♦s ♣❡❧❛s ❡q✉❛çõ❡s

MSFE = (1/n)
n∑

i=1

(ŷ(i) − y(i))2. ✭✺✳✹✷✮

MAFE = (1/n)
n∑

i=1

(|ŷ(i) − y(i)|). ✭✺✳✹✸✮
❊♥tr❡t❛♥t♦✱ q✉❛♥❞♦ s❡ ✉t✐❧✐③❛ ❡st❡s t❡st❡s✱ ♥❡♠ s❡♠♣r❡ é ♣♦ssí✈❡❧ s❛❜❡r s❡ ❛ s✉♣❡r✐♦r✐❞❛❞❡ ❞❡

✉♠ ❞♦s ♠♦❞❡❧♦s ❝♦♠♣❛r❛❞♦s ❞❡✈❡✲s❡ ❡❢❡t✐✈❛♠❡♥t❡ à s✉♣❡r✐♦r✐❞❛❞❡ ❡♠ t❡r♠♦s ❞❡ ♣❡r❢♦r♠❛♥❝❡
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♦✉ s❡ ❡st❛ s✉♣❡r✐♦r✐❞❛❞❡ s❡ ❞❡✈❡ s♦♠❡♥t❡ ❛ ❛❧❣✉♠❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❧✐❣❛❞❛ à ❛♠♦str❛ ❝♦❧❡t❛❞❛✳
P❛r❛ ❡✈✐t❛r ❡st❡ t✐♣♦ ❞❡ ♣r♦❜❧❡♠❛ ✉t✐❧✐③❛✲s❡ ♦ t❡st❡ ❞❡ ❬❲❍■❚❊✱ ✷✵✵✵❪✳

❖ t❡st❡ ❞❡ ❉■❊❇❖▲❉ ❡ ▼❆❘■❆◆❖ ✭✶✾✾✺✮✱ ♠✉✐t♦ ✉t✐❧✐③❛❞♦ ♥❛ ❝♦♠✉♥✐❞❛❞❡ ❡❝♦♥ô♠✐❝❛✱
✐♥❝♦r♣♦r❛♥❞♦ ♦s ❝♦♥❝❡✐t♦s ♣r♦♣♦st♦s ❡♠ ◆❊❲❊❨ ❡ ❲❊❙❚ ✭✶✾✽✼✮✱ r❡s✉❧t❛ ♥❛ ❡q✉❛çã♦ q✉❡
✐♥❝♦r♣♦r❛ ❛ ❢✉♥çã♦ ❛✉t♦❝♦✈❛r✐â♥❝✐❛ ❞❛❞❛ ♣♦r

DM =
d̄

σd

∼ N(0, 1) ✭✺✳✹✹✮
❡♠ q✉❡ d̄ = 1

m

∑m
j=1 dj ❡m é ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s✱ ♦✉ s❡❥❛✱ é ❛ ♠é❞✐❛ ❞❛ ❢✉♥çã♦ ♣❡r❞❛ ❞❛❞❛ ♣❡❧❛

❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ❡rr♦s q✉❛❞rát✐❝♦s ❞♦s ♠♦❞❡❧♦s ❆ ❡ ❇ ❛✈❛❧✐❛❞♦s✱ ❡①♣r❡ss❛ ♣♦r dj = e2A − e2B✳
❖ ✈❛❧♦r ❞♦ ❞❡s✈✐♦ ♣❛❞rã♦ σd ❞♦s djs é ❞❛❞♦ ♣♦r

σd =

√√√√DP + 2
q∑

j=1

wj(q)γ̂(j) ✭✺✳✹✺✮

❡♠ q✉❡ DP é ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❝♦♠✉♠ ❞♦s djs✱ γ̂(j) é ❛ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦✈❛r✐â♥❝✐❛ ❞❡ ♦r❞❡♠
j ❞♦s djs ❡ wj(q) = 1 − j

q+1
✱ ❝♦♠ q < m✱ m é ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❡ q é ♦ ♥ú♠❡r♦ ❞❡

❛✉t♦❝♦rr❡❧❛çõ❡s ✐♠♣♦st❛s ♥♦ ♠♦❞❡❧♦✳ ❆ss✐♠✱ wj(q) é ❛ ❢✉♥çã♦ ♥ú❝❧❡♦ ♣r♦♣♦st❛ ♣♦r ◆❊❲❊❨ ❡
❲❊❙❚ ✭✶✾✽✼✮ ♣❛r❛ ❛ss❡❣✉r❛r✱ ♣♦r ♠❡✐♦ ❞❛ ❛tr✐❜✉✐çã♦ ❞❡ ♣❡s♦s às ❛✉t♦❝♦rr❡❧❛çõ❡s ❞♦s djs✱ q✉❡
❛ ♠❛tr✐③ ❞❡ ❛✉t♦❝♦✈❛r✐â♥❝✐❛ s❡rá ♣♦s✐t✐✈❛ ❞❡✜♥✐❞❛✳

❆ ❣r❛♥❞❡ ✈❛♥t❛❣❡♠ ❞❡st❡ t❡st❡ r❡s✐❞❡ ♥♦ ❢❛t♦ ❞❡ ♦ ♠❡s♠♦ ❛♣r❡s❡♥t❛r ❞✐str✐❜✉✐çã♦ ❛ss✐♥tót✐❝❛
♥♦r♠❛❧ ❝♦♠ ♠é❞✐❛ ③❡r♦ ❡ ✈❛r✐â♥❝✐❛ ✐❣✉❛❧ ❛ ✉♠✳ ❈❛s♦✱ ❛ tít✉❧♦ ❞❡ ❡①❡♠♣❧♦✱ ♦ ✈❛❧♦r ❞❡ss❛
❡st❛tíst✐❝❛ s❡❥❛ ♠❛✐♦r q✉❡ 1.65✱ r❡❥❡✐t❛✲s❡ ❛ ❤✐♣ót❡s❡ ♥✉❧❛ ❞❡ q✉❡ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❡ss❡s ❞♦✐s
♠♦❞❡❧♦s ❆ ❡ ❇ s❡ ❞❡✈❡ à ❛❧❡❛t♦r✐❡❞❛❞❡✱ ❝♦♠ ✉♠ ❣r❛✉ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ 95%✳ ❆❣r❡❣❛✲s❡ ❛♦
❝r✐tér✐♦ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ♦s ❡❢❡✐t♦s ❞❛s ♣♦ssí✈❡✐s ❛✉t♦❝♦rr❡❧❛çõ❡s ❡♥tr❡ ♦s ✈❛❧♦r❡s r❡s✐❞✉❛✐s ❞♦s
♠♦❞❡❧♦s ❆ ❡ ❇✳ ❊♥tr❡t❛♥t♦✱ ❡st❡ t❡st❡ ♥ã♦ é ❛♣❧✐❝á✈❡❧ ♥❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♠♦❞❡❧♦s ❛♥✐♥❤❛❞♦s✳

❊♠ ❞❡t❡r♠✐♥❛❞♦s ❝♦♥t❡①t♦s✱ é ♠❛✐s ✐♠♣♦rt❛♥t❡ ❛✈❛❧✐❛r s❡ ♦s ♠♦❞❡❧♦s sã♦ ❜♦♥s ♣❛r❛ ♣r❡✈❡r
s❡ ❤❛✈❡rá ✉♠❛ ❛s❝❡♥sã♦ ♦✉ q✉❡❞❛ ♥♦ ✈❛❧♦r ❞❛ ✈❛r✐á✈❡❧ ♣r❡❞✐t❛✱ ❛✐♥❞❛ q✉❡ ♥ã♦ s❡ s❛✐❜❛ ♦ ✈❛❧♦r
❡①❛t♦ ❞❡st❛ q✉❡❞❛ ♦✉ s✉❜✐❞❛✳ ◆❛ ❡❝♦♥♦♠✐❛ ❡ ♥♦ ♠❡r❝❛❞♦ ✜♥❛♥❝❡✐r♦ ❡ss❛ ✐♥❢♦r♠❛çã♦ ♣♦❞❡
♠♦❞✐✜❝❛r ❛s ❡✈❡♥t✉❛✐s ❞❡❝✐sõ❡s ❞❡ ✐♥✈❡st✐♠❡♥t♦ ❥á q✉❡ ♦s ✐♥✈❡st✐❞♦r❡s ❞❡s❡❥❛♠ ♠❛✐s ♠❛①✐♠✐③❛r
❧✉❝r♦s ❞♦ q✉❡ ♠✐♥✐♠✐③❛r ❡rr♦s ❞❡ ♣r❡❞✐çã♦✳ ❖ t❡st❡ ▼❋❚❘ ✭♠❡❛♥ ❢♦r❡❝❛st tr❛❞✐♥❣ r❡t✉r♥s✮✱
q✉❡ s❡rá ❛♣r❡s❡♥t❛❞♦ ❡♠ s❡❣✉✐❞❛✱ é ♠❛✐s ✐♠♣♦rt❛♥t❡ q✉❡ ♦s t❡st❡s ▼❙❋❊ ❡ ▼❆❋❊ ♣❛r❛ ❛
ár❡❛ ❞❛ ❡❝♦♥♦♠✐❛ ❥á q✉❡ ❢♦r♥❡❝❡ ✉♠❛ ♣♦r❝❡♥t❛❣❡♠ ♠é❞✐❛ ❞♦s ❧✉❝r♦s✳ ❏á ♦ t❡st❡ ▼❈❋❉ ✭♠❡❛♥
❝♦rr❡❝t ❢♦r❡❝❛st ❞✐r❡❝t✐♦♥✮ é ✉♠❛ ♠❡❞✐❞❛ ❡❝♦♥ô♠✐❝❛ r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ♠♦✈✐♠❡♥t♦s ✭t✐♠✐♥❣✮ ❞♦
♠❡r❝❛❞♦✱ ❢♦r♥❡❝❡♥❞♦ ❛ ♣♦r❝❡♥t❛❣❡♠ ♠é❞✐❛ ❞❡ ❛❝❡rt♦s ❞❛ ❞✐r❡çã♦ ❝♦rr❡t❛✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ ❛♦s
❛❞♠✐♥✐str❛❞♦r❡s ❞❡ ❛t✐✈♦s ♣r❡✈❡r ❛ ❞✐r❡çã♦ ❞❛s ♠✉❞❛♥ç❛s✱ ❣❡r❛♥❞♦ ♠❛✐s ❧✉❝r♦s q✉❡ ❛ ♠é❞✐❛ ❞♦
♠❡r❝❛❞♦✳ ❊st❡s t❡st❡s tê♠ ❛s s❡❣✉✐♥t❡s ❡q✉❛çõ❡s

MFTR = (1/n)
n∑

i=1

sign(ŷ(i))y(i)). ✭✺✳✹✻✮

MAFE = (1/n)
n∑

i=1

■(sign(ŷ(i))sign(y(i))) > 0) ✭✺✳✹✼✮

❡♠ q✉❡ I é ❛ ❢✉♥çã♦ ✐♠♣✉❧s♦ ✉♥✐tár✐♦✳
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❆ ❧ó❣✐❝❛ ❞❡s❡♥✈♦❧✈✐❞❛ ♣♦r P❊❙❆❘❆◆ ❡ ❚■▼▼❊❘▼❆◆◆ ✭✶✾✾✷✮ é ❜❛st❛♥t❡ ✐♥t✉✐t✐✈❛✿ s❡ ♦
♣r♦❞✉t♦ ❡♥tr❡ ♦ ✈❛❧♦r ♦❜s❡r✈❛❞♦ (y(i)) ❡ ♦ ✈❛❧♦r ♣r❡❞✐t♦ ( ˆy(in)) ❢♦r ♣♦s✐t✐✈♦✱ ❡♥tã♦ ♦ ♠♦❞❡❧♦
❛❝❡rt♦✉ ♦ s❡♥t✐❞♦ ❞❛s ♣r❡✈✐sõ❡s✳ ❆ ✐❞é✐❛ ❜ás✐❝❛ é ❝♦♥str✉✐r ✉♠❛ ❢✉♥çã♦ ✐♥❞✐❝❛❞♦r❛ ♣❛r❛ ❛ t❛①❛
❞❡ s✉❝❡ss♦ ✭❙❘ ❂ s✉❝❝❡ss r❛t✐♦✮✱ ✉♠❛ ✐♥❞✐❝❛çã♦ ❞❡ q✉❛♥t❛s ✈❡③❡s ❢♦✐ ❛❝❡rt❛❞❛ ❛ ❡s❝♦❧❤❛✱ ♥❛
♠é❞✐❛✱ ❛ ❞✐r❡çã♦ ♣❛r❛ ❛ q✉❛❧ ♦ ♠❡r❝❛❞♦ ❡st❛✈❛ ❝❛♠✐♥❤❛♥❞♦✳ ❖ ❙❘ é ❞❛❞♦ ♣❡❧❛ ❡q✉❛çã♦

SR =
1

m

m∑

i=1

I[y(i) ∗ ŷ(i) > 0]. ✭✺✳✹✽✮

❊st❛ t❛①❛ é ✉t✐❧✐③❛❞❛ ♥❛ ❝♦♥str✉çã♦ ❞❛ ❡st❛tíst✐❝❛ t❡st❡ ❞❡ P❊❙❆❘❆◆ ❡ ❚■▼▼❊❘▼❆◆◆
✭✶✾✾✷✮✱ ❞❡♥♦♠✐♥❛❞❛ ❞❡ ❉❆ ✭❞✐r❡❝t✐♦♥ ♦❢ ❛❝❝✉r❛❝②✮✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛s ❢✉♥çõ❡s p ❡ p̂✱ ❞❛❞❛s
♣❡❧❛s ❡q✉❛çõ❡s

p =
1

m

m∑

j=1

I[y(i) > 0]. ✭✺✳✹✾✮

p̂ =
1

m

m∑

j=1

I[ŷ(i) > 0]. ✭✺✳✺✵✮

❆ ❢✉♥çã♦ p é ♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ✈❡③❡s ❡♠ q✉❡ ♦ ✈❛❧♦r ♦❜s❡r✈❛❞♦ ❞❛ ✈❛r✐á✈❡❧ ❡♠ ❡st✉❞♦ é ♠❛✐♦r
q✉❡ ③❡r♦✳ ❈❤❛♠❛✲s❡ ❞❡ p̂ ♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ✈❡③❡s ❡♠ q✉❡ ♦s ✈❛❧♦r❡s ❞❛s ♣r❡✈✐sõ❡s sã♦ ♣♦s✐t✐✈♦s✳
❙❛❜❡✲s❡ q✉❡ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s✉❝❡ss♦ ♥♦ ❝❛s♦ ❡♠ q✉❡ ♦s ❡✈❡♥t♦s ❢♦r❡♠ ✐♥❞❡♣❡♥❞❡♥t❡s é ❞❛❞❛
♣♦r

SRI = pp̂+ (1 − p)(1 − p̂). ✭✺✳✺✶✮
❆ t❛①❛ ❞❡ s✉❝❡ss♦ ❡st✐♠❛❞❛ é ❡st❛t✐st✐❝❛♠❡♥t❡ s✐❣♥✐✜❝❛t✐✈❛ ❡♠ r❡❧❛çã♦ à t❛①❛ ❞❡ s✉❝❡ss♦ ♣❛r❛

❡✈❡♥t♦s ✐♥❞❡♣❡♥❞❡♥t❡s❄ P❊❙❆❘❆◆ ❡ ❚■▼▼❊❘▼❆◆◆ ✭✶✾✾✷✮ ❝♦♥str✉ír❛♠ ✉♠❛ ❡st❛tíst✐❝❛ ♣❛r❛
❧✐❞❛r ❝♦♠ ❡st❛ q✉❡stã♦ ✉t✐❧✐③❛♥❞♦ ❛s s❡❣✉✐♥t❡s ❡q✉❛çõ❡s

V ar(SRI) =
1

m
[(2p̂− 1)2p(1 − p) + (2p+ 1)2p̂(1 − p̂) +

4

m
+ pp̂(1 − p)(1 − p̂)] ✭✺✳✺✷✮

❡

V ar(SR) =
1

m
SRI(1 − SRI). ✭✺✳✺✸✮

❆ ❡st❛tíst✐❝❛ ❉❆ ✭❞✐r❡❝t✐♦♥ ♦❢ ❛❝❝✉r❛❝②✮ é ❞❛❞❛ ♣♦r✿

DA =
SR− SRI

√
V ar(SR) − V ar(SRI)

∼ N(0, 1). ✭✺✳✺✹✮

❘❡ss❛❧t❛✲s❡ q✉❡✱ t❛❧ ❝♦♠♦ ♥❛s ❡st❛tíst✐❝❛s ❞❡s❡♥✈♦❧✈✐❞❛s ♣♦r ❉■❊❇❖▲❉ ❡ ▼❆❘■❆◆❖ ✭✶✾✾✺✮✱
❛ ❡st❛tíst✐❝❛ ❞❡st❡ t❡st❡ é ✉♥✐❝❛✉❞❛❧✳ ❆ss✐♠✱ ✉♠❛ ✈❡③ q✉❡ ❡ss❛ ❡st❛tíst✐❝❛ t❡♠ ❞✐str✐❜✉✐çã♦
❛ss✐♥tót✐❝❛✱ ❝♦♠ N(0, 1)✱ ❝❛s♦ s❡✉ ✈❛❧♦r s❡❥❛ ♠❛✐♦r ❞♦ q✉❡ 1.65✱ ♣♦❞❡✲s❡ r❡❥❡✐t❛r ❝♦♠ ✉♠ ♥í✈❡❧
❞❡ ❝♦♥✜❛♥ç❛ ❞❡ 95% ❛ ❤✐♣ót❡s❡ ♥✉❧❛ ❞❡ q✉❡ ♦s ❛❝❡rt♦s ♥❛ ❞✐r❡çã♦ ♦❜t✐❞♦s ♣❡❧♦ ♠♦❞❡❧♦ ❛✈❛❧✐❛❞♦
s❡ ❞❡✈❡♠ à ❛❧❡❛t♦r✐❡❞❛❞❡✳
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✺✳✺✳✹ ❚❡st❡ ❞❡ ❲❤✐t❡ ✈✐❛ ❜♦♦str❛♣
◗✉❛♥❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s é ✉t✐❧✐③❛❞♦ ♠❛✐s ❞❡ ✉♠❛ ✈❡③ ♥❛ ❝♦♠♣❛r❛çã♦ ❞❡ ♠♦❞❡❧♦s ❛

✉♠ ♠♦❞❡❧♦ ❜❡♥❝❤♠❛r❦ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❡st❛tíst✐❝❛ ♣♦❞❡ ♦❝♦rr❡r q✉❡ ♦s r❡s✉❧t❛❞♦s s❛t✐s❢❛tór✐♦s
sã♦ ❞❡✈✐❞♦s s♦♠❡♥t❡ à ❝❤❛♥❝❡ ❞❡ ♦❝♦rr❡r ❡ ♥ã♦ ❛♦ ♠ér✐t♦ ❞♦ ♠♦❞❡❧♦✳ ❊st❡ ♣r♦❜❧❡♠❛ é ❞✐❢í❝✐❧ ❞❡
❡✈✐t❛r ♥❛ ❛♥á❧✐s❡ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❥á q✉❡ ♠✉✐t❛s ✈❡③❡s t❡♠✲s❡ ✉♠❛ ú♥✐❝❛ tr❛❥❡tór✐❛ ♣❛r❛ s❡r
❛♥❛❧✐s❛❞❛✳ ❲❍■❚❊ ✭✷✵✵✵✮ ❝r✐♦✉ ✉♠ t❡st❡ ♣❛r❛ ❛ ❝♦♠♣❛r❛çã♦ ❞❡ ♠ú❧t✐♣❧♦s ♠♦❞❡❧♦s✱ ❛ ♣❛rt✐r ❞❡
✉♠❛ ♠❡s♠❛ r❡❛❧✐③❛çã♦✱ ❡♠ ♣r❡✈✐sõ❡s ❢♦r❛ ❞❛ ❛♠♦str❛ ❞❡♥♦♠✐♥❛❞♦ ♣♦r ❲❤✐t❡ ❞❡ r❡❛❧✐t② ❝❤❡❝❦
♣❛r❛ ❡✈✐t❛r ❜✐❛s ♥❛ ♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s✳ ❊st❡ ♠ét♦❞♦ t❡st❛ ❛ ❤✐♣ót❡s❡ ♥✉❧❛ q✉❡ ♦ ♠❡❧❤♦r ♠♦❞❡❧♦
❡♥❝♦♥tr❛❞♦ ♥ã♦ t❡♠ s✉♣❡r✐♦r✐❞❛❞❡ ♣r❡❞✐t✐✈❛ s♦❜r❡ ✉♠ ♠♦❞❡❧♦ ❜❡♥❝❤♠❛r❦✳ ■st♦ ♣❡r♠✐t❡ q✉❡ s❡
t❡♥❤❛ ✉♠ ❣r❛✉ ❞❡ ❝♦♥✜❛♥ç❛ ♥♦ r❡s✉❧t❛❞♦ ♦❜t✐❞♦✱ ❡✈✐t❛♥❞♦ r❡s✉❧t❛❞♦s ❡q✉✐✈♦❝❛❞♦s ❣❡r❛❞♦s ♣❡❧❛s
❝❤❛♥❝❡s ❡♠ ✈❡③ ❞♦ ♠ér✐t♦ ❣❡♥✉í♥♦ ❞♦ ♠♦❞❡❧♦✳ ❊st❡ t❡st❡ s❡rá ✉t✐❧✐③❛❞♦ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦s
t❡st❡s ▼❙❋❊✱ ▼❆❋❊✱ ▼❋❚❘ ❡ ▼❈❋❉✱ ❡♠ q✉❡ ❛s ❢✉♥çõ❡s ❞❡ ❛✈❛❧✐❛çõ❡s ❞❡st❡s ♠ét♦❞♦s sã♦ ❛s
❢✉♥çõ❡s ✐♥t❡❣r❛❞❛s ❛♦ t❡st❡ ❞❡ ❲❍■❚❊ ✭✷✵✵✵✮ q✉❡ ♣♦r s✉❛ ✈❡③ ❢♦r♥❡❝❡ ♦ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛
❞❛ ♠❡❧❤♦r ❡st❛tíst✐❝❛✳

❙✉♣♦♥❞♦ q✉❡ n é ♦ ♥ú♠❡r♦ ❞❡ ♣r❡✈✐sõ❡s r❡❛❧✐③❛❞❛s ❞❡ t = R, . . . , T ❡ q✉❡ l ♠♦❞❡❧♦s s❡rã♦
❛✈❛❧✐❛❞♦s✱ ♦ ♣ró①✐♠♦ ♣❛ss♦ é ❞❡t❡r♠✐♥❛r ♦ ♥ú♠❡r♦ r❡✲❛♠♦str❛❣❡♥s N ❡ ♦ ♣❛râ♠❡tr♦ ❞❡ s✉❛✈✐✲
③❛çã♦ q ❛ss♦❝✐❛❞♦s à ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❜♦♦tstr❛♣✳ ❖ ✈❛❧♦r ❞❡ N ✐♥✢✉❡♥❝✐❛ ♥❛ ♣r❡❝✐sã♦ ❞♦ ✈❛❧♦r
❡st✐♠❛❞♦ ❞❡ ♣✲✈❛❧♦r ❡ ❣❡r❛❧♠❡♥t❡ é ✉♠ ♥ú♠❡r♦ ❡♥tr❡ ✺✵✵ ❛ ✶✵✵✵ ❞❡✈✐❞♦ ❛♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳
❆ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❞❛ sér✐❡ {yt}T

t=1 é ❛❞♠✐♥✐str❛❞❛ ♣♦r ♠❡✐♦ ❞❛ ✈❛r✐á✈❡❧ q ❡ q✉❛♥t♦ ♠❛✐♦r
❛ ❞❡♣❡♥❞ê♥❝✐❛ ♠❡♥♦r é q✳ P♦r ❡①❡♠♣❧♦✱ ✉♠❛ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ t❡rá q = 1✳

❊♠ s❡❣✉✐❞❛✱ ❛♣❧✐❝❛✲s❡ ♦ ❜♦♦tstr❛♣ ♣❛r❛ ❣❡r❛r r❛♠❞♦♠✐❝❛♠❡♥t❡ ♦s N ❝♦♥❥✉♥t♦s ❞❡ ❛♠♦str❛s
❞❡ ❝♦♠♣r✐♠❡♥t♦ n✱ {θi(t) = R, . . . , T}, i = 1, . . . , N ✳ ❊st❡s í♥❞✐❝❡s sã♦ ❣❡r❛❞♦s ✉♠ ❞❡ ❝❛❞❛
✈❡③ ❡ ❛ ❛♠♦str❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛ ❡st❡ í♥❞✐❝❡ é ❡s❝♦❧❤✐❞❛ ❡♥tr❡ ❛q✉❡❧❡s ❝♦♥❥✉♥t♦s ❞❡ ❛♠♦str❛s
❛✐♥❞❛ ♥ã♦ s❡❧❡❝✐♦♥❛❞♦s✳ ❆ss✐♠✱ ♦s ❞❛❞♦s q✉❡ sã♦ ♥❡❝❡ssár✐♦s sã♦ R✱ T ✱ q ❡ N ✱ ❡ ❛ ❛r♠❛③❡♥❛❣❡♠
❡ ♠❛♥✐♣✉❧❛çã♦ ❞❡ ❞❛❞♦s é ♣r♦♣♦r❝✐♦♥❛❧ ❛ l✱ ♥ú♠❡r♦ ❞❡ ♠♦❞❡❧♦s ❛✈❛❧✐❛❞♦s✱ ❡ ♥ã♦ ❛ l2✱ q✉❡ é
r❡q✉❡r✐❞♦ ♣❡❧♦ ♠ét♦❞♦ ❞❡ ▼♦♥t❡ ❈❛r❧♦✳

❖ t❡st❡ é r❡❛❧✐③❛❞♦ ❞❡ ❢♦r♠❛ r❡❝✉rs✐✈❛ ❡ ❝♦♠❡ç❛ ❝♦♠ ❛ ❡st✐♠❛t✐✈❛ ❞❛ ♣❡r❢♦r♠❛♥❝❡ ❞♦ ♠♦❞❡❧♦
❜❡♥❝❤♠❛r❦✳ P♦r ❡①❡♠♣❧♦✱ ✉t✐❧✐③❛♥❞♦ ♦ ♥❡❣❛t✐✈♦ ❞♦s q✉❛❞r❛❞♦s ❞♦s ❡rr♦s ❝♦♠♦ ❛ ❢✉♥çã♦ ❞❡
❛✈❛❧✐❛çã♦✿

ĥ0,t+1 = −(yt+1 − ŷ0,t+1)
2, t = R, . . . , T.

❊♠ s❡❣✉✐❞❛✱ ♦❜té♠✲s❡ ❛ ♣❡r❢♦r♠❛♥❝❡ ❞♦ ♣r✐♠❡✐r♦ ♠♦❞❡❧♦ ❛ s❡r ❝♦♠♣❛r❛❞♦

ĥ1,t+1 = −(yt+1 − ŷ1,t+1)
2, t = R, . . . , T.

❆ ♣❛rt✐r ❞♦s ✈❛❧♦r❡s ❛♥t❡r✐♦r❡s ❝❛❧❝✉❧❛✲s❡

f̂1,t+1 = ĥ1,t+1 − ĥ0,t+1

❡
f̄1 = n−1

T∑

t=R

f̂1,t+1.

❯t✐❧✐③❛♥❞♦ ♦s ✈❛❧♦r❡s ❣❡r❛❞♦s ♣❡❧♦ ❜♦♦tstr❛♣ ❝❛❧❝✉❧❛✲s❡
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f̄ ∗
1,i = n−1

T∑

t=R

f̂1,θi(t)+1, i = 1, . . . , N.

❋❛③❡♥❞♦

V̄1 = n1/2f̄1

❡
V̄ ∗

1,i = n1/2(f̄ ∗
1,i − f̄1), i = 1, . . . , N.

❆ ✐♥❢❡rê♥❝✐❛ ♣❛r❛ ❛✈❛❧✐❛r ♦ ♣r✐♠❡✐r♦ ♠♦❞❡❧♦ ❡♠ r❡❧❛çã♦ ❛♦ ♠♦❞❡❧♦ ❜❡♥❝❤♠❛r❦ é ❝♦♠♣❛r❛♥❞♦
♦s ✈❛❧♦r❡s ❞❡ V̄1 ❡ V̄ ∗

1,i✳ ❆ ❛✈❛❧✐❛çã♦ ❞❛ ♣❡r❢♦r♠❛♥❝❡ ❞♦ s❡❣✉♥❞♦ ♠♦❞❡❧♦ ❛ s❡r ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦
❜❡♥❝❤♠❛r❦ é ❞❛❞❛ ♣♦r

ĥ2,t+1 = −(yt+1 − ŷ2,t+1)
2, t = R, . . . , T

❢❛③✲s❡
f̂2,t+1 = ĥ2,t+1 − ĥ0,t+1

❡
f̄2 = n−1

T∑

t=R

f̂2,t+1.

❯t✐❧✐③❛♥❞♦ ♦s ✈❛❧♦r❡s ❣❡r❛❞♦s ♣❡❧♦ ❜♦♦tstr❛♣ ✭P❖▲■❚■❙ ❡ ❘❖▼❆◆✵✱ ✶✾✾✹✮ t❡♠✲s❡

f̄ ∗
2,i = n−1

T∑

t=R

f̂2,θi(t)+1, i = 1, . . . , N

❢❛③❡♥❞♦
V̄2 = max(n1/2f̄2, V̄1)

❡
V̄ ∗

2,i = max(n1/2(f̄ ∗
2,i − f̄2, V̄

∗
1,i), i = 1, . . . , N.

P❛r❛ t❡st❛r s❡ ♦ ♠❡❧❤♦r ❞♦s ❞♦✐s ♠♦❞❡❧♦s é s✉♣❡r✐♦r ❛♦ ♠♦❞❡❧♦ ❜❡♥❝❤♠❛r❦✱ ❝♦♠♣❛r❛✲s❡ V̄2

❡ V̄ ∗
2,i✳ Pr♦❝❡❞❡♥❞♦ r❡❝✉rs✐✈❛♠❡♥t❡ ❞❡st❛ ♠❛♥❡✐r❛ ❞❡ k = 3, . . . , l✱ t❡st❛♥❞♦ s❡ ♦ ♠❡❧❤♦r ❞♦s k

♠♦❞❡❧♦s ❛♥❛❧✐s❛❞♦s é s✉♣❡r✐♦r ❛♦ ♠♦❞❡❧♦ ❜❡♥❝❤♠❛r❦✳ ■st♦ ♣♦❞❡ s❡r ❡①♣r❡ss♦ ♣♦r

V̄k = max(n1/2f̄k, V̄k−1)

❡
V̄ ∗

k,i = max(n1/2(f̄ ∗
k,i − f̄k, V̄

∗
k−1,i), i = 1, . . . , N.

❖s ✈❛❧♦r❡s ❡st❛tíst✐❝♦s ❞❡ V̄ ∗
l,i sã♦ ♦r❞❡♥❛❞♦s ❝♦♠♦ V̄ ∗

l,1, V̄
∗
l,2, . . . , V̄

∗
l,N ✳ P❛r❛ ❡♥❝♦♥tr❛r ♦ ♣✲

✈❛❧♦r✱ ♣r✐♠❡✐r❛♠❡♥t❡ ❡♥❝♦♥tr❛✲s❡ ♦ ✈❛❧♦r ❞❡ ▼ ♣❛r❛ V̄ ∗
l,M < V̄l < V̄ ∗

l,M+1✳ ❋✐♥❛❧♠❡♥t❡✱ ♦ ♣✲✈❛❧♦r
❞♦ t❡st❡ s❡rá

PRC2 = 1 −M/N.
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❊st❡ t❡st❡ ♣❛r❛ ❛♠♦str❛s ✜♥✐t❛s s❡r✈❡ ♣❛r❛ ❝♦♠♣❛r❛r l ♠♦❞❡❧♦s ❛❥✉st❛❞♦s ❛ ✉♠ ♠♦❞❡❧♦
❜❡♥❝❤♠❛r❦✳ ❈❛❞❛ ♥ú♠❡r♦ ❞♦s l ✈❛❧♦r❡s ❞❡ PRC2 ❢♦r♥❡❝❡ ♦ ♣✲✈❛❧♦r ♣❛r❛ ❛ ❤✐♣ót❡s❡ ♥✉❧❛ q✉❡
♦ ♠❡❧❤♦r ♠♦❞❡❧♦ ❞♦s l ♣r✐♠❡✐r♦s ♠♦❞❡❧♦s ♥ã♦ t❡♠ s✉♣❡r✐♦r✐❞❛❞❡ ♣r❡❞✐t✐✈❛ s♦❜r❡ ♦ ♠♦❞❡❧♦
❜❡♥❝❤♠❛r❦✳ ❖ ú❧t✐♠♦ ♣✲✈❛❧♦r ❞❡ PRC2 ✐♥❞✐❝❛ s❡ ♦ ♠❡❧❤♦r ❞❡ t♦❞♦s ♦s ♠♦❞❡❧♦s ❛❥✉st❛❞♦s t❡♠
s✉♣❡r✐♦r✐❞❛❞❡ ♣r❡❞✐t✐✈❛ s♦❜r❡ ♦ ♠♦❞❡❧♦ ❜❡♥❝❤♠❛r❦ ♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛
❛❞♦t❛❞♦✱ ♦✉ s❡❥❛✱ s❡ ♦ ✈❛❧♦r ❞❡ PRC2 é ♠❡♥♦r q✉❡ ♦ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛ ❛❞♦t❛❞♦ ✭✺ ♣♦r ❝❡♥t♦✱
✶✵ ♣♦r ❝❡♥t♦ ❡ ♦✉tr♦s✮✳ ❖ ✈❛❧♦r ❞♦ t❡st❡ ❞✐♠✐♥✉✐ ❛ ♠❡❞✐❞❛ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ✭T ✮
❝r❡s❝❡✳ ❆ ♣♦tê♥❝✐❛ ❞♦ t❡st❡ ♠❡❧❤♦r❛ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ♣r❡✈✐sõ❡s ✭n✮ ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❡ ♦
♥ú♠❡r♦ ❞❡ r❡✲❛♠♦str❛❣❡♥s ❣❡r❛❞❛s ♣❡❧♦ ❜♦♦tstr❛♣ ✭N✮ q✉❡ t❡♠ ❝♦♠♦ ❝♦♥tr❛♣❛rt✐❞❛ ♦ ❡s❢♦rç♦
❝♦♠♣✉t❛❝✐♦♥❛❧✳

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ❛ ❡st❛tíst✐❝❛ ❝r❡s❝❡ ❝♦♠ ❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s✱ ♦ ✈❛❧♦r ❞♦ t❡st❡ ❞❡✲
❝r❡s❝❡✳ ❏á s❡ ❛ ❡st❛tíst✐❝❛ ❞❡❝r❡s❝❡ ❝♦♠ ❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s✱ ♦ ✈❛❧♦r ❞♦ t❡st❡ ❝r❡s❝❡✱ ♦✉
s❡❥❛✱ ♦ ♣r♦❜❧❡♠❛ é s✐♠étr✐❝♦✳

◆❛ ❛✈❛❧✐❛çã♦ ❡♥tr❡ ♦s ♠♦❞❡❧♦s ❛❥✉st❛❞♦s ❡ ♦ ❜❡♥❝❤♠❛r❦✱ q✉❡ ♥♦ ❝❛s♦ ❞❡st❛ t❡s❡ é ✉♠ ♠♦❞❡❧♦
▼❛rt✐♥❣❛❧❡✱ é ✐♠♣♦rt❛♥t❡ ❛♥❛❧✐s❛r ❡st❡ ♣✲✈❛❧♦r ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦ ❞♦ ❜♦♦tstr❛♣ ❜ás✐❝♦ ✭♥❛✐✈❡✮✱
❞❛❞♦ ♣♦r

PRC1 = (
N∑

n=1

I(S∗
n => S)/N.

❆ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❝❛❞❛ PRC1 ❡ ♦ ú❧t✐♠♦ ✈❛❧♦r ❞❡ PRC2 ❢♦r♥❡❝❡ ✉♠❛ ✐♥❞✐❝❛çã♦ ❞♦ ❡❢❡✐t♦ ❞❛t❛
♠✐♥✐♥❣ ❜✐❛s✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ q✉❛♥t✐✜❝❛r ❛s ❝♦♥s❡qüê♥❝✐❛s ❞❡ ✉♠❛ ❡s♣❡❝✐✜❝❛çã♦ s❡♠ ✐♥❢♦r♠❛çõ❡s
❛ ♣r✐♦r✐✱ ❡✈✐t❛♥❞♦ t❛♠❜é♠ ❝♦♥❢✉♥❞✐r ♦ ❡s♣úr✐♦ ❝♦♠ ♦ r❡❧❡✈❛♥t❡✳ ❊♥tr❡t❛♥t♦✱ ❡st❡ t❡st❡ é s❡♥sí✈❡❧
à ✐♥❝❧✉sã♦ ❞❡ ♠♦❞❡❧♦s ❝♦♠ q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦ ♣♦❜r❡✱ ♣r♦❞✉③✐♥❞♦ ✈❛❧♦r❡s ✐♥❝♦♥s✐st❡♥t❡s ❞❡
♣✲✈❛❧♦r❡s✳ ❍❛♥s❡♥ ✭✷✵✵✺✮ ❛❜♦r❞♦✉ ❡st❛ ❞❡✜❝✐ê♥❝✐❛ ❡ ❝r✐♦✉ ✉♠ t❡st❡ ❛❧t❡r♥❛t✐✈♦ ♣❛r❛ s✉♣❡r❛r
❡st❡ ♣r♦❜❧❡♠❛✳

✺✳✺✳✺ ❚❡st❡s ♣❛r❛ ♠♦❞❡❧♦s ❛♥✐♥❤❛❞♦s

◆♦ ♣r♦❜❧❡♠❛ ❣❡r❛❧ ❞❡ s❡❧❡çã♦ ❞❡ ♠♦❞❡❧♦s✱ ❛ ❡s❝♦❧❤❛ ❞❡ q✉❛❧ t❡st❡ ❡st❛tíst✐❝♦ ❞❡✈❡✲s❡ ✉t✐❧✐③❛r
❞❡♣❡♥❞❡ t❛♠❜é♠ ❞❛ ❡①✐stê♥❝✐❛ ❞❡ ♠♦❞❡❧♦s ❝♦♠♣❡t✐❞♦r❡s ❛♥✐♥❤❛❞♦s✳ P♦❞❡✲s❡ ❞✐③❡r q✉❡ ♦ ♠♦❞❡❧♦
❆ ❡stá ❛♥✐♥❤❛❞♦ ❞❡♥tr♦ ❞♦ ♠♦❞❡❧♦ ❇ s❡ ♦ ♠♦❞❡❧♦ ❆ ❢♦r ✉♠ ❝❛s♦ ❡s♣❡❝✐❛❧ ❞❡ ❇✳ ◗✉❛♥❞♦ ✉♠
♠♦❞❡❧♦ t❡♠ ✉♠ ♠♦❞❡❧♦ ❛♥✐♥❤❛❞♦✱ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ s✉❛ ❞✐str✐❜✉✐çã♦ ❞❡ t❡st❡ ✭❝❤✐✲q✉❛❞r❛❞❛✮ é
❛ss✐♥t♦t✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ ❡st❛tíst✐❝❛ ❞♦ ♠♦❞❡❧♦ ❛♥✐♥❤❛❞♦✳

❖❜s❡r✈❛✲s❡ q✉❡ ♣❛r❛ ♠♦❞❡❧♦s ❛♥✐♥❤❛❞♦s✱ ❝❛s♦ ❛s ❡st❛tíst✐❝❛s ♦r✐❣✐♥❛✐s ❞❡ t❡st❡ s✐❣❛♠ ❞✐str✐✲
❜✉✐çõ❡s ❝❤✐✲q✉❛❞r❛❞❛✱ ❛ ❞✐❢❡r❡♥ç❛ t❛♠❜é♠ é ✉♠❛ ❞✐str✐❜✉✐çã♦ ❝❤✐✲q✉❛❞r❛❞❛✳ ❙❡ ❛s ❡st❛tíst✐❝❛s
♦r✐❣✐♥❛✐s ❞❡ t❡st❡ s❡❣✉✐r❡♠ ❞✐str✐❜✉✐çõ❡s ❝❤✐✲q✉❛❞r❛❞❛ ♥ã♦ ❝❡♥tr❛❧✐③❛❞❛✱ ❡♥tã♦ ❛ ❞✐❢❡r❡♥ç❛ é t❛♠✲
❜é♠ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❝❤✐✲q✉❛❞r❛❞❛ ♥ã♦ ❝❡♥tr❛❧✐③❛❞❛✳ ❖s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ♣❛r❛ ❛ ❞✐❢❡r❡♥ç❛
sã♦ ✐❣✉❛✐s ❛♦s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ♣❛r❛ ❛s ❞✉❛s ❡st❛tíst✐❝❛s ♦r✐❣✐♥❛✐s ❞❡ t❡st❡✳ ❖s ♣❛râ♠❡tr♦s ❞❛
❞✐str✐❜✉✐çã♦ ❝❤✐✲q✉❛❞r❛❞❛ ♥ã♦ ❝❡♥tr❛❧✐③❛❞❛ ❞❛ ❞✐❢❡r❡♥ç❛ é ✐❣✉❛❧ à ❞✐❢❡r❡♥ç❛ ❞♦s ♣❛râ♠❡tr♦s ❞❛s
❞✐str✐❜✉✐çõ❡s ❝❤✐✲q✉❛❞r❛❞❛ ♥ã♦ ❝❡♥tr❛❧✐③❛❞❛s ❞❛s ❞✉❛s ❡st❛tíst✐❝❛s ♦r✐❣✐♥❛✐s ❞❡ t❡st❡✳

■st♦ s✉❣❡r❡ ✉♠ ♠ét♦❞♦ ❞❡ ❝♦♠♣❛r❛çã♦ q✉❡ ❣❡r❛❧♠❡♥t❡ é ♦ ♠❛✐s ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦♠♣❛r❛r
♦ ❛❥✉st❡ ❞❡ ❞♦✐s ♠♦❞❡❧♦s ❛♥✐♥❤❛❞♦s✳ ❚❡st❛✲s❡ ❛ ❤✐♣ót❡s❡ ♥✉❧❛ ❞❡ q✉❡ ♥ã♦ ❡①✐st❡ ♥❡♥❤✉♠❛
❞✐❢❡r❡♥ç❛ s✐❣♥✐✜❝❛t✐✈❛ ♥♦ ❛❥✉st❡ ❛✈❛❧✐❛♥❞♦ s❡ ❛ ❞✐❢❡r❡♥ç❛ ❞❛ ❝❤✐✲q✉❛❞r❛❞❛ é s✐❣♥✐✜❝❛t✐✈❛✱ ♣❛r❛
♦s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❞❛❞♦s ❡ ♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛✳ ❈❛s♦ ❛ ❞✐❢❡r❡♥ç❛
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s❡❥❛ s✐❣♥✐✜❝❛t✐✈❛✱ ❛ ❤✐♣ót❡s❡ ♥✉❧❛ s❡rá r❡❥❡✐t❛❞❛✳ ❊st❡ t✐♣♦ ❞❡ ❛♣r♦①✐♠❛çã♦ ❡stá ❧✐♠✐t❛❞❛ às
❝♦♠♣❛r❛çõ❡s ❞❡ ♠♦❞❡❧♦s ❛♥✐♥❤❛❞♦s✱ ❡ ❛ s✉❛ ✐♥t❡r♣r❡t❛çã♦ t♦r♥❛✲s❡ ❞✐❢í❝✐❧ ♥♦ ❝❛s♦ ❞❡ ✉♠❛
❞✐str✐❜✉✐çã♦ ❝❤✐✲q✉❛❞r❛❞❛ ♥ã♦ ❝❡♥tr❛❧✐③❛❞❛✳

❖❜s❡r✈❛✲s❡ q✉❡ ♦ t❡st❡ ❞❡ ❝❛✉s❛❧✐❞❛❞❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬●❘❆◆●❊❘✱ ✶✾✻✾❪ ❢♦✐ ❝r✐❛❞♦ ♣❛r❛
❛✈❛❧✐❛çõ❡s ❞❡♥tr♦ ❞❛ ❛♠♦str❛ ❡ q✉❡ ♦ t❡st❡ ❞❡ ❉■❊❇❖▲❉ ❡ ▼❆❘■❆◆❖ ✭✶✾✾✺✮ ♥ã♦ t❡♠ ❛ ❝❛✲
♣❛❝✐❞❛❞❡ ❞❡ ❛✈❛❧✐❛r ❛ ❤❛❜✐❧✐❞❛❞❡ ♣r❡❞✐t✐✈❛ ❞❡ ♠♦❞❡❧♦s ❛♥✐♥❤❛❞♦s ❡♠❜♦r❛ t❡♥❤❛ ❤❛❜✐❧✐❞❛❞❡
❞❡ ❛✈❛❧✐❛r ♠♦❞❡❧♦s ♥ã♦ ❛♥✐♥❤❛❞♦s ❞❡ ♣r❡✈✐sã♦ ❢♦r❛ ❞❛ ❛♠♦str❛✳ ❖ t❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠
❬❈❍❆❖ ❡t ❛❧✳✱ ✷✵✵✵❪ ❢♦✐ ❝r✐❛❞♦ ♣❛r❛ s✉♣r✐r ❡st❛ ❞❡✜❝✐ê♥❝✐❛ ❡ ❛✈❛❧✐❛ ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❡ ♥ã♦ ❧✐♥❡✲
❛r❡s ❛♥✐♥❤❛❞♦s ❡♠ ♣r❡✈✐sõ❡s ❢♦r❛ ❞❛ ❛♠♦str❛✱ ✐♥❝❧✉s✐✈❡ ♠♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠ r❡❞❡s ♥❡✉r❛✐s✳ ❆
r❡❢❡rê♥❝✐❛ ❛♥t❡r✐♦r ✐❧✉str❛ ❡♠♣✐r✐❝❛♠❡♥t❡ ❝♦♠♦ ❛ ❝❛✉s❛❧✐❞❛❞❡ ❞❡ ●❘❆◆●❊❘ ♣♦❞❡ s❡r ❛❢❡t❛❞❛
❡♠ t❡st❡s ❢♦r❛ ❞❛ ❛♠♦str❛✱ ♦✉ s❡❥❛✱ ❡st❡ t❡st❡ ♣♦❞❡ ❛♣r❡s❡♥t❛r r❡s✉❧t❛❞♦s ❞✐❢❡r❡♥t❡s ♣❛r❛ t❡st❡s
❞❡♥tr♦ ❡ ❢♦r❛ ❞❛ ❛♠♦str❛✳

❈❍❆❖ ❡t ❛❧✳ ✭✷✵✵✵✮ ❝r✐❛r❛♠ ✉♠❛ ✈❡rsã♦ ♠❛✐s ❣❡r❛❧ ❞♦ t❡st❡ ❞❡ ❝❛✉s❛❧✐❞❛❞❡ ❞❡ ●❘❆◆✲
●❊❘✱ ❝♦♥str✉✐♥❞♦ ✉♠ t❡st❡ ❜❛s❡❛❞♦ ❡♠ 1√

P

∑T
t=R êt+1h(ν,①t)✱ ❡♠ q✉❡ ν sã♦ ♣❛râ♠❡tr♦s ♥ã♦

✐❞❡♥t✐✜❝❛❞♦s s♦❜ ❛ ❤✐♣ót❡s❡ ♥✉❧❛✱ ❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ ♦s ♣❛râ♠❡tr♦s ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ ❞❛
❝❛♠❛❞❛ ❡s❝♦♥❞✐❞❛ ❞❛s r❡❞❡s ❘❇❋✳ ❊st❡ t❡st❡ ✉t✐❧✐③❛ ❛ ♠❡s♠❛ ❡q✉❛çã♦ ❛♣r❡s❡♥t❛❞❛ ❡♠ ▲❊❊
❡t ❛❧✳ ✭✶✾✾✸✮ ❡ ❇▲❆❑❊ ❡ ❑❆P❊❚❆◆■❖❙ ✭✷✵✵✸✮ ♣❛r❛ t❡st❛r ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❡❣❧✐❣❡♥❝✐❛❞❛s
❞❡♥tr♦ ❞❛ ❛♠♦str❛✱ r❡♣r❡s❡♥t❛❞❛ ♣♦r

h(γ,①t) = ν1①t +G(ν2,①t) ✭✺✳✺✺✮
❡♠ q✉❡ ν ❡♥❣❧♦❜❛ ♦s ♣❛râ♠❡tr♦s ❞❛ ♣❛r❝❡❧❛ ❧✐♥❡❛r ✭ν1✮ ❡ ♦s ♣❛râ♠❡tr♦s ❞❛ ❢✉♥çã♦ ❞❡ ❜❛s❡ ●
✭ν2✮✳ ◆❡st❡ ❝♦♥t❡①t♦✱ ❈❍❆❖✱ ❈❖❘❘❆❉■ ❡ ❙❲❆◆❙❖◆ ✭✷✵✵✵✮ s✉❣❡r✐r❛♠ ❛ s❡❣✉✐♥t❡ ❡st❛tíst✐❝❛
♣❛r❛ ♣r❡✈✐sõ❡s ✉♠ ♣❛ss♦ ❛❞✐❛♥t❡

1√
N

T∑

t=R

êt+1hj(ν,①t)

❡♠ q✉❡ j = 1, 2, . . . , K ❡✱ ♥♦ ❝❛s♦ ❞❡ ✉♠❛ r❡❞❡ ❘❇❋✱ K é ♦ ♥ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❞❡ ❜❛s❡ ❞❛
❝❛♠❛❞❛ ❡s❝♦♥❞✐❞❛✳ ❆s ❤✐♣ót❡s❡s ♥✉❧❛ ❡ ❛❧t❡r♥❛t✐✈❛ sã♦

H0 : E(êt+1h(ν,①t)) = 0

❡

Ha : E(êt+1h(ν,①t)) 6= 0.

