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■♥st✐t✉t♦ ❞❡ ▼❛t❡♠át✐❝❛✱ ❊st❛tíst✐❝❛ ❡ ❈♦♠♣✉t❛çã♦ ❈✐❡♥tí✜❝❛

▼❛r✐♦ ❍✐✈❛♥✐❧❞♦ ❆❧♠❡✐❞❛

❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❝♦♠♦ ❋❡rr❛♠❡♥t❛ ▼❡t♦❞♦❧ó❣✐❝❛

❈❛♠♣✐♥❛s✲❙P

✷✵✶✻



▼❛r✐♦ ❍✐✈❛♥✐❧❞♦ ❆❧♠❡✐❞❛

❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❝♦♠♦ ❋❡rr❛♠❡♥t❛ ▼❡t♦❞♦❧ó❣✐❝❛

❉✐ss❡rt❛çã♦ ❛♣r❡s❡♥t❛❞❛ ❛♦ ■♥st✐t✉t♦ ❞❡ ▼❛✲

t❡♠át✐❝❛✱ ❊st❛tíst✐❝❛ ❡ ❈♦♠♣✉t❛çã♦ ❈✐❡♥tí✲

✜❝❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s

❝♦♠♦ ♣❛rt❡ ❞♦s r❡q✉✐s✐t♦s ❡①✐❣✐❞♦s ♣❛r❛ ❛ ♦❜✲

t❡♥çã♦ ❞♦ tít✉❧♦ ❞❡ ▼❡str❡✳

❖r✐❡♥t❛❞♦r✿ Pr♦❢❛✳ ❉r❛✳ ❈❛r❧❛ ❚❛✈✐❛♥❡ ▲✉❝❦❡ ❞❛ ❙✐❧✈❛ ●❤✐❞✐♥✐

❊st❡ ❡①❡♠♣❧❛r ❝♦rr❡s♣♦♥❞❡ à ✈❡rsã♦ ✜♥❛❧

❞❛ ❞✐ss❡rt❛çã♦ ❞❡❢❡♥❞✐❞❛ ♣❡❧♦ ❛❧✉♥♦▼❛r✐♦
❍✐✈❛♥✐❧❞♦ ❆❧♠❡✐❞❛ ❡ ♦r✐❡♥t❛❞❛ ♣❡❧❛

Pr♦❢❛✳ ❉r❛✳ ❈❛r❧❛ ❚❛✈✐❛♥❡ ▲✉❝❦❡ ❞❛ ❙✐❧✈❛

●❤✐❞✐♥✐

❈❛♠♣✐♥❛s✲❙P
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❋✐❝❤❛ ❝❛t❛❧♦❣rá✜❝❛





❆♦s ♠❡✉s ✜❧❤♦s✱ ❏✉❧✐❛♥❛ Pr✐s❝✐❧❛ ❆❧♠❡✐❞❛✱ ❇r✉♥♦ ▲❡❛♥❞r♦ ❆❧♠❡✐❞❛ ❡ ▼❛r❝✉s ❱✐❝t♦r

❆❧♠❡✐❞❛✱ q✉❡ s❡♠♣r❡ ❡st✐✈❡r❛♠ ❛♦ ♠❡✉ ❧❛❞♦ ❞❛♥❞♦ ❢♦rç❛ ❡ ❛♣♦✐♦✳



❆❣r❛❞❡❝✐♠❡♥t♦s

❆♦ P❛✐ ❙✉♣r❡♠♦ ♣♦r ❞❛r ❢♦rç❛ ❞✉r❛♥t❡ t♦❞♦ ♦ t❡♠♣♦✱ ♣❡r♠✐t✐♥❞♦ ❡♠ ❝❛❞❛ ❜❛t❛❧❤❛

♦ ❝❛♠✐♥❤♦ ♣❛r❛ ♦ q✉❡ ♠❛✐s ♣r❡❝✐s❛✈❛✳ ❆ Pr♦❢❛✳ ❉r❛✳ ❈❛r❧❛ ❚❛✈✐❛♥❡ ▲✉❝❦❡ ❞❛ ❙✐❧✈❛

●❤✐❞✐♥✐✱ ♣❡❧❛ ❞❡❞✐❝❛çã♦ ❡ ❛t❡♥çã♦ ❡♠ t♦❞♦ ♦ tr❛❜❛❧❤♦ ❡ ♣❡❧❛ ♦♣♦rt✉♥✐❞❛❞❡ ❞❡ ❛♣r❡♥❞✐③❛❞♦✳

❆ ♠✐♥❤❛ ♠ã❡ ▲✉❝✐❛ ●❡r❛❧❞❛ P❡r❡✐r❛ ❞❡ ❆❧♠❡✐❞❛ ♣❡❧♦ ❝❛r✐♥❤♦ ❡ ♣❛❝✐ê♥❝✐❛✳ ❆♦s ♠❡✉s

❋✐❧❤♦s✿ ❏✉❧✐❛♥❛ Pr✐s❝✐❧❛ ❆❧♠❡✐❞❛✱ ❇r✉♥♦ ▲❡❛♥❞r♦ ❆❧♠❡✐❞❛ ❡ ▼❛r❝✉s ❱✐❝t♦r ❆❧♠❡✐❞❛✱

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

❊❊ ❈é❧✐♦ ❘♦❞r✐❣✉❡s ❆❧✈❡s q✉❡ ❞❡ ❢♦r♠❛ ❞✐r❡t❛ ♦✉ ✐♥❞✐r❡t❛ ♣❛rt✐❝✐♣❛r❛♠ ❞♦ ❡st✉❞♦✳ ❆

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

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

♦ t❡♠♣♦ ❞♦ ▼❡str❛❞♦✳ ❆ ❈❆P❊❙ ♣❡❧♦ ♦❢❡r❡❝✐❞♦✳ ❊♠ ❊s♣❡❝✐❛❧ ❛ ❚♦❞♦s ♦s ♣r♦❢❡ss♦r❡s

q✉❡ ✜③❡r❛♠ ♣❛rt❡ ❞❛ ♠✐♥❤❛ ❢♦r♠❛çã♦✱ ❞❡s❞❡ ❞♦ ❡♥s✐♥♦ ❞❡ ♣r✐♠❡✐r♦ ❣r❛✉✱ s❡❣✉♥❞♦ ❣r❛✉✱

❣r❛❞✉❛çõ❡s ❛té ❝❤❡❣❛r ❛♦s ♣r♦❢❡ss♦r❡s ❞♦ P❘❖❋▼❆❚ ♥❛ ❯◆■❈❆▼P✳ ❯♠ ❣r❛♥❞❡ ❛❜r❛ç♦

❞❡ ❛❣r❛❞❡❝✐♠❡♥t♦ ❛ t♦❞♦s✳



❘❡s✉♠♦

❯♠ ❞♦s ❣r❛♥❞❡s ❞❡s❛✜♦s ❞♦ ♣r♦❢❡ss♦r ♥♦ ♠✉♥❞♦ ❝♦♥t❡♠♣♦râ♥❡♦ é s❡ ❝♦❧♦❝❛r ❝♦♠♦

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

s❡✉s s❛❜❡r❡s✳ ◆❡ss❡ tr❛❜❛❧❤♦✱ ❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦

▲✐♥❡❛r ❡ s✉❛s té❝♥✐❝❛s ❞❡ r❡s♦❧✉çã♦ sã♦ ✉t✐❧✐③❛❞❛s ❝♦♠♦ ❢❡rr❛♠❡♥t❛ ♠❡t♦❞♦❧ó❣✐❝❛ ♣❛r❛

❛✉①✐❧✐❛r ♥♦ ♣r♦❝❡ss♦ ❡♥s✐♥♦✲❛♣r❡♥❞✐③❛❣❡♠ ❞♦s ❞✐✈❡rs♦s ♥í✈❡✐s ❞❡ ❡❞✉❝❛çã♦✳ ❖s ♣r♦❜❧❡♠❛s

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

♠❛t❡♠át✐❝♦s ❡ ♣♦ss✐❜✐❧✐t❛♥❞♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❝♦♠♣❡tê♥❝✐❛s ❡ ❤❛❜✐❧✐❞❛❞❡s ♥❡❝❡ssá✲

r✐❛s à ✈✐❞❛ ❡♠ s♦❝✐❡❞❛❞❡✳ Pr♦❜❧❡♠❛s q✉❡ ❡♥✈♦❧✈❡♠ t♦♠❛❞❛s ❞❡ ❞❡❝✐sã♦ ❝♦♠ ✉♠ ❝♦♥❥✉♥t♦

❞❡ r❡str✐çõ❡s✱ q✉❡ ❢❛③❡♠ ♣❛rt❡ ❞♦ ❝♦t✐❞✐❛♥♦✱ ♣❡r♠✐t❡♠ ✉♠❛ ✐♥t❡r❛çã♦ ❞✐r❡t❛ ❞❛ r❡❛❧✐❞❛❞❡

❝♦♠ ♦ ❝♦♥t❡ú❞♦ ❛ s❡r ❛♣r❡♥❞✐❞♦✳ ❊s❝♦❧❤❡r ✉♠❛ ♠❡❧❤♦r ♦♣çã♦ ❡♥tr❡ ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s

❡①✐st❡♥t❡s ❢❛③ ♣❛rt❡ ❞♦ ✐♥st✐♥t♦ ❤✉♠❛♥♦✱ ♥❛s ✈ár✐❛s ✐❞❛❞❡s ❡ ♠♦♠❡♥t♦s ❞❛ ✈✐❞❛✳ ❯s❛r

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

❞✐♥â♠✐❝♦✳ ❖r❣❛♥✐③❛r✱ ❝❧❛ss✐✜❝❛r ❡ ✉s❛r ❛s ♦♣❡r❛çõ❡s ❜ás✐❝❛s ♣❛r❛ ❡♥t❡♥❞❡r ♦ q✉❡ ❡stá ❛

♥♦ss❛ ✈♦❧t❛ t♦r♥❛ ♦ ❛♣r❡♥❞✐③❛❞♦ ❞❛ ♠❛t❡♠át✐❝❛ ♠❛✐s ♣r❛③❡r♦s♦✱ ♣♦✐s ❞á s❡♥t✐❞♦ ❛♦ q✉❡

❡stá s❡♥❞♦ ❛♣r❡♥❞✐❞♦✳ ❆♣r❡♥❞❡♠♦s ♠❡❧❤♦r q✉❛♥❞♦ t❡♠♦s ✉♠ ♣r♦♣ós✐t♦ ♣❛r❛ ✐ss♦✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✱ ❡♥s✐♥♦✲❛♣r❡♥❞✐③❛❣❡♠✱ ❢❡rr❛✲

♠❡♥t❛ ♠❡t♦❞♦❧ó❣✐❝❛✱ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛✳



❆❜str❛❝t

❖♥❡ ♦❢ t❤❡ ❜✐❣❣❡st ❝❤❛❧❧❡♥❣❡s ❢♦r t❤❡ t❡❛❝❤❡r ✐♥ t❤❡ ❝♦♥t❡♠♣♦r❛r② ✇♦r❧❞ ✐s t♦ ❜❡

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

t❤❡✐r ❦♥♦✇❧❡❞❣❡✳ ■♥ t❤✐s ✇♦r❦✱ t❤❡ ♠❛t❤❡♠❛t✐❝❛❧ ♠♦❞❡❧✐♥❣ ♦❢ ▲✐♥❡❛r ❖♣t✐♠✐③❛t✐♦♥

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

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

♠♦t✐✈❛t✐♥❣ ❛❣❡♥ts t♦ t❤❡ ❧❡❛r♥❡r✱ t❛❦✐♥❣ t♦ t❤❡ ❝♦♥str✉❝t✐♦♥ ♦❢ s❡✈❡r❛❧ ♠❛t❤❡♠❛t✐❝❛❧

❧❡ss♦♥s ❡♥❛❜❧✐♥❣ t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ ❝♦♠♣❡t❡♥❝✐❡s ❛♥❞ s❦✐❧❧s ♥❡❝❡ss❛r② ❢♦r ❧✐❢❡ ✐♥ s♦❝✐❡t②✳

Pr♦❜❧❡♠s ✐♥✈♦❧✈✐♥❣ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣✱ ✇✐t❤ ❛ s❡t ♦❢ ❝♦♥str❛✐♥ts✱ ✇❤✐❝❤ ❛r❡ ♣❛rt ♦❢ ❡✈❡r②❞❛②

❧✐❢❡✱ ❛❧❧♦✇ ❞✐r❡❝t ✐♥t❡r❛❝t✐♦♥ ♦❢ r❡❛❧✐t② ✇✐t❤ t❤❡ ❝♦♥t❡♥t t♦ ❜❡ ❧❡❛r♥❡❞✳ ❈❤♦♦s✐♥❣ t❤❡

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

❛t ❛❧❧ ❛❣❡s ❛♥❞ ♠♦♠❡♥ts ✐♥ ❧✐❢❡✳ ❯s✐♥❣ t❤❛t ✐♥ t❤❡ ❝❧❛ssr♦♦♠ ♠❛❦❡s t❤❡ ❧❡❛r♥✐♥❣ t✐♠❡

♠♦r❡ ✐♥t❡r❛❝t✐✈❡ ❛♥❞ ❞②♥❛♠✐❝✳ ❖r❣❛♥✐③✐♥❣✱ ❝❧❛ss✐❢②✐♥❣ ❛♥❞ ✉s✐♥❣ t❤❡ ❜❛s✐❝ ♦♣❡r❛t✐♦♥s

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

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

❑❡② ✇♦r❞s✿ ▲✐♥❡❛r ❖♣t✐♠✐③❛t✐♦♥✱ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣✱ t❡❛❝❤✐♥❣✴❧❡❛r♥✐♥❣✱ ♠❡t❤♦❞♦❧♦❣✐❝❛❧

t♦♦❧s✱ ♠❛t❤❡♠❛t✐❝❛❧ ♠♦❞❡❧✐♥❣✳







■♥tr♦❞✉çã♦

❆ ♠❛t❡♠át✐❝❛ ♥❛ ❊❞✉❝❛çã♦ ❇ás✐❝❛ s❡ ❝♦❧♦❝❛ ❝♦♠♦ ✉♠ ❞♦s ❣r❛♥❞❡s ❞❡s❛✜♦s ❛♦ ❡st✉❞❛♥t❡✱

♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦ ❊♥s✐♥♦ ▼é❞✐♦✳ ▼✉✐t♦s ❛❧✉♥♦s tê♠ ❞✐✜❝✉❧❞❛❞❡ ❡♠ ❛♣❧✐❝❛r ♦ ❝♦♥t❡ú❞♦

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

❧✐❞❛❞❡s ♥❡❝❡ssár✐❛s ❛♦ s❡✉ ❛♣r❡♥❞✐③❛❞♦✳ ❇✉s❝❛r ✉♠❛ ❝♦♥t❡①t✉❛❧✐③❛çã♦ ♣❛r❛ ❛s ❛t✐✈✐❞❛❞❡s

♣r♦♣♦st❛s✱ q✉❡ t❡♥❤❛ s❡♥t✐❞♦ ♣❛r❛ ♦ ❛❧✉♥♦ ❡♠ s❡✉s ✈ár✐♦s ♥í✈❡✐s✱ t❡♠ s✐❞♦ ✉♠ ❣r❛♥❞❡

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

s✉❝❡ss♦ ❞♦ ❡❞✉❝❛♥❞♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❲✐❧❧✐♥❣❤❛♠ ❬✷✵✶✶❪ ✧❆s ♣❡ss♦❛s sã♦ ♥❛t✉r❛❧♠❡♥t❡

❝✉r✐♦s❛s✱ ♠❛s ♥ã♦ sã♦ ❜♦❛s ♣❡♥s❛❞♦r❛s✳ ❆ ♠❡♥♦s q✉❡ ❛s ❝♦♥❞✐çõ❡s ❝♦❣♥✐t✐✈❛s s❡❥❛♠ ❢❛✈♦✲

rá✈❡✐s✱ ♣❡♥s❛r s❡rá ❡✈✐t❛❞♦✧✳ ❉❛í ♦ ❣r❛♥❞❡ ❞❡s❛✜♦ ❞❡ ♣r♦✈♦❝❛r♠♦s ♦ ❛❧✉♥♦ ♣❛r❛ q✉❡ ♣♦ss❛

❛♣r❡♥❞❡r✳

◗✉❛♥❞♦ ❝♦♥t❡①t✉❛❧✐③❛♠♦s ❜❡♠ ❛s s✐t✉❛çõ❡s ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✱ ♦ ❛❧✉♥♦ s❡ ❡♥✈♦❧✈❡ ❞❡

❢♦r♠❛ ✐♥t❡r❛t✐✈❛ ♥❛s ❛✉❧❛s✳ ◗✉❛♥❞♦ ❞❡s❛✜❛❞♦✱ ❝♦❧♦❝❛❞♦ ❡♠ ❝♦♥✢✐t♦✱ r❡s♣♦♥❞❡ ❞❡ ♠❛♥❡✐r❛

❢❛✈♦rá✈❡❧ s❡♥❞♦ ♣r♦t❛❣♦♥✐st❛ ❞❡ s❡✉ ❛♣r❡♥❞✐③❛❞♦✳ ❖ ❛❧✉♥♦ ♣❛ss❛ ❛ ❝r✐❛r ❡ r❡s♦❧✈❡r s❡✉s

♣ró♣r✐♦s ♣r♦❜❧❡♠❛s ❡ ❛ ❛♥❛❧✐s❛r ♦ q✉❡ ❡stá ❛♦ s❡✉ r❡❞♦r✳

❘❡s♦❧✈❡r ♣r♦❜❧❡♠❛s é ✉♠❛ ❛t✐✈✐❞❛❞❡ ❤✉♠❛♥❛ ❢✉♥❞❛♠❡♥t❛❧✳ ❉❡ ❢❛t♦✱ ❛ ♠❛✐♦r
♣❛rt❡ ❞♦ ♥♦ss♦ ♣❡♥s❛♠❡♥t♦ ❝♦♥s❝✐❡♥t❡ r❡❧❛❝✐♦♥❛✲s❡ ❝♦♠ ♣r♦❜❧❡♠❛s✳ ❆ ♥ã♦
s❡r q✉❛♥❞♦ ♥♦s ❡♥tr❡❣❛♠♦s ❛ ♠❡r♦s ❞❡✈❛♥❡✐♦s ♦✉ ❢❛♥t❛s✐❛s✱ ♦s ♥♦ss♦s ♣❡♥s❛✲
♠❡♥t♦s ❞✐r✐❣❡♠✲s❡ ♣❛r❛ ✉♠ ✜♠✱ ♣r♦❝✉r❛♠♦s ♠❡✐♦s✱ ♣r♦❝✉r❛♠♦s r❡s♦❧✈❡r ✉♠
♣r♦❜❧❡♠❛✳

P♦❧②❛ ❬✷✵✵✻❪

❆ t♦❞♦ ♠♦♠❡♥t♦ ♥♦s ❞❡♣❛r❛♠♦s ❝♦♠ s✐t✉❛çõ❡s ♣r♦❜❧❡♠❛✱ ♠❡♥s✉rá✈❡✐s ♦✉ ♥ã♦✱ q✉❡

sã♦ ❝r✐❛❞♦s ♣❡❧❛ s♦❝✐❡❞❛❞❡ ♦✉ ♣♦r ♥ós ♠❡s♠♦s✳ ❘❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❢❛③ ♣❛rt❡ ❞❡ ♥♦ss♦

❝♦t✐❞✐❛♥♦ ❡ ❛té ♠❡s♠♦ ❞❡ ♥♦ss❛ ❞✐✈❡rsã♦✳ ❙♦♠♦s ❧❡✈❛❞♦s ❛ t♦❞♦ ♠♦♠❡♥t♦ ❛ t♦♠❛r ❞❡❝✐sõ❡s✳

❚❡♠♦s q✉❡ ❞❡❝✐❞✐r ❡♥tr❡ ❛s ❞✐✈❡rs❛s ♦♣♦rt✉♥✐❞❛❞❡s q✉❡ ❛ ❝♦♥✈✐✈ê♥❝✐❛ s♦❝✐❛❧ ♥♦s ♣r♦♣õ❡✳

❆❝❡✐t❛♠♦s ❛❧❣♦ ♦✉ ♥ã♦ ❛ t♦❞♦ ♠♦♠❡♥t♦✳

◆❡ss❛ ♣❡rs♣❡❝t✐✈❛✱ s❡ ♥♦s ❛♣r♦✈❡✐t❛r♠♦s ❞✐ss♦ ♥♦ ♣r❡♣❛r♦ ❞❛s ❛✉❧❛s✱ ❡♥r✐q✉❡❝❡♥❞♦

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

❞✐✈❡rs♦s ❝♦♥t❡ú❞♦s ❞❛ ▼❛t❡♠át✐❝❛✳ ❆ t♦♠❛❞❛ ❞❡ ❞❡❝✐sõ❡s✱ ❜❡♠ ❝♦♠♦ ❛ ❛♥á❧✐s❡ ❞❛s ♣♦s✲

s✐❜✐❧✐❞❛❞❡s ♥♦s r♦❞❡✐❛♠ ❛ t♦❞♦ ✐♥st❛♥t❡✳ ❊ ♣♦rq✉❡ ♥ã♦ ♥♦s ❛♣r♦♣r✐❛r♠♦s ❞✐ss♦ ♣❛r❛ ❛

✶✶



❝♦♥str✉çã♦ ❞♦ ❛♣r❡♥❞✐③❛❞♦❄

❚❡♠♦s ❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ q✉❡✱ ♥♦s ♠❛✐♦r❡s ❝♦♥✢✐t♦s✱ s✉r❣❡♠ ♥♦✈❛s ♦♣♦rt✉♥✐❞❛❞❡s✳ ❆

t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ é ❝❛❞❛ ✈❡③ ♠❛✐s ♣r✐♠♦r❞✐❛❧✳ ❆♥❞r❛❞❡ ❬✷✵✶✷❪✱ ♥♦ ♣r✐♠❡✐r♦ ❝❛♣ít✉❧♦ ❞❡

s❡✉ ❧✐✈r♦✱ ❢❛❧❛ s♦❜r❡ ♦ s✉r❣✐♠❡♥t♦ ❞❛ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧ ❝♦♠♦ ❢❡rr❛♠❡♥t❛ ♥❛ s♦❧✉çã♦ ❞❡

♣r♦❜❧❡♠❛s ♠✐❧✐t❛r❡s ❞✉r❛♥t❡ ❛ ❙❡❣✉♥❞❛ ●✉❡rr❛ ▼✉♥❞✐❛❧✳ ❉❡s❞❡ s❡✉ ♥❛s❝✐♠❡♥t♦✱ ❡ss❡ ♥♦✈♦

♠ét♦❞♦ ❞❡ ❛♥á❧✐s❡ ❞❡ ❞❡❝✐sã♦ ✈❡♠ s❡♥❞♦ ✉t✐❧✐③❛❞♦ ♥❛s ♠❛✐s ✈❛r✐❛❞❛s ár❡❛s ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦✳

❈♦♠♦ ♣♦❞❡♠♦s ✉s✉❢r✉✐r ❞❡ss❛ ❢❡rr❛♠❡♥t❛ t❛♠❜é♠ ♥❛ ❊❞✉❝❛çã♦ ❇ás✐❝❛❄

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

♠❛✐s ❝rít✐❝❛ ♥❛ ❜✉s❝❛ ❞♦ ♠❡❧❤♦r r❡s✉❧t❛❞♦✳ ❙❡ ♣✉❞❡r♠♦s ✉s❛r ✐ss♦ ♥❛ ❝♦♥str✉çã♦ ❞♦

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

♥♦✈❛s ❢❡rr❛♠❡♥t❛s ❞❡ tr❛❜❛❧❤♦✱ ♣r❡♣❛r❛♥❞♦✲♦s ♣❛r❛ ❛ ✈✐❞❛ ❛❞✉❧t❛✳

❖ ♣r✐♥❝✐♣❛❧ ❛ s❛❜❡r é q✉❡ ❛♣r❡s❡♥t❛r ❛♦s ❛❧✉♥♦s ❞❡s❛✜♦s q✉❡ r❡q✉❡r❡♠ ❛
❝r✐❛çã♦ ❞❡ ❛❧❣♦ ♥♦✈♦ é ✉♠❛ t❛r❡❢❛ ❛❧é♠ ❞♦ ❛❧❝❛♥❝❡ ❞❡❧❡s ✲ ♠❛s ✐ss♦ ♥ã♦ q✉❡r
❞✐③❡r q✉❡ ✈♦❝ê ♥ã♦ ❞❡✈❡ ♣r♦♣♦r ❡ss❛s t❛r❡❢❛s✳ ❆♣❡♥❛s ♠❛♥t❡♥❤❛ ❡♠ ♠❡♥t❡ ♦
q✉❡ ♦s ❛❧✉♥♦s ✐rã♦ ♦✉ ♥ã♦ ❣❛♥❤❛r ❝♦♠ ✐ss♦✳

❲✐❧❧✐♥❣❤❛♠ ❬✷✵✶✶❪

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

s♦❧✉çõ❡s ✈❡♠ s❡r✈✐r✲♥♦s ❝♦♠♦ ❜❛s❡ ♥❛ ❝♦♥str✉çã♦ ❞♦s s❛❜❡r❡s ♠❛t❡♠át✐❝♦s ❡ ❞❡ s❡✉s r❡❣✐s✲

tr♦s✳ ❖ ✉s♦ ❞❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ s✉❛ ❛❜♦r❞❛❣❡♠ ❛❧❣é❜r✐❝❛ ❡ ❣❡♦♠étr✐❝❛ ♣r♦♣♦r❝✐♦♥❛♠

❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ✈ár✐♦s ❝♦♥t❡ú❞♦s ♠❛t❡♠át✐❝♦s ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❡ ❞♦ ❊♥s✐♥♦

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

◗✉❛♥❞♦ ♠♦❞❡❧❛♠♦s ✉♠ ♣r♦❜❧❡♠❛ ✉s❛♥❞♦ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r❄ ◗✉❛✐s ❝♦♥t❡ú❞♦s ❞❛ ❊❞✉✲

❝❛çã♦ ❇ás✐❝❛ ❡stã♦ r❡❧❛❝✐♦♥❛❞♦s ❛ ❡ss❛ ❛❜♦r❞❛❣❡♠❄ ❈♦♠♦ ♥♦s ❛♣r♦♣r✐❛r♠♦s ❞♦s r❡❝✉rs♦s

t❡❝♥♦❧ó❣✐❝♦s ❝♦♠♦ ❢❛❝✐❧✐t❛❞♦r❡s ❞❡ss❡ ♣r♦❝❡ss♦❄

❊ss❡ tr❛❜❛❧❤♦ ❜✉s❝❛ r❡✢❡t✐r s♦❜r❡ ❡ss❡s ❛s♣❡❝t♦s✱ ❛♣r❡s❡♥t❛♥❞♦ ♥♦ ❞❡❝♦rr❡r ❞❡ s✉❛

❝♦♥str✉çã♦ ✉♠❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ❞♦ q✉❡ é ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✳ ❙✉❛ ❛♣❧✐❝❛çã♦ ❡

❝♦♠✉♥✐❝❛çã♦ ❝♦♠ ♦s ❝♦♥❤❡❝✐♠❡♥t♦s ♠❛t❡♠át✐❝♦s ❛❞q✉✐r✐❞♦s ❝♦♠ ♦ ♣❛ss❛r ❞♦s t❡♠♣♦s ❡

❝♦♠♦ ❡ss❛ ❢❡rr❛♠❡♥t❛ ♣♦❞❡ ♥♦s s❡r út✐❧ ♥♦s ✈ár✐♦s ♠♦♠❡♥t♦s ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✳

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

❡ ▼é❞✐♦✱ ❡ ❊❞✉❝❛çã♦ ❞❡ ❏♦✈❡♥s ❡ ❆❞✉❧t♦s✱ s❡r✈✐rã♦ ❞❡ r❡❢❡rê♥❝✐❛ às ❞❡❝✐sõ❡s ❡ s✉❣❡stõ❡s

❞❡ ❛t✐✈✐❞❛❞❡s ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ss❡ t❡①t♦✳

Pr❡t❡♥❞❡✲s❡ ❝♦♠ ✐ss♦ ❛♥❛❧✐s❛r ❝♦♠♦ ❡❞✉❝❛❞♦r❡s ❡ ❡❞✉❝❛♥❞♦s s❡ ❝♦❧♦❝❛♠ à ❢r❡♥t❡ ❞❡

s✐t✉❛çõ❡s q✉❡ ❡♥✈♦❧✈❡♠ ♠ú❧t✐♣❧❛s ❛♥á❧✐s❡s ♥❛ ❜✉s❝❛ ❞❡ ✉♠❛ ♠❡❧❤♦r s♦❧✉çã♦✳ ❆❧é♠ ❞❡✱ ❝♦♠

♦ ✉s♦ ❞❡ ♣❧❛♥✐❧❤❛s ❡ ❣rá✜❝♦s✱ ❢✉♥❞❛♠❡♥t❛♥❞♦ ♦ r❡❣✐str♦ ❛❧❣é❜r✐❝♦ ❡ ❣❡♦♠étr✐❝♦✱ ❝♦♥tr✐❜✉✐r

♥❛ ❢♦r♠❛çã♦ ♣❛r❛ ♦ ♠❡r❝❛❞♦ ❞❡ tr❛❜❛❧❤♦ ❡ à ✈✐❞❛ s♦❝✐❛❧✱ ❝♦♠♦ ❡①♣❧✐❝✐t❛❞❛ ♥❛ ▲❡✐ ❞❡

❉✐r❡tr✐③❡s ❡ ❇❛s❡s ❞❛ ❊❞✉❝❛çã♦ ◆❛❝✐♦♥❛❧ ✭▲❉❇◆ ✾✳✸✾✹ ❬✶✾✾✻❪✮✳

✶✷



◆♦ ❈❛♣ít✉❧♦ ✶✱ ✏❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✑✱ ❜✉s❝❛r❡♠♦s ❡♥t❡♥❞❡r ❛❧❣✉♥s ❝♦♥❝❡✐t♦s r❡❧❛❝✐♦✲

♥❛❞♦s ❛ ♣r♦❜❧❡♠❛s ❞❡ ♦t✐♠✐③❛çã♦✳ ■♥✐❝✐❛r❡♠♦s ♣❡❧❛s ✐❞❡✐❛s ❞❡ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✱ ♦♥❞❡

r❡ss❛❧t❛r❡♠♦s ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ss❡ ❝♦♥❝❡✐t♦ ♥❛ ❖t✐♠✐③❛çã♦✳ ❱❡r❡♠♦s ❛✐♥❞❛ ❝♦♠♦ ❛ ♠♦✲

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

♦❜❥❡t✐✈♦✱ ♦❜s❡r✈❛♥❞♦ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✳ ❉✐s❝✉t✐r❡✲

♠♦s✱ ❛✐♥❞❛ ♥❡ss❡ ❝❛♣ít✉❧♦✱ ❝♦♥❝❡✐t♦s ✐♠♣♦rt❛♥t❡s q✉❡ s❡r✈✐rã♦ ❞❡ ❜❛s❡ ❛♦ ❡♥t❡♥❞✐♠❡♥t♦ ❡

à r❡s♦❧✉çã♦ ❞❡ss❡s ♣r♦❜❧❡♠❛s✳

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

❈❛♣ít✉❧♦ ✷✱ ✏❘❡s♦❧✉çã♦ ❞❡ Pr♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✑✱ ❞✐s❝✉t✐r❡♠♦s ❝♦♠♦ ❝❛❞❛

♠ét♦❞♦ ❞❡ r❡s♦❧✉çã♦ ♥♦s ❡♥❝❛♠✐♥❤❛ à s♦❧✉çã♦✳ ❖ ✉s♦ ❞❡ r❡❝✉rs♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ♣❛r❛

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

❝♦♠✉♥✐❝❛♠ ♥❡ss❡ s❡❣✉♥❞♦ ❝❛♣ít✉❧♦✱ ❞❡ ❢♦r♠❛ ❛ ✈❛❧♦r✐③❛r♠♦s ❝❛❞❛ ✉♠ ❞♦s ♣r♦❝❡ss♦s q✉❡

s❡rã♦ ♠❛✐s ❡①♣❧♦r❛❞♦s ♥♦ ❞❡❝♦rr❡r ❞❡ss❡ ♠❛t❡r✐❛❧✳

❖ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ ♥❛ ❊❞✉❝❛çã♦ ❇ás✐❝❛ tr❛③ ❝♦♠♦ ❝❡r♥❡ ♦ ❞❡s❡♥✲

✈♦❧✈✐♠❡♥t♦ ❞❡ ❤❛❜✐❧✐❞❛❞❡s ♥❡❝❡ssár✐❛s à ❝♦♥st✐t✉✐çã♦ ❞♦ ❝✐❞❛❞ã♦ ❝♦♠♦ ✉♠ t♦❞♦✳ ❚♦♠❛r

❞❡❝✐sõ❡s ❡ ❢❛③❡r ❡s❝♦❧❤❛s ❢❛③❡♠ ♣❛rt❡ ❞♦ ❝♦t✐❞✐❛♥♦✳ ◆♦ ❈❛♣ít✉❧♦ ✸✱ ✏❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❡ ❛

❆♣r❡♥❞✐③❛❣❡♠✑✱ ❜✉s❝❛♠♦s ❡♥t❡♥❞❡r ✉♠ ♣♦✉❝♦ ♠❛✐s ❞❡ ❝♦♠♦ ❛s té❝♥✐❝❛s ❞❛ ❖t✐♠✐③❛çã♦ ▲✐✲

♥❡❛r ♣♦❞❡♠ ♥♦s ❛❥✉❞❛r ❡♠ ❝❛❞❛ ❢❛s❡ ❞❡ss❛ ♠♦❞❛❧✐❞❛❞❡ ❞❡ ❡♥s✐♥♦✳ ❯s❛r❡♠♦s ❝❛❞❛ ♣❛ss♦ ❞♦

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

♦s ✈ár✐♦s ❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s✱ ❞❡s❡♥✈♦❧✈❡♥❞♦ ❤❛❜✐❧✐❞❛❞❡s ❞❡ ❝❛❧❝✉❧❛r ❡ ✉s❛r ♦s ♥ú♠❡✲

r♦s ❡ ♦♣❡r❛çõ❡s ♣❛r❛ ❞❡s❝r❡✈❡r ♦ ♠✉♥❞♦ ❡♠ q✉❡ ✈✐✈❡♠♦s✳ ❖s ✈ár✐♦s s❛❜❡r❡s ❝♦♥str✉í❞♦s

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

❤❛❜✐❧✐❞❛❞❡s ♥❡❝❡ssár✐❛s à ✈✐❞❛ ❡♠ s♦❝✐❡❞❛❞❡✳

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

❝♦❧♦❝❛r ♥♦ ❝❛rr♦✱ ❡♥tr❡ ♦✉tr❛s ♦♣çõ❡s ♥❛ ✈✐❞❛✱ ❢❛③❡♠ ♣❛rt❡ ❞❛ r♦t✐♥❛ ❞❡ ❝r✐❛♥ç❛s ❡ ❛❞✉❧t♦s

♥♦ ♠✉♥❞♦ ❝♦♥t❡♠♣♦râ♥❡♦✳ ❊✱ ♥❡ss❡ ❝♦♥t❡①t♦✱ ♣♦r q✉❡ ♥ã♦ ✉s❛r♠♦s ❛s ♥❡❝❡ss✐❞❛❞❡s ♣❛r❛

♠♦t✐✈❛r ♦ ❛♣r❡♥❞✐③❛❞♦ ❝♦♠ s✐t✉❛çõ❡s s✐❣♥✐✜❝❛t✐✈❛s ❛ ❝♦♠✉♥✐❞❛❞❡ ❡s❝♦❧❛r❄ ❇✉s❝❛♠♦s✱ ♥♦

❞❡❝♦rr❡r ❞♦ ❈❛♣ít✉❧♦ ✹✱ ✏❈♦♠♦ ❛♣❧✐❝❛r ❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ♥❛ ❊❞✉❝❛çã♦ ❞❡ ❇❛s❡✑✱ ❡str✉✲

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

♥í✈❡❧ ❞❡ ❡♥s✐♥♦✱ ♥❛ ❊❞✉❝❛çã♦ ❇ás✐❝❛✱ ♥♦ ❝♦♠♣♦♥❡♥t❡ ❝✉rr✐❝✉❧❛r ❞❡ ▼❛t❡♠át✐❝❛✳ ❆tr❛✈és

❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ❞❡s❡♥❝❛❞❡❛r ♦✉ r❡✈✐s✐t❛r ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♥❡❝❡ssár✐♦ à

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

❞❡s❞❡ ❛s ❜r✐♥❝❛❞❡✐r❛s ❞❡ ✐♥❢â♥❝✐❛✱ ❛té ♦ ♠✉♥❞♦ ❞♦ tr❛❜❛❧❤♦ ♥❛ ✈✐❞❛ ❞❡ t♦❞♦s✳

❈♦♠♦ tr❛③❡r ✈✐✈ê♥❝✐❛s ♣❛r❛ ❞❡♥tr♦ ❞❛ s❛❧❛ ❞❡ ❛✉❧❛❄ ❈♦♠♦ ❞❛r s✐❣♥✐✜❝❛❞♦ ❛♦ ❝♦♥t❡ú❞♦

