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À CAPES pelo financiamento deste trabalho.



❘❡s✉♠♦

❙■▲❱❆✱ ▲✳ ❈✳ ❞❡ ❖✳ ▼ét♦❞♦ ❞❡ ❉❡t❡❝çã♦ ❞❡ ▼❛ss❛s ❡♠ ▼❛♠❛s ❉❡♥s❛s ✉s❛♥❞♦

❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s ■♥❞❡♣❡♥❞❡♥t❡s✳ ✷✵✶✼✳ ✼✵ ❢✳ ❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦ ✲ Pr♦❣r❛♠❛

❞❡ Pós✲●r❛❞✉❛çã♦ ❡♠ ❊♥❣❡♥❤❛r✐❛ ❞❡ ❊❧❡tr✐❝✐❞❛❞❡✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞♦ ▼❛r❛♥❤ã♦✱

❙ã♦ ▲✉ís✱ ✷✵✶✼✳

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

❛♣❡♥❛s ♣❛r❛ ♦ ❝â♥❝❡r ❞❡ ♣❡❧❡ ♥ã♦ ♠❡❧❛♥♦♠❛✳ ❆ ❞❡♥s✐❞❛❞❡ ❞❛ ♠❛♠❛ ♣♦❞❡ ❞✐✜❝✉❧t❛r ❛ ❧♦❝❛✲

❧✐③❛çã♦ ❞❡ ♠❛ss❛s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❡♠ ❡stá❣✐♦s ✐♥✐❝✐❛✐s✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ♣r♦♣õ❡✲s❡ ♦ ✉s♦ ❞❡

❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ♣❛r❛ ❞❡t❡❝t❛r ❡ s❡❣♠❡♥t❛r ❧❡sõ❡s ❡♠ ♠❛♠❛s ❞❡♥s❛s✳

❱ár✐♦s tr❛❜❛❧❤♦s s✉❣❡r❡♠ ♦ ✉s♦ ❞♦ ❞✐❛❣♥óst✐❝♦ ❛✉①✐❧✐❛❞♦ ♣♦r ❝♦♠♣✉t❛❞♦r✱ ❛✉♠❡♥t❛♥❞♦ ❛

s❡♥s✐❜✐❧✐❞❛❞❡ ♣❛r❛ ❛❝✐♠❛ ❞❡ ✾✵✪ ♥❛ ❞❡t❡❝çã♦ ❞❡ ❝â♥❝❡r ❡♠ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s✱ ♥♦ ❡♥t❛♥t♦✱

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

❡✜❝✐ê♥❝✐❛ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡♠ r❡❧❛çã♦ ❛ ♦✉tr❛s té❝♥✐❝❛s ❞❡ s❡❣♠❡♥t❛çã♦✱ ❝♦♠♣❛r❛♠♦s

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

♠❡♥t❛çã♦ ♦❜t✐❞❛ ♣❡❧♦s ❞♦✐s ♠ét♦❞♦s✱ s❡rá ✉t✐❧✐③❛❞❛ ✉♠❛ ♠❡❞✐❞❛ ❞❡ s♦❜r❡♣♦s✐çã♦ ❞❡ ár❡❛✳

P❛r❛ ✈❡r✐✜❝❛r s❡ ❤♦✉✈❡ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ❞♦s ♠ét♦❞♦s ♣r♦♣♦st♦s ♥❛ ❞❡t❡❝çã♦ ❞❡

❧❡sõ❡s ❡♠ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s ❡ ♥❛s ♠❛♠❛s ❞❡♥s❛s✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ✉♠ t❡st❡ ❡st❛tíst✐❝♦ ♣❛r❛

❞✉❛s ♣r♦♣♦rçõ❡s✳ ❖s r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ✉s❛♥❞♦ ♦s ❜❛♥❝♦s ❞❡ ❞❛❞♦s ▼✐♥✐✲▼■❆❙ ❡

❉❉❙▼ ♠♦str❛r❛♠ ✉♠❛ ❛❝✉rá❝✐❛ ❞❡ ✾✷✱✼✶✪ ♥❛ ❞❡t❡❝çã♦ ❞❡ ♠❛ss❛s ❡♠ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s

❡ ✼✾✱✶✼✪ ❡♠ ♠❛♠❛s ❞❡♥s❛s✳ ❚♦❞❛s ❛s ❡①♣❡r✐ê♥❝✐❛s ♠♦str❛r❛♠ q✉❡ ♦s ✜❧tr♦s ❞❡ ■❈❆ ✉s❛✲

❞♦s tê♠ ✉♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♣❛r❛ ❞❡t❡❝t❛r ❧❡sõ❡s ❡♠ ♠❛♠❛s ❞❡♥s❛s✱ ❡♠ ❝♦♠♣❛r❛çã♦

❝♦♠ P❈❆✳ ❈♦♥tr❛r✐❛♠❡♥t❡ ❛♦s tr❛❜❛❧❤♦s ❛♥t❡r✐♦r❡s✱ ♥♦ss♦s ❡①♣❡r✐♠❡♥t♦s ♠♦str❛r❛♠ q✉❡

❡①✐st❡ r❡❛❧♠❡♥t❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛ ❞❡t❡❝çã♦ ❞❡ ♠❛ss❛s ❡♠ ♠❛♠❛s ❞❡♥s❛s

❡ ♥ã♦ ❞❡♥s❛s✳ ❊st❡ ❡st✉❞♦ ♣♦❞❡ ❛❥✉❞❛r ♦ ❡s♣❡❝✐❛❧✐st❛ ❛ ❞❡t❡❝t❛r ❧❡sõ❡s ❡♠ ♠❛♠❛s ❞❡♥s❛s✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❆♥á❧✐s❡ ❞❡ ■♠❛❣❡♠ ▼é❞✐❝❛✱ ▼❛♠❛s ❉❡♥s❛s✱ ❋✐❧tr❛❣❡♠✱ ❆❣r✉♣❛♠❡♥t♦✱

❙❡❣♠❡♥t❛çã♦ ❞❡ ■♠❛❣❡♥s✳



❆❜str❛❝t

❙■▲❱❆✱ ▲✳ ❈✳ ❞❡ ❖✳ ▼❡t❤♦❞ ❢♦r ❉❡t❡❝t✐♦♥ ▼❛ss❡s ✐♥ ❉❡♥s❡ ❇r❡❛st ✉s✐♥❣ ■♥❞❡✲

♣❡♥❞❡♥t ❈♦♠♣♦♥❡♥t ❆♥❛❧②s✐s✳ ✷✵✶✼✳ ✼✵ ♣✳ ❉♦❝t♦r❛❧ ❚❤❡s✐s ✲ P♦st❣r❛❞✉❛t❡ Pr♦❣r❛♠

✐♥ ❊❧❡❝tr✐❝❛❧ ❊♥❣✐♥❡❡r✐♥❣✱ ❋❡❞❡r❛❧ ❯♥✐✈❡rs✐t② ♦❢ ▼❛r❛♥❤ã♦✱ ❙ã♦ ▲✉ís✱ ✷✵✶✼✳

❇r❡❛st ❝❛♥❝❡r ✐s t❤❡ s❡❝♦♥❞ t②♣❡ ♦❢ ❝❛♥❝❡r t❤❛t ♠♦st ❛✛❡❝ts ✇♦♠❡♥ ✐♥ t❤❡ ✇♦r❧❞✱ ❧♦✲

s✐♥❣ ♦♥❧② ❢♦r ♥♦♥ ♠❡❧❛♥♦♠❛ s❦✐♥ ❝❛♥❝❡r✳ ❇r❡❛st ❞❡♥s✐t② ❝❛♥ ❤✐♥❞❡r t❤❡ ❧♦❝❛t✐♦♥ ♦❢ ♠❛ss❡s✱

❡s♣❡❝✐❛❧❧② ✐♥ ❡❛r❧② st❛❣❡s✳ ■♥ t❤✐s ✇♦r❦✱ t❤❡ ✉s❡ ♦❢ ✐♥❞❡♣❡♥❞❡♥t ❝♦♠♣♦♥❡♥t ❛♥❛❧②s✐s ❢♦r

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

t❤❡ ✉s❡ ♦❢ ❝♦♠♣✉t❡r ❛✐❞❡❞ ❞✐❛❣♥♦s✐s✱ ✐♥❝r❡❛s✐♥❣ s❡♥s✐t✐✈✐t② t♦ ♦✈❡r ✾✵✪ ✐♥ ❞❡t❡❝t✐♥❣ ❝❛♥❝❡r

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

❜r❡❛sts✳ ❚♦ ❛♥❛❧②s❡ ✐ts ❡✣❝✐❡♥❝② ✐♥ r❡❧❛t✐♦♥ t♦ ♦t❤❡r s❡❣♠❡♥t❛t✐♦♥ t❡❝❤♥✐q✉❡s✱ ✇❡ ❝♦♠♣❛r❡

t❤❡ ♣❡r❢♦r♠❛♥❝❡ ✇✐t❤ ♣r✐♥❝✐♣❛❧ ❝♦♠♣♦♥❡♥t ❛♥❛❧②s✐s✳ ❚♦ ♠❡❛s✉r❡ t❤❡ q✉❛❧✐t② ♦❢ t❤❡ s❡❣✲

♠❡♥t❛t✐♦♥ ♦❜t❛✐♥❡❞ ❜② t❤❡ t✇♦ ♠❡t❤♦❞s✱ ❛ ❛r❡❛ ♦✈❡r❧❛② ♠❡❛s✉r❡ ✇✐❧❧ ❜❡ ✉s❡❞✳ ❚♦ ✈❡r✐❢② ✐❢

t❤❡r❡ ✇❛s ❛♥② ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ r❡s✉❧ts ♦❢ t❤❡ ♣r♦♣♦s❡❞ ♠❡t❤♦❞s ✐♥ t❤❡ ❞❡t❡❝t✐♦♥ ♦❢

❧❡s✐♦♥s ✐♥ ♥♦♥❞❡♥s❡ ❜r❡❛sts ❛♥❞ ✐♥ ❞❡♥s❡ ❜r❡❛sts✱ ❛ st❛t✐st✐❝ t❡st ❢♦r t✇♦ ♣r♦♣♦rt✐♦♥s ✇❛s

✉s❡❞✳ ❊①♣❡r✐♠❡♥t❛❧ r❡s✉❧ts ♦♥ t❤❡ ▼✐♥✐✲▼■❆❙ ❛♥❞ ❉❉❙▼ ❞❛t❛❜❛s❡ s❤♦✇❡❞ ❛♥ ❛❝❝✉r❛❝②

♦❢ ✾✷✳✼✶✪ ✐♥ ❞❡t❡❝t✐♥❣ ♠❛ss❡s ✐♥ ♥♦♥❞❡♥s❡ ❛♥❞ ✼✾✳✶✼✪ ✐♥ ❞❡♥s❡ ❜r❡❛sts✳ ❆❧❧ ❡①♣❡r✐♠❡♥ts

s❤♦✇❡❞ t❤❛t t❤❡ ■❈❆ ✜❧t❡rs ❤❛✈❡ ❛ ❜❡tt❡r ♣❡r❢♦r♠❛♥❝❡ ❢♦r ❞❡t❡❝t ❧❡s✐♦♥s ✐♥ ❞❡♥s❡ ❜r❡❛st✱

❝♦♠♣❛r❡❞ ✇✐t❤ P❈❆✳ ❈♦♥tr❛r② t♦ ♣r❡✈✐♦✉s ✇♦r❦s✱ ♦✉r ❡①♣❡r✐♠❡♥ts s❤♦✇❡❞ t❤❛t t❤❡r❡ ✐s

❛❝t✉❛❧❧② ❛ s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ❞❡t❡❝t✐♦♥ ♦❢ ♠❛ss❡s ✐♥ ❞❡♥s❡ ❛♥❞ ♥♦♥❞❡♥s❡

❜r❡❛sts✳ ❚❤✐s st✉❞② ❝❛♥ ❤❡❧♣ s♣❡❝✐❛❧✐st t♦ ❞❡t❡❝t ❧❡s✐♦♥s ✐♥ ❞❡♥s❡ ❜r❡❛st✳

❑❡②✇♦r❞s✿ ▼❡❞✐❝❛❧ ■♠❛❣❡ ❆♥❛❧②s✐s✱ ❉❡♥s❡ ❇r❡❛st✱ ❋✐❧t❡r✐♥❣✱ ❈❧✉st❡r✐♥❣✱ ■♠❛❣❡ ❙❡❣✲

♠❡♥t❛t✐♦♥✳



❙✉♠ár✐♦

✶ ■♥tr♦❞✉çã♦ ✶✺

✶✳✶ ❚r❛❜❛❧❤♦s ❘❡❧❛❝✐♦♥❛❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✻

✶✳✷ ❖❜❥❡t✐✈♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽

✶✳✸ ❈♦♥tr✐❜✉✐çõ❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽

✶✳✹ ❖r❣❛♥✐③❛çã♦ ❞♦ tr❛❜❛❧❤♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾

✷ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✵

✷✳✶ ❈â♥❝❡r ❞❡ ♠❛♠❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵

✷✳✷ ▼❛♠♦❣r❛✜❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶

✷✳✸ ❉✐❛❣♥óst✐❝♦ ❛✉①✐❧✐❛❞♦ ♣♦r ❝♦♠♣✉t❛❞♦r ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺

✷✳✹ Pr♦❝❡ss❛♠❡♥t♦ ❞✐❣✐t❛❧ ❞❡ ✐♠❛❣❡♥s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✼

✷✳✺ ❆♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✾

✷✳✺✳✶ ❊①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✉s❛♥❞♦ ■❈❆ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶

✷✳✺✳✷ ❉❡✜♥✐çõ❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✷

✷✳✺✳✸ ■♥❞❡♣❡♥❞ê♥❝✐❛ ❡st❛tíst✐❝❛ ❡ ♥ã♦✲❝♦rr❡❧❛çã♦ ❞❡ ✈❛r✐á✈❡✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✸

✷✳✺✳✹ ❊st✐♠❛çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✸

✷✳✺✳✺ ◆❡❣❡♥tr♦♣✐❛ ❝♦♠♦ ♠❡❞✐❞❛ ❞❡ ♥ã♦✲❣❛✉ss✐❛♥✐❞❛❞❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹

✷✳✻ ❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✺

✷✳✼ ❆♥á❧✐s❡ ❞❡ ❆❣r✉♣❛♠❡♥t♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✼

✷✳✽ ❑✲♠é❞✐❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✵

✸ ▼❛t❡r✐❛✐s ❡ ▼ét♦❞♦s ✹✷

✸✳✶ ❆q✉✐s✐çã♦ ❞❛s ✐♠❛❣❡♥s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✷

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

✸✳✷✳✶ ❚r❡✐♥❛♠❡♥t♦ ✉s❛♥❞♦ ■❈❆ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻

✸✳✷✳✷ ❚r❡✐♥❛♠❡♥t♦ ✉s❛♥❞♦ P❈❆ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽

✸✳✷✳✸ ❋✐❧tr❛❣❡♠ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾

✸✳✷✳✹ ❆✈❛❧✐❛çã♦ ❞♦ ❞✐❛❣♥óst✐❝♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵

✸✳✷✳✺ ❚❡st❡ ❩ ❞❡ ❤✐♣ót❡s❡s ♣❛r❛ ❞✉❛s ♣r♦♣♦rçõ❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✶

✹ ❘❡s✉❧t❛❞♦s ✺✸



✺ ❉✐s❝✉ssõ❡s ✻✶

✻ ❈♦♥❝❧✉sõ❡s ❡ ❆t✐✈✐❞❛❞❡s ❋✉t✉r❛s ✻✺

✻✳✶ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✻

✻✳✷ ❚r❛❜❛❧❤♦s ❆❝❡✐t♦s ♣❛r❛ P✉❜❧✐❝❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✻

❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s ✻✼



▲✐st❛ ❞❡ ❆❜r❡✈✐❛t✉r❛s

■❈❆ ■♥❞❡♣❡♥❞❡♥t ❈♦♠♣♦♥❡♥t ❆♥❛❧②s✐s

P❈❆ Pr✐♥❝✐♣❛❧ ❈♦♠♣♦♥❡♥t ❆♥❛❧②s✐s

❈❆❉ ❉✐❛❣♥óst✐❝♦ ❆✉①✐❧✐❛❞♦ ♣♦r ❈♦♠♣✉t❛❞♦r

❆◆◆ ❆rt✐✜❝✐❛❧ ◆❡✉r❛❧ ◆❡t✇♦r❦s

❘❖■ ❘❡❣✐♦♥s ♦❢ ■♥t❡r❡st

▼■❆❙ ▼❛♠♠♦❣r❛♣❤✐❝ ■♠❛❣❡ ❆♥❛❧②s✐s ❙♦❝✐❡t②

❉❉❙▼ ❉✐❣✐t❛❧ ❉❛t❛❜❛s❡ ❢♦r ❙❝r❡❡♥✐♥❣ ▼❛♠♠♦❣r❛♣❤②

❊■❈❆▼▼ ❊♥❤❛♥❝❡❞ ■❈❆ ▼✐①t✉r❡ ▼♦❞❡❧

❙❱▼ ❙✉♣♣♦rt ❱❡❝t♦r ▼❛❝❤✐♥❡

❘❇❋◆◆ ❘❛❞✐❛❧ ❇❛s✐s ❋✉♥❝t✐♦♥ ◆❡✉r❛❧ ◆❡t✇♦r❦

❘◆❆ ❘❡❞❡s ◆❡✉r❛✐s ❆rt✐✜❝✐❛✐s

❙❖▼ ❙❡❧❢ ❖r❣❛♥✐③✐♥❣ ▼❛♣s

❇■✲❘❆❉❙ ❇r❡❛st ■♠❛❣❡ ❘❡♣♦rt✐♥❣ ❛♥❞ ❉❛t❛ ❙②st❡♠

❈❈ ❈râ♥✐♦ ❈❛✉❞❛❧

▼▲❖ ▼é❞✐♦ ❖❜❧íq✉♦ ▲❛t❡r❛❧

❆❖▼ ❆r❡❛ ❖✈❡r❧❛♣ ▼❡❛s✉r❡

❇❙❙ ❇❧✐♥❞ ❙♦✉r❝❡ ❙❡♣❛r❛t✐♦♥

❉❋❚ ❚r❛♥s❢♦r♠❛❞❛ ❉✐s❝r❡t❛ ❞❡ ❋♦✉r✐❡r

❉❈❚ ❚r❛♥s❢♦r♠❛❞❛ ❉✐s❝r❡t❛ ❞♦ ❈♦ss❡♥♦

❆❈❘ ❈♦❧é❣✐♦ ❆♠❡r✐❝❛♥♦ ❞❡ ❘❛❞✐♦❧♦❣✐❛



▲✐st❛ ❞❡ ❋✐❣✉r❛s

✷✳✶ ❋♦r♠❛çã♦ ❞❡ ❝❛r❝✐♥♦♠❛s ❧♦❜✉❧❛r❡s ❡ ❞✉❝t❛✐s ♥❛ ♠❛♠❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶

✷✳✷ ❊①❡♠♣❧♦s ❞❡ ♥❡♦♣❧❛s✐❛s✿ ✭❛✮ ❜❡♥✐❣♥❛❀ ✭❜✮ ♠❛❧✐❣♥❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶

✷✳✸ ❊①❡♠♣❧♦ ❞❡ ♥❡♦♣❧❛s✐❛ ❞♦ t✐♣♦ ❝❛❧❝✐✜❝❛çã♦✿ ✭❛✮ ✐♠❛❣❡♠ ♦r✐❣✐♥❛❧❀ ✭❜✮ ✐♠❛❣❡♠

r❡❛❧ç❛❞❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✷✳✹ ▼❛♠ó❣r❛❢♦✳ ◆❛ ♠❛♠♦❣r❛✜❛✱ ❝❛❞❛ ♠❛♠❛ é ❝♦♠♣r✐♠✐❞❛ ❤♦r✐③♦♥t❛❧♠❡♥t❡ ❡✱

❡♠ s❡❣✉✐❞❛✱ ♦❜❧✐q✉❛♠❡♥t❡✱ ❛r♠❛③❡♥❛♥❞♦ ✉♠❛ ✐♠❛❣❡♠ ❞❡ r❛✐♦s✲❳ ❞❡ ❝❛❞❛

♣♦s✐çã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✷✳✺ ■❧✉str❛çã♦ ❞❛ r❡❛❧✐③❛çã♦ ❞❡ ✉♠❛ ♠❛♠♦❣r❛✜❛ ❡ ♦❜t❡♥çã♦ ❞❛s ✈✐sõ❡s ❝râ♥✐♦

❝❛✉❞❛❧ ✭❈❈✮ ❡ ♠é❞✐♦ ♦❜❧íq✉♦ ❧❛t❡r❛❧ ✭▼▲❖✮ ❞❡ ✉♠❛ ❞❛s ♠❛♠❛s ✳ ✳ ✳ ✳ ✳ ✳ ✷✸

✷✳✻ ❊①❡♠♣❧♦s ❞❡ ♠❛♠♦❣r❛✜❛✿ ✭❛✮ ✈✐sã♦ ❝râ♥✐♦ ❝❛✉❞❛❧ ✭❈❈✮ ❞❛ ♠❛♠❛ ❞✐r❡✐t❛❀

✭❜✮ ✈✐sã♦ ❈❈ ❞❛ ♠❛♠❛ ❡sq✉❡r❞❛❀ ✭❝✮ ♠é❞✐♦ ♦❜❧íq✉♦ ❧❛t❡r❛❧ ✭▼▲❖✮ ❞❛ ♠❛♠❛

❞✐r❡✐t❛❀ ✭❞✮ ✈✐sã♦ ▼▲❖ ❞❛ ♠❛♠❛ ❡sq✉❡r❞❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹

✷✳✼ ❊①❡♠♣❧♦s ❞❡ ♠❛♠❛s ❝❧❛ss✐✜❝❛❞❛s q✉❛♥t♦ ❛ ❞❡♥s✐❞❛❞❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛

❡s❝❛❧❛ ❇■✲❘❆❉❙✳ ✭❛✮ ❇■✲❘❆❉❙ ■✱ ✭❜✮ ❇■✲❘❆❉❙ ■■✱ ✭❝✮ ❇■✲❘❆❉❙ ■■■ ❡ ✭❞✮

❇■✲❘❆❉❙ ■❱✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻

✷✳✽ ❊①❡♠♣❧♦ ❞❡ r❡♠♦çã♦ ❞❡ ❛rt❡❢❛t♦s ❡♠ ♠❛♠♦❣r❛✜❛✳ ✭❛✮ ♠❛♠♦❣r❛✜❛ ❝♦♠

❛rt❡❢❛t♦s❀ ✭❜✮ ♠❛♠♦❣r❛✜❛ s❡♠ ❛rt❡❢❛t♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✼

✷✳✾ ❘❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠❛ ✐♠❛❣❡♠ ❞❡ t❛♠❛♥❤♦ ▼ ① ◆ ❝♦♠♦ ♠❛tr✐③✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✽

✷✳✶✵ P❛ss♦s ♣❛r❛ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✽

✷✳✶✶ ❙✐♥❛✐s ❛rt✐✜❝✐❛✐s ❣❡r❛❞♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✵

✷✳✶✷ ❙✐♥❛✐s ❛rt✐✜❝✐❛✐s ♠✐st✉r❛❞♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✵

✷✳✶✸ ❙✐♥❛✐s ❛rt✐✜❝✐❛✐s ❞❡s♠✐st✉r❛❞♦s ✉s❛♥❞♦ ■❈❆✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶

✷✳✶✹ ❘❡❣✐ã♦ ❞❡ ♠❛♠♦❣r❛✜❛ ❝♦♥t❡♥❞♦ ✉♠❛ ♠❛ss❛ r❡♣r❡s❡♥t❛❞❛ ❝♦♠♦ ✉♠❛ ❝♦♠✲

❜✐♥❛çã♦ ❧✐♥❡❛r ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢✉♥çõ❡s ❜❛s❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✷

✷✳✶✺ ❊①❡♠♣❧♦ ❞❡ ♣r♦❥❡çã♦ ♦rt♦❣♦♥❛❧ ❝♦♠ P❈❆✳ ✭❛✮ ❉✐str✐❜✉✐çã♦ ❞❡ ❞❛❞♦s ❡♠

r❡❧❛çã♦ às ✈❛r✐á✈❡✐s x1 ❡ x2✳ ✭❜✮ ❘❡s✉❧t❛❞♦ ❞❛ ♣r♦❥❡çã♦ ❞♦s ❞❛❞♦s ♥❛s ❝♦♠✲

♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s y1 ❡ y2✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✷✳✶✻ ❉❡♥❞r♦❣r❛♠❛✿ ❡s❜♦ç♦ ❞♦ ❛❣r✉♣❛♠❡♥t♦ ❤✐❡rárq✉✐❝♦ ❡❢❡t✉❛❞♦ s♦❜r❡ ✉♠ ❝♦♥✲

❥✉♥t♦ ❞❡ ❞❛❞♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✾

✷✳✶✼ ❉❡♥❞r♦❣r❛♠❛✿ ▲✐♥❤❛ ❞❡ ❝♦rt❡ ❞♦ ❞❡♥❞r♦❣r❛♠❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ❞♦✐s

❛❣r✉♣❛♠❡♥t♦s ✜♥❛✐s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✵



✷✳✶✽ ❊①❡♠♣❧♦ ❞♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ k✲♠é❞✐❛s✳ ✭❛✮ ❆♠♦str❛s ❛❧❡❛tór✐❛s ❡ ♦s ❝❡♥✲

tr♦✐❞❡s ❡♠ s✉❛s ❧♦❝❛❧✐③❛çõ❡s ✐♥✐❝✐❛✐s✳ ✭❜✮ ❈❡♥tr♦✐❞❡s ❡♠ s✉❛s ♣♦s✐çõ❡s ❞❡✜✲

♥✐t✐✈❛s ❡ ♦s ❣r✉♣♦s ❛ q✉❡ ❛s ❛♠♦str❛s ♣❡rt❡♥❝❡♠✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶

✸✳✶ ❉✐❛❣r❛♠❛ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✳ ❯♠ ❝♦♥❥✉♥t♦ ❞❡ ✐♠❛❣❡♥s ♥ã♦ ❞❡♥s❛s q✉❡

❝♦♥té♠ ❧❡sã♦ é ✉s❛❞♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ tr❡✐♥❛♠❡♥t♦✳ ❆ ár❡❛ ❞❛ ♠❛♠❛ q✉❡

❝♦♥té♠ ❛ ❧❡sã♦ ✭❘❖■✬s✮ é s❡❧❡❝✐♦♥❛❞❛ ❡ ❛s ❛♠♦str❛s ❞❡ ✶✻①✶✻ ♣✐①❡❧s✱ s❡♠

s♦❜r❡♣♦s✐çã♦ ❞❡ ❛♠♦str❛s✱ sã♦ ❡①tr❛í❞❛s✱ r❡♦r❣❛♥✐③❛❞❛s ❝♦♠♦ ✉♠ ✈❡t♦r ❝♦✲

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

❡①tr❛✐r ❢✉♥çõ❡s ❜❛s❡✱ ❛ ♣❛rt✐r ❞♦s q✉❛✐s ♦s ♠❡❧❤♦r❡s ✜❧tr♦s sã♦ s❡❧❡❝✐♦♥❛❞♦s✳

❆s r❡s♣♦st❛s ❞♦s ✜❧tr♦s sã♦ s♦♠❛❞❛s ❡ ❛❣r✉♣❛❞❛s ✉s❛♥❞♦ k✲♠é❞✐❛s✳ ❆ ♣❛rt✐r

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

q✉❡ ❝♦rr❡s♣♦♥❞❡ à r❡❣✐ã♦ ❞❡ ♠❛ss❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✸

✸✳✷ ❊①❡♠♣❧♦s ❞❡ ✐♠❛❣❡♥s ❞❡ ♠❛♠♦❣r❛✜❛ ✉s❛❞❛s ♥♦s ❡①♣❡r✐♠❡♥t♦s✳ ✭❛✮ ♠❛♠❛

❞❡♥s❛ s❡♠ ♠❛ss❛✳ ✭❜✮ ♠❛♠❛ ❞❡♥s❛ ❝♦♠ ♠❛ss❛ ❡ s✉❛ ❧♦❝❛❧✐③❛çã♦ ❝♦rr❡s♣♦♥✲

❞❡♥t❡ sã♦ ♠♦str❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ r❡❣✐str♦ ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✳ ✳ ✳ ✳ ✳ ✳ ✹✹

✸✳✸ ❊①❡♠♣❧♦s ❞❡ ❘❖■s ✉t✐❧✐③❛❞♦s ♥♦ tr❡✐♥❛♠❡♥t♦ ❞♦ ❛❧❣♦r✐t♠♦✳ ✭❛✮✲✭❞✮ r❡❣✐õ❡s

❞❡ ♠❛♠❛s ❞❡♥s❛s s❡♠ ♠❛ss❛✳ ✭❡✮✲✭❤✮ r❡❣✐õ❡s ❞❡ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s ❝♦♥t❡♥❞♦

♠❛ss❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✸✳✹ ❊①❡♠♣❧♦s ❞❡ ❘❖■s ✉t✐❧✐③❛❞♦s ♥♦s t❡st❡s ❡ s✉❛s r❡s♣❡❝t✐✈❛s ✐♠❛❣❡♥s ❞❡

❣r♦✉♥❞ tr✉t❤✿ ✭❛✮ ❝❛s♦ ♠❞❜✵✵✶ ✭▼■❆❙✮❀ ✭❜✮ ❝❛s♦ ♠❞❜✵✶✸ ✭▼■❆❙✮❀ ✭❝✮

❝❛s♦ ♠❞❜✵✶✺ ✭▼■❆❙✮❀ ✭❞✮ ❝❛s♦ ❆❴✶✵✷✺❴✶✲✷✳▲❊❋❚❴❈❈ ✭❉❉❙▼✮❀ ✭❡✮ ❝❛s♦

❆❴✶✵✷✼❴✶✲✶✳▲❊❋❚❴❈❈ ✭❉❉❙▼✮❀ ✭❢✮ ❝❛s♦ ❇❴✸✶✸✸❴✶✲✶✳❘■●❍❚❴▼▲❖ ✭❉❉❙▼✮✳ ✹✺

✸✳✺ ❊①❡♠♣❧♦ ❞❡ ❢✉♥çõ❡s ❜❛s❡✱ ♦❜t✐❞❛s ❝♦♠ ■❈❆✿ ✭❛✮ ❢✉♥çõ❡s ❜❛s❡ ❞❡ t❡❝✐❞♦

♥♦r♠❛❧ ♥ã♦ ❞❡♥s♦❀ ✭❜✮ ❢✉♥çõ❡s ❜❛s❡ ❞❡ t❡❝✐❞♦ ❧❡s✐♦♥❛❞♦ ❞❡♥s♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✼

✸✳✻ ❊①❡♠♣❧♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢✉♥çõ❡s ❜❛s❡ r❡♣r❡s❡♥t❛❞❛s ❝♦♠♦ ✈❡t♦r❡s ❝♦✲

❧✉♥❛ ❡ s❡✉ ❝♦rr❡s♣♦♥❞❡♥t❡ ❡s♣❡❝tr♦ ❞❡ ❋♦✉r✐❡r✳ ✭❛✮ ❆❧❣✉♠❛s ❢✉♥çõ❡s ❜❛s❡

❞❡ r❡❣✐õ❡s ❞❡♥s❛s s❡♠ ♠❛ss❛✳ ✭❜✮ ▼é❞✐❛ ❞❛s ❢✉♥çõ❡s ❜❛s❡ ❡ ✈❛r✐â♥❝✐❛ ❞❛s

❢✉♥çõ❡s ❜❛s❡ ❞❡ r❡❣✐õ❡s ❞❡♥s❛s s❡♠ ♠❛ss❛✳ ✭❝✮ ❊s♣❡❝tr♦ ❞❡ ❋♦✉r✐❡r ❞❛ ♠é❞✐❛

❞❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ r❡❣✐õ❡s ❞❡♥s❛s s❡♠ ♠❛ss❛✳ ✭❞✮ ❆❧❣✉♠❛s ❢✉♥çõ❡s ❜❛s❡

❞❡ r❡❣✐õ❡s ♥ã♦ ❞❡♥s❛s q✉❡ ❝♦♥tê♠ ♠❛ss❛✳ ✭❡✮ ▼é❞✐❛ ❞❛s ❢✉♥çõ❡s ❜❛s❡ ❡ ✈❛r✐✲

â♥❝✐❛ ❞❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ r❡❣✐õ❡s ♥ã♦ ❞❡♥s❛s ❝♦♥t❡♥❞♦ ♠❛ss❛✳ ✭❢✮ ❊s♣❡❝tr♦

❞❡ ❋♦✉r✐❡r ❞❛ ♠é❞✐❛ ❞❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ r❡❣✐õ❡s ♥ã♦ ❞❡♥s❛s ❝♦♥t❡♥❞♦ ♠❛ss❛✳ ✹✼

✸✳✼ ❉❡♥❞r♦❣r❛♠❛ ❞❛s ❢✉♥çõ❡s ❜❛s❡ ♦❜t✐❞❛s ❝♦♠ ■❈❆✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽

✸✳✽ ❊①❡♠♣❧♦ ❞❡ ❢✉♥çõ❡s ❜❛s❡✱ ♦❜t✐❞❛s ❞❡ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s ❝♦♠ P❈❆✿ ✭❛✮

❢✉♥çõ❡s ❜❛s❡ ❞❡ t❡❝✐❞♦ ♥♦r♠❛❧✳ ✭❜✮ ❢✉♥çõ❡s ❜❛s❡ ♣❛r❛ ♦ t❡❝✐❞♦ ❧❡s✐♦♥❛❞♦✳ ✳ ✳ ✹✽

✸✳✾ ●rá✜❝♦ ❞❡ P❛r❡t♦ ❝♦♥str✉í❞♦ ❛ ♣❛rt✐r ❞❛s ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ♦❜t✐❞❛s

❝♦♠ P❈❆✳ ◆♦ ❣rá✜❝♦✱ ♣♦❞❡✲s❡ ✈❡r q✉❡ ❛s ♦✐t♦ ❝♦♠♣♦♥❡♥t❡s ❡①♣❧✐❝❛♠ ✾✵✪

❞♦s ❞❛❞♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾



✸✳✶✵ ❘❡❧❛çã♦ ❡♥tr❡ ASeg ❡ AGT ✱ ❡♠ três ❝❛s♦s ❞✐❢❡r❡♥t❡s✳ ❖s r❡tâ♥❣✉❧♦s ❝❧❛r♦s

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

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

✈❛❧♦r ❛♣r♦①✐♠❛❞♦ ❞❛ ♠étr✐❝❛ ❞❡ ❏❛❝❝❛r❞✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✶

✹✳✶ ❘❡s✉❧t❛❞♦ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛ ✐♠❛❣❡♠ ❆❴✶✸✽✽❴✶❴❘■●❍❚❴▼▲❖

✭❉❉❙▼✮✿ ✭❛✮ r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡✳ ✭❜✮ ❣r♦✉♥❞ tr✉t❤ ❞❛ ❧❡sã♦✳ ✭❝✮ ❘❡s✉❧t❛❞♦

❞❛ s❡❣♠❡♥t❛çã♦✳ ✭❞✮ ❙♦♠❛ ❞❛s r❡s♣♦st❛s ❞❡ ✜❧tr♦s ❞❡ r❡❣✐õ❡s ♥♦r♠❛✐s✳ ✭❡✮

❙♦♠❛ ❞❛s r❡s♣♦st❛s ❞♦s ✜❧tr♦s ❞❡ r❡❣✐õ❡s ❝♦♥t❡♥❞♦ ❧❡sã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺

✹✳✷ ❘❡s✉❧t❛❞♦ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛ ✐♠❛❣❡♠ ❆❴✵✵✵✺❴✶❴▲❊❋❚❴▼▲❖ ✭❉❉❙▼✮✿

✭❛✮ r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡✳ ✭❜✮ ❘❡s✉❧t❛❞♦ ❞❛ s❡❣♠❡♥t❛çã♦✳ ✭❝✮ ❙♦♠❛ ❞❛s r❡s✲