❊st❛ ❡st❛tíst✐❝❛ t❡♠ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ♣❛❞rã♦ ❡ t❛♠❜é♠ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ♣❛r❛ ♠♦❞❡❧♦s
❧✐♥❡❛r❡s✱ ❜❛st❛♥❞♦ ♣❛r❛ ✐ss♦ s✉❜st✐t✉✐r ❛ ♠❛tr✐③ ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛s❡ (❍(ν,①t))) ♣❡❧❛ ♠❛tr✐③ ❞❡
❡♥tr❛❞❛s ✭❳t✮ ❞♦ ♠♦❞❡❧♦ ❧✐♥❡❛r✱ ❥á ❝♦♠ ♦s r❡s♣❡❝t✐✈♦s ❧❛❣s✳ ❋✐♥❛❧♠❡♥t❡✱ ❡st❡ t❡st❡ ♣♦ss✐❜✐❧✐t❛
❛ ❛✈❛❧✐❛çã♦ ❞❛ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡ ❞❡ ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❡ ♥ã♦ ❧✐♥❡❛r❡s ❛♥✐♥❤❛❞♦s ♣❛r❛ ♣r❡✈✐sõ❡s ✉♠
♣❛ss♦ ❛❞✐❛♥t❡✱ ♦✉ s❡❥❛✱ ❢♦r❛ ❞❛ ❛♠♦str❛✱ s❡♠ r❡str✐çõ❡s à r❛③ã♦ ❡♥tr❡ ♦ ♥ú♠❡r♦ ❞❡ ♣r❡✈✐sõ❡s ❡ ♦
♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❞✐s♣♦♥í✈❡✐s✱ q✉❡ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞❛ ♣♦r n/N > 0 ♦✉ n/N = 0✱ ❡♠ q✉❡
n r❡♣r❡s❡♥t❛ ♦ ♥ú♠❡r♦ ❞❡ ♣r❡✈✐sõ❡s ❡ N ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❞✐s♣♦♥í✈❡✐s✳



❈❛♣ít✉❧♦ ✻

❘❡s✉❧t❛❞♦s

✻✳✶ ■♥tr♦❞✉çã♦
◆♦ ❝♦♥t❡①t♦ ❞❡ sér✐❡s ♥♦ t❡♠♣♦ é r❡❧❡✈❛♥t❡ ❞✐st✐♥❣✉✐r ✉♠ ♣r♦❝❡ss♦ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡

✭❉▼✮ ❞❡ ✉♠ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦ ✭P❆✮✳ ❖ ♣r✐♠❡✐r♦ ✐♠♣❧✐❝❛ ♥♦ s❡❣✉♥❞♦✱ ♠❛s ❛ r❡❝í♣r♦❝❛ ♥ã♦ é
✈❡r❞❛❞❡✐r❛✳ ❯♠❛ sér✐❡ t❡♠♣♦r❛❧ ♣♦❞❡ s❡r s❡r✐❛❧♠❡♥t❡ ♥ã♦ ❝♦rr❡❧❛❝✐♦♥❛❞❛✱ ♠❛s t❡r ✉♠❛ ♠é❞✐❛
❝♦♥❞✐❝✐♦♥❛❧ ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦ ♥❛ s✉❛ ❤✐stór✐❛ ♣❛ss❛❞❛✳ ◗✉❛♥❞♦ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ é ✉♠❛
❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ ✐st♦ ✐♠♣❧✐❝❛ ♥❛ s✉❛ ♥ã♦ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡✳

❱ár✐♦s ❡st✉❞♦s tê♠ ✐♥❝♦r♣♦r❛❞♦ ❛ ❤✐♣ót❡s❡ ❞❛ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ ♥❛ ♠♦❞❡❧❛❣❡♠ ❞❛ t❛①❛ ❞❡
❝â♠❜✐♦✳ ❊♥tr❡t❛♥t♦✱ ❢r❡qü❡♥t❡♠❡♥t❡✱ ❛✉t♦❝♦rr❡❧❛çã♦✱ t❛①❛ ❞❡ ✈❛r✐â♥❝✐❛ ❡ ♣♦tê♥❝✐❛ ❞❡ ❡s♣❡❝tr♦
sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ t❡st❛r s❡ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ s❡❣✉❡ ✉♠ ♣r♦❝❡ss♦ ❞✐❢❡r❡♥ç❛
▼❛rt✐♥❣❛❧❡✳ ▼❛s ❡st❡s t❡st❡s ❝❤❡❝❛♠ ♠❛✐s ❛ ❡①✐stê♥❝✐❛ ❞❛ ♥ã♦ ❝♦rr❡❧❛çã♦ s❡r✐❛❧ ✭♣r♦❝❡ss♦ P❆✮
❞♦ q✉❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ ❡ ❝♦♥❝❧✉sõ❡s ❡q✉✐✈♦❝❛❞❛s ♣♦❞❡♠ t❡r ♦❝♦rr✐❞♦✳ ■st♦ t❛❧✈❡③
♣♦ss❛ ❡①♣❧✐❝❛r ♣❛rt❡ ❞♦s r❡s✉❧t❛❞♦s ❝♦♥✢✐t❛♥t❡s ❞❛ ❧✐t❡r❛t✉r❛ s♦❜r❡ ♦ ❛ss✉♥t♦✳

❊♠ ❬❍❙■❊❍✱ ✶✾✾✸❪ ❢♦✐ ❞❡st❛❝❛❞❛ ❛ ❞❡t❡❝çã♦ ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥♦s r❡t♦r♥♦s t❛①❛ ❞❡ ❝â♠❜✐♦
❞✐ár✐❛ ❞❡✈✐❞♦ às ✈❛r✐❛çõ❡s ❞❛ ✈♦❧❛t✐❧✐❞❛❞❡ ♥♦ t❡♠♣♦✱ s❡♠ ❡❢❡✐t♦ ❆❘❈❍✲▼✱ ♥ã♦ ✐♠♣❧✐❝❛♥❞♦
❡♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦ ♥❛ ♠é❞✐❛✳ ❏á ❡♠ ❬❍❖◆● ❛♥❞ ▲❊❊✱ ✷✵✵✷❪ ❢♦r❛♠ ❛♥❛❧✐s❛❞❛s ❡st❛s
✈❛r✐❛çõ❡s ✈✐❛ ♠♦♠❡♥t♦s ❡s♣❡❝tr❛✐s ❣❡♥❡r❛❧✐③❛❞♦s✱ ❝❛♣❛③❡s ❞❡ ❞✐st✐♥❣✉✐r ✉♠ ♣r♦❝❡ss♦ ❉▼ ❞❡ ✉♠
P❆✱ ❡♠ ❝✐♥❝♦ ❞❛s ♠❛✐s ✐♠♣♦rt❛♥t❡s t❛①❛s ❞❡ ❝â♠❜✐♦✱ ❡ ❝♦♥❝❧✉ír❛♠ q✉❡ ❢r❡qü❡♥t❡♠❡♥t❡ ❡st❛s
t❛①❛s sã♦ ♥ã♦ ❝♦rr❡❧❛❝✐♦♥❛❞❛s s❡r✐❛❧♠❡♥t❡✱ ♠❛s ❛♣r❡s❡♥t❛♠ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❢♦rt❡s ♥❛ ♠é❞✐❛
❝♦♥❞✐❝✐♦♥❛❧✱ s✐♥❛❧✐③❛♥❞♦ q✉❡ ❡st❛s t❛①❛s ♥ã♦ sã♦ s❡qüê♥❝✐❛s ❉▼ ❡✱ ♣♦rt❛♥t♦✱ sã♦ ♣r❡✈✐sí✈❡✐s✳

◆❡st❡ tr❛❜❛❧❤♦✱ ✐♥✈❡st✐❣❛✲s❡ ✐♥✐❝✐❛❧♠❡♥t❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s sér✐❡s t❡♠♣♦r❛✐s ❞♦s r❡t♦r♥♦s
❞✐ár✐♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ❡ ❞❛ ✉♠✐❞❛❞❡ ❤♦rár✐❛ ♥❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘✳ P♦st❡r✐✲
♦r♠❡♥t❡✱ ♦s ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ♥❛ ♠é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧ ❆❘▼❆✲●❆❘❈❍ ❡ ♦s ❜❛s❡❛❞♦s ❡♠ r❡❞❡s
♥❡✉r❛✐s ❡ s✉❛s ❝♦♠❜✐♥❛çõ❡s sã♦ ❝♦♠♣❛r❛❞♦s ❝♦♠ ✉♠ ♠♦❞❡❧♦ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ ✭yt = µt +εt✱
❡♠ q✉❡ µt é ❛ ♠é❞✐❛ ♥♦ t❡♠♣♦ ❡ εt é ✉♠ r✉í❞♦ ❜r❛♥❝♦✮ ♣❛r❛ ♣r❡✈✐sõ❡s ❢♦r❛ ❞❛ ❛♠♦str❛✳ ❆ ❝♦♠✲
♣❛r❛çã♦ ❞❡st❡s ♠♦❞❡❧♦s ❞❡✈❡rá ❢♦r♥❡❝❡r ✐♥❢♦r♠❛çõ❡s s❡ ♦s ♠♦❞❡❧♦s ❆❘▼❆✲●❆❘❈❍✱ ♥❡✉r❛❧ ❡
❝♦♠❜✐♥❛❞♦ ♣♦❞❡♠ ❢♦r♥❡❝❡r ♦✉ ♥ã♦ ♠❡❧❤♦r❡s ♣r❡✈✐sõ❡s q✉❡ ♦ ♠♦❞❡❧♦ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡✱ ♣♦ss✐✲
❜✐❧✐t❛♥❞♦ ✐♥✈❡st✐❣❛r ❡♠♣✐r✐❝❛♠❡♥t❡ s❡ ❛ sér✐❡ é ♦✉ ♥ã♦ ✉♠❛ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡✳ ➱ ✐♠♣♦rt❛♥t❡
s❛❜❡r t❛♠❜é♠ q✉❛❧ ❞❡st❡s ♠♦❞❡❧♦s ❢♦r♥❡❝❡ ❛ ♠❡❧❤♦r q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦✳

◆❛ ♣rát✐❝❛✱ é ♠✉✐t♦ ❞✐❢í❝✐❧ ❡♥❝♦♥tr❛r ✉♠ ♠♦❞❡❧♦ q✉❡ t❡♥❤❛ ❛❧t❛ ♣❡r❢♦r♠❛♥❝❡ ❡♠ t♦❞♦s ♦s
♣❡rí♦❞♦s✳ P❛r❛ ✐♥❝r❡♠❡♥t❛r ❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s ✐♥❞✐✈✐❞✉❛✐s ❢♦r❛♠ ❝r✐❛❞♦s ♦s ♠♦❞❡❧♦s

✶✵✺



❈❆P❮❚❯▲❖ ✻✳ ❘❊❙❯▲❚❆❉❖❙ ✶✵✻

❝♦♠❜✐♥❛❞♦s✳ ◆❡st❡ tr❛❜❛❧❤♦ é ✉t✐❧✐③❛❞♦ ♦ ♠ét♦❞♦ ❞❡ ❝♦♠❜✐♥❛çã♦ ✉t✐❧✐③❛❞♦ ❡♠ ❍❖◆● ❡ ▲❊❊
✭✷✵✵✷✮✳ ❊st❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❝♦♠❜✐♥❛çã♦ é r❡♣r❡s❡♥t❛❞❛ ♣❡❧❛s ❡q✉❛çõ❡s ✻✳✶ ❡ ✻✳✷✳

ŷ(n+ 1) =
∑

k

pk(n+ 1)ŷk(n+ 1). ✭✻✳✶✮

❡♠ q✉❡ ŷk é ♦ ✈❛❧♦r ❡st✐♠❛❞♦ ❞❡ y ♣❡❧♦ ♠♦❞❡❧♦ k ❡ ♦ ♣❡s♦ pk(n+ 1) é ❝❛❧❝✉❧❛❞♦ ♣♦r ♠❡✐♦ ❞❡

pk(n+ 1) =
exp[−λ(n) ∗ ∑n

j=1(y(j) − ŷk(j))2]
∑n

j=1 exp[−λ(n) ∗ ∑n
j=1(y(j) − ŷk(j))2]

✭✻✳✷✮

❡♠ q✉❡ λ(n) = 1/(2S2) ❡ S2 é ❛ ✈❛r✐â♥❝✐❛ ❛♠♦str❛❧✳ ■♥t✉✐t✐✈❛♠❡♥t❡✱ ♥✉♠❛ ❥❛♥❡❧❛ n✱ ♦ ♠♦❞❡❧♦
q✉❡ t❡✈❡ ♣❡r❢♦r♠❛♥❝❡ ♠❡❧❤♦r t❡rá ♣❡s♦s ♠❛✐♦r❡s✱ ❥á ♦ ♠♦❞❡❧♦ q✉❡ t❡✈❡ ♣❡r❢♦r♠❛♥❝❡ ❢r❛❝❛ t❡rá
♣❡s♦s ♠❡♥♦r❡s✳

❊st❛s ❝❧❛ss❡s ❞❡ ♠♦❞❡❧♦s sã♦ ❛❥✉st❛❞❛s ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ❛ ♣r❡✈✐sã♦ ♥❛ ♠é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧
❞❛s sér✐❡s t❡♠♣♦r❛✐s ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❡ ❞❛ ✉♠✐❞❛❞❡ ♣❛r❛ ♣r❡✈✐sõ❡s ❢♦r❛ ❞❛
❛♠♦str❛✱ ✉♠ ♣❛ss♦ ❛❞✐❛♥t❡✳ ❊s♣❡❝✐✜❝❛♠❡♥t❡ sã♦ ✐♠♣❧❡♠❡♥t❛❞♦s ♦s s❡❣✉✐♥t❡s ♠♦❞❡❧♦s✿ ❞✐❢❡r❡♥ç❛
▼❛rt✐♥❣❛❧❡ ♥❛ ♠é❞✐❛ ✭❜❡♥❝❤♠❛r❦✮❀ ❆❘▼❆✲●❆❘❈❍❀ r❡❞❡ ♥❡✉r❛❧ t✐♣♦ ❘❇❋ ❝♦♠ ❢✉♥çã♦ ❞❡ ❜❛s❡
❣❛✉ss✐❛♥❛ ❡ ❝❡♥tr♦s ❛❥✉st❛❞♦s ✈✐❛ P❈❆ ✭❘❇❋ P❈❆ ●❆❯❙❙✮❀ r❡❞❡ ♥❡✉r❛❧ t✐♣♦ ❘❇❋ ❝♦♠ ❢✉♥çã♦
❞❡ ❜❛s❡ s♣❧✐♥❡ ❡ ❝❡♥tr♦s ❛❥✉st❛❞♦s ✈✐❛ P❈❆ ✭❘❇❋ P❈❆ ❙P▲■◆❊✮❀ r❡❞❡ ♥❡✉r❛❧ t✐♣♦ ❘❇❋ ❝♦♠
❢✉♥çã♦ ❞❡ ❜❛s❡ ❣❛✉ss✐❛♥❛ ❡ ❝❡♥tr♦s ❛❥✉st❛❞♦s ✈✐❛ ❛❧❣♦r✐t♠♦ ❆❘■❆ ✭❘❇❋ ❆❘■❆✮❀ ❡ ❛ ❝♦♠❜✐♥❛çã♦
❞♦s ♠❡❧❤♦r❡s ♠♦❞❡❧♦s ✭❝♦♠❜✐♥❛❞♦✮✳ ❖ ♠♦❞❡❧♦ ❘❇❋ ❆❘■❆ é ♠✉❧t✐✈❛r✐❛❞♦ ❝♦♠ ✈❛r✐á✈❡✐s
s❡❧❡❝✐♦♥❛❞❛s ♣♦r ♠❡✐♦ ❞♦ ♠ét♦❞♦ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ♣r♦♣♦st♦ ♥♦ ❈❛♣ít✉❧♦ ✸✳

❉✉r❛♥t❡ ❛s ❛✈❛❧✐❛çõ❡s ❞❛s ♣r❡✈✐sõ❡s✱ ♣♦❞❡♠ s❡r ♦❜t✐❞♦s r❡s✉❧t❛❞♦s ❞❡✈✐❞♦ s♦♠❡♥t❡ às ❝❤❛♥❝❡s
♥✉♠ér✐❝❛s ✭s♦rt❡✮ ❡ ♥ã♦ ❛♦ ♠ér✐t♦ ❞♦ ♠♦❞❡❧♦✳ ❊st❡ ♣r♦❜❧❡♠❛ é ❝❤❛♠❛❞♦ ❞❡ ❜✐❛s ♥❛ ♠✐♥❡r❛çã♦ ❞❡
❞❛❞♦s ❡ ♠❡r❡❝❡ ❛t❡♥çã♦✳ P❛r❛ ❡✈✐t❛r ❡st❡ t✐♣♦ ❞❡ ♣r♦❜❧❡♠❛✱ ♦ t❡st❡ ❞❡ ❲❍■❚❊ ✭✷✵✵✵✮ é ✉t✐❧✐③❛❞♦
❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦s ♠ét♦❞♦s ❞❡ ❛✈❛❧✐❛çã♦ ❞❛s ♣r❡✈✐sõ❡s ♣❛r❛ ❛ ❝♦♠♣❛r❛çã♦ ❞❡ ♠ú❧t✐♣❧♦s ♠♦❞❡❧♦s
❡♠ ♣r❡✈✐sõ❡s ❢♦r❛ ❞❛ ❛♠♦str❛✱ ✐♥❝♦r♣♦r❛♥❞♦ ❛ ❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡ ♦s ♠♦❞❡❧♦s ❝♦♠♣❛r❛❞♦s✳ ❖
t❡st❡ ❞❡ ❲❍■❚❊ ✭✷✵✵✵✮ ✈✐❛ ❜♦♦tstr❛♣ ❬P❖▲■❚■❙ ❛♥❞ ❘❖▼❆◆❖✱ ✶✾✾✹❪✱ ❣❡r❛♥❞♦ ♦ ❜♦♦tstr❛♣
♣✲✈❛❧♦r✱ é ✐♠♣❧❡♠❡♥t❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦✳ ❈♦♠♦ ❛❧❣✉♠❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❛ ♠é❞✐❛ ❣❡r❛❧♠❡♥t❡
sã♦ ♥❡❣❧✐❣❡♥❝✐❛❞❛s ❞✉r❛♥t❡ ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ♥❡✉r❛❧✱ ♣❛r❛ ❡✈✐t❛r ❡st❡ t✐♣♦ ❞❡ ♣r♦❜❧❡♠❛✱ ♦
t❡st❡ ❞❡ ❇▲❆❑❊ ❡ ❑❆P❊❚❆◆■❖❙ ✭✷✵✵✸✮ s❡rá ✉t✐❧✐③❛❞♦✳

❖s ❝r✐tér✐♦s ✉t✐❧✐③❛❞♦s ♥❛ ❛✈❛❧✐❛çã♦ ❞❛s ♣r❡✈✐sõ❡s sã♦✿ ◆▼❙❊ ✭♥♦r♠❛❧✐③❡❞ ♠❡❛♥ sq✉❛r❡ ❡r✲
r♦r✮✱ ▼❙❋❊ ✭♠❡❛♥ sq✉❛r❡ ❢♦r❡❝❛st ❡rr♦r✮✱ ▼❆❋❊ ✭♠❡❛♥ ❛❜s♦❧✉t❡ ❢♦r❡❝❛st ❡rr♦r✮✱ ▼❋❚❘ ✭♠❡❛♥
❢♦r❡❝❛st tr❛❞✐♥❣ r❡t✉r♥s✮ ❛♥❞ ▼❈❋❉ ✭♠❡❛♥ ❝♦rr❡❝t ❢♦r❡❝❛st ❞✐r❡❝t✐♦♥✮✳ ❖ ◆▼❙❊ ❝♦♠♣❛r❛ ❛
❤❛❜✐❧✐❞❛❞❡ ♣r❡❞✐t✐✈❛ ❞♦s ♠♦❞❡❧♦s ❡♠ r❡❧❛çã♦ ❛♦ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦✳ ❖ ▼❙❋❊ ❡ ▼❆❋❊ sã♦ ❝r✐té✲
r✐♦s ❡st❛tíst✐❝♦s ❞❡ ♣r❡❝✐sã♦ ❞❛s ♣r❡✈✐sõ❡s✳ ❖ ▼❙❋❊ ❡ ♦ ▼❆❋❊ sã♦ ♣♦t❡♥❝✐❛❧♠❡♥t❡ ❣❡r❛❞♦r❡s
❞❡ ❡♥❣❛♥♦s ❡♠ ❛✈❛❧✐❛çõ❡s ❞❡ ♠♦❞❡❧♦s ♣♦rq✉❡ ♥ã♦ sã♦ ✐♥✈❛r✐❛♥t❡s às tr❛♥s❢♦r♠❛çõ❡s ❞♦s ❞❛❞♦s✳
❖s t❡st❡s ▼❋❚❘ ❡ ▼❈❋❉ sã♦ ✐♠♣♦rt❛♥t❡s ♣❛r❛ ♦s ✐♥✈❡st✐❞♦r❡s q✉❡ ❛❧♠❡❥❛♠ ♠❛①✐♠✐③❛r ❧✉❝r♦s✳

❖ ❝❛♣ít✉❧♦ ❢♦✐ ♦r❣❛♥✐③❛❞♦ ❝♦♠♦ s❡❣✉❡✿ ♥❛ ❙❡çã♦ ✻✳✷ sã♦ ✐❧✉str❛❞❛s ❛s sér✐❡s t❡♠♣♦r❛✐s✱ ❛s
❢♦♥t❡s ❞♦s ❞❛❞♦s✱ ❡ ♦s s❡✉s r❡s♣❡❝t✐✈♦s ❣rá✜❝♦s ❡ ❦❡r♥❡❧s❀ ♥❛ ❙❡çã♦ ✻✳✸ sã♦ ❢♦r♥❡❝✐❞♦s ♦s r❡s✉❧✲
t❛❞♦s ❞♦s t❡st❡s ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡❀ ♥❛ ❙❡çã♦ ✻✳✹ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ❞♦s t❡st❡s ❞❡
♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s❀ ♥❛ ❙❡çã♦ ✻✳✺ sã♦ ❢♦r♥❡❝✐❞♦s ♦s r❡s✉❧t❛❞♦s ❞♦s t❡st❡s ❞❡ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦✲
r❛❧❀ ♥❛ ❙❡çã♦ ✻✳✻ ❢❛③✲s❡ ❛ s❡❧❡çã♦ ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛s ❞♦s ♠♦❞❡❧♦s ♥❡✉r❛✐s ♠✉❧t✐✈❛r✐❛❞♦s
t✐♣♦ ❘❇❋ ❆❘■❆ ●❆❯❙❙❀ ♥❛ ❙❡çã♦ ✻✳✼ ❡st✐♠❛✲s❡ ❛s ❞✐♠❡♥sõ❡s ❞❛s ❝♦rr❡❧❛çõ❡s✱ ❡①♣♦❡♥t❡s ❞❡
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▲❨❆P❯◆❖❱✱ ❧❛❣s ❡ ❛s ❞✐♠❡♥sõ❡s ❞❡ ✐♠❡rsã♦ ✭ ❡♠❜❜❡❞✐♥❣✮❀ ♥❛ ❙❡çã♦ ✻✳✽ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s
♠♦❞❡❧♦s ❛❥✉st❛❞♦s❀ ♥❛ ❙❡çã♦ ✻✳✾ ❝❤❡❣❛✲s❡ ❛♦s r❡s✉❧t❛❞♦s ❞❛s ♣r❡✈✐sõ❡s ❡ ❞♦s t❡st❡s✱ ❡ ❢❛③✲s❡ ❛s
❛♥á❧✐s❡s✳

✻✳✷ ❙ér✐❡s t❡♠♣♦r❛✐s ✉t✐❧✐③❛❞❛s ❡ ❛s r❡s♣❡❝t✐✈❛s ❢♦♥t❡s ❞❡
❞❛❞♦s

❆ t❛①❛ ❞❡ ❝â♠❜✐♦ ♥♦♠✐♥❛❧ r❡s✉❧t❛ ❞♦ ❥♦❣♦ ❡♥tr❡ ♦❢❡rt❛ ❡ ♣r♦❝✉r❛ ♣♦r ❞ó❧❛r❡s✳ ❙❡ ❤♦✉✈❡r
♠❡❝❛♥✐s♠♦s ❝❛♣❛③❡s ❞❡ ❝♦♥❞✉③✐r ♦❢❡rt❛ ❡ ♣r♦❝✉r❛ ❛ ✉♠ ❡q✉✐❧í❜r✐♦✱ ❛ t❛①❛ ❞❡ ❝â♠❜✐♦ s❡ ❡st❛❜✐❧✐③❛
t❡♠♣♦r❛r✐❛♠❡♥t❡✳ P❛rt❡ ❞❛ ♦❢❡rt❛ ❡ ♣r♦❝✉r❛ ♣♦r ❞ó❧❛r❡s r❡s✉❧t❛ ❞♦ ❝♦♠ér❝✐♦ ✐♥t❡r♥❛❝✐♦♥❛❧✱ ♠❛s
♦ ❞ó❧❛r t❛♠❜é♠ é ✉♠ ❛t✐✈♦✱ ❧♦❣♦ ❛ ♦❢❡rt❛ ❡ ♣r♦❝✉r❛ ♣♦r ❡❧❡ ❡stã♦ s✉❥❡✐t❛s às ✐♥st❛❜✐❧✐❞❛❞❡s ❞♦s
♠❡r❝❛❞♦s ❞❡ ❛t✐✈♦s ✜♥❛♥❝❡✐r♦s ✭❜♦❧s❛s✱ ❞í✈✐❞❛s ♣ú❜❧✐❝❛s ❡ ♣r✐✈❛❞❛s ❡t❝✮✳ ❈♦♠♦ ❡st❡ ♠❡r❝❛❞♦
❞❡♣❡♥❞❡ ❞❡ ✉♠ ❣r✉♣♦ ❞❡ ✈❛r✐á✈❡✐s ❡①t❡r♥❛s ❡ ✐♥t❡r♥❛s✱ q✉❡ ✈❛r✐❛♠ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❝♦♥t❡①t♦
♠❛❝r♦❡❝♦♥ô♠✐❝♦✱ ❞❛s ♠✐❝r♦❡str✉t✉r❛s ❞❡ ♠❡r❝❛❞♦s ❡ ❞♦ ❛♣❡t✐t❡ ♣♦r r✐s❝♦ ❞♦s ♠❡r❝❛❞♦s ❞❡
❝❛♣✐t❛✐s ❞❡ ♣❛ís❡s ❡♠❡r❣❡♥t❡s✱ ❛ ♣r❡✈✐sã♦ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ t❡♠ s✐❞♦ ✉♠ ❣r❛♥❞❡ ❞❡s❛✜♦ ♣❛r❛
❛ ❝♦♠✉♥✐❞❛❞❡ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳

❆ q✉❛♥t✐❞❛❞❡ ❞❡ ✈❛r✐á✈❡✐s ❡①♣❧✐❝❛t✐✈❛s r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ❛s ✈❛r✐❛çõ❡s ❝❛♠❜✐❛✐s ❡♥❝♦♥tr❛❞❛s
♥❛ ❧✐t❡r❛t✉r❛ ❝❤❡❣❛ ❡♠ t♦r♥♦ ❞❡ ✉♠❛ ❝❡♥t❡♥❛ ❡ ♠❡✐❛ ❬❑❆▼■◆❙❑❨ ❛♥❞ ❘❊■◆❍❆❘❚✱ ✶✾✾✻✱
❑❆▼■◆❙❑❨ ❡t ❛❧✳✱ ✶✾✾✽❪✳ ❊♥tr❡t❛♥t♦✱ ✉♠ ♥ú♠❡r♦ r❡❞✉③✐❞♦ ❞❡ ✈❛r✐á✈❡✐s✱ ❝♦♥s✐❞❡r❛❞❛s ❛s ♠❛✐s
❡①♣r❡ss✐✈❛s ♥♦ ❝♦♥t❡①t♦ ❛t✉❛❧✱ ❢♦✐ s❡❧❡❝✐♦♥❛❞♦ ♣♦r s✉❛ r❡❧❡✈â♥❝✐❛ ❡ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✳ ❆s ✈❛r✐❛çõ❡s
❞✐ár✐❛s ❞♦ r❡❛❧ ❡♠ r❡❧❛çã♦ ❛♦ ❞ó❧❛r ❛♠❡r✐❝❛♥♦✱ ❛ ♣❛rt✐r ❞❡ ❏❛♥❡✐r♦ ❞❡ ✷✵✵✵ ❛té ❋❡✈❡r❡✐r♦ ❞❡ ✷✵✵✺✱
❢♦r❛♠ r❡t✐r❛❞❛s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❞♦ ❇❛♥❝♦ ❈❡♥tr❛❧ ❞♦ ❇r❛s✐❧ ✭❇❈❇✮✳ ❆s sér✐❡s ❞❛s ✈❛r✐á✈❡✐s
❞❡ ❡♥tr❛❞❛ ❝❛♥❞✐❞❛t❛s✱ ❛ ♣❛rt✐r ❞❡ ❏❛♥❡✐r♦ ❞❡ ✷✵✵✵ ❛té ❋❡✈❡r❡✐r♦ ❞❡ ✷✵✵✺✱ ❢♦r❛♠ r❡t✐r❛❞❛s ❞♦s
❜❛♥❝♦s ❞❡ ❞❛❞♦s ❞❛ ❊❝♦♥♦♠át✐❝❛ ❡ ❞❛ ❇❧♦♦♠❜❡r❣✳

❋♦r❛♠ ❡s❝♦❧❤✐❞♦s ✐♥❞✐❝❛❞♦r❡s ❞❡ ♠✐❝r♦❡str✉t✉r❛s ❞❡ ♠❡r❝❛❞♦s✱ ♠❛❝r♦❡❝♦♥ô♠✐❝♦s✱ ❡ ❞❡ ♠❡r✲
❝❛❞♦s ❞❡ ❝❛♣✐t❛✐s ❡♠❡r❣❡♥t❡s ♣❛r❛ t❡st❛r ❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ♣r♦♣♦st❛✳ ❆
❚❛❜❡❧❛ ✻✳✶ ❛♣r❡s❡♥t❛ ❛s sér✐❡s t❡♠♣♦r❛✐s ❝❛♥❞✐❞❛t❛s ❛ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛✳
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❙ér✐❡s t❡♠♣♦r❛✐s ❝❛♥❞✐❞❛t❛s ❛ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❞♦ ♠♦❞❡❧♦
♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛

▼✐❝r♦❡str✉t✉r❛s ❞❡ ♠❡r❝❛❞♦s
❍✐❣❤ ❡ ❧♦✇ ❞♦ ♣r✐♠❡✐r♦ ✈❡♥❝✐♠❡♥t♦ ❞♦ ❢✉t✉r♦ ✭❢♦r✇❛r❞✮

❉✐❢❡r❡♥ç❛ ❡♥tr❡ ♦ ❤✐❣❤ ❡ ♦ ❧♦✇ ❞♦ ♣r✐♠❡✐r♦ ✈❡♥❝✐♠❡♥t♦ ❞♦ ❢✉t✉r♦ ✭❢♦r✇❛r❞✮

▼❛❝r♦❡❝♦♥ô♠✐❝❛s
❚❛①❛s ❞❡ ❝â♠❜✐♦ ♥♦♠✐♥❛✐s ❞♦ r❡❛❧✴❞ó❧❛r ❯❙❆✱ ②❡♥❡✴❞ó❧❛r ❯❙❆✱ ❧✐❜r❛✴❞ó❧❛r ❯❙❆✱

❢r❛♥❝♦ s✉íç♦✴❞ó❧❛r ❯❙❆ ❡ ❡✉r♦✴❞ó❧❛r ❯❙❆
❮♥❞✐❝❡ ✐❜♦✈❡s♣❛

❏✉r♦s ♥♦♠✐♥❛✐s ✭s❡❧✐❝ ❡ ♦s ❞♦③❡s ✈ért✐❝❡s ❞❛ ❡str✉t✉r❛ ❛ t❡r♠♦ ❞❛ t❛①❛ ❞❡ ❥✉r♦s✮
❉✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s t❛①❛s ❞❡ ❥✉r♦s ✐♥t❡r♥❛s ✭❝✉♣♦♠ ❝❛♠❜✐❛❧✮ ❡ ❡①t❡r♥❛s ✭❢❡❞ ❢✉♥❞s✮

❈♦t❛çõ❡s ❞♦ ❛ç♦
❈♦t❛çõ❡s ❞❛ s♦❥❛

▼❡r❝❛❞♦s ❞❡ ❝❛♣✐t❛✐s ❞❡ ♣❛ís❡s ❡♠❡r❣❡♥t❡s ✭❲❊▼ ✲ ✇♦r❧❞ ❡♠❡r❣❡♥ts ♠❛r❦❡ts✮
❊▼❇■P▲❯❙ ✲ í♥❞✐❝❡ ❞♦s ♠❡r❝❛❞♦s ❡♠❡r❣❡♥t❡s q✉❡ ✐♥❞✐❝❛ ♦ ❛♣❡t✐t❡

♣❛r❛ ❛t✐✈♦s ♥❡st❡s ♠❡r❝❛❞♦s
❊▼❇■❇❘ ✲ í♥❞✐❝❡ ❞♦ ♠❡r❝❛❞♦ ❜r❛s✐❧❡✐r♦ ✭r✐s❝♦ ❇r❛s✐❧✮ q✉❡ ❢♦r♥❡❝❡ ♦ ❛♣❡t✐t❡

♣❛r❛ ❛t✐✈♦s ♥❡st❡ ♠❡r❝❛❞♦
❚❛❜✳ ✻✳✶✿ ❙ér✐❡s t❡♠♣♦r❛✐s ❝❛♥❞✐❞❛t❛s ❛ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❞♦ ♠♦❞❡❧♦ ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞♦s
r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛

❆ ✈❛r✐❛çã♦ ❤♦rár✐❛ ❞❛ ✉♠✐❞❛❞❡ ♥❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘✱ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡ ❏❛♥❡✐r♦ ❞❡
✶✾✾✾ ❛ ❉❡③❡♠❜r♦ ❞❡ ✷✵✵✵✱ ❢♦✐ ❢♦r♥❡❝✐❞❛ ♣❡❧❛ ❊▼♣r❡s❛ ❇❘❆s✐❧❡✐r❛ ❞❡ P❡sq✉✐s❛ ❆❣r♦♣❡❝✉ár✐❛
✭❊▼❇❘❆P❆✮✳ ❆s sér✐❡s t❡♠♣♦r❛✐s ❝❛♥❞✐❞❛t❛s ❛ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❞♦ ♠♦❞❡❧♦ ♣❛r❛ ❛ ♣r❡✈✐sã♦
❞❛ ✉♠✐❞❛❞❡ ♦❜t✐❞❛s✱ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡ ❏❛♥❡✐r♦ ❞❡ ✶✾✾✾ ❛ ❉❡③❡♠❜r♦ ❞❡ ✷✵✵✵✱ ❢♦r❛♠ ❡♠
♣❡q✉❡♥♦ ♥ú♠❡r♦✱ ♠❛s ♦♣t♦✉✲s❡ ♣♦r ✉t✐❧✐③á✲❧❛s✳ ❆s sér✐❡s t❡♠♣♦r❛✐s ❤♦rár✐❛s ❞✐s♣♦♥í✈❡✐s ♥❛
❊▼❇❘❆P❆ ❙♦❥❛ ❞❡ ▲♦♥❞r✐♥❛✲P❘✱ s♦❜r❡ ♦ ♠✐❝r♦❝❧✐♠❛ ❞❡st❛ r❡❣✐ã♦✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛
✻✳✷✳ ❊st❛ r❡❣✐ã♦ t❡♠ ❛s ♠❡❧❤♦r❡s t❡rr❛s ❞♦ ♣❛ís ♣❛r❛ ♦ ❝✉❧t✐✈♦ ❞❡ s♦❥❛ ❡ ♦s ♣r♦❞✉t♦r❡s ✉t✐❧✐③❛♠
t❡❝♥♦❧♦❣✐❛ ❛✈❛♥ç❛❞❛ ♥❡st❛ ❝✉❧t✉r❛✳
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❙ér✐❡s t❡♠♣♦r❛✐s ❝❛♥❞✐❞❛t❛s ❛ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❞♦ ♠♦❞❡❧♦
♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞❛ ✉♠✐❞❛❞❡ ♥♦ ♠✐❝r♦❝❧✐♠❛ ❞❡ ▲♦♥❞r✐♥❛✲P❘

Pr❡❝✐♣✐t❛çõ❡s ♣❧✉✈✐♦♠étr✐❝❛s ✭❝❤✉✈❛s✮
❚❡♠♣❡r❛t✉r❛ ♠í♥✐♠❛
❚❡♠♣❡r❛t✉r❛ ♠é❞✐❛
❚❡♠♣❡r❛t✉r❛ ♠á①✐♠❛

❙ér✐❡s t❡♠♣♦r❛✐s

❝❛♥❞✐❞❛t❛s ❛ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❞♦ ♠♦❞❡❧♦ ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞❛ ✉♠✐❞❛❞❡ ♥♦ ♠✐❝r♦❝❧✐♠❛ ❞❡
▲♦♥❞r✐♥❛✲P❘
❚❛❜✳ ✻✳✷✿

❖s ❣rá✜❝♦s ❞♦s ❞❛❞♦s ❜r✉t♦s✱ ❧♦❣❛r✐t♠♦✱ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❡ r❡t♦r♥♦s ❞✐ár✐♦s ❞❛ t❛①❛ ❝❛♠✲
❜✐❛❧ ❜r❛s✐❧❡✐r❛ sã♦ ✐❧✉str❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✳ ❖❜s❡r✈❛♥❞♦ ❛ ✜❣✉r❛ ❞♦s r❡t♦r♥♦s ❞✐ár✐♦s✱ ♥♦t❛✲s❡
❛ ♣r❡s❡♥ç❛ ❞❡ ❝♦♥❣❧♦♠❡r❛❞♦s ❞❡ ✈❛❧♦r❡s ❡①tr❡♠♦s ❝♦♠✉♥s ❡♠ sér✐❡s ✜♥❛♥❝❡✐r❛s ❡ q✉❡ ❡st❛ sér✐❡
❡stá ❛♣❛r❡♥t❡♠❡♥t❡ ❡st❛❜✐❧✐③❛❞❛ ♥❛ ♠é❞✐❛✳ ❆ ❧✐♥❤❛ ✈❡r♠❡❧❤❛ tr❛♥s✈❡rs❛❧ ❛♣r❡s❡♥t❛❞❛ ♥❡st❛
✜❣✉r❛ ❡ ♥❛ ❋✐❣✉r❛ ✻✳✷ s❡♣❛r❛ ♦s ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ❞♦s ❞❛❞♦s ❞❡ t❡st❡s ❞♦s ♠♦❞❡❧♦s ❞❡
♣r❡✈✐sã♦✳
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❋✐❣✳ ✻✳✶✿ ❉❛❞♦s ❜r✉t♦s✱ ❧♦❣❛r✐t♠♦✱ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❡ r❡t♦r♥♦s ❞✐ár✐♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐✲
❧❡✐r❛