❞❛ ♠❛t❡♠át✐❝❛ ❛ s❡r ❡♥s✐♥❛❞♦❄ ❊♠ ❝♦♠✉♥✐❝❛çã♦ ❝♦♠ ♦s ❛♥t❡r✐♦r❡s✱ ♦ ❈❛♣ít✉❧♦ ✺✱ ✏❆t✐✲

✈✐❞❛❞❡s ♣❛r❛ ❙❛❧❛ ❞❡ ❆✉❧❛✑✱ tr❛③ ❛❧❣✉♠❛s s✉❣❡stõ❡s ❞❡ s✐t✉❛çõ❡s ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ q✉❡

♣♦❞❡♠ s❡r ❞❡s❡♥✈♦❧✈✐❞❛s ♥❛ ❊❞✉❝❛çã♦ ❇ás✐❝❛✳ ❆s ❛t✐✈✐❞❛❞❡s ♥ã♦ s❡ ❝♦❧♦❝❛♠ ❞❡ ❢♦r♠❛

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

♦✉tr♦ ♥í✈❡❧✱ ❝♦♥❢♦r♠❡ ♦ q✉❡ ♦ ♣r♦❢❡ss♦r ♣r❡t❡♥❞❡ ❝♦♠ s✉❛ t✉r♠❛✳ ❖❜❥❡t✐✈❛♠♦s ❛q✉✐ q✉❡
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❡ss❛s ♣r♦♣♦st❛s s✐r✈❛♠ ❞❡ ♠♦❞❡❧♦s à ❝♦♥str✉çã♦ ❞❡ ♦✉tr❛s ❡ q✉❡ ❛s ♦r✐❡♥t❛çõ❡s ❛♦ ♣r♦❢❡s✲

s♦r ❧❡✈❡♠ à r❡✢❡①ã♦ ❞❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ✈❛❧♦r✐③❛çã♦ ❞♦s ✈ár✐♦s s❛❜❡r❡s ❛ s❡r❡♠ ❛❞q✉✐r✐❞♦s✳

❆❧✉♥♦s ❡ ♣r♦❢❡ss♦r❡s ❢❛③❡♠ ♣❛rt❡ ❞❡ ✉♠❛ ♣❛r❝❡r✐❛ ♥❛ ❝♦♥str✉çã♦ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❡ ♥♦

✉s♦ ❞❡ ♥♦✈❛s ❢❡rr❛♠❡♥t❛s✳ ❆♣r❡♥❞❡♠♦s ❡ ❡♥s✐♥❛♠♦s ❛ t♦❞♦ ♠♦♠❡♥t♦ ❛tr❛✈és ❞❛ ✈✐✈ê♥❝✐❛

❡ ❞♦s ❞❡s❛✜♦s ❛♣r❡s❡♥t❛❞♦s ❞❡♥tr♦ ❡ ❢♦r❛ ❞❛ s❛❧❛ ❞❡ ❛✉❧❛✳

❋✐♥❛❧✐③❛r❡♠♦s ♥♦ss❛ ❞✐s❝✉ssã♦ ❝♦♠ ✉♠❛ r❡✢❡①ã♦ s♦❜r❡ ♦ ✉s♦ ❞❛s ❢❡rr❛♠❡♥t❛s ❞❛ ❖t✐♠✐✲

③❛çã♦ ▲✐♥❡❛r ♥❛ ❊❞✉❝❛çã♦ ❇ás✐❝❛✳ ❖ ❈❛♣ít✉❧♦ ✻✱ ✏❘❡✢❡①õ❡s ❋✐♥❛✐s✑✱ ♥ã♦ t❡♠ ♣♦r ♦❜❥❡t✐✈♦

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

❛té ♦ ♠♦♠❡♥t♦✳ ❊st❛♠♦s s❡♠♣r❡ ❛♣r❡♥❞❡♥❞♦ ❡ ♥ã♦ ❡s❣♦t❛♠♦s ❡ss❡ ❝♦♥t❡ú❞♦ ❡♥q✉❛♥t♦ ♦

❤♦♠❡♠ ❝♦♥t✐♥✉❛r ♣r♦❞✉③✐♥❞♦ ❝♦♥❤❡❝✐♠❡♥t♦✳ ❈♦♠♦ s❡r❡s ❝r✐❛t✐✈♦s ❡st❛♠♦s ❡♠ ❝♦♥st❛♥t❡

tr❛♥s❢♦r♠❛çã♦ ❡ ❛q✉✐s✐çã♦ ❞❡ ♥♦✈♦s s❛❜❡r❡s✳ ❆ ❡✈♦❧✉çã♦ t❡❝♥♦❧ó❣✐❝❛ ♥♦s ❝♦❧♦❝❛ à ❢r❡♥t❡

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

◆♦s ❛♣ê♥❞✐❝❡s✱ ❛s ❛t✐✈✐❞❛❞❡s ❡ ♠♦❞❡❧♦s ❞❡✈❡♠ s❡r✈✐r ❝♦♠♦ ❛♣♦✐♦ às ✈✐✈ê♥❝✐❛s ❞❛s

❛t✐✈✐❞❛❞❡s ❞❡s❡♥✈♦❧✈✐❞❛s✱ ✉♠ ❛♣❛♥❤❛❞♦ ❞❡ s✉❣❡stõ❡s ❛♦ ♣r♦❢❡ss♦r✱ ♣❛r❛ s❡r✈✐r ❞❡ s✉❜sí❞✐♦

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

♠❛t❡r✐❛❧✳ ❖ ❝♦♥❤❡❝✐♠❡♥t♦ ♥ã♦ ❡stá ♣r♦♥t♦ ❡ s✐♠ ❡♠ tr❛♥s❢♦r♠❛çã♦✳ ❉❡✈❡♠♦s s❡♠♣r❡

❜✉s❝❛r ♦ ♥♦ss♦ ♠❡❧❤♦r ❡ ❡♠ ❝❛❞❛ ✜♥❛❧ ✉♠ ♥♦✈♦ r❡❝♦♠❡ç♦✱ ❞❡❝✐❞✐♥❞♦ ♦ ❝❛♠✐♥❤♦ ❛ s❡r

s❡❣✉✐❞♦ ❡ tr❛ç❛♥❞♦ ♥♦ss♦s ♦❜❥❡t✐✈♦s ♣❡ss♦❛✐s✳
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❈❛♣ít✉❧♦ ✶

❖t✐♠✐③❛çã♦ ▲✐♥❡❛r

◆❡ss❡ ❝❛♣ít✉❧♦ ❞✐s❝✉t✐r❡♠♦s ♦s ♣r✐♥❝✐♣❛✐s ❝♦♥❝❡✐t♦s ❡♥✈♦❧✈✐❞♦s ❡♠ ❖t✐♠✐③❛✲

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

ríst✐❝❛s ❞♦s ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✳

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

♦ s❡r ❤✉♠❛♥♦ ❛ ❝♦♥str✉✐r ❝♦♥❤❡❝✐♠❡♥t♦s ❞❡s❞❡ s❡✉s ♣r✐♠ór❞✐♦s✳ ❇✉s❝❛r ♣♦r ♠♦❞❡❧♦s

♠❛t❡♠át✐❝♦s r❡♣r❡s❡♥t❛t✐✈♦s ❡ ♣♦r ♠❡❧❤♦r❡s ❝❛♠✐♥❤♦s ♣❛r❛ ❛❧❝❛♥ç❛r ♦❜❥❡t✐✈♦s ✈❡♠ ❝♦♥✲

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

◆❡ss❛ ❜✉s❝❛✱ ♣❡r❝❡❜❡♠♦s ❡♠ ✈ár✐❛s ♣❛ss❛❣❡♥s ❞❛ ❤✐stór✐❛ ♦ ❛♣❛r❡❝✐♠❡♥t♦ ❞❡ sí♠❜♦❧♦s ❡

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

r❛❝✐♦❝í♥✐♦✱ ❝♦♠♣❡t✐r ❡♥tr❡ s❡✉s ♣❛r❡s ❡ ✈❛❧♦r✐③❛r ♦ ♣ró♣r✐♦ ❡❣♦✳

❖s ♠❛t❡♠át✐❝♦s ❞❛ ❮♥❞✐❛✱ ❛❧é♠ ❞❡ ❝♦♥tr✐❜✉ír❡♠ ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ s✐st❡♠❛ ♥✉✲

♠ér✐❝♦ ✉t✐❧✐③❛❞♦ ❛té ❤♦❥❡✱ ❥á ❜✉s❝❛✈❛♠ s♦❧✉çõ❡s ♣❛r❛ ❡q✉❛çõ❡s ❝♦♠ ♠❛✐s ❞❡ ✉♠❛ ✈❛r✐á✈❡❧

❡♥tr❡ ♦s sé❝✉❧♦s ❱■■ ❡ ❳■■✳

◆❛ ❈❤✐♥❛✱ ❛❧é♠ ❞❡ ♦✉tr♦s ❛❧❣♦r✐t♠♦s✱ ❥á s❡ t✐♥❤❛ s♦❧✉çõ❡s ❞❡ ♣r♦❜❧❡♠❛s ♣♦r ♠ét♦❞♦s

♠✉✐t♦ ♣❛r❡❝✐❞♦s ❝♦♠ ♦ ♥♦ss♦ ♠♦❞♦ ❞❡ r❡s♦❧✈❡r ❙✐st❡♠❛s ▲✐♥❡❛r❡s✱ ❧❡♠❜r❛♥❞♦ ❜❛st❛♥t❡ ♦

❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ●❛✉ss✳ ❏á r❡s♦❧✈✐❛♠ ❞✐✈❡rs❛s ❡q✉❛çõ❡s s✐♠✉❧tâ♥❡❛♠❡♥t❡ ❡ ♠♦❞❡❧❛✈❛♠

❞✐✈❡rs♦s ♣r♦❜❧❡♠❛s✳

◆❛ ●ré❝✐❛✱ ❛❧é♠ ❞❛s ❝♦♥tr✐❜✉✐çõ❡s ❡♠ ❣❡♦♠❡tr✐❛✱ r❡s♦❧✈✐❛♠ ❡q✉❛çõ❡s ❡ ❞❡s❝r❡✈✐❛♠

❛❧❣♦r✐t♠♦s ♣❛r❛ ❡♥❝❛♠✐♥❤❛r s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s✳ ◆❡ss❡ ♣❡rí♦❞♦ ❤✐stór✐❝♦ ❥á ♣♦❞❡♠♦s

❡♥❝♦♥tr❛r ♠ét♦❞♦s ❞❡ r❡s♦❧✉çõ❡s ♣❛r❛ ❡q✉❛çõ❡s ❞❡ ♠❛✐s ❞❡ ✉♠❛ ✐♥❝ó❣♥✐t❛ ❡ s♦❧✉çã♦ ❞❡

✈ár✐♦s ♣r♦❜❧❡♠❛s✳

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

❞❛ ♠❛t❡♠át✐❝❛ q✉❡ ❝♦♥❤❡❝❡♠♦s ❤♦❥❡✳ P♦❞❡♠♦s ❜✉s❝❛r ♠❛✐s ✐♥❢♦r♠❛çõ❡s ❡♠ ❇❡r♥❣❤♦✛

❛♥❞ ●♦✉✈ê❛ ❬✷✵✶✷❪ ✱ ❘♦q✉❡ ❛♥❞ ❈❛r✈❛❧❤♦ ❬✷✵✶✷❪ ❡♥tr❡ ♦✉tr♦s ❛✉t♦r❡s✱ ♦♥❞❡ ❡♥❝♦♥tr❛♠♦s

✈ár✐❛s ♣❛ss❛❣❡♥s ✐♥t❡r❡ss❛♥t❡s s♦❜r❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ♠❛t❡♠át✐❝♦✳ ❈♦♠♦ ❡①❡♠♣❧♦

t❡♠♦s✿
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❈♦♠❡ç❛♥❞♦ ♥❛ Pr✐♠❡✐r❛ ●✉❡rr❛ ▼✉♥❞✐❛❧✱ ❣♦✈❡r♥♦s ❞❡s❝♦❜r✐r❛♠ q✉❡ ♣❡♥s❛r
♠❛t❡♠❛t✐❝❛♠❡♥t❡ ♦s ♣r♦❜❧❡♠❛s ❧❡✈❛✈❛♠ ❛ r❡s✉❧t❛❞♦s út❡✐s✱ ❡ ♥❛s❝❡✉ ❛ ✏♣❡s✲
q✉✐s❛ ♦♣❡r❛❝✐♦♥❛❧✑✳ ◆❛ ❙❡❣✉♥❞❛ ●r❛♥❞❡ ●✉❡rr❛✱ ♠❛t❡♠át✐❝♦s t✐✈❡r❛♠ ✉♠
♣❛♣❡❧ ❝r✉❝✐❛❧ ❞❡ ♠✉✐t♦s ♠♦❞♦s✱ ❝♦♠ ♠❛✐s ❢❛♠❛ ❛♦ ❞❡s❡♥✈♦❧✈❡r ❛ ❝✐ê♥❝✐❛ ❞❛
❝r✐♣t♦❣r❛✜❛ ❡ q✉❡❜r❛r ♦ ❝ó❞✐❣♦ ❛❧❡♠ã♦ ❊♥✐❣♠❛✳ ❘❡❞❡s ❞❡ t❡❧❡❢♦♥✐❛ ❡✱ ♠❛✐s
t❛r❞❡✱ ❛ ✐♥t❡r♥❡t ❢♦r❛♠ ❡st✉❞❛❞❛s ♠❛t❡♠❛t✐❝❛♠❡♥t❡✳ ❆ ✏♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r✑
❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ♣❛r❛ ❧✐❞❛r ❝♦♠ ♦ ❢❛t♦ ❞❡ ❞❡t❡r♠✐♥❛r ♦ ✏♠❡❧❤♦r ♠♦❞♦✑ ❞❡
❢❛③❡r ❝♦✐s❛s ❞❡ t♦❞❛s ❛s ❡s♣é❝✐❡s ❞❡ ár❡❛s✱ ❞❡s❞❡ ❛ ✐♥❞ústr✐❛✱ ♣❛ss❛♥❞♦ ♣❡❧❛
❣♦✈❡r♥❛♠❡♥t❛❧✱ ❛té ❛ ár❡❛ ♠✐❧✐t❛r✳

❇❡r♥❣❤♦✛ ❛♥❞ ●♦✉✈ê❛ ❬✷✵✶✷❪

❆ ❜✉s❝❛ ♣♦r s♦❧✉çõ❡s ❝❛❞❛ ✈❡③ ♠❡❧❤♦r❡s ♣❛r❛ ♦s ♣r♦❜❧❡♠❛s ❡♥❝♦♥tr❛❞♦s ♥♦s ❧❡✈❛ ❛

❝♦♥str✉çã♦ ❞❡ s❛❜❡r❡s ❡ ❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♥♦✈♦s ♠ét♦❞♦s✳ ❆ ❡①♣r❡ssã♦ ✏P❡sq✉✐s❛

❖♣❡r❛❝✐♦♥❛❧✑✱ s✉r❣❡ ♣❡❧❛ ♣r✐♠❡✐r❛ ✈❡③ ❞✉r❛♥t❡ ❛ ❙❡❣✉♥❞❛ ●✉❡rr❛ ▼✉♥❞✐❛❧✱ ♦♥❞❡ s❡ ❜✉s❝❛✈❛

❞❡s❡♥✈♦❧✈❡r ♠ét♦❞♦s ♣❛r❛ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❞❡ ♦♣❡r❛çõ❡s ♠✐❧✐t❛r❡s✳ ❆ ❜✉s❝❛ ♣❡❧❛ ♠❡❧❤♦r

✉t✐❧✐③❛çã♦ ❞❡ ♠❛t❡r✐❛✐s ❞❡ ❣✉❡rr❛ ❧❡✈❛r❛♠ ♦s ❝✐❡♥t✐st❛s ❜r✐tâ♥✐❝♦s ❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡

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

♣r♦❝❡ss♦s✳

❈♦♠ ♦ tér♠✐♥♦ ❞❛ ❙❡❣✉♥❞❛ ●✉❡rr❛✱ ❛ ♣❡sq✉✐s❛ ♦♣❡r❛❝✐♦♥❛❧ ❡✈♦❧✉✐ r❛♣✐❞❛♠❡♥t❡ ♥❛

■♥❣❧❛t❡rr❛ ❡ ♥♦s ❊st❛❞♦s ❯♥✐❞♦s✳ ❯♠ ❞♦s ♦❜❥❡t✐✈♦s ❡r❛♠ ❛♣♦✐❛r ❛s ❞❡❝✐sõ❡s ❞❡ ♦♣❡r❛çõ❡s

❞❛ ❢♦rç❛ ❛ér❡❛ ❛♠❡r✐❝❛♥❛✳ ◆♦ ✜♥❛❧ ❞❛ ❞é❝❛❞❛ ❞❡ ✶✾✹✵✱ ●❡♦r❣❡ ❉❛♥t③✐❣ ❞❡s❡♥✈♦❧✈❡✉✱

❢♦r♠❛❧✐③♦✉ ❡ t❡st♦✉ ♦ ♠ét♦❞♦ s✐♠♣❧❡① ♣❛r❛ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✳ ◆♦

❇r❛s✐❧ ❛ ♣❡sq✉✐s❛ ♦♣❡r❛❝✐♦♥❛❧ ✐♥✐❝✐♦✉✲s❡ ♥❛ ❞é❝❛❞❛ ❞❡ ✶✾✻✵ ❝♦♠ ✉♠ s✐♠♣ós✐♦ r❡❛❧✐③❛❞♦

♥♦ ■❚❆✱ ❡♠ ❙ã♦ ❏♦sé ❞♦s ❈❛♠♣♦s✱ ❡♠ ✶✾✻✽✳ ❚❡♠♦s ✉♠❛ ❛❜♦r❞❛❣❡♠ ✉♠ ♣♦✉❝♦ ♠❛✐s

❞❡t❛❧❤❛❞❛ ❡ ♠❛✐s ❝♦♥tr✐❜✉✐çõ❡s ❤✐stór✐❝❛s ♥♦ ❧✐✈r♦ ❞❡ ❆r❡♥❛❧❡s ❡t ❛❧✳ ❬✷✵✵✼❪✳

❆ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❡ ❛ ❜✉s❝❛ ♣❡❧♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ é ♦ ♦❜❥❡t✐✈♦ ❞❡ t♦❞❛ ❛ ♣r♦✲

❞✉t✐✈✐❞❛❞❡ ♠✉♥❞✐❛❧✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ✏❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✑ s❡ ❝♦❧♦❝❛ ❝♦♠♦ ✉♠❛ ✐♠♣♦rt❛♥t❡

❢❡rr❛♠❡♥t❛ q✉❡ ❛❞♠✐♥✐str❛ ❡♠ ✈ár✐♦s ❝❛♠♣♦s✱ ❜✉s❝❛♥❞♦ ✉♠ ♠❡❧❤♦r ❛♣r♦✈❡✐t❛♠❡♥t♦ ❞❡

r❡❝✉rs♦s s❡♠ ♣❡r❞❡r ♦s ♦❜❥❡t✐✈♦s ❡s♣❡r❛❞♦s✳

❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ♦✉ ♠❛✐s ❣❡♥❡r✐❝❛♠❡♥t❡✱ ❛ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧✱ t❡♠ ❡♥❢♦q✉❡ ❞✐✲

r❡t♦ ♥❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳ ❇✉s❝❛ ❛ ♠❡❧❤♦r s♦❧✉çã♦ ♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣r♦❜❧❡♠❛

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

❡♠ ✈ár✐❛s ❛t✐✈✐❞❛❞❡s ♣r♦✜ss✐♦♥❛✐s✱ s❡❥❛ ♥❛ ❜✉s❝❛ ❞❡ ♠❛①✐♠✐③❛r ❧✉❝r♦s✱ ♠✐♥✐♠✐③❛r ❞❡s♣❡s❛s

♦✉ ❛té ♠❡s♠♦ ❛❧♦❝❛çã♦ ❞❡ ❢✉♥❝✐♦♥ár✐♦s ❞❡ ❢♦r♠❛ ❛ ♠❡❧❤♦r❛r ♦ ❛t❡♥❞✐♠❡♥t♦✳ ❊❧❛ ❢❛❝✐❧✐t❛

♠✉✐t♦ ♦ ♣r♦❝❡ss♦ ❞❡ ❛♥á❧✐s❡ ❞❡ ❞❡❝✐sã♦ ♣❡r♠✐t✐♥❞♦✱ ❡♠ ❛❧❣✉♥s ❝❛s♦s✱ ✉♠❛ ❡①♣❡r✐♠❡♥t❛çã♦

❛♥t❡r✐♦r✳

✶✻



❯♠ ❣r❛♥❞❡ ❞❡s❛✜♦ ❞♦ ♠✉♥❞♦ ❝♦♥t❡♠♣♦râ♥❡♦ é ♦ ♠❡❧❤♦r ❛♣r♦✈❡✐t❛♠❡♥t♦ ❞❡ r❡❝✉r✲

s♦s✱ s❡♠✱ ❝♦♠ ✐ss♦✱ ❛❜r✐r ♠ã♦ ❞♦s ❝♦♥❢♦rt♦s ❝♦♠ ♦s q✉❛✐s ❡st❛♠♦s ❛❝♦st✉♠❛❞♦s✳ ◆❡ss❛

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

♣r♦❞✉t✐✈♦s ❢❛③ ♣❛rt❡ ❞❛ ❢♦r♠❛çã♦ ❞♦ ❤♦♠❡♠ ♠♦❞❡r♥♦✳ ❚❛♥t♦ ♥❛ ❛❞♠✐♥✐str❛çã♦ ❞♦♠ést✐❝❛

❝♦♠♦ ♥❛ ❡♠♣r❡s❛r✐❛❧✱ ❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ é ❢✉♥❞❛♠❡♥t❛❧✳ ◗✉❛❧ ❛ ♠❡❧❤♦r ❡s❝♦❧❤❛❄ ❖ q✉❡

s❡ ❞❡✈❡ ❢❛③❡r❄ ❈♦♠♦ ❣❛♥❤❛r ♠❛✐s❄ ❈♦♠♦ ❣❛st❛r ♠❡♥♦s❄ ◆❛ ❜✉s❝❛ ❞❡ss❛s ❡ ♦✉tr❛s r❡s♣♦s✲

t❛s t❡♠♦s ❝♦♠♦ ✐♠♣♦rt❛♥t❡ ❢❡rr❛♠❡♥t❛ ♦s ❝♦♥❝❡✐t♦s ❞❡ ♦t✐♠✐③❛çã♦✱ ❛ ❜✉s❝❛ ❞♦ ót✐♠♦ ♦✉ ❞♦

♠❡❧❤♦r ♣♦ssí✈❡❧✳ ❈♦♠ ✐ss♦✱ ❛ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧✱ ❥✉♥t♦ ❝♦♠ ❛s ❢❛❝✐❧✐❞❛❞❡s t❡❝♥♦❧ó❣✐❝❛s✱

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

❙♦♠♦s ❧❡✈❛❞♦s ❛ t♦❞♦ ✐♥st❛♥t❡ ❛ t♦♠❛r ❞❡❝✐sõ❡s✱ ❛ ❢❛③❡r ❡s❝♦❧❤❛s✱ s❡❥❛ ♥❛ ✈✐❞❛ ❞✐ár✐❛

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

❡ ❛té ♠❡s♠♦ ❝♦♥✢✐t♦s ✐♥t❡r♣❡ss♦❛✐s ♦✉ tr❛♥st♦r♥♦s ♥♦ ❛♠❜✐❡♥t❡ s♦❝✐❛❧✳ ❉❡ss❛ ❢♦r♠❛✱ ❛

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

✶✳✶ ❚♦♠❛❞❛ ❞❡ ❉❡❝✐sã♦

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

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

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

s❡✉ ❧✐✈r♦✱ ❆♥❞r❛❞❡ ❬✷✵✶✷❪ ❝♦❧♦❝❛✿

❬✳✳✳❪ ✉♠❛ ❞❡❝✐sã♦ é ♦ r❡s✉❧t❛❞♦ ❞❡ ✉♠ ♣r♦❝❡ss♦ q✉❡ s❡ ❞❡s❡♥✈♦❧✈❡ ❛ ♣❛rt✐r ❞♦
✐♥st❛♥t❡ ❡♠ q✉❡ ♦ ♣r♦❜❧❡♠❛ ❢♦✐ ❞❡t❡❝t❛❞♦✱ ♦ q✉❡ ❣❡r❛❧♠❡♥t❡ ♦❝♦rr❡ ❛tr❛✈és
❞❛ ♣❡r❝❡♣çã♦ ❞❡ s✐♥t♦♠❛s✳ ❬✳✳✳❪

❆♥❞r❛❞❡ ❬✷✵✶✷❪

❊①✐st❡♠ ✈ár✐❛s ❞❡✜♥✐çõ❡s s♦❜r❡ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✱ ❡♥tr❡ ❛s q✉❛✐s ♣♦❞❡♠♦s✱ ❝♦♠♦

❛✜r♠❛❞♦ ♣♦r ❆♥❞r❛❞❡ ❬✷✵✶✷❪✱ ❞❡st❛❝❛r✿ ✏✉♠❛ ❞❡❝✐sã♦ é ✉♠ ❝✉rs♦ ❞❡ ❛çã♦ ❡s❝♦❧❤✐❞♦ ♣❡❧❛

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

♦✉ s❡❥❛✱ ♣❛r❛ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛ q✉❡ ♦ ✐♥❝♦♠♦❞❛✑✳ ❈♦♠ ✐ss♦✱ ♣❡r❝❡❜❡♠♦s q✉❡ ❛ ❞❡❝✐sã♦

❡stá ❞✐r❡t❛♠❡♥t❡ ❧✐❣❛❞❛ à ❡①♣❡r✐ê♥❝✐❛ ❞❡ q✉❡♠ ✈❛✐ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛✱ s❡✉ ❝♦♥❤❡❝✐♠❡♥t♦✱

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

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

s❡❣✉✐♥t❡s ❝❛r❛❝t❡ríst✐❝❛s✿ s❡q✉❡♥❝✐❛❧✱ ❝♦♠♣❧❡①❛✱ s✉❜❥❡t✐✈❛✱ ✐♥st✐t✉❝✐♦♥❛❧✱ r❛❝✐♦♥❛❧✳

❼ ◆♦ ♣r♦❝❡ss♦ s❡q✉❡♥❝✐❛❧✱ ♠❡s♠♦ q✉❡ ♣❛r❡ç❛ ♣♦r ✐♠♣✉❧s♦✱ ❛s ❞❡❝✐sõ❡s s❡ ❞❡s❡♥✲

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

❞❛ ❛♥t❡r✐♦r✱ s❡♠ ❝♦♠ ✐ss♦ ♣❡r❞❡r ♦ ❢♦❝♦ ❞♦ ♦❜❥❡t✐✈♦ ❛ s❡ ❛t✐♥❣✐r✳ ❊stá ♣r❡s❡♥t❡ ❡♠

❞✐s❝✉ssõ❡s ❡✱ ♠✉✐t❛s ✈❡③❡s✱ é ❞✐❢í❝✐❧ ❞❡ s❡ ❛♣♦♥t❛r ♦ ♣♦♥t♦ ♣r✐♥❝✐♣❛❧ ❞♦ ♣r♦❝❡ss♦✳

✶✼



❼ ◆♦ ♣r♦❝❡ss♦ ❝♦♠♣❧❡①♦✱ q✉❡ s❡ ❝❛r❛❝t❡r✐③❛✱ ❣❡r❛❧♠❡♥t❡✱ ♣❡❧❛ q✉❛♥t✐❞❛❞❡ ✐♥s✉✜❝✐✲

❡♥t❡ ❞❡ ✐♥❢♦r♠❛çõ❡s✱ ❛ ❡①♣❡r✐ê♥❝✐❛ ❞♦ ✐♥❞✐✈í❞✉♦ ♦✉ ❞♦ ❣r✉♣♦ r❡✢❡t❡ ❞✐r❡t❛♠❡♥t❡ ♥❛

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

✈❛r✐❛r ❝♦♥❢♦r♠❡ ♦ ♥í✈❡❧ ❞❛ ❞❡❝✐sã♦ ❞♦ ♣r♦❜❧❡♠❛✳

❼ ❊♠ ♣r♦❝❡ss♦s q✉❡ ✐♠♣❧✐❝❛♠ ✈❛❧♦r❡s s✉❜❥❡t✐✈♦s✱ ❢❛t♦r❡s ✐♥t✉✐t✐✈♦s ♥♦rt❡✐❛♠ ❛

❞❡❝✐sã♦ ♥❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✳ ➱ ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♥❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦

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

▼✉✐t❛s ✈❡③❡s✱ é ♦ q✉❡ ✈❛✐ ❝❛r❛❝t❡r✐③❛r ❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❝♦♠♦ ❜♦❛ ♦✉ r✉✐♠✳

❼ ❖ ♣r♦❝❡ss♦ ✐♥st✐t✉❝✐♦♥❛❧ ❡stá ❧✐❣❛❞♦ à ❢♦r♠❛ ♦r❣❛♥✐③❛❝✐♦♥❛❧ ❞♦ ❧♦❝❛❧ ♦♥❞❡ s❡

♣r❡t❡♥❞❡ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛✳ ❊stá ✐♥t❡r❧✐❣❛❞♦ ❛♦ r❡❧❛❝✐♦♥❛♠❡♥t♦ ❡♥tr❡ ❛s ♣❡ss♦❛s

❡ ♥❛ ✐♥t❡r❛çã♦ ❡♥tr❡ ♦s ❞✐❢❡r❡♥t❡s ❣r✉♣♦s ❞❡ tr❛❜❛❧❤♦✳ ❈r✐❛r ✉♠ ❜♦♠ ❛♠❜✐❡♥t❡

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

❼ ❆ ❞❡❝✐sã♦ r❛❝✐♦♥❛❧ ❡stá ❧✐❣❛❞❛ ❛ ❧ó❣✐❝❛ ❞♦ ♣r♦❝❡ss♦✱ ❛♦ ❝♦♥❥✉♥t♦ ❞❡ t♦❞♦s ♦s ❢❛t♦r❡s

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

❞❛ s✐t✉❛çã♦ s❡ ❢❛③ ♥❡❝❡ssár✐♦ ❡ ❛ ❡①♣❡r✐ê♥❝✐❛ ❞❛ ❡q✉✐♣❡ é ❝r✉❝✐❛❧ ❛♦ ♣r♦❞✉t♦ ✜♥❛❧✳

❚♦❞♦ ♣r♦❝❡ss♦ ❞❡ ❞❡❝✐sã♦ ❡stá ❧✐❣❛❞♦ ❛♦ ♥í✈❡❧ ❤✐❡rárq✉✐❝♦ ❞♦ ❣r✉♣♦✱ ❞♦ ♥ú♠❡r♦ ❞❡ ♣❡ss♦❛s

q✉❡ ♣❛rt✐❝✐♣❛rã♦ ❞♦ ♣r♦❝❡ss♦ ❞❡❝✐sór✐♦✱ ❞♦ t✐♣♦ ❡ ❞❛ q✉❛❧✐❞❛❞❡ ❞❛ ✐♥❢♦r♠❛çã♦ ❞✐s♣♦♥í✈❡❧✳

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

♣❛r❛ ❛ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✳

✶✳✷ ❆ ❆rt❡ ❞❛ ▼♦❞❡❧❛❣❡♠

❆♣ós ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦ ♣r♦❜❧❡♠❛✱ ❝❛❜❡ ❛❣♦r❛ ❛ ❝♦♥str✉çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦ q✉❡ ♣❡r♠✐t❛

s✉❛ r❡♣r❡s❡♥t❛çã♦✱ ❛♥á❧✐s❡ ❡ ♣♦ssí✈❡❧ s♦❧✉çã♦✳ ❈❛❞❛ t✐♣♦ ❞❡ ♣r♦❜❧❡♠❛ t❡♠ s❡✉ ♠♦❞❡❧♦

❡s♣❡❝í✜❝♦ ❡ ❝❛❜❡ ❛♦ ❛❞♠✐♥✐str❛❞♦r✶ ❡s❝♦❧❤❡r ♦ q✉❡ ♠❡❧❤♦r r❡♣r❡s❡♥t❡ s❡✉ ♣r♦❜❧❡♠❛✳ ❊♠

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

♠❛t❡♠át✐❝❛s ♦✉ ♠✉✐t❛s ✈❡③❡s✱ ✉♠❛ ❥✉♥çã♦ ❞❡ ✈ár✐♦s ♠♦❞❡❧♦s✳ ❖ ♠♦❞❡❧♦ ♠❛✐s ❛❞❡q✉❛❞♦

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

s✐♠❜ó❧✐❝♦ ♦✉ ❤❡✉ríst✐❝♦✳

❼ ❖s ♠♦❞❡❧♦s ❝♦♥❝❡✐t✉❛✐s r❡❧❛❝✐♦♥❛♠ ❝♦♠♦ ✉♠❛ s❡q✉ê♥❝✐❛ ❧ó❣✐❝❛ ❛s ✐♥❢♦r♠❛çõ❡s

❡ ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ ❛♥á❧✐s❡ ❡ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳

■❞❡♥t✐✜❝❛✲s❡ ❛s ✐♥t❡r❢❡rê♥❝✐❛s ♥♦ ♣r♦❜❧❡♠❛ ❡ ❛ ❡str✉t✉r❛ ❞❡ ❢♦r♠❛ ❛ ❜✉s❝❛r ❛ ♠❡❧❤♦r

♣♦ss✐❜✐❧✐❞❛❞❡ ❛♦ ♦❜❥❡t✐✈♦ ♣r♦♣♦st♦✳

✶◗✉❡♠ ❡stá ❜✉s❝❛♥❞♦ s♦❧✉çã♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛✳

✶✽



❼ ❇❛s❡❛♥❞♦✲s❡ ❡♠ t♦❞❛s ❛s ✐♥❢♦r♠❛çõ❡s ❡ ✈❛r✐á✈❡✐s r❡❧❡✈❛♥t❡s ❞♦ ♣r♦❜❧❡♠❛✱ ♦ ♠♦❞❡❧♦

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

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

♠❡❧❤♦r ♣♦ss✐❜✐❧✐❞❛❞❡✳

❼ ◗✉❛♥❞♦ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ✐♥✈✐❛❜✐❧✐③❛ ❛ r❡♣r❡s❡♥t❛çã♦ ♠❛t❡♠át✐❝❛✱ s❡ t♦r♥❛ ♥❡❝❡ssár✐♦

♦ ✉s♦ ❞❡ ♠♦❞❡❧♦s ❤❡✉ríst✐❝♦s✳ ❊ss❡s ♠♦❞❡❧♦s s❡ ❜❛s❡✐❛♠ ❡♠ r❡❣r❛s ❡♠♣ír✐❝❛s ❡

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

❞❡❝✐sã♦✳ ❯♠ ❡①❡♠♣❧♦ sã♦ ♠♦❞❡❧♦s ❝♦♠ ♦ ✉s♦ ❞❡ ✐♥t❡❧✐❣ê♥❝✐❛ ❛rt✐✜❝✐❛❧✳

❆ ❡s❝♦❧❤❛ ❞❡ ✉♠ ♠♦❞❡❧♦ ♦✉ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♠♦❞❡❧♦s ❞❡♣❡♥❞❡ s❡♠♣r❡ ❞♦ ❡♥❝❛♠✐♥❤❛✲

♠❡♥t♦ ❞♦ ❞❡s❛✜♦ q✉❡ s❡ ♣r♦♣õ❡ ❛ ❡♥❢r❡♥t❛r✱ s✉❛s ❝❡rt❡③❛s ❡ ✐♥❝❡rt❡③❛s✱ ❛❧é♠ ❞♦s r✐s❝♦s

q✉❡ ❛ s✐t✉❛çã♦ ♣♦❞❡ ♦❢❡r❡❝❡r✳ ◗✉❛♥t♦ ♠❛✐s ❞❡t❛❧❤❡s ❝♦♥❤❡❝❡♠♦s ❞♦ ♣r♦❜❧❡♠❛✱ ♠❡❧❤♦r

s❡rá s✉❛ ♠♦❞❡❧❛❣❡♠ ❡ ♠❛✐s s✉❝❡ss♦ t❡r❡♠♦s ❡♠ s✉❛ s♦❧✉çã♦✳ ❈❛❜❡ ❧❡♠❜r❛r q✉❡✱ ♠✉✐t❛s

✈❡③❡s✱ t❡♠♦s ❞❡ ❡❧❡♥❝❛r ♣r✐♦r✐❞❛❞❡s ♥❛s ❛♥á❧✐s❡s ♣❛r❛ ❛t❡♥❞❡r ♠❛✐s r❛♣✐❞❛♠❡♥t❡ ♦✉ ❛té

