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❡ ❡s❝r❡✈❡r✳ ❖❜r✐❣❛❞♦ ❈♦❧é❣✐♦ ▲♦❣♦só✜❝♦✱ ❡♠ ❡s♣❡❝✐❛❧ às ♣r♦❢❡ss♦r❡s ❏✉✱ ❋❡r♥❛♥❞❛ ❡ ❈❡r❡s✱

♣♦r ❞❡s♣❡rt❛r ♦ ✐♥t❡r❡ss❡ ♣❡❧❛ ♠❛t❡♠át✐❝❛ ❡ ❧❡✐t✉r❛ ❡♠ ♠✐♠✳ ❆♦ ❝♦❧é❣✐♦ Pr❡✈❡st✱ ♣♦r

♥ã♦ ❡①✐st✐r ✉♠❛ ♣❛❧❛✈r❛ ♠❛✐s ❛❞❡q✉❛❞❛✱ ✐♥❢❡❧✐③♠❡♥t❡ ♠❡ ❧✐♠✐t❛r❡✐ ❛♦ ♠✉✐t♦ ♦❜r✐❣❛❞♦✱ ❡♠

❡s♣❡❝✐❛❧ ❛♦s ♣r♦❢❡ss♦r❡s ❞❡ ❡①❛t❛s✱ ❛q✉✐ r❡♣r❡s❡♥t❛❞♦s ♣❡❧♦ ♣r♦❢❡ss♦r P❛✉❧ã♦ ✭✐♥ ♠❡♠♦r②✮

❡ ♣❡❧♦ ♣r♦❢❡ss♦r ❈❛ç✉✱ ♣❡❧❛ ✐♥✢✉ê♥❝✐❛ ❞✐r❡t❛ ♥❛ ❡s❝♦❧❤❛ ❞❡ ❢❛③❡r ■❚❆ ❡ ♣♦r ❛❝r❡❞✐t❛r❡♠✳

❆♦s ❞✐r❡t♦r❡s ▼❛✉rí❝✐♦ ❡ ❋❧á✈✐♦ ♣❡❧❛ ❛❜❡rt✉r❛ ❡ s✉♣♦rt❡ q✉❡ ♣r❡❝✐s❡✐ ❛♦ ❧♦♥❣♦ ❞♦ ❝❛♠✐♥❤♦✳

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

s✐❞♦ ♠❛✐s ❝❡rt♦✳

▼❛s ♦ ❝❛♠✐♥❤♦ só ❢❛③ s❡♥t✐❞♦ s❡ s❡✉s ❛♠✐❣♦s ❡stã♦ ❧á ♣❛r❛ ❝♦♠♣❛rt✐❧❤❛r✿ ❖❜r✐❣❛❞♦

❛ t♦❞♦s ♠❡✉s ❛♠✐❣♦s ❞❡ ●♦✐â♥✐❛ ✭❩é✱ ❏❛♣❛✱ ❇♦❜✱ ❉✉❞s✱ ❆♥❞ré✱ ❙❛✈✐♦✱ ●✉✐❧❤❡r♠❡✱ ❆rt✉r✱

▼❛t❤❡✉s✱ ❈❧❛✉❞✐♦✱ ■❛❣♦✳✳✳✮ ♣♦r ❡st❛r❡♠ ❛❧✐✱ r❡s♣❡✐t❛r❡♠ ♦s ♠♦♠❡♥t♦s q✉❡ ♠❡ ✜③ ❛✉s❡♥t❡

♣❛r❛ ❢♦❝❛r ♥♦s ❡st✉❞♦s ❡ ♣♦r✱ ♠❡s♠♦ ❛♥t❡s ❞❡ ♠✐♠✱ s❛❜❡r❡♠ q✉❡ ✐r✐❛ ❞❛r ❝❡rt♦✳ ❱♦❝ês sã♦

✈✐✐



✐♥❝rí✈❡s ❡ ♥ã♦ ♣♦❞❡r✐❛ ❡st❛r tã♦ ❜❡♠ ❛❝♦♠♣❛♥❤❛♥❞♦ ♥❡ss❛ ❝❛♠✐♥❤❛❞❛✳

❆♦s ♠❡✉s ❛♠✐❣♦s ❞♦ ■❚❆✿ q✉❡♠ s❡ ❢❡rr❛ ❥✉♥t♦ ❝r❡s❝❡ ❥✉♥t♦ ❘♦❞♦❧❢♦✱ ▲❛r❛✱ ●✉st❛✈♦✱

❯r✐❡❧ ❡ ❆❈✱ ♦❜r✐❣❛❞♦ ♣♦r t❡r❡♠ ❢❡✐t♦ t✉❞♦ s❡r ♠❛✐s ❢á❝✐❧ ❡ ❞✐✈❡rt✐❞♦✳ ❚♦❞❛s ♥♦ss❛s ✈✐❛❣❡♥s

❡ ❝♦♥✈❡rs❛s ❢♦r❛♠ ❝♦♥str✉çõ❡s ú♥✐❝❛s✳

❆❣r❛❞❡ç♦ ❛ ✶✻ ♣❡❧❛ r❡❝❡♣çã♦ ❡ ♣♦r ✉♠ ❞♦s ♠❡s❡s ♠❛✐s ❧♦✉❝♦s ❡ ❢❛♥tást✐❝♦s q✉❡

❛❧❣✉é♠ ♣♦❞❡ ❡①♣❡r✐♠❡♥t❛r✳ ❚❛♠❜é♠ ❛ ✈✐❧❛ ❡ ❛♦ ✷✸✸ ✲ ❡♠ s✉❛s ❞✉❛s ❝♦♥✜❣✉r❛çõ❡s✱ s❡♠♣r❡

♠❡ s❡♥t✐ ❡♠ ❝❛s❛✳ ▼✉✐t♦ ♦❜r✐❣❛❞♦ ❛ ❈✐✈✐❧ ✶✼ ♣❡❧❛s r✐s❛❞❛s ❡ ❛♣r❡♥❞✐③❛❞♦s ❡♠ ♠❡✐♦ ❛♦

❝❛♦s✳ ❆ ❈✐✈✐❧ ✶✽ ♣❡❧♦ ❛❝♦❧❤✐♠❡♥t♦✳ ❊ ❛ ❚✉r♠❛ ✶✼ ♣♦r t❡r s✐❞♦ ✉♠❛ s❡❣✉♥❞❛ ❢❛♠í❧✐❛ ♣♦r

❝✐♥❝♦ ❛♥♦s✳ ❆♦ ❈❡♥tr♦ ❊❞✉❝❛❝✐♦♥❛❧ ❙❛♥t♦s ❉✉♠♦♥t✱ ❡♠ ❡s♣❡❝✐❛❧ ❛ ❞✐r❡t♦r✐❛ ❞❡ ✷✵✶✺✱ ♣♦r

t❡r ❛❥✉❞❛❞♦ ❛ ♠❡ ❝♦♥str✉✐r ❝♦♠♦ ♣❡ss♦❛ ❡ ❞❛r ♠❛✐s s❡♥t✐❞♦ ❛♦s ♣r✐♠❡✐r♦s ❛♥♦s ❞♦ ■❚❆

❡ ♣♦r t♦❞❛s ❛s ❤✐stór✐❛s✳ ❖❜r✐❣❛❞♦ ❊❉❯❑❆■ ❡ t♦❞♦s q✉❡ ♣♦r ❡❧❛ ♣❛ss❛r❛♠✳ ❆ ❆❞❚❛❧❡♠

t❛♠❜é♠ ❞❡✐①♦ ♠❡✉ ♠✉✐t♦ ♦❜r✐❣❛❞♦ ♣♦r t♦❞♦ ♦ s✉♣♦rt❡ ❡ ❛♣r❡♥❞✐③❛❞♦ ♥❡ss❛ r❡t❛ ✜♥❛❧✳

●✉❛r❞❛❞❡✐ t♦❞♦s ✈♦❝ês ❝♦♠ ♠❛✐♦r ❝❛r✐♥❤♦ ❞♦ ♠✉♥❞♦✳

❆♦ ♠❡✉ ✜❡❧ ❛♠✐❣♦ ❚♦❜✐ ♣❡❧❛ s✉❛ ✐♥❝❛♥sá✈❡❧ ❝♦♠♣❛♥❤✐❛ ♥❛s ✐♥✜♥✐t❛s ❡ ✐♥✜♥❞á✈❡✐s

♥♦✐t❡s ❞❡ ❡st✉❞♦✳ ❆ ♠✐♥❤❛ ♥❛♠♦r❛❞❛✱ ❆❧✐♥❡✱ ♣❡❧❛ ♣❛❝✐ê♥❝✐❛ ❞❡ ♠❡ ❛❝♦♠♣❛♥❤❛r ♥❡ss❛ r❡t❛

✜♥❛❧ ❡ ♣♦r s❛❜❡r ❞❡ t✉❞♦✱ s❡♠♣r❡✳ ❆♦ ♠❡✉ ♦r✐❡♥t❛❞♦r ❞❡ ❚●✱ ▼❛r❝❡❧♦ ●✉t❡rr❡s✱ ♣❡❧♦

s✉♣♦rt❡ ❞❛❞♦✱ ♣❡❧❛ ❝♦♠♣r❡❡♥sã♦ q✉❛♥❞♦ ♣r❡❝✐s♦ ❡ ♣❡❧❛ ❝♦❜r❛♥ç❛ s❡♠♣r❡ q✉❡ ♥❡❝❡ssár✐♦✳

❖ s❡♥❤♦r ❢♦✐ ❢✉♥❞❛♠❡♥t❛❧ ♥❡ss❛ ❝♦♥str✉çã♦✳

❊ ♣♦r ú❧t✐♠♦✱ ♠✉✐t♦ ♦❜r✐❣❛❞♦ ❍✽✱ ♣♦r t❡r ❢❡✐t♦ ❞❡ss❡s s❡✐s ❛♥♦s ✉♠❛ ✈✐❛❣❡♠ ❝❤❡✐❛

❞❡ ❡①♣❡r✐ê♥❝✐❛s ✐♥❡sq✉❡❝í✈❡✐s✳ ❊s♣❡r♦ t♦r♥❛r ❛ ♣✐s❛r ♥♦✈❛♠❡♥t❡ ♣♦r ❛q✉✐✳ ❚á ♥❛ ❤♦r❛✱ tá

♥❛ ❤♦r❛ ❞❡ t✐r❛r ♦s ♣és ❞❡ r✐❜❛✳

❖❜r✐❣❛❞♦✳



❘❡s✉♠♦

❖ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ ❜✉s❝♦✉ ❛tr❛✈és ❞♦s ❝♦♥❝❡✐t♦s ❡ té❝♥✐❝❛s ❞❡s❡♥✈♦❧✈✐❞❛s ❞❡♥tr♦ ❞❛

t❡♦r✐❛ ❞♦s ❥♦❣♦s ❡st✉❞❛r ❛ ✐♥t❡r❛çã♦ ❡ ❝♦♠♣❡t✐çã♦ ❡♥tr❡ ❛s q✉❛tr♦ ❣r❛♥❞❡s ❡♠♣r❡s❛s ❛ér❡❛s

❜r❛s✐❧❡✐r❛s✳ ❖ ♦❜❥❡t✐✈♦ ❡r❛ ✐♥❢❡r✐r ❝♦♠♦ ❝❛❞❛ ✉♠❛ s❡ ♣♦s✐❝✐♦♥❛✱ ❝♦♠♦ ❛ ❝♦♠♣❡t✐çã♦ ❛✈❛♥ç♦✉

♥♦s ú❧t✐♠♦s ❛♥♦s ❡ q✉❛✐s ♦s ❡q✉✐❧í❜r✐♦s ❡s♣❡r❛❞♦s✳ ❖ ♠♦❞❡❧♦ ❡str✉t✉r❛❞♦ ♣❛r❛ ❛ ❛♥á❧✐s❡

❢♦✐ ❞❡ ♦❧✐❣♦♣ó❧✐♦ ❡ tr❛❜❛❧❤♦✉✲s❡ ❛♣❡♥❛s ❝♦♠ ✈♦♦s r❡❣✉❧❛r❡s ❡ ❞♦♠ést✐❝♦s ❞♦ ❛❡r♦♣♦rt♦ ❞❡

●✉❛r✉❧❤♦s✳ ❆♥❛❧✐s♦✉✲s❡ ❞♦✐s ♣❡rí♦❞♦s✱ ❛❣♦st♦ ❞❡ ✷✵✶✻ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✼ ❡ ❛❣♦st♦ ❞❡ ✷✵✶✼ ❛

❥✉❧❤♦ ❞❡ ✷✵✶✽✳

❆tr❛✈és ❞❛ ❝r✐❛çã♦ ❞❡ ❝❡♥ár✐♦s ❡st❛tíst✐❝♦s✱ ❞♦s ♠ét♦❞♦s ❞❡ ◆❛s❤ ❡ ❞❛ s✉❝❡ss✐✈❛

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

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

❞❡❢❡♥s✐✈❛s✳

P❛❧❛✈r❛s ❝❤❛✈❡✿ ❚❡♦r✐❛ ❞♦s ❥♦❣♦s✱ ❝♦♠♣❡t✐çã♦✱ ❡♠♣r❡s❛s ❛ér❡❛s✱ ◆❛s❤✱ s✉❝❡ss✐✈❛

❞♦♠✐♥â♥❝✐❛✱ ❡q✉✐❧í❜r✐♦✳



❆❜str❛❝t

❚❤❡ ♣r❡s❡♥t ✇♦r❦ s❡❛r❝❤❡s t❤r♦✉❣❤ t❤❡ ❝♦♥❝❡♣ts ❛♥❞ t❡❝❤♥✐q✉❡s ❞❡✈❡❧♦♣❡❞ ✇✐t❤✐♥

❣❛♠❡ t❤❡♦r② t♦ st✉❞② t❤❡ ✐♥t❡r❛❝t✐♦♥ ❛♥❞ ❝♦♠♣❡t✐t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ❢♦✉r ❧❛r❣❡st ❇r❛③✐❧✐❛♥

❛✐r❧✐♥❡s✳ ❚❤❡ ❣♦❛❧ ✐s t♦ ✐♥❢❡r ❤♦✇ ❡❛❝❤ ❝♦♠♣❛♥② ♣♦s✐t✐♦♥s ✐ts❡❧❢✱ ❤♦✇ t❤❡ ❝♦♠♣❡t✐t✐♦♥ ❤❛s

❛❞✈❛♥❝❡❞ ✐♥ t❤❡ ❧❛st ②❡❛rs ❛♥❞ ✇❤❛t ❜❛❧❛♥❝❡s ❛r❡ ❡①♣❡❝t❡❞✳ ❚❤❡ str✉❝t✉r❡❞ ♠♦❞❡❧ ❢♦r t❤❡

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

❛✐r♣♦rt ♦❢ ●✉❛r✉❧❤♦s✳ ❚✇♦ ♣❡r✐♦❞s ✇❡r❡ ❛♥❛❧②③❡❞✱ ❢r♦♠ ❆✉❣✉st ✷✵✶✻ t♦ ❏✉❧② ✷✵✶✼ ❛♥❞

❆✉❣✉st ✷✵✶✼ t♦ ❏✉❧② ✷✵✶✽✳

❚❤r♦✉❣❤ t❤❡ ❝r❡❛t✐♦♥ ♦❢ st❛t✐st✐❝❛❧ s❝❡♥❛r✐♦s✱ ◆❛s❤ ♠❡t❤♦❞s ❛♥❞ s✉❝❝❡ss✐✈❡ ❞♦♠✐✲
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✼ ❈♦♥str✉çã♦ ❞♦s r❡s✉❧t❛❞♦s ❧

✼✳✶ ▼ét♦❞♦s ✉s❛❞♦s ♣❛r❛ ❡♥❝♦♥tr❛r ♦s ❡q✉✐❧í❜r✐♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❧✐✐

✼✳✷ ❈♦♠♣❡t✐çã♦ ❞✉♦♣♦❧✐st❛ ❞❡ ❈♦✉r♥♦t ♣❛r❛ ▲❛t❛♠✲●❖▲ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❧✐✐✐

✼✳✷✳✶ ❆❣♦st♦ ❞❡ ✷✵✶✻ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✼ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❧✐✐✐

✼✳✷✳✷ ❆❣♦st♦ ❞❡ ✷✵✶✼ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✽ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❧✈

✼✳✸ ❈♦♠♣❡t✐çã♦ ❞✉♦♣♦❧✐st❛ ❞❡ ❈♦✉r♥♦t ♣❛r❛ ❆③✉❧✲❆✈✐❛♥❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❧✈✐✐

✼✳✸✳✶ ❆❣♦st♦ ❞❡ ✷✵✶✻ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✼ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❧✈✐✐

✼✳✸✳✷ ❆❣♦st♦ ❞❡ ✷✵✶✼ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✽ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❧✐①

✼✳✹ ❈♦♠♣❡t✐çã♦ ♦❧✐❣♦♣♦❧✐st❛ ❡♥tr❡ ▲❛t❛♠✱ ●♦❧✱ ❆✈✐❛♥❝❛ ❡ ❆③✉❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❧①✐

✼✳✹✳✶ ❆❣♦st♦ ❞❡ ✷✵✶✻ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✼ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❧①✐✐

✼✳✹✳✷ ❆❣♦st♦ ❞❡ ✷✵✶✼ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✽ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ❧①✐✈

✽ ❈♦♥❝❧✉sã♦ ❧①✈✐



❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

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

❧❡✈â♥❝✐❛ ♣❛r❛ ♦ ❝❡♥ár✐♦ ❛t✉❛❧✳ ❆ ❡str✉t✉r❛ ❞♦ tr❛❜❛❧❤♦✱ ❜❡♠ ❝♦♠♦ ♦ ❝♦♥t❡①t♦ ♥♦ q✉❛❧ é

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

❖ ♠❡r❝❛❞♦✱ t❡♥❞♦ ❝♦♠♦ ❜❛s❡ ❛ ❡❝♦♥♦♠✐❛ ❝❛♣✐t❛❧✐st❛✱ é ❝♦♥st✐t✉í❞♦ ♣♦r ✉♠❛ r❡❧❛✲

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

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

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

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

❆ ♣❛rt✐r ❞❛ ❞❡♠❛♥❞❛ ❡ ❞❛ ♦❢❡rt❛ ❞❡ ♠❡r❝❛❞♦ sã♦ ❞❡t❡r♠✐♥❛❞♦s ♦ ♣r❡ç♦ ❡ q✉❛♥t✐❞❛❞❡

❞❡ ❡q✉✐❧í❜r✐♦ ❞❡ ✉♠ ❞❛❞♦ ❜❡♠ ♦✉ s❡r✈✐ç♦✳ ❖ ♣r❡ç♦ ❡ ❛ q✉❛♥t✐❞❛❞❡✱ ❡♥tr❡t❛♥t♦✱ ❞❡♣❡♥❞❡rã♦

❞❛ ♣❛rt✐❝✉❧❛r ❢♦r♠❛ ♦✉ ❡str✉t✉r❛ ❞❡ss❡ ♠❡r❝❛❞♦✱ ♦✉ s❡❥❛✱ s❡ ❡❧❡ é ❝♦♠♣❡t✐t✐✈♦✱ ❝♦♠ ♠✉✐t❛s

❡♠♣r❡s❛s ♣r♦❞✉③✐♥❞♦ ✉♠ ❞❛❞♦ ♣r♦❞✉t♦✱ ♦✉ ❝♦♥❝❡♥tr❛❞♦ ❡♠ ♣♦✉❝❛s ♦✉ ✉♠❛ ú♥✐❝❛ ❡♠♣r❡s❛✳

❆s ❡str✉t✉r❛s ❞❡ ♠❡r❝❛❞♦ ♣♦❞❡♠ s❡r ❝❛r❛❝t❡r✐③❛❞❛s ❞❡ ❛❝♦r❞♦ ❝♦♠ três ❛s♣❡❝t♦s ❬✽❪✿

❼ ◆ú♠❡r♦ ❞❡ ✈❡♥❞❡❞♦r❡s ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❜❡♠ ❞❡ ❝♦♥s✉♠♦✱

❼ ❆ ❢❛❝✐❧✐❞❛❞❡ ❞❡ ❡♥tr❛❞❛ ❡ ❞❡ s❛í❞❛ ❞❡ ♥♦✈❛s ❡♠♣r❡s❛s ♥♦ ♠❡r❝❛❞♦✱

❼ ❖ ♥í✈❡❧ ❞❡ ✐♥❢♦r♠❛çã♦ ♣❛rt✐❧❤❛❞❛ ♣❡❧♦s ✈❡♥❞❡❞♦r❡s✱

❼ ❖s ❝✉st♦s ❞❡ tr❛♥s❛çã♦✱ ❞♦ ❝♦♥tr♦❧❡ ❞♦ ♣r❡ç♦✳
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▲❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❡ss❡s três ❛s♣❡❝t♦s✱ ♣♦❞❡✲s❡ s❡❣♠❡♥t❛r ❛s ❡str✉t✉r❛s ❞❡ ♠❡r❝❛❞♦

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

✶✳ ❈♦♥❝♦rrê♥❝✐❛ ♣❡r❢❡✐t❛

✷✳ ❈♦♥❝♦rrê♥❝✐❛ ▼♦♥♦♣♦❧✐st❛ ♦✉ ❈♦♥❝♦rrê♥❝✐❛ ■♠♣❡r❢❡✐t❛

✸✳ ▼♦♥♦♣ó❧✐♦

✹✳ ▼♦♥♦♣ó❧✐♦ ❇✐❧❛t❡r❛❧

✺✳ ❖❧✐❣♦♣ó❧✐♦

❖❜❥❡t✐✈❛♥❞♦ ✉♠❛ ♠❛✐♦r ❝♦♥t❡①t✉❛❧✐③❛çã♦ ❞❛s ❡str✉t✉r❛s ❞❡ ♠❡r❝❛❞♦✱ ❞❡t❛❧❤♦✉✲s❡ ♠❡❧❤♦r

❝❛❞❛ ✉♠ ❞♦s s❡❣♠❡♥t♦s ❛❝✐♠❛✳

◆♦ ♠❡r❝❛❞♦ r❡❣✐❞♦ ♣❡❧❛ ❈♦♥❝♦rrê♥❝✐❛ ♣❡r❢❡✐t❛ ❛s ❡♠♣r❡s❛s tê♠ ♦ ♠❡s♠♦ ♣r❡ç♦ ♣❛r❛

♣r♦❞✉t♦s ✐❞ê♥t✐❝♦s ✭♦✉ ❤♦♠♦❣ê♥❡♦s✮ ❡ ♦s ❝♦♥s✉♠✐❞♦r❡s tê♠ ♠✉✐t❛s ❡s❝♦❧❤❛s✳ ❉❡ss❛ ❢♦r♠❛✱

t❛♥t♦ ♦s ♣r♦❞✉t♦r❡s q✉❛♥t♦ ♦s ❝♦♥s✉♠✐❞♦r❡s sã♦ ♣❡q✉❡♥♦s ❡♠ r❡❧❛çã♦ à ❞✐♠❡♥sã♦ ❞♦

♠❡r❝❛❞♦✳ ❆❧é♠ ❞✐ss♦ ❡①✐st❡ ❝♦♠♣❧❡t❛ ✐♥❢♦r♠❛çã♦ ❡ ❝♦♥❤❡❝✐♠❡♥t♦ s♦❜r❡ ♦ ♣r❡ç♦ ❞♦ ♣r♦❞✉t♦

♣♦r ♣❛rt❡ ❞♦s ♣r♦❞✉t♦r❡s ❡ ❞♦s ❝♦♥s✉♠✐❞♦r❡s✳ ❆ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞❡ ✜r♠❛s ♥♦ ♠❡r❝❛❞♦ é

❧✐✈r❡✳ ❖✉tr❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ss❛ ❡str✉t✉r❛ ❞❡ ♠❡r❝❛❞♦ é ❛ ✐♠♣♦ss✐❜✐❧✐❞❛❞❡ ❞❛s ✜r♠❛s ❞❡

✐♥✢✉❡♥❝✐❛r ❛ ♣r♦❝✉r❛ ❞❡ ♠❡r❝❛❞♦ ❛tr❛✈és ❞❡ ♠❡❝❛♥✐s♠♦s ❡①tr❛ ♣r❡ç♦s✱ ❝♦♠♦ ♣r♦♣❛❣❛♥❞❛s✱

♠❡❧❤♦r✐❛ ❞❡ q✉❛❧✐❞❛❞❡✱ ♠❡❝❛♥✐s♠♦s ❞❡ ❝♦♠❡r❝✐❛❧✐③❛çã♦✱ ❡♥tr❡ ♦✉tr❛s ♣rát✐❝❛s✳

◆♦ ❧♦♥❣♦ ♣r❛③♦✱ ❞❡♥tr♦ ❞❡ss❛ ❡str✉t✉r❛✱ ❛s ❡♠♣r❡s❛s ♦❜tê♠ ✉♠ ❧✉❝r♦ ♥♦r♠❛❧ ❞♦ s❡✉

❝❛♣✐t❛❧ ✲❧✉❝r♦ ♥♦r♠❛❧ é ♦ ♠í♥✐♠♦ ❧✉❝r♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ♠❛♥t❡r ❛ ❡♠♣r❡s❛ ❡♠ ❛t✐✈✐❞❛❞❡

❬✽❪✳

P❡r❝❡❜❡✲s❡ q✉❡ ❛ ❈♦♥❝♦rrê♥❝✐❛ P❡r❢❡✐t❛ é ✉♠ ❝❡♥ár✐♦ ✐❞❡❛❧✱ s❡♥❞♦ ✐♠♣♦rt❛♥t❡ ♣❛r❛

♦ ❡st✉❞♦ ❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♦✉tr❛s ❡str✉t✉r❛s ♠❛✐s ♣ró①✐♠❛s ❞❛ r❡❛❧✐❞❛❞❡✳

◆❛ ❈♦♥❝♦rrê♥❝✐❛ ▼♦♥♦♣♦❧✐st❛✱ t❛♠❜é♠ ❝❤❛♠❛❞❛ ❞❡ ❈♦♥❝♦rrê♥❝✐❛ ■♠♣❡r❢❡✐t❛✱ ❛s

❡♠♣r❡s❛s ♣r♦❞✉③❡♠ ❜❡♥s ❞✐❢❡r❡♥t❡s✱ ♣♦ré♠✱ sã♦ ♣ró①✐♠♦s ❞❡ t❛❧ ❢♦r♠❛ q✉❡ ✈✐❛❜✐❧✐③❛ ❛

s✉❜st✐t✉✐çã♦ ❞❡ ✉♠ ♣♦r ♦✉tr♦✳ ❚❡♠♦s✱ ♥❡ss❛ ❡str✉t✉r❛ ❞❡ ♠❡r❝❛❞♦✱ ✉♠ ♠❡✐♦ t❡r♠♦ ❡♥tr❡

❛ ❈♦♥❝♦rrê♥❝✐❛ ♣❡r❢❡✐t❛ ❡ ♦ ▼♦♥♦♣ó❧✐♦✳ ❆ss✐♠✱ ❛✐♥❞❛ t❡♠♦s ♠✉✐t❛s ❝❛r❛❝t❡ríst✐❝❛s ♣❛r❡✲

❝✐❞❛s ❝♦♠ ❛ ❈♦♥❝♦rrê♥❝✐❛ P❡r❢❡✐t❛✿ é ♣❡r♠✐t✐❞❛ ❛ ❡♥tr❛❞❛ ❡ ❞❡ s❛í❞❛ ✭♣♦ré♠ ❝♦♠ ♠❛✐s
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❜❛rr❡✐r❛s✱ ❝♦♠♣❛r❛❞♦ ❛ ❈♦♥❝♦rrê♥❝✐❛ P❡r❢❡✐t❛✮✱ ✐♥❢♦r♠❛çã♦ ♣❡r❢❡✐t❛✱ ♠✉✐t❛s ❡ ♣❡q✉❡♥❛s

❡♠♣r❡s❛s✱ ✐♥t❡r❞❡♣❡♥❞ê♥❝✐❛ ♥ã♦ r❡❝♦♥❤❡❝✐❞❛✳ ❆s ❡♠♣r❡s❛s ✐♥t❡r❛❣✐♥❞♦ ❡♠ ❝♦♥❝♦rrê♥❝✐❛

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

❞❛❞❡✳

✏❈❛❞❛ ♣r♦❞✉t♦r ♣r❛t✐❝❛ ✉♠❛ ❞✐❢❡r❡♥❝✐❛çã♦✱ t❡♥t❛♥❞♦ ❞✐st✐♥❣✉✐r ♦ s❡✉ ♣r♦❞✉t♦ ❛tr❛✈és

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

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

❝❧✐❡♥t❡s ♠❛✐s ♦✉ ♠❡tr♦s ❧❡❛✐s✑ ❬✽❪✳

✏❊ss❛s ❝❛r❛❝t❡ríst✐❝❛s ❛❝❛❜❛♠ ❞❛♥❞♦ ✉♠ ♣❡q✉❡♥♦ ♣♦❞❡r ♠♦♥♦♣♦❧✐st❛ s♦❜r❡ ♦ ♣r❡ç♦ ❞❡

s❡✉ ♣r♦❞✉t♦✱ ❡♠❜♦r❛ ♦ ♠❡r❝❛❞♦ s❡❥❛ ❝♦♠♣❡t✐t✐✈♦ ✭❞❛í ♦ ♥♦♠❡ ❝♦♥❝♦rrê♥❝✐❛ ♠♦♥♦♣♦❧✐st❛✮✳

✭❑❯P❋❊❘✱ ✷✵✵✷✮✑✳

❈♦♠♦ ❡①❡♠♣❧♦s ❞❡ ♠❡r❝❛❞♦s ❞❡ ❝♦♥❝♦rrê♥❝✐❛ ♠♦♥♦♣♦❧✐st❛ t❡♠♦s✿

❼ ▲❛♥❝❤♦♥❡t❡s ❝♦♠♦✿ ▼❝❉♦♥❛❧❞✬s✱ ●✐r❛✛❛s✱ ❍❛❜✐❜✬s✱ ❇✉r❣✉❡r ❑✐♥❣✱ ❇♦❜✬s

❼ ❊♠♣r❡s❛s ❞❡ ✐♥❢♦r♠át✐❝❛✿ ❆♣♣❧❡✱ ❈♦♠♣❛❝✱ ❍P✱ ❙♦♥②

❼ ❋❛❜r✐❝❛♥t❡s ❞❡ ❝✐❣❛rr♦s✿ ❙♦✉③❛ ❡ ❈r✉③✱ P❤✐❧❧✐♣ ▼♦rr✐s✱ ❈✐❛ ❙✉❧✲❛♠❡r✐❝❛♥❛ ❞❡ ❚❛❜❛❝♦s

◆♦ ❡①tr❡♠♦ ♦♣♦st♦ ❞❛ ❈♦♥❝♦rrê♥❝✐❛ P❡r❢❡✐t❛✱ t❡♠♦s ♦ ▼♦♥♦♣ó❧✐♦✳ ❉✐❢❡r❡♥t❡ ❞♦ ♣r✐♠❡✐r♦

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

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

❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❜❡♠ ✲ ♥ã♦ ❡①✐st❡♠ s✉❜st✐t✉t♦s ♣❛r❛ ♦ ♠❡s♠♦ ✲✱ ❡ t❡♥❞♦ ❛ ♣r♦❝✉r❛

❝♦♥st✐t✉í❞❛ ♣♦r ✉♠ ♥ú♠❡r♦ ❣r❛♥❞❡ ❞❡ ❝♦♠♣r❛❞♦r❡s✳

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

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

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

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

✐st♦ é✱ ♣♦❞❡ ❡st❛❜❡❧❡❝❡r ✉♠ ♣r❡ç♦ ❛❝✐♠❛ ❞♦ ❝✉st♦ ♠❛r❣✐♥❛❧ ❡ ❛✐♥❞❛ ♦❜t❡r ❧✉❝r♦✳

➱ ✐♠♣♦rt❛♥t❡ ♥ã♦ ❝♦♥❢✉♥❞✐r ♦ ▼♦♥♦♣ó❧✐♦ ❝♦♠ ♦ ♣♦❞❡r ❞❡ ♠♦♥♦♣ó❧✐♦ q✉❡ ♣♦❞❡ ❡①✐s✲

t✐r ✭❡ é ❝♦♠✉♠✮ ♥❛s ♦✉tr❛s ❡str✉t✉r❛s ❞❡ ♠❡r❝❛❞♦s ❞❡ ❝♦♥❝♦rrê♥❝✐❛ ✐♠♣❡r❢❡✐t❛✱ ❝♦♠♦ ❛

❝♦♥❝♦rrê♥❝✐❛ ♠♦♥♦♣♦❧íst✐❝❛ ❡ ♦ ♦❧✐❣♦♣ó❧✐♦✳
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❈♦♠♦ ❡①❡♠♣❧♦s ❞❡ ♠❡r❝❛❞♦s ❞❡ ▼♦♥♦♣ó❧✐♦s t❡♠♦s✿

❼ P❡tr♦❜rás ✭r❡❢❡r❡♥t❡ ❛ ❡①♣❧♦r❛çã♦ ❡♠ á❣✉❛s ♣r♦❢✉♥❞❛s ♥♦ ❇r❛s✐❧✮

❼ ❊♠♣r❡s❛s ❞❡ ❡♥❡r❣✐❛ ❡ ❞✐str✐❜✉✐çã♦ ❞❡ á❣✉❛ ❡ ❡s❣♦t♦ ♥❛s ❝✐❞❛❞❡s ❜r❛s✐❧❡✐r❛s

◗✉❛♥❞♦ ✉♠❛ ❡♠♣r❡s❛ ♠♦♥♦♣♦❧íst✐❝❛ ✭✈❡♥❞❡❞♦r ❞♦ ❜❡♠✮ s❡ ❡♥❝♦♥tr❛ ❝♦♠ ❛♣❡♥❛s ✉♠

❝♦♠♣r❛❞♦r ❞❛q✉❡❧❡ ❜❡♠ ✭♠♦♥♦♣s♦♥✐st❛✮ t❡♠♦s ❛ ❡str✉t✉r❛ ❞❡ ♠❡r❝❛❞♦ ❝♦♥❤❡❝✐❞❛ ♣♦r

▼♦♥♦♣ó❧✐♦ ❇✐❧❛t❡r❛❧✳ ❉❡♥tr♦ ❞❡ss❡ ♠♦❞❡❧♦ ❛♠❜♦s t❡r✐❛♠ ♣♦❞❡r✱ ✐s♦❧❛❞❛♠❡♥t❡✱ ❞❡ ✜①❛r ♦s

♣r❡ç♦s ❡♠ s❡✉s t❡r♠♦s✱ ❞❡s❞❡ q✉❡ ♦ ♦✉tr♦ ❢♦ss❡ ❝♦♥❝♦rr❡♥t❡ ♣❡r❢❡✐t♦✳ ❉❡ss❛ ❢♦r♠❛✱ ❝❤❡❣❛✲

s❡ ❛ ✉♠❛ s✐t✉❛çã♦ ❞❡ ✐♥❞❡t❡r♠✐♥❛çã♦ ♥♦ ❡q✉✐❧í❜r✐♦✱ ♣♦✐s ♦ ♠♦♥♦♣s♦♥✐st❛ ❞❡s❡❥❛ ♣❛❣❛r ♦

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

❝♦♥s❡❣✉✐r✳ ❊ss❡ ❝❛s♦ ❢♦❣❡ ❞♦ â♠❜✐t♦ ♣✉r❛♠❡♥t❡ ❡❝♦♥ô♠✐❝❛ ❡ ♣❛ss❛ ❛ ❞❡♣❡♥❞❡r ❜❛st❛♥t❡

❞♦ ♣♦❞❡r ❞❡ ♥❡❣♦❝✐❛çã♦ ❞❛s ♣❛rt❡s ❡♥✈♦❧✈✐❞❛s✳

P♦r ú❧t✐♠♦✱ t❡♠♦s ♦ ❖❧✐❣♦♣ó❧✐♦ ❝♦♠♦ ❡str✉t✉r❛ ❞❡ ♠❡r❝❛❞♦ q✉❡ ♣♦❞❡ s❡r ✐❞❡♥t✐✜❝❛❞♦

♣❡❧❛s s❡❣✉✐♥t❡s ❝❛r❛❝t❡ríst✐❝❛s✿ ❯♠ ♥ú♠❡r♦ r❡❧❛t✐✈❛♠❡♥t❡ ♣❡q✉❡♥♦ ❞❡ ❡♠♣r❡s❛s✱ ❞✐✜❝✉❧✲

❞❛❞❡ ❞❡ ❡♥tr❛❞❛ ♥♦ ♠❡r❝❛❞♦✱ ♣r♦❞✉t♦ q✉❡ ♣♦❞❡ s❡r ♣❛❞r♦♥✐③❛❞♦ ♦✉ ❞✐❢❡r❡♥❝✐❛❞♦ ❡ ✉♠

❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ❝♦♠♣r❛❞♦r❡s✳ ❯♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ss❛ ❡str✉t✉r❛ é ❛

✐♥t❡r❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡ ❛s ♣♦✉❝❛s ❡♠♣r❡s❛s ❞♦ ♠❡r❝❛❞♦✳ P♦r ❡①❡♠♣❧♦✱ s❡ ✉♠❛ ❞❡t❡r♠✐✲

♥❛❞❛ ❡♠♣r❡s❛ ❞❡ ✉♠ ♠❡r❝❛❞♦ ❖❧✐❣♦♣♦❧✐st❛ ❛❜❛✐①❛r ♦ ♣r❡ç♦ ❞❡ s❡✉ ♣r♦❞✉t♦✱ é ❡s♣❡r❛❞♦

q✉❡ ❛s ❞❡♠❛✐s t❛♠❜é♠ r❡❞✉③❛♠ s❡✉s ♣r❡ç♦s✳

❆s ❡♠♣r❡s❛s ❡♠ ♦❧✐❣♦♣ó❧✐♦s ❞❡s❡♥✈♦❧✈❡♠ ❡str❛té❣✐❛s ♣❛r❛ ❣❛♥❤❛r ✈❛♥t❛❣❡♥s ❝♦♠♣❡✲

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

❞❡ ✧❜❛t❡r✑ ♦s r✐✈❛✐s✳ ❆s r❡❛çõ❡s ❡ ❝♦♥tr❛✲r❡❛❝çõ❡s t♦r♥❛♠ ❞✐❢í❝✐❧ ❛ ♣r❡✈✐sã♦ ❞♦ t♦❞♦ ♦

♠❡r❝❛❞♦✳

◆❡ss❡ ♠❡r❝❛❞♦✱ ❛s ❡♠♣r❡s❛s ❡♥❢r❡♥t❛♠ ❞✉❛s ❢♦rç❛s ❝♦♥trár✐❛s✿

❼ ❆ ♣r✐♠❡✐r❛ ❛s ❧❡✈❛ ❛ ❛❝♦r❞❛r❡♠ ✐♠♣❧✐❝✐t❛♠❡♥t❡ s♦❜r❡ ♦s ♣r❡ç♦s ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡

❞❡ ♠❛①✐♠✐③❛r❡♠ ♦s ❧✉❝r♦s ❣❧♦❜❛✐s✳ ◆❡ss❡ ❝❛s♦ t❡r❡♠♦s ✉♠ ♣r❡ç♦ s✐♠✐❧❛r ❛♦ q✉❡

♦❝♦rr❡r✐❛ ♥♦s ♠♦♥♦♣ó❧✐♦s✳

❼ ❆ s❡❣✉♥❞❛ ♦❝♦rr❡ q✉❛♥❞♦ ❛s ❡♠♣r❡s❛s ♣♦ss✉❡♠ ✐♥t❡r❡ss❡s ❞✐❢❡r❡♥t❡s ❡ ❝❛❞❛ ✉♠❛

❜✉s❝❛ ♠❛①✐♠✐③❛r ♦ ♣ró♣r✐♦ ❧✉❝r♦ ✐♥❞✐✈✐❞✉❛❧✳ ◆❡ss❡ ❝❛s♦ t❡♠♦s ✉♠❛ ❝♦♠♣❡t✐çã♦
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♠❛✐s ❛❝✐rr❛❞❛ ❡♥tr❡ ❛s ❡♠♣r❡s❛s✳

❖s ♦❧✐❣♦♣ó❧✐♦s ♣♦❞❡♠ s❡r ❞✐✈✐❞✐❞♦s ❡♠ ❞♦✐s ❝❛s♦s✿

✶✳ ❖❧✐❣♦♣ó❧✐♦ P✉r♦✿ ◆❡ss❡ ❝❛s♦✱ ♦s ♣r♦❞✉t♦s sã♦ ❤♦♠♦❣ê♥❡♦s

✷✳ ❖❧✐❣♦♣ó❧✐♦ ❉✐❢❡r❡♥❝✐❛❞♦✿ ❚❡♠✲s❡ ❛ ♣r♦❞✉çã♦ ❞❡ ❜❡♥s ❞✐❢❡r❡♥❝✐❛❞♦s

❆s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ♦r❣❛♥✐③❛çã♦ ❞❡ ✉♠ ♦❧✐❣♦♣ó❧✐♦s sã♦ ❣r❛♥❞❡s✱ ✐ss♦ ♦❢❡r❡❝❡ ✉♠❛ ❞✐✜❝✉❧✲

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

r❡❢❡r❡♠✲s❡ ❛ ❝❛s♦s ♣♦ssí✈❡✐s✳ ❚❡♥❞♦ ❡♠ ✈✐st❛ ❛s ❢♦rç❛s q✉❡ ✐♥✢✉❡♥❝✐❛♠ ♦ ♦❧✐❣♦♣ó❧✐♦✱ ❜❡♠

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

❝❛❞♦ ❡♠ ❛❧❣✉♥s ♠♦❞❡❧♦s ♣❛rt✐❝✉❧❛r❡s✿

❛✮ ❈❛rt❡❧✿ é ✉t✐❧✐③❛❞♦ ♣♦r ❡♠♣r❡s❛s ❞♦ ♠❡s♠♦ r❛♠♦ ❛ ✜♠ ❞❡ ❡st❛❜❡❧❡❝❡r ♦ ♣r❡ç♦ ❡

q✉❛♥t✐❞❛❞❡ ❣❧♦❜❛❧ ❛ s❡r ♣r♦❞✉③✐❞❛✳ ➱ ✉♠❛ ❢♦r♠❛ ❡①♣❧í❝✐t❛ ❞❡ ❝♦♥❧✉✐♦ ❡♥tr❡ ♦❧✐❣♦♣♦❧✐st❛s✱

♠❛s ❝❛❞❛ ❡♠♣r❡s❛ ❝♦♥s❡r✈❛ s✉❛ ✐❞❡♥t✐❞❛❞❡ ❥✉rí❞✐❝❛✳ ❖ ❝❛rt❡❧ ❧❡♠❜r❛ ✉♠ ♠♦♥♦♣ó❧✐♦ ✭❞❛❞♦

q✉❡ s❡✉ ♦❜❥❡t✐✈♦ é ❛❝❛❜❛r ❝♦♠ ❛ ❝♦♥❝♦rrê♥❝✐❛✮✳ ❖ ❝❛rt❡❧ ✈✐s❛ r❡str✐♥❣✐r ❛ ♣r♦❞✉çã♦ ❡ ❞❡st❡

♠♦❞♦ ❡st❛❜❡❧❡❝❡r ♦ ♣r❡ç♦ ❛❝✐♠❛ ❞♦ ❝✉st♦ ♠❛r❣✐♥❛❧✳ ❱❛❧❡ ❝✐t❛r q✉❡ ❡①✐st❡♠ ♦✉tr❛s ❢♦r♠❛s