❖s ❞❛❞♦s ❜r✉t♦s✱ ❧♦❣❛r✐t♠♦✱ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❡ r❡t♦r♥♦s ❤♦rár✐♦s ❞❛ ✉♠✐❞❛❞❡ ♥♦ ♠✐❝r♦✲
❝❧✐♠❛ ❞❡ ▲♦♥❞r✐♥❛✲P❘ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✷ ❡ ❛♣❛r❡♥t❡♠❡♥t❡ ❛ sér✐❡ ❞♦s ❞❛❞♦s ❜r✉t♦s
❡stá ❡st❛❜✐❧✐③❛❞❛ ♥❛ ♠é❞✐❛✳



❈❆P❮❚❯▲❖ ✻✳ ❘❊❙❯▲❚❆❉❖❙ ✶✶✶

❋✐❣✳ ✻✳✷✿ ❉❛❞♦s ❜r✉t♦s✱ ❧♦❣❛r✐t♠♦✱ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❡ r❡t♦r♥♦s ❤♦rár✐♦s ❞❛ ✉♠✐❞❛❞❡ ♥♦ ♠✐✲
❝r♦❝❧✐♠❛ ❞❡ ▲♦♥❞r✐♥❛✲P❘

❆ ❢✉♥çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✭❢❞♣✮ é ✉♠ ❝♦♥❝❡✐t♦ ✐♠♣♦rt❛♥t❡ ♥❛ ❛♥á❧✐s❡ ❞❡ ❞❛❞♦s✱
❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ ❡♠ sér✐❡s t❡♠♣♦r❛✐s ✉♥✐✈❛r✐❛❞❛s✳ ❖ s❡✉ ♣❛♣❡❧ é ❡♥❝❛♣s✉❧❛r ❛s ✈❛r✐❛çõ❡s
r❛♥❞ô♠✐❝❛s ❞♦s ❞❛❞♦s ❡♠ ✉♠ ♣❛❞rã♦ ❡ ✐st♦ ♥ã♦ é ❡①♣❧✐❝❛❞♦ ♣♦r ♦✉tr❛s té❝♥✐❝❛s ❡str✉t✉r❛✐s ❞❡
♠♦❞❡❧❛❣❡♠✳ ❖ ♠❛✐s ❛♥t✐❣♦ ❡ ✉t✐❧✐③❛❞♦ ❡st✐♠❛❞♦r ♥ã♦ ♣❛r❛♠étr✐❝♦ ❞❡ ❞❡♥s✐❞❛❞❡ é ♦ ❤✐st♦❣r❛♠❛✱
♠❛s ❡❧❡ t❡♠ ❞❡s✈❛♥t❛❣❡♥s ❝♦♠♦✿ ❡st✐♠❛ t♦❞❛s ❛s ❞❡♥s✐❞❛❞❡s ✈✐❛ ❢✉♥çã♦ ✐♠♣✉❧s♦ ❞❡♥tr♦ ❞❡ ✉♠
✐♥t❡r✈❛❧♦❀ ❝r✐❛ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❡s❝♦❧❤❡r ♦ ♥ú♠❡r♦ ❞❡ ✐♥t❡r✈❛❧♦s ✭❜✐♥s✮❀ ❡ ❛ ♣❡r❞❛ ❞❡ ✐♥❢♦r♠❛çã♦
❞❡✈✐❞♦ ❛♦ ❢❛t♦ ❞❡ t❡r ❞❡ ❝♦❧♦❝❛r ❝❛❞❛ ❛♠♦str❛ ❞❡ xt ♥♦ ♣♦♥t♦ ❝❡♥tr❛❧ ❞♦ ✐♥t❡r✈❛❧♦ ✭❜✐♥✮ ❛♦ q✉❛❧
❡❧❛ ❡stá ❛ss♦❝✐❛❞❛✳

◆❡st❛ t❡s❡ ✉t✐❧✐③❛✲s❡ ♦ ❦❡r♥❡❧ ❞❛ ♥♦r♠❛❧✳ ❆ ❋✐❣✉r❛ ✻✳✸ ❛♣r❡s❡♥t❛ ❛s ❢❞♣s r❡s✉❧t❛♥t❡s ❞♦
❦❡r♥❡❧ ❞❛ ♥♦r♠❛❧ ♣❛❞rã♦ ✭❧✐♥❤❛ tr❛❝❡❥❛❞❛✮ ❡ ❞♦s ❞❛❞♦s ❜r✉t♦s✱ ❧♦❣❛r✐t♠♦✱ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❡
r❡t♦r♥♦s ❞✐ár✐♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛✳ ❊①✐st❡♠ ❛ss✐♠❡tr✐❛s ♥❛s sér✐❡s ❞♦s ❞❛❞♦s ❜r✉t♦s ❡
❞♦ ❧♦❣❛r✐t♠♦✳ ❆s ❝❛✉❞❛s ♣❡s❛❞❛s ❡stã♦ ♥❛ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❡ ♥♦s r❡t♦r♥♦s✳

❊st❛ sér✐❡ ✜♥❛♥❝❡✐r❛ ❛♣r❡s❡♥t♦✉ ♣❡❝✉❧✐❛r✐❞❛❞❡s ❝♦♠♦ ❝♦♥❣❧♦♠❡r❛❞♦s ❞❡ ✈❛❧♦r❡s ❡①tr❡♠♦s✱
❛ss✐♠❡tr✐❛s ❡ ❡①❝❡ss♦ ❞❡ ❝✉rt♦s❡ ✭❝❛❧❞❛s ♣❡s❛❞❛s✮✳
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❋✐❣✳ ✻✳✸✿ ❋✉♥çõ❡s ❞❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✭❢❞♣ ✲ ❦❡r♥❡❧ ❞❛ ♥♦r♠❛❧ ✲ ❧✐♥❤❛ tr❛❝❡❥❛❞❛✮ ❞♦s
❞❛❞♦s ❜r✉t♦s✱ ❧♦❣❛r✐t♠♦✱ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❡ r❡t♦r♥♦s ❞✐ár✐♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛

❆ ❋✐❣✉r❛ ✻✳✹ ❛♣r❡s❡♥t❛ ❛s ❢❞♣s r❡s✉❧t❛♥t❡s ❞♦ ❦❡r♥❡❧ ❞❛ ♥♦r♠❛❧ ♣❛❞rã♦ ✭❧✐♥❤❛ tr❛❝❡❥❛❞❛✮
❡ ❞♦s ❞❛❞♦s ❜r✉t♦s✱ ❧♦❣❛r✐t♠♦✱ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❡ r❡t♦r♥♦s ❞✐ár✐♦s ❞❛ ✉♠✐❞❛❞❡ ♥❛ r❡❣✐ã♦
❞❡ ▲♦♥❞r✐♥❛✲P❘✳ ❖s ❣rá✜❝♦s ❞♦s ❞❛❞♦s ❜r✉t♦s ❡ ❞❛ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❞❛ sér✐❡ ❛♣r❡s❡♥t❛♠
s❡♠❡❧❤❛♥ç❛s ❝♦♠ ✉♠❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✱ ♠❛s ♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ s❡ tr❛t❛ ❞❡ ✉♠ ♣r♦❝❡ss♦
❣❛✉ss✐❛♥♦✳
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❋✐❣✳ ✻✳✹✿ ❋✉♥çõ❡s ❞❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✭❢❞♣ ✲ ❦❡r♥❡❧ ❞❛ ♥♦r♠❛❧ ✲ ❧✐♥❤❛ tr❛❝❡❥❛❞❛✮
❞♦s ❞❛❞♦s ❜r✉t♦s✱ ❧♦❣❛r✐t♠♦✱ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❡ r❡t♦r♥♦s ❞✐ár✐♦s ❞❛ ✉♠✐❞❛❞❡ ♥❛ r❡❣✐ã♦ ❞❡
▲♦♥❞r✐♥❛✲P❘

✻✳✸ ❉❡t❡❝çã♦ ❞❡ ♥ã♦ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡s
❖s ♣r♦❝❡ss♦s ♥ã♦ ❡st❛❝✐♦♥ár✐♦s sã♦ ✐❧✉str❛❞♦s ♣♦r ♠❡✐♦ ❞❛s ❡q✉❛çõ❡s ✻✳✸ ❡ ✻✳✹✳ ❆ ❡q✉❛çã♦ ✻✳✸

❡①♣r❡ss❛ ✉♠❛ t❡♥❞ê♥❝✐❛ ❞❡t❡r♠✐♥✐st❛ ♥♦ t❡♠♣♦✱ é s✐♠♣❧❡s♠❡♥t❡ ✉♠❛ ❢✉♥çã♦ ❧✐♥❡❛r ♥♦ t❡♠♣♦
s♦♠❛❞❛ ❛♦ ú❧t✐♠♦ ❞✐stúr❜✐♦ ❛❧❡❛tór✐♦ ❡ r❡♣r❡s❡♥t❛ ✉♠ ♣r♦❝❡ss♦ ❞❡t❡r♠✐♥✐st❛ ♥ã♦ ❡st❛❝✐♦♥ár✐♦
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♥❛ ♠é❞✐❛ ❡ ♥❛ ✈❛r✐â♥❝✐❛✳ ❊st❡ t✐♣♦ ❞❡ sér✐❡ ♠✉✐t❛s ✈❡③❡s ♣♦❞❡ s❡r ❛❥✉st❛❞❛ ♣♦r ✉♠ ♠♦❞❡❧♦
❞❡ r❡❣r❡ssã♦ ♣❛❞rã♦✳ ❆ ❡q✉❛çã♦ ✻✳✹ r❡♣r❡s❡♥t❛ ✉♠❛ t❡♥❞ê♥❝✐❛ ❡st♦❝ást✐❝❛✱ é ✉♠❛ ❢✉♥çã♦ q✉❡
❛❝✉♠✉❧❛ ♦s ú❧t✐♠♦s ❝❤♦q✉❡s✱ ♦✉ s❡❥❛✱ ♦s ú❧t✐♠♦s ❞✐stúr❜✐♦s ❛❧❡❛tór✐♦s (

∑
n εt)✳ ❈❛s♦ ✉♠ ♣r♦✲

❝❡ss♦ ❝♦♠ t❡♥❞ê♥❝✐❛ ❡st♦❝ást✐❝❛✱ ❛♦ t❡r s✉❛ sér✐❡ ❞✐❢❡r❡♥❝✐❛❞❛✱ t♦r♥❡✲s❡ ✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦
❡st❛❝✐♦♥ár✐♦✱ ❞✐③✲s❡ q✉❡ ❡st❡ é ♥ã♦ ❡st❛❝✐♦♥ár✐♦ ❞❡ ♦r✐❣❡♠ ❡ ❤♦♠♦❣ê♥❡♦ ✈✐❛ ❞✐❢❡r❡♥❝✐❛çã♦✳ ❊st❛
❤♦♠♦❣❡♥❡✐❞❛❞❡ ♥ã♦ ❞❡♣❡♥❞❡ ❞♦ ♥í✈❡❧ ♦r✐❣✐♥❛❧ ❞❛ sér✐❡✳

yt = µ+ δt+ εt. ✭✻✳✸✮

yt = δ + yt−1 + εt. ✭✻✳✹✮
▼❛t❡♠❛t✐❝❛♠❡♥t❡✱ ❛ r❛③ã♦ ♣r✐♥❝✐♣❛❧ ♣❛r❛ s❡ tr❛♥s❢♦r♠❛r ♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s ❞❡ ✉♠❛ sér✐❡

t❡♠♣♦r❛❧ ❣❡r❛❧♠❡♥t❡ é ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ t♦r♥❛r ❛ sér✐❡ ❡st❛❝✐♦♥ár✐❛✳ ❆ ❝♦♥❞✐çã♦ ❞❡ ❡st❛❝✐♦✲
♥❛r✐❡❞❛❞❡ é ✐♠♣♦rt❛♥t❡ ♣♦rq✉❡ é ♥❡❝❡ssár✐❛ ♣❛r❛ ❛ ❡s♣❡❝✐✜❝❛çã♦ ❞❡ ♠♦❞❡❧♦s ❝♦♠♦ ♦ ❆❘▼❆ ❡
❱❆❘✳

❖ t❡st❡ ❞❡ ❬❉■❈❑❊❨ ❛♥❞ P❆◆❚❯▲❆✱ ✶✾✽✼❪ ❢♦✐ ❛♣❧✐❝❛❞♦ ♥❛s ❞✉❛s sér✐❡s ❛♥❛❧✐s❛❞❛s ❡ ♦s
r❡s✉❧t❛❞♦s ❛♣♦♥t❛r❛♠ q✉❡ ❛ r❡❛❧✐③❛çã♦ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ t❡♠ ✉♠❛ r❛✐③ ✉♥✐tár✐❛
❡ q✉❡ ❛ ✉♠✐❞❛❞❡ ♥ã♦ t❡♠ r❛í③❡s ✉♥✐tár✐❛s✳ ❆ ♣❛rt✐r ❞❡st❛ ✐♥❢♦r♠❛çã♦✱ ❛♣❧✐❝♦✉✲s❡ ♦s t❡st❡s ❞❡
❬❉■❈❑❊❨ ❛♥❞ ❋❯▲▲❊❘✱ ✶✾✼✾❪ ❡ ❬P❍■▲▲■P❙ ❛♥❞ P❊❘❘❖◆✱ ✶✾✽✼✱ P❍■▲▲■P❙ ❛♥❞ P❊❘❘❖◆✱ ✶✾✽✽❪
♥❛s ❞✉❛s sér✐❡s✱ ❝✉❥❛ ❤✐♣ót❡s❡ ♥✉❧❛ é q✉❡ ❛ sér✐❡ ♥ã♦ é ❡st❛❝✐♦♥ár✐❛ ❝♦♥tr❛ ❛ ❤✐♣ót❡s❡ ❛❧t❡r♥❛t✐✈❛
q✉❡ ❛ sér✐❡ é ❡st❛❝✐♦♥ár✐❛✳ ❯t✐❧✐③♦✉✲s❡ t❛♠❜é♠ ♦ t❡st❡ ❞❡ ❑P❙❙ ❬❑❲■❆❚❑❖❲❙❑■ ❡t ❛❧✳✱ ✶✾✾✷❪✱
❝✉❥❛ ❤✐♣ót❡s❡ ♥✉❧❛ é q✉❡ ❛ sér✐❡ é ❡st❛❝✐♦♥ár✐❛ ❝♦♥tr❛ ❛ ❤✐♣ót❡s❡ ❛❧t❡r♥❛t✐✈❛ q✉❡ ❛ sér✐❡ é ♥ã♦
❡st❛❝✐♦♥ár✐❛✳ ❖ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛ ❞❡ t♦❞♦s ♦s t❡st❡s ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ é ✵✱✵✺✳

❊st❡s t❡st❡s ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ♣❛r❛ ❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛✱ ❧♦❣❛r✐t♠♦✱ ✶❛ ❞✐❢❡r❡♥ç❛ ❡
t❛①❛ ❞❡ r❡t♦r♥♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✸✳
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❚❡st❡s ❇r✉t♦s Pvalor ▲♦❣ Pvalor ✶❛ ❞✐❢❡r❡♥ç❛ Pvalor ❘❡t♦r♥♦s Pvalor

ADF − 1(1) Ñ r❡❥❡✐t❛ ✵✱✼✽ Ñ r❡❥❡✐t❛ ✵✱✽✹ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵
ADF − 2(2) Ñ r❡❥❡✐t❛ ✵✱✺✸ Ñ r❡❥❡✐t❛ ✵✱✺✷ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵
ADF − 3(3) Ñ r❡❥❡✐t❛ ✵✱✼✶ Ñ r❡❥❡✐t❛ ✵✱✾✽ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵
PP − 1(1) Ñ r❡❥❡✐t❛ ✵✱✼✹ Ñ r❡❥❡✐t❛ ✵✱✼✹ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵
PP − 2(2) Ñ r❡❥❡✐t❛ ✵✱✺✾ Ñ r❡❥❡✐t❛ ✵✱✻✽ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵
PP − 3(3) Ñ r❡❥❡✐t❛ ✵✱✾✷ Ñ r❡❥❡✐t❛ ✵✱✾✽ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵
KPSS(4) ❘❡❥❡✐t❛ ✵✱✵✹ ❘❡❥❡✐t❛ ✵✱✵✸ Ñ r❡❥❡✐t❛ ✵✱✾✹ Ñ r❡❥❡✐t❛ ✵✱✾✽

❚❛❜✳ ✻✳✸✿ ❚❡st❡s ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ♣❛r❛ ❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ✭❜r✉t♦s✮✱ ❧♦❣❛r✐t♠♦ ✭❧♦❣✮✱
✶❛ ❞✐❢❡r❡♥ç❛ ❡ t❛①❛ ❞❡ r❡t♦r♥♦s

✭✶✮ ❊st❡ t❡st❡ é r❛r❛♠❡♥t❡ ❛♣❧✐❝á✈❡❧ ♣♦rq✉❡ ❛ ❤✐♣ót❡s❡ ♥✉❧❛ é q✉❡ s❡ tr❛t❛ ❞❡ ✉♠ ♣r♦❝❡ss♦
❝♦♠ r❛✐③ ✉♥✐tár✐❛ ❡ ❛ ❛❧t❡r♥❛t✐✈❛ é q✉❡ s❡ tr❛t❛ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❡st❛❝✐♦♥ár✐♦ ❝♦♠ ♠é❞✐❛ ③❡r♦✱
♣♦❞❡♥❞♦ r❡s✉❧t❛r ❡♠ ✉♠ t❡st❡ ❞❡ ❜❛✐①❛ ♣♦tê♥❝✐❛✳

✭✷✮ ❆ ❤✐♣ót❡s❡ ♥✉❧❛ é q✉❡ ♦ ♣r♦❝❡ss♦ t❡♠ r❛✐③ ✉♥✐tár✐❛ ❡ ❛ ❤✐♣ót❡s❡ ❛❧t❡r♥❛t✐✈❛ é q✉❡ ♦
♣r♦❝❡ss♦ é ❡st❛❝✐♦♥ár✐♦✳ ❊st❡ t❡st❡ ♣♦❞❡ ❛♣r❡s❡♥t❛r ❜❛✐①❛ ♣♦tê♥❝✐❛✳

✭✸✮ ❆ ❤✐♣ót❡s❡ ♥✉❧❛ é q✉❡ s❡ tr❛t❛ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❝♦♠ r❛✐③ ✉♥✐tár✐❛ ❡ ❞r✐❢t ❡ ❛ ❛❧t❡r♥❛t✐✈❛
é q✉❡ s❡ tr❛t❛ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❡st❛❝✐♦♥ár✐♦✱ ♣♦❞❡♥❞♦ t❛♠❜é♠ r❡s✉❧t❛r ❡♠ ✉♠ t❡st❡ ❞❡ ❜❛✐①❛
♣♦tê♥❝✐❛✳

✭✹✮ ❆ ❤✐♣ót❡s❡ ♥✉❧❛ é q✉❡ s❡ tr❛t❛ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❡st❛❝✐♦♥ár✐♦ ❡ ❝♦♠ ♠é❞✐❛ ③❡r♦ ❡ ❛
❛❧t❡r♥❛t✐✈❛ é q✉❡ s❡ tr❛t❛ ❞❡ ✉♠ ♣r♦❝❡ss♦ r❛✐③ ✉♥✐tár✐❛ ❡ ❞r✐❢t✱ ♣♦❞❡♥❞♦ t❛♠❜é♠ r❡s✉❧t❛r ❡♠
✉♠ t❡st❡ ❞❡ ❜❛✐①❛ ♣♦tê♥❝✐❛✳

❆♥❛❧✐s❛♥❞♦ ♦s t❡st❡s ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♦s t❡st❡s
❛♦ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛ ❞❡ ✵✱✵✺ sã♦ ✉♥â♥✐♠❡s ❡♠ ❛♣♦♥t❛r ❛ ❡①✐stê♥❝✐❛ ❞❡ ♥ã♦ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡
♥♦s ❞❛❞♦s ❜r✉t♦s ❡ ♥❛ tr❛♥s❢♦r♠❛çã♦ ❧♦❣❛rít♠✐❝❛ ❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ♣❛r❛ ❛ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛
❡ ♣❛r❛ ❛ t❛①❛ ❞❡ r❡t♦r♥♦✳ ▲♦❣♦✱ ❡st❛ sér✐❡ é ♥ã♦ ❡st❛❝✐♦♥ár✐❛ ❞❡ ♦r✐❣❡♠ ❡ ❤♦♠♦❣ê♥❡❛ ✈✐❛
❞✐❢❡r❡♥❝✐❛çã♦ ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠ ❡ tr❛♥s❢♦r♠❛çã♦ ♣❛r❛ ❛ t❛①❛ ❞❡ r❡t♦r♥♦✳ ❆ sér✐❡ ❞♦s r❡t♦r♥♦s
✐❧✉str❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✶ s✉❣❡r❡ ❤❡t❡r♦s❝❡❞❛st✐❝✐❞❛❞❡ ♥❛ t❛①❛ ❞❡ r❡t♦r♥♦s ❡ q✉❡ ✉♠ ♠♦❞❡❧♦
●❆❘❈❍ ♣♦❞❡rá ❡✈❡♥t✉❛❧♠❡♥t❡ s❡r út✐❧✳

❖s t❡st❡s ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ♣❛r❛ ❛ ✉♠✐❞❛❞❡ ♥❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘✱ ❧♦❣❛r✐t♠♦✱ ✶❛
❞✐❢❡r❡♥ç❛ ❡ t❛①❛ ❞❡ r❡t♦r♥♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✹ ❡ ❛s ♠❡s♠❛s ♦❜s❡r✈❛çõ❡s ❢❡✐t❛s
♣❛r❛ ♦s t❡st❡s ❛♣❧✐❝❛❞♦s ♥♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ t❛♠❜é♠ sã♦ ✈á❧✐❞❛s ♣❛r❛ ❛ ✉♠✐❞❛❞❡✳
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❚❡st❡s ❇r✉t♦s Pvalor ▲♦❣ Pvalor ✶❛ ❞✐❢❡r❡♥ç❛ Pvalor ❘❡t♦r♥♦s Pvalor

ADF − 1(2) ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵
ADF − 1(3) ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵
PP − 2(2) ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵
PP − 3(3) ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵ ❘❡❥❡✐t❛ ✵✱✵✵

❚❛❜✳ ✻✳✹✿ ❚❡st❡s ❞❡ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ♣❛r❛ ❛ ✉♠✐❞❛❞❡ ♥❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘✭ ❜r✉t♦s✮✱ ❧♦❣❛✲
r✐t♠♦ ✭❧♦❣✮✱ ✶❛ ❞✐❢❡r❡♥ç❛ ❡ t❛①❛ ❞❡ r❡t♦r♥♦s

❖s t❡st❡s ♥ã♦ ✐♥❞✐❝❛♠ ❛ ❡①✐stê♥❝✐❛ ❞❡ ♥ã♦ ❡st❛❝✐♦♥❛r✐❡❞❛❞❡ ♥❛s sér✐❡s ❞❛ ✉♠✐❞❛❞❡ ❛♦ ♥í✈❡❧
❞❡ s✐❣♥✐✜❝â♥❝✐❛ ❞❡ ✵✱✵✺✳ ❆ sér✐❡ é ❡st❛❝✐♦♥ár✐❛✱ ♠❛s ✐st♦ ♥ã♦ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❣❛r❛♥t✐r ✉♠❛ ❜♦❛
♣r❡✈✐sã♦ ♣❡❧♦s ♠ét♦❞♦s ❆❘▼❆ ❥á q✉❡ ❡①✐st❡♠ ❛s q✉❡stõ❡s ❞❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❡ ❞❛s ♥ã♦
❧✐♥❡❛r✐❞❛❞❡s✳

✻✳✹ ❉❡t❡❝çã♦ ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s
❖ t❡st❡ ♣❛r❛ ❞❡t❡❝çã♦ ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ✉t✐❧✐③❛❞♦ ❢♦✐ ♦ t❡st❡ ❞❡ ❍❙■❊❍ ✭✶✾✽✾✮ ♣❡❧♦ ✐♥t❡✲

r❡ss❡ ❞❡ s❛❜❡r s❡ ❛ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡ é ♥❛ ♠é❞✐❛ ♦✉ ♥❛ ✈❛r✐â♥❝✐❛✳ ◆❡st❡ t❡st❡✱ ♣❛r❛ ♦ ♥í✈❡❧ ❞❡
s✐❣♥✐✜❝â♥❝✐❛ ❞❡ ✵✱✵✺✱ ❝❛s♦ ❛ ❡st❛tíst✐❝❛ ❞♦ t❡st❡ ❡st❡❥❛ ❡♥tr❡ ✲✶✱✾✻ ❡ ✶✱✾✻✱ ❛ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡ é ♥❛
✈❛r✐â♥❝✐❛✱ ❝❛s♦ ❝♦♥trár✐♦✱ é ♥❛ ♠é❞✐❛✳ ■❧✉str❛✲s❡ t❛♠❜é♠ ♥❡st❛ s❡çã♦ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❞♦✐s t✐♣♦s
❞❡ t❡st❡s ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❧♦❝❛❧✐③❛❞❛s ♣❛r❛ ♦ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛ ❞❡ ✵✱✵✺✱ ❝❛s♦ ❛ ❡st❛tíst✐❝❛
❞♦ t❡st❡ ❡st❡❥❛ ❢♦r❛ ❞♦s ❧✐♠✐t❡s ✲✶✱✾✻ ❡ ✶✱✾✻✳ ❊st❡s t❡st❡s ♣♦❞❡♠ t❛♠❜é♠ ❛❥✉❞❛r ♥♦ ❛❥✉st❡ ❞❡
♠♦❞❡❧♦s ♥❡✉r❛✐s✳

❖❜s❡r✈❛♥❞♦ ❛ ❚❛❜❡❧❛ ✻✳✺✱ ♥♦t❛✲s❡ q✉❡ ❛ sér✐❡ ♥♦ t❡♠♣♦ ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛ ❛♣r❡s❡♥t❛
♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❛ ✈❛r✐â♥❝✐❛ ♣❛r❛ ❛s sér✐❡s ❞♦s ❞❛❞♦s ❜r✉t♦s ❡ ❧♦❣❛r✐t♠♦s✳ ❊①✐st❡♠ ♥ã♦ ❧✐♥❡❛r✐✲
❞❛❞❡s ♥❛ ♠é❞✐❛ ♣❛r❛ ❛ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❡ r❡t♦r♥♦s✳ ➱ r❛③♦á✈❡❧ ❛❝❤❛r q✉❡ ❛ ♦❝♦rrê♥❝✐❛ ❞❡st❛s
♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s s✐♥❛❧✐③❛♠ q✉❡ ♥ã♦ s❡ tr❛t❛ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ ❡ q✉❡ t❛❧✈❡③
❡st❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♣♦ss❛♠ ❝♦♠♣r♦♠❡t❡r ♦s r❡s✉❧t❛❞♦s ❞❡ ♠ét♦❞♦s ❧✐♥❡❛r❡s ❝♦♠♦ ♦ ❆❘▼❆
❡ ♦ ❱❆❘✳
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❈♦❡✜❝✐❡♥t❡s ❉❛❞♦s ❜r✉t♦s ▲♦❣❛r✐t♠♦ ✶❛ ❞✐❢❡r❡♥ç❛ ❚❛①❛ ❞❡ r❡t♦r♥♦s
✶ ✶ ✶✱✷✻✵✺ ✲✵✱✼✽✾✸ ✲✵✱✷✷✸✾ ✵✱✼✸✾✽
✶ ✷ ✶✱✷✾✽✵ ✲✵✱✼✻✷✸ ✸✱✵✹✺✽ ✹✱✺✾✼✷
✶ ✸ ✶✱✸✸✽✸ ✲✵✱✼✸✷✹ ✶✱✾✷✸✷ ✷✱✻✶✻✸
✶ ✹ ✶✱✸✽✷✽ ✲✵✱✻✾✻✼ ✲✵✱✸✸✼✾ ✵✱✷✷✺✽
✶ ✺ ✶✱✹✸✵✶ ✲✵✱✻✺✹✸ ✷✱✶✸✼✵ ✸✱✻✼✶✸
✶ ✻ ✶✱✹✼✽✾ ✲✵✱✻✵✺✹ ✵✱✹✺✶✵ ✹✱✼✼✶✺
✷ ✷ ✶✱✷✼✽✾ ✲✵✱✼✽✶✸ ✶✱✵✶✼✻ ✶✱✺✵✵✼
✷ ✸ ✶✱✸✶✾✵ ✲✵✱✼✺✷✶ ✲✶✱✺✸✻✹ ✲✶✱✷✼✷✵
✷ ✹ ✶✱✸✻✶✺ ✲✵✱✼✶✾✶ ✲✵✱✺✺✽✻ ✵✱✷✶✵✺
✷ ✺ ✶✱✹✵✼✶ ✲✵✱✻✽✵✼ ✵✱✻✹✸✻ ✶✱✸✾✽✻
✷ ✻ ✶✱✹✺✺✸ ✲✵✱✻✸✺✵ ✲✵✱✶✵✹✽ ✶✱✺✼✸✶
✸ ✸ ✶✱✸✵✶✼ ✲✵✱✼✼✶✻ ✲✵✱✺✷✹✷ ✵✱✽✹✵✼
✸ ✹ ✶✱✸✹✹✷ ✲✵✱✼✸✾✸ ✲✶✱✵✹✹✻ ✵✱✽✸✾✽
✸ ✺ ✶✱✸✽✼✼ ✲✵✱✼✵✸✾ ✵✱✶✸✸✸ ✵✱✽✽✹✽
✸ ✻ ✶✱✹✸✹✸ ✲✵✱✻✻✷✺ ✵✱✻✸✶✼ ✷✱✷✶✼✾
✹ ✹ ✶✱✸✷✽✵ ✲✵✱✼✺✾✶ ✲✵✱✼✵✽✾ ✵✱✷✵✵✹
✹ ✺ ✶✱✸✼✶✸ ✲✵✱✼✷✹✺ ✲✷✱✵✷✻✽ ✲✵✱✻✾✷✹
✹ ✻ ✶✱✹✶✺✾ ✲✵✱✻✽✻✸ ✶✱✶✽✽✻ ✷✱✶✾✻✷
✺ ✺ ✶✱✸✺✹✸ ✲✵✱✼✹✻✶ ✶✱✵✽✾✺ ✶✱✷✽✻✻
✺ ✻ ✶✱✸✾✽✽ ✲✵✱✼✵✽✾ ✷✱✷✾✾✵ ✷✱✷✸✵✶
✻ ✻ ✶✱✸✽✶✹ ✲✵✱✼✸✷✸ ✵✱✻✹✸✹ ✶✱✷✷✺✻

❚❛❜✳ ✻✳✺✿ ❚❡st❡ ❞❡ ❍❙■❊❍ ♣❛r❛ ❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛✱ ❧♦❣❛r✐t♠♦✱ ✶❛ ❞✐❢❡r❡♥ç❛ ❡ t❛①❛ ❞❡
r❡t♦r♥♦s

❊①✐st❡♠ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✱ ❛♦ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛ ❞❡ ✵✱✵✺✱ ♥❛ ♠é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧ ❞♦s r❡t♦r♥♦s
❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛✳

❆ ♣❛rt✐r ❞❛ ❚❛❜❡❧❛ ✻✳✻✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ❛ sér✐❡ ♥♦ t❡♠♣♦ ❞❛ ✉♠✐❞❛❞❡ ♥❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲
P❘ ❛♣r❡s❡♥t❛ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❛ ♠é❞✐❛ ❝♦♥❞✐❝✐♦♥❛❧✱ ❛♦ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛ ❞❡ ✵✱✵✺✱ ♣❛r❛ ❛s
sér✐❡s ❞♦s ❞❛❞♦s ❜r✉t♦s✱ ❧♦❣❛r✐t♠♦s ❡ ♣r✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛✳ ❍á ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❛ ✈❛r✐â♥❝✐❛ ♣❛r❛
❛ t❛①❛ ❞♦s r❡t♦r♥♦s✳ ❆ sér✐❡ ❞♦s ❞❛❞♦s ❜r✉t♦s✱ q✉❡ s❡rá ✉t✐❧✐③❛❞❛ ♥❛s ♣r❡✈✐sõ❡s✱ ❛♣r❡s❡♥t❛ ♥ã♦
❧✐♥❡❛r✐❞❛❞❡s ♥❛ ♠é❞✐❛✳
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❈♦❡✜❝✐❡♥t❡s ❉❛❞♦s ❜r✉t♦s ▲♦❣ ❞♦s ❞❛❞♦s ❜r✉t♦s Pr✐♠❡✐r❛ ❞✐❢❡r❡♥ç❛ ❘❡t♦r♥♦s
✶ ✶ ✲✷✱✵✽✻✻ ✲✷✱✾✺✶✺ ✲✷✱✷✼✽✺ ✲✶✱✵✻✾✶
✶ ✷ ✲✷✱✹✻✺✶ ✲✸✱✶✷✶✹ ✵✱✻✽✸✷ ✵✱✷✵✾✹
✶ ✸ ✲✷✱✵✷✾✵ ✲✷✱✼✼✼✽ ✵✱✻✶✶✶ ✵✱✹✺✾✻
✶ ✹ ✲✶✱✺✹✺✹ ✲✷✱✸✶✸✷ ✵✱✷✾✺✸ ✵✱✻✵✼✺
✶ ✺ ✲✶✱✾✹✶✻ ✲✷✱✹✾✹✷ ✵✱✾✶✼✸ ✵✱✹✺✸✸
✶ ✻ ✲✶✱✾✾✾✹ ✲✷✱✹✼✾✼ ✲✵✱✺✸✻✹ ✲✵✱✷✶✷✶
✷ ✷ ✲✶✱✽✶✾✶ ✲✷✱✻✽✷✶ ✲✶✱✷✹✽✺ ✲✵✱✸✾✶✸
✷ ✸ ✲✶✱✻✻✻✷ ✲✷✱✺✺✼✹ ✶✱✶✽✺✶ ✶✱✺✺✻✻
✷ ✹ ✲✵✱✻✵✸✻ ✲✶✱✽✼✵✾ ✲✵✱✶✺✼✻ ✲✵✱✸✻✻✻
✷ ✺ ✲✵✱✼✹✵✵ ✲✶✱✼✵✷✶ ✲✵✱✵✶✾✺ ✵✱✵✽✾✶
✷ ✻ ✲✵✱✷✺✺✵ ✲✶✱✹✽✶✾ ✲✵✱✷✷✺✸ ✵✱✷✽✹✷
✸ ✸ ✲✷✱✶✼✼✼ ✲✷✱✻✻✷✵ ✲✵✱✺✹✹✾ ✲✵✱✸✶✶✻
✸ ✹ ✲✶✱✹✺✻✸ ✲✷✱✷✾✹✾ ✵✱✹✼✺✸ ✵✱✽✻✼✸
✸ ✺ ✲✶✱✶✽✽✷ ✲✷✱✵✻✷✶ ✲✵✱✶✺✻✺ ✵✱✻✵✸✽
✸ ✻ ✲✵✱✸✾✺✼ ✲✶✱✹✹✽✹ ✵✱✵✶✺✾ ✲✵✱✾✸✾✸
✹ ✹ ✲✷✱✵✹✸✸ ✲✷✱✺✶✾✾ ✵✱✸✾✵✾ ✵✱✹✸✺✺
✹ ✺ ✲✶✱✾✵✸✾ ✲✷✱✺✹✽✺ ✲✵✱✶✵✵✹ ✲✵✱✸✹✹✶
✹ ✻ ✲✵✱✽✼✵✼ ✲✶✱✾✵✽✶ ✲✵✱✵✹✽✻ ✲✵✱✵✻✵✻
✺ ✺ ✲✷✱✷✽✼✼ ✲✷✱✺✸✺✺ ✲✵✱✶✺✹✸ ✵✱✵✽✸✹
✺ ✻ ✲✶✱✺✼✽✸ ✲✷✱✷✸✵✶ ✵✱✸✽✼✼ ✵✱✸✵✽✾
✻ ✻ ✲✶✱✽✵✹✻ ✲✷✱✶✽✹✾ ✲✵✱✷✵✾✶ ✲✵✱✶✶✵✽

❚❛❜✳ ✻✳✻✿ ❚❡st❡ ❞❡ ❍❙■❊❍ ♣❛r❛ ❛ ✉♠✐❞❛❞❡ ♥❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘✱ ❧♦❣❛r✐t♠♦✱ ✶❛ ❞✐❢❡r❡♥ç❛
❡ t❛①❛ ❞❡ r❡t♦r♥♦s

❈♦♠♦ ✉♠❛ ✐❧✉str❛çã♦✱ ♦s r❡s✉❧t❛❞♦s ❞♦s t❡st❡s ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❧♦❝❛❧✐③❛❞❛s ♣❛r❛ ♦s r❡✲
t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✺✳ ❖❜s❡r✈❛✲s❡ ❛ ❡①✐stê♥❝✐❛ ❞❡
❢♦rt❡s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❧♦❝❛❧✐③❛❞❛s ❛♥t❡s✱ ❞✉r❛♥t❡ ❡ ❧♦❣♦ ❛♣ós ❛ ❡❧❡✐çã♦ ❞❡ ✷✵✵✷✱ ♥❛ q✉❛❧ ▲✉❧❛
❢♦✐ ❡❧❡✐t♦ Pr❡s✐❞❡♥t❡ ♣❡❧❛ ♣r✐♠❡✐r❛ ✈❡③✳ ❊①✐st❡♠ t❛♠❜é♠ ♣❡rí♦❞♦s ❡♠ q✉❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦
❞❛ sér✐❡ t❡♠♣♦r❛❧ é ❧✐♥❡❛r✱ ❧♦❣♦ ❡st❡s t❡st❡s ♣♦❞❡♠ ♥♦s ❣✉✐❛r ♣❛r❛ ❛ ❡s❝♦❧❤❛ ❞❡ ✉♠ ♠ét♦❞♦ ❞❡
♣r❡✈✐sã♦ ❧✐♥❡❛r ♦✉ ♥ã♦ ❧✐♥❡❛r ❞❡♣❡♥❞❡♥❞♦ ❞♦ ❝♦♥t❡①t♦✳ ◆♦ ❝❛s♦ ❞♦s ♠♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠ r❡❞❡s
♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s✱ ❡st❡s t❡st❡s ♣♦❞❡♠ t❛♠❜é♠ ❛❥✉❞❛r ❛ ❡s❝♦❧❤❡r ♦ t✐♣♦ ❞❡ ❢✉♥çã♦ ❞❡ ❛t✐✈❛çã♦
♠❛✐s ✐♥❞✐❝❛❞❛ ♣❛r❛ ❝❛♣t✉r❛r ❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❞❡t❡❝t❛❞❛s ♣❡❧♦s t❡st❡s✳

❆s ❛♥á❧✐s❡s ❛té ❛❣♦r❛ ❡stã♦ s❡♥❞♦ ❢❡✐t❛s ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✱ ♠❛s ♣♦❞❡r✐❛♠ s❡r r❡❛❧✐③❛❞❛s
t❛♠❜é♠ ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡qüê♥❝✐❛✳ ❆ r❛③ã♦ ❞❛ ❡s❝♦❧❤❛ ❞❡ ✉♠❛ ♦✉ ♦✉tr❛ ❛❜♦r❞❛❣❡♠ ❡stá ♥❛
❢❛❝✐❧✐❞❛❞❡ ❞❡ ❛♣r❡s❡♥t❛çã♦ ❡ ✐♥t❡r♣r❡t❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ❡ t❛♠❜é♠ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♦❜❥❡t✐✈♦
❞❛ ❛♥á❧✐s❡✳ ◆❡st❛ t❡s❡✱ tr❛❜❛❧❤❛✲s❡ s♦♠❡♥t❡ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✳
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❋✐❣✳ ✻✳✺✿ ❚❡st❡s ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❧♦❝❛❧✐③❛❞❛s ♣❛r❛ ♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛

✻✳✺ ❆♥á❧✐s❡ ❞❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❧✐♥❡❛r ❡ ♥ã♦ ❧✐♥❡❛r
◆❡st❛ s❡çã♦ ❢❛③✲s❡ ❛ ❛♥á❧✐s❡ ❞❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❧✐♥❡❛r ❡ ♥ã♦ ❧✐♥❡❛r ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡

❞❡s❝♦❜r✐r ♠❛✐s ✐♥❢♦r♠❛çõ❡s ♣❛r❛ s✐♥❛❧✐③❛r s❡ ♦ ♣r♦❝❡ss♦ é ✉♠ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦✱ ✉♠❛ ❞✐❢❡r❡♥ç❛
▼❛rt✐♥❣❛❧❡ ♦✉ ♥❡♥❤✉♠ ❞❡st❡s ♣r♦❝❡ss♦s✳ ■st♦ é ❢❡✐t♦ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ✈❡r✐✜❝❛r ❛ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡
❞♦ ♣r♦❝❡ss♦ ❡ ❢❛❝✐❧✐t❛r ❛ ❡s♣❡❝✐✜❝❛çã♦ ❞♦ ♠♦❞❡❧♦✳

✻✳✺✳✶ ❆♥á❧✐s❡ ❞❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ✈✐❛ ❛✉t♦❝♦rr❡❧❛çã♦

❆ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ✭❋❆❈✮ ❡ ❛ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ♣❛r❝✐❛❧ ✭❋❆❈P✮ ❞♦s r❡t♦r♥♦s
❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛✱ ❋✐❣✉r❛ ✻✳✻✱ ❛♣r❡s❡♥t❛♠ ♣❡q✉❡♥♦ ♥í✈❡❧ ❞❡ ❝♦rr❡❧❛çã♦✱ ❞❡❝r❡s❝❡♠
r❛♣✐❞❛♠❡♥t❡ ❡ ❣r❛✜❝❛♠❡♥t❡ s✉❣❡r❡♠ q✉❡ é ♣♦ssí✈❡❧ ❛❥✉st❛r ✉♠ ♠♦❞❡❧♦ ❆❘▼❆✳ ❊♥tr❡t❛♥t♦✱
❛✐♥❞❛ ❢❛❧t❛ ✐♥✈❡st✐❣❛r ❛s ✐♥❢♦r♠❛çõ❡s ❝♦♥t✐❞❛s ♥❛s ❢✉♥çõ❡s ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❡ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦
♣❛r❝✐❛❧ ❞♦s q✉❛❞r❛❞♦s ❞♦s r❡t♦r♥♦s✳

❆ ❋✐❣✉r❛ ✻✳✼ ❛♣r❡s❡♥t❛ ♦ ❣rá✜❝♦ ❞❛ ❋❆❈ ❡ ❞❛ ❋❆❈P ❞♦s ❞❛❞♦s ❜r✉t♦s ❞❛ ✉♠✐❞❛❞❡ ♥❛ r❡❣✐ã♦
❞❡ ▲♦♥❞r✐♥❛✲P❘✳

❆ ♣❛rt✐r ❞❛ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❡ ❛ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ♣❛r❝✐❛❧ ❞❛ ✉♠✐❞❛❞❡✱
♣❛r❛ ♦s ❞❛❞♦s ❜r✉t♦s✱ ♣♦❞❡✲s❡ ✐♥t✉✐r ❢♦rt❡♠❡♥t❡✱ ❛ ♣❛rt✐r ❞♦s ❣rá✜❝♦s✱ q✉❡ é ♣♦ssí✈❡❧ ❛❥✉st❛r
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❋✐❣✳ ✻✳✻✿ ❋❆❈ ❡ ❋❆❈P ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❞♦ ❇r❛s✐❧