♠❡s♠♦ ❛t❡♥❞❡r ❝♦♥✢✐t♦s ❞❡ ✐♥t❡r❡ss❡s✳ ❊♠ s❡✉ ❧✐✈r♦✱ ❆♥❞r❛❞❡ ❬✷✵✶✷❪ ❝♦❧♦❝❛✿

❯♠ ❡st✉❞♦ ❞❡ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧ ❝♦♥s✐st❡✱ ❜❛s✐❝❛♠❡♥t❡✱ ♥❛ ❝♦♥str✉çã♦ ❞❡
✉♠ ♠♦❞❡❧♦ ♣❛r❛ ✉♠ s✐st❡♠❛ r❡❛❧ q✉❡ s✐r✈❛ ❝♦♠♦ ✐♥str✉♠❡♥t♦ ❞❡ ❛♥á❧✐s❡ ❡
❝♦♠♣r❡❡♥sã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ss❡ s✐st❡♠❛✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❧❡✈❛r ♦
s✐st❡♠❛ ❛ ❛♣r❡s❡♥t❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡s❡❥❛❞♦✳

❆♥❞r❛❞❡ ❬✷✵✶✷❪

❆ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧ s❡ ❞❡❞✐❝❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❛♦s ♣r♦❜❧❡♠❛s q✉❡ ♣♦❞❡♠ s❡r r❡✲

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

♥❛t✉r❡③❛ ♠❛t❡♠át✐❝❛ ❞❡ s✉❛s ✈❛r✐á✈❡✐s ❡ ❞♦s ♥í✈❡✐s ❞❡ ✐♥❝❡rt❡③❛s✳ ❉❡ss❛ ❢♦r♠❛✱ ♦s ♠♦❞❡❧♦s

♠❛t❡♠át✐❝♦s s❡ ❞✐✈✐❞❡♠ ❡♠ ♠♦❞❡❧♦s ❞❡ s✐♠✉❧❛çã♦ ❡ ♠♦❞❡❧♦s ❞❡ ♦t✐♠✐③❛çã♦✳

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

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

q✉❡stã♦✳ ❉ã♦ ✉♠❛ ✢❡①✐❜✐❧✐❞❛❞❡ ❝♦♥s✐❞❡rá✈❡❧ ♥❛ ❡s❝♦❧❤❛ ❞❛s ❛çõ❡s ♠❛✐s ❝♦♥✈❡♥✐❡♥t❡s✳

❼ ❖s ♠♦❞❡❧♦s ❞❡ ♦t✐♠✐③❛çã♦ ♥ã♦ ♣❡r♠✐t❡♠ ✢❡①✐❜✐❧✐❞❛❞❡✱ ♣♦✐s ❡stã♦ ❡str✉t✉r❛❞♦s

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

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

❜❧❡♠❛ ❛ s❡r ❡♥❢r❡♥t❛❞♦✳ ❆ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ♣❡r♠❡✐❛ ❛s ✈ár✐❛s ❛t✐✈✐❞❛❞❡s ❤✉♠❛♥❛s ❡

♥♦s ❧❡✈❛ ❛ ✈ár✐❛s r❡✢❡①õ❡s s♦❜r❡ ♦ q✉❡ ❞❡✈❡♠♦s ❢❛③❡r ♦✉ ♥ã♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ▼❛r❝❤ ❬✷✵✵✾❪✿

✶✾



Pr❡❢❡rê♥❝✐❛s s❡r✐❛♠ ❞❡✜♥✐❞❛s ✐♥❝❧✉✐♥❞♦ ❝♦✐s❛s ❝♦♠♦ ❧✉❝r♦s✱ ✈❡♥❞❛s ❡ ✈❛❧♦r ❞❡
❡st♦q✉❡ ✭❛♠❛♥❤ã✱ ♥♦ ❛♥♦ q✉❡ ✈❡♠✱ ❞❡♥tr♦ ❞❡ ❞❡③ ❛♥♦s✮❀ ❝♦♥tr✐❜✉✐çõ❡s ♣❛r❛
♠❡t❛s ♣♦❧ít✐❝♦ s♦❝✐❛✐s ✭♣♦r ❡①❡♠♣❧♦✱ ❛çã♦ ❛✜r♠❛t✐✈❛✱ ♠❡t❛s ❞❡ q✉❛❧✐❞❛❞❡ ❞❡
✈✐❞❛✱ ✐♠♣❛❝t♦ ❞❛ ❞❡❝✐sã♦ s♦❜r❡ ❛s ❢❛♠í❧✐❛s✮✳✳✳

▼❛r❝❤ ❬✷✵✵✾❪

❖ ❝♦♥❝❡✐t♦ ❞❡ ♦t✐♠✐③❛çã♦ ❡stá ❧✐❣❛❞♦ ❛ ❜✉s❝❛ ❞❡ ♠í♥✐♠♦ ♦✉ ♠á①✐♠♦ ❞❡ ✉♠❛ ❢✉♥çã♦✱

❛t❡♥❞❡♥❞♦ ❛s ❝♦♥❞✐çõ❡s ✐♠♣♦st❛s ♣❡❧♦ ♣r♦❜❧❡♠❛✳ ❆ ❢✉♥çã♦ ♠❛t❡♠át✐❝❛ q✉❡ ❞❡✜♥❡ ❛s

♣♦ssí✈❡✐s s♦❧✉çõ❡s ❡♠ r❡❧❛çã♦ ❛♦ ❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s ❞♦ ♣r♦❜❧❡♠❛ é ❝❤❛♠❛❞❛ ❞❡ ❢✉♥çã♦

♦❜❥❡t✐✈♦✳ ❊ss❡s t✐♣♦s ❞❡ ♣r♦❜❧❡♠❛s ♣❡r♠❡✐❛♠ ❛s ✈ár✐❛s ❛t✐✈✐❞❛❞❡s ❤✉♠❛♥❛s ❡ ❡stã♦

❞✐r❡t❛♠❡♥t❡ ❧✐❣❛❞❛s ❛♦ ❝♦t✐❞✐❛♥♦✳ ❆ss✐♠ ♣♦❞❡♠♦s ❞✐✈✐❞✐r ♦s ♣r♦❜❧❡♠❛s ❞❡ ♦t✐♠✐③❛çã♦ ❡♠✿

✶✳✷✳✶ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r

◆♦s ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❛s ✈❛r✐á✈❡✐s sã♦ ❝♦♥tí♥✉❛s ❡ ❛♣r❡s❡♥t❛♠ ❝♦♠♣♦rt❛✲

♠❡♥t♦ ❧✐♥❡❛r✱ t❛♥t♦ ❡♠ r❡❧❛çã♦ às r❡str✐çõ❡s ❝♦♠♦ à ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳ ❊st❛r❡♠♦s ♥❡ss❡s

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

❞❡s q✉❡ ♣♦❞❡♠ s❡r tr❛♥s❢♦r♠❛❞❛s ❡♠ ❡q✉❛çõ❡s ❧✐♥❡❛r❡s✳ ❙✉❛ ✐♠♣♦rtâ♥❝✐❛ ❡stá ♥❛ ❡✜❝á❝✐❛

❞♦s ❛❧❣♦r✐t♠♦s ❡①✐st❡♥t❡s ❡ ♥❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞❡ ♠♦❞❡❧♦s ♥ã♦✲❧✐♥❡❛r❡s ❡♠

❧✐♥❡❛r❡s ♣♦r ❛♣r♦①✐♠❛çõ❡s✳

✶✳✷✳✷ ❖t✐♠✐③❛çã♦ ◆ã♦✲▲✐♥❡❛r

❆ ❖t✐♠✐③❛çã♦ ◆ã♦✲▲✐♥❡❛r s❡ ❝❛r❛❝t❡r✐③❛ ♣❡❧❛ ❡①✐stê♥❝✐❛ ❞❡ q✉❛❧q✉❡r t✐♣♦ ❞❡ ♥ã♦ ❧✐♥❡❛✲

r✐❞❛❞❡✱ s❡❥❛ ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♦✉ ❡♠ q✉❛❧q✉❡r ✉♠❛ ❞❡ s✉❛s r❡str✐çõ❡s✳ P♦❞❡♠♦s t❡r

❛q✉✐ ♦✉tr♦s t✐♣♦s ❞❡ ❢✉♥çõ❡s✱ ♣♦❧✐♥♦♠✐❛✐s ♦✉ ♥ã♦✱ ♦♥❞❡ ♦❜s❡r✈❛♠♦s ❝❛s♦s ❞❡ ❝♦♥✈❡①✐❞❛❞❡

♣r❡s❡r✈❛♥❞♦ ❛s ♣r♦♣r✐❡❞❛❞❡s ♠❛t❡♠át✐❝❛s✳ ❊stá ♣r❡s❡♥t❡ ❡♠ ✈ár✐❛s r❡♣r❡s❡♥t❛çõ❡s q✉❡

❡♥✈♦❧✈❡♠ ❢❡♥ô♠❡♥♦s ♥❛t✉r❛✐s ❡ ❡♠ ❛❧❣✉♥s ❝❛s♦s ❝♦♥s❡❣✉✐♠♦s ❜♦❛s ❛♣r♦①✐♠❛çõ❡s ♣❛r❛

❢✉♥çõ❡s ❧✐♥❡❛r❡s✱ ♣♦❞❡♥❞♦ ❛♣❧✐❝❛r ❛s té❝♥✐❝❛s ❞❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✳

✶✳✷✳✸ ❖t✐♠✐③❛çã♦ ■♥t❡✐r❛

◗✉❛♥❞♦ ❛s ✈❛r✐á✈❡✐s ♥ã♦ ♣♦❞❡♠ ❛ss✉♠✐r ✈❛❧♦r❡s ❝♦♥tí♥✉♦s✱ ♦✉ s❡❥❛✱ ♣❡r♠✐t❡♠ ❛♣❡♥❛s

✈❛❧♦r❡s ✐♥t❡✐r♦s✱ t❡♠♦s ❛ ❖t✐♠✐③❛çã♦ ■♥t❡✐r❛✳ ❆ss✉♠❡ ❛♣❡♥❛s ✈❛❧♦r❡s ❉✐s❝r❡t♦s ❡ ♣♦❞❡ s❡r

▲✐♥❡❛r ♦✉ ◆ã♦✲▲✐♥❡❛r✱ ❡①✐❣✐♥❞♦ té❝♥✐❝❛s ❞❡ r❡s♦❧✉çã♦ ♠❛✐s ❛❜r❛♥❣❡♥t❡s✳

Pr✐♦r✐③❛r❡♠♦s ❛q✉✐ ❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ♣♦r ❡st❛r❡♠ ♠❛✐s ♣ró①✐♠♦s ❛♦s ❝♦♥t❡ú❞♦s

tr❛❜❛❧❤❛❞♦s ♥❛ ❊❞✉❝❛çã♦ ❇ás✐❝❛✳

✷✵



✶✳✸ Pr♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r

❖s ♣r♦❜❧❡♠❛s q✉❡ ♣♦❞❡♠ s❡r ❢♦r♠✉❧❛❞♦s ❝♦♠♦ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ❡♠ q✉❡

t♦❞❛s ❛s ❡①♣r❡ssõ❡s sã♦ ❧✐♥❡❛r❡s ❝♦♠ ✈❛r✐á✈❡✐s ❝♦♥tí♥✉❛s✱ sã♦ ❞♦s t✐♣♦s✿

❼ Pr♦❜❧❡♠❛s ❞❡ ♠✐st✉r❛ ✕ ❝♦♥s✐st❡ ❡♠ ❝♦♠❜✐♥❛r ✈ár✐♦s ♠❛t❡r✐❛✐s ♣❛r❛ ❣❡r❛r ♥♦✈♦s

♣r♦❞✉t♦s✳

❼ Pr♦❜❧❡♠❛s ❞❡ tr❛♥s♣♦rt❡✱ tr❛♥s❜♦r❞♦ ❡ ❞❡s✐❣♥❛çã♦ ✕ ❝♦♥s✐st❡ ❡♠ tr❛♥s♣♦rt❛r

♣r♦❞✉t♦s ♦✉ ♠❛t❡r✐❛✐s ❛♦ s❡✉ ❞❡st✐♥♦✳

❼ Pr♦❜❧❡♠❛s ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❛ ♣r♦❞✉çã♦ ✕ ❡stá ❧✐❣❛❞♦ ❛ ❢❛❜r✐❝❛çã♦ ❞❡ ❞✐✈❡rs♦s

♣r♦❞✉t♦s ❡♥✈♦❧✈❡♥❞♦ ♣❡rí♦❞♦s ❡ ❝♦♥❞✐çõ❡s ❞❡ ♣r♦❞✉çã♦✳

❼ Pr♦❜❧❡♠❛s ❞❡ ❣❡stã♦ ✜♥❛♥❝❡✐r❛ ✕ ❡♥✈♦❧✈❡♠ ❞❡❝✐sõ❡s r❡❧❛❝✐♦♥❛❞❛s ❛ ✐♥✈❡st✐♠❡♥✲

t♦s ✜♥❛♥❝❡✐r♦s✳

❼ Pr♦❜❧❡♠❛s ❞❡ ♠❡✐♦ ❛♠❜✐❡♥t❡ ✕ ❡♥✈♦❧✈❡♠ ♦ ♠❡❧❤♦r ❛♣r♦✈❡✐t❛♠❡♥t♦ ❞❡ r❡❝✉rs♦s

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

❼ Pr♦❜❧❡♠❛s ❞❡ ❝♦rt❡ ❡ ❡♠♣❛❝♦t❛♠❡♥t♦ ✕ ❧✐❣❛❞♦s ❛♦ ♠❡❧❤♦r ❛♣r♦✈❡✐t❛♠❡♥t♦ ❞❡

♠❛tér✐❛ ♣r✐♠❛✱ ♦❜❥❡t♦s ❡ ❡♠❜❛❧❛❣❡♥s ❞❡ ❝♦♠❡r❝✐❛❧✐③❛çã♦✳

❼ Pr♦❜❧❡♠❛s ❞❡ ❞✐❡t❛ ❛❧✐♠❡♥t❛r ✕ ❊♥✈♦❧✈❡ q✉❡stõ❡s ❞❡ ♥✉tr✐çã♦✳

❼ Pr♦❜❧❡♠❛s ❞❡ ❛❧♦❝❛çã♦ ❞❡ ❢✉♥❝✐♦♥ár✐♦s ✕ ❊♥✈♦❧✈❡ ❡str✉t✉r❛çã♦ ❞❡ ❝r♦♥♦❣r❛♠❛s

❞❡ tr❛❜❛❧❤♦✳

✶✳✸✳✶ ❍✐♣ót❡s❡s ❞❡ ▲✐♥❡❛r✐❞❛❞❡

◆❡ss❡s ❡ ❡♠ ♦✉tr♦s t✐♣♦s ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ❛s ❣r❛♥❞❡③❛s ❡♥✈♦❧✈✐❞❛s

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

❼ ❍✐♣ót❡s❡ ❞❡ ❛❞✐t✐✈✐❞❛❞❡ ✲ ♦ t♦❞♦ é ✐❣✉❛❧ à s♦♠❛ ❞❛s ♣❛rt❡s✳ P♦r ❡①❡♠♣❧♦✱ s❡

❥✉♥t❛r♠♦s ✷✵✵❣ ❞❡ ❛çú❝❛r ❝♦♠ ✸✵✵❣ ❞❡ ❢❛r✐♥❤❛ t❡r❡♠♦s ✺✵✵❣ ❞❡ ♠✐st✉r❛✳ ❚❡♠♦s ❞❡

❧❡♠❜r❛r ❞❡ q✉❡ ♣♦r tr❛♥s❢♦r♠❛çõ❡s q✉í♠✐❝❛s ♥❡♠ s❡♠♣r❡ ✐ss♦ s❡rá ✈❡r❞❛❞❡ ♥♦ q✉❡

❞✐③ r❡s♣❡✐t♦ ❛ ✈♦❧✉♠❡s ♦✉ ♣♦r q✉❡stõ❡s ❞❡ ✈♦❧❛t✐❧✐❞❛❞❡✳

❼ ❍✐♣ót❡s❡ ❞❡ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡ ✲ ❛ ❝♦♥st❛♥t❡ ❞❛ ✈❛r✐á✈❡❧ é ✉♠❛ ❝♦♥st❛♥t❡ ❞❡

♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡✱ ♦✉ s❡❥❛✱ s❡ a = 0, 1 é ♦ ✈❛❧♦r ❞❡ ✉♠❛ ❜❛❧❛ ❡♠ r❡❛✐s ✭❈❛❞❛ ❜❛❧❛

❝✉st❛ ❘✩ ✵✱✶✵✮ ❡ x é ♦ ♥ú♠❡r♦ ❞❡ ❜❛❧❛s✱ ❡♥tã♦ ✸ ❜❛❧❛s s❡rá a×x = 0, 1×3 = R$0, 30✳

❼ ❍✐♣ót❡s❡ ❞❡ ❢r❛❝✐♦♥❛♠❡♥t♦ ✲ ♦s ✈❛❧♦r❡s ❢r❛❝✐♦♥ár✐♦s ♣❛r❛ ❛s ✈❛r✐á✈❡✐s sã♦ ✈á❧✐❞♦s✳

❆s ✈❛r✐á✈❡✐s✱ ❞❡♥tr♦ ❞❡ s✉❛s r❡str✐çõ❡s ♣♦❞❡♠ ❛ss✉♠✐r q✉❛❧q✉❡r ✈❛❧♦r ♥♦ ❈♦♥❥✉♥t♦

❞♦s ◆ú♠❡r♦s ❘❡❛✐s ✭xi ∈ R✮✳

✷✶



✶✳✸✳✷ ❈❛r❛❝t❡ríst✐❝❛s

❊♠ ♠♦❞❡❧♦s ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ❝♦♠ t♦❞❛s ❛s ❢✉♥çõ❡s ❧✐♥❡❛r❡s✱ ❡ss❛s

❤✐♣ót❡s❡s ♥♦s ❧❡✈❛♠ ❛ ♦❜s❡r✈❛çã♦ ❞❡ q✉❡ ❡ss❡s ♣r♦❜❧❡♠❛s ❞❡✈❡♠ ♣♦ss✉✐r ❛s s❡❣✉✐♥t❡s

❝❛r❛❝t❡ríst✐❝❛s✿

❼ Pr♦♣♦r❝✐♦♥❛❧✐❞❛❞❡ ✕ ❆ q✉❛♥t✐❞❛❞❡ ❞❡ r❡❝✉rs♦ ❡ ♦ ❝✉st♦✱ ❞❡✈❡♠ s❡r ♣r♦♣♦r❝✐♦♥❛✐s

❛♦ ♥í✈❡❧✱ ❡♠ ❝❛❞❛ ❛t✐✈✐❞❛❞❡✳

❼ ◆ã♦ ◆❡❣❛t✐✈✐❞❛❞❡ ✕ ❞❡✈❡ s❡♠♣r❡ s❡r ♣♦ssí✈❡❧ ❞❡s❡♥✈♦❧✈❡r ❛ ❛t✐✈✐❞❛❞❡ ❝♦♠ ✈❛❧♦r❡s

♥ã♦ ♥❡❣❛t✐✈♦s✳

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

❼ ❙❡♣❛r❛❜✐❧✐❞❛❞❡ ✕ ♣♦❞❡✲s❡ ✐❞❡♥t✐✜❝❛r ❞❡ ❢♦r♠❛ s❡♣❛r❛❞❛ ♦ ❝✉st♦✱ ♦✉ ❝♦♥s✉♠♦✱ ❞❛s

♦♣❡r❛çõ❡s ❡♠ ❝❛❞❛ ❛t✐✈✐❞❛❞❡✳

✶✳✸✳✸ Pr♦♣r✐❡❞❛❞❡s ❜ás✐❝❛s

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

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

❝♦♥tí♥✉❛s✱ ❛❧é♠ ❞❡ ❛t❡♥❞❡r ❛s três ♣r♦♣r✐❡❞❛❞❡s ❜ás✐❝❛s✿

✶✳ Pr♦♣♦r❝✐♦♥❛❧✐❞❛❞❡ ✲ r❡q✉❡r q✉❡ ❛ ✈❛r✐á✈❡❧ ❞❡ ❞❡❝✐sã♦ ❝♦♥tr✐❜✉❛ ❞❡ ❢♦r♠❛ ❞✐r❡t❛✲

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

✷✳ ❆❞✐t✐✈✐❞❛❞❡ ✲ r❡q✉❡r q✉❡ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❡

❞❛s r❡str✐çõ❡s s❡❥❛ ❛ s♦♠❛ ❞✐r❡t❛ ❞❛s ❝♦♥tr✐❜✉✐çõ❡s ✐♥❞✐✈✐❞✉❛✐s ❞❡ ❝❛❞❛ ✈❛r✐á✈❡❧✳

✸✳ ❈❡rt❡③❛ ✲ t♦❞♦s ♦s ❝♦❡✜❝✐❡♥t❡s ♣♦❞❡♠ s❡r ❞❡t❡r♠✐♥❛❞♦s✱ ♦✉ s❡❥❛✱ sã♦ ❝♦♥st❛♥t❡s

❝♦♥❤❡❝✐❞❛s✳

❘❡s♦❧✈❡r ✉♠ ♣r♦❜❧❡♠❛ ♠♦❞❡❧❛❞♦ ❝♦♠♦ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r é ❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ q✉❡

❛t❡♥❞❛ t♦❞❛s ❛s r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛ ❡ q✉❡ s❡❥❛ ❛ ♠❡❧❤♦r ♣♦ssí✈❡❧✱ ♠❛①✐♠✐③❛r ♦✉

♠✐♥✐♠✐③❛r ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳

❆s s♦❧✉çõ❡s ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r sã♦ ❝❧❛ss✐✜❝❛❞❛s ❡♠✿

❼ ❙♦❧✉çã♦ ✈✐á✈❡❧ ♦✉ ❢❛❝tí✈❡❧✿ é ♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❛❧♦r❡s ❞❛s ✈❛r✐á✈❡✐s q✉❡ ❛t❡♥❞❡♠ ❛

t♦❞❛s ❛s r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛✳

❼ ❙♦❧✉çã♦ ót✐♠❛✿ é ❛ s♦❧✉çã♦ ✈✐á✈❡❧ q✉❡ ♠❡❧❤♦r ❛t❡♥❞❡ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❞♦

♣r♦❜❧❡♠❛✳

✷✷



✶✳✹ ▼♦❞❡❧❛♥❞♦ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r

❆♣ós ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞♦ ♣r♦❜❧❡♠❛ ❡ ✈✐st♦ q✉❡ s❡ tr❛t❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ t❡♥❞♦ ✐♥t❡r✲

❞❡♣❡♥❞ê♥❝✐❛ ♣r♦♣♦r❝✐♦♥❛❧ ❡♥tr❡ ❛s ✈ár✐❛s ❣r❛♥❞❡③❛s ❡♥✈♦❧✈✐❞❛s✱ ❝❛❜❡ ❛❣♦r❛ ♠♦❞❡❧❛r♠♦s

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

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

q✉❡r❡♠♦s ♠❡❧❤♦r❛r ✭t♦r♥❛r ót✐♠♦✮✳ ❊ss❛ ❢✉♥çã♦ ❡♥✈♦❧✈❡ ❛s ✈❛r✐á✈❡✐s ❛ s❡r❡♠ ♠❛♥✐♣✉❧❛✲

❞❛s ♥❛ s✐t✉❛çã♦ ❡✱ ❡♠ ♥♦ss♦ ❝❛s♦✱ é ✉♠❛ ❡①♣r❡ssã♦ ❧✐♥❡❛r✳ ❚❛♠❜é♠ ❞❡✈❡♠♦s ❡❧❡♥❝❛r ❛s

r❡str✐çõ❡s ❛♣r❡s❡♥t❛❞❛s ♣❡❧♦ ♣r♦❜❧❡♠❛✱ ✈❡r✐✜❝❛r ❝♦♠♦ ❡ss❛s ✐♥❢♦r♠❛çõ❡s s❡ ❝♦♠♣♦rt❛♠ ❡

❝♦♥str✉✐r ❛s ❡①♣r❡ssõ❡s ❛❧❣é❜r✐❝❛s ❧✐♥❡❛r❡s✱ ✐❣✉❛❧❞❛❞❡s✱ ❞❡s✐❣✉❛❧❞❛❞❡s✱ q✉❡ r❡♣r❡s❡♥t❛♠ ❛

s✐t✉❛çã♦✳ P♦❞❡♠♦s ❜✉s❝❛r ♠❛✐s ❛♣r♦❢✉♥❞❛♠❡♥t♦s ❡♠ ❚❛❤❛ ❬✷✵✶✸❪✳

❖ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ❝♦♠♦ q✉❛❧q✉❡r ♠♦❞❡❧♦

❞❡ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦✱ t❡♠ três ❝♦♠♣♦♥❡♥t❡s ❜ás✐❝♦s✿

✶✳ ❱❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ q✉❡ ♣r♦❝✉r❛♠♦s ❞❡t❡r♠✐♥❛r✳ ❆s ✈❛r✐á✈❡✐s q✉❡ ♣♦❞❡♠♦s

♠♦❞✐✜❝❛r ♥❛ ❜✉s❝❛ ❞❛ s♦❧✉çã♦ ót✐♠❛✳

✷✳ ❋✉♥çã♦ ❖❜❥❡t✐✈♦ ✭♠❡t❛✮ q✉❡ ♣r❡❝✐s❛♠♦s ♦t✐♠✐③❛r ✭♠❛①✐♠✐③❛r ♦✉ ♠✐♥✐♠✐③❛r✮✳ ❋✉♥✲

çã♦ ❧✐♥❡❛r ❡ ❝♦♥tí♥✉❛✱ q✉❡ ❡♥✈♦❧✈❡ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦✳

✸✳ ❘❡str✐çõ❡s q✉❡ ❛ s♦❧✉çã♦ ❞❡✈❡ s❛t✐s❢❛③❡r✳ ❊①♣r❡ssõ❡s ❛❧❣é❜r✐❝❛s ❧✐♥❡❛r❡s ✭✐❣✉❛❧❞❛❞❡s

❡✴♦✉ ❞❡s✐❣✉❛❧❞❛❞❡s✮✱ q✉❡ ❛t❡♥❞❡♠ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❧✐♥❡❛r✐❞❛❞❡✱ ❡ ❡♥✈♦❧✈❡ ❛s

✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦✳

✶✳✹✳✶ ❋♦r♠❛ ●❡r❛❧ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r

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

Minimizar : f(x) −→ função objetivo

Sujeito a : x ∈ S −→ região variável✱

❡♠ q✉❡ ♦ ❝♦♥❥✉♥t♦ S é ❞❡✜♥✐❞♦ ♣♦r ❡q✉❛çõ❡s ❡✴♦✉ ✐♥❡q✉❛çõ❡s✱ ❛s q✉❛✐s ❝❤❛♠❛♠♦s ❞❡

r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛✳ ❚❡♠♦s q✉❡ S ⊆ R
n é ❛ ❘❡❣✐ã♦ ❞❡ ❢❛❝t✐❜✐❧✐❞❛❞❡✷ ✱ ♥❡ss❛ r❡❣✐ã♦

❡stã♦ ❛s s♦❧✉çõ❡s q✉❡ ❛t❡♥❞❡♠ ❛ t♦❞❛s ❛s r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛✱ q✉❡ sã♦ ❝❤❛♠❛❞❛s ❞❡

s♦❧✉çõ❡s ✈✐á✈❡✐s ♦✉ ❢❛❝tí✈❡✐s✳

❙❡❥❛ −→x ✱ ♦ ✈❡t♦r✸ ❞❛s ✈❛r✐á✈❡✐s ❞♦ ♣r♦❜❧❡♠❛✱ r❡♣r❡s❡♥t❛❞♦ ♣♦r −→x = (x1, x2, x3, ..., xn)
t

❝♦♠ −→x ∈ R
n✱ ✈❡t♦r ❝♦❧✉♥❛✳ P❛r❛ ❛♣r♦❢✉♥❞❛r ♦s ❝♦♥❤❡❝✐♠❡♥t♦s s♦❜r❡ ✈❡t♦r❡s ❡ ♠❛tr✐③❡s

✈❡❥❛ ❇♦❧❞r✐♥✐ ❡t ❛❧✳ ❬✶✾✽✻❪ ❡ ❙t❡✐♥❜r✉❝❤ ❛♥❞ ❲✐♥t❡r❧❡ ❬✷✵✵✻❪✳

✷❘❡❣✐ã♦ ♦♥❞❡ s❡ ❡♥❝♦♥tr❛♠ ❛s ♣♦ssí✈❡✐s s♦❧✉çõ❡s ❞❛ s✐t✉❛çã♦ ♣r♦❜❧❡♠❛✳ ❚❛♠❜é♠ ♣♦❞❡ s❡r ❝❤❛♠❛❞❛ ❞❡
❘❡❣✐ã♦ ❞❡ ❱✐❛❜✐❧✐❞❛❞❡✳
✸➱ ♦ ❝♦♥❥✉♥t♦ ❞❡ t♦❞♦s ♦s s❡❣♠❡♥t♦s ♦r✐❡♥t❛❞♦s ❝♦♠ ❛ ♠❡s♠❛ ❞✐r❡çã♦✱ ♠ó❞✉❧♦ ❡ s❡♥t✐❞♦✳

✷✸



❖ ✈❡t♦r −→x é ✉♠❛ ♣♦ssí✈❡❧ s♦❧✉çã♦ ❞♦ ♥♦ss♦ ♣r♦❜❧❡♠❛ s❡✱ ❡ s♦♠❡♥t❡ s❡ ❡❧❡ ❛t❡♥❞❡ ❛

t♦❞❛s ❛s r❡str✐çõ❡s ❞❛ r❡❣✐ã♦ S✱ ♦✉ s❡❥❛✱ −→x ∈ S✳

S =



















hi(x) = 0, i = 1, ....,m → restri̧cões de igualdade

gj(x) 6 0, j = 1, ...., l → restri̧cões de desigualdade

rk(x) > 0, k = 1, ...., q → restri̧cões de desigualdade

❆ ❞✐✜❝✉❧❞❛❞❡ ❞❡ ♠♦❞❡❧❛r ♠❛t❡♠❛t✐❝❛♠❡♥t❡ ❡ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r

❞❡♣❡♥❞❡✱ ❡♠ ❣❡r❛❧✱ ❞❛ ❞✐♠❡♥sã♦ ❞♦ ♣r♦❜❧❡♠❛✱ ✐st♦ é✱ ❞♦ ♥ú♠❡r♦ ❞❡ r❡str✐çõ❡s ❡ ✈❛r✐á✈❡✐s

❡♥✈♦❧✈✐❞❛s✳

❘❡s♦❧✈❡r ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❝♦♥s✐st❡ ❡♠ ❞❡t❡r♠✐♥❛r ❛ ♠❡❧❤♦r s♦❧✉çã♦✱

♦✉ s❡❥❛✱ ❞❡t❡r♠✐♥❛r ♦ ✈❡t♦r −→x ∈ S q✉❡ ♠✐♥✐♠✐③❛ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ f(x)✱ ❞❡♥♦♠✐♥❛❞❛

s♦❧✉çã♦ ót✐♠❛✳ P❛r❛ ✐ss♦ é ♥❡❝❡ssár✐♦ ✉s❛r♠♦s ✉♠ ❞♦s ♠ét♦❞♦s ❞❡ r❡s♦❧✉çã♦ ❞✐s♣♦♥í✈❡✐s

❡♠ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✳

❈♦♥s✐❞❡r❡ ✉♠ Pr♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❡s❝r✐t♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

▼✐♥✐♠✐③❛r Z(xn) = c1x1 + c2x2 + ...+ cnxn

❙✉❥❡✐t♦ ❛











































a11x1 + a12x2 + ...+ a1nxn 6 b1 (1)

a21x1 + a22x2 + ...+ a2nxn 6 b2 (2)

a31x1 + a32x2 + ...+ a3nxn 6 b3 (3)
✳✳✳

✳✳✳

am1x1 + am2x2 + ...+ amnxn 6 bm (m)

▼✉✐t♦s ❞♦s ♣r♦❜❧❡♠❛s ❞❡ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r ♥ã♦ sã♦ ❞❡ ♠✐♥✐♠✐③❛çã♦ ❡ s✐♠ ❞❡ ♠❛①✐✲

♠✐③❛çã♦✳ ◗✉❛♥❞♦ ✐ss♦ ♦❝♦rr❡r✱ ♣♦❞❡♠♦s ✉s❛r ❛rt✐❢í❝✐♦s ❛❧❣é❜r✐❝♦s ♣❛r❛ r❡❡s❝r❡✈❡r ♦ ♠♦❞❡❧♦

♥❛ ❢♦r♠❛ ❞❡s❡❥❛❞❛✳

❈♦♥s✐❞❡r❡ q✉❡ ♦ ♣r♦❜❧❡♠❛ ♠♦❞❡❧❛❞♦ t❡♥❤❛ ❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

✷✹



▼❛①✐♠✐③❛r Q(xn) = c1x1 + c2x2 + ...+ cnxn

❙✉❥❡✐t♦ ❛











































a11x1 + a12x2 + ...+ a1nxn 6 b1 (1)

a21x1 + a22x2 + ...+ a2nxn 6 b2 (2)

a31x1 + a32x2 + ...+ a3nxn 6 b3 (3)
✳✳✳

✳✳✳

am1x1 + am2x2 + ...+ amnxn 6 bm (m)

❙❡ q✉❡r❡♠♦s ❛♣❧✐❝❛r ✉♠ ♠ét♦❞♦ q✉❡ ♥❡❝❡ss✐t❛ q✉❡ ❛ ❢✉♥çã♦ s❡❥❛ ❞❡ ♠✐♥✐♠✐③❛çã♦

♣♦❞❡♠♦s ♥♦s ❛t❡r ♥❛ ♣r♦♣r✐❡❞❛❞❡ ❞❡ q✉❡ ▼✐♥ ❩ ❂ ▼❛① ✭✲❩✮✱ ♦✉ s❡❥❛✱ ♠❛①✐♠✐③❛r ✉♠❛

❢✉♥çã♦ é ♠✐♥✐♠✐③❛r ❛ s✉❛ ❢✉♥çã♦ s✐♠étr✐❝❛✳ ◆♦ ♠♦❞❡❧♦ ❞❡ ♠❛①✐♠✐③❛çã♦ ❛♣r❡s❡♥t❛❞♦

❛❝✐♠❛✱ s❡ ❝♦♥s✐❞❡r❛r♠♦s ❲ ❂ ✲◗ ♣♦❞❡♠♦s r❡❡s❝r❡✈❡r ♦ ♠♦❞❡❧♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

▼✐♥✐♠✐③❛r W (xn) = −c1x1 − c2x2 − ...− cnxn

❙✉❥❡✐t♦ ❛











































a11x1 + a12x2 + ...+ a1nxn 6 b1 (1)

a21x1 + a22x2 + ...+ a2nxn 6 b2 (2)

a31x1 + a32x2 + ...+ a3nxn 6 b3 (3)
✳✳✳

✳✳✳

am1x1 + am2x2 + ...+ amnxn 6 bm (m)

❈♦♠♦ ❡①❡♠♣❧♦✱ s✉♣♦♥❤❛ q✉❡ q✉❡r❡♠♦s ♠❛①✐♠✐③❛r Z = 7x1 − 2x2✳

❈♦♥s✐❞❡r❛♥❞♦ W = −Z ✱ t❡♠♦s W = 2x2 − 7x1✳

❊♥tã♦ ♠❛①✐♠✐③❛r Z✱ ♥❡ss❛ s✐t✉❛çã♦✱ é ❡q✉✐✈❛❧❡♥t❡ ❛ ♠✐♥✐♠✐③❛r W ✳

❖✉tr❛ ♣♦ss✐❜✐❧✐❞❛❞❡ é t❡r♠♦s r❡str✐çõ❡s ❞♦ t✐♣♦ ♠❛✐♦r ♦✉ ✐❣✉❛❧✱ ❛♦ ✐♥✈és ❞❡ ♠❡♥♦r ♦✉

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

✭✲✶✮✳

P♦r ❡①❡♠♣❧♦✱ s✉♣♦♥❞♦ q✉❡ ✉♠❛ r❡str✐çã♦ ❞♦ ♣r♦❜❧❡♠❛ s❡❥❛ 5x1 − 3x2 > 7✳

❼ P♦❞❡♠♦s r❡❡s❝r❡✈ê✲❧❛ ❝♦♠♦ (−1)× (5x1 − 3x2 > 7) ⇐⇒ −5x1 + 3x2 6 −7✳

❼ ❉❡ss❛ ❢♦r♠❛✱ ♣❛ss❛♠♦s ❛ t❡r ❛ ✐♥❡q✉❛çã♦✿ −5x1 + 3x2 6 −7✳

P♦❞❡♠♦s ❛✐♥❞❛ tr❛♥s❢♦r♠❛r ❞❡s✐❣✉❛❧❞❛❞❡s ❡♠ ✐❣✉❛❧❞❛❞❡s ❛❝r❡s❝❡♥t❛♥❞♦ ✈❛r✐á✈❡✐s ❞❡ ❢♦❧❣❛✱

♣❛r❛ r❡str✐çõ❡s ❞❡ ♠❡♥♦r ♦✉ ✐❣✉❛❧ ✭ ✳✳✳+xm✮✱ ♦✉ r❡t✐r❛♥❞♦ ✈❛r✐á✈❡✐s ❞❡ ❡①❝❡ss♦ ✭ ✳✳✳−xm✮✱