❞❡ ❝♦♥❧✉✐♦ ❡♥tr❡ ♦❧✐❣♦♣♦❧✐st❛s✿ ❚r✉st❡✱ ❍♦❧❞✐♥❣ ❡ ❈♦♥❣❧♦♠❡r❛❞♦s✳

➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡ ♦ ❈❛rt❡❧ é ♣r♦✐❜✐❞♦ ♣♦r ❧❡✐ ❡✱ ♥♦ ❇r❛s✐❧✱ ❡①✐st❡♠ ✐♥st✐t✉✐✲

çõ❡s q✉❡ ✜s❝❛❧✐③❛♠ ❡ss❛ ♣rát✐❝❛✳

❜✮ ❖ ♠♦❞❡❧♦ ❞❛ ❡♠♣r❡s❛ ❧í❞❡r ❞♦ ♣r❡ç♦✿ ♥❡st❡ ♠♦❞❡❧♦ ✉♠❛ ❡♠♣r❡s❛ ❧í❞❡r✱ ♣♦✉❝❛s

❡♠♣r❡s❛s ♥♦ ♠❡r❝❛❞♦ ❡ ❛ ❝♦♠♣❡t✐çã♦ é t❛❝✐t❛♠❡♥t❡ ❡✈✐t❛❞❛✳ ❆ ❡♠♣r❡s❛ ❧í❞❡r ❞✐t❛ ♦ ♣r❡ç♦

❞♦ ♣r♦❞✉t♦ ❡ é s❡❣✉✐❞❛ ♣❡❧❛s ❞❡♠❛✐s✳ ➱ ✐♥t❡r❡ss❛♥t❡ r❡ss❛❧t❛r q✉❡ ❡♠ ❣❡r❛❧ ❛ ❡♠♣r❡s❛ ❧í❞❡r

❞♦ ♣r❡ç♦ é ❛ ♠❛✐♦r ❞♦ ♠❡r❝❛❞♦✱ ♠❛s ♥❡♠ s❡♠♣r❡ ✐ss♦ ♦❝♦rr❡✱ ♣♦❞❡ ♦❝♦rr❡r ❞❛ ❡♠♣r❡s❛

❧í❞❡r ❞♦ ♣r❡ç♦ s❡r ❛ ♠❛✐s ❡✜❝✐❡♥t❡ ❡ ♥ã♦ ❛ ♠❛✐♦r✳

❈♦♠♦ ❡①❡♠♣❧♦s ❞❡ ♠❡r❝❛❞♦s ❞❡ ❖❧✐❣♦♣ó❧✐♦s t❡♠♦s✿

❼ ❊♠♣r❡s❛s ❛ér❡❛s✿ ▲❆❚❆▼✱ ●❖▲✱ ❆③✉❧ ❡ ❆✈✐❛♥❝❛ ✭❝❛s♦ q✉❡ ✐r❡♠♦s ❡st✉❞❛r✮

❼ ❊♠♣r❡s❛s ❞❡ t❡❧❡❢♦♥✐❛ ♠ó✈❡❧✿ ❱✐✈♦✱ ❈❧❛r♦✱ ❖✐ ❡ ❚■▼✳

❆ ❚❛❜❡❧❛ ✶✳✶ r❡s✉♠❡ ❛s ♣r✐♥❝✐♣❛✐s ❡str✉t✉r❛s ❞❡ ♠❡r❝❛❞♦ ❛q✉✐ tr❛t❛❞❛s✿
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❈❛r❛❝t❡ríst✐❝❛s ❈♦♥❝♦rrê♥❝✐❛ ♣✉r❛ ▼♦♥♦♣ó❧✐♦ ❖❧✐❣♦♣ó❧✐♦ ❈♦♥❝♦rrê♥❝✐❛

♠♦♥♦♣♦❧íst✐❝❛

◆➸ ❞❡ ❡♠♣r❡s❛s ▼✉✐t♦ ❣r❛♥❞❡ ❙ó ❤á ✉♠❛ ❡♠♣r❡s❛ P❡q✉❡♥♦ ●r❛♥❞❡

Pr♦❞✉t♦ ❍♦♠♦❣ê♥❡♦ ◆ã♦ ❤á s✉❜st✐t✉t♦s

♣ró①✐♠♦s

❍♦♠♦❣ê♥❡♦ ♦✉

❞✐❢❡r❡♥❝✐❛❞♦

❉✐❢❡r❡♥❝✐❛❞♦

❈♦♥tr♦❧❡ ❞❛s

❡♠♣r❡s❛s s♦❜r❡ ♦s

♣r❡ç♦s

◆ã♦ ❤á

♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡

♠❛♥♦❜r❛s ♣❡❧❛s

❡♠♣r❡s❛s

❆s ❡♠♣r❡s❛s tê♠

❣r❛♥❞❡ ♣♦❞❡r ♣❛r❛

♠❛♥t❡r ♣r❡ç♦s

r❡❧❛t✐✈❛♠❡♥t❡

❡❧❡✈❛❞♦s✱

♣r✐♥❝✐♣❛❧♠❡♥t❡ q✉❛♥❞♦

♥ã♦ ❤á ✐♥t❡r✈❡♥çõ❡s ❞♦

❣♦✈❡r♥♦✳

❉✐✜❝✉❧❞❛❞❡ ♣❡❧❛

✐♥t❡r❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡

❛s ❡♠♣r❡s❛s✱ q✉❡

t❡♥❞❡♠ ❛ ❢♦r♠❛r

❝❛rté✐s ❝♦♥tr♦❧❛♥❞♦

♣r❡ç♦s ❡ q✉♦t❛s ❞❡

♣r♦❞✉çã♦

P♦✉❝❛ ♠❛r❣❡♠ ❞❡

♠❛♥♦❜r❛✱ ❞❡✈✐❞♦ à

❡①✐stê♥❝✐❛ ❞❡

s✉❜st✐t✉t♦s

❈♦♥❞✐çõ❡s ❞❡

✐♥❣r❡ss♦

◆ã♦ ❤á ❜❛rr❡✐r❛s ❍á ❜❛rr❡✐r❛s ❛♦ ❛❝❡ss♦

❞❡ ♥♦✈❛s ❡♠♣r❡s❛s

❍á ❜❛rr❡✐r❛s ❛♦ ❛❝❡ss♦

❞❡ ♥♦✈❛s ❡♠♣r❡s❛s

◆ã♦ ❤á ❜❛rr❡✐r❛s

❚❛❜❡❧❛ ✶✳✶✿ Pr✐♥❝✐♣❛✐s ❡str✉t✉r❛s ❞❡ ♠❡r❝❛❞♦
❋♦♥t❡✿ ❱❛s❝♦♥❝❡❧❧♦s ❡ ●❛r❝✐❛✱ ✷✵✵✺

❯♠ ❞♦s ❡①❡♠♣❧♦s ❝✐t❛❞♦s ❞❡ ❖❧✐❣♦♣ó❧✐♦s ❢♦✐ ♦ ♠❡r❝❛❞♦ ❞❛ ❛✈✐❛çã♦ ❛ér❡❛ ♥♦ ❇r❛s✐❧✳

◆❡ss❡ ❝❡♥ár✐♦ t❡♠♦s✿

❼ ❯♠ ♥ú♠❡r♦ r❡❧❛t✐✈❛♠❡♥t❡ ♣❡q✉❡♥♦ ❞❡ ❡♠♣r❡s❛s✿ ❆♣❡♥❛s ✹ ❡♠♣r❡s❛s ❞♦♠✐♥❛♠ ♦

♠❡r❝❛❞♦❀

❼ ❉✐✜❝✉❧❞❛❞❡ ❞❡ ❡♥tr❛❞❛ ♥♦ ♠❡r❝❛❞♦✿ ❛ ú❧t✐♠❛ ❡♠♣r❡s❛ ❛ ❡♥tr❛r ♥♦ ❝❡♥ár✐♦ ❢♦✐ ❛ ❆③✉❧

❡♠ ✷✵✵✽✳ ❆s ❢♦rt❡s r❡❣✉❧❛çõ❡s ♥♦ s❡t♦r ♣♦r ♣❛rt❡ ❞♦s ór❣ã♦s r❡❣✉❧❛❞♦r❡s ❡ ❛ ❢♦rç❛

❞❛s ✹ ❡♠♣r❡s❛s ❞✐✜❝✉❧t❛ ♠✉✐t♦ ❛ ❡♥tr❛❞❛ ❞❡ ♥♦✈♦s ♣❧❛②❡rs ♥♦ ♠❡r❝❛❞♦❀

❼ ❯♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ❝♦♠♣r❛❞♦r❡s✿ ❚♦❞♦s ♦s ❜r❛s✐❧❡✐r♦s sã♦ ♣♦ssí✈❡✐s ❝♦♠♣r❛❞♦r❡s✳

❊♠ ✷✵✶✸ ✺✺✪ ❞❛ ♣♦♣✉❧❛çã♦ ❜r❛s✐❧❡✐r❛ ✉t✐❧✐③♦✉ ♦ ♠♦❞❛❧ ❛ér❡♦ ✭❆◆❆❈ ✷✵✶✸✮✳

P❡r❝❡❜❡✲s❡ q✉❡ ♦ ♠♦❞❡❧♦ q✉❡ ♠❡❧❤♦r s❡ ❡♥q✉❛❞r❛ ♥❛ ❡str✉t✉r❛ ❞♦ ♠❡r❝❛❞♦ ❛ér❡♦ ❜r❛s✐❧❡✐r♦

é ♦ ♦❧✐❣♦♣ó❧✐♦✳ ❱✐✉✲s❡ q✉❡ ♣❛r❛ ❡ss❡ t✐♣♦ ❞❡ ♦r❣❛♥✐③❛çã♦ ❡①✐st❡ ✉♠❛ ✐♥t❡r❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡

❛s ❡♠♣r❡s❛s ✭♣❧❛②❡rs✮ q✉❡ ❛t✉❛♠ ♥♦ ♠❡r❝❛❞♦✱ ❛s ❛çõ❡s ❞❡ ✉♠❛ ✐♥✢✉❡♥❝✐❛♠ ❞✐r❡t❛♠❡♥t❡

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

❝♦♠♦ s❡ ❞ã♦ ❛s ✐♥t❡r❛çõ❡s ❡ ❞❡❝✐sõ❡s ❡str❛té❣✐❝❛s ✲ ✐♥t❡r❛çõ❡s ❡str❛té❣✐❝❛s✳ ❯♠❛ ❞❛s

♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ❛❞❡♥tr❛r ❡ss❡ ❡st✉❞♦ é ✉t✐❧✐③❛♥❞♦ ❛ ❚❡♦r✐❛ ❞♦s ❏♦❣♦s✱ ❥á q✉❡ ❛ ♠❡s♠❛

✏❛❥✉❞❛ ❛ ❡♥t❡♥❞❡r t❡♦r✐❝❛♠❡♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❞❡❝✐sã♦ ❞❡ ❛❣❡♥t❡s q✉❡ ✐♥t❡r❛❣❡♠ ❡♥tr❡ sí✱

❛ ♣❛rt✐r ❞❛ ❝♦♠♣r❡❡♥sã♦ ❞❛ ❧ó❣✐❝❛ ❞❛ s✐t✉❛çã♦ ❡♠ q✉❡ ❡stã♦ ❡♥✈♦❧✈✐❞♦s✑ ❬✶✵❪✳
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❆ t❡♦r✐❛ ❞♦s ❥♦❣♦s é ✉♠ ❝❛♠♣♦ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ q✉❡ ✈❡♠ ❣❛♥❤❛♥❞♦ ♠❛✐s ✈✐s✐❜✐❧✐✲

❞❛❞❡ ❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ♥♦s ❡st✉❞♦s ♠♦❞❡r♥♦s✳ ❉❡s❞❡ ❛ ❞é❝❛❞❛ ❞❡ ✾✵✱ t❡♠ s❡ t♦r♥❛❞♦

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

❛❞♠✐♥✐str❛çã♦✱ ♣♦r ❡①❡♠♣❧♦✳ ●r❛♥❞❡ ♣❛rt❡ ❞❡ss❛ ❛♠♣❧✐❛çã♦ ❞♦ ✉s♦ ❞❛ ❚❡♦r✐❛ ❞♦s ❥♦❣♦s s❡

❞❡✈❡ ❛♦s ❡st✉❞✐♦s♦s ❏♦❤♥ ❈✳ ❍❛rs❛♥②✐ ❡ ❏♦❤♥ ❋✳ ◆❛s❤✱ r❡s♣♦♥sá✈❡✐s ♣❡❧♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

♣✐♦♥❡✐r♦ ❞❛ ❛♥á❧✐s❡ ❞❡ ❡q✉✐❧í❜r✐♦ ❡♠ ❥♦❣♦s ♥ã♦✲❝♦♦♣❡r❛t✐✈♦s✱ ❡✱ ✈❡♥❝❡❞♦r❡s ❞♦ ◆♦❜❡❧ ❞❡

❡❝♦♥♦♠✐❛✱ ❡♠ ✶✾✾✹✳

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

◆❛s❤ sã♦ ♣r✐♠♦r❞✐❛✐s ❡ s❡rã♦ ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞♦s✱ ✈✐st♦ q✉❡✱ ♦ ♠❡s♠♦ ✉s❛ ❛ t❡♦r✐❛

❞♦s ❥♦❣♦s ♥ã♦ ❝♦♦♣❡r❛t✐✈♦s ❡♠ ❛♥á❧✐s❡s s♦❜r❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❡♠♣r❡s❛s ❛t✉❛♥❞♦ ❡♠

r❡❣✐♠❡s ❞❡ ❝♦♠♣❡t✐çã♦ ❞✉♦♣♦❧✐st❛ ❡str❛té❣✐❝❛✳

❆♥t❡s ❞❡ ❛❞❡♥tr❛r ♥♦s ♣♦r♠❡♥♦r❡s ❞♦ ❡st✉❞♦ ❞❛ ❝♦♠♣❡t✐çã♦ ❡str❛té❣✐❝❛ ❡♥tr❡ ❛s

❊♠♣r❡s❛s ❆ér❡❛s ❇r❛s✐❧❡✐r❛s✱ ✉♠❛ ❝♦♥t❡①t✉❛❧✐③❛çã♦ ❞♦ ❝❡♥ár✐♦ ❛t✉❛❧ ❞❛ ❛✈✐❛çã♦ ❜r❛s✐❧❡✐r❛

❡ ❞♦ ❝❛♠♣♦ ❚❡♦r✐❛ ❞♦s ❥♦❣♦s s❡ ❢❛③ ♥❡❝❡ssár✐❛✳

✶✳✶ ❘❡❧❡✈â♥❝✐❛ ❞♦ t❡♠❛

❆ ár❡❛ ❞❛ ❛✈✐❛çã♦ ❝♦♠❡r❝✐❛❧ ♥♦ ❇r❛s✐❧ ♣❛ss♦✉ ♣♦r ♠✉❞❛♥ç❛ ✐♠♣♦rt❛♥t❡s ♥♦s ú❧t✐✲

♠♦s ✷✵ ❛♥♦s ❡♠ r❡❧❛çã♦ ❛s ❡♠♣r❡s❛s ❞♦ ♠❡r❝❛❞♦ ✭♣❧❛②❡rs✮✳ ❊ss❛s ♠✉❞❛♥ç❛s✱ ❝❛✉s❛❞❛s

♣❡❧❛s ❡♥tr❛❞❛s✱ s❛í❞❛s✱ ❢✉sõ❡s ❡ ❛q✉✐s✐çõ❡s ❞❡ ❡♠♣r❡s❛s✱ ❣❡r❛♠ ✉♠❛ ✐♥✜♥✐❞❛❞❡ ❞❡ ❞❡❝✐sõ❡s

❡str❛té❣✐❝❛s t♦♠❛❞❛s ♣❡❧♦ ♠❡r❝❛❞♦ ❡ ✉♠❛ sér✐❡ ❞❡ ❝♦♥s❡q✉ê♥❝✐❛s q✉❡ ✐♠♣❛❝t❛♠ t♦❞♦ ♦

❝❡♥ár✐♦ ❞❛ ❛✈✐❛çã♦ ❝✐✈✐❧ ❜r❛s✐❧❡✐r❛✳ P❛r❛ ❡♥t❡♥❞❡r✲s❡ ✉♠ ♣♦✉❝♦ ♠❛✐s ❛ ♠❛❣♥✐t✉❞❡ ❞❛s

✢✉t✉❛çõ❡s q✉❡ ♦❝♦rr❡r❛♠✱ ❛ ✜❣✉r❛ ✶✳✶ ✐❧✉str❛ q✉❛✐s ❡r❛♠ ❛s ❡♠♣r❡s❛s ❛t✉❛♥t❡s ❡♠ ✶✾✾✵

❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ❛s q✉❡ ♦♣❡r❛✈❛♠ ❡♠ ✷✵✶✻ ✭❜❡♠ ❝♦♠♦ ♦s ♠❛r❦❡t s❤❛r❡s r❡s♣❡❝t✐✈♦s✮✿

❊♠ ✷✵✵✼✱ ❛♥t❡s ❞❛ ❢✉♥❞❛çã♦ ❞❛ ❆③✉❧ ▲✐♥❤❛s ❆ér❡❛s ♥♦ ❇r❛s✐❧✱ ▲❆❚❆▼ ❡ ●❖▲ ❞❡t✐✲

♥❤❛♠✱ ❡♠ ♠❛r❦❡t s❤❛r❡✱ ✹✾✱✵✼✪ ❡ ✸✾✱✶✾✪ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ s♦♠❛♥❞♦ ✽✽✱✷✻✪ ❞♦ ♠❡r❝❛❞♦✳

P❡r❝❡❜❡✲s❡ ❡♥tã♦✱ q✉❡ ♦ ❝♦♥t❡①t♦ ❞❡ ✷✵✶✽ é ❜❡♠ ❞✐❢❡r❡♥t❡ ❞♦ ❝♦♥t❡①t♦ ❞❡ ❛❧❣✉♥s ❛♥♦s

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

❉❡ss❛ ❢♦r♠❛✱ ♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ t❡♠ s✉❛ r❡❧❡✈â♥❝✐❛ ♥♦ s❡♥t✐❞♦ ❞❡ tr❛③❡r ❡st✉❞♦s

♥♦✈♦s ❡ ❝♦♥t❡①t✉❛❧✐③❛❞♦s ❝♦♠ ♦ q✉❡ ❡stá ♦❝♦rr❡♥❞♦ ❛t✉❛❧♠❡♥t❡ ♥♦ ♠❡r❝❛❞♦✳ P♦❞❡♥❞♦
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❋✐❣✉r❛ ✶✳✶✿ ▼✉❞❛♥ç❛s ♥♦s ♣❧❛②❡rs ❞❛ ❛✈✐❛çã♦ ❝♦♠❡r❝✐❛❧ ❜r❛s✐❧❡✐r❛

❋♦♥t❡✿ ❉❆❈ ✭✶✾✾✶✮❀❆◆❆❈ ✭✷✵✶✻✮✳ ▼❛t❡r✐❛❧ ❡❧❛❜♦r❛❞♦ ♣♦r ❏♦s✉é ❈❛t❤❛r✐♥♦ ❋❡rr❡✐r❛

s❡r✈✐r ❝♦♠♦ ❜❛s❡ ♣❛r❛ t♦♠❛❞❛s ❞❡ ❞❡❝✐sõ❡s ❡str❛té❣✐❝❛s ♣❛r❛ ♦s ♣❧❛②❡rs✳

❚♦r♥❛✲s❡ ❝❛❞❛ ✈❡③ ♠❛✐s r❡❝♦rr❡♥t❡ ❞❡t❛❧❤❛r ❛s ❝♦♠♣❡t✐çõ❡s ❡♥tr❡ ❡♠♣r❡s❛s ❛tr❛✈és

❞❛s r❡♣r❡s❡♥t❛çõ❡s ❡ s♦❧✉çõ❡s ❞❡ ❡q✉✐❧í❜r✐♦ ❞♦s ❥♦❣♦s ♥ã♦✲❝♦♦♣❡r❛t✐✈♦s✳ ❖ ❣r❛♥❞❡ ❞✐❢❡r❡♥✲

❝✐❛❧ ❞❡ss❡ ❝❛♠♣♦ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦ é r❛❝✐♦♥❛❧✐③❛r✱ ♠❛t❡♠❛t✐③❛r ❡ ♣♦ss✐❜✐❧✐t❛r ❝♦♥❝❧✉sõ❡s

❜❡♠ ❢✉♥❞❛♠❡♥t❛❞❛s ♣❛r❛ ❝❛♠♣♦s ✈✐st♦s ❝♦♠♦ ♥ã♦ ❡①❛t♦s✳ ❉❡ss❛ ❢♦r♠❛✱ ♦ t❡♠❛ ❞❡ss❡

tr❛❜❛❧❤♦ é r❡❧❡✈❛♥t❡ ♣❛r❛ ❞❡s❝r❡✈❡r ❝♦♠ ❢❡rr❛♠❡♥t❛s ♠♦❞❡r♥❛s ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ♠❡r✲

❝❛❞♦✳

❉❡ ❢♦r♠❛ r❡s✉♠✐❞❛✱ ❛❝r❡❞✐t❛✲s❡ q✉❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ t❡♠❛✿ ✏❖ ♦❧✐❣♦♣ó❧✐♦ ❞❛s

❊♠♣r❡s❛s ❆ér❡❛s ❇r❛s✐❧❡✐r❛s✿ ✉♠ ❡st✉❞♦ ❞❛ ❝♦♠♣❡t✐çã♦ ❊str❛té❣✐❝❛ ❝♦♠ ❛✉①í❧✐♦ ❞❛ ❚❡♦r✐❛

❞♦s ❏♦❣♦s✑ é r❡❧❡✈❛♥t❡ ♣❛r❛✿

❼ ❆t✉❛❧✐③❛r ❛ ✈✐sã♦ ❡❝♦♥ô♠✐❝❛ ❞♦ ♠❡r❝❛❞♦ ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ ❛ ✐♥t❡r❛çã♦ ❞♦s ♥♦✈♦s

♣❧❛②❡rs ❝♦♠ ♦s ♣❧❛②❡rs ❛♥t✐❣♦s❀

❼ ❯t✐❧✐③❛r ❢❡rr❛♠❡♥t❛❧ ♠❛t❡♠át✐❝♦ ♠♦❞❡r♥♦ ♣❛r❛ r❛❝✐♦♥❛❧✐③❛r ❛s ♣♦ssí✈❡✐s ❞❡❝✐sõ❡s

❡str❛té❣✐❝❛s ❡ s❡✉s ✐♠♣❛❝t♦s ♣❛r❛ ♦ ♠❡r❝❛❞♦ ❡ ♣❧❛②❡rs

✶✳✷ ❉❡✜♥✐çã♦ ❞♦ ♣r♦❜❧❡♠❛

❈♦♠♦ ♠♦str❛❞♦✱ ❛ ❡♥tr❛❞❛ ❞❛ ❆③✉❧ ❡ ❢♦rt❛❧❡❝✐♠❡♥t♦ ❞❛ ❆✈✐❛♥❝❛✱ ❜❡♠ ❝♦♠♦ ✈ár✐❛s

❛q✉✐s✐çõ❡s ♣♦r ♣❛rt❡ ❞❛ ▲❆❚❆▼ ❡ ●❖▲ ♠♦❞✐✜❝❛r❛♠ ♦ ♠❡r❝❛❞♦ ✭♠❛r❦❡t s❤❛r❡s✮✱ ❝♦♥✲
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s❡q✉❡♥t❡♠❡♥t❡ ♣❡rt✉r❜❛r❛♠ ♦ ❡q✉✐❧í❜r✐♦ q✉❡ ❤❛✈✐❛ ❡♥tr❡ ●❖▲ ❡ ▲❆❚❆▼✳ ❖ ♣r♦❜❧❡♠❛

r❡s✐❞❡ ❡♠ ❡♥t❡♥❞❡r ❛s ❝♦♥s❡q✉ê♥❝✐❛s ❞❡ss❛s ❛❧t❡r❛çõ❡s✱ ♣❛r❛ ♦♥❞❡ ❝♦♥✈❡r❣❡ ♦ ❡q✉✐❧í❜r✐♦ ❡

❡♥t❡♥❞❡r s❡ ❛s ❡str❛té❣✐❛s ❛❞♦t❛❞❛s ♣❡❧❛s ❡♠♣r❡s❛s sã♦ ❛s ♠❡❧❤♦r❡s✳

P♦❞❡♠♦s r❡s✉♠✐r ♥♦ss♦ ♣r♦❜❧❡♠❛ ♥❛s s❡❣✉✐♥t❡s ♣❡r❣✉♥t❛s

◗✉❛❧ ♦ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤ ♣❛r❛ ♦ ❥♦❣♦ ❛♥❛❧✐s❛❞♦❄ ◆♦ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤ ♣❛r❛ ♦s

q✉❛tr♦ ♣❧❛②❡rs✱ q✉❛❧ ❛ ♠❡❧❤♦r ❡str❛té❣✐❛ ❛ s❡r ❛❞♦t❛❞♦ ♣♦r ❝❛❞❛ ✉♠ ❞❡❧❡s❄

✶✳✸ ❖❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ ❞❛ ♣❡sq✉✐s❛

❆ ♣❡sq✉✐s❛ ❡ ♦ ❡st✉❞♦ q✉❡ s❡rã♦ ❞❡s❡♥✈♦❧✈✐❞♦s ♥❡ss❡ tr❛❜❛❧❤♦ tê♠ ❝♦♠♦ ♦❜❥❡t✐✈♦

♣r✐♥❝✐♣❛❧ ❛♣❧✐❝❛r ❝♦♥❝❡✐t♦s ❞❡s❡♥✈♦❧✈✐❞♦s ♣♦r t❡ór✐❝♦s ❞♦ ❝❛♠♣♦ ❞❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s ❞❡♥tr♦

❞♦ ❝❡♥ár✐♦ r❡❛❧ ❞❛s ❡♠♣r❡s❛s ❛ér❡❛s ❜r❛s✐❧❡✐r❛s✳ ❇✉s❝❛✲s❡ ❛♥❛❧✐s❛r q✉❛❧ é ♦ ❡q✉✐❧í❜r✐♦

❞♦s q✉❛tr♦ ♣r✐♥❝✐♣❛✐s ♣❧❛②❡rs ❞♦ ♠❡r❝❛❞♦ ✭●❖▲✱ ❚❆▼✱ ❆③✉❧ ❡ ❆✈✐❛♥❝❛✮✱ ❧❡✈❛♥❞♦✲s❡ ❡♠

❝♦♥s✐❞❡r❛çã♦ ❛ ✈❛r✐á✈❡❧ ♥ú♠❡r♦ ❞❡ ♣❛ss❛❣❡✐r♦s ✭P❆❳✮✳

❈♦♠♦ s❡ tr❛t❛ ❞❡ ✉♠❛ ❛♣❧✐❝❛çã♦ ❞❡ ❝❡rt❛ ❢♦r♠❛ ♥♦✈❛ ❛ ✉♠ ❝❡♥ár✐♦ ❡❝♦♥ô♠✐❝♦✱ ✉♠

❞♦s ♦❜❥❡t✐✈♦s ❞❛ ♣❡sq✉✐s❛ é ❢♦r♥❡❝❡r ✉♠❛ ❡str✉t✉r❛ ❞❡t❛❧❤❛❞❛ ❞❡ ❝♦♠♦ r❡♣❧✐❝❛r ♦ ❡st✉❞♦✱

s❡❥❛ ♣❛r❛ ♦ ♠❡s♠♦ ❝❛♠♣♦ ✭❡♠ ✉♠ ❢✉t✉r♦✮✱ s❡❥❛ ♣❛r❛ ♦✉tr❛s ár❡❛s q✉❡ ❡♥✈♦❧✈❡♠ ❥♦❣♦s ❡

t♦♠❛❞❛s ❞❡ ❞❡❝✐sõ❡s ❡str❛té❣✐❝❛s✳

✶✳✹ ❖❜❥❡t✐✈♦s ✐♥t❡r♠❡❞✐ár✐♦s ❞❛ ♣❡sq✉✐s❛

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

s❡ ❛❧❣✉♥s ♦❜❥❡t✐✈♦s ✐♥t❡r♠❡❞✐ár✐♦s✿

❼ ❊♥t❡♥❞❡r ❛ ✐♥t❡r❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡ ❛s ❡♠♣r❡s❛s ❛ér❡❛s ❡st✉❞❛❞❛s❀

❼ ❱❡r✐✜❝❛r s❡ ♦ ❡q✉✐❧í❜r✐♦ ❥á ❢♦✐ ❛t✐♥❣✐❞♦ ❡✱ s❡ s✐♠✱ q✉❛✐s s✉❛s ❝❛r❛❝t❡ríst✐❝❛s❀

❼ ❊♥t❡♥❞❡r q✉❛✐s ❛s ❡str❛té❣✐❛s ❛❞♦t❛❞❛s ♣❡❧❛s ❡♠♣r❡s❛s ❡ s❡ sã♦ ❛s ♠❡❧❤♦r❡s✳

❆t✐♥❣✐❞♦s ♦s ♦❜❥❡t✐✈♦s ✐♥t❡r♠❡❞✐ár✐♦s ❞❛ ♣❡sq✉✐s❛ s❡rá ♣♦ssí✈❡❧ ❛❧❝❛♥ç❛r ♦ ♦❜❥❡t✐✈♦ ♣r✐♥✲

❝✐♣❛❧✳

①①✐✈



✶✳✺ ❉❡❧✐♠✐t❛çã♦ ❞❛ ♣❡sq✉✐s❛

P❛r❛ ✉t✐❧✐③❛r✲s❡ t♦❞♦ ♦ ❢❡rr❛♠❡♥t❛❧ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❡❧❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s ♣r❡❝✐s❛✲s❡✱

✐♥✐❝✐❛❧♠❡♥t❡✱ ❞❡ ✉♠ ♠♦❞❡❧♦✳ ❙❡❣✉♥❞♦ ❋✐❛♥✐ ❬✶✵❪✿ ✏ ❖ q✉❡ ♥❡❝❡ss✐t❛♠♦s ♣❛r❛ ♣♦❞❡r ❛✜r♠❛r

❛❧❣♦ ❛❝❡r❝❛ ❞❡ q✉❛❧q✉❡r s✐t✉❛çã♦ ❞❡ ✐♥t❡r❛çã♦ ❡str❛té❣✐❝❛ ❡♠ ❣❡r❛❧✱ é ❞❡ ✉♠ ♠♦❞❡❧♦✑✳❯♠

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

❝❛s♦✱ ❞❡ ✉♠❛ s✐t✉❛çã♦ ❞❡ ✐♥t❡r❛çã♦ ❡str❛té❣✐❝❛✱ ❡♠ q✉❡ ❛ s✐t✉❛çã♦ é ❛♣r❡s❡♥t❛❞❛ ❞❡ ❢♦r♠❛

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

sã♦ ♦♠✐t✐❞♦s✑✳

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

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

♠❡s♠♦ q✉❡ ♠✉✐t♦ ♣♦✉❝♦✳ ❊♥tr❡t❛♥t♦✱ ❛s ❡s❝♦❧❤❛s ♥ã♦ sã♦ ❛r❜✐trár✐❛s✿ ♦♠✐t❡✲s❡ ♦s ❢❛t♦r❡s

❝♦♥s✐❞❡r❛❞♦s ♣♦✉❝♦ ✐♠♣♦rt❛♥t❡s ♦✉ ✐rr❡❧❡✈❛♥t❡s ♣❛r❛ ❛ ❝♦♠♣r❡❡♥sã♦ ❞♦ q✉❡ ❡stá s❡♥❞♦

❡st✉❞❛❞♦✱ ❛♦ ♠❡s♠♦ t❡♠♣♦ q✉❡ ❞❡st❛❝❛✲s❡ ♦ ❡ss❡♥❝✐❛❧✳ ◆❡ss❡ tr❛❜❛❧❤♦ ♥ã♦ s❡ ❢❡③ ❞✐❢❡r❡♥t❡✱

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

♠♦❞❡❧♦ ♣❛r❛ r❡♣r❡s❡♥tá✲❧♦ ❞❛ ♠❛♥❡✐r❛ ♠❛✐s ✜❡❧✱ t❡♥❞♦ ❡♠ ✈✐st❛ ❛ ✐♥✜♥✐❞❛❞❡ ❞❡ ✈❛r✐á✈❡✐s

❡ ✐♥❝❡rt❡③❛s q✉❡ ❡♥✈♦❧✈❡♠ ❛s ❞❡❝✐sõ❡s ❡str❛té❣✐❛s ❡ ❡❝♦♥ô♠✐❝❛s q✉❡ ❡♥✈♦❧✈❡♠ ❥✉❧❣❛♠❡♥t♦s

❞❡ ♣❡ss♦❛s✳

❉❡ss❛ ❢♦r♠❛ ❧✐♠✐t♦✉✲s❡ ♦ ♥ú♠❡r♦ ❞❡ ❡str❛té❣✐❛s ♣♦ssí✈❡✐s ♣❛r❛ ❝❛❞❛ ❡♠♣r❡s❛ ❡

❛♥❛❧✐s♦✉✲s❡ ❛ ✈❛r✐á✈❡❧ P❆❳✳

P❛r❛ ❛ ❝♦♥str✉çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ♠❛✐s ♣ró①✐♠♦ ❞❛ r❡❛❧✐❞❛❞❡ ♦♣t♦✉✲s❡ ♣♦r ❡st✉❞❛r ♦

♠❡r❝❛❞♦ ❞♦♠ést✐❝♦✱ ❞❡s❝❛rt❛♥❞♦✲s❡ ❛s ❛t✉❛çõ❡s ✐♥t❡r♥❛❝✐♦♥❛✐s ❞❛s ❡♠♣r❡s❛s ❛ér❡❛s✳

✶✳✻ ❊str✉t✉r❛ ❞♦ tr❛❜❛❧❤♦

❖s ♣ró①✐♠♦s ❝❛♣ít✉❧♦s tr❛rã♦ ❞❡ ❢♦r♠❛ ♠❛✐s ❞❡t❛❧❤❛❞❛ ♦s tó♣✐❝♦s ✐♥tr♦❞✉③✐❞♦s ♥♦

♣r✐♠❡✐r♦ ❝❛♣ít✉❧♦✱ ❛❧é♠ ❞❡ ❞❡s❡♥✈♦❧✈❡r ♦s ♠ét♦❞♦s ❡ ❝❤❡❣❛r ❛s ❝♦♥❝❧✉sõ❡s✳

❯♠❛ rá♣✐❞❛ r❡✈✐sã♦ ❞♦ tr❛♥s♣♦rt❡ ❛ér❡♦ ❜r❛s✐❧❡✐r♦ é ❢❡✐t❛ ♥♦ ❝❛♣ít✉❧♦ ✷✳ ➱ ❞❡ s✉♠❛

✐♠♣♦rtâ♥❝✐❛ ♣♦✐s✱ ♣r❡❝✐s❛♠♦s✱ ❛♥t❡s ❞❡ q✉❛❧q✉❡r ❛♥á❧✐s❡ ♣♦st❡r✐♦r✱ ❡♥t❡♥❞❡r ♦ ❝❡♥ár✐♦ ❛t✉❛❧

❞♦ s❡t♦r✳

①①✈



❖ ❝❛♣ít✉❧♦ ✸ ❛♣r❡s❡♥t❛ ♦s ❝♦♥❝❡✐t♦s ❜ás✐❝♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞♦ q✉❡

s❡rá ❛♣r❡s❡♥t❛❞♦ ❞❡ r❡❧❡✈❛♥t❡ ❡♠ s❡ tr❛t❛♥❞♦ ❞❡ t❡♦r✐❛ ❞♦s ❥♦❣♦s✳

❖ ❝❛♣ít✉❧♦ ✹ ❛♣r❡s❡♥t❛ ❛❧❣✉♠❛s ❛♣❧✐❝❛çõ❡s ❞❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s✱ ❡♠ t♦❞♦s ♦s ❝❛♠♣♦s✱

❞❛s ♠❛✐s ✈❛r✐❛❞❛s ❢♦r♠❛s ♣♦ssí✈❡✐s✱ ❛té ❝❤❡❣❛r ♥❛s ❛♣❧✐❝❛çõ❡s ❞✐r❡t❛s ❞❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s

♣❛r❛ ♦ tr❛♥s♣♦rt❡ ❛ér❡♦✳

◆♦ ❝❛♣ít✉❧♦ ✺ ♦s ♠ét♦❞♦s ❡ ♠♦❞❡❧♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❡♥❝♦♥tr❛r ❛s s♦❧✉çõ❡s ✭❡q✉✐❧í✲

❜r✐♦s✮ ❞♦s ❥♦❣♦s sã♦ ❛♣r❡s❡♥t❛❞♦s✳

❆♣r❡s❡♥t❛❞❛ t♦❞❛ ❛ t❡♦r✐❛ ❡ ❝♦♥t❡①t♦ ❞❡ ✉t✐❧✐③❛çã♦✱ ♦ ❝❛♣ít✉❧♦ ✻ s✐♥t❡t✐③❛ ♦ ♠ét♦❞♦

✉t✐❧✐③❛❞❛ ♥♦ tr❛❜❛❧❤♦✳ ◆♦ ❝❛♣ít✉❧♦ ✼ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ❡✱ ♣♦r ✜♠✱ ❛ ❝♦♥❝❧✉sã♦

é ❢❡✐t❛ ♥♦ ❝❛♣ít✉❧♦ ✽✳

①①✈✐



❈❛♣ít✉❧♦ ✷

▼❡r❝❛❞♦ ❛ér❡♦ ❜r❛s✐❧❡✐r♦

❆♣r❡s❡♥t♦✉✲s❡✱ ♥❛ ✜❣✉r❛✶✳✶ ✉♠❛ tr❛♥s✐çã♦ ✐♠♣♦rt❛♥t❡ q✉❡ ♦ ♠❡r❝❛❞♦ ❛ér❡♦ ❜r❛s✐❧❡✐r♦

s♦❢r❡✉ ♥♦s ú❧t✐♠♦s ✷✺ ❛♥♦s✿ ❛❧❣✉♠❛s ❡♠♣r❡s❛s s❛ír❛♠ ❞♦ ♠❡r❝❛❞♦ ❡ ♦✉tr❛s ❡♥tr❛r❛♠✳ ❖s

♣ró①✐♠♦s ♣❛rá❣r❛❢♦s ❞❡t❛❧❤❛♠ ✉♠ ♣♦✉❝♦ ♠❛✐s ❡ss❛s ♠✉❞❛♥ç❛s✳

❆s tr❛♥s❢♦r♠❛çõ❡s q✉❡ ♦❝♦rr❡r❛♠ ♥♦ ❝❡♥ár✐♦ ❞♦ tr❛♥s♣♦rt❡ ❛ér❡♦ ❜r❛s✐❧❡✐r♦ ❢♦r❛♠

❛❝♦♠♣❛♥❤❛❞❛s ♣♦r ✉♠❛ ♠✉❞❛♥ç❛ ❞❡ ♣♦❧ít✐❝❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❋❡rr❡✐r❛ ❬✾❪✱ ♦ ✐♥í❝✐♦ ❞♦s ❛♥♦s

✾✵ ❛♣r❡s❡♥t❛✈❛ ✉♠❛ s✐t✉❛çã♦ ❞❡ ❜❛✐①❛ ❝♦♥❝♦rrê♥❝✐❛ ✭❱❛r✐❣ ❞♦♠✐♥❛✈❛ 49% ❞♦ ♠❡r❝❛❞♦✮ ❡

❞❡ ♠❡r❝❛❞♦ ❢♦rt❡♠❡♥t❡ r❡❣✉❧❛❞♦✳ ❋♦✐ ❡♥tã♦ q✉❡ ❛s ❛✉t♦r✐❞❛❞❡s ❣♦✈❡r♥❛♠❡♥t❛✐s ✐♥✐❝✐❛r❛♠✱

❛ ♣❛rt✐r ❞❡ ✶✾✾✵✱ ♦s ♣r✐♠❡✐r♦s ♣❛ss♦s ♣❛r❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❞❡sr❡❣✉❧❛♠❡♥t❛çã♦✳

❖❧✐✈❡✐r❛❬✶✼❪ ❛♣r❡s❡♥t❛ ♦s ♣r✐♥❝✐♣❛✐s ♣❡rí♦❞♦s ✐♠♣♦rt❛♥t❡s ♥❛ r❡❣✉❧❛çã♦✴❞❡sr❡❣✉❧❛çã♦

❞♦ s❡t♦r ❛ér❡♦✿

❼ ✶✾✻✽✲✶✾✽✻ ✕ ❘❡❣✉❧❛çã♦ ❊str✐t❛ ❝♦♠ P♦❧ít✐❝❛ ■♥❞✉str✐❛❧

❼ ✶✾✽✻✲✶✾✾✷ ✕ ❘❡❣✉❧❛çã♦ ❊♥❢r❛q✉❡❝✐❞❛

❼ ✶✾✾✸✲✶✾✾✼ ✕ Pr✐♠❡✐r❛ ❘♦❞❛❞❛ ❞❡ ▲✐❜❡r❛❧✐③❛çã♦

❼ ✶✾✾✽✲✷✵✵✶ ✕ ❙❡❣✉♥❞❛ ❘♦❞❛❞❛ ❞❡ ▲✐❜❡r❛çã♦

❼ ✷✵✵✶✲✷✵✵✷ ✕ ◗✉❛s❡ ❉❡sr❡❣✉❧❛♠❡♥t❛çã♦

❼ ✷✵✵✸✲✷✵✵✹ ✕ ❘❡✲❘❡❣✉❧❛♠❡♥t❛çã♦

❼ ✷✵✵✺ ❡♠ ❞✐❛♥t❡ ✕ ❘❡t♦♠❛❞❛ ❞❛ ▲✐❜❡r❛❧✐③❛çã♦✳

①①✈✐✐



◆❡ss❡ ❝♦♥t❡①t♦ ♣♦❞❡✲s❡ ♠❛r❝❛r ❡✈❡♥t♦s ✐♠♣♦rt❛♥t❡s ♥❛ ❝♦♥str✉çã♦ ❞♦ ❝❡♥ár✐♦ ❛t✉❛❧ ❞♦

s❡t♦r✿

❼ ✶✾✾✻ ✲ ❆ ❚❆▼ ❞❡✐①❛ ❞❡ s❡r ✉♠❛ ❡♠♣r❡s❛ r❡❣✐♦♥❛❧

❼ ✷✵✵✶ ✲ ❆ ●♦❧ ❧✐♥❤❛s á❡r❡❛s ✐♥t❡❧✐❣❡♥t❡s ❝♦♠❡ç❛ s✉❛s ♦♣❡r❛çõ❡s

❼ ❚r❛♥s❜r❛s✐❧ ❡♥❝❡rr♦✉ s✉❛s ♦♣❡r❛çõ❡s ♥♦ ✜♥❛❧ ❞❡ ✷✵✵✶

❼ ❆✈✐❛♥❝❛ ❝♦♠❡ç❛ ❛ ♦♣❡r❛r ❡♠ ✷✵✵✷

❼ ❆ ❱❛s♣ ❡♥❝❡rr♦✉ s✉❛s ♦♣❡r❛çõ❡s ❡♠ ✷✵✵✹

❼ ❱❛r✐❣ ❡♥❝❡rr❛ s✉❛s ♦♣❡r❛çõs ❡♠ ✷✵✵✻ ❛♣ós ✉♠❛ sér✐❡ ❞❡ t✉r❜✉❧ê♥❝✐❛s

❼ ❆③✉❧ ❧✐♥❤❛s ❛ér❡❛s ❝♦♠❡ç❛ s✉❛s ♦♣❡r❛çõ❡s ❡♠ ✷✵✵✽

❉❡ss❛ ❢♦r♠❛✱ ♦ ✐♥í❝✐♦ ❞♦s ❛♥♦s ✷✵✵✵ é ♠❛r❝❛❞♦ ♣❡❧♦ ✜♠ ❞♦ ♣r✐♠❡✐r♦ ♦❧✐❣♦♣ó❧✐♦✱ ❝♦♠♦