♣♦st❛s ❞♦s ✜❧tr♦s ❞❡ r❡❣✐õ❡s ♥♦r♠❛✐s✳ ✭❞✮ ❙♦♠❛ ❞❛s r❡s♣♦st❛s ❞♦s ✜❧tr♦s ❞❡

r❡❣✐õ❡s ❝♦♥t❡♥❞♦ ❧❡sã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺

✹✳✸ ✺ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦ ✉s❛♥❞♦ ✜❧tr♦s ❞❡

■❈❆✿ ❜❛s❡ ♠✐♥✐✲▼■❆❙ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✼

✹✳✹ ✺ ♣✐♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦ ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆✿

❜❛s❡ ♠✐♥✐✲▼■❆❙ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✹✳✺ ✺ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦ ✉s❛♥❞♦ ✜❧tr♦s ❞❡

■❈❆✿ ❜❛s❡ ❉❉❙▼ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✾

✹✳✻ ✺ ♣✐♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦ ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆✿

❜❛s❡ ❉❉❙▼ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

✺✳✶ ❘❡s✉❧t❛❞♦s ❞❛ ❞❡t❡❝çã♦ ❞❡ ❧❡sõ❡s ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆ ♣❛r❛ ✹✱ ✺ ❡ ✻ ❣r✉♣♦s

❡ ✉s❛♥❞♦ ✭❛✮ t♦❞❛s ❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆✱ ✭❜✮ ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆ ❞❡

♠❛✐♦r ✈❛r✐❛çã♦ ❡ ✭❝✮ ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆ ❞❡ ♠❛✐♦r ❝✉rt♦s❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✶

✺✳✷ ❘❡s✉❧t❛❞♦s ❞❛ ❞❡t❡❝çã♦ ❞❡ ❧❡sõ❡s ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆ ♣❛r❛ ✹✱ ✺ ❡ ✻ ❣r✉♣♦s

❡ ✉s❛♥❞♦ ✭❛✮ t♦❞❛s ❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆✱ ✭❜✮ ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆ ❞❡

♠❛✐♦r ✈❛r✐❛çã♦ ❡ ✭❝✮ ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆ ❞❡ ♠❛✐♦r ❝✉rt♦s❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✷

✺✳✸ ❘❡s✉❧t❛❞♦ ✜♥❛❧ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ r❡❛❧✐③❛❞♦ ❡♠ ❞✉❛s ♠❛♠♦❣r❛✜❛s q✉❡ ♣♦s✲

s✉❡♠ ❛❧❣✉♠ t✐♣♦ ❞❡ ♠❛ss❛✳ ✭❛✮ ❡ ✭❝✮ ✐♠❛❣❡♠ ❛♥❛❧✐s❛❞❛ ❝♦♠ ✐♥❞✐❝❛çã♦ ❞❡

♠❛ss❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡❣✐str♦s ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ▼✐♥✐✲▼■❆❙✳ ✭❜✮ ❡ ✭❞✮

r❡s✉❧t❛❞♦ ❞❛ ✜❧tr❛❣❡♠ r❡❛❧✐③❛❞❛ ♥❛s ✐♠❛❣❡♥s ❞❡st❛❝❛♥❞♦ r❡❣✐õ❡s s✉s♣❡✐t❛s✳ ✻✸

✺✳✹ ❊①❡♠♣❧♦s ❞❡ ❧❡sõ❡s ❞❡t❡❝t❛❞❛s ♥♦s t❡st❡s ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆ ❞❡ ♠❛✐♦r

✈❛r✐â♥❝✐❛ ❡ ✉s❛♥❞♦ ✜❧tr♦s ❞❡ P❈❆✱ ❛✉♠❡♥t❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❣r✉♣♦s ♥❛
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▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✶✳✶ ❚r❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✻

✷✳✶ ▼❡❞✐❞❛s ❞❡ ❞✐stâ♥❝✐❛ ♠❛✐s ✉s✉❛✐s ❡♠ ❛♥á❧✐s❡ ❞❡ ❛❣r✉♣❛♠❡♥t♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✼

✹✳✶ ❘❡s✉❧t❛❞♦s ❞♦s t❡st❡s ❞❡ ❞❡t❡❝çã♦ ❡♠ ❘❖■s ❝♦♠ t♦❞❛s ❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡
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✹✳✸ ❘❡s✉❧t❛❞♦s ❞♦s t❡st❡s ❞❡ ❞❡t❡❝çã♦ ❡♠ ❘❖■s ❝♦♠ ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆ ❞❡

♠❛✐♦r ✈❛r✐â♥❝✐❛ ✈❡rs✉s P❈❆ ✭♠étr✐❝❛ ❞❡ ❏❛❝❝❛r❞ ≥ 1✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✹✳✹ ▼❛tr✐③ ❞❡ ❝♦♥❢✉sã♦ ♣❛r❛ ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s ❞❡♥s❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✻

✹✳✺ ▼❛tr✐③ ❞❡ ❝♦♥❢✉sã♦ ♣❛r❛ ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✻



❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

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

❆s ❡st✐♠❛t✐✈❛s ♣❛r❛ ♦s ❝❛s♦s ❞❡ ❝â♥❝❡r ♥♦ ❇r❛s✐❧ ♥♦s ❛♥♦s ❞❡ ✷✵✶✻ ❡ ✷✵✶✼ ✐♥❞✐❝❛♠ ❛♣r♦①✐✲

♠❛❞❛♠❡♥t❡ ✻✵✵ ♠✐❧ ♥♦✈♦s ❝❛s♦s ✭■◆❈❆✱ ✷✵✵✼✮✳ ❉❡st❡s ❝❛s♦s✱ ♦s ♠❛✐s ✐♥❝✐❞❡♥t❡s ❛✐♥❞❛ sã♦

♦ ❝â♥❝❡r ❞❡ ♣❡❧❡ ❞♦ t✐♣♦ ♥ã♦ ♠❡❧❛♥♦♠❛ ✭✺✽ ♠✐❧ ♥♦✈♦s ❝❛s♦s✮✱ ♦ ❝â♥❝❡r ❞❡ ♣róst❛t❛ ✭✻✶ ♠✐❧

♥♦✈♦s ❝❛s♦s✮ ❡ ♦ ❝â♥❝❡r ❞❡ ♠❛♠❛ ❡♠ ♠✉❧❤❡r❡s ✭✺✽ ♠✐❧ ♥♦✈♦s ❝❛s♦s✮✳ ❖ ❝â♥❝❡r ❞❡ ♠❛♠❛

t❛♠❜é♠ ❛❝♦♠❡t❡ ❤♦♠❡♥s✱ ♣♦ré♠ é r❛r♦✱ r❡♣r❡s❡♥t❛♥❞♦ ❛♣❡♥❛s ✶✪ ❞♦ t♦t❛❧ ❞❡ ❝❛s♦s ❞❛

❞♦❡♥ç❛✳

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

s✉❛ ❡❢❡t✐✈✐❞❛❞❡ ❛✉♠❡♥t❛ q✉❛♥❞♦ é r❡❛❧✐③❛❞❛ ♥♦ ❡stá❣✐♦ ✐♥✐❝✐❛❧ ❞❛ ❞♦❡♥ç❛ ✭●❆▲▲❆❘❉❖✲

❈❆❇❆▲▲❊❘❖ ❡t ❛❧✳✱ ✷✵✶✷✮✳ ❊♠❜♦r❛ s❡❥❛ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞♦ ❡ t❡♥❤❛ s❡♥s✐❜✐❧✐❞❛❞❡ ✈❛r✐❛♥❞♦

❞❡ ✹✻✪ ❛ ✽✽✪✱ ❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ss❡ ❡①❛♠❡ ❝♦♠♦ ♠ét♦❞♦ ❞❡ r❛str❡❛♠❡♥t♦ r❡❞✉③❛ ❛ ♠♦rt❛❧✐✲

❞❛❞❡ ❡♠ ✷✺✪✱ ❛ ❞❡t❡❝çã♦ ❞❡ ❧❡sõ❡s ❡♠ ♠❛♠♦❣r❛✜❛s ❞❡♣❡♥❞❡ ❞❡ ❢❛t♦r❡s t❛✐s ❝♦♠♦ t❛♠❛♥❤♦

❡ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❧❡sã♦✱ ❞❡♥s✐❞❛❞❡ ❞❛ ♠❛♠❛✱ q✉❛❧✐❞❛❞❡ ❞❛ ♠❛♠♦❣r❛✜❛ ❡ ❤❛❜✐❧✐❞❛❞❡ ❞❡ ✐♥✲

t❡r♣r❡t❛çã♦ ❞♦ ❡s♣❡❝✐❛❧✐st❛ ✭■◆❈❆✱ ✷✵✵✼✮✳

❆ s❡❣♠❡♥t❛çã♦ ❞❛ ✐♠❛❣❡♠ é ♦ ♣r✐♠❡✐r♦ ♣❛ss♦ ♥♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s ♠é❞✐❝❛s

✭❘■❇❊■❘❖ ❡t ❛❧✳✱ ✷✵✶✸✮✳ ◆♦ ❝❛s♦ ❞❛s ✐♠❛❣❡♥s ❞❡ ♠❛♠♦❣r❛✜❛✱ ❛s ❧❡sõ❡s sã♦ s❡❣♠❡♥t❛❞❛s

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

❧❡sõ❡s ♥❛s s✐t✉❛çõ❡s ♠❛✐s ❞✐❢í❝❡✐s✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞❡ ♠❛♠❛s ❞❡ ♠❛✐♦r ❞❡♥s✐❞❛❞❡✳

❱ár✐♦s ♠ét♦❞♦s✱ ❜❛s❡❛❞♦s ❡♠ s✐st❡♠❛s ❞❡ ❞✐❛❣♥óst✐❝♦ ❛✉①✐❧✐❛❞♦ ♣♦r ❝♦♠♣✉t❛❞♦r

✭❈❆❉✮ tê♠ s✐❞♦ ♣r♦♣♦st♦s ♣❛r❛ ❛✉①✐❧✐❛r ♦s ❡s♣❡❝✐❛❧✐st❛s ♥❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❧❡sõ❡s✱ ❢♦r✲

♥❡❝❡♥❞♦ ✉♠❛ s❡❣✉♥❞❛ ♦♣✐♥✐ã♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦✳ ❊st❡s s✐st❡♠❛s ❡♠♣r❡❣❛♠

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

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

❛✉♠❡♥t❛♥❞♦ ❞❡ss❛ ❢♦r♠❛ ❛ ❝❤❛♥❝❡ ❞❡ ❝✉r❛✳

✶✺
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✶✳✶ ❚r❛❜❛❧❤♦s ❘❡❧❛❝✐♦♥❛❞♦s

❈❤r✐st♦②✐❛♥♥✐ ❡t ❛❧✳ ✭✷✵✵✷✮ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠ s✐st❡♠❛ ❈❆❉ ❜❛s❡❛❞♦ ❡♠ ❛♥á❧✐s❡

❞❡ ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ✭■❈❆✮ ❛ss♦❝✐❛❞❛ ❝♦♠ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s ✭❆◆◆✮✱ ♣❛r❛

❝❧❛ss✐✜❝❛r r❡❣✐õ❡s ♥♦r♠❛✐s ♦✉ s✉s♣❡✐t❛s✱ ♦❜t❡♥❞♦ ❛❝✉rá❝✐❛ ❞❡ ✽✽✱✷✸✪✳ ❆❜✉✲❆♠❛r❛ ❡ ❆❜❞❡❧✲

◗❛❞❡r ✭✷✵✵✼✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❛ ❞❡t❡❝çã♦ ❞❡ r❡❣✐õ❡s s✉s♣❡✐t❛s ✭❘❖❙✮ ❜❛s❡❛❞♦

❡♠ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡①tr❛í❞❛s ❝♦♠ ■❈❆✱ ♦❜t❡♥❞♦ ❛❝✉rá❝✐❛ ❞❡ ✼✾✱✵✵✪ ♥❛ ❞❡t❡❝✲

çã♦ ❞❡ ❛♥♦♠❛❧✐❛s ❡ ✼✶✱✷✵✪ ♥♦ ❞✐❛❣♥óst✐❝♦ ❞❡ ♠❛ss❛✳ ❆❜❞❡❧✲◗❛❞❡r ❡ ❆❜✉✲❆♠❛r❛ ✭✷✵✵✽✮

❛♣r❡s❡♥t❛r❛♠ ✉♠ ♠ét♦❞♦ ❜❛s❡❛❞♦ ❡♠ ❧ó❣✐❝❛ ♥❡❜✉❧♦③❛ ♣❛r❛ ✐❞❡♥t✐✜❝❛r r❡❣✐õ❡s s✉s♣❡✐t❛s✱

♦❜t❡♥❞♦ ❛❝✉rá❝✐❛ ❞❡ ✽✹✱✵✸✪✳

❈❛♠♣♦s ❡t ❛❧✳ ✭✷✵✶✶✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ♠ét♦❞♦ ❜❛s❡❛❞♦ ❡♠ ■❈❆ ♣❛r❛ ❞❡t❡❝t❛r

r❡❣✐õ❡s s✉s♣❡✐t❛s✱ ♦❜t❡♥❞♦ ✾✵✱✶✺✪ ❞❡ ❛❝❡rt♦ ♥❛ ❝❧❛ss✐✜❝❛çã♦ ❡♥tr❡ t❡❝✐❞♦s ♥♦r♠❛✐s ❡ s✉s✲

♣❡✐t♦s✳ ●❛❧❧❛r❞♦✲❈❛❜❛❧❧❡r♦ ❡t ❛❧✳ ✭✷✵✶✷✮ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❞❡t❡❝t❛r ♠✐❝r♦✲

❝❛❧❝✐✜❝❛çõ❡s ❡♠ ♠❛♠❛s ✉s❛♥❞♦ ■❈❆ ❝♦♠ ✾✶✱✽✪ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡✱ ✉s❛♥❞♦ ✉♠ ❜❛♥❝♦ ❞❡

❞❛❞♦s ❞✐❣✐t❛❧ ♣❛r❛ r❛str❡❛♠❡♥t♦ ❞❡ ♠❛♠♦❣r❛✜❛s ✭❉❉❙▼✮ ✭❍❊❆❚❍ ❡t ❛❧✳✱ ✷✵✵✶✮✳ ❘✐❜❡✐r♦

❡t ❛❧✳ ✭✷✵✶✸✮ ♣r♦♣✉s❡r❛♠ ❛ s❡❣♠❡♥t❛çã♦ ❛✉t♦♠át✐❝❛ ❞❡ ♠❛ss❛s ✉s❛♥❞♦ ✉♠❛ té❝♥✐❝❛ ❞❡✲

♥♦♠✐♥❛❞❛ ❊♥❤❛♥❝❡❞ ■❈❆ ▼✐①t✉r❡ ▼♦❞❡❧ ✭❊■❈❆▼▼✮ ❝♦♠ ✸✱✺✹✪ ❞❡ t❛①❛ ❞❡ ❡rr♦ ♣❛r❛

❞❡t❡❝t❛r ♠❛ss❛s✳

●❛r❝í❛✲▼❛♥s♦ ❡t ❛❧✳ ✭✷✵✶✸✮ ❛♥❛❧✐s❛r❛♠ s❡ ❛ ❞❡♥s✐❞❛❞❡ ❞♦ t❡❝✐❞♦ ♠❛♠ár✐♦ ❛❢❡t❛ ❛

❞❡t❡❝çã♦ ❞❡ ♠❛ss❛s ❡♠ ♠❛♠♦❣r❛✜❛s✳ ❊♠ s❡✉ tr❛❜❛❧❤♦✱ ✉s♦✉ ■❈❆ ♣❛r❛ ❡①tr❛✐r ❝❛r❛❝t❡rís✲

t✐❝❛s✱ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s ❡ ♠áq✉✐♥❛ ❞❡ ✈❡t♦r ❞❡ s✉♣♦rt❡ ✭❙❱▼✮ ♣❛r❛ ❞❡t❡❝t❛r ♠❛ss❛s

❡♠ r❡❣✐õ❡s ❞❡ ✐♥t❡r❡ss❡ ✭❘❖■s✮ ❡①tr❛í❞❛s ❞❡ ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s ❞❡ ❞✐❢❡r❡♥t❡s ❞❡♥s✐❞❛❞❡s✱

♦❜t❡♥❞♦ ❛❝✉rá❝✐❛ ❞❡ ✽✽✱✹✶✪✳ ❙❡✉s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♠♦str❛r❛♠ ✉♠❛ ár❡❛ s♦❜ ❛ ❝✉r✈❛

❘❖❈ ❞❡ ✵✱✾✻✺ ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❝❛s♦s ❞❡ ♠❛♠❛ ❞❡ ❜❛✐①❛ ❞❡♥s✐❞❛❞❡ ❡ ✵✱✽✾✼ ♣❛r❛ ❝❛s♦s

❞❡ ♠❛♠❛ ❞❡ ♠❛✐♦r ❞❡♥s✐❞❛❞❡ ❡ s✉❛ ❝♦♥❝❧✉sã♦ é q✉❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ s❡✉ ♠ét♦❞♦ é ❛❢❡t❛❞♦

♣❡❧❛ ❞❡♥s✐❞❛❞❡ ♠❛♠ár✐❛✳ ❆ ❚❛❜❡❧❛ ✶✳✶ s✉♠❛r✐③❛ ♦s tr❛❜❛❧❤♦s ❝✐t❛❞♦s✳

❚❛❜❡❧❛ ✶✳✶✿ ❚r❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s

❚r❛❜❛❧❤♦ ❚é❝♥✐❝❛ ❈❧❛ss✐✜❝❛❞♦r ❇❛s❡ ❞❡ ❞❛❞♦s ❘❖■s ❆❝❡rt♦

❈❤r✐st♦②✐❛♥♥✐ ■❈❆ ❘❇❋◆◆ ▼■❆❙ ✷✸✽ ✽✽✳✷✸✪

❆❜✉✲❆♠❛r❛ ■❈❆ ❙❱▼ ▼■❆❙ ✶✶✾ ✼✾✪

❆❜❞❡❧✲◗❛❞❡r ■❈❆ ❋✉③③② ▼■❆❙ ✶✶✾ ✽✹✱✵✸✪

❈❛♠♣♦s ■❈❆ ❘◆❆ ▼■❆❙ ✶✺✵ ✾✵✳✶✺✪

●❛❧❧❛r❞♦✲❈❛❜❛❧❧❡r♦ ■❈❆ ❆◆◆ ❉❉❙▼ ✶✵✵ ✾✶✳✽✪

❘✐❜❡✐r♦ ❊■❈❆▼▼ ❙❖▼ ❉❉❙▼✴▲❆P■▼❖ ✸✾✻ ✹✻✱✼✶✪

●❛r❝✐❛✲▼❛♥s♦ ■❈❆ ❙❱▼ ❉❉❙▼ ✺✵✺✷ ✽✽✱✹✶✪
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❉❡ ❛❝♦r❞♦ ❝♦♠ ❇r❡♠✳ ❡t ❛❧✳ ✭✷✵✵✺✮✱ ❛ ❞❡t❡❝çã♦ ❞❡ ❝â♥❝❡r ❞❡ ♠❛♠❛ ♥ã♦ é ✐♠♣❛❝t❛❞❛

♣❡❧❛ ❞❡♥s✐❞❛❞❡ ♠❛♠ár✐❛✳ ❊♠ s❡✉s ❡①♣❡r✐♠❡♥t♦s✱ ✽✾✪ ❞♦s ❝❛s♦s ❞❡ ❝â♥❝❡r ❢♦r❛♠ ❞❡t❡❝✲

t❛❞♦s ♣♦r ✉♠ s✐st❡♠❛ ❈❆❉❀ ✾✵✪ ❞♦s ❝❛s♦s ❞❡ ❝â♥❝❡r ❡♠ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s ❡ ✽✽✪ ❞♦s

❝❛s♦s ❞❡ ❝â♥❝❡r ❡♠ ♠❛♠❛s ❞❡♥s❛s✳ ❖❧✐✈❡r ❡t ❛❧✳ ✭✷✵✶✵✮ ❡st✉❞❛r❛♠ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ✉♠

s✐st❡♠❛ ❈❆❉ ♣❛r❛ ❞❡t❡❝çã♦ ❞❡ ❝â♥❝❡r ❞❡ ♠❛♠❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ s❡✉s ❡st✉❞♦s✱ q✉❛♥❞♦ ❛

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

❈❆❉ ❢♦✐ ❞❡ ✼✹✱✼✪ ♣❛r❛ ❛s ✈✐s✉❛❧✐③❛çõ❡s ❞♦ t✐♣♦ ❝râ♥✐♦ ❝❛✉❞❛❧ ✭❈❈✮ ❡ ✽✺✱✸✪ ♣❛r❛ ❛s ✈✐s✉✲

❛❧✐③❛çõ❡s ❞♦ t✐♣♦ ♠é❞✐♦ ♦❜❧íq✉♦ ❧❛t❡r❛❧ ✭▼▲❖✮✳ ❈♦♥s✐❞❡r❛♥❞♦ ❛ ✐♥❢♦r♠❛çã♦ ❞❛ ❞❡♥s✐❞❛❞❡

♠❛♠ár✐❛✱ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ♣❛r❛ ♠❛♠♦❣r❛✜❛s ❞♦ t✐♣♦ ❈❈ ❡ ▼▲❖ ❛✉♠❡♥t❛ ♣❛r❛ ✽✵✱✵✪ ❡

✽✾✱✸✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡ ✽✷✱✼✪ ❡ ✾✵✱✼✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✉s❛♥❞♦ ❡st✐♠❛çã♦ ❛✉t♦♠át✐❝❛✳

❆ss✐♠✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❇r❡♠✳ ❡t ❛❧✳ ✭✷✵✵✺✮✱ ♥ã♦ ❤♦✉✈❡ ❞✐❢❡r❡♥ç❛s ❡st❛t✐st✐❝❛♠❡♥t❡

s✐❣♥✐✜❝❛t✐✈❛s ♥❛ ❞❡t❡❝çã♦ ❞❡ ♠❛ss❛s ❡♠ ♠❛♠❛s ❞❡♥s❛s ♦✉ ♥ã♦ ❞❡♥s❛s✳ ◆♦ ❡♥t❛♥t♦✱ ❞❡

❛❝♦r❞♦ ❝♦♠ ❖❧✐✈❡r ❡t ❛❧✳ ✭✷✵✶✵✮✱ ❛ ✐♥❢♦r♠❛çã♦ ❞❛ ❞❡♥s✐❞❛❞❡ ♠❛♠ár✐❛ ♣♦❞❡ ♠❡❧❤♦r❛r ♦s

s✐st❡♠❛s ❈❆❉ ♥❛ t❛r❡❢❛ ❞❡ ❞❡t❡❝çã♦ ❞❡ ♠❛ss❛✳ ❆♣❡s❛r ❞❡ ❤❛✈❡r❡♠ ♠✉✐t♦s tr❛❜❛❧❤♦s ♣✉✲

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

sã♦ ❞✐r❡❝✐♦♥❛❞♦s ♣❛r❛ ❞❡t❡❝çã♦ ❡♠ ♠❛♠❛s ❝♦♥s✐❞❡r❛❞❛s ❞❡♥s❛s✳

❊①✐st❡♠ ♠✉✐t♦s tr❛❜❛❧❤♦s ♣✉❜❧✐❝❛❞♦s s♦❜r❡ ❢❡rr❛♠❡♥t❛s ❞❡s❡♥✈♦❧✈✐❞❛s ♣❛r❛ ❧♦❝❛❧✐✲

③❛çã♦ ❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ♠❛ss❛s ✉s❛♥❞♦ ■❈❆✳ ❉❡ ❢❛t♦✱ ■❈❆ s✉r❣✐✉ ❝♦♠♦ ✉♠❛ té❝♥✐❝❛ q✉❡ t❡♠

✉♠❛ ✐♥s♣✐r❛çã♦ ❜✐♦❧ó❣✐❝❛ ♠✉✐t♦ ❢♦rt❡ ✭❖▲❙❍❆❯❙❊◆❀ ❋■❊▲❉✱ ✶✾✾✻❀ ❙▼■❚❍❀ ▲❊❲■❈❑■✱

✷✵✵✻✮ ❝♦♠ ♠✉✐t❛s ❛♣❧✐❝❛çõ❡s ✭❍❨❱❆❘■◆❊◆✱ ✶✾✾✾❀ ❍❨❱❆❘■◆❊◆❀ ❖❏❆✱ ✷✵✵✵❀ ❍❨❱❆❘■✲

◆❊◆❀ ❑❆❘❍❯◆❊◆❀ ❖❏❆✱ ✷✵✵✹❀ ❏❆▼❊❙❀ ❍❊❙❙❊✱ ✷✵✵✺❀ ▼❖❑❀ ▲❆▼❀ ◆●✱ ✷✵✵✹❀ ❈❍■❊◆❀

❈❍❊◆✱ ✷✵✵✻❀ ❍❖❨❊❘❀ ❍❨❱❆❘■◆❊◆✱ ✷✵✵✵❀ ❖▲❙❍❆❯❙❊◆❀ ❋■❊▲❉✱ ✶✾✾✻❀ ❇❆❘❚▲❊❚❚❀

▼❖❱❊▲▲❆◆❀ ❙❊❏◆❖❲❙❑■✱ ✷✵✵✷❀ ❈❆❱❆▲❈❆◆❚❊ ❡t ❛❧✳✱ ✷✵✵✾❀ ❏❊◆❙❙❊◆❀ ❊▲❚❖❋❚✱

✷✵✵✸✮✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ❢♦✐ ❛✈❛❧✐❛❞♦ s❡ ❛ ❞❡♥s✐❞❛❞❡ ❞❛ ♠❛♠❛ ❛❢❡t❛ ♦ r❡s✉❧t❛❞♦ ❞❛ ❞❡t❡❝✲

çã♦ ❞❡ ♠❛ss❛s ❡♠ ♠❛♠❛s ❞❡♥s❛s✳ P❛r❛ ✐ss♦✱ ❢♦✐ ✉s❛❞♦ ❝♦❞✐✜❝❛çã♦ ❡✜❝✐❡♥t❡ ❜❛s❡❛❞❛ ❡♠

■❈❆ ♣❛r❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡ ❞❡t❡❝çã♦ ❞❡ ♠❛ss❛s ❡♠ ♠❛♠❛s t❛♥t♦ t❛♥t♦ ❡♠

♠❛♠❛s ♥ã♦ ❞❡♥s❛s ❝♦♠♦ ❡♠ ♠❛♠❛s ❞❡ ❛❧t❛ ❞❡♥s✐❞❛❞❡✳ P❛r❛ ❡st❛ t❛r❡❢❛✱ ❢♦r❛♠ ♦❜t✐❞❛s

❘❖■s ❞♦s ❜❛♥❝♦s ❞❡ ❞❛❞♦s ▼✐♥✐✲▼■❆❙ ✭❙❯❈❑▲■◆● ❡t ❛❧✳✱ ✶✾✾✹✮ ❡ ❉❉❙▼ ✭❍❊❆❚❍ ❡t

❛❧✳✱ ✷✵✵✶✮✱ ♦♥❞❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ❞❡✜♥❡♠ ❝❧❛ss❡s ❞❡ ✐♠❛❣❡♥s ❝♦♥t❡♥❞♦ ♠❛ss❛s ❢♦r❛♠

❡①tr❛í❞❛s✳ ❊ss❛s ❝❛r❛❝t❡ríst✐❝❛s ❢♦r❛♠ ❡♥tã♦ ✉s❛❞❛s ♣❛r❛ ❣❡r❛r ✉♠ ❜❛♥❝♦ ❞❡ ✜❧tr♦s ✉s❛❞♦

♣❛r❛ s❡❣♠❡♥t❛r ♠❛ss❛s ❡♠ ♠❛♠❛s ❞❡♥s❛s✳

P❛r❛ ✈❡r✐✜❝❛r ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡♠ r❡❧❛çã♦ ❛ ♦✉tr❛s té❝♥✐❝❛s ❞❡

s❡❣♠❡♥t❛çã♦✱ ❢♦✐ ❡❢❡t✉❛❞❛ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❝♦♠ P❈❆✳ P❛r❛ ♠❡❞✐r ❛ q✉❛✲

❧✐❞❛❞❡ ❞❛ s❡❣♠❡♥t❛çã♦ ♦❜t✐❞❛ ♣❡❧♦s ❞♦✐s ♠ét♦❞♦s✱ ❛ ♠❡❞✐❞❛ ❞❡ s♦❜r❡♣♦s✐çã♦ ❞❡ ár❡❛ ✭❆r❡❛

❖✈❡r❧❛② ▼❡❛s✉r❡✱ ❆❖▼✮ ❢♦✐ ✉s❛❞♦✳ P❛r❛ ✈❡r✐✜❝❛r s❡ ❤♦✉✈❡ ❛❧❣✉♠❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s r❡✲

s✉❧t❛❞♦s ❞♦s ♠ét♦❞♦s ♥❛ ❞❡t❡❝çã♦ ❞❡ ❧❡sõ❡s ❡♠ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s ❡ ♥❛s ♠❛♠❛s ❞❡♥s❛s✱

✉t✐❧✐③♦✉✲s❡ ♦ t❡st❡ ❩ ❞❡ ❤✐♣ót❡s❡s ♣❛r❛ ❞✉❛s ♣r♦♣♦rçõ❡s✳



❈❆P❮❚❯▲❖ ✶✳ ■◆❚❘❖❉❯➬➹❖ ✶✽

✶✳✷ ❖❜❥❡t✐✈♦s

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

s✐✜❝❛çã♦ ❞❡ ♠❛ss❛s ❡♠ ✐♠❛❣❡♥s ❞❡ ♠❛♠♦❣r❛✜❛ ❞❡ ♠❛♠❛s ❞❡♥s❛s✱ ❛ ♣❛rt✐r ❞❡ té❝♥✐❝❛s ❞❡

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

♣r❡t❡♥❞✐❞♦✱ ❜✉s❝❛r✲s❡✲á ❛t✐♥❣✐r ♦s s❡❣✉✐♥t❡s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s✿

• ❆✈❛❧✐❛r ❛ té❝♥✐❝❛ ❞❡ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ❝♦♠♦ ❞❡s❝r✐t♦r ❞❡

❛♥♦r♠❛❧✐❞❛❞❡s ❞♦ t❡❝✐❞♦ ♠❛♠ár✐♦❀

• ❉❡s❡♥✈♦❧✈❡r ✉♠ ♠ét♦❞♦ ♣❛r❛ ❡①tr❛çã♦ ❡ s❡❧❡çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ♠❛ss❛s ❛

♣❛rt✐r ❞❡ ✐♠❛❣❡♥s ❞❡ ♠❛♠♦❣r❛✜❛❀

• ❙❡❣♠❡♥t❛r r❡❣✐õ❡s ❞❡ ✐♥t❡r❡ss❡ ❡♠ ♠❛♠♦❣r❛✜❛s ✉t✐❧✐③❛♥❞♦ té❝♥✐❝❛s ❞❡ ❡①tr❛çã♦

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

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

♣♦r ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❡❢❡t✉❛r ❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ♠❛ss❛s ❡♠ ✐♠❛❣❡♥s ♠❛♠♦❣rá✜❝❛s

❞❡ ♠❛♠❛s ❞❡♥s❛s❀

• ❈♦♠♣❛r❛r ❛ ❡❢❡t✐✈✐❞❛❞❡ ❞♦s ❛❧❣♦r✐t♠♦ ❝♦♠ ♦✉tr❛s té❝♥✐❝❛s ❞❡ ❛❜♦r❞❛❞❡♠ s❡♠❡✲

❧❤❛♥t❡ ✭❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s✮

• ❱❡r✐✜❝❛r s❡ ❤á ❞✐❢❡r❡♥ç❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛ ❞❡t❡❝çã♦ ❡♠ ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s

❞❡♥s❛s ❡ ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s❀

• ■♠♣❧❡♠❡♥t❛r ♦s ❛❧❣♦r✐t♠♦s ♣r♦♣♦st♦s ❡ ❞❡s❡♥✈♦❧✈❡r ✉♠ s✐st❡♠❛ ❝❛♣❛③ ❞❡ ❛✉①✐❧✐❛r

❡s♣❡❝✐❛❧✐st❛s ❞❛ ár❡❛ ♠é❞✐❝❛✴r❛❞✐♦❧ó❣✐❝❛ ♥♦ tr❛❜❛❧❤♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❡ s❡❣♠❡♥t❛çã♦

❞❡ ❛❝❤❛❞♦s ❡♠ ✐♠❛❣❡♥s ♠❛♠♦❣rá✜❝❛s ❞❡ ♠❛♠❛s ❞❡♥s❛s✳

✶✳✸ ❈♦♥tr✐❜✉✐çõ❡s

❊st❡ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛ ❛s s❡❣✉✐♥t❡s ❝♦♥tr✐❜✉✐çõ❡s✿

• ❆✈❛❧✐❛ ❛ t❛r❡❢❛ ❞❡ s❡❣♠❡♥t❛çã♦ ❞❡ ♠❛ss❛s ❡♠ ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s ❞❡♥s❛s ❛ ♣❛rt✐r

❞❡ ✜❧tr♦s ❞❡ ■❈❆ ❡ P❈❆❀

• ❆♣r❡s❡♥t❛ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❞❡t❡❝çã♦ ❡ s❡❣♠❡♥t❛çã♦ ❞❡ ♠❛ss❛s ❡♠ ✐♠❛❣❡♥s ❞❡

♠❛♠♦❣r❛✜❛ ❞❡ ♠❛♠❛s ❞❡♥s❛s ♣❛r❛ ❛✉①í❧✐♦ ❛♦ ❞✐❛❣♥óst✐❝♦ ❞♦ ❡s♣❡❝✐❛❧✐st❛❀

• ❆✈❛❧✐❛ s❡ ❤á ❞✐❢❡r❡♥ç❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛ ❞❡t❡❝çã♦ ❞❡ ♠❛ss❛s ❡♠ ♠❛♠❛s ❞❡♥s❛s

❡ ❡♠ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆✳



❈❆P❮❚❯▲❖ ✶✳ ■◆❚❘❖❉❯➬➹❖ ✶✾

✶✳✹ ❖r❣❛♥✐③❛çã♦ ❞♦ tr❛❜❛❧❤♦

❊st❡ tr❛❜❛❧❤♦ é ♦r❣❛♥✐③❛❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✳ ❖ ❈❛♣ít✉❧♦ ✷ tr❛t❛ ❞❛ ❢✉♥❞❛♠❡♥t❛çã♦

t❡ór✐❝❛ ♥❡❝❡ssár✐❛ ♣❛r❛ ❞❡t❡❝çã♦ ❞❡ ♥ó❞✉❧♦s ❡♠ ♠❛♠♦❣r❛✜❛s ❞❡ ♠❛♠❛s ❞❡♥s❛s✳ ❙❡rã♦ ❛❜♦r✲

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

♣❛r❛ ❛✉①í❧✐♦ ❛♦ ❞✐❛❣♥óst✐❝♦✱ ♣r♦❝❡ss❛♠❡♥t♦ ❞✐❣✐t❛❧ ❞❡ ✐♠❛❣❡♥s✱ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s

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

r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡ ♥❛ ♠❛♠♦❣r❛✜❛✳

❖ ❝❛♣ít✉❧♦ ✸ ❞❡s❝r❡✈❡ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❡♠♣r❡❣❛❞❛ ♣❛r❛ ❡❢❡t✉❛r ❛ ❛q✉✐s✐çã♦ ❞❛s ✐♠❛✲

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

③❛❞♦s✳

❖ ❝❛♣ít✉❧♦ ✹ ❛❜♦r❞❛ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s ❜❡♠ ❝♦♠♦

❢❛③ ❛❧❣✉♠❛s ❞✐s❝✉ssõ❡s ❛❝❡rt❛ ❞♦s r❡s✉❧t❛❞♦s ❡ ❛♥á❧✐s❡s ❡st❛tíst✐❝❛s ♣❡rt✐♥❡♥t❡s✳ ❖ ❝❛♣ít✉❧♦

✺ ❡❢❡t✉❛ ✉♠❛ ❞✐s❝✉ssã♦ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦s ❡①♣❡r✐♠❡♥t♦s✳