❋✐❣✳ ✻✳✼✿ ❋❆❈ ❡ ❋❆❈P ❞♦s ❞❛❞♦s ❜r✉t♦s ❞❛ ✉♠✐❞❛❞❡

✉♠ ♠♦❞❡❧♦ ❆❘▼❆✳ ■st♦ ♥ã♦ ✐♠♣❡❞❡ q✉❡ ❛s ✐♥❢♦r♠❛çõ❡s ❞♦s q✉❛❞r❛❞♦s ❞♦s ❞❛❞♦s ❜r✉t♦s ♣♦s✲
s❛♠ ♠❡❧❤♦r❛r ❛ ♣r❡❝✐sã♦ ❞♦ ♠♦❞❡❧♦✳ ❊①✐st❡ t❛♠❜é♠ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ q✉❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s
s✐❣♥✐✜❝❛t✐✈❛s ❝♦♠♣r♦♠❡t❛♠ ❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s✳

❆ ❡①✐stê♥❝✐❛ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ♥♦s q✉❛❞r❛❞♦s ❞♦s r❡sí❞✉♦s ❞❛s ♣r❡✈✐sõ❡s ❞♦s r❡t♦r♥♦s ❞❛
t❛①❛ ❞❡ ❝â♠❜✐♦ ❞♦ ❇r❛s✐❧ ♣♦ss✐❜✐❧✐t❛ ❛ ❡s♣❡❝✐✜❝❛çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ●❆❘❈❍ ♣❛r❛ ♠❡❧❤♦r❛r ❛
♣❡r❢♦r♠❛♥❝❡ ❞❡ ♣r❡✈✐sã♦ ❡✱ q✉❛♥❞♦ ❢♦r ♣♦ssí✈❡❧✱ ❞❡✈❡✲s❡ ❝♦♠❜✐♥❛r ✉♠ ♠♦❞❡❧♦ ●❆❘❈❍ ❝♦♠
✉♠ ♠♦❞❡❧♦ ❆❘▼❆✳ ❆ ❋✐❣✉r❛ ✻✳✽ ❛♣r❡s❡♥t❛ ♦ ❣rá✜❝♦s ❞❛ ❋❆❈ ❡ ❞❛ ❋❆❈P ❞♦s q✉❛❞r❛❞♦s ❞♦s
r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❞♦ ❇r❛s✐❧✳

❊st❛ ✜❣✉r❛ s✉❣❡r❡ ❣r❛✜❝❛♠❡♥t❡ q✉❡ s❡rá ♣♦ssí✈❡❧ ❛❥✉st❛r ✉♠ ♠♦❞❡❧♦ ❆❘▼❆✲●❆❘❈❍ ♣❛r❛
♦ ❝❛s♦ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❇r❛s✐❧✳

❆ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❡ ❛ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ♣❛r❝✐❛❧ ❞♦s q✉❛❞r❛❞♦s ❞♦s r❡sí❞✉♦s
❞❛s ♣r❡✈✐sõ❡s ❞♦s ❞❛❞♦s ❜r✉t♦s ❞❛ ✉♠✐❞❛❞❡ é ❛♣r❡s❡♥t❛❞❛ ❛❜❛✐①♦✳

❆ ❋✐❣✉r❛ ✻✳✾ s✉❣❡r❡ ❣r❛✜❝❛♠❡♥t❡ q✉❡ ♣♦ss✐✈❡❧♠❡♥t❡ ✉♠ ♠♦❞❡❧♦ ❆❘▼❆✲●❆❘❈❍ ♣♦❞❡rá
s❡r ❛❥✉st❛❞♦ ♣❛r❛ s❡ ♦❜t❡r ❛ ♣r❡✈✐sã♦ ❞❛ ✉♠✐❞❛❞❡✳ ❆s ✐♥❢♦r♠❛çõ❡s ❝♦♥t✐❞❛s ♥❡st❛ s❡çã♦ s❡rã♦
✉t✐❧✐③❛❞❛s ♣❛r❛ ❡s♣❡❝✐✜❝❛r ♦s ♠♦❞❡❧♦s ❆❘▼❆✲●❆❘❈❍ q✉❡ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♠❛✐s ❛❞✐❛♥t❡✳
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❋✐❣✳ ✻✳✽✿ ❋❆❈ ❡ ❞❛ ❋❆❈P ❞♦s q✉❛❞r❛❞♦s ❞♦s r❡sí❞✉♦s ❞❛s ♣r❡✈✐sõ❡s ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡
❝â♠❜✐♦ ❞♦ ❇r❛s✐❧

❋✐❣✳ ✻✳✾✿ ❋❆❈ ❡ ❋❆❈P ❞♦s q✉❛❞r❛❞♦s ❞♦s r❡sí❞✉♦s ❞❛s ♣r❡✈✐sõ❡s ❞♦s ❞❛❞♦s ❜r✉t♦s ❞❛ ✉♠✐❞❛❞❡

❊♥tr❡t❛♥t♦✱ ❡①✐st❡ t❛♠❜é♠ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ q✉❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s s✐❣♥✐✜❝❛t✐✈❛s ❝♦♠♣r♦♠❡t❛♠
❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s✳

✻✳✺✳✷ ❆♥á❧✐s❡ ❞❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ✈✐❛ t❡st❡ ❇❉❙

❖ t❡st❡ ❞❡ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❞❡ ❇❘❖❈❑✱ ❉❊❈❑❊❘ ❡ ❙❍❊■◆❑▼❆◆ ✭✶✾✾✻✮✱ ❝♦♥❤❡❝✐❞♦
❝♦♠♦ t❡st❡ ❇❉❙✱ ❝♦♥s✐st❡ ❜❛s✐❝❛♠❡♥t❡ ❡♠ t❡st❛r ❛ ❤✐♣ót❡s❡ ♥✉❧❛ ❞❡ q✉❡ ♦s ✈❛❧♦r❡s ❛♠♦str❛❞♦s
❞❛ sér✐❡ sã♦ ❡st❛t✐st✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s ✭❧✐♥❡❛r ❡ ♥ã♦ ❧✐♥❡❛r✮✱ ✉t✐❧✐③❛♥❞♦ ❛ ❞✐♠❡♥sã♦ ❞❛
❝♦rr❡❧❛çã♦ ♣❛r❛ ❛✈❛❧✐❛r ❛ ❡①✐stê♥❝✐❛ ❞❡ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❡♠ ♣r♦❝❡ss♦s ♥ã♦ ❧✐♥❡❛r❡s✳ ❆
❛♥á❧✐s❡ ❞❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❧✐♥❡❛r ❡ ♥ã♦ ❧✐♥❡❛r é ✐♠♣♦rt❛♥t❡ ♥❡st❡ ❝♦♥t❡①t♦ ♣♦rq✉❡✱ ❝❛s♦
❤❛❥❛ ❛❧❣✉♠ ❞❡st❡s t✐♣♦s ❞❡ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ s❡r✐❛❧✱ t❡♠✲s❡ ✉♠❛ s✐♥❛❧✐③❛çã♦ ❞❡ q✉❡ ♥ã♦ s❡
tr❛t❛ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡✳ ❖s r❡s✉❧t❛❞♦s ❞❛ ❛♣❧✐❝❛çã♦ ❞❡st❡ t❡st❡ ♣❛r❛ ❛ t❛①❛
❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛✱ ❧♦❣❛r✐t♠♦✱ ✶❛ ❞✐❢❡r❡♥ç❛ ❡ t❛①❛ ❞❡ r❡t♦r♥♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✼✳
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♠✲❞✐♠❡♥sã♦ ❉❛❞♦s ❜r✉t♦s ▲♦❣❛r✐t♠♦ ✶❛ ❞✐❢❡r❡♥ç❛ ❚❛①❛ ❞❡ r❡t♦r♥♦s
✷ ✶✷✽✱✶✸ ✶✹✷✱✷✷ ✶✺✱✸✽ ✶✺✱✺✶
✸ ✶✷✺✱✵✽ ✶✹✵✱✺✾ ✶✺✱✸✽ ✶✺✱✺✵
✹ ✶✷✷✱✹✽ ✶✸✾✱✺✺ ✶✺✱✸✼ ✶✺✱✹✾
✺ ✶✷✷✱✵✾ ✶✸✾✱✺✽ ✶✺✱✸✻ ✶✺✱✹✽
✻ ✶✷✷✱✶✶ ✶✸✾✱✻✶ ✶✺✱✸✼ ✶✺✱✹✾
✼ ✶✷✷✱✶✸ ✶✸✾✱✻✹ ✶✺✱✸✵ ✶✺✱✹✶
✽ ✶✷✷✱✶✺ ✶✸✾✱✻✻ ✶✺✱✸✺ ✶✺✱✹✽
✾ ✶✷✷✱✶✼ ✶✸✾✱✻✾ ✶✺✱✸✺ ✶✺✱✹✽
✶✵ ✷✸✱✸✼ ✷✸✱✹✸ ✷✱✷✼ ✶✱✼✹

❚❛❜✳ ✻✳✼✿ ❚❡st❡s ❇❉❙ ♣❛r❛ ❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛✱ ❧♦❣❛r✐t♠♦✱ ✶❛ ❞✐❢❡r❡♥ç❛ ❡ t❛①❛ ❞❡ r❡t♦r♥♦s

❆ ❡st❛tíst✐❝❛ ❇❉❙ ♣❛r❛ ❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛ ❢♦✐ ❝❛❧❝✉❧❛❞❛ ✈❛r✐❛♥❞♦ ❛ ❞✐♠❡♥sã♦ ❞❛
❝♦rr❡❧❛çã♦ ❞❡ ❞♦✐s ❛té ❞❡③✳ ❊①✐st❡ ✉♠❛ ❢♦rt❡ ❞❡♣❡♥❞ê♥❝✐❛ s❡r✐❛❧ ♥❡st❛ sér✐❡ ♥♦ t❡♠♣♦ ❛♦ ♥í✈❡❧
❞❡ s✐❣♥✐✜❝â♥❝✐❛ ❞❡ ✵✱✵✺✱ ❝✉❥❛ ❢❛✐①❛ ❞❡ ❛❝❡✐t❡ ❞❛ ❤✐♣ót❡s❡ ♥✉❧❛ é ❞❡ ✲ ✶✱✾✻ ❛ ✶✱✾✻✳ ❆té ❡st❡
♣♦♥t♦ ❛s ❤✐♣ót❡s❡s ❞❡ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦ ♦✉ ❞❡ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ sã♦ r❡❥❡✐t❛❞❛s✳ P❛r❛ t♦❞❛s
❛s ❞✐♠❡♥sõ❡s ♦s t❡st❡s ❢♦r❛♠ s✐❣♥✐✜❝❛♥t❡s✳ ❊♥tr❡t❛♥t♦✱ ♣❛r❛ ♦ t❡st❡ ✈❛❧✐❞❛r ❛ ❞❡♣❡♥❞ê♥❝✐❛ s❡r✐❛
♥❡❝❡ssár✐♦ s♦♠❡♥t❡ q✉❡ ♣❡❧♦ ♠❡♥♦s ✉♠❛ ❞❡❧❛s ❡st✐✈❡ss❡ ❢♦r❛ ❞❛ ❢❛✐①❛ ❞❡ ❛❝❡✐t❡ ♣❛r❛ ✵✱✵✺✳ ❊st❡
t❡st❡ ♥ã♦ ✐♥❢♦r♠❛ s❡ ❛ sér✐❡ t❡♠ ❞❡♣❡♥❞ê♥❝✐❛ ❝✉rt❛✱ ♠é❞✐❛ ♦✉ ❧♦♥❣❛✳

❖s r❡s✉❧t❛❞♦s ❞❛ ❛♣❧✐❝❛çã♦ ❞❡st❡ t❡st❡ ♣❛r❛ ❛ ✉♠✐❞❛❞❡ ♥❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘✱ ❧♦❣❛r✐t♠♦✱
✶❛ ❞✐❢❡r❡♥ç❛ ❡ t❛①❛ ❞❡ r❡t♦r♥♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✽✳
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♠✲❞✐♠❡♥sã♦ ❉❛❞♦s ❜r✉t♦s ▲♦❣❛r✐t♠♦ ✶❛ ❞✐❢❡r❡♥ç❛ ❚❛①❛ ❞❡ r❡t♦r♥♦s
✷ ✼✺✱✷✹ ✻✼✱✶✸ ✽✱✶✸ ✷✱✶✼
✸ ✼✷✱✷✾ ✻✹✱✻✸ ✽✱✶✸ ✷✱✶✸
✹ ✻✽✱✻✵ ✻✶✱✼✵ ✻✱✺✷ ✷✱✶✷
✺ ✻✻✱✷✽ ✻✵✱✵✸ ✻✱✺✻ ✷✱✶✻
✻ ✻✹✱✾✹ ✺✾✱✹✹ ✻✱✺✷ ✷✱✶✸
✼ ✻✹✱✷✷ ✺✾✱✸✻ ✻✱✺✻ ✷✱✶✼
✽ ✻✸✱✾✷ ✺✾✱✸✾ ✻✱✹✷ ✷✱✶✷
✾ ✻✸✱✽✶ ✺✾✱✸✹ ✻✱✺✽ ✷✱✶✼
✶✵ ✸✱✻✹ ✹✱✺✹ ✵✱✸✼ ✵✱✶✸

❚❛❜✳ ✻✳✽✿ ❚❡st❡s ❇❉❙ ♣❛r❛ ❛ ✉♠✐❞❛❞❡ ♥❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘✱ ❧♦❣❛r✐t♠♦✱ ✶❛ ❞✐❢❡r❡♥ç❛ ❡ t❛①❛
❞❡ r❡t♦r♥♦s

❊①✐st❡ ✉♠❛ ❢♦rt❡ ❞❡♣❡♥❞ê♥❝✐❛ s❡r✐❛❧ ♥❛ sér✐❡ ♥♦ t❡♠♣♦ ❞❛ ✉♠✐❞❛❞❡ ♥❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲
P❘ ❛♦ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛ ❞❡ ✵✱✵✺✳ ❆té ❡st❡ ♣♦♥t♦ ❛s ❤✐♣ót❡s❡s ❞❡ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦ ♦✉ ❞❡
❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ sã♦ r❡❥❡✐t❛❞❛s✳

❖s r❡s✉❧t❛❞♦s ❞♦s t❡st❡s ❛♣❧✐❝❛❞♦s ♥❡st❛ s❡çã♦ ✐♥❞✐❝❛♠ q✉❡✱ ❛ ♣❛rt✐r ❞♦s ❣rá✜❝♦s ❞❛ ❛✉t♦✲
❝♦rr❡❧❛çã♦ ❡ ❛✉t♦❝♦rr❡❧❛çã♦ ♣❛r❝✐❛❧✱ ♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛ ❡ ♦s ❞❛❞♦s ❜r✉t♦s
❞❛ ✉♠✐❞❛❞❡ ✐♥❞✐❝❛r❛♠ ❝❧❛r❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❧✐♥❡❛r✳ ❆s ❞✉❛s sér✐❡s ❛♣r❡s❡♥t❛r❛♠ ♥ã♦
❧✐♥❡❛r✐❞❛❞❡s ✭❬❍❙■❊❍✱ ✶✾✽✽✱ ❍❙■❊❍✱ ✶✾✽✾✱ ❍❙■❊❍ ❛♥❞ ❑▲❊■❉❖◆✱ ✶✾✾✻❪✮ ❡ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠✲
♣♦r❛❧ ✭❧✐♥❡❛r ❡✴♦✉ ♥ã♦ ❧✐♥❡❛r✮ ✈✐❛ t❡st❡ ❇❉❙✳ ▲♦❣♦✱ ❡st❛s ❞✉❛s sér✐❡s ♣♦ss✐✈❡❧♠❡♥t❡ ❛♣r❡s❡♥t❛rã♦
❛❧❣✉♠ ♥í✈❡❧ ❞❡ ♣r❡✈✐sã♦✳ ➱ r❛③♦á✈❡❧ q✉❡ s❡ ✉t✐❧✐③❡ ♠ét♦❞♦s ❞❡ ♣r❡✈✐sã♦ ♥ã♦ ❧✐♥❡❛r❡s ❝♦♠♦ ❝♦♠✲
♣❧❡♠❡♥t❛r❡s ♦✉ s✉❜st✐t✉t♦s ❞♦s ♠ét♦❞♦s ❧✐♥❡❛r❡s✳

✻✳✻ ❙❡❧❡çã♦ ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛
❊♠ ❬▼❊❊❙❊ ❛♥❞ ❘❖●❖❋❋✱ ✶✾✽✸❪ ❢♦r❛♠ ❛♣♦♥t❛❞❛s ❛s ❞✐✜❝✉❧❞❛❞❡s ♣❛r❛ ♦ ❛❥✉st❡ ❞❡ ♠♦❞❡✲

❧♦s ♠❛❝r♦❡❝♦♥ô♠✐❝♦s ♣❛r❛ ♣r❡✈✐sã♦ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦✳ ❊♠ ❬❉❖❘◆❇❯❙❈❍ ❛♥❞ ❋❘❆◆❑❊▲✱ ✶✾✽✽❪
❡ ❬❋❘❆◆❑❊▲ ❛♥❞ ❋❘❖❖❚✱ ✶✾✾✵❪ ❢♦✐ s✉❣❡r✐❞♦ q✉❡ ❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❛♣r❡✲
s❡♥t❛ ✉♠❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ s✉♣❡r✐♦r àq✉❡❧❛ ❞❡t❡❝t❛❞❛ ♥❛s ✈❛r✐á✈❡✐s ♠❛❝r♦❡❝♦♥ô♠✐❝❛s ❢✉♥❞❛♠❡♥t❛✐s
❡✱ ❝♦♠♦ ♦s ❣❛♥❤♦s ♥♦ ♠❡r❝❛❞♦ ✜♥❛♥❝❡✐r♦ ❡stã♦ ❛ss♦❝✐❛❞♦s à ✈♦❧❛t✐❧✐❞❛❞❡ ❞♦ ❛t✐✈♦✱ é ♥❛t✉r❛❧ q✉❡
❡①✐st❛♠ ❢♦rç❛s ❡s♣❡❝✉❧❛t✐✈❛s ❛t✉❛♥❞♦ ♥♦ ♠❡r❝❛❞♦ ❞❡ ❝â♠❜✐♦✱ ✐♥❝❧✉s✐✈❡ ❛q✉❡❧❛s q✉❡ ♥ã♦ sã♦
r❡✢❡t✐❞❛s ❡♠ ♠♦❞❡❧♦s ❜❛s❡❛❞♦s ✉♥✐❝❛♠❡♥t❡ ❡♠ ❢✉♥❞❛♠❡♥t♦s ♠❛❝r♦❡❝♦♥ô♠✐❝♦s✳

❖s tr❛❜❛❧❤♦s ❜❛s❡❛❞♦s ❡♠ ✈❛r✐á✈❡✐s ❞❡ ♠✐❝r♦❡str✉t✉r❛s ❞❡ ♠❡r❝❛❞♦ ❞❡ ❝â♠❜✐♦✱ ❝♦♠♦ ❛s r❡✲
❢❡rê♥❝✐❛s ❬❊❱❆◆❙ ❛♥❞ ▲❨❖◆❙✱ ✷✵✵✷❪ ❡ ❬●❯■▼❆❘➹❊❙ ❛♥❞ ❚❆❇❆❑✱ ✷✵✵✹❪✱ ❡♥❝♦♥tr❛r❛♠ ❝♦♥✲
t❡ú❞♦ ✐♥❢♦r♠❛❝✐♦♥❛❧ ♥❡st❡ t✐♣♦ ❞❡ ✈❛r✐á✈❡✐s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♦ ❝♦♥t❡ú❞♦ ✐♥❢♦r♠❛❝✐♦♥❛❧ r❡❧❛❝✐♦✲
♥❛❞♦ ❛♦s ♠♦✈✐♠❡♥t♦s ❡s♣❡❝✉❧❛t✐✈♦s ❛t✉❛♥t❡s ♥♦ ♠❡r❝❛❞♦✳ ❏á ❡♠ ❬❚❆❇❆❑✱ ✷✵✵✷❪✱ ✉t✐❧✐③❛♥❞♦
❛ t❛①❛ ❞❡ ✈❛r✐â♥❝✐❛✱ ❡♥❝♦♥tr♦✉ ❡✈✐❞ê♥❝✐❛s ❡♠♣ír✐❝❛s ❞❡ q✉❡ ❛ ✈❛r✐❛çã♦ ❞✐ár✐❛ ❡ s❡♠❛♥❛❧ ❞❛
t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛✱ ❥á ❡♠ r❡❣✐♠❡ ❞❡ ❝â♠❜✐♦ ✢✉t✉❛♥t❡✱ t❡♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ♣❛ss❡✐♦ ❛❧❡✲
❛tór✐♦✳ ❊♥tr❡t❛♥t♦✱ ❛s r❡❢❡rê♥❝✐❛s ❬❈❆❘◆❊■❘❖ ❛♥❞ ◆❊❚❚❖✱ ✷✵✵✺✱ ❈❆❘◆❊■❘❖ ❡t ❛❧✳✱ ✷✵✵✹❪✱
✉t✐❧✐③❛♥❞♦ ♠ét♦❞♦s ♥ã♦ ❧✐♥❡❛r❡s✱ ❛♣r❡s❡♥t❛r❛♠ ✐♥❞í❝✐♦s ❞❡ q✉❡ ❡①✐st❡ ❛❧❣✉♠ ❣r❛✉ ❞❡ ❞❡t❡r♠✐✲



❈❆P❮❚❯▲❖ ✻✳ ❘❊❙❯▲❚❆❉❖❙ ✶✷✹

♥✐s♠♦ ❡ ❞❡ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡✳
❈♦♠♦ ❡①✐st❡♠ ♠❛✐s ❞❡ ❝❡♥t♦ ❡ ❝✐♥qü❡♥t❛ ✈❛r✐á✈❡✐s ❡①♣❧✐❝❛t✐✈❛s ❝❛t❛❧♦❣❛❞❛s r❡❧❛❝✐♦♥❛❞❛s às

✈❛r✐❛çõ❡s ❝❛♠❜✐❛✐s ❬❑❆▼■◆❙❑❨ ❛♥❞ ❘❊■◆❍❆❘❚✱ ✶✾✾✻❪✱ é r❛③♦á✈❡❧ q✉❡ s❡ ❢❛ç❛ ✉♠❛ s❡❧❡çã♦
❞❡ ✈❛r✐á✈❡✐s✳ P♦rt❛♥t♦✱ ✉♠ ♥ú♠❡r♦ r❡❞✉③✐❞♦ ❞❡ ✈❛r✐á✈❡✐s✱ ❝♦♥s✐❞❡r❛❞❛s ❛s ♠❛✐s ❡①♣r❡ss✐✈❛s ♥♦
❝♦♥t❡①t♦ ❛t✉❛❧✱ s❡rã♦ s❡❧❡❝✐♦♥❛❞❛s ♣❡❧♦ ♠ét♦❞♦ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦
✸✱ ❛ ♣❛rt✐r ❞❛s s❡❣✉✐♥t❡s ár❡❛s✿ ♠❛❝r♦❡❝♦♥ô♠✐❝❛✱ ♠✐❝r♦❡str✉t✉r❛s ❞❡ ♠❡r❝❛❞♦s ❡ q✉❡ r❡✢❡t❡♠ ♦
❛♣❡t✐t❡ ❞♦s ♠❡r❝❛❞♦s ✐♥t❡r♥❛❝✐♦♥❛✐s ♣♦r r✐s❝♦✳ ■st♦ t♦r♥❛ ♦ ♠♦❞❡❧♦ ♠❛✐s ❡✜❝❛③ ❡ ♣❛r❝✐♠♦♥✐♦s♦✳

❊♠ r❡❧❛çã♦ à ✉♠✐❞❛❞❡ ♥❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘✱ s❛❜❡✲s❡ q✉❡ ❛ t❡♠♣❡r❛t✉r❛ ❡ ❛s ❝❤✉✈❛s
❣✉❛r❞❛♠ r❡❧❛çã♦ ❝♦♠ ❡st❛ ✈❛r✐á✈❡❧✳ ❊♥tr❡t❛♥t♦✱ ♣♦✉❝♦ s❡ t❡♠ ❞❡ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛s ♦✉tr❛s
❝❛♥❞✐❞❛t❛s ♣♦ssí✈❡✐s ❛ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❞♦ ♠♦❞❡❧♦✳ P♦✉❝❛s sér✐❡s r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ❡st❛
✈❛r✐á✈❡❧ ❢♦r❛♠ ♦❜t✐❞❛s✳ ❖ ✐♥t❡r❡ss❡ ♥❡st❛ sér✐❡ s❡ ❞❡✈❡ à s✉❛ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ♦ ❝♦♠❜❛t❡ à
❞♦❡♥ç❛ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❢❡rr✉❣❡♠ ❛s✐át✐❝❛ q✉❡ ❝❛✉s❛ ♣r❡❥✉í③♦s ❞❛ ♦r❞❡♠ ❞❡ ❜✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s
❛♦s ❛❣r✐❝✉❧t♦r❡s ❞♦s ♣❛ís❡s ♣r♦❞✉t♦r❡s ❞❡ s♦❥❛✳

❋❛③✲s❡ ❛ ♣ré✲s❡❧❡çã♦ ❞❛s ✈❛r✐á✈❡✐s ✈✐❛ ✜❧tr♦ ❡ ❞❡♣♦✐s ♦ ♠ét♦❞♦ ✇r❛♣♣❡r ✈✐❛ r❡❞❡s ♥❡✉r❛✐s é
✉t✐❧✐③❛❞♦ ♣❛r❛ ❡s❝♦❧❤❡r ♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡♥tr❡ ❛q✉❡❧❛s ♣ré✲s❡❧❡❝✐♦♥❛❞❛s✳ ❊st❡ ♠ét♦❞♦
❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ t❛♠❜é♠ ♣❛r❛ ❡s❝♦❧❤❡r ❛s ✈❛r✐á✈❡✐s ❡①♣❧✐❝❛t✐✈❛s ❞❡
♠♦❞❡❧♦s ❡str✉t✉r❛✐s ❞❡ ♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❛ss♦❝✐❛❞❛s ❛ ♣r♦❝❡ss♦s s♦❜r❡ ♦ q✉❛❧ ♥ã♦
❡①✐st❡ ❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐✳

✻✳✻✳✶ ❚❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛

❖ ✜❧tr♦ ❡ ♦ ✇r❛♣♣❡r ♥ã♦ ✐♥t❡r❛❣❡♠✱ ♦✉ s❡❥❛✱ ♦ ✜❧tr♦ s❡❧❡❝✐♦♥❛ ♦s s✉❜❝♦♥❥✉♥t♦s ❞❡ ❝❛r❛❝t❡✲
ríst✐❝❛s ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✳ ❯♠❛ r❡❞❡ ♥❡✉r❛❧ é ✉t✐❧✐③❛❞❛ ♣❛r❛
r❡❛❧✐③❛r ❛ s❡❧❡çã♦ ✜♥❛❧ ❞❛s ✈❛r✐á✈❡✐s q✉❡✱ ❡♠ ❝♦♥❥✉♥t♦✱ ♣♦ss✐❜✐❧✐t❛♠ ❛ ♠❡❧❤♦r q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✲
✈✐sã♦✳ ■st♦ s❡ ❞❡✈❡ ❛♦ ❢❛t♦ ❞❡ q✉❡ ❛ ❛❜♦r❞❛❣❡♠ ❜❛s❡❛❞❛ s♦♠❡♥t❡ ❡♠ ✜❧tr♦s tr❛❞✐❝✐♦♥❛✐s t❡♠
❛❧❣✉♥s ♣r♦❜❧❡♠❛s✱ ❝♦♠♦✿ ✈✐és✱ ❡♠ q✉❡ ❞✐❢❡r❡♥t❡s ❝❛r❛❝t❡ríst✐❝❛s s✉❣❡r❡♠ ❞✐❢❡r❡♥t❡s ♠♦❞❡❧♦s
❞❡ ✐♥❞✉çã♦ ✭✜❧tr♦s ❧✐♥❡❛r❡s✱ r❡❞❡s ♥❡✉r❛✐s ❡ ♦✉tr♦s✮❀ ❝❛r❛❝t❡ríst✐❝❛s ❞❡♣❡♥❞❡♥t❡s✱ q✉❡ s❡ ❢♦r❡♠
❝♦♥s✐❞❡r❛❞❛s ❛♦s ♣❛r❡s✱ ♣♦❞❡♠ s❡r r❡❞✉♥❞❛♥t❡s✱ ♠❛s ♣♦❞❡ ♦❝♦rr❡r q✉❡ ✉♠❛ ✈❛r✐á✈❡❧ ♥❡❝❡ss✐t❡
❞❛ ♦✉tr❛ ♣❛r❛ ❢♦r♥❡❝❡r ✉♠❛ ❜♦❛ ♣r❡✈✐sã♦✳

❖❜s❡r✈❛✲s❡ q✉❡ ❛ ♣t❛① é ✉♠❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❝❛❧❝✉❧❛❞❛ ❛♦ ✜♥❛❧ ❞❡ ❝❛❞❛ ❞✐❛ ♣❡❧♦ ❇❛♥❝♦
❈❡♥tr❛❧ ❞♦ ❇r❛s✐❧✱ é ❛ t❛①❛ ♠é❞✐❛ ❞❡ t♦❞♦s ♦s ♥❡❣ó❝✐♦s ❝♦♠ ❞ó❧❛r❡s r❡❛❧✐③❛❞♦s ♥❛q✉❡❧❛ ❞❛t❛ ♥♦
♠❡r❝❛❞♦ ✐♥t❡r❜❛♥❝ár✐♦ ❞❡ ❝â♠❜✐♦ ❡ ♥ã♦ ♣♦❞❡ s❡r ❝♦♥❢✉♥❞✐❞❛ ❝♦♠ ♣r❡ç♦ ❞❡ ❢❡❝❤❛♠❡♥t♦ ✲ q✉❡
♣♦❞❡♠ t❡r ✉♠ ✈✐és✳

❆ ❚❛❜❡❧❛ ✻✳✾ ❢♦✐ ♣r❡❡♥❝❤✐❞❛ ❝♦♠ ♦s ✈❛❧♦r❡s ❡st✐♠❛❞♦s ❞❡ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ ❛ t❛①❛ ❞❡
❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ✭♣t❛① é ❛ ❝❧❛ss❡✮ ❡ ❛s ❝❛♥❞✐❞❛t❛s ❛ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛✳ ❚♦❞❛s ❛s ✈❛r✐á✈❡✐s
sã♦ ♥♦r♠❛❧✐③❛❞❛s ❛♥t❡s ❞❡ s❡r❡♠ ❛♥❛❧✐s❛❞❛s ♣❡❧♦ ✜❧tr♦✳ ❆ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ ❛ ✈❛r✐á✈❡❧
❞❡♣❡♥❞❡♥t❡ ✭❝❧❛ss❡✮ ❡ ❛ ❝❛♥❞✐❞❛t❛ ❛ ✈❛r✐á✈❡❧ ❞❡ ❡♥tr❛❞❛ ✭❈✲✐♥❢♦r♠❛çã♦ ♠út✉❛✱ ❙✭✐✱❝✮✱ ❡♠ q✉❡ c
r❡♣r❡s❡♥t❛ ❛ ❝❧❛ss❡ ❡ i ❛s ✈❛r✐á✈❡✐s ❝❛♥❞✐❞❛t❛s✮ ❡①♣r❡ss❛ ❛ r❡❧❡✈â♥❝✐❛ ❞❛ ❝❛♥❞✐❞❛t❛ ❛ ✈❛r✐á✈❡❧ ❞❡
❡♥tr❛❞❛✳ ❖❜s❡r✈❛✲s❡ q✉❡ ❛ ✈❛r✐á✈❡❧ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❛✐♦r ✈❛❧♦r ❞❡ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ✭r❡❧❡✈â♥❝✐❛✮
❢♦✐ ❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❡✉r♦✴❞ó❧❛r ❯❙✳

❖s ✈❛❧♦r❡s ❞❡ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ ❛ ✈❛r✐á✈❡❧ ♠❛✐s r❡❧❡✈❛♥t❡ ✭❡✉r♦✴❞ó❧❛r ❯❙✮ ❡ ❛s ♦✉tr❛s
✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ r❡st❛♥t❡s sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✻✳✶✵✳
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❱❛r✐á✈❡❧ ■♥❢♦r♠❛çã♦ ♠út✉❛
♣t❛① ❡ ❡✉r♦✴❞ó❧❛r ❯❙ ✵✱✻✵✻✸
♣t❛① ❡ ❧✐❜r❛✴❞ó❧❛r ❯❙ ✵✱✻✵✸✾

♣t❛① ❡ ❡♠❜✐♣❧✉s ✵✱✺✾✻✽
♣t❛① ❡ ❢r❛♥❝♦✴❞ó❧❛r ❯❙ ✵✱✺✾✷✻
♣t❛① ❡ ②❡♥❡✴❞ó❧❛r ❯❙ ✵✱✺✼✶✽

♣t❛① ❡ ❞✐❢❡r❡♥ç❛ ♣t❛① ❢❡❞ ❢✉♥❞s ✵✱✺✻✸✸
♣t❛① ❡ ✐❜♦✈❡s♣❛ ✵✱✺✷✹✽

♣t❛① ❡ ✈ért✐❝❡ ♠ês ✺ ❞❛ ❡tt❥ ✵✱✺✵✼✵
♣t❛① ❡ ✈ért✐❝❡ ♠ês ✻ ❞❛ ❡tt❥ ✵✱✺✵✺✹
♣t❛① ❡ ✈ért✐❝❡ ♠ês ✹ ❞❛ ❡tt❥ ✵✱✺✵✹✵
♣t❛① ❡ ✈ért✐❝❡ ♠ês ✼ ❞❛ ❡tt❥ ✵✱✺✵✸✽
♣t❛① ❡ ✈ért✐❝❡ ♠ês ✽ ❞❛ ❡tt❥ ✵✱✺✵✵✸
♣t❛① ❡ ✈ért✐❝❡ ♠ês ✾ ❞❛ ❡tt❥ ✵✱✹✾✻✺
♣t❛① ❡ ✈ért✐❝❡ ♠ês ✸ ❞❛ ❡tt❥ ✵✱✹✾✸✷
♣t❛① ❡ ✈ért✐❝❡ ♠ês ✶✵ ❞❛ ❡tt❥ ✵✱✹✾✷✽
♣t❛① ❡ ✈ért✐❝❡ ♠ês ✶✶ ❞❛ ❡tt❥ ✵✱✹✽✼✾
♣t❛① ❡ ✈ért✐❝❡ ♠ês ✶✷ ❞❛ ❡tt❥ ✵✱✹✽✷✻
♣t❛① ❡ ✈ért✐❝❡ ♠ês ✷ ❞❛ ❡tt❥ ✵✱✹✽✶✷
♣t❛① ❡ ❯❈✶❈✉r♥❝②P①▲♦✇ ✵✱✹✼✾✶
♣t❛① ❡ ❯❈✶❈✉r♥❝②P①❍✐❣❤ ✵✱✹✼✻✸
♣t❛① ❡ ✈ért✐❝❡ ♠ês ✷ ❞❛ ❡tt❥ ✵✱✹✼✷✸

♣t❛① ❡ s❡❧✐❝ ✵✱✹✻✹✷
♣t❛① ❡ ❝♦t❛çã♦ s♦❥❛ ✵✱✹✺✶✸
♣t❛① ❡ ❚✲❜✐❧❧ ✶✽✵ ❞✐❛s ✵✱✹✸✺✶

♣t❛① ❡ ❡♠❜✐❇❘ ✵✱✸✹✽✶
♣t❛① ❡ ❉✐❢❡r❡♥❝❛❍✐❣❤▲♦✇ ✵✱✸✹✶✺

❚❛❜✳ ✻✳✾✿ ❈á❧❝✉❧♦ ❞❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ✭r❡❧❡✈â♥❝✐❛✱ ❈✲✐♥❢♦r♠❛çã♦ ♠út✉❛✱ ❙✭✐✱❝✮✮ ❡♥tr❡ ❛ ✈❛r✐á✈❡❧
❞❡♣❡♥❞❡♥t❡ ✭♣t❛①✮ ❡ ❛s ❝❛♥❞✐❞❛t❛s ❛ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛



❈❆P❮❚❯▲❖ ✻✳ ❘❊❙❯▲❚❆❉❖❙ ✶✷✻

❱❛r✐á✈❡❧ ■♥❢♦r♠❛çã♦ ♠út✉❛
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ❧✐❜r❛✴❞ó❧❛r ❯❙ ✵✱✹✸✺✹

❡✉r♦✴❞ó❧❛r ❯❙ ❡ ❡♠❜✐♣❧✉s ✵✱✸✽✾✸
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ❢r❛♥❝♦✴❞ó❧❛r ❯❙ ✵✱✺✵✸✻
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ②❡♥❡✴❞ó❧❛r ❯❙ ✵✱✺✵✾✺

❡✉r♦✴❞ó❧❛r ❯❙ ❡ ✐❜♦✈❡s♣❛ ✵✱✻✷✵✶
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ✈ért✐❝❡ ♠ês ✺ ❞❛ ❡tt❥ ✵✱✺✺✵✸
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ✈ért✐❝❡ ♠ês ✻ ❞❛ ❡tt❥ ✵✱✺✺✶✷
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ✈ért✐❝❡ ♠ês ✹ ❞❛ ❡tt❥ ✵✱✺✹✹✼
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ✈ért✐❝❡ ♠ês ✼ ❞❛ ❡tt❥ ✵✱✺✺✵✾
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ✈ért✐❝❡ ♠ês ✽ ❞❛ ❡tt❥ ✵✱✺✹✽✺
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ✈ért✐❝❡ ♠ês ✾ ❞❛ ❡tt❥ ✵✱✺✹✺✽
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ✈ért✐❝❡ ♠ês ✸ ❞❛ ❡tt❥ ✵✱✺✸✷✽
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ✈ért✐❝❡ ♠ês ✶✵ ❞❛ ❡tt❥ ✵✱✺✹✷✼
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ✈ért✐❝❡ ♠ês ✶✶ ❞❛ ❡tt❥ ✵✱✺✸✽✶
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ✈ért✐❝❡ ♠ês ✶✷ ❞❛ ❡tt❥ ✵✱✺✸✷✾
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ✈ért✐❝❡ ♠ês ✷ ❞❛ ❡tt❥ ✵✱✺✶✽✷
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ❯❈✶❈✉r♥❝②P①▲♦✇ ✵✱✻✵✸✻
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ❯❈✶❈✉r♥❝②P①❍✐❣❤ ✵✱✻✵✻✾
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ✈ért✐❝❡ ♠ês ✷ ❞❛ ❡tt❥ ✵✱✺✵✼✾

❡✉r♦✴❞ó❧❛r ❯❙ ❡ s❡❧✐❝ ✵✱✹✻✾✶
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ❝♦t❛çã♦ s♦❥❛ ✵✱✸✷✵✺
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ❚✲❜✐❧❧ ✶✽✵ ❞✐❛s ✵✱✺✷✸✶

❡✉r♦✴❞ó❧❛r ❯❙ ❡ ❡♠❜✐❇❘ ✵✱✸✽✾✸
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ❉✐❢❡r❡♥❝❛❍✐❣❤▲♦✇ ✵✱✹✵✸✷

❡✉r♦✴❞ó❧❛r ❯❙ ❡ ❉✐❢❡r❡♥ç❛ ♣t❛① ❢❡❞ ❢✉♥❞s ✵✱✺✺✷✷
❚❛❜✳ ✻✳✶✵✿ ❆ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ ❛ ✈❛r✐á✈❡❧ ❞❡ ❡♥tr❛❞❛ ♠❛✐s r❡❧❡✈❛♥t❡ ♥❡st❡ ♣❛ss♦
✭❡✉r♦✴❞ó❧❛r ❯❙✮ ❡ ❛s ♦✉tr❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ✭❋✲✐♥❢♦r♠❛çã♦ ♠út✉❛✱ ❙✭✐✱❥✮✮

❆q✉❡❧❛s ✈❛r✐á✈❡✐s ❞❛ ❚❛❜❡❧❛ ✻✳✶✵ ❝♦♠ ♠❛✐♦r ❋✲✐♥❢♦r♠❛çã♦ ♠út✉❛ ✭❙✭✐✱❥✮ q✉❡ ❛ ❈✲✐♥❢♦r♠❛çã♦
♠út✉❛ ✭❙✭✐✱❝✮✮ ❝♦rr❡s♣♦♥❞❡♥t❡ sã♦ ❝♦♥s✐❞❡r❛❞❛s r❡❞✉♥❞❛♥t❡s ❡ sã♦ ❡❧✐♠✐♥❛❞❛s✳ ❊st❛s ✈❛r✐á✈❡✐s
sã♦ ❞❡st❛❝❛❞❛s ❡♠ ✐tá❧✐❝♦ ♥❡st❛ t❛❜❡❧❛✳ ❈❛s♦ ❝♦♥trár✐♦✱ sã♦ ❝♦♥s✐❞❡r❛❞❛s ♥ã♦ r❡❞✉♥❞❛♥t❡s ❡ ♥ã♦
sã♦ ❡❧✐♠✐♥❛❞❛s✳

❆ s❡❣✉♥❞❛ ✈❛r✐á✈❡❧ ♠❛✐s r❡❧❡✈❛♥t❡ r❡st❛♥t❡ ✭❙✭✐✱❝✮✮ ❞❛ ❚❛❜❡❧❛ ✻✳✾ é ❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❧✐✲
❜r❛✴❞ó❧❛r ❯❙✳ ❆ ❚❛❜❡❧❛ ✻✳✶✶ ❛♣r❡s❡♥t❛ ❛ ❙✭✐✱❥✮✮ ❡♥tr❡ ❡st❛ ✈❛r✐á✈❡❧ ❡ ❛s ✈❛r✐á✈❡✐s r❡st❛♥t❡s ❞❛
❚❛❜❡❧❛ ✻✳✶✵✳ ❆s ✈❛r✐á✈❡✐s r❡❞✉♥❞❛♥t❡s sã♦ ❛q✉❡❧❛s ❝♦♠ ❙✭✐✱❥✮ ♠❛✐♦r q✉❡ ❛s r❡s♣❡❝t✐✈❛s ❙✭✐✱❝✮✱
❡stã♦ ❡s❝r✐t❛s ❡♠ ✐tá❧✐❝♦ ❡ s❡rã♦ ❡❧✐♠✐♥❛❞❛s✳ ❆ t❡r❝❡✐r❛ ✈❛r✐á✈❡❧ ♠❛✐s r❡❧❡✈❛♥t❡ r❡st❛♥t❡ ✭❙✭✐✱❝✮✮
é ♦ ❡♠❜✐♣❧✉s✳ ❆ ❚❛❜❡❧❛ ✻✳✶✷ ❛♣r❡s❡♥t❛ ❛ ❙✭✐✱❥✮✮ ❡♥tr❡ ❡st❛ ✈❛r✐á✈❡❧ ❡ ❛s ✈❛r✐á✈❡✐s r❡st❛♥t❡s ❞❛
❚❛❜❡❧❛ ✻✳✶✶✳ ❆s ✈❛r✐á✈❡✐s r❡❞✉♥❞❛♥t❡s sã♦ ❛q✉❡❧❛s ❝♦♠ ❙✭✐✱❥✮ ♠❛✐♦r q✉❡ ❛s r❡s♣❡❝t✐✈❛s ❙✭✐✱❝✮✳
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❱❛r✐á✈❡❧ ■♥❢♦r♠❛çã♦ ♠út✉❛
❧✐❜r❛✴❞ó❧❛r ❯❙ ❡ ✐❜♦✈❡s♣❛ ✵✱✻✶✺✾
❧✐❜r❛✴❞ó❧❛r ❯❙ ❡ ❡♠❜✐♣❧✉s ✵✱✺✷✹✻

❧✐❜r❛✴❞ó❧❛r ❯❙ ❡ ❢r❛♥❝♦✴❞ó❧❛r ❯❙ ✵✱✹✼✼✼
❧✐❜r❛✴❞ó❧❛r ❯❙ ❡ ②❡♥❡✴❞ó❧❛r ❯❙ ✵✱✹✾✵✹
❧✐❜r❛✴❞ó❧❛r ❯❙ ❡ ❝♦t❛çã♦ s♦❥❛ ✵✱✷✻✷✼

