
❈❆❘▲❖❙ ❆▲❊❙❙❆◆❉❘❖ ❙■▲❱❆ ❉❖❙ ❆◆❏❖❙

❆♥á❧✐s❡ ❞❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞❛ té❝♥✐❝❛ ◆■❘❙ ❛♦ ❡st✉❞♦ ❞❛
❛t✐✈✐❞❛❞❡ ❝❡r❡❜r❛❧ s♦❜ três ❝♦♥❞✐çõ❡s ❞✐st✐♥t❛s✿

❡st✐♠✉❧❛çã♦ ✈✐s✉❛❧✱ r❡❛❧✐③❛çã♦ ❞❡ ❡①❡r❝í❝✐♦s ❢ís✐❝♦s ❡
❛♣♥❡✐❛ ✐♥❞✉③✐❞❛ ❡♠ ♣❛❝✐❡♥t❡s ❝♦♠ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛
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■◆❙❚■❚❯❚❖ ❉❊ ❋í❙■❈❆ ✧●▲❊❇ ❲❆❚❆●❍■◆✧

❈❆❘▲❖❙ ❆▲❊❙❙❆◆❉❘❖ ❙■▲❱❆ ❉❖❙ ❆◆❏❖❙

❆♥á❧✐s❡ ❞❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞❛ té❝♥✐❝❛ ◆■❘❙ ❛♦ ❡st✉❞♦ ❞❛
❛t✐✈✐❞❛❞❡ ❝❡r❡❜r❛❧ s♦❜ três ❝♦♥❞✐çõ❡s ❞✐st✐♥t❛s✿

❡st✐♠✉❧❛çã♦ ✈✐s✉❛❧✱ r❡❛❧✐③❛çã♦ ❞❡ ❡①❡r❝í❝✐♦s ❢ís✐❝♦s ❡
❛♣♥❡✐❛ ✐♥❞✉③✐❞❛ ❡♠ ♣❛❝✐❡♥t❡s ❝♦♠ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛

❚❡s❡ ❛♣r❡s❡♥t❛❞❛ ❛♦ ■♥st✐t✉t♦ ❞❡ ❋ís✐❝❛

✧●❧❡❜ ❲❛t❛❣❤✐♥✧ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧

❞❡ ❈❛♠♣✐♥❛s ❝♦♠♦ ♣❛rt❡ ❞♦s r❡q✉✐s✐t♦s

❡①✐❣✐❞♦s ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦ tít✉❧♦ ❞❡

❉♦✉t♦r ❡♠ ❈✐ê♥❝✐❛s✳

❖r✐❡♥t❛❞♦r✿ Pr♦❢✳ ❉r✳ ❘♦❜❡rt♦ ❏♦sé ▼❛r✐❛ ❈♦✈♦❧❛♥

❈♦✲♦r✐❡♥t❛❞♦r✿ Pr♦❢✳ ❉r✳ ❘✐❝❦s♦♥ ❈♦❡❧❤♦ ▼❡sq✉✐t❛

❊❙❚❊ ❊❳❊▼P▲❆❘ ❈❖❘❘❊❙P❖◆❉❊ ➚ ❱❊❘❙➹❖ ❋■◆❆▲

❉❊ ❚❊❙❊ ❉❊❋❊◆❉■❉❆ P❊▲❖ ❆▲❯◆❖ ❈❆❘▲❖❙ ❆▲❊❙❙❆◆❉❘❖

❙■▲❱❆ ❉❖❙ ❆◆❏❖❙✱ ❊ ❖❘■❊◆❚❆❉❆ P❊▲❖ P❘❖❋✳ ❉❘✳ ❘❖❇❊❘❚❖

❏❖❙➱ ▼❆❘■❆ ❈❖❱❖▲❆◆

❛ss✳✿

❈❛♠♣✐♥❛s

✷✵✶✹

✐✐✐







✈✐



❘❡s✉♠♦

❆ ❛t✐✈✐❞❛❞❡ ❝❡r❡❜r❛❧ ❡♥✈♦❧✈❡ ✉♠❛ ❝♦♠♣❧❡①❛ r❡❞❡ ❞❡ ♣r♦❝❡ss♦s ♥❡✉r♦✜s✐♦❧ó❣✐❝♦s ❝✉❥❛ ❞❡♠❛♥❞❛

❡♥❡r❣ét✐❝❛ r❡q✉❡r ❝♦♥st❛♥t❡ ❛♣♦rt❡ ❞❡ ❣❧✐❝♦s❡ ❡ ♦①✐❣ê♥✐♦✱ s✉♣r✐❞♦s ❛tr❛✈és ❞❛ ♠✐❝r♦❝✐r❝✉❧❛çã♦ s❛♥❣✉í✲

♥❡❛ ❝❡r❡❜r❛❧✳ ❱❛r✐❛çõ❡s ♥❛ ❝✐r❝✉❧❛çã♦ s❛♥❣✉í♥❡❛ ❝❡r❡❜r❛❧ ❞❡❝♦rr❡♥t❡s ❞❡ ❛t✐✈❛çã♦ ♥❡✉r♦♥❛❧ ♣♦❞❡♠ s❡r

❞❡t❡❝t❛❞❛s ❡ r❡❣✐str❛❞❛s ❛tr❛✈és ❞❛ té❝♥✐❝❛ ó♣t✐❝❛ ❞❡♥♦♠✐♥❛❞❛ ◆■❘❙ ✭♥❡❛r ✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✮✳

◆❡st❡ tr❛❜❛❧❤♦✱ ❞❡s❡♥✈♦❧✈❡♠♦s ❡st✉❞♦s s♦❜r❡ ❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞❛ té❝♥✐❝❛ ◆■❘❙ s♦❜ três ❞✐❢❡r❡♥t❡s

❛❜♦r❞❛❣❡♥s✱ ❡♥✈♦❧✈❡♥❞♦ ✐♥❞✐✈í❞✉♦s s❛✉❞á✈❡✐s ❡ ♣♦rt❛❞♦r❡s ❞❡ ✉♠❛ ❝♦♥❞✐çã♦ ♣❛t♦❧ó❣✐❝❛ ❡s♣❡❝í✜❝❛✳ ❖s

❡st✉❞♦s ❝♦♠ ✐♥❞✐✈í❞✉♦s s❛✉❞á✈❡✐s ❢♦r❛♠ ❢♦❝❛❞♦s ♥❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞❛ té❝♥✐❝❛ ◆■❘❙ ♣❛r❛ ✐♥✈❡st✐❣❛r

❛❧t❡r❛çõ❡s ❤❡♠♦❞✐♥â♠✐❝❛s ❛ss♦❝✐❛❞❛s à ❡st✐♠✉❧❛çã♦ ❞♦ ❝órt❡① ✈✐s✉❛❧ ❡ à r❡❛❧✐③❛çã♦ ❞❡ ❡①❡r❝í❝✐♦ ❢ís✐❝♦✳

◆♦ ❝❛s♦ ❡♥✈♦❧✈❡♥❞♦ ❝♦♥❞✐çã♦ ♣❛t♦❧ó❣✐❝❛✱ ✐♥✈❡st✐❣❛♠♦s ❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❝❧í♥✐❝❛ ❞❡st❛ ♠❡s♠❛ té❝♥✐❝❛

♣❛r❛ ❛✈❛❧✐❛r ❛ ♣❡r❢✉sã♦ ❝❡r❡❜r❛❧ ❞❡ ♣❛❝✐❡♥t❡s ❝♦♠ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛✳

◆♦s ❡st✉❞♦s s♦❜r❡ ❡st✐♠✉❧❛çã♦ ❞♦ ❝órt❡① ✈✐s✉❛❧✱ ❜✉s❝♦✉✲s❡ ❡st❛❜❡❧❡❝❡r ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛

❢r❡q✉ê♥❝✐❛ ❞♦ ❡stí♠✉❧♦ ❛♣r❡s❡♥t❛❞♦ ❛♦ ✈♦❧✉♥tár✐♦ ❡ ♣❛râ♠❡tr♦s ♦❜t✐❞♦s ❞❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s✳

◆♦s ❡①♣❡r✐♠❡♥t♦s ❛ss♦❝✐❛❞♦s ❛ ❡①❡r❝í❝✐♦s ❢ís✐❝♦s✱ ❝✐❝❧✐st❛s s❡♠✐♣r♦✜ss✐♦♥❛✐s ❡ ✐♥❞✐✈í❞✉♦s ✜s✐❝❛♠❡♥t❡

❛t✐✈♦s r❡❛❧✐③❛r❛♠ t❡st❡s ❡♠ ❜✐❝✐❝❧❡t❛s s✐♠✉❧❛♥❞♦ t✐♣♦s ❡s♣❡❝í✜❝♦s ❞❡ ♣r♦✈❛s✱ ❡♥✈♦❧✈❡♥❞♦ t❛r❡❢❛s

❛❜❡rt❛s ✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮ ❡ ❢❡❝❤❛❞❛s ✭t❡st❡ ❝♦♥tr❛ r❡❧ó❣✐♦ ❡♠ ✉♠❛ ♣r♦✈❛ ❞❡ ✹❑♠✮✱ ❡♠ ❞✐❢❡r❡♥t❡s

❝♦♥❞✐çõ❡s ✭❝♦♥tr♦❧❡✱ ✐♥❣❡stã♦ ❞❡ ♣❧❛❝❡❜♦ ♦✉ ❝❛❢❡í♥❛✮✱ ❜✉s❝❛♥❞♦ ❝❛r❛❝t❡r✐③❛r ❞✐❢❡r❡♥ç❛s ❡♠ ❛s♣❡❝t♦s

❞❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❝❡r❡❜r❛❧ ❛ ❡❧❛s ❛ss♦❝✐❛❞❛s✳ P♦r ✜♠✱ ♥♦s ❡①♣❡r✐♠❡♥t♦s ❡♥✈♦❧✈❡♥❞♦ ✐♥❞✐✈í❞✉♦s ❝♦♠

❡st❡♥♦s❡ ❝❛r♦tí❞❡❛✱ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ♠❡❞✐❞❛s ❞❡ ◆■❘❙✱ ❞✉r❛♥t❡ ❛ r❡❛❧✐③❛çã♦ ❞❡ t❡st❡s ❞❡ ❛♣♥❡✐❛ ❝♦♠

❞✉r❛çã♦ ❞❡ ✸✵ s❡❣✉♥❞♦s✱ ❜✉s❝❛♥❞♦ ❡st❛❜❡❧❡❝❡r ❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞❛ té❝♥✐❝❛ ♥❛ ❛✈❛❧✐❛çã♦ ❝❧í♥✐❝❛ ❞❡st❡

t✐♣♦ ❞❡ ♣❛t♦❧♦❣✐❛✳

P❛r❛ ❝❛❞❛ ✉♠❛ ❞❡ss❛s ❛❜♦r❞❛❣❡♥s✱ ❢♦r❛♠ ❡st❛❜❡❧❡❝✐❞♦s ♣❛râ♠❡tr♦s ❛ss♦❝✐❛❞♦s às r❡s♣♦st❛s ❤❡✲

♠♦❞✐♥â♠✐❝❛s ♦❜t✐❞❛s ❛tr❛✈és ❞❡ t❛r❡❢❛s ❡ ❡stí♠✉❧♦s ❡s♣❡❝í✜❝♦s✱ q✉❡ ♣❡r♠✐t✐r❛♠ ❝❛r❛❝t❡r✐③❛r ❡ q✉❛♥✲

t✐✜❝❛r ♦s ♣r♦❝❡ss♦s ✜s✐♦❧ó❣✐❝♦s ❡♥✈♦❧✈✐❞♦s ❡♠ ❝❛❞❛ t✐♣♦ ❞❡ ❡①♣❡r✐♠❡♥t♦✱ ❞❡♠♦♥str❛♥❞♦ ❛ss✐♠ ❛

❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞❛ té❝♥✐❝❛ ◆■❘❙ ♣❛r❛ ♦ ❡st✉❞♦ ❞❛ ❛t✐✈✐❞❛❞❡ ❝❡r❡❜r❛❧ s♦❜ ❛s ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s

❡♠ q✉❡stã♦✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❊s♣❡❝tr♦s❝♦♣✐❛ ♥♦ ✐♥❢r❛✈❡r♠❡❧❤♦ ♣ró①✐♠♦✱ ❈órt❡① ✈✐s✉❛❧ ❤✉♠❛♥♦✱ ❊①❡r❝í❝✐♦s ❢ís✐✲

❝♦s✱ ❊st❡♥♦s❡ ❞❛s ❝❛rót✐❞❛s✳

✈✐✐
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❆❜str❛❝t

❇r❛✐♥ ❛❝t✐✈✐t② ✐♥✈♦❧✈❡s ❛ ❝♦♠♣❧❡① ♥❡t✇♦r❦ ♦❢ ♥❡✉r♦♣❤②s✐♦❧♦❣✐❝❛❧ ♣r♦❝❡ss❡s ✇❤♦s❡ ❡♥❡r❣② ❞❡♠❛♥❞

r❡q✉✐r❡s ❝♦♥st❛♥t s✉♣♣❧② ♦❢ ❣❧✉❝♦s❡ ❛♥❞ ♦①②❣❡♥ ✇❤✐❝❤ ✐s ♣r♦✈✐❞❡❞ ❜② t❤❡ ❝❡r❡❜r❛❧ ♠✐❝r♦❝✐r❝✉❧❛t✐♦♥✳

❈❤❛♥❣❡s ✐♥ ❝❡r❡❜r❛❧ ❜❧♦♦❞ ✢♦✇ ❞✉❡ t♦ ♥❡✉r♦♥❛❧ ❛❝t✐✈❛t✐♦♥ ❝❛♥ ❜❡ ❞❡t❡❝t❡❞ ❛♥❞ r❡❝♦r❞❡❞ ❜② t❤❡

♦♣t✐❝❛❧ t❡❝❤♥✐q✉❡ ❝❛❧❧❡❞ ◆■❘❙ ✭♥❡❛r ✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✮✳

■♥ t❤✐s ✇♦r❦✱ ✇❡ ❞❡✈❡❧♦♣❡❞ st✉❞✐❡s ♦♥ t❤❡ ❛♣♣❧✐❝❛❜✐❧✐t② ♦❢ t❤❡ ◆■❘❙ t❡❝❤♥✐q✉❡ ✉♥❞❡r t❤r❡❡ ❞✐❢✲

❢❡r❡♥t ❛♣♣r♦❛❝❤❡s✱ ✐♥✈♦❧✈✐♥❣ ❤❡❛❧t❤② s✉❜❥❡❝ts ❛♥❞ ♣❛t✐❡♥ts ✇✐t❤ ❛ s♣❡❝✐✜❝ ♣❛t❤♦❧♦❣✐❝❛❧ ❝♦♥❞✐t✐♦♥✳

❙t✉❞✐❡s ✐♥ ❤❡❛❧t❤② s✉❜❥❡❝ts ✇❡r❡ ❢♦❝✉s❡❞ ♦♥ t❤❡ ❛♣♣❧✐❝❛❜✐❧✐t② ♦❢ t❤❡ ◆■❘❙ t❡❝❤♥✐q✉❡ t♦ ✐♥✈❡st✐❣❛t❡

❤❡♠♦❞②♥❛♠✐❝ ❝❤❛♥❣❡s ❛ss♦❝✐❛t❡❞ ✇✐t❤ st✐♠✉❧❛t✐♦♥ ♦❢ t❤❡ ✈✐s✉❛❧ ❝♦rt❡① ❛♥❞ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ♣❤②✲

s✐❝❛❧ ❡①❡r❝✐s❡✳ ■♥ t❤❡ ❝❛s❡ ✐♥✈♦❧✈✐♥❣ ♣❛t❤♦❧♦❣✐❝❛❧ ❝♦♥❞✐t✐♦♥✱ ✇❡ ✐♥✈❡st✐❣❛t❡❞ t❤❡ ❝❧✐♥✐❝❛❧ ❛♣♣❧✐❝❛❜✐❧✐t②

♦❢ t❤✐s s❛♠❡ t❡❝❤♥✐q✉❡ t♦ ❡✈❛❧✉❛t❡ ❝❡r❡❜r❛❧ ♣❡r❢✉s✐♦♥ ✐♥ ♣❛t✐❡♥ts ✇✐t❤ ❝❛r♦t✐❞ st❡♥♦s✐s✳

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

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

❝✉r✈❡s✳ ■♥ t❤❡ ❡①♣❡r✐♠❡♥ts ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❡①❡r❝✐s❡✱ s❡♠✐✲♣r♦❢❡ss✐♦♥❛❧ ❝②❝❧✐sts ❛♥❞ ♣❤②s✐❝❛❧❧② ❛❝✲

t✐✈❡ s✉❜❥❡❝ts ♣❡r❢♦r♠❡❞ t❛s❦s ♦♥ ❜✐❝②❝❧❡s s✐♠✉❧❛t✐♥❣ s♣❡❝✐✜❝ t②♣❡s ♦❢ t❡sts✱ ✐♥✈♦❧✈✐♥❣ ♦♣❡♥ t❛s❦s

✭♣r♦❣r❡ss✐✈❡ t❡st✮ ❛♥❞ ❝❧♦s❡❞ ✭❛ ✹❦♠ t❡st ❛❣❛✐♥st t❤❡ ❝❧♦❝❦✮✱ ✉♥❞❡r ❞✐✛❡r❡♥t ❝♦♥❞✐t✐♦♥s ✭❝♦♥tr♦❧✱

♣❧❛❝❡❜♦ ♦r ❝❛✛❡✐♥❡ ✐♥t❛❦❡✮✱ s❡❡❦✐♥❣ t♦ ❝❤❛r❛❝t❡r✐③❡ ❞✐✛❡r❡♥❝❡s ✐♥ ❛s♣❡❝ts ♦❢ ❝❡r❡❜r❛❧ ❤❡♠♦❞②♥❛♠✐❝s

❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡♠✳ ❋✐♥❛❧❧②✱ ✐♥ ❡①♣❡r✐♠❡♥ts ✐♥✈♦❧✈✐♥❣ ✐♥❞✐✈✐❞✉❛❧s ✇✐t❤ ❝❛r♦t✐❞ st❡♥♦s✐s✱ ◆■❘❙

♠❡❛s✉r❡♠❡♥ts ✇❡r❡ ❝❛rr✐❡❞ ♦✉t ❞✉r✐♥❣ ❛♣♥❡❛ t❡sts ❧❛st✐♥❣ ✸✵ s❡❝♦♥❞s✱ ❢r♦♠ ✇❤✐❝❤ ✇❡ s♦✉❣❤t t♦

❡st❛❜❧✐s❤ t❤❡ ❛♣♣❧✐❝❛❜✐❧✐t② ♦❢ t❤❡ t❡❝❤♥✐q✉❡ ✐♥ t❤❡ ❝❧✐♥✐❝❛❧ ❡✈❛❧✉❛t✐♦♥ ♦❢ t❤✐s t②♣❡ ♦❢ ♣❛t❤♦❧♦❣②✳

❋♦r ❡❛❝❤ ♦❢ t❤❡s❡ ❛♣♣r♦❛❝❤❡s✱ ♣❛r❛♠❡t❡rs ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ❤❡♠♦❞②♥❛♠✐❝ r❡s♣♦♥s❡s ♦❜t❛✐♥❡❞

❜② st✐♠✉❧❛t✐♦♥ ♦❢ s♣❡❝✐✜❝ t❛s❦s ❛❧❧♦✇❡❞ t♦ ❝❤❛r❛❝t❡r✐③❡ ❛♥❞ q✉❛♥t✐❢② t❤❡ ♣❤②s✐♦❧♦❣✐❝❛❧ ♣r♦❝❡ss❡s

✐♥✈♦❧✈❡❞ ✐♥ ❡❛❝❤ t②♣❡ ♦❢ ❡①♣❡r✐♠❡♥t✱ t❤✉s ❞❡♠♦♥str❛t✐♥❣ t❤❡ ❛♣♣❧✐❝❛❜✐❧✐t② ♦❢ t❤❡ ◆■❘❙ t❡❝❤♥✐q✉❡ t♦

t❤❡ st✉❞② ♦❢ ❜r❛✐♥ ❛❝t✐✈✐t② ✉♥❞❡r t❤❡ ❡①♣❡r✐♠❡♥t❛❧ ❝♦♥❞✐t✐♦♥s ✐♥ q✉❡st✐♦♥✳

❑❡②✇♦r❞s✿ ◆❡❛r ✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✱ ❍✉♠❛♥ ✈✐s✉❛❧ ❝♦rt❡①✱ ❊①❡r❝✐s❡✱ ❈❛r♦t✐❞ ❙t❡♥♦s✐s✳
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①✈✐



❆❣r❛❞❡❝✐♠❡♥t♦s

Pr✐♠❡✐r❛♠❡♥t❡ ❡✉ ❛❣r❛❞❡ç♦ ❛ ❉❡✉s ♣❡❧❛ s❛ú❞❡✱ ♠✐s❡r✐❝ór❞✐❛✱ ❝❛♣❛❝✐❞❛❞❡ ❡ ❛♠♦r q✉❡ ♠❡ t❡♠

❞❛❞♦✳ ❙❡ ❡st♦✉ ❛q✉✐ é ♣♦r ❊❧❡ ❡ ♣❛r❛ ❊❧❡✳ ❚♦❞❛ ❣❧ór✐❛ ❡ ❤♦♥r❛ s❡❥❛♠ ❞❛❞❛s ❛ ❉❡✉s✱ ❙❡♥❤♦r ❡

❙❛❧✈❛❞♦r ❞❛ ♠✐♥❤❛ ✈✐❞❛✳

❆♦s ♠❡✉s ♣❛✐s ❈❛r❧♦s ▼✐❣✉❡❧ ❞♦s ❆♥❥♦s ❡ ❊❧♠❛ ❙✐❧✈❛ ❞♦s ❆♥❥♦s✱ à ♠✐♥❤❛ ✐r♠ã ❙❤❡②s❛ ❑✳ ❞♦s

❆♥❥♦s ●✉✐♠❛rã❡s ❡ às ♠✐♥❤❛s q✉❡r✐❞❛s ❛✈ós ❖❧✐♥❞❛ ❡ ❆♠é❧✐❛ ✭✐♥ ♠❡♠♦r✐❛♥✮✱ ♣❡❧♦ ❛♣♦✐♦ ❡ ❝❛r✐♥❤♦

✐♥❝♦♥❞✐❝✐♦♥❛❧✱ ♥❡st❡s ✸✹ ❛♥♦s ❞❡ ✈✐❞❛✳ ❊✉ ❛♠♦ ✈♦❝ês✳

❆♦ ♠❡✉ ♦r✐❡♥t❛❞♦r✱ Pr♦❢❡ss♦r ❘♦❜❡rt♦ ❏ ▼ ❈♦✈♦❧❛♥ ♣❡❧❛ ♣❛❝✐ê♥❝✐❛✱ ❝♦♥✜❛♥ç❛✱ ❞❡❞✐❝❛çã♦✱ ♦r✐❡♥✲

t❛çã♦ ❡ ❛✉①í❧✐♦ ♥❡st❡ ✐♥✐❝✐♦ ❞❛ ✈✐❞❛ ♣r♦✜ss✐♦♥❛❧✳

❆♦ ♠❡✉ ❈♦✲♦r✐❡♥t❛❞♦r✱ Pr♦❢❡ss♦r ❘✐❝❦s♦♥ ❈♦❡❧❤♦ ▼❡sq✉✐t❛ ♣❡❧❛ ♣❛❝✐ê♥❝✐❛✱ ❛✉①í❧✐♦ ♥❛s ❛♥á❧✐s❡s✱

❡ ♠♦♠❡♥t♦s ❞❡ ❞❡s❝♦♥tr❛çã♦ q✉❡ ♣❛ss❛♠♦s✳

➚ ♠✐♥❤❛ ❡s♣♦s❛ ❏❛♥❛✐♥❛ ❞♦s ❆♥❥♦s✱ ♣♦r t♦❞♦s ♦s ♠♦♠❡♥t♦s q✉❡ ❡st✐✈❡♠♦s ❥✉♥t♦s ❡ ♣♦r s❡♠♣r❡

❛❝r❡❞✐t❛r ❡♠ ♠✐♠✳ ❖❜r✐❣❛❞♦ ♣❡❧♦ s❡✉ ❛♣♦✐♦✳ ❚❡ ❛♠♦✳

➚ ♠✐♥❤❛ ✜❧❤❛ ▲❛✉r❛ ❊st❤❡r q✉❡ t❡♠ s✐❞♦ ♠✐♥❤❛ ♥♦✈❛ ✐♥s♣✐r❛çã♦ ❡ r❡♥♦✈♦ ♥♦s ❞✐❛s ❞❡ ❝❛♥s❛ç♦

❡ ♣r❡♦❝✉♣❛çã♦✳

❆♦s ❝♦❧❡❣❛s ❞❡ ●r✉♣♦ ❞❡ ◆❡✉r♦❢ís✐❝❛ ❡ ❞♦ ▲◆■✳ ◗✉❡ ❉❡✉s ♦s ❛❜❡♥ç♦❡✳

❆♦s ✈♦❧✉♥tár✐♦s q✉❡ ❡♠♣r❡st❛r❛♠ s❡✉ t❡♠♣♦ ❡ ❞✐s♣♦s✐çã♦ ♣❛r❛ ❛s ❛q✉✐s✐çõ❡s✳

➚s s❡❝r❡tár✐❛s✱ ♣❡❧♦ ❛✉①í❧✐♦ ♥❛s t❛r❡❢❛s ❜✉r♦❝rát✐❝❛s✳

➚s ❢✉♥❝✐♦♥ár✐❛s ❞❛ ❜✐❜❧✐♦t❡❝❛ ❞♦ ■♥st✐t✉t♦ ❞❡ ❋ís✐❝❛✳

❊✱ à ❈❆P❊❙ ❡ ❋❆P❊❙P ♣❡❧♦ ❛♣♦✐♦ ✜♥❛♥❝❡✐r♦✳

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

①✈✐✐



❆●❘❆❉❊❈■▼❊◆❚❖❙

①✈✐✐✐



▲✐st❛ ❞❡ ❋✐❣✉r❛s

✷✳✶ ❉❡t❛❧❤❡ ❞❛s ♠❡♠❜r❛♥❛s ♣r♦t❡t♦r❛s ❞♦ ❡♥❝é❢❛❧♦✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❞❡ ❤tt♣✿✴✴✇✇✇✳

r✐✈❡rs✐❞❡♦♥❧✐♥❡✳❝♦♠✴s♦✉r❝❡✴✐♠❛❣❡s✴✐♠❛❣❡❴♣♦♣✉♣✴r✼❴♠❡♥✐♥❣✐t✐s✳❥♣❣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻

✷✳✷ ❉✐✈✐sã♦ ❞♦ ❡♥❝é❢❛❧♦✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❞❡ ❤tt♣✿✴✴✇✇✇✳❛♥❛t♦♠✐❛❤✉♠❛♥❛✳✉❝✈✳❝❧✴♠♦r❢♦✶✴

❢♦t♦✶✴❡♥❝❡❢❛❧♦✳❥♣❣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻

✷✳✸ ❉✐✈✐sã♦ ❞♦ ❝ér❡❜r♦ ❡♠ s❡✉s ❝✐♥❝♦ ❧♦❜♦s✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❞❡ ❤tt♣✿✴✴✇✇✇✳❛✉❧❛❞❡❛♥❛t♦♠✐❛✳

❝♦♠✴s✐t❡✴♣❛❣✐♥❛✳♣❤♣❄✐❞♣❂✶✷✺ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼

✷✳✹ ➪r❡❛s ❞❡ ❇r♦❞♠❛♥♥ ♥♦ ❝ér❡❜r♦ ❤✉♠❛♥♦ ❝♦♠ ❛tr✐❜✉✐çã♦ ❢✉♥❝✐♦♥❛❧✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❞❡

❤tt♣✿✴✴s♣♦t✳❝♦❧♦r❛❞♦✳❡❞✉✴⑦❞✉❜✐♥✴t❛❧❦s✴❜r♦❞♠❛♥♥✴❜r♦❞♠❛♥♥✳❤t♠❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼

✷✳✺ ❈♦rt❡ ❡str✉t✉r❛❧ ❞♦ ♦❧❤♦ ❤✉♠❛♥♦ ✭❛❞❛♣t❛❞♦ ❞❡ ✇✇✇✳✈✐s✐♦♥✳✐♠❡✳✉s♣✳❜r✴⑦r♦♥❛❧❞♦✴

♠❛❝✵✹✶✼✲✸✴❛✉❧❛❴✵✷✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽

✷✳✻ ❚r❛❥❡tór✐❛ ❞❛s ✈✐❛s ✈✐s✉❛✐s ✭❛❞❛♣t❛❞♦ ❞❡ ❈♦❧♦r ❆t❧❛s ♦❢ ◆❡✉r♦s❝✐❡♥❝❡ ●r❡❡♥st❡✐♥✱

✷✵✵✵✱ ♣❛❣✳ ✷✽✸✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵

✷✳✼ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ r❡❞❡ ✈❛s❝✉❧❛r ❞♦ ❝ér❡❜r♦✳ ❘❡t✐r❛❞♦ ❞❡ ❤tt♣✿✴✴✇✇✇✳s✐rt✐♥✳❢r✴s✐rt✐♥✴

✇♣✲❝♦♥t❡♥t✴✉♣❧♦❛❞s✴✵✽✵✺✶✽✲✵✶✳❥♣❣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶

✷✳✽ Pr✐♥❝✐♣❛✐s ❛rtér✐❛s ❞❡ ✐rr✐❣❛çã♦ ❞♦ ❡♥❝é❢❛❧♦✳ ❘❡t✐r❛❞♦ ❞❡ ◆❊❚❚❊❘ ✭✷✵✵✵✮ ✳ ✳ ✳ ✳ ✳ ✶✸

✷✳✾ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ P♦❧í❣♦♥♦ ❞❡ ❲✐❧❧✐s✳ ❘❡t✐r❛❞♦ ❞❡ ❤tt♣✿✴✴❝♦♠♠♦♥s✳✇✐❦✐♠❡❞✐❛✳♦r❣✴

✇✐❦✐✴❋✐❧❡✪✸❆❈✐r❝❧❡❴♦❢❴❲✐❧❧✐s❴♣t✳s✈❣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹

✸✳✶ ❙✐♠✉❧❛çã♦ ❞♦ ♣❛❞rã♦ ❞❡ ❞✐❢✉sã♦ ❞❛ ❧✉③ ♥♦ t❡❝✐❞♦✳ ❚❡♠♦s ✉♠❛ ❢♦♥t❡ ♣♦s✐❝✐♦♥❛❞❛ ♥❛

r❡❣✐ã♦ ❝❡♥tr❛❧ ❞♦ ♣❛❞rã♦ ✭✐♥❞✐❝❛❞❛ ♣❡❧❛ s❡t❛✮✳ ❖❜s❡r✈❛♠♦s q✉❡ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❧✉③

q✉❡ r❡t♦r♥❛ é ❞❡♣❡♥❞❡♥t❡ ❞❛ ❞✐stâ♥❝✐❛ ❡♠ r❡❧❛çã♦ à ❢♦♥t❡✳❖s ❡✐①♦s ❡stã♦ ❡♠ ♠♠✳

❘❡t✐r❛❞♦ ❡ ❛❞❛♣t❛❞♦ ❞❡ ❇❖❆❙ ❡t ❛❧✳ ✭✷✵✵✷✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽

✸✳✷ ❈❛♠✐♥❤♦ ❞❛ ❧✉③ ❡♠ ✉♠ ♠❡✐♦ ❤♦♠♦❣ê♥❡♦✳ ❆ ♣❛rt❡ ❞❛ ❧✉③ tr❛♥s♠✐t✐❞❛ ❡stá r❡♣r❡s❡♥✲

t❛❞❛ ♣❡❧❛s ❧❡tr❛s ❛✱❜ ❝✳ ✭❛✮ ❡ ✭❝✮ r❡♣r❡s❡♥t❛ ♦ ❡s♣❛❧❤❛♠❡♥t♦ ❞❛ ❧✉③ tr❛♥s♠✐t✐❞❛ ♥♦

♠❡✐♦ ❤♦♠♦❣ê♥❡♦ ❡ ✭❜✮ r❡♣r❡s❡♥t❛ ❛ ❛❜s♦rçã♦ ❞❛ ❧✉③ tr❛♥s♠✐t✐❞❛ ♥♦ ♠❡✐♦ ❤♦♠♦❣ê♥❡♦✳

❘❡t✐r❛❞❛ ❡ ❛❞❛♣t❛❞❛ ❞❡ ▼❊❙◗❯■❚❆ ✭✷✵✵✾✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽

✸✳✸ ❈❛♠✐♥❤♦ ♠❛✐s ♣r♦✈á✈❡❧ ❞❛ ❧✉③ ♥♦ ❡♥❝é❢❛❧♦ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ❛ ❝❤❡❣❛❞❛ ❞❛ ❧✉③ ❡♠

✉♠ ❞❡t❡❝t♦r ♣♦s✐❝✐♦♥❛❞♦ ❛ ✉♠❛ ❝❡rt❛ ❞✐stâ♥❝✐❛ ❞❛ ❢♦♥t❡✳ ❘❡t✐r❛❞♦ ❞❡ ❇❖❆❙ ❡t ❛❧✳

✭✷✵✵✶✮✳ ❈❡r❡❜r❛❧ ❈♦rt❡① ✭❈órt❡① ❝❡r❡❜r❛❧✮❀ ▲✐❣❤t ❊♠✐ss✐♦♥ ✭❊♠✐ss♦r ❞❡ ▲✉③✮❀ ▲✐❣❤t

❉❡t❡❝t✐♦♥ ✭❉❡t❡❝t♦r ❞❡ ▲✉③✮❀ ❙❦✉❧❧ ✭❈râ♥✐♦✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾

①✐①



▲■❙❚❆ ❉❊ ❋■●❯❘❆❙

✸✳✹ ❈✉r✈❛s ❞❡ ❛❜♦rçã♦ ❞♦s ❝r♦♠ó❢♦r♦s ❍❜❖ ✭❖①②✲❍❜✮ ❡ ❍❜❘✭❉❡♦①②✲❍❜✮ ❡ ❞❛ á❣✉❛✱

✐♥❞✐❝❛♥❞♦ t❛♠❜é♠ ❛ ❥❛♥❡❧❛ ó♣t✐❝❛✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❞❡ ■❩❩❊❚❖●▲❯ ❡t ❛❧✳ ✭✷✵✵✼✮✳

❆❡s♦r♣t✐♦♥ ❋❛❝t♦r✭❋❛t♦r ❞❡ ❛❜s♦rçã♦✮❀ ❲❛✈❡❧❡♥❣t❤✭❈♦♠♣r✐♠❡♥t♦ ❞❡ ❖♥❞❛✮❀ ❖♣t✐❝❛❧

❲✐♥❞♦✇♥ ✭❏❛♥❡❧❛ Ó♣t✐❝❛✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵

✸✳✺ ❆rr❛♥❥♦ Ó♣t✐❝♦ ❡ ♦♣t♦❞♦✳ ❆✮ ✉♠ ❛rr❛♥❥♦ ó♣t✐❝♦ ♠♦♥t❛❞♦ ♣❛r❛ ✉♠ ❡①♣❡r✐♠❡♥t♦❀ ❇✮

❞❡t❛❧❤❡ ❞❡ ✉♠ ♦♣t♦❞♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸

✸✳✻ P♦♥t♦s ❞♦ s✐st❡♠❛ ✶✵✴✷✵ ❞♦ ❊❊●✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❡ ❛❞❛♣t❛❞❛ ❞❡ ❤tt♣✿✴✴✇✇✇✳❜❡♠✳

✜✴❜♦♦❦✴✶✸✴✶✸①✴✶✸✵✷❛①✳❤t♠ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸

✸✳✼ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ s✐♥❛❧ ♦❜s❡r✈❛❞♦ ❡♠ ❝❛❞❛ ✉♠ ❞♦s ♠ét♦❞♦s ❞❡ ❡①❝✐t❛çã♦ ♥♦ t❡❝✐❞♦

✶✳ ✐❧✉♠✐♥❛çã♦ ❝♦♥tí♥✉❛❀ ✷✳ r❡s♦❧✈✐❞♦ ♥♦ t❡♠♣♦❀ ✸✳ r❡s♦❧✈✐❞♦ ♥❛ ❢r❡q✉ê♥❝✐❛✳ I0 ✲ ✐♥t❡♥✲

s✐❞❛❞❡ ❧✉♠✐♥♦s❛ ✐♥❝✐❞❡♥t❡❀I(ρ) ✲ ✐♥t❡♥s✐❞❛❞❡ ❧✉♠✐♥♦s❛ ♠❡❞✐❞❛ ❡♠ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛

♣♦s✐çã♦❀ R(ρ, t) ✲ ✐♥t❡♥s✐❞❛❞❡ ❧✉♠✐♥♦s❛ ♠❡❞✐❞❛ ❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❞✐stâ♥❝✐❛ ❡♠ ❢✉♥✲

çã♦ ❞♦ t❡♠♣♦❀ θ ✲ ❞✐❢❡r❡♥ç❛ ❞❡ ❢❛s❡ ❡♥tr❡ ❛ ♦♥❞❛ ✐♥❝✐❞❡♥t❡ ❡ ❛ ♠❡❞✐❞❛✳ ✭r❡t✐r❛❞♦ ❞♦

❛rt✐❣♦ ❨❖❉❍ ❡ ❇❖❆❙ ✭✷✵✵✸✮✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺

✸✳✽ ❊q✉✐♣❛♠❡♥t♦ ❈❲✻ ❢❛❜r✐❝❛❞♦ ♣❡❧❛ ❚❡❝❤❊♥✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✼

✸✳✾ ❊q✉✐♣❛♠❡♥t♦ ◆■❘❙❈♦✉t ❢❛❜r✐❝❛❞♦ ♣❡❧❛ ◆■❘① ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✽

✺✳✶ ❱♦❧✉♥tár✐♦ ♣r♦♥t♦ ♣❛r❛ ❛ ❛q✉✐s✐çã♦ ❝♦♠ ❛ t♦✉❝❛ ♠♦♥t❛❞❛✳ P♦❞❡♠♦s ♦❜s❡r✈❛r ♥❛ ✜❣✉r❛

❛s ❢♦♥t❡s ♣♦s✐❝✐♦♥❛❞❛s ♥♦s ♣♦♥t♦s O2✱ Oz ❡ O1 ❞♦ s✐st❡♠❛ ✶✵✴✷✵ ❞♦ ❊❊● ❞❛ ❞✐r❡✐t❛

♣❛r❛ ❛ ❡sq✉❡r❞❛ ✭❛♥é✐s ✈❡r❞❡s✮ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❡ ♦s ❞❡t❡❝t♦r❡s ♣♦s✐❝✐♦♥❛❞♦s ❡♠ ✈♦❧t❛

❞❛s ❢♦♥t❡s✳ ❖ ❡sq✉❡♠❛ ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ❡stá ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✷✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✷

✺✳✷ ❊sq✉❡♠❛ ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ♠♦♥t❛❞♦ ♣❛r❛ ❛ ❛q✉✐s✐çã♦ ❞♦ ❡stí♠✉❧♦ ✈✐s✉❛❧✳ ❖s ✧❳✧

r❡♣r❡s❡♥t❛♠ ❛s ❢♦♥t❡s ❡ ♦s ✧❖✧ r❡♣r❡s❡♥t❛♠ ♦s ❞❡t❡❝t♦r❡s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✸

✺✳✸ ❊sq✉❡♠❛ ❞❡ ✉♠❛ ❛♣r❡s❡♥t❛çã♦ ❞♦ ❡st✐♠✉❧♦ ✈✐s✉❛❧ ✉s❛♥❞♦ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ✜①❛✳ ❆s

r❡❣✐õ❡s ❞❡ ❛t✐✈❛çã♦ ✭✶✵ s❡❣✉♥❞♦s✮ ❡stã♦ ♠❛r❝❛❞❛s ❡♠ ❝✐♥③❛ ❡ ❛s r❡❣✐õ❡s ❡♠ ❜r❛♥❝♦

r❡♣r❡s❡♥t❛♠ ♦ r❡♣♦✉s♦ ✭✷✵ s❡❣✉♥❞♦s✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹

✺✳✹ ❊①❡♠♣❧♦ ❞❡ ✉♠ ❝❛♥❛❧ q✉❡ ❢♦✐ ❞❡s❝❛rt❛❞♦ ❞❡✈✐❞♦ ❛ r❡s♣♦st❛ r✉✐❞♦s❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✺✳✺ ❊①❡♠♣❧♦ ❞❡ ✉♠❛ ✧r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛ ♣❛❞rã♦✧ ❞❡ ✉♠ ✈♦❧✉♥tár✐♦ ♥❛ ❢r❡q✉ê♥❝✐❛

✵✹❍③✳ ❊st❛ ❝✉r✈❛ r❡♣r❡s❡♥t❛ ❛ ♠é❞✐❛ ❡♥tr❡ ♦s ❝❛♥❛✐s ❞♦ ✈♦❧✉♥tár✐♦ ✉s❛❞♦ ♥♦ ❡st✉❞♦✳ ✸✼

✺✳✻ ❈✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♠é❞✐❛s ❞♦s ✈♦❧✉♥tár✐♦s ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ ✉t✐❧✐③❛❞❛ ✭✹✱

✽✱ ✶✻ ❡ ✷✹ ❍③✮ ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✳ ❆s ❞✉❛s ❜❛rr❛s ✈❡rt✐❝❛✐s ✐♥❞✐❝❛♠ ♦ ♣❡rí♦❞♦ ❞♦

❡stí♠✉❧♦✳ ❆ ❝✉r✈❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ à ❍❜❖✱❛ ❛③✉❧ à ❍❜❘ ❡ ❛ ✈❡r❞❡ à ❍❜❚✳ ✳ ✳ ✳ ✸✼

✺✳✼ ❈✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛✱ ♣❛r❛ ❝❛❞❛ ❝r♦♠ó❢♦r♦✳ ◆♦ ❣rá✜❝♦ ❆

sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝✉r✈❛s ❞♦ ❝r♦♠ó❢♦r♦ ❍❜❖❀ ♦ ❣rá✜❝♦ ❇ ❛s ❝✉r✈❛s r❡❢❡r❡♥t❡s ❛♦

❝r♦♠ó❢♦r♦ ❍❜❘ ❡ ♥♦ ❣rá✜❝♦ ❈ ❛s ❝✉r✈❛s r❡❧❛t✐✈❛s ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❚✳ ❆s ❝♦r❡s ❞❛

❝✉r✈❛ r❡♣r❡s❡♥t❛♠ ❛s ❢r❡q✉ê♥❝✐❛s ❞♦ ❡stí♠✉❧♦✿ ✈❡r♠❡❧❤❛ ✭✵✹Hz✮❀ ❛③✉❧ ✭✵✽Hz✮❀ ✈❡r❞❡

✭✶✻Hz✮ ❡ ♣r❡t❛ ✭✷✹Hz✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✾

✺✳✽ ❉✐s♣❡rsã♦ ❞❛s ♠❡❞✐❞❛s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✳ ♣♦s✐çã♦ ❞❛s ❝✉r✈❛s✿❆ ✭❍❜❖✮✱ ❇ ✭❍❜❘✮

❡ ❈ ✭❍❜❚✮✳ ❆s ❝♦r❡s ❞❛ ❝✉r✈❛ r❡♣r❡s❡♥t❛♠ ❛s ❢r❡q✉ê♥❝✐❛s ❞♦ ❡stí♠✉❧♦✿ ✈❡r♠❡❧❤❛

✭✵✹Hz✮❀ ❛③✉❧ ✭✵✽Hz✮❀ ✈❡r❞❡ ✭✶✻Hz✮ ❡ ♣r❡t❛ ✭✷✹Hz✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✵

✺✳✾ ▼á①✐♠♦ ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛✳ ❆ ✭❍❜❖✮✱ ❇ ✭❍❜❘✮ ❡ ❈ ✭❍❜❚✮ ✳ ✹✵

✺✳✶✵ ❚❡♠♣♦ ❛♦ ♠á①✐♠♦ ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✳ ❆✭❍❜❖✮✱ ❇ ✭❍❜❘✮ ❡ ❈

✭❍❜❚✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶

①①



▲■❙❚❆ ❉❊ ❋■●❯❘❆❙

✺✳✶✶ ❆❥✉st❡s ❞❛s ❝✉r✈❛s ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝r♦♠ó❢♦r♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✸

✻✳✶ ❆✮ ❱♦❧✉♥tár✐♦ ♣r♦♥t♦ ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦✳ ❇✮ ❉❡t❛❧❤❡ ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ♣♦s✐❝✐♦♥❛❞♦

♥❛ ♣❡r♥❛ ✭♠ús❝✉❧♦ ✈❛st♦ ❧❛t❡r❛❧✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✼

✻✳✷ ●❡♦♠❡tr✐❛ ❢r♦♥t❛❧ ✉s❛❞❛ ♥❛s ❛q✉✐s✐çã♦ ❞♦ ❡①❡r❝í❝✐♦ ❢ís✐❝♦✱ t❛♥t♦ ♥❛ t❛r❡❢❛ ❛❜❡rt❛

q✉❛♥t♦ ♥❛ ❢❡❝❤❛❞❛✳ ❆s ❢♦♥t❡s ❳✶ ❡ ❳✷ ✜❝❛r❛♠ ❧♦❝❛❧✐③❛❞❛s ❞♦ ❧❛❞♦ ❞✐r❡✐t♦ ❡ ❛s ❢♦♥t❡s

❳✸ ❡ ❳✹ ✜❝❛r❛♠ ❧♦❝❛❧✐③❛❞❛s ❞♦ ❧❛❞♦ ❡sq✉❡r❞♦✳ ❖s ❝❛♥❛✐s ♠❛r❝❛❞♦s ♥❛ ✜❣✉r❛ ❢♦r❛♠

♦s ✉t✐❧✐③❛❞♦s ♥❛ ❛♥á❧✐s❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽

✻✳✸ ❆ ✲ ❆rr❛♥❥♦ ó♣t✐❝♦ ♠✉s❝✉❧❛r ✉s❛❞♦ ♥❛s ❛q✉✐s✐çã♦ ❞♦ ❡①❡r❝í❝✐♦ ❢ís✐❝♦ t❛♥t♦ ♥❛ t❛r❡❢❛

❛❜❡rt❛ q✉❛♥t♦ ♥❛ ❢❡❝❤❛❞❛✳ ❖s ✧❳✧ r❡♣r❡s❡♥t❛♠ ❛s ❢♦♥t❡s ❡ ♦s ✧❖✧ r❡♣r❡s❡♥t❛♠ ♦s

❞❡t❡❝t♦r❡s✳ ❖s ❝❛♥❛✐s ♠❛r❝❛❞♦s ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♥❛s ❛♥á❧✐s❡s✳ ❇ ✲ ▼ús❝✉❧♦s ♣r❡s❡♥t❡s

♥❛ ♣❡r♥❛✱ ❞❡t❛❧❤❡ ❞♦ ♠ús❝✉❧♦ ❱❛st♦ ▲❛t❡r❛❧ ♦♥❞❡ é ♣♦s✐❝✐♦♥❛❞♦ ♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ❞♦

◆■❘❙✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❡ ❛❞❛♣t❛❞❛ ❞❡ ❤tt♣✿✴✴♣t✳✇✐❦✐♣❡❞✐❛✳♦r❣✴✇✐❦✐✴❋✐❝❤❡✐r♦✿❱❛st✉s❴

❧❛t❡r❛❧✐s❴♠✉s❝❧❡✳♣♥❣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾

✻✳✹ ❊sq✉❡♠❛ ❞❡ ✉♠❛ ❛q✉✐s✐çã♦ ❝♦♠♣❧❡t❛ ♣❛r❛ ✉♠ t❡st❡ ❛❜❡rt♦ ♦✉ ❢❡❝❤❛❞♦✳ ❜❛s❡❧✐♥❡✭✶✷✵

s✮✱ ❛q✉❡❝✐♠❡♥t♦ ❧✐✈r❡✭✸✵✵ s✮✱ ❛q✉❡❝✐♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✭✶✷✵ s✮✱ ❛ ♣❛rt❡ ❞♦ t❡st❡ q✉❡

♣♦❞❡ s❡r ✉♠❛ t❛r❡❢❛ ❢❡❝❤❛❞❛ ♦✉ ❛❜❡rt❛ ❡ ♦ ❞❡s❝❛♥s♦ ✜♥❛❧ ✭✶✷✵ s✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵

✻✳✺ ❊sq✉❡♠❛ ❞♦ ❡①❡r❝í❝✐♦ ❞❡ t❛r❡❢❛ ❛❜❡rt❛ ✭❚❡st❡ ♣r♦❣r❡ss✐✈♦✮✳ ◆❡st❡ ❡①❡r❝í❝✐♦ ♦ ✈♦❧✉♥tá✲

r✐♦ t❡♠ q✉❡ r❡❛❧✐③❛r ❛ t❛r❡❢❛ ❛té ❛ ❡①❛✉stã♦✳ ❆ ❡①❛✉stã♦ é ❞❡✜♥✐❞❛ q✉❛♥❞♦ ♦ ✈♦❧✉♥tár✐♦
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✭❍❜❖✮✱ ❛③✉❧ ✭❍❜❘✮ ❡ ✈❡r❞❡ ✭❍❜❚✮✳ ❆s ❜❛rr❛s ✈❡rt✐❝❛✐s r❡♣r❡s❡♥t❛♠ ♦ ♣❡rí♦❞♦ ❞❡

❛♣♥❡✐❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✻

✼✳✻ ❈✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞❡ t♦❞♦s ♦s ❝❛♥❛✐s ♣❛r❛ ✉♠ ✈♦❧✉♥tár✐♦✳ ❈✉r✈❛s ✈❡r♠❡❧❤❛

✭❍❜❖✮✱ ❛③✉❧ ✭❍❜❘✮ ❡ ✈❡r❞❡ ✭❍❜❚✮✳ ❆s ❜❛rr❛s ✈❡rt✐❝❛✐s r❡♣r❡s❡♥t❛♠ ♦ ♣❡rí♦❞♦ ❞❡

❛♣♥❡✐❛✳ ❖s ❝❛♥❛✐s ❍✶✹✱ ❍✶✼ ❡ ❍✶✽ ❢♦r❛♠ r❡t✐r❛❞♦s ❞❛ ❛♥á❧✐s❡ ♣♦✐s ♥ã♦ ♣❛ss❛r❛♠ ♥♦

t❡st❡ ❞❛ r❡❧❛çã♦ ❙◆❘✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✽

✼✳✼ ❈✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞❡ ❝❛❞❛ ❝❛♥❛❧ ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦ s❡♣❛r❛❞❛s ♣♦r ❤❡♠✐s❢ér✐♦s ❡

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

✼✳✽ ❘❡s♣♦st❛ ♣❛❞rã♦ ❤❡♠♦❞✐♥â♠✐❝❛ ❞♦s ❤❡♠✐s❢ér✐♦s ❡sq✉❡r❞♦ ❡ ❞✐r❡✐t♦ ❞❡ ✉♠ ✈♦❧✉♥tár✐♦✱

❝♦♠ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ❞♦ ❧❛❞♦ ❡sq✉❡r❞♦ ❁✺✵✪ ❡ ❞♦ ❧❛❞♦ ❞✐r❡✐t♦ ❃✼✵✪✳ ❆s ❜❛rr❛s

✈❡rt✐❝❛✐s ✐♥❞✐❝❛♠ ♦ ♣❡rí♦❞♦ ❞❡ ❛♣♥❡✐❛✳✭❆✮ ✲ ❍❡♠✐s❢ér✐♦ ❡sq✉❡r❞♦❀ ❣✶ ✲ ❣r❛✉ ❞❡ ❡st❡♥♦s❡

♥♦r♠❛❧❀ ✭❇✮ ✲ ❍❡♠✐s❢ér✐♦ ❞✐r❡✐t♦❀ ❣✸ ✲ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ✼✵ ❛ ✾✾✪ ♦❝❧✉í❞♦ ✳ ✳ ✳ ✳ ✳ ✳ ✽✾

✼✳✾ ❘❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♣❛❞rã♦ ❞♦s ❤❡♠✐s❢ér✐♦s ❞✐r❡✐t♦ ❡ ❡sq✉❡r❞♦ ❞❡ ✉♠ ✈♦❧✉♥tá✲

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

❆s ❜❛rr❛s ✈❡rt✐❝❛✐s ✐♥❞✐❝❛♠ ♦ ♣❡rí♦❞♦ ❞❡ ❛♣♥❡✐❛✳✭❆✮ ✲ ❍❜❖❀ ✭❇✮ ✲ ❍❜❘❀ ✭❈✮ ✲ ❍❜❚ ✾✵

✼✳✶✵ ▼é❞✐❛ ❞❛s r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛ ♣❛❞rã♦ ♣❛r❛ ♦s ❣r✉♣♦s ✶✭♥♦r♠❛❧✮ ❡ ✷✭❛❧t❡r❛❞♦✮✳

❆s ❜❛rr❛s ✈❡rt✐❝❛✐s ✐♥❞✐❝❛♠ ♦ ♣❡rí♦❞♦ ❞❡ ❛♣♥❡✐❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✶

①①✐✐



▲■❙❚❆ ❉❊ ❋■●❯❘❆❙

✼✳✶✶ ▼é❞✐❛s ❞♦s ❣r✉♣♦s ✭♥♦r♠❛❧✱ ❛❧t❡r❛❞♦ ❡ ♦❝❧✉í❞♦✮ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝r♦♠ó❢♦r♦s ✭∆CHbO

✱ ∆CHbR ❡ ∆CHbT ✮✳ ❊♠ ❛③✉❧ ✭◆♦r♠❛❧✮✱ ❡♠ ✈❡r♠❡❧❤♦ ✭❛❧t❡r❛❞♦✮ ❡ ♣r❡t♦✭♦❝❧✉í❞♦✮✳ ❆s

❜❛rr❛s ✈❡rt✐❝❛✐s ✐♥❞✐❝❛♠ ♦ ♣❡rí♦❞♦ ❞❡ ❛♣♥❡✐❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✷

①①✐✐✐



▲■❙❚❆ ❉❊ ❋■●❯❘❆❙

①①✐✈



▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✸✳✶ ❘❡s✉♠♦ ❞❛s ♣r✐♥❝✐♣❛✐s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ♦s ❡q✉✐♣❛♠❡♥t♦s ✉t✐❧✐③❛❞♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✼

✺✳✶ ❱❛❧♦r❡s ❞♦ ❧✐♠✐❛r ❞♦ ❙◆❘ ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛♥❛✐s ✉t✐❧✐③❛❞♦s ✭◗❈❯✮♣❛r❛ ❝❛❞❛ ✈♦✲

❧✉♥tár✐♦✳ ▼é❞✐❛✭
∑n

i=1
xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✺

✺✳✷ ❆s ❝♦rr❡❧❛çõ❡s ❡♥tr❡ ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♠é❞✐❛s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ❡♥tr❡

❢r❡q✉ê♥❝✐❛s ❞✐❢❡r❡♥t❡s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

✻✳✶ ❈❛r❛❝t❡r✐③❛çã♦ ❞♦s ❞♦✐s ❣r✉♣♦s ❞❡ ✈♦❧✉♥tár✐♦s q✉❡ ♣❛rt✐❝✐♣❛r❛♠ ❞♦ ❡st✉❞♦✳ ✳ ✳ ✳ ✳ ✳ ✹✼

✻✳✷ ❱❛❧♦r❡s ❞♦ ❧✐♠✐❛r ❞♦ ❙◆❘ ✭❙◆❘✮ ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛♥❛✐s ✉t✐❧✐③❛❞♦s ✭◗❈❯✮ ♣❛r❛

❝❛❞❛ ✈♦❧✉♥tár✐♦ ♥❛s ❞✉❛s r❡❣✐õ❡s ♠❡❞✐❞❛s ✭❋r♦♥t❛❧ ❡ ▼✉s❝✉❧❛r✮✳ ▼é❞✐❛✭
∑n

i=1
xn

n
✮❀ ❡rr♦

✭ σp√
(n)

✮❀ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✻✳✸ ❚❛❜❡❧❛ ❝♦♠ ♦s t❡♠♣♦s ❞❡ ❡①❡r❝í❝✐♦ ❞♦s ✈♦❧✉♥tár✐♦s ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s ♥❛s t❛r❡❢❛s

♣r♦❣r❡ss✐✈❛s✳ ❉✐❛ ✶ ✲ ❢❛♠✐❧✐❛r✐③❛çã♦❀ ❉✐❛ ✷ ✲ ❝♦♥tr♦❧❡❀ t❡♠♣♦ ❞❡ ❞✉r❛çã♦ ❞♦s t❡st❡s ❡♠

s❡❣✉♥❞♦s❀ ▼é❞✐❛✭
∑n

i=1
xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✻

✻✳✹ ❱❛❧♦r❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✱ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♠❡❞✐❞❛s ♥❛ r❡❣✐ã♦

❢r♦♥t❛❧ ❞✐r❡✐t❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✼

✻✳✺ ❱❛❧♦r❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s✱ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♣❛r❛ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧

❡sq✉❡r❞❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✻✳✻ ❱❛❧♦r❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♠❡❞✐❞❛s ♣❛r❛ ❛ r❡❣✐ã♦

♠✉s❝✉❧❛r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✾

✻✳✼ ❚❛❜❡❧❛ ❝♦♠ ♦s ✈❛❧♦r❡s ❞❛s ❝♦rr❡❧❛çõ❡s ❡♥tr❡ ❞✐❛s ❞✐❢❡r❡♥t❡s✱ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝r♦✲

♠ó❢♦r♦s✳ ▼é❞✐❛✭
∑n

i=1
xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

✻✳✽ ❉✐stâ♥❝✐❛ ♣♦r❝❡♥t✉❛❧ ❡♥tr❡ ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♠é❞✐❛s ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s✳ ✳ ✻✵

✻✳✾ ❉✉r❛çã♦ ❡ ♣♦tê♥❝✐❛ ✜♥❛❧ ❞♦s t❡st❡s ♣r♦❣r❡ss✐✈♦s ❡♠ ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❡

♥♦s ❝✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s✳ ▼é❞✐❛✭
∑n

i=1
xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✷

✻✳✶✵ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♠á①✐♠♦ ❞♦ ❝r♦♠ó❢♦r♦ ❡ ♦ ✈❛❧♦r ❞❛ ♣♦r❝❡♥✲

t❛❣❡♠ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ ❛♦ ♠á①✐♠♦ ❞♦ t❡st❡ ♣❛r❛ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛✳ ✳ ✳ ✳ ✳ ✻✸

✻✳✶✶ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♠á①✐♠♦ ❞♦ ❝r♦♠ó❢♦r♦ ❡ ♦ ✈❛❧♦r ❞❛ ♣♦r❝❡♥✲

t❛❣❡♠ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ ❛♦ ♠á①✐♠♦ ❞♦ t❡st❡ ♣❛r❛ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛✳ ✳ ✳ ✳ ✻✸

✻✳✶✷ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ ❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✹

✻✳✶✸ ❉✉r❛çã♦ ❞♦ t❡st❡ ❞♦s ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❡♠ t❡st❡s ♣r♦❣r❡ss✐✈♦s ♥❛s ❞✐✲

❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s✳ ◆♦s ❣r✉♣♦s ❝❛❢❡í♥❛ ❡ ♣❧❛❝❡❜♦✿ ❉✉r❛çã♦ ❞♦ t❡st❡ ❡♠ s❡❣✉♥❞♦s ⑤

❞✐❢❡r❡♥ç❛ ❡♠ r❡❧❛çã♦ ❛♦ t❡st❡ ❝♦♥tr♦❧❡ ❡♠ s❡❣✉♥❞♦s ✭♣♦r❝❡♥t❛❣❡♠ ❞❡ ♠❡❧❤♦r❛ ✪✮✳

▼é❞✐❛✭
∑n

i=1
xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✼

①①✈



▲■❙❚❆ ❉❊ ❚❆❇❊▲❆❙

✻✳✶✹ P♦tê♥❝✐❛ ✜♥❛❧ ❞♦ t❡st❡ ♣❛r❛ ❝❛❞❛ ❝♦♥❞✐çã♦ ♣❛r❛ ❝❛❞❛ ✈♦❧✉♥tár✐♦✳ ▼é❞✐❛✭
∑n

i=1
xn

n
✮❀

❡rr♦ ✭ σp√
(n)

✮❀ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✼

✻✳✶✺ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♠á①✐♠♦ ❞♦ ❝r♦♠ó❢♦r♦ ❡ ♦ ✈❛❧♦r ❞❛ ♣♦r❝❡♥✲

t❛❣❡♠ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ ❛♦ ♠á①✐♠♦ ❞♦ t❡st❡✱ ♣❛r❛ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛✳ ✳ ✳ ✳ ✳ ✻✾

✻✳✶✻ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♠á①✐♠♦ ❞♦ ❝r♦♠ó❢♦r♦ ❡ ♦ ✈❛❧♦r ❞❛ ♣♦r❝❡♥✲

t❛❣❡♠ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ ❛♦ ♠á①✐♠♦ ♣❛r❛ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✵

✻✳✶✼ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞❛ ❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✶

✻✳✶✽ ❚❛❜❡❧❛ ❝♦♠ ♦s t❡♠♣♦s✱ ❡♠ s❡❣✉♥❞♦s✱ ❞♦s ✈♦❧✉♥tár✐♦s ❡♠ t❡st❡s ❝♦♥tr❛ ♦ r❡❧ó❣✐♦ ❡♠

♣r♦✈❛s ❞❡ ✹❑♠✱ ♣❛r❛ ♦s ✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s✳ ◆♦s ❣r✉♣♦s ♣❧❛❝❡❜♦ ❡ ❝❛❢❡í♥❛ ❛♣r❡s❡♥✲

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

❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ♠❡❧❤♦r❛ ❡♠ r❡❧❛çã♦ ❛♦ ♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡✳ ▼é❞✐❛✭
∑n

i=1
xn

n
✮❀ ❡rr♦

✭ σp√
(n)

✮❀ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✹

✻✳✶✾ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ à r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛✳ ✳ ✳ ✳ ✳ ✼✹

✻✳✷✵ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛✳ ✳ ✳ ✳ ✼✺

✻✳✷✶ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ à r❡❣✐ã♦ ♠✉s❝✉❧❛r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✻

✼✳✶ ❘❡s✉♠♦ ❞❛ ❞❡♠♦❣r❛✜❛ ❡ ❝❛r❛❝t❡r✐③❛çã♦ ❞♦s ♣❛❝✐❡♥t❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✸

✼✳✷ ❱❛❧♦r❡s ❞♦ ❧✐♠✐❛r ❞♦ ❙◆❘ ♣❛r❛ ❝❛❞❛ ❤❡♠✐s❢ér✐♦ ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛♥❛✐s ✉t✐❧✐③❛❞♦s

✭◗❈❯✮ ♣❛r❛ ❝❛❞❛ ✈♦❧✉♥tár✐♦✳ ▼é❞✐❛✭
∑n

i=1
xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✼

✼✳✸ ❱❛❧♦r❡s ♠á①✐♠♦s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ❡♠ ❝❛❞❛ ❤❡♠✐s❢ér✐♦ ♣❛r❛ ❝❛❞❛

✈♦❧✉♥tár✐♦✳ ●❊ ✲ ❣r❛✉ ❞❡ ❡st❡♥♦s❡❀ ▼ ✲ ♠á①✐♠♦ ❞♦ ❝r♦♠ó❢♦r♦❀ t♦❞♦s ♦s ✈❛❧♦r❡s ❞♦s

♠á①✐♠♦s ❡stã♦ t❛❜❡❧❛❞♦s ❡♠ µ ▼♦❧❛r❀ ✈❛❧♦r❡s ♠❛✐♦r❡s ❡stã♦ ❡♠ ♥❡❣r✐t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✾✵

✼✳✹ ❱❛❧♦r❡s r❡❢❡r❡♥t❡s às ❝✉r✈❛s ♠é❞✐❛s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦s ❞♦✐s ❣r✉♣♦s ✭♥♦r♠❛❧ ✴ ❛❧t❡✲

r❛❞♦✮✳ ❱❛❧♦r❡s ♣❛r❛ ♦ ♠á①✐♠♦✱ ❛♠♣❧✐t✉❞❡ ❞♦s ❝r♦♠ó❢♦r♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✷

✼✳✺ ❱❛❧♦r❡s r❡❢❡r❡♥t❡s ❛s ❝✉r✈❛s ♠é❞✐❛s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦s ❞♦✐s ❣r✉♣♦s ✭♥♦r♠❛❧ ✴ ❛❧t❡✲

r❛❞♦✮✳ ❚❡♠♣♦ ♣❛r❛ ❛t✐♥❣✐r ❛♦ ♠á①✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✷

✼✳✻ ❱❛❧♦r❡s r❡❢❡r❡♥t❡s às ❝✉r✈❛s ♠é❞✐❛s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦s três ❣r✉♣♦s ✭♥♦r♠❛❧✱ ❛❧t❡r❛❞♦

❡ ♦❝❧✉í❞♦✮✳ ❱❛❧♦r❡s ♣❛r❛ ♦ ♠á①✐♠♦✱ ❛♠♣❧✐t✉❞❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✸

✼✳✼ ❱❛❧♦r❡s r❡❢❡r❡♥t❡s ❛s ❝✉r✈❛s ♠é❞✐❛s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦s três ❣r✉♣♦s ✭♥♦r♠❛❧✱ ❛❧t❡r❛❞♦

❡ ♦❝❧✉í❞♦✮✳ ❚❡♠♣♦ ♣❛r❛ ❛t✐♥❣✐r ❛♦ ♠á①✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✸

✼✳✽ ❘❡❧❛çã♦ ❞♦s ♣❛❝✐❡♥t❡s ❝♦♠ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦♠✉♥✐❝❛♥t❡s ❛❜❡rt❛s ♣♦r ♣❛❝✐❡♥t❡ ✳ ✳ ✳ ✾✹

✼✳✾ ❈♦❧❛t❡r❛✐s ❛❜❡rt❛s ❝♦♥tr❛ ♦ ❣r❛✉ ❞❡ ❡st❡♥♦s❡✳ ◆❈❆✲ ◆ú♠❡r♦ ❞❡ ❝♦♠✉♥✐❝❛♥t❡s ❛❜❡rt❛s❀

◆❉ ✲ ♥❡♥❤✉♠❛ ❝♦❧❛t❡r❛❧ ❛❜❡rt❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✺

①①✈✐



▲✐st❛ ❞❡ ❆❜r❡✈✐❛t✉r❛s

❆■❚ ❆❝✐❞❡♥t❡ ■sq✉ê♠✐❝♦ ❚r❛♥s✐tór✐♦

❆❱❈ ❆❝✐❞❡♥t❡ ❱❛s❝✉❧❛r ❈❡r❡❜r❛❧

❇❈■ ■♥t❡r❢❛❝❡ ❈ér❡❜r♦ ❈♦♠♣✉t❛❞♦r ✭❇r❛✐♥ ❈♦♠♣✉t❡r ■♥t❡r❢❛❝❡✮

❇❖▲❉ ❉❡♣❡♥❞❡♥t❡ ❞♦ ♥í✈❡❧ ❞❡ ♦①✐❣❡♥❛çã♦ ❞♦ s❛♥❣✉❡ ✭❇❧♦♦❞ ❖①②❣❡♥❛t✐♦♥ ▲❡✈❡❧ ❉❡♣❡♥❞❡♥t✮

❈●▲ ❈♦r♣♦ ❣❡♥✐❝✉❧❛❞♦ ❧❛t❡r❛❧

❉❈ ❉é❜✐t♦ ❝❛r❞í❛❝♦

❊❊● ❊❧❡tr♦❡♥❝❡❢❛❧♦❣r❛✜❛

❊❙❈❚ ❊✉r♦♣❡❛♥ ❙✉r❣❡r② ❈❛r♦t✐❞ ❚r✐❛❧

❢▼❘■ ■♠❛❣❡♠ ♣♦r ❘❡ss♦♥â♥❝✐❛ ▼❛❣♥ét✐❝❛ ❋✉♥❝✐♦♥❛❧ ✭❋✉♥❝t✐♦♥❛❧ ▼❛❣♥❡t✐❝ ❘❡s♦♥❛♥❝❡ ■♠❛❣✐♥❣✮

●❊ ●r❛❞❛çã♦ ❞❛ ❡st❡♥♦s❡

❍❜❖ ❖①✐✲❤❡♠♦❣❧♦❜✐♥❛

❍❜❘ ❉❡♦①✐✲❤❡♠♦❣❧♦❜✐♥❛

❍❜❚ ❍❡♠♦❣❧♦❜✐♥❛ t♦t❛❧

❍P❋ ❋✐❧tr♦ ♣❛ss❛ ❛❧t❛ ✭❍✐❣❤ ♣❛ss ✜❧t❡r✮

▲P❋ ❋✐❧tr♦ ♣❛ss❛ ❜❛✐①❛ ✭▲♦✇ ♣❛ss ✜❧t❡r✮

▼❇▲▲ ▲❡✐ ❞❡ ❇❡❡r✲▲❛♠❜❡rt ▼♦❞✐✜❝❛❞❛

▼❈❆❈ ▼♦❞❡❧♦ ❈❛r❞✐♦✈❛s❝✉❧❛r✴❆♥❛❡ró❜✐♦✴❈❛t❛stró✜❝♦

▼❍❜❖ ❖①✐✲♠✐♦❣❧♦❜✐♥❛

▼❍❜❘ ❉❡♦①✐✲♠✐♦❣❧♦❜✐♥❛

▼❍❜❚ ▼✐♦❣❧♦❜✐♥❛ t♦t❛❧

◆❆❙❈❊❚ ◆♦rt❤ ❆♠❡r✐❝❛♥ ❙②♠♣t♦♠❛t✐❝ ❈❛r♦t✐❞ ❊♥❞❛rt❡r❡❝t♦♠② ❚r✐❛❧

◆■❘ ■♥❢r❛ ❱❡r♠❡❧❤♦ Pró①✐♠♦ ✭◆❡❛r ■♥❢r❛❘❡❞✮

◆■❘❙ ❊s♣❡❝tr♦s❝♦♣✐❛ ♥♦ ■♥❢r❛ ❱❡r♠❡❧❤♦ Pró①✐♠♦ ✭◆❡❛r ■♥❢r❛❘❡❞ ❙♣❡❝tr♦s❝♦♣②✮

◆■❘① ❊♠♣r❡s❛ r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ❡q✉✐♣❛♠❡♥t♦ ◆■❘❙❝♦✉t

P❊❚ ❚♦♠♦❣r❛✜❛ ♣♦r ❊♠✐ssã♦ ❞❡ Pós✐tr♦♥ ✭P♦s✐tr♦♥ ❊♠✐ss✐♦♥ ❚♦♠♦❣r❛♣❤②✮

❘❋❉ ❘❡❣✐ã♦ ❋r♦♥t❛❧ ❉✐r❡✐t❛

❘❋❊ ❘❡❣✐ã♦ ❋r♦♥t❛❧ ❊sq✉❡r❞❛

❘▼ ❘❡ss♦♥â♥❝✐❛ ▼❛❣♥ét✐❝❛

❘▼✉s❝ ❘❡❣✐ã♦ ▼✉s❝✉❧❛r

❙◆❈ ❙✐st❡♠❛ ◆❡r✈♦s♦ ❈❡♥tr❛❧

①①✈✐✐



▲■❙❚❆ ❉❊ ❆❇❘❊❱■❆❚❯❘❆❙

❙◆P ❙✐st❡♠❛ ◆❡r✈♦s♦ P❡r✐❢ér✐❝♦

❚❡❝❤❊♥ ❊♠♣r❡s❛ r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ❡q✉✐♣❛♠❡♥t♦ ❈❲✻

❳❍❜❖ ❙♦♠❛ ❞❡ ❖①✐✲❤❡♠♦❣❧♦❜✐♥❛ ❡ ❖①✐✲♠✐♦❣❧♦❜✐♥❛

❳❍❜❘ ❙♦♠❛ ❞❡ ❞❡♦①✐✲❤❡♠♦❣❧♦❜✐♥❛ ❡ ❞❡♦①✐✲♠✐♦❣❧♦❜✐♥❛

❳❍❜❚ ❙♦♠❛ ❞❡ ❤❡♠♦❣❧♦❜✐♥❛ t♦t❛❧ ❡ ♠✐♦❣❧♦❜✐♥❛ t♦t❛❧

①①✈✐✐✐



▲✐st❛ ❞❡ ❙í♠❜♦❧♦s

µa ❈♦❡✜❝✐❡♥t❡ ❞❡ ❛❜s♦rçã♦ ❞♦ t❡❝✐❞♦

µs ❈♦❡✜❝✐❡♥t❡ ❞❡ ❡s♣❛❧❤❛♠❡♥t♦ ❞♦ t❡❝✐❞♦

OD ❉❡♥s✐❞❛❞❡ ó♣t✐❝❛

lDPF ❋❛t♦r ❞❡ ❈❛♠✐♥❤♦ ❉✐❢❡r❡♥❝✐❛❧ ✭❉✐✛❡r❡♥t✐❛❧ P❛t❤❧❡♥❣t❤ ❋❛❝t♦r✮

ǫHbR ❈♦❡✜❝✐❡♥t❡ ❞❡ ❡①t✐♥çã♦ ❞❛ ❞❡s♦①✐✲❤❡♠♦❣❧♦❜✐♥❛

ǫHbO ❈♦❡✜❝✐❡♥t❡ ❞❡ ❡①t✐♥çã♦ ❞❛ ♦①✐✲❤❡♠♦❣❧♦❜✐♥❛

∆[HbO] ❱❛r✐❛çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐✲❤❡♠♦❣❧♦❜✐♥❛

∆[HbR] ❱❛r✐❛çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❞❡s♦①✐✲❤❡♠♦❣❧♦❜✐♥❛

∆[HbT ] ❱❛r✐❛çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ❤❡♠♦❣❧♦❜✐♥❛ t♦t❛❧

V O2 ❈♦♥s✉♠♦ ❞❡ ♦①✐❣ê♥✐♦

V O2max ❈♦♥s✉♠♦ ❞❡ ♦①✐❣ê♥✐♦ ♠á①✐♠♦

①①✐①



▲■❙❚❆ ❉❊ ❙❮▼❇❖▲❖❙

①①①



❈❛♣ít✉❧♦ ✶

■◆❚❘❖❉❯➬➹❖

❆ ❊s♣❡❝tr♦s❝♦♣✐❛ ♥❛ r❡❣✐ã♦ ❞♦ ✐♥❢r❛✈❡r♠❡❧❤♦ ♣ró①✐♠♦ ✭◆■❘❙ ✲ ◆❡❛r ■♥❢r❛❘❡❞ ❙♣❡❝tr♦s❝♦♣②✮ é

✉♠❛ té❝♥✐❝❛ ó♣t✐❝❛ q✉❡ ✈❡♠ s❡♥❞♦ ✉s❛❞❛ ❛t✉❛❧♠❡♥t❡ ♣❛r❛ ♠♦♥✐t♦r❛r ❛s ❛❧t❡r❛çõ❡s ❤❡♠♦❞✐♥â♠✐❝❛s ❡

❛s ✈❛r✐❛çõ❡s ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐✲❤❡♠♦❣❧♦❜✐♥❛ ✭❍❜❖✮ ❡ ❞❡s♦①✐✲❤❡♠♦❣❧♦❜✐♥❛ ✭❍❜❘✮✳ ❊st❛s ♠❡❞✐❞❛s

r❡❧❛t✐✈❛s às ❛❧t❡r❛çõ❡s só sã♦ ♣♦ssí✈❡✐s✱ ❡♠ t❡❝✐❞♦ ✈✐✈♦✱ ❣r❛ç❛s às ♣r♦♣r✐❡❞❛❞❡s ❞❡ ❛❜s♦rçã♦ ✭µa✮ ❡

❡s♣❛❧❤❛♠❡♥t♦ ✭µs✮ ❞♦s ❝r♦♠ó❢♦r♦s ✭❍❜❖ ❡ ❍❜❘✮ ♣r❡s❡♥t❡s ♥♦ t❡❝✐❞♦ ✭❨❖❉❍ ❡ ❈❍❆◆❈❊ ✭✶✾✾✺✮✮✳

❆ r❡❣✐ã♦ ❞♦ ❡s♣❡❝tr♦ ❝♦♠♣r❡❡♥❞✐❞♦ ♥❛ ❢❛✐①❛ ❞❡ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ ❡♥tr❡ 650 ❡ 900nm é

❝♦♥❤❡❝✐❞❛ ♣♦r r❡❣✐ã♦ ❞♦ ✐♥❢r❛✈❡r♠❡❧❤♦ ♣ró①✐♠♦ ✭◆■❘✮✳ ◆❡st❡ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛✱ ❛

tr❛♥s♠✐ssã♦ ❞❛ ❧✉③ ♣❡❧❛ ❡str✉t✉r❛ ❞❛ ❝❛❜❡ç❛ ✭♣❡❧❡✱ ♠ús❝✉❧♦✱ ♦ss♦✱ ❧íq✉✐❞♦ ❝ér❡❜r♦✲❡s♣✐♥❤❛❧ ❡ t❡❝✐❞♦

❝❡r❡❜r❛❧✮ ♦✉ ♠✉s❝✉❧❛r ✭♣❡❧❡✱ s✉❜❝✉tâ♥❡♦✱ ♠ús❝✉❧♦✮ é ❢❛✈♦r❡❝✐❞❛✳ ➱ ❡st❡ ❢❛✈♦r❡❝✐♠❡♥t♦ q✉❡ ♣❡r♠✐t❡ ♦

♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ❢♦r♠❛ ♥ã♦ ✐♥✈❛s✐✈❛ ❞❛ ♦①✐❣❡♥❛çã♦ ❞♦ t❡❝✐❞♦ ❝❡r❡❜r❛❧ ✭❱■▲▲❘■◆●❊❘ ❡ ❈❍❆◆❈❊

✭✶✾✾✼✮ ♦✉ ❞♦ t❡❝✐❞♦ ♠✉s❝✉❧❛r✳

❆s ♣r✐♠❡✐r❛s ❡✈✐❞ê♥❝✐❛s ❞♦ ✉s♦ ❞❛ ❧✉③ ♥❛ s✉❛ ❢♦r♠❛ ❝♦♥tí♥✉❛✱ ❡♠ ❛♣❧✐❝❛çõ❡s ♠é❞✐❝❛s✱ ❞❛t❛♠ ❞♦

✐♥✐❝✐♦ ❞♦ sé❝✉❧♦ ♣❛ss❛❞♦✱ q✉❛♥❞♦ ❈✉t❧❡r ✭❈❯❚▲❊❘ ✭✶✾✸✶✮✮✱ ❡♠ ✶✾✸✶✱ ♣r♦♣ôs ❞❡t❡❝t❛r ❧❡sõ❡s ✉s❛♥❞♦

❧✉③✳ ❊♠ ♠❡❛❞♦s ❞❛ ❞é❝❛❞❛ ❞❡ ✸✵ ❛♣❛r❡❝❡r❛♠ ♦s ♣r✐♠❡✐r♦s ♦①í♠❡tr♦s✿ ✐♥str✉♠❡♥t♦s q✉❡ ❢♦r♥❡❝❡♠

✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛ s❛t✉r❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ♥♦ s❛♥❣✉❡ ❛rt❡r✐❛❧ ✭P❊❚❊❘❙❖◆ ✭✶✾✽✻✮✮ ❡ ✉t✐❧✐③❛♠ ♦

♠❡s♠♦ ♣r✐♥❝í♣✐♦ ❞❛ té❝♥✐❝❛ ◆■❘❙✳ ❖ ❛❞✈❡♥t♦ ❞♦ ❧❛s❡r ♥❛ ❞é❝❛❞❛ ❞❡ ✶✾✻✵ ❛❝❛❜♦✉ ♣♦ss✐❜✐❧✐t❛♥❞♦ ♦

❛♣❛r❡❝✐♠❡♥t♦ ❞❡ té❝♥✐❝❛s ♠❛✐s r♦❜✉st❛s✱ ❣r❛ç❛s às ♣r♦♣r✐❡❞❛❞❡s ❞❡st❛ ♥♦✈❛ ❢♦♥t❡ ❞❡ ❧✉③✳

◆♦ ✜♠ ❞❛ ❞é❝❛❞❛ ❞❡ ✶✾✼✵✱ ❛ ♣❛rt✐r ❞♦s tr❛❜❛❧❤♦s ❞❡ ❏ö❜s✐s ✭❏Ö❇❙■❙ ❡t ❛❧✳ ✭✶✾✼✼✮✮✱ s✉r❣✐r❛♠

♦s ♣r✐♠❡✐r♦s ❡q✉✐♣❛♠❡♥t♦s ❞❡ ❡s♣❡❝tr♦s❝♦♣✐❛ ♥♦ ✐♥❢r❛✈❡r♠❡❧❤♦ ♣ró①✐♠♦ ✭◆■❘❙✮✳ ❆ té❝♥✐❝❛ s✉r❣✐✉

❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠♦♥✐t♦r❛r ✈❛r✐❛çõ❡s ❞❛ ♦①✐❣❡♥❛çã♦ ❝❡r❡❜r❛❧ ❡♠ r❡❧❛çã♦ ❛♦ ❡st❛❞♦ ❜❛s❛❧✳

❯t✐❧✐③❛♥❞♦ ♦s ♣r✐♥❝í♣✐♦s ❞❛s té❝♥✐❝❛s ❛♥t❡r✐♦r♠❡♥t❡ ❝✐t❛❞❛s ❡ ❢♦♥t❡s ❞❡ ❧✉③ ♥❛ ❢❛✐①❛ ❞♦ ✐♥❢r❛✲

✈❡r♠❡❧❤♦ ♣ró①✐♠♦✱ ❛ té❝♥✐❝❛ ◆■❘❙ ♣❡r♠✐t❡ q✉❛♥t✐✜❝❛r ❛s ✈❛r✐❛çõ❡s r❡❧❛t✐✈❛s ♦✉ ❛❜s♦❧✉t❛s ❞❛s ❝♦♥✲

❝❡♥tr❛çõ❡s ❞♦s ❝r♦♠ó❢♦r♦s ❍❜❖ ❡ ❍❜❘✱ ❞❡♥tr♦ ❞❡ ♠❡✐♦s ❛❧t❛♠❡♥t❡ ❡s♣❛❧❤❛❞♦r❡s ✭❝♦♠♦ ♦ ❝ér❡❜r♦✮✱

❛tr❛✈és ❞❛ ♠❡❞✐❞❛ ❞❛ ❞❡♥s✐❞❛❞❡ ❞❡ ❢ót♦♥s✱ ❛♣ós ❡st❡s s❡ ♣r♦♣❛❣❛r❡♠ ♥♦ ♠❡✐♦✳

❉✉r❛♥t❡ ♦s ú❧t✐♠♦s ❛♥♦s✱ ✉♠ ♥ú♠❡r♦ ❝r❡s❝❡♥t❡ ❞❡ ♣❡sq✉✐s❛❞♦r❡s t❡♠ ✉s❛❞♦ ❛ té❝♥✐❝❛ ◆■❘❙ ♥❛

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

❝❧í♥✐❝❛✳

◆❛ t❡♥t❛t✐✈❛ ❞❡ ❡♥t❡♥❞❡r ❡ ❡st✉❞❛r ❛ r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❝❡r❡❜r❛❧✱ ❛ té❝♥✐❝❛ ◆■❘❙ ❥á ❢♦✐

❡♠♣r❡❣❛❞❛ ♣❛r❛ ❡st✉❞❛r ✈ár✐♦s s✐st❡♠❛s ♥❡✉r❛✐s ❛ss♦❝✐❛❞♦s ♣♦r ❡①❡♠♣❧♦ ❛♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡✿

• ❡stí♠✉❧♦s ✈✐s✉❛✐s ✭ ❘❯❇❊◆ ❡t ❛❧✳ ✭✶✾✾✼✮✱ ▼❊❊❑ ❡t ❛❧✳ ✭✶✾✾✽✮✱ ❍❊❊❑❊❘❊◆ ❡t ❛❧✳ ✭✶✾✾✾✮✱

✶



✷ ✶✳✵

❍❊❊❑❊❘❊◆ ❡t ❛❧✳ ✭✶✾✾✼✮✱ ▼❊❊❑ ❡t ❛❧✳ ✭✶✾✾✺✮ ✮❀

• ❡stí♠✉❧♦s ❛✉❞✐t✐✈♦s ✭❙❆❑❆❚❆◆■ ❡t ❛❧✳ ✭✶✾✾✾✮✮❀

• ❡stí♠✉❧♦s s♦♠❛t♦ss❡♥s♦r✐❛✐s ✭❋❘❆◆❈❊❙❈❍■◆■ ❡t ❛❧✳ ✭✷✵✵✸✮✱ ❖❇❘■● ❡t ❛❧✳ ✭✶✾✾✻❛✮✱ ❖❇❘■● ❡t ❛❧✳

✭✶✾✾✻❜✮✮❀

• ❡stí♠✉❧♦s ♠♦t♦r❡s ✭❑▲❊■◆❙❈❍▼■❉❚ ❡t ❛❧✳ ✭✶✾✾✻✮✱ ❈❖▲■❊❘ ❡t ❛❧✳ ✭✶✾✾✾✮✱ ❍■❘❚❍ ❡t ❛❧✳

✭✶✾✾✻✮✮❀

• ❧✐♥❣✉❛❣❡♠ ✭❙❆❚❖ ❡t ❛❧✳ ✭✶✾✾✾✮✮✳

◆♦ â♠❜✐t♦ ❞❛ ♣❡sq✉✐s❛ ❝❧í♥✐❝❛✱ ♣♦❞❡♠♦s ❝✐t❛r ♦ ✉s♦ ❞❡ ◆■❘❙ ❡♠✿

• ♣r❡✈❡♥çã♦ ❡ tr❛t❛♠❡♥t♦ ❞❡ ❝r✐s❡s ❡♣✐❧ét✐❝❛s ✭❙❚❊■◆❍❖❋❋ ❡t ❛❧✳ ✭✶✾✾✻✮✱ ❆❉❊▲❙❖◆ ❡t ❛❧✳

✭✶✾✾✾✮✱ ❙❖❑❖▲ ❡t ❛❧✳ ✭✷✵✵✵✮✱ ❲❆❚❆◆❆❇❊ ❡t ❛❧✳ ✭✷✵✵✵✮✮❀

• ❡st❡♥♦s❡s ✭▲■ ❡t ❛❧✳ ✭✷✵✶✶✮✱ P❆▲❆❩❩❖ ❡t ❛❧✳ ✭✷✵✶✵✮✮ ❀

• r❡❛❜✐❧✐t❛çã♦ ❞❡ ❆❝✐❞❡♥t❡ ❱❛s❝✉❧❛r ❈❡r❡❜r❛❧ ✭❆❱❈✮ ✭❱❊❘◆■❊❘■ ❡t ❛❧✳ ✭✶✾✾✾✮✱ ❈❍❊◆ ❡t ❛❧✳

✭✷✵✵✵✮✱ ◆❊▼❖❚❖ ❡t ❛❧✳ ✭✷✵✵✵✮✱ ❙❆■❚❖❯ ❡t ❛❧✳ ✭✷✵✵✵✮✮✳

P♦❞❡♠♦s ❝✐t❛r t❛♠❜é♠ ♦ s❡✉ ✉s♦ ❡♠ ♣r♦❜❧❡♠❛s ♣s✐q✉✐átr✐❝♦s✱ t❛✐s ❝♦♠♦✿

• ❞❡♣r❡ssã♦ ✭❖❑❆❉❆ ❡t ❛❧✳ ✭✶✾✾✻✮✱ ❊❙❈❍❲❊■▲❊❘ ❡t ❛❧✳ ✭✷✵✵✵✮✱ ▼❆❚❙❯❖ ❡t ❛❧✳ ✭✷✵✵✵✮✮❀

• ❞♦❡♥ç❛ ❞❡ ❆❧③❤❡✐♠❡r ✭❍❖❈❑ ❡t ❛❧✳ ✭✷✵✵✻✮✱ ❋❆▲▲●❆❚❚❊❘ ❡t ❛❧✳ ✭✶✾✾✼✮✱ ❍❖❈❑ ❡t ❛❧✳ ✭✶✾✾✼✮✱

❍❆◆▲❖◆ ❡t ❛❧✳ ✭✶✾✾✾✮✮❀

• ❡sq✉✐③♦❢r❡♥✐❛ ✭❖❑❆❉❆ ❡t ❛❧✳ ✭✶✾✾✹✮✱ ❋❆▲▲●❆❚❚❊❘ ❡ ❙❚❘■❑ ✭✷✵✵✵✮✮✳

❆❧é♠ ❞❡ s✉❛ ✉t✐❧✐③❛çã♦ ❡♠ ♦✉tr❛s ❛♣❧✐❝❛çõ❡s✿

• ❞✉r❛♥t❡ ❛ r❡❛❧✐③❛çã♦ ❞❡ ❡①❡r❝í❝✐♦s ❢ís✐❝♦s ✭❇❊▲❆❘❉■◆❊▲▲■ ❡t ❛❧✳ ✭✶✾✾✺✮✮❀

• ✐♥t❡r❢❛❝❡ ❝ér❡❜r♦ ❝♦♠♣✉t❛❞♦r ✭❇❈■✮✭▼❆❚❚❍❊❲❙ ❡t ❛❧✳ ✭✷✵✵✽✮✮✳

❯♠❛ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛ té❝♥✐❝❛ é ❛ s✉❛ ✈❡rs❛t✐❧✐❞❛❞❡✱ ♦ q✉❡ ♣♦❞❡ s❡r ✈❡r✐✜❝❛❞♦ ♦❧❤❛♥❞♦ ❛s

❛♣❧✐❝❛çõ❡s ❝✐t❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡✳ ❊st❛ ✈❡rs❛t✐❧✐❞❛❞❡ s❡ ❛♠♣❧✐❛ q✉❛♥❞♦ ❛ ❛♣❧✐❝❛♠♦s ❡♠ ❝♦♥❥✉♥t♦

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

✐♥❢♦r♠❛çõ❡s ❝♦♠♣❧❡♠❡♥t❛r❡s r❡❧❛❝✐♦♥❛❞❛s às ❝❛r❛❝t❡ríst✐❝❛s ❞❛s té❝♥✐❝❛s ✉t✐❧✐③❛❞❛s✳ P♦r ❡①❡♠♣❧♦✱

♣♦❞❡♠♦s r❡❛❧✐③❛r ❛q✉✐s✐çõ❡s ❝♦♠❜✐♥❛❞❛s ❞❡ ◆■❘❙ ❝♦♠ ❢▼❘■ ✭■♠❛❣❡♠ ♣♦r ❘❡ss♦♥â♥❝✐❛ ▼❛❣♥ét✐❝❛

❋✉♥❝✐♦♥❛❧✮ ❡ ❊❊● ✭❊❧❡tr♦❡♥❝❡❢❛❧♦❣r❛✜❛✮✳

◆♦ ❝❛s♦ ❞❛ ❊❊● ✭●❆▲▲❆●❍❊❘ ❡t ❛❧✳ ✭✷✵✵✽✮✮✱ é ♣♦ssí✈❡❧ r❡❧❛❝✐♦♥❛r ❛ r❡s♣♦st❛ ❡❧❡tr♦✜s✐♦❧ó✲

❣✐❝❛ ❝♦♠ ❛ ❝♦♠♣♦♥❡♥t❡ ❤❡♠♦❞✐♥â♠✐❝❛✳ ◆♦ ❝❛s♦ ❞❛ ◆■❘❙ ❝♦♠❜✐♥❛❞♦ ❝♦♠ ❢▼❘■ ✭●❆●◆❖◆ ❡t ❛❧✳

✭✷✵✶✷✮✮✱ ❛♠❜❛s tê♠ ❝♦♠♦ ❢♦♥t❡ ❞❡ ❞❛❞♦s ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❛ss♦❝✐❛❞❛s às ❛t✐✈✐❞❛❞❡s ❛

s❡r❡♠ ❡st✉❞❛❞❛s✳ ❆ ❞✐❢❡r❡♥ç❛ s❡ ❞á ♥❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❝❛❞❛ té❝♥✐❝❛✿ ❆ ❢▼❘■ ❡stá ❜❛s❡❛❞❛ ♥❛

♠✉❞❛♥ç❛ ❞❛ ♠❛❣♥❡t✐③❛çã♦ ❡♥tr❡ ♦ s❛♥❣✉❡ r✐❝♦ ❡♠ ♦①✐❣ê♥✐♦ ❡ ♦ s❛♥❣✉❡ ♣♦❜r❡ ❡♠ ♦①✐❣ê♥✐♦✱ ♦✉ s❡❥❛✱

❡st❡ s✐♥❛❧ ❞❡♣❡♥❞❡ ❞♦ ♥í✈❡❧ ❞❡ ♦①✐❣❡♥❛çã♦ ❞♦ s❛♥❣✉❡ ✭❇❖▲❉✮✳ ❆ té❝♥✐❝❛ ◆■❘❙ t❡♠ ❝♦♠♦ ❢♦♥t❡

❞♦ s✐♥❛❧ ❛ ♠✉❞❛♥ç❛ ❞❛s ♣r♦♣r✐❡❞❛❞❡s ó♣t✐❝❛s ❞♦ t❡❝✐❞♦✱ q✉❡ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ❛s ✈❛r✐❛çõ❡s ❞❛s

❝♦♥❝❡♥tr❛çõ❡s ❞♦s ❝r♦♠ó❢♦r♦s ❍❜❖ ❡ ❍❜❘✳



✶✳✵ ✸

◆♦ ❝❛s♦ ❞❡ ❛q✉✐s✐çõ❡s ❝♦♥❥✉♥t❛s ❝♦♠ ❛ té❝♥✐❝❛ ❊❊● ♣♦❞❡♠♦s ✈❡r✐✜❝❛r ✐♥❢♦r♠❛çõ❡s ❞❡ ❞✐❢❡r❡♥t❡s

❢♦♥t❡s✳ ❆ ❊❊● ♥♦s ❞á ✐♥❢♦r♠❛çã♦ s♦❜r❡ ❛ ❛t✐✈✐❞❛❞❡ ❡❧❡tr♦✜s✐♦❧ó❣✐❝❛ ❞♦s ♥❡✉rô♥✐♦s ❡ ❛ ◆■❘❙ ♥♦s

❞á ✐♥❢♦r♠❛çã♦ s♦❜r❡ ❛ ❤❡♠♦❞✐♥â♠✐❝❛ r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ❛ ❛t✐✈✐❞❛❞❡ ❝❡r❡❜r❛❧ ✭●❆▲▲❆●❍❊❘ ❡t ❛❧✳

✭✷✵✵✽✮✮✳

❆ té❝♥✐❝❛ ◆■❘❙ ♣♦ss✉✐ ❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ♣♦❞❡♠♦s ❝♦♠♣❛r❛r ❝♦♠ ♦✉tr❛s té❝♥✐❝❛s ❞❡

♥❡✉r♦✐♠❛❣❡♠✳ P♦r ❡①❡♠♣❧♦✿ ❆ r❡s♦❧✉çã♦ ❡s♣❛❝✐❛❧ ❞❛ ◆■❘❙ é ♠❡❧❤♦r q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛ à ❊❧❡tr♦✲

❡♥❝❡❢❛❧♦❣r❛✜❛ ✭❊❊●✮✱ ♠❛s ✐♥❢❡r✐♦r q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛ ❝♦♠ ❛ ✐♠❛❣❡♠ ♣♦r r❡ss♦♥â♥❝✐❛ ▼❛❣♥ét✐❝❛

❢✉♥❝✐♦♥❛❧ ✭❢▼❘■✮✳ ◗✉❛♥t♦ à r❡s♦❧✉çã♦ t❡♠♣♦r❛❧✱ ❛ ◆■❘❙ ♣♦ss✉✐ ✉♠❛ r❡s♦❧✉çã♦ ♠❡❧❤♦r ❝♦♠♣❛r❛❞❛

à ❢▼❘■✱ ♠❛s ✐♥❢❡r✐♦r à ❞❛ ❊❊●✳

❆ss✐♠ ❝♦♠♦ ❛ ❊❊● ❡ ❛ ❢▼❘■✱ ◆■❘❙ é ✉♠❛ té❝♥✐❝❛ ♥ã♦ ✐♥✈❛s✐✈❛✱ ✐st♦ é✱ ♥ã♦ ♥❡❝❡ss✐t❛ ❞❡ ❝♦♥tr❛st❡❀

❞✐❢❡r❡♥t❡ ❞❛ ❚♦♠♦❣r❛✜❛ ♣♦r ❊♠✐ssã♦ ❞❡ Pós✐tr♦♥s ✭P❊❚✮✱ q✉❡ é ✉♠❛ té❝♥✐❝❛ ✐♥✈❛s✐✈❛✱ ❞❡✈✐❞♦ à

♥❡❝❡ss✐❞❛❞❡ ❞❡ ❛♣❧✐❝❛çã♦ ❞❡ ✉♠ ❝♦♥tr❛st❡✳ ❆ té❝♥✐❝❛ t❛♠❜é♠ ❛♣r❡s❡♥t❛ ✉♠ ❜❛✐①♦ ❝✉st♦ ✭q✉❛♥❞♦

❝♦♠♣❛r❛❞❛ ❝♦♠ ❛ ❘▼✮ ❡ ♣♦ss✉✐ ✉♠❛ ❛❧t❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❜✐♦q✉í♠✐❝❛ ✭r❡❧❛❝✐♦♥❛❞❛ ❛♦s ❝r♦♠ó❢♦r♦s

❍❜❖ ❡ ❍❜❘✮✳

❈♦♠♦ ❛ ◆■❘❙ ♠❡❞❡ ✈❛r✐❛çõ❡s ❞❛s ♣r♦♣r✐❡❞❛❞❡ ó♣t✐❝❛s ❞♦ t❡❝✐❞♦✱ ❡❧❛ ♥ã♦ é s✉s❝❡tí✈❡❧ ❛ ❛rt❡❢❛t♦s

❡❧❡tr♦✜s✐♦❧ó❣✐❝♦s ♥❛t✉r❛✐s✳ ❊st❡s ❛rt❡❢❛t♦s sã♦ ❛ss♦❝✐❛❞♦s ❛♦ ♠♦✈✐♠❡♥t♦ ❞♦s ♦❧❤♦s ♦✉ ❝♦♥tr❛çõ❡s

♠✉s❝✉❧❛r❡s✱ s❡♥❞♦ ♠✉✐t♦ ❢r❡q✉❡♥t❡s ♥❛s ♠❡❞✐❞❛s ❞❡ ❊❊●✳ ❆ té❝♥✐❝❛ t❛♠❜é♠ ♥♦s ♣❡r♠✐t❡ r❡❛❧✐③❛r

❛q✉✐s✐çõ❡s ❝♦♠ ♠♦✈✐♠❡♥t♦s r❡❛✐s✱ ❞✐❢❡r❡♥t❡♠❡♥t❡ ❞❛ ❢▼❘■✱ ♥❛ q✉❛❧ ♦ ✈♦❧✉♥tár✐♦ ♣r❡❝✐s❛ ✜❝❛r ❞❡✐t❛❞♦

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

◆❡st❡ ❝♦♥t❡①t♦✱ ❡st❡ tr❛❜❛❧❤♦ ✈✐s❛ ❡①♣❧♦r❛r ❞✐❢❡r❡♥t❡s ❛♣❧✐❝❛çõ❡s ❞❛ té❝♥✐❝❛ ◆■❘❙ ❝♦♠ ♦ ♦❜❥❡t✐✈♦

❞❡ ❡st✉❞❛r ❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❝♦rt✐❝❛❧ ❡♠ ❝♦♥❞✐çõ❡s ❞✐st✐♥t❛s✳ ❆ss✐♠✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❡①♣❡r✐♠❡♥✲

t♦s r❡❛❧✐③❛❞♦s ❝♦♠ ♦s ❞♦✐s ❡q✉✐♣❛♠❡♥t♦s q✉❡ ♦ ❣r✉♣♦ ❞❡ ♥❡✉r♦❢ís✐❝❛ ❞♦ ■❋●❲ ♣♦ss✉✐✿ ❖ ❈❲✻ ❡

◆■❘❙❈♦✉t✳

◆♦ ❝❛♣ít✉❧♦ ✷ sã♦ ❛♣r❡s❡♥t❛❞♦s ❛❧❣✉♥s ❡❧❡♠❡♥t♦s ❞❡ ♥❡✉r♦❛♥❛t♦♠✐❛✱ ❞❡s❝r❡✈❡♥❞♦ ♦ s✐st❡♠❛

♥❡r✈♦s♦✱ ❝♦♥❝❡✐t♦s s♦❜r❡ ♦ s✐st❡♠❛ ✈✐s✉❛❧ ❤✉♠❛♥♦ ❡ s♦❜r❡ ❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❝❡r❡❜r❛❧✳ ❊st❡s ❝♦♥❝❡✐t♦s

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

t❡s❡✳

◆♦ ❝❛♣ít✉❧♦ ✸ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❝♦♥❝❡✐t♦s ❜ás✐❝♦s r❡❢❡r❡♥t❡s à té❝♥✐❝❛ ◆■❘❙✱ ❝♦♠♦✿ ♦ tr❛♥s♣♦rt❡

❞❛ ❧✉③ ♥♦ t❡❝✐❞♦✱ ❛ ❞✐❢✉sã♦ ❞❛ ❧✉③ ❡ ♦s t✐♣♦s ❞❡ ◆■❘❙✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s t❛♠❜é♠ ♦s ❡q✉✐♣❛♠❡♥t♦s✱

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

♣♦s✐❝✐♦♥❛♠❡♥t♦ ❞♦s ❛rr❛♥❥♦s ó♣t✐❝♦s ♥♦s ✈♦❧✉♥tár✐♦s✳

◆❛ ❝❛♣ít✉❧♦ ✹ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♦❜❥❡t✐✈♦s ❣❡r❛✐s ❡ ❡s♣❡❝í✜❝♦s ❞❛ t❡s❡✳

◆♦ ❝❛♣ít✉❧♦ ✺ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛ ❛♣❧✐❝❛çã♦ ❞❛ ◆■❘❙ ❡♠ ✉♠ ❡stí♠✉❧♦ ✈✐s✉❛❧✱ ♥❛ q✉❛❧ ❛✈❛❧✐❛♠♦s ❛

✈❛r✐❛çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞♦ ❡stí♠✉❧♦ ❡♠ ✈♦❧✉♥tár✐♦s s❛❞✐♦s✱ ❛ss✐♠ ❝♦♠♦ ❛ ♠♦♥t❛❣❡♠ ❞♦ ❡①♣❡r✐♠❡♥t♦

❡ ❛ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳

◆♦ ❝❛♣ít✉❧♦ ✻ ❛ ◆■❘❙ é ❛♣❧✐❝❛❞❛ ❞✉r❛♥t❡ ♦ ❡①❡r❝í❝✐♦ ❢ís✐❝♦✱ ♥♦ ❝❛s♦ ❝✐❝❧✐s♠♦✱ ❡♠ ❞♦✐s t✐♣♦s

❞❡ t❛r❡❢❛s ✭t❛r❡❢❛ ❛❜❡rt❛ ❡ ❢❡❝❤❛❞❛✮✱ ❡♠ ❝♦♥❞✐çõ❡s ❞✐❢❡r❡♥t❡s ✭❝♦♥tr♦❧❡✱ ❝❛❢❡í♥❛ ❡ ♣❧❛❝❡❜♦✮✳ ◆❡st❡

❡①♣❡r✐♠❡♥t♦ r❡❛❧✐③❛♠♦s ♠❡❞✐❞❛s ♠✉s❝✉❧❛r❡s ❡ ❝❡r❡❜r❛✐s ❝♦♠ ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❡ ❝♦♠

❝✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s✳

◆♦ ❝❛♣ít✉❧♦ ✼ ❛ té❝♥✐❝❛ ❢♦✐ ❛♣❧✐❝❛❞❛ ❡♠ ♣❛❝✐❡♥t❡s ❝♦♠ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛ ❡♠ ❞✐❢❡r❡♥t❡s ❣r❛✉s✳

◆❡st❛ ❛♣❧✐❝❛çã♦ ♦s ✈♦❧✉♥tár✐♦s r❡❛❧✐③❛r❛♠ ✉♠ t❡st❡ ❞❡ ❛♣♥❡✐❛✱ ❝♦♠ ❞✉r❛çã♦ ❞❡ ✸✵ s❡❣✉♥❞♦s✱ ♣❛r❛

❝❛r❛❝t❡r✐③❛r ❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❛ss♦❝✐❛❞❛s à ❛♣♥❡✐❛✳



✹ ✶✳✵

❋✐♥❛❧♠❡♥t❡✱ ♥♦ ❈❛♣ít✉❧♦ ✽ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥❝❧✉sõ❡s ♦❜t✐❞❛s ♥♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s✳



❈❛♣ít✉❧♦ ✷

❊▲❊▼❊◆❚❖❙ ❉❊ ◆❊❯❘❖❆◆❆❚❖▼■❆

❖ ❝ér❡❜r♦ ❤✉♠❛♥♦ é ✉♠ ❞♦s ♠❛✐♦r❡s ❡ ♠❛✐s ❢❛s❝✐♥❛♥t❡s ♠✐stér✐♦s ❞❛ ❝✐ê♥❝✐❛✳ ❊❧❡ é ♦ r❡s♣♦♥sá✈❡❧

♣❡❧♦ ❝♦♥tr♦❧❡ ♠♦t♦r✱ ✜s✐♦❧ó❣✐❝♦ ❡ ♣❡❧❛ ♣❡r❝❡♣çã♦ ❞♦ ♠✉♥❞♦ à ♥♦ss❛ ✈♦❧t❛✱ ❛❧é♠ ❞❡ ♣❡r♠✐t✐r ❛ ❡①❡✲

❝✉çã♦ ❞❡ ❛t✐✈✐❞❛❞❡s ♠❡♥t❛✐s ❞❡ ❛❧t♦ ♥í✈❡❧✱ t❛✐s ❝♦♠♦✿ ♦ ♣❡♥s❛♠❡♥t♦ r❛❝✐♦♥❛❧✱ s❡♥t✐♠❡♥t♦s✱ ❡♠♦çõ❡s✱

❝r✐❛t✐✈✐❞❛❞❡ ❡ ♦ ❡st❛❜❡❧❡❝✐♠❡♥t♦ ❞❛ ❝♦♠✉♥✐❝❛çã♦ ♥❛s s✉❛s ♠❛✐s ✈❛r✐❛❞❛s ❢♦r♠❛s✳

❉❡s❞❡ ❛ ❆♥t✐❣✉✐❞❛❞❡ ❤á ♣❡r❣✉♥t❛s s❡♠ r❡s♣♦st❛s s♦❜r❡ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ❝ér❡❜r♦✱ ❝♦♠♦ ♣♦r

❡①❡♠♣❧♦✿ ❝♦♠♦ ❧❡♠❜r❛♠♦s ❞❡ ❢❛t♦s ♦❝♦rr✐❞♦s❄ ♦ q✉❡ é ♠❡♠ór✐❛❄ q✉❛✐s ♦s ♠❡❝❛♥✐s♠♦s q✉❡ ❣❡r❛♠ ❛

♠❡♠ór✐❛❄ ♦ q✉❡ ♥♦s ❢❛③ ♣r❡st❛r ❛t❡♥çã♦ ♥❛s ❝♦✐s❛s❄✱ ❡♥tr❡ ♠✉✐t❛s ♦✉tr❛s✳

❖ ❝ér❡❜r♦ t❡♠ s✐❞♦ ❡st✉❞❛❞♦ ♣♦r ♠✉✐t❛s ❞✐s❝✐♣❧✐♥❛s✱ t❛✐s ❝♦♠♦ ✜❧♦s♦✜❛✱ ♣s✐❝♦❧♦❣✐❛ ❡ ♣s✐❝❛♥á❧✐s❡✱