❖ ❝❛♣ít✉❧♦ ✻ ✜♥❛❧✐③❛ ❡st❡ tr❛❜❛❧❤♦ ❝♦♠ ❛s ❝♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s ❡ ♣❡rs♣❡❝t✐✈❛s ❢✉t✉✲

r❛s✳



❈❛♣ít✉❧♦ ✷

❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛

✷✳✶ ❈â♥❝❡r ❞❡ ♠❛♠❛

❖ ❝â♥❝❡r ❞❡ ♠❛♠❛ ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ❝♦♠♦ s❡♥❞♦ ✉♠❛ ❞✐s❢✉♥çã♦ ♥❛s ❝é❧✉❧❛s q✉❡

❝♦♠♣õ❡♠ ♦ t❡❝✐❞♦ ♠❛♠ár✐♦✱ ❝❛♣❛③ ❞❡ ♦❝❛s✐♦♥❛r ♠✉❧t✐♣❧✐❝❛çã♦ ❝❡❧✉❧❛r ❞❡s♦r❞❡♥❛❞❛ ❡ ❝❛✉✲

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

❡s♣❛❧❤❛r ♣❛r❛ ♦✉tr❛s r❡❣✐õ❡s ❞♦ ❝♦r♣♦✱ ✐♥✈❛❞✐♥❞♦ ♦✉tr♦s ór❣ã♦s✳ ❖ t❡r♠♦ ♥❡♦♣❧❛s✐❛ é ✉t✐❧✐✲

③❛❞♦ ♣❛r❛ ❛❧t❡r❛çõ❡s ❝❡❧✉❧❛r❡s q✉❡ ❛❝❛rr❡t❛♠ ♥♦ ❝r❡s❝✐♠❡♥t♦ ❞❡s♦r❞❡♥❛❞♦ ❞❡st❛s ❝é❧✉❧❛s✱

♣♦❞❡♥❞♦ s❡r ❜❡♥✐❣♥❛ ♦✉ ♠❛❧✐❣♥❛ ✭■◆❈❆✱ ✷✵✵✼✮✳

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

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

t✐✈♦s✳ ❖s ❝❛r❝✐♥♦♠❛s ❞✉❝t❛✐s ❢♦r♠❛♠✲s❡ ♥♦s ❞✉❝t♦s q✉❡ ❧❡✈❛♠ ♦ ❧❡✐t❡ ❞♦ ❧ó❜✉❧♦ ♣❛r❛ ♦s

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

❆ ❋✐❣✉r❛ ✷✳✶✱✭❛✮ ❡ ✭❜✮✱ ✐❧✉str❛ ❛ ❢♦r♠❛çã♦ ❞❡ ❝❛r❝✐♥♦♠❛s ❧♦❜✉❧❛r❡s ❡ ❞✉❝t❛✐s ✭❆❈❙✱ ✷✵✶✼✮✳

❖s ❝❛r❝✐♥♦♠❛s ❧♦❜✉❧❛r❡s ❛❝♦♠❡t❡♠ ♦s ❧ó❜✉❧♦s✱ ❣❧â♥❞✉❧❛s ♣r♦❞✉t♦r❛s ❞❡ ❧❡✐t❡ ♥♦ ✜♥❛❧ ❞♦s

❞✉❝t♦s ♠❛♠ár✐♦s✳ ❖s ❝❛r❝✐♥♦♠❛s ❞✉❝t❛✐s ♦❝♦rr❡♠ ♥♦s ❞✉❝t♦s ♠❛♠ár✐♦s✱ ❝❛♥❛✐s ♣♦r ♦♥❞❡

♣❛ss❛ ♦ ❧❡✐t❡ ❛té ♦s ♠❛♠✐❧♦s✳

❆ss✐♠ ❝♦♠♦ q✉❛❧q✉❡r t✐♣♦ ❞❡ ❝â♥❝❡r✱ ♦ ❝â♥❝❡r ❞❡ ♠❛♠❛ ♣♦❞❡ s❡ ❡s♣❛❧❤❛r ♣❛r❛

♦✉tr❛s ♣❛rt❡s ❞♦ ❝♦r♣♦✱ ♣r♦❝❡ss♦ ❡st❡ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ♠❡tást❛s❡✳ P♦r ✐ss♦ é ❞❡ ✈✐t❛❧ ✐♠✲

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

tr❛t❛♠❡♥t♦ ❡ ❞❡ ❝✉r❛✳ ❆s ❢♦r♠❛s ♠❛✐s ❡✜❝❛③❡s ♣❛r❛ ❞❡t❡❝çã♦ ♣r❡❝♦❝❡ ❞♦ ❝â♥❝❡r ❞❡ ♠❛♠❛

sã♦ ♦ ❡①❛♠❡ ❝❧í♥✐❝♦ ❡ ❛ ♠❛♠♦❣r❛✜❛✳

❆ ♠❛♥✐❢❡st❛çã♦ ❞♦ ❝â♥❝❡r ♣♦❞❡ s❡ ❞❛r ❛tr❛✈és ❞♦ s✉r❣✐♠❡♥t♦ ❞❡ ♠❛ss❛s ❡ ❝❛❧❝✐✲

✜❝❛çõ❡s✳ ❆s ♠❛ss❛s✱ ♦✉ ♥ó❞✉❧♦s✱ ❝♦rr❡s♣♦♥❞❡♠ ❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝é❧✉❧❛s ❛❣❧♦♠❡r❛❞❛s✱

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

✷✵



❈❆P❮❚❯▲❖ ✷✳ ❋❯◆❉❆▼❊◆❚❆➬➹❖ ❚❊Ó❘■❈❆ ✷✶

❋✐❣✉r❛ ✷✳✶✿ ❋♦r♠❛çã♦ ❞❡ ❝❛r❝✐♥♦♠❛s ❧♦❜✉❧❛r❡s ❡ ❞✉❝t❛✐s ♥❛ ♠❛♠❛✳ ❋♦♥t❡✿ ❆❈❙ ✭✷✵✶✼✮

♥❛s ♦✉ ♠❛❧✐❣♥❛s✳ ❆s ❝❛❧❝✐✜❝❛çõ❡s ❝♦rr❡s♣♦♥❞❡♠ ❛ ❞❡♣ós✐t♦s ❞❡ s❛✐s ❞❡ ❝á❧❝✐♦ ❞❡s❡♥✈♦❧✈✐❞♦s

♥♦ t❡❝✐❞♦ ♠❛♠ár✐♦✱ q✉❡ ♣♦❞❡♠ ✐♥❝❧✉s✐✈❡ s❡r ❝♦♥s❡q✉ê♥❝✐❛s ❞❡ ♣r♦❝❡ss♦s ✐♥✢❛♠❛tór✐♦s✱

❛❧t❡r❛çõ❡s ❞❡❣❡♥❡r❛t✐✈❛s✱ ♣r♦❝❡ss♦s tó①✐❝♦s ♠❡t❛❜ó❧✐❝♦s✱ tr❛✉♠❛t✐s♠♦s ♦✉ r❡s✉❧t❛❞♦s ❞❡

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

◆❛ ❋✐❣✉r❛ ✷✳✷✱ ♣♦❞❡✲s❡ ✈✐s✉❛❧✐③❛r ❞✉❛s ✐♠❛❣❡♥s ❞❡ ♥❡♦♣❧❛s✐❛s✱ ❡①tr❛í❞❛s ❞❡ ♠❛♠♦✲

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

♥❡♦♣❧❛s✐❛ ♠❛❧✐❣♥❛✳ ❆s ✐♠❛❣❡♥s ❢♦r❛♠ ♦❜t✐❞❛s ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ▼✐♥✐✲▼■❆❙✳

❋✐❣✉r❛ ✷✳✷✿ ❊①❡♠♣❧♦s ❞❡ ♥❡♦♣❧❛s✐❛s✿ ✭❛✮ ❜❡♥✐❣♥❛❀ ✭❜✮ ♠❛❧✐❣♥❛✳ ❋♦♥t❡✿ ❙✉❝❦❧✐♥❣ ❡t ❛❧✳ ✭✶✾✾✹✮

◆❛ ❋✐❣✉r❛ ✷✳✸✱ ♣♦❞❡✲s❡ ✈✐s✉❛❧✐③❛r ✉♠ ❡①❡♠♣❧♦ ❞❡ ♥❡♦♣❧❛s✐❛ ❞♦ t✐♣♦ ❝❛❧❝✐✜❝❛çã♦✿ ✭❛✮

r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡✱ s❡♠ r❡❛❧❝❡ ♣❛r❛ ♠❡❧❤♦r❛r ❛ ✈✐s✉❛❧✐③❛çã♦❀ ✭❜✮ ♠❡s♠❛ r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡✱

❝♦♠ r❡❛❧❝❡ ♣❛r❛ ♠❡❧❤♦r❛r ❛ ✈✐s✉❛❧✐③❛çã♦ ❞❛s ❝❛❧❝✐✜❝❛çõ❡s✳

✷✳✷ ▼❛♠♦❣r❛✜❛

❆ ♠❛♠♦❣r❛✜❛ é ✉♠❛ ❢♦r♠❛ ❞❡ r❛❞✐♦❣r❛✜❛ ❞❛ ♠❛♠❛✱ ❞❡st✐♥❛❞❛ ❛ r❡❣✐str❛r ✐♠❛❣❡♥s

❞❛ ♠❛♠❛ ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ❞✐❛❣♥♦st✐❝❛r ❛ ♣r❡s❡♥ç❛ ❞❡ ❛♥♦♠❛❧✐❛s ♥❛ ♠❛♠❛✳ ❆ ♠❛♠♦✲

❣r❛✜❛ é r❡❛❧✐③❛❞❛ ♣♦r ✉♠ ❡q✉✐♣❛♠❡♥t♦ ❞❡♥♦♠✐♥❛❞♦ ♠❛♠ó❣r❛❢♦✱ q✉❡ ❝♦♠♣r✐♠❡ ❛s ♠❛♠❛s
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❋✐❣✉r❛ ✷✳✸✿ ❊①❡♠♣❧♦ ❞❡ ♥❡♦♣❧❛s✐❛ ❞♦ t✐♣♦ ❝❛❧❝✐✜❝❛çã♦✿ ✭❛✮ ✐♠❛❣❡♠ ♦r✐❣✐♥❛❧❀ ✭❜✮ ✐♠❛❣❡♠ r❡❛❧ç❛❞❛✳

❋♦♥t❡✿ ❙✉❝❦❧✐♥❣ ❡t ❛❧✳ ✭✶✾✾✹✮

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

③❡s ❞✐❢í❝❡✐s ❞❡ s❡r❡♠ ❞❡t❡❝t❛❞❛s ❛ ♦❧❤♦ ♥✉ ✭■◆❈❆✱ ✷✵✵✼✮✳ ❆ ❞❡t❡❝çã♦ ♥♦s ❡stá❣✐♦s ✐♥✐❝✐❛✐s

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

❛✐♥❞❛ ♥❡st❡ ❡stá❣✐♦✳ ◆❛ ❋✐❣✉r❛ ✷✳✹ é ♣♦ssí✈❡❧ ✈✐s✉❛❧✐③❛r ✉♠ ♠❛♠ó❣r❛❢♦ ♣❛r❛ r❡❛❧✐③❛çã♦ ❞❡

❡①❛♠❡s ❞❡ ♠❛♠♦❣r❛✜❛✳

❋✐❣✉r❛ ✷✳✹✿ ▼❛♠ó❣r❛❢♦✳ ◆❛ ♠❛♠♦❣r❛✜❛✱ ❝❛❞❛ ♠❛♠❛ é ❝♦♠♣r✐♠✐❞❛ ❤♦r✐③♦♥t❛❧♠❡♥t❡ ❡✱ ❡♠ s❡✲

❣✉✐❞❛✱ ♦❜❧✐q✉❛♠❡♥t❡✱ ❛r♠❛③❡♥❛♥❞♦ ✉♠❛ ✐♠❛❣❡♠ ❞❡ r❛✐♦s✲❳ ❞❡ ❝❛❞❛ ♣♦s✐çã♦✳ ❋♦♥t❡✿ ■◆❈❆ ✭✷✵✵✼✮

❊①✐st❡♠ ❞♦✐s t✐♣♦s ❞❡ ♠❛♠♦❣r❛✜❛✿ ❛ ❝♦♥✈❡♥❝✐♦♥❛❧ ❡ ❛ ❞✐❣✐t❛❧✳ ❆♣❡s❛r ❞♦s ❞♦✐s s✐s✲

t❡♠❛s ✉t✐❧✐③❛r❡♠ r❛✐♦s✲❳ ♣❛r❛ ♣r♦❞✉③✐r ❛ ✐♠❛❣❡♠ ❞❛ ♠❛♠❛✱ ❛ ❞✐❢❡r❡♥ç❛ ❡stá ❡♠ ❝♦♠♦

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

✐♠❛❣❡♠ ❛♣ós ❛ ❡①♣♦s✐çã♦ ❞❛ ♠❛♠❛ ❛♦s r❛✐♦s✲❳✳ ❏á ❛ ♠❛♠♦❣r❛✜❛ ❞✐❣✐t❛❧ ♣♦ss✉✐ ✉♠ s❡♥✲

s♦r q✉❡ tr❛♥s❢♦r♠❛ ♦s r❛✐♦s✲❳ ❡♠ s✐♥❛✐s ❡❧étr✐❝♦s✱ tr❛♥s♠✐t✐♥❞♦✲♦s ♣❛r❛ ✉♠ ❝♦♠♣✉t❛❞♦r✱
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♣♦ss✐❜✐❧✐t❛♥❞♦ s❡✉ ❛r♠❛③❡♥❛♠❡♥t♦ ❡ ♣r♦❝❡ss❛♠❡♥t♦ ❛ ♣❛rt✐r ❞❡ ♣r♦❣r❛♠❛s ❡s♣❡❝í✜❝♦s ❞❡

❛♥á❧✐s❡ ❞❡ ✐♠❛❣❡♥s ♠❛♠♦❣rá✜❝❛s✳

❆ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❡str✉t✉r❛s q✉❡ ♣♦ss❛♠ ✐♥❞✐❝❛r ❛ ♣r❡s❡♥ç❛ ❞❡ ❛♥♦♠❛❧✐❛s s❡ ❞á

❛tr❛✈és ❞❛ ❝♦♥st❛t❛çã♦ ❞❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❞❡ ❝♦♥tr❛st❡ ❡♥tr❡ ♦s ❞✐✈❡rs♦s t❡❝✐❞♦s ❡♥✈♦❧✈✐❞♦s✳

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

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

♠❛✐♦r ❡ ❛♣❛r❡❝❡♠ ♠❛✐s ❝❧❛r♦s ✭❇❖❨❉ ❡t ❛❧✳✱ ✷✵✵✼✮✳ ●❡r❛❧♠❡♥t❡✱ ♠✐❝r♦❝❛❧❝✐✜❝❛çõ❡s ❡ ♠❛s✲

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

♠❛♠♦❣rá✜❝♦✱ ♠❛s ❡st❛ ❞✐❢❡r❡♥❝✐❛çã♦ ✜❝❛ ♣r❡❥✉❞✐❝❛❞❛ ❡♠ ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s ❞❡♥s❛s✳ P♦r

❡ss❡ ♠♦t✐✈♦✱ ♠✉✐t❛s ✈❡③❡s ❛ ❞❡s❝♦❜❡rt❛ ❞♦ ❝â♥❝❡r ❞❡ ♠❛♠❛ ❡♠ ♠✉❧❤❡r❡s ❝♦♠ ♠❡♥♦s ❞❡ ✹✵

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

q✉❡ ❞✐✜❝✉❧t❛ ♦ tr❛t❛♠❡♥t♦ ❞❛ ❞♦❡♥ç❛✳ ❖ ❞✐❛❣♥óst✐❝♦ ❞♦s ❝â♥❝❡r❡s ♥ã♦ ♣❛❧♣á✈❡✐s só é ♣♦s✲

sí✈❡❧ ❛tr❛✈és ❞❛ r❡❛❧✐③❛çã♦ ❞❡ ♠❛♠♦❣r❛✜❛s ♠✐♥✉❝✐♦s❛s✱ ❡♠ q✉❡ ❝❛❞❛ ❞❡t❛❧❤❡ é ❞❡ ❡①tr❡♠❛

✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❡✈✐t❛r ♦s ❞✐❛❣♥óst✐❝♦s ❢❛❧s♦s ♣♦s✐t✐✈♦s ❡ ❢❛❧s♦s ♥❡❣❛t✐✈♦s ✭■◆❈❆✱ ✶✾✾✹✮✳

P❛r❛ ❝❛❞❛ ♣❛❝✐❡♥t❡✱ ❞✉❛s ✐♠❛❣❡♥s ❞❡ ❝❛❞❛ ♠❛♠❛ sã♦ s✉❜♠❡t✐❞❛s à ❡st❡ ❡①❛♠❡✳

❈❛❞❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ r❛✐♦s✲❳ ✐rá ❣❡r❛r ✉♠❛ ✈✐sã♦✱ ❞❡♥♦♠✐♥❛❞❛s ❝râ♥✐♦ ❝❛✉❞❛❧ ✭❈❈✮ ❡ ♠é❞✐♦

♦❜❧íq✉♦ ❧❛t❡r❛❧ ✭▼▲❖✮✳ ◆❛ ❋✐❣✉r❛ ✷✳✺✱ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ✐❧✉str❛çã♦ ❞❛ r❡❛❧✐③❛çã♦ ❞❡st❡

❡①❛♠❡ ❡ ❛ ♦❜t❡♥çã♦ ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s ❞✉❛s ✈✐sõ❡s ❞❡ ✉♠❛ ❞❛s ♠❛♠❛s✳

❋✐❣✉r❛ ✷✳✺✿ ■❧✉str❛çã♦ ❞❛ r❡❛❧✐③❛çã♦ ❞❡ ✉♠❛ ♠❛♠♦❣r❛✜❛ ❡ ♦❜t❡♥çã♦ ❞❛s ✈✐sõ❡s ❝râ♥✐♦ ❝❛✉❞❛❧

✭❈❈✮ ❡ ♠é❞✐♦ ♦❜❧íq✉♦ ❧❛t❡r❛❧ ✭▼▲❖✮ ❞❡ ✉♠❛ ❞❛s ♠❛♠❛s✳ ❋♦♥t❡✿ ❆♥❣❡❧♦ ✭✷✵✵✼✮✳

P♦❞❡✲s❡ ♦❜s❡r✈❛r ♥❛s ❋✐❣✉r❛s ✷✳✻ ✭❛✮✲✭❞✮ ❡①❡♠♣❧♦s ❞❡ ♠❛♠♦❣r❛✜❛s ♥❛s ✈✐sõ❡s ❝râ♥✐♦

❝❛✉❞❛❧ ✭❈❈✮ ❡ ♠é❞✐♦ ♦❜❧íq✉♦ ❧❛t❡r❛❧ ✭▼▲❖✮ ❞❡ ✉♠ ú♥✐❝♦ ♣❛❝✐❡♥t❡✳

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

❧❡sõ❡s ❡♠ ♠❛♠♦❣r❛✜❛s✳ ❖ t❡❝✐❞♦ ❛❞✐♣♦s♦ ♣♦ss✉✐ ♠❡♥♦r ❞❡♥s✐❞❛❞❡ ✭r❛③ã♦ ❡♥tr❡ ♦ t❡❝✐❞♦
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❋✐❣✉r❛ ✷✳✻✿ ❊①❡♠♣❧♦s ❞❡ ♠❛♠♦❣r❛✜❛✿ ✭❛✮ ✈✐sã♦ ❝râ♥✐♦ ❝❛✉❞❛❧ ✭❈❈✮ ❞❛ ♠❛♠❛ ❞✐r❡✐t❛❀ ✭❜✮ ✈✐sã♦

❈❈ ❞❛ ♠❛♠❛ ❡sq✉❡r❞❛❀ ✭❝✮ ♠é❞✐♦ ♦❜❧íq✉♦ ❧❛t❡r❛❧ ✭▼▲❖✮ ❞❛ ♠❛♠❛ ❞✐r❡✐t❛❀ ✭❞✮ ✈✐sã♦ ▼▲❖ ❞❛

♠❛♠❛ ❡sq✉❡r❞❛✳ ❋♦♥t❡✿ ▼♦r❡✐r❛ ❡t ❛❧✳ ✭✷✵✶✷✮

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

❞❛s ❧❡sõ❡s✳ ❏á ♦ t❡❝✐❞♦ ✜❜r♦❣❧❛♥❞✉❧❛r é ♠❛✐s ❞❡♥s♦ ❡✱ ♣♦r ❡ss❛ r❛③ã♦✱ é ♠❛✐s ❞✐❢í❝✐❧ ❞❡t❡❝t❛r

❛s ❧❡sõ❡s ❝♦♥t✐❞❛s ♥❡st❡ t✐♣♦ ❞❡ t❡❝✐❞♦✳

❱ár✐♦s ❢❛t♦r❡s ♣♦❞❡♠ ✐♥✢✉❡♥❝✐❛r ♥❛ ♠♦❞✐✜❝❛çã♦ ❞❛ ❝♦♠♣♦s✐çã♦ ❞♦ t❡❝✐❞♦ ❞❛ ♠❛♠❛✳

❚❛✐s ♠✉❞❛♥ç❛s ♣♦❞❡♠ s❡r ❝❛✉s❛❞❛s ♣♦r ❛❧t❡r❛çõ❡s ❤♦r♠♦♥❛✐s ♦✉ ♣r❡❞✐s♣♦s✐çã♦ ❣❡♥ét✐❝❛✳

▼✉❧❤❡r❡s ❥♦✈❡♥s ❛♣r❡s❡♥t❛♠ ❝♦♠♣♦s✐çã♦ ♠❛♠ár✐❛ ❢❡✐t❛ ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❞❡ t❡❝✐❞♦ ❣❧❛♥✲

❞✉❧❛r ❡ ♣♦✉❝❛ ❣♦r❞✉r❛✳ ◆♦ ❡♥t❛♥♦✱ é ♣♦ssí✈❡❧ ♦❝♦rr❡r ❞❡ ♠✉❧❤❡r❡s ♠❛✐s ✈❡❧❤❛s ❛♣r❡s❡♥t❛✲

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

✐♥✢✉❡♥❝✐❛r ♥❛ ❝♦♠♣♦s✐çã♦ ❞❛ ♠❛♠❛ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❛❢❡t❛r s✉❛ ❞❡♥s✐❞❛❞❡ ✭●❆❘❈❮❆✲

▼❆◆❙❖ ❡t ❛❧✳✱ ✷✵✶✸✮✳

❋♦r❛♠ ♣r♦♣♦st♦s ♠ét♦❞♦s ♣❛r❛ ❛✈❛❧✐❛çã♦ ❞❛ ❞❡♥s✐❞❛❞❡ ♠❛♠♦❣rá✜❝❛✱ ❡ ❞♦s ♠ét♦❞♦s

❡①✐st❡♥t❡s✱ ✉♠ ❞♦s ♠❛✐s ✉t✐❧✐③❛❞♦s é ❛ ❝❧❛ss✐✜❝❛çã♦ ♣r♦♣♦st❛ ♣❡❧♦ ❈♦❧é❣✐♦ ❆♠❡r✐❝❛♥♦ ❞❡



❈❆P❮❚❯▲❖ ✷✳ ❋❯◆❉❆▼❊◆❚❆➬➹❖ ❚❊Ó❘■❈❆ ✷✺

❘❛❞✐♦❧♦❣✐❛ ✭❆❈❘✮ ✭❇❊❘● ❡t ❛❧✳✱ ✷✵✵✵✮✱ ❞❡♥♦♠✐♥❛❞❛ ❇r❡❛st ■♠❛❣✐♥❣ ❘❡♣♦rt✐♥❣ ❛♥❞ ❉❛t❛

❙②st❡♠ ✭❇■✲❘❆❉❙✮ ✭❆❈❘✱ ✶✾✾✽✮✱ ♦✉ ❡s❝❛❧❛ ❇■✲❘❆❉❙✳ ❖ ❆❈❘ ❞❡s❡♥✈♦❧✈❡✉ ✉♠ ❝♦♥❥✉♥t♦ ❞❡

r❡❝♦♠❡♥❞❛çõ❡s ♣❛r❛ ❛ ♣❛❞r♦♥✐③❛çã♦ ❞❡ r❡❧❛tór✐♦s ❞❡ ♠❛♠♦❣r❛✜❛✱ ✉❧tr❛✲s♦♥♦❣r❛✜❛ ✭❯❙●✮

❡ r❡ss♦♥â♥❝✐❛ ♠❛❣♥ét✐❝❛ ✭▼❘✮✳ ❆ ❡s❝❛❧❛ ❇■✲❘❆❉❙ ♣❡r♠✐t❡ ❛ ♣❛❞r♦♥✐③❛çã♦ ❞❡ r❡❧❛tór✐♦s

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

❝r✐tér✐♦s ♣✉r❛♠❡♥t❡ ❞❡s❝r✐t✐✈♦s ✭❆❈❘✱ ✶✾✾✽✮✳ ❆❧é♠ ❞❡ ❞❡s❝r❡✈❡r ♦s ❛❝❤❛❞♦s r❛❞✐♦❧ó❣✐❝♦s✱ ❛

❡s❝❛❧❛ ❇■✲❘❆❉❙ ❝❧❛ss✐✜❝❛ ❛ ❝♦♠♣♦s✐çã♦ ♠❛♠ár✐❛ ❡♠ q✉❛tr♦ ❝❛t❡❣♦r✐❛s✳ ❊st❛ ❝❧❛ss✐✜❝❛çã♦

é ✉t✐❧✐③❛❞❛ ❡♠ ❧❛✉❞♦s ♠❛♠♦❣rá✜❝♦s✱ ❢❛❝✐❧✐t❛♥❞♦ ❛ ✐❞❡♥t✐✜❝❛çã♦ ♣♦r ♣❛rt❡ ❞♦s ❡s♣❡❝✐❛❧✐st❛s

❡ ❛♣❧✐❝❛çã♦ ❡♠ ❡st✉❞♦s ❡♣✐❞❡♠✐♦❧ó❣✐❝♦s✳

❙❡❣✉♥❞♦ ❛ ❡s❝❛❧❛ ❇■✲❘❆❉❙✱ ♦s ♣❛❞rõ❡s ♠❛♠♦❣rá✜❝♦s sã♦ ❞✐✈✐❞✐❞♦s ❡♠ q✉❛tr♦

t✐♣♦s✿

• ❇■✲❘❆❉❙ ■✿ ▼❛♠❛s ❛❞✐♣♦s❛s✱ ❝♦♥t❡♥❞♦ ❝❡r❝❛ ❞❡ ❛té ✷✺✪ ❞♦ ❝♦♠♣♦♥❡♥t❡ ✜❜r♦✲

❣❧❛♥❞✉❧❛r❀

• ❇■✲❘❆❉❙ ■■✿ ▼❛♠❛s ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❛❞✐♣♦s❛s✱ ❝♦♥t❡♥❞♦ ❝❡r❝❛ ❞❡ ✷✻✪ ❛té

✺✵✪ ❞♦ ❝♦♠♣♦♥❡♥t❡ ✜❜r♦❣❧❛♥❞✉❧❛r❀

• ❇■✲❘❆❉❙ ■■■✿ ▼❛♠❛s ❝♦♠ ♣❛❞rã♦ ❞❡♥s♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ♥❛s q✉❛✐s s❡ ♦❜s❡r✈❛ ✺✶

❛ ✼✺✪ ❞❡ t❡❝✐❞♦ ✜❜r♦❣❧❛♥❞✉❧❛r✱ ♦ q✉❡ ♣♦❞❡ ❞✐✜❝✉❧t❛r ❛ ✈✐s✉❛❧✐③❛çã♦ ❞❡ ❡✈❡♥t✉❛✐s

♥ó❞✉❧♦s❀

• ❇■✲❘❆❉❙ ■❱✿ ▼❛♠❛s ♠✉✐t♦ ❞❡♥s❛s✱ ♣♦r ❛♣r❡s❡♥t❛r❡♠ ♠❛✐s ❞❡ ✼✺✪ ❞❡ t❡❝✐❞♦

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

◆❛ ❋✐❣✉r❛ ✷✳✼✱ ♣♦❞❡✲s❡ ✈❡r q✉❛tr♦ ♠❛♠♦❣r❛✜❛s✱ ❝❧❛ss✐✜❝❛❞♦s s❡❣✉♥❞♦ ♦ s✐st❡♠❛

❇■✲❘❆❉❙✳

✷✳✸ ❉✐❛❣♥óst✐❝♦ ❛✉①✐❧✐❛❞♦ ♣♦r ❝♦♠♣✉t❛❞♦r

❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❢♦r♥❡❝❡r ❛♦ ❡s♣❡❝✐❛❧✐st❛ ♥❛ ár❡❛ ♠é❞✐❝❛ ❢❡rr❛♠❡♥t❛s ♣❛r❛ ❛✉✲

①✐❧✐❛r ♥❛ ❞❡t❡❝çã♦ ❡ ❞✐❛❣♥óst✐❝♦ ❞❡ ❧❡sõ❡s ❡♠ ✐♠❛❣❡♥s ♠❛♠♦❣rá✜❝❛s✱ ❞✐✈❡rs♦s tr❛❜❛❧❤♦s

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

❝♦s✱ ❝❛♣❛③❡s ❞❡ ❢♦r♥❡❝❡r ✉♠❛ s✉❣❡stã♦ ❞❡ ❞✐❛❣♥óst✐❝♦✳ ❊st❛s ❢❡rr❛♠❡♥t❛s sã♦ ❞❡♥♦♠✐♥❛❞❛s

❞❡ ❙✐st❡♠❛s ❞❡ ❆✉①í❧✐♦ à ❉❡t❡❝çã♦✴❉✐❛❣♥óst✐❝♦ ♦✉ s✐♠♣❧❡s♠❡♥t❡ ❙✐st❡♠❛s ❈❆❉✴❈❆❉①

✭❈♦♠♣✉t❡r✲❆✐❞❡❞ ❉❡t❡❝t✐♦♥✴❉✐❛❣♥♦s✐s✮ ❡ sã♦ ❝❛♣❛③❡s ❞❡ ❢♦r♥❡❝❡r ✉♠❛ s❡❣✉♥❞❛ ♦♣✐♥✐ã♦

♣❛r❛ ♦ ❡s♣❡❝✐❛❧✐st❛✱ r❡❞✉③✐♥❞♦ ❡rr♦s ❞❡ ✐♥t❡r♣r❡t❛çã♦ ❝❛✉s❛❞♦s ♣♦r ♠á q✉❛❧✐❞❛❞❡ ❞❛ ✐♠❛✲

❣❡♠ ♦✉ ❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ ❡①❛♠❡s ❛ s❡r❡♠ ❛♥❛❧✐s❛❞♦s ♣❛r❛ ♣♦✉❝♦s ♣r♦✜ss✐♦♥❛✐s ❞✐s♣♦♥í✈❡✐s✳



❈❆P❮❚❯▲❖ ✷✳ ❋❯◆❉❆▼❊◆❚❆➬➹❖ ❚❊Ó❘■❈❆ ✷✻

❋✐❣✉r❛ ✷✳✼✿ ❊①❡♠♣❧♦s ❞❡ ♠❛♠❛s ❝❧❛ss✐✜❝❛❞❛s q✉❛♥t♦ ❛ ❞❡♥s✐❞❛❞❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❇■✲

❘❆❉❙✳ ✭❛✮ ❇■✲❘❆❉❙ ■✱ ✭❜✮ ❇■✲❘❆❉❙ ■■✱ ✭❝✮ ❇■✲❘❆❉❙ ■■■ ❡ ✭❞✮ ❇■✲❘❆❉❙ ■❱✳ ❋♦♥t❡✿ ❙✐❧✈❛ ❡

▼❡♥♦tt✐ ✭✷✵✶✷✮

❊st❡s tr❛❜❛❧❤♦s t✐✈❡r❛♠ ✐♥í❝✐♦ ❡♠ ✶✾✻✼✱ ❝♦♠ ❛ ❡❧❛❜♦r❛çã♦ ❞❡ ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ♣❛r❛

❛♥❛❧✐s❛r ❛ ❞❡♥s✐❞❛❞❡ ó♣t✐❝❛ ❞❡ ✐♠❛❣❡♥s ♠❛♠♦❣rá✜❝❛s✱ ❡ ❛ ♣❛rt✐r ❞❡st❛ ❛♥á❧✐s❡ ✐❞❡♥t✐✜❝❛r

ár❡❛s s✉s♣❡✐t❛s ✭❲■◆❙❇❊❘● ❡t ❛❧✳✱ ✶✾✻✼✮✳ P♦ré♠✱ ❢♦✐ ❝♦♠ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s✐st❡♠❛s

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

♦s s✐st❡♠❛s ❈❆❉ ♣❛ss❛r❛♠ ❛ ♣r♦❞✉③✐r r❡s✉❧t❛❞♦s ♠❛✐s ❝♦♥✜á✈❡✐s✱ ♣♦❞❡♥❞♦ ❛té ❞❡t❡❝t❛r

r❡❣✐õ❡s ❞❡ ♠✐❝r♦❝❛❧❝✐✜❝❛çõ❡s✳

❖s s✐st❡♠❛s ❈❆❉✴❈❆❉① sã♦ ❝❛♣❛③❡s ❞❡ ❢♦r♥❡❝❡r ✉♠❛ s❡❣✉♥❞❛ ♦♣✐♥✐ã♦ ❛♦ ❡s♣❡❝✐✲

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

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

❞❡ ❛♥❛❧✐s❛r ❡st❛s r❡❣✐õ❡s q✉❛♥t♦ às s✉❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❜❡♥✐❣♥✐❞❛❞❡ ❡ ♠❛❧✐❣♥✐❞❛❞❡✱

❛✉①✐❧✐❛♥❞♦ ♥♦ ❛♣♦✐♦ à ❞❡❝✐sã♦ ❞♦ ❞✐❛❣♥óst✐❝♦ ♠é❞✐❝♦ ✭❚❆◆● ❡t ❛❧✳✱ ✷✵✵✾✮✳

◆♦s s✐st❡♠❛s ❈❆❉✴❈❆❉① ❜❛s❡❛❞♦s ❡♠ t❡❝♥♦❧♦❣✐❛ ❞❡ ♠❛♠♦❣r❛✜❛ ❡♠ ✜❧♠❡ r❛❞✐✲

♦❣rá✜❝♦✱ ❛s ♠❛♠♦❣r❛✜❛s sã♦ ❞✐❣✐t❛❧✐③❛❞❛s ✉t✐❧✐③❛♥❞♦ s❝❛♥♥❡rs ❞❡ ❛❧t❛ r❡s♦❧✉çã♦ ó♣t✐❝❛✱

❛❧❣♦ ❡♠ t♦r♥♦ ❞❡ ✸✷✵✵ ♣♦♥t♦s ♣♦r ♣♦❧❡❣❛❞❛ ✭❞♣✐✱ ❞♦ ✐♥❣❧ês ❞♦t ♣❡r ✐♥❝❤✮✱ ❡ ❛r♠❛③❡♥❛❞♦s

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

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

♦ ❝♦♠♣✉t❛❞♦r✱ ❛♦ ✐♥✈és ❞❡ ✉s❛r ✉♠ ✜❧♠❡ r❛❞✐♦❣rá✜❝♦✳ ❉❡st❛ ❢♦r♠❛✱ ❛ ♠❛♠♦❣r❛✜❛ ❞✐❣✐t❛❧

♣♦ss✐❜✐❧✐t❛ ♠❛✐♦r r❛♣✐❞❡③ ♥❛ ❝♦♥❝❧✉sã♦ ❞♦ ❡①❛♠❡✱ ❜❡♠ ❝♦♠♦ ♠❛✐s ❡✜❝✐ê♥❝✐❛ ♥❛ ❞❡t❡❝çã♦

❞❡ ❧❡sõ❡s ❛♦ ♣❛ss♦ q✉❡ ❞✐♠✐♥✉✐ ❛ t❛①❛ ❞❡ r✉í❞♦ ❛❝r❡s❝❡♥t❛❞♦ ♥❛ ✐♠❛❣❡♠ ❡♥✈✐❛❞❛ ♣❛r❛ ♦

