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❉❡❞✐❝♦ ❡ss❛ ❞✐ss❡rt❛çã♦ ❛s ♣❡ss♦❛s q✉❡ ♠❡ ❛❥✉❞❛r❛♠ ❛♦ ❧♦♥❣♦ ❞❛ ♠✐♥❤❛ tr❛✲

❥❡tór✐❛✱ ❛s ♣❡ss♦❛s ♣♦❜r❡s q✉❡ ❞❡✐①❛r❛♠ s✉❛ ❝♦♠✉♥✐❞❛❞❡ ❛ss✐♠ ❝♦♠♦ ❡✉ ❡♠ ❜✉s❝❛

❞♦s s❡✉s s♦♥❤♦s✳ ❉❡❞✐❝♦ t❛♠❜é♠ ❛s ♣❡ss♦❛s q✉❡ ❞❡❝✐❞✐r❛♠ ❧✉t❛r ❝♦♥tr❛ ♦ s✐st❡♠❛ ❞❡

♠❛♥❡✐r❛ ❥✉st❛ ❡ ❤♦♥❡st❛ ♣❡rs❡✈❡r❛♥❞♦ ❡♠ ♣r♦❧ ❞❡ ✉♠ ♠✉♥❞♦ ♠❡❧❤♦r✳ ◆✉♥❝❛ ❞❡s✐st❛

❞♦ s❡✉ s♦♥❤♦✱ ♣♦✐s ❡ss❛ ❞✐ss❡rt❛çã♦ é ❛ ♠❛✐♦r ♣r♦✈❛ q✉❡ é ♣♦ssí✈❡❧ r❡❛❧✐③á✲❧♦✳

✐✐



✏◆✐♥❣✉é♠ ✈❛✐ ❜❛t❡r ♠❛✐s ❢♦rt❡ q✉❡ ❛ ✈✐❞❛✳ ◆ã♦ ✐♠♣♦rt❛ ❝♦♠♦ ✈♦❝ê ✈❛✐ ❜❛t❡r ❡ s✐♠

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

❢r❡♥t❡✳ ➱ ❛ss✐♠ q✉❡ s❡ ❣❛♥❤❛✳✑

✭❘♦❝❦② ❇♦❧❜♦❛✮

✐✐✐



❆❣r❛❞❡❝✐♠❡♥t♦s

Pr✐♠❡✐r❛♠❡♥t❡ à ❉❊❯❙ ♣♦✐s s❡♠ ❡❧❡ ♥❛❞❛ ❞✐ss♦ s❡r✐❛ ♣♦ssí✈❡❧✳ ❊❧❡ ❢♦✐ ♠❡✉ ✜❡❧

❛♠✐❣♦ ♥❡ss❛ ❝❛♠✐♥❤❛❞❛ ár❞✉❛ ♣❛r❛ r❡❛❧✐③❛çã♦ ❞❡ss❡ s♦♥❤♦✳

➚ ♠✐♥❤❛ ❢❛♠í❧✐❛ ✭♠❡✉ ♣❛✐ P❛✉❧♦✱ ♠✐♥❤❛ ♠ã❡ ▼❛r✐❛ ▲ú❝✐❛ ❡ ♠✐♥❤❛ ✐r♠ã

❚❤❛❧②♥❛r❛✮ ♣❡❧♦s ❝♦♥s❡❧❤♦s✱ ♦ ❛♣♦✐♦ ❡ ✐♥❝❡♥t✐✈♦ ♥♦s ♠❡✉s s♦♥❤♦s✳ ❊ss❛s ♣❡ss♦❛s

sã♦ ♦ ❛❧✐❝❡r❝❡ ❞❛ ♠✐♥❤❛ ✈✐❞❛ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❉❊❯❙ ❡ ♠✐♥❤❛ ♥❛♠♦r❛❞❛✳

➚ ♠✐♥❤❛ ♥❛♠♦r❛❞❛ P❛♠❡❧❛ ♣♦r ♥ã♦ t❡r t❡r♠✐♥❛❞♦ ❝♦♠✐❣♦✳ ❊❧❛ t❡✈❡ ♠✉✐t❛

♣❛❝✐ê♥❝✐❛ ❡♠ r❡❧❛çã♦ à ❞✐stâ♥❝✐❛ ❡ s❡♠♣r❡ ❢❡③ ❞❡ t✉❞♦ ♣❛r❛ ♥♦ss♦ r❡❧❛❝✐♦♥❛♠❡♥t♦✳

❊❧❛ é ❝♦♠♣❛♥❤❡✐r❛✱ s❡t❡ ❛♥♦s ❞❡ ❡str❛❞❛ ❝♦♠✐❣♦✱ ♠❡s♠♦ ❡st❛♥❞♦ ❧♦♥❣❡ ♠❡ ❛♣♦✐♦✉

❝♦♠ ❝♦♥s❡❧❤♦s ❡ ❝♦♥✈❡rs❛s ❡♠ ♣r♦❧ ❞♦ r❡❧❛❝✐♦♥❛♠❡♥t♦✳ ❊s♣❡r♦ q✉❡ t❡♥❤❛ ♣❛❝✐ê♥❝✐❛

♣❛r❛ ♦s ✹ ♦✉ ✻ ❛♥♦s ❞♦ ❞♦✉t♦r❛❞♦✳

➚ ♠✐♥❤❛ ❡①✲♦r✐❡♥t❛❞♦r❛ ❆❧❡ss❛♥❞r❛ ❞♦ ■❋ ❙❯❉❊❙❚❊ ▼● ❘✐♦ P♦♠❜❛✱ q✉❡

♥❛ ❣r❛❞✉çã♦ ❢♦✐ q✉❡♠ ♠❡ ✐♥❝❡♥t✐✈♦✉ ❛ ❢❛③❡r ♦ ♠❡str❛❞♦✳ ●r❛♥❞❡ ❛♠✐❣❛ q✉❡ ❧❡✈♦

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

q✉✐s❛❞♦r❡s✳

➚ ❢❛♠í❧✐❛ ❚❡♦❞♦r♦ ❡ ❇r❛❣❛♥ç❛ ✭❱ó ◆❡♥❡♠✱ ▼ã❡ ❉♦♥❛ ❱❡r❛✱ P❛✐ ❇✐♥❛❡❧ ❡

✐r♠ã♦s ▼❛r✐❛♥❛✱ ▲✉❝❛s ❡ ❏♦ã♦ ❱✐t♦r✮ ♣♦r ♠❡ ❛❞♦t❛r❡♠ ❡ s❡r❡♠ ♠✐♥❤❛ ❢❛♠í❧✐❛

q✉❛♥❞♦ ❛s ❝♦✐s❛s ✜❝❛r❛♠ ❞✐❢í❝❡✐s ❡♠ ❋❧♦r❡st❛❧✳

❆♦ ♠❡✉ ❛♠✐❣♦ P❛❜❧♦ ❛❧✉♥♦ ❞❡ ❣r❛❞✉❛çã♦ ❞❛ ❯❋▼● ♣❡❧❛ ♣❛r❝❡r✐❛✳ ❆♣r❡♥❞✐

♠✉✐t♦ ❝♦♠ ❡❧❡ s♦❜r❡ ❝♦✐s❛s ❞❛ ✈✐❞❛✱ ❚■ ❡ ◆❡t❋P●❆✳ ◗✉❛♥❞♦ ❛s ❝♦✐s❛s ❡st❛✈❛♠

❞✐❢í❝❡✐s ♥❛ ♣❡sq✉✐s❛ ❡ ❥á t✐♥❤❛ ❢❡✐t♦ ❞❡ t✉❞♦✱ ❡❧❡ ❢♦✐ q✉❡♠ ♠✉✐t❛s ❞❛s ✈❡③❡s ❞❡✉ ✉♠❛

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

❆♦ ♠❡✉ ♦r✐❡♥t❛❞♦r ❏♦sé ❆✉❣✉st♦ ▼✐r❛♥❞❛ ◆❛❝✐❢ ♣❡❧❛ ♦♣♦rt✉♥✐❞❛❞❡ ❡ ❡♥✲

s✐♥❛♠❡♥t♦s✳ ●r❛ç❛s ❛ ❡❧❡ ❡ ❛♦s ❞❡s❛✜♦s ✐♠♣♦st♦s t✐✈❡ ❛ ♦♣♦rt✉♥✐❞❛❞❡ ❞❡ ♠❡❧❤♦r❛r

❝♦♠♦ s❡r ❤✉♠❛♥♦✱ ❡✈♦❧✉✐r ❡ ✈❛❧♦r✐③❛r ❛✐♥❞❛ ♠❛✐s ❛s ❝♦✐s❛s ❜ás✐❝❛s ❞❛ ✈✐❞❛✳ P♦r ♠❛✐s

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

❢♦r♠❛çã♦✳

❆♦s ♠❡✉s ❝♦♦r✐❡♥t❛❞♦r❡s ❆❧❡① ❇♦r❣❡s ❱✐❡r❛ ❡▼❛r❝♦s ❆✉❣✉st♦ ▼❡♥❡③❡s

❱✐❡✐r❛ ♣❡❧❛ ♦♣♦rt✉♥✐❞❛❞❡✳ ❉❡s❞❡ ♦ té❝♥✐❝♦ s♦♥❤♦ ❡♠ tr❛❜❛❧❤❛r ❝♦♠ ♣❡sq✉✐s❛ ♥❛ ár❡❛

❞❡ r❡❞❡s ❞❡ ❝♦♠♣✉t❛❞♦r❡s✱ só ♥ã♦ ❡s♣❡r❛✈❛ q✉❡ t❡r✐❛ ❛ ♦♣♦rt✉♥✐❞❛❞❡ ❞❡ tr❛❜❛❧❤❛r

❝♦♠ ❧❡♥❞❛s ❞❛ ár❡❛✳

❆♦ ❝♦♠♣❛♥❤❡✐r♦ ❚❤❛❧❡s ♣❡❧❛ ♣❛r❝❡r✐❛ ♥❛s ❞✐s❝✐♣❧✐♥❛s✱ ♦ ❛♣♦✐♦ ❡ ❡♥s✐♥❛♠❡♥t♦s

s♦❜r❡ ❛ ✈✐❞❛✳

✐✈



❆♦s ♠❡✉s ❝♦❧❡❣❛s ❆❧✐s♦♥✱ ❈r✐st✐❛♥❡✱ ❋á❜✐♦✱ ❋❡❧✐♣❡✱ P❛ô❧❛✱ ❘❡♥❛♥✱ ▼❛r✲

❝♦s✱ ▼❛rq✉❡s✱ ❚✐❛❣♦ ❡ ❲✐❧❧✐❛♠ ♣❡❧❛ ❛❥✉❞❛ ♥❛s ❞✐s❝✐♣❧✐♥❛s ❡ trâ♠✐t❡s ❞♦ ♠❡s✲

tr❛❞♦✳

❆♦s ♠❡✉s ❛♠✐❣♦s ❞♦ ❧❛❜♦r❛tór✐♦ ▲❊❙❈ ❯❋❱ ❋❧♦r❡st❛❧ ✭❉❛♥✐❧♦ ✭❉❛♥✐❇♦②✮✱

❑r✐stt♦✛❡r ❡ ❝♦♠♣❛♥✐❛✮ ♣❡❧♦s ❡♥s✐♥❛♠❡♥t♦s✳ ❆♣r❡♥❞✐ ♠✉✐t♦ ❝♦♠ ✈♦❝ês✳

❆♦s té❝♥✐❝♦s ❈❡❧✐ ❡ ❘❡♥❛t♦ ❞♦ ❧❛❜♦r❛tór✐♦ ▲❊❙❈ ❯❋❱ ❋❧♦r❡st❛❧ ♣♦r t♦❞♦ ♦

s✉♣♦rt❡✳ ❖ ❘❡♥❛t♦ t♦r♥♦✉✲s❡ ✉♠ ❣r❛♥❞❡ ❛♠✐❣♦ q✉❡ ✈♦✉ ❧❡✈❛r ❝♦♠♦ ❡①❡♠♣❧♦ ❞❡ ✈✐❞❛✳

❆♣r❡♥❞✐ ❝♦♠ ❡❧❡ q✉❡ só é ♣♦ssí✈❡❧ r❡❛❧✐③❛r ✉♠ s♦♥❤♦ ❝♦♠ ❞❡❞✐❝❛çã♦✱ ♣❡rs❡✈❡r❛♥ç❛✱

♣❛❝✐ê♥❝✐❛ ❡ ❢é ❡♠ ❉❊❯❙✳

❆♦ ❚■ ❞❛ ❯❋❱ ❋❧♦r❡st❛❧✱ ❡♠ ❡s♣❡❝✐❛❧ ❛♦ ❘♦♠ár✐♦✱ ❆❢râ♥✐♦ ❡ ▲❡♦ ♣❡❧♦s s❡r✲

✈✐ç♦s ♣r❡st❛❞♦s✳ ❊❧❡s ❢♦r♥❡❝❡r❛♠ t♦❞♦ ♦ s✉♣♦rt❡ ♥❡❝❡ssár✐♦ ♣❛r❛ ♠✐♥❤❛ ♣❡sq✉✐s❛ ❡

❛t✐✈✐❞❛❞❡s ❞♦ ❧❛❜♦r❛tór✐♦✳

❆♦ Pr♦❢✳ ❏✉❣✉rt❛ ✭❡①✲❝♦♦r❞❡♥❛❞♦r ❞♦ ♠❡str❛❞♦✮ ❡ ❛♦ ❆❧t✐♥♦ ✭❙❡❝r❡tár✐♦ ❞♦

❉P■✮ ❞❛ ❯❋❱ ♣♦r t♦❞♦ ♦ s✉♣♦rt❡ ❡ ❛ss✐stê♥❝✐❛ ♥♦ ♠❡str❛❞♦✳

❆♦ Pr♦❢✳ ❘✐❝❛r❞♦ ❞❛ ❯❋❱ ♣❡❧♦s ❡♥s✐♥❛♠❡♥t♦s ❡♠ ❤❛r❞✇❛r❡ ❡ ♣♦r t❡r ♠❡

❞❡✐①❛❞♦ ❞❡ r❡❝✉♣❡r❛çã♦ ♥❛ ❞✐s❝✐♣❧✐♥❛ ❞❡ ❛rq✉✐t❡t✉r❛ ❞❡ ❝♦♠♣✉t❛❞♦r❡s✳ ●r❛ç❛s ❛
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❆✳✶✻ ●rá✜❝♦s ❈❉❋ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛✿ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞❡ ✷✸ ♠s ✲ ❛tr❛s♦

❛❧❡❛tór✐♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✶

❆✳✶✼ ●rá✜❝♦s ❈❉❋ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛✿ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞❡ ✷ ♠s ✲ ❛tr❛s♦ ✜①♦✳ ✳ ✼✶

❆✳✶✽ ●rá✜❝♦s ❈❉❋ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛✿ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞❡ ✹ ♠s ✲ ❛tr❛s♦ ✜①♦✳ ✳ ✼✷

❆✳✶✾ ●rá✜❝♦s ❈❉❋ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛✿ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞❡ ✽ ♠s ✲ ❛tr❛s♦ ✜①♦✳ ✳ ✼✷

❆✳✷✵ ●rá✜❝♦s ❈❉❋ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛✿ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞❡ ✷✸ ♠s ✲ ❛tr❛s♦ ✜①♦✳ ✼✸

❆✳✷✶ ●rá✜❝♦s ❈❉❋ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛✿ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞❡ ✷ ♠s ✲ ❛tr❛s♦ ❛❧❡❛tór✐♦✳ ✼✸

❆✳✷✷ ●rá✜❝♦s ❈❉❋ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛✿ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞❡ ✹ ♠s ✲ ❛tr❛s♦ ❛❧❡❛tór✐♦✳ ✼✹

❆✳✷✸ ●rá✜❝♦s ❈❉❋ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛✿ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞❡ ✽ ♠s ✲ ❛tr❛s♦ ❛❧❡❛tór✐♦✳ ✼✹

❆✳✷✹ ●rá✜❝♦s ❈❉❋ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛✿ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ✷✸ ♠s ✲ ❛tr❛s♦ ❛❧❡❛tór✐♦✳ ✼✺
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▲✐st❛ ❞❡ ❚❛❜❡❧❛s
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✹✳✸ ❉❛❞♦s ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛✿ ♠é❞✐❛ ✷✽ ✢✉①♦s ❛tr❛s♦ ❛❧❡❛tór✐♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶
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❘❡s✉♠♦

P❆❈❮❋■❈❖✱ ❘❛❝②✉s ❉❡❧❛♥♦ ●❛r❝✐❛✱ ▼✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ♦✉t✉❜r♦
❞❡ ✷✵✶✻✳ ❆rq✉✐t❡t✉r❛s ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦ ❡①❛t♦ ❡ ❛♣r♦✲
①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ❡♠ r❡❞❡s ❞❡ ❝♦♠♣✉t❛❞♦r❡s✳
❖r✐❡♥t❛❞♦r✿ ❏♦sé ❆✉❣✉st♦ ▼✐r❛♥❞❛ ◆❛❝✐❢✳ ❈♦♦r✐❡♥t❛❞♦r❡s✿ ❆❧❡① ❇♦r❣❡s ❱✐❡✐r❛ ❡
▼❛r❝♦s ❆✉❣✉st♦ ▼❡♥❡③❡s ❱✐❡✐r❛✳

❖ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ r❡❞❡s é ✉♠ ❝❛♠♣♦ ❛t✐✈♦ ❡♠ ♣❡sq✉✐s❛s ♥❛ ár❡❛ ❞❡ r❡❞❡s ❞❡ ❝♦♠✲

♣✉t❛❞♦r❡s✳ ❊♥tr❡t❛♥t♦✱ ❝♦♠ ❛ ♣r♦♣❛❣❛çã♦ ❞❛ ■♥t❡r♥❡t ❡ ❛ ❝r✐❛çã♦ ❞❡ ♥♦✈♦s s❡r✈✐ç♦s

❞❡ r❡❞❡✱ r❡❛❧✐③❛r t❛r❡❢❛s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ✉♠ ❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ trá❢❡❣♦ ❞❡ ♠❛✲

♥❡✐r❛ ❛❝✉r❛❞❛ ❡ ❡♠ t❡♠♣♦ r❡❛❧ t♦r♥♦✉✲s❡ ❛❧❣♦ ❝♦♠♣❧❡①♦ ❡ ❞✐❢í❝✐❧ ❞❡ s❡r r❡❛❧✐③❛❞♦✳ ■st♦

♦❝♦rr❡ ❞❡✈✐❞♦ ❛ ♠❛✐♦r✐❛ ❞❛s ❛❜♦r❞❛❣❡♥s tr❛❞✐❝✐♦♥❛✐s ❞❡ ♠❡❞✐çã♦ s❡r❡♠ ✐♠♣❧❡♠❡♥t❛✲

❞❛s ❡♠ s♦❢t✇❛r❡ ♥❛ ❡①tr❡♠✐❞❛❞❡ ❞❛ r❡❞❡✳ ❊st❛ ❛❜♦r❞❛❣❡♠ ❣❡r❛ ❛❧t♦ ❝✉st♦ ❡ ❞✐✜❝✉❧t❛

♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡✈✐❞♦ à ❝♦♥✜❣✉r❛çã♦ ❡ ✐♠♣❧❛♥t❛çã♦ ❞♦ s♦❢t✇❛r❡ ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡

❡♠ ❝❛❞❛ ♥ó✳ ▼❡❞✐r ❞❡ ♠❛♥❡✐r❛ ❛❝✉r❛❞❛ ❡ ❡♠ t❡♠♣♦ r❡❛❧ é ✐♠♣♦rt❛♥t❡✱ ♣♦✐s é ♣♦s✲

sí✈❡❧ ❞❡t❡❝t❛r ❢❛❧❤❛s ♥❛ r❡❞❡✱ ❛t❛q✉❡s ❡ ✈❡r✐✜❝❛r ❛ q✉❛❧✐❞❛❞❡ ❞❡ s❡r✈✐ç♦s ❢♦r♥❡❝✐❞♦s

♣❡❧♦s ♣r♦✈❡❞♦r❡s ❞❡ ■♥t❡r♥❡t ❡♠ t❡♠♣♦ r❡❛❧✳ ◆❡st❡ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛♠♦s ❞✉❛s ❛r✲

q✉✐t❡t✉r❛s ❞❡ ♠❡❞✐çã♦ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❡①❛t♦ ❡ ❛♣r♦①✐♠❛❞♦ ❞❛

♠étr✐❝❛ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s✳ ❆♠❜❛s ❛rq✉✐t❡t✉r❛s r❡❛❧✐③❛♠ t❛r❡❢❛s ❞❡

♠♦♥✐t♦r❛♠❡♥t♦ ❡♠ t❡♠♣♦ r❡❛❧ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦s ♥ós ❤♦s♣❡❞❡✐r♦s ❞❛ r❡❞❡ ❡ r♦❞❛♠

s♦❜r❡ ❛ ♣❧❛t❛❢♦r♠❛ ◆❡t❋P●❆ ✶●✳ ❖ ♦❜❥❡t✐✈♦ ❞❡st❡ tr❛❜❛❧❤♦ é ❝♦♠♣❛r❛r ❛ ❛❝✉rá❝✐❛

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

✉t✐❧✐③❛♠♦s ♦ ♣r♦❥❡t♦ ❖♣❡♥❋❧♦✇✳ ❊st❡♥❞❡♠♦s ❡st❡ ♣r♦❥❡t♦ ❡ r❡❛❧✐③❛♠♦s ♠❡❞✐çõ❡s

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

♠❡❞✐çã♦ ❞❡ r❡❣r❛s ❝♦♠ ❛❣r❡❣❛❞♦r ❞❡ ✢✉①♦✳ P❛r❛ ♦ ♣r♦tót✐♣♦ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦

❛♣r♦①✐♠❛❞♦✱ ❡st❡♥❞❡♠♦s ♦ ♣r♦❥❡t♦ ❘❡❢❡r❡♥❝❡ ◆✐❝✳ ❊st❡ ♣r♦❥❡t♦ ❢♦✐ tr❛♥s❢♦r♠❛❞♦ ❡♠

✉♠ ❢r❛♠❡✇♦r❦ ❞❡ ♠❡❞✐çã♦ q✉❡ ❡s❝❛❧❛ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ ♥ú♠❡r♦ ❞❡ ✢✉①♦s✳ ❈♦♠ ♦s

r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✱ ❛ ❛rq✉✐t❡t✉r❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡①❛t♦ ❛♣r❡s❡♥t❛ ✉♠❛ ❞✐❢❡r❡♥ç❛

r❡❧❛t✐✈❛ ❞❡ ✷✽ ✢✉①♦s q✉❛s❡ ♥✉❧❛ ❡♠ r❡❧❛çã♦ ❛ ✉♠ s♦❢t✇❛r❡ ♥❛ ❡①tr❡♠✐❞❛❞❡ ❞❛ r❡❞❡✳

■ss♦ s✐❣♥✐✜❝❛✱ q✉❡ ❛ ❛rq✉✐t❡t✉r❛ ♠❡❞❡ ❞❡ ♠❛♥❡✐r❛ ❛❝✉r❛❞❛ ❝♦♠♦ ✉♠❛ ❛♣❧✐❝❛çã♦ ♥❛

❢♦❧❤❛ ❞❛ r❡❞❡✱ ❝♦♠ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ ♥ã♦ s❡r ♥❡❝❡ssár✐♦ ✐♥str✉♠❡♥t❛r ♦s ♥ós ❤♦s♣❡❞❡✐r♦s✳

❆ ❛rq✉✐t❡t✉r❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❛♣r♦①✐♠❛❞♦✱ ❡♥tr❡t❛♥t♦✱ ❛♣r❡s❡♥t❛ ✉♠❛ ❞✐❢❡r❡♥ç❛

r❡❧❛t✐✈❛ ❞❡ ✶✪ ❛ ✷✵✪ ❞❡ ✷✳✵✵✵ ✢✉①♦s ❡♠ r❡❧❛çã♦ ❛♦ s♦❢t✇❛r❡✳ ❊st❛ ❛rq✉✐t❡t✉r❛ ♠❡❞❡

①✐✐



✉♠ ✈♦❧✉♠❡ ❞❡ ✢✉①♦s ✼✵ ✈❡③❡s ♠❛✐♦r q✉❡ ❛ ❛rq✉✐t❡t✉r❛ ❡①❛t❛ s❛❝r✐✜❝❛♥❞♦ ❛ ❛❝✉rá❝✐❛

♣❡❧❛ ❡s❝❛❜✐❧✐❞❛❞❡✳

①✐✐✐



❆❜str❛❝t

P❆❈❮❋■❈❖✱ ❘❛❝②✉s ❉❡❧❛♥♦ ●❛r❝✐❛✱ ▼✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ❖❝t♦❜❡r✱
✷✵✶✻✳ ❍❛r❞✇❛r❡ ❛r❝❤✐t❡❝t✉r❡s ❢♦r ❛❝❝✉r❛t❡ ❛♥❞ ❛♣♣r♦①✐♠❛t❡ ♠♦♥✐t♦r✐♥❣
♦❢ t❤❡ ♣❛❝❦❡ts ✐♥t❡r❛rr✐✈❛❧ t✐♠❡ ✐♥ ❝♦♠♣✉t❡r ♥❡t✇♦r❦s✳ ❆❞✈✐s❡r✿ ❏♦sé ❆✉✲
❣✉st♦ ▼✐r❛♥❞❛ ◆❛❝✐❢✳ ❈♦✲❆❞✈✐s❡r✿ ❆❧❡① ❇♦r❣❡s ❱✐❡✐r❛ ❛♥❞ ▼❛r❝♦s ❆✉❣✉st♦ ▼❡♥❡③❡s
❱✐❡✐r❛✳

◆❡t✇♦r❦ ♠♦♥✐t♦r✐♥❣ ✐s ❛♥ ❛❝t✐✈❡ r❡s❡❛r❝❤ ✜❡❧❞ ✐♥ ❝♦♠♣✉t❡r ♥❡t✇♦r❦s✳ ❍♦✇❡✈❡r✱ ✇✐t❤

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

t✐♠❡✱ ❛❝❝✉r❛t❡ ♠♦♥✐t♦r✐♥❣ ♦❢ ❤✐❣❤ ✈♦❧✉♠❡s ♦❢ ♥❡t✇♦r❦ tr❛✣❝ ✐s ❛ ❝❤❛❧❧❡♥❣✐♥❣ t❛s❦

♠❛✐♥❧② ❜❡❝❛✉s❡ tr❛❞✐t✐♦♥❛❧ ♠❡❛s✉r❡♠❡♥t str❛t❡❣✐❡s ❛r❡ ✐♠♣❧❡♠❡♥t❡❞ ✐♥ s♦❢t✇❛r❡ ❛t

t❤❡ ♥❡t✇♦r❦ ❡♥❞ ❤♦sts✳ ❚❤✐s str❛t❡❣② ❧❡❛❞s ❤✐❣❤ ❝♦sts ❛♥❞ ❞✐✣❝✉❧t✐❡s r❡❧❛t❡❞ t♦

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

❛❜✐❧✐t② t♦ ♣❡r❢♦r♠ ❛❝❝✉r❛t❡ ❛♥❞ r❡❛❧✲t✐♠❡ ♥❡t✇♦r❦ ♠❡❛s✉r❡♠❡♥t ✐s ✈❡r② ✐♠♣♦rt❛♥t

❛♥❞ ❡♥❛❜❧❡s t❤❡ ♣♦ss✐❜✐❧✐t② t♦ ❞❡t❡❝t ♥❡t✇♦r❦ ❢❛✉❧ts✱ ❛tt❛❝❦s✱ ❛♥❞ ❝❡rt✐❢② t❤❡ q✉❛❧✐t②

♦❢ ♥❡t✇♦r❦ s❡r✈✐❝❡ ♣r♦✈✐❞❡rs ✐♥ r❡❛❧ t✐♠❡✳ ■♥ t❤✐s ✇♦r❦ ✇❡ ♣r♦♣♦s❡ ✷ ❤❛r❞✇❛r❡ ♠❡❛✲

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

✐♥t❡r❛rr✐✈❛❧ t✐♠❡✳ ❇♦t❤ ❛r❝❤✐t❡❝t✉r❡s ♣❡r❢♦r♠ r❡❛❧ t✐♠❡ ♠♦♥✐t♦r✐♥❣ t❛s❦s t❤❛t ❞♦

♥♦t ❞❡♣❡♥❞ ♦♥ ❡♥❞ ❤♦sts ❛♥❞ ❛r❡ ❡①❡❝✉t❡❞ ❛t t❤❡ ◆❡t❋P●❆ ✶● ♣❧❛t❢♦r♠✳ ❚❤❡

♦❜❥❡❝t✐✈❡ ♦❢ t❤✐s ✇♦r❦ ✐s t♦ ❝♦♠♣❛r❡ ❛❝❝✉r❛❝② ❛♥❞ s❝❛❧❛❜✐❧✐t② ❜❡t✇❡❡♥ t❤❡ ♣r♦♣♦✲

s❡❞ ❛r❝❤✐t❡❝t✉r❡s✳ ■♥ ♦✉r ❡①❛❝t ♠❡❛s✉r❡♠❡♥t ♣r♦t♦t②♣❡ ✇❡ ❤❛✈❡ ✉s❡❞ t❤❡ ❖♣❡♥❋❧♦✇

♣r♦❥❡❝t✳ ❲❡ ❤❛✈❡ ❡①t❡♥❞❡❞ t❤✐s ♣r♦❥❡❝t t♦ ♣❡r❢♦r♠ ♠❡❛s✉r❡♠❡♥ts t❤❛t ✇❡r❡ ♥♦t ♣♦s✲

s✐❜❧❡ ✉s✐♥❣ tr❛❞✐t✐♦♥❛❧ str❛t❡❣✐❡s ❛s✱ ❢♦r ❡①❛♠♣❧❡✱ ♠❡❛s✉r✐♥❣ ❛❣❣r❡❣❛t❡ ✢♦✇s✳ ❋♦r t❤❡

❛♣♣r♦①✐♠❛t❡ ♠❡❛s✉r❡♠❡♥t ♣r♦t♦t②♣❡ ✇❡ ❤❛✈❡ ❡①t❡♥❞❡❞ t❤❡ ❘❡❢❡r❡♥❝❡ ◆✐❝ ♣r♦❥❡❝t✳

❚❤✐s ♣r♦❥❡❝t ❤❛s ❜❡❡♥ ♠♦❞✐✜❡❞ t♦ ❜❡❝♦♠❡ ❛ ♠❡❛s✉r❡♠❡♥t ❢r❛♠❡✇♦r❦ t❤❛t s❝❛❧❡s t♦

t❤♦✉s❛♥❞s ♦❢ ✢♦✇s✳ ❲❡ s❤♦✇ t❤❛t t❤❡ ❡①❛❝t ♠♦♥✐t♦r✐♥❣ ♠❡❛s✉r❡♠❡♥t ❛r❝❤✐t❡❝t✉r❡

♣r❡s❡♥ts ✈❛❧✉❡s t❤❛t ❛r❡ ✈❡r② ❝❧♦s❡ t♦ t❤❡ s♦❢t✇❛r❡ ♠❡❛s✉r❡♠❡♥ts ♣❡r❢♦r♠❡❞ ❛t t❤❡

❡♥❞ ❤♦sts ❢♦r ✷✽ ✢♦✇s✳ ❚❤✉s✱ ♦✉r ❛r❝❤✐t❡❝t✉r❡ ❛❝❝✉r❛t❡❧❧② ♠❡❛s✉r❡s t❤❡ tr❛✣❝ ❛t t❤❡

♥❡t✇♦r❦ ❧❡❛❢ ♥♦❞❡s ✇✐t❤ ♥♦ ♥❡❡❞ t♦ ✐♥str✉♠❡♥t t❤❡ ❡♥❞ ❤♦sts✳ ❍♦✇❡✈❡r✱ t❤❡ ❛♣♣r♦✲

①✐♠❛t❡ ♠♦♥✐t♦r✐♥❣ ❛r❝❤✐t❡❝t✉r❡ ♣r❡s❡♥ts ❛ r❡❧❛t✐✈❡ ❞✐✛❡r❡♥❝❡ ❢r♦♠ ✶✪ t♦ ✷✵✪ ✇❤❡♥

❝♦♠♣❛r❡❞ t♦ ❡♥❞ ❤♦st s♦❢t✇❛r❡ ♠❡❛s✉r❡♠❡♥t ❢♦r ✷✳✵✵✵ ✢♦✇s✳ ❚❤✐s ♠❡❛s✉r❡♠❡♥t

❛r❝❤✐t❡❝t✉r❡ ❝❛♥ ❤❛♥❞❧❡ ✼✵ t✐♠❡s ♠♦r❡ ✢♦✇s t❤❛♥ t❤❡ ❡①❛❝t ❛r❝❤✐t❡❝✉t✉r❡ s❛❝r✐✜❝✐♥❣

❛❝❝✉r❛❝② ❢♦r s❝❛❧❛❜✐❧✐t②✳

①✐✈



✶✳ ■♥tr♦❞✉çã♦ ❣❡r❛❧

❚❛r❡❢❛s ❞❡ ♠❡❞✐çã♦ sã♦ ♣♦♥t♦s ❝❤❛✈❡ ♣❛r❛ ❛ ❡♥❣❡♥❤❛r✐❛ ❞❡ trá❢❡❣♦ ♠♦✲

❞❡r♥❛ ❬❑❡❦❡❧② ❡t ❛❧✳✱ ✷✵✶✹❪✳ ❉❡s❞❡ ❛ ❞é❝❛❞❛ ♣❛ss❛❞❛✱ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ t❡♠ s✐❞♦

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

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

r❡❛❧ ❬❱❛♥ ❆❞r✐❝❤❡♠ ❡t ❛❧✳✱ ✷✵✶✹❪✳ ❊ss❛ ❝♦♠♣❧❡①✐❞❛❞❡ é ❛tr✐❜✉í❞❛ à ❡str✉t✉r❛ ❡stát✐❝❛

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

❞❡♠❛♥❞❛ ❞♦ ❛✉♠❡♥t♦ ❞♦ trá❢❡❣♦ ❝♦♠ ❛ ♣r♦♣❛❣❛çã♦ ❞❛ ■♥t❡r♥❡t ❡ ❛ ❝r✐❛çã♦ ❞❡ ♥♦✈♦s

s❡r✈✐ç♦s ❞❡ r❡❞❡✳ ◆❡st❡ ❝♦♥t❡①t♦✱ ❛ ♠❛✐♦r✐❛ ❞❛s ❛❜♦r❞❛❣❡♥s ❞❡ ♠❡❞✐çã♦ sã♦ r❡❛❧✐✲

③❛❞❛s ♣♦r s♦❢t✇❛r❡✱ ✐♥str✉♠❡♥t❛♥❞♦ ❛ ❡①tr❡♠✐❞❛❞❡ ❞❛ r❡❞❡✳ ■ss♦ ❣❡r❛ ❛❧t♦ ❝✉st♦ ❡

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

❛ s❡r ♠♦♥✐t♦r❛❞❛ ❬❑r❡✉t③ ❡t ❛❧✳✱ ✷✵✶✺❪✳

❚❛r❡❢❛s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ♣♦❞❡♠ s❡r ❝❧❛ss✐✜❝❛❞❛s ❝♦♠♦ ♠ét♦❞♦s ❞❡ ♠❡❞✐çã♦

❛t✐✈♦s ❡ ♣❛ss✐✈♦s✳ ❆♠❜♦s ♦s ♠ét♦❞♦s ❞❡ ♠❡❞✐çã♦ sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ♠♦♥✐t♦r❛r

♦ trá❢❡❣♦ ❞❛ r❡❞❡ ❡ t❛♠❜é♠ ❝♦❧❡t❛r ❡st❛tíst✐❝❛s✳ ◆♦ ♠ét♦❞♦ ❛t✐✈♦ sã♦ ✐♥s❡r✐❞♦s

♣❛❝♦t❡s ❛❞✐❝✐♦♥❛✐s ✭s♦♥❞❛s✮ ♥❛ r❡❞❡✳ ❊st❡s ♣❛❝♦t❡s s♦♥❞❛s sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❡st✐♠❛r

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

❞❡ ♣❛❝♦t❡s✳ ❖ ♠ét♦❞♦ ❞❡ ♠❡❞✐çã♦ ♣❛ss✐✈♦✱ ❛♦ ❝♦♥trár✐♦ ❞♦ ♠ét♦❞♦ ❛t✐✈♦✱ ♥ã♦ é

♥❡❝❡ssár✐♦ ❡♥✈✐❛r ♣❛❝♦t❡s s♦♥❞❛s✳ ❊st❡ ♠ét♦❞♦ é ♠❛✐s ❛❝✉r❛❞♦ q✉❡ ♦ ♠ét♦❞♦ ❛t✐✈♦✱

♣♦✐s ❛ ♠❡❞✐çã♦ é r❡❛❧✐③❛❞❛ ❧♦❝❛❧♠❡♥t❡ ♣♦r ♠♦♥✐t♦r❡s ❞❡ trá❢❡❣♦ ✐♥st❛❧❛❞♦s ♥❛ r❡❞❡✳

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

s♦♥❞❛s ❡♥✈✐❛❞♦s ♣❡❧♦ ♠ét♦❞♦ ❛t✐✈♦✳ ❆ ♣r✐♥❝✐♣❛❧ ❞❡s✈❛♥t❛❣❡♠ ❞❡st❡ ♠ét♦❞♦ ❡stá ♥♦

❝✉st♦ ❞❡ ✐♥st❛❧❛çã♦ ❞♦s ♠♦♥✐t♦r❡s ❬■s❤✐❜❛s❤✐ ❡t ❛❧✳✱ ✷✵✵✹❪✳

❊♠ s❡ tr❛t❛♥❞♦ ❞❡ ♠❡❞✐çõ❡s ♣❛ss✐✈❛s✱ ❡①✐st❡♠ ❞✐✈❡rs❛s ❡str❛té❣✐❛s ❞❡ ♠❡❞✐çã♦

q✉❡ ♣♦❞❡♠ s❡r ✐♠♣❧❡♠❡♥t❛❞❛s ♥♦s ❡❧❡♠❡♥t♦s ❞❡ r❡❞❡✳ ❈❛❞❛ ❡str❛té❣✐❛ é ✉t✐❧✐③❛❞❛

♣❛r❛ ✉♠❛ t❛r❡❢❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡s♣❡❝í✜❝❛✳ ❊①✐st❡♠ três t✐♣♦s ❞❡ ❡str❛té❣✐❛s q✉❡

♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r t❛r❡❢❛s ❞❡ ♠❡❞✐çã♦✿ ✭✐✮ ❝♦♥t❛❞♦r❡s ♣♦r ✢✉①♦❀

✭✐✐✮ ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❜❛s❡❛❞❛s ❡♠ ❤❛s❤ ❡ ✭✐✐✐✮ ❢r❛❣♠❡♥t♦s ❞❡ ❝ó❞✐❣♦ ♥❛ ❈P❯ ❞♦

❝♦♠✉t❛❞♦r✳ ❈♦♥t❛❞♦r❡s ♣♦r ✢✉①♦ ♣❡r♠✐t❡♠ ✉♠❛ ♠❡❞✐çã♦ ❛❝✉r❛❞❛✱ ♠❛s ❝♦♥s♦♠❡♠

r❡❝✉rs♦ ❞❡ ❈P❯✳ ❊str✉t✉r❛s ❞❡ ❞❛❞♦s ❜❛s❡❛❞❛s ❡♠ ❤❛s❤ r❡❛❧✐③❛♠ ♠❡❞✐çõ❡s ❛♣r♦✲

①✐♠❛❞❛s ❞❡ ✉♠ ❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ trá❢❡❣♦✳ ❊st❛ ❡str❛té❣✐❛ t❡♠ ❝♦♠♦ ❞❡s✈❛♥t❛❣❡♥s

♦ ❝✉st♦ ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❤❛r❞✇❛r❡ ❡ ♠❡♥♦r ❛❝✉rá❝✐❛ ♥❛s ♠❡❞✐çõ❡s ❡♠ r❡❧❛çã♦

❛♦s ❝♦♥t❛❞♦r❡s ♣♦r ✢✉①♦✳ ❋r❛❣♠❡♥t♦s ❞❡ ❝ó❞✐❣♦ ♥❛ ❈P❯ ❞♦ ❝♦♠✉t❛❞♦r ♣♦ss✐❜✐❧✐t❛♠

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

t❡♠♣♦✳ ❙✉❛s ♣r✐♥❝✐♣❛✐s ❞❡s✈❛♥t❛❣❡♥s ❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❝✉st♦ ❞❡ ✐♠♣❧❡♠❡♥t❛✲

✶
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çã♦✴❝♦♥✜❣✉r❛çã♦ ❡ à ❧✐♠✐t❛❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ❝♦♠✉t❛❞♦r ❬▼♦s❤r❡❢

❡t ❛❧✳✱ ✷✵✶✸❪✳

◆❡st❡ tr❛❜❛❧❤♦ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ♠ó❞✉❧♦s ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠❡❞✐çã♦ ❡①❛t❛

❡ ❛♣r♦①✐♠❛❞❛ ❞❡ ♠étr✐❝❛s ❞❡ r❡❞❡✳ ❊st❡s ♠ó❞✉❧♦s ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞♦s s♦❜r❡ ♦s

♣r♦❥❡t♦s ❖♣❡♥❋❧♦✇ ❬◆❛♦✉s ❡t ❛❧✳✱ ✷✵✵✽❪ ❡ ❘❡❢❡r❡♥❝❡ ◆✐❝ ❞✐s♣♦♥í✈❡✐s ♥♦ r❡♣♦s✐tór✐♦

❞❛ ♣❧❛t❛❢♦r♠❛ ◆❡t❋P●❆ ✶● ❬◆❡t❋P●❆✱ ✷✵✶✻❪✳ ❖ ♣r♦❥❡t♦ ❖♣❡♥❋❧♦✇ ❝♦♥s✐st❡ ❡♠

✉♠ ❝♦♠✉t❛❞♦r ❝♦♠ s✉♣♦rt❡ ❖♣❡♥❋❧♦✇ q✉❡ ❛♣❡♥❛s r❡❛❧✐③❛ ❛ ❝♦♥t❛❣❡♠ ❞♦ ♥ú♠❡r♦

❞❡ ♣❛❝♦t❡s ❡ ❜②t❡s ♣♦r ✢✉①♦ tr❛❢❡❣❛❞♦✳ P❛r❛ r❡❛❧✐③❛çã♦ ❞❛ ♠❡❞✐çã♦ ❡①❛t❛✱ ♦ ♣r♦❥❡t♦

❖♣❡♥❋❧♦✇ ❢♦✐ ❡st❡♥❞✐❞♦ ❝♦♠ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ❝♦♥t❛❞♦r❡s ♣♦r ✢✉①♦✳ ❈♦♠ ❛

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

❡♠ ✉♠❛ ❆P■ ❞❡ ♠❡❞✐çã♦ ❞❡ ♠étr✐❝❛s ❞❡ r❡❞❡✳ ❖ ♣r♦❥❡t♦ ❘❡❢❡r❡♥❝❡ ◆✐❝ ❝♦♥✜❣✉r❛

♦ ❤❛r❞✇❛r❡ ◆❡t❋P●❆ ❡♠ ✉♠❛ ✐♥t❡r❢❛❝❡ ❞❡ r❡❞❡ ❣✐❣❛❜✐t✳ ❊st❡ ♣r♦❥❡t♦ ❢♦✐ ✉t✐❧✐③❛❞♦

♣❛r❛ ♠❡❞✐çã♦ ❛♣r♦①✐♠❛❞❛✱ q✉❡ ❝♦♥s✐st❡ ❡♠ ♠❡❞✐r ✉♠ ❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ trá❢❡❣♦

s❛❝r✐✜❝❛♥❞♦ ❛ ❛❝✉rá❝✐❛ ❞❛ ♠❡❞✐çã♦✳ ❖ ♣r♦❥❡t♦ ❘❡❢❡r❡♥❝❡ ◆✐❝ ❢♦✐ ❡st❡♥❞✐❞♦ ❝♦♠ ❛

✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❜❛s❡❛❞❛s ❡♠ ❤❛s❤✳ ❯t✐❧✐③❛♠♦s ❡str✉t✉r❛s ❞❡

❞❛❞♦s ❇❧♦♦♠ ❋✐❧t❡rs ❛r♠❛③❡♥❛❞❛s ♥❛ ❙❘❆▼ ♣❛r❛ ♠❛r❝❛çã♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛

❞♦s ✢✉①♦s✳ ❆❧é♠ ❞✐ss♦✱ ❡st❡ ♣r♦❥❡t♦ ❢♦✐ tr❛♥s❢♦r♠❛❞♦ ❡♠ ✉♠ ❢r❛♠❡✇♦r❦ ❞❡ ♠❡❞✐çã♦

❡s❝❛❧á✈❡❧✱ q✉❡ é ❝❛♣❛③ ❞❡ ♠❡❞✐r ❛té ✷✳✵✵✵ ✢✉①♦s ❡♠ ✐♥t❡r✈❛❧♦s ♠❡♥♦r❡s ♦✉ ✐❣✉❛✐s ❛ ✶

s❡❣✉♥❞♦✳

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

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

t❛❞❛ ❡♠ ❛♠❜♦s ♦s ♣r♦tót✐♣♦s✳ ❊♠ r❡❧❛çã♦ à ✈❛❧✐❞❛çã♦ ❞♦s ♣r♦tót✐♣♦s✱ ❛tr❛s♦s ♣ré✲

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

♣♦r ✉♠ s♦❢t✇❛r❡ ♥❛ ❡①tr❡♠✐❞❛❞❡ ❞❛ r❡❞❡✳ ❚♦❞♦s ♦s t❡st❡s r❡❛❧✐③❛❞♦s ❢♦r❛♠ ✉t✐❧✐③❛✲

❞♦s ♣❛r❛ ✈❛❧✐❞❛r ♦s ♣r♦tót✐♣♦s ❡ t❛♠❜é♠ ❛♣r❡s❡♥t❛r ❛s ✈❛♥t❛❣❡♥s ❡ ❞❡s✈❛♥t❛❣❡♥s

❞❛s ❡str✉t✉r❛s ✐♠♣❧❡♠❡♥t❛❞❛s✳

✶✳✶ ❖❜❥❡t✐✈♦s

❖ ♦❜❥❡t✐✈♦ ❞❡st❡ tr❛❜❛❧❤♦ é ❝♦♠♣❛r❛r ❛ ❛❝✉rá❝✐❛ ❡ ❛ ❡s❝❛❜✐❧✐❞❛❞❡ ❞❡ ❛rq✉✐t❡t✉r❛s ❞❡

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

❡s♣❡❝í✜❝♦s ❢♦r❛♠ ❛t❡♥❞✐❞♦s✿

❼ ❉❡s❡♥✈♦❧✈❡r ✉♠❛ ❛rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠❡❞✐çã♦ ❛♣r♦①✐♠❛❞❛ ✉t✐❧✐✲

③❛♥❞♦ ❤❛s❤s ♣❛r❛ ♠❛r❝❛çã♦ ❞♦s ✢✉①♦s ❡♠ ❡str✉t✉r❛s ❇❧♦♦♠ ❋✐❧t❡rs❀

❼ ❊st❡♥❞❡r ✉♠ ❝♦♠✉t❛❞♦r ❝♦♠ s✉♣♦rt❡ ❖♣❡♥❋❧♦✇ ❡♠ ✉♠❛ ❆P■ ❞❡ ♠❡❞✐çã♦ ❞❡

♠étr✐❝❛s ❞❡ r❡❞❡❀
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❼ ❈r✐❛r ❡ ✐♥str✉♠❡♥t❛r ✉♠ s♦❢t✇❛r❡ ❞❡ ♠❡❞✐çã♦ ♥❛ ❢♦❧❤❛ ❞❛ r❡❞❡ ♣❛r❛ s❡ ❝♦♠✲

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

✶✳✷ ❘❡s✉❧t❛❞♦s ♦❜t✐❞♦s

◆♦s ❝❛♣ít✉❧♦s ❞❡ ✷ ❛ ✹ sã♦ ❞❡t❛❧❤❛❞♦s ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳ ❊st❡s ❝❛♣ít✉❧♦s ❢♦r❛♠

❡s❝r✐t♦s ♥♦ ❢♦r♠❛t♦ ❞❡ ❛rt✐❣♦✳ ◆♦ ❝❛♣ít✉❧♦ ✷ ❡ ✸ é ❞❡s❝r✐t❛ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡

♠♦♥✐t♦r❛♠❡♥t♦ ❡①❛t♦ q✉❡ ✉t✐❧✐③❛ ❝♦♥t❛❞♦r❡s ♣♦r ✢✉①♦✳ ◆♦ ❝❛♣ít✉❧♦ ✹ é ❞❡s❝r✐t❛ ✉♠❛

❛rq✉✐t❡t✉r❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❛♣r♦①✐♠❛❞♦ q✉❡ ✉t✐❧✐③❛ ❤❛s❤ ❡ ❇❧♦♦♠ ❋✐❧t❡rs✳ ◆♦

❛♣ê♥❞✐❝❡ ❆ é ❛♣r❡s❡♥t❛❞♦ ♦s ❣rá✜❝♦s ❈❉❋ ✭❈✉♠✉❧❛t✐✈❡ ❉✐str✐❜✉t✐♦♥ ❋✉♥❝t✐♦♥✮ ❞❛

♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ❞♦s r❡s✉❧t❛❞♦s ❞❛ ❛rq✉✐t❡t✉r❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❛♣r♦①✐♠❛❞♦✳ ❖

❛♣ê♥❞✐❝❡ ❆ é ✉♠❛ ❡st❡♥sã♦ ❞♦ ❝❛♣ít✉❧♦ ✹✳

✶✳✷✳✶ ❆rq✉✐t❡t✉r❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡①❛t♦

◆♦s ❝❛♣ít✉❧♦s ✷ ❡ ✸ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡ ♠❡❞✐çã♦ ❡①❛t❛ q✉❡ ✉t✐❧✐③❛

❞♦ ♣❛r❛❞✐❣♠❛ ❙❉◆ ✭❙♦❢t✇❛r❡ ❉❡✜♥❡❞ ◆❡t✇♦r❦✐♥❣✮ ❡ ❞❡ ❝♦♥t❛❞♦r❡s ♣♦r ✢✉①♦ ♣❛r❛

r❡❛❧✐③❛r ♠❡❞✐çã♦ ❛❝✉r❛❞❛ ❞♦s ✢✉①♦s tr❛❢❡❣❛❞♦s✳ ❖ ♦❜❥❡t✐✈♦ ❞❡st❡s tr❛❜❛❧❤♦s é ♠♦✲

❞✐✜❝❛r ✉♠ ❝♦♠✉t❛❞♦r ❝♦♠ s✉♣♦rt❡ ❖♣❡♥❋❧♦✇ ♣❛r❛ ♣♦❞❡r ♠❡❞✐r ♠étr✐❝❛s ❞❡ r❡❞❡✳

❉❡✈✐❞♦ às r❡str✐çõ❡s ❞❡ r❡❝✉rs♦ ❞♦ ❤❛r❞✇❛r❡✱ ♦ ♣r♦tót✐♣♦ ❞❡s❡♥✈♦❧✈✐❞♦ ❡♠ ❛♠❜♦s ♦s

tr❛❜❛❧❤♦s r❡❛❧✐③❛ ♠❡❞✐çã♦ ❞❡ ✷✽ ✢✉①♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ✐♥t❡r✈❛❧♦

❞❡✜♥✐❞♦ ♣❡❧♦ ✉s✉ár✐♦✳

❆s ♣r✐♥❝✐♣❛✐s ❝♦♥tr✐❜✉✐çõ❡s ❞❡st❡s tr❛❜❛❧❤♦s sã♦✿ ✭✐✮ ♣❡r♠✐t✐r ♦ ♠♦♥✐t♦r❛♠❡♥t♦

❞❛ r❡❞❡ s❡♠ t❡r q✉❡ ✐♥str✉♠❡♥t❛r ♦s ♥ós ❢♦❧❤❛s❀ ✭✐✐✮ ✈❡r✐✜❝❛r ❛s ❝♦♥❞✐çõ❡s ❞❡ ✉♠❛

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

r❡❞❡ ✭✐st♦ ♥ã♦ é ♣♦ssí✈❡❧ ❞❡ s❡r r❡❛❧✐③❛❞♦ ❝♦♠ ❛❜♦r❞❛❣❡♥s tr❛❞✐❝✐♦♥❛✐s✮❀ ✭✐✐✐✮ ♠❡❞✐r

♠étr✐❝❛s ❞❡ r❡❞❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s r❡❣r❛s ❡s♣❡❝✐✜❝❛❞❛s ♣❡❧♦ ❝♦♥tr♦❧❛❞♦r ❖♣❡♥❋❧♦✇

✭♣♦r ❡①❡♠♣❧♦✱ ♠❡❞✐r ❛♣❡♥❛s ♦s ✢✉①♦s ❝♦♠ ❞❡t❡r♠✐♥❛❞❛s ❝❛r❛❝t❡ríst✐❝❛s✮✳

❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❡♠ ❛♠❜♦s ♦s tr❛❜❛❧❤♦s ❞❡♠♦♥str❛r❛♠ q✉❡ ❛s ♠❡❞✐çõ❡s

❞♦ ♣r♦tót✐♣♦ ❡♠ ❤❛r❞✇❛r❡ ♣♦ss✉❡♠ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ♣ró①✐♠❛ ❞❡ ✵✪ ❡♠ r❡❧❛çã♦ ❛

♠❡❞✐çã♦ r❡❛❧✐③❛❞❛ ♣♦r s♦❢t✇❛r❡ ♥❛ ❡①tr❡♠✐❞❛❞❡ ❞❛ r❡❞❡✳ ■ss♦ ✐♠♣❧✐❝❛ q✉❡ ❛ ♠❡❞✐çã♦

❞❡s❡♠♣❡♥❤❛❞❛ ♣❡❧♦ ❤❛r❞✇❛r❡ ❡stá ♣ró①✐♠❛ ❞❛ ♠❡❞✐çã♦ r❡❛❧✐③❛❞❛ ♣❡❧♦ s♦❢t✇❛r❡ ♥❛

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

❡♠ t❡♠♣♦ r❡❛❧✳

❖ ❛rt✐❣♦ ❞♦ ❝❛♣ít✉❧♦ ✷ ✏▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡✑ ❢♦✐

❛♣r❡s❡♥t❛❞♦ ♥♦ ❳❳❳■❱ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦ ❞❡ ❘❡❞❡s ❞❡ ❈♦♠♣✉t❛❞♦r❡s ❡ ❙✐st❡♠❛s

❉✐str✐❜✉í❞♦s ✲ ❙❇❘❈ ✷✵✶✻✱ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪✳ ◆♦ ❝❛♣ít✉❧♦ ✸ ♦ ❛rt✐❣♦ ✏❍❛r❞✲



✶✳ ■♥tr♦❞✉çã♦ ❣❡r❛❧ ✹

✇❛r❡ ▼♦❞✉❧❡s ❢♦r P❛❝❦❡t ■♥t❡r❛rr✐✈❛❧ ❚✐♠❡ ▼♦♥✐t♦r✐♥❣ ❢♦r ❙♦❢t✇❛r❡ ❉❡✜♥❡❞ ▼❡❛✲

s✉r❡♠❡♥ts✑ q✉❡ é ✉♠❛ ✈❡rsã♦ r❡❞✉③✐❞❛ ❡ ♠❡❧❤♦r❛❞❛ ❞❡ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪ ❢♦✐

♣✉❜❧✐❝❛❞♦ ♥♦ ✹✶st ❆♥♥✉❛❧ ■❊❊❊ ❈♦♥❢❡r❡♥❝❡ ♦♥ ▲♦❝❛❧ ❈♦♠♣✉t❡r ◆❡t✇♦r❦s ✲ ▲❈◆

✷✵✶✻✱ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❜❪✳

✶✳✷✳✷ ❆rq✉✐t❡t✉r❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❛♣r♦①✐♠❛❞♦

◆♦ ❝❛♣ít✉❧♦ ✹ é ❛♣r❡s❡♥t❛❞♦ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡ ♠❡❞✐çã♦ ❛♣r♦①✐♠❛❞❛ q✉❡ ✉t✐❧✐③❛

❞❡ ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❜❛s❡❛❞❛s ❡♠ ❤❛s❤✳ ◆❡st❛ ❛rq✉✐t❡t✉r❛ é ✉t✐❧✐③❛❞♦ ❡str✉t✉✲

r❛s ❞❡ ❞❛❞♦s ❇❧♦♦♠ ❋✐❧t❡rs ❛r♠❛③❡♥❛❞❛s ♥❛ ❙❘❆▼ ♣❛r❛ ♠❛r❝❛çã♦ ❞♦ t❡♠♣♦ ❞❡

❝❤❡❣❛❞❛ ❞♦s ✢✉①♦s✳ ❖s ♦❜❥❡t✐✈♦s ♣r✐♥❝✐♣❛✐s ❞❡st❡ tr❛❜❛❧❤♦ sã♦✿ ✭✐✮ r❡❛❧✐③❛r ❛ ♠❡✲

❞✐çã♦ ❛♣r♦①✐♠❛❞❛ ❞❡ ✉♠ ❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ ✢✉①♦s ✉t✐❧✐③❛♥❞♦ ❤❛s❤s ❡ ❇❧♦♦♠ ❋✐❧t❡rs

✐♠♣❧❡♠❡♥t❛❞♦s s♦❜r❡ ❛ ♣❧❛t❛❢♦r♠❛ ◆❡t❋P●❆ ✶●❀ ✭✐✐✮ ❝♦♠♣❛r❛r à ❛❝✉rá❝✐❛ ❡ ❡s❝❛✲

❜✐❧✐❞❛❞❡ ❞❛ ❛rq✉✐t❡t✉t✉r❛ ❛♣r♦①✐♠❛❞❛ ❡♠ r❡❧❛çã♦ ❛ ❛rq✉✐t❡t✉r❛ ❡①❛t❛ ❞❡ ❬P❛❝í✜❝♦

❡t ❛❧✳✱ ✷✵✶✻❛❪✳

❖ ♣r♦tót✐♣♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♥❡st❡ tr❛❜❛❧❤♦ r❡❛❧✐③❛ ♠❡❞✐çõ❡s ❞❡ ❛té ✷✳✵✵✵ ✢✉①♦s

s✐♠✉❧t❛♥❡❛♠❡♥t❡ ❡♠ t❡♠♣♦ r❡❛❧ s❛❝r✐✜❝❛♥❞♦ ❛ ❛❝✉rá❝✐❛ ❞❛ ♠❡❞✐çã♦ ♣❡❧❛ ❡s❝❛❜✐❧✐✲

❞❛❞❡✳ ❊♠ r❡❧❛çã♦ ❛ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪ ❛ ❛rq✉✐t❡t✉r❛ ♣r♦♣♦st❛ ♠❡❞❡ ✼✵ ✈❡③❡s

♠❛✐s ✢✉①♦s✳ ❆s ♣r✐♥❝✐♣❛✐s ❝♦♥tr✐❜✉✐çõ❡s ❞❡st❡ tr❛❜❛❧❤♦ sã♦✿ ✭✐✮ ♠❡❞✐r ✉♠ ❣r❛♥❞❡

✈♦❧✉♠❡ ❞❡ ✢✉①♦s s❡♠ ♣r❡❝✐s❛r ✐♥str✉♠❡♥t❛r ❛s ❢♦❧❤❛s ❞❛ r❡❞❡✳ ✭✐✐✮ ✐♠♣❧❡♠❡♥t❛çã♦

❞❡ ❡str✉t✉r❛s ❜❛s❡❛❞❛s ❡♠ ❤❛s❤ ❡ ❇❧♦♦♠ ❋✐❧t❡rs ❡♠ ❤❛r❞✇❛r❡✳

❊st❡ ♣r♦tót✐♣♦ ❢♦✐ ❝♦♠♣❛r❛❞♦ ❝♦♠ ❛ ❛❜♦r❞❛❣❡♠ ❡♠ s♦❢t✇❛r❡ ❡ t❛♠❜é♠ ❛ ❬P❛❝í✲

✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪✳ ❈♦♠ ❜❛s❡ ♥❡ss❛ ❝♦♠♣❛r❛çã♦ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❞❡♠♦♥str❛r❛♠

q✉❡ ♦ ♣r♦tót✐♣♦ ♣r♦♣♦st♦ ❡s❝❛❧❛ ♣❛r❛ ✉♠ ❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ ✢✉①♦s✱ ♠❛s r❡❛❧✐③❛ ✉♠❛

♠❡❞✐çã♦ ♠❡♥♦s ❛❝✉r❛❞❛ ❡♠ r❡❧❛çã♦ à ♠❡❞✐çã♦ ❞❡s❡♠♣❡♥❤❛❞❛ ♣♦r ❬P❛❝í✜❝♦ ❡t ❛❧✳✱

✷✵✶✻❛❪ ❡ ♦ s♦❢t✇❛r❡ ♥❛ ❢♦❧❤❛ ❞❛ r❡❞❡✱ ❞❡✈✐❞♦ ♦ ♠ét♦❞♦ s❡r ❛♣r♦①✐♠❛❞♦✳

◆♦ ❝❛♣ít✉❧♦ ✹ é ❞❡s❝r✐t♦ ♦ ❛rt✐❣♦ ✏❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡

♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦ ❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s✑✳ ❖s r❡s✉❧✲

t❛❞♦s ❞❡st❡ ❛rt✐❣♦ ❢♦r❛♠ s✉❜♠❡t✐❞♦s ♥♦ ♣❡r✐ó❞✐❝♦ ❈♦♠♣✉t❡r ❛♥❞ ❈♦♠♠✉♥✐❝❛t✐♦♥s

◆❡t✇♦r❦s ✲ ❈❖▼❈❖▼✳



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡

❡♠ ❤❛r❞✇❛r❡
✶

❆❜str❛❝t

▼❡❛s✉r❡♠❡♥t ❛♥❞ tr❛❝❦✐♥❣ ❤❛✈❡ ❝r✉❝✐❛❧ r♦❧❡s ✐♥ ❙♦❢t✇❛r❡✲❉❡✜♥❡❞ ◆❡t✇♦r❦s

✭❙❉◆s✮✳ ❯♥❢♦rt✉♥❛t❡❧②✱ ♠♦st ♦❢ t❤❡s❡ t❡❝❤♥✐q✉❡s ❛r❡ ✐♠♣❧❡♠❡♥t❡❞ ✐♥ s♦❢t✇❛r❡ ❛t

♥❡t✇♦r❦ ❡♥❞✲❤♦sts✳ ❚❤✐s ❛♣♣r♦❛❝❤ ❣❡♥❡r❛t❡s ❤✐❣❤ ❝♦sts ❛♥❞ ♠❛❦❡s ♠♦♥✐t♦r✐♥❣ ♠♦r❡

❞✐✣❝✉❧t✳ ■♥ t❤✐s ♣❛♣❡r✱ ✇❡ ❡①t❡♥❞ ❙t❛♥❢♦r❞✬s ❖♣❡♥❋❧♦✇ s✇✐t❝❤ t♦ ✐♠♣❧❡♠❡♥t ❛ ♠❡❛✲

s✉r❡♠❡♥t ❛r❝❤✐t❡❝t✉r❡ ❢♦r ❙❉◆ ♥❡t✇♦r❦s✳ ❖✉r ❛r❝❤✐t❡❝t✉r❡ ♣❡r❢♦r♠s ♠❡❛s✉r❡♠❡♥ts

✐♥ ❛ s✐♠♣❧❡ ❛♥❞ s❝❛❧❛❜❧❡ ✇❛② ✇✐t❤♦✉t ❞❡♣❡♥❞✐♥❣ ♦♥ ❡♥❞✲❤♦sts✳ ■t ❛❧❧♦✇s ♠♦♥✐t♦r✐♥❣

t❤❡ ♣❡r❢♦r♠❛♥❝❡ ❛t t❤❡ ❣r❛♥✉❧❛r✐t② ♦❢ ✢♦✇s✳ ❲❡ ♣r♦t♦t②♣❡ ♦✉r ❛r❝❤✐t❡❝t✉r❡ ♦♥ t❤❡

◆❡t❋P●❆ ♣❧❛t❢♦r♠✳ ❆s ❛♥ ✐♥✐t✐❛❧ ❝❛s❡ st✉❞②✱ ✇❡ ✐♠♣❧❡♠❡♥t❡❞ ❛ ♠♦❞✉❧❡ t♦ ♠❡❛s✉r❡

♣❛❝❦❡t ✐♥t❡r❛rr✐✈❛❧ t✐♠❡s ❛♥❞ ❡✈❛❧✉❛t❡❞ ✐t ✐♥ ❛ t❤❡ ♣❛❝❦❡t ✐♥t❡r❛rr✐✈❛❧ t✐♠❡ ✐♥ ❛ r❡❛❧✐s✲

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

✭❝❧♦s❡ t♦ ✵✪✮ ❝♦♠♣❛r❡❞ t♦ ♠❡❛s✉r❡♠❡♥t ♣❡r❢♦r♠❡❞ ✐♥ s♦❢t✇❛r❡ ❛t ❡♥❞✲❤♦sts✳

❘❡s✉♠♦

❚❛r❡❢❛s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ♠❡❞✐çã♦ tê♠ ♣❛♣❡❧ ❝r✉❝✐❛❧ ❡♠ ❘❡❞❡s ❉❡✜♥✐❞❛s ♣♦r

❙♦❢t✇❛r❡ ✭❙❉◆s✮✳ ■♥❢❡❧✐③♠❡♥t❡✱ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ❣r❛♥❞❡ ♣❛rt❡ ❞❡st❛s té❝♥✐❝❛s é

r❡❛❧✐③❛❞❛ ♣♦r s♦❢t✇❛r❡ ♥❛s ❡①tr❡♠✐❞❛❞❡s ❞❛ r❡❞❡ ✭♥ós ❤♦s♣❡❞❡✐r♦s✮✳ ❚❛❧ ❛❜♦r❞❛❣❡♠

❣❡r❛ ❛❧t♦ ❝✉st♦ ❡ ❞✐✜❝✉❧t❛ ♦ ♠♦♥✐t♦r❛♠❡♥t♦✳ ◆❡st❡ ❛rt✐❣♦✱ ♥ós ❡st❡♥❞❡♠♦s ♦ ❝♦♠✉t❛✲

❞♦r ❖♣❡♥❋❧♦✇ ❞❡ ❙t❛♥❢♦r❞ ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡ ♠❡❞✐çõ❡s ❡♠ r❡❞❡s

❙❉◆✳ ❊st❛ ❛rq✉✐t❡t✉r❛ ♣♦❞❡ r❡❛❧✐③❛r ♠❡❞✐çõ❡s ❞❛s r❡❞❡s ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞♦s ♥ós

❤♦s♣❡❞❡✐r♦s ❞❡ ♠❛♥❡✐r❛ s✐♠♣❧❡s✱ ❡s❝❛❧á✈❡❧ ❡ ❜❛r❛t❛✳ ❆❧é♠ ❞✐ss♦✱ ❡❧❛ ♣❡r♠✐t❡ ♦❜s❡r✈❛r

♦ ❞❡s❡♠♣❡♥❤♦ ♥❛ ❣r❛♥✉❧❛r✐❞❛❞❡ ❞❡ ✢✉①♦s✳ ◆♦ss♦ ♣r♦tót✐♣♦ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ s♦❜r❡ ❛

♣❧❛t❛❢♦r♠❛ ◆❡t❋P●❆✳ ❈♦♠♦ ✐♥stâ♥❝✐❛ ✐♥✐❝✐❛❧✱ ♥ós ✐♠♣❧❡♠❡♥t❛♠♦s ✉♠ ♠ó❞✉❧♦ ♣❛r❛

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

♠♦str❛♠ q✉❡ ♥♦ss❛ ❛rq✉✐t❡t✉r❛ ❛♣r❡s❡♥t❛ ❜❛✐①❛ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ✭♣ró①✐♠❛ ❞❡ ✵✪✮

❡♠ r❡❧❛çã♦ às ♠❡❞✐çõ❡s ❞♦ s♦❢t✇❛r❡ ♥♦s ♥ós ❤♦s♣❡❞❡✐r♦s✳

✶◆❡st❡ ❝❛♣ít✉❧♦ é ❛♣r❡s❡♥t❛❞♦ ♦ ❛rt✐❣♦ ✧▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡✧✳ ❊st❡
❛rt✐❣♦ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❳❳❳■❱ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦ ❞❡ ❘❡❞❡s ❞❡ ❈♦♠♣✉t❛❞♦r❡s ❡ ❙✐st❡♠❛s ❉✐s✲
tr✐❜✉í❞♦s ✲ ❙❇❘❈ ✷✵✶✻✱ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪✳

✺



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✻

✷✳✶ ■♥tr♦❞✉çã♦

❖ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦ trá❢❡❣♦ é ✐♥❞✐s♣❡♥sá✈❡❧ ♣❛r❛ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠❡❝❛♥✐s♠♦s ❞❡

❡♥❣❡♥❤❛r✐❛ ❞❡ trá❢❡❣♦ ♥❛s r❡❞❡s ♠♦❞❡r♥❛s ❬❉❛♥✐❡❧ ❡t ❛❧✳✱ ✷✵✵✸❪✳ ❉❡s❞❡ ❛ ❞é❝❛❞❛ ♣❛s✲

s❛❞❛ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ trá❢❡❣♦ é ✉♠ ❝❛♠♣♦ ❛t✐✈♦ ❡♠ ♣❡sq✉✐s❛s ♥❛ ár❡❛ ❞❡ r❡❞❡s

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

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

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

✢✉①♦✱ ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❤❛s❤ ❡ ♣r♦❣r❛♠❛çã♦ ❞❡ ♣❡q✉❡♥♦s ❢r❛❣♠❡♥t♦s ❞❡ ❝ó❞✐❣♦

❛❞✐❝✐♦♥❛❞♦ ♥❛ ❈P❯ ❞♦ ❝♦♠✉t❛❞♦r ❬▼♦s❤r❡❢ ❡t ❛❧✳✱ ✷✵✶✸❪✳ ❆s t❛r❡❢❛s ❞❡ ♠❡❞✐çã♦

❜❛s❡❛❞❛s ❡♠ ❝♦♥t❛❞♦r❡s ❞❡ ✢✉①♦ ❝♦♥s♦♠❡♠ ♠✉✐t♦s r❡❝✉rs♦s ✭❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡

❈P❯✮ ❡♠ ✈✐rt✉❞❡ ❞❛ ❞❡♠❛♥❞❛ ❞♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ❞❡ ❣r❛♥✉❧❛r✐❞❛❞❡✳ ❖✉tr♦s t✐♣♦s

❞❡ té❝♥✐❝❛s ❝♦♠♦ ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❤❛s❤ ❡ ♣r♦❣r❛♠❛s ❞❡ ♠❡❞✐çã♦ ♥❛ ❈P❯ ♥❡❝❡ss✐✲

t❛♠ ❞❡ ❣r❛♥❞❡ ✐♥✈❡st✐♠❡♥t♦ ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❤❛r❞✇❛r❡ ❡ ♥❛ ❝♦♥✜❣✉r❛çã♦ ❞♦s

♣r♦❣r❛♠❛s ❞❡ ♠❡❞✐çã♦ ❬❱❛♥ ❆❞r✐❝❤❡♠ ❡t ❛❧✳✱ ✷✵✶✹❪✳

❖ ♣❛r❛❞✐❣♠❛ ❙❉◆ s✉r❣❡ ❝♦♠♦ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡ r❡❞❡ ❡♠❡r❣❡♥t❡ q✉❡ t❡♠

♦ ♦❜❥❡t✐✈♦ ❞❡ ❢❛❝✐❧✐t❛r ♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❛ r❡❞❡ ❡ t❛r❡❢❛s ❞❡ ♠❡❞✐çã♦ ❞❡ ♠❛♥❡✐r❛

♣r♦❣r❛♠á✈❡❧✳ ❊ss❡ ♣❛r❛❞✐❣♠❛ ❝♦♥s✐st❡ ♥❛ s❡♣❛r❛çã♦ ❞♦ ♣❧❛♥♦ ❞❡ ❞❛❞♦s ❞♦ ♣❧❛♥♦ ❞❡

❝♦♥tr♦❧❡ ❬❖◆❋✱ ✷✵✶✷❪✳ ❖ ♣❧❛♥♦ ❞❡ ❝♦♥tr♦❧❡ t❡♠ ❝♦♠♦ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡ ❣❡r❡♥❝✐❛r ♦s

❞✐s♣♦s✐t✐✈♦s ❞❛ r❡❞❡ ♣♦r s♦❢t✇❛r❡ ❞❡ ♠♦❞♦ ❝❡♥tr❛❧✐③❛❞♦ ❡ ♦ ♣❧❛♥♦ ❞❡ ❞❛❞♦s ❛♣❡♥❛s

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

✷✵✵✽❪✳ ❯t✐❧✐③❛♥❞♦ ❛ ❡str✉t✉r❛ ❞❡ ❙❉◆✱ ❛s t❛r❡❢❛s ❞❡ ♠❡❞✐çã♦ s❡ t♦r♥❛♠ ♠❛✐s ❜❛r❛t❛s✱

♣♦✐s ♥ã♦ é ♥❡❝❡ssár✐♦ ❣r❛♥❞❡ ✐♥✈❡st✐♠❡♥t♦ ♥♦ ❤❛r❞✇❛r❡ ♦✉ ❞❡ ❝♦♥✜❣✉r❛çã♦ ♥❛ r❡❞❡✳

❯♠ ❡①❡♠♣❧♦ ❞❡ ❛♣❧✐❝❛çã♦ ❙❉◆ é ♦ ❝♦♠✉t❛❞♦r ❖♣❡♥❋❧♦✇✳ ❊ss❡ ❝♦♠✉t❛❞♦r ✉t✐❧✐③❛

❝♦♥t❛❞♦r❡s ❞❡ ♣❛❝♦t❡s ❡ ❞❡ ❜②t❡s ♣♦r ✢✉①♦ tr❛❢❡❣❛❞♦✳ ❖ ❝♦♥❝❡✐t♦ ❞❡ ✢✉①♦ ♣♦❞❡ s❡r

r❡❞❡✜♥✐❞♦ ❞✐♥❛♠✐❝❛♠❡♥t❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡q✉✐s✐t♦s ❞❛ ❛♣❧✐❝❛çã♦ ❬❱❛♥ ❆❞r✐❝❤❡♠

❡t ❛❧✳✱ ✷✵✶✹❪✳

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

❋❧♦✇ ❬◆❡t❋P●❆✱ ✷✵✶✺❪ ♣❛r❛ ♠❡❞✐r ♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ❞♦s ✢✉①♦s

tr❛❢❡❣❛❞♦s✳ ❊ss❛ ♠étr✐❝❛ ❞♦ t❡♠♣♦ ❡♥tr❡ ♣❛❝♦t❡s ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞❛ ♥♦ ❤❛r❞✇❛r❡

◆❡t❋P●❆ ✶●✱ ♣❡r♠✐t✐♥❞♦ ❛❧t♦ ♣♦❞❡r ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ♣❛❝♦t❡s ❞❛ r❡❞❡ ❡ ♠❡✲

❞✐çã♦ ❞❡ ✢✉①♦s ❚❈P ❞❡ ♠❛♥❡✐r❛ ❛❝✉r❛❞❛✳ ◆♦ss❛ ❛rq✉✐t❡t✉r❛ ♣♦❞❡ s❡r ✈✐st❛ ❝♦♠♦

✉♠ ❝♦♥❝❡♥tr❛❞♦r ❞❡ r❡❞❡ q✉❡ r❡❛❧✐③❛ ♠❡❞✐çõ❡s ❞♦s ✢✉①♦s tr❛❢❡❣❛❞♦s ❡♠ ❤❛r❞✇❛r❡ ❡✱

❛ss✐♠✱ ❞✐s♣❡♥s❛ ♠❡❞✐çõ❡s ❡♠ s♦❢t✇❛r❡ ♥♦s ♥ós ❤♦s♣❡❞❡✐r♦s ❞❛ r❡❞❡✳ ❖ ♣r♦tót✐♣♦ ❢♦✐

t❡st❛❞♦ ♥✉♠❛ r❡❞❡ r❡❛❧✳ ❆tr❛s♦s ✈❛r✐á✈❡✐s ♣ré✲❞❡✜♥✐❞♦s ❢♦r❛♠ ✐♥s❡r✐❞♦s ♥♦ ❡♥✈✐♦ ❞❡

♣❛❝♦t❡s ❡ ❝♦♠♣❛r❛❞♦s ❝♦♠ ♦s ❛tr❛s♦s ♠❡❞✐❞♦s ♣♦r s♦❢t✇❛r❡✳ ❚♦❞♦s ♦s t❡st❡s ❢♦r❛♠



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✼

r❡❛❧✐③❛❞♦s ❝♦♠ ♦ ♣r♦♣ós✐t♦ ❞❡ ✈❛❧✐❞❛r ♦ ❝♦♠✉t❛❞♦r ❝♦♠ s✉♣♦rt❡ à ♠❡❞✐çã♦ ❞♦ t❡♠♣♦

❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s✳

❆s ♣r✐♥❝✐♣❛✐s ❝♦♥tr✐❜✉✐çõ❡s ❞❡st❡ tr❛❜❛❧❤♦ sã♦✿ ✭✐✮ ❞❡✜♥✐çã♦ ❞❛ ❛rq✉✐t❡t✉r❛

❞❡ ♠❡❞✐çã♦ ❞✐str✐❜✉í❞❛ ❞❡ ♠étr✐❝❛s ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡

✐♥str✉♠❡♥t❛çã♦ ❞♦s ♥ós ❤♦s♣❡❞❡✐r♦s❀ ✭✐✐✮ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛ ❛rq✉✐t❡t✉r❛ ♣r♦♣♦st❛

❡♠ ✉♠ ♣r♦tót✐♣♦ q✉❡ ✉t✐❧✐③❛ ✉♠ ❝♦♠✉t❛❞♦r ❙❉◆ ❞❡ ❝ó❞✐❣♦ ❛❜❡rt♦ ❡①❡❝✉t❛♥❞♦ ♥❛

♣❧❛t❛❢♦r♠❛ ◆❡t❋P●❆✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♠♦str❛♠ q✉❡ ❛s ♠❡❞✐çõ❡s r❡❛❧✐③❛❞❛s

♥♦ ♥♦ss♦ ♣r♦tót✐♣♦ ❛♣r❡s❡♥t❛♠ ❞✐❢❡r❡♥ç❛s r❡❧❛t✐✈❛s ♣ró①✐♠❛s ❞❡ ✵✪ ❡♠ r❡❧❛çã♦ às

♠❡❞✐çõ❡s ❡♠ s♦❢t✇❛r❡✳ ❘❡ss❛❧t❛♠♦s q✉❡ ♦ ❡st✉❞♦ é ✐♥é❞✐t♦ ❡ q✉❡ ♦✉tr❛s ❛❜♦r❞❛❣❡♥s

r❡❛❧✐③❛♠ ♠❡❞✐çõ❡s ❛♣r♦①✐♠❛❞❛s ♦✉ ❛♣❡♥❛s ❡♠ s♦❢t✇❛r❡✱ ♥ã♦ s❡♥❞♦ ♣♦ssí✈❡❧ ✉♠❛

❝♦♠♣❛r❛çã♦ ❞✐r❡t❛✳ P♦rt❛♥t♦✱ ❝♦♠♣❛r❛♠♦s ❝♦♠ ♦ ❝❛s♦ tr❛❞✐❝✐♦♥❛❧✱ ♠❡❞✐çã♦ ✜♠ ❛

✜♠ ❝♦♠ ❛ ❣❡r❛çã♦ ❞❡ ❝❛r❣❛ ♥❛ ♦r✐❣❡♠✳

❖ ❛rt✐❣♦ t❡♠ ❛ s❡❣✉✐♥t❡ ♦r❣❛♥✐③❛çã♦✿ ◆❛ s❡çã♦ ✷✳✷ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ♣r✐♥❝✐✲

♣❛✐s té❝♥✐❝❛s ❞❡ ♠❡❞✐çã♦ ❡♠ ❙❉◆✳ ❊♠ s❡❣✉✐❞❛ ✭s❡çã♦ ✷✳✸✮ sã♦ ❛❜♦r❞❛❞♦s ♦s ❞❡t❛❧❤❡s

❞❛ ❛rq✉✐t❡t✉r❛ ♣r♦♣♦st❛ ❡ ❞❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❝♦♠✉t❛❞♦r ❖♣❡♥❋❧♦✇ ♠♦❞✐✜❝❛❞♦

♥❛ ◆❡t❋P●❆✳ ◆❛ s❡çã♦ ✷✳✹ é ❞❡s❝r✐t♦ ♦ ❛♠❜✐❡♥t❡ ❞❡ t❡st❡s ❡ ❛ ♠❡t♦❞♦❧♦❣✐❛✳ ◆❛ s❡✲

çã♦ ✷✳✺ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ❞♦s t❡st❡s r❡❛✐s✳ ◆❛ s❡çã♦ ✸✳✺ sã♦ ❛❜♦r❞❛❞♦s

♦s tr❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s s♦❜r❡ ♠étr✐❝❛s ❞❡ ♠❡❞✐çã♦✱ té❝♥✐❝❛s ❡ ❢❡rr❛♠❡♥t❛s ♣❛r❛ r❡✲

❛❧✐③❛r ♠❡❞✐çõ❡s ❡♠ r❡❞❡s✳ ❋✐♥❛❧♠❡♥t❡✱ ♥❛ s❡çã♦ ✷✳✼ ❛♣r❡s❡♥t❛♠♦s ♥♦ss❛s ❝♦♥❝❧✉sõ❡s

❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳

✷✳✷ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❙❉◆

❉❡s❞❡ ❛ ❞é❝❛❞❛ ❞❡ ✶✾✼✵ ❛s t❡❝♥♦❧♦❣✐❛s ❞❡ r❡❞❡s tê♠ s♦❢r✐❞♦ ❣r❛♥❞❡s ♠♦❞✐✜❝❛çõ❡s✱

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

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

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

❢á❝✐❧ ❡ ❜❛r❛t❛ ♣❛r❛ ❣❡r❡♥❝✐❛r ❡ss❛s r❡❞❡s✳ ❆s r❡❞❡s ❙❉◆ s✉r❣✐r❛♠ ♣❛r❛ ♣r❡❡♥❝❤❡r ❡st❛

❧❛❝✉♥❛ ♥♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ r❡❞❡s✱ ❛❧é♠ ❞❡ ✢❡①✐❜✐❧✐③❛r ♦ r♦t❡❛♠❡♥t♦ ❞❡ ♣❛❝♦t❡s✳ ❊ss❛

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

♠ó✈❡✐s✱ ❞❛t❛ ❝❡♥t❡rs✱ s❡r✈✐ç♦s ❡♠ ♥✉✈❡♠✱ ✈✐rt✉❛❧✐③❛çã♦ ❬❈❛s❛❞♦ ❡t ❛❧✳✱ ✷✵✶✷❪✳

◆❛s r❡❞❡s ❙❉◆✱ ♦ ♣❧❛♥♦ ❞❡ ❞❛❞♦s é s❡♣❛r❛❞♦ ❞♦ ♣❧❛♥♦ ❞❡ ❝♦♥tr♦❧❡✳ ❆s ❢✉♥çõ❡s

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

t❡s sã♦ ❛❝♦♣❧❛❞❛s ♥♦s r♦t❡❛❞♦r❡s tr❛❞✐❝✐♦♥❛✐s✳ ❖ ♣❧❛♥♦ ❞❡ ❞❛❞♦s ❞❛s r❡❞❡s ❙❉◆ é

❝♦♠♣♦st♦ ♣♦r t❛❜❡❧❛s ❞❡ ✢✉①♦✳ ❖ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❛ ❡♥tr❛❞❛ ❞❡ ✢✉①♦ é ❢❡✐t♦ ♥❛

♠❡♠ór✐❛ ❚❈❆▼ ✭❚❡r♥❛r② ❈♦♥t❡♥t✲❆❞❞r❡ss❛❜❧❡ ▼❡♠♦r②✮ ❞♦ ❝♦♠✉t❛❞♦r✳ ❊ss❡ t✐♣♦



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✽

❞❡ ♠❡♠ór✐❛ ♣❡r♠✐t❡ ❛ ✐♥s❡rçã♦ ❞❡ r❡❣r❛s ❝♦♠ ❛❣r❡❣❛❞♦r ✯ ✭✇✐❧❞❝❛r❞✮✳ ❖ ♣❧❛♥♦ ❞❡

❞❛❞♦s ♥❛ ❛rq✉✐t❡t✉r❛ ❙❉◆ ❡♥❝❛♠✐♥❤❛ ♦s ♣❛❝♦t❡s ❝♦♠ ❜❛s❡ ♥❛s r❡❣r❛s ❞❡ ✢✉①♦ ✐♥s❡✲

r✐❞❛s ♥❛s t❛❜❡❧❛s ❞❡ ✢✉①♦ ♥♦ ❝♦♠✉t❛❞♦r ❬◆❛♦✉s ❡t ❛❧✳✱ ✷✵✵✽❪✳ ❊❧❡ t❛♠❜é♠ ♣♦❞❡ s❡r

r❡s♣♦♥sá✈❡❧ ♣♦r ♠♦♥✐t♦r❛r ♦s ✢✉①♦s ❡ ❝♦❧❡t❛r ❡st❛tíst✐❝❛s ❬❇r❛✉♥ ✫ ▼❡♥t❤✱ ✷✵✶✹❪✳ ❖

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

♣❡r♠✐t❡♠ ❛❞♠✐♥✐str❛❞♦r❡s ❞❡ r❡❞❡ ❞❡✜♥✐r r♦t❡❛♠❡♥t♦ ❞❡ ♣❛❝♦t❡s ♣♦r ✢✉①♦✳ ❚♦❞❛ ❛

❝♦♠♣❧❡①✐❞❛❞❡ ❞❛ r❡❞❡ é ❝♦❧♦❝❛❞❛ ♥♦ ❝♦♥tr♦❧❛❞♦r ❝❡♥tr❛❧✳ ❊ss❡ ❝♦♥tr♦❧❡ ❝❡♥tr❛❧✐③❛❞♦

♣♦ss✐❜✐❧✐t❛ ❛♦s ❛❞♠✐♥✐str❛❞♦r❡s ❣❡r❡♥❝✐❛r❡♠ r❡❝✉rs♦s ❞❛ r❡❞❡ ❡ ❞❡❝✐❞✐r❡♠ q✉❛✐s ✢✉✲

①♦s ❞❡✈❡♠ s❡r ♠♦♥✐t♦r❛❞♦s✳ ■ss♦ ❤❛❜✐❧✐t❛ ❛ ❡①♣❡r✐♠❡♥t❛çã♦ ❞❡ ♥♦✈♦s ♣r♦t♦❝♦❧♦s ❡♠

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

r❡❛❧ ❞♦ trá❢❡❣♦ ❡①♣❡r✐♠❡♥t❛❧ ❬◆❛♦✉s ❡t ❛❧✳✱ ✷✵✵✽❪✳

❆❝♦♣❧❛r ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ❞❡ ♠❡❞✐çã♦ ❡♠ r❡❞❡s ❙❉◆ é ✉♠❛ t❛r❡❢❛ q✉❡ t❡♠ ✐♥t❡✲

r❡ss❛❞♦ ❛ ❝♦♠✉♥✐❞❛❞❡ ❛❝❛❞ê♠✐❝❛✳ ❆ ♠❡❞✐çã♦ ❞❡ trá❢❡❣♦ ❡♠ r❡❞❡s ❙❉◆ ❝♦♥s✐st❡ ❡♠

❝♦❧❡t❛r ❡st❛tíst✐❝❛s ❞♦s ✢✉①♦s ❡♠ ❞✐✈❡rs♦s ♥í✈❡✐s ❞❡ ❣r❛♥✉❧❛r✐❞❛❞❡✱ s❛t✐s❢❛③❡♥❞♦ ❞✐❢❡✲

r❡♥t❡s t✐♣♦s ❞❡ ❛♣❧✐❝❛çã♦ ❡ ♠❛①✐♠✐③❛♥❞♦ ❛ ✉t✐❧✐③❛çã♦ ❞♦s r❡❝✉rs♦s ❞❛ r❡❞❡ ❬❨❛ss✐♥❡

❡t ❛❧✳✱ ✷✵✶✺❪✳ ❯♠ ❡①❡♠♣❧♦ s❡r✐❛ ❞❡t❡❝t❛r ♠✉❞❛♥ç❛s ♥♦ trá❢❡❣♦ ❞♦s ✢✉①♦s ❛❣r❡❣❛❞♦s

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

♦✉ ✐❞❡♥t✐✜❝❛r ♠✉❞❛♥ç❛s ♥♦ trá❢❡❣♦ ❡♠ ❡s❝❛❧❛ ❞❡ ♠✐❧✐s❡❣✉♥❞♦s ♣❛r❛ r❡❞✉③✐r ❛ ❧❛tê♥❝✐❛

❡♠ ❞❛t❛❝❡♥t❡rs ❬▼♦s❤r❡❢ ❡t ❛❧✳✱ ✷✵✶✸❪✳

❆s té❝♥✐❝❛s ❞❡ ♠❡❞✐çã♦ ♣♦❞❡♠ s❡r ❝❧❛ss✐✜❝❛❞❛s ❝♦♠♦ ♣❛ss✐✈❛s ♦✉ ❛t✐✈❛s✳ ❚é❝♥✐✲

❝❛s ♣❛ss✐✈❛s sã♦ ❝♦♥❤❡❝✐❞❛s ♣♦r ♠♦♥✐t♦r❛r ♦ trá❢❡❣♦ ❞❛ r❡❞❡ s❡♠ ✐♥❥❡t❛r ♥♦✈♦ trá❢❡❣♦

♦✉ ❛❢❡t❛r ♦ trá❢❡❣♦ ❡①✐st❡♥t❡✳ ❊ss❡ t✐♣♦ ❞❡ té❝♥✐❝❛ r❡❛❧✐③❛ ♠❡❞✐çõ❡s ❧♦❝❛✐s ❡ s✉❛ ♣r✐♥✲

❝✐♣❛❧ ❞❡s✈❛♥t❛❣❡♠ ❡stá ♥♦s ❝✉st♦s ❞❡ ✐♥st❛❧❛çã♦ ❞♦s ♠♦♥✐t♦r❡s ❞❡ trá❢❡❣♦ ♥❛ r❡❞❡✳

❬❱❛♥ ❆❞r✐❝❤❡♠ ❡t ❛❧✳✱ ✷✵✶✹❪✳ ❚é❝♥✐❝❛s ❞❡ ♠❡❞✐çã♦ ❛t✐✈❛s✱ ♣♦r ♦✉tr♦ ❧❛❞♦✱ ❡♥✈✐❛♠

trá❢❡❣♦ ❞❡ t❡st❡ ✭s♦♥❞❛s✮ ♣❛r❛ ❡st✐♠❛r ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✉t✐❧✐③❛çã♦ ❞❛ ❧❛r❣✉r❛ ❞❡

❜❛♥❞❛ ❞❛ r❡❞❡✳ ❆s s♦♥❞❛s ♣♦❞❡♠ ❛❢❡t❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ r❡❞❡✱ ♦ q✉❡ ✐♥t❡r❢❡r❡ ♥❛

❛❝✉rá❝✐❛ ❞❛s ♠❡❞✐çõ❡s ❬Pr❛s❛❞ ❡t ❛❧✳✱ ✷✵✵✸❪✳

❘❡❝❡♥t❡♠❡♥t❡✱ ❞✐✈❡rs♦s tr❛❜❛❧❤♦s tr❛t❛♠ ❞❡ ♣r♦❜❧❡♠❛s ❞❡❝♦rr❡♥t❡s ❞❛ ♠❡❞✐çã♦

❞❡ ❞❡s❡♠♣❡♥❤♦ ❡♠ ❙❉◆✳ ❆❧❣✉♠❛s ❞❡ss❛s s♦❧✉çõ❡s s❡rã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ s❡çã♦ ✸✳✺✳

✷✳✸ ❆rq✉✐t❡t✉r❛ ♣r♦♣♦st❛

❖ ❝♦♠✉t❛❞♦r ❖♣❡♥❋❧♦✇ ✉t✐❧✐③❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦ é s✐♠♣❧❡s✱ ❞❡ ❝ó❞✐❣♦ ❛❜❡rt♦ ❡ ♣r♦✲

❥❡t❛❞♦ ♣❛r❛ s❡r ❡①❡❝✉t❛❞♦ ♥❛ ♣❧❛t❛❢♦r♠❛ ◆❡t❋P●❆✳ ❆ ❡str✉t✉r❛ ❙❉◆ ✉t✐❧✐③❛❞❛ ♣♦r

❡st❡ ❝♦♠✉t❛❞♦r tr❛♥s❢❡r❡ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦s ♥ós ❞❛ r❡❞❡ ♣❛r❛ ✉♠ ♣♦♥t♦ ❝❡♥tr❛❧

❞❡ ❝♦♥tr♦❧❡✱ ❝♦♥tr✐❜✉✐♥❞♦ ♥❛ ❞❡t❡❝çã♦ ❞❡ ❢❛❧❤❛s ❡ q✉❛❧✐❞❛❞❡ ❞❛ ♠❡❞✐çã♦✳ ❈♦♠ ❡ss❛



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✾

❡str✉t✉r❛ é ♣♦ssí✈❡❧ ✐♥s❡r✐r r❡❣r❛s ❞❡ ✢✉①♦ ♣❛r❛ s❡r❡♠ ♠❡❞✐❞❛s ❞✐r❡t❛♠❡♥t❡ ♥♦ ❝♦✲

♠✉t❛❞♦r ❡ ❝❛♣t✉r❛r ♦ t❡♠♣♦ ❞❛s ♠❡❞✐çõ❡s ♣♦r ♣r♦❣r❛♠❛s ❡①❡❝✉t❛❞♦s ♥♦ ❡s♣❛ç♦ ❞❡

✉s✉ár✐♦ ❬◆❛♦✉s ❡t ❛❧✳✱ ✷✵✵✽❪✳

◆❡st❡ tr❛❜❛❧❤♦ ♠♦❞✐✜❝❛♠♦s ♦ ♣r♦❥❡t♦ ❞♦ ❝♦♠✉t❛❞♦r ❖♣❡♥❋❧♦✇ ❞❡ ❙t❛♥✲

❢♦r❞ ❬◆❛♦✉s ❡t ❛❧✳✱ ✷✵✵✽❪ ♣❛r❛ ♠❡❞✐r ♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ❞♦s ✢✉①♦s

tr❛❢❡❣❛❞♦s✳ ■♠♣❧❡♠❡♥t❛♠♦s ❛s ♠❡❞✐çõ❡s ❞❛ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛

❡♥tr❡ ♣❛❝♦t❡s✳ ◆♦ss❛ ✐♠♣❧❡♠❡♥t❛çã♦ ♠❡❞❡ ✷✽ ✢✉①♦s ❚❈P ❝♦♥❝♦rr❡♥t❡♠❡♥t❡ ❡♠ ✐♥✲

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

t❛①❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ♣❛❝♦t❡s✳ ❆ ❛rq✉✐t❡t✉r❛ t❛♠❜é♠ ❢❛③ ♠❡❞✐çõ❡s ♣❛r❛ t♦❞♦s

♦s ♣❛❝♦t❡s ❞♦ ✢✉①♦✱ s❡♠ ❛♠♦str❛❣❡♠✱ ❡ ❡s❝❛❧❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ r❡❣r❛s

s✉♣♦rt❛❞❛s ♣❡❧♦ ❝♦♠✉t❛❞♦r✳ ❚♦❞❛s ❛s r❡❣r❛s ❞❡ ✢✉①♦ sã♦ ✐♥s❡r✐❞❛s ❞✐r❡t❛♠❡♥t❡ ♥❛

♠❡♠ór✐❛ t❡r♥ár✐❛ ✭❚❈❆▼✮ ❞♦ ❝♦♠✉t❛❞♦r✳ ❆ ❚❈❆▼ ❞♦ ❤❛r❞✇❛r❡ ♣❡r♠✐t❡ ❛ ✐♥s❡rçã♦

❞❡ ✸✷ r❡❣r❛s ❞❡ ✢✉①♦s ❝♦♠ ❝❛♠♣♦s ❡①❛t♦s ❡ ❝♦r✐♥❣❛s ✭♣r❡✜①♦s✮✳ ❉❡st❛s ✸✷ r❡❣r❛s

r❡s❡r✈❛♠♦s ✷✽ ♣❛r❛ ♠❡❞✐çã♦ ❡ q✉❛tr♦ ♣❛r❛ ♦ ❡♥❝❛♠✐♥❤❛♠❡♥t♦ ❞❡ ♣❛❝♦t❡s ❆❘P ❞✐r❡✲

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

❞❡ r❡❛❧✐③❛r ♠❡❞✐çõ❡s q✉❡ ♥ã♦ ❡r❛♠ ♣♦ssí✈❡✐s ❞❡ ♠❛♥❡✐r❛ ✜♠✲❛✲✜♠✱ ♣♦r ❡①❡♠♣❧♦✱ ❛

♠❡❞✐çã♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ❞❡ ✢✉①♦s ❞❡ ✉♠❛ s✉❜r❡❞❡ ✉t✐❧✐③❛♥❞♦

r❡❣r❛s ❝♦♠ ❛❣r❡❣❛❞♦r ✯ ❞♦ ❖♣❡♥❋❧♦✇✳

❖ ♣✐♣❡❧✐♥❡ ❞♦ ♥♦ss♦ ♣❧❛♥♦ ❞❡ ❞❛❞♦s é ❞✐✈✐❞✐❞♦ ❡♠ q✉❛tr♦ ❡stá❣✐♦s✿ ❡①tr❛çã♦ ❞♦

✐❞❡♥t✐✜❝❛❞♦r ❞♦ ✢✉①♦ ❞♦ ♣❛❝♦t❡ ✭❍❡❛❞❡r P❛rs❡r✮✱ ❜✉s❝❛ ❞♦ ✐❞❡♥t✐✜❝❛❞♦r ❞❡ ✢✉①♦ ♥❛

❚❈❆▼ ✭❲✐❧❞❝❛r❞✮✱ ❝á❧❝✉❧♦ ❞❛s ♦♣❡r❛çõ❡s ❞❡ ♠❡❞✐çã♦ ✭▼❡❛s✉r❡✮ ❡ ❛r♠❛③❡♥❛♠❡♥t♦

❞❛s ♦♣❡r❛çõ❡s ❞❡ ♠❡❞✐çã♦ ♥❛ ❙❘❆▼ ✭❙❘❆▼ ✮✳ ❚♦❞♦s ♦s ❡stá❣✐♦s✱ ❡①❝❡t♦ ▼❡❛s✉r❡✱

♣❡rt❡❝❡♠ ❛♦ ♣r♦❥❡t♦ ❞♦ ❝♦♠✉t❛❞♦r ❖♣❡♥❋❧♦✇✳ ❊ss❡s ❡stá❣✐♦s ❢♦r❛♠ ❛❞❛♣t❛❞♦s ♣❛r❛

❞❛r s✉♣♦rt❡ à ♠❡❞✐çã♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s✳ ❖ ♣❧❛♥♦ ❞❡ ❝♦♥tr♦❧❡

❞❛ ❛rq✉✐t❡t✉r❛ é ❞✐✈✐❞✐❞♦ ❡♠ ❞✉❛s ❛♣❧✐❝❛çõ❡s✿ ♦ ❝♦♥tr♦❧❛❞♦r ❙❉◆ q✉❡ ✐♥s❡r❡ ❛s

r❡❣r❛s ❞♦s ✢✉①♦s ❛ s❡r❡♠ ♠❡❞✐❞♦s ❡ ♦ s♦❢t✇❛r❡ ❞❡ ♠❡❞✐çã♦ q✉❡ r❡❛❧✐③❛ ❛ ❧❡✐t✉r❛ ❞❛s

♠❡❞✐çõ❡s ♣r♦❝❡ss❛❞❛s ♣❡❧♦ ❤❛r❞✇❛r❡✳ ◆❛ ✜❣✉r❛ ✷✳✶ é ❛♣r❡s❡♥t❛❞♦ ❛ ❛rq✉✐t❡t✉r❛ ❞♦

♣r♦tót✐♣♦ ✐♠♣❧❡♠❡♥t❛❞♦✳

✷✳✸✳✶ P❧❛♥♦ ❞❡ ❞❛❞♦s

❖ ♣r♦❝❡ss♦ ❞❡ ♠❡❞✐çã♦ ♥♦ ♣❧❛♥♦ ❞❡ ❞❛❞♦s ❝♦♠❡ç❛ ❝♦♠ ❛ ❝❤❡❣❛❞❛ ❞❡ ✉♠ ♣❛❝♦t❡ ❚❈P

❛♦ ♠ó❞✉❧♦ q✉❡ ❛♥❛❧✐s❛ ♦ ❝❛❜❡ç❛❧❤♦ ✭❍❡❛❞❡r P❛rs❡r✮✳ ❊st❡ ♠ó❞✉❧♦ ❡①tr❛✐ ♦ ✐❞❡♥t✐✜✲

❝❛❞♦r ❞♦ ✢✉①♦ ❡ ♠❛r❝❛ ♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❞♦ ♣❛❝♦t❡ ✭❡♠ ❝✐❝❧♦s ❞❡ r❡❧ó❣✐♦✮ ❣❡r❛❞♦s

♣❡❧♦ ♠ó❞✉❧♦ ❝♦♥t❛❞♦r ❞❡ t❡♠♣♦ ✭❚✐♠❡ ❈♦✉♥t❡r✮✱ ❡ ♦s ❡♥✈✐❛ ♣❛r❛ ♦ ♠ó❞✉❧♦ ❞❡ ♠❡✲

❞✐çã♦ ✭▼❡❛s✉r❡✮✳ ❖ ♠ó❞✉❧♦ ❞❡ ♠❡❞✐çã♦ ✐♥s❡r❡ ❡ss❛s ❡♥tr❛❞❛s ❡♠ ✉♠❛ ✜❧❛ ✐♥t❡r♥❛✳

❊st❡ ♠ó❞✉❧♦ ♣r❡❝✐s❛ ❡s♣❡r❛r ❛ s❛í❞❛ ❞♦ ♠ó❞✉❧♦ ❞❡ ❜✉s❝❛ ❛♣r♦①✐♠❛❞❛ ✭❲✐❧❞❝❛r❞✮



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✶✵

❋✐❣✉r❛ ✷✳✶✿ ❆rq✉✐t❡t✉r❛ ❖♣❡♥❋❧♦✇ ❝♦♠ s✉♣♦rt❡ à ♠❡❞✐çã♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛
❡♥tr❡ ♣❛❝♦t❡s✳

♣❛r❛ ❞❡❝✐❞✐r s❡ ❞❡s❝❛rt❛ ♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡ ♦ ✐❞❡♥t✐✜❝❛❞♦r ❞♦ ✢✉①♦ ❞♦ ♣❛❝♦t❡

♦✉ s❡ ❝❛❧❝✉❧❛ ❛ ♠é❞✐❛ ❡ ❛ ✈❛r✐â♥❝✐❛✳ ❖ ♠ó❞✉❧♦ ❲✐❧❞❝❛r❞ ❝♦♠♣❛r❛ ♦ ✐❞❡♥t✐✜❝❛❞♦r

❞♦ ✢✉①♦ ❡①tr❛í❞♦ ❞♦ ♣❛❝♦t❡ ❝♦♠ ❛s r❡❣r❛s ❞❡ ♠❡❞✐çã♦ ❛r♠❛③❡♥❛❞❛s ♥❛ ♠❡♠ór✐❛ ❞♦

❝♦♠✉t❛❞♦r✳ ❆♣ós ❛ ❜✉s❝❛ s❡r ❝♦♠♣❧❡t❛❞❛✱ ♦ ♠ó❞✉❧♦ ▼❡❛s✉r❡ ❡♥✈✐❛ ✉♠ s✐♥❛❧ ✭❤✐t✮

✐♥❞✐❝❛♥❞♦ s❡ ❡♥❝♦♥tr♦✉ ✉♠ ✐❞❡♥t✐✜❝❛❞♦r ❞❡ ✢✉①♦ ❡ ❛ s✉❛ ♣♦s✐çã♦ ♥❛ ♠❡♠ór✐❛ ❞♦

❝♦♠✉t❛❞♦r✳

❆ ♣❛rt✐r ❞❡st❡ ♠♦♠❡♥t♦ ✐♥✐❝✐❛♠✲s❡ ♦s ❝á❧❝✉❧♦s ❞❛s ♦♣❡r❛çõ❡s ❞❡ ♠❡❞✐çã♦✳ ❆

♠étr✐❝❛ ✐♠♣❧❡♠❡♥t❛❞❛ ❝♦♥s✐st❡ ❡♠ r❡❝❡❜❡r ♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❞♦ ♣r✐♠❡✐r♦ ♣❛❝♦t❡

✭T1✮ ❞♦ ✢✉①♦ ✭Fj✮✱ ♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❞♦ s❡❣✉♥❞♦ ♣❛❝♦t❡ ✭T2✮ ❞♦ ✢✉①♦ ✭Fj✮ ❛té

♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❞♦ ❡♥és✐♠♦ ♣❛❝♦t❡ ✭Tn✮ ❞♦ ✢✉①♦ ✭Fj✮✳ Fj r❡❢❡r❡✲s❡ ❛♦s ✢✉①♦s

❛ s❡r❡♠ ♠❡❞✐❞♦s✱ t❛❧ q✉❡✱ j ✈❛r✐❛ ❞❡ ✶ ❛ ✷✽✳ ❆ ❝❛❞❛ ✐♥t❡r✈❛❧♦ ❡♥tr❡ ♣❛❝♦t❡s ❞♦

♠❡s♠♦ ✢✉①♦ é r❡❛❧✐③❛❞♦ ❛ ♦♣❡r❛çã♦ ❞❡ ❞✐❢❡r❡♥ç❛ dT ❂ Tc ✕ Ta✱ s❡♥❞♦✱ Tc ♦ t❡♠♣♦ ❞❡

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

sã♦ r❡❛❧✐③❛❞♦s ♦s ❝á❧❝✉❧♦s ❞♦ ❛❝ú♠✉❧♦ ❞❛ s♦♠❛ ❞❛ ❞✐❢❡r❡♥ç❛✱ Sj ❂ Sj ✰ dT ❡ ♦

❛❝ú♠✉❧♦ ❞❛ s♦♠❛ ❛♦ q✉❛❞r❛❞♦ ❞❛ ❞✐❢❡r❡♥ç❛✱ S2

j ❂ S2

j ✰ dT 2✳ P♦r ✜♠✱ ♦ ❝♦♥t❛❞♦r

❞❡ ♣❛❝♦t❡s ✢✉①♦ é ✐♥❝r❡♠❡♥t❛❞♦ ✭Nj✮✳

❆♣ós t♦❞♦s ♦s ❝á❧❝✉❧♦s t❡r❡♠ s✐❞♦ r❡❛❧✐③❛❞♦s✱ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s sã♦ s❛❧✈♦s

t❡♠♣♦r❛r✐❛♠❡♥t❡ ❡♠ ✉♠ ❜✉✛❡r ✐♥t❡r♥♦ ❞♦ ♠ó❞✉❧♦ ❞❡ ♠❡❞✐çã♦ ❡ ♥❛ ♠❡♠ór✐❛ ❙❘❆▼✳

❖ ❜✉✛❡r ♥♦ ♠ó❞✉❧♦ ❞❡ ♠❡❞✐çã♦ t❡♠ ✷✽ ❧✐♥❤❛s✳ ❊♠ ❝❛❞❛ ❧✐♥❤❛ é ❛r♠❛③❡♥❛❞♦ ❛

q✉❛♥t✐❞❛❞❡ ❞❡ ♣❛❝♦t❡s ♣♦r ✢✉①♦✱ ♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❞♦ ú❧t✐♠♦ ♣❛❝♦t❡✱ ❛ s♦♠❛

✭Sj✮ ❡ s♦♠❛ ❛♦ q✉❛❞r❛❞♦ ✭S2

j ✮ ❞♦s ❛❝ú♠✉❧♦s ❞♦s ✐♥t❡r✈❛❧♦s ❞♦s t❡♠♣♦s ❞❡ ❝❤❡❣❛❞❛

❞♦s ♣❛❝♦t❡s✳ ❆s ✷✽ ❧✐♥❤❛s ❞♦ ❜✉✛❡r ❡q✉✐✈❛❧❡♠ às ❧✐♥❤❛s ❞❛ ❚❈❆▼ às q✉❛✐s sã♦

✐♥s❡r✐❞❛s ❛s r❡❣r❛s✳ ◗✉❛♥❞♦ ♦❝♦rr❡ ✉♠ ❛❝❡rt♦ ✭❤✐t✮ ♥❛ ❜✉s❝❛✱ ♦ ❡♥❞❡r❡ç♦ ❞❡ ❛❝❡rt♦

❝♦rr❡s♣♦♥❞❡rá à ❧✐♥❤❛ ❞♦ ❜✉✛❡r ♥♦ q✉❛❧ ❞❡✈❡ s❡r ❢❡✐t❛ ❛ ❧❡✐t✉r❛ ❡ ❛ ❛t✉❛❧✐③❛çã♦ ❞❛s

✐♥❢♦r♠❛çõ❡s ❞♦ ✢✉①♦ ❞♦ ♣❛❝♦t❡✳ P♦r ❡①❡♠♣❧♦✱ s❡ ♦❝♦rr❡r ✉♠ s✐♥❛❧ ❞❡ ❛❝❡rt♦ ♥♦



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✶✶

❡♥❞❡r❡ç♦ ❝✐♥❝♦ ❞❛ ❚❈❆▼✱ ❛s ✐♥❢♦r♠❛çõ❡s ❞❛ ❧✐♥❤❛ ❝✐♥❝♦ ❞♦ ❜✉✛❡r sã♦ ❛t✉❛❧✐③❛❞❛s✳

❖ ❜✉✛❡r ❡✈✐t❛ q✉❡ ❛ ❙❘❆▼ s❡❥❛ ❛❝❡ss❛❞❛ ❝♦♥st❛♥t❡♠❡♥t❡✳ ❆s ♦♣❡r❛çõ❡s ❞❡ ❧❡✐t✉r❛

♥❛ ❙❘❆▼ ❣❛st❛♠ três ❝✐❝❧♦s ❞❡ r❡❧ó❣✐♦✱ ♦ q✉❡ ♣r❡❥✉❞✐❝❛ ♦ ❞❡s❡♠♣❡♥❤♦✳ ■ss♦ ♦❝♦rr❡

❞❡✈✐❞♦ ❛♦ t❡♠♣♦ q✉❡ ❛ ♠áq✉✐♥❛ ❞❡ ❡st❛❞♦s ❡s♣❡r❛ ♦ ❞❛❞♦ ❞❛ ♠❡♠ór✐❛ ❬●♦✉❧❛rt

❡t ❛❧✳✱ ✷✵✶✺❪✳

❈♦♠ ♦ r❡s✉❧t❛❞♦ ❞❛s ♦♣❡r❛çõ❡s s❛❧✈❛s ♥❛ ❙❘❆▼ ❡♥tr❛ ❡♠ ❛çã♦ ♦ s♦❢t✇❛r❡ ❞❡

♠❡❞✐çã♦ q✉❡ é ❡♥❝❛rr❡❣❛❞♦ ❞❡ t❡r♠✐♥❛r ❛ ♠❡❞✐çã♦ ❡ ❧❡r ✈✐❛ ✐♥t❡r❢❛❝❡ ❞❡ r❡❣✐str❛❞♦r❡s

♦s ✈❛❧♦r❡s ❝❛❧❝✉❧❛❞♦s ❞♦s ✢✉①♦s ❛r♠❛③❡♥❛❞♦s ♥❛ ❙❘❆▼✳ ❉❡✈✐❞♦ à ❧✐♠✐t❛çã♦ ❞♦ ♥ú✲

♠❡r♦ ❞❡ ❝é❧✉❧❛s ❧ó❣✐❝❛s ❞♦ ❤❛r❞✇❛r❡ ❡ ❛ ♣r❡❝✐sã♦ ❞❛ ♠❡❞✐çã♦ ❛s ♦♣❡r❛çõ❡s ❞❡ ❞✐✈✐sã♦

❞❛ ♠é❞✐❛ ✭❡q✉❛çã♦ ✷✳✶✮ ❡ ✈❛r✐â♥❝✐❛ ✭❡q✉❛çã♦ ✷✳✷✮ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ♥♦ s♦❢t✇❛r❡ ❞❡

♠❡❞✐çã♦✳ ◆❛ ✜❣✉r❛ ✷✳✷ é ❛♣r❡s❡♥t❛❞♦ ♦ ❝❛♠✐♥❤♦ ❞❡ ❞❛❞♦s ❞♦ ❝♦♠✉t❛❞♦r ❖♣❡♥❋❧♦✇

❝♦♠ s✉♣♦rt❡ ❛ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s✳ ➱ ✐♠♣♦rt❛♥t❡

r❡ss❛❧t❛r q✉❡ ❛ ❛rq✉✐t❡t✉r❛ ♣r♦♣♦st❛ é ❣❡♥ér✐❝❛ ❡ ♣❡r♠✐t❡ q✉❡ ♦✉tr❛s ♠étr✐❝❛s s❡❥❛♠

✐♠♣❧❡♠❡♥t❛❞❛s✱ ❞❡s❞❡ q✉❡ ♦ ❤❛r❞✇❛r❡ s✉♣♦rt❡✳ ❯♠ ❡①❡♠♣❧♦ s❡r✐❛ ❡st✐♠❛r ❛ t❛①❛

❞❡ tr❛♥s♠✐ssã♦ ❞❡ ✉♠ ✢✉①♦ ❜❛s❡❛❞♦ ♥♦ t❛♠❛♥❤♦ ❞♦ ♣❛❝♦t❡ ✉t✐❧✐③❛♥❞♦ ❛ ♠é❞✐❛ ❡

✈❛r✐â♥❝✐❛ ❝❛❧❝✉❧❛❞❛ ♣❡❧♦ ♠ó❞✉❧♦ ▼❡❛s✉r❡✳

mediaj =

∑Nj

i=1
dTi

(Nj − 1)
, 1 ≤ j ≤ 28 ✭✷✳✶✮

varianciaj =

∑Nj

i=1
(dTi)

2 − (
∑Nj

i=1
dTi)

2/Nj

(Nj − 1)
, 1 ≤ j ≤ 28 ✭✷✳✷✮

❆t✉❛❧♠❡♥t❡ ❡①✐st❡♠ ♠♦❞❡❧♦s ❞❡ ♣❧❛t❛❢♦r♠❛s ◆❡t❋P●❆ ❝♦♠ ❋P●❆s ❞❡ ♠❛✐♦r

❝❛♣❛❝✐❞❛❞❡✱ ♣♦r ❡①❡♠♣❧♦✱ ❛ ❈▼▲ ❬❈▼▲✱ ✷✵✶✺❪ ❡ ❛ ❙❯▼❊ ❬❙❯▼❊✱ ✷✵✶✺❪✳ P❛r❛

❡❢❡✐t♦s ❞❡ ❝♦♠♣❛r❛çã♦✱ ♦ ♠♦❞❡❧♦ ❙❯▼❊ ✭❋P●❆ ❱✐rt❡①✲✼✮ ♣♦ss✉✐ ✶✸① ♠❛✐s r❡❝✉rs♦s

q✉❡ ♦ ♠♦❞❡❧♦ ✶●✱ ✉t✐❧✐③❛❞♦ ♥❡ss❡ tr❛❜❛❧❤♦✱ ♣❡r♠✐t✐♥❞♦ ♠♦♥✐t♦r❛r ❛té ✹✶✻ ✢✉①♦s

❝♦♥❝♦rr❡♥t❡♠❡♥t❡✳

✷✳✸✳✷ P❧❛♥♦ ❞❡ ❝♦♥tr♦❧❡

❖ ♣❧❛♥♦ ❞❡ ❝♦♥tr♦❧❡ é ❞✐✈✐❞✐❞♦ ❡♠ ❞✉❛s ♣❛rt❡s✱ ❝♦♥tr♦❧❛❞♦r ❡ s♦❢t✇❛r❡ ❞❡ ♠❡❞✐çã♦✳ ❖

❝♦♥tr♦❧❛❞♦r t❡♠ ❝♦♠♦ ❢✉♥çã♦ ✐♥s❡r✐r ♥❛ ❚❈❆▼ ❞♦ ❝♦♠✉t❛❞♦r ❛s r❡❣r❛s q✉❡ ❞❡✈❡♠

s❡r ♠❡❞✐❞♦s ❡ ❞✐③❡r ❛♦ ❝♦♠✉t❛❞♦r ❝♦♠♦ ♦s ♣❛❝♦t❡s s❡rã♦ ❡♥❝❛♠✐♥❤❛❞♦s✳ ◆♦ ♣r♦tót✐♣♦

❞❡s❡♥✈♦❧✈✐❞♦ ♦ ❝♦♥tr♦❧❛❞♦r ❢♦✐ ♣r♦❣r❛♠❛❞♦ ♣❛r❛ ♠❡❞✐r ✷✽ ✢✉①♦s ❚❈P ❡ ❡♥❝❛♠✐♥❤❛r

♦s ♣❛❝♦t❡s q✉❡ ♣❡rt❡♥❝❡♠ ❛ ✉♠ ✢✉①♦ ♣❛r❛ ♦ t❡r♠✐♥❛❧ ❇✳ ❆ ❡s♣❡❝✐✜❝❛çã♦ ❞❛s r❡❣r❛s

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

❧ê ✉♠ ❛rq✉✐✈♦ ❝♦♠ ✷✽ r❡❣r❛s ❡ ❛s ✐♥s❡r❡ ♥❛ ❚❈❆▼✳ P❛r❛ ♠♦❞✐✜❝❛r ❛s r❡❣r❛s ❞♦s

✢✉①♦s q✉❡ ❞❡✈❡♠ s❡r ♠❡❞✐❞♦s é ♥❡❝❡ssár✐♦ ❛♣❡♥❛s ❛❧t❡r❛r ♦ ❛rq✉✐✈♦ ❝♦♠ ❛s r❡❣r❛s ❡



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✶✷

❋✐❣✉r❛ ✷✳✷✿ ❈❛♠✐♥❤♦ ❞❡ ❞❛❞♦s ❖♣❡♥❋❧♦✇ ❝♦♠ s✉♣♦rt❡ ❛ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ❞♦ t❡♠♣♦
❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s✳

r❡✐♥✐❝✐❛r ♦ ♣r♦❝❡ss♦ r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ❝♦♥tr♦❧❛❞♦r✳ ❊♠ ❙❉◆ ❡①✐st❡♠ ✈ár✐♦s t✐♣♦s ❞❡

❝♦♥tr♦❧❛❞♦r❡s ❝♦♠ s✉❛s r❡s♣❡❝t✐✈❛s ❝❛r❛❝t❡ríst✐❝❛s✳ ❯t✐❧✐③❛♠♦s ♦ ❝♦♥tr♦❧❛❞♦r P❖❳

❬❖♣❡♥◆❡t✇♦r❦✐♥❣▲❛❜✱ ✷✵✶✺❪✳ ❊ss❡ ❝♦♥tr♦❧❛❞♦r é ❜❛s❡❛❞♦ ♥❛ ❧✐♥❣✉❛❣❡♠ P②t❤♦♥ ❡ é

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

❊st❡♥❞❡♠♦s ♦ ♣❧❛♥♦ ❞❡ ❝♦♥tr♦❧❡ ❝r✐❛♥❞♦ ✉♠ s♦❢t✇❛r❡ ❞❡ ♠❡❞✐çã♦✳ ❖ s♦❢t✇❛r❡

❞❡ ♠❡❞✐çã♦ t❡r♠✐♥❛ ♦ ♣r♦❝❡ss♦ ❞❡ ♠❡❞✐çã♦ r❡❛❧✐③❛♥❞♦ ♦ ❝á❧❝✉❧♦ r❡s✉❧t❛♥t❡ ❞❛ ♠é❞✐❛

❡ ✈❛r✐â♥❝✐❛ ❞♦s ✷✽ ✢✉①♦s✳ ❊ss❡ s♦❢t✇❛r❡ ❧ê ♦s ✈❛❧♦r❡s ❞❛s ♦♣❡r❛çõ❡s ❞❛ ♠é❞✐❛ ❡ ✈❛r✐✲

â♥❝✐❛ ♣r♦❝❡ss❛❞❛s ♥♦ ❤❛r❞✇❛r❡ ✈✐❛ ✐♥t❡r❢❛❝❡ ❞❡ r❡❣✐str❛❞♦r❡s ❝♦♠ ❜❛s❡ ♥♦ ✐♥t❡r✈❛❧♦

❞❡✜♥✐❞♦ ♣❡❧♦ ✉s✉ár✐♦✳ ❆ ❝❛❞❛ ❧❡✐t✉r❛✱ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ❞♦s ✷✽ ✢✉①♦s sã♦ ❝❛❧❝✉❧❛❞❛s

❡ ❛r♠❛③❡♥❛❞❛s ❡♠ ✉♠ ❛rq✉✐✈♦ ❝♦♠ ❛ ❞❛t❛ ❡ ❛ ❤♦r❛ ❞❛ ♠❡❞✐çã♦✳



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✶✸

✷✳✹ ❆✈❛❧✐❛çã♦

◆❡st❛ s❡çã♦ ❛♣r❡s❡♥t❛♠♦s ♦ ❛♠❜✐❡♥t❡ ❞♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s ❝♦♠ ♦ ♣r♦tót✐♣♦

❞♦ ❝♦♠✉t❛❞♦r ❖♣❡♥❋❧♦✇ ❝♦♠ s✉♣♦rt❡ à ♠❡❞✐çã♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦✲

t❡s✳ ◆♦ss♦ ♦❜❥❡t✐✈♦ é ❝♦♠♣❛r❛r ❛ ❛❝✉rá❝✐❛ ❞❛s ♠❡❞✐çõ❡s r❡❛❧✐③❛❞❛s ❡♠ ❤❛r❞✇❛r❡ ❡

s♦❢t✇❛r❡ ❝♦♠ ♦ ♣r♦♣ós✐t♦ ❞❡ ✈❛❧✐❞❛r ❛ ♠❡❞✐çã♦ ❞♦ ♣r♦tót✐♣♦✳

✷✳✹✳✶ ❉❡s❝r✐çã♦ ❞♦ ❛♠❜✐❡♥t❡ ❞❡ t❡st❡s

❖ ❝❡♥ár✐♦ ❞❡ t❡st❡s ❝♦♥s✐st❡ ❡♠ ✉♠ t❡r♠✐♥❛❧ ❆ ❡♥✈✐❛♥❞♦ ♣❛❝♦t❡s ❚❈P à ✉♠❛ t❛①❛

❝♦♥tr♦❧❛❞❛ ♣❛r❛ ♦ t❡r♠✐♥❛❧ ❇✳ ❖s ♣❛❝♦t❡s ❝r✐❛❞♦s ♣♦r ❆ ♥ã♦ ✉t✐❧✐③❛♠ ❞♦ ♣r♦t♦❝♦❧♦

❚❈P✱ ❛♣❡♥❛s tê♠ ❛ ❡str✉t✉r❛ ❞♦ ❢♦r♠❛t♦ ❞♦ ♣❛❝♦t❡ ❚❈P ✭♣❛❝♦t❡s ❚❈P ❘❆❲✮✳ ❊♥tr❡

❆ ❡ ❇ ❢♦r❛♠ ✐♥s❡r✐❞♦s ❞♦✐s ❝♦♠✉t❛❞♦r❡s tr❛❞✐❝✐♦♥❛✐s ❝♦♥t❡♥❞♦ ♦ trá❢❡❣♦ r❡❛❧ ❝♦♠ ♦

♣r♦♣ós✐t♦ ❞❡ ❛✉♠❡♥t❛r ♦ ❛tr❛s♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❞♦s ♣❛❝♦t❡s ❡♥✈✐❛❞♦s ♣♦r ❆

❡ t♦r♥❛r ♦ ❡①♣❡r✐♠❡♥t♦ ❛✐♥❞❛ ♠❛✐s r❡❛❧✐st❛✳ ◆♦ ♣♦♥t♦ ✜♥❛❧ ❞❛ r❡❞❡ ❢♦r❛♠ ✐♥s❡r✐❞♦s

❛ ◆❡t❋P●❆ r♦❞❛♥❞♦ ♦ ♣r♦tót✐♣♦ ❞❡ ♠❡❞✐çã♦ ❡ ♦ t❡r♠✐♥❛❧ ❇ ❡①❡❝✉t❛♥❞♦ ♦ s♦❢t✇❛r❡

❞❡ ♠❡❞✐çã♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s✳ ❊♠ ❇✱ ❛ ♠é❞✐❛ ❡ ❛ ✈❛r✐â♥❝✐❛ sã♦

❝❛❧❝✉❧❛❞❛s ❞❡♣♦✐s ❞♦ tér♠✐♥♦ ❞♦ ❡①♣❡r✐♠❡♥t♦✳ ◆♦ ♣r♦tót✐♣♦✱ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ sã♦

❝❛❧❝✉❧❛❞❛s ❡♠ t❡♠♣♦ r❡❛❧✳ ◆♦ss♦ ♦❜❥❡t✐✈♦ é ❝♦♠♣❛r❛r ❛ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ❡♥tr❡ ❛s

♠❡❞✐çõ❡s ❡♠ ❇ ✭✈❡rsã♦ s♦❢t✇❛r❡✱ ♥♦ ❤♦s♣❡❞❡✐r♦✮ ❡ ❤❛r❞✇❛r❡ ✭◆❡t❋P●❆✮ ❝♦♠ ❜❛s❡

♥♦s ❛tr❛s♦s ♣ré✲❞❡✜♥✐❞♦s ✐♥s❡r✐❞♦s ❡♥tr❡ ♦s ♣❛❝♦t❡s ❡♥✈✐❛❞♦s ♣♦r ❆✳ ◆❛ ✜❣✉r❛ ✷✳✸ é

❛♣r❡s❡♥t❛❞♦ ♦ ❛♠❜✐❡♥t❡ ❞❡ t❡st❡s✳

❋✐❣✉r❛ ✷✳✸✿ ❆♠❜✐❡♥t❡ ❞❡ t❡st❡s✳

✷✳✹✳✷ ❱❡r✐✜❝❛çã♦ ❞♦ ♣r♦tót✐♣♦

❉❡s❡♥✈♦❧✈❡♠♦s ✉♠ ♣r♦❣r❛♠❛ ♣❛r❛ ❡♥✈✐❛r ♣❛❝♦t❡s ❚❈P ❛ ♣❛rt✐r ❞♦ t❡r♠✐♥❛❧ ❆✳ ❊ss❡

♣r♦❣r❛♠❛ ❧ê ✉♠ ❛rq✉✐✈♦ ❞❡ t❡①t♦ q✉❡ ❝♦♥tê♠ ❛s r❡❣r❛s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡✜♥✐❞❛s



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✶✹

♥♦ ❝♦♥tr♦❧❛❞♦r✳ ❆s r❡❣r❛s r❡❢❡r❡♠✲s❡ ❛♦s ✢✉①♦s ♠♦♥✐t♦r❛❞♦s ♥♦ ❝♦♠✉t❛❞♦r✳ ❖

♣r♦❣r❛♠❛ ❡①❡❝✉t❛ ✉♠❛ t❤r❡❛❞ ♣❛r❛ ❝❛❞❛ ✢✉①♦ ❧✐❞♦ ♥❡ss❡ ❛rq✉✐✈♦✳ ❈❛❞❛ t❤r❡❛❞ ❡♥✈✐❛

♣❛❝♦t❡s q✉❡ ❝♦rr❡s♣♦♥❞❡♠ ❛ ❛♣❡♥❛s ✉♠ ✢✉①♦ ♠♦♥✐t♦r❛❞♦✳ ❊ss❡ ♣r♦❣r❛♠❛ ❡♥✈✐❛

♣❛❝♦t❡s ❡♠ ✐♥t❡r✈❛❧♦s ❛❧❡❛tór✐♦s ♦✉ ❝♦♥st❛♥t❡s✳ ❯t✐❧✐③❛♠♦s ✐♥t❡r✈❛❧♦s ❝♦♥st❛♥t❡s ♥❛

❢❛s❡ ❞❡ ✈❛❧✐❞❛çã♦ ❞♦ ♣r♦tót✐♣♦ ♣❛r❛ ❝♦♥❢❡r✐r ♦s ✈❛❧♦r❡s ❝❛♣t✉r❛❞♦s ♥♦ ❤❛r❞✇❛r❡✳ P❛r❛

♦s t❡st❡s r❡❛✐s✱ ✉t✐❧✐③❛♠♦s ✐♥t❡r✈❛❧♦s ❛❧❡❛tór✐♦s ♣❛r❛ ♦❜s❡r✈❛r ♦s ✈❛❧♦r❡s ♠❡❞✐❞♦s✳

❖s ♣❛❝♦t❡s ❢♦r❛♠ ❣❡r❛❞♦s ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❧✐❜♥❡t ❞♦ ❈✳ P❛r❛ t❡r♠♦s ✉♠

❝♦♥tr♦❧❡ ♠❛✐♦r ❞♦ ♥ú♠❡r♦ ❞❡ ♣❛❝♦t❡s ✈✐♥❞♦s ❞❡ ❆ ♣❛r❛ ❇ ❡ ◆❡t❋P●❆✱ ❡s❝r❡✈❡♠♦s

♦s ♣❛❝♦t❡s ❡♥✈✐❛❞♦s ♣❡❧♦ ❧✐❜♥❡t ❡♠ ✈ár✐♦s ❛rq✉✐✈♦s ♣❝❛♣ ❞❡ ❞✉r❛çã♦ ❞❡ ✶s ♣❛r❛

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

❆rq✉✐✈♦s ♣❝❛♣ ❡♠ ❇ ✭s♦❢t✇❛r❡✮ t❛♠❜é♠ ❢♦r❛♠ ❝r✐❛❞♦s ❡ r❡♣r♦❞✉③✐❞♦s ✉t✐❧✐③❛♥❞♦ ❛

❜✐❜❧✐♦t❡❝❛ ❉P❑❚ ❞❛ ❧✐♥❣✉❛❣❡♠ P②t❤♦♥✳

❋♦r❛♠ r❡❛❧✐③❛❞❛s ✈ár✐❛s ✐t❡r❛çõ❡s ❛ ♣❛rt✐r ❞♦s ❛rq✉✐✈♦s ♣❝❛♣ ❝r✐❛❞♦s ♥♦ t❡r✲

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

❝❛♣t✉r❛r ♦s ♣❛❝♦t❡s ❡♥✈✐❛❞♦s ♣♦r ❆✳ ◆♦ ✜♠ ❞❛ ✐t❡r❛çã♦✱ ❛s ♠❡❞✐çõ❡s sã♦ ❧✐❞❛s ❡

❛ ❙❘❆▼ ❡ ♦ ❜✉✛❡r ❞❛ ◆❡t❋P●❆ sã♦ ✐♥✐❝✐❛❧✐③❛❞♦s✳ ❆♣ós ❡ss❛ ❡t❛♣❛✱ ♦ t❝♣❞✉♠♣

❡s❝r❡✈❡ ✉♠ ❛rq✉✐✈♦ ❞❡ s❛í❞❛ ❝♦♠ ♦s ♣❛❝♦t❡s ❝❛♣t✉r❛❞♦s✳ ❊ss❡s ♣❛ss♦s sã♦ r❡♣❡t✐❞♦s

❡♠ t♦❞❛s ❛s ✐t❡r❛çõ❡s✳

✷✳✹✳✸ ❲❛r♠ ✉♣

❖s ❡①♣❡r✐♠❡♥t♦s ❢♦r❛♠ ❝♦♠♣♦st♦s ♣♦r ❝✐♥q✉❡♥t❛ ✐t❡r❛çõ❡s✱ t❡♥❞♦ ❝❛❞❛ ✐t❡r❛çã♦ ❛

❞✉r❛çã♦ ❞❡ ✶ s❡❣✉♥❞♦✳ ❙ã♦ ❣❛st♦s ✺ s❡❣✉♥❞♦s ♣❛r❛ ✐♥✐❝✐❛❧✐③❛r ♦ ❝♦♥tr♦❧❛❞♦r✱ ♦s

♣r♦❝❡ss♦s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ❛ tr❛♥s♠✐ssã♦ ❞❡ ♣❛❝♦t❡s✱ ❡ ✶ s❡❣✉♥❞♦ ♣❛r❛ ✜♥❛❧✐③❛r

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

❛♦ t❡♠♣♦ ❣❛st♦ ♣❡❧❛s ✐t❡r❛çõ❡s ❡ ♦ t❡♠♣♦ ❞❛ ✜♥❛❧✐③❛çã♦✿ 5s + 50 × 1s + 1s = 56s✳

❋♦r❛♠ ❞❡s❝❛rt❛❞♦s 10% ❞❛s ❛♠♦str❛s ❞❡✈✐❞♦ ❛♦ ♣❡rí♦❞♦ ❞❡ ✇❛r♠ ✉♣✱ q✉❡ r❡❢❡r❡♠✲s❡

à ✻ s❡❣✉♥❞♦s ♥♦ ❝♦♠❡ç♦ ❡ ♥♦ ✜♠ ❞♦ ❡①♣❡r✐♠❡♥t♦✳ ❈❛❞❛ s❡❣✉♥❞♦ ❝♦rr❡s♣♦♥❞❡ à ✷✽

❛♠♦str❛s✳

✷✳✺ ❘❡s✉❧t❛❞♦s

❚♦❞♦s ♦s ❡①♣❡r✐♠❡♥t♦s ❢♦r❛♠ ❝♦♥✜❣✉r❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠♦ ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✷✳✹✳✶✳

❖s ♣r♦❝❡❞✐♠❡♥t♦s ❞❡s❝r✐t♦s ♥❛s s❡çõ❡s ✷✳✹✳✷ ❡ ✷✳✹✳✸ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♥❛ ♣r❡♣❛r❛çã♦

❞♦ ❛♠❜✐❡♥t❡✳ ◆❡st❛ s❡çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣rá✜❝♦s ❡ ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❞❛

♠é❞✐❛ ❡ ❞❛ ✈❛r✐❛♥ç❛ ❞♦s ❛tr❛s♦s ♣❛r❛ ❝❛❞❛ ❡①♣❡r✐♠❡♥t♦✳



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✶✺

✷✳✺✳✶ ❊①♣❡r✐♠❡♥t♦ ✶

◆❡ss❡ ❡①♣❡r✐♠❡♥t♦ ❢♦r❛♠ ❡♥✈✐❛❞♦s ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✳✼✵✵ ♣❛❝♦t❡s ❝♦♠ ❛tr❛s♦s ♣ré✲

❞❡✜♥✐❞♦s ❞❡ ✷✵✴✹✵ ♠✐❧✐s❡❣✉♥❞♦s ✭♠s✮ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ✷✽ ✢✉①♦s✳ ❖s r❡s✉❧t❛❞♦s

♠♦str❛♠ q✉❡ 95% ❞❛ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ❡♥tr❡ ❛s ❛❜♦r❞❛❣❡♥s ❡♠ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡

❡stã♦ ♣ró①✐♠❛s ❞❡ 0.0072% ♥♦ ❣rá✜❝♦ ❞❛ ♠é❞✐❛✳ ◆♦ ❣rá✜❝♦ ❞❛ ✈❛r✐â♥❝✐❛✱ 95% ❞❛s

♠❡❞✐çõ❡s ♣♦ss✉❡♠ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ♣ró①✐♠❛s à 0.26%✳ ❚rês ✈❛❧♦r❡s ✜❝❛r❛♠ ❡♥tr❡

✸✪ ❡ ✼✪✱ ♠❛s ❛s ❞✐❢❡r❡♥ç❛s ❛❜s♦❧✉t❛s sã♦ ♠❡♥♦r❡s q✉❡ 10−4✳ ❖s ✈❛❧♦r❡s ❡s♣❡r❛❞♦s

♣❛r❛ ❛ ♠é❞✐❛ ❡stã♦ ❞❡♥tr♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ 10−5×[2.897 : 3.166]✱ ❡ ♦s ✈❛❧♦r❡s

❡s♣❡r❛❞♦s ♣❛r❛ ❛ ✈❛r✐â♥❝✐❛ ❡stã♦ ❞❡♥tr♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ 10−3 × [1.0043 : 1.3574]✳
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❋✐❣✉r❛ ✷✳✹✿ ●rá✜❝♦s ❈❉❋ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ♠é❞✐❛✭❆✮ ❡ ✈❛r✐â♥❝✐❛✭❇✮ ❛tr❛s♦ ✷✵✴✹✵
♠s✳

✷✳✺✳✷ ❊①♣❡r✐♠❡♥t♦ ✷

◆❡ss❡ ❡①♣❡r✐♠❡♥t♦ ❢♦r❛♠ ❡♥✈✐❛❞♦s ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✳✽✵✵ ♣❛❝♦t❡s ❝♦♠ ❛tr❛s♦s ❛❧❡✲

❛tór✐♦s ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ✷✽ ✢✉①♦s✳ ❋♦r❛♠ ❞❡✜♥✐❞❛s três s❡♠❡♥t❡s ♣❛r❛ ❣❡r❛r ♦s

❛tr❛s♦s✳ ❖ ❣rá✜❝♦ ❞❛ ♠é❞✐❛ ♠♦str❛ q✉❡ 95% ❞❛s ♠❡❞✐çõ❡s ♦❜t✐❞❛s ❝♦♠ ❞✐❢❡r❡♥ç❛

♣ró①✐♠❛ ❞❡ 0.0071%✳ ◆♦ ❣rá✜❝♦ ❞❛ ✈❛r✐â♥❝✐❛✱ 95% ❞❛s ♠❡❞✐çõ❡s ♦❜t✐✈❡r❛♠ ❞✐❢❡r❡♥ç❛

r❡❧❛t✐✈❛ ♣ró①✐♠❛s ❞❡ 0.19%✳ ◆❡ss❡ ❣rá✜❝♦✱ s❡✐s ❛♠♦str❛s ✜❝❛r❛♠ ❡♥tr❡ 3% ❡ 6% ❞❡

❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛✱ ♠❛s ❛s ❞✐❢❡r❡♥ç❛s ❛❜s♦❧✉t❛s ❢♦r❛♠ ♠❡♥♦r❡s q✉❡ 10−4✳ ❖ ✐♥t❡r✈❛❧♦

❞❡ ❝♦♥✜❛♥ç❛ ❞♦ ❣rá✜❝♦ ❞❛ ♠é❞✐❛ é 10−5 × [3.169 : 3.432]✱ ❡ ♦s ✈❛❧♦r❡s ❡s♣❡r❛❞♦s ❞❛

✈❛r✐â♥❝✐❛ ❡stã♦ ❞❡♥tr♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ 10−4 × [7.9642 : 12.4338]✳



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✶✻

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

0e+00 1e−05 2e−05 3e−05 4e−05 5e−05 6e−05 7e−05 8e−05 9e−05 1e−04

P
a

c
o

te
s

Diferença medida pela NetFPGA 
 em relação ao Terminal B

✭❆✮

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

0.0e+00 1.0e−02 2.0e−02 3.0e−02 4.0e−02 5.0e−02 6.0e−02 7.0e−02

P
a

c
o

te
s

Diferença medida pela NetFPGA 
 em relação ao Terminal B

✭❇✮

❋✐❣✉r❛ ✷✳✺✿ ●rá✜❝♦s ❈❉❋ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ♠é❞✐❛✭❆✮ ❡ ✈❛r✐â♥❝✐❛✭❇✮ ❛tr❛s♦ ✈❛r✐❛❞♦✳

✷✳✺✳✸ ❊①♣❡r✐♠❡♥t♦ ✸

◆❡ss❡ ❡①♣❡r✐♠❡♥t♦ ❢♦r❛♠ ❡♥✈✐❛❞♦s ✶✳✼✵✵ ♣❛❝♦t❡s ❝♦♠ ❛tr❛s♦s ♣ré✲❞❡✜♥✐❞♦s ✷✵✴✹✵ ♠s

♣❛r❛ q✉❛tr♦ ✢✉①♦s✳ ❖❜❥❡t✐✈♦ ❞❡st❡ ❡①♣❡r✐♠❡♥t♦ ❢♦✐ ♠❡❞✐r t♦❞♦s ❡ss❡s ✢✉①♦s ♥✉♠❛

r❡❣r❛ ❛❣r❡❣❛❞❛ ❝♦♠ ♦ ♣r♦♣ós✐t♦ ❞❡ ♠♦str❛r q✉❡ ❛ ❛rq✉✐t❡t✉r❛ ♣❡r♠✐t❡ ♠♦♥✐t♦r❛r ♦

trá❢❡❣♦ ❞❡ s✉❜r❡❞❡s ✐♥t❡✐r❛s✳ ❖ ❣rá✜❝♦ ❞❛ ♠é❞✐❛ ♠♦str❛ q✉❡ 97% ❞❛s ♠❡❞✐çõ❡s ♦❜✲

t✐❞❛s ❝♦♠ ❞✐❢❡r❡♥ç❛ ♣ró①✐♠❛ ❞❡ 0.007%✳ ◆♦ ❣rá✜❝♦ ❞❛ ✈❛r✐â♥❝✐❛✱ 97% ❞❛s ♠❡❞✐çõ❡s

♦❜t✐✈❡r❛♠ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ♣ró①✐♠❛s ❞❡ 0.257%✳ ❖s ✈❛❧♦r❡s ❡s♣❡r❛❞♦s ❞❛ ♠é❞✐❛

❡stã♦ ❞❡♥tr♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ 10−5 × [2.788 : 4.349]✱ ❡ ♦s ✈❛❧♦r❡s ❡s♣❡r❛❞♦s

❞❛ ✈❛r✐â♥❝✐❛ ❡stã♦ ❞❡♥tr♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ 10−4 × [8.4223 : 12.072]✳
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✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✶✼

✷✳✻ ❚r❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s

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

♥❛s ♠étr✐❝❛s✱ té❝♥✐❝❛s ❡ ❢❡rr❛♠❡♥t❛s ✉t✐❧✐③❛❞❛s ❡♠ ♠❡❞✐çã♦ ❞❡ r❡❞❡s✳ ❘❡❛❧✐③❛♠♦s ♦

❧❡✈❛♥t❛♠❡♥t♦ ❞❡ ♦♥③❡ tr❛❜❛❧❤♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s s❡❣✉✐♥t❡s ❝r✐tér✐♦s✿ ♠étr✐❝❛s ❞❡

♠❡❞✐çã♦✱ ❛ ♣❧❛t❛❢♦r♠❛ ❡ ♦ ❛♠❜✐❡♥t❡ ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦✳

❬▲♦♠❜❛r❞♦ ❡t ❛❧✳✱ ✷✵✶✷❪ ❛♣r❡s❡♥t❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ q✉❛tr♦ ♠ó❞✉❧♦s q✉❡

❡st❡♥❞❡♠ ♦ r♦t❡❛❞♦r ❞❡ r❡❢❡rê♥❝✐❛ ✐♠♣❧❡♠❡♥t❛❞♦ ♥❛ ◆❡t❋P●❆✳ ❉♦✐s ❞❡ss❡s ♠ó❞✉❧♦s

♠♦♥✐t♦r❛♠ ❛ t❛①❛ ❞❡ ❜✐ts ♥❛s ✜❧❛s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✳ ❯♠ t❡r❝❡✐r♦ ♠ó❞✉❧♦ r❡❛❧✐③❛ ❛

♣r❡✈✐sã♦ ❞❛ t❛①❛ ❞❡ ❜✐ts ❞❡ ❡♥tr❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ✜❧tr♦ ❞❡ ♠é❞✐❛s ♠ó✈❡✐s ❡①♣♦♥❡♥✲

❝✐❛❧♠❡♥t❡ ♣♦♥❞❡r❛❞❛s ✭❊❲▼❆✮✱ ♦ q✉❛rt♦ ♠ó❞✉❧♦ é ✉♠❛ ❡①t❡♥sã♦ ❞♦ ❧✐♠✐t❛❞♦r ❞❡

t❛①❛ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❞❛ ◆❡t❋P●❆✳ ❯♠ ♣r♦❣r❛♠❛ ♥♦ ❡s♣❛ç♦ ❞❡ ✉s✉ár✐♦ ❧ê ♦s r❡❣✐str❛✲

❞♦r❡s ♥♦ ❤❛r❞✇❛r❡ q✉❡ ❛r♠❛③❡♥❛♠ ❛s t❛①❛s ❞❡ ❜✐t ❝❛❧❝✉❧❛❞❛s ♥❛s ✜❧❛s ❞❡ ❡♥tr❛❞❛ ❡

s❛í❞❛✳ ❆s ❞✐❢❡r❡♥t❡s ❡s❝❛❧❛s ❞❡ t❡♠♣♦ ❞❛ ❛♠♦str❛❣❡♠ ✭❡♠ ♠✐❝r♦s❡❣✉♥❞♦s✮ ❡ ❞♦ ❝✐❝❧♦

❞❡ r❡❧ó❣✐♦ ❞❛ ◆❡t❋P●❆ ♣r❡❥✉❞✐❝❛♠ ❛ ❛❝✉rá❝✐❛ ❞❛ ♠❡❞✐çã♦✳ ❖ ❝❡♥ár✐♦ ❞❡ t❡st❡s ❢♦✐

❝♦♠♣♦st♦ ♣♦r ❞✉❛s ◆❡t❋P●❆s ❧✐❣❛❞❛s ❡♥tr❡ s✐✿ ❛ ♣r✐♠❡✐r❛ ❝♦♥t❡♥❞♦ ♦ ♣r♦❥❡t♦ ❞♦

r❡❢❡r❡♥❝❡ r♦✉t❡r ❝♦♠ ♦s q✉❛tr♦ ♠ó❞✉❧♦s ✐♠♣❧❡♠❡♥t❛❞♦s ❡ ❛ s❡❣✉♥❞❛ ❝♦♠ ♦ ♣r♦❥❡t♦

♣❛❝❦❡t ❣❡♥❡r❛t♦r✱ ✉♠ ♣r♦❥❡t♦ ❞❡ r❡❢❡rê♥❝✐❛ ♥❛ ◆❡t❋P●❆ q✉❡ ❣❡r❛ ❡ tr❛♥s♠✐t❡ ♣❛❝♦t❡

❛ ♣❛rt✐r ❞❡ ❛rq✉✐✈♦s ♣❝❛♣✳

◆♦ tr❛❜❛❧❤♦ ❞❡ ❬▼♦s❤r❡❢ ❡t ❛❧✳✱ ✷✵✶✸❪ é ❞✐s❝✉t✐❞♦ ♦ ❝♦♠♣r♦♠✐ss♦ ❡♥tr❡ ✉t✐❧✐✲

③❛çã♦ ❞❡ r❡❝✉rs♦s ❞❛ r❡❞❡ ❝♦♠ ❛ ❡①❛t✐❞ã♦ ❞❛s ❞✐❢❡r❡♥t❡s ♣r✐♠✐t✐✈❛s ❞❡ ♠❡❞✐çã♦✳ ❖

❛rt✐❣♦ t❡♠ ❝♦♠♦ ♣r♦♣ós✐t♦ ❛✈❛❧✐❛r ❛ ✉t✐❧✐③❛çã♦ ❞❡ té❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♥t❛❞♦r❡s✱

❡str✉t✉r❛s ❞❡ ❤❛s❤ ❡ ♣r♦❣r❛♠❛çã♦ ❞❛ ❈P❯ ♣❛r❛ ❞❡t❡❝t❛r ✢✉①♦s ♣❡s❛❞♦s ✭❍✐❡r❛r✲

q✉✐❝❛❧ ❍❡❛✈② ❍✐tt❡rs✮✱ q✉❡ ❝♦♥s✐st❡ ♥❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s ♣r❡✜①♦s ❞❡ ■P ♠❛✐s ❧♦♥❣♦s

❝✉❥❛ ✉t✐❧✐③❛çã♦ ❞❛ r❡❞❡ s✉♣❡r❡ ✉♠ ❧✐♠✐❛r ♣ré✲❡st❛❜❡❧❡❝✐❞♦✳ ◆❛ ❛✈❛❧✐❛çã♦ ❞♦ ♣r♦tót✐♣♦

❢♦r❛♠ ✉t✐❧✐③❛❞❛s ✈ár✐❛s ❡s❝❛❧❛s ❞❡ t❡♠♣♦ ❡ ❞✐❢❡r❡♥t❡s ❝♦♥✜❣✉r❛çõ❡s ❞❛ ✉t✐❧③❛çã♦ ❞♦s

r❡❝✉rs♦s ❞♦s ❝♦♠✉t❛❞♦r❡s✳ ❖ ♣r♦tót✐♣♦ ❢♦✐ ❛✈❛❧✐❛❞♦ ✉t✐❧✐③❛♥❞♦✲s❡ tr❛❝❡s ❞❡ ♣❛❝♦t❡s

♦❜t✐❞♦s ❞♦ ♣r♦❥❡t♦ ❈❆■❉❆✳

❊♠ ❬❨✉ ❡t ❛❧✳✱ ✷✵✶✸❪ é ❛♣r❡s❡♥t❛❞♦ ❛ ❛rq✉✐t❡t✉r❛ ❞❡ ♠❡❞✐çã♦ ❖♣❡♥❙❦❡t❝❤✳

❖♣❡♥❙❦❡t❝❤ ❜❛s❡✐❛✲s❡ ♥❛ ❡str✉t✉r❛ ❙❉◆ ❞♦ ❝♦♠✉t❛❞♦r ❖♣❡♥❋❧♦✇ ❡ ✉t✐❧✐③❛ ❝♦♠♦

♣r✐♠✐t✐✈❛ ❞❡ ♠❡❞✐çã♦ ❡str✉t✉r❛s ❜❛s❡❛❞❛s ❛ s❦❡t❝❤❡s✳ ❖ ♣❧❛♥♦ ❞❡ ❝♦♥tr♦❧❡ é ❝♦♠✲

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

❡stá❣✐♦s✿ ❤❛s❤✐♥❣✱ ❝❧❛ss✐✜❝❛çã♦ ❡ ❝♦♥t❛❣❡♠✳ ◆❡st❡ tr❛❜❛❧❤♦ ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞♦s

s❡t❡ s❦❡t❝❤❡s q✉❡ ♣♦ss✐❜✐❧✐t❛♠ ❛ ♠❡❞✐çã♦ ❞❡ ❝✐♥❝♦ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ♠étr✐❝❛s✳ ❆

❛rq✉✐t❡t✉r❛ ❖♣❡♥❙❦❡t❝❤ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞❛ ♥♦ ❤❛r❞✇❛r❡ ◆❡t❋P●❆ ✶●✳ ❆ ✈❛❧✐❞❛✲

çã♦ ❞❡st❡ tr❛❜❛❧❤♦ ♦❝♦rr❡✉ ♣♦r ♠❡✐♦ ❞❛ s✐♠✉❧❛çã♦ ❞❡ ♣❛❝♦t❡s tr❛❝❡ ❈❆■❉❆ ❡ ♣❡❧❛



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✶✽

❝♦♠♣❛r❛çã♦ ❞❡ ❞✉❛s ♠étr✐❝❛s ✐♠♣❧❡♠❡♥t❛❞❛s ♥♦ ❖♣❡♥❙❦❡t❝❤ ❝♦♠ ❛ ❛♠♦str❛❣❡♠ ❞❡

♣❛❝♦t❡s ❞♦ ◆❡t❋❧♦✇✳

❬❈❤♦✇❞❤✉r② ❡t ❛❧✳✱ ✷✵✶✹❪ é ♣r♦♣♦st♦ ✉♠ ❢r❛♠❡✇♦r❦ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ r❡❞❡✳

❊ss❡ ❢r❛♠❡✇♦r❦ ❢♦r♥❡❝❡ ✉♠❛ ✈✐sã♦ ❣❡r❛❧ ❡ ❡st❛tíst✐❝❛s s♦❜r❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ r❡❝✉rs♦

❞❛ r❡❞❡✳ ❖ P❛②▲❡ss é ❝♦♥str✉í❞♦ ❛❝✐♠❛ ❞♦ ❝♦♥tr♦❧❛❞♦r ❖♣❡♥❋❧♦✇ ❡ ❢♦r♥❡❝❡ ✉♠❛ ❆P■

❘❊❙❚❢✉❧ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛♣❧✐❝❛çõ❡s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦✳ ❆ ✈❛❧✐❞❛çã♦ ❞♦

P❛②▲❡ss ❢♦✐ r❡❛❧✐③❛❞❛ ❝♦♠ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ✉t✐❧✐③❛çã♦ ❞❡ ❧✐♥❦ ❡♥tr❡ ❝♦♠✉t❛❞♦r❡s✳

❚♦❞❛ ❛ t♦♣♦❧♦❣✐❛ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ❝♦♠ ❜❛s❡ ♥❛ ♣❧❛t❛❢♦r♠❛ ▼✐♥✐♥❡t ❡ ✉t✐❧✐③❛❞♦ ♦

♣r♦❣r❛♠❛ ✐♣❡r❢ ♣❛r❛ ♦ ❡♥✈✐♦ ❞❡ ♣❛❝♦t❡s ❯❉P ❞✉r❛♥t❡ ✶✵✵s✳

❬❑❡❦❡❧② ❡t ❛❧✳✱ ✷✵✶✹❪ ❛♣r❡s❡♥t❛ ✉♠❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ❙❉▼ ✭❙♦❢t✇❛r❡✲❉❡✜♥❡❞

▼♦♥✐t♦r✐♥❣✮ ♣❛r❛ ♠♦♥✐t♦r❛r ♦ trá❢❡❣♦ ♥❛ ❝❛♠❛❞❛ ❞❡ ❛♣❧✐❝❛çã♦✳ ❖s ❛✉t♦r❡s ✐♠♣❧❡✲

♠❡♥t❛r❛♠ ♦ ♣r♦tót✐♣♦ s♦❜r❡ ♦ ♣r♦❥❡t♦ ◆❡t❈❖P❊✱ ✉t✐❧✐③❛♥❞♦ ❋P●❆s ♣❛r❛ tr❛❜❛❧❤❛r

à t❛①❛s ❞❡ ❛té ✶✵✵●❜✴s✳ ❖ ❤❛r❞✇❛r❡ ✐♠♣❧❡♠❡♥t❛❞♦ ❝♦❧❡t❛ ✐♥❢♦r♠❛çõ❡s ❞♦ ❝❛❜❡ç❛❧❤♦

❞♦s ♣❛❝♦t❡s ❍❚❚P ❞♦s ✢✉①♦s ♠♦♥✐t♦r❛❞♦s ❡ ♦s ❡♥✈✐❛ ♣❛r❛ ✉♠ ♣r♦❣r❛♠❛ ❡♠ ❡s♣❛ç♦

❞❡ ✉s✉ár✐♦ ✉t✐❧✐③❛♥❞♦ ✉♠ ❢♦r♠❛t♦ ✉♥✐✜❝❛❞♦ ❞❡ ♣❛❝♦t❡s ❛tr❛✈és ❞❛s ✐♥t❡r❢❛❝❡s P❈■

✉t✐❧✐③❛♥❞♦ ❉▼❆✳ ❆s t❛r❡❢❛s ♠❛✐s ❝♦♠♣❧✐❝❛❞❛s✱ ❝♦♠♦ ❞❡❡♣ ♣❛❝❦❡t ✐♥s♣❡❝t✐♦♥ sã♦ r❡❛✲

❧✐③❛❞❛s ❡♠ s♦❢t✇❛r❡ ❞❡✈✐❞♦ ❛s ❞✐✜❝✉❧❞❛❞❡s ❡♠ s❡ ✐♠♣❧❡♠❡♥t❛r ♠ó❞✉❧♦s ❞❡ ❛♥á❧✐s❡ ❞❡

♣❛❝♦t❡s ❡♠ ❍❉▲s✳ ❊ss❛ ❡str❛té❣✐❛ ♣♦ss✐❜✐❧✐t❛ ❛❧❝❛♥ç❛r ❛❧t❛ ✈❛③ã♦ ♥♦ ♣r♦❝❡ss❛♠❡♥t♦

❡ ✢❡①✐❜✐❧✐❞❛❞❡✳

❖ ❛rt✐❣♦ P❧❛♥❝❦ ❬❘❛s❧❡② ❡t ❛❧✳✱ ✷✵✶✹❪ ❛♣r❡s❡♥t❛ ✉♠❛ ❢❡rr❛♠❡♥t❛ ❞❡ ♠❡❞✐çã♦ ♣❛r❛

r❡❞❡s ❙❉◆ q✉❡ t❡♠ ♦ ♦❜❥❡t✐✈♦ ✐❞❡♥t✐✜❝❛r ❛s ❝♦♥❞✐çõ❡s ❞❛ r❡❞❡ ❝♦♠ ❜❛✐①❛ ❧❛tê♥❝✐❛✳

❆♠❜✐❡♥t❡s ❝♦♠♦ ❞❛t❛❝❡♥t❡rs ♦✉ ❞❡ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ sã♦ ❝❛r❛❝t❡r✐③❛❞♦s ♣❡❧❛

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

♦ ❝♦♥❣❡st✐♦♥❛♠❡♥t♦ ♦✉ ❞❛r ♠❛♥✉t❡♥çã♦ ❡♠ ❢❛❧❤❛s ♥❛ r❡❞❡✳ ❖ P❧❛♥❝❦ ♦❢❡r❡❝❡ ✉♠❛

s♦❧✉çã♦ ❡✜❝✐❡♥t❡ ♣❛r❛ r❡❛❧✐③❛r ❛s t❛r❡❢❛s ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s ✢✉①♦s ♣❡❧♦ ❡s♣❡❧❤❛♠❡♥t♦

❞♦ trá❢❡❣♦ ♥✉♠❛ ♣♦rt❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦✳ ❈♦♠♦ ❞❡s✈❛♥t❛❣❡♠✱ ♦ trá❢❡❣♦ ❛tr❛✈és

❞♦ ❝♦♠✉t❛❞♦r ❢r❡q✉❡♥t❡♠❡♥t❡ ❡①❝❡❞❡rá ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♠á①✐♠❛✱ ♦ q✉❡ ♣♦❞❡rá

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

❬❱❛♥ ❆❞r✐❝❤❡♠ ❡t ❛❧✳✱ ✷✵✶✹❪ ♣r♦♣ôs ✉♠❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ s♦❢t✇❛r❡ ❞❡ ❝ó❞✐❣♦

❛❜❡rt♦ ♣❛r❛ ♠♦♥✐t♦r❛r ♠étr✐❝❛s ♣♦r ✢✉①♦✱ ❡s♣❡❝✐❛❧♠❡♥t❡✱ ❛tr❛s♦ ❡ ♣❡r❞❛ ❞❡ ♣❛❝♦t❡s

❡♠ r❡❞❡s ❖♣❡♥❋❧♦✇✳ ❊ss❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❢♦r♥❡❝❡ ❡♥❣❡♥❤❛r✐❛ ❞❡ trá❢❡❣♦ ❛♦ ❝♦♥tr♦✲

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

❝♦♠ ❜❛s❡ ♥❛s ❡st❛tíst✐❝❛s ❞♦ ✢✉①♦ ❞♦ ♣r✐♠❡✐r♦ ❡ ú❧t✐♠♦ ❝♦♠✉t❛❞♦r ❞❡ ❝❛❞❛ ❝❛♠✐♥❤♦

❞❛ r❡❞❡ s✉❜tr❛✐♥❞♦ ♦ ❛✉♠❡♥t♦ ❞♦ ❝♦♥t❛❞♦r ❞❡ ♣❛❝♦t❡s ❞♦ ❝♦♠✉t❛❞♦r ♦r✐❣❡♠ ❝♦♠ ♦

❛✉♠❡♥t♦ ❞♦ ❝♦♥t❛❞♦r ❞❡ ♣❛❝♦t❡s ❞♦ ❝♦♠✉t❛❞♦r ❞❡st✐♥♦✳ ❊ss❛ té❝♥✐❝❛ ♣❡r♠✐t❡ ✉♠❛

♠❡❞✐çã♦ ❡①❛t❛ ❞❛ ♣❡r❞❛ ❞❡ ♣❛❝♦t❡s✳ ❖ ❛tr❛s♦ ❞❡ ♣❛❝♦t❡s ❢♦✐ ❝❛❧❝✉❧❛❞♦ ♣♦r ❘❚❚

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



✷✳ ▼❡❞✐çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❡♠ ❤❛r❞✇❛r❡ ✶✾

❝♦♥tr♦❧❛❞♦r ❞❡t❡r♠✐♥❛♥❞♦ ❛ss✐♠ ♦s ❛tr❛s♦s✳ ❖s t❡st❡s ❜❛s❡❛r❛♠ ❡♠ ❡①❡❝✉t❛r ✈í❞❡♦

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

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

❖♣❡♥◆❡t▼♦♥ ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ❝♦♠ s♦❢t✇❛r❡ t❝♣st❛t✳

❖ ❛rt✐❣♦ ❞❡s❝r❡✈❡ ✉♠❛ ❢❡rr❛♠❡♥t❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ trá❢❡❣♦ ✉t✐❧✐③❛♥❞♦ té❝✲

♥✐❝❛s ❞❡ t♦♠♦❣r❛✜❛ ❞❡ r❡❞❡s ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❣r❛♥❞❡s ✢✉①♦s ❡♠ r❡❞❡s ❉❈◆ ❬❍✉ ✫

▲✉♦✱ ✷✵✶✺❪✳ ❖ ♣r♦tót✐♣♦ ❢♦✐ ❝♦♥❝❡❜✐❞♦ ❡♠ ❞♦✐s ♣❛ss♦s✳ ❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ❝♦♥s✐st✐✉

♥❛ ❢♦r♠✉❧❛çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ❞❡ ♦t✐♠✐③❛çã♦ ❜❛s❡❛❞♦ ♥♦s ✈❛❧♦r❡s ❞❡ ✉♠❛ ♠❛tr✐③ ❞❡

trá❢❡❣♦ ❚▼ ♣r❡❡♥❝❤✐❞❛ ❝♦♠ ♦s ✈❛❧♦r❡s ❞♦s ❝♦♥t❛❞♦r❡s ❙◆▼P ❡ ❙❉◆ ❞♦s ❝♦♠✉t❛❞♦✲

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

s❡❣✉♥❞♦ ♣❛ss♦ ❝♦♥s✐st✐✉ ♥❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❣r❛♥❞❡s ✢✉①♦s ❡♥tr❡ ♦s s❡r✈✐❞♦r❡s ❛tr❛✲

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

❞❛ ❢❡rr❛♠❡♥t❛ ♥❛ ❡s❝❛❧❛ ❞❡ ❞❛t❛❝❡♥t❡rs ❢♦✐ ❛✈❛❧✐❛❞❛ ♣♦r s✐♠✉❧❛çõ❡s ♥♦ ♥s✲✸✳ ❙❡✉s

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

tr❛❞✐❝✐♦♥❛✐s ❜❛s❡❛❞❛s ❡♠ ❝♦♥t❛❞♦r❡s✳

✷✳✼ ❈♦♥❝❧✉sõ❡s

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

■Ps✳ ❆s r❡❞❡s ❙❉◆ ❡ ♦ ♣❛❞rã♦ ❖♣❡♥❋❧♦✇ s✉r❣❡♠ ❝♦♠♦ t❡❝♥♦❧♦❣✐❛s q✉❡ ❢❛❝✐❧✐t❛♠ ❛s

t❛r❡❢❛s ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❡ ♠❡❞✐çã♦ ❞♦s ✢✉①♦s✳ ▼♦❞✐✜❝❛♠♦s ♦ ❝♦♠✉t❛❞♦r ❖♣❡♥❋❧♦✇

❞❡ ❙t❛♥❢♦r❞ ♣❛r❛ ♠❡❞✐r ♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ❞♦s ✢✉①♦s tr❛❢❡❣❛❞♦s ❡♠

✉♠❛ r❡❞❡ r❡❛❧✐st❛✳

❈♦♠ ❜❛s❡ ♥♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♥❝❧✉í♠♦s q✉❡ ❛ ❞✐❢❡r❡♥❝❛ r❡❧❛t✐✈❛ ❡♥tr❡

❛ ♠❡❞✐çã♦ ❡♠ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡ é q✉❛s❡ ♥✉❧❛✳ ■ss♦ ✐♠♣❧✐❝❛✱ q✉❡ ❛ ♠❡❞✐çã♦ ❞♦

♣r♦tót✐♣♦ ❡♠ ❤❛r❞✇❛r❡ t❡♠ ✉♠❛ ❛❝✉rá❝✐❛ ♣ró①✐♠❛ à ♠❡❞✐❞❛ ♥♦ ♥♦❞♦ ❢♦❧❤❛ ❞❛ r❡❞❡

❡♠ s♦❢t✇❛r❡✱ ❝♦♠ ✉♠❛ ♠❛✐♦r ✈❛③ã♦ ❞❡ ♣❛❝♦t❡s✱ ❝❡♥tr❛❧✐③❛❞❛ ❡ ❡♠ t❡♠♣♦ r❡❛❧✳

❈♦♠♦ tr❛❜❛❧❤♦s ❢✉t✉r♦s✱ ♣r❡t❡♥❞❡♠♦s ✐♠♣❧❡♠❡♥t❛r ❛s ♠étr✐❝❛s ❞❡ ❞❡s❡♠♣❡✲

♥❤♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ❡ ❧❛tê♥❝✐❛ ✉t✐❧✐③❛♥❞♦ ❞❡ ❡str✉t✉r❛ ❤❛s❤ ✭❇❧♦♦♠

❋✐❧t❡rs✮ ♣❛r❛ ♠❡❞✐r ❝♦♠ ❜❛✐①❛ ❣r❛♥✉❧❛r✐❞❛❞❡ ♦ ❛tr❛s♦ ❡♥tr❡ ♣❛❝♦t❡s✳ Pr❡t❡♥❞❡♠♦s

t❛♠❜é♠ ✐♠♣❧❡♠❡♥t❛r ♦✉tr❛s ♠étr✐❝❛s ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡❞❡ ❞✐s♣♦♥í✈❡✐s ♥❛ ❧✐t❡r❛✲

t✉r❛✳



✸✳ ❍❛r❞✇❛r❡ ▼♦❞✉❧❡s ❢♦r P❛❝❦❡t ■♥✲

t❡r❛rr✐✈❛❧ ❚✐♠❡ ▼♦♥✐t♦r✐♥❣ ❢♦r ❙♦❢t✲

✇❛r❡ ❉❡✜♥❡❞ ▼❡❛s✉r❡♠❡♥ts✶

❆❜str❛❝t

▼❡❛s✉r❡♠❡♥t ❛♥❞ tr❛❝❦✐♥❣ ❤❛✈❡ ❝r✉❝✐❛❧ r♦❧❡s ✐♥ ❙♦❢t✇❛r❡✲❉❡✜♥❡❞ ◆❡t✇♦r❦s

✭❙❉◆s✮✳ ❯♥❢♦rt✉♥❛t❡❧②✱ ♠♦st ♦❢ ♣r♦❝❡❞✉r❡s ❛♥❞ t❡❝❤♥✐q✉❡s t♦ ♣❡r❢♦r♠ ♠❡❛s✉r❡✲

♠❡♥ts ❛♥❞ ♠♦♥✐t♦r✐♥❣ t❛s❦s ❛r❡ ✐♠♣❧❡♠❡♥t❡❞ ✐♥ s♦❢t✇❛r❡ ❛t ♥❡t✇♦r❦ ❡♥❞✲❤♦sts✳

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

♠♦♥✐t♦r✐♥❣ ♠♦r❡ ❞✐✣❝✉❧t✳ ■♥ t❤✐s ♣❛♣❡r✱ ✇❡ ❡①t❡♥❞ ❖♣❡♥❋❧♦✇ s✇✐t❝❤ t♦ ✐♠♣❧❡♠❡♥t

❛ ♠❡❛s✉r❡♠❡♥t ❛r❝❤✐t❡❝t✉r❡ ❢♦r ❙❉◆ ♥❡t✇♦r❦s✳ ❖✉r s②st❡♠ ♣❡r❢♦r♠s ♠❡❛s✉r❡♠❡♥ts

✐♥ ❛ s✐♠♣❧❡ ❛♥❞ s❝❛❧❛❜❧❡ ✇❛② ✇✐t❤♦✉t ❞❡♣❡♥❞✐♥❣ ♦♥ ❡♥❞✲❤♦sts✳ ■t ❛❧❧♦✇s ♠♦♥✐t♦r✐♥❣

t❤❡ ♣❡r❢♦r♠❛♥❝❡ ❛t t❤❡ ❣r❛♥✉❧❛r✐t② ♦❢ ✢♦✇s✳ ▼♦r❡♦✈❡r✱ ♦✉r s②st❡♠ ❛❧s♦ ❡♥❛❜❧❡s

s♦❢t✇❛r❡✲❞❡✜♥❡❞ ♠❡❛s✉r❡♠❡♥ts s✐♥❝❡ t❤❡ ❝♦♥tr♦❧❧❡r ❝❛♥ ❝♦❧❧❡❝t ✢♦✇✬s st❛t✐st✐❝s ♦♥

t❤❡ ✢②✳ ❲❡ ❤❛✈❡ ♣r♦t♦t②♣❡❞ ♦✉r ❛r❝❤✐t❡❝t✉r❡ ♦♥ t❤❡ ◆❡t❋P●❆ ♣❧❛t❢♦r♠ ❛♥❞✱ ❛s ❛♥

✐♥✐t✐❛❧ ❝❛s❡ st✉❞②✱ ✇❡ ❤❛✈❡ ✐♠♣❧❡♠❡♥t❡❞ ❛ ♠♦❞✉❧❡ t♦ ♠❡❛s✉r❡ ♣❛❝❦❡t ✐♥t❡r❛rr✐✈❛❧

t✐♠❡✳ ❚❤✐s ♠♦❞✉❧❡ ❤❛s ❜❡❡♥ ✈❛❧✐❞❛t❡❞ ✐♥ ❛ r❡❛❧✐st✐❝ t❡st❜❡❞ ❡♥✈✐r♦♥♠❡♥t✳ ❖✉r

r❡s✉❧ts ❞❡♠♦♥str❛t❡ t❤❛t t❤❡ ♣r♦♣♦s❡❞ ❛r❝❤✐t❡❝t✉r❡ ♣r❡s❡♥ts ❛ ♥❡❣❧✐❣✐❜❧❡ ❞✐✛❡r❡♥❝❡

✇❤❡♥ ❝♦♠♣❛r❡❞ t♦ ♠❡❛s✉r❡♠❡♥ts ♣❡r❢♦r♠❡❞ ❜② s♦❢t✇❛r❡ ❛t ❡♥❞✲❤♦sts✳

✸✳✶ ■♥tr♦❞✉❝t✐♦♥

❙♦❢t✇❛r❡ ❉❡✜♥❡❞ ◆❡t✇♦r❦s ✭❙❉◆s✮ ✐s ❛♥ ❡♠❡r❣✐♥❣ ♥❡t✇♦r❦ ❛r❝❤✐t❡❝t✉r❡ t❤❛t ❡♥❛✲

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

♣❛r❛❞✐❣♠ ❝♦♥s✐sts ♦❢ t❤❡ s❡♣❛r❛t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ❝♦♥tr♦❧ ❛♥❞ ❞❛t❛ ♣❧❛♥❡s ♦♥ s✇✐t✲

❝❤❡s ❬❖◆❋✱ ✷✵✶✷❪✳ ■♥ ❙❉◆✱ t❤❡ ❝♦♥tr♦❧ ♣❧❛♥❡ ♠❛♥❛❣❡s t❤❡ ♥❡t✇♦r❦ ❞❡✈✐❝❡s ❝❡♥tr❛❧❧②

❜② s♦❢t✇❛r❡ ❛♥❞ t❤❡ ❞❛t❛ ♣❧❛♥❡ ❢♦r✇❛r❞s ♣❛❝❦❡ts ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❛❝t✐♦♥s ❞❡✜♥❡❞

❜② t❤❡ ❝♦♥tr♦❧❧❡r ❬◆❛♦✉s ❡t ❛❧✳✱ ✷✵✵✽❪✳ ❙❡✈❡r❛❧ ❡✛♦rts ❤❛✈❡ ❜❡❡♥ ♠❛❞❡ t♦ ❞❡✈❡❧♦♣

❙❉◆ ❝♦♥tr♦❧ ❛♣♣❧✐❝❛t✐♦♥s✱ ❧❡❛✈✐♥❣ ❛ ❣❛♣ t♦ ❜❡ ✜❧❧❡❞ ✐♥ ❙❉◆ ♠❡❛s✉r❡♠❡♥t ❛♥❞ tr❛✣❝

tr❛❝❦✐♥❣ s②st❡♠s ❬❨✉ ❡t ❛❧✳✱ ✷✵✶✸❪✳ ◆❡t✇♦r❦ ♠❡❛s✉r❡♠❡♥t ❛♥❞ tr❛❝❦✐♥❣ ❛❧s♦ ❡♥❛❜❧❡s

✶◆❡st❡ ❝❛♣ít✉❧♦ é ❛♣r❡s❡♥t❛❞♦ ♦ ❛rt✐❣♦ ✧❍❛r❞✇❛r❡ ▼♦❞✉❧❡s ❢♦r P❛❝❦❡t ■♥t❡r❛rr✐✈❛❧ ❚✐♠❡ ▼♦✲

♥✐t♦r✐♥❣ ❢♦r ❙♦❢t✇❛r❡ ❉❡✜♥❡❞ ▼❡❛s✉r❡♠❡♥ts✧✳ ❊st❡ ❛rt✐❣♦ ❢♦✐ ♣✉❜❧✐❝❛❞♦ ♥♦ ✹✶st ❆♥♥✉❛❧ ■❊❊❊

❈♦♥❢❡r❡♥❝❡ ♦♥ ▲♦❝❛❧ ❈♦♠♣✉t❡r ◆❡t✇♦r❦s ✲ ▲❈◆ ✷✵✶✻✱ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❜❪✳

✷✵



✸✳ ❍❛r❞✇❛r❡ ▼♦❞✉❧❡s ❢♦r P❛❝❦❡t ■♥t❡r❛rr✐✈❛❧ ❚✐♠❡ ▼♦♥✐t♦r✐♥❣ ❢♦r

❙♦❢t✇❛r❡ ❉❡❢✐♥❡❞ ▼❡❛s✉r❡♠❡♥ts ✷✶

t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ tr❛✣❝ ❡♥❣✐♥❡❡r✐♥❣ t❡❝❤♥✐q✉❡s✳ ❍♦✇❡✈❡r✱ ❞❡✈❡❧♦♣✐♥❣ t❤❡s❡

t❡❝❤♥✐q✉❡s ❢♦r ❙❉◆ ♥❡t✇♦r❦s ✐s ❝❤❛❧❧❡♥❣✐♥❣ ❞✉❡ t♦ t❤❡ ❝♦♠♣❧❡①✐t② ❛♥❞ r❡❛❧✲t✐♠❡

❝♦♥str❛✐♥ts ♦❢ t❤❡s❡ ❛♣♣❧✐❝❛t✐♦♥s✳

❚r❛✣❝ tr❛❝❦✐♥❣ ♣❧❛②s ❛ ❝r✉❝✐❛❧ r♦❧❡ t♦ ❡♥❛❜❧❡ tr❛✣❝ ❡♥❣✐♥❡❡r✐♥❣ ✐♥ ♠♦❞❡r♥

❝♦♠♣✉t❡r ♥❡t✇♦r❦s✳ ❆❧t❤♦✉❣❤ t❤✐s ❛r❡❛ ✇❛s ✇✐❞❡❧② ❡①♣❧♦✐t❡❞ ✐♥ t❤❡ ♣❛st✱ ❙❉◆

❢❡❛t✉r❡s r❡q✉✐r❡ ♥♦✈❡❧ tr❛✣❝ ❡♥❣✐♥❡❡r✐♥❣ t❡❝❤♥✐q✉❡s t♦ ❡♥❛❜❧❡ ♣❡r❢♦r♠❛♥❝❡ ♦♣t✐♠✐✲

③❛t✐♦♥ ✐♥ ❙❉◆ ♥❡t✇♦r❦s ❬❆❣❛r✇❛❧ ❡t ❛❧✳✱ ✷✵✶✸❀ ❆❦②✐❧❞✐③ ❡t ❛❧✳✱ ✷✵✶✹❪✳ ❙❉◆✲❜❛s❡❞

tr❛✣❝ tr❛❝❦✐♥❣ t❡❝❤♥✐q✉❡s ❛r❡ ♠♦r❡ ❢❡❛s✐❜❧❡ t♦ ✐♠♣❧❡♠❡♥t ❜❡❝❛✉s❡ t❤❡② ❞♦ ♥♦t r❡✲

q✉✐r❡ ❧❛r❣❡ ✐♥✈❡st♠❡♥ts ✐♥ ❤❛r❞✇❛r❡ r❡s♦✉r❝❡s ♦r ♥❡t✇♦r❦ ❝♦♥✜❣✉r❛t✐♦♥✳ ❖♣❡♥❋❧♦✇

✐s ❛♥ ❡①❛♠♣❧❡ ♦❢ ❙❉◆ ❛♥❞ ❤❛s ❡♠❡r❣❡❞ ❛s ❛ st❛♥❞❛r❞ ❢♦r ❝♦♠♠✉♥✐❝❛t✐♦♥ ❜❡t✇❡❡♥

t❤❡ ❝♦♥tr♦❧❧❡r ❛♥❞ s✇✐t❝❤❡s✳ ❆♥ ❖♣❡♥❋❧♦✇ s✇✐t❝❤ ✉s❡s ♣❡r ✢♦✇ ❝♦✉♥t❡rs ♦❢ ♣❛❝❦❡t

❛♥❞ ❜②t❡s✳

■♥ t❤✐s ♣❛♣❡r✱ ✇❡ ❡①t❡♥❞ ❖♣❡♥❋❧♦✇ s✇✐t❝❤ t♦ ✐♠♣❧❡♠❡♥t ❛ ♠❡❛s✉r❡♠❡♥t ❛r✲

❝❤✐t❡❝t✉r❡ ❢♦r ❙❉◆ ♥❡t✇♦r❦s✱ ❡♥❛❜❧✐♥❣ ❙♦❢t✇❛r❡✲❉❡✜♥❡❞ ▼❡❛s✉r❡♠❡♥ts ✭❙❉▼✮ s✐♥❝❡

t❤❡ ❝♦♥tr♦❧❧❡r ❝❛♥ ❝♦❧❧❡❝t ✢♦✇✬s st❛t✐st✐❝s ♦♥ t❤❡ ✢②✳ ❲❡ ❛❧s♦ ♣❡r❢♦r♠ ♠❡❛s✉r❡♠❡♥t

✐♥ ❛ s✐♠♣❧❡ ❛♥❞ s❝❛❧❛❜❧❡ ✇❛② ✇✐t❤♦✉t ❞❡♣❡♥❞✐♥❣ ♦♥ ❡♥❞✲❤♦sts✱ ❛❧❧♦✇✐♥❣ t♦ tr❛❝❦

t❤❡ ♣❡r❢♦r♠❛♥❝❡ ❛t t❤❡ ❣r❛♥✉❧❛r✐t② ♦❢ ✢♦✇s✳ ❖✉r ❛r❝❤✐t❡❝t✉r❡ ❤❛s ❜❡❡♥ ♣r♦t♦t②✲

♣❡❞ ❡①t❡♥❞✐♥❣ t❤❡ ❖♣❡♥❋❧♦✇ s✇✐t❝❤ ♦♥ ◆❡t❋P●❆ ✶● ♣❧❛t❢♦r♠ ❬◆❛♦✉s ❡t ❛❧✳✱ ✷✵✵✽❀

◆❡t❋P●❆✱ ✷✵✶✺❪✱ ❡♥❛❜❧✐♥❣ ❛❝❝✉r❛t❡ ❛♥❞ r❡❛❧✲t✐♠❡ ♠❡❛s✉r❡♠❡♥ts ♦❢ ❚❈P ✢♦✇s✳

❆s ❛♥ ✐♥✐t✐❛❧ ❝❛s❡ st✉❞②✱ ✇❡ ❤❛✈❡ ✐♠♣❧❡♠❡♥t❡❞ ❛ ♠♦❞✉❧❡ t♦ ♠❡❛s✉r❡ ♣❛❝❦❡t

✐♥t❡r❛rr✐✈❛❧ t✐♠❡s✳ ❚❤✐s ♠♦❞✉❧❡ ❤❛s ❜❡❡♥ ✈❛❧✐❞❛t❡❞ ✐♥ ❛ r❡❛❧✐st t❡st❜❡❞ ❡♥✈✐r♦♥♠❡♥t✱

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

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

❜❡t✇❡❡♥ t❤❡ tr❛❞✐t✐♦♥❛❧ ✭❡♥❞✲❤♦st✮ ♠❡❛s✉r❡♠❡♥ts ❛♥❞ ♦✉r ♥❡✇ ♣r♦♣♦s❛❧ ✐s ❝❧♦s❡ t♦

✵✪✳ ▼♦r❡♦✈❡r✱ ✇❡ ♣r❡s❡♥t s❝❡♥❛r✐♦s ✇❤❡r❡ ❡♥❞✲❤♦st ♠❡❛s✉r❡♠❡♥t ✐s ✐♠♣r❛❝t✐❝❛❜❧❡

❛s✱ ❢♦r ❡①❛♠♣❧❡✱ t♦ ♠❡❛s✉r❡ ❛❣❣r❡❣❛t❡❞ ✢♦✇s ❛t ❛ s✐♥❣❧❡ ♣♦✐♥t✳

✸✳✷ Pr♦t♦t②♣❡ ■♠♣❧❡♠❡♥t❛t✐♦♥

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

t❤❡ ◆❡t❋P●❆ ♣❧❛t❢♦r♠ ❬◆❡t❋P●❆✱ ✷✵✶✺❪✳ ❘❡❝❛❧❧ t❤❛t ❙❉◆ ♣❛r❛❞✐❣♠ ♠✐❣r❛t❡s

♥❡t✇♦r❦ ❝♦♠♣❧❡①✐t② ❢r♦♠ ❢♦r✇❛r❞✐♥❣ ♥❡t✇♦r❦ ❡❧❡♠❡♥ts ✭s✇✐t❝❤❡s✴r♦✉t❡rs✮ t♦ ❛ ❝❡♥✲

tr❛❧✐③❡❞ ❝♦♥tr♦❧❧❡r✳ ❆s t❤❡ ❝❡♥tr❛❧✐③❡❞ ❝♦♥tr♦❧❧❡r ❤❛s ❛ ❝♦♠♣❧❡t❡ ♥❡t✇♦r❦ ✈✐❡✇✱ ✐t ♠❛②

♣❡r❢♦r♠ ❢❛✉❧t ❞❡t❡❝t✐♦♥ ❛♥❞ ♠❛② ✐♠♣r♦✈❡ ♥❡t✇♦r❦ ♠❡❛s✉r❡♠❡♥t t❛s❦s✳ ▼♦r❡♦✈❡r✱

❝♦♥tr♦❧❧❡rs ❛❧❧♦✇ ❛ss♦❝✐❛t✐♦♥ ♦❢ ✢♦✇ r✉❧❡s ✐♥s✐❞❡ ♥❡t✇♦r❦ s✇✐t❝❤❡s ❢♦r ♠❡❛s✉r❡♠❡♥t

t❛s❦s✱ ❡♥❛❜❧✐♥❣ t♦ ❝❛♣t✉r❡ ♠❡tr✐❝s ❛♥❞ t✐♠❡st❛♠♣s ♦❢ t❤❡ ♥❡t✇♦r❦ ✢♦✇s ✉s✐♥❣ ✉s❡r✲
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❙♦❢t✇❛r❡ ❉❡❢✐♥❡❞ ▼❡❛s✉r❡♠❡♥ts ✷✷

s♣❛❝❡ ♣r♦❣r❛♠s ❬◆❛♦✉s ❡t ❛❧✳✱ ✷✵✵✽❪✳

❲❡ ❤❛✈❡ ♠♦❞✐✜❡❞ t❤❡ ♦r✐❣✐♥❛❧ ❖♣❡♥❋❧♦✇ s✇✐t❝❤ ❬◆❛♦✉s ❡t ❛❧✳✱ ✷✵✵✽❪ t♦ ❣❛t❤❡r

✢♦✇s ♠❡❛♥ ❛♥❞ ✈❛r✐❛♥❝❡ ♦❢ ♣❛❝❦❡t ✐♥t❡r❛rr✐✈❛❧ t✐♠❡✳ ❲❡ tr❛❝❦ ♣❛❝❦❡t ✐♥t❡r❛rr✐✈❛❧

t✐♠❡s ✐♥ ✢♦✇ s❝❛❧❡✱ ♣❡r❢♦r♠✐♥❣ ♠❡❛s✉r❡♠❡♥ts ❢♦r ❛❧❧ ♣❛❝❦❡ts ♦❢ ❛ ✢♦✇ ✇✐t❤♦✉t s❛♠✲

♣❧✐♥❣✱ ✇❤✐❝❤ s❝❛❧❡s ❛❝❝♦r❞✐♥❣ t❤❡ ♥✉♠❜❡r ♦❢ r✉❧❡s s✉♣♣♦rt❡❞ ✐♥ t❤❡ s✇✐t❝❤✳ ❈✉rr❡♥✲

t❧②✱ ✇❡ tr❛❝❦ ❚❈P ✢♦✇s ❝♦♥❝✉rr❡♥t❧② ♣❡r❢♦r♠✐♥❣ ♠❡❛s✉r❡♠❡♥ts ❡①❛❝t❧② ✐♥ ❧✐♥❡✲s♣❡❡❞

✇✐t❤♦✉t ❛✛❡❝t✐♥❣ t❤❡ ♣❛❝❦❡ts ♣r♦❝❡ss✐♥❣ r❛t❡✳

❖✉r ❛r❝❤✐t❡❝t✉r❡ s✉♣♣♦rts t❤❡ ❞❡s❝r✐♣t✐♦♥ ♦❢ ✢♦✇s ✐♥ t❤❡ ✢♦✇ ❡♥tr② t❛❜❧❡ ✇✐t❤

t❤❡ ✇✐❧❞❝❛r❞✳ ❚❤❡ ✇✐❧❞❝❛r❞ ✐s ✉s❡❢✉❧ t♦ ❛❣❣r❡❣❛t❡ ✢♦✇s✳ ❋♦r ❡①❛♠♣❧❡✱ t♦ ❞❡t❡❝t ✐❢ s♦✲

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

t✐♠❡ ♦♥ ❤❡r ♠❛❝❤✐♥❡ ❢♦r ❛♥② ♣♦rts ✭✇✐❧❞❝❛r❞ ♣♦rt r✉❧❡✮✳

✸✳✷✳✶ ❉❛t❛ ♣❧❛♥❡

▼❡❛s✉r❡♠❡♥t t❛s❦s ✐♥ t❤❡ ❞❛t❛ ♣❧❛♥❡ ❜❡❣✐♥ ✇✐t❤ ✐♥❝♦♠✐♥❣ ❚❈P ♣❛❝❦❡ts ✐♥ ❍❡❛❞❡r

P❛rs❡r ♠♦❞✉❧❡✳ ❚❤✐s ♠♦❞✉❧❡ ❡①tr❛❝ts t❤❡ ✢♦✇ ✐❞❡♥t✐✜❡r✱ s❛✈❡s t❤❡ t✐♠❡st❛♠♣ ✭✐♥

❝❧♦❝❦ ❝②❝❧❡s✮ t❤❛t ✐s ❣❡♥❡r❛t❡❞ ❜② t❤❡ ♠♦❞✉❧❡ ❚✐♠❡ ❈♦✉♥t❡r✱ ❛♥❞ ❢♦r✇❛r❞s t❤✐s

❞❛t❛ t♦ t❤❡ ▼❡❛s✉r❡ ♠♦❞✉❧❡✳ ❚❤❡ ▼❡❛s✉r❡ ♠♦❞✉❧❡ ✐♥s❡rts t❤❡s❡ ✈❛❧✉❡s ✐♥s✐❞❡ ❛

q✉❡✉❡✳ ■t ♥❡❡❞s t♦ ✇❛✐t ❛♥ ♦✉t♣✉t ❢r♦♠ t❤❡ ❲✐❧❞❝❛r❞ ♠♦❞✉❧❡ t♦ ❞❡❝✐❞❡ ✐❢ ✐t ❞r♦♣s

t❤❡ t✐♠❡st❛♠♣ ❛♥❞ ✢♦✇ ✐❞❡♥t✐✜❡r ♦r ❝❛❧❝✉❧❛t✐♦♥ ♦❢ ♠❡❛♥ ❛♥❞ ✈❛r✐❛♥❝❡✳ ❚❤❡ ♠♦❞✉❧❡

❲✐❧❞❝❛r❞ ♠❛t❝❤❡s t❤❡ ✢♦✇ ✐❞❡♥t✐✜❡r ❡①tr❛❝t❡❞ ❢r♦♠ t❤❡ ♣❛❝❦❡t ✇✐t❤ t❤❡ ✢♦✇ ❡♥tr✐❡s

st♦r❡❞ ✐♥s✐❞❡ t❤❡ ❚❈❆▼✳ ❆❢t❡r ❡♥❞✐♥❣ t❤❡ q✉❡r②✱ t❤❡ ♠♦❞✉❧❡❲✐❧❞❝❛r❞ s❡♥❞s ❛ s✐❣♥❛❧

✐❢ ✐t ❢♦✉♥❞ t❤❡ ✢♦✇ ✐❞❡♥t✐✜❡r ❛♥❞ t❤❡ ❚❈❆▼ ❛❞❞r❡ss✳

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

♦❢ ♣❛❝❦❡t ✐♥t❡r❛rr✐✈❛❧ t✐♠❡✳ ❚❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ t❤✐s ♠❡tr✐❝ ❝♦♥s✐sts ♦❢ r❡❝❡✐✈✐♥❣

t❤❡ ❛rr✐✈❛❧ t✐♠❡ ♦❢ t❤❡ ✜rst ♣❛❝❦❡t ✭T1✮ ♦❢ t❤❡ ✢♦✇ Fj✱ t❤❡ ❛rr✐✈❛❧ t✐♠❡ ♦❢ t❤❡ ♥❡①t

♣❛❝❦❡t ✭T2✮ ♦❢ t❤❡ ✢♦✇ Fj ✉♥t✐❧ t❤❡ ❛rr✐✈❛❧ t✐♠❡ ✭Tn✮ ♦❢ t❤❡ nth ♣❛❝❦❡t ♦❢ t❤❡ ✢♦✇ Fj✳

Fj r❡❢❡rs t♦ t❤❡ jth ♠❡❛s✉r❡❞ ✢♦✇✳ ❆t ❡❛❝❤ ✐♥t❡r✈❛❧ ❛♠♦♥❣ ♣❛❝❦❡ts✱ ♦✉r ♣r♦t♦t②♣❡

❝❛❧❝✉❧❛t❡s t❤❡ ❞✐✛❡r❡♥❝❡ dT = Tc − Tp✱ ❜❡✐♥❣ Tc t❤❡ ❛rr✐✈❛❧ t✐♠❡ ♦❢ t❤❡ ❝✉rr❡♥t

♣❛❝❦❡t ❛♥❞ Tp t❤❡ ❛rr✐✈❛❧ t✐♠❡ ♦❢ t❤❡ ♣r❡✈✐♦✉s ♣❛❝❦❡t✳ ❋♦❧❧♦✇✐♥❣✱ t❤❡ s✉♠♠❛t✐♦♥ ♦❢

t❤❡ ❞✐✛❡r❡♥❝❡ Sj ✐s ❝♦♠♣✉t❡❞✱ Sj = Sj + dT ❛♥❞ t❤❡ s✉♠♠❛t✐♦♥ ♦❢ t❤❡ sq✉❛r❡❞ s✉♠

♦❢ t❤❡ ❞✐✛❡r❡♥❝❡✱ S2

j = S2

j + dT 2✳ ❋✐♥❛❧❧②✱ t❤❡ ♣❛❝❦❡t ❝♦✉♥t❡r Nj ✐s ✐♥❝r❡♠❡♥t❡❞✳

❆❢t❡r ❛❧❧ ❝❛❧❝✉❧❛t✐♦♥s ❛r❡ ♣❡r❢♦r♠❡❞✱ t❤❡ r❡s✉❧ts ❛r❡ t❡♠♣♦r❛r✐❧② st♦r❡❞ ✐♥ ❛

❜✉✛❡r ✐♥s✐❞❡ t❤❡ ▼❡❛s✉r❡ ♠♦❞✉❧❡ ❛♥❞ ❛❧s♦ ✐♥ t❤❡ ❙❘❆▼✳ ❚❤❡ ❜✉✛❡r ❤❛s ♦♥❡ ❡♥tr②

❢♦r ❡❛❝❤ ❚❈❆▼ ❡♥tr②✳ ❊❛❝❤ ❜✉✛❡r ❡♥tr② st♦r❡s✿ t❤❡ ♥✉♠❜❡r ♦❢ ♣❛❝❦❡t ♦❢ ❛ s♣❡❝✐✜❝

✢♦✇ ✭Nj✮❀ t❤❡ ❛rr✐✈❛❧ t✐♠❡ ♦❢ t❤❡ ❧❛st ♣❛❝❦❡t r❡❝❡✐✈❡❞ ❢♦r t❤❛t ✢♦✇ ✭Tp✮❀ t❤❡ s✉♠

✭Sj✮ ❛♥❞ sq✉❛r❡❞✲s✉♠ ✭S2

j ✮ ♦❢ t❤❡ ❛❝❝✉♠✉❧❛t❡❞ t✐♠❡ ✐♥t❡r✈❛❧s ♦❢ t❤❡ ♣❛❝❦❡t ❛rr✐✈❛❧
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❙♦❢t✇❛r❡ ❉❡❢✐♥❡❞ ▼❡❛s✉r❡♠❡♥ts ✷✸

t✐♠❡s✳ ❲❤❡♥ ❛ ♠❛t❝❤✐♥❣ ♦❝❝✉rs ✐♥ t❤❡ ❚❈❆▼✱ t❤❡ ❚❈❆▼ ♠❛t❝❤❡❞ ❛❞❞r❡ss ✇✐❧❧ ❛❧s♦

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

t✐♠❡st❛♠♣ ♦❢ t❤❡ ❝✉rr❡♥t ♣❛❝❦❡t ✭Tc✮✳ ❚❤❡ ❜✉✛❡r ✇♦r❦s ❛s ❛ ❝❛❝❤❡✳ ■ts ♠❛✐♥ ❣♦❛❧ ✐s

t♦ ❛✈♦✐❞ t❤❡ t✐♠❡ t❤❛t ✇♦✉❧❞ ❜❡ s♣❡♥t ✇✐t❤ r❡♣❡❛t❡❞ ❛❝❝❡ss❡s t♦ t❤❡ ❙❘❆▼✳ ❙❘❆▼

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

❞✉❡ t♦ t❤❡ t✐♠❡ t❤❛t t❤❡ st❛t❡ ♠❛❝❤✐♥❡ ✇❛✐ts ❢♦r t❤❡ ❞❛t❛ ❢r♦♠ t❤❡ ♠❡♠♦r② ❬●♦✉❧❛rt

❡t ❛❧✳✱ ✷✵✶✺❪✳

❚❤❡ ✉s❡r✲s♣❛❝❡ ♣r♦❣r❛♠ r❡❛❞s✱ ✈✐❛ r❡❣✐st❡r ✐♥t❡r❢❛❝❡✱ t❤❡ ♣❛❝❦❡t ✐♥t❡r❛rr✐✈❛❧

t✐♠❡s r❡❝♦r❞❡❞ ✐♥ t❤❡ ❙❘❆▼✳ ❉✉❡ t♦ t❤❡ ❧✐♠✐t❛t✐♦♥ ♦❢ ❧♦❣✐❝ ❝❡❧❧s ♥✉♠❜❡r✱ ❞✐✈✐s✐♦♥

♦♣❡r❛t✐♦♥s ♦❢ t❤❡ ♠❡❛♥ ❛♥❞ ✈❛r✐❛♥❝❡ ❛r❡ ♣❡r❢♦r♠❡❞ ❜② ❛ ✉s❡r✲s♣❛❝❡ ♣r♦❣r❛♠✳ ■♥

❋✐❣✉r❡ ✸✳✶✱ ✇❡ s❤♦✇ t❤❡ ❞❛t❛♣❛t❤ ♦❢ ♦✉r ♣r♦♣♦s❡❞ ❛r❝❤✐t❡❝t✉r❡ t❤❛t s✉♣♣♦rts ♠❡❛✲

s✉r✐♥❣ t❤❡ ♠❡❛♥ ❛♥❞ ✈❛r✐❛♥❝❡ ♦❢ t❤❡ ♣❛❝❦❡t ✐♥t❡r❛rr✐✈❛❧ t✐♠❡✳ ❲❡ ❤✐❣❤❧✐❣❤t t❤❛t ♦✉r

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

❢✉t✉r❡ ✇♦r❦✳

❈✉rr❡♥t❧②✱ t❤❡ ◆❡t❋P●❆ ✶● ♠♦❞❡❧✱ ✇❤✐❝❤ ✇❛s ✉s❡❞ ✐♥ t❤✐s ♣r♦❥❡❝t✱ s✉♣♣♦rts

t✇❡♥t②✲❡✐❣❤t ❚❈P ✢♦✇s ❝♦♥❝✉rr❡♥t❧② ❞✉❡ t♦ ◆❡t❋P●❆ ❚❈❆▼ s✐③❡ ❝♦♥str❛✐♥ts✳

❚❤❡r❡ ❛r❡ ♦t❤❡r ◆❡t❋P●❆ ♠♦❞❡❧s ✇✐t❤ ♠♦r❡ ♣♦✇❡r❢✉❧ ❋P●❆s✳ ❋♦r ❝♦♠♣❛r✐s♦♥

❡✛❡❝ts✱ t❤❡ ◆❡t❋P●❆ ❙❯▼❊ ❬❙❯▼❊✱ ✷✵✶✺❪ ✭❋P●❆ ❱✐rt❡①✲✼✮ ❤❛s ✶✸① ♠♦r❡ r❡s♦✉r✲

❝❡s t❤❛♥ t❤❡ ♠♦❞❡❧ ✶●✱ ❛❧❧♦✇✐♥❣ t♦ tr❛❝❦ ✹✶✻ ✢♦✇s ❝♦♥❝✉rr❡♥t❧②✳

❋✐❣✉r❡ ✸✳✶✿ ❉❛t❛♣❛t❤ ♦❢ t❤❡ ✐♠♣❧❡♠❡♥t❡❞ ◆❡t❋P●❆ s✇✐t❝❤✳

✸✳✷✳✷ ❈♦♥tr♦❧ P❧❛♥❡

❚❤❡ ❝♦♥tr♦❧ ♣❧❛♥❡ ✐s ❞✐✈✐❞❡❞ ✐♥ t✇♦ ♣❛rts✿ ❛ ❝♦♥tr♦❧❧❡r ❛♥❞ ❛ ♠❡❛s✉r❡♠❡♥t s♦❢t✇❛r❡✳

❚❤❡ ❝♦♥tr♦❧❧❡r✬s ❢✉♥❝t✐♦♥ ✐s t♦ ✐♥s❡rt t❤❡ r✉❧❡s ✐♥s✐❞❡ t❤❡ ❚❈❆▼ ❛♥❞ t♦ ✐♥❢♦r♠ t❤❡



✸✳ ❍❛r❞✇❛r❡ ▼♦❞✉❧❡s ❢♦r P❛❝❦❡t ■♥t❡r❛rr✐✈❛❧ ❚✐♠❡ ▼♦♥✐t♦r✐♥❣ ❢♦r

❙♦❢t✇❛r❡ ❉❡❢✐♥❡❞ ▼❡❛s✉r❡♠❡♥ts ✷✹

s✇✐t❝❤ ❤♦✇ t❤❡ ♣❛❝❦❡t ✇✐❧❧ ❜❡ ❢♦r✇❛r❞❡❞✳ ❚❤❡r❡ ❛r❡ s❡✈❡r❛❧ ❙❉◆ ❝♦♥tr♦❧❧❡rs ♦♣t✐♦♥s

❛❧r❡❛❞② ✐♠♣❧❡♠❡♥t❡❞✱ ❡❛❝❤ ♦♥❡ ✇✐t❤ ♣❛rt✐❝✉❧❛r ❝❤❛r❛❝t❡r✐st✐❝s✳ ❲❡ ✉s❡❞ t❤❡ P❖❳

❝♦♥tr♦❧❧❡r✳ P❖❳ ✐s ✐♠♣❧❡♠❡♥t❡❞ ✐♥ P②t❤♦♥ ❛♥❞ ❡♥❛❜❧❡s ❢❛st ♣r♦t♦t②♣✐♥❣✳

❲❡ ❞❡✈❡❧♦♣❡❞ ❛♥ ❛♣♣❧✐❝❛t✐♦♥ ♦♥ t♦♣ ♦❢ P❖❳ t❤❛t ✐♥s❡rt r✉❧❡s ❝♦♥t❛✐♥✐♥❣ t❤❡

❞❡s✐r❡❞ ✢♦✇s t♦ ❜❡ ♠♦♥✐t♦r❡❞ ♦♥ t❤❡ s✇✐t❝❤✳ ■♥ t❤✐s ✇❛②✱ ✐t ✐s ♣♦ss✐❜❧❡ ❢♦r t❤❡ s✇✐t❝❤

t♦ ♠♦♥✐t♦r t❤❡ ♣❛❝❦❡t ✐♥t❡r❛rr✐✈❛❧ t✐♠❡ ♦❢ t❤❡ ❞❡s✐r❡❞ ✢♦✇s ♦♥ t❤❡ ✢②✳

❚❤❡ ♠❡❛s✉r❡♠❡♥t s♦❢t✇❛r❡ ❞❡✜♥❡s t❤❡ ♠❡❛s✉r❡♠❡♥t ♣r♦❝❡ss ♣❡r❢♦r♠✐♥❣ ❝❛❧✲

❝✉❧❛t✐♦♥s ♦❢ t❤❡ ♠❡❛♥ ❛♥❞ ✈❛r✐❛♥❝❡ ♦❢ ❡❛❝❤ ✢♦✇✳ ❚❤✐s s♦❢t✇❛r❡ ❝♦♠♠✉♥✐❝❛t❡s ✇✐t❤

t❤❡ ◆❡t❋P●❆ t❤r♦✉❣❤ t❤❡ r❡❣✐st❡r ✐♥t❡r❢❛❝❡✳ ❚❤❡ s♦❢t✇❛r❡ r❡❛❞s t❤❡ ✈❛❧✉❡s ♦❢ ♠❡❛♥

❛♥❞ ✈❛r✐❛♥❝❡ t❤❛t ❛r❡ st♦r❡❞ ✐♥ ❤❡ ◆❡t❋P●❆✬s ❙❘❆▼✳ ❋♦r ❡❛❝❤ r❡❛❞✐♥❣✱ t❤❡ ♠❡❛♥

❛♥❞ ✈❛r✐❛♥❝❡ ♦❢ t❤❡ r❡q✉❡st❡❞ ✢♦✇s ❛r❡ ❝❛❧❝✉❧❛t❡❞ ❛♥❞ st♦r❡❞ ✐♥ ❛ ✜❧❡✳

✸✳✸ ❊✈❛❧✉❛t✐♦♥

❋✐❣✉r❡ ✸✳✷ ❞❡♣✐❝ts ♦✉r t❡st❜❡❞✳ ❖✉r t❡st❜❡❞ ✐s ❝♦♠♣♦s❡❞ ♦❢ t✇♦ ❡♥❞✲❤♦sts✿ ❆ ❛♥❞

❇✳ ❍♦st ❆ s❡♥❞s ❘❛✇ ❚❈P ♣❛❝❦❡ts ❛t ❛ ❝♦♥tr♦❧❧❡❞ r❛t❡ t♦ ❤♦st ❇✳ ❖✉r t❡st❜❡❞

❤❛s✱ ❜❡t✇❡❡♥ ❆ ❛♥❞ ❇✱ t✇♦ tr❛❞✐t✐♦♥❛❧ s✇✐t❝❤❡s ✇✐t❤ r❡❛❧ tr❛✣❝ ❢♦r ❛❞❞✐♥❣ r❡❛❧✐st✐❝

❞❡❧❛②s ❛♠♦♥❣ t❤❡ ♣❛❝❦❡ts s❡♥t ❜② ❆✳ ❆t t❤❡ ❡♥❞ ♣♦✐♥t ♦❢ t❤❡ ♥❡t✇♦r❦✱ ✇❡ ✐♥s❡rt❡❞ t❤❡

◆❡t❋P●❆ r✉♥♥✐♥❣ ♦✉r ♣r♦t♦t②♣❡✳ ❍♦st ❇ ❡①❡❝✉t❡s ❛ s♦❢t✇❛r❡ t♦♦❧ t♦ ♣❡r❢♦r♠ ♣❛❝❦❡t

✐♥t❡r❛rr✐✈❛❧ t✐♠❡ ♠❡❛s✉r❡♠❡♥ts✳ ■♥ ❇✱ t❤❡ ♠❡❛♥ ❛♥❞ ✈❛r✐❛♥❝❡ ✇❡r❡ ❝❛❧❝✉❧❛t❡❞ ❛❢t❡r

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

♦♥ t❤❡ ✢②✳ ❖✉r ❣♦❛❧ ✐s t♦ ❝♦♠♣❛r❡ t❤❡ r❡❧❛t✐✈❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ♠❡❛s✉r❡♠❡♥ts

✐♥ s♦❢t✇❛r❡ ✭❇✮ ❛♥❞ t❤❡ ♦♥❡s ✐♥ ❤❛r❞✇❛r❡ ✭◆❡t❋P●❆✮ ❜❛s❡❞ ♦♥ t❤❡ ♣r❡❞❡✜♥❡❞ ❞❡❧❛②s

✐♥s❡rt❡❞ ❛♠♦♥❣ t❤❡ ♣❛❝❦❡ts s❡♥t ❜② ❆✳

❋✐❣✉r❡ ✸✳✷✿ ❚❡st❜❡❞ ❡♥✈✐r♦♥♠❡♥t✳

❲❡ ❞❡✈❡❧♦♣❡❞ ❛♥ ✉s❡r✲s♣❛❝❡ ❛♣♣❧✐❝❛t✐♦♥ t♦ s❡♥❞ ❚❈P ♣❛❝❦❡ts ❢r♦♠ t❤❡ ❤♦st

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

❝♦♥tr♦❧❧❡r✳ ❚❤✐s ♣r♦❣r❛♠ st❛rts ❛ ♥❡✇ t❤r❡❛❞ ❢♦r ❡❛❝❤ ✢♦✇ ❞❡✜♥❡❞ ✐♥ t❤❡ ✜❧❡✳ ❊❛❝❤

t❤r❡❛❞ s❡♥❞s ♣❛❝❦❡ts ❢♦r ❛ s♣❡❝✐✜❝ ✢♦✇✳



✸✳ ❍❛r❞✇❛r❡ ▼♦❞✉❧❡s ❢♦r P❛❝❦❡t ■♥t❡r❛rr✐✈❛❧ ❚✐♠❡ ▼♦♥✐t♦r✐♥❣ ❢♦r

❙♦❢t✇❛r❡ ❉❡❢✐♥❡❞ ▼❡❛s✉r❡♠❡♥ts ✷✺

❲❡ ❞❡✜♥❡❞ t✇♦ t②♣❡s ♦❢ ✐♥t❡r❛rr✐✈❛❧ t✐♠❡ t❡sts✿ ❝♦♥st❛♥t ❛♥❞ r❛♥❞♦♠✳ ❲❡ ✉s❡❞

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

❜② ♦✉r ♣r♦t♦t②♣❡✳ ❋♦r r❡❛❧✐st✐❝ t❡sts✱ ✇❡ ✉s❡❞ r❛♥❞♦♠ t✐♠❡ ✐♥t❡r✈❛❧s✳ ❚❤❡ ♣❛❝❦❡ts

✇❡r❡ ❣❡♥❡r❛t❡❞ ✇✐t❤ ▲✐❜♥❡t ❧✐❜r❛r② ♦❢ ❈ ❧❛♥❣✉❛❣❡✳ ❋♦r ❡♥❛❜❧✐♥❣ ❜❡tt❡r ❝♦♥tr♦❧ ♦❢

t❤❡ ♥✉♠❜❡r ♦❢ ♣❛❝❦❡ts t❤❛t ❝❛♠❡ ❢r♦♠ ❆ t♦ ❇ ❛♥❞ ◆❡t❋P●❆✱ ✇❡ ✇r♦t❡ t❤❡ ♣❛❝❦❡ts

s❡♥t ❜② ▲✐❜♥❡t ✐♥ s❡✈❡r❛❧ ♣❝❛♣ ✜❧❡s t♦ ❜❡ tr❛♥s♠✐tt❡❞ ❜② ❆✳ ❊❛❝❤ ♣❝❛♣ ✜❧❡ ❧❛sts

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

❚r❛❝❡s ❢♦r♠❛t ♣❝❛♣ ✇❡r❡ ❛❧s♦ ❝r❡❛t❡❞ ✐♥ t❤❡ ❤♦st ❇ ✭s♦❢t✇❛r❡✮ ❛♥❞ r❡♣r♦❞✉❝❡❞ ✉s✐♥❣

❉P❑❚ ❧✐❜r❛r② ♦❢ P②t❤♦♥ ❧❛♥❣✉❛❣❡✳

❲❡ ♣❡r❢♦r♠❡❞ s❡✈❡r❛❧ ✐t❡r❛t✐♦♥s ♦❢ t❤❡ ❡①♣❡r✐♠❡♥ts r✉♥♥✐♥❣ t❤❡ ♣❝❛♣ ✜❧❡s ✐♥

t❤❡ t❡r♠✐♥❛❧ ❆✳ ❇❡❢♦r❡ ❡①❡❝✉t✐♥❣ t❤❡♠✱ ✇❡ ✐♥✐t✐❛❧✐③❡❞ t❤❡ t❝♣❞✉♠♣ ✐♥ ❇ ❢♦r ❝❛♣t✉r✐♥❣

♣❛❝❦❡ts t❤❛t ❝❛♠❡ ❢r♦♠ ❆ ✐♥ t❤❛t ♠♦♠❡♥t✳ ❲❤❡♥ ❡♥❞✐♥❣ ❛♥ ✐t❡r❛t✐♦♥✱ ✇❡ r❡❛❞ t❤❡

♠❡❛s✉r❡♠❡♥ts✱ ❝❧❡❛♥ ❜♦t❤ t❤❡ ✐♥t❡r♥❛❧ ❜✉✛❡rs ❛♥❞ t❤❡ ❙❘❆▼ ✭✜rst t❤✐rt②✲t✇♦ ❧✐♥❡s✮✳

❚❤❡♥✱ t❤❡ t❝♣❞✉♠♣ ✇r✐t❡s ❛♥ ♦✉t♣✉t ✜❧❡ ✐♥ ❇ ✇✐t❤ t❤❡ ❝❛♣t✉r❡❞ ♣❛❝❦❡ts✳ ❚❤❡s❡ st❡♣s

✇❡r❡ ♣❡r❢♦r♠❡❞ ✐♥ ❛❧❧ ✐t❡r❛t✐♦♥s✳

■♥✐t✐❛❧❧②✱ ✇❡ s❡t ✉♣ ✜✈❡ s❡❝♦♥❞s ❢♦r ✐♥✐t✐❛❧✐③✐♥❣ t❤❡ ❝♦♥tr♦❧❧❡r✱ t❤❡ ♠♦♥✐t♦r✐♥❣

t♦♦❧s✱ ❛♥❞ t❤❡ ♣❛❝❦❡t tr❛♥s♠✐ss✐♦♥✳ ❚❤❡♥✱ ❛❧❧ ❡①♣❡r✐♠❡♥ts ❛r❡ ♣❡r❢♦r♠❡❞ ✐♥ ✜❢t②

✐t❡r❛t✐♦♥s✱ ❡❛❝❤ ✐t❡r❛t✐♦♥ ❧❛st✐♥❣ ♦♥❡ s❡❝♦♥❞✳ ❋✐♥❛❧❧②✱ ✇❡ ❝♦♥✜❣✉r❡❞ ♦♥❡ s❡❝♦♥❞ ❢♦r

❡♥❞✐♥❣ t❤❡s❡ ♣r♦❝❡ss❡s✳ ❚❤✉s✱ t❤❡ t♦t❛❧ ❡①♣❡r✐♠❡♥t t✐♠❡ ✐s t❤❡ s✉♠♠❛t✐♦♥ ♦❢ t❤❡

✐♥✐t✐❛❧✐③❛t✐♦♥ t✐♠❡✱ ✇✐t❤ t❤❡ ♣r♦❞✉❝t ♦❢ ❡❛❝❤ ✐t❡r❛t✐♦♥ ❜② t❤❡ ♥✉♠❜❡r ♦❢ ✐t❡r❛t✐♦♥s✱

❛♥❞ t❤❡ ❡♥❞✐♥❣ ♣❤❛s❡ t✐♠❡✿ 5s + 50 × 1s + 1s = 56s✳ ❲❡ ❞✐s❝❛r❞❡❞ ✶✵✪ ♦❢ t❤❡

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

❡♥❞✐♥❣✳ ❊❛❝❤ s❡❝♦♥❞ ❝♦rr❡s♣♦♥❞s t♦ t✇❡♥t②✲❡✐❣❤t s❛♠♣❧❡s✳

✸✳✹ ❘❡s✉❧ts

❲❡ ❞❡s✐❣♥❡❞ t❤r❡❡ t②♣❡s ♦❢ ❡①♣❡r✐♠❡♥ts✳ ❋✐rst ❡①♣❡r✐♠❡♥t ❝♦♥s✐sts ♦❢ ♣r❡❞❡✜♥❡❞

❞❡❧❛②s✳ ❚❤✐s ❡♥❛❜❧❡s ✉s t♦ ❤❛✈❡ t❤❡ ❣r♦✉♥❞ tr✉t❤ ❛♥❞✱ ❝♦♥s❡q✉❡♥t❧②✱ t♦ ✈❛❧✐❞❛t❡

♦✉r s②st❡♠✳ ❚❤❡ s❡❝♦♥❞ ❡①♣❡r✐♠❡♥t ✐s ❝♦♥✜❣✉r❡❞ t♦ ❤❛✈❡ r❛♥❞♦♠ ❞❡❧❛②s ❛♥❞ ✐t

r❡♣r❡s❡♥ts r❡❛❧✐st✐❝ tr❛✣❝ ♣❛tt❡r♥✳ ❋✐♥❛❧❧②✱ t❤❡ t❤✐r❞ ❡①♣❡r✐♠❡♥t ❡✈❛❧✉❛t❡s ♦✉r ♣r♦✲

t♦t②♣❡ ✇✐t❤ t❤❡ ✇✐❧❞❝❛r❞ r✉❧❡s ❛♥❞ ♣r❡❞❡✜♥❡❞ ❞❡❧❛②s✳ ❋✐❣✉r❡ ✸✳✸ ♣r❡s❡♥ts ♠❡❛♥ ❛♥❞

✈❛r✐❛♥❝❡ r❡s✉❧ts ❢♦r ❡①♣❡r✐♠❡♥ts ✇❡ ❤❛✈❡ ♣❡r❢♦r♠❡❞✳

❊①♣❡r✐♠❡♥t ✶ ❝❤❡❝❦s ✜①❡❞ ❞❡❧❛②✳ ❲❡ s❡♥❞ ❛♣♣r♦①✐♠❛t❡❧② ✶✼✵✵ ♣❛❝❦❡ts ✇✐t❤

♣r❡❞❡✜♥❡❞ ❞❡❧❛②s ♦❢ ✷✵✴✹✵ ♠✐❧❧✐s❡❝♦♥❞s ✭♠s✮ ❢♦r ❡❛❝❤ ♦♥❡ ♦❢ t❤❡ ✷✽ ✢♦✇s✳ ❖✉r

r❡s✉❧ts s❤♦✇ t❤❛t ✾✺✪ ♦❢ t❤❡ r❡❧❛t✐✈❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ❤❛r❞✇❛r❡ ❛♥❞ s♦❢t✇❛r❡

❛♣♣r♦❛❝❤❡s ❛r❡ ❝❧♦s❡ ✵✳✵✵✼✷✪ ✐♥ t❤❡ ♠❡❛♥ ❣r❛♣❤✳ ❖♥ t❤❡ ✈❛r✐❛♥❝❡ ❣r❛♣❤✱ ✾✺✪ ♦❢
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(A) Difference measured by NetFPGA
 in relation to the host B
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(B) Difference measured by NetFPGA
 in relation to the host B
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❋✐❣✉r❡ ✸✳✸✿ ❈❉❋ ♣❧♦t ♦❢ t❤❡ ♠❡❛♥ ✭❆✮ ❛♥❞ ✈❛r✐❛♥❝❡ ✭❇✮✳

t❤❡ ♠❡❛s✉r❡♠❡♥ts ♦❜t❛✐♥❡❞ r❡❧❛t✐✈❡ ❞✐✛❡r❡♥❝❡ ❝❧♦s❡ t♦ ✵✳✷✻✪✳ ❚❤r❡❡ ✈❛❧✉❡s st❛②❡❞

❜❡t✇❡❡♥ ✸✪ ❛♥❞ ✼✪✱ ❜✉t t❤❡ ❛❜s♦❧✉t❡ ❞✐✛❡r❡♥❝❡s ❛r❡ s♠❛❧❧✱ ♣r❡s❡♥t✐♥❣ ❞✐✛❡r❡♥❝❡s ❧❡ss

t❤❛♥ 10−4✳ ❚❤❡ ❡①♣❡❝t❡❞ ✈❛❧✉❡s ♦❢ t❤❡ ♠❡❛♥ ❛r❡ ✐♥s✐❞❡ t❤❡ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧ 10−5×

[2.897 : 3.166]✱ ❛♥❞ t❤❡ ❡①♣❡❝t❡❞ ✈❛❧✉❡s ♦❢ t❤❡ ✈❛r✐❛♥❝❡ ❛r❡ ✐♥s✐❞❡ t❤❡ ❝♦♥✜❞❡♥❝❡

✐♥t❡r✈❛❧ 10−3 × [1.0043 : 1.3574]✳

❊①♣❡r✐♠❡♥t ✷ t❡sts r❛♥❞♦♠ ❞❡❧❛②✳ ❲❡ s❡♥❞ ❛♣♣r♦①✐♠❛t❡❧② ✶✽✵✵ ♣❛❝❦❡ts ✇✐t❤

r❛♥❞♦♠ ❞❡❧❛②s ❢♦r ❡❛❝❤ ♦♥❡ ♦❢ t❤❡ ✷✽ ✢♦✇s✳ ❲❡ ❞❡✜♥❡❞ t❤r❡❡ s❡❡❞s t♦ ❣❡♥❡r❛t❡

t❤❡s❡ ❞❡❧❛②s✳ ❚❤❡ ❣r❛♣❤ ♦❢ ♠❡❛♥ s❤♦✇❡❞ t❤❛t ✾✺✪ ♦❢ t❤❡ ♠❡❛s✉r❡♠❡♥ts ♦❜t❛✐♥❡❞ ❛

❞✐✛❡r❡♥❝❡ ❝❧♦s❡ t♦ ✵✳✵✵✼✶✪✳ ■♥ t❤❡ ❣r❛♣❤ ♦❢ t❤❡ ✈❛r✐❛♥❝❡✱ ✾✺✪ ♦❢ t❤❡ ♠❡❛s✉r❡♠❡♥ts

♦❜t❛✐♥❡❞ ❛ r❡❧❛t✐✈❡ ❞✐✛❡r❡♥❝❡ ❝❧♦s❡ t♦ ✵✳✶✾✪✳ ❆❧s♦✱ ✐♥ t❤❡ ❣r❛♣❤ ♦❢ t❤❡ ✈❛r✐❛♥❝❡ s✐①

s❛♠♣❧❡s ✇❡r❡ ❜❡t✇❡❡♥ ✸✪ ❛♥❞ ✻✪ ♦❢ r❡❧❛t✐✈❡ ❞✐✛❡r❡♥❝❡✱ ❜✉t t❤❡ ❛❜s♦❧✉t❡ ❞✐✛❡r❡♥❝❡s

❛r❡ s♠❛❧❧ ✭❧❡ss t❤❛♥ 10−4✮✳ ❚❤❡ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧ ♦❢ t❤❡ ❣r❛♣❤ ♦❢ ♠❡❛♥ ✐s 10−5 ×

[3.169 : 3.432]✱ ❛♥❞ t❤❡ ❡①♣❡❝t❡❞ ✈❛❧✉❡s ♦❢ t❤❡ ✈❛r✐❛♥❝❡ ❛r❡ ✐♥s✐❞❡ t❤❡ ❝♦♥✜❞❡♥❝❡

✐♥t❡r✈❛❧ 10−4 × [7.9642 : 12.4338]✳

❊①♣❡r✐♠❡♥t ✸ ✐s ❛❜♦✉t ✇✐❧❞❝❛r❞ r✉❧❡s✳ ❲❡ s❡♥t ❛♣♣r♦①✐♠❛t❡❧② ✶✼✵✵ ♣❛❝❦❡ts

❢r♦♠ ❤♦st ❆ ✇✐t❤ ♣r❡❞❡✜♥❡❞ ❞❡❧❛②s ✷✵✴✹✵♠s ❢♦r ♦♥❧② ❢♦✉r ✢♦✇s✳ ❲❡ ❛✐♠❡❞ t♦

♠❡❛s✉r❡ ❛❧❧ t❤❡s❡ ✢♦✇s ✐♥s✐❞❡ ♦♥❡ ✇✐❧❞❝❛r❞ r✉❧❡✳ ❖✉r ❣♦❛❧ ❤❡r❡ ✐s t♦ s❤♦✇ t❤❛t ♦✉r

❛r❝❤✐t❡❝t✉r❡ ❛❧❧♦✇s ♠❡❛s✉r❡♠❡♥ts ♦❢ ❛❣❣r❡❣❛t❡❞ ✢♦✇s✱ ❛❧❧♦✇✐♥❣ ✉s t♦ tr❛❝❦ ❡♥t✐r❡

s✉❜♥❡ts✳ ❚❤❡ ❣r❛♣❤ ♦❢ ♠❡❛♥ s❤♦✇s t❤❛t ✾✼✪ ♦❢ t❤❡ ♠❡❛s✉r❡♠❡♥ts ♦❜t❛✐♥❡❞ ❤❛s ❛

❞✐✛❡r❡♥❝❡ ❝❧♦s❡ t♦ ✵✳✵✵✼✪✳ ■♥ t❤❡ ❣r❛♣❤ ♦❢ t❤❡ ✈❛r✐❛♥❝❡✱ ✾✼✪ ♦❢ t❤❡ ♠❡❛s✉r❡♠❡♥ts

❤❛❞ ❛ r❡❧❛t✐✈❡ ❞✐✛❡r❡♥❝❡ ❝❧♦s❡ t♦ ✵✳✷✺✼✪✳ ❚❤❡ ❡①♣❡❝t❡❞ ✈❛❧✉❡s ♦❢ ♠❡❛♥ ❛r❡ ✐♥s✐❞❡ t❤❡

❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧ 10−5 × [2.788 : 4.349]✱ ❛♥❞ t❤❡ ❡①♣❡❝t❡❞ ✈❛❧✉❡s ♦❢ t❤❡ ✈❛r✐❛♥❝❡

❛r❡ ✐♥s✐❞❡ t❤❡ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧ 10−4 × [8.4223 : 12.072]✳

❙✉♠♠❛r②✿ ❚❤❡ ❡①♣❡r✐♠❡♥ts s❤♦✇ t❤❛t t❤❡ ♣r♦♣♦s❡❞ ❛r❝❤✐t❡❝t✉r❡ ♣r❡s❡♥ts

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

❡♥❞✲❤♦sts✳
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❙♦❢t✇❛r❡ ❉❡❢✐♥❡❞ ▼❡❛s✉r❡♠❡♥ts ✷✼

✸✳✺ ❘❡❧❛t❡❞ ❲♦r❦

▼♦s❤r❡❢ ❡t✳ ❛❧✳ ▼♦s❤r❡❢ ❡t ❛❧✳ ❬✷✵✶✸❪ ❞✐s❝✉ss t❤❡ tr❛❞❡♦✛ ❜❡t✇❡❡♥ ❛♠♦✉♥t ♦❢ ♥❡t✇♦r❦

r❡s♦✉r❝❡s ❛♥❞ ❛❝❝✉r❛❝② ♦❢ ❞✐✛❡r❡♥t ♠❡❛s✉r❡♠❡♥t ♣r✐♠✐t✐✈❡s✳ ❚❤❡ ♣❛♣❡r ❛✐♠s t♦

❡✈❛❧✉❛t❡ ♠❡❛s✉r❡♠❡♥t t❡❝❤♥✐q✉❡s ❜❛s❡❞ ♦♥ ❝♦✉♥t❡rs✱ ❤❛s❤✐♥❣ str✉❝t✉r❡s ❛♥❞ ❈P❯

♣r♦❣r❛♠♠✐♥❣ t♦ ❞❡t❡❝t ❤❡❛✈② ❤✐tt❡r ✢♦✇s✳ ❚❤❡ ♣r♦t♦t②♣❡ ❡✈❛❧✉❛t✐♦♥ ✉s❡s ❞✐✛❡r❡♥t

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

❈❆■❉❆ tr❛❝❡s ✐♥ t❤❡ ❡✈❛❧✉❛t✐♦♥✳

❖♣❡♥❙❦❡t❝❤ ❨✉ ❡t ❛❧✳ ❬✷✵✶✸❪ ✐s ❛ ❙♦❢t✇❛r❡✲❉❡✜♥❡❞ ▼❡❛s✉r❡♠❡♥t ❛r❝❤✐t❡❝t✉r❡

❜❛s❡❞ ♦♥ t❤❡ ❙❉◆ ♣❛r❛❞✐❣♠ ❛♥❞ ✉s❡s ♣r✐♠✐t✐✈❡s✬ ♠❡❛s✉r❡♠❡♥t str✉❝t✉r❡s ❝❛❧❧❡❞

s❦❡t❝❤❡s✳ ❙❦❡t❝❤❡s ❛r❡ ❞❛t❛ str✉❝t✉r❡s t❤❛t ❛r❡ s❝❛❧❛❜❧❡ ❜✉t ❝❛♥ ♦♥❧② ♣r♦✈✐❞❡ ❛♣✲

♣r♦①✐♠❛t✐♦♥ r❡s✉❧ts ✐♥st❡❛❞ ♦❢ ❡①❛❝t ❝♦♠♣✉t❛t✐♦♥✳ ❚❤❡ ❖♣❡♥❙❦❡t❝❤ ❝♦♥tr♦❧ ♣❧❛♥❡ ✐s

❝♦♠♣♦s❡❞ ❜② ♦♥❡ ❧✐❜r❛r② ✇❤✐❧❡ t❤❡ ❞❛t❛ ♣❧❛♥❡ ✐s s❡♣❛r❛t❡❞ ✐♥ t❤r❡❡ st❛❣❡s✿ ❤❛s❤✐♥❣✱

❝❧❛ss✐✜❝❛t✐♦♥✱ ❛♥❞ ❝♦✉♥t❡r✐♥❣✳ ❚❤❡ ✈❛❧✐❞❛t✐♦♥ ✇❛s ♣❡r❢♦r♠❡❞ ❜② ❝♦♠♣❛r✐♥❣ t❤❡ r❡✲

s✉❧ts ♦❜t❛✐♥❡❞ ❢r♦♠ ◆❡t❋❧♦✇ ❛♥❞ t❤❡ ❖♣❡♥❙❦❡t❝❤ ♣r♦t♦t②♣❡✳

❖♣❡♥◆❡t▼♦♥ ❱❛♥ ❆❞r✐❝❤❡♠ ❡t ❛❧✳ ❬✷✵✶✹❪ ✐s ❛♥ ♦♣❡♥ s♦✉r❝❡ s♦❢t✇❛r❡ t♦ ♣❡r✲

❢♦r♠ ♠♦♥✐t♦r✐♥❣ ♠❡tr✐❝s ♣❡r ✢♦✇✱ s♣❡❝✐❛❧❧② ❞❡❧❛②✱ t❤r♦✉❣❤♣✉t✱ ❛♥❞ ♣❛❝❦❡t ❧♦ss❡s ✐♥

❖♣❡♥❋❧♦✇ ♥❡t✇♦r❦s✳ ❚❤✐s ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♣r♦✈✐❞❡s tr❛✣❝ ❡♥❣✐♥❡❡r✐♥❣ ♦♥ t❤❡ ❝♦♥✲

tr♦❧❧❡r ✇✐t❤ ♦♥❧✐♥❡ ♠❡❛s✉r❡♠❡♥ts✳ P❛❝❦❡t ❧♦ss ✐s ❝❛❧❝✉❧❛t❡❞ ✇✐t❤ t❤❡ ✢♦✇ st❛t✐st✐❝s

❢r♦♠ t❤❡ ✜rst ❛♥❞ t❤❡ ❧❛st s✇✐t❝❤ ♦❢ ❡❛❝❤ ♣❛t❤✳ ❚❤❡② s✉❜tr❛❝t t❤❡ ♣❛❝❦❡t ❝♦✉♥t❡r

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

❞❡✜♥❡❞ ✇✐t❤ t❤❡ ◆❡t❡♠ ▲✐♥✉① t♦♦❧✳

❚❤❡s❡ ✇♦r❦s ✐❧❧✉str❛t❡ t❤❛t ♠♦♥✐t♦r✐♥❣ t❤❡ ♥❡t✇♦r❦ ✐s ✐♠♣♦rt❛♥t✳ ❇✉t✱ ♥♦♥❡

♦❢ t❤❡♠ ♠♦❞✐✜❡❞ t❤❡ ❞❛t❛ ♣❧❛♥❡ ✭s✇✐t❝❤❡s✮ t♦ ❝♦❧❧❡❝t ♥❡✇ ♠❡tr✐❝s ❜❡s✐❞❡ t❤❡ ♦♥❡s

♣r♦✈✐❞❡❞ ❜② ❖♣❡♥❋❧♦✇ ✐♥t❡r❢❛❝❡✱ ❛s ✇❡ ❞✐❞✳

✸✳✻ ❈♦♥❝❧✉s✐♦♥

❚r❛✣❝ tr❛❝❦✐♥❣ ✐s ❛ ❦❡② ♣♦✐♥t t♦ ❣✉❛r❛♥t❡❡ t❤❡ q✉❛❧✐t② ✐♥ ■P ♥❡t✇♦r❦s✳ ❍❡r❡✱ ✇❡

❞❡s✐❣♥❡❞ ❛♥❞ ✐♠♣❧❡♠❡♥t❡❞ ❛ ♠❡❛s✉r❡♠❡♥t ❛r❝❤✐t❡❝t✉r❡ ❢♦r ❙❉◆✳ ❲❡ ✐♠♣❧❡♠❡♥t❡❞

❛ ♠♦❞✉❧❡ t♦ ♠❡❛s✉r❡ ♣❛❝❦❡t ✐♥t❡r❛rr✐✈❛❧ t✐♠❡✳ ❖✉r ❛r❝❤✐t❡❝t✉r❡ ❛❧❧♦✇s ♠♦♥✐t♦r✐♥❣

❛t t❤❡ ❣r❛♥✉❧❛r✐t② ♦❢ ✢♦✇s✳ ❖✉r s②st❡♠ ❛❧s♦ ❡♥❛❜❧❡s s♦❢t✇❛r❡✲❞❡✜♥❡❞ ♠❡❛s✉r❡♠❡♥ts

s✐♥❝❡ t❤❡ ❝♦♥tr♦❧❧❡r ❝❛♥ ❝♦❧❧❡❝t ✢♦✇✬s st❛t✐st✐❝s ♦♥ t❤❡ ✢②✳

❲❡ ❤❛✈❡ ♣r♦t♦t②♣❡❞ ♦✉r ❛r❝❤✐t❡❝t✉r❡ ♦♥ t❤❡ ◆❡t❋P●❆ ♣❧❛t❢♦r♠✳ ❚♦ ✈❛❧✐❞❛t❡

♦✉r ♣r♦t♦t②♣❡✱ ✇❡ ❝♦♠♣❛r❡❞ t❤❡ ♣r♦♣♦s❡❞ ❛r❝❤✐t❡❝t✉r❡ t♦ ♠❡❛s✉r❡♠❡♥ts ♣❡r❢♦r♠❡❞

❜② s♦❢t✇❛r❡ ❛t ❡♥❞✲❤♦sts✳ ❘❡s✉❧ts s❤♦✇ t❤❛t t❤❡ r❡❧❛t✐✈❡ ❞✐✛❡r❡♥❝❡ ✐s ❛❧♠♦st ③❡r♦✱



✸✳ ❍❛r❞✇❛r❡ ▼♦❞✉❧❡s ❢♦r P❛❝❦❡t ■♥t❡r❛rr✐✈❛❧ ❚✐♠❡ ▼♦♥✐t♦r✐♥❣ ❢♦r

❙♦❢t✇❛r❡ ❉❡❢✐♥❡❞ ▼❡❛s✉r❡♠❡♥ts ✷✽

✈❛❧✐❞❛t✐♥❣ ♦✉r ❛r❝❤✐t❡❝t✉r❡✳ ▼♦r❡♦✈❡r✱ ♦✉r ❛r❝❤✐t❡❝t✉r❡ ❤❛s ❜❡tt❡r t❤r♦✉❣❤♣✉t ♣❡r✲