♣❛r❛ r❡str✐çõ❡s ❞❡ ♠❛✐♦r ♦✉ ✐❣✉❛❧✳ P❛r❛ ♠❛✐s ❞❡t❛❧❤❡s ✈❡❥❛✿

✷✺



❆r❡♥❛❧❡s ❛♥❞ ❉❛r❡③③♦ ❬✷✵✶✺❪✱ ▲❛❝❤t❡r♠❛r❝❤❡r ❬✷✵✶✸❪✱ ●♦❧❞❜❛r❣ ❛♥❞ ▲✉♥❛ ❬✷✵✵✺❪ ❡

❆r❡♥❛❧❡s ❡t ❛❧✳ ❬✷✵✵✼❪✳

❬✳✳✳tr❛♥s❢♦r♠❛r ♦ ❝♦♥❥✉♥t♦ ❞❡ r❡str✐çõ❡s ❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡q✉❛çõ❡s ❡q✉✐✲
✈❛❧❡♥t❡s✱ ❝♦♠ ❛ ✐♥tr♦❞✉çã♦ ❞❡ ✈❛r✐á✈❡✐s q✉❡ r❡♣r❡s❡♥t❛rã♦ ❛ ❢♦❧❣❛ ❡♥tr❡ ♦s
❧❛❞♦s ❞✐r❡✐t♦ ✭r✐❣❤t ❤❛♥❞ s✐❞❡ ✕ ❘❍❙✮ ❡ ❡sq✉❡r❞♦ ✭❧❡❢t ❤❛♥❞ s✐❞❡ ✕ ▲❍❙✮ ❞❛s
✐♥❡q✉❛çõ❡s✳✳✳❪

▲❛❝❤t❡r♠❛r❝❤❡r ❬✷✵✶✸❪

❈♦♠♦ ❡①❡♠♣❧♦✱ ❝♦♥s✐❞❡r❡ ❛s ❞❡s✐❣✉❛❧❞❛❞❡s✿

5x1 − 3x2 > 7 (i)

4x1 − 2x2 6 6 (ii)

❆❞♠✐t✐♥❞♦ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ ✈❛r✐á✈❡❧ ❞❡ ❢♦❧❣❛ x3 ❡ ✉♠❛ ✈❛r✐á✈❡❧ ❞❡ ❡①❝❡ss♦ x4✿

❼ ❡s❝r❡✈❡r❡♠♦s ❛ ✐♥❡q✉❛çã♦ (i) ❝♦♠♦ ❡q✉❛çã♦✿ 5x1 − 3x2 − x4 = 7✱

❼ ❛ ✐♥❡q✉❛çã♦ (ii) ❝♦♠♦ ❡q✉❛çã♦✿ 4x1 − 2x2 + x3 = 6✳

❊ ❝♦♥t✐♥✉❛♠♦s ♦ ♣r♦❝❡ss♦ ❞❡ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ♣❡❧♦ ♠ét♦❞♦ ❡s❝♦❧❤✐❞♦✳

❊ss❡s ❡ ♦✉tr♦s ❝❛s♦s q✉❡ ♣♦❞❡♠ ❛♣❛r❡❝❡r s❡rã♦ ♠❡❧❤♦r ❡①❡♠♣❧✐✜❝❛❞♦s ♥♦s ❝❛♣ít✉❧♦s

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

♠ét♦❞♦s ❛♣r❡s❡♥t❛❞♦s ❛té ♦ ♠♦♠❡♥t♦✳

❆ ❢♦r♠❛ ❣❡r❛❧ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦ ❛t❡♥❞❡ ❛♦s ♣❛ss♦s ❞❡ r❡s♦❧✉çã♦ ❞❡ ♣r♦✲

❜❧❡♠❛s ❛♣r❡s❡♥t❛❞♦ ♣♦r P♦❧②❛ ❬✷✵✵✻❪✱ q✉❡ ♣♦❞❡♠ s❡r r❡s✉♠✐❞♦s ❡♠✿

✶✳ ❊♥t❡♥❞❡r ♦ ♣r♦❜❧❡♠❛✳

✷✳ ❈r✐❛r ✉♠❛ ❡str❛té❣✐❛ ♣❛r❛ r❡s♦❧✉çã♦✳

✸✳ ❆♣❧✐❝❛r ❡ss❛ ❡str❛té❣✐❛✳

✹✳ ❱❡r✐✜❝❛r s❡ ❛ s♦❧✉çã♦ ❛t❡♥❞❡ ❛s ❝♦♥❞✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛✳

✷✻



✶✳✹✳✷ ❋♦r♠❛ ♣❛❞rã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r

❈♦♥s✐❞❡r❡♠♦s✱ ❝♦♠♦ ❆r❡♥❛❧❡s ❛♥❞ ❉❛r❡③③♦ ❬✷✵✶✺❪✱ q✉❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦

▲✐♥❡❛r ♣♦❞❡ s❡r ❡s❝r✐t♦ ♥❛ ❢♦r♠❛ ♣❛❞rã♦✿

Minimizar Z(x) = −→c · x −→ (0) função objetivo

Sujeito a







A · −→x =
−→
b

−→x >
−→
0

−→ (1) restri̧cões do problema

❊♠ (0)✱ t❡♠♦s ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❛ s❡r ♠✐♥✐♠✐③❛❞❛✱ ❡♥q✉❛♥t♦ q✉❡ ❡♠ (1) ❛s r❡str✐çõ❡s

❞♦ ♣r♦❜❧❡♠❛✱ ❡♠ q✉❡ ❛ ♠❛tr✐③ Am×n é ❛ ♠❛tr✐③ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❛s ✈❛r✐á✈❡✐s ❞❡

❞❡❝✐sã♦✱ ❡♠ ❣❡r❛❧ ❝♦♠ n > m✱ ♦ ✈❡t♦r ❝✉st♦ −→c ∈ R
n é ✉♠ ✈❡t♦r ❧✐♥❤❛✱ ♦ ✈❡t♦r s♦❧✉✲

çã♦ −→x ∈ R
n ✉♠ ✈❡t♦r ❝♦❧✉♥❛ ❡

−→
b ∈ R

m ✉♠ ✈❡t♦r ❝♦❧✉♥❛ ❝♦♠ ❝♦♠♣♦♥❡♥t❡s ♥ã♦ ♥❡❣❛t✐✈❛s✳

❚❡♠♦s q✉❡✿

❼
−→c = ( c1, c2, ..., cn) é ♦ ✈❡t♦r ❝✉st♦✳

❼
−→x = ( x1, x2, ..., xn)

t é ♦ ✈❡t♦r ❞❛s ✈❛r✐á✈❡✐s✳

❼
−→
b = ( b1, b2, ..., bn)

t é ♦ ✈❡t♦r ❞♦s t❡r♠♦s ✐♥❞❡♣❡♥❞❡♥t❡s✳

❼
−→
0 = ( 0, 0, ..., 0)t é ♦ ✈❡t♦r ❝✉❥♦s ❡❧❡♠❡♥t♦s sã♦ t♦❞♦s ✐❣✉❛✐s ❛ ③❡r♦✳

❙❡♠ ♣❡r❞❛ ❞❡ ❣❡♥❡r❛❧✐❞❛❞❡✱ ❝♦♥s✐❞❡r❛♠♦s q✉❡ ♦ ❝♦♥❥✉♥t♦ ❢♦r♠❛❞♦ ♣❡❧❛s m ❧✐♥❤❛s ❞❛

♠❛tr✐③ A é ❧✐♥❡❛r♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡✳ ❙❡ t✐✈❡r♠♦s ❧✐♥❤❛s ❧✐♥❡❛r♠❡♥t❡ ❞❡♣❡♥❞❡♥t❡s ♦

s✐st❡♠❛ Ax = b ♥ã♦ t❡♠ s♦❧✉çã♦ ♦✉ t❡♠ ❡q✉❛çõ❡s q✉❡ ♣♦❞❡♠ s❡r r❡t✐r❛❞❛s s❡♠ q✉❡ ❛

r❡❣✐ã♦ ❢❛❝tí✈❡❧ s❡ ❛❧t❡r❡✳

❖ ❝♦♥❥✉♥t♦ ❞❡ r❡str✐çõ❡s ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ♣♦❞❡ ❝♦♥t❡r ❞❡s✐✲

❣✉❛❧❞❛❞❡s✱ ✐❣✉❛❧❞❛❞❡s ♦✉ ❛♠❜❛s✱ ♠❛s s❡♠♣r❡ ♣♦❞❡♠♦s ❡s❝r❡✈ê✲❧♦ ♥❛ ❢♦r♠❛ ♣❛❞rã♦ ♣❛r❛

❛♣❧✐❝❛r♠♦s ♦ ▼ét♦❞♦ ❙✐♠♣❧❡①✱ q✉❡ ❞❡t❛❧❤❛r❡♠♦s ♥♦ ❝❛♣ít✉❧♦ s❡❣✉✐♥t❡✳

◗✉❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ♥ã♦ ❡stá ♥❛ ❢♦r♠❛ ♣❛❞rã♦✱ ♣❛r❛ ❝❛❞❛ ❝❛s♦✱

t❡♠♦s té❝♥✐❝❛s ♣❛r❛ ❝♦❧♦❝á✲❧♦ ❝♦♠♦ s❡❣✉❡✿
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❼ ❉❡s✐❣✉❛❧❞❛❞❡s (6 ou >)✱ ❡❧❛s ♣♦❞❡♠ s❡r tr❛♥s❢♦r♠❛❞❛s ❡♠ ✐❣✉❛❧❞❛❞❡s q✉❛♥❞♦

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

✈❛r✐á✈❡✐s s❡rã♦ ♠❡❧❤♦r ❞❡✜♥✐❞❛s ♥♦s ❡①❡♠♣❧♦s s✉❜s❡q✉❡♥t❡s✳



















a1 + a2 + ...+ an 6 b −→ a1 + a2 + ...+ an + an+1 = b V ariável de folga

ou

a1 + a2 + ...+ an > b −→ a1 + a2 + ...+ an − an+1 = b V ariável de excesso

❼ ❚❡r♠♦ ✐♥❞❡♣❡♥❞❡♥t❡✱ b < 0✱ ♥❡ss❡ ❝❛s♦ ❜❛st❛ ♠✉❧t✐♣❧✐❝❛r ❛ r❡str✐çã♦ ♣♦r (−1) ❡

t❡♠♦s b > 0✳

❼ ❱❛r✐á✈❡✐s ❧✐✈r❡s✱ sã♦ ❛s ✈❛r✐á✈❡✐s q✉❡ ♣♦❞❡♠ ❛ss✉♠✐r ✈❛❧♦r❡s ♣♦s✐t✐✈♦s✱ ♥❡❣❛t✐✈♦s

♦✉ ♥✉❧♦s✱ ♦✉ s❡❥❛✱ sã♦ ✐rr❡str✐t❛s ❞❡ s✐♥❛❧✳ ■♥❞✐❝❛♠♦s ♥♦ ♣r♦❜❧❡♠❛ ❝♦♠♦ xk ❧✐✈r❡ ❡

♣♦❞❡♠♦s s✉❜st✐t✉í✲❧❛s ♣❡❧❛ ❞✐❢❡r❡♥ç❛ ❞❡ ❞✉❛s ✈❛r✐á✈❡✐s ♥ã♦ ♥❡❣❛t✐✈❛s x′

k ❡ x′′

k✱ ✐st♦

é✱ xk = x′

k − x′′

k✱ ❡♠ q✉❡ x′

k > 0 ❡ x′′

k > 0✳

❼ ❱❛r✐á✈❡❧ ♥ã♦ ♣♦s✐t✐✈❛✱ ♥❡ss❡ ❝❛s♦ ❜❛st❛ s✉❜st✐t✉í✲❧❛ ♣❡❧❛ s✉❛ s✐♠étr✐❝❛✱ ♦✉ s❡❥❛✱

x′

k = −xk✱ ❡ s✉❜st✐t✉✐r xk ♣♦r −x′

k ❡ t❡♠♦s x′

k > 0✳

❼ Pr♦❜❧❡♠❛s ❞❡ ♠❛①✐♠✐③❛çã♦✱ ♥❡ss❡ ❝❛s♦ t❛♠❜é♠ ✉s❛♠♦s ❛ s✐♠❡tr✐❛✱ s✉❜st✐t✉✐♥❞♦

❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❛ s❡r ♠❛①✐♠✐③❛❞❛ ♣♦r ✉♠❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❛ s❡r ♠✐♥✐♠✐③❛❞❛ ❝♦♠

s✐♥❛❧ tr♦❝❛❞♦✱ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

Max Z(x) = Min − Z(x)

❆♣❧✐❝❛♥❞♦ ❡ss❛s té❝♥✐❝❛s ❝♦♥s❡❣✉✐♠♦s ❡s❝r❡✈❡r ♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ♥❛ ❢♦r♠❛

♣❛❞rã♦ ❡ ♣r♦ss❡❣✉✐♠♦s ❝♦♠ ❛ s♦❧✉çã♦ ♣❡❧♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ♦✉ ♦✉tr♦ ♠ét♦❞♦ ❞❡ r❡s♦❧✉çã♦

❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✳

P♦❞❡♠♦s r❡s✉♠✐r ♦s ♣❛ss♦s ❞❛ s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❝♦♠♦ ♥❛ ❋✐❣✉r❛ ✶✳✶✿

❋✐❣✉r❛ ✶✳✶✿ P❛ss♦s ♣❛r❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s✳
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✶✳✹✳✸ ❊①❡♠♣❧♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ❞❡ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r

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

♣r♦❜❧❡♠❛✱ q✉❡ ❡♥✈♦❧✈❡ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡✐s ❡♠ ❝❛rr♦s ✢❡①✳ ❊ss❛ ♠❡s♠❛ s✐t✉❛çã♦

s❡rá ❛❜♦r❞❛❞❛ ✈ár✐❛s ✈❡③❡s ❝♦♠ ♦❜❥❡t✐✈♦ ❞❡ ❡♥t❡♥❞❡r ♦ ♣r♦❝❡ss♦ ❡ ❢❛③❡r ❝♦♠♣❛r❛çõ❡s✳

❊♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣♦st♦ ❞❛ ❝✐❞❛❞❡✱ ❛ ❣❛s♦❧✐♥❛ ❝✉st❛ ❘✩ ✸✱✶✺ ❡ ♦ ❡t❛♥♦❧

❝✉st❛ ❘✩ ✶✱✾✺✳ ❈♦♥s✐❞❡r❡♠♦s ❝❛rr♦s ♣♦♣✉❧❛r❡s q✉❡ ❢❛③❡♠✱ ❝♦♠ ❡t❛♥♦❧✱

✾✱✶ ❦♠✴❧ ✭❝✐❞❛❞❡✮ ❡ ✾✱✻ ❦♠✴❧ ✭❡str❛❞❛✮❀ s❡ ❛❜❛st❡❝✐❞♦s ❝♦♠ ❣❛s♦❧✐♥❛✱ ❛s

♠é❞✐❛s ✜❝❛♠ ❡♠ ✶✸✱✶ ❦♠✴❧ ✭❝✐❞❛❞❡✮ ❡ ✶✹✱✸ ❦♠✴❧ ✭❡str❛❞❛✮✳ P❛r❛ ❢❛❝✐❧✐t❛r

❛s ❛♥á❧✐s❡s ❝♦♥s✐❞❡r❛r❡♠♦s q✉❡ ♥❛ ♠✐st✉r❛ ❞❡ ❝♦♠❜✉stí✈❡✐s ♦ ❝♦♥s✉♠♦ é

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

❡ ✉s♦✳ ❯♠ ❝❛rr♦ ♣♦♣✉❧❛r t❡♠ t❛♥q✉❡ ❞❡ ❝♦♠❜✉stí✈❡❧ ❡♠ ♠é❞✐❛ ❞❡ ✺✵

❧✐tr♦s✳ ◗✉❡r❡♠♦s ♣❡r❝♦rr❡r ❛ ♠á①✐♠❛ q✉✐❧♦♠❡tr❛❣❡♠ ♥❛ ❡str❛❞❛✱ ❝♦♠

♦s ❘✩ ✶✷✵✱✵✵ q✉❡ t❡♠♦s✳ ◗✉❛❧ ❛ ♠❡❧❤♦r ❢♦r♠❛ ❞❡ ❛❜❛st❡❝✐♠❡♥t♦❄

❆♥❛❧✐s❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ ♣❡r❝❡❜❡♠♦s q✉❡ ❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦✱ q✉❡ ❝♦♥tr♦❧❛♠ ♦ ♦❜❥❡✲

t✐✈♦✱ sã♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❧✐tr♦s ❞❡ ❝❛❞❛ ❝♦♠❜✉stí✈❡❧✳ ❈❤❛♠❛r❡♠♦s ❞❡ x1 ❛ q✉❛♥t✐❞❛❞❡ ❞❡

❧✐tr♦s ❞❡ ❣❛s♦❧✐♥❛ ❡ ❞❡ x2 ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❧✐tr♦s ❞❡ á❧❝♦♦❧✳ P❡r❝❡❜❡♠♦s q✉❡ t♦❞❛ s✐t✉❛çã♦

❡stá ✈✐♥❝✉❧❛❞❛ ❛ ❡ss❛s ❣r❛♥❞❡③❛s✳ ❆q✉✐ ❡♥❝♦♥tr❛♠♦s ❞✉❛s ✈❛r✐á✈❡✐s✱ ♠❛s ✈❛❧❡ ❧❡♠❜r❛r ❞❡

q✉❡ ♣♦❞❡♠♦s t❡r ♠✉✐t❛s ♦✉tr❛s ❡♠ ♣r♦❜❧❡♠❛s r❡❛✐s✳

◗✉❡r❡♠♦s ❛♥❞❛r à ♠á①✐♠❛ q✉✐❧♦♠❡tr❛❣❡♠ ♥❛ ❡str❛❞❛ ❡ s❛❜❡♠♦s q✉❡ ♦ r❡♥❞✐♠❡♥t♦

❞♦ á❧❝♦♦❧ ♥❛ ❡str❛❞❛ é ❞❡ ✾✱✻ ❦♠✴❧ ❡ ♦ ❞❡ ❣❛s♦❧✐♥❛ ✶✹✱✸ ❦♠✴❧✳ ❈♦♠ ❡ss❛ ✐♥❢♦r♠❛çã♦✱

♣♦❞❡♠♦s ❡s❝r❡✈❡r ❛ ♥♦ss❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ ❛ q✉❛❧ q✉❡r❡♠♦s ♠❛①✐♠✐③❛r✳

Maximizar f(x1, x2) = 14, 3x1 + 9, 6x2✳

■❞❡♥t✐✜❝❛❞❛ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ ❞❡✈❡♠♦s ✈❡r✐✜❝❛r ❛s r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛✿

❼ ❙❛❜❡♠♦s q✉❡ ♥♦ ❝❛rr♦ só ❝❛❜❡♠ ✺✵ ❧✐tr♦s ❞❡ ❝♦♠❜✉stí✈❡❧✱ ❧♦❣♦✱

x1 + x2 6 50.

❼ ❖ ❣❛st♦ ❝♦♠ ❝♦♠❜✉stí✈❡❧ ♥ã♦ ♣♦❞❡ ✉❧tr❛♣❛ss❛r ❘✩ ✶✷✵✱✵✵✳ ❆ss✐♠✱

3, 15x1 + 1, 95x2 6 120.

✷✾



❼ ❆ q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦♠❜✉stí✈❡❧ ♥ã♦ ♣♦❞❡ s❡r ♥❡❣❛t✐✈❛✱ ♦✉ s❡❥❛✱

x1 > 0 e x2 > 0

✳

❘❡ss❛❧t❛❞❛s ❛s r❡str✐çõ❡s ❡ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ ♣♦❞❡♠♦s ❡s❝r❡✈❡r ♦ ♠♦❞❡❧♦✱ ❡♠ q✉❡ t♦❞♦s

♦s ✈❛❧♦r❡s q✉❡ ❛t❡♥❞❡♠ ❛♦ s✐st❡♠❛ sã♦ s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ✭♣♦ssí✈❡✐s✮ ❞♦ ♣r♦❜❧❡♠❛✱ t❡♠♦s

❞❡ ❡♥❝♦♥tr❛r ❛ ♠❡❧❤♦r ❡♥tr❡ ❡❧❛s ✭s♦❧✉çã♦ ót✐♠❛✮✳

Maximizar f(x1, x2) = 14, 3x1 + 9, 6x2 (2)

Sujeito a































x1 + x2 6 50 (3)

3, 15x1 + 1, 95x2 < 120 (4)

x1 > 0 (5)

x2 > 0 (6)

❆ ❡q✉❛çã♦ ✭✷✮ r❡♣r❡s❡♥t❛ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ q✉❡ ❡stá s✉❥❡✐t❛ ❛s r❡str✐çõ❡s ✭✸✮✱ ✭✹✮✱ ✭✺✮

❡ ✭✻✮ ❡ t♦❞❛s sã♦ ❢✉♥çõ❡s ❧✐♥❡❛r❡s✱ ♦ q✉❡ ✐♠♣❧✐❝❛ ❡♠ ❛t❡♥❞❡r ❛ três ♣r♦♣r✐❡❞❛❞❡s ❜ás✐❝❛s✿

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

❈♦♠♦ ❛t❡♥❞❡ ❛s três ♣r♦♣r✐❡❞❛❞❡s✱ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❡q✉❛çõ❡s ❡ ✐♥❡q✉❛çõ❡s r❡♣r❡s❡♥t❛ ♦

♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❡ s✉❛ r❡s♦❧✉çã♦ ❝♦♥s✐st❡ ❡♠ ❡♥❝♦♥tr❛r ❛ ♠❡❧❤♦r

s♦❧✉çã♦✱ q✉❡ ♣♦❞❡ s❡r ♦❜t✐❞❛ ♣♦r ♠ét♦❞♦s ❣rá✜❝♦s ♦✉ ❛❧❣é❜r✐❝♦s✳

✶✳✺ ❆❧❣✉♥s ❈♦♥❝❡✐t♦s Pr❡❧✐♠✐♥❛r❡s

P❛r❛ ❝♦♠♣r❡❡♥❞❡r♠♦s ♠❡❧❤♦r ♦s ♠ét♦❞♦s ❞❡ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r

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

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

❙t❡✐♥❜r✉❝❤ ❛♥❞ ❲✐♥t❡r❧❡ ❬✷✵✵✻❪✱ ❇♦❧❞r✐♥✐ ❡t ❛❧✳ ❬✶✾✽✻❪✱

❆r❡♥❛❧❡s ❛♥❞ ❉❛r❡③③♦ ❬✷✵✶✺❪✱ ❆r❡♥❛❧❡s ❡t ❛❧✳ ❬✷✵✵✼❪✳

✸✵



✶✳✺✳✶ ❱❡t♦r

❱❡t♦r é ✉♠ s✉❜st❛♥t✐✈♦ ♠❛s❝✉❧✐♥♦ q✉❡ s✐❣♥✐✜❝❛ ❝♦♥❞✉t♦r ♦✉ ♣♦rt❛❞♦r✳ ◆❛ ♠❛t❡♠át✐❝❛

r❡♣r❡s❡♥t❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ t♦❞♦s ♦s s❡❣♠❡♥t♦s ♦r✐❡♥t❛❞♦s ❡q✉✐♣♦❧❡♥t❡s✳ ➱ ♦ ❝♦♥❥✉♥t♦ ❞❡ n

s❡❣♠❡♥t♦s ♦r✐❡♥t❛❞♦s q✉❡ ❞❡♣❡♥❞❡♠ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s n✲❞✐♠❡♥s✐♦♥❛✐s ❡ q✉❡

s❡ tr❛♥s❢♦r♠❛♠ s❡❣✉♥❞♦ ❧❡✐s ❜❡♠ ❞❡t❡r♠✐♥❛❞❛s q✉❛♥❞♦ s❡ ♠✉❞❛ ♦ s✐st❡♠❛✳

P❛r❛ ❡♥t❡♥❞❡r♠♦s ♠❡❧❤♦r✱ ❝♦♥s✐❞❡r❛r❡♠♦s✿

❼ ❖s ♣♦♥t♦s A = (−3,−2)✱ B = (−1, 1)✱ C = (2,−1)✱ D = (4, 2)✱ E = (2, 2)✱

F = (4, 5)✱ G = (−3, 2) ❡ H = (−1, 5)

❼ ❊ ♦s s❡❣♠❡♥t♦s ♦r✐❡♥t❛❞♦s✿ AB✱ CD✱ EF ❡ GH✳

❘❡♣r❡s❡♥t❛♥❞♦ ❡ss❡s s❡❣♠❡♥t♦s ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦ ♥❛ ❋✐❣✉r❛✱ t❡♠♦s✿

❋✐❣✉r❛ ✶✳✷✿ ❙❡❣♠❡♥t♦s ❡ ✈❡t♦r❡s ♥♦ P❧❛♥♦ ❈❛rt❡s✐❛♥♦

✸✶



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

❡ s❡♥t✐❞♦✱ ❡♥tã♦❀ ❆❇✱ ❈❉✱ ❊❋ ❡ ●❍✱ sã♦ ❡q✉✐♣♦❧❡♥t❡s✳

AB ∼ CD ∼ EF ∼ GH

❙❡ ✐♥❞✐❝❛r♠♦s ♣♦r v ❡st❡ ❝♦♥❥✉♥t♦✱ s✐♠❜♦❧✐❝❛♠❡♥t❡ ♣♦❞❡♠♦s ❡s❝r❡✈❡r✿

−→v = AB ∼ CD ∼ EF ∼ GH✱ ♦♥❞❡ v r❡♣r❡s❡♥t❛ q✉❛❧q✉❡r s❡❣♠❡♥t♦ ❡q✉✐♣♦❧❡♥t❡

❛ ❡❧❡✳

■❞❡♥t✐✜❝❛♠♦s ♦ ✈❡t♦r
−→
AB ❝♦♠♦ B − A ❡ ❝❤❛♠❛♠♦s ❞❡ −→v ✱ ❛ss✐♠✿

−→
AB = B − A = (−1, 1)− (−3,−2) = (2, 3) ⇐⇒ −→v = (2, 3)✳

●❡♥❡r✐❝❛♠❡♥t❡ ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦ r❡♣r❡s❡♥t❛♠♦s ✉♠ ✈❡t♦r ❝♦♠♦ −→v = (x, y)✳

❆ss✐♠✱ ✉♠ ✈❡t♦r
−→
AB é ❞❡t❡r♠✐♥❛❞♦ ♣♦r ✉♠❛ ✐♥✜♥✐❞❛❞❡ ❞❡ s❡❣♠❡♥t♦s ♦r✐❡♥t❛❞♦s

t♦❞♦s ❡q✉✐♣♦❧❡♥t❡s ❡♥tr❡ s✐✳ ❆ss✐♠✱ ✉♠ s❡❣♠❡♥t♦ ❞❡t❡r♠✐♥❛ ✉♠ ❝♦♥❥✉♥t♦ q✉❡ é ♦ ✈❡t♦r
−→v ✱ ❡ q✉❛❧q✉❡r ✉♠ ❞❡ss❡s r❡♣r❡s❡♥t❛♥t❡s ❞❡t❡r♠✐♥❛ ♦ ♠❡s♠♦ ✈❡t♦r✳ P♦rt❛♥t♦✱ ❝♦♠

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

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

✐♥✜♥✐t♦s s❡❣♠❡♥t♦s ♦r✐❡♥t❛❞♦s ❞❡ ♦r✐❣❡♠ ❝♦♠✉♠✱ ❡st❛r❡♠♦s ❝❛r❛❝t❡r✐③❛♥❞♦✱ ❛tr❛✈és ❞❡

r❡♣r❡s❡♥t❛♥t❡s✱ ❛ t♦t❛❧✐❞❛❞❡ ❞❡ ✈❡t♦r❡s ♥♦ ❡s♣❛ç♦✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ t♦❞♦s ♦s ✈❡t♦r❡s s❡

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

❙❡♠ ♣❡r❞❛ ❞❡ ❣❡♥❡r❛❧✐❞❛❞❡ r❡♣r❡s❡♥t❛r❡♠♦s ♦s ✈❡t♦r❡s −→v ∈ R
n ❝♦♠♦ −→v =

( v1, v2, v3, ..., vn)✳

✶✳✺✳✷ ❱❡t♦r ●r❛❞✐❡♥t❡

❊♠ ✉♠❛ ❢✉♥çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈❛r✐á✈❡✐s✱ ❝❤❛♠❛♠♦s ❞❡ ✈❡t♦r ❣r❛❞✐❡♥t❡ ♦ ✈❡t♦r q✉❡

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

✈❛❧♦r ❞❡ ✉♠❛ ❞❡ s✉❛s ✈❛r✐á✈❡✐s✳ ◆❛s ❢✉♥çõ❡s ❧✐♥❡❛r❡s ♦ ✈❡t♦r ❣r❛❞✐❡♥t❡ é ♦❜t✐❞♦ ✉s❛♥❞♦

❝♦♠♦ ❝♦♦r❞❡♥❛❞❛s ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛s ✈❛r✐á✈❡✐s ❞❛ ❢✉♥çã♦✳ ❊ss❡s ❝♦❡✜❝✐❡♥t❡s ❝♦♥tr♦❧❛♠

♦s ✐♥❝r❡♠❡♥t♦s ♥❛ ❢✉♥çã♦ ♣r♦✈♦❝❛♥❞♦ s✉❛ ❛❧t❡r❛çã♦✳
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❈♦♥s✐❞❡r❛♥❞♦ ❛ ❢✉♥çã♦ ❞❡ ❞✉❛s ✈❛r✐á✈❡✐s f(x1, x2) = c1x1 + c2x2✱ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ x1

❡ x2 sã♦ ❛s ❝♦♦r❞❡♥❛❞❛s ❞♦ ✈❡t♦r ❣r❛❞✐❡♥t❡ ❞❛ ❢✉♥çã♦✱ ❛ss✐♠✿

−→n = (c1 ; c2) =⇒ vetor gradiente da função✳

❙❡❥❛ (a, b) ✉♠ ✈❡t♦r q✉❛❧q✉❡r ✜①♦ ♥❛ ❞✐r❡çã♦ ❡ s❡♥t✐❞♦ ❞♦ ✈❡t♦r ❣r❛❞✐❡♥t❡ −→n ✱ ❡ r ❛

r❡t❛ ♣❡r♣❡♥❞✐❝✉❧❛r à ❞✐r❡çã♦ ❞♦ ✈❡t♦r ❣r❛❞✐❡♥t❡ ♣❛ss❛♥❞♦ ♣♦r (a, b)✳ ❊ ❝♦♥s✐❞❡r❛♥❞♦ ♥❛s

r❡t❛s✱ ♣❛r❛ s✐♠♣❧✐✜❝❛çã♦ ❞❡ r❡❣✐str♦✱ x = x1 ❡ y = x2✱ ❝♦♠♦ ❝♦♥✈❡♥❝✐♦♥❛❞♦ ♥❛ ❣❡♦♠❡tr✐❛

❛♥❛❧ít✐❝❛ ♣❧❛♥❛✱ ♦❜s❡r✈❛♠♦s✱ ❝♦♠♦ ♥❛ ❋✐❣✉r❛ ✶✳✸✳

❋✐❣✉r❛ ✶✳✸✿ ❱❡t♦r ❣r❛❞✐❡♥t❡ −→n ❡ r❡t❛ r

❆ss✐♠✱ r : (x, y) = (a, b) + λ(−c2, c1)✱ ❝♦♠ (−c2, c1) ✈❡t♦r ♣❡r♣❡♥❞✐❝✉❧❛r ❛♦ ✈❡t♦r

❣r❛❞✐❡♥t❡✳

■ss♦ ♠♦str❛ q✉❡ q✉❛❧q✉❡r ♣♦♥t♦ ♥❛ r❡t❛ r é ❞❛❞♦ ♣♦r (−c2, c1)✱ ❝♦♠ (−c2, c1)

♣❡r♣❡♥❞✐❝✉❧❛r ❛♦ ✈❡t♦r ❣r❛❞✐❡♥t❡−→n ✳
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▲♦❣♦✱ ♣❛r❛ q✉❛❧q✉❡r ♣♦♥t♦ ♥❛ r❡t❛ r t❡♠♦s✿

f(x1, x2) = c1x1 + c2x2

f(x1, x2) = c1(a− c2λ) + c2(b+ c1λ)

f(x1, x2) = c1a+ c2b✳

P♦rt❛♥t♦✱ ♣❛r❛ t♦❞♦ (x, y) ❡♠ r ❛ ❢✉♥çã♦ f(x1, x2) é ❝♦♥st❛♥t❡ ❡ ✐❣✉❛❧ ❛ c1a + c2b✳

✭❞❡♣❡♥❞❡ ❛♣❡♥❛s ❞❡ a ❡ ❞❡ b✮

❆ss✐♠✱ s❡ t✐✈❡r♠♦s (c, d) ♥❛ ❞✐r❡çã♦ ❡ s❡♥t✐❞♦ ❞♦ ✈❡t♦r ❣r❛❞✐❡♥t❡ −→n ❝♦♠ c > a ❡ d > b

❡ s : (x, y) = (c, d) + λ(−c2, c1) ✱ ❝♦♠♦ ♥❛ ❋✐❣✉r❛ ✶✳✹✳

✱

❋✐❣✉r❛ ✶✳✹✿ ❘❡t❛s r ❡ s r❡♣r❡s❡♥t❛♥❞♦ f(x1, x2)

❉❡ ❢♦r♠❛ ❛♥á❧♦❣❛ à r❡t❛ r✱ ♥❛ r❡t❛ s t❡♠♦s✿

f(x1, x2) = c1c+ c2d
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▲♦❣♦✱ ♣❛r❛ t♦❞♦ (x, y) ❡♠ s ❛ ❢✉♥çã♦ f(x1, x2) é ❝♦♥st❛♥t❡ ❡ ✐❣✉❛❧ ❛ c1c+c2d✳ ✭❞❡♣❡♥❞❡

❛♣❡♥❛s ❞❡ c ❡ ❞❡ d✮

❈♦♠♦ c1c+ c2d > c1a+ c2b ♦ ✈❛❧♦r ♥❛ r❡t❛ s ♣❛r❛ f(x1, x2) é ♠❛✐♦r ❞♦ q✉❡ ♦ ✈❛❧♦r ♥❛

r❡t❛ r✳

❉❡ss❛ ❢♦r♠❛✱ ❛ ♠❡❞✐❞❛ q✉❡ ✈❛♠♦s ❛✉♠❡♥t❛♥❞♦ ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ f(x1, x2) = c1x1+c2x2

❛ ❧✐♥❤❛ q✉❡ r❡♣r❡s❡♥t❛ ❛ ❢✉♥çã♦ f é ♣❡r♣❡♥❞✐❝✉❧❛r ❛♦ ✈❡t♦r ❣r❛❞✐❡♥t❡ −→n ❡ ❝♦♥s❡q✉❡♥t❡✲

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

✈❡t♦r ❣r❛❞✐❡♥t❡ −→n ✳

❙❡♠ ♣❡r❞❛ ❞❡ ❣❡♥❡r❛❧✐❞❛❞❡s✱ ❞❡✜♥✐♠♦s ♦ ✈❡t♦r ❣r❛❞✐❡♥t❡ −→n ❞❡ ✉♠❛ ❢✉♥çã♦ ❧✐♥❡❛r✱

f(x1, x2, x3, ... , xn) = c1x1 + c2x2 + c3x3 + ... + xn✱

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

−→n = (c1, c2, c3, ... , cn)✳

✶✳✺✳✸ ❈♦♥❥✉♥t♦s ❝♦♥✈❡①♦s

❈❤❛♠❛♠♦s ❞❡ ❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦ ✉♠❛ ✈❛r✐❡❞❛❞❡ ❧✐♥❡❛r ❞❡ ✉♠ ❡s♣❛ç♦ ✈❡t♦r✐❛❧✳ ❯♠❛

r❡❣✐ã♦ ♥♦ ❡s♣❛ç♦ ❡♠ q✉❡ s❡ ♣❡❣❛r♠♦s ❞❡♥tr♦ ❞❡❧❛ ❞♦✐s ♣♦♥t♦s q✉❛✐sq✉❡r ❡ tr❛ç❛r♠♦s ✉♠

s❡❣♠❡♥t♦ ❞❡ r❡t❛✱ ❡❧❡ ❡st❛rá ❝♦♥t✐❞♦ ♥❛ r❡❣✐ã♦✳

❈♦♥s✐❞❡r❡♠♦s S ✉♠ s✉❜❝♦♥❥✉♥t♦ ❡♠ ✉♠ ❡s♣❛ç♦ ✈❡t♦r✐❛❧ V ✳ ❙❡ ♣❡❣❛r♠♦s ❞♦✐s ♣♦♥t♦s

q✉❛✐sq✉❡r A ⊂ S ❡ B ⊂ S ❡ tr❛ç❛r♠♦s ♦ s❡❣♠❡♥t♦ AB✱ s❡ AB ⊂ V t❡♠♦s ✉♠ ❝♦♥❥✉♥t♦

❝♦♠♣❧❡①♦✳ ❱❡❥❛♠♦s✱ ♥❛ ❋✐❣✉r❛ ✶✳✺✳ ❛ r❡♣r❡s❡♥t❛çã♦ ❡♠ ✉♠ ❡s♣❛ç♦ ✈❡t♦r✐❛❧ ❜✐❞✐♠❡♥s✐♦♥❛❧✳