❝♦♠❡♥t❛ ❋❡rr❡✐r❛ ❬✾❪✱ ✉♠ ♣❡rí♦❞♦ ❞❡ tr❛♥s✐çã♦ ♠❛r❝❛❞♦ ♣❡❧♦ ❞✉♦♣ó❧✐♦ ❡♥tr❡ ❚❆▼ ❡ ●❖▲

❬✼❪ ❡ ♦ ♣❡rí♦❞♦ ❛t✉❛❧ ♠❛r❝❛❞♦ ♣❡❧❛ ❝♦♥❝♦rrê♥❝✐❛ ❡♥tr❡ q✉❛tr♦ ❣r❛♥❞❡s ❡♠♣r❡s❛s✿ ▲❆❚❆▼✱

●❖▲✱ ❆③✉❧ ❡ ❆✈✐❛♥❝❛✳

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

❛♣r❡s❡♥t❛✲s❡ ❛❧❣✉♥s ❞❛❞♦s ❧❡✈❛♥t❛❞♦s ♣❡❧❛ ❆◆❆❈ ✭❆❣ê♥❝✐❛ ◆❛❝✐❛❧ ❞❡ ❆✈✐❛çã♦ ❈✐✈✐❧✮✳ ❆

✜❣✉r❛ ✷✳✶ ✐❧✉str❛ ❛ ♣❛rt✐❝✐♣❛çã♦ ♥♦ ♠❡r❝❛❞♦ ❞♦♠ést✐❝♦ ✲ ❘P❑ ✭❘❡✈❡♥✉❡ s❡❛t ❦✐❧♦♠❡t❡r✮ ✲

❞❛s ❡♠♣r❡s❛s ❜r❛s✐❧❡✐r❛s✳

◆♦t❛✲s❡ q✉❡ ❛ ♣❛r❝❡❧❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛s ❞❡♠❛✐s ❡♠♣r❡s❛s ❡q✉✐✈❛❧❡ ❛ ♠❡♥♦s ❞❡ 1%

❡✱ ❝❛✐✉ ❞❡s❞❡ ❛❜r✐❧ ❞❡ ✷✵✶✺✳ ■ss♦ ❛♣❡♥❛s r❡❢♦rç❛ q✉❡ ♦ ♠❡r❝❛❞♦ é ❞♦♠✐♥❛❞♦ ♣❡❧❛s q✉❛tr♦

❡♠♣r❡s❛s ▲❆❚❆▼✱ ●❖▲✱ ❆✈✐❛♥❝❛ ❡ ❆③✉❧✳ ❆❞❡♠❛✐s✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ❛ ♣❛rt✐❝✐♣❛çã♦ ❞❛s

❞✉❛s ❡♠♣r❡s❛s ❧í❞❡r❡s ❞❡ ♠❡r❝❛❞♦ ✈❡♠ ❝❛✐♥❞♦ ❝♦♠ ♦ ♣❛ss❛r ❞♦s ❛♥♦s✳ ❊♠ ❛❜r✐❧ ❞❡ ✷✵✶✺

▲❆❚❆▼ ❡ ●❖▲ ♣♦ss✉✐❛♠✱ ❝❛❞❛ ✉♠❛✱ ♠❛✐s ❞❡ 35% ❞♦ ♠❡r❝❛❞♦✳ ❏á ❡♠ ✷✵✶✽ ✱ ♥♦ ♠❡s♠♦

♠ês✱ ❝❛❞❛ ✉♠❛ ♣♦ss✉✐❛ ✉♠❛ ♣❛t✐❝✐♣❛çã♦ ✐♥❢❡r✐♦r ❛ 35%✳ ❙❡ ❝♦♠♣❛r❛❞❛ ❝♦♠ ❛❜r✐❧ ❞❡ ✷✵✶✼

❛ q✉❡❞❛ ♥❛ ♣❛rt✐❝✐♣❛çã♦ ❞❛s ❞✉❛s ❡♠♣r❡s❛s ❢♦✐ ❞❡ −3% ♣❛r❛ ❛ ●❖▲ ❡ −1, 9% ♣❛r❛ ❛

▲❆❚❆▼✳

❊♠ ❝♦♥tr❛ ♣❛rt✐❞❛✱ ❛s ❊♠♣r❡s❛s ❆✈✐❛♥❝❛ ❡ ❆③✉❧ ❛✉♠❡♥t❛r❛♠ s✉❛ ♣❛rt✐❝✐♣❛çã♦ ♥♦

♠❡r❝❛❞♦✳ ❆ ❆③✉❧ ❛❧❝❛♥ç♦✉ ♣❛rt✐❝✐♣❛çã♦ ❞❡ ✶✽✱✾✪ ♥♦ ♠ês✱ ❡♥q✉❛♥t♦ ❛ ❆✈✐❛♥❝❛ r❡s♣♦♥❞❡✉

①①✈✐✐✐



♣♦r ✶✹✱✹✪ ❞❛ ❞❡♠❛♥❞❛ ❞♦♠ést✐❝❛✱ r❡♣r❡s❡♥t❛♥❞♦ ✈❛r✐❛çõ❡s ♣♦s✐t✐✈❛s ❞❡ ✵✱✸✪ ❡ ❞❡ ✶✸✱✺✪✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆ss✐♠✱ ❛ ♣❛rt✐❝✐♣❛çã♦ ❞❛s ❞❡♠❛✐s ❡♠♣r❡s❛s✱ ❝♦♥❝♦rr❡♥t❡s ❞❛s ❞✉❛s ❧í❞❡r❡s✱ ❢♦✐ ❞❡

✸✸✱✼✪ ❡♠ ❛❜r✐❧ ❞❡ ✷✵✶✽✱ q✉❡ r❡♣r❡s❡♥t♦✉ ❛✉♠❡♥t♦ ❞❡ ✺✱✸✪ ♥❛ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦ ♣❡r❝❡♥✲

t✉❛❧ ❛♣✉r❛❞♦ ❡♠ ✐❣✉❛❧ ♠ês ❞♦ ❛♥♦ ❛♥t❡r✐♦r✳ ❉❡ss❛ ❢♦r♠❛✱ ♣♦❞❡✲s❡ ❛✜r♠❛r q✉❡ ♦ ❞✉♦♣ó❧✐♦

❡①✐st❡♥t❡ ♥♦ ✜♥❛❧ ❞♦s ❛♥♦s ✷✵✵✵ ❬✼❪✱ ♥ã♦ é ♠❛✐s ❛ ♠❡❧❤♦r ❡str✉t✉r❛ ♣❛r❛ s❡ ❛♥❛❧✐s❛r ♦

♠❡r❝❛❞♦ ❛ér❡♦ ❜r❛s✐❧❡✐r♦✳

❋✐❣✉r❛ ✷✳✶✿ P❛rt✐❝✐♣❛çã♦ ♥♦ ♠❡r❝❛❞♦ ❞♦♠ést✐❝♦ ✭❘P❑✮

❋♦♥t❡✿ ❆◆❆❈ ❬✷❪

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

r❛♠ ❡♠ ♥ú♠❡r♦ ❞❡ ♣❛ss❛❣❡✐r♦s✳ ❙❡❣✉♥❞♦ ❛ ❆◆❆❈ ❬✷❪✱ ❛ ❞❡♠❛♥❞❛ ❡♠ ❘P❑ ✭❘❡✈❡♥✉❡ s❡❛t

❦✐❧♦♠❡t❡r✮ r❡❣✐str♦✉ ❛✉♠❡♥t♦ ❞❡ 6, 3% ❡♠ ❛❜r✐❧ ❞❡ ✷✵✶✽ ❝♦♠♣❛r❛❞❛ ❝♦♠ ♦ ♠❡s♠♦ ♠ês

❞❡ ✷✵✶✼✳ ❆❝♦♠♣❛♥❤❛♥❞♦ ❛ ❝r❡s❝❡♥t❡ ❞❡♠❛♥❞❛✱ ❛ ♦❢❡rt❛ ❡♠ ❆❙❑ ✭❆✈❛✐❧❛❜❧❡ s❡❛t ❦✐❧♦♠❡✲

t❡r✮ r❡❣✐str♦✉ ✉♠ ❝r❡s❝✐♠❡♥t♦ ❞❡ 5, 8%✱ ♥❛ ♠❡s♠❛ ❝♦♠♣❛r❛çã♦✳ ❆ ✜❣✉r❛ ✷ ✐❧✉str❛ ❡ss❡s

❛✉♠❡♥t♦s✳

①①✐①



❋✐❣✉r❛ ✷✳✷✿ ❆❙❑ ❡ ❘P❑ ❞♦♠ést✐❝♦ ♠❡♥s❛❧ ✭❜✐❧❤õ❡s✮

❋♦♥t❡✿ ❆◆❆❈ ❬✷❪

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

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

❡♥tr❡ sí ❡ ❝♦♠ ♥♦✈♦s ❡♠♣r❡s❛s q✉❡ ✈❡♠ ❣❛♥❤❛♥❞♦ ❝❛❞❛ ✈❡③ ♠❛✐s ♣❛rt✐❝✐♣❛çã♦✳

❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦ ❇r❛s✐❧ ✈✐✈❡ ✉♠❛ ❝r✐s❡ ❡❝♦♥ô♠✐❝❛ ❡ ♣♦❧ít✐❝❛ ✐♥✐❝✐❛❞❛ ❞❡s❞❡ ✷✵✶✹✳

❆s ❝♦♥s❡q✉ê♥❝✐❛s s❡ ❡①t❡♥❞❡r❛♠ ❛♦ s❡t♦r ❛ér❡♦ ❜r❛s✐❧❡✐r♦✳ ❉❡✈❡✲s❡ ❡♥tã♦ ❧❡✈❛r ❡♠ ❝♦♥t❛

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

♣❡rí♦❞♦s✳

①①①



❈❛♣ít✉❧♦ ✸

■♥tr♦❞✉çã♦ ❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s

❯♠❛ ❛♣❧✐❝❛çã♦ ❜ás✐❝❛ ❞❛ ❚❡♦r✐❛ ❞♦s ❏♦❣♦s é ❛♣r❡s❡♥t❛❞❛ ♣♦r ❘♦♥❛❧❞♦ ❋✐❛♥✐ ❬✶✵❪ ❛♦

❛♥❛❧✐s❛r ❛ ❇❛t❛❧❤❛ ❞♦ ▼❛r ❞❡ ❇✐s♠❛❝❦✿

❊♠ ✶✾✹✷ ♦ ❛❧t♦ ❝♦♠❛♥❞♦ ❞❡ ❣✉❡rr❛ ❥❛♣♦♥ês ❞❡❝✐❞✐✉ tr❛♥s❢❡r✐r ✉♠ ♠❛❝✐ç♦ r❡❢♦rç♦ ❞❛

❈❤✐♥❛ ❡ ❞♦ ❏❛♣ã♦ ♣❛r❛ ▲❛❡✱ ❡♠ P❛♣✉❛ ✲ ◆♦✈❛ ●✉✐♥é✳ ❖ ♦❜❥❡t✐✈♦ ❡r❛ s❡ r❡❝✉♣❡r❛r ❞❛

❞❡rr♦t❛ ❞❡ ●✉❛❞❛❝❛♥❛❧ ❡ s❡ ♣r❡♣❛r❛r ♣❛r❛ ❛ ♣ró①✐♠❛ ♦❢❡♥s✐✈❛ ❛❧✐❛❞❛✳ ❊♥tr❡t❛♥t♦ ❤❛✈✐❛

✉♠ ♣r♦❜❧❡♠❛✿ ♦ ❢♦rt❡ ♣♦❞❡r✐♦ ❛ér❡♦ ❛❧✐❛❞♦✳

▼❡s♠♦ ❝♦♠ ♦ ♣❡r✐❣♦ ❞❡ s♦❢r❡r ✈ár✐❛s ❜❛✐①❛s ♥♦ ❞❡s❧♦❝❛♠❡♥t♦✱ ♦s ❥❛♣♦♥❡s❡s ❥✉♥t❛r❛♠

✉♠❛ ❢r♦t❛ ❞❡ ❝❡r❝❛ ❞❡ ✻✾✵✵ s♦❧❞❛❞♦s ❡ ♣❛rt✐r❛♠ r✉♠♦ ❛ ▲❛❡✳ ❖s ❥❛♣♦♥❡s❡s ♣♦ss✉í❛♠ ❞✉❛s

r♦t❛s ♣♦ssí✈❡✐s✿

❼ ❆ r♦t❛ ♣❡❧♦ s✉❧✿ ❛♣r❡s❡♥t❛✈❛ t❡♠♣♦ ❜♦♠ ❡ ❜♦❛ ✈✐s✐❜✐❧✐❞❛❞❡❀

❼ ❆ r♦t❛ ♣❡❧♦ ♥♦rt❡✿ ❛♣r❡s❡♥t❛✈❛ t❡♠♣♦ r✉✐♠ ❡ ❜❛✐①❛ ✈✐s✐❜✐❧✐❞❛❞❡✳

❉♦ ♦✉tr♦ ❧❛❞♦✱ ♦s ❛❧✐❛❞♦s ♣♦ss✉í❛♠ ❛✈✐õ❡s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ♣❛r❛ ♣❡sq✉✐s❛r ❛♣❡♥❛s ✉♠❛

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

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

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

♠á①✐♠♦ três ❞✐❛s ❞❡ ❜♦♠❜❛r❞❡✐♦✱ ❡♥q✉❛♥t♦ q✉❡ ❛ r♦t❛ ♥♦rt❡✱ ❞❡✈✐❞♦ ❛♦ t❡♠♣♦ r✉✐♠✱ ❢❛r✐❛

❝♦♠ q✉❡ ♦s ❛❧✐❛❞♦s ♣❡r❞❡ss❡♠ ✉♠ ❞✐❛ ❞❡ ❜♦♠❜❛r❞❡✐♦✳

❉❡ss❛ ❢♦r♠❛ ❡①✐st✐❛♠ q✉❛tr♦ ❝❡♥ár✐♦s ♣♦ssí✈❡✐s✿
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✶✳ ❏❛♣♦♥❡s❡s ❡s❝♦❧❤❡♠ r♦t❛ s✉❧ ❡ ❛❧✐❛❞♦s t❛♠❜é♠✿ ◆❡ss❡ ❝❛s♦ ♦s ❛❧✐❛❞♦s ❛✈✐st❛♠ ♦s ❥❛✲

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

❞✐❛s✳ ➱ ♦ ♣✐♦r ❝❡♥ár✐♦ ♣♦ssí✈❡❧ ♣❛r❛ ♦s ❏❛♣♦♥❡s❡s ♣♦✐s ♣r♦✈❛✈❡❧♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛rá

✉♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❜❛✐①❛s✳

✷✳ ❏❛♣♦♥❡s❡s ❡s❝♦❧❤❡♠ r♦t❛ s✉❧ ❡ ❛❧✐❛❞♦s r♦t❛ ♥♦rt❡✿ ❈♦♠♦ ♦s ❛❧✐❛❞♦s ❡rr❛r❛♠ ❛ r♦t❛

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

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

✸✳ ❏❛♣♦♥❡s❡s ❡s❝♦❧❤❡♠ r♦t❛ ♥♦rt❡ ❡ ❛❧✐❛❞♦s t❛♠❜é♠✿ ❖s ❛❧✐❛❞♦s ❧♦❝❛❧✐③❛♠ ♦s ❥❛♣♦♥❡s❡s

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

❞✉r❛♥t❡ ❞♦✐s ❞✐❛s✳

✹✳ ❏❛♣♦♥❡s❡s ❡s❝♦❧❤❡♠ r♦t❛ ♥♦rt❡ ❡ ❛❧✐❛❞♦s r♦t❛ s✉❧✿ ❖s ❛❧✐❛❞♦s ♣❡r❞❡♠ ✉♠ ❞✐❛ ❞❡✲

✈✐❞♦ ❛♦ ❡rr♦ ❞❛ r♦t❛ ❡ ♠❛✐s ✉♠ ❞✐❛ ❞❡✈✐❞♦ ❛♦ t❡♠♣♦ r✉✐♠ ❞❛ r♦t❛ ❡s❝♦❧❤✐❞❛ ♣❡❧♦s

❥❛♣♦♥❡s❡s✳ ❊ss❡ é ♦ ♠❡❧❤♦r ❝❛s♦ ♣❛r❛ ♦s ❥❛♣♦♥❡s❡s✱ ♣♦✐s s♦❢r❡♠ ❛♣❡♥❛s ✉♠ ❞✐❛ ❞❡

❜♦♠❜❛r❞❡✐♦s✳

❆ t❛❜❡❧❛ ✸✳✶ ✐❧✉str❛ ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❛❞♦t❛❞♦✿

❋♦rç❛s ❛❧✐❛❞❛s
❈♦♠❜♦✐♦ ❏❛♣♦♥ês

❘♦t❛ s✉❧ ❘♦t❛ ♥♦rt❡
❇✉s❝❛ r♦t❛ s✉❧ ♥♦ ♣r✐♠❡✐r♦ ❞✐❛ ✸ ❞✐❛s ❞❡ ❜♦♠❜❛r❞❡✐♦ ✶ ❞✐❛ ❞❡ ❜♦♠❜❛r❞❡✐♦

❇✉s❝❛ r♦t❛ ♥♦rt❡ ♥♦ ♣r✐♠❡✐r♦ ❞✐❛ ✷ ❞✐❛s ❞❡ ❜♦♠❜❛r❞❡✐♦ ✷ ❞✐❛s ❞❡ ❜♦♠❜❛r❞❡✐♦

❚❛❜❡❧❛ ✸✳✶✿ P♦ss✐❜✐❧✐❞❛❞❡s ❞♦ ▼❛r ❞❡ ❇✐s♠❛r❝❦
❋♦♥t❡✿ ❘♦♥❛❧❞♦ ❋✐❛♥✐ ✲ ❚❡♦r✐❛ ❞♦s ❥♦❣♦s ✽➟

P❡r❝❡❜❡✲s❡ q✉❡ ♦ ♠♦❞❡❧♦ ❛❞♦t❛❞♦ ♣❡r♠✐t❡ t❛♥t♦ ❛♦s ❥❛♣♦♥❡s❡s q✉❛♥t♦ ❛♦s ❛❧✐❛❞♦s

t♦♠❛r❡♠ s✉❛s ❞❡❝✐sõ❡s✳

P❛r❛ ♦s ❥❛♣♦♥❡s❡s ❛ ♠❡❧❤♦r r♦t❛ é ❛ ♥♦rt❡✱ ♣♦✐s✱ ♣❛r❛ ❛s ❞✉❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡

❡s❝♦❧❤❛ ❞♦s ❛❧✐❛❞♦s✱ s♦❢r❡rá ♠❡♥♦r ❞❛♥♦s✳ ❙❛❜❡♥❞♦ q✉❡ ❛ ♠❡❧❤♦r r♦t❛ ♣❛r❛ ♦s ❥❛♣♦♥❡s❡s é

❛ ♥♦rt❡✱ ♦s ❛❧✐❛❞♦s t❛♠❜é♠ ❞❡✈❡♠ ♦♣t❛r ♣♦r ❡❧❛✳ ❋♦✐ ❡①❛t❛♠❡♥t❡ ✐ss♦ q✉❡ ❛❝♦♥t❡❝❡✉✿ ✶➸

❞❡ ♠❛rç♦ ❞❡ ✶✾✹✷ ♦ ❝♦♠❜♦✐♦ ❥❛♣♦♥ês ❢♦✐ ❛✈✐st❛❞♦ ♣♦r ✉♠ ❜♦♠❜❛r❞❡✐r♦ ❞❡ ♣❛tr✉❧❤❛ ❇✲✷✹

▲✐❜❡r❛t♦r✳
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❖ ❝♦♥❝❡✐t♦ ❞❡ ❛♠❜♦s ♦s ♣❧❛②❡rs t♦♠❛r❡♠ ❛ ♠❡❧❤♦r ❞❡❝✐sã♦ ♣❛r❛ sí é ❝♦♥❤❡❝✐❞♦ ❞❡♥tr♦

❞❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s ❝♦♠♦ ❊q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤✳

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

té❣✐❝❛s r❛❝✐♦♥❛❧♠❡♥t❡✳ ❊♥tr❡t❛♥t♦✱ ♥❛s ♠❛✐s ✈❛st❛s ❛♣❧✐❝❛çõ❡s ❡ ❛♥á❧✐s❡s ❞✐ár✐❛s é ❞✐❢í❝í❧

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

❞♦s ❥♦❣♦s✳ P❛r❛ s❛♥❛r ❡ss❡s ♣r♦❜❧❡♠❛s✱ t❡ór✐❝♦s ❞❛ ár❡❛ ❞❡s❡♥✈♦❧✈❡r❛♠ ❝♦♥❝❡✐t♦s ❜ás✐❝♦s✱

❡str✉t✉r❛s ❡ ♠♦❞❡❧♦s q✉❡ ♣♦❞❡♠ s❡r ❛❞❡q✉❛❞♦s ❛♦s ♠❛✐s ❞✐✈❡rs♦s ❝❡♥ár✐♦s ❡♥❝♦♥tr❛❞♦s✱

❢❛❝✐❧✐t❛♥❞♦✱ ❛ss✐♠✱ ❛ ✉t✐❧✐③❛çã♦ ❞❛ t❡♦r✐❛✳

✸✳✶ ❍✐♣ót❡s❡s ✐♥✐❝✐❛✐s

❉❡ ❛❝♦r❞♦ ❝♦♠ ❉♦♥ár✐♦ ❬✽❪ ✱ ❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s é ❝♦♥str✉í❞❛ ❛ ♣❛rt✐r ❞❡ ❞♦✐s ♣r❡ss✉✲

♣♦st♦s ❜ás✐❝♦s✿

❼ ❈❛❞❛ ❥♦❣❛❞♦r t❡♠ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❢♦rt❡♠❡♥t❡ r❛❝✐♦♥❛❧ ✭t❡♦r✐❛ ❞❛ ❡s❝♦❧❤❛ r❛❝✐♦✲

♥❛❧✮✱

❼ ❚♦❞♦s ♦s ❥♦❣❛❞♦r❡s sã♦ ♠♦✈✐❞♦s ♣♦r ❛❧❣✉♠❛ ♥♦çã♦ ❞❡ ❡q✉✐❧í❜r✐♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ t❡♦r✐❛ ❞❛ ❡s❝♦❧❤❛ r❛❝✐♦♥❛❧✱ ✉♠ ❛❣❡♥t❡ r❛❝✐♦♥❛❧ é ❛q✉❡❧❡ q✉❡ ✉t✐❧✐③❛ ❛

❧ó❣✐❝❛ ❡ ♣r❡♠✐ss❛s ❥✉st✐✜❝❛❞❛s ❝♦♠ ❛r❣✉♠❡♥t♦s r❛❝✐♦♥❛✐s ♣❛r❛ ❝❤❡❣❛r às s✉❛s ❝♦♥❝❧✉sõ❡s✳

❆❧é♠ ❞✐ss♦✱ ✉t✐❧✐③❛ ❡✈✐❞ê♥❝✐❛s ❡♠♣ír✐❝❛s ❝♦♠ ✐♠♣❛r❝✐❛❧✐❞❛❞❡ ❛♦ ❥✉❧❣❛r ❛✜r♠❛çõ❡s✳

✸✳✷ ❈♦♥❝❡✐t♦s ❜ás✐❝♦s

■♥✐❝✐❛❧♠❡♥t❡✱ ♣r❡❝✐s❛✲s❡ ❡♥t❡♥❞❡r ❝♦♠♦ ♠♦❞❡❧❛r ✉♠ ❥♦❣♦✳ ❖ ♠♦❞❡❧♦ é ✉♠❛ r❡♣r❡s❡♥✲

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

✐♠♣♦rt❛♥t❡s ♣❛r❛ ❛ ❛♥á❧✐s❡✳

❯♠ ❝♦♥❝❡✐t♦ ❜ás✐❝♦ é ❞❡ ❛çã♦✱ ♦✉ ♠♦✈✐♠❡♥t♦✳ ❉❡♥tr♦ ❞♦s ♠♦❞❡❧♦s ❞❡ ✐♥t❡r❛çõ❡s

❡str❛té❣✐❝❛s✱ ♦s ❥♦❣❛❞♦r❡s ❜✉s❝❛♠ ♦ ♠❡❧❤♦r r❡s✉❧t❛❞♦ ♣❛r❛ sí✱ ❡✱ ❛ ✐♥t❡r❛çã♦ ♦❝♦rr❡ ❥✉st❛✲

♠❡♥t❡ ♥❡ss❛ ❜✉s❝❛✳ ❖s ♣❛rt✐❝✐♣❛♥t❡s sã♦ ♦❜r✐❣❛❞♦s ❛ ❛❣✐r✿ ✉♠❛ ❛çã♦ ✭♦✉ ♠♦✈✐♠❡♥t♦✮ é
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✉♠❛ ❡s❝♦❧❤❛ ✭✉♠ ❡❧❡♠❡♥t♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦✮ q✉❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❥♦❣❛❞♦r ♣♦❞❡ ❢❛③❡r ❡♠

❞❡t❡r♠✐♥❛❞♦ ♠♦♠❡♥t♦ ❞♦ ❥♦❣♦✳

❯t✐❧✐③❛♥❞♦✲s❡ í♥❞✐❝❡s i = 1, 2, 3, ..., n ♣❛r❛ r❡♣r❡s❡♥t❛r ♦s ❥♦❣❛❞♦r❡s✱ ♦ ❝♦♥❥✉♥t♦ ❞❡

❛çõ❡s ❞♦ i−és✐♠♦ ❥♦❣❛❞♦r ❧✐st❛ t♦❞❛s ❛s ♣♦ssí✈❡✐s ❛çõ❡s ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ❡st❡ ❥♦❣❛❞♦r✳ ◆♦

❡①❡♠♣❧♦ ❞♦ ♠❛r ❞❡ ❇✐s♠❛❝❦ ✭✉t✐❧✐③❛♥❞♦ 1 ♣❛r❛ r❡♣r❡s❡♥t❛r ❛s ❢♦rç❛s ❛❧✐❛❞❛s ❡ 2 ♣❛r❛ ❛s

tr♦♣❛s ❥❛♣♦♥❡s❛s✿

A1 = {sul, norte}

A2 = {sul, norte}

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

♦ ❥♦❣❛❞♦r q✉❡ ❞❡❝✐❞❡ ❡♠ ❞❡t❡r♠✐♥❛❞❛ ❡t❛♣❛ s❡❣✉✐♥t❡ ❝♦♥❤❡❝❡ ♦✉ ♥ã♦ ❛ ❞❡❝✐sã♦ ❞♦ ❥♦❣❛❞♦r

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

❼ ❏♦❣♦s s✐♠✉❧tâ♥❡♦s✿ ❙ã♦ ❛q✉❡❧❡s ♥♦s q✉❛✐s ❝❛❞❛ ❥♦❣❛❞♦r ✐❣♥♦r❛ ❛s ❞❡❝✐sõ❡s ❞♦s ❞❡♠❛✐s

❥♦❣❛❞♦r❡s ♥♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ t♦♠❛ ❛ s✉❛ ♣ró♣r✐❛✳

❼ ❏♦❣♦s s❡q✉❡♥❝✐❛✐s✿ ♦s ❥♦❣❛❞♦r❡s t♦♠❛♠ ❞❡❝✐sõ❡s s❛❜❡♥❞♦ q✉❛✐s ❢♦r❛♠ ❛s ❛çõ❡s ❞♦s

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

♣r❡❞❡t❡r♠✐♥❛❞❛✳

✸✳✸ ❘❡♣r❡s❡♥t❛çã♦ ❞♦s ❏♦❣♦s s✐♠✉❧tâ♥❡♦s

P❛r❛ ❝❛r❛❝t❡r✐③❛r ♠❡❧❤♦r ❡ss❡ ♠♦❞❡❧♦ ❞❡ ❥♦❣♦s✱ ♣r❡❝✐s❛✲s❡ ❞♦s ❝♦♥❝❡✐t♦s ❞❡ r❡❝♦♠✲

♣❡♥s❛ ❡ ❡str❛té❣✐❛✳ ❆♦ ✜♥❛❧ ❞❡ t♦❞❛s ❛s ❛çõ❡s✱ ♦✉ s❡❥❛✱ ❡♥❝❡rr❛❞♦ ♦ ❥♦❣♦✱ t♦❞♦s ♦s ❥♦❣❛❞♦r❡s✱

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ♠♦✈✐♠❡♥t♦s t♦♠❛❞♦s✱ s♦❢r❡♠ ❝♦♥s❡q✉ê♥❝✐❛s ✭♣♦s✐t✐✈❛s ♦✉ ♥❡❣❛t✐✈❛s✮✳ ❊s✲

s❛s ❝♦♥s❡q✉ê♥❝✐❛s sã♦ ❝❤❛♠❛❞❛s ❞❡ r❡❝♦♠♣❡♥s❛s✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✿ r❡❝♦♠♣❡♥s❛ é ♦

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

❆ss✐♠✱ t❡♥❞♦ ❞♦✐s ♣♦ssí✈❡✐s r❡s✉❧t❛❞♦s x ❡ y é ♣♦ssí✈❡❧ ❞❡✜♥✐r✲s❡ ✉♠❛ ❢✉♥çã♦ r❡❝♦♠✲

♣❡♥s❛ f ❞❡ t❛❧ ❢♦r♠❛ q✉❡✿

f(x) ≥ f(y) s❡♠♣r❡ q✉❡ x � y

❖♥❞❡ f(x) ≥ f(y)s✐❣♥✐✜❝❛ f(x) é ♠❛✐♦r ♦✉ ✐❣✉❛❧ ❛ f(y) ❡ x � y s✐❣♥✐✜❝❛ x é ♣❡❧♦

♠❡♥♦s tã♦ ♣r❡❢❡rí✈❡❧ q✉❛♥t♦ y✳ ❖ q✉❡ ❛ ❢✉♥çã♦ r❡❝♦♠♣❡♥s❛ ❢❛③ é tr❛♥s❢♦r♠❛r ❡♠ ♥ú♠❡r♦s
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❛s ♣r❡❢❡rê♥❝✐❛s ❞❡ ❝❛❞❛ ❥♦❣❛r ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ❝♦♠♣❛rá✲❧❛s✳

➱ ✐♥t❡r❡ss❛♥t❡ ♥♦t❛r q✉❡ � r❡♣r❡s❡♥t❛ ✉♠❛ r❡❧❛çã♦ ❞❡ ♣r❡❢❡rê♥❝✐❛ ❡ ♥ã♦ ✉♠❛ r❡❧❛çã♦

q✉❛♥t✐t❛t✐✈❛✳ ❖✉tr❛s sí♠❜♦❧♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ r❡♣r❡s❡♥t❛r r❡❧❛çõ❡s ❞❡ ♣r❡❢❡rê♥❝✐❛ sã♦✿

x ≻ y : ❧ê✲s❡ x é ❡str✐t❛♠❡♥t❡ ♣r❡❢❡rí✈❡❧ ❛ y✱

x ∼ y : ❧ê✲s❡ x é ✐♥❞✐❢❡r❡♥t❡ ❝♦♠ r❡❧❛çã♦ ❛ y.

❉❡ ❛❝♦r❞♦ ❝♦♠ ❘♦♥❛❧❞♦ ❋✐❛♥✐ ❬✶✵❪✱ ❛ ❢✉♥çã♦ r❡❝♦♠♣❡♥s❛ ♥ã♦ ❜✉s❝❛ ♠❡❞✐r ❛s ♣r❡❢❡✲

rê♥❝✐❛s✱ ❛♣❡♥❛s ♦r❞❡♥á✲❧❛s✳ ❉❡ss❛ ❢♦r♠❛✱ q✉❛❧q✉❡r ❢✉♥çã♦ ♠❛t❡♠át✐❝❛ q✉❡ ❛tr✐❜✉❛ ✈❛❧♦r❡s

❛♦s r❡s✉❧t❛❞♦s ❞♦ ❥♦❣♦✱ ❡✱ q✉❡ r❡s♣❡✐t❡♠ ❛ ♦r❞❡♠ ❞❡ ♣r❡❢❡rê♥❝✐❛ ❞♦ ❥♦❣❛❞♦r é ✈á❧✐❞♦✳ ❆❞❡✲

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

❡ ♥✉♥❝❛ ♣❛r❛ ♦r❞❡♥❛r ❛s ♣r❡❢❡rê♥❝✐❛s ❞❡ ❥♦❣❛❞♦r❡s ❞✐❢❡r❡♥t❡s✳

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

♣❛♥t❡ ♦❜té♠ ❛♦ ✜♥❛❧ ❞♦ ❥♦❣♦✳ ▼❛s é ❡①tr❡♠❛♠❡♥t❡ ❝♦♠✉♠ ✉t✐❧✐③❛r ❢❛t♦r❡s ♠♦♥❡tár✐♦s

♣❛r❛ ♦r❞❡♥❛r ❛s ♣r❡❢❡rê♥❝✐❛s ❞❡ ❝❛❞❛ ✉♠ ❞♦s ♣❧❛②❡rs✳ ❊ss❛ ú❧t✐♠❛ ❝♦♥str✉çã♦ ❡♥✈♦❧✈❡ ❛

❤✐♣ót❡s❡ ❞❡ q✉❡ ♦s ❝♦♠♣❡t✐❞♦r❡s ♣r❡❢❡r❡♠ ♠❛✐s ❞✐♥❤❡✐r♦ ❛ ♠❡♥♦s✱ ♦ q✉❡ é ❜❡♠ ♣❧❛✉sí✈❡❧✳

❉❡✜♥✐❞❛s ❛s ❢✉♥çõ❡s r❡❝♦♠♣❡♥s❛s ❡ ❛s ♣♦ssí✈❡✐s ❛çõ❡s q✉❡ ❝❛❞❛ ✉♠ ❞♦s ❥♦❣❛❞♦r❡s

♣♦❞❡ t♦♠❛r✱ ♣♦❞❡✲s❡ ❞❡✜♥✐r ❡str❛té❣✐❛✿ é ✉♠ ♣❧❛♥♦ ❞❡ ❛çõ❡s ♦✉ s❡q✉ê♥❝✐❛s ❞❡ ♠♦✈✐♠❡♥t♦s

♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❥♦❣❛❞♦r q✉❡ ❡s♣❡❝✐✜❝❛ q✉❛✐s s❡rã♦ ❛s ❞❡❝✐sõ❡s t♦♠❛❞❛s ❡♠ ❝❛❞❛ ✉♠

❞♦s ♠♦♠❡♥t♦s ❞♦ ❥♦❣♦ q✉❡ ❡❧❡ ❞❡✈❡ ❞❡❝✐❞✐r✳

❈❤❛♠❛✲s❡ ❞❡ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s ✭♦✉ ❡s♣❛ç♦ ❞❡ ❡str❛té❣✐❛s✮ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛✲

té❣✐❛s q✉❡ ❝❛❞❛ ❥♦❣❛❞♦r ♣♦ss✉✐✳ ❯t✐❧✐③❛✲s❡ ❛s s❡❣✉✐♥t❡s r❡♣r❡s❡♥t❛çõ❡s✿

Si = {sij}✳ S
ié ♦ ❝♦♥❥✉♥t♦ ❡♠ q✉❡stã♦ ♣❛r❛ ♦ ❥♦❣❛❞♦r i ❡ sij é ❛ j−és✐♠❛ ❡str❛té❣✐❛

♣♦ssí✈❡❧ ♣❛r❛ ♦ ❥♦❣❛❞♦r i✳

S = (s1, ..., sn) : ❝♦♠❜✐♥❛çã♦ ❞❡ ❡str❛té❣✐❛s✳ ❈❛❞❛ ❡❧❡♠❡♥t♦ ❞❡ S é ✉♠❛ ❡str❛té❣✐❛

♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s n ❥♦❣❛❞♦r❡s✳

P♦❞❡✲s❡ ✉t✐❧✐③❛r t♦❞♦s ❡ss❡s ❝♦♥❝❡✐t♦s ♣❛r❛ r❡♣r❡s❡♥t❛r ❥♦❣♦s s✐♠✉❧tâ♥❡♦s✳ ❆ ♠❛♥❡✐r❛

♠❛✐s s✐♠♣❧❡s ❡ ✉s✉❛❧ ❞❡ ❛♣r❡s❡♥t❛r ❡ss❡ ♠♦❞❡❧♦ é ❛tr❛✈és ❞❛ ❢♦r♠❛ ❡str❛té❣✐❝❛ ♦✉ ♥♦r♠❛❧✳ ❆

t❛❜❡❧❛ ✸✳✶✱ ✉t✐❧✐③❛❞❛ ♣❛r❛ r❡s✉♠✐r ♦ ❝❛s♦ ❞♦ ♠❛r ❞❡ ❇✐s♠❛❝❦ é ✉♠ ❡①❡♠♣❧♦ ❞❡ r❡♣r❡s❡♥t❛çã♦

❡str❛té❣✐❝❛✳ ❊ss❛ r❡♣r❡s❡♥t❛çã♦ é ❝♦♥st✐t✉í❞❛ ♣♦r ✉♠❛ t❛❜❡❧❛ ♥❛ q✉❛❧ ❛s ❡str❛té❣✐❛s ❞❡

✉♠ ❥♦❣❛❞♦r s❡ ❡♥❝♦♥tr❛♠ ♥❛s ❧✐♥❤❛s ❡ ❛s ❡str❛té❣✐❛s ❞♦ ♦✉tr♦ ❥♦❣❛❞♦r s❡ ❡♥❝♦♥tr❛♠ ♥❛s
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❝♦❧✉♥❛s✳ ❆❧é♠ ❞❛s ❡str❛té❣✐❛s ♣♦ssí✈❡✐s ❞❡ ❝❛❞❛ ❥♦❣❛❞♦r✱ ❛ ❢♦r♠❛ ❡str❛té❣✐❝❛ ❛♣r❡s❡♥t❛ ❛s

r❡❝♦♠♣❡♥s❛s ♣❛r❛ ❝❛❞❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ❡str❛té❣✐❛s✳ ❯t✐❧✐③❛♥❞♦ ♥♦✈❛♠❡♥t❡ ♦ ❡①❡♠♣❧♦ ❞♦

♠❛r ❞❡ ❇✐s♠❛r❝❦ ♣❛r❛ ✐❧✉str❛r✿ ♣❛r❛ ❛ ❝♦♠❜✐♥❛çã♦ S = (Sul, Sul),♦✉ s❡❥❛✱ ❝♦♥s✐❞❡r❛♥❞♦

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

r❡❝♦♠♣❡♥s❛ s❡rá ✸ ❞✐❛s ❞❡ ❜♦♠❜❛r❞❡✐♦✳

◆♦ ❡①❡♠♣❧♦ ✐❧✉str❛❞♦ t❡♠♦s ❛♣❡♥❛s ❞♦✐s ❥♦❣❛❞♦r❡s✱ ❡♥tr❡t❛♥t♦ ♣♦❞❡✲s❡ ❡①♣❛♥❞✐r ❡ss❛

r❡♣r❡s❡♥t❛çã♦ ♣❛r❛ n ❥♦❣❛❞♦r❡s✳

✸✳✹ ❘❡♣r❡s❡♥t❛çã♦ ❞♦s ❏♦❣♦s s❡q✉❡♥❝✐❛✐s

❉✐❢❡r❡♥t❡ ❞♦s ❥♦❣♦s s✐♠✉❧tâ♥❡♦s✱ ♦s ❥♦❣♦s s❡q✉ê♥❝✐❛s ♦❝♦rr❡♠ ❝♦♠ ✐♥t❡r❛çõ❡s ❡♠

❡t❛♣❛s s✉❝❡ss✐✈❛s✳ ❯♠❛ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ss❡ ♠♦❞❡❧♦ é ❛ ❡①✐stê♥❝✐❛ ❞❡ ✐♥❢♦r♠❛çõ❡s

s♦❜r❡ ❡✈❡♥t✉❛✐s ❞❡s❞♦❜r❛♠❡♥t♦s ❢✉t✉r♦s ❞❛s ❡s❝♦❧❤❛s ❞♦s ❥♦❣❛❞♦r❡s✳ ❆ss✐♠✱ ♦s ❥♦❣❛❞♦r❡s

❢❛③❡♠ ❡s❝♦❧❤❛s ❛ ♣❛rt✐r ❞❡ ❡s❞♦❧❤❛s ❥á ❢❡✐t❛s ❛♥t❡r✐♦r♠❡♥t❡✳

P❛r❛ r❡♣r❡s❡♥t❛r ❡ss❛s ❞❡❝✐sõ❡s s✉❝❡ss✐✈❛s ✉t✐❧✐③❛✲s❡✱ ♠❛✐s ❝♦♠✉♠❡♥t❡✱ ✉♠❛ ár✈♦r❡

❞❡ ❥♦❣♦s✳ ❊ss❛ r❡♣r❡s❡♥t❛çã♦ é ❝♦♠♣♦st❛ ♣♦r ♥ós ❡ r❛♠♦s✿

❼ ◆ós✿ ❘❡♣r❡s❡♥t❛♠ ✉♠❛ ❡t❛♣❛ ❞♦ ❥♦❣♦ ♥❛ q✉❛❧ ❛❧❣✉♠ ❞♦s ❥♦❣❛❞♦r❡s ❞❡✈❡ t♦♠❛r ✉♠❛

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

❼ ❘❛♠♦s✿ ❙ã♦ ❛s ❞❡❝✐sõ❡s t♦♠❛❞❛s ♣❡❧♦s ❥♦❣❛❞♦r❡s ♣❛r❛ ❝❛❞❛ ♥ó✳ ❯♠ r❛♠♦ é ✉♠❛

❛çã♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❛çõ❡s ❞♦ ❥♦❣❛❞♦r✱ ❡♠ ✉♠ ❞❛❞♦ ♥ó✳ ❙ã♦ r❡♣r❡s❡♥t❛❞♦s ❝♦♠

✢❡❝❤❛s✳

➚ ♠❡❞✐❞❛ q✉❡ ♦ ❥♦❣♦ ❛✈❛♥ç❛ ❡ ❝❛❞❛ ♥ó é ♣❡r❝♦rr✐❞♦✱ ♦✉tr♦s ♥ós ♣❛ss❛♠ ❛ s❡r ♣♦ssí✈❡✐s✱

♦✉ s❡❥❛✱ ❝❛❞❛ ❞❡❝✐sã♦ ❞❡ ✉♠ ❥♦❣❛❞♦r t♦r♥❛ ♣♦ssí✈❡❧ ♦✉tr❛s ❞❡❝✐sõ❡s ❞♦s ❞❡♠❛✐s ❥♦❣❛❞♦r❡s✳

P❛r❛ ❝♦♥str✉✐r ✉♠❛ ár✈♦r❡ ❞❡✈❡✲s❡ s❡❣✉✐r ❛❧❣✉♠❛s r❡❣r❛s ❜ás✐❝❛s ❬✶✵❪✿

✶✳ ❚♦❞♦ ♥ó ❞❡✈❡ s❡r ♣r❡❝❡❞✐❞♦ ♣♦r✱ ♥♦ ♠á①✐♠♦✱ ✉♠ ♦✉tr♦ ♥ó ❛♣❡♥❛s❀

✷✳ ◆❡♥❤✉♠ r❛♠♦ ♣♦❞❡ ❧✐❣❛r ✉♠ ♥ó ❛ ❡❧❡ ♠❡s♠♦❀

✸✳ ❚♦❞♦ ♥ó ♥❛ ár✈♦r❡ ❞❡ ❥♦❣♦s ❞❡✈❡ s❡r s✉❝❡ss♦r ❞❡ ✉♠ ú♥✐❝♦ ❡ ♠❡s♠♦ ♥ó ✐♥✐❝✐❛❧✳
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❊ss❡ ♠♦❞❡❧♦ trás ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❞❡✜♥✐r♠♦s ❝♦♥❥✉♥t♦ ❞❡ ✐♥❢♦r♠❛çõ❡s✿ é ❝♦♥st✐t✉í❞♦ ♣❡❧♦s