❝♦♠♣✉t❛❞♦r✳

❆♣ós ❛ ❛q✉✐s✐çã♦✱ ❛ ✐♠❛❣❡♠ ♠❛♠♦❣rá✜❝❛ é s✉❥❡✐t❛ ❛ té❝♥✐❝❛s ❞❡ ❛♥á❧✐s❡ ❜❛s❡❛❞❛s ❡♠

♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♠ ♣❛r❛ r❡♠♦çã♦ ❞❡ ❛rt❡❢❛t♦s ❡ r❡❞✉çã♦ ❞❡ r✉í❞♦s✳ ◆❛ ❋✐❣✉r❛ ✷✳✽✱
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é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♦ r❡s✉❧t❛❞♦ ❞❛ r❡♠♦çã♦ ❞❡ ❛rt❡❢❛t♦s ❡♠ ✉♠❛ ✐♠❛❣❡♠ ❞❡ ♠❛♠♦❣r❛✜❛✳

❋✐❣✉r❛ ✷✳✽✿ ❊①❡♠♣❧♦ ❞❡ r❡♠♦çã♦ ❞❡ ❛rt❡❢❛t♦s ❡♠ ♠❛♠♦❣r❛✜❛✳ ✭❛✮ ♠❛♠♦❣r❛✜❛ ❝♦♠ ❛rt❡❢❛t♦s❀

✭❜✮ ♠❛♠♦❣r❛✜❛ s❡♠ ❛rt❡❢❛t♦s✳ ❋♦♥t❡✿ ❙✉❝❦❧✐♥❣ ❡t ❛❧✳ ✭✶✾✾✹✮

❯♠❛ ✈❡③ q✉❡ ❡st❡s ❛rt❡❢❛t♦s s❡❥❛ r❡♠♦✈✐❞♦s✱ ❝♦♠✉♠❡♥t❡ sã♦ ❛♣❧✐❝❛❞♦s ♠ét♦❞♦s ❞❡

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

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

❊♠ s❡ tr❛t❛♥❞♦ ❞❡ ♠❛♠❛s ❞❡♥s❛s✱ ❡①✐st❡♠ ♣♦✉❝♦s s✐st❡♠❛s ❈❆❉ ❡s♣❡❝í✜❝♦s✳ ❙❡✲

❣✉♥❞♦ ❨❛♥❣ ❡t ❛❧✳ ✭✷✵✵✼✮✱ ♦ ♥ú♠❡r♦ ❞❡ ❢❛❧s♦✲♣♦s✐t✐✈♦s ❝r❡s❝❡ ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ ❞❡♥s✐❞❛❞❡

♠❛♠ár✐❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❖❜❡♥❛✉❡r ❡t ❛❧✳ ✭✷✵✵✻✮✱ ❛ ❞❡♥s✐❞❛❞❡ ♠❛♠ár✐❛ ♣♦❞❡ ❛❢❡t❛r ❛

❞❡t❡❝çã♦ ♣♦r ❈❆❉✳ ❍♦ ❡ ▲❛♠ ✭✷✵✵✸✮ ♠♦str❛r❛♠ r❡❞✉çã♦ ❞❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❡st❛tíst✐❝❛ ❞♦

❈❆❉ ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ ❞❡♥s✐❞❛❞❡ ♠❛♠ár✐❛✳ ❊♠ s❡✉s ❡①♣❡r✐♠❡♥t♦s✱ ❍♦ ❡ ▲❛♠ ✭✷✵✵✸✮

♥♦t❛r❛♠ q✉❡ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦ ❈❆❉ ❢♦✐ ❞❡ ✾✸✱✸✪✱ ❝♦♠ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❞❡ ✶✱✸ ❢❛❧s♦s ♣♦s✐✲

t✐✈♦s ♣♦r ✐♠❛❣❡♠ ♥♦s ❝❛s♦s ❞❡ ♠❛♠❛s ❛❞✐♣♦s❛s✳ ❊♥tr❡t❛♥t♦✱ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ♣❛r❛ ✻✹✱✸✪

✭❡s♣❡❝✐✜❝✐❞❛❞❡ ❞❡ ✶✱✷✮ ♣❛r❛ ♠❛♠❛s ♠✉✐t♦ ❞❡♥s❛s✳

✷✳✹ Pr♦❝❡ss❛♠❡♥t♦ ❞✐❣✐t❛❧ ❞❡ ✐♠❛❣❡♥s

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

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

t❡ór✐❝♦s ✉s❛❞♦s ♥❛ ❡❧❛❜♦r❛çã♦ ❞❡ ❛❧❣♦r✐t♠♦s ✉s❛❞♦s ❡♠ t❛r❡❢❛s ❝♦♠♦ ✜❧tr❛❣❡♠✱ r❡❝♦♥❤❡❝✐✲

♠❡♥t♦ ❞❡ ♣❛❞rõ❡s✱ r❡♣r❡s❡♥t❛çã♦✱ ❞❡♥tr❡ ♦✉tr❛s ✭●❖◆❩❆▲❊❩❀ ❲❖❖❉❙❀ ❊❉❉■◆❙✱ ✷✵✵✸✮✳

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

f(x, y)✱ ♦♥❞❡ ① ❡ ② r❡♣r❡s❡♥t❛♠ ❛s ❝♦♦r❞❡♥❛❞❛s ❡s♣❛❝✐❛✐s ❡ ♦ ✈❛❧♦r ❞❡ f ❡♠ q✉❛❧q✉❡r ♣♦♥t♦✱

♦ ❜r✐❧❤♦ ♦✉ ♥í✈❡❧ ❞❡ ❝✐♥③❛ ❞❛ ✐♠❛❣❡♠ ♥❛q✉❡❧❡ ♣♦♥t♦✳ ❉❡ss❡ ♠♦❞♦✱ ✉♠❛ ✐♠❛❣❡♠ ❞✐❣✐t❛❧ é
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✉♠❛ ✐♠❛❣❡♠ ❞✐s❝r❡t✐③❛❞❛ t❛♥t♦ ❡♠ ❝♦♦r❞❡♥❛❞❛s ❡s♣❛❝✐❛✐s q✉❛♥t♦ ❡♠ ❜r✐❧❤♦ ✭●❖◆❩❆▲❊❩❀

❲❖❖❉❙❀ ❊❉❉■◆❙✱ ✷✵✵✸✮✱ s❡♥❞♦ ❝♦♠✉♠❡♥t❡ r❡♣r❡s❡♥t❛❞❛ ♣♦r ✉♠❛ ♠❛tr✐③ ❝✉❥♦s í♥❞✐❝❡s

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

♥í✈❡❧ ❞❡ ❝✐♥③❛✱ ♥❛q✉❡❧❡ ♣♦♥t♦✳ ❖s ❡❧❡♠❡♥t♦s ❞❡st❛ ♠❛tr✐③ sã♦ ❝♦♠✉♠❡♥t❡ ❞❡♥♦♠✐♥❛❞♦s

♣✐①❡❧s✳ ❆ ❋✐❣✉r❛ ✷✳✾ ♠♦str❛ ❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠❛ ✐♠❛❣❡♠ ❞❡ t❛♠❛♥❤♦ ▼ ① ◆✳

❋✐❣✉r❛ ✷✳✾✿ ❘❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠❛ ✐♠❛❣❡♠ ❞❡ t❛♠❛♥❤♦ ▼ ① ◆ ❝♦♠♦ ♠❛tr✐③✳

❖s ♣❛ss♦s ❢✉♥❞❛♠❡♥t❛✐s ♣❛r❛ ❡❢❡t✉❛r ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✉♠❛ ✐♠❛❣❡♠ ❡♥❝♦♥tr❛♠✲

s❡ ✐❧✉str❛❞♦s ♥❛ ❋✐❣✉r❛ ✷✳✶✵✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ✢✉①♦❣r❛♠❛ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛✱ ♦ ♣r✐✲

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

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

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

♦✉ ✉♠❛ ❝â♠❡r❛ ❞✐❣✐t❛❧✳

❋✐❣✉r❛ ✷✳✶✵✿ P❛ss♦s ♣❛r❛ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s✳

▲♦❣♦ ❛♣ós ❛ ❛q✉✐s✐çã♦✱ ♣♦❞❡✲s❡ ♦♣❝✐♦♥❛❧♠❡♥t❡ ❛rq✉✐✈❛r ❛ ✐♠❛❣❡♠✱ ❡♠ ✉♠ ❞✐s✲

♣♦s✐t✐✈♦ ❞❡ ♠❡♠ór✐❛ t❡♠♣♦rár✐♦✱ t❛❧ q✉❛❧ ❛ ♠❡♠ór✐❛ ❘❆▼ ❞♦ ❝♦♠♣✉t❛❞♦r✱ ♦✉ ❡♠ ✉♠

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

❛r♠❛③❡♥❛♠❡♥t♦ ❜❛s❡❛❞♦ ❡♠ ♠❡♠ór✐❛ ✢❛s❤✳

❆♣ós✱ ♦ ♣ró①✐♠♦ ♣❛ss♦ é ♦ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦✳ ◆❡st❛ ❢❛s❡✱ ❢❛③✲s❡ ♦ ♠❡❧❤♦r❛♠❡♥t♦ ❞❛

✐♠❛❣❡♠✱ ❛✉♠❡♥t❛♥❞♦ ❛ ❝❤❛♥❝❡ ❞❡ s✉❝❡ss♦ ♥❛s ❡t❛♣❛s s❡❣✉✐♥t❡s ✭●❖◆❩❆▲❊❩❀ ❲❖❖❉❙❀
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❊❉❉■◆❙✱ ✷✵✵✸✮✳ ❊stã♦ ✐♥❝❧✉í❞❛s ♥❡st❛ ❡t❛♣❛✱ t❛r❡❢❛s ❝♦♠♦ r❡❛❧❝❡ ❞❡ ❝♦♥tr❛st❡✱ r❡♠♦çã♦

❞❡ ✐♠♣❡r❢❡✐çõ❡s ♦✉ r✉í❞♦s✱ ❞❡♥tr❡ ♦✉tr❛s✳

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

❞❡ s✐♠♣❧✐✜❝❛r ❛ t❛r❡❢❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❛tr❛✈és ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ♦❜❥❡t♦s ❞❡ ✐♥t❡r❡ss❡ ❡

❢♦r♠❛s ♥❛ ✐♠❛❣❡♠✳ ❈♦♠♦ r❡s✉❧t❛❞♦✱ ♣♦❞❡✲s❡ ♦❜t❡r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ r❡❣✐õ❡s ♦✉ ✉♠ ❝♦♥❥✉♥t♦

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

❆ ❞❡s❝r✐çã♦✱ t❛♠❜é♠ ❞❡♥♦♠✐♥❛❞❛ s❡❧❡çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ ❡①tr❛✐ ❝❛r❛❝t❡ríst✐❝❛s

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

❡♥tr❡ ❝❧❛ss❡s ❞❡ ♦❜❥❡t♦s✱ t❛✐s ❝♦♠♦ ❢♦r♠❛ ❡ t❡①t✉r❛✳ ❉❡ss❛ ❢♦r♠❛✱ ♣♦❞❡✲s❡ ❡❢❡t✉❛r ♦ r❡❝♦✲

♥❤❡❝✐♠❡♥t♦ ❞❡st❡s ♦❜❥❡t♦s✱ ❛tr❛✈és ❞❛ ❛tr✐❜✉✐çã♦ ❞❡ ✉♠ rót✉❧♦✱ ♦✉ ❝❧❛ss❡✱ ❛ ❝❛❞❛ ♦❜❥❡t♦

❜❛s❡❛❞♦ ♥❛ ✐♥❢♦r♠❛çã♦ ❞❛❞❛ ♣❡❧♦ ❞❡s❝r✐t♦r✳ ❉❡ss❛ ❢♦r♠❛ ♣♦❞❡✲s❡✱ ♣♦r ❡①❡♠♣❧♦✱ ✐❞❡♥t✐✜✲

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

❡①✐st✐r✳

❊st❡s ♣r♦❝❡❞✐♠❡♥t♦s ♣♦❞❡♠ s❡r ❛♣❧✐❝❛❞♦s ❡♠ ✐♠❛❣❡♥s ♠❛♠♦❣rá✜❝❛s ♣❛r❛✿

• ❡❢❡t✉❛r ✜❧tr❛❣❡♠✱ r❡♠♦✈❡♥❞♦ r✉í❞♦s ♦✉ ✐♥❢♦r♠❛çã♦ ❞❡s♥❡❝❡ssár✐❛ ✐♥❝♦r♣♦r❛❞♦ ♥♦

♣r♦❝❡ss♦ ❞❡ ❞✐❣✐t❛❧✐③❛çã♦ ❞❛ ♠❛♠♦❣r❛✜❛❀

• ❞❡t❡❝çã♦ ❞❡ ♦❜❥❡t♦s✱ t❛✐s ❝♦♠♦ ❝❛❧❝✐✜❝❛çõ❡s✱ ♠❛ss❛s✱ ❞✐st♦rçõ❡s ❛rq✉✐t❡t✉r❛✐s ❡

❛ss✐♠❡tr✐❛ ❜✐❧❛t❡r❛❧❀

• ❝❧❛ss✐✜❝❛çã♦ ❞❡ ♠❛ss❛s ♦✉ ♠✐❝r♦❝❛❧❝✐✜❝❛çõ❡s ❡♥❝♦♥tr❛❞❛s ❛tr❛✈és ❞❡ ❞❡s❝r✐t♦r❡s

❞❡ ❢♦r♠❛ ♦✉ t❡①t✉r❛❀

• ♣❡r♠✐t✐r r❡❣✐str♦ ❡ r❡❝✉♣❡r❛çã♦ ❞❡ ✐♠❛❣❡♥s ❞❡ ♠❛♠♦❣r❛✜❛ ❜❛s❡❛❞♦s ❡♠ ❝♦♥t❡ú❞♦✱

❛♥á❧♦❣♦ à ♠♦t♦r❡s ❞❡ ❜✉s❝❛ t❡①t✉❛❧✳

✷✳✺ ❆♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s

❆ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ✭■❈❆✮ é ✉♠ ♠ét♦❞♦ ❜❛s❡❛❞♦ ❡♠ ❡st❛tís✲

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

❞❡ ❢♦♥t❡s ✭❇❙❙✮ ✭❍❨❱❆❘■◆❊◆❀ ❖❏❆✱ ✷✵✵✵✮✳ ❙❡✉ ♦❜❥❡t✐✈♦ é s❡♣❛r❛r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ s✐♥❛✐s

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

❞♦s s✐♥❛✐s ♦r✐❣✐♥❛✐s✱ ♦✉ ❢♦♥t❡s✱ ❡ ❞♦ ♣r♦❝❡ss♦ ❞❡ ♠✐st✉r❛ ✭❈❍❖■ ❡t ❛❧✳✱ ✷✵✵✺✮✳

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

❧✐♥❡❛r ❞♦s s✐♥❛✐s ♦r✐❣✐♥❛✐s ✭❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✮ ❝♦♠ ✉♠❛ ♠❛tr✐③ ❞❡ ♠✐st✉r❛✱ ♣♦s✲
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s✉✐♥❞♦ ❛♣❧✐❝❛çõ❡s ❡♠ ❞✐✈❡rs❛s ár❡❛s✿ á✉❞✐♦✱ s✐♥❛✐s ❞❡ ❙❖◆❆❘✱ ✐♥str✉♠❡♥t❛çã♦ ♠é❞✐❝❛✱

❝♦♠✉♥✐❝❛çã♦ ♠ó✈❡❧✱ ❡♥❣❡♥❤❛r✐❛ ❜✐♦♠é❞✐❝❛✱ ❞❡♥tr❡ ♦✉tr❛s✳

◆❡st❡ ♠♦❞❡❧♦✱ ❛ ❛♥á❧✐s❡ ♦✉ s❡♣❛r❛çã♦ ❞❛s ❢♦♥t❡s ♦✉ s✐♥❛✐s ♦r✐❣✐♥❛✐s q✉❡ sã♦ ❡st❛✲

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

❞❛s ❢♦♥t❡s✳ ❖✉tr❛ ❛♣❧✐❝❛çã♦ ♣❛r❛ ■❈❆ é ❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳ ❊♠ ♣r♦❝❡ss❛♠❡♥t♦

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

r❡♣r❡s❡♥t❛çã♦ ♣❡r♠✐t❡ ❡①❡❝✉t❛r t❛r❡❢❛s ❝♦♠♦ ❝♦♠♣r❡ssã♦ ♦✉ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s✳

❊♠ ■❈❆✱ ♦s ❞❛❞♦s sã♦ ❞✐s♣♦st♦s ♥❛ ❢♦r♠❛ ♠❛tr✐❝✐❛❧ X = [x1, x2, ..., xM ]T ✱ s❡♥❞♦

x1, x2, ..., xM ♠✐st✉r❛s ❞❡ ✈❛r✐á✈❡✐s ❡st❛t✐st✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s ❞❡s❝♦♥❤❡❝✐❞❛s S =

[s1, s2, ..., sN ]
T ✳ ❚❛❧ ♠✐st✉r❛ é ♦❜t✐❞❛ ❛tr❛✈és ❞❡ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r✳ ◆❛ ❢♦r♠❛ ♠❛✲

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

X = AS. ✭✷✳✶✮

◆❛ ❋✐❣✉r❛ ✷✳✶✶✱ ♣♦❞❡✲s❡ ✈❡r ❞♦✐s s✐♥❛✐s ❛rt✐✜❝✐❛✐s ❡st❛t✐st✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s

q✉❡✱ ❞❡♣♦✐s ❞❡ ♠✐st✉r❛❞♦s✱ ♣r♦❞✉③❡♠ ♦s s✐♥❛✐s ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✷✳✶✷✳ ◆♦ ❝♦♥t❡①t♦

❞❡ s❡♣❛r❛çã♦ ❝❡❣❛ ❞❡ ❢♦♥t❡s✱ ❡st❡s s✐♥❛✐s ❛rt✐✜❝✐❛✐s ❝♦♠♣õ❡♠ ❛s ❧✐♥❤❛s ❞❛ ♠❛tr✐③ S✳

❋✐❣✉r❛ ✷✳✶✶✿ ❙✐♥❛✐s ❛rt✐✜❝✐❛✐s ❣❡r❛❞♦s✳

❋✐❣✉r❛ ✷✳✶✷✿ ❙✐♥❛✐s ❛rt✐✜❝✐❛✐s ♠✐st✉r❛❞♦s✳

❆ ♠✐st✉r❛ ❢♦✐ ❡❢❡t✉❛❞❛ ❝♦♠ ❛ ♠❛tr✐③ ❞✐s♣♦st❛ ♥❛ ❡q✉❛çã♦ ✭✷✳✷✮✳ ❊st❛ ♠❛tr✐③ ❢♦✐

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

❆♣ós ❛ ♠✐st✉r❛✱ ♦s s✐♥❛✐s ♠✐st✉r❛❞♦s ✐rã♦ ❝♦♠♣♦r ❛s ❧✐♥❤❛s ❞❛ ♠❛tr✐③ X✳
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A =

[

−0, 6 0, 5

0, 2 0, 7

]

. ✭✷✳✷✮

❆tr❛✈és ❞❛ ■❈❆✱ ❛s ❢♦♥t❡s ♣✉❞❡r❛♠ s❡r ❡st✐♠❛❞❛s✱ ♣r♦❞✉③✐♥❞♦ ♦s s✐♥❛✐s ❛♣r❡s❡♥t❛✲

❞♦s ♥❛ ❋✐❣✉r❛ ✷✳✶✸✳ ❈♦♥✈é♠ ♥♦t❛r q✉❡ ♦ s✐♥❛❧ ❡ ❛ ♦r❞❡♠ ❞♦s s✐♥❛✐s ♦r✐❣✐♥❛✐s ❡st✐♠❛❞♦s

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

❋✐❣✉r❛ ✷✳✶✸✿ ❙✐♥❛✐s ❛rt✐✜❝✐❛✐s ❞❡s♠✐st✉r❛❞♦s ✉s❛♥❞♦ ■❈❆✳

✷✳✺✳✶ ❊①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✉s❛♥❞♦ ■❈❆

❙❡❣✉♥❞♦ ❚❤❡♦❞♦r✐❞✐s ❡ ❑♦✉tr♦✉♠❜❛s ✭✷✵✵✾✮✱ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s ❝♦rr❡s✲

♣♦♥❞❡ à ❝❧❛ss✐✜❝❛çã♦ ❞❡ ♦❜❥❡t♦s ❡♠ ❝❛t❡❣♦r✐❛s ♦✉ ❝❧❛ss❡s ❜❛s❡❛❞❛ ❡♠ ❝❛r❛❝t❡ríst✐❝❛s✳ ❊s✲

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

P❈❆✱ ■❈❆✱ ❚r❛♥s❢♦r♠❛❞❛ ❉✐s❝r❡t❛ ❞❡ ❋♦✉r✐❡r ✭❉❋❚✮✱ ❚r❛♥s❢♦r♠❛❞❛ ❉✐s❝r❡t❛ ❞♦ ❈♦ss❡♥♦

✭❉❈❚✮✱ ❞❡♥tr❡ ♦✉tr❛s✳

❆❧❣✉♠❛s ♣❡sq✉✐s❛s t❡♠ ✉t✐❧✐③❛❞♦ ■❈❆ ♣❛r❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡ r❡❝♦♥❤❡✲

❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s ❝♦♠ ❜♦♥s r❡s✉❧t❛❞♦s✳ ❆ r❛③ã♦ ♣❛r❛ ✐ss♦ ♣♦❞❡ ❡st❛r ♥♦s r❡s✉❧t❛❞♦s

♦❜t✐❞♦s ❛♦ ❛♣❧✐❝❛r ■❈❆ ♣❛r❛ ❛♣r❡♥❞❡r ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✐♠❛❣❡♥s ♥❛t✉r❛✐s ❛ ♣❛rt✐r ❞❡ ✉♠

❝♦♥❥✉♥t♦ ❞❡ ❢✉♥çõ❡s ❜❛s❡ ✭❖▲❙❍❆❯❙❊◆❀ ❋■❊▲❉✱ ✶✾✾✻✮✱ ❡ ♠❛✐s t❛r❞❡ ❛♣r❡♥❞❡r ❝❛r❛❝t❡rís✲

t✐❝❛s ❞❡ ✐♠❛❣❡♥s ❞✐✈❡rs❛s t❛✐s ❝♦♠♦ ❢❛❝❡s✱ ♦❜❥❡t♦s ❞❡s❡♥✈♦❧✈✐❞♦s ♣❡❧♦ ❤♦♠❡♠ ❡ ❛té ♠❡s♠♦

♣❛❞rõ❡s ❞❡ t❡①t✉r❛ ✭❇❆❘❚▲❊❚❚❀ ▼❖❱❊▲▲❆◆❀ ❙❊❏◆❖❲❙❑■✱ ✷✵✵✷✮ ✭❈❆❱❆▲❈❆◆❚❊

❡t ❛❧✳✱ ✷✵✵✾✮ ✭❏❊◆❙❙❊◆❀ ❊▲❚❖❋❚✱ ✷✵✵✸✮✳

◆♦ ❝♦♥t❡①t♦ ❞❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✉s❛♥❞♦ ■❈❆✱ ❝♦♥s✐❞❡r❛♠♦s X ❝♦♠♦ ✉♠

❝♦♥❥✉♥t♦ ❞❡ ✐♠❛❣❡♥s ♠❛♠♦❣rá✜❝❛s ❢♦r♠❛❞❛s ♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✐♠❛❣❡♥s ❜❛s❡ A✱ ♦✉

❢✉♥çõ❡s ❜❛s❡✱ ♣♦♥❞❡r❛❞❛s ♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s S✳ ◆❛ ❋✐❣✉r❛ ✷✳✶✹✱ ♣♦❞❡✲s❡

♦❜s❡r✈❛r ❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠❛ r❡❣✐ã♦ ❞❡ ✉♠❛ ✐♠❛❣❡♠ ♠❛♠♦❣rá✜❝❛ ❝♦♥t❡♥❞♦ ♠❛ss❛s

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

♠❛tr✐③ A✳
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❋✐❣✉r❛ ✷✳✶✹✿ ❘❡❣✐ã♦ ❞❡ ♠❛♠♦❣r❛✜❛ ❝♦♥t❡♥❞♦ ✉♠❛ ♠❛ss❛ r❡♣r❡s❡♥t❛❞❛ ❝♦♠♦ ✉♠❛ ❝♦♠❜✐♥❛çã♦

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

P❛r❛ ❞❡t❡r♠✐♥❛r A✱ ❞❡✈❡✲s❡ ❡♥❝♦♥tr❛r ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r W ❛ ♣❛rt✐r ❞♦s

❞❛❞♦s ❝♦♥t✐❞♦s ❡♠ X✱ ❞❡ ♠♦❞♦ q✉❡ ♦ ✈❡t♦r Y = WX s❡❥❛ ❛ ❡st✐♠❛t✐✈❛ ♣❛r❛ ♦ ✈❡t♦r ❞❡

❝♦❡✜❝✐❡♥t❡s S✳ ◗✉❛♥❞♦ A = W−1 é ❞❡t❡r♠✐♥❛❞♦✱ ❛s ❢✉♥çõ❡s ❜❛s❡ ♣♦❞❡♠ s❡r ✉s❛❞❛s ❝♦♠♦

✜❧tr♦s ♣❛r❛ ❞❡t❡❝t❛r ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ♠❛ss❛s ♠❛♠ár✐❛s ❡♠ ♠❛♠♦❣r❛✜❛s✳ ❈♦♥s✐❞❡r❛✲s❡

❛s ❢✉♥çõ❡s ❜❛s❡ ❝♦♠♦ ✜❧tr♦s ♣♦rq✉❡ tê♠ ✉♠❛ r❡❧❛çã♦ ❝♦♥✈♦❧✉t✐✈❛ ❝♦♠ ♦s ❝♦❡✜❝✐❡♥t❡s

❝♦rr❡s♣♦♥❞❡♥t❡s ♣❛r❛ ❢♦r♠❛r ❛ ✐♠❛❣❡♠ ✭♦✉ ♣❛rt❡ ❞✐ss♦✮✳

✷✳✺✳✷ ❉❡✜♥✐çõ❡s

❙❡❥❛♠ ❞❛❞❛s ♦❜s❡r✈❛çõ❡s ❞❡ n s✐♥❛✐s ♠✐st✉r❛❞♦s✱ ♠♦❞❡❧❛❞♦s ❝♦♠♦ ❝♦♠❜✐♥❛çõ❡s

❧✐♥❡❛r❡s ❞❡ n ❢✉♥çõ❡s ❜❛s❡

xi = ai1s1 + ai2s2 + aai3s3 + · · ·+ ainsn, ✭✷✳✸✮

♦♥❞❡ ❝❛❞❛ s✐♥❛❧ xi✱ ❜❡♠ ❝♦♠♦ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡ si✱ é ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛✳

❊♠ ♥♦t❛çã♦ ♠❛tr✐❝✐❛❧✱ t❡♠✲s❡ X = AS✳ ❖ ♦❜❥❡t✐✈♦ ❞❡st❡ ♠♦❞❡❧♦ é ♣❡r♠✐t✐r q✉❡ s❡ ♣♦ss❛

❡st✐♠❛r ♦ ❝♦♥❥✉♥t♦ ❞❡ ❢✉♥çõ❡s ❜❛s❡ ❡♠ A✱ ❜❡♠ ❝♦♠♦ ❛ ♠❛tr✐③ ❞❡ ❝♦❡✜❝✐❡♥t❡s S✱ s♦♠❡♥t❡

♦❜s❡r✈❛♥❞♦ X✳

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

• ❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s si sã♦ ❡st❛t✐st✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s❀

• ❛s ❝♦♠♣♦♥❡♥t❡s ♣♦ss✉❡♠ ❞✐str✐❜✉✐çã♦ ♥ã♦✲❣❛✉ss✐❛♥❛s✳

❖ ♠♦❞❡❧♦ ❞❡ ■❈❆ ❛♣r❡s❡♥t❛✱ ♥♦ ❡♥t❛♥t♦✱ ❛❧❣✉♠❛s ❛♠❜✐❣✉✐❞❛❞❡s ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦

às ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✿

• ♥ã♦ s❡ ♣♦❞❡ ❞❡t❡r♠✐♥❛r s✉❛s ✈❛r✐â♥❝✐❛s❀

• ♥ã♦ s❡ ♣♦❞❡ ❞❡t❡r♠✐♥❛r s✉❛ ♦r❞❡♠✳
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❚❛✐s ❛♠❜✐❣✉✐❞❛❞❡s s❡ ❞❡✈❡♠ ❛♦ ❢❛t♦ ❞❡ ❆ ❡ ❙ s❡r❡♠ ❞❡s❝♦♥❤❡❝✐❞❛s✳ ❈♦♠♦ ❝♦♥✲

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

❞♦s s✐♥❛✐s✱ ♥❡♠ tã♦ ♣♦✉❝♦ ♦s s✐♥❛✐s ♦✉ ❛ ♦r❞❡♠ ❞❡ si✳

✷✳✺✳✸ ■♥❞❡♣❡♥❞ê♥❝✐❛ ❡st❛tíst✐❝❛ ❡ ♥ã♦✲❝♦rr❡❧❛çã♦ ❞❡ ✈❛r✐á✈❡✐s

❉✉❛s ✈❛r✐á✈❡✐s sã♦ ❝♦♥s✐❞❡r❛❞❛s ✐♥❞❡♣❡♥❞❡♥t❡s q✉❛♥❞♦ ♦ ✈❛❧♦r ❞❡ ✉♠❛ ♥ã♦ ❢♦r♥❡❝❡

✐♥❢♦r♠❛çã♦ ❛❝❡r❝❛ ❞♦ ✈❛❧♦r ❞❛ ♦✉tr❛✳ ❈♦♥s✐❞❡r❡♠♦s ❞✉❛s ✈❛r✐á✈❡✐s xi ❡ x2✳ ❊st❛s ✈❛r✐á✈❡✐s

sã♦ ❞✐t❛s ✐♥❞❡♣❡♥❞❡♥t❡s s❡✱ ❡ s♦♠❡♥t❡ s❡✱ x1 ♥ã♦ ❢♦r♥❡❝❡ ♥❡♥❤✉♠❛ ✐♥❢♦r♠❛çã♦ ❞❡ x2✱ ❡

✈✐❝❡✲✈❡rs❛✳ ▼❛t❡♠❛t✐❝❛♠❡♥t❡✱

P (x1, x2) = P (x1) · P (x2), ✭✷✳✹✮

♦✉ ❡♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❝♦♥❥✉♥t❛ ❞❡ x1 ❡ x2 é ✐❣✉❛❧ ❛♦ ♣r♦❞✉t♦ ❞❛s ❞❡♥s✐✲

❞❛❞❡s ♠❛r❣✐♥❛✐s P (x1) ❡ P (x2)✳

❉✉❛s ✈❛r✐á✈❡✐s x1 ❡ x2 sã♦ ❞❡s❝♦rr❡❧❛❝✐♦♥❛❞❛s s❡ ❛ s✉❛ ❝♦✈❛r✐â♥❝✐❛ ❢♦r ✐❣✉❛❧ ❛ ③❡r♦✿

covx1,x2
= E[(x1 − µ1) · (x2 − µ2)] = 0, ✭✷✳✺✮

s❡♥❞♦ µ1 ❡ µ2 ❛s ♠é❞✐❛s ❞❛s ✈❛r✐á✈❡✐s x1 ❡ x2✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡ E[·] ♦ ♦♣❡r❛❞♦r ❡s♣❡r❛♥ç❛

♠❛t❡♠át✐❝❛✳

✷✳✺✳✹ ❊st✐♠❛çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s

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

❢✉♥çõ❡s ❜❛s❡✱ ♦✉ ♠❛tr✐③ ❞❡ ♠✐st✉r❛✱ A✱ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

Ŝ = WX, ✭✷✳✻✮

❞❡ ❢♦r♠❛ q✉❡✱ ❛♦ ❢❛③❡r W = A−1✱ t❡r❡♠♦s Ŝ = S ❡ ♣♦rt❛♥t♦✱ ♦❜t❡♠♦s ❛ ❡st✐♠❛t✐✈❛ ❞❛s

❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ❛ ♣❛rt✐r ❛♣❡♥❛s ❞❡ X✳

❙❡♥❞♦ ❛ ♠❛tr✐③A ❞❡s❝♦♥❤❡❝✐❞❛✱ ❛ ✐❞❡✐❛ ♣r✐♥❝✐♣❛❧ ♣♦r trás ❞❛ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s

✐♥❞❡♣❡♥❞❡♥t❡s ❝♦♥s✐st❡ ❡♠ ❝♦♥s✐❞❡r❛r q✉❡ ♦s s✐♥❛✐s ♦❜s❡r✈á✈❡✐s xi ❡stã♦ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠

♦s s✐♥❛✐s ♦r✐❣✐♥❛✐s✱ ❛tr❛✈és ❞❡ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❧✐♥❡❛r✳ ❆ss✐♠✱ ♦s s✐♥❛✐s ♦r✐❣✐♥❛✐s ♣♦❞❡♠

s❡r ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❡ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ✐♥✈❡rs❛✳ ❙✉♣♦♥❞♦✱ ❞❡ss❛ ❢♦r♠❛✱ ✉♠❛ ❝♦♠❜✐♥❛çã♦

❧✐♥❡❛r ❞❡ xi✱ ❞❡ ♠♦❞♦ q✉❡✿
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y = bTX, ✭✷✳✼✮

s❡♥❞♦ X = AS✱ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r

y = bTAS, ✭✷✳✽✮

♦♥❞❡ b ❞❡✈❡ s❡r ❞❡t❡r♠✐♥❛❞♦✳ ❆ ♣❛rt✐r ❞❛ ❡q✉❛çã♦ ✷✳✽✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ y é ✉♠❛

❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r s❡ si✱ ❝♦♠ ❝♦❡✜❝✐❡♥t❡s ❞❛❞♦s ♣♦r q = bTA✳ ❉❡st❛ ❢♦r♠❛✱ ♦❜t❡♠♦s✿

y = qTS. ✭✷✳✾✮

❙❡ b ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ❞❛s ❧✐♥❤❛s ❞❛ ✐♥✈❡rs❛ ❞❡ A✱ ❡♥tã♦ y s❡rá ✉♠❛ ❞❛s ❝♦♠♣♦✲

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

♦s ♦✉tr♦s s❡rã♦ ✐❣✉❛✐s ❛ ③❡r♦✳ ◆♦ ❡♥t❛♥t♦✱ s❡♥❞♦ X ❝♦♥❤❡❝✐❞♦✱ b ♥ã♦ ♣♦❞❡ s❡r ❞❡t❡r♠✐♥❛❞♦

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

❯♠❛ ❢♦r♠❛ ❞❡ ❞❡t❡r♠✐♥❛r b é ✈❛r✐❛r ♦s ❝♦❡✜❝✐❡♥t❡s ❡♠ q ❡ ✈❡r✐✜❝❛r ❝♦♠♦ ❛ ❞✐str✐❜✉✐✲

çã♦ ❞❡ y = qTS ♠✉❞❛✳ ❈♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛ ❞♦ ❚❡♦r❡♠❛ ❞♦ ▲✐♠✐t❡ ❈❡♥tr❛❧ ✭P❆P❖❯▲■❙

❆✳❀ P■▲▲❆■✱ ✷✵✵✷✮✱ ❛ s♦♠❛ ❞❡ ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s ❛♣r♦①✐♠❛✲s❡ ❝❛❞❛ ✈❡③ ♠❛✐s ❞❡ ✉♠❛

❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ❞♦ q✉❡ ❛s ✈❛r✐á✈❡✐s ♦r✐❣✐♥❛✐s✱ ② s❡ ❛♣r♦①✐♠❛ ♠❛✐s ❞❡ ✉♠❛ ✈❛r✐á✈❡❧

❛❧❡❛tór✐❛ ❣❛✉ss✐❛♥❛ q✉❡ q✉❛❧q✉❡r ✉♠❛ ❞❛s si ❡ ♠❡♥♦s q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛ ❛ ✉♠❛ ❞❛s si✳