❋✐❣✉r❛ ✶✳✺✿ ❘❡❣✐õ❡s ❡♠ ✉♠ ❡s♣❛ç♦ ✈❡t♦r✐❛❧ ❜✐❞✐♠❡♥s✐♦♥❛❧
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P❛r❛ q✉❛✐sq✉❡r ♣♦♥t♦s A ❡ B ❞❡♥tr♦ ❞❛ r❡❣✐ã♦ S1✱ ♦ s❡❣♠❡♥t♦ AB ❢♦r♠❛❞♦ ❡st❛rá t♦❞♦

❞❡♥t♦ ❞❡ S1✳ ▲♦❣♦ t❡♠♦s ✉♠ ❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦✳ ◆❛ r❡❣✐ã♦ S2✱ ❝♦♠♦ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛

✶✳✺✱ ♣♦❞❡♠♦s tr❛ç❛r ♦ s❡❣♠❡♥t♦ AB ❝♦♠ ♣❛rt❡s ❢♦r❛ ❞❛ r❡❣✐ã♦✳ P♦❞❡♠♦s ❡st❡♥❞❡r ❛ ✐❞❡✐❛✱

s❡♠ ♣❡r❞❛ ❞❡ ❣❡♥❡r❛❧✐❞❛❞❡s ♣❛r❛ ✉♠ ❡s♣❛ç♦ ✈❡t♦r✐❛❧ n✲❞✐♠❡♥s✐♦♥❛❧✳

✶✳✻ ❙♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r

❘❡s♦❧✈❡r ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❝♦♥s✐st❡ ❡♠ ❞❡♥tr❡ ❛s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ❞♦

♣r♦❜❧❡♠❛ ❡♥❝♦♥tr❛r✱ q✉❛♥❞♦ ❡①✐st✐r✱ ❛ s♦❧✉çã♦ ót✐♠❛✳ ❖ t✐♣♦ ❞❡ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ✈❛✐

❞❡♣❡♥❞❡r ❞❡ ❝♦♠♦ é ❛ r❡❣✐ã♦ ❞❡ ❢❛❝t✐❜✐❧✐❞❛❞❡✱ ♣♦❞❡♥❞♦ s❡r ✐♥❡①✐st❡♥t❡✱ ú♥✐❝❛ ♦✉ ✐♥✜♥✐t❛s

s♦❧✉çõ❡s✳

✶✳✻✳✶ ❚✐♣♦s ❞❡ s♦❧✉çã♦

❉❛s ❋✐❣✉r❛s ✶✳✻ ❛té ✶✳✶✺✱ ♦❜s❡r✈❛r❡♠♦s ♦s ❞✐❢❡r❡♥t❡s t✐♣♦s s♦❧✉çõ❡s ♣❛r❛ ✉♠ ♣r♦❜❧❡♠❛

❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❞❡ ❞✉❛s ✈❛r✐á✈❡✐s ❝♦♠ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ f(x1, x2) = c1x1 + c2x2✱ ♥♦

❡♥t❛♥t♦✱ ❛s ♠❡s♠❛s s♦❧✉çõ❡s ❛♣❛r❡❝❡♠ ❡♠ ♣r♦❜❧❡♠❛s ❝♦♠ ♠❛✐s ✈❛r✐á✈❡✐s✳

❋✐❣✉r❛ ✶✳✻✿ ❘❡❣✐õ❡s ✐❧✐♠✐t❛❞❛s ❡ s❡♠ ✈ért✐❝❡

❼ ❊♠ R1 ❛ ❢✉♥çã♦ f(x1, x2) = c1x1 + c2x2 ❛ss✉♠❡ ♦ ✈❛❧♦r ♠í♥✐♠♦ ❡♠ t♦❞❛ ❛ r❡t❛ q✉❡

❧✐♠✐t❛ R1 ❡ ♥ã♦ ❛ss✉♠❡ ✈❛❧♦r ♠á①✐♠♦✳
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❼ ❊♠ R2 ❛ ❢✉♥çã♦ f(x1, x2) = c1x1 + c2x2 ♥ã♦ ❛ss✉♠❡ ♥❡♠ ♦ ✈❛❧♦r ♠í♥✐♠♦ ❡ ♥❡♠

✈❛❧♦r ♠á①✐♠♦✳

❋✐❣✉r❛ ✶✳✼✿ ❘❡❣✐õ❡s ✐❧✐♠✐t❛❞❛s ❡ ❝♦♠ ✈ért✐❝❡

❼ ❊♠ R3 ❛ ❢✉♥çã♦ f(x1, x2) = c1x1 + c2x2 ♥ã♦ ❛ss✉♠❡ ✈❛❧♦r ♠á①✐♠♦ ❡ t❡♠ ♦ ✈❛❧♦r

♠í♥✐♠♦ ❡♠ A✳

❼ ❊♠ R4 ❛ ❢✉♥çã♦ f(x1, x2) = c1x1 + c2x2 ❛ss✉♠❡ ♦ ✈❛❧♦r ♠í♥✐♠♦ ♥♦s ✈ért✐❝❡s A ❡ B✱

♣♦rt❛♥t♦ ❛ss✉♠❡ ✈❛❧♦r ♠í♥✐♠♦ ❡♠ t♦❞♦ s❡❣♠❡♥t♦ AB✱ ❡ ♥ã♦ ❛ss✉♠❡ ✈❛❧♦r ♠á①✐♠♦✳

❋✐❣✉r❛ ✶✳✽✿ ❘❡❣✐õ❡s ❧✐♠✐t❛❞❛s ❝♦♠ ♣❡❧♦ ♠❡♥♦s três ✈ért✐❝❡s
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❼ ❊♠ R5 ❛ ❢✉♥çã♦ f(x1, x2) = c1x1 + c2x2 ❛ss✉♠❡ ♦ ✈❛❧♦r ♠í♥✐♠♦ ♥♦ ✈ért✐❝❡ B ❡

❛ss✉♠❡ ✈❛❧♦r ♠á①✐♠♦ ♥♦ ✈ért✐❝❡ C✳

❋✐❣✉r❛ ✶✳✾✿ ❈❛s♦s ❞❡❣❡♥❡r❛❞♦s

❼ ❊♠ R6 ❛ ❢✉♥çã♦ f(x1, x2) = c1x1+c2x2 ♥ã♦ ❛ss✉♠❡ ♥❡♠ ♦ ✈❛❧♦r ♠í♥✐♠♦ ❡ ♥❡♠ ✈❛❧♦r

♠á①✐♠♦✱ ♣♦✐s ❛ r❡❣✐ã♦ ❢❛❝tí✈❡❧ é t♦❞❛ ❛ r❡t❛✳

❼ ❊♠ R7 ❛ ❢✉♥çã♦ f(x1, x2) = c1x1 + c2x2 ❛ss✉♠❡ ✈❛❧♦r ♠í♥✐♠♦ ♥♦ ✈ért✐❝❡ A ❡ ♥ã♦

❛ss✉♠❡ ♦ ✈❛❧♦r ♠á①✐♠♦✳

❼ ❊♠ R8 ❛ ❢✉♥çã♦ f(x1, x2) = c1x1 + c2x2 ❛ss✉♠❡ ♦ ✈❛❧♦r ♠á①✐♠♦ ♥♦ ✈ért✐❝❡ B ❡

❛ss✉♠❡ ✈❛❧♦r ♠í♥✐♠♦ ♥♦ ✈ért✐❝❡ A✳

❼ ❊♠ R9 ❛ ❢✉♥çã♦ f(x1, x2) = c1x1 + c2x2 t❡♠ ♦ ✈❛❧♦r ♠í♥✐♠♦ ✐❣✉❛❧ ❛ f(A)✳

✸✽



✶✳✻✳✷ ❚❡♦r❡♠❛ ❋✉♥❞❛♠❡♥t❛❧ ❞❡ ❖t✐♠✐③❛çã♦ ❧✐♥❡❛r

❈♦♥s✐❞❡r❡♠♦s ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ❧✐♥❡❛r ❡s❝r✐t♦ ♥❛ ❢♦r♠❛ ♣❛❞rã♦✱

Minimizar Z(x) = −→c · x

Sujeito a







A · −→x =
−→
b

−→x >
−→
0

♦♥❞❡✿

❼ A é ✉♠❛ ♠❛tr✐③ (m× n) ❝♦♠ m > n✱ q✉❡ ❝❤❛♠❛♠♦s ♠❛tr✐③ ❞❛s r❡str✐çõ❡s✱

❼
−→c = (c1, c2, ... , cn)✱ é ♦ ✈❡t♦r ❣r❛❞✐❡♥t❡ ♥ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ ♦ q✉❛❧ t❛♠❜é♠

♣♦❞❡ s❡r ❝❤❛♠❛❞♦ ❞❡ ✈❡t♦r ❝✉st♦✱

❼
−→x = (x1, x2, ... , xn)

t✱ é ♦ ✈❡t♦r ❞❛s ✈ár✐á✈❡✐s q✉❡✱ q✉❛♥❞♦ s❡ ❡♥❝♦♥tr❛ ❡♠ ✉♠

✈ért✐❝❡ ❞❛ r❡❣✐ã♦ ❞❡ ❢❛❝t✐❜✐❧✐❞❛❞❡✱ ❝❤❛♠❛r❡♠♦s ❞❡ s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧✳

❚❡♠♦s q✉❡✿

✶✳ ❆ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❛ss✉♠❡ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ✉♠❛ ✈❛❧♦r ♠á①✐♠♦ ❡ ✉♠ ✈❛❧♦r ♠í♥✐♠♦

q✉❛♥❞♦ ♦ ❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦ ✭r❡❣✐ã♦ ❢❛❝tí✈❡❧✮ ❢♦r ❧✐♠✐t❛❞♦✳ ❙❡ ❡①✐st✐r ✉♠❛ s♦❧✉çã♦

✈✐á✈❡❧✱ ❡①✐st❡ ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧✳

✷✳ ❖s ✈ért✐❝❡s ❞❛ r❡❣✐ã♦ ♣♦❧✐❡❞r❛❧ ✭❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦✮ ❞❡s❡♠♣❡♥❤❛♠ ✉♠ ♣❛♣❡❧ ❢✉♥❞❛✲

♠❡♥t❛❧ ♥❛ ♣r♦❝✉r❛ ❞❡ ♠á①✐♠♦s ❡ ♠í♥✐♠♦s✳ ❙❡ ❡①✐st✐r ✉♠❛ s♦❧✉çã♦ ✈✐á✈❡❧ ót✐♠❛✱ ❡❧❛

❡st❛rá ♥✉♠ ✈ért✐❝❡ ❞❛ r❡❣✐ã♦ ♣♦❧✐❡❞r❛❧✳

❖s ♣♦♥t♦s ♠á①✐♠♦s ♦✉ ♠í♥✐♠♦s ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ s❡rã♦ ♣r♦❝✉r❛❞♦s ♣❡❧♦ ❞❡s❧♦❝❛♠❡♥t♦

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

❡ ♥♦ s❡♥t✐❞♦ ❝♦♥trár✐♦ ♣❛r❛ ♠✐♥✐♠✐③❛r✱ ♣❡r❝♦rr❡♥❞♦ ❛ r❡❣✐ã♦ ❞❡ ❢❛❝t✐❜✐❧✐❞❛❞❡✳ ❊ss❡ ❢❛t♦ é

❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✳

✹❈✉r✈❛s ❞❡ ◆í✈❡❧ sã♦ ❛s ❧✐♥❤❛s ♣❛r❛❧❡❧❛s q✉❡ r❡♣r❡s❡♥t❛♠ ❛ tr❛♥s✐çã♦ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♣❡r♣❡♥❞✐❝✉❧❛r✲
♠❡♥t❡ ♥♦ s❡♥t✐❞♦ ❞♦ ✈❡t♦r ❣r❛❞✐❡♥t❡✳

✸✾



▲❡♠❛ ✶✳✶✳ ❙❡❥❛ f(x1, x2, ... xn) = c1x1 + c2x2 + ... + cnxn ❡ s❡❥❛ ✉♠ ♣♦♥t♦ P ✐♥t❡r✐♦r

❛ ✉♠ s❡❣♠❡♥t♦ AB ❞♦ Rn✱ ✐st♦ é✱ P = λ+ (1− λ)B✱ 0 < λ < 1✳

❊♥tã♦ t❡r❡♠♦s f(A) 6 f(P ) 6 f(B) ♦✉ f(B) 6 f(P ) 6 f(A)✳

❉❡♠♦♥str❛çã♦✳ ❈♦♠♦ P = λ + (1 − λ)B ❡ f(x1, x2, ... xn) é ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❛✜♠✱

t❡♠♦s✿

f(x) = L(x) + b✱ ♦♥❞❡ L(x) = L(x1 , ... , xn) = c1x1 + ... + cnxn é ❧✐♥❡❛r✱

f(P ) = L(P ) + b = L(λA+ (1− λ)B) + b = λL(A) + (1− λ)L(B) + b✳

❙✉♣♦♥❤❛ f(A) 6 f(B) −→ L(A) 6 L(B)✳

❈♦♠♦ f(P ) = λL(A) + (1− λ)L(B) + b t❡♠♦s

λL(A) + (1− λ)L(A) + b 6 f(P ) 6 λL(B) + (1− λ)L(B)✳

L(A) + b 6 f(P ) 6 L(B) + b

P♦rt❛♥t♦✿

f(A) 6 (P ) 6 f(B)

❉❡ ❢♦r♠❛ ❛♥á❧♦❣❛✱ s❡ t✐✈❡r♠♦sf(B) 6 f(A) ♠♦str❛♠♦s q✉❡ f(B) 6 (P ) 6 f(A)✳

❯♠❛ ❝♦♥s❡q✉ê♥❝✐❛ ❞❡st❡ r❡s✉❧t❛❞♦ é ♦ ❧❡♠❛ ❛ s❡❣✉✐r✳

▲❡♠❛ ✶✳✷✳ ❙❡❥❛ f(x1, ... , xn) = c1x1+ ... +cnxn✳ ❙❡ ❞❡♥tr❡ ♦s ✈❛❧♦r❡s q✉❡ f(x1, ... , xn)

❛ss✉♠✐r ♥✉♠ s❡❣♠❡♥t♦ AB ❞♦ Rn✱ ♦ ✈❛❧♦r ♠á①✐♠♦ ✭♠í♥✐♠♦✮ ❢♦r ❛ss✉♠✐❞♦ ♥✉♠ ♣♦♥t♦ P

✐♥t❡r✐♦r ❞❡ss❡ s❡❣♠❡♥t♦✱ ❡♥tã♦ f(x1, ... , xn) s❡rá ❝♦♥st❛♥t❡ ❡♠ AB✳

❊ss❡ ❧❡♠❛ ♣♦❞❡ s❡r ♣r♦✈❛❞♦ ❞❛ ♠❡s♠❛ ❢♦r♠❛ ❞♦ ❛♥t❡r✐♦r✱ ♦ q✉❡ é ✉♠ ❜♦♠ ❡①❡r❝í❝✐♦

❛♦ ❧❡✐t♦r✳ P♦❞❡ s❡r ✈✐st♦ ❡♠ ●♦❧❞❜❛r❣ ❛♥❞ ▲✉♥❛ ❬✷✵✵✺❪✳

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

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

✹✵



❚❡♦r❡♠❛ ❋✉♥❞❛♠❡♥t❛❧

❙❡❥❛ f(x1, x2, ... xn) = c1x1 + c2x2 + ... + cnxn + b ❞❡✜♥✐❞❛ ♥✉♠ ❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦ A

❞♦ Rn✳ ❙✉♣♦♥❤❛ q✉❡ f(x1, ... , x2) ❛ss✉♠❛ ✉♠ ✈❛❧♦r ♠á①✐♠♦✱ ♦✉ ✈❛❧♦r ♠í♥✐♠♦✱ ♥❡ss❡

❝♦♥❥✉♥t♦✳ ❊♥tã♦✱ s❡ A ♣♦ss✉✐ ✈ért✐❝❡s✱ ♦ ✈❛❧♦r ♠á①✐♠♦✱ ♦✉ ✈❛❧♦r ♠í♥✐♠♦✱ s❡rá ❛ss✉♠✐❞♦

♥✉♠ ✈ért✐❝❡✳

❉❡♠♦♥str❛çã♦✳ ❙✉♣♦♥❤❛♠♦s✱ ♣❛r❛ r❡❣✐õ❡s A ❞♦ R2✱ q✉❡ ♦ ✈❛❧♦r ♠á①✐♠♦✱ ♦✉ ✈❛❧♦r ♠í♥✐♠♦✱

❞❡ f(x1, x2) s❡❥❛ ❛ss✉♠✐❞❛ ♥✉♠ ♣♦♥t♦ P ❞❡ A✳

❈♦♥s✐❞❡r❛♥❞♦ t♦❞❛s ❛s r❡❣✐õ❡s ♣♦ssí✈❡✐s ❞♦ R2✱ ❛♣r❡s❡♥t❛❞❛s ❡♠ ✶✳✻✳✶✱ ♣♦❞❡♠♦s t❡r✿

P é ✉♠ ✈ért✐❝❡✱ ❥á ❡st❛♥❞♦ ♣r♦✈❛❞♦ ♦ t❡♦r❡♠❛✳

P ❡stá ♥✉♠❛ ❛r❡st❛✳ f(x1, x2) ❛ss✉♠✐rá ❡st❡ ✈❛❧♦r ♠á①✐♠♦✱ ♦✉ ✈❛❧♦r ♠í♥✐♠♦✱ ❡♠ t♦❞❛

❛ ❛r❡st❛✱ ✈❡❥❛ ❧❡♠❛ ✶✳✷✳ ❈♦♠♦ ❛ r❡❣✐ã♦ ❆ ♣♦ss✉✐ ✈ért✐❝❡s ❡st❛ ❛r❡st❛ ❝♦♥t❡rá ✉♠ ✈ért✐❝❡ ✈

♦❜r✐❣❛t♦r✐❛♠❡♥t❡✳ P♦rt❛♥t♦ f(P ) = f(v)✳

P ❡stá ♥♦ ✐♥t❡r✐♦r ❞❡ A✳ ◆❡st❡ ❝❛s♦✱f(x1, x2) s❡rá ❝♦♥st❛♥t❡ ❡♠ t♦❞❛ r❡❣✐ã♦ ❆✳

❙❡❥❛ Q ✉♠ ♦✉tr♦ ♣♦♥t♦ ✐♥t❡r✐♦r ❞❡ A✳ ❈♦♠♦ A é ✉♠ ❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦✱ ♦ s❡❣♠❡♥t♦ QP

❡stá ❝♦♥t✐❞♦ ❡♠ A❀ ❛❧é♠ ❞✐ss♦✱ ❝♦♠♦ P é ✐♥t❡r✐♦r✱ ♣♦❞❡♠♦s ❝♦♥s✐❞❡r❛r ✉♠ ♣r♦❧♦♥❣❛♠❡♥t♦

QQ′ ❞❡s❞❡ q✉❡ ❛✐♥❞❛ ❡st❡❥❛ ❝♦♥t✐❞♦ ❡♠ A✳ ❉♦ ❧❡♠❛ ✶✳✷ s❡❣✉❡ q✉❡ f(x1, x2) é ❝♦♥st❛♥t❡

❡♠ QQ′ ❡✱ ♣♦rt❛♥t♦✱ f(P ) = f(Q)✳

❆ ♣r♦✈❛ ❞❡st❡ t❡♦r❡♠❛ ✈❛✐ ❡♥✈♦❧✈❡r ✉♠ ♥ú♠❡r♦ ♠❛✐♦r ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡s✿ ♦ ♣♦♥t♦ ✐♥✐❝✐❛❧

❞❡ ♠á①✐♠♦ ♦✉ ♠í♥✐♠♦ ♣♦❞❡rá ❡st❛r✿

◆✉♠ ✈ért✐❝❡✳

◆✉♠❛ ❛r❡st❛✳ ◆❡ss❡ ❝❛s♦✱ ♦ ♠á①✐♠♦ ♦✉ ♠í♥✐♠♦ s❡rá ❛ss✉♠✐❞♦ ❡♠ t♦❞❛ ❛r❡st❛ q✉❡ é

s✉❜❝♦♥❥✉♥t♦ ❞❡ ❞✐♠❡♥sã♦ ✶❀

◆✉♠❛ ❢❛❝❡✳ ◆❡st❡ ❝❛s♦✱ ♦ ♠á①✐♠♦ ♦✉ ♠í♥✐♠♦ s❡rá ❛ss✉♠✐❞♦ ❡♠ t♦❞❛ ❛ ❢❛❝❡ q✉❡ é ✉♠

s✉❜❝♦♥❥✉♥t♦ ❞❡ ❞✐♠❡♥sã♦ ✷❀

◆✉♠❛ r❡❣✐ã♦ ❝♦♥t✐❞❛ ❡♠ A✳ ♥❡st❡ ❝❛s♦ ♦ ♠á①✐♠♦ ♦✉ ♠í♥✐♠♦ s❡rá ❛ss✉♠✐❞♦ ❡♠ t♦❞❛

r❡❣✐ã♦ q✉❡ é ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ ❞✐♠❡♥sã♦ n❀

◆✉♠ ♣♦♥t♦ ✐♥t❡r✐♦r ❞❛ r❡❣✐ã♦ A✳ ♥❡st❡ ❝❛s♦✱ ❛ ❢✉♥çã♦ s❡rá ❝♦♥st❛♥t❡ ❡♠ t♦❞❛ ❛ r❡❣✐ã♦✳

P♦❞❡✲s❡ ♠♦str❛r q✉❡ ❡♠ t♦❞♦s ❡st❡s ❝❛s♦s✱ q✉❛♥❞♦ ❛ r❡❣✐ã♦ t❡♠ ✈ért✐❝❡s✱ ❝♦♥s❡❣✉✐♠♦s

✉♠ ✈ért✐❝❡ ✈ ♦♥❞❡ ❛ ❢✉♥çã♦ ❛ss✉♠❡ s❡✉ ♠á①✐♠♦ ♦✉ ♠í♥✐♠♦✱

f(v) = f(P )✳
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❖❜s❡r✈❛çã♦✳ ➱ ❡st❡ t❡♦r❡♠❛ q✉❡ ♣❡r♠✐t❡✱ ♥♦s ❝❛s♦s ❡♠ q✉❡✱ ♣❡❧❛ ♥❛t✉r❡③❛ ❞❛ ❢✉♥çã♦✱

❥á s❛❜❡♠♦s q✉❡ ❡❧❛ ❛ss✉♠❡ ♠á①✐♠♦ ♦✉ ♠í♥✐♠♦✱ ❡♥❝♦♥trá✲❧♦s ❛♣❡♥❛s ❞❡t❡r♠✐♥❛♥❞♦ s❡✉s

✈❛❧♦r❡s ♥♦s ✈ért✐❝❡s ❞❛ r❡❣✐ã♦ ❞❡ r❡str✐çã♦ ✭❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦✮✳

❈♦♠♦ ❡①❡♠♣❧♦ ♣♦❞❡♠♦s ❝✐t❛r ♦ ♣r♦❜❧❡♠❛ ❞❛ s❡çã♦ ✶✳✹✳✸✱ f(x1, x2) = 14, 3x1+9, 6x2 >

0 ♣♦✐s✿ x1 + x2 6 50✱ 3, 15x1 + 1, 95x2 6 120✱ x > 0 ❡ y > 0✳

f(x1, x2) é ❧✐♠✐t❛❞❛ ♣♦r ✉♠ ♣♦❧í❣♦♥♦ ♥♦ ♣❧❛♥♦✱ ♦ q✉❡ ♥♦s ♣❡r♠✐t❡ ❝♦♥❝❧✉✐r q✉❡ ❡❧❛

❛ss✉♠✐rá ♠í♥✐♠♦ ❡ ♠á①✐♠♦ ♥❛ r❡❣✐ã♦ q✉❡ é ❢❡❝❤❛❞❛✳ P❛r❛ ❡♥❝♦♥trá✲❧♦✱ ❜❛st❛rá ♣♦rt❛♥t♦

❝❛❧❝✉❧❛r ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♥♦s ✈ért✐❝❡s ❞❛ r❡❣✐ã♦✳

❯♠❛ s✐t✉❛çã♦ ♦♥❞❡✱ ♣❛r❛ q✉❛❧q✉❡r ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ t❡♠♦s ♥❡❝❡ss❛r✐❛♠❡♥t❡ ♠á①✐♠♦

❡ ♠í♥✐♠♦ ❛❝♦♥t❡❝❡ q✉❛♥❞♦ ❛ r❡❣✐ã♦ A ❢♦r ❧✐♠✐t❛❞❛✳ ◆♦t❡ q✉❡ ❛♦ ✈❛rr❡r♠♦s ♦ Rn ♣♦r

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

r❡❣✐ã♦ ❆ ✉♠❛ ♣r✐♠❡✐r❛ ❡ ✉♠❛ ú❧t✐♠❛ ✈❡③✳ ❯♠ ❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦ ❝♦♥té♠ ✈ért✐❝❡s✱ ♦ q✉❡

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

❚❡♦r❡♠❛ ✶✳✸✳ ❙❡❥❛ f(x1, x2, ... , xn) = c1x1 + c2x2 + ... + cnxn ❞❡✜♥✐❞❛ ❡♠ ✉♠

❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦ ❧✐♠✐t❛❞♦ A✳ ❊♥tã♦ f(x1, x2, ... , xn) ❛ss✉♠❡ s❡✉s ✈❛❧♦r❡s ♠á①✐♠♦ ❡

♠í♥✐♠♦ ♥♦s ✈ért✐❝❡s ❞❡ A✳

❘❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r é ❜✉s❝❛r ❞❡♥tr♦ ❞❛s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ❛

♠❡❧❤♦r s♦❧✉çã♦ ✈✐á✈❡❧✱ q✉❡ s❡❣✉♥❞♦ ♦ t❡♦r❡♠❛ ❢✉♥❞❛♠❡♥t❛❧ s❡ ❡♥❝♦♥tr❛ ❡♠ ✉♠ ❞♦s ✈ért✐❝❡s

❞❡ss❛ r❡❣✐ã♦✳

✺❙❡ N = (a1, ... , an) 6= 0✱ ❡♥tã♦ H é ✉♠ ❤✐♣❡r♣❧❛♥♦ ❞❡ Rn✳ P❛r❛ n = 3 ♦s ❤✐♣❡r♣❧❛♥♦s sã♦ ♣❧❛♥♦s ❡ ♣❛r❛
n = 2 ♦s ❤✐♣❡r♣❧❛♥♦s sã♦ r❡t❛s✳
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❈❛♣ít✉❧♦ ✷

❘❡s♦❧✉çã♦ ❞❡ Pr♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦

▲✐♥❡❛r

◆❡ss❡ ❝❛♣ít✉❧♦ ❞✐s❝✉t✐r❡♠♦s ♦s ♣r✐♥❝✐♣❛✐s ♠ét♦❞♦s ❞❡ r❡s♦❧✉çã♦ ❡♠ ♣r♦❜❧❡♠❛s

❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ❝♦♠♦ ♣♦❞❡♠♦s ❛♥❛❧✐s❛r ♠❛t❡♠❛t✐❝❛♠❡♥t❡ ❛s s♦❧✉çõ❡s

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

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

❞❡✈❡♠♦s ❡s❝♦❧❤❡r ✉♠ ♠ét♦❞♦ ❞❡ r❡s♦❧✉çã♦✱ ❡①❡❝✉t❛r ❛ ❡str❛té❣✐❛ ♣r❡✈✐st❛ ♣❛r❛ ❝❤❡❣❛r♠♦s

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

❡①❡♠♣❧♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡❧✱ ❞♦ ❈❛♣ít✉❧♦ ✶✱ ♠♦❞❡❧❛♠♦s ♦ ♣r♦❜❧❡♠❛ ♠❛t❡♠❛✲

t✐❝❛♠❡♥t❡ ❡ ♦ ❡s❝r❡✈❡♠♦s ♥❛ ❢♦r♠❛ ♣❛❞rã♦ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦✳ ◆❡ss❡ t✐♣♦ ❞❡

♣r♦❜❧❡♠❛ ♣♦❞❡♠♦s r❡❡s❝r❡✈❡r ❛s té❝♥✐❝❛s ❞❡ r❡s♦❧✉çã♦ ❞❡ P♦❧②❛ ❬✷✵✵✻❪ ❝♦♠♦✿ ❡♥t❡♥❞✐♠❡♥t♦

❞♦ ♣r♦❜❧❡♠❛✱ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛✱ ❡s❝♦❧❤❛ ❞♦ ♠ét♦❞♦ ❞❡ r❡s♦❧✉çã♦✱ ❡①❡❝✉çã♦ ❞♦ ♠é✲

t♦❞♦ ❞❡ r❡s♦❧✉çã♦✱ ✈❡r✐✜❝❛çã♦ ❞❛ s♦❧✉çã♦ ❡ ❝♦♥❝❧✉sã♦✳ P♦❞❡♠♦s ✐❧✉str❛r ❡ss❛ s❡q✉ê♥❝✐❛

❝♦♠♦ ♥❛ ❋✐❣✉r❛ ✷✳✶✳

❋✐❣✉r❛ ✷✳✶✿ ❘❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦
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P❛r❛ ❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ♣♦❞❡♠♦s ❡❧❡♥❝❛r ✈ár✐♦s ♠ét♦❞♦s✳

❆q✉✐ ❞❡st❛❝❛r❡♠♦s ❛s s❡❣✉✐♥t❡s✿ t❛❜✉❧❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s✱ ♠ét♦❞♦ ❣rá✜❝♦✱ ♠ét♦❞♦ ❛❧✲

❣é❜r✐❝♦✱ ▼ét♦❞♦ ❙✐♠♣❧❡① ❡ ✉s♦ ❞♦ ❝♦♠♣✉t❛❞♦r✳

✷✳✶ ❚❛❜✉❧❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s

❊♥tr❡ ♦s ✈ár✐♦s ❝❛♠✐♥❤♦s ♣♦❞❡♠♦s ❝♦♥str✉✐r t❛❜❡❧❛s ❝♦♠ ❛s s♦❧✉çõ❡s ✈✐á✈❡✐s ❡ t❡♥t❛r

✐❞❡♥t✐✜❝❛r ❛ ♠❡❧❤♦r s♦❧✉çã♦✱ ♦✉ s❡❥❛✱ ❜✉s❝❛r ❛ s♦❧✉çã♦ ót✐♠❛✳ ❆♣❡s❛r ❞❡ tr❛❜❛❧❤♦s❛ ❡st❛ é

✉♠❛ ❡str❛té❣✐❛ ♣♦ssí✈❡❧✱ ♠❛s ♣❛r❛ ♣r♦❜❧❡♠❛s ❝♦♠ ♠✉✐t❛s ✈❛r✐á✈❡✐s ♣♦❞❡✲s❡ t♦r♥❛r ♠✉✐t♦

❝♦♠♣❧✐❝❛❞♦ ♦✉ ♠❡s♠♦ ✐♠♣♦ssí✈❡❧✳

P❛r❛ ❡♥t❡♥❞❡r ♠❡❧❤♦r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s ❣r❛♥❞❡③❛s ❡♥✈♦❧✈✐❞❛s ♥♦ ♣r♦❜❧❡♠❛ q✉❡

❡st❛♠♦s ❞✐s❝✉t✐♥❞♦✱ ❝♦♥str✉✐r❡♠♦s ✉♠❛ t❛❜❡❧❛ ❞❡ ♠ú❧t✐♣❧❛s ❡♥tr❛❞❛s✳ ❉❡ss❛ ❢♦r♠❛✱

❛♥❛❧✐s❛r❡♠♦s ❛ ✐♥t❡r❢❡rê♥❝✐❛ ❞❛s ✈❛r✐á✈❡✐s ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❡ q✉❛✐s ❞❛s s♦❧✉çõ❡s ♦❜t✐❞❛s

sã♦ ✈✐á✈❡✐s✱ ♦✉ s❡❥❛✱ ❛t❡♥❞❡♠ ❛s r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛✱ ❡ q✉❛❧ ❛t❡♥❞❡ ❞❛ ♠❡❧❤♦r ♠❛♥❡✐r❛

♦ ♦❜❥❡t✐✈♦ ♣r♦♣♦st♦✳

❈♦♥s✐❞❡r❡♠♦s ♦ ❡①❡♠♣❧♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡❧✿

Maximizar f(x1, x2) = 14, 3x1 + 9, 6x2 (2)

Sujeito a



















x1 + x2 6 50 (3)

3, 15x1 + 1, 95x2 < 120 (4)

x1, x2 > 0

◆❛ ❚❛❜❡❧❛ ✷✳✶✱ t❡♠♦s ♥❛s ❝♦❧✉♥❛s ✶ ❡ ✷ ❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦✱ q✉❛♥t✐❞❛❞❡ ❞❡ ❣❛s♦❧✐♥❛

❡ á❧❝♦♦❧✱ ♥❛ ❝♦❧✉♥❛ ✸ ❛ ❋✉♥çã♦ ❖❜❥❡t✐✈♦ ✭✷✮✱ q✉❡ r❡♣r❡s❡♥t❛ ♦ ♣❡r❝✉rs♦ r❡❛❧✐③❛❞♦ ♣❡❧♦

✈❡í❝✉❧♦ ❡♠ q✉✐❧ô♠❡tr♦s✱ ♥❛ ❝♦❧✉♥❛ ✹ ❛ r❡str✐çã♦ ✭✸✮✱ q✉❡ r❡♣r❡s❡♥t❛ ♦ ✈♦❧✉♠❡ ❞♦ t❛♥q✉❡

❡♠ ❧✐tr♦s✱ ♥❛ ❝♦❧✉♥❛ ✺ ❛ r❡str✐çã♦ ✭✹✮✱ q✉❡ r❡♣r❡s❡♥t❛ ♦ ✈❛❧♦r ❞✐s♣♦♥í✈❡❧✱ ❡♠ ❘❡❛✐s ❡ ♥❛

❝♦❧✉♥❛ ✺ ♦ t✐♣♦ ❞❡ s♦❧✉çã♦ ♦❜t✐❞❛ ✭✈✐á✈❡❧✱ ✐♥✈✐á✈❡❧✮✳
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●❛s♦❧✐♥❛ ➪❧❝♦♦❧ ❋✉♥çã♦ ❖❜❥❡t✐✈♦ ✭✵✮ ❘❡str✐çã♦ ✭✶✮ ❘❡str✐çã♦ ✭✷✮ ❚✐♣♦ ❞❡ ❙♦❧✉çã♦

x1 x2 14, 3x1 + 9, 6x2 x1 + x2 3, 15x1 + 1, 95x2
✵ ✺✵ ✹✽✵ ✺✵ ✾✼✱✺✵ ✈✐á✈❡❧
✺✵ ✵ ✼✶✺ ✺✵ ✶✺✼✱✺✵ ✐♥✈✐á✈❡❧
✷✺ ✷✺ ✺✾✼✱✺ ✺✵ ✶✷✼✱✺✵ ✐♥✈✐á✈❡❧
✸✵ ✵ ✹✷✾ ✸✵ ✾✹✱✺✵ ✈✐á✈❡❧
✸✺ ✵ ✺✵✵✱✺ ✸✺ ✶✶✵✱✷✺ ✈✐á✈❡❧
✸✽ ✵ ✺✹✸✱✹ ✸✽ ✶✶✾✱✼✵ ✈✐á✈❡❧
✸✵ ✶✸ ✺✺✸✱✽ ✹✸ ✶✶✾✱✽✺ ✈✐á✈❡❧
✸✺ ✺ ✺✹✽✱✺ ✹✵ ✶✷✵✱✵✵ ✈✐á✈❡❧
✸✶ ✶✶ ✺✹✽✱✾ ✹✷ ✶✶✾✱✶✵ ✈✐á✈❡❧
✷✽ ✶✻ ✺✺✹ ✹✹ ✶✶✾✱✹✵ ✈✐á✈❡❧
✷✸ ✷✹ ✺✺✾✱✾ ✹✼ ✶✶✾✱✷✺ ✈✐á✈❡❧
✷✵ ✷✾ ✺✻✹✱✹ ✹✾ ✶✶✾✱✺✺ ✈✐á✈❡❧ ✭▼❡❧❤♦r✮

❚❛❜❡❧❛ ✷✳✶✿ ❙♦❧✉çõ❡s ❞♦ ♣r♦❜❧❡♠❛

❈♦♠♣❧❡t❛♥❞♦ ❡ ❛♥❛❧✐s❛♥❞♦ ❛ ❚❛❜❡❧❛ ✷✳✶✱ ♣♦❞❡♠♦s ♥♦s ❡♥❝❛♠✐♥❤❛r ❛ ✉♠❛ s♦❧✉çã♦ ❞♦

♣r♦❜❧❡♠❛✱ ❡♠ ♥♦ss♦ ❝❛s♦ ❝♦♠♦ ♠❛✐♦r ♣❡r❝✉rs♦✱ q✉❡ ❝❤❛♠❛♠♦s ❞❡ s♦❧✉çã♦ ót✐♠❛✳ ❖ ♠ét♦❞♦