❧✐❜r❛✴❞ó❧❛r ❯❙ ❡ ❞✐❢❡r❡♥ç❛ ♣t❛① ❢❡❞ ❢✉♥❞s ✵✱✺✸✷✸
❚❛❜✳ ✻✳✶✶✿ ❆ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ ❛ s❡❣✉♥❞❛ ✈❛r✐á✈❡❧ ❞❡ ❡♥tr❛❞❛ ♠❛✐s r❡❧❡✈❛♥t❡ ✭❧✐❜r❛✴❞ó❧❛r
❯❙✮ ❡ ❛s ♦✉tr❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ✭❋✲✐♥❢♦r♠❛çã♦ ♠út✉❛✱ ❙✭✐✱❥✮✮ r❡st❛♥t❡s

❱❛r✐á✈❡❧ ■♥❢♦r♠❛çã♦ ♠út✉❛
❡♠❜✐♣❧✉s ❡ ❢r❛♥❝♦✴❞ó❧❛r ❯❙ ✵✱✺✼✷✷
❡♠❜✐♣❧✉s ❡ ②❡♥❡✴❞ó❧❛r ❯❙ ✵✱✺✼✵✻
❡♠❜✐♣❧✉s ❡ ❝♦t❛çã♦ s♦❥❛ ✵✱✹✼✾✼

❡♠❜✐♣❧✉s ❡ ❞✐❢❡r❡♥ç❛ ♣t❛① ❢❡❞ ❢✉♥❞s ✵✱✺✻✷✵
❚❛❜✳ ✻✳✶✷✿ ❆ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ ❛ t❡r❝❡✐r❛ ✈❛r✐á✈❡❧ ❞❡ ❡♥tr❛❞❛ ♠❛✐s r❡❧❡✈❛♥t❡ ✭❡♠❜✐♣❧✉s✮
❡ ❛s ♦✉tr❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ✭❋✲✐♥❢♦r♠❛çã♦ ♠út✉❛✱ ❙✭✐✱❥✮✮ r❡st❛♥t❡s

❆ q✉❛rt❛ ✈❛r✐á✈❡❧ ♠❛✐s r❡❧❡✈❛♥t❡ r❡st❛♥t❡ ✭❙✭✐✱❝✮✮ é ❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❢r❛♥❝♦✴❞ó❧❛r ❯❙✳ ❆
❚❛❜❡❧❛ ✻✳✶✸ ❛♣r❡s❡♥t❛ ❛ ❙✭✐✱❥✮✮ ❡♥tr❡ ❡st❛ ✈❛r✐á✈❡❧ ❡ ❛s ✈❛r✐á✈❡✐s r❡st❛♥t❡s ❞❛ ❚❛❜❡❧❛ ✻✳✶✷✳ ❆s
✈❛r✐á✈❡✐s r❡❞✉♥❞❛♥t❡s sã♦ ❛q✉❡❧❛s ❝♦♠ ❙✭✐✱❥✮ ♠❛✐♦r q✉❡ ❛s r❡s♣❡❝t✐✈❛s ❙✭✐✱❝✮ ❡ s❡rã♦ ❡❧✐♠✐♥❛❞❛s✳

❆té ♦ ♣r❡s❡♥t❡ ♠♦♠❡♥t♦✱ ♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥ç❛❞♦s ♥❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s sã♦ ❝♦❡r❡♥t❡s ❝♦♠
♦ ❝♦♥t❡①t♦ ❞♦ ♠❡r❝❛❞♦ ❞❡ ❝â♠❜✐♦ ♦❜s❡r✈❛❞♦ ♥♦ ♣❡rí♦❞♦ ❛♥❛❧✐s❛❞♦✳ ❆ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❝✉♣♦♠
❝❛♠❜✐❛❧ ❡ ❛ ❢❡❞ ❢✉♥❞s s✐♥❛❧✐③❛ ❛ ❣r❛♥❞❡ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s t❛①❛s ❞❡ ❥✉r♦s ✐♥t❡r♥❛s ❡ ❡①t❡r♥❛s✳
❊st❛ ♣❡sq✉✐s❛ ❝♦♥st❛t♦✉ q✉❡ ♦ ❤✐❣❤✲❧♦✇ ♥ã♦ t❡♠ ❡①♣r❡ssã♦ ♣❛r❛ s❡r ❡s❝♦❧❤✐❞♦✱ ❝♦rr♦❜♦r❛♥❞♦
✈ár✐♦s ❡st✉❞♦s ✐♥t❡r♥❛❝✐♦♥❛✐s q✉❡ s✉❣❡r❡♠ q✉❡ ❛ ❝♦t❛çã♦ ❞♦ ❞ó❧❛r ❢♦r✇❛r❞ ♥ã♦ ✐♥✢✉❡♥❝✐❛ ♥❛
❝♦t❛çã♦ ❞♦ ❞ó❧❛r s♣♦t✱ ❡♠❜♦r❛ ♥♦ ♠❡r❝❛❞♦ ❞♦♠ést✐❝♦ tr❛❞✐❝✐♦♥❛❧♠❡♥t❡ ♦ ❤✐❣❤✲❧♦✇ t❡♥❤❛ s✐❞♦
❝♦♥s✐❞❡r❛❞♦ ✉♠ ❡①❝❡❧❡♥t❡ s✐♥❛❧✐③❛❞♦r ❞❡ ❡①♣❡❝t❛t✐✈❛s ❞❡ ❝✉rt♦ ♣r❛③♦✳ ❆s t❛①❛s ❞❡ ❝â♠❜✐♦
❡✉r♦✴❞ó❧❛r ❯❙ ❡ ❧✐❜r❛✴❞ó❧❛r ❯❙ ❛♣r❡s❡♥t❛r❛♠ ❡①♣r❡ss✐✈❛ r❡❧❡✈â♥❝✐❛✱ s✐♥❛❧✐③❛♥❞♦ ❛ ✐♥✢✉ê♥❝✐❛
❞♦s ♠❡r❝❛❞♦s ✐♥t❡r♥❛❝✐♦♥❛✐s ❞❡ ❝â♠❜✐♦✳
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❱❛r✐á✈❡❧ ■♥❢♦r♠❛çã♦ ♠út✉❛
❢r❛♥❝♦✴❞ó❧❛r ❯❙ ❡ ②❡♥❡✴❞ó❧❛r ❯❙ ✵✱✺✹✶✼

❢r❛♥❝♦✴❞ó❧❛r ❯❙ ❡ ❞✐❢❡r❡♥ç❛ ♣t❛① ❢❡❞ ❢✉♥❞s ✵✱✺✻✸✵
❚❛❜✳ ✻✳✶✸✿ ❆ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ ❛ q✉❛rt❛ ✈❛r✐á✈❡❧ ❞❡ ❡♥tr❛❞❛ ♠❛✐s r❡❧❡✈❛♥t❡ ✭❢r❛♥❝♦✴❞ó❧❛r
❯❙✮ ❡ ❛s ♦✉tr❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ✭❋✲✐♥❢♦r♠❛çã♦ ♠út✉❛✱ ❙✭✐✱❥✮✮ r❡st❛♥t❡s

❱❛r✐á✈❡❧ ■♥❢♦r♠❛çã♦ ♠út✉❛
②❡♥❡✴❞ó❧❛r ❯❙ ❡ ❞✐❢❡r❡♥ç❛ ♣t❛① ❢❡❞ ❢✉♥❞s ✵✱✺✺✽✷

❚❛❜✳ ✻✳✶✹✿ ❆ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❡♥tr❡ ❛ q✉✐♥t❛ ✈❛r✐á✈❡❧ ❞❡ ❡♥tr❛❞❛ ♠❛✐s r❡❧❡✈❛♥t❡ ✭②❡♥❡✴❞ó❧❛r
❯❙✮ ❡ ❛s ♦✉tr❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ✭❋✲✐♥❢♦r♠❛çã♦ ♠út✉❛✱ ❙✭✐✱❥✮✮ r❡st❛♥t❡s

❆ q✉✐♥t❛ ✈❛r✐á✈❡❧ ♠❛✐s r❡❧❡✈❛♥t❡ r❡st❛♥t❡ ✭❙✭✐✱❝✮✮ é ❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ②❡♥❡✴❞ó❧❛r ❯❙✳ ❆
❚❛❜❡❧❛ ✻✳✶✹ ❛♣r❡s❡♥t❛ ❛ ❙✭✐✱❥✮✮ ❡♥tr❡ ❡st❛ ✈❛r✐á✈❡❧ ❡ ❛s ✈❛r✐á✈❡✐s r❡st❛♥t❡s ❞❛ ❚❛❜❡❧❛ ✻✳✶✸✳ ❆s
✈❛r✐á✈❡✐s r❡❞✉♥❞❛♥t❡s sã♦ ❛q✉❡❧❛s ❝♦♠ ❙✭✐✱❥✮ ♠❛✐♦r q✉❡ ❛s r❡s♣❡❝t✐✈❛s ❙✭✐✱❝✮✳

❆ ❚❛❜❡❧❛ ✻✳✶✺ ❛♣r❡s❡♥t❛ ♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❡s❝♦❧❤✐❞♦ ♣♦r ♠❡✐♦ ❞♦ ✜❧tr♦✳ ❊st❡
s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s é ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦s t❡st❡s ❝♦♠ ♦ ✇r❛♣♣❡r ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞❛ ✈❛r✐❛çã♦
❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦✳

❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡❧✐♠✐♥❛çã♦ ♣❛r❛ trás é ✉t✐❧✐③❛❞♦ ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ♦ ✇r❛♣♣❡r✳ ❆ss✐♠✱ ❡♥tr❡
t♦❞♦s ♦s ♣♦ssí✈❡✐s s✉❜❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s ❝♦♠ ♠❡♥♦s ✉♠❛ ✈❛r✐á✈❡❧ ❞❡ ❡♥tr❛❞❛✱ s❡❧❡❝✐♦♥❛✲s❡
❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ q✉❡ ❢♦r♥❡❝❡ ❛ ♠❡❧❤♦r ❢✉♥çã♦ ❞❡ ❛✈❛❧✐❛çã♦ ❜❛s❡❛❞❛ ♥♦
◆▼❙❊✳ ❊st❡ ♣r♦❝❡ss♦ ✐♥t❡r❛t✐✈♦ ❞❡✈❡ ❝♦♥t✐♥✉❛r ❛té q✉❡ t♦❞❛s ❛s ✈❛r✐á✈❡✐s s❡❥❛♠ ❛♥❛❧✐s❛❞❛s
s❡♣❛r❛❞❛♠❡♥t❡ ♦✉ ❛té q✉❡ ❛ ❢✉♥çã♦ ❞❡ ❛✈❛❧✐❛çã♦ ❞❛ ♠❡❧❤♦r ❝♦♠❜✐♥❛çã♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛
❞❛ ✐♥t❡r❛çã♦ ❝♦rr❡♥t❡ s❡❥❛ ♣✐♦r q✉❡ ❛ ♠❡❧❤♦r ❞❛ ❛♥t❡r✐♦r✳ ◆❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❞❛ t❛①❛ ❞❡
❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ✈✐❛ ✇r❛♣♣❡r✱ ❝♦♠♦ sã♦ ♣♦✉❝❛s ✈❛r✐á✈❡✐s q✉❡ ❞❡✈❡♠ s❡r ❛♥❛❧✐s❛❞❛s✱ t♦❞♦s ♦s
s✉❜❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s ♣♦ssí✈❡✐s ❢♦r❛♠ ❛♥❛❧✐s❛❞♦s✱ ❡✈✐t❛♥❞♦ q✉❡ ♦ ❛❧❣♦r✐t♠♦ ♣✉❞❡ss❡ ✜❝❛r
♣r❡s♦ ❡♠ ♠í♥✐♠♦s ❧♦❝❛✐s✳

❆ ❚❛❜❡❧❛ ✻✳✶✻ ❛♣r❡s❡♥t❛ ♦ ♠❡❧❤♦r s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❡s❝♦❧❤✐❞♦ ♣❡❧♦ ✇r❛♣♣❡r ✈✐❛
♠♦❞❡❧♦s ❘❇❋ ❆❘■❆ ●❆❯❙❙ ♣❛r❛ ❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧
❜r❛s✐❧❡✐r❛✳ ▲♦❣♦✱ ❛s ✈❛r✐á✈❡✐s ❡s❝♦❧❤✐❞❛s ✈✐❛ ✇r❛♣♣❡r sã♦✿ ❛ ♣ró♣r✐❛ ♣t❛①❀ ♦ ❡✉r♦❀ ❛ ❞✐❢❡r❡♥ç❛
❡♥tr❡ ❛ t❛①❛ ❞♦ ❝✉♣♦♠ ❝❛♠❜✐❛❧ ❡ ❛ t❛①❛ ❞❛ ❢❡❞ ❢✉♥❞s✳ ❆ss✐♠✱ ✜❝❛ ❝♦♥✜r♠❛❞❛ ❛ ✐♥✢✉ê♥❝✐❛ ❞❛
❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s t❛①❛s ❞❡ ❥✉r♦s ❞♦ ❝✉♣♦♠ ❝❛♠❜✐❛❧ ❡ ❞❛ ❢❡❞ ❢✉♥❞s✱ ♦✉ s❡❥❛✱ ❛ ❣r❛♥❞❡ ❞✐❢❡r❡♥ç❛
❡♥tr❡ ❛s t❛①❛s ❞❡ ❥✉r♦s ✐♥t❡r♥❛s ❡ ❡①t❡r♥❛s✳ ❆ t❛①❛ ❞❡ ❝â♠❜✐♦ ❡✉r♦✴❞ó❧❛r ❯❙ ❝♦♥✜r♠♦✉ s✉❛
❡①♣r❡ss✐✈❛ r❡❧❡✈â♥❝✐❛✱ s✐♥❛❧✐③❛♥❞♦ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦s ♠❡r❝❛❞♦s ✐♥t❡r♥❛❝✐♦♥❛✐s ❞❡ ❝â♠❜✐♦✳
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❱❛r✐á✈❡❧
♣t❛①✱ ❡✉r♦✴❞ó❧❛r ❯❙✱ ❧✐❜r❛✴❞ó❧❛r ❯❙✱ ❡♠❜✐♣❧✉s✱ ❢r❛♥❝♦✴❞ó❧❛r ❯❙

②❡♥❡✴❞ó❧❛r ❯❙✱ ❞✐❢❡r❡♥ç❛ ❝✉♣♦♠ ❝❛♠❜✐❛❧ ❡ ❢❡❞ ❢✉♥❞s
❚❛❜✳ ✻✳✶✺✿ ❙✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦s t❡st❡s ❝♦♠ ♦ ✇r❛♣♣❡r ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞❛
✈❛r✐❛çã♦ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦

▼ét♦❞♦ ❈❛♥❞✐❞❛t❛s ❛ ✈❛r✐á✈❡✐s ❡♥tr❛❞❛ r ◆❡✉r✳ ◆▼❙❊
❘❇❋ ❆❘■❆ ●❆❯❙❙ ♣t❛①✱ ❡✉r♦ ❡ ❞✐❢ ❢❡❞ ❢✉♥❞s ✵✱✵✵✷ ✷✷ ✵✱✺✽✺✵

❚❛❜✳ ✻✳✶✻✿ ▼❡❧❤♦r s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❡s❝♦❧❤✐❞♦ ♣❡❧♦ ✇r❛♣♣❡r ✈✐❛ ♠♦❞❡❧♦s ❘❇❋ ❆❘■❆
●❆❯❙❙ ♣❛r❛ ❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛

◆❡st❛s s✐♠✉❧❛çõ❡s ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ✶✳✵✵✵ ✭❤✉♠ ♠✐❧✮ ❛♠♦str❛s ♣❛r❛ ❛❥✉st❛r ♦s ♣❛râ♠❡tr♦s
❞❛ r❡❞❡ ❡ ✷✵✵ ✭❞✉③❡♥t❛s✮ ❛♠♦str❛s ♣❛r❛ ♦s t❡st❡s✳

✻✳✻✳✷ ❯♠✐❞❛❞❡ ♥❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘

❏á ❡①✐st❡♠ ❡st✉❞♦s s♦❜r❡ ❛ ✉♠✐❞❛❞❡ ♥❛ tr♦♣♦s❢❡r❛ q✉❡ ❛♣♦♥t❛♠ ♣❛r❛ ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛
✉♠✐❞❛❞❡ ❡s♣❡❝í✜❝❛ ❡ ❛ t❡♠♣❡r❛t✉r❛✳ ◆❛ tr♦♣♦s❢❡r❛✱ t❛♥t♦ ♥❛ ♣❛rt❡ ❜❛✐①❛ ❝♦♠♦ ♥❛ ❛❧t❛✱ q✉❛♥❞♦
❛ t❡♠♣❡r❛t✉r❛ ❛✉♠❡♥t❛ ❛ ✉♠✐❞❛❞❡ t❛♠❜é♠ ❛✉♠❡♥t❛✳ ❏á ✉♠❛ r❡❧❛çã♦ ✐♥✈❡rs❛ ✐♥t❡♥s❛ ♦❝♦rr❡
q✉❛♥❞♦ ❛ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ é ❝♦♠♣❛r❛❞❛ ❬❙❯◆ ❛♥❞ ❖❖❘❚✱ ✶✾✾✺❪✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ❛ ✉♠✐❞❛❞❡
é ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✈❛♣♦r ❞❡ á❣✉❛ ♥♦ ❛r ❡ é r❛③♦á✈❡❧ q✉❡ ❞✉r❛♥t❡ ✉♠❛ ❝❤✉✈❛ ❛ ✉♠✐❞❛❞❡ s❡❥❛
❢♦rt❡♠❡♥t❡ ✐♥✢✉❡♥❝✐❛❞❛✳ ❘❡st❛ s❛❜❡r ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡st❛ ✐♥✢✉ê♥❝✐❛ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦ ❥á q✉❡
♥ã♦ ❝❤♦✈❡ ♥❛ t❡rr❛ ❝♦♥t✐♥✉❛♠❡♥t❡✳

❖ ✇r❛♣♣❡r ✐♠♣❧❡♠❡♥t❛❞♦ ❢❛③ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ♣r❡✈✐sã♦ ❞❛
✉♠✐❞❛❞❡ ❤♦rár✐❛ ♥♦ ♠✐❝r♦❝❧✐♠❛ ❞❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘✳ ❖s ❞❛❞♦s ❝♦❧❡t❛❞♦s s♦❜r❡ ❛ ✉♠✐❞❛❞❡
♥❡st❛ r❡❣✐ã♦ s✉❣❡r❡♠ q✉❡ ❛s ✈❛r✐❛çõ❡s sã♦ rá♣✐❞❛s✱ ♠✉✐t♦ ❜r✉s❝❛s ❡ ❞❡ ✐♥t❡♥s✐❞❛❞❡ ❡❧❡✈❛❞❛✳

❋♦r❛♠ ♦❜t✐❞❛s ♣♦✉❝❛s ✈❛r✐á✈❡✐s ❝❛♥❞✐❞❛t❛s✿ t❡♠♣❡r❛t✉r❛s ♠í♥✐♠❛✱ ♠é❞✐❛ ❡ ♠á①✐♠❛ ❡ ❛
❝❤✉✈❛✳ ❯t✐❧✐③❛♥❞♦ ♦ ♠❡s♠♦ ♣r♦❝❡❞✐♠❡♥t♦ ❛♥t❡r✐♦r✱ ❛ ❚❛❜❡❧❛ ✻✳✶✼ ❛♣r❡s❡♥t❛ ♦ s✉❜❝♦♥❥✉♥t♦
❞❡ ✈❛r✐á✈❡✐s ❡s❝♦❧❤✐❞♦ ♣♦r ♠❡✐♦ ❞♦ ✜❧tr♦✱ ❝♦♠♣♦st♦ ♣♦r ✈❛r✐á✈❡✐s q✉❡ sã♦ ♠✉✐t♦ r❡❧❡✈❛♥t❡s ❡
♣♦r ❛q✉❡❧❛s q✉❡ sã♦ ♣♦✉❝♦ r❡❧❡✈❛♥t❡s ❡ ♥ã♦ r❡❞✉♥❞❛♥t❡s✳ ❊st❡ é ♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s
❝♦♥s✐❞❡r❛❞♦ ♦ ♠❛✐s ✐♥❞✐❝❛❞♦ ♣❛r❛ ♦s t❡st❡s ❝♦♠ ♦ ✇r❛♣♣❡r ❡♠ ♠♦❞❡❧♦s ♥❡✉r❛✐s ♠✉❧t✐✈❛r✐á✈❡✐s
♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞❛ ✉♠✐❞❛❞❡✳

◆❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ❞❛ ✉♠✐❞❛❞❡✱ ❝♦♠♦ sã♦ ♣♦✉❝❛s ✈❛r✐á✈❡✐s q✉❡ ❞❡✈❡♠ s❡r ❛♥❛❧✐s❛❞❛s✱
t♦❞♦s ♦s s✉❜❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s ♣♦ssí✈❡✐s ❢♦r❛♠ ❛♥❛❧✐s❛❞♦s✱ ❡✈✐t❛♥❞♦ q✉❡ ♦ ❛❧❣♦r✐t♠♦ ♣✉❞❡ss❡
✜❝❛r ♣r❡s♦ ❡♠ ♠í♥✐♠♦s ❧♦❝❛✐s✳ ❆ ❚❛❜❡❧❛ ✻✳✶✽ ❛♣r❡s❡♥t❛ ♦ ♠❡❧❤♦r s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s
❡s❝♦❧❤✐❞♦ ♣❡❧♦ ✇r❛♣♣❡r ✈✐❛ ♠♦❞❡❧♦s ❘❇❋ ❆❘■❆ ●❆❯❙❙ ♣❛r❛ ❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛
✉♠✐❞❛❞❡✿ ❛ ♣ró♣r✐❛ ✉♠✐❞❛❞❡❀ ❛ t❡♠♣❡r❛t✉r❛ ♠í♥✐♠❛❀ ❛ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛✳

❋♦✐ ❝♦♥✜r♠❛❞❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ✉♠✐❞❛❞❡ ❡ ❛ t❡♠♣❡r❛t✉r❛✱ ❡♥tr❡t❛♥t♦ ❛ t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛
♥ã♦ ❛♣r❡s❡♥t♦✉ s✐♥❡r❣✐❛ ❝♦♠ ❛s ♦✉tr❛s ✈❛r✐á✈❡✐s ❛♥❛❧✐s❛❞❛s ❡ ♣♦❞❡ t❡r ♦❝♦rr✐❞♦ q✉❡ ❛ ❛♥á❧✐s❡ ❛♦s
♣❛r❡s r❡❛❧✐③❛❞❛ ♣❡❧♦ ✜❧tr♦ ♥ã♦ ❝❛♣t♦✉ ❛ r❡❞✉♥❞â♥❝✐❛ ❞❡st❛ ✈❛r✐á✈❡❧ ❝♦♠ ♦ ❝♦♥❥✉♥t♦ ❞❛s ♦✉tr❛s
✈❛r✐á✈❡✐s✳ ❏á ❛ ❝❤✉✈❛ ♥ã♦ ❢♦✐ s❡❧❡❝✐♦♥❛❞❛ ♣❡❧♦s ❝r✐tér✐♦s ✉t✐❧✐③❛❞♦s✳
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❱❛r✐á✈❡❧
✉♠✐❞❛❞❡

t❡♠♣❡r❛t✉r❛ ♠í♥✐♠❛
t❡♠♣❡r❛t✉r❛ ♠é❞✐❛
t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛

❚❛❜✳ ✻✳✶✼✿ ❙✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❝♦♥s✐❞❡r❛❞♦ ♦ ♠❛✐s ✐♥❞✐❝❛❞♦ ♣❛r❛ ♦s t❡st❡s ❝♦♠ ♦ ✇r❛♣♣❡r
❡♠ ♠♦❞❡❧♦s ♥❡✉r❛✐s ♠✉❧t✐✈❛r✐á✈❡✐s ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞❛ ✉♠✐❞❛❞❡

▼ét♦❞♦ ❈❛♥❞✐❞❛t❛s ❛ ✈❛r✐á✈❡✐s ❡♥tr❛❞❛ r ◆❡✉r✳ ◆▼❙❊
❘❇❋ ❆❘■❆ ●❆❯❙❙ ✉♠✐❞✱ t♠✐♥ ❡ t♠❡❞ ✵✱✵✵✵✵✾✼ ✾✼ ✵✱✽✺✺✽

❚❛❜✳ ✻✳✶✽✿ ▼❡❧❤♦r s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❡s❝♦❧❤✐❞♦ ♣❡❧♦ ✇r❛♣♣❡r ✈✐❛ ♠♦❞❡❧♦s ❘❇❋ ❆❘■❆
●❆❯❙❙ ♣❛r❛ ❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ✉♠✐❞❛❞❡

✻✳✼ ❘❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❡ ❛♥á❧✐s❡ ❞✐♥â♠✐❝❛ ♥ã♦ ❧✐♥❡❛r
❯♠ ♣r✐♥❝í♣✐♦ ❛♥t✐❣♦ ❞❛ ❝✐ê♥❝✐❛ ❡r❛ q✉❡ t♦❞♦s ♦s s✐st❡♠❛s ❞❡t❡r♠✐♥✐st❛s ❡r❛♠ ♣r❡✈✐sí✈❡✐s✳

P♦st❡r✐♦r♠❡♥t❡✱ ❞❡s❝♦❜r✐✉✲s❡ q✉❡ ❛♣❡s❛r ❞♦s s✐st❡♠❛s ❧✐♥❡❛r❡s t❡r❡♠ s♦❧✉çã♦ ❢❡❝❤❛❞❛✱ ♣♦✉❝♦s
s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s t✐♥❤❛♠ s♦❧✉çã♦ ❢❡❝❤❛❞❛✳ P♦st❡r✐♦r♠❡♥t❡✱ ❢♦r❛♠ ❞❡s❝♦❜❡rt♦s ♦s s✐st❡♠❛s
❝❛ót✐❝♦s q✉❡ sã♦ ♣r❡✈✐sí✈❡✐s s♦♠❡♥t❡ ♥♦ ❝✉rt♦ ♣r❛③♦✳ ◆♦ ❈❛♣ít✉❧♦ ✹ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞❛s ❛❧❣✉♠❛s
té❝♥✐❝❛s ❡♠♣ír✐❝❛s ♣❛r❛ s❡ ❢❛③❡r ❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❡ ♣❛r❛ ♦ r❡❝♦♥❤❡✲
❝✐♠❡♥t♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❝❛ót✐❝♦✳ ◆❡st❛ s❡çã♦✱ ❛♣r❡s❡♥t❛♠✲s❡ ♦s r❡s✉❧t❛❞♦s ❞❛s ❛♣❧✐❝❛çõ❡s
❞❡ ❛❧❣✉♠❛s ❞❡st❛s té❝♥✐❝❛s✳

■♥✐❝✐❛❧♠❡♥t❡✱ ✐♥✈❡st✐❣❛✲s❡ ❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱✳ ❆ ❚❛❜❡❧❛
✻✳✶✾ ❛♣r❡s❡♥t❛ ♦s ✈❛❧♦r❡s ❡st✐♠❛❞♦s ❞❡st❡s ♣❛râ♠❡tr♦s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ♣r❡✈✐sã♦ ❞♦s r❡t♦r♥♦s
❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛✳

❆ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ é ✉♠ t✐♣♦ ❞❡ ❞✐♠❡♥sã♦ ♣r♦❜❛❜✐❧íst✐❝❛ q✉❡ ❡①♣r❡ss❛ ♦ ♥í✈❡❧ ❞❡
❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ s✐st❡♠❛✳ ❯♠ ❛tr❛t♦r s✐♠♣❧❡s t❡♠ ❞✐♠❡♥sã♦ ✐♥t❡✐r❛❀ ❥á ✉♠ ❛tr❛t♦r ❡str❛♥❤♦
✭❢r❛❝t❛❧✮ t❡♠ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❢r❛❝✐♦♥ár✐❛✳



❈❆P❮❚❯▲❖ ✻✳ ❘❊❙❯▲❚❆❉❖❙ ✶✸✶

❱❛r✐á✈❡❧ ❉✐♠✳ ❞❛ ❝♦rr❡❧❛çã♦ ▼❛✐♦r ❡①♣✳ ❞❡ ▲❨❆P❯◆❖❱
♣t❛① ✷✱✺✷ ✵✱✵✷✸✼

❡✉r♦✴❞ó❧❛r ❯❙ ✹✱✶✸ ✵✱✵✶✸✺
❉✐❢✳ ❝✉♣♦♠ ❝❛♠❜✐❛❧ ❡ ❢❡❞ ❢✉♥❞s ✹✱✸✸ ✵✱✵✶✹✺

❚❛❜✳ ✻✳✶✾✿ ❱❛❧♦r❡s ❡st✐♠❛❞♦s ♣❛r❛ ❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❡ ❞♦ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱
♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ♣r❡✈✐sã♦ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛

❖ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱ é ❛ ❣❡♥❡r❛❧✐③❛çã♦ ❞♦s ❛✉t♦✈❛❧♦r❡s ❛ss♦❝✐❛❞♦s ❛♦ ♣♦♥t♦ ❞❡ ❡q✉✐✲
❧í❜r✐♦✱ ♦✉ s❡❥❛✱ é ✐❣✉❛❧ à ♣❛rt❡ r❡❛❧ ❞♦ ❛✉t♦✈❛❧♦r ♣ró①✐♠♦ ❛♦ ♣♦♥t♦ ❞❡ ❡q✉✐❧í❜r✐♦ ❡ ✐♥❞✐❝❛ ❛ t❛①❛
❞❡ ❝♦♥tr❛çã♦ ✭λi < 0✮ ❡ ❞❡ ❡①♣❛♥sã♦ ✭λi > 0✮✳ ❊st❡ ❡①♣♦❡♥t❡ ✐♥❞✐❝❛ ❛ t❛①❛ ❞❡ ❞✐✈❡r❣ê♥❝✐❛ ❡♥tr❡
❛s tr❛❥❡tór✐❛s ❡ ❢♦r♥❡❝❡ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ às ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✱ q✉❡ é ✉♠❛ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s
s✐st❡♠❛s ❝❛ót✐❝♦s✳ ❈♦♥s❡qü❡♥t❡♠❡♥t❡ s✐♥❛❧✐③❛ ♦ t✐♣♦ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛✳ ❯♠ ❡①♣♦❡♥t❡
❞❡ ▲❨❆P❯◆❖❱ ♣♦s✐t✐✈♦ ✐♥❞✐❝❛ q✉❡ ♦ s✐st❡♠❛ t❡♠ s❡♥s✐❜✐❧✐❞❛❞❡ às ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s ❡ q✉❛♥t♦
♠❛✐♦r ❢♦r ❡st❡ ❡①♣♦❡♥t❡ ♠❛✐♦r é ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ ♠❡♥♦r é ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦✳

❖ ✐♥✈❡rs♦ ❞♦ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱ s✐♥❛❧✐③❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦ ❡①✐st❡♥t❡✳ ❙❡♥sí✈❡❧
❞❡♣❡♥❞ê♥❝✐❛ às ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s ❡ ❞✐♠❡♥sã♦ ❢r❛❝t❛❧ ✜♥✐t❛ ✭❡st✐♠❛❞❛ ♣❡❧♦ ✈❛❧♦r ❞❛ ❞✐♠❡♥sã♦
❞❡ ❝♦rr❡❧❛çã♦✮ sã♦ ❝♦♥❞✐çõ❡s ❡ss❡♥❝✐❛✐s ♣❛r❛ s❡ ❛✈❡r✐❣✉❛r ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠ s✐st❡♠❛ ❝❛ót✐❝♦✳
❉❛í ❛❞✈é♠✱ ✐♥❝❧✉✐♥❞♦ t❛♠❜é♠ ♦s ❡❢❡✐t♦s ❞❡ r❡❛❧✐♠❡♥t❛çã♦✱ ♦ ❢❛t♦ ❞❛ ♣r❡✈✐sã♦ ❛ ❧♦♥❣♦ ♣r❛③♦ s❡r
♣r❛t✐❝❛♠❡♥t❡ ✐♠♣♦ssí✈❡❧✳

❖s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ❛❝✐♠❛ ♣❛r❛ ♦ ❡①♣♦♥❡♥t❡ ❞❡ ▲■❆P❯◆❖❱ sã♦ s❡♠❡❧❤❛♥t❡s ❛♦s
✐❧✉str❛❞♦s ❡♠ ❬❱❆◆❉❘❖❱❨❈❍✱ ✷✵✵✺❪ ❡♠ q✉❡ ❛ ❞✐♥â♠✐❝❛ ❞❡ s❡✐s t❛①❛s ❞❡ ❝â♠❜✐♦ ❞♦s ♣r✐♥✲
❝✐♣❛✐s ♣❛ís❡s ❞❡s❡♥✈♦❧✈✐❞♦s sã♦ ❛♥❛❧✐s❛❞❛s✳ ❊♠❜♦r❛ t❡♥❤❛ ♦❜t✐❞♦ ✉♠ ♥ú♠❡r♦ ❞❡ ❡st✐♠❛t✐✈❛s
♣♦s✐t✐✈❛s ❞♦ ❡①♣♦♥❡♥t❡ ❞❡ ▲■❆P❯◆❖❱✱ sã♦ ✈❛❧♦r❡s ♠✉✐t♦ ♣❡q✉❡♥♦s ❡ ♦ ❛✉t♦r ❛❝r❡❞✐t❛ q✉❡ é
♠❛✐s ❛♣r♦♣r✐❛❞♦ ✐♥t❡r♣r❡t❛r ❡st❡s ❞❛❞♦s ❝♦♠♦ ✉♠ ✐♥❞✐❝❛❞♦r ❞❡ ♦r✐❣❡♠ ❡st♦❝ást✐❝❛ ❞❛ sér✐❡✳ ❊♥✲
tr❡t❛♥t♦✱ ♦s ❞❛❞♦s ♥ã♦ ❞❡✈❡♠ ❝♦♥t❡r ♠✉✐t♦ r✉í❞♦ ♣♦rq✉❡ ♦s ♠ét♦❞♦s ♥ã♦ ❝♦♥s❡❣✉❡♠ ❞❡t❡❝t❛r
♦ ❝❛♦s s✉❜❥❛❝❡♥t❡✱ ♠❡s♠♦ q✉❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ r✉í❞♦ s❡❥❛ ♣❡q✉❡♥❛✳

❆ ♣❛rt✐r ❞❛ ❚❛❜❡❧❛ ✻✳✶✾✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❞❛s sér✐❡s sã♦ ❢r❛❝✐♦♥á✲
r✐❛s✱ ❝♦♠ ✈❛❧♦r❡s ♠é❞✐♦s✳ ❊st❡s ✈❛❧♦r❡s sã♦ ✉♠ ♣♦✉❝♦ ❞✐❢❡r❡♥t❡s ❞♦s ❛♣r❡s❡♥t❛❞♦s ❡♠ ❱❆◆✲
❉❘❖❱❨❈❍ ✭✷✵✵✺✮ ❡♠ q✉❡ ❛s ❡st✐♠❛t✐✈❛s ❞❛ ❞✐♠❡♥sã♦ ❞❡ ❝♦rr❡❧❛çã♦ ✐♥❞✐❝❛r❛♠ ❛ ❝♦♠♣❧❡①✐❞❛❞❡
❡❧❡✈❛❞❛ ❡♠ t♦❞❛ ❛ sér✐❡✱ s✉❣❡r✐♥❞♦ q✉❡ ❛s sér✐❡s sã♦ ♣r♦❝❡ss♦s ❡st♦❝ást✐❝♦s ♦✉ ♣r♦❝❡ss♦s ❞❡t❡r✲
♠✐♥✐st❛s ❝♦♠ ❞✐♠❡♥sõ❡s ❡❧❡✈❛❞❛s✳ ◗✉❛♥❞♦ é ♣❡q✉❡♥♦ ✐♥❞✐❝❛ ❛❧❣✉♠ ❣r❛✉ ❞❡ ❞❡t❡r♠✐♥✐s♠♦ ♥❛
sér✐❡✳ ❖s ❝♦❡✜❝✐❡♥t❡s ♣♦s✐t✐✈♦s ❞❡ ▲②❛♣✉♥♦✈ sã♦ ♠✉✐t♦ ♣❡q✉❡♥♦s✳ ■st♦ ✐♥❞✐❝❛ s❡♥s✐❜✐❧✐❞❛❞❡
às ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✱ ♠❡s♠♦ q✉❡ ♣❡q✉❡♥❛✳ ❊st❡s r❡s✉❧t❛❞♦s ❡♠ ❝♦♥❥✉♥t♦ ✐♥❞✐❝❛♠ q✉❡ é ♠❛✐s
❛♣r♦♣r✐❛❞♦ ✐♥t❡r♣r❡t❛r ❡st❡s ❞❛❞♦s ❝♦♠♦ ✉♠ ✐♥❞✐❝❛❞♦r ❞❡ ♦r✐❣❡♠ ❡st♦❝ást✐❝❛ ❞❛ sér✐❡✳

❆ ❚❛❜❡❧❛ ✻✳✷✵ ❛♣r❡s❡♥t❛ ♦s ✈❛❧♦r❡s ❡st✐♠❛❞♦s ♣❛r❛ ❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❡ ♦ ❡①♣♦❡♥t❡
❞❡ ▲②❛♣✉♥♦✈ ❞❛ ✈❛r✐❛çã♦ ❞❛ ✉♠✐❞❛❞❡✳



❈❆P❮❚❯▲❖ ✻✳ ❘❊❙❯▲❚❆❉❖❙ ✶✸✷

❱❛r✐á✈❡❧ ❉✐♠✳ ❞❛ ❝♦rr❡❧❛çã♦ ▼❛✐♦r ❡①♣✳ ❞❡ ▲②❛♣✉♥♦✈
✉♠✐❞❛❞❡ ✹✱✵✹✽✸ ✵✱✵✵✹✻

t❡♠♣❡r❛t✉r❛ ♠í♥✐♠❛ ✸✱✵✼✺✵ ✵✱✵✷✷✵
t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ✺✱✺✶✺✾ ✵✱✵✷✵✵

❚❛❜✳ ✻✳✷✵✿ ❱❛❧♦r❡s ❡st✐♠❛❞♦s ♣❛r❛ ❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❡ ❞♦ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱
♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ♣r❡✈✐sã♦ ❞❛ ✉♠✐❞❛❞❡

❆ ❚❛❜❡❧❛ ✻✳✷✵ ❛♣r❡s❡♥t❛ ♦s ✈❛❧♦r❡s ♠é❞✐♦s ♣❛r❛ ❛ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❞❡ t♦❞❛s ❛s
sér✐❡s ❡ ♦s ♠❛✐♦r❡s ❝♦❡✜❝✐❡♥t❡s ❞❡ ▲❨❆P❯◆❖❱ ❞❡ ❝❛❞❛ sér✐❡✱ q✉❡ ❡♠❜♦r❛ ♠✉✐t♦ ♣❡q✉❡♥♦s✱ sã♦
♣♦s✐t✐✈♦s✳ ❖s r❡s✉❧t❛❞♦s ❞♦ ❝á❧❝✉❧♦ ❞♦ ❡①♣♦♥❡♥t❡ ♠á①✐♠♦ ❞❡ ▲❨❆P❯◆❖❱ s✉❣❡r❡♠ q✉❛❧✐t❛t✐✈❛
❡ q✉❛♥t✐t❛t✐✈❛♠❡♥t❡ q✉❡ ❛ sér✐❡ t❡♠ ♣❡q✉❡♥♦ ❣r❛✉ ❞❡ ❞❡t❡r♠✐♥✐s♠♦✳ ■st♦ t❛♠❜é♠ ✐♥❞✐❝❛ ✉♠❛
♣❡q✉❡♥❛ s❡♥s✐❜✐❧✐❞❛❞❡ às ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✳ ❊st❡s r❡s✉❧t❛❞♦s s✐♥❛❧✐③❛♠ q✉❡ ❛ ✉♠✐❞❛❞❡ ❛♣r❡s❡♥t❛
❛❧❣✉♠ ❣r❛✉ ❞❡ ❞❡t❡r♠✐♥✐s♠♦✳

❊♠ ❬❚❆❑❊◆❙✱ ✶✾✽✶❪ ❢♦✐ ♣r♦♣♦st♦ q✉❡ s❡ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ é ♦❜t✐❞❛ ❞❡ ✉♠ s✐st❡♠❛ ❞❡✲
t❡r♠✐♥✐st❛✱ ✉♠❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❡①✐st❡✱ ❝♦♥s✐st✐♥❞♦ ♥♦ ❧❛❣ ❡ ♥❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦
✭❡♠❜❡❞❞✐♥❣✮✱ q✉❡ ❛♦ s❡ ❞❡s❧♦❝❛r ♥♦ t❡♠♣♦✱ ❢♦r♠❛ ♦ q✉❡ s❡ ❝❤❛♠❛ ❥❛♥❡❧❛ ❞❡ ♣r❡✈✐sã♦ ❞✐♥â♠✐❝❛
✭❏P❉✮✳ ◆❡♠ s❡♠♣r❡ ❡st❛♠♦s s❡❣✉r♦s s❡ ❛ sér✐❡ ♣❡rt❡♥❝❡ ❛ ✉♠ s✐st❡♠❛ ❞❡t❡r♠✐♥✐st❛✱ ❡♠❜♦r❛ ❥á
❡①✐st❛♠ ♠ét♦❞♦s ❡st❛tíst✐❝♦s ♣❛r❛ ✐st♦✱ ♠❛s q✉❡ ♥❡❝❡ss✐t❛♠ ❞❡ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s
♣❛r❛ t❡st❛r ❡st❛ ❤✐♣ót❡s❡✳ ❆ss✐♠✱ ❡st❡ ♠ét♦❞♦ t❛♠❜é♠ é ✉s✉❛❧♠❡♥t❡ ✉t✐❧✐③❛❞♦ ❡♠ s✐st❡♠❛s ❝♦♠
✉♠ ❝❡rt♦ ❣r❛✉ ❞❡ ❡st♦❝❛st✐❝✐❞❛❞❡✳

❆ ❚❛❜❡❧❛ ✻✳✷✶ ❛♣r❡s❡♥t❛ ❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❞♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❡s❝♦❧❤✐❞♦
♣❛r❛ ♦ ✐♥í❝✐♦ ❞❛s s✐♠✉❧❛çõ❡s ❝♦♠ ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ❞❛ ✈❛r✐❛çã♦ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦✳ ❖ ❧❛❣ é
❡st✐♠❛❞♦ ♣❡❧♦ ♠ét♦❞♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❲❖▲❋ ❡t ❛❧✳✱ ✶✾✽✺❪ ✈✐❛ ♦ s♦❢t✇❛r❡ tst♦♦❧ ❞♦ ■♥st✐t✉t♦
▼❛① P❧❛♥❝❦ ❞❛ ❆❧❡♠❛♥❤❛✱ ♣❡❧♦ ❞❡ ❈❊▲▲❯❈❈■ ❡t ❛❧✳ ✭✷✵✵✺✮ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❛ ✐♥❢♦r♠❛çã♦
♠út✉❛ ❡ ♣♦r ♠❡✐♦ ❞♦ ♠ét♦❞♦ ❘❇❋ P❈❆ ♣r♦♣♦st♦✳ ❆ ❞✐♠❡♥sã♦ ❞❡ ❡♠❜❡❞❞✐♥❣ é ❡st✐♠❛❞❛ ♣♦r
♠❡✐♦ ❞♦ ❝♦♥❝❡✐t♦ ❞❡ ❢❛❧s♦s ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s✱ t❛♠❜é♠ ✈✐❛ ♦ s♦❢t✇❛r❡ tst♦♦❧✱ ❡ ♣♦r ♠❡✐♦
❞♦ ♠ét♦❞♦ ❘❇❋ P❈❆ ♣r♦♣♦st♦✳