♥ós q✉❡ ♦ ❥♦❣❛❞♦r ♣♦❞❡ ✭♦✉ ❛❝r❡❞✐t❛ q✉❡ ♣♦❞❡✮ ❡st❛r ❡♠ ✉♠❛ ❞❛❞❛ ❡t❛♣❛ ❞♦ ❥♦❣♦✳ ❆ ♣❛rt✐r

❞❡ss❛ ❞❡✜♥✐çã♦ ♣♦❞❡✲s❡ ❞✐✈✐❞✐r ♦s ❥♦❣♦s ❡♠ ❞♦✐s ❣r✉♣♦s✿

❼ ❏♦❣♦s ❞❡ ✐♥❢♦r♠❛çã♦ ♣❡r❢❡✐t❛✿ ♦❝♦rr❡ q✉❛♥❞♦ t♦❞♦s ♦s ❥♦❣❛❞♦r❡s ❝♦♥❤❡❝❡♠ t♦❞❛ ❛

❤✐stór✐❛ ❞♦ ❥♦❣♦ ❛té ♦ ♠♦♠❡♥t♦ ❞❡ ❢❛③❡r❡♠ s✉❛ ♣ró①✐♠❛ ❡s❝♦❧❤❛✳ ❖✉ s❡❥❛✱ s❛❜❡

❡①❛t❛♠❡♥t❡ ❡♠ q✉❛❧ ♥ó ❡stá ❡ ❡♠ q✉❛✐s ♥ós ♣♦❞❡ ❝❤❡❣❛r✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ✉♠

❥♦❣♦ ❞❡ ✐♥❢♦r♠❛çã♦ ♣❡r❢❡✐t❛ é ❛q✉❡❧❡ ♥♦ q✉❛❧ t♦❞♦s ♦s s❡✉s ❝♦♥❥✉♥t♦s ❞❡ ✐♥❢♦r♠❛çõ❡s

sã♦ ✉♥✐tár✐♦s✳

❼ ❏♦❣♦s ❞❡ ✐♥❢♦r♠❛çã♦ ✐♠♣❡r❢❡✐t❛✿ ♦❝♦rr❡ q✉❛♥❞♦ ❛❧❣✉♠ ❥♦❣❛❞♦r ❞❡✈❡ ❢❛③❡r ❛❧❣✉♠

♠♦✈✐♠❡♥t♦ s❡♠ ❝♦♥❤❡❝❡r t♦❞❛ ❛ ❤✐stór✐❛ ❛té ♦ ♠♦♠❡♥t♦ ❞❛ ❡s❝♦❧❤❛✳ ❖✉ s❡❥❛✱ ♦

❥♦❣❛❞♦r ♥ã♦ s❛❜❡ ❡①❛t❛♠❡♥t❡ ❡♠ q✉❛❧ ♥ó ❡stá✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ✉♠ ❥♦❣♦ ❞❡

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

♥ã♦ é ✉♥✐tár✐♦✳

❖ ♦❜❥❡t✐✈♦ ❞❡ss❛s r❡♣r❡s❡♥t❛çõ❡s ❡ ❞❡✜♥✐çõ❡s é ♣❡r♠✐t✐r ✉♠❛ ❛♥á❧✐s❡ ♠❛✐s ❢♦r♠❛❧ ❡ ❝♦♠✲

♣❧❡t❛ ❞♦s ❥♦❣♦s ❛ ✜♠ ❞❡ ❝♦♥❤❡❝❡r ❛s ♠❡❧❤♦r❡s ❡str❛té❣✐❛s✳ ❖ ♦❜❥❡t✐✈♦ ❞❡ss❡ tr❛❜❛❧❤♦ é

s♦❧✉❝✐♦♥❛r ❡ss❡s ❥♦❣♦s✳ ❖ ♣r♦①✐♠♦ ❝❛♣ít✉❧♦ ❡♥tr❛ ♠❛✐s ❛ ❢✉♥❞♦ ❡♠ ♠ét♦❞♦s ♣❛r❛ s♦❧✉❝✐♦♥❛r

❥♦❣♦s s✐♠✉❧tâ♥❡♦s✱ ❢♦❝❛♥❞♦ ♥❛ t❡♦r✐❛ ❞❡s❡♥✈♦❧✈✐❞❛ ♣❡❧♦ ♠❛t❡♠át✐❝♦ ❏♦❤♥ ◆❛s❤✳
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❈❛♣ít✉❧♦ ✹

❆❧❣✉♠❛s ❛♣❧✐❝❛çõ❡s ❞❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s

❆ ✉t✐❧✐③❛çã♦ ❞❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s ♣❛r❛ ❡st✉❞♦s ❡ ❛♥á❧✐s❡s ❞❡ ♠❡r❝❛❞♦s✱ ♥❛s ♠❛✐s

❞✐✈❡rs❛s ár❡❛s✱ ✈❡♠ s❡ ❢♦rt❛❧❡❝❡♥❞♦✳ ❈♦♠♦ ❝♦♠❡♥t❛ P❛rs♦♥s ❬✶✽❪✱ ❡♠ s❡✉ ❡st✉❞♦ s♦❜r❡

❚❡♦r✐❛ ❞♦s ❥♦❣♦s ❡ ❉❡❝✐sõ❡s ❡♠ ♠❡r❝❛❞♦s ❝♦♠ ♠ú❧t✐♣❧♦s ❛❣❡♥t❡s✿

✏■♥ t❤❡ ❧❛st ❢❡✇ ②❡❛rs✱ t❤❡r❡ ❤❛s ❜❡❡♥ ✐♥❝r❡❛s✐♥❣ ✐♥t❡r❡st ✐♥ t❤❡ ✉s❡ ♦❢ t❡❝❤♥✐q✉❡s ❢r♦♠

❞❡❝✐s✐♦♥ t❤❡♦r② ❛♥❞ ❣❛♠❡ t❤❡♦r② ❢♦r ❛♥❛❧②s✐♥❣ ❛♥❞ ✐♠♣❧❡♠❡♥t✐♥❣ ❛❣❡♥t s②st❡♠s✳✑

❆ ❧✐t❡r❛t✉r❛✱ ♥❡ss❡ s❡♥t✐❞♦✱ ❛❜r❛♥❣❡ ✈ár✐❛s t❡♠át✐❝❛s✱ ❞❡s❞❡ ár❡❛s ❞❛ ❡♥❣❡♥❤❛r✐❛ ❝✐✈✐❧

❝♦♠♦ ❛♣❧✐❝❛çõ❡s ♥❛ ❣❡stã♦ ❡ ❝♦♥str✉çã♦ ❝✐✈✐❧ ✲ ❑❛♣❧✐♥s❦✐ ❬✶✸❪ ✲✱ ♣❛ss❛♥❞♦ ♣♦r ❡st✉❞♦s s♦❜r❡

❝❛rt❡✐s ❡ ❧❡✐s ❛♥t✐tr✉st❡ ✲ ▲❡s❧✐❡ ❬✶✺❪ ✲✱ ✐♥❝❧✉✐♥❞♦ ár❡❛s ❞❛ s❛ú❞❡ ✲ ❚❡✐①❡✐r❛ ❬✷✷❪ ❡st✉❞❛ ❡

❛♥❛❧✐s❛ ❛ ❢♦r♠❛çã♦ ❡ ❛ s✉st❡♥t❛❜✐❧✐❞❛❞❡ ♣♦❧ít✐❝♦✲✜♥❛♥❝❡✐r❛ ❞♦s ❈♦♥sór❝✐♦s ✐♥t❡r♠✉♥✐❝✐♣❛✐s

❞❡ s❛ú❞❡ ♣♦r ♠❡✐♦ ❞❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s ✲✱❛té ❛♥á❧✐s❡s ♠❛✐s ❢♦❝❛❞❛s ♥❛ ✐♥❞ústr✐❛ ❡ s❡✉s

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

❚r❛❜❛❧❤♦s ❝♦♠♦ ♦ ❞❡ ❈♦st❛ ❬✷✶❪ tr❛③❡♠ ❝♦♥❝❡✐t♦s ❞❡ ❡str❛té❣✐❛s ❞❡ ❡q✉✐❧í❜r✐♦ ❝❧áss✐✲

❝❛s ♣❛r❛ ❢♦r♠✉❧❛r ❛s ❡str❛té❣✐❛s ❞❡ ♥❡❣ó❝✐♦s ❛♣❧✐❝á✈❡✐s ❛ s✐t✉❛çõ❡s tí♣✐❝❛s ❞❡ ❝♦♦♣❡r❛çã♦

❡ ❞❡ ❝♦♠♣❡t✐çã♦ ❡♥tr❡ ❥♦❣❛❞♦r❡s ✭❡♠♣r❡s❛s✮✱ ✐♥tr♦❞✉③✐♥❞♦ ♦ ❝♦♥❝❡✐t♦ ❞❡ ♠❛tr✐③ ❞❡ ♣♦s✐❝✐✲

♦♥❛♠❡♥t♦ ❡str❛té❣✐❝♦ ✉t✐❧✐③❛♥❞♦ ♣r❡ss✉♣♦st♦s ❝♦♥❝♦rr❡♥❝✐❛✐s ❡ ❝♦♠♣❡t✐t✐✈♦✳

❉❡♥tr♦ ❞♦ ❝❛♠♣♦ ❞♦ tr❛♥s♣♦rt❡ ❛ér❡♦ tr❛❜❛❧❤♦s ✐♠♣♦rt❛♥t❡s ❡ ❝♦♠ ❛♣❧✐❝❛çõ❡s ♣rá✲

t✐❝❛s ❡stã♦ s❡♥❞♦ ❞❡s❡♥✈♦❧✈✐❞♦s✳ ❘✐❜❡✐r♦ ❬✷✵❪ tr❛t❛ ❞♦ ♣r♦❜❧❡♠❛ ❞♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡

♣❛rt✐❞❛s ❡♠ ❛❡r♦♣♦rt♦s✳ Pr♦♣õ❡ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❡①♣❡r✐♠❡♥t❛❧ ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❝♦❧❛❜♦✲

r❛t✐✈♦ ❞❡ ♣❛rt✐❞❛s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛ ❚❡♦r✐❛ ❞♦s ❏♦❣♦s✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✱ ❛ ♣❛rt✐r ❞❡

♣❧❛♥♦s ❞❡ ✈♦♦ r❡❛✐s ✈á❧✐❞♦s ♣❛r❛ ♦ ❆❡r♦♣♦rt♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❇r❛sí❧✐❛ ♥♦ ♠ês ❞❡ ❢❡✈❡r❡✐r♦

①①①✈✐✐✐



❞❡ ✷✵✶✸✱ ❢♦r❛♠ s❛t✐s❢❛tór✐♦s ❡ ❛s ♦t✐♠✐③❛çõ❡s ♥♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❛s ❞❡❝♦❧❛❣❡♥s ♣✉❞❡r❛♠

r❡❞✉③✐r ♦ ❝✉st♦ ❛ss♦❝✐❛❞♦ ❛♦s ❛tr❛s♦s ❡♠ ❛té ✈✐♥t❡ ❡ três ♣♦r❝❡♥t♦✱ ❝♦♠♣r♦✈❛♥❞♦ ❛ ❡✜❝á❝✐❛

❞❛ ♠♦❞❡❧❛❣❡♠ ♣r♦♣♦st❛✳

❘❛♠♦s ❬✶✾❪ ❢❛③ ✉♠ ❡①t❡♥s✐✈♦ tr❛❜❛❧❤♦ ❛♥❛❧✐s❛♥❞♦ ❛ ❡♥tr❛❞❛ ❞❡ ✉♠❛ ❡♠♣r❡s❛ ❡♠ ✉♠

♥♦✈♦ ♠❡r❝❛❞♦✳ ▼❛✐s ♣r❡❝✐s❛♠❡♥t❡✱ ♦ ❡st✉❞♦ ✉t✐❧✐③❛ ♦♣çõ❡s r❡❛✐s ❡ t❡♦r✐❛ ❞♦s ❥♦❣♦s ♣❛r❛

❡st✉❞❛r ♦ ❝❛s♦ ❞❛ ●❖▲✳ ❈♦♥❝❡✐t♦s ❝♦♠♦ ❡q✉✐❧í❜r✐♦ ❞❡ ❇❡rtr❛♥❞✱ ♠♦✈✐♠❡♥t♦ s❡q✉❡♥❝✐❛❧ ❡

❡q✉✐❧í❜r✐♦ ❞❡ ❙t❛❝❦❡❧❜❡r❣ sã♦ ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞♦s ❡ ❞✐s❝✉t✐❞♦s ♥❡ss❡ tr❛❜❛❧❤♦✳

❯♠ tr❛❜❛❧❤♦ r❡❧❡✈❛♥t❡ ❢♦✐ ❢❡✐t♦ ♣♦r ❞❡ ❙❡♥❛ ❬✼❪ ❛♦ ❛♥❛❧✐s❛r✱ s♦❜ ❛ ót✐❝❛ ❞❛ t❡♦r✐❛ ❞♦s

❏♦❣♦s✱ ♦ ❞✉♦♣ó❧✐♦ ❞❛s ❡♠♣r❡s❛s ❆ér❡❛s ❇r❛s✐❧❡✐r❛s ❚❆▼ ❡ ●❖▲✳ ❈♦♥❝❡✐t♦s ❝♦♠♦ ❞✉♦♣ó❧✐♦

❞❡ ❈♦✉r♥♦t✱ ❞✉♦♣ó❧✐♦ ❞❡ ❙t❛❝❦❡❧❜❡r❣✱ ❥♦❣♦ ❞❡ ❈♦✉r♥♦t sã♦ tr❛③✐❞♦s ♣❡❧♦ tr❛❜❛❧❤♦✳ ❆

❝♦♥❝❧✉sã♦✱ ♥❛ é♣♦❝❛✱ ❛♣♦♥t❛✈❛ ❛ ♠❛♥✉t❡♥çã♦ ❞❛ t❡♥❞ê♥❝✐❛ ❞❡ ✈❡♥❞❛s✳ ❊ss❛ ♣❡sq✉✐s❛ é ❞❡

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

♣❛r❛ ♠✉✐t♦ ❞♦ q✉❡ s❡ s❡❣✉❡ ♥♦s ♣ró①✐♠♦s ❝❛♣ít✉❧♦s✳

❖ ❝❛♠♣♦ ❞❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s ♣♦ss✉✐ ♠✉✐t❛s ❝♦♥❝❡✐t♦s✱ ❞❡✜♥✐çõ❡s ❡ ❢♦r♠✉❧❛çõ❡s ❝❛r❛❝✲

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

♦ t❡♠❛ sã♦ ✉s❛❞♦s ❝♦♠♦ ✐♠♣♦rt❛♥t❡s ♦❜r❛s ❞❡ r❡❢❡rê♥❝✐❛ t❡ór✐❝♦✲❡♠♣ír✐❝❛ ♣❛r❛ ♦ ♣r❡s❡♥t❡

❛rt✐❣♦✳ P♦❞❡♠♦s ❝✐t❛r✿ ❋✐❛♥✐ ❬✶✵❪✱ ❇✐❡r♠❛♥ ❬✺❪ ❡ ❍❛r❣r❡❛✈❡s ❬✶✶❪✳

P❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❞❛ t❡♦r✐❛ ✈✐st❛ ♥❛s ♦❜r❛s ❞❡ r❡❢❡rê♥❝✐❛ ✉t✐❧✐③❛✲s❡ ♠❛t❡♠át✐❝❛✱ ❡s✲

t❛tíst✐❝❛ ❞❡s❝r✐t✐✈❛ ❡ ❝♦♥❝❡✐t♦s ❜ás✐❝♦s ❞❡ ❡❝♦♥♦♠❡tr✐❛✳ ❇♦♥s ♠❛t❡r✐❛✐s ♥❡ss❡ s❡♥t✐❞♦ sã♦

❛❜♦r❞❛❞♦s✿ ❆♠❛r♦ ❬✶❪ ❡ ❲♦♦❧❞r✐❞❣❡ ❬✷✸❪✳
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❈❛♣ít✉❧♦ ✺

❙♦❧✉çõ❡s ❡ ❡q✉✐❧í❜r✐♦s ❞♦s ❥♦❣♦s

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

❋♦❝❛r❡♠♦s ♥♦s tó♣✐❝♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦s ❡q✉✐❧í❜r✐♦s ❡ ❝♦♠♦ ♦❜tê✲❧♦s✳ ❈♦♠ ❡ss❡s ❝♦♥❝❡✐t♦s

t❡r❡♠♦s t♦❞♦ ♦ ❢❡rr❛♠❡♥t❛❧ ♥❡❝❡ssár✐♦s ♣❛r❛ s❡❣✉✐r ❝♦♠ ❛s ❛♥á❧✐s❡s ♣❡rt✐♥❡♥t❡s ❛♦ tr❛❜❛❧❤♦

❡♠ q✉❡stã♦✳

■♥✐❝✐❛❧♠❡♥t❡ ❛♣r❡s❡♥t❛✲s❡ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❡str❛té❣✐❛ ❞♦♠✐♥❛♥t❡ ❡ ❡str❛té❣✐❛ ❞♦♠✐♥❛❞❛✳

❈♦♥s✐❞❡r❡ ✉♠ ❥♦❣♦ ❝♦♠m ♣❧❛②❡rs A1✱A2, ..., Am✳ ❈♦♥s✐❞❡r❡ t❛♠❜é♠ q✉❡ ❛s ♣♦ssí✈❡✐s ❡str❛✲

té❣✐❛s ♣❛r❛ Ak sã♦✿ {sk
1
, sk

2
, ..., skn}✳ ❉✐③❡♠♦s q✉❡ ❛ ❡str❛té❣✐❛ s1i❞❡ A1 ❞♦♠✐♥❛ ❡str✐t❛♠❡♥t❡

❛ ❡str❛té❣✐❛ s1j ✱❝♦♠ i, jǫ{1, 2, 3, ..., n}✱ s❡✱ ♣❛r❛ q✉❛❧q✉❡r ❝♦❧❡çã♦ ❞❡ ❡str❛té❣✐❛s ❛❞♦t❛❞❛s

♣❡❧♦s ❞❡♠❛✐s ❥♦❣❛❞♦r❡s✱ ❛❞♦t❛r s1i r❡s✉❧t❛r ❡♠ ✉♠❛ r❡❝♦♠♣❡♥s❛ s❡♠♣r❡ ♠❛✐s ❛❧t❛ ♣❛r❛ ♦

❥♦❣❛❞♦r A1❞♦ q✉❡ s1j r❡s✉❧t❛r✐❛✳ ❉✐③❡♠♦s t❛♠❜é♠ q✉❡ s1jé ✉♠❛ ❡str❛té❣✐❛ ❡str✐t❛♠❡♥t❡

❞♦♠✐♥❛❞❛ ♣♦r si✳ ❯♠❛ ❡str❛té❣✐❛ ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛♥t❡ ♣❛r❛ ♦ ❥♦❣❛❞♦r A1é ❛q✉❡❧❛ q✉❡

❞♦♠✐♥❛ ❡str✐t❛♠❡♥t❡ t♦❞❛s ❛s ♦✉tr❛s ♣♦ssí✈❡✐s ❡str❛té❣✐❛s ❞❡ss❡ ❥♦❣❛❞♦r✳ P♦r ✜♠✱ ❛ ❝♦♠✲

❜✐♥❛çã♦ ❞❡ ❡str❛té❣✐❛s S = (s1a1 , s
2

a2
, ..., smam) é ✉♠ ❡q✉✐❧í❜r✐♦ ❞❡ ❡str❛té❣✐❛ ❡str✐t❛♠❡♥t❡

❞♦♠✐♥❛♥t❡ s❡✱ ♣❛r❛ q✉❛❧q✉❡r ❥♦❣❛❞♦r k,skak ❢♦r ✉♠❛ ❡str❛té❣✐❛ ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛♥t❡✳

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

♠❡s♠♦ ❡①❡♠♣❧♦ ❛♥t❡r✐♦r✳ ❉✐③❡♠♦s q✉❡ ❛ ❡str❛té❣✐❛ s1i❞❡ A1 ❞♦♠✐♥❛ ❢r❛❝❛♠❡♥t❡ ❛ ❡str❛✲

té❣✐❛ s1j ✱❝♦♠ i, jǫ{1, 2, 3, ..., n}✱ s❡✱ ♣❛r❛ q✉❛❧q✉❡r ❝♦❧❡çã♦ ❞❡ ❡str❛té❣✐❛s ❛❞♦t❛❞❛s ♣❡❧♦s

❞❡♠❛✐s ❥♦❣❛❞♦r❡s✱ ❛❞♦t❛r s1i ♥✉♥❝❛ r❡s✉❧t❛r ❡♠ ✉♠❛ r❡❝♦♠♣❡♥s❛ ♠❛✐s ❜❛✐①❛ ♣❛r❛ ♦ ❥♦❣❛✲

❞♦r A1❞♦ q✉❡ s1j r❡s✉❧t❛r✐❛✱ ❡✱ ❡♠ ♣❡❧♦ ♠❡♥♦s ✉♠ ❝❛s♦✱ s1i ❞❡r ❛♦ ❥♦❣❛❞♦r ❡♠ q✉❡stã♦ ✉♠❛

r❡❝♦♠♣❡♥s❛ ❡str✐t❛♠❡♥t❡ ♠❛✐s ❛❧t❛ ❞♦ q✉❡ s1j ❞❛r✐❛ ✳❉✐③❡♠♦s t❛♠❜é♠ q✉❡ s1jé ✉♠❛ ❡str❛✲
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té❣✐❛ ❢r❛❝❛♠❡♥t❡ ❞♦♠✐♥❛❞❛ ♣♦r s1i ✳ ❯♠❛ ❡str❛té❣✐❛ ❢r❛❝❛♠❡♥t❡ ❞♦♠✐♥❛♥t❡ ♣❛r❛ ♦ ❥♦❣❛❞♦r

A1é ❛q✉❡❧❛ q✉❡ ❞♦♠✐♥❛ ❢r❛❝❛♠❡♥t❡ t♦❞❛s ❛s ♦✉tr❛s ♣♦ssí✈❡✐s ❡str❛té❣✐❛s ❞❡ss❡ ❥♦❣❛❞♦r✳

P♦r ✜♠✱ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ❡str❛té❣✐❛s S = (s1a1 , s
2

a2
, ..., smam) é ✉♠ ❡q✉✐❧í❜r✐♦ ❞❡ ❡str❛té✲

❣✐❛ ❢r❛❝❛♠❡♥t❡ ❞♦♠✐♥❛♥t❡ s❡✱ ♣❛r❛ q✉❛❧q✉❡r ❥♦❣❛❞♦r k,skak ❢♦r ✉♠❛ ❡str❛té❣✐❛ ❢r❛❝❛♠❡♥t❡

❞♦♠✐♥❛♥t❡✳

❉❡ss❛s ❞❡✜♥✐çõ❡s ❝♦♠❡ç❛✲s❡ ❛ ♣❡r❝❡❜❡r ♦ ❝❛♠✐♥❤♦ ❞❛s s♦❧✉çõ❡s✿ ✉♠ ❥♦❣❛❞♦r ✭❧❡✲

✈❛♥❞♦ ❡♠ ❝♦♥t❛ ♦ ❝r✐tér✐♦ r❛❝✐♦♥❛❧ ❞❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s✮ ♥✉♥❝❛ ❡s❝♦❧❤❡rá ✉♠❛ ❡str❛té❣✐❛

❡str✐t❛♠❡♥t❡ ✭♦✉ ❢r❛❝❛♠❡♥t❡✮ ❞♦♠✐♥❛❞❛✱ s❡♠♣r❡ ♦♣t❛rá ♣❡❧❛ ❡str❛té❣✐❛ ❡str✐t❛♠❡♥t❡ ✭♦✉

❢r❛❝❛♠❡♥t❡✮ ❞♦♠✐♥❛♥t❡ s❡♠♣r❡ q✉❡ ❡❧❛ ❡①✐st✐r✳ P♦❞❡✲s❡ ❡❧✐♠✐♥❛r ❞❡ ♠❛♥❡✐r❛ ✐t❡r❛t✐✈❛ ❛s

❡str❛té❣✐❛s ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛❞❛s ❞♦s ❥♦❣❛❞♦r❡s ❛té r❡str✐♥❣✐r♠♦s ❛ ✉♠❛ ❝♦♥✜❣✉r❛çã♦

♥❛ q✉❛❧ ❡①✐st❛ ✉♠ ❡q✉✐❧í❜r✐♦ ❞❡ ❡str❛té❣✐❛ ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛♥t❡✳

❊ ♦ q✉❡ ♦❝♦rr❡rá ❝❛s♦ ♥ã♦ ❡①✐st❛♠ ❡str❛té❣✐❛s ❞♦♠✐♥❛♥t❡s❄ ◆❡ss❡ ❝❛s♦ ♣♦❞❡✲s❡

✉t✐❧✐③❛r ♦ ❝♦♥❝❡✐t♦ ❞❡ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤✿ ❙✉♣♦♥❤❛ q✉❡ ❡①✐st❛ N ❥♦❣❛❞♦r❡s ❡♠ ✉♠ ❥♦❣♦✱

Si = si
1
, ✳ ✳ ✳ , sik s❡❥❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s ♣♦ssí✈❡✐s ♣❛r❛ ♦ ❥♦❣❛❞♦r i ❡ fi(s1, s2, . . . , sn)

s❡❥❛ ❛ r❡❝♦♠♣❡♥s❛ ❞♦ ❥♦❣❛❞♦r i q✉❛♥❞♦ ♦s ❥♦❣❛❞♦r❡s ❡s❝♦❧❤❡♠ ♦ ♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s

si
1
, ✳ ✳ ✳ , sik✳ ❯♠ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤ ❝♦♥st✐t✉✐ ✉♠ ♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s s1, s2, . . . , sn t❛❧ q✉❡

❝❛❞❛ ❡str❛té❣✐❛ (s̄i) é ✉♠ ❡❧❡♠❡♥t♦ ❞❡ Si ❡ ♠❛①✐♠✐③❛ ❛ ❢✉♥çã♦ fi(s1, s2, ✳ ✳ ✳ , sn) ❡♥tr❡ t♦❞♦s

♦s ❡❧❡♠❡♥t♦s ❞❡ Si✳ ■st♦ é✱ ❡♠ ✉♠ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤✱ ❛ ❡str❛té❣✐❛ ❞❡ ❡q✉✐❧í❜r✐♦ ❞❡ ❝❛❞❛

❥♦❣❛❞♦r é ❛ ♠❡❧❤♦r r❡s♣♦st❛ à ❝r❡♥ç❛ ❞❡ q✉❡ ♦s ♦✉tr♦s ❥♦❣❛❞♦r❡s ❛❞♦t❛rã♦ s✉❛s ❡str❛té❣✐❛s

❞❡ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤✳

❉❡ss❛s ❞❡✜♥✐çõ❡s s✉r❣❡♠ ❛❧❣✉♠❛s ❝♦♥s❡q✉ê♥❝✐❛s✿

✶✳ ❙❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s é ✉♠ ❡q✉✐❧í❜r✐♦ ❞❡ ❡str❛té❣✐❛ ❞♦♠✐♥❛♥t❡ ❡♥tã♦ é ✉♠

❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤ ❡ é ú♥✐❝♦❀

✷✳ ❙❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s é ✉♠ ❡q✉✐❧í❜r✐♦ ❞❡ ❡str❛té❣✐❛ ❢r❛❝❛♠❡♥t❡ ❞♦♠✐♥❛♥t❡

❡♥tã♦ é ✉♠ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤✱ ♣♦ré♠ ♥❡❝❡ss❛r✐❛♠❡♥t❡ é ♦ ú♥✐❝♦❀

✸✳ ❆ ❡❧✐♠✐♥❛çã♦ ❞❡ ❡str❛té❣✐❛s ❢r❛❝❛♠❡♥t❡ ❞♦♠✐♥❛❞❛s ❞❡ ❢♦r♠❛ ✐t❡r❛t✐✈❛ às ✈❡③❡s ❡❧✐✲

♠✐♥❛ t❛♠❜é♠ ❡q✉✐❧í❜r✐♦s ❞❡ ◆❛s❤✳

①❧✐



❈❛♣ít✉❧♦ ✻

▼❡t♦❞♦❧♦❣✐❛

✻✳✶ ■♥tr♦❞✉çã♦

❆ ✜❣✉r❛ ✻✳✶ ❛♣r❡s❡♥t❛ ❛ s❡q✉ê♥❝✐❛ ♠❡t♦❞♦❧ó❣✐❝❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ s❡ ❝❤❡❣❛r ❛s ❝♦♥❝❧✉✲

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

❋✐❣✉r❛ ✻✳✶✿ P❛ss♦s ❞❛ ♠❡t♦❞♦❧♦❣✐❛

①❧✐✐



✻✳✷ ❉❛❞♦s

P❛r❛ ❛ ❝♦♥str✉çã♦ ❞♦s ♠♦❞❡❧♦s✱ ❞♦s ❝❡♥ár✐♦s ❡ ♣❛r❛ ❝❤❡❣❛r ❛♦s r❡s✉❧t❛❞♦s ✜♥❛✐s✱

❢❛③✲s❡ ♥❡❝❡ssár✐♦ ♦s ❞❛❞♦s r❡❢❡r❡♥t❡s ❛♦s q✉❛♥t✐t❛t✐✈♦s ❞❡ ♥ú♠❡r♦ ❞❡ ♣❛ss❛❣❡✐r♦s ♣♦r ♠ês

♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s q✉❛tr♦ ❝♦♠♣❛♥❤✐❛s ❛ér❡❛s ♥♦s ú❧t✐♠♦s ❛♥♦s✳ ▼❡♥s❛❧♠❡♥t❡ ❛ ❆◆❆❈

✭❆❣❡♥❝✐❛ ◆❛❝✐♦♥❛❧ ❞❡ ❆✈✐❛çã♦ ❈✐✈✐❧✮ ❞✐✈✉❧❣❛✱ ❡♠ s❡✉ s✐t❡ ✭❞✐s♣♦♥í✈❡❧ ❡♠✿ ❬✹❪✮ ❡st❛tíst✐❝❛s

❡ r❡s✉❧t❛❞♦s r❡❢❡r❡♥t❡s ❛♦ tr❛♥s♣♦rt❡ ❛ér❡♦ ❜r❛s✐❧❡✐r♦✳ ◆♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ ✉t✐❧✐③♦✉✲s❡ ❛s

s❡❣✉✐♥t❡s ❢♦♥t❡s ❞❡ ✐♥❢♦r♠❛çã♦✿

❼ ❇❛s❡ ❞❡ ❞❛❞♦s ❡st❛tíst✐❝♦s ❞♦ ❚r❛♥s♣♦rt❡ ❆ér❡♦ ✭❞✐s♣♦♥í✈❡❧ ❡♠✿ ❬✸❪✮✿ ❛ sér✐❡ ❤✐stór✐❝❛

❞♦s ❞❛❞♦s ❡st❛tíst✐❝♦s ❞♦ tr❛♥s♣♦rt❡ ❛ér❡♦ ❞♦ ❇r❛s✐❧✳

❼ ❘❡❧❛tór✐♦ ❉❡♠❛♥❞❛ ❡ ❖❢❡rt❛ ❞♦ ❚r❛♥s♣♦rt❡ ❆ér❡♦ ✲ ❊♠♣r❡s❛s ❇r❛s✐❧❡✐r❛s ✭❞✐s♣♦♥í✈❡❧

❡♠✿ ❬✷❪✮✿ tr❛③ ♦ ❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❞❛ ✈❛r✐❛çã♦ ❞❛ ♦❢❡rt❛ ❡ ❞❛ ❞❡♠❛♥❞❛ ❞❡ ♣❛ss❛❣❡✐r♦s✱

❞❛ t❛①❛ ❞❡ ❛♣r♦✈❡✐t❛♠❡♥t♦ ❞❛s ❛❡r♦♥❛✈❡s ❡ ❞❛ ♣❛rt✐❝✐♣❛çã♦ ❞❡ ♠❡r❝❛❞♦ ❞❛s ❡♠♣r❡s❛s

❜r❛s✐❧❡✐r❛s ❞❡ s❡r✈✐ç♦s ❞❡ tr❛♥s♣♦rt❡ ❛ér❡♦ ♣ú❜❧✐❝♦✳

P❛r❛ ❛ t♦t❛❧ ❝♦♠♣r❡❡♥sã♦ ❞❡ss❡s ❞❛❞♦s ❡ ❞❛s ❛♥á❧✐s❡s q✉❡ ✈✐rã♦ ❡♠ s❡q✉ê♥❝✐❛ é ❞❡ ✐♠♣♦r✲

tâ♥❝✐❛ ❡♥t❡♥❞❡r ❛s ✈❛r✐á✈❡✐s ❞✐s♣♦♥✐❜✐❧✐③❛❞❛s ♥♦s r❡❧❛tór✐♦s✿

❛✮ ❚✐♣♦ ❞❡ ✈♦♦✿

❼ ■♠♣r♦❞✉t✐✈♦s ✭◆♦♥✲r❡✈❡♥✉❡ ✢✐❣❤ts✮✿ ❡t❛♣❛s q✉❡ ♥ã♦ ❣❡r❛r❛♠ r❡❝❡✐t❛ ♣❛r❛ ❛ ❡♠♣r❡s❛❀

❼ ❘❡❣✉❧❛r❡s✿ ✭❙❝❤❡❞✉❧❡❞ r❡✈❡♥✉❡ ✢✐❣❤ts✮✿ ❡t❛♣❛s r❡♠✉♥❡r❛❞❛s r❡❛❧✐③❛❞❛s r❡❣✉❧❛r♠❡♥✲

t❡s✳ ❙♦❜ ♥✉♠❡r❛çã♦ ❍❖❚❘❆◆❀

❼ ◆ã♦ ❘❡❣✉❧❛r❡s ✭◆♦♥✲s❝❤❡❞✉❧❡❞ r❡✈❡♥✉❡ ✢✐❣❤ts✮✿ ❡t❛♣❛s r❡♠✉♥❡r❛❞❛s ♥ã♦ r❡❛❧✐③❛❞❛s

r❡❣✉❧❛r♠❡♥t❡s✳ ◆ã♦ ♣♦ss✉❡♠ ♥✉♠❡r❛çã♦ ❍❖❚❘❆◆✳

❼ ❆❙❑ ✭❆✈❛✐❧❛❜❧❡ s❡❛t ❦✐❧♦♠❡t❡r✮✿ ✈♦❧✉♠❡ ❞❡ ❛ss❡♥t♦s q✉✐❧ô♠❡tr♦s ♦❢❡r❡❝✐❞♦s✱ ♦✉ s❡❥❛✱

❛ s♦♠❛ ❞♦ ♣r♦❞✉t♦ ❡♥tr❡ ♦ ♥ú♠❡r♦ ❞❡ ❛ss❡♥t♦s ♦❢❡r❡❝✐❞♦ ❡ ❛ ❞✐stâ♥❝✐❛ ❞❛s ❡t❛♣❛s❀

❼ ❘P❑ ✭❘❡✈❡♥✉❡ s❡❛t ❦✐❧♦♠❡t❡r✮✿ ✈♦❧✉♠❡ ❞❡ ♣❛ss❛❣❡✐r♦s q✉✐❧ô♠❡tr♦s tr❛♥s♣♦rt❛❞♦s✱

♦✉ s❡❥❛✱ ❛ s♦♠❛ ❞♦ ♣r♦❞✉t♦ ❡♥tr❡ ♦ ♥ú♠❡r♦ ❞❡ ♣❛ss❛❣❡✐r♦s ♣❛❣♦s ❡ ❛ ❞✐stâ♥❝✐❛s ❞❛s

❡t❛♣❛s❀

①❧✐✐✐



❼ ◆❛t✉r❡③❛ ❞♦ ✈♦♦✿ ❱♦♦s ❞♦♠ést✐❝♦s ❡ ✐♥t❡r♥❛❝✐♦♥❛✐s✳ ❆ ♣r✐♠❡✐r❛ ♠♦❞❛❧✐❞❛❞❡ ❛❜r❛♥❣❡

t♦❞♦s ♦s ✈♦♦s q✉❡ ♣♦ss✉❡♠ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠ r❡❛❧✐③❛❞♦s ♥♦ ❇r❛s✐❧ ❡ s❡❥❛♠ ♦♣❡r❛❞♦s

♣♦r ❡♠♣r❡s❛s ❜r❛s✐❧❡✐r❛s✳ ❚♦❞♦s ♦s ❞❡♠❛✐s ✈♦♦s q✉❡ ♥ã♦ s❡ ❡♥❝❛✐①❛♠ ❡♠ ❞♦♠ést✐❝♦s

sã♦ ✐♥t❡r♥❛❝✐♦♥❛✐s✳

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

❢❡✐t♦ t♦♠❛♥❞♦ ❝♦♠♦ ❜❛s❡ ♦ ❛❡r♦♣♦rt♦ ❞❡ ♦r✐❣❡♠ ❝♦♠♦ ●✉❛r✉❧❤♦s ✭❙✐❣❧❛✿ ❙❇●❘✮✳

✻✳✸ Pr♦❝❡❞✐♠❡♥t♦s ♠❡t♦❞♦❧ó❣✐❝♦s

❙❡♥❛ ❬✼❪ ✉t✐❧✐③❛ ❡①t❡♥s✐✈❛♠❡♥t❡ ♠ét♦❞♦s ❞❛ ❚❡♦r✐❛ ❞♦s ❥♦❣♦s ♣❛r❛ ❛ ❛♥❛❧✐s❛r ❛ ❝♦♥❝♦r✲

rê♥❝✐❛ ❡♥tr❡ ❚❆▼ ❡ ●❖▲ ✭❞♦✐s ♣❧❛②❡rs ♥♦ ♠❡r❝❛❞♦✮✳ P❛r❛ t❛❧✱ ✉t✐❧✐③❛ té❝♥✐❝❛s ❞❡ ❝❡♥ár✐♦s

❡ ♠ét♦❞♦s ❡st❛tíst✐❝♦s ❡ ♠❛t❡♠át✐❝♦s✳ ❆s ♠❡s♠❛s ❢❡rr❛♠❡♥t❛s s❡rã♦ ❛q✉✐ ✉t✐❧✐③❛❞❛s ❡ ❡①✲

♣❛♥❞✐❞❛s ♣❛r❛ ❛ q✉❛tr♦ ♣❧❛②❡rs✳ P♦r q✉❡stõ❡s ❞❡ s✐♠♣❧✐✜❝❛çã♦✱ r❡♣r❡s❡♥t❛r❡♠♦s ❛s q✉❛tr♦

❝♦♠♣❛♥❤✐❛s ❛ér❡❛s ♣❡❧❛s s✐❣❧❛s ✉t✐❧✐③❛❞❛s ♣❡❧❛ ❆◆❆❈✿ ▲❆❚❆▼ ❂ ❚❆▼✱ ●❖▲ ❂ ●▲❖✱

❆✈✐❛♥❝❛ ❂ ❖◆❊ ❡ ❆❩❯▲ ❂ ❆❩❯✳

❋♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ❞♦✐s ♣❡rí♦❞♦s ❞❡ ❡st✉❞♦✿

✐✮ ❆❣♦st♦ ❞❡ ✷✵✶✻ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✼❀

✐✐✮ ❆❣♦st♦ ❞❡ ✷✵✶✼ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✽✳

P❛r❛ ❛ ❝♦♥str✉çã♦ ❞♦s ❝❡♥ár✐♦s✲❛❧✈♦ ❞❡ ❝❛❞❛ ✉♠ ❞♦s ♣❡rí♦❞♦s✱ ✉t✐❧✐③❛✲s❡ ❡st❛tíst✐❝❛

❞❡s❝r✐t✐✈❛ ❛tr❛✈és ❞❡ ♠❡❞✐❞❛s ❞❡ t❡♥❞ê♥❝✐❛ ❝❡♥tr❛❧ ✭♠é❞✐❛✮ ❡ ❞✐s♣❡rsã♦ ✭❞❡s✈✐♦✲♣❛❞rã♦✮✳

❈♦♥s✐❞❡r❛♥❞♦ ❛s N = 12 ♦❜s❡r✈❛çõ❡s ♠❡♥s❛✐s ❞❛ ✈❛r✐á✈❡❧ P❆❳ q✉❡ ❝♦♠♣õ❡ ♦ ✉♥✐✈❡rs♦ ❞❛

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

µj =
12
∑

i=1

xij

N
, j = {TAM,GLO,ONE,AZU} ✭✻✳✶✮

❊ ♦s ❞❡s✈✐♦s ♣❛❞rõ❡s ♣♦r

σj =
12
∑

i=1

√

(xij − µj)2

N
, j = {TAM,GLO,ONE,AZU} ✭✻✳✷✮

①❧✐✈



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

❆s ♠é❞✐❛s µj s❡rã♦ ♣♦♥t♦s ❝❡♥tr❛✐s✱ ❞❡ t❡♥❞ê♥❝✐❛✳ ❆ss✉♠❡✲s❡ q✉❡ ❡ss❛s ♠❡❞✐❞❛s

✐♥❝♦r♣♦r❛♠ ♦s ❝❡♥ár✐♦s ❞❡ t❡♥❞ê♥❝✐❛✱ ♥♦ q✉❛❧ ♦ ♥ú♠❡r♦ ❞❡ P❆❳ ♣❡❧❛s ❡♠♣r❡s❛s ♣❡r♠❛✲

♥❡❝❡rá✱ ♣❛r❛ ✉♠ ♣❡rí♦❞♦ ♣ró①✐♠♦ ❞❡ t❡♠♣♦✱ ♥♦s ♠❡s♠♦s ♥í✈❡✐s ♠é❞✐♦s ❞♦ ♣❛ss❛❞♦✳ ❆s

♠é❞✐❛s✱ ♣♦rt❛♥t♦ r❡♣r❡s❡♥t❛♠ ✉♠ ❝❡♥ár✐♦✱ ♦ ❝♦♥s❡r✈❛❞♦r✳

P❛r❛ ❛ ❝♦♥str✉çã♦ ❞♦s ❞❡♠❛✐s ❝❡♥ár✐♦s✱ ✉t✐❧✐③❛✲s❡ ♦s ❞❡s✈✐♦s ♣❛❞rõ❡s✱ ❥á q✉❡ ♦s ♠❡s✲

♠♦s ✐♥❢♦r♠❛♠ ♦s ❣r❛✉s ❞❡ ❞✐s♣❡rsã♦ ❞❛s ✈❡♥❞❛s ❞❡ P❆❳ ♥❛ ✈✐③✐♥❤❛♥ç❛ ❞♦s ♥í✈❡✐s ❞❡ ✈❡♥❞❛s

♠é❞✐♦s✳ ❖ ❝❡♥ár✐♦ ♣❡ss✐♠✐st❛✱ ♥♦ q✉❛❧ ♦❝♦rr❡ r❡❞✉çã♦✱ ❡ ♦ ❝❡♥ár✐♦ ♦t✐♠✐st❛✱ q✉❛♥❞♦ ♦❝♦rr❡r

❛✉♠❡♥t♦✱ sã♦ ❛s ❞✉❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❛❞✐❝✐♦♥❛❞❛s ♣❡❧♦ ✉s♦ ❞♦ ❞❡s✈✐♦ ♣❛❞rã♦✳

P❛r❛ ❛✈❛❧✐❛r ❛ ✐♥t❡r❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡ ❛s q✉❛tr♦ ❡♠♣r❡s❛s✱ ♥❡❝❡ssár✐♦ ♣❛r❛ ✈❛❧✐❞❛r

♦ ♠♦❞❡❧♦ ❞❡ ♦❧✐❣♦♣ó❧✐♦✱ ✉t✐❧✐③❛✲s❡ ❛ ✈❛r✐á✈❡✐s r❡❢❡r❡♥t❡s ❛♦s ♠❛r❦❡t s❤❛r❡s ♠❡♥s❛✐s ❞❛s