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

✈❡③❡s✱ ✐♥✈✐á✈❡❧✱ ❝♦♥❢♦r♠❡ ❛ q✉❛♥t✐❞❛❞❡ ❡ ♦s t✐♣♦s ❞❡ ✈❛r✐á✈❡✐s ❞♦ ♣r♦❜❧❡♠❛✳ ❖ t❛♠❛♥❤♦

❞❛ t❛❜❡❧❛ ❞❡♣❡♥❞❡rá ❞❡ q✉❡♠ ❡stá r❡s♦❧✈❡♥❞♦ ❛ s✐t✉❛çã♦ ❡ ❞❡ s❡✉ ❜♦♠ s❡♥s♦✳ ❆q✉✐ ❝❛❜❡

❛❧❣✉♠❛s ❡s❝♦❧❤❛s ❞♦ t✐♣♦✿ ✈❛♠♦s ✉s❛r ❞❡❝✐♠❛❧ ♦✉ ❛♣❡♥❛s ✈❛❧♦r❡s ✐♥t❡✐r♦s✳ ◆♦ss❛s ❞❡❝✐sõ❡s

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

❼ P❡❧❛ ❚❛❜❡❧❛ ✷✳✶✱ t❡♠♦s ❝♦♠♦ s♦❧✉çã♦ ✷✵ ❧✐tr♦s ❞❡ ❣❛s♦❧✐♥❛ ❡ ✷✾ ❧✐tr♦s ❞❡ á❧❝♦♦❧✱

♣❡r❝♦rr❡♥❞♦ ✺✻✹❦♠✱ q✉❡ ❞❡♥tr♦ ❞♦s ✈❛❧♦r❡s t❡st❛❞♦s é ♦ ♠á①✐♠♦ ♣❡r❝✉rs♦✳

❊ss❛ t❛❜❡❧❛ ♣♦❞❡r✐❛ s❡r ❛♠♣❧✐❛❞❛ ❝♦♠ ❢❛❝✐❧✐❞❛❞❡ ✉s❛♥❞♦ ✉♠❛ ♣❧❛♥✐❧❤❛ ❞❡ ❝á❧❝✉❧♦ ❝♦♠♦ ♦

❊①❝❡❧ ♦✉ ♦✉tr❛s ❡q✉✐✈❛❧❡♥t❡s✳ ❈♦♠ ♦ ✉s♦ ❞❡ ♣❧❛♥✐❧❤❛s ♣♦❞❡♠♦s ♦❜t❡r r❛♣✐❞❛♠❡♥t❡ ✉♠❛

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

◆♦ ❊①❝❡❧ ♣♦r ❡①❡♠♣❧♦ ❢❛rí❛♠♦s ❝♦♠ ❢❛❝✐❧✐❞❛❞❡ ♦ ❝á❧❝✉❧♦ ♣❛r❛ ❛ ♣r✐♠❡✐r❛ ❝♦❧✉♥❛ ❝♦♠

x1✱ ✈❛r✐❛♥❞♦ ❞❡ ✵ ❛té ✺✵l ❡ ♥❛ s❡❣✉♥❞❛ ❝♦❧✉♥❛ x2✱ ✈❛r✐❛♥❞♦ ❞❡ ✺✵l ❛té ✵✳ ❊♥q✉❛♥t♦ ♥❛

✈❛r✐á✈❡❧ x1 ❛❝r❡s❝❡♥t❛♠♦s ✉♠❛ ✉♥✐❞❛❞❡✱ ♥❛ ✈❛r✐á✈❡❧ x2 r❡t✐r❛♠♦s✳ ❊ss❛ ✈❡r✐✜❝❛çã♦ ♣❡r♠✐t❡

✉♠❛ ♠❡❧❤♦r ❝♦♠♣r❡❡♥sã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ q✉❛♥❞♦ ♦❝♦rr❡ ❛ ✈❛r✐❛çã♦

❞❡ s✉❛s ✈❛r✐á✈❡✐s✳

◆❛ ❜✉s❝❛ ❞❡ s♦❧✉çõ❡s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ♣♦❞❡♠♦s ✉s❛r t❛♠❜é♠ ❣rá✜❝♦s ❡ ♠ét♦❞♦s

❛❧❣é❜r✐❝♦s✱ q✉❡ ❝♦♠ ♦ ✉s♦ ❞❡ ❛❧❣♦r✐t♠♦s ❡ s♦❢t✇❛r❡s✱ ❢❛✈♦r❡❝❡♠ ❛ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛

❝♦♠ ♠❛✐♦r ❛❣✐❧✐❞❛❞❡ ❡ ♠❡❧❤♦r ♣r❡❝✐sã♦ ♥❛ r❡s♣♦st❛✳

✹✺



✷✳✷ ▼ét♦❞♦ ●rá✜❝♦

❖ ♠ét♦❞♦ ❣rá✜❝♦ é ❜❡♠ út✐❧ ♥❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❝♦♠ ❞✉❛s

✈❛r✐á✈❡✐s ❡ ♥♦s ♣❡r♠✐t❡ ♦❜s❡r✈❛r ♦ q✉❡ ❡stá ♦❝♦rr❡♥❞♦ ♥♦ ♣r♦❜❧❡♠❛ ❡ ❝♦♠♦ é ♦ ❝♦♠♣♦rt❛✲

♠❡♥t♦ ❞❛s r❡str✐çõ❡s ❡ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳ ❖s ❣rá✜❝♦s ♣♦❞❡♠ s❡r ❢❡✐t♦s ♠❛♥✉❛❧♠❡♥t❡ ♦✉

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

♣r❡❝✐sã♦ ❡ q✉❛❧✐❞❛❞❡✳

P❛r❛ ✐❧✉str❛r ❡ss❡ ♠ét♦❞♦✱ ✈❛♠♦s ♦❜s❡r✈❛r ❝♦♠♦ ✜❝❛ ♥♦ss♦ ♣r♦❜❧❡♠❛ ❡①❡♠♣❧♦ ❡♠ ❣rá✜✲

❝♦s ❝♦♥str✉í❞♦s ❝♦♠ ✉s♦ ❞♦ ●❡♦●❡❜r❛✱ ♣r♦❣r❛♠❛ ❧✐✈r❡ ♣❛r❛ ✜♥s ❡❞✉❝❛❝✐♦♥❛✐s✱ ❡♥❝♦♥tr❛❞♦

❡♠ ●❡♦●❡❜r❛ ❬✷✵✶✻❪✱❁❤tt♣s✿✴✴✇✇✇✳❣❡♦❣❡❜r❛✳♦r❣✴❃✱ ♦❜s❡r✈❛♥❞♦ ♣❛ss♦ ❛ ♣❛ss♦ ❛s r❡s✲

tr✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛ ❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳

■♥✐❝✐❛❧♠❡♥t❡✱ r❡♣r❡s❡♥t❛r❡♠♦s ❛ r❡str✐çã♦ ❞❡ ♥ã♦ ♥❡❣❛t✐✈✐❞❛❞❡ ❞❛s ✈❛r✐á✈❡✐s✱ ❝♦❧♦❝❛♥❞♦

♥♦ ❡✐①♦ ❤♦r✐③♦♥t❛❧ ❛ ✈❛r✐á✈❡❧ x1 ❡ ♥♦ ✈❡rt✐❝❛❧ x2✳







x1 > 0 horizontal

x2 > 0 vertical

❋✐❣✉r❛ ✷✳✷✿ ❘❡str✐çõ❡s ❞❡ ♥ã♦ ♥❡❣❛t✐✈✐❞❛❞❡ ♥♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡✐s

❆ r❡❣✐ã♦ ♠❛✐s ❡s❝✉r❛✱ ♥❛ ❋✐❣✉r❛ ✷✳✷✱ r❡♣r❡s❡♥t❛ ❛ ✐♥t❡rs❡çã♦ ❞❛s ❞✉❛s r❡str✐çõ❡s✳ ❆❣♦r❛

❝♦❧♦❝❛r❡♠♦s ♥♦ ♠❡s♠♦ ❣rá✜❝♦ ❛ r❡str✐çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ t❛♥q✉❡ ❞❡ ❝♦♠❜✉stí✈❡❧✱ x1 +

x2 6 50✳

✹✻



❋✐❣✉r❛ ✷✳✸✿ ❘❡str✐çã♦ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞♦ t❛♥q✉❡ ♥♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡✐s

❆ ❧✐♥❤❛ ♣♦♥t✐❧❤❛❞❛✱ ♥❛ ❋✐❣✉r❛ ✷✳✸✱ ❧✐♠✐t❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ t❛♥q✉❡✳ ❆ r❡❣✐ã♦ ♣r❡❡♥❝❤✐❞❛

❝♦♠ tr❛ç♦s ✈❡rt✐❝❛✐s ♥♦ ❣rá✜❝♦ r❡♣r❡s❡♥t❛ ❛ ✉♥✐ã♦ ❞❛s r❡str✐çõ❡s ❞❡ ♥ã♦ ♥❡❣❛t✐✈✐❞❛❞❡

❡ ❝❛♣❛❝✐❞❛❞❡ ❞♦ t❛♥q✉❡✳ ❱❛♠♦s ✐♥s❡r✐r ❛❣♦r❛ ❛ ú❧t✐♠❛ r❡str✐çã♦ q✉❡ é ❛ ❞♦ ✈❛❧♦r ❞❡

❛❜❛st❡❝✐♠❡♥t♦✿ 3, 15x1 + 1, 95x2 6 120✳

❋✐❣✉r❛ ✷✳✹✿ ❘❡str✐çã♦ ❞♦ ✈❛❧♦r ❛ s❡r ❣❛st♦ ♥♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡✐s

✹✼



❆ r❡❣✐ã♦ ❛❜❛✐①♦ ❞❛ ❧✐♥❤❛ tr❛ç♦ ❡ ♣♦♥t♦✱ ❞❛ ❋✐❣✉r❛ ✷✳✹✱ r❡♣r❡s❡♥t❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ♣♦♥t♦s

q✉❡ s❛t✐s❢❛③ ❛ r❡str✐çã♦ ❞❡ ✈❛❧♦r ♥❛ ✐❣✉❛❧❞❛❞❡ ❡ ♦ ♣♦❧í❣♦♥♦ ❢♦r♠❛❞♦ ♣❡❧❛ ✐♥t❡rs❡çã♦ ❞❡ t♦❞❛s

❛s r❡❣✐õ❡s é ❛ r❡❣✐ã♦ ❞❡ ❢❛❝t✐❜✐❧✐❞❛❞❡✱ ♦♥❞❡ ❛s ✈❛r✐á✈❡✐s ❛t❡♥❞❡♠ ❛ t♦❞❛s ❛s r❡str✐çõ❡s ❛♦

♠❡s♠♦ t❡♠♣♦✱ ♦✉ s❡❥❛✱ sã♦ ❛s s♦❧✉çõ❡s ❞♦ ♣r♦❜❧❡♠❛✳

❆ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ maximizar f(x1, x2) = 14, 3x1 +9, 6x2✱ ❜✉s❝❛ ♦ ♣❡r❝✉rs♦ ♠á①✐♠♦✳

❱❛♠♦s r❡♣r❡s❡♥t❛r ❛❧❣✉♥s ❞❡ss❡s ♣❡r❝✉rs♦s ♥♦ ❣rá✜❝♦ ❞❛s r❡str✐çõ❡s✿

❋✐❣✉r❛ ✷✳✺✿ ❈✉r✈❛s ❞❡ ◆í✈❡❧ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡✐s

❘❡♣r❡s❡♥t❛♠♦s ♥♦ ❣rá✜❝♦ ❞❛ ❋✐❣✉r❛ ✷✳✺✱ ❡♠ ❧✐♥❤❛s tr❛❝❡❥❛❞❛s✱ ❛s ❈✉r✈❛s ❞❡ ◆í✈❡❧ ✿

14, 3x1 +9, 6x2 = 0✱ 14, 3x1 +9, 6x2 = 200✱ 14, 3x1 +9, 6x2 = 400 ❡ 14, 3x1 +9, 6x2 = 600✱

r❡❧❛❝✐♦♥❛❞❛s ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳ ❉❡ss❛ ❢♦r♠❛✱ ♣❡r❝❡❜❡♠♦s q✉❡ ❛ ♠❡❧❤♦r s♦❧✉çã♦ ❡stá

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

❛❜❛st❡❝✐♠❡♥t♦✳ P❡r❝♦rr❡♥❞♦ ❛ r❡❣✐ã♦ ❞❡ ❢❛❝t✐❜✐❧✐❞❛❞❡ ❝♦♠ ❛s ❝✉r✈❛s ❞❡ ♥í✈❡❧✱ ♥♦ s❡♥t✐❞♦

❞♦ ✈❡t♦r ❣r❛❞✐❡♥t❡ ♣❛r❛ ♣r♦❜❧❡♠❛s ❞❡ ♠á①✐♠♦ ❡ ♥♦ s❡♥t✐❞♦ ♦♣♦st♦ ♣❛r❛ ♦s ❞❡ ♠í♥✐♠♦✱

❛té t♦❝❛r ♦ ú❧t✐♠♦ ♣♦♥t♦ ❞❛ r❡❣✐ã♦ ❞❡ ❢❛❝t✐❜✐❧✐❞❛❞❡ ❡♥❝♦♥tr❛♠♦s ♦ ♣♦♥t♦ ❆ ♥♦ ❣rá✜❝♦ ❞❛

❋✐❣✉r❛ ✷✳✻✳

✹✽



❋✐❣✉r❛ ✷✳✻✿ ❙♦❧✉çã♦ ót✐♠❛ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡✐s

◆❛ r❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛✱ ❛s ❝✉r✈❛s ❞❡ ♥í✈❡❧ ♣❡r❝♦rr❡♠ ❛ r❡❣✐ã♦ ❢❛❝tí✈❡❧ ❛t✐♥❣✐♥❞♦ ♦

♣♦❧í❣♦♥♦ q✉❡ ❞❡❧✐♠✐t❛ ❡ss❛ r❡❣✐ã♦✱ ❞❡ss❛ ❢♦r♠❛ ♣♦❞❡♠♦s ♦❜s❡r✈❛r✱ ♥♦ ❣rá✜❝♦ ❞❛ ❋✐❣✉r❛

✷✳✼✱ q✉❡ ❛ s♦❧✉çã♦ ót✐♠❛ ❡♥❝♦♥tr❛✲s❡ ❡♠ ✉♠ ❞♦s ✈ért✐❝❡s ❞❡ss❡ ♣♦❧í❣♦♥♦✳ ❖ ♣♦♥t♦ ❆ ❞❡

❝♦♦r❞❡♥❛❞❛s x1 = 18, 75 ❡ x2 = 31, 25 ✐♥❞✐❝❛ ❛ ♠❡❧❤♦r s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❡ ♥♦s ♣❡r♠✐t❡

♣❡r❝♦rr❡r 14, 3× 18, 75 + 9, 6× 31, 25 = 568, 125 km✳

❋✐❣✉r❛ ✷✳✼✿ ❙♦❧✉çã♦ ót✐♠❛ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡✐s ❝♦♠ ❝✉r✈❛ ❞❡ ♥í✈❡❧
❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦

✹✾



P❡r❝❡❜❡♠♦s ✉♠❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛ s♦❧✉çã♦ ót✐♠❛ ♦❜t✐❞❛ ♥❛ s❡çã♦ ✷✳✷ ✉s❛♥❞♦ t❛❜❡❧❛ ✿

x1 = 20 ❡ x2 = 29 ♣❡r❝♦rr❡♥❞♦ 564km ❡ ❛ s♦❧✉çã♦ ❣rá✜❝❛ q✉❡ ❢♦✐ x1 = 18, 75 ❡ x2 = 31, 25

♣❡r❝♦rr❡♥❞♦ 568, 125km✳ ■ss♦ s❡ ❞❡✈❡ ❛ só ✉s❛r♠♦s ✈❛❧♦r❡s ✐♥t❡✐r♦s ♥❛ t❛❜❡❧❛✱ q✉❡ ♠❡s♠♦

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

P♦❞❡♠♦s ❛✐♥❞❛ ♥♦s ❛♣r♦♣r✐❛r ❞❡ ♠ét♦❞♦s ❛❧❣é❜r✐❝♦s ❡ ❛♥❛❧ít✐❝♦s ♣❛r❛ r❡s♦❧✈❡r ❡ss❡ t✐♣♦

❞❡ ♣r♦❜❧❡♠❛ ❡ ❛té ♠❡s♠♦ ♠❡s❝❧❛r ♠❛✐s ❞❡ ✉♠ ♠ét♦❞♦ ♣❛r❛ ✉♠ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦✳

✷✳✸ ▼ét♦❞♦s ❆❧❣é❜r✐❝♦s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r

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

♠❛t❡♠át✐❝♦s ❡ ❞❡ ❛❧❣♦r✐t♠♦s ♥❛ ❜✉s❝❛ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ❞❛ s✐t✉❛çã♦ ❛ s❡r ❡♥❢r❡♥t❛❞❛✳

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

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

▼❛①✐♠✐③❛r✿ z = f(x1, x2) = 14, 3x1 + 9, 6x2

❙✉❥❡✐t♦ ❛✿































x1 + x2 6 50

3, 15x1 + 1, 95x2 < 120

x1 > 0

x2 > 0

♦♥❞❡ z é ♦ ♣❡r❝✉rs♦ ❡♠ q✉✐❧ô♠❡tr♦s✱ x1 ❡ x2 ♦ ✈♦❧✉♠❡ ❞❡ ❣❛s♦❧✐♥❛ ❡ á❧❝♦♦❧✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

◆❡ss❡ ♣r♦❜❧❡♠❛ ❡♠ ❡s♣❡❝í✜❝♦✱ s❡ ♥♦s ❛♣r♦♣r✐❛r♠♦s ❞❛s ♦❜s❡r✈❛çõ❡s ♥❛ r❡s♦❧✉çã♦

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

r❡str✐çõ❡s ❞❡ ✈♦❧✉♠❡ ✭x1 + x2 = 50✮ ❡ ❞❡ ✈❛❧♦r ✭3, 15x1 + 1, 95x2 = 120✮ ❡ q✉❡ ❛ ❢✉♥çã♦

♦❜❥❡t✐✈♦ ✭z = 14, 3x1 + 9, 6x2✮ ❞❡✈❡ ♣❛ss❛r ♣♦r ❡ss❡ ♣♦♥t♦✱ ✈ért✐❝❡ ❞♦ ♣♦❧í❣♦♥♦ ❞❛ r❡❣✐ã♦

❢❛❝tí✈❡❧✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ é ❛ s♦❧✉çã♦ ❞♦ s✐st❡♠❛ ❧✐♥❡❛r✿







x1 + x2 = 50 (i)

3, 15x1 + 1, 95x2 = 120 (ii)

❊ss❡ s✐st❡♠❛ ❧✐♥❡❛r t❡♠ s♦❧✉çã♦ r❡❧❛t✐✈❛♠❡♥t❡ s✐♠♣❧❡s ❡ ♣♦❞❡ s❡r r❡s♦❧✈✐❞♦ ♣♦r q✉❛❧✲

q✉❡r ✉♠ ❞♦s ♠ét♦❞♦s ❞❡ s♦❧✉çã♦ ❞❡ s✐st❡♠❛s✳ ◆❡ss❡ ❝❛s♦✱ r❡s♦❧✈❡r❡♠♦s ♣♦r s✉❜st✐t✉✐çã♦✿

✺✵



❼ ❉❛ ❡q✉❛çã♦ ✭✐✮ t❡♠♦s✿

x1 = 50− x2

❼ ❙✉❜st✐t✉✐♥❞♦ x1 ♥❛ ❡q✉❛çã♦ ✭✐✐✮ t❡♠♦s✿

3, 15 · (50− x2) + 1, 95x2 = 120

❼ ❆♣❧✐❝❛♥❞♦ ❛ ♣r♦♣r✐❡❞❛❞❡ ❞✐str✐❜✉t✐✈❛ ❞❛ ♠✉❧t✐♣❧✐❝❛çã♦ ♣❛ss❛♠♦s ❛ t❡r✿

157, 5− 3, 15x2 + 1, 95x2 = 120

❼ ❘❡t✐r❛♥❞♦ ✶✺✼✱✺ ♥♦s ❞♦✐s ♠❡♠❜r♦s ❞❛ ✐❣✉❛❧❞❛❞❡✱ ❥✉♥t❛♥❞♦ ♦s t❡r♠♦s s❡♠❡❧❤❛♥t❡s ❡

♠✉❧t✐♣❧✐❝❛♥❞♦ ❛ ❡q✉❛çã♦ t♦❞❛ ♣♦r ✲✶ ♦❜t❡♠♦s✿

1, 2x2 = 37, 5

❼ ❉✐✈✐❞✐♥❞♦ ♦s ❞♦✐s ♠❡♠❜r♦s ❞❛ ❡q✉❛çã♦ ♣♦r ✶✱✷ ❞❡s❝♦❜r✐♠♦s✿

x2 = 31, 25

❼ ❙✉❜st✐t✉✐♥❞♦ ♥❛ ❡q✉❛çã♦ ✭✐✮ ♦❜s❡r✈❛♠♦s✿

x1 = 18, 75

❼ ❯s❛♥❞♦ ♦s ✈❛❧♦r❡s ❞❛s ✈❛r✐á✈❡✐s ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ ❝♦♥❝❧✉í♠♦s✿

z = 568, 125km

❚❡♠♦s ❡♥tã♦ ❝♦♠♦ s♦❧✉çã♦ ót✐♠❛ ❞♦ ♣r♦❜❧❡♠❛ ✸✶✱✷✺ ❧✐tr♦s ❞❡ á❧❝♦♦❧ ❡ ✶✽✱✼✺ ❧✐tr♦s ❞❡

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

P♦❞❡rí❛♠♦s t❡r r❡s♦❧✈✐❞♦ ❡ss❡ s✐st❡♠❛ ♣❡❧♦ ♠ét♦❞♦ ❞♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ●❛✉ss ♦✉

♣❡❧♦ ♠ét♦❞♦ ❞❡ ❈r❛♠❡r ❡ ❝❤❡❣❛rí❛♠♦ ❛♦ ♠❡s♠♦s r❡s✉❧t❛❞♦✳ ➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡

♣♦❞❡rí❛♠♦s t❡r ♠❛✐s ✈❛r✐á✈❡✐s ♦✉ ♥ã♦ t❡r ❛ ✈✐s✉❛❧✐③❛çã♦ ❣rá✜❝❛✱ t♦r♥❛♥❞♦✲s❡ ♥❡❝❡ssár✐♦

♦✉tr♦ t✐♣♦ ❞❡ ❛❧❣♦r✐t♠♦ ❞❡ r❡s♦❧✉çã♦✳

❆♠♣❧✐❛♥❞♦ ❛ ✐❞❡✐❛ ❞❡ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ♦t✐♠✐③❛çã♦✱ ♣❡♥s❛♥❞♦ t❛♠❜é♠ ❡♠

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

♦♥❛✐s s❡ ❝♦❧♦❝❛♠ ❝♦♠♦ ❢❡rr❛♠❡♥t❛s ✐♠♣♦rt❛♥t❡s ♥♦ tr❛t❛♠❡♥t♦ ❞❡ss❡s t✐♣♦s ❞❡ s✐t✉❛çõ❡s✳

❈♦♥t✐♥✉❛r❡♠♦s ❡♠ ♥♦ss♦ ♣r♦❜❧❡♠❛ ❡①❡♠♣❧♦ ♣❛r❛ ❞❡s❝r❡✈❡r♠♦s ♦ ♠ét♦❞♦ s✐♠♣❧❡① ❛♥❛❧ít✐❝♦

❡ ❛ s♦❧✉çã♦ ♣♦r ❝♦♠♣✉t❛❞♦r ❝♦♠ ♦ ❛✉①í❧✐♦ ❞♦ ❊①❝❡❧ ❙♦❧✈❡r✳

✺✶



✷✳✹ ▼ét♦❞♦ ❙✐♠♣❧❡①

❖ ♠ét♦❞♦ ❣rá✜❝♦ ❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ r❡s♦❧✉çã♦ ❞❡ s✐st❡♠❛s ❝♦♠♦ ❞❡s❝r✐t♦ ❛♥t❡r✐♦r♠❡♥t❡ só

♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ♣❛r❛ r❡s♦❧✉çã♦ ❞❡ s✐t✉❛çõ❡s ❝♦♠ ❞✉❛s ♦✉ ♥♦ ♠á①✐♠♦ três ✈❛r✐á✈❡✐s✳

P❛r❛ ♣r♦❜❧❡♠❛s ♠❛✐♦r❡s✱ ♦ ▼ét♦❞♦ ❙✐♠♣❧❡① s❡ ❝♦❧♦❝❛ ❝♦♠♦ ✉♠ ❣r❛♥❞❡ ❛✉①✐❧✐❛r ♥❛ s♦❧✉çã♦

❞♦s ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✳ ❊ss❡ ♠ét♦❞♦ ❝♦♥s✐st❡ ❡♠✱ ❛♣ós ❛ ♠♦❞❡❧❛❣❡♠ ♠❛✲

t❡♠át✐❝❛ ❞♦ ♣r♦❜❧❡♠❛✱ ♦❜t❡r ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ✭✈✐á✈❡❧✮ ✐♥✐❝✐❛❧ ❡✱ ❛♣❧✐❝❛♥❞♦ s❡♠♣r❡ ♦s

♠❡s♠♦s ♣❛ss♦s ♥❛s ✐t❡r❛çõ❡s✱ ✐r ♠❡❧❤♦r❛♥❞♦ t❛❧ s♦❧✉çã♦ ❛té ❝❤❡❣❛r à s♦❧✉çã♦ ót✐♠❛✱ ❝❛s♦

❡①✐st❛✱ ♦✉ ❝♦♥❝❧✉✐r q✉❡ ♥ã♦ t❡♠♦s ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛✳

P♦❞❡♠♦s ❡sq✉❡♠❛t✐③❛r ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

P❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ❝♦♥s✐❞❡r❛♠♦s ♦ ♣r♦❜❧❡♠❛ ❡s❝r✐t♦ ♥❛

❢♦r♠❛ ♣❛❞rã♦✿

▼✐♥✐♠✐③❛r Z(x) = −→c · −→x

❙✉❥❡✐t♦ ❛







A · −→x =
−→
b

−→x > 0

❙❡❥❛✱ S = {x tal que A · x = b, x > 0} ♦ ❝♦♥❥✉♥t♦ ❞❛s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ❞♦ ♣r♦❜❧❡♠❛✱

❡♠ q✉❡ A é ❛ ♠❛tr✐③ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❛s r❡str✐çõ❡s✱ −→x = (x1, · · · , xm)
t é ♦ ✈❡t♦r ❞❛s

✈❛r✐á✈❡✐s✱ −→c = ( c1, c2, ..., cn) é ♦ ✈❡t♦r ❞❡ ❝✉st♦s ❡
−→
b = ( b1, b2, ..., bn)

t é ♦ ✈❡t♦r ❞♦s

t❡r♠♦s ✐♥❞❡♣❡♥❞❡♥t❡s✳ ❆ss✐♠✱ ♣❛r❛ ❡♥t❡♥❞❡r♠♦s ♠❡❧❤♦r ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ▼ét♦❞♦

❙✐♠♣❧❡①✱ t❡♠♦s ❞❡ r❡t♦r♥❛r ❡♠ ❛❧❣✉♥s ❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s ✐♠♣♦rt❛♥t❡s✳

✺✷



❉❡✜♥✐çã♦ ■ ✲ ❯♠❛ ❜❛s❡ ❞❡ ✉♠❛ ♠❛tr✐③ A (m × n) é ✉♠❛ ♠❛tr✐③ q✉❛❞r❛❞❛ ❞❡ m

✈❡t♦r❡s ❝♦❧✉♥❛ ❧✐♥❡❛r♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s ❡♠ Rm✳ ❆s ✈❛r✐á✈❡✐s ❛ss♦❝✐❛❞❛s ❛ ❡ss❛s ❝♦❧✉♥❛s

❞❡♥♦♠✐♥❛r❡♠♦s ✈❛r✐á✈❡✐s ❜ás✐❝❛s✳

P♦❞❡♠♦s ❞♦❝♦♠♣♦r ♦ ✈❡t♦r ❞❛s ✈❛r✐á✈❡✐s x q✉❡ ❡♠ ✈❛r✐á✈❡✐s ❜ás✐❝❛s xB ❡ ✈❛r✐á✈❡✐s

♥ã♦ ❜ás✐❝❛s xN ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

x = (xB, xN)✱ ♦♥❞❡ xB r❡♣r❡s❡♥t❛ ♦ ✈❡t♦r ❞❛s ✈❛r✐á✈❡✐s ❜ás✐❝❛s ❞❡ m ❝♦♠♣♦♥❡♥t❡s ❡

xN é ♦ ✈❡t♦r ❞❛s r❡st❛♥t❡s n−m ✈❛r✐á✈❡✐s ♥ã♦ ❜ás✐❝❛s✳

variáveis básicas variáveis não básicas

(B| N) =













a1 1 a1 2 . . . a1m

a2 1 a2 2 . . . a2m

✳✳✳
✳✳✳

✳ ✳ ✳
✳✳✳

am 1 am 2 . . . amm

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

a1m+1 a1m+2 a1m+3 . . . a1 n

a2m+1 a2m+2 a2m+3 . . . a2 n

✳✳✳
✳✳✳

✳✳✳
✳ ✳ ✳

✳✳✳

amm+1 amm+2 amm+3 . . . amn













P♦❞❡♠♦s s♦❧✉❝✐♦♥❛r ♦ ❝♦♥❥✉♥t♦ ❞❡ ❡q✉❛çõ❡s m × n s♦♠❡♥t❡ ❡♠ ❢✉♥çã♦ ❞❛s ✈❛r✐á✈❡✐s

❜ás✐❝❛s✱ x = (xB, 0)✳ ❉❡ss❛ ❢♦r♠❛ ❞✐✈✐❞✐♠♦s ❛ ♠❛tr✐③ A (m × n) ❡♠ ❞✉❛s ♠❛tr✐③❡s✿

B (m ×m)✱ ❛ ♠❛tr✐③ ❞❛s ✈❛r✐á✈❡✐s ❜ás✐❝❛s✱ ❡ N (m × n −m)✱ ❛ ♠❛tr✐③ ❞❛s ✈❛r✐á✈❡✐s

♥ã♦ ❜ás✐❝❛s✳

❊♠ r❡❧❛çã♦ ❛ ❡ss❛ ❞✐✈✐sã♦✱ ♣♦❞❡♠♦s ❛✜r♠❛r q✉❡✿

❼ ❉❡✜♥✐çã♦ ■■ ✲ ❙❡❥❛ B ✉♠❛ ❜❛s❡ ❛ss♦❝✐❛❞❛ à ♠❛tr✐③ A✳ ❖ ✈❡t♦r ❝♦♠♣♦st♦ ♣♦r
−→xB = B−1−→b ❡ −→xN = 0 é ❝❤❛♠❛❞♦ ❞❡ s♦❧✉çã♦ ❜ás✐❝❛✳

❼ ❉❡✜♥✐çã♦ ■■■ ✲ ❯♠❛ s♦❧✉çã♦ ❜ás✐❝❛ s❡♠ ❝♦♠♣♦♥❡♥t❡s ♥❡❣❛t✐✈❛s é ❞❡♥♦♠✐♥❛❞❛

s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧✳

x =
(

xm+1, · · · , xn

∣

∣

∣ x1, · · · , xn

)

m

xB =
(

xm+1, · · · , xn

)

❡ xN =
(

x1, · · · , xn

)

P❛r❛ ❡♥t❡♥❞❡r♠♦s ♠❡❧❤♦r ❛s ❞❡✜♥✐çõ❡s ❛♥t❡r✐♦r❡s✱ ❝♦♥s✐❞❡r❛r❡♠♦s ✉♠ ❝♦♥❥✉♥t♦ ❞❡

r❡str✐çõ❡s ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✿







3x1 + 4x2 6 25

7x1 + 2x2 6 40

✺✸



P❛ss❛♥❞♦ ♣❛r❛ ❛ ❢♦r♠❛ ♣❛❞rã♦ ❞❡ r❡♣r❡s❡♥t❛çã♦✱ ❛❝r❡s❝❡♥t❛♥❞♦ ❛s ✈❛r✐á✈❡✐s ❞❡ ❢♦❧❣❛

x3 ❡ x4✱ t❡♠♦s✿







3x1 + 4x2 + x3 = 25

7x1 + 2x2 + x4 = 40

❊♥tã♦ ❛ ♠❛tr✐③ A s❡rá✿

A =

(

3 4 1 0

7 2 0 1

)

❆s ✈❛r✐á✈❡✐s ❜ás✐❝❛s s❡rã♦ x1 ❡ x2✱ ❡ ❛s ✈❛r✐á✈❡✐s ♥ã♦ ❜ás✐❝❛s s❡rã♦ x3 ❡ x4✳ ❆ss✐♠✱

❡s❝r❡✈❡♠♦s ❛ ♠❛tr✐③ A = (B| N)✿

A = (B| N) =

(

3 4

7 2

∣

∣

∣

∣

∣

1 0

0 1

)

❖❜t❡♠♦s ❡♥tã♦ ❛s ♠❛tr✐③❡s B ❡ N ✿

B =

(

3 4

7 2

)

❡ N =

(

1 0

0 1

)

▲♦❣♦✱ xB = (x3, x4) ❡ xN = (x1, x2)

❼ ❉❡✜♥✐çã♦ ■❱ ✲ ❖ ❝♦♥❥✉♥t♦ C = {x tal que A·x = b, x > 0} é ❝❤❛♠❛❞♦ ❞❡ ❝♦♥❥✉♥t♦

❞❡ s♦❧✉çõ❡s ✈✐á✈❡✐s✳

❆❧é♠ ❞❛s ❞❡✜♥✐çõ❡s✱ ♣❛r❛ ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞♦ ♠ét♦❞♦ s✐♠♣❧❡①✱ sã♦ ✐♠♣♦rt❛♥t❡s ♦s s❡❣✉✐♥t❡s

t❡♦r❡♠❛s✿

❚❡♦r❡♠❛ ✷✳✶✳ ❖ ❝♦♥❥✉♥t♦ C ❞❛s s♦❧✉çõ❡s ✈✐á✈❡✐s ❞❡ ✉♠ ♠♦❞❡❧♦ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r é

✉♠ ❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦✳

❉❡♠♦♥str❛çã♦✳ ❙❡❥❛ C ♦ ❝♦♥❥✉♥t♦ ❢♦r♠❛❞♦ ♣❡❧♦s ♣♦♥t♦s x t❛✐s q✉❡✿ A · x = b ❡ x > 0✳

❙❡ C é ❝♦♥✈❡①♦ ❡♥tã♦ ♣❛r❛ q✉❛❧q✉❡r ❝♦♥❥✉♥t♦ ❝♦♠♣♦st♦ ♣♦r ❞♦✐s ♣♦♥t♦s ❞✐st✐♥t♦s x1✱

x2 ♣❡rt❡♥❝❡♥t❡s ❛ C✱ ❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❝♦♥✈❡①❛ ❞❡ss❡s ♣♦♥t♦s t❛♠❜é♠ ♣❡rt❡♥❝❡ ❛ C✱ ♦

q✉❡ ❡q✉✐✈❛❧❡ ❛ ❞✐③❡r q✉❡✿

✺✹



{x1, x2} ∈ C =⇒







x = λx1 + (1− λ)x2 ∈ C

0 6 λ 6 1

❙❡❥❛♠ ❞✉❛s s♦❧✉çõ❡s ✈✐á✈❡✐s ❞❡ C✱ x1✱ x2✱ t❛✐s q✉❡ x1 6= x2✱ ❡♥tã♦✿

A · x1 = b

x1 > 0
❡

A · x2 = b

x2 > 0

❡ s❡❥❛✿

x = λx1 + (1− λ)x2

0 6 λ 6 1

❊♥tã♦✿

Ax = A [λx1 + (1− λ) x2] = λAx1 + A(1− λ)x2 = λb+ (1− λ) = b

❡ x > 0 ✉♠❛ ✈❡③ q✉❡✿

x = λx1 + (1− λ)x2 > 0 ✱ x1 > 0, x2 > 0 ❡ 0 6 λ 6 1

❚❡♦r❡♠❛ ✷✳✷✳ ❚♦❞❛ s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧ ❞♦ s✐st❡♠❛ Ax = b é ✉♠ ♣♦♥t♦ ❡①tr❡♠♦ ❞♦

❝♦♥❥✉♥t♦ ❞❡ s♦❧✉çõ❡s ✈✐á✈❡✐s✱ ♦✉ s❡❥❛✱ ✉♠ ❡①tr❡♠♦ ❞♦ ❝♦♥❥✉♥t♦ C✳

❉❡♠♦♥str❛çã♦✳ ❙❡❥❛ C ♦ ❝♦♥❥✉♥t♦ ❢♦r♠❛❞♦ ♣❡❧♦s ♣♦♥t♦s ① t❛✐s q✉❡✿

Ax = b ✱ x > 0 ❡ x = (x1, x2, ... , xm, 0, ... , 0)
t✱ ❞❡ ❞✐♠❡♥sã♦ n✱ ♥❛ q✉❛❧ ❛s ✈❛r✐á✈❡✐s

❜ás✐❝❛s sã♦ ❛s m ♣r✐♠❡✐r❛s✳ ❚♦❞❛s ♠❛✐♦r❡s ♦✉ ✐❣✉❛✐s ❛ ③❡r♦ ✭xi > 0✮✳

❙✉♣♦♥❤❛♠♦s✱ ♣♦r ❛❜s✉r❞♦✱ q✉❡ x ♥ã♦ s❡❥❛ ✉♠ ♣♦♥t♦ ❡①tr❡♠♦ ❞♦ ❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦ C✱

❞❡✜♥✐❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳ ❊♥tã♦ x ♣♦❞❡ s❡r ❡s❝r✐t♦ ❝♦♠♦ ❝♦♠❜✐♥❛çã♦ ❝♦♥✈❡①❛ ❞❡ ♦✉tr♦s ❞♦✐s

♣♦♥t♦s ❞✐st✐♥t♦s ❞❡ss❡ ♠❡s♠♦ ❝♦♥❥✉♥t♦✳

❈❤❛♠❛♥❞♦ ❞❡ ② ❡ ③ ❡ss❡s ❞♦✐s ♣♦♥t♦s✱ t❡♠♦s✿

x = λy + (1− λ)z

0 6 λ 6 1
❝♦♠♦

y ∈ C

z ∈ C
♦❜t❡♠♦s✿

Ay = b

y > 0
❡

Az = b

z > 0

❆ r❡❧❛çã♦ x = λy + (1 − λ)z✱ ❝♦❧♦❝❛❞❛ ❡♠ t❡r♠♦s ❞❛s ❝♦♦r❞❡♥❛❞❛s ❞❡ ❝❛❞❛ ✉♠ ❞♦s

três✱ ❢♦r♥❡❝❡ ❛s s❡❣✉✐♥t❡s r❡❧❛çõ❡s✿

✺✺



x1 = λy1 + (1− λ)z1

x2 = λy2 + (1− λ)z2

............................................

xm = λym + (1− λ)zm

0 = λym+1 + (1− λ)zm+1

............................................