❖ ✈❛❧♦r ❞♦ ❧❛❣ ❡st✐♠❛❞♦ ✈✐❛ s♦❢t✇❛r❡ tst♦♦❧ ❡ ♠ét♦❞♦ ❞❡ ❈❊▲▲❯❈❈■ ❡t ❛❧✳ ✭✷✵✵✺✮ sã♦
r❡♣r❡s❡♥t❛❞♦s ♣♦r ▲✭tst♦♦❧✮ ❡ ▲✭❈❡❧❧✉✳✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖ ✈❛❧♦r ❞❡ ▲ ❡st✐♠❛❞♦ ♣❡❧♦ ♠ét♦❞♦
❘❇❋ P❈❆ é r❡♣r❡s❡♥t❛❞♦ ♣♦r ▲✭❘◆❆✮ ❡ ❝❤❡❣❛✲s❡ ❛ ❡st❡ ✈❛❧♦r ❛❥✉st❛♥❞♦ ♦s ♣❛râ♠❡tr♦s ❞❛
r❡❞❡ ❡♠ ❢✉♥çã♦ ❞❛ ♦t✐♠✐③❛çã♦ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ✭◆▼❙❊✮ ❛ss♦❝✐❛❞❛ à q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦✳
❖ s♦❢t✇❛r❡ tst♦♦❧✱ ✉t✐❧✐③❛♥❞♦ ♦ ♠ét♦❞♦ ❞♦s ❢❛❧s♦s ✈✐③✐♥❤♦s ♠❛✐s ♣ró①✐♠♦s✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ♣❛r❛
❞❡t❡r♠✐♥❛r ♦ ✈❛❧♦r ❞❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ▼✭tst♦♦❧✮ ❡ ❛ r❡❞❡ ❘❇❋ P❈❆ ♣❛r❛ ❡st✐♠❛r ▼✭❘◆❆✮✳
❖❜s❡r✈❛♥❞♦ ❛ ❚❛❜❡❧❛ ✻✳✷✶✱ ♥♦t❛✲s❡ q✉❡ ♦s ✈❛❧♦r❡s ❞♦s ❧❛❣s ▲✭❈❡❧❧✉✳✮ ❡ ▲✭❘◆❆✮ sã♦ s❡♠❡❧❤❛♥t❡s✱
♠❛s ♦s ✈❛❧♦r❡s ❞❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ▼✭tst♦♦❧✮ ❡ ▼✭❘◆❆✮ sã♦ ❞✐❢❡r❡♥t❡s✳



❈❆P❮❚❯▲❖ ✻✳ ❘❊❙❯▲❚❆❉❖❙ ✶✸✸

❱❛r✐á✈❡❧ ▲✭tst♦♦❧✮ ▲✭❈❡❧❧✉✳✮ ▲✭❘◆❆✮ ▼✭tst♦♦❧✮ ▼✭❘◆❆✮
♣t❛① ✸ ✷ ✷ ✷ ✷✽

❡✉r♦✴❞ó❧❛r ❯❙ ✺ ✸ ✲ ✷ ✲
❉✐❢✳ ❝✉♣✳ ❝❛♠❜✳ ❡ ❢❡❞ ❢✉♥❞s ✺ ✷ ✲ ✷ ✲

❚❛❜✳ ✻✳✷✶✿ ❘❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❞♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❝♦♥s✐❞❡r❛❞♦ ♣❛r❛ ♦ ✐♥í❝✐♦ ❞❛s
s✐♠✉❧❛çõ❡s ❝♦♠ ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❞♦ ❇r❛s✐❧

❖ ✈❛❧♦r ❞❡ ▲ ❞❡✈❡ s❡r ♦ ♠❡♥♦r ♣♦ssí✈❡❧✱ ♠❛s s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡ ♣❛r❛ ♠✐♥✐♠✐③❛r ❛
❛✉t♦❝♦rr❡❧❛çã♦ ❡♥tr❡ ♦s ❝♦♠♣♦♥❡♥t❡s ❞❛ sér✐❡ ♥♦ t❡♠♣♦✳ ◆❛ ❛♥á❧✐s❡ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ♥ã♦✲
❧✐♥❡❛r❡s✱ ❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛✱ q✉❡ ❝♦♥s❡❣✉❡ ♠❡❞✐r ❛ ❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡ ❞✉❛s ✈❛r✐á✈❡✐s ♥ã♦✲
❧✐♥❡❛r❡s✱ ❢♦r♥❡❝❡ ✉♠❛ ❡st✐♠❛t✐✈❛ ♠❡❧❤♦r ♣❛r❛ ♦ ❧❛❣ q✉❡ ❛ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦✱ q✉❡ ❝♦♥s✐❞❡r❛
❛♣❡♥❛s ❛ ❞❡♣❡♥❞ê♥❝✐❛ s❡r✐❛❧ ❧✐♥❡❛r ❡♥tr❡ ✈❛r✐á✈❡✐s✳

❆ ❚❛❜❡❧❛ ✻✳✷✷ ❛♣r❡s❡♥t❛ ❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❞♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ♣❛r❛ ♦ ✐♥í❝✐♦
❞❛s s✐♠✉❧❛çõ❡s ❝♦♠ ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ❞❛ ✈❛r✐❛çã♦ ❞❛ ✉♠✐❞❛❞❡✳ ❖ ♠❡s♠♦ ♣r♦❝❡❞✐♠❡♥t♦
✉s❛❞♦ ♣❛r❛ ❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛ ✉♠✐❞❛❞❡✳

❖s ✈❛❧♦r❡s ❞♦s ❧❛❣s ❡ ❞❛s ❞✐♠❡♥sõ❡s ❞❡ ✐♠❡rsã♦ ❞❛s ❚❛❜❡❧❛s ✻✳✷✶ ❡ ✻✳✷✷ sã♦ ✉t✐❧✐③❛❞♦s ❝♦♠♦
✈❛❧♦r❡s ✐♥✐❝✐❛✐s ♥❛s s✐♠✉❧❛çõ❡s ❞♦s ♠♦❞❡❧♦s ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦ s✉❜❝♦♥❥✉♥t♦ ót✐♠♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡
❡♥tr❛❞❛ ✭✇r❛♣♣❡r✮ ❡ ❛ ❥❛♥❡❧❛ ❞❡ ♣r❡✈✐sã♦ ❞✐♥â♠✐❝❛ ❞♦s ♠♦❞❡❧♦s ♥❡✉r❛✐s q✉❡ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s
♥❛ ♣ró①✐♠❛ s❡çã♦✳ ❆ ♣❛rt✐r ❞❛s s✐♠✉❧❛çõ❡s ❝♦♠ ♦s ♠♦❞❡❧♦s ♥❡✉r❛✐s✱ s❡rã♦ ❞❡t❡r♠✐♥❛❞❛s ❛s
❥❛♥❡❧❛s ❞❡ ♣r❡✈✐sã♦ ❝♦♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ❡♠ ❢✉♥çã♦ ❞❛ q✉❛❧✐❞❛❞❡ ♣r❡❞✐t✐✈❛ ❞♦s ♠♦❞❡❧♦s✳

❘❡ss❛❧t❛✲s❡ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ✉♠ ❢❡♥ô♠❡♥♦ ❡ss❡♥❝✐❛❧♠❡♥t❡ ❞❡t❡r♠✐♥✐st❛ ❡ ✉♠ ❡ss❡♥❝✐❛❧♠❡♥t❡
❛❧❡❛tór✐♦✱ ❡♠ q✉❡ ♥ã♦ é ♣♦ssí✈❡❧ ❡♥❝♦♥tr❛r ♥❡♥❤✉♠ ♠♦❞❡❧♦ q✉❡ ♣❡r♠✐t❛ ❞❡s❝r❡✈❡r s❡✉ ❝♦♠♣♦r✲
t❛♠❡♥t♦ s♦❜ ❝♦♥❞✐çõ❡s ❛r❜✐trár✐❛s✳ ❆ ♣r✐♦r✐✱ ✉♠ ♣r♦❝❡ss♦ ♥ã♦ ❡①♣❧✐❝á✈❡❧ ❛❞❡q✉❛❞❛♠❡♥t❡ ♣❡❧❛
t❡♦r✐❛ ❞✐s♣♦♥í✈❡❧ ♣♦❞❡rá t❡r ♦r✐❣❡♠ t❛♥t♦ ❡ss❡♥❝✐❛❧♠❡♥t❡ ❞❡t❡r♠✐♥✐st❛ ❝♦♠♦ ❡ss❡♥❝✐❛❧♠❡♥t❡ ❛❧❡✲
❛tór✐❛✳ ◗✉❛❧q✉❡r ♣r♦❝❡ss♦✱ ❞❡t❡r♠✐♥✐st❛ ♦✉ ♥ã♦✱ ♣❡r♠✐t❡ q✉❡ s❡ ❛ss♦❝✐❡ ❛ ❡❧❡ ✉♠❛ ❡st❛tíst✐❝❛✱
✐st♦ é✱ ❡st✐♠❛t✐✈❛s ❞❡ ✈❛❧♦r❡s ♠é❞✐♦s✱ ✈❛r✐â♥❝✐❛✱ ❝♦rr❡❧❛çõ❡s ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ❡♥✈♦❧✈✐❞❛s✳ ❖
❢❛t♦ ❞❡ s❡ ❛ss♦❝✐❛r ❛♦ ♣r♦❝❡ss♦ ✉♠❛ ❡st❛tíst✐❝❛ ♥ã♦ ♦ tr❛♥s❢♦r♠❛ ❡♠ ✉♠ ♣r♦❝❡ss♦ ❡ss❡♥❝✐❛❧✲
♠❡♥t❡ ❛❧❡❛tór✐♦✳ ❏á ♣❛r❛ ✉♠ ♣r♦❝❡ss♦ ❡ss❡♥❝✐❛❧♠❡♥t❡ ❛❧❡❛tór✐♦✱ ❛ ú♥✐❝❛ ♠♦❞❡❧❛❣❡♠ ♣♦ssí✈❡❧ é
❛ ♣r♦❜❛❜✐❧íst✐❝❛ ❬❑❖❱➪❈❙✱ ✷✵✵✷❪✳



❈❆P❮❚❯▲❖ ✻✳ ❘❊❙❯▲❚❆❉❖❙ ✶✸✹

❱❛r✐á✈❡❧ ▲ ✭tst♦♦❧✮ ▲ ✭❈❡❧❧✉❝❝✐✮ ▲ ✭❘◆❆✮ ▼ ✭tst♦♦❧✮ ▼ ✭❘◆❆✮
✉♠✐❞❛❞❡ ✹ ✷ ✷ ✹ ✺✵

t❡♠♣❡r❛t✉r❛ ♠í♥✐♠❛ ✼ ✸ ✲ ✹ ✲
t❡♠♣❡r❛t✉r❛ ♠é❞✐❛ ✻ ✷ ✲ ✹ ✲

❚❛❜✳ ✻✳✷✷✿ ❘❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❞♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❝♦♥s✐❞❡r❛❞♦ ♣❛r❛ ♦ ✐♥í❝✐♦ ❞❛s
s✐♠✉❧❛çõ❡s ❝♦♠ ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦ ❞❛ ✉♠✐❞❛❞❡

❖s ✈❛❧♦r❡s ❞♦s ❧❛❣s ❡ ❞❛s ❞✐♠❡♥sõ❡s ❞❡ ✐♠❡rsã♦ ❞❛s ❚❛❜❡❧❛s ✻✳✷✶ ❡ ✻✳✷✷ ✐♥❞✐❝❛♠ q✉❡ ♦
♠ét♦❞♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❈❊▲▲❯❈❈■ ❡t ❛❧✳✱ ✷✵✵✺❪ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❣❡r♦✉
❧❛❣s s❡♠❡❧❤❛♥t❡s ❛♦s ❛❥✉st❛❞♦s ✈✐❛ ❘◆❆✱ ❥á ❛s ❞✐♠❡♥sõ❡s ❞❡ ✐♠❡rsã♦ ❝❛❧❝✉❧❛❞❛s ✈✐❛ tst♦♦❧ sã♦
s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❞✐❢❡r❡♥t❡s ❞♦s ❛❥✉st❛❞♦s ✈✐❛ ❘◆❆✳

✻✳✽ ❆❥✉st❡ ❞♦s ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦
❆s s❡❣✉✐♥t❡s ❝❧❛ss❡s t❡rã♦ ♠♦❞❡❧♦s ❛❥✉st❛❞♦s✿ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡✱ ❆❘▼❆✲●❆❘❈❍✱ ♥❡✉✲

r❛❧ ❡ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠❡❧❤♦r❡s ♠♦❞❡❧♦s✳ ❖ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ é ✈❡r✐✜❝❛r s❡ ❛s sér✐❡s ♥♦ t❡♠♣♦
❛♥❛❧✐s❛❞❛s sã♦ ❞✐❢❡r❡♥ç❛s ▼❛rt✐♥❣❛❧❡✳ ▼❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡ sã♦ ✐♠♣❧❡♠❡♥t❛❞♦s ♦s s❡❣✉✐♥t❡s
♠♦❞❡❧♦s✿ ✉♠❛ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ ✭❜❡♥❝❤♠❛r❦✮ ♥❛ ♠é❞✐❛❀ ❆❘▼❆✲●❆❘❈❍❀ r❡❞❡ ♥❡✉r❛❧ t✐♣♦
❘❇❋ ❝♦♠ ❢✉♥çã♦ ❞❡ ❜❛s❡ ❣❛✉ss✐❛♥❛ ❡ ❝❡♥tr♦s ❛❥✉st❛❞♦s ✈✐❛ P❈❆ ✭❘❇❋ P❈❆ ●❆❯❙❙✮❀ r❡❞❡ ♥❡✉✲
r❛❧ t✐♣♦ ❘❇❋ ❝♦♠ ❢✉♥çã♦ ❞❡ ❜❛s❡ s♣❧✐♥❡ ❡ ❝❡♥tr♦s ❛❥✉st❛❞♦s ✈✐❛ P❈❆ ✭❘❇❋ P❈❆ ❙P▲■◆❊✮❀ r❡❞❡
♥❡✉r❛❧ t✐♣♦ ❘❇❋ ❝♦♠ ❢✉♥çã♦ ❞❡ ❜❛s❡ ❣❛✉ss✐❛♥❛ ❡ ❝❡♥tr♦s ❛❥✉st❛❞♦s ✈✐❛ ❛❧❣♦r✐t♠♦ ❆❘■❆ ✭❘❇❋
❆❘■❆✮❀ ❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠❡❧❤♦r❡s ♠♦❞❡❧♦s ✭❝♦♠❜✐♥❛❞♦✮✱ ❞❡s❝❛rt❛♥❞♦ ❛q✉❡❧❡s ♠♦❞❡❧♦s ❝♦♠
q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦ ♠✉✐t♦ ✐♥❢❡r✐♦r✳

❖ ♠♦❞❡❧♦ ❘❇❋ ❆❘■❆ é ♠✉❧t✐✈❛r✐❛❞♦ ❝♦♠ ✈❛r✐á✈❡✐s s❡❧❡❝✐♦♥❛❞❛s ♣♦r ♠❡✐♦ ❞♦ ♠ét♦❞♦ ❞❡
s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ♣r♦♣♦st♦ ♥❡st❛ t❡s❡✱ ♦✉ s❡❥❛✱ ♦ ✜❧tr♦ ❥á ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡ ❡ ♦s
r❡s✉❧t❛❞♦s ❝♦♥s✐st✐r❛♠ ❡♠ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ♣ré✲s❡❧❡❝✐♦♥❛❞❛s ♣♦r ♠❡✐♦ ❞❛ r❡❧❡✈â♥❝✐❛
❡ ❞❛ r❡❞✉♥❞â♥❝✐❛✳ ❋✐♥❛❧♠❡♥t❡✱ ♦ ✇r❛♣♣❡r ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ❡ ❡s❝♦❧❤❡✉ ♦ ♠❡❧❤♦r s✉❜❝♦♥❥✉♥t♦
❞❡ ✈❛r✐á✈❡✐s ❞❡♥tr❡ ❛q✉❡❧❛s ♣ré✲s❡❧❡❝✐♦♥❛❞❛s ♣❡❧♦ ✜❧tr♦✱ ❛✈❛❧✐❛❞❛s ❡♠ ❝♦♥❥✉♥t♦✱ ♦ q✉❡ r❡s✉❧t❛ ❡♠
✉♠ ♠♦❞❡❧♦ ♠❛✐s ♣❛r❝✐♠♦♥✐♦s♦ ❡ ❝♦♠ ♠❡❧❤♦r q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦✳

✻✳✽✳✶ ❆❘▼❆✲●❆❘❈❍

◆❛s ❛♥á❧✐s❡s ❛♥t❡r✐♦r❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛✱ ❛ ❋✐❣✉r❛
✻✳✻ ❛♣r❡s❡♥t♦✉ ♦ ❣rá✜❝♦ ❞❛ ❋❆❈ ❡ ❞❛ ❋❆❈P ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧
❜r❛s✐❧❡✐r❛✳ ❆ ❛♥á❧✐s❡ ❞❡st❛ ✜❣✉r❛ ✐♥❞✐❝❛ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ ❞❡♣❡♥❞ê♥❝✐❛ ❧✐♥❡❛r ❡ s✐♥❛❧✐③❛ q✉❡ ♦
❛❥✉st❡ ❞❡ ✉♠ ♠♦❞❡❧♦ ❛✉t♦r❡❣r❡ss✐✈♦ ♣♦❞❡ s❡r ✈✐á✈❡❧✳ ❆ ❋✐❣✉r❛ ✻✳✽ ❛♣r❡s❡♥t♦✉ ♦ ❣rá✜❝♦ ❞❛ ❋❆❈
❡ ❞❛ ❋❆❈P ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s q✉❛❞r❛❞♦s ❞♦s r❡sí❞✉♦s ❡ t❛♠❜é♠ ✐♥❞✐❝❛ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛
❞❡♣❡♥❞ê♥❝✐❛ ❧✐♥❡❛r✳ P❡r❝❡❜❡✲s❡ t❛♠❜é♠ ❛ ❡①✐stê♥❝✐❛ ❞❡ ❤❡t❡r♦s❝❡❞❛st✐❝✐❞❛❞❡✱ s✉❣❡r✐♥❞♦ ❞❡st❛
❢♦r♠❛ ♦ ❛❥✉st❡ ❞❡ ✉♠ ♠♦❞❡❧♦ ❆❘▼❆✲●❆❘❈❍✳

◆❛ ❚❛❜❡❧❛ ✻✳✷✸ é ❛♣r❡s❡♥t❛❞♦ ♦ ♠♦❞❡❧♦ ❆❘▼❆✲●❆❘❈❍ ❛❥✉st❛❞♦ ♣❛r❛ ♦s r❡t♦r♥♦s ❞❛ t❛①❛
❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛ ❡ ♥❛ ❚❛❜❡❧❛ ✻✳✷✹ sã♦ ✐❧✉str❛❞❛s ❛s ❡st❛tíst✐❝❛s ❞❡st❡ ♠♦❞❡❧♦✳
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P❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ ❈♦❡✜❝✐❡♥t❡ ❊rr♦ ♣❛❞rã♦ ❊st❛tíst✐❝❛ ❩ P✲✈❛❧♦r
φ1 ✵✱✶✷✻✼ ✵✱✵✸✻✺ ✸✱✹✼✺✵ ✵✱✵✵✵✺
φ2 ✲✵✱✵✼✹✺ ✵✱✵✸✷✼ ✲✷✱✷✼✺✸ ✵✱✵✷✷✾
❈ ✶✱✸❡✲✻ ✹✱✸❡✲✼ ✸✱✵✷✻✻ ✵✱✵✵✷✺
α1 ✵✱✷✵✶✽ ✵✱✵✷✻✼ ✼✱✺✸✷✻ ✵✱✵✵✵✵
β1 ✵✱✼✾✼✽ ✵✱✵✷✸✹ ✸✸✱✾✻✾✷ ✵✱✵✵✵✵

❚❛❜✳ ✻✳✷✸✿ ▼♦❞❡❧♦ ❆❘▼❆✲●❆❘❈❍ ❛❥✉st❛❞♦ ♣❛r❛ ❢❛③❡r ❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s
r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛

❊st❛tíst✐❝❛ ❱❛❧♦r ❊st❛tíst✐❝❛ ❱❛❧♦r
❊rr♦ ♣❛❞rã♦ ✵✱✵✶✵✸ ❆■❈ ✲✻✱✽✹✼✹

▼❙❊ ✵✱✶✵✻✺ ❙■❈ ✲✻✱✽✶✷✺
❚❛❜✳ ✻✳✷✹✿ ❊st❛tíst✐❝❛s ❞❡ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❆❘▼❆✲●❆❘❈❍ ❡s♣❡❝✐✜❝❛❞♦ ♣❛r❛ ❢❛③❡r ❛s ♣r❡✈✐sõ❡s
❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛

❖s ✈❛❧♦r❡s ❞♦ ❡rr♦ ♣❛❞rã♦ ❡ ❞♦ ▼❙❊ ❡stã♦ r❡❧❛t✐✈❛♠❡♥t❡ ❜❛✐①♦s ❡ ♦s ❝r✐tér✐♦s ❞❡ ✐♥❢♦r♠❛çã♦
❆■❈ ❡ ❙■❈ ❡stã♦ ♥✉♠❛ ❢❛✐①❛ ❞❡ ✈❛❧♦r❡s ♠✉✐t♦ ❜♦❛✳ ❖✉ s❡❥❛✱ ❛s ❡st❛tíst✐❝❛s ❞♦ ♠♦❞❡❧♦ ❛♥t❡r✐♦r
✐♥❞✐❝❛♠ q✉❡ ❡st❡ ♠ét♦❞♦ é ♠✉✐t♦ ♣r♦♠✐ss♦r ♣❛r❛ ❡st❛ ❛♣❧✐❝❛çã♦ ❡ s❡rá ❛✈❛❧✐❛❞♦ ❡♠ ❝♦♥❥✉♥t♦
❝♦♠ ♦s ♦✉tr♦s ♠♦❞❡❧♦s ❡♠ t❡r♠♦s ❞❡ q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦✳

❆ ❋✐❣✉r❛ ✻✳✼ ❛♣r❡s❡♥t♦✉ ♦ ❣rá✜❝♦ ❞❛ ❋❆❈ ❡ ❞❛ ❋❆❈P ❞❛ sér✐❡ ❞❛ ✉♠✐❞❛❞❡✳ ❆ ❛♥á❧✐s❡
❞❡st❛ ✜❣✉r❛ ✐♥❞✐❝❛ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ ❞❡♣❡♥❞ê♥❝✐❛ ❧✐♥❡❛r ❡♥tr❡ ❛s ♦❜s❡r✈❛çõ❡s ❡ q✉❡ ✉♠
♠♦❞❡❧♦ ❛✉t♦r❡❣r❡ss✐✈♦ ♣♦ss✐✈❡❧♠❡♥t❡ s❡rá ❛❞❡q✉❛❞♦✳ ❆♥❛❧✐s❛♥❞♦ ♦ ❣rá✜❝♦ ❞❛ ❋✐❣✉r❛ ✻✳✾✱ q✉❡
❛♣r❡s❡♥t♦✉ ♦ ❣rá✜❝♦ ❞❛ ❋❆❈ ❡ ❞❛ ❋❆❈P ❞❛ sér✐❡ ❞♦s q✉❛❞r❛❞♦s ❞♦s r❡sí❞✉♦s✱ ♣❡r❝❡❜❡✲s❡ ❛
❡①✐stê♥❝✐❛ ❞❡ ❤❡t❡r♦s❝❡❞❛st✐❝✐❞❛❞❡✱ s✉❣❡r✐♥❞♦ t❛♠❜é♠ q✉❡ s❡ ♣♦❞❡ ❛❥✉st❛r ✉♠ ♠♦❞❡❧♦ ❆❘▼❆✲
●❆❘❈❍✳ ❖ ♠♦❞❡❧♦ ❆❘▼❆✲●❆❘❈❍ ❛❥✉st❛❞♦ ♣❛r❛ ❛ ✉♠✐❞❛❞❡ é ♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✷✺✳
❆s ❡st❛tíst✐❝❛s ❞♦ ♠♦❞❡❧♦ ❞❛ ❚❛❜❡❧❛ ✻✳✷✺ ❡stã♦ ✐❧✉str❛❞❛s ♥❛ ❚❛❜❡❧❛ ✻✳✷✻✳
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❈♦❡✜❝✐❡♥t❡ ❊rr♦ ♣❛❞rã♦ ❊st❛tíst✐❝❛ ❩ P✲✈❛❧♦r
❈ ✼✸✱✺✻✹✻ ✵✱✾✺✺✻ ✼✻✱✾✽✵✷ ✵✱✵✵✵✵
φ1 ✵✱✻✵✻✺ ✵✱✵✶✸✼ ✵✱✵✶✸✼ ✵✱✵✵✵✵
φ5 ✵✱✹✸✸✸ ✵✱✵✶✷✼ ✵✱✵✶✷✼ ✵✱✵✵✵✼
φ9 ✵✱✵✺✷✺ ✵✱✵✶✸✼ ✵✱✵✶✸✼ ✵✱✵✵✵✶
φ11 ✵✱✵✸✶✽ ✵✱✵✶✸✼ ✵✱✵✶✸✼ ✵✱✵✷✵✹
φ15 ✵✱✵✹✻✾ ✵✱✵✶✷✼ ✵✱✵✶✷✼ ✵✱✵✵✵✷
φ28 ✵✱✵✸✽✾ ✵✱✵✶✷✶ ✵✱✵✶✷✶ ✵✱✵✵✶✸
φ46 ✵✱✵✷✷✵ ✵✱✵✶✷✷ ✵✱✵✶✷✷ ✵✱✵✼✶✵
φ49 ✲✵✱✵✸✷✼ ✵✱✵✶✷✸ ✵✱✵✶✷✸ ✵✱✵✵✽✵
❈ ✷✱✶✶✺✼ ✵✱✻✾✼✽ ✸✱✵✸✶✾ ✵✱✵✵✷✹
α1 ✵✱✵✸✻✵ ✵✱✵✵✻✺ ✺✱✹✾✽✺ ✵✱✵✵✵✵
β1 ✵✱✾✹✾✹ ✵✱✵✵✾✽ ✾✻✱✷✻✺✽ ✵✱✵✵✵✵

❚❛❜✳ ✻✳✷✺✿ ▼♦❞❡❧♦ ❆❘▼❆✲●❆❘❈❍ ❛❥✉st❛❞♦ ♣❛r❛ ❢❛③❡r ❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛
✉♠✐❞❛❞❡

❊st❛tíst✐❝❛ ❱❛❧♦r ❊st❛tíst✐❝❛ ❱❛❧♦r
❊rr♦ ♣❛❞rã♦ ✶✶✱✾✽✺✹ ❆■❈ ✼✱✼✻✾✹

▼❙❊ ✺✻✺✽✸✼✱✷ ❙■❈ ✼✱✼✽✽✺
❚❛❜✳ ✻✳✷✻✿ ❊st❛tíst✐❝❛s ❞❡ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❆❘▼❆✲●❆❘❈❍ ❛❥✉st❛❞♦ ♣❛r❛ ❢❛③❡r ❛s ♣r❡✈✐sõ❡s
❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ✉♠✐❞❛❞❡

❖s ✈❛❧♦r❡s ❞♦ ❡rr♦ ♣❛❞rã♦ ❡ ❞♦ ▼❙❊ ❡stã♦ ❡①❝❡ss✐✈❛♠❡♥t❡ ❛❧t♦s ❡ ♦s ❝r✐tér✐♦s ❞❡ ✐♥❢♦r♠❛çã♦
❆■❈ ❡ ❙■❈ ❡stã♦ ❢♦r❛ ❞❛ ❢❛✐①❛ ❞❡ ✈❛❧♦r❡s r❛③♦á✈❡✐s✳ ❖✉ s❡❥❛✱ ❛s ❡st❛tíst✐❝❛s ❞♦ ♠♦❞❡❧♦ ❛♥t❡r✐♦r
✐♥❞✐❝❛♠ q✉❡ ❡st❡ ♠ét♦❞♦ ♥ã♦ é ♣r♦♠✐ss♦r ♣❛r❛ ❡st❛ ❛♣❧✐❝❛çã♦✳

✻✳✽✳✷ ❘❡❞❡ ❘❇❋ P❈❆

❋♦r❛♠ ❛❥✉st❛❞♦s ♦s s❡❣✉✐♥t❡s ♠♦❞❡❧♦s ❝♦♠ r❡❞❡ ❘❇❋ P❈❆✿ r❡❞❡ ❘❇❋ ❝♦♠ ❢✉♥çõ❡s ❞❡ ❜❛s❡
❣❛✉ss✐❛♥❛ ❝♦♠ ❝❡♥tr♦s ❛❥✉st❛❞♦s ✈✐❛ P❈❆ ✭❘❇❋ P❈❆ ●❆❯❙❙✮❀ r❡❞❡ ❘❇❋ ❝♦♠ ❢✉♥çõ❡s ❞❡ ❜❛s❡
s♣❧✐♥❡ ✜♥❛ ❝♦♠ ❝❡♥tr♦s ❛❥✉st❛❞♦s ✈✐❛ P❈❆ ✭❘❇❋ P❈❆ ❙P▲■◆❊✮✳ ❖s ❧❛❣s L ❡ ❛ ❞✐♠❡♥sã♦ ❞❡
❡♠❜❡❞❞✐♥❣ M ❞❡st❡s ♠ét♦❞♦s sã♦ ❛❥✉st❛❞♦s ❞✉r❛♥t❡ ♦ tr❡✐♥❛♠❡♥t♦ ❞❛s r❡❞❡s ♥❡✉r❛✐s✳ ❆ t❛❜❡❧❛
❛❜❛✐①♦ ❛♣r❡s❡♥t❛ ❡st❡s ✈❛❧♦r❡s ❡ ♦s ✈❛❧♦r❡s ❞♦s ❧❛❣s sã♦ s❡♠❡❧❤❛♥t❡s ❛♦s ✈❛❧♦r❡s ❢♦r♥❡❝✐❞♦s ♣❡❧♦
♠ét♦❞♦ ❞❡ ❈❊▲▲❯❈❈■ ❡t ❛❧✳ ✭✷✵✵✺✮✳ ❏á ♦s ✈❛❧♦r❡s ❞❡ M sã♦ ♠❛✐♦r❡s q✉❡ ♦s ✈❛❧♦r❡s ❡st✐♠❛❞♦s
✈✐❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✷✶✳ ❆❝r❡❞✐t❛✲s❡ q✉❡ ♦ ♠ét♦❞♦ ❘❇❋ P❈❆
❝♦♥s❡❣✉❡ ❝❛♣t✉r❛r ✐♥❢♦r♠❛çõ❡s ♥♦s ✈❡t♦r❡s ❢♦r♠❛❞♦s ♣♦r ❛♠♦str❛s ♣❛ss❛❞❛s ♠❛✐s ❞✐st❛♥t❡s ♥♦
t❡♠♣♦✱ ✈✐❞❡ ❋❆❈P ❞❛ ❋✐❣✉r❛ ✻✳✻✱ ❡ ❛r♠❛③❡♥á✲❧❛s ♥❛ r❡❞❡✳ ❆ ❚❛❜❡❧❛ ✻✳✷✼ ❛♣r❡s❡♥t❛ ♦ ♠❡❧❤♦r
♠♦❞❡❧♦ ❡ ✐❧✉str❛ ♦ ❛❥✉st❡ ❞❡ ♦✉tr♦s ♠♦❞❡❧♦s ♥❡✉r❛✐s t✐♣♦ r❡❞❡ ❘❇❋ P❈❆ ♣❛r❛ ❛s ♣r❡✈✐sõ❡s ❞❛
sér✐❡ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧✳ ❈❤❡❣❛✲s❡ ❛♦s ✈❛❧♦r❡s ❞❡ ▲ ❡ ▼ ❛❥✉st❛♥❞♦ ♦s ♣❛râ♠❡tr♦s ❞❛
r❡❞❡ ❡♠ ❢✉♥çã♦ ❞❛ ♦t✐♠✐③❛çã♦ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ✭◆▼❙❊✮ ❛ss♦❝✐❛❞❛ à q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦✳
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▼ét♦❞♦ ▲ ▼ ◆▼❙❊ BK(1) PT (2) DM (3)

❘❇❋ P❈❆ ●❆❯❙❙ ✷ ✷✽ ✵✱✼✼✶✺ ✵✱✻✷✺✵ ✵✱✾✽✷✻ ✵✱✵✵✶✷
❘❇❋ P❈❆ ❙P▲■◆❊ ✷ ✷✽ ✵✱✼✹✸✾ ✵✱✵✶✶✸ ✶✱✶✷✼✾ ✵✱✵✵✶✵

❘❇❋ P❈❆ ●❆❯❙❙ ❢❛t♦r ❛❞❛♣t❛t✐✈♦ ✷ ✷✽ ✵✱✼✸✵✷ ✵✱✶✺✼✽ ✶✱✷✻✾✼ ✵✱✵✵✶✻
❘❇❋ P❈❆ ❙P▲■◆❊ ❢❛t♦r ❛❞❛♣t❛t✐✈♦ ✷ ✷✽ ✵✱✸✷✺✷ ✵✱✶✺✻✷ ✶✱✸✶✺✻ ✵✱✵✵✻✸
❘❇❋ P❈❆ ●❆❯❙❙ ❢❛t♦r ❛❞❛♣t✳ ❡ r❡❣✳ ✷ ✷✽ ✵✱✺✽✻✵ ✵✱✶✹✼✸ ✶✱✶✷✸✷ ✵✱✵✵✷✸

❘❇❋ P❈❆ ❙P▲■◆❊ ❢❛t♦r ❛❞❛♣✳ ❡ r❡❣✳ ✷ ✷✽ ✵✱✸✷✺✵ ✵✱✶✷✸✾ ✵✱✼✵✶✻ ✵✱✵✵✻✸
❚❛❜✳ ✻✳✷✼✿ ❆❥✉st❡ ❞♦s ♠♦❞❡❧♦s ♥❡✉r❛✐s t✐♣♦ r❡❞❡ ❘❇❋ P❈❆ ♣❛r❛ ❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧
❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛

✭✶✮ ❚❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❇▲❆❑❊ ❛♥❞ ❑❆P❊❚❆◆■❖❙✱ ✷✵✵✸❪❀
✭✷✮ ❚❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬P❊❙❆❘❆◆ ❛♥❞ ❚■▼▼❊❘◆❆◆◆✱ ✶✾✾✷❪❀
✭✸✮ ❚❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❉■❊❇❖▲❉ ❛♥❞ ▼❆❘■❆◆❖✱ ✶✾✾✺❪✳

❖ ♠♦❞❡❧♦ ❘❇❋ P❈❆ ❙P▲■◆❊ ❝♦♠ ❢❛t♦r ❛❞❛♣t❛t✐✈♦ ❡ r❡❣✉❧❛r✐③❛çã♦ ❢♦✐ ♦ q✉❡ ❛♣r❡s❡♥t♦✉
♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✱ ❝♦♠ ❛s ❡st❛tíst✐❝❛s ❞❡ t❡st❡s ❞❡♥tr♦ ❞♦s ✈❛❧♦r❡s ❝rít✐❝♦s✱ ♠❛s ♦ ♠♦❞❡❧♦
❘❇❋ P❈❆ ❙P▲■◆❊ ❝♦♠ ❢❛t♦r ❛❞❛♣t❛t✐✈♦ s❡♠ r❡❣✉❧❛r✐③❛çã♦ ❛♣r❡s❡♥t♦✉ r❡s✉❧t❛❞♦ ❜❡♠ ♣ró①✐♠♦✱
s✐♥❛❧✐③❛♥❞♦ ❛♣❛r❡♥t❡♠❡♥t❡ q✉❡ ❛ r❡❣✉❧❛r✐③❛çã♦ ♥❡st❛ ❛♣❧✐❝❛çã♦ ✐♥✢✉✐✉ ♣♦✉❝♦✳ ▼❡s♠♦ ❛ss✐♠✱ ❛
✉t✐❧✐③❛çã♦ ❞❛ ❢✉♥çã♦ s♣❧✐♥❡✱ ❞♦ ❢❛t♦r ❛❞❛♣t❛t✐✈♦ ❡ ❞❛ r❡❣✉❧❛r✐③❛çã♦ ❢♦r❛♠ ♣♦s✐t✐✈♦s ❡♠ t♦❞♦s
♦s s❡♥t✐❞♦s✳ ❆ ♥♦r♠❛❧✐③❛çã♦ ❝♦♠ ♠é❞✐❛ ❡ ❞❡s✈✐♦ ♣❛❞rã♦ ♥ã♦ ♠❡❧❤♦r♦✉ ♦s r❡s✉❧t❛❞♦s✳ ❚❛❧✈❡③
♣♦rq✉❡ s❡ tr❛t❡ ❞❡ ✈❛❧♦r❡s ❞❡ ❜❛✐①❛ ♠❛❣♥✐t✉❞❡ ❡ ❞❡ ♠❡s♠❛ ❡s❝❛❧❛✳

◆♦ ❝❛s♦ ❞❛ ✉♠✐❞❛❞❡✱ ❛ ❚❛❜❡❧❛ ✻✳✷✽ ❛♣r❡s❡♥t❛ ♦s ✈❛❧♦r❡s ❞❡ L ❡ M ✱ ❛❥✉st❛❞♦s ❞✉r❛♥t❡ ♦
tr❡✐♥❛♠❡♥t♦ ❞❛s r❡❞❡s ♥❡✉r❛✐s✱ s❡♥❞♦ q✉❡ ♦s ✈❛❧♦r❡s ❞♦s ❧❛❣s sã♦ ♣ró①✐♠♦s ❛♦s ✈❛❧♦r❡s ❢♦r♥❡❝✐❞♦s
♣❡❧♦ ♠ét♦❞♦ ❞❡ ❈❊▲▲❯❈❈■ ❡t ❛❧✳ ✭✷✵✵✺✮✳ ❖ ✈❛❧♦r ❞❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ M ❛❥✉st❛❞❛ ✈✐❛
✇r❛♣♣❡r✱ ✉t✐❧✐③❛♥❞♦ ♦ ♠♦❞❡❧♦ ♥❡✉r❛❧ ❘❇❋ P❈❆✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❚❛❜❡❧❛ ✻✳✷✷✱ t❛♠❜é♠ é
♠✉✐t♦ ♠❛✐♦r q✉❡ ♦ ✈❛❧♦r ❡st✐♠❛❞♦ ✈✐❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛✳ ❆❝r❡❞✐t❛✲s❡ q✉❡ ♦ ♠♦❞❡❧♦ ♥❡✉r❛❧
❝♦♥s❡❣✉❡ ❝❛♣t✉r❛r ♦ ❡❢❡✐t♦ ❞❛ ❧♦♥❣❛ ❞❡♣❡♥❞ê♥❝✐❛✱ ✐♥❞✐❝❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✼✱ ♣r❡s❡♥t❡ ♥♦s ❞❛❞♦s
❞❛ ✉♠✐❞❛❞❡✳
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▼ét♦❞♦ ▲ ▼ ◆▼❙❊ BK(1) PT (2) DM (3)

❘❇❋ P❈❆ ●❆❯❙❙ ✷ ✺✵ ✵✱✺✻✻✻ ✵✱✷✸✹✸ ✶✱✾✹✶✶ ✾✱✶✻✽✸
❘❇❋ P❈❆ ❙P▲■◆❊ ✷ ✺✵ ✵✱✹✺✼✼ ✵✱✶✷✷✸ ✶✱✽✾✼✻ ✻✱✾✸✹✻

❘❇❋ P❈❆ ●❆❯❙❙ ❢❛t♦r ❛❞❛♣t✳ ✷ ✺✵ ✵✱✺✺✺✸ ✵✱✶✺✾✸ ✶✱✷✻✽✹ ✼✱✶✽✺✾
❘❇❋ P❈❆ ❙P▲■◆❊ ❢❛t♦r ❛❞❛♣t✳ ✷ ✺✵ ✵✱✹✸✾✵ ✵✱✵✸✼✹ ✶✱✹✷✷✹ ✾✱✸✵✻✻

❘❇❋ P❈❆ ●❆❯❙❙ ❢❛t♦r ❛❞❛♣t✳ ❡ r❡❣✳ ✷ ✺✵ ✵✱✹✻✹✵ ✵✱✵✵✶✺ ✸✱✽✷✺✽ ✽✱✻✺✽✽
❘❇❋ P❈❆ ❙P▲■◆❊ ❢❛t♦r ❛❞❛♣✳ ❡ r❡❣✳ ✷ ✺✵ ✵✱✸✹✺✵ ✵✱✵✹✺✼ ✵✱✽✶✹✺ ✾✱✶✶✹✼

❚❛❜✳ ✻✳✷✽✿ ❆❥✉st❡ ❞♦s ♠♦❞❡❧♦s ♥❡✉r❛✐s t✐♣♦ r❡❞❡ ❘❇❋ P❈❆ ♣❛r❛ ❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧
❞❛ ✉♠✐❞❛❞❡

✭✶✮ ❚❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❇▲❆❑❊ ❛♥❞ ❑❆P❊❚❆◆■❖❙✱ ✷✵✵✸❪❀
✭✷✮ ❚❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬P❊❙❆❘❆◆ ❛♥❞ ❚■▼▼❊❘◆❆◆◆✱ ✶✾✾✷❪❀
✭✸✮ ❚❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❉■❊❇❖▲❉ ❛♥❞ ▼❆❘■❆◆❖✱ ✶✾✾✺❪✳

❖ ♠♦❞❡❧♦ ❘❇❋ P❈❆ ❙P▲■◆❊ ❝♦♠ ❢❛t♦r ❛❞❛♣t❛t✐✈♦ ❡ r❡❣✉❧❛r✐③❛çã♦ ❢♦✐ ♦ q✉❡ ❛♣r❡s❡♥t♦✉
♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✱ ❝♦♠ ❛s ❡st❛tíst✐❝❛s ❞❡ t❡st❡s ❞❡♥tr♦ ❞♦s ✈❛❧♦r❡s ❝rít✐❝♦s✱ s✐♥❛❧✐③❛♥❞♦
❛♣❛r❡♥t❡♠❡♥t❡ q✉❡ ❛ r❡❣✉❧❛r✐③❛çã♦ ♥❡st❛ ❛♣❧✐❝❛çã♦ ♣♦ss✐❜✐❧✐t♦✉ ♠❡❧❤♦r❡s ♣r❡✈✐sõ❡s✳ ❆ ✉t✐❧✐③❛çã♦
❞❛ ❢✉♥çã♦ s♣❧✐♥❡✱ ❞♦ ❢❛t♦r ❛❞❛♣t❛t✐✈♦ ❡ ❞❛ r❡❣✉❧❛r✐③❛çã♦ ❢♦r❛♠ ♣♦s✐t✐✈♦s ❡♠ t♦❞♦s ♦s s❡♥t✐❞♦s✳
❆ ♥♦r♠❛❧✐③❛çã♦ ❝♦♠ ♠é❞✐❛ ❡ ❞❡s✈✐♦ ♣❛❞rã♦ ♥ã♦ ♠❡❧❤♦r♦✉ ♦s r❡s✉❧t❛❞♦s✳ ❚❛❧✈❡③ ♣❡❧♦s ♠❡s♠♦s
♠♦t✐✈♦s ❡①♣♦st♦s ❛❝✐♠❛✳

✻✳✽✳✸ ❘❡❞❡ ❘❇❋ ❆❘■❆

❆ ❛❜♦r❞❛❣❡♠ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ✇r❛♣♣❡r ✭❡♠♣❛❝♦t❛♠❡♥t♦✮ ❝♦♥s✐st❡ ❡♠ ✉t✐❧✐③❛r ✉♠ ❛❧❣♦r✐t♠♦
❞❡ ✐♥❞✉çã♦ ♣❛r❛ ❢❛③❡r ❛ ❛✈❛❧✐❛çã♦ ❞♦s s✉❜❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s✳ ❆s ✈❛♥t❛❣❡♥s ♣r✐♥❝✐♣❛✐s ❞❡st❡
♠ét♦❞♦ sã♦✿ ❧❡✈❛r ❡♠ ❝♦♥t❛ ♦ ✈✐és ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ✐♥❞✉çã♦❀ ❝♦♥s✐❞❡r❛r ❛s ✈❛r✐á✈❡✐s ❞❡♥tr♦
❞♦ ❝♦♥t❡①t♦✳ ❆ ♣r✐♥❝í♣✐♦ ❛ ❜✉s❝❛ é ❡①♣♦♥❡♥❝✐❛❧✱ ♠❛s ♣♦❞❡✲s❡ ✐♠♣❧❡♠❡♥t❛r ❜✉s❝❛s ❡st♦❝ást✐❝❛s
✭❛❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s✱ s✐♠✉❧❛t❡❞ ❛♥♥❡❛❧✐♥❣ ❡ ♦✉tr❛s✮ ♦✉ s❡qü❡♥❝✐❛✐s ✭❜✉s❝❛ ❞✐r❡t❛✱ ❡❧✐♠✐♥❛çã♦
♣❛r❛ trás ❡ ♦✉tr❛s✮✳ ❆ ❋✐❣✉r❛ ✸✳✸ ✐❧✉str❛ ❝♦♠ ♠❛✐s ❞❡t❛❧❤❡s ♦ ♠ét♦❞♦ ✇r❛♣♣❡r✳