❆ss✐♠✱ ❛♣❡♥❛s ✉♠ ❡❧❡♠❡♥t♦ qi ❞❡ q é ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦✳ ❈♦♠♦✱ ♥❛ ♣rát✐❝❛✱ ♦s ✈❛❧♦r❡s ❞❡ q

sã♦ ❞❡s❝♦♥❤❡❝✐❞♦s✱ ❡ ❛tr❛✈és ❞❛s ❡q✉❛çõ❡s ✷✳✼ ❡ ✷✳✾ t❡♠✲s❡ q✉❡

bTX = qTS, ✭✷✳✶✵✮

♣♦❞❡♥❞♦✲s❡ ✈❛r✐❛r b ❡ ♦❜s❡r✈❛r ❛ ❞✐str✐❜✉✐çã♦ ❞❡ bTX✳

❉❡ss❛ ❢♦r♠❛✱ ♣♦❞❡✲s❡ t♦♠❛r ❝♦♠♦ b ✉♠ ✈❡t♦r q✉❡ ♠❛①✐♠✐③❛ ❛ ♥ã♦✲❣❛✉ss✐❛♥✐❞❛❞❡

❞❡ bTX✱ s❡♥❞♦ q = ATS✱ ❝♦♥t❡♥❞♦ ❛♣❡♥❛s ✉♠❛ ❞❡ s✉❛s ❝♦♠♣♦♥❡♥t❡s ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦✳

■ss♦ s✐❣♥✐✜❝❛ q✉❡ y ♥❛ ❡q✉❛çã♦ ✷✳✼ é ✐❣✉❛❧ ❛ ✉♠❛ ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✱ ❡ ❛

♠❛①✐♠✐③❛çã♦ ❞❛ ♥ã♦✲❣❛✉ss✐❛♥✐❞❛❞❡ ❞❡ bTX✱ ♣❡r♠✐t❡ ❡♥❝♦♥tr❛r ✉♠❛ ❞❛s ❝♦♠♣♦♥❡♥t❡s✳

✷✳✺✳✺ ◆❡❣❡♥tr♦♣✐❛ ❝♦♠♦ ♠❡❞✐❞❛ ❞❡ ♥ã♦✲❣❛✉ss✐❛♥✐❞❛❞❡

❆ ❡♥tr♦♣✐❛ ❞❡ ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✐♥❢♦r✲

♠❛çã♦ q✉❡ ❡ss❛ ✈❛r✐á✈❡❧ ♣♦ss✉✐✱ s❡♥❞♦ ♠❛✐♦r q✉❛♥t♦ ♠❛✐s ❢♦r ✐♠♣r❡✈✐sí✈❡❧ ❛ ✈❛r✐á✈❡❧✳ ❊♠

s❡ tr❛t❛♥❞♦ ❞❡ ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s✱ é ❞❡♥♦♠✐♥❛❞❛ ❡♥tr♦♣✐❛ ❞✐❢❡r❡♥❝✐❛❧✳ ❙❡ y é ✉♠ ✈❡t♦r
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❛❧❡❛tór✐♦ ❝♦♠ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ f(y)✱ ❛ s✉❛ ❡♥tr♦♣✐❛ ❞✐❢❡r❡♥❝✐❛❧ é ❞❛❞❛

♣♦r✿

H(y) = −

∫

f(y) log f(y)dy. ✭✷✳✶✶✮

❙❛❜❡♥❞♦✲s❡ q✉❡ ✉♠❛ ✈❛r✐á✈❡❧ ❣❛✉ss✐❛♥❛ t❡♠ ❛ ♠❛✐♦r ❡♥tr♦♣✐❛ ❞❡♥tr❡ t♦❞❛s ❛s ✈❛r✐á✲

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

♣♦❞❡ s❡r ✉s❛❞❛ ❝♦♠♦ ♠❡❞✐❞❛ ❞❡ ♥ã♦✲❣❛✉ss✐❛♥✐❞❛❞❡✳ ❚❛❧ ♠❡❞✐❞❛ é ❞❡♥♦♠✐♥❛❞❛ ♥❡❣❡♥tr♦♣✐❛✱

❞❡✜♥✐❞❛ ♣♦r

J(y) = H(ygauss)−H(y), ✭✷✳✶✷✮

s❡♥❞♦ ygauss ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❞❡ ♠❡s♠❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ q✉❡ y✳ ❆ ♥❡❣❡♥tr♦♣✐❛

é s❡♠♣r❡ ♥ã♦✲♥❡❣❛t✐✈❛✱ ❡ ♣♦❞❡ ❛ss✉♠✐r ③❡r♦ s❡✱ ❡ s♦♠❡♥t❡ s❡✱ y t❡♠ ❞✐str✐❜✉✐çã♦ ❣❛✉ss✐❛♥❛

❡ é ✐♥✈❛r✐❛♥t❡ ♣❛r❛ tr❛♥s❢♦r♠❛çõ❡s ❧✐♥❡❛r❡s ✐♥✈❡rsí✈❡✐s✳

❆♣❡s❛r ❞❡ ♣❡r♠✐t✐r q✉❡ s❡ ♣♦ss❛ ♠❡❞✐r ♥ã♦✲❣❛✉ss✐❛♥✐❞❛❞❡✱ ❛ ♥❡❣❡♥tr♦♣✐❛ é ❞❡ ❞✐❢í❝✐❧

❡st✐♠❛çã♦✱ s❡♥❞♦ ♥❡❝❡ssár✐❛ s✉❛ ❡st✐♠❛çã♦ ♣♦r ❛♣r♦①✐♠❛çõ❡s ❛tr❛✈és ❞❡ ♠♦♠❡♥t♦s ❞❡ ❛❧t❛

♦r❞❡♠✳ ❆ss✐♠✱

J(y) ≈
1

12
E[y3]2 +

1

48
kurt(y)2, ✭✷✳✶✸✮

s❡♥❞♦ kurt(y) ❛ ❝✉rt♦s❡ ❞❡ y✱ ❞❡✜♥✐❞❛ ❝♦♠♦ ♦ ♠♦♠❡♥t♦ ❞❡ q✉❛rt❛ ♦r❞❡♠ ❞❛ ✈❛r✐á✈❡❧

❛❧❡❛tór✐❛ y✱ ❡①♣r❡ss❛ ♣♦r

kurt(y) = E[y4]− 3(E[y2])2. ✭✷✳✶✹✮

✷✳✻ ❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛✐s

❆ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ✭P❈❆✮ ♦✉ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❑❛r❤✉♥❡♥✲▲♦è✈❡✱

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

ríst✐❝❛s ❡♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s✳ ❚❛♠❜é♠ é ❧❛r❣❛♠❡♥t❡ ✉s❛❞❛ ❡♠ ❛♣❧✐❝❛çõ❡s t❛✐s

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

❞❛❞♦s✳ P♦❞❡✲s❡ ❞❡✜♥✐r P❈❆ ❝♦♠♦ s❡♥❞♦ ✉♠❛ ♣r♦❥❡çã♦ ♦rt♦❣♦♥❛❧ ❞♦s ❞❛❞♦s ❡♠ ✉♠ ❡s♣❛ç♦

❧✐♥❡❛r ❞❡ ♠❡♥♦r ❞✐♠❡♥sã♦ ✭❇■❙❍❖P✱ ✷✵✵✻✮✳

❆s ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ❝♦rr❡s♣♦♥❞❡♠ ❛ ✈❡t♦r❡s ♦rt♦❣♦♥❛✐s s♦❜r❡ ♦s q✉❛✐s ♦s
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❞❛❞♦s sã♦ ♣r♦❥❡t❛❞♦s✱ s❡❣✉✐♥❞♦ ✉♠ ❝r✐tér✐♦ ❞❡ ♠❛✐♦r ✈❛r✐❛❜✐❧✐❞❛❞❡✳ ❖ ♣r✐♠❡✐r♦ ✈❡t♦r r❡✲

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

s✉❝❡ss✐✈❛♠❡♥t❡ ✭❈❖❙❚❆✱ ✷✵✶✷✮✳ P♦❞❡✲s❡ ♦❜s❡r✈❛r ♥❛ ❋✐❣✉r❛ ✷✳✶✺✭❛✮ ✉♠ ❡①❡♠♣❧♦ ❞❡ ❞✐str✐✲

❜✉✐çã♦ ❞❡ ❞❛❞♦s ❡♠ r❡❧❛çã♦ às ✈❛r✐á✈❡✐s x1 ❡ x2✳ ◆❛ ❋✐❣✉r❛ ✷✳✶✺✭❜✮ ♦ r❡s✉❧t❛❞♦ ❞❛ ♣r♦❥❡çã♦

❞♦s ❞❛❞♦s ♥❛s ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s y1 ❡ y2✳ ❖ ✈❡t♦r y1 r❡♣r❡s❡♥t❛ ❛ ❞✐r❡çã♦ ❞❡ ♠❛✐♦r

✈❛r✐â♥❝✐❛✱ ♦ ✈❡t♦r y2✱ ❛ s❡❣✉♥❞❛ ♠❛✐♦r ✈❛r✐â♥❝✐❛ ❡ ❛♦ ♠❡s♠♦ t❡♠♣♦ ♦rt♦❣♦♥❛❧ ❛ y1✳ ❊ss❡

♣r♦❝❡ss♦ ❝♦♥t✐♥✉❛✱ ❝❛s♦ ❤❛❥❛♠ ♠❛✐s ✈❛r✐á✈❡✐s✳

❋✐❣✉r❛ ✷✳✶✺✿ ❊①❡♠♣❧♦ ❞❡ ♣r♦❥❡çã♦ ♦rt♦❣♦♥❛❧ ❝♦♠ P❈❆✳ ✭❛✮ ❉✐str✐❜✉✐çã♦ ❞❡ ❞❛❞♦s ❡♠ r❡❧❛çã♦

às ✈❛r✐á✈❡✐s x1 ❡ x2✳ ✭❜✮ ❘❡s✉❧t❛❞♦ ❞❛ ♣r♦❥❡çã♦ ❞♦s ❞❛❞♦s ♥❛s ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s y1 ❡ y2✳

❊♠ P❈❆✱ ♦s ❞❛❞♦s X = [x1, x2, ..., xM ]T sã♦ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♠✉✲

t✉❛♠❡♥t❡ ♥ã♦ ❝♦rr❡❧❛❝✐♦♥❛❞❛s✳ ◆❡st❡ ❝♦♥t❡①t♦✱ ❝♦♥s✐❞❡r❛♠♦s X ❝♦♠♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡

❛♠♦str❛s ❡①tr❛í❞❛s ❞❛ ✐♠❛❣❡♠ ❞❛ ♠❛♠❛ ❡ ♥ós ❞❡✜♥✐♠♦s ♦ ✈❡t♦r tr❛♥s❢♦r♠❛❞♦ Y ❝♦♠♦

Y = ATX. ✭✷✳✶✺✮

❆s ❝♦❧✉♥❛s ❞❡ AM×M sã♦ ❝❤❛♠❛❞❛s ✈❡t♦r❡s ❜❛s❡ ❞❛ tr❛♥s❢♦r♠❛çã♦✳ ❖s ❡❧❡♠❡♥t♦s ❞❡

Y sã♦ ❛s ♣r♦❥❡çõ❡s ❞♦s ❡❧❡♠❡♥t♦s ❞❡ X ♥❡st❡s ✈❡t♦r❡s ❜❛s❡✱ ❞❡ ♠♦❞♦ q✉❡ ♦s ❝♦♠♣♦♥❡♥t❡s

❞❡ Y ♥ã♦ ❡st❡❥❛♠ ❝♦rr❡❧❛❝✐♦♥❛❞♦s✳ P❛r❛ ♦❜t❡r ❡ss❡s ❝♦♠♣♦♥❡♥t❡s✱ ❡st✐♠❛✲s❡ ❛ ♠❛tr✐③ ❞❡

❝♦✈❛r✐â♥❝✐❛ Σ✱ ♦♥❞❡ ♦ ✈❛❧♦r ♠é❞✐♦ é ❛ss✉♠✐❞♦ ❝♦♠♦ ③❡r♦✱ E[X] = 0✳ ◆❡ss❡ ❝❛s♦✱ ❛s ♠❛tr✐③❡s

❞❡ ❝♦✈❛r✐â♥❝✐❛ ❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❝♦✐♥❝✐❞❡♠✱ R = E[XXT ] = Σ✳ ❉❛❞❛s M ❝❛r❛❝t❡ríst✐❝❛s✱

xi✱ i = 1, . . . ,M ✱ ❛ ❡st✐♠❛t✐✈❛ ❞❛ ♠❛tr✐③ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ é

R =
1

M

M
∑

i=1

xix
T
i ✭✷✳✶✻✮

❆ss✐♠✱ ❝❛❧❝✉❧❛✲s❡ ♦ ❛✉t♦✈❛❧♦r λi ❡ ♦ ❛✉t♦✈❡t♦r ai ❡ ♦r❣❛♥✐③❛✲s❡ ♦s ❛✉t♦✈❛❧♦r❡s ♥❛ ♦r✲

❞❡♠ ❞❡❝r❡s❝❡♥t❡ λ0 ≥ λ1 ≥ · · ·λM ✳ ❙ã♦ ❡s❝♦❧❤✐❞♦s ♦sm♠❛✐♦r❡s ❛✉t♦✈❛❧♦r❡s λ0, λ1, · · · , λm−1

❡ s❡✉s r❡s♣❡❝t✐✈♦s ❛✉t♦✈❡t♦r❡s ai✱ i = 0, 1, 2, · · · ,m−1✱ t❛✐s q✉❡A = [a0 a1 a2 · · · am−1]✳
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❆ ♠❛tr✐③ A tr❛♥s❢♦r♠❛ ❝❛❞❛ ✈❡t♦r xi✱ i = 1, . . . ,M ♥♦ ❡s♣❛ç♦ ♦r✐❣✐♥❛❧ ♣❛r❛ ✉♠ ✈❡t♦r m✲

❞✐♠❡♥s✐♦♥❛❧ y ✈✐❛ tr❛♥s❢♦r♠❛çã♦ y = ATx✳ ❆s ❝♦❧✉♥❛s ❞❡ A sã♦ ✜❧tr♦s ♣❛r❛ ❞❡t❡❝t❛r

❝❛r❛❝t❡ríst✐❝❛s ❞❡ ♠❛ss❛s ❡st✐♠❛❞❛s ✉s❛♥❞♦ P❈❆✳

✷✳✼ ❆♥á❧✐s❡ ❞❡ ❆❣r✉♣❛♠❡♥t♦s

❯♠❛ té❝♥✐❝❛ ❞❡ ❡st❛tíst✐❝❛ ♠✉❧t✐✈❛r✐❛❞❛ ♠✉✐t♦ ❛♣❧✐❝❛❞❛ ❡♠ ❛♥á❧✐s❡ ❡ r❡❝♦♥❤❡❝✐✲

♠❡♥t♦ ❞❡ ♣❛❞rõ❡s ❞❡♥♦♠✐♥❛✲s❡ ❛♥á❧✐s❡ ❞❡ ❛❣r✉♣❛♠❡♥t♦s✳ ❙❡✉ ♦❜❥❡t✐✈♦ é ❛❣r❡❣❛r ♦❜❥❡t♦s

❝♦♠ ❜❛s❡ ♥❛s ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ❡❧❡s ♣♦ss✉❡♠ ✭❍❆■❘ ❏❘✳ ❡t ❛❧✳✱ ✷✵✵✾✮✳ ❊①✐st❡♠ ✈ár✐♦s

❛❧❣♦r✐t♠♦s ❞❡ ❛❣r✉♣❛♠❡♥t♦✱ ❝❧❛ss✐✜❝❛❞♦s ❝♦♠♦ ❤✐❡rárq✉✐❝♦s ♦✉ ♥ã♦ ❤✐❡rárq✉✐❝♦s✳ ❖s ❛❧✲

❣♦r✐t♠♦s ❤✐❡rárq✉✐❝♦s ❝r✐❛♠ s✉❜❣r✉♣♦s ❛ ♣❛rt✐r ❞❡ ❣r✉♣♦s ❡ ♦s ♥ã♦ ❤✐❡rárq✉✐❝♦s ❛♣❡♥❛s

❝❧❛ss✐✜❝❛♠ ♦s ❞❛❞♦s ✉s❛♥❞♦ ✉♠❛ ú♥✐❝❛ ♣❛rt✐çã♦ ❞♦s ❞❛❞♦s✳

◆❡st❡ tr❛❜❛❧❤♦✱ ❛♣❧✐❝♦✉✲s❡ ✉♠ ♠ét♦❞♦ ❤✐❡rárq✉✐❝♦ ❞❡♥♦♠✐♥❛❞♦ ❞❡♥❞r♦❣r❛♠❛✳ ❯♠

❞❡♥❞r♦❣r❛♠❛ é ✉♠ ❣rá✜❝♦ q✉❡ r❡tr❛t❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❛❣r✉♣❛♠❡♥t♦ ✭❍❆■❘ ❏❘✳ ❡t ❛❧✳✱

✷✵✵✾✮✱ r❡♣r❡s❡♥t❛❞♦ ♣♦r ✉♠❛ ❡str✉t✉r❛ ❡♠ ár✈♦r❡✳ ❆ ✐❞é✐❛ ♣r✐♥❝✐♣❛❧ é ❝r✐❛r✱ ♣r✐♠❡✐r❛♠❡♥t❡✱

❛❣r✉♣❛♠❡♥t♦s ❡♥tr❡ ❛♠♦str❛s ♠❛✐s ♣ró①✐♠❛s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠❛ ♠❡❞✐❞❛ ❞❡ ❞✐stâ♥❝✐❛✳ ❆

s❡❣✉✐r✱ ♥♦✈♦s ❣r✉♣♦s sã♦ ❞❡✜♥✐❞♦s ❛ ♣❛rt✐r ❞♦s ❛❣r✉♣❛♠❡♥t♦s ♠❛✐s ♣ró①✐♠♦s ❝r✐❛❞♦s ♥❛

❡t❛♣❛ ❛♥t❡r✐♦r✳ ❊ss❡ ♣r♦❝❡ss♦ ❝♦♥t✐♥✉❛ ❛té q✉❡ t♦❞❛s ❛s ❛♠♦str❛s ♣❡rt❡♥ç❛♠ ❛ ✉♠ ❣r✉♣♦✳

❙❡❥❛♠ ❛s ♦❜s❡r✈❛çõ❡s x = [x1, x2, · · · , xp] ❡ y = [y1, y2, · · · , yp]✳ ❆❧❣✉♠❛s ❞❛s ♠❡✲

❞✐❞❛s ❞❡ ❞✐stâ♥❝✐❛ ♠❛✐s ✉s✉❛✐s ❡♥✈♦❧✈❡♥❞♦ ♦s ❡❧❡♠❡♥t♦s ❞❡ x ❡ ❞❡ y sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛

❚❛❜❡❧❛ ✷✳✶✳

❚❛❜❡❧❛ ✷✳✶✿ ▼❡❞✐❞❛s ❞❡ ❞✐stâ♥❝✐❛ ♠❛✐s ✉s✉❛✐s ❡♠ ❛♥á❧✐s❡ ❞❡ ❛❣r✉♣❛♠❡♥t♦s

❉✐stâ♥❝✐❛ ▼❡❞✐❞❛

▼❛♥❤❛tt❛♥ |x1 − y1|+ |x2 − y2|+ · · ·+ |xp − yp|

❊✉❝❧✐❞❡❛♥❛
√

(x1 − y1)2 + (x2 − y2)2 + · · ·+ (xp − yp)2

▼✐♥❦♦✇s❦✐ s

√

(x1 − y1)s + (x2 − y2)s + · · ·+ (xp − yp)s, s ≥ 1

❈❤❡❜②s❤❡✈ max(|x1 − y1|, |x2 − y2|, · · · , |xp − yp|)

❖ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❛❣r✉♣❛♠❡♥t♦ ❤✐❡rárq✉✐❝♦ ♦❝♦rr❡ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

✶✳ ❆♣ós ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ♠❡❞✐❞❛ ❞❡ ❞✐stâ♥❝✐❛ ❛ s❡r ❡♠♣r❡❣❛❞❛✱ ♦❜t❡♠✲s❡ ❡♥tã♦
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❛ ♠❛tr✐③ s✐♠étr✐❝❛ ❞❡ ❞✐stâ♥❝✐❛s ❉✱ ❞❡✜♥✐❞❛ ♣♦r✿

D =













d11 d12 · · · d1n

d21 d22 · · · d2n
✳✳✳

✳✳✳
✳✳✳

✳✳✳

dn1 dn2 · · · dnn













,

♦♥❞❡ dij é ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ♦❜❥❡t♦ i ❡ ♦ ♦❜❥❡t♦ j✱ ❡ d11 = d22 = · · · = dnn = 0✳

✷✳ ❋❛③✲s❡ ✉♠ ❣r✉♣♦ ♣❛r❛ ❝❛❞❛ ♦❜❥❡t♦✳

✸✳ ❆ ♣❛rt✐r ❞❛ ♠❛tr✐③ D✱ ❡♥❝♦♥tr❛✲s❡ ♦ ♣❛r❡s ❞❡ ❣r✉♣♦s ❝♦♠ ♠❡♥♦r ❞✐stâ♥❝✐❛ ❡

❥✉♥t❛✲s❡ ❡st❡s ❣r✉♣♦s✳

✹✳ ❆❣r✉♣❛✲s❡ ♦s ❣r✉♣♦s ❢♦r♠❛❞♦s ♥❛ ❡t❛♣❛ ❛♥t❡r✐♦r ❡ r❡❝❛❧❝✉❧❛✲s❡ ❛s ❞✐stâ♥❝✐❛s

❞❡ss❡ ❣r✉♣♦ ♣❛r❛ t♦❞♦s ♦s ♦❜❥❡t♦s✳

✺✳ ❘❡♣❡t❡✲s❡ ♦s ✸ ❡ ✹ ❛té s♦❜r❛r ✉♠ ú♥✐❝♦ ❣r✉♣♦✳

❆♦ ✜♠ ❞❡st❡ ♣r♦❝❡ss♦✱ é ♣♦ssí✈❡❧ r❡♣r❡s❡♥t❛r ❣r❛✜❝❛♠❡♥t❡ ❛ ❢♦r♠❛çã♦ ❞❡ ❝❛❞❛ ✉♠

❞♦s ❣r✉♣♦s✱ ❡ ♦ ❣rá✜❝♦ ❣❡r❛❞♦ ❝♦rr❡s♣♦♥❞❡ ❛♦ ❞❡♥❞r♦❣r❛♠❛✳

❆ tít✉❧♦ ❞❡ ❡①❡♠♣❧♦✱ s❡❥❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ♦❜s❡r✈❛çõ❡s x = {2; 4; 7; 10; 11}✱ ❛❞♦t❛♥❞♦✲

s❡ ❛ ♠❡❞✐❞❛ ❞❡ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞❡❛♥❛✱ t❡♠✲s❡ ❛ s❡❣✉✐♥t❡ ♠❛tr✐③ ❞❡ ❞✐stâ♥❝✐❛s✿

D =

















0

2 0

5 3 0

8 6 3 0

9 7 4 1 0

















.

P❡r❝❡❜❡✲s❡ q✉❡ ♦s ♦❜❥❡t♦s ♠❛✐s ♣ró①✐♠♦s sã♦ ♦ q✉❛rt♦ ❡ ♦ q✉✐♥t♦✱ ♣♦✐s d54 = 1

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

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

tâ♥❝✐❛s✿

D =













0

2 0

5 3 0

8.5 6.5 3.5 0













.
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P❡r❝❡❜❡✲s❡ q✉❡ ♦s ♦❜❥❡t♦s ♠❛✐s ♣ró①✐♠♦s sã♦ ♦ ♣r✐♠❡✐r♦ ❡ ♦ s❡❣✉♥❞♦✱ ♣♦✐s d21 = 2

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

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

tâ♥❝✐❛s✿

D =







0

4 0

7.5 3.5 0






.

P❡r❝❡❜❡✲s❡ q✉❡ ♦s ♦❜❥❡t♦s ♠❛✐s ♣ró①✐♠♦s sã♦ ♦ t❡r❝❡✐r♦ ❡ ♦ s❡❣✉♥❞♦✱ ♣♦✐s d32 = 3.5

é ❛ ♠❡♥♦r ❞✐stâ♥❝✐❛✳ ❆❣r✉♣❛♥❞♦✲s❡ ❡st❡s ♦❜❥❡t♦s✱ r❡st❛ ❛❣r✉♣❛r ♦s ❞♦✐s ✉❧t✐♠♦s ♦❜❥❡t♦s

r❡st❛♥t❡s✱ s✉❜st✐t✉✐♥❞♦✲s❡ ❡st❡s ♦❜❥❡t♦s ♣♦r s✉❛s ♠é❞✐❛s✳

❈♦♠♦ r❡s✉❧t❛❞♦✱ ❢❛③✲s❡ ♦ ❡s❜♦ç♦ ❣rá✜❝♦ ❞♦s ❛❣r✉♣❛♠❡♥t♦s ❡❢❡t✉❛❞♦s✱ ♦❜t❡♥❞♦✲s❡ ❛

r❡♣r❡s❡♥t❛çã♦ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✷✳✶✻✱ ❞❡♥♦♠✐♥❛❞♦ ❞❡♥❞r♦❣r❛♠❛✳ ❖ ❡✐①♦ ❤♦r✐③♦♥t❛❧

❞❡st❡ ❣rá✜❝♦ r❡♣r❡s❡♥t❛♠ ♦s ✈❛❧♦r❡s ❛❣r✉♣❛❞♦s ❡ ♦ ❡✐①♦ ✈❡rt✐❝❛❧ ❛s ❞✐stâ♥❝✐❛s ❝❛❧❝✉❧❛❞❛s✳

10 11 7 2 4

1

2

3

4

5

6

7

8

9

10

❋✐❣✉r❛ ✷✳✶✻✿ ❉❡♥❞r♦❣r❛♠❛✿ ❡s❜♦ç♦ ❞♦ ❛❣r✉♣❛♠❡♥t♦ ❤✐❡rárq✉✐❝♦ ❡❢❡t✉❛❞♦ s♦❜r❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡

❞❛❞♦s✳

❆ ❞❡❝✐sã♦ s♦❜r❡ ♦ ❛❣r✉♣❛♠❡♥t♦ ✜♥❛❧ é ❝❤❛♠❛❞❛ ❝♦rt❡ ❞♦ ❞❡♥❞r♦❣r❛♠❛✳ ❖ ❝♦rt❡ ❞♦

❞❡♥❞r♦❣r❛♠❛ é ✉♠❛ ❧✐♥❤❛ tr❛ç❛❞❛ ♥❛ ❤♦r✐③♦♥t❛❧ ♣♦r t♦❞♦ ♦ ❞❡♥❞r♦❣r❛♠❛ ♣❛r❛ ❡s♣❡❝✐✜❝❛r

♦s ❛❣r✉♣❛♠❡♥t♦s ✜♥❛✐s✳ ◆❛ ✜❣✉r❛ ✷✳✶✼ ♣♦❞❡✲s❡ ✈❡r ♦ ❞❡♥❞r♦❣r❛♠❛ ♦❜t✐❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱

❝♦♠ ✉♠❛ ❧✐♥❤❛ ❞❡ ❝♦rt❡ ❞❡✜♥✐♥❞♦ ❞♦✐s ❣r✉♣♦s ✜♥❛✐s✳
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❋✐❣✉r❛ ✷✳✶✼✿ ❉❡♥❞r♦❣r❛♠❛✿ ▲✐♥❤❛ ❞❡ ❝♦rt❡ ❞♦ ❞❡♥❞r♦❣r❛♠❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ❞♦✐s ❛❣r✉♣❛✲

♠❡♥t♦s ✜♥❛✐s✳

✷✳✽ ❑✲♠é❞✐❛s

❚r❛t❛✲s❡ ❞❡ ✉♠❛ té❝♥✐❝❛ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡ ♠áq✉✐♥❛ ♥ã♦ s✉♣❡r✈✐s✐♦♥❛❞❛✱ ❛♣❧✐❝❛❞❛

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

♣❛r❛ ❝❧❛ss✐✜❝❛r ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✱ ❞❛❞♦ ♦ ♥ú♠❡r♦ k ❞❡ ❣r✉♣♦s✱ s❡♥❞♦ k

♣r❡✈✐❛♠❡♥t❡ ❝♦♥❤❡❝✐❞♦ ✭❚❍❊❖❉❖❘■❉■❙❀ ❑❖❯❚❘❖❯▼❇❆❙✱ ✷✵✵✾✮✳

❆ ✐❞é✐❛ ♣r✐♥❝✐♣❛❧ é ❞❡✜♥✐r k ❝❡♥tró✐❞❡s✱ ✉♠ ♣❛r❛ ❝❛❞❛ ❣r✉♣♦✳ ❈❛❞❛ ✉♠ ❞♦s ♣♦♥t♦s

❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s é ❛ss♦❝✐❛❞♦ ❛♦ k✲és✐♠♦ ❝❡♥tró✐❞❡ ♠❛✐s ♣ró①✐♠♦✱ ✉s❛♥❞♦ ✉♠❛ ♠❡❞✐❞❛

❞❡ ❞✐stâ♥❝✐❛ ♣ré✲❡st❛❜❡❧❡❝✐❞❛✳ ❆♣ós t♦❞♦s ♦s ♣♦♥t♦s s❡r❡♠ ❛ss♦❝✐❛❞♦s✱ sã♦ ❡st❛❜❡❧❡❝✐❞♦s k

♥♦✈♦s ❝❡♥tró✐❞❡s ❝♦♠♦ s❡♥❞♦ ❝❡♥tr♦s ❞♦s ❛❣r✉♣❛♠❡♥t♦s ❡st❛❜❡❧❡❝✐❞♦s ♥❛ ❡t❛♣❛ ❛♥t❡r✐♦r✳

◆❡ss❡ ♠♦♠❡♥t♦✱ ❝❛❞❛ ♣♦♥t♦ é ♥♦✈❛♠❡♥t❡ ❛ss♦❝✐❛❞♦ ❛♦ k✲és✐♠♦ ❝❡♥tró✐❞❡ ♠❛✐s ♣ró①✐♠♦

❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡✱ ❛té q✉❡ ♥ã♦ ❤❛❥❛ ♠❛✐s ♠✉❞❛♥ç❛ ♥❛ ❧♦❝❛❧✐③❛çã♦ ❞♦s k ❝❡♥tró✐❞❡s✳

◆❛ ❋✐❣✉r❛ ✷✳✶✽✱ é ♣♦ssí✈❡❧ ✈❡r ✉♠ ❡①❡♠♣❧♦ ❞♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ k✲♠é❞✐❛s✳ ◆❛ ❋✐❣✉r❛

✷✳✶✽✭❛✮✱ t❡♠✲s❡ ❛s ❛♠♦str❛s ❛❧❡❛tór✐❛s ❡ ♦s ❝❡♥tr♦✐❞❡s ❡♠ s✉❛s ❧♦❝❛❧✐③❛çõ❡s ✐♥✐❝✐❛✐s✳ ◆❛

❋✐❣✉r❛ ✷✳✶✽✭❜✮✱ ♦s ❝❡♥tr♦✐❞❡s ❡♠ s✉❛s ♣♦s✐çõ❡s ❞❡✜♥✐t✐✈❛s ❡ ♦s ❣r✉♣♦s ❛ q✉❡ ❛s ❛♠♦str❛s

♣❡rt❡♥❝❡♠✳

◆❛ ❢♦r♠✉❧❛çã♦ ❝❧áss✐❝❛✱ ♦ ♦❜❥❡t✐✈♦ ❞♦ ❛❧❣♦r✐t♠♦ k✲♠é❞✐❛s é ♠✐♥✐♠✐③❛r ❛ ❢✉♥çã♦

♦❜❥❡t✐✈♦ J q✉❡ r❡♣r❡s❡♥t❛ ♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦ ❡♥tr❡ ✉♠ ♣♦♥t♦ ❞❡ ❞❛❞♦s r(z, y) ❡ ♦

✐ ✲és✐♠♦ ❝❡♥tró✐❞❡ ck✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡q✉❛çã♦

J = |r(z, y)− ck|
2, ✭✷✳✶✼✮
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❋✐❣✉r❛ ✷✳✶✽✿ ❊①❡♠♣❧♦ ❞♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ k✲♠é❞✐❛s✳ ✭❛✮ ❆♠♦str❛s ❛❧❡❛tór✐❛s ❡ ♦s ❝❡♥tr♦✐❞❡s

❡♠ s✉❛s ❧♦❝❛❧✐③❛çõ❡s ✐♥✐❝✐❛✐s✳ ✭❜✮ ❈❡♥tr♦✐❞❡s ❡♠ s✉❛s ♣♦s✐çõ❡s ❞❡✜♥✐t✐✈❛s ❡ ♦s ❣r✉♣♦s ❛ q✉❡ ❛s

❛♠♦str❛s ♣❡rt❡♥❝❡♠✳

♦♥❞❡ |r(z, y) − ck|
2 é ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ r(z, y) ❡ ck✱ ❡ ✐♥❞✐❝❛ ❛ s✐♠✐❧❛r✐❞❛❞❡ ❡♥tr❡ ❝❛❞❛

♣♦♥t♦ ❞❡ ❞❛❞♦ ❡ s❡✉ r❡s♣❡❝t✐✈♦ ❣r✉♣♦✳ ❆ss✐♠✱ t♦❞♦s ♦s ♣✐①❡❧s sã♦ ❛tr✐❜✉í❞♦s ❛♦ ❝❡♥tr♦

♠❛✐s ♣ró①✐♠♦ ❝♦♠ ❜❛s❡ ♥❡ss❛ ❞✐stâ♥❝✐❛✳ ❉❡♣♦✐s ❞❡ t♦❞♦s ♦s ♣✐①❡❧s t❡r❡♠ s✐❞♦ ❛tr✐❜✉í❞♦s✱

♦s ❝❡♥tr♦s sã♦ r❡❝❛❧❝✉❧❛❞♦s ✉s❛♥❞♦✱

ck =
1

k

∑

r(z,y)∈Sk

r(z, y), ✭✷✳✶✽✮

♦♥❞❡ Sk é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣✐①❡❧s ❛ss♦❝✐❛❞♦s ❝♦♠ ck✳ ❊ss❡ ♣r♦❝❡ss♦ é r❡♣❡t✐❞♦ ❛té ♦s

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



❈❛♣ít✉❧♦ ✸

▼❛t❡r✐❛✐s ❡ ▼ét♦❞♦s

Pr✐♠❡✐r❛♠❡♥t❡ ❢♦r❛♠ ♦❜t✐❞❛s ❛s ✐♠❛❣❡♥s ✉s❛❞❛s ♥♦ ♣r♦❝❡ss♦✳ P❛r❛ ♦s ♠ét♦❞♦s✱

❞♦✐s ❣r✉♣♦s ❞❡ r❡❣✐õ❡s ❞❡ ✐♥t❡r❡ss❡ ✭❘❖■s✮ ❢♦r❛♠ ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❡ ❞✉❛s ❜❛s❡s ❞❡ ❞❛✲

❞♦s ♣ú❜❧✐❝❛s✿ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞❡ ♠❛♠♦❣r❛✜❛ ❞✐❣✐t❛❧ ❞❛ s♦❝✐❡❞❛❞❡ ❞❡ ❛♥á❧✐s❡ ❞❡ ✐♠❛❣❡♠

♠❛♠♦❣rá✜❝❛ ▼✐♥✐✲▼■❆❙ ✭❙❯❈❑▲■◆● ❡t ❛❧✳✱ ✶✾✾✹✮ ❡ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❞✐❣✐t❛❧ ♣❛r❛ r❛s✲

tr❡✐♦ ❞❡ ♠❛♠♦❣r❛✜❛ ❉❉❙▼ ✭❍❊❆❚❍ ❡t ❛❧✳✱ ✷✵✵✶✮✳ P❛r❛ ❝❛❞❛ ❘❖■ ♦❜t✐❞❛ ❞❡ ♠❛♠❛ ♥ã♦

❞❡♥s❛ q✉❡ ❝♦♥té♠ ♠❛ss❛✱ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✵✵ ❛♠♦str❛s ❛❧❡❛tór✐❛s ❢♦r❛♠ ❡①tr❛í❞❛s ❞❛s

r❡❣✐õ❡s ❞❡ ❣r♦✉♥❞ tr✉t❤ ❢♦r♥❡❝✐❞❛s ♣❡❧♦s ❜❛♥❝♦s ❞❡ ❞❛❞♦s✳ ❊ss❛s ❛♠♦str❛s tê♠ ❞✐♠❡♥sã♦