❡♠♣r❡s❛s✳ ❊ss❛ ✈❛r✐á✈❡❧ é ❝♦♥str✉í❞❛ ♣❡❧❛ ❞✐✈✐sã♦ ❡♥tr❡ ♦ ♥ú♠❡r♦ ❞❡ P❆❳ ✈❡♥❞✐❞♦ ♣♦r ❝❛❞❛

❡♠♣r❡s❛ ❡ ♣❡❧♦ t♦t❛❧ ✈❡♥❞✐❞♦ ♥❛ ✐♥❞ústr✐❛ ❡♠ ✉♠ ♠ês✳ P❛r❛ ❡✈✐❞❡♥❝✐❛r ❛ ✐♥t❡r❞❡♣❡♥❞ê♥❝✐❛

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

P❡❛rs♦♥ ❛ ❞❡ ❝♦rr❡❧❛çõ❡s ❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛çã♦ ♠ú❧t✐♣❧❛✳

❖s ❝♦❡✜❝✐❡♥t❡s ❞❡ P❡❛rs♦♥ sã♦ ❞❛❞♦s ♣♦r✿

rXk,Xj
=

cov(Xk, Xj)

σkσj

=

∑

12

i=1
(xik − µk)(xij − µj)

√

∑

12

i=1
(xik − µk)2

√

∑

12

i=1
(xij − µj)2

j, k ǫ{TAM,GLO,ONE,AZU} ✭✻✳✸✮

❆ ♠❛tr✐③ ❞❡ ❝♦rr❡❧❛çã♦ Rxx ❞❡ q✉❛tr♦ ✈❛r✐á✈❡✐sXTAM , XGLO, XONE, XAZU é ❛ ♠❛tr✐③

4X4 ❝✉❥♦ ♦ ❡❧❡♠❡♥t♦ akj=rXk,Xj
✳ P♦r ✜♠✱ t❡♠✲s❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛çã♦ ♠ú❧t✐♣❧❛ R

❞❛❞♦ ♣♦r✿

R2 = cTR−1

xx c ✭✻✳✹✮

❖ ✈❡t♦r c é ♦ ✈❡t♦r ❞❡ ❝♦rr❡❧❛çõ❡s ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ✐♥❞❡♣❡♥❞❡♥t❡s Xk❡ ❛ ✈❛r✐á✈❡❧

①❧✈



✐♥❞❡♣❡♥❞❡♥t❡ Yn✳ P❛r❛ ❡ss❡ tr❛❜❛❧❤♦✱ ✉t✐❧✐③❛✲s❡ Yn = XTAM ❝♦♠♦ ❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡

❡ XGLO, XONE, XAZU sã♦ t✐❞❛s ❝♦♠♦ ✈❛r✐á✈❡✐s ✐♥❞❡♣❡♥❞❡♥t❡s✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❲♦♦❧❞r✐❞❣❡ ❬✷✸❪✱ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛çã♦ ♠ú❧t✐♣❧❛ R ♠❡♥s✉r❛ ♦

❣r❛✉ ❞❡ ❛❥✉st❛♠❡♥t♦ ❧✐♥❡❛r ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s✱ ❝♦♠ ✈❛❧♦r❡s ♣ró①✐♠♦s ❛ +1 ❡ −1✱ ✐♥❞✐❝❛♥❞♦

❢♦rt❡ ❝♦rr❡❧❛çã♦ ♣♦s✐t✐✈❛ ♦✉ ♥❡❣❛t✐✈❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P❛r❛ ♦ ❡st✉❞♦ ❞♦ ♦❧✐❣♦♣ó❧✐♦ ❡♥tr❡✱

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

❛s ❡♠♣r❡s❛s✱ ♦ ♠ó❞✉❧♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛çã♦ ♠ú❧t✐♣❧❛ ❞❡✈❡rá ❛♣r❡s❡♥t❛r ✉♠ ✈❛❧♦r

♣ró①✐♠♦ ❞❡ ✶✱ ♦✉ s❡❥❛✱ ❢♦rt❡ ❝♦rr❡❧❛çã♦✳

❈♦♥❝❧✉✐❞❛ ❛ ♣❛rt❡ ✐♥❝✐❛❧ ❞❡ ♦❜t❡♥çã♦ ❞♦s ❞❛❞♦s ❡ ✈❡r✐✜❝❛çã♦ ❞❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛s

✈❛r✐á✈❡✐s ✭❡t❛♣❛ ❞❡ ❝♦♥❢❡r✐r s❡ ♦ ♠♦❞❡❧♦ ❝♦♥❞✐③ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ✲✻✳✶✮✱ ❛t✐♥❣✐r♠♦s ✉♠

❞♦s ♦❜❥❡t✐✈♦s ✐♥t❡r♠❡❞✐ár✐♦s ❞♦ tr❛❜❛❧❤♦✱ ❡♥t❡♥❞❡r ❛ ✐♥t❡r❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡ ❛s ❡♠♣r❡s❛s

❛ér❡❛s ❡st✉❞❛s✳ P♦❞❡✲s❡✱ ❡♥tã♦✱ ♣r♦ss❡❣✉✐r ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❡ ♦❜t❡♥çã♦ ❞♦s ✈❛❧♦r❡s ❞❡

❡q✉í❧✐❜r♦ s❡❣✉✐♥❞♦ ❛s té❝♥✐❝❛s ❞♦ ♠♦❞❡❧♦ ❞❡ ❈♦✉r♥♦t✳

✻✳✹ ▼♦❞❡❧♦ ❞❡ ❛♥á❧✐s❡

❊♠ ❞❡❝♦rrê♥❝✐❛ ❞❛ s✐♠✉❧t❛♥❡✐❞❛❞❡ ❞♦s ♠♦✈✐♠❡♥t♦s ❡str❛té❣✐❝♦s ❞❛s ❡♠♣r❡s❛s✱ ❛

r❡♣r❡s❡♥t❛çã♦ ❡str❛té❣✐❝❛ ❛♣❧✐❝❛❞❛ à ❝♦♠♣❡t✐çã♦ ♦❧✐❣♦♣♦❧✐st❛ ❞♦ ♠♦❞❡❧♦ ❞❡ ❈♦✉r♥♦t é ❛

✐❞❡❛❧✳

❈♦♠ ❛s ✐♥❢♦r♠❛çõ❡s ❡ ❞❡✜♥✐çõ❡s ❢❡✐t❛s ♥❛ s❡çã♦ ❛♥t❡r✐♦r✱ ♦ ♠ét♦❞♦ ♠❛t❡♠át✐❝♦ ❞❡

❞❡t❡r♠✐♥❛çã♦ ❞❡ ❡q✉✐❧í❜r✐♦ é ✉s❛❞♦ ♣❛r❛ r❛❝✐♦♥❛❧✐③❛r ❡s❝♦❧❤❛s ót✐♠❛s ♣❛r❛ ❛s ❡♠♣r❡s❛s ❡♠

r❡❧❛çã♦ à ✈❛r✐á✈❡❧ ❡str❛té❣✐❝❛ ❵✈❡♥❞❛ ❞❡ P❆❳✬✳ ❖s ♦❜❥❡t✐✈♦s sã♦✿

❼ P❛r❛ ❛ ❡♠♣r❡s❛ ▲❆❚❆▼✱ ❡s❝♦❧❤❡r xTAM = f(xTAM , xGLO, xONE, xAZU) ❞❡ ♠♦❞♦ ❛

♠❛①✐♠✐③❛r s❡✉ ♥ú♠❡r♦ ❞❡ P❆❳❀

❼ P❛r❛ ❛ ❡♠♣r❡s❛ ▲❆❚❆▼✱ ❡s❝♦❧❤❡r xGLO = f(xTAM , xGLO, xONE, xAZU) ❞❡ ♠♦❞♦ ❛

♠❛①✐♠✐③❛r s❡✉ ♥ú♠❡r♦ ❞❡ P❆❳❀

❼ P❛r❛ ❛ ❡♠♣r❡s❛ ▲❆❚❆▼✱ ❡s❝♦❧❤❡r xONE = f(xTAM , xGLO, xONE, xAZU) ❞❡ ♠♦❞♦ ❛

♠❛①✐♠✐③❛r s❡✉ ♥ú♠❡r♦ ❞❡ P❆❳❀
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❼ P❛r❛ ❛ ❡♠♣r❡s❛ ▲❆❚❆▼✱ ❡s❝♦❧❤❡r xAZU = f(xTAM , xGLO, xONE, xAZU) ❞❡ ♠♦❞♦ ❛

♠❛①✐♠✐③❛r s❡✉ ♥ú♠❡r♦ ❞❡ P❆❳❀

❚❛❧ ♠ét♦❞♦ é ❜❛st❛♥t❡ ✉t✐❧✐③❛❞♦ ♣♦r ❈❤✐❛♥❣ ❬✻❪ ♣❛r❛ ♠❛①✐♠✐③❛çã♦ ❞❡ ❢✉♥çõ❡s ♠✉❧t✐✈❛r✐❛✲

❞❛s✳

P❛r❛ t❛♥t♦✱ ♣r❡❝✐s❛✲s❡ ❞❡✜♥✐r q✉❛✐s s❡rã♦ ❛s ❡str❛té❣✐❛s ♣♦ssí✈❡✐s ♣❛r❛ ❝❛❞❛ ❡♠♣r❡s❛ ❡

❝♦♠♦ s❡rá ❢❡✐t♦ ♦ ❝á❧❝✉❧♦ ❞♦s ♣❛②♦✛s ✭r❡❝♦♠♣❡♥s❛s✮✳ ❈♦♠ ❡ss❛s ✐♥❢♦r♠❛çõ❡s s❡rá ♣♦ssí✈❡❧

♠♦♥t❛r ✉♠❛ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s ♣❛r❡❝✐❞❛ ❝♦♠ ❛ ✸✳✶✳

❆tr✐❜✉❡♠✲s❡ ❛ ❝❛❞❛ ✉♠ ❞♦s ❥♦❣❛❞♦r❡s j = {TAM,GLO,ONE,AZU} ♦ s❡❣✉✐♥t❡

❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛sSj = {sjp, s
j
C , s

j
O} = {P,C,O}✱ ❝♦rr❡s♣♦♥❞❡♥❞♦ às ❡str❛té❣✐❛s ❞❡

❝❡♥ár✐♦ ♣❡ss✐♠✐st❛ (P )✱ ❞❡ ❝♦♥t✐♥✉✐❞❛❞❡ (C) ❡ ♦t✐♠✐st❛ (O)✳ ❖s ❝á❧❝✉❧♦s ♣❛r❛ ❝❛❞❛ ✉♠❛

❞❡ss❛s ❡str❛té❣✐❛s é ❢❡✐t❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

sjp = P → xjp = µj − 2σj ✭✻✳✺✮

s
j
C = C → xjC = µj ✭✻✳✻✮

s
j
O = O → xjO = µj + 2σj ✭✻✳✼✮

❈♦♠♦ ❛✜r♠❛ ❑r❡♣s ❬✶✹❪✱ s❡ ❛s ❢♦r♠❛❧✐❞❛❞❡s ❞❛ t❡♦r✐❛ ❢♦r❡♠ ❜❡♠ ❝♦♥❞✉③✐❞❛s✱ ♦ ❢❛t♦

❞❡ t❡r♠♦s ❛♣❡♥❛s três ❡str❛té❣✐❛s ♣❛r❛ ❝❛❞❛ ❡♠♣r❡s❛✱ ♥ã♦ ❝♦❧♦❝❛ ❡♠♣❡❝✐❧❤♦s ❡✱ ❛ss✐♠✱ ♥ã♦

✐♥✈✐❛❜✐❧✐③❛ ♦ ♣♦t❡♥❝✐❛❧ ❛♥❛❧ít✐❝♦ ❞♦ ✐♥str✉♠❡♥t❛❧✳

P❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦s ♣❛②♦✛s✱ ✉t✐❧✐③❛✲s❡ ✉♠❛ ❡s♣❡❝✐✜❝❛çã♦ ❧✐♥❡❛r ♣❛r❛ ❛s ❝♦♥❞✐çõ❡s ❞❡

❞❡♠❛♥❞❛ ❞♦ ♠❡r❝❛❞♦ ❞❡ ❧✐♥❤❛s ❛ér❡❛s ♥♦ ❇r❛s✐❧✱ ✐st♦ é✿

P = [a−X] ✭✻✳✽✮

P é ♦ ♣r❡ç♦ ❞❡ ♠❡r❝❛❞♦ ❞♦ ♣r♦❞✉t♦ P❆❳ ✈❡♥❞✐❞♦✱ a é ✉♠ ♣❛râ♠❡tr♦ ♠❛✐♦r q✉❡ X

❡s❝♦❧❤✐❞♦ ♣❛r❛ ❞❡✐①❛r ❛ P > 0✱ ❡ X = xTAM + xGLO + xONE + xAZU é ❛ q✉❛♥t✐❞❛❞❡ t♦t❛❧

❞❡ P❆❳ ✈❡♥❞✐❞❛ ♥♦ ♠❡r❝❛❞♦ ♣❡❧❛s q✉❛tr♦ ❡♠♣r❡s❛s✳ ❖ ✉s♦ ❞❡ ❢✉♥çõ❡s ❞❡ ❞❡♠❛♥❞❛ ❧✐♥❡❛r

①❧✈✐✐



é ❛♠♣❧♦ ♥❛ ❧✐t❡r❛t✉r❛✳ ■♠♣♦rt❛♥t❡s ❝♦♥tr✐❜✉✐çõ❡s ❝♦♠ ❛♣❧✐❝❛çõ❡s ❞♦ ♠♦❞❡❧♦ ❞❡ ❈♦✉r♥♦t✱

✉s❛♥❞♦ ❞❡♠❛♥❞❛ ❧✐♥❡❛r✱ sã♦ P❛♥❣ ❬✶✷❪✱ ❙❡♥❛ ❬✼❪ ❡ ❖❤❦❛✇❛ ❬✶✻❪✳

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

❣❡r❛❞♦s ♣❡❧❛s ❡♠♣r❡s❛s ❝♦♠♣❡t✐❞♦r❛s ♣❛r❛ ✈✐❛❜✐❧✐③❛çã♦ ❞♦s s❡r✈✐ç♦s ♥ã♦ sã♦ ❧❡✈❛❞♦s ❡♠

❝♦♥s✐❞❡r❛çã♦✳

❆s ❢✉♥çõ❡s r❡❝❡✐t❛s✱ q✉❡ ❛q✉✐ s❡rã♦ ✉s❛❞❛s ❝♦♠♦ ❛s ❢✉♥çõ❡s ♣❛②♦✛s✱ sã♦ ❞❛❞❛s ♣♦r✿

fj = P × xj = (a− xTAM − xGLO − xONE − xAZU)× xj, j = {TAM,GLO,ONE,AZU}

✭✻✳✾✮

❆ ♣❛rt✐r ❞❡ ❡♥tã♦✱ ❝♦♥stró✐✲s❡ ❛ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s ❝♦♠ t♦❞❛s ❛s ❝♦♠❜✐♥❛çõ❡s ♣♦s✲

sí✈❡✐s ❞❡ ❡str❛té❣✐❛s✱ ♦✉ s❡❥❛✱ t❡♠♦s 3 × 3 × 3 × 3 = 81 ❝é❧✉❧❛s✳ ❈❛❞❛ ✉♠❛ ❞❛s ❝é❧✉❧❛s

(Uabcd) é ♣r❡❡♥❝❤✐❞❛ ✉s❛♥❞♦ ❛s ❢✉♥çõ❡s r❡❝❡✐t❛ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❡str❛té❣✐❛s ❡s❝♦❧❤✐❞❛s

♣❡❧❛s ❡♠♣r❡s❛s✳ ❈♦♥s✐❞❡r❛♥❞♦✱ ♣❛r❛ ❢❛❝✐❧✐t❛r ❛ ✈✐s✉❛❧✐③❛çã♦✱ ❛s ❡str❛té❣✐❛s ♣❡ss✐♠✐st❛✱ ❞❡

❝♦♥t✐♥✉✐❞❛❞❡ ❡ ♦t✐♠✐st❛ ♥✉♠❡r❛❞❛s ❞❡ ✶ ❛ ✸✱ ♦✉ s❡❥❛✱ ❝♦♥s✐❞❡r❛♥❞♦ P,C,O = 1, 2, 3✱ t❡♠♦s

q✉❡ ❝❛❞❛ ❝é❧✉❧❛ Uabcd é ❝♦♥str✉í❞❛ ❝♦♥s✐❞❡r❛♥❞♦✲s❡✿

a ǫ{1, 2, 3} r❡♣r❡s❡♥t❛ ❛ ❡str❛té❣✐❛ ❡s❝♦❧❤✐❞❛ ♣❡❧❛ ❚❆▼

b ǫ{1, 2, 3} r❡♣r❡s❡♥t❛ ❛ ❡str❛té❣✐❛ ❡s❝♦❧❤✐❞❛ ♣❡❧❛ ●▲❖

c ǫ{1, 2, 3} r❡♣r❡s❡♥t❛ ❛ ❡str❛té❣✐❛ ❡s❝♦❧❤✐❞❛ ♣❡❧❛ ❖◆❊

d ǫ{1, 2, 3} r❡♣r❡s❡♥t❛ ❛ ❡str❛té❣✐❛ ❡s❝♦❧❤✐❞❛ ♣❡❧❛ ❆❩❯

❆ss✐♠✿

Uabcd = (fTAM,a, fGLO,b, fONE,c, fAZU,d) ✭✻✳✶✵✮

P♦r ❡①❡♠♣❧♦✱ ❞✐❣❛♠♦s q✉❡ t♦❞❛s ❛s ❡♠♣r❡s❛s ❛❞♦t❛♠ ♦ ❝❡♥ár✐♦ ♦t✐♠✐st❛✿
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xTAM = xTAM,O → a = 3

xGLO = xGLO,O → b = 3

xONE = xONE,O → c = 3

XAZU = xAZU,O → d = 3

✭✻✳✶✶✮

❚❡♠✲s❡✱ ❛ss✐♠✱ ❛s s❡❣✉✐♥t❡s r❡❝❡✐t❛s✿

fTAM,3 = (a− xTAM,O − xGLO,O − xONE,O − xAZU,O)× xTAM,O ✭✻✳✶✷✮

fGLO,3 = (a− xTAM,O − xGLO,O − xONE,O − xAZU,O)× xGLO,O ✭✻✳✶✸✮

fONE,3 = (a− xTAM,O − xGLO,O − xONE,O − xAZU,O)× xONE,O ✭✻✳✶✹✮

fAZU,3 = (a− xTAM,O − xGLO,O − xONE,O − xAZU,O)× xAZU,O ✭✻✳✶✺✮

❆ ♣❛rt✐r ❞❡ss❡s ❝á❧❝✉❧♦s✱ t❡r❡♠♦s ❛ ❝é❧✉❧❛✿

U3333 = (fTAM,3, fGLO,3, fONE,3, fAZU,3) ✭✻✳✶✻✮

✻✳✺ ❋❡rr❛♠❡♥t❛s ✉t✐❧✐③❛❞❛s

❆❧é♠ ❞❛ ♠❛t❡♠át✐❝❛ ❞❡s❝r✐t✐✈❛✱ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛❞q✉✐r✐r ♦s ❞❛❞♦s ♥❡❝❡ssár✐♦s✱ ✉t✐❧✐③♦✉✲

s❡ s♦❢t✇❛r❡ ❡①❝❡❧ ❞❡ ♠❛♥❡✐r❛ ❜❡♠ s✐♠♣❧❡s ♣❛r❛ s❡ ❝❤❡❣❛r ❛♦s r❡s✉❧t❛❞♦s✳ ❆ ♣❛rt✐r ❞❛

❡str✉t✉r❛ ❞❡ ❞❛❞♦s ❝r✐❛❞❛ ❝♦♠ ❛✉①í❧✐♦ ❞❛ ✻✳✶✵✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ❛s té❝♥✐❝❛s ❞❡ t❡♦r✐❛ ❞♦s

❥♦❣♦s ♣❛r❛ s❡ ❛t✐♥❣✐r ♦s ♦❜❥❡t✐✈♦s ✐♥t❡r♠❡❞✐ár✐♦s ❞❡s❝r✐t♦s ❡♠ ✶✳✹✳

❈✉♠♣r✐❞❛s t♦❞❛s ❡ss❛s ❡t❛♣❛s é ♣♦ssí✈❡❧ ❝❤❡❣❛r ❛s ❝♦♥❝❧✉sõ❡s ✜♥❛✐s ❡ ❛t✐♥❣✐r ♦ ♦❜✲

❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ ❞♦ tr❛❜❛❧❤♦✳
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❈❛♣ít✉❧♦ ✼

❈♦♥str✉çã♦ ❞♦s r❡s✉❧t❛❞♦s

❆ ❛♥á❧✐s❡ ❛♣❧✐❝❛❞❛ ❞❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s s❡ r❡str✐♥❣✐rá ❛♦s ✈♦♦s r❡❣✉❧❛r❡s ❡ ❞♦♠ést✐❝♦s

❝♦♠ ♦r✐❣❡♠ ♥♦ ❛❡r♦♣♦rt♦ ❞❡ ●✉❛r✉❧❤♦s ✭❙❇●❘✮✳ ❉❡ss❛ ❢♦r♠❛✱ ❝♦♠♦ ♣r✐♠❡✐r❛ ❛♥á❧✐s❡✱

❝♦♥str✉✐✉✲s❡ ❛ ❞✉❛s ✈✐sõ❡s ♣❛r❛ ❡♥t❡♥❞❡r ♠❡❧❤♦r ❛ ❝♦♠♣❡t✐çã♦ ❡♥tr❡ ❛s q✉❛tr♦ ❡♠♣r❡s❛s

❡st✉❞❛❞❛s✿ ✉♠ ❞✐❛❣r❛♠❛ q✉❡ ✐❧✉str❛ ❛s ♠❛❧❤❛s ❛ér❡❛s ❛❞♦t❛❞❛s ♣♦r ▲❛t❛♠✱ ●♦❧✱ ❆③✉❧ ❡

❆✈✐❛♥❝❛ ❡ ✉♠ ❣rá✜❝♦ q✉❡ r❡♣r❡s❡♥t❛ ❛ ❡✈♦❧✉çã♦ t❡♠♣♦r❛❧ ❞♦ ♠❛r❦❡t s❤❛r❡ ❞❡ ❝❛❞❛ ✉♠❛

❞❡❧❛s✳

❋✐❣✉r❛ ✼✳✶✿ ▼❛r❦❡t s❤❛r❡ ✭✪✮ ♥♦ ❛❡r♦♣♦rt♦ ❞❡ ●✉❛r✉❧❤♦s ✭❙❇●❘✮

❋♦♥t❡✿ ❆◆❆❈ ✕ ❆❣ê♥❝✐❛ ◆❛❝✐♦♥❛❧ ❞❡ ❆✈✐❛çã♦ ❈✐✈✐❧ ✭❏❛♥✳✷✵✵✾ ❛ ❏✉❧✳ ✷✵✶✽✮✳
❁❤tt♣✿✴✴✇✇✇✳❛♥❛❝✳❣♦✈✳❜r✴❛ss✉♥t♦s✴❞❛❞♦s✲❡✲❡st❛t✐st✐❝❛s✴❞❛❞♦s✲❡st❛t✐st✐❝♦s✴❞❛❞♦s✲
❡st❛t✐st✐❝♦s❃
❊❧❛❜♦r❛❞♦ ♣❡❧♦ ♣ró♣r✐♦ ❛✉t♦r✳

❆ ♣❛rt✐r ❞❛s ✜❣✉r❛s ✼✳✶ ❡ ✼✳✷ ♣♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡✿

❧



❼ ❖ ♠❛r❦❡t s❤❛r❡ ❞❛ ▲❛t❛♠ ❡ ●♦❧ ❡stã♦ ❝❛✐♥❞♦ ❡♥q✉❛♥t♦ ❞❛ ❆③✉❧ ❡ ❆✈✐❛♥❝❛ ❡stã♦

❝r❡s❝❡♥❞♦✳

❼ ❊①✐st❡ ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ♣✐❝♦s ❡ ♦s ✈❛❧❡s ❞❡ r❡♣r❡s❡♥t❛t✐✈✐❞❛❞❡ ❞❡ ♠❡r❝❛❞♦ ❡♥tr❡

▲❛t❛♠ ❡ ●♦❧ ❡ ♦ ♠❡s♠♦ é ✈á❧✐❞♦ ♣❛r❛ ❆③✉❧ ❡ ❆✈✐❛♥❝❛✳

❼ ❆ ❣r❛♥❞❡ ♣❛rt❡ ❞❛s ♠❛❧❤❛s é ❢❡✐t❛ ♣❡❧❛s q✉❛tr♦ ❡♠♣r❡s❛s ❛ér❡❛s✱ ♦❝♦rr❡♥❞♦ ❛ss✐♠

✉♠❛ ❝♦♠♣❡t✐çã♦✳

❋✐❣✉r❛ ✼✳✷✿ ❉❡st✐♥♦s ❞❛s ❡♠♣r❡s❛s ❛ ♣❛rt✐r ❞❡ ●✉❛r✉❧❤♦s

❋♦♥t❡✿ ❆◆❆❈ ✕ ❆❣ê♥❝✐❛ ◆❛❝✐♦♥❛❧ ❞❡ ❆✈✐❛çã♦ ❈✐✈✐❧ ✭❏❛♥✳✷✵✵✾ ❛ ❏✉❧✳ ✷✵✶✽✮✳
❁❤tt♣✿✴✴✇✇✇✳❛♥❛❝✳❣♦✈✳❜r✴❛ss✉♥t♦s✴❞❛❞♦s✲❡✲❡st❛t✐st✐❝❛s✴❞❛❞♦s✲❡st❛t✐st✐❝♦s✴❞❛❞♦s✲
❡st❛t✐st✐❝♦s❃
❊❧❛❜♦r❛❞♦ ♣❡❧♦ ♣ró♣r✐♦ ❛✉t♦r✳

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

q✉❛tr♦ ❡♠♣r❡s❛s✳ ❊♥tr❡t❛♥t♦✱ ❞❡✈✐❞♦ ❛ ♣❡r❝❡♣çã♦ ❞❡ ✉♠❛ r❡❧❛çã♦ ♠❛✐s ❢♦rt❡ ❡♥tr❡ ▲❛t❛♠

❧✐



❡ ●♦❧ ❡ ❡♥tr❡ ❆③✉❧ ❡ ❆✈✐❛♥❝❛✱ ✉♠❛ ❛♥á❧✐s❡ ♣r❡❧✐♠✐♥❛r ❝♦♠ ❡ss❡s ❞♦✐s ❣r✉♣♦s s❡♣❛r❛❞♦s

s❡rá ❢❡✐t❛✳ ❖ ♦❜❥❡t✐✈♦ s❡rá✱ ❛♥t❡s ❞❡ ❡st✉❞❛r ❛ ❡str✉t✉r❛ ❞♦ ❥♦❣♦ ❝♦♠♦ ✉♠ t♦❞♦✱ ❡♥t❡♥❞❡r

♠❡❧❤♦r ❝♦♠♦ s❡ ❞á ❛ ❝♦♠♣❡t✐çã♦ ❞✉❛s ❛ ❞✉❛s✳ ❊ ❝♦♥str✉✐r ✉♠ r❛❝✐♦❝í♥✐♦ ✐♥tr♦❞✉tór✐♦ ♣❛r❛

❛s ❛♥á❧✐s❡s s❡❣✉✐♥t❡s✳

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

❼ ❉❡s❝♦♥s✐❞❡r♦✉✲s❡✱ ♣♦r ✜♥❛❧✐❞❛❞❡ ❞❡ s✐♠♣❧✐✜❝❛çã♦✱ ♦s ❝✉st♦s ✐♥❝♦rr✐❞♦s ♣❡❧❛s ❡♠✲

♣r❡s❛s ❝♦♠♣❡t✐❞♦r❛s ♣❛r❛ ❛ ✈✐❛❜✐❧✐③❛çã♦ ❞♦s s❡r✈✐ç♦s✳ ❖✉ s❡❥❛✱ ❛s ❝♦♥❝♦rrê♥❝✐❛s

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

❼ ❆s ❢✉♥çõ❡s r❡❝❡✐t❛ ✭♣❛②♦✛s✮ só ❝♦♥t❡♠♣❧❛♠ ❛s ❡str❛té❣✐❛s ♣✉r❛s✱ ♦✉ s❡❥❛✱ ♥ã♦ ✐♥❝♦r✲

♣♦r❛♠ ♥❡♥❤✉♠❛ ❝♦♥s✐❞❡r❛çã♦ ♣r♦❜❛❜✐❧íst✐❝❛ q✉❡ ❧❡✈❛ss❡ ❡♠ ❝♦♥t❛ q✉❛✐sq✉❡r ❛❧❡❛t♦r✐✲

❡❞❛❞❡ ❡①✐st❡♥t❡ ♥♦s ♠♦✈✐♠❡♥t♦s ❡str❛té❣✐❝♦ ❞♦s ❝♦♥❝♦rr❡♥t❡s ❡♠ r❡❧❛çã♦ às ❞❡❝✐sõ❡s

❞❡ q✉❛♥t♦ ✈❡♥❞❡r✳

✼✳✶ ▼ét♦❞♦s ✉s❛❞♦s ♣❛r❛ ❡♥❝♦♥tr❛r ♦s ❡q✉✐❧í❜r✐♦s

P❛r❛ ❡♥❝♦♥tr❛r ♦s ❡q✉✐❧í❜r✐♦s ❞♦s ❥♦❣♦s ❛♥❛❧✐s❛❞♦s ♥❛s s❡çõ❡s ✼✳✷✱ ✼✳✸ ❡ ✼✳✹ ✉t✐❧✐③♦✉✲

s❡ ❞♦✐s ♠ét♦❞♦s ❞❡ ❞❡t❡r♠✐♥❛çã♦ ❞❡ s♦❧✉çã♦ ❞❡ ❡q✉✐❧í❜r✐♦s✿

❼ ❙✉❝❡ss✐✈❛ ❞♦♠✐♥â♥❝✐❛❀

❼ ❊q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤✳

❆♠❜♦s ❢♦r❛♠ tr❛t❛❞♦s ♥♦s ❝❛♣ít✉❧♦s ✸ ❡ ✺✳ ❚❡♥❞♦ ❡♠ ✈✐st❛ ❛ sí♥t❡s❡ ❞♦ tr❛❜❛❧❤♦ ❡ ❛

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

✭✼✳✷✳✶✳✮ ❡✱ ♣❛r❛ ♦s ❞❡♠❛✐s✱ ❛♣❡♥❛s ❛ ❡①♣♦s✐çã♦ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳

❧✐✐



✼✳✷ ❈♦♠♣❡t✐çã♦ ❞✉♦♣♦❧✐st❛ ❞❡ ❈♦✉r♥♦t ♣❛r❛ ▲❛t❛♠✲

●❖▲

✼✳✷✳✶ ❆❣♦st♦ ❞❡ ✷✵✶✻ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✼

❆ ♣❛rt✐r ❞❛ t❛❜❡❧❛ ✼✳✶ ♣♦❞❡♠♦s ❡♥❝♦♥tr❛r ♦ ✈❛❧♦r ❞❛ ✈❛r✐á✈❡❧ P❆❳ ♣❛r❛ t♦❞♦s ♦s

❝❡♥ár✐♦s ❞❛s ❞✉❛s ❡♠♣r❡s❛s ❛ér❡❛s✳ ❊ss❡s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛♠✲s❡ ♥❛ t❛❜❡❧❛ ✼✳✷✳ ❈♦♠

❡ss❛s ❝♦♥str✉çõ❡s ♣♦❞❡✲s❡ ❝❛❧❝✉❧❛r ♦ ✈❛❧♦r ❞❛s r❡❝♦♠♣❡♥s❛s ♣❛r❛ ❝❛❞❛ ❝♦♥❥✉♥t♦ ❞❡ ❡s✲

tr❛té❣✐❛s ❛❞♦t❛❞❛s✳ Pr❡❝✐s❛♠♦s✱ ❡♥tr❡t❛♥t♦ ❡♥❝♦♥tr❛r ✉♠ ✈❛❧♦r ♣❛r❛ ❛ ❝♦♥st❛♥t❡ ′a′✳

P❛r❛ q✉❡ ❛ ❡q✉❛çã♦ ✻✳✽ s❡♠♣r❡ s❡❥❛ ♣♦s✐t✐✈❛ t♦♠♦✉✲s❡ a = 0, 527 + 0, 416✱ ♦✉ s❡❥❛✱ ❛

s♦♠❛ ❞♦s ✈❛❧♦r❡s ❞❡ P❆❳ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ❞♦✐s ❝❡♥ár✐♦s ♦t✐♠✐st❛s✳ ❈♦♥s✐❞❡r♦✉✲s❡ t❛♠❜é♠

a = 0, 527+0, 416+0, 291+0, 066✱ ♣❛r❛ ❛❜r❛♥❣❡r ❛ ❞❡♠❛♥❞❛ ❞❛s ♦✉tr❛s ❞✉❛s ❧✐♥❤❛s ❛ér❡❛s✳

❆ss✐♠✱ ❝♦♥str✉✐✉✲s❡ ❛ ♠❛tr✐③ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❡str❛té❣✐❝❛ ♣r❡❡♥❝❤✐❞❛ ✉s❛♥❞♦ ❛ ❢✉♥çã♦ r❡✲

❝❡✐t❛ fTAM = (a−xTAM−xGLO)×xTAM ♣❛r❛ ▲❆❚❆▼ ❡ fGLO = (a−xTAM−xGLO)×xGLO

♣❛r❛ ●❖▲✳✱ ❝♦♥s✐❞❡r❛♥❞♦ t♦❞❛s ❛s ❝♦♠❜✐♥❛çõ❡s ❞❡ ❡str❛té❣✐❛s✳

❚❛❜❡❧❛ ✼✳✶✿ P❆❳ ✲ P❛ss❛❣❡✐r♦s✴❑▼ ♣❛❣♦s ♣❛r❛
P❆❳ ✲ P❛ss❛❣❡✐r♦s✴❑▼ ♣❛❣♦s tr❛♥s♣♦rt❛❞♦s ✭109✮

▼❡s❡s
▲❆❚❆▼ ●❖▲ ❖✉tr❛s ■♥❞ústr✐❛

P❆❳ ▼❦t s❤❛r❡ P❆❳ ▼❦t s❤❛r❡ P❆❳ ▼❦t s❤❛r❡ P❆❳

❏✉❧✳✷✵✶✼ ✵✱✹✾✷ ✹✵✱✺✻✪ ✵✱✸✻✷ ✷✾✱✽✽✪ ✵✱✸✺✾ ✷✾✱✺✼✪ ✶✱✷✶✹

❏✉♥✳✷✵✶✼ ✵✱✹✸✸ ✹✵✱✵✽✪ ✵✱✸✺✺ ✸✷✱✼✾✪ ✵✱✷✾✹ ✷✼✱✶✸✪ ✶✱✵✽✷

▼❛✐✳✷✵✶✼ ✵✱✹✶✼ ✹✵✱✷✵✪ ✵✱✸✹✻ ✸✸✱✸✶✪ ✵✱✷✼✺ ✷✻✱✹✾✪ ✶✱✵✸✾

❆❜r✳✷✵✶✼ ✵✱✹✶✵ ✹✵✱✷✶✪ ✵✱✸✸✻ ✸✷✱✾✾✪ ✵✱✷✼✸ ✷✻✱✽✵✪ ✶✱✵✶✾

▼❛r✳✷✵✶✼ ✵✱✹✺✹ ✹✶✱✽✸✪ ✵✱✸✹✷ ✸✶✱✺✷✪ ✵✱✷✽✾ ✷✻✱✻✺✪ ✶✱✵✽✻

❋❡✈✳✷✵✶✼ ✵✱✸✾✵ ✸✾✱✽✶✪ ✵✱✸✶✺ ✸✷✱✶✹✪ ✵✱✷✼✺ ✷✽✱✵✺✪ ✵✱✾✽✶

❏❛♥✳✷✵✶✼ ✵✱✺✵✸ ✹✵✱✸✾✪ ✵✱✹✶✹ ✸✸✱✷✸✪ ✵✱✸✷✾ ✷✻✱✸✽✪ ✶✱✷✹✼

❉❡③✳✷✵✶✻ ✵✱✺✶✼ ✹✶✱✷✺✪ ✵✱✹✶✺ ✸✸✱✶✵✪ ✵✱✸✷✶ ✷✺✱✻✺✪ ✶✱✷✺✷

◆♦✈✳✷✵✶✻ ✵✱✹✺✽ ✹✷✱✽✵✪ ✵✱✸✹✶ ✸✶✱✽✽✪ ✵✱✷✼✶ ✷✺✱✸✶✪ ✶✱✵✻✾

❖✉t✳✷✵✶✻ ✵✱✹✺✺ ✹✷✱✸✹✪ ✵✱✸✹✻ ✸✷✱✷✻✪ ✵✱✷✼✸ ✷✺✱✹✵✪ ✶✱✵✼✹

❙❡t✳✷✵✶✻ ✵✱✹✹✷ ✹✶✱✶✶✪ ✵✱✸✻✸ ✸✸✱✼✽✪ ✵✱✷✼✵ ✷✺✱✶✶✪ ✶✱✵✼✻

❆❣♦✳✷✵✶✻ ✵✱✹✸✻ ✹✶✱✼✺✪ ✵✱✸✸✾ ✸✷✱✺✷✪ ✵✱✷✻✽ ✷✺✱✼✸✪ ✶✱✵✹✸

▼é❞✐❛ ✵✱✹✺✶ ✹✶✱✵✸✪ ✵✱✸✺✻ ✸✷✱✹✺✪ ✵✱✷✾✶ ✷✻✱✺✷✪ ✶✱✵✾✾

❉✲P❛❞rã♦ ✵✱✵✸✽ ✵✱✾✼✪ ✵✱✵✸ ✶✱✵✹✪ ✵✱✵✷✾ ✶✱✷✾✪ ✵✱✵✽✾

❋♦♥t❡✿ ❆◆❆❈ ✕ ❆❣ê♥❝✐❛ ◆❛❝✐♦♥❛❧ ❞❡ ❆✈✐❛çã♦ ❈✐✈✐❧ ✭❆❣♦✳✷✵✶✻ ❛ ❏✉❧✳ ✷✵✶✼✮✳
❁❤tt♣✿✴✴✇✇✇✳❛♥❛❝✳❣♦✈✳❜r✴❛ss✉♥t♦s✴❞❛❞♦s✲❡✲❡st❛t✐st✐❝❛s✴❞❛❞♦s✲❡st❛t✐st✐❝♦s✴❞❛❞♦s✲
❡st❛t✐st✐❝♦s❃
❊❧❛❜♦r❛❞♦ ♣❡❧♦ ♣ró♣r✐♦ ❛✉t♦r✳

❧✐✐✐



❚❛❜❡❧❛ ✼✳✷✿ ❱❛❧♦r ❞❛s ✈❛r✐á✈❡✐s P❆❳ ✲ ♣❛r❛ ▲❛t❛♠ ❡ ●♦❧ ✲ ❆❣♦✳✷✵✶✻ ❛ ❏✉❧✳✷✵✶✼
P❆❳ ✭❜✐❧❤õ❡s✮ ♣❛r❛ ♦s ❞✐✈❡rs♦s ❝❡♥ár✐♦s

❊str❛té❣✐❛✴❊♠♣r❡s❛ ▲❆❚❆▼ ●❖▲

P❡ss✐♠✐st❛ ✵✱✸✼✺ ✵✱✷✾✻

❈♦♥s❡r✈❛❞♦r ✵✱✹✺✶ ✵✱✸✺✻

❖t✐♠✐st❛ ✵✱✺✷✼ ✵✱✹✶✻

❚❛❜❡❧❛ ✼✳✸✿ ▼❛tr✐③ ❡str❛té❣✐❛ ✲ ▲❆❚❆▼ ❡ ●❖▲ ✲ ❆❣♦✳✷✵✶✻ ❛ ❏✉❧✳✷✵✶✼
a = 0, 943 ●▲❖

s
GLO
P

= 0, 296 s
GLO
C

= 0, 356 s
GLO
O

= 0, 416

❚❆▼

s
TAM
P

= 0, 375 ✭✵✱✶✵✷ ❀✵✱✵✽✶✮ ✭✵✱✵✽ ❀✵✱✵✼✻✮ ✭✵✱✵✺✼ ❀✵✱✵✻✹✮
s
TAM
C

= 0, 451 ✭✵✱✵✽✾ ❀✵✱✵✺✾✮ ✭✵✱✵✻✷ ❀✵✱✵✹✾✮ ✭✵✱✵✸✺ ❀✵✱✵✸✷✮
s
TAM
O

= 0, 527 ✭✵✱✵✻✹ ❀✵✱✵✸✻✮ ✭✵✱✵✸✷ ❀✵✱✵✷✷✮ ✭✵ ❀✵✮

a = 1, 3 ●▲❖

s
GLO
P

= 0, 296 s
GLO
C

= 0, 356 s
GLO
O

= 0, 416

❚❆▼

s
TAM
P

= 0, 375 ✭✵✱✷✸✻ ❀✵✱✶✽✼✮ ✭✵✱✷✶✹ ❀✵✱✷✵✸✮ ✭✵✱✶✾✶ ❀✵✱✷✶✷✮
s
TAM
C

= 0, 451 ✭✵✱✷✺ ❀✵✱✶✻✹✮ ✭✵✱✷✷✶ ❀✵✱✶✼✻✮ ✭✵✱✶✾✻ ❀✵✱✶✽✶✮
s
TAM
O

= 0, 527 ✭✵✱✷✺✷ ❀✵✱✶✹✷✮ ✭✵✱✷✷ ❀✵✱✶✹✾✮ ✭✵✱✶✾✼ ❀✵✱✶✹✽✮

❖❜s❡r✈❛♥❞♦ ❛ ✜❣✉r❛ ✼✳✸✱ ♣r✐♠❡✐r❛♠❡♥t❡✱ ❞❡t❡❝t❛✲s❡ q✉❛✐s ❡str❛té❣✐❛s sã♦ ❞♦♠✐♥❛♥t❡s

♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❥♦❣❛❞♦r❡s ♣❛r❛ ♦s ❞♦✐s ✈❛❧♦r❡s ♣♦ssí✈❡✐s ❞❡ a✳ P❛r❛ a = 0, 943 t❡♠♦s

q✉❡ ❛ ❡str❛té❣✐❛ ❞❡ ✈❡♥❞❛ sGLO
O é ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛❞❛✱ ♣♦✐s s❡✉s ♣❛②♦✛s sã♦ s❡♠♣r❡

♠❡♥♦r❡s ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ ❡str❛té❣✐❛ ❛❞♦t❛❞❛ ♣❡❧♦ ♦✉tr♦ ♣❧❛②❡r✳ ❖ ♠❡s♠♦ t❡♠♦s ♣❛r❛

❛ ❡str❛té❣✐❛ sTAM
O ✳ P❛r❛ a = 1, 3 t❡♠♦s q✉❡ ❛ ❡str❛té❣✐❛ ❞❡ ✈❡♥❞❛ sGLO

P é ❡str✐t❛♠❡♥t❡

❞♦♠✐♥❛❞❛✱ ♣♦✐s s❡✉s ♣❛②♦✛s sã♦ s❡♠♣r❡ ♠❡♥♦r❡s ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ ❡str❛té❣✐❛ ❛❞♦t❛❞❛ ♣❡❧♦

♦✉tr♦ ♣❧❛②❡r✳ ❖ ♠❡s♠♦ t❡♠♦s ♣❛r❛ ❛ ❡str❛té❣✐❛ sTAM
P ✳

❊❧✐♠✐♥❛♥❞♦ ❛s ❡str❛té❣✐❛s ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❞❛s✱ ♦❜t❡♠✲s❡ ❛ t❛❜❡❧❛ ✼✳✹✿