0 = λyn + (1− λ)zn

❈♦♠♦✱ 0 6 λ 6 1✱ y > 0 ❡ z > 0 ❛s ú❧t✐♠❛s ✭n −m✮ r❡❧❛çõ❡s ❞♦ ❝♦♥❥✉♥t♦ só ♣♦❞❡♠

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

0 6 λ 6 1 ❡ ym+i = xm+i ♣❛r❛ i = 1, ... , n−m✳

❆ss✐♠ x = y = z✱ ♣♦✐s t❛♥t♦ y q✉❛♥t♦ x sã♦ s♦❧✉çõ❡s ❜ás✐❝❛s ❞♦ ♠❡s♠♦ s✐st❡♠❛✱

❝❛❧❝✉❧❛❞♦s ❝♦♠ ❛s ♠❡s♠❛s ✈❛r✐á✈❡✐s ❜ás✐❝❛s✳

λ = 0 ❡ ym+i = 0 ♣❛r❛ i = 1, ... , n − m✱ ❞❡ ❢♦r♠❛ ❛♥á❧♦❣❛ x = y ❡ ❝♦♠♦ h = 0✱

x = y = z

λ = 1 ❡ ym+1 = 0 ♣❛r❛ i = 1, ... , n−m✳ ❊♥tã♦ x = y = z✳

❈♦♠ ✐ss♦ ❞❡♠♦♥str❛♠♦s q✉❡ ♥ã♦ ❡①✐st❡♠ s♦❧✉çõ❡s ✈✐á✈❡✐s y ❡ z✱ ❞✐❢❡r❡♥t❡s ❞❛ s♦❧✉çã♦

❜ás✐❝❛ x q✉❡ s❛t✐s❢❛ç❛♠ à r❡❧❛çã♦ x = λy+(1−λ)z✱ ❝♦♥tr❛❞✐③❛♥❞♦ ❛ ❤✐♣ót❡s❡ ✐♥✐❝✐❛❧✳ P♦r

❝♦♥tr❛❞✐çã♦ ❞❡♠♦♥str❛♠♦s q✉❡ x é ✉♠ ♣♦♥t♦ ❡①tr❡♠♦ ❞♦ ❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦ C✳

❖ ❚❡♦r❡♠❛ ✷✳✷ ♠♦str❛ ❛ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ♥♦ s❡♥t✐❞♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧ ♣❛r❛

♦ ♣♦♥t♦ ❡①tr❡♠♦✱ r❡❢♦rç❛♥❞♦ ♦ t❡♦r❡♠❛ ❢✉♥❞❛♠❡♥t❛❧ ❞❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ❡ ♦ ❚❡♦r❡♠❛

✷✳✸ ❝♦♠♣❧❡t❛ ❛ ❛ss♦❝✐❛çã♦✳

❚❡♦r❡♠❛ ✷✳✸✳ ❯♠ ♣♦♥t♦ x é ❡①tr❡♠♦ ❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ s♦❧✉çõ❡s ✈✐á✈❡✐s ❞❡ ✉♠

♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r s❡ ❡ s♦♠❡♥t❡ s❡ x > 0 ❢♦r s♦❧✉çã♦ ❜ás✐❝❛ ❞♦ s✐st❡♠❛ ❞❡

❡q✉❛çõ❡s ❧✐♥❡❛r❡s Ax = b✳

❈♦♠ ❡ss❡s t❡♦r❡♠❛s t❡♠♦s✿

❈♦r♦❧ár✐♦✳ ✶ ✲ ❖ ❝♦♥❥✉♥t♦ ❞♦s ♣♦♥t♦s ❡①tr❡♠♦s ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ s♦❧✉çõ❡s ✈✐á✈❡✐s é

✜♥✐t♦ ❡ ❧✐♠✐t❛❞♦ ❡♠ Cm
n ✳

✷ ✲ ❙❡ ❡①✐st❡ ✉♠❛ s♦❧✉çã♦ ✈✐á✈❡❧✱ ❡♥tã♦ ❡①✐st❡ ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧✳

✺✻



❖ ú❧t✐♠♦ r❡s♣❛❧❞♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ❡♥t❡♥❞❡r♠♦s ❛ ❡str❛té❣✐❛ ❞♦ ♠ét♦❞♦ s✐♠♣❧❡① ❞✐③

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

❚❡♦r❡♠❛ ✷✳✹✳ ✶ ✲ ❙❡ ✉♠❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♣♦ss✉✐ ✉♠ ♠á①✐♠♦ ♦✉ ✉♠ ♠í♥✐♠♦ ✜♥✐t♦✱ ❡♥tã♦

♣❡❧♦ ♠❡♥♦s ✉♠❛ s♦❧✉çã♦ ót✐♠❛ é ✉♠ ♣♦♥t♦ ❡①tr❡♠♦ ❞♦ ❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦ C ❞♦ ❚❡♦r❡♠❛

✷✳✶✳

✷ ✲ ❙❡ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❛ss✉♠❡ ♦ ♠á①✐♠♦ ♦✉ ♦ ♠í♥✐♠♦ ❡♠ ♠❛✐s ❞❡ ✉♠ ♣♦♥t♦ ❡①tr❡♠♦✱

❡♥tã♦ ❡❧❛ t♦♠❛ ♦ ♠❡s♠♦ ✈❛❧♦r ♣❛r❛ q✉❛❧q✉❡r ❝♦♠❜✐♥❛çã♦ ❝♦♥✈❡①❛ ❞❡ss❡s ♣♦♥t♦s✳

P♦❞❡♠♦s ✈❡r ❛ ❞❡♠♦♥str❛çã♦ ❞❡ss❡ t❡♦r❡♠❛ ❡♠ ❆r❡♥❛❧❡s ❡t ❛❧✳ ❬✷✵✵✼❪ ❡ ●♦❧❞❜❛r❣ ❛♥❞

▲✉♥❛ ❬✷✵✵✺❪✳

❊ss❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ♣♦❞❡ s❡r r❡s✉♠✐❞❛ ❝♦♠♦✿

❼ ❯♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ S é s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱

s❡ ❡ s♦♠❡♥t❡ s❡✱ é ✈ért✐❝❡ ❞♦ ❝♦♥❥✉♥t♦ ❝♦♥✈❡①♦ C✳

❼ ❊①✐st❡ ✉♠ ♥ú♠❡r♦ ✜♥✐t♦ ❞❡ ✈ért✐❝❡s ❡♠ C✳

❼ ❙❡ ♦ ♣r♦❜❧❡♠❛ ♣♦ss✉✐ ✉♠❛ s♦❧✉çã♦ ót✐♠❛✱ ❡♥tã♦ ❡①✐st❡ ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧

ót✐♠❛ ❡♠ C✱ ✐st♦ é✱ ✉♠ ✈ért✐❝❡ ót✐♠♦ ❡♠ C✳

❼ ❙❡ ♦ ♣r♦❜❧❡♠❛ ♣♦ss✉✐ ♠❛✐s ❞❡ ✉♠❛ s♦❧✉çã♦ ót✐♠❛✱ ❡♥tã♦ ❡st❡ ♣♦ss✉✐ ✐♥✜♥✐t❛s

s♦❧✉çõ❡s ót✐♠❛s✳

❊ss❡s r❡s✉❧t❛❞♦s sã♦ ❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡①✳

❆ ❜✉s❝❛ ♣❡❧❛ s♦❧✉çã♦ ót✐♠❛ ❡stá ❡♠ tr❛♥s✐t❛r ♣❡❧♦s ✈ért✐❝❡s ❞♦ ❝♦♥❥✉♥t♦ ❞❛s r❡str✐çõ❡s✱

s♦❧✉çõ❡s ❜ás✐❝❛s ✈✐á✈❡✐s✱ ♥❛ ❜✉s❝❛ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦✳ ❈♦♠♦ ♦ ♥ú♠❡r♦ ❞❡ ✈ért✐❝❡s é ✜♥✐t♦✱

t❡r❡♠♦s ✜♥✐t❛s ✐t❡r❛çõ❡s ♣❛r❛ ❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✳

❈♦♥s✐❞❡r❛r❡♠♦s ♣❛r❛ ❡①❡♠♣❧✐✜❝❛çã♦ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦

▲✐♥❡❛r ♠♦❞❡❧❛❞♦ ❝♦♠♦✿

✺✼



▼❛①✐♠✐③❛r f(x1, x2) = 15x1 + 12x2

❙✉❥❡✐t♦ à































x1 + x2 6 45

3x1 + 2x2 6 110

x1 > 0

x2 > 0

P❛r❛ ❡s❝r❡✈❡r ♦ ♣r♦❜❧❡♠❛ ♥❛ ❢♦r♠❛ ♣❛❞rã♦ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❛❝r❡s❝❡♥t❛r❡♠♦s ❛s

✈❛r✐á✈❡✐s ❞❡ ❢♦❧❣❛ x3 ❡ x4 ♥♦ ❝♦♥❥✉♥t♦ ❞❡ r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛✳

▼❛①✐♠✐③❛r f(x1, x2) = 15x1 + 12x2

❙✉❥❡✐t♦ à



















x1 + x2 + x3 = 45

3x1 + 2x2 + x4 = 110

x1, x2, x3, x4 > 0

❖❜s❡r✈❡♠♦s q✉❡ ❛ ❜❛s❡ B = [aij]m×m ❞❛ ♠❛tr✐③ A = [aij]m×n✱ m > n✱ ❞♦ s✐st❡♠❛

Ax = b✱ é ✐❣✉❛❧ ❛ m ❝♦❧✉♥❛s ❧✐♥❡❛r♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s ❡♠ A✳ ❉❡ss❛ ❢♦r♠❛ é ♣♦ssí✈❡❧

❡s❝r❡✈❡r ✉♠❛ ♣❛rt✐çã♦ ❝♦♥✈❡♥✐❡♥t❡ ❡♠ A✱ ❝♦♠♦ A = [B N ] ❡ ❡s❝r❡✈ê✲❧♦ ❝♦♠♦✿

Ax = b ⇐⇒ BxB +NxN = b ⇐⇒ BxB = b−NxN

Ax = b no problema
−−−−−−−−−−→

⇒

[

1 1 1 0

3 2 0 1

]

×













x1

x2

x3

x4













=

[

45

110

]

✳

BxB +NxN = b −→

[

1 1

3 2

]

×

[

x1

x2

]

+

[

1 0

0 1

]

×

[

x3

x4

]

=

[

45

110

]

✱

❡♠ q✉❡ B é ✉♠❛ ♠❛tr✐③ m×m ❢♦r♠❛❞❛ ♣❡❧❛s m ❝♦❧✉♥❛s ❧✐♥❡❛r♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s ❞❡ A✱

❞❡♥♦♠✐♥❛❞❛ ❞❡ ♠❛tr✐③ ❜❛s❡✱ N ❛ ♠❛tr✐③ ❢♦r♠❛❞❛ ♣❡❧❛s (n−m) ❝♦❧✉♥❛s r❡st❛♥t❡s ❞❛ ♠❛tr✐③

A✳ ❆ss✐♠ t❡♠♦s ♥❛ ♠❛tr✐③ A = [B N ] ♦s ✈❡t♦r❡s xB ❡ xN q✉❡ sã♦ ❢♦r♠❛❞♦s ♣❡❧❛s ❝♦♠✲

♣♦♥❡♥t❡s x ❞❛s ❝♦❧✉♥❛s ❞❛s ♠❛tr✐③❡s B ❡ N ✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊s❝r❡✈❡♠♦s ♦ ✈❡t♦r x ❝♦♠♦✿

x =

[

xB

xN

]

no problema
−−−−−−−−−−→

⇒

[

x1 x2

x3 x4

]

✱ ❡♠ q✉❡✿

❼ ❱❛r✐á✈❡✐s ❜ás✐❝❛s sã♦ ❛s m ❝♦♠♣♦♥❡♥t❡s ❞♦ ✈❡t♦r xB = (x1, x2)❀

✺✽



❼ ❱❛r✐á✈❡✐s ♥ã♦ ❜ás✐❝❛s sã♦ ❛s (m − n) r❡st❛♥t❡s✱ ❝♦♠♣♦♥❡♥t❡s ❞♦ ✈❡t♦r

xN = (x3, x4)✳

❙❡♥❞♦ B✱ ✉♠❛ ♠❛tr✐③ ❜❛s❡✱ ❡①✐st❡ ✉♠❛ ú♥✐❝❛ ♠❛tr✐③ ✐♥✈❡rs❛ B−1✳ ❉❡ss❛ ❢♦r♠❛✱ ♣♦❞❡♠♦s

❡s❝r❡✈❡r ♦ ✈❡t♦r xB✱ ❝♦♠♦ s❡❣✉❡✿

xB = B−1(b−NxN)

❖❜t❡♠♦s ❡ss❛ ❢♦r♠❛ ♣❛rt✐♥❞♦ ❞♦ s✐st❡♠❛ ❧✐♥❡❛r Ax = b✱ ❛♣❧✐❝❛♥❞♦ ❛s ♦♣❡r❛çõ❡s ❡❧❡✲

♠❡♥t❛r❡s ♣❛r❛ tr❛♥s❢♦r♠❛r ❛ ♠❛tr✐③ B ♥❛ ♠❛tr✐③ ✐❞❡♥t✐❞❛❞❡ I ✭♠ét♦❞♦ ❞❡ ●❛✉ss✲❏♦r❞❛♥✮✳

■ss♦ ❡q✉✐✈❛❧❡ ❛ ♠✉❧t✐♣❧✐❝❛r ♦ s✐st❡♠❛ BxB +NxN = b ♣❡❧❛ ♠❛tr✐③ ✐♥✈❡rs❛ B−1 t❡♥❞♦✿

I · xB + (B−1N) · xN = B−1b

◆♦ ❡①❡♠♣❧♦ t❡♠♦s✿

B =

[

1 1

3 2

]

✱ ❝❛❧❝✉❧❛♥❞♦ s✉❛ ✐♥✈❡rs❛ ♦❜t❡♠♦s B−1 =

[

−2 1

3 −1

]

✳

❈♦♠♦ xB = B−1b✱ t❡♠♦s xB =

[

−2 1

3 −1

]

×

[

45

110

]

✳

▲♦❣♦✱ xB =

[

20

25

]

✱ ♦❜t❡♥❞♦ ❝♦♠♦ s♦❧✉çã♦ (x1, x2) = (20, 25)✳

◗✉❛♥❞♦ r❡s♦❧✈❡♠♦s ♦ s✐st❡♠❛ Ax = b✱ ♣❛rt✐♥❞♦ ❞❛ ❢♦r♠❛ xB = B−1(b − NxN)✱ ♣❛r❛

❝❛❞❛ ❡s❝♦❧❤❛ ❞❡ ✈❛❧♦r❡s ♣❛r❛ ❛s ✈❛r✐á✈❡✐s xN ♦❜t❡♠♦s ✉♠ ✈❛❧♦r ♣❛r❛ ❛s ✈❛r✐á✈❡✐s xB✳

❈♦♠♦ ♣♦❞❡♠♦s ❛tr✐❜✉✐r ❛r❜✐tr❛r✐❛♠❡♥t❡ ✈❛❧♦r❡s às (m − n) ❝♦♠♣♦♥❡♥t❡s ❞♦ ✈❡t♦r xN

❡ ❞❡t❡r♠✐♥❛r♠♦s ❞❡ ❢♦r♠❛ ú♥✐❝❛ ♦s ✈❛❧♦r❡s ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞♦ ✈❡t♦r xB✱ ♦ s✐st❡♠❛

Ax = b ❛❞♠✐t❡ ✐♥✜♥✐t❛s s♦❧✉çõ❡s✱ ♦✉ s❡❥❛✱ t❡♠♦s ✉♠ ❙✐st❡♠❛ ❞❡ ❊q✉❛çõ❡s ▲✐♥❡❛r❡s

■♥❞❡t❡r♠✐♥❛❞♦✳

❈❤❛♠❛♠♦s ❞❡ s♦❧✉çã♦ ❜ás✐❝❛ ✉♠❛ s♦❧✉çã♦ ♣❛rt✐❝✉❧❛r ❞♦ s✐st❡♠❛ Ax = b✱ ♦✉

xB = B−1(b−NxN)✱ q✉❡ é ❛tr✐❜✉✐r xN = 0✱ ❛ss✐♠✱ xB = B−1b✱ ❡ ♣♦❞❡♠♦s ❞✐✈✐❞✐r ❡♠✿

❼ ❙♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧✱ q✉❛♥❞♦ t♦❞❛s ❛s ❝♦♠♣♦♥❡♥t❡s ❞♦ ✈❡t♦r x sã♦ ♠❛✐♦r❡s ♦✉

✐❣✉❛✐s ❛ ③❡r♦❀

✺✾



❼ ❙♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧ ❞❡❣❡♥❡r❛❞❛✱ q✉❛♥❞♦ ✉♠❛ ♦✉ ♠❛✐s ❝♦♠♣♦♥❡♥t❡s ❜ás✐❝❛s

sã♦ ✐❣✉❛✐s ❛ ③❡r♦✳

❯♠❛ ❢♦r♠❛ ❞❡ ❛♣❧✐❝❛r ♦ ❛❧❣♦r✐t♠♦ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡① é ❝♦♠ ♦ ✉s♦ ❞❡ t❛❜❡❧❛s✱ q✉❡ ❢❛❝✐❧✐t❛

❛ ♦r❣❛♥✐③❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❞✉r❛♥t❡ ❛ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✳

▼ét♦❞♦ ❙✐♠♣❧❡① ♥♦ ❢♦r♠❛t♦ t❛❜✉❧❛r

P❛rt✐♥❞♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ✐♥✐❝✐❛❧ ❞♦ s✐st❡♠❛ ♦r✐❣✐♥❛❧ Ax = b✱ ❝✉❥♦s ❝♦❡✜❝✐❡♥t❡s

sã♦ ❞❡♥♦t❛❞♦s ♣♦r aij ❡ bi✱ i = 1, 2, ..., m✱ j = 1, 2, ..., n✱ ❛❧t❡r❛♠♦s ❡ss❛ s♦❧✉çã♦ ♣❡❧❛s

♦♣❡r❛çõ❡s ❞❡ ♣✐✈♦t❛♠❡♥t♦ ❞♦ ♠ét♦❞♦ ❞❡ ●❛✉ss✲❏♦r❞❛♥✱ ♦❜t❡♥❞♦ ♥♦✈❛s s♦❧✉çõ❡s ❡♠ ✉♠

s✐st❡♠❛ ❡q✉✐✈❛❧❡♥t❡ Â = xb̂✳ ■st♦ é ❡q✉✐✈❛❧❡♥t❡ ❛ ❡♥❝♦♥tr❛r s♦❧✉çõ❡s q✉❡ tr❛♥s✐t❛♠ ♣❡❧♦s

✈ért✐❝❡s ❞❛ r❡❣✐ã♦ ❞❡ ❢❛❝t✐❜✐❧✐❞❛❞❡ ✭✈✐❛❜✐❧✐❞❛❞❡✮✱ r❡♣❡t✐♥❞♦ ♦ ♣r♦❝❡ss♦ ❛té ❝❤❡❣❛r♠♦s ❛

s♦❧✉çã♦ ót✐♠❛✳

P♦❞❡♠♦s r❡s✉♠✐r ♦ ♠ét♦❞♦ ❡♠ ❛❧❣✉♥s ♣❛ss♦s✿

✶✳ ❉❡t❡r♠✐♥❡ ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧ ✐♥✐❝✐❛❧✱ q✉❡ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞❛ ❡♠ ✉♠❛

t❛❜❡❧❛ ❝♦♠♦ s❡❣✉❡✿

◗✉❛❞r♦ ✐♥✐❝✐❛❧ ❞♦ ♣r♦❜❧❡♠❛

❊q✉❛çã♦
❈♦❡✜❝✐❡♥t❡s ❞❡

①✶ · · · ①♠ ①♠✰✶ · · · ①♥ ❝♦♥st❛♥t❡
③ ✵ c0 1 · · · c0m c0m+1 · · · c0n b0

❱✳◆✳❇✳
①♠✰✶ ✶ a1 1 · · · a1m a1m+1 · · · a1n b1
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

①♥ ♠ am 1 · · · amm amm+1 · · · amn bm

❚❛❜❡❧❛ ✷✳✷✿ ▼♦❞❡❧♦ ❞❡ q✉❛❞r♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ❡♠ t❛❜❡❧❛s

◆❛ ❚❛❜❡❧❛ ✷✳✷✱ ❝♦♥s✐❞❡r❛♠♦s ❝♦♠♦ ✈❛r✐á✈❡✐s ❜ás✐❝❛s ✭❱✳❇✳✮✱ x1✱ x2✱ . . .✱ xn✱ ❡ ❝♦♠♦

✈❛r✐á✈❡✐s ♥ã♦ ❜ás✐❝❛s ✭❱✳◆✳❇✳✮✱ xm+1✱ xm+2✱ . . .✱ xn✳ ❆s ❝♦♥st❛♥t❡s✱ b0✱ b1✱ . . .✱ bm
sã♦ ♦s ✈❛❧♦r❡s ❞❛ ❡①♣r❡ssõ❡s ♣❛r❛ ❛ s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧ ✐♥✐❝✐❛❧ ❡ s❡rã♦ ❛t✉❛❧✐③❛❞♦s

❛ ❝❛❞❛ ♥♦✈❛ s♦❧✉çã♦ ✈✐á✈❡❧ ❛té ❝❤❡❣❛r♠♦s à s♦❧✉çã♦ ót✐♠❛✳

✻✵



✷✳ ❙❡ ❛❧❣✉♠ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❛s ✈❛r✐á✈❡✐s ♥ã♦ ❜ás✐❝❛s✱ ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦

f(x) = cx, c = (c1, c2, ..., cn)✱ ❢♦r ♠❡♥♦r q✉❡ ③❡r♦ (cj < 0)✱ ♦❜s❡r✈❛♠♦s q✉❡✱

q✉❛♥❞♦ ❛✉♠❡♥t❛♠♦s ♦ ✈❛❧♦r ❞❛ ✈❛r✐á✈❡❧ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❞❡❝r❡s❝❡✱ ❡♥tã♦ ❛ s♦❧✉çã♦

❛✐♥❞❛ ♥ã♦ é ót✐♠❛✱ ✈❛♠♦s ♣❛r❛ ♦ ♣❛ss♦ ✸✳

✸✳ ❈♦❧♦q✉❡ ♥❛ ❜❛s❡ ❛ ✈❛r✐á✈❡❧ xj ❝♦♠ ❝♦❡✜❝✐❡♥t❡ ♠❛✐s ♥❡❣❛t✐✈♦ ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱

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

✹✳ ❘❡t✐r❡ ❞❛ ❜❛s❡ ❛ ✈❛r✐á✈❡❧ xi q✉❡ s❡ ❛♥✉❧❛ ♠❛✐s r❛♣✐❞❛♠❡♥t❡ ❝♦♠ ♦ ❝r❡s❝✐♠❡♥t♦ ❞❛

✈❛r✐á✈❡❧ xj q✉❡ ❡♥tr❛ ♥❛ ❜❛s❡✳ P❛r❛ ✐ss♦ ✈❡r✐✜❝❛♠♦s ♦ ✈❛❧♦r ♠í♥✐♠♦ ❞❡♥tr❡ ❛s r❛③õ❡s

❡♥tr❡ ❛ ❝♦♥st❛♥t❡ ❞♦ ✈❡t♦r b = (b1, ... , bm) ❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ ✈❛r✐á✈❡❧ q✉❡ ❡♥tr❛

♥❛ ❜❛s❡ xj = (a1, ... , am)✱ ♦✉ s❡❥❛ Mı́n
{

b1
a1
, b2
a2
, · · · , bm

am

}

✳ ❈♦♠♦ ❡st❛ ❧✐♥❤❛ s❡rá ❛

❞♦ ♣✐✈ô ❛♥❛❧✐s❛r ❛♣❡♥❛s ❛s r❛③õ❡s ♠❛✐♦r❡s q✉❡ ③❡r♦✱ bm
am

> 0

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

❞❡t❡r♠✐♥❡ ✉♠❛ ♥♦✈❛ s♦❧✉çã♦ ❜ás✐❝❛ ❡ ✈á ♣❛r❛ ♦ ♣❛ss♦ ✷✳

P❛r❛ ❡①❡♠♣❧✐✜❝❛r ♦s ♣❛ss♦s ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡①✱ r❡t♦r♥❛r❡♠♦s ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦♠❜✉stí✈❡❧✳

▼❛①✐♠✐③❛r✿ z = 14, 3x1 + 9, 6x2

❙✉❥❡✐t♦ ❛✿



















x1 + x2 6 50 (3)

3, 15x1 + 1, 95x2 6 120 (4)

x1, x2 > 0

❚r❛♥s❢♦r♠❛♥❞♦ ❛s ❞❡s✐❣✉❛❧❞❛❞❡s ❡♠ ❡q✉❛çõ❡s ❧✐♥❡❛r❡s✱ ♣♦❞❡♠♦s ❡s❝r❡✈❡r ❛s r❡str✐çõ❡s

❞♦ ♣r♦❜❧❡♠❛ ❝♦♠♦ ✉♠ s✐st❡♠❛ ❞❡ ❡q✉❛çõ❡s ❧✐♥❡❛r❡s✳

P❛r❛ r❡s♦❧✈❡r♠♦s ♦ ♣r♦❜❧❡♠❛ ❛❝r❡s❝❡♥t❛r❡♠♦s ❛s ✈❛r✐á✈❡✐s ❞❡ ❢♦❧❣❛ x3 ❡ x4✱ q✉❡ ✐rã♦

tr❛♥s❢♦r♠❛r ❛s ✐♥❡q✉❛çõ❡s ✭✸✮ ❡ ✭✹✮ ♥❛s ❡q✉❛çõ❡s ✭✺✮ ❡ ✭✻✮✱ ❡s❝r❡✈❡♥❞♦ ♦ ❝♦♥❥✉♥t♦ ❞❡

r❡str✐çõ❡s ♥❛ ❢♦r♠❛ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❡q✉❛çõ❡s ❧✐♥❡❛r❡s✳ ❆ss✐♠ t❡r❡♠♦s✿



















x1 + x2 + x3 = 50 (5)

3, 15x1 + 1, 95x2 + x4 = 120 (6)

x1, x2, x3, x4 > 0

✻✶



❉❡✈❡♠♦s ❛❣♦r❛ ❥✉♥t❛r ❛♦ ❝♦♥❥✉♥t♦ ❞❡ r❡str✐çõ❡s ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳

▼❛①✐♠✐③❛r z = 14, 3x1 + 9, 6x2 + 0x3 + 0x4



















x1 + x2 + x3 = 50

3, 15x1 + 1, 95x2 + x4 = 120

x1, x2, x3, x4 > 0

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

♠♦s q✉❡ ♠❛①✐♠✐③❛r z é ♠✐♥✐♠✐③❛r w = −z✱ ❞❡ss❛ ❢♦r♠❛ ♣♦❞❡♠♦s ❡s❝r❡✈❡r ♦ ♣r♦❜❧❡♠❛

❝♦♠♦✿

▼✐♥✐♠✐③❛r w = −14, 3x1 − 9, 6x2 − 0x3 − 0x4



















x1 + x2 + x3 = 50

3, 15x1 + 1, 95x2 + x4 = 120

x1, x2, x3, x4 > 0

❯♠❛ s♦❧✉çã♦ ✈✐á✈❡❧ ❞♦ ♥♦ss♦ ♣r♦❜❧❡♠❛ é ♦ ♣♦♥t♦ A = (x1, x2) = (0, 0)✱ ✈ért✐❝❡ ❞♦

♣♦❧í❣♦♥♦ ❢♦r♠❛❞♦ ♣❡❧❛s r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛✱ ❝♦♠♦ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✷✳✼✳

◗✉❡r❡♠♦s ❜✉s❝❛r✱ ❞❡♥tr❡ ♦s ♦✉tr♦s ✈ért✐❝❡s B✱ C ❡ D ♦ q✉❡ ❢♦r♥❡❝❡ ♦ ♠❡♥♦r ✈❛❧♦r ♣❛r❛ ❛

❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ q✉❡ s❡rá ❛ ❙♦❧✉çã♦ Ót✐♠❛✳

❋✐❣✉r❛ ✷✳✽✿ ❘❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡①✳

✻✷



●r❛✜❝❛♠❡♥t❡✱ ❞❡s❧♦❝❛♠♦s ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ w = −14, 3x1 − 9, 6x2 ♥♦ s❡♥t✐❞♦

❝♦♥trár✐♦ ❛♦ ✈❡t♦r ❣r❛❞✐❡♥t❡ −→n = (−14, 3 ; −9, 6) ❛té ❛t✐♥❣✐r ♦ ú❧t✐♠♦ ♣♦♥t♦ ❞❛ r❡❣✐ã♦ ❞❡

❢❛❝t✐❜✐❧✐❞❛❞❡ ✭✈✐❛❜✐❧✐❞❛❞❡✮✱ ♦❜t❡♥❞♦ ❛ss✐♠✱ ❛ s♦❧✉çã♦ ót✐♠❛ q✉❡ é ♦ ✈ért✐❝❡ C✳

❆♣❧✐❝❛r❡♠♦s ♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ❡♠ t❛❜❡❧❛s ♥♦ ♣r♦❜❧❡♠❛ ❝♦♠ ❛s ✐t❡r❛çõ❡s ♥❛ ❚❛❜❡❧❛

✷✳✸✱ ❝♦♥str✉í❞❛ ❝♦♠ ♦ ♠♦❞❡❧♦ ❞❡ ♥♦ss♦ ♣r♦❜❧❡♠❛✳

❈♦♥s✐❞❡r❡ ❛s ✈❛r✐á✈❡✐s ❞❡ ❢♦❧❣❛✱ x3 ❡ x4✱ ❝♦♠♦ ✈❛r✐á✈❡✐s ❜ás✐❝❛s ✭❱✳❇✳✮✳ ❈♦♠ ✐ss♦✱

❝♦♥str✉í♠♦s ♦ q✉❛❞r♦ ✐♥✐❝✐❛❧ ❞♦ ♠ét♦❞♦✳

◗✉❛❞r♦ ✐♥✐❝✐❛❧ ❞♦ ♠ét♦❞♦
▲✐♥❤❛

❊q✉❛çã♦
❈♦❡✜❝✐❡♥t❡s ❞❡

①✶ ①✷ ①✸ ①✹ ❜
✇ ✵ ✲✶✹✱✸ ✲✾✱✻ ✵ ✵ ✵ L1

❱✳❇✳
①✸ ✶ ✶ ✶ ✶ ✵ ✺✵ L2

①✹ ✷ ✸✱✶✺ ✶✱✾✺ ✵ ✶ ✶✷✵ L3

❚❛❜❡❧❛ ✷✳✸✿ Pr♦❜❧❡♠❛ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡❧ ✲ ♠ét♦❞♦ s✐♠♣❧❡① ✲ ■♥✐❝✐❛❧

P❛r❛ ✈❡r✐✜❝❛r♠♦s s❡ t❡♠♦s ✉♠❛ s♦❧✉çã♦ ót✐♠❛✱ ♦❜s❡r✈❛♠♦s✱ ♥♦ q✉❛❞r♦ ❞❛ ❚❛❜❡❧❛ ✷✳✸✱

s❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛s ✈❛r✐á✈❡✐s ♥ã♦ ❜ás✐❝❛s sã♦ t♦❞♦s ♥ã♦ ♥❡❣❛t✐✈♦s ♥❛ ❡q✉❛çã♦ ✭✵✮✳ ❈❛s♦

❝♦♥trár✐♦✱ ❡❧❛ ♣♦❞❡ s❡r ♠❡❧❤♦r❛❞❛✳ ◆♦ q✉❛❞r♦ ✐♥✐❝✐❛❧ t❡♠♦s ❝♦❡✜❝✐❡♥t❡s ♥❡❣❛t✐✈♦s✱ ❡ ♥❡ss❡

❝❛s♦✱ ❞❡✈❡♠♦s ♠❡❧❤♦r❛r ❛ s♦❧✉çã♦ q✉❡ ✐♥✐❝✐❛❧♠❡♥t❡ é (x1, x2, x3, x4) = (0, 0, 50, 120) ❡

z = 0✳

❇✉s❝❛♥❞♦ ♠❡❧❤♦r❛r ❛ s♦❧✉çã♦✱ ✈❛♠♦s ❡s❝♦❧❤❡r q✉❛❧ ✈❛r✐á✈❡❧ ♥ã♦ ❜ás✐❝❛ ❡♥tr❛ ♥❛ ❜❛s❡

❡ q✉❛❧ ✈❛r✐á✈❡❧ ❜ás✐❝❛ s❛✐✱ ❢❛③❡♥❞♦ ❛s ✐t❡r❛çõ❡s ♥❛ t❛❜❡❧❛✳ ❊s❝♦❧❤❡♠♦s ♣❛r❛ ❡♥tr❛r ❛ ❞❡

♠❛✐♦r ♥❡❣❛t✐✈✐❞❛❞❡✱ x1✱ ❡ ♣❛r❛ s❛✐r ❛q✉❡❧❛ ❡♠ q✉❡ ♦❝♦rr❡ ♦ ✈❛❧♦r ♠í♥✐♠♦ ❞❡♥tr❡ ❛s r❛③õ❡s

❡♥tr❡ ❛ ❝♦♥st❛♥t❡ ❞♦ ✈❡t♦r b✱ ❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ ✈❛r✐á✈❡❧ q✉❡ ❡♥tr❛ ♥❛ ❜❛s❡ ✱

Min.(50
1
, 120
3,15

) = 120
3,15

✳ ❉❡ss❛ ❢♦r♠❛ x1 ❡♥tr❛ ♥❛ ❜❛s❡ ❡ s❛✐ x4✳

❆♣❧✐❝❛r❡♠♦s ❛s ♦♣❡r❛çõ❡s ❞❡ ♣✐✈♦t❛♠❡♥t♦ ❞❡ ●❛✉ss✲❏♦r❞❛♥ ♣❛r❛ t♦r♥❛r ❛ ❝♦❧✉♥❛ ❞❡

x1 ❝♦♠♦ ❛ ❝♦❧✉♥❛ ❞❡ x4 ✱ ❢♦r♠❛❞❛ s♦♠❡♥t❡ ♣♦r ✶ ❡ ③❡r♦s✳

✻✸



Pr✐♠❡✐r❛ ✐t❡r❛çã♦
❙❛✐ ❊♥tr❛❈♦❡✜❝✐❡♥t❡s ❞❡

①✶ ①✷ ①✸ ①✹ ❜
③ ✵ ✲✵✱✼✹✽ ✵ ✹✱✺✹✵ ✺✹✹✱✼✻✷ L1 L1 +

14,3
3,15

× L3

❇❛s❡
①✸ ✵ ✵✱✸✽✶ ✶ ✲✵✱✸✶✼ ✶✶✱✾✵✺ L2 L2 −

L3

3,15

①✶ ✶ ✵✱✻✶✾ ✵ ✵✱✸✶✼ ✸✽✱✵✾✺ L3
1

3,15
× L3

❚❛❜❡❧❛ ✷✳✹✿ Pr♦❜❧❡♠❛ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡❧ ✲ ♠ét♦❞♦ s✐♠♣❧❡① ✕ ♣r✐♠❡✐r❛ ✐t❡r❛çã♦