❞❡ ✶✻①✶✻ ♣✐①❡❧s✳ ❈❛❞❛ ❛♠♦str❛ ❢♦✐ r❡♦r❣❛♥✐③❛❞❛ ❝♦♠♦ ✉♠ ✈❡t♦r ❝♦❧✉♥❛ ❡ ♦r❣❛♥✐③❛❞❛ ♥❛

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

s❡rã♦ ✉s❛❞❛s ❝♦♠♦ ✜❧tr♦s ♣❛r❛ ❞❡t❡❝t❛r ❛s ♠❛ss❛s ♥❛s ✐♠❛❣❡♥s ❞❡ t❡st❡✳ ❖s ✜❧tr♦s ❢♦r❛♠

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

✉s❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ k✲♠é❞✐❛s✳ ❆♣ós ♦ ❛❣r✉♣❛♠❡♥t♦✱ ❢♦✐ r❡❛❧✐③❛❞❛ ✉♠❛ ❜✉s❝❛ ♣❡❧♦ ❣r✉♣♦

❝♦♠ ♠❛✐♦r ❡♥❡r❣✐❛✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ à r❡❣✐ã♦ ❞❡ ♠❛ss❛ ❞❡t❡❝t❛❞❛ ♣❡❧♦s ✜❧tr♦s✳ ❖ ❞✐❛❣r❛♠❛

❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶✳

❚❛♠❜é♠ ❢♦✐ ❢❡✐t❛ ❛ s❡❧❡çã♦ ❞♦s ♠❡❧❤♦r❡s ✜❧tr♦s ♣❛r❛ ❝❛r❛❝t❡r✐③❛r r❡❣✐õ❡s ❞❡ ♠❛ss❛

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

♦✉ ❛✉sê♥❝✐❛ ❞❡ ♠❛ss❛s✳

✸✳✶ ❆q✉✐s✐çã♦ ❞❛s ✐♠❛❣❡♥s

❖ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ▼✐♥✐✲▼■❆❙ ♣♦ss✉✐ ✐♠❛❣❡♥s ❞❡ ♠❛♠♦❣r❛✜❛ ❞❡ ✸✷✷ ♣❛❝✐❡♥t❡s✱

❞✐❣✐t❛❧✐③❛❞❛s ❡♠ ✉♠❛ r❡s♦❧✉çã♦ ❞❡ ✷✵✵ ♠í❝r♦♥s ❡ ❢♦r❛♠ r❡❞✐♠❡♥s✐♦♥❛❞❛s ♣❛r❛ ✶✵✷✹ ① ✶✵✷✹

♣✐①❡❧s✱ ✽ ❜✐ts✳ ❖ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ▼✐♥✐✲▼■❆❙ ❢♦r♥❡❝❡ ✉♠ r❡❣✐str♦ ❝♦♥t❡♥❞♦ ✐♥❢♦r♠❛çõ❡s ❞♦s

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

✹✷
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❋✐❣✉r❛ ✸✳✶✿ ❉✐❛❣r❛♠❛ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✳ ❯♠ ❝♦♥❥✉♥t♦ ❞❡ ✐♠❛❣❡♥s ♥ã♦ ❞❡♥s❛s q✉❡ ❝♦♥té♠ ❧❡sã♦

é ✉s❛❞♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ tr❡✐♥❛♠❡♥t♦✳ ❆ ár❡❛ ❞❛ ♠❛♠❛ q✉❡ ❝♦♥té♠ ❛ ❧❡sã♦ ✭❘❖■✬s✮ é s❡❧❡❝✐♦♥❛❞❛

❡ ❛s ❛♠♦str❛s ❞❡ ✶✻①✶✻ ♣✐①❡❧s✱ s❡♠ s♦❜r❡♣♦s✐çã♦ ❞❡ ❛♠♦str❛s✱ sã♦ ❡①tr❛í❞❛s✱ r❡♦r❣❛♥✐③❛❞❛s ❝♦♠♦

✉♠ ✈❡t♦r ❝♦❧✉♥❛ ❡ ❝♦♥❝❛t❡♥❛❞❛s✳ ❊st❡ ✈❡t♦r é ✉s❛❞♦ ♥♦s ❛❧❣♦r✐t♠♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ♣❛r❛ ❡①tr❛✐r

❢✉♥çõ❡s ❜❛s❡✱ ❛ ♣❛rt✐r ❞♦s q✉❛✐s ♦s ♠❡❧❤♦r❡s ✜❧tr♦s sã♦ s❡❧❡❝✐♦♥❛❞♦s✳ ❆s r❡s♣♦st❛s ❞♦s ✜❧tr♦s sã♦

s♦♠❛❞❛s ❡ ❛❣r✉♣❛❞❛s ✉s❛♥❞♦ k✲♠é❞✐❛s✳ ❆ ♣❛rt✐r ❞♦ r❡s✉❧t❛❞♦ ❞❛ s❡❣♠❡♥t❛çã♦✱ s❡❧❡❝✐♦♥♦✉✲s❡ ♦

❣r✉♣♦ ❝♦♠ ❛ ♠❛✐♦r ❡♥❡r❣✐❛✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ à r❡❣✐ã♦ ❞❡ ♠❛ss❛✳

❡ ❛s ❝♦♦r❞❡♥❛❞❛s ❞♦ ❝❡♥tr♦ ❞❛ ❛♥♦♠❛❧✐❛✱ ❜❡♠ ❝♦♠♦ ♦ r❛✐♦ ❛♣r♦①✐♠❛❞♦ ✭❡♠ ♣✐①❡❧s✮ ❞❡ ✉♠

❝ír❝✉❧♦ q✉❡ ❝✐r❝✉♥❞❛ ❛ ❛♥♦♠❛❧✐❛✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ❝♦♥s✐❞❡r❛♠♦s ❡ss❡ ❝ír❝✉❧♦ ❝♦♠♦ ❣r♦✉♥❞

tr✉t❤ ♣❛r❛ ❛ ❛✈❛❧✐❛çã♦ ❞❛ r❡❣✐ã♦ ❞❡t❡❝t❛❞❛ ♣❡❧♦ ♠ét♦❞♦ ❡♠ r❡❧❛çã♦ ❛♦ ❡s♣❡❝✐✜❝❛❞♦ ♥♦s

r❡❣✐str♦s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ▼✐♥✐✲▼■❆❙✳

❖ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❉❉❙▼ t❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷✹✵✵ ❝❛s♦s✱ ❞✐❣✐t❛❧✐③❛❞♦s ❡♠ ✉♠❛

r❡s♦❧✉çã♦ q✉❡ ✈❛r✐❛ ❡♥tr❡ ✹✷ ❡ ✺✵ ♠í❝r♦♥s✱ s❛❧✈♦s ❡♠ ❝♦♠♣r❡ssã♦ ▲❖❙❙▲❊❙❙ ❏P❊●✱ ♦✉

s❡❥❛✱ ❝♦♠♣r❡ssã♦ ❝♦♠ ♣❡r❞❛✱ ✶✻ ❜✐ts✳ ❖ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❉❉❙▼ ❢♦r♥❡❝❡ ✉♠ r❡❣✐str♦ ❝♦♥✲

t❡♥❞♦ ❛ ❞❡♥s✐❞❛❞❡✱ t✐♣♦ ❡ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❧❡sã♦✱ s♦❜ ❛ ❢♦r♠❛ ❞❡ ✉♠ ❝ó❞✐❣♦ ❞❡ ❝❛❞❡✐❛ ✭●❖◆✲
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❩❆▲❊❩❀ ❲❖❖❉❙❀ ❊❉❉■◆❙✱ ✷✵✵✸✮✳ P❛r❛ ♠❛♥t❡r ❛ ❤♦♠♦❣❡♥❡✐❞❛❞❡ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s

♥♦s ❡①♣❡r✐♠❡♥t♦s✱ ❛s ✐♠❛❣❡♥s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❉❉❙▼ ❢♦r❛♠ ❝♦♥✈❡rt✐❞❛s ♣❛r❛ ✽ ❜✐ts ❡

r❡❞✐♠❡♥s✐♦♥❛❞❛s ♣❛r❛ ✶✵✷✹ ① ✶✵✷✹✳ ❆ss✐♠✱ ♣❛r❛ tr❡✐♥❛♠❡♥t♦ ❡ t❡st❡s✱ ❛s ✐♠❛❣❡♥s ✉s❛❞❛s

♥❛ ❜❛s❡ ▼✐♥✐✲▼■❆❙ ❡ ❉❉❙▼ tê♠ ❛ ♠❡s♠❛ r❡s♦❧✉çã♦ ❡ t❛♠❛♥❤♦✳

◆♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s✱ ❢♦r❛♠ ✉s❛❞❛s ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s ❡ ♠❛♠❛s

❞❡♥s❛s✳ ❆ ❞❡♥s✐❞❛❞❡ ❞❛ ♠❛♠❛ é ❡st✐♠❛❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡s❝❛❧❛ ❇■✲❘❆❉❙✳ ◆❛ ❋✐❣✉r❛

✸✳✷✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ❞♦✐s ❡①❡♠♣❧♦s ❞❡ ✐♠❛❣❡♥s ✉s❛❞❛s ♥♦ ❡①♣❡r✐♠❡♥t♦✱ ♥❛ ❋✐❣✉r❛ ✸✳✷✭❛✮✱

♠❛♠❛ ❞❡♥s❛ s❡♠ ♠❛ss❛ ❡ ♥❛ ❋✐❣✉r❛ ✸✳✷✭❜✮✱ ♠❛♠❛ ❞❡♥s❛ ❝♦♠ ♠❛ss❛ ❡ s✉❛ ❧♦❝❛❧✐③❛çã♦✱

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

❋✐❣✉r❛ ✸✳✷✿ ❊①❡♠♣❧♦s ❞❡ ✐♠❛❣❡♥s ❞❡ ♠❛♠♦❣r❛✜❛ ✉s❛❞❛s ♥♦s ❡①♣❡r✐♠❡♥t♦s✳ ✭❛✮ ♠❛♠❛ ❞❡♥s❛ s❡♠

♠❛ss❛✳ ✭❜✮ ♠❛♠❛ ❞❡♥s❛ ❝♦♠ ♠❛ss❛ ❡ s✉❛ ❧♦❝❛❧✐③❛çã♦ ❝♦rr❡s♣♦♥❞❡♥t❡ sã♦ ♠♦str❛❞♦s ❞❡ ❛❝♦r❞♦

❝♦♠ ♦ r❡❣✐str♦ ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✳ ❋♦♥t❡✿ ❙✉❝❦❧✐♥❣ ❡t ❛❧✳ ✭✶✾✾✹✮✳

P❛r❛ ♦ tr❡✐♥❛♠❡♥t♦✱ ✸✻ ❘❖■s ❝♦♥t❡♥❞♦ ❧❡sã♦ ❢♦r❛♠ ✉s❛❞❛s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ▼✐♥✐✲

▼■❆❙ ❡ ✽✸ ❘❖■s ❝♦♥t❡♥❞♦ ❧❡sã♦ ❢♦r❛♠ ✉s❛❞❛s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❉❉❙▼✱ t♦❞❛s ♦❜t✐❞❛s

❛ ♣❛rt✐r ❞❡ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s✳ ◆ã♦ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❘❖■s ❝♦♥t❡♥❞♦ ♠✐❝r♦❝❛❧❝✐✜❝❛çõ❡s

♥♦s ❡①♣❡r✐♠❡♥t♦s✳ ◆❛ ❋✐❣✉r❛ ✸✳✸✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ❛❧❣✉♠❛s ❘❖■s ✉t✐❧✐③❛❞❛s ♣❛r❛ ♥♦

tr❡✐♥❛♠❡♥t♦ ❞♦ ❛❧❣♦r✐t♠♦✳

P❛r❛ ♦s t❡st❡s✱ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ✺✻ ❘❖■s ❝♦♥t❡♥❞♦ ❧❡sã♦ ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ▼✐♥✐✲

▼■❆❙ ❡ ✽✸ ❘❖■s ❝♦♥t❡♥❞♦ ❧❡sã♦ ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❉❉❙▼✱ t♦❞❛s ♦❜t✐❞❛s ❛ ♣❛rt✐r ❞❡

♠❛♠❛s ❞❡♥s❛s✳ P❛r❛ ❝❛❞❛ ❘❖■✱ ✉♠❛ ✐♠❛❣❡♠ ❜✐♥ár✐❛ ❞❡ ❣r♦✉♥❞ tr✉t❤ ❢♦✐ ❣❡r❛❞❛✱ ❞❡ ❛❝♦r❞♦

❝♦♠ ♦s r❡❣✐str♦s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❝♦rr❡s♣♦♥❞❡♥t❡✳ ❊ss❛s ✐♠❛❣❡♥s ❞❡ ❣r♦✉♥❞ tr✉t❤ ❢♦r❛♠

✉t✐❧✐③❛❞❛s ♥♦ ♣r♦❝❡ss♦ ❞❡ ❛✈❛❧✐❛çã♦ ❞❛ s❡❣♠❡♥t❛çã♦ ❡ ❞❡ ❞❡t❡❝çã♦ ❞❡ ❧❡sõ❡s✳ ◆❛ ❋✐❣✉r❛ ✸✳✹✱

♦❜s❡r✈❛✲s❡ ❛❧❣✉♠❛s ❘❖■s ✉s❛❞❛s ♥♦s t❡st❡s ❡ s✉❛s r❡s♣❡❝t✐✈❛s ✐♠❛❣❡♥s ❞❡ ❣r♦✉♥❞ tr✉t❤✳

❆s ✐♠❛❣❡♥s ✉s❛❞❛s ♥♦ tr❡✐♥❛♠❡♥t♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡❣✐str♦s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s

▼✐♥✐✲▼■❆❙ ❝♦♥té♠ ♦ ❛tr✐❜✉t♦ t❡❝✐❞♦ ❞❡ ❢✉♥❞♦ ✐❣✉❛❧ ❛ ❋❛tt②✱ ♦ q✉❡ ❝❛r❛❝t❡r✐③❛ ✐♠❛❣❡♥s ❞❡

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



❈❆P❮❚❯▲❖ ✸✳ ▼❆❚❊❘■❆■❙ ❊ ▼➱❚❖❉❖❙ ✹✺

❋✐❣✉r❛ ✸✳✸✿ ❊①❡♠♣❧♦s ❞❡ ❘❖■s ✉t✐❧✐③❛❞♦s ♥♦ tr❡✐♥❛♠❡♥t♦ ❞♦ ❛❧❣♦r✐t♠♦✳ ✭❛✮✲✭❞✮ r❡❣✐õ❡s ❞❡ ♠❛♠❛s

❞❡♥s❛s s❡♠ ♠❛ss❛✳ ✭❡✮✲✭❤✮ r❡❣✐õ❡s ❞❡ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s ❝♦♥t❡♥❞♦ ♠❛ss❛s✳

❋✐❣✉r❛ ✸✳✹✿ ❊①❡♠♣❧♦s ❞❡ ❘❖■s ✉t✐❧✐③❛❞♦s ♥♦s t❡st❡s ❡ s✉❛s r❡s♣❡❝t✐✈❛s ✐♠❛❣❡♥s ❞❡ ❣r♦✉♥❞

tr✉t❤✿ ✭❛✮ ❝❛s♦ ♠❞❜✵✵✶ ✭▼■❆❙✮❀ ✭❜✮ ❝❛s♦ ♠❞❜✵✶✸ ✭▼■❆❙✮❀ ✭❝✮ ❝❛s♦ ♠❞❜✵✶✺ ✭▼■❆❙✮❀ ✭❞✮

❝❛s♦ ❆❴✶✵✷✺❴✶✲✷✳▲❊❋❚❴❈❈ ✭❉❉❙▼✮❀ ✭❡✮ ❝❛s♦ ❆❴✶✵✷✼❴✶✲✶✳▲❊❋❚❴❈❈ ✭❉❉❙▼✮❀ ✭❢✮ ❝❛s♦

❇❴✸✶✸✸❴✶✲✶✳❘■●❍❚❴▼▲❖ ✭❉❉❙▼✮✳

❝❧❛ss❡ ❞❡ ❛♥♦r♠❛❧✐❞❛❞❡ ❢♦r❛♠ s❡❧❡❝✐♦♥❛❞❛s✿ ❛ss✐♠❡tr✐❛✱ ♠❛ss❛s ❝✐r❝✉♥s❝r✐t❛s✱ ♠❛ss❛s ♠❛❧

❞❡✜♥✐❞❛s✱ ❞✐st♦rçã♦ ❛rq✉✐t❡t✉r❛❧ ❡ ♠❛ss❛s ❡s♣✐❝✉❧❛❞❛s✳ ❊ss❡s ✈❛❧♦r❡s ❝❛r❛❝t❡r✐③❛♠ ✐♠❛❣❡♥s

❝♦♠ ❧❡sõ❡s ❞❡ ❞✐❢❡r❡♥t❡s t✐♣♦s✱ ❡①❝❡t♦ ♠✐❝r♦❝❛❧❝✐✜❝❛çõ❡s✳ P❛r❛ ♦s t❡st❡s✱ ♦s ✈❛❧♦r❡s ♣❛r❛ ♦

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

❢♦r❛♠ s❡❧❡❝✐♦♥❛❞❛s ✐♠❛❣❡♥s q✉❡ t✐✈❡r❛♠ ♦s ✈❛❧♦r❡s ❋❛tt②✲❣❧❛♥❞✉❧❛r ❡ ❉❡♥s❡✲❣❧❛♥❞✉❧❛r✱ q✉❡

❝♦♠♣õ❡♠ ❛s ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s ❞❡♥s❛s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✳

❆s ✐♠❛❣❡♥s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❉❉❙▼ ❡stã♦ ❞✐s♣♦♥í✈❡✐s ❡♠ ✈♦❧✉♠❡s ❝♦♠♣❛❝t❛✲

❞♦s✱ ❞✐str✐❜✉í❞♦s ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ ✶✷ ✈♦❧✉♠❡s ❝♦♠ ✻✾✺ ✐♠❛❣❡♥s s❡♠ ❧❡sõ❡s✱ ✶✹ ✈♦❧✉♠❡s

❝♦♠ ✽✼✵ ✐♠❛❣❡♥s ❝♦♥t❡♥❞♦ ❧❡sõ❡s ❜❡♥✐❣♥❛s ❡ ✶✺ ✈♦❧✉♠❡s ❝♦♠ ✾✶✺ ✐♠❛❣❡♥s ❝♦♥t❡♥❞♦ ❧❡✲

sõ❡s ♠❛❧✐❣♥❛s✳ ❆s ✐♠❛❣❡♥s ✉s❛❞❛s ♣❛r❛ tr❡✐♥❛♠❡♥t♦ ❢♦r❛♠ ♦❜t✐❞❛s ❛ ♣❛rt✐r ❞♦s ✈♦❧✉♠❡s

❜❡♥✐❣♥❴✵✶✱ ❜❡♥✐❣♥❴✵✷ ❡ ❝❛♥❝❡r❴✵✶✱ ❝❛♥❝❡r❴✵✷✳ ❆ ♣❛rt✐r ❞❛s ✐♠❛❣❡♥s ❞✐s♣♦♥í✈❡✐s ♥❡s✲

s❡s ✈♦❧✉♠❡s✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❛♣❡♥❛s ❝❛s♦s ❝♦♠ ❞❡♥s✐❞❛❞❡ ✶ ❡ ✷✱ q✉❡ ❝♦rr❡s♣♦♥❞❡♠ às

✐♠❛❣❡♥s ❞❛ ❞❡♥s✐❞❛❞❡ ■ ❡ ■■✱ ♥❛ ❡s❝❛❧❛ ❇■✲❘❆❉❙✳ P❛r❛ ♦s t❡st❡s✱ ✉t✐❧✐③❛r❛♠✲s❡ ♦s ✈♦❧✉✲

♠❡s ❜❡♥✐❣♥❴✵✸✱ ❜❡♥✐❣♥❴✵✹✱ ❝❛♥❝❡r❴✵✸✱ ❝❛♥❝❡r❴✵✹ ❡ ♥♦r♠❛❧❴✵✶✳ ❆♣❡♥❛s ❛s ✐♠❛❣❡♥s ❝♦♠
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❞❡♥s✐❞❛❞❡ ✸ ❡ ✹ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s✱ q✉❡ ❝♦rr❡s♣♦♥❞❡♠ às ✐♠❛❣❡♥s ❞❛ ❞❡♥s✐❞❛❞❡ ■■■ ❡ ■❱✱ ♥❛

❡s❝❛❧❛ ❇■✲❘❆❉❙✳

✸✳✷ ❊①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s

❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s ❝♦rr❡s♣♦♥❞❡ à ❝❧❛ss✐✜❝❛çã♦ ❞❡ ♦❜❥❡t♦s ❡♠ ❝❛t❡❣♦r✐❛s

♦✉ ❝❧❛ss❡s ❝♦♠ ❜❛s❡ ❡♠ ❝❛r❛❝t❡ríst✐❝❛s ✭❚❍❊❖❉❖❘■❉■❙❀ ❑❖❯❚❘❖❯▼❇❆❙✱ ✷✵✵✾✮✳ ❊ss❛s

❝❛r❛❝t❡ríst✐❝❛s sã♦ ❡①tr❛í❞❛s ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ✉s❛♥❞♦ ♠ét♦❞♦s t❛✐s ❝♦♠♦ ❛♥á❧✐s❡ ❞❡

❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ✭P❈❆✮✱ ■❈❆✱ tr❛♥s❢♦r♠❛❞❛ ❞✐s❝r❡t❛ ❞❡ ❋♦✉r✐❡r ✭❉❋❚✮✱ tr❛♥s❢♦r✲

♠❛r ❞✐s❝r❡t❛ ❝♦s❡♥♦ ✭❉❈❚✮✱ ❡♥tr❡ ♦✉tr♦s✳

■❈❆ ✈ê♠ s❡♥❞♦ ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞❛ ❡♠ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛❧ ❡ ✐♠❛❣❡♠ ✭❍❨✲

❱❆❘■◆❊◆✱ ✶✾✾✾✮ ✭❍❨❱❆❘■◆❊◆❀ ❖❏❆✱ ✷✵✵✵✮ ✭❍❨❱❆❘■◆❊◆❀ ❑❆❘❍❯◆❊◆❀ ❖❏❆✱ ✷✵✵✹✮✳

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

s✐♥❛✐s ❞❡ ❢▼❘■✱ ❊❊● ❡ ❊❈● ✭❏❆▼❊❙❀ ❍❊❙❙❊✱ ✷✵✵✺✮✳ ❆❧é♠ ❞✐ss♦✱ ❡❧❡ t❡♠ s✐❞♦ ❛♣❧✐❝❛❞♦

❡♠ ♦✉tr❛s ár❡❛s ♣❛r❛ t❛r❡❢❛s ❝♦♠♦ ❛ r❡♠♦çã♦ ❞❡ r✉í❞♦ ✭❱❖❘❖❇❨❖❱❀ ❈■❈❍❖❈❑■✱ ✷✵✵✷✮✱

♣r❡✈✐sã♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ♣❛r❛ ❛ ❜♦❧s❛ ❞❡ ✈❛❧♦r❡s ✭▼❖❑❀ ▲❆▼❀ ◆●✱ ✷✵✵✹✮✱ r❡❝♦♥❤❡❝✐✲

♠❡♥t♦ ❞❡ ✈♦③ ✭❈❍■❊◆❀ ❈❍❊◆✱ ✷✵✵✻✮ ❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♣❛r❛ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦

❞❡ ♣❛❞rõ❡s ✭❍❖❨❊❘❀ ❍❨❱❆❘■◆❊◆✱ ✷✵✵✵❀ ❖▲❙❍❆❯❙❊◆❀ ❋■❊▲❉✱ ✶✾✾✻❀ ❇❆❘❚▲❊❚❚❀

▼❖❱❊▲▲❆◆❀ ❙❊❏◆❖❲❙❑■✱ ✷✵✵✷❀ ❈❆❱❆▲❈❆◆❚❊ ❡t ❛❧✳✱ ✷✵✵✾❀ ❏❊◆❙❙❊◆❀ ❊▲❚❖❋❚✱

✷✵✵✸✮✳

✸✳✷✳✶ ❚r❡✐♥❛♠❡♥t♦ ✉s❛♥❞♦ ■❈❆

❯♠❛ ✈❡③ q✉❡ ❛s ❛♠♦str❛s ❢♦r❛♠ ♦❜t✐❞❛s ❡ ❞✐s♣♦st❛s ♥❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛ X✱

♦s ✜❧tr♦s ♣❛r❛ ❞❡t❡❝t❛r ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ♠❛ss❛s ❢♦r❛♠ ❡st✐♠❛❞♦s ✉s❛♥❞♦ ■❈❆✳ ❈♦♠♦

❛♣r❡s❡♥t❛❞♦ ♥❛ ❡q✉❛çã♦ ✷✳✷✱ ❛ ♠❛tr✐③ A é ♦❜t✐❞❛ ❡ ❡♥❝♦♥tr❛♠♦s ♥❛s ❝♦❧✉♥❛s ❞❛ ♠❛tr✐③ A ❛s

❢✉♥çõ❡s ❜❛s❡ q✉❡ ❢♦r♠❛r❛♠ ❛s ✐♠❛❣❡♥s ❞❡ ❡♥tr❛❞❛ ♥❛ ♠❛tr✐③X✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ✉t✐❧✐③❛♠♦s

♦ ❛❧❣♦r✐t♠♦ ❋❛st■❈❆ ✭❍❨❱❆❘■◆❊◆✱ ✶✾✾✾✮ ❞❡✈✐❞♦ à s✉❛ s✐♠♣❧✐❝✐❞❛❞❡ ❡ ❝♦♥✈❡r❣ê♥❝✐❛

rá♣✐❞❛ ✭❍❨❱❆❘■◆❊◆✱ ✷✵✶✼✮✳

❋♦r❛♠ ❡①tr❛í❞❛s ❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ ❘❖■s ♥♦r♠❛✐s ❞❡♥s❛s ❡ ❞❡ ❘❖■s ♥ã♦ ❞❡♥s❛s

❝♦♥t❡♥❞♦ ♠❛ss❛s✳ ◆❛ ❋✐❣✉r❛ ✸✳✺✭❛✮✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ❡①❡♠♣❧♦s ❞❡ ❢✉♥çõ❡s ❜❛s❡ ❞♦ t❡❝✐❞♦

♥♦r♠❛❧ ♥ã♦ ❞❡♥s♦✱ ❡ ♥❛ ❋✐❣✉r❛ ✸✳✺✭❜✮✱ ❛s ❢✉♥çõ❡s ❜❛s❡ ♣❛r❛ ♦ t❡❝✐❞♦ ❧❡s✐♦♥❛❞♦ ♥ã♦ ❞❡♥s♦✳

P♦❞❡✲s❡ ✈❡r ♥❛ ❋✐❣✉r❛ ✸✳✻✭❛✮✱ ❡ ♥❛ ❋✐❣✉r❛ ✸✳✻✭❞✮✱ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢✉♥çõ❡s ❜❛s❡ ❞❡r✐✈❛❞❛s

❞❡ ❘❖■s ❞❡♥s❛s s❡♠ ♠❛ss❛ ❡ ❘❖■s ♥ã♦ ❞❡♥s❛s ❝♦♠ ♠❛ss❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ◆❛ ❋✐❣✉r❛

✸✳✻✭❜✮ ❡ ♥❛ ❋✐❣✉r❛ ✸✳✻✭❡✮✱ ♣♦❞❡✲s❡ ✈❡r ❛s ♠é❞✐❛s ❡ ✈❛r✐â♥❝✐❛s ❞❡ ❝❛❞❛ ✉♠ ❞♦s ❝♦♥❥✉♥t♦s ❞❡

❢✉♥çõ❡s ❜❛s❡ ❡ ♥❛ ❋✐❣✉r❛ ✸✳✻✭❝✮✱ ❡ ♥❛ ❋✐❣✉r❛ ✸✳✻✭❢✮✱ s❡✉s r❡s♣❡❝t✐✈♦s ❡s♣❡❝tr♦s ❞❡ ❋♦✉r✐❡r✳
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➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ❞♦✐s ❡s♣❡❝tr♦s✳

❋✐❣✉r❛ ✸✳✺✿ ❊①❡♠♣❧♦ ❞❡ ❢✉♥çõ❡s ❜❛s❡✱ ♦❜t✐❞❛s ❝♦♠ ■❈❆✿ ✭❛✮ ❢✉♥çõ❡s ❜❛s❡ ❞❡ t❡❝✐❞♦ ♥♦r♠❛❧ ♥ã♦

❞❡♥s♦❀ ✭❜✮ ❢✉♥çõ❡s ❜❛s❡ ❞❡ t❡❝✐❞♦ ❧❡s✐♦♥❛❞♦ ❞❡♥s♦✳

❋✐❣✉r❛ ✸✳✻✿ ❊①❡♠♣❧♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢✉♥çõ❡s ❜❛s❡ r❡♣r❡s❡♥t❛❞❛s ❝♦♠♦ ✈❡t♦r❡s ❝♦❧✉♥❛ ❡ s❡✉

❝♦rr❡s♣♦♥❞❡♥t❡ ❡s♣❡❝tr♦ ❞❡ ❋♦✉r✐❡r✳ ✭❛✮ ❆❧❣✉♠❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ r❡❣✐õ❡s ❞❡♥s❛s s❡♠ ♠❛ss❛✳ ✭❜✮

▼é❞✐❛ ❞❛s ❢✉♥çõ❡s ❜❛s❡ ❡ ✈❛r✐â♥❝✐❛ ❞❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ r❡❣✐õ❡s ❞❡♥s❛s s❡♠ ♠❛ss❛✳ ✭❝✮ ❊s♣❡❝tr♦

❞❡ ❋♦✉r✐❡r ❞❛ ♠é❞✐❛ ❞❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ r❡❣✐õ❡s ❞❡♥s❛s s❡♠ ♠❛ss❛✳ ✭❞✮ ❆❧❣✉♠❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡

r❡❣✐õ❡s ♥ã♦ ❞❡♥s❛s q✉❡ ❝♦♥tê♠ ♠❛ss❛✳ ✭❡✮ ▼é❞✐❛ ❞❛s ❢✉♥çõ❡s ❜❛s❡ ❡ ✈❛r✐â♥❝✐❛ ❞❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡

r❡❣✐õ❡s ♥ã♦ ❞❡♥s❛s ❝♦♥t❡♥❞♦ ♠❛ss❛✳ ✭❢✮ ❊s♣❡❝tr♦ ❞❡ ❋♦✉r✐❡r ❞❛ ♠é❞✐❛ ❞❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ r❡❣✐õ❡s

♥ã♦ ❞❡♥s❛s ❝♦♥t❡♥❞♦ ♠❛ss❛✳

◆❡st❡ tr❛❜❛❧❤♦✱ ❢♦✐ ✉s❛♥❞♦ ♦ ♠♦❞❡❧♦ ■❈❆ ❝♦♠♣❧❡t♦✳ ❉❡st❛ ❢♦r♠❛✱ ❢♦✐ ♦❜t✐❞❛ ✉♠❛

♠❛tr✐③ q✉❛❞r❛❞❛ A✱ ❝♦♠ ❞✐♠❡♥sõ❡s ✷✺✻①✷✺✻✱ ♦✉ s❡❥❛✱ ❝♦♠ ✷✺✻ ❢✉♥çõ❡s ❜❛s❡✳ ❆ s❡❧❡çã♦ ❞❛s

❢✉♥çõ❡s ❜❛s❡ ❢♦✐ r❡❛❧✐③❛❞❛ ♣♦r ❛❣r✉♣❛♠❡♥t♦ ❞♦ ❝♦♥❥✉♥t♦s ❞❡ ❢✉♥çõ❡s ❜❛s❡ ✉s❛♥❞♦ k✲♠é❞✐❛s

❝♦♠ três ❣r✉♣♦s✳

❖ ♥ú♠❡r♦ ❞❡ ❣r✉♣♦s ❢♦✐ ❡st✐♠❛❞♦ ❛♣ós ✉♠❛ ❛♥á❧✐s❡ ❞❡ ❛❣r✉♣❛♠❡♥t♦s ❞❛s ❢✉♥çõ❡s

❜❛s❡✱ ✉t✐❧✐③❛♥❞♦✲s❡ ♦ s♦❢t✇❛r❡ ▼❆❚▲❆❇✳ ❆ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❣r✉♣♦s ❢♦✐ r❡❛❧✐③❛❞❛ ✉s❛♥❞♦✲
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s❡ ❝♦♠♦ ❝r✐tér✐♦ ❛s ❞✐stâ♥❝✐❛s ❡✉❝❧✐❞❡❛♥❛s ❡♥tr❡ ❛s ❢✉♥çõ❡s ❜❛s❡ q✉❡ ❡st✐✈❡ss❡♠ ❞❡♥tr♦ ❞♦

❧✐♠✐❛r ❞❡ ✼✵✪ ❞❛ ♠❛✐♦r ❞✐stâ♥❝✐❛ ❝❛❧❝✉❧❛❞❛✳ P♦❞❡✲s❡ ✈❡r ♥❛ ❋✐❣✉r❛ ✸✳✼ ♦ ❞❡♥❞r♦❣r❛♠❛ ❢❡✐t♦

❛ ♣❛rt✐r ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❢✉♥çõ❡s ❜❛s❡✱ ♦♥❞❡ é ♣♦ssí✈❡❧ ♥♦t❛r ❛ ♣r❡s❡♥ç❛ ❞♦s três ❣r✉♣♦s ❞❡

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

❡①tr❛í❞❛s ❛s ❢✉♥çõ❡s ❜❛s❡ ♠é❞✐❛s ♣❛r❛ ❝❛❞❛ ❣r✉♣♦✱ ❛ ♣❛rt✐r ❞♦ q✉❛❧ ❝❛❧❝✉❧♦✉✲s❡ ❛ ❝✉rt♦s❡

❡ ❛ ✈❛r✐â♥❝✐❛✳ ❖ ❣r✉♣♦ ❞❡ ✜❧tr♦s ❝♦rr❡s♣♦♥❞❡♥t❡ à ♠❛✐♦r ❝✉rt♦s❡ ❡ ♠❛✐♦r ✈❛r✐â♥❝✐❛ ❢♦✐

✉t✐❧✐③❛❞♦ ♥♦s ❡①♣❡r✐♠❡♥t♦s✳ ◆♦s ❡①♣❡r✐♠❡♥t♦s✱ ❢♦r❛♠ s❡❧❡❝✐♦♥❛❞❛s ✺✸ ❢✉♥çõ❡s ❜❛s❡ ✉s❛♥❞♦

❛ ✈❛r✐â♥❝✐❛ ♠❛✐s ❛❧t❛ ❡ ✺✹ ❢✉♥çõ❡s ❜❛s❡ ✉s❛♥❞♦ ❛ ♠❛✐♦r ❝✉rt♦s❡✳

❋✐❣✉r❛ ✸✳✼✿ ❉❡♥❞r♦❣r❛♠❛ ❞❛s ❢✉♥çõ❡s ❜❛s❡ ♦❜t✐❞❛s ❝♦♠ ■❈❆✳

✸✳✷✳✷ ❚r❡✐♥❛♠❡♥t♦ ✉s❛♥❞♦ P❈❆

❋♦r❛♠ ❡①tr❛í❞❛s ❛s ❢✉♥çõ❡s ❜❛s❡ ❛ ♣❛rt✐r ❞❡ ❘❖■s ❞❡♥s❛s ♥♦r♠❛✐s ❡ ❞❡ ❘❖■s ♥ã♦

❞❡♥s❛s ❝♦♥t❡♥❞♦ ♠❛ss❛s✳ P♦❞❡✲s❡ ♦❜s❡r✈❛r ♥❛ ❋✐❣✉r❛ ✸✳✽✭❛✮✱ ❛❧❣✉♥s ❡①❡♠♣❧♦s ❞❡ ❢✉♥çõ❡s