❉✉r❛♥t❡ ♦ ❛♣r❡♥❞✐③❛❞♦ s✉♣❡r✈✐s✐♦♥❛❞♦ ❞❡ ♠áq✉✐♥❛✱ q✉❛♥❞♦ s❡ ✉t✐❧✐③❛ ♦s ♠ét♦❞♦s ✇r❛♣♣❡r✱
é ✐♠♣♦rt❛♥t❡ s❡ ♦❜t❡r ✉♠❛ ❜♦❛ ❣❡♥❡r❛❧✐③❛çã♦✱ ✉t✐❧✐③❛♥❞♦ ✉♠❛ ❝r✐t❡r✐♦s❛ s❡❧❡çã♦ ❞♦ ♠❡❧❤♦r
♠♦❞❡❧♦✳ ❖ ♣r♦❜❧❡♠❛ ❞❛ ❣❡♥❡r❛❧✐③❛çã♦ s❡ t♦r♥❛ ♠❛✐s ❝rít✐❝♦ q✉❛♥❞♦ ♦s ❞❛❞♦s sã♦ ✐♥❝♦♠♣❧❡t♦s
♦✉ ❝❛rr❡❣❛♠ r✉í❞♦s✳

❋♦r❛♠ ❛❥✉st❛❞♦s ♠♦❞❡❧♦s ♥❡✉r❛✐s ♠✉❧t✐✈❛r✐❛❞♦s ❡♠ q✉❡ ♦s ❝❡♥tr♦s sã♦ ❛❥✉st❛❞♦s ✈✐❛ ❛❧❣♦✲
r✐t♠♦ ❆❘■❆ ✭r❡❞❡ ❘❇❋ ❆❘■❆✮✳ ❊st❡s ♠♦❞❡❧♦s tê♠ ❝♦♠♦ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❛q✉❡❧❛s s❡❧❡❝✐✲
♦♥❛❞❛s ♥❛ ❙❡çã♦ ✻✳✻✳ ❖s r❡s✉❧t❛❞♦s s✐♥❛❧✐③❛♠ q✉❡ ❛ ♥♦r♠❛❧✐③❛çã♦ ✈✐❛ ♠é❞✐❛ ❡ ❞❡s✈✐♦ ♣❛❞rã♦
♠❡❧❤♦r❛♠ ❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s✳ ❙ã♦ ❛❥✉st❛❞❛s s♦♠❡♥t❡ r❡❞❡s ❘❇❋ ❝♦♠ ❢✉♥çõ❡s ❞❡ ❜❛s❡
❣❛✉ss✐❛♥❛s✳

❆ ❚❛❜❡❧❛ ✻✳✷✾ ❛♣r❡s❡♥t❛ ♦ ♠❡❧❤♦r ♠♦❞❡❧♦ ❡ ✐❧✉str❛ ♦ ❛❥✉st❡ ❞❡ ♦✉tr♦s ♠♦❞❡❧♦s ♥❡✉r❛✐s t✐♣♦
r❡❞❡ ❘❇❋ ❆❘■❆ ●❆❯❙❙ ♣❛r❛ ❛s ♣r❡✈✐sõ❡s ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛
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❈❛♥❞✐❞❛t❛s ❛ ✈❛r✐á✈❡✐s ❡♥tr❛❞❛ r ◆❡✉rô♥✐♦s ◆▼❙❊
♣t❛①✱ ❡✉r♦✱ ❧✐❜r❛✱ ❢r❛♥❝♦✱ ②❡♥❡ ❡ ❞✐❢ ❢❡❞ ❢✉♥❞s ✵✱✵✶✵✵ ✷✽✺ ✵✱✼✹✽✸

♣t❛①✱ ❡✉r♦✱ ❧✐❜r❛✱ ❢r❛♥❝♦ ❡ ②❡♥❡ ✵✱✵✶✵✵ ✶✽✾ ✵✱✻✾✼✹
♣t❛①✱ ❡✉r♦✱ ❧✐❜r❛✱ ❢r❛♥❝♦ ❡ ❞✐❢ ❢❡❞ ❢✉♥❞s ✵✱✵✶✵✵ ✶✸✹ ✵✱✻✸✹✻
♣t❛①✱ ❡✉r♦✱ ❧✐❜r❛✱ ②❡♥❡ ❡ ❞✐❢ ❢❡❞ ❢✉♥❞s ✵✱✵✶✵✵ ✶✷✾ ✵✱✼✷✺✻
♣t❛①✱ ❡✉r♦✱ ❢r❛♥❝♦✱ ②❡♥❡ ❡ ❞✐❢ ❢❡❞ ❢✉♥❞s ✵✱✵✶✵✵ ✶✶✾ ✵✱✻✺✽✹
♣t❛①✱ ❧✐❜r❛✱ ❢r❛♥❝♦✱ ②❡♥❡ ❡ ❞✐❢ ❢❡❞ ❢✉♥❞s ✵✱✵✶✵✵ ✶✾✾ ✵✱✼✸✼✾

♣t❛①✱ ❡✉r♦✱ ❧✐❜r❛ ❡ ②❡♥❡ ✵✱✵✶✵✵ ✶✺✾ ✵✱✼✸✺✾
♣t❛①✱ ❡✉r♦✱ ❧✐❜r❛ ❡ ❞✐❢ ❢❡❞ ❢✉♥❞s ✵✱✵✶✵✵ ✶✹✾ ✵✱✻✶✶✹
♣t❛①✱ ❡✉r♦✱ ②❡♥❡ ❡ ❞✐❢ ❢❡❞ ❢✉♥❞s ✵✱✵✶✵✵ ✶✽✼ ✵✱✻✺✼✽

♣t❛①✱ ❧✐❜r❛ ❡ ❞✐❢ ❢❡❞ ❢✉♥❞s ✵✱✵✵✶✵ ✽✷ ✵✱✻✸✹✾
♣t❛①✱ ❡✉r♦✱ ❧✐❜r❛ ❡ ②❡♥❡ ✵✱✵✵✶✵ ✷✶✶ ✵✱✻✻✼✾

♣t❛①✱ ❡✉r♦ ❡ ❞✐❢ ❢❡❞ ❢✉♥❞s ✵✱✵✵✷✵ ✷✷ ✵✱✺✽✺✵
♣t❛① ❡ ❞✐❢ ❢❡❞ ❢✉♥❞s ✵✱✵✵✵✽ ✶✽✷ ✵✱✼✸✹✷

♣t❛① ❡ ❡✉r♦ ✵✱✵✵✵✽ ✶✶✶ ✵✱✼✷✽✾
❚❛❜✳ ✻✳✷✾✿ ❆❥✉st❡ ❞♦s ♠♦❞❡❧♦s ❘❇❋ ❆❘■❆ ●❆❯❙❙ ♣❛r❛ ❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s
r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛

❖ ♠♦❞❡❧♦ ❘❇❋ ❆❘■❆ ●❆❯❙❙✱ t❡♥❞♦ ❝♦♠♦ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❛ ♣t❛①✱ ♦ ❡✉r♦ ❡ ❛ ❞✐❢❡r❡♥ç❛
❡♥tr❡ ♦ ❝✉♣♦♠ ❝❛♠❜✐❛❧ ❡ ❛ ❢❡❞ ❢✉♥❞s✱ ❢♦✐ ♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✱ ✐♥❞✐❝❛♥❞♦ q✉❡
❛ ❡s❝♦❧❤❛ ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ♥♦ ✇r❛♣♣❡r ❞❛ sér✐❡ ♥♦ t❡♠♣♦ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧
❜r❛s✐❧❡✐r❛ ❡r❛ ❝♦❡r❡♥t❡✳ ❖ ♣❛râ♠❡tr♦ r ❞❡ ❛❥✉st❡ ❞♦ ❛❧❣♦r✐t♠♦ ❆❘■❆ ❢♦✐ ❡st✐♠❛❞♦ ❡♠ ✵✱✵✵✷ ❡ ❛
r❡❞❡ ♥❡✉r❛❧ ❘❇❋ ✜❝♦✉ ❝♦♠ ✷✷ ♥❡✉rô♥✐♦s✳

❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❛s ♣r❡✈✐sõ❡s ❞❡st❛ sér✐❡ t❡♠♣♦r❛❧ ❝♦♠ ❡st❡ t✐♣♦ ❞❡ ♠♦❞❡❧♦ s✐♥❛❧✐③❛♠
q✉❡ ❡①✐st❡♠ ❝❧✉st❡rs ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ♣r❡❞✐t✐✈❛✱ ♠❛s ❛ sér✐❡ tê♠ ❝❛r❛❝t❡ríst✐❝❛s ❡st♦❝ást✐❝❛s✳

❆ ❚❛❜❡❧❛ ✻✳✸✵ ❛♣r❡s❡♥t❛ ♦ ♠❡❧❤♦r ♠♦❞❡❧♦ ❡ ✐❧✉str❛ ♦ ❛❥✉st❡ ❞❡ ♦✉tr♦s ♠♦❞❡❧♦s ♥❡✉r❛✐s t✐♣♦
r❡❞❡ ❘❇❋ ❆❘■❆ ●❆❯❙❙ ♣❛r❛ ❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ✉♠✐❞❛❞❡✳ ❆ ❡s❝♦❧❤❛ ❞♦ ♠❡❧❤♦r
♠♦❞❡❧♦ ♣❛r❛ ❛ ✉♠✐❞❛❞❡ s❡❣✉❡ ♦ ♠❡s♠♦ ♠ét♦❞♦ ✭✜❧tr♦ s❡❣✉✐❞♦ ❞❡ ✇r❛♣♣❡r ❜❛s❡❛❞♦ ❡♠ r❡❞❡s
♥❡✉r❛✐s✮ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡s❝♦❧❤❡r ♦ ♠❡❧❤♦r ♠♦❞❡❧♦ ❞❡ ♣r❡✈✐sã♦ ♣❛r❛ ❛ t❛①❛ ❞❡ ❝â♠❜✐♦✳
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❈❛♥❞✐❞❛t❛s ❛ ✈❛r✐á✈❡✐s ❡♥tr❛❞❛ r ◆❡✉rô♥✐♦s ◆▼❙❊
✉♠✐❞✱ t♠✐♥✱ t♠❡❞✱ t♠❛① ❡ ❝❤✉✈❛ ✵✱✵✵✵✸ ✶✾✸ ✶✱✾✼✹✵

✉♠✐❞✱ t♠✐♥✱ t♠❡❞ ❡ t♠❛① ✵✱✵✵✵✷ ✶✵✶ ✶✱✷✼✹✵
✉♠✐❞✱ t♠✐♥ ❡ t♠❡❞ ✵✱✵✵✵✵✾✼ ✾✼ ✵✱✽✺✺✽

✉♠✐❞ ❡ t♠❡❞ ✵✱✵✵✵✷ ✽✾ ✶✱✻✷✺✻
❚❛❜✳ ✻✳✸✵✿ ❆❥✉st❡ ❞♦s ♠♦❞❡❧♦s ❘❇❋ ❆❘■❆ ●❆❯❙❙ ♣❛r❛ ❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛
✉♠✐❞❛❞❡

❖ ♠♦❞❡❧♦ ❘❇❋ ❆❘■❆ ●❆❯❙❙✱ t❡♥❞♦ ❝♦♠♦ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❛ ✉♠✐❞❛❞❡✱ ❛ t❡♠♣❡r❛t✉r❛
♠í♥✐♠❛ ❡ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛✱ ❢♦✐ ♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ❛
❡s❝♦❧❤❛ ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ♥♦ ✇r❛♣♣❡r ❞❛ sér✐❡ ♥♦ t❡♠♣♦ ❞❛ ✉♠✐❞❛❞❡ ❡r❛ ❝♦❡r❡♥t❡✳ ❖
♣❛râ♠❡tr♦ r ❞❡ ❛❥✉st❡ ❞♦ ❛❧❣♦r✐t♠♦ ❆❘■❆ ❢♦✐ ❡st✐♠❛❞♦ ❡♠ ✵✱✵✵✵✵✾✼ ❡ ❛ r❡❞❡ ♥❡✉r❛❧ ❘❇❋ ✜❝♦✉
❝♦♠ ✾✼ ♥❡✉rô♥✐♦s✳

✻✳✾ ❆✈❛❧✐❛çã♦ ❝♦♥❥✉♥t❛ ❞♦s ♠♦❞❡❧♦s ❞❡ ♣r❡✈✐sã♦
❖s ✐♥✈❡st✐❞♦r❡s t❡♥t❛♠ ♠❛✐s ♠❛①✐♠✐③❛r ❧✉❝r♦s ❞♦ q✉❡ ♠✐♥✐♠✐③❛r ❡rr♦s✱ ❧♦❣♦ ♦s ❝r✐tér✐♦s ❞❡

♣r❡❝✐sã♦ ❝♦♠♦ ♦ ▼❋❙❊ ✭♠❡❛♥ sq✉❛r❡ ❢♦r❡❝❛st ❡rr♦r✮ ❡ ♦ ▼❆❋❊ ✭♠❡❛♥ ❛❜s♦❧✉t❡ ❢♦r❡❝❛st ❡rr♦r✮
♣♦❞❡♠ ♥ã♦ s❡r ♦s ♠❛✐s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ❛✈❛❧✐❛r ❛ ♣r❡❞✐çã♦ ❞❡ ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ ✜♥❛♥❝❡✐r❛✳

➱ ♠❛✐s ✐♠♣♦rt❛♥t❡ ✉t✐❧✐③❛r ♠❡❞✐❞❛s ❡❝♦♥ô♠✐❝❛s ❞❡ ❛✈❛❧✐❛çã♦ ❞❛ ♣r❡✈✐sã♦ ❞❡ ✉♠❛ sér✐❡ t❡♠✲
♣♦r❛❧ ✜♥❛♥❝❡✐r❛ ❝♦♠♦ ♦ ▼❋❚❘ ✭♠❡❛♥ ❢♦r❡❝❛st tr❛❞✐♥❣ r❡t✉r♥s✮ ❞♦ q✉❡ ✉♠ ❝r✐tér✐♦ ❡st❛tíst✐❝♦
q✉❡ ♠✐♥✐♠✐③❛ ❡rr♦s ❝♦♠♦ ♦ ▼❙❋❊✱ q✉❡ ♣♦❞❡ ❣❡r❛r ❞✐st♦rçõ❡s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ tr❛♥s❢♦r♠❛✲
çã♦ ✉t✐❧✐③❛❞❛✳ ❖ ▼❈❋❉ ✭♠❡❛♥ ❝♦rr❡❝t ❢♦r❡❝❛st ❞✐r❡❝t✐♦♥✮ é ❜❛st❛♥t❡ ❛ss♦❝✐❛❞♦ ❛ ✉♠❛ ♠❡❞✐❞❛
❡❝♦♥ô♠✐❝❛ ❥á q✉❡ ❡❧❡ é r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ♦ t❡♠♣♦ ✭t✐♠✐♥❣✮ ❞❡ ♠❡r❝❛❞♦ ❡ s❡rá ✉t✐❧✐③❛❞♦✳ ◆♦s
r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛s s✐♠✉❧❛çõ❡s r❡❛❧✐③❛❞❛s✱ q✉❡ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✱
♦s ✐♠♣♦st♦s✱ ♦s ❞✐❢❡r❡♥❝✐❛✐s ❞❡ t❛①❛s ❞❡ ❥✉r♦s ❡ ♦s ❝✉st♦s ❞❡ tr❛♥s❛çã♦ sã♦ ✐❣♥♦r❛❞♦s ❡ ❛ss✉♠❡✲s❡
q✉❡ ♥ã♦ s❡ t❡♠ r❡str✐çõ❡s ❞❡ ♦rç❛♠❡♥t♦✳

❯♠ ♠ét♦❞♦ ❡st❛tíst✐❝♦ ❞❡ ❤❛❜✐❧✐❞❛❞❡ ♣r❡❞✐t✐✈❛ ♠✉✐t♦ ❛♣❧✐❝❛❞♦ ♥❛s ár❡❛s ❞❡ sér✐❡s t❡♠♣♦✲
r❛✐s ♥ã♦ ❧✐♥❡❛r❡s é ♦ ◆▼❙❊ ✭♥♦r♠❛❧✐③❡❞ ♠❡❛♥ sq✉❛r❡ ❡rr♦r✮ ❜❛s❡❛❞♦ ♥♦ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦✳ ◆❛
❛✈❛❧✐❛çã♦ ❢♦r❛ ❞❛ ❛♠♦str❛ ❞♦s ♠♦❞❡❧♦s✱ t♦❞❛s ❛s t❛❜❡❧❛s✱ ❡①❝❡t♦ ❛s r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ♦ ◆▼❙❊✱
r❡♣♦rt❛♠ ♦ t❡st❡ ❞❡ ❲❤✐t❡ ✭✷✵✵✵✮✱ ❡♠ q✉❡ ♦ PRC1 é ♦ ❜♦♦tstr❛♣ ♣✲✈❛❧♦r ♣❛r❛ ❝♦♠♣❛r❛r ✐♥❞✐✈✐✲
❞✉❛❧♠❡♥t❡ ❝❛❞❛ ♠♦❞❡❧♦ ❝♦♠ ♦ ♠♦❞❡❧♦ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ ❡ ♦ PRC2 é ♦ ♣✲✈❛❧♦r ❞♦ t❡st❡ q✉❡
❝♦♠♣❛r❛ ♦s l ♠♦❞❡❧♦s ❝♦♠ ♦ ♠♦❞❡❧♦ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡✳ ❆ ❤✐♣ót❡s❡ ♥✉❧❛ ❞♦ PRC2 é q✉❡ ♦
♠❡❧❤♦r ❞♦s l ♠♦❞❡❧♦s ♥ã♦ t❡♠ s✉♣❡r✐♦r✐❞❛❞❡ ♣r❡❞✐t✐✈❛ s♦❜r❡ ♦ ♠♦❞❡❧♦ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡✳ ❖
ú❧t✐♠♦ ♥ú♠❡r♦ ❞❡ PRC2 ❝❤❡❝❛ s❡ ♦ ♠❡❧❤♦r ♠♦❞❡❧♦ ❞♦s ♠♦❞❡❧♦s ❝♦♠♣❛r❛❞♦s t❡♠ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡
s✉♣❡r✐♦r s♦❜r❡ ❛ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡✳ ❆ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❝❛❞❛ PRC1 ❡ ♦ ú❧t✐♠♦ PRC2 ❢♦r♥❡❝❡
✉♠❛ ✐❞é✐❛ ❞♦ ❜✐❛s ♥❛ ♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s✳ ❊st❡ t❡st❡ ♣♦ss✐❜✐❧✐t❛ ❛ q✉❛♥t✐✜❝❛çã♦ ❞♦ ❡❢❡✐t♦ ❞❛
❜✉s❝❛ ❝❡❣❛ ❞❡ ❡s♣❡❝✐✜❝❛çã♦ ❞♦ ♠♦❞❡❧♦✱ s❡♣❛r❛♥❞♦ ♦ ❡s♣úr✐♦ ❞♦ r❡❧❡✈❛♥t❡✳

❆ ❚❛❜❡❧❛ ✻✳✸✶ ❛♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s ❞♦ ◆▼❙❊ ❞❛s ♣r❡✈✐sõ❡s ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧
❜r❛s✐❧❡✐r❛✳
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▼ét♦❞♦ ◆▼❙❊ BK(1) PT (2) DM (3)

▼❛rt✐♥❣❛❧❡ ✵✱✺✽✹✶ ✲ ✷✱✾✼✸✹ ✶✱✺✻✵✵
❆❘▼❆✲●❆❘❈❍ ✵✱✺✼✾✵ ✲ ✷✱✹✷✹✵ ✷✱✸✹✹✺
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❈♦♠❜✐♥❛❞♦ ✵✱✺✻✾✶ ✲ ✶✱✼✼✷✵ ✶✱✼✺✽✾

❚❛❜✳ ✻✳✸✶✿ ❘❡s✉❧t❛❞♦s ❞♦ ◆▼❙❊ ♣❛r❛ ❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛
❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛

✭✶✮ ❚❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❇▲❆❑❊ ❛♥❞ ❑❆P❊❚❆◆■❖❙✱ ✷✵✵✸❪❀
✭✷✮ ❚❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬P❊❙❆❘❆◆ ❛♥❞ ❚■▼▼❊❘◆❆◆◆✱ ✶✾✾✷❪❀
✭✸✮ ❚❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❉■❊❇❖▲❉ ❛♥❞ ▼❆❘■❆◆❖✱ ✶✾✾✺❪✳

❖ ♠♦❞❡❧♦ ❘❇❋ P❈❆ ❙P▲■◆❊ ❢♦✐ ♦ q✉❡ ❛♣r❡s❡♥t♦✉ ❛s ♠❡❧❤♦r❡s ♣r❡✈✐sõ❡s ❞♦s r❡t♦r♥♦s ❞❛
t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛✱ ❜❛t❡♥❞♦ ♦ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦✱ ✐♥❝❧✉s✐✈❡ ❝♦♠ ✈❛❧♦r ❜❡♠ ♠❡♥♦r q✉❡ ❛
❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡✳ ❖s r❡s✉❧t❛❞♦s ❞♦ t❡st❡ ❞❡ ❇▲❆❑❊ ❡ ❑❆P❊❚❆◆■❖❙ ✭✷✵✵✸✮ ✐♥❞✐❝❛♠ q✉❡
❛s r❡❞❡s ♥❡✉r❛✐s ♥ã♦ ♥❡❣❧✐❣❡♥❝✐❛r❛♠ ❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✳ ❖s ✈❛❧♦r❡s ❞♦s t❡st❡s ❞❡ ❉■❊❇❖▲❉ ❡
▼❆❘■❆◆❖ ✭✶✾✾✺✮ ❡ P❊❙❆❘❆▼ ❡ ❚■▼▼❊❘▼❆◆◆ ✭✶✾✾✷✮ sã♦ ♠❡♥♦r❡s q✉❡ ♦s ✈❛❧♦r❡s ❝rít✐❝♦s✳

❆ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❞❡❢❛s❛❣❡♠ ✭❧❛❣✮ ❡ ❞❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ✭❡♠❜❡❞❞✐♥❣✮ ❢♦✐ ✐♥✐❝✐❛❧♠❡♥t❡
r❡❛❧✐③❛❞❛ ♣♦r ♠❡✐♦ ❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛✱ ❡ ♣♦st❡r✐♦r♠❡♥t❡ ♦ ❛❥✉st❡ ✜♥❛❧ ❢♦✐ ❢❡✐t♦ ✈✐❛ ❘◆❆✳
❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ♣❛r❛ ♦ ✈❛❧♦r ❞❡ L ❢♦✐ ♠❛✐s ♣ró①✐♠♦ ❞♦ ✈❛❧♦r
❛❥✉st❛❞♦ ♣❡❧❛ r❡❞❡ ♥❡✉r❛❧✳ ■st♦ s❡ ❞❡✈❡ ❛♦ ❢❛t♦ ❞❡st❛ ❞❡❢❛s❛❣❡♠ s❡r ❡st✐♠❛❞❛ ✈✐❛ ♠ét♦❞♦ ❛♣r❡✲
s❡♥t❛❞♦ ❡♠ ❬❈❊▲▲❯❈❈■ ❡t ❛❧✳✱ ✷✵✵✺❪ q✉❡ ❧❡✈❛ ❡♠ ❝♦♥t❛ ❛ ❞✐str✐❜✉✐çã♦ ❞♦s ❜✐♥s ♥♦ ❤✐st♦❣r❛♠❛✳
❆ ❝❛♣❛❝✐❞❛❞❡ ❛t✉❛❧ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦s r❡❝✉rs♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❢❛❝✐❧✐t❛ ♦ ❛❥✉st❡ ❛✉t♦♠át✐❝♦
❞♦s ✈❛❧♦r❡s ❞❡ L ❡ M ✱ r❡st❛♥❞♦ ♣❛r❛ ❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ♦ ♣❛♣❡❧ ❞❛ ❛♥á❧✐s❡ ❞❛ ❞✐♥â♠✐❝❛
♥ã♦ ❧✐♥❡❛r ❞♦ ♣r♦❝❡ss♦✳

❆s ❚❛❜❡❧❛s ✻✳✸✷ ❡ ✻✳✸✸ ❛♣r❡s❡♥t❛♠ r❡s♣❡❝t✐✈❛♠❡♥t❡ ♦s r❡s✉❧t❛❞♦s ❞♦ ▼❙❋❊ ❡ ❞♦ ▼❆❋❊ ❞❛s
♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛✳
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▼ét♦❞♦ ▼❙❋❊ PRC1 PRC2
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❚❛❜✳ ✻✳✸✷✿ ❘❡s✉❧t❛❞♦s ❞♦ ▼❙❋❊ ❞❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧
❜r❛s✐❧❡✐r❛

▼ét♦❞♦ ▼❆❋❊ PRC1 PRC2

▼❛rt✐♥❣❛❧❡ ✵✱✵✵✹✹ ✲ ✲
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❘❇❋ ❆❘■❆ ✵✱✵✵✸✺ ✵✱✵✷✻✵ ✵✱✵✵✶✵
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❚❛❜✳ ✻✳✸✸✿ ❘❡s✉❧t❛❞♦s ❞♦ ▼❆❋❊ ❞❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧
❜r❛s✐❧❡✐r❛

❖ ♠♦❞❡❧♦ ❆❘▼❆✲●❆❘❈❍ ❢♦✐ ♦ q✉❡ ❛♣r❡s❡♥t♦✉ ❛ ♠❡❧❤♦r ❡st❛tíst✐❝❛ ▼❙❋❊ ❡ ♦s ✈❛❧♦r❡s
❞❡ PRC1 ❡ ❞♦ ú❧t✐♠♦ ✈❛❧♦r ❞❡ PRC2 sã♦ s✐❣♥✐✜❝❛♥t❡s✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ♦s r❡s✉❧t❛❞♦s ❞❡ ♣r❡✈✐sã♦
sã♦ ❝♦♥s✐st❡♥t❡s✳ ❖ ♠♦❞❡❧♦ ❆❘▼❆✲●❆❘❈❍ r❡❛❧♠❡♥t❡ ❢♦✐ s✉♣❡r✐♦r ♥❡st❡ ❝r✐tér✐♦ ❡st❛tíst✐❝♦
❡ ♥ã♦ ♦❝♦rr❡✉ ❜✐❛s ♥❛ ♠✐♥❡r❛çã♦ ❞♦s ❞❛❞♦s✳ ❖ ♠♦❞❡❧♦ ❆❘▼❆✲●❆❘❈❍ t❛♠❜é♠ ❢♦✐ ♦ q✉❡
❛♣r❡s❡♥t♦✉ ❛ ♠❡❧❤♦r ❡st❛tíst✐❝❛ ♣❛r❛ ♦ ▼❆❋❊✱ ♦s ✈❛❧♦r❡s ❞❡ PRC1 ❡ ❞♦ ú❧t✐♠♦ ✈❛❧♦r ❞❡ PRC2

sã♦ s✐❣♥✐✜❝❛♥t❡s✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ♦s r❡s✉❧t❛❞♦s ❞❡ ♣r❡✈✐sã♦ sã♦ ❝♦♥s✐st❡♥t❡s✳
❆❞✈♦❣❛✲s❡ q✉❡ ♦ s✉❝❡ss♦ ❞♦s ♠♦❞❡❧♦s ❆❘▼❆✲●❆❘❈❍ ♥❡st❛ ❛♣❧✐❝❛çã♦ ♣♦❞❡ t❡r s✐❞♦ ❞❡✈✐❞♦ à

♠❛❣♥✐t✉❞❡ ❞❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✱ ♦✉ s❡❥❛✱ ♦s ✈❛❧♦r❡s ❞❛s ❛♠♦str❛s ❞♦s r❡t♦r♥♦s sã♦ ♣❡q✉❡♥♦s✳ ❆s✲
s✐♠✱ ♠❡s♠♦ t❡♥❞♦ s✐❞♦ ❝♦♥st❛t❛❞♦ ❛ ♣r❡s❡♥ç❛ ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✱ ♦s ♠♦❞❡❧♦s ❆❘▼❆✲●❆❘❈❍
❝♦♥s❡❣✉✐r❛♠ ❝❛♣tá✲❧❛s✳

❆ ❡s❝♦❧❤❛ ❞❛ ❢✉♥çã♦ ❞❡ ♣❡r❞❛ ✭◆▼❙❊ ❡ ▼❙❋❊✮ ❥á ❛❢❡t♦✉ ♦s r❡s✉❧t❛❞♦s ❞❛s ❛✈❛❧✐❛çõ❡s ❞♦s
♠♦❞❡❧♦s✳ ❖s r❡s✉❧t❛❞♦s s✐♥❛❧✐③❛♠ q✉❡ ❢♦r❛♠ s✉♣❡r❛❞♦s ♦s ♠♦❞❡❧♦s ♣❛ss❡✐♦ ❛❧❡❛tór✐♦ ✭◆▼❙❊✮ ❡
❛ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡ ♥❛ ♠é❞✐❛ ✭▼❙❋❊ ❡ ▼❆❋❊✮✳

❆s ❚❛❜❡❧❛s ✻✳✸✹ ❡ ✻✳✸✺ ❛♣r❡s❡♥t❛♠ r❡s♣❡❝t✐✈❛♠❡♥t❡ ♦s r❡s✉❧t❛❞♦s ❞♦ ▼❋❚❘ ❡ ▼❈❋❉ ❞❛s
♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛✳
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▼ét♦❞♦ ▼❋❚❘ PRC1 PRC2

▼❛rt✐♥❣❛❧❡ ✷✱✽✺✾✸❡✲✵✵✺ ✲ ✲
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❘❇❋ ❆❘■❆ ✾✱✹✶✶✾❡✲✵✵✹ ✵✱✵✻✻✵ ✵✱✵✾✹✵
❈♦♠❜✐♥❛❞♦ ✹✱✶✵✼✹❡✲✵✵✹ ✵✱✶✺✻✵ ✵✱✹✻✷✵

❚❛❜✳ ✻✳✸✹✿ ❘❡s✉❧t❛❞♦s ❞♦ ▼❋❚❘ ❞❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧
❜r❛s✐❧❡✐r❛

▼ét♦❞♦ ▼❈❋❉ PRC1 PRC2

▼❛rt✐♥❣❛❧❡ ✵✱✹✼✺✵ ✲ ✲
❆❘▼❆✲●❆❘❈❍ ✵✱✺✵✵✵ ✵✱✷✸✵✵ ✵✱✷✽✷✵

❘❇❋ P❈❆ ●❆❯❙❙ ✵✱✺✷✺✵ ✵✱✶✹✼✵ ✵✱✸✾✽✵
❘❇❋ P❈❆ ❙P▲■◆❊ ✵✱✹✽✺✵ ✵✱✾✸✺✵ ✵✱✺✷✽✵

❘❇❋ ❆❘■❆ ✵✱✺✸✺✵ ✵✱✵✽✾✵ ✵✱✺✹✺✵
❈♦♠❜✐♥❛❞♦ ✵✱✺✶✵✵ ✵✱✶✹✽✵ ✵✱✵✾✻✵

❚❛❜✳ ✻✳✸✺✿ ❘❡s✉❧t❛❞♦s ❞♦ ▼❈❋❉ ❞❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧
❜r❛s✐❧❡✐r❛

❖ ♠♦❞❡❧♦ ❘❇❋ ❆❘■❆ ❢♦✐ ♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♦ ♠❡❧❤♦r r❡t♦r♥♦ ✭✵✱✵✵✵✾✹✮ ❞❡ ♥❡❣♦❝✐❛çã♦✳ ◆ã♦
♣❛r❡❝❡ ✉♠ r❡s✉❧t❛❞♦ ❞❡ ♥❡❣♦❝✐❛çã♦ ❛tr❛❡♥t❡✳ ❊♥tr❡t❛♥t♦✱ ❤♦✉✈❡ ✉♠❛ q✉❡❞❛ s✐❣♥✐✜❝❛t✐✈❛ ❞❛
t❛①❛ ❞❡ ❝â♠❜✐♦ ♥♦ ♣❡rí♦❞♦ ❛♥❛❧✐s❛❞♦ ❡ ✐st♦ s✐♥❛❧✐③❛ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ q✉❡ s❡ ♣ô❞❡ ♥❡✉tr❛❧✐③❛r
♦s ♣r❡❥✉í③♦s ❝♦♠ ♦ ❝â♠❜✐♦✳ ❖s ✈❛❧♦r❡s ❞♦ PRC1 ❡ ❞♦ ú❧t✐♠♦ PRC2 ✐♥❞✐❝❛♠ q✉❡ ♥ã♦ ♦❝♦rr❡✉ ❜✐❛s
♥❛ ♠✐♥❡r❛çã♦ ❞♦s ❞❛❞♦s✳

❖ ♠♦❞❡❧♦ ❘❇❋ ❆❘■❆ ❢♦✐ ♦ q✉❡ ❛♣r❡s❡♥t♦✉ ❛ ♠❡❧❤♦r ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❝❡rt❛r ❛ ❞✐r❡çã♦ ✭✺✸✳✺✵
♣♦r ❝❡♥t♦✮ ❞❛ ♣ró①✐♠❛ ✈❛r✐❛çã♦✳ ❖ ✈❛❧♦r ❞♦ PRC1 é s✐❣♥✐✜❝❛♥t❡ ❡ ♦ ✈❛❧♦r ❞♦ ú❧t✐♠♦ PRC2 ✐♥❞✐❝❛
q✉❡ ♥ã♦ ♦❝♦rr❡✉ ✉♠ ❜✐❛s ♥❛ ♠✐♥❡r❛çã♦ ❞♦s ❞❛❞♦s✳

❖s ♠♦❞❡❧♦s ❘❇❋ ❆❘■❆ ❝♦♠ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s tê♠ s✉♣❡r✐♦r✐❞❛❞❡ ♣r❡❞✐t✐✈❛ ❡❝♦♥ô♠✐❝❛
❡♠ r❡❧❛çã♦ ❛♦s ♦✉tr♦s ♠♦❞❡❧♦s ❛❥✉st❛❞♦s✳ ❖ ♠♦❞❡❧♦ ❘❇❋ ❆❘■❆ ❝♦♠ ❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s
t❛♠❜é♠ é s✉♣❡r✐♦r ❛♦ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦✳ ❆ss✐♠✱ ❢♦✐ ♣r♦✈❛❞♦ ❡♠♣✐r✐❝❛♠❡♥t❡ q✉❡ ❛ t❛①❛ ❞❡ ❝â♠❜✐♦
❜r❛s✐❧❡✐r❛ ♥ã♦ é ✉♠ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦ ❡ ♥❡♠ ✉♠❛ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡✳ ▲♦❣♦✱ t❡♠ ❛❧❣✉♠ ♥í✈❡❧
❞❡ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡✳

❆ ❚❛❜❡❧❛ ✻✳✸✻ ❛♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s ❞♦ ◆▼❙❊ ❞❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ✉♠✐❞❛❞❡✳



❈❆P❮❚❯▲❖ ✻✳ ❘❊❙❯▲❚❆❉❖❙ ✶✹✹

▼ét♦❞♦ ◆▼❙❊ BK(1) PT (2) DM (3)

▼❛rt✐♥❣❛❧❡ ✶✱✷✼✾✽ ✲ ✵✱✾✽✶✵ ✵✱✽✼✺✻
❆❘▼❆✲●❆❘❈❍ ✺✶✶✱✺✽ ✲ ✵✱✵✾✵✽ ✵✱✵✼✹✸

❘❇❋ P❈❆ ●❆❯❙❙ ✵✱✹✻✹✵ ✵✱✵✵✶✺ ✸✱✽✷✺✽ ✽✱✻✺✽✽
❘❇❋ P❈❆ ❙P▲■◆❊ ✵✱✹✸✽✺ ✵✱✵✹✺✼ ✵✱✽✶✹✻ ✶✱✺✽✸✸

❘❇❋ ❆❘■❆ ✵✱✽✺✺✽ ✵✱✹✾✽✵ ✶✱✺✹✾✼ ✶✱✶✽✾✵
❈♦♠❜✐♥❛❞♦ ✵✱✻✵✾✶ ✲ ✶✱✻✼✷✵ ✶✱✼✽✺✸

❚❛❜✳ ✻✳✸✻✿ ❘❡s✉❧t❛❞♦s ❞♦ ◆▼❙❊ ❞❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ✉♠✐❞❛❞❡

✭✶✮ ❚❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❇▲❆❑❊ ❛♥❞ ❑❆P❊❚❆◆■❖❙✱ ✷✵✵✸❪❀
✭✷✮ ❚❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬P❊❙❆❘❆◆ ❛♥❞ ❚■▼▼❊❘◆❆◆◆✱ ✶✾✾✷❪❀
✭✸✮ ❚❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❉■❊❇❖▲❉ ❛♥❞ ▼❆❘■❆◆❖✱ ✶✾✾✺❪✳

❖s ♠♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠ r❡❞❡s ♥❡✉r❛✐s ❛♣r❡s❡♥t❛r❛♠ ♠❡❧❤♦r❡s ♣r❡✈✐sõ❡s q✉❡ ❛ ❞✐❢❡r❡♥ç❛
▼❛rt✐♥❣❛❧❡✳ ❊♥tr❡t❛♥t♦✱ ♦ ♠♦❞❡❧♦ ❘❇❋ P❈❆ ❙P▲■◆❊ ❛♣r❡s❡♥t♦✉ ❛s ♠❡❧❤♦r❡s ♣r❡✈✐sõ❡s✳ ❖s
t❡st❡s ❞❡ ❇▲❆❑❊ ❡ ❑❆P❊❚❆◆■❖❙ ✭✷✵✵✸✮ ✐♥❞✐❝❛♠ q✉❡ ❛s r❡❞❡s ♥❡✉r❛✐s ♥ã♦ ♥❡❣❧✐❣❡♥❝✐❛r❛♠
❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✳ ❖s ✈❛❧♦r❡s ❞♦s t❡st❡s ❞❡ ❉■❊❇❖▲❉ ❡ ▼❆❘■❆◆❖ ✭✶✾✾✺✮ ❡ P❊❙❆❘❆▼ ❡
❚■▼▼❊❘▼❆◆◆ ✭✶✾✾✷✮ sã♦ ♠❡♥♦r❡s q✉❡ ♦s ✈❛❧♦r❡s ❝rít✐❝♦s✳

❆ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❞❡❢❛s❛❣❡♠ ✭❧❛❣✮ ❡ ❞❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ✭❡♠❜❡❞❞✐♥❣✮ t❛♠❜é♠ ❢♦✐
✐♥✐❝✐❛❧♠❡♥t❡ r❡❛❧✐③❛❞❛ ♣♦r ♠❡✐♦ ❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛✱ ❡ ♦ ❛❥✉st❡ ✜♥❛❧ ❢♦✐ ❢❡✐t♦ ✈✐❛ ❘◆❆✳
❖ r❡s✉❧t❛❞♦ ♦❜t✐❞♦ ♥❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛ ♣❛r❛ ♦ ✈❛❧♦r ❞❡ L t❛♠❜é♠ ❢♦✐ ♠❛✐s ♣ró①✐♠♦ ❞♦
✈❛❧♦r ❛❥✉st❛❞♦ ♣❡❧❛ r❡❞❡ ♥❡✉r❛❧✳ ■st♦ t❛♠❜é♠ s❡ ❞❡✈❡ ❛♦ ❢❛t♦ ❞❡st❛ ❞❡❢❛s❛❣❡♠ s❡r ❡st✐♠❛❞❛ ✈✐❛
♠ét♦❞♦ ❞❡ ❈❊▲▲❯❈❈■ ❡t ❛❧✳✭✷✵✵✺✮ q✉❡ ❧❡✈❛ ❡♠ ❝♦♥t❛ ❛ ❞✐str✐❜✉✐çã♦ ❞♦s ❜✐♥s ♥♦ ❤✐st♦❣r❛♠❛✳

❋♦✐ ❝♦♥st❛t❛❞♦ q✉❡ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❞✐♠❡♥sã♦M ❞❡ ✐♠❡rsã♦ ✭❡♠❜❡❞❞✐♥❣✮ ❡ ❞❛ ❞❡❢❛s❛❣❡♠
L ✭❧❛❣✮ ♣♦r ♠❡✐♦ ❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛✱ ♥♦ ❝♦♥t❡①t♦ ❞❡st❛ t❡s❡✱ ❢♦✐ ❞❡ ♣♦✉❝❛ ✈❛❧✐❛✳ ❖s
✈❛❧♦r❡s ❛❥✉st❛❞♦s ✈✐❛ r❡❞❡s ♥❡✉r❛✐s ❛♣r❡s❡♥t❛r❛♠ ♠❡❧❤♦r q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦✱ r❛♣✐❞❡③ ♥♦
♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❡ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❜❛✐①♦✳

❆s ❚❛❜❡❧❛s ✻✳✸✼ ❡ ✻✳✸✽ ❛♣r❡s❡♥t❛♠ ♦s r❡s✉❧t❛❞♦s ❞♦ ▼❙❋❊ ❡ ❞♦ ▼❆❋❊ ❞❛s ♣r❡✈✐sõ❡s ❞❛
sér✐❡ t❡♠♣♦r❛❧ ❞❛ ✉♠✐❞❛❞❡✳
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▼ét♦❞♦ ▼❙❋❊ PRC1 PRC2

▼❛rt✐♥❣❛❧❡ ✷✷✽✱✹✶✸✺ ✲ ✲
❆❘▼❆✲●❆❘❈❍ ✾✱✶✺✻✶ ✵✱✾✽✻✵ ✵✱✺✵✽✵

❘❇❋ P❈❆ ●❆❯❙❙ ✵✱✵✶✾✷ ✵✱✶✻✻✵ ✵✱✼✺✽✵
❘❇❋ P❈❆ ❙P▲■◆❊ ✵✱✵✷✺✼ ✵✱✼✷✷✵ ✵✱✽✼✻✵
❘❇❋ ❆❘■❆ ✵✱✵✶✹✷ ✵✱✵✵✷✻ ✵✱✾✸✻✵
❈♦♠❜✐♥❛❞♦ ✵✱✵✷✷✵ ✵✱✸✽✹✵ ✵✱✾✺✻✵

❚❛❜✳ ✻✳✸✼✿ ❘❡s✉❧t❛❞♦s ❞♦ ▼❙❋❊ ❞❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ✉♠✐❞❛❞❡

▼ét♦❞♦ ▼❆❋❊ PRC1 PRC2

▼❛rt✐♥❣❛❧❡ ✶✷✱✻✸✼✽ ✲ ✲
❆❘▼❆✲●❆❘❈❍ ✷✼✸✱✼✶✸✵ ✵✱✾✾✻✽ ✵✱✺✸✹✵

❘❇❋ P❈❆ ●❆❯❙❙ ✾✱✾✵✷✺ ✵✱✵✶✵✶ ✵✱✼✸✽✵
❘❇❋ P❈❆ ❙P▲■◆❊ ✶✶✱✺✵✾✺ ✵✱✵✾✹✵ ✵✱✽✼✵✵

❘❇❋ ❆❘■❆ ✾✱✼✷✻✼ ✵✱✵✵✸✵ ✵✱✾✷✵✵
❈♦♠❜✐♥❛❞♦ ✶✵✱✺✼✹✵ ✵✱✵✵✹✵ ✵✱✾✺✻✵

❚❛❜✳ ✻✳✸✽✿ ❘❡s✉❧t❛❞♦s ❞♦ ▼❆❋❊ ❞❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ✉♠✐❞❛❞❡

❖ ♠♦❞❡❧♦ ❘❇❋ ❆❘■❆ ❢♦✐ ♦ q✉❡ ❛♣r❡s❡♥t♦✉ ❛ ♠❡❧❤♦r ❡st❛tíst✐❝❛ ▼❙❋❊✱ ♦ ✈❛❧♦r ❞♦ PRC1