❆♣ós ❛ ♣r✐♠❡✐r❛ ✐t❡r❛çã♦✱ ♥❛ ❚❛❜❡❧❛ ✷✳✹✱ ♣❡r❝❡❜❡♠♦s q✉❡ ✉♠❛ s❡❣✉♥❞❛ ✐t❡r❛çã♦ s❡

t♦r♥❛ ♥❡❝❡ssár✐❛✱ ❥á q✉❡ t❡♠♦s ✈❛r✐á✈❡✐s ♥ã♦ ❜ás✐❝❛s ❝♦♠ ❝✉st♦ ♥❡❣❛t✐✈♦✳

❊s❝♦❧❤❡r❡♠♦s ❛❣♦r❛ ❛ ✈❛r✐á✈❡❧ ♥ã♦ ❜ás✐❝❛ ❝♦♠ ❝♦❡✜❝✐❡♥t❡ ❞❡ ♠❛✐♦r ♥❡❣❛t✐✈✐❞❛❞❡ ♥❛

❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ x2✱ ♣❛r❛ ❡♥tr❛r ♥❛ ❜❛s❡ ❡ ❛ ✈❛r✐á✈❡❧ ❜ás✐❝❛ q✉❡ ❛♣r❡s❡♥t❛r ❛ ♠❡♥♦r r❛③ã♦✱

♥ã♦ ♥❡❣❛t✐✈❛✱ ❡♥tr❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞♦ ✈❡t♦r b ❝♦♠ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❛ ✈❛r✐á✈❡❧ q✉❡ ❡♥tr❛ ♥❛

❜❛s❡ ♣❛r❛ s❛✐r✳

Min.(11,905
0,381

, 38,095
0,619

) = 11,905
0,381

✱ x3 s❛✐ ❞❛ ❜❛s❡✳

❆♣❧✐❝❛r❡♠♦s ♥♦✈❛♠❡♥t❡ ❛s ♦♣❡r❛çõ❡s ❞❡ ♣✐✈♦t❛♠❡♥t♦ ♥❛ ❝♦❧✉♥❛ ❞❡ x2 ♣❛r❛ t♦r♥á✲❧❛

✐❣✉❛❧ ❛ ❞❡ x3 ♦❜t❡♥❞♦✿

❙❡❣✉♥❞❛ ✐t❡r❛çã♦
❙❛✐ ❊♥tr❛❈♦❡✜❝✐❡♥t❡s ❞❡

①✶ ①✷ ①✸ ①✹ ❜
③ ✵ ✵ ✶✱✾✻✸ ✸✱✾✶✻ ✺✻✽✱✶✸✹ L1 L1 +

0,748
0,381

× L2

❇❛s❡
①✷ ✵ ✶ ✷✱✻✷✺ ✲✵✱✽✸✸ ✸✶✱✷✹✻ L2

1
0,381

× L2

①✶ ✶ ✵ ✲✶✱✻✷✺ ✵✱✽✸✸ ✶✽✱✼✺✹ L3 L3 −
0,619
0,381

× L2

❚❛❜❡❧❛ ✷✳✺✿ Pr♦❜❧❡♠❛ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡❧ ✲ ♠ét♦❞♦ s✐♠♣❧❡① ✕ s❡❣✉♥❞❛ ✐t❡r❛çã♦

❆♥❛❧✐s❛♥❞♦ ❛ ❚❛❜❡❧❛ ✷✳✺✱ ♦❜s❡r✈❛♠♦s q✉❡ ♦s ❝✉st♦s ❞❡ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ♥ã♦ ❜ás✐❝❛s sã♦

♣♦s✐t✐✈♦s✳ ▲♦❣♦✱ ❡st❛♠♦s ♥❛ s♦❧✉çã♦ ót✐♠❛✱ q✉❡ é x1 = 18, 75 l ❞❡ ❣❛s♦❧✐♥❛ ❡ x2 = 31, 25 l

❞❡ á❧❝♦♦❧✳ P❡r❝♦rr❡♥❞♦ 568, 13 km✳ ❱❛❧❡ ♦❜s❡r✈❛r q✉❡ é ❛ ♠❡s♠❛ ♦❜t✐❞❛ ♣❡❧♦ ♠ét♦❞♦

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

✻✹



✷✳✹✳✶ Pr♦❜❧❡♠❛s ❞❡ ▼❛①✐♠✐③❛çã♦

◆♦ ❡①❡♠♣❧♦ ❛♣r❡s❡♥t❛❞♦✱ r❡s♦❧✈❡♠♦s ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ♠❛①✐♠✐③❛çã♦ ✉s❛♥❞♦ ❛ ❢✉♥çã♦ s✐✲

♠étr✐❝❛ ♣❛r❛ tr❛♥s❢♦r♠á✲❧♦ ❡♠ ♠✐♥✐♠✐③❛çã♦✳ P♦❞❡♠♦s t❛♠❜é♠ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❞❡

❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❞❡ ♠❛①✐♠✐③❛çã♦ s❡♠ ❡ss❛ tr❛♥s❢♦r♠❛çã♦✱ ♠✉❞❛♥❞♦✲s❡ ❛♣❡♥❛s ♦ ❝r✐té✲

r✐♦ ❞❡ ❡♥tr❛❞❛ ❞❛s ✈❛r✐á✈❡✐s ♥❛ ❜❛s❡ ❡ ♦ ❝r✐tér✐♦ ❞❡ ♦t✐♠❛❧✐❞❛❞❡✶✳ ❈♦♠ ✐ss♦✱ ❡♥tr❛ ♥❛ ❜❛s❡

❛ ✈❛r✐á✈❡❧ ♥ã♦ ❜ás✐❝❛ ❞❡ ♠❛✐♦r ❝♦❡✜❝✐❡♥t❡ ♣♦s✐t✐✈♦ ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ ❡ t❡♠♦s ❛ s♦❧✉çã♦

ót✐♠❛ q✉❛♥❞♦ t♦❞♦s ♦s ❝♦❡✜❝✐❡♥t❡s ♥❛ ❢✉♥çã♦ ❢♦r❡♠ ♥ã♦ ♣♦s✐t✐✈♦s✳

P♦❞❡♠♦s r❡s✉♠✐r ♦ ♠ét♦❞♦ ♣❛r❛ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❞❡ ♠❛①✐♠✐✲

③❛çã♦ ♥♦s s❡❣✉✐♥t❡s ♣❛ss♦s✿

✶✳ ❉❡t❡r♠✐♥❡ ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧ ✐♥✐❝✐❛❧✳

✷✳ ❙❡ ❛❧❣✉♠ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❛s ✈❛r✐á✈❡✐s ♥ã♦ ❜ás✐❝❛s✱ ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ f(x) = cx✱

❢♦r❡♠ ♠❛✐♦r❡s ❞♦ q✉❡ ③❡r♦ (cj > 0)✱ ❢❛✈♦r❡❝❡♥❞♦ ♦ ❝r❡s❝✐♠❡♥t♦ ❞❛ ❢✉♥çã♦✱ ❡♥tã♦ ❛

s♦❧✉çã♦ ✈✐á✈❡❧ ♥ã♦ é ót✐♠❛✱ ✈❛♠♦s ♣❛r❛ ♦ ♣❛ss♦ ✸✳

✸✳ ❈♦❧♦q✉❡ ♥❛ ❜❛s❡ ❛ ✈❛r✐á✈❡❧ ♥ã♦ ❜ás✐❝❛ xj ❝♦♠ ❝♦❡✜❝✐❡♥t❡ ♠❛✐s ♣♦s✐t✐✈♦ ♥❛ ❢✉♥çã♦

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

✹✳ ❘❡t✐r❡ ❞❛ ❜❛s❡ ❛ ✈❛r✐á✈❡❧ ❜ás✐❝❛ q✉❡ s❡ ❛♥✉❧❛ ♠❛✐s r❛♣✐❞❛♠❡♥t❡ ❝♦♠ ♦ ❝r❡s❝✐♠❡♥t♦

❞❛ ✈❛r✐á✈❡❧ q✉❡ ❡♥tr❛ ♥❛ ❜❛s❡✳ P❛r❛ ✐ss♦ ✈❡r✐✜❝❛♠♦s ♦ ✈❛❧♦r ♠í♥✐♠♦ ❞❡♥tr❡ ❛s

r❛③õ❡s ❡♥tr❡ ❛ ❝♦♥st❛♥t❡ ❞♦ ✈❡t♦r b = (b1, ... , bm)✱ ❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❛ ✈❛r✐á✈❡❧ q✉❡

❡♥tr❛ ♥❛ ❜❛s❡ xj = (a1, ... , am)✳ ❈♦♠♦ ❡st❛ ❧✐♥❤❛ s❡rá ♦ ♥♦ss♦ ♣✐✈ô ❛♥❛❧✐s❛r ❛♣❡♥❛s

❛s r❛③õ❡s ♠❛✐♦r❡s q✉❡ ③❡r♦ bm
am

> 0

Mı́n
{

b1
a1
, b2
a2
, · · · , bm

am

}

✳

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

❞❡t❡r♠✐♥❡ ✉♠❛ ♥♦✈❛ s♦❧✉çã♦ ❜ás✐❝❛ ❡ ✈á ♣❛r❛ ♦ ♣❛ss♦ ✷✳

✷✳✹✳✷ ❈❛s♦s ❡s♣❡❝✐❛✐s ❡♠ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r

❆ ❝♦♥✈❡r❣ê♥❝✐❛ ❞♦ ❛❧❣♦r✐t♠♦ s✐♠♣❧❡① é ❣❛r❛♥t✐❞❛ ♣❡❧❛ ❝❡rt❡③❛ ❞❡ q✉❡✱ ❛ ❝❛❞❛ ♣❛ss♦✱ ♦

❝r✐tér✐♦ ❞❡ ❡s❝♦❧❤❛ ❞❡ tr♦❝❛ ❞❡ ✉♠❛ ✈❛r✐á✈❡❧ ❞❛ ❜❛s❡ ♠❡❧❤♦r❛ ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳

▼❡s♠♦ s❡ t✐✈éss❡♠♦s q✉❡ ❢❛③❡r ✉♠ ♥ú♠❡r♦ ❣r❛♥❞❡ ❞❡ ✐t❡r❛çõ❡s✱ ❡♠ ✜♥✐t♦s ♣❛ss♦s✱ ♦

❛❧❣♦r✐t♠♦ t❡r♠✐♥❛r✐❛✳ P♦ré♠✱ ❡♠ ❛❧❣✉♥s ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ❡♥❝♦♥tr❛♠♦s

✶❊♥❝♦♥tr❛r ❛ s♦❧✉çã♦ ót✐♠❛✳

✻✺



s✐t✉❛çõ❡s q✉❡ ♥ã♦ ♣❡r♠✐t❡♠ ♦ ♣❡r❢❡✐t♦ ✉s♦ ❞♦s ❝r✐tér✐♦s ❛♣r❡s❡♥t❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡✳

P♦❞❡♠♦s ❞✐✈✐❞✐r ❡ss❡s ❝❛s♦s ❡♠✿

❼ ❊♠♣❛t❡ ♥❛ ❡♥tr❛❞❛ ❞❡ ✈❛r✐á✈❡✐s ♥❛ ❜❛s❡✱ ♥❡ss❡ ❝❛s♦✱ ❛ ❡s❝♦❧❤❛ é ❛❧❡❛tór✐❛✱

❞❡♣❡♥❞❡♥❞♦ ❞❛ ❡s❝♦❧❤❛ ♣♦❞❡ ❧❡✈❛r ❛ ♠❛✐s ♦✉ ♠❡♥♦s ✐t❡r❛çõ❡s ♥♦ ▼ét♦❞♦ ❙✐♠♣❧❡①✳

❊ss❡ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❡s❝♦❧❤❛ ♣♦❞❡ s❡r ❢❡✐t♦ s❡ ♦❝♦rr❡r ♦ ❡♠♣❛t❡ ❡♠ q✉❛❧q✉❡r

✐t❡r❛çã♦ ❞♦ ♠ét♦❞♦✳

❼ ❊♠♣❛t❡ ♥❛ s❛í❞❛ ❞❡ ✈❛r✐á✈❡✐s ❞❛ ❜❛s❡✱ ❡st❛ ❡s❝♦❧❤❛ t❛♠❜é♠ é ❛❧❡❛tór✐❛✱

❛❝❛rr❡t❛♥❞♦ s♦❧✉çõ❡s ❜ás✐❝❛s ✈✐á✈❡✐s ❞❡❣❡♥❡r❛❞❛s✱ ♦✉ s❡❥❛✱ t❡♠♦s ✈❛r✐á✈❡❧ ❜ás✐❝❛✱

✉♠❛ ♦✉ ♠❛✐s✱ q✉❡ ❛ss✉♠❡ ✈❛❧♦r ③❡r♦✳

❖ ❢❡♥ô♠❡♥♦ ❞❡ ❝✐❝❧❛❣❡♠✷✱ ❛♣❡s❛r ❞❡ r❛r♦ ♣❡❧♦s ❡rr♦s ❞❡ ❛rr❡❞♦♥❞❛♠❡♥t♦✱ ♣♦❞❡

♦❝♦rr❡r ❞❡ ❢♦r♠❛ ❛ ❧❡✈❛r ❛s ❜❛s❡s s❡ r❡♣❡t✐r❡♠ ✐♥❞❡✜♥✐❞❛♠❡♥t❡✳

◗✉❛♥❞♦ ♥ã♦ ♦❝♦rr❡ ❞❡❣❡♥❡r❛çã♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ s♦❧✉çõ❡s ❜ás✐❝❛s é ✜♥✐t♦ ❞❡ ❢♦r♠❛

q✉❡ ♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ♣♦❞❡ ❛♣r❡s❡♥t❛r ✉♠❛ ú♥✐❝❛ s♦❧✉çã♦✱ ✐♥✜♥✐t❛s s♦❧✉çõ❡s✱

s♦❧✉çã♦ ✐❧✐♠✐t❛❞❛ ♦✉ ♥ã♦ t❡r s♦❧✉çã♦✳

❼ Pr♦❜❧❡♠❛s ❝♦♠ ✐♥✜♥✐t❛s s♦❧✉çõ❡s✱ ✐❞❡♥t✐✜❝❛♠♦s ✐♥✜♥✐t❛s s♦❧✉çõ❡s ót✐♠❛s ❡♠

♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r q✉❛♥❞♦✱ ♥♦ q✉❛❞r♦ s✐♠♣❧❡① ❞❛ s♦❧✉çã♦ ót✐♠❛✱

t❡♠♦s ❛❧❣✉♠ ③❡r♦ ♥❛s ✈❛r✐á✈❡✐s ♥ã♦ ❜ás✐❝❛s ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳

❼ Pr♦❜❧❡♠❛ ✐❧✐♠✐t❛❞♦✱ sã♦ ♦s ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ♦♥❞❡ ♥ã♦ t❡♠♦s

✉♠❛ s♦❧✉çã♦ ót✐♠❛✱ ♥❛ ♠✐♥✐♠✐③❛çã♦ Z(x) −→ −∞ ❡ ♥❛ ♠❛①✐♠✐③❛çã♦ Z(x) −→ ∞✳

■❞❡♥t✐✜❝❛♠♦s ❡ss❛ s✐t✉❛çã♦ q✉❛♥❞♦ ♥❛ ✐t❡r❛çã♦ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ♥❡♥❤✉♠❛ ❞❛s

r❡str✐çõ❡s ✐♠♣❡❞❡ ♦ ❝r❡s❝✐♠❡♥t♦ ❞❛ ✈❛r✐á✈❡❧ q✉❡ ❡♥tr❛ ♥❛ ❜❛s❡✱ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦

❝r❡s❝❡ ✐♥❞❡✜♥✐❞❛♠❡♥t❡✳

❼ Pr♦❜❧❡♠❛ ✐♥✈✐á✈❡❧✱ q✉❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ♥ã♦ ♣♦ss✉✐ ✉♠❛

r❡❣✐ã♦ ❞❡ ❢❛❝t✐❜✐❧✐❞❛❞❡ ✭✈✐❛❜✐❧✐❞❛❞❡✮✳

❆❧é♠ ❞♦s ❝❛s♦s ❞❡s❝r✐t♦s ❛❝✐♠❛ ♣♦❞❡♠♦s t❡r ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❡♠ q✉❡ ♥ã♦

é ❞✐r❡t♦ ❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧ ♣❛r❛ ✐♥✐❝✐❛❧✐③❛çã♦ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡①✳ ◆❡ss❡

❝❛s♦✱ ♦ ♠ét♦❞♦ t❡rá ❞✉❛s ❢❛s❡s✳

✷

✕ r❡♣❡t✐çã♦ ❞❡ ❢♦r♠❛ ✐♥❞❡✜♥✐❞❛✳

✻✻



✷✳✹✳✸ ▼ét♦❞♦ ❙✐♠♣❧❡① ❡♠ ❞✉❛s ❢❛s❡s

P❛r❛ ✐♥✐❝✐❛r♠♦s ♦ ♣r♦❝❡ss♦ ✐t❡r❛t✐✈♦ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ♣r❡❝✐s❛♠♦s ❞❡ ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛

✈✐á✈❡❧✳ P♦rt❛♥t♦✱ ♣r❡❝✐s❛♠♦s ❢❛③❡r ✉♠❛ ❜✉s❝❛ ❞❡ ❝♦❧✉♥❛s ❧✐♥❡❛r♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s ♣❛r❛

♦❜t❡r♠♦s ✉♠❛ ♠❛tr✐③✲❜ás✐❝❛ q✉❡ ♥♦s ❞❛rá ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ✐♥✐❝✐❛r♠♦s ♦ ♠ét♦❞♦✳ P❛r❛

✐ss♦ s❡ t♦r♥❛ ♥❡❝❡ssár✐♦ ❝♦♥s✐❞❡r❛r ♦ ♠ét♦❞♦ ❡♠ ❞✉❛s ❢❛s❡s✿

❼ ❋❛s❡ ■✱ ♦♥❞❡ ❞❡t❡r♠✐♥❛♠♦s✱ ✉s❛♥❞♦ ❢✉♥çã♦ ❡ ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s✱ ✉♠❛ ❜❛s❡ ❡ ✉♠❛

s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧✱ q✉❛♥❞♦ ❡❧❛ ♥ã♦ é ❞✐r❡t❛✱ ♣❛r❛ ✐♥✐❝✐❛r♠♦s ♦ ▼ét♦❞♦ ❙✐♠♣❧❡①✳

❼ ❋❛s❡ ■■✱ ❝♦♠ ❛ s♦❧✉çã♦ ♦❜t✐❞❛ ♥❛ ❢❛s❡ ■✱ ♣r♦ss❡❣✉✐♠♦s ❝♦♠ ♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ❛té

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

P❛r❛ r❡s♦❧✈❡r♠♦s ❛ q✉❡stã♦ ♣♦❞❡♠♦s ✐♥tr♦❞✉③✐r ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s✱ q✉❡ ♥ã♦ t❡♠ s✐❣♥✐✜✲

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

P❛r❛ ♦♣❡r❛❝✐♦♥❛❧✐③❛r ❛ ❜✉s❝❛ ✈✐á✈❡❧ ✐♥✐❝✐❛❧ ❡①✐st❡♠ ❞✉❛s ❛❧t❡r♥❛t✐✈❛s✱ t♦❞❛s
❝♦♠ ❜❛s❡ ♥❛ ✐❞❡✐❛ ❞❡ ✏✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s✑✳ ❱❛♠♦s ❞❡✜♥✐r ❝♦♠♦ ✈❛r✐á✈❡✐s
❛rt✐✜❝✐❛✐s ❛q✉❡❧❛s q✉❡ ❢❛r❡♠♦s ✐♥tr♦❞✉③✐r ♥♦ ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦ ♣❛r❛ q✉❡
t❡♥❤❛♠♦s ❛ tã♦ ♥❡❝❡ssár✐❛ ❜❛s❡ ✈✐á✈❡❧ ✐♥✐❝✐❛❧✳ ❊ss❛s ✈❛r✐á✈❡✐s ♥ã♦ ♥❡❝❡ss✐t❛rã♦
♣♦ss✉✐r q✉❛❧q✉❡r ❧✐❣❛çã♦ ❝♦♠ ❛ r❡❛❧✐❞❛❞❡ ❞❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❜❧❡♠❛✱ ❞❛í ♦
♥♦♠❡ ❞❡ ✏❛rt✐✜❝✐❛✐s✑✳

●♦❧❞❜❛r❣ ❛♥❞ ▲✉♥❛ ❬✷✵✵✺❪

❈♦♥s✐❞❡r❡ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ♥❛ ❢♦r♠❛ ♣❛❞rã♦✿

Minimizar Z(x) = cx −→ função objetivo

Sujeito a







Ax = b

x > 0
−→ restri̧cões do problema

❡♠ q✉❡ A é ✉♠❛ ♠❛tr✐③ m× n✱ b ∈ Rn✱ c ∈ Rn✱ x ∈ Rn ❡ b > 0✳

✻✼



❙❡ ♦ s✐st❡♠❛ Ax = b ♥ã♦ ♣♦ss✉✐r ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ✐♥✐❝✐❛❧✐③❛çã♦ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡①✱

❛❝r❡s❝❡♥t❛♠♦s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s ♥♦ ❝♦♥❥✉♥t♦ ❞❛s s♦❧✉çõ❡s ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿







Ax+ xa = b

x > 0, xa > 0

❝♦♠ xa = (xn+1, xn+2, ..., xn+p)
t ✱ ❝♦♠ p 6 n ❡ b > 0✳

❈♦♠ ♦ ❛❝rés❝✐♠♦ ❞❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s✱ ❢♦rç❛♠♦s ♦❜t❡r ✉♠❛ ♠❛tr✐③ ✐❞❡♥t✐❞❛❞❡✱ q✉❡

s❡rá ❛ ❜❛s❡ ❝♦♥s✐❞❡r❛❞❛ ♣❛r❛ ✐♥✐❝✐❛❧✐③❛çã♦ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡①✳ ❚❡♠♦s ❡♥tã♦ ✉♠❛ s♦❧✉çã♦

❜ás✐❝❛ ✈✐á✈❡❧ t♦♠❛♥❞♦✲s❡ xa = (xa
1, ... , xa

p) = b ❡ x = 0✳

P❛r❛ q✉❡ ❛ s♦❧✉çã♦ ❞♦ s✐st❡♠❛ ❝♦♠ ❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s s❡❥❛ s♦❧✉çã♦ ❞♦ s✐st❡♠❛

❞❛s r❡str✐çõ❡s ❞♦ ♠♦❞❡❧♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ❞❡✈❡♠♦s t❡r xa = 0✱ ♣♦✐s

Ax = b ⇐⇒ Ax+ xa = b✱ ❝♦♠ xa = 0✳

❋❛s❡ ■ ✲ Pr✐♠❡✐r❛ ❢❛s❡ ❞♦ ♠ét♦❞♦

❖ ♣r✐♠❡✐r♦ ♣❛ss♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ♥❛ ❢♦r♠❛ ♣❛❞rã♦✱

é ❛❧t❡r❛r ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❡ ❛s r❡str✐çõ❡s ❝♦♠ ❛ ✐♥tr♦❞✉çã♦ ❞❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s✳

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♣❛r❛ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ♦r✐❣✐♥❛✐s ❞♦ ♣r♦❜❧❡♠❛ ❡ ✈❛r✐á✈❡✐s ❞❡ ❢♦❧❣❛ ♦s

❝♦❡✜❝✐❡♥t❡s ❞❛s ✈❛r✐á✈❡✐s αj ❞❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧ s❡rá ❛ s♦♠❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❛s ❝♦❧✉♥❛s

❞❛ ♠❛tr✐③ ❞❡ r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛ ♦r✐❣✐♥❛❧✱ ❛❝r❡s❝✐❞♦ ❞❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s ❡ ♦ ✈❡t♦r

❣r❛❞✐❡♥t❡ ❛rt✐✜❝✐❛❧ d = (α1, α2, ...., αn, αn+1, ..., αn+p)✱ t❡♠♦s ♥♦ss♦ ♣r♦❜❧❡♠❛ ❛rt✐✜❝✐❛❧

❡s❝r✐t♦ ♥❛ s❡❣✉✐♥t❡ ❢♦r♠❛ ✿

Minimizar W (x, xa) = −d · x função artificial

Sujeito a







Ax+ xa = b

x > 0, xa > 0
−→

restri̧cões com

variáveis artificiais

(x, xa) = (x1, x2, ..., xm, xm+1, xm+2, ..., xm+p)

■♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❡ q✉❡ t✐♣♦ é ♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ✐♥✐❝✐❛❧✱ ♦ ❛rt✐✜❝✐❛❧

s❡rá s❡♠♣r❡ ❞❡ ♠✐♥✐♠✐③❛çã♦ ♣❛r❛ ❛♥✉❧❛r♠♦s ❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s✳

P❛r❛ ❛♣❧✐❝❛r♠♦s ♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ❚❛❜✉❧❛r✱ ✈❛♠♦s ❝♦♥str✉✐r ❛ ❚❛❜❡❧❛ ✷✳✻ ❝♦♠ ♦s

❝♦❡✜❝✐❡♥t❡s ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♦r✐❣✐♥❛❧✱ ❞❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧ ❡ ❞❛s r❡str✐çõ❡s ❝♦♠ ❛s

✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s✱ xn+1 ❛té xn+p✱ ✐♥s❡r✐❞❛s ❝♦♠♦ ✈❛r✐á✈❡✐s ❜ás✐❝❛s ♥♦ ♣r♦❜❧❡♠❛ ❛rt✐✜❝✐❛❧✳

❙❡❣✉✐♠♦s ♦ s❡❣✉✐♥t❡s ❝r✐tér✐♦s✿

✻✽



❼ P❛r❛ ♦s ❝✉st♦s ❞❛s ✈❛r✐á✈❡✐s ❞♦ ♣r♦❜❧❡♠❛ ♦r✐❣✐♥❛❧ ♥❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧✱ ❝❛❧❝✉❧❛♠♦s ❛

s♦♠❛ ❡♠ ❝❛❞❛ ❝♦❧✉♥❛✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✿

α1 = a1 1 + a2 1 + ...+ ap 1✳

α2 = a1 2 + a2 2 + ...+ ap 2✳
✳✳✳

αm = a1m + a2m + ...+ apm✳

❼ ◆♦ ❝♦❡✜❝✐❡♥t❡ ❞❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s ❝♦❧♦❝❛♠♦s ♦ ③❡r♦✱ ♣♦✐s sã♦ ❛s ✈❛r✐á✈❡✐s ❜ás✐❝❛s

❞♦ ♠ét♦❞♦✳ ❈♦♠♦ ♥♦s ♣r♦❜❧❡♠❛s ❞❡ ♠✐♥✐♠✐③❛çã♦ sã♦ ❛❝r❡s❝❡♥t❛❞❛s ✐♥✐❝✐❛❧♠❡♥t❡

❛♣❡♥❛s ♥♦ ❝♦♥❥✉♥t♦ ❞❛s r❡str✐çõ❡s✳

❼ ❆ ❝♦♥st❛♥t❡ ♥❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧ é ❛ s♦♠❛ ❞❛s ❝♦♥st❛♥t❡s ❞❛s r❡str✐çõ❡s✳

bArt = −(b1 + b2 + ... + bp)

❼ ❙ó ❝♦❧♦❝❛♠♦s ♥❛ ❜❛s❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛s ❧✐♥❤❛s q✉❡ t❡♠♦s ✈❛r✐á✈❡❧ ❛rt✐✜❝✐❛❧✳

◗✉❛❞r♦ ✐♥✐❝✐❛❧ ❞♦ ♠ét♦❞♦

❊q✉❛çã♦
❈♦❡✜❝✐❡♥t❡s ❞❡

①✶ · · · ①♥ ①♥✰✶ · · · ①♥✰♣ ❝♦♥st❛♥t❡
③ ✵ a1 · · · an an+1 · · · an+p b0
✇ ❆rt✳ α1 · · · αn αn+1 · · · αn+p bArt

❱✳❇✳
①♥✰✶ ✶ a1 1 · · · a1n a1n+1 · · · a1n+p b1
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

✳✳✳
✳✳✳

①♥✰♣ ♣ ap 1 · · · ap n ap n+1 · · · ap n+p bp

❚❛❜❡❧❛ ✷✳✻✿ ▼♦❞❡❧♦ ❞❡ q✉❛❞r♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ✲ ❋❛s❡ ■

❆♣ós ♦ ♣r❡❡♥❝❤✐♠❡♥t♦ ❞❛ t❛❜❡❧❛ ❞❡✈❡♠♦s ❛♣❧✐❝❛r ❛s ✐t❡r❛çõ❡s ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ❛té

q✉❡ ♦s ❝♦❡✜❝✐❡♥t❡s✱ ♠❡♥♦s ♦s ❞❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s✱ ❞❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧ ③❡r❡✳ ❆t✐♥❣✐❞❛ ❛

s♦❧✉çã♦ ót✐♠❛ ❞♦✐s ❝❛s♦s ♣♦❞❡♠ ♦❝♦rr❡r✿

✻✾



❼ ❖ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❛rt✐✜❝✐❛❧ s❡r ✐❣✉❛❧ ❛ ③❡r♦ (bArt = 0)✱ ♥❡ss❡ ❝❛s♦

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

❛ s♦❧✉çã♦ ✐♥❞♦ ♣❛r❛ ❛ ❋❛s❡ ■■✳ ❉❡s❝❛rt❛♠♦s ❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧ ❡ ❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s✳

❼ ❖ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❛rt✐✜❝✐❛❧ s❡r ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦ (bArt 6= 0)✱ ♦

♣r♦❜❧❡♠❛ ♦r✐❣✐♥❛❧ ♥ã♦ t❡♠ s♦❧✉çã♦ ✈✐á✈❡❧✱ ♦ q✉❡ s✐❣♥✐✜❝❛ q✉❡ ❛s r❡str✐çõ❡s ❞❡✈❡♠

s❡r ✐♥❝♦♥s✐st❡♥t❡s✳

❋❛s❡ ■■ ✲ ❙❡❣✉♥❞❛ ❢❛s❡ ❞♦ ♠ét♦❞♦

❚❡♠♦s ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ✈✐á✈❡❧ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ♦r✐❣✐♥❛❧ ♥♦ ✜♥❛❧ ❞❛ ❋❛s❡ ■✳ P❛r❛

♣r♦ss❡❣✉✐r ❛ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ♣❡❧♦ ▼ét♦❞♦ ❙✐♠♣❧❡①✱ ❞❡✈❡♠♦s

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

✐t❡r❛çõ❡s ❞♦ ♠ét♦❞♦ ❛té ♦❜t❡r♠♦s ❛ s♦❧✉çã♦ ót✐♠❛✳

P❛r❛ ❡①❡♠♣❧✐✜❝❛r ♦ ♠ét♦❞♦✱ ❝♦♥s✐❞❡r❡♠♦s ♦ ♣r♦❜❧❡♠❛✿

❯♠❛ ♣❡ss♦❛ t❡♠ ❞✐s♣♦♥í✈❡❧ ❤❛♠❜úr❣✉❡r ❡ ♦✈♦ ♣❛r❛ s❡ ❛❧✐♠❡♥t❛r✳ ❈❛❞❛

✉♥✐❞❛❞❡ ❞❡ ♦✈♦ ❝♦♥té♠ ✶✺♠❣ ❞❡ ✈✐t❛♠✐♥❛ ❡ ✶✵❣ ❞❡ ♣r♦t❡í♥❛✳ ❈❛❞❛

❤❛♠❜úr❣✉❡r ❝♦♥té♠ ✸✵♠❣ ❞❡ ✈✐t❛♠✐♥❛ ❡ ✶✵❣ ❞❡ ♣r♦t❡í♥❛✳ ❈❛❞❛ ❤❛♠✲

❜úr❣✉❡r ❝✉st❛ ❘✩ ✸✱✵✵ ❡ ❝❛❞❛ ♦✈♦ ❝✉st❛ ❘✩ ✷✱✺✵✳ ❆ ♥❡❝❡ss✐❞❛❞❡ ❞✐ár✐❛

❞❡ ♣r♦t❡í♥❛ é ♥♦ ♠í♥✐♠♦ ✺✵❣ ❡ ❛ ❞❡ ✈✐t❛♠✐♥❛ ♥♦ ♠í♥✐♠♦ ✶✷✵♠❣✳ ◗✉❛❧

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

s✉❛s ♥❡❝❡ss✐❞❛❞❡s ❞✐ár✐❛s ❣❛st❛♥❞♦ ♦ ♠í♥✐♠♦ ♣♦ssí✈❡❧❄

❈♦♥s✐❞❡r❛♥❞♦ x1 ❛ ✉♥✐❞❛❞❡ ❞❡ ♦✈♦ ❡ x2 ❛ ✉♥✐❞❛❞❡ ❞❡ ❤❛♠❜úr❣✉❡r✱ ♣♦❞❡♠♦s ♠♦❞❡❧❛r

♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

▼✐♥✐♠✐③❛r✿ z = 2, 5x1 + 3x2

❙✉❥❡✐t♦ ❛✿



















10x1 + 10x2 > 50

15x1 + 30x2 > 120

x1, x2 > 0

✼✵



❘❡♣r❡s❡♥t❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ ♥❛ ❢♦r♠❛ ❣rá✜❝❛ ♥❛ ❋✐❣✉r❛ ✷✳✾ ✈❡r✐✜❝❛♠♦s q✉❡ ♥ã♦ t❡♠♦s

✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ✐♠❡❞✐❛t❛✱ ♣♦✐s ❛s r❡str✐çõ❡s sã♦ ❞♦ t✐♣♦ ♠❛✐♦r ♦✉ ✐❣✉❛❧✳

❋✐❣✉r❛ ✷✳✾✿ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❛ ❞✐❡t❛ ❝♦♠ ❤❛♠❜úr❣✉❡r ❡ ♦✈♦s

Pr✐♠❡✐r❛♠❡♥t❡✱ ❛❝r❡s❝❡♥t❛r❡♠♦s ❛s ✈❛r✐á✈❡✐s ❞❡ ❡①❝❡ss♦ x3 ❡ x4✱ ❡s❝r❡✈❡♥❞♦ ♥♦ss♦

♣r♦❜❧❡♠❛ ♥❛ ❢♦r♠❛ ♣❛❞rã♦✿

▼✐♥✐♠✐③❛r✿ z = 2, 5x1 + 3x2

❙✉❥❡✐t♦ ❛✿



















10x1 + 10x2 − x3 = 50

15x1 + 30x2 − x4 = 120

x1, x2, x3, x4 > 0

P❛r❛ ❛ ♣r✐♠❡✐r❛ ❢❛s❡ ❞♦ ♠ét♦❞♦ ❛❝r❡s❝❡♥t❛r ❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s x5 ❡ x6✱ ♦❜t❡♥❞♦ ♦

♣r♦❜❧❡♠❛ ❛rt✐✜❝✐❛❧✿

▼✐♥✐♠✐③❛r✿ w = −25x1 − 40x2 + x3 + x4

❙✉❥❡✐t♦ ❛✿



















10x1 + 10x2 − x3 + x5 = 50

15x1 + 30x2 − x4 + x6 = 120

x1, x2, x3, x4, x5, x6 > 0

✼✶



❈♦♠♣❧❡t❛r ❛ ❚❛❜❡❧❛ ✷✳✼ ❝♦♠ ❛s ✐♥❢♦r♠❛çõ❡s ❞♦ ♣r♦❜❧❡♠❛ ❛rt✐✜❝✐❛❧ ❡ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦

♦r✐❣✐♥❛❧✳

◗✉❛❞r♦ ✐♥✐❝✐❛❧ ❞♦ ♠ét♦❞♦

❊q✉❛çã♦
❈♦❡✜❝✐❡♥t❡s ❞❡

①✶ ①✷ ①✸ ①✹ ①✺ ①✻ ❝♦♥st❛♥t❡
③ ✵ ✲✷✱✺ ✲✸ ✵ ✵ ✵ ✵ ✵
✇ ❆ ✲✷✺ ✲✹✵ ✶ ✶ ✵ ✵ ✲✶✼✵

❱✳❇✳
①✺ ✶ ✶✵ ✶✵ ✲✶ ✵ ✶ ✵ ✺✵
①✻ ✷ ✶✺ ✸✵ ✵ ✲✶ ✵ ✶ ✶✷✵

❚❛❜❡❧❛ ✷✳✼✿ ❉✐❡t❛ ❝♦♠ ❤❛♠❜úr❣✉❡r ❡ ♦✈♦s ✲ ▼ét♦❞♦ ❙✐♠♣❧❡① ✲ ❋❛s❡ ■

❇✉s❝❛♥❞♦ ③❡r❛r ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❛rt✐✜❝✐❛❧ ✈❛♠♦s ❡s❝♦❧❤❡r q✉❛❧ ✈❛r✐á✈❡❧ ❡♥tr❛ ♥❛ ❜❛s❡

❡ q✉❛❧ s❛✐✱ ❢❛③❡♥❞♦ ❛s ✐t❡r❛çõ❡s ♥❛ ❚❛❜❡❧❛ ✷✳✼✳

❊s❝♦❧❤❡♠♦s ♣❛r❛ ❡♥tr