❜❛s❡ ❞❡ t❡❝✐❞♦ ♥♦r♠❛❧ ♥ã♦ ❞❡♥s♦✱ ❡ ♥❛ ❋✐❣✉r❛ ✸✳✽✭❜✮✱ ❛❧❣✉♥s ❡①❡♠♣❧♦s ❞❡ ❢✉♥çõ❡s ❜❛s❡ ❞❡

t❡❝✐❞♦ ❧❡s✐♦♥❛❞♦ ♥ã♦ ❞❡♥s♦✳

❋✐❣✉r❛ ✸✳✽✿ ❊①❡♠♣❧♦ ❞❡ ❢✉♥çõ❡s ❜❛s❡✱ ♦❜t✐❞❛s ❞❡ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s ❝♦♠ P❈❆✿ ✭❛✮ ❢✉♥çõ❡s ❜❛s❡

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

❖s ✜❧tr♦s ❢♦r❛♠ ❡s❝♦❧❤✐❞♦s ❛ ♣❛rt✐r ❞♦s ❛✉t♦✈❡t♦r❡s ❛ss♦❝✐❛❞♦s ❛♦s ♠❛✐♦r❡s ❛✉t♦✲

✈❛❧♦r❡s ❡ ♦ ♥ú♠❡r♦ ❞❡ ✜❧tr♦s ❢♦✐ ❞❡✜♥✐❞♦ ❛ ♣❛rt✐r ❞❡ ✉♠ ❣rá✜❝♦ ❞❡ P❛r❡t♦ ❣❡r❛❞♦ ❛ ♣❛rt✐r
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❞♦s ❛✉t♦✈❛❧♦r❡s✳ P♦❞❡✲s❡ ♦❜s❡r✈❛r ♥❛ ❋✐❣✉r❛ ✸✳✾ ♦ ❣rá✜❝♦ ❞❡ P❛r❡t♦ ❝♦♥str✉í❞♦ ❝♦♠ ❜❛s❡

♥❛s ❢✉♥çõ❡s ♦❜t✐❞❛s ❝♦♠ P❈❆✳ ❆♦ ❡①❛♠✐♥❛r ❛ ✜❣✉r❛✱ ♣♦❞❡✲s❡ ♣❡r❝❡❜❡r q✉❡ ❛s ♣r✐♠❡✐r❛s

♦✐t♦ ❝♦♠♣♦♥❡♥t❡s ❡①♣❧✐❝❛♠ ✾✵✪ ❞♦s ❞❛❞♦s✳ ❊st❡ ❢♦✐ ♦ ♥ú♠❡r♦ ❞❡ ✜❧tr♦s ❞❡ P❈❆ ✉s❛❞♦s

♥♦s ❡①♣❡r✐♠❡♥t♦s✳

❋✐❣✉r❛ ✸✳✾✿ ●rá✜❝♦ ❞❡ P❛r❡t♦ ❝♦♥str✉í❞♦ ❛ ♣❛rt✐r ❞❛s ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ♦❜t✐❞❛s ❝♦♠ P❈❆✳

◆♦ ❣rá✜❝♦✱ ♣♦❞❡✲s❡ ✈❡r q✉❡ ❛s ♦✐t♦ ❝♦♠♣♦♥❡♥t❡s ❡①♣❧✐❝❛♠ ✾✵✪ ❞♦s ❞❛❞♦s✳

✸✳✷✳✸ ❋✐❧tr❛❣❡♠

❆♣ós ❛ ♦❜t❡♥çã♦ ❞♦s ✜❧tr♦s ✉t✐❧✐③❛♥❞♦ ■❈❆ ❡ P❈❆✱ ♦s t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s

✉t✐❧✐③❛♥❞♦ ❘❖■s ❡①tr❛í❞♦s ❞❡ ♠❛♠♦❣r❛✜❛s ❞❡ ♠❛♠❛s ❞❡♥s❛s ❞❡ ♣❛❝✐❡♥t❡s ❝♦♠ ♠❛ss❛s

❜❡♥✐❣♥❛s ♦✉ ♠❛❧✐❣♥❛s✳ ❉❡ ❝❛❞❛ ✉♠❛ ❞❛s ✐♠❛❣❡♥s ❞❡ t❡st❡✱ ❛s ❘❖■s ❢♦r❛♠ ❡①tr❛í❞❛s✱

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

❆ i✲és✐♠❛ ❝♦❧✉♥❛ ❞♦ ✈❡t♦r a✐T ✱ ♦✉ i✲és✐♠♦ ✜❧tr♦ s❡❧❡❝✐♦♥❛❞♦ ❞❡ A✱ ❢♦✐ ✉s❛❞♦ ❡♠ ✉♠❛

❝♦♥✈♦❧✉çã♦ ✷❉ ❝♦♠ ✐♠❛❣❡♥s ❞❡ t❡st❡ I(z, y)✱ ♦♥❞❡ Z ❡ y sã♦ ♦ ❡✐①♦ ❞❛ ✐♠❛❣❡♠✱ ♦❜t❡♥❞♦

❛ s❡❣✉✐♥t❡ r❡s♣♦st❛✱

{I(z, y)⊗ a✶, I(z, y)⊗ a✷, ..., I(z, y)⊗ a◆}, ✭✸✳✶✮

♦♥❞❡ ♦ ♦♣❡r❛❞♦r ⊗ r❡♣r❡s❡♥t❛ ❛ ❝♦♥✈♦❧✉çã♦ ✷❉✳

❙♦♠❡♥t❡ ❛s s❛í❞❛s ❞♦ ✜❧tr♦ ♥ã♦ sã♦ ❛♣r♦♣r✐❛❞❛s ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❛s ❝❛r❛❝t❡rís✲

t✐❝❛s ❞❡ t❡①t✉r❛✳ ❋♦r❛♠ ♣r♦♣♦st♦s ✈ár✐♦s ♠ét♦❞♦s ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♣❛r❛

❡①tr❛✐r ✐♥❢♦r♠❛çõ❡s út❡✐s ❞❛s s❛í❞❛s ❞♦s ✜❧tr♦s ✭❏❆■◆❀ ❋✳✱ ✶✾✾✶✮✳ ❆s ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡s

♠❛✐s ✉t✐❧✐③❛❞❛s sã♦ ❛ ❢✉♥çã♦ q✉❛❞r❛❞❛ F (z, y) = (I(z, y) ⊗ a✶)
2 ❡ ❛ ❢✉♥çã♦ ♠❛❣♥✐t✉❞❡

F (z, y) = |I(z, y)⊗ a✶|✳ ❈♦♠❜✐♥❛♠♦s ❡ss❛s ❞✉❛s ❢✉♥çõ❡s ♣❛r❛ ❛ ❡①tr❛çã♦ ❞❛s ❝❛r❛❝t❡ríst✐✲

❝❛s F (z, y) = |I(z, y)⊗ a✶|
2✳
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❆s r❡s♣♦st❛s ❛♦s ✜❧tr♦s ❢♦r❛♠ s♦♠❛❞❛s ♣❛r❛ ❢♦r♠❛r ♦ r❡s✉❧t❛❞♦ ✜♥❛❧✱

R(z, y) = |I(z, y)⊗ a✶|
2 + |I(z, y)⊗ a✷|

2 + ...+ |I(z, y)⊗ a◆|
2. ✭✸✳✷✮

❊st❛ s♦♠❛ r❡♣r❡s❡♥t❛ ❛ r❡s♣♦st❛ ❞♦s ✜❧tr♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❞❡t❡❝t❛r ❛s ❝❛r❛❝t❡rís✲

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

✜❧tr❛❞❛✳ ❆♣ós ❛ s♦♠❛ ❞❛s r❡s♣♦st❛s ❞♦s ✜❧tr♦s✱ ❢♦✐ ✉s❛❞♦ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❛❣r✉♣❛♠❡♥t♦

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

✸✳✷✳✹ ❆✈❛❧✐❛çã♦ ❞♦ ❞✐❛❣♥óst✐❝♦

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

❛❝♦r❞♦ ❝♦♠ ♦s r❡❣✐str♦s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ▼✐♥✐✲▼■❆❙ ❡ ❉❉❙▼✳ ❈♦♥s✐❞❡r❛♠♦s ♦s ♣✐①❡❧s

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

❞❡t❡❝t❛❞♦s ❢♦r❛ ❞♦ ❣r♦✉♥❞ tr✉t❤ ❝♦♠♦ ❡rr♦s ✭❢❛❧s♦s ♥❡❣❛t✐✈♦s✮✳ ❆ ❛✈❛❧✐❛çã♦ ❞♦ ♠ét♦❞♦

♣r♦♣♦st♦ ❢♦✐ r❡❛❧✐③❛❞❛ ❛tr❛✈és ❞❛ ❛♥á❧✐s❡ ❞❡ ❛❝✉rá❝✐❛✱ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ ❡s♣❡❝✐✜❝✐❞❛❞❡✱ ❝♦♥✲

❢♦r♠❡ ❞❡✜♥✐❞♦ ❛❜❛✐①♦✱

❙❡♥s✐❜✐❧✐❞❛❞❡ =
TP

(TP + FN)
, ✭✸✳✸✮

❡s♣❡❝✐✜❝✐❞❛❞❡ =
TN

(TN + FP )
, ✭✸✳✹✮

❆❝✉rá❝✐❛ =
(TP + TN)

(TP + FP + TN + FN)
. ✭✸✳✺✮

❙❡♥s✐❜✐❧✐❞❛❞❡✱ ♦❜t✐❞❛ ❞❛ ❡q✉❛çã♦ ✸✳✸✱ r❡❢❡r❡✲s❡ à ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♠ét♦❞♦ ♣❛r❛ ♣r❡✈❡r

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

❡q✉❛çã♦ ✸✳✹✱ r❡❢❡r❡✲s❡ à ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♠ét♦❞♦ ❞❡ ✐♥❢❡r✐r q✉❡ ❛s ✐♠❛❣❡♥s ♥ã♦ ♣♦ss✉❡♠

♠❛ss❛s✳ ❆ ❛❝✉rá❝✐❛ ❝♦rr❡s♣♦♥❞❡ à ♣r♦♣♦rçã♦ ❞❛ ✐❞❡♥t✐✜❝❛çã♦ ❝♦rr❡t❛ ❞♦ ❣r✉♣♦ ❡st✉❞❛❞♦✱

❝❛❧❝✉❧❛❞❛ ❛ ♣❛rt✐r ❞❛ ❡q✉❛çã♦ ✸✳✺✳

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

▼❡❞✐❞❛ ❞❡ ❙♦❜r❡♣♦s✐çã♦ ❞❡ ➪r❡❛ ✭❆❖▼✮✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ♠❡❞✐❞❛ ❞❡ s✐♠✐❧❛r✐❞❛❞❡

❏❛❝❝❛r❞✱ ❢♦✐ ✉s❛❞❛ ✭P❖▲❆❑❀ ❩❍❆◆●❀ P■✱ ✷✵✵✾✮✳ ❊st❛ ♠étr✐❝❛ ❝♦♥s✐❞❡r❛ ❛ r❡❣✐ã♦ ❞❛

✐♠❛❣❡♠ ❞❡t❡❝t❛❞❛ ♣❡❧♦s ✜❧tr♦s ❞❡♥tr♦ ❞♦ ❣r♦✉♥❞ tr✉t❤ ❞❡✜♥✐❞♦ ♥♦s r❡❣✐str♦s ❞♦s ❜❛♥❝♦s

❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞♦s✳ ❆ ♠❡❞✐❞❛ ❏❛❝❝❛r❞ é ❞❡✜♥✐❞❛ ♣♦r✿
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AOM =
ASeg ∩ AGT

ASeg ∪ AGT

, ✭✸✳✻✮

♦♥❞❡ ASeg sã♦ ♦s ♣✐①❡❧s ❞❡ s❡❣♠❡♥t❛çã♦ r❡s✉❧t❛♥t❡s ❡ AGT sã♦ ♦s ♣✐①❡❧s ❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦

❣r♦✉♥❞ tr✉t❤ ❡♠ ❝❛❞❛ ❝❛s♦✳ ❖ ❝❛s♦ ✐❞❡❛❧ ♦❝♦rr❡ q✉❛♥❞♦ ♦ ❆❖▼ é ✶✳ ❊st❛ ♠étr✐❝❛ ❢♦✐ ✉s❛❞❛

♣❛r❛ ❝♦♠♣❛r❛r ❛ s❡❣♠❡♥t❛çã♦ ❞♦s ✜❧tr♦s ❞❡ ■❈❆ ❝♦♠ ♦s ✜❧tr♦s ❞❡ P❈❆✳ ◆❡st❡ tr❛❜❛❧❤♦✱

✉♠ ❧✐♠✐t❡ ❞❡✜♥✐❞♦ ❝♦♠♦ ✵✳✶ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♣❛r❛ ❛ t❛r❡❢❛ ❞❡ ❞❡t❡❝çã♦✳

❆ ❋✐❣✉r❛ ✸✳✶✵ ✐❧✉str❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ASeg ❡ AGT ✱ ❡♠ três ❝❛s♦s ❞✐❢❡r❡♥t❡s✳ ❖s

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

❡♥q✉❛♥t♦ q✉❡ ♦s r❡tâ♥❣✉❧♦s ❡s❝✉r♦s r❡♣r❡s❡♥t❛♠ ♦ ❣r♦✉♥❞ tr✉t❤ ❞❛ ✐♠❛❣❡♠ ❞❡ t❡st❡✳ P❛r❛

❝❛❞❛ t❛♠❛♥❤♦ ❞❛ r❡❣✐ã♦ s❡❣♠❡♥t❛❞❛✱ ❛ss✉♠✐♥❞♦ q✉❡ ❛ ♠❡s♠❛ ❡stá t♦t❛❧♠❡♥t❡ ✐♥s❡r✐❞❛ ♥♦

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

❋✐❣✉r❛ ✸✳✶✵✿ ❘❡❧❛çã♦ ❡♥tr❡ ASeg ❡ AGT ✱ ❡♠ três ❝❛s♦s ❞✐❢❡r❡♥t❡s✳ ❖s r❡tâ♥❣✉❧♦s ❝❧❛r♦s ✐❧✉str❛♠

♦ r❡s✉❧t❛❞♦ ❞❛ s❡❣♠❡♥t❛çã♦✱ ❡♥q✉❛♥t♦ q✉❡ ♦s r❡tâ♥❣✉❧♦s ❡s❝✉r♦s r❡♣r❡s❡♥t❛♠ ♦ ❣r♦✉♥❞ tr✉t❤ ❞❛

✐♠❛❣❡♠ ❞❡ t❡st❡✳ ❆❜❛✐①♦ ❞❡ ❝❛❞❛ ❝❛s♦✱ ♦ ✈❛❧♦r ❛♣r♦①✐♠❛❞♦ ❞❛ ♠étr✐❝❛ ❞❡ ❏❛❝❝❛r❞✳

✸✳✷✳✺ ❚❡st❡ ❩ ❞❡ ❤✐♣ót❡s❡s ♣❛r❛ ❞✉❛s ♣r♦♣♦rçõ❡s

P❛r❛ ✈❡r✐✜❝❛r s❡ ❡①✐st❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❡st❛t✐st✐❝❛ s✐❣♥✐✜❝❛♥t❡ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s

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

❞✉❛s ♣r♦♣♦rçõ❡s ♣❛r❛ s❡♥s✐❜✐❧✐❞❛❞❡ ✭❆❘▼■❚❆●❊✱ ✷✵✵✶✮✳ ❊st❡ t❡st❡ é ✉s❛❞♦ ♣❛r❛ ❛✈❛❧✐❛r

✉♠❛ r❡❣r❛ ❞❡ ❞❡❝✐sã♦ q✉❡ ♣❡r♠✐t❡ ❛❝❡✐t❛r ♦✉ r❡❥❡✐t❛r ❛ ❤✐♣ót❡s❡ ❞❡ q✉❡ ❞✉❛s ♣♦♣✉❧❛çõ❡s

t❡♥❤❛♠ ❛ ♠❡s♠❛ ♣r♦♣♦rçã♦ ♣❛r❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ✈❛r✐á✈❡❧✱ ❝♦♠ ❜❛s❡ ❡♠ ❡❧❡♠❡♥t♦s ❞❡
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❛♠♦str❛✳ ❈♦♠ ❡st❡ t❡st❡✱ ♣♦❞❡♠♦s ❛✈❛❧✐❛r s❡ ❤á ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ♦s

r❡s✉❧t❛❞♦s ❞❡ ❞❡t❡❝çã♦✳

❙✉♣♦♥❤❛♠♦s q✉❡ ● ❡ ❍ sã♦ ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s ✐♥❞❡♣❡♥❞❡♥t❡s q✉❡ ❞❡t❡r♠✐♥❛♠ ♦s

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

◆❡ss❡ ❝❛s♦✱ ♣❡r❝❡❜❡♠♦s q✉❡ ● ❡ ❍ sã♦ ✈❛r✐á✈❡✐s ❇❡r♥♦✉❧❧✐ ❝♦♠ ♦s r❡s♣❡❝t✐✈♦s ♣❛râ♠❡tr♦s

pG ❡ pH ✳ ❆ss✐♠✱ ❛s ❤✐♣ót❡s❡s H0 ❡ H1 sã♦ ❡st❛❜❡❧❡❝✐❞❛s ❝♦♠♦✱

{

H0 : pG = pH

H1 : pG 6= pH
✭✸✳✼✮

❉❡♣♦✐s ❞❡ ❡st❛❜❡❧❡❝✐❞♦ ✉♠ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛ α✱ ❞❡✜♥✐♠♦s ❛ ✈❛r✐á✈❡❧ ♣❛❞rã♦ Z

❝♦♠♦ s❡♥❞♦

Z =
pG − pH

√

ρ(1−ρ)
nG

+ ρ(1−ρ)
nH

∼ N(0, 1), ✭✸✳✽✮

♦♥❞❡ ❩ ❝♦rr❡s♣♦♥❞❡ à ✈❛r✐á✈❡❧ ♣❛❞r♦♥✐③❛❞❛ ✉t✐❧✐③❛❞❛ ♥♦ t❡st❡ ❞❡ s✐❣♥✐✜❝â♥❝✐❛ ♣❛r❛ ❞✉❛s

♣r♦♣♦rçõ❡s✱ nG ❡ nH ❝♦rr❡s♣♦♥❞❡♠ ❛♦ t❛♠❛♥❤♦ ❞❛s ❛♠♦str❛s ❞❡ ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s ♥ã♦

❞❡♥s❛s ❡ ♠❛♠❛s ❞❡♥s❛s ❛✈❛❧✐❛❞❛s✱ ❡♥q✉❛♥t♦ pG ❡ pH ❝♦rr❡s♣♦♥❞❡♠ à ♣r♦♣♦rçõ❡s ❞✐❛❣♥ós✲

t✐❝♦s ❝♦rr❡t♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ ✈❛r✐á✈❡❧ ρ ❢♦✐ ❝❛❧❝✉❧❛❞♦ ♣♦r ❡①♣r❡ssã♦

ρ =
nGpG + nHpH

nG + nH

. ✭✸✳✾✮



❈❛♣ít✉❧♦ ✹

❘❡s✉❧t❛❞♦s

❆q✉✐ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ❞♦s ❞♦✐s ♠ét♦❞♦s ✉s❛❞♦s ♣❛r❛ ❞❡t❡❝t❛r ❡

s❡❣♠❡♥t❛r ❛ ✐♠❛❣❡♠ ♠❛♠♦❣rá✜❝❛✳ ◆❛s ❡①♣❡r✐ê♥❝✐❛s r❡❛❧✐③❛❞❛s✱ ✉t✐❧✐③❛♠♦s ♦ ♣❛❝♦t❡ ❢❛s✲

t■❈❆ ✭❍❨❱❆❘■◆❊◆✱ ✷✵✶✼✮ ❡s❝r✐t♦ ❡♠ ▼❆❚▲❆❇ ❡ ❞✐s♣♦♥í✈❡❧ ❣r❛t✉✐t❛♠❡♥t❡ ❡♠ ❁❤tt♣s✿

✴✴r❡s❡❛r❝❤✳✐❝s✳❛❛❧t♦✳✜✴✐❝❛✴❢❛st✐❝❛✴❃✳ ❖s ♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s ♥♦ tr❡✐♥❛♠❡♥t♦ ❋❛st■❈❆

sã♦ ❛q✉❡❧❡s ❞❡✜♥✐❞♦s ❝♦♠♦ ♣❛❞rã♦✱ ♦✉ s❡❥❛✱ ❢✉♥çã♦ ❞❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡ g(u) = u3✱ µ = 1✱

ǫ = 0.0001 ❡ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛çõ❡s ♣❛r❛ ❝♦♥✈❡r❣ê♥❝✐❛ ✐❣✉❛❧ P❛r❛ ✶✵✵✵✳

◆♦ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦✱ ♦ ♦❜❥❡t✐✈♦ é t❡st❛r q✉❛✐s té❝♥✐❝❛s ♣♦❞❡r✐❛♠ ❞❡t❡❝t❛r ❡

s❡❣♠❡♥t❛r ♠❡❧❤♦r ❛ ❧❡sã♦✳ ❖s t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ✈❛r✐❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❛❣r✉♣❛♠❡♥t♦s

❞❡ ✹ ❛ ✻✱ ❝♦♠ ❛ ♠étr✐❝❛ ❏❛❝❝❛r❞ ♠❛✐♦r ♦✉ ✐❣✉❛❧ ❛ ✵✱✶✳ ❆❝✐♠❛ ❞❡ ✻ ❣r✉♣♦s✱ ♦s r❡s✉❧t❛❞♦s

❞❡ ❞❡t❡❝çã♦ ♥ã♦ ❢♦r❛♠ s❛t✐s❢❛tór✐♦s✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❛ ❞❡t❡❝çã♦ ❝♦♠ t♦❞♦s ♦s

✜❧tr♦s ❞❡ ■❈❆ ❡ P❈❆ ❡stã♦ ♥❛ ❚❛❜❡❧❛ ✹✳✶✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦s ✜❧tr♦s ❞❡ ■❈❆ ❡

P❈❆ s❡❧❡❝✐♦♥❛❞♦s ✉s❛♥❞♦ ♦s ❝r✐tér✐♦s ❞❡ ♠❛✐♦r ❝✉rt♦s❡ sã♦ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✹✳✷✳ ❖s

r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦s ✜❧tr♦s ❞❡ ■❈❆ ❡ P❈❆ s❡❧❡❝✐♦♥❛❞♦s ✉s❛♥❞♦ ♦s ❝r✐tér✐♦s ❞❡ ♠❛✐♦r

✈❛r✐â♥❝✐❛ sã♦ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✹✳✸✳

❚❛❜❡❧❛ ✹✳✶✿ ❘❡s✉❧t❛❞♦s ❞♦s t❡st❡s ❞❡ ❞❡t❡❝çã♦ ❡♠ ❘❖■s ❝♦♠ t♦❞❛s ❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆ ✈❡rs✉s

P❈❆ ✭♠étr✐❝❛ ❞❡ ❏❛❝❝❛r❞ ≥ 1✮✳

❦❂✹ ❦❂✺ ❦❂✻

■❈❆ ✭▼❛♠❛s ❞❡♥s❛s✮ ✽✹✳✼✶✪ ✼✾✳✻✸✪ ✼✺✳✹✸✪

P❈❆ ✭▼❛♠❛s ❞❡♥s❛s✮ ✼✾✳✾✹✪ ✼✷✳✼✼✪ ✻✵✳✶✾✪

■❈❆ ✭▼❛♠❛s ♥ã♦ ❞❡♥s❛s✮ ✽✾✳✸✾✪ ✽✼✳✺✽✪ ✽✸✳✼✾✪

P❈❆ ✭▼❛♠❛s ♥ã♦ ❞❡♥s❛s✮ ✽✺✳✽✸✪ ✼✻✳✹✼✪ ✻✾✳✾✵✪

◆♦ s❡❣✉♥❞♦ ❡①♣❡r✐♠❡♥t♦✱ ♦ ♦❜❥❡t✐✈♦ é ♦❜t❡r ❛ ❛❝✉rá❝✐❛ ❞♦s ✜❧tr♦s ❞❡ ■❈❆ ♥❛ ❞❡✲

t❡❝çã♦ ❞❛ ❧❡sã♦ ❡♠ ♠❛♠❛s ❞❡♥s❛s ❡ ♥ã♦ ❞❡♥s❛s✳ ❆s ✐♠❛❣❡♥s ❞❡ ♠❛♠❛ ❝♦♠ ❡ s❡♠ ❧❡sõ❡s

✺✸



❈❆P❮❚❯▲❖ ✹✳ ❘❊❙❯▲❚❆❉❖❙ ✺✹

❚❛❜❡❧❛ ✹✳✷✿ ❘❡s✉❧t❛❞♦s ❞♦s t❡st❡s ❞❡ ❞❡t❡❝çã♦ ❡♠ ❘❖■s ❝♦♠ ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆ ❞❡ ♠❛✐♦r

❝✉rt♦s❡ ✈❡rs✉s P❈❆ ✭♠étr✐❝❛ ❞❡ ❏❛❝❝❛r❞ ≥ 1✮✳

❦❂✹ ❦❂✺ ❦❂✻

■❈❆ ✭▼❛♠❛s ❞❡♥s❛s✮ ✽✹✳✼✶✪ ✼✺✳✼✷✪ ✼✸✳✵✷✪

P❈❆ ✭▼❛♠❛s ❞❡♥s❛s✮ ✽✷✳✸✸✪ ✼✹✳✽✼✪ ✺✽✳✹✵✪

■❈❆ ✭▼❛♠❛s ♥ã♦ ❞❡♥s❛s✮ ✽✽✳✶✾✪ ✽✻✳✾✽✪ ✽✷✳✺✽✪

P❈❆ ✭▼❛♠❛s ♥ã♦ ❞❡♥s❛s✮ ✽✹✳✹✹✪ ✼✼✳✵✼✪ ✼✵✳✺✵✪

❚❛❜❡❧❛ ✹✳✸✿ ❘❡s✉❧t❛❞♦s ❞♦s t❡st❡s ❞❡ ❞❡t❡❝çã♦ ❡♠ ❘❖■s ❝♦♠ ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆ ❞❡ ♠❛✐♦r

✈❛r✐â♥❝✐❛ ✈❡rs✉s P❈❆ ✭♠étr✐❝❛ ❞❡ ❏❛❝❝❛r❞ ≥ 1✮✳

❦❂✹ ❦❂✺ ❦❂✻

■❈❆ ✭▼❛♠❛s ❞❡♥s❛s✮ ✽✺✳✻✶✪ ✼✾✳✸✶✪ ✼✸✳✾✶✪

P❈❆ ✭▼❛♠❛s ❞❡♥s❛s✮ ✽✶✳✶✹✪ ✼✸✳✵✻✪ ✻✶✳✸✾✪

■❈❆ ✭▼❛♠❛s ♥ã♦ ❞❡♥s❛s✮ ✽✾✳✸✾✪ ✽✻✳✽✵✪ ✽✸✳✼✾✪

P❈❆ ✭▼❛♠❛s ♥ã♦ ❞❡♥s❛s✮ ✽✺✳✽✸✪ ✼✼✳✵✼✪ ✼✼✳✵✼✪

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

❜❛♥❝♦s ❞❡ ❞❛❞♦s✳ P❛r❛ ♠❛♠❛s s❡♠ ❧❡sã♦✱ r❡❣✐õ❡s ❞❛ ♠❛♠❛ ❢♦r❛♠ t♦♠❛❞❛s ❛❧❡❛t♦r✐❛♠❡♥t❡✳

P❛r❛ ♠❛♠❛s ❝♦♥t❡♥❞♦ ❧❡sã♦✱ ❢♦r❛♠ ♦❜t✐❞❛s ❘❖■s ❞✐❢❡r❡♥t❡s ❞❛s ✉t✐❧✐③❛❞❛s ♥♦ ♣r✐♠❡✐r♦ ❡①✲

♣❡r✐♠❡♥t♦✳ ❉❡st❛ ❢♦r♠❛✱ ❢♦r❛♠ ♦❜t✐❞❛s ✻✵ ❘❖■s ❝♦♥t❡♥❞♦ ❧❡sã♦ ❡ ✻✵ ❘❖■s s❡♠ ❧❡sã♦ ❞♦s

❞♦✐s ❜❛♥❝♦s ❞❡ ❞❛❞♦s✳ ❈❛❞❛ ✉♠❛ ❞❛s ✶✷✵ ❘❖■s ❢♦✐ ✜❧tr❛❞❛ ✉s❛♥❞♦ ❛s ❢✉♥çõ❡s ❜❛s❡ ❞❛s

r❡❣✐õ❡s ♥♦r♠❛✐s ❡ ❛s ❢✉♥çõ❡s ❜❛s❡ ❞❛s ❧❡sõ❡s✳

❆ss✐♠✱ ❝❛❞❛ ✐♠❛❣❡♠ t❡st❛❞❛ t✐♥❤❛ ❞♦✐s ❝♦♥❥✉♥t♦s ❞❡ r❡s♣♦st❛s ❞♦s ✜❧tr♦s✳ ❈❛❞❛

❝♦♥❥✉♥t♦ ❢♦✐ s♦♠❛❞♦ s❡♣❛r❛❞❛♠❡♥t❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡q✉❛çã♦ ✸✳✷✱ ❡ ❢♦✐ ♣r♦❞✉③✐❞❛ ✉♠❛

s♦♠❛ ❞❛s r❡s♣♦st❛s ❞♦s ✜❧tr♦s ❞❡ r❡❣✐õ❡s ♥♦r♠❛✐s ❡ ✉♠❛ s♦♠❛ ❞❛s r❡s♣♦st❛s ❞♦s ✜❧tr♦s ❞❡

r❡❣✐õ❡s ❝♦♥t❡♥❞♦ ❧❡sã♦✳

❈♦♠♦ ♥♦ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦✱ ♦ ❛❧❣♦r✐t♠♦ k✲♠é❞✐❛s ❢♦✐ ❛♣❧✐❝❛❞♦ à s♦♠❛ ❞❛s

r❡s♣♦st❛s ❞♦s ✜❧tr♦s ❞❡ ❧❡sã♦ ❡ ♦s ♣✐①❡❧s ♣❡rt❡♥❝❡♥t❡s ❛♦ ❣r✉♣♦ ❞❡ ♠❛✐♦r ❡♥❡r❣✐❛ ❢♦r❛♠

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

❊ss❛s ♣♦s✐çõ❡s ♠❛r❝❛♠ ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦s ♣✐①❡❧s q✉❡ ❝♦rr❡s♣♦♥❞❡♠ às ❧❡sõ❡s ♥❛

✐♠❛❣❡♠ ♦r✐❣✐♥❛❧✳ ❖s ♣✐①❡❧s ♣❡rt❡♥❝❡♥t❡s ❛ ❡ss❛s ♣♦s✐çõ❡s ❝♦♠♣õ❡♠ ♦ ✈❡t♦r Ps✳ ❋♦✐ ❢❡✐t❛

✉♠❛ ❜✉s❝❛ ♣❡❧♦s ♣✐①❡❧s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛ ❡ss❛s ♣♦s✐çõ❡s ♥❛ s♦♠❛ ❞❛s r❡s♣♦st❛s ❞♦s ✜❧tr♦s

❞❡ r❡❣✐ã♦ ♥♦r♠❛✐s✳ ❖s ♣✐①❡❧s ♣❡rt❡♥❝❡♥t❡s ❛ ❡ss❛s ♣♦s✐çõ❡s ❝♦♠♣õ❡♠ ♦ ✈❡t♦r Pn✳ ❆ ❞✐❢❡r❡♥ç❛

❡♥tr❡ ♦s ❝♦♥❥✉♥t♦s Ps ❡ Pn ❢♦✐ ❝❛❧❝✉❧❛❞❛ ❡✱ ❛ ♣❛rt✐r ❞❡st❛ ❞✐❢❡r❡♥ç❛✱ ❛ ✈❛r✐â♥❝✐❛ ❢♦✐ ❝❛❧❝✉❧❛❞❛

❡✱ ♣❛r❛ ❛s ♠❛♠❛s q✉❡ ❝♦♥té♠ ❧❡sõ❡s✱ ♦ ❆❖▼ ❞❛ r❡❣✐ã♦ s❡❣♠❡♥t❛❞❛ ❞♦✐ ❝❛❧❝✉❧❛❞♦✳



❈❆P❮❚❯▲❖ ✹✳ ❘❊❙❯▲❚❆❉❖❙ ✺✺

◆❛ ❋✐❣✉r❛ ✹✳✶✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♦ r❡s✉❧t❛❞♦ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ❡❢❡t✉❛❞♦ ♥❛ ✐♠❛✲

❣❡♠ ❆❴✶✸✽✽❴✶❴❘■●❍❚❴▼▲❖ ✭❉❉❙▼✮✳ ❊st❛ ✐♠❛❣❡♠ ❝♦♥té♠ ✉♠❛ ❧❡sã♦✳ ◆❛ ❋✐❣✉r❛

✹✳✶✭❛✮✱ ♣♦❞❡✲s❡ ♥♦t❛r ❛ r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡✱ ♥❛ ❋✐❣✉r❛ ✹✳✶✭❜✮✱ ♦ ❣r♦✉♥❞ tr✉t❤ ❞❛ ❧❡sã♦✳ ◆❛

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

✜❧tr♦s ❞❡ r❡❣✐õ❡s ♥♦r♠❛✐s✱ ❡ ♥❛ ❋✐❣✉r❛ ✹✳✶✭❡✮✱ ❛ s♦♠❛ ❞❛s r❡s♣♦st❛s ❞♦s ✜❧tr♦s ❞❡ r❡❣✐õ❡s

❝♦♥t❡♥❞♦ ❧❡sã♦✳ P❛r❛ ❡st❡ ❝❛s♦✱ ❛ ❞✐❢❡r❡♥ç❛ ❞♦s s♦♠❛s ❛♣r❡s❡♥t♦✉ ✈❛r✐❛çã♦ ✵✱✵✶✵✺ ❡ ❛

s❡❣♠❡♥t❛çã♦ ❛♣r❡s❡♥t♦✉ ❆❖▼ ✵✱✶✾✶✶✳

❋✐❣✉r❛ ✹✳✶✿ ❘❡s✉❧t❛❞♦ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛ ✐♠❛❣❡♠ ❆❴✶✸✽✽❴✶❴❘■●❍❚❴▼▲❖ ✭❉❉❙▼✮✿

✭❛✮ r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡✳ ✭❜✮ ❣r♦✉♥❞ tr✉t❤ ❞❛ ❧❡sã♦✳ ✭❝✮ ❘❡s✉❧t❛❞♦ ❞❛ s❡❣♠❡♥t❛çã♦✳ ✭❞✮ ❙♦♠❛ ❞❛s

r❡s♣♦st❛s ❞❡ ✜❧tr♦s ❞❡ r❡❣✐õ❡s ♥♦r♠❛✐s✳ ✭❡✮ ❙♦♠❛ ❞❛s r❡s♣♦st❛s ❞♦s ✜❧tr♦s ❞❡ r❡❣✐õ❡s ❝♦♥t❡♥❞♦

❧❡sã♦✳

◆❛ ❋✐❣✉r❛ ✹✳✷✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♦ r❡s✉❧t❛❞♦ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ❡❢❡t✉❛❞♦ ♥❛ ✐♠❛❣❡♠

❆❴✵✵✵✺❴✶❴▲❊❋❚❴▼▲❖ ✭❉❉❙▼✮✳ ❊st❛ ✐♠❛❣❡♠ ♥ã♦ ♣♦ss✉✐ ❧❡sã♦✳ ◆❛ ❋✐❣✉r❛ ✹✳✷✭❛✮✱

♣♦❞❡✲s❡ ♥♦t❛r❛ ❛ r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡✱ ♥❛ ❋✐❣✉r❛ ✹✳✷✭❜✮✱ ♦ r❡s✉❧t❛❞♦ ❞❛ s❡❣♠❡♥t❛çã♦✱ ♥❛