❚❛❜❡❧❛ ✼✳✹✿ ▼❛tr✐③ ❡str❛té❣✐❝❛ ✲ ▲❆❚❆▼ ❡ ●❖▲ ✲ ❆❣♦✳✷✵✶✻ ❛ ❏✉❧✳✷✵✶✼ ✲ ❘❡❞✉③✐❞❛
a = 0, 943 ●❖▲

s
GLO
P

= 0, 356 s
GLO
C

= 0, 416

❚❆▼
s
TAM
P

= 0, 375 ✭✵✱✶✵✷ ❀✵✱✵✽✶✮ ✭✵✱✵✽ ❀✵✱✵✼✻✮
s
TAM
C

= 0, 451 ✭✵✱✵✽✾ ❀✵✱✵✺✾✮ ✭✵✱✵✻✷ ❀✵✱✵✹✾✮

a = 1, 3 ●❖▲
s
GLO
C

= 0, 356 s
GLO
O

= 0, 416

❚❆▼
s
TAM
C

= 0, 451 ✭✵✱✷✷✶ ❀✵✱✶✼✻✮ ✭✵✱✶✾✻ ❀✵✱✶✽✶✮
s
TAM
O

= 0, 527 ✭✵✱✷✷ ❀✵✱✶✹✾✮ ✭✵✱✶✾✼ ❀✵✱✶✹✽✮

❧✐✈



❆♣❧✐❝❛♥❞♦✲s❡ ♥♦✈❛♠❡♥t❡ ❛ ❧ó❣✐❝❛ ❞❡ ❡str❛té❣✐❛s ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛♥t❡s ❝❤❡❣❛♠♦s

❛♦s s❡❣✉✐♥t❡s r❡s✉❧t❛❞♦s ❞❡ ❡q✉✐❧í❜r✐♦✿

❼ P❛r❛ a = 0, 943 t❡♠♦s q✉❡ ♦ ❡q✉✐❧í❜r✐♦ ♦❝♦rr❡ ♣❛r❛ ♦ ♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s {P, P}✱ ♦✉

s❡❥❛✱ ❛s ❞✉❛s ❝♦♠♣❛♥❤✐❛s ❛ér❡❛s ❞❡✈❡♠ ❛❞♦t❛r ❡str❛té❣✐❛s ❞❡ ✈❡♥❞❛s ♣❡ss✐♠✐st❛s✳

❼ P❛r❛ a = 1, 3 ♥ã♦ ❝♦♥s❡❣✉✐♠♦s r❡❞✉③✐r ♦ s✐st❡♠❛ ❛tr❛✈és ❞❡ ❡str❛té❣✐❛s ❞♦♠✐♥❛♥t❡s✳

❉❡✈❡✲s❡ ❛ss✐♠ ✉t✐❧✐③❛r ♦ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤ ♣❛r❛ ❝❤❡❣❛r ❛ ❝♦♥❝❧✉sã♦ ❞❡ q✉❡ ♦ ♣❡r✜❧

❞❡ ❡str❛té❣✐❛s ❞♦ ❡q✉✐❧í❜r✐♦ é {O,C}✱ ♦✉ s❡❥❛✱ ❛ ❚❆▼ ❞❡✈❡ ❛❞♦t❛r ✉♠❛ ❡str❛té❣✐❛

❖t✐♠✐st❛ ❡ ❛ ●❖▲ ✉♠❛ ❡str❛té❣✐❛ ❞❡ ❝♦♥t✐♥✉✐❞❛❞❡✳

P❛r❛ ❞❡t❡r♠✐♥❛r ❛ s♦❧✉çã♦ ❞♦ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤ ♥❛ r❡♣r❡s❡♥t❛çã♦ ❡str❛té❣✐❝❛ ❞❛ t❛❜❡❧❛

✼✳✸✱ ❝♦♠❡ç❛✲s❡ ❝♦♠ ✉♠❛ ❞❛s ❡♠♣r❡s❛s ❡ ✉♠❛ ❡str❛té❣✐❛✳ ❙❡ ❛ ❡♠♣r❡s❛ ❚❆▼✱ ♣❛r❛ a =

0, 943 ♣♦r ❡①❡♠♣❧♦✱ ❡s❝♦❧❤❡ ❛ ❡str❛té❣✐❛ ❞❡ ❝♦♥t✐♥✉✐❞❛❞❡ ❞❡ ✈❡♥❞❛s s
TAM
C

= 0, 451 ❛ ♠❡❧❤♦r

r❡s♣♦st❛ q✉❡ ❛ ●❖▲ ♣♦❞❡ ❞❛r é ❡s❝♦❧❤❡r sGLO
P = 0, 296✳ ❋❡✐t♦ ❡ss❛ ❡s❝♦❧❤❛✱ ❛ ❚❆▼ ♣♦❞❡

♠❡❧❤♦r s❡✉s ❣❛♥❤❛s ❞❡ ❛❞♦t❛r ❛ sTAM
P = 0, 375✳ ❆ ♣❛rt✐r ❞❡ ❡♥tã♦✱ ♥❡♥❤✉♠❛ ❡♠♣r❡s❛

❝♦♥s❡❣✉❡ ♠❡❧❤♦r❛r s❡✉s ♣❛②♦✛s✱ ♦ q✉❡ ✐♥❞✐❝❛ q✉❡ ♦ ❡q✉✐❧í❜r✐♦ ❢♦✐ ❛t✐♥❣✐❞♦✳ ❉❡ss❛ ❢♦r♠❛ ♦

♣❡r✜❧ ❡str❛té❣✐❝♦ ❞♦ ❡q✉✐❧í❜r✐♦ ♦❝♦rr❡ ♣❛r❛ {P, P}✳

❙❡❣✉✐♥❞♦✲s❡ ♦ ♠❡s♠♦ ✢✉①♦ ♣❛r❛ a = 1, 3 ❡♥❝♦♥tr❛✲s❡ q✉❡ ♦ ♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s ❞♦

❡q✉✐❧í❜r✐♦ é {O,C}✳

❉❡ss❛ ❢♦r♠❛✱ ❛s ❞✉❛s ♠❛♥❡✐r❛s ❞❡ r❡s♦❧✉çã♦ ❞♦s ❥♦❣♦s ❧❡✈♦✉ ❛♦ ♠❡s♠♦ ❡q✉✐❧í❜r✐♦✳

✼✳✷✳✷ ❆❣♦st♦ ❞❡ ✷✵✶✼ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✽

❆ ♣❛rt✐r ❞❛ t❛❜❡❧❛ ✼✳✺ ♣♦❞❡♠♦s ❡♥❝♦♥tr❛r ♦ ✈❛❧♦r ❞❛ ✈❛r✐á✈❡❧ P❆❳ ♣❛r❛ t♦❞♦s ♦s

❝❡♥ár✐♦s ❞❛s ❞✉❛s ❡♠♣r❡s❛s ❛ér❡❛s✳ ❊ss❡s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛♠✲s❡ ♥❛ t❛❜❡❧❛ ✼✳✻✳❈♦♠ ❡ss❛s

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

❛❞♦t❛❞❛s✳ Pr❡❝✐s❛♠♦s✱ ❡♥tr❡t❛♥t♦ ❡♥❝♦♥tr❛r ✉♠ ✈❛❧♦r ♣❛r❛ ❛ ❝♦♥st❛♥t❡ ′a′✳ P❛r❛ q✉❡

❛ ❡q✉❛çã♦ ✻✳✽ s❡♠♣r❡ s❡❥❛ ♣♦s✐t✐✈❛ t♦♠♦✉✲s❡ a = 0, 587 + 0, 495✱ ♦✉ s❡❥❛✱ ❛ s♦♠❛ ❞♦s

✈❛❧♦r❡s ❞❡ P❆❳ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ❞♦✐s ❝❡♥ár✐♦s ♦t✐♠✐st❛s✳ ❈♦♥s✐❞❡r♦✉✲s❡ t❛♠❜é♠ a =

0, 587 + 0, 495 + 0, 336 + 0, 118✱ ♣❛r❛ ❛❜r❛♥❣❡r ❛ ❞❡♠❛♥❞❛ ❞❛s ♦✉tr❛s ❞✉❛s ❧✐♥❤❛s ❛ér❡❛s✳

❆ss✐♠✱ ❝♦♥str✉✐✉✲s❡ ❛ ♠❛tr✐③ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❡str❛té❣✐❝❛ ♣r❡❡♥❝❤✐❞❛ ✉s❛♥❞♦ ❛ ❢✉♥çã♦

❧✈



r❡❝❡✐t❛ fTAM = (a−xTAM−xGLO)×xTAM ♣❛r❛ ▲❆❚❆▼ ❡ fGLO = (a−xTAM−xGLO)×xGLO

♣❛r❛ ●❖▲✳✱ ❝♦♥s✐❞❡r❛♥❞♦ t♦❞❛s ❛s ❝♦♠❜✐♥❛çõ❡s ❞❡ ❡str❛té❣✐❛s✳

❚❛❜❡❧❛ ✼✳✺✿ P❆❳ ✲ P❛ss❛❣❡✐r♦s✴❑▼ ♣❛❣♦s ♣❛r❛ ▲❛t❛♠ ❡ ●♦❧ ✲ ❆❣♦✳✷✵✶✼ ❛ ❏✉❧✳✷✵✶✽
P❆❳ ✲ P❛ss❛❣❡✐r♦s✴❑▼ ♣❛❣♦s tr❛♥s♣♦rt❛❞♦s ✭109✮

▼❡s❡s
▲❆❚❆▼ ●❖▲ ❖✉tr❛s ■♥❞ústr✐❛

P❆❳ ▼❦t s❤❛r❡ P❆❳ ▼❦t s❤❛r❡ P❆❳ ▼❦t s❤❛r❡ P❆❳

❏✉❧✳✷✵✶✽ ✵✱✺✾✾ ✸✾✱✺✵✪ ✵✱✹✼✵ ✸✵✱✾✼✪ ✵✱✹✹✽ ✷✾✱✺✸✪ ✶✱✺✶✽

❏✉♥✳✷✵✶✽ ✵✱✺✷✼ ✹✵✱✷✺✪ ✵✱✸✼✺ ✷✽✱✻✺✪ ✵✱✹✵✼ ✸✶✱✶✵✪ ✶✱✸✶✵

▼❛✐✳✷✵✶✽ ✵✱✺✶✸ ✹✵✱✼✾✪ ✵✱✸✺✽ ✷✽✱✹✽✪ ✵✱✸✽✻ ✸✵✱✼✸✪ ✶✱✷✺✾

❆❜r✳✷✵✶✽ ✵✱✺✵✵ ✹✵✱✹✹✪ ✵✱✸✺✹ ✷✽✱✻✹✪ ✵✱✸✽✷ ✸✵✱✾✶✪ ✶✱✷✸✽

▼❛r✳✷✵✶✽ ✵✱✺✵✶ ✹✵✱✷✹✪ ✵✱✸✼✺ ✸✵✱✶✹✪ ✵✱✸✻✾ ✷✾✱✻✶✪ ✶✱✷✹✺

❋❡✈✳✷✵✶✽ ✵✱✹✸✽ ✹✵✱✹✽✪ ✵✱✸✹✶ ✸✶✱✺✸✪ ✵✱✸✵✷ ✷✼✱✾✾✪ ✶✱✵✽✷

❏❛♥✳✷✵✶✽ ✵✱✺✷✺ ✸✽✱✸✶✪ ✵✱✹✼✶ ✸✹✱✸✸✪ ✵✱✸✼✺ ✷✼✱✸✻✪ ✶✱✸✼✶

❉❡③✳✷✵✶✼ ✵✱✺✸✻ ✸✽✱✾✻✪ ✵✱✹✽✸ ✸✺✱✵✽✪ ✵✱✸✺✼ ✷✺✱✾✻✪ ✶✱✸✼✻

◆♦✈✳✷✵✶✼ ✵✱✹✾✸ ✹✶✱✼✻✪ ✵✱✸✼✼ ✸✶✱✾✸✪ ✵✱✸✶✵ ✷✻✱✸✶✪ ✶✱✶✽✶

❖✉t✳✷✵✶✼ ✵✱✹✽✾ ✹✶✱✻✺✪ ✵✱✸✼✶ ✸✶✱✺✻✪ ✵✱✸✶✺ ✷✻✱✽✵✪ ✶✱✶✼✺

❙❡t✳✷✵✶✼ ✵✱✹✻✾ ✹✶✱✻✵✪ ✵✱✸✺✷ ✸✶✱✶✽✪ ✵✱✸✵✼ ✷✼✱✷✷✪ ✶✱✶✷✽

❆❣♦✳✷✵✶✼ ✵✱✹✽✺ ✹✷✱✷✹✪ ✵✱✸✹✺ ✸✵✱✵✻✪ ✵✱✸✶✽ ✷✼✱✻✾✪ ✶✱✶✹✽

▼é❞✐❛ ✵✱✺✵✼ ✹✵✱✺✷✪ ✵✱✸✽✾ ✸✶✱✵✺✪ ✵✱✸✺✻ ✷✽✱✹✹✪ ✶✱✷✺✷

❉✲P❛❞rã♦ ✵✱✵✹✵ ✶✱✶✾✪ ✵✱✵✺✸ ✷✱✵✾✪ ✵✱✵✹✻ ✶✱✽✺✪ ✵✱✶✷✹

❋♦♥t❡✿ ❆◆❆❈ ✕ ❆❣ê♥❝✐❛ ◆❛❝✐♦♥❛❧ ❞❡ ❆✈✐❛çã♦ ❈✐✈✐❧ ✭❆❣♦✳✷✵✶✼ ❛ ❏✉❧✳ ✷✵✶✽✮✳
❁❤tt♣✿✴✴✇✇✇✳❛♥❛❝✳❣♦✈✳❜r✴❛ss✉♥t♦s✴❞❛❞♦s✲❡✲❡st❛t✐st✐❝❛s✴❞❛❞♦s✲❡st❛t✐st✐❝♦s✴❞❛❞♦s✲
❡st❛t✐st✐❝♦s❃
❊❧❛❜♦r❛❞♦ ♣❡❧♦ ♣ró♣r✐♦ ❛✉t♦r✳

❚❛❜❡❧❛ ✼✳✻✿ ❱❛❧♦r ❞❛s ✈❛r✐á✈❡✐s P❆❳ ✲ ♣❛r❛ ▲❛t❛♠ ❡ ●♦❧ ✲ ❆❣♦✳✷✵✶✼ ❛ ❏✉❧✳✷✵✶✽
P❆❳ ✭❜✐❧❤õ❡s✮ ♣❛r❛ ♦s ❞✐✈❡rs♦s ❝❡♥ár✐♦s

❊str❛té❣✐❛✴❊♠♣r❡s❛ ▲❆❚❆▼ ●❖▲

P❡ss✐♠✐st❛ ✵✱✹✷✼ ✵✱✷✽✸

❈♦♥s❡r✈❛❞♦r ✵✱✺✵✼ ✵✱✸✽✾

❖t✐♠✐st❛ ✵✱✺✽✼ ✵✱✹✾✺

❧✈✐



❚❛❜❡❧❛ ✼✳✼✿ ▼❛tr✐③ ❡str❛té❣✐❛ ✲ ▲❆❚❆▼ ❡ ●❖▲ ✲ ❆❣♦✳✷✵✶✼ ❛ ❏✉❧✳✷✵✶✽
a = 1, 082 ●▲❖

s
GLO
P

= 0, 283 s
GLO
C

= 0, 389 s
GLO
O

= 0, 495

❚❆▼

s
TAM
P

= 0, 427 ✭✵✱✶✺✾ ❀✵✱✶✵✻✮ ✭✵✱✶✶✹ ❀✵✱✶✵✹✮ ✭✵✱✵✻✾ ❀✵✱✵✽✮
s
TAM
C

= 0, 507 ✭✵✱✶✹✾ ❀✵✱✵✽✸✮ ✭✵✱✵✾✺ ❀✵✱✵✼✸✮ ✭✵✱✵✹✶ ❀✵✱✵✹✮
s
TAM
O

= 0, 587 ✭✵✱✶✷✺ ❀✵✱✵✻✮ ✭✵✱✵✻✸ ❀✵✱✵✹✷✮ ✭✵ ❀✵✮

a = 1, 536 ●▲❖

s
GLO
P

= 0, 283 s
GLO
C

= 0, 389 s
GLO
O

= 0, 495

❚❆▼

s
TAM
P

= 0, 427 ✭✵✱✸✺✸ ❀✵✱✷✸✹✮ ✭✵✱✸✵✽ ❀✵✱✷✽✶✮ ✭✵✱✷✻✸ ❀✵✱✸✵✹✮
s
TAM
C

= 0, 507 ✭✵✱✸✼✾ ❀✵✱✷✶✷✮ ✭✵✱✸✷✺ ❀✵✱✷✹✾✮ ✭✵✱✷✼✶ ❀✵✱✷✻✺✮
s
TAM
O

= 0, 587 ✭✵✱✸✾✶ ❀✵✱✶✽✾✮ ✭✵✱✸✷✾ ❀✵✱✷✶✽✮ ✭✵✱✷✻✻ ❀✵✱✷✷✹✮

❼ P❛r❛ a = 1, 082 t❡♠♦s q✉❡ ♦ ❡q✉✐❧í❜r✐♦ ♦❝♦rr❡ ♣❛r❛ ♦ ♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s {P, P}✱ ♦✉

s❡❥❛✱ ❛s ❞✉❛s ❝♦♠♣❛♥❤✐❛s ❛ér❡❛s ❞❡✈❡♠ ❛❞♦t❛r ❡str❛té❣✐❛s ❞❡ ✈❡♥❞❛s ♣❡ss✐♠✐st❛s✳

❼ P❛r❛ a = 1, 536 ♥ã♦ ❝♦♥s❡❣✉✐♠♦s r❡❞✉③✐r ♦ s✐st❡♠❛ ❛tr❛✈és ❞❡ ❡str❛té❣✐❛s ❞♦♠✐♥❛♥✲

t❡s✳ ❉❡✈❡✲s❡ ❛ss✐♠ ✉t✐❧✐③❛r ♦ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤ ♣❛r❛ ❝❤❡❣❛r ❛ ❝♦♥❝❧✉sã♦ ❞❡ q✉❡

♦ ♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s ❞♦ ❡q✉✐❧í❜r✐♦ é {C,O}✱ ♦✉ s❡❥❛✱ ❛ ❚❆▼ ❞❡✈❡ ❛❞♦t❛r ✉♠❛

❡str❛té❣✐❛ ❞❡ ❝♦♥t✐♥✉✐❞❛❞❡ ❡ ❛ ●❖▲ ✉♠❛ ❡str❛té❣✐❛ ♦t✐♠✐st❛✳

✼✳✸ ❈♦♠♣❡t✐çã♦ ❞✉♦♣♦❧✐st❛ ❞❡ ❈♦✉r♥♦t ♣❛r❛ ❆③✉❧✲❆✈✐❛♥❝❛

✼✳✸✳✶ ❆❣♦st♦ ❞❡ ✷✵✶✻ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✼

❆ ♣❛rt✐r ❞❛ t❛❜❡❧❛ ✼✳✽ ♣♦❞❡♠♦s ❡♥❝♦♥tr❛r ♦ ✈❛❧♦r ❞❛ ✈❛r✐á✈❡❧ P❆❳ ♣❛r❛ t♦❞♦s ♦s

❝❡♥ár✐♦s ❞❛s ❞✉❛s ❡♠♣r❡s❛s ❛ér❡❛s✳ ❊ss❡s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛♠✲s❡ ♥❛ t❛❜❡❧❛ ✼✳✾✳❈♦♠ ❡ss❛s

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

❛❞♦t❛❞❛s✳ Pr❡❝✐s❛♠♦s✱ ❡♥tr❡t❛♥t♦ ❡♥❝♦♥tr❛r ✉♠ ✈❛❧♦r ♣❛r❛ ❛ ❝♦♥st❛♥t❡ ′a′✳ P❛r❛ q✉❡

❛ ❡q✉❛çã♦ ✻✳✽ s❡♠♣r❡ s❡❥❛ ♣♦s✐t✐✈❛ t♦♠♦✉✲s❡ a = 0, 291 + 0, 066✱ ♦✉ s❡❥❛✱ ❛ s♦♠❛ ❞♦s

✈❛❧♦r❡s ❞❡ P❆❳ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ❞♦✐s ❝❡♥ár✐♦s ♦t✐♠✐st❛s✳ ❈♦♥s✐❞❡r♦✉✲s❡ t❛♠❜é♠ a =

0, 527 + 0, 416 + 0, 291 + 0, 066✱ ♣❛r❛ ❛❜r❛♥❣❡r ❛ ❞❡♠❛♥❞❛ ❞❛s ♦✉tr❛s ❞✉❛s ❧✐♥❤❛s ❛ér❡❛s✳

❆ss✐♠✱ ❝♦♥str✉✐✉✲s❡ ❛ ♠❛tr✐③ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❡str❛té❣✐❝❛ ♣r❡❡♥❝❤✐❞❛ ✉s❛♥❞♦ ❛ ❢✉♥çã♦

r❡❝❡✐t❛ fAZU = (a−xAZU −xONE)×xTAM ♣❛r❛ ❆③✉❧ ❡ fGLO = (a−xAZU −xONE)×xONE

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

❧✈✐✐



❚❛❜❡❧❛ ✼✳✽✿ P❆❳ ✲ P❛ss❛❣❡✐r♦s✴❑▼ ♣❛❣♦s ♣❛r❛ ❆③✉❧ ❡ ❆✈✐❛♥❝❛ ✲ ❆❣♦✳✷✵✶✻ ❛ ❏✉❧✳✷✵✶✼
P❆❳ ✲ P❛ss❛❣❡✐r♦s✴❑▼ ♣❛❣♦s tr❛♥s♣♦rt❛❞♦s ✭109✮

▼❡s❡s
❆✈✐❛♥❝❛ ❆③✉❧ ❖✉tr❛s ■♥❞ústr✐❛

P❆❳ ▼❦t s❤❛r❡ P❆❳ ▼❦t s❤❛r❡ P❆❳ ▼❦t s❤❛r❡ P❆❳

❏✉❧✳✷✵✶✼ ✵✱✷✾✽ ✷✹✱✺✸✪ ✵✱✵✺✽ ✹✱✼✵✪ ✵✱✽✺✾ ✼✵✱✼✼✪ ✶✱✷✶✹

❏✉♥✳✷✵✶✼ ✵✱✷✸✶ ✷✶✱✸✹✪ ✵✱✵✺✾ ✺✱✹✸✪ ✵✱✼✾✸ ✼✸✱✷✸✪ ✶✱✵✽✷

▼❛✐✳✷✵✶✼ ✵✱✷✶✶ ✷✵✱✷✼✪ ✵✱✵✻✷ ✺✱✽✼✪ ✵✱✼✻✽ ✼✸✱✽✻✪ ✶✱✵✸✾

❆❜r✳✷✵✶✼ ✵✱✷✵✾ ✷✵✱✹✼✪ ✵✱✵✻✷ ✺✱✾✾✪ ✵✱✼✺ ✼✸✱✺✹✪ ✶✱✵✶✾

▼❛r✳✷✵✶✼ ✵✱✷✷✼ ✷✵✱✽✻✪ ✵✱✵✺✽ ✺✱✸✸✪ ✵✱✽✵✷ ✼✸✱✽✶✪ ✶✱✵✽✻

❋❡✈✳✷✵✶✼ ✵✱✷✷✶ ✷✷✱✹✾✪ ✵✱✵✺ ✺✱✵✼✪ ✵✱✼✶✶ ✼✷✱✹✹✪ ✵✱✾✽✶

❏❛♥✳✷✵✶✼ ✵✱✷✻✺ ✷✶✱✷✹✪ ✵✱✵✺✾ ✹✱✻✼✪ ✵✱✾✷✺ ✼✹✱✵✾✪ ✶✱✷✹✼

❉❡③✳✷✵✶✻ ✵✱✷✻ ✷✵✱✼✸✪ ✵✱✵✺✻ ✹✱✹✺✪ ✵✱✾✸✽ ✼✹✱✽✷✪ ✶✱✷✺✷

◆♦✈✳✷✵✶✻ ✵✱✷✶✹ ✶✾✱✾✻✪ ✵✱✵✺✷ ✹✱✽✷✪ ✵✱✽✵✺ ✼✺✱✷✷✪ ✶✱✵✻✾

❖✉t✳✷✵✶✻ ✵✱✷✵✽ ✶✾✱✸✺✪ ✵✱✵✻ ✺✱✺✹✪ ✵✱✽✵✼ ✼✺✱✶✶✪ ✶✱✵✼✹

❙❡t✳✷✵✶✻ ✵✱✷✵✹ ✶✽✱✾✹✪ ✵✱✵✻✶ ✺✱✻✺✪ ✵✱✽✶✷ ✼✺✱✹✶✪ ✶✱✵✼✻

❆❣♦✳✷✵✶✻ ✵✱✷✵✶ ✶✾✱✷✸✪ ✵✱✵✻✸ ✺✱✾✾✪ ✵✱✼✽✶ ✼✹✱✼✽✪ ✶✱✵✹✸

▼é❞✐❛ ✵✱✷✷✾ ✷✵✱✼✾✪ ✵✱✵✺✽ ✺✱✷✾✪ ✵✱✽✶✸ ✼✸✱✾✷✪ ✶✱✵✾✾

❉✲P❛❞rã♦ ✵✱✵✸✶ ✶✱✺✺✪ ✵✱✵✵✹ ✵✱✺✹✪ ✵✱✵✻✼ ✶✱✸✹✪ ✵✱✵✽✾

❋♦♥t❡✿ ❆◆❆❈ ✕ ❆❣ê♥❝✐❛ ◆❛❝✐♦♥❛❧ ❞❡ ❆✈✐❛çã♦ ❈✐✈✐❧ ✭❆❣♦✳✷✵✶✻ ❛ ❏✉❧✳ ✷✵✶✼✮✳
❁❤tt♣✿✴✴✇✇✇✳❛♥❛❝✳❣♦✈✳❜r✴❛ss✉♥t♦s✴❞❛❞♦s✲❡✲❡st❛t✐st✐❝❛s✴❞❛❞♦s✲❡st❛t✐st✐❝♦s✴❞❛❞♦s✲
❡st❛t✐st✐❝♦s❃
❊❧❛❜♦r❛❞♦ ♣❡❧♦ ♣ró♣r✐♦ ❛✉t♦r✳

❚❛❜❡❧❛ ✼✳✾✿ ❱❛❧♦r ❞❛s ✈❛r✐á✈❡✐s P❆❳ ✲ ♣❛r❛ ❆✈✐❛♥❝❛ ❡ ❆③✉❧ ✲ ❆❣♦✳✷✵✶✻ ❛ ❏✉❧✳✷✵✶✼
P❆❳ ✭❜✐❧❤õ❡s✮ ♣❛r❛ ♦s ❞✐✈❡rs♦s ❝❡♥ár✐♦s

❊str❛té❣✐❛✴❊♠♣r❡s❛ ❆✈✐❛♥❝❛ ❆③✉❧

P❡ss✐♠✐st❛ ✵✱✶✻✼ ✵✱✵✺✵

❈♦♥s❡r✈❛❞♦r ✵✱✷✷✾ ✵✱✵✺✽

❖t✐♠✐st❛ ✵✱✷✾✶ ✵✱✵✻✻

❚❛❜❡❧❛ ✼✳✶✵✿ ▼❛tr✐③ ❡str❛té❣✐❛ ✲ ❆✈✐❛♥❝❛ ❡ ❆③✉❧ ✲ ❆❣♦✳✷✵✶✻ ❛ ❏✉❧✳✷✵✶✼
a = 0, 357 ❆③✉❧

s
AZU
P

= 0, 050 s
AZU
C

= 0, 058 s
AZU
O

= 0, 066

❆✈✐❛♥❝❛
s
ONE
P

= 0, 167 ✭✵✱✵✷✹ ❀✵✱✵✵✼✮ ✭✵✱✵✷✸ ❀✵✱✵✵✽✮ ✭✵✱✵✷✶ ❀✵✱✵✵✾✮
s
ONE
C

= 0, 229 ✭✵✱✵✶✽ ❀✵✱✵✵✹✮ ✭✵✱✵✶✼ ❀✵✱✵✵✺✮ ✭✵✱✵✶✺ ❀✵✱✵✵✺✮
s
ONE
O

= 0, 291 ✭✵✱✵✵✺ ❀✵✱✵✵✶✮ ✭✵✱✵✵✸ ❀✵✱✵✵✶✮ ✭✵ ❀✵✮

a = 1, 3 ❆③✉❧
s
AZU
P

= 0, 050 s
AZU
C

= 0, 058 s
AZU
O

= 0, 066

❆✈✐❛♥❝❛
s
ONE
P

= 0, 167 ✭✵✱✶✽✶ ❀✵✱✵✺✺✮ ✭✵✱✶✽ ❀✵✱✵✻✸✮ ✭✵✱✶✼✾ ❀✵✱✵✼✶✮
s
ONE
C

= 0, 229 ✭✵✱✷✸✹ ❀✵✱✵✺✷✮ ✭✵✱✷✸✷ ❀✵✱✵✺✾✮ ✭✵✱✷✸✶ ❀✵✱✵✻✼✮
s
ONE
O

= 0, 291 ✭✵✱✷✽ ❀✵✱✵✹✽✮ ✭✵✱✷✼✼ ❀✵✱✵✺✻✮ ✭✵✱✷✼✹ ❀✵✱✵✻✷✮

❧✈✐✐✐



❼ P❛r❛ a = 0, 357 t❡♠♦s q✉❡ ♦ ❡q✉✐❧í❜r✐♦ ♦❝♦rr❡ ♣❛r❛ ♦ ♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s {P, P}✱ ♦✉

s❡❥❛✱ ❛s ❞✉❛s ❝♦♠♣❛♥❤✐❛s ❛ér❡❛s ❞❡✈❡♠ ❛❞♦t❛r ❡str❛té❣✐❛s ❞❡ ✈❡♥❞❛s ♣❡ss✐♠✐st❛s✳

❼ P❛r❛ a = 1, 3 ♥ã♦ ❝♦♥s❡❣✉✐♠♦s r❡❞✉③✐r ♦ s✐st❡♠❛ ❛tr❛✈és ❞❡ ❡str❛té❣✐❛s ❞♦♠✐♥❛♥t❡s✳

❉❡✈❡✲s❡ ❛ss✐♠ ✉t✐❧✐③❛r ♦ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤ ♣❛r❛ ❝❤❡❣❛r ❛ ❝♦♥❝❧✉sã♦ ❞❡ q✉❡ ♦ ♣❡r✜❧

❞❡ ❡str❛té❣✐❛s ❞♦ ❡q✉✐❧í❜r✐♦ é {O,O}✱ ♦✉ s❡❥❛✱ ❛ ❆✈✐❛♥❝❛ ❞❡✈❡ ❛❞♦t❛r ✉♠❛ ❡str❛té❣✐❛

❖t✐♠✐st❛ ❡ ❛ ❆③✉❧ t❛♠❜é♠✳

✼✳✸✳✷ ❆❣♦st♦ ❞❡ ✷✵✶✼ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✽

❆ ♣❛rt✐r ❞❛ t❛❜❡❧❛ ✼✳✶✶ ♣♦❞❡♠♦s ❡♥❝♦♥tr❛r ♦ ✈❛❧♦r ❞❛ ✈❛r✐á✈❡❧ P❆❳ ♣❛r❛ t♦❞♦s ♦s

❝❡♥ár✐♦s ❞❛s ❞✉❛s ❡♠♣r❡s❛s ❛ér❡❛s✳ ❊ss❡s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛♠✲s❡ ♥❛ t❛❜❡❧❛ ✼✳✶✷✳❈♦♠

❡ss❛s ❝♦♥str✉çõ❡s ♣♦❞❡✲s❡ ❝❛❧❝✉❧❛r ♦ ✈❛❧♦r ❞❛s r❡❝♦♠♣❡♥s❛s ♣❛r❛ ❝❛❞❛ ❝♦♥❥✉♥t♦ ❞❡ ❡s✲

tr❛té❣✐❛s ❛❞♦t❛❞❛s✳ Pr❡❝✐s❛♠♦s✱ ❡♥tr❡t❛♥t♦ ❡♥❝♦♥tr❛r ✉♠ ✈❛❧♦r ♣❛r❛ ❛ ❝♦♥st❛♥t❡ ′a′✳

P❛r❛ q✉❡ ❛ ❡q✉❛çã♦ ✻✳✽ s❡♠♣r❡ s❡❥❛ ♣♦s✐t✐✈❛ t♦♠♦✉✲s❡ a = 0, 336 + 0, 118✱ ♦✉ s❡❥❛✱ ❛

s♦♠❛ ❞♦s ✈❛❧♦r❡s ❞❡ P❆❳ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ❞♦✐s ❝❡♥ár✐♦s ♦t✐♠✐st❛s✳ ❈♦♥s✐❞❡r♦✉✲s❡ t❛♠❜é♠

a = 0, 587+0, 495+0, 336+0, 118✱ ♣❛r❛ ❛❜r❛♥❣❡r ❛ ❞❡♠❛♥❞❛ ❞❛s ♦✉tr❛s ❞✉❛s ❧✐♥❤❛s ❛ér❡❛s✳

❆ss✐♠✱ ❝♦♥str✉✐✉✲s❡ ❛ ♠❛tr✐③ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❡str❛té❣✐❝❛ ♣r❡❡♥❝❤✐❞❛ ✉s❛♥❞♦ ❛ ❢✉♥çã♦ r❡✲

❝❡✐t❛ fAZU = (a− xAZU − xONE)× xTAM ♣❛r❛ ❆③✉❧ ❡ fGLO = (a− xAZU − xONE)× xONE

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

❧✐①



❚❛❜❡❧❛ ✼✳✶✶✿ P❆❳ ✲ P❛ss❛❣❡✐r♦s✴❑▼ ♣❛❣♦s ♣❛r❛ ❆③✉❧ ❡ ❆✈✐❛♥❝❛ ✲ ❆❣♦✳✷✵✶✼ ❛ ❏✉❧✳✷✵✶✽
P❆❳ ✲ P❛ss❛❣❡✐r♦s✴❑▼ ♣❛❣♦s tr❛♥s♣♦rt❛❞♦s ✭109✮

▼❡s❡s
❆✈✐❛♥❝❛ ❆③✉❧ ❖✉tr❛s ■♥❞ústr✐❛

P❆❳ ▼❦t s❤❛r❡ P❆❳ ▼❦t s❤❛r❡ P❆❳ ▼❦t s❤❛r❡ P❆❳

❏✉❧✳✷✵✶✽ ✵✱✸✹✶ ✷✷✱✹✵✪ ✵✱✶✵✹ ✻✱✽✺✪ ✶✱✵✼✺ ✼✵✱✼✺✪ ✶✱✺✶✽

❏✉♥✳✷✵✶✽ ✵✱✸✵✸ ✷✸✱✵✺✪ ✵✱✶✵✷ ✼✱✼✻✪ ✵✱✾✵✼ ✻✾✱✶✾✪ ✶✱✸✶✵

▼❛✐✳✷✵✶✽ ✵✱✷✽✾ ✷✷✱✾✵✪ ✵✱✵✾✻ ✼✱✺✽✪ ✵✱✽✼✻ ✻✾✱✺✸✪ ✶✱✷✺✾

❆❜r✳✷✵✶✽ ✵✱✷✽✼ ✷✸✱✶✺✪ ✵✱✵✾✹ ✼✱✺✷✪ ✵✱✽✺✾ ✻✾✱✸✸✪ ✶✱✷✸✽

▼❛r✳✷✵✶✽ ✵✱✷✼✽ ✷✷✱✷✼✪ ✵✱✵✽✾ ✼✱✶✸✪ ✵✱✽✽ ✼✵✱✺✾✪ ✶✱✷✹✺

❋❡✈✳✷✵✶✽ ✵✱✷✹✽ ✷✷✱✾✶✪ ✵✱✵✺✷ ✹✱✽✵✪ ✵✱✼✽✸ ✼✷✱✷✾✪ ✶✱✵✽✷

❏❛♥✳✷✵✶✽ ✵✱✸✵✺ ✷✷✱✶✽✪ ✵✱✵✻✽ ✹✱✾✹✪ ✶✱✵✷✸ ✼✷✱✽✽✪ ✶✱✸✼✶

❉❡③✳✷✵✶✼ ✵✱✷✾ ✷✶✱✵✸✪ ✵✱✵✻✹ ✹✱✻✹✪ ✶✱✵✷✹ ✼✹✱✸✸✪ ✶✱✸✼✻

◆♦✈✳✷✵✶✼ ✵✱✷✺✺ ✷✶✱✺✸✪ ✵✱✵✺✹ ✹✱✺✵✪ ✵✱✽✼✹ ✼✸✱✾✼✪ ✶✱✶✽✶

❖✉t✳✷✵✶✼ ✵✱✷✻✼ ✷✷✱✻✻✪ ✵✱✵✹✺ ✸✱✽✶✪ ✵✱✽✻✺ ✼✸✱✺✸✪ ✶✱✶✼✺

❙❡t✳✷✵✶✼ ✵✱✷✹✻ ✷✶✱✼✾✪ ✵✱✵✺✽ ✺✱✶✶✪ ✵✱✽✷✺ ✼✸✱✶✵✪ ✶✱✶✷✽

❆❣♦✳✷✵✶✼ ✵✱✷✺✺ ✷✷✱✶✽✪ ✵✱✵✻ ✺✱✶✾✪ ✵✱✽✸✺ ✼✷✱✻✸✪ ✶✱✶✹✽

▼é❞✐❛ ✵✱✷✽ ✷✷✱✸✹✪ ✵✱✵✼✹ ✺✱✽✷✪ ✵✱✾✵✵ ✼✶✱✽✹✪ ✶✱✷✺✷

❉✲P❛❞rã♦ ✵✱✵✷✽ ✵✱✻✺✪ ✵✱✵✷✷ ✶✱✹✸✪ ✵✱✵✽✽ ✶✱✽✼✪ ✵✱✶✷✹

❋♦♥t❡✿ ❆◆❆❈ ✕ ❆❣ê♥❝✐❛ ◆❛❝✐♦♥❛❧ ❞❡ ❆✈✐❛çã♦ ❈✐✈✐❧ ✭❆❣♦✳✷✵✶✼ ❛ ❏✉❧✳ ✷✵✶✽✮✳
❁❤tt♣✿✴✴✇✇✇✳❛♥❛❝✳❣♦✈✳❜r✴❛ss✉♥t♦s✴❞❛❞♦s✲❡✲❡st❛t✐st✐❝❛s✴❞❛❞♦s✲❡st❛t✐st✐❝♦s✴❞❛❞♦s✲
❡st❛t✐st✐❝♦s❃
❊❧❛❜♦r❛❞♦ ♣❡❧♦ ♣ró♣r✐♦ ❛✉t♦r✳

❚❛❜❡❧❛ ✼✳✶✷✿ ❱❛❧♦r ❞❛s ✈❛r✐á✈❡✐s P❆❳ ✲ ♣❛r❛ ❆✈✐❛♥❝❛ ❡ ❆③✉❧ ✲ ❆❣♦✳✷✵✶✼ ❛ ❏✉❧✳✷✵✶✽
P❆❳ ✭❜✐❧❤õ❡s✮ ♣❛r❛ ♦s ❞✐✈❡rs♦s ❝❡♥ár✐♦s

❊str❛té❣✐❛✴❊♠♣r❡s❛ ❆✈✐❛♥❝❛ ❆③✉❧

P❡ss✐♠✐st❛ ✵✱✷✷✹ ✵✱✵✸

❈♦♥s❡r✈❛❞♦r ✵✱✷✽ ✵✱✵✼✹

❖t✐♠✐st❛ ✵✱✸✸✻ ✵✱✶✶✽

❚❛❜❡❧❛ ✼✳✶✸✿ ▼❛tr✐③ ❡str❛té❣✐❛ ✲ ❆✈✐❛♥❝❛ ❡ ❆③✉❧ ✲ ❆❣♦✳✷✵✶✼ ❛ ❏✉❧✳✷✵✶✽
a = 0, 454 ❆③✉❧

s
AZU
P

= 0, 03 s
AZU
C

= 0, 074 s
AZU
O

= 0, 118

❆✈✐❛♥❝❛
s
ONE
P

= 0, 224 ✭✵✱✵✹✺ ❀✵✱✵✵✻✮ ✭✵✱✵✸✺ ❀✵✱✵✶✷✮ ✭✵✱✵✷✻ ❀✵✱✵✶✹✮
s
ONE
C

= 0, 28 ✭✵✱✵✹✶ ❀✵✱✵✵✺✮ ✭✵✱✵✷✽ ❀✵✱✵✵✽✮ ✭✵✱✵✶✻ ❀✵✱✵✵✼✮
s
ONE
O

= 0, 336 ✭✵✱✵✸ ❀✵✱✵✵✸✮ ✭✵✱✵✶✺ ❀✵✱✵✵✹✮ ✭✵ ❀✵✮

a = 1, 536 ❆③✉❧
s
AZU
P

= 0, 03 s
AZU
C

= 0, 074 s
AZU
O

= 0, 118

❆✈✐❛♥❝❛
s
ONE
P

= 0, 224 ✭✵✱✷✽✽ ❀✵✱✵✸✾✮ ✭✵✱✷✼✽ ❀✵✱✵✾✷✮ ✭✵✱✷✻✽ ❀✵✱✶✹✶✮
s
ONE
C

= 0, 28 ✭✵✱✸✹✹ ❀✵✱✵✸✼✮ ✭✵✱✸✸✶ ❀✵✱✵✽✽✮ ✭✵✱✸✶✾ ❀✵✱✶✸✺✮
s
ONE
O

= 0, 336 ✭✵✱✸✾✹ ❀✵✱✵✸✻✮ ✭✵✱✸✼✾ ❀✵✱✵✽✹✮ ✭✵✱✸✻✸ ❀✵✱✶✷✼✮

❧①



❼ P❛r❛ a = 0, 454 t❡♠♦s q✉❡ ♦ ❡q✉✐❧í❜r✐♦ ♦❝♦rr❡ ♣❛r❛ ♦ ♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s {P, P}✱ ♦✉

s❡❥❛✱ ❛s ❞✉❛s ❝♦♠♣❛♥❤✐❛s ❛ér❡❛s ❞❡✈❡♠ ❛❞♦t❛r ❡str❛té❣✐❛s ❞❡ ✈❡♥❞❛s ♣❡ss✐♠✐st❛s✳

❼ P❛r❛ a = 1, 536 ♥ã♦ ❝♦♥s❡❣✉✐♠♦s r❡❞✉③✐r ♦ s✐st❡♠❛ ❛tr❛✈és ❞❡ ❡str❛té❣✐❛s ❞♦♠✐♥❛♥✲

t❡s✳ ❉❡✈❡✲s❡ ❛ss✐♠ ✉t✐❧✐③❛r ♦ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤ ♣❛r❛ ❝❤❡❣❛r ❛ ❝♦♥❝❧✉sã♦ ❞❡ q✉❡ ♦

♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s ❞♦ ❡q✉✐❧í❜r✐♦ é {O,O}✱ ♦✉ s❡❥❛✱ ❛ ❆✈✐❛♥❝❛ ❞❡✈❡ ❛❞♦t❛r ✉♠❛

❡str❛té❣✐❛ ❖t✐♠✐st❛ ❡ ❛ ❆③✉❧ t❛♠❜é♠✳

✼✳✹ ❈♦♠♣❡t✐çã♦ ♦❧✐❣♦♣♦❧✐st❛ ❡♥tr❡ ▲❛t❛♠✱ ●♦❧✱ ❆✈✐❛♥❝❛

❡ ❆③✉❧

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

s❡ ❛ ❛♥á❧✐s❡ ❝♦♥str✉í❞❛ ♣❛r❛ ❛ ❝♦♠♣❡t✐çã♦ ❡♥tr❡ ♦s q✉❛tr♦ ♣❧❛②❡rs✳ ❆ ♣❛rt✐r ❞❡ss❛ ú❧t✐♠❛