♥❛ t❡♥t❛t✐✈❛ ❞❡ ❡❧✉❝✐❞❛r ❛s q✉❡stõ❡s s♦❜r❡ s❡✉ ❢✉♥❝✐♦♥❛♠❡♥t♦✱ ❛tr❛✈és ❞❛ ♦❜s❡r✈❛çã♦ ❡ ✐❞❡♥t✐✜❝❛çã♦

❞❡ ♣❛❞rõ❡s ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❤✉♠❛♥♦✳ ❖s ♥❡✉r♦❝✐❡♥t✐st❛s tê♠ t❡♥t❛❞♦ ❡♥t❡♥❞❡r ♦s ♠❡❝❛♥✐s♠♦s

❡ ❛s ❢✉♥çõ❡s ♥❡✉r♦✜s✐♦❧ó❣✐❝❛s ❡♥✈♦❧✈✐❞♦s ♥♦s ♣r♦❝❡ss♦s ♥❡✉r♦❧ó❣✐❝♦s✳ ❊st❛s ❛❜♦r❞❛❣❡♥s sã♦ ❝♦♠♣❧❡✲

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

◆❡st❛ s❡çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ❡❧❡♠❡♥t♦s ❞♦ s✐st❡♠❛ ♥❡r✈♦s♦✱ ♥♦çõ❡s ❞♦ s✐st❡♠❛ ✈✐s✉❛❧ ❤✉♠❛♥♦

❡ ❞❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❝❡r❡❜r❛❧✳

✷✳✶ ❙✐st❡♠❛ ◆❡r✈♦s♦

❖ s✐st❡♠❛ ♥❡r✈♦s♦ é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ór❣ã♦s r❡s♣♦♥sá✈❡✐s ♣♦r ♣❡r❝❡❜❡r ❡ ✐❞❡♥t✐✜❝❛r ❛s ❝♦♥❞✐çõ❡s

❡①t❡r♥❛s ❞♦ ❛♠❜✐❡♥t❡ ❡ ✐♥t❡r♥❛s ❞♦ ♣ró♣r✐♦ ♦r❣❛♥✐s♠♦✳ ❊st❛ ♣❡r❝❡♣çã♦ ♣❡r♠✐t❡ ❛♦ ❝♦r♣♦ ❡❧❛❜♦r❛r

r❡s♣♦st❛s ❛❞❡q✉❛❞❛s às s✐t✉❛çõ❡s às q✉❛✐s ♦ ❝♦r♣♦ é ❛♣r❡s❡♥t❛❞♦✳

❖ s✐st❡♠❛ ♥❡r✈♦s♦ ♣♦❞❡ s❡r ❞✐✈✐❞✐❞♦ ❡♠ ❞✉❛s ♣❛rt❡s✿ s✐st❡♠❛ ♥❡r✈♦s♦ ❝❡♥tr❛❧ ✭❙◆❈✮ ❡ s✐st❡♠❛

♥❡r✈♦s♦ ♣❡r✐❢ér✐❝♦ ✭❙◆P✮✳

❖ ❙◆P é ❢♦r♠❛❞♦ ♣❡❧❛s ✜❜r❛s ♥❡r✈♦s❛s✱ q✉❡ sã♦ r❡s♣♦♥sá✈❡✐s ♣❡❧♦ tr❛♥s♣♦rt❡ ❞❛ ✐♥❢♦r♠❛çã♦

s❡♥t✐❞❛ ♥♦s ór❣ã♦s r❡❝❡♣t♦r❡s ❞❡ ❡stí♠✉❧♦ ❡ s❡✉ ❡♥✈✐♦ ❛♦ ❙◆❈ ❡ ♥♦ s❡✉ s❡♥t✐❞♦ ✐♥✈❡rs♦ ✭❙◆❈ ♣❛r❛

♦s ór❣ã♦s✮✳ ❊❧❛s ❡stã♦ ♣r❡s❡♥t❡s ♣♦r t♦❞♦ ♦ ❝♦r♣♦ ❢♦r♠❛♥❞♦ ✉♠❛ r❡❞❡ ❝♦♠♣❧❡①❛✳

❖ ❙◆❈ é ❢♦r♠❛❞♦ ♣❡❧♦ ❝♦♥❥✉♥t♦ ❝ér❡❜r♦ ❡s♣✐♥❤❛❧✱ ❞♦ q✉❛❧ s❛❡♠ ❡stí♠✉❧♦s ❡ ❛♦ q✉❛❧ ❝❤❡❣❛♠ ❛s

✐♥❢♦r♠❛çõ❡s tr❛③✐❞❛s ✈✐❛ ✜❜r❛s ♥❡r✈♦s❛s✳ ❙✉❛ ❢✉♥çã♦ é ❜❛s✐❝❛♠❡♥t❡ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❡ ✐♥t❡❣r❛çã♦

❞❡ t♦❞❛ ❛ ✐♥❢♦r♠❛çã♦ ❣❡r❛❞❛ ♣❡❧♦s ór❣ã♦s ❡ s❡♥t✐❞♦s✳ ❆♣ós ❡st❛ ✐♥t❡❣r❛çã♦ ♦ ❙◆❈ ❡♠✐t❡ ❛ r❡s♣♦st❛

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

❖ ❙◆❈ é ❢♦r♠❛❞♦ ♣♦r ❡str✉t✉r❛s ❡♥❝♦♥tr❛❞❛s ❞❡♥tr♦ ❞♦ ❝râ♥✐♦ ❡ ♥♦ ✐♥t❡r✐♦r ❞❛ ♠❡❞✉❧❛ ❡s♣✐♥❤❛❧✳

✺



✻ ❙■❙❚❊▼❆ ◆❊❘❱❖❙❖ ✷✳✶

❆ ❝♦❧✉♥❛ ✈❡rt❡❜r❛❧ s❡ ❡♥❝♦♥tr❛ ❞❡♥tr♦ ❞❛ ♠❡❞✉❧❛ ❡s♣✐♥❤❛❧✳ ❉❡♥tr♦ ❞❛ ❝❛✐①❛ ❝r❛♥✐❛♥❛ ❡♥❝♦♥tr❛✲s❡ ♦

❡♥❝é❢❛❧♦✳

❖ ❡♥❝é❢❛❧♦ ♣♦ss✉✐ ✉♠❛ ❢♦r♠❛ ✐rr❡❣✉❧❛r ❝♦♠ ❞♦❜r❛❞✉r❛s ❡ s❛❧✐ê♥❝✐❛s ✭❑❆◆❉❊▲ ❡t ❛❧✳ ✭✷✵✵✵✮✮ ❡

é ♣r♦t❡❣✐❞♦ ♣♦r ✉♠❛ sér✐❡ ❞❡ ♠❡♠❜r❛♥❛s✱ ❛ s❛❜❡r✿ ❞✉r❛ ♠át❡r ✭❞✉r❛ ♠❛t❡r✮✱ ❛r❛❝♥♦✐❞❡ ✭❛r❛❝❤♥♦✐❞✮

❡ ❛ ♣✐❛ ♠❛t❡r ✭♣✐❛ ♠❛t❡r✮ ✭❋✐❣✉r❛ ✷✳✶✮✳

❋✐❣✉r❛ ✷✳✶✿ ❉❡t❛❧❤❡ ❞❛s ♠❡♠❜r❛♥❛s ♣r♦t❡t♦r❛s ❞♦ ❡♥❝é❢❛❧♦✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❞❡ ❤tt♣✿✴✴✇✇✇✳
r✐✈❡rs✐❞❡♦♥❧✐♥❡✳❝♦♠✴ s♦✉r❝❡✴ ✐♠❛❣❡s✴ ✐♠❛❣❡❴♣♦♣✉♣✴ r✼❴♠❡♥✐♥❣✐t✐s✳❥♣❣

❆s ♠❡♥✐♥❣❡s ♣r♦t❡❣❡♠ ♦ ❡♥❝é❢❛❧♦✱ q✉❡ é ❞✐✈✐❞✐❞♦ ❡♠✿ ❝ér❡❜r♦✱ ❝❡r❡❜❡❧♦ ❡ tr♦♥❝♦ ❡♥❝❡❢á❧✐❝♦ ✭❋✐❣✉r❛

✷✳✷✮✳ ❈❛❞❛ ✉♠❛ ❞❡st❛s ❡str✉t✉r❛s ♣♦ss✉✐ ❢✉♥çõ❡s ❞✐❢❡r❡♥t❡s✳

❖ tr♦♥❝♦ ❡♥❝❡❢á❧✐❝♦ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❝♦♥❡①ã♦ ❡♥tr❡ ❛ ♠❡❞✉❧❛ ❡s♣✐♥❤❛❧ ❡ ❛s ♣r✐♥❝✐♣❛✐s ❡str✉t✉r❛s

❞♦ ❡♥❝é❢❛❧♦✳ ❖ ❝❡r❡❜❡❧♦ ✜❝❛ ♣ró①✐♠♦ ❛♦ tr♦♥❝♦ ❡♥❝❡❢á❧✐❝♦✱ ❡ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ♠❛♥✉t❡♥çã♦ ❞♦

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

❝♦♠♦ ❛ ❛♣r❡♥❞✐③❛❣❡♠ ♠♦t♦r❛✳ ❊❧❡ t❛♠❜é♠ é ❞✐✈✐❞✐❞♦ ❡♠ ❞♦✐s ❤❡♠✐s❢ér✐♦s ✭❤❡♠✐s❢ér✐♦s ❝❡r❡❜❡❧❛r❡s✮

❡ ♣♦r ✉♠❛ ♣❛rt❡ ❝❡♥tr❛❧ ✭❱❡r♠✐s✮✳

❋✐❣✉r❛ ✷✳✷✿ ❉✐✈✐sã♦ ❞♦ ❡♥❝é❢❛❧♦✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❞❡ ❤tt♣✿✴✴✇✇✇✳❛♥❛t♦♠✐❛❤✉♠❛♥❛✳✉❝✈✳❝❧✴♠♦r❢♦✶✴
❢♦t♦✶✴ ❡♥❝❡❢❛❧♦✳❥♣❣

❖ ❝ér❡❜r♦ é ❛ ♣❛rt❡ ♠❛✐s ❞❡s❡♥✈♦❧✈✐❞❛ ❡ ✈♦❧✉♠♦s❛ ❞♦ ❡♥❝é❢❛❧♦✳ ❊❧❡ é ❡♥✈♦❧t♦ ♣♦r ✉♠ ✢✉✐❞♦✱

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



✷✳✶ ❙■❙❚❊▼❆ ◆❊❘❱❖❙❖ ✼

♥✉tr✐çã♦ ❡ ♠❛♥✉t❡♥çã♦✳ ❖ ❝ér❡❜r♦ ♣❡s❛ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✱✷❦❣✱ ❡ é ❞✐✈✐❞✐❞♦ ❡♠ ❞♦✐s ❤❡♠✐s❢ér✐♦s

❋✐❣✉r❛ ✷✳✸✿ ❉✐✈✐sã♦ ❞♦ ❝ér❡❜r♦ ❡♠ s❡✉s ❝✐♥❝♦ ❧♦❜♦s✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❞❡ ❤tt♣✿✴✴✇✇✇✳❛✉❧❛❞❡❛♥❛t♦♠✐❛✳
❝♦♠✴ s✐t❡✴ ♣❛❣✐♥❛✳♣❤♣❄ ✐❞♣❂✶✷✺

s❡♣❛r❛❞♦s✱ ♣♦ré♠ ✉♥✐❞♦s ♣❡❧♦ ❝♦r♣♦ ❝❛❧♦s♦ ✭❑❆◆❉❊▲ ❡t ❛❧✳ ✭✷✵✵✵✮✮✳ ❊♠ ❝❛❞❛ ❤❡♠✐s❢ér✐♦ ♥♦t❛♠✲s❡

r❡❣✐õ❡s ❞✐st✐♥t❛s✿ ✉♠❛ ❝❛♠❛❞❛ ❡①t❡r♥❛ ✭❝♦♥❤❡❝✐❞❛ ♣♦r s✉❜stâ♥❝✐❛ ❝✐♥③❡♥t❛✮✱ ❡ ♦✉tr❛ ♠❛✐s ✐♥t❡r♥❛

✭s✉❜stâ♥❝✐❛ ❜r❛♥❝❛✮✳ ❆ ❝❛♠❛❞❛ ♠❛✐s s✉♣❡r✜❝✐❛❧ é ❢♦r♠❛❞❛ ♣❡❧❛ s✉❜stâ♥❝✐❛ ❝✐♥③❡♥t❛ ❡ ❝❤❛♠❛♠♦s ❞❡

❝órt❡① ❝❡r❡❜r❛❧✳

❆ ❢♦r♠❛ ✐rr❡❣✉❧❛r ❞♦ ❡♥❝é❢❛❧♦ ♣♦ss✐❜✐❧✐t❛ ❛ ❢♦r♠❛çã♦ ❞❡ ❞♦❜r❛❞✉r❛s ❡ ❞❡♣r❡ssõ❡s✱ q✉❡ sã♦ ❝♦♥❤❡✲

❝✐❞❛s ♣♦r ❣✐r♦s ❡ s✉❧❝♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ ❧♦❝❛❧✐③❛çã♦ ❞❡ q✉❛tr♦ ❣r❛♥❞❡ s✉❧❝♦s ♣♦ss✐❜✐❧✐t❛ ❛ ❞✐✈✐sã♦

❞❡ ❝❛❞❛ ❤❡♠✐s❢ér✐♦ ❝❡r❡❜r❛❧ ❡♠ ❝✐♥❝♦ ❧♦❜♦s ✭❋✐❣✉r❛ ✷✳✸✮ ❝♦♥❤❡❝✐❞♦s ♣♦r✿ ❢r♦♥t❛❧✱ ♣❛r✐❡t❛❧✱ t❡♠♣♦r❛❧✱

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

❞♦ ❝ér❡❜r♦ ✭▲❊◆❚ ✭✷✵✵✶✮✮✳

❖ ❝órt❡① ❝❡r❡❜r❛❧ ♥ã♦ é ❤♦♠♦❣ê♥❡♦ ❡♠ t♦❞❛ ❛ s✉❛ ❡①t❡♥sã♦✱ ♣❡r♠✐t✐♥❞♦ ❛ ✐♥❞✐✈✐❞✉❛❧✐③❛çã♦ ❞❡

✈ár✐❛s ár❡❛s✱ ♦ q✉❡ ♣♦❞❡ s❡r ❢❡✐t❛ ❝♦♠ ❝r✐tér✐♦s ❛♥❛tô♠✐❝♦s✱ ✜❧♦❣❡♥ét✐❝♦s✱ ❡str✉t✉r❛✐s ❡ ❢✉♥❝✐♦♥❛✐s✳

❆ ❢♦r♠❛ ❞❡ ❞✐✈✐sã♦ ♠❛✐s ❛❝❡✐t❛ é ❛ ❞❡ ❇r♦❞♠❛♥♥✱ ✭ ❜❛s❡❛❞♦ ♥❛ ❛♥❛t♦♠✐❛ ♠✐❝r♦s❝ó♣✐❝❛ ✲ ❛s ❢♦r♠❛s

❡ t✐♣♦s ❞❡ ❝é❧✉❧❛s ❡ s✉❛s ❝♦♥❡①õ❡s ✮✳ ❊❧❡ ✐❞❡♥t✐✜❝♦✉ ✺✷ ár❡❛s ❞❡s✐❣♥❛❞❛s ♣♦r ♥ú♠❡r♦s ✭❋✐❣✉r❛ ✷✳✹ ✮✳

❊st❛s ár❡❛s sã♦ ♠✉✐t♦ ❝♦♥❤❡❝✐❞❛s ❡ ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞❛s ♥❛ ❝❧í♥✐❝❛ ❡ ♥❛ ♣❡sq✉✐s❛ ♠é❞✐❝❛✳

❋✐❣✉r❛ ✷✳✹✿ ➪r❡❛s ❞❡ ❇r♦❞♠❛♥♥ ♥♦ ❝ér❡❜r♦ ❤✉♠❛♥♦ ❝♦♠ ❛tr✐❜✉✐çã♦ ❢✉♥❝✐♦♥❛❧✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❞❡
❤tt♣✿✴✴ s♣♦t✳❝♦❧♦r❛❞♦✳❡❞✉✴⑦❞✉❜✐♥✴ t❛❧❦s✴ ❜r♦❞♠❛♥♥✴ ❜r♦❞♠❛♥♥✳❤t♠❧

❉♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❢✉♥❝✐♦♥❛❧✱ ❛s ár❡❛s ❝♦rt✐❝❛✐s ♥ã♦ sã♦ ❤♦♠♦❣ê♥❡❛s ❝♦♠♦ s❡ ❛❝r❡❞✐t❛✈❛ ♥♦ ✐♥í❝✐♦



✽ ❙■❙❚❊▼❆ ❱■❙❯❆▲ ✷✳✷

❞♦ sé❝✉❧♦ ❳■❳✳ ❆ ♣r✐♠❡✐r❛ ❝♦♠♣r♦✈❛çã♦ ❞❡st❡ ❢❛t♦ ❢♦✐ ❢❡✐t❛ ❡♠ ✶✽✻✶ ♣❡❧♦ ❝✐r✉r❣✐ã♦ ❇r♦❝❛✱ q✉❡ ♣♦❞❡

❝♦rr❡❧❛❝✐♦♥❛r ❧❡sõ❡s ❡♠ ár❡❛s r❡str✐t❛s ❞♦ ❧♦❜♦ ❢r♦♥t❛❧ ✭ár❡❛ ❞❡ ❇r♦❝❛✮ ❝♦♠ ❛ ♣❡r❞❛ ❞❛ ❧✐♥❣✉❛❣❡♠

❢❛❧❛❞❛✳

❉❡s❞❡ ❡♥tã♦✱ ❛ ❡s♣❡❝✐❛❧✐③❛çã♦ ❢✉♥❝✐♦♥❛❧ ❞❡ ❞✐❢❡r❡♥t❡s ár❡❛s ❝❡r❡❜r❛✐s✱ ❛ ✐♥t❡❣r❛çã♦ ❞❡st❛s r❡✲

❣✐õ❡s ❡ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ s✉❛s ❝♦♥❡①õ❡s ❢ís✐❝❛s tê♠ ❞❡s♣❡rt❛❞♦ ❣r❛♥❞❡ ✐♥t❡r❡ss❡ ♥❛ ❝♦♠✉♥✐❞❛❞❡

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

❡s♣❡❝✐❛❧✐③❛çã♦ ❞❡ ❛❧❣✉♠❛s ár❡❛s ❝❡r❡❜r❛✐s✱ ❡st❛♥❞♦ ❡st❛s ❝♦♥❡❝t❛❞❛s ✉♠❛s às ♦✉tr❛s✳

✷✳✷ ❙✐st❡♠❛ ❱✐s✉❛❧

❆ ❝♦♠♣r❡❡♥sã♦ ❞❛ ✈✐sã♦ ❤✉♠❛♥❛ ❝♦♠❡ç❛ ❝♦♠ ♦ ❡st✉❞♦ ❞❛ ❛♥❛t♦♠✐❛ ❡ ❞❛ ✜s✐♦❧♦❣✐❛ ❜ás✐❝❛ ❞♦

s✐st❡♠❛ ✈✐s✉❛❧✳ ➱ ♥❡❝❡ssár✐♦ ❡♥t❡♥❞❡r ♦ ♦❧❤♦ ❤✉♠❛♥♦ ❡ ❝♦♠♦ ❛ ✐♥❢♦r♠❛çã♦ é tr❛♥s♣♦rt❛❞❛ ❛té ❛

r❡❣✐ã♦ ❞♦ ❝ér❡❜r♦ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❞❡❝♦❞✐✜❝❛çã♦ ❞♦s ❡stí♠✉❧♦s ✈✐s✉❛✐s✳ ❆ ✈✐sã♦ ❝♦♠❡ç❛ ♥♦ ♦❧❤♦

✭❋✐❣✉r❛ ✷✳✺✮✱ q✉❡ é ❞✐✈✐❞✐❞♦ ❡♠ três ♣❛rt❡s✿ ✉♠❛ ❝❛✈✐❞❛❞❡ ❝❡♥tr❛❧✱ ✉♠❛ ♣❛rt❡ ó♣t✐❝❛ ❡ ♦✉tr❛ ♠❛✐s

♣♦st❡r✐♦r✳

❋✐❣✉r❛ ✷✳✺✿ ❈♦rt❡ ❡str✉t✉r❛❧ ❞♦ ♦❧❤♦ ❤✉♠❛♥♦ ✭❛❞❛♣t❛❞♦ ❞❡ ✇✇✇✳✈✐s✐♦♥✳✐♠❡✳✉s♣✳❜r✴ ⑦r♦♥❛❧❞♦✴
♠❛❝✵✹✶✼✲✸✴ ❛✉❧❛❴✵✷✮

❆ ♣❛rt❡ ó♣t✐❝❛ é ❢♦r♠❛❞❛ ♣❡❧♦ ❝r✐st❛❧✐♥♦✱ ❝ór♥❡❛✱ ❝â♠❛r❛ ❛♥t❡r✐♦r ❡ ír✐s✳ ❆ ❝ór♥❡❛ é ❛ ♣❛rt❡ ♠❛✐s

❡①t❡r♥❛ ❞♦ ♦❧❤♦ ❡ é r❡s♣♦♥sá✈❡❧ ♣♦r ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❞♦✐s t❡rç♦s ❞❛ ❡♥❡r❣✐❛ r❡❢r❛t✐✈❛ ❞♦ ♦❧❤♦✳ ❆

ír✐s s❡ s✐t✉❛ ♥❛ ❢r❡♥t❡ ❞♦ ❝r✐st❛❧✐♥♦ ❡ é r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ❝♦♥tr♦❧❡ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❧✉③ q✉❡ ❡♥tr❛

♥❛s r❡❣✐õ❡s ✐♥t❡r♥❛s ❞♦ ♦❧❤♦❀ ❡st❡ ❝♦♥tr♦❧❡ é ❢❡✐t♦ ❛tr❛✈és ❞❡ ✉♠❛ ❛❜❡rt✉r❛ ❝❡♥tr❛❧ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦

♣✉♣✐❧❛✳ ❖ ❡s♣❛ç♦ ❡♥tr❡ ❛ ❝ór♥❡❛ ❡ ♦ ❝r✐st❛❧✐♥♦ é ♣r❡❡♥❝❤✐❞♦ ♣♦r ✉♠ ❧íq✉✐❞♦ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❤✉♠♦r

❛q✉♦s♦✳ ❖ ❝r✐st❛❧✐♥♦ ❢✉♥❝✐♦♥❛ ❝♦♠♦ ✉♠❛ ❧❡♥t❡ q✉❡ ❢♦❝❛ ❛ ❧✉③ ♥❛ r❡❣✐ã♦ ♣♦st❡r✐♦r ❞♦ ♦❧❤♦✱ ❝♦♥❤❡❝✐❞❛

❝♦♠♦ r❡t✐♥❛✳ ❆ ❝❛✈✐❞❛❞❡ ❝❡♥tr❛❧ ❞♦ ❣❧♦❜♦ ♦❝✉❧❛r é ♣r❡❡♥❝❤✐❞❛ ♣♦r ✉♠ ❧íq✉✐❞♦ ❣❡❧❛t✐♥♦s♦ ❝♦♥❤❡❝✐❞♦

❝♦♠♦ ❤✉♠♦r ✈ítr❡♦✳

❆ r❡❣✐ã♦ ♣♦st❡r✐♦r ❞♦ ♦❧❤♦ t❡♠ três ❝❛♠❛❞❛s✿ ❡s❝❧❡r❛✱ ❝♦r♦✐❞❡ ❡ r❡t✐♥❛✳ ❆ ❡s❝❧❡r❛ é ❛ ❝♦❜❡rt✉r❛



✷✳✷ ❙■❙❚❊▼❆ ❱■❙❯❆▲ ✾

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

♠❛❞❛♠❡♥t❡ ❡s❢ér✐❝❛ ❞♦ ♦❧❤♦✳ ❆ ❝♦r♦✐❞❡ é ❛ ❝❛♠❛❞❛ ❞♦ ♠❡✐♦ q✉❡ ❢♦r♥❡❝❡ s❛♥❣✉❡ ♣❛r❛ ❛s ❡str✉t✉r❛s

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

❢♦t♦rr❡❝❡♣t♦r❛s ❝♦♥❤❡❝✐❞❛s ♣♦r✿ ❝♦♥❡s ✭❡♥tr❡ ✼ ❡ ✽ ♠✐❧❤õ❡s ❞❡ ❝é❧✉❧❛s✮ ❡ ❜❛st♦♥❡t❡s ✭❡♥tr❡ ✶✵✵ ❡ ✶✷✵

♠✐❧❤õ❡s ❞❡ ❝é❧✉❧❛s✮✳ ❖s ❜❛st♦♥❡t❡s sã♦ ❡①tr❡♠❛♠❡♥t❡ s❡♥sí✈❡✐s à ❧✉③ ❡ ❢♦r♥❡❝❡♠ ✉♠❛ ✈✐sã♦ ❛❝r♦♠á✲

t✐❝❛ ❛ ❜❛✐①♦s ♥í✈❡✐s ❞❡ ✐❧✉♠✐♥❛çã♦✳ ❖s ❝♦♥❡s sã♦ ♠❡♥♦s s❡♥sí✈❡✐s✱ ♠❛s ❢♦r♥❡❝❡♠ ✉♠❛ ✈✐sã♦ ❝♦❧♦r✐❞❛✳

❊st❛s ❝é❧✉❧❛s ✜❝❛♠ ♣ró①✐♠❛s às ❝❛♠❛❞❛ ❞❛ ❝♦r♦✐❞❡✳ ❆ss✐♠✱ t♦❞❛ ❧✉③ q✉❡ ✐♥❝✐❞❡ ♥❛ r❡t✐♥❛ t❡♠ q✉❡

♣❛ss❛r ♣♦r ❝❛♠❛❞❛s ❞❡ t❡❝✐❞♦ ❛♥t❡s ❞❡ ❝❤❡❣❛r ❛♦s ❢♦t♦rr❡❝❡♣t♦r❡s✳ Pró①✐♠♦ ❛♦ ❡✐①♦ ó♣t✐❝♦✱ ❡①✐st❡

✉♠❛ ár❡❛ ❝❤❛♠❛❞❛ ❢ó✈❡❛✱ ❝♦♠ ✉♠ ❞✐â♠❡tr♦ ❛♣r♦①✐♠❛❞♦ ❞❡ ✶✱✺ ♠♠ q✉❡ ✜❝❛ ❡①♣♦st❛ ❞✐r❡t❛♠❡♥t❡ à

❧✉③✳ ◆❡st❛ r❡❣✐ã♦ t❡♠♦s ✉♠❛ ♠❛✐♦r ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❝♦♥❡s ❡ ✉♠❛ ♣r❡s❡♥ç❛ q✉❛s❡ ♥✉❧❛ ❞♦s ❜❛st♦♥❡t❡s✳

❖s ❝♦♥❡s ❡ ❜❛st♦♥❡t❡s sã♦ s❡♥sí✈❡✐s ❛ ❝♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛ ♥❛ ❢❛✐①❛ ❞❡ ✹✵✵ ❛ ✼✵✵ ♥♠✱ s❡♥❞♦

q✉❡ ♦s ❜❛st♦♥❡t❡s tê♠ s❡✉ ♣✐❝♦ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ♣♦r ✈♦❧t❛ ❞❡ ✹✾✽ ♥♠✳ ❖s ❝♦♥❡s s❡ ❞✐✈✐❞❡♠ ❡♠ três

t✐♣♦s✱ ❞❡✜♥✐❞♦s ♣❡❧♦ ♣✐❝♦ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡✳ ❙ã♦ ❡❧❡s✿

• ✧❆③✉✐s✧ ❝♦♠ ♣✐❝♦ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ♠á①✐♠❛ ♣♦r ✈♦❧t❛ ❞❡ ✹✷✵ ♥♠❀

• ✧❱❡r❞❡s✧ ❝♦♠ ♣✐❝♦ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ♠á①✐♠❛ ♣♦r ✈♦❧t❛ ❞❡ ✺✸✹ ♥♠❀

• ✧✈❡r♠❡❧❤♦s✧ ❝♦♠ ♣✐❝♦ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ♠á①✐♠❛ ♣♦r ✈♦❧t❛ ❞❡ ✺✻✹♥♠✳

❊①✐st❡ ✉♠❛ s✉♣❡r♣♦s✐çã♦ ♥❛s r❡s♣♦st❛s ❞❛s ❝❧❛ss❡s ❞♦s ❝♦♥❡s s✐❣♥✐✜❝❛♥❞♦ q✉❡ ❡stí♠✉❧♦s ❧✉♠✐♥♦s♦s

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

❖s ❛①ô♥✐♦s ❧♦♥❣♦s ❞❛s ❝é❧✉❧❛s ❣❛♥❣❧✐♦♥❛r❡s r❡t✐♥❛✐s ❢♦r♠❛♠ ♦ ♥❡r✈♦ ó♣t✐❝♦✱ q✉❡ ❝♦♥té♠ ❛♣r♦✲

①✐♠❛❞❛♠❡♥t❡ ✉♠ ♠✐❧❤ã♦ ❞❡ ✜❜r❛s✱ ❞❛s q✉❛✐s ✶✵✵ ♠✐❧ s❡r✈❡♠ ❛ ❢ó✈❡❛✳ ❊st❡ ❢❡✐①❡ ❞❡ ✜❜r❛s s❛✐ ❞♦

❣❧♦❜♦ ♦❝✉❧❛r ❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✼ ❣r❛✉s ❛♦ ❧❛❞♦ ♥❛s❛❧ ❞❛ ❧✐♥❤❛ ❞♦ ❡✐①♦ ó♣t✐❝♦✳ ◆♦ ❧♦❝❛❧ ❞❛ s❛í❞❛

❞♦ ♥❡r✈♦ ó♣t✐❝♦ ♥ã♦ ❡①✐st❡♠ ❢♦t♦rr❡❝❡♣t♦r❡s❀ ❡st❛ ár❡❛ é ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ♣♦♥t♦ ❝❡❣♦✳ ❆ ❋✐❣✉r❛ ✷✳✻

♠♦str❛ ♦s ❝❛♠✐♥❤♦s ♥❡✉r❛✐s ♥♦ s✐st❡♠❛ ✈✐s✉❛❧✳

❆s ✜❜r❛s ❞♦ ♥❡r✈♦ ó♣t✐❝♦ ♣r♦❥❡t❛♠✲s❡ ❛♦ q✉✐❛s♠❛ ó♣t✐❝♦✳ ◆❡st❛ ❥✉♥çã♦✱ ✜❜r❛s ❞❛s ♣❛r❝❡❧❛s

♥❛s❛✐s ❞❡ ❝❛❞❛ r❡t✐♥❛ s❡ ❝r✉③❛♠✱ ❞✐r✐❣✐♥❞♦✲s❡ ♣❛r❛ ♦ ❧❛❞♦ ♦♣♦st♦ ❞❛ ❝❛❜❡ç❛✳ ❊st❛s ✜❜r❛s ❞♦ ❝r✉③❛✲

♠❡♥t♦ ❥✉♥t❛♠✲s❡ ❝♦♠ ❛s ✜❜r❛s ❞❛s ♣❛rt❡s t❡♠♣♦r❛✐s ❞❛ r❡t✐♥❛ ♦♣♦st❛ ❡ s❡ ♣r♦❥❡t❛♠ ❛té ♦s ❝♦r♣♦s

❣❡♥✐❝✉❧❛❞♦s ❧❛t❡r❛✐s ✭❈●▲✮ ❡♠ ❝❛❞❛ ❤❡♠✐s❢ér✐♦✳

❆s s❡✐s ❝❛♠❛❞❛s ❞♦ ❈●▲ r❡❝❡❜❡♠ ❡♥tr❛❞❛s ❡s♣❡❝✐❛❧✐③❛❞❛s ❞❛s ✜❜r❛s ❞♦ ♥❡r✈♦ ó♣t✐❝♦ ❞♦s ♦❧❤♦s ❞❡

❝❛❞❛ ❤❡♠✐s❢ér✐♦✳ ❆s ❞✉❛s ❝❛♠❛❞❛s ♠❛✐s ✐♥❢❡r✐♦r❡s✱ ❝❤❛♠❛❞❛s ♠❛❣♥♦✲❝❡❧✉❧❛r❡s✱ t♦♠❛♠ ❛s ❡♥tr❛❞❛s

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

❝❛♠♣♦s r❡❝❡♣t♦r❡s ❡ ❝❛r❛❝t❡ríst✐❝❛s t❡♠♣♦r❛✐s tr❛♥s✐tór✐❛s sã♦ ❞♦♠✐♥❛♥t❡s✳

❆s ❝❛♠❛❞❛s ♣❛r✈♦ ❝❡❧✉❧❛r❡s r❡st❛♥t❡s tê♠ ❝♦♠♦ ❡♥tr❛❞❛s ❡stí♠✉❧♦s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❛ r❡❣✐ã♦ ❞❛

❢ó✈❡❛✱ ♦♥❞❡ ❛s ❝é❧✉❧❛s sã♦ ❡s♣❡❝tr❛❧♠❡♥t❡ ♦♣♦♥❡♥t❡s✱ ❝♦♠ ❝❛♠♣♦s r❡❝❡♣t♦r❡s ♣❡q✉❡♥♦s ❡ ♣♦ss✉❡♠

❝❛r❛❝t❡ríst✐❝❛s ❡st❛❝✐♦♥ár✐❛s q✉❡ sã♦ ❞♦♠✐♥❛♥t❡s✳

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

♦s ♦❧❤♦s ♣♦❞❡♠✱ ❞❡ ❢❛t♦✱ s❡r✈✐r ❝♦♠♦ ❞♦✐s s✐st❡♠❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ✈✐s✉❛❧✳ ❯♠ ❞♦s s✐st❡♠❛s é

❞❡ r❡s♣♦st❛ rá♣✐❞❛✱ ❛❝r♦♠át✐❝♦✱ s❡♥sí✈❡❧ ❛♦ ♠♦✈✐♠❡♥t♦✱ ♠❛s ❝♦♠ ❜❛✐①❛ ❞❡✜♥✐çã♦ ❡s♣❛❝✐❛❧✳ ❖ ♦✉tr♦

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

❡s♣❛❝✐❛❧✳

❉♦ ❈●▲✱ ❛s ✜❜r❛s ♣r♦❥❡t❛♠✲s❡ ❛♦ ❝órt❡① ✈✐s✉❛❧ ♣r✐♠ár✐♦✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❱✶✳ ❆s ❝é❧✉❧❛s

❞♦ ❝órt❡① ✈✐s✉❛❧ tê♠ s❡♥s✐❜✐❧✐❞❛❞❡s ❞✐st✐♥t❛s✳ ❆❧❣✉♠❛s sã♦ s❡♥sí✈❡✐s ❛ ✉♠ ❛❧✈♦ ❞❡ ❝♦r ♦✉ ❝♦♥tr❛st❡✱
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❋✐❣✉r❛ ✷✳✻✿ ❚r❛❥❡tór✐❛ ❞❛s ✈✐❛s ✈✐s✉❛✐s ✭❛❞❛♣t❛❞♦ ❞❡ ❈♦❧♦r ❆t❧❛s ♦❢ ◆❡✉r♦s❝✐❡♥❝❡ ●r❡❡♥st❡✐♥✱ ✷✵✵✵✱
♣❛❣✳ ✷✽✸✮

♠❛s ♥ã♦ ❞❡ ❢♦r♠❛ ♦✉ ❞❡ ♠♦✈✐♠❡♥t♦✳ ❖✉tr❛s sã♦ s❡❧❡t✐✈❛s à ♦r✐❡♥t❛çã♦✱ ♠❛s ✐♥s❡♥sí✈❡✐s à ❝♦r ❡ ❛♦

♠♦✈✐♠❡♥t♦✳ ❖✉tr❛s ❝é❧✉❧❛s sã♦ s❡❧❡t✐✈❛s à ♦r✐❡♥t❛çã♦ ❡ ❛♦ s❡♥t✐❞♦ ❞♦ ♠♦✈✐♠❡♥t♦✱ ♠❛s ♥ã♦ à ❝♦r✳

❆ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❢✉♥❝✐♦♥❛❧ ♦❜s❡r✈❛❞❛ ❡♠ ❱✶ ❡ ❡♠ ♦✉tr❛s ár❡❛s ❞♦ ❝órt❡① ✈✐s✉❛❧ ❝♦♥❞✉③✐✉ à

❡s♣❡❝✉❧❛çã♦ ❞❡ q✉❡ ♦ s✐st❡♠❛ ✈✐s✉❛❧ ❡stá ❞✐✈✐❞✐❞♦ ❡♠ s✐st❡♠❛s ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❡ ❞❡ ❧♦❝❛❧✐③❛çã♦✳

❉✐✈❡rs♦s ❡st✉❞♦s ❞❡ ❝❛s♦ s✉st❡♥t❛♠ ❡st❛ ❝♦♥❥❡❝t✉r❛✱ ♠♦str❛♥❞♦ q✉❡ ❞❛♥♦s ❝❡r❡❜r❛✐s ♣♦❞❡♠ ♣r♦❞✉③✐r

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

✷✳✸ ❍❡♠♦❞✐♥â♠✐❝❛ ❝❡r❡❜r❛❧

❖ ❡♥❝é❢❛❧♦ r❡♣r❡s❡♥t❛ ❛♣❡♥❛s ✷✪ ❞❛ ♠❛ss❛ ❝♦r♣♦r❛❧ ❞❡ ✉♠❛ ♣❡ss♦❛✱ ♠❛s r❡❝❡❜❡ ✶✺✪ ❞♦ ✢✉①♦

s❛♥❣✉í♥❡♦ ❡ ❝♦♥s♦♠❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷✵✪ ❞♦ ♦①✐❣ê♥✐♦ ❞✐s♣♦♥í✈❡❧ ♥❛ ❝✐r❝✉❧❛çã♦✳ ❊st❡ ❛❧t♦ ❝♦♥s✉♠♦

❞❡ ♦①✐❣ê♥✐♦ r❡✢❡t❡ ✉♠❛ ❛❧t❛ t❛①❛ ♠❡t❛❜ó❧✐❝❛ ❞♦ t❡❝✐❞♦ ♥❡r✈♦s♦✳ ❆ ❣❧✐❝♦s❡ t❛♠❜é♠ é ✐♥t❡♥s❛♠❡♥t❡

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

❈♦♠♦ ♦ t❡❝✐❞♦ ♥❡r✈♦s♦ ♥ã♦ ❛r♠❛③❡♥❛ ❣❧✐❝♦s❡ ❡ ♥❡♠ ♦①✐❣ê♥✐♦✱ é ♥❡❝❡ssár✐♦ ✉♠ ✢✉①♦ ❝♦♥tí♥✉♦

❞❡st❡s ❝♦♠♣♦♥❡♥t❡s✱ ❛tr❛✈és ❞♦ s❛♥❣✉❡ ❛rt❡r✐❛❧✳ ◗✉❛♥❞♦ ♦❝♦rr❡ ❛♥ó①✐❛ ♦✉ ✐sq✉❡♠✐❛ ❞❡ ♣♦✉❝♦s s❡✲

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

❡st❛s ♦❝♦rrê♥❝✐❛s s❡ ♣r♦❧♦♥❣❛r❡♠ ♣♦r ❛❧❣✉♥s ♠✐♥✉t♦s✱ ♣♦❞❡ ♦❝♦rr❡r ♠♦rt❡ ❝❡r❡❜r❛❧ ✐rr❡✈❡rsí✈❡❧✳

❊♠ ❝♦♥tr❛♣❛rt✐❞❛✱ ❡♠ ❝✐r❝✉♥stâ♥❝✐❛s ♥♦r♠❛✐s✱ ♦ ♠❡t❛❜♦❧✐s♠♦ ❞♦s ♥❡✉rô♥✐♦s s❡ ✐♥t❡♥s✐✜❝❛ ♠✉✐t♦✱
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q✉❛♥❞♦ ❡st❡s s❡ t♦r♥❛♠ ♠❛✐s ❛t✐✈♦s ❡ q✉❛♥t♦ ♠❛✐s ❛t✐✈♦s✱ ♠❛✐s s❛♥❣✉❡ ♣r❡❝✐s❛♠ r❡❝❡❜❡r ♣❡❧❛ ❝✐r❝✉✲

❧❛çã♦✳

❖ ❛♠❜✐❡♥t❡ ❧íq✉✐❞♦ q✉❡ ❜❛♥❤❛ ♦ ❡①t❡r✐♦r ❞♦ s✐st❡♠❛ ♥❡r✈♦s♦ ❡ ♦ ✐♥t❡r✐♦r ❞❡ s✉❛s ❝❛✈✐❞❛❞❡s ♥ã♦

é s✉✜❝✐❡♥t❡ ♣❛r❛ ❣❛r❛♥t✐r ❛ ♥✉tr✐çã♦ ❡ ♦ ❛♣♦rt❡ ❞❡ ♦①✐❣ê♥✐♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ♦ t❡❝✐❞♦ ♥❡r✈♦s♦✳ P❛r❛

q✉❡ t❡♥❤❛♠♦s ✉♠ ❛♣♦rt❡ ❞❡ ♦①✐❣ê♥✐♦ ❡ ♥✉tr✐❡♥t❡s✱ ❡①✐st❡ ✉♠❛ r❡❞❡ ✈❛s❝✉❧❛r ❜❛st❛♥t❡ r❛♠✐✜❝❛❞❛ ❡

❡①t❡♥s❛✱ q✉❡ t❡♠ ♦s ✈❛s♦s ❡♠ s✉❛ ❡str✉t✉r❛ ❜ás✐❝❛✳ ◆❛ ❋✐❣✉r❛ ✷✳✼ é ❛♣r❡s❡♥t❛❞❛ ❛ r❡♣r❡s❡♥t❛çã♦ ❞❛

r❡❞❡ ✈❛s❝✉❧❛r ❞♦ ❝ér❡❜r♦✳

❋✐❣✉r❛ ✷✳✼✿ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ r❡❞❡ ✈❛s❝✉❧❛r ❞♦ ❝ér❡❜r♦✳ ❘❡t✐r❛❞♦ ❞❡ ❤tt♣✿✴✴✇✇✇✳s✐rt✐♥✳❢r✴ s✐rt✐♥✴
✇♣✲❝♦♥t❡♥t✴ ✉♣❧♦❛❞s✴ ✵✽✵✺✶✽✲✵✶✳❥♣❣

❖s ✈❛s♦s q✉❡ ♣❛rt❡♠ ❞♦ ❝♦r❛çã♦ ❡ ✈ã♦ ♣❛r❛ ❛ ♣❡r✐❢❡r✐❛ ❞♦ ❝♦r♣♦ sã♦ ❝♦♥❤❡❝✐❞♦s ❝♦♠♦ ❛rtér✐❛s✳

❖s q✉❡ s❡❣✉❡♠ ♦ ♣❡r❝✉rs♦ ✐♥✈❡rs♦ sã♦ ❝❤❛♠❛❞♦s ❞❡ ✈❡✐❛s✳ ❆s ❛rtér✐❛s ❝❛rr❡❣❛♠ ♦ s❛♥❣✉❡ r✐❝♦ ❡♠

♦①✐❣ê♥✐♦ ❡ ♥✉tr✐❡♥t❡s ♣❛r❛ ♦s t❡❝✐❞♦s ❞♦ ❝♦r♣♦ ❡ ❛s ✈❡✐❛s ❝❛rr❡❣❛♠ ✉♠ s❛♥❣✉❡ r✐❝♦ ❡♠ ❛♥✐❞r✐❞♦

❝❛r❜ô♥✐❝♦ ❡ s✉❜stâ♥❝✐❛s r❡❥❡✐t❛❞❛s ♣❡❧♦s t❡❝✐❞♦s✱ ❛s q✉❛✐s sã♦ ❡❧✐♠✐♥❛❞❛s ♣❡❧♦s r✐♥s q✉❡ tê♠ ❝♦♠♦

❢✉♥çã♦ ❛ ✜❧tr❛❣❡♠ ❞♦ s❛♥❣✉❡✳

◆♦s ♣✉❧♠õ❡s t❡♠♦s ❛ ❡❧✐♠✐♥❛çã♦ ❞♦ ❛♥✐❞r✐❞♦ ❝❛r❜ô♥✐❝♦ ❡ ❛ ❛❜s♦rçã♦ ❞❡ ♦①✐❣ê♥✐♦ ♣♦r ♠❡✐♦ ❞❛

r❡s♣✐r❛çã♦✳

❈♦♥❢♦r♠❡ ❛✈❛♥ç❛♠ ♣❛r❛ ❛ ♣❡r✐❢❡r✐❛ ❞♦ ❝♦r♣♦✱ ❛s ❛rtér✐❛s s❡ ❡str❡✐t❛♠ ❢♦r♠❛♥❞♦ ❛s ❛rt❡rí♦❧❛s✳ ❊❧❛s

❝♦♥t✐♥✉❛♠ s❡ ❡str❡✐t❛♥❞♦ ❛té ❝❤❡❣❛r ❛ ♥í✈❡✐s ♠✐❝r♦s❝ó♣✐❝♦s✱ ❢♦r♠❛♥❞♦ ♦s ❝❛♣✐❧❛r❡s✳ ◆♦s ❝❛♣✐❧❛r❡s

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

ór❣ã♦s✱ ✉♠ ✐♥tr✐❝❛❞❛ r❡❞❡ ❡ ❞❡♣♦✐s s❡ ❥✉♥t❛♠ ♣❛r❛ ❢♦r♠❛r ❛s ✈ê♥✉❧❛s ✭♣❡q✉❡♥❛s ✈❡✐❛s✮✳ ❊st❛s ✈ã♦ s❡

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

❚❡♠♦s ❞✉❛s ❛rtér✐❛s q✉❡ ♣❛rt❡♠ ❞♦ ❝♦r❛çã♦✿ ❛ ❛rtér✐❛ ♣✉❧♠♦♥❛r ❡ ❛ ❛rtér✐❛ ❛♦rt❛✳

❆ ❛rtér✐❛ ♣✉❧♠♦♥❛r t❡♠ ❛ t❛r❡❢❛ ❞❡ ❧❡✈❛r ♦ s❛♥❣✉❡ ❛♦s ♣✉❧♠õ❡s✳ ❉❡♣♦✐s ❞❡ t❡r ❝❡❞✐❞♦ ♦ ❛♥✐❞r✐❞♦

❝❛r❜ô♥✐❝♦ ❡ t❡r s✐❞♦ ❝❛rr❡❣❛❞♦ ❞❡ ♦①✐❣ê♥✐♦✱ ♦ s❛♥❣✉❡ ✈♦❧t❛ ❛♦ ❝♦r❛çã♦ ♣❡❧❛s ✈❡✐❛s ♣✉❧♠♦♥❛r❡s✳ ❚♦❞♦
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❡st❡ ❝♦♥❥✉♥t♦ ❝♦♥st✐t✉✐ ❛ ♣❡q✉❡♥❛ ❝✐r❝✉❧❛çã♦✳

❆ ❛rtér✐❛ ❛♦rt❛ ❧❡✈❛ ♦ s❛♥❣✉❡ ❛♦ r❡st♦ ❞♦ ❝♦r♣♦✱ ❡ s❡✉s ♥✉♠❡r♦s♦s r❛♠♦s ❛❝❛❜❛♠ ❢♦r♠❛♥❞♦ ❛

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

q✉❡ ❝❤❡❣❛♠ ❛♦ ❛✉rí❝✉❧♦ ❞✐r❡✐t♦ ❡ às ✈❡✐❛s ❝❛✈❛s✳ ❚♦❞♦ ❡st❡ ❝♦♥❥✉♥t♦ ❝♦♥st✐t✉✐ ❛ ❣r❛♥❞❡ ❝✐r❝✉❧❛çã♦✳

◆♦ s✐st❡♠❛ ♥❡r✈♦s♦✱ ❛s ❛rtér✐❛s q✉❡ ❧❡✈❛♠ ♦ s❛♥❣✉❡ ♣❛r❛ ♦ ❡♥❝é❢❛❧♦ ❡ ♠❡❞✉❧❛ s❡ ❛❜r❡♠ ❡♠

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

❝❛♣❛③ ❞❡ ✐rr✐❣❛r t♦❞❛s ❛s r❡❣✐õ❡s ♥❡✉r❛✐s✱ ❧❡✈❛♥❞♦ ♦ ♦①✐❣ê♥✐♦ ❡ ♥✉tr✐❡♥t❡s ❞❡ q✉❡ ♣r❡❝✐s❛ ♣❛r❛ ♦ s❡✉

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

q✉❡ s❡ ❞✐st✐♥❣✉❡♠ ❞❛ ❝✐r❝✉❧❛çã♦ s✐stê♠✐❝❛✳ ❊st❛s ❡str✉t✉r❛s ♥♦❜r❡s ❡ ❛❧t❛♠❡♥t❡ ❡s♣❡❝✐❛❧✐③❛❞❛s ❡①✐❣❡♠

✉♠ s✉♣r✐♠❡♥t♦ ❝♦♥st❛♥t❡ ❞❡ ♦①✐❣ê♥✐♦ ❡ ♥✉tr✐❡♥t❡s ♣❛r❛ s❡✉ ❢✉♥❝✐♦♥❛♠❡♥t♦✳

❆ss✐♠✱ ❛ ❝✐r❝✉❧❛çã♦ s❛♥❣✉í♥❡❛ ❞♦ ❙◆❈ ❞❡✈❡ ❛♣r❡s❡♥t❛r ❝❛r❛❝t❡ríst✐❝❛s ❡s♣❡❝✐❛✐s q✉❡ ❞❡❡♠ ❝♦♥t❛

❞❛ ❞❡❧✐❝❛❞❛ r❡❧❛çã♦ ❡♥tr❡ ❛t✐✈✐❞❛❞❡ ❢✉♥❝✐♦♥❛❧✱ ♠❡t❛❜♦❧✐s♠♦ ❡ ✢✉①♦ s❛♥❣✉í♥❡♦ ♥♦ t❡❝✐❞♦ ♥❡r✈♦s♦✳ ❯♠❛

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

s❡✉ ❞✐â♠❡tr♦✱ s❡❥❛ ♣❛r❛ ♠❛♥t❡r ♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ❝♦♥st❛♥t❡✱ s❡❥❛ ♣❛r❛ ♠✉❞á✲❧♦✱ ❡♠ r❡s♣♦st❛ às

♥❡❝❡ss✐❞❛❞❡s ❢✉♥❝✐♦♥❛✐s✳

❆✐♥❞❛ ♥ã♦ s❡ ❝♦♥❤❡❝❡ ♦ ♠❡❝❛♥✐s♠♦✱ ♠❛s s❛❜❡✲s❡ q✉❡ ♦ ❞✐â♠❡tr♦ r❡s♣♦♥❞❡ ❛ ✈❛r✐❛çõ❡s ♥❛ ♣r❡ssã♦

s✐stê♠✐❝❛✳ ❊st❛s ❛❧t❡r❛çõ❡s ❞❡ ❞✐â♠❡tr♦ ♦❝♦rr❡♠ q✉❛♥❞♦ t❡♠♦s ✈❛r✐❛çõ❡s ♥❛ ♣r❡ssã♦ ❡♥tr❡ ✻✵ ❡ ✶✺✵

mmHg✱ ❡ ❛ s✉t✐s ❛❧t❡r❛çõ❡s ♥❛ ❝♦♥❝❡♥tr❛çã♦ s❛♥❣✉í♥❡❛ ❞♦s ❣❛s❡s r❡s♣✐r❛tór✐♦s ✭O2 ❡ CO2✮✳

◗✉❛♥❞♦ t❡♠♦s ✉♠❛ q✉❡❞❛ ♥❛ ♣r❡ssã♦ ❛rt❡r✐❛❧✱ ♥♦ ♦r❣❛♥✐s♠♦ ❞❡ ✉♠ ✐♥❞✐✈í❞✉♦✱ ❣❡r❛❧♠❡♥t❡ ❤á ✉♠❛

❞✐♠✐♥✉✐çã♦ ❞♦ ✢✉①♦ s❛♥❣✉í♥❡♦✱ ♦❝❛s✐♦♥❛❞♦ ♣❡❧❛ ✈❛s♦❝♦♥str✐çã♦ s✐stê♠✐❝❛✱ ♣r♦✈♦❝❛❞❛ ♣❡❧❛ ❛çã♦ ❞❡

r❡❣✐õ❡s ❞♦ tr♦♥❝♦ ❡♥❝❡❢á❧✐❝♦ ❡ ❞♦ s✐st❡♠❛ ♥❡r✈♦s♦ ❛✉tô♥♦♠♦✳ P♦ré♠✱ ♥♦ s✐st❡♠❛ ♥❡r✈♦s♦ é ♣r✐♦r✐tár✐♦

❝♦♥tr♦❧❛r ♦ ✢✉①♦ s❛♥❣✉í♥❡♦✱ ❛té ♣♦rq✉❡ ❛s ✈❛r✐❛çõ❡s ❞❡ ♣r❡ssã♦ s❛♥❣✉í♥❡❛ ❡♥❝❡❢á❧✐❝❛ t❡r✐❛♠ ♣♦✉❝❛

✐♥✢✉ê♥❝✐❛ s♦❜r❡ ❛ ♣r❡ssã♦ s✐stê♠✐❝❛✳

P♦rt❛♥t♦✱ ♦ ♠❡❝❛♥✐s♠♦ ❞❡ ❛✉t♦ r❡❣✉❧❛çã♦ ❞♦ ❞✐â♠❡tr♦ ✈❛s❝✉❧❛r ♥♦ s✐st❡♠❛ ♥❡r✈♦s♦ ❛t✉❛ ♥♦

s❡♥t✐❞♦ ✐♥✈❡rs♦✱ ❞❡♥tr♦ ❞❛ ❢❛✐①❛ ♠❡♥❝✐♦♥❛❞❛ ❞❡ ✻✵ ❡ ✶✺✵ ♠♠❍❣ ❡✱ ❛♦ ✐♥✈és ❞❡ ♦❝♦rr❡r ✈❛s♦❝♦♥str✐çã♦✱

♦❝♦rr❡ ✈❛s♦❞✐❧❛t❛çã♦✳ ❆ss✐♠✱ ❛ ✈❛s♦❝♦♥str✐çã♦ s✐stê♠✐❝❛ é ❝♦♠♣❡♥s❛❞❛ ♣❡❧❛ ✈❛s♦❞✐❧❛t❛çã♦ ♥❡✉r❛❧✱

❢❛③❡♥❞♦ ❝♦♠ q✉❡ ♦ ✢✉①♦ ♥♦ ❡♥❝é❢❛❧♦ ❡ ♥❛ ♠❡❞✉❧❛ ♣❡r♠❛♥❡ç❛ ❝♦♥st❛♥t❡✳

◗✉❛♥❞♦ ❤á ❡❧❡✈❛çã♦ ❞❛ ♣r❡ssã♦ s✐stê♠✐❝❛✱ ♦❝♦rr❡ ✈❛s♦❞✐❧❛t❛çã♦ s✐stê♠✐❝❛ ❡ ✈❛s♦❝♦♥str✐çã♦ ♥❡✉r❛❧✳

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

❞❛s ✈❛r✐❛çõ❡s s✐stê♠✐❝❛s✳

❋♦r❛ ❞❡st❛ ❢❛✐①❛ ❞❡ ✻✵ ❡ ✶✺✵ ♠♠❍❣✱ ❛ ♣r❡ssã♦ ❡ ♦ ✢✉①♦ ♥♦ ❙◆❈ ❛❝♦♠♣❛♥❤❛♠ ❛s ✈❛r✐❛çõ❡s

s✐stê♠✐❝❛s✳ P♦ré♠✱ ❤á ❝❡rt❛s ❝♦♥❞✐çõ❡s q✉❡ ❢❛③❡♠ ❝♦♠ q✉❡ ♦ ✢✉①♦ s❛♥❣✉í♥❡♦ s♦❢r❛ ❣r❛♥❞❡s ❛❧t❡r❛çõ❡s✳

❯♠ ❡①❡♠♣❧♦ é q✉❛♥❞♦ ❛ ❝♦♥❝❡♥tr❛çã♦ r❡❧❛t✐✈❛ ❞❡ ♦①✐❣ê♥✐♦ ❝❛✐ ✭♦✉ ❝r❡s❝❡ ❛ ❞❡ CO2✮✳ ❆ ✐♥❛❧❛çã♦ ❞❡

❛r ❝♦♠ ✼✪ ❞❡ CO2 ✭♦ ❛r ❛t♠♦s❢ér✐❝♦ t❡♠ ❣❡r❛❧♠❡♥t❡ ❛♣❡♥❛s ❝❡r❝❛ ❞❡ ✵✳✵✹ ✪✮ é ❝❛♣❛③ ❞❡ ❞✉♣❧✐❝❛r

♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ❞♦ s✐st❡♠❛ ♥❡r✈♦s♦✳

❖ s✐st❡♠❛ ❞❡ ✐rr✐❣❛çã♦ ❛rt❡r✐❛❧ ❞♦ ❙◆❈ ♣♦ss✉✐ três ✈✐❛s ❞❡ ❡♥tr❛❞❛✿

✶✳ ❱✐❛ ❛♥t❡r✐♦r ♦✉ ❝❛r♦tí❞❡❛ ✭✐rr✐❣❛ ♦s ❤❡♠✐s❢ér✐♦s ❝❡r❡❜r❛✐s ❡ ♦ tr♦♥❝♦ ❡♥❝❡❢á❧✐❝♦✮❀

✷✳ ❱✐❛ ♣♦st❡r✐♦r ♦✉ ✈❡rt❡❜r♦❜❛s✐❧❛r ✭✐rr✐❣❛ ♦ tr♦♥❝♦ ❡♥❝❡❢á❧✐❝♦ ❡ ❛ ♠❡❞✉❧❛ ❡s♣✐♥❤❛❧✮❀

✸✳ ❱✐❛ s✐stê♠✐❝❛ ✭q✉❡ ✐rr✐❣❛ ❛ ♠❡❞✉❧❛✮✳

❆s ❣r❛♥❞❡s ❛rtér✐❛s q✉❡ ❢♦r♠❛♠ ❡ss❛s três ✈✐❛s ♣♦ss✉❡♠ tr❛❥❡t♦s ❜❛st❛♥t❡ s❡♠❡❧❤❛♥t❡s ❡♥tr❡ ✐♥✲

❞✐✈í❞✉♦s✳ ❆♦ ❧♦♥❣♦ ❞❡st❡s tr❛❥❡t♦s ♦r✐❣✐♥❛♠✲s❡ ♥✉♠❡r♦s♦s r❛♠♦s q✉❡ ♣♦❞❡♠ s❡r s✉♣❡r✜❝✐❛✐s ✭❝♦❜r❡♠



✷✳✸ ❍❊▼❖❉■◆➶▼■❈❆ ❈❊❘❊❇❘❆▲ ✶✸

❛ s✉♣❡r❢í❝✐❡ ❡①t❡r♥❛ ❞♦ ❡♥❝é❢❛❧♦✱ ❞❛ ♠❡❞✉❧❛✱ ❣❡r❛♥❞♦ ❛rt❡rí♦❧❛s ♣❡♥❡tr❛♥t❡s q✉❡ s❡ ❛♣r♦❢✉♥❞❛♠ ♥♦

t❡❝✐❞♦ ❡ s❡ ❛❜r❡♠ ♥❛ r❡❞❡ ❝❛♣✐❧❛r✮ ♦✉ ♣r♦❢✉♥❞♦s ✭♦r✐❡♥t❛♥❞♦✲s❡ ♣❛r❛ ❡str✉t✉r❛s ✐♥t❡r♥❛s ❞♦ ❡♥❝é❢❛❧♦✮✳

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

q✉❡ ♦❝♦rr❡ ❡♠ ♦✉tr♦s ór❣ã♦s✳ ❊st❛s ♣♦✉❝❛s ❛♥❛st♦♠♦s❡s r❡♣r❡s❡♥t❛♠ ❛s ú♥✐❝❛s ❛❧t❡r♥❛t✐✈❛s ♣❛r❛

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

❛❧❣✉♠ t✐♣♦ ❞❡ ♦❜str✉çã♦✳ ❆ ♣r✐♥❝✐♣❛❧ ❡str✉t✉r❛ ❞❡ ❛♥❛st♦♠♦s❡ é ♦ ❝ír❝✉❧♦ ❛rt❡r✐❛❧ ❞♦ ❝ér❡❜r♦ ♦✉

♣♦❧í❣♦♥♦ ❞❡ ❲✐❧❧✐s✳

❋✐❣✉r❛ ✷✳✽✿ Pr✐♥❝✐♣❛✐s ❛rtér✐❛s ❞❡ ✐rr✐❣❛çã♦ ❞♦ ❡♥❝é❢❛❧♦✳ ❘❡t✐r❛❞♦ ❞❡ ◆❊❚❚❊❘ ✭✷✵✵✵✮

❖ ♣♦❧í❣♦♥♦ ❞❡ ❲✐❧❧✐s ❡stá s✐t✉❛❞♦ ♥❛ ❜❛s❡ ❞♦ ❝ér❡❜r♦✱ ♦♥❞❡ ❝✐r❝✉♥❞❛ ♦ q✉✐❛s♠❛ ó♣t✐❝♦ ❡ ♦ t✉❜❡r

❝✐♥ér❡♦✱ r❡❧❛❝✐♦♥❛♥❞♦✲s❡ ❛✐♥❞❛ ❝♦♠ ❛ ❢♦ss❛ ✐♥t❡r♣❡❞✉♥❝✉❧❛r ❡ ❛ s✉❜stâ♥❝✐❛ ♣❡r❢✉r❛❞❛ ❛♥t❡r✐♦r✳ ❊❧❡

é ❢♦r♠❛❞♦ ♣❡❧❛s ♣♦rçõ❡s ♣ró①✐♠❛s ❞❛s ❛rtér✐❛s ❝❡r❡❜r❛✐s ❛♥t❡r✐♦r✱ ♠é❞✐❛ ❡ ♣♦st❡r✐♦r✱ ♣❡❧❛ ❛rtér✐❛

❝♦♠✉♥✐❝❛♥t❡ ❛♥t❡r✐♦r ❡ ♣❡❧❛s ❛rtér✐❛s ❝♦♠✉♥✐❝❛♥t❡s ♣♦st❡r✐♦r❡s ❞✐r❡✐t❛ ❡ ❡sq✉❡r❞❛ ✭❋✐❣✉r❛ ✷✳✽✮✳

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

❞♦ q✉✐❛s♠❛ ó♣t✐❝♦✳ ❆s ❛rtér✐❛s ❝♦♠✉♥✐❝❛♥t❡s ♣♦st❡r✐♦r❡s ✉♥❡♠✱ ❞❡ ❝❛❞❛ ❧❛❞♦✱ ❛s ❝❛rót✐❞❛s ✐♥t❡r♥❛s

às ❝❡r❡❜r❛✐s ❝♦rr❡s♣♦♥❞❡♥t❡s✳ ❆ss✐♠ ❡❧❛s ❢♦r♠❛♠ ✉♠❛ ❥✉♥çã♦ ❡♥tr❡ ♦ s✐st❡♠❛ ❝❛r♦tí❞❡♦ ✐♥t❡r♥♦ ❡ ♦

s✐st❡♠❛ ✈❡rt❡❜r❛❧✳

P♦ré♠✱ ❡st❛ ❛♥❛st♦♠♦s❡ é ❛♣❡♥❛s ♣♦t❡♥❝✐❛❧✱ ❥á q✉❡✱ ❡♠ ❝♦♥❞✐çõ❡s ♥♦r♠❛✐s✱ ♥ã♦ ❤á ♣❛ss❛❣❡♠

❞❡ s❛♥❣✉❡ ❞♦ s✐st❡♠❛ ✈❡rt❡❜r❛❧ ♣❛r❛ ♦ ❝❛r♦tí❞❡♦ ✐♥t❡r♥♦ ♦✉ ✈✐❝❡ ❡ ✈❡rs❛✳ ❉♦ ♠❡s♠♦ ♠♦❞♦✱ ♣r❛✲

t✐❝❛♠❡♥t❡ ♥ã♦ ❡①✐st❡ tr♦❝❛ ❞❡ s❛♥❣✉❡ ❡♥tr❡ ❛ ♠❡t❛❞❡ ❞✐r❡✐t❛ ❡ ❡sq✉❡r❞❛ ❞♦ ♣♦❧í❣♦♥♦ ❞❡ ❲✐❧❧✐s✳





✷✳✸ ❍❊▼❖❉■◆➶▼■❈❆ ❈❊❘❊❇❘❆▲ ✶✺

❡ ♦ ❡st❛❞♦ ❞❛ ♣❛r❡❞❡ ❛rt❡r✐❛❧✱ ♦ q✉❛❧ ♣♦r s✉❛ ✈❡③✱ ❞❡♣❡♥❞❡ ❞❛ ✐❞❛❞❡ ❞♦ ♣❛❝✐❡♥t❡✳



✶✻ ❍❊▼❖❉■◆➶▼■❈❆ ❈❊❘❊❇❘❆▲ ✷✳✸



❈❛♣ít✉❧♦ ✸

❈❖◆❈❊■❚❖❙ ❉❆ ❚➱❈◆■❈❆

❖ ♣r✐♥❝í♣✐♦ ❞❛ té❝♥✐❝❛ ◆■❘❙ s❡ ❜❛s❡✐❛ ♥❛ ✐♥t❡r❛çã♦ ❞❛ ❧✉③ ❝♦♠ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ ♥❛ r❡❣✐ã♦ ❞♦

✐♥❢r❛✈❡r♠❡❧❤♦ ♣ró①✐♠♦ ❝♦♠ ♦ t❡❝✐❞♦ ❜✐♦❧ó❣✐❝♦✳ ❉❡st❛ ❢♦r♠❛ ♣♦❞❡♠♦s ♦❜s❡r✈❛r ❛ ❛t✐✈❛çã♦ ❢✉♥❝✐♦♥❛❧ ❞♦

❝ér❡❜r♦ ❛tr❛✈és ❞❛s ♣r♦♣r✐❡❞❛❞❡ ó♣t✐❝❛s ❞♦ t❡❝✐❞♦ ✭♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛ ♣❛rt❡ r❡❧❛❝✐♦♥❛❞❛ à ❛❜s♦rçã♦ ❞❡

❧✉③ ♣❡❧♦ t❡❝✐❞♦✮✱ q✉❡ ♣♦r s✉❛ ✈❡③ ♣❡r♠✐t❡♠ ♦❜t❡r ❛s ✈❛r✐❛çõ❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ♦①✐✲❤❡♠♦❣❧♦❜✐♥❛

❡ ❞❡s♦①✐✲❤❡♠♦❣❧♦❜✐♥❛ ✭❍❜❖ ❡ ❍❜❘ r❡s♣❡❝t✐✈❛♠❡♥t❡✮✳

◆❡st❡ ❝❛♣ít✉❧♦✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❝♦♥❝❡✐t♦s ❢✉♥❞❛♠❡♥t❛✐s ❞❛ té❝♥✐❝❛✳ ❊❧❡ ♣♦❞❡ s❡r ❞✐✈✐❞✐❞♦ ❡♠

❞✉❛s ♣❛rt❡s✿ ❛ ♣r✐♠❡✐r❛ é t❡ór✐❝❛✱ ♦♥❞❡ ♠♦str❛♠♦s ❝♦♠♦ tr❛♥s❢♦r♠❛♠♦s ❛s ✐♥t❡♥s✐❞❛❞❡s ❧✉♠✐♥♦s❛s

♥❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❍❜❖ ❡ ❍❜❘❀ ❛ s❡❣✉♥❞❛ é ❡①♣❡r✐♠❡♥t❛❧✱ ♦♥❞❡ sã♦ ❞✐s❝✉t✐❞♦s ❛ ♠♦♥t❛❣❡♠ ❞♦s

❛rr❛♥❥♦s ó♣t✐❝♦s ❡ ♦ s❡✉ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ♣❛r❛ ❛ ❛q✉✐s✐çã♦✳

◆♦ ✜♥❛❧ sã♦ ❛♣r❡s❡♥t❛❞♦s✱ ❞❡ ❢♦r♠❛ s✉❝✐♥t❛✱ ♦s t✐♣♦s ❞❡ ❡q✉✐♣❛♠❡♥t♦s✿ q✉❛♥t♦ ❛♦ t✐♣♦ ❞❡ ❡①❝✐✲

t❛çã♦ ❞♦ t❡❝✐❞♦✱ ❡ ❛q✉❡❧❡s ✉t✐❧✐③❛❞♦s ♥♦s ❡st✉❞♦s ✭❈❲✻ ❡ ◆■❘❙❝♦✉t✮✳

✸✳✶ ❈♦♥❝❡✐t♦s ❋✉♥❞❛♠❡♥t❛✐s ❞❛ ❚é❝♥✐❝❛

P❛r❛ ❡♥t❡♥❞❡r ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ té❝♥✐❝❛ ◆■❘❙✱ é ♥❡❝❡ssár✐♦ ❝♦♥❤❡❝❡r ❡ ❝♦♠♣r❡❡♥❞❡r ❝♦♠♦ ❛

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

t♦❞♦ ♦ t❡❝✐❞♦✱ ♣❛rt❡ ❞❛ ❧✉③ é r❡✢❡t✐❞❛ ❡ ♣❛rt❡ é tr❛♥s♠✐t✐❞❛✳ ❆ ❧✉③ tr❛♥s♠✐t✐❞❛ ♣❡♥❡tr❛ ♥♦ ♠❡✐♦ ❡

s❡ ❞✐❢✉♥❞❡ ✭❛ ❞✐❢✉sã♦ ❞❛ ❧✉③ ♥♦ t❡❝✐❞♦ só é ♣♦ssí✈❡❧ ❣r❛ç❛s ❛♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❡s♣❛❧❤❛♠❡♥t♦ s❡r ♠✉✐t♦

♠❛✐♦r q✉❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❛❜s♦rçã♦ ❞♦ t❡❝✐❞♦✮✳ ◆❛ ❋✐❣✉r❛ ✸✳✶ t❡♠♦s ❛ s✐♠✉❧❛çã♦ ❞♦ ♣❛❞rã♦ ❞❛

❞✐❢✉sã♦ ❞❛ ❧✉③ ♥❛ ❝❛❜❡ç❛✳

❆s ♠♦❧é❝✉❧❛s ♦r❣â♥✐❝❛s r❡❧❛❝✐♦♥❛❞❛s à ♦①✐❣❡♥❛çã♦ t❡❝✐❞✉❛❧✱ ♦✉ s❡❥❛✱ ❛s q✉❡ ♠❛✐s ❛❜s♦r✈❡♠ ♦

✐♥❢r❛✈❡r♠❡❧❤♦ ♣ró①✐♠♦✱ sã♦ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛ ❤❡♠♦❣❧♦❜✐♥❛ ❡ ❛ ♠✐♦❣❧♦❜✐♥❛✳ ◆❛s ♠❡❞✐❞❛s r❡❧❛❝✐♦♥❛❞❛s

❛♦ ❝ér❡❜r♦ t❡♠♦s ❝♦♠♦ ♣r✐♥❝✐♣❛❧ ❝r♦♠ó❢♦r♦ ❛ ❤❡♠♦❣❧♦❜✐♥❛✳ ◆❛s ♠❡❞✐❞❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦ ♠ús❝✉❧♦

t❡♠♦s ❛ ♣r❡s❡♥ç❛ ❞❛ ❤❡♠♦❣❧♦❜✐♥❛ ❡ ❞❛ ♠✐♦❣❧♦❜✐♥❛ ❝♦♠♦ ♦s ❝r♦♠ó❢♦r♦s r❡s♣♦♥sá✈❡✐s ♣❡❧♦ s✐♥❛❧ ❞♦

◆■❘❙✳

❆ ♣r❡s❡♥ç❛ ❞❛ ♠✐♦❣❧♦❜✐♥❛ ♥♦s ♠ús❝✉❧♦s t❡♠ ❣❡r❛❞♦ ❞✐s❝✉ssõ❡s s♦❜r❡ q✉❛❧ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❛ ❝♦♥✲

tr✐❜✉✐çã♦ ❞♦ s✐♥❛❧ ◆■❘❙ r❡❧❛❝✐♦♥❛❞♦ à ♠✐♦❣❧♦❜✐♥❛✳ ❊st✉❞♦s ❡①♣❡r✐♠❡♥t❛✐s tê♠ ♠♦str❛❞♦ q✉❡ ❛ ♠✐♦✲

❣❧♦❜✐♥❛ ❝♦rr❡s♣♦♥❞❡ ❛ ❛♣❡♥❛s ✶✵✪ ❞❛ ❧✉③ ❛❜s♦r✈✐❞❛ ❡ q✉❡ ❛ s❛t✉r❛çã♦ ❞❛ ♠✐♦❣❧♦❜✐♥❛ ♣❡r♠❛♥❡❝❡ ❡stá✲

✈❡❧ ♠❡s♠♦ ❡♠ ❝♦♥❞✐çõ❡s q✉❡ ❝♦♠♣r♦♠❡t❛♠ ♦ tr❛♥s♣♦rt❡ ❞❡ ♦①✐❣ê♥✐♦ ❝❡❧✉❧❛r ✭❇❖❯❙❍❊▲ ❡ P■❆◆❚❆❉❖❙■

✭✷✵✵✵✮❀ ❙❊■❨❆▼❆ ❡t ❛❧✳ ✭✶✾✽✽✮✮✳ ◆♦ ❡st✉❞♦ ❞❡ ❉❆❱■❙ ❡ ❇❆❘❙❚❖❲ ✭✷✵✶✸✮ ❢♦✐ ❞❡♠♦♥str❛❞♦ q✉❡

✶✼



✶✽ ❈❖◆❈❊■❚❖❙ ❋❯◆❉❆▼❊◆❚❆■❙ ❉❆ ❚➱❈◆■❈❆ ✸✳✶

❋✐❣✉r❛ ✸✳✶✿ ❙✐♠✉❧❛çã♦ ❞♦ ♣❛❞rã♦ ❞❡ ❞✐❢✉sã♦ ❞❛ ❧✉③ ♥♦ t❡❝✐❞♦✳ ❚❡♠♦s ✉♠❛ ❢♦♥t❡ ♣♦s✐❝✐♦♥❛❞❛ ♥❛ r❡✲
❣✐ã♦ ❝❡♥tr❛❧ ❞♦ ♣❛❞rã♦ ✭✐♥❞✐❝❛❞❛ ♣❡❧❛ s❡t❛✮✳ ❖❜s❡r✈❛♠♦s q✉❡ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❧✉③ q✉❡ r❡t♦r♥❛ é ❞❡♣❡♥✲
❞❡♥t❡ ❞❛ ❞✐stâ♥❝✐❛ ❡♠ r❡❧❛çã♦ à ❢♦♥t❡✳❖s ❡✐①♦s ❡stã♦ ❡♠ ♠♠✳ ❘❡t✐r❛❞♦ ❡ ❛❞❛♣t❛❞♦ ❞❡ ❇❖❆❙ ❡t ❛❧✳
✭✷✵✵✷✮

❛ ♠✐♦❣❧♦❜✐♥❛ ❝♦rr❡s♣♦♥❞❡ ❛ ♠❛✐s ❞❡ ✺✵✪ ❞♦ s✐♥❛❧ ❞♦ ◆■❘❙ ❡♠ ♠ús❝✉❧♦✳

❆ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♠❡❞✐r ❛ ✐♥t❡♥s✐❞❛❞❡ ❧✉♠✐♥♦s❛ q✉❡ ❛tr❛✈❡ss❛ ♦ ❡s❝❛❧♣♦ ❡ ❝❤❡❣❛ ❛♦ ❝órt❡①✱ s♦❢r❡

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

❝❡r❡❜r❛✐s✮ ♦✉ q✉❡ ♣❡♥❡tr❛ ♥❛ ♣❡❧❡✱ ♥♦ s✉❜❝✉tâ♥❡♦ ❡ ♥♦ ♠ús❝✉❧♦ ❛❞❥❛❝❡♥t❡ ❡ r❡t♦r♥❛ ❛♦ ❞❡t❡❝t♦r ✭♥♦

❝❛s♦ ❞❛s ❛♣❧✐❝❛çõ❡s ♠✉s❝✉❧❛r❡s✮ é ♦ q✉❡ ♣❡r♠✐t❡ ♦ ✉s♦ ❞❛ té❝♥✐❝❛✳

❆ ♣r♦♣❛❣❛çã♦ ❞❛ ❧✉③ ❞❡♣❡♥❞❡ ❞❡ ❛❧❣✉♥s ❢❡♥ô♠❡♥♦s✱ s❡♥❞♦ ♦s ♣r✐♥❝✐♣❛✐s ❛ ❛❜s♦rçã♦ ❡ ❡s♣❛❧❤❛✲

♠❡♥t♦ ♥♦ t❡❝✐❞♦ ✭❋✐❣✉r❛ ✸✳✷✮✳ ❉❡✈✐❞♦ à ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❧✉③ ✉t✐❧✐③❛❞❛ ♥♦s ❡q✉✐♣❛♠❡♥t♦s✱ t❡♠♦s ✉♠❛

♠❛✐♦r ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦s ❢❡♥ô♠❡♥♦s ❞❡ ❡s♣❛❧❤❛♠❡♥t♦ ❡ ❛❜s♦rçã♦✳ ❖ ❡s♣❛❧❤❛♠❡♥t♦ ❡ ❛

❛❜♦rçã♦ sã♦ ♣r♦♣r✐❡❞❛❞❡s ❞❡♣❡♥❞❡♥t❡s ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ❧✉③ ✐rr❛❞✐❛♥t❡✳ ❖ ❡s♣❛❧❤❛♠❡♥t♦ é ♠❡♥♦r

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

♣ró①✐♠♦✳ ❊①✐st❡ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❢❡♥ô♠❡♥♦s ♥ã♦ ❧✐♥❡❛r❡s✱ ❝❛s♦ ❛ ✐♥t❡♥s✐❞❛❞❡ ❧✉♠✐✲

♥♦s❛ s❡❥❛ ♠✉✐t♦ ❛❧t❛✱ ♦ q✉❡ ♥ã♦ é ♦ ♥♦ss♦ ❝❛s♦✳ ❆ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡st❡s ❡✈❡♥t♦s t❛♠❜é♠

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

❋✐❣✉r❛ ✸✳✷✿ ❈❛♠✐♥❤♦ ❞❛ ❧✉③ ❡♠ ✉♠ ♠❡✐♦ ❤♦♠♦❣ê♥❡♦✳ ❆ ♣❛rt❡ ❞❛ ❧✉③ tr❛♥s♠✐t✐❞❛ ❡stá r❡♣r❡s❡♥t❛❞❛
♣❡❧❛s ❧❡tr❛s ❛✱❜ ❝✳ ✭❛✮ ❡ ✭❝✮ r❡♣r❡s❡♥t❛ ♦ ❡s♣❛❧❤❛♠❡♥t♦ ❞❛ ❧✉③ tr❛♥s♠✐t✐❞❛ ♥♦ ♠❡✐♦ ❤♦♠♦❣ê♥❡♦ ❡ ✭❜✮
r❡♣r❡s❡♥t❛ ❛ ❛❜s♦rçã♦ ❞❛ ❧✉③ tr❛♥s♠✐t✐❞❛ ♥♦ ♠❡✐♦ ❤♦♠♦❣ê♥❡♦✳ ❘❡t✐r❛❞❛ ❡ ❛❞❛♣t❛❞❛ ❞❡ ▼❊❙◗❯■❚❆
✭✷✵✵✾✮

◆♦ ❣❡r❛❧✱ sã♦ ✉s❛❞❛s ❢♦♥t❡s ❞❡ ❧✉③ ✭❧❛s❡r ♦✉ ▲❊❉✮ ♥♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ ♥♦ ✐♥❢r❛✈❡r♠❡❧❤♦



✸✳✶ ❈❖◆❈❊■❚❖❙ ❋❯◆❉❆▼❊◆❚❆■❙ ❉❆ ❚➱❈◆■❈❆ ✶✾

♣ró①✐♠♦ ✭◆■❘✮✱ ❝♦♠ ❜❛✐①❛ ♣♦tê♥❝✐❛ ✭❞❛ ♦r❞❡♠ ❞❡ ✶✵ ♠❲✮ ❡ ❞❡t❡❝t♦r❡s ✭❢♦t♦❞✐♦❞♦s ♦✉ ❢♦t♦♠✉❧t✐✲

♣❧✐❝❛❞♦r❡s✮ ♣❛r❛ ❛ ❞❡t❡❝çã♦ ❞❛ ❧✉③ q✉❡ r❡t♦r♥❛✳

◆❛t✉r❛❧♠❡♥t❡ ❛ tr❛❥❡tór✐❛ ❞❛ ❧✉③ ✭❛ ❧✉③ ♣♦❞❡ s❡r tr❛t❛❞❛ ❝♦♠♦ ✉♠❛ ♣❛rtí❝✉❧❛ ❝❤❛♠❛❞❛ ❢ót♦♥✮

é ❞✐❢❡r❡♥t❡ ♣❛r❛ ❝❛❞❛ ❢ót♦♥ ✭♥❛ ❋✐❣✉r❛ ✸✳✷ ♣♦❞❡♠♦s ♦❜s❡r✈❛r ♦ ❝❛♠✐♥❤♦ ❞❡ ❞♦✐s ❢ót♦♥s ✭❛ ❡ ❝✮ q✉❡

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

❜✐♦❧ó❣✐❝♦ ✭❋✐❣✉r❛ ✸✳✶✮✳

❖s ❢ót♦♥s q✉❡ ❝❤❡❣❛♠ ❛♦ ❞❡t❡❝t♦r tê♠ ✉♠ ♣❡r✜❧✱ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✸✱ q✉❡ ❧❡♠❜r❛ ♦

❢♦r♠❛t♦ ❞❡ ✉♠❛ ❜❛♥❛♥❛✳ ❊st❡ ♣❡r✜❧ ✐♥❞✐❝❛ ♦ ❝❛♠✐♥❤♦ ❞❡ ♠❛✐♦r ♣r♦❜❛❜✐❧✐❞❛❞❡ ♣❛r❛ ✉♠ ❢ót♦♥ q✉❡

❝❤❡❣❛ ❛♦ ❞❡t❡❝t♦r✱ s❛✐♥❞♦ ❞❛ ❢♦♥t❡✳

❋✐❣✉r❛ ✸✳✸✿ ❈❛♠✐♥❤♦ ♠❛✐s ♣r♦✈á✈❡❧ ❞❛ ❧✉③ ♥♦ ❡♥❝é❢❛❧♦ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ❛ ❝❤❡❣❛❞❛ ❞❛ ❧✉③ ❡♠
✉♠ ❞❡t❡❝t♦r ♣♦s✐❝✐♦♥❛❞♦ ❛ ✉♠❛ ❝❡rt❛ ❞✐stâ♥❝✐❛ ❞❛ ❢♦♥t❡✳ ❘❡t✐r❛❞♦ ❞❡ ❇❖❆❙ ❡t ❛❧✳ ✭✷✵✵✶✮✳ ❈❡r❡❜r❛❧
❈♦rt❡① ✭❈órt❡① ❝❡r❡❜r❛❧✮❀ ▲✐❣❤t ❊♠✐ss✐♦♥ ✭❊♠✐ss♦r ❞❡ ▲✉③✮❀ ▲✐❣❤t ❉❡t❡❝t✐♦♥ ✭❉❡t❡❝t♦r ❞❡ ▲✉③✮❀
❙❦✉❧❧ ✭❈râ♥✐♦✮

❆ ❢❛✐①❛ ❞❡ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ ❞❡ ✼✵✵ ♥♠ ❛ ✶✵✵✵ ♥♠ é ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❛ r❡❣✐ã♦ ❞♦ ✐♥❢r❛✈❡r✲

♠❡❧❤♦✳ ❆♣ós ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ ❞❡ ✾✺✵ ♥♠ ❛ ❧✉③ é ❢❛❝✐❧♠❡♥t❡ ❛❜s♦r✈✐❞❛ ♣❡❧♦ t❡❝✐❞♦ ❤✉♠❛♥♦

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

❈♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛ ❡♥tr❡ ✹✵✵ ♥♠ ❡ ✻✺✵ ♥♠ sã♦ ❛❧t❛♠❡♥t❡ ❡s♣❛❧❤❛❞♦s ♣❡❧♦ t❡❝✐❞♦ ❤✉♠❛♥♦

❡✱ ♣♦r ✐ss♦✱ ♥ã♦ ❝♦♥s❡❣✉❡♠ ♣❡♥❡tr❛r ♥♦ t❡❝✐❞♦✳ ❙♦❜r❛ ✉♠❛ r❡❣✐ã♦ ❡♥tr❡ ♦ ❡s♣❡❝tr♦ ✈✐sí✈❡❧ ❡ ❛ r❡❣✐ã♦

❞♦ ✐♥❢r❛✈❡r♠❡❧❤♦ ❛ q✉❡ ❝❤❛♠❛♠♦s r❡❣✐ã♦ ❞❡ ✐♥❢r❛✈❡r♠❡❧❤♦ ♣ró①✐♠♦ ✭◆■❘✮✳ ❊❧❛ ✜❝❛ ❝♦♠♣r❡❡♥❞✐❞❛

❡♥tr❡ ✻✺✵ ♥♠ ❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✾✺✵ ♥♠✳ ❆ ❧✉③ ❝♦♠ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ ♥❡st❛ ❢❛✐①❛ é ❢r❛❝❛♠❡♥t❡

❛❜s♦r✈✐❞❛ ♣❡❧♦ t❡❝✐❞♦ ❤✉♠❛♥♦✱ ♦ q✉❡ ♣♦ss✐❜✐❧✐t❛ ♦ ✉s♦ ❞❛ té❝♥✐❝❛✳ ❊st❛ r❡❣✐ã♦ ❞♦ ❡s♣❡❝tr♦✱ ❡♥tr❡ ✻✺✵

♥♠ ❡ ✾✺✵ ♥♠✱ é ❝♦♥❤❡❝✐❞❛ ♣♦r ✧❥❛♥❡❧❛ ó♣t✐❝❛✧ ✭❋✐❣✉r❛ ✸✳✹✮✳

◆❛ ❋✐❣✉r❛ ✸✳✹ ❛♣r❡s❡♥t❛♠♦s ❛s ❝✉r✈❛s ❞❡ ❛❜s♦rçã♦ ❞❛ ❤❡♠♦❣❧♦❜✐♥❛ ♦①✐❣❡♥❛❞❛ ❡ ❞❡s♦①✐❣❡♥❛❞❛✳

❆ ♣r❡s❡♥ç❛ ❞❛ ♠✐♦❣❧♦❜✐♥❛ ♥❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✱ ❝✉❥♦ ❡s♣❡❝tr♦ ❞❡ ❛❜s♦rçã♦ s❡ s♦❜r❡♣õ❡ ❛♦ ❡s♣❡❝tr♦

❞❛ ❤❡♠♦❣❧♦❜✐♥❛✱ ✐♠♣♦ss✐❜✐❧✐t❛ ❛ ❞✐st✐♥çã♦ ❡♥tr❡ ♦s ❞♦✐s ❝r♦♠ó❢♦r♦s ✭❤❡♠♦❣❧♦❜✐♥❛ ❡ ♠✐♦❣❧♦❜✐♥❛✮ ♥❛s

♠❡❞✐❞❛s ❞❡ ◆■❘❙✳ ❆ ♠✐♦❣❧♦❜✐♥❛ t❛♠❜é♠ s❡ ❛♣r❡s❡♥t❛ ♥❛s ❢♦r♠❛s ♦①✐❣❡♥❛❞❛ ❡ ❞❡s♦①✐❣❡♥❛❞❛✳

❆s ♣r♦♣r✐❡❞❛❞❡s ❞❡ ❡s♣❛❧❤❛♠❡♥t♦ ❡ ❛❜s♦rçã♦ ❞♦ t❡❝✐❞♦ sã♦ ❞❡t❡r♠✐♥❛♥t❡s ♣❛r❛ ♦ ♣❡r✜❧ ❞❡ s❡♥s✐✲

❜✐❧✐❞❛❞❡✱ ❡ sã♦ ❞❡♣❡♥❞❡♥t❡s ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛✳ ❆ ✜♠ ❞❡ ♠❛①✐♠✐③❛r ❛ s❡♥s✐❜✐❧✐❞❛❞❡ à ✈❛r✐❛çã♦

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

✽✵✺ ♥♠✱ ♣♦♥t♦ ♦♥❞❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❛❜s♦rçã♦ ❞❡ ❍❜❖ ❡ ❍❜❘ sã♦ ✐❣✉❛✐s✳

●r❛ç❛s ❛♦ ❛❧t♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❡s♣❛❧❤❛♠❡♥t♦ ❞♦ t❡❝✐❞♦ ♥❡st❛ r❡❣✐ã♦✱ ❛ ❧✉③ ✐♥❝✐❞❡♥t❡ s❡ ❡s♣❛❧❤❛



✷✵ ❈❖◆❈❊■❚❖❙ ❋❯◆❉❆▼❊◆❚❆■❙ ❉❆ ❚➱❈◆■❈❆ ✸✳✶

❋✐❣✉r❛ ✸✳✹✿ ❈✉r✈❛s ❞❡ ❛❜♦rçã♦ ❞♦s ❝r♦♠ó❢♦r♦s ❍❜❖ ✭❖①②✲❍❜✮ ❡ ❍❜❘✭❉❡♦①②✲❍❜✮ ❡ ❞❛ á❣✉❛✱ ✐♥✲
❞✐❝❛♥❞♦ t❛♠❜é♠ ❛ ❥❛♥❡❧❛ ó♣t✐❝❛✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❞❡ ■❩❩❊❚❖●▲❯ ❡t ❛❧✳ ✭✷✵✵✼✮✳ ❆❡s♦r♣t✐♦♥ ❋❛❝✲
t♦r✭❋❛t♦r ❞❡ ❛❜s♦rçã♦✮❀ ❲❛✈❡❧❡♥❣t❤✭❈♦♠♣r✐♠❡♥t♦ ❞❡ ❖♥❞❛✮❀ ❖♣t✐❝❛❧ ❲✐♥❞♦✇♥ ✭❏❛♥❡❧❛ Ó♣t✐❝❛✮

❡♠ t♦❞❛s ❛s ❞✐r❡çõ❡s ♣♦ss✐❜✐❧✐t❛♥❞♦ s✉❛ ❞❡t❡❝çã♦ ❛ ❛❧❣✉♥s ❝❡♥tí♠❡tr♦s ❞❡ ❞✐stâ♥❝✐❛ ❞❛ ❢♦♥t❡ ✭❋✐❣✉r❛

✸✳✸✮✱ ♠❡s♠♦ ❡❧❛ t❡♥❞♦ ♣❡♥❡tr❛❞♦ ❛❧❣✉♥s ❝❡♥tí♠❡tr♦s ♥♦ t❡❝✐❞♦✳

❆s ♣r♦♣r✐❡❞❛❞❡s ó♣t✐❝❛s ❞♦ t❡❝✐❞♦ ♣♦❞❡♠ s❡r ❞❡s❝r✐t❛s ❛tr❛✈és ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❛❜s♦rçã♦ ✭µa✮

❡ ❡s♣❛❧❤❛♠❡♥t♦ ✭µs✮✳ ❱❛❧♦r❡s tí♣✐❝♦s ♣❛r❛ ❡ss❛s ❣r❛♥❞❡③❛s sã♦ µa = 0.1cm−1 ❡ µs = 100cm−1

✭❲❆◆● ❡ ❲❯ ✭✷✵✵✼✮✮✳

◆♦s ❝♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛ ✉t✐❧✐③❛❞♦s ♣❡❧♦s ❡q✉✐♣❛♠❡♥t♦s✱ ♦s ✈❛❧♦r❡s ❞❡ µa ❡ µs ✈❛r✐❛♠ s✐❣♥✐✜✲

❝❛t✐✈❛♠❡♥t❡ ❝♦♠ ❛ ❝♦♥❝❡♥tr❛çã♦ ❡ ♦ t✐♣♦ ❞❡ ❤❡♠♦❣❧♦❜✐♥❛ ♣r❡s❡♥t❡ ♥♦ t❡❝✐❞♦✳ ➱ ❡st❛ s❡♥s✐❜✐❧✐❞❛❞❡

♥❛s ♣r♦♣r✐❡❞❛❞❡ ó♣t✐❝❛s ❞♦ t❡❝✐❞♦✱ ❛❧✐❛❞❛ à ❜❛✐①❛ ❛❜s♦rçã♦ ❞❛ á❣✉❛ ♥❛ r❡❣✐ã♦ ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡

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

❞❛ ❧✉③✳

❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❛❜s♦rçã♦ ❞♦ t❡❝✐❞♦ ♣♦❞❡ s❡r ❞❡s❝r✐t♦ ♣❡❧❛ s♦♠❛ ❞♦s ❝r♦♠ó❢♦r♦s q✉❡ ❡stã♦

♣r❡s❡♥t❡s ♥♦ t❡❝✐❞♦✳ ❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❛❜s♦rçã♦ ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ✭µi
a✮ é ❞❛❞♦ ♣❡❧❛ ♠✉❧t✐♣❧✐❝❛çã♦ ❞♦

❝♦❡✜❝✐❡♥t❡ ❞❡ ❡①t✐♥çã♦ ✭ǫi✮ ❞♦ ❝r♦♠ó❢♦r♦ ♣❡❧❛ s✉❛ ❝♦♥❝❡♥tr❛çã♦ ✭Ci✮✳

µi
a = ǫi ∗ Ci. ✭✸✳✶✮

◆♦ ❝❛s♦ ❞♦ ❝ér❡❜r♦✱ ❛s ♣r✐♥❝✐♣❛✐s ❝♦♠♣♦♥❡♥t❡s q✉❡ ❛❜s♦r✈❡♠ ❛ ❧✉③ ♥❛ r❡❣✐ã♦ ❞♦ ✐♥❢r❛✈❡r♠❡❧❤♦

♣ró①✐♠♦ sã♦ ❛ ♦①✐ ❡ ❛ ❞❡s♦①✐✲❤❡♠♦❣❧♦❜✐♥❛ ✭❍❜❖ ❡ ❍❜❘✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮✱ ♥❛s ❛♣❧✐❝❛çõ❡s ❝❡r❡❜r❛✐s✳

◆❛s ❛♣❧✐❝❛çõ❡s ♠✉s❝✉❧❛r❡s t❡♠♦s ❛ ♣r❡s❡♥ç❛ ❞❛ ♦①✐ ❡ ❛ ❞❡s♦①✐✲❤❡♠♦❣❧♦❜✐♥❛ ❜❡♠ ❝♦♠♦ ❛ ♣r❡s❡♥ç❛

❞❛ ♦①✐ ❡ ❛ ❞❡s♦①✐✲♠✐♦❣❧♦❜✐♥❛ ✭▼❍❜❖ ❡ ▼❍❜❘✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮✳ ◆❛ ❞❡♠♦str❛çã♦ ❛❜❛✐①♦ ✈❛♠♦s

❝♦♥s✐❞❡r❛r ✉♠❛ ❛♣❧✐❝❛çã♦ ❝❡r❡❜r❛❧✳

P♦❞❡♠♦s ❝♦♥s✐❞❡r❛r q✉❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❛❜s♦rçã♦ ❞♦ t❡❝✐❞♦ é ❞❛❞♦ ♣❡❧❛ s♦♠❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s

❞❡ ❛❜s♦rçã♦ ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✳

µa = ǫλHbRCHbR + ǫλHbOCHbO. ✭✸✳✷✮



✸✳✶ ❈❖◆❈❊■❚❖❙ ❋❯◆❉❆▼❊◆❚❆■❙ ❉❆ ❚➱❈◆■❈❆ ✷✶

◆❛ ❡q✉❛çã♦ ✸✳✷ t❡♠♦s q✉❡✿ ǫλHbO ❡ ǫλHbR sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❡①t✐♥çã♦ ❞❛ ♦①✐✲❤❡♠♦❣❧♦❜✐♥❛ ❡ ❞❛

❞❡s♦①✐✲❤❡♠♦❣❧♦❜✐♥❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆♠❜♦s sã♦ ❞❡♣❡♥❞❡♥t❡s ❞♦s ❝♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛✳ CHbO ❡

CHbR sã♦ ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ♦①✐✲❤❡♠♦❣❧♦❜✐♥❛ ❡ ❞❡ ❞❡s♦①✐✲❤❡♠♦❣❧♦❜✐♥❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆ ✈❛r✐❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❛❜s♦rçã♦ ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞❛ ❛ ♣❛rt✐r ❞❛ ✈❛r✐❛çã♦ ❞❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛

❧✉③ ♥♦ ❞❡t❡❝t♦r✱ q✉❡ ♣♦❞❡ s❡r ❡①♣r❡ss❛ ❛tr❛✈és ❞❛ ❞❡♥s✐❞❛❞❡ ó♣t✐❝❛ ✭❖❉✮✳ ❆ ❧❡✐ ❞❡ ❇❡❡r✲▲❛♠❜❡rt

❡st❛❜❡❧❡❝❡ q✉❡ ❛ ✈❛r✐❛çã♦ ❞❡ ❖❉ ♥✉♠ ❞❡t❡❝t♦r i é ♣r♦♣♦r❝✐♦♥❛❧ ❛♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❛❜s♦rçã♦ ❞♦ t❡❝✐❞♦✿

∆ODλ
i (t) = −

log(Φλ
ij(t))

log(Φλ
ij(0)))

=

∫
Γ
∆µλ

a(t)d~r, ✭✸✳✸✮

♦♥❞❡ Φλ
ij(t) é ❛ ❢✉♥çã♦ q✉❡ ❞❡s❝r❡✈❡ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❧✉③ ❡♠✐t✐❞❛ ♥❛ ❢♦♥t❡ j ❝♦♠ ❝♦♠♣r✐♠❡♥t♦ ❞❡

♦♥❞❛ λ ❡ é ♦❜s❡r✈❛❞❛ ♥♦ ❞❡t❡❝t♦r i ♥♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ t✳ ❖ t❡r♠♦ Φλ
ij(0) ❞❡s❝r❡✈❡ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛

❧✉③ ❡♠✐t✐❞❛ ♥❛ ❢♦♥t❡ j ❝♦♠ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ λ ♥♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ t0✳ ❆ ✐♥t❡❣r❛❧ ♥❛ ❡q✉❛çã♦

é ✉♠❛ ✐♥t❡❣r❛❧ ❞❡ ❝❛♠✐♥❤♦ s♦❜r❡ t♦❞♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ tr❛❥❡tór✐❛s ✭Γ✮ ♣♦ssí✈❡✐s ♣❛r❛ ♦s ❢ót♦♥s ❛tr❛✈és

❞♦ t❡❝✐❞♦ ♦✉ s♦❜r❡ ❛ tr❛❥❡tór✐❛ ♠❛✐s ♣r♦✈á✈❡❧✳

❊♠ ❣❡r❛❧✱ Φij(t) é ♣r♦♣♦r❝✐♦♥❛❧ à ✐♥t❡♥s✐❞❛❞❡ ♠❡❞✐❞❛✳ ❊st❛ ❤✐♣ót❡s❡ ❛ss✉♠❡ ✉♠❛ ❧✐♥❡❛r✐❞❛❞❡

♦♣❡r❛❝✐♦♥❛❧ ❞♦ ❡q✉✐♣❛♠❡♥t♦ q✉❡ ♥❡♠ s❡♠♣r❡ é ✈❡r❞❛❞❡✳ ❯♠❛ s♦❧✉çã♦ é ❛ ♥♦r♠❛❧✐③❛çã♦ ❞❛ ✢✉ê♥❝✐❛✳

❊❧❛ ♥♦s ♣❡r♠✐t❡ ✐❣♥♦r❛r ❝❡rt❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ✐♥str✉♠❡♥t♦ t❛✐s ❝♦♠♦✿ ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ❞❡t❡❝t♦r✱

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

♥♦r♠❛❧✐③❛çã♦ ❞❛ ✢✉ê♥❝✐❛ é ❛ ♦❜t❡♥çã♦ ❞❡ ❝♦♥❝❡♥tr❛çõ❡s r❡❧❛t✐✈❛s✳

❊①✐st❡♠ ❛❧❣✉♥s ❡q✉✐♣❛♠❡♥t♦s q✉❡ ♥♦s ♣♦ss✐❜✐❧✐t❛♠ ❡♥❝♦♥tr❛r ❛s ❝♦♥❝❡♥tr❛çõ❡s ❛❜s♦❧✉t❛s ❞♦s

❝r♦♠ó❢♦r♦s ♥♦ t❡♠♣♦✳ ❊st❡s ❡q✉✐♣❛♠❡♥t♦s✱ ❛♣❡s❛r ❞❡ t❡r❡♠ ♦ ♠❡s♠♦ ♣r✐♥❝í♣✐♦✱ ✐st♦ é✱ ✉t✐❧✐③❛r❡♠

❛ ❧✉③ ♣❛r❛ r❡t✐r❛r ♦s ✈❛❧♦r❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❍❜❖ ❡ ❍❜❘✱ tê♠ ♥❛ s✉❛ ❢♦r♠❛ ❞❡ ❡①❝✐t❛çã♦

❞♦ t❡❝✐❞♦ ❜✐♦❧ó❣✐❝♦✱ s✉❛ ♣r✐♥❝✐♣❛❧ ❞✐❢❡r❡♥ç❛✳ ➱ ❛ ❢♦r♠❛ ❞❡ ❡①❝✐t❛çã♦ ❞♦ t❡❝✐❞♦ q✉❡ ❞✐❢❡r❡♥❝✐❛ ♦s

♠ét♦❞♦s✱ ❡♥tr❡ ✈❛r✐❛çõ❡s r❡❧❛t✐✈❛s ♦✉ ❛❜s♦❧✉t❛s✳ ◆❛ ❙❡çã♦ ✸✳✸✳✶✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ❞❡ ❢♦r♠❛ s✉❝✐♥t❛

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

❉✉r❛♥t❡ ✉♠❛ ❛t✐✈❛çã♦ ❝❡r❡❜r❛❧ ❛ ✈❛r✐❛çã♦ ❞❛ ❛❜s♦rçã♦ ❞❛ ❧✉③ ♥♦ t❡❝✐❞♦ é ❞❡✈✐❞❛ às ✈❛r✐❛çõ❡s ❞❛s

❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❍❜❖ ❡ ❍❜❘✳ ▼❛s é ♥❡❝❡ssár✐♦ ❛❞♦t❛r ❝❡rt❛s ❤✐♣ót❡s❡s ♣❛r❛ ♠❡❞✐❞❛s ❤❡♠♦❞✐♥â♠✐❝❛s

❢✉♥❝✐♦♥❛✐s✳ ❆s ✈❛r✐❛çõ❡s sã♦ ♣❡q✉❡♥❛s q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛s ❝♦♠ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❛❜s♦rçã♦ ❞♦ ♠❡✐♦ ❡

✐♥s✉✜❝✐❡♥t❡s ♣❛r❛ ♣❡rt✉r❜❛r ♦ ❝❛♠✐♥❤♦ ❞❛ ❧✉③ ♥♦ t❡❝✐❞♦✳

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

❝❛♠✐♥❤♦ ♠é❞✐♦ Lij ✭❇❖❆❙ ❡t ❛❧✳ ✭✷✵✵✹✮✮✳ ●❡♥❡r❛❧✐③❛♥❞♦ ❡st❛ ❝♦♥❞✐çã♦ ♣❛r❛ ✉♠ ❝♦♥❥✉♥t♦ ❞✐s❝r❡t♦

❞❡ ❡❧❡♠❡♥t♦s ❞❡ ✈♦❧✉♠❡✱ t❡♠♦s✿

∆ODλ
i (t) =

N∑
j=1

∆µλ
aj(t)Lij(λ) ✭✸✳✹✮

❆ ❡q✉❛çã♦ ✸✳✹ ❞❡r✐✈❛❞❛ ❞❛ ▲❡✐ ❞❡ ❇❡❡r✲▲❛♠❜❡rt é ✈á❧✐❞❛ s♦♠❡♥t❡ ♥❛ ❛✉sê♥❝✐❛ ❞❡ ❡s♣❛❧❤❛♠❡♥t♦✱

♦ q✉❡ ♥ã♦ é ♦ ♥♦ss♦ ❝❛s♦ ✭❑❖❈❙■❙ ❡t ❛❧✳ ✭✷✵✵✻✮✮✳ ❊♠ ❣❡r❛❧ ♦ ❝❛♠✐♥❤♦ ♠é❞✐♦ ❞❛ ❧✉③ ❞❡♣❡♥❞❡ ❞❛s

♣r♦♣r✐❡❞❛❞❡s ❞❡ ❡s♣❛❧❤❛♠❡♥t♦ ❞♦ t❡❝✐❞♦✳ ❉❡✈✐❞♦ ❛ ✐ss♦ ✉s❛♠♦s ❛ ❧❡✐ ❞❡ ❇❡❡r✲▲❛♠❜❡rt ♠♦❞✐✜❝❛❞❛

✭▼❇▲▲✮ ♣❛r❛ ❝♦♥t❛❜✐❧✐③❛r ♦s ❡❢❡✐t♦s ❞♦ ❡s♣❛❧❤❛♠❡♥t♦ ❡ ❧❡✈❛r ❡♠ ❝♦♥t❛ ❛ ♣r♦♣❛❣❛çã♦ ❞✐❢✉s✐✈❛ ❞❛

❧✉③ ✭❈❖P❊ ❡ ❉❊▲P❨ ✭✶✾✽✽✮✮✱ q✉❡ ✐♥❝❧✉✐ ✉♠ ❢❛t♦r ❞❡ ❝❛♠✐♥❤♦ ❞✐❢❡r❡♥❝✐❛❧ ❛❞✐❝✐♦♥❛❧ ✭lDPF ✮✳ ❉❡st❛

❢♦r♠❛✱ ❛ ✈❛r✐❛çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ ó♣t✐❝❛ ♣♦❞❡ s❡r ❛♣r♦①✐♠❛❞❛ ♣♦r
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∆ODλ
i =

∑
n

ǫλn∆Cn(t)L
λ
ijl

λ
DPF ✭✸✳✺✮

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

❝♦♠ ♣✉❧s♦s ✉❧tr❛ ❝✉rt♦s ❞❡ ❧✉③ ✭❉❊▲P❨ ❡t ❛❧✳ ✭✶✾✽✽✮✮✱ ❡ ❥á ❢♦✐ t❛❜❡❧❛❞♦ ♣❛r❛ ✈ár✐♦s t✐♣♦s ❞❡ t❡❝✐❞♦s✱

♣♦r ❡①❡♠♣❧♦✱ ♥♦s ❛rt✐❣♦s ❊❙❙❊◆P❘❊■❙ ❡t ❛❧✳ ✭✶✾✾✸✮✱ ❉❯◆❈❆◆ ❡t ❛❧✳ ✭✶✾✾✺✮✱ ❉❯◆❈❆◆ ❡t ❛❧✳

✭✶✾✾✻✮✳

❘❡s♦❧✈❡♥❞♦ ❛ ❡q✉❛çã♦ ✸✳✺ ♣❛r❛ ❞♦✐s ❝♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛✱ t❡♠♦s ♦s ✈❛❧♦r❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s

❞❡ ❍❜❖ ❡ ❍❜❘✿

∆[HbO] =

ǫHbR(λ1)∆OD(λ2)

[Lλ
ij lDPF (λ2)]

− ǫHbR(λ2)∆OD(λ1)

[Lλ
ij lDPF (λ1)]

ǫHbR(λ1)ǫHbO(λ2)− ǫHbO(λ1)ǫHbR(λ2)
✭✸✳✻✮

∆[HbR] =

ǫHbO(λ2)∆OD(λ1)

[Lλ
ij lDPF (λ1)]

− ǫHbO(λ1)∆OD(λ2)

[Lλ
ij lDPF (λ2)]

ǫHbR(λ1)ǫHbO(λ2)− ǫHbO(λ1)ǫHbR(λ2)
✭✸✳✼✮

❆ s♦♠❛ ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ∆[HbO] ❡ ∆[HbR] ♥♦s ❞á ❛ ✈❛r✐❛çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ❤❡♠♦✲

❣❧♦❜✐♥❛ t♦t❛❧ ✭∆[HbT ]✮✳

∆[HbT ] = ∆[HbO] + ∆[HbR] ✭✸✳✽✮

✸✳✷ ▼♦♥t❛❣❡♠ ❡①♣❡r✐♠❡♥t❛❧

◆❡st❛ s❡çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❛rr❛♥❥♦s ó♣t✐❝♦s ❡ ♦ s❡✉ s✐st❡♠❛ ❞❡ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❛tr❛✈és ❞♦

s✐st❡♠❛ ✶✵✴✷✵ ❞♦ ❊❊●✳

✸✳✷✳✶ ❆rr❛♥❥♦ ó♣t✐❝♦

P❛r❛ r❡❛❧✐③❛r ❛s ❛q✉✐s✐çõ❡s t❡♠♦s q✉❡ ♠♦♥t❛r ✉♠❛ ❜❛s❡ ♣❛r❛ ❛ ✜①❛çã♦ ❞♦s ♦♣t♦❞♦s ✭❣✉✐❛s ❞❡

♦♥❞❛ q✉❡ tr❛♥s♣♦rt❛♠ ❧✉③ ❞❡ ❢♦♥t❡s ❡ ❞❡t❡❝t♦r❡s✮✱ ♦ q✉❡ ❝❤❛♠❛♠♦s ❞❡ ❛rr❛♥❥♦ ó♣t✐❝♦✳ ❊st❡ ❛rr❛♥❥♦

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

❯♠ ❡①❡♠♣❧♦ ❞❡ ✉♠ ❛rr❛♥❥♦ ó♣t✐❝♦ ♠♦♥t❛❞♦ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✺✲❆ ❡ ♦ ❞❡t❛❧❤❡ ❞❡ ✉♠

♦♣t♦❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✺✲❇ ✭q✉❡ ♣♦❞❡ s❡r ✉♠❛ ❢♦♥t❡ ♦✉ ❞❡t❡❝t♦r✮ ❞♦ ❡q✉✐♣❛♠❡♥t♦ ❈❲✻ ✭❛♣r❡s❡♥t❛❞♦

♥❛ ❙❡çã♦ ✸✳✸✳✷✮✳ ❖ ❛rr❛♥❥♦ ó♣t✐❝♦ ❞❛ ❋✐❣✉r❛ ✸✳✺✲❆ ❢♦✐ ✉t✐❧✐③❛❞♦ ♥♦s t❡st❡s ❞❡ ❛♣♥❡✐❛ ❡♠ ♣❛❝✐❡♥t❡s

❝♦♠ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛✳

❆s ♣♦s✐çõ❡s ❞❛s ❢♦♥t❡s ❡ ❞❡t❡❝t♦r❡s sã♦ ♣r♦❣r❛♠❛❞❛s ❡♠ ▼❛t❧❛❜ ✭♥♦ ❝❛s♦ ❞♦ ❡q✉✐♣❛♠❡♥t♦ ❈❲✻✮

❡ ♥♦ ♣ró♣r✐♦ s✐st❡♠❛ ❞❛ ◆■❘① ✭▲❛❜✈✐❡✇✮ ♥♦ ❝❛s♦ ❞♦ ◆■❘❙❝♦✉t ✭❛♣r❡s❡♥t❛❞♦ ♥❛ s❡çã♦ ✸✳✸✳✷✮✳

◆♦ ❛rr❛♥❥♦ sã♦ ✜①❛❞❛s ❛s ❢♦♥t❡s ❡ ♦s ❞❡t❡❝t♦r❡s ❝♦♠ ❜❛s❡ ♥❛s ♣♦s✐çõ❡s ♣r♦❣r❛♠❛❞❛s ❛♥t❡r✐♦r✲

♠❡♥t❡✳ ❊❧❡ é ✜①❛❞♦ ♥❛ r❡❣✐ã♦ ❞❡ ✐♥t❡r❡ss❡ ❞♦ ❡st✉❞♦ ❡ ✉♠❛ ❢♦r♠❛ s✐♠♣❧❡s ❞❡ ❧♦❝❛❧✐③❛r ❛s r❡❣✐õ❡s é

❛tr❛✈és ❞♦ s✐st❡♠❛ ✶✵✴✷✵ ❞♦ ❊❊●✱ ♦♥❞❡ sã♦ ❧♦❝❛❧✐③❛❞♦s ♣♦♥t♦s ❞❡ r❡❢❡rê♥❝✐❛ ♥❛ ❝❛❜❡ç❛ ❞♦ ✈♦❧✉♥tár✐♦✳
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❋✐❣✉r❛ ✸✳✺✿ ❆rr❛♥❥♦ Ó♣t✐❝♦ ❡ ♦♣t♦❞♦✳ ❆✮ ✉♠ ❛rr❛♥❥♦ ó♣t✐❝♦ ♠♦♥t❛❞♦ ♣❛r❛ ✉♠ ❡①♣❡r✐♠❡♥t♦❀ ❇✮
❞❡t❛❧❤❡ ❞❡ ✉♠ ♦♣t♦❞♦

✸✳✷✳✷ ❙✐st❡♠❛ ✶✵✴✷✵ ❞♦ ❊❊●

❖ s✐st❡♠❛ ✐♥t❡r♥❛❝✐♦♥❛❧ ✶✵✲✷✵ é ✉t✐❧✐③❛❞♦ ♥♦ ♠❛♣❡❛♠❡♥t♦ ❞❛s ♣♦s✐çõ❡s ♦♥❞❡ s❡rã♦ ✜①❛❞♦s ♦s

❡❧❡tr♦❞♦s ♣❛r❛ r❡❣✐str❛r ♦s s✐♥❛✐s ❞♦ ❊❧❡tr♦❡♥❝❡❢❛❧♦❣r❛♠❛ ✭❋✐❣✉r❛ ✸✳✻✮✳ ❖ s✐st❡♠❛ ✐♥t❡r♥❛❝✐♦♥❛❧

✶✵✲✷✵ ✉t✐❧✐③❛ ✷✶ ♣♦♥t♦s q✉❡ sã♦ ♠❛r❝❛❞♦s ❞✐✈✐❞✐♥❞♦ ♦ ❝râ♥✐♦ ❡♠ ♣r♦♣♦rçõ❡s ❞❡ ✶✵✪ ♦✉ ✷✵✪ ❞♦

❝♦♠♣r✐♠❡♥t♦ ❞❛s ❞✐stâ♥❝✐❛s ❡♥tr❡ ♦s ♣♦♥t♦s ❞❡ r❡❢❡rê♥❝✐❛✱ ♥❛s✐♦♥ ❡ ✐♥✐♦♥ ✭♥♦ ♣❧❛♥♦ ♠❡❞✐❛❧✮ ❡ ❞♦s

♣♦♥t♦s ♣ré✲❛✉r✐❝✉❧❛r❡s ✭♣❧❛♥♦ ♣❡r♣❡♥❞✐❝✉❧❛r ❛♦ ❝râ♥✐♦✮✳

❋✐❣✉r❛ ✸✳✻✿ P♦♥t♦s ❞♦ s✐st❡♠❛ ✶✵✴✷✵ ❞♦ ❊❊●✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❡ ❛❞❛♣t❛❞❛ ❞❡ ❤tt♣✿✴✴✇✇✇✳❜❡♠✳✜✴
❜♦♦❦✴ ✶✸✴ ✶✸①✴ ✶✸✵✷❛①✳❤t♠

❆ ♥♦♠❡♥❝❧❛t✉r❛ ❞♦s ♣♦♥t♦s é ❞❛❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❡❣✐ã♦ ❡♠ q✉❡ ❡stã♦ ❧♦❝❛❧✐③❛❞♦s✳ ❛ss✐♠

t❡♠♦s✿ ❋♣ ✲ ❢r♦♥t❛❧ ♣♦❧❛r✱ ❋ ✲ ❢r♦♥t❛❧✱ ❚ ✲ t❡♠♣♦r❛❧✱ ❈ ✲ ❝❡♥tr❛❧✱ P ✲ ♣❛r✐❡t❛❧ ❡ ❖ ✲ ♦❝❝✐♣✐t❛❧✳ ❖s

♣♦♥t♦s ❧♦❝❛❧✐③❛❞♦s s♦❜r❡ ❛ ❧✐♥❤❛ ♠é❞✐❛ sã♦ ✐♥❞❡①❛❞♦s ♣❡❧❛ ❧❡tr❛ ✧z✧ ✭✧③❡r♦✧✮✱ ♦s ♣♦♥t♦s ❧♦❝❛❧✐③❛❞♦s

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

P❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛s ♣♦s✐çõ❡s sã♦ ✉s❛❞♦s ❞♦✐s ♣♦♥t♦s ❞❡ r❡❢❡rê♥❝✐❛✱ ♦ ♥❛s✐♦♥ ✭❧♦❝❛❧✐③❛❞♦ ♥♦

t♦♣♦ ❞♦ ♥❛r✐③ ❡♥tr❡ ❛s s♦❜r❛♥❝❡❧❤❛s✮ ❡ ♦ ✐♥✐♦♥ ✭❧♦❝❛❧✐③❛❞♦ ♥❛ ❜❛s❡ ❞♦ ❝râ♥✐♦ ❛trás ❞❛ ❝❛❜❡ç❛✮✳ ❆

❞✐stâ♥❝✐❛ ❡♥tr❡ ❡ss❡s ❞♦✐s ♣♦♥t♦s é ♠❡❞✐❞❛✱ ❡ ❛ ♣❛rt✐r ❞❡❧❡s sã♦ ♠❛r❝❛❞♦s ♦s ♣♦♥t♦s s♦❜r❡ ❛ ❧✐♥❤❛

♠❡❞✐❛♥❛ ❞♦ ❝râ♥✐♦✱ q✉❡ sã♦✿
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✶✳ Fpz ❡ Oz ✭s✐t✉❛❞♦s ❛ ✶✵✪ ❞❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ♥❛s✐♦♥ ❡ ♦ ✐♥✐♦♥✮❀

✷✳ Fz✱ Cz ❡ Pz ✭s✐t✉❛❞♦s ❛ ✷✵✪ ❞❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ♥❛s✐♦♥ ❡ ♦ ✐♥✐♦♥✮✳

❉♦✐s ♦✉tr♦s ♣♦♥t♦s sã♦ s✐t✉❛❞♦s ♥❛s r❡❣✐õ❡s ♣ré✲❛✉r✐❝✉❧❛r❡s✳ ❚r❛ç❛♠♦s ✉♠❛ ❧✐♥❤❛ ❡♥tr❡ ❡❧❡s✱

♣❛ss❛♥❞♦ ♣♦r Cz✱ ❧♦❝❛❧✐③❛❞♦ ♥♦ ❝❡♥tr♦ ❞♦ ❝râ♥✐♦ s♦❜r❡ ❛ ❧✐♥❤❛ ♠é❞✐❛✳ ❈♦♠ ❡st❛ ❞✐stâ♥❝✐❛ ♠❛r❝❛r♠♦s

♦s ♣♦♥t♦s✿

✶✳ T3 ❡ T4 ✭s✐t✉❛❞♦s ❛ ✶✵✪ ❞❛ ❞✐stâ♥❝✐❛ ❞♦s ♣♦♥t♦s ♣ré✲❛✉r✐❝✉❧❛r❡s✮❀

✷✳ C3 ❡ C4 ✭s✐t✉❛❞♦s ❛ ✸✵✪ ❞❛ ❞✐stâ♥❝✐❛ ❞♦s ♣♦♥t♦s ♣ré✲❛✉r✐❝✉❧❛r❡s✮✳

❊♠ s❡❣✉✐❞❛ tr❛ç❛♠♦s ✉♠❛ ❧✐♥❤❛ ❡♥tr❡ ♦s ♣♦♥t♦s Fpz ❡ Oz✱ ♣❛ss❛♥❞♦ ♣❡❧♦ ♣♦♥t♦ T3 ❡ ♠❡❞✐♠♦s

❡st❛ ❞✐stâ♥❝✐❛✳ ❈♦♠ ❡st❛ ♠❡❞✐❞❛ ♠❛r❝❛♠♦s ♦s ♣♦♥t♦s✿

✶✳ Fp1 ❡ O1 ❝♦♠ ✶✵✪ ❞❛ ❞✐stâ♥❝✐❛ ♠❡❞✐❞❛❀

✷✳ F7 ❡ T5 ❝♦♠ ✷✵✪ ❞❛ ❞✐stâ♥❝✐❛ ♠❡❞✐❞❛✳

❈♦♠ ♦ ♠❡s♠♦ ♣r♦❝❡❞✐♠❡♥t♦ ♠❛r❝❛♠♦s ♦s ♣♦♥t♦s Fp2✱ F8✱ T6 ❡ O2 ❞♦ ❧❛❞♦ ❞✐r❡✐t♦✳ ❖s ♣♦♥t♦s

r❡st❛♥t❡s sã♦ ♣♦s✐❝✐♦♥❛❞♦s ❡♥tr❡ ♦s ♣♦♥t♦s ✈✐③✐♥❤♦s ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

✶✳ F3 ❡q✉✐❞✐st❛♥t❡ ❞♦s ♣♦♥t♦s Fz ❡ F7❀

✷✳ F4 ❡q✉✐❞✐st❛♥t❡ ❞♦s ♣♦♥t♦s Fz ❡ F8❀

✸✳ P3 ❡q✉✐❞✐st❛♥t❡ ❞♦s ♣♦♥t♦s Pz ❡ T5❀

✹✳ P4 ❡q✉✐❞✐st❛♥t❡ ❞♦s ♣♦♥t♦s Pz ❡ T8✳

✸✳✸ ❊q✉✐♣❛♠❡♥t♦s

❆ té❝♥✐❝❛ ◆■❘❙ ❛♣r❡s❡♥t❛ ❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ✐♥t❡r❡ss❛♥t❡s ♣❛r❛ s✉❛ ❛♣❧✐❝❛çã♦ ❡♠ ❡st✉❞♦s

❞❡ ♥❡✉r♦❝✐ê♥❝✐❛ ❢✉♥❝✐♦♥❛❧✳ ❙ã♦ ❡❧❛s✿

✶✳ ❘❡s♦❧✉çã♦ t❡♠♣♦r❛❧ ✭❞❛ ♦r❞❡♠ ❞❡ ♠✐❧✐ss❡❣✉♥❞♦s✮❀

✷✳ ❇❛✐①♦ ❝✉st♦ ✭q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛ ❛ ♦✉tr❛s té❝♥✐❝❛s ❞❡ ♥❡✉r♦✐♠❛❣❡♠✮❀

✸✳ P♦rt❛❜✐❧✐❞❛❞❡ ✭sã♦ ❡q✉✐♣❛♠❡♥t♦s r❡❧❛t✐✈❛♠❡♥t❡ ♣❡q✉❡♥♦s✱ ♦ q✉❡ ♣♦ss✐❜✐❧✐t❛ ❛ s✉❛ ♠♦✈✐♠❡♥t❛✲

çã♦ ❛té ♦ ♣❛❝✐❡♥t❡✮❀

✹✳ ❋❧❡①✐❜✐❧✐❞❛❞❡ ✭♣❡r♠✐t❡ ✉♠❛ ❣❛♠❛ ❞❡ ❛♣❧✐❝❛çõ❡s✮❀

✺✳ ❊s♣❡❝✐✜❝✐❞❛❞❡ ❜✐♦q✉í♠✐❝❛ ✭♣♦❞❡✲s❡ ♠♦♥✐t♦r❛r ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❍❜❖ ❡ ❍❜❘ ❝♦♠ ❡s♣❡❝✐✜❝✐✲

❞❛❞❡✮❀

✻✳ ❆❧t❛ s❡♥s✐❜✐❧✐❞❛❞❡ ♣❛r❛ ❞❡t❡❝t❛r ♣❡q✉❡♥❛s ❝♦♥❝❡♥tr❛çõ❡s ✭♣♦❞❡✲s❡ ♠❡❞✐r ❝♦♥❝❡♥tr❛çõ❡s ❞❛

♦r❞❡♠ ❞❡ µM✮❀

✼✳ ❘❡s♦❧✉çã♦ ❡s♣❛❝✐❛❧ ✭❧✐♠✐t❛❞❛ ❛ ❛❧❣✉♥s ❝❡♥tí♠❡tr♦s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡ ♣❡❧❛ s❡♣❛r❛çã♦ ❡♥tr❡ ❛

❢♦♥t❡ ❡ ♦ ❞❡t❡❝t♦r✮✳
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❉❛s ❝❛r❛❝t❡ríst✐❝❛s ❛♣r❡s❡♥t❛❞❛s ❛❝✐♠❛✱ ♣♦❞❡♠♦s ❞❡st❛❝❛r três✱ q✉❡ tê♠ ✐♠♣❧✐❝❛çõ❡s ♥♦s ❡①♣❡✲

r✐♠❡♥t♦s✿ ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❜✐♦q✉í♠✐❝❛ ❡ ❛s r❡s♦❧✉çõ❡s ❡s♣❛❝✐❛❧ ❡ t❡♠♣♦r❛❧✳

◗✉❛♥t♦ ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❜✐♦q✉í♠✐❝❛ t❡♠♦s q✉❡ s❡♣❛r❛r ❡♠ ❞✉❛s ❢r❡♥t❡s✿ ◗✉❛♥❞♦ ♦ ◆■❘❙ é

❛♣❧✐❝❛❞♦ à r❡❣✐ã♦ ❝❡r❡❜r❛❧ ❡ q✉❛♥❞♦ é ❛♣❧✐❝❛❞♦ à r❡❣✐ã♦ ♠✉s❝✉❧❛r✳ ◆❛ r❡❣✐ã♦ ❝❡r❡❜r❛❧ ❝♦♥s❡❣✉✐♠♦s

❞✐❢❡r❡♥❝✐❛r ♦s ❝r♦♠ó❢♦r♦s ❍❜❖ ❡ ❍❜❘ ❞❡ ❢♦r♠❛ ❜❡♠ ❡s♣❡❝✐✜❝❛✳ ◆❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r ♥ã♦ ❝♦♥s❡❣✉✐♠♦s

s❡♣❛r❛r ❛ ❤❡♠♦❣❧♦❜✐♥❛ ❡ ❛ ♠✐♦❣❧♦❜✐♥❛ ♥♦ ◆■❘❙✱ ❞❡✈✐❞♦ às ❝✉r✈❛s ❞❡ ❛❜s♦rçã♦ s❡r❡♠ ✐♥❞✐st✐♥❣✉í✈❡✐s

♥♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ ❞♦ ■♥❢r❛✈❡r♠❡❧❤♦ ♣ró①✐♠♦ ✭❥❛♥❡❧❛ ó♣t✐❝❛✮✳

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

❡ ♦ ❞❡t❡❝t♦r✳ ❆ ♣r♦❢✉♥❞✐❞❛❞❡ é ❧✐♠✐t❛❞❛ à ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✱✺❝♠ ❛ ♣❛rt✐r ❞♦ ❡s❝❛❧♣♦✳ ■ss♦ ♥♦s

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

♣r♦❢✉♥❞✐❞❛❞❡ t❛♠❜é♠ é ❧✐♠✐t❛❞❛ ♣❡❧❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❛ ❢♦♥t❡ ❡ ♦ ❞❡t❡❝t♦r✳ ◗✉❛♥t♦ ♠❛✐s ♣ró①✐♠♦s ♦

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

❧♦♥❣❛✱ t❡♠♦s ✉♠❛ ✐♥t❡♥s✐❞❛❞❡ ♠✉✐t♦ ❜❛✐①❛ ❞♦ s✐♥❛❧✱ ♦ q✉❡ t❛♠❜é♠ ✐♥✈✐❛❜✐❧✐③❛ ♦ ✉s♦ ❞❛ té❝♥✐❝❛✳ ❆

❞✐stâ♥❝✐❛ ✧✐❞❡❛❧✧ ♣❛r❛ ♦ ♣❛r ❢♦♥t❡✲❞❡t❡❝t♦r é ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❞❡ ✸✱✵ ❝♠✳

◗✉❛♥t♦ à r❡s♦❧✉çã♦ t❡♠♣♦r❛❧✱ ❡❧❛ é ❝♦♥s✐❞❡r❛❞❛ ❛❧t❛ ✭♦r❞❡♠ ❞❡ ♠✐❧✐ss❡❣✉♥❞♦s ✭♠s✮✮✱ q✉❛♥❞♦

❝♦♠♣❛r❛♠♦s✱ ♣♦r ❡①❡♠♣❧♦✱ ❝♦♠ ❛ té❝♥✐❝❛ ❞❡ ■♠❛❣❡♠ ♣♦r ❘❡ss♦♥â♥❝✐❛ ▼❛❣♥ét✐❝❛ ❢✉♥❝✐♦♥❛❧ ✭❢▼❘■✮✱

q✉❡ t❡♠ ✉♠❛ r❡s♦❧✉çã♦ t❡♠♣♦r❛❧ ❞❛ ♦r❞❡♠ ❞❡ ✷ s❡❣✉♥❞♦s ✭❞❡♣❡♥❞❡♥❞♦ ❞❛ s❡q✉ê♥❝✐❛ ✉t✐❧✐③❛❞❛ ♥❛

♣r♦❞✉çã♦ ❞❛ ✐♠❛❣❡♠✮✳ ❊st❛ r❡s♦❧✉çã♦ t❡♠♣♦r❛❧ ♣❡r♠✐t❡ ✉♠ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛s ♠✉❞❛♥ç❛s ❤❡♠♦❞✐✲

♥â♠✐❝❛s ❡♠ ✧t❡♠♣♦ r❡❛❧✧ ♣❡❧❛ té❝♥✐❝❛✳

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

t✐♣♦ ❞❡ ❡①❝✐t❛çã♦ ❞♦ t❡❝✐❞♦ q✉❡ ♦ ❡q✉✐♣❛♠❡♥t♦ ✉t✐❧✐③❛✳ ❊①✐st❡♠ três t✐♣♦s ❞❡ ❡①❝✐t❛çã♦✿ ✐❧✉♠✐♥❛çã♦

❝♦♥tí♥✉❛✱ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ ❡ ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✳ ❊q✉✐♣❛♠❡♥t♦s ◆■❘❙ q✉❡ tr❛❜❛❧❤❛♠

❝♦♠ ✐❧✉♠✐♥❛çã♦ ❝♦♥tí♥✉❛ só ♥♦s ❞ã♦ ✐♥❢♦r♠❛çõ❡s ❞❛s ✈❛r✐❛çõ❡s ❞❡ ❍❜❖ ❡ ❍❜❘✱ ❞✐❢❡r❡♥t❡♠❡♥t❡ ❞♦s

♦✉tr♦s ❞♦✐s ♠ét♦❞♦s✱ q✉❡ ♥♦s ✐♥❢♦r♠❛♠ ✈❛❧♦r❡s ❛❜s♦❧✉t♦s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s✳

◆❛ ♣ró①✐♠❛ s❡çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♠ét♦❞♦s ❞❡ ❡①❝✐t❛çã♦ ❞♦ t❡❝✐❞♦✱ ❞✐❢❡r❡♥❝✐❛♥❞♦ ♦s t✐♣♦s

❞❡ ❡q✉✐♣❛♠❡♥t♦s ❡ ❛q✉❡❧❡s ✉t✐❧✐③❛❞♦s ♥♦s ❡①♣❡r✐♠❡♥t♦s✳

✸✳✸✳✶ ▼ét♦❞♦s ❞❡ ❡①❝✐t❛çã♦ ❞♦ t❡❝✐❞♦

❯♠❛ r❡✈✐sã♦ s♦❜r❡ ♦s t✐♣♦s ❞❡ ❡①❝✐t❛çã♦ ❞♦ t❡❝✐❞♦ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ♥♦ ❛rt✐❣♦ ❞❡ ❨❖❉❍ ❡ ❇❖❆❙

✭✷✵✵✸✮✳ ❆❜❛✐①♦ sã♦ ❛♣r❡s❡♥t❛❞♦s✱ ❞❡ ❢♦r♠❛ r❡s✉♠✐❞❛✱ ♦s t✐♣♦s ❡①✐st❡♥t❡s✿

❋✐❣✉r❛ ✸✳✼✿ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ s✐♥❛❧ ♦❜s❡r✈❛❞♦ ❡♠ ❝❛❞❛ ✉♠ ❞♦s ♠ét♦❞♦s ❞❡ ❡①❝✐t❛çã♦ ♥♦ t❡❝✐❞♦ ✶✳
✐❧✉♠✐♥❛çã♦ ❝♦♥tí♥✉❛❀ ✷✳ r❡s♦❧✈✐❞♦ ♥♦ t❡♠♣♦❀ ✸✳ r❡s♦❧✈✐❞♦ ♥❛ ❢r❡q✉ê♥❝✐❛✳ I0 ✲ ✐♥t❡♥s✐❞❛❞❡ ❧✉♠✐♥♦s❛
✐♥❝✐❞❡♥t❡❀I(ρ) ✲ ✐♥t❡♥s✐❞❛❞❡ ❧✉♠✐♥♦s❛ ♠❡❞✐❞❛ ❡♠ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ♣♦s✐çã♦❀ R(ρ, t) ✲ ✐♥t❡♥s✐❞❛❞❡
❧✉♠✐♥♦s❛ ♠❡❞✐❞❛ ❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❞✐stâ♥❝✐❛ ❡♠ ❢✉♥çã♦ ❞♦ t❡♠♣♦❀ θ ✲ ❞✐❢❡r❡♥ç❛ ❞❡ ❢❛s❡ ❡♥tr❡ ❛
♦♥❞❛ ✐♥❝✐❞❡♥t❡ ❡ ❛ ♠❡❞✐❞❛✳ ✭r❡t✐r❛❞♦ ❞♦ ❛rt✐❣♦ ❨❖❉❍ ❡ ❇❖❆❙ ✭✷✵✵✸✮✮
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■❧✉♠✐♥❛çã♦ ❝♦♥tí♥✉❛ ✲ ❈❲

❖ ◆■❘❙ ❞❡ ✐❧✉♠✐♥❛çã♦ ❝♦♥tí♥✉❛ ✭❋✐❣✉r❛ ✸✳✼ ✲ ✶✮✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ♦♥❞❛ ❝♦♥tí♥✉❛ ✭❈❲

✲ ❝♦♥t✐♥✉♦✉s ✇❛✈❡✮✱ é ❛ ❢♦r♠❛ ♠❛✐s s✐♠♣❧❡s✱ ❢á❝✐❧ ❡ ❜❛r❛t❛ ❞♦s ♠ét♦❞♦s ❞❡ ❡①❝✐t❛çã♦ ❞♦ t❡❝✐❞♦✳ ❊st❡

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

◆❡st❡ ❡q✉✐♣❛♠❡♥t♦✱ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞❡ ❧✉③ ❞❛ ❢♦♥t❡ é ❝♦♥st❛♥t❡✳ ❊st❡ ♠ét♦❞♦ ♣♦ss✐❜✐❧✐t❛ ❛❧t❛s

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

❢✉♥çã♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❛ s❡♣❛r❛çã♦ ❢♦♥t❡✲❞❡t❡❝t♦r ❡✴♦✉ ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛✳ ❖ ❈❲ é ✉♠ ❝❛s♦

❡s♣❡❝✐❛❧ ❞❛ ❡①❝✐t❛çã♦ ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ q✉❛♥❞♦ ❛ ❢r❡q✉ê♥❝✐❛ t❡♥❞❡ ❛ ③❡r♦ ✭f → 0✮✳

▼❛s ❛ ♣❡r❞❛ ❞❛ ✐♥❢♦r♠❛çã♦ t❡♠♣♦r❛❧ ❞♦s ❢ót♦♥s t♦r♥❛ ♠❛✐s ❞í✜❝✐❧ ❛ q✉❛♥t✐✜❝❛çã♦ ❞❛s ♣r♦♣r✐✲

❡❞❛❞❡s ót✐❝❛s ❞♦ t❡❝✐❞♦✱ ♦ q✉❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❞✐✜❝✉❧t❛ ❛ q✉❛♥t✐✜❝❛çã♦ ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞♦s

❝r♦♠ó❢♦r♦s✳ ●❡r❛❧♠❡♥t❡ ❡ss❡ t✐♣♦ ❞❡ ❡①❝✐t❛çã♦ é ✉s❛❞♦ q✉❛♥❞♦ ♦ ✐♥t❡r❡ss❡ ✐♠❡❞✐❛t♦ é ♥❛s ✈❛r✐❛çõ❡s

r❡❧❛t✐✈❛s ❞❡st❛s ❝♦♥❝❡♥tr❛çõ❡s✱ ♦ q✉❡ ❛ t♦r♥❛ ♠✉✐t♦ út✐❧ ❡♠ ❛♣❧✐❝❛çõ❡s ❢✉♥❝✐♦♥❛✐s✳ ❙✐st❡♠❛s q✉❡

♦♣❡r❛♠ ❡♠ ❈❲ ❛♣r❡s❡♥t❛♠ ❛❧t♦ ❙◆❘ s❡ ❝♦♠♣❛r❛❞♦s às ♦✉tr❛s ♠❡t♦❞♦❧♦❣✐❛s✳

◆♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦

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

♥♦ t❡♠♣♦ ✭❋✐❣✉r❛ ✸✳✼ ✲ ✷✮✳ ◆❡st❡ ♠♦❞❡❧♦ ❞❡ ❡①❝✐t❛çã♦ ✉♠ ♣✉❧s♦ ❞❡ ❧✉③ ❞❛ ♦r❞❡♠ ❞❡ 10−12 s❡❣✉♥❞♦s

é ❡♠✐t✐❞♦❀ ❧♦❣♦ ❛♣ós ❞❡t❡❝t❛✲s❡ ❛ ❞✐str✐❜✉✐çã♦ t❡♠♣♦r❛❧ ❞❡ ❝❤❡❣❛❞❛ ❞♦s ❢ót♦♥s✱ ❛♣ós s✉❛ ♣r♦♣❛❣❛çã♦

♣❡❧♦ t❡❝✐❞♦✳

❆ ❢♦r♠❛ ❞❡st❛ ❞✐str✐❜✉✐çã♦ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❛❜s♦rçã♦ ❡ ❡s♣❛❧❤❛♠❡♥t♦

❞♦ t❡❝✐❞♦✳ ❆ss✐♠✱ é ♣♦ssí✈❡❧ ♠❡❞✐r q✉❛♥t✐t❛t✐✈❛♠❡♥t❡ ❡st❡s ♣❛râ♠❡tr♦s✳ ◆❡st❡ ♠ét♦❞♦ ❣❛♥❤❛♠♦s

✐♥❢♦r♠❛çã♦ ❛ r❡s♣❡✐t♦ ❞♦ ❝❛♠✐♥❤♦ ó♣t✐❝♦ ♣❡r❝♦rr✐❞♦ ♥♦ t❡❝✐❞♦✳

❊♠❜♦r❛ ❡st❛ té❝♥✐❝❛ s❡❥❛ ♠❛✐s ❛❞❡q✉❛❞❛ ♣❛r❛ ❛ ❡①♣❧♦r❛çã♦ q✉❛♥t✐t❛t✐✈❛ ❞❛s ♣r♦♣r✐❡❞❛❞❡s ❞♦

t❡❝✐❞♦✱ tr❛t❛✲s❡ ❞❡ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❝♦♠ r❡❧❛çã♦ s✐♥❛❧ r✉í❞♦ ✭❙◆❘✮ ♠✉✐t♦ ❜❛✐①❛✱ ✉♠❛ ✈❡③ q✉❡ ♦

♦❜❥❡t♦ ♠❡❞✐❞♦ ❡stá r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ❢ót♦♥s ❡♠ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❡①tr❡♠❛♠❡♥t❡

♣❡q✉❡♥♦✳

❆❧é♠ ❞✐ss♦✱ ♦ ❝✉st♦ ❞♦ ❛♣❛r❛t♦ ♦♣t♦✲❡❧❡trô♥✐❝♦ ♥❡❝❡ssár✐♦ ♣❛r❛ t❛❧ ❞❡t❡❝çã♦ é ❜❛st❛♥t❡ ❡❧❡✈❛❞♦✱

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

◆♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛

❖ t✐♣♦ ❞❡ ❡①❝✐t❛çã♦ ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ t❛♠❜é♠ é ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❡s♣❡❝tr♦s❝♦♣✐❛ ♥♦

❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ✭❋✐❣✉r❛ ✸✳✼ ✲ ✸✮✳ ◆❡st❡ ♠♦❞❡❧♦ ❞❡ ❡①❝✐t❛çã♦ t❡♠♦s ♣♦r ♦❜❥❡t✐✈♦ ♠♦❞✉❧❛r ❛

❛♠♣❧✐t✉❞❡ ♥✉♠❛ ❝❡rt❛ ❢r❡q✉ê♥❝✐❛ f ✱ ♣r♦❞✉③✐♥❞♦ ✉♠❛ ♦♥❞❛ ❞❡ ❞✐❢✉sã♦ ♥♦ ♠❡✐♦✳ ❆ ❛♠♣❧✐t✉❞❡ ❡ ❛ ❢❛s❡

❞❡st❛ ♦♥❞❛ sã♦ ♦s ♣❛râ♠❡tr♦s ♦❜s❡r✈á✈❡✐s ❡ ❡stã♦ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ♦s ♣❛râ♠❡tr♦s ó♣t✐❝♦s ❞♦ ♠❡✐♦✳

❊♠❜♦r❛ ❛ ✐♥str✉♠❡♥t❛çã♦ ♣❛r❛ ❡st❡ t✐♣♦ ❞❡ ❡①♣❡r✐♠❡♥t♦s s❡❥❛ ❜❡♠ ❞✐❢❡r❡♥t❡ ❞❛q✉❡❧❛ ✉t✐❧✐③❛❞❛

♣❛r❛ ❡①♣❡r✐♠❡♥t♦s ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✱ ❡st❡s ❞♦✐s ♠♦❞♦s ❞❡ ❡①❝✐t❛çã♦ ❞♦ t❡❝✐❞♦ ❡stã♦ r❡❧❛❝✐♦♥❛❞♦s

❡♥tr❡ s✐ ♣♦r ✉♠❛ ❚r❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉rr✐❡r✱ ❡ ♣♦rt❛♥t♦ sã♦ ❡q✉✐✈❛❧❡♥t❡s ✭♥♦ ❝❛s♦ ❡♠ q✉❡ ♣♦❞❡✲s❡

✈❛rr❡r ❞✐❢❡r❡♥t❡s ❢r❡q✉ê♥❝✐❛s ❞❡ ♠♦❞✉❧❛çã♦ ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✮✳



✸✳✸ ❊◗❯■P❆▼❊◆❚❖❙ ✷✼

✸✳✸✳✷ ❊q✉✐♣❛♠❡♥t♦s ✉t✐❧✐③❛❞♦s ♥♦s ❡①♣❡r✐♠❡♥t♦s

❖s ❡q✉✐♣❛♠❡♥t♦s ✉t✐❧✐③❛❞♦s ♥♦s ❡①♣❡r✐♠❡♥t♦s ❞❡st❛ t❡s❡ sã♦ ◆■❘❙ ❞❡ ❖♥❞❛ ❈♦♥tí♥✉❛ ✭❈❲✮✳

❊❧❡s ♥♦s ♣❡r♠✐t❡♠ ♦❜t❡r s♦♠❡♥t❡ ✈❛r✐❛çõ❡s r❡❧❛t✐✈❛s ❞❡ ♦①✐ ❡ ❞❡s♦①✐✲❤❡♠♦❣❧♦❜✐♥❛ ✭❍❜❖ ❡ ❍❜❘

r❡s♣❡❝t✐✈❛♠❡♥t❡✮ ❡ sã♦ ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞♦s ❡♠ ❡st✉❞♦s ❢✉♥❝✐♦♥❛✐s✳

❖ ❣r✉♣♦ ❞❡ ♥❡✉r♦❢ís✐❝❛ ❞♦ ■❋●❲ ♣♦ss✉✐ ❞♦✐s ❡q✉✐♣❛♠❡♥t♦s ❞❡ ♦♥❞❛s ❝♦♥tí♥✉❛s✿ ♦ ❈❲✻ ✭❚❡❝❤❡♥✱

✐♥❝✳✮ ❡ ♦ ◆■❘❙❈♦✉t ✭◆■❘①✮✳ ❖ ❈❲✻ ❢♦✐ ✉t✐❧✐③❛❞♦ ❡♠ ❞♦✐s ❡①♣❡r✐♠❡♥t♦s✿ ❞✉r❛♥t❡ ♦ ❡①❡r❝í❝✐♦ ❢ís✐❝♦

❡ ♥♦s t❡st❡s ❡♠ ♣❛❝✐❡♥t❡s ❝♦♠ ❡st❡♥♦s❡s ❝❛r♦tí❞❡❛s✳ ❖ ◆■❘❙❈♦✉t ❢♦✐ ✉t✐❧✐③❛❞♦ ♥♦ ❡①♣❡r✐♠❡♥t♦ ❞❡

❡stí♠✉❧♦ ✈✐s✉❛❧✳

❯♠❛ ❞❡s❝r✐çã♦ ❞♦s ❡q✉✐♣❛♠❡♥t♦s✱ ❜❡♠ ❝♦♠♦ ✉♠ r❡s✉♠♦ ❞❡ s✉❛s ♣r✐♥❝✐♣❛✐s ❞✐❢❡r❡♥ç❛s✱ ✭✈❡r

❚❛❜❡❧❛ ✸✳✶✮ sã♦ ❛♣r❡s❡♥t❛❞♦s ❛❜❛✐①♦✳

❚❛❜❡❧❛ ✸✳✶✿ ❘❡s✉♠♦ ❞❛s ♣r✐♥❝✐♣❛✐s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ♦s ❡q✉✐♣❛♠❡♥t♦s ✉t✐❧✐③❛❞♦s✳

❊q✉✐♣❛♠❡♥t♦ ❈❲✻ ◆■❘❙❝♦✉♥t
❋♦♥t❡s ✶✵ ✶✻
❉❡t❡❝t♦r❡s ✷✵ ✸✷
❈♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛ ✻✾✵ ❡ ✽✸✵♥♠ ✼✻✵ ❡ ✽✺✵♥♠
▼✉❧t✐♣❧❡①❛çã♦ ❢r❡q✉ê♥❝✐❛ t❡♠♣♦

❈❲✻ ✲ ❚❡❝❤❡♥

❖ ❈❲✻ ✭❋✐❣✉r❛ ✸✳✽✮ é ✉♠ ❡q✉✐♣❛♠❡♥t♦ q✉❡ ✉t✐❧✐③❛ ♦ ♠♦❞♦ ❞❡ ❡①❝✐t❛çã♦ ❝♦♥tí♥✉❛✳ ❊st❡ ❡q✉✐✲

♣❛♠❡♥t♦ ❝♦♥té♠ ✶✵ ❢♦♥t❡s ✭❝❛❞❛ ❢♦♥t❡ é ❝♦♠♣♦st❛ ♣♦r ❞♦✐s ❧❛s❡rs✮ ❡ ✷✵ ❞❡t❡t♦r❡s✳ ❆s ❢♦♥t❡s sã♦

❝♦♠♣♦st❛s ♣♦r ✷✵ ❧❛s❡rs ❞❡ ❞✐♦❞♦✱ s❡♥❞♦✿ ✶✵ ♥♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ λ ❂ ✻✾✵nm ❡ ♦✉tr♦s ✶✵ ♥♦

❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ λ ❂ ✽✸✵nm✳

❋✐❣✉r❛ ✸✳✽✿ ❊q✉✐♣❛♠❡♥t♦ ❈❲✻ ❢❛❜r✐❝❛❞♦ ♣❡❧❛ ❚❡❝❤❊♥✳

❖s ❧❛s❡rs sã♦ ♠♦❞✉❧❛❞♦s ❡♠ ❞✐❢❡r❡♥t❡s ❢r❡q✉ê♥❝✐❛s ✭❝❤❛♠❛♠♦s ✐ss♦ ❞❡ ♠✉❧t✐♣❧❡①❛çã♦ ♥❛ ❢r❡q✉ê♥✲

❝✐❛✮✳ ❈❛❞❛ ❢♦♥t❡ é ♠♦❞✉❧❛❞❛ ❡♠ ✉♠❛ ❢❛✐①❛ ♥♦ ✐♥t❡r✈❛❧♦ ❡♥tr❡ ✻✱✹ ❡ ✶✷✱✻ ❑❍③✱ ❞✐✈✐❞✐❞♦s ❡♠ ✐♥t❡r✈❛❧♦s

❞❡ ✷✵✵ ❍③✳

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

P♦❞❡♠♦s r❡❛❧✐③❛r ❛ s❡♣❛r❛çã♦ ❞❡ ❝❛❞❛ ❢♦♥t❡ ✭♣♦r ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡✮ ❞❡✈✐❞♦ à ♠♦❞✉❧❛çã♦ ♣r❡s❡♥t❡



✷✽ ❊◗❯■P❆▼❊◆❚❖❙ ✸✳✸

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

❞❡ ❢♦♥t❡s ❧✐❣❛❞❛s ♥♦ ❛rr❛♥❥♦ ó♣t✐❝♦✳

❖s ❞❡t❡❝t♦r❡s sã♦ ❢♦t♦❞✐♦❞♦s ❛✈❛❧❛♥❝❤❡ q✉❡ ❛❞q✉✐r❡♠ ❧✉③ ❞❡ t♦❞❛s ❛s ❢♦♥t❡s s✐♠✉❧t❛♥❡❛♠❡♥t❡✱

s❡♣❛r❛❞❛s ♣♦st❡r✐♦r♠❡♥t❡ ♣❡❧♦ ❤❛r❞✇❛r❡✳

❖ s✐st❡♠❛ ♣♦ss✉✐ ✉♠❛ t❛①❛ ❞❡ ❛q✉✐s✐çã♦ ♠á①✐♠❛ ❞❡ ✷✺ ❍③✳ ❚♦❞♦ s✐st❡♠❛ é ❝♦♥tr♦❧á✈❡❧ ❡ ♣r♦✲

❣r❛♠á✈❡❧ ✈✐❛ s♦❢t✇❛r❡ ❝r✐❛❞♦ ❡♠ ▼❛t❧❛❜ ✭▼❛t❤✇♦r❦s ■♥❝❀ ◆❛t✐❝❦✱ ▼❆✱ ❊❯❆✮✳

◆■❘❙❝♦✉t ✲ ◆✐r①

❖ ◆■❘❙❈♦✉t ✭❋✐❣✉r❛ ✸✳✾✮ é ✉♠ ❡q✉✐♣❛♠❡♥t♦ q✉❡ t❛♠❜é♠ ✉t✐❧✐③❛ ♦ ♠ét♦❞♦ ❞❡ ❡①❝✐t❛çã♦ ❝♦♥tí✲

♥✉❛✳ ❊ss❡ ❡q✉✐♣❛♠❡♥t♦ ❝♦♥té♠ ✶✻ ❢♦♥t❡s ✭❝❛❞❛ ❢♦♥t❡ é ❝♦♠♣♦st❛ ♣♦r ✷ ❞✐♦❞♦s✮ ❡ ✸✷ ❞❡t❡❝t♦r❡s✳ ❆s

❢♦♥t❡s sã♦ ❝♦♠♣♦st❛s ♣♦r ✸✷ ▲❊❉s✱ s❡♥❞♦ ✶✻ ♥♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ λ ❂ ✼✻✵ ♥♠ ❡ ♦✉tr♦s ✶✻ ♥♦

❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ λ ❂ ✽✺✵ ♥♠✳

❋✐❣✉r❛ ✸✳✾✿ ❊q✉✐♣❛♠❡♥t♦ ◆■❘❙❈♦✉t ❢❛❜r✐❝❛❞♦ ♣❡❧❛ ◆■❘①

❖ ◆■❘❙❈♦✉t ♣♦ss✉✐ ✉♠ ♠✉❧t✐♣❧❡①❛çã♦ t❡♠♣♦r❛❧✱ ♦✉ s❡❥❛✱ ❝❛❞❛ ❢♦♥t❡ é ❧✐❣❛❞❛ ❞✉r❛♥t❡ ✉♠ t❡♠♣♦

❡ ❞❡s❧✐❣❛❞❛ ❧♦❣♦ ❛♣ós✳ ❊st❡ t✐♣♦ ❞❡ ♠✉❧t✐♣❧❡①❛çã♦ ❧✐♠✐t❛ ❛ ♥♦ss❛ r❡s♦❧✉çã♦ t❡♠♣♦r❛❧✱ ♥❛ q✉❛♥t✐❞❛❞❡

❞❡ ❢♦♥t❡s q✉❡ t❡♠♦s q✉❡ ❧✐❣❛r✳

❆ r❡s♦❧✉çã♦ t❡♠♣♦r❛❧ ✈❛r✐❛ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✹ ❍③ ❛ ✶✵ ❍③✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡

❢♦♥t❡s ✉t✐❧✐③❛❞❛s ♥♦ ❛rr❛♥❥♦ ó♣t✐❝♦✳ ◆♦ ♥♦ss♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ ❡stí♠✉❧♦ ✈✐s✉❛❧✱ ❛ t❛①❛ ❞❡ ❛q✉✐s✐çã♦

❢♦✐ ❞❡ ✻✱✷✺ ❍③✳

❚♦❞♦ ♦ s✐st❡♠❛ é ❝♦♥tr♦❧á✈❡❧ ❡ ♣r♦❣r❛♠á✈❡❧ ✈✐❛ s♦❢t✇❛r❡ ❝r✐❛❞♦ ❡♠ ▲❛❜✈✐❡✇ ✭◆❛t✐♦♥❛❧ ✐♥str✉✲

♠❡♥ts✱ ❊❯❆✮✳ ❖s ❞❡t❡❝t♦r❡s sã♦ ❢♦t♦❞✐♦❞♦s q✉❡ ❛❞q✉✐r❡♠ ❛ ❧✉③✳



❈❛♣ít✉❧♦ ✹

❖❇❏❊❚■❱❖❙

✹✳✶ ❖❜❥❡t✐✈♦s ❣❡r❛✐s

❆ t❡s❡ ♣♦ss✉✐ ✉♠ ❝❛rát❡r ✐♥✈❡st✐❣❛t✐✈♦ r❡❧❛❝✐♦♥❛❞♦ ❛♦ ✉s♦ ❞♦s ❡q✉✐♣❛♠❡♥t♦s ❞❡ ◆■❘❙ ✭❈❲✻ ❡

◆■❘❙❝♦✉t✮ ❞♦ ❣r✉♣♦ ❞❡ ◆❡✉r♦❢ís✐❝❛✳ ❊st❡ ❝❛rát❡r ✐♥✈❡st✐❣❛t✐✈♦ s❡ ❞á ♥❛ ✉t✐❧✐③❛çã♦ ❞♦s ❡q✉✐♣❛♠❡♥t♦s

❡♠ s✐t✉❛çõ❡s ❞✐st✐♥t❛s ❞❡ ❢♦r♠❛ ❛ ❝❛r❛❝t❡r✐③❛r s✉❛s r❡s♣♦st❛s✳

❖ ◆■❘❙❝♦✉t ❢♦✐ ✉t✐❧✐③❛❞♦ ❞✉r❛♥t❡ ♦ ❡stí♠✉❧♦ ✈✐s✉❛❧ ❡♠ ✈♦❧✉♥tár✐♦s s❛❞✐♦s✳ ❖ ❡q✉✐♣❛♠❡♥t♦ ❢♦✐

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

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

❛♣❧✐❝❛çõ❡s ♠❛✐s ❧✐♠✐t❛❞❛s✳

❖ ❈❲✻ ❢♦✐ ✉t✐❧✐③❛❞♦ ♥♦s ✈♦❧✉♥tár✐♦s ❞✉r❛♥t❡ ♦ ❡①❡r❝í❝✐♦ ❢ís✐❝♦ ❡♠ t❛r❡❢❛s ❛❜❡rt❛s ❡ ❢❡❝❤❛❞❛s

❡ ♥♦s ♣❛❝✐❡♥t❡s ❝♦♠ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛✱ ❞✉r❛♥t❡ ❛ ❛♣♥❡✐❛✳ ❖ ❡q✉✐♣❛♠❡♥t♦ ❢♦✐ ❡s❝♦❧❤✐❞♦ ♣❛r❛ ❡st❛s

❛♣❧✐❝❛çõ❡s✱ ♣♦r s❡r ♠❛✐s r♦❜✉st♦ ✭♠❡♥♦s ❝♦♠❡r❝✐❛❧✮✱ ❛❧é♠ ❞❡ ♥♦s ♣❡r♠✐t✐r ✉♠❛ ❣❛♠❛ ❞❡ ❛rr❛♥❥♦s

ó♣t✐❝♦s ❡ ♠❡❞✐❞❛s ❝♦♠ ♠♦✈✐♠❡♥t♦✳

✹✳✷ ❖❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s

❆♣r❡s❡♥t❛♠♦s ❛❜❛✐①♦ ✉♠ r❡s✉♠♦ ❞❛s ❞✐❢❡r❡♥t❡s ❧✐♥❤❛s ❞♦s ❡st✉❞♦s q✉❡ r❡❛❧✐③❛♠♦s ❞✉r❛♥t❡ ♦

❞♦✉t♦r❛❞♦✱ t♦❞❛s ❡❧❛s ✈✐s❛♥❞♦ ❝❛r❛❝t❡r✐③❛r ❛s r❡s♣♦st❛s ❞♦s ❡q✉✐♣❛♠❡♥t♦s ❈❲✻ ❡ ◆■❘❙❝♦✉t ❡♠

❡①♣❡r✐♠❡♥t♦s ❝❡r❡❜r❛✐s ❡ ♠✉s❝✉❧❛r❡s✳

◆♦ t❡st❡ ✈✐s✉❛❧ t❡st❛♠♦s ❢r❡q✉ê♥❝✐❛s ❞✐❢❡r❡♥t❡s ✭✹✱ ✽✱ ✶✻ ❡ ✷✹❍③✮ ♥❛ t❡♥t❛t✐✈❛ ❞❡ ❝❛r❛❝t❡r✐③❛r

❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❛ss♦❝✐❛❞❛s ❛♦s ❡stí♠✉❧♦s ✈✐s✉❛✐s ❡ ❡♥❝♦♥tr❛r ❛❧❣✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛s

✈❛r✐á✈❡✐s ❤❡♠♦❞✐♥â♠✐❝❛s ❡ ❛ ❢r❡q✉ê♥❝✐❛ ❞♦ ❡stí♠✉❧♦✳ ❊st❡ ❡st✉❞♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♣❛❞rã♦ ❞❡✈✐❞♦ ❛

s✉❛ s✐t✉❛çã♦ ♠❛✐s ❝♦♥tr♦❧❛❞❛ ✭✈♦❧✉♥tár✐♦s s❛❞✐♦s ❡♠ ✉♠ t❡st❡ ✈✐s✉❛❧✮✳

◆♦s t❡st❡s✱ ❞✉r❛♥t❡ ♦ ❡①❡r❝í❝✐♦ ❢ís✐❝♦✱ ♦s ✈♦❧✉♥tár✐♦s ✭✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ♦✉ ❝✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s✮

r❡❛❧✐③❛r❛♠ ❞♦✐s t✐♣♦s ❞❡ t❛r❡❢❛s ✭❛❜❡rt❛ ♦✉ ❢❡❝❤❛❞❛✮ ❡♠ ❝♦♥❞✐çõ❡s ❞✐❢❡r❡♥t❡s ✭❝♦♥tr♦❧❡ ♦✉ s♦❜ ❛❞♠✐✲

♥✐str❛çã♦ ❞❡ ❝❛❢❡í♥❛✴♣❧❛❝❡❜♦✮✱ s❡♥❞♦ r❡❛❧✐③❛❞❛s ❛q✉✐s✐çõ❡s ❞❡ ◆■❘❙ t❛♥t♦ ♥♦ ❧♦❜♦ ❢r♦♥t❛❧ q✉❛♥t♦ ♥♦

♠ús❝✉❧♦ ✈❛st♦ ❧❛t❡r❛❧ ✭♣❡r♥❛✮✳

◆❡st❡ ❡st✉❞♦ t❡♥t❛♠♦s ✈❡r ❛ r❡♣r♦❞✉t✐❜✐❧✐❞❛❞❡ ❞♦ s✐♥❛❧ ◆■❘❙ ✭t❛♥t♦ ❢r♦♥t❛❧ ❝♦♠♦ ♠✉s❝✉❧❛r✮

❡♠ ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❡♠ t❡st❡s ❛❜❡rt♦s ✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮✳ ❈♦♠♣❛r❛♠♦s ♦s ❞❛❞♦s ❞❡

✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❝♦♠ ♦s ❞❛❞♦s ❞❡ ❝✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s ❡♠ t❡st❡s ❛❜❡rt♦s ✭t❡st❡

✷✾



✸✵ ❖❇❏❊❚■❱❖❙ ❊❙P❊❈❮❋■❈❖❙ ✹✳✷

♣r♦❣r❡ss✐✈♦✮✱ ❜❡♠ ❝♦♠♦ ♦ ❡❢❡✐t♦ ❞❛ ❝❛❢❡í♥❛✴♣❧❛❝❡❜♦ ♥♦s ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s✱ ❞✉r❛♥t❡ ❛

t❛r❡❢❛ ❛❜❡rt❛ ✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮ ❡ ♥♦s ❝✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s✱ ❡♠ t❛r❡❢❛s ❢❡❝❤❛❞❛s ✭t❡st❡ ❝♦♥tr❛

r❡❧ó❣✐♦ ❡♠ ♣r♦✈❛s ❞❡ ✹❑♠✮✳

❊♠ ♣❛❝✐❡♥t❡s ❝♦♠ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛✱ r❡❛❧✐③❛♠♦s t❡st❡s ❞❡ ❛♣♥❡✐❛ ♥❛ t❡♥t❛t✐✈❛ ❞❡ ❝❛r❛❝t❡r✐③❛r

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



❈❛♣ít✉❧♦ ✺

❊❙❚■▼❯▲❆➬➹❖ ❱■❙❯❆▲

❖ ❝órt❡① ✈✐s✉❛❧ t❡♠ s✐❞♦ ✐♥✈❡st✐❣❛❞♦ ♣❡❧❛s ❞✐✈❡rs❛s té❝♥✐❝❛s ❞❡ ♥❡✉r♦✐♠❛❣❡♠✳ ❉❡♥tr❡ ❡❧❛s✱ ♣♦✲

❞❡♠♦s ❝✐t❛r✿ ❢▼❘■✱ ❊❊● ❡ ◆■❘❙✳ ❖s ❡st✉❞♦s ♣♦❞❡♠ ❝♦♥t❡r ♠❡t♦❞♦❧♦❣✐❛s ♠✉❧t✐♠♦❞❛✐s✱ ♦♥❞❡ ❝♦♠✲

❜✐♥❛♠♦s ❞✉❛s té❝♥✐❝❛s ❡♠ s✐♠✉❧tâ♥❡♦ ♥♦ ❡①♣❡r✐♠❡♥t♦✳

❯♠❛ ❞❛s ✈❛♥t❛❣❡♥s ❞♦ ✉s♦ ❞❡ té❝♥✐❝❛s ♠✉❧t✐♠♦❞❛✐s é ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♦❜s❡r✈❛r♠♦s s✐♥❛✐s ❞❡

❢♦♥t❡s ❞✐❢❡r❡♥t❡s✱ ♣♦r ❡①❡♠♣❧♦✿ ❛ ❛t✐✈✐❞❛❞❡ ❡❧étr✐❝❛ ✭✈✐❛ ❊❊●✮ ❡ ❛ ❛t✐✈✐❞❛❞❡ ❤❡♠♦❞✐♥â♠✐❝❛ ✭✈✐❛

◆■❘❙ ♦✉ ❢▼❘■✮✳ ❯♠ ❡①❡♠♣❧♦ ❞❡ ❡st✉❞♦ ❝♦♠ ✉♠❛ té❝♥✐❝❛ ♠✉❧t✐♠♦❞❛❧ ♣♦❞❡ s❡r ✈✐st♦ ♥♦ ❛rt✐❣♦

❇■❆▲▲❆❙ ❡t ❛❧✳ ✭✷✵✶✷✮✱ q✉❡ ✉s❛ ✉♠❛ ❛q✉✐s✐çã♦ ❝♦♥❥✉♥t❛ ❞❡ ◆■❘❙ ❝♦♠ ❊❊● ♣❛r❛ t❡st❛r ❛ r❡♣r♦✲

❞✉t✐❜✐❧✐❞❛❞❡ ❡♠ ❡stí♠✉❧♦s ✈✐s✉❛✐s✳

◆❛ ❧✐t❡r❛t✉r❛ ❡♥❝♦♥tr❛♠♦s ❡st✉❞♦s ❝♦♠ ✈❛r✐❛çõ❡s ♥❛ ❢r❡q✉ê♥❝✐❛ ❞♦ ❡stí♠✉❧♦ ✭❑❆❘❊◆ ❡t ❛❧✳

✭✷✵✵✽✮✮✱ ♥♦ ❝♦♥tr❛st❡ ✭❘❖❱❆❚■ ❡t ❛❧✳ ✭✷✵✵✼✮✮ ❡ ♥♦s ♣❛❞rõ❡s ❞❡ ❡st✐♠✉❧❛çã♦✳ ❯♠ ❞♦s ❢❛t♦r❡s ❞❛

✐♥✈❡st✐❣❛çã♦ tã♦ ✐♥t❡♥s❛ é ❛ ✧❢❛❝✐❧✐❞❛❞❡✧ ❞❡ ❛❝❡ss♦ às r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❡♠ t❡st❡s ✈✐s✉❛✐s✱ ❡

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

❆ r❡❣✐ã♦ ❞♦ ❝ér❡❜r♦ r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ❡stí♠✉❧♦ ✈✐s✉❛❧ s❡ ❧♦❝❛❧✐③❛ ♥♦ ❧♦❜♦

♦❝❝✐♣✐t❛❧ ✭❝♦♠♦ ✈✐st♦ ♥❛ ❙❡çã♦ ✷✳✶✮✱ q✉❡ s❡ ❡♥❝♦♥tr❛ ♥❛ ♣❛rt❡ ♣♦st❡r✐♦r ❞❛ ❝❛❜❡ç❛✳ ◆❛ ❙❡çã♦ ✷✳✷ é

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

◆❛s ❛♣❧✐❝❛çõ❡s ❡♠ ◆■❘❙✱ ❡♠ ❡st✉❞♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦ s✐st❡♠❛ ✈✐s✉❛❧✱ ❡♥❝♦♥tr❛♠♦s ❛❧❣✉♠❛s ❞✐✜✲

❝✉❧❞❛❞❡s r❡❧❛❝✐♦♥❛❞❛s à ♠♦♥t❛❣❡♠ ❞♦ ❡q✉✐♣❛♠❡♥t♦ ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦✳ ❙ã♦ ❡❧❛s✿ r✉í❞♦ ❛❞✐❝✐♦♥❛❞♦

❞❡✈✐❞♦ à q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛❜❡❧♦ ♣r❡s❡♥t❡ ♥❛ ♣❛rt❡ ♣♦st❡r✐♦r ❞❛ ❝❛❜❡ç❛ ❡ ❛ ✜s✐♦❧♦❣✐❛ ❞♦ ❧♦❜♦ ♦❝❝✐♣✐t❛❧

q✉❡ ✈❛r✐❛ ❡♥tr❡ ✈♦❧✉♥tár✐♦s✳ ▼❛s ♣♦r s❡r ✉♠ t✐♣♦ ❞❡ ❡st✐♠✉❧❛çã♦ s✐♠♣❧❡s ❞❡ r❡❛❧✐③❛r ❡ ❛ ❧♦❝❛❧✐③❛çã♦

❞❛ r❡❣✐ã♦ ❞❡ ❛t✐✈❛çã♦ s❡r ❞❡ ❢á❝✐❧ ❛❝❡ss♦ é ✉♠❛ ót✐♠❛ r❡❣✐ã♦ ♣❛r❛ ♦ ❡st✉❞♦ ❢✉♥❝✐♦♥❛❧ ✈✐❛ ◆■❘❙✳

✺✳✶ ❖❜❥❡t✐✈♦

❖ ♣r❡s❡♥t❡ ❡st✉❞♦ ✈✐s♦✉ ❛ ❛♣❧✐❝❛çã♦ ❞❛ té❝♥✐❝❛ ◆■❘❙ ♥❛ ❝❛r❛❝t❡r✐③❛çã♦ ❞❛s r❡s♣♦st❛s ❤❡♠♦❞✐✲

♥â♠✐❝❛s ❛ss♦❝✐❛❞❛s ❛ ❡stí♠✉❧♦s ✈✐s✉❛✐s ❝♦♠ ❢r❡q✉ê♥❝✐❛s ❞✐st✐♥t❛s✱ ♥❛ t❡♥t❛t✐✈❛ ❞❡ ❡♥❝♦♥tr❛r ✉♠❛

♣♦ssí✈❡❧ r❡❧❛çã♦ ❡♥tr❡ ❛s ❢r❡q✉ê♥❝✐❛s ❞♦ ❡stí♠✉❧♦ ❡ ❛s ✈❛r✐á✈❡✐s ❡s❝♦❧❤✐❞❛s ❞❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s

❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ✭❍❜❖✱ ❍❜❘ ❡ ❍❜❚✮✳

✸✶



✸✷ ❉❊❙❊◆❍❖ ❊❳P❊❘■▼❊◆❚❆▲ ✺✳✷

✺✳✷ ❉❡s❡♥❤♦ ❊①♣❡r✐♠❡♥t❛❧

✺✳✷✳✶ ❱♦❧✉♥tár✐♦s

P❛r❛ ❛ ❛♥á❧✐s❡ ❝♦♥t❛♠♦s ❝♦♠ ✾ ✈♦❧✉♥tár✐♦s s❛❞✐♦s ❝♦♠ ✐❞❛❞❡ ♠é❞✐❛ ❞❡ ✭✷✵ ± ✷✮ ❛♥♦s✳ ❖s

❡①♣❡r✐♠❡♥t♦s ♥ã♦ s❡ ❡st❡♥❞❡r❛♠ ♣❛r❛ ❛❧é♠ ❞❡ ✉♠ ❧✐♠✐t❡ ❞❡♥tr♦ ❞♦ q✉❛❧ ♦s ✈♦❧✉♥tár✐♦s s❡ s❡♥t✐ss❡♠

❝♦♥❢♦rtá✈❡✐s ✭♦✉ ♠✐♥✐♠❛♠❡♥t❡ ✐♥❝♦♠♦❞❛❞♦s✮✳ ❆ ❋✐❣✉r❛ ✺✳✶ r❡♣r❡s❡♥t❛ ✉♠ ✈♦❧✉♥tár✐♦ ♣r❡♣❛r❛❞♦

♣❛r❛ ❛ ❛q✉✐s✐çã♦✳

❖ t❡st❡ ❢♦✐ ❛♣r♦✈❛❞♦ ♣❡❧♦ ❝♦♠✐tê ❞❡ ét✐❝❛ ❞❛ ❯◆■❈❆▼P ❡ ♦s ✈♦❧✉♥tár✐♦s ❛ss✐♥❛r❛♠ ✉♠ t❡r♠♦

❞❡ ❝♦♥s❡♥t✐♠❡♥t♦ ❧✐✈r❡ ❡ ❡s❝❧❛r❡❝✐❞♦ ✭❚❈▲❊✮ ✭❛♣ê♥❞✐❝❡ ❆✮

❋✐❣✉r❛ ✺✳✶✿ ❱♦❧✉♥tár✐♦ ♣r♦♥t♦ ♣❛r❛ ❛ ❛q✉✐s✐çã♦ ❝♦♠ ❛ t♦✉❝❛ ♠♦♥t❛❞❛✳ P♦❞❡♠♦s ♦❜s❡r✈❛r ♥❛ ✜❣✉r❛
❛s ❢♦♥t❡s ♣♦s✐❝✐♦♥❛❞❛s ♥♦s ♣♦♥t♦s O2✱ Oz ❡ O1 ❞♦ s✐st❡♠❛ ✶✵✴✷✵ ❞♦ ❊❊● ❞❛ ❞✐r❡✐t❛ ♣❛r❛ ❛ ❡sq✉❡r❞❛
✭❛♥é✐s ✈❡r❞❡s✮ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❡ ♦s ❞❡t❡❝t♦r❡s ♣♦s✐❝✐♦♥❛❞♦s ❡♠ ✈♦❧t❛ ❞❛s ❢♦♥t❡s✳ ❖ ❡sq✉❡♠❛ ❞♦
❛rr❛♥❥♦ ó♣t✐❝♦ ❡stá ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✷✳

✺✳✷✳✷ ❊q✉✐♣❛♠❡♥t♦

❖ ❡q✉✐♣❛♠❡♥t♦ ✉t✐❧✐③❛❞♦ ♥❡st❡ ❡①♣❡r✐♠❡♥t♦ ❢♦✐ ♦ ◆■❘❙❈♦✉t✱ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✾ ❡ ❞❡s❝r✐t♦

♥❛ ❙❡çã♦ ✸✳✸✳✷✳ ❖ ❛rr❛♥❥♦ ó♣t✐❝♦ ❢♦✐ ♠♦♥t❛❞♦ ♥❛ ♣ró♣r✐❛ t♦✉❝❛ ❞♦ ❡q✉✐♣❛♠❡♥t♦✱ ❛♣r❡s❡♥t❛❞♦ ♥❛

❋✐❣✉r❛ ✺✳✶✳ ❋♦r❛♠ ✉t✐❧✐③❛❞❛s ✸ ❢♦♥t❡s ❡ ✽ ❞❡t❡❝t♦r❡s✳ ◆❡st❛ ❝♦♥✜❣✉r❛çã♦ ♦❜t✐✈❡♠♦s ✉♠❛ t❛①❛ ❞❡

❛q✉✐s✐çã♦ ❞❡ ✶✵✱✹ ❍③✳



✺✳✷ ❉❊❙❊◆❍❖ ❊❳P❊❘■▼❊◆❚❆▲ ✸✸

✺✳✷✳✸ ❆rr❛♥❥♦ ó♣t✐❝♦

❖ ❛rr❛♥❥♦ ó♣t✐❝♦ ❝♦♠ ✸ ❢♦♥t❡s ✭r❡♣r❡s❡♥t❛❞❛s ♣♦r ✉♠ ✧❳✧ ♥❛ ❋✐❣✉r❛ ✺✳✷✮ ❡ ✽ ❞❡t❡❝t♦r❡s ✭r❡✲

♣r❡s❡♥t❛❞♦s ♣♦r ✉♠ ✧❖✧ ♥❛ ❋✐❣✉r❛ ✺✳✷✮ ♠♦♥t❛❞♦s ♥❛ t♦✉❝❛ ❞♦ s✐st❡♠❛ ✭❋✐❣✉r❛ ✺✳✶✮ ♣♦ss✐❜✐❧✐t♦✉ ❛

❝r✐❛çã♦ ❞❡ ✽ ♣❛r❡s ❢♦♥t❡✲❞❡t❡❝t♦r ✭❝❛♥❛✐s✮✳

❆ t♦✉❝❛ ❞♦ s✐st❡♠❛ ♣♦ss✉✐ ❛s ♠❛r❝❛çõ❡s ♣❛❞rõ❡s ❞♦ ❊❊● ✭s✐st❡♠❛ ✶✵✴✷✵✮ ❡ ♣♦♥t♦s ❡①tr❛s ♣❛r❛

❛ ✜①❛çã♦ ❞❡ ♦✉tr♦s ♦♣t♦❞♦s ✭❢♦♥t❡s ♦✉ ❞❡t❡❝t♦r❡s✮ ❢♦r❛ ❞❛s ♣♦s✐çõ❡s ❞♦ s✐st❡♠❛ ✶✵✴✷✵ ❞♦ ❊❊●✳

❋♦r❛♠ ❡s❝♦❧❤✐❞♦s ♦s ♣♦♥t♦s O1✱ O2 ❡ Oz ❞♦ s✐st❡♠❛ ✶✵✴✷✵ ❞♦ ❊❊● ✭❙❡çã♦ ✸✳✷✳✷✮ ♣❛r❛ ❛ ✜①❛çã♦

❞❛s ❢♦♥t❡s✳ ❖s ✽ ❞❡t❡❝t♦r❡s ❢♦r❛♠ ♣♦s✐❝✐♦♥❛❞♦s ❡♠ ✈♦❧t❛ ❞❛s ❢♦♥t❡s✱ ❝♦♠♦ ♣♦❞❡ s❡r ✈✐st♦ ♥♦ ❡sq✉❡♠❛

❞❛ ❋✐❣✉r❛ ✺✳✷✳ ❖s ❞❡t❡❝t♦r❡s ❢♦r❛♠ ♣♦s✐❝✐♦♥❛❞♦s ❞❡ ❢♦r♠❛ ❛ t❡r❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✸✱✵ ❝♠ ❞❡

❞✐stâ♥❝✐❛ ❞❛ ❢♦♥t❡s✳

❋✐❣✉r❛ ✺✳✷✿ ❊sq✉❡♠❛ ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ♠♦♥t❛❞♦ ♣❛r❛ ❛ ❛q✉✐s✐çã♦ ❞♦ ❡stí♠✉❧♦ ✈✐s✉❛❧✳ ❖s ✧❳✧
r❡♣r❡s❡♥t❛♠ ❛s ❢♦♥t❡s ❡ ♦s ✧❖✧ r❡♣r❡s❡♥t❛♠ ♦s ❞❡t❡❝t♦r❡s✳

❖s ❝❛♥❛✐s ✭♣❛r ❢♦♥t❡ ❞❡t❡❝t♦r✮ ❢♦r♠❛❞♦s ♣♦r ❡ss❡ ❛rr❛♥❥♦ ó♣t✐❝♦ ♣♦❞❡♠ s❡r ✈✐st♦s ♥❛ ❋✐❣✉r❛ ✺✳✷✱

❡ sã♦ ❞❡s❝r✐t♦s ❛❜❛✐①♦✿

• ❋♦♥t❡ ❳✷ ❧✐❣❛❞♦ ❛♦s ❞❡t❡❝t♦r❡s ❖✷✱ ❖✸ ❡ ❖✾❀

• ❋♦♥t❡ ❳✸ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ❖✹ ❡ ❖✽❀

• ❋♦♥t❡ ❳✹ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ❖✺✱ ❖✻ ❡ ❖✼✳

✺✳✷✳✹ ❊stí♠✉❧♦

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

❛❝♦r❞♦ ❝♦♠ ▲■❯ ✭✷✵✵✹✮✳ ❊st❡ t✐♣♦ ❞❡ ❞❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ✈✐s❛ à ❞❡t❡❝çã♦ ❞❛ ❛t✐✈❛çã♦ ❢✉♥❝✐♦♥❛❧

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

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

♠❡s♠♦ t✐♣♦✱ ♦✉ s❡❥❛✱ r❡❧❛❝✐♦♥❛❞♦s ❛ ✉♠❛ ♠❡s♠❛ ❝♦♥❞✐çã♦✳ ❖✉tr❛ ❝❛r❛❝t❡ríst✐❝❛ é ❛ ♣r❡s❡♥ç❛ ❞❡

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

❖ ♣❡rí♦❞♦ ❞❡ ❡stí♠✉❧♦ é ❢♦r♠❛❞♦ ♣♦r ✉♠ ①❛❞r❡③ ❝✐r❝✉❧❛r ✭r❛❞✐❛❧ ❝❤❡❝❦❡r❜♦❛r❞✮✱ ❋✐❣✉r❛ ✺✳✸✱ q✉❡

♣✐s❝❛ ❝♦♠ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡t❡r♠✐♥❛❞❛ ❛ ❝❛❞❛ ❛♣r❡s❡♥t❛çã♦✳ ❊st❡ ♣❛❞rã♦ ❞❡ ❡stí♠✉❧♦ é ♦ ♣r✐♥❝✐♣❛❧

♠ét♦❞♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦❜t❡r ❛t✐✈❛çõ❡s ❝♦♥s✐st❡♥t❡s ♥❛ r❡❣✐ã♦ ❞♦ ❧♦❜♦ ♦❝❝✐♣✐t❛❧ ✭❘❖❱❆❚■ ❡t ❛❧✳

✭✷✵✵✼✮✮✳ ❖ ♣❡rí♦❞♦ ❞❡ r❡♣♦✉s♦ é ❝♦♠♣♦st♦ ♣♦r ✉♠❛ t❡❧❛ ❝✐♥③❛ q✉❡ ❝♦♥té♠ ✉♠ ♣♦♥t♦ ♥♦ ❝❡♥tr♦

✭❋✐❣✉r❛ ✺✳✸✮✳



✸✹ ❊❚❆P❆❙ ❉❆ ❆◆➪▲■❙❊ ❉❊ ❉❆❉❖❙ ✺✳✸

❋✐❣✉r❛ ✺✳✸✿ ❊sq✉❡♠❛ ❞❡ ✉♠❛ ❛♣r❡s❡♥t❛çã♦ ❞♦ ❡st✐♠✉❧♦ ✈✐s✉❛❧ ✉s❛♥❞♦ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ✜①❛✳ ❆s
r❡❣✐õ❡s ❞❡ ❛t✐✈❛çã♦ ✭✶✵ s❡❣✉♥❞♦s✮ ❡stã♦ ♠❛r❝❛❞❛s ❡♠ ❝✐♥③❛ ❡ ❛s r❡❣✐õ❡s ❡♠ ❜r❛♥❝♦ r❡♣r❡s❡♥t❛♠ ♦
r❡♣♦✉s♦ ✭✷✵ s❡❣✉♥❞♦s✮✳

P❛r❛ ❛ ❛q✉✐s✐çã♦✱ ♦s ✈♦❧✉♥tár✐♦s ✜❝❛♠ s❡♥t❛❞♦s ❝♦♥❢♦rt❛✈❡❧♠❡♥t❡ ❛ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✉♠ ♠❡tr♦

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

❡s❝✉r❛s✮✳ ❖ ❡stí♠✉❧♦ ✈✐s✉❛❧ é ❛♣r❡s❡♥t❛❞♦ ❡♠ ✉♠❛ t❡❧❛ ❞❡ ✶✺ ♣♦❧❡❣❛❞❛s ❡♠ ♠♦❞♦ t❡❧❛ ❝❤❡✐❛✳

◆❛ ❛♣r❡s❡♥t❛çã♦ ❞♦ ❡stí♠✉❧♦✱ ❝❛❞❛ ❜❧♦❝♦ é ❢♦r♠❛❞♦ ♣♦r ✉♠ ♣❡rí♦❞♦ ❞❡ ✶✵ s❡❣✉♥❞♦s ❞❡ ❡st✐♠✉✲

❧❛çã♦ ❡ ✷✵ s❡❣✉♥❞♦s ❞❡ r❡♣♦✉s♦✳ ❆ss✐♠✱ ❝❛❞❛ ❜❧♦❝♦ ♣♦ss✉✐ ✸✵ s❡❣✉♥❞♦s ❞❡ ❞✉r❛çã♦✱ ♥♦ t♦t❛❧ ❞❡ ✺

❜❧♦❝♦s ❡♠ ✶✺✵ s❡❣✉♥❞♦s✳ ❆♥t❡s ❞♦ ♣r✐♠❡✐r♦ ♣❡rí♦❞♦ ❞❡ ❡st✐♠✉❧❛çã♦✱ t❡♠♦s ✉♠ ♣❡rí♦❞♦ ❞❡ r❡♣♦✉s♦

❞❡ ✷✵ s❡❣✉♥❞♦s✳ ❆ss✐♠✱ ❝❛❞❛ ❛♣r❡s❡♥t❛çã♦ ❞♦ ❡stí♠✉❧♦✱ ❝♦♠ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❝♦♥st❛♥t❡ t❡♠ ✉♠ t♦t❛❧

❞❡ ✶✼✵ s❡❣✉♥❞♦s✳

❈❛❞❛ ❛q✉✐s✐çã♦ é ❢♦r♠❛❞❛ ♣♦r q✉❛tr♦ ❛♣r❡s❡♥t❛çõ❡s ❞♦ ❡stí♠✉❧♦✳ ❊♠ ❝❛❞❛ ✉♠❛ ❞❡❧❛s✱ ♦ ✈♦❧✉♥tá✲

r✐♦ ♦❜s❡r✈❛ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞✐❢❡r❡♥t❡✳ ❆s ❢r❡q✉ê♥❝✐❛s ✉t✐❧✐③❛❞❛s ♥♦ ❡st✉❞♦ ❢♦r❛♠✿ ✹✱ ✽✱ ✶✻ ❡ ✷✹ ❍③✳ ❆

❛♣r❡s❡♥t❛çã♦ ❞❛s ❢r❡q✉ê♥❝✐❛s ❢♦r❛♠ r❛♥❞♦♠✐③❛❞❛s✳ ❆♦ ✈♦❧✉♥tár✐♦ é ✐♥str✉í❞♦ q✉❡ ❝♦♥❝❡♥tr❡ ♦ ♦❧❤❛r

♥♦ ❝❡♥tr♦ ❞❛ t❡❧❛✳ ❆s q✉❛tr♦ ❛♣r❡s❡♥t❛çõ❡s sã♦ r❡❛❧✐③❛❞❛s ❡♠ s❡q✉ê♥❝✐❛✱ s❡♠ ❞❡s❝❛♥s♦ ❡♥tr❡ ❡❧❛s✳ ❆

✜❣✉r❛ ✺✳✸ r❡♣r❡s❡♥t❛ ✉♠❛ ❛♣r❡s❡♥t❛çã♦ ❞♦ ❡stí♠✉❧♦ ❝♦♠ ✉♠❛ ❢r❡q✉ê♥❝✐❛ q✉❛❧q✉❡r✳

P❛r❛ ❝♦♥tr♦❧❛r ❛ ❛♣r❡s❡♥t❛çã♦ ❞♦ ❡stí♠✉❧♦✱ ✉t✐❧✐③❛♠♦s ♦ t♦♦❧❜♦① ❈♦❣❡♥t ●r❛♣❤✐❝s ✭❤tt♣✿✴✴✇✇✇✳

✈✐s❧❛❜✳✉❝❧✳❛❝✳✉❦✴❝♦❣❡♥t❴❣r❛♣❤✐❝s✳♣❤♣✮ ❞♦ ▼❛t❧❛❜✳ ❊st❡ t♦♦❧❜♦① ♥♦s ♣❡r♠✐t❡ ❞❡s❡♥❤❛r ♦ ❈❤❡❝❦❡r✲

❇♦❛r❞ ❡♠ t❡♠♣♦ r❡❛❧ ❡ ❝♦♥tr♦❧❛r ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝❛❞❛ ❛♣r❡s❡♥t❛çã♦ ❞♦ ❡stí♠✉❧♦✳ ❖ ▼❛t❧❛❜ t❛♠❜é♠

♥♦s ♣❡r♠✐t❡ ❝♦♥tr♦❧❛r ❛ ♣♦rt❛ ♣❛r❛❧❡❧❛ ❞♦ P❈ ❡ ❡st❡ ❝♦♥tr♦❧❡ ♣♦ss✐❜✐❧✐t❛ ❛ ♠❛r❝❛çã♦ ❞♦ ✐♥í❝✐♦ ❞❡

❝❛❞❛ ❜❧♦❝♦ ❞♦ ❡stí♠✉❧♦✳

❆ ❛q✉✐s✐çã♦ t♦t❛❧ t❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✺✵ ♠✐♥✉t♦s✱ s❡♥❞♦✿ ✶✺ ♠✐♥✉t♦s ♣❛r❛ ❛ ❛♣r❡s❡♥t❛çã♦ ❞♦

❡stí♠✉❧♦ ❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✸✺ ♠✐♥✉t♦s ♣❛r❛ ❛ ♠♦♥t❛❣❡♠ ❞♦ ❡①♣❡r✐♠❡♥t♦✳

✺✳✸ ❊t❛♣❛s ❞❛ ❛♥á❧✐s❡ ❞❡ ❞❛❞♦s

❆ ❛♥á❧✐s❡ ❢♦✐ ❢❡✐t❛ ✉s❛♥❞♦ s❝r✐♣ts ♣ró♣r✐♦s ❝r✐❛❞♦s ♥♦ s♦❢t✇❛r❡ ▼❛t❧❛❜✳ ❊❧❛ ♣♦❞❡ s❡r ❞✐✈✐❞✐❞❛ ❡♠

❞♦✐s ♣❛ss♦s✳ ◆♦ ♣r✐♠❡✐r♦ ♣❛ss♦ sã♦ ❝❛❧❝✉❧❛❞❛s ❛s r❡s♣♦st❛s ♠é❞✐❛s ♣♦r ❝❛♥❛❧ ❞❡ ❝❛❞❛ ✈♦❧✉♥tár✐♦ ❡ ❛

♠é❞✐❛ ❞♦s ❝❛♥❛✐s✱ ❛ ✜♠ ❞❡ ♦❜t❡r ✉♠❛ ✧r❡s♣♦st❛ ♣❛❞rã♦✧ ♣❛r❛ ❛ r❡❣✐ã♦ ♦❝❝✐♣✐t❛❧ ❞♦ ✈♦❧✉♥tár✐♦✳ ◆♦

s❡❣✉♥❞♦ ♣❛ss♦ r❡❛❧✐③❛♠♦s ❛s ♠é❞✐❛s ♣♦r ❣r✉♣♦✳

❖s ♣❛ss♦s ❞❛ ❛♥á❧✐s❡ ♣❛r❛ ✉♠ ✈♦❧✉♥tár✐♦ ❡stã♦ r❡s✉♠✐❞♦s ❛❜❛✐①♦✿

• ❖s ❞❛❞♦s ❞❡ ✐♥t❡♥s✐❞❛❞❡ ❧✉♠✐♥♦s❛ sã♦ ✜❧tr❛❞♦s ♣♦r ✉♠ ✜❧tr♦ ❞❡ ❇✉tt❡r✇♦rt❤ ❞❡ t❡r❝❡✐r❛ ♦r❞❡♠

❝♦♠ ♣❛râ♠❡tr♦s✿ ❍P❋ ❂ ✵✱✵✵✺ ✭❍✐❣❤ ♣❛ss ✜❧t❡r✮ ❡ ▲P❋ ❂ ✵✱✺ ✭▲♦✇ ♣❛ss ✜❧t❡r✮❀

• ❯s❛♠♦s ❛ ▼❇▲▲ ♣❛r❛ ❝❛❧❝✉❧❛r ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❍❜❖ ❡ ❍❜❘ ❞❡ ❝❛❞❛ ❝❛♥❛❧❀

• ❈❛❧❝✉❧❛♠♦s ❛ ♠é❞✐❛ ❞♦s ✺ ❜❧♦❝♦s ♣❛r❛ ❝❛❞❛ ❝❛♥❛❧❀



✺✳✸ ❊❚❆P❆❙ ❉❆ ❆◆➪▲■❙❊ ❉❊ ❉❆❉❖❙ ✸✺

• ❖❧❤❛♠♦s ♣❛r❛ ❝❛❞❛ ❝❛♥❛❧ ❡ r❡t✐r❛♠♦s ♦s ❝❛♥❛✐s r✉✐❞♦s♦s❀

• ❈❛❧❝✉❧❛♠♦s ❛ ♠é❞✐❛ ❞♦s ❝❛♥❛✐s r❡st❛♥t❡s ♣❛r❛ t❡r♠♦s ✉♠❛ ✑r❡s♣♦st❛ ♣❛❞rã♦✑ ♣❛r❛ ❛ r❡❣✐ã♦

♦❝✐♣✐t❛❧ ❞♦ ✈♦❧✉♥tár✐♦ ✭ ❋✐❣✉r❛ ✺✳✺✮✳

❆ ❡①❝❧✉sã♦ ❞♦s ❝❛♥❛✐s r✉✐❞♦s♦s s❡❣✉✐r❛♠ ❞♦✐s ❝r✐tér✐♦s✿ ✶✮ ■♥✐❝✐❛❧♠❡♥t❡ ❢♦✐ ❝❛❧❝✉❧❛❞❛ ❛ r❡❧❛çã♦

s✐♥❛❧ r✉í❞♦ ✭❙◆❘✮ ♠é❞✐❛ ❞♦s ❝❛♥❛✐s ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ ❞♦s ✈♦❧✉♥tár✐♦s ♣❛r❛ ♦s ❝r♦♠ó❢♦r♦s ✭❍❜❖

❡ ❍❜❘✮✳ ❉❡✜♥✐♠♦s ✉♠ ✧❧✐♠✐❛r ❞❡ ❙◆❘✧ ♠é❞✐♦ ❝♦♠♦ ❛ ♠é❞✐❛ ❞♦s ❧✐♠✐❛r❡s ❞❡ ❍❜❖ ❡ ❍❜❘✳ ❈❛♥❛✐s

❛❝✐♠❛ ❞♦ ✈❛❧♦r ❧✐♠✐❛r ♠é❞✐♦ ❞❡ ❙◆❘✱ ♥♦s ❞♦✐s ❝r♦♠ó❢♦r♦s✱ ❝♦♥t✐♥✉❛r❛♠ ♥❛ ❛♥á❧✐s❡✳ ❈❛s♦ ✉♠ ❞♦s

❝r♦♠ó❢♦r♦s t✐✈❡ss❡ ✉♠ ✈❛❧♦r ❛❜❛✐①♦ ❞♦ ✈❛❧♦r ❞❡✜♥✐❞♦ t♦❞♦ ♦ ❝❛♥❛❧ ❡r❛ ❡①❝❧✉í❞♦✳ ✷✮ ■♥s♣❡çã♦ ✈✐s✉❛❧

❞♦s ❝❛♥❛✐s r❡st❛♥t❡s✳

◆❛ t❛❜❡❧❛ ❚❛❜❡❧❛ ✺✳✶ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s r❡❧❛çã♦❡s ❙◆❘ ♣❛r❛ ❝❛❞❛ ✈♦❧✉♥tár✐♦ ❡ ❛ q✉❛♥t✐❞❛❞❡

❞❡ ❝❛♥❛✐s ✉t✐❧✐③❛❞♦s✳

❚❛❜❡❧❛ ✺✳✶✿ ❱❛❧♦r❡s ❞♦ ❧✐♠✐❛r ❞♦ ❙◆❘ ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛♥❛✐s ✉t✐❧✐③❛❞♦s ✭◗❈❯✮♣❛r❛ ❝❛❞❛ ✈♦❧✉♥✲

tár✐♦✳ ▼é❞✐❛✭
∑n

i=1
xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀

❱♦❧✉♥tár✐♦
❋r❡q✉ê♥❝✐❛ ✭❍③

✵✹ ✵✽ ✶✻ ✷✹

✵✶
◗❈❯ ✸ ✹ ✹ ✻

▲✐♠✐❛r ❙◆❘ ✾✱✺ ✽✱✼ ✶✶✱✷ ✶✶✱✹

✵✷
◗❈❯ ✹ ✺ ✸ ✹

▲✐♠✐❛r ❙◆❘ ✶✸✱✶ ✶✸✱✵ ✶✸✱✼ ✶✸✱✾

✵✸
◗❈❯ ✸ ✷ ✻ ✽

▲✐♠✐❛r ❙◆❘ ✶✽✱✼ ✷✵✱✻ ✷✺✱✵ ✷✷

✵✹
◗❈❯ ✺ ✼ ✸ ✼

▲✐♠✐❛r ❙◆❘ ✸✸✱✹ ✷✸✱✽ ✷✹✱✶ ✸✾✱✹

✵✺
◗❈❯ ✻ ✵ ✼ ✼ ✺

▲✐♠✐❛r ❙◆❘ ✵✱✼ ✷✸✱✼ ✷✼✱✹ ✷✹✱✹

✵✻
◗❈❯ ✽ ✽ ✸ ✷

▲✐♠✐❛r ❙◆❘ ✷✱✾ ✵✱✷ ✶✱✼ ✶✱✸

✵✼
◗❈❯ ✺ ✺ ✹ ✸

▲✐♠✐❛r ❙◆❘ ✶✶✱✻ ✾✱✺ ✶✽✱✺ ✶✽✱✸

✵✽
◗❈❯ ✻ ✸ ✹ ✻

▲✐♠✐❛r ❙◆❘ ✶✻✱✽ ✶✷✱✹ ✶✽✱✻ ✶✷✱✽

✵✾
◗❈❯ ✺ ✻ ✺ ✼

▲✐♠✐❛r ❙◆❘ ✶✶✱✾ ✶✸✱✺ ✶✺✱✻ ✶✷✱✽

▼é❞✐❛
◗❈❯ ✺✱✵ ✺✱✷ ✹✱✸ ✺✱✸

▲✐♠✐❛r ❙◆❘ ✶✸ ✶✹ ✶✼ ✶✼

❡rr♦
◗❈❯ ✵✱✺ ✵✱✻ ✵✱✺ ✵✱✼

▲✐♠✐❛r ❙◆❘ ✸ ✶ ✸ ✸

◆❛ ✜❣✉r❛ ❋✐❣✉r❛ ✺✳✹ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ❝❛♥❛❧ ❞❡ ✉♠ ✈♦❧✉♥tár✐♦ ♥♦ q✉❛❧ ❞❡s❝❛rt❛♠♦s ♦ ❞❛❞♦✱

❞❡✈✐❞♦ ❛♦ r✉✐❞♦✳

❆♣ós ♦ ❝á❧❝✉❧♦ ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❡ ❞❛ ✧r❡s♣♦st❛ ♣❛❞rã♦✧ ❞❛ r❡❣✐ã♦ ♦❝❝✐♣✐t❛❧✱ ♣❛r❛ ❝❛❞❛ ✈♦❧✉♥tá✲

r✐♦✱ r❡❛❧✐③❛♠♦s ✉♠❛ ♠é❞✐❛ ♣♦r ❣r✉♣♦✳ ❖s ❣r✉♣♦s sã♦ ❞❡✜♥✐❞♦s ♣❡❧❛s ❢r❡q✉ê♥❝✐❛s ✉t✐❧✐③❛❞❛s ♥♦ ❡st✉❞♦

✭✹✱ ✽✱ ✶✻ ❡ ✷✹ ❍③✮✳ ❯♠ r❡s✉♠♦ ❞♦s ♣❛ss♦s ❡stá ❛❜❛✐①♦✿



✸✻ ❘❊❙❯▲❚❆❉❖❙ ✺✳✹

❋✐❣✉r❛ ✺✳✹✿ ❊①❡♠♣❧♦ ❞❡ ✉♠ ❝❛♥❛❧ q✉❡ ❢♦✐ ❞❡s❝❛rt❛❞♦ ❞❡✈✐❞♦ ❛ r❡s♣♦st❛ r✉✐❞♦s❛✳

• ❈❛❧❝✉❧❛♠♦s ❛ ♠é❞✐❛ ❞❡ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ ✉s❛♥❞♦ t♦❞♦s ♦s ✈♦❧✉♥tár✐♦s ✭❋✐❣✉r❛s ✺✳✻✱ ✺✳✼ ❡ ✺✳✽✮❀

• ❈❛❧❝✉❧❛♠♦s ❛s ❝♦rr❡❧❛çõ❡s ❡♥tr❡ ❛s ❢r❡q✉ê♥❝✐❛s ✭❚❛❜❡❧❛ ✺✳✷✮❀

• P❡❣❛♠♦s ♦ ♠á①✐♠♦ ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ✭❍❜❖✱ ❍❜❘ ❡ ❍❜❚✮ ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ ✭❋✐❣✉r❛ ✺✳✾✮❀

• ❖❧❤❛♠♦s ♦ t❡♠♣♦ ❛♦ ♠á①✐♠♦ ♣❛r❛ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ✭❍❜❖✱ ❍❜❘ ❡ ❍❜❚✮ ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛

✭❋✐❣✉r❛ ✺✳✶✵ ✮❀

✺✳✹ ❘❡s✉❧t❛❞♦s

✺✳✹✳✶ ❘❡s✉❧t❛❞♦s ♠é❞✐♦s ♣❛r❛ ✉♠ ✈♦❧✉♥tár✐♦

❖ ❡①♣❡r✐♠❡♥t♦ ❢♦✐ r❡❛❧✐③❛❞♦ ❝♦♠ ❛s ❢r❡q✉ê♥❝✐❛s ❞❡ ✹✱ ✽✱ ✶✻ ❡ ✷✹ ❍③ ✳ ◆❛ ❋✐❣✉r❛ ✺✳✺ ❛♣r❡s❡♥t❛♠♦s

✉♠❛ r❡s♣♦st❛ ♣❛❞rã♦ ♠é❞✐❛ ♣❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✷✹ ❍③✳ ❖ ✐♥t❡r✈❛❧♦ ❡♥tr❡ ❛s ❜❛rr❛s ✈❡rt✐❝❛✐s ✐♥❞✐❝❛

♦ ♣❡rí♦❞♦ ❞❡ ✶✵ s❡❣✉♥❞♦s ♥♦ q✉❛❧ ♦ ✈♦❧✉♥tár✐♦ é ❛♣r❡s❡♥t❛❞♦ ❛♦ ❡stí♠✉❧♦✳

❆♦ ✐♥í❝✐♦ ❞❛ ❛♣❧✐❝❛çã♦ ❞♦ ❡stí♠✉❧♦✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ❝❧❛r❛♠❡♥t❡ ♦ s✉r❣✐♠❡♥t♦ ❞❛ r❡s♣♦st❛ ❤❡✲

♠♦❞✐♥â♠✐❝❛✳ ❊st❡ s✉r❣✐♠❡♥t♦ s❡ ♠❛♥✐❢❡st❛ ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❍❜❖ ❡ ❛ ❞✐♠✐♥✉✐çã♦

❞❡ ❍❜❘✱ q✉❡ ♦❝♦rr❡ ❡♥tr❡ ♦s ✐♥st❛♥t❡s ✵ ❡ ✶✵ s❡❣✉♥❞♦s✳ ❆♣ós ✶✵ s❡❣✉♥❞♦s ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❞♦ ✜♥❛❧

❞♦ ❡stí♠✉❧♦ ♣♦❞❡♠♦s ♦❜s❡r✈❛r ✉♠ r❡t♦r♥♦ ❛♦ ❜❛s❡❧✐♥❡ ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❍❜❖✱ ❍❜❘ ❡ ❍❜❚✳

❘❡s♣♦st❛s q✉❡ ♦❜❡❞❡❝❡♠ ❡st❛ ❡str✉t✉r❛ ❢♦r❛♠ ❞❡t❡❝t❛❞❛s ❡♠ t♦❞♦s ♦s ♦♣t♦❞♦s ❝♦❧♦❝❛❞♦s ♥❛

r❡❣✐ã♦ ♦❝❝✐♣✐t❛❧✳ ❉❡ ❢♦r♠❛ ❣❡r❛❧✱ t❡♠♦s ❡st❡ ❝♦♠♣♦rt❛♠❡♥t♦ ♥❛s ❝✉r✈❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❡stí♠✉❧♦

✈✐s✉❛❧✿ ✉♠ ❛✉♠❡♥t♦ ❛té ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✵ s❡❣✉♥❞♦s ✭✜♥❛❧ ❞♦ ❡stí♠✉❧♦✮ ❡ ✉♠ r❡t♦r♥♦ ❛♦ ❡st❛❞♦

❜❛s❛❧✳



✺✳✹ ❘❊❙❯▲❚❆❉❖❙ ✸✼

❋✐❣✉r❛ ✺✳✺✿ ❊①❡♠♣❧♦ ❞❡ ✉♠❛ ✧r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛ ♣❛❞rã♦✧ ❞❡ ✉♠ ✈♦❧✉♥tár✐♦ ♥❛ ❢r❡q✉ê♥❝✐❛
✵✹❍③✳ ❊st❛ ❝✉r✈❛ r❡♣r❡s❡♥t❛ ❛ ♠é❞✐❛ ❡♥tr❡ ♦s ❝❛♥❛✐s ❞♦ ✈♦❧✉♥tár✐♦ ✉s❛❞♦ ♥♦ ❡st✉❞♦✳

✺✳✹✳✷ ❘❡s✉❧t❛❞♦s ♠é❞✐♦s ♣❛r❛ t♦❞♦s ♦s ✈♦❧✉♥tár✐♦s

❈❛❧❝✉❧❛♠♦s ❛s ♠é❞✐❛s ❞❡ t♦❞♦s ♦s ✈♦❧✉♥tár✐♦s ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛✳ ◆❛ ❋✐❣✉r❛ ✺✳✻ ♣♦❞❡♠♦s

♦❜s❡r✈❛r ❛s r❡s♣♦st❛s ♠é❞✐❛s ❞❡ t♦❞♦s ♦s ✈♦❧✉♥tár✐♦s ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✳

❋✐❣✉r❛ ✺✳✻✿ ❈✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♠é❞✐❛s ❞♦s ✈♦❧✉♥tár✐♦s ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ ✉t✐❧✐③❛❞❛ ✭✹✱ ✽✱
✶✻ ❡ ✷✹ ❍③✮ ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✳ ❆s ❞✉❛s ❜❛rr❛s ✈❡rt✐❝❛✐s ✐♥❞✐❝❛♠ ♦ ♣❡rí♦❞♦ ❞♦ ❡stí♠✉❧♦✳ ❆ ❝✉r✈❛
✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ à ❍❜❖✱❛ ❛③✉❧ à ❍❜❘ ❡ ❛ ✈❡r❞❡ à ❍❜❚✳



✸✽ ❘❊❙❯▲❚❆❉❖❙ ✺✳✹

❖s ❣rá✜❝♦s ✐♥❞✐❝❛♠ q✉❡ ❛s r❡s♣♦st❛s ♠é❞✐❛s sã♦ ❝♦♥❞✐③❡♥t❡s ❝♦♠ ♦ ❡s♣❡r❛❞♦✿ ✉♠ ❛✉♠❡♥t♦ ❞❛

❝♦♥❝❡♥tr❛çã♦ ❞❡ ❍❜❖ ❡ ✉♠❛ q✉❡❞❛ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❍❜❘ ❞✉r❛♥t❡ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❡st✐♠✉❧❛çã♦ ✭❞❡

✵ ❛ ✶✵s✮✱ ❡ ✉♠ r❡t♦r♥♦ ❛♦ ❜❛s❡❧✐♥❡ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡ r❡♣♦✉s♦ ✭✶✵ ❛ ✸✵s✮ t❛♥t♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦

❞❡ ❍❜❖ q✉❛♥t♦ ❞❡ ❍❜❘✳

P♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ ♦s ♠á①✐♠♦s ❞❡ ❍❜❖ t❡♥❞❡♠ ❛ ♦❝♦rr❡r ♥♦ ✜♥❛❧ ❞♦ ♣❡rí♦❞♦ ❞❡ ❛t✐✈❛çã♦

❞♦ ❡stí♠✉❧♦ ♦✉ ❛♣ós ♦ ✜♥❛❧ ❞♦ ❡stí♠✉❧♦✳ ▲♦❣♦ ❛♣ós ♦ ✜♥❛❧ ❞♦ ❡stí♠✉❧♦✱ ♦ ✢✉①♦ ❞❡ s❛♥❣✉❡ t❡♥❞❡ ❛

❞✐♠✐♥✉✐r ♣❛r❛ ❛ r❡❣✐ã♦ ✈✐s✉❛❧✳

❖❜s❡r✈❛♠♦s q✉❡ ❛s r❡s♣♦st❛s ♠é❞✐❛s tê♠ ✐♥t❡♥s✐❞❛❞❡s ❞✐❢❡r❡♥t❡s ♣❛r❛ ❢r❡q✉ê♥❝✐❛s ❞✐❢❡r❡♥t❡s✱ ♠❛s

♣♦ss✉❡♠ ✉♠ ❢♦r♠❛t♦ ♣❛r❡❝✐❞♦ ♣❛r❛ t♦❞❛s ❛s ❢r❡q✉ê♥❝✐❛s✳ P❛r❛ ♦❜s❡r✈❛r ♦s ❢♦r♠❛t♦s ♣❛r❡❝✐❞♦s ❞❛s

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

✉t✐❧✐③❛❞❛s ♥♦ ❡①♣❡r✐♠❡♥t♦ ✭q✉❡ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❚❛❜❡❧❛ ✺✳✷✮ ♣❛r❛ ♦ ♠❡s♠♦ ❝r♦♠ó❢♦r♦✳ ❖ t❡st❡ ❞❡

❝♦rr❡❧❛çã♦ ✐♥❞✐❝❛ ❛ t❡♥❞ê♥❝✐❛ ❞❡ ❧✐♥❡❛r✐❞❛❞❡ ❡♥tr❡ ❛s ❝✉r✈❛s t❡st❛❞❛s✳ ◗✉❛♥t♦ ♠❛✐♦r ❛ ❝♦rr❡❧❛çã♦

❡♥tr❡ ❛s ❝✉r✈❛s✱ ♠❛✐s ♣ró①✐♠❛ é ❛ t❡♥❞ê♥❝✐❛ ❡♥tr❡ ❡❧❛s✳

❚❛❜❡❧❛ ✺✳✷✿ ❆s ❝♦rr❡❧❛çõ❡s ❡♥tr❡ ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♠é❞✐❛s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ❡♥tr❡
❢r❡q✉ê♥❝✐❛s ❞✐❢❡r❡♥t❡s✳

❈r♦♠ó❢♦r♦ ✵✹①✵✽❍③ ✵✹①✶✻❍③ ✵✹①✷✹❍③ ✵✽①✶✻❍③ ✵✽①✷✹❍③ ✶✻①✷✹❍③
❍❜❖ ✵✱✽✹✷✷ ✵✱✽✾✺✾ ✵✱✽✽✾✶ ✵✱✾✸✷✺ ✵✱✾✺✻✹ ✵✱✾✸✵✵
❍❜❘ ✵✱✽✷✹✺ ✵✱✻✽✾✽ ✵✱✻✽✸✷ ✵✱✽✽✷✺ ✵✱✼✶✷✹ ✵✱✻✹✵✶
❍❜❚ ✵✱✼✽✸✻ ✵✱✼✽✸✻ ✵✱✽✸✻✽ ✵✱✽✾✷✷ ✵✱✾✶✾✺ ✵✱✽✾✸✵

❖s ✈❛❧♦r❡s ❞❛s ❝♦rr❡❧❛çõ❡s ✐♥❞✐❝❛♠ q✉❡ ❛ r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛ t❡♠ ❝♦♠♣♦rt❛♠❡♥t♦ ♣❛r❡❝✐❞♦✱

✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞♦ ❡stí♠✉❧♦✳ ❚❡♠♦s ❝♦rr❡❧❛çõ❡s ❛❝✐♠❛ ❞❡ ✵✱✽✹ ♣❛r❛ ♦s ❍❜❖✱ ❛❝✐♠❛ ❞❡

✵✱✻✹ ♣❛r❛ ❍❜❘ ❡ ❛❝✐♠❛ ❞❡ ✵✱✼✽ ♣❛r❛ ♦ ❍❜❚✳

■st♦ ✐♥❞✐❝❛ q✉❡ ❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s s❡ ❝♦♠♣♦rt❛♠ ❞❡ ❢♦r♠❛ ♣❛r❡❝✐❞❛ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛

❢r❡q✉ê♥❝✐❛✳ ▼❛s ❛s ✐♥t❡♥s✐❞❛❞❡s ♠á①✐♠❛s ❡ ♠í♥✐♠❛s ❡ ♦ t❡♠♣♦ ❞❡ r❡s♣♦st❛ ❛♦ ♠á①✐♠♦ ♣❛r❛ ❝❛❞❛

❢r❡q✉ê♥❝✐❛ sã♦ ❞✐❢❡r❡♥t❡s✳

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

♥❛ ❋✐❣✉r❛ ✺✳✼ ❛s ❝✉r✈❛s ♠é❞✐❛s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛✳

❖❧❤❛♥❞♦ ♣❛r❛ ❛ ❍❜❖ ✭❣rá✜❝♦ ❆ ❞❛ ❋✐❣✉r❛ ✺✳✼✮ ♦❜s❡r✈❛♠♦s q✉❡ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✷✹ ❍③ ♣❛r❡❝❡

t❡r ✉♠❛ r❡s♣♦st❛ ✧♠❛✐s ✐♥t❡♥s❛✧✱ s❡❣✉✐❞❛ ♣❡❧❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✹ ❍③✳ ❆s ❢r❡q✉ê♥❝✐❛s ✽ ❡ ✶✻ ❍③ s❡

❝♦♥❢✉♥❞❡♠ q✉❛♥❞♦ ♦❧❤❛♠♦s ♣❛r❛ ❛s ♠é❞✐❛s✱ ♥ã♦ ♥♦s ✐♥❞✐❝❛♥❞♦ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s r❡s♣♦st❛s

♠é❞✐❛s ❞♦s ✈♦❧✉♥tár✐♦s✳

❖✉tr❛ ❝♦✐s❛ ❛ s❡ ♦❜s❡r✈❛r é q✉❡ ♦ t❡♠♣♦ ❛♦ ♠á①✐♠♦ ♣❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✷✹ ❍③ ✜❝♦✉ ♣ró①✐♠♦

❛♦s ✶✵ s❡❣✉♥❞♦s✳ P❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✹ ❍③ ♦❜s❡r✈❛♠♦s q✉❡ ♦ t❡♠♣♦ ❛♦ ♠á①✐♠♦ ❢♦✐ ❞❡s❧♦❝❛❞♦ ♣❛r❛

♣ró①✐♠♦ ❛♦s ✶✺ s❡❣✉♥❞♦s✳ P❛r❛ ❛s ❢r❡q✉ê♥❝✐❛s ✵✽ ❡ ✶✻ ❍③✱ ♦ t❡♠♣♦ ❛♦ ♠á①✐♠♦ t❛♠❜é♠ s❡ ❡♥❝♦♥tr❛

♣ró①✐♠♦ ❞♦s ✶✵ s❡❣✉♥❞♦s✳

◗✉❛♥❞♦ ♦❧❤❛♠♦s ♣❛r❛ ♦ ❝r♦♠ó❢♦r♦ ❍❜❘ ✭❣rá✜❝♦ ❇ ❞❛ ❋✐❣✉r❛ ✺✳✼✮ ❝♦♥t✐♥✉❛♠♦s t❡♥❞♦ ✉♠❛

r❡s♣♦st❛ ❝♦♠ ✐♥t❡♥s✐❞❛❞❡ ❞❡ q✉❡❞❛ ♠❛✐♦r ❡♠ ✷✹ ❍③✱ s❡♥❞♦ q✉❡ ♥❛s ♦✉tr❛s ❢r❡q✉ê♥❝✐❛s ❛ ❍❜❘ t❡♠

✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❜❡♠ ♣❛r❡❝✐❞♦ ♥❛ ♠é❞✐❛✳ P♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ ♣❛r❛ t♦❞❛s ❛s ❢r❡q✉ê♥❝✐❛s✱ ♦

✧♠á①✐♠♦✧ ❢♦✐ ❛t✐♥❣✐❞♦ ♣♦r ✈♦❧t❛ ❞♦s ✶✵ s❡❣✉♥❞♦s✳

❖❧❤❛♥❞♦ ♣❛r❛ ♦ ❍❇❚ ✭❣rá✜❝♦ ❈ ❞❛ ❋✐❣✉r❛ ✺✳✼✮ t❡♠♦s ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ♣❛r❡❝✐❞♦ ❝♦♠ ♦

❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❍❜❖✱ ♠❛s ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞❛s ❢r❡q✉ê♥❝✐❛s ✹ ❡ ✷✹ ❍③ ❡stã♦ ♠❛✐s



✺✳✹ ❘❊❙❯▲❚❆❉❖❙ ✸✾

❋✐❣✉r❛ ✺✳✼✿ ❈✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛✱ ♣❛r❛ ❝❛❞❛ ❝r♦♠ó❢♦r♦✳ ◆♦ ❣rá✜❝♦ ❆ sã♦
❛♣r❡s❡♥t❛❞❛s ❛s ❝✉r✈❛s ❞♦ ❝r♦♠ó❢♦r♦ ❍❜❖❀ ♦ ❣rá✜❝♦ ❇ ❛s ❝✉r✈❛s r❡❢❡r❡♥t❡s ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❘ ❡ ♥♦
❣rá✜❝♦ ❈ ❛s ❝✉r✈❛s r❡❧❛t✐✈❛s ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❚✳ ❆s ❝♦r❡s ❞❛ ❝✉r✈❛ r❡♣r❡s❡♥t❛♠ ❛s ❢r❡q✉ê♥❝✐❛s ❞♦
❡stí♠✉❧♦✿ ✈❡r♠❡❧❤❛ ✭✵✹Hz✮❀ ❛③✉❧ ✭✵✽Hz✮❀ ✈❡r❞❡ ✭✶✻Hz✮ ❡ ♣r❡t❛ ✭✷✹Hz✮✳

❛♣r♦①✐♠❛❞❛s✳ ■st♦ é ❞❡✈✐❞♦ à q✉❡❞❛ r❡❧❛t✐✈❛ ❞❡ ❍❜❘✱ q✉❡ é ♠❛✐s ✐♥t❡♥s❛ ❡♠ ✷✹ ❍③ ❞♦ q✉❡ ❡♠ ✹ ❍③✱

❝♦♠♣❡♥s❛♥❞♦ ❛ ❞✐❢❡r❡♥ç❛✳

◗✉❛♥❞♦ ♦❧❤❛♠♦s ♣❛r❛ ♦ ❍❜❖ ❡ ❍❜❚ ✭❣rá✜❝♦s ❆ ❡ ❈ ❞❛ ❋✐❣✉r❛ ✺✳✼✮ t❛♠❜é♠ ♣♦❞❡♠♦s ♦❜s❡r✈❛r

q✉❡✱ t✐r❛♥❞♦ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✶✻ ❍③✱ ❛s t❛①❛s ❞❡ s✉❜✐❞❛ ❞❡ t♦❞❛s ❛s ♦✉tr❛s ❢r❡q✉ê♥❝✐❛s sã♦ ♠✉✐t♦

♣ró①✐♠❛s✱ ❛♣❡s❛r ❞❡ ♣♦ss✉ír❡♠ ♠á①✐♠♦s ❝♦♠ ✐♥t❡♥s✐❞❛❞❡s ❞✐❢❡r❡♥t❡s ❡ ❞❡ ♦s ❛t✐♥❣✐r❡♠ ❡♠ ♠♦♠❡♥t♦s

❞✐❢❡r❡♥t❡s ❞❛ ❝✉r✈❛ ❤❡♠♦❞✐♥â♠✐❝❛✳

◆❛ ❋✐❣✉r❛ ✺✳✽ ♦❧❤❛♠♦s ♣❛r❛ ❛ ❞✐s♣❡rsã♦ ❞❛ ♠é❞✐❛ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝r♦♠ó❢♦r♦s✱ ❞❡ ❝❛❞❛

❢r❡q✉ê♥❝✐❛✳ P♦❞❡♠♦s ♦❜s❡r✈❛r ❛s ❜❛rr❛s ❞❡ ❡rr♦s ❞❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞❡ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛✳ ❖

q✉❡ ❝r✐❛ ❡st❛ ❞✐s♣❡rsã♦ é ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ ❣r❛♥❞❡ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❡♥tr❡

♦s ✈♦❧✉♥tár✐♦s✳

◆❛ ❋✐❣✉r❛ ✺✳✾ ♣♦❞❡♠♦s ♦❜s❡r✈❛r ♦ ♠á①✐♠♦ ♣❛r❛ ❝❛❞❛ ❝r♦♠ó❢♦r♦✱ ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛✳ ◆♦ ❝❛s♦

❞♦ ❝r♦♠ó❢♦r♦s ❍❜❖ ✭❣rá✜❝♦ ❆ ❞❛ ❋✐❣✉r❛ ✺✳✾✮✱ ❡①✐st❡♠ ❞♦✐s ♣♦♥t♦s q✉❡ s❡ ❞✐st✐♥❣✉❡♠ ❞♦s ♦✉tr♦s✳

❊st❡s ♣♦♥t♦s ✐♥❞✐❝❛♠ ✉♠❛ r❡s♣♦st❛ ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛ ♥❛s ❢r❡q✉ê♥❝✐❛s ✹Hz ✭✵✱✹ ± ✵✱✶✮ µM ❡ ✷✹Hz

✭✵✱✺ ± ✵✱✶✮ µM ✱ s❡♥❞♦ q✉❡ ❛s ❢r❡q✉ê♥❝✐❛s ✽Hz ✭✵✱✷✽ ± ✵✱✵✷✮ µM ❡ ✶✻Hz ✭✵✱✸✶ ± ✵✱✵✸✮ µM sã♦

✐♥❞✐st✐♥❣✉í✈❡✐s q✉❛♥t♦ às ✐♥t❡♥s✐❞❛❞❡s ❞❡✈✐❞♦ ❛♦s ❡rr♦s ❛ss♦❝✐❛❞♦s✱ ✉♠ ❢❛t♦ ♦❜s❡r✈❛❞♦ t❛♠❜é♠ ♥❛

❋✐❣✉r❛ ✺✳✼✒ ✱ q✉❛♥❞♦ ♦❧❤❛♠♦s ♣❛r❛ ❛s ♠é❞✐❛s ❞❛s ❝✉r✈❛s✳

P❛r❛ ♦ ❍❜❘ ✭❣rá✜❝♦ ❇ ❞❛ ❋✐❣✉r❛ ✺✳✾✮ ♣♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ ❛♣❡s❛r ❞♦s ♠á①✐♠♦s ❞❡ ❍❜❖

s❡ ❞❡st❛❝❛r❡♠ ❡♠ ✹ ❡ ✷✹Hz✱ q✉❛♥❞♦ ♦❧❤❛♠♦s ♣❛r❛ ♦ ❍❜❘ ♦❜s❡r✈❛♠♦s q✉❡ ♥❛ ❢r❡q✉ê♥❝✐❛ ✷✹Hz ♦

♠í♥✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ✭✲✵✱✷✶ ± ✵✱✵✹✮ µM é ♠❛✐s ✐♥t❡♥s♦ q✉❡ ♥❛s ♦✉tr❛s ❢r❡q✉ê♥❝✐❛s✳ ❖❜s❡r✈❛♠♦s

t❛♠❜é♠ ❛♦s ✹Hz ✭✵✱✵✻ ± ✵✱✵✷✮ µM t❡♠♦s ❛ ♠❡♥♦r r❡❞✉çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❡ ❝♦♥t✐♥✉❛♠♦s ✈❡♥❞♦

q✉❡ ❛s ❢r❡q✉ê♥❝✐❛s ✐♥t❡r♠❡❞✐ár✐❛s ✽ ✭✲✵✱✵✾ ± ✵✱✵✷✮ µM ❡ ✶✻Hz ✭✲✵✱✶✶ ± ✵✱✵✶ µM ♥ã♦ s❡ ❞❡st❛❝❛♠✳

P❛r❛ ♦ ❍❜❚ ✭❣rá✜❝♦ ❈ ❞❛ ❋✐❣✉r❛ ✺✳✾✮ ✈❡♠♦s q✉❡ ❛s ❞✐s♣❡rsõ❡s ❞♦s ❡rr♦s ♥ã♦ ♥♦s ♣❡r♠✐t❡



✹✵ ❘❊❙❯▲❚❆❉❖❙ ✺✳✹

❋✐❣✉r❛ ✺✳✽✿ ❉✐s♣❡rsã♦ ❞❛s ♠❡❞✐❞❛s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✳ ♣♦s✐çã♦ ❞❛s ❝✉r✈❛s✿❆ ✭❍❜❖✮✱ ❇ ✭❍❜❘✮ ❡ ❈
✭❍❜❚✮✳ ❆s ❝♦r❡s ❞❛ ❝✉r✈❛ r❡♣r❡s❡♥t❛♠ ❛s ❢r❡q✉ê♥❝✐❛s ❞♦ ❡stí♠✉❧♦✿ ✈❡r♠❡❧❤❛ ✭✵✹Hz✮❀ ❛③✉❧ ✭✵✽Hz✮❀
✈❡r❞❡ ✭✶✻Hz✮ ❡ ♣r❡t❛ ✭✷✹Hz✮

✐❞❡♥t✐✜❝❛r ✉♠ ♣❛❞rã♦✱ ❛♣❡s❛r ❞❡❧❡ s❡ ♠❛♥t❡r ♣❛r❡❝✐❞♦ ❝♦♠ ♦s ♠á①✐♠♦s ❞♦ ❍❜❖✳ ❚❡♠♦s ♦s ✈❛❧♦r❡s

❞❡ ✭✵✱✸✽ ± ✵✱✵✶✮ µM ♣❛r❛ ✹Hz✱ ❞❡ ✭✵✱✷✹ ± ✵✱✵✸✮ µM ♣❛r❛ ✽Hz✱ ❞❡ ✭✵✱✷✹ ± ✵✱✵✸✮ µM ♣❛r❛ ✶✻Hz

❡ ✭✵✱✸✻ ± ✵✱✵✺✮µM✮ ♣❛r❛ ✷✹Hz✱ ♦✉ s❡❥❛✱ ❛ ❜❛rr❛ ❞❡ ❡rr♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ✹Hz ❛❝❛❜❛ ❡♥❣❧♦❜❛♥❞♦ ❛s

♦✉tr❛s ❢r❡q✉ê♥❝✐❛s✳

❉❡✜♥✐♠♦s ♦ t❡♠♣♦ ❛♦ ♠á①✐♠♦ ❝♦♠♦ ♦ t❡♠♣♦ ♣❛r❛ s❡ ❛t✐♥❣✐r ♦ ✈❛❧♦r ♠á①✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦

❋✐❣✉r❛ ✺✳✾✿ ▼á①✐♠♦ ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛✳ ❆ ✭❍❜❖✮✱ ❇ ✭❍❜❘✮ ❡ ❈ ✭❍❜❚✮



✺✳✺ ❘❊❙❯▲❚❆❉❖❙ ✹✶

❝r♦♠ó❢♦r♦✳ ❖❧❤❛♥❞♦ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝r♦♠ó❢♦r♦s ✈❡♠♦s q✉❡✿ ◆♦ ❝❛s♦ ❞♦ ❍❜❖ ✭❣rá✜❝♦ ❆ ❞❛ ❋✐❣✉r❛

✺✳✶✵✮ ♦❜s❡r✈❛♠♦s q✉❡ ♥❛ ♠é❞✐❛ ❡stí♠✉❧♦s ♥❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✶✻ ❍③ ♣❛r❡❝❡♠ ❞❡♠♦r❛r ♠❛✐s t❡♠♣♦ ♣❛r❛

❛t✐♥❣✐r ♦ ♠á①✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦✱ ♣♦r ✈♦❧t❛ ❞❡ ✭✶✼ ± ✸✮ s✳ ◆ã♦ ♣♦❞❡♠♦s✱ ❞❡✈✐❞♦ à ❜❛rr❛ ❞❡ ❡rr♦✱

✐♥❞✐❝❛r ❞✐❢❡r❡♥ç❛s s✐❣♥✐✜❝❛t✐✈❛s ❡♠ r❡❧❛çã♦ à ✈❛r✐á✈❡❧ t❡♠♣♦ ❛♦ ♠á①✐♠♦ ❛♦ ✹ ❍③ ✭❛♣r♦①✐♠❛❞❛♠❡♥t❡

✭✶✸ ± ✶✮ s ❡ ✽ ❍③ ✭❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✭✶✺ ± ✷✮ s✳ P♦❞❡♠♦s ❞❡st❛❝❛r q✉❡ ♥❛ ❢r❡q✉ê♥❝✐❛ ✷✹❍③ t❡♠♦s

✉♠❛ ❛ r❡s♣♦st❛ ♠❛✐s rá♣✐❞❛✱ ♣♦r ✈♦❧t❛ ❞❡ ✭✶✷ ± ✶✮ s q✉❡ ❛s ♦✉tr❛s✳

❋✐❣✉r❛ ✺✳✶✵✿ ❚❡♠♣♦ ❛♦ ♠á①✐♠♦ ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✳ ❆✭❍❜❖✮✱ ❇ ✭❍❜❘✮ ❡ ❈
✭❍❜❚✮

◆♦ ❝❛s♦ ❞♦ ❍❜❘ ✭❣rá✜❝♦ ❇ ❞❛ ❋✐❣✉r❛ ✺✳✶✵✮ ♥ã♦ ♣♦❞❡♠♦s ✐♥❞✐❝❛r ✉♠ ♣❛❞rã♦✱ ❞❡✈✐❞♦ às ❜❛rr❛s ❞❡

❡rr♦s q✉❡ ✜❝❛r❛♠ ❣r❛♥❞❡s✱ ✈✐st♦ à ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❛s r❡s♣♦st❛s ❞❡ ❝❛❞❛ ✈♦❧✉♥tár✐♦✳ ❊st❛ ✈❛r✐❛❜✐❧✐❞❛❞❡

♣♦❞❡ s❡r ♦❜s❡r✈❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✽✳ ▼❛s ♦❜t✐✈❡♠♦s ♦s s❡❣✉✐♥t❡s ✈❛❧♦r❡s ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❢r❡q✉ê♥❝✐❛s✿

♣❛r❛ ✹Hz t❡♠♦s ❛ s❡❣✉✐♥t❡ r❡s♣♦st❛ ✭✶✺ ± ✶✮ s❀ ♣❛r❛ ✽Hz t❡♠♦s ❛ s❡❣✉✐♥t❡ r❡s♣♦st❛ ✭✶✼ ± ✸✮ s❀

♣❛r❛ ✶✻Hz t❡♠♦s ❛ s❡❣✉✐♥t❡ r❡s♣♦st❛ ✭✶✻ ± ✶✮ s ❡ ♣❛r❛ ✷✹Hz t❡♠♦s ❛ s❡❣✉✐♥t❡ r❡s♣♦st❛ ✭✶✻ ± ✶✮ s✳

P❛r❛ ❍❜❚ ✭❣rá✜❝♦ ❈ ❞❛ ❋✐❣✉r❛ ✺✳✶✵✮ ♠❛✐s ✉♠❛ ✈❡③ ♥ã♦ ♣♦❞❡♠♦s ❞❡✜♥✐r ✉♠ ♣❛❞rã♦ r❡❧❛t✐✈♦

às ❢r❡q✉ê♥❝✐❛s ♠❡♥♦r❡s ✭✹✱ ✽ ❡ ✶✻❍③✮ ❞❡✈✐❞♦ às ❜❛rr❛s ❞❡ ❡rr♦✳ ▼❛s ♦❜t✐✈❡♠♦s ♦s ✈❛❧♦r❡s ♣❛r❛ ❛s

❢r❡q✉ê♥❝✐❛s✿ ♣❛r❛ ✹❍③✱ ✭✶✽ ± ✸✮ s❀ ♣❛r❛ ✽❍③✱ ✭✷✶ ± ✹✮ s❀ ♣❛r❛ ✶✻❍③✱ ✭✶✼ ± ✸✮ s ❡ ♣❛r❛ ✷✹❍③✱ ✭✶✷ ±
✶✮ s✳ P♦❞❡♠♦s ❞❡st❛❝❛r ❛ ❢r❡q✉ê♥❝✐❛ ✷✹❍③ q✉❡ ♣♦ss✉✐ ✉♠❛ r❡s♣♦st❛ ♠❛✐s rá♣✐❞❛ ✭❛♣r♦①✐♠❛❞❛♠❡♥t❡

✶✷s✮ ❛♣ós ♦ ✜♥❛❧ ❞♦ ❡stí♠✉❧♦✱ ❛ss✐♠ ❝♦♠♦ ♥♦ ❍❜❖✳

P♦❞❡♠♦s ❞❡✜♥✐r ✉♠ t❡♠♣♦ ❞❡ r❡s♣♦st❛ ❛♦ ♠á①✐♠♦ ♠é❞✐❛ ♣❛r❛ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ ✉s❛♥❞♦ ♦s ✈❛❧♦r❡s

❞♦ t❡♠♣♦ ❞❡ r❡s♣♦st❛ ❛♦ ♠á①✐♠♦ ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ✭❍❜❖✱ ❍❜❘ ❡ ❍❜❚✮✳ ❆ss✐♠ t❡♠♦s q✉❡✿ ♣❛r❛ ❛

❢r❡q✉ê♥❝✐❛ ✹❍③ t❡♠♦s t❡♠♣♦ ❛♦ ♠á①✐♠♦ ♠é❞✐❛ ❞❡ ✭✶✺ ± ✶✮s❀ ♣❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ ✽❍③ t❡♠♦s t❡♠♣♦

❛♦ ♠á①✐♠♦ ♠é❞✐❛ ❞❡ ✭✶✼ ± ✷✮s❀ ♣❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ ✶✻❍③ t❡♠♦s t❡♠♣♦ ❛♦ ♠á①✐♠♦ ♠é❞✐❛ ❞❡ ✭✶✻✱✽ ±
✵✱✺✮s ❡ ♣❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ ✷✹❍③ t❡♠♦s t❡♠♣♦ ❛♦ ♠á①✐♠♦ ♠é❞✐❛ ❞❡ ✭✶✸ ± ✷✮s✳ ❖ q✉❡ ♣♦❞❡ ✐♥❞✐❝❛r

q✉❡ t❡♠♦s ✉♠❛ r❡s♣♦st❛ ♠❛✐s rá♣✐❞❛ ♥❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✷✹❍③✱ s❡❣✉✐❞❛ ♣❡❧❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✵✹ ❍③ ❝♦♠

✉♠ t❡♠♣♦ ❛♣r♦①✐♠❛❞♦ ❡♥tr❡ ❛s ❢r❡q✉ê♥❝✐❛s ❞❡ ✽ ❡ ✶✻ ❍③✳



✹✷ ❉■❙❈❯❙❙➹❖ ✺✳✻

✺✳✺ ❉✐s❝✉ssã♦

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

❡stí♠✉❧♦s sã♦ ❜❡♠ ❝❛r❛❝t❡ríst✐❝❛s ✭❋✐❣✉r❛s ✺✳✺ ✺✳✻✮✱ ❛♣r❡s❡♥t❛♥❞♦ ✉♠ ❛✉♠❡♥t♦ ❞♦ ❝r♦♠ó❢♦r♦ ❍❜❖

❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡ ❡st✐♠✉❧❛çã♦ ❡ ✉♠❛ q✉❡❞❛ ❛♣ós ♦ ♣❡rí♦❞♦ ❞❡ ❡st✐♠✉❧❛çã♦✱ r❡t♦r♥❛♥❞♦ ❛♦

❜❛s❡❧✐♥❡ ❛♣ós ❛❧❣✉♥s s❡❣✉♥❞♦s❀ ❡ ❛♣r❡s❡♥t❛♥❞♦ ♣❛r❛ ♦ ❝r♦♠ó❢♦r♦ ❍❜❘ ✉♠❛ q✉❡❞❛ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦

❞❡ ❡st✐♠✉❧❛çã♦ ❡ ✉♠ ❧✐❣❡✐r♦ ❛✉♠❡♥t♦ ❛♦ ✜♥❛❧ ❞♦ ❡stí♠✉❧♦ ✈♦❧t❛♥❞♦ ❛♦ ❜❛s❡❧✐♥❡ ❛♣ós ❛❧❣✉♥s s❡❣✉♥❞♦s✳

❖ ❍❜❚ t❡♥❞❡ ❛ s❡❣✉✐r ❛ ❢♦r♠❛ ❞♦ ❝r♦♠ó❢♦r♦ ❍❜❖✳

❊st❛ ❢♦r♠❛ ❝❛r❛❝t❡ríst✐❝❛ ♣♦❞❡ s❡r ✈❡r✐✜❝❛❞❛ ♣❡❧❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛s ❝✉r✈❛s ✭♦❧❤❛r ❚❛❜❡❧❛ ✺✳✷✮

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

◗✉❛♥❞♦ ♦❧❤❛♠♦s ♣❛r❛ ✈♦❧✉♥tár✐♦s ❞✐❢❡r❡♥t❡s✱ ♥♦t❛♠♦s ✉♠❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✭❛ ♥í✈❡❧ ❞❡ ✐♥t❡♥s✐❞❛❞❡

♠á①✐♠❛ ❡ ♠í♥✐♠❛ ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✮ ♥❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s✳ ❊❧❛ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✽✳

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

♠✐❝❛ s❡ ♠❛♥té♠ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ ✈♦❧✉♥tár✐♦✳

❆ ✈❛r✐❛❜✐❧✐❞❛❞❡ ♥❛s ✐♥t❡♥s✐❞❛❞❡s ✭❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✽✮ ❡♥tr❡ s✉❥❡✐t♦s ❛❝❛❜♦✉ ❝♦♠♣r♦♠❡✲

t❡♥❞♦ ❛s ♠❡❞✐❞❛s ❞❛s ✈❛r✐á✈❡✐s ❤❡♠♦❞✐♥â♠✐❝❛s ❛ss♦❝✐❛❞❛s às ❝✉r✈❛s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ♣❛r❛ ❝❛❞❛

❢r❡q✉ê♥❝✐❛✱ ♥♦s ❞❛♥❞♦ ✉♠❛ ❜❛rr❛ ❞❡ ❡rr♦ ❜❡♠ s✐❣♥✐✜❝❛t✐✈❛✳ ❈♦♠♦ ❡①❡♠♣❧♦ ♣♦❞❡♠♦s ✈❡r ♦s ♣♦♥t♦s

♠á①✐♠♦s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ♥❛s s✉❛s r❡s♣❡❝t✐✈❛s ❢r❡q✉ê♥❝✐❛s ✭✈❡r ❋✐❣✉r❛ ✺✳✾✮✳

❯♠ ❢❛t♦r ✐♥t❡r❡ss❛♥t❡ é q✉❛♥t♦ ❛♦ t❡♠♣♦ ❞❡ r❡s♣♦st❛ ❞❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s✳ ❊st❡ t❡♠♣♦

❢♦✐ ❞❡✜♥✐❞♦ ❝♦♠♦ ♦ t❡♠♣♦ ♥♦ q✉❛❧ ❛ ❝✉r✈❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❝❤❡❣❛ ❛♦ ♠á①✐♠♦ ♣❛r❛ ❝❛❞❛ ❝r♦♠ó❢♦r♦✳ ❖

q✉❡ s✉♣♦♠♦s é ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠ ♣✐❝♦ ♣♦r ✈♦❧t❛ ❞♦s ✶✻❍③✱ s❡♥❞♦ ❡st❛ r❡s♣♦st❛ ♠❛✐s ❧❡♥t❛✱ q✉❛♥❞♦

♦❧❤❛♠♦s ♣❛r❛ ♦ ❍❜❖✳ ◆♦ ❍❜❘ ❛s ❜❛rr❛s ❞❡ ❡rr♦ ♥♦s ✐♠♣❡❞❡♠ ❞❡ ❡♥①❡r❣❛r ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦✳ ❖

❍❜❚ ♠♦str❛ ✉♠❛ r❡s♣♦st❛ ♠❛✐s ❧❡♥t❛ ❛♦s ✽❍③✳ P♦r ❡st❛s r❡s♣♦st❛s✱ ❞❡✈✐❞♦ às ❜❛rr❛s ❞❡ ❡rr♦s✱ ♥ã♦

♣♦❞❡♠♦s ✐♥❞✐❝❛r ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ♠❛✐s ❝♦rr❡t♦ ♣❛r❛ ❝❛❞❛ ❝r♦♠ó❢♦r♦✳

❯♠❛ ♦✉tr❛ ♦❜s❡r✈❛çã♦ é q✉❡ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ♠á①✐♠♦s ❞❡ ❍❜❖ ❡ ❍❜❘ ♥♦ ✐♥st❛♥t❡ r❡❧❛❝✐♦♥❛❞♦

❛♦ ♠á①✐♠♦ ❞❡ ❍❜❖ é ♠❛✐♦r ♥❛ ❢r❡q✉ê♥❝✐❛ ✷✹❍③✳

❊st✉❞♦s ❡♠ ❤✉♠❛♥♦s s✉❣❡r❡♠ q✉❡ ❡♠ ❝❡rt❛s ❝✐r❝✉♥stâ♥❝✐❛s✱ ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s sã♦

❧✐♥❡❛r♠❡♥t❡ ❛❝♦♣❧❛❞❛s ❛♦ ♣❛râ♠❡tr♦ ❞♦ ❡stí♠✉❧♦ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✿ ❛ s✉❛ ❞✉r❛çã♦✱ ❢r❡q✉ê♥❝✐❛ ♦✉

✐♥t❡♥s✐❞❛❞❡ ❡ q✉❡ ❣r♦ss❡✐r❛♠❡♥t❡ ♣♦❞❡ s❡r ❛♣r♦①✐♠❛❞❛ à ❛t✐✈✐❞❛❞❡ ♥❡✉r❛❧ ✐♥❞✉③✐❞❛ ♣❡❧♦ ❡stí♠✉❧♦

✭❇❖❨◆❚❖◆ ❡t ❛❧✳ ✭✶✾✾✻✮✱ ❙❖▲❚❨❙■❑ ❡t ❛❧✳ ✭✷✵✵✹✮✱❲❖❇❙❚ ❡t ❛❧✳ ✭✷✵✵✶✮✮✳

❊♠ ♦✉tr❛s s✐t✉❛çõ❡s ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s✱ ♥ã♦ s❡❣✉❡♠ ❡st❛ r❡❧❛çã♦ ❧✐♥❡❛r✱ ❝♦♠♦ ♣♦r

❡①❡♠♣❧♦✿ ♥ã♦ s❡♥❞♦ ❧✐♥❡❛r❡s ❛♦ ❝♦♥tr❛st❡ ❞♦ ❡stí♠✉❧♦ ✈✐s✉❛❧ ✭▼✐❝❤❡❧s♦♥ ❝♦♥tr❛st❡✮ ❡ às ♠✉❞❛♥ç❛s

❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ♦①✐✲❤❡♠♦❣❧♦❜✐♥❛✭❍❜❖✮ ♣❛r❛ ❛ ❞✉r❛çã♦ ❞♦ ❡stí♠✉❧♦ ✈✐s✉❛❧ ✭❇❖❨◆❚❖◆ ❡t ❛❧✳

✭✶✾✾✻✮✱ ❘❖❱❆❚■ ❡t ❛❧✳ ✭✷✵✵✼✮✱❲❖❇❙❚ ❡t ❛❧✳ ✭✷✵✵✶✮✮✳

❈♦♥t✉❞♦✱ ♥❛s ❢r❡q✉ê♥❝✐❛s ✉t✐❧✐③❛❞❛s ♥♦ ♥♦ss♦ ❡st✉❞♦✱ ♥ã♦ ❝♦♥s❡❣✉✐♠♦s ❡♥❝♦♥tr❛r ❛ ❧✐♥❡❛r✐❞❛❞❡

❞♦s ♠á①✐♠♦s ❞♦s ❝r♦♠ó❢♦r♦s ❝♦♠ ❛ ❢r❡q✉ê♥❝✐❛ ✉t✐❧✐③❛❞❛✳ ❖❧❤❛♥❞♦ ♣❛r❛ ❛s r❡s♣♦st❛s ❛ss♦❝✐❛❞❛s ❛♦s

♠á①✐♠♦s ❞❡ ❍❜❖ ❡ ❍❜❚ ❡❧❛s ♣❛r❡❝❡♠ t❡r ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ q✉❛❞rát✐❝♦ ❡♥q✉❛♥t♦ ♣♦❞❡♠♦s ✈✐s✉❛✲

❧✐③❛r ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❧✐♥❡❛r q✉❛♥❞♦ ♦❧❤❛♠♦s ♣❛r❛ ♦ ❍❜❘✳ ❊st❡s ❛❥✉st❡s ♣♦❞❡♠ s❡r ✈✐s✉❛❧✐③❛❞♦s

♥❛ ❋✐❣✉r❛ ✺✳✶✶ ✳

◗✉❛♥t♦ ❛♦ t❡♠♣♦ ❛♦ ♠á①✐♠♦ ♣❛r❛ ❝❛❞❛ ❝r♦♠ó❢♦r♦✱ q✉❛♥t♦ ♠❛✐♦r ❛ ❢r❡q✉ê♥❝✐❛ ❞♦ ❡stí♠✉❧♦✱

♠❛✐s rá♣✐❞❛ é ❛ r❡s♣♦st❛ ❞❛ ❝✉r✈❛ ❤❡♠♦❞✐♥â♠✐❝❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦s ❝r♦♠ó❢♦r♦s ❍❜❖ ❡ ❍❜❚✱ ❡

❜❛s✐❝❛♠❡♥t❡ ♥ã♦ ✈❡♠♦s ✉♠❛ r❡s♣♦st❛ q✉❡ ♥♦s ✐♥❞✐q✉❡ ✉♠ ♣❛❞rã♦ ♥♦ ❍❜❘✳



✺✳✻ ❈❖◆❈▲❯❙➹❖ ✹✸

❋✐❣✉r❛ ✺✳✶✶✿ ❆❥✉st❡s ❞❛s ❝✉r✈❛s ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝r♦♠ó❢♦r♦s

✺✳✻ ❈♦♥❝❧✉sã♦

❊♥❝♦♥tr❛♠♦s r❡s♣♦st❛s ❧✐❣❛❞❛s ❛♦s ❡stí♠✉❧♦s ✈✐s✉❛✐s✱ ❛ss♦❝✐❛❞❛s às ❢r❡q✉ê♥❝✐❛s ✉t✐❧✐③❛❞❛s✳ ❊st❛s

r❡s♣♦st❛s sã♦ ✈❡r✐✜❝❛❞❛s ♣❡❧❛s ❝♦rr❡❧❛çõ❡s ❡♥tr❡ ❛s ❝✉r✈❛s ❝♦♠ ❢r❡q✉ê♥❝✐❛s ❞✐❢❡r❡♥t❡s✱ ✐♥❞✐❝❛♥❞♦ q✉❡✱

✐♥❞❡♣❡♥❞❡♥t❡ ❞❛s ❢r❡q✉ê♥❝✐❛s ✉t✐❧✐③❛❞❛s✱ ❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s tê♠ ❛ ♠❡s♠❛ ❢♦r♠❛✱ ♦✉ s❡❥❛✱ ♦

♠❡s♠♦ ❝♦♠♣♦rt❛♠❡♥t♦✳

❖ ❝♦♠♣♦rt❛♠❡♥t♦ é ❛ss♦❝✐❛❞♦ ❛ ✉♠ ❛✉♠❡♥t♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❍❜❖ ❡ ❞✐♠✐♥✉✐çã♦ ❞❛ ❝♦♥✲

❝❡♥tr❛çã♦ ❞❡ ❍❜❘ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡ ❡st✐♠✉❧❛çã♦✱ s❡❣✉✐❞♦ ❞❡ ✉♠ ❞❡❝rés❝✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦

❞❡ ❍❜❖ ❡ ❛✉♠❡♥t♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❍❜❘ ❛♣ós ♦ ✜♥❛❧ ❞♦ ❡stí♠✉❧♦ r❡t♦r♥❛♥❞♦ ❛♦ ❜❛s❡❧✐♥❡ ❛♣ós

❛❧❣✉♥s s❡❣✉♥❞♦s✳

❖ q✉❡ t❡♥❞❡ ❛ ♠✉❞❛r✱ q✉❛♥❞♦ ♠✉❞❛♠♦s ❛ ❢r❡q✉ê♥❝✐❛ ❞♦ ❡stí♠✉❧♦✱ sã♦ ❛s ✈❛r✐á✈❡✐s ❞❛s ❝✉r✈❛s

❤❡♠♦❞✐♥â♠✐❝❛s✱ t❛✐s ❝♦♠♦ ♦ ✈❛❧♦r ♠á①✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦✳ ❊st❡s ✈❛❧♦r❡s ♥♦s ❞ã♦ ✐♥❞✐❝❛çã♦ ❞❛

❞✐♥â♠✐❝❛ ❞❛ r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❝❡r❡❜r❛❧✳

❊♥❝♦♥tr❛♠♦s ♣♦ssí✈❡✐s r❡❧❛çõ❡s ❡♥tr❡ ♦ ♠á①✐♠♦ ❞♦s ❝r♦♠ó❢♦r♦s ❡ ❛ ❢r❡q✉ê♥❝✐❛ ❞♦ ❡stí♠✉❧♦✳ ◆♦s

♣❛r❡❝❡ ❡①✐st✐r ✉♠❛ ❝♦rr❡❧❛çã♦ q✉❛❞rát✐❝❛ ❞♦ ♠á①✐♠♦ ❞♦s ❝r♦♠ó❢♦r♦s ❍❜❖ ❡ ❍❜❚ ❝♦♠ ❛ ❢r❡q✉ê♥❝✐❛

❡ ✉♠❛ r❡❧❛çã♦ ❧✐♥❡❛r ❝♦♠ ♦ ❝r♦♠ó❢♦r♦ ❍❜❘ ❞❡♥tr♦ ❞❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ✉t✐❧✐③❛❞❛ ♥♦ ❡st✉❞♦✳

◗✉❛♥t♦ ❛♦ t❡♠♣♦ ❞❡ r❡s♣♦st❛ ❛♦ ♠á①✐♠♦ ♥ã♦ ♣♦❞❡♠♦s ❛✜r♠❛r ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ r❡❧❛çã♦ ❡♥tr❡

❛ ❢r❡q✉ê♥❝✐❛ ❞♦ ❡stí♠✉❧♦ ❡ ♦ ♠á①✐♠♦ ❞❛s ❝♦♥❝❡♥tr❛çõ❡s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ r❡❧❛çã♦ ❛♦ ❝r♦♠ó❢♦r♦

❍❜❘✳ ❊st❛ ❢❛❧t❛ ❞❡ r❡❧❛çã♦✱ ♥♦ ♥♦ss♦ ❝❛s♦✱ s❡ ❞á ❞❡✈✐❞♦ ❛♦ ❡rr♦ ❛ss♦❝✐❛❞♦ ❛ ❝❛❞❛ ♣♦♥t♦ ❞❛ ❝✉r✈❛✳

❊st❛s ❜❛rr❛s ❞❡ ❡rr♦ sã♦ ❞❡✈✐❞♦ à ✈❛r✐❛❜✐❧✐❞❛❞❡ ❡♥tr❡ ♦s ✈♦❧✉♥tár✐♦s✱ q✉❡ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛

✺✳✽✳
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❖ ♠♦❞❡❧♦ ❝❛r❞✐♦✈❛s❝✉❧❛r ❛♥❛❡ró❜✐❝♦ ❝❛t❛stró✜❝♦ ✭❈❆❈✮ ♦r✐❣✐♥❛❧ ✭❍■▲▲ ❡t ❛❧✳ ✭✶✾✷✹✮✮ ♥♦s ❞✐③

q✉❡ ❛♦ ✜♥❛❧ ❞❡ t♦❞♦ ❡ q✉❛❧q✉❡r t✐♣♦ ❞❡ ❡①❡r❝í❝✐♦ r❡❛❧✐③❛❞♦ ❝♦♠ ✐♥t❡♥s✐❞❛❞❡ ♠á①✐♠❛✱ ♦ ❝♦♥s✉♠♦

❞❡ ♦①✐❣ê♥✐♦ ✭V O2✮ ❞❡✈❡ s❡r ♠á①✐♠♦ ✭V O2max✮✱ ❝♦♠ ❛ ♣r❡s❡♥ç❛ ❞❡ ✉♠ ♣❧❛tô ❛♦ ✜♥❛❧ ❞❛ ♠❡❞✐❞❛✳

■st♦ ♣♦❞❡ ✐♥❞✐❝❛r ♦ ✐♥í❝✐♦ ❞❛ ❛♥❛❡r♦❜✐♦s❡ ♠✉s❝✉❧❛r ❝❛✉s❛❞❛ ♣❡❧❛ ♦❢❡rt❛ ✐♥❛❞❡q✉❛❞❛ ❞❡ O2✱ ❞❡✈✐❞♦

❛♦ ❧✐♠✐t❛❞♦ ❞é❜✐t♦ ❝❛r❞í❛❝♦ ✭❉❈✮ ❡ ♦ ✐♥í❝✐♦ ❞♦ r❡❝r✉t❛♠❡♥t♦ ❞❛s ✉♥✐❞❛❞❡s ♠♦t♦r❛s ❞♦s ♠ús❝✉❧♦s

❛t✐✈♦s ✭◆❖❆❑❊❙ ❡ ●■❇❙❖◆ ✭✷✵✵✹✮✮✳ ❖ ♣♦♥t♦ ❝❡♥tr❛❧ ❞❡st❡ ♠♦❞❡❧♦ é q✉❡ ♦s ❡✈❡♥t♦s ❞❡s❝r✐t♦s

❛❝✐♠❛✱ ❛ ♣❛rt✐r ❞♦ V O2max✱ ✐♥❞✐❝❛♠ q✉❡ ✉♠ ❧✐♠✐t❡ ♥❡✉r♦✜s✐♦❧ó❣✐❝♦ ❢♦✐ ❛❧❝❛♥ç❛❞♦ ✭◆❖❆❑❊❙ ✭✶✾✽✽✮✱

◆❖❆❑❊❙ ❡ ●■❇❙❖◆ ✭✷✵✵✹✮✮✳

❊♠ ✉♠ ❡①❡r❝í❝✐♦ ♠á①✐♠♦✱ ❝♦♠ ♣♦tê♥❝✐❛ ♠❡❝â♥✐❝❛ ✐♥❝r❡♠❡♥t❛❧ ✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮✱ q✉❛♥❞♦ ❛t✐♥✲

❣✐♠♦s ♦ V O2max✱ ♥ã♦ ❤á ♠❛✐s ♦❢❡rt❛ ❞❡ ♦①✐❣ê♥✐♦ ❛♦ ♠ús❝✉❧♦ ❛t✐✈♦ ✭❍■▲▲ ❡t ❛❧✳ ✭✶✾✷✹✮✮✳ ■st♦ é

❝❛✉s❛❞♦ ♣❡❧♦ ❛❧❝❛♥❝❡ ❞♦ V O2max✱ ❞❡✈❡♥❞♦ ✐♥❞✐❝❛r ♦ ✐♥í❝✐♦ ❞❛ ❛♥❛❡r♦❜✐♦s❡ ♠✉s❝✉❧❛r✳ ◆❡st❡ ♣♦♥t♦✱

t❡♦r✐❝❛♠❡♥t❡✱ t♦❞❛s ❛s ✉♥✐❞❛❞❡s ♠♦t♦r❛s ❞♦ ♠ús❝✉❧♦ ❛t✐✈♦ ❢♦r❛♠ r❡❝r✉t❛❞❛s ✭❍■▲▲ ❡t ❛❧✳ ✭✶✾✷✹✮✮

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

❞❡❧❛✭◆❖❆❑❊❙ ❡ ●■❇❙❖◆ ✭✷✵✵✹✮✮✳ ◆❡st❛ ♣r❡♠✐ss❛ ❜ás✐❝❛✱ ♦s ❡✈❡♥t♦s ❝✐t❛❞♦s ❞❡✈❡r✐❛♠ ❡st❛r ♣r❡✲

s❡♥t❡s ❡♠ t♦❞♦s ♦s t✐♣♦s ❞❡ ❡①❡r❝í❝✐♦✱ ♦♥❞❡ ❢♦ss❡ ♣♦ssí✈❡❧ ❛❧❝❛♥ç❛r ♦ V O2max✳

❊♠ ❡①❡r❝í❝✐♦s ♠á①✐♠♦s ❝♦♠ ♣♦tê♥❝✐❛ ♠❡❝â♥✐❝❛ ❝♦♥st❛♥t❡ ✭t❡st❡ ❝♦♥tr❛ r❡❧ó❣✐♦ ❡♠ ✉♠❛ ♣r♦✈❛

❞❡ ✹ ❦♠✮✱ ❞✉r❛♥t❡ ♦s q✉❛✐s ♦ V O2 ❛❧❝❛♥ç❛ ✈❛❧♦r❡s ♣ró①✐♠♦s ❛♦ V O2max ✭●❆❊❙❙❊❘ ❡ P❖❖▲❊

✭✶✾✾✻✮✮✱ ❛ s❡q✉ê♥❝✐❛ ❞❡ ❡✈❡♥t♦s ❝✐t❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡ t❛♠❜é♠ ❞❡✈❡r✐❛ ❡st❛r ♣r❡s❡♥t❡✱ ❡✈✐❞❡♥❝✐❛♥❞♦

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

❖ ❛❧❝❛♥❝❡ ❞♦ V O2max ✐♥❞✐❝❛ q✉❡ ♦ ❡①❡r❝í❝✐♦ é ❧✐♠✐t❛❞♦ ♣❡r✐❢❡r✐❝❛♠❡♥t❡ ❞❡✈✐❞♦ à ♦❢❡rt❛ ✐♥❛❞❡✲

q✉❛❞❛ ❞❡ O2 ✭❤✐♣ó①✐❛✮ ❛♦ ♠ús❝✉❧♦ ❛t✐✈♦✱ ♦❝♦rr❡♥❞♦ ❛ ❛♥❛❡r♦❜✐♦s❡ ♠✉s❝✉❧❛r✳ ❈♦♠ ✐st♦✱ ♣♦❞❡ ❤❛✈❡r

♣r❡❥✉í③♦ ♥❛ ❡✜❝✐ê♥❝✐❛ ❞♦s ♣r♦❝❡ss♦s ❞❡ ❝♦♥tr❛çã♦ ❞♦ ♠ús❝✉❧♦ ♣❡r✐❢ér✐❝♦✳ P♦rt❛♥t♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦

♠♦❞❡❧♦ ❈❆❈ ♦r✐❣✐♥❛❧✱ ♦s ♠❡❝❛♥✐s♠♦s ❧✐♠✐t❛♥t❡s ❞♦ ❡①❡r❝í❝✐♦ ❢ís✐❝♦ tê♠ ❛çã♦ ♣❡r✐❢ér✐❝❛✱ ✐♥❞❡♣❡♥❞❡♥t❡

❞♦ t✐♣♦ ❞❡ ❡①❡r❝í❝✐♦ ✭◆❖❆❑❊❙ ✭✷✵✵✵✮ ❡ ◆❖❆❑❊❙ ❡ ●■❇❙❖◆ ✭✷✵✵✹✮✮✳

❆s ♣r❡❞✐çõ❡s ❞♦ ♠♦❞❡❧♦ ❈❆❈ tê♠ s✐❞♦ ❝♦♥t❡st❛❞❛s r❡❝❡♥t❡♠❡♥t❡✱ s❡♥❞♦ s✉❣❡r✐❞❛ ❛ ❡①✐stê♥❝✐❛

❞❡ ✉♠❛ r❡s❡r✈❛ ♥❡✉r♦✜s✐♦❧ó❣✐❝❛ ✭◆❖❆❑❊❙ ❡t ❛❧✳ ✭✷✵✵✺✮✮✱ ❞❡❝♦rr❡♥t❡ ❞❛s ❛çõ❡s ❞❡ ✉♠ r❡❣✉❧❛❞♦r

❝❡♥tr❛❧ ❞♦ ❡s❢♦rç♦✱ ♦ q✉❛❧ ✐♠♣❡❞✐r✐❛ ♦ r❡❝r✉t❛♠❡♥t♦ ❝♦♠♣❧❡t♦ ❞❛s ✉♥✐❞❛❞❡s ♠♦t♦r❛s ❞♦ ♠ús❝✉❧♦

❛t✐✈♦✱ ♠❡s♠♦ ❡♠ ❡①❡r❝í❝✐♦s ♠á①✐♠♦s✳

❊st❛ ♥♦✈❛ ❛❜♦r❞❛❣❡♠ ❜❛s❡✐❛✲s❡ ♥♦s s❡❣✉✐♥t❡s ❢❛t♦s✿

• ❖ ♣❧❛tô ♥♦ ❝♦♥s✉♠♦ ❞❡ ♦①✐❣ê♥✐♦ ✭V O2✮ ❞✉r❛♥t❡ t❡st❡ ✐♥❝r❡♠❡♥t❛❧ ♠á①✐♠♦ ♥ã♦ é ♦❜s❡r✈❛❞♦

✹✺
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❡♠ t♦❞♦s ♦s s✉❥❡✐t♦s ✭◆❖❆❑❊❙ ✭✶✾✽✽✮ ❡ ❉❖❍❊❘❚❨ ❡t ❛❧✳ ✭✷✵✵✸✮✮❀

• ❍á ❡✈✐❞ê♥❝✐❛s ❞❡ q✉❡ ♦ ♥í✈❡❧ ❞❡ r❡❝r✉t❛♠❡♥t♦ ♠✉s❝✉❧❛r ♥♦ ♣♦♥t♦ ❞❡ ❡①❛✉stã♦ ❞❡ ✉♠ t❡st❡ ❞❡

♣♦tê♥❝✐❛ ✐♥❝r❡♠❡♥t❛❧ ♥ã♦ é ♠á①✐♠♦ ✭❙▲❖◆■●❊❘ ❡t ❛❧✳ ✭✶✾✾✼✮✮❀

• ❖ tér♠✐♥♦ ❞♦ ❡①❡r❝í❝✐♦ ♦❝♦rr❡ s❡♠ ✐♥❞í❝✐♦ ❞❡ ❛♥❛❡r♦❜✐♦s❡ ♠✉s❝✉❧❛r ✭❍❖❈❍❆❈❍❑❆ ✭✶✾✾✾✮✮✳

❊st❡s ❢❛t♦s ❝♦♥tr❛❞✐③❡♠ ❛s ♣r❡❞✐çõ❡s ❞♦ ♠♦❞❡❧♦ ❈❆❈ ♦r✐❣✐♥❛❧✱ ❞❡ q✉❡ ♦s s✉❥❡✐t♦s ✐♥t❡rr♦♠♣❡r✐❛♠

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

❉❡ ♦✉tr♦ ❧❛❞♦✱ ♦ ♠♦❞❡❧♦ ❞❡ r❡❣✉❧❛çã♦ ❝❡♥tr❛❧ ❞♦ ❡s❢♦rç♦ s✉❣❡r❡ q✉❡ ♦ ❙◆❈ s❡❥❛ ♦ r❡❣✉❧❛❞♦r ❞♦

❡①❡r❝í❝✐♦ ❡ ♦ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ r❡s❡r✈❛✳ P♦r ❡st❛ ✐♥t❡r♣r❡t❛çã♦✱ ♥ã♦ ❤á ♦ ❛❧❝❛♥❝❡ ❞❡ ✉♠ ❧✐♠✐t❡ ♥❡✉✲

r♦✜s✐♦❧ó❣✐❝♦ ♠á①✐♠♦✱ ✉♠❛ ✈❡③ q✉❡ ♥ã♦ ❞❡✈❡ ❤❛✈❡r r❡❝r✉t❛♠❡♥t♦ t♦t❛❧ ❞❡ ✉♥✐❞❛❞❡s ♠♦t♦r❛s✱ ♠❡s♠♦

❡♠ ❡①❡r❝í❝✐♦s ❝♦♥s✐❞❡r❛❞♦s ♠á①✐♠♦s ✭◆❖❆❑❊❙ ❡ ●■❇❙❖◆ ✭✷✵✵✹✮ ❡ ▲❆▼❇❊❘❚ ❡t ❛❧✳ ✭✷✵✵✺✮✮✳

❆♦ ❝♦♥trár✐♦✱ ♦ ❙◆❈ ♠♦❞✉❧❛r✐❛ ♦ ✧❞r✐✈❡✧ ♥❡✉r❛❧ ♣❛r❛ ♦s ♠ús❝✉❧♦s ❡sq✉❡❧ét✐❝♦s✱ ❝❛✉s❛♥❞♦ q✉❡❞❛

♥♦ r❡❝r✉t❛♠❡♥t♦ ❞❡ ✉♥✐❞❛❞❡s ♠♦t♦r❛s ❞✉r❛♥t❡ ♦ ❡①❡r❝í❝✐♦ ✭●■❇❙❖◆ ❡t ❛❧✳ ✭✷✵✵✶✮ ❡ ◆❖❆❑❊❙ ❡t ❛❧✳

✭✷✵✵✺✮✮✳ ❯♠ ♣♦♥t♦ ✐♥t❡r❡ss❛♥t❡ ❞❡st❛ t❡♦r✐❛ é q✉❡ ❛ q✉❡❞❛ ♥♦ ✧❞r✐✈❡✧ ♥❡✉r❛❧ ♦❝♦rr❡ ❝♦♠ ♣❛❞rõ❡s

❞✐❢❡r❡♥t❡s✱ ❞❡♣❡♥❞❡♥❞♦ ❞♦ t✐♣♦ ❞❡ ❡①❡r❝í❝✐♦✱ ♦ q✉❡ ♣r♦❞✉③✐r✐❛ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ ❞❡♣❧❡çã♦ ❡♥❡r❣ét✐❝❛

❞♦ ♠ús❝✉❧♦✳

❚❡♥❞♦ ❡♠ ✈✐st❛ ♦s ♣♦♥t♦s ❛❝✐♠❛ ❛ss✐♥❛❧❛❞♦s✱ r❡❛❧✐③❛♠♦s ✉♠❛ sér✐❡ ❞❡ ❡①♣❡r✐♠❡♥t♦s ❡♥✈♦❧✈❡♥❞♦

❛ té❝♥✐❝❛ ◆■❘❙✱ ✈✐s❛♥❞♦ ♦❜s❡r✈❛r ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❛ss♦❝✐❛❞❛s às r❡❣✐õ❡s ♠✉s❝✉❧❛r❡s ❡

❝❡r❡❜r❛✐s✳

❊st❡ ❡①♣❡r✐♠❡♥t♦ ❢♦✐ ✉♠❛ ❝♦❧❛❜♦r❛çã♦ ❞❛ ❋❊❋✲❯❙P ✭❋❛❝✉❧❞❛❞❡ ❞❡ ❡❞✉❝❛çã♦ ❢ís✐❝❛ ✲ ❯❙P✮ ❡♠

✉♠ ♣r♦❥❡t♦ ❞❡ ♣ós✲❞♦❝ ❞♦ ♣r♦❢❡ss♦r ❞♦✉t♦r ❋❧á✈✐♦ ❞❡ ❖❧✐✈❡✐r❛ P✐r❡s✳ ❖ ♣r♦❥❡t♦ ♣❛ss♦✉ ♣❡❧♦ ❈♦♠✐tê

❞❡ ➱t✐❝❛ ❞❛ ❯❙P ❡ ♦ ❚❈▲❊ ❡♥❝♦♥t❛✲s❡ ♥♦ ❛♣ê♥❞✐❝❡ ❇ ❡ ❛♣ê♥❞✐❝❡ ❈✳

✻✳✶ ❉❡s❡♥❤♦ ❊①♣❡r✐♠❡♥t❛❧

✻✳✶✳✶ ❱♦❧✉♥tár✐♦s

❋♦r❛♠ r❡❝r✉t❛❞♦s ❞♦✐s ❣r✉♣♦s ❞❡ ✈♦❧✉♥tár✐♦s ♣❛r❛ ❡ss❡ ❡st✉❞♦✿

• ❈✐❝❧✐st❛s r❡❝r❡❛t✐✈♦s ♦✉ s❡♠✐✲♣r♦✜ss✐♦♥❛✐s✳

• ■♥❞✐✈í❞✉♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s

❖s ✈♦❧✉♥tár✐♦s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s ❢♦r❛♠ ❞❡♥♦♠✐♥❛❞♦s ❛ss✐♠✱ ♣♦✐s ♣❛rt✐❝✐♣❛♠ ❞❡ ♣r♦✈❛s ❞❡ ❝✐✲

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

❡♠ ♣r♦✈❛s ❞❡ r❡s✐stê♥❝✐❛ ♦✉ ❞❡ ✈❡❧♦❝✐❞❛❞❡✳ ▼❛s✱ sã♦ ♣❡ss♦❛s q✉❡ ♥ã♦ ✈✐✈❡♠ ❞❡st❡ t✐♣♦ ❞❡ ❛t✐✈✐❞❛❞❡✳

❖s ✈♦❧✉♥tár✐♦s ❝♦♥s✐❞❡r❛❞♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s r❡❛❧✐③❛♠ ❛t✐✈✐❞❛❞❡s ❢ís✐❝❛s✱ ♣❡❧♦ ♠❡♥♦s✱ ❞✉❛s

✈❡③❡s ♣♦r s❡♠❛♥❛✳ ❖ t✐♣♦ ❞❡ ❛t✐✈✐❞❛❞❡ ❢ís✐❝❛ q✉❡ ❡❧❡s r❡❛❧✐③❛♠ ♥ã♦ ❢♦✐ ❝r✐tér✐♦ ❞❡ ❡①❝❧✉sã♦ ♥♦ ❡st✉❞♦

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

❑✉♥❣ ❢✉✱ ❡♥tr❡ ♦✉tr♦s t✐♣♦s✳

◆♦ t♦t❛❧✱ ♣❛rt✐❝✐♣❛r❛♠ ❞♦ ❡st✉❞♦ ✶✽ ✈♦❧✉♥tár✐♦s ✭✾ ❡♠ ❝❛❞❛ ❣r✉♣♦✮✱ t♦❞♦s ❤♦♠❡♥s✳ ◆❛ ❚❛❜❡❧❛

✻✳✶✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ♠é❞✐❛s ❞❡ ❝❛❞❛ ❣r✉♣♦ ❞❡ ✈♦❧✉♥tár✐♦s✳

❖s ✈♦❧✉♥tár✐♦s r❡❛❧✐③❛r❛♠ q✉❛tr♦ t❡st❡s ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s✱ ♥♦ ♠❡s♠♦ ♣❡rí♦❞♦ ❞♦ ❞✐❛✱ ❡ ❡♠

❝♦♥❞✐çõ❡s ❞✐❢❡r❡♥t❡s ✭❞❡s❝r✐t❛s ♥❛ ❙❡çã♦ ✻✳✶✳✹✮✳ ◆❛ ❋✐❣✉r❛ ✻✳✶✱ t❡♠♦s ✉♠ ✈♦❧✉♥tár✐♦ ♣r❡♣❛r❛❞♦ ♣❛r❛



✻✳✶ ❉❊❙❊◆❍❖ ❊❳P❊❘■▼❊◆❚❆▲ ✹✼

❚❛❜❡❧❛ ✻✳✶✿ ❈❛r❛❝t❡r✐③❛çã♦ ❞♦s ❞♦✐s ❣r✉♣♦s ❞❡ ✈♦❧✉♥tár✐♦s q✉❡ ♣❛rt✐❝✐♣❛r❛♠ ❞♦ ❡st✉❞♦✳

●r✉♣♦ ■❞❛❞❡✭❛♥♦s✮ P❡s♦✭❑❣✮ ❆❧t✉r❛ ✭❝♠✮
❈✐❝❧✐st❛s ✸✸ ✼✻ ✶✼✻
❉❡s✈✐♦ P❛❞rã♦ ✼ ✾ ✻
✜s✐❝❛♠❡♥t❡ ❛t✐✈♦ ✷✻ ✼✽ ✶✼✸
❉❡s✈✐♦ P❛❞rã♦ ✺ ✶✷ ✼

❛ r❡❛❧✐③❛çã♦ ❞♦ t❡st❡ ✭❋✐❣✉r❛ ✻✳✶ ❆✮ ❡ ✉♠ ❞❡t❛❧❤❡ ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ♣♦s✐❝✐♦♥❛❞♦ ♥❛ ♣❡r♥❛ ✭♠ús❝✉❧♦

✈❛st♦ ❧❛t❡r❛❧✮ ❞❡ ♦✉tr♦ ✈♦❧✉♥tár✐♦ ✭❋✐❣✉r❛ ✻✳✶❇✮ ✳

✻✳✶✳✷ ❊q✉✐♣❛♠❡♥t♦

❖ ❡q✉✐♣❛♠❡♥t♦ ❞❡ ◆■❘❙ ✉t✐❧✐③❛❞♦ ♥❡st❡ ❡①♣❡r✐♠❡♥t♦ ❢♦✐ ♦ ❈❲✻ ✭❋✐❣✉r❛ ✸✳✽✮ ❞❡s❝r✐t♦ ♥❛ ❙❡çã♦

✸✳✸✳✷✳ ❋♦r❛♠ ❝r✐❛❞♦s ❞♦✐s ❛rr❛♥❥♦s ó♣t✐❝♦s ♣❛r❛ ❡st❡ ❡①♣❡r✐♠❡♥t♦✿ ❯♠ ❝♦❧♦❝❛❞♦ ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧

✭❋✐❣✉r❛s ✻✳✶❆ ❡ ✻✳✷✮✱ ❡♥tr❡ ♦s ♣♦♥t♦s ❋♣✶ ❡ ❋♣✷ ❞♦ s✐st❡♠❛ ✶✵✴✷✵ ❞♦ ❊❊● ✭❙❡çã♦ ✸✳✷✳✷ ✮ ❡ ♦✉tr♦ ♥♦

♠ús❝✉❧♦ ✈❛st♦ ❧❛t❡r❛❧ ❞❛ ♣❡r♥❛ ❞✐r❡✐t❛ ✭❋✐❣✉r❛s ✻✳✶❇ ❡ ✻✳✸✮✳ ❆♠❜♦s s❡rã♦ ❞❡s❝r✐t♦s ♥❛ ❙❡çã♦ ✻✳✶✳✸✳

❆ t❛①❛ ❞❡ ❛q✉✐s✐çã♦ ❞❡st❡ ❡st✉❞♦ ❢♦✐ ❞❡ ✷✺ ❍③✳

❋✐❣✉r❛ ✻✳✶✿ ❆✮ ❱♦❧✉♥tár✐♦ ♣r♦♥t♦ ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦✳ ❇✮ ❉❡t❛❧❤❡ ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ♣♦s✐❝✐♦♥❛❞♦
♥❛ ♣❡r♥❛ ✭♠ús❝✉❧♦ ✈❛st♦ ❧❛t❡r❛❧✮✳

✻✳✶✳✸ ❆rr❛♥❥♦ ó♣t✐❝♦

❋♦r❛♠ ♠♦♥t❛❞♦s ❞♦✐s ❛rr❛♥❥♦s ó♣t✐❝♦s✿ ✉♠ ♣❛r❛ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ✭❋✐❣✉r❛s ✻✳✶❆ ❡ ✻✳✷✮✱ q✉❡ ✜❝❛✈❛

♣♦s✐❝✐♦♥❛❞♦ ❡♥tr❡ ♦s ♣♦♥t♦s ❋♣✶ ❡ ❋♣✷ ✭r❡❣✐ã♦ ❞❛ t❡st❛✮ ❞♦ s✐st❡♠❛ ✶✵✴✷✵ ❞♦ ❊❊● ✭❙❡çã♦ ✸✳✷✳✷✮ ❡

♦✉tr♦ ♣❛r❛ ❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✱ q✉❡ ❢♦✐ ❝♦❧♦❝❛❞♦ ♥♦ ♠ús❝✉❧♦ ✈❛st♦ ❧❛t❡r❛❧ ❞❛ ♣❡r♥❛ ❞✐r❡✐t❛ ✭❋✐❣✉r❛s

✻✳✶❇ ❡ ✻✳✸✮✳ ❆❜❛✐①♦ ❛♣r❡s❡♥t❛❞❛s ❝❛❞❛ ✉♠❛ ❞❛s ❣❡♦♠❡tr✐❛s ❝♦♠ ♠❛✐s ❞❡t❛❧❤❡s✳

❆ ❡s❝♦❧❤❛ ❞♦s ♣♦♥t♦s ❋♣✶ ❡ ❋♣✷ ♣❛r❛ ♦ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ❢r♦♥t❛❧ ❢♦✐ ❞❡✈✐❞♦

❛♦s ❡st✉❞♦s✱ q✉❡ tê♠ ❛ss♦❝✐❛❞♦ ❛ ❞❡s♦①✐❣❡♥❛çã♦ ❞❡st❛ ár❡❛ ✭❢r♦♥t❛❧✮✱❞✉r❛♥t❡ ♦ ❡①❡r❝í❝✐♦✱ ❝♦♠♦ ❛
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r❡s♣♦♥sá✈❡❧ ♣❡❧❛ r❡❣✉❧❛çã♦ ❞♦ ✧❞r✐✈❡✧ ♠♦t♦r ❝❡♥tr❛❧ ✭❙❯❇❯❉❍■ ❡t ❛❧✳ ✭✷✵✵✾✮✮✳ ➱ ♣♦ssí✈❡❧ t❛♠❜é♠

q✉❡ ❡st❛ ár❡❛ ❡st❡❥❛ ❛ss♦❝✐❛❞❛ à ♣❡r❢♦r♠❛♥❝❡ ❞♦ ❡①❡r❝í❝✐♦ ✭❊❑❑❊❑❆❑■❙ ✭✷✵✵✾✮✮✳

❆rr❛♥❥♦ ó♣t✐❝♦ ❢r♦♥t❛❧

❆ ❣❡♦♠❡tr✐❛ ❢r♦♥t❛❧ ✭❋✐❣✉r❛ ✻✳✷✮ ❢♦✐ ♠♦♥t❛❞❛ ❡♠ t♦r♥♦ ❞❡ ❞♦✐s ♣♦♥t♦s ❞♦ s✐st❡♠❛ ✶✵✴✷✵ ❞♦ ❊❊●

✭❙❡çã♦ ✸✳✷✳✷✮ q✉❡ sã♦ ♦ ❋♣✶ ❡ ♦ ❋♣✷✳ ❖ ♣♦♥t♦ ❋♣✶ é ♣♦s✐❝✐♦♥❛❞♦ ❞❡♥tr♦ ❞♦ tr✐â♥❣✉❧♦ ❢♦r♠❛❞♦ ♣❡❧❛s

❢♦♥t❡s X3 ❡ X4 ❡ ♣❡❧♦ ❞❡t❡❝t♦r O7✳ ❖ ♣♦♥t♦ ❋♣✷ é ♣♦s✐❝✐♦♥❛❞♦ ❞❡♥tr♦ ❞♦ tr✐â♥❣✉❧♦ ❢♦r♠❛❞♦ ♣❡❧❛s

❢♦♥t❡s X1 ❡ X2 ❡ ♣❡❧♦ ❞❡t❡❝t♦r O3✳

❋✐❣✉r❛ ✻✳✷✿ ●❡♦♠❡tr✐❛ ❢r♦♥t❛❧ ✉s❛❞❛ ♥❛s ❛q✉✐s✐çã♦ ❞♦ ❡①❡r❝í❝✐♦ ❢ís✐❝♦✱ t❛♥t♦ ♥❛ t❛r❡❢❛ ❛❜❡rt❛ q✉❛♥t♦
♥❛ ❢❡❝❤❛❞❛✳ ❆s ❢♦♥t❡s ❳✶ ❡ ❳✷ ✜❝❛r❛♠ ❧♦❝❛❧✐③❛❞❛s ❞♦ ❧❛❞♦ ❞✐r❡✐t♦ ❡ ❛s ❢♦♥t❡s ❳✸ ❡ ❳✹ ✜❝❛r❛♠
❧♦❝❛❧✐③❛❞❛s ❞♦ ❧❛❞♦ ❡sq✉❡r❞♦✳ ❖s ❝❛♥❛✐s ♠❛r❝❛❞♦s ♥❛ ✜❣✉r❛ ❢♦r❛♠ ♦s ✉t✐❧✐③❛❞♦s ♥❛ ❛♥á❧✐s❡✳

❈♦♠ ✷ ❢♦♥t❡s ❡ ✹ ❞❡t❡❝t♦r❡s ♣❛r❛ ❝❛❞❛ ❧❛❞♦✱ ♥✉♠ t♦t❛❧ ❞❡ ✹ ❢♦♥t❡s ❡ ✽ ❞❡t❡❝t♦r❡s ♣❛r❛ ♦ ❛rr❛♥❥♦

t♦t❛❧✱ ❢♦r❛♠ ✉s❛❞♦s ♥❛s ❛♥á❧✐s❡s✱ ♦s ❝❛♥❛✐s ❞❡st❛❝❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✷✳ ❊❧❡s ❢♦r❛♠ ❡s❝♦❧❤✐❞♦s ♣♦r

t❡r❡♠ ✉♠❛ ❞✐stâ♥❝✐❛ ❢♦♥t❡✲❞❡t❡❝t♦r ♣ró①✐♠❛ ❞❡ ✸ ❝♠✱ ♦ q✉❡ ♥♦s ❞á ✉♠❛ ❜♦❛ r❡❧❛çã♦ s✐♥❛❧✲r✉í❞♦✳

❋♦r❛♠ ❞❡s❝❛rt❛❞♦s ❝❛♥❛✐s✱ ❞❡✈✐❞♦ ❛ ❞✐stâ♥❝✐❛ ❢♦♥t❡✲❞❡t❡❝t♦r s❡r ♠✉✐t♦ ❧♦♥❣❛ ✭❛❝✐♠❛ ❞❡ ✸✱✺ ❝♠✮✱

♦ q✉❡ ♥♦s ❞á s✐♥❛✐s ❝♦♠ ♥í✈❡❧ ❞❡ ✐♥t❡♥s✐❞❛❞❡ ♠✉✐t♦ ♣ró①✐♠♦ ❞♦ r✉í❞♦✱ ❡ ❞✐stâ♥❝✐❛s ❝✉rt❛s ❞❡♠❛✐s

✭♠❡♥♦r❡s ❞❡ ✶✱✺ ❝♠✮✱ q✉❡ ❛❝❛❜❛r❛♠ s❛t✉r❛♥❞♦ ♦s ❞❡t❡❝t♦r❡s✳

❆❜❛✐①♦✱ ❛♣r❡s❡♥t❛❞♦s ♦s ❝❛♥❛✐s ✉t✐❧✐③❛❞♦s ♥❛ ❛♥á❧✐s❡✿

• ❋♦♥t❡ ❳✶ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ❖✷ ❡ ❖✸❀

• ❋♦♥t❡ ❳✷ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ❖✸ ❡ ❖✹❀

• ❋♦♥t❡ ❳✸ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ❖✼ ❡ ❖✽❀

• ❋♦♥t❡ ❳✹ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ❖✻ ❡ ❖✼✳

❆❜❛✐①♦✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❝❛♥❛✐s ❞❡s❝❛rt❛❞♦s ♣♦r t❡r❡♠ s✐❞♦ s❛t✉r❛❞♦s✿

• ❋♦♥t❡ ❳✶ ❧✐❣❛❞❛ ❛♦ ❞❡t❡❝t♦r ❖✶❀

• ❋♦♥t❡ ❳✹ ❧✐❣❛❞❛ ❛♦ ❞❡t❡❝t♦r ❖✺❀

❆❜❛✐①♦✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❝❛♥❛✐s q✉❡ ✜❝❛r❛♠ ♣ró①✐♠♦s ❞♦ ♥í✈❡❧ ❞❡ r✉í❞♦✱ ❞❡✈✐❞♦ à ❞✐stâ♥❝✐❛

♠✉✐t♦ ❧♦♥❣❛✱ t❡♥❞♦ s✐❞♦ ❞❡s❝❛rt❛❞♦s✿
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• ❋♦♥t❡ ❳✶ ❧✐❣❛❞❛ ❛♦ ❞❡t❡❝t♦r❡s ❖✹❀

• ❋♦♥t❡ ❳✷ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ❖✶ ❡ ❖✷❀

• ❋♦♥t❡ ❳✸ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ❖✺ ❡ ❖✻❀

• ❋♦♥t❡ ❳✹ ❧✐❣❛❞❛ ❛♦ ❞❡t❡❝t♦r ❖✽✳

❆rr❛♥❥♦ ó♣t✐❝♦ ♠✉s❝✉❧❛r

❆ ❣❡♦♠❡tr✐❛ ❞❛ ❋✐❣✉r❛ ✻✳✸✲❆ ❢♦✐ ♠♦♥t❛❞❛ s♦❜r❡ ♦ ♠ús❝✉❧♦ ✈❛st♦ ❧❛t❡r❛❧ ❞❛ ♣❡r♥❛ ❞✐r❡✐t❛ ✭❋✐❣✉r❛

✻✳✸✲❇✮✳ ◆❛ ❋✐❣✉r❛ ✻✳✶✲❇✱ ♣♦❞❡♠♦s ✈❡r ♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ♠♦♥t❛❞♦ s♦❜r❡ ❛ ♣❡r♥❛ ❞❡ ✉♠ ✈♦❧✉♥tár✐♦✳

P❛r❛ ❡st❡ ❛rr❛♥❥♦✱ ✉s❛♠♦s três ❢♦♥t❡s ❡ três ❞❡t❡❝t♦r❡s✱ ❝♦♠ ❞✐stâ♥❝✐❛ ❞❡ ✷✱✺❝♠ ❡♥tr❡ ❛ ❢♦♥t❡ ❡ ♦

❞❡t❡❝t♦r✳ ❖s ❝❛♥❛✐s ✉t✐❧✐③❛❞♦s ❡stã♦ ♠❛r❝❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✸✲❆✳

❋✐❣✉r❛ ✻✳✸✿ ❆ ✲ ❆rr❛♥❥♦ ó♣t✐❝♦ ♠✉s❝✉❧❛r ✉s❛❞♦ ♥❛s ❛q✉✐s✐çã♦ ❞♦ ❡①❡r❝í❝✐♦ ❢ís✐❝♦ t❛♥t♦ ♥❛ t❛r❡❢❛
❛❜❡rt❛ q✉❛♥t♦ ♥❛ ❢❡❝❤❛❞❛✳ ❖s ✧❳✧ r❡♣r❡s❡♥t❛♠ ❛s ❢♦♥t❡s ❡ ♦s ✧❖✧ r❡♣r❡s❡♥t❛♠ ♦s ❞❡t❡❝t♦r❡s✳ ❖s
❝❛♥❛✐s ♠❛r❝❛❞♦s ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♥❛s ❛♥á❧✐s❡s✳ ❇ ✲ ▼ús❝✉❧♦s ♣r❡s❡♥t❡s ♥❛ ♣❡r♥❛✱ ❞❡t❛❧❤❡ ❞♦ ♠ús❝✉❧♦
❱❛st♦ ▲❛t❡r❛❧ ♦♥❞❡ é ♣♦s✐❝✐♦♥❛❞♦ ♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ❞♦ ◆■❘❙✳ ❋✐❣✉r❛ r❡t✐r❛❞❛ ❡ ❛❞❛♣t❛❞❛ ❞❡ ❤tt♣✿
✴✴ ♣t✳✇✐❦✐♣❡❞✐❛✳♦r❣✴✇✐❦✐✴❋✐❝❤❡✐r♦✿❱❛st✉s❴❧❛t❡r❛❧✐s❴♠✉s❝❧❡✳♣♥❣

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

• ❋♦♥t❡ ❳✺ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ❖✶✶ ❡ ❖✶✷❀

• ❋♦♥t❡ ❳✻ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ❖✶✶✱ ❖✶✷ ❡ ❖✶✸❀

• ❋♦♥t❡ ❳✼ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ❖✶✷ ❡ ❖✶✸❀
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✻✳✶✳✹ ❚❛r❡❢❛s ❆❜❡rt❛ ✴ ❋❡❝❤❛❞❛ ❡ ❈♦♥❞✐çõ❡s ❞♦ ❚❡st❡

❆ t❛r❡❢❛ r❡❛❧✐③❛❞❛ ❞❡♣❡♥❞❡ ❞♦ ❣r✉♣♦ ♥♦ q✉❛❧ ♦ ✈♦❧✉♥tár✐♦ ❡stá ✐♥s❡r✐❞♦ ❡ sã♦ ❞❡✜♥✐❞❛s ❝♦♠♦

t❛r❡❢❛ ❛❜❡rt❛ ♦✉ t❛r❡❢❛ ❢❡❝❤❛❞❛✳

❆s t❛r❡❢❛s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❡♠ três ❝♦♥❞✐çõ❡s ❞✐❢❡r❡♥t❡s✿ ❝♦♥tr♦❧❡✱ ❝♦♠ ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛ ❡ ❝♦♠

✐♥❣❡stã♦ ❞❡ ♣❧❛❝❡❜♦✳ ❖s t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ❝♦♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✉♠❛ s❡♠❛♥❛ ❞❡ ❞✐❢❡r❡♥ç❛✳

❖s ✈♦❧✉♥tár✐♦s ❢♦r❛♠ ✐♥str✉í❞♦s ❛ ♥ã♦ r❡❛❧✐③❛r ❡①❡r❝í❝✐♦s ❢ís✐❝♦s ✐♥t❡♥s♦s ❡ ❛ ❡✈✐t❛r ❛ ✐♥❣❡stã♦ ❞❡

❝❛❢❡í♥❛✱ á❧❝♦♦❧ ❡ ❡st✐♠✉❧❛♥t❡s ✷✹❤ ❛♥t❡s ❞❛ r❡❛❧✐③❛çã♦ ❞♦s ♣r♦t♦❝♦❧♦s ❡①♣❡r✐♠❡♥t❛✐s✳

❚♦❞♦s ♦s t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ❞✉r❛♥t❡ ♦ ♠❡s♠♦ ♣❡rí♦❞♦ ❞♦ ❞✐❛ ✭t✉r♥♦ ♠❛t✉t✐♥♦✮✱ ❡♠ ✉♠❛

s❛❧❛ ❝♦♠ ❛r ❝♦♥❞✐❝✐♦♥❛❞♦ ❡ t❡♠♣❡r❛t✉r❛ ❝♦♥tr♦❧❛❞❛ ✭❡♠ t♦r♥♦ ❞❡ 21O❈✮✳

P❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦s t❡st❡s ❢♦✐ ✉t✐❧✐③❛❞❛ ✉♠❛ ❜✐❝✐❝❧❡t❛ ♣r♦✜ss✐♦♥❛❧ ❞❡ ✶✽ ♠❛r❝❤❛s ❛❝♦♣❧❛❞❛ ❛

✉♠ ✧❝♦♠♣✉tr❛✐♥❡r✧✱ ❡q✉✐♣❛♠❡♥t♦ q✉❡ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❛❞♠✐♥✐str❛çã♦ ❞❛ tr❛çã♦ ✭♦✉ ❝❛r❣❛✮ ♥❛

r♦❞❛ tr❛s❡✐r❛ ❡ ♣❡❧♦ ❛✉①í❧✐♦ ♥♦ ❝♦♥tr♦❧❡ ❞❛ ❝❛❞ê♥❝✐❛ ❞♦ ✈♦❧✉♥tár✐♦✳ ❖ ✧❝♦♠♣✉tr❛✐♥❡r✧ é ✉s❛❞♦ ♣❛r❛

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

❖s ❝✐❝❧✐st❛s ♠❛♥t✐✈❡r❛♠ s❡✉s tr❡✐♥❛♠❡♥t♦s ♥♦r♠❛❧♠❡♥t❡ t❛♥t♦ ❡♠ ✈♦❧✉♠❡ q✉❛♥t♦ ❡♠ ✐♥t❡♥s✐❞❛❞❡

❞✉r❛♥t❡ ♦s ❡st✉❞♦ ❡ ♦s ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s t❛♠❜é♠ ♠❛♥t✐✈❡r❛♠ s✉❛s ❛t✐✈✐❞❛❞❡s ❢ís✐❝❛s

♥♦r♠❛❧♠❡♥t❡✳

❋✐❣✉r❛ ✻✳✹✿ ❊sq✉❡♠❛ ❞❡ ✉♠❛ ❛q✉✐s✐çã♦ ❝♦♠♣❧❡t❛ ♣❛r❛ ✉♠ t❡st❡ ❛❜❡rt♦ ♦✉ ❢❡❝❤❛❞♦✳ ❜❛s❡❧✐♥❡✭✶✷✵ s✮✱
❛q✉❡❝✐♠❡♥t♦ ❧✐✈r❡✭✸✵✵ s✮✱ ❛q✉❡❝✐♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✭✶✷✵ s✮✱ ❛ ♣❛rt❡ ❞♦ t❡st❡ q✉❡ ♣♦❞❡ s❡r ✉♠❛ t❛r❡❢❛
❢❡❝❤❛❞❛ ♦✉ ❛❜❡rt❛ ❡ ♦ ❞❡s❝❛♥s♦ ✜♥❛❧ ✭✶✷✵ s✮✳

◆❛ ❋✐❣✉r❛ ✻✳✹✱ t❡♠♦s ❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧ ❝♦♠♣❧❡t♦✳ ❚♦❞♦s ♦s ♣r♦t♦✲

❝♦❧♦s ♣♦ss✉❡♠ ✉♠ ♣❛rt❡ ❝♦♠✉♠✱ q✉❡ é✿

• ❊st❛❞♦ ❜❛s❛❧ ✭✶✷✵ s❡❣✉♥❞♦s✮❀

• ❆q✉❡❝✐♠❡♥t♦ ❧✐✈r❡ ✭✸✵✵ s❡❣✉♥❞♦s✮❀

• ❆q✉❡❝✐♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✭✶✷✵ s❡❣✉♥❞♦s✮❀

• ❘❡❛❧✐③❛çã♦ ❞❛ t❛r❡❢❛ ❛❜❡rt❛ ♦✉ ❢❡❝❤❛❞❛ ✭t❡♠ t❡♠♣♦ ✈❛r✐á✈❡❧✮❀

• ❘❡❝✉♣❡r❛çã♦ ✭✶✷✵ s❡❣✉♥❞♦s✮✳

❆ ♣❛rt❡ r❡❧❛❝✐♦♥❛❞❛ à r❡❝✉♣❡r❛çã♦ ♦❝♦rr❡ ❛♣ós ❛ r❡❛❧✐③❛çã♦ ❞❛ t❛r❡❢❛ ✭❛❜❡rt❛✴❢❡❝❤❛❞❛✮✳

◆♦ ♣❡rí♦❞♦ ❞❡ ❡st❛❞♦ ❜❛s❛❧ ✭✧❜❛s❡❧✐♥❡✧✮✱ ♦ ✈♦❧✉♥tár✐♦ ✜❝❛ ♠♦♥t❛❞♦ ♥❛ ❜✐❝✐❝❧❡t❛ ❞❡ ♦❧❤♦s ❢❡❝❤❛❞♦s✱

♥❛ ♣♦s✐çã♦ ❞❡ ♣❡❞❛❧❛r ❡ ❝♦♠ ♦s ❡q✉✐♣❛♠❡♥t♦ ♣♦s✐❝✐♦♥❛❞♦s✳ ◆♦s ❞✐❛s ❡♠ q✉❡ ❢♦✐ r❡❛❧✐③❛❞❛ ✐♥❣❡stã♦

❞❡ ❝❛❢❡í♥❛ ♦✉ ♣❧❛❝❡❜♦✱ ♦ ✈♦❧✉♥tár✐♦ ❥á ❡st❛✈❛ ❞✉r❛♥t❡ ♦ ✧❜❛s❡❧✐♥❡✧ s♦❜ ♦ ❡❢❡✐t♦ ❞❛ ❝❛♣s✉❧❛ ✐♥❣❡r✐❞❛

✭❝❛❢❡í♥❛ ♦✉ ♣❧❛❝❡❜♦✮✳ ❆ ✐❞❡✐❛ ❡r❛ t❡r ❛ r❡❣✐ã♦ ❞❡ ❝♦♥tr♦❧❡ ❞❡ t♦❞♦ ♦ ♣r♦t♦❝♦❧♦✳

◆♦ ♣❡rí♦❞♦ ❞❡ ❛q✉❡❝✐♠❡♥t♦ ❧✐✈r❡✱ ♦ ✈♦❧✉♥tár✐♦ t❡♠ ♣❡r♠✐ssã♦ ♣❛r❛ ♣❡❞❛❧❛r ❡♠ q✉❛❧q✉❡r ❝❛❞ê♥❝✐❛

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

♦ ✈♦❧✉♥tár✐♦ ♥ã♦ ❝♦♠❡ç❛r ❛ r❡❛❧✐③❛çã♦ ❞♦ t❡st❡ ✧❢r✐♦✧✱ s❡♠ ✉♠ ❛q✉❡❝✐♠❡♥t♦ ❛❞❡q✉❛❞♦ ❞♦s ♠ús❝✉❧♦s✳



✻✳✶ ❉❊❙❊◆❍❖ ❊❳P❊❘■▼❊◆❚❆▲ ✺✶

❆♣ós ♦ ♣❡rí♦❞♦ ❞❡ ❛q✉❡❝✐♠❡♥t♦ ❧✐✈r❡✱ ❤á ✉♠ ♣❡rí♦❞♦ ❞❡ ❛q✉❡❝✐♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳ ◆♦ ❛q✉❡❝✐♠❡♥t♦

❝♦♥tr♦❧❛❞♦✱ ♦ ✈♦❧✉♥tár✐♦ ❝♦♠❡ç❛ ❝♦♠ ✉♠❛ ❝❛r❣❛ ❞❡ ✶✵✵ ❲❛tts ❡ t❡♠ q✉❡ ♠❛♥t❡r ❛ ❝❛❞ê♥❝✐❛ ❡♥tr❡ ✽✵

❡ ✾✵ r♣♠ ❝♦♠ ❛ ♠❛r❝❤❛ ✜①❛ ✭❞❡✜♥✐❞❛ ♣❡❧♦ ♣❡sq✉✐s❛❞♦r ❛♥t❡s ❞♦ t❡st❡✮✳ ❊st❡ ♣r♦❝❡❞✐♠❡♥t♦ ♣❡r♠✐t❡

❛ ❛❞❛♣t❛çã♦ ❞♦ ✈♦❧✉♥tár✐♦ ❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ r✐t♠♦ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦ t❡st❡✳

❆♣ós ♦ ❛q✉❡❝✐♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ♦ ✈♦❧✉♥tár✐♦ r❡❛❧✐③❛ ❛ t❛r❡❢❛ ✭❛❜❡rt❛ ♦✉ ❢❡❝❤❛❞❛✮ ❡✱ ♥♦ ✜♥❛❧

✭❛♣ós ♦ tér♠✐♥♦ ❞❛ t❛r❡❢❛✮✱ ♦ ✈♦❧✉♥tár✐♦ ❝♦♥t✐♥✉❛ ♣❡❞❛❧❛♥❞♦ ❞❡ ❢♦r♠❛ tr❛♥q✉✐❧❛ ♣❛r❛ r❡❝✉♣❡r❛çã♦✳

◆♦ ❛q✉❡❝✐♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ t❡♠♦s ✉♠❛ ♣❡q✉❡♥❛ ❞✐❢❡r❡♥ç❛✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛ t❛r❡❢❛ q✉❡ ♦ ✈♦❧✉♥tá✲

r✐♦ ✐rá r❡❛❧✐③❛r✳ ◆♦ ❝❛s♦ ❞♦ ♣r♦t♦❝♦❧♦ q✉❡ ❝♦♥té♠ ❛ t❛r❡❢❛ ❛❜❡rt❛✱ ♦ s❡❣✉♥❞♦ ♠✐♥✉t♦ ❞♦ ❛q✉❡❝✐♠❡♥t♦

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

❛ t❛r❡❢❛ ❢❡❝❤❛❞❛✱ ♦♥❞❡ ♦ ❛q✉❡❝✐♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♥ã♦ ❢❛③ ♣❛rt❡ ❞❡❧❛✳

❚❛r❡❢❛ ❛❜❡rt❛ ✲ ❚❡st❡ Pr♦❣r❡ss✐✈♦

❆ t❛r❡❢❛ ❛❜❡rt❛ é ❛ss✐♠ ❝❤❛♠❛❞❛ ♣♦r ♥ã♦ t❡r♠♦s ❝♦♠♦ ♣r❡❝✐s❛r ❛ ❞✉r❛çã♦ ❞♦ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐✲

♠❡♥t❛❧✳ ◆♦ ❝❛s♦ ❡♠ q✉❡stã♦✱ r❡❛❧✐③❛♠♦s ✉♠❛ t❛r❡❢❛ ❛❜❡rt❛ ❞♦ t✐♣♦ t❡st❡ ♣r♦❣r❡ss✐✈♦✳ ❖ ✈♦❧✉♥tár✐♦

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

♦ ✈♦❧✉♥tár✐♦ ❛❧❝❛♥ç❛ ❛ ❡①❛✉stã♦ ♦✉ ♥ã♦ ❝♦♥s❡❣✉❡ ♠❛♥t❡r ❛ ❝❛❞ê♥❝✐❛ ❡st✐♣✉❧❛❞❛ ✭❡♥tr❡ ✽✵ ❡ ✾✵ r♣♠✮✳

◆❛ ❋✐❣✉r❛ ✻✳✺✱ t❡♠♦s ✉♠ ❡sq✉❡♠❛ ❞❛ t❛r❡❢❛ ❛❜❡rt❛ ✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮✳

❋✐❣✉r❛ ✻✳✺✿ ❊sq✉❡♠❛ ❞♦ ❡①❡r❝í❝✐♦ ❞❡ t❛r❡❢❛ ❛❜❡rt❛ ✭❚❡st❡ ♣r♦❣r❡ss✐✈♦✮✳ ◆❡st❡ ❡①❡r❝í❝✐♦ ♦ ✈♦❧✉♥tár✐♦
t❡♠ q✉❡ r❡❛❧✐③❛r ❛ t❛r❡❢❛ ❛té ❛ ❡①❛✉stã♦✳ ❆ ❡①❛✉stã♦ é ❞❡✜♥✐❞❛ q✉❛♥❞♦ ♦ ✈♦❧✉♥tár✐♦ ♥ã♦ ❝♦♥s❡❣✉❡
♠❛♥t❡r ❛ ❝❛❞ê♥❝✐❛ ❡♥tr❡ ✽✵ ❡ ✾✵ r♣♠✳

❖ t❡st❡ ❝♦♠❡ç❛ ❝♦♠ ✉♠❛ ♣♦tê♥❝✐❛ ❞❡ ✶✵✵ ❲❛tts ✭s❡❣✉♥❞♦ ♠✐♥✉t♦ ❞♦ ❛q✉❡❝✐♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✮✳

◗✉❛♥❞♦ ❛❝❛❜❛ ♦ ❛q✉❡❝✐♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ❛ ♣♦tê♥❝✐❛ é ❛✉♠❡♥t❛❞❛ ♣❛r❛ ✶✷✺ ❲❛tts✳ ◆❛ s❡q✉ê♥❝✐❛✱

❛♦ ✜♥❛❧ ❞❡ ❝❛❞❛ ♠✐♥✉t♦✱ ❛ ❝❛r❣❛ é ❛✉♠❡♥t❛❞❛ ❡♠ ✷✺ ❲❛tts✳ ❖ ✈♦❧✉♥tár✐♦ t❡♠ q✉❡ ♠❛♥t❡r ✉♠❛

❝❛❞ê♥❝✐❛ ❡♥tr❡ ✽✵ ❡ ✾✵ r♣♠ ❞✉r❛♥t❡ t♦❞♦ ♦ t❡st❡✳ ❖ t❡st❡ t❡r♠✐♥❛ q✉❛♥❞♦ ♦ ✈♦❧✉♥tár✐♦ ❛t✐♥❣❡ ♦

❡s❢♦rç♦ t♦t❛❧ ✭t♦t❛❧♠❡♥t❡ ❝❛♥s❛❞♦✮ ♦✉ ✜❝❛ ♠❛✐s ❞❡ ✺ s❡❣✉♥❞♦s ♥✉♠❛ ❝❛❞ê♥❝✐❛ ❛❜❛✐①♦ ❞❡ ✽✵ r♣♠✳

❚❛r❡❢❛ ❢❡❝❤❛❞❛ ✲ ❚❡st❡ ❈♦♥tr❛ ❘❡❧ó❣✐♦

❆ t❛r❡❢❛ ❢❡❝❤❛❞❛ é ❛ss✐♠ ❝❤❛♠❛❞❛ ♣♦✐s ❛ ❞✉r❛çã♦ ❞♦ t❡st❡ é ❞❡✜♥✐❞❛ ♣♦r ❛❧❣✉♠ ♣❛râ♠❡tr♦✳ ◆♦

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

♣r♦✈❛ ❞❡ ✹❦♠ ❞❡ ❞✐stâ♥❝✐❛✳ ◆❡st❡ t✐♣♦ ❞❡ t❛r❡❢❛✱ ♦ ✈♦❧✉♥tár✐♦ t❡♠ q✉❡ r❡❛❧✐③❛r ❛ ♣r♦✈❛ ❞❡ ✹ ❦♠ ♥♦

♠❡♥♦r t❡♠♣♦ ♣♦ssí✈❡❧✳ ◆❛ ❋✐❣✉r❛ ✻✳✻✱ t❡♠♦s ✉♠ ❡sq✉❡♠❛ ❞❛ t❛r❡❢❛ ❢❡❝❤❛❞❛✳

❈♦♥❞✐çõ❡s ❞♦s t❡st❡s

❖s ✈♦❧✉♥tár✐♦s sã♦ ♣❡s❛❞♦s ♥♦ ♣r✐♠❡✐r♦ ❞✐❛ ❞❡ t❡st❡✱ ❡ é r❡❛❧✐③❛❞♦ ♦ t❡st❡ ♣r♦❣r❡ss✐✈♦ ✭❡♠ ❛♠❜♦s

♦s ❣r✉♣♦s ❞❡ ✈♦❧✉♥tár✐♦s✮✳ ❖ ♣❡s♦ ❞❡❧❡s é ✉s❛❞♦ ♥❛ ❝♦♥❢❡❝çã♦ ❞❛s ❝á♣s✉❧❛s ❞❡ ❝❛❢❡í♥❛✴♣❧❛❝❡❜♦ ♣❛r❛
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❋✐❣✉r❛ ✻✳✻✿ ❊sq✉❡♠❛ ❞♦ ❡①❡r❝í❝✐♦ ❞❡ t❛r❡❢❛ ❢❡❝❤❛❞❛ ✭t❡st❡ ❝♦♥tr❛ ♦ r❡❧ó❣✐♦ ❡♠ ✉♠❛ ♣r♦✈❛ ❞❡ ✹
❑♠✮✳ ◆❡st❡ t✐♣♦ ❞❡ ❡①❡r❝í❝✐♦ ♦ ✈♦❧✉♥tár✐♦ r❡❛❧✐③❛r ❛ ♣r♦✈❛ ❞❡ ✹❑♠ ♥♦ ♠❡♥♦r t❡♠♣♦ ♣♦ssí✈❡❧✳

✉s♦ ♣♦st❡r✐♦r✳ ❊❧❡s r❡❛❧✐③❛♠ ♦s t❡st❡s ❡♠ três ❝♦♥❞✐çõ❡s✿ ❝♦♥tr♦❧❡✱ ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛ ❡ ❞❡ ♣❧❛❝❡❜♦✳ ❆

❝❛❢❡í♥❛ é ♠❛♥✐♣✉❧❛❞❛ ❡♠ ❧❛❜♦r❛tór✐♦ ❡ ❝♦❧♦❝❛❞❛ ❡♠ ✉♠❛ ❝á♣s✉❧❛✱ s❡♥❞♦ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ✻♠❣✯❑❣

❞♦ ✈♦❧✉♥tár✐♦✳

P❛r❛ ❡❢❡✐t♦ ❞❡ ❝♦♠♣❛r❛çã♦✱ ✉♠ ❝❛❢é ❡①♣r❡ss♦ ❝♦♠ ✺✵♠❧ t❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✵✵ ♠❣ ❞❡ ❝❛❢❡í♥❛✳

❆ss✐♠ s❡♥❞♦✱ ✉♠ ✈♦❧✉♥tár✐♦ ❝♦♠ ✼✵ ❑❣ t♦♠❛ ✉♠❛ ❝á♣s✉❧❛ ❞❡ ❝❛❢❡í♥❛ ❞❡ ✹✷✵ ♠❣✱ ♦ q✉❡ ❡q✉✐✈❛❧❡ ❛

❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✹ ❝❛❢és ❡①♣r❡ss♦s✳

❖ ♣❧❛❝❡❜♦ t❛♠❜é♠ é ♠❛♥✐♣✉❧❛❞♦ ❡♠ ❧❛❜♦r❛tór✐♦✱ ❝♦❧♦❝❛❞♦ ❡♠ ✉♠❛ ❝á♣s✉❧❛ ✐♥❞✐st✐♥❣✉í✈❡❧ ❞❛

❝á♣s✉❧❛ ❞❡ ❝❛❢❡í♥❛✱ s❡♥❞♦ ❝♦♠♣♦st♦ ♣♦r s❛❝❛r♦s❡✳

❆ ✐♥❣❡stã♦ ❞❛s ❝á♣s✉❧❛s ❞❡ ❝❛❢❡í♥❛ ♦✉ ♣❧❛❝❡❜♦ s❡ ❞á ❛ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✉♠❛ ❤♦r❛ ❞♦ ✐♥í❝✐♦ ❞♦

♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧✳ ❆ss✐♠ q✉❡ ♦ ✈♦❧✉♥tár✐♦ ❝❤❡❣❛✱ ❡❧❡ t♦♠❛ ❛ ❝á♣s✉❧❛ ✭❝❛❢❡í♥❛ ♦✉ ♣❧❛❝❡❜♦✮ ❡ é

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

❞❛♠❡♥t❡ ✶ ❤♦r❛✱ q✉❡ é ♦ t❡♠♣♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ❛ ❛❜s♦rçã♦ ❞❛ ❝❛❢❡í♥❛ ♣❡❧♦ ♦r❣❛♥✐s♠♦✳

❊st❛s ❝♦♥❞✐çõ❡s ❢♦r❛♠ ❛♣❧✐❝❛❞❛s ❛♦s ♣r♦t♦❝♦❧♦s ❡①♣❡r✐♠❡♥t❛✐s ❡ ♦s t✐♣♦s ❞❡ t❛r❡❢❛s✱ ♣❛r❛ ❝❛❞❛

❣r✉♣♦ ❞❡ ✈♦❧✉♥tár✐♦s✱ ❡stá ❞❡s❝r✐t♦ ❛❜❛✐①♦✿

❖s ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s r❡❛❧✐③❛r❛♠ ♦ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧ ❝♦♠ ❛s s❡❣✉✐♥t❡s t❛r❡❢❛s

❡ ❝♦♥❞✐çõ❡s✿

• ✉♠ ♣r♦t♦❝♦❧♦ ❞❡ ❢❛♠✐❧✐❛r✐③❛çã♦ ❞♦ ✈♦❧✉♥tár✐♦ ❝♦♠ ❛ t❛r❡❢❛ ❛❜❡rt❛ ✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮❀

• ✉♠ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧ ❝♦♠ ✉♠❛ t❛r❡❢❛ ❛❜❡rt❛ ✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮ s❡r✈✐♥❞♦ ❝♦♠♦ ❝♦♥tr♦❧❡❀

• ✉♠ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧ ❝♦♠ ✉♠❛ t❛r❡❢❛ ❛❜❡rt❛ ✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮ ❝♦♠ ✐♥❣❡stã♦ ❞❡ ♣❧❛✲

❝❡❜♦❀

• ✉♠ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧ ❝♦♠ ✉♠❛ t❛r❡❢❛ ❛❜❡rt❛ ✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮ ❝♦♠ ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛✳

❖s ❝✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s r❡❛❧✐③❛r❛♠ ♦s s❡❣✉✐♥t❡s ♣r♦t♦❝♦❧♦s ❡①♣❡r✐♠❡♥t❛✐s ❝♦♠ ❛s ❞❡✈✐❞❛s

❝♦♥❞✐çõ❡s✿

• ✉♠ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧ ❝♦♠ ✉♠❛ t❛r❡❢❛ ❛❜❡rt❛ ✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮❀

• ✉♠ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧ ❝♦♠ ✉♠❛ t❛r❡❢❛ ❢❡❝❤❛❞❛ ✭t❡st❡ ❝♦♥tr❛ r❡❧ó❣✐♦ ❡♠ ✉♠❛ ♣r♦✈❛ ❞❡ ✹

❑♠✮ s❡r✈✐♥❞♦ ❝♦♠♦ ❝♦♥tr♦❧❡❀

• ✉♠ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧ ❝♦♠ ✉♠❛ t❛r❡❢❛ ❢❡❝❤❛❞❛ ✭t❡st❡ ❝♦♥tr❛ r❡❧ó❣✐♦ ❡♠ ✉♠❛ ♣r♦✈❛ ❞❡ ✹

❑♠✮ ❝♦♠ ✐♥❣❡stã♦ ❞❡ ♣❧❛❝❡❜♦❀

• ✉♠ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧ ❝♦♠ ✉♠❛ t❛r❡❢❛ ❢❡❝❤❛❞❛ ✭t❡st❡ ❝♦♥tr❛ r❡❧ó❣✐♦ ❡♠ ✉♠❛ ♣r♦✈❛ ❞❡ ✹

❑♠✮ ❝♦♠ ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛✳
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❖s t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ❞❡ ❢♦r♠❛ ❝❡❣❛✱ ♦✉ s❡❥❛✱ ♦s ✈♦❧✉♥tár✐♦s ♥ã♦ s❛❜✐❛♠ q✉❛♥❞♦ ❡st❛✈❛♠

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

✉♠❛ s❡♠❛♥❛✳

✻✳✷ ❊t❛♣❛s ❞❛ ❛♥á❧✐s❡ ❞❡ ❞❛❞♦s

❆ ❛♥á❧✐s❡ ❞❡ ❞❛❞♦s ❢♦✐ ❢❡✐t❛ ✉s❛♥❞♦ ✧s❝r✐♣ts✧ ♣ró♣r✐♦s ❢❡✐t♦s ♥♦ ✧s♦❢t✇❛r❡✧ ▼❛t❧❛❜ ❡ ♣♦❞❡ s❡r

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

• ❙❡♣❛r❛çã♦ ❞♦s ❞❛❞♦s ❡♠ ❝❛♥❛✐s ❢r♦♥t❛✐s ❞✐r❡✐t♦s ✭❋❉✮✱ ❝❛♥❛✐s ❢r♦♥t❛✐s ❡sq✉❡r❞♦s ✭❋❊✮ ❡ ❝❛♥❛✐s

♠✉s❝✉❧❛r❡s ✭▼❯❙❈✮❀

• ❈á❧❝✉❧♦ ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞♦s ❝r♦♠ó❢♦r♦s ✐♥❞✐✈✐❞✉❛✐s ❞❡ ❝❛❞❛ ✈♦❧✉♥tár✐♦✿ ◆❛s r❡❣✐õ❡s ❢r♦♥t❛✐s

✭❍❇❖ ❊ ❍❇❘✮✳ ◆❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r ✭ ❳❍❜❖ ✭ ❍❜❖ ✰ ▼❍❜❖✮ ❊ ❳❍❜❘ ✭❍❜❘ ✰ ▼❍❜❘✮✮❀

• ❚r❛♥s❢♦r♠❛çã♦ ❞♦s ❞❛❞♦s ❡♠ ✈❛❧♦r❡s ♣❡r❝❡♥t✉❛✐s ❞♦ t❡st❡❀

• ❈á❧❝✉❧♦ ❞❛s ♠é❞✐❛s ❞♦s ❣r✉♣♦s ♣❛r❛ ❝❛❞❛ t✐♣♦ ❞❡ t❛r❡❢❛✳

Pr✐♠❡✐r❛♠❡♥t❡✱ s❡♣❛r❛♠♦s ♦s ❞❛❞♦s ❡♠ três ❣r✉♣♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❞♦ ❛rr❛♥❥♦

ó♣t✐❝♦✿ ✶✮ ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛❀ ✷✮ ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛ ❡ ✸✮ ♥❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✳ ❊st❛

s❡♣❛r❛çã♦ é ♥❡❝❡ssár✐❛✱ ♣♦✐s ♦s ✈❛❧♦r❡s ❞❡ ❉P❋ sã♦ ❞✐❢❡r❡♥t❡s ♣❛r❛ ár❡❛s ♠✉s❝✉❧❛r❡s ❡ ❝❡r❡❜r❛✐s✳

❊st❡s ✈❛❧♦r❡s ❥á ❢♦r❛♠ ♣✉❜❧✐❝❛❞♦s ♣♦r ❡①❡♠♣♦ ❡♠ ❉❯◆❈❆◆ ❡t ❛❧✳ ✭✶✾✾✺✮ ❡♥tr❡ ♦✉tr♦s✳

◆❛s r❡❣✐õ❡s ❢r♦♥t❛✐s ❛s ❝♦♥❝❡♥tr❛çõ❡s sã♦ r❡❧❛t✐✈❛s s♦♠❡♥t❡ à ❤❡♠♦❣❧♦❜✐♥❛ ✭❍❜❖✱ ❍❜❘ ❡ ❍❜❚✮✱

❞✐❢❡r❡♥t❡♠❡♥t❡ ❞❛s r❡❣✐õ❡s ♠✉s❝✉❧❛r❡s ♥❛s q✉❛✐s t❡♠♦s ❛ ♣r❡s❡♥ç❛ ❞❛ ♠✐♦❣❧♦❜✐♥❛ ❡ ❞❛ ❤❡♠♦❣❧♦❜✐♥❛

♥♦ ♠ús❝✉❧♦✱ ❛ss✐♠ s❡♥❞♦✱ ❛s ❝♦♥❝❡♥tr❛çõ❡s sã♦ ❞❛❞❛s ♣❡❧❛ s♦♠❛ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❤❡♠♦❣❧♦❜✐♥❛

❝♦♠ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ♠✐♦❣❧♦❜✐♥❛✳ ■ss♦ ❛❝♦♥t❡❝❡ ❞❡✈✐❞♦ à ❝✉r✈❛ ❞❡ ❛❜s♦rçã♦ ❞❛ ♠✐♦❣❧♦❜✐♥❛ s❡

s♦❜r❡♣♦r à ❝✉r✈❛ ❞❡ ❛❜s♦rçã♦ ❞❛ ❤❡♠♦❣❧♦❜✐♥❛ ♥♦ ✐♥t❡r✈❛❧♦ ❞♦ ✐♥❢r❛✈❡r♠❡❧❤♦ ♣ró①✐♠♦✳ ❉❡st❛ ❢♦r♠❛

❞❡♥♦♠✐♥❛r❡♠♦s ❛s ❝♦♥❝❡♥tr❛çõ❡s r❡❧❛t✐✈❛s ❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r ❝♦♠♦✿ ❳❍❜❖ ✭❍❜❖ ✰ ▼❍❜❖✮✱ ❳❍❜❘

✭❍❜❘ ✰ ▼❍❜❘✮ ❡ ❳❍❜❚ ✭❍❜❚ ✰ ▼❍❜❚✮✳

▲♦❣♦ ❛♣ós ❛ s❡♣❛r❛çã♦ ❞♦s ❞❛❞♦s✱ ❞✐✈✐❞✐♠♦s ❛ ❛♥á❧✐s❡ ❡♠ ❞♦✐s ♣❛ss♦s✱ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❛

r❡❣✐ã♦ ♦♥❞❡ ❡st❛✈❛ ♣♦s✐❝✐♦♥❛❞♦ ♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ✭❢r♦♥t❛❧ ❞✐r❡✐t♦✴❡sq✉❡r❞♦ ♦✉ ♠✉s❝✉❧❛r✮✿ ✶✮ ❆♥á❧✐s❡

♣♦r ✈♦❧✉♥tár✐♦✱ ♥❛ q✉❛❧ ❝❛❧❝✉❧❛♠♦s ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❍❜❖ ❡ ❍❜❘❀ ✷✮ ♠é❞✐❛ ♣♦r ❣r✉♣♦✱ q✉❛♥❞♦

r❡❛❧✐③❛♠♦s ❛s ♠é❞✐❛s ❞❡ t♦❞♦s ♦s ✈♦❧✉♥tár✐♦s✳

❈❛❧❝✉❧❛♠♦s ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♠é❞✐❛s ♣❛r❛ ❝❛❞❛ ✈♦❧✉♥tár✐♦✳ ❉❡st❛ ❢♦r♠❛✱ t❡♠♦s ♦ q✉❡

❝❤❛♠❛♠♦s r❡s♣♦st❛ ♣❛❞rã♦ ❞❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r ✭❘▼✮✱ ❞❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛ ✭❘❋❉✮ ❡ ❞❛ r❡❣✐ã♦

❢r♦♥t❛❧ ❡sq✉❡r❞❛ ✭❘❋❊✮✳ ❊st❡s ♣❛ss♦s ❡stã♦ r❡s✉♠✐❞♦s ❛❜❛✐①♦✿

• ❖s ❞❛❞♦s ❞❡ ✐♥t❡♥s✐❞❛❞❡ ❧✉♠✐♥♦s❛ sã♦ ✜❧tr❛❞♦s ♣♦r ✉♠ ✜❧tr♦ ❞❡ ❇✉tt❡r✇♦rt❤ ❞❡ t❡r❝❡✐r❛ ♦r❞❡♠

❝♦♠ ♣❛râ♠❡tr♦s✿ ❍P❋✭✵✳✵✮ ❡ ▲P❋✭✵✳✺✮ ♣❛r❛ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡ ❍P❋✭✵✳✵✮ ❡ ▲P❋✭✵✳✹✮ ♣❛r❛ ❛

r❡❣✐ã♦ ♠✉s❝✉❧❛r❀

• ❯s❛♠♦s ❛ ▼❇▲▲ ❝♦♠ ♣❛râ♠❡tr♦s ❞❡ ❉P❋ ✭❉P❋ ❢r♦♥t❛❧ ❞❡ ✻✱✶✺ ♣❛r❛ ✻✾✵ ♥♠ ❡ ✹✱✼✼ ♣❛r❛ ✽✸✵

♥♠ ❡ ❉P❋ ♠✉s❝✉❧❛r ❞❡ ✻✱✺✶ ♣❛r❛ ✻✾✵ ♥♠ ❡ ✺✱✽✻ ♣❛r❛ ✽✸✵ ♥♠✮ ♣❛r❛ ❝❛❧❝✉❧❛r ❛s ❝♦♥❝❡♥tr❛çõ❡s

❞❡ ❍❜❖ ❡ ❍❜❘ ❞❡ ❝❛❞❛ ❝❛♥❛❧ ✭✈❛❧♦r❡s r❡t✐r❛❞♦s ❞♦ ❛rt✐❣♦ ❉❯◆❈❆◆ ❡t ❛❧✳ ✭✶✾✾✺✮✮❀



✺✹ ❊❚❆P❆❙ ❉❆ ❆◆➪▲■❙❊ ❉❊ ❉❆❉❖❙ ✻✳✷

• ❊❧✐♠✐♥❛♠♦s ♦s ❝❛♥❛✐s ♠❛✐s r✉✐❞♦s♦s❀

• ❈❛❧❝✉❧❛♠♦s ❛ ♠é❞✐❛ ❞♦s ❝❛♥❛✐s r❡st❛♥t❡s ♣❛r❛ t❡r♠♦s ❛ ✧r❡s♣♦st❛ ♣❛❞rã♦✧ ♠✉s❝✉❧❛r✱ ❢r♦♥t❛❧

❞✐r❡✐t❛ ❡ ❢r♦♥t❛❧ ❡sq✉❡r❞❛ ♣❛r❛ ❝❛❞❛ ✈♦❧✉♥tár✐♦✳

❆ ❡①❝❧✉sã♦ ❞♦s ❝❛♥❛✐s r✉✐❞♦s♦s s❡❣✉✐✉ três ❝r✐tér✐♦s✿ ✶✮■♥✐❝✐❛❧♠❡♥t❡ r❡t✐r❛♠♦s ♦s ❝❛♥❛✐s q✉❡

❢♦r❛♠ ❞❡s❝❛rt❛❞♦s ❡ ❞❡s❝r✐t♦s ♥❛ s❡çã♦ ✻✳✶✳✸✮❀ ✷✮ ❈❛❧❝✉❧❛♠♦s ❛ r❡❧❛çã♦ s✐♥❛❧ r✉í❞♦ ✭❙◆❘✮ ♣❛r❛ ❝❛❞❛

✈♦❧✉♥tár✐♦ ♣❛r❛ ♦s ❝r♦♠ó❢♦r♦s ✭❍❜❖ ❡ ❍❜❘✮ ❡♠ ❛♠❜❛s ❛s r❡❣✐õ❡s ✭❢r♦♥t❛✐s ❡ ♠✉s❝✉❧❛r❡s✮✳ ❈❛♥❛✐s

❝♦♠ ❙◆❘ ❛❝✐♠❛ ❞♦ ✈❛❧♦r ❧✐♠✐❛r ♠é❞✐♦ ❞❡ ❙◆❘✱ ♥♦s ❞♦✐s ❝r♦♠ó❢♦r♦s✱ ❝♦♥t✐♥✉❛r❛♠ ♥❛ ❛♥á❧✐s❡✳ ❈❛s♦

✉♠ ❞♦s ❝r♦♠ó❢♦r♦s t✐✈❡ss❡ ✉♠ ✈❛❧♦r ❛❜❛✐①♦ ❞♦ ✈❛❧♦r ❧✐♠✐❛r ❞❡ ❙◆❘ ♠é❞✐❛ t♦❞♦ ♦ ❝❛♥❛❧ ❡r❛ ❡①❝❧✉í❞♦✳

✸✮ ■♥s♣❡çã♦ ✈✐s✉❛❧ ❞♦s ❝❛♥❛✐s r❡st❛♥t❡s✳ ◆❛ ❚❛❜❡❧❛ ✻✳✷ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ❞❡ ❙◆❘ ♣❛r❛

❝❛❞❛ ✈♦❧✉♥tár✐♦ ✭❈✐❝❧✐st❛s ❡ ❋✐s✐❝❛♠❡♥t❡ ➪t✐✈♦s✮ ♥❛s ❞✉❛s r❡❣✐õ❡s ♠❡❞✐❞❛s ✭❋r♦♥t❛❧ ❡ ▼✉s❝✉❧❛r✮ ❡ ❛

q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛♥❛✐s ✉s❛❞♦s ❛♣ós ♦s três ♣❛ss♦s ❞♦ ❝r✐tér✐♦ ❞❡ ❡①❝❧✉sã♦✳

❚❛❜❡❧❛ ✻✳✷✿ ❱❛❧♦r❡s ❞♦ ❧✐♠✐❛r ❞♦ ❙◆❘ ✭❙◆❘✮ ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛♥❛✐s ✉t✐❧✐③❛❞♦s ✭◗❈❯✮ ♣❛r❛ ❝❛❞❛

✈♦❧✉♥tár✐♦ ♥❛s ❞✉❛s r❡❣✐õ❡s ♠❡❞✐❞❛s ✭❋r♦♥t❛❧ ❡ ▼✉s❝✉❧❛r✮✳ ▼é❞✐❛✭
∑n

i=1
xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀

❱♦❧✉♥tár✐♦
❈✐❝❧✐st❛s ❋✐s✐❝❛♠❡♥t❡ ❆t✐✈♦s

▼ús❝✉❧♦ ❋r♦♥t❛❧ ▼ús❝✉❧♦ ❋r♦♥t❛❧
◗❈❯ ❙◆❘ ◗❈❯ ❙◆❘ ◗❈❯ ❙◆❘ ◗❈❯ ❙◆❘

✵✶ ✼ ✷✱✽✺ ✽ ✶✱✻✼ ✷ ✷✳✶✹ ✽ ✷✱✽✾
✵✷ ✼ ✸✱✼✺ ✽ ✶✱✸✷ ✼ ✹✱✷✺ ✽ ✶✱✹✸
✵✸ ✼ ✷✱✼✷ ✽ ✶✱✻✻ ✸ ✶✱✼✵ ✽ ✶✱✼✻
✵✹ ✼ ✹✱✷✺ ✽ ✶✱✼✶ ✹ ✷✱✷✽ ✽ ✶✱✽✺
✵✺ ✷ ✶✱✾✺ ✽ ✷✱✸✽ ✷ ✷✱✹✻ ✽ ✷✱✽✶
✵✻ ✷ ✵✱✹✽ ✽ ✶✱✺✻ ✹ ✹✱✷✼ ✽ ✶✱✼✷
✵✼ ✼ ✵✱✶✸ ✽ ✶✱✾✸ ✷ ✹✱✶✵ ✽ ✶✱✽✶
✵✽ ✹ ✶✱✾✷ ✽ ✷✱✵✻ ✼ ✸✱✸✼ ✽ ✷✱✺✾
✵✾ ✸ ✷✱✵✼ ✽ ✶✱✾✽ ✹ ✶✱✺✻ ✽ ✷✱✶✶

▼é❞✐❛ ✺ ✷✱✷ ✽ ✶✱✽ ✹ ✸✱✸ ✽ ✷✱✶
❡rr♦ ✶ ✵✱✹ ✵ ✵✱✶ ✶ ✵✱✺ ✵ ✵✱✷

◆❛ ❋✐❣✉r❛ ✻✳✼✱ t❡♠♦s ✉♠ ❡①❡♠♣❧♦ ❝♦♠♣❧❡t♦ ❞❛ ❛q✉✐s✐çã♦ ❞❡ ✉♠ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧ ❞❡ ✉♠

✈♦❧✉♥tár✐♦✱ ♦♥❞❡ é ❛♣r❡s❡♥t❛❞❛ ❛ r❡s♣♦st❛ ♣❛❞rã♦ ♣❛r❛ t♦❞❛s ❛s r❡❣✐õ❡s✱ ❡♠ t♦❞♦s ❞♦ ❡stá❣✐♦s ❛♣ós

♦ t❡st❡ ❞❡ ❡①❝❧✉sã♦ ❞♦s ❝❛♥❛✐s✳

• ❙❡♣❛r❛♠♦s ❛s ♣❛rt❡s r❡❧❛t✐✈❛s ❛♦ t❡st❡ ✭♣r♦❣r❡ss✐✈♦ ♦✉ ❝♦♥tr❛ r❡❧ó❣✐♦✮ ❞❡ ♦✉tr❛s ♣❛rt❡s ❞❛

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

• ❈♦♥✈❡rt❡♠♦s ♦ t❡♠♣♦ ❛❜s♦❧✉t♦ ❡♠ ♣❡r❝❡♥t✉❛❧ ❞♦ t❡st❡❀

• ❈❛❧❝✉❧❛♠♦s ❛ ♠é❞✐❛ ♣❛r❛ ❝❛❞❛ ❣r✉♣♦✳

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

♣❡r❝❡♥t✉❛❧ ❞♦ t❡st❡✳ ❈❛❞❛ ♣♦♥t♦ ❞♦s ❣rá✜❝♦s r❡❢❡r❡♥t❡s às ❙❡çõ❡s ✻✳✸✳✶✱ ✻✳✸✳✷✱ ✻✳✸✳✸ ❡ ✻✳✸✳✹ é ❞❛❞♦

♣❡❧❛ ♠é❞✐❛ ❞❡ ✶✵✪ ❞♦ t❡♠♣♦ t♦t❛❧ ❞❛ t❛r❡❢❛✳ ■ss♦ ❢♦✐ r❡❛❧✐③❛❞♦ ❞❡✈✐❞♦ à ❞✐❢❡r❡♥ç❛ ❞❡ t❡♠♣♦ ❞❡

t❡st❡ ❞❡ ❝❛❞❛ ✈♦❧✉♥tár✐♦✳ ❆♣ós ♦ ❝á❧❝✉❧♦ ❞❛ ✧r❡s♣♦st❛ ♣❛❞rã♦ ❤❡♠♦❞✐♥â♠✐❝❛✧ ♣❛r❛ ❝❛❞❛ ✈♦❧✉♥tár✐♦✱



✻✳✸ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✺✺

❋✐❣✉r❛ ✻✳✼✿ ❊①❡♠♣❧♦ ❞❡ ✉♠❛ ❛q✉✐s✐çã♦ ❝♦♠♣❧❡t❛ r❡❧❛❝✐♦♥❛❞❛ ❛ ✉♠ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧ ♣❛r❛ ✉♠
✈♦❧✉♥tár✐♦✱ ♠♦str❛♥❞♦ t♦❞♦s ♦s ❡stá❣✐♦s ❞♦ ♣r♦t♦❝♦❧♦ r❡❛❧✐③❛❞♦ ❡♠ t❡♠♣♦ ❛❜s♦❧✉t♦✳

r❡❛❧✐③❛♠♦s ❛ ♠é❞✐❛ ♣♦r ❣r✉♣♦ ✭♦ ❣r✉♣♦ ✈❛✐ ❞❡♣❡♥❞❡r ❞♦ ❡st✉❞♦ r❡❛❧✐③❛❞♦✮✳ ❯♠ r❡s✉♠♦ ❞♦s ♣❛ss♦s

❡stá ❞❡s❝r✐t♦ ❛❜❛✐①♦✿

❯♠❛ ✈❡③ ❝❛❧❝✉❧❛❞❛s ❛s ♠é❞✐❛s ❞❡ ❝❛❞❛ ❣r✉♣♦✱ ❞✐✈✐❞✐♠♦s ❛ ❛♥á❧✐s❡ ❞❡st❛ ❛♣❧✐❝❛çã♦ ❡♠ q✉❛tr♦

❡st✉❞♦s ❞✐❢❡r❡♥t❡s ❛♣r❡s❡♥t❛❞♦s ❛❜❛✐①♦✿

✶✳ ❘❡♣r♦❞✉t✐❜✐❧✐❞❛❞❡ ❡♠ t❡st❡s ♣r♦❣r❡ss✐✈♦s ✭t❛r❡❢❛ ❛❜❡rt❛✮ ❡♠ ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s

✭❙❡çã♦ ✻✳✸✳✶✮❀

✷✳ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s ❡ ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❡♠ t❡st❡s ♣r♦❣r❡ss✐✈♦s ✭t❛r❡❢❛

❛❜❡rt❛✮ ✭❙❡çã♦ ✻✳✸✳✷✮❀

✸✳ ❊❢❡✐t♦ ❞❛ ❝❛❢❡í♥❛ ❡ ♣❧❛❝❡❜♦ ❡♠ ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❡♠ t❡st❡s ♣r♦❣r❡ss✐✈♦s ✭t❛r❡❢❛

❛❜❡rt❛✮ ✭❙❡çã♦ ✻✳✸✳✸✮❀

✹✳ ❊❢❡✐t♦ ❞❛ ❝❛❢❡í♥❛ ❡ ♣❧❛❝❡❜♦ ❡♠ ✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s ❡♠ t❡st❡s ❝♦♥tr❛ r❡❧ó❣✐♦ ❡♠ ♣r♦✈❛s ❞❡

✹❑♠ ✭t❛r❡❢❛ ❢❡❝❤❛❞❛✮ ✭❙❡çã♦ ✻✳✸✳✹✮✳

✻✳✸ ❘❡s✉❧t❛❞♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦s ❡st✉❞♦s

✻✳✸✳✶ ❘❡♣r♦❞✉t✐❜✐❧✐❞❛❞❡ ❡♠ t❡st❡s ♣r♦❣r❡ss✐✈♦s ✭t❛r❡❢❛ ❛❜❡rt❛✮ ♥♦s

✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s

❖❜❥❡t✐✈♦

❊st❡ ❡st✉❞♦ t❡✈❡ ♣♦r ✜♥❛❧✐❞❛❞❡ ✈❡r✐✜❝❛r ❛ r❡♣r♦❞✉t✐❜✐❧✐❞❛❞❡ ❞♦s ❞❛❞♦s ❞❡ ◆■❘❙ ❡♠ ✈♦❧✉♥tár✐♦s

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



✺✻ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✳✸

❱♦❧✉♥tár✐♦s

P❛rt✐❝✐♣❛r❛♠ ❞❡st❡ ❡st✉❞♦ ♥♦✈❡ ✈♦❧✉♥tár✐♦s ❞♦ ❣r✉♣♦ ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦✳ ❋♦✐ ♣♦ssí✈❡❧ s❡♣❛r❛r ♦s

❞❛❞♦s ❡♠ ❞♦✐s ❣r✉♣♦s✱ r❡❧❛❝✐♦♥❛♥❞♦✲♦s ❛♦ ❞✐❛ ❡♠ q✉❡ ❢♦r❛♠ r❡❛❧✐③❛❞♦s ♦s t❡st❡s✳ ❆ss✐♠ t❡♠♦s✿

• ❉✐❛ ✶ ✲ ❘❡❛❧✐③❛çã♦ ❞♦ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❛ ❢❛♠✐❧✐❛r✐③❛çã♦ ❝♦♠ ♦ ♣r♦t♦❝♦❧♦

❡①♣❡r✐♠❡♥t❛❧❀

• ❉✐❛ ✷ ✲ ❘❡❛❧✐③❛çã♦ ❞♦ ♣r♦t♦❝♦❧♦ ❡①♣❡r✐♠❡♥t❛❧ ❞❡ ❝♦♥tr♦❧❡✳

❘❡s✉❧t❛❞♦s

◆❛ ❚❛❜❡❧❛ ✻✳✸✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s t❡♠♣♦s ❞♦s t❡st❡s ❞♦s ✈♦❧✉♥tár✐♦s ♥♦s ❞♦✐s ❞✐❛s ❡ ❛ ❞✐❢❡r❡♥ç❛

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

❚❛❜❡❧❛ ✻✳✸✿ ❚❛❜❡❧❛ ❝♦♠ ♦s t❡♠♣♦s ❞❡ ❡①❡r❝í❝✐♦ ❞♦s ✈♦❧✉♥tár✐♦s ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s ♥❛s t❛r❡❢❛s
♣r♦❣r❡ss✐✈❛s✳ ❉✐❛ ✶ ✲ ❢❛♠✐❧✐❛r✐③❛çã♦❀ ❉✐❛ ✷ ✲ ❝♦♥tr♦❧❡❀ t❡♠♣♦ ❞❡ ❞✉r❛çã♦ ❞♦s t❡st❡s ❡♠ s❡❣✉♥❞♦s❀
▼é❞✐❛✭

∑n
i=1

xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀

❱♦❧✉♥tár✐♦ ❉✐❛ ✶ ✭s❡❣✮ ❉✐❛ ✷✭s❡❣✮ ❉✐❛✷ ✲ ❉✐❛✶✭s❡❣✮ ♠❡❧❤♦r❛ ♣❡r❝❡♥t✉❛❧ ✭✪✮
❱♦❧✳ ✶ ✹✶✵ ✹✵✶ ✲✾ ✲✷
❱♦❧✳ ✷ ✸✽✸ ✹✷✵ ✸✼ ✾
❱♦❧✳ ✸ ✹✵✶ ✹✶✵ ✾ ✷
❱♦❧✳ ✹ ✹✾✻ ✻✵✵ ✶✵✹ ✷✵
❱♦❧✳ ✺ ✸✷✺ ✸✺✵ ✷✺ ✼
❱♦❧✳ ✻ ✹✻✺ ✹✻✵ ✲✺ ✲✶
❱♦❧✳ ✼ ✹✷✵ ✹✵✺ ✲✶✺ ✲✸
❱♦❧✳ ✽ ✸✷✻ ✸✶✵ ✲✶✻ ✲✹
❱♦❧✳ ✾ ✸✺✵ ✸✽✾ ✸✾ ✶✶
▼é❞✐❛ ✸✾✼ ✹✶✻ ✶✽ ✹
❡rr♦ ✶✾ ✷✼ ✶✷ ✷

P♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ ♦s t❡♠♣♦s sã♦ ♣ró①✐♠♦s✱ ❝♦♠ ✉♠❛ ❞✐❢❡r❡♥ç❛ ♠é❞✐❛ ✭✶✽ ± ✶✷✮ s❡❣✉♥❞♦s✱

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

❖❜s❡r✈❛♠♦s q✉❡ ♦ ✈♦❧✉♥tár✐♦ ✹✱ ♦❜t❡✈❡ ✉♠ ❞❡s❡♠♣❡♥❤♦ ♠✉✐t♦ ❞✐❢❡r❡♥t❡ ❡♥tr❡ ♦s ❞♦✐s ❞✐❛s✳ ❊st❛

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

❢❛♠✐❧✐❛r✐③❛çã♦ ✭❞✐❛ ✶✮ ♦ ✈♦❧✉♥tár✐♦ s❡ ❝❛♥s♦✉ ♠❛✐s ♥♦s ❞♦✐s ❛q✉❡❝✐♠❡♥t♦s ✭❧✐✈r❡ ♠❛✐s ❝♦♥tr♦❧❛❞♦✮

❞♦ q✉❡ ♥♦ ❞✐❛ ❡♠ q✉❡ r❡❛❧✐③♦✉ ♦ ♣r♦t♦❝♦❧♦ ❞❡ ❝♦♥tr♦❧❡ ✭❞✐❛ ✷✮✳ ❈♦♠ ❛ ❡①❝❧✉sã♦ ❞❡st❡ ✈♦❧✉♥tár✐♦✱ ❛

❞✐❢❡r❡♥ç❛ ♠é❞✐❛ ❡♥tr❡ ♦s ❞✐❛s ❝❛✐✉ ♣❛r❛ ✭✽ ± ✽✮ s❡❣✉♥❞♦s✳

◆❛ ❋✐❣✉r❛ ✻✳✽✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ✈❛r✐❛çõ❡s ♥❛s ❝♦♥❝❡♥tr❛çõ❡s ♠é❞✐❛s ❞❡ ❍❜❖✱ ❍❜❘ ❡ ❍❜❚✱

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

❡ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ t♦❞♦s ♦s ✈♦❧✉♥tár✐♦s✳

◆❡st❡s ❣rá✜❝♦s✱ ♦s ❞❛❞♦s ❡stã♦ ❡♠ ♣♦r❝❡♥t❛❣❡♠ ❞♦ t❡st❡✱ ❞❡✈✐❞♦ à ❞✐❢❡r❡♥ç❛ ❞❡ t❡♠♣♦ ♥♦s t❡st❡s✳

◗✉❛♥❞♦ ♦❧❤❛♠♦s ♣❛r❛ ♦ t❡♠♣♦ ❛❜s♦❧✉t♦✱ ❡st❛ ❞✐❢❡r❡♥ç❛ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞❛ ❡♠ ❚❛❜❡❧❛ ✻✳✸✳

❖❧❤❛♥❞♦ ♣❛r❛ ❛s ♠é❞✐❛s ❞♦s ❣r✉♣♦s ✭❋✐❣✉r❛ ✻✳✽✮ ❞♦s ❝❛♥❛✐s ♣♦s✐❝✐♦♥❛❞♦s ♥❛ r❡❣✐ã♦ ❋r♦♥t❛❧

❞✐r❡✐t❛✱ ❡♥tr❡ ❞✐❛s ❞✐❢❡r❡♥t❡s✱ ❢♦✐ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡✱ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ❛s ❝♦♥❝❡♥tr❛çõ❡s r❡s✉❧t❛r❛♠



✻✳✸ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✺✼

❋✐❣✉r❛ ✻✳✽✿ ❘❡s♣♦st❛ ♠é❞✐❛ ♦❜t✐❞❛s ♥♦s ❝❛♥❛✐s ❢r♦♥t❛✐s ❞✐r❡✐t♦s ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s ♣❛r❛ t♦❞♦s
❝r♦♠ó❢♦r♦s✳ ❍❜❖✭❆✮❀ ❍❜❘✭❇✮❀ ❍❜❚✭❈✮✳ ❉✐❛ ✶ ✭❞✶✮ ✲ ❢❛♠✐❧✐❛r✐③❛çã♦❀ ❉✐❛ ✷ ✭❞✷✮ ✲ ❝♦♥tr♦❧❡❀

❡♠ ✈❛❧♦r❡s ♣ró①✐♠♦s✱ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝r♦♠ó❢♦r♦s✳ ◆❛ ❚❛❜❡❧❛ ✻✳✹✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ❞❛s

❝♦♥❝❡♥tr❛çõ❡s ♥♦ ✜♥❛❧ ❞❛ t❛r❡❢❛✳

❚❛❜❡❧❛ ✻✳✹✿ ❱❛❧♦r❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✱ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♠❡❞✐❞❛s ♥❛ r❡❣✐ã♦
❢r♦♥t❛❧ ❞✐r❡✐t❛

Pr♦t♦❝♦❧♦ ❍❜❖ ✭µ ▼✮ ❍❜❘✭µ ▼✮ ❍❜❚✭µ ▼✮
❞✐❛ ✶ ✭❢❛♠✐❧✐❛r✐③❛çã♦✮ 26, 0± 0, 7 0, 7± 0, 2 26, 7± 0, 8
❞✐❛ ✷ ✭❝♦♥tr♦❧❡✮ 25, 4± 0, 9 0, 2± 0, 2 25± 1

❖❜s❡r✈❛♠♦s t❛♠❜é♠ q✉❡ ❡①✐st❡ ✉♠ ♣✐❝♦ ♣❛r❛ ❛ ✈❛r✐❛çã♦ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❍❜❖✳ ❊st❡ ♣✐❝♦

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

❛ ♦①✐❣❡♥❛çã♦ ♥❛ r❡❣✐ã♦ ❝♦♠❡ç❛ ❛ s♦❢r❡r ✉♠❛ q✉❡❞❛✳ ❊st❡ ❝♦♠♣♦rt❛♠❡♥t♦ ❢♦✐ ✈✐st♦ ♥♦s ❞♦✐s ❞✐❛s✳

❊st❡ ♠♦♠❡♥t♦ ✜❝❛ ❡♠ t♦r♥♦ ❞❡ ✽✵✪ ❞❛ t❛r❡❢❛ ♥♦ ♣r♦t♦❝♦❧♦ ❞❡ ❢❛♠✐❧✐❛r✐③❛çã♦ ✭❞✐❛ ✶✮ ❡ ♥♦ ❞✐❛ ❞♦

t❡st❡ ❝♦♥tr♦❧❡ ♣♦r ✈♦❧t❛ ❞❡ ✾✵✪ ❞♦ t❡st❡✳

◆❛ ❋✐❣✉r❛ ✻✳✾✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ✈❛r✐❛çõ❡s ♥❛s ❝♦♥❝❡♥tr❛çõ❡s ♠é❞✐❛s ❞❡ ❍❜❖✱ ❍❜❘ ❡ ❍❜❚✱ r❡✲

❣✐str❛❞❛s ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛✳ ❊st❛s ♠é❞✐❛s ❢♦r❛♠ ❝❛❧❝✉❧❛❞❛s ♣❛r❛ ♦s ❞♦✐s ❞✐❛s ❞❡ ❡①♣❡r✐♠❡♥t♦

❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ t♦❞♦s ♦s ✈♦❧✉♥tár✐♦s✳

❖❧❤❛♥❞♦ ♣❛r❛ ❛s ♠é❞✐❛s ❞♦s ❣r✉♣♦s ✭❋✐❣✉r❛ ✻✳✾✮ ❞♦s ❝❛♥❛✐s ♣♦s✐❝✐♦♥❛❞♦s ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡s✲

q✉❡r❞❛✱ ❡♥tr❡ ♦s ❞✐❛s ❞✐❢❡r❡♥t❡s✱ ♦❜s❡r✈❛♠♦s q✉❡✱ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ❛s ❝♦♥❝❡♥tr❛çõ❡s ♣♦ss✉❡♠ ✈❛❧♦r❡s

♣ró①✐♠♦s ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝r♦♠ó❢♦r♦s✳ ◆❛ ❚❛❜❡❧❛ ✻✳✺ ❛♣r❡s❡♥t❛♠♦s ♦s ✈❛❧♦r❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s✱

♥♦ ✜♥❛❧ ❞❛ t❛r❡❢❛ ❞❛❞♦ s❡♠❡❧❤❛♥t❡ ❛♦ ♦❜s❡r✈❛❞♦ ♣❛r❛ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛✳

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

❡sq✉❡r❞❛ t❛♠❜é♠ ❛♣r❡s❡♥t❛♠ ✉♠ ♣✐❝♦ ❡♠ ❍❜❖✱ q✉❡ ♣♦❞❡ ✐♥❞✐❝❛r ♦ ♠♦♠❡♥t♦ ♥♦ q✉❛❧ ♦ ✈♦❧✉♥tár✐♦

❝♦♠❡ç❛ ❛ ❞❡s✐st✐r ❞❛ r❡❛❧✐③❛çã♦ ❞❛ t❛r❡❢❛✱ ♣♦✐s ❛ ♦①✐❣❡♥❛çã♦ ♥❛ r❡❣✐ã♦ t❡♠ ✉♠❛ q✉❡❞❛✳ ❊st❡ ♠♦♠❡♥t♦



✺✽ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✳✸

❋✐❣✉r❛ ✻✳✾✿ ❘❡s♣♦st❛ ♠é❞✐❛ ♦❜t✐❞❛ ♥♦s ❝❛♥❛✐s ❢r♦♥t❛✐s ❡sq✉❡r❞♦s ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s ♣❛r❛ t♦❞♦s
❝r♦♠ó❢♦r♦s✳ ❍❜❖✭❆✮❀ ❍❜❘✭❇✮❀ ❍❜❚✭❈✮✳ ❉✐❛✶ ✭❞✶✮ ✲ ❢❛♠✐❧✐❛r✐③❛çã♦❀ ❉✐❛ ✷ ✭❞✷✮ ✲ ❝♦♥tr♦❧❡❀

❚❛❜❡❧❛ ✻✳✺✿ ❱❛❧♦r❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s✱ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♣❛r❛ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧
❡sq✉❡r❞❛✳

Pr♦t♦❝♦❧♦ ❍❜❖ ✭µ ▼✮ ❍❜❘✭µ ▼✮ ❍❜❚✭µ ▼✮
❞✐❛ ✶ ✭❢❛♠✐❧✐❛r✐③❛çã♦✮ 27± 1 0, 6± 0, 1 27, 8± 0, 7
❞✐❛ ✷ ✭❝♦♥tr♦❧❡✮ 27, 2± 0, 7 0, 4± 0, 3 27± 1

✜❝❛ ❡♠ t♦r♥♦ ❞❡ ✽✵✪ ♥♦ ♣r♦t♦❝♦❧♦ r❡❧❛❝✐♦♥❛❞♦ ❛♦ t❡st❡ ❞❡ ❢❛♠✐❧✐❛r✐③❛çã♦ ✭❞✐❛ ✶✮ ❡ ♥♦ ❞✐❛ ❞♦ ♣r♦t♦❝♦❧♦

❞❡ ❝♦♥tr♦❧❡ ♣♦r ✈♦❧t❛ ❞❡ ✾✵✪ ❞♦ t❡st❡✱ ♦❧❤❛♥❞♦ ♣❛r❛ ❛s ❝✉r✈❛s ❢r♦♥t❛✐s ❡sq✉❡r❞❛ ♥♦s ❞♦✐s ❞✐❛s✳

❖s ♣✐❝♦s ♦❜s❡r✈❛❞♦s ♣❛r❛ ❍❜❖ ❛❝❛❜❛r❛♠ s❡ ♠❛♥✐❢❡st❛♥❞♦ t❛♠❜é♠ ♥♦s ❞❛❞♦s ❞❡ ❍❜❚ ✭❋✐❣✉r❛s

✻✳✽ ❈ ❡ ✻✳✾ ❈ ✮

❖✉tr♦ ❛s♣❡❝t♦ ✐♠♣♦rt❛♥t❡ ❞❡ s❡r ♥♦t❛❞♦ é q✉❡ ♦s ❞❛❞♦s ❞❡ ❍❜❖ ❞❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛ ❝r❡s❝❡♠

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

s✐st❡♠❛t✐❝❛♠❡♥t❡ s✉♣❡r✐♦r❡s ❛♦ ❞♦ s❡❣✉♥❞♦ ❞✐❛ ✭❞✷✮ ✭❋✐❣✉r❛ ✻✳✽ ❆✮✳ ❯♠ ❝♦♠♣♦rt❛♠❡♥t♦ s❡♠❡❧❤❛♥t❡

é ♦❜s❡r✈❛❞♦ ♣❛r❛ ♦ ❍❜❖ ♦❜t✐❞♦ ♣❛r❛ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛ ✭❋✐❣✉r❛ ✻✳✾ ❆✮✱ s❡♥❞♦ q✉❡ ♥❡st❡ ❝❛s♦

sã♦ ♦s ❞❛❞♦s ❞♦ s❡❣✉♥❞♦ ❞✐❛✭❞✷✮ q✉❡ ❛♣r❡s❡♥t❛♠ ✈❛❧♦r❡s s✉♣❡r✐♦r❡s ❛♦s ❞♦ ♣r✐♠❡✐r♦ ❞✐❛ ✭❞✶✮✳

◗✉❛♥t♦ ❛♦s ❞❛❞♦s ❞❡ ❍❜❘✱ ❡st❡s ❛♣r❡s❡♥t❛♠ ❝♦♠♣♦rt❛♠❡♥t♦ s❡♠❡❧❤❛♥t❡ ♣❛r❛ ❛s ❞✉❛s r❡❣✐õ❡s

❢r♦♥t❛✐s ✭❋✐❣✉r❛ ✻✳✽❇ ❡ ✻✳✾❇✮✳ ❆♠❜♦s ❛♣r❡s❡♥t❛♠ ✉♠❛ q✉❡❞❛ ❛té ♣ró①✐♠♦ ❞❡ ✹✵✪ ❞♦ t❡st❡✱ s❡❣✉✐♥❞♦

✉♠❛ r❡❝✉♣❡r❛çã♦ q✉❡ s✉♣❡r❛ ♦ ♥í✈❡❧ ❜❛s❛❧✱ s❡♥❞♦ q✉❡ ❡st❡s ❝♦♠♣♦rt❛♠❡♥t♦s ✭q✉❡❞❛ ❡ r❡❝✉♣❡r❛çã♦✮

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

◆❛ ❋✐❣✉r❛ ✻✳✶✵✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ✈❛r✐❛çõ❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❳❍❜❖✱ ❳❍❜❘ ❡ ❳❍❜❚✱

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

t♦❞♦s ♦s ✈♦❧✉♥tár✐♦s✳

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



✻✳✸ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✺✾

❋✐❣✉r❛ ✻✳✶✵✿ ❘❡s♣♦st❛ ♠é❞✐❛ ♦❜t✐❞❛ ❞♦s ❝❛♥❛✐s ♠✉s❝✉❧❛r❡s ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s✱ ♣❛r❛ t♦❞♦s ♦s ❝r♦✲
♠ó❢♦r♦s✳ ❍❜❖✭❆✮❀ ❍❜❘✭❇✮❀ ❍❜❚✭❈✮✳ ❉✐❛✶ ✭❞✶✮ ✲ ❢❛♠✐❧✐❛r✐③❛çã♦❀ ❉✐❛ ✷ ✭❞✷✮ ✲ ❝♦♥tr♦❧❡❀

♣♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ t❛♠❜é♠ t❡♠♦s ❝♦♥❝❡♥tr❛çõ❡s ❝♦♠ ✈❛❧♦r❡s ♣ró①✐♠♦s ♣❛r❛

❝❛❞❛ ✉♠ ❞♦s ❝r♦♠ó❢♦r♦s✳ ❖s ✈❛❧♦r❡s ❡stã♦ ♥❛ ❚❛❜❡❧❛ ✻✳✻✳

❚❛❜❡❧❛ ✻✳✻✿ ❱❛❧♦r❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♠❡❞✐❞❛s ♣❛r❛ ❛ r❡❣✐ã♦
♠✉s❝✉❧❛r✳

Pr♦t♦❝♦❧♦ ❳❍❜❖ ✭µ ▼✮ ❳❍❜❘✭µ ▼✮ ❳❍❜❚✭µ ▼✮
❞✐❛ ✶ ✭❢❛♠✐❧✐❛r✐③❛çã♦✮ 2, 9± 0, 8 2, 6± 0, 3 5± 1
❞✐❛ ✷ ✭❝♦♥tr♦❧❡✮ 0, 8± 0, 7 2, 1± 0, 3 2, 9± 0, 8

◆♦ ❝❛s♦ ❞♦ ♠ús❝✉❧♦✱ ♥ã♦ ♦❜s❡r✈❛♠♦s ✉♠ ♣✐❝♦ r❡❧❛❝✐♦♥❛❞♦ à ❳❍❜❖✳ ▼❛s ♦❜s❡r✈❛✲s❡ ❛ t❡♥❞ê♥❝✐❛

❞❡ q✉❡❞❛ ❞✉r❛♥t❡ q✉❛s❡ t♦❞♦ ♦ ❡①❡r❝í❝✐♦ ❡ ✉♠❛ t❡♥❞ê♥❝✐❛ ❞❡ s✉❜✐❞❛ ♣❛r❛ ♦ ❳❍❜❘ ❞✉r❛♥t❡ t♦❞♦ ♦

❡①❡r❝í❝✐♦✱ ❛♣ós ✉♠❛ ♣❡q✉❡♥❛ q✉❡❞❛ ✐♥✐❝✐❛❧✳

P♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ ❛s ❝✉r✈❛s ❞❡ ❳❍❜❖✱ ❳❍❜❘ ❡ ❳❍❜❚ ♠é❞✐❛s ❞♦s ❣r✉♣♦s tê♠ ✉♠ ❢♦r♠❛t♦

♣❛r❡❝✐❞♦ ♣❛r❛ ❛♠❜♦s ❛s ❣❡♦♠❡tr✐❛s✳ ❘❡❛❧✐③❛♥❞♦ t❡st❡s ❞❡ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ♦s ❞✐❛s ❞✐❢❡r❡♥t❡s ♣♦❞❡♠♦s

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

♦s ❞✐❛s✳

◆❛ ❚❛❜❡❧❛ ✻✳✼✱ ♣♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ t❡♠♦s ❜♦❛s ❝♦rr❡❧❛çõ❡s ❡♥tr❡ ♦s ❝r♦♠ó❢♦r♦s ✭❍❜❖✱ ❳❍❜❖✱

❍❜❘✱ ❳❍❜❘✱ ❍❜❚ ❡ ❳❍❜❚✮ ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s ❞♦s ✈♦❧✉♥tár✐♦s✳

❖❜s❡r✈❛✲s❡ q✉❡ ❛s ❝♦rr❡❧❛çõ❡s ❡♥tr❡ ♦s ❞✐❛s ❞✐❢❡r❡♥t❡s ♣♦ss✉❡♠ ✈❛❧♦r❡s ♠é❞✐♦s r❡❧❛t✐✈❛♠❡♥t❡

❛❧t♦s✳ ◆♦ ❝❛s♦ ❞❡ ❳❍❜❖ ♠✉s❝✉❧❛r✱ ♦❜s❡r✈❛♠♦s ❞✉❛s ❝♦rr❡❧❛çõ❡s ♥❡❣❛t✐✈❛s ♣❛r❛ ♦s ✈♦❧✉♥tár✐♦s ✶ ❡

✽✳ ❙❡ r❡t✐r❛♠♦s ❡st❡s ✈♦❧✉♥tár✐♦s ❞♦ ❝á❧❝✉❧♦✱ ♦❜s❡r✈❛♠♦s ✉♠❛ ❝♦rr❡❧❛çã♦ ♠é❞✐❛ ♠✉s❝✉❧❛r ❞❡ ✭0, 82±
0.05✮✱ ♦ q✉❡ ♠❡❧❤♦r❛ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♦ ✈❛❧♦r ❛♣r❡s❡♥t❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✼✳

❆♣ós ❝♦♥✜r♠❛r ❛s ❝♦rr❡❧❛çõ❡s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s✱ r❡❛❧✐③❛♠♦s ✉♠ t❡st❡ ❞❡

s✐♠✐❧❛r✐❞❛❞❡ ❡♥tr❡ ❛s ❝✉r✈❛s ♠é❞✐❛s ❞♦s ❝r♦♠ó❢♦r♦s ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s✱ ❞❡ ❢♦r♠❛ ❛ t❡♥t❛r ♠♦str❛r ❛



✻✵ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✳✸

❚❛❜❡❧❛ ✻✳✼✿ ❚❛❜❡❧❛ ❝♦♠ ♦s ✈❛❧♦r❡s ❞❛s ❝♦rr❡❧❛çõ❡s ❡♥tr❡ ❞✐❛s ❞✐❢❡r❡♥t❡s✱ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝r♦♠ó✲
❢♦r♦s✳ ▼é❞✐❛✭

∑n
i=1

xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀

❱♦❧
❈♦rr❡❧❛çã♦ ▼✉s❝ ❈♦rr❡❧❛çã♦ ❋❉ ❈♦rr❡❧❛çã♦ ❋❊

❳❍❜❖ ❳❍❜❘ ❳❍❜❚ ❍❜❖ ❍❜❘ ❍❜❚ ❍❜❖ ❍❜❘ ❍❜❚
✶ ✲✵✱✹✺✸✺ ✵✱✺✹✽✽ ✵✱✶✷✺✷ ✵✱✽✶✺✵ ✲✵✱✻✷✶✸ ✵✱✽✶✼✶ ✵✱✽✵✻✷ ✲✵✱✷✵✷✾ ✵✱✽✷✺✾
✷ ✵✱✾✻✷✻ ✵✱✽✺✸✸ ✵✱✾✻✾✷ ✵✳✾✷✷✻ ✲✵✱✵✵✽✸ ✵✱✾✽✽✺ ✵✱✾✻✼✽ ✲✵✸✸✽✼✼ ✵✱✾✸✹✸
✸ ✵✱✾✹✷✾ ✵✱✾✸✷✵ ✵✱✾✹✻✶ ✵✱✾✾✹✽ ✵✱✾✶✷✵ ✵✱✾✾✺✺ ✵✱✾✼✹✹ ✵✱✷✾✶✺ ✵✱✾✼✹✾
✹ ✵✱✼✻✷✺ ✵✱✼✺✵✶ ✵✱✻✾✹✵ ✵✱✶✾✹✾ ✵✱✾✻✸✶ ✵✱✺✹✺✾ ✵✱✺✻✷✻ ✵✱✾✹✻✽ ✵✱✼✽✼✺
✺ ✵✱✼✸✷✵ ✵✱✼✶✽✾ ✵✱✽✽✸✸ ✵✱✾✵✸✼ ✵✱✵✼✷✹ ✵✱✾✹✻✺ ✵✱✽✻✾✻ ✵✱✵✶✽✹ ✵✱✾✵✺✻
✻ ✵✱✽✺✾✹ ✵✱✾✻✻✽ ✵✱✽✻✷✶ ✵✱✾✹✻✻ ✵✱✶✾✽✶ ✵✱✾✾✻✵✺ ✵✱✾✼✽✽ ✵✱✺✻✾✷ ✵✱✾✼✽✵
✼ ✵✱✻✻✼✸ ✵✱✵✼✺✹ ✵✱✻✵✼✼ ✵✱✽✻✾✷ ✵✱✼✽✹✹ ✵✱✾✷✸✽ ✵✱✼✽✽✻ ✵✱✽✵✼✶ ✵✱✽✷✷✷
✽ ✲✵✱✶✶✹✷ ✵✱✵✽✷✹ ✵✱✽✸✻✻ ✵✱✽✻✹✺ ✵✱✾✺✸✸ ✵✱✾✸✾✻ ✵✱✾✺✻✾ ✵✱✹✷✾✼ ✵✱✾✺✷✾
♠é❞✐❛ ✵✱✺ ✵✱✻ ✵✱✼✹ ✵✱✽✶ ✵✱✹ ✵✱✽✾ ✵✱✽✻ ✵✱✸ ✵✱✽✾
❡rr♦ ✵✱✶ ✵✱✶ ✵✱✵✾ ✵✱✵✾ ✵✱✷ ✵✱✵✺ ✵✱✵✺ ✵✱✶ ✵✱✵✷

r❡♣r♦❞✉t✐❜✐❧✐❞❛❞❡ ❞♦s ❞❛❞♦s✳ ❉❡st❛ ❢♦r♠❛ ❝❛❧❝✉❧❛♠♦s ❛ ❞✐❢❡r❡♥ç❛ ♣❡r❝❡♥t✉❛❧ ❡♠ r❡❧❛çã♦ ❛♦ ♣r✐♠❡✐r♦

❞✐❛ ✉s❛♥❞♦ ❛ ❢ór♠✉❧❛✿

dp(pt) =
|(∆CHbx(d1)−∆CHbx(d2)|

|∆CHbx(d1)|
✭✻✳✶✮

◆❛ ❢ór♠✉❧❛ ✻✳✶✱ t❡♠♦s q✉❡ dp(pt) r❡♣r❡s❡♥t❛ ♦ ✈❛❧♦r ❞❛ ❞✐❢❡r❡♥ç❛ ♣❡r❝❡♥t✉❛❧ ❞♦s ❞❛❞♦s ❡♠

r❡❧❛çã♦ ❛♦ ♣r✐♠❡✐r♦ ❞✐❛ ❞❡♣❡♥❞❡♥❞♦ ❞♦ ♣❡r❝❡♥t✉❛❧ ❞♦ t❡♠♣♦❀∆CHbx(d1) r❡♣r❡s❡♥t❛ ❛s ❝♦♥❝❡♥tr❛çõ❡s

r❡❢❡r❡♥t❡s ❛ ❍❜❖✱ ♦✉ ❍❜❘ ♦✉ ❍❜❚ r❡❧❛t✐✈❛ ❛♦ ♣r✐♠❡✐r♦ ❞✐❛❀ ∆CHbx(d2) r❡♣r❡s❡♥t❛ ❛s ❝♦♥❝❡♥tr❛çõ❡s

r❡❢❡r❡♥t❡s ❛ ❍❜❖✱ ♦✉ ❍❜❘ ♦✉ ❍❜❚ r❡❧❛t✐✈❛ ❛♦ s❡❣✉♥❞♦ ❞✐❛✳ P❛r❛ ♦ ✈❛❧♦r ❡s❝♦❧❤❡♠♦s ❛ ♠❡❞✐❛♥❛ ❞♦s

♣♦♥t♦s ❞♦ ✈❛❧♦r ❞❡ dp ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❛s ❝✉r✈❛s✳

◆❛ ❚❛❜❡❧❛ ✻✳✽✱ ❛♣r❡s❡♥t❛♠♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s às ❞✐stâ♥❝✐❛s ♣♦r❝❡♥t✉❛✐s ❡♠ r❡❧❛çã♦ ❛♦ ♣r✐♠❡✐r♦

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

❞❡ dp(pt)✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ ❝r♦♠ó❢♦r♦✱ sã♦ ♣ró①✐♠♦s ❞❡ ③❡r♦✳

❚❛❜❡❧❛ ✻✳✽✿ ❉✐stâ♥❝✐❛ ♣♦r❝❡♥t✉❛❧ ❡♥tr❡ ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♠é❞✐❛s ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s✳

❆rr❛♥❥♦ ó♣t✐❝♦ dp(pt) ✲ ❍❜❖ dp(pt) ✲ ❍❜❘ dp(pt) ✲ ❍❜❚
❋r♦♥t❛❧ ❞✐r❡✐t❛ 0, 061± 0, 003 0, 24± 0, 04 0, 070± 0, 003
❢r♦♥t❛❧ ❡sq✉❡r❞❛ 0, 055± 0, 003 0, 5± 0, 3 0, 061± 0, 003
▼✉s❝✉❧❛r 0, 56± 0, 02 0, 15± 0, 05 0, 48± 0, 01

❉✐s❝✉ssã♦

Pr✐♠❡✐r❛♠❡♥t❡ ♦s ✈♦❧✉♥tár✐♦s r❡❛❧✐③❛r❛♠ ♦s t❡st❡s ♣r♦❣r❡ss✐✈♦s ❡♠ t❡♠♣♦s ❛♣r♦①✐♠❛❞♦s✱ ❛♣❡s❛r

❞❡ r❡❛❧✐③❛r❡♠ ❛s t❛r❡❢❛s ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s✱ ❝♦♠♦ ✈✐st♦ ♥❛ ❚❛❜❡❧❛ ✻✳✸✳ ❖ t❡♠♣♦ ♠é❞✐♦ ❢♦✐ ❞❡ ✭✸✾✼

± ✶✾✮ s❡❣✉♥❞♦s ♥♦ ♣r✐♠❡✐r♦ ❞✐❛ ❡ ✭✹✶✻ ± ✷✼✮ s❡❣✉♥❞♦s ♥♦ s❡❣✉♥❞♦ ❞✐❛✳ ❊st❛ ✧❝♦✐♥❝✐❞ê♥❝✐❛✧ ✐♥❞✐❝❛

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

◆❛s r❡❣✐õ❡s ❢r♦♥t❛✐s✱ ♦❜s❡r✈♦✉✲s❡ ✉♠ ✈❛❧♦r ♠á①✐♠♦ ♥❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❍❜❖ ❡ ❍❜❚ q✉❡ ♣♦❞❡♠

✐♥❞✐❝❛r ♦ ♣♦♥t♦ ♥♦ q✉❛❧ ♦ ✈♦❧✉♥tár✐♦ ❝♦♠❡ç❛ ❛ ❞❡s✐st✐r ❞❛ t❛r❡❢❛✳ ❊st❡ ♣♦♥t♦ ♠á①✐♠♦ ♣❛r❛ ♦ ❞✐❛ ❞❛



✻✳✸ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✶

❢❛♠✐❧✐❛r✐③❛çã♦ ♦❝♦rr❡✉ ♣♦r ✈♦❧t❛ ❞❡ ✽✵ ✪ ❡ ♥♦ ❞✐❛ ❞♦ t❡st❡ ❝♦♥tr♦❧❡ ♣♦r ✈♦❧t❛ ❞❡ ✾✵✪✳ ❊st❛ ❞✐❢❡r❡♥ç❛

♣♦❞❡ t❡r ♦❝♦rr✐❞♦ ❞❡✈✐❞♦ ❛ ✉♠ ♠❡❧❤♦r ❝♦♥❤❡❝✐♠❡♥t♦ ❞♦ t❡st❡ q✉❡ ♦ ✈♦❧✉♥tár✐♦ r❡❛❧✐③❛r✐❛✳ ▼❛s é

✐♥t❡r❡ss❛♥t❡ ♦❧❤❛r ❛ ❡①✐stê♥❝✐❛ ❞♦ ♣✐❝♦ ♠á①✐♠♦ ♥♦s ❞♦✐s ❛rr❛♥❥♦s ó♣t✐❝♦s ❢r♦♥t❛✐s✳

■♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡✱ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♦s ✈❛❧♦r❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s✱ sã♦ ♣ró①✐♠♦s ♣❛r❛ ♦s ❞♦✐s

❞✐❛s✱ ♣❛r❛ t♦❞♦s ♦s ❛rr❛♥❥♦s ó♣t✐❝♦s✳ ❊st❡s ✈❛❧♦r❡s ♣♦❞❡♠ s❡ ✈✐st♦s ♥❛s ❚❛❜❡❧❛s ✻✳✹✱ ✻✳✺ ❡ ✻✳✻✳

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

❛ t❡r ♦ ♠❡s♠♦ ❢♦r♠❛t♦✱ ♦ q✉❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♣❡❧♦s ✈❛❧♦r❡s ❞❡ ❝♦rr❡❧❛çã♦ ✈✐st♦ ♥❛ t❡①t✐t❚❛❜❡❧❛

✻✳✼✳

❖❜s❡r✈❛♥❞♦ ♦s ✈❛❧♦r❡s ❞❛s ❝♦rr❡❧❛çõ❡s ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝r♦♠ó❢♦r♦s✱ ♣❛r❛ ❝❛❞❛ r❡❣✐ã♦✱ t❡♠♦s

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

❖❧❤❛♥❞♦ ♣❛r❛ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❛s ❝✉r✈❛s ✭❚❛❜❡❧❛ ✻✳✽✮ ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s✱ ♦❜s❡r✈❛♠♦s q✉❡ ♦s

✈❛❧♦r❡s sã♦ ♣ró①✐♠♦s ❞❡ ③❡r♦ ♠♦str❛♥❞♦ q✉❡ ❛s ❝✉r✈❛s t❡♥❞❡♠ ❛ s❡r ✧❛s ♠❡s♠❛s✧ ✐♥❞✐❝❛♥❞♦ ❛

r❡♣r♦❞✉t✐❜✐❧✐❞❛❞❡ ❞♦ ❡①❡r❝í❝✐♦ ❢ís✐❝♦ ❡♠ t❛r❡❢❛s ❛❜❡rt❛s

❈♦♥❝❧✉sã♦ P❛r❝✐❛❧

❆♦ ❡①❛♠✐♥❛r♠♦s ❛ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞❛s ❞✉❛s r❡❛❧✐③❛çõ❡s ❞♦s

♣r♦t♦❝♦❧♦s✱ ❝❤❡❣❛♠♦s à ❝♦♥❝❧✉sã♦ ❞❡ q✉❡ ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s sã♦ r❡♣r♦❞✉tí✈❡✐s ❡♠ t❛r❡❢❛

❛❜❡rt❛ ✭t❡st❡s ♣r♦❣r❡ss✐✈♦s✮✳

✻✳✸✳✷ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s ❡ ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s

❡♠ t❡st❡s ♣r♦❣r❡ss✐✈♦s ✭t❛r❡❢❛ ❛❜❡rt❛✮

❖❜❥❡t✐✈♦

❊st❡ ❡①♣❡r✐♠❡♥t♦ ✈✐s❛ ❝♦♠♣❛r❛r ❛s r❡s♣♦st❛s ❞♦s ❞❛❞♦s ❞❡ ◆■❘❙ ❡♠ t❡st❡s ♣r♦❣r❡ss✐✈♦s ❝♦♠♣❛✲

r❛♥❞♦ ♦s ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❝♦♠ ✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s✳

❱♦❧✉♥tár✐♦s

◆❡st❡ ❡st✉❞♦✱ ✶✽ ✈♦❧✉♥tár✐♦s ✭✾ ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❡ ✾ ❝✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s✮ r❡❛❧✐③❛r❛♠

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

❞❡ ✈♦❧✉♥tár✐♦✳ ❖s ❣r✉♣♦s sã♦✿

• ●r✉♣♦ ✶ ✲ ❈✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s❀

• ●r✉♣♦ ✷ ✲ ■♥❞✐✈í❞✉♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s✳

❘❡s✉❧t❛❞♦s

◆❛ ❚❛❜❡❧❛ ✻✳✾✱ ❛♣r❡s❡♥t❛♠♦s ♦s t❡♠♣♦s ✭❡♠ s❡❣✉♥❞♦s✮ ❡ ❛ ♣♦tê♥❝✐❛ ✜♥❛❧ ♠á①✐♠❛ ✭❡♠ ❲❛tts✮

❞♦s ✈♦❧✉♥tár✐♦s ♥♦s s❡✉s t❡st❡s ♣r♦❣r❡ss✐✈♦s✳ P♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ ♦s ✈♦❧✉♥tár✐♦s r❡❛❧✐③❛r❛♠ ♦s

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

◆❛ ♠é❞✐❛✱ ♦s ✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s r❡❛❧✐③❛r❛♠ ♦s t❡st❡s ❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✭✻✾✽± ✷✷✮ s❡❣✉♥❞♦s✱

♦✉ s❡❥❛✱ ✶✶ ♠✐♥✉t♦s✱ ❝♦♠ ♣♦tê♥❝✐❛ ✜♥❛❧ ♠é❞✐❛ ❞❡ ✭✸✽✾ ± ✾✮ ❲❛tts✳ ❖s ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s



✻✷ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✳✸

❚❛❜❡❧❛ ✻✳✾✿ ❉✉r❛çã♦ ❡ ♣♦tê♥❝✐❛ ✜♥❛❧ ❞♦s t❡st❡s ♣r♦❣r❡ss✐✈♦s ❡♠ ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❡
♥♦s ❝✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s✳ ▼é❞✐❛✭

∑n
i=1

xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀

❱♦❧
❈✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s ❱♦❧✉♥tár✐♦ ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s

❉✉r❛çã♦ ❞♦ ❡①❡r❝í❝✐♦ P♦tê♥❝✐❛ ♠á①✐♠❛ ❉✉r❛çã♦ ❞♦ ❡①❡r❝í❝✐♦ P♦tê♥❝✐❛ ♠á①✐♠❛
✭s❡❣✉♥❞♦s✮ ✭❲❛ts✮ ✭s❡❣✉♥❞♦s✮ ✭❲❛ts✮

✶ ✻✻✵ ✸✼✺ ✹✵✶ ✷✺✵
✷ ✻✽✵ ✸✼✺ ✹✷✵ ✷✼✺
✸ ✼✷✵ ✹✵✵ ✹✶✵ ✷✺✵
✹ ✼✷✵ ✹✵✵ ✻✵✵ ✸✺✵
✺ ✺✹✵ ✸✷✺ ✸✺✵ ✷✷✺
✻ ✼✷✵ ✹✵✵ ✹✻✵ ✷✼✺
✼ ✼✽✵ ✹✷✺ ✹✵✺ ✷✺✵
✽ ✼✷✵ ✹✵✵ ✸✶✵ ✷✷✺
✾ ✼✹✺ ✹✵✵ ✸✽✾ ✷✺✵
▼é❞✐❛ ✻✾✽ ✸✽✾ ✹✶✻ ✷✻✶
❊rr♦ ✷✷ ✾ ✷✼ ✶✷

r❡❛❧✐③❛r❛♠ ♦s t❡st❡s✱ ♥❛ ♠é❞✐❛✱ ❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✭✹✶✻ ± ✷✼✮ s❡❣✉♥❞♦s✱ ♦✉ s❡❥❛✱ ✼ ♠✐♥✉t♦s✱ ❝♦♠

♣♦tê♥❝✐❛ ✜♥❛❧ ♠é❞✐❛ ❞❡ ✭✷✻✶ ± ✶✷✮ ❲❛tts✳

◆♦ ❋✐❣✉r❛ ✻✳✶✶✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s r❡s♣♦st❛s ♦❜t✐❞❛s ❝♦♠ ♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ♣♦s✐❝✐♦♥❛❞♦ ♥❛

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

P♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ♦s ✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s ❛♣r❡s❡♥t❛♠ ✉♠❛ ♠❛✐♦r ❝♦♥❝❡♥tr❛çã♦ ✜♥❛❧ ❞♦s

❝r♦♠ó❢♦r♦s ❡♠ r❡❧❛çã♦ ❛♦ ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s✳ ◆❛ ❚❛❜❡❧❛ ✻✳✶✵✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s

❞❛s ❝♦♥❝❡♥tr❛çõ❡s ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♦s ✈❛❧♦r❡s ♠á①✐♠♦s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ❡ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞♦ t❡st❡

❋✐❣✉r❛ ✻✳✶✶✿ ❈r♦♠ó❢♦r♦s ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛ ❡♠ ❣r✉♣♦s ❞❡ ✈♦❧✉♥tár✐♦s ❞✐❢❡r❡♥t❡s✳ ❆✮ ❍❜❖✱
❇✮ ❍❜❘ ❡ ❈✮ ❍❜❚✳ ❋✳❆✳✲ ❋✐s✐❝❛♠❡♥t❡ ❛t✐✈♦❀ ❈✐❝ ✲ ❈✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s



✻✳✸ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✸

♥♦ q✉❛❧ t❡♠♦s ♦ ♣♦♥t♦ ♠á①✐♠♦ ♣❛r❛ ❝❛❞❛ ❝r♦♠ó❢♦r♦✱ ♣❛r❛ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛✳

❚❛❜❡❧❛ ✻✳✶✵✿ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♠á①✐♠♦ ❞♦ ❝r♦♠ó❢♦r♦ ❡ ♦ ✈❛❧♦r ❞❛ ♣♦r❝❡♥✲
t❛❣❡♠ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ ❛♦ ♠á①✐♠♦ ❞♦ t❡st❡ ♣❛r❛ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛✳

❈r♦♠♦❢♦r♦ ❋✐s✐❝❛♠❡♥t❡ ❛t✐✈♦ ❈✐❝❧✐st❛ s❡♠✐✲♣r♦✜ss✐♦♥❛❧
HbOFINAL (25, 4± 0, 08)µM (28, 8± 0, 07)µM
HbRFINAL (0, 02± 0, 02)µM (3, 9± 0, 2)µM
HbTFINAL (25± 1)µM (32, 7± 0, 07)µM
HbOMAX (27, 5± 0, 03)µM (31, 8± 0, 03)µM
HbTMAX (27, 6± 0, 04)µM (33, 6± 0, 05)µM
HbOPorcMAX ✾✵ ✪ ✽✵ ✪
HbTPorcMAX ✾✵ ✪ ✾✵ ✪

❖ ♣✐❝♦ ♠á①✐♠♦ ♥❛s ❝✉r✈❛s ❞❡ ❍❜❖ ♣♦❞❡ ✐♥❞✐❝❛r ♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ ❛ ❝♦♥❝❡♥tr❛çã♦✱ ♦✉ ♦ ✢✉①♦

s❛♥❣✉í♥❡♦✱ ❝♦♠❡ç❛ ❛ ❝❛✐r✳ ❊st❛ q✉❡❞❛✱ q✉❡ ♣♦❞❡ s❡r ✈✐st❛ t❛♠❜é♠ ♣❛r❛ ♦ ❍❜❚✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ✉♠

♠❡♥♦r ✢✉①♦ ❞❡ s❛♥❣✉❡ ❝❤❡❣❛ ♥❛ r❡❣✐ã♦✳ ❊st❡ ♠❡♥♦r ✢✉①♦ ♣♦❞❡ ❡st❛r ❛ss♦❝✐❛❞❛ ❛♦ ✐♥í❝✐♦ ❞❛ q✉❡❞❛ ❞❡

r❡♥❞✐♠❡♥t♦ ❞♦ ✈♦❧✉♥tár✐♦✱ ✐♥❞✐❝❛♥❞♦ ♦ ♠♦♠❡♥t♦ ♥♦ q✉❛❧ ♦ ✈♦❧✉♥tár✐♦ ❝♦♠❡ç❛ ❛ ❞❡s✐st✐r ❞❛ t❛r❡❢❛✳

❖❜s❡r✈❛✲s❡ q✉❡ ♦s ❞❛❞♦s ❞♦s ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s tê♠ ✉♠ ♣✐❝♦ ♠á①✐♠♦ ❡♠ t♦r♥♦ ❞❡

✾✵✪ ❞♦ t❡st❡ ❡♥q✉❛♥t♦ q✉❡ ♣❛r❛ ♦s ❝✐❝❧✐st❛s ♦ ♣✐❝♦ ♠á①✐♠♦ ♦❝♦rr❡ ❡♠ t♦r♥♦ ❞❡ ✽✵✪✳ ❊st❡ r❡s✉❧t❛❞♦

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

♣ró①✐♠♦s à ❡①❛✉stã♦✳

❖ ♣♦♥t♦ ♠á①✐♠♦ ❞♦ ✈♦❧✉♥tár✐♦ s❡♠✐✲♣r♦✜ss✐♦♥❛❧ é ❛♥t❡r✐♦r ❛♦ ♣♦♥t♦ ♠á①✐♠♦ ❞♦s ✈♦❧✉♥tár✐♦s

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

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

✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s✳ ❉❡ ❢❛t♦✱ ❛ ❞✉r❛çã♦ ❞♦s t❡st❡s ♣❛r❛ ♦ ●r✉♣♦ ✶ ❢♦✐ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ♠❛✐♦r ❞♦

q✉❡ ♣❛r❛ ♦ ●r✉♣♦ ✷✳

P❡❧♦s ❣rá✜❝♦s ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✷✱ r❡❧❛❝✐♦♥❛❞♦s à ❣❡♦♠❡tr✐❛ ♣♦s✐❝✐♦♥❛❞❛ ♥❛ r❡❣✐ã♦

❢r♦♥t❛❧ ❡sq✉❡r❞❛✱ ♣♦❞❡✲s❡ ♥♦t❛r q✉❡ ♦s r❡s✉❧t❛❞♦s sã♦ s❡♠❡❧❤❛♥t❡s ❛♦s ❞❛ ❋✐❣✉r❛ ✻✳✶✶✳

❆ss✐♠ ❝♦♠♦ ♥❛s r❡s♣♦st❛s ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦✱ ❞❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛

✻✳✶✶ ♦s ✈❛❧♦r❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛✱ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♥♦ ♣♦♥t♦ ♠á①✐♠♦ ❡

♦ ✈❛❧♦r ♣♦r❝❡♥t✉❛❧ r❡❧❛t✐✈♦ ❛♦ ♣♦♥t♦ ♠á①✐♠♦✳

❈r♦♠♦❢♦r♦ ❋✐s✐❝❛♠❡♥t❡ ❛t✐✈♦ ❈✐❝❧✐st❛ s❡♠✐✲♣r♦✜ss✐♦♥❛❧
HbOFINAL (27± 1)µM (27, 9± 0, 6)µM
HbRFINAL (0, 4± 0, 2)µM (31, 8± 0, 2)µM
HbTFINAL (27, 6± 0, 1)µM (31, 1± 0, 7)µM
HbOMAX (29, 3± 0, 6)µM (32, 0± 0, 4)µM
HbTMAX (29, 5± 0, 7)µM (34, 0± 0, 5)µM
HbOPorcMAX ✾✵ ✪ ✽✵ ✪
HbTPorcMAX ✾✵ ✪ ✾✵ ✪

❚❛❜❡❧❛ ✻✳✶✶✿ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♠á①✐♠♦ ❞♦ ❝r♦♠ó❢♦r♦ ❡ ♦ ✈❛❧♦r ❞❛ ♣♦r❝❡♥✲
t❛❣❡♠ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ ❛♦ ♠á①✐♠♦ ❞♦ t❡st❡ ♣❛r❛ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛✳

❈♦♥s✐❞❡r❛♥❞♦ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ❡♠ ❛♠❜❛s ❛s ❋✐❣✉r❛✱ ✻✳✶✶ ❡ ✻✳✶✷✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛



✻✹ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✳✸

❋✐❣✉r❛ ✻✳✶✷✿ ❘❡s♣♦st❛ ❞♦s ❝r♦♠ó❢♦r♦s ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛ ❡♠ ❣r✉♣♦s ❞❡ ✈♦❧✉♥tár✐♦s ❞✐❢❡✲
r❡♥t❡s✳ ❆✮ ❍❜❖✱ ❇✮ ❍❜❘ ❡ ❈✮ ❍❜❚✳ ❋✳❆✳✲ ❋✐s✐❝❛♠❡♥t❡ ❛t✐✈♦❀ ❈✐❝ ✲ ❈✐❝❧✐st❛s s❡♠✐✲♣r♦✜❝✐♦♥❛✐s

❛♠♣❧✐t✉❞❡ ❞❛s ✈❛r✐çõ❡s ♥❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❍❜❖✱ ❍❜❘ ❡ ❍❜❚ sã♦ ❜❡♠ ♠❛✐♦r❡s ♣❛r❛ ♦ ●r✉♣♦ ✶

❞♦ q✉❡ ♣❛r❛ ♦ ●r✉♣♦ ✷✳

◆♦s ❞❛❞♦s ❞❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r ✭❋✐❣✉r❛ ✻✳✶✸✮ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ❛s ✈❛r✐❛çõ❡s ❞❡ ❝♦♥❝❡♥tr❛çã♦

❞♦s ❝✐❝❧✐st❛s ❛♣r❡s❡♥t❛♠ ✉♠❛ q✉❡❞❛ ♠❛✐♦r ❡♠ r❡❧❛çã♦ ❛ ❳❍❜❖ ❡ ✉♠ ❛✉♠❡♥t♦ ♠❛✐s s✐❣♥✐✜❝❛t✐✈♦ ❡♠

r❡❧❛çã♦ ❛♦ ❳❍❜❘✳ ◗✉❛♥t♦ ❛♦ ❳❍❜❘✱ ♣❛r❛ ♦s ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s✱ t❡♠♦s ✉♠❛ r❡s♣♦st❛

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

♦ ❡①❡r❝í❝✐♦✳

◆❛ ❚❛❜❡❧❛ ✻✳✶✷✱ ❛♣r❡s❡♥t❛♠♦s ♦s ✈❛❧♦r❡s ✜♥❛✐s ♣❛r❛ ❝❛❞❛ ❝r♦♠ó❢♦r♦✱ ♣❛r❛ ♦s ❞♦✐s t✐♣♦s ❞❡

✈♦❧✉♥tár✐♦s✳

❚❛❜❡❧❛ ✻✳✶✷✿ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ ❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✳

❈r♦♠♦❢♦r♦ ❋✐s✐❝❛♠❡♥t❡ ❛t✐✈♦ ❈✐❝❧✐st❛ s❡♠✐✲♣r♦✜ss✐♦♥❛❧
HbOFINAL (0, 2± 0, 7)µM (−4± 2)µM
HbRFINAL (2, 4± 0, 3)µM (2, 3± 0, 5)µM
HbTFINAL (2, 6± 0, 8)µM (−1± 2)µM

❆s ❝✉r✈❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ♠✉s❝✉❧❛r ✭❋✐❣✉r❛ ✻✳✶✸✮ ♥ã♦ ❛♣r❡s❡♥t❛♠ ✉♠ ♣✐❝♦ ♥♦s

❝r♦♠ó❢♦r♦ ❳❍❜❖ ❡ ❳❍❜❚✱ ❝♦♠♦ é ♦❜s❡r✈❛❞♦ ♥♦s ❛rr❛♥❥♦s ❢r♦♥t❛✐s ❡sq✉❡r❞♦ ✭❋✐❣✉r❛ ✻✳✶✷✮ ❡ ❞✐r❡✐t♦

✭❋✐❣✉r❛ ✻✳✶✶ ✮✳

❆s ❝✉r✈❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❘ ❛♣r❡s❡♥t❛♠ ✉♠❛ ❢♦r♠❛ ❜❡♠ ❝❛r❛❝t❡ríst✐❝❛ ♣❛r❛ ❛♠❜♦s

♦s ❣r✉♣♦s ❞❡ ✈♦❧✉♥tár✐♦s✳ ❆s ❝✉r✈❛s ❞❡ ❳❍❜❘ ✭❋✐❣✉r❛ ✻✳✶✸❇✮✱ ❞❡♣♦✐s ❞❡ ✉♠❛ q✉❡❞❛ ✐♥✐❝✐❛❧✱ t❡♥❞❡♠

❛ t❡r ✉♠ ❛✉♠❡♥t♦ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❛té ♦ ✜♥❛❧ ❞♦ t❡st❡✳ ❊st❡ ❝♦♠♣♦rt❛♠❡♥t♦ ♣❛r❡❝❡ ✐♥❞✐❝❛r ✉♠

❛✉♠❡♥t♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ♦①✐❣ê♥✐♦ ♥♦ ♠ús❝✉❧♦✱ ❞✉r❛♥t❡ ♦ ❡①❡r❝í❝✐♦✳ ■st♦ ♣♦❞❡r✐❛ ✐♥❞✐❝❛r t❛♠❜é♠ q✉❡

♦ ❞é❜✐t♦ ❝❛r❞í❛❝♦ t❡♠ ✉♠ ❧✐♠✐t❡ ❞❡ t❛❧ ❢♦r♠❛ q✉❡ ♦ ♠ús❝✉❧♦✱ ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♠♦♠❡♥t♦✱ ♥ã♦



✻✳✸ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✺

❋✐❣✉r❛ ✻✳✶✸✿ ❘❡s♣♦st❛ ❞♦s ❝r♦♠ó❢♦r♦s ♥❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r ❡♠ ❣r✉♣♦s ❞❡ ✈♦❧✉♥tár✐♦s ❞✐❢❡r❡♥t❡s✳ ❆✮
❍❜❖✱ ❇✮ ❍❜❘ ❡ ❈✮ ❍❜❚✳ ❋✳❆✳✲ ❋✐s✐❝❛♠❡♥t❡ ❛t✐✈♦❀ ❈✐❝ ✲ ❈✐❝❧✐st❛s s❡♠✐✲♣r♦✜❝✐♦♥❛✐s

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

❊st❛ ❢♦r♠❛ ❞❡ ♦❧❤❛r ♦s ❣rá✜❝♦s ♠✉s❝✉❧❛r❡s ♣♦❞❡ ✐♥❞✐❝❛r q✉❡ ❛ t❡♦r✐❛ ❈❆❈ r❡❛❧♠❡♥t❡ ❡st❡❥❛

❝♦rr❡t❛✳ ▼❛s✱ ❡♠ ❝♦♥tr❛♣♦♥t♦✱ ♣♦❞❡rí❛♠♦s s✉♣♦r q✉❡✱ ❝❛s♦ ♦ ✈♦❧✉♥tár✐♦ ❝♦♥t✐♥✉❛ss❡ ♦ ❡①❡r❝í❝✐♦✱ ❛s

❝✉r✈❛s ❞❡ ❍❜❘ ❝♦♥t✐♥✉❛r✐❛♠ ❛ ❛✉♠❡♥t❛r✳ P❡❧♦ ❈❆❈ t❡rí❛♠♦s ✉♠ ♣❧❛tô ♥♦ ✜♥❛❧ ❞♦ ❡①❡r❝í❝✐♦✱ ♦ q✉❡

♥ã♦ ❢♦✐ ♦❜s❡r✈❛❞♦✳

❖❜s❡r✈❛♠♦s q✉❡✱ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ sã♦ ♠❛✐♦r❡s ♥♦s ✈♦✲

❧✉♥tár✐♦s ❝✐❝❧✐st❛s ❡♠ r❡❧❛çã♦ ♦s ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s✳ P♦❞❡♠♦s ❞❡st❛❝❛r t❛♠❜é♠ q✉❡ ❛s

❝✉r✈❛s ❞❡ ❳❍❜❖ ❡ ❳❍❜❚✱ ♥♦ ❝❛s♦s ❞♦s ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s✱ t❡♥❞❡♠ ❡♠ ♠é❞✐❛ ❛ t❡r ✉♠❛

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

❛❝❡♥t✉❛❞❛ ❞♦s ❝r♦♠ó❢♦r♦s✳

❯♠❛ s✉♣♦s✐çã♦ ❡♠ r❡❧❛çã♦ ❛♦s ❞❛❞♦s é q✉❡ ❛ ♣r❡s❡♥ç❛ ❞♦s ♣✐❝♦s ♠á①✐♠♦s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ♥❛s

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

r❡❣✉❧❛çã♦ ❝❡♥tr❛❧ ❞♦ ❡s❢♦rç♦✱ ❡♠ ❝♦♥tr❛♣♦s✐çã♦ à t❡♦r✐❛ ❈❆❈✳ ◆♦ ❈❆❈ s❡r✐❛ ❡s♣❡r❛❞♦ ✉♠ ♣❧❛tô✱ ♦✉

✉♠ ♠♦♠❡♥t♦ ♥♦ q✉❛❧ ♦ ❝♦♥s✉♠♦ ❞❡ ♦①✐❣ê♥✐♦ ❢♦ss❡ ✧❝♦♥st❛♥t❡✧✳ ❊st❡ ♣❧❛tô ♥ã♦ s❡ ❛♣r❡s❡♥t♦✉ ❡♠

♥♦ss♦s ❞❛❞♦s ♦ q✉❡ ♣♦❞❡ ✐♥❞✐❝❛r ✉♠❛ ♣r❡❢❡rê♥❝✐❛ ♣❛r❛ ❛ t❡♦r✐❛ ❞❛ r❡❣✉❧❛çã♦ ❝❡♥tr❛❧ ❞♦ ❡s❢♦rç♦✳

❉✐s❝✉ssã♦

❖s ✈♦❧✉♥tár✐♦s r❡❛❧✐③❛r❛♠ ♦ ♠❡s♠♦ t✐♣♦ ❞❡ t❛r❡❢❛ ✭❛❜❡rt❛✮✳ P✉❞❡♠♦s ♦❜s❡r✈❛r ♣❡❧♦ t❡♠♣♦ ❞❡

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

❝✐❝❧✐st❛s ✭✻✾✽ ± ✷✷✮ s❡❣✉♥❞♦s ❡stã♦ ❛❝♦st✉♠❛❞♦s ❛♦ t✐♣♦ ❞❡ t❛r❡❢❛ r❡❛❧✐③❛❞❛✱ ❞✐❢❡r❡♥t❡♠❡♥t❡ ❞♦s

✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ✭✹✶✻ ± ✷✼✮ s❡❣✉♥❞♦s✳

❯♠ ❢❛t♦r ♦❜s❡r✈❛❞♦ ❢♦✐ q✉❡✱ ❞❡ ❝❡rt❛ ❢♦r♠❛✱ ♦ ❝♦♥❥✉♥t♦ ❞❡ ✈♦❧✉♥tár✐♦s é ❜❡♠ ❤♦♠♦❣ê♥❡♦✱ ♣♦✐s

s❡ ♦❧❤❛r♠♦s ❡♥tr❡ ♦s ✈♦❧✉♥tár✐♦s ❞❡ ❝❛❞❛ ❣r✉♣♦✱ t❡♠♦s t❡♠♣♦s ❡ ♣♦tê♥❝✐❛s ✜♥❛✐s ♣❛r❡❝✐❞❛s✳



✻✻ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✳✸

❆s ❝✉r✈❛s ❛ss♦❝✐❛❞❛s ❛♦s ❛rr❛♥❥♦s ❢r♦♥t❛✐s ❞✐r❡✐t♦ ✭❋✐❣✉r❛ ✻✳✶✶✮ ❡ ❡sq✉❡r❞♦ ✭❋✐❣✉r❛ ✻✳✶✷✮✱ ❞♦s

✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s✱ ♣♦ss✉❡♠ ❢♦r♠❛t♦s ❝♦♥❞✐③❡♥t❡s ❝♦♠ ♦ q✉❡ ❡r❛ ❡s♣❡r❛❞♦ ♣❛r❛ ♦ t✐♣♦ ❞❡ ❡①❡r❝í❝✐♦

q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛♦s ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s✳ ■♥t❡r❡ss❛♥t❡ ♥♦t❛r q✉❡ ♥♦ ❣rá✜❝♦ ❞♦ ❍❜❘

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

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

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

❯♠❛ ❢♦r♠❛ ❝❧❛r❛ ❞❡ ❞✐❢❡r❡♥❝✐❛r ❡st❡s ❣r✉♣♦s é ❡♠ r❡❧❛çã♦ ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❘✱ ♣♦✐s ❛s ✐♥t❡♥s✐❞❛❞❡s

✜♥❛✐s ❞❡ ❝❛❞❛ ❣r✉♣♦ ❡ ♦ ❢♦r♠❛t♦ ❞❛s ❝✉r✈❛s sã♦ ❜❡♠ ❞✐st✐♥t♦s✳ ❖❜s❡r✈❛♥❞♦ ♦s ❝♦♠♣♦rt❛♠❡♥t♦s ✐♥tr❛✲

❣r✉♣♦s ❞❛s ❝✉r✈❛s ❤♦♠♦❞✐♥â♠✐❝❛s ❡st❛s ♠♦str❛♠✲s❡ ❜❛st❛♥t❡ s❡♠❡❧❤❛♥t❡s ❡♥tr❡ ❛s r❡❣✐õ❡s ❢r♦♥t❛✐s

❞✐r❡✐t❛ ❡ ❡sq✉❡r❞❛✳

❆♦ ❝♦♠♣❛r❛♠♦s ❛s ❝✉r✈❛s ♠✉s❝✉❧❛r❡s ❝♦♠ ❛ t❡♦r✐❛ ❈❆❈ s❡r✐❛ ❡s♣❡r❛❞♦ ✉♠ ♣❧❛tô ♥♦ ✜♥❛❧ ❞♦

t❡st❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦ ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❘✱ ♦ q✉❡ ♥ã♦ ❢♦✐ ♦❜s❡r✈❛❞♦✳ ❖ q✉❡ ❡♥❝♦♥tr❛♠♦s

❢♦✐ q✉❡ ❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s t❡♥❞❡♠ ❛ ❝♦♥t✐♥✉❛r s✉❜✐♥❞♦✳ ❖ q✉❡ ✐♠♣❡❞❡ ❛ s✉❜✐❞❛ ❞❛ ❝✉r✈❛

s❡r✐❛ ♦ ✜♥❛❧ ❞♦ t❡st❡ ❞❡✈✐❞♦ à ❡①❛✉stã♦ ❞♦ ✈♦❧✉♥tár✐♦✳

❈♦♥❝❧✉sã♦ P❛r❝✐❛❧

◗✉❛♥❞♦ ❝♦♠♣❛r❛♠♦s ❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❛ss♦❝✐❛❞❛s ❛♦s ❞♦✐s ❣r✉♣♦s ❡♥❝♦♥tr❛♠♦s ❞✐❢❡r❡♥✲

ç❛s✳ ❆s ❞✐❢❡r❡♥ç❛s ♠❛✐s ❝❛r❛❝t❡ríst✐❝❛s ♥❛s r❡❣✐õ❡s ❢r♦♥t❛✐s✱ ❛ss♦❝✐❛❞❛s ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❘ ✭❋✐❣✉r❛

✻✳✶✶ ❇ ❡ ✻✳✶✷ ❇✮ ♣r✐♥❝✐♣❛❧♠❡♥t❡ q✉❛♥❞♦ ♦❧❤❛♠♦s ♣❛r❛ ♦s ✈❛❧♦r❡s ✜♥❛✐s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❝r♦♠ó✲

❢♦r♦✳

✻✳✸✳✸ ❊❢❡✐t♦ ❞❛ ❝❛❢❡í♥❛ ❡ ❞❡ ♣❧❛❝❡❜♦✱ ♣❡r❝❡❜✐❞♦ ❝♦♠♦ ❝❛❢❡í♥❛✱ ❡♠

✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ♥♦s t❡st❡s ♣r♦❣r❡ss✐✈♦s

❖❜❥❡t✐✈♦

❱✐s❛♠♦s ✈❡r✐✜❝❛r ♦ ❡❢❡✐t♦ ❞❛ ❝❛❢❡í♥❛ ❡ ❞♦ ♣❧❛❝❡❜♦ ✭♣❡r❝❡❜✐❞♦ ❝♦♠♦ ❝❛❢❡í♥❛✮ ♥❛s r❡s♣♦st❛s ❤❡♠♦✲

❞✐♥â♠✐❝❛s ❛ss♦❝✐❛❞❛s à r❡❣✐ã♦ ❢r♦♥t❛❧ ✭❞✐r❡✐t❛ ❡ ❡sq✉❡r❞❛✮ ❡ ♠✉s❝✉❧❛r ❡♠ t❡st❡s ♣r♦❣r❡ss✐✈♦s✱ ✉s❛♥❞♦

✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s✳

❱♦❧✉♥tár✐♦s

❖s ✾ ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s r❡❛❧✐③❛r❛♠ ♦ ♣r♦t♦❝♦❧♦ ❞❡ t❡st❡ ♣r♦❣r❡ss✐✈♦ ✭t❛r❡❢❛ ❛❜❡rt❛✮

♥❛s ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ✭❝♦♥tr♦❧❡✱ ❝❛❢❡í♥❛ ❡ ♣❧❛❝❡❜♦✮ ❞❡s❝r✐t♦ ♥❛ ❙❡çã♦ ✻✳✶✳✹✳ ❖s ♣r♦t♦❝♦❧♦s ❢♦r❛♠

r❡❛❧✐③❛❞♦s ❝♦♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✼ ❡ ✶✺ ❞✐❛s ❞❡ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❡❧❡s✳ ❉❡st❛ ❢♦r♠❛ ❞❡✜♥✐♠♦s ♦s

❣r✉♣♦s ❝♦♠♦✿

• ●r✉♣♦ ✶ ✲ ❈♦♥tr♦❧❡❀

• ●r✉♣♦ ✷ ✲ ■♥❣❡stã♦ ❞❡ ♣❧❛❝❡❜♦❀

• ●r✉♣♦ ✸ ✲ ■♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛✳



✻✳✸ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✼

❘❡s✉❧t❛❞♦s

◆❛ ❚❛❜❡❧❛ ✻✳✶✸✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s t❡♠♣♦s ❞♦s ✈♦❧✉♥tár✐♦s ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s ❝♦♥❞✐çõ❡s ✭❝♦♥✲

tr♦❧❡✱ ♣❧❛❝❡❜♦ ❡ ❝❛❢❡í♥❛✮ ❡♠ s❡✉s r❡s♣❡❝t✐✈♦s ❞✐❛s✳ ❆♣r❡s❡♥t❛✲s❡ t❛♠❜é♠ ❛ ❞✐❢❡r❡♥ç❛ ❞❛s ❝♦♥❞✐çõ❡s

✭♣❧❛❝❡❜♦ ❡ ❝❛❢❡í♥❛✮ ❡♠ r❡❧❛çã♦ ❛♦ ♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡✱ ❜❡♠ ❝♦♠♦ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ♠❡❧❤♦r❛ ❞❡

♣❡r❢♦r♠❛♥❝❡ ❡♠ r❡❧❛çã♦ ❛♦ ♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡✳

❚❛❜❡❧❛ ✻✳✶✸✿ ❉✉r❛çã♦ ❞♦ t❡st❡ ❞♦s ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❡♠ t❡st❡s ♣r♦❣r❡ss✐✈♦s ♥❛s ❞✐❢❡✲
r❡♥t❡s ❝♦♥❞✐çõ❡s✳ ◆♦s ❣r✉♣♦s ❝❛❢❡í♥❛ ❡ ♣❧❛❝❡❜♦✿ ❉✉r❛çã♦ ❞♦ t❡st❡ ❡♠ s❡❣✉♥❞♦s ⑤ ❞✐❢❡r❡♥ç❛ ❡♠ r❡❧❛çã♦

❛♦ t❡st❡ ❝♦♥tr♦❧❡ ❡♠ s❡❣✉♥❞♦s ✭♣♦r❝❡♥t❛❣❡♠ ❞❡ ♠❡❧❤♦r❛ ✪✮✳ ▼é❞✐❛✭
∑n

i=1
xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀

❱♦❧
❈♦♥tr♦❧❡ P❧❛❝❡❜♦ ❈❛❢❡í♥❛

t❡♠♣♦✭s❡❣✮ t❡♠♣♦✭s❡❣✮ ❞✐❢✳ ✭✪✮ ✭s❡❣ ✭✪✮ ✮ t❡♠♣♦ ✭s❡❣✮ ❞✐❢✳ ✭✪✮✭s❡❣ ✭✪✮✮
✶ ✹✵✶ ✹✷✵ ✶✾✭✹✪✮ ✹✷✼ ✷✻ ✭✻✪✮
✷ ✹✷✵ ✹✺✵ ✸✵✭✻✪✮ ✺✶✽ ✾✽ ✭✶✽✪✮
✸ ✹✶✵ ✻✵✵ ✶✾✵✭✸✶✪✮ ✻✵✽ ✶✾✽✭✸✸✪✮
✹ ✻✵✵ ✺✹✵ ✲✻✵✭✲✶✶✪✮ ✻✵✵ ✵✭✵✪✮
✺ ✸✺✵ ✸✺✸ ✸✭✵✱✽✪✮ ✸✶✺ ✲✸✺✭✲✵✱✶✶✪✮
✻ ✹✻✵ ✹✽✵ ✷✵✭✹✪✮ ✹✾✻ ✸✻✭✼✪✮
✼ ✹✵✺ ✹✽✵ ✼✺✭✶✺✪✮ ✹✾✵ ✽✺✭✶✼✪✮
✽ ✸✶✵ ✷✻✵ ✲✺✵✭✲✶✾✪✮ ✸✾✺ ✽✺✭✷✶✪✮
✾ ✸✽✾ ✹✵✺ ✶✻✭✹✪✮ ✹✷✵ ✸✶✭✼✪✮
♠é❞✐❛ ✹✶✻ ✹✹✸ ✷✼✭✹✪✮ ✹✼✹ ✺✽✭✶✷✪✮
❡rr♦ ✷✼ ✸✸ ✷✹✭✹✪✮ ✸✶ ✷✷✭✸✪✮

◆❛ ❚❛❜❡❧❛ ✻✳✶✹✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ♣♦tê♥❝✐❛s ✜♥❛✐s ❞♦s t❡st❡s ❞❡ ❝❛❞❛ ✈♦❧✉♥tár✐♦✱ ♣❛r❛ ❝❛❞❛

❝♦♥❞✐çã♦ ❞❡ ♣r♦t♦❝♦❧♦✳

❚❛❜❡❧❛ ✻✳✶✹✿ P♦tê♥❝✐❛ ✜♥❛❧ ❞♦ t❡st❡ ♣❛r❛ ❝❛❞❛ ❝♦♥❞✐çã♦ ♣❛r❛ ❝❛❞❛ ✈♦❧✉♥tár✐♦✳ ▼é❞✐❛✭
∑n

i=1
xn

n
✮❀

❡rr♦ ✭ σp√
(n)

✮❀

❱♦❧✳ ❈♦♥tr♦❧❡ P❧❛❝❡❜♦ ❈❛❢❡í♥❛
P♦tê♥❝✐❛✭❲❛ts✮ P♦tê♥❝✐❛✭❲❛ts✮ P♦tê♥❝✐❛✭❲❛ts✮

✶ ✷✺✵ ✷✼✺ ✷✼✺
✷ ✷✼✺ ✷✼✺ ✸✵✵
✸ ✷✺✵ ✸✺✵ ✸✺✵
✹ ✸✺✵ ✸✷✺ ✸✺✵
✺ ✷✷✺ ✷✷✺ ✷✷✺
✻ ✷✼✺ ✸✵✵ ✸✵✵
✼ ✷✺✵ ✸✵✵ ✸✵✵
✽ ✷✷✺ ✷✵✵ ✷✺✵
✾ ✷✺✵ ✷✺✵ ✷✼✺
♠é❞✐❛ ✷✻✶ ✷✼✽ ✷✾✷
❡rr♦ ✶✷ ✶✺ ✶✸

◆❛ ❋✐❣✉r❛ ✻✳✶✹✱ ✈❡♠♦s ♦s ❣rá✜❝♦s ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❛tr❛✈és ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ♣♦s✐❝✐♦♥❛❞♦

♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛✳



✻✽ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✳✸

❋✐❣✉r❛ ✻✳✶✹✿ ❈♦♥❝❡♥tr❛çõ❡s ❞♦s ❝r♦♠ó❢♦r♦s ❡♠ r❡❧❛çã♦ ❛♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ♣♦s✐❝✐♦♥❛❞♦ ♥❛ r❡❣✐ã♦
❢r♦♥t❛❧ ❞✐r❡✐t❛ ♥❛s ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s✳ ❆✮ ❍❜❖✱ ❇✮ ❍❜❘ ❡ ❈✮ ❍❜❚✳ ❝❛❢✲ ❝❛❢❡í♥❛❀ ♣❧❛ ✲ ♣❧❛❝❡❜♦❀
❝♦♥✲❝♦♥tr♦❧❡❀

❖❧❤❛♥❞♦ ♣❛r❛ ♦ ❣rá✜❝♦ r❡❢❡r❡♥t❡ ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❖ ✭❋✐❣✉r❛ ✻✳✶✹❆✮✱ ♦❜s❡r✈❛♠♦s q✉❡ ❛ ❝✉r✈❛

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

r❡❧❛❝✐♦♥❛❞❛s ❛ ✐♥❣❡stã♦ ❞❡ ♣❧❛❝❡❜♦ ❡ ❝♦♥tr♦❧❡✳ ❊♠ r❡❧❛çã♦ ❛♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♣♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡

❛s ✐♥t❡♥s✐❞❛❞❡s ❡stã♦ ♣ró①✐♠❛s ✭✈❡r ❚❛❜❡❧❛ ✻✳✶✺✮ ❡ ♦ ♣✐❝♦ ♠á①✐♠♦ ♦❝♦rr❡ ♣♦r ✈♦❧t❛ ❞♦s ✾✵✪ ❞♦ t❡st❡

♣❛r❛ ❛s ❝♦♥❞✐çõ❡s ❝♦♥tr♦❧❡ ❡ ❝❛❢❡í♥❛ ❡ ♣♦r ✈♦❧t❛ ❞♦s ✼✵ ✪ ♣❛r❛ ♦ ♣❧❛❝❡❜♦✳

◗✉❛♥t♦ ❛♦ ❣rá✜❝♦ r❡❧❛❝✐♦♥❛❞♦ ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❘ ✭❋✐❣✉r❛ ✻✳✶✹❇✮✱ ♦❜s❡r✈❛♠♦s q✉❡ ❛s ❝✉r✈❛s ♥ã♦

tê♠ ✉♠❛ ❛♠♣❧✐t✉❞❡ ♠✉✐t♦ ❣r❛♥❞❡ ✭❡♥tr❡ ✲✵✱✷✵ ❛ ✵✱✵✺ µM✮✱ ♠❛s tê♠ ✉♠ ❛s♣❡❝t♦ q✉❡ ❛♣r❡s❡♥t❛ ✉♠❛

q✉❡❞❛ ✐♥✐❝✐❛❧♠❡♥t❡ ❡ ♣♦r ✈♦❧t❛ ❞♦s ✷✵✪ ❞♦ t❡st❡ ❛♣r❡s❡♥t❛ ✉♠ ❛✉♠❡♥t♦ ❞❛s ❝♦♥❝❡♥tr❛çõ❡s✳ ❊st❡

♣❛❞rã♦ é ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ t✐♣♦ ❞❡ ✈♦❧✉♥tár✐♦ ✭❝♦♠♦ ✈✐st♦ ♥❛ ❙❡çã♦ ✻✳✸✳✷✮✳ ❆ss✐♠ ❝♦♠♦ ♥♦ ❝❛s♦ ❞♦

❍❜❖✱ ❛ ❝✉r✈❛ q✉❡ ❛♣r❡s❡♥t❛ ❛ ♠❡♥♦r ✐♥t❡♥s✐❞❛❞❡ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❛♦ ♣r♦t♦❝♦❧♦ ♥♦ q✉❛❧ ❢♦✐ ✐♥❣❡r✐❞♦

❝❛❢❡í♥❛✳

❆s ❝✉r✈❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❚ ✭❋✐❣✉r❛ ✻✳✶✹❈✮ t❡♥❞❡♠ ❛ s❡ ❝♦♠♣♦rt❛r ❝♦♠♦ ❛s ❝✉r✈❛s

r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❖✳

◆❛ ❚❛❜❡❧❛ ✻✳✶✺✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♥♦ ♣♦♥t♦ ❞❡ ♠á①✐♠♦ ❞❛s ❝✉r✈❛s

❡ ♦ ✈❛❧♦r ❞❛ ♣♦r❝❡♥t❛❣❡♠ r❡❧❛❝✐♦♥❛❞❛ ❛♦ ♣♦♥t♦ ❞❡ ♠á①✐♠♦✱ ♣❛r❛ ❝❛❞❛ ❝r♦♠ó❢♦r♦ r❡❧❛❝✐♦♥❛❞♦ ❛♦

❛rr❛♥❥♦ ó♣t✐❝♦✱ ♣♦s✐❝✐♦♥❛❞♦ ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t♦✳

◆❛ ❋✐❣✉r❛ ✻✳✶✺✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞♦s ❝r♦♠ó❢♦r♦s ❞❛ ♣♦s✐çã♦

❢r♦♥t❛❧ ❡sq✉❡r❞❛ ♣❛r❛ ❝❛❞❛ ❝♦♥❞✐çã♦ ✭❝♦♥tr♦❧❡✱ ♣❧❛❝❡❜♦ ❡ ❝❛❢❡í♥❛✮✳ ❉♦ ♠❡s♠♦ ♠♦❞♦ q✉❡ ❛s ❝✉r✈❛s ❞❛

r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛✱ ❛s ❝✉r✈❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❛rr❛♥❥♦ ❢r♦♥t❛❧ ❡sq✉❡r❞♦ ♠❛♥té♠ ♦ ♠❡s♠♦ ♣❛❞rã♦

♣❛r❛ ❛♠❜♦s ♦s ❝r♦♠ó❢♦r♦s✳

❆ss✐♠ t❛♠❜é♠ ♣❛r❛ ♦ ❝r♦♠ó❢♦r♦ ❍❜❖ ✭❋✐❣✉r❛ ✻✳✶✺❆✮✱ t❡♠♦s q✉❡ ❛s ❝✉r✈❛s ❞❡ t♦❞❛s ❝♦♥❞✐çõ❡s

✜❝❛r❛♠ ❜❡♠ ♣ró①✐♠❛s✱ ♥ã♦ s❡♥❞♦ ♣♦ssí✈❡❧ ❞❡st❛❝❛r ♥❡♥❤✉♠❛s ❞❛s ❝♦♥❞✐çõ❡s✱ ♠❛s ♣♦❞❡♠♦s ♦❜s❡r✈❛r

q✉❡ ❛ ❝✉r✈❛ ❝♦♠ ❛ ❝♦♥❞✐çã♦ ❝❛❢❡í♥❛ ♣♦ss✉✐ ✉♠ ✈❛❧♦r ✜♥❛❧ ♠é❞✐♦ ♠❛✐♦r ❡♠ r❡❧❛çã♦ ás ♦✉tr❛s ❝♦♥❞✐çõ❡s



✻✳✸ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✾

❚❛❜❡❧❛ ✻✳✶✺✿ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♠á①✐♠♦ ❞♦ ❝r♦♠ó❢♦r♦ ❡ ♦ ✈❛❧♦r ❞❛ ♣♦r❝❡♥✲
t❛❣❡♠ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ ❛♦ ♠á①✐♠♦ ❞♦ t❡st❡✱ ♣❛r❛ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛✳

❈r♦♠♦❢♦r♦ ❈♦♥tr♦❧❡ P❧❛❝❡❜♦ ❈❛❢❡í♥❛
HbOFINAL ✭24, 5± 0, 9)µM (23, 2± 0, 8)µM ✭23, 2± 0, 8✮ µ▼
HbRFINAL (−0, 3± 0, 2)µM (0, 1± 0, 2)µM ✭−0, 1± 0, 1✮µ▼
HbTFINAL (24± 1)µM (23, 9± 0, 9)µM ✭23± 1✮µ▼
HbOMAX (26, 20± 0, 03)µM (27, 30± 0, 03)µM (24, 80± 0, 03)µM
HbTMAX (25, 80± 0, 04)µM (27, 10± 0, 04)µM (24, 30± 0, 03)µM
HbOPorcMAX ✾✵ ✪ ✼✵ ✪ ✾✵ ✪
HbTPorcMAX ✾✵ ✪ ✽✵ ✪ ✾✵ ✪

❋✐❣✉r❛ ✻✳✶✺✿ ❈♦♥❝❡♥tr❛çõ❡s ❞♦s ❝r♦♠ó❢♦r♦s ❡♠ r❡❧❛çã♦ ❛♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ♣♦s✐❝✐♦♥❛❞♦ ♥❛ r❡❣✐ã♦
❢r♦♥t❛❧ ❡sq✉❡r❞❛ ♥❛s ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s✳ ❆✮ ❍❜❖✱ ❇✮ ❍❜❘ ❡ ❈✮ ❍❜❚✳ ❝❛❢✲ ❝❛❢❡í♥❛❀ ♣❧❛ ✲ ♣❧❛❝❡❜♦❀
❝♦♥✲❝♦♥tr♦❧❡

✭✈❡r ❚❛❜❡❧❛ ✻✳✶✻✮✳ ❆s ♣♦r❝❡♥t❛❣❡♥s ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞❛s ❛♦ ♠á①✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ♣❛r❛ ❝❛❞❛

❝♦♥❞✐çã♦ ❢♦r❛♠✿ ✾✵✪ ♣❛r❛ ❛s ❝♦♥❞✐çõ❡s ❝♦♥tr♦❧❡ ❡ ❝❛❢❡í♥❛ ❡ ✽✵✪ ♣❛r❛ ♦ ❝♦♥❞✐çã♦ ♣❧❛❝❡❜♦✳

P❛r❛ ♦ ❍❜❘ ✭❋✐❣✉r❛ ✻✳✶✺❇✮✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛ ❝♦♥❞✐çã♦ ❞❡ ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛ ❛♣r❡s❡♥t❛ ✉♠❛

♠❛✐♦r ❝♦♥❝❡♥tr❛çã♦ ✜♥❛❧✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛ ❝♦♠ ❛s ♦✉tr❛s ❝♦♥❞✐çõ❡s ✭✈❡r ❚❛❜❡❧❛ ✻✳✶✻✮✳

❆s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❍❜❚ ✭❋✐❣✉r❛ ✻✳✶✺❈✮ t❡♥❞❡♠ ❛ s❡ ❝♦♠♣♦rt❛r ❝♦♠♦ ❛ ❝✉r✈❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦

❝r♦♠ó❢♦r♦ ❍❜❖✳

◆❛ ❚❛❜❡❧❛ ✻✳✶✻✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s✱ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♥♦ ♣♦♥t♦ ❞❡

♠á①✐♠♦ ❞❛s ❝✉r✈❛s ❡ ♦ ✈❛❧♦r ❞❛ ♣♦r❝❡♥t❛❣❡♠ r❡❧❛❝✐♦♥❛❞❛ ❛♦ ♣♦♥t♦ ❞❡ ♠á①✐♠♦ ♣❛r❛ ❝❛❞❛ ❝r♦♠ó❢♦r♦✱

♣❛r❛ ♦ ❛rr❛♥❥♦ ♣♦s✐❝✐♦♥❛❞♦ ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛✳

◆❛ ❋✐❣✉r❛ ✻✳✶✻✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥❛s ❝♦♥❞✐çõ❡s ❞✐❢❡r❡♥t❡s

✭❝♦♥tr♦❧❡✱ ♣❧❛❝❡❜♦ ❡ ❝❛❢❡í♥❛✮ ❝♦♠ ♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ♣♦s✐❝✐♦♥❛❞♦ ♥❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✳

◆❛ ❝✉r✈❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦ ❝r♦♠ó❢♦r♦ ❳❍❜❖ ✭❋✐❣✉r❛ ✻✳✶✻❆✮✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ❛ ❝✉r✈❛ r❡❢❡r❡♥t❡



✼✵ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✳✸

❚❛❜❡❧❛ ✻✳✶✻✿ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ♠á①✐♠♦ ❞♦ ❝r♦♠ó❢♦r♦ ❡ ♦ ✈❛❧♦r ❞❛ ♣♦r❝❡♥✲
t❛❣❡♠ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ ❛♦ ♠á①✐♠♦ ♣❛r❛ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛✳

❈r♦♠♦❢♦r♦ ❈♦♥tr♦❧❡ P❧❛❝❡❜♦ ❈❛❢❡í♥❛
HbOFINAL ✭26± 1)µM (25, 1± 0, 9)µM ✭27.8± 09✮ µ▼
HbRFINAL (−0, 2± 0, 2)µM (0, 1± 0, 2)µM ✭0, 6± 0, 2✮µ▼
HbTFINAL (26± 1)µM (25, 3± 0, 9)µM ✭28± 1✮µ▼
HbOMAX (28, 40± 0, 06)µM (28, 50± 0, 05)µM (29, 50± 0, 04)µM
HbTMAX (28, 10± 0, 07)µM (28, 70± 0, 06)µM (29, 70± 0, 04)µM
HbOPorcMAX ✾✵ ✪ ✽✵ ✪ ✾✵ ✪
HbTPorcMAX ✾✵ ✪ ✾✵ ✪ ✾✵ ✪

❋✐❣✉r❛ ✻✳✶✻✿ ❈♦♥❝❡♥tr❛çõ❡s ❡♠ r❡❧❛çã♦ ❛♦ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❞❛ ❣❡♦♠❡tr✐❛ ♥❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r ❡♠
r❡❧❛çã♦ ❛s ❝♦♥❞✐çõ❡s ❞♦s t❡st❡s✳ ❆✮ ❳❍❜❖✱ ❇✮ ❳❍❜❘ ❡ ❈✮ ❳❍❜❚✳ ❝❛❢✲ ❝❛❢❡í♥❛❀ ♣❧❛ ✲ ♣❧❛❝❡❜♦❀ ❝♦♥✲
❝♦♥tr♦❧❡

à ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛ t❡♠ ✐♥t❡♥s✐❞❛❞❡ ♠❡♥♦r q✉❡ ❛s ❞❡ ♣❧❛❝❡❜♦ ❡ ❝♦♥tr♦❧❡✳ ◆❡st❡ ❝❛s♦✱ ♥ã♦ ♦❜s❡r✈❛♠♦s

✉♠❛ ❝✉r✈❛ ❝♦♠ ♦ ❢♦r♠❛t♦ ❞❡ ❯ ✐♥✈❡rt✐❞♦✱ r❡❣✐str❛❞♦ ♥❛s ❝✉r✈❛s r❡❧❛❝✐♦♥❛❞❛s às r❡❣✐õ❡s ❢r♦♥t❛✐s✳ ❆q✉✐

t❡♠♦s ✉♠❛ q✉❡❞❛ ❞♦ ❝r♦♠ó❢♦r♦✳

◆♦s ❣rá✜❝♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦ ❝r♦♠ó❢♦r♦ ❳❍❜❘ ✭❋✐❣✉r❛ ✻✳✶✻❇✮✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ❛s ❝✉r✈❛s

tê♠ ✉♠❛ s✉❜✐❞❛ ❝♦♥st❛♥t❡ ❛té ♦ ✜♥❛❧ ❞♦ t❡st❡s✱ ❛♣ós ✉♠ ❞❡❝rés❝✐♠♦ ✐♥✐❝✐❛❧✳ ❖❜s❡r✈❛✲s❡ q✉❡✱ ❞❡

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

❡ ❝♦♥tr♦❧❡✳

❚❡♠♦s ✉♠❛ ♠❛✐♦r ❝♦♥❝❡♥tr❛çã♦ ♥❛ ❝♦♥❞✐çã♦ ❝♦♥tr♦❧❡✱ ♦✉ s❡❥❛✱ ✉♠❛ ♠❡♥♦r ❞❡s♦①✐❣❡♥❛çã♦ ❞♦

t❡❝✐❞♦ ♠✉s❝✉❧❛r✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❝♦♠ ❛s ❝♦♥❞✐çõ❡s ❡♥✈♦❧✈❡♥❞♦ ❛ ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛ ❡ ♣❧❛❝❡❜♦✳

◆❛ ❚❛❜❡❧❛ ✻✳✶✼✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ✜♥❛✐s ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ t❡st❡✳

❆ ❝✉r✈❛ ❛ss♦❝✐❛❞❛ ❛♦ ❝r♦♠ó❢♦r♦ ❳❍❜❚ ✭❋✐❣✉r❛ ✻✳✶✻❈✮ t❡♥❞❡ ❛ t❡r r❡s♣♦st❛s ♣❛r❡❝✐❞❛s ❝♦♠ ❛s

❝✉r✈❛s ❞♦ ❝r♦♠ó❢♦r♦ ❳❍❜❖✳



✻✳✸ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✼✶

◆❛ ❚❛❜❡❧❛ ✻✳✶✼✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♣❛r❛ ❝❛❞❛ ❝♦♥❞✐çã♦ ♥♦ ✜♥❛❧ ❞♦ t❡st❡

r❡❧❛❝✐♦♥❛❞❛ ❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✳

❚❛❜❡❧❛ ✻✳✶✼✿ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞❛ ❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✳

❈r♦♠♦❢♦r♦ ❈♦♥tr♦❧❡ P❧❛❝❡❜♦ ❈❛❢❡í♥❛
XHbOFINAL ✭1, 1± 0, 9)µM (−0, 6± 0, 9)µM ✭−6, 2± 0, 8✮ µ▼
XHbRFINAL (1, 5± 0, 4)µM (0, 7± 0, 5)µM ✭0, 2± 0, 2✮µ▼
XHbTFINAL (2± 1)µM (0, 1± 0, 9)µM ✭−5, 9± 0, 9✮µ▼

❉✐s❝✉ssã♦

■♥✐❝✐❛❧♠❡♥t❡ ♣♦❞❡♠♦s ♦❜s❡r✈❛r ♣❡❧❛s ❚❛❜❡❧❛s ✻✳✶✸ ❡ ✻✳✶✹ q✉❡✿

• ◆♦ ♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡✱ ♦s ✈♦❧✉♥tár✐♦s r❡❛❧✐③❛r❛♠ ♦ t❡st❡ ♣r♦❣r❡ss✐✈♦ ❡♠ ✉♠ t❡♠♣♦ ♠é❞✐♦ ❞❡

✭✹✶✻ ± ✾✮ s❡❣✉♥❞♦s ❝♦♠ ♣♦tê♥❝✐❛ ✜♥❛❧ ♠é❞✐❛ ❞❡ ✭✷✻✶ ± ✹✮ ❲❛tts✳

• ◆♦ ♣r♦t♦❝♦❧♦ ♣❧❛❝❡❜♦ ✭♣❡r❝❡❜✐❞♦ ❝♦♠♦ ❝❛❢❡í♥❛✮✱ ♦s ✈♦❧✉♥tár✐♦s r❡❛❧✐③❛r❛♠ ♦ t❡st❡ ❡♠ ✉♠

t❡♠♣♦ ♠é❞✐♦ ❞❡ ✭✹✹✸ ± ✶✶✮ s❡❣✉♥❞♦s ❝♦♠ ♣♦tê♥❝✐❛ ✜♥❛❧ ♠é❞✐❛ ❞❡ ✭✷✼✽ ± ✺✮ ❲❛tts✳

• ❆ ❞✐❢❡r❡♥ç❛ ❞❡ ❞✉r❛çã♦ ❞❡ t❡st❡ ❡♥tr❡ ❛s ❝♦♥❞✐çõ❡s ✭❝♦♥tr♦❧❡ ❡ ♣❧❛❝❡❜♦✮ ❢♦✐ ❞❡ ✭✷✼ ± ✶✶✮

s❡❣✉♥❞♦s✱ ♦✉ s❡❥❛✱ ♥❛ ♠é❞✐❛ t❡♠♦s ✉♠❛ ♠❡❧❤♦r❛ ❞❡ ✹✪ ♥❛ ❞✉r❛çã♦ ❞♦ t❡st❡❀

• ◆♦ ♣r♦t♦❝♦❧♦ ❝❛❢❡í♥❛✱ ♦s ✈♦❧✉♥tár✐♦s r❡❛❧✐③❛r❛♠ ♦ t❡st❡ ❡♠ ✉♠ t❡♠♣♦ ♠é❞✐♦ ❞❡ ✭✹✼✹ ± ✶✵✮

s❡❣✉♥❞♦s✱ ❝♦♠ ♣♦tê♥❝✐❛ ♠é❞✐❛ ✜♥❛❧ ❞❡ ✭✷✾✷ ± ✺✮ ❲❛tts✳

• ❆ ❞✐❢❡r❡♥ç❛ ❞❡ ❞✉r❛çã♦ ❞❡ t❡st❡ ❡♥tr❡ ❛s ❝♦♥❞✐çõ❡s ✭❝♦♥tr♦❧❡ ❡ ❝❛❢❡í♥❛✮ ❢♦✐ ❞❡ ✭✺✽ ± ✼✮ s❡❣✉♥❞♦s

♦✉ s❡❥❛✱ t✐✈❡♠♦s ✉♠❛ ♠❡❧❤♦r❛ ✶✷✪✳

❉❡st❡s ❞❛❞♦s✱ ♣♦❞❡✲s❡ ✈❡r✐✜❝❛r q✉❡ ❛ ❞✉r❛çã♦ ❞♦ t❡st❡ é ♠❛✐♦r q✉❛♥❞♦ ♦ ✈♦❧✉♥tár✐♦ ✐♥❣❡r❡ ❛

❝á♣s✉❧❛ ❞❡ ❝❛❢❡í♥❛ ✭♠❡❧❤♦r❛ ❞❡ ✶✷✪ ❡♠ r❡❧❛çã♦ ❛♦ ♣r♦t♦❝♦❧♦ ❞❡ ❝♦♥tr♦❧❡✮✱ s❡❣✉✐❞♦ ♣❡❧❛ ✐♥❣❡stã♦

❞❡ ♣❧❛❝❡❜♦ ✭♠❡❧❤♦r❛ ❞❡ ✹✪ ❡♠ r❡❧❛çã♦ ❛♦ ♣r♦t♦❝♦❧♦ ❞❡ ❝♦♥tr♦❧❡✮ ❡ ♣❡❧♦ ♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡✱ ♦✉

s❡❥❛✱ ♣♦❞❡✲s❡ ❞✐③❡r q✉❡ ❛ ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛ t❡♠ ✉♠ ❡❢❡✐t♦ ♥❛ ❞✉r❛çã♦ ❞♦ ❡①❡r❝í❝✐♦✱ ✐♠♣❧✐❝❛♥❞♦ ♥♦

❛✉♠❡♥t♦ ❞❛ ♣❡rs✐stê♥❝✐❛ ❞♦s ✈♦❧✉♥tár✐♦s✳

❖ ♠❡s♠♦ ♣♦❞❡✲s❡ ❞✐③❡r q✉❛♥t♦ à ♣♦tê♥❝✐❛ ✜♥❛❧ ❞♦ t❡st❡s✱ q✉❡ s❡❣✉✐✉ ❛ ♠❡s♠❛ r❡❧❛çã♦ ❛♣r❡s❡♥✲

t❛❞❛ ♣❡❧❛ ❞✉r❛çã♦ ❞♦ ♣r♦t♦❝♦❧♦✳ ❆ ♣♦tê♥❝✐❛ ✜♥❛❧ é r❡❣✉❧❛❞❛ ♣❡❧❛ ❞✉r❛çã♦ ❞♦ t❡st❡✱ ✉♠❛ ✈❡③ q✉❡✱

q✉❛♥t♦ ♠❛✐s ♦ ✈♦❧✉♥tár✐♦ ♣❡r♠❛♥❡❝❡ ♥♦ t❡st❡✱ ♠❛✐♦r é ❛ ❝❛r❣❛ ❛ q✉❛❧ ❡❧❡ é s✉❜♠❡t✐❞♦✳ P❡❧♦s t❡♠♣♦s

r❡❧❛❝✐♦♥❛❞♦s às ❝♦♥❞✐çõ❡s ❞♦s t❡st❡s✱ ♣♦❞❡♠♦s ❞✐③❡r q✉❡ t❡♠♦s ✉♠❛ ♠❡❧❤♦r❛ ♥❛ ❞✉r❛çã♦ ❞❡❧❡s✳ ❆s

❚❛❜❡❧❛s ✻✳✶✸ ❡ ✻✳✶✹✱ ✐♥❞✐❝❛♠ q✉❡ ❛ s✉♣❧❡♠❡♥t❛çã♦ ❞❡ ❝❛❢❡í♥❛ ♣♦❞❡ ♠❡❧❤♦r❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s

✈♦❧✉♥tár✐♦s✱ ♦✉ s❡❥❛✱ ❛ ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛ ♣♦❞❡ ♠❡❧❤♦r❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❡♠ ❡①❡r❝í❝✐♦s✳ ▼❛s✱ ♦ q✉❡

❛ ❝❛❢❡✐♥❛ ❝❛✉s❛❄ ❊st✉❞♦s ♠♦str❛♠ q✉❡ ❛ ♣❡r❢♦r♠❛♥❝❡ ♠❡❧❤♦r❛ ❡♠ ❡①❡r❝í❝✐♦s ❞♦ t✐♣♦ ❢❡❝❤❛❞♦ ✭t❡st❡

♣r♦❣r❡ss✐✈♦✮ ❛❧t❡r❛♥❞♦ ❛ ♣❡r❝❡♣çã♦ ❞❛ ❡①❛✉stã♦ ✭❍❖●❊❘❱❖❘❙❚ ❡t ❛❧✳ ✭✷✵✵✽✮✮✳

❆ ♣❛rt✐r ❞❡st❡s r❡s✉❧t❛❞♦s✱ ♣♦❞❡♠♦s ❝♦❧♦❝❛r ❛❧❣✉♠❛s q✉❡stõ❡s✳ ❊st❛ ♠❡❧❤♦r❛ ❞❛ ❞✉r❛çã♦ ❞♦

t❡st❡ s❡r✐❛ ❡❢❡✐t♦ ❞❛ ❝❛❢❡í♥❛ ♥♦ s❛♥❣✉❡ ❞♦ ✈♦❧✉♥tár✐♦❄ ❊♠ r❡❧❛çã♦ ❛♦ ♣❧❛❝❡❜♦✱ ♣♦❞❡♠♦s ❞✐③❡r q✉❡ ❛

♠❡❧❤♦r❛ ❞❡✈❡✲s❡ ❛♦ ♠♦t✐✈♦ ❞❡ q✉❡ ♦ ✈♦❧✉♥tár✐♦ ❛❝r❡❞✐t❛ q✉❡ ❡stá t♦♠❛♥❞♦ ❝❛❢❡í♥❛ ❡♠ ✈❡③ ❞♦ ♣❧❛❝❡❜♦✳

◗✉❛♥t♦ às ❝♦♥❝❡♥tr❛çõ❡s ❞♦s ❝r♦♠ó❢♦r♦s ✭❍❜❖✱ ❍❜❘ ❡ ❍❜❚✮ ♥❛s r❡❣✐õ❡s ❞♦s ❛rr❛♥❥♦s ó♣t✐❝♦s✱ ♦ q✉❡



✼✷ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✳✸

❡♥❝♦♥tr❛♠♦s❄ ❍❡♠♦❞✐♥❛♠✐❝❛♠❡♥t❡✱ ♥❛s r❡❣✐õ❡s ❢r♦♥t❛✐s ❡ ♠✉s❝✉❧❛r❡s✱ q✉❛✐s ♠✉❞❛♥ç❛s ♦❝♦rr❡♠ ❡♠

r❡❧❛çã♦ ❛♦ ♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡❄

❊st✉❞♦s ❛♥t❡r✐♦r❡s ✉s❛♥❞♦ ♦ ◆■❘❙ ♣❛r❛ ♠❡❞✐r ❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❝❡r❡❜r❛❧ ❡ ♠✉s❝✉❧❛r ❡♠ t❡st❡s

♣r♦❣r❡ss✐✈♦s r❡♣♦rt❛r❛♠ ✉♠ ❝♦♥tí♥✉♦ ❞❡❝rés❝✐♠♦ ♥♦ ❝r♦♠ó❢♦r♦ ❍❜❖ ♥❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r ❡ ❡♠ ✉♠❛

❝✉r✈❛ ❡♠ ❢♦r♠❛ ❞❡ ✧❯✧ ✐♥✈❡rt✐❞♦ ♥❛ r❡❣✐ã♦ ❝❡r❡❜r❛❧ ✭❘❯PP ❡ P❊❘❘❊❨ ✭✷✵✵✽✮✮✳

◆❛s ❋✐❣✉r❛s ✻✳✶✹ ❡ ✻✳✶✺✱ ♦❜s❡r✈❛♠♦s ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❛ss♦❝✐❛❞❛s às t❛r❡❢❛s ❛❜❡rt❛s

✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮ ♥❛s ♣♦s✐çõ❡s ❢r♦♥t❛❧ ❞✐r❡✐t❛ ❡ ❡sq✉❡r❞❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣❛r❛ ❝❛❞❛ ❝♦♥❞✐çã♦

✭❝♦♥tr♦❧❡✱ ♣❧❛❝❡❜♦ ❡ ❝❛❢❡í♥❛✮✳ P♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ❛s ❝✉r✈❛s ♠❛♥té♠ ✉♠ ❝❡rt♦ ❝♦♠♣♦rt❛♠❡♥t♦

✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ ❝♦♥❞✐çã♦ ❞♦ ♣r♦t♦❝♦❧♦ r❡❛❧✐③❛❞♦ ✭❝♦♥tr♦❧❡✱ ♣❧❛❝❡❜♦ ❡ ❝❛❢❡í♥❛✮✳ ❊st❡s ♣❛❞rõ❡s ♣♦❞❡♠

s❡r ✈✐st♦s t❛♠❜é♠ ♥❛s ❙❡çõ❡s ✻✳✸✳✶ ❡ ✻✳✸✳✷✱ ❛ss✐♠ ❝♦♠♦ ♥♦ ❛rt✐❣♦ ✭❘❯PP ❡ P❊❘❘❊❨ ✭✷✵✵✽✮✮✳

◆❛ ❙❡çã♦ ✻✳✸✳✶✱ ❝❤❡❣❛♠♦s à ❝♦♥❝❧✉sã♦ ❞❡ q✉❡ ♦s t❡st❡s sã♦ r❡♣r♦❞✉tí✈❡✐s✱ r❡❛❧✐③❛♥❞♦ ♦ ♠❡s♠♦

♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡✱ ❡♠ ❞✐❛s ❞✐❢❡r❡♥t❡s ❡ ♥❛ ❙❡çã♦ ✻✳✸✳✷ ❝♦♠♣❛r❛♠♦s ✈♦❧✉♥tár✐♦s ❞✐❢❡r❡♥t❡s ✭✜s✐✲

❝❛♠❡♥t❡ ❛t✐✈♦s ① ❝✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s✮ ♣❡❧♦ ♠❡s♠♦ ♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡✳ ◆❛s ❞✉❛s ❢♦r♠❛s✱ ♦

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

❛❜❡rt❛✮✳

❆ ár❡❛ ❞♦ ❡♥❝é❢❛❧♦ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❡①❡❝✉çã♦ ❞❛ ❛t✐✈✐❞❛❞❡ ♠♦t♦r❛ é ♦ ❝órt❡① ♠♦t♦r ♣r✐♠á✲

r✐♦✳❊♥tã♦✱ ♣♦r q✉❡ ♠❡❞✐r ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ✭r❡❧❛❝✐♦♥❛❞❛ ❛♦s ♣♦♥t♦s ❋♣✶ ❡ ❋♣✷✱ ❞♦ s✐st❡♠❛ ✶✵✴✷✵ ❞♦

❊❊●✮❄ ❊st✉❞♦s tê♠ ❛ss♦❝✐❛❞♦ ❛ ❞❡s♦①✐❣❡♥❛çã♦ ❞❡st❛ ár❡❛ ✭❢r♦♥t❛❧✮✱ ❞✉r❛♥t❡ ♦ ❡①❡r❝í❝✐♦✱ ❝♦♠♦ ❛

r❡s♣♦♥sá✈❡❧ ♣❡❧❛ r❡❣✉❧❛çã♦ ❞♦ ✧❞r✐✈❡✧ ♠♦t♦r ❝❡♥tr❛❧ ✭❙❯❇❯❉❍■ ❡t ❛❧✳ ✭✷✵✵✾✮✮✳ ➱ ♣♦ssí✈❡❧ q✉❡ ❡st❛

ár❡❛ ❡st❡❥❛ ❛ss♦❝✐❛❞❛ t❛♠❜é♠ à ♣❡r❢♦r♠❛♥❝❡ ❞♦ ❡①❡r❝í❝✐♦ ✭❊❑❑❊❑❆❑■❙ ✭✷✵✵✾✮✮✳

❆❧é♠ ❞✐st♦✱ ❡st❛ ár❡❛ é ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❛ r❡❣✐ã♦ r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞♦ ♠♦✈✐♠❡♥t♦✱

♣❡❧❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❡ ♣❡❧♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ❡str❛té❣✐❛s ✭P❊❘❘❊❨ ❡t ❛❧✳ ✭✷✵✶✵✮✮✳ ❈♦♠♣❛r❛♥❞♦

❛s t❛❜❡❧❛s r❡❢❡r❡♥t❡s à r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛ ✭❚❛❜❡❧❛ ✻✳✶✺✮ ❡ ❢r♦♥t❛❧ ❡sq✉❡r❞❛ ✭❚❛❜❡❧❛ ✻✳✶✻✮✱ ♥♦s ✈❛❧♦r❡s

♠á①✐♠♦s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❡ ❝♦♥❝❡♥tr❛çã♦ ✜♥❛❧✱ t❡♠♦s ✉♠❛ ♠❡❧❤♦r r❡s♣♦st❛ ❞♦ ❧❛❞♦ ❡sq✉❡r❞♦✳

◆❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✱ ♣♦❞❡♠♦s ♦❜s❡r✈❛r ✉♠❛ q✉❡❞❛ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❳❍❜❖ ❛ss♦❝✐❛❞❛ ❛♦ ❡①❡r✲

❝í❝✐♦ ❡ ✉♠ ❛✉♠❡♥t♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❳❍❜❘ ❞✉r❛♥t❡ ♦ ❡①❡r❝í❝✐♦✳ ❊st❡ ❛✉♠❡♥t♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦

❞❡ ❳❍❜❘ ❡♠ s❡✉ ❧✐♠✐t❡ ♣♦❞❡r✐❛ ✐♥❞✐❝❛r ♦ ♠♦♠❡♥t♦ ❞❡ ✜♥❛❧✐③❛çã♦ ❞♦ t❡st❡✳

◆♦ ▼♦❞❡❧♦ ❈❆❈✱ ♥❡st❡ ♠♦♠❡♥t♦✱ t♦❞❛s ❛s ✉♥✐❞❛❞❡s ♠♦t♦r❛s ❛t✉❛♠ ❞❡ ❢♦r♠❛ ❛ ♣r❡s❡r✈❛r ♦

♠ús❝✉❧♦✱ ❛ss✐♠✱ ❛ t❛r❡❢❛ ❝❤❡❣❛r✐❛ ❛♦ ✜♠✳ ❖ ♣r♦❜❧❡♠❛ ♥❡st❡ ♠♦❞❡❧♦ é q✉❡✱ ✐♥✐❝✐❛❧♠❡♥t❡✱ t❡rí❛♠♦s

✉♠ ♣❧❛tô q✉❛♥❞♦ ♥♦s ❛♣r♦①✐♠áss❡♠♦s ❞♦ ✜♥❛❧ ❞♦ ❡①❡r❝í❝✐♦✱ ♦ q✉❛❧ ♥ã♦ ❛❝♦♥t❡❝❡✉✱ ❛♣❡s❛r ❞♦s ❣rá✜❝♦s

♠♦str❛r❡♠ ✉♠❛ t❡♥❞ê♥❝✐❛ ❞❡ s✉❜✐❞❛✱ ❝❛s♦ ♦s ✈♦❧✉♥tár✐♦s ❝♦♥s❡❣✉✐ss❡♠ ♠❛♥t❡r ♦ ❡①❡r❝í❝✐♦✳

◆♦ ♠♦❞❡❧♦ ❞❡ r❡❣✉❧❛çã♦ ❝❡♥tr❛❧ ❞♦ ❡s❢♦rç♦✱ ♣♦❞❡rí❛♠♦s ❛ss♦❝✐❛r ❛ ❝❤❡❣❛❞❛ ❞♦ ✜♥❛❧ ❞♦ ❡①❡r❝í❝✐♦

❝♦♠ ♦ ♣✐❝♦ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❝r♦♠ó❢♦r♦ ❳❍❜❖ ♥❛s r❡❣✐õ❡s ❢r♦♥t❛✐s✳ ❊st❡ ✐♥❞í❝✐♦ ❛❝✐♦♥❛r✐❛ ❛s r❡❣✐õ❡s

❢r♦♥t❛✐s ✭❞❡✈✐❞♦ à q✉❡❞❛ ❞❛ ♦①✐❣❡♥❛çã♦ ❞♦ t❡❝✐❞♦✮✱ q✉❡ ❡♥✈✐❛r✐❛ s✐♥❛✐s ❛♦ ♠ús❝✉❧♦ ♣❛r❛ ❛ ✜♥❛❧✐③❛çã♦

❞♦ ♠♦✈✐♠❡♥t♦✳

❈♦♥❝❧✉sã♦ P❛r❝✐❛❧

❖s ✈♦❧✉♥tár✐♦s tê♠ ✉♠ ❛✉♠❡♥t♦ ❞❡ ♣❡r❢♦r♠❛♥❝❡ q✉❛♥❞♦ ✐♥❣❡r❡♠ ❝❛❢❡í♥❛ ♦✉ ♣❧❛❝❡❜♦✳ ❊st❛

♠❡❧❤♦r❛ ♣♦❞❡ s❡r ✈❡r✐✜❝❛❞❛ ♣❡❧❛ ❚❛❜❡❧❛ ✻✳✶✸✱ ♦♥❞❡ ✈❡♠♦s ♦s t❡♠♣♦s ❞❡ ❡①❡r❝í❝✐♦ ❡♠ ❝❛❞❛ ❝♦♥❞✐çã♦

♣❛r❛ ♦ ✈♦❧✉♥tár✐♦ ❡ ❛s ♠é❞✐❛s ♣❛r❛ ♦s ❣r✉♣♦s✳ ◆❛ ❚❛❜❡❧❛ ✻✳✶✹✱ t❛♠❜é♠ ♦❜s❡r✈❛♠♦s ✉♠❛ ♠❛✐♦r

♣♦tê♥❝✐❛ ✜♥❛❧ ♥♦ ❝❛s♦ ❞❛ ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛✳

❊♠ r❡❧❛çã♦ ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞❡ ❝❛❞❛ r❡❣✐ã♦✱ ♦❜s❡r✈❛✲s❡ q✉❡ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❛



✻✳✸ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✼✸

❝♦♥❞✐çã♦ ✭❝♦♥tr♦❧❡✱ ♣❧❛❝❡❜♦ ♦✉ ❝❛❢❡í♥❛✮✱ ❛s r❡s♣♦st❛s sã♦ ♣❛r❡❝✐❞❛s✱ t❡♥❞♦ ✉♠ ❢♦r♠❛t♦ ❞❡ ❯ ✐♥✈❡rt✐❞♦

♣❛r❛ ❛s r❡❣✐õ❡s ❢r♦♥t❛✐s✱ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ❝♦♥st❛♥t❡ ❞♦ ❝r♦♠ó❢♦r♦ ❍❜❖ ❡ ✉♠ ❛✉♠❡♥t♦ ❞♦ ❝r♦♠ó❢♦r♦

❍❜❘ ♥❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✳ ❆ r❡♣❡t✐çã♦ ❞♦s ❢♦r♠❛t♦s ❞❛s ❝✉r✈❛s ♣♦❞❡ ♥♦s ✐♥❞✐❝❛r ✉♠ ♣❛❞rã♦ ♥❛s

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

✻✳✸✳✹ ❊❢❡✐t♦ ❞❛ ❝❛❢❡í♥❛ ❡ ♣❧❛❝❡❜♦✱ ♣❡r❝❡❜✐❞♦ ❝♦♠♦ ❝❛❢❡í♥❛✱ ❡♠ ✈♦✲

❧✉♥tár✐♦s ❝✐❧✐st❛s ❡♠ t❡st❡s ❝♦♥tr❛ r❡❧ó❣✐♦ ❡♠ ♣r♦✈❛s ❞❡ ✹❑♠

✭t❛r❡❢❛ ❢❡❝❤❛❞❛✮

❖❜❥❡t✐✈♦

❊st❡ ❡①♣❡r✐♠❡♥t♦ t❡✈❡ ❝♦♠♦ ♦❜❥❡t✐✈♦ ✈❡r✐✜❝❛r ♦ ❡❢❡✐t♦ ❞❛ ❝❛❢❡í♥❛ ♥❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s

♥❛s r❡❣✐õ❡s ❢r♦♥t❛❧ ❡ ♠✉s❝✉❧❛r✱ ❡♠ t❡st❡s ❝♦♥tr❛ r❡❧ó❣✐♦ ✭t❛r❡❢❛ ❢❡❝❤❛❞❛✮✱ ❡♠ ♣r♦✈❛s ❞❡ ✹❑♠✱ ❡♠ ✈♦✲

❧✉♥tár✐♦s ❝✐❝❧✐st❛s✳ ❇✉s❝♦✉✲s❡ ✈❡r✐✜❝❛r t❛♠❜é♠ s❡ ♦❝♦rr❡ ❛✉♠❡♥t♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ q✉❛♥t♦ à ✐♥❣❡stã♦

❞❡ ❝❛❢❡í♥❛ ♣❡❧♦ ✈♦❧✉♥tár✐♦✳

❱♦❧✉♥tár✐♦s

◆♦✈❡ ✈♦❧✉♥tár✐♦s ✭❝✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s✮ r❡❛❧✐③❛r❛♠ ♦ ♣r♦t♦❝♦❧♦ ❞♦ t❡st❡ ❝♦♥tr❛✲r❡❧ó❣✐♦ ❡♠

♣r♦✈❛s ❞❡ ✹❑♠✱ ♥❛s ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ✭❝♦♥tr♦❧❡✱ ❝❛❢❡í♥❛ ❡ ♣❧❛❝❡❜♦✮✱ ❞❡s❝r✐t❛s ♥❛ ❙❡çã♦ ✻✳✶✳✹✳ ❖s

t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ❝♦♠ ✐♥t❡r✈❛❧♦ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✼ ❞✐❛s ❡♥tr❡ ❡❧❡s✳

❉❡✜♥✐♠♦s ♦s ❣r✉♣♦s ❞♦ ❡st✉❞♦ ❡♠✿

• ●r✉♣♦ ✶ ✲ ❈♦♥tr♦❧❡❀

• ●r✉♣♦ ✷ ✲ ■♥❣❡stã♦ ❞❡ ♣❧❛❝❡❜♦❀

• ●r✉♣♦ ✸ ✲ ■♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛✳

❘❡s✉❧t❛❞♦s

◆❛ ❚❛❜❡❧❛ ✻✳✶✽✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s t❡♠♣♦s ❞♦s t❡st❡s ❞♦s ✈♦❧✉♥tár✐♦s✱ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s

❝♦♥❞✐çõ❡s❀ ❛s ❞✐❢❡r❡♥ç❛s ❞❡ t❡♠♣♦ ❞♦s ♣r♦t♦❝♦❧♦s ✭♣❧❛❝❡❜♦ ❡ ❝❛❢❡í♥❛✮✱ ❡♠ r❡❧❛çã♦ ❛♦ ♣r♦t♦❝♦❧♦ ❝♦♥✲

tr♦❧❡✱ ❜❡♠ ❝♦♠♦ ❛s ♣♦r❝❡♥t❛❣❡♥s ❞❡ ♠❡❧❤♦r❛ ❡♠ r❡❧❛çã♦ ❛♦ ♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡✱ ♣❛r❛ ❝❛❞❛ ❝♦♥❞✐çã♦✳

❆♣r❡s❡♥t❛♠♦s t❛♠❜é♠ ❛ ♠é❞✐❛ ❞♦s ✈♦❧✉♥tár✐♦s ❡ ♦ ❡rr♦ ❞❡ ❝❛❞❛ ✈❛r✐á✈❡❧✳

◆❛ ❋✐❣✉r❛ ✻✳✶✼✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♠é❞✐❛s✱ ❛ss♦❝✐❛❞❛s à r❡❣✐ã♦ ❢r♦♥t❛❧

❞✐r❡✐t❛✳ ◆❡st❡ ❣rá✜❝♦✱ ❛♣r❡s❡♥t❛♠♦s t♦❞❛s ❛s ❝♦♥❞✐çõ❡s ❡ t♦❞♦s ♦s ❝r♦♠ó❢♦r♦s✳

❆ ❋✐❣✉r❛ ✻✳✶✼❆ r❡♣r❡s❡♥t❛ ❛ ❝✉r✈❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❖✱ ♥❛ q✉❛❧ ♣♦❞❡♠♦s ❞❡st❛❝❛r ❛

❝♦♥❞✐çã♦ ❞♦ ♣r♦t♦❝♦❧♦ ♣❧❛❝❡❜♦ ❡♠ r❡❧❛çã♦ às ❝✉r✈❛s ❞❛s ❝♦♥❞✐çõ❡s ❝❛❢❡í♥❛ ❡ ❝♦♥tr♦❧❡✳

❆ ❋✐❣✉r❛ ✻✳✶✼❇ r❡♣r❡s❡♥t❛ ❛ ❝✉r✈❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❘✱ ♥❛ q✉❛❧ ♣♦❞❡♠♦s ❞❡st❛❝❛r ❛

❝✉r✈❛ r❡❧❛❝✐♦♥❛❞❛ à ❝♦♥❞✐çã♦ ❝♦♥tr♦❧❡ ❡♠ r❡❧❛çã♦ às ♦✉tr❛s ❝♦♥❞✐çõ❡s✳

❊♠ r❡❧❛çã♦ ❛♦ ❍❜❚ ✭❋✐❣✉r❛ ✻✳✶✼❈✮✱ ❛s ❝✉r✈❛s ♠❛♥té♠ ♦ ♠❡s♠♦ ♣❛❞rã♦ ❞♦ ❝❛s♦ ❞♦ ❍❜❖✱ ❝♦♠

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

◆❛ ❚❛❜❡❧❛ ✻✳✶✾✱ ❛♣r❡s❡♥t❛♠♦s ♦s ✈❛❧♦r❡s ✜♥❛✐s ♠é❞✐♦s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✱

♣❛r❛ ❝❛❞❛ ❝♦♥❞✐çã♦ ❛ss♦❝✐❛❞❛ à r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛ ❞♦ ✈♦❧✉♥tár✐♦✳



✼✹ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✳✸

❚❛❜❡❧❛ ✻✳✶✽✿ ❚❛❜❡❧❛ ❝♦♠ ♦s t❡♠♣♦s✱ ❡♠ s❡❣✉♥❞♦s✱ ❞♦s ✈♦❧✉♥tár✐♦s ❡♠ t❡st❡s ❝♦♥tr❛ ♦ r❡❧ó❣✐♦ ❡♠
♣r♦✈❛s ❞❡ ✹❑♠✱ ♣❛r❛ ♦s ✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s✳ ◆♦s ❣r✉♣♦s ♣❧❛❝❡❜♦ ❡ ❝❛❢❡í♥❛ ❛♣r❡s❡♥t❛♠♦s ♦ t❡♠♣♦
❞❡ ❞✉r❛çã♦✱ ❛ ❞✐❢❡r❡♥ç❛ ❡♠ r❡❧❛çã♦ ❛♦ ❝♦♥tr♦❧❡ ❡ ❡♥tr❡ ♣❛r❡♥t❡s❡s ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ♠❡❧❤♦r❛ ❡♠
r❡❧❛çã♦ ❛♦ ♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡✳ ▼é❞✐❛✭

∑n
i=1

xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀

❱♦❧
❈♦♥tr♦❧❡ P❧❛❝❡❜♦ ❈❛❢❡í♥❛
❚❡♠♣♦✭s✮ ❚❡♠♣♦ ❉✐❢❡r❡♥ç❛ ✭✪✮ ❚❡♠♣♦ ❉✐❢❡r❡♥ç❛ ✭✪✮

✶ ✸✻✼ ✸✻✸ ✹ ✭✶✪✮ ✸✺✸ ✶✹ ✭✹✪✮
✷ ✸✸✾ ✸✺✹ ✲✶✺✭✲✹✪✮ ✸✹✾ ✲✶✵✭✲✸ ✪✮
✸ ✸✺✾ ✸✺✻ ✸✭✵✱✽✪✮ ✸✻✶ ✲✷✭✲✵✱✺✪✮
✹ ✸✺✹ ✸✷✷ ✸✷✭✾✪✮ ✸✺✶ ✸✭✵✱✽✪✮
✺ ✹✵✵ ✸✼✺ ✷✺ ✭✻✪✮ ✸✽✵ ✷✵✭✺✪✮
✻ ✸✺✽ ✸✻✹ ✲✻✭✲✶✪✮ ✸✹✻ ✶✷✭✸✪✮
✼ ✸✹✹ ✸✸✺ ✾✭✷✪✮ ✸✹✷ ✷✭✵✱✻✪✮
✽ ✸✺✽ ✸✻✶ ✲✸✭✲✵✱✽✪✮ ✸✻✸ ✲✺✭✲✶✪✮
✾ ✸✺✶ ✸✹✷ ✾✭ ✷✪✮ ✸✹✼ ✹✭ ✶✪✮
♠é❞✐❛ ✸✺✾ ✸✺✷ ✻ ✭✷✪✮ ✸✺✺ ✹✭✶✳✶✪✮
❡rr♦ ✺ ✺ ✹ ✭✶✪✮ ✸ ✸✭✵✱✽✪✮

❋✐❣✉r❛ ✻✳✶✼✿ ❈♦♥❝❡♥tr❛çõ❡s ❞♦s ❝r♦♠ó❢♦r♦s ♣❛r❛ ✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s ❡♠ ❝♦♥❞✐çõ❡s ❞✐❢❡r❡♥t❡s r❡✲
❧❛t✐✈♦ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛✳ ❆✮ ❍❜❖❀ ❇✮ ❍❜❘ ❡ ❈✮❍❜❚✳ ❝❛❢✲ ❝❛❢❡í♥❛❀ ♣❧❛ ✲ ♣❧❛❝❡❜♦❀ ❝♦♥✲❝♦♥tr♦❧❡❀

❚❛❜❡❧❛ ✻✳✶✾✿ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ à r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛✳

❈r♦♠♦❢♦r♦ ❈♦♥tr♦❧❡ P❧❛❝❡❜♦ ❈❛❢❡í♥❛
HbOFINAL ✭23± 1)µM ✭15, 0± 0, 8)µM ✭22, 3± 0, 7✮ µ▼
HbRFINAL ✭10, 2± 0, 6✮µM ✭7, 5± 0, 3)µM ✭6, 9± 0, 3✮µ▼
HbTFINAL ✭34± 2✮ µM (22± 1)µM ✭29, 2± 0, 8✮µ▼



✻✳✸ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✼✺

◆❛ ❋✐❣✉r❛ ✻✳✶✽✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♠é❞✐❛s ♣❛r❛ ♦s ✈♦❧✉♥tár✐♦s✱ ♣❛r❛

❝❛❞❛ ❝♦♥❞✐çã♦✱ ❛ss♦❝✐❛❞❛s à r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝r♦♠ó❢♦r♦s✳

❆ss✐♠ ❝♦♠♦ ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛ ✭❋✐❣✉r❛ ✻✳✶✼✮✱ ❛s ❝✉r✈❛s ♣❛r❛ ❛ r❡❣✐ã♦ ❡sq✉❡r❞❛ ✭❋✐❣✉r❛

✻✳✶✽✮ ♠❛♥té♠ ♦ ♠❡s♠♦ ♣❛❞rã♦ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝r♦♠ó❢♦r♦s✱ ♦ q✉❡ ♥♦s ✐♥❞✐❝❛ ✉♠❛ ❝♦♥s✐stê♥❝✐❛

❞♦s ❞❛❞♦s✳

❯♠❛ ♦❜s❡r✈❛çã♦ é q✉❡ ❛s ❝✉r✈❛s ❞❡ ❍❜❘ ♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛ ❞✐st✐♥❣✉❡♠✲s❡ ✭❋✐❣✉r❛ ✻✳✶✽❇✮

❡♥q✉❛♥t♦ q✉❡ ♣❛r❛ ❛s ❝✉r✈❛s ❞❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❞✐r❡✐t❛ ✭❋✐❣✉r❛ ✻✳✶✼❇✮✱ ♦s ❞❛❞♦s ❞❛s ❝♦♥❞✐çõ❡s ♣❧❛❝❡❜♦

❡ ❝❛❢❡í♥❛ s❡ s✉♣❡r♣õ❡♠✳

◆❛ ❚❛❜❡❧❛ ✻✳✷✵✱ ❛♣r❡s❡♥t❛♠♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s às ❝♦♥❝❡♥tr❛çõ❡s ❞♦s ❝r♦♠ó❢♦r♦s✱ ♥♦ ✜♥❛❧ ❞♦

t❡st❡✱ ♣❛r❛ ❝❛❞❛ ❝♦♥❞✐çã♦ ❛ss♦❝✐❛❞❛ à r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛✳

❚❛❜❡❧❛ ✻✳✷✵✿ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛✳

❈r♦♠♦❢♦r♦ ❈♦♥tr♦❧❡ P❧❛❝❡❜♦ ❈❛❢❡í♥❛
HbOFINAL ✭20, 3± 0, 9)µM ✭13, 5± 0, 6✮ µM ✭19, 1± 0, 9✮ µ▼
HbRFINAL ✭8, 2± 0, 4✮µM ✭7, 8± 0, 4✮µM ✭6, 1± 0, 3✮µ▼
HbTFINAL ✭28± 1✮µM ✭21± 1✮µM ✭25± 1✮µ▼

◆❛ ❋✐❣✉r❛ ✻✳✶✾✱ t❡♠♦s ♦s ❣rá✜❝♦s r❡❧❛❝✐♦♥❛❞♦s às ♠é❞✐❛s ❞❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✱ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s

❝r♦♠ó❢♦r♦s ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s ❝♦♥❞✐çõ❡s✳

❖❜s❡r✈❛♥❞♦ ♦s r❡s✉❧t❛❞♦s r❡❢❡r❡♥t❡ à ❳❍❜❖ ✭❋✐❣✉r❛ ✻✳✶✾❆✮✱ ♣♦❞❡✲s❡ ❞❡st❛❝❛r ❛ ❝✉r✈❛ r❡❧❛t✐✈❛

à ❝♦♥❞✐çã♦ ❝♦♥tr♦❧❡✳ ❆s ❝✉r✈❛s r❡❧❛❝✐♦♥❛❞❛s às ❝♦♥❞✐çõ❡s ❝❛❢❡í♥❛ ❡ ♣❧❛❝❡❜♦ s❡ ❝♦♥❢✉♥❞❡♠ ❛té ♣❡rt♦

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

❝❛❢❡í♥❛✳ ❖✉tr♦ ❢❛t♦r q✉❡ ♣♦❞❡♠♦s ♦❜s❡r✈❛r é ❛ q✉❡❞❛ ❝♦♥t✐♥✉❛❞❛ ❞❛s ❝✉r✈❛s ♣❛r❛ t♦❞❛s ❛s ❝♦♥❞✐çõ❡s✳

❊♠ r❡❧❛çã♦ à ❳❍❜❘ ✭❋✐❣✉r❛ ✻✳✶✾❇✮✱ ♣♦❞❡✲s❡ ❞❡st❛❝❛r ❛ ❝✉r✈❛ r❡❧❛t✐✈❛ à ❝♦♥❞✐çã♦ ♣❧❛❝❡❜♦ ❡♠

❋✐❣✉r❛ ✻✳✶✽✿ ❈♦♥❝❡♥tr❛çõ❡s ❞♦s ❝r♦♠ó❢♦r♦s ♣❛r❛ ✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s ❡♠ ❝♦♥❞✐çõ❡s ❞✐❢❡r❡♥t❡s r❡✲
❧❛t✐✈♦ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡sq✉❡r❞❛✳❆✮ ❍❜❖❀ ❇✮ ❍❜❘ ❡ ❈✮❍❜❚✳ ❝❛❢✲ ❝❛❢❡í♥❛❀ ♣❧❛ ✲ ♣❧❛❝❡❜♦❀ ❝♦♥✲❝♦♥tr♦❧❡



✼✻ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✻✳✸

❋✐❣✉r❛ ✻✳✶✾✿ ❈♦♥❝❡♥tr❛çõ❡s ♣❡r❝❡♥t✉❛✐s ❞♦s ❝r♦♠ó❢♦r♦s ♣❛r❛ ✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s ❡♠ ❝♦♥❞✐çõ❡s
❞✐❢❡r❡♥t❡s r❡❧❛t✐✈♦ ❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✳ ❆✮ ❍❜❖❀ ❇✮ ❍❜❘ ❡ ❈✮❍❜❚✳ ❝❛❢✲ ❝❛❢❡í♥❛❀ ♣❧❛ ✲ ♣❧❛❝❡❜♦❀ ❝♦♥✲
❝♦♥tr♦❧❡

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

♠❛✐♦r ❛té ♦s ✸✵✪ ❞♦ t❡st❡ ❡ ✉♠❛ s✉❜✐❞❛ ♠❛✐s s✉❛✈❡ ❛♣ós ❛ ✸✵✪✳

P❛r❛ ♦ ❳❍❜❚✱ ✭❋✐❣✉r❛ ✻✳✶✾❈✮ ♣♦❞❡♠♦s ❞✐③❡r q✉❡ t❡♠ ♦ ♠❡s♠♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ❝r♦♠ó❢♦r♦

❍❜❖✳

◆❛ ❚❛❜❡❧❛ ✻✳✷✶✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ♠é❞✐♦s r❡❧❛t✐✈♦s ❛♦ ✜♥❛❧ ❞♦ t❡st❡ ♣❛r❛ ❝❛❞❛ ❝♦♥❝❡♥✲

tr❛çã ❡ ❝♦♥❞✐çã♦✳

❚❛❜❡❧❛ ✻✳✷✶✿ ❱❛❧♦r❡s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦ ✜♥❛❧ ❞♦ t❡st❡ r❡❧❛❝✐♦♥❛❞♦ à r❡❣✐ã♦ ♠✉s❝✉❧❛r✳

❈r♦♠♦❢♦r♦ ❈♦♥tr♦❧❡ P❧❛❝❡❜♦ ❈❛❢❡í♥❛
XHbOFINAL ✭−5, 3± 0, 8✮µM ✭4, 1± 0, 9✮µM ✭8, 1± 0, 7✮µ▼
XHbRFINAL ✭4, 6± 0, 5✮µM ✭9, 1± 0, 3✮µM ✭5, 7± 0, 4✮µ▼
XHbTFINAL ✭−7± 8✮µM ✭1, 3± 0, 8✮µM ✭13, 8± 0, 9✮µ▼

❉✐s❝✉ssã♦

P❡❧❛ ❚❛❜❡❧❛ ✻✳✶✽✱ ♣♦❞❡✲s❡ ♥♦t❛r q✉❡ ♦s t❡♠♣♦s ❞❡ ♣r♦✈❛ sã♦ ❧✐❣❡✐r❛♠❡♥t❡ ♠❛✐s ❜❛✐①♦s ♣❛r❛ ♦s

✈♦❧✉♥tár✐♦s ❞♦s ❣r✉♣♦s ✷ ❡ ✸ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦s ❛♦s t❡♠♣♦s ❞♦ ❣r✉♣♦ ❝♦♥tr♦❧❡✳

❉♦s ♥♦✈❡ ✈♦❧✉♥tár✐♦s✱ três ✭✈♦❧✉♥tár✐♦s ✷✱ ✸ ❡ ✽✮ r❡❛❧✐③❛r❛♠ ♦ ♣r♦t♦❝♦❧♦ ❝♦♠ ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛✱

t❡♥❞♦ r❡♥❞✐♠❡♥t♦ ❛❜❛✐①♦ ❞♦ t❡♠♣♦ ❞♦ ♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡ ❡ três ✭✈♦❧✉♥tár✐♦s ✷✱ ✻ ❡ ✽✮ r❡❛❧✐③❛r❛♠

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

q✉❛♥t♦ ❛ ❝❛❢❡í♥❛ é ❡✜❝✐❡♥t❡ ♣❛r❛ ♣r♦❞✉③✐r ♠❡❧❤♦r❛ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❡♠ t❡st❡s ❢❡❝❤❛❞♦s ✭t❡st❡ ❝♦♥tr❛

♦ r❡❧ó❣✐♦ ❡♠ ♣r♦✈❛s ❞❡ ✹❑♠✮✳



✻✳✸ ❘❊❙❯▲❚❆❉❖❙ ❘❊▲❆❈■❖◆❆❉❖❙ ❆❖❙ ❊❙❚❯❉❖❙ ✼✼

❖❜s❡r✈❛♠♦s t❛♠❜é♠ q✉❡ ♥♦s t❡st❡s ❝♦♠ ✐♥❣❡stã♦ ❞❡ ♣❧❛❝❡❜♦✱ ♦s ✈♦❧✉♥tár✐♦s t❡♥❞❡♠ ❛ ❞✐♠✐♥✉✐r

♦ t❡♠♣♦ ❞♦ t❡st❡ ❡♠ r❡❧❛çã♦ ❛♦ ❝♦♥tr♦❧❡✳

◆❛ ♠é❞✐❛✱ t✐✈❡♠♦s ✉♠❛ ♠❡❧❤♦r❛ ♥♦s t❡♠♣♦s✿ ❞❡ ✭1, 1±0, 8✮✪ q✉❛♥❞♦ ♦ ✈♦❧✉♥tár✐♦ ✐♥❣❡r✐✉ ❝❛❢❡í♥❛

❡ ✉♠❛ ♠❡❧❤♦r❛ ❞❡ ✭2± 1✮✪ q✉❛♥❞♦ ✐♥❣❡r✐✉ ♦ ♣❧❛❝❡❜♦✳ ❖✉tr♦ ❢❛t♦ ✐♥t❡r❡ss❛♥t❡ ✈✐st♦ ♥❛ ❚❛❜❡❧❛ ✻✳✶✽

é ❛ ♣r♦①✐♠✐❞❛❞❡ ❞♦s t❡♠♣♦s ❞♦s ✈♦❧✉♥tár✐♦s ❞✉r❛♥t❡ ♦ ♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡✱ ✐♥❞✐❝❛♥❞♦ ✉♠❛ ❛♠♦str❛

❤♦♠♦❣ê♥❡❛ ❞❡ ✈♦❧✉♥tár✐♦s✳ ◆❛ ♠é❞✐❛✱ ♦s ✈♦❧✉♥tár✐♦s r❡❛❧✐③❛r❛♠ ❛ ♣r♦✈❛ ❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✭359±
5✮ s❡❣✉♥❞♦s ❞✉r❛♥t❡ ♦ ♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡✳

❯♠ ❢❛t♦r ❛ s❡ ♦❜s❡r✈❛r é q✉❡ ♦ ♦s t❡♠♣♦s ♠é❞✐♦s ❞♦s ❣r✉♣♦s ♣❧❛❝❡❜♦ ✭352 ± 5✮ s❡❣✉♥❞♦s ❡

❝❛❢❡í♥❛ ✭355± 3✮ s❡❣✉♥❞♦s✱ ♥ã♦ ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ ✈❛r✐❛çã♦✱ ✐♥❞✐❝❛♥❞♦ ✉♠❛ ♠❡❧❤♦r❛✱ ✐♥❞❡♣❡♥❞❡♥t❡

❞♦ q✉❡ ♦ ✈♦❧✉♥tár✐♦ t♦♠♦✉✳

❖✉tr❛ ♦❜s❡r✈❛çã♦ ♥♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s ❝✉r✈❛s ❞♦s ❝r♦♠ó❢♦r♦s ❍❜❖ ❡ ❍❜❚ ♥❛s r❡❣✐õ❡s ❢r♦♥t❛✐s

❞✐r❡✐t❛ ✭❋✐❣✉r❛ ✻✳✶✼❆✮ ❡ ❡sq✉❡r❞❛ ✭❋✐❣✉r❛ ✻✳✶✽❆ ✮ é ❛ ❛✉sê♥❝✐❛ ❞♦ ♣♦♥t♦ ❞❡ ✐♥✢❡①ã♦ ✭♣✐❝♦✮ ♣r❡s❡♥t❡

♥♦s t❡st❡s ♣r♦❣r❡ss✐✈♦s✳ ❊st❛ ❛✉sê♥❝✐❛ ♣♦❞❡ s❡r ♣♦ss✐✈❡❧♠❡♥t❡ r❡❧❛❝✐♦♥❛❞❛ ❛♦ t✐♣♦ ❞❡ t❛r❡❢❛ r❡❛❧✐③❛❞❛

♣❡❧♦ ✈♦❧✉♥tár✐♦✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ❡❧❡ ♥ã♦ ❛t✐♥❣✐✉ ♦ ♣♦♥t♦ ♥♦ q✉❛❧ ❝♦♠❡ç❛ ❛ ❞❡s✐st✐r ❞❛ t❛r❡❢❛✳ ❆✜♥❛❧✱

é ✉♠ t❡st❡ ❢❡❝❤❛❞♦ ❞♦ q✉❛❧ ♦ ✈♦❧✉♥tár✐♦ ❝♦♥❤❡❝❡ ♦ ✜♥❛❧ ❞❛ ♣r♦✈❛✱ ♦✉ s❡❥❛✱ ❡❧❡ ♥ã♦ ❛t✐♥❣❡ ♦ ♣♦♥t♦ ❞❡

❡①❛✉stã♦✳

◆♦ ❝❛s♦ ❞❛s ❝✉r✈❛s ❞❡ ❍❜❘ ✭❋✐❣✉r❛ ✻✳✶✼❇✮ ♣♦❞❡rí❛♠♦s s✉♣♦r q✉❡ t❡♠♦s ✉♠❛ ❡✜❝✐ê♥❝✐❛ ♠❡❧❤♦r

❞✉r❛♥t❡ ♦ ❡①❡r❝í❝✐♦✱ ♣♦✐s ❛ ✐♥t❡♥s✐❞❛❞❡ ✜♥❛❧ ♣♦❞❡ ❡st❛r r❡❧❛❝✐♦♥❛❞❛ ❛ ✉♠❛ ♠❡❧❤♦r r❡t✐r❛❞❛ ❞♦ ♦①✐❣ê♥✐♦

❞♦ s❛♥❣✉❡✳ ❋❛t♦ ✐♥t❡r❡ss❛♥t❡ é q✉❡ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❍❜❘ ♥♦ ❝❛s♦ ❞❛ ❝❛❢❡í♥❛✱ ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱

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

❢r♦♥t❛❧ ❡sq✉❡r❞❛ ✭❋✐❣✉r❛ ✻✳✶✽❇✮

❖❧❤❛♥❞♦ ♣❛r❛ ❛ ❛♠♣❧✐t✉❞❡ ❞♦s ❣rá✜❝♦s ♠✉s❝✉❧❛r❡s ✭✈❛❧♦r ✜♥❛❧ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ♠❡♥♦s ♦ ✈❛❧♦r ✐♥✐✲

❝✐❛❧ ❞❛ ❝♦♥❝❡♥tr❛çã♦✮ t❡♠♦s q✉❡ ♣❛r❛ ❳❍❜❖ ❛ ✐♥❣❡stã♦ ❞❛ ❝❛❢❡í♥❛ r❡s✉❧t♦✉ ❡♠ ✉♠❛ ❛♠♣❧✐t✉❞❡✭−10, 5±
0, 1✮µ ▼ ♠❡♥♦r q✉❡ ❛ ❣❡r❛❞❛ ♥♦ t❡st❡ ❝♦♠ ♣❧❛❝❡❜♦ (−12, 6 ± 0, 1)µ▼✱ ♦✉ s❡❥❛✱ ❛ ❝❛❢❡í♥❛ ✐♥❞✉③✐✉

✉♠❛ ♠❡♥♦r q✉❡❞❛ ❞♦ ❝r♦♠ó❢♦r♦ ❳❍❜❖ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❝♦♠ ❛ ❝♦♥❞✐çã♦ ❝♦♥tr♦❧❡ ✭−14, 5±0, 1✮µ

▼✳ P♦❞❡♠♦s ❞✐③❡r q✉❡ t❡♠♦s ✉♠❛ q✉❡❞❛ ♠❡♥♦r ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❝❛❢❡í♥❛✳

◆♦ ❝❛s♦ ❞♦ ❳❍❜❘✱ ♣❛r❛ ❛ ❝♦♥❞✐çã♦ ❞❡ ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛ t❡♠♦s (5, 66 ± 0, 07✮µ▼✱ ♣❛r❛ ❛

❝♦♥❞✐çã♦ ♣❧❛❝❡❜♦✱ (7, 65 ± 0, 05)µ▼✱ ♦✉ s❡❥❛✱ ♠❛✐s ✉♠❛ ✈❡③✱ t✐✈❡♠♦s ✉♠❛ ❣❛♥❤♦ ♠❡♥♦r q✉❛♥❞♦ ♦

✈♦❧✉♥tár✐♦ ✐♥❣❡r✐✉ ❛ ❝❛❢❡í♥❛✳ ❊♠ ♥í✈❡❧ ❞❡ ❝♦♠♣❛r❛çã♦ ❞✉r❛♥t❡ ♦ ♣r♦t♦❝♦❧♦ ❝♦♥tr♦❧❡✱ t✐✈❡♠♦s ✉♠❛

❛♠♣❧✐t✉❞❡ ❞❡✿ (7, 1± 0, 1)µ▼✳

❊st❛ ❞✐❢❡r❡♥ç❛ ♥❛s ❛♠♣❧✐t✉❞❡s ♣♦❞❡ ✐♥❞✐❝❛r ✉♠❛ ♠❡❧❤♦r ❡✜❝✐ê♥❝✐❛ ♥♦ ❝♦♥s✉♠♦ ❞❡ ♦①✐❣ê♥✐♦

q✉❛♥❞♦ ♦ ✈♦❧✉♥tár✐♦ ✐♥❣❡r✐✉ ❛ ❝❛❢❡í♥❛✳

❈♦♥❝❧✉sã♦ P❛r❝✐❛❧

◆♦ ❝❛s♦ ❞❡ t❡st❡s ❝♦♥tr❛ ♦ r❡❧ó❣✐♦✱ ✈✐♠♦s ✉♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ q✉❛♥❞♦ ♦ ✈♦❧✉♥tár✐♦ ✐♥❣❡r✐✉ ❛

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

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

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

♥♦ss♦s ❞❛❞♦s✳

◗✉❛♥t♦ às ❛❧t❡r❛çõ❡s ♥❛ ♣❛rt❡ ❤❡♠♦❞✐♥â♠✐❝❛✱ ♥♦t❛♠♦s ❛ ❛✉sê♥❝✐❛ ❞♦ ♣♦♥t♦ ❞❡ ✐♥✢❡①ã♦ ♥❛s

r❡❣✐õ❡s ❢r♦♥t❛✐s✳ ❊st❛ ❛✉sê♥❝✐❛ ♣♦❞❡ ✐♥❞✐❝❛r q✉❡ ♦ ✈♦❧✉♥tár✐♦ ♥ã♦ ❛t✐♥❣❡ ♦ ♣♦♥t♦ ❞❡ ❡①❛✉stã♦ ♠á①✐♠❛

❞✉r❛♥t❡ ❛ t❛r❡❢❛ ❢❡❝❤❛❞❛ ✭t❡st❡ ❝♦♥tr❛ ♦ r❡❧ó❣✐♦✮✳



✼✽ ❈❖◆❈▲❯❙➹❖ ✻✳✹

◗✉❛♥t♦ à r❡❣✐ã♦ ♠✉s❝✉❧❛r✱ t❡♠♦s ✉♠❛ q✉❡❞❛ ❜❡♠ ❛❝❡♥t✉❛❞❛ ❞♦ ❳❍❜❖ ♥❛ ❝♦♥❞✐çã♦ ❝♦♥tr♦❧❡✱

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

❳❍❜❘ ♥❛ ❝♦♥❞✐çã♦ ❝♦♥tr♦❧❡✳ ◗✉❛♥❞♦ ♦❧❤❛♠♦s ♣❛r❛ ❛s ❝♦♥❞✐çõ❡s ♣❧❛❝❡❜♦ ❡ ❝❛❢❡í♥❛ ♥♦ ❝r♦♠ó❢♦r♦

❳❍❜❖ t❡♠♦s r❡s♣♦st❛ ♣❛r❡❝✐❞❛s ♥❛ ♠é❞✐❛✱ q✉❡ s❡ ❞✐❢❡r❡♥❝✐❛♠ ♥♦ ❝r♦♠ó❢♦r♦ ❳❍❜❘✳

✻✳✹ ❈♦♥❝❧✉sã♦

❉❡ ❢♦r♠❛ r❡s✉♠✐❞❛ ❛♣r❡s❡♥t❛♠♦s ❛s ❝♦♥❝❧✉sõ❡s ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s ❛❜♦r❞❛❣❡♥s r❡❛❧✐③❛❞❛s ❝♦♠ ♦

❡①♣❡r✐♠❡♥t♦✳ ❯♠❛ ✈❡③ ❝❛❧❝✉❧❛❞❛s ❛s ♠é❞✐❛s ❞❡ ❝❛❞❛ ❣r✉♣♦✱ ❞✐✈✐❞✐♠♦s ❛ ❛♥á❧✐s❡ ❞❡st❛ ❛♣❧✐❝❛çã♦ ❡♠

q✉❛tr♦ ❡st✉❞♦s ❞✐❢❡r❡♥t❡s✱ ❛♣r❡s❡♥t❛❞♦s ❛❜❛✐①♦✿

✶✳ ❘❡♣r♦❞✉t✐❜✐❧✐❞❛❞❡ ❡♠ t❡st❡s ♣r♦❣r❡ss✐✈♦s ✭t❛r❡❢❛ ❛❜❡rt❛✮ ❡♠ ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s

✭❙❡çã♦ ✻✳✸✳✶✮❀

• ❆s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s sã♦ r❡♣r♦❞✉tí✈❡✐s ❡♠ t❡st❡s ❛❜❡rt♦s ✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮❀

• ❆ ❛✉sê♥❝✐❛ ❞♦ ♣❧❛tô ♥♦ ✜♥❛❧ ❞♦ ❡①❡r❝í❝✐♦ ✭♣r❡❞✐t♦ ♣❡❧❛ t❡♦r✐❛ ❈❆❈✮❀

• Pr❡s❡♥ç❛ ❞❡ ✉♠ ♣♦♥t♦ ❞❡ ✐♥✢❡①ã♦ ♥❛s ❝✉r✈❛s ❢r♦♥t❛✐s✱ ♣♦❞❡♥❞♦ ✐♥❞✐❝❛r ✉♠ ✐♥í❝✐♦ ❞♦

tér♠✐♥♦ ❞♦ ❡①❡r❝í❝✐♦✳

✷✳ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s ❡ ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❡♠ t❡st❡s ♣r♦❣r❡ss✐✈♦s ✭t❛r❡❢❛

❛❜❡rt❛✮ ✭❙❡çã♦ ✻✳✸✳✷✮❀

• ❆♣❡s❛r ❞♦ t✐♣♦ ❞❡ ✈♦❧✉♥tár✐♦ ❛ ❢♦r♠❛ ❞❛s ❝✉r✈❛s s❡ ♠❛♥té♠❀

• ❆ ♣r❡s❡♥ç❛ ❞♦ ♣♦♥t♦ ❞❡ ✐♥✢❡①ã♦ ✭♥❛ r❡❣✐ã♦ ❢r♦♥t❛❧✮ ♥♦s ❞♦✐s t✐♣♦s ❞❡ ✈♦❧✉♥tár✐♦❀

• ❆s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❛ss♦❝✐❛❞❛s às r❡❣✐õ❡s ❢r♦♥t❛✐s ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ ♠❛✐♦r ❞✐❢❡✲

r❡♥ç❛❀

• ❆s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r ♥ã♦ ❛♣r❡s❡♥t❛r❛♠ ♦ ♣❧❛tô ❡s♣❡r❛❞♦ ♣❡❧❛

t❡♦r✐❛ ❈❆❈✳

✸✳ ❊❢❡✐t♦ ❞❛ ❝❛❢❡í♥❛ ❡ ♣❧❛❝❡❜♦ ❡♠ ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❡♠ t❡st❡s ♣r♦❣r❡ss✐✈♦s ✭t❛r❡❢❛

❛❜❡rt❛✮ ✭❙❡çã♦ ✻✳✸✳✸✮❀

• ❚✐✈❡♠♦s ✉♠ ❛✉♠❡♥t♦ ❞❡ ♣❡r❢♦r♠❛♥❝❡ q✉❛♥❞♦ ♦ ✈♦❧✉♥tár✐♦ ✐♥❣❡r✐✉ ❝❛❢❡í♥❛❀

• ❆s r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛s sã♦ ♣❛r❡❝✐❞❛s✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ ❝♦♥❞✐çã♦ ❞♦ t❡st❡ ✭❝♦♥tr♦❧❡

✴ ♣❧❛❝❡❜♦ ✴ ❝❛❢❡í♥❛✮✳

✹✳ ❊❢❡✐t♦ ❞❛ ❝❛❢❡í♥❛ ❡ ♣❧❛❝❡❜♦ ❡♠ ✈♦❧✉♥tár✐♦s ❝✐❝❧✐st❛s ❡♠ t❡st❡s ❝♦♥tr❛ r❡❧ó❣✐♦ ❡♠ ♣r♦✈❛s ❞❡

✹❑♠ ✭t❛r❡❢❛ ❢❡❝❤❛❞❛✮ ✭❙❡çã♦ ✻✳✸✳✹✮✳

• ❆♣r❡s❡♥t❛çã♦ ❞❡ ✉♠❛ ♠❡❧❤♦r❛ ❞❡ ♣❡r❢♦r♠❛♥❝❡ q✉❛♥t♦ ❛ ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛✴♣❧❛❝❡❜♦

q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛♦ ❝♦♥❞✐çã♦ ❝♦♥tr♦❧❡❀

• ◆❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♥♦t❛♠♦s ❛ ❛✉sê♥❝✐❛ ❞♦ ♣♦♥t♦ ❞❡ ✐♥✢❡①ã♦ ♥❛s ❝✉r✈❛s ❢r♦♥✲

t❛✐s✱ q✉❛♥❞♦ ♦ t❡st❡ é ❢❡❝❤❛❞♦ ✭♣r♦✈❛ ❞❡ ✹❑♠✮ ❡♠ ❝♦♠♣❛r❛çã♦ ❛♦ t❡st❡ ❛❜❡rt♦ ✭t❡st❡

♣r♦❣r❡ss✐✈♦✮❀

• ◆ã♦ ❛♣❛r❡❝❡✉ ♦ ♣❧❛tô ♥❛s ❝✉r✈❛s ♠✉s❝✉❧❛r❡s✳



❈❛♣ít✉❧♦ ✼

❆P◆❊■❆ ❊▼ P❆❈■❊◆❚❊❙ ❈❖▼

❊❙❚❊◆❖❙❊ ❈❆❘❖❚❮❉❊❆

❆s ❛rtér✐❛s ❝❛rót✐❞❛s sã♦ ❛ ♣r✐♥❝✐♣❛❧ ❢♦♥t❡ ❞❡ ✢✉①♦ s❛♥❣✉í♥❡♦ ♣❛r❛ ♦ ❝ér❡❜r♦✳ ❊❧❛s ❡stã♦ ❧♦❝❛❧✐✲

③❛❞❛s ❡♠ ❛♠❜♦s ♦s ❧❛❞♦s ❞♦ ♣❡s❝♦ç♦✱ ❛❜❛✐①♦ ❞♦ ♠❛①✐❧❛r✳ ❆ ❞♦❡♥ç❛ ❝❛r♦tí❞❡❛ é ✉♠❛ ❡♥❢❡r♠✐❞❛❞❡ ♥❛

q✉❛❧ ❡st❛s ❛rtér✐❛s s❡ t♦r♥❛♠ ❡str❡✐t❛s ♦✉ sã♦ ♦❜str✉í❞❛s✳ ❖ ❡str❡✐t❛♠❡♥t♦ ❞❡st❛s ❛rtér✐❛s ✐♠♣❧✐❝❛

♥❛ ❞♦❡♥ç❛ ❝❤❛♠❛❞❛ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛✳ ◆❛ ❋✐❣✉r❛ ✼✳✶✱ ✈❡♠♦s ✉♠❛ ❛rtér✐❛ ❝❛rót✐❞❛ ❝♦♠ ❡st❡♥♦s❡✳

❋✐❣✉r❛ ✼✳✶✿ ❊①❡♠♣❧♦ ❞❡ ✉♠ ❡①❛♠❡ ❞❡ ❛♥❣✐♦t♦♠♦❣r❛✜❛ ♠♦str❛♥❞♦ ✉♠❛ ❡st❡♥♦s❡ ♥❛ ❛rtér✐❛ ❝❛rót✐❞❛✳

❖ ❡str❡✐t❛♠❡♥t♦ ❞❛s ❝❛rót✐❞❛s ♦❝♦rr❡ q✉❛♥❞♦ s✉❜stâ♥❝✐❛s ❣♦r❞✉r♦s❛s ❡ ❛❞❡r❡♥t❡s✱ ❝❤❛♠❛❞❛s

♣❧❛❝❛s✱ s❡ ❛❝✉♠✉❧❛♠ ♥♦ ✐♥t❡r✐♦r ❞❛s ❛rtér✐❛s✳ ❊st❛s ♣❧❛❝❛s ♣♦❞❡♠ ❜❧♦q✉❡❛r✱ ❡str❡✐t❛r ❧❡♥t❛♠❡♥t❡ ♦✉

❝❛✉s❛r ✉♠ ❝♦á❣✉❧♦ ✭tr♦♠❜♦✮ ♥❛s ❛rtér✐❛s ❝❛rót✐❞❛s✳ ❖ ❝♦á❣✉❧♦ s❡ ❢♦r♠❛ q✉❛♥❞♦ ✉♠❛ ♣❛rt❡ ❞❛ ♣❧❛❝❛

s❡ s♦❧t❛ ♣♦❞❡♥❞♦ ❜❧♦q✉❡❛r ♦ ✢✉①♦ s❛♥❣✉í♥❡♦✳ ❊st❡ ❜❧♦q✉❡✐♦ é ♦ r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ❛❝✐❞❡♥t❡ ❱❛s❝✉❧❛r

❈❡r❡❜r❛❧ ✭❆❱❈✮✳

✼✾



✽✵ ✼✳✵

❖ ❛❝✐❞❡♥t❡ ❱❛s❝✉❧❛r ❈❡r❡❜r❛❧ é ✉♠❛ ❞❛s ♠❛✐♦r❡s ❝❛✉s❛s ❞❡ ♠♦rt❡ ❡ ✐♥❝❛♣❛❝✐❞❛❞❡ ❛❞q✉✐r✐❞❛ ❡♠

t♦❞♦ ♦ ♠✉♥❞♦ ✭❇❖❉❊◆✲❆▲❇❆▲❆ ❡ ❙❆❈❈❖ ✭✶✾✾✾✮✱ ❇❘❖❲◆ ❡t ❛❧✳ ✭✶✾✾✻✮✱ ▼❯❘❘❆❨ ❡ ▲❖P❊❩

✭✶✾✾✼✮ ❡ ▲❆❱❆❉❖❙ ❡t ❛❧✳ ✭✷✵✵✼✮✮✳ ❊st❛tíst✐❝❛s ❜r❛s✐❧❡✐r❛s ✐♥❞✐❝❛♠ q✉❡ ♦ ❆❱❈ é ❛ ❝❛✉s❛ ♠❛✐s

❢r❡q✉❡♥t❡ ❞❡ ó❜✐t♦ ♥❛ ♣♦♣✉❧❛çã♦ ❛❞✉❧t❛ ▲❊❙❙❆ ✭✶✾✾✾✮ ❡ ▲❊❙❙❆ ❡ ❙■▲❱❆ ✭✶✾✾✸✮✮✳ ❈♦♠ ❜❛s❡ ♥♦

❉❆❚❆❙❯❙✱ ❞❡ ✷✵✵✺ ❛ ✷✵✵✾ r❡❣✐str❛r❛♠✲s❡ ♥♦ ❇r❛s✐❧ ❝❡r❝❛ ❞❡ ✶✼✵✳✵✵✵ ✐♥t❡r♥❛çõ❡s ♣♦r ❆❱❈✴❛♥♦✱

❝♦♠ ✉♠ ♣❡r❝❡♥t✉❛❧ ❞❡ ó❜✐t♦s ❡♠ t♦r♥♦ ❞❡ ✶✼✪✳ ❙ó ♥♦ ❛♥♦ ❞❡ ✷✵✵✾✱ ♦ ❆❱❈ r❡♣r❡s❡♥t♦✉ ✶✱✺✪ ❞❛s

✶✶✳✺✵✾✳✹✽✺ ✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s r❡❣✐str❛❞❛s ♥♦ ❙✐st❡♠❛ Ú♥✐❝♦ ❞❡ ❙❛ú❞❡ ✭❙❯❙✮✳

❖s ❆❱❈ sã♦ ❝❧❛ss✐✜❝❛❞♦s ❝♦♠♦ ❤❡♠♦rrá❣✐❝♦s ♦✉ ✐sq✉ê♠✐❝♦s✳ ❈❧✐♥✐❝❛♠❡♥t❡✱ t❛♥t♦ ♦ ❆❱❈ ❤❡♠♦r✲

rá❣✐❝♦ q✉❛♥t♦ ♦ ✐sq✉ê♠✐❝♦ sã♦ ❝❛r❛❝t❡r✐③❛❞♦s ♣❡❧♦ ❛♣❛r❡❝✐♠❡♥t♦ sú❜✐t♦ ❞❡ ❞é✜❝✐ts ♥❡✉r♦❧ó❣✐❝♦s✳ ❆

❝❛r❛❝t❡ríst✐❝❛ ❞♦ ❞é✜❝✐t ❞❡♣❡♥❞❡ ❞❛ r❡❣✐ã♦ ❝❡r❡❜r❛❧ ❡♥✈♦❧✈✐❞❛ ✭❉❖◆◆❆◆ ❡t ❛❧✳ ✭✷✵✵✽✮✮✳ ❆ ❝✐r❝✉❧❛✲

çã♦ ♠❛✐s ❝♦♠✉♠❡♥t❡ ❛❢❡t❛❞❛ ✭✽✵✪ ❞♦s ❝❛s♦s✮ é ❛ ❛♥t❡r✐♦r ♦✉ ❝❛rót✐❞❛✳

❖✉tr❛ ❢♦r♠❛ ♠✉✐t♦ ❢r❡q✉❡♥t❡ ❞❡ ❆❱❈ ❞❛ ❝✐r❝✉❧❛çã♦ ❛♥t❡r✐♦r✱ q✉❡ às ✈❡③❡s ♣♦❞❡ s❡r s✐❧❡♥❝✐♦s❛✱

sã♦ ♦s ✐♥❢❛rt♦s ❞♦s r❛♠♦s ♣❡♥❡tr❛♥t❡s ❞❛s ❛rtér✐❛s ❞♦ ❝ír❝✉❧♦ ❞❡ ❲✐❧❧✐s✱ ♦s q✉❛✐s ❝❛✉s❛♠ ❞✐♠✐♥✉t♦s

✐♥❢❛rt♦s ♥❛ r❡❣✐ã♦ ❞♦s ♥ú❝❧❡♦s ❞❛ ❜❛s❡ ❡ ❝á♣s✉❧❛ ✐♥t❡r♥❛✱ ❝❤❛♠❛❞♦s ❧❛❝✉♥❛r❡s ✭❨❊❲ ❡ ❈❍❊◆●

✭✷✵✵✾✮✮✳

❖ ♠❡❝❛♥✐s♠♦ ❞♦ ❆❱❈ ✐sq✉ê♠✐❝♦ é ❝♦rr❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ✐sq✉❡♠✐❛ ♣♦r tr♦♠❜♦s❡✱ ❡♠❜♦❧✐❛ ❡ ❤✐♣♦✲

♣❡r❢✉sã♦ s✐stê♠✐❝❛ ❡♠ ✽✽✪ ❞♦s ❝❛s♦s ✭❑❆▲▲■❑❆❩❆❘❖❙ ❡t ❛❧✳ ✭✶✾✾✾✮✮✳ ❖s ❡st✉❞♦s s✉❣❡r❡♠ q✉❡

✶✵ ❛ ✷✵✪ ❞♦s ❆❱❈s ✐sq✉ê♠✐❝♦s ♣♦❞❡♠ s❡r ❝❛✉s❛❞♦s ♣♦r ❛rt❡r♦s❝❧❡r♦s❡ ❝❛r♦tí❞❡❛ ✭❙❆❈❈❖ ✭✷✵✵✶✮✮✳

❆ ❞♦❡♥ç❛ ❞❡ ❝❛rót✐❞❛s ♣♦❞❡ s❡r ❞❡♥♦♠✐♥❛❞❛ s✐♥t♦♠át✐❝❛ ♦✉ ❛ss✐♥t♦♠át✐❝❛✳ P❛❝✐❡♥t❡s ❝♦♠ ❛♥✲

t❡❝❡❞❡♥t❡s ❞❡ ❆❱❈ ✐sq✉ê♠✐❝♦ r❡❧❛❝✐♦♥❛❞♦ à ❡st❡♥♦s❡ ❞❡ ❝❛rót✐❞❛ ♦✉ ❛ ❛❝✐❞❡♥t❡ ✐sq✉ê♠✐❝♦ tr❛♥✲

s✐tór✐♦ ✭❆■❚✮ sã♦ ❝♦♥s✐❞❡r❛❞♦s s✐♥t♦♠át✐❝♦s✳ ❏á ♦s ♣❛❝✐❡♥t❡s ❛ss✐♥t♦♠át✐❝♦s ❛♣r❡s❡♥t❛♠ s✐♥t♦♠❛s

♥❡✉r♦❧ó❣✐❝♦s ✐♥❡s♣❡❝í✜❝♦s✱ ❝♦♠♦ t♦♥t✉r❛ ♣ré✲sí♥❝♦♣❡✱ q✉❡ ♥ã♦ ♣♦❞❡♠ s❡r ❛tr✐❜✉í❞♦s ❞✐r❡t❛♠❡♥t❡ à

❡st❡♥♦s❡✭▼❊❙❙■◆❆ ❡ ❚■❊❘◆❊❨ ❏❘ ✭✷✵✵✷✮✮✳

❯♠❛ r❡✈✐sã♦ ❞❡ ✹✵ ❡st✉❞♦s ❞❡s❝r❡✈❡✉ ❛ ♣r❡✈❛❧ê♥❝✐❛ ❞❡ ❡st❡♥♦s❡ ♠♦❞❡r❛❞❛ ♥❛ ♣♦♣✉❧❛çã♦✳ ❊♠

♠✉❧❤❡r❡s ❡ ❤♦♠❡♥s ❝♦♠ ♠❡♥♦s ❞❡ ✼✵ ❛♥♦s ❞❡ ✐❞❛❞❡✱ ❛ ♣r❡✈❛❧ê♥❝✐❛ é ❞❡ ✹✱✽✪ ❡ ✷✱✷✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❏á ❡♠ ♣❛❝✐❡♥t❡s ❝♦♠ ♠❛✐s ❞❡ ✼✵ ❛♥♦s ❞❡ ✐❞❛❞❡✱ ❛ ♣r❡✈❛❧ê♥❝✐❛ ❡♠ ❤♦♠❡♥s ❡ ♠✉❧❤❡r❡s é ❞❡ ✶✷✱✺✪

❡ ✻✱✾✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ ❡st❡♥♦s❡ s❡✈❡r❛ ❡♠ ♣❛❝✐❡♥t❡s ❝♦♠ ♠❛✐s ❞❡ ✽✵ ❛♥♦s ❞❡ ✐❞❛❞❡✱ ♣♦r s✉❛

✈❡③✱ t❡♠ ♣r❡✈❛❧ê♥❝✐❛ ❞❡ ✸✱✶✪ ❡♠ ❤♦♠❡♥s ❡ ✵✱✾✪ ❡♠ ♠✉❧❤❡r❡s✭▼❊❙❙■◆❆ ❡ ❚■❊❘◆❊❨ ❏❘ ✭✷✵✵✷✮

❡ ❲■▲▲❊■❚ ❡ ❑■❊❈❍▲ ✭✶✾✾✸✮✮✳

❆ ❡st❡♥♦s❡ ❞❛ ❛rtér✐❛ ❝❛rót✐❞❛ é ✉♠❛ ♣❛t♦❧♦❣✐❛ ❛♠♣❧❛♠❡♥t❡ ❞✐s❝✉t✐❞❛ ❡♠ ❡st✉❞♦s ♠✉❧t✐❝ê♥tr✐❝♦s

❡ t❡♠ ✉♠ ✢✉①♦❣r❛♠❛ ❞❡ ❝♦♥❞✉t❛ ❜❡♠ ❞❡✜♥✐❞♦✳ ❖ ♣❛❞rã♦ ❛♠❡r✐❝❛♥♦ ♣❛r❛ ❛❢❡r✐çã♦ é ❞✐❢❡r❡♥t❡ ❞♦

♣❛❞rã♦ ❡✉r♦♣❡✉✱ ♠❛s ❛s ✐♥❞✐❝❛çõ❡s ❞❡ tr❛t❛♠❡♥t♦ ♣❡r♠❛♥❡❝❡♠ ❛s ♠❡s♠❛s✱ ♣♦ré♠ ❝♦♠ ♦✉tr♦s ✈❛❧♦r❡s

✭❇❘❖❚❚ ❡t ❛❧✳ ✭✷✵✶✶✮ ❡ ❋❯❘■❊ ❡t ❛❧✳ ✭✷✵✶✶✮✮✳

❊♠ ❙❆❈❈❖ ✭✷✵✵✶✮ ❡♥❝♦♥tr❛♠♦s ❞♦✐s tr❛❜❛❧❤♦s r❡❢❡r❡♥t❡s ❛♦s ♣❛❞rõ❡s ❝✐t❛❞♦s✱ ❛ s❛❜❡r✿

✶✳ ◆❆❙❈❊❚ ✭◆♦rt❤ ❆♠❡r✐❝❛♥ ❙②♠♣t♦♠❛t✐❝ ❈❛r♦t✐❞ ❊♥❞❛rt❡r❡❝t♦♠② ❚r✐❛❧✮✿ ❡st✉❞♦ ❝♦♠ s❡❣✉✐✲

♠❡♥t♦ ❞❡ ❞♦✐s ❛♥♦s ✐♥❝❧✉✐♥❞♦ ❡st❡♥♦s❡ ❞❡ ✼✵ ❛ ✾✾✪✳ ❆ ♠♦rt❛❧✐❞❛❞❡ ❢♦✐ ❞❡ ✷✻✪ ♥♦ ❣r✉♣♦

t❡r❛♣✐❛ ♠é❞✐❝❛ ❡ ❞❡ ✾✪ ♥♦ ❣r✉♣♦ ❡♥❞❛rt❡r❡❝t♦♠✐❛✳ ❆ ❞✐♠✐♥✉✐çã♦ ❞❡ r✐s❝♦ r❡❧❛t✐✈♦ ❢♦✐ ❞❡ ✻✺✪

❡ ❞❡ r✐s❝♦ ❛❜s♦❧✉t♦ ❞❡ ✶✼✪✳ ❆ss✐♠✱ ❡r❛ ♥❡❝❡ssár✐♦ ❢❛③❡r ❡♥❞❛rt❡r❡❝t♦♠✐❛ ❡♠ ✶✷ ♣❡ss♦❛s✴❛♥♦

♣❛r❛ ♣r❡✈❡♥✐r ♦ ❡♣✐s♦❞✐♦ ❞❡ ❆❱❈ ✭❙❆❈❈❖ ✭✷✵✵✶✮✮❀

✷✳ ❊❙❈❚ ✭❊✉r♦♣❡❛♥ ❙✉r❣❡r② ❈❛r♦t✐❞ ❚r✐❛❧✮✿ t❛♠❜é♠ ❞❡♠♦♥str♦✉ ♦ ❜❡♥❡❢í❝✐♦ ❞❛ ❡♥❞❛rt❡r❡❝t♦✲

♠✐❛ ❡♠ ♣❛❝✐❡♥t❡s ❝♦♠ ❡st❡♥♦s❡ ❡♥tr❡ ✼✵ ❡ ✾✾✪✳ ❈♦♠❜✐♥❛♥❞♦ s❡✉s r❡s✉❧t❛❞♦s ❝♦♠ ♦ ❡st✉❞♦



✼✳✵ ✽✶

◆❆❙❈❊❚✱ s❡r✐❛ ♥❡❝❡ssár✐♦ tr❛t❛r ❞❡ ✼ ❛ ✽ ♣❛❝✐❡♥t❡s ♣❛r❛ ♣r❡✈❡♥✐r ✉♠ ❡♣✐só❞✐♦ ❞❡ ❆❱❈ ❡♠ ✺

❛♥♦s ✭❙❆❈❈❖ ✭✷✵✵✶✮✮✳

❆ r❡❝♦♠❡♥❞❛çã♦ ❞❡ ❝♦♥s❡♥s♦✱ ❡♥tr❡ ◆❆❙❈❊❚ ❡ ❊❙❈❚✱ é r❡❛❧✐③❛r ❡♥❞❛rt❡r❡❝t♦♠✐❛ ✭❝✐r✉r❣✐❛

❛❜❡rt❛✮ ❡♠ ♣❛❝✐❡♥t❡s s✐♥t♦♠át✐❝♦s ❝♦♠ ❡st❡♥♦s❡ ❛❝✐♠❛ ❞❡ ✼✵✪✳ ❆ ✧❙♦❝✐❡t② ♦❢ ❱❛s❝✉❧❛r ❙✉r❣❡r②✧

t❛♠❜é♠ ❝♦♥s❡♥t❡ ❡st❛ r❡❝♦♠❡♥❞❛çã♦✳ ◆♦ ❡♥t❛♥❞♦✱ s❡ ♦ r✐s❝♦ ❝✐rúr❣✐❝♦ ❢♦r s✐❣♥✐✜❝❛t✐✈♦✱ ❝♦♥s✐❞❡r❛✲s❡

❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ t❡r❛♣✐❛ ❝♦♠ ✧st❡♥t✧✳❏á ♣❛❝✐❡♥t❡s ❝♦♠ ❡st❡♥♦s❡ ❡♥tr❡ ✺✵ ❡ ✻✾✪✱ ♦ ❡st✉❞♦ ❊❙❈❚

♥ã♦ ❡♥❝♦♥tr♦✉ ❜❡♥❡❢í❝✐♦ ✭❙❆❈❈❖ ✭✷✵✵✶✮✮✳

❆s r❡❝♦♠❡♥❞❛çõ❡s ❞❛ ✧❙♦❝✐❡t② ♦❢ ❱❛s❝✉❧❛r ❙✉r❣❡r②✧ ❞❡ ✐♥t❡r✈❡♥çã♦ ❡♠ ♣❛❝✐❡♥t❡s s✐♥t♦♠át✐❝♦s

✭❙❆❈❈❖ ✭✷✵✵✶✮✮✱ sã♦ ❛s s❡❣✉✐♥t❡s✿

• ❡st❡♥♦s❡ ❞❡ ✼✵ ❛ ✾✾✪ ❡ ❡①♣❡❝t❛t✐✈❛ ❞❡ ✈✐❞❛ ♠❛✐♦r ❞❡ ✺ ❛♥♦s✿ r❡❝♦♠❡♥❞❛❞♦ r❡❛❧✐③❛r ❡♥❞❛rt❡✲

r❡❝t♦♠✐❛❀

• ❡st❡♥♦s❡ ❞❡ ✼✵ ❛ ✾✾✪ ❡ ❡①♣❡❝t❛t✐✈❛ ❞❡ ✈✐❞❛ ♠❡♥♦r q✉❡ ✺ ❛♥♦s✿ r❡❝♦♠❡♥❞❛❞❛ ❛ ❝♦❧♦❝❛çã♦ ❞❡

st❡♥t✳ P❛r❛ t❛❧✱ é ♥❡❝❡ssár✐♦ q✉❡ ❡①✐st❛ ✉♠❛ ❧❡sã♦ ❝❛r♦tí❞❡❛ ❛❝❡ssí✈❡❧ ❡ q✉❡ ♦ ♣❛❝✐❡♥t❡ ♥ã♦

t❡♥❤❛ r❡❛❧✐③❛❞♦ ❡♥❞❛rt❡r❡❝t♦♠✐❛ ♣ré✈✐❛❀

• ❡st❡♥♦s❡ ❡♥tr❡ ✺✵ ❛ ✻✾✪ ❡♠ ❤♦♠❡♥s✿ r❡❝♦♠❡♥❞❛❞❛ ❛ r❡❛❧✐③❛çã♦ ❞❡ ❡♥❞❛rt❡r❡❝t♦♠✐❛✱ ♠❛s ❡♠

♠✉❧❤❡r❡s✱ ❛ ♣r❡❢❡rê♥❝✐❛ é ♣❡❧♦ tr❛t❛♠❡♥t♦ ♠é❞✐❝♦❀

• ❡st❡♥♦s❡ ♠❡♥♦r q✉❡ ✺✵✪✿ t❡r❛♣✐❛ ♠é❞✐❝❛✳

❈♦♥s✐❞❡r❛✲s❡ ♦ ✉❧tr❛ss♦♠ ♦ ❡①❛♠❡ ♠❛✐s ❞✐s♣♦♥í✈❡❧ ❡ ❜❛r❛t♦✳ ❈♦♠♦ ❛♣r❡s❡♥t❛ ❜♦❛ s❡♥s✐❜✐❧✐❞❛❞❡

❡ ❡s♣❡❝✐✜❝✐❞❛❞❡ ✭✽✶ ❡ ✽✷✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮✱ t♦r♥❛✲s❡ ♦ ♠❛✐s ✉t✐❧✐③❛❞♦ ♥❛ ❞❡t❡❝çã♦ ❞❛ ❡st❡♥♦s❡

❞❡ ❝❛rót✐❞❛ ❡①tr❛❝r❛♥✐❛♥❛ ♥♦s ♣❛❝✐❡♥t❡s ❞❡ ❛❧t♦ r✐s❝♦ ❡ ♥❛q✉❡❧❡s q✉❡ ❛♣r❡s❡♥t❛♠ s♦♣r♦ ❝❛r♦tí❞❡♦

✭❙❆❈❈❖ ✭✷✵✵✶✮ ❡ ❘❆❏❆▼❆◆■ ❡ ●❖❘▼❆◆ ✭✷✵✵✶✮✮✳

❊♥tr❡t❛♥t♦✱ ◗❯❘❊❙❍■ ❡t ❛❧✳ ✭✷✵✵✶✮ ♦❜s❡r✈❛r❛♠ q✉❡ ♦ ✉❧tr❛ss♦♠ ❛♣r❡s❡♥t♦✉ ❢❛❧s♦ ♣♦s✐t✐✈♦ ❞❡

✷✵✪ ♣❛r❛ ❡st❡♥♦s❡s ❃ ✺✵✪ ❡♠ ♣❛❝✐❡♥t❡s s✐♥t♦♠át✐❝♦s ❡ ❢❛❧s♦ ♣♦s✐t✐✈♦ ❞❡ ✹✶✪ ♣❛r❛ ❡st❡♥♦s❡s ❁✻✵✪

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

③❛❞❛ ✉♠❛ ❛♥❣✐♦t♦♠♦❣r❛✜❛ ❞❡ ❝❛rót✐❞❛s ♦✉ ♦ ❡①❛♠❡ ❞❡ ❉♦♣♣❧❡r ❞❡ ❝❛rót✐❞❛s ♥♦s ♣❛❝✐❡♥t❡s ♥♦ q✉❛❧

♦ ✉❧tr❛ss♦♠ ❞❡t❡❝t♦✉ ❡st❡♥♦s❡ ❃✺✵✪✳

❆ ❡st❡♥♦s❡ ❞❡ ❝❛rót✐❞❛ é tr✐❛❞❛ ❛tr❛✈és ❞❡ ❡①❛♠❡ ❞❡ ✉❧tr❛ss♦♥♦❣r❛✜❛ ❞❡♥♦♠✐♥❛❞♦ ❉♦♣♣❧❡r ❞❡ ❝❛✲

rót✐❞❛s ❡ ✈❡rt❡❜r❛✐s✳ ◆❡st❡ ❡①❛♠❡✱ é ♣♦ssí✈❡❧ ❛✈❛❧✐❛r ❛ ❢♦r♠❛ ❡ ♦ ✢✉①♦ ❞❡ s❛♥❣✉❡ ♣❡❧❛ ❛rtér✐❛ ❝❛rót✐❞❛

❝♦♠ ✾✶✪ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ ✽✼✪ ❞❡ ❡s♣❡❝✐✜❝✐❞❛❞❡ ✭P❆❱❆◆❊▲▲❖ ✭✶✾✾✼✮ ❡ ◆❊❉❊❘❑❖❖❘◆ ❡t ❛❧✳

✭✷✵✵✸✮✮✳ ❆♣r❡s❡♥t❛♥❞♦ ✉♠❛ ❛❧t❡r❛çã♦ ♥❡st❡ ❡①❛♠❡✱ ❞❡✈❡✲s❡ ❝♦♠♣❧❡♠❡♥t❛r ❝♦♠ ♦✉tr♦ ❡①❛♠❡ ♥ã♦

✐♥✈❛s✐✈♦ ❝♦♠♦✿ ❛ ❛♥❣✐♦t♦♠♦❣r❛✜❛✱ ❛♥❣✐♦r❡ss♦♥â♥❝✐❛ ♠❛❣♥ét✐❝❛ ❞❡ ❝❛rót✐❞❛s ♦✉ ❛✐♥❞❛ ❝♦♠ ✉♠❛

❛♥❣✐♦❣r❛✜❛ ✭❝❛t❡t❡r✐s♠♦ ❞✐❛❣♥óst✐❝♦✮ ❞❡ ❝❛rót✐❞❛s✳ ❈♦♠ ❡st❡s ❞❛❞♦s✱ é ♣♦ssí✈❡❧ ❞❡✜♥✐r ♦ ♠❡❧❤♦r tr❛✲

t❛♠❡♥t♦ ♣❛r❛ ❝❛❞❛ ♣❛❝✐❡♥t❡✿ tr❛t❛♠❡♥t♦ ❝❧í♥✐❝♦ ♣❛r❛ ♣❛❝✐❡♥t❡s ❞❡ ❡st❡♥♦s❡ ♣❡q✉❡♥❛ ❡ tr❛t❛♠❡♥t♦

❝✐rúr❣✐❝♦ ♣❛r❛ ♦s ❞❡ ❡st❡♥♦s❡ ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛ ✭❘❖▼❊❘❖ ❡t ❛❧✳ ✭✷✵✵✾✮✮✳

❙❡❣✉♥❞♦ ✭▼❆❘❚■◆❙ ✭✷✵✶✸✮✮ ❛ ✐♥❞✐❝❛çã♦ ❞❛ ❛♥❣✐♦♣❧❛st✐❛ ♦✉ ❞❛ ❝✐r✉r❣✐❛ ❛❜❡rt❛ ✭❡♥❞❛rt❡r❡❝t♦✲

♠✐❛✮ r❡♠♦♥t❛ ❛ ❛✈❛❧✐❛çã♦ ❞❡ ♠ú❧t✐♣❧♦s ❢❛t♦r❡s✱ ❝♦♠♦✿ ✐❞❛❞❡✱ ❞♦❡♥ç❛s ❛ss♦❝✐❛❞❛s✱ ♦✉tr❛s ❡st❡♥♦s❡s

s✐♠✉❧tâ♥❡❛s✱ ❆❱❈ ❡♠ ❝✉rs♦✱ ❞❡♥tr❡ ♦✉tr♦s✳

❈♦♥s✐❞❡r❛♥❞♦ ❛s ✐♥❢♦r♠❛çõ❡s ❛♣r❡s❡♥t❛❞❛s✱ é r❡ss❛❧t❛❞❛ ❛ ♥❡❝❡ss✐❞❛❞❡ ❡ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ ✉♠

❝♦♥tí♥✉♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ té❝♥✐❝❛s q✉❡ ♣♦ss✐❜✐❧✐t❡♠ ❞❡t❡❝t❛r ❡st❡♥♦s❡s ❝❛r♦tí❞❡❛s ❡ ❛✈❛❧✐❛r s❡✉

❣r❛✉ ❞❡ s❡✈❡r✐❞❛❞❡✳



✽✷ ❖❇❏❊❚■❱❖ ✼✳✷

❖❜s✿ ❊st❡ ❡①♣❡r✐♠❡♥t♦ ❝♦♥t♦✉ ❝♦♠ ❛ ❝♦❧❛❜♦r❛çã♦ ❞♦ s❡t♦r ❞❡ ♥❡✉r♦✈❛s❝✉❧❛r ❞♦ ❍❈✲❯◆■❈❆▼P

✭❍♦s♣✐t❛❧ ❞❛s ❈❧í♥✐❝❛s✮ ❝♦♠ ♦ ❞♦✉t♦r ❲❛❣♥❡r ❆✈❡❧❛r✳ ❖ ♣r♦❥❡t♦ ♣❛ss♦✉ ♣❡❧♦ ❈♦♠✐tê ❞❡ ➱t✐❝❛ ❞❛

❯◆■❈❆▼P ❡ ♦ ❚❈▲❊ s❡ ❡♥❝♦♥t❛ ♥♦ ❛♣ê♥❞✐❝❡ ❉

✼✳✶ ❖❜❥❡t✐✈♦

❊st❡ ❡st✉❞♦ t❡✈❡ ❝♦♠♦ ♦❜❥❡t✐✈♦ três ❛❜♦r❞❛❣❡♥s✿

• ❈❛r❛❝t❡r✐③❛çã♦ ❞❛ r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❞✉r❛♥t❡ ❛♣♥❡✐❛ ❡♠ ✈♦❧✉♥tár✐♦s ❝♦♠ ❡st❡♥♦s❡ ❝❛r♦✲

tí❞❡❛❀

• ❈♦♠♣❛r❛çã♦ ❞♦s ❤❡♠✐s❢ér✐♦s ❝❡r❡❜r❛✐s ❛❧t❡r❛❞♦s ❝♦♠ ♦s ♥♦r♠❛✐s❀

• ❈♦♠♣❛r❛çã♦ ❞❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞❡ ❞✐❢❡r❡♥t❡s ❣r❛✉s ❞❡ ❡st❡♥♦s❡✳

✼✳✷ ❉❡s❡♥❤♦ ❊①♣❡r✐♠❡♥t❛❧

✼✳✷✳✶ ❱♦❧✉♥tár✐♦s

❖s ✈♦❧✉♥tár✐♦s ♣❛rt✐❝✐♣❛♥t❡s ❞❡st❡ ❡①♣❡r✐♠❡♥t♦ ❢♦r❛♠ ✐♥❞✐❝❛❞♦s ♣❡❧♦ ♥ú❝❧❡♦ ❞❡ ◆❡✉r♦✈❛s❝✉❧❛r

❞♦ ❍❈✲❯◆■❈❆▼P✱ ♦♥❞❡ ♣❛ss❛r❛♠ ♣♦r ✉♠❛ tr✐❛❣❡♠ ✐♥✐❝✐❛❧✳ ◆❡st❛ tr✐❛❣❡♠✱ ♦ ♣❛❝✐❡♥t❡ r❡❛❧✐③❛ ✉♠

❡①❛♠❡ ❉♦♣♣❧❡r ❞❡ ❝❛rót✐❞❛s ♣❛r❛ ♦ ❞✐❛❣♥óst✐❝♦ ❞❛ ❡st❡♥♦s❡✳ ❈♦♥✜r♠❛❞❛ ❛ ❡①✐stê♥❝✐❛ ❞❛ ❡st❡♥♦s❡✱

❡❧❛ é ❝❛r❛❝t❡r✐③❛❞❛ ❡ ❣r❛❞✉❛❞❛ ❛tr❛✈és ❞♦ ❡①❛♠❡ ❞❡ ❛♥❣✐♦t♦♠♦❣r❛✜❛ ✭✉♠ ❡①❡♠♣❧♦ ❞❡ ✉♠ ❡①❛♠❡

❞❡ ❛♥❣✐♦t♦♠♦❣r❛✜❛ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✮✳ ❆ ❛♥❣✐♦t♦♠♦❣r❛✜❛ ❡ ♦ ❉♦♣♣❧❡r ❞❡ ❝❛rót✐❞❛s sã♦

❋✐❣✉r❛ ✼✳✷✿ ❱♦❧✉♥tár✐♦ ♣r♦♥t♦ ♣❛r❛ ❛ ❛q✉✐s✐çã♦✳

❡①❛♠❡s ❞❡ ❞✐❛❣♥óst✐❝♦ rá♣✐❞♦ q✉❡ ♣❡r♠✐t❡♠ ❛ ♣❡r❢❡✐t❛ ✈✐s✉❛❧✐③❛çã♦ ❞❛s ✈❡✐❛s ❡ ❛rtér✐❛s ❞♦ ❝♦r♣♦✳

❆♠❜❛s ❛s té❝♥✐❝❛s sã♦ ❝♦♥s✐❞❡r❛❞❛s ♣❛❞rã♦ ♦✉r♦ ♥❛ ❝❛r❛❝t❡r✐③❛çã♦ ❡ ❞✐❛❣♥óst✐❝♦ ❞❛s ❡st❡♥♦s❡s✳

❖s ✈♦❧✉♥tár✐♦s q✉❡ ❢♦r❛♠ s✉❜♠❡t✐❞♦s às ❛q✉✐s✐çõ❡s ❞❡ ◆■❘❙ ❛♣r❡s❡♥t❛r❛♠✱ ❡♠ ❡①❛♠❡s ♣ré✈✐♦s✱

❡st❡♥♦s❡s ✉♥✐❧❛t❡r❛✐s ✭❡♠ ❛♣❡♥❛s ✉♠❛ ❞❛s ❝❛rót✐❞❛s✮ ♦✉ ❜✐❧❛t❡r❛✐s ✭♥❛s ❞✉❛s ❝❛rót✐❞❛s✮✳ ❆ ❝❛r❛❝✲

t❡r✐③❛çã♦ ❞♦s ✈♦❧✉♥tár✐♦s ♣♦❞❡ s❡r ✈✐st❛ ♥❛ t❛❜❡❧❛ ✼✳✽ ❡ ✉♠ r❡s✉♠♦ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❚❛❜❡❧❛ ✼✳✶✳
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❚❛❜❡❧❛ ✼✳✶✿ ❘❡s✉♠♦ ❞❛ ❞❡♠♦❣r❛✜❛ ❡ ❝❛r❛❝t❡r✐③❛çã♦ ❞♦s ♣❛❝✐❡♥t❡s

P❛❝✐❡♥t❡s
■❞❛❞❡ ▼é❞✐❛ ✻✺✳✼ ✭✺✶✲✼✺✮ ❛♥♦s
❍♦♠❡♥s ✭▼✉❧❤❡r❡s✮ ✶✺✭✹✮
❯♥✐❧❛t❡r❛✐s ✭❇✐❧❛t❡r❛✐s✮ ✶✻✭✸✮

❍❡♠✐s❢ér✐♦s ❞♦s ♣❛❝✐❡♥t❡s
❊st❡♥♦s❡ ▲❡✈❡ ✭●❊ ❂ ✶✮ ✶✺
❊st❡♥♦s❡ ▼♦❞❡r❛❞❛✭●❊ ❂ ✷✮ ✵
❊st❡♥♦s❡ ❙❡✈❡r❛✭●❊ ❂ ✸✮ ✶✺
❖❝❧✉í❞♦ ✭●❊ ❂ ✹✮ ✽

❆ ❣r❛❞✉❛çã♦ ❞❛ ❡st❡♥♦s❡ ✭●❊✮ ❢♦✐ ❞❡✜♥✐❞❛ ❝♦♠♦✿ ❧❡✈❡ ✭●❊ ❛❜❛✐①♦ ✺✵✪✮✱ ♠♦❞❡r❛❞❛ ✭❡♥tr❡ ✺✵ ❡

✼✵✪✮✱ s❡✈❡r❛ ✭❛❝✐♠❛ ❞❡ ✼✵✪✮ ❡ ♦❝❧✉sã♦ ✭✶✵✵✪✮✳

❚♦❞♦s ♦s ♣❛❝✐❡♥t❡s ✐♥❝❧✉s♦s ♥❡st❡ ❡st✉❞♦✱ s♦❢r❡r❛♠ ✉♠ ❆❝✐❞❛♥t❡ ■sq✉ê♠✐❝♦ ❚r❛♥s✐tór✐♦ ✭❆■❚✮✱

♣♦rt❛♥t♦ sã♦ s✐♥t♦♠át✐❝♦s q✉❛♥t♦ ❛♦ ❆■❚✳ ▼❛s✱ ❡ss❡ ❆■❚✱ ♥ã♦ ❞❡✐①♦✉ ❞é✜❝✐ts ♥❛s s✉❛s ❛t✐✈✐❞❛❞❡s

❝❡r❡❜r❛✐s ❡✱ ♣♦rt❛♥❞♦✱ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ❛ss✐♥t♦♠át✐❝♦s q✉❛♥t♦ ❛♦ ❞é✜❝t✐s ❝♦❣♥✐t✐✈♦s✳

◆♦ t♦t❛❧✱ ❢♦r❛♠ ❢❡✐t❛s ❛q✉✐s✐çõ❡s ❡♠ ✷✹ ✈♦❧✉♥tár✐♦s✳ ❈♦♠♦ ❝r✐tér✐♦ ❞❡ ✐♥❝❧✉sã♦ ❢♦✐ ❞❡✜♥✐❞♦ q✉❡

♦s ✈♦❧✉♥tár✐♦s t❡r✐❛♠ q✉❡ t❡r ❣r❛✉s ❞❡ ❡st❡♥♦s❡ ✸ ♦✉ ✹✱ ✉♥✐❧❛t❡r❛✐s ♦✉ ❜✐❧❛t❡r❛✐s✱ s❡♠ ❧❡sõ❡s ❝♦rt✐❝❛✐s✳

◆♦ ❡♥t❛♥t♦✱ ✺ ❢♦r❛♠ ❞❡s❝❛rt❛❞♦s ♣♦r ♥ã♦ ♣❛ss❛r❡♠ ♥❡st❡ ❝r✐tér✐♦✳ ❉♦s ✺ ❞❡s❝❛rt❛❞♦s✱ ✉♠ ❢♦✐ ♣♦r

♣♦ss✉✐r ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ❡♥tr❡ ✺✵ ❡ ✼✵✪ ✭●❊ ❂ ✷✮ ❡ ✹ ✈♦❧✉♥tár✐♦s t✐✈❡r❛♠ ❧❡sõ❡s ❝♦rt✐❝❛✐s✳ ❉❡st❛

❢♦r♠❛✱ ❢♦r❛♠ ✐♥❝❧✉í❞♦s ✶✾ ✈♦❧✉♥tár✐♦s ✭✶✺ ❤♦♠❡♥s ❡ ✹ ♠✉❧❤❡r❡s✮✱ ♣♦ss✉✐♥❞♦ ✐❞❛❞❡ ♠é❞✐❛ ❞❡ ✻✺✱✼

❛♥♦s ✭✈❛r✐❛♥❞♦ ❡♥tr❡ ✺✶ ❛ ✼✺ ❛♥♦s✮✳

✼✳✷✳✷ ❊q✉✐♣❛♠❡♥t♦

❖ ❡q✉✐♣❛♠❡♥t♦ ❞❡ ◆■❘❙ ✉t✐❧✐③❛❞♦ ♥❡st❡ ❡①♣❡r✐♠❡♥t♦ ❢♦✐ ♦ ❈❲✻ ✭❋✐❣✉r❛ ✸✳✽✮✱ ❞❡s❝r✐t♦ ♥❛ ❙❡çã♦

✸✳✸✳✷✳

P❛r❛ ❛ ❛q✉✐s✐çã♦ ❞♦s ❞❛❞♦s✱ ❢♦✐ ❝r✐❛❞♦ ✉♠ ❛rr❛♥❥♦ ó♣t✐❝♦ ❡s♣❡❝í✜❝♦ ♣❛r❛ ❡ss❡ ❡①♣❡r✐♠❡♥t♦✱

❝♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ♥❛ ❙❡çã♦ ✼✳✷✳✸ ❡ ✉s❛❞❛ t❛①❛ ❞❡ ❛q✉✐s✐çã♦ ❢♦✐ ❞❡ ✷✺ ❍③✳

✼✳✷✳✸ ❆rr❛♥❥♦ ó♣t✐❝♦

❋♦✐ ♠♦♥t❛❞♦ ✉♠ ❛rr❛♥❥♦ ó♣t✐❝♦ ✭❋✐❣✉r❛ ✼✳✸✮ ❝♦♠ ✽ ❢♦♥t❡s ❡ ✶✻ ❞❡t❡❝t♦r❡s✱ s❡♥❞♦ q✉❡ s♦❜r❡ ❝❛❞❛

❤❡♠✐s❢ér✐♦ ❝❡r❡❜r❛❧ ❢♦r❛♠ ❝♦❧♦❝❛❞♦s ✹ ❢♦♥t❡s ❡ ✽ ❞❡t❡❝t♦r❡s ✭❋✐❣✉r❛ ✼✳✷✮✳ ❖ ❛rr❛♥❥♦ ❢♦✐ ❞✐✈✐❞✐❞♦ ❡♠

❞✉❛s ♣❛rt❡s✿ ❛s ❢♦♥t❡s ❆✱ ❇ ❈ ❡ ❉ ♣♦s✐❝✐♦♥❛❞❛s ♥❛ r❡❣✐ã♦ ♣❛r✐❡t❛❧ ❞✐r❡✐t❛ ❡ ❛s ❢♦♥t❡s ❊✱ ❋✱ ● ❡ ❍

♣♦s✐❝✐♦♥❛❞❛s ♥❛ r❡❣✐ã♦ ♣❛r✐❡t❛❧ ❡sq✉❡r❞❛✳ ❆s ❞✐stâ♥❝✐❛s ❡♥tr❡ ♦s ♣❛r❡s ❞❡ ❢♦♥t❡s ❞❡t❡❝t♦r❡s ❢♦r❛♠ ❞❡

✸❝♠✳ ❈♦♠ ❡st❛ ❝♦♥✜❣✉r❛çã♦✱ t❡♠♦s ♦s s❡❣✉✐♥t❡s ❝❛♥❛✐s ✭❋✐❣✉r❛ ✼✳✸✮✿

• ❋♦♥t❡ ❆ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ✶✱ ✷ ❡ ✺❀

• ❋♦♥t❡ ❇ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ✷✱ ✸✱ ✺ ❡ ✻❀

• ❋♦♥t❡ ❈ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ✸✱ ✹✱ ✻ ❡ ✼ ❀

• ❋♦♥t❡ ❉ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ✹✱ ✼ ❡ ✽ ❀
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• ❋♦♥t❡ ❊ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ✶✶✱ ✶✷ ❡ ✶✺❀

• ❋♦♥t❡ ❋ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ✶✷✱ ✶✸✱ ✶✺ ❡ ✶✻❀

• ❋♦♥t❡ ● ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ✶✸✱ ✶✹✱ ✶✻ ❡ ✶✼❀

• ❋♦♥t❡ ❍ ❧✐❣❛❞❛ ❛♦s ❞❡t❡❝t♦r❡s ✶✹✱ ✶✼ ❡ ✶✽✳

❋✐❣✉r❛ ✼✳✸✿ ❆rr❛♥❥♦ ó♣t✐❝♦ ✉s❛❞♦ ♥♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ ❛♣♥❡✐❛ ❡♠ ♣❛❝✐❡♥t❡s ❝♦♠ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛✳
◆❛ ✜❣✉r❛ ♦s ✧❖✧r❡♣r❡s❡♥t❛♠ ❛s ❢♦♥t❡s ❡ ✧❳✧r❡♣r❡s❡♥t❛♠ ♦s ❞❡t❡❝t♦r❡s✳ ❆s ❢♦♥t❡s ❆✱ ❇✱ ❈ ❡ ❉
❧♦❝❛❧✐③❛❞❛s ♥♦ ❧❛❞♦ ❞✐r❡✐t♦ ❡ ❛s ❢♦♥t❡s ❊✱ ❋✱ ● ❡ ❍ ❡stã♦ ❧♦❝❛❧✐③❛❞❛s ♥♦ ❧❛❞♦ ❡sq✉❡r❞♦✳ ❆s ❢♦♥t❡s ❆
❡ ❊ ♣ró①✐♠♦ ❛ r❡❣✐ã♦ ❢r♦♥t❛❧ ❡ ❛s ❢♦♥t❡s ❍ ❡ ❉ ❡stã♦ ♣♦s✐❝✐♦♥❛❞❛s ♥❛ ♣❛rt❡ ♣♦st❡r✐♦r ❞❛ ❝❛❜❡ç❛✳

✼✳✷✳✹ ❚❡st❡ ❞❡ ❛♣♥❡✐❛

❆s ❛q✉✐s✐çõ❡s ❞❡ ◆■❘❙ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❞✉r❛♥t❡ t❡st❡ ❞❡ ❛♣♥❡✐❛✳ ❊❧❡s ❢♦r❛♠ ❢❡✐t♦s ❡♠ ❞♦✐s

❜❧♦❝♦s✱ q✉❡ ❝♦♥s✐st✐❛♠ ❞❡ ✉♠ ♣❡rí♦❞♦ ❞❡ ✸✵ s❡❣✉♥❞♦s ❞❡ ❛♣♥❡✐❛✱ s❡❣✉✐❞♦ ♣♦r ✉♠ r❡♣♦✉s♦ ❞❡ ✹

♠✐♥✉t♦s✱ t♦t❛❧✐③❛♥❞♦ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✵ ♠✐♥✉t♦s ❞❡ ❛q✉✐s✐çã♦✳ ✭❋✐❣✉r❛ ✼✳✹✮✳

❋✐❣✉r❛ ✼✳✹✿ ❉❡s❡♥❤♦ ❞❛ ❛q✉✐s✐çã♦ ✉s❛♥❞♦ ♦ t❡st❡ ❞❡ ❛♣♥❡✐❛ ❡♠ ♣❛❝✐❡♥t❡s ❝♦♠ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛✳

✼✳✸ ❊t❛♣❛s ❞❛ ❛♥á❧✐s❡ ❞❡ ❞❛❞♦s

❆ ❛♥á❧✐s❡ ❢♦✐ ❢❡✐t❛ ✉s❛♥❞♦ ✧s❝r✐♣ts✧ ♣ró♣r✐♦s ❝r✐❛❞♦s ❛tr❛✈és ❞♦ s♦❢t✇❛r❡ ▼❛t❧❛❜✳ ◆❡st❡ ♣r✐♠❡✐r♦

♣❛ss♦ ❢♦✐ ❝❛❧❝✉❧❛❞❛ ❛ r❡s♣♦st❛ ♠é❞✐❛ ♣♦r ❝❛♥❛❧ ❞❡ ❝❛❞❛ ✈♦❧✉♥tár✐♦✱ ✉s❛♥❞♦ ♦s ❞♦✐s ♣❡rí♦❞♦s ❞❡ ❛♣♥❡✐❛



✼✳✹ ❊❚❆P❆❙ ❉❆ ❆◆➪▲■❙❊ ❉❊ ❉❆❉❖❙ ✽✺

✭✷ ❜❧♦❝♦s✮✳ ◆❛ ❋✐❣✉r❛ ✼✳✺✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s r❡s♣♦st❛s ❞❡ t♦❞♦s ♦s ❝❛♥❛✐s ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦✳ ❖

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

❡stá r❡s✉♠✐❞♦ ♥♦s ♣❛ss♦s ❛❜❛✐①♦✿

• ❖s ❞❛❞♦s ❞❡ ✐♥t❡♥s✐❞❛❞❡ ❧✉♠✐♥♦s❛ sã♦ ✜❧tr❛❞♦s ♣♦r ✉♠ ✜❧tr♦ ❞❡ ❇✉tt❡r✇♦rt❤ ❞❡ t❡r❝❡✐r❛ ♦r❞❡♠

❝♦♠ ♣❛râ♠❡tr♦s✿ ❍P❋ ❂ ✵✳✵✵✺ ❡ ▲P❋ ❂ ✵✳✺❀

• ❯s❛✲s❡ ❛ ▼❇▲▲ ♣❛r❛ ❝❛❧❝✉❧❛r ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❍❜❖ ❡ ❍❜❘ ❞❡ ❝❛❞❛ ❝❛♥❛❧❀

• ❈❛❧❝✉❧❛✲s❡ ❛ ♠é❞✐❛ ❞♦s ❞♦✐s ❜❧♦❝♦s ♣❛r❛ ❝❛❞❛ ❝❛♥❛❧❀

• ❘❡t✐r❛✲s❡ ♦s ❝❛♥❛✐s r✉✐❞♦s♦s❀

• ❈❛❧❝✉❧❛✲s❡ ❛ ♠é❞✐❛ ❞❡ t♦❞♦s ♦s ❝❛♥❛✐s r❡st❛♥t❡s ♣❛r❛ s❡ ♦❜t❡r ✉♠❛ ✧r❡s♣♦st❛ ♣❛❞rã♦✧ ♣❛r❛

❝❛❞❛ ❤❡♠✐s❢ér✐♦ ❞♦ ✈♦❧✉♥tár✐♦ ✭❋✐❣✉r❛ ✼✳✼✮❀

❉❡st❛ ❢♦r♠❛✱ ♦s r❡s✉❧t❛❞♦s ❢♦r❛♠ ♣r♦❝❡ss❛❞♦s ❡♠ q✉❛tr♦ ❡t❛♣❛s✿

✶✳ ❘❡s✉❧t❛❞♦s ❞❡ ❝❛❞❛ ✈♦❧✉♥tár✐♦ ✭❙❡çã♦ ✼✳✹✳✶✮❀

✷✳ ❘❡s✉❧t❛❞♦s ❞❡ ❞♦✐s ❣r✉♣♦s ✭❙❡çã♦ ✼✳✹✳✷✮❀

✸✳ ❘❡s✉❧t❛❞♦s ❞❡ três ❣r✉♣♦s ✭❙❡çã♦ ✼✳✹✳✸✮❀

✹✳ ❘❡s✉❧t❛❞♦s ♣❛r❛ ❛s ❛rtér✐❛s ❝♦❧❛t❡r❛✐s ✭❙❡çã♦ ✼✳✹✳✸✮✳

❉❡ ❢♦r♠❛ r❡s✉♠✐❞❛✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛❜❛✐①♦ ❝❛❞❛ ✉♠❛ ❞❛s ❡t❛♣❛s✳

❊♠ ❝❛❞❛ ✈♦❧✉♥tár✐♦✱ ❡♥❝♦♥tr❛♠♦s ❛ r❡s♣♦st❛ ❞❛ ❛♣♥❡✐❛ ❡♠ ❝❛❞❛ ✉♠ ❞♦s ❤❡♠✐s❢ér✐♦s ❝❡r❡❜r❛✐s✳

❉❡st❛ ❢♦r♠❛✱ t❡r❡♠♦s ✉♠❛ ✧r❡s♣♦st❛ ♣❛❞rã♦✧ ♣❛r❛ ❝❛❞❛ ❤❡♠✐s❢ér✐♦✱ ♥❛ t❡♥t❛t✐✈❛ ❞❡ ❝♦♠♣❛r❛r ♦ ❣r❛✉

❞❡ ❡st❡♥♦s❡ ❝♦♠ ♦ ♠á①✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ♣❛r❛ ❝❛❞❛ ✉♠✳ ◆♦ss❛ ❤✐♣ót❡s❡ é q✉❡ ❛q✉❡❧❡ ♠❛✐s ❛❢❡t❛❞♦

♣❡❧❛ ❡st❡♥♦s❡✱ r❡s♣♦♥❞❛ ❝♦♠ ♠❡♥♦r ✐♥t❡♥s✐❞❛❞❡ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦ ❤❡♠✐s❢ér✐♦ ♥♦r♠❛❧ ✭✐✳❡✳ ♦

❤❡♠✐s❢ér✐♦ ❝♦rr❡s♣♦♥❞❡♥t❡ à ❝❛rót✐❞❛ ❞❡s♦❜str✉í❞❛✮✳

❆♣ós ✈✐♥❝✉❧❛r ❛ r❡s♣♦st❛ ❞♦ ❤❡♠✐s❢ér✐♦ ❝❡r❡❜r❛❧ ❛♦ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛ ❡①✐st❡♥t❡ ♥❛q✉❡❧❡

❧❛❞♦✱ ❞✐✈✐❞✐♠♦s ❛s r❡s♣♦st❛s ❡♠ ❞♦✐s ❣r✉♣♦s✱ ❞❡ ❢♦r♠❛ ❛ ❝♦♠♣❛r❛r ❛ ✧r❡s♣♦st❛ ♣❛❞rã♦✧ ❛ss♦❝✐❛❞❛ ❛♦

●❊ ❡♠ ❣r✉♣♦s ❞✐❢❡r❡♥t❡s✱ ✜❝❛♥❞♦ ❛ss✐♠✿ ●r✉♣♦ ✶ ✭●✶✮ ❝♦♥t❡♥❞♦ ❛s ❝✉r✈❛s ❞♦s ❤❡♠✐s❢ér✐♦s ♥♦r♠❛✐s

❡ ●r✉♣♦ ✷ ✭●✷✮ ❝♦♥t❡♥❞♦ t♦❞♦s ♦s ❤❡♠✐s❢ér✐♦s ❝❡r❡❜r❛✐s ❛❧t❡r❛❞♦s ✭❛❝✐♠❛ ❞❡ 70% ❡ ♦❝❧✉sã♦✮✳ ◆❡st❛

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

❝♦♠ ❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞♦s ❤❡♠✐s❢ér✐♦s ❛❧t❡r❛❞♦s ❡ ♥♦r♠❛✐s✳ ❆ss✐♠✱ ♦❜t✐✈❡♠♦s ✸✽ r❡s♣♦st❛s

❞♦s ❤❡♠✐s❢ér✐♦s ❞✐✈✐❞✐❞♦s ❡♠ ❞♦✐s ❣r✉♣♦s✳

❱❡r✐✜❝❛❞❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ❣r✉♣♦s✱ ❞✐✈✐❞✐♠♦s ♦ ❣r✉♣♦ ❛❧t❡r❛❞♦ ✭●✷✮ ❡♠ ❞♦✐s s✉❜❣r✉♣♦s✳

❆ss✐♠✱ ♣❛ss❛♠♦s ❛ t❡r ✸ ❣r✉♣♦s✿ ●r✉♣♦ ✶ ✭●✶✮ ❝♦♥t❡♥❞♦ s♦♠❡♥t❡ ❛s ❝✉r✈❛s ❞♦s ❤❡♠✐s❢ér✐♦s ♥♦r♠❛✐s❀

●r✉♣♦ ✷ ✭●✷✮ ❝♦♥t❡♥❞♦ ♦s ❤❡♠✐s❢ér✐♦s ❛❢❡t❛❞♦s ❝♦♠ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ♠❛✐♦r q✉❡ ✼✵✪ ❡ ●r✉♣♦ ✸

✭●✸✮ ❝♦♥t❡♥❞♦ ♦s ❤❡♠✐s❢ér✐♦s ♦❝❧✉í❞♦s✳ ❉❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♦ ❝❛s♦ ❞❡ ❞♦✐s ❣r✉♣♦s✱ ♣❡r❞❡♠♦s ❛

✐♥❞✐✈✐❞✉❛❧✐❞❛❞❡ ❞♦s ✈♦❧✉♥tár✐♦s✱ ♣❛r❛ ✐♥✈❡st✐❣❛r s❡ ❤❛✈✐❛ r❡❧❛çã♦ ❡♥tr❡ ♦ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ❡ ❛❧❣✉♠

❛s♣❡❝t♦ ❡s♣❡❝í✜❝♦ ❞❛ r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛✳



✽✻ ❘❊❙❯▲❚❆❉❖❙ ✼✳✹

✼✳✹ ❘❡s✉❧t❛❞♦s

✼✳✹✳✶ ❘❡s✉❧t❛❞♦s ❞❡ ❝❛❞❛ ✈♦❧✉♥tár✐♦

■♥✐❝✐❛❧♠❡♥t❡✱ ❢♦r❛♠ ❡❧✐♠✐♥❛❞♦s ♦s ❝❛♥❛✐s q✉❡ ❛♣r❡s❡♥t❛✈❛♠ r✉í❞♦ ❡①❝❡ss✐✈♦✳ P❛r❛ ✐ss♦✱ ❡①❛♠✐✲

♥❛♠♦s ❛ r❡s♣♦st❛ ❞❡ ❝❛❞❛ ❝❛♥❛❧ ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦ ❞♦ ✈♦❧✉♥tár✐♦✳ ◆❛ ❋✐❣✉r❛ ✼✳✺ é ❛♣r❡s❡♥t❛❞❛ ❛

❋✐❣✉r❛ ✼✳✺✿ ❈✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞❡ t♦❞♦s ♦s ❝❛♥❛✐s ♣❛r❛ ✉♠ ✈♦❧✉♥tár✐♦✳ ❈✉r✈❛s ✈❡r♠❡❧❤❛s
✭❍❜❖✮✱ ❛③✉❧ ✭❍❜❘✮ ❡ ✈❡r❞❡ ✭❍❜❚✮✳ ❆s ❜❛rr❛s ✈❡rt✐❝❛✐s r❡♣r❡s❡♥t❛♠ ♦ ♣❡rí♦❞♦ ❞❡ ❛♣♥❡✐❛✳

r❡s♣♦st❛ ❞❡ t♦❞♦s ♦s ❝❛♥❛✐s ❞❡ ✉♠ ✈♦❧✉♥tár✐♦ q✉❡ ♣♦ss✉✐ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ✶ ♥♦ ❤❡♠✐s❢ér✐♦ ❡sq✉❡r❞♦

❡ ❣r❛✉ ✸ ♥♦ ❤❡♠✐s❢ér✐♦ ❞✐r❡✐t♦✳

❋♦✐ ✉s❛❞♦ ❝♦♠♦ ❝r✐tér✐♦ ❞❡ ✐♥❝❧✉sã♦✴❡①❝❧✉sã♦ ❞♦ ❝❛♥❛❧✱ ♥❛ ❛♥á❧✐s❡ ❞❛ r❡s♣♦st❛ ♣❛❞rã♦✱ ❛ r❡❧❛çã♦

s✐♥❛❧ r✉í❞♦ ✭❙◆❘✮ ❞❛❞❛ ♣❡❧❛ ✭❊q✉❛çã♦ ✼✳✶ ✮✳ P❛r❛ ♦ ❝á❧❝✉❧♦ ❞❛ ❙◆❘ ✉s❛♠♦s ♦s ♣❡rí♦❞♦s ❞❡ r❡♣♦✉s♦

❞♦s ❞♦✐s ❜❧♦❝♦s ❞♦ t❡st❡ ✭❋✐❣✉r❛ ✼✳✹✮✳ ❊st❛ r❡❧❛çã♦ s❡r✈✐✉ ❝♦♠♦ ♣❛râ♠❡tr♦ ❞❡ ❛✈❛❧✐❛çã♦ ♥❛ ✐♥❝❧✉sã♦

❞♦ ❝❛♥❛❧ ♥❛ ♠é❞✐❛ ❣❧♦❜❛❧ ❞♦ ❤❡♠✐s❢ér✐♦ ❝❡r❡❜r❛❧ ❞♦ ✈♦❧✉♥tár✐♦✳

SNR =
Media(canal)

DesvioPadrao(canal)
✭✼✳✶✮

❖ ❛rr❛♥❥♦ ó♣t✐❝♦ ❞❡st❡ ❡st✉❞♦ ♣❡r♠✐t❡ ❛ ❝♦♥✜❣✉r❛çã♦ ❞❡ ✷✽ ❝❛♥❛✐s ✭♣❛r❡s ❢♦♥t❡✲❞❡t❡t♦r✮✱ ❞❛♥❞♦

✉♠ t♦t❛❧ ❞❡ ✺✻ r❡❧❛çõ❡s ❙◆❘ ✭✷✽ ♣❛r❛ ❝❛❞❛ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛✱ ✻✾✵ ❡ ✽✸✵ ♥♠✮✱ ♦✉ s❡❥❛✱ ✷✽ r❡❧❛çõ❡s

❙◆❘ ♣♦r ❤❡♠✐s❢ér✐♦s✳ ❖s ✈❛❧♦r❡s ❞♦ ❙◆❘✱ ♣❛r❛ ❝❛❞❛ ✈♦❧✉♥tár✐♦✱ ❢♦r❛♠ ❝❛❧❝✉❧❛❞♦s ❛ ♣❛rt✐r ❞♦s ✈❛❧♦r❡s

❞❡ ✐♥t❡♥s✐❞❛❞❡ ❧✉♠✐♥♦s❛ r❡❣✐str❛❞❛ ♥♦ ❞❡t❡t♦r✱ ✐st♦ é✱ ❛♥t❡s ❞♦s ❝á❧❝✉❧♦s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❍❜❖✱

❍❜❘✳ ❆ ❡❧✐♠✐♥❛çã♦ ❞♦s ❝❛♥❛✐s ❝♦♠ ❜❛✐①♦ ❙◆❘ ❢♦✐ ❢❡✐t❛ ❡♠ ❞♦✐s ❡stá❣✐♦s✿

✶✳ ❈r✐❛♠♦s ✉♠ ❧✐♠✐❛r ♣❛r❛ ♦ ❙◆❘ ❡♠ ❝❛❞❛ ❤❡♠✐s❢ér✐♦✱ ✉s❛♥❞♦ ❛ ♠é❞✐❛ ❞❛s ✷✽ r❡❧❛çõ❡s✳ ❉❡st❛

❢♦r♠❛ t❡♠♦s ❞♦✐s ❧✐♠✐❛r❡s✱ ✉♠ ♣❛r❛ ❝❛❞❛ ❤❡♠✐s❢ér✐♦ ✼✳✷✳ ❖ ❝r✐tér✐♦ ❞❡ ❡①❝❧✉sã♦ é ❛ss✐♠ ❞❡✜♥✐❞♦✿

❝❛♥❛✐s ❝♦♠ ✈❛❧♦r❡s ❞❡ ❙◆❘ ❛❜❛✐①♦ ❞♦ ❧✐♠✐❛r sã♦ ❞❡s❝❛rt❛❞♦s ❡ ❛❝✐♠❛ sã♦ ✉t✐❧✐③❛❞♦s❀
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✷✳ ▲❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ q✉❡ ♦ ❍❜❚ é ❛ s♦♠❛ ❞❡ ❍❜❖ ❝♦♠ ❍❜❘✱ ✈❡r✐✜❝❛♠♦s s❡ ♦s ❞❛❞♦s ❞♦s ❞♦✐s

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

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

❞♦ ❤❡♠✐s❢ér✐♦✳

◆❛ ❚❛❜❡❧❛ ✼✳✷ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ❞❡ ❙◆❘ ♣❛r❛ ❝❛❞❛ ✈♦❧✉♥tár✐♦✱ ❡♠ ❛♠❜♦s ♦s ❤❡♠✐s❢ér✐♦s

❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛♥❛✐s ✉t✐❧✐③❛❞♦s ✭◗❈❯✮✳ ◆❛ ♠é❞✐❛✱ ❡♠ t♦❞♦s ♦s ✈♦❧✉♥tár✐♦s✱ ♦❜t✐✈❡♠♦s ♣❛r❛ ♦

❧❛❞♦ ❡sq✉❡r❞♦ ❙◆❘ ✭✷✸pm✸✮ ❡ ♣❛r❛ ♦ ❧❛❞♦ ❞✐r❡✐t♦ ❙◆❘ ✭✷✸pm✷✮✱ ❝♦♠ ✉♠❛ ♠é❞✐❛ ❞❡ ❝❛♥❛✐s ✉t✐❧✐③❛❞♦s

❞❡ ✭✶✵pm✶✮ ♣❛r❛ ♦ ❧❛❞♦ ❞✐r❡✐t♦ ❡ ✭✶✵pm✶✮ ❞♦ ❧❛❞♦ ❡sq✉❡r❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ❧✐♠✐t❡ é ❞❡ ✶✹ ❝❛♥❛✐s

♣♦ssí✈❡✐s ❞❡ s❡r❡♠ ❛❥✉st❛❞♦s ❡♠ ❝❛❞❛ ❧❛❞♦✳

❚❛❜❡❧❛ ✼✳✷✿ ❱❛❧♦r❡s ❞♦ ❧✐♠✐❛r ❞♦ ❙◆❘ ♣❛r❛ ❝❛❞❛ ❤❡♠✐s❢ér✐♦ ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛♥❛✐s ✉t✐❧✐③❛❞♦s
✭◗❈❯✮ ♣❛r❛ ❝❛❞❛ ✈♦❧✉♥tár✐♦✳ ▼é❞✐❛✭

∑n
i=1

xn

n
✮❀ ❡rr♦ ✭ σp√

(n)
✮❀

❱♦❧✉♥tár✐♦
❉✐r❡✐t❛ ❊sq✉❡r❞❛

❙◆❘ ◗❈❯ ❙◆❘ ◗❈❯
✵✷ ✷✵ ✶✹ ✷✵ ✶✹
✵✺ ✷✺ ✶✶ ✷✵ ✶✵
✵✻ ✷✻ ✺ ✶✷ ✶✵
✵✼ ✷✵ ✶✹ ✹✹ ✶✶
✵✽ ✶✵ ✺ ✹ ✸
✶✵ ✶✵ ✻ ✻ ✸
✶✶ ✷✵ ✶✹ ✷✵ ✶✸
✶✷ ✸✵ ✽ ✸✺ ✻
✶✸ ✼ ✽ ✶✵ ✽
✶✹ ✸✵ ✾ ✸✹ ✶✶
✶✺ ✷✵ ✶✹ ✹✵ ✶✶
✶✻ ✷✾ ✼ ✹✵ ✻
✶✼ ✸✵ ✶✷ ✷✺ ✶✵
✶✽ ✸✵ ✶✶ ✷✵ ✼
✶✾ ✹✾ ✻ ✶✸ ✶✵
✷✵ ✶✵ ✶✹ ✷✺ ✶✶
✷✷ ✷✺ ✶✵ ✶✼ ✶✸
✷✶ ✹✵ ✶✵ ✷✹ ✶✶
✷✸ ✷✵ ✶✹ ✹✵ ✶✵

♠é❞✐❛ ✷✸ ✶✵ ✷✸ ✶✵
❡rr♦ ✷ ✶ ✸ ✶

◆❛ ❋✐❣✉r❛ ✼✳✻ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❝❛♥❛✐s q✉❡ ♣❛ss❛r❛♠ ♥♦ t❡st❡ ❞♦ ❙◆❘ ❞❡ ✉♠ ✈♦❧✉♥tár✐♦✳ ❖s

❝❛♥❛✐s ❍✶✹✱ ❍✶✼ ❡ ❍✶✽ ❢♦r❛♠ ❞❡s❝❛rt❛❞♦s ❞❛ ♠é❞✐❛ ❣❧♦❜❛❧ ❞♦ ❤❡♠✐s❢ér✐♦ ❡sq✉❡r❞♦✳

❆♣ós ❛ ❡❧✐♠✐♥❛çã♦ ❞♦s ❝❛♥❛✐s ♠❛✐s r✉✐❞♦s♦s✱ ❝❛❧❝✉❧❛♠♦s ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❍❜❖✱ ❍❜❘ ❡ ❍❜❚✱

✉s❛♥❞♦ ❛ ▲❡✐ ❞❡ ❇❡❡r ▲❛♠❜❡rt ▼♦❞✐✜❝❛❞❛ ✭▼❇▲▲✮✳ ❉❡♣♦✐s ❞♦ ❝á❧❝✉❧♦ ❞❛s ❝♦♥❝❡♥tr❛çõ❡s✱ ♦❜s❡r✲

✈❛♠♦s q✉❡ ❡①✐st❡ ✉♠❛ r❡s♣♦st❛ ❣❧♦❜❛❧ ✭❋✐❣✉r❛ ✼✳✺ ❡ ❋✐❣✉r❛ ✼✳✻✮ ❡♠ t♦❞♦s ♦s ❝❛♥❛✐s q✉❡ ♣❛ss❛r❛♠

♥♦ t❡st❡ ❞❡ ❙◆❘✳ ❖✉tr❛ ❢♦r♠❛ ❞❡ ✈❡r✐✜❝❛r ❡st❛ r❡s♣♦st❛ ♣❛❞rã♦✱ é ♦❧❤❛r ♣❛r❛ ❛ ❋✐❣✉r❛ ✼✳✼ ✭q✉❡

❛♣r❡s❡♥t❛ t♦❞♦s ♦s ❝❛♥❛✐s q✉❡ ♣❛ss❛r❛♠ ♥♦ t❡st❡ ❞❡ ❙◆❘✮ ❡ ♦❜s❡r✈❛r q✉❡✱ ♥❛ ♠é❞✐❛✱ t♦❞♦s ♦s ❝❛✲

♥❛✐s ♣♦ss✉❡♠ ❛ ♠❡s♠❛ t❡♥❞ê♥❝✐❛✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ ♣♦s✐çã♦ ❞❡❧❡s✳ ❊st❡ ❝♦♠♣♦rt❛♠❡♥t♦ ✐♥❞✐❝❛ q✉❡

❛ ❛♣♥❡✐❛ ❝❛✉s❛ ✉♠❛ r❡s♣♦st❛ ❣❧♦❜❛❧ ♥♦ ❡♥❝é❢❛❧♦✳
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❋✐❣✉r❛ ✼✳✻✿ ❈✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞❡ t♦❞♦s ♦s ❝❛♥❛✐s ♣❛r❛ ✉♠ ✈♦❧✉♥tár✐♦✳ ❈✉r✈❛s ✈❡r♠❡❧❤❛ ✭❍❜❖✮✱
❛③✉❧ ✭❍❜❘✮ ❡ ✈❡r❞❡ ✭❍❜❚✮✳ ❆s ❜❛rr❛s ✈❡rt✐❝❛✐s r❡♣r❡s❡♥t❛♠ ♦ ♣❡rí♦❞♦ ❞❡ ❛♣♥❡✐❛✳ ❖s ❝❛♥❛✐s ❍✶✹✱
❍✶✼ ❡ ❍✶✽ ❢♦r❛♠ r❡t✐r❛❞♦s ❞❛ ❛♥á❧✐s❡ ♣♦✐s ♥ã♦ ♣❛ss❛r❛♠ ♥♦ t❡st❡ ❞❛ r❡❧❛çã♦ ❙◆❘✳

P❛r❛ ❝❛r❛❝t❡r✐③❛r ❛ r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛ ♣❛❞rã♦ ❞♦ ❤❡♠✐s❢ér✐♦ ❞♦ ✈♦❧✉♥tár✐♦✱ ✉s❛♠♦s ❛ ♠é✲

❞✐❛ ❞♦s ❝❛♥❛✐s q✉❡ ♣❛ss❛r❛♠ ♥♦ t❡st❡ ❞❡ ❙◆❘ ✭❋✐❣✉r❛ ✼✳✽✮✳ ❉❡st❛ ❢♦r♠❛✱ ❞❡✜♥✐♠♦s ❛ ✧r❡s♣♦st❛

❤❡♠♦❞✐♥â♠✐❝❛ ♣❛❞rã♦✧ ❞♦ ❤❡♠✐s❢ér✐♦ ❝❡r❡❜r❛❧ ❞♦ ✈♦❧✉♥tár✐♦✳ ❆ss✐♠✱ t❡♠♦s r❡s♣♦st❛s ♣❛❞rõ❡s ♣❛r❛

❋✐❣✉r❛ ✼✳✼✿ ❈✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞❡ ❝❛❞❛ ❝❛♥❛❧ ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦ s❡♣❛r❛❞❛s ♣♦r ❤❡♠✐s❢ér✐♦s ❡
♣♦r ❝r♦♠ó❢♦r♦✳ ❆s ❝✉r✈❛s ❡♠ ✈❡r♠❡❧❤♦ r❡♣r❡s❡♥t❛♠ ❛s ♠é❞✐❛s ❞❛s ❝✉r✈❛s✳
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❝❛❞❛ ❤❡♠✐s❢ér✐♦ ❝❡r❡❜r❛❧✳ ❈♦♠♦ ❡①❡♠♣❧♦✱ ❛♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✼✳✽ ✉♠❛ r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛

♣❛❞rã♦ ❞❡ ✉♠ ✈♦❧✉♥tár✐♦ ❝♦♠ ❣r❛✉s ❞❡ ❡st❡♥♦s❡ ❞✐❢❡r❡♥t❡s ❡♠ ❝❛❞❛ ❤❡♠✐s❢ér✐♦✳

P❛r❛ ❢❛❝✐❧✐t❛r ❛ ❝♦♠♣❛r❛çã♦✱ ❢♦r❛♠ ❝♦❧♦❝❛❞❛s ♥♦ ♠❡s♠♦ ❣rá✜❝♦ ❛s r❡s♣♦st❛s ❞♦s ❞♦✐s ❤❡♠✐s❢ér✐♦s

r❡❧❛❝✐♦♥❛❞♦s ❛♦ ♠❡s♠♦ ❝r♦♠ó❢♦r♦✳ ◆❛ ❋✐❣✉r❛ ✼✳✾✱ ♦ ✈♦❧✉♥tár✐♦✱ ❛♣r❡s❡♥t❛ ✉♠❛ r❡s♣♦st❛ ❤❡♠♦❞✐♥â✲

♠✐❝❛ ♠❛✐♦r✱ ❡♠ ❛♠❜♦s ♦s ❝r♦♠ó❢♦r♦s ✭❍❜❖✱ ❍❜❘ ❡ ❍❜❚✮✱ ♥♦ ❧❛❞♦ ♥♦r♠❛❧ ✭❧❛❞♦ ❡sq✉❡r❞♦ ✲ ❧✐♥❤❛

❛③✉❧✮ ❡♠ r❡❧❛çã♦ ❛♦ ❧❛❞♦ ❛❢❡t❛❞♦ ✭❧❛❞♦ ❞✐r❡✐t♦ ✲ ❧✐♥❤❛ ✈❡r♠❡❧❤❛✮✳ ■st♦ ♣♦❞❡r✐❛ ✐♥❞✐❝❛r ✉♠❛ r❡s♣♦st❛

❤❡♠♦❞✐♥â♠✐❝❛ ❞✐❢❡r❡♥t❡ ♣❛r❛ ❝❛❞❛ ❧❛❞♦✳

◆❛ ❚❛❜❡❧❛ ✼✳✸✱ sã♦ ❛♣r❡s❡♥t❛❞♦s✱ ♦s ♠á①✐♠♦s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✱ ♣❛r❛ ❝❛❞❛ ✈♦❧✉♥tár✐♦✱ r❡❧❛❝✐♦✲

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

❖❜s❡r✈❛♠♦s q✉❡ ♥♦ ❝r♦♠ó❢♦r♦ ❍❜❖ ♦❜t✐✈❡♠♦s ✻✶✪ ❞❡ ✈♦❧✉♥tár✐♦s q✉❡ ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ r❡s✲

♣♦st❛ ♠❛✐♦r✱ ♥♦ ❧❛❞♦ q✉❡ ♣♦ss✉❡♠ ✉♠❛ ♠❡♥♦r ❡st❡♥♦s❡✳ P❛r❛ ♦ ❝r♦♠ó❢♦r♦ ❍❜❘✱ ✻✶✪ ❞♦s ✈♦❧✉♥tár✐♦s

❛♣r❡s❡♥t❛r❛♠ ✉♠❛ r❡s♣♦st❛ ♠❛✐♦r ♥♦ ❧❛❞♦ q✉❡ ♣♦ss✉❡♠ ✉♠❛ ♠❡♥♦r ❡st❡♥♦s❡✳ P❛r❛ ♦ ❝❛s♦ ❞♦ ❍❜❚

✺✺✪ ❞❡ ✈♦❧✉♥tár✐♦s ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ r❡s♣♦st❛ ♠❛✐♦r ♥♦ ❧❛❞♦ q✉❡ ♣♦ss✉❡♠ ✉♠❛ ♠❡♥♦r ❡st❡♥♦s❡✳

P♦rt❛♥t♦✱ ❡st❡s ✈❛❧♦r❡s ♥ã♦ ♥♦s ♣♦ss✐❜✐❧✐t❛♠ ❛ ❝❛r❛❝t❡r✐③❛çã♦ ❞❛ ❡st❡♥♦s❡ q✉❛♥t♦ ❛♦ ❧❛❞♦ ♠❛✐s

♦❜str✉í❞♦✱ s✐♠♣❧❡s♠❡♥t❡ ♦❧❤❛♥❞♦ ♣❛r❛ ❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞❡ ❝❛❞❛ ✈♦❧✉♥tár✐♦✳

✼✳✹✳✷ ❘❡s✉❧t❛❞♦s ❞❡ ❞♦✐s ❣r✉♣♦s

❖s ✸✽ ❤❡♠✐s❢ér✐♦s ✭✶✾ ✈♦❧✉♥tár✐♦s✮ t✐✈❡r❛♠ s✉❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♣❛❞rõ❡s ❝❧❛ss✐✜❝❛❞❛s ❞❡

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

❞✐❢❡r❡♥ç❛ ♦✉ s❡♠❡❧❤❛♥ç❛ ❡♥tr❡ ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s✱ ❛ss♦❝✐❛❞❛s às ❡st❡♥♦s❡s ❝♦rr❡s♣♦♥❞❡♥t❡s

à s✉❛ ❛rtér✐❛ ❝❛rót✐❞❛✳

❋✐❣✉r❛ ✼✳✽✿ ❘❡s♣♦st❛ ♣❛❞rã♦ ❤❡♠♦❞✐♥â♠✐❝❛ ❞♦s ❤❡♠✐s❢ér✐♦s ❡sq✉❡r❞♦ ❡ ❞✐r❡✐t♦ ❞❡ ✉♠ ✈♦❧✉♥tár✐♦✱
❝♦♠ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ❞♦ ❧❛❞♦ ❡sq✉❡r❞♦ ❁✺✵✪ ❡ ❞♦ ❧❛❞♦ ❞✐r❡✐t♦ ❃✼✵✪✳ ❆s ❜❛rr❛s ✈❡rt✐❝❛✐s ✐♥❞✐❝❛♠
♦ ♣❡rí♦❞♦ ❞❡ ❛♣♥❡✐❛✳✭❆✮ ✲ ❍❡♠✐s❢ér✐♦ ❡sq✉❡r❞♦❀ ❣✶ ✲ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ♥♦r♠❛❧❀ ✭❇✮ ✲ ❍❡♠✐s❢ér✐♦
❞✐r❡✐t♦❀ ❣✸ ✲ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ✼✵ ❛ ✾✾✪ ♦❝❧✉í❞♦
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❋✐❣✉r❛ ✼✳✾✿ ❘❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♣❛❞rã♦ ❞♦s ❤❡♠✐s❢ér✐♦s ❞✐r❡✐t♦ ❡ ❡sq✉❡r❞♦ ❞❡ ✉♠ ✈♦❧✉♥tár✐♦✳
❆ ❧✐♥❤❛ ❛③✉❧ r❡♣r❡s❡♥t❛ ♦ ❧❛❞♦ ♥♦r♠❛❧✱ ❛ ❧✐♥❤❛ ✈❡r♠❡❧❤❛ r❡♣r❡s❡♥t❛ ♦ ❧❛❞♦ ❛❢❡t❛❞♦✳ ❆s ❜❛rr❛s ✈❡rt✐❝❛✐s
✐♥❞✐❝❛♠ ♦ ♣❡rí♦❞♦ ❞❡ ❛♣♥❡✐❛✳✭❆✮ ✲ ❍❜❖❀ ✭❇✮ ✲ ❍❜❘❀ ✭❈✮ ✲ ❍❜❚

❚❛❜❡❧❛ ✼✳✸✿ ❱❛❧♦r❡s ♠á①✐♠♦s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ ❡♠ ❝❛❞❛ ❤❡♠✐s❢ér✐♦ ♣❛r❛ ❝❛❞❛
✈♦❧✉♥tár✐♦✳ ●❊ ✲ ❣r❛✉ ❞❡ ❡st❡♥♦s❡❀ ▼ ✲ ♠á①✐♠♦ ❞♦ ❝r♦♠ó❢♦r♦❀ t♦❞♦s ♦s ✈❛❧♦r❡s ❞♦s ♠á①✐♠♦s ❡stã♦
t❛❜❡❧❛❞♦s ❡♠ µ ▼♦❧❛r❀ ✈❛❧♦r❡s ♠❛✐♦r❡s ❡stã♦ ❡♠ ♥❡❣r✐t♦

❱♦❧✭GEdir ✴ GEesq ✮ ▼HbOdir ▼HbOesq ▼HbRdir ▼HbResq ▼HbTdir ▼HbTesq

✵✷ ✭✸✴✶✮ ✷✱✵✵ ✸✱✵✵ ✵✱✸✵ ✵✱✺✵ ✷✱✷✵ ✸✱✹✵
✵✺ ✭✸✴✹✮ ✶✱✹✵ ✶✱✸✵ ✵✱✺✵ ✵✱✷✵ ✶✱✹✵ ✶✱✶✵
✵✻ ✭✸✴✸✮ ✵✱✹✵ ✵✱✺✵ ✵✱✸✵ ✶✱✺✵ ✵✱✺✵ ✵✱✼✵
✵✼ ✭✶✴✸✮ ✶✱✾✵ ✶✱✶✵ ✵✱✻✵ ✵✱✵✼ ✷✱✺✵ ✵✱✾✵
✵✽ ✭✸✴✹✮ ✶✱✵✵ ✷✱✾✵ ✵✱✸✵ ✷✱✶✵ ✶✱✺✵ ✷✱✺✵
✶✵ ✭✸✴✶✮ ✷✱✹✵ ✶✱✷✵ ✵✱✷✵ ✶✱✶✵ ✷✱✷✵ ✶✱✶✵
✶✶ ✭✸✴✶✮ ✶✱✵✵ ✶✱✸✵ ✵✱✻✵ ✵✱✺✵ ✶✱✷✵ ✶✱✺✵
✶✷ ✭✸✴✶✮ ✶✱✺ ✵✱✹✵ ✵✱✹✵ ✵✱✶✵ ✶✱✶✵ ✵✱✹✵
✶✸ ✭✶✴✹✮ ✵✱✼✵ ✵✱✸✵ ✷✱✵✵ ✵✱✻✵ ✶✱✺✵ ✵✱✷✵
✶✹ ✭✸✴✶✮ ✵✱✹✵ ✵✱✾✵ ✵✱✹✵ ✵✱✵✾ ✵✱✸✵ ✵✱✾✵
✶✺ ✭✶✴✹✮ ✸✱✶✵ ✹✱✹✵ ✵✱✽✵ ✵✱✹✵ ✸✱✽✵ ✹✱✸✵
✶✻ ✭✶✴✸✮ ✶✱✺✵ ✵✱✾✵ ✵✱✷✻ ✵✱✷✽ ✶✱✸✵ ✵✱✹✵
✶✼ ✭✶✴✸✮ ✶✱✷✵ ✵✱✾✵ ✵✱✵✽ ✵✱✶✵ ✶✱✷✵ ✵✱✽✵
✶✽ ✭✹✴✸✮ ✵✱✹✵ ✵✱✽✵ ✵✱✵✽ ✵✱✷✵ ✵✱✹✵ ✵✱✻✵
✶✾ ✭✶✴✸✮ ✶✱✶✵ ✶✱✽✵ ✵✱✵✺ ✵✱✸✵ ✶✱✵✵ ✶✱✻✵
✷✵ ✭✶✴✹✮ ✵✱✺✵ ✶✱✻✵ ✶✱✶✵ ✵✱✸✵ ✶✱✸✵ ✶✱✺✵
✷✷ ✭✶✴✸✮ ✵✱✻✵ ✶✱✸✵ ✵✱✹✵ ✵✱✷✵ ✵✱✸✵ ✵✱✺✵
✷✸ ✭✸✴✶✮ ✶✱✻✵ ✶✱✽✵ ✵✱✶✵ ✵✱✷✵ ✶✱✽✵ ✷✱✵✵

❉✐✈✐❞✐♠♦s ❛s ♠é❞✐❛s ❞♦s ❤❡♠✐s❢ér✐♦s ❡♠ ❞♦✐s ❣r✉♣♦s✿ ♥♦r♠❛✐s ✭❝♦♠ ♥ ❂ ✶✺✮ ❡ ❛❧t❡r❛❞♦s ✭❝♦♠

♥ ❂ ✷✸✮✳ ❖s ❤❡♠✐s❢ér✐♦s ♥♦r♠❛✐s ✭●❊ ❂ ✶✮ q✉❡ tê♠ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ❛❜❛✐①♦ ✺✵✪ ❡stã♦ ♥♦ ❣r✉♣♦
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❋✐❣✉r❛ ✼✳✶✵✿ ▼é❞✐❛ ❞❛s r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛ ♣❛❞rã♦ ♣❛r❛ ♦s ❣r✉♣♦s ✶✭♥♦r♠❛❧✮ ❡ ✷✭❛❧t❡r❛❞♦✮✳ ❆s
❜❛rr❛s ✈❡rt✐❝❛✐s ✐♥❞✐❝❛♠ ♦ ♣❡rí♦❞♦ ❞❡ ❛♣♥❡✐❛

✶ ✭❧❛❞♦s ♥♦r♠❛✐s ✮ ❡ ♦s ❤❡♠✐s❢ér✐♦s ❛❧t❡r❛❞♦s ✭●❊ ❂✸✮ q✉❡ ♣♦ss✉❡♠ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ❛❝✐♠❛ ✼✵✪ ❡

♦❝❧✉sã♦ ✭●❊❂✹✮ ❡stã♦ ♥♦ ❣r✉♣♦ ✷✳

◆❛ ❋✐❣✉r❛ ✼✳✶✵✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ♠é❞✐❛s ❞♦s ❣r✉♣♦s ✭❛❧t❡r❛❞♦ ❡ ♥♦r♠❛❧✮✱ ♠♦str❛♥❞♦ q✉❡

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

❛♠❜♦s ♦s ❝r♦♠ó❢♦r♦s ✭∆CHbO✱ ∆CHbR ❡ ∆CHbT ✮✳

❖❜t✐✈❡♠♦s ❛❧❣✉♥s ♣❛râ♠❡tr♦s ❞♦s ❣rá✜❝♦s ♣❛r❛ q✉❛♥t✐✜❝❛r ❛s ✈❛r✐❛çõ❡s ❤❡♠♦❞✐♥â♠✐❝❛s ❞♦s

❣r✉♣♦s✳ ◆❛ ❚❛❜❡❧❛ ✼✳✹✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❛♦ ♠á①✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❝❛❞❛

❣r✉♣♦ ❡ ❛ ❛♠♣❧✐t✉❞❡ ✭♠á①✐♠♦ ❞♦ ❝r♦♠ó❢♦r♦ ✲ ♠í♥✐♠♦ ❞♦ ❝r♦♠ó❢♦r♦✮ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❝❛❞❛

❝r♦♠ó❢♦r♦✳

◆❛ ❚❛❜❡❧❛ ✼✳✺✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❛♦ t❡♠♣♦ ♣❛r❛ ❛t✐♥❣✐r ♦ ♠á①✐♠♦ ❞❛ ❝♦♥✲

❝❡♥tr❛çã♦ ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦✳

❆s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ♦s ♣❛râ♠❡tr♦s ✭✈❛❧♦r ♠á①✐♠♦ ❡ ❛♠♣❧✐t✉❞❡ ❞❛ ❝♦♥❝❡♥tr❛çã♦✮ ♥ã♦ ✐♥❞✐❝❛♠ ✉♠❛

❛❧t❡r❛çã♦ ♥❛ r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛✳ ❆♣❡s❛r ❞✐st♦✱ ♦ t❡♠♣♦ ❞❡ r❡s♣♦st❛ ❛♦ ♠á①✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦

❞❡ ❝❛❞❛ ❣r✉♣♦ ✭❛❧t❡r❛❞♦ ❡ ♥♦r♠❛❧✮ ❛♣r❡s❡♥t♦✉✲s❡ ❞✐❢❡r❡♥t❡ ♣❛r❛ ♦s ❝r♦♠ó❢♦r♦s ❍❜❖ ❡ ❍❜❚✳ ❱❡r✐✜❝❛✲

s❡ q✉❡ ♦ ❝r♦♠ó❢♦r♦ ❍❜❘ ✭q✉❡ ✐♥❞✐❝❛ ❛ ❢❛❧t❛ ❞❡ ♦①✐❣ê♥✐♦ ♥❛ r❡❣✐ã♦✮ t❡♠ ✈❛❧♦r❡s ♣ró①✐♠♦s ♣❛r❛ ♦s

❞♦✐s ❣r✉♣♦s ✭❚❛❜❡❧❛ ✼✳✺✮✳

❆s ❞✐❢❡r❡♥ç❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦s ♣❛râ♠❡tr♦s ✭✈❛❧♦r ♠á①✐♠♦ ❡ ❛♠♣❧✐t✉❞❡ ❞❛s ❝♦♥❝❡♥tr❛çõ❡s✮ ♣♦❞❡♠

❡st❛r r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ r❡♣r❡s❡♥t❛❞♦ ♣❡❧♦ ❣rá✜❝♦✳

◆❛ t❡♥t❛t✐✈❛ ❞❡ ✈❡r✐✜❝❛r ❛ ❡①✐stê♥❝✐❛ ❞❡ ❛❧❣✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ♦ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ❡ ♦s ♣❛râ♠❡tr♦s

✭✈❛❧♦r ♠á①✐♠♦ ❡ ❛♠♣❧✐t✉❞❡ ❞❛s ❝♦♥❝❡♥tr❛çõ❡s✮✱ ❞✐✈✐❞✐♠♦s ♦ ❣r✉♣♦ ❛❧t❡r❛❞♦ ❡♠ ❞♦✐s s✉❜✲❣r✉♣♦s✿

❆❧t❡r❛❞♦s ❡ ❖❝❧✉í❞♦s✳

❖s r❡s✉❧t❛❞♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ s❡q✉ê♥❝✐❛✳



✾✷ ❘❊❙❯▲❚❆❉❖❙ ✼✳✹

❚❛❜❡❧❛ ✼✳✹✿ ❱❛❧♦r❡s r❡❢❡r❡♥t❡s às ❝✉r✈❛s ♠é❞✐❛s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦s ❞♦✐s ❣r✉♣♦s ✭♥♦r♠❛❧ ✴ ❛❧t❡✲
r❛❞♦✮✳ ❱❛❧♦r❡s ♣❛r❛ ♦ ♠á①✐♠♦✱ ❛♠♣❧✐t✉❞❡ ❞♦s ❝r♦♠ó❢♦r♦s✳

❈r♦♠♦❢♦r♦ ◆♦r♠❛❧ ✭µM✮ ❆❧t❡r❛❞♦ ✭µM✮
HbOMAXIMO (✵✱✽± ✵✱✷) (0, 6± 0, 2)
HbRMAXIMO (✵✱✹± ✵✱✶) (0, 1± 0, 1)
HbTMAXIMO (✶✱✶± ✵✱✸) (0, 6± 0, 2)
HbOAMPLITUDE (✶✱✵± ✵✱✷) (0, 8± 0, 2)
HbRAMPLITUDE (✵✱✹± ✵✱✶) (0, 2± 0, 1)
HbTAMPLITUDE (✶✱✷± ✵✱✸) (0, 9± 0, 2)

❚❛❜❡❧❛ ✼✳✺✿ ❱❛❧♦r❡s r❡❢❡r❡♥t❡s ❛s ❝✉r✈❛s ♠é❞✐❛s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦s ❞♦✐s ❣r✉♣♦s ✭♥♦r♠❛❧ ✴ ❛❧t❡✲
r❛❞♦✮✳ ❚❡♠♣♦ ♣❛r❛ ❛t✐♥❣✐r ❛♦ ♠á①✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦✳

❈r♦♠♦❢♦r♦ ◆♦r♠❛❧ ❆❧t❡r❛❞♦
HbOTEMPOAOMAXIMO (39± 2) s (31± 1) s
HbRTEMPOAOMAXIMO (37± 2) s (39± 2) s
HbTTEMPOAOMAXIMO (37± 1) s (30± 1) s

✼✳✹✳✸ ❘❡s✉❧t❛❞♦s ❞❡ três ❣r✉♣♦s

❖s ✸✽ ❤❡♠✐s❢ér✐♦s ✭✶✾ ✈♦❧✉♥tár✐♦s✮ ❢♦r❛♠ s❡♣❛r❛❞♦s ❡♠ três ❣r✉♣♦s ✭♥♦r♠❛✐s✱ ❛❧t❡r❛❞♦s ❡ ♦❝❧✉í✲

❞♦s✮✳ ❊st❛ ❛❜♦r❞❛❣❡♠ ✈✐s❛ ✐❞❡♥t✐✜❝❛r ❡✈❡♥t✉❛✐s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❞♦s

❣r✉♣♦s ❝♦♠ ❣r❛✉s ❡❧❡✈❛❞♦s ❞❡ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛✳

❋✐❣✉r❛ ✼✳✶✶✿ ▼é❞✐❛s ❞♦s ❣r✉♣♦s ✭♥♦r♠❛❧✱ ❛❧t❡r❛❞♦ ❡ ♦❝❧✉í❞♦✮ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝r♦♠ó❢♦r♦s ✭∆CHbO

✱ ∆CHbR ❡ ∆CHbT ✮✳ ❊♠ ❛③✉❧ ✭◆♦r♠❛❧✮✱ ❡♠ ✈❡r♠❡❧❤♦ ✭❛❧t❡r❛❞♦✮ ❡ ♣r❡t♦✭♦❝❧✉í❞♦✮✳ ❆s ❜❛rr❛s ✈❡rt✐❝❛✐s
✐♥❞✐❝❛♠ ♦ ♣❡rí♦❞♦ ❞❡ ❛♣♥❡✐❛

❖ ❣r✉♣♦ ♥♦r♠❛❧ t❡✈❡ ✉♠ t♦t❛❧ ❞❡ ✶✺ ❤❡♠✐s❢ér✐♦s✱ ♦ ❣r✉♣♦ ❛❧t❡r❛❞♦✱ t❛♠❜é♠ ❝♦♠✶✺ ❡ ♦ ❣r✉♣♦



✼✳✹ ❘❊❙❯▲❚❆❉❖❙ ✾✸

♦❝❧✉í❞♦✱ ✽✳

❈❛❧❝✉❧❛♠♦s ❛ ♠é❞✐❛ ❞❡ ❝❛❞❛ ❣r✉♣♦ ✭❋✐❣✉r❛ ✼✳✶✶✮ ❡ ♦❜s❡r✈❛♠♦s q✉❡ ♦ ❣r✉♣♦ ♦❝❧✉í❞♦ ♦❜t❡✈❡ ✉♠❛

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

❉❛ ♠❡s♠❛ ❢♦r♠❛✱ ♦❧❤❛♠♦s ♣❛r❛ ♦s ♣❛râ♠❡tr♦s ♠á①✐♠♦ ❡ ❛♠♣❧✐t✉❞❡ ❞❛s ❝♦♥❝❡♥tr❛çõ❡s✱ q✉❡

♣♦❞❡♠ s❡r ✈✐st♦s ♥❛ ❚❛❜❡❧❛ ✼✳✻ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❣r✉♣♦s✳

❚❛❜❡❧❛ ✼✳✻✿ ❱❛❧♦r❡s r❡❢❡r❡♥t❡s às ❝✉r✈❛s ♠é❞✐❛s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦s três ❣r✉♣♦s ✭♥♦r♠❛❧✱ ❛❧t❡r❛❞♦
❡ ♦❝❧✉í❞♦✮✳ ❱❛❧♦r❡s ♣❛r❛ ♦ ♠á①✐♠♦✱ ❛♠♣❧✐t✉❞❡✳

❈r♦♠♦❢♦r♦ ◆♦r♠❛❧ ✭µM✮ ❆❧t❡r❛❞♦✭µM✮ ❖❝❧✉í❞♦✭µM✮
HbOMAXIMO (0, 8± 0, 2) (0, 6± 0, 1) (✵✱✽± ✵✱✻)
HbRMAXIMO (0, 4± 0, 1) (0, 1± 0, 1) (✵✱✹± ✵✱✷)
HbTMAXIMO (1.1± 0, 3) (0, 6± 0, 2) (✶✱✷± ✵✱✺)
HbOAMPLITUDE (1, 0± 0, 2) (0, 9± 0, 2) (✶✱✸± ✵✱✹)
HbRAMPLITUDE (0, 5± 0, 1) (0, 2± 0, 1) (✵✱✻± ✵✱✸)
HbTAMPLITUDE (1, 3± 0, 3 (0, 9± 0, 2) (✶✱✻± ✵✱✹)

◆❛ ❚❛❜❡❧❛ ✼✳✼✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❛♦ t❡♠♣♦ ❛♦ ♠á①✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦✱ ♣❛r❛

❝❛❞❛ ✉♠ ❞♦s ❣r✉♣♦s✳

❆s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ♦s ♣❛râ♠❡tr♦s ✭✈❛❧♦r ♠á①✐♠♦ ❡ ❛♠♣❧✐t✉❞❡ ❞❛s ❝♦♥❝❡♥tr❛çõ❡s✮✱ ♠❛✐s ✉♠❛

✈❡③✱ ♥ã♦ ✐♥❞✐❝❛♠ ✉♠❛ ❞✐❢❡r❡♥ç❛ ♥❛ r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛✳ ❆♣❡s❛r ❞✐st♦ ✈❡r✐✜❝❛✲s❡ q✉❡ ♦ t❡♠♣♦ ❞❡

r❡s♣♦st❛ ❛♦ ♠á①✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦s ❣r✉♣♦s ♥♦r♠❛❧ ❡ ❛❧t❡r❛❞♦✱ ❝♦♥t✐♥✉❛ t❡♥❞♦ ✉♠❛ r❡s♣♦st❛

♣❛r❡❝✐❞❛✳ ❖ ❣r✉♣♦ ♦❝❧✉í❞♦ ❛♣r❡s❡♥t♦✉ ✉♠❛ ❝❡rt❛ ❞✐❢❡r❡♥ç❛ ❡♠ r❡❧❛çã♦ ❛♦s ♦✉tr♦s ❣r✉♣♦s ✭❚❛❜❡❧❛

✼✳✼✮ ✳

❚❛❜❡❧❛ ✼✳✼✿ ❱❛❧♦r❡s r❡❢❡r❡♥t❡s ❛s ❝✉r✈❛s ♠é❞✐❛s ❞♦s ❝r♦♠ó❢♦r♦s ♥♦s três ❣r✉♣♦s ✭♥♦r♠❛❧✱ ❛❧t❡r❛❞♦
❡ ♦❝❧✉í❞♦✮✳ ❚❡♠♣♦ ♣❛r❛ ❛t✐♥❣✐r ❛♦ ♠á①✐♠♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦✳

❈r♦♠♦❢♦r♦ ◆♦r♠❛❧ ❆❧t❡r❛❞♦ ❖❝❧✉í❞♦
HbOTEMPOAOMAXIMO (39± 2) s (40± 2) s (31± 1) s
HbRTEMPOAOMAXIMO (37± 2) s (38± 3) s (30± 2) s
HbTTEMPOAOMAXIMO (37± 1) s (39± 1) s (30± 1) s

❊st❡ r❡s✉❧t❛❞♦ ♣♦❞❡ ✐♥❞✐❝❛r ✉♠ r❡❛rr❛♥❥♦ ❞❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❝❡r❡❜r❛❧✱ ❞❡ ❢♦r♠❛ q✉❡ ❡❧❡ s❡ ❛❥✉st❡

à s✐t✉❛çã♦ ❞❡ ♦❝❧✉sã♦ ❞❛ ❛rtér✐❛ ❝❛rót✐❞❛✱ ♦ q✉❡ ❝♦♠♣❡♥s❛r✐❛ ❛ ♦❝❧✉sã♦✳ ■st♦ s✉❣❡r❡ q✉❡ ❤á ✉♠ ♥♦✈♦

✢✉①♦ ❞♦ s❛♥❣✉❡ ✐rr✐❣❛♥❞♦ ❛s ár❡❛s q✉❡ ♥ã♦ s❡r✐❛♠ ✐rr✐❣❛❞❛s ❞❡✈✐❞♦ à ♦❝❧✉sã♦ ❞❛s ❝❛rót✐❞❛s✳

◆♦ s✐st❡♠❛ ❤❡♠♦❞✐♥â♠✐❝♦ ❝❡r❡❜r❛❧ t❡♠♦s ✉♠❛ ❡str✉t✉r❛ ❝❤❛♠❛❞❛ ♣♦❧í❣♦♥♦ ❞❡ ❲✐❧❧✐s ✭❋✐❣✉r❛

✷✳✾✮ q✉❡ ♣♦❞❡ s✉st❡♥t❛r ❡st❡ r❡❛rr❛♥❥♦✱ ♥♦ ❝❛s♦ ❞❛ ♦❝❧✉sã♦ ♦✉ ❡str❡✐t❛♠❡♥t♦ ❞❛ ❛rtér✐❛ ❝❛rót✐❞❛✳

❈♦♠ ❛ ✐♥❞✐❝❛çã♦ ❞❛ ❡①✐stê♥❝✐❛ ❞♦ P♦❧í❣♦♥♦ ❞❡ ❲✐❧❧✐s✱ ♣r♦❝✉r❛♠♦s ❝♦♠♦ ❝♦♥t♦r♥❛r ❡st❛ ♠❡❧❤♦r

r❡s♣♦st❛ ❞♦ ❣r✉♣♦ ♦❝❧✉í❞♦✱ ❡♠ r❡❧❛çã♦ ❛♦ ❣r✉♣♦ ❛❧t❡r❛❞♦✳

❖ ♣♦❧í❣♦♥♦ ❞❡ ❲✐❧❧✐s ✭❋✐❣✉r❛ ✷✳✾✮ é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣❡q✉❡♥❛s ❛rtér✐❛s q✉❡ ♥♦s ❛❥✉❞❛ ♥♦ ❞✐❛❣✲

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

❊st❛s ❝♦♠✉♥✐❝❛♥t❡s✱ q✉❛♥❞♦ ✧❛❜❡rt❛s✧✱ ✐♥✈❡rt❡♠ ♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ♦ q✉❡ ❛✉①✐❧✐❛ ♥♦ ❞✐❛❣♥óst✐❝♦

❞❛ ❡st❡♥♦s❡✳ ◆♦ ❝❛s♦ ❞❛s ❡st❡♥♦s❡s ❛✈❛♥ç❛❞❛s✱ ❛s ❝♦♠✉♥✐❝❛♥t❡s ♣❡r♠✐t❡♠ ❛ ❝♦♥t✐♥✉✐❞❛❞❡ ❞♦ ✢✉①♦
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s❛♥❣✉í♥❡♦ ♥❛s r❡❣✐õ❡s ❝♦❜❡rt❛s ♣❡❧❛ ❛rtér✐❛ ❝❛rót✐❞❛✱ q✉❡✱ ❞❡✈✐❞♦ à ❡st❡♥♦s❡ ❡st❛r✐❛♠ s♦❢r❡♥❞♦ s✉❛

❢❛❧t❛✳

s✉❜s❡❝t✐♦♥ ❘❡s✉❧t❛❞♦s ♣❛r❛ ❛s ❛rtér✐❛s ❝♦❧❛t❡r❛✐s ❖s ✈♦❧✉♥tár✐♦s r❡❛❧✐③❛r❛♠ ✉♠ ❡①❛♠❡ ❉♦♣♣❧❡r

❞❡ ❝❛rót✐❞❛s ♣❛r❛ ♦ ❞✐❛❣♥óst✐❝♦ ❞❛ ❡st❡♥♦s❡✳ ❈♦♥✜r♠❛❞❛ ❛ s✉❛ ❡①✐stê♥❝✐❛✱ ❡❧❛ ❢♦✐ ❝❛r❛❝t❡r✐③❛❞❛ ❡

❣r❛❞✉❛❞❛ ❛tr❛✈és ❞♦ ❡①❛♠❡ ❞❡ ❛♥❣✐♦t♦♠♦❣r❛✜❛✳ ❊st❡ ❡①❛♠❡ t❛♠❜é♠ ♣❡r♠✐t❡ ❛ ✈✐s✉❛❧✐③❛çã♦ ❞❛s

❝♦♠✉♥✐❝❛♥t❡s q✉❡ ❢♦r♠❛♠ ♦ ♣♦❧✐❣♦♥♦s ❞❡ ❲✐❧❧✐s✱ ❞❡ ❢♦r♠❛ ❛ ✈❡r✐✜❝❛r s❡ ❡❧❛s ❡stã♦ ❛❜❡rt❛s ♦✉

❢❡❝❤❛❞❛s✳ ❊ss❡ r❡s✉❧t❛❞♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❚❛❜❡❧❛ ✼✳✽✳

❚❛❜❡❧❛ ✼✳✽✿ ❘❡❧❛çã♦ ❞♦s ♣❛❝✐❡♥t❡s ❝♦♠ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦♠✉♥✐❝❛♥t❡s ❛❜❡rt❛s ♣♦r ♣❛❝✐❡♥t❡

P❛❝✐❡♥t❡ ❧❛❞♦ ●❊ ❈♦♠✉♥✐❝❛♥t❡s P❛❝✐❡♥t❡ ❧❛❞♦ ●❊ ❈♦♠✉♥✐❝❛♥t❡s

✶✸
❉✐r ✶

✷ ✷
❉✐r ✸

✶
❊sq ✹ ❊sq ✶

✶✺
❉✐r ✶

✷ ✼
❉✐r ✶

✵
❊sq ✹ ❊sq ✸

✷✵
❉✐r ✶

✶ ✶✵
❉✐r ✸

✶
❊sq ✹ ❊sq ✶

✷✶
❉✐r ✹

✷ ✶✶
❉✐r ✸

✶
❊sq ✶ ❊sq ✶

✺
❉✐r ✸

✷ ✶✷
❉✐r ✸

✵
❊sq ✹ ❊sq ✶

✶✽
❉✐r ✹

✷ ✶✹
❉✐r ✸

✶
❊sq ✸ ❊sq ✶

✽
❉✐r ✸

✷ ✶✻
❉✐r ✶

✵
❊sq ✹ ❊sq ✸

✷✷
❉✐r ✶

✵ ✶✼
❉✐r ✶

✸
❊sq ✸ ❊sq ✸

✷✸
❉✐r ✸

✶ ✻
❉✐r ✸

✵
❊sq ✶ ❊sq ✸

✶✾
❉✐r ✶

✸
❊sq ✸

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

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

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

❞❡ ❡st❡♥♦s❡ ❛❝✐♠❛ ❞❡ ✼✵✪✱ ❡❧❡ ❛♣r❡s❡♥t❛ ✉♠❛ ♦✉ ♥❡♥❤✉♠❛ ❞❛s ❝♦♠✉♥✐❝❛♥t❡s ❛❜❡rt❛s✳

◆❛ ❚❛❜❡❧❛ ✼✳✾ ❛♣r❡s❡♥t❛♠♦s ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦♠✉♥✐❝❛♥t❡s ❛❜❡rt❛s ❝♦♥tr❛ ♦ ♥ú♠❡r♦ ❞❡ ✈♦❧✉♥✲

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

❛rtér✐❛✱ ♦✉ s❡❥❛✱ ♣♦❞❡ ✐♥❞✐❝❛r ❛ ❡✈♦❧✉çã♦ ❞❛ ❞♦❡♥ç❛✳

✼✳✺ ❉✐s❝✉ssã♦

❊①✐st❡ ✉♠❛ r❡s♣♦st❛ ♣❛❞rã♦ ♣❛r❛ t♦❞♦ ♦ ❡♥❝é❢❛❧♦ r❡❧❛❝✐♦♥❛❞❛ à ❛♣♥❡✐❛✳ ◆♦ ❝❛s♦ ❞♦s ✈♦❧✉♥tár✐♦s

q✉❡ ♣❛rt✐❝✐♣❛r❛♠ ❞❡st❡ ❡st✉❞♦✱ t❡♠♦s ✉♠❛ r❡s♣♦st❛ ♣❛r❡❝✐❞❛ ❡♠ t♦❞♦s ♦s ❝❛♥❛✐s ♠❡❞✐❞♦s ✭❋✐❣✉r❛

✼✳✺ ❡ ❋✐❣✉r❛ ✼✳✼✮ ❞♦ ❛rr❛♥❥♦ ó♣t✐❝♦✳ ❉❡st❛ ❢♦r♠❛✱ ♣♦❞❡♠♦s ❛ss♦❝✐❛r ❛ ♠é❞✐❛ ❞♦s ❝❛♥❛✐s r❡❧❛t✐✈♦s ❛

❝❛❞❛ ❤❡♠✐s❢ér✐♦ ❞♦ ❡♥❝é❢❛❧♦✱ ❝♦♠♦ ✉♠❛ r❡s♣♦st❛ ♣❛❞rã♦ ❞♦ ❤❡♠✐s❢ér✐♦ ❝❡r❡❜r❛❧ ✭❋✐❣✉r❛ ✼✳✾✮✳
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❚❛❜❡❧❛ ✼✳✾✿ ❈♦❧❛t❡r❛✐s ❛❜❡rt❛s ❝♦♥tr❛ ♦ ❣r❛✉ ❞❡ ❡st❡♥♦s❡✳ ◆❈❆✲ ◆ú♠❡r♦ ❞❡ ❝♦♠✉♥✐❝❛♥t❡s ❛❜❡rt❛s❀
◆❉ ✲ ♥❡♥❤✉♠❛ ❝♦❧❛t❡r❛❧ ❛❜❡rt❛

◆❈❆
❯♥✐❧❛t❡r❛❧ ❇✐❧❛t❡r❛❧

✼✵✲✾✾✪
♦❝❧✉í❞♦

✶✵✵✪
♦❝❧✉í❞♦

✼✵✲✾✾✪
♦❝❧✉í❞♦

✶✵✵✪
♦❝❧✉í❞♦

✵ ✹ ◆❉ ✶ ◆❉
✶ ✺ ✶ ◆❉ ✶
✷ ◆❉ ✸ ◆❉ ✸
✸ ✶ ◆❉ ◆❉ ◆❉

◆❛ ❚❛❜❡❧❛ ✼✳✸ ❛♣r❡s❡♥t❛♠♦s ♦s ✈❛❧♦r❡s ♠á①✐♠♦s ❞❡ ❝❛❞❛ ❝r♦♠ó❢♦r♦ r❡❧❛❝✐♦♥❛❞♦s ❛♦ ❣r❛✉ ❞❡

❡st❡♥♦s❡ ❞❡ ❝❛❞❛ ✈♦❧✉♥tár✐♦✳ ❖❜s❡r✈❛♠♦s q✉❡ ♥ã♦ t❡♠♦s ✉♠ ♣❛❞rã♦✱ ♣♦✐s s♦♠❡♥t❡ ✻✶✪✱ ✻✶✪ ❡ ✺✺✪

❞♦s ✈♦❧✉♥tár✐♦s ❛♣r❡s❡♥t❛r❛♠ ✉♠ ♠á①✐♠♦ ♠❛✐♦r ❞♦ ❧❛❞♦ ❝♦♠ ❡st❡♥♦s❡ ♠❡♥♦r✱ ♣❛r❛ ♦ ❝r♦♠ó❢♦r♦

❍❜❖✱ ❍❜❘ ❡ ❍❜❚✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❉✐✈✐❞✐♠♦s ❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❡♠ ❞♦✐s ❣r✉♣♦s ✭♥♦r♠❛❧ ❡ ❛❧t❡r❛❞♦✮✳ ❖❜s❡r✈❛♠♦s q✉❡ ♦

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

✐♥❞✐❝❛ q✉❡✱ ❡♠ ♠é❞✐❛✱ t❡♠♦s ✉♠ ♠❛✐♦r ✢✉①♦ s❛♥❣✉í♥❡♦ ♥❛ r❡❣✐ã♦ ❝♦♠ ♠❡♥♦r ❡st❡♥♦s❡✳ ❖❧❤❛♥❞♦

♣❛r❛ ♦ t❡♠♣♦ ❞❡ r❡s♣♦st❛ ❛♦ ♠á①✐♠♦ ❞❡ ❝❛❞❛ ❣r✉♣♦ ✭❚❛❜❡❧❛ ✼✳✺✮✱ ✈❡r✐✜❝❛♠♦s q✉❡ ❡①✐st❡ ✉♠❛ ♣❡q✉❡♥❛

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

❡st❡♥♦s❡✳ ❉❛ ❚❛❜❡❧❛ ✼✳✺ ♣♦❞❡♠♦s ❝♦♥❝❧✉✐r q✉❡ ❛ r❡s♣♦st❛ ♠é❞✐❛ ❞♦s ❣r✉♣♦s✱ ✉s❛♥❞♦ ♦s ✈❛❧♦r❡s ❞♦s

❝r♦♠ó❢♦r♦s✱ ❢♦✐ ❞❡ ✭✸✼✱ ✻ ± ✵✱✻✮ s❡❣✉♥❞♦s ♣❛r❛ ♦ ❣r✉♣♦ ♥♦r♠❛❧ ❡ ✭✸✸ ± ✷✮ s❡❣✉♥❞♦s ♣❛r❛ ♦ ❣r✉♣♦

❛❧t❡r❛❞♦✳

P♦❞❡✲s❡ ♦❜s❡r✈❛r ♥❛ ❋✐❣✉r❛ ✼✳✶✵ q✉❡ ❛s r❡s♣♦st❛s ❞♦ ❣r✉♣♦ ♥♦r♠❛❧ sã♦ ♠❛✐s ❞❡♠♦r❛❞❛s ♣❛r❛

❛t✐♥❣✐r ♦ ♠á①✐♠♦ ❡ ✐♥✐❝✐❛r ❛ q✉❡❞❛✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛s às ❞♦ ❣r✉♣♦ ❛❧t❡r❛❞♦✳ ■st♦ ♣♦❞❡ ❡st❛r

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

◗✉❛♥❞♦ ❞✐✈✐❞✐♠♦s ❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❡♠ três ❣r✉♣♦s ✭♥♦r♠❛❧✱ ❛❧t❡r❛❞♦ ❡ ♦❝❧✉í❞♦✮✱ ❡♥✲

❝♦♥tr❛♠♦s ✉♠❛ r❡s♣♦st❛ ♠❛✐♦r ♣❛r❛ ❛ ❝✉r✈❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦ ❧❛❞♦ ♦❝❧✉í❞♦✱ ❡♠ r❡❧❛çã♦ à ❝✉r✈❛ ❞♦ ❧❛❞♦

❛❧t❡r❛❞♦ ✭❋✐❣✉r❛ ✼✳✶✶✮✳ ■st♦ ♣♦❞❡ ✐♥❞✐❝❛r ♦ r❡❛rr❛♥❥♦ ❞❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❝❡r❡❜r❛❧✱ ❛tr❛✈és ❞♦ ♣♦❧í❣♦♥♦

❞❡ ❲✐❧❧✐s✳ P♦❞❡♠♦s s✉♣♦r q✉❡ ♦ ❛✈❛♥ç♦ ❞❛ ❡st❡♥♦s❡ ✈❛✐ ✧❛❜r✐♥❞♦✧ ❛s ❝♦❧❛t❡r❛✐s ♥❛ t❡♥t❛t✐✈❛ ❞❡ s✉♣r✐r

❛ ❞❡♠❛♥❞❛ ❞❡ s❛♥❣✉❡ ♥❛ r❡❣✐ã♦ r❡❧❛❝✐♦♥❛❞❛ ❛ ❡st❡♥♦s❡✳

➱ ✐♥t❡r❡ss❛♥t❡ ♥♦t❛r✱ ♠❛✐s ✉♠❛ ✈❡③✱ q✉❡ ♦ t❡♠♣♦ ❞❡ r❡s♣♦st❛ ♣❛r❛ s❡ ❛t✐♥❣✐r ♦ ♠á①✐♠♦ ✭❚❛❜❡❧❛

✼✳✼✮ ❞♦s ❝r♦♠ó❢♦r♦s✱ ♣♦❞❡ ❡st❛r r❡❧❛❝✐♦♥❛❞♦ ❛♦ ❣r❛✉ ❞❡ ❡st❡♥♦s❡✳ ◗✉❛♥❞♦ ❝❛❧❝✉❧❛♠♦s ❛s ♠é❞✐❛s ❞♦s

❝r♦♠ó❢♦r♦s ♣♦r ❣r✉♣♦✱ ❡♥❝♦♥tr❛♠♦s ✭✸✼✱✻ ± ✵✱✻✮ s❡❣✉♥❞♦s ♣❛r❛ ♦ ❣r✉♣♦ ♥♦r♠❛❧✱ ✭ ✸✾✱✵ ± ✵✱✺✮ ♣❛r❛

♦ ❣r✉♣♦ ❛❧t❡r❛❞♦ ❡ ✭✸✵✱✸ ± ✵✱✸✮ ♣❛r❛ ♦ ❣r✉♣♦ ♦❝❧✉í❞♦✳

❖s ❣r✉♣♦s ❛❧t❡r❛❞♦ ❡ ♥♦r♠❛❧ ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ r❡s♣♦st❛ ♠❛✐s ❧❡♥t❛ ♣❛r❛ ❛t✐♥❣✐r ❛♦ ♠á①✐♠♦

❡ ✐♥✐❝✐❛r ❛ q✉❡❞❛✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦s ❝♦♠ ♦ ❣r✉♣♦ ♦❝❧✉í❞♦✳ ❊st❛ r❡❧❛çã♦ ♣♦❞❡ s❡r r❡❧❛❝✐♦♥❛❞❛ ❛♦

✢✉①♦ s❛♥❣✉í♥❡♦ ♣✐♦r ♥♦ ❣r✉♣♦ ♦❝❧✉í❞♦✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛♦s ❣r✉♣♦s ♥♦r♠❛❧ ❡ ❛❧t❡r❛❞♦✳

❖✉tr❛ ♦❜s❡r✈❛çã♦ é q✉❡ ❛ ❛♠♣❧✐t✉❞❡ ❡ ♠á①✐♠♦ r❡❧❛❝✐♦♥❛❞❛ ❛♦ ❣r✉♣♦ ♦❝❧✉í❞♦ ❢♦✐ s✉♣❡r✐♦r ❛♦

❣r✉♣♦ ❛❧t❡r❛❞♦ ✭❚❛❜❡❧❛ ✼✳✻✮✱ ♦ q✉❡ ♣♦❞❡ ✐♥❞✐❝❛r ✉♠ ♠❡❧❤♦r ✢✉①♦ ♥❡st❡ ❝❛s♦ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛♦

❣r✉♣♦ ❛❧t❡r❛❞♦✳

❊st❛ ❞✐❢❡r❡♥ç❛ ♥❛ ❛♠♣❧✐t✉❞❡ ❡ ♠á①✐♠♦ ❞♦s ❝r♦♠ó❢♦r♦s ♣♦❞❡ ✐♥❞✐❝❛r q✉❡ ❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❝❡r❡❜r❛❧

✈❛✐ s❡ ❛❧t❡r❛♥❞♦ ❝♦♥❢♦r♠❡ ❛ ❞♦❡♥ç❛ ❛✈❛♥ç❛✱ ❛ ♠✉❞❛♥ç❛ t❡♥t❛ s✉♣r✐r ❛ ❞❡♠❛♥❞❛ ❞❡ ✢✉①♦ s❛♥❣✉í♥❡♦



✾✻ ❈❖◆❈▲❯❙➹❖ ✼✳✻

♣❛r❛ t♦❞♦ ♦ ❡♥❝é❢❛❧♦✳

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

♦❝❧✉í❞♦ ♣♦ss✉❡♠ ♣❡❧♦ ♠❡♥♦s ❞✉❛s ❝♦♠✉♥✐❝❛♥t❡s ❛❜❡rt❛s✳ ❯♠ ❢❛t♦r q✉❡ ♣♦❞❡ s❡r ❡①♣❧♦r❛❞♦✱ q✉❛♥❞♦

♦❧❤❛♠♦s ♣❛r❛ ♦s ✈♦❧✉♥tár✐♦s q✉❡ ❛♣r❡s❡♥t❛♠ ✉♠ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ❡♥tr❡ ✼✵✪ ❡ ✾✾✪ é ♦ ❢❛t♦ ❞❡ q✉❡✱

♥❡st❡s ❝❛s♦s✱ ♦s ✈♦❧✉♥tár✐♦s ❛♣r❡s❡♥t❛♠ ✉♠❛✱ ❞✉❛s ♦✉ ❛s três ❝♦♠✉♥✐❝❛♥t❡s ❛❜❡rt❛s✳ ❈♦♠♦ ♦ ❣r❛✉ ❞❡

❡st❡♥♦s❡ ❛♣r❡s❡♥t❛ ✉♠❛ ✈❛r✐❛çã♦ ❞❡ ✷✾✪✱ ♦s ✈♦❧✉♥tár✐♦s ❞❡st❡ ❣r✉♣♦ ♣♦❞❡♠ ❛♣r❡s❡♥t❛r ✉♠❛ ❝❡rt❛

❡✈♦❧✉çã♦ ❞❛ ❞♦❡♥ç❛✳

✼✳✻ ❈♦♥❝❧✉sã♦

■♥✐❝✐❛❧♠❡♥t❡ ♣♦❞❡♠♦s ❞✐③❡r q✉❡ ❛ r❡s♣♦st❛ ❞❛ ❛♣♥❡✐❛ ♥♦s ✈♦❧✉♥tár✐♦s ❛ss✉♠❡ ✉♠❛ ❢♦r♠❛ ❣❧♦❜❛❧

❡♠ t♦❞♦ ♦ ❡♥❝é❢❛❧♦ ✭❛♣r❡s❡♥t❛❞♦ ♥❛s ❋✐❣✉r❛s ✼✳✼✱ ✼✳✻ ❡ ✼✳✺✮✳ ❊ss❛ ❢♦r♠❛ ❞❡ r❡s♣♦st❛ ♥♦s ♣♦ss✐❜✐❧✐t♦✉

❛ ❝♦♥str✉çã♦ ❞❡ ✉♠❛ ✧r❡s♣♦st❛ ♣❛❞rã♦✧ ♣♦r ❤❡♠✐s❢ér✐♦ ✭❋✐❣✉r❛ ✼✳✽✮✳

◗✉❛♥❞♦ ❝♦♠♣❛r❛♠♦s ❛s r❡s♣♦st❛s ❞♦s ❤❡♠✐s❢ér✐♦s ♣♦r ✈♦❧✉♥tár✐♦✱ ♥ã♦ ❡♥❝♦♥tr❛♠♦s ✉♠ ♣❛❞rã♦

❛ss♦❝✐❛❞♦ ❛♦ ❣r❛✉ ❞❡ ❡st❡♥♦s❡✱ s❡♥❞♦ q✉❡ ♦ ❧❛❞♦ ❝♦♠ ❡st❡♥♦s❡ ❡♠ ♠❡♥♦r ❣r❛✉ ♦✉ ♦ ❧❛❞♦ s❡♠ ❡st❡♥♦s❡✱

♣♦ss✉❡♠ ✉♠❛ r❡s♣♦st❛ ❞❡ ♠❛✐♦r ❛♠♣❧✐t✉❞❡ q✉❡ ♦ ❧❛❞♦ ❝♦♠ ❡st❡♥♦s❡ ✭❛❧t❡r❛❞♦✮ ❡♠ ✻✶✪ ✱ ✻✶✪ ❡ ✺✺✪

❞♦s ✈♦❧✉♥tár✐♦s✱ ♣❛r❛ ♦s ❝r♦♠ó❢♦r♦s ❍❜❖✱ ❍❜❘ ❡ ❍❜❚✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊st❡ r❡s✉❧t❛❞♦ ♥♦s ♠♦str♦✉

q✉❡ ♦ ◆■❘❙✱ ❝♦♠ ♦ ❛rr❛♥❥♦ ót✐❝♦ ✉t✐❧✐③❛❞♦✱ ♥ã♦ ♥♦s ♣♦ss✐❜✐❧✐t❛ ❛ ❞✐st✐♥çã♦ ❡♥tr❡ ♦s ❧❛❞♦s ❛❧t❡r❛❞♦s

❡ ♥♦r♠❛✐s ❞♦s ✈♦❧✉♥tár✐♦s✳

◆❛ ♠é❞✐❛✱ q✉❛♥❞♦ ❞✐✈✐❞✐♠♦s ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❡♠ ❞♦✐s ❣r✉♣♦s ✭♥♦r♠❛✐s ❡ ❛❧t❡r❛❞♦s✮✱

♦ ❧❛❞♦ ♥♦r♠❛❧ ❛♣r❡s❡♥t♦✉ ✉♠❛ r❡s♣♦st❛ ♠❛✐♦r q✉❡ ♦ ❧❛❞♦ ❛❧t❡r❛❞♦ ♦ q✉❡ ❥á ❡r❛ ❡s♣❡r❛❞♦✳ ◗✉❛♥❞♦ s❡

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

q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛♦ ❧❛❞♦ ❛❧t❡r❛❞♦✳

◗✉❛♥❞♦ ❞✐✈✐❞✐♠♦s ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❡♠ três ❣r✉♣♦s ✭♥♦r♠❛❧✱ ❛❧t❡r❛❞♦ ❡ ♦❝❧✉í❞♦✮✱

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

❛t✐♥❣✐r ♦ ♠á①✐♠♦ ❡ ✐♥✐❝✐❛r ❛ q✉❡❞❛✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦s ❛♦ ❣r✉♣♦ ♦❝❧✉í❞♦✳❊st❛ r❡s♣♦st❛ ♣♦❞❡ ❡st❛r

r❡❧❛❝✐♦♥❛❞❛ à q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦♠✉♥✐❝❛♥t❡s ❛❜❡rt❛s✱ ♦ q✉❡ ❢♦✐ ✈❡r✐✜❝❛❞♦ q✉❛♥❞♦ ♦s ✈♦❧✉♥tár✐♦s ♣♦s✲

s✉✐❛♠ ✉♠❛ ♦❝❧✉sã♦ t♦t❛❧ ❞❛ ❛rtér✐❛✳ ❆ r❡❣✐ã♦ ❛❢❡t❛❞❛ ♣❡❧❛ ♦❝❧✉sã♦ t❡r✐❛ ♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ❄♠❡❧❤♦r❄

q✉❡ ❛ r❡❣✐ã♦ ❛❢❡t❛❞❛ s♦♠❡♥t❡ ♣♦r ✉♠❛ ❡st❡♥♦s❡ ❞❡ ❣r❛✉ ✸ ✭❃ ✼✵✪✮✳

P❛r❛ ❛ r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛✱ ❛ss♦❝✐❛❞❛ ❛♦ t❡♠♣♦ ♣❛r❛ s❡ ❛t✐♥❣✐r ❛♦ ♠á①✐♠♦✱ ✈❡♠♦s q✉❡ ♦

❣r✉♣♦ ♥♦r♠❛❧ ❛♣r❡s❡♥t❛ ✉♠ ✈❛❧♦r ♠❛✐s ❧❡♥t♦ ♣❛r❛ ❛t✐♥❣✐r ❛♦ ♠á①✐♠♦ ❡ ✐♥✐❝✐❛r ❛ q✉❡❞❛✱ q✉❛♥❞♦

❝♦♠♣❛r❛❞♦ ❛♦ ❣r✉♣♦ ❛❧t❡r❛❞♦✳

P♦❞❡♠♦s r❡❧❛❝✐♦♥❛r ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦♠✉♥✐❝❛♥t❡s ❛❜❡rt❛s ❛♦ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ q✉❡ ♦ ✈♦❧✉♥tár✐♦

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

❛❧t❡r❛❞♦ ✭❣r❛✉ ✸✮ ♣❡r❝❡❜❡♠♦s q✉❡ ❤á ❞❡ ♥❡♥❤✉♠❛ ❛ t♦❞❛s ❛s ❝♦♠✉♥✐❝❛♥t❡s ❛❜❡rt❛s✳



❈❛♣ít✉❧♦ ✽

❈❖◆❈▲❯❙➹❖

❆ té❝♥✐❝❛ ◆■❘❙ ❢♦✐ ❛♣❧✐❝❛❞❛ ❝♦♠ s✉❝❡ss♦ ♥❛s ❞✐✈❡rs❛s ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❡st✉❞❛❞❛s ♥❡st❡

tr❛❜❛❧❤♦✳

◆❛ ❛♣❧✐❝❛çã♦ ✈✐s✉❛❧ t✐✈❡♠♦s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s✱ ❝♦♥❞✐③❡♥t❡s ❝♦♠ ♦ q✉❡ é ❡♥❝♦♥tr❛❞♦

♥❛ ❧✐t❡r❛t✉r❛✳ ❊♥❝♦♥tr❛♠♦s ♣♦ssí✈❡✐s r❡❧❛çõ❡s ❡♥tr❡ ♦ ♠á①✐♠♦ ❞♦s ❝r♦♠ó❢♦r♦s ❡ ❛ ❢r❡q✉ê♥❝✐❛ ❞♦

❡stí♠✉❧♦✱ ❞❡ ❢♦r♠❛ q✉❡✱ ❛♣❛r❡♥t❡♠❡♥t❡✱ t❡♠♦s ✉♠❛ r❡❧❛çã♦ q✉❛❞rát✐❝❛ ❞♦ ♠á①✐♠♦ ❞♦s ❝r♦♠ó❢♦r♦s

❍❜❖ ❡ ❍❜❚ ❝♦♠ ❛s ❢r❡q✉ê♥❝✐❛s ✉t✐❧✐③❛❞❛s✳ ❱❡r✐✜❝♦✉✲s❡ ✉♠❛ r❡❧❛çã♦ ❧✐♥❡❛r ❞♦ ♠á①✐♠♦ ❞♦ ❝r♦♠ó❢♦r♦

❍❜❘ ❝♦♠ ❛s ❢r❡q✉ê♥❝✐s ✉s❛❞❛s ♥♦ ❡st✉❞♦✱ ♠❛s ♥ã♦ ❡♥❝♦♥tr❛♠♦s ✉♠❛ r❡❧❛çã♦ ❞❛s ❢r❡q✉ê♥❝✐❛s ❝♦♠ ♦

t❡♠♣♦ ❞❡ r❡s♣♦st❛ ♣❛r❛ ❝❛❞❛ ❡stí♠✉❧♦✳

❆ ❛♣❧✐❝❛çã♦ ❞✉r❛♥t❡ ♦ ❡①❡r❝í❝✐♦ ❢ís✐❝♦ ❛♣r❡s❡♥t♦✉ r❡s✉❧t❛❞♦s ❝♦❡r❡♥t❡s ❛♦s ❞❛❞♦s r❡❧❛❝✐♦♥❛❞♦s ♥❛

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

❆s ❝✉r✈❛s r❡❧❛❝✐♦♥❛❞❛s às t❛r❡❢❛s ❛❜❡rt❛s ❛♣r❡s❡♥t❛♠ ✉♠ ♣✐❝♦ ♠á①✐♠♦ ♥❛s r❡❣✐õ❡s ❢r♦♥t❛✐s✱ ❞✐✲

r❡✐t❛ ❡ ❡sq✉❡r❞❛✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ t✐♣♦ ❞❡ ✈♦❧✉♥tár✐♦ ✭✜s✐❝❛♠❡♥t❡ ❛t✐✈♦ ♦✉ ❝✐❝❧✐st❛ s❡♠✐✲♣r♦✜ss✐♦♥❛❧✮

♦✉ ❞❛ ❝♦♥❞✐çã♦ ✭❝♦♥tr♦❧❡✱ ♣❧❛❝❡❜♦ ❡ ❝❛❢❡í♥❛✮✱ ♥❛ q✉❛❧ ❡❧❡ ❢♦✐ s✉❜♠❡t✐❞♦✳ ❆s ❝✉r✈❛s r❡❧❛❝✐♦♥❛❞❛s à

r❡❣✐ã♦ ♠✉s❝✉❧❛r ♥ã♦ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ♣❧❛tô ♥♦ ✜♥❛❧ ❞♦ t❡st❡✱ ❝♦♠♦ ✐♥❞✐❝❛r✐❛ ♦ ♠♦❞❡❧♦ ❈❆❈✳ ❆ ❛✉✲

sê♥❝✐❛ ❞♦ ♣❧❛tô ♥❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r ❡ ❛ ♣r❡s❡♥ç❛ ❞♦s ♣✐❝♦s ♥❛s r❡❣✐õ❡s ❢r♦♥t❛✐s ♣♦❞❡r✐❛♠ ♥♦s ✐♥❞✐❝❛r

q✉❡ ❛ ♠❡❧❤♦r ❡①♣❧✐❝❛çã♦ ♣❛r❛ ♦s ❞❛❞♦s é ✈✐❛ r❡❣✉❧❛çã♦ ❝❡♥tr❛❧ ❞♦ ❡s❢♦rç♦✳ ◆❡st❛ t❡♦r✐❛✱ ♦ s✐st❡♠❛

♥❡r✈♦s♦ ❝❡♥tr❛❧ é ♦ q✉❡ r❡❣✉❧❛r✐❛ ♦ ✜♥❛❧ ❞♦ ❡①❡r❝í❝✐♦❀ ♥ã♦ ❛s ✉♥✐❞❛❞❡s ♠♦t♦r❛s ♣r❡s❡♥t❡s ♥❛s r❡❣✐õ❡s

♠✉s❝✉❧❛r❡s✱ q✉❡ é ♦ q✉❡ ✐♥❞✐❝❛r✐❛ ♦ ♠♦❞❡❧♦ ❈❆❈✳

◗✉❛♥t♦ ❛♦s t❡st❡s ❞❡ r❡♣r♦❞✉t✐❜✐❧✐❞❛❞❡ ❡♥tr❡ ♦ ♣r♦t♦❝♦❧♦ ❞❡ ❢❛♠✐❧✐❛r✐③❛çã♦ ❡ ♦ ♣r♦t♦❝♦❧♦ ❝♦♥✲

tr♦❧❡✱ ❡♠ ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s✱ ❡①❛♠✐♥❛♥❞♦ ❛ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐✲

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

❤❡♠♦❞✐♥â♠✐❝❛s sã♦ r❡♣r♦❞✉tí✈❡✐s ❡♠ t❛r❡❢❛ ❛❜❡rt❛ ✭t❡st❡s ♣r♦❣r❡ss✐✈♦s✮✳

◗✉❛♥t♦ à ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s t✐♣♦s ❞❡ ✈♦❧✉♥tár✐♦s ✭✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s ❳ ❝✐❝❧✐st❛s s❡♠✐✲♣r♦✜ss✐♦♥❛✐s✮✱

♦❜s❡r✈❛♠♦s q✉❡ ❛s ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❛ss♦❝✐❛❞❛s ❛ ❝❛❞❛ ❣r✉♣♦✱ ♣♦ss✉❡♠ ❞✐❢❡r❡♥ç❛s q✉❛♥t♦ às

s✉❛s ❛♠♣❧✐t✉❞❡s✳ ❆s ♠❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❡stã♦ ♣r❡s❡♥t❡s ♥❛s r❡❣✐õ❡s ❢r♦♥t❛✐s✱ ❛ss♦❝✐❛❞❛s ❛♦ ❝r♦♠ó❢♦r♦

❍❜❘✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ q✉❛♥❞♦ ♦❧❤❛♠♦s ♦s s❡✉s ✈❛❧♦r❡s ✜♥❛✐s ❞❡ ❝♦♥❝❡♥tr❛çã♦✳ ◆❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✱

♦❜s❡r✈❛♠♦s q✉❡ ❛s ❛♠♣❧✐t✉❞❡s r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❝r♦♠ó❢♦r♦ ❍❜❖ sã♦ ❜❡♠ ❞✐st✐♥t❛s ♣❛r❛ ♦s ❣r✉♣♦s ❞❡

✈♦❧✉♥tár✐♦s✳

❊♠ r❡❧❛çã♦ à ✐♥❣❡stã♦ ❞❡ ❝❛❢❡í♥❛ ❡♠ t❛r❡❢❛s ❛❜❡rt❛s ✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮✱ ♦❜s❡r✈❛♠♦s q✉❡ ❡❧❛

♣♦ss✐❜✐❧✐t❛ ✉♠❛ ♠❡❧❤♦r❛ ♥♦s t❡♠♣♦s ❞♦s t❡st❡s✳ ◗✉❛♥t♦ às ❝✉r✈❛s ❤❡♠♦❞✐♥â♠✐❝❛s✱ ✈✐♠♦s q✉❡ ✐♥✲

✾✼



✾✽

❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❛ ❝♦♥❞✐çã♦ ✭❝♦♥tr♦❧❡✱ ♣❧❛❝❡❜♦ ♦✉ ❝❛❢❡í♥❛✮✱ ❛s r❡s♣♦st❛s sã♦ ♣❛r❡❝✐❞❛s✱ t❡♥❞♦ ✉♠

❢♦r♠❛t♦ ❞❡ ❯ ✭♣♦♥t♦ ❞❡ ♠á①✐♠♦✮ ✐♥✈❡rt✐❞♦ ♣❛r❛ ❛s r❡❣✐õ❡s ❢r♦♥t❛✐s✱ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ❝♦♥st❛♥t❡ ❞♦

❝r♦♠ó❢♦r♦ ❍❜❖ ❡ ✉♠ ❛✉♠❡♥t♦ ❞♦ ❍❜❘ ♥❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r✳ ❆ r❡♣❡t✐çã♦ ❞♦s ❢♦r♠❛t♦s ❞❛s ❝✉r✈❛s

♣♦❞❡ ♥♦s ✐♥❞✐❝❛r ✉♠ ♣❛❞rã♦ ♥❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ♠✉s❝✉❧❛r❡s ❡ ❢r♦♥t❛✐s✳

❆ t❛r❡❢❛ ❢❡❝❤❛❞❛ ✭t❡st❡ ❝♦♥tr❛ ♦ r❡❧ó❣✐♦ ❡♠ ✉♠❛ ♣r♦✈❛ ❞❡ ✹❑♠✮ ♥ã♦ ❛♣r❡s❡♥t♦✉ ♦s ♣✐❝♦s ♥❛s

r❡❣✐õ❡s ❢r♦♥t❛✐s ✭❞✐r❡✐t❛ ❡ ❡sq✉❡r❞❛✮✱ ♣r❡s❡♥t❡s ♥❛ t❛r❡❢❛ ❛❜❡rt❛ ✭t❡st❡ ♣r♦❣r❡ss✐✈♦✮✳ ❖s ♣✐❝♦s ♥♦s

✐♥❞✐❝❛r✐❛♠ ♦ ♠♦♠❡♥t♦ ♥♦ q✉❛❧ ♦ ✈♦❧✉♥tár✐♦ ❡st❛r✐❛ ❝❤❡❣❛♥❞♦ ❛♦ ✜♥❛❧ ❞♦ t❡st❡✳ ❊st❡ ♣♦♥t♦ ♥♦s ❧❡✈♦✉

❛ s✉♣♦r q✉❡ ♦s ✈♦❧✉♥tár✐♦s ♥ã♦ ❛t✐♥❣✐r❛♠ ♦ ♥í✈❡❧ ❞❡ ❡s❢♦rç♦ ♠á①✐♠♦ ♥❡st❡ t✐♣♦ ❞❡ t❛r❡❢❛ ✭❢❡❝❤❛❞❛✮✳

❖ ❡s❢♦rç♦ ♠á①✐♠♦ é ❞❡✜♥✐❞♦ ❝♦♠♦ ❛ ❡①❛✉stã♦ t♦t❛❧ ❞♦ ✈♦❧✉♥tár✐♦✳

◆❛ r❡❣✐ã♦ ♠✉s❝✉❧❛r t❡♠♦s ✉♠❛ q✉❡❞❛ ❜❡♠ ❛❝❡♥t✉❛❞❛ ❞♦ ❍❜❖ ♥❛ ❝♦♥❞✐çã♦ ❝♦♥tr♦❧❡✱ q✉❛♥❞♦

❝♦♠♣❛r❛❞❛ ❝♦♠ ❛s ♦✉tr❛s ❝♦♥❞✐çõ❡s✱ ♠❛s ✐st♦ ♥ã♦ ✐♥❞✐❝♦✉ ✉♠ ❛✉♠❡♥t♦ ♠✉✐t♦ ❣r❛♥❞❡ ❞❡ ❍❜❘ ♥❡st❛

❝♦♥❞✐çã♦✳ ❖❧❤❛♥❞♦ ♣❛r❛ ❛s ❝♦♥❞✐çõ❡s ♣❧❛❝❡❜♦ ❡ ❝❛❢❡í♥❛ ♥♦ ❝r♦♠ó❢♦r♦ ❍❜❖✱ t❡♠♦s r❡s♣♦st❛ ♣❛r❡❝✐❞❛s

♥❛ ♠é❞✐❛✱ q✉❡ s❡ ❞✐❢❡r❡♥❝✐❛♠ ♥♦ ❝r♦♠ó❢♦r♦ ❍❜❘✳

◗✉❛♥t♦ à ✐♥❣❡stã♦ ❞❛ ❝❛❢❡í♥❛ ♥ã♦ ✈✐♠♦s ✉♠❛ ❞✐❢❡r❡♥ç❛ s✐❣♥✐✜❝❛t✐✈❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦ t❡♠♣♦ ❞❛

t❛r❡❢❛ ❢❡❝❤❛❞❛ ✭t❡st❡ ❝♦♥tr❛ ♦ r❡❧ó❣✐♦ ❡♠ ✉♠❛ ♣r♦✈❛ ❞❡ ✹❑♠✮✱ s❡ ❝♦♠♣❛r❛r♠♦s ♦s t❡♠♣♦s q✉❛♥❞♦

♦ ✈♦❧✉♥tár✐♦ ✐♥❣❡r✐✉ ♣❧❛❝❡❜♦ ♦✉ ♥❛ ❝♦♥❞✐çã♦ ❝♦♥tr♦❧❡✳

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

❝♦♥s❡❣✉✐♠♦s ❡♥❝♦♥tr❛r ✉♠ ❝❡rt♦ ♣❛❞rã♦ ♣❛r❛ ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❝❡r❡❜r❛✐s✱ ❞❡ ❢♦r♠❛ ❛

❝♦♠♣❛r❛r ♦s s❡✉s ❤❡♠✐s❢ér✐♦s✳ ❖❜s❡r✈❛♠♦s q✉❡ ♦s ❧❛❞♦s ♦❝❧✉í❞♦s ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ r❡s♣♦st❛ ♠❛✐♦r

q✉❡ ♦s ❧❛❞♦s ❛❧t❡r❛❞♦s q✉❛♥❞♦ ❞✐✈✐❞✐♠♦s ❛s r❡s♣♦st❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❡♠ três ❣r✉♣♦s ✭❝♦♥tr♦❧❡✱

♣❧❛❝❡❜♦ ❡ ❝❛❢❡í♥❛✮ ❡ ✈❡r✐✜❝❛♠♦s q✉❡ ♦s ✈♦❧✉♥tár✐♦s ❝♦♠ ✉♠ ❧❛❞♦ ♦❝❧✉í❞♦ ♣♦ss✉❡♠ ♣❡❧♦ ♠❡♥♦s ❞✉❛s

❝♦♠✉♥✐❝❛♥t❡s ❛❜❡rt❛s✱ ❞✐❢❡r❡♥t❡♠❡♥t❡ ❞♦s ✈♦❧✉♥tár✐♦s q✉❡ tê♠ ✉♠ ❣r❛✉ ❞❡ ❡st❡♥♦s❡ ❡♥tr❡ ✼✵ ❡ ✾✾✪✱

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

◆❛ t❡s❡✱ ❛♣r❡s❡♥t❛♠♦s três ❛♣❧✐❝❛çõ❡s ❞❛ té❝♥✐❝❛✱✭❊♠ ❡stí♠✉❧♦s ✈✐s✉❛✐s✱ ❞✉r❛♥t❡ ❛ r❡❛❧✐③❛çã♦

❞❡ ❡①❡r❝í❝✐♦ ❢ís✐❝♦ ❡ ❡♠ ♣❛❝✐❡♥t❡s ❝♦♠ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛ ❞✉r❛♥t❡ ❛ ❛♣♥é✐❛✮ ❡♠ â♥❣✉❧♦s ❞✐❢❡r❡♥t❡s

✭❝❧í♥✐❝♦ ❡ ✜s✐♦❧ó❣✐❝♦✮✱ ❞❡ ❢♦r♠❛ ❛ ♠♦♥✐t♦r❛r ❛s ❛t✐✈✐❞❛❞❡s ❤❡♠♦❞✐♥â♠✐❝❛s ❛ss♦❝✐❛❞❛s às t❛r❡❢❛s q✉❡

♦s ✈♦❧✉♥tár✐♦s r❡❛❧✐③❛r❛♠✳ ❆s ❛♣❧✐❝❛çõ❡s ♣♦❞❡♠ s❡r ♥❛ ár❡❛ ❞❛ ♣❡sq✉✐s❛ ❝❧í♥✐❝❛ ✭❡♠ ♣❛❝✐❡♥t❡s ❞❡

❡st❡♥♦s❡✮ ❡ ♥❛ t❡♥t❛t✐✈❛ ❞❡ ❡♥t❡♥❞❡r ❛ r❡s♣♦st❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❛ss♦❝✐❛❞❛ ❛ ✉♠❛ t❛r❡❢❛ ✭✈✐s✉❛❧ ❡

❞✉r❛♥t❡ ♦ ❡①❡r❝í❝✐♦✮✳

❆ té❝♥✐❝❛ t❡♠ ❝♦♠♦ s✉❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ✉♠❛ ❜♦❛ r❡s♦❧✉çã♦ t❡♠♣♦r❛❧ ❡ ✉♠❛ ❜❛✐①❛

r❡s♦❧✉çã♦ ❡s♣❛❝✐❛❧✳ ❆✐♥❞❛ ❛♣r❡s❡♥t❛ ❝♦♠♦ ♣♦s✐t✐✈♦✿ s❡♥s✐❜✐❧✐❞❛❞❡ ❛ ❜❛✐①❛s ❝♦♥❝❡♥tr❛çõ❡s ❞♦s ❝r♦♠ó✲

❢♦r♦s✱ ✈❡rs❛t✐❧✐❞❛❞❡✱ ♣♦rt❛❜✐❧✐❞❛❞❡✱ ❜❛✐①♦ ❝✉st♦ ❡ ♦ ❢❛t♦ ❞❡ ♥ã♦ s❡r ✐♥✈❛s✐✈❛✳ ❙✉❛ ✈❡rs❛t✐❧✐❞❛❞❡ ❡stá

♥❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞♦ ✉s♦ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦✉tr❛s té❝♥✐❝❛s ❞❡ ♥❡✉r♦✐♠❛❣❡♠ ❝♦♠♦ ♦ ❊❊● ❡ ❛ ❢▼❘■✳

❊♠ ❝♦♥❝❧✉sã♦✱ ❛ té❝♥✐❝❛ ◆■❘❙ t❡♠ s❡ ♠♦str❛❞♦ ✉♠❛ té❝♥✐❝❛ ❜❡♠ ✈❡rsát✐❧ ♣❛r❛ ♦s ❡st✉❞♦s

r❡❧❛❝✐♦♥❛❞♦s às ♠✉❞❛♥ç❛s ❤❡♠♦❞✐♥â♠✐❝❛s ❝❡r❡❜r❛✐s ❡ ♠✉s❝✉❧❛r❡s✳



❆♣ê♥❞✐❝❡ ❆

❚❡r♠♦ ❞❡ ❝♦♥s❡♥t✐♠❡♥t♦ ❧✐✈r❡ ❡s❝❧❛r❡❝✐❞♦

♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ ❡stí♠✉❧♦ ✈✐s✉❛❧

✾✾





❚❊❘▼❖ ❉❊ ❈❖◆❙❊◆❚■▼❊◆❚❖ ▲■❱❘❊ ❊❙❈▲❆❘❊❈■❉❖ P❆❘❆ ❖ ❊❳P❊❘■▼❊◆❚❖ ❉❊ ❊❙❚❮▼❯▲❖

❱■❙❯❆▲ ✶✵✶

❯◆■❱❊❘❙■❉❆❉❊ ❊❙❚❆❉❯❆▲ ❉❊ ❈❆▼P■◆❆❙

❉❊P❆❘❚❆▼❊◆❚❖ ❉❊ ❘❆■❖❙ ❈Ó❙▼■❈❖❙ ❊ ❈❘❖◆❖▲❖●■❆ ✲ ❉❘❈❈

■◆❙❚■❚❯❚❖ ❉❊ ❋❮❙■❈❆ ●▲❊❇ ❲❆❚❆●❍■◆ ✲ ■❋●❲

❚❊❘▼❖ ❉❊ ❈❖◆❙❊◆❚■▼❊◆❚❖ ▲■❱❘❊ ❊ ❊❙❈▲❆❘❊❈■❉❖

❚ít✉❧♦ ❞♦ ♣r♦❥❡t♦✿ ✑❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ té❝♥✐❝❛ ♠✉❧t✐♠♦❞❛❧ ♣❛r❛ ❡st✉❞♦s ♥❡✉r♦✲

❢✉♥❝✐♦♥❛✐s ❛tr❛✈és ❞❡ ❊❊● ❡ ◆■❘❙ ❝♦♥❥✉❣❛❞♦s✑

■♥✈❡st✐❣❛❞♦r❡s✿ ❊♥r✐q✉❡ P✳ ❯❝❡❞❛ ❖t❡r♦❀ ❈❛r❧♦s ❆✳ ❙✐❧✈❛ ❞♦s ❆♥❥♦s❀ ❉r✳ ❘♦❜❡rt♦ ❏✳ ▼✳ ❈♦✈♦❧❛♥❀

❉r✳ ❋❡r♥❛♥❞♦ ❈❡♥❞❡s✳

❖❇❏❊❚■❱❖ ❉❆ P❊❙◗❯■❙❆✿

❊✉ ❡♥t❡♥❞♦ q✉❡ ❢✉✐ ❝♦♥✈✐❞❛❞♦✭❛✮ ❛

♣❛rt✐❝✐♣❛r ❞❡ ✉♠ ♣r♦❥❡t♦ ❞❡ ♣❡sq✉✐s❛ ❡♥✈♦❧✈❡♥❞♦ ♣❡ss♦❛s s❛✉❞á✈❡✐s✳ ❖ ♦❜❥❡t✐✈♦ ❣❡r❛❧ ❞♦ ❡st✉❞♦

é ❞❡s❡♥✈♦❧✈❡r ❡ ✐♠♣❧❡♠❡♥t❛r té❝♥✐❝❛s ❞❡ ❡①❛♠❡s ♠✉❧t✐♠♦❞❛✐s✱ ❡♠ ♣❛rt✐❝✉❧❛r ♦ ✉s♦ s✐♠✉❧tâ♥❡♦ ❞❛

❊❧❡tr♦❡♥❝❡❢❛❧♦❣r❛✜❛ ✭❊❊●✮ ❡ ❞❛ ❊s♣❡❝tr♦s❝♦♣✐❛ ❞♦ ■♥❢r❛✈❡r♠❡❧❤♦ Pró①✐♠♦ ✲ ❚♦♠♦❣r❛✜❛ Ó♣t✐❝❛

❞❡ ❉✐❢✉sã♦ ✭◆■❘❙✲❉❖❚✮ ♥♦ ♠❛♣❡❛♠❡♥t♦ ❞❛ ❛t✐✈✐❞❛❞❡ ❝❡r❡❜r❛❧ ❡st✐♠✉❧❛❞❛✳ ❆s ✐♥❢♦r♠❛çõ❡s ❛ ♠❡✉

r❡s♣❡✐t♦ q✉❡ ❢♦r❡♠ ❝♦❧❡t❛❞❛s ♥❡st❡ ❡st✉❞♦ ♣♦❞❡rã♦ s❡r ❝♦♠♣❛rt✐❧❤❛❞❛s ❝♦♠ ♦✉tr♦s ♣❡sq✉✐s❛❞♦r❡s q✉❡

tr❛❜❛❧❤❛♠ ♥❡st❛ ár❡❛ ❞❡ ♣❡sq✉✐s❛✱ ♣♦❞❡♥❞♦ ❛ss✐♠ s❡r ✉t✐❧✐③❛❞❛s ❡♠ ♦✉tr❛s ♣❡sq✉✐s❛s ❞❡ ❛t✐✈✐❞❛❞❡

❝❡r❡❜r❛❧✳ ❖ s✐❣✐❧♦ s❡rá ♠❛♥t✐❞♦ ❡♠ t♦❞♦s ♦s ❡st✉❞♦s ❝♦❧❛❜♦r❛t✐✈♦s ❛tr❛✈és ❞❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ❝ó❞✐❣♦

♥✉♠ér✐❝♦ ♣❛r❛ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s ✐♥❞✐✈í❞✉♦s ♣❛rt✐❝✐♣❛♥t❡s✳

❆ ◆■❘❙✲❉❖❚ é ✉♠❛ té❝♥✐❝❛ ✐♥♦❢❡♥s✐✈❛✱ ❝❛♣❛③ ❞❡ ♣r♦❞✉③✐r ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛s ♠✉❞❛♥ç❛s

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

✐♥❢r❛✈❡r♠❡❧❤❛✳ ❆ ◆■❘❙✲❉❖❚ é ✉♠❛ té❝♥✐❝❛ q✉❡ ♣❡r♠✐t❡ ♦❜t❡r ✐♠❛❣❡♥s ❞♦ ❝ér❡❜r♦ ✉s❛♥❞♦ ❛ ❧✉③ ■❘

✭✐♥❢r❛r❡❞✮✳ ❈♦♠ ❡st❛✱ ♣♦❞❡♠♦s ♣❡sq✉✐s❛r ♠❡✐♦s ❛❧t❛♠❡♥t❡ ❡s♣❛❧❤❛❞♦r❡s✱ t❛❧ ❝♦♠♦ ♦ t❡❝✐❞♦ ❝❡r❡❜r❛❧✱

❜✉s❝❛♥❞♦ r❡❝♦♥str✉✐r ✐♠❛❣❡♥s ✸❉ ❞❡ t❡❝✐❞♦s ❛ ♣❛rt✐r ❞♦s ❞❛❞♦s ♦❜t✐❞♦s ♣❡❧♦ ◆■❘❙✲❉❖❚✳

❆ ❡❧❡tr♦❡♥❝❡❢❛❧♦❣r❛✜❛ ✭❊❊●✮ é ✉♠❛ té❝♥✐❝❛ q✉❡ ♥ã♦ ♣r♦❞✉③ ❞❛♥♦✳ ❖ ❊❊● r❡❣✐str❛ ♦s s✐♥❛✐s

❡❧étr✐❝♦s ❣❡r❛❞♦s ♣❡❧❛ ❛t✐✈✐❞❛❞❡ ❝❡r❡❜r❛❧ ❛tr❛✈és ❞❡ ❡❧❡tr♦❞♦s ❝♦❧♦❝❛❞♦s ♥♦ ❝♦✉r♦ ❝❛❜❡❧✉❞♦ ❡ q✉❡✱

❝♦♥❡❝t❛❞♦s ❛ ✉♠ ❝♦♠♣✉t❛❞♦r✱ ♣❡r♠✐t❡ ✈✐s✉❛❧✐③❛r ♦ s✐♥❛❧ ❡❧❡tr♦❡♥❝❡❢❛❧♦❣rá✜❝♦✳

P❘❖❈❊❉■▼❊◆❚❖✿

❊✉ ❡♥t❡♥❞♦ q✉❡ s❡ ❝♦♥❝♦r❞❛r ❡♠ ♣❛rt✐❝✐♣❛r ❞❡ss❡ ❡st✉❞♦✱ ♣❛ss❛r❡✐ ♣❡❧❛s s❡❣✉✐♥t❡s ❡t❛♣❛s✿

• ❊♥tr❡✈✐st❛ ❝♦♠ ♦s ♣❡sq✉✐s❛❞♦r❡s✱ ♥❛ q✉❛❧ r❡s♣♦♥❞❡r❡✐ ♣❡r❣✉♥t❛s ❛ r❡s♣❡✐t♦ ❞♦s ♠❡✉s ❛♥t❡❝❡✲

❞❡♥t❡s ♠é❞✐❝♦s❀

• ❙❡r❡✐ s✉❜♠❡t✐❞♦ ❛ ✉♠ ❡①❛♠❡ ❢ís✐❝♦ ♥❡✉r♦❧ó❣✐❝♦ ♣❛r❛ ❡st❛❜❡❧❡❝❡r ♠❡✉ ❡st❛❞♦ ❝❧í♥✐❝♦❀

• ❙❡r❡✐ s✉❜♠❡t✐❞♦ ❛ ✉♠ ❡①❛♠❡ ❞❡ ❊❊● ❡ ◆■❘❙✲❉❖❚✱ ❡♥q✉❛♥t♦ r❡❛❧✐③♦ ✉♠ t❡st❡ ❞❡ P♦t❡♥❝✐❛✐s

❊✈♦❝❛❞♦s ✭P❊✮✳ P❛r❛ ♦ ❊❊● s❡rã♦ ✉t✐❧✐③❛❞♦s ❡❧❡tr♦❞♦s ♠❡tá❧✐❝♦s ❝♦❧♦❝❛❞♦s ❡♠ ❝♦♥t❛t♦ ❝♦♠

■♥st✐t✉t♦ ❞❡ ❋ís✐❝❛ ●❧❡❜ ❲❛t❛❣❤✐♥ ✲ ❈✐❞❛❞❡ ❯♥✐✈❡rs✐tár✐❛ ❩❡❢❡r✐♥♦ ❱❛③ ✲ ❉✐str✐t♦ ❞❡ ❇❛rã♦ ●❡r❛❧❞♦
✲ ❈❛♠♣✐♥❛s ✲ ❙P ✲ ❇r❛s✐❧ ✲ ❈❊P ✶✸✵✽✸✲✾✼✵ ✲ ❈P ✻✶✻✺ ✲ ❚❡❧✿ ✶✾ ✸✺✷✶✲✺✺✷✷ ✲ ❋❛①✿ ✶✾ ✸✺✷✶ ✺✺✶✷



✶✵✷ ❚❊❘▼❖ ❉❊ ❈❖◆❙❊◆❚■▼❊◆❚❖ ▲■❱❘❊ ❊❙❈▲❆❘❊❈■❉❖ P❆❘❆ ❖ ❊❳P❊❘■▼❊◆❚❖ ❉❊
❊❙❚❮▼❯▲❖ ❱■❙❯❆▲

♦ ❝♦✉r♦ ❝❛❜❡❧✉❞♦✱ ♥ã♦ ❤❛✈❡♥❞♦ ♥❡♥❤✉♠ r✐s❝♦ ❞❡ ❝❤♦q✉❡s ❡❧étr✐❝♦s✳ ❙❡rá ✉s❛❞❛ ✉♠❛ ♣❛st❛

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

♣❛st❛ é ❧❛✈á✈❡❧ ❡ ♥ã♦✲tó①✐❝❛✳ ❋✐❝❛r❡✐ s❡♥t❛❞♦ ❝♦♥❢♦rt❛✈❡❧♠❡♥t❡ ♦❧❤❛♥❞♦ ♣❛r❛ ✉♠❛ t❡❧❛✱ ♥❛ q✉❛❧

s❡rá ❛♣r❡s❡♥t❛❞♦ ♦ t❡st❡ ❞❡ P❊❀

• ❖s ♣❡sq✉✐s❛❞♦r❡s ❡st❛rã♦ ♣r❡s❡♥t❡s ❞✉r❛♥t❡ t♦❞♦ ♦ t❡♠♣♦ ❞♦ ❡①❛♠❡✳ ❖ ♣r♦❝❡❞✐♠❡♥t♦ ♣♦❞❡

❞✉r❛r ❞❡ ✸✵ ❛ ✹✵ ♠✐♥✉t♦s✳ ❉✉r❛♥t❡ t♦❞♦ ♦ t❡♠♣♦✱ ✉♠ ♠é❞✐❝♦ ❡st❛rá ♣r❡s❡♥t❡ ❡ ♦ ❡①❛♠❡ ♣♦❞❡rá

s❡r ✐♥t❡rr♦♠♣✐❞♦ ❝❛s♦ ❡✉ ♠❡ s✐♥t❛ ♠❛❧✳ ❊♠ t♦❞❛s ❛s ❡t❛♣❛s✱ ♦s ♣❡sq✉✐s❛❞♦r❡s ♠❡ ♣❛ss❛rã♦

✐♥❢♦r♠❛çõ❡s ❞❡t❛❧❤❛❞❛s ❡ ❡s❝❧❛r❡❝❡rã♦ ❛s ♠✐♥❤❛s ❞ú✈✐❞❛s ❛ r❡s♣❡✐t♦ ❞❡ ❝❛❞❛ ♣r♦❝❡❞✐♠❡♥t♦✳

❱❆◆❚❆●❊◆❙✿

❊✉ ❡♥t❡♥❞♦ q✉❡ ♥ã♦ ♦❜t❡r❡✐ ♥❡♥❤✉♠❛ ✈❛♥t❛❣❡♠ ❞✐r❡t❛ ❝♦♠ ❛ ♠✐♥❤❛ ♣❛rt✐❝✐♣❛çã♦ ♥❡ss❡ ❡s✲

t✉❞♦✳ ❈♦♥t✉❞♦✱ ♦s r❡s✉❧t❛❞♦s ❞♦ ❡st✉❞♦ ♣♦❞❡♠✱ ❡♠ ❧♦♥❣♦ ♣r❛③♦✱ ♦❢❡r❡❝❡r ✈❛♥t❛❣❡♥s ♣❛r❛ ❛s ♣❡ss♦❛s

❝♦♠❞♦❡♥ç❛s ❝❡r❡❜r❛✐s✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ ✉♠ ♠❡❧❤♦r ❞✐❛❣♥óst✐❝♦ ❡ ✉♠ tr❛t❛♠❡♥t♦ ♠❛✐s ❛❞❡q✉❛❞♦✳ ❖s

r❡s✉❧t❛❞♦s ❞♦ ♠❡✉ ❡①❛♠❡ ❞❡ ◆■❘❙✲❉❖❚ ✜❝❛rã♦ à ❞✐s♣♦s✐çã♦ ❞♦s ♣❡sq✉✐s❛❞♦r❡s✳

❘■❙❈❖ ❊ ❉❊❙❈❖◆❋❖❘❚❖✿

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

❞❡✈❡ s❡ ♠❡①❡r ♣❛r❛ ❡✈✐t❛r ♦ r✉í❞♦ ♥❛ ❛q✉✐s✐çã♦ ❞♦ s✐♥❛❧✳ ◆ã♦ ❡①✐st❡♠ ❡❢❡✐t♦s q✉❡ ♣r♦❞✉③❛♠ ❞❛♥♦s

❛ss♦❝✐❛❞♦s ❝♦♠ ◆■❘❙✲❉❖❚ ❡ ❝♦♠ ❛ ❡❧❡tr♦❡♥❝❡❢❛❧♦❣r❛✜❛ ✭❊❊●✮ ❞❡♥tr♦ ❞❛s ❝♦♥❞✐çõ❡s ✉t✐❧✐③❛❞❛s

❛t✉❛❧♠❡♥t❡✳

❘❊◗❯❊❘■▼❊◆❚❖❙

➱ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡ ✐♥❢♦r♠❛r ❛♦s ♠é❞✐❝♦s✭❛s✮ ❡ té❝♥✐❝♦s✭❛s✮ ❝❛s♦ ❡✉ t❡♥❤❛ ✉♠ ❛❧❣✉♠❛ ❞♦❡♥ç❛✳

❙■●■▲❖✿

❊✉ ❡♥t❡♥❞♦ q✉❡ t♦❞❛s ❛s ✐♥❢♦r♠❛çõ❡s ♠é❞✐❝❛s ❞❡❝♦rr❡♥t❡s ❞❡ss❡ ♣r♦❥❡t♦ ❞❡ ♣❡sq✉✐s❛ ❢❛rã♦ ♣❛rt❡

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

♣✉❜❧✐❝❛çã♦ ❝✐❡♥tí✜❝❛✱ ♥❡♥❤✉♠ ♥♦♠❡ s❡rá ✉t✐❧✐③❛❞♦✳

❋❖❘◆❊❈■▼❊◆❚❖ ❉❊ ■◆❋❖❘▼❆➬➹❖ ❆❉■❈■❖◆❆▲✿

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

❖ ❉r✳ ❘♦❜❡rt♦ ❏✳▼✳ ❈♦✈♦❧❛♥ ❡st❛rá ❞✐s♣♦♥í✈❡❧ ♣❛r❛ r❡s♣♦♥❞❡r ♠✐♥❤❛s q✉❡stõ❡s ❡ ♣r❡♦❝✉♣❛çõ❡s✳ ❖

t❡❧❡❢♦♥❡ ♣❛r❛ ❝♦♥t❛t♦ é ✖✖✖✲ ✭■♥st✐t✉t♦ ❞❡ ❋ís✐❝❛✮✳

❖s t❡❧❡❢♦♥❡s ♣❛r❛ ❝♦♥t❛t♦ ❝♦♠ ♦ ♣❡sq✉✐s❛❞♦r ❊♥r✐q✉❡ P✳ ❯❝❡❞❛ ❖t❡r♦ sã♦✿ ✖✖✖✖✖ ✭■♥st✐t✉t♦

❞❡ ❋ís✐❝❛✮ ❡ ✖✖✖✖✖ ✭❝❡❧✉❧❛r✮✳

❖s t❡❧❡❢♦♥❡s ♣❛r❛ ❝♦♥t❛t♦ ❝♦♠ ♦ ♣❡sq✉✐s❛❞♦r ❈❛r❧♦s ❆✳ ❙✐❧✈❛ ❞♦s ❆♥❥♦s sã♦✿ ✖✖✖✖✖ ✭■♥st✐t✉t♦

❞❡ ❋ís✐❝❛✮ ❡ ✖✖✖✖✖ ✭❝❡❧✉❧❛r✮✳ ❊♠ ❝❛s♦ ❞❡ r❡❝✉rs♦✱ ❞ú✈✐❞❛s ♦✉ r❡❝❧❛♠❛çõ❡s ❝♦♥t❛❝t❛r ♦ ❈♦♠✐tê

❞❡ ➱t✐❝❛ ❞❛ ❋❛❝✉❧❞❛❞❡ ❞❡ ❈✐ê♥❝✐❛s ▼é❞✐❝❛s ✲ ❯◆■❈❆▼P✱ t❡❧✳ ✖✖✖✖✳

■♥st✐t✉t♦ ❞❡ ❋ís✐❝❛ ●❧❡❜ ❲❛t❛❣❤✐♥ ✲ ❈✐❞❛❞❡ ❯♥✐✈❡rs✐tár✐❛ ❩❡❢❡r✐♥♦ ❱❛③ ✲ ❉✐str✐t♦ ❞❡ ❇❛rã♦ ●❡r❛❧❞♦
✲ ❈❛♠♣✐♥❛s ✲ ❙P ✲ ❇r❛s✐❧ ✲ ❈❊P ✶✸✵✽✸✲✾✼✵ ✲ ❈P ✻✶✻✺ ✲ ❚❡❧✿ ✶✾ ✸✺✷✶✲✺✺✷✷ ✲ ❋❛①✿ ✶✾ ✸✺✷✶ ✺✺✶✷



❚❊❘▼❖ ❉❊ ❈❖◆❙❊◆❚■▼❊◆❚❖ ▲■❱❘❊ ❊❙❈▲❆❘❊❈■❉❖ P❆❘❆ ❖ ❊❳P❊❘■▼❊◆❚❖ ❉❊ ❊❙❚❮▼❯▲❖

❱■❙❯❆▲ ✶✵✸

❘❊❈❯❙❆ ❖❯ ❉❊❙❈❖◆❚■◆❯❆➬➹❖ ❉❆ P❆❘❚■❈■P❆➬➹❖✿

❊✉ ❡♥t❡♥❞♦ q✉❡ ❛ ♠✐♥❤❛ ♣❛rt✐❝✐♣❛çã♦ é ✈♦❧✉♥tár✐❛ ❡ q✉❡ ❡✉ ♣♦ss♦ ♠❡ r❡❝✉s❛r ❛ ♣❛rt✐❝✐♣❛r ♦✉

r❡t✐r❛r ♠❡✉ ❝♦♥s❡♥t✐♠❡♥t♦ ❡ ✐♥t❡rr♦♠♣❡r ❛ ♠✐♥❤❛ ♣❛rt✐❝✐♣❛çã♦ ♥❡st❡ ❡st✉❞♦✳

❊✉ ❝♦♥✜r♠♦ q✉❡ ♦✭❛✮ ❉r✭❛✮✳ ♠❡

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

❡ ♣♦ssí✈❡✐s ✈❛♥t❛❣❡♥s ❛❞✈✐♥❞❛s ❞❡ss❡ ♣r♦❥❡t♦ ❞❡ ♣❡sq✉✐s❛✳ ❊✉ ❧✐ ❡ ❝♦♠♣r❡❡♥❞✐ ❡ss❡ ❢♦r♠✉❧ár✐♦ ❞❡

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

◆♦♠❡ ❞♦ ♣❛rt✐❝✐♣❛♥t❡ ♦✉ r❡s♣♦♥sá✈❡❧✿

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

❞❛t❛✿

◆♦♠❡ ❞❛ t❡st❡♠✉♥❤❛✿

❆ss✐♥❛t✉r❛ ❞❛ t❡st❡♠✉♥❤❛✿

❞❛t❛✿

❘❊❙P❖◆❙❆❇■▲■❉❆❉❊ ❉❖ P❊❙◗❯■❙❆❉❖❘✿

❊✉ ❡①♣❧✐q✉❡✐ ❛ ♦ ♦❜❥❡t✐✈♦ ❞♦ ❡s✲

t✉❞♦✱ ♦s ♣r♦❝❡❞✐♠❡♥t♦s r❡q✉❡r✐❞♦s ❡ ♦s ♣♦ssí✈❡✐s r✐s❝♦s ❡ ✈❛♥t❛❣❡♥s q✉❡ ♣♦❞❡rã♦ ❛❞✈✐r ❞♦ ❡st✉❞♦✱

✉s❛♥❞♦ ♦ ♠❡❧❤♦r ❞♦ ♠❡✉ ❝♦♥❤❡❝✐♠❡♥t♦✳ ❊✉ ♠❡ ❝♦♠♣r♦♠❡t♦ ❛ ❢♦r♥❡❝❡r ✉♠❛ ❝ó♣✐❛ ❞❡ss❡ ❢♦r♠✉❧ár✐♦

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

◆♦♠❡ ❞♦ ♣❡sq✉✐s❛❞♦r ♦✉ ❛ss♦❝✐❛❞♦✿

❆ss✐♥❛t✉r❛ ❞♦ ♣❡sq✉✐s❛❞♦r ♦✉ ❛ss♦❝✐❛❞♦✿

❞❛t❛✿



✶✵✹ ❚❊❘▼❖ ❉❊ ❈❖◆❙❊◆❚■▼❊◆❚❖ ▲■❱❘❊ ❊❙❈▲❆❘❊❈■❉❖ P❆❘❆ ❖ ❊❳P❊❘■▼❊◆❚❖ ❉❊
❊❙❚❮▼❯▲❖ ❱■❙❯❆▲



❆♣ê♥❞✐❝❡ ❇

❚❡r♠♦ ❞❡ ❝♦♥s❡♥t✐♠❡♥t♦ ❧✐✈r❡ ❡s❝❧❛r❡❝✐❞♦

♣❛r❛ ♦s ✈♦❧✉♥tár✐♦s ✜s✐❝❛♠❡♥t❡ ❛t✐✈♦s

♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠

◆■❘❙ ❞✉r❛♥t❡ ❛ t❛r❡❢❛ ❛❜❡rt❛ ✭❚❡st❡

Pr♦❣r❡ss✐✈♦✮

✶✵✺



✶✵✻ ❚❊❘▼❖ ❉❊ ❈❖◆❙❊◆❚■▼❊◆❚❖ ▲■❱❘❊ ❊❙❈▲❆❘❊❈■❉❖ P❆❘❆ ❖❙ ❱❖▲❯◆❚➪❘■❖❙
❋■❙■❈❆▼❊◆❚❊ ❆❚■❱❖❙ P❆❘❆ ❆ ❘❊❆▲■❩❆➬➹❖ ❉❖ ❊❳P❊❘■▼❊◆❚❖ ❈❖▼ ◆■❘❙ ❉❯❘❆◆❚❊ ❆
❚❆❘❊❋❆ ❆❇❊❘❚❆ ✭❚❊❙❚❊ P❘❖●❘❊❙❙■❱❖✮



 

Formulário E 
ESCOLA DE EDUCAÇÃO FÍSICA E ESPORTE  

DA 
 UNIVERSIDADE DE SÃO PAULO 

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO 
(Instruções para preenchimento no verso) 

________________________________________________________________________ 

I ­ DADOS DE IDENTIFICAÇÃO DO SUJEITO DA PESQUISA OU RESPONSÁVEL LEGAL 

1. NOME DO INDIVÍDUO .:......................................................................................................................................... 
DOCUMENTO DE IDENTIDADE Nº : ...................................................... SEXO :    .M Ž   F Ž  
DATA NASCIMENTO: ......../......../......  
ENDEREÇO ......................................................................................................... Nº............. APTO............ 
BAIRRO:  ........................................................................ CIDADE  ............................................................. 
CEP:............................................  TELEFONE: DDD (............) ................................................................... 

2.RESPONSÁVEL LEGAL:.............................................................................................................................. 
NATUREZA (grau de parentesco, tutor, curador, etc.) .................................................................................. 
DOCUMENTO DE IDENTIDADE :....................................SEXO:  M Ž   F Ž 
DATA NASCIMENTO.: ....../......./...... 
ENDEREÇO: ................................................................................................................... Nº ............ APTO: .............. 
BAIRRO: ................................................................................ CIDADE: ..................................................................... 
CEP: .............................................. TELEFONE: DDD (............).................................................................................. 

________________________________________________________________________________________________ 

II ­ DADOS SOBRE A PESQUISA CIENTÍFICA 

1. TÍTULO DO PROJETO DE PESQUISA : Reserva neurofisiológica: efeitos centrais e periféricos da suplementação de                   
cafeína 

2. PESQUISADOR RESPONSÁVEL: Carlos Ugrinowitsch 

3. CARGO/FUNÇÃO: Professor Doutor 

4. AVALIAÇÃO DO RISCO DA PESQUISA: 

RISCO MÍNIMO Ž RISCO MÉDIO Ž 
RISCO BAIXO X RISCO MAIOR Ž 

 (probabilidade de que o indivíduo sofra algum dano como consequência imediata ou tardia do estudo) 

5. DURAÇÃO DA PESQUISA: 24 MESES (01/08/2010 a 01/08/2012). 

____________________________________________________________________________________________ 
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III ­ EXPLICAÇÕES DO PESQUISADOR AO INDIVÍDUO OU SEU REPRESENTANTE LEGAL SOBRE A                         
PESQUISA, DE FORMA CLARA E SIMPLES, CONSIGNANDO: 

1. O objetivo deste estudo é verificar se a ingestão de cafeína melhora a capacidade do músculo                                 
esquelético em realizar movimento, e a capacidade do Sistema Nervoso Central (cérebro) em                         
recrutar os músculos durante exercícios em bicicleta. Os resultados obtidos com este estudo                         
serão importantes para que o fenômeno do desempenho físico seja melhor compreendido com                         
relação: 1) aos mecanismos que levam à interrupção do exercício (fadiga ou exaustão); 2) à                             
capacidade de se realizar exercício máximo.  

2. Serão selecionados sujeitos sadios entre 18 e 35 anos. Você e os outros indivíduos serão                               
submetidos inicialmente a uma avaliação antropométrica para a determinação do percentual de                       
gordura corporal, e a um teste com incrementos progressivos na intensidade de exercício, até o                             
máximo. Neste tipo de teste, você fará um aquecimento inicial antes do seu início. O teste será                                 
iniciado com uma intensidade baixa, igual a 100 watts, adicionando­se 25 watts por minuto, até                             
que você não consiga mais manter a cadência do pedal entre 80 e 90 rotações por minuto                                 
(exaustão). Neste teste, medidas de eletrocardiograma e de trocas gasosas serão realizadas para                         
verificar a atividade do seu coração, e o seu nível de aptidão aeróbia (através dos valores do                                 
consumo máximo de oxigênio. Posteriormente, você e os outros sujeitos realizarão um teste                         
controle, e dois testes experimentais com ingestão de uma cápsula (comprimido) contendo                       
cafeína. Os procedimentos aos quais você será submetido serão idênticos aos empregados na                         
primeira sessão; testes com incrementos progressivos na intensidade do exercício, até o máximo.                         
A ordem dos testes controle e experimentais (cafeína) será contrabalançada. 
Durante a execução dos testes, você vestirá uma máscara de silicone conectada ao um analisador                             
de gases (Quark b2; Cosmed, Italia), para a quantificação do oxigênio consumido. A atividade                           
elétrica dos seus músculos vasto lateral e reto femoral, localizados nas partes frontal e lateral de                               
uma das suas coxas, e bíceps femoral, localizado na perte posterior, será obtida por meio de                               
eletrodos colados a sua pele com esparadrapo e conectados a um aparelho chamado                         
eletromiógrafo. Antes de colocar o eletrodo, sua pele será devidamente preparada (raspada,                       
esfoliada e limpa) com álcool especial (isopropílico) e gel condutor, para melhorar a velocidade                           
de condução da corrente elétrica do músculo (redução da impedância para valores menores que                           
150 Ω). Os eletrodos serão colocados no maior volume muscular, seguindo a provável                         
orientação das fibras de ambos os músculos. Durante os testes, você vestirá uma touca que                             
seguirá a orientação do Sistema Internacional 10­20, para a colocação de eletrodos. Três                         
eletrodos fixados às posições F3, F4 e Cz, serão colados ao seu couro cabeludo, para aquisição                               
do sinal elétrico do seu cérebro (eletroencefalograma), durante o exercício. Esssa touca também                         
conterá eletrodos de um equipamento chamado NIRS, que fará a medida da oxigenação e fluxo                             
sanguíneo cerebral. Os eletrodos do NIRS serão posicionados na parte frontal do seu crânio                           
(testa). Outros eletrodos deste mesmo aparelho serão afixados na porção lateral de uma das suas                             
coxas. Estes procedimentos envolvendo a fixação dos eletrodos para a aquisição do sinal elétrico                           
dos seus músculos (eletromiografia) e cérebro (eletroencefalograma), assim como para a                     
aquisição do fluxo sanguineo dos seus músculos e cérebro (NIRS), não representam nenhum                         
risco à sua integridade física, e serão afixados por meio de esparadrapos. 

 
___________________________________________________________________________________________ 

IV ­ ESCLARECIMENTOS DADOS PELO PESQUISADOR SOBRE GARANTIAS DO SUJEITO DA                     
PESQUISA: 

1. ­ Este projeto utilizará testes físicos até a exaustão (máximos), coletas de sinal elétrico e fluxo                                 
sanguíneo no tecido muscular e cérebro. Estes testes serão executados com um intervalo mínimo                           
de 7 dias entre eles. Essa (s) coleta(s) serão feitas apenas para este estudo, e em nada influenciará                                   
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o seu estado de saúde, nem vai causar algum problema, exceto alguns possíveis episódios de                             
nauseas e enjoos (tonturas) após o teste até a exaustão. Porém estes sintomas ocorrem em                             
baixíssima freqüência (< 1% da população) quando da avaliação em sujeitos sadios.  
2. Você poderá desistir ou interromper a sua participação neste estudo no momento em que você                               
desejar, sem necessidade de qualquer explicação. A desistência não causará nenhum prejuízo à                         
sua saúde ou bem estar físico. 
3. Os resultados obtidos durante este estudo serão mantidos em sigilo, e apenas serão divulgados em                               
publicações científicas, através de média e desvio padrão (ou outras medidas de tendência central),                           
sem que os seus dados pessoais sejam mencionados. Caso você desejar, poderá pessoalmente tomar                           
conhecimento dos resultados, ao final desta pesquisa. 

4. Qualquer possível desconforto que você possa apresentar, provocado pelos procedimentos desta                       
pesquisa, será prontamente atendido no próprio local (por médico e pessoal capacitado), e se houver                             
necessidade, você terá assistência médica no HC­UNICAMP ou HC­FMUSP. 
_______________________________________________________________________________________ 

V ­ INFORMAÇÕES DE NOMES, ENDEREÇOS E TELEFONES DOS RESPONSÁVEIS PELO ACOMPA­                       
NHAMENTO DA PESQUISA, PARA CONTATO EM CASO DE INTERCORRÊNCIAS CLÍNICAS E                     
REAÇÕES ADVERSAS. 

Carlos Ugrinowitsch Endereço: Rua Mello Moraes, 65, Cidade Universitária, USP 

Cep: 05508­030 Fone: ­­­­­­­­­­­­­ 

Flávio de Oliveira Pires Endereço: Rua Acalanto de Bartira, 166, Jd. Bonfiglioli 

Cep: 05358160 Fone: ­­­­­­­­­­­­­ 

Carlos Alessandro dos Anjos Endereço: Rua Vital Brasil, 251, 5º andar sala C5 178 

Cep: 13083­888 Fone:­­­­­­­­­­­­­ 
 

VI. OBSERVAÇÕES COMPLEMENTARES: 

 

 

VII ­ CONSENTIMENTO PÓS­ESCLARECIDO 

Declaro que, após convenientemente esclarecido pelo pesquisador e ter entendido o que me foi explicado, consinto em                                 
participar do presente Projeto de Pesquisa  

São Paulo,         de                            de 20        . 

__________________________________________                            _____________________________________ 
assinatura do sujeito da pesquisa ou responsável legal assinatura do pesquisador  
                                                                                                                          (carimbo ou nome legível) 
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Formulário E 
ESCOLA DE EDUCAÇÃO FÍSICA E ESPORTE  

DA 
 UNIVERSIDADE DE SÃO PAULO 

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO 
(Instruções para preenchimento no verso) 

________________________________________________________________________ 

I ­ DADOS DE IDENTIFICAÇÃO DO SUJEITO DA PESQUISA OU RESPONSÁVEL LEGAL 

1. NOME DO INDIVÍDUO .:......................................................................................................................................... 
DOCUMENTO DE IDENTIDADE Nº : ...................................................... SEXO :    .M Ž   F Ž  
DATA NASCIMENTO: ......../......../......  
ENDEREÇO ......................................................................................................... Nº............. APTO............ 
BAIRRO:  ........................................................................ CIDADE  ............................................................. 
CEP:............................................  TELEFONE: DDD (............) ................................................................... 

2.RESPONSÁVEL LEGAL:.............................................................................................................................. 
NATUREZA (grau de parentesco, tutor, curador, etc.) .................................................................................. 
DOCUMENTO DE IDENTIDADE :....................................SEXO:  M Ž   F Ž 
DATA NASCIMENTO.: ....../......./...... 
ENDEREÇO: ................................................................................................................... Nº ............ APTO: .............. 
BAIRRO: ................................................................................ CIDADE: ..................................................................... 
CEP: .............................................. TELEFONE: DDD (............).................................................................................. 

________________________________________________________________________________________________ 

II ­ DADOS SOBRE A PESQUISA CIENTÍFICA 

1. TÍTULO DO PROJETO DE PESQUISA : Reserva neurofisiológica: efeitos centrais e periféricos da suplementação de                   
cafeína 

2. PESQUISADOR RESPONSÁVEL: Carlos Ugrinowitsch 

3. CARGO/FUNÇÃO: Professor Doutor 

4. AVALIAÇÃO DO RISCO DA PESQUISA: 

RISCO MÍNIMO Ž RISCO MÉDIO Ž 
RISCO BAIXO X RISCO MAIOR Ž 

 (probabilidade de que o indivíduo sofra algum dano como consequência imediata ou tardia do estudo) 

5. DURAÇÃO DA PESQUISA: 24 MESES (01/08/2010 a 01/08/2012). 
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III ­ EXPLICAÇÕES DO PESQUISADOR AO INDIVÍDUO OU SEU REPRESENTANTE LEGAL SOBRE A                         
PESQUISA, DE FORMA CLARA E SIMPLES, CONSIGNANDO: 

1. O objetivo deste estudo é verificar se a ingestão de cafeína melhora a capacidade do músculo                                 
esquelético em realizar movimento, e a capacidade do Sistema Nervoso Central (cérebro) em                         
recrutar os músculos durante exercícios em bicicleta. Os resultados obtidos com este estudo                         
serão importantes para que o fenômeno do desempenho físico seja melhor compreendido com                         
relação: 1) aos mecanismos que levam à interrupção do exercício (fadiga ou exaustão); 2) à                             
capacidade de se realizar exercício máximo.  

2. Serão selecionados atletas de ciclismo, com pelo menos 1 ano de experiência em provas de pista                                 
ou estrada, entre 18 e 35 anos. Você e os outros indivíduos serão submetidos inicialmente a uma                                 
avaliação antropométrica para a determinação do percentual de gordura corporal, e a um teste                           
com incrementos progressivos na intensidade de exercício, até o máximo. Neste tipo de teste,                           
você fará um aquecimento inicial antes do seu início. O teste será iniciado com uma intensidade                               
baixa, igual a 100 watts, adicionando­se 25 watts por minuto, até que você não consiga mais                               
manter a cadência do pedal entre 80 e 90 rotações por minuto (exaustão). Neste teste, medidas de                                 
eletrocardiograma e de trocas gasosas serão realizadas para verificar a atividade do seu coração,                           
e o seu nível de aptidão aeróbia (através dos valores do consumo máximo de oxigênio.                             
Posteriormente, você e os outros sujeitos serão designados, aleatoriamente, ao grupo de tarefa                         
aberta (n= 10) ou tarefa fechada (n= 10). Após você ser designado a um desses grupos e realizar                                   
um teste controle, você realizará dois testes experimentais com ingestão de uma cápsula                         
(comprimido) contendo cafeína. Os procedimentos aos quais você será submetido dependerão do                       
grupo ao qual você pertencerá. Estando no grupo tarefa aberta, você executará três testes com                             
incrementos progressivos na intensidade do exercício, até o máximo, sendo que em dois deles                           
você terá que ingerir um comprimido de cafeina. Estando no grupo tarefa fechada, você                           
executará testes contra­relógio de 4 km nestas mesmas condições. A ordem dos testes controle e                             
experimentais (cafeína) será contrabalançada. 
Durante a execução dos testes, você vestirá uma máscara de silicone conectada ao um analisador                             
de gases (Quark b2; Cosmed, Italia), para a quantificação do oxigênio consumido. A atividade                           
elétrica dos seus músculos vasto lateral e reto femoral, localizados nas partes frontal e lateral de                               
uma das suas coxas, e bíceps femoral, localizado na perte posterior, será obtida por meio de                               
eletrodos colados a sua pele com esparadrapo e conectados a um aparelho chamado                         
eletromiógrafo. Antes de colocar o eletrodo, sua pele será devidamente preparada (raspada,                       
esfoliada e limpa) com álcool especial (isopropílico) e gel condutor, para melhorar a velocidade                           
de condução da corrente elétrica do músculo (redução da impedância para valores menores que                           
150 Ω). Os eletrodos serão colocados no maior volume muscular, seguindo a provável                         
orientação das fibras de ambos os músculos. Durante os testes, você vestirá uma touca que                             
seguirá a orientação do Sistema Internacional 10­20, para a colocação de eletrodos. Três                         
eletrodos fixados às posições F3, F4 e Cz, serão colados ao seu couro cabeludo, para aquisição                               
do sinal elétrico do seu cérebro (eletroencefalograma), durante o exercício. Esssa touca também                         
conterá eletrodos de um equipamento chamado NIRS, que fará a medida da oxigenação e fluxo                             
sanguíneo cerebral. Os eletrodos do NIRS serão posicionados na parte frontal do seu crânio                           
(testa). Outros eletrodos deste mesmo aparelho serão afixados na porção lateral de uma das suas                             
coxas. Estes procedimentos envolvendo a fixação dos eletrodos para a aquisição do sinal elétrico                           
dos seus músculos (eletromiografia) e cérebro (eletroencefalograma), assim como para a                     
aquisição do fluxo sanguineo dos seus músculos e cérebro (NIRS), não representam nenhum                         
risco à sua integridade física, e serão afixados por meio de esparadrapos. 

 
___________________________________________________________________________________________ 
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IV ­ ESCLARECIMENTOS DADOS PELO PESQUISADOR SOBRE GARANTIAS DO SUJEITO DA                     
PESQUISA: 

1. ­ Este projeto utilizará testes físicos até a exaustão (máximos), coletas de sinal elétrico e fluxo                                 
sanguíneo no tecido muscular e cérebro. Estes testes serão executados com um intervalo mínimo                           
de 7 dias entre eles. Essa (s) coleta(s) serão feitas apenas para este estudo, e em nada influenciará                                   
o seu estado de saúde, nem vai causar algum problema, exceto alguns possíveis episódios de                             
nauseas e enjoos (tonturas) após o teste até a exaustão. Porém estes sintomas ocorrem em                             
baixíssima freqüência (< 1% da população) quando da avaliação em sujeitos sadios.  
2. Você poderá desistir ou interromper a sua participação neste estudo no momento em que você                               
desejar, sem necessidade de qualquer explicação. A desistência não causará nenhum prejuízo à                         
sua saúde ou bem estar físico. 
3. Os resultados obtidos durante este estudo serão mantidos em sigilo, e apenas serão divulgados em                               
publicações científicas, através de média e desvio padrão (ou outras medidas de tendência central),                           
sem que os seus dados pessoais sejam mencionados. Caso você desejar, poderá pessoalmente tomar                           
conhecimento dos resultados, ao final desta pesquisa. 

4. Qualquer possível desconforto que você possa apresentar, provocado pelos procedimentos desta                       
pesquisa, será prontamente atendido no próprio local (por médico e pessoal capacitado), e se houver                             
necessidade, você terá assistência médica no HC­UNICAMP ou HC­FMUSP. 
_______________________________________________________________________________________ 

V ­ INFORMAÇÕES DE NOMES, ENDEREÇOS E TELEFONES DOS RESPONSÁVEIS PELO ACOMPA­                       
NHAMENTO DA PESQUISA, PARA CONTATO EM CASO DE INTERCORRÊNCIAS CLÍNICAS E                     
REAÇÕES ADVERSAS. 

Carlos Ugrinowitsch Endereço: Rua Mello Moraes, 65, Cidade Universitária, USP 

Cep: 05508­030 Fone: ­­­­­­­­­­­­­ 

Flávio de Oliveira Pires Endereço: Rua Acalanto de Bartira, 166, Jd. Bonfiglioli 

Cep: 05358160 Fone: ­­­­­­­­­­­­­ 

Carlos Alessandro dos Anjos Endereço: Rua Vital Brasil, 251, 5º andar sala C5 178 

Cep: 13083­888 Fone: ­­­­­­­­­­­­­ 
 

VI. OBSERVAÇÕES COMPLEMENTARES: 

 

 

VII ­ CONSENTIMENTO PÓS­ESCLARECIDO 

Declaro que, após convenientemente esclarecido pelo pesquisador e ter entendido o que me foi explicado, consinto em                                 
participar do presente Projeto de Pesquisa  

São Paulo,         de                            de 20        . 

__________________________________________                            _____________________________________ 
assinatura do sujeito da pesquisa ou responsável legal assinatura do pesquisador  
                                                                                                                          (carimbo ou nome legível) 
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❞✐❛❣♥óst✐❝♦s ❡ tr❛t❛♠❡♥t♦s ❞❛ ❡st❡♥♦s❡ ❝❛r♦tí❞❡❛✳

❖s r❡s✉❧t❛❞♦s ❞♦ ♠❡✉ ❡①❛♠❡ ❞❡ ◆■❘❙✲❉❖❚ ✜❝❛rã♦ ❛ ❞✐s♣♦s✐çã♦ ❞♦s ♠é❞✐❝♦s r❡s♣♦♥sá✈❡✐s ♣❡❧♦

♠❡✉ tr❛t❛♠❡♥t♦✱ ❡ ♣♦❞❡rã♦ s❡r út❡✐s ♥♦ ❢✉t✉r♦✳

❘■❙❈❖ ❊ ❉❊❙❈❖◆❋❖❘❚❖✿

❖s ❞❡s❝♦♥❢♦rt♦s r❡❧❛❝✐♦♥❛❞♦s ❛ ❡st❡ ❡①❛♠❡ sã♦✿

✶✳ ❉❡s❝♦♥❢♦rt♦ ❛ss♦❝✐❛❞♦ ❛ ♠♦♥t❛❣❡♠ ❞♦s ❡q✉✐♣❛♠❡♥t♦s✿

• ❖ ♣r♦❝❡❞✐♠❡♥t♦ é ♠✐♥✉❝✐♦s♦❀

• ❖ ❝♦♥t❛t♦ ❞♦s ♦♣t♦❞♦s ❡ ♦ ✉s♦ ❞❛ t♦✉❝❛ ♣♦❞❡♠ ❝❛✉s❛r ✉♠ ❝❡rt♦ ❞❡s❝♦♥❢♦rt♦✳

✷✳ ❖ t❡♠♣♦ ❞❡ ❞✉r❛çã♦ ❞♦ ❡①❛♠❡❀

◆ã♦ ❡①✐st❡♠ ❡❢❡✐t♦s ♥♦❝✐✈♦s ❛ss♦❝✐❛❞♦s ❝♦♠ ♦ ◆■❘❙✲❉❖❚ ❞❡♥tr♦ ❞❛s ❝♦♥❞✐çõ❡s ✉t✐❧✐③❛❞❛s✳

❘❊◗❯❊❘■▼❊◆❚❖❙✿

➱ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡ ✐♥❢♦r♠❛r ❛♦s ♠é❞✐❝♦s✭❛s✮ ❡ té❝♥✐❝♦s✭❛s✮ ❝❛s♦ ❡✉ t❡♥❤❛ ✉♠ ❛❧❣✉♠❛ ❞♦❡♥ç❛✳

❙■●■▲❖✿

❊✉ ❡♥t❡♥❞♦ q✉❡ t♦❞❛s ❛s ✐♥❢♦r♠❛çõ❡s ♠é❞✐❝❛s ❞❡❝♦rr❡♥t❡s ❞❡ss❡ ♣r♦❥❡t♦ ❞❡ ♣❡sq✉✐s❛ ❢❛rã♦ ♣❛rt❡

❞♦ ♠❡✉ ♣r♦♥t✉ár✐♦ ♠é❞✐❝♦ ❡ s❡rã♦ s✉❜♠❡t✐❞♦s ❛♦s r❡❣✉❧❛♠❡♥t♦s ❞♦ ❍❈✲❯◆■❈❆▼P r❡❢❡r❡♥t❡s ❛♦

s✐❣✐❧♦ ❞❛ ✐♥❢♦r♠❛çã♦ ♠é❞✐❝❛✳

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

♥❡♥❤✉♠ ♥♦♠❡ s❡rá ✉t✐❧✐③❛❞♦✳

❋❖❘◆❊❈■▼❊◆❚❖ ❉❊ ■◆❋❖❘▼❆➬➹❖ ❆❉■❈■❖◆❆▲✿

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

❖ ❉r✳ ❘♦❜❡rt♦ ❏✳▼✳ ❈♦✈♦❧❛♥ ❡st❛rá ❞✐s♣♦♥í✈❡❧ ♣❛r❛ r❡s♣♦♥❞❡r ♠✐♥❤❛s q✉❡stõ❡s ❡ ♣r❡♦❝✉♣❛çõ❡s✳ ❖

t❡❧❡❢♦♥❡ ♣❛r❛ ❝♦♥t❛t♦ é ✖✖✖✖ ✭■♥st✐t✉t♦ ❞❡ ❋ís✐❝❛✮

❖s t❡❧❡❢♦♥❡s ♣❛r❛ ❝♦♥t❛t♦ ❝♦♠ ♦ ♣❡sq✉✐s❛❞♦r ❈❛r❧♦s ❆✳ ❙✐❧✈❛ ❞♦s ❆♥❥♦s é ✖✖✖✖ ✭■♥st✐t✉t♦

❞❡ ❋ís✐❝❛✮✳

❊♠ ❝❛s♦ ❞❡ r❡❝✉rs♦✱ ❞ú✈✐❞❛s ♦✉ r❡❝❧❛♠❛çõ❡s✱ ❝♦♥t❛t❛r ♦ ❈♦♠✐tê ❞❡ ➱t✐❝❛ ❞❛ ❋❛❝✉❧❞❛❞❡ ❞❡

❈✐ê♥❝✐❛s ▼é❞✐❝❛s ✲ ❯◆■❈❆▼P✱ t❡❧✳✖✖✖✖✳

■♥st✐t✉t♦ ❞❡ ❋ís✐❝❛ ●❧❡❜ ❲❛t❛❣❤✐♥ ✲ ❈✐❞❛❞❡ ❯♥✐✈❡rs✐tár✐❛ ❩❡❢❡r✐♥♦ ❱❛③ ✲ ❉✐str✐t♦ ❞❡ ❇❛rã♦ ●❡r❛❧❞♦
✲ ❈❛♠♣✐♥❛s ✲ ❙P ✲ ❇r❛s✐❧ ✲ ❈❊P ✶✸✵✽✸✲✾✼✵ ✲ ❈P ✻✶✻✺ ✲ ❚❡❧✿ ✶✾ ✸✺✷✶✲✺✺✷✷ ✲ ❋❛①✿ ✶✾ ✸✺✷✶ ✺✺✶✷



❚❊❘▼❖ ❈❖◆❙❊◆❚■▼❊◆❚❖ ▲■❱❘❊ ❊❙❈▲❆❘❊❈■❉❖ P❆❘❆ ❖ ❊❙❚❯❉❖ ❉❆ ❆P◆❊■❆ ❊▼

❱❖▲❯◆❚➪❘■❖❙ P❖❘❚❆❉❖❘❊❙ ❉❊ ❊❙❚❊◆❖❙❊ ❈❆❘❖❚❮❉❊❆ ✶✷✶

❘❊❈❯❙❆ ❖❯ ❉❊❙❈❖◆❚■◆❯❆➬➹❖ ❉❆ P❆❘❚■❈■P❆➬➹❖✿

❊✉ ❡♥t❡♥❞♦ q✉❡ ❛ ♠✐♥❤❛ ♣❛rt✐❝✐♣❛çã♦ é ✈♦❧✉♥tár✐❛ ❡ q✉❡ ❡✉ ♣♦ss♦ ♠❡ r❡❝✉s❛r ❛ ♣❛rt✐❝✐♣❛r ♦✉

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

❝♦♠♣r♦♠❡t❡r ♦s ❝✉✐❞❛❞♦s ♠é❞✐❝♦s q✉❡ r❡❝❡❜♦ ❛t✉❛❧♠❡♥t❡ ♦✉ r❡❝❡❜❡r❡✐ ♥♦ ❢✉t✉r♦ ♥♦ ❍❈✲ ❯◆■❈❆▼P✳

❊✉ ❝♦♥✜r♠♦ q✉❡ ♦✭❛✮ ❉r✭❛✮✳ ♠❡ ❡①✲

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

♣♦ssí✈❡✐s ✈❛♥t❛❣❡♥s ❛❞✈✐♥❞❛s ❞❡ss❡ ♣r♦❥❡t♦ ❞❡ ♣❡sq✉✐s❛✳ ❊✉ ❧✐ ❡ ❝♦♠♣r❡❡♥❞✐ ❡ss❡ ❢♦r♠✉❧ár✐♦ ❞❡ ❝♦♥✲

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

◆♦♠❡ ❞♦ ♣❛rt✐❝✐♣❛♥t❡ ♦✉ r❡s♣♦♥sá✈❡❧✿

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

❞❛t❛✿

◆♦♠❡ ❞❛ t❡st❡♠✉♥❤❛✿

❆ss✐♥❛t✉r❛ ❞❛ t❡st❡♠✉♥❤❛✿

❞❛t❛✿

❘❊❙P❖◆❙❆❇■▲■❉❆❉❊ ❉❖ P❊❙◗❯■❙❆❉❖❘✿

❊✉ ❡①♣❧✐q✉❡✐ ❛ ♦ ♦❜❥❡t✐✈♦ ❞♦ ❡s✲

t✉❞♦✱ ♦s ♣r♦❝❡❞✐♠❡♥t♦s r❡q✉❡r✐❞♦s ❡ ♦s ♣♦ssí✈❡✐s r✐s❝♦s ❡ ✈❛♥t❛❣❡♥s q✉❡ ♣♦❞❡rã♦ ❛❞✈✐r ❞♦ ❡st✉❞♦✱

✉s❛♥❞♦ ♦ ♠❡❧❤♦r ❞♦ ♠❡✉ ❝♦♥❤❡❝✐♠❡♥t♦✳ ❊✉ ♠❡ ❝♦♠♣r♦♠❡t♦ ❛ ❢♦r♥❡❝❡r ✉♠❛ ❝ó♣✐❛ ❞❡ss❡ ❢♦r♠✉❧ár✐♦

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

◆♦♠❡ ❞♦ ♣❡sq✉✐s❛❞♦r ♦✉ ❛ss♦❝✐❛❞♦✿

❆ss✐♥❛t✉r❛ ❞♦ ♣❡sq✉✐s❛❞♦r ♦✉ ❛ss♦❝✐❛❞♦✿

❞❛t❛✿



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



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❆❉❊▲❙❖◆ ❡t ❛❧✳ ✭✶✾✾✾✮ P ❉ ❆❉❊▲❙❖◆✱ ❊ ◆❊▼❖❚❖✱ ▼ ❙❈❍❊❯❊❘✱ ▼ P❆■◆❚❊❘✱ ❏ ▼❖❘✲
●❆◆ ❡ ❍ ❨❖◆❆❙✳ ◆♦♥✐♥✈❛s✐✈❡ ❝♦♥t✐♥✉♦✉s ♠♦♥✐t♦r✐♥❣ ♦❢ ❝❡r❡❜r❛❧ ♦①②❣❡♥❛t✐♦♥ ♣❡r✐✐❝t❛❧❧② ✉s✐♥❣
♥❡❛r✲✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✿ ❛ ♣r❡❧✐♠✐♥❛r② r❡♣♦rt✳ ❊♣✐❧❡♣s✐❛✱ ✹✵✭✶✶✮✿✶✹✽✹✕✶✹✽✾✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷

❇❊▲❆❘❉■◆❊▲▲■ ❡t ❛❧✳ ✭✶✾✾✺✮ ❘ ❇❊▲❆❘❉■◆❊▲▲■✱ ❚ ❏ ❇❆❘❙❚❖❲✱ ❏ P❖❘❙❩❆❙❩ ❡ ❑ ❲❆❙✲
❙❊❘▼❆◆✳ ❈❤❛♥❣❡s ✐♥ s❦❡❧❡t❛❧ ♠✉s❝❧❡ ♦①②❣❡♥❛t✐♦♥ ❞✉r✐♥❣ ✐♥❝r❡♠❡♥t❛❧ ❡①❡r❝✐s❡ ♠❡❛s✉r❡❞ ✇✐t❤
♥❡❛r ✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✳ ❊✉r♦♣❡❛♥ ❥♦✉r♥❛❧ ♦❢ ❛♣♣❧✐❡❞ ♣❤②s✐♦❧♦❣② ❛♥❞ ♦❝❝✉♣❛t✐♦♥❛❧ ♣❤②s✐♦❧♦❣②✱
✼✵✭✻✮✿✹✽✼✕✹✾✷✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷

❇■❆▲▲❆❙ ❡t ❛❧✳ ✭✷✵✶✷✮▼✳ ❇■❆▲▲❆❙✱ ■✳ ❚❘❆❏❑❖❱■❈✱ ❉✳ ❍❆❊◆❙❙❊✱ ❱✳ ▼❆❘❈❆❘ ❡ ▼✳ ❲❖▲❋✳
❘❡♣r♦❞✉❝✐❜✐❧✐t② ❛♥❞ s❡♥s✐t✐✈✐t② ♦❢ ❞❡t❡❝t✐♥❣ ❜r❛✐♥ ❛❝t✐✈✐t② ❜② s✐♠✉❧t❛♥❡♦✉s ❡❧❡❝tr♦❡♥❝❡♣❤❛❧♦✲
❣r❛♣❤② ❛♥❞ ♥❡❛r✲✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✳ ❊①♣❡r✐♠❡♥t❛❧ ❇r❛✐♥ ❘❡s❡❛r❝❤✱ ♣á❣✐♥❛s ✶✕✶✵✳ ❈✐t❛❞♦ ♥❛

♣á❣✳ ✸✶

❇❖❆❙ ❡t ❛❧✳ ✭✷✵✵✹✮ ❉ ❆ ❇❖❆❙✱ ❆ ▼ ❉❆▲❊ ❡ ▼ ❆ ❋❘❆◆❈❊❙❈❍■◆■✳ ❉✐✛✉s❡ ♦♣t✐❝❛❧ ✐♠❛✲
❣✐♥❣ ♦❢ ❜r❛✐♥ ❛❝t✐✈❛t✐♦♥✿ ❛♣♣r♦❛❝❤❡s t♦ ♦♣t✐♠✐③✐♥❣ ✐♠❛❣❡ s❡♥s✐t✐✈✐t②✱ r❡s♦❧✉t✐♦♥✱ ❛♥❞ ❛❝❝✉r❛❝②✳
◆❡✉r♦✐♠❛❣❡✱ ✷✸✭❙✉♣♣❧ ✶✮✿❙✷✼✺✕✷✽✽✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷✶

❇❖❆❙ ❡t ❛❧✳ ✭✷✵✵✷✮ ❉❛✈✐❞ ❇❖❆❙✱ ❏ ❈❯▲❱❊❘✱ ❏ ❙❚❖❚❚ ❡ ❆ ❉❯◆◆✳ ❚❤r❡❡ ❞✐♠❡♥s✐♦♥❛❧ ♠♦♥t❡
❝❛r❧♦ ❝♦❞❡ ❢♦r ♣❤♦t♦♥ ♠✐❣r❛t✐♦♥ t❤r♦✉❣❤ ❝♦♠♣❧❡① ❤❡t❡r♦❣❡♥❡♦✉s ♠❡❞✐❛ ✐♥❝❧✉❞✐♥❣ t❤❡ ❛❞✉❧t ❤✉♠❛♥
❤❡❛❞✳ ❖♣t✐❝s ❡①♣r❡ss✱ ✶✵✭✸✮✿✶✺✾✕✶✼✵✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ①✐①✱ ✶✽

❇❖❆❙ ❡t ❛❧✳ ✭✷✵✵✶✮ ❉❛✈✐❞ ❆ ❇❖❆❙✱ ❉❛♥❛ ❍ ❇❘❖❖❑❙✱ ❊r✐❝ ▲ ▼■▲▲❊❘✱ ❈❤❛r❧❡s ❆ ❉✐▼❆❘✲
❩■❖✱ ▼✐s❤❛ ❑✐❧♠❡r✱ ❘✐❝❤❛r❞ ❏ ●❛✉❞❡tt❡ ❡ ◗✉❛♥ ❩❤❛♥❣✳ ■♠❛❣✐♥❣ t❤❡ ❜♦❞② ✇✐t❤ ❞✐✛✉s❡ ♦♣t✐❝❛❧
t♦♠♦❣r❛♣❤②✳ ❙✐❣♥❛❧ Pr♦❝❡ss✐♥❣ ▼❛❣❛③✐♥❡✱ ■❊❊❊✱ ✶✽✭✻✮✿✺✼✕✼✺✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ①✐①✱ ✶✾

❇❖❉❊◆✲❆▲❇❆▲❆ ❡ ❙❆❈❈❖ ✭✶✾✾✾✮ ❇ ❇❖❉❊◆✲❆▲❇❆▲❆ ❡ ❘▲ ❙❆❈❈❖✳ ❚❤❡ str♦❦❡ ♣r♦♥❡
✐♥❞✐✈✐❞✉❛❧✳ ❘❡✈ ❙♦❝ ❈❛r❞✐♦❧ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✱ ✹✿✺✵✶✕✺✵✽✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✽✵

❇❖❯❙❍❊▲ ❡ P■❆◆❚❆❉❖❙■ ✭✷✵✵✵✮ ❘ ❇❖❯❙❍❊▲ ❡ ❈❆ P■❆◆❚❆❉❖❙■✳ ◆❡❛r✲✐♥❢r❛r❡❞ s♣❡❝✲
tr♦s❝♦♣② ❢♦r ♠♦♥✐t♦r✐♥❣ ♠✉s❝❧❡ ♦①②❣❡♥❛t✐♦♥✳ ❆❝t❛ P❤②s✐♦❧♦❣✐❝❛ ❙❝❛♥❞✐♥❛✈✐❝❛✱ ✶✻✽✭✹✮✿✻✶✺✕✻✷✷✳
❈✐t❛❞♦ ♥❛ ♣á❣✳ ✶✼

❇❖❨◆❚❖◆ ❡t ❛❧✳ ✭✶✾✾✻✮ ●❡♦✛r❡② ▼ ❇❖❨◆❚❖◆✱ ❙t❡♣❤❡♥ ❆ ❊◆●❊▲✱ ●❛r② ❍ ●▲❖❱❊❘ ❡
❉❛✈✐❞ ❏ ❍❊❊●❊❘✳ ▲✐♥❡❛r s②st❡♠s ❛♥❛❧②s✐s ♦❢ ❢✉♥❝t✐♦♥❛❧ ♠❛❣♥❡t✐❝ r❡s♦♥❛♥❝❡ ✐♠❛❣✐♥❣ ✐♥ ❤✉♠❛♥
✈✶✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ◆❡✉r♦s❝✐❡♥❝❡✱ ✶✻✭✶✸✮✿✹✷✵✼✕✹✷✷✶✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✹✷

❇❘❖❚❚ ❡t ❛❧✳ ✭✷✵✶✶✮ ❚❤♦♠❛s ● ❇❘❖❚❚✱ ❏♦♥❛t❤❛♥ ▲ ❍❆▲P❊❘■◆✱ ❙✉❤♥② ❆❇❇❆❘❆✱ ▼✐❝❤❛❡❧
❏ ❇❆❈❍❆❘❆❈❍✱ ❏♦❤♥ ❉ ❇❆❘❘✱ ❘✉t❤ ▲ ❇❯❙❍✱ ❈❤r✐st♦♣❤❡r ❯ ❈❆❚❊❙✱ ▼❛r❦ ❆ ❈❘❊❆●❊❘✱
❙✉s❛♥ ❇ ❋❖❲▲❊❘✱ ●❛r② ❋❘■❉❆❨ ❡t ❛❧✳ ✷✵✶✶ ❛s❛✴❛❝❝❢✴❛❤❛✴❛❛♥♥✴❛❛♥s✴❛❝r✴❛s♥r✴❝♥s✴s❛✐♣✴s❝❛✐✴✲
s✐r✴s♥✐s✴s✈♠✴s✈s ❣✉✐❞❡❧✐♥❡ ♦♥ t❤❡ ♠❛♥❛❣❡♠❡♥t ♦❢ ♣❛t✐❡♥ts ✇✐t❤ ❡①tr❛❝r❛♥✐❛❧ ❝❛r♦t✐❞ ❛♥❞ ✈❡rt❡❜r❛❧
❛rt❡r② ❞✐s❡❛s❡❛ r❡♣♦rt ♦❢ t❤❡ ❛♠❡r✐❝❛♥ ❝♦❧❧❡❣❡ ♦❢ ❝❛r❞✐♦❧♦❣② ❢♦✉♥❞❛t✐♦♥✴❛♠❡r✐❝❛♥ ❤❡❛rt ❛ss♦❝✐❛t✐♦♥
t❛s❦ ❢♦r❝❡ ♦♥ ♣r❛❝t✐❝❡ ❣✉✐❞❡❧✐♥❡s✱ ❛♥❞ t❤❡ ❛♠❡r✐❝❛♥ str♦❦❡ ❛ss♦❝✐❛t✐♦♥✱ ❛♠❡r✐❝❛♥ ❛ss♦❝✐❛t✐♦♥ ♦❢
♥❡✉r♦s❝✐❡♥❝❡ ♥✉rs❡s✱ ❛♠❡r✐❝❛♥ ❛ss♦❝✐❛t✐♦♥ ♦❢ ♥❡✉r♦❧♦❣✐❝❛❧ s✉r❣❡♦♥s✱ ❛♠❡r✐❝❛♥ ❝♦❧❧❡❣❡ ♦❢ r❛❞✐♦❧♦❣②✱
❛♠❡r✐❝❛♥ s♦❝✐❡t② ♦❢ ♥❡✉r♦r❛❞✐♦❧♦❣②✱ ❝♦♥❣r❡ss ♦❢ ♥❡✉r♦❧♦❣✐❝❛❧ s✉r❣❡♦♥s✱ s♦❝✐❡t② ♦❢ ❛t❤❡r♦s❝❧❡r♦s✐s

✶✷✸



✶✷✹ ❘❊❋❊❘✃◆❈■❆❙ ❇■❇▲■❖●❘➪❋■❈❆❙

✐♠❛❣✐♥❣ ❛♥❞ ♣r❡✈❡♥t✐♦♥✱ s♦❝✐❡t② ❢♦r ❝❛r❞✐♦✈❛s❝✉❧❛r ❛♥❣✐♦❣r❛♣❤② ❛♥❞ ✐♥t❡r✈❡♥t✐♦♥s✱ s♦❝✐❡t② ♦❢ ✐♥✲
t❡r✈❡♥t✐♦♥❛❧ r❛❞✐♦❧♦❣②✱ s♦❝✐❡t② ♦❢ ♥❡✉r♦✐♥t❡r✈❡♥t✐♦♥❛❧ s✉r❣❡r②✱ s♦❝✐❡t② ❢♦r ✈❛s❝✉❧❛r ♠❡❞✐❝✐♥❡✱ ❛♥❞
s♦❝✐❡t② ❢♦r ✈❛s❝✉❧❛r s✉r❣❡r② ❞❡✈❡❧♦♣❡❞ ✐♥ ❝♦❧❧❛❜♦r❛t✐♦♥ ✇✐t❤ t❤❡ ❛♠❡r✐❝❛♥ ❛❝❛❞❡♠② ♦❢ ♥❡✉r♦✲
❧♦❣② ❛♥❞ s♦❝✐❡t② ♦❢ ❝❛r❞✐♦✈❛s❝✉❧❛r ❝♦♠♣✉t❡❞ t♦♠♦❣r❛♣❤②✳ ❏♦✉r♥❛❧ ♦❢ t❤❡ ❆♠❡r✐❝❛♥ ❈♦❧❧❡❣❡ ♦❢
❈❛r❞✐♦❧♦❣②✱ ✺✼✭✽✮✿❡✶✻✕❡✾✹✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✽✵

❇❘❖❲◆ ❡t ❛❧✳ ✭✶✾✾✻✮ ❘❉ ❇❘❖❲◆✱ ❏❛❝❦ P ❲❍■❙◆❆◆❚✱ ❏❉ ❙■❈❑❙✱ ❲ ▼✐❝❤❛❡❧ ❖✬❋❆▲▲❖◆
❡ ❉❛✈✐❞ ❖ ❲■❊❘❇❊❘❙✳ ❙tr♦❦❡ ✐♥❝✐❞❡♥❝❡✱ ♣r❡✈❛❧❡♥❝❡✱ ❛♥❞ s✉r✈✐✈❛❧✿ s❡❝✉❧❛r tr❡♥❞s ✐♥ r♦❝❤❡st❡r✱
♠✐♥♥❡s♦t❛✱ t❤r♦✉❣❤ ✶✾✽✾✳ ❙tr♦❦❡❀ ❛ ❥♦✉r♥❛❧ ♦❢ ❝❡r❡❜r❛❧ ❝✐r❝✉❧❛t✐♦♥✱ ✷✼✭✸✮✿✸✼✸✕✸✽✵✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✽✵

❈❍❊◆ ❡t ❛❧✳ ✭✷✵✵✵✮❲●❈❍❊◆✱ P ❈ ▲■✱ ◗ ▼ ▲❯❖✱ ❙◗ ❩❊◆● ❡ ❇ ❍❯✳ ❍❡♠♦❞②♥❛♠✐❝ ❛ss❡ss♠❡♥t
♦❢ ✐s❝❤❡♠✐❝ str♦❦❡ ✇✐t❤ ♥❡❛r✲✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✳ ❍❛♥❣ t✐❛♥ ②✐ ①✉❡ ②✉ ②✐ ①✉❡ ❣♦♥❣ ❝❤❡♥❣ ❙♣❛❝❡
♠❡❞✐❝✐♥❡ ✫ ♠❡❞✐❝❛❧ ❡♥❣✐♥❡❡r✐♥❣✱ ✶✸✭✷✮✿✽✹✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷

❈❖▲■❊❘ ❡t ❛❧✳ ✭✶✾✾✾✮ ❲ ❈❖▲■❊❘✱ ❱ ◗❯❆❘❊❙■▼❆✱ ❇ ❖❊❙❊❇❯❘● ❡ ▼ ❋❊❘❘❆❘■✳ ❍✉♠❛♥
♠♦t♦r✲❝♦rt❡① ♦①②❣❡♥❛t✐♦♥ ❝❤❛♥❣❡s ✐♥❞✉❝❡❞ ❜② ❝②❝❧✐❝ ❝♦✉♣❧❡❞ ♠♦✈❡♠❡♥ts ♦❢ ❤❛♥❞ ❛♥❞ ❢♦♦t✳ ❊①✲
♣❡r✐♠❡♥t❛❧ ❇r❛✐♥ ❘❡s❡❛r❝❤✱ ✶✷✾✭✸✮✿✹✺✼✕✹✻✶✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷

❈❖P❊ ❡ ❉❊▲P❨ ✭✶✾✽✽✮▼ ❈❖P❊ ❡ ❉ ❚ ❉❊▲P❨✳ ❙②st❡♠ ❢♦r ❧♦♥❣✲t❡r♠ ♠❡❛s✉r❡♠❡♥t ♦❢ ❝❡r❡❜r❛❧
❜❧♦♦❞ ❛♥❞ t✐ss✉❡ ♦①②❣❡♥❛t✐♦♥ ♦♥ ♥❡✇❜♦r♥ ✐♥❢❛♥ts ❜② ♥❡❛r ✐♥❢r❛✲r❡❞ tr❛♥s✐❧❧✉♠✐♥❛t✐♦♥✳ ▼❡❞✐❝❛❧
❛♥❞ ❜✐♦❧♦❣✐❝❛❧ ❡♥❣✐♥❡❡r✐♥❣ ❛♥❞ ❝♦♠♣✉t✐♥❣✱ ✷✻✭✸✮✿✷✽✾✕✷✾✹✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷✶

❈❯❚▲❊❘ ✭✶✾✸✶✮ ▼ ❈❯❚▲❊❘✳ ❚r❛♥s✐❧❧✉♠✐♥❛t✐♦♥ ♦❢ t❤❡ ❜r❡❛st✳ ❆♥♥❛❧s ♦❢ s✉r❣❡r②✱ ✾✸✭✶✮✿✷✷✸✳
❈✐t❛❞♦ ♥❛ ♣á❣✳ ✶

❉❆❱■❙ ❡ ❇❆❘❙❚❖❲ ✭✷✵✶✸✮ ▼✐❝❤❡❧❧❡ ▲ ❉❆❱■❙ ❡ ❚❤♦♠❛s ❏ ❇❆❘❙❚❖❲✳ ❊st✐♠❛t❡❞ ❝♦♥tr✐✲
❜✉t✐♦♥ ♦❢ ❤❡♠♦❣❧♦❜✐♥ ❛♥❞ ♠②♦❣❧♦❜✐♥ t♦ ♥❡❛r ✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✳ ❘❡s♣✐r❛t♦r② ♣❤②s✐♦❧♦❣② ✫
♥❡✉r♦❜✐♦❧♦❣②✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✶✼

❉❊▲P❨ ❡t ❛❧✳ ✭✶✾✽✽✮ ❉ ❴ ❚ ❉❊▲P❨✱ ▼ ❈❖P❊✱ P✐ ❱❆◆ ❉❊❘ ❩❊❊✱ ❙ ❆❘❘■❉●❊✱ ❙✉s❛♥
❲❘❆❨ ❡ ❏ ❲❨❆❚❚✳ ❊st✐♠❛t✐♦♥ ♦❢ ♦♣t✐❝❛❧ ♣❛t❤❧❡♥❣t❤ t❤r♦✉❣❤ t✐ss✉❡ ❢r♦♠ ❞✐r❡❝t t✐♠❡ ♦❢ ✢✐❣❤t
♠❡❛s✉r❡♠❡♥t✳ P❤②s✐❝s ✐♥ ♠❡❞✐❝✐♥❡ ❛♥❞ ❜✐♦❧♦❣②✱ ✸✸✭✶✷✮✿✶✹✸✸✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷✷

❉❖❍❊❘❚❨ ❡t ❛❧✳ ✭✷✵✵✸✮ ▼✐❝❤❛❡❧ ❉❖❍❊❘❚❨✱ ▲ ◆❖❇❇❙ ❡ ❚ ❉ ◆❖❆❑❊❙✳ ▲♦✇ ❢r❡q✉❡♥❝② ♦❢
t❤❡✧♣❧❛t❡❛✉ ♣❤❡♥♦♠❡♥♦♥✧❞✉r✐♥❣ ♠❛①✐♠❛❧ ❡①❡r❝✐s❡ ✐♥ ❡❧✐t❡ ❜r✐t✐s❤ ❛t❤❧❡t❡s✳ ❊✉r♦♣❡❛♥ ❥♦✉r♥❛❧ ♦❢
❛♣♣❧✐❡❞ ♣❤②s✐♦❧♦❣②✱ ✽✾✭✻✮✿✻✶✾✕✻✷✸✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✹✻

❉❖◆◆❆◆ ❡t ❛❧✳ ✭✷✵✵✽✮ ● ❆ ❉❖◆◆❆◆✱ ▼ ❋■❙❙❍❊❘✱ ▼ ▼❆❈▲❊❖❉ ❡ ❉❆❱■❙ ❙t❡♣❤❡♥ ▼✳
❙tr♦❦❡✳ ✸✼✶✿✶✻✶✷✕✶✻✷✸✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✽✵

❉❯◆❈❆◆ ❡t ❛❧✳ ✭✶✾✾✺✮ ❆r❧❡♥❡ ❉❯◆❈❆◆✱ ❏✉❞✐t❤ ❍ ▼❊❊❑✱ ▼❛tt❤❡✇ ❈▲❊▼❊◆❈❊✱ ❈❧❛r❡ ❊
❊▲❲❊▲▲✱ ▲✐❞✐❛ ❚❨❙❩❈❩❯❑✱ ▼❛r❦ ❈❖P❊ ❡ ❉ ❉❊▲P❨✳ ❖♣t✐❝❛❧ ♣❛t❤❧❡♥❣t❤ ♠❡❛s✉r❡♠❡♥ts ♦♥
❛❞✉❧t ❤❡❛❞✱ ❝❛❧❢ ❛♥❞ ❢♦r❡❛r♠ ❛♥❞ t❤❡ ❤❡❛❞ ♦❢ t❤❡ ♥❡✇❜♦r♥ ✐♥❢❛♥t ✉s✐♥❣ ♣❤❛s❡ r❡s♦❧✈❡❞ ♦♣t✐❝❛❧
s♣❡❝tr♦s❝♦♣②✳ P❤②s✐❝s ✐♥ ♠❡❞✐❝✐♥❡ ❛♥❞ ❜✐♦❧♦❣②✱ ✹✵✭✷✮✿✷✾✺✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷✷✱ ✺✸

❉❯◆❈❆◆ ❡t ❛❧✳ ✭✶✾✾✻✮ ❆r❧❡♥❡ ❉❯◆❈❆◆✱ ❏✉❞✐t❤ ❍ ▼❊❊❑✱ ▼❛tt❤❡✇ ❈▲❊▼❊◆❈❊✱ ❈❧❛r❡ ❊
❊▲❲❊▲▲✱ P❡♥♥② ❋❆▲▲❖◆✱ ▲✐❞✐❛ ❚❨❙❩❈❩❯❑✱ ▼❛r❦ ❈❖P❊ ❡ ❉❛✈✐❞ ❚ ❉❊▲P❨✳ ▼❡❛s✉r❡♠❡♥t
♦❢ ❝r❛♥✐❛❧ ♦♣t✐❝❛❧ ♣❛t❤ ❧❡♥❣t❤ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ ❛❣❡ ✉s✐♥❣ ♣❤❛s❡ r❡s♦❧✈❡❞ ♥❡❛r ✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✳
P❡❞✐❛tr✐❝ ❘❡s❡❛r❝❤✱ ✸✾✭✺✮✿✽✽✾✕✽✾✹✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷✷

❊❑❑❊❑❆❑■❙ ✭✷✵✵✾✮ P❛♥t❡❧❡✐♠♦♥ ❊❑❑❊❑❆❑■❙✳ ▲❡t t❤❡♠ r♦❛♠ ❢r❡❡❄ ❙♣♦rts ▼❡❞✐❝✐♥❡✱ ✸✾✭✶✵✮✿
✽✺✼✕✽✽✽✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✹✽✱ ✼✷

❊❙❈❍❲❊■▲❊❘ ❡t ❛❧✳ ✭✷✵✵✵✮ ● ❲ ❊❙❈❍❲❊■▲❊❘✱ ❈ ❲❊●❊❘❊❘✱ ❲ ❙❈❍▲❖❚❚❊❘✱
❈ ❙P❆◆❉▲✱ ❆ ❙❚❊❱❊◆❙✱ ▼ ❡ ● ❇❯❈❍❑❘❊▼❊❘✳ ▲❡❢t ♣r❡❢r♦♥t❛❧ ❛❝t✐✈❛t✐♦♥ ♣r❡❞✐❝ts t❤❡r❛♣❡✉✲
t✐❝ ❡✛❡❝ts ♦❢ r❡♣❡t✐t✐✈❡ tr❛♥s❝r❛♥✐❛❧ ♠❛❣♥❡t✐❝ st✐♠✉❧❛t✐♦♥ ✭rt♠s✮ ✐♥ ♠❛❥♦r ❞❡♣r❡ss✐♦♥✳ Ps②❝❤✐❛tr②
❘❡s❡❛r❝❤✿ ◆❡✉r♦✐♠❛❣✐♥❣✱ ✾✾✭✸✮✿✶✻✶✕✶✼✷✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷



❘❊❋❊❘✃◆❈■❆❙ ❇■❇▲■❖●❘➪❋■❈❆❙ ✶✷✺

❊❙❙❊◆P❘❊■❙ ❡t ❛❧✳ ✭✶✾✾✸✮ ▼ ❊❙❙❊◆P❘❊■❙✱ ▼ ❈❖P❊✱ ❈❊ ❊▲❲❊▲▲✱ ❙ ❘ ❆❘❘■❉●❊✱ P ❱❆◆
❉❊❘ ❩❊❊ ❡ ❉ ❚ ❉❊▲P❨✳ ❲❛✈❡❧❡♥❣t❤ ❞❡♣❡♥❞❡♥❝❡ ♦❢ t❤❡ ❞✐✛❡r❡♥t✐❛❧ ♣❛t❤❧❡♥❣t❤ ❢❛❝t♦r ❛♥❞ t❤❡
❧♦❣ s❧♦♣❡ ✐♥ t✐♠❡✲r❡s♦❧✈❡❞ t✐ss✉❡ s♣❡❝tr♦s❝♦♣②✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷✷

❋❆▲▲●❆❚❚❊❘ ❡ ❙❚❘■❑ ✭✷✵✵✵✮ ❆ ❏ ❋❆▲▲●❆❚❚❊❘ ❡ ❲ ❑ ❙❚❘■❑✳ ❘❡❞✉❝❡❞ ❢r♦♥t❛❧ ❢✉♥❝✲
t✐♦♥❛❧ ❛s②♠♠❡tr② ✐♥ s❝❤✐③♦♣❤r❡♥✐❛ ❞✉r✐♥❣ ❛ ❝✉❡❞ ❝♦♥t✐♥✉♦✉s ♣❡r❢♦r♠❛♥❝❡ t❡st ❛ss❡ss❡❞ ✇✐t❤
♥❡❛r✲✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✳ ❙❝❤✐③♦♣❤r❡♥✐❛ ❇✉❧❧❡t✐♥✱ ✷✻✭✹✮✿✾✶✸✕✾✶✾✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷

❋❆▲▲●❆❚❚❊❘ ❡t ❛❧✳ ✭✶✾✾✼✮ ❆ ❏ ❋❆▲▲●❆❚❚❊❘✱ ▼ ❘❖❊❙▲❊❘✱ ▲ ❙■❚❩▼❆◆◆✱ ❆ ❍❊■❉❘■❈❍✱
❚ ❏ ▼❯❊▲▲❊❘ ❡❲❑ ❙❚❘■❑✳ ▲♦ss ♦❢ ❢✉♥❝t✐♦♥❛❧ ❤❡♠✐s♣❤❡r✐❝ ❛s②♠♠❡tr② ✐♥ ❛❧③❤❡✐♠❡r✬s ❞❡♠❡♥t✐❛
❛ss❡ss❡❞ ✇✐t❤ ♥❡❛r✲✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✳ ❈♦❣♥✐t✐✈❡ ❇r❛✐♥ ❘❡s❡❛r❝❤✱ ✻✭✶✮✿✻✼✕✼✷✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷

❋❘❆◆❈❊❙❈❍■◆■ ❡t ❛❧✳ ✭✷✵✵✸✮ ▼ ❆ ❋❘❆◆❈❊❙❈❍■◆■✱ ❙ ❋❆◆❚■◆■✱ ❏ ❍ ❚❍❖▼P❙❖◆✱ ❏ P
❈❯▲❱❊❘ ❡ ❉ ❆ ❇❖❆❙✳ ❍❡♠♦❞②♥❛♠✐❝ ❡✈♦❦❡❞ r❡s♣♦♥s❡ ♦❢ t❤❡ s❡♥s♦r✐♠♦t♦r ❝♦rt❡① ♠❡❛s✉r❡❞
♥♦♥✐♥✈❛s✐✈❡❧② ✇✐t❤ ♥❡❛r✲✐♥❢r❛r❡❞ ♦♣t✐❝❛❧ ✐♠❛❣✐♥❣✳ Ps②❝❤♦♣❤②s✐♦❧♦❣②✱ ✹✵✭✹✮✿✺✹✽✕✺✻✵✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳

✷

❋❯❘■❊ ❡t ❛❧✳ ✭✷✵✶✶✮ ❑❛r❡♥ ▲ ❋❯❘■❊✱ ❙❝♦tt ❊ ❑❆❙◆❊❘✱ ❘♦❜❡rt ❏ ❆❉❆▼❙✱ ●r❡❣♦r② ❲ ❆▲❇❊❘❙✱
❘✉t❤ ▲ ❇❯❙❍✱ ❙✉s❛♥ ❈ ❋❆●❆◆✱ ❏♦♥❛t❤❛♥ ▲ ❍❆▲P❊❘■◆✱ ❙ ❈❧❛✐❜♦r♥❡ ❏❖❍◆❙❚❖◆✱ ■r❡♥❡
❑❆❚❩❆◆✱ ❲❛❧t❡r ◆ ❑❊❘◆❆◆ ❡t ❛❧✳ ●✉✐❞❡❧✐♥❡s ❢♦r t❤❡ ♣r❡✈❡♥t✐♦♥ ♦❢ str♦❦❡ ✐♥ ♣❛t✐❡♥ts ✇✐t❤
str♦❦❡ ♦r tr❛♥s✐❡♥t ✐s❝❤❡♠✐❝ ❛tt❛❝❦ ❛ ❣✉✐❞❡❧✐♥❡ ❢♦r ❤❡❛❧t❤❝❛r❡ ♣r♦❢❡ss✐♦♥❛❧s ❢r♦♠ t❤❡ ❛♠❡r✐❝❛♥
❤❡❛rt ❛ss♦❝✐❛t✐♦♥✴❛♠❡r✐❝❛♥ str♦❦❡ ❛ss♦❝✐❛t✐♦♥✳ ❙tr♦❦❡✱ ✹✷✭✶✮✿✷✷✼✕✷✼✻✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✽✵

●❆❊❙❙❊❘ ❡ P❖❖▲❊ ✭✶✾✾✻✮ ●❧❡♥♥ ❆ ●❆❊❙❙❊❘ ❡ ❉❛✈✐❞ ❈ P❖❖▲❊✳ ❚❤❡ s❧♦✇ ❝♦♠♣♦♥❡♥t ♦❢
♦①②❣❡♥ ✉♣t❛❦❡ ❦✐♥❡t✐❝s ✐♥ ❤✉♠❛♥s✳ ❊①❡r❝✐s❡ ❛♥❞ s♣♦rt s❝✐❡♥❝❡s r❡✈✐❡✇s✱ ✷✹✭✶✮✿✸✺✕✼✵✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳

✹✺

●❆●◆❖◆ ❡t ❛❧✳ ✭✷✵✶✷✮ ▲♦✉✐s ●❆●◆❖◆✱ ▼❡r②❡♠ ❆ ❨Ü❈❊▲✱ ▼❛t❤✐❡✉ ❉❊❍❆❊❙✱ ❘♦❜❡rt ❏
❈❖❖P❊❘✱ ❑❛t❤❡r✐♥❡ ▲ P❊❘❉❯❊✱ ❏✉❧✐❡tt❡ ❙❊▲❇✱ ❚❤❡♦❞♦r❡ ❏ ❍❯PP❊❘❚✱ ❘✐❝❤❛r❞ ❉ ❍❖●❊
❡ ❉❛✈✐❞ ❆ ❇❖❆❙✳ ◗✉❛♥t✐✜❝❛t✐♦♥ ♦❢ t❤❡ ❝♦rt✐❝❛❧ ❝♦♥tr✐❜✉t✐♦♥ t♦ t❤❡ ♥✐rs s✐❣♥❛❧ ♦✈❡r t❤❡ ♠♦t♦r
❝♦rt❡① ✉s✐♥❣ ❝♦♥❝✉rr❡♥t ♥✐rs✲❢♠r✐ ♠❡❛s✉r❡♠❡♥ts✳ ◆❡✉r♦✐♠❛❣❡✱ ✺✾✭✹✮✿✸✾✸✸✕✸✾✹✵✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷

●❆▲▲❆●❍❊❘ ❡t ❛❧✳ ✭✷✵✵✽✮ ❆♥♥❡ ●❆▲▲❆●❍❊❘✱ ▼❛r②s❡ ▲❆❙❙❖◆❉❊✱ ❉❛♥✐❡❧❧❡ ❇❆❙❚■❊◆✱
P❤❡ts❛♠♦♥❡ ❱❆◆◆❆❙■◆●✱ ❋ré❞ér✐❝ ▲❊❙❆●❊✱ ❈❤r✐st♦♣❤❡ ●❘❖❱❆✱ ❆❧❛✐♥ ❇❖❯❚❍■▲▲■❊❘✱ ▲✐♦✲
♥❡❧ ❈❆❘▼❆◆❚✱ ❋r❛♥❝♦ ▲❊P❖❘❊✱ ❘❡♥é❡ ❇➱▲❆◆❉ ❡t ❛❧✳ ◆♦♥✲✐♥✈❛s✐✈❡ ♣r❡✲s✉r❣✐❝❛❧ ✐♥✈❡st✐❣❛t✐♦♥
♦❢ ❛ ✶✵ ②❡❛r✲♦❧❞ ❡♣✐❧❡♣t✐❝ ❜♦② ✉s✐♥❣ s✐♠✉❧t❛♥❡♦✉s ❡❡❣✕♥✐rs✳ ❙❡✐③✉r❡✱ ✶✼✭✻✮✿✺✼✻✕✺✽✷✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳

✷✱ ✸

●■❇❙❖◆ ❡t ❛❧✳ ✭✷✵✵✶✮ ❆ ❙t ❈❧❛✐r ●■❇❙❖◆✱ ❊ ❏ ❙❈❍❆❇❖❘❚ ❡ ❚ ❉ ◆❖❆❑❊❙✳ ❘❡❞✉❝❡❞ ♥❡✉r♦✲
♠✉s❝✉❧❛r ❛❝t✐✈✐t② ❛♥❞ ❢♦r❝❡ ❣❡♥❡r❛t✐♦♥ ❞✉r✐♥❣ ♣r♦❧♦♥❣❡❞ ❝②❝❧✐♥❣✳ ❆♠❡r✐❝❛♥ ❏♦✉r♥❛❧ ♦❢ P❤②s✐♦❧♦❣②✲
❘❡❣✉❧❛t♦r②✱ ■♥t❡❣r❛t✐✈❡ ❛♥❞ ❈♦♠♣❛r❛t✐✈❡ P❤②s✐♦❧♦❣②✱ ✷✽✶✭✶✮✿❘✶✽✼✕❘✶✾✻✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✹✻

❍❆◆▲❖◆ ❡t ❛❧✳ ✭✶✾✾✾✮ ❊ ❇ ❍❆◆▲❖◆✱ ■ ■❚❩❑❆◆✱ ❘ ❘ ❉❆❙❆❘■✱ ▼ ❙ ❋❊▲❉✱ ❘ ❏ ❋❊❘❘❆◆❚❊✱
❆ ❈ ▼❈❑❊❊✱ ❉ ▲❆❚❍■ ❡ ◆ ❲ ❑❖❲❆▲▲✳ ◆❡❛r✲✐♥❢r❛r❡❞ ✢✉♦r❡s❝❡♥❝❡ s♣❡❝tr♦s❝♦♣② ❞❡t❡❝ts
❛❧③❤❡✐♠❡r✬s ❞✐s❡❛s❡ ✐♥ ✈✐tr♦✳ P❤♦t♦❝❤❡♠✐str② ❛♥❞ ♣❤♦t♦❜✐♦❧♦❣②✱ ✼✵✭✷✮✿✷✸✻✕✷✹✷✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷

❍❊❊❑❊❘❊◆ ❡t ❛❧✳ ✭✶✾✾✼✮ ❍ ❍❊❊❑❊❘❊◆✱ ❍ ❖❇❘■●✱ ❘ ❲❊◆❩❊▲✱ ❑ ❊❇❊❘▲❊✱ ❏ ❘❯❇❊◆✱
❑ ❱■▲▲❘■◆●❊❘✱ ❘ ❑❯❘❚❍ ❡ ❆ ❱■▲▲❘■◆●❊❘✳ ❈❡r❡❜r❛❧ ❤❛❡♠♦❣❧♦❜✐♥ ♦①②❣❡♥❛t✐♦♥ ❞✉r✐♥❣
s✉st❛✐♥❡❞ ✈✐s✉❛❧ st✐♠✉❧❛t✐♦♥ ✲ ❛ ♥❡❛r ✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣② st✉❞②✳ P❤✐❧♦s♦♣❤✐❝❛❧ ❚r❛♥s❛❝t✐♦♥s ♦❢
t❤❡ ❘♦②❛❧ ❙♦❝✐❡t② ♦❢ ▲♦♥❞♦♥✳ ❙❡r✐❡s ❇✱ ❇✐♦❧♦❣✐❝❛❧ ❙❝✐❡♥❝❡s✱ ✸✺✷✭✶✸✺✹✮✿✼✹✸✕✼✺✵✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷

❍❊❊❑❊❘❊◆ ❡t ❛❧✳ ✭✶✾✾✾✮ ❍❛✉❦❡ ❘ ❍❊❊❑❊❘❊◆✱ ▼❛tt❤❛✐s ❑❖❍▲✱ ❍❡❧❧♠✉t❤ ❖❇❘■●✱ ❘✉❞✐✲
❣❡r ❲❊◆❩❊▲✱ ❲♦❧❢r❛♥ ❱❖◆ P❆◆◆❲■❚❩✱ ❙t❡✈❡♥ ❏ ▼❆❚❈❍❊❘✱ ❯❧r✐❝❤ ❉■❘◆❆●▲✱ ❈❤r✐s ❊
❈❖❖P❊❘ ❡ ❆r♥♦ ❱■▲▲❘■◆●❊❘✳ ◆♦♥✐♥✈❛s✐✈❡ ❛ss❡ss♠❡♥t ♦❢ ❝❤❛♥❣❡s ✐♥ ❝②t♦❝❤r♦♠❡✲❝ ♦①✐❞❛s❡
♦①✐❞❛t✐♦♥ ✐♥ ❤✉♠❛♥ s✉❜❥❡❝ts ❞✉r✐♥❣ ✈✐s✉❛❧ st✐♠✉❧❛t✐♦♥✳ ❏ ❈❡r❡❜ ❇❧♦♦❞ ❋❧♦✇ ▼❡t❛❜✱ ✶✾✿✺✾✷✕✻✵✸✳
❞♦✐✿ ✶✵✳✶✵✾✽✴rst❜✳✶✾✾✼✳✵✵✺✼✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✶



✶✷✻ ❘❊❋❊❘✃◆❈■❆❙ ❇■❇▲■❖●❘➪❋■❈❆❙

❍■▲▲ ❡t ❛❧✳ ✭✶✾✷✹✮ ❆r❝❤✐❜❛❧❞ ❱ ❍■▲▲✱ ❈ ◆ ❍ ▲❖◆● ❡ ❍ ▲❯P❚❖◆✳ ▼✉s❝✉❧❛r ❡①❡r❝✐s❡✱ ❧❛❝t✐❝
❛❝✐❞✱ ❛♥❞ t❤❡ s✉♣♣❧② ❛♥❞ ✉t✐❧✐s❛t✐♦♥ ♦❢ ♦①②❣❡♥✳ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ❘♦②❛❧ ❙♦❝✐❡t② ♦❢ ▲♦♥❞♦♥✳ ❙❡r✐❡s
❇✱ ❈♦♥t❛✐♥✐♥❣ P❛♣❡rs ♦❢ ❛ ❇✐♦❧♦❣✐❝❛❧ ❈❤❛r❛❝t❡r✱ ✾✼✭✻✽✶✮✿✽✹✕✶✸✽✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✹✺

❍■❘❚❍ ❡t ❛❧✳ ✭✶✾✾✻✮ ❈ ❍■❘❚❍✱ ❍ ❖❇❘■●✱ ❑ ❱■▲▲❘■◆●❊❘✱ ❆ ❚❍■❊▲✱ ❏ ❇❊❘◆❆❘❉■◆●✱
❲▼Ü❍▲◆■❈❑❊▲✱ ❍ ❋▲❖❘✱ ❯ ❉■❘◆❆●▲ ❡ ❆ ❱■▲▲❘■◆●❊❘✳ ◆♦♥✲✐♥✈❛s✐✈❡ ❢✉♥❝t✐♦♥❛❧ ♠❛♣♣✐♥❣
♦❢ t❤❡ ❤✉♠❛♥ ♠♦t♦r ❝♦rt❡① ✉s✐♥❣ ♥❡❛r✲✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✳ ◆❡✉r♦r❡♣♦rt✱ ✼✭✶✷✮✿✶✾✼✼✳ ❈✐t❛❞♦ ♥❛

♣á❣✳ ✷

❍❖❈❍❆❈❍❑❆ ✭✶✾✾✾✮ P ❲ ❍❖❈❍❆❈❍❑❆✳ ❚❤❡ ♠❡t❛❜♦❧✐❝ ✐♠♣❧✐❝❛t✐♦♥s ♦❢ ✐♥tr❛❝❡❧❧✉❧❛r ❝✐r✲
❝✉❧❛t✐♦♥✳ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ◆❛t✐♦♥❛❧ ❆❝❛❞❡♠② ♦❢ ❙❝✐❡♥❝❡s✱ ✾✻✭✷✷✮✿✶✷✷✸✸✕✶✷✷✸✾✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳

✹✻

❍❖❈❑ ❡t ❛❧✳ ✭✶✾✾✼✮ ❈ ❍❖❈❑✱ ❑ ❱■▲▲❘■◆●❊❘✱ ❋ ▼❯▲▲❊❘✲❙P❆❍◆ ❡ ❘ ❲❊◆❩❊▲✳ ❉❡❝r❡❛s❡ ✐♥
♣❛r✐❡t❛❧ ❝❡r❡❜r❛❧ ❤❡♠♦❣❧♦❜✐♥ ♦①②❣❡♥❛t✐♦♥ ❞✉r✐♥❣ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ❛ ✈❡r❜❛❧ ✢✉❡♥❝② t❛s❦ ✐♥ ♣❛t✐❡♥ts
✇✐t❤ ❛❧③❤❡✐♠❡r✬s ❞✐s❡❛s❡ ♠♦♥✐t♦r❡❞ ❜② ♠❡❛♥s ♦❢ ♥❡❛r✲✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣② ✭♥✐rs✮✲❝♦rr❡❧❛t✐♦♥ ✇✐t❤
s✐♠✉❧t❛♥❡♦✉s r❝❜❢✲♣❡t ♠❡❛s✉r❡♠❡♥ts✳ ❇r❛✐♥ r❡s❡❛r❝❤✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷

❍❖❈❑ ❡t ❛❧✳ ✭✷✵✵✻✮ ❈ ❍❖❈❑✱ ❑ ❱■▲▲❘■◆●❊❘✱ ❋ ▼❯▲▲❊❘✲❙P❆❍◆✱ ▼ ❍❖❋▼❆◆◆✱ ❙ ❙❈❍❯❍✲
❍❖❋❊❘✱ ❍ ❍❊❊❑❊❘❊◆✱ ❘ ❲❊◆❩❊▲✱ ❯ ❉■❘◆❆●▲ ❡ ❆ ❱■▲▲❘■◆●❊❘✳ ◆❡❛r ✐♥❢r❛r❡❞ s♣❡❝✲
tr♦s❝♦♣② ✐♥ t❤❡ ❞✐❛❣♥♦s✐s ♦❢ ❛❧③❤❡✐♠❡rs ❞✐s❡❛s❡❛✳ ❆♥♥❛❧s ♦❢ t❤❡ ◆❡✇ ❨♦r❦ ❆❝❛❞❡♠② ♦❢ ❙❝✐❡♥❝❡s✱
✼✼✼✭✶✮✿✷✷✕✷✾✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷

❍❖●❊❘❱❖❘❙❚ ❡t ❛❧✳ ✭✷✵✵✽✮ ❊❡❢ ❍❖●❊❘❱❖❘❙❚✱ ❙t❡♣❤❛♥ ❇❆◆❉❊▲❖❲✱ ❏❡r♦❡♥ ❙❈❍▼■❚❚✱
❘♦② ❏❊◆❚❏❊◆❙✱ ▼❛rt❛ ❖▲■❱❊■❘❆✱ ❏✉❞✐t❤ ❆▲▲●❘❖❱❊✱ ❚♦♠ ❈❆❘❚❊❘✱ ▼✐❝❤❛❡❧ ●▲❊❊❙❖◆
❡t ❛❧✳ ❈❛✛❡✐♥❡ ✐♠♣r♦✈❡s ♣❤②s✐❝❛❧ ❛♥❞ ❝♦❣♥✐t✐✈❡ ♣❡r❢♦r♠❛♥❝❡ ❞✉r✐♥❣ ❡①❤❛✉st✐✈❡ ❡①❡r❝✐s❡✳ ▼❡❞✐✲
❝✐♥❡✰ ❙❝✐❡♥❝❡ ✐♥ ❙♣♦rts✰ ❊①❡r❝✐s❡✱ ✹✵✭✶✵✮✿✶✽✹✶✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✼✶

■❩❩❊❚❖●▲❯ ❡t ❛❧✳ ✭✷✵✵✼✮ ▼❡❧t❡♠ ■❩❩❊❚❖●▲❯✱ ❙❝♦tt ❈ ❇❯◆❈❊✱ ❑✉rt✉❧✉s ■❩❩❊❚❖●▲❯✱
❇❛♥✉ ❖◆❆❘❆▲ ❡ ❑❛♠❜✐③ P❖❯❘❘❊❩❆❊■✳ ❋✉♥❝t✐♦♥❛❧ ❜r❛✐♥ ✐♠❛❣✐♥❣ ✉s✐♥❣ ♥❡❛r✲✐♥❢r❛r❡❞ t❡❝❤✲
♥♦❧♦❣②✳ ■❊❊❊ ❊♥❣✐♥❡❡r✐♥❣ ✐♥ ▼❡❞✐❝✐♥❡ ❛♥❞ ❇✐♦❧♦❣② ▼❛❣❛③✐♥❡✱ ✷✻✭✹✮✿✸✽✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ①①✱ ✷✵

❏Ö❇❙■❙ ❡t ❛❧✳ ✭✶✾✼✼✮ ❋✳❋✳ ❏Ö❇❙■❙ ❡t ❛❧✳ ◆♦♥✐♥✈❛s✐✈❡✱ ✐♥❢r❛r❡❞ ♠♦♥✐t♦r✐♥❣ ♦❢ ❝❡r❡❜r❛❧ ❛♥❞ ♠②♦✲
❝❛r❞✐❛❧ ♦①②❣❡♥ s✉✣❝✐❡♥❝② ❛♥❞ ❝✐r❝✉❧❛t♦r② ♣❛r❛♠❡t❡rs✳ ❙❝✐❡♥❝❡ ✭◆❡✇ ❨♦r❦✱ ◆❨✮✱ ✶✾✽✭✹✸✷✸✮✿✶✷✻✹✳
❈✐t❛❞♦ ♥❛ ♣á❣✳ ✶

❑❆▲▲■❑❆❩❆❘❖❙ ❡t ❛❧✳ ✭✶✾✾✾✮ ■♦❛♥♥✐s ❑❆▲▲■❑❆❩❆❘❖❙✱ ❈♦st❛s ❚❙■❖❯❋■❙✱ ❙❦❡✈♦s ❙■❉❊❘■❙✱
❈❤r✐st♦❞♦✉❧♦s ❙❚❊❋❆◆❆❉■❙ ❡ P❛✈❧♦s ❚❖❯❚❖❯❩❆❙✳ ❈❛r♦t✐❞ ❛rt❡r② ❞✐s❡❛s❡ ❛s ❛ ♠❛r❦❡r ❢♦r t❤❡
♣r❡s❡♥❝❡ ♦❢ s❡✈❡r❡ ❝♦r♦♥❛r② ❛rt❡r② ❞✐s❡❛s❡ ✐♥ ♣❛t✐❡♥ts ❡✈❛❧✉❛t❡❞ ❢♦r ❝❤❡st ♣❛✐♥✳ ❙tr♦❦❡✱ ✸✵✭✺✮✿
✶✵✵✷✕✶✵✵✼✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✽✵

❑❆◆❉❊▲ ❡t ❛❧✳ ✭✷✵✵✵✮ ❊ ❘ ❑❆◆❉❊▲✱ ❏ ❍ ❙❈❍❲❆❘❚❩ ❡ ❚ ▼ ❏❊❙❙❊▲▲✳ Pr✐♥❝✐♣❧❡s ♦❢ ♥❡✉r❛❧
s❝✐❡♥❝❡✱ ✈♦❧✉♠❡ ✹✳ ▼❝●r❛✇✲❍✐❧❧ ◆❡✇ ❨♦r❦✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✻✱ ✼

❑❆❘❊◆ ❡t ❛❧✳ ✭✷✵✵✽✮ ❚✳ ❑❆❘❊◆✱ ●✳ ▼❖❘❘❊◆✱ ❉✳ ❍❆❊◆❙❙❊✱ ❆✳❙✳ ❇❆❯❙❈❍❆❚❩✱ ❍✳❯✳ ❇❯✲
❈❍❊❘ ❡ ▼✳ ❲❖▲❋✳ ❍❡♠♦❞②♥❛♠✐❝ r❡s♣♦♥s❡ t♦ ✈✐s✉❛❧ st✐♠✉❧❛t✐♦♥ ✐♥ ♥❡✇❜♦r♥ ✐♥❢❛♥ts ✉s✐♥❣
❢✉♥❝t✐♦♥❛❧ ♥❡❛r✲✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✳ ❍✉♠❛♥ ❜r❛✐♥ ♠❛♣♣✐♥❣✱ ✷✾✭✹✮✿✹✺✸✕✹✻✵✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✸✶

❑▲❊■◆❙❈❍▼■❉❚ ❡t ❛❧✳ ✭✶✾✾✻✮ ❆ ❑▲❊■◆❙❈❍▼■❉❚✱ ❍ ❖❇❘■●✱ ▼ ❘❊◗❯❆❘❉❚✱ ❑ ❉ ▼❊❘✲
❇❖▲❉❚✱ ❯ ❉■❘◆❆●▲✱ ❆ ❱■▲▲❘■◆●❊❘ ❡ ❏ ❋❘❆❍▼✳ ❙✐♠✉❧t❛♥❡♦✉s r❡❝♦r❞✐♥❣ ♦❢ ❝❡r❡❜r❛❧ ❜❧♦♦❞
♦①②❣❡♥❛t✐♦♥ ❝❤❛♥❣❡s ❞✉r✐♥❣ ❤✉♠❛♥ ❜r❛✐♥ ❛❝t✐✈❛t✐♦♥ ❜② ♠❛❣♥❡t✐❝ r❡s♦♥❛♥❝❡ ✐♠❛❣✐♥❣ ❛♥❞ ♥❡❛r✲
✐♥❢r❛r❡❞ s♣❡❝tr♦s❝♦♣②✳ ❏♦✉r♥❛❧ ♦❢ ❝❡r❡❜r❛❧ ❜❧♦♦❞ ✢♦✇ ✫ ♠❡t❛❜♦❧✐s♠✱ ✶✻✭✺✮✿✽✶✼✕✽✷✻✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳

✷

❑❖❈❙■❙ ❡t ❛❧✳ ✭✷✵✵✻✮ ▲ ❑❖❈❙■❙✱ P ❍❊❘▼❆◆ ❡ ❆ ❊❑❊✳ ❚❤❡ ♠♦❞✐✜❡❞ ❜❡❡r✲❧❛♠❜❡rt ❧❛✇ r❡✈✐s✐t❡❞✳
P❤②s✐❝s ✐♥ ♠❡❞✐❝✐♥❡ ❛♥❞ ❜✐♦❧♦❣②✱ ✺✶✭✺✮✿◆✾✶✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷✶



❘❊❋❊❘✃◆❈■❆❙ ❇■❇▲■❖●❘➪❋■❈❆❙ ✶✷✼

▲❆▼❇❊❘❚ ❡t ❛❧✳ ✭✷✵✵✺✮ ❊ ❱ ▲❆▼❇❊❘❚✱ ❆ ❙❚ ❈▲❆■❘ ●■❇❙❖◆ ❡ ❚ ❉ ◆❖❆❑❊❙✳ ❈♦♠♣❧❡①
s②st❡♠ ♦❢ ❢❛t✐❣✉❡✿ ✐♥t❡❣r❛t✐✈❡ ❤♦♠❡♦st❛t✐❝ ❝♦♥tr♦❧ ♦❢ ♣❡r✐♣❤❡r❛❧ ♣❤②s✐♦❧♦❣✐❝❛❧ s②st❡♠s ❞✉r✐♥❣
❡①❡r❝✐s❡ ✐♥ ❤✉♠❛♥s✳ ✸✾✿✺✷✕✻✷✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✹✻

▲❆❱❆❉❖❙ ❡t ❛❧✳ ✭✷✵✵✼✮ P❛❜❧♦ ▼ ▲❆❱❆❉❖❙✱ ❆♥s❡❧♠ ❏▼ ❍❊◆◆■❙✱ ❏❡✛❡rs♦♥ ● ❋❊❘◆❆◆❉❊❙✱
▼❛r❝♦ ❚ ▼❊❉■◆❆✱ ❇r❛♥❝❛ ▲❊●❊❚■❈✱ ❆r♥♦❧❞ ❍❖PP❊✱ ❈❧❛✉❞✐♦ ❙❆❈❑❙✱ ▲✐❧✐❛♥❛ ❏❆❉❯❊ ❡
❘♦❞r✐❣♦ ❙❆▲■◆❆❙✳ ❙tr♦❦❡ ❡♣✐❞❡♠✐♦❧♦❣②✱ ♣r❡✈❡♥t✐♦♥✱ ❛♥❞ ♠❛♥❛❣❡♠❡♥t str❛t❡❣✐❡s ❛t ❛ r❡❣✐♦♥❛❧
❧❡✈❡❧✿ ▲❛t✐♥ ❛♠❡r✐❝❛ ❛♥❞ t❤❡ ❝❛r✐❜❜❡❛♥✳ ❚❤❡ ▲❛♥❝❡t ◆❡✉r♦❧♦❣②✱ ✻✭✹✮✿✸✻✷✕✸✼✷✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✽✵

▲❊◆❚ ✭✷✵✵✶✮ ❘✳ ▲❊◆❚✳ ❈❡♠ ❜✐❧❤õ❡s ❞❡ ♥❡✉rô♥✐♦s❄ ❝♦♥❝❡✐t♦s ❢✉♥❞❛♠❡♥t❛✐s ❞❡ ♥❡✉r♦❝✐ê♥❝✐❛✲✷❛

❡❞✐çã♦✳ ❇r❛s✐❧✿ ❊❞✐t♦r❛ ❆t❤❡♥❡✉✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✼

▲❊❙❙❆ ✭✶✾✾✾✮ ■♥❡s ▲❊❙❙❆✳ ❊♣✐❞❡♠✐♦❧♦❣✐❛ ❞❛s ❞♦❡♥ç❛s ❝❡r❡❜r♦✈❛s❝✉❧❛r❡s ♥♦ ❜r❛s✐❧✳ ❘❡✈ ❙♦❝
❈❛r❞✐♦❧ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✱ ✾✭✹✮✿✺✵✾✕✶✽✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✽✵

▲❊❙❙❆ ❡ ❙■▲❱❆ ✭✶✾✾✸✮ ■♥❡s ▲❊❙❙❆ ❡ ▼❛r✐❛ ❘♦s❡✐❧❞❛ ❇❇ ❙■▲❱❆✳ ❉♦❡♥ç❛s ❝❡r❡❜r♦✈❛s❝✉❧❛r❡s
❝♦♠♦ ❝❛✉s❛ ♠ú❧t✐♣❧❛ ❞❡ ♠♦rt❡ ❡♠ s❛❧✈❛❞♦r✿ ♠❛❣♥✐t✉❞❡ ❡ ❞✐❢❡r❡♥ç❛s ❡s♣❛❝✐❛✐s ❞❛ ♠♦rt❛❧✐❞❛❞❡
♦♠✐t✐❞❛ ♥❛s ❡st❛tíst✐❝❛s ♦✜❝✐❛✐s❀ ❝❡r❡❜r♦✈❛s❝✉❧❛r ❞✐s❡❛s❡s ❛s ♠✉❧t✐♣❧❡ ❝❛✉s❡ ♦❢ ❞❡❛t❤ ✐♥ s❛❧✈❛❞♦r✿
♠❛❣♥✐t✉❞❡ ❛♥❞ s♣❛t✐❛❧ ❞✐✛❡r❡♥❝❡s ♦❢ t❤❡ ♠♦rt❛❧✐t② ♦♠✐tt❡❞ ✐♥ ♦✣❝✐❛❧ st❛t✐st✐❝s✳ ❆rq✳ ♥❡✉r♦♣s✐q✉✐✲
❛tr✱ ✺✶✭✸✮✿✸✶✾✕✷✹✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✽✵

▲■ ❡t ❛❧✳ ✭✷✵✶✶✮ ❩ ▲■✱ ▼ ❩❍❆◆●✱ ◗ ❳■◆✱ ❏ ▲■✱ ● ❈❍❊◆✱ ❋ ▲■❯ ❡ ❏ ▲■✳ ❈♦rr❡❧❛t✐♦♥ ❛♥❛❧②s✐s ❜❡t✇❡❡♥
♣r❡❢r♦♥t❛❧ ♦①②❣❡♥❛t✐♦♥ ♦s❝✐❧❧❛t✐♦♥s ❛♥❞ ❝❡r❡❜r❛❧ ❛rt❡r② ❤❡♠♦❞②♥❛♠✐❝s ✐♥ ❤✉♠❛♥s✳ ▼✐❝r♦✈❛s❝✉❧❛r
❘❡s❡❛r❝❤✱ ✽✷✭✸✮✿✸✵✹✕✸✶✵✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷

▲■❯ ✭✷✵✵✹✮ ❚❤♦♠❛s ❚ ▲■❯✳ ❊✣❝✐❡♥❝②✱ ♣♦✇❡r✱ ❛♥❞ ❡♥tr♦♣② ✐♥ ❡✈❡♥t✲r❡❧❛t❡❞ ❢♠r✐ ✇✐t❤ ♠✉❧t✐♣❧❡
tr✐❛❧ t②♣❡s✿ P❛rt ✐✐✿ ❞❡s✐❣♥ ♦❢ ❡①♣❡r✐♠❡♥ts✳ ◆❡✉r♦■♠❛❣❡✱ ✷✶✭✶✮✿✹✵✶✕✹✶✸✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✸✸

▼❆❈❍❆❉❖ ✭✷✵✵✵✮ ❆♥❣❡❧♦ ▼❆❈❍❆❉❖✳ ◆❡✉r♦❛♥❛t♦♠✐❛ ❋✉♥❝✐♦♥❛❧✳ ❆❚❍❊◆❊❯ ❊❉■❚❖❘❆✳
❈✐t❛❞♦ ♥❛ ♣á❣✳ ✶✹

▼❆❘❚■◆❙ ✭✷✵✶✸✮ ❙❤❡✐❧❛ ❈✳ ❖✳ ✭♦r❣✮ ▼❆❘❚■◆❙✳ ▼❛♥✉❛❧ ❞❡ r♦t✐♥❛s ♣❛r❛ ❛t❡♥çã♦ ❛♦ ❆❱❈✳
❊❞✐t♦r❛ ❞♦ ▼✐♥✐stér✐♦ ❞❛ ❙❛ú❞❡✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✽✶

▼❆❚❙❯❖ ❡t ❛❧✳ ✭✷✵✵✵✮❑▼❆❚❙❯❖✱ ❚ ❑❆❚❖✱ ▼ ❋❯❑❯❉❆ ❡ ◆ ❑❆❚❖✳ ❆❧t❡r❛t✐♦♥ ♦❢ ❤❡♠♦❣❧♦❜✐♥
♦①②❣❡♥❛t✐♦♥ ✐♥ t❤❡ ❢r♦♥t❛❧ r❡❣✐♦♥ ✐♥ ❡❧❞❡r❧② ❞❡♣r❡ss❡❞ ♣❛t✐❡♥ts ❛s ♠❡❛s✉r❡❞ ❜② ♥❡❛r✲✐♥❢r❛r❡❞
s♣❡❝tr♦s❝♦♣②✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ♥❡✉r♦♣s②❝❤✐❛tr② ❛♥❞ ❝❧✐♥✐❝❛❧ ♥❡✉r♦s❝✐❡♥❝❡s✱ ✶✷✭✹✮✿✹✻✺✕✹✼✶✳ ❈✐t❛❞♦ ♥❛

♣á❣✳ ✷

▼❆❚❚❍❊❲❙ ❡t ❛❧✳ ✭✷✵✵✽✮ ❋ ▼❆❚❚❍❊❲❙✱ ❇ ❆ P❊❆❘▲▼❯❚❚❊❘✱ ❚ ❊ ❲❆❘❉✱ ❈ ❙❖✲
❘❆●❍❆◆ ❡ ❈ ▼❆❘❑❍❆▼✳ ❍❡♠♦❞②♥❛♠✐❝s ❢♦r ❜r❛✐♥✲❝♦♠♣✉t❡r ✐♥t❡r❢❛❝❡s✳ ❙✐❣♥❛❧ Pr♦❝❡ss✐♥❣
▼❛❣❛③✐♥❡✱ ■❊❊❊✱ ✷✺✭✶✮✿✽✼✕✾✹✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳ ✷

▼❊❊❑ ❡t ❛❧✳ ✭✶✾✾✺✮ ❏ ❍ ▼❊❊❑✱ ❈ ❊ ❊▲❲❊▲▲✱ ▼ ❏ ❑❍❆◆✱ ❏ ❘❖▼❆❨❆✱ ❏ ❙ ❲❨❆❚❚✱ ❉ ❚
❉❊▲P❨ ❡ ❙ ❩❊❑■✳ ❘❡❣✐♦♥❛❧ ❝❤❛♥❣❡s ✐♥ ❝❡r❡❜r❛❧ ❤❛❡♠♦❞②♥❛♠✐❝s ❛s ❛ r❡s✉❧t ♦❢ ❛ ✈✐s✉❛❧ st✐♠✉❧✉s
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s✉❜tr❛❝t✐♦♥ ❛♥❣✐♦❣r❛♣❤② ✐♥ ❝❛r♦t✐❞ ❛rt❡r② st❡♥♦s✐s✿ ❆ s②st❡♠✐❝ r❡✈✐❡✇✳ ✸✹✿✶✸✷✹✕✸✷✳ ❈✐t❛❞♦ ♥❛ ♣á❣✳

✽✶

◆❊▼❖❚❖ ❡t ❛❧✳ ✭✷✵✵✵✮ ❊ ▼ ◆❊▼❖❚❖✱ ❍ ❨❖◆❆❙ ❡ ❆ ❑❆❙❙❆▼✳ ❈❧✐♥✐❝❛❧ ❡①♣❡r✐❡♥❝❡ ✇✐t❤
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❛❞❛♣t❛t✐♦♥s t❤❛t ♣r❡❞✐❝t ♦r ❡♥❤❛♥❝❡ ❛t❤❧❡t✐❝ ♣❡r❢♦r♠❛♥❝❡✳ ❙❝❛♥❞✐♥❛✈✐❛♥ ❥♦✉r♥❛❧ ♦❢ ♠❡❞✐❝✐♥❡ ✫
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t♦ ❝♦♠♣❧❡①✐t②✿ ❛ ♥♦✈❡❧ ♠♦❞❡❧ ♦❢ ✐♥t❡❣r❛t✐✈❡ ❝❡♥tr❛❧ ♥❡✉r❛❧ r❡❣✉❧❛t✐♦♥ ♦❢ ❡✛♦rt ❛♥❞ ❢❛t✐❣✉❡ ❞✉r✐♥❣
❡①❡r❝✐s❡ ✐♥ ❤✉♠❛♥s✿ s✉♠♠❛r② ❛♥❞ ❝♦♥❝❧✉s✐♦♥s✳ ❇r✐t✐s❤ ❥♦✉r♥❛❧ ♦❢ s♣♦rts ♠❡❞✐❝✐♥❡✱ ✸✾✭✷✮✿✶✷✵✕✶✷✹✳
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