❋✐❣✉r❛ ✹✳✷✭❝✮✱ ❛ s♦♠❛ ❞❛s r❡s♣♦st❛s ❞♦s ✜❧tr♦s ❞❛ r❡❣✐õ❡s ♥♦r♠❛✐s ❡ ♥❛ ❋✐❣✉r❛ ✹✳✷✭❞✮✱ ❛

s♦♠❛ ❞❛s r❡s♣♦st❛s ❞♦s ✜❧tr♦s ❞❡ r❡❣✐õ❡s ❝♦♥t❡♥❞♦ ❧❡sã♦✳ P❛r❛ ❡st❡ ❝❛s♦✱ ❛ ❞✐❢❡r❡♥ç❛ ❞❛s

s♦♠❛s ❛♣r❡s❡♥t♦✉ ✈❛r✐❛çã♦ ③❡r♦✳

❋✐❣✉r❛ ✹✳✷✿ ❘❡s✉❧t❛❞♦ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛ ✐♠❛❣❡♠ ❆❴✵✵✵✺❴✶❴▲❊❋❚❴▼▲❖ ✭❉❉❙▼✮✿ ✭❛✮

r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡✳ ✭❜✮ ❘❡s✉❧t❛❞♦ ❞❛ s❡❣♠❡♥t❛çã♦✳ ✭❝✮ ❙♦♠❛ ❞❛s r❡s♣♦st❛s ❞♦s ✜❧tr♦s ❞❡ r❡❣✐õ❡s

♥♦r♠❛✐s✳ ✭❞✮ ❙♦♠❛ ❞❛s r❡s♣♦st❛s ❞♦s ✜❧tr♦s ❞❡ r❡❣✐õ❡s ❝♦♥t❡♥❞♦ ❧❡sã♦✳

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

❧❡sã♦ ✉t✐❧✐③❛❞❛s ♥♦ ❡①♣❡r✐♠❡♥t♦ ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ ✈❛r✐â♥❝✐❛ ♣❛r❛ ♦ ❝♦♥❥✉♥t♦ Pn ✐❣✉❛❧ ❛

③❡r♦✳ ❖s r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❡♠ ✶✷✵ ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s ❞❡♥s❛s ✉s❛❞❛s ♥♦s t❡st❡s sã♦

♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✹✳✹✳ ◆❛s ❡①♣❡r✐ê♥❝✐❛s✱ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❢♦✐ ❞❡ ✻✻✱✻✼✪✱ ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡

❢♦✐ ❞❡ ✾✶✱✻✼✪ ❡ ❛ ❛❝✉rá❝✐❛ ❢♦✐ ❞❡ ✼✾✱✶✼✪✳



❈❆P❮❚❯▲❖ ✹✳ ❘❊❙❯▲❚❆❉❖❙ ✺✻

❚❛❜❡❧❛ ✹✳✹✿ ▼❛tr✐③ ❞❡ ❝♦♥❢✉sã♦ ♣❛r❛ ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s ❞❡♥s❛s

❈♦♠ ♠❛ss❛ ❙❡♠ ♠❛ss❛ ❚♦t❛❧

❘❡s✉❧t❛❞♦s ♣♦s✐t✐✈♦s ✹✵ ✭❚P✮ ✺ ✭❋P✮ ✹✺

❘❡s✉❧t❛❞♦s ♥❡❣❛t✐✈♦s ✷✵ ✭❋◆✮ ✺✺ ✭❚◆✮ ✼✺

❚♦t❛❧ ✻✵ ✻✵ ✶✷✵

❖s r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ♦❜t✐❞♦s ❡♠ ✾✻ ✐♠❛❣❡♥s ❞❡ t❡st❡ ❞❡ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s

sã♦ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✹✳✺✳ ◆♦s ❡①♣❡r✐♠❡♥t♦s✱ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❢♦✐ ❞❡ ✾✺✱✻✺✪✱ ❛ ❡s♣❡❝✐✜✲

❝✐❞❛❞❡ ❢♦✐ ❞❡ ✾✵✱✵✵✪ ❡ ❛ ❛❝✉rá❝✐❛ ❢♦✐ ❞❡ ✾✷✱✼✶✪✳

❚❛❜❡❧❛ ✹✳✺✿ ▼❛tr✐③ ❞❡ ❝♦♥❢✉sã♦ ♣❛r❛ ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s

❈♦♠ ♠❛ss❛ ❙❡♠ ♠❛ss❛ ❚♦t❛❧

❘❡s✉❧t❛❞♦s ♣♦s✐t✐✈♦s ✹✹ ✭❚P✮ ✺ ✭❋P✮ ✹✾

❘❡s✉❧t❛❞♦s ♥❡❣❛t✐✈♦s ✷ ✭❋◆✮ ✹✺ ✭❚◆✮ ✹✼

❚♦t❛❧ ✹✻ ✺✵ ✾✻

❋♦✐ ❡st❛❜❡❧❡❝✐❞♦ ✉♠ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛ ❞❡ α = 5%✳ ◆♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s✱

nG = 46✱ nH = 60✱ pG = 0.957 ❛♥❞ pH = 0.667✳ ❋♦✐ ♦❜t✐❞♦ ρ = 0.792 ❡ Z = 3.647✳ ❈♦♠

α = 5% t❡♠✲s❡ Zα

2
= 1.96✱ ♦ q✉❡ ❝♦rr❡s♣♦♥❞❡ à r❡❣✐ã♦ ❞❡ r❡❥❡✐çã♦ ❞❛ ❤✐♣ót❡s❡ H0✳ ◆♦

❡♥t❛♥t♦✱ ♦ ✈❛❧♦r P ❝❛❧❝✉❧❛❞♦ ❢♦✐ ❞❡ 0, 0241 ≤ 0, 05 ❡ ♦ ♣♦❞❡r ❞♦ t❡st❡ é ✵✱✹✷✷✺ ✭42, 25%✮✱

♣♦rt❛♥t♦ H0 ❢♦✐ r❡❥❡✐t❛❞♦✳



❈❆P❮❚❯▲❖ ✹✳ ❘❊❙❯▲❚❆❉❖❙ ✺✼

◆❛ ❋✐❣✉r❛ ✹✳✸ é ♣♦ssí✈❡❧ ✈❡r ♦s ❝✐♥❝♦ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ♣r✐♠❡✐r♦

❡①♣❡r✐♠❡♥t♦ ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆ ❝♦♠ ❛ ❜❛s❡ ♠✐♥✐✲▼■❆❙✳

❋✐❣✉r❛ ✹✳✸✿ ✺ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦ ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆✿ ❜❛s❡

♠✐♥✐✲▼■❆❙



❈❆P❮❚❯▲❖ ✹✳ ❘❊❙❯▲❚❆❉❖❙ ✺✽

◆❛ ❋✐❣✉r❛ ✹✳✹ é ♣♦ssí✈❡❧ ✈❡r ♦s ❝✐♥❝♦ ♣✐♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ♣r✐♠❡✐r♦ ❡①♣❡r✐✲

♠❡♥t♦ ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆ ❝♦♠ ❛ ❜❛s❡ ♠✐♥✐✲▼■❆❙✳

❋✐❣✉r❛ ✹✳✹✿ ✺ ♣✐♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦ ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆✿ ❜❛s❡

♠✐♥✐✲▼■❆❙



❈❆P❮❚❯▲❖ ✹✳ ❘❊❙❯▲❚❆❉❖❙ ✺✾

◆❛ ❋✐❣✉r❛ ✹✳✺ é ♣♦ssí✈❡❧ ✈❡r ♦s ❝✐♥❝♦ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ♣r✐♠❡✐r♦

❡①♣❡r✐♠❡♥t♦ ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆ ❝♦♠ ❛ ❜❛s❡ ❉❉❙▼✳

❋✐❣✉r❛ ✹✳✺✿ ✺ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦ ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆✿ ❜❛s❡

❉❉❙▼



❈❆P❮❚❯▲❖ ✹✳ ❘❊❙❯▲❚❆❉❖❙ ✻✵

◆❛ ❋✐❣✉r❛ ✹✳✻ é ♣♦ssí✈❡❧ ✈❡r ♦s ❝✐♥❝♦ ♣✐♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ♣r✐♠❡✐r♦ ❡①♣❡r✐✲

♠❡♥t♦ ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆ ❝♦♠ ❛ ❜❛s❡ ❉❉❙▼✳

❋✐❣✉r❛ ✹✳✻✿ ✺ ♣✐♦r❡s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦ ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆✿ ❜❛s❡

❉❉❙▼



❈❛♣ít✉❧♦ ✺

❉✐s❝✉ssõ❡s

❆♣ós ❛ ♦❜t❡♥çã♦ ❞♦s r❡s✉❧t❛❞♦s ♥♦ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦✱ ♦❜s❡r✈♦✉✲s❡ q✉❡ ❛ t❛①❛

❞❡ ❛❝❡rt♦ ❡♠ ♠❛♠❛s ❞❡♥s❛s ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆ ❢♦✐ ♠❛✐♦r q✉❡ ❛ t❛①❛ ❞❡ ❛❝❡rt♦ ✉s❛♥❞♦

✜❧tr♦s ❞❡ P❈❆✳ ■ss♦ ♦❝♦rr❡✉ ❛♦ ✉s❛r t♦❞❛s ❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆ ❡ ❛♦ s❡❧❡❝✐♦♥❛r ❛s

❢✉♥çõ❡s ❜❛s❡ ❝♦♠ ♠❛✐♦r ✈❛r✐â♥❝✐❛ ❡ ♠❛✐♦r ❝✉rt♦s❡✱ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥❛s ❚❛❜❡❧❛s ✹✳✶✱

✹✳✷ ❡ ✹✳✸✳ ◆❛ ❋✐❣✉r❛ ✺✳✶✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ❡st❡s r❡s✉❧t❛❞♦s✱ ❜❡♠ ❝♦♠♦ ❛ t❛①❛ ❞❡ ❛❝❡rt♦

q✉❛♥❞♦ ❛✉♠❡♥t❛♠♦s ❣r❛❞✉❛❧♠❡♥t❡ ♦ ♥ú♠❡r♦ ❞❡ ❣r✉♣♦s ❞❡ ✹ ♣❛r❛ ✻✳ ❖❜s❡r✈♦✉✲s❡ q✉❡

q✉❛♥❞♦ ❢♦r❛♠ ✉s❛❞❛s t♦❞❛s ❛s ❢✉♥çõ❡s ❜❛s❡✱ ♦s r❡s✉❧t❛❞♦s sã♦ ❧✐❣❡✐r❛♠❡♥t❡ ♠❛✐♦r❡s ❞♦

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

❛ t❛①❛ ❞❡ s✉❝❡ss♦ ❞✐♠✐♥✉✐ à ♠❡❞✐❞❛ q✉❡ ❢♦✐ ❛✉♠❡♥t❛❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❣r✉♣♦s✳

❋✐❣✉r❛ ✺✳✶✿ ❘❡s✉❧t❛❞♦s ❞❛ ❞❡t❡❝çã♦ ❞❡ ❧❡sõ❡s ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆ ♣❛r❛ ✹✱ ✺ ❡ ✻ ❣r✉♣♦s ❡ ✉s❛♥❞♦

✭❛✮ t♦❞❛s ❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆✱ ✭❜✮ ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆ ❞❡ ♠❛✐♦r ✈❛r✐❛çã♦ ❡ ✭❝✮ ❢✉♥çõ❡s ❜❛s❡

❞❡ ■❈❆ ❞❡ ♠❛✐♦r ❝✉rt♦s❡✳

❆❧é♠ ❞✐ss♦✱ ❝♦♠♦ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✺✳✷✱ ♦s ✜❧tr♦s ❞❡ ■❈❆ ❛♣r❡s❡♥t❛r❛♠

♠❛✐♦r❡s t❛①❛s ❞❡ ❞❡t❡❝çã♦ ❞♦ q✉❡ ♦s ✜❧tr♦s ❞❡ P❈❆✱ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❡ t❡r❡♠ s✐❞♦

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

❝♦♠ ♦s ✜❧tr♦s ❞❡ ■❈❆✱ ❛♦ ❛✉♠❡♥t❛r ♦ ♥ú♠❡r♦ ❞❡ ❣r✉♣♦s✱ ❛ t❛①❛ ❞❡ ❛❝❡rt♦ ❞♦s ✜❧tr♦s ❞❡

P❈❆ t❛♠❜é♠ ❞✐♠✐♥✉✐✉✳

❈♦♠♦ s❡ ♣♦❞❡ ✈❡r ♥♦s r❡s✉❧t❛❞♦s✱ ❛ t❛①❛ ❞❡ ❛❝❡rt♦ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❛♦ ♥ú♠❡r♦ ❞❡

✻✶
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❋✐❣✉r❛ ✺✳✷✿ ❘❡s✉❧t❛❞♦s ❞❛ ❞❡t❡❝çã♦ ❞❡ ❧❡sõ❡s ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆ ♣❛r❛ ✹✱ ✺ ❡ ✻ ❣r✉♣♦s ❡ ✉s❛♥❞♦

✭❛✮ t♦❞❛s ❛s ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆✱ ✭❜✮ ❢✉♥çõ❡s ❜❛s❡ ❞❡ ■❈❆ ❞❡ ♠❛✐♦r ✈❛r✐❛çã♦ ❡ ✭❝✮ ❢✉♥çõ❡s ❜❛s❡

❞❡ ■❈❆ ❞❡ ♠❛✐♦r ❝✉rt♦s❡✳

❣r✉♣♦s ❞❡✜♥✐❞♦s ♥❛ s❡❣♠❡♥t❛çã♦✳ ❆❝r❡❞✐t❛♠♦s q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ♣✐①❡❧s ❝♦♥t✐❞♦s ♥♦ ❣r✉♣♦s

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

♠❛✐s ❣r✉♣♦s✳ ❯♠❛ ✈❡③ q✉❡ ❛ ♠étr✐❝❛ ❏❛❝❝❛r❞ é ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ♣✐①❡❧s ❞❡t❡❝t❛❞♦s

♣❡❧♦s ✜❧tr♦s ❡ ♦s ♣✐①❡❧s ❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦ ❣r♦✉♥❞ tr✉t❤✱ ❡ss❛ t❛①❛ ✐rá ❞✐♠✐♥✉✐r à ♠❡❞✐❞❛

q✉❡ ❛ ❛❝✉rá❝✐❛ ❞✐♠✐♥✉✐✳

◆❛ ❋✐❣✉r❛ ✺✳✸✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♦ r❡s✉❧t❛❞♦ ❞♦ ❞✐❛❣♥óst✐❝♦ s✉❣❡r✐❞♦ ❢♦r♥❡❝✐❞♦ ♣❡❧♦

♠ét♦❞♦ ♣r♦♣♦st♦✱ ❛♣ós ♦s ✜❧tr♦s s❡❧❡❝✐♦♥❛❞♦s✳ P♦❞❡✲s❡ ✈❡r ♥❛ ❋✐❣✉r❛ ✺✳✸✭❛✮✱ ❋✐❣✉r❛ ✺✳✸✭❜✮✱

❋✐❣✉r❛ ✺✳✸✭❝✮ ❡ ❋✐❣✉r❛ ✺✳✸✭❞✮ ♦ r❡s✉❧t❛❞♦ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♠ ❞❡ ❞✉❛s ♠❛♠♦✲

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

▼✐♥✐✲▼■❆❙✳ P♦❞❡♠♦s ✈❡r q✉❡ ♦ ♠ét♦❞♦ ❞❡st❛❝❛ ❛❧❣✉♥s ✈❡r❞❛❞❡✐r♦s ♣♦s✐t✐✈♦s✱ ♥♦ ❡♥t❛♥t♦✱

é s❡♥sí✈❡❧ ❛ ❢❛❧s♦s ♣♦s✐t✐✈♦s✳

◆❛ ❋✐❣✉r❛ ✺✳✹✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ❛❧❣✉♥s ❡①❡♠♣❧♦s ❞❡ ❧❡sõ❡s ❞❡t❡❝t❛❞❛s ♥♦s t❡st❡s

r❡❛❧✐③❛❞♦s ❝♦♠ ❛s ❜❛s❡s ❞❡ ❞❛❞♦s ▼✐♥✐✲▼■❆❙ ❡ ❉❉❙▼✳ P♦❞❡✲s❡ ♦❜s❡r✈❛r ❛ ❘❖■ ❝♦♥t❡♥❞♦

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

❣r✉♣♦s ♥❛ s❡❣♠❡♥t❛çã♦ ❞❡ ✹ ❛ ✻ ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆✱ ❞❡ ♠❛✐♦r ✈❛r✐â♥❝✐❛ ❡ ✉s❛♥❞♦ ♦s ✜❧tr♦s

❞❡ P❈❆✳ ❈♦♠♦ s❡ ♣♦❞❡ ✈❡r✱ ♥♦s ❝❛s♦s ❆❴✶✷✼✶❴✶✳▲❊❋❚❴▼▲❖✱ ❆❴✶✸✵✹❴✶✳❘■●❍❚❴❈❈

❡ ❆❴✶✸✵✾❴✶✳❘■●❍❚❴▼▲❖✱ à ♠❡❞✐❞❛ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ❣r✉♣♦s ❛✉♠❡♥t❛✱ ❛ ❛❝✉rá❝✐❛ ❞❛

❞❡t❡❝çã♦ ❞❡ ❧❡sõ❡s ❛✉♠❡♥t❛✱ ❡♥q✉❛♥t♦ ♦s ❢❛❧s♦s ♣♦s✐t✐✈♦s ❞✐♠✐♥✉❡♠✳ ❆❧é♠ ❞✐ss♦✱ ♣♦❞❡✲

s❡ ✈❡r ♥♦s ❝❛s♦s ♠❞❜✵✵✶✱ ♠❞❜✵✻✸✱ ♠❞❜✵✽✶ ❡ ♠❞❜✶✵✹✱ q✉❡ ♦s ✜❧tr♦s ❞❡ ■❈❆ sã♦ ♠❛✐s

♣r❡❝✐s♦s ❞♦ q✉❡ ♦s ✜❧tr♦s ❞❡ P❈❆✱ ♣♦✐s ❞❡❧✐♠✐t❛♠ ♠❛✐s ❝❧❛r❛♠❡♥t❡ ❛ ❜♦r❞❛ ❞❛ ❧❡sã♦✳

❆ss✐♠✱ ❛❝r❡❞✐t❛✲s❡ q✉❡ ♦s r❡s✉❧t❛❞♦s sã♦ ♠❛✐s ❢❛✈♦rá✈❡✐s ♣❛r❛ ♦s ✜❧tr♦s ❞❡ ■❈❆ t❛♥t♦ ♥♦

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

❖ t❡st❡ ❡st❛tíst✐❝♦ ❛♣❧✐❝❛❞♦ ♥♦ s❡❣✉♥❞♦ ❡①♣❡r✐♠❡♥t♦ ♣❡r♠✐t✐✉ ✈❡r✐✜❝❛r q✉❡✱ ♥♦ ♥í✈❡❧

❞❡ ✺✪ ❞❡ s✐❣♥✐✜❝â♥❝✐❛✱ ❤á ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ ♥❛ ❛❝✉rá❝✐❛ ♦❜t✐❞❛ ❛♦ ❞❡t❡❝t❛r ❧❡sõ❡s ❡♠

♠❛♠❛s ❞❡♥s❛s ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ❛ ❞❡t❡❝çã♦ ❞❡ ❧❡sõ❡s ❡♠ ♠❛♠❛s ♥ã♦ ❞❡♥s❛s✳ ❆ss✐♠✱

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

❞❡ ❧❡sõ❡s ❡♠ ♠❛♠❛s ♠❛✐s ❞❡♥s❛s✱ q✉❛♥❞♦ s❡ ✉t✐❧✐③❛♠ ✜❧tr♦s ❞❡ ■❈❆✳
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❋✐❣✉r❛ ✺✳✸✿ ❘❡s✉❧t❛❞♦ ✜♥❛❧ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ r❡❛❧✐③❛❞♦ ❡♠ ❞✉❛s ♠❛♠♦❣r❛✜❛s q✉❡ ♣♦ss✉❡♠ ❛❧❣✉♠

t✐♣♦ ❞❡ ♠❛ss❛✳ ✭❛✮ ❡ ✭❝✮ ✐♠❛❣❡♠ ❛♥❛❧✐s❛❞❛ ❝♦♠ ✐♥❞✐❝❛çã♦ ❞❡ ♠❛ss❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡❣✐str♦s

❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ▼✐♥✐✲▼■❆❙✳ ✭❜✮ ❡ ✭❞✮ r❡s✉❧t❛❞♦ ❞❛ ✜❧tr❛❣❡♠ r❡❛❧✐③❛❞❛ ♥❛s ✐♠❛❣❡♥s ❞❡st❛❝❛♥❞♦

r❡❣✐õ❡s s✉s♣❡✐t❛s✳

●❛r❝í❛✲▼❛♥s♦ ❡t ❛❧✳ ✭✷✵✶✸✮ ♠♦str❛r❛♠ q✉❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ s❡✉ ♠ét♦❞♦ é ❛❢❡t❛❞♦

♣❡❧❛ ❞❡♥s✐❞❛❞❡ ♠❛♠ár✐❛✳ ◆♦ss♦s r❡s✉❧t❛❞♦s ♠♦str❛r❛♠ q✉❡ ❛ t❛r❡❢❛ ❞❡ s❡❣♠❡♥t❛çã♦ ❜❛✲

s❡❛❞❛ ❡♠ ✜❧tr♦s ❞❡ ■❈❆ t❡♠ ❞✐❢❡r❡♥ç❛s s✐❣♥✐✜❝❛t✐✈❛s q✉❛♥❞♦ ❛♣❧✐❝❛❞❛s ❛ ♠❛♠❛s ❞❡♥s❛s ❡

♥ã♦ ❞❡♥s❛s✳

◆♦ ❡♥t❛♥t♦✱ ♣❡r❝❡❜❡✉✲s❡ q✉❡ ●❛r❝í❛✲▼❛♥s♦ ❡t ❛❧✳ ✭✷✵✶✸✮ s❡ ❝♦♥❝❡♥tr❛r❛♠ ♥❛ t❛r❡❢❛

❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❧❡sõ❡s✱ ✉s❛♥❞♦ ■❈❆ ❡♠ t♦❞♦ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❉❉❙▼✳ ◆❡st❡ ❡st✉❞♦✱ ♦

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

❞❛❞♦s ▼✐♥✐✲▼■❆❙ ❡ ❉❉❙▼✳ ❊♠❜♦r❛ ❛ ❝♦♠♣❛r❛çã♦ s❡❥❛ ❞✐❢í❝✐❧ ♥❡st❡ ❝❛s♦✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ❛

❞❡♥s✐❞❛❞❡ ❞❛ ♠❛♠❛ ♣♦❞❡ ❛❢❡t❛r ❛ s❡❣♠❡♥t❛çã♦ ❡ ❛ ❝❧❛ss✐✜❝❛çã♦ ❞❛s r❡❣✐õ❡s ❞❡ ✐♥t❡r❡ss❡✱

✉t✐❧✐③❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆✳



❈❆P❮❚❯▲❖ ✺✳ ❉■❙❈❯❙❙Õ❊❙ ✻✹

❋✐❣✉r❛ ✺✳✹✿ ❊①❡♠♣❧♦s ❞❡ ❧❡sõ❡s ❞❡t❡❝t❛❞❛s ♥♦s t❡st❡s ✉s❛♥❞♦ ✜❧tr♦s ❞❡ ■❈❆ ❞❡ ♠❛✐♦r ✈❛r✐â♥❝✐❛

❡ ✉s❛♥❞♦ ✜❧tr♦s ❞❡ P❈❆✱ ❛✉♠❡♥t❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❣r✉♣♦s ♥❛ s❡❣♠❡♥t❛çã♦ ❞❡ ✹ ♣❛r❛ ✻✳



❈❛♣ít✉❧♦ ✻

❈♦♥❝❧✉sõ❡s ❡ ❆t✐✈✐❞❛❞❡s ❋✉t✉r❛s

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

♠❛ss❛s ❡♠ ✐♠❛❣❡♥s ❞❡ ♠❛♠❛s ❞❡♥s❛s ✉s❛♥❞♦ ■❈❆✳ ❖ ♠ét♦❞♦ ♣r♦♣♦st♦ ♦❜❥❡t✐✈❛ ❛✉①✐✲

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

❞❡ ♠❛ss❛s ❡♠ ✐♠❛❣❡♥s ❞❡ ♠❛♠♦❣r❛✜❛✳ ❆♣❡s❛r ❞❛ ♠❛♠♦❣r❛✜❛ s❡r ✉♠ ❞♦s ❡①❛♠❡s ♠❛✐s

❝♦♠✉♥s✱ s✉❛ s❡♥s✐❜✐❧✐❞❛❞❡ ♣♦❞❡ ✈❛r✐❛r ❞❡ ✹✻✪ ❛ ✽✽✪✱ ❞❡♣❡♥❞❡♥❞♦ ❞❡ ❢❛t♦r❡s t❛✐s ❝♦♠♦ t❛✲

♠❛♥❤♦ ❡ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❧❡sã♦✱ ❞❡♥s✐❞❛❞❡ ❞❛ ♠❛♠❛✱ q✉❛❧✐❞❛❞❡ ❞❛ ♠❛♠♦❣r❛✜❛ ❡ ❤❛❜✐❧✐❞❛❞❡

❞♦ ❡s♣❡❝✐❛❧✐st❛✳

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

t❡❝✐❞♦ ❛❞✐♣♦s♦ ♣r❡s❡♥t❡ ♥❛ ♠❛♠❛✱ ♣♦❞❡ ❞✐✜❝✉❧t❛r ❛ ❛♥á❧✐s❡ ❞❛ ♠❛♠♦❣r❛✜❛✳ ■st♦ ♦❝♦rr❡ ❡♠

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

❝❧❛r♦s ♥❛ ✐♠❛❣❡♠✳ ❈♦♠♦ ♠✐❝r♦❝❛❧❝✐✜❝❛çõ❡s ❡ ♠❛ss❛s t❛♠❜é♠ ❛♣r❡s❡♥t❛♠ t♦♥❛❧✐❞❛❞❡s

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

❞❡t❡❝t❛r ❧❡sõ❡s✳ ❚❛❧ ❞✐✜❝✉❧❞❛❞❡ ❢♦✐ ❛ ♠♦t✐✈❛çã♦ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❛ ♣❡sq✉✐s❛✳

❆ ❛❜♦r❞❛❣❡♠ ❛q✉✐ ✉t✐❧✐③❛❞❛ ❢♦✐ ❜❛s❡❛❞❛ ♥❛ ❡①tr❛çã♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✜❧tr♦s

♦❜t✐❞♦s ❞❡ r❡❣✐õ❡s ❞❡ ✐♠❛❣❡♥s ♥ã♦ ❞❡♥s❛s q✉❡ ❝♦♥té♠ ♠❛ss❛s ♣❛r❛ ✉sá✲❧♦s ♥❛ ❞❡t❡❝çã♦ ❞❡

♠❛ss❛s ❡♠ ✐♠❛❣❡♥s ❞❡ ♠❛♠❛ ❞❡♥s❛s✱ ❝✉❥❛ ❞❡♥s✐❞❛❞❡ é ■■■ ♦✉ ■❱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡s❝❛❧❛

❇■✲❘❆❉❙✳ ❖ ♠ét♦❞♦ ❛q✉✐ ♣r♦♣♦st♦ ❢♦✐ ❝♦♠♣❛r❛❞♦ ❝♦♠ P❈❆✳

❋♦r❛♠ r❡❛❧✐③❛❞♦s ❞♦✐s ❡①♣❡r✐♠❡♥t♦s ✉s❛♥❞♦ ❛s ❜❛s❡s ❞❡ ❞❛❞♦s ▼✐♥✐✲▼■❆❙ ❡ ❉❉❙▼✳

❋♦r❛♠ ❡①tr❛í❞❛s ✸✻ ❘❖■s ❞❛ ❜❛s❡ ▼✐♥✐✲▼■❆❙ ❡ ✽✸ ❘❖■s ❞❛ ❜❛s❡ ❉❉❙▼✱ ❞❡ ✐♠❛❣❡♥s ❞❡

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

❞❡ ■❈❆ ❡ P❈❆✳ ❖ ♣r✐♠❡✐r♦ ❡①♣❡r✐♠❡♥t♦ t❡✈❡ ♣♦r ♦❜❥❡t✐✈♦ t❡st❛r q✉❛✐s té❝♥✐❝❛s ♣♦❞❡r✐❛♠

❞❡t❡❝t❛r ❡ s❡❣♠❡♥t❛r ♠❡❧❤♦r ❛ ❧❡sã♦✱ ❡ t♦❞♦s ♦s ❡①♣❡r✐♠❡♥t♦s ♠♦str❛r❛♠ q✉❡ ♦s ✜❧tr♦s

❞❡ ■❈❆ ❛♣r❡s❡♥t❛♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♥❛ s❡❣♠❡♥t❛çã♦ ❞❡ ❧❡sõ❡s ❡♠ ✶✸✾ ❘❖■s ❡①tr❛í❞❛s

❞❛s ❞✉❛s ❜❛s❡s✳ ◆♦ s❡❣✉♥❞♦ ❡①♣❡r✐♠❡♥t♦✱ ♦ ♦❜❥❡t✐✈♦ ❢♦✐ ♦❜t❡r ❛ ❛❝✉rá❝✐❛ ❞♦s ✜❧tr♦s ❞❡

✻✺



✻✻

■❈❆ ♥❛ ❞❡t❡❝çã♦ ❞❛ ❧❡sã♦ ❡♠ ♠❛♠❛s ❞❡♥s❛s ❡ ♥ã♦ ❞❡♥s❛s✳ ❋♦r❛♠ ❛✈❛❧✐❛❞❛s ✶✷✵ ❘❖■s ❡ ❢♦✐

❛t✐♥❣✐❞❛ ✉♠❛ ❛❝✉rá❝✐❛ ❞❡ ✼✾✱✶✼✪✱ ❝♦♠ s❡♥s✐❜✐❧✐❞❛❞❡ ❞❡ ✻✻✱✻✼✪ ❡ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❞❡ ✾✶✱✻✼✪✳

❚r❛❜❛❧❤♦s ❛♥t❡r✐♦r❡s ✭❇❘❊▼✳ ❡t ❛❧✳✱ ✷✵✵✺❀ ❖▲■❱❊❘ ❡t ❛❧✳✱ ✷✵✶✵✮ ❛✜r♠❛r❛♠ q✉❡

❛s té❝♥✐❝❛s ❈❆❉ ♥ã♦ sã♦ ✐♠♣❛❝t❛❞❛s ♣❡❧❛ ❞❡♥s✐❞❛❞❡ ♠❛♠ár✐❛✳ ❈♦♥tr❛r✐❛♠❡♥t❡ ❛ ❡ss❛

❝♦♥❝❧✉sã♦✱ ♠♦str❛♠♦s q✉❡ ❛ ❞❡t❡❝çã♦ ❞❡ ♠❛ss❛s ✉t✐❧✐③❛♥❞♦ ♦ ♠ét♦❞♦ ❜❛s❡❛❞♦ ❡♠ ✜❧tr♦s

❞❡ ■❈❆ t❡♠ ❞✐❢❡r❡♥ç❛s s✐❣♥✐✜❝❛t✐✈❛s q✉❛♥❞♦ ❛♣❧✐❝❛❞♦ ❡♠ ♠❛♠❛s ❞❡♥s❛s ❡ ♠❛♠❛s ♥ã♦

❞❡♥s❛s✳

✻✳✶ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s

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

❧❡çã♦ ❞❛s ♠❡❧❤♦r❡s ❢✉♥çõ❡s ❜❛s❡ ♣❛r❛ ❝♦♠♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✜❧tr♦s ❝♦♠ ♦ ♠í♥✐♠♦ ❞❡

r❡❞✉♥❞â♥❝✐❛✳ ❆❧é♠ ❞✐ss♦✱ ♣r♦♣õ❡✲s❡ ❛♣❧✐❝❛r ✉♠❛ té❝♥✐❝❛ ❞❡ r❡❞✉çã♦ ❞❡ ❢❛❧s♦s ♥❡❣❛t✐✈♦s ♥♦

❞✐❛❣♥óst✐❝♦✱ ❜❡♠ ❝♦♠♦ ❝❧❛ss✐✜❝❛r ♦ t✐♣♦ ❞❡ ❧❡sã♦ ✭❜❡♥✐❣♥♦ ♦✉ ♠❛❧✐❣♥♦✮ ✉s❛♥❞♦ té❝♥✐♥❝❛s

❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡ ♠áq✉✐♥❛✳

✻✳✷ ❚r❛❜❛❧❤♦s ❆❝❡✐t♦s ♣❛r❛ P✉❜❧✐❝❛çã♦

❙✐❧✈❛✱ ▲✳ ❈✳ ❖✳❀ ▲♦♣❡s✱ ▼✳ ❱✳❀ ❇❛rr♦s✱ ❆✳ ❑✳ ❉❡t❡❝t✐♥❣ ♠❛ss❡s ✐♥ ❞❡♥s❡ ❜r❡❛st ✉s✐♥❣

✐♥❞❡♣❡♥❞❡♥t ❝♦♠♣♦♥❡♥t ❛♥❛❧②s✐s✳ ❆rt✐✜❝✐❛❧ ■♥t❡❧❧✐❣❡♥❝❡ ✐♥ ▼❡❞✐❝✐♥❡✱ ✷✵✶✼✳



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❆❇❉❊▲✲◗❆❉❊❘✱ ■✳❀ ❆❇❯✲❆▼❆❘❆✱ ❋✳ ❆ ❝♦♠♣✉t❡r✲❛✐❞❡❞ ❞✐❛❣♥♦s✐s s②st❡♠ ❢♦r ❜r❡❛st
❝❛♥❝❡r ✉s✐♥❣ ✐♥❞❡♣❡♥❞❡♥t ❝♦♠♣♦♥❡♥t ❛♥❛❧②s✐s ❛♥❞ ❢✉③③② ❝❧❛ss✐✜❡r✳ ▼♦❞❡❧❧✐♥❣ ❛♥❞
❙✐♠✉❧❛t✐♦♥ ✐♥ ❊♥❣✐♥❡❡r✐♥❣✱ ✈✳ ✷✵✵✽✱ ♣✳ ✶✕✾✱ ✷✵✵✽✳

❆❇❯✲❆▼❆❘❆✱ ❋✳❀ ❆❇❉❊▲✲◗❆❉❊❘✱ ■✳ ❉❡t❡❝t✐♦♥ ♦❢ ❜r❡❛st ❝❛♥❝❡r ✉s✐♥❣ ✐♥❞❡♣❡♥❞❡♥t
❝♦♠♣♦♥❡♥t ❛♥❛❧②s✐s✳ ❊❧❡❝tr♦✴■♥❢♦r♠❛t✐♦♥ ❚❡❝❤♥♦❧♦❣②✱ ♣✳ ✹✷✽✕✹✸✶✱ ✷✵✵✼✳

❆❈❘✳ ❇r❡❛st ■♠❛❣✐♥❣ ❘❡♣♦rt✐♥❣ ❛♥❞ ❉❛t❛ ❙②st❡♠✳ ❇■✲❘❆❉❙✳ ✸✳ ❡❞✳ ❬❙✳❧✳❪✿ ❆❈❘✱ ✶✾✾✽✳
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✉♥❞❡rst❛♥❞✐♥❣✲❛✲❜r❡❛st✲❝❛♥❝❡r✲❞✐❛❣♥♦s✐s✴t②♣❡s✲♦❢✲❜r❡❛st✲❝❛♥❝❡r✴❃✳ ❬❖♥❧✐♥❡❀ ❛❝❝❡ss❡❞
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❆◆●❊▲❖✱ ▼✳ ❋✳ ❙✐st❡♠❛ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ■♠❛❣❡♥s ▼❛♠♦❣rá✜❝❛s ❡ ❆✉①í❧✐♦ ❛♦
❉✐❛❣♥óst✐❝♦ ✈✐❛✲■♥t❡r♥❡t✳ ❚❡s❡ ✭❉♦✉t♦r❛❞♦✮ ✖ ❊s❝♦❧❛ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❞❡ ❙ã♦ ❈❛r❧♦s ❞❛
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✐♥❞❡♣❡♥❞❡♥t ❝♦♠♣♦♥❡♥t ❛♥❛❧②s✐s✳ ■❊❊❊ tr❛♥s❛❝t✐♦♥s ♦♥ ♥❡✉r❛❧ ♥❡t✇♦r❦s✱ ✈✳ ✶✸✱ ♣✳
✶✹✺✵✕✶✹✻✹✱ ✷✵✵✷✳
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