✭❝♦♠♣❧❡♠❡♥t❛❞❛ ♣❡❧❛s ❢❡✐t❛s ♥♦ tó♣✐❝♦s ✼✳✷ ❡ ✼✳✸✮ s❡rã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥❝❧✉sõ❡s ✜♥❛✐s

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

◆♦✈❛♠❡♥t❡✱ s❡❣♠❡♥t♦✉✲s❡ ♦ ♣❡rí♦❞♦ ❛♥❛❧✐s❛❞❛ ❡♠ ❞♦✐✿ ❆❣♦✳✶✻ ❛ ❏✉❧✳✶✼ ❡ ❆❣♦✳✶✼ ❛

❏✉❧✳✶✽✳ ❆ ♣❛rt✐r ❞❛ t❛❜❡❧❛ ✼✳✶✹❢❡③✲s❡ t♦❞❛s ❛s ❝♦♥str✉çõ❡s ♥❡❝❡ssár✐❛s✳

❧①✐



❚❛❜❡❧❛ ✼✳✶✹✿ P❆❳ ✲ P❛ss❛❣❡✐r♦s✴❑▼ ♣❛❣♦s ♣♦r ❝♦♠♣❛♥❤✐❛ ✲ ❆❣♦✳✷✵✶✻ ❛ ❏✉❧✳✷✵✶✽
P❆❳ ✲ P❛ss❛❣❡✐r♦s✴❑▼ ♣❛❣♦s tr❛♥s♣♦rt❛❞♦s ✭109✮
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✳ ❖s ♣❡rí♦❞♦s s❡rã♦ ❛♥❛❧✐s❛❞♦s s❡♣❛r❛❞❛♠❡♥t❡ ♥♦s tó♣✐❝♦s ✼✳✹✳✶✳ ❡ ✼✳✹✳✷✳

✼✳✹✳✶ ❆❣♦st♦ ❞❡ ✷✵✶✻ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✼

❆ t❛❜❡❧❛ ✼✳✶✺ r❡s✉♠❡ ♦ ✈❛❧♦r ❞❛s ✈❛r✐á✈❡✐s P❆❳ ♣❛r❛ t♦❞❛s ❛s ❡♠♣r❡s❛s ❡♠ ❝❛❞❛ ✉♠

❞♦s ❝❡♥ár✐♦s✳ ❆ ♣❛rt✐r ❞❡❧❛✱ ♣♦❞❡✲s❡ ❝❛❧❝✉❧❛r ♦ ✈❛❧♦r ❞❛s r❡❝♦♠♣❡♥s❛s ♣❛r❛ ❝❛❞❛ ❝♦♥❥✉♥t♦

❞❡ ❡str❛té❣✐❛s ❛❞♦t❛❞❛s✳ Pr❡❝✐s❛♠♦s✱ ❡♥tr❡t❛♥t♦ ❡♥❝♦♥tr❛r ✉♠ ✈❛❧♦r ♣❛r❛ ❛ ❝♦♥st❛♥t❡ ′a′✳

P❛r❛ q✉❡ ❛ ❡q✉❛çã♦ ✻✳✽ s❡♠♣r❡ s❡❥❛ ♣♦s✐t✐✈❛ t♦♠♦✉✲s❡ a = 0, 527+0, 416+0, 291+0, 066 =

1, 3✱ ♦✉ s❡❥❛✱ ❛ s♦♠❛ ❞♦s ✈❛❧♦r❡s ❞❡ P❆❳ ❝♦♥s✐❞❡r❛♥❞♦ ♦s três ❝❡♥ár✐♦s ♦t✐♠✐st❛s✳

❧①✐✐



❚❛❜❡❧❛ ✼✳✶✺✿ ❱❛❧♦r ❞❛s ✈❛r✐á✈❡✐s P❆❳ ✲ ♣❛r❛ ❛s ❝♦♠♣❛♥❤✐❛s ✲ ❆❣♦✳✷✵✶✻ ❛ ❏✉❧✳✷✵✶✼
P❆❳ ✭❜✐❧❤õ❡s✮ ♣❛r❛ ♦s ❞✐✈❡rs♦s ❝❡♥ár✐♦s

❊str❛té❣✐❛✴❊♠♣r❡s❛ ▲❆❚❆▼ ●❖▲ ❆✈✐❛♥❝❛ ❆③✉❧

P❡ss✐♠✐st❛ ✵✱✸✼✺ ✵✱✷✾✻ ✵✱✶✻✼ ✵✱✵✺✵

❈♦♥s❡r✈❛❞♦r ✵✱✹✺✶ ✵✱✸✺✻ ✵✱✷✷✾ ✵✱✵✺✽

❖t✐♠✐st❛ ✵✱✺✷✼ ✵✱✹✶✻ ✵✱✷✾✶ ✵✱✵✻✻

❆ss✐♠✱ ❝♦♥str✉✐✉✲s❡ ❛ ♠❛tr✐③ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❡str❛té❣✐❝❛ ♣r❡❡♥❝❤✐❞❛ ✉s❛♥❞♦ ❛

❢✉♥çã♦ r❡❝❡✐t❛ fTAM = (a − xTAM − xGLO − xAZU − xONE) × xTAM ♣❛r❛ ▲❆❚❆▼ ❡

fGLO = (a−xTAM −xGLO−xAZU −xONE)×xGLO ♣❛r❛ ●❖▲✱ fAZU = (a−xTAM −xGLO−

xAZU − xONE) × xAZU ♣❛r❛ ❆③✉❧ ❡ fONE = (a − xTAM − xGLO − xAZU − xONE) × xONE

♣❛r❛ ❆✈✐❛♥❝❛✱ ❝♦♥s✐❞❡r❛♥❞♦ t♦❞❛s ❛s ❝♦♠❜✐♥❛çõ❡s ❞❡ ❡str❛té❣✐❛s✳ ❆ t❛❜❡❧❛ ✽✳✶✲ ❆♥❡①♦ ❆ ✲

❛♣r❡s❡♥t❛ ❛ ♠❛tr✐③ ❡str❛té❣✐❝❛ ♣❛r❛ ❡ss❛ ❝♦♠♣❡t✐çã♦✳ ❆ ♠❛♥❡✐r❛ ❝♦rr❡t❛ ❞❡ ❧❡r ❝❛❞❛ ✉♠❛

❞❛s ❝é❧✉❧❛s ❞❛ ♠❛tr✐③ é✿

❼ ❖ ♣r✐♠❡✐r♦ ❡❧❡♠❡♥t♦ ❞❛ q✉á❞r✉♣❧❛ r❡♣r❡s❡♥t❛ ♦ ♣❛②♦✛ ♣❛r❛ ❛ ▲❆❚❆▼ ♣❛r❛ ❛ ❡str❛✲

té❣✐❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s ❛❞♦t❛❞♦❀

❼ ❖ s❡❣✉♥❞♦ ❡❧❡♠❡♥t♦ ❞❛ q✉á❞r✉♣❧❛ r❡♣r❡s❡♥t❛ ♦ ♣❛②♦✛ ♣❛r❛ ❛ ●❖▲ ♣❛r❛ ❛ ❡str❛té❣✐❛

♦ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s ❛❞♦t❛❞♦❀

❼ ❖ t❡r❝❡✐r♦ ❡❧❡♠❡♥t♦ ❞❛ q✉á❞r✉♣❧❛ r❡♣r❡s❡♥t❛ ♦ ♣❛②♦✛ ♣❛r❛ ❛ ❆✈✐❛♥❝❛ ♣❛r❛ ❛ ❡str❛✲

té❣✐❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s ❛❞♦t❛❞♦❀

❼ ❖ q✉❛rt♦ ❡❧❡♠❡♥t♦ ❞❛ q✉á❞r✉♣❧❛ r❡♣r❡s❡♥t❛ ♦ ♣❛②♦✛ ♣❛r❛ ❛ ❆③✉❧ ♣❛r❛ ❛ ❡str❛té❣✐❛

♦ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s ❛❞♦t❛❞♦❀

P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ♦ s❡❣✉✐♥t❡ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s✿ sGLO
p ✱sTAM

p ✱ sONE
p ✱ sAZU

p ✱ ♦✉ s❡❥❛✱

t♦❞❛s ❛s ❡♠♣r❡s❛s ❛❞♦t❛♥❞♦ ♣♦s✐çõ❡s ♣❡ss✐♠✐st❛s✱ t❡♠♦s ❝♦♠♦ r❡s✉❧t❛❞♦ ❛ q✉á❞r✉♣❧❛

✭✵✱✶✺✺ ❀✵✱✶✷✷ ❀✵✱✵✻✾❀✵✱✵✷✶✮✱ q✉❡ ♣♦❞❡ s❡r ❧✐❞♦ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

❼ ❖ ♣❛②♦✛ ♣❛r❛ ▲❆❚❆▼ ♥♦ ❝❛s♦ ♥♦ q✉❛❧ t♦❞❛s ❛s ❡♠♣r❡s❛s ❛❞♦t❛♠ ♣♦st✉r❛s ♣❡ss✐✲

♠✐st❛s ✭P✮ é ✵✱✶✺✺❀

❼ ❖ ♣❛②♦✛ ♣❛r❛ ●❖▲ ♥♦ ❝❛s♦ ♥♦ q✉❛❧ t♦❞❛s ❛s ❡♠♣r❡s❛s ❛❞♦t❛♠ ♣♦st✉r❛s ♣❡ss✐♠✐st❛s

✭P✮ é ✵✱✶✷✷❀

❧①✐✐✐



❼ ❖ ♣❛②♦✛ ♣❛r❛ ❆✈✐❛♥❝❛ ♥♦ ❝❛s♦ ♥♦ q✉❛❧ t♦❞❛s ❛s ❡♠♣r❡s❛s ❛❞♦t❛♠ ♣♦st✉r❛s ♣❡ss✐✲

♠✐st❛s ✭P✮ é ✵✱✵✻✾❀

❼ ❖ ♣❛②♦✛ ♣❛r❛ ❆③✉❧ ♥♦ ❝❛s♦ ♥♦ q✉❛❧ t♦❞❛s ❛s ❡♠♣r❡s❛s ❛❞♦t❛♠ ♣♦st✉r❛s ♣❡ss✐♠✐st❛s

✭P✮ é ✵✱✵✷✶❀

P❛r❛ ❡♥❝♦♥tr❛r ♦ ❡q✉✐❧í❜r✐♦ ❞❛ ❝♦♠♣❡t✐çã♦ ❛♣r❡s❡♥t❛❞❛✱ ✉t✐❧✐③♦✉✲s❡ ♦s ❞♦✐s ♠ét♦❞♦s ❛♣r❡✲

s❡♥t❛❞♦s ❡♠ ✼✳✶✳ ❖ ♣❛ss♦ ❛ ♣❛ss♦ ❞❡ss❛s r❡s♦❧✉çõ❡s s❡ ❡♥❝♦♥tr❛ ♥♦ ❆♥❡①♦ ❆✳ P❡r❝❡❜❡✲s❡

♣❡❧♦s ♠ét♦❞♦s ❞❡ s♦❧✉çã♦ q✉❡ ♦ ❡q✉✐❧í❜r✐♦ é ❛❧❝❛♥ç❛❞♦ q✉❛♥❞♦ t♦❞♦s ♦s ♣❧❛②❡rs ♦♣t❛♠ ♣❡❧❛

❡str❛té❣✐❛ ♣❡ss✐♠✐st❛✳

✼✳✹✳✷ ❆❣♦st♦ ❞❡ ✷✵✶✼ ❛ ❥✉❧❤♦ ❞❡ ✷✵✶✽

❆ t❛❜❡❧❛ ✼✳✶✻ r❡s✉♠❡ ♦ ✈❛❧♦r ❞❛s ✈❛r✐á✈❡✐s P❆❳ ♣❛r❛ t♦❞❛s ❛s ❡♠♣r❡s❛s ❡♠ ❝❛❞❛ ✉♠

❞♦s ❝❡♥ár✐♦s✳ ❆ ♣❛rt✐r ❞❡❧❛✱ ♣♦❞❡✲s❡ ❝❛❧❝✉❧❛r ♦ ✈❛❧♦r ❞❛s r❡❝♦♠♣❡♥s❛s ♣❛r❛ ❝❛❞❛ ❝♦♥❥✉♥t♦

❞❡ ❡str❛té❣✐❛s ❛❞♦t❛❞❛s✳ Pr❡❝✐s❛♠♦s✱ ❡♥tr❡t❛♥t♦ ❡♥❝♦♥tr❛r ✉♠ ✈❛❧♦r ♣❛r❛ ❛ ❝♦♥st❛♥t❡ ′a′✳

P❛r❛ q✉❡ ❛ ❡q✉❛çã♦ ✻✳✽ s❡♠♣r❡ s❡❥❛ ♣♦s✐t✐✈❛ t♦♠♦✉✲s❡ a = 0, 587+0, 495+0, 336+0, 118 =

1, 536✱ ♦✉ s❡❥❛✱ ❛ s♦♠❛ ❞♦s ✈❛❧♦r❡s ❞❡ P❆❳ ❝♦♥s✐❞❡r❛♥❞♦ ♦s três ❝❡♥ár✐♦s ♦t✐♠✐st❛s✳

❚❛❜❡❧❛ ✼✳✶✻✿ ❱❛❧♦r ❞❛s ✈❛r✐á✈❡✐s P❆❳ ✲ ♣❛r❛ ❛s ❝♦♠♣❛♥❤✐❛s ✲ ❆❣♦✳✷✵✶✼ ❛ ❏✉❧✳✷✵✶✽
P❆❳ ✭❜✐❧❤õ❡s✮ ♣❛r❛ ♦s ❞✐✈❡rs♦s ❝❡♥ár✐♦s

❊str❛té❣✐❛✴❊♠♣r❡s❛ ▲❆❚❆▼ ●❖▲ ❆✈✐❛♥❝❛ ❆③✉❧

P❡ss✐♠✐st❛ ✵✱✹✷✼ ✵✱✷✽✸ ✵✱✷✷✹ ✵✱✵✸

❈♦♥s❡r✈❛❞♦r ✵✱✺✵✼ ✵✱✸✽✾ ✵✱✷✽ ✵✱✵✼✹

❖t✐♠✐st❛ ✵✱✺✽✼ ✵✱✹✾✺ ✵✱✸✸✻ ✵✱✶✶✽

❆ss✐♠✱ ❝♦♥str✉✐✉✲s❡ ❛ ♠❛tr✐③ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❡str❛té❣✐❝❛ ♣r❡❡♥❝❤✐❞❛ ✉s❛♥❞♦ ❛

❢✉♥çã♦ r❡❝❡✐t❛ fTAM = (a − xTAM − xGLO − xAZU − xONE) × xTAM ♣❛r❛ ▲❆❚❆▼ ❡

fGLO = (a−xTAM −xGLO−xAZU −xONE)×xGLO ♣❛r❛ ●❖▲✱ fAZU = (a−xTAM −xGLO−

xAZU − xONE) × xAZU ♣❛r❛ ❆③✉❧ ❡ fONE = (a − xTAM − xGLO − xAZU − xONE) × xONE

♣❛r❛ ❆✈✐❛♥❝❛✱ ❝♦♥s✐❞❡r❛♥❞♦ t♦❞❛s ❛s ❝♦♠❜✐♥❛çõ❡s ❞❡ ❡str❛té❣✐❛s✳ ❆ t❛❜❡❧❛ ✽✳✷✲ ❆♥❡①♦ ❇ ✲

❛♣r❡s❡♥t❛ ❛ ♠❛tr✐③ ❡str❛té❣✐❝❛ ♣❛r❛ ❡ss❛ ❝♦♠♣❡t✐çã♦✳ ❆ ♠❛♥❡✐r❛ ❝♦rr❡t❛ ❞❡ ❧❡r ❝❛❞❛ ✉♠❛

❞❛s ❝é❧✉❧❛s ❞❛ ♠❛tr✐③ é ✐❞ê♥t✐❝❛ ❛ ❧❡✐t✉r❛ ❞❛ t❛❜❡❧❛ ✽✳✶ ✭❛♣r❡s❡♥t❛❞❛ ❡♠ ✼✳✹✳✶✮✳ P♦r ❡①❡♠✲

♣❧♦✱ ♣❛r❛ ♦ s❡❣✉✐♥t❡ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s✿ sGLO
p ✱sTAM

p ✱ sONE
p ✱ sAZU

p ✱ ♦✉ s❡❥❛✱ t♦❞❛s ❛s

❧①✐✈



❡♠♣r❡s❛s ❛❞♦t❛♥❞♦ ♣♦s✐çõ❡s ♣❡ss✐♠✐st❛s✱ t❡♠♦s ❝♦♠♦ r❡s✉❧t❛❞♦ ❛ q✉á❞r✉♣❧❛ ✭✵✱✷✹✹ ❀✵✱✶✻✷

❀✵✱✶✷✽ ❀✵✱✵✶✼✮ ✱ q✉❡ ♣♦❞❡ s❡r ❧✐❞♦ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

❼ ❖ ♣❛②♦✛ ♣❛r❛ ▲❆❚❆▼ ♥♦ ❝❛s♦ ♥♦ q✉❛❧ t♦❞❛s ❛s ❡♠♣r❡s❛s ❛❞♦t❛♠ ♣♦st✉r❛s ♣❡ss✐✲

♠✐st❛s ✭P✮ é ✵✱✷✹✹❀

❼ ❖ ♣❛②♦✛ ♣❛r❛ ●❖▲ ♥♦ ❝❛s♦ ♥♦ q✉❛❧ t♦❞❛s ❛s ❡♠♣r❡s❛s ❛❞♦t❛♠ ♣♦st✉r❛s ♣❡ss✐♠✐st❛s

✭P✮ é ✵✱✶✻✷❀

❼ ❖ ♣❛②♦✛ ♣❛r❛ ❆✈✐❛♥❝❛ ♥♦ ❝❛s♦ ♥♦ q✉❛❧ t♦❞❛s ❛s ❡♠♣r❡s❛s ❛❞♦t❛♠ ♣♦st✉r❛s ♣❡ss✐✲

♠✐st❛s ✭P✮ é ✵✱✶✷✽❀

❼ ❖ ♣❛②♦✛ ♣❛r❛ ❆③✉❧ ♥♦ ❝❛s♦ ♥♦ q✉❛❧ t♦❞❛s ❛s ❡♠♣r❡s❛s ❛❞♦t❛♠ ♣♦st✉r❛s ♣❡ss✐♠✐st❛s

✭P✮ é ✵✱✵✶✼❀

P❛r❛ ❡♥❝♦♥tr❛r ♦ ❡q✉✐❧í❜r✐♦ ❞❛ ❝♦♠♣❡t✐çã♦ ❛♣r❡s❡♥t❛❞❛✱ ✉t✐❧✐③♦✉✲s❡ ♦s ❞♦✐s ♠ét♦❞♦s ❛♣r❡✲

s❡♥t❛❞♦s ❡♠ ✼✳✶✳ ❖ ♣❛ss♦ ❛ ♣❛ss♦ ❞❡ss❛s r❡s♦❧✉çõ❡s s❡ ❡♥❝♦♥tr❛ ♥♦ ❆♥❡①♦ ❇✳ P❡r❝❡❜❡✲s❡

♣❡❧♦s ♠ét♦❞♦s ❞❡ s♦❧✉çã♦ q✉❡ ♦ ❡q✉✐❧í❜r✐♦ é ❛❧❝❛♥ç❛❞♦ q✉❛♥❞♦ t♦❞♦s ♦s ♣❧❛②❡rs ♦♣t❛♠ ♣❡❧❛

❡str❛té❣✐❛ ♣❡ss✐♠✐st❛✳

❧①✈



❈❛♣ít✉❧♦ ✽

❈♦♥❝❧✉sã♦

❚❡♦r✐❛ ❞♦s ❥♦❣♦s é ✉♠❛ ❛❜♦r❞❛❣❡♠ q✉❡ ♦❜s❡r✈❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ❞❡❝✐s♦r❡s ❡♠

♠♦♠❡♥t♦s ❞❡ ❡s❝♦❧❤❛s ❡str❛té❣✐❝❛s ♥✉♠ ♠❡r❝❛❞♦✱ ❞❡❝✐s✐♦♥✲♠❛❦❡rs✳ ❯♠❛ ❞❛s ❝❛r❛❝t❡rís✲

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

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

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

✐♠♣♦rt❛♥t❡✱ q✉❡ t❡ór✐❝♦s ❡ ❡st✉❞✐♦s♦s ❞❡ss❛ ár❡❛ ✭tr❛♥s♣♦rt❡ ❛ér❡♦✮ ♣r♦❝✉r❡♠ ✐♥str✉♠❡♥✲

t♦s ❝♦rr❡t♦s ♣❛r❛ ❡s♣❡❝✐✜❝❛r s✐t✉❛çõ❡s ❞❡ t♦♠❛❞❛ ❞❡ ❞❡❝✐sõ❡s ❡str❛té❣✐❝❛s q✉❡ ❡♥✈♦❧✈❡♠

♣❧❛②❡rs ✐♥t❡r❛❣✐♥❞♦ ❡♠ ❛♠❜✐❡♥t❡s ❝♦♠♣❡t✐t✐✈♦s ❡ t❡♥❤❛♠ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ♥❡❝❡ssár✐❛ ♣❛r❛

❝r✐❛r ♠♦❞❡❧♦s ❝♦♠♣❛tí✈❡✐s ❝♦♠ ♦ ♠✉♥❞♦ r❡❛❧✳

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

♠❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡ ❞❛ ❝♦♠♣❡t✐çã♦ ♦❧✐❣♦♣♦❧✐st❛✱ ❛♥❛❧✐s❛♥❞♦ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❡str❛té❣✐♦

❡ s✉❛s ❝♦♥s❡q✉ê♥❝✐❛s ♣❛r❛ q✉❛tr♦ ❝♦♠♣❛♥❤✐❛s ❛ér❡❛s✳ ❆♣ós ❛ ✐♥tr♦❞✉çã♦ ❞❛s ❢♦r♠❛❧✐❞❛✲

❞❡s ❡ r❡✜♥❛♠❡♥t♦s ❞❛ t❡♦r✐❛ ❞♦s ❥♦❣♦s ♥ã♦✲❝♦♦♣❡r❛t✐✈♦s✱ ✐st♦ é✱ ❞❛s ❞✐st✐♥t❛s ❢♦r♠❛s ❞❡

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

❞❡ ❝♦♠♣❡t✐çã♦ ❞✉♦♣♦❧✐st❛s ❝✐t❛❞♦s✳ ❆♣r❡s❡♥t♦✉✲s❡ ❛s s♦❧✉çõ❡s ❞❡ ❡q✉✐❧í❜r✐♦ ❡♠ ❡s❝♦❧❤❛s

❡str❛té❣✐❝❛s ❞❡ q✉❛♥t♦ ✈❡♥❞❡r ❡♠ ✈ár✐❛s s✐t✉❛çõ❡s✱ ♦❜t✐❞❛s ♣❡❧♦s ♠ét♦❞♦s ❞❡ s✉❝❡ss✐✈❛

❞♦♠✐♥â♥❝✐❛ ❡ ❊q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤✳

❖s r❡s✉❧t❛❞♦s sã♦ s❡♣❛r❛❞♦s ❡♠ ❞♦✐s ❣r✉♣♦s ❞❡ ❛♥á❧✐s❡✿

✶✳ ❈♦♠♣❡t✐çõ❡s ❞✉♦♣♦❧✐st❛s ❡♥tr❡ ▲❛t❛♠ ❡ ●♦❧ ❡ ❡♥tr❡ ❆③✉❧ ❡ ❆✈✐❛♥❝❛

❧①✈✐



✷✳ ❈♦♠♣❡t✐çã♦ ♦❧✐❣♦♣♦❧✐st❛ ❡♥tr❡ ❛s q✉❛tr♦ ❡♠♣r❡s❛s✳

❖s ♣r✐♥❝✐♣❛✐s r❡s✉❧t❛❞♦s ♣❛r❛ ♦ ♣r✐♠❡✐r♦ ❣r✉♣♦ ❞❡ ❛♥á❧✐s❡s ♠♦str❛r❛♠ q✉❡ ♥♦ ❥♦❣♦ ♥ã♦✲

❝♦♦♣❡r❛t✐✈♦ ❞❡ ❈♦✉r♥♦t✱ ❝❛r❛❝t❡r✐③❛❞♦r ❞❡ ✉♠❛ ❡str✉t✉r❛ ❞✉♦♣♦❧✐st❛ ❝♦♠♣❡t✐t✐✈❛✱ ❛s ❡s✲

tr❛té❣✐❛s ❞❡ ✈❡♥❞❛s ❞❡ P❆❳ ♥♦ ♠❡r❝❛❞♦ ❜r❛s✐❧❡✐r♦ ❞❡ ❧✐♥❤❛s ❞♦♠ést✐❝❛s ❛♣♦♥t❛r❛♠ ♣❛r❛

❛s s❡❣✉✐♥t❡s ❡str❛té❣✐❛s✿

▲❆❚❆▼ ❡ ●❖▲✿ P❡r✜❧{P, P} ♣❛r❛ ♦s ❞♦✐s ♣❡rí♦❞♦s q✉❛♥❞♦ ❞❡s❝♦♥s✐❞❡r❛❞♦ ❛

❞❡♠❛♥❞❛ ❞❛s ♦✉tr❛s ❞✉❛s ❡♠♣r❡s❛s✳ ❖✉ s❡❥❛✱ s❡ ❝♦♥s✐❞❡r❛r♠♦s ✉♠❛ ❝♦♠♣❡t✐çã♦ ♣✉r❛

❡♥tr❡ ▲❆❚❆▼ ❡ ●❖▲ ❛s ❞✉❛s ❞❡✈❡♠ ❛ss✉♠✐r ♣♦st✉r❛s ❞❡❢❡♥s✐✈❛s✳ ❖ ✐♥t❡r❡ss❛♥t❡ é q✉❡ ❛♦

❝♦♥s✐❞❡r❛r ❛ ❞❡♠❛♥❞❛ ❞❛s ♦✉tr❛s ❞✉❛s ❡♠♣r❡s❛s t❡♠♦s ❞♦✐s ♣❡r✜s ❞❡ ❡str❛tét✐❛✱ {O,C}

♣❛r❛ ♦ ♣r✐♠❡✐r♦ ♣❡rí♦❞♦ ❡ {C,O}♣❛r❛ ♦ s❡❣✉♥❞♦ ♣❡rí♦❞♦✳ ❉❡ss❛ ❢♦r♠❛ ♥ã♦ ✜❝❛ ♠✉✐t♦

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

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

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

♠❛✐♦r❡s q✉❡ ❛ ❆③✉❧ ❡ ❆✈✐❛♥❝❛✳

❆③✉❧ ❡ ❆✈✐❛♥❝❛✿ P❡r✜❧ {P, P}♣❛r❛ ♦s ❞♦✐s ♣❡rí♦❞♦s q✉❛♥❞♦ ❞❡s❝♦♥s✐❞❡r❛❞♦ ❛

❞❡♠❛♥❞❛ ❞❛s ♦✉tr❛s ❞✉❛s ❡♠♣r❡s❛s✳ ❖✉ s❡❥❛✱ s❡ ❝♦♥s✐❞❡r❛r♠♦s ✉♠❛ ❝♦♠♣❡t✐çã♦ ♣✉r❛

❡♥tr❡ ❆③✉❧ ❡ ❆✈✐❛♥❝❛ ❛s ❞✉❛s ❞❡✈❡♠ ❛ss✉♠✐r ♣♦st✉r❛s ❞❡❢❡♥s✐✈❛s✳ ❊♥tr❡♥t❛t♦✱ q✉❛♥❞♦

❝♦♥s✐❞❡r❛♠♦s ❛ ❞❡♠❛♥❞❛ ❞❛s ♦✉tr❛s ❞✉❛s ❡♠♣r❡s❛s t❡♠♦s ✉♠ ♣❡r✜❧ {O,O}♣❛r❛ ♦s ❞♦✐s

♣❡rí♦❞♦s✳ ❖ q✉❡ ❢❛③ s❡♥t✐❞♦ ♣♦✐s s❡ ♣♦ss✉❡♠ ❡s♣❛ç♦ ♣❛r❛ ❝r❡s❝✐♠❡♥t♦ ❛♠❜❛s ❞❡✈❡♠ ❜✉s❝á✲

❧♦✳ ❈♦♠♦ ❛s ❞✉❛s ❡♠♣r❡s❛s sã♦ ♠❡♥♦r❡s✱ ❝♦♠ ♠❛r❝❛s ♠❡♥♦s s✐❣♥✐✜❝❛t✐✈❛s✱ ♣♦ré♠ ❡♠

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

❡ ❡♥❡r❣✐❛ ♠❡♥♦r❡s q✉❡ ❛ ▲❛t❛♠ ❡ ●♦❧✳

❏á ♣❛r❛ ♦ s❡❣✉♥❞♦ ❣r✉♣♦ ❞❡ ❛♥á❧✐s❡s ♦s r❡s✉❧t❛❞♦s ❢♦r❛♠ ♠❛✐s ❤♦♠♦❣ê♥❡♦s✿ ♥♦ ❥♦❣♦

♥ã♦✲❝♦♦♣❡r❛t✐✈♦ ❞❡ ❈♦✉r♥♦t✱ ❛s ❡str❛té❣✐❛s ❞❡ ✈❡♥❞❛s ❞❡ P❆❳ ♥♦ ♠❡r❝❛❞♦ ❜r❛s✐❧❡✐r♦ ❞❡

❧✐♥❤❛s ❞♦♠ést✐❝❛s ❛♣♦♥t❛r❛♠ ♣❛r❛ ✉♠ ❝♦♥❥❡❝t✉r❛ ❞❡❢❡♥s✐✈❛ ❞❡ t♦❞❛s ❛s ❡♠♣r❡s❛s✱ ♥♦s ❞♦✐s

♣❡rí♦❞♦s✳❖✉ s❡❥❛✱ ♥♦ ❡q✉✐❧í❜r✐♦ ❝♦♠♣❡t✐t✐✈♦ ❞❡ ❈♦✉r♥♦t✱ ❛ ❡str❛té❣✐❛ ♣❡ss✐♠✐st❛ ❞❡ ✈❡♥❞❛s✱

♣❛r❛ ❛♠❜❛s ❛s ❡♠♣r❡s❛s✱ é ❛ q✉❡ r❡s✉❧t♦✉ ❡♠ ♠❛✐♦r❡s ♣❛②♦✛s ✭r❡❝❡✐t❛s✮✳

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

❊st✉❞❛♠♦s ❛ ✐♥t❡r❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡ ❛s ❡♠♣r❡s❛s ❛ér❡❛s ♥♦ ❝❛♣ít✉❧♦ ✼✳ ❱❡r✐✜❝❛♠♦s q✉❡ ♦

❧①✈✐✐



❡q✉✐❧í❜r✐♦ ❞♦s ❥♦❣♦s ♥ã♦ ❢♦✐ ❛t✐♥❣✐❞♦ ❡♠ ♥❡♥❤✉♠ ❞♦s ❡st✉❞♦s ✭♥ã♦ ♦❜t✐✈❡♠♦s ♥❡♥❤✉♠ r❡s✉❧✲

t❛❞♦ ❞❡ ❡q✉✐❧í❜r✐♦ ❝♦♠ ♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s {P, P, P, P}.❊ ❡♥t❡♥❞❡♠♦s q✉❛✐s ❛s ♠❡❧❤♦r❡s

❡str❛té❣✐❛s ❛ s❡r❡♠ ❛❞♦t❛❞❛s ♣❡❧❛s ❡♠♣r❡s❛s✳

❧①✈✐✐✐



❆♥❡①♦ ❆ ✲ ❊q✉✐❧í❜r✐♦ ♣❛r❛ ❝♦♠♣❡t✐çã♦

✭❆❣♦✳✶✻ ❛ ❏✉❧✳✶✼✮

▼❛tr✐③ ❡str❛té❣✐❝❛

❚❛❜❡❧❛ ✽✳✶✿ ▼❛tr✐③ ❡str❛té❣✐❝❛ ✲ ❆❣♦✳✶✻ ❛ ❏✉❧✳✶✼
●❖▲

sGLO
P

= 0, 296

❆✈✐❛♥❝❛✴❆③✉❧ sAZU
P

= 0, 050 sAZU
C

= 0, 058 sAZU
O

= 0, 066

❚❆▼

sTAM
P

= 0, 375

sONE
P

= 0, 167 ✭✵✱✶✺✺❀✵✱✶✷✷ ❀✵✱✵✻✾❀✵✱✵✷✶✮ ✭✵✱✶✺✷❀✵✱✶✷ ❀✵✱✵✻✼ ❀✵✱✵✷✮ ✭✵✱✶✹✾❀✵✱✶✶✼ ❀✵✱✵✻✻ ❀✵✱✵✷✮

sONE
C

= 0, 229 ✭✵✱✶✸✶❀✵✱✶✵✹ ❀✵✱✵✺✽ ❀✵✱✵✶✽✮ ✭✵✱✶✷✽❀✵✱✶✵✶ ❀✵✱✵✺✼ ❀✵✱✵✶✼✮ ✭✵✱✶✷✺❀✵✱✵✾✾ ❀✵✱✵✺✻ ❀✵✱✵✶✼✮

sONE
O

= 0, 291 ✭✵✱✶✵✽❀✵✱✵✽✺ ❀✵✱✵✹✽ ❀✵✱✵✶✹✮ ✭✵✱✶✵✺❀✵✱✵✽✸ ❀✵✱✵✹✼ ❀✵✱✵✶✹✮ ✭✵✱✶✵✷❀✵✱✵✽✶ ❀✵✱✵✹✺ ❀✵✱✵✶✹✮

sTAM
C

= 0, 451

sONE
P

= 0, 167 ✭✵✱✶✺✷❀✵✱✶✷ ❀✵✱✵✼✼ ❀✵✱✵✶✾✮ ✭✵✱✶✹✽❀✵✱✶✶✼ ❀✵✱✵✼✺ ❀✵✱✵✶✾✮ ✭✵✱✶✹✹❀✵✱✶✶✹ ❀✵✱✵✼✸ ❀✵✱✵✶✾✮

sONE
C

= 0, 229 ✭✵✱✶✷✹❀✵✱✵✾✽ ❀✵✱✵✻✸ ❀✵✱✵✶✻✮ ✭✵✱✶✷❀✵✱✵✾✺ ❀✵✱✵✻✶ ❀✵✱✵✶✺✮ ✭✵✱✶✶✻❀✵✱✵✾✷ ❀✵✱✵✺✾ ❀✵✱✵✶✺✮

sONE
O

= 0, 291 ✭✵✱✵✾✻❀✵✱✵✼✺ ❀✵✱✵✹✾ ❀✵✱✵✶✷✮ ✭✵✱✵✾✷❀✵✱✵✼✸ ❀✵✱✵✹✼ ❀✵✱✵✶✷✮ ✭✵✱✵✽✽❀✵✱✵✼ ❀✵✱✵✹✺ ❀✵✱✵✶✶✮

sTAM
O

= 0, 527

sONE
P

= 0, 167 ✭✵✱✶✸✼❀✵✱✶✵✽ ❀✵✱✵✼✻ ❀✵✱✵✶✼✮ ✭✵✱✶✸✸❀✵✱✶✵✺ ❀✵✱✵✼✸ ❀✵✱✵✶✼✮ ✭✵✱✶✷✾❀✵✱✶✵✷ ❀✵✱✵✼✶ ❀✵✱✵✶✻✮

sONE
C

= 0, 229 ✭✵✱✶✵✹❀✵✱✵✽✷ ❀✵✱✵✺✽ ❀✵✱✵✶✸✮ ✭✵✱✶❀✵✱✵✼✾ ❀✵✱✵✺✺ ❀✵✱✵✶✸✮ ✭✵✱✵✾✻❀✵✱✵✼✻ ❀✵✱✵✺✸ ❀✵✱✵✶✷✮

sONE
O

= 0, 291 ✭✵✱✵✼✷❀✵✱✵✺✼ ❀✵✱✵✹ ❀✵✱✵✵✾✮ ✭✵✱✵✻✼❀✵✱✵✺✸ ❀✵✱✵✸✼ ❀✵✱✵✵✽✮ ✭✵✱✵✻✸❀✵✱✵✺ ❀✵✱✵✸✺ ❀✵✱✵✵✽✮

●❖▲

sGLO
C

= 0, 356

❆✈✐❛♥❝❛✴❆③✉❧ sAZU
P

= 0, 050 sAZU
C

= 0, 058 sAZU
O

= 0, 066

❚❆▼

sTAM
P

= 0, 375

sONE
P

= 0, 167 ✭✵✱✶✸✷ ❀✵✱✶✵✹ ❀✵✱✵✺✾ ❀✵✱✵✶✽✮ ✭✵✱✶✷✾ ❀✵✱✶✵✷ ❀✵✱✵✺✼ ❀✵✱✵✶✼✮ ✭✵✱✶✷✻ ❀✵✱✵✾✾ ❀✵✱✵✺✻ ❀✵✱✵✶✼✮

sONE
C

= 0, 229 ✭✵✱✶✵✾ ❀✵✱✵✽✻ ❀✵✱✵✹✽ ❀✵✱✵✶✺✮ ✭✵✱✶✵✻ ❀✵✱✵✽✸ ❀✵✱✵✹✼ ❀✵✱✵✶✹✮ ✭✵✱✶✵✸ ❀✵✱✵✽✶ ❀✵✱✵✹✻ ❀✵✱✵✶✹✮

sONE
O

= 0, 291 ✭✵✱✵✽✻ ❀✵✱✵✻✼ ❀✵✱✵✸✽ ❀✵✱✵✶✶✮ ✭✵✱✵✽✸ ❀✵✱✵✻✺ ❀✵✱✵✸✼ ❀✵✱✵✶✶✮ ✭✵✱✵✽ ❀✵✱✵✻✸ ❀✵✱✵✸✺ ❀✵✱✵✶✶✮

sTAM
C

= 0, 451

sONE
P

= 0, 167 ✭✵✱✶✷✹ ❀✵✱✵✾✽ ❀✵✱✵✻✸ ❀✵✱✵✶✻✮ ✭✵✱✶✷✶ ❀✵✱✵✾✺ ❀✵✱✵✻✶ ❀✵✱✵✶✻✮ ✭✵✱✶✶✼ ❀✵✱✵✾✸ ❀✵✱✵✻ ❀✵✱✵✶✺✮

sONE
C

= 0, 229 ✭✵✱✵✾✼ ❀✵✱✵✼✻ ❀✵✱✵✹✾ ❀✵✱✵✶✷✮ ✭✵✱✵✾✸ ❀✵✱✵✼✸ ❀✵✱✵✹✼ ❀✵✱✵✶✷✮ ✭✵✱✵✽✾ ❀✵✱✵✼ ❀✵✱✵✹✺ ❀✵✱✵✶✶✮

sONE
O

= 0, 291 ✭✵✱✵✻✾ ❀✵✱✵✺✹ ❀✵✱✵✸✺ ❀✵✱✵✵✾✮ ✭✵✱✵✻✺ ❀✵✱✵✺✶ ❀✵✱✵✸✸ ❀✵✱✵✵✽✮ ✭✵✱✵✻✶ ❀✵✱✵✹✽ ❀✵✱✵✸✶ ❀✵✱✵✵✽✮

sTAM
O

= 0, 527

sONE
P

= 0, 167 ✭✵✱✶✵✺ ❀✵✱✵✽✸ ❀✵✱✵✺✽ ❀✵✱✵✶✸✮ ✭✵✱✶✵✶ ❀✵✱✵✽ ❀✵✱✵✺✻ ❀✵✱✵✶✸✮ ✭✵✱✵✾✼ ❀✵✱✵✼✼ ❀✵✱✵✺✹ ❀✵✱✵✶✷✮

sONE
C

= 0, 229 ✭✵✱✵✼✸ ❀✵✱✵✺✼ ❀✵✱✵✹ ❀✵✱✵✵✾✮ ✭✵✱✵✻✾ ❀✵✱✵✺✹ ❀✵✱✵✸✽ ❀✵✱✵✵✾✮ ✭✵✱✵✻✹ ❀✵✱✵✺✶ ❀✵✱✵✸✻ ❀✵✱✵✵✽✮

sONE
O

= 0, 291 ✭✵✱✵✹ ❀✵✱✵✸✷ ❀✵✱✵✷✷ ❀✵✱✵✵✺✮ ✭✵✱✵✸✻ ❀✵✱✵✷✽ ❀✵✱✵✷ ❀✵✱✵✵✹✮ ✭✵✱✵✸✷ ❀✵✱✵✷✺ ❀✵✱✵✶✼ ❀✵✱✵✵✹✮

❧①✐①



●❖▲

sGLO
O

= 0, 416

❆✈✐❛♥❝❛✴❆③✉❧ sAZU
P

= 0, 050 sAZU
C

= 0, 058 sAZU
O

= 0, 066

❚❆▼

sTAM
P

= 0, 375

sONE
P

= 0, 167 ✭✵✱✶✶ ❀✵✱✵✽✻ ❀✵✱✵✹✾ ❀✵✱✵✶✺✮ ✭✵✱✶✵✼ ❀✵✱✵✽✹ ❀✵✱✵✹✼ ❀✵✱✵✶✹✮ ✭✵✱✶✵✹ ❀✵✱✵✽✷ ❀✵✱✵✹✻ ❀✵✱✵✶✹✮

sONE
C

= 0, 229 ✭✵✱✵✽✻ ❀✵✱✵✻✽ ❀✵✱✵✸✽ ❀✵✱✵✶✷✮ ✭✵✱✵✽✸ ❀✵✱✵✻✻ ❀✵✱✵✸✼ ❀✵✱✵✶✶✮ ✭✵✱✵✽ ❀✵✱✵✻✸ ❀✵✱✵✸✻ ❀✵✱✵✶✶✮

sONE
O

= 0, 291 ✭✵✱✵✻✸ ❀✵✱✵✺ ❀✵✱✵✷✽ ❀✵✱✵✵✽✮ ✭✵✱✵✻ ❀✵✱✵✹✼ ❀✵✱✵✷✼ ❀✵✱✵✵✽✮ ✭✵✱✵✺✼ ❀✵✱✵✹✺ ❀✵✱✵✷✺ ❀✵✱✵✵✽✮

sTAM
C

= 0, 451

sONE
P

= 0, 167 ✭✵✱✵✾✼ ❀✵✱✵✼✼ ❀✵✱✵✹✾ ❀✵✱✵✶✸✮ ✭✵✱✵✾✹ ❀✵✱✵✼✹ ❀✵✱✵✹✽ ❀✵✱✵✶✷✮ ✭✵✱✵✾ ❀✵✱✵✼✶ ❀✵✱✵✹✻ ❀✵✱✵✶✷✮

sONE
C

= 0, 229 ✭✵✱✵✻✾ ❀✵✱✵✺✺ ❀✵✱✵✸✺ ❀✵✱✵✵✾✮ ✭✵✱✵✻✻ ❀✵✱✵✺✷ ❀✵✱✵✸✸ ❀✵✱✵✵✽✮ ✭✵✱✵✻✷ ❀✵✱✵✹✾ ❀✵✱✵✸✷ ❀✵✱✵✵✽✮

sONE
O

= 0, 291 ✭✵✱✵✹✶ ❀✵✱✵✸✸ ❀✵✱✵✷✶ ❀✵✱✵✵✺✮ ✭✵✱✵✸✽ ❀✵✱✵✸ ❀✵✱✵✶✾ ❀✵✱✵✵✺✮ ✭✵✱✵✸✹ ❀✵✱✵✷✼ ❀✵✱✵✶✼ ❀✵✱✵✵✹✮

sTAM
O

= 0, 527

sONE
P

= 0, 167 ✭✵✱✵✼✹ ❀✵✱✵✺✽ ❀✵✱✵✹✶ ❀✵✱✵✵✾✮ ✭✵✱✵✼ ❀✵✱✵✺✺ ❀✵✱✵✸✽ ❀✵✱✵✵✾✮ ✭✵✱✵✻✺ ❀✵✱✵✺✷ ❀✵✱✵✸✻ ❀✵✱✵✵✽✮

sONE
C

= 0, 229 ✭✵✱✵✹✶ ❀✵✱✵✸✷ ❀✵✱✵✷✸ ❀✵✱✵✵✺✮ ✭✵✱✵✸✼ ❀✵✱✵✷✾ ❀✵✱✵✷ ❀✵✱✵✵✺✮ ✭✵✱✵✸✸ ❀✵✱✵✷✻ ❀✵✱✵✶✽ ❀✵✱✵✵✹✮

sONE
O

= 0, 291 ✭✵✱✵✵✽ ❀✵✱✵✵✼ ❀✵✱✵✵✺ ❀✵✱✵✵✶✮ ✭✵✱✵✵✹ ❀✵✱✵✵✸ ❀✵✱✵✵✷ ❀✵✱✵✵✶✮ ✭✵ ❀✵ ❀✵ ❀✵✮

❘❡s♦❧✉çã♦ ♣♦r s✉❝❡ss✐✈❛ ❞♦♠✐♥â♥❝✐❛

❉❡✈❡✲s❡✱ ✐♥✐❝✐❛❧♠❡♥t❡✱ ✐❞❡♥t✐✜❝❛r q✉❛❧ ❡str❛té❣✐❛ é ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛❞❛ ♣❛r❛ ❝❛❞❛