é s✐❣♥✐✜❝❛♥t❡✳ ❊♥tr❡t❛♥t♦✱ ♦ ✈❛❧♦r ❞♦ ú❧t✐♠♦ PRC2 ✐♥❞✐❝❛ q✉❡ ♣♦❞❡ t❡r ♦❝♦rr✐❞♦ ✉♠ ❜✐❛s ♥❛
♠✐♥❡r❛çã♦ ❞♦s ❞❛❞♦s✳

❖ ♠♦❞❡❧♦ ❘❇❋ ❆❘■❆ t❛♠❜é♠ ❢♦✐ ♦ q✉❡ ❛♣r❡s❡♥t♦✉ ❛ ♠❡❧❤♦r ❡st❛tíst✐❝❛ ▼❆❋❊✱ ♦ ✈❛❧♦r ❞♦
PRC1 é s✐❣♥✐✜❝❛♥t❡✳ ❊♥tr❡t❛♥t♦✱ ♦ ✈❛❧♦r ❞♦ ú❧t✐♠♦ PRC2 t❛♠❜é♠ ✐♥❞✐❝❛ q✉❡ ♣♦❞❡ t❡r ♦❝♦rr✐❞♦
✉♠ ❜✐❛s ♥❛ ♠✐♥❡r❛çã♦ ❞♦s ❞❛❞♦s✳

❊♥tr❡t❛♥t♦✱ ♦ t❡st❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬❲❍■❚❊✱ ✷✵✵✵❪ é ♠✉✐t♦ ❝♦♥s❡r✈❛❞♦r ❡ s❡♥sí✈❡❧ ❛ ♠♦❞❡❧♦s
❝♦♠ ♣r❡✈✐sõ❡s ♣♦❜r❡s ❡♠ r❡❧❛çã♦ ❛♦s ♦✉tr♦s ♠♦❞❡❧♦s ❝♦♠♣❛r❛❞♦s✱ q✉❡ é ♦ ❝❛s♦ ❞❛s ♣r❡✈✐sõ❡s
❞❡ ❜❛✐①❛ q✉❛❧✐❞❛❞❡ ❞♦s ♠♦❞❡❧♦s ❆❘▼❆✲●❆❘❈❍ ❛♣♦♥t❛❞❛s ♣❡❧❛s ❡st❛tíst✐❝❛s ▼❙❋❊ ❡ ▼❆❋❊✳
P♦❞❡ ♦❝♦rr❡r q✉❡ ♦ ✈❛❧♦r ❞♦ PRC2 s✐❣♥✐✜❝❛♥t❡ ♥ã♦ ❡st❛r r❡✢❡t✐♥❞♦ ♦s ❢❛t♦s✱ ❧♦❣♦ ❡st❡ t❡st❡ é
♠❛✐s ✐♥❞✐❝❛❞♦ ♣❛r❛ ❣❛r❛♥t✐r q✉❡ ♥ã♦ ♦❝♦rr❡✉ ❜✐❛s ♥❛ ♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s ❞♦ q✉❡ ♣❛r❛ ❝♦♥✜r♠á✲
❧♦✳ ❊s♣❡❝✐✜❝❛♠❡♥t❡✱ ❡st❡ t❡st❡ ❢♦✐ ❝♦♥str✉í❞♦ ❝♦♠♦ s❡♥❞♦ ✉♠ t❡st❡ ❞❡ ❤✐♣ót❡s❡ ♥✉❧❛ s✐♠♣❧❡s✱
❝♦♠♣❛r❛♥❞♦ s♦♠❡♥t❡ ❞♦✐s ♠♦❞❡❧♦s✱ ❡♥q✉❛♥t♦ s✉❛ ❛♣❧✐❝❛çã♦ ❣❡r❛❧♠❡♥t❡ é ❞❡ ❢❛t♦ ❝♦♥❥✉♥t❛✱
❛✈❛❧✐❛♥❞♦ ♠❛✐s ❞❡ ❞♦✐s ♠♦❞❡❧♦s ❛♦ ♠❡s♠♦ t❡♠♣♦✳ ❍❆◆❙❊◆ ✭✷✵✵✺✮ ❞❡t❛❧❤❛ ❡st❡ ❡ ♦✉tr♦s
♣r♦❜❧❡♠❛s✱ ♦❜s❡r✈❛♥❞♦ q✉❡ ❡st❡ t❡st❡ ♣♦❞❡ ❣❡r❛r ♣✲✈❛❧♦r❡s ✐♥❝♦♥s✐st❡♥t❡s ❡ ❝r✐♦✉ ✉♠ t❡st❡
❛❧t❡r♥❛t✐✈♦✳

❆ ❚❛❜❡❧❛ ✻✳✸✾ ❛♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s ❞♦ ▼❈❋❉ ❞❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ✉♠✐❞❛❞❡✳
❏á ❛ ✉t✐❧✐③❛çã♦ ❞♦ ▼❋❚❘ ♣❛r❛ ❡st❛ ❛♣❧✐❝❛çã♦✱ q✉❡ ♥ã♦ é ❞❛ ár❡❛ ❡❝♦♥ô♠✐❝❛✱ ♥ã♦ ❢❛③ ♠✉✐t♦
s❡♥t✐❞♦✳



❈❆P❮❚❯▲❖ ✻✳ ❘❊❙❯▲❚❆❉❖❙ ✶✹✻

▼ét♦❞♦ ▼❈❋❉ PRC1 PRC2

▼❛rt✐♥❣❛❧❡ ✵✱✻✶✽✶ ✲ ✲
❆❘▼❆✲●❆❘❈❍ ✵✱✹✻✼✸ ✵✱✾✽✼✵ ✵✱✹✾✵✵

❘❇❋ P❈❆ ●❆❯❙❙ ✵✱✹✺✷✸ ✵✱✾✼✵✷ ✵✱✼✺✵✵
❘❇❋ P❈❆ ❙P▲■◆❊ ✵✱✹✵✼✵ ✵✱✾✾✶✶ ✵✱✽✽✹✵
❘❇❋ ❆❘■❆ ✵✱✻✾✽✺ ✵✱✵✵✵✵ ✵✱✷✶✹✵
❈♦♠❜✐♥❛❞♦ ✵✱✹✹✼✷ ✵✱✾✽✻✼ ✵✱✵✾✷✵

❚❛❜✳ ✻✳✸✾✿ ❘❡s✉❧t❛❞♦s ❞♦ ▼❈❋❉ ❞❛s ♣r❡✈✐sõ❡s ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ✈❛r✐❛çã♦ ❞❛ ✉♠✐❞❛❞❡

❖ ♠♦❞❡❧♦ ❘❇❋ ❆❘■❆ ❢♦✐ ♦ q✉❡ ❛♣r❡s❡♥t♦✉ ❛ ♠❡❧❤♦r ❡st❛tíst✐❝❛✱ ♦ ✈❛❧♦r ❞♦ PRC1 é s✐❣♥✐✜❝❛♥t❡
❡ ♦ ✈❛❧♦r ❞♦ ú❧t✐♠♦ PRC2 ✐♥❞✐❝❛ q✉❡ ♥ã♦ ♦❝♦rr❡✉ ✉♠ ❜✐❛s ♥❛ ♠✐♥❡r❛çã♦ ❞♦s ❞❛❞♦s✳

◆♦ ❝❛s♦ ❞❛ ✉♠✐❞❛❞❡✱ ♦s ♠♦❞❡❧♦s ♥❡✉r❛✐s ❘❇❋ P❈❆ ❙P▲■◆❊ ♣❛r❛ ◆▼❙❊ ❡ ❘❇❋ ❆❘■❆✱ ❝♦♠
❛ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s✱ ♣❛r❛ ▼❙❋❊✱ ▼❆❋❊ ❡ ▼❈❋❉✱ t❡♠ s✉♣❡r✐♦r✐❞❛❞❡ ♣r❡❞✐t✐✈❛ ❡st❛tíst✐❝❛ ❡
❡❝♦♥ô♠✐❝❛ ❡♠ r❡❧❛çã♦ ❛♦s ♦✉tr♦s ♠♦❞❡❧♦s ❛❥✉st❛❞♦s✳ ❊♥tr❡t❛♥t♦✱ ♦s t❡st❡s ❞❡ ❲❍■❚❊ ✭✷✵✵✵✮
♥ã♦ ❣❛r❛♥t❡♠ ♦s r❡s✉❧t❛❞♦s ♣❛r❛ ♦ ▼❙❋❊ ❡ ▼❆❋❊✳ ❖ ♠♦❞❡❧♦ ❘❇❋ P❈❆ ❙P▲■◆❊ é s✉♣❡r✐♦r
❛♦ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦ ❡ ❛♦s ♦✉tr♦s ♠♦❞❡❧♦s✳ ❆ss✐♠✱ ❡st❛ ♣❡sq✉✐s❛ ❡♠♣ír✐❝❛ s✐♥❛❧✐③❛ q✉❡ ❛ sér✐❡
t❡♠♣♦r❛❧ ❞❛ ✈❛r✐❛çã♦ ❞❛ ✉♠✐❞❛❞❡ ♥ã♦ é ✉♠ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦ ❡ ♥❡♠ ✉♠❛ ❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡✱
❧♦❣♦ t❡♠ ❛❧❣✉♠ ♥í✈❡❧ ❞❡ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❛s ♣r❡✈✐sõ❡s ❞❛s ❞✉❛s sér✐❡s
t❡♠♣♦r❛✐s ❝♦♠ ❡st❡ t✐♣♦ ❞❡ ♠♦❞❡❧♦ s✐♥❛❧✐③❛♠ q✉❡ ❡①✐st❡♠ ❝❧✉st❡rs ❞❡ ♣❛❞rõ❡s t❡♠♣♦r❛✐s ❝♦♠
❝❛♣❛❝✐❞❛❞❡ ♣r❡❞✐t✐✈❛✱ ♠❛s ❛♠❜❛s tê♠ ❝❛r❛❝t❡ríst✐❝❛s ❡st♦❝ást✐❝❛s✳

❖s ♠♦❞❡❧♦s ❆❘▼❆✲●❆❘❈❍ ♥ã♦ ❛♣r❡s❡♥t❛r❛♠ ❜♦❛ q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦ ♣❛r❛ ❛ ✉♠✐❞❛❞❡✳
P❛r❛ ♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ♦s r❡s✉❧t❛❞♦s ❢♦r❛♠ ♠✉✐t♦ ❜♦♥s✱ ❡ ✐♥❝❧✉s✐✈❡ ♦s t❡st❡s ❞❡
❲❍■❚❊ ✭✷✵✵✵✮ ❢♦r❛♠ s✐❣♥✐✜❝❛♥t❡s ♣❛r❛ ♦ ▼❙❋❊ ❡ ♦ ▼❆❋❊✳ ❆❞✈♦❣❛✲s❡ q✉❡ ♣♦❞❡ t❡r s✐❞♦ ❛
♠❛❣♥✐t✉❞❡ ❞❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✱ ♦✉ s❡❥❛✱ ♥♦ ❝❛s♦ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦✱ ♦s ✈❛❧♦r❡s
❞❛s ❛♠♦str❛s sã♦ ♣❡q✉❡♥♦s ❡✱ ♥♦ ❝❛s♦ ❞❛ ✉♠✐❞❛❞❡✱ sã♦ ❣r❛♥❞❡s✳

❆ ❡s❝♦❧❤❛ ❞❛ ❢✉♥çã♦ ❞❡ ♣❡r❞❛ ❛❢❡t♦✉ ♦s r❡s✉❧t❛❞♦s ❞❛s ❛✈❛❧✐❛çõ❡s ❞♦s ♠♦❞❡❧♦s✳ ◆♦ ❝❛s♦ ❞❛
❢✉♥çã♦ ❞❡ ♣❡r❞❛ ◆▼❙❊✱ ❢♦✐ ❢á❝✐❧ s✉♣❡r❛r ♦ ♠♦❞❡❧♦ ♣❛ss❡✐♦ ❛❧❡❛tór✐♦✳ ❆s ❞✉❛s sér✐❡s t❡♠♣♦r❛✐s
sã♦ ❞❡ ❞✐❢í❝✐❧ ♣r❡✈✐sã♦✱ ♠❛s ♦s r❡s✉❧t❛❞♦s ❝♦♠♣r♦✈❛♠ q✉❡ ❡st❛s sér✐❡s ♥ã♦ sã♦ ♣r♦❝❡ss♦s ❞❡
❞✐❢❡r❡♥ç❛ ▼❛rt✐♥❣❛❧❡✱ t❡♥❞♦✱ ♣♦rt❛♥t♦✱ ❛❧❣✉♠ ♥í✈❡❧ ❞❡ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡✳

❖s ♠♦❞❡❧♦s ♥❡✉r❛✐s t✐♣♦ ❘❇❋ ❆❘■❆ ❝♦♠ ❡♥tr❛❞❛s ❞❡t❡r♠✐♥❛❞❛s ♣♦r ♠❡✐♦ ❞♦ ♠ét♦❞♦ ❞❡
s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ♣r♦♣♦st♦ ♥❡st❛ t❡s❡✱ ♥♦ ❣❡r❛❧✱ ❢♦r❛♠ ♦s q✉❡ ❛♣r❡s❡♥t❛r❛♠ ♠❡❧❤♦r❡s r❡s✉❧✲
t❛❞♦s ❞❡ ♣r❡✈✐sã♦ ♣❛r❛ ❝r✐tér✐♦s ❡❝♦♥ô♠✐❝♦s✳ ❖s ♠♦❞❡❧♦s ❆❘▼❆✲●❆❘❈❍ ❛♣r❡s❡♥t❛r❛♠ ❜♦❛
q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦ ♣❛r❛ ♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ♥♦s ❝r✐tér✐♦s ❡st❛tíst✐✲
❝♦s ❞❡ ♣r❡❝✐sã♦✳ ❆ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❞✐♠❡♥sã♦ ❞❡ ❡♠❜❡❞❞✐♥❣ ❡ ❞❛ ❞❡❢❛s❛❣❡♠ ✭❧❛❣✮ ♣♦r ♠❡✐♦
❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛✱ ♥♦ ❝♦♥t❡①t♦ ❞❡st❛ t❡s❡✱ ❢♦✐ ❞❡ ♣♦✉❝❛ ✈❛❧✐❛✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s
♠❛✐s ♣ró①✐♠♦s ❞♦s ❛❥✉st❛❞♦s ♣❡❧❛s r❡❞❡s ♥❡✉r❛✐s ❢♦r❛♠ ❛s ❞❡❢❛s❛❣❡♥s ❡st✐♠❛❞❛s ✈✐❛ ♠ét♦❞♦ ❞❡
❈❊▲▲❯❈❈■ ❡t ❛❧✳✭✷✵✵✺✮✳



❈❛♣ít✉❧♦ ✼

❈♦♥❝❧✉sõ❡s ❡ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s

✼✳✶ ❈♦♥❝❧✉sõ❡s

✼✳✶✳✶ ❈♦♥❝❧✉sõ❡s ♣r✐♥❝✐♣❛✐s

• ❆ ❤✐♣ót❡s❡ ❣❡r❛❧ ❞❡ q✉❡ ❛ ✈❛r✐❛çã♦ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦ ❜r❛s✐❧❡✐r❛ ❡ ❞❛ ✉♠✐❞❛❞❡ ♥♦ ♠✐✲
❝r♦❝❧✐♠❛ ❞❛ r❡❣✐ã♦ ❞❡ ▲♦♥❞r✐♥❛✲P❘ ♥ã♦ sã♦ ♣r♦❝❡ss♦s t✐♣♦ ▼❛rt✐♥❣❛❧❡ ❢♦✐ ❝♦♥✜r♠❛❞❛
❡♠♣✐r✐❝❛♠❡♥t❡✱ ♠❛s ❡st❛s ❞✉❛s sér✐❡s t❡♠♣♦r❛✐s✱ t♦❞❛✈✐❛✱ sã♦ ❞❡ ❞✐❢í❝✐❧ ♣r❡✈✐sã♦✱ ♣r✐♥❝✐✲
♣❛❧♠❡♥t❡ ♣♦rq✉❡ ❛s ✐♥❢♦r♠❛çõ❡s ❞✐s♣♦♥í✈❡✐s s♦❜r❡ ❛s sér✐❡s t❡♠♣♦r❛✐s✱ q✉❡ ♣♦ss✐✈❡❧♠❡♥t❡
s❡r✐❛♠ ❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❞♦s ♠♦❞❡❧♦s✱ sã♦ ✐♥❝♦♠♣❧❡t❛s✳ P♦r ❡①❡♠♣❧♦✱ ♥❡st❡ tr❛❜❛✲
❧❤♦✱ ♥ã♦ ❝♦♥s❡❣✉✐♠♦s ♠♦♥t❛r ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ ♣❛r❛ ❡①♣r❡ss❛r ❛s ✐♥❢♦r♠❛çõ❡s ❣❡r❛❞❛s
♣❡❧♦s ❤❡❞❣❡ ❢✉♥❞s ❡ ♥❡♠ ❛s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛s r❡✉♥✐õ❡s ❞✐ár✐❛s ❡♥tr❡ ♦ ❇❛♥❝♦ ❈❡♥tr❛❧
❞♦ ❇r❛s✐❧ ❡ ♦s ❞❡❛❧❡rs✱ q✉❡ ♣♦r ❢♦rç❛ ❞❛ ❧❡✐✱ ♥ã♦ sã♦ ❞✐s♣♦♥✐❜✐❧✐③❛❞❛s ❛♦ ♣ú❜❧✐❝♦✳

• ❖ ♠ét♦❞♦ ❞❡ s❡❧❡çã♦ ❞❡ ✈❛r✐á✈❡✐s ♣r♦♣♦st♦ ♥❡st❡ tr❛❜❛❧❤♦ ♣❛r❛ ♠♦❞❡❧♦s q✉❡ r❡♣r❡s❡♥t❛♠
s✐st❡♠❛s ❝♦♠♣❧❡①♦s ❞❡ ❢♦r♠❛ ❢✉♥❝✐♦♥❛❧ ❞❡s❝♦♥❤❡❝✐❞❛ ❡ s❡♠ ❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐ s♦❜r❡
❛s ❞✐str✐❜✉✐çõ❡s ❞❛s ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s ❝♦♥tr✐❜✉✐✉ ♣❛r❛ ❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s✳ ❊st❡
♠ét♦❞♦ ❛❥✉❞❛ ❛ ❧✐❞❛r ❝♦♠ ❛ ❜✉s❝❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ♣❛r❛ ♣♦ss✐❜✐❧✐t❛r ✉♠❛ ♠❡❧❤♦r ♠♦❞❡❧❛❣❡♠
❞❡st❡ t✐♣♦ ❞❡ ♣r♦❝❡ss♦✳

• ❖ ♠ét♦❞♦ ❞❡ ♣r❡✈✐sã♦ ♣r♦♣♦st♦ ♥❡st❡ tr❛❜❛❧❤♦✱ ❜❛s❡❛❞♦ ❡♠ r❡❞❡s ♥❡✉r❛✐s t✐♣♦ ❘❇❋ s♣❧✐♥❡
✜♥❛ ❝♦♠ ❢❛t♦r ❛❞❛♣t❛t✐✈♦ ❞❛ ✈❛r✐â♥❝✐❛✱ ❞❡♠♦♥str♦✉ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ♣r✐♥❝✐✲
♣❛❧♠❡♥t❡ ♣❛r❛ ♣r❡✈❡r ❛ ❞✐r❡çã♦ ❞❛s ✈❛r✐❛çõ❡s ♦❝♦rr✐❞❛s ♥❡st❡s ♣r♦❝❡ss♦s✳ ❖ ❜❛s❡❛❞♦ ❡♠
r❡❞❡s ♥❡✉r❛✐s t✐♣♦ ❘❇❋ ❝♦♠ ♦s ❝❡♥tr♦s ❛❥✉st❛❞♦s ✈✐❛ ❛❧❣♦r✐t♠♦ ❆❘■❆ t❛♠❜é♠ ❞❡♠♦♥s✲
tr♦✉ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✳

• ▲✐♠✐t❛çõ❡s ❞❡st❡ tr❛❜❛❧❤♦✿ ♦ ❢❛t♦ ❞❡ ❧✐❞❛r ❝♦♠ ✐♥❢♦r♠❛çõ❡s ✐♥❝♦♠♣❧❡t❛s ❡ ❝♦♠ ❛♠♦s✲
tr❛s q✉❡ ♣♦❞❡♠ ❡st❛r ❝❛rr❡❣❛❞❛s ❞❡ r✉í❞♦s ❞✐✜❝✉❧t❛ ❡ ❧✐♠✐t❛ ❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s✳ ❖
t❡st❡ ❞❡ ❲❍■❚❊ ✭✷✵✵✵✮✱ ❝♦♠♦ ❥á ♠❡♥❝✐♦♥❛❞♦✱ ♣♦❞❡ ❛♣r❡s❡♥t❛r ❛❧❣✉♠❛s ❞✐st♦rçõ❡s✳ ❏á ♦
❛rt✐❣♦ q✉❡ ♣♦❞❡r✐❛ ♣♦ss✐❜✐❧✐t❛r ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ t❡st❡ ❞❡ ❍❆◆❙❊◆ ✭✷✵✵✺✮ ❡ ❡✈✐t❛r ❛s
❞✐st♦rçõ❡s ❞♦ t❡st❡ ❲❍■❚❊ ✭✷✵✵✵✮ ♥ã♦ ❡stá ❞✐s♣♦♥í✈❡❧ ❛♦ ♣ú❜❧✐❝♦ ♥♦ ♠♦♠❡♥t♦✳ ❊♠ r❡❧❛✲
çã♦ às ❧✐♠✐t❛çõ❡s ❞♦ ♠ét♦❞♦ ❞❡ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❡st❡ ♠ét♦❞♦ t❡♠

✶✹✼
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❛♣r❡s❡♥t❛❞♦ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❝♦♠ ♣r♦❝❡ss♦s ❝❛rr❡❣❛❞♦s ❞❡ ✐♥ér❝✐❛ ❡ ♥ã♦ ❛♣r❡s❡♥t♦✉
r❡s✉❧t❛❞♦s ❡①♣r❡ss✐✈♦s ♣❛r❛ ♣r♦❝❡ss♦s ❧✐❣❛❞♦s ❛♦s s✐st❡♠❛s ✜♥❛♥❝❡✐r♦s ❡ ❡❝♦♥ô♠✐❝♦s✳

• ❆♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞♦ tr❛❜❛❧❤♦✿ ❛♣❡s❛r ❞❛s ❧✐♠✐t❛çõ❡s ❛♣r❡s❡♥t❛❞❛s ❛❝✐♠❛✱ ❡st❛ ♠❡t♦❞♦✲
❧♦❣✐❛ ♣♦❞❡ ❛❥✉❞❛r ❛ ✐❞❡♥t✐✜❝❛r ♠❛✐s ✐♥❢♦r♠❛çõ❡s ❡ ❢❛③❡r ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❛s ♠❡s♠❛s ♣❛r❛
♦ ♠♦❞❡❧♦ q✉❡ r❡♣r❡s❡♥t❛ ♦ ♣r♦❝❡ss♦✱ ✐♥❝r❡♠❡♥t❛♥❞♦ ❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s✳ P♦r ❡①❡♠✲
♣❧♦✱ ❡♠ ❞❡t❡r♠✐♥❛❞❛s ❛♣❧✐❝❛çõ❡s✱ ✉♠ ✐♥❝r❡♠❡♥t♦ ❞❡ ❣❛♥❤♦ ♣❡r❝❡♥t✉❛❧ ♣❡q✉❡♥♦ ✭✵✱✺ ♣♦r
❝❡♥t♦✮ ❞❡✈✐❞♦ ❛♦ ✐♥❝r❡♠❡♥t♦ ❞❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s ♣♦❞❡ ✐♠♣❧✐❝❛r ❡♠ ✉♠ ♠♦♥t❛♥t❡
❡①♣r❡ss✐✈♦ ❞❡ ❣❛♥❤♦s ♥♦ ♠❡r❝❛❞♦ ✜♥❛♥❝❡✐r♦ ✭♠✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s✮✳ ❖ ♠❡s♠♦ s❡ ❛♣❧✐❝❛ ♥❛
❡❝♦♥♦♠✐❛ ❞❡ ♣r♦❞✉t♦s q✉í♠✐❝♦s ✉t✐❧✐③❛❞♦s ♥❛ ❝✉❧t✉r❛ ❞❛ s♦❥❛✳

✼✳✶✳✷ ❈♦♥❝❧✉sõ❡s s❡❝✉♥❞ár✐❛s

• ❖s ❣rá✜❝♦s ❞❛ ❛✉t♦❝♦rr❡❧❛çã♦ ❡ ❛✉t♦❝♦rr❡❧❛çã♦ ♣❛r❝✐❛❧ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛✲
s✐❧❡✐r❛ ❡ ❞♦s ❞❛❞♦s ❜r✉t♦s ❞❛ ✉♠✐❞❛❞❡ ✐♥❞✐❝❛r❛♠ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❧✐♥❡❛r✳ ❆s ❞✉❛s
sér✐❡s ❛♣r❡s❡♥t❛r❛♠ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ✭t❡st❡ ❞❡ ❍❙■❊❍✮ ❡ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ✈✐❛ t❡st❡
❇❉❙✳ ❉❡ss❛ ❢♦r♠❛✱ ❡st❛s ✐♥❢♦r♠❛çõ❡s ✭❋❆❈✱ ❋❆❈P ❡ ❍s✐❡❤✮ s✐♥❛❧✐③❛♠ q✉❡ ❛s ❞✉❛s sé✲
r✐❡s ♣♦ss✐✈❡❧♠❡♥t❡ ♥ã♦ sã♦ ♣r♦❝❡ss♦s ▼❛rt✐♥❣❛❧❡✳ ➱ r❛③♦á✈❡❧ q✉❡ s❡ ✉t✐❧✐③❡ ♠ét♦❞♦s ❞❡
♣r❡✈✐sã♦ ♥ã♦ ❧✐♥❡❛r❡s ❝♦♠♦ ❝♦♠♣❧❡♠❡♥t❛r❡s ♦✉ s✉❜st✐t✉t♦s ❞♦s ♠ét♦❞♦s ❧✐♥❡❛r❡s✳ ❊♥tr❡✲
t❛♥t♦✱ ❛ ❞❡t❡❝çã♦ ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♥❛ ❛♠♦str❛ ♥ã♦ s✐❣♥✐✜❝❛ q✉❡ ❛s ♣r❡✈✐sõ❡s ❢♦r❛ ❞❡❧❛
t❡♥❤❛♠ q✉❡ s❡r r❡❛❧✐③❛❞❛s ♣♦r ♠♦❞❡❧♦s ♥ã♦ ❧✐♥❡❛r❡s✳ ❊st❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ♣♦❞❡♠ ❡st❛r
s♦♠❡♥t❡ ♥❛s ❛♠♦str❛s ❞❡ ❛❥✉st❡✳ ❆s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s t❛♠❜é♠ ♣♦❞❡♠ ♥ã♦ s❡r ❢♦rt❡s ♦
s✉✜❝✐❡♥t❡ ♣❛r❛ ❡①✐❣✐r ✉♠ ♠♦❞❡❧♦ ♥ã♦ ❧✐♥❡❛r q✉❡ é ❞✐❢í❝✐❧ ❞❡ s❡ ❧✐❞❛r✳ ❆s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s
t❛♠❜é♠ ♣♦❞❡♠ s❡r ❡①ó❣❡♥❛s✱ ❞❡r✐✈❛♥❞♦ ❞❡ ♦✉t❧✐❡rs✱ ♠✉❞❛♥ç❛s ❡str✉t✉r❛✐s✱ ✐♥t❡r✈❡♥çõ❡s
❞♦ ❣♦✈❡r♥♦✱ q✉❡ ♣♦❞❡♠ s❡r ❝❛♣t❛❞❛s ♣❡❧♦s t❡st❡s✱ ♠❛s q✉❡ ♥ã♦ ❝♦♥tr✐❜✉❡♠ ♣❛r❛ ♣r❡✈✐sõ❡s
❢♦r❛ ❞❛ ❛♠♦str❛✳

• ❆ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❞❡❢❛s❛❣❡♠ ✭❧❛❣✮ ❡ ❞❛ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ✭❡♠❜❡❞❞✐♥❣✮ ♣♦r ♠❡✐♦
❞❛ r❡❝♦♥str✉çã♦ ❞✐♥â♠✐❝❛✱ ♥♦ ❝♦♥t❡①t♦ ❞❡st❛ t❡s❡✱ ❢♦✐ ❞❡ ♣♦✉❝❛ ✈❛❧✐❛ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛
❥❛♥❡❧❛ ❞❡ ♣r❡✈✐sã♦✱ ❥á q✉❡ ♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ ❛❥✉stá✲❧♦s ❞❡ ❢♦r♠❛ ❛✉t♦♠át✐❝❛ é
r❡❧❛t✐✈❛♠❡♥t❡ ❜❛✐①♦✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♠❛✐s ♣ró①✐♠♦s ❞❛q✉❡❧❡s ❛❥✉st❛❞♦s ♣❡❧❛s r❡❞❡s
♥❡✉r❛✐s ❢♦r❛♠ ❛s ❞❡❢❛s❛❣❡♥s ❡st✐♠❛❞❛s ✈✐❛ ♠ét♦❞♦ ❞❡ ❈❊▲▲❯❈❈■ ❡t ❛❧✳ ✭✷✵✵✺✮✱ q✉❡ ❧❡✈❛
❡♠ ❝♦♥t❛ ❛ ❞✐str✐❜✉✐çã♦ ❞♦s ❜✐♥s ♥♦ ❤✐st♦❣r❛♠❛✳ ❆ ❞✐♠❡♥sã♦ ❞❡ ✐♠❡rsã♦ ❞♦s r❡t♦r♥♦s ❞❛
t❛①❛ ❞❡ ❝â♠❜✐♦ ❡ ❞❛ ✉♠✐❞❛❞❡ ❡st✐♠❛❞♦s ✈✐❛ ❘◆❆ sã♦ ❡❧❡✈❛❞♦s✳ ❆ ❞✐♠❡♥sã♦ ❞❛ ❝♦rr❡❧❛çã♦
❞❛s sér✐❡s é ❢r❛❝✐♦♥ár✐❛ ❡ ❝♦♠ ✈❛❧♦r❡s ♠é❞✐♦s✳ ❖s ♠❛✐♦r❡s ❝♦❡✜❝✐❡♥t❡s ❞❡ ▲❨❆P❯◆❖❱ ❞❡
❝❛❞❛ sér✐❡✱ ❡♠❜♦r❛ ♠✉✐t♦ ♣❡q✉❡♥♦s✱ sã♦ ♣♦s✐t✐✈♦s✳ ■st♦ ✐♥❞✐❝❛ s❡♥s✐❜✐❧✐❞❛❞❡ às ❝♦♥❞✐çõ❡s
✐♥✐❝✐❛✐s✱ ♠❡s♠♦ q✉❡ ♥ã♦ ♠✉✐t♦ ❡❧❡✈❛❞❛✳ ❊st❡s r❡s✉❧t❛❞♦s✱ ❡♠ ❝♦♥❥✉♥t♦✱ ✐♥❞✐❝❛♠ q✉❡ ❛s
sér✐❡s✱ ♣♦r ❞❡✜♥✐çã♦✱ sã♦ ❝❛ót✐❝❛s✱ ❥á q✉❡ tê♠ ♣❡❧♦ ♠❡♥♦s ✉♠ ❡①♣♦❡♥t❡ ❞❡ ▲❨❆P❯◆❖❱
♣♦s✐t✐✈♦✳ ❊♥tr❡t❛♥t♦ é ♠❛✐s ❛♣r♦♣r✐❛❞♦ ✐♥t❡r♣r❡t❛r ❡st❡s ❞❛❞♦s ❝♦♠♦ ✉♠ ✐♥❞✐❝❛❞♦r ❞❡
♦r✐❣❡♠ ❡st♦❝ást✐❝❛ ❞❛ sér✐❡✳

• ❖s ♠♦❞❡❧♦s ❆❘▼❆✲●❆❘❈❍ ♥ã♦ ❛♣r❡s❡♥t❛r❛♠ ❜♦❛ q✉❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦ ♣❛r❛ ❛ ✉♠✐❞❛❞❡✳
P❛r❛ ♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦✱ ♦s r❡s✉❧t❛❞♦s ❢♦r❛♠ ♠✉✐t♦ ❜♦♥s✱ t❡♥❞♦✱ ✐♥❝❧✉s✐✈❡ ♦s
t❡st❡s ❞❡ ❲❤✐t❡ ✭✷✵✵✵✮ s✐❞♦ ♥ã♦ s✐❣♥✐✜❝❛♥t❡s ♣❛r❛ ♦ ▼❙❋❊ ❡ ♣❛r❛ ♦ ▼❆❋❊✳ ❆❞✈♦❣❛✲s❡
q✉❡ ♣♦❞❡ t❡r s✐❞♦ ❛ ♠❛❣♥✐t✉❞❡ ❞❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✱ ♦✉ s❡❥❛✱ ♥♦ ❝❛s♦ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛



❈❆P❮❚❯▲❖ ✼✳ ❈❖◆❈▲❯❙Õ❊❙ ❊ ❚❘❆❇❆▲❍❖❙ ❋❯❚❯❘❖❙ ✶✹✾

❞❡ ❝â♠❜✐♦✱ ♦s ✈❛❧♦r❡s ❞❛s ❛♠♦str❛s sã♦ ♣❡q✉❡♥♦s ❡✱ ♥♦ ❝❛s♦ ❞❛ ✉♠✐❞❛❞❡✱ sã♦ ❣r❛♥❞❡s✳
❙❡rá ♦❜s❡r✈❛❞♦ ❛♦ ❧♦♥❣♦ ❞❡st❛s ❝♦♥❝❧✉sõ❡s q✉❡ ❛ ❡s❝♦❧❤❛ ❞❛ ❢✉♥çã♦ ❞❡ ♣❡r❞❛ ❛❢❡t❛ ♦s
r❡s✉❧t❛❞♦s ❞❛s ❛✈❛❧✐❛çõ❡s ❞♦s ♠♦❞❡❧♦s✳ ❖✉ s❡❥❛✱ ❛ ❡s❝♦❧❤❛ ❞♦ ♠❡❧❤♦r ♠♦❞❡❧♦ ❞❡♣❡♥❞❡ ❞❛
❢✉♥çã♦ ❞❡ ♣❡r❞❛ q✉❡ é ✉t✐❧✐③❛❞❛✳

• ❖♠♦❞❡❧♦ ❘❇❋ ❆❘■❆ ●❆❯❙❙✱ t❡♥❞♦ ❝♦♠♦ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❛ ♣t❛①✱ ♦ ❡✉r♦ ❡ ❛ ❞✐❢❡r❡♥ç❛
❡♥tr❡ ❛s t❛①❛s ✐♥t❡r♥❛s ❡ ❛ ❢❡❞ ❢✉♥❞s✱ ❢♦✐ ♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♣❛r❛ ♦s
t❡st❡s ❡❝♦♥ô♠✐❝♦s✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ❡st❛s sã♦ ❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❡s❝♦❧❤✐❞❛s ♥♦ ✇r❛♣♣❡r
❞❛ sér✐❡ ❞♦s r❡t♦r♥♦s ❞❛ t❛①❛ ❝❛♠❜✐❛❧ ❜r❛s✐❧❡✐r❛✳ ❖ ♠♦❞❡❧♦ ❘❇❋ ❆❘■❆ ●❆❯❙❙✱ t❡♥❞♦
❝♦♠♦ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❛ ✉♠✐❞❛❞❡✱ ❛ t❡♠♣❡r❛t✉r❛ ♠í♥✐♠❛ ❡ t❡♠♣❡r❛t✉r❛ ♠é❞✐❛✱ ❢♦✐
♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ❡st❛s sã♦ ❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛
❡s❝♦❧❤✐❞❛s ♥♦ ✇r❛♣♣❡r ❞❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ✉♠✐❞❛❞❡✳ P♦rt❛♥t♦✱ ♦ ♠ét♦❞♦ ❞❡ s❡❧❡çã♦
❞❡ ✈❛r✐á✈❡✐s ♣r♦♣♦st♦ ✭✜❧tr♦ ❡ ✇r❛♣♣❡r✮ ♠♦str♦✉✲s❡ ♦♣❡r❛❝✐♦♥❛❧ ❡ út✐❧✳ ❆s ❞✉❛s sér✐❡s
t❡♠♣♦r❛✐s ❛♣r❡s❡♥t❛r❛♠ ❝❧✉st❡rs ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ♣r❡❞✐t✐✈❛✱ ♠❛s ❛♠❜❛s tê♠ ❝❛r❛❝t❡ríst✐❝❛s
❡st♦❝ást✐❝❛s✳

• ❖s ♠♦❞❡❧♦s ❘❇❋ P❈❆ ❙P▲■◆❊ ❝♦♠ ❢❛t♦r ❛❞❛♣t❛t✐✈♦ ❡ r❡❣✉❧❛r✐③❛çã♦ ❛♣r❡s❡♥t❛r❛♠ ♦s
♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❞❡ ♣r❡✈✐sã♦ ♣❛r❛ ♦ ❝r✐tér✐♦ ❞♦ ◆▼❙❊✱ s❡♥❞♦ s✉♣❡r✐♦r ❛♦ ♣❛ss❡✐♦
❛❧❡❛tór✐♦✱ s✉❣❡r✐♥❞♦ q✉❡ ♦ ❢❛t♦r ❛❞❛♣t❛t✐✈♦ ♣❛r❛ ❛ ❢✉♥çã♦ s♣❧✐♥❡ ♣r♦♣♦st♦ ♥❡st❛ t❡s❡ ❡ ❛
r❡❣✉❧❛r✐③❛çã♦ ❝♦♥❝♦rr❡r❛♠ ♣❛r❛ ❛ q✉❛❧✐❞❛❞❡ ❞❛s ♣r❡✈✐sõ❡s✳

• ❖s r❡s✉❧t❛❞♦s ❞♦ t❡st❡ ❞❡ ❇▲❆❑❊ ❡ ❑❆P❊❚❆◆■❖❙ ✭✷✵✵✸✮ ✐♥❞✐❝❛♠ q✉❡ ❛s r❡❞❡s ♥❡✉r❛✐s
♥ã♦ ♥❡❣❧✐❣❡♥❝✐❛r❛♠ ❛s ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s✳ ❖s ✈❛❧♦r❡s ❞♦s t❡st❡s ❞❡ ❉■❊❇❖▲❉ ❡ ▼❆❘■❆◆❖
✭✶✾✾✺✮ ❡ P❊❙❆❘❆▼ ❡ ❚■▼▼❊❘▼❆◆◆ ✭✶✾✾✷✮ ❢♦r❛♠ út❡✐s ♣❛r❛ ✈❡r✐✜❝❛r s❡ ❛s ❡st❛tíst✐❝❛s
❞♦ ❝r✐tér✐♦ ◆▼❙❊ sã♦ s✐❣♥✐✜❝❛♥t❡s✳

• ❖ t❡st❡ ❞❡ ❲❍■❚❊ ✭✷✵✵✵✮ ♠♦str♦✉✲s❡ ♠✉✐t♦ ❝♦♥s❡r✈❛❞♦r ❡ s❡♥sí✈❡❧ ❛ ♠♦❞❡❧♦s ❝♦♠ ♣r❡✲
✈✐sõ❡s ♣♦❜r❡s ❡♠ r❡❧❛çã♦ ❛♦s ♦✉tr♦s ♠♦❞❡❧♦s ❝♦♠♣❛r❛❞♦s✱ ♠❛s ♥♦ ❣❡r❛❧ ❢♦✐ ❜❛st❛♥t❡ út✐❧✳
■st♦ ♦❝♦rr❡✉ ❝♦♠ ♦s ♠♦❞❡❧♦s ❛❥✉st❛❞♦s ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞❛ ✉♠✐❞❛❞❡✳ ❊s♣❡❝✐✜❝❛♠❡♥t❡✱ ❡st❡
t❡st❡ ❢♦✐ ❝♦♥str✉í❞♦ ❝♦♠♦ s❡♥❞♦ ✉♠❛ s✐♠♣❧❡s ❤✐♣ót❡s❡ ♥✉❧❛ ❡♥q✉❛♥t♦ ❞❡ ❢❛t♦ é ❝♦♠♣♦st❛✳
❍❆◆❙❊◆ ✭✷✵✵✺✮ ❞❡t❛❧❤❛ ❡st❡ ❡ ♦✉tr♦s ♣r♦❜❧❡♠❛s✱ ♦❜s❡r✈❛♥❞♦ q✉❡ ♦ t❡st❡ ❞❡ ❲❍■❚❊
✭✷✵✵✵✮ ♣♦❞❡ ❣❡r❛r ♣✲✈❛❧♦r❡s ✐♥❝♦♥s✐st❡♥t❡s ❡ ❝r✐♦✉ ✉♠ t❡st❡ ❛❧t❡r♥❛t✐✈♦ ♣❛r❛ ❧✐❞❛r ❝♦♠
❡st❛s ❧✐♠✐t❛çõ❡s✳

✼✳✷ ❚r❛❜❛❧❤♦s ❢✉t✉r♦s
❖s ❡s❢♦rç♦s s❡rã♦ ❞✐r❡❝✐♦♥❛❞♦s ♣❛r❛ r❡❛❧✐③❛r ❛s s❡❣✉✐♥t❡s ♣❡sq✉✐s❛s✿
• ❊st✐♠❛r ❛ ✐♥❢♦r♠❛çã♦ ♠út✉❛ ❝♦♥❥✉♥t❛ ❡♥tr❡ ◆ ❞✐❢❡r❡♥t❡s ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s✳
• ■♠♣❧❡♠❡♥t❛r t❡st❡s ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦s í♥❞✐❝❡s✳
• ❘❡❛❧✐③❛r ♣r❡✈✐sõ❡s ❝♦♠ ♠ú❧t✐♣❧♦s ♣❛ss♦s q✉❡ ❣❡r❛❧♠❡♥t❡ ❛♣r❡s❡♥t❛♠ ❡①♣r❡ss✐✈❛ ✉t✐❧✐❞❛❞❡
♣rát✐❝❛✳



❈❆P❮❚❯▲❖ ✼✳ ❈❖◆❈▲❯❙Õ❊❙ ❊ ❚❘❆❇❆▲❍❖❙ ❋❯❚❯❘❖❙ ✶✺✵

• ■♠♣❧❡♠❡♥t❛r ♠ét♦❞♦s q✉❡ ❝♦♠❜✐♥❛♠ ár✈♦r❡s ❞❡ r❡❣r❡ssã♦ ❡ r❡❞❡s ❘❇❋✳ ❖ ♣r♦❜❧❡♠❛ ❞❡
❜❛❧❛♥❝❡❛r ♦ ❜✐❛s ❡ ❛ ✈❛r✐â♥❝✐❛✱ ❝♦♠✉♠ ♥♦s ♠ét♦❞♦s ❞❡ r❡❣r❡ssã♦ ♥ã♦ ♣❛r❛♠étr✐❝❛✱ ❥á ♣♦❞❡
s❡r ❛✉t♦♠❛t✐❝❛♠❡♥t❡ r❡s♦❧✈✐❞♦✳

• ❆♣❧✐❝❛r ❡st❛ ♠❡t♦❞♦❧♦❣✐❛ ♥❛ ♣r❡✈✐sã♦ ❞❡ ♦✉tr❛s sér✐❡s t❡♠♣♦r❛✐s r❡❧❡✈❛♥t❡s ♣❛r❛ ❛ s♦❝✐❡✲
❞❛❞❡✳

• ■♥✈❡st✐❣❛r ❛s ♠✐❝r♦❡str✉t✉r❛s ❡ ♦s ❞❛❞♦s ❞❡ ❛❧t❛ ❢r❡qüê♥❝✐❛ ❞♦ ♠❡r❝❛❞♦ ✜♥❛♥❝❡✐r♦ ❜r❛s✐✲
❧❡✐r♦✱ ♥♦ q✉❛❧ ♦s ❝♦♠♣♦♥❡♥t❡s ❡st♦❝ást✐❝♦s sã♦ ❞♦♠✐♥❛♥t❡s✳
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