❢♦r♠❛♥❝❡✱ ❝❛♥ ❝♦❧❧❡❝t ❞❛t❛ ♦♥ t❤❡ ✢②✱ ❛♥❞ ❡♥❛❜❧❡ ❝♦❧❧❡❝t✐♥❣ ♥❡t✇♦r❦✬s st❛t✐st✐❝s ✐♥

t❤❡ ♠✐❞❞❧❡ ♦♥ t❤❡ ♥❡t✇♦r❦ ✐♥st❡❛❞ ♦❢ ❥✉st ❛t t❤❡ ❡♥❞✲❤♦sts✳



✹✳ ❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠

❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦ ❛♣r♦✲

①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡

♣❛❝♦t❡s✶

❆❜str❛❝t

◆❡t✇♦r❦ ♠♦♥✐t♦r✐♥❣ ✐s ❛♥ ❛❝t✐✈❡ r❡s❡❛r❝❤ ✜❡❧❞ ✐♥ ❝♦♠♣✉t❡r ♥❡t✇♦r❦s✳ ❍♦✇❡✈❡r✱

t♦ ♣❡r❢♦r♠ ♠♦♥✐t♦r✐♥❣ t❛s❦s ❢♦r ❛ ❧❛r❣❡ ✈♦❧✉♠❡ ♦❢ tr❛❝✣❝ ❛❝❝✉r❛t❡❧② ❛♥❞ ✐♥ r❡❛❧

t✐♠❡ ✐s ❝♦♠♣❧❡① ❛♥❞ ❝❤❛❧❧❡♥❣✐♥❣ t❛s❦✳ ❚❤✐s ♦❝❝✉rs ❜❡❝❛✉s❡ ♠♦st ❛♣♣r♦❛❝❤❡s ❛r❡

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

❝♦sts ❞✉❡ t♦ t❤❡ s♦❢t✇❛r❡ ❝♦♥✜❣✉r❛t✐♦♥ ❛♥❞ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ✐♥ ❡❛❝❤ ♥❡t✇♦r❦ ♥♦❞❡✳

■♥ t❤✐s ♣❛♣❡r✱ ✇❡ ♣r♦♣♦s❡ t❤❡ ❇❧♦♦♠❚✐♠❡ ♠♦♥✐t♦r✐♥❣ ❛r❝❤✐t❡❝t✉r❡✳ ❇❧♦♦♠❚✐♠❡ ✉s❡s

❤❛s❤✲❜❛s❡❞ str✉❝t✉r❡s ❛♥❞ ❇❧♦♦♠ ❋✐❧t❡rs ✐♠♣❧❡♠❡♥t❡❞ ✐♥ t❤❡ ◆❡t❋P●❆ ✶● ❤❛r❞✇❛r❡

t♦ ♣❡r❢♦r♠ ❛♣♣r♦①✐♠❛t❡ ♠♦♥✐t♦r✐♥❣✳ ❖✉r ❛r❝❤✐t❡❝t✉r❡ ♠❡❛s✉r❡s ✉♣ t♦ ✷✳✵✵✵ ✢♦✇s ✐♥

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

t❤❡ ♣❛❝❦❡t ✐♥t❡r❛rr✐✈❛❧ t✐♠❡ ♠❡tr✐❝ ❛♥❞ ❝♦♠♣❛r❡❞ t❤❡ ♠❡❛s✉r❡♠❡♥ts ♣❡r❢♦r♠❡❞ ❜②

t❤❡ ❛r❝❤✐t❡❝t✉r❡ ✇✐t❤ t✇♦ ❡①❛❝t ❛♣♣r♦❛❝❤❡s ✭s♦❢t✇❛r❡ ❛♥❞ ❤❛r❞✇❛r❡✮✳ ❲❡ ❤❛✈❡ ✉s❡❞

t❤❡ s♦❢t✇❛r❡ ❛♣♣r♦❛❝❤ t♦ ✈❛❧✐❞❛t❡ ♦✉r ♣r♦t♦t②♣❡ ♠❡❛s✉r❡♠❡♥ts✳ ❖✉r r❡s✉❧ts s❤♦✇

t❤❛t t❤❡ ❇❧♦♦♠❚✐♠❡ ❛r❝❤✐t❡❝t✉r❡ ♠❡❛s✉r❡s ✼✵ t✐♠❡s ♠♦r❡ ✢♦✇s t❤❛♥ t❤❡ ❤❛r❞✇❛r❡

❡①❛❝t ♠♦♥✐t♦r✐♥❣ ♣r♦t♦t②♣❡ ✇✐t❤ ❛ r❡❧❛t✐✈❡ ❞✐✛❡r❡♥❝❡ ❧❡ss t❤❛♥ ✷✵✪✱ t❤✉s s❛❝r✐✜❝✐♥❣

❛❝❝✉r❛❝② ❢♦r s❝❛❧❛❜✐❧✐t②✳

❘❡s✉♠♦

❖ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ r❡❞❡s é ✉♠ ❝❛♠♣♦ ❛t✐✈♦ ❡♠ ♣❡sq✉✐s❛s ♥❛ ár❡❛ ❞❡ r❡❞❡s

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

✈♦❧✉♠❡ ❞❡ trá❢❡❣♦ ❞❡ ♠❛♥❡✐r❛ ❛❝✉r❛❞❛ ❡♠ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ é ❛❧❣♦ ❝♦♠♣❧❡①♦ ❡ ❞❡s❛✲

✜❛❞♦r✳ ■st♦ ♦❝♦rr❡ ♣♦rq✉❡ ❛ ♠❛✐♦r✐❛ ❞❛s ❛❜♦r❞❛❣❡♥s sã♦ ✐♠♣❧❡♠❡♥t❛❞❛s ❡♠ s♦❢t✇❛r❡

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

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

❛rq✉✐t❡t✉r❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❇❧♦♦♠❚✐♠❡✳ ❇❧♦♦♠❚✐♠❡ ✉t✐❧✐③❛ ❡str✉t✉r❛s ❜❛s❡❛❞❛s

✶◆❡st❡ ❝❛♣ít✉❧♦ é ❛♣r❡s❡♥t❛❞♦ ♦ ❛rt✐❣♦ ✧❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦✲
r❛♠❡♥t♦ ❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s✧✳ ❖s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ ❛rt✐❣♦
❢♦r❛♠ s✉❜♠❡t✐❞♦s ♥♦ ♣❡r✐ó❞✐❝♦ ❈♦♠♣✉t❡r ❛♥❞ ❈♦♠♠✉♥✐❝❛t✐♦♥s ◆❡t✇♦r❦s ✲ ❈❖▼❈❖▼✳

✷✾



✹✳ ❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦

❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✸✵

❡♠ ❤❛s❤ ❡ ❇❧♦♦♠ ❋✐❧t❡rs ✐♠♣❧❡♠❡♥t❛❞♦s ♥♦ ❤❛r❞✇❛r❡ ◆❡t❋P●❆ ✶● ♣❛r❛ r❡❛❧✐③❛r

♠♦♥✐t♦r❛♠❡♥t♦ ❛♣r♦①✐♠❛❞♦✳ ◆♦ss❛ ❛ ❛rq✉✐t❡t✉r❛ ♠❡❞❡ ❛té ✷✳✵✵✵ ✢✉①♦s ❞❡ ♠❛♥❡✐r❛

❡s❝❛❧á✈❡❧ ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❞❡ t❡st❡ r❡❛❧✐st❛✳ ❈♦♠♦ ❡st✉❞♦ ❞❡ ❝❛s♦ ✐♠♣❧❡♠❡♥t❛♠♦s ❛

♠étr✐❝❛ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ❡ ❝♦♠♣❛r❛♠♦s ❛ ♠❡❞✐çã♦ r❡❛❧✐③❛❞❛ ♣❡❧❛ ❛r✲

q✉✐t❡t✉r❛ ❝♦♠ ❞✉❛s ❛❜♦r❞❛❣❡♥s ✭s♦❢t✇❛r❡ ❡ ❤❛r❞✇❛r❡✮ q✉❡ r❡❛❧✐③❛♠ ♠♦♥✐t♦r❛♠❡♥t♦

❡①❛t♦✳ ❆ ❛❜♦r❞❛❣❡♠ ❡♠ s♦❢t✇❛r❡ ❢♦✐ ✉t✐❧✐③❛❞❛ ♣❛r❛ ✈❛❧✐❞❛r♠♦s ❛ ♠❡❞✐çã♦ ❞♦ ♣r♦tó✲

t✐♣♦✳ ◆♦ss♦s r❡s✉❧t❛❞♦s ♠♦str❛♠ q✉❡ ❛ ❛rq✉✐t❡t✉r❛ ❇❧♦♦♠❚✐♠❡ ♠❡❞❡ ✼✵ ✈❡③❡s ♠❛✐s

✢✉①♦s q✉❡ ♦ ♣r♦tót✐♣♦ ❡♠ ❤❛r❞✇❛r❡ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡①❛t♦ ❝♦♠ ✉♠❛ ❞✐❢❡r❡♥ç❛

r❡❧❛t✐✈❛ ♠❡♥♦r q✉❡ ✷✵✪✱ ♠❛s s❛❝r✐✜❝❛ ❛ ❛❝✉rá❝✐❛ ❞❛s ♠❡❞✐çõ❡s ♣❡❧❛ ❡s❝❛❜✐❧✐❞❛❞❡✳

✹✳✶ ■♥tr♦❞✉çã♦

❚❛r❡❢❛s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦ trá❢❡❣♦ sã♦ ✐♥❞✐s♣❡♥sá✈❡✐s ♣❛r❛ ❛ ❡♥❣❡♥❤❛r✐❛ ❞❡ trá❢❡❣♦

♠♦❞❡r♥❛ ❬❈❤♦✇❞❤✉r② ❡t ❛❧✳✱ ✷✵✶✹❪✳ ❊♥tr❡t❛♥t♦✱ r❡❛❧✐③❛r t❛r❡❢❛s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦

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

✉t✐❧✐③❛♥❞♦ ♦s ❡❧❡♠❡♥t♦s ❞❡ r❡❞❡ ■P tr❛❞✐❝✐♦♥❛✐s✳ ❖♣❡r❛❞♦r❡s ❞❡ r❡❞❡ ♥❡st❡ ❝♦♥t❡①t♦

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

r❡❛❧✐③❛r ♠❡❞✐çõ❡s ❡♠ ❡s❝❛❧❛s ❞❡ t❡♠♣♦ ❞✐st✐♥t❛s ❬❨❛ss✐♥❡ ❡t ❛❧✳✱ ✷✵✶✺❪✳

❆s t❛r❡❢❛s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ♣♦❞❡♠ s❡r ❝❧❛ss✐✜❝❛❞❛s ❝♦♠ ❜❛s❡ ❡♠ ❞♦✐s ♠ét♦✲

❞♦s ❞❡ ♠❡❞✐çã♦✿ ❛t✐✈♦ ❡ ♣❛ss✐✈♦✳ ◆♦ ♠ét♦❞♦ ❞❡ ♠❡❞✐çã♦ ❛t✐✈♦ sã♦ ✐♥❥❡t❛❞♦s ♣❛❝♦t❡s

❡①tr❛s ✭s♦♥❞❛s✮ ♥❛ r❡❞❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦✳ ❊st❡ ♠ét♦❞♦ ♣♦❞❡ s♦❜r❡❝❛rr❡❣❛r ❛

r❡❞❡ ❡ ♣r❡❥✉❞✐❝❛r ❛ ❛❝✉rá❝✐❛ ❞❛ ♠❡❞✐çã♦ ❞❡✈✐❞♦ ❛♦ ❡♥✈✐♦ ❞❡ ♣❛❝♦t❡s ❡①tr❛s✳ ◆♦

♠ét♦❞♦ ❞❡ ♠❡❞✐çã♦ ♣❛ss✐✈♦✱ ❛♦ ❝♦♥trár✐♦ ❞♦ ♠ét♦❞♦ ❛t✐✈♦✱ ♥ã♦ é ♥❡❝❡ssár✐♦ ❡♥✈✐❛r

♣❛❝♦t❡s s♦♥❞❛s✳ ◆❡st❡ ♠ét♦❞♦ ❛ ♠❡❞✐çã♦ é ♠❛✐s ❛❝✉r❛❞❛ q✉❡ ♦ ♠ét♦❞♦ ❛t✐✈♦ ❡ ❛

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

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

r❡❞❡ ❬❱❛♥ ❆❞r✐❝❤❡♠ ❡t ❛❧✳✱ ✷✵✶✹❪✳

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

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

❈P❯ ❞♦ ❝♦♠✉t❛❞♦r ❬▼♦s❤r❡❢ ❡t ❛❧✳✱ ✷✵✶✸❪✳ ❘❡❛❧✐③❛r t❛r❡❢❛s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ✉s❛♥❞♦

❞❡ ❝♦♥t❛❞♦r❡s ♣♦r ✢✉①♦ é ❛❧❣♦ ❞❡s❛✜❛❞♦r ❞❡✈✐❞♦ ❛♦ ❝♦♥s✉♠♦ ❞❡ r❡❝✉rs♦s ❞❡ ❈P❯ ❡♠

✈✐rt✉❞❡ ❞❛ ❞❡♠❛♥❞❛ ❞♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ❣r❛♥✉❧❛r✐❞❛❞❡✳ ❖✉tr❛s té❝♥✐❝❛s ❝♦♠♦ ❤❛s❤

❡ ♣r♦❣r❛♠❛s ♥❛ ❈P❯ ❞♦ ❝♦♠✉t❛❞♦r ♥❡❝❡ss✐t❛♠ ❞❡ ❣r❛♥❞❡ ✐♥✈❡st✐♠❡♥t♦ ♥♦ ♣r♦❥❡t♦

❞♦ ❤❛r❞✇❛r❡ ❡ ❝♦♥✜❣✉r❛çã♦ ❞❛s r♦t✐♥❛s ❞❡ ♠❡❞✐çã♦ ❬❱❛♥ ❆❞r✐❝❤❡♠ ❡t ❛❧✳✱ ✷✵✶✹❪✳

◆❡st❡ tr❛❜❛❧❤♦ ♥ós ❞❡s❡♥✈♦❧✈❡♠♦s ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡ ♠❡❞✐çã♦ ❛♣r♦①✐♠❛❞❛

✉t✐❧✐③❛♥❞♦ ❇❧♦♦♠ ❋✐❧t❡rs ✐♠♣❧❡♠❡♥t❛❞♦s ♥♦ ❤❛r❞✇❛r❡ ◆❡t❋P●❆ ✶●✳ ❆ ❛rq✉✐t❡t✉r❛



✹✳ ❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦

❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✸✶

♣r♦♣♦st❛ r❡❛❧✐③❛ ♠❡❞✐çõ❡s ❡♠ t❡♠♣♦ r❡❛❧ ❞❡ ❛té ✷✳✵✵✵ ✢✉①♦s ❡♠ ✉♠ ❝❡♥ár✐♦ ❞❡ t❡st❡

r❡❛❧✐st❛✳ ❈♦♠♦ ❡st✉❞♦ ❞❡ ❝❛s♦ ✐♠♣❧❡♠❡♥t❛♠♦s ❛ ♠étr✐❝❛ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡

♣❛❝♦t❡s ❡ ❝♦♠♣❛r❛♠♦s ❛ ❛❝✉rá❝✐❛ ✈❡rs✉s ❡s❝❛❜✐❧✐❞❛❞❡ ❡♠ r❡❧❛çã♦ ❛ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱

✷✵✶✻❛❪ q✉❡ ❡st❡♥❞❡✉ ♦ ❝♦♠✉t❛❞♦r ❖♣❡♥❋❧♦✇ ♣❛r❛ ♠❡❞✐r ♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡

♣❛❝♦t❡s ✉s❛♥❞♦ ❞❡ ✉♠ ♠ét♦❞♦ ❡①❛t♦ ❜❛s❡❛❞♦ ❡♠ ❝♦♥t❛❞♦r❡s ♣♦r ✢✉①♦✳

❆s ♣r✐♥❝✐♣❛✐s ❝♦♥tr✐❜✉✐çõ❡s ❞❡st❡ tr❛❜❛❧❤♦ sã♦✿ ✭✐✮ r❡❛❧✐③❛r à ♠❡❞✐çã♦ ❞❡ ✉♠

❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ trá❢❡❣♦ ❞❡ ♠♦❞♦ ❡s❝❛❧á✈❡❧ ❡ ❝♦♠ ❜❛✐①❛ ❣r❛♥✉❧❛r✐❞❛❞❡ ❞❡ ❛❝♦r❞♦

❝♦♠ ♦s r❡❝✉rs♦s ❞✐s♣♦♥í✈❡✐s ♣❡❧♦ ❤❛r❞✇❛r❡❀ ✭✐✐✮ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠❛ ❛rq✉✐t❡t✉r❛

❞❡ ♠❡❞✐çã♦ ❛♣r♦①✐♠❛❞❛ ✉t✐❧✐③❛♥❞♦ ❞❡ ❇❧♦♦♠ ❋✐❧t❡rs s❡♥❞♦ ❡①❡❝✉t❛❞♦s s♦❜r❡ ❛ ♣❧❛✲

t❛❢♦r♠❛ ◆❡t❋P●❆✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❞❡♠♦♥str❛♠ q✉❡ ❛ ❛rq✉✐t❡t✉r❛ ♣r♦♣♦st❛

♠❡❞❡ ✉♠ ✈♦❧✉♠❡ ❞❡ ✢✉①♦s ✼✵ ✈❡③❡s ♠❛✐♦r q✉❡ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪✱ ♠❛s r❡❛❧✐③❛

✉♠❛ ♠❡❞✐çã♦ ♠❡♥♦s ❛❝✉r❛❞❛ ❞❡✈✐❞♦ ❛♦ ♠ét♦❞♦ ❞❡ ♠❡❞✐çã♦ s❡r ❛♣r♦①✐♠❛❞♦✳

❖ ❛rt✐❣♦ t❡♠ ❛ s❡❣✉✐♥t❡ ♦r❣❛♥✐③❛çã♦✿ ◆❛ s❡çã♦ ✹✳✷ é ❛♣r❡s❡♥t❛❞♦ ✉♠❛ ✈✐sã♦

❣❡r❛❧ s♦❜r❡ ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❇❧♦♦♠ ❋✐❧t❡r✳ ❊♠ s❡❣✉✐❞❛ ✭s❡çã♦ ✹✳✸✮ é ❛❜♦r❞❛❞♦

♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ❝❛♠✐♥❤♦ ❞❡ ❞❛❞♦s ❡ ♦ ❡s♣❛ç♦ ❞♦ ✉s✉ár✐♦ ❞❛ ❛rq✉✐t❡t✉r❛✳ ❚❛♠✲

❜é♠ ♥❡st❛ s❡çã♦ sã♦ ❛❜♦r❞❛❞♦s ♦s ❞❡t❛❧❤❡s ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛s ❡str✉t✉r❛s ❇❧♦♦♠

❋✐❧t❡rs ♥♦ ❤❛r❞✇❛r❡ ◆❡t❋P●❆✳ ◆❛ s❡çã♦ ✹✳✹ é ❞❡s❝r✐t♦ ♦ ❛♠❜✐❡♥t❡ ❞❡ t❡st❡s ❡ ♦s

♠ét♦❞♦s ✉t✐❧✐③❛❞♦s ♥♦s ❡①♣❡r✐♠❡♥t♦s✳ ◆❛ s❡çã♦ ✹✳✺✳✷ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s

♦❜t✐❞♦s ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❞❡ t❡st❡s r❡❛❧✐st❛✳ ◆❛ s❡çã♦ ✹✳✻ sã♦ ❞❡s❝r✐t❛s ❛s ❝❛r❛t❡ríst✐✲

❝❛s ❞♦s tr❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ❜❛s❡ ♥❛ ♠étr✐❝❛✱ ♠ét♦❞♦ ❡ ❛♠❜✐❡♥t❡ ❞❡ ♠❡❞✐çã♦✳

❋✐♥❛❧♠❡♥t❡✱ ♥❛ s❡çã♦ ✹✳✼ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥❝❧✉sõ❡s ❞♦ tr❛❜❛❧❤♦ ❡♠ ❝♦♥❥✉♥t♦

❝♦♠ ♦s tr❛❜❛❧❤♦s ❢✉t✉r♦s✳

✹✳✷ ❱✐sã♦ ❣❡r❛❧ ❡str✉t✉r❛ ❇❧♦♦♠ ❋✐❧t❡r

❖ ❇❧♦♦♠ ❋✐❧t❡r é ✉♠❛ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s ♣r♦❜❛❜✐❧íst✐❝❛ ❜❛s❡❛❞❛ ♥❛ t❡♦r✐❛ ❞♦ ❝♦♥✲

❥✉♥t♦✳ ❊ss❛ ❡str✉t✉r❛ é ♠✉✐t♦ ✉t✐❧✐③❛❞❛ q✉❛♥❞♦ ♦ ❡s♣❛ç♦ ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ é ✉♠

♣r♦❜❧❡♠❛✱ ♣♦✐s ♣r♦♣♦r❝✐♦♥❛ ❞❡ ♠♦❞♦ ❝♦♠♣❛❝t♦ ♦ ❛r♠❛③❡♥❛♠❡♥t♦ ❞♦s ❞❛❞♦s✳ ❊♠

❡❧❡♠❡♥t♦s ❞❡ r❡❞❡ ✭❝♦♠✉t❛❞♦r❡s ❡ r♦t❡❛❞♦r❡s✮ ❇❧♦♦♠ ❋✐❧t❡rs sã♦ ✉s❛❞♦s ♣❛r❛ ❛r♠❛✲

③❡♥❛r ❡ ♣r♦❝❡ss❛r ♦ r❡s✉♠♦ ❞♦s ❞❛❞♦s ♠❡❞✐❞♦s ❬❚❛r❦♦♠❛ ❡t ❛❧✳✱ ✷✵✶✷❪✳

❆ ❡str✉t✉r❛ ❇❧♦♦♠ ❋✐❧t❡r é r❡♣r❡s❡♥t❛❞❛ ♣♦r ✉♠ ❝♦♥❥✉♥t♦ S❂{x1✱x2✱✳✳✳✱ xn}

❞❡ n ❡❧❡♠❡♥t♦s ❛r♠❛③❡♥❛❞♦s ❡♠ ✉♠ ❛rr❛♥❥♦ ❞❡ m ❜✐ts✳ ■♥✐❝✐❛❧♠❡♥t❡ t♦❞❛s ❛s ♣♦s✐✲

çõ❡s ❞♦ ❛rr❛♥❥♦ sã♦ ✐♥✐❝✐❛❧✐③❛❞❛s ❝♦♠ ③❡r♦✳ ❖ ❇❧♦♦♠ ❋✐❧t❡r ✉t✐❧✐③❛ k ❢✉♥çõ❡s ❤❛s❤s

❞✐st✐♥t❛s h1✱✳✳✳✱hk ♣❛r❛ ♠❛♣❡❛r ✉♠ ✐t❡♠ ♥♦ ❛rr❛♥❥♦✳ ❊ss❛s ❢✉♥çõ❡s t❛♠❜é♠ ♣♦❞❡♠

s❡r ❡♥❞❡r❡ç❛❞❛s ♣❛r❛ q✉❛❧q✉❡r ♣♦s✐çã♦ ❞♦ ❛rr❛♥❥♦✳ ❯♠ ❡❧❡♠❡♥t♦ x ♣❡rt❡♥❝❡ ❛♦ ❝♦♥✲

❥✉♥t♦ S✱ ♦✉ s❡❥❛✱ ❡stá ✐♥s❡r✐❞♦ ♥♦ ❇❧♦♦♠ ❋✐❧t❡r q✉❛♥❞♦ ♦s ❜✐ts ❞♦ ❛rr❛♥❥♦ q✉❡ hi(x)



✹✳ ❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦

❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✸✷

❡♥❞❡r❡ç❛ sã♦ ✐❣✉❛✐s ❛ ✶ ♣❛r❛ 1 ≤ i ≤ k✳

❊♠ ❇❧♦♦♠ ❋✐❧t❡rs tr❛❞✐❝✐♦♥❛✐s ❛♣❡♥❛s ♦♣❡r❛çõ❡s ❞❡ ✐♥s❡rçã♦ ❡ ❝♦♥s✉❧t❛ sã♦

♣♦ssí✈❡✐s ❞❡ s❡r❡♠ r❡❛❧✐③❛❞❛s✳ ❯♠ ♣r♦❜❧❡♠❛ ❣❡r❛❧ ❞❡ ❡str✉t✉r❛s ❇❧♦♦♠ ❋✐❧t❡r é ❛

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

✐t❡♠ q✉❡ ♥ã♦ ❢♦✐ ✐♥s❡r✐❞♦ ♥♦ ❝♦♥❥✉♥t♦ S ❡ ❡ss❛ ❝♦♥s✉❧t❛ r❡t♦r♥❛ ✉♠ ✈❛❧♦r ✈❡r❞❛❞❡✐r♦✳

❆ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❢❛❧s♦s ♣♦s✐t✐✈♦s ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞❛ ❝♦♠ ❜❛s❡ ♥❛

❡q✉❛çã♦ ✹✳✶✳ ◆❡st❛ ❡q✉❛çã♦✱ n é ❞❡✜♥✐❞♦ ❝♦♠♦ ♦ ♥ú♠❡r♦ ❞❡ ✢✉①♦s✱ m ♦ ♥ú♠❡r♦ ❞❡

♣♦s✐çõ❡s ❞♦ ❇❧♦♦♠❋✐❧t❡r ❡ k ♦ ♥ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❤❛s❤ ✉t✐❧✐③❛❞❛s ♥♦ ❡♥❞❡r❡ç❛♠❡♥t♦

❞♦ ✢✉①♦ ♥♦ ❇❧♦♦♠❋✐❧t❡r✳ P❛r❛ r❡❛❧✐③❛r ❡st❡ ❝á❧❝✉❧♦ ❞❡✈❡✲s❡ ❝♦♥s✐❞❡r❛r q✉❡ ❛ ❢✉♥çã♦

❞❡ ❤❛s❤ é ♣❡r❢❡✐t❛✱ ♦✉ s❡❥❛✱ q✉❡ ❛ ❢✉♥çã♦ ❡♥❞❡r❡ç❛ t♦❞❛s ❛s ♣♦s✐çõ❡s ❞♦ ❛rr❛♥❥♦ s❡♠

❝♦❧✐sã♦✳ P❛r❛ ❡♥❝♦♥tr❛r ♦ ♥ú♠❡r♦ ót✐♠♦ ❞❡ ❤❛s❤s q✉❡ ❡♥❞❡r❡ç❛♠ ❛s ♣♦s✐çõ❡s ❞♦

❇❧♦♦♠❋✐❧t❡r é ✉t✐❧✐③❛❞♦ ❛ ❡q✉❛çã♦ ✹✳✷✳ ◆❡st❛ ❡q✉❛çã♦✱ m ❡ n sã♦ ♦s ♠❡s♠♦s q✉❡ ♥❛

❡q✉❛çã♦ ✹✳✶ ❬❇r♦❞❡r ✫ ▼✐t③❡♥♠❛❝❤❡r✱ ✷✵✵✹❪✳

falsos positivos =

(

1−

(

1−
1

m

)kn
)k

≈
(

1 − e−kn/m
)k

✭✹✳✶✮

k =
m

n
ln(2) ✭✹✳✷✮

◆❛ ✜❣✉r❛ ✹✳✶ é ❛♣r❡s❡♥t❛❞♦ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ ❡str✉t✉r❛ ❇❧♦♦♠ ❋✐❧t❡r✳ ◆❛

❧❡tr❛ ❆ ♦ ❇❧♦♦♠ ❋✐❧t❡r ❢♦✐ ✐♥✐❝✐❛❧✐③❛❞♦ ❝♦♠ ③❡r♦s✳ ❊♠ ❇ é ✐♥s❡r✐❞♦ ♦ ✢✉①♦ ❳✳ ❖s

❡♥❞❡r❡ç♦s ❤❛s❤s ❣❡r❛❞♦s ♣❛r❛ ❡st❡ ✢✉①♦ sã♦ ♠❛♣❡❛❞♦s ♣❛r❛ ❛s ♣♦s✐çõ❡s ✵ ❡ ✻✳ ❙❡

❡st❛s ♣♦s✐çõ❡s ❡st✐✈❡r❡♠ ❝♦♠ ✵✱ s❡rá ❛tr✐❜✉í❞♦ ✶✳ ◆❛ ❧❡tr❛ ❈ é ❝♦♥s✉❧t❛❞♦ s❡ ♦ ✢✉①♦

❨ ❡stá ♥♦ ❇❧♦♦♠ ❋✐❧t❡r✳ ❊st❡ ✢✉①♦ é ♠❛♣❡❛❞♦ ♣❛r❛ ♦s ❡♥❞❡r❡ç♦s ✷ ❡ ✹✳ ❆♠❜❛s

❛s ♣♦s✐çõ❡s ❡stã♦ ❝♦♠ ✈❛❧♦r ✉♠✱ ✐ss♦ s✐❣♥✐✜❝❛ q✉❡ ♦ ✢✉①♦ ❡stá ♠❛r❝❛❞♦ ♥♦ ❇❧♦♦♠

❋✐❧t❡r ❡ q✉❡ t❛♠❜é♠ ♣♦❞❡ ♣❡rt❡♥❝❡r ❛♦ ❝♦♥❥✉♥t♦ S ♦✉ s❡r ✉♠ ❢❛❧s♦ ♣♦s✐t✐✈♦✳ ◆❡st❡

tr❛❜❛❧❤♦ ✉t✐❧✐③❛♠♦s ❇❧♦♦♠ ❋✐❧t❡rs ♣❛r❛ t❡r♠♦s ♦ r❡s✉♠♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡

♣❛❝♦t❡s ❞♦s ✢✉①♦s tr❛❢❡❣❛❞♦s✳

❋✐❣✉r❛ ✹✳✶✿ ❊①❡♠♣❧♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❇❧♦♦♠ ❋✐❧t❡r✳



✹✳ ❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦

❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✸✸

✹✳✸ ■♠♣❧❡♠❡♥t❛çã♦ ❞❛ ❛rq✉✐t❡t✉r❛

❖ ♣r♦tót✐♣♦ é ❝♦♠♣♦st♦ ❞❡ ✻✹ ❇❧♦♦♠ ❋✐❧t❡rs ❛r♠❛③❡♥❛❞♦s ♥❛ ❙❘❆▼ ❞♦ ❤❛r❞✇❛r❡✳

❈❛❞❛ ❇❧♦♦♠ ❋✐❧t❡r r❡♣r❡s❡♥t❛ ✉♠❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦✱ ♦♥❞❡ ♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛

❞♦s ✢✉①♦s é ♠❛r❝❛❞♦✳ ❈❛❞❛ ❡str✉t✉r❛ ❇❧♦♦♠ ❋✐❧t❡r é ❝♦♠♣♦st❛ ♣♦r ✽✳✶✾✷ ❧✐♥❤❛s✳

❉❡✜♥✐♠♦s ✷✱ ✹✱ ✽ ❡ ✷✸ ♠✐❧✐s❡❣✉♥❞♦s ♦ t❛♠❛♥❤♦ ❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞♦s ❇❧♦♦♠ ❋✐❧t❡rs✳

❊ss❡s t❡♠♣♦s ❢♦r❛♠ ❡s❝♦❧❤✐❞♦s ♣❛r❛ t❡st❛r♠♦s ❛ ❛❝✉rá❝✐❛ ❞♦ ♣r♦tót✐♣♦✳ ❖s ✢✉①♦s sã♦

♠❛r❝❛❞♦s ♥♦s ❇❧♦♦♠ ❋✐❧t❡rs ✉t✐❧✐③❛♥❞♦ ❞❡ ❞✉❛s ❢✉♥çõ❡s ❤❛s❤s✳ ❆ ❥✉st✐✜❝❛t✐✈❛ ♣❛r❛

✉t✐❧✐③❛r♠♦s ❞✉❛s ❢✉♥çõ❡s ❤❛s❤ é q✉❡ ❡ss❡ é ♦ ♥ú♠❡r♦ ót✐♠♦ ❞❡ ❢✉♥çõ❡s ♣❛r❛ ❡♥❞❡r❡ç❛r

✽✳✶✾✷ ♣♦s✐çõ❡s ❞♦ ❇❧♦♦♠ ❋✐❧t❡r✳ ❊st❡ ♥ú♠❡r♦ é ❝❛❧❝✉❧❛❞♦ ❝♦♠ ❜❛s❡ ♥❛ ❡q✉❛çã♦ ✹✳✷✳ ❖

t❡♠♣♦ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛s ♠❛r❝❛çõ❡s ❞♦s ✢✉①♦s ♥♦s ❇❧♦♦♠ ❋✐❧t❡rs t❡♠ ❞✉r❛çã♦

❞❡ ✶✷✽ ♠s ❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡ ❝♦♠ ❜❛s❡ ♥❛s r❡s♣❡❝t✐✈❛s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦✳ ❊ss❡s

t❡♠♣♦s sã♦ ✐❣✉❛✐s ❛♦ ♣r♦❞✉t♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❇❧♦♦♠ ❋✐❧t❡rs ❡ ❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦✳

◗✉❛♥❞♦ ❡ss❡ t❡♠♣♦ é ❛t✐❣✐♥❞♦✱ ♦ r❡❣✐str❛❞♦r ❡♠ ❤❛r❞✇❛r❡ é ❛t✐✈❛❞♦ ❡ ♦ s♦❢t✇❛r❡ ❞❡

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

❞❛s ♠❛r❝❛çõ❡s✱ ♦s ❇❧♦♦♠ ❋✐❧t❡rs ♥❛ ❙❘❆▼ ❡ ♦s ♠ó❞✉❧♦s ❞❡ ♠❡❞✐çã♦ ❞♦ ❤❛r❞✇❛r❡

sã♦ ✐♥✐❝✐❛❧✐③❛❞♦s✳

◆❛ ✜❣✉r❛ ✹✳✷ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ✈✐sã♦ ❣❡r❛❧ ❞❛ ❡str✉t✉r❛ ❞♦ ♣r♦tót✐♣♦✳ ❖

♣r♦tót✐♣♦ é ❞✐✈✐❞✐❞♦ ❡♠ ❞✉❛s ♣❛rt❡s✿ ❝❛♠✐♥❤♦ ❞❡ ❞❛❞♦s ❡ ❛♣❧✐❝❛çõ❡s q✉❡ r♦❞❛♠ ♥♦

❡s♣❛ç♦ ❞♦ ✉s✉ár✐♦✳ ❖ ❝❛♠✐♥❤♦ ❞❡ ❞❛❞♦s é ❝♦♠♣♦st♦ ♣♦r ♠ó❞✉❧♦s q✉❡ ♣❡rt❡♥❝❡♠ à

❜✐❜❧✐♦t❡❝❛ ♣❛❞rã♦ ❞❛ ◆❡t❋P●❆ ❡ ♠ó❞✉❧♦s ❞❡s❡♥✈♦❧✈✐❞♦s ♣❛r❛ ♠❡❞✐çã♦ ❛♣r♦①✐♠❛❞❛✳

❖ ❡s♣❛ç♦ ❞♦ ✉s✉ár✐♦ é ❝♦♥st✐t✉í❞♦ ♣❡❧♦ s♦❢t✇❛r❡ ❞❡ ♠❡❞✐çã♦✳ ❖ s♦❢t✇❛r❡ ❞❡ ♠❡❞✐çã♦

é r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❧❡✐t✉r❛ ❞❛s ♠❛r❝❛çõ❡s ❞♦s ❇❧♦♦♠ ❋✐❧t❡rs q✉❛♥❞♦ ♦ t❡♠♣♦ ❞❡

♠♦♥✐t♦r❛♠❡♥t♦ é ❛❧❝❛♥ç❛❞♦✳ ❊♠ s❡❣✉✐❞❛✱ ♦ s♦❢t✇❛r❡ r❡❛❧✐③❛ ♦ ❝á❧❝✉❧♦ ❞❛ ♠é❞✐❛ ❡

✈❛r✐â♥❝✐❛ ❝♦♠ ❜❛s❡ ♥❛s ♠❛r❝❛çõ❡s ❧✐❞❛s ❞❛ ❙❘❆▼✳ ❖s ❝á❧❝✉❧♦s ❞❛ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛

sã♦ r❡❛❧✐③❛❞♦s ❛♣ós ❛s ♠❡❞✐çõ❡s s❡r❡♠ ✜♥❛❧✐③❛❞❛s✳

❚♦❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ ♠❡❞✐çã♦ ♥♦ ❤❛r❞✇❛r❡ ❜❛s❡✐❛✲s❡ ❡♠ ❝✐♥❝♦ ❡stá❣✐♦s✿ ❝♦♥t❛❞♦r

❞❡ t❡♠♣♦ ❡♠ ❝✐❝❧♦s ❞❡ r❡❧ó❣✐♦ ✭❚✐♠❡ ❈♦✉♥t❡r✮✱ ❡①tr❛çã♦ ❞♦ ✐❞❡♥t✐✜❝❛❞♦r ❞❡ ✢✉①♦

❞♦ ♣❛❝♦t❡ ✭❍❡❛❞❡r P❛rs❡r✮✱ ❣❡r❛çã♦ ❞❡ ❤❛s❤s ✭❍❛s❤✮✱ ❣❡r❡♥❝✐❛♠❡♥t♦ ❇❧♦♦♠ ❋✐❧t❡rs

✭❇❧♦♦♠ ❋✐❧t❡rs ❈♦♥tr♦❧✮ ❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❇❧♦♦♠ ❋✐❧t❡rs ♥❛ ❙❘❆▼ ✭❙❘❆▼ ✮✳

✹✳✸✳✶ ❈❛♠✐♥❤♦ ❞❡ ❞❛❞♦s

❖ ♣r♦❝❡ss♦ ❞❡ ♠❡❞✐çã♦ ♥♦ ❝❛♠✐♥❤♦ ❞❡ ❞❛❞♦s ❝♦♠❡ç❛ ❝♦♠ ❛ ❝❤❡❣❛❞❛ ❞❡ ✉♠ ♣❛❝♦t❡

❚❈P ♥♦ ♠ó❞✉❧♦ ❍❡❛❞❡r P❛rs❡r✳ ◆❡st❡ ♠ó❞✉❧♦ ♦ ✐❞❡♥t✐✜❝❛❞♦r ❞❡ ✢✉①♦ ❞♦ ♣❛❝♦t❡ é

❡①tr❛í❞♦ ❡ ❡♥❝❛♠✐♥❤❛❞♦ ♣❛r❛ ♦ ♠ó❞✉❧♦ ❍❛s❤✳ ❈♦♠ ❛ ❝❤❡❣❛❞❛ ❞♦ ✐❞❡♥t✐✜❝❛❞♦r ❞❡

✢✉①♦ ♥♦ ♠ó❞✉❧♦ ❍❛s❤ sã♦ ❣❡r❛❞♦s ❞♦✐s ❡♥❞❡r❡ç♦s ✭❤❛s❤✶ ❡ ❤❛s❤✷ ✮ q✉❡ ♠❛♣❡✐❛♠



✹✳ ❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦

❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✸✹

❋✐❣✉r❛ ✹✳✷✿ ❆rq✉✐t❡t✉r❛ ❇❧♦♦♠❚✐♠❡ ❝♦♠ s✉♣♦rt❡ à ♠❡❞✐çã♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛
❡♥tr❡ ♣❛❝♦t❡s✳

♦ ✢✉①♦ ♥♦s ❇❧♦♦♠ ❋✐❧t❡rs ❛r♠❛③❡♥❛❞♦s ♥❛ ❙❘❆▼✳ ❆♠❜♦s ❡♥❞❡r❡ç♦s tê♠ t❛♠❛♥❤♦

❞❡ ✸✷ ❜✐ts ❡ sã♦ ❣❡r❛❞♦s ✉t✐❧✐③❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ ❈❘❈ ✭❈②❝❧✐❝ ❘❡❞✉♥❞❛♥❝② ❈❤❡❝❦✮✳

❆♥t❡s ❞❡ss❡s ❡♥❞❡r❡ç♦s s❡r❡♠ ❡♥❝❛♠✐♥❤❛❞♦s ♣❛r❛ ♦ ♠ó❞✉❧♦ ❇❧♦♦♠ ❋✐❧t❡rs ❈♦♥tr♦❧✱

♦s ❡♥❞❡r❡ç♦s sã♦ r❡❞✉③✐❞♦s ❞❡ ✸✷ ❜✐ts ♣❛r❛ ✶✸ ❜✐ts✱ t❛❧ q✉❡✱ ✶✸ ❜✐ts é ♦ ♥ú♠❡r♦ ❞❡

❜✐ts ♥❡❝❡ssár✐♦ ♣❛r❛ ❡♥❞❡r❡ç❛r ❛s ❧✐♥❤❛s ❞♦s ❇❧♦♦♠ ❋✐❧t❡rs ✭213 ❂ ✽✳✶✾✷ ❧✐♥❤❛s✮✳ ❊♠

s❡❣✉✐❞❛✱ ❤❛s❤✶ ❡ ❤❛s❤✷ sã♦ ❡♥✈✐❛❞♦s ♣❛r❛ ♦ ♠ó❞✉❧♦ ❇❧♦♦♠ ❋✐❧t❡rs ❈♦♥tr♦❧✳

❖s ❡♥❞❡r❡ç♦s ❤❛s❤✶ ❡ ❤❛s❤✷✱ ❛♦ ❝❤❡❣❛r❡♠ ♥♦ ♠ó❞✉❧♦ ❇❧♦♦♠ ❋✐❧t❡rs ❈♦♥tr♦❧✱ sã♦

✐♥s❡r✐❞♦s ♥❛ ✜❧❛ ✐♥t❡r♥❛ ❞♦ ♠ó❞✉❧♦✳ ➚ ♣❛rt✐r ❞❡ss❡ ♠♦♠❡♥t♦ ✐♥✐❝✐❛✲s❡ ❛s ♦♣❡r❛çõ❡s

❞❡ ❧❡✐t✉r❛ ❡✴♦✉ ❡s❝r✐t❛ ♥♦s ❇❧♦♦♠ ❋✐❧t❡rs✳ ❊♠ s❡❣✉✐❞❛✱ ❛s ❤❛s❤s sã♦ r❡t✐r❛❞❛s ❞❛ ✜❧❛

❡ ✐♠❡❞✐❛t❛♠❡♥t❡ sã♦ r❡❛❧✐③❛❞♦s ❞✉❛s r❡q✉✐s✐çõ❡s ❞❡ ❧❡✐t✉r❛ ♥❛ ❙❘❆▼ ♣❛r❛ ❛♠❜♦s ♦s

❡♥❞❡r❡ç♦s✳ ❆♣ós ❛ ❝❤❡❣❛❞❛ ❞♦s ❞❛❞♦s ❧✐❞♦s ❞❛ ❙❘❆▼ ❛ ♣ró①✐♠❛ ❡t❛♣❛ é ✈❡r✐✜❝❛r s❡

❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ♠❛✐s ❛t✉❛❧ ✭❇❧♦♦♠ ❋✐❧t❡r B1✮ ♣❛r❛ ❛♠❜♦s ❡♥❞❡r❡ç♦s ❡stá ♠❛r❝❛❞♦✳

❯♠ ✢✉①♦ ❡stá ♠❛r❝❛❞♦ ♥♦ ❇❧♦♦♠ ❋✐❧t❡r q✉❛♥❞♦ ❛s ❞✉❛s ❤❛s❤s q✉❡ ❡♥❞❡r❡ç❛♠ ♦ ✢✉①♦

❡stã♦ ❝♦♠ ✈❛❧♦r ✐❣✉❛❧ ❛ ✉♠✳ ❈❛s♦ ❝♦♥trár✐♦✱ ♦ ✢✉①♦ ♥ã♦ ❡stá ✐♥s❡r✐❞♦ ♥❛ ❡str✉t✉r❛✳

❙❡ ❛♠❜♦s ♦s ❞❛❞♦s ❧✐❞♦s ❡st✐✈❡r❡♠ ❝♦♠ ✈❛❧♦r ③❡r♦ ❡♠ B1✱ s❡rá ✐♥s❡r✐❞♦ ♦ ✈❛❧♦r ✉♠

♣❛r❛ ♠❛r❝❛r ♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❞♦ ✢✉①♦✳ ❙❡ ❛♣❡♥❛s ✉♠ ❞♦s ❞❛❞♦s ❧✐❞♦s ❡st✐✈❡r

❝♦♠ B1 ♠❛r❝❛❞♦✱ ❛♣❡♥❛s ♦ ❡♥❞❡r❡ç♦ ❞♦ ❞❛❞♦ q✉❡ ❡st✐✈❡r ❝♦♠ ✈❛❧♦r ✐❣✉❛❧ ❛ ③❡r♦ s❡rá

♠❛r❝❛❞♦✳ ❙❡ ❛♠❜♦s ❡♥❞❡r❡ç♦s ❥á ❡st✐✈❡r❡♠ ♠❛r❝❛❞♦s✱ ✉♠ ♥♦✈♦ ✢✉①♦ s❡rá r❡t✐r❛❞♦



✹✳ ❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦

❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✸✺

❞❛ ✜❧❛ ❡ t♦❞♦ ♦ ♣r♦❝❡ss♦ s❡rá r❡♣❡t✐❞♦✳

❚♦❞♦ ♦ ❝♦♥tr♦❧❡ ❞❡ t❡♠♣♦ é r❡❛❧✐③❛❞♦ ♣❡❧♦ ♠ó❞✉❧♦ ❚✐♠❡ ❈♦✉♥t❡r✳ ❊st❡ ♠ó❞✉❧♦

❝♦♥tr♦❧❛ ♦ t❡♠♣♦ ❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❡ ♦ t❡♠♣♦ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛s ♠❛r❝❛çõ❡s

♥♦s ❇❧♦♦♠ ❋✐❧t❡rs✳ P❛r❛ t❡r♠♦s ✉♠ ❝♦♥tr♦❧❡ ♠❛✐s ♣r❡❝✐s♦ ❞❛ ❝♦♥t❛❣❡♠ ❞♦ t❡♠♣♦✱

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

❞✉❧♦ ❚✐♠❡ ❈♦✉♥t❡r✳ ◗✉❛♥❞♦ ♦ t❡♠♣♦ ❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ é ❛t✐♥❣✐❞♦ ✉♠ s✐♥❛❧ é

❡♥✈✐❛❞♦ ♣❛r❛ ♦ ♠ó❞✉❧♦ ❙❤✐❢t❡r ♣❛r❛ q✉❡ ♦❝♦rr❛ ❛s ♦♣❡r❛çõ❡s ❞❡ ❞❡s❧♦❝❛♠❡♥t♦s✳ ❖

♣r♦❝❡ss♦ ❞❡ ❞❡s❧♦❝❛♠❡♥t♦ só ♦❝♦rr❡ q✉❛♥❞♦ ♦ ♠ó❞✉❧♦ ❇❧♦♦♠ ❋✐❧t❡rs ❈♦♥tr♦❧ ♥ã♦

❡stá r❡❛❧✐③❛♥❞♦ ♥❡♥❤✉♠❛ ♦♣❡r❛çã♦ ♥❛ ❙❘❆▼✳ ❈❛s♦ ❛❧❣✉♠❛ ♦♣❡r❛çã♦ ❡st❡❥❛ s❡♥❞♦

r❡❛❧✐③❛❞❛ ♦ ♠ó❞✉❧♦ ❙❤✐❢t❡r ❡s♣❡r❛ t❡r♠✐♥❛r ❛s ♦♣❡r❛çõ❡s ♣❛r❛ q✉❡ ♦s ❞❡s❧♦❝❛♠❡♥t♦s

❞♦s ❇❧♦♦♠ ❋✐❧t❡rs ♣♦ss❛ ❝♦♠❡ç❛r✳ ◗✉❛♥❞♦ ❛s ♦♣❡r❛çõ❡s ❞❡ ❞❡s❧♦❝❛♠❡♥t♦ ❝♦♠❡ç❛♠

♥❡♥❤✉♠ ✢✉①♦ é ♠❛r❝❛❞♦ ♥❛s ❡str✉t✉r❛s ❇❧♦♦♠ ❋✐❧t❡rs ❛té q✉❡ ❛s ♦♣❡r❛çõ❡s s❡❥❛♠

✜♥❛❧✐③❛❞❛s✳ ❆s ♦♣❡r❛çõ❡s ❞❡ ❞❡s❧♦❝❛♠❡♥t♦s ❞♦s ❇❧♦♦♠ ❋✐❧t❡rs ❝♦♥s✐st❡♠ ❡♠ ♠♦✈❡r

♦s ❞❛❞♦s ❞♦ ❇❧♦♦♠ ❋✐❧t❡r ♠❛✐s ❛t✉❛❧ ♣❛r❛ ♦ ❇❧♦♦♠ ❋✐❧t❡r ♠❛✐s ❛♥t✐❣♦✱ ♣♦r ❡①❡♠♣❧♦✱

B1 ♣❛r❛ B2✱ ✳✳✳✱ Bn−1 ♣❛r❛ Bn✳ ◗✉❛♥❞♦ ♦ t❡♠♣♦ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ é ❛t✐♥❣✐❞♦✱ ♦

r❡❣✐str❛❞♦r ❡♠ ❤❛r❞✇❛r❡ é ❛t✐✈♦ ♣❛r❛ q✉❡ ❛s ❧❡✐t✉r❛s ❞❛s ♠❛r❝❛çõ❡s ♣♦ss❛♠ s❡r ❧✐❞❛s

♣❡❧♦ s♦❢t✇❛r❡ ❞❡ ♠❡❞✐çã♦✳

❋✐❣✉r❛ ✹✳✸✿ ❈❛♠✐♥❤♦ ❞❡ ❞❛❞♦s ❇❧♦♦♠❚✐♠❡ ✐♠♣❧❡♠❡♥t❛❞♦ ♥♦ ❤❛r❞✇❛r❡ ◆❡t❋P●❆✳



✹✳ ❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦

❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✸✻

✹✳✸✳✷ ❊s♣❛ç♦ ❞♦ ✉s✉ár✐♦

❖ ❡s♣❛ç♦ ❞♦ ✉s✉ár✐♦ ❞♦ ♣r♦tót✐♣♦ é ❝♦♠♣♦st♦ ♣❡❧♦s ♣r♦❣r❛♠❛s ❞❡ ♠❡❞✐çã♦ ❡ ❝á❧❝✉❧♦

❞❛ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛✳ ❖ s♦❢t✇❛r❡ ❞❡ ♠❡❞✐çã♦ r❡❛❧✐③❛ três t✐♣♦s ❞❡ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s✿

✭✐✮ ♦❜s❡r✈❛r ♦ r❡❣✐str❛❞♦r ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ✈❡r✐✜❝❛r s❡ ❡stá ❛t✐✈♦❀ ✭✐✐✮ r❡❛❧✐③❛r ❛

❧❡✐t✉r❛ ❞❛s ♠❛r❝❛çõ❡s ♥♦s ❇❧♦♦♠ ❋✐❧t❡rs❀ ✭✐✐✐✮ ✐♥✐❝✐❛❧✐③❛r ❛ ❙❘❆▼ ❛♣ós ❛ ❧❡✐t✉r❛✳ ❖

s♦❢t✇❛r❡ ❞❡ ♠❡❞✐çã♦ r❡❛❧✐③❛ ❛s ♦♣❡r❛çõ❡s ❞❡ ❧❡✐t✉r❛ ♥❛ ❙❘❆▼ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❡♠♣♦

❞❡ ♠♦♥✐t♦r❡♠❡♥t♦ ❞❛s ♠❛r❝❛rçõ❡s ♥♦s ❇❧♦♦♠ ❋✐❧t❡rs✳ ❆♣ós ❡ss❡ t❡♠♣♦ s❡r ❛t✐❣✐♥❞♦

♦ r❡❣✐str❛❞♦r ❡♠ ❤❛r❞✇❛r❡ é ❛t✐✈♦ ❡ ♦ s♦❢t✇❛r❡ ❞❡ ♠❡❞✐çã♦ ❧ê ❛s ♠❛r❝❛çõ❡s ❞♦ t❡♠♣♦

❞❡ ❝❤❡❣❛❞❛ ❞♦s ✢✉①♦s ❞❛s ❡str✉t✉r❛s ❇❧♦♦♠ ❋✐❧t❡rs ✈✐❛ ✐♥t❡r❢❛❝❡ ❞❡ r❡❣✐str❛❞♦r❡s✱ ❡

s❛❧✈❛ ❡st❛s ✐♥❢♦r♠❛çõ❡s ❡♠ ✉♠ ❛rq✉✐✈♦ ♥♦ ❢♦r♠❛t♦ t❡①t♦✳ ❊♠ s❡❣✉✐❞❛✱ ♦s ♠ó❞✉❧♦s

❞❡ ♠❡❞✐çã♦ ❞♦ ❤❛r❞✇❛r❡ ❡ ❇❧♦♦♠ ❋✐❧t❡rs sã♦ ✐♥✐❝✐❛❧✐③❛❞♦s✳ ❖s ❇❧♦♦♠ ❋✐❧t❡rs sã♦

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

◗✉❛♥❞♦ ❛s ✐t❡r❛çõ❡s ❞❡ ♠❡❞✐çã♦ sã♦ ✜♥❛❧✐③❛❞❛s✱ ♦ s♦❢t✇❛r❡ ❞❡ ❝á❧❝✉❧♦ ❞❛ ♠é❞✐❛

❡ ✈❛r✐â♥❝✐❛ é ❡①❡❝✉t❛❞♦✳ ❊st❡ s♦❢t✇❛r❡ ❧ê ♦ ❛rq✉✐✈♦ ❞❡ r❡❣r❛s ❞♦s ✢✉①♦s ♠❡❞✐❞♦s ❡

❣❡r❛ ❛ ❤❛s❤ ❞♦s r❡s♣❡❝t✐✈♦s ✢✉①♦s✳ ❊♠ s❡❣✉✐❞❛✱ é r❡❛❧✐③❛❞♦ ❛ ❞✐❢❡r❡♥ç❛ ❞♦ t❡♠♣♦ ❞❡

❝❤❡❣❛❞❛ ❞♦s ♣❛❝♦t❡s ♣❛r❛ ❝❛❞❛ ✢✉①♦ ❝♦♠ ❜❛s❡ ♥♦ ❛rq✉✐✈♦ ❣❡r❛❞♦ ♣❡❧♦ s♦❢t✇❛r❡ ❞❡

♠❡❞✐çã♦✳ ❆ ❞✐❢❡r❡♥ç❛ é ❝❛❧❝✉❧❛❞❛ ♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ✢✉①♦✱ q✉❛♥❞♦ ❛s ❞✉❛s ❤❛s❤s

❞♦ ✢✉①♦ ❡stã♦ ♠❛r❝❛❞❛s ♥♦ ♠❡s♠♦ ❇❧♦♦♠ ❋✐❧t❡r✳ ❈❛s♦ ✉♠❛ ❞❛s ❤❛s❤s ♥ã♦ ❡st❡❥❛

♠❛r❝❛❞❛ ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❇❧♦♦♠ ❋✐❧t❡r✱ s✐❣♥✐✜❝❛ q✉❡ ♦❝♦rr❡✉ ✉♠ ❢❛❧s♦ ♣♦s✐t✐✈♦

❡♠ r❡❧❛çã♦ ❛ ♦✉tr♦ ✢✉①♦✳ ◗✉❛♥❞♦ ♦❝♦rr❡ ❢❛❧s♦ ♣♦s✐t✐✈♦s ❛ ❞✐❢❡r❡♥ç❛ ♥ã♦ é ❝❛❧❝✉❧❛❞❛✳

❆♣ós ❛s ♦♣❡r❛çõ❡s ❞❡ ❞✐❢❡r❡♥ç❛ s❡r❡♠ ❡❢❡t✉❛❞❛s✱ ❛ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ sã♦ ❝❛❧❝✉❧❛❞❛s

❡ s❛❧✈❛s ❡♠ ♦✉tr♦ ❛rq✉✐✈♦ ♥♦ ❢♦r♠❛t♦ t❡①t♦✳

✹✳✹ ❆✈❛❧✐❛çã♦

◆❡st❛ s❡çã♦ é ❛♣r❡s❡♥t❛❞♦ ♦ ❛♠❜✐❡♥t❡ ❞♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s ❝♦♠ ♦ ♣r♦tót✐♣♦

❇❧♦♦♠❚✐♠❡✳ ◆♦ss♦ ♦❜❥❡t✐✈♦ é ❝♦♠♣❛r❛r ❛ ❡s❝❛❜✐❧✐❞❛❞❡ ❞❛ ❛rq✉✐t❡t✉r❛ ♣r♦♣♦st❛ ❡♠

r❡❧❛çã♦ ❛ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪✱ q✉❡ ❡st❡♥❞❡✉ ♦ ❝♦♠✉t❛❞♦r ❖♣❡♥❋❧♦✇ ♣❛r❛ r❡❛❧✐③❛r

♠❡❞✐çã♦ ❛❝✉r❛❞❛ ❞❡ ❛♣❡♥❛s ✷✽ ✢✉①♦s✳ P❛r❛ ❝♦♠♣❛r❛r♠♦s ❛♠❜♦s ♦s ♣r♦tót✐♣♦s✱ ♦

♠❡s♠♦ ❝❡♥ár✐♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♣♦r ❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪ ❢♦✐ r❡♣r♦❞✉③✐❞♦✳

✹✳✹✳✶ ❉❡s❝r✐çã♦ ❞♦ ❛♠❜✐❡♥t❡ ❞❡ t❡st❡s

❊♠ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪✱ ♦ ❝❡♥ár✐♦ ❞❡ t❡st❡s é ❝♦♠♣♦st♦ ❞❡ ✉♠ t❡r♠✐♥❛❧ ❆ ❡♥✈✐❛♥❞♦

♣❛❝♦t❡s ♥♦ ❢♦r♠❛t♦ ❚❈P à ✉♠❛ t❛①❛ ❝♦♥tr♦❧❛❞❛ ♣❛r❛ ♦ t❡r♠✐♥❛❧ ❇✳ ❖ t❡r♠✐♥❛❧

❆ ❛♣❡♥❛s ❡♥✈✐❛ ✷✽ ✢✉①♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡ ❞❡✈✐❞♦ à q✉❛♥t✐❞❛❞❡ ❞❡ ✢✉①♦s q✉❡ ♦



✹✳ ❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦

❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✸✼

♣r♦tót✐♣♦ ❝♦♥s❡❣✉❡ ♠❡❞✐r✳ ❊♥tr❡ ❆ ❡ ❇ ❢♦r❛♠ ✐♥s❡r✐❞♦s ❞♦✐s ❝♦♠✉t❛❞♦r❡s tr❛❞✐❝✐♦♥❛✐s

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

❇✳ ◆♦ ✜♥❛❧ ❞❛ r❡❞❡ ❢♦r❛♠ ✐♥s❡r✐❞♦s ♦ ♣r♦tót✐♣♦ ❞❡ ♠❡❞✐çã♦ ❡①❛t❛ ❡♠ ❤❛r❞✇❛r❡ ❡ ♦

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

❖ ❝❡♥ár✐♦ ✉t✐❧✐③❛❞♦ ❡♠ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪ t❡✈❡ q✉❡ s❡r ❛❞❛♣t❛❞♦ ❞❡✈✐❞♦ ❛♦

❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ ✢✉①♦s ❛ s❡r❡♠ ❣❡r❛❞♦s✳ ❆♦ ✐♥✈és ❞❡ ✉t✐❧✐③❛r ✉♠ t❡r♠✐♥❛❧ ❣❡r❛❞♦r

❞❡ ✢✉①♦s ❢♦r❛♠ ❛❞✐❝✐♦♥❛❞♦s ✈✐♥t❡ t❡r♠✐♥❛✐s ✭❚❆✶✱ ❚❆✷✱ ✳✳✳✱ ❚❆✷✵✮ ♣❛r❛ s❡ ❣❡r❛r ❛té

✷✳✵✵✵ ✢✉①♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡ ♥❛ r❡❞❡✳ ❆♠❜♦s ♦s ❝♦♠✉t❛❞♦r❡s tr❛❞✐❝✐♦♥❛✐s ❢♦r❛♠

♣r❡s❡r✈❛❞♦s ❡♥tr❡ ❆ ❡ ❇✱ ❡ ♥♦ ✜♥❛❧ ❞❛ r❡❞❡ ♦ ♣r♦tót✐♣♦ ❞❡ ♠❡❞✐çã♦ ❡①❛t♦ ❢♦✐ s✉❜s✲

t✐t✉í❞♦ ♣❡❧♦ ♣r♦tót✐♣♦ ❞♦ ❤❛r❞✇❛r❡ ❛♣r♦①✐♠❛❞♦✳ ❖ s♦❢t✇❛r❡ ❞❡ ♠❡❞✐çã♦ ❡①❡❝✉t❛❞♦

♥♦ t❡r♠✐♥❛❧ ❇ t❛♠❜é♠ ❢♦✐ ♣r❡s❡r✈❛❞♦✳ ❊st❡ s♦❢t✇❛r❡ ❛ss✐♠ ❝♦♠♦ ❡♠ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱

✷✵✶✻❛❪ ❢♦✐ ✉t✐❧✐③❛❞♦ ♣❛r❛ ✈❛❧✐❞❛r ♦ ♣r♦tót✐♣♦ ❡ t❛♠❜é♠ s❛❜❡r ♦ q✉❛♥t♦ ❛ ♠❡❞✐çã♦

❛♣r♦①✐♠❛❞❛ ❡stá ♣ró①✐♠❛ ❞❛ ♠❡❞✐çã♦ ✐❞❡❛❧✳

❆s ♠❡❞✐çõ❡s ❡♠ ❤❛r❞✇❛r❡ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❡♠ t❡♠♣♦ r❡❛❧✱ s❡♥❞♦ ♦ ❝á❧❝✉❧♦ ❞❛

♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ❢❡✐t♦s ❛♦ ✜♥❛❧ ❞♦ ❡①♣❡r✐♠❡♥t♦ ♣♦r ✉♠❛ ❛♣❧✐❝❛çã♦ ❡♠ s♦❢t✇❛r❡✳

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

❞❡ ✷✳✵✵✵ ✢✉①♦s✳ ❊♠ ❇✱ t❛♥t♦ ❛s ♠❡❞✐çõ❡s ❡ ♦ ❝á❧❝✉❧♦ ❞❛ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ❢♦r❛♠

r❡❛❧✐③❛❞❛s ♥♦ ✜♥❛❧ ❞♦ ❡①♣❡r✐♠❡♥t♦✳ ❖ s♦❢t✇❛r❡ ❡♠ ❇ ❧❡✈❛ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶ ❤♦r❛

❡ ✸✵ ♠✐♥✉t♦s ♣❛r❛ ❝❛❧❝✉❧❛r ❛ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ♣❛r❛ ❛ ♠❡s♠❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✢✉①♦s✳

◆❛ ✜❣✉r❛ ✹✳✹ é ❛♣r❡s❡♥t❛❞♦ ♦ ❛♠❜✐❡♥t❡ ❞❡ t❡st❡s✳

❋✐❣✉r❛ ✹✳✹✿ ❆♠❜✐❡♥t❡ ❞❡ t❡st❡s✳

✹✳✹✳✷ ❱❡r✐✜❝❛çã♦ ❞♦ ♣r♦tót✐♣♦

P❛r❛ ♦ ❡♥✈✐♦ ❞❡ ♣❛❝♦t❡s ❚❈P ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ♣r♦❣r❛♠❛ ❞❡s❡♥✈♦❧✈✐❞♦ ❡♠ ❬P❛❝í✜❝♦

❡t ❛❧✳✱ ✷✵✶✻❛❪✳ ❊st❡ ♣r♦❣r❛♠❛ ❧ê ✉♠ ❛rq✉✐✈♦ ❞❡ t❡①t♦ q✉❡ ❝♦♥tê♠ ❛s r❡❣r❛s q✉❡

❞❡✈❡♠ s❡r ♠♦♥✐t♦r❛❞❛s ♣❡❧♦ ♣r♦tót✐♣♦ ❡♠ ❤❛r❞✇❛r❡✳ ❈❛❞❛ r❡❣r❛ ❧✐❞❛ é ❡①❡❝✉t❛❞♦



✹✳ ❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦

❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✸✽

♣♦r ✉♠❛ t❤r❡❛❞✳ ❊♠ ❝❛❞❛ t❡r♠✐♥❛❧ sã♦ ❝r✐❛❞♦s ♥♦ ♠á①✐♠♦ ✶✵✵ t❤r❡❛❞s✱ ❞❡ ♠♦❞♦

❛ ♥ã♦ ♣r❡❥✉❞✐❝❛r ♦ ❡♥✈✐♦ ❞❡ ♣❛❝♦t❡s ❞❡✈✐❞♦ ❛♦ ♥ú♠❡r♦ ❞❡ t❤r❡❛❞s ❛ s❡r❡♠ ❝r✐❛❞❛s✳

❖ ♣r♦❣r❛♠❛ ♣❛r❛ ❣❡r❛r ♣❛❝♦t❡s ✉t✐❧✐③♦✉ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❧✐❜♥❡t✷ ❞♦ ❈✳ P❛r❛ t❡r♠♦s

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

❇ ❡ ◆❡t❋P●❆✱ ♦s ♣❛❝♦t❡s ❢♦r❛♠ ❡s❝r✐t♦s ❡♠ ❛rq✉✐✈♦s ♣❝❛♣✳ ❖s ❛rq✉✐✈♦s ♣❝❛♣s

❞♦s t❡r♠✐♥❛✐s ❆ ❢♦r❛♠ ❣❡r❛❞♦s ❛♥t❡s ❞♦ ❡①♣❡r✐♠❡♥t♦✳ ❈❛❞❛ ❛rq✉✐✈♦ t❡♠ t❡♠♣♦

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

t❡r♠✐♥❛r ♦ ❡♥✈✐♦ ❞❡ ♣❛❝♦t❡s✳ ❊♠ ❇ ✭s♦❢t✇❛r❡✮ t❛♠❜é♠ é ❝r✐❛❞♦ ✉♠ ❛rq✉✐✈♦ ♣❝❛♣✳

❊ss❡ ❛rq✉✐✈♦ t❡♠ ❞✉r❛çã♦ ✐❣✉❛❧ ❛♦ t❡♠♣♦ t♦t❛❧ ❞♦ ❡①♣❡r✐♠❡♥t♦ ❡ é r❡♣r♦❞✉③✐❞♦

✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❉P❑❚✸ ❞❛ ❧✐♥❣✉❛❣❡♠ P②t❤♦♥✳

❆♦ ❝♦♠❡ç❛r ❛ ❡①❡❝✉çã♦ ❞♦ ❡①♣❡r✐♠❡♥t♦ ♦ t❝♣❞✉♠♣ é ✐♥✐❝✐❛❧✐③❛❞♦ ❡♠ ❇ ♣❛r❛

❝❛♣t✉r❛ ❞♦s ♣❛❝♦t❡s ❡ ❝r✐❛çã♦ ❞♦ ❛rq✉✐✈♦ ♣❝❛♣✳ ❊♠ s❡❣✉✐❞❛✱ ♦s t❡r♠✐♥❛✐s ❆ sã♦

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

❜✐tt✇✐st✹✳ ◆♦ ✜♥❛❧ ❞❡ ❝❛❞❛ ✐t❡r❛çã♦ ❛s ♠❛r❝❛çõ❡s ❞❡ t❡♠♣♦ ♥♦s ❇❧♦♦♠ ❋✐❧t❡rs sã♦

❧✐❞❛s✱ ❡ ♦s ♠ó❞✉❧♦s ❡♠ ❤❛r❞✇❛r❡ r❡s♣♦♥sá✈❡✐s ♣❡❧❛ ♠❡❞✐çã♦ ✐♥✐❝✐❛❧✐③❛❞♦s✳ ❆♣ós ❛

ú❧t✐♠❛ ✐t❡r❛çã♦ ♦ t❝♣❞✉♠♣ ❡♠ ❇ ❡ ❜✐tt✇✐st sã♦ ✜♥❛❧✐③❛❞♦s✳

✹✳✹✳✸ ❲❛r♠ ✉♣

❖s ❡①♣❡r✐♠❡♥t♦s sã♦ ❝♦♠♣♦st♦s ❞❡ ✺✵ ✐t❡r❛çõ❡s✳ ❖ t❡♠♣♦ ❞❡ ❝❛❞❛ ✐t❡r❛çã♦ ✈❛r✐❛

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❡♠♣♦ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛s ♠❛r❝❛çõ❡s ♥♦s ❇❧♦♦♠ ❋✐❧t❡rs✳ P♦r

❡①❡♠♣❧♦✱ s❡ ♦ t❡♠♣♦ ❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ é ✐❣✉❛❧ ❛ ✷✸ ♠s ♦ t❡♠♣♦ ❞❛ ✐t❡r❛çã♦ é ❞❡

✶✱✹✼✺ s✳ P❛r❛ ✐♥✐❝✐❛❧✐③❛r ♦s ♣r♦❝❡ss♦s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ tr❛♥s♠✐ssã♦ ❞❡ ♣❛❝♦t❡s

❢♦r❛♠ ❣❛st♦s ✺ s ❡ ✸ s ♣❛r❛ ✜♥❛❧✐③❛r ❛♠❜♦s ♦s ♣r♦❝❡ss♦s✳ ❖ t❡♠♣♦ t♦t❛❧ ❞❡ ❞✉r❛çã♦ ❞♦

❡①♣❡r✐♠❡♥t♦ é ❝♦♠♣♦st♦ ♣❡❧♦ t❡♠♣♦ ❞❡ ✐♥✐❝✐❛❧✐③❛r ♦s ♣r♦❝❡ss♦s ❞❡ ♠❡❞✐çã♦ s♦♠❛❞♦

❛♦ t❡♠♣♦ t♦t❛❧ ❞❛s ✐t❡r❛çõ❡s ❡ ♦ t❡♠♣♦ ♣❛r❛ ✜♥❛❧✐③❛r t♦❞♦s ♦s ♣r♦❝❡ss♦s✿ ✺ s ✰ ✺✵

① ✶✱✹✼✺ s ✰ ✸ s ❂ ✽✶✱✼✺ s ✭✶ ♠✐♥✉t♦ ❡ ✸✻ s✮ ✉t✐❧✐③❛♥❞♦ ✉♠❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞❡ ✷✸

♠s✳ ❈♦♥s✐❞❡r❛♠♦s ♦ ✈❛❧♦r ❞❡ ❲❛r♠ ✉♣ ❞❡ ✶✵✪ ❞♦ t❡♠♣♦ t♦t❛❧ ❞♦ ❡①♣❡r✐♠❡♥t♦✳

❈♦♠ ❜❛s❡ ♥♦ ✈❛❧♦r ❞❡ ❲❛r♠ ✉♣✱ ♣❛r❛ ✉♠❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞❡ ✷✸ ♠s sã♦ r❡t✐r❛❞♦s

❛s ♠❡❞✐çõ❡s ❞❛s ✽ ♣r✐♠❡✐r❛s ❡ ú❧t✐♠❛s ✐t❡r❛çõ❡s ✭✶✵✪ ❞❡ ✽✶✱✼✺ s ❂ ✽✱✶✼✺ ✐t❡r❛çõ❡s✮

r❡❛❧✐③❛❞❛s ♣♦r ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡✳ ❖ ♥ú♠❡r♦ ❞❡ ♠❡❞✐çõ❡s ❛ s❡r❡♠ r❡t✐r❛❞❛s ♣♦r

✐t❡r❛çã♦ ✈❛r✐❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ✢✉①♦s✳

✷❉✐s♣♦♥í✈❡❧ ❡♠✿ ❤tt♣s✿✴✴s♦✉r❝❡❢♦r❣❡✳♥❡t✴♣r♦❥❡❝ts✴❧✐❜♥❡t✴✜❧❡s✴
✸❘❡♣♦s✐tór✐♦✿ ❤tt♣s✿✴✴❞♣❦t✳r❡❛❞t❤❡❞♦❝s✳✐♦✴❡♥✴❧❛t❡st✴✐♥❞❡①✳❤t♠❧
✹❘❡♣♦s✐tór✐♦✿ ❤tt♣✿✴✴❜✐tt✇✐st✳s♦✉r❝❡❢♦r❣❡✳♥❡t✴



✹✳ ❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦

❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✸✾

✹✳✺ ❘❡s✉❧t❛❞♦s

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

❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ♣❛r❛ ♦s ❡①♣❡r✐♠❡♥t♦s ❞❡ ✷✽✱ ✶✳✵✵✵ ❡ ✷✳✵✵✵ ✢✉①♦s✳ ❊♠

❝❛❞❛ ❡①♣❡r✐♠❡♥t♦ ✉t✐❧✐③❛♠♦s ✷✱ ✹✱ ✽ ❡ ✷✸ ♠s ♦ t❛♠❛♥❤♦ ❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞♦

♣r♦tót✐♣♦ ❛♣r♦①✐♠❛❞♦✳ ❚♦❞♦s ♦s ❡①♣❡r✐♠❡♥t♦s ❢♦r❛♠ r❡♣r♦❞✉③✐❞♦s ✉s❛♥❞♦ ❛tr❛s♦s

♣ré✲❞❡✜♥✐❞♦s ❡ ❛❧❡❛tór✐♦s ❝♦♠♦ ❞❡s❝r✐t♦ ❡♠ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪✳ P❛r❛ ♦s ❛tr❛s♦s

♣ré✲❞❡✜♥✐❞♦s ❢♦✐ ✉t✐❧✐③❛❞♦ ✷✵ ❡ ✹✵ ♠s ❝♦♠♦ ❛tr❛s♦s ✜①♦s ♣❛r❛ ✈❛❧✐❞❛r ❛ ♠❡❞✐çã♦ ❞♦

♣r♦tót✐♣♦✳ P❛r❛ ♦s ❛tr❛s♦s ❛❧❡❛tór✐♦s ❢♦✐ ✉t✐❧✐③❛❞♦ ✉♠❛ ❞✐str✐❜✉✐çã♦ ✉♥✐❢♦r♠❡ ❡♥tr❡

✵ ❡ ✺✵ ♠s ❝♦♠ ✸ s❡♠❡♥t❡s ♣❛r❛ r❡♣r❡s❡♥t❛r ❛tr❛s♦s ❞✐st✐♥t♦s ❝♦♠♦ ♦❝♦rr❡♠ ❡♠ ✉♠

trá❢❡❣♦ r❡❛❧✐st❛✳

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

✭❇♦①P❧♦t✮ ❝♦♠ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✳ ❖ ❣rá✜❝♦ ❇♦①P❧♦t r❡♣r❡s❡♥t❛ ❛ ❞✐str✐❜✉✐çã♦

❞❛ ♣♦♣✉❧❛çã♦ ❞✐✈✐❞✐❞❛ ❡♠ ♣❛rt❡s ❝❤❛♠❛❞❛s q✉❛rt✐s✳ ❊st❡ ❣rá✜❝♦ é ❝♦♠♣♦st♦ ❞❡

q✉❛tr♦ q✉❛rt✐s✳ ❈❛❞❛ q✉❛rt✐❧ r❡♣r❡s❡♥t❛ ✉♠❛ ♣♦r❝❡♥t❛❣❡♠ ❞❛s ❛♠♦str❛s✳ ❖ ♣r✐♠❡✐r♦

q✉❛rt✐❧ ✭Q1✮ r❡❢❡r❡✲s❡ ❛ ✷✺✪✱ ♦ s❡❣✉♥❞♦ q✉❛rt✐❧ ✭♠❡❞✐❛♥❛✮ t❡♠ ✉♠ ♣❡r❝❡♥t✐❧ ❞❡ ✺✵✪

❡ ♦ t❡r❝❡✐t♦ q✉❛rt✐❧ ✭Q3✮ ❡q✉✐✈❛❧❡ ❛ ✼✺✪ ❞❛s ❛♠♦str❛s✳ Q1 é r❡♣r❡s❡♥t❛❞♦ ♥♦ ❣rá✜❝♦

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

❞❛ ❝❛✐①❛ r❡♣r❡s❡♥t❛ Q3✳ ❖s tr❛ç♦s ♥❛ ❡①tr❡♠✐❞❛❞❡ ✭✇❤✐s❤❡rs✮ r❡♣r❡s❡♥t❛♠ ♦ ❧✐♠✐t❡

✐♥❢❡r✐♦r ❡ s✉♣❡r✐♦r ❞❛s ❛♠♦str❛s✳ ❯t✐❧✐③❛♠♦s ❡st❡ t✐♣♦ ❞❡ ❣rá✜❝♦ ♣❛r❛ r❡♣r❡s❡♥t❛r ❛

❞✐str✐❜✉✐çã♦ ❞❛ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ❡ ❛❜s♦❧✉t❛ ❡♥tr❡ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡✳

✹✳✺✳✶ ❊①♣❡r✐♠❡♥t♦ ❝♦♠ ✷✽ ✢✉①♦s

❖ ♦❜❥❡t✐✈♦ ❞❡st❡ ❡①♣❡r✐♠❡♥t♦ é ✈❡r✐✜❝❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ♠❡❞✐çã♦ ❞♦ ♣r♦tót✐♣♦

❇❧♦♦♠❚✐♠❡ ♣❛r❛ ✉♠❛ q✉❛♥t✐❞❛❞❡ ♣❡q✉❡♥❛ ❞❡ ✢✉①♦s✳ ❊s❝♦❧❤❡♠♦s ✷✽ ✢✉①♦s ❝♦♠

❜❛s❡ ♥♦ tr❛❜❛❧❤♦ ❞❡ ❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ❝♦♠♣❛r❛r ♦ ♣r♦tót✐♣♦

❛♣r♦①✐♠❛❞♦ ❝♦♠ ♦ ❡①❛t♦✳

� ❆tr❛s♦ ✜①♦

◆♦ ❣rá✜❝♦ ❞❛ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ❞❛ ♠é❞✐❛ ✭✜❣✉r❛ ✹✳✺❜✮✱ ✼✺✪ ❞❛s ♠❡❞✐çõ❡s

❡stã♦ ❡♥tr❡ ✵ ❛ ✷✸✪ ♣❛r❛ ❛s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ❞❡ ✷✱ ✹✱ ✽✱ ✷✸ ♠s✳ ◆❛ t❛❜❡❧❛ ✹✳✶ sã♦

❛♣r❡s❡♥t❛❞♦s ❛ ♠é❞✐❛✱ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❡ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❛ ♠é❞✐❛ ♠❡❞✐❞❛✳

❆s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ❞❡ ✹✱ ✽✱ ✷✸ ♠s t✐✈❡r❛♠ ✉♠ ✈❛❧♦r ❞❡ ♠é❞✐❛ ❡ ❞❡s✈✐♦ ♣❛❞rã♦

r❡❧❛t✐✈❛♠❡♥t❡ ❜❛✐①♦✳ ❖ ♣✐♦r r❡s✉❧t❛❞♦ ❡♥❝♦♥tr❛❞♦ ♣❛r❛ ♠é❞✐❛ ❢♦✐ ❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦

❞❡ ✷ ♠s✳ ■ss♦ ♦❝♦rr❡ ❞❡✈✐❞♦ ❛♦ ❛✉♠❡♥t♦ ♥♦ ♥ú♠❡r♦ ❞❡ ❞❡s❧♦❝❛♠❡♥t♦s r❡❛❧✐③❛❞♦s✳

❖s ❞❡s❧♦❝❛♠❡♥t♦s ❝♦♠ ♠❛✐♦r ❢r❡q✉ê♥❝✐❛ ♣♦❞❡♠ ❡st❛r ✐♥t❡r❢❡r✐♥❞♦ ♥❛ ❛❝✉rá❝✐❛✱ ♣♦r



✹✳ ❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦

❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✹✵

♣❛ss❛r ❛ ♠❛✐♦r ♣❛rt❡ ❞♦ t❡♠♣♦ ❞❡s❧♦❝❛♥❞♦ ♦s ❇❧♦♦♠ ❋✐❧t❡rs✳ ◆♦ ❣rá✜❝♦ ❞❛ ❞✐❢❡r❡♥ç❛

❛❜s♦❧✉t❛ ✭✜❣✉r❛ ✹✳✺❛✮✱ ❛s ❛♠♦str❛s ❡stã♦ ❡♥tr❡ ✵ ❛ ✶✵ ♠s ♣❛r❛ ❛s r❡s♣❡❝t✐✈❛s ❥❛♥❡❧❛s

❞❡ t❡♠♣♦✳

◆♦ ❣rá✜❝♦ ❞❛ ✈❛r✐â♥❝✐❛ ✭✜❣✉r❛ ✹✳✻❜✮✱ ✼✺✪ ❞❛s ❛♠♦str❛s t❡♠ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛

❡♥tr❡ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡ ❞❡ ✵ ❛ ✸✵✪✳ ❆ ✈❛r✐â♥❝✐❛ ♠❡❞✐❞❛ ♣❡❧♦ ❤❛r❞✇❛r❡ t❡♠ ✉♠

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

♥♦ ❤❛r❞✇❛r❡✳ ■ss♦ ❛❝❛rr❡t❛ ✉♠❛ ♠❛✐♦r ✈❛r✐❛çã♦ ♥❛ ❛❝✉rá❝✐❛ ❞❛s ♠❡❞✐çõ❡s✳ ◆♦

❣rá✜❝♦ ✭✜❣✉r❛ ✹✳✻❛✮ é ❛♣r❡s❡♥t❛❞♦ ❛ ❞✐❢❡r❡♥ç❛ ❛❜s♦❧✉t❛ ❞❛ ✈❛r✐â♥❝✐❛✳ ❖s ✈❛❧♦r❡s

❞❛ ❞✐❢❡r❡♥ç❛ ❛❜s♦❧✉t❛ ❞❛ ✈❛r✐â♥❝✐❛ ✈❛r✐❛♠ ❞❡ ✵ ❛ ✷✵ µs ♣❛r❛ ❛s r❡s♣❡❝t✐✈❛s ❥❛♥❡❧❛s

❞❡ t❡♠♣♦✳ ◆❛ t❛❜❡❧❛ ✹✳✷✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ❛ ♠é❞✐❛✱ ❞❡s✈✐♦ ♣❛❞rã♦ ❡ ✐♥t❡r✈❛❧♦ ❞❡

❝♦♥✜❛♥ç❛ ❞❛ ✈❛r✐â♥❝✐❛ ♠❡❞✐❞❛✳

❚❛❜❡❧❛ ✹✳✶✿ ❉❛❞♦s ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛✿ ♠é❞✐❛ ✷✽ ✢✉①♦s ❛tr❛s♦ ✜①♦✳

❏❛♥❡❧❛ ❞❡ t❡♠♣♦ ✭♠s✮ ▼é❞✐❛ ❞❛ ♠é❞✐❛ ✭✪✮ ❉❡s✈✐♦ ♣❛❞rã♦ ✭✪✮ ■♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ✭✪✮

✵✷ ✶✹✱✼✺ ✾✱✽✷ ❬✶✹✱✶✺✿✶✺✱✸✺❪

✵✹ ✹✱✼✷ ✸✱✺✷ ❬✹✱✺✿✹✱✾✸❪

✵✽ ✷✱✺ ✷✱✵✵ ❬✷✱✸✽✿✷✱✻✷❪

✷✸ ✶✱✽ ✶✱✻✷ ❬✶✱✼✸✿✶✱✾✷❪

❚❛❜❡❧❛ ✹✳✷✿ ❉❛❞♦s ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛✿ ✈❛r✐â♥❝✐❛ ✷✽ ✢✉①♦s ❛tr❛s♦ ✜①♦✳

❏❛♥❡❧❛ ❞❡ t❡♠♣♦ ✭♠s✮ ▼é❞✐❛ ❞❛ ✈❛r✐â♥❝✐❛ ✭✪✮ ❉❡s✈✐♦ ♣❛❞rã♦ ✭✪✮ ■♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ✭✪✮

✵✷ ✶✽✱✸✻ ✶✾✱✶✾ ❬✶✼✱✶✻✿✶✾✱✺✼❪

✵✹ ✶✻✱✻✾ ✶✹✱✽✶ ❬✶✺✱✼✾✿✶✼✱✺✼❪

✵✽ ✷✷✱✵✸ ✶✼✱✾✾ ❬✷✵✱✾✺✿✷✸✱✶✶❪
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❋✐❣✉r❛ ✹✳✺✿ ●rá✜❝♦s ❇♦①♣❧♦t ♠é❞✐❛✿ ✷✽ ✢✉①♦s ✲ ❛tr❛s♦ ✜①♦✳
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✭❜✮ ❉✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛

❋✐❣✉r❛ ✹✳✻✿ ●rá✜❝♦s ❇♦①♣❧♦t ✈❛r✐â♥❝✐❛✿ ✷✽ ✢✉①♦s ✲ ❛tr❛s♦ ✜①♦✳

� ❆tr❛s♦ ❛❧❡❛tór✐♦

◆♦ ❣rá✜❝♦ ❞❛ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ❞❛ ♠é❞✐❛ ✭✜❣✉r❛ ✹✳✼❜✮✱ ✼✺✪ ❞❛s ❛♠♦str❛s

❡stã♦ ❡♥tr❡ ✵ ❛ ✶✷✪ ♣❛r❛ ❛s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ❞❡ ✹✱ ✽✱ ✷✸ ♠s✳ ❊♥tr❡t❛♥t♦✱ ♣❛r❛ ❛

❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞❡ ✷ ♠s✱ ❛ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ♠é❞✐❛ ♣❛r❛ ✼✺✪ ❞❛s ❛♠♦str❛s é ❞❡

✸✵✪✳ ◆❛ t❛❜❡❧❛ ✹✳✸ sã♦ ❛♣r❡s❡♥t❛❞♦s ❛ ♠é❞✐❛✱ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❡ ♦ ✐♥t❡r✈❛❧♦ ❞❡
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◆❡st❛ s❡çã♦ ❛♣r❡s❡♥t❛♠♦s ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❞♦ ♣r♦tót✐♣♦ ❇❧♦♦♠❚✐♠❡ ❞❡ ❛❝♦r❞♦

❝♦♠ ♦ t✐♣♦ ❞❡ ❛tr❛s♦✱ ♥ú♠❡r♦ ❞❡ ✢✉①♦s ❡ ♦ t❛♠❛♥❤♦ ❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦✳ ❖s r❡✲

s✉❧t❛❞♦s ♦❜t✐❞♦s ❞❡♠♦♥str❛♠ q✉❡ ❛ ❛rq✉✐t❡t✉r❛ ❇❧♦♦♠❚✐♠❡ t❡♠ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛

❞❡ ❛té ✷✵✪ ❡♠ r❡❧❛çã♦ ❛♦ s♦❢t✇❛r❡ ♣❛r❛ ✼✺✪ ❞❛s ❛♠♦str❛s✳ ❊♥tr❡t❛♥t♦✱ ❛ ❞✐❢❡r❡♥ç❛

❛❜s♦❧✉t❛ ❡♥tr❡ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡ ❡stá ♣ró①✐♠❛ ❞❡ ✵ s ♣❛r❛ q✉❛s❡ ✶✵✵✪ ❞❛s ❛♠♦s✲

tr❛s✳ ❆ ♠❡❞✐çã♦ r❡❛❧✐③❛❞❛ ♣❡❧❛ ❛rq✉✐t❡t✉r❛ é ♠❡♥♦s ❛❝✉r❛❞❛ q✉❡ ♦ s♦❢t✇❛r❡✳ ■ss♦

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

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

❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦✳

� ❆tr❛s♦ ✜①♦

◆♦ ❣rá✜❝♦ ❞❛ ♠é❞✐❛ ❞❛ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ✭✜❣✉r❛ ✹✳✶✼❜✮✱ ✼✺✪ ❞❛s ♠❡❞✐çõ❡s

❡♥tr❡ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡ ✈❛r✐❛♠ ❞❡ ✵ ❡ ✶✵✪ ♣❛r❛ ✷✽✱ ✶✳✵✵✵ ❡ ✷✳✵✵✵ ✢✉①♦s✳ ❊♥tr❡✲

t❛♥t♦✱ ♦ ❣rá✜❝♦ ❞❛ ♠é❞✐❛ ❞❛ ❞✐❢❡r❡♥ç❛ ❛❜s♦❧✉t❛ ✭✜❣✉r❛ ✹✳✶✼❛✮ ♠♦str❛ q✉❡ ✼✺✪ ❞❛s

♠❡❞✐çõ❡s ❡stã♦ ❡♥tr❡ ✵ ❡ ✺ ♠s ♣❛r❛ ♦s r❡s♣❡❝t✐✈♦s ✢✉①♦s✳ ◆♦ ❣rá✜❝♦ ❞❛ ✈❛r✐â♥❝✐❛ ❞❛
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❞❛ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ❝♦♠ ❜❛s❡ ♥♦ ♥ú♠❡r♦ ❞❡ ✢✉①♦s✳

❚❛❜❡❧❛ ✹✳✶✸✿ ▼❡❧❤♦r❡s ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ✲ ❛tr❛s♦ ✜①♦✳

❋❧✉①♦s ▼é❞✐❛ ❱❛r✐â♥❝✐❛

✷✽ ✷✸ ♠s ✷✸ ♠s

✶✳✵✵✵ ✷✸ ♠s ✵✹ ♠s

✷✳✵✵✵ ✷✸ ♠s ✵✷ ♠s

� ❆tr❛s♦ ❛❧❡❛tór✐♦
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❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✺✶

◆♦ ❣rá✜❝♦ ❞❛ ♠é❞✐❛ ❞❛ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ✭✜❣✉r❛ ✹✳✶✾❜✮✱ ✼✺✪ ❞❛s ♠❡❞✐çõ❡s

❡♥tr❡ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡ ✈❛r✐❛♠ ❞❡ ✵ ❡ ✽✪ ♣❛r❛ ✷✽✱ ✶✳✵✵✵ ❡ ✷✳✵✵✵ ✢✉①♦s✳ ❊♥tr❡t❛♥t♦✱

♦ ❣rá✜❝♦ ❞❛ ♠é❞✐❛ ❞❛ ❞✐❢❡r❡♥ç❛ ❛❜s♦❧✉t❛ ✭✜❣✉r❛ ✹✳✶✾❛✮ ♠♦str❛ q✉❡ ✼✺✪ ❞❛s ♠❡❞✐çõ❡s

❡stã♦ ❡♥tr❡ ✵ ❡ ✷✺ ♠s ♣❛r❛ ♦s r❡s♣❡❝t✐✈♦s ✢✉①♦s✳ ◆♦ ❣rá✜❝♦ ❞❛ ✈❛r✐â♥❝✐❛ ❞❛ ❞✐❢❡r❡♥ç❛

r❡❧❛t✐✈❛ ✭✜❣✉r❛ ✹✳✷✵❜✮✱ ✼✺✪ ❞❛s ♠❡❞✐çõ❡s ❡stã♦ ❡♥tr❡ ✵✪ ❡ ✷✵✪ ❝♦♠ ✉♠❛ ❞✐❢❡r❡♥ç❛

❛❜s♦❧✉t❛ ❞❡ ✾✵ µs ✭✜❣✉r❛ ✹✳✷✵❛✮✳
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❋✐❣✉r❛ ✹✳✶✾✿ ●rá✜❝♦s ❇♦①♣❧♦t ♠é❞✐❛✿ ♠❡❧❤♦r❡s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ✲ ❛tr❛s♦ ❛❧❡❛tór✐♦✳

0.000000

0.000100

0.000200

0.000300

0.000400

0.000500

0.000600

28 1000 2000

D
if
e

re
n

ç
a

 a
b

s
o

lu
ta

 (
s
)

Número de fluxos

Média das amostras

✭❛✮ ❉✐❢❡r❡ç❛ ❛❜s♦❧✉t❛

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

28 1000 2000

D
if
e

re
n

ç
a

 r
e

la
ti
v
a

 (
%

)

Número de fluxos

Média das amostras

✭❜✮ ❉✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛

❋✐❣✉r❛ ✹✳✷✵✿ ●rá✜❝♦s ❇♦①♣❧♦t ✈❛r✐â♥❝✐❛✿ ♠❡❧❤♦r❡s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ✲ ❛tr❛s♦ ❛❧❡❛tó✲
r✐♦✳

◆❛ t❛❜❡❧❛ ✹✳✶✹ é ❛♣r❡s❡♥t❛❞♦ ❛s ♠❡❧❤♦r❡s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ♣❛r❛ ♦ ❛tr❛s♦

❛❧❡❛tór✐♦ ❞❛ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ❝♦♠ ❜❛s❡ ♥♦ ♥ú♠❡r♦ ❞❡ ✢✉①♦s✳
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❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✺✷

❚❛❜❡❧❛ ✹✳✶✹✿ ▼❡❧❤♦r❡s ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ✲ ❛tr❛s♦ ❛❧❡❛tór✐♦

❋❧✉①♦s ▼é❞✐❛ ❱❛r✐â♥❝✐❛

✷✽ ✵✽ ♠s ✷✸ ♠s

✶✳✵✵✵ ✵✽ ♠s ✷✸ ♠s

✷✳✵✵✵ ✵✷ ♠s ✷✸ ♠s

❈♦♠ ❜❛s❡ ♥♦s ❣rá✜❝♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❛ s❡çã♦✱ ❛ ❛rq✉✐t❡t✉r❛ ❇❧♦♦♠❚✐♠❡

r❡❛❧✐③❛ ✉♠❛ ♠❡❞✐çã♦ ♠❡♥♦s ❛❝✉r❛❞❛✱ ♠❛s ❡s❝❛❧❛ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ ♥ú♠❡r♦ ❞❡ ✢✉①♦s✳

✹✳✺✳✺ ❍❛r❞✇❛r❡ ❡①❛t♦ ① ❍❛r❞✇❛r❡ ❛♣r♦①✐♠❛❞♦

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

❞♦ ❤❛r❞✇❛r❡ ❡①❛t♦ ❡♠ r❡❧❛çã♦ ❛♦ ❛♣r♦①✐♠❛❞♦✳ P❛r❛ ❝♦♠♣❛r❛çã♦✱ ❡s❝♦❧❤❡♠♦s ♦

♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✢✉①♦s q✉❡ ♦ ♣r♦tót✐♣♦ ❡①❛t♦ ❝♦♥s❡❣✉❡ ♠❡❞✐r ✭✷✽ ✢✉①♦s✮✳ P❛r❛ ♦

♣r♦tót✐♣♦ ❛♣r♦①✐♠❛❞♦✱ ❡s❝♦❧❤❡♠♦s ♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ ✷✽ ✢✉①♦s ❝♦♠ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦

❞❡ ✷✸ ♠s✱ ♣♦r s❡r ♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ♠❡❧❤♦r r❡s✉❧t❛❞♦ ❡♠ r❡❧❛çã♦ ❛♦s ❞❡♠❛✐s✳ ❆❧é♠

❞✐ss♦✱ ✐♥s❡r✐♠♦s ♦s ❡①♣❡r✐♠❡♥t♦s ✶✳✵✵✵ ❡ ✷✳✵✵✵ ❝♦♠ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞❡ ✷✸ ♠s ♣❛r❛

❝♦♠♣❛r❛r♠♦s ❝♦♠ ❛ ♠❡❞✐çã♦ ❞❡ ✷✽ ✢✉①♦s ❡①❛t♦ ❡ ❛♣r♦①✐♠❛❞♦✳

◆❛ ✜❣✉r❛ ✹✳✷✶ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣rá✜❝♦s ❞❛ ♠é❞✐❛✭❛✮ ❡ ✈❛r✐â♥❝✐❛✭❜✮ ❞♦ ❛tr❛s♦

✜①♦✳ ❊♠ ❛♠❜♦s ♦s ❣rá✜❝♦s é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ♦ ♣r♦tót✐♣♦ ❞♦ ❤❛r❞✇❛r❡ ❡①❛t♦

♣❛r❛ ✶✵✵✪ ❞❛s ♠❡❞✐çõ❡s t❡♠ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ q✉❛s❡ ♥✉❧❛ ❡♠ r❡❧❛çã♦ ❛♦ s♦❢t✇❛r❡

♥❛ ❡①tr❡♠✐❞❛❞❡ ❞❛ r❡❞❡✳ ❖ ♣r♦tót✐♣♦ ❛♣r♦①✐♠❛❞♦ ✈❛r✐❛ ❞❡ ✵ ❛ ✻✵✪ ❡♠ r❡❧❛çã♦ ❛♦

s♦❢t✇❛r❡✳ ◆♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ❛tr❛s♦ ❛❧❡❛tór✐♦ ✭✜❣✉r❛ ✹✳✷✷✮✱ ❛ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ❞❛

♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ❞♦ ❤❛r❞✇❛r❡ ❡①❛t♦ ❡♠ r❡❧❛çã♦ ❛♦ s♦❢t✇❛r❡ t❛♠❜é♠ é q✉❛s❡ ♥✉❧❛✳

◆♦ ♣r♦tót✐♣♦ ❛♣r♦①✐♠❛❞♦ ❛ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ❞❛ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ❡stã♦ ❡♥tr❡ ✵ ❡

✶✵✵✪ ❡♠ r❡❧❛çã♦ ❛♦ s♦❢t✇❛r❡✳

❊♠ ❛♠❜♦s ❡①♣❡r✐♠❡♥t♦s ✭❛tr❛s♦ ✜①♦ ❡ ❛❧❡❛tór✐♦✮✱ ♦ ❤❛r❞✇❛r❡ ❡①❛t♦ é ♠❛✐s ❛❝✉✲

r❛❞♦ ❡ ❡stá✈❡❧ q✉❡ ♦ ♣r♦tót✐♣♦ ❛♣r♦①✐♠❛❞♦✳ ❊♥tr❡t❛♥t♦✱ ♦ ❤❛r❞✇❛r❡ ❡①❛t♦ é ❧✐♠✐t❛❞♦

❡♠ r❡❧❛çã♦ ❛♦ ♥ú♠❡r♦ ❞❡ ✢✉①♦s q✉❡ ❝♦♥s❡❣✉❡ ♠❡❞✐r✳ ❖ ♣r♦tót✐♣♦ ❛♣r♦①✐♠❛❞♦ ❛♦

❝♦♥trár✐♦ ❞♦ ❡①❛t♦✱ ♠❡❞❡ ✉♠❛ q✉❛♥t✐❞❛❞❡ ♠❛✐♦r ❞❡ ✢✉①♦s s❛❝r✐✜❝❛♥❞♦ ❛ ❛❝✉rá❝✐❛✳
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✭❜✮ ❱❛r✐â♥❝✐❛

❋✐❣✉r❛ ✹✳✷✷✿ ●rá✜❝♦s ❇♦①♣❧♦t ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛✿ ❡①❛t♦ ① ❛♣r♦①✐♠❛❞♦ ✲ ❛tr❛s♦ ❛❧❡❛✲
tór✐♦✳

❆ ✜❣✉r❛ ✹✳✷✸ ❛♣r❡s❡♥t❛ ❛s ❧✐♥❤❛s ❞❡ t❡♥❞ê♥❝✐❛ ❞❛s ♠é❞✐❛s ❞❛s ❞✐❢❡r❡♥ç❛s r❡❧❛✲

t✐✈❛ ❞❛s ♠❡❞✐çõ❡s ❛♣r♦①✐♠❛❞❛s ❞❛ ♠é❞✐❛ ❡ ✈❛r✐â♥❝✐❛ ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ✢✉①♦s✳

P♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ❛s s♦❧✉çõ❡s ❛♣r♦①✐♠❛❞❛s ♥ã♦ ❛♣r❡s❡♥t❛♠ ❣r❛♥❞❡s ✈❛r✐❛çõ❡s ❡♠

❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ✢✉①♦s✳
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❋✐❣✉r❛ ✹✳✷✸✿ ●rá✜❝♦ t❡♥❞ê♥❝✐❛ ♠❡❞✐çã♦ ♣r♦tót✐♣♦ ❛♣r♦①✐♠❛❞♦✳

✹✳✺✳✻ ▲✐♠✐t❛çõ❡s ❞❛ ❛rq✉✐t❡t✉r❛

❖ ♣r♦tót✐♣♦ ❇❧♦♦♠❚✐♠❡ ♠❡❞❡ ❛té ✷✳✵✵✵ ✢✉①♦s ❞❡ ♠❛♥❡✐r❛ ❡s❝❛❧á✈❡❧ s❛❝r✐✜❝❛♥❞♦ ❛

❛❝✉rá❝✐❛ ❞❛s ♠❡❞✐çõ❡s✳ ■st♦ ♦❝♦rr❡ ❞❡✈✐❞♦ ❛ três ❢❛t♦r❡s✿ ♦♣❡r❛çõ❡s ❞❡ ❞❡s❧♦❝❛♠❡♥t♦

❞♦s ❇❧♦♦♠❋✐❧t❡rs✱ t❛♠❛♥❤♦ ❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❡ ♦❝♦rrê♥❝✐❛ ❞❡ ❢❛❧s♦s ♣♦s✐t✐✈♦s ✭❝♦✲

❧✐sõ❡s✮✳

❖ ♣r♦tót✐♣♦ ❇❧♦♦♠❚✐♠❡ é ❝♦♠♣♦st♦ ❞❡ ✻✹ ❇❧♦♦♠❋✐❧t❡rs ❝♦♠ ✽✳✶✾✷ ❧✐♥❤❛s✳

❖s ❇❧♦♦♠❋✐❧t❡rs sã♦ ❛r♠❛③❡♥❛❞♦s ♥❛ ❙❘❆▼✳ ✻✹ é ♦ ♥ú♠❡r♦ ❞❡ ❜✐ts ❞❛ ❧✐♥❤❛ ❡

✽✳✶✾✷ ❝♦rr❡s♣♦♥❞❡♠ ❛♦ ♥ú♠❡r♦ ❞❡ ❧✐♥❤❛s ✭✜❣✉r❛ ✹✳✸✮✳ ◗✉❛♥❞♦ ♦ t❡♠♣♦ ❞❛ ❥❛♥❡❧❛ é

❛t✐♥❣✐❞♦✱ ❛s ♦♣❡r❛çõ❡s ❞❡ ❞❡s❧♦❝❛♠❡♥t♦ sã♦ ❛t✐✈❛❞❛s✳ ❖ ♣r♦❝❡ss♦ ❞❡ ❞❡s❧♦❝❛♠❡♥t♦

❝♦♥s✐st❡ ❡♠ ❧❡r✱ ❡s♣❡r❛r ♦ r❡t♦r♥♦ ❞♦ ❞❛❞♦ ❞❛ ♠❡♠ór✐❛✱ r❡❛❧✐③❛r ❛ ♦♣❡r❛çã♦ ❞❡

❞❡s❧♦❝❛♠❡♥t♦ ❡ s❛❧✈❛r ♦ ❞❛❞♦ ❛t✉❛❧✐③❛❞♦ ♥❛ ❙❘❆▼✳ ❊ss❡ ♣r♦❝❡ss♦ é r❡♣❡t✐❞♦ ✽✳✶✾✷

✈❡③❡s✳ ❊ss❡ t❡♠♣♦ é ✐❣✉❛❧ ❛ ✹✵✵ µs ❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦✱ ♦ q✉❡ ❡♠ ❡s❝❛❧❛s ❞❡ t❡♠♣♦

♣❡q✉❡♥❛s ✭♠s✮ ❛❢❡t❛ ❛ ❛❝✉rá❝✐❛ ❞❛ ♠❡❞✐çã♦✳

❆❧é♠ ❞❛s ♦♣❡r❛çõ❡s ❞❡ ❞❡s❧♦❝❛♠❡♥t♦✱ ❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ é ♦✉tr♦ ❢❛t♦r ❝rít✐❝♦

❞♦ ♣r♦tót✐♣♦✳ ❆s ♠❛r❝❛çõ❡s ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❞♦s ✢✉①♦s sã♦ r❡❛❧✐③❛❞♦s ❝♦♠

❜❛s❡ ♥♦ t❡♠♣♦ ❞❛ ❥❛♥❡❧❛✳ ❏❛♥❡❧❛s ❞❡ t❡♠♣♦ ❣r❛♥❞❡s ♣r❡❥✉❞✐❝❛♠ ❛ ❛❝✉rá❝✐❛ ❞❛

♠❡❞✐çã♦✳ ❏❛♥❡❧❛s ❞❡ t❡♠♣♦ ♠❡♥♦r❡s✱ ♣♦r ❡①❡♠♣❧♦✱ ✷ ♠s✱ ❛✉♠❡♥t❛♠ ❛ ❛❝✉rá❝✐❛ ❞❛

♠❡❞✐çã♦✳ ❊♥tr❡t❛♥t♦✱ ❝♦♠ ❛✉♠❡♥t♦ ♥♦ ♥ú♠❡r♦ ❞❡ ❞❡s❧♦❝❛♠❡♥t♦s ♣❡r✐ó❞✐❝♦s ♦❝♦rr❡

✉♠❛ ✈❛r✐â♥❝✐❛ ♠❛✐♦r ♥❛ ♠❡❞✐çã♦ ❡ ✉♠❛ ♣✐♦r❛ ♥❛ ❛❝✉rá❝✐❛✳

❆ ❛rq✉✐t❡t✉r❛ ❇❧♦♦♠❚✐♠❡ ✉t✐❧✐③❛ ❞✉❛s ❢✉♥çõ❡s ❤❛s❤s ♣❛r❛ ❡♥❞❡r❡ç❛r ♦s ✢✉①♦s
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❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✺✺

♥❛s ❡str✉t✉r❛s ❇❧♦♦♠❋✐❧t❡r✳ ◆❡st❛ ❛❜♦r❞❛❣❡♠ ❞✐❢❡r❡♥t❡s ✢✉①♦s ♣♦❞❡♠ ❡♥❞❡r❡ç❛r ❛s

♠❡s♠❛s ♣♦s✐çõ❡s ❛❝❛rr❡t❛♥❞♦ ♦ s✉r❣✐♠❡♥t♦ ❞❡ ❢❛❧s♦s ♣♦s✐t✐✈♦s ✭❝♦❧✐sõ❡s✮✳ ◗✉❛♥❞♦

♦ s♦❢t✇❛r❡ ❞❡ ♠❡❞✐çã♦ ❧ê ❛s ♠❛r❝❛çõ❡s ❞❛ ❙❘❆▼ ❡ ❡♥❝♦♥tr❛ ❢❛❧s♦s ♣♦s✐t✐✈♦s ♣❛r❛

✉♠ ❞❡t❡r♠✐♥❛❞♦ ✢✉①♦ ❛ ♠❡❞✐çã♦ é ❞❡s❝❛rt❛❞❛✳ ❖ ❞❡s❝❛rt❡ ❞❡ ♠❡❞✐çõ❡s ♣r❡❥✉❞✐❝❛ ❛

❛❝✉rá❝✐❛ ❞❛s ♠❡❞✐çõ❡s✳ ◆♦ ❣rá✜❝♦ ♥ú♠❡r♦ ❞❡ ✢✉①♦s ① ❢❛❧s♦s ♣♦s✐t✐✈♦s ✭✜❣✉r❛ ✹✳✷✹✮ é

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

❢❛❧s♦s ♣♦s✐t✐✈♦s✳ ❊st❡ ❣rá✜❝♦ ❢♦✐ ❝♦♥str✉í❞♦ ✉t✐❧✐③❛♥❞♦ ❛ ❡q✉❛çã♦ ✹✳✶✱ ❡ ❝♦♠♦ ❡♥tr❛❞❛

❢♦✐ ❢♦r♥❡❝✐❞♦ ♦s ✈❛❧♦r❡s ❞❡ m✱ n ❡ k ❞❛ ❛rq✉✐t❡t✉r❛ ❇❧♦♦♠❚✐♠❡✱ m ❂ ✽✳✶✾✷✱ n ❂

✷✳✵✵✵ ❡ k ❂ ✷✳ P❛r❛ ✷✳✵✵✵ ✢✉①♦s ❛ t❛①❛ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ❢❛❧s♦s ♣♦s✐t✐✈♦s ♥♦ ♣r♦tót✐♣♦

é ❞❡ ✶✹✱✾✷✪✳
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Número de fluxos

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

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

❢❛t♦r❡s ❞❡s❝r✐t♦s ❛❝✐♠❛ ♥ã♦ ❡①✐st❡♠ ♦✉ ❛❢❡t❛♠ ❛ ♠❡❞✐çã♦ ❞❡ss❡s t✐♣♦s ❞❡ ❛❜♦r❞❛❣❡♥s✳

❊ss❛s ❛❜♦r❞❛❣❡♥s ✉t✐❧✐③❛♠ ❞❡ ❝♦♥t❛❞♦r❡s ♣♦r ✢✉①♦ q✉❡ ❝♦♥s♦♠❡♠ r❡❝✉rs♦s ❞❡ ❈P❯✳

❆❧é♠ ❞✐ss♦✱ ♠❡❞❡♠ ✉♠ ♥ú♠❡r♦ ♣❡q✉❡♥♦ ❞❡ ✢✉①♦s ❡st❛♥❞♦ ❧✐♠✐t❛❞❛s ❛♦ t❛♠❛♥❤♦ ❞❛

♠❡♠ór✐❛✳ ❊♥tr❡t❛♥t♦✱ ❛❜♦r❞❛❣❡♥s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❛♣r♦①✐♠❛❞♦ ♣❡r♠✐t❡♠ ♠❡❞✐r

✉♠ ✈♦❧✉♠❡ ♠❛✐♦r ❞❡ ✢✉①♦s ❞❡ ♠❛♥❡✐r❛ ❛♣r♦①✐♠❛❞❛ s❛❝r✐✜❝❛♥❞♦ ❛ ❛❝✉rá❝✐❛ ♣❡❧❛

❡s❝❛❜✐❧✐❞❛❞❡✳
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❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✺✻

✹✳✻ ❚r❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s

◆❡st❛ s❡çã♦ sã♦ ❞❡s❝r✐t♦s ♦s tr❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♠étr✐❝❛✱ ♠ét♦❞♦

❡ ❛♠❜✐❡♥t❡ ❞❡ ♠❡❞✐çã♦✳

❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪ ❡st❡♥❞❡✉ ♦ ♣r♦❥❡t♦ ❡♠ ❤❛r❞✇❛r❡ ❞♦ ❝♦♠✉t❛❞♦r❖♣❡♥❋❧♦✇

❡ tr❛♥s❢♦r♠♦✉ ❡st❡ ❝♦♠✉t❛❞♦r ❡♠ ✉♠❛ ❆P■ ❞❡ ♠❡❞✐çã♦ ❞❡ r❡❞❡✳ ❖ ♣r♦tót✐♣♦ ❞❡s❡♥✲

✈♦❧✈✐❞♦ r❡❛❧✐③❛ ♠❡❞✐çã♦ ❛❝✉r❛❞❛ ❞❡ ✷✽ ✢✉①♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡ ❞❛ ♠étr✐❝❛ t❡♠♣♦ ❞❡

❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s✳ ❖ ❝❡♥ár✐♦ ❞❡ ❡①♣❡r✐♠❡♥t❛çã♦ ❢♦✐ ❝♦♠♣♦st♦ ❞❡ ✉♠ t❡r♠✐♥❛❧

❆ ❡♥✈✐❛♥❞♦ ♣❛❝♦t❡s ❝♦♠ t❛①❛ ❝♦♥tr♦❧❛❞❛ ♣❛r❛ ❇✳ ❊♥tr❡ ❆ ❡ ❇ ❢♦r❛♠ ✐♥s❡r✐❞♦s ❞♦✐s

❝♦♠✉t❛❞♦r❡s tr❛❞✐❝✐♦♥❛✐s ♣❛r❛ ❛✉♠❡♥t❛r ♦ ❛tr❛s♦ ❡ ♦ ♣r♦tót✐♣♦ ❡♠ ❤❛r❞✇❛r❡✳ ❖s

r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❞❡♠♦♥str❛r❛♠ q✉❡ ♦ ❤❛r❞✇❛r❡ ❧♦❣✐❝❛♠❡♥t❡ ❝❡♥tr❛❧✐③❛❞♦ ♠❡❞❡ ❞❡

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

❞♦ ♣r♦tót✐♣♦ ❡stá ♥♦ ♥ú♠❡r♦ ❞❡ ✢✉①♦s q✉❡ é ♣♦ssí✈❡❧ ♠❡❞✐r✳

❬❱❛♥ ❆❞r✐❝❤❡♠ ❡t ❛❧✳✱ ✷✵✶✹❪ ♣r♦♣ôs ♦ s♦❢t✇❛r❡ ❖♣❡♥◆❡t▼♦♥✳ ❖♣❡♥◆❡t▼♦♥ é

✉♠❛ ❛♣❧✐❝❛çã♦ ❞❡ ❝ó❞✐❣♦ ❛❜❡rt♦ q✉❡ t❡♠ ❝♦♠♦ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡ ♠♦♥✐t♦r❛r ♠étr✐❝❛s

♣♦r ✢✉①♦✱ ❡s♣❡❝✐❛❧♠❡♥t❡✱ ❛tr❛s♦ ❡ ♣❡r❞❛ ❞❡ ♣❛❝♦t❡s ❡♠ r❡❞❡s ❖♣❡♥❋❧♦✇✳ ❊st❛ ❛♣❧✐✲

❝❛çã♦ ❢♦r♥❡❝❡ ❡♥❣❡♥❤❛r✐❛ ❞❡ trá❢❡❣♦ ❛♦ ❝♦♥tr♦❧❛❞♦r ❝♦♠ ♠❡❞✐çõ❡s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦

♦♥❧✐♥❡✳ ❆ ♣❡r❞❛ ❞❡ ♣❛❝♦t❡s ❢♦✐ ❝❛❧❝✉❧❛❞❛ ❝♦♠ ❜❛s❡ ♥❛ ❞✐❢❡r❡♥ç❛ ❞❛s ❡st❛tíst✐❝❛s ❝♦✲

❧❡t❛❞❛s ❞♦ ♣r✐♠❡✐r♦ ❡ ú❧t✐♠♦ ❝♦♠✉t❛❞♦r ❞❛ r❡❞❡✳ ❖ ❛tr❛s♦ ❞❡ ♣❛❝♦t❡s ❢♦✐ ❝❛❧❝✉❧❛❞♦

✉t✐❧✐③❛♥❞♦ ♦ ♠ét♦❞♦ ❛t✐✈♦ ❘❚❚ ✭❘♦✉♥❞ ❚r✐♣ ❚✐♠❡✮✳ ◆♦s t❡st❡s ❢♦r❛♠ ✉t✐❧✐③❛❞♦s

✈í❞❡♦ str❡❛♠ ❡♥tr❡ ❞♦✐s s❡r✈✐❞♦r❡s ♥❛ ❡①tr❡♠✐❞❛❞❡ ❞❛ r❡❞❡ ❧✐❣❛❞♦s ♣♦r ❝♦♠✉t❛❞♦r❡s

❝♦♠ ❛tr❛s♦s ❡ ♣❡r❞❛ ❞❡ ♣❛❝♦t❡s ❡st❛❜❡❧❡❝✐❞♦s ♣❡❧❛ ❢❡rr❛♠❡♥t❛ ◆❡t❡♠ ❞♦ ❧✐♥✉①✳ ❖s

r❡s✉❧t❛❞♦s ❞♦ ❖♣❡♥◆❡t▼♦♥ ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ❝♦♠ ♦ s♦❢t✇❛r❡ t❝♣st❛t✳

❊♠ ❬▼♦s❤r❡❢ ❡t ❛❧✳✱ ✷✵✶✸❪ sã♦ ❞✐s❝✉t✐❞♦s ♦s ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ♣r✐♠✐t✐✈❛s ❞❡

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

♣r♦❣r❛♠❛çã♦ ❞❛ ❈P❯ ♣❛r❛ ❞❡t❡❝çã♦ ❞❡ ✢✉①♦s ♣❡s❛❞♦s ✭❍✐❡r❛rq✉✐❝❛❧ ❍❡❛✈② ❍✐tt❡rs✮✳

◆❛ ❛✈❛❧✐❛çã♦ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ✈ár✐❛s ❡s❝❛❧❛s ❞❡ t❡♠♣♦ ❡ ❞✐❢❡r❡♥t❡s ❝♦♥✜❣✉r❛çõ❡s✳ ❖s

t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ✉t✐❧✐③❛♥❞♦ tr❛❝❡s ♦❜t✐❞♦s ❞♦ ♣r♦❥❡t♦ ❈❆■❉❆✳

❬❨✉ ❡t ❛❧✳✱ ✷✵✶✸❪ ❞❡s❡♥✈♦❧✈❡✉ ♦ ♣r♦tót✐♣♦ ❞❡ ♠❡❞✐çã♦ ❖♣❡♥❙❦❡t❝❤✳ ❖♣❡♥❙❦❡t❝❤

é ✉♠❛ ❛rq✉✐t❡t✉r❛ ❜❛s❡❛❞❛ ♥♦ ♣❛r❛❞✐❣♠❛ ❙❉◆ ❡ ✉t✐❧✐③❛ ❞❡ ❡str✉t✉r❛s ❞❡ ♠❡❞✐çã♦

s❦❡t❝❤❡s✳ ❙❦❡t❝❤❡s sã♦ ❡s❝❛❧á✈❡✐s ♠❛s ❢♦r♥❡❝❡♠ ✉♠ r❡s✉❧t❛❞♦ ❛♣r♦①✐♠❛❞♦✳ ◆♦ ♣❧❛♥♦

❞❡ ❝♦♥tr♦❧❡ ❞♦ ❖♣❡♥❙❦❡t❝❤ é ✉t✐❧✐③❛❞♦ ✉♠❛ ❜✐❜❧✐♦t❡❝❛ ♣❛❞rã♦ ❞♦ ♣r♦tót✐♣♦ ❡ ♦ ♣❧❛♥♦

❞❡ ❞❛❞♦s é ❞✐✈✐❞♦ ❡♠ três ❡stá❣✐♦s✿ ❤❛s❤✐♥❣✱ ❝❧❛ss✐✜❝❛çã♦ ❡ ❝♦♥t❛❣❡♠✳ ❖s r❡s✉❧t❛❞♦s

❞♦ ❖♣❡♥❙❦❡t❝❤ ❢♦r❛♠ ✈❛❧✐❞❛❞♦s ❝♦♠♣❛r❛♥❞♦ ♦ ♣r♦tót✐♣♦ ❝♦♠ ❛ ❛rq✉✐t❡t✉r❛ ◆❡t❋❧♦✇✳

◆❛ t❛❜❡❧❛ ✹✳✶✺ é ❛♣r❡s❡♥t❛❞♦ ✉♠ r❡s✉♠♦ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s tr❛❜❛❧❤♦s

❛♣r❡s❡♥t❛❞♦s✳



✹✳ ❇❧♦♦♠❚✐♠❡ ✲ ❆rq✉✐t❡t✉r❛ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦

❛♣r♦①✐♠❛❞♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❡♥tr❡ ♣❛❝♦t❡s ✺✼

❚❛❜❡❧❛ ✹✳✶✺✿ ❈♦♠♣❛r❛çã♦ ❝❛r❛❝t❡ríst✐❝❛s tr❛❜❛❧❤♦s r❡❧❛❝✐♦♥❛❞♦s✳

❆rt✐❣♦ ❚✐♣♦ ❞❡ ♠❡❞✐çã♦ ❆♠❜✐❡♥t❡ ▲✐♠✐t❛çã♦

❬P❛❝í✜❝♦ ❡t ❛❧✳✱ ✷✵✶✻❛❪ P❛ss✐✈♦ ❍❛r❞✇❛r❡
◆ú♠❡r♦ ❞❡ r❡❣r❛s ❧✐♠✐t❛❞♦
❛♦ t❛♠❛♥❤♦ ❞❛ ❚❈❆▼✳

❬❱❛♥ ❆❞r✐❝❤❡♠ ❡t ❛❧✳✱ ✷✵✶✹❪ ❆t✐✈♦ ❙♦❢t✇❛r❡
❖s ♣❛❝♦t❡s ❡①tr❛s ✐♥❥❡t❛❞♦s ♥❛ r❡❞❡

❛❢❡t❛♠ ❛ ❛❝✉rá❝✐❛ ❞❛ ♠❡❞✐çã♦✳

❬▼♦s❤r❡❢ ❡t ❛❧✳✱ ✷✵✶✸❪ ❆t✐✈♦ ❙♦❢t✇❛r❡
❆s t❛r❡❢❛s ❞❡ ♠❡❞✐çã♦ ❞❡♣❡♥❞❡♠
❞❡ ♣r❡✜①♦s ■Ps ❞♦s ♥ós ❢♦❧❤❛s✳

❬❨✉ ❡t ❛❧✳✱ ✷✵✶✸❪ P❛ss✐✈♦ ❍❛r❞✇❛r❡
❙❦❡t❝❤ é r❡str✐t♦ ❛♣❡♥❛s
❛ ✉♠ t✐♣♦ ❞❡ ♠❡❞✐çã♦✳

✹✳✼ ❈♦♥❝❧✉sõ❡s

❚❛r❡❢❛s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦ trá❢❡❣♦ sã♦ ✐♥❞✐s♣❡♥sá✈❡✐s ♣❛r❛ ❛ ❡♥❣❡♥❤❛r✐❛ ❞❡ trá❢❡❣♦

♠♦❞❡r♥❛✳ ■♥❢❡❧✐③♠❡♥t❡✱ ♠❡❞✐r ✉♠ ❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ trá❢❡❣♦ ❞❡ ♠❛♥❡✐r❛ ❛❝✉r❛❞❛ ❡ ❡♠

t❡♠♣♦ r❡❛❧ t♦r♥♦✉✲s❡ ❛❧❣♦ ❞❡s❛✜❛❞♦r ❝♦♠ ♦s ♠ét♦❞♦s ❡ ❡str✉t✉r❛s tr❛❞✐❝✐♦♥❛✐s ❞❛s

r❡❞❡s ■P✳ ◆❡st❡ tr❛❜❛❧❤♦ ❡st❡♥❞❡♠♦s ♦ ♣r♦❥❡t♦ ❘❡❢❡r❡♥❝❡ ◆✐❝ ♣❛r❛ ♠❡❞✐r ❞❡ ♠❛♥❡✐r❛

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

❞❡ t❡st❡ r❡❛❧✐st❛✳ ◆ós t❛♠❜é♠ ❝♦♠♣❛r❛♠♦s ❛ ♠❡❞✐çã♦ ❛♣r♦①✐♠❛❞❛ ❞♦ ♣r♦tót✐♣♦ ❝♦♠

✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡①❛t♦ ❝♦♠ ♣r♦♣ós✐t♦ ❞❡ ❛♣r❡s❡♥t❛r ♦s ❜❡♥❡❢í❝✐♦s

❡ ❞❡s✈❛♥t❛❣❡♥s ❞❛s ❡str✉t✉r❛s ❞❡ ♠❡❞✐çã♦ ❡①❛t❛ ❡ ❛♣r♦①✐♠❛❞❛✳

❈♦♠ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♥❝❧✉í♠♦s q✉❡ ♥♦ss❛ ❛rq✉✐t❡t✉r❛ ♠❡❞❡ ❛té ✷✳✵✵✵

✢✉①♦s ❝♦♠ ✉♠❛ t❛①❛ ❞❡ ✶✹✱✾✷✪ ❞❡ ❢❛❧s♦s ♣♦s✐t✐✈♦s✳ ▼❛s✱ r❡❛❧✐③❛ ✉♠❛ ♠❡❞✐çã♦ ♠❡♥♦s

❛❝✉r❛❞❛ q✉❡ ✉♠ ♣r♦tót✐♣♦ ❡①❛t♦✳ ❈♦♠♦ tr❛❜❛❧❤♦s ❢✉t✉r♦s✱ ♣r❡t❡♥❞❡♠♦s ✐♠♣❧❡♠❡♥t❛r

♦s ❇❧♦♦♠ ❋✐❧t❡rs ❢♦r❛ ❞❛ ❙❘❆▼ ✉s❛♥❞♦ ❞❡ r❡❣✐str❛❞♦r❡s ❡ ✐♠♣❧❡♠❡♥t❛r ♦✉tr♦s t✐♣♦s

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



✺✳ ❈♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s ❡ tr❛❜❛❧❤♦s

❢✉t✉r♦s

▼❡❞✐r ❞❡ ♠❛♥❡✐r❛ ❛❝✉r❛❞❛ ❡♠ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ✉♠ ❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ trá❢❡❣♦

é ❛❧❣♦ ❝♦♠♣❧❡①♦ ❡ ❞❡s❛✜❛❞♦r✳ ■ss♦ ♦❝♦rr❡✱ ❞❡✈✐❞♦ ❛ ♠❛✐♦r✐❛ ❞❛s ❛❜♦r❞❛❣❡♥s tr❛❞✐❝✐✲

♦♥❛✐s s❡r❡♠ ✐♠♣❧❡♠❡♥t❛❞❛s ❡♠ s♦❢t✇❛r❡ ♥❛ ❡①tr❡♠✐❞❛❞❡ ❞❛ r❡❞❡✳ ❚❛✐s ❛❜♦r❞❛❣❡♥s

❣❡r❛♠ ❛❧t♦ ❝✉st♦ ❡ ❞✐✜❝✉❧t❛♠ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡✈✐❞♦ à ❝♦♥✜❣✉r❛çã♦ ❡ ✐♠♣❧❛♥t❛çã♦

✐♥❞✐✈✐❞✉❛❧ ❞♦ s♦❢t✇❛r❡ ♥♦s ♥ós ❤♦s♣❡❞❡✐r♦s ❞❛ r❡❞❡✳

◆♦s ❝❛♣ít✉❧♦s ✷ ❡ ✸ ❢♦✐ ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡ ♠❡❞✐çã♦ ❡①❛t❛ q✉❡

✉t✐❧✐③❛ ❞♦ ♣❛r❛❞✐❣♠❛ ❙❉◆ ❡ ❝♦♥t❛❞♦r❡s ♣♦r ✢✉①♦ ♣❛r❛ r❡❛❧✐③❛r ♠❡❞✐çã♦ ❛❝✉r❛❞❛

❞♦s ✢✉①♦s tr❛❢❡❣❛❞♦s✳ ❖ ♦❜❥❡t✐✈♦ ❞♦ tr❛❜❛❧❤♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♥♦s ❝❛♣ít✉❧♦s ✷ ❡ ✸ ❢♦✐

❡st❡♥❞❡r ✉♠ ❝♦♠✉t❛❞♦r ❝♦♠ s✉♣♦rt❡ ❖♣❡♥❋❧♦✇ ♣❛r❛ ♠❡❞✐çã♦ ❞❡ ♠étr✐❝❛s ❞❡ r❡❞❡✳

❖ ♣r♦tót✐♣♦ ❞❡s❡♥✈♦❧✈✐❞♦ ❡♠ ❛♠❜♦s ♦s ❝❛♣ít✉❧♦s r❡❛❧✐③❛ ♠❡❞✐çã♦ ❞❡ ❛♣❡♥❛s ✷✽ ✢✉①♦s

❞❡✈✐❞♦ à ❧✐♠✐t❛çã♦ ❞♦ t❛♠❛♥❤♦ ❞❛ ♠❡♠ór✐❛ ❚❈❆▼✱ ♦♥❞❡ sã♦ ✐♥s❡r✐❞❛s ❛s r❡❣r❛s ❞❡

♠♦♥✐t♦r❛♠❡♥t♦✳

◆♦ ❝❛♣ít✉❧♦ ✹ ❢♦✐ ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡ ♠❡❞✐çã♦ ❛♣r♦①✐♠❛❞❛ q✉❡

✉t✐❧✐③❛ ❤❛s❤ ♣❛r❛ ♠❛r❝❛çã♦ ❞♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❞♦s ✢✉①♦s ❡♠ ❡str✉t✉r❛s ❞❡ ❞❛✲

❞♦s ❇❧♦♦♠ ❋✐❧t❡rs ❛r♠❛③❡♥❛❞❛s ♥❛ ❙❘❆▼✳ ❖s ♦❜❥❡t✐✈♦s ❞♦ tr❛❜❛❧❤♦ ❞❡s❡♥✈♦❧✈✐❞♦

♥♦ ❝❛♣ít✉❧♦ ✹ ❢♦r❛♠ r❡❛❧✐③❛r ♠❡❞✐çã♦ ❛♣r♦①✐♠❛❞❛ ❞❡ ✉♠ ❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ trá❢❡❣♦

✉t✐❧✐③❛♥❞♦ ❤❛s❤s ❡ ❇❧♦♦♠ ❋✐❧t❡rs ✐♠♣❧❡♠❡♥t❛❞❛s s♦❜r❡ ❛ ♣❧❛t❛❢♦r♠❛ ◆❡t❋P●❆ ✶●

❡ ❝♦♠♣❛r❛r à ❛❝✉rá❝✐❛ ❡ ❡s❝❛❜✐❧✐❞❛❞❡ ❡♠ r❡❧❛çã♦ à s♦❧✉çã♦ ❡①❛t❛ ♣r♦♣♦st❛ ❛♥t❡r✐♦r✲

♠❡♥t❡✳

❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❛ ♣❡sq✉✐s❛ ❞❡♠♦♥str❛r❛♠ q✉❡ ❛ ❛rq✉✐t❡t✉r❛ ❞❡ ♠♦✲

♥✐t♦r❛♠❡♥t♦ ❡①❛t♦ ♠❡❞❡ ❞❡ ♠❛♥❡✐r❛ ❛❝✉r❛❞❛ ❡ ❝❡♥tr❛❧✐③❛❞❛ ❝♦♠♦ ✉♠ s♦❢t✇❛r❡ ♥❛

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

❞♦s ♥ós ❢♦❧❤❛s✳ ❆❧é♠ ❞✐ss♦✱ ❡st❡ ♣r♦tót✐♣♦ r❡❛❧✐③❛ ♠❡❞✐çõ❡s q✉❡ ♥ã♦ sã♦ ♣♦ssí✈❡✐s

❞❡ s❡r❡♠ r❡❛❧✐③❛❞❛s ❡♠ ❛❜♦r❞❛❣❡♥s tr❛❞✐❝✐♦♥❛✐s ❡♠ s♦❢t✇❛r❡✱ ♣♦r ❡①❡♠♣❧♦✱ ♠❡❞✐r

✉♠❛ s✉❜✲r❡❞❡ ✉t✐❧✐③❛♥❞♦ r❡❣r❛ ❝♦♠ ❛❣r❡❣❛❞♦r ❞❡ ✢✉①♦✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦

♣r♦tót✐♣♦ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❛♣r♦①✐♠❛❞♦ ❞❡♠♦♥str❛r❛♠ q✉❡ ♦ ♣r♦tót✐♣♦ ♠❡❞❡ ✉♠

✈♦❧✉♠❡ ✼✵ ✈❡③❡s ♠❛✐♦r ❞❡ ✢✉①♦s ❡♠ r❡❧❛çã♦ ❛♦ ♣r♦tót✐♣♦ ❡①❛t♦✱ ❞❡✈✐❞♦ ❛ ❛❜♦r❞❛✲

❣❡♠ s❡r ❛♣r♦①✐♠❛❞❛ ❡ ✉t✐❧✐③❛r ❡♥❞❡r❡ç♦s ❤❛s❤ ♣❛r❛ ♠❛r❝❛r ♦s ✢✉①♦s ❡♠ ❡str✉t✉r❛s

❇❧♦♦♠❋✐❧t❡rs✳ ◆♦ ♣r♦tót✐♣♦ ❡①❛t♦✱ ❛s r❡❣r❛s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ sã♦ ❛r♠❛③❡♥❛❞❛s ♥❛

♠❡♠ór✐❛ ❚❈❆▼✱ ❞❡ ♠♦❞♦ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ r❡❣r❛s ❛ s❡r❡♠ ♠♦♥✐t♦r❛❞❛s é ❧✐♠✐t❛❞♦

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛ ♠❡♠ór✐❛✳

✺✽



✺✳ ❈♦♥s✐❞❡r❛çõ❡s ❢✐♥❛✐s ❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s ✺✾

❈♦♠♦ tr❛❜❛❧❤♦s ❢✉t✉r♦s ♣r❡t❡♥❞❡✲s❡ ✐♠♣❧❡♠❡♥t❛r ♦✉tr♦s t✐♣♦s ❞❡ ♠étr✐❝❛s ❞✐s✲

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

♣r♦tót✐♣♦s✳ ❆❧é♠ ❞✐ss♦✱ ❛❞❛♣t❛r ❡ ✐♠♣❧❡♠❡♥t❛r ❛♠❜♦s ♦s ♣r♦tót✐♣♦s ❡♠ ♠♦❞❡❧♦s

❞❡ ◆❡t❋P●❆ ♠❛✐s ♥♦✈♦s✱ ❙❯▼❊ ❡ ❈▼▲✳ ❉❡✈✐❞♦ ❛♦ r❡❝✉rs♦ ❞✐s♣♦♥í✈❡❧ ♣❡❧♦ ❤❛r❞✲

✇❛r❡ ◆❡t❋P●❆ ✶●✱ ♠✉✐t❛s ♦♣❡r❛çõ❡s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❡①t❡r♥❛♠❡♥t❡ ♥♦ ❡s♣❛ç♦ ❞♦

✉s✉ár✐♦ ♣♦r ❛♣❧✐❝❛çõ❡s✳ ❈♦♠ ❡st❡s ♠♦❞❡❧♦s ❛s ❧✐♠✐t❛çõ❡s ❡♥❝♦♥tr❛❞❛s ♣♦❞❡r✐❛♠ s❡r

s♦❧✉❝✐♦♥❛❞❛s ❡ t♦❞❛s ❛s ♦♣❡r❛çõ❡s ♣♦❞❡r✐❛♠ s❡r r❡❛❧✐③❛❞❛s ✐♥t❡r♥❛♠❡♥t❡ ♥♦ ❤❛r❞✇❛r❡✳

P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ♦ ♣r♦tót✐♣♦ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡①❛t♦✱ ♠❛✐s ❝♦♥t❛❞♦r❡s ♣♦r ✢✉①♦

♣♦❞❡r✐❛♠ s❡r ✐♠♣❧❡♠❡♥t❛❞♦s ♥❛ ♠❡♠ór✐❛ ❚❈❆▼✳ P❛r❛ ♦ ♣r♦tót✐♣♦ ❞❡ ♠♦♥✐t♦r❛✲

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

♥♦ ❤❛r❞✇❛r❡✳



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s
❆❣❛r✇❛❧✱ ❙✳❀ ❑♦❞✐❛❧❛♠✱ ▼✳ ✫ ▲❛❦s❤♠❛♥✱ ❚✳ ✭✷✵✶✸✮✳ ❚r❛✣❝ ❡♥❣✐♥❡❡r✐♥❣ ✐♥ s♦❢t✇❛r❡

❞❡✜♥❡❞ ♥❡t✇♦r❦s✳ ■♥ ■◆❋❖❈❖▼✱ ✷✵✶✸ Pr♦❝❡❡❞✐♥❣s ■❊❊❊✱ ♣♣✳ ✷✷✶✶✲✲✷✷✶✾✳ ■❊❊❊✳

❆❦②✐❧❞✐③✱ ■✳ ❋✳❀ ▲❡❡✱ ❆✳❀ ❲❛♥❣✱ P✳❀ ▲✉♦✱ ▼✳ ✫ ❈❤♦✉✱ ❲✳ ✭✷✵✶✹✮✳ ❆ r♦❛❞♠❛♣ ❢♦r

tr❛✣❝ ❡♥❣✐♥❡❡r✐♥❣ ✐♥ s❞♥✲♦♣❡♥✢♦✇ ♥❡t✇♦r❦s✳ ❈♦♠♣✉t❡r ◆❡t✇♦r❦s✱ ✼✶✿✶✲✲✸✵✳

❇r❛✉♥✱ ❲✳ ✫ ▼❡♥t❤✱ ▼✳ ✭✷✵✶✹✮✳ ❙♦❢t✇❛r❡✲❞❡✜♥❡❞ ♥❡t✇♦r❦✐♥❣ ✉s✐♥❣ ♦♣❡♥✢♦✇✿ Pr♦t♦✲

❝♦❧s✱ ❛♣♣❧✐❝❛t✐♦♥s ❛♥❞ ❛r❝❤✐t❡❝t✉r❛❧ ❞❡s✐❣♥ ❝❤♦✐❝❡s✳ ❋✉t✉r❡ ■♥t❡r♥❡t✱ ✻✭✷✮✿✸✵✷✲✲✸✸✻✳

❇r♦❞❡r✱ ❆✳ ✫ ▼✐t③❡♥♠❛❝❤❡r✱ ▼✳ ✭✷✵✵✹✮✳ ◆❡t✇♦r❦ ❛♣♣❧✐❝❛t✐♦♥s ♦❢ ❜❧♦♦♠ ✜❧t❡rs✿ ❆

s✉r✈❡②✳ ■♥t❡r♥❡t ♠❛t❤❡♠❛t✐❝s✱ ✶✭✹✮✿✹✽✺✲✲✺✵✾✳

❈❛s❛❞♦✱ ▼✳❀ ❑♦♣♦♥❡♥✱ ❚✳❀ ❙❤❡♥❦❡r✱ ❙✳ ✫ ❚♦♦t♦♦♥❝❤✐❛♥✱ ❆✳ ✭✷✵✶✷✮✳ ❋❛❜r✐❝✿ ❛ r❡✲

tr♦s♣❡❝t✐✈❡ ♦♥ ❡✈♦❧✈✐♥❣ s❞♥✳ ■♥ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ✜rst ✇♦r❦s❤♦♣ ♦♥ ❍♦t t♦♣✐❝s ✐♥

s♦❢t✇❛r❡ ❞❡✜♥❡❞ ♥❡t✇♦r❦s✱ ♣♣✳ ✽✺✲✲✾✵✳ ❆❈▼✳

❈❤♦✇❞❤✉r②✱ ❙✳ ❘✳❀ ❇❛r✐✱ ▼✳ ❋✳❀ ❆❤♠❡❞✱ ❘✳ ✫ ❇♦✉t❛❜❛✱ ❘✳ ✭✷✵✶✹✮✳ P❛②❧❡ss✿ ❆ ❧♦✇

❝♦st ♥❡t✇♦r❦ ♠♦♥✐t♦r✐♥❣ ❢r❛♠❡✇♦r❦ ❢♦r s♦❢t✇❛r❡ ❞❡✜♥❡❞ ♥❡t✇♦r❦s✳ ■♥ ◆❡t✇♦r❦

❖♣❡r❛t✐♦♥s ❛♥❞ ▼❛♥❛❣❡♠❡♥t ❙②♠♣♦s✐✉♠ ✭◆❖▼❙✮✱ ✷✵✶✹ ■❊❊❊✱ ♣♣✳ ✶✲✲✾✳ ■❊❊❊✳

❈▼▲✱ ◆✳ ✭✷✵✶✺✮✳ ◆❡t❢♣❣❛ ❝♠❧✳ ❤tt♣✿✴✴♥❡t❢♣❣❛✳♦r❣✴s✐t❡✴★✴s②st❡♠s✴✷♥❡t❢♣❣❛✲✶❣✲

❝♠❧✴❞❡t❛✐❧s✴✳ ❆❝❝❡ss❡❞ ♦♥✿ ✷✼✴✶✷✴✷✵✶✺✳

❉❛♥✐❡❧✱ ❊✳ ❏✳❀ ❲❤✐t❡✱ ❈✳ ▼✳❀ ❚❡❛❣✉❡✱ ❑✳ ❡t ❛❧✳ ✭✷✵✵✸✮✳ ❆♥ ✐♥t❡r❛rr✐✈❛❧ ❞❡❧❛② ❥✐tt❡r

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

❙✐❣♥❛❧s✱ ❙②st❡♠s ❛♥❞ ❈♦♠♣✉t❡rs✱ ✷✵✵✹✳ ❈♦♥❢❡r❡♥❝❡ ❘❡❝♦r❞ ♦❢ t❤❡ ❚❤✐rt②✲❙❡✈❡♥t❤

❆s✐❧♦♠❛r ❈♦♥❢❡r❡♥❝❡ ♦♥✱ ✈♦❧✉♠❡ ✷✱ ♣♣✳ ✶✼✸✽✲✲✶✼✹✷✳ ■❊❊❊✳

●♦✉❧❛rt✱ P✳❀ ❈✉♥❤❛✱ ❮✳❀ ❱✐❡✐r❛✱ ▼✳ ❆✳❀ ▼❛r❝♦♥❞❡s✱ ❈✳ ✫ ▼❡♥♦tt✐✱ ❘✳ ✭✷✵✶✺✮✳ ◆❡t❢♣❣❛✿

Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ♣❛❝♦t❡s ❡♠ ❤❛r❞✇❛r❡✳ ▼✐♥✐❝✉rs♦s ❞♦ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦ ❞❡
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