✉♠ ❞♦s ♣❧❛②❡rs✳ P❛r❛ ✐ss♦✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ❛ s❡❣✉✐♥t❡ s❡q✉ê♥❝✐❛✿

✶✳ ❊s❝♦❧❤❡✲s❡ ♦ ♣❧❛②❡r q✉❡ s❡rá ❛✈❛❧✐❛❞♦❀

✷✳ P❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ✷✼ ❝♦♠❜✐♥❛çõ❡s ❞❡ ❡str❛té❣✐❛s ❞♦s ♦✉tr♦s ✸ ♣❧❛②❡rs ♠❛r❝❛✲s❡ ❛

❡str❛té❣✐❛ q✉❡ ❣❡r❛ ♦ ♣✐♦r ♣❛②♦✛ ♣❛r❛ ♦ ♣❧❛②❡r ❛✈❛❧✐❛❞♦❀

✸✳ ❈❛s♦ t♦❞❛s ❛s ♠❛r❝❛çõ❡s ♣♦ss❛♠ s❡r ❢❡✐t❛s ♣❛r❛ ✉♠❛ ♠❡s♠❛ ❡str❛té❣✐❛ t❡♠♦s q✉❡

❛ ♠❡s♠❛ s❡rá ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛❞❛✳ ✭❊♠ ❝❛s♦ ❞❡ ❡♠♣❛t❡ ♠❛r❝❛✲s❡ ❛ ❡str❛té❣✐❛

♠❛✐s ♠❛r❝❛❞❛ ❛té ♦ ♠♦♠❡♥t♦✮✳

✹✳ ❈❛s♦ ❛ ❡t❛♣❛ ✸ ♥ã♦ s❡❥❛ ♣♦ssí✈❡❧✱ ♦ ♠ét♦❞♦ ❞❛ s✉❝❡ss✐✈❛ ❞♦♠✐♥â♥❝✐❛ ♥ã♦ ♣♦❞❡rá s❡r

❛♣❧✐❝❛❞♦✳

✺✳ ❘❡♣❡t❡✲s❡ ❛s ❡t❛♣❛s ✶✱✷ ❡ ✸ ❛✈❛❧✐❛♥❞♦ t♦❞♦s ♦s ♣❧❛②❡rs❀

✻✳ ❊❧✐♠✐♥❛✲s❡ t♦❞❛s ❛s ❡str❛té❣✐❛s ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛❞❛s❀

❧①①



✼✳ ❘❡♣❡t❡✲s❡ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❛té r❡st❛r ❛♣❡♥❛s ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s✳

P❛r❛ ✐❧✉str❛r ❡ss❡ ♣r♦❝❡❞✐♠❡♥t♦ ❢❡③✲s❡ ✉♠ ❡①❡♠♣❧♦ ❡s❝♦❧❤❡♥❞♦ ❛ ▲❆❚❆▼ ♣❛r❛ ❝♦♠❡ç♦ ❞❡

❛♥á❧✐s❡✳ P❛r❛ ❡♥❝♦♥tr❛r q✉❛❧ é ❛ ♣✐♦r ❡str❛té❣✐❛ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ✷✼ ❝♦♠❜✐♥❛çõ❡s ❞♦s

♦✉tr♦s três ♣❧❛②❡rs✱ ♣✐♥t♦✉✲s❡✱ ♥❛ t❛❜❡❧❛ ✽✳✶✱ ❞❛ ♠❡s♠❛ ❝♦r ♦s três r❡s✉❧t❛❞♦s q✉❡ ❞❡✈❡♠ s❡r

❝♦♠♣❛r❛❞♦s ♣❛r❛ ❝❛❞❛ ❝♦♠❜✐♥❛çã♦✳ P♦r ❡①❡♠♣❧♦✱ ❞❡ ❛③✉❧ t❡♠♦s ❛s três ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡

♣❛②♦✛s ♠❛♥t❡♥❞♦✲s❡ ✜①♦ ❛s ❡s❝♦❧❤❛s ♣❡ss✐♠✐st❛s ♣❛r❛ ●❖▲✱ ❆③✉❧ ❡ ❆✈✐❛♥❝❛✱ ❛❧t❡r❛♥❞♦✲s❡

❛♣❡♥❛s ❛ ❡str❛tét✐❛ ❛❞♦t❛❞❛ ♣❡❧❛ ▲❆❚❆▼✿

❼ ❈❛s♦ ❛ ▲❆❚❆▼ ❛❞♦t❛ ❛ ❡str❛té❣✐❛ ♣❡ss✐♠✐st❛✿ ✭✵✱✶✺✺❀✵✱✶✷✷ ❀✵✱✵✻✾❀✵✱✵✷✶✮

❼ ❈❛s♦ ❛ ▲❆❚❆▼ ❛❞♦t❡ ❛ ❡str❛té❣✐❛ ❞❡ ❝♦♥t✐♥✉✐❞❛❞❡✿ ✭✵✱✶✺✷❀✵✱✶✷ ❀✵✱✵✼✼ ❀✵✱✵✶✾✮

❼ ❈❛s♦ ❛ ▲❆❚❆▼ ❛❞♦t❡ ❛ ❡str❛té❣✐❛ ♦t✐♠✐st❛✿ ✭✵✱✶✸✼❀✵✱✶✵✽ ❀✵✱✵✼✻ ❀✵✱✵✶✼✮

P❛r❛ ❡ss❡ ❝❛s♦ ❛ ❡str❛té❣✐❛ ❝♦♠ ♣✐♦r ♣❛②♦✛ é ❛ ♦t✐♠✐st❛✳ ❘❡♣❡t✐♥❞♦ ❡ss❛ ❛♥á❧✐s❡ ♣❛r❛ ❛s

♦✉tr❛s ✷✻ ❝♦♠❜✐♥❛çõ❡s✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ❛ ❡str❛té❣✐❛ ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛❞❛ ♣❛r❛ ♦ ❝❛s♦ ❞❛

▲❆❚❆▼ é ❛ ♦t✐♠✐st❛✳

❉❡✈❡✲s❡ r❡♣❡t✐r ❡ss❛ ❛♥á❧✐s❡ ♣❛r❛ ♦s ♦✉tr♦s três ♣❧❛②❡rs✳ ❈♦♥✈✐❞❛✲s❡ ♦ ❧❡✐t♦r ❛ r❡❛❧✐③❛r

❡ss❛ ❛♥á❧✐s❡ ❡ ♣❡r❝❡❜❡r q✉❡ ❛ ❡str❛té❣✐❛ ♦t✐♠✐st❛ ♣❡ ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛❞❛ ♣❛r❛ t♦❞♦s ♦s

♣❧❛②❡rs✳ ❉❡ss❛ ❢♦r♠❛✱ ❡❧✐♠✐♥❛✲s❡ ❡ss❛ ♦♣çã♦ ♣❛r❛ t♦❞♦s ❡ ❢❛③✲s❡ ✉♠❛ s❡❣✉♥❞❛ r♦❞❛❞❛ ❞❡

❛✈❛❧✐❛çõ❡s✳ ❘❡♣❡t✐♥❞♦✲s❡ ❛té s♦❜r❛r ❛♣❡♥❛s ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s t❡♠✲s❡ q✉❡ ❝♦♠♦

r❡s✉❧❛❞♦ ❛ ♦ s❡❣✉✐♥t❡ ♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s (P, P, P, P )✱ ♦✉ s❡❥❛✱ ♦ ❡q✉✐❧í❜r✐♦ é ❛t✐♥❣✐❞♦

❝♦♠ t♦❞❛s ❛s ❡♠♣r❡s❛s ♦♣t❛♥❞♦ ♣❡❧❛ ❡str❛té❣✐❛ ♣❡ss✐♠✐st❛✱ ❝♦♠ ♦s s❡❣✉✐♥t❡s ♣❛②♦✛s✿

✭✵✱✶✺✺❀✵✱✶✷✷ ❀✵✱✵✻✾❀✵✱✵✷✶✮✳

❘❡s♦❧✉çã♦ ♣♦r ❊q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤

P❛r❛ ❡♥❝♦♥tr❛r ♦ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤ ♣r♦❝❡❞❡✉✲s❡ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

✶✳ ❊s❝♦❧❤❡✲s❡ ✉♠ ♣❧❛②❡r ❆ ♣❛r❛ ❝♦♠❡ç❛r ❛ ❛♥á❧✐s❡ ❡ ✉♠ s❡♥t✐❞♦ ❝í❝❧✐❝♦ ❞❡ ✢✉①♦ ✭❆

s❡❣✉✐❞♦ ❞❡ ❇ s❡❣✉✐❞♦ ❞❡ ❈ s❡❣✉✐❞♦ ❞❡ ❉ ❡ s❡❣✉✐❞♦ ♣♦r ❆✮

✷✳ ❋✐①❛ ❛ ❡str❛té❣✐❛ ❛❞♦t❛❞❛ ♣❛r❛ ♦s ♦✉tr♦s três ❝♦♥❝♦rr❡♥t❡s✱ ❇✱ ❈ ❡ ❉ ❞❡ ♠❛♥❡✐r❛

❛❧❡❛tór✐❛❀

❧①①✐



✸✳ ❊s❝♦❧❤❡✲s❡ ❛ ♠❡❧❤♦r ❡str❛té❣✐❝❛ q✉❡ ♦ ♣❧❛②❡r ❛♥❛❧✐s❛❞♦ ♣♦❞❡ t♦♠❛r t❡♥❞♦ ✜①❛s ❛s

❡str❛té❣✐❛s ❞♦s ♦✉tr♦s três ❡ t♦r♥❛✲s❡ ❡ss❛ ❡str❛té❣✐❛ ✜①❛❀

✹✳ P❛ss❛✲s❡ ♣❛r❛ ♦ ♣❧❛②❡r ❇✱ ❞❡✐①❛♥❞♦ ✜①❛ ❛s ❡str❛té❣✐❛s ❞♦s ❞❡♠❛✐s ✭♣♦✐s ❛❝❛❜♦✉ ❞❡

s❡ ✜①❛r ❛ ❡str❛té❣✐❛ ❛❞♦t❛❞❛ ♣♦r ❆ ❡ ❛s ❞❡ ❈ ❡ ❉ ❥á ❡st❛✈❛♠ ✜①❛s✮❀

✺✳ ❈❛s♦ s❡❥❛ ♣♦ssí✈❡❧ ♠❡❧❤♦r❛r ♦ ♣❛②♦✛ ❞♦ ♣❧❛②❡r ❡s❝♦❧❤✐❞♦ ❡♠ ✹✱ r❡♣❡t❡✲s❡ ❛ ❡t❛♣❛ ✸ ❡

✹ ✭r❡s♣❡✐t❛♥❞♦✲s❡ ♦ ❝✐❝❧♦ ❛❞♦t❛❞♦ ♥❛ ❡t❛♣❛ ✶✮❀

✻✳ ❈❛s♦ ♥ã♦ s❡❥❛ ♣♦ssí✈❡❧ ♠❡❧❤♦r❛r ♦ ♣❛②♦✛ ❞♦ ♣❧❛②❡r ❡s❝♦❧❤✐❞♦ ❡♠ ✹✱ ❡♥❝❡rr❛✲s❡ ❡ ♦

♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s ❞♦ ❡q✉✐❧í❜r✐♦ ❢♦✐ ❡♥❝♦♥tr❛❞♦✳

❆♣❧✐❝❛♥❞♦ ♥♦ ❝❛s♦ ❡♠ ❡st✉❞♦✿

❈♦♥s✐❞❡r❛♥❞♦ ♦ s❡❣✉✐♥t❡ ✢✉①♦ ❝í❝❧✐❝♦✿ ▲❆❚❆▼→●❖▲→❆✈✐❛♥❝❛→❆③✉❧ ❡ ❛❞♦t❛♥❞♦

❡str❛té❣✐❛s ♦t✐♠✐st❛s ♣❛r❛ ●❖▲✱ ❆✈✐❛♥❝❛ ❡ ❆③✉❧ t❡♠♦s ❛ s❡❣✉✐♥t❡ s❡q✉ê♥❝✐❛ ❞❡ ♣❡r✜s

❡str❛té❣✐❝♦s✿

(P ,O,O,O) → (P, P ,O,O) → (P, P, P ,O) → (P, P, P, P )✳ ❙❡♥❞♦ ❡ss❡ ú❧t✐♠♦ ❡q✉✐✲

✈❛❧❡♥t❡ ❛♦ ❡q✉✐❧í❜r✐♦✱ r❡s✉❧t❛♥❞♦ ♥♦s s❡❣✉✐♥t❡s ♣❛②♦✛s✿ ✭✵✱✶✺✺❀✵✱✶✷✷ ❀✵✱✵✻✾❀✵✱✵✷✶✮✳

❈♦♠❡ç❛♥❞♦✱ ♣❛r❛ t❡st❛r ♦ ♠ét♦❞♦✱ ❛❞♦t❛♥❞♦ ❡str❛té❣✐❛ ❞❡ ❝♦♥t✐♥✉✐❞❛❞❡ ♣❛r❛ ●❖▲

❡ ❆✈✐❛♥❝❛ ❡ ❡str❛té❣✐❝❛ ♦t✐♠✐st❛ ♣❛r❛ ❆③✉❧✿

(P ,C,C,O) → (P, P , C,O) → (P, P, P ,O) → (P, P, P, P )✱ r❡s✉❧t❛♥❞♦ ♥♦ ♠❡s♠♦

✜♥❛❧✳

❧①①✐✐



❆♥❡①♦ ❇ ✲ ❊q✉✐❧í❜r✐♦ ♣❛r❛ ❝♦♠♣❡t✐çã♦

✭❆❣♦✳✶✼ ❛ ❏✉❧✳✶✽✮

▼❛tr✐③ ❡str❛té❣✐❝❛

❧①①✐✐✐



❚❛❜❡❧❛ ✽✳✷✿ ▼❛tr✐③ ❡str❛té❣✐❝❛ ✲ ❆❣♦✳✶✼ ❛ ❏✉❧✳✶✽
●❖▲

sGLO
P

= 0, 296

❆✈✐❛♥❝❛✴❆③✉❧ sAZU
P

= 0, 030 sAZU
C

= 0, 074 sAZU
O

= 0, 118

❚❆▼

sTAM
P

= 0, 427

sONE
P

= 0, 224 ✭✵✱✷✹✹ ❀✵✱✶✻✷ ❀✵✱✶✷✽ ❀✵✱✵✶✼✮ ✭✵✱✷✷✺ ❀✵✱✶✹✾ ❀✵✱✶✶✽ ❀✵✱✵✶✻✮ ✭✵✱✷✵✼ ❀✵✱✶✸✼ ❀✵✱✶✵✽ ❀✵✱✵✶✺✮

sONE
C

= 0, 280 ✭✵✱✷✷ ❀✵✱✶✹✻ ❀✵✱✶✶✻ ❀✵✱✵✶✺✮ ✭✵✱✷✵✷ ❀✵✱✶✸✹ ❀✵✱✶✵✻ ❀✵✱✵✶✹✮ ✭✵✱✶✽✸ ❀✵✱✶✷✶ ❀✵✱✵✾✻ ❀✵✱✵✶✸✮

sONE
O

= 0, 336 ✭✵✱✶✾✻ ❀✵✱✶✸ ❀✵✱✶✵✸ ❀✵✱✵✶✹✮ ✭✵✱✶✼✽ ❀✵✱✶✶✽ ❀✵✱✵✾✸ ❀✵✱✵✶✷✮ ✭✵✱✶✺✾ ❀✵✱✶✵✺ ❀✵✱✵✽✸ ❀✵✱✵✶✶✮

sTAM
C

= 0, 507

sONE
P

= 0, 224 ✭✵✱✷✹✾ ❀✵✱✶✾✶ ❀✵✱✶✸✽ ❀✵✱✵✸✻✮ ✭✵✱✷✷✼ ❀✵✱✶✼✹ ❀✵✱✶✷✺ ❀✵✱✵✸✸✮ ✭✵✱✷✵✺ ❀✵✱✶✺✼ ❀✵✱✶✶✸ ❀✵✱✵✸✮

sONE
C

= 0, 280 ✭✵✱✷✷✶ ❀✵✱✶✼ ❀✵✱✶✷✷ ❀✵✱✵✸✷✮ ✭✵✱✶✾✾ ❀✵✱✶✺✷ ❀✵✱✶✶ ❀✵✱✵✷✾✮ ✭✵✱✶✼✻ ❀✵✱✶✸✺ ❀✵✱✵✾✼ ❀✵✱✵✷✻✮

sONE
O

= 0, 336 ✭✵✱✶✾✸ ❀✵✱✶✹✽ ❀✵✱✶✵✻ ❀✵✱✵✷✽✮ ✭✵✱✶✼ ❀✵✱✶✸✶ ❀✵✱✵✾✹ ❀✵✱✵✷✺✮ ✭✵✱✶✹✽ ❀✵✱✶✶✹ ❀✵✱✵✽✷ ❀✵✱✵✷✷✮

sTAM
O

= 0, 587

sONE
P

= 0, 224 ✭✵✱✷✹✷ ❀✵✱✷✵✹ ❀✵✱✶✸✽ ❀✵✱✵✹✾✮ ✭✵✱✷✶✻ ❀✵✱✶✽✷ ❀✵✱✶✷✹ ❀✵✱✵✹✸✮ ✭✵✱✶✾ ❀✵✱✶✻ ❀✵✱✶✵✾ ❀✵✱✵✸✽✮

sONE
C

= 0, 280 ✭✵✱✷✵✾ ❀✵✱✶✼✻ ❀✵✱✶✷ ❀✵✱✵✹✷✮ ✭✵✱✶✽✸ ❀✵✱✶✺✹ ❀✵✱✶✵✺ ❀✵✱✵✸✼✮ ✭✵✱✶✺✼ ❀✵✱✶✸✸ ❀✵✱✵✾ ❀✵✱✵✸✷✮

sONE
O

= 0, 336 ✭✵✱✶✼✻ ❀✵✱✶✹✾ ❀✵✱✶✵✶ ❀✵✱✵✸✺✮ ✭✵✱✶✺ ❀✵✱✶✷✼ ❀✵✱✵✽✻ ❀✵✱✵✸✮ ✭✵✱✶✷✹ ❀✵✱✶✵✺ ❀✵✱✵✼✶ ❀✵✱✵✷✺✮

●❖▲

sGLO
C

= 0, 356

❆✈✐❛♥❝❛✴❆③✉❧ sAZU
P

= 0, 030 sAZU
C

= 0, 074 sAZU
O

= 0, 118

❚❆▼

sTAM
P

= 0, 427

sONE
P

= 0, 224 ✭✵✱✶✾✾ ❀✵✱✶✸✷ ❀✵✱✶✵✹ ❀✵✱✵✶✹✮ ✭✵✱✶✽ ❀✵✱✶✶✾ ❀✵✱✵✾✺ ❀✵✱✵✶✸✮ ✭✵✱✶✻✶ ❀✵✱✶✵✼ ❀✵✱✵✽✺ ❀✵✱✵✶✶✮

sONE
C

= 0, 280 ✭✵✱✶✼✺ ❀✵✱✶✶✻ ❀✵✱✵✾✷ ❀✵✱✵✶✷✮ ✭✵✱✶✺✻ ❀✵✱✶✵✹ ❀✵✱✵✽✷ ❀✵✱✵✶✶✮ ✭✵✱✶✸✼ ❀✵✱✵✾✶ ❀✵✱✵✼✷ ❀✵✱✵✶✮

sONE
O

= 0, 336 ✭✵✱✶✺✶ ❀✵✱✶ ❀✵✱✵✼✾ ❀✵✱✵✶✶✮ ✭✵✱✶✸✷ ❀✵✱✵✽✽ ❀✵✱✵✻✾ ❀✵✱✵✵✾✮ ✭✵✱✶✶✹ ❀✵✱✵✼✺ ❀✵✱✵✻ ❀✵✱✵✵✽✮

sTAM
C

= 0, 507

sONE
P

= 0, 224 ✭✵✱✶✾✻ ❀✵✱✶✺ ❀✵✱✶✵✽ ❀✵✱✵✷✾✮ ✭✵✱✶✼✸ ❀✵✱✶✸✸ ❀✵✱✵✾✻ ❀✵✱✵✷✺✮ ✭✵✱✶✺✶ ❀✵✱✶✶✻ ❀✵✱✵✽✸ ❀✵✱✵✷✷✮

sONE
C

= 0, 280 ✭✵✱✶✻✼ ❀✵✱✶✷✽ ❀✵✱✵✾✷ ❀✵✱✵✷✹✮ ✭✵✱✶✹✺ ❀✵✱✶✶✶ ❀✵✱✵✽ ❀✵✱✵✷✶✮ ✭✵✱✶✷✸ ❀✵✱✵✾✹ ❀✵✱✵✻✽ ❀✵✱✵✶✽✮

sONE
O

= 0, 336 ✭✵✱✶✸✾ ❀✵✱✶✵✼ ❀✵✱✵✼✼ ❀✵✱✵✷✮ ✭✵✱✶✶✼ ❀✵✱✵✽✾ ❀✵✱✵✻✹ ❀✵✱✵✶✼✮ ✭✵✱✵✾✹ ❀✵✱✵✼✷ ❀✵✱✵✺✷ ❀✵✱✵✶✹✮

sTAM
O

= 0, 587

sONE
P

= 0, 224 ✭✵✱✶✽ ❀✵✱✶✺✶ ❀✵✱✶✵✸ ❀✵✱✵✸✻✮ ✭✵✱✶✺✹ ❀✵✱✶✸ ❀✵✱✵✽✽ ❀✵✱✵✸✶✮ ✭✵✱✶✷✽ ❀✵✱✶✵✽ ❀✵✱✵✼✸ ❀✵✱✵✷✻✮

sONE
C

= 0, 280 ✭✵✱✶✹✼ ❀✵✱✶✷✹ ❀✵✱✵✽✹ ❀✵✱✵✸✮ ✭✵✱✶✷✶ ❀✵✱✶✵✷ ❀✵✱✵✻✾ ❀✵✱✵✷✹✮ ✭✵✱✵✾✺ ❀✵✱✵✽ ❀✵✱✵✺✹ ❀✵✱✵✶✾✮

sONE
O

= 0, 336 ✭✵✱✶✶✹ ❀✵✱✵✾✻ ❀✵✱✵✻✺ ❀✵✱✵✷✸✮ ✭✵✱✵✽✽ ❀✵✱✵✼✹ ❀✵✱✵✺ ❀✵✱✵✶✽✮ ✭✵✱✵✻✷ ❀✵✱✵✺✷ ❀✵✱✵✸✻ ❀✵✱✵✶✸✮

●❖▲

sGLO
O

= 0, 416

❆✈✐❛♥❝❛✴❆③✉❧ sAZU
P

= 0, 030 sAZU
C

= 0, 074 sAZU
O

= 0, 118

❚❆▼

sTAM
P

= 0, 427

sONE
P

= 0, 224 ✭✵✱✶✺✹ ❀✵✱✶✵✷ ❀✵✱✵✽✶ ❀✵✱✵✶✶✮ ✭✵✱✶✸✺ ❀✵✱✵✽✾ ❀✵✱✵✼✶ ❀✵✱✵✵✾✮ ✭✵✱✶✶✻ ❀✵✱✵✼✼ ❀✵✱✵✻✶ ❀✵✱✵✵✽✮

sONE
C
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sONE
O
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sTAM
C

= 0, 507

sONE
P
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sONE
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sONE
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= 0, 224 ✭✵✱✶✶✼ ❀✵✱✵✾✾ ❀✵✱✵✻✼ ❀✵✱✵✷✹✮ ✭✵✱✵✾✷ ❀✵✱✵✼✼ ❀✵✱✵✺✷ ❀✵✱✵✶✽✮ ✭✵✱✵✻✻ ❀✵✱✵✺✺ ❀✵✱✵✸✽ ❀✵✱✵✶✸✮

sONE
C
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sONE
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❧①①✐✈



❘❡s♦❧✉çã♦ ♣♦r s✉❝❡ss✐✈❛ ❞♦♠✐♥â♥❝✐❛

❉❡✈❡✲s❡✱ ✐♥✐❝✐❛❧♠❡♥t❡✱ ✐❞❡♥t✐✜❝❛r q✉❛❧ ❡str❛té❣✐❛ é ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛❞❛ ♣❛r❛ ❝❛❞❛

✉♠ ❞♦s ♣❧❛②❡rs✳ P❛r❛ ✐ss♦✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ❛ s❡❣✉✐♥t❡ s❡q✉ê♥❝✐❛✿

✶✳ ❊s❝♦❧❤❡✲s❡ ♦ ♣❧❛②❡r q✉❡ s❡rá ❛✈❛❧✐❛❞♦❀

✷✳ P❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ✷✼ ❝♦♠❜✐♥❛çõ❡s ❞❡ ❡str❛té❣✐❛s ❞♦s ♦✉tr♦s ✸ ♣❧❛②❡rs ♠❛r❝❛✲s❡ ❛

❡str❛té❣✐❛ q✉❡ ❣❡r❛ ♦ ♣✐♦r ♣❛②♦✛ ♣❛r❛ ♦ ♣❧❛②❡r ❛✈❛❧✐❛❞♦❀

✸✳ ❈❛s♦ t♦❞❛s ❛s ♠❛r❝❛çõ❡s ♣♦ss❛♠ s❡r ❢❡✐t❛s ♣❛r❛ ✉♠❛ ♠❡s♠❛ ❡str❛té❣✐❛ t❡♠♦s q✉❡

❛ ♠❡s♠❛ s❡rá ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛❞❛✳ ✭❊♠ ❝❛s♦ ❞❡ ❡♠♣❛t❡ ♠❛r❝❛✲s❡ ❛ ❡str❛té❣✐❛

♠❛✐s ♠❛r❝❛❞❛ ❛té ♦ ♠♦♠❡♥t♦✮✳

✹✳ ❈❛s♦ ❛ ❡t❛♣❛ ✸ ♥ã♦ s❡❥❛ ♣♦ssí✈❡❧✱ ♦ ♠ét♦❞♦ ❞❛ s✉❝❡ss✐✈❛ ❞♦♠✐♥â♥❝✐❛ ♥ã♦ ♣♦❞❡rá s❡r

❛♣❧✐❝❛❞♦✳

✺✳ ❘❡♣❡t❡✲s❡ ❛s ❡t❛♣❛s ✶✱✷ ❡ ✸ ❛✈❛❧✐❛♥❞♦ t♦❞♦s ♦s ♣❧❛②❡rs❀

✻✳ ❊❧✐♠✐♥❛✲s❡ t♦❞❛s ❛s ❡str❛té❣✐❛s ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛❞❛s❀

✼✳ ❘❡♣❡t❡✲s❡ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❛té r❡st❛r ❛♣❡♥❛s ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s✳

P❛r❛ ✐❧✉str❛r ❡ss❡ ♣r♦❝❡❞✐♠❡♥t♦ ❢❡③✲s❡ ✉♠ ❡①❡♠♣❧♦ ❡s❝♦❧❤❡♥❞♦ ❛ ❆③✉❧ ♣❛r❛ ❝♦♠❡ç♦ ❞❡

❛♥á❧✐s❡✳ P❛r❛ ❡♥❝♦♥tr❛r q✉❛❧ é ❛ ♣✐♦r ❡str❛té❣✐❛ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ✷✼ ❝♦♠❜✐♥❛çõ❡s

❞♦s ♦✉tr♦s três ♣❧❛②❡rs✱ ♣✐♥t♦✉✲s❡✱ ♥❛ t❛❜❡❧❛ ✽✳✷✱ ❞❛ ♠❡s♠❛ ❝♦r ♦s três r❡s✉❧t❛❞♦s q✉❡

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

♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♣❛②♦✛s ♠❛♥t❡♥❞♦✲s❡ ✜①♦ ❛s ❡s❝♦❧❤❛s ♣❡ss✐♠✐st❛s ♣❛r❛ ▲❆❚❆▼✱ ●❖▲ ❡

❆✈✐❛♥❝❛✱ ❛❧t❡r❛♥❞♦✲s❡ ❛♣❡♥❛s ❛ ❡str❛tét✐❛ ❛❞♦t❛❞❛ ♣❡❧❛ ❆③✉❧✿

❼ ❈❛s♦ ❛ ❆③✉❧ ❛❞♦t❛ ❛ ❡str❛té❣✐❛ ♣❡ss✐♠✐st❛✿ ✭✵✱✶✽ ❀✵✱✶✺✶ ❀✵✱✶✵✸ ❀✵✱✵✸✻✮

❼ ❈❛s♦ ❛ ❆③✉❧ ❛❞♦t❡ ❛ ❡str❛té❣✐❛ ❞❡ ❝♦♥t✐♥✉✐❞❛❞❡✿ ✭✵✱✶✺✹ ❀✵✱✶✸ ❀✵✱✵✽✽ ❀✵✱✵✸✶✮

❼ ❈❛s♦ ❛ ❆③✉❧ ❛❞♦t❡ ❛ ❡str❛té❣✐❛ ♦t✐♠✐st❛✿ ✭✵✱✶✷✽ ❀✵✱✶✵✽ ❀✵✱✵✼✸ ❀✵✱✵✷✻✮

❧①①✈



P❛r❛ ❡ss❡ ❝❛s♦ ❛ ❡str❛té❣✐❛ ❝♦♠ ♣✐♦r ♣❛②♦✛ é ❛ ♦t✐♠✐st❛✳ ❘❡♣❡t✐♥❞♦ ❡ss❛ ❛♥á❧✐s❡ ♣❛r❛ ❛s

♦✉tr❛s ✷✻ ❝♦♠❜✐♥❛çõ❡s✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ❛ ❡str❛té❣✐❛ ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛❞❛ ♣❛r❛ ♦ ❝❛s♦ ❞❛

❆③✉❧ é ❛ ♦t✐♠✐st❛✳

❉❡✈❡✲s❡ r❡♣❡t✐r ❡ss❛ ❛♥á❧✐s❡ ♣❛r❛ ♦s ♦✉tr♦s três ♣❧❛②❡rs✳ ❈♦♥✈✐❞❛✲s❡ ♦ ❧❡✐t♦r ❛ r❡❛❧✐③❛r

❡ss❛ ❛♥á❧✐s❡ ❡ ♣❡r❝❡❜❡r q✉❡ ❛ ❡str❛té❣✐❛ ♦t✐♠✐st❛ ♣❡ ❡str✐t❛♠❡♥t❡ ❞♦♠✐♥❛❞❛ ♣❛r❛ t♦❞♦s ♦s

♣❧❛②❡rs✳ ❉❡ss❛ ❢♦r♠❛✱ ❡❧✐♠✐♥❛✲s❡ ❡ss❛ ♦♣çã♦ ♣❛r❛ t♦❞♦s ❡ ❢❛③✲s❡ ✉♠❛ s❡❣✉♥❞❛ r♦❞❛❞❛ ❞❡

❛✈❛❧✐❛çõ❡s✳ ❘❡♣❡t✐♥❞♦✲s❡ ❛té s♦❜r❛r ❛♣❡♥❛s ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡str❛té❣✐❛s t❡♠✲s❡ q✉❡ ❝♦♠♦

r❡s✉❧❛❞♦ ❛ ♦ s❡❣✉✐♥t❡ ♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s (P, P, P, P )✱ ♦✉ s❡❥❛✱ ♦ ❡q✉✐❧í❜r✐♦ é ❛t✐♥❣✐❞♦ ❝♦♠

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

❘❡s♦❧✉çã♦ ♣♦r ❊q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤

P❛r❛ ❡♥❝♦♥tr❛r ♦ ❡q✉✐❧í❜r✐♦ ❞❡ ◆❛s❤ ♣r♦❝❡❞❡✉✲s❡ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

✶✳ ❊s❝♦❧❤❡✲s❡ ✉♠ ♣❧❛②❡r ❆ ♣❛r❛ ❝♦♠❡ç❛r ❛ ❛♥á❧✐s❡ ❡ ✉♠ s❡♥t✐❞♦ ❝í❝❧✐❝♦ ❞❡ ✢✉①♦ ✭❆

s❡❣✉✐❞♦ ❞❡ ❇ s❡❣✉✐❞♦ ❞❡ ❈ s❡❣✉✐❞♦ ❞❡ ❉ ❡ s❡❣✉✐❞♦ ♣♦r ❆✮

✷✳ ❋✐①❛ ❛ ❡str❛té❣✐❛ ❛❞♦t❛❞❛ ♣❛r❛ ♦s ♦✉tr♦s três ❝♦♥❝♦rr❡♥t❡s✱ ❇✱ ❈ ❡ ❉ ❞❡ ♠❛♥❡✐r❛

❛❧❡❛tór✐❛❀

✸✳ ❊s❝♦❧❤❡✲s❡ ❛ ♠❡❧❤♦r ❡str❛té❣✐❝❛ q✉❡ ♦ ♣❧❛②❡r ❛♥❛❧✐s❛❞♦ ♣♦❞❡ t♦♠❛r t❡♥❞♦ ✜①❛s ❛s

❡str❛té❣✐❛s ❞♦s ♦✉tr♦s três ❡ t♦r♥❛✲s❡ ❡ss❛ ❡str❛té❣✐❛ ✜①❛❀

✹✳ P❛ss❛✲s❡ ♣❛r❛ ♦ ♣❧❛②❡r ❇✱ ❞❡✐①❛♥❞♦ ✜①❛ ❛s ❡str❛té❣✐❛s ❞♦s ❞❡♠❛✐s ✭♣♦✐s ❛❝❛❜♦✉ ❞❡

s❡ ✜①❛r ❛ ❡str❛té❣✐❛ ❛❞♦t❛❞❛ ♣♦r ❆ ❡ ❛s ❞❡ ❈ ❡ ❉ ❥á ❡st❛✈❛♠ ✜①❛s✮❀

✺✳ ❈❛s♦ s❡❥❛ ♣♦ssí✈❡❧ ♠❡❧❤♦r❛r ♦ ♣❛②♦✛ ❞♦ ♣❧❛②❡r ❡s❝♦❧❤✐❞♦ ❡♠ ✹✱ r❡♣❡t❡✲s❡ ❛ ❡t❛♣❛ ✸ ❡

✹ ✭r❡s♣❡✐t❛♥❞♦✲s❡ ♦ ❝✐❝❧♦ ❛❞♦t❛❞♦ ♥❛ ❡t❛♣❛ ✶✮❀

✻✳ ❈❛s♦ ♥ã♦ s❡❥❛ ♣♦ssí✈❡❧ ♠❡❧❤♦r❛r ♦ ♣❛②♦✛ ❞♦ ♣❧❛②❡r ❡s❝♦❧❤✐❞♦ ❡♠ ✹✱ ❡♥❝❡rr❛✲s❡ ❡ ♦

♣❡r✜❧ ❞❡ ❡str❛té❣✐❛s ❞♦ ❡q✉✐❧í❜r✐♦ ❢♦✐ ❡♥❝♦♥tr❛❞♦✳

❆♣❧✐❝❛♥❞♦ ♥♦ ❝❛s♦ ❡♠ ❡st✉❞♦✿

❧①①✈✐



❈♦♥s✐❞❡r❛♥❞♦ ♦ s❡❣✉✐♥t❡ ✢✉①♦ ❝í❝❧✐❝♦✿ ▲❆❚❆▼→●❖▲→❆✈✐❛♥❝❛→❆③✉❧ ❡ ❛❞♦t❛♥❞♦

❡str❛té❣✐❛s ♦t✐♠✐st❛s ♣❛r❛ ●❖▲✱ ❆✈✐❛♥❝❛ ❡ ❆③✉❧ t❡♠♦s ❛ s❡❣✉✐♥t❡ s❡q✉ê♥❝✐❛ ❞❡ ♣❡r✜s

❡str❛té❣✐❝♦s✿

(P ,O,O,O) → (P, P ,O,O) → (P, P, P ,O) → (P, P, P, P )✳ ❙❡♥❞♦ ❡ss❡ ú❧t✐♠♦ ❡q✉✐✲

✈❛❧❡♥t❡ ❛♦ ❡q✉✐❧í❜r✐♦✱ r❡s✉❧t❛♥❞♦ ♥♦s s❡❣✉✐♥t❡s ♣❛②♦✛s✿ ✭✵✱✷✹✹❀✵✱✶✻✷ ❀✵✱✶✷✽❀✵✱✵✶✼✮✳

❈♦♠❡ç❛♥❞♦✱ ♣❛r❛ t❡st❛r ♦ ♠ét♦❞♦✱ ❛❞♦t❛♥❞♦ ❡str❛té❣✐❛ ♦t✐♠✐st❛ ♣❛r❛ ●❖▲ ❡ ❆✈✐❛♥❝❛

❡ ❡str❛té❣✐❝❛ ❞❡ ❝♦♥t✐♥✉✐❞❛❞❡ ♣❛r❛ ❆③✉❧✿

(P ,O,O,C) → (P, P ,O,C) → (P, P, P , C) → (P, P, P, P )✱ r❡s✉❧t❛♥❞♦ ♥♦ ♠❡s♠♦

✜♥❛❧✳

❧①①✈✐✐



❆♥❡①♦ ❈ ✲ ▼❛tr✐③ ❞❡ ❝♦rr❡❧❛çã♦

❈♦rr❡❧❛çã♦ ♣❛r❛ ❆❣♦✳✶✻ ❛ ❏✉❧✳✶✼ ✲ ▼❑❚

❚❛❜❡❧❛ ✽✳✸✿ ❈♦rr❡❧❛çã♦ ♣❛r❛ ❆❣♦✳✶✻ ❛ ❏✉❧✳✶✼
❚❆▼ ●▲❖ ❖◆❊ ❆❩❯

❚❆▼ ✶ ✲✵✱✸✺✷✷✹✼✻✶✶ ✲✵✱✸✹✺✹✺✼✵✵✹ ✲✵✱✶✼✸✷✷✽✹✷✻

●▲❖ ✲✵✱✸✺✷✷✹✼✻✶✶ ✶ ✲✵✱✼✶✸✸✶✵✵✹✻ ✵✱✸✷✼✸✷✺✷✶✺

❖◆❊ ✲✵✱✸✹✺✹✺✼✵✵✹ ✲✵✱✼✶✸✸✶✵✵✹✻ ✶ ✲✵✱✹✻✻✹✻✻✷✶✾

❆❩❯ ✲✵✱✶✼✸✷✷✽✹✷✻ ✵✱✸✷✼✸✷✺✷✶✺ ✲✵✱✹✻✻✹✻✻✷✶✾ ✶

❈❛❧❝✉❧❛♥❞♦ ♦ ✈❛❧♦r ❞❛ ❝♦rr❡çã♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ✻✳✹ t❡♠♦s R2 = 0, 9998 ❞❡♥♦t❛♥❞♦

❛❧t❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ▼❑❚ s❤❛r❡✳

❈♦rr❡❧❛çã♦ ♣❛r❛ ❆❣♦✳✶✼ ❛ ❏✉❧✳✶✽ ✲ ▼❑❚

❚❛❜❡❧❛ ✽✳✹✿ ❈♦rr❡❧❛çã♦ ♣❛r❛ ❆❣♦✳✶✼ ❛ ❏✉❧✳✶✽
❚❆▼ ●▲❖ ❖◆❊ ❆❩❯

❚❆▼ ✶ ✲✵✱✹✻✹✷✾✻✾✻✽ ✵✱✶✸✺✻✷✻✾✸✷ ✲✵✱✶✹✵✷✼✶✽✷✷

●▲❖ ✲✵✱✹✻✹✷✾✻✾✻✽ ✶ ✲✵✱✼✻✵✶✻✷✹✻✶ ✲✵✱✼✼✻✵✺✼✹✾✷

❖◆❊ ✵✱✶✸✺✻✷✻✾✸✷ ✲✵✱✼✻✵✶✻✷✹✻✶ ✶ ✵✱✺✻✵✻✹✹✽✷✼

❆❩❯ ✲✵✱✶✹✵✷✼✶✽✷✷ ✲✵✱✼✼✻✵✺✼✹✾✷ ✵✱✺✻✵✻✹✹✽✷✼ ✶

❈❛❧❝✉❧❛♥❞♦ ♦ ✈❛❧♦r ❞❛ ❝♦rr❡çã♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ✻✳✹ t❡♠♦s R2 = 0, 9992 ❞❡♥♦t❛♥❞♦

❛❧t❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ▼❑❚ s❤❛r❡✳

❧①①✈✐✐✐



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❬✶❪ ❆ ❆♠❛r♦✱ ❈ ❙✐❧✈❡str❡✱ ❛♥❞ ▲ ❋❡r♥❛♥❞❡s✳ ❊st❛tíst✐❝❛ ❞❡s❝r✐t✐✈❛✲♦ s❡❣r❡❞♦ ❞♦s ❞❛❞♦s✱

✶❛ ❡❞✐çã♦✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱ ■❙❇◆ ✾✼✽✲✶✲✹✹✺✷✲✻✸✼✻✲✷✱ ✷✵✵✾✳

❬✷❪ ❆◆❆❈✳ ❉❛❞♦s ❡ ❡st❛tíst✐❝❛s ✲ ❞❡♠❛♥❞❛ ❡ ♦❢❡rt❛ ❞♦ tr❛♥s♣♦rt❡ ❛é✲

r❡♦ ✲ ❤tt♣✿✴✴✇✇✇✳❛♥❛❝✳❣♦✈✳❜r✴❛ss✉♥t♦s✴❞❛❞♦s✲❡✲❡st❛t✐st✐❝❛s✴❞❡♠❛♥❞❛✲❡✲♦❢❡rt❛✲❞♦✲

tr❛♥s♣♦rt❡✲❛❡r❡♦✱ ✷✵✶✽✳ ❬❖♥❧✐♥❡❀ ❛❝❝❡ss❡❞ ✷✾✲♠❛✐♦✲✷✵✶✽❪✳

❬✸❪ ❆◆❆❈✳ ❉❛❞♦s ❡ ❡st❛tíst✐❝❛s ✲ ❡st❛tíst✐❝❛s ❣❡r❛✐s ✲

❤tt♣✿✴✴✇✇✇✳❛♥❛❝✳❣♦✈✳❜r✴❛ss✉♥t♦s✴❞❛❞♦s✲❡✲❡st❛t✐st✐❝❛s✴❞❛❞♦s✲❡st❛t✐st✐❝♦s✴❞❛❞♦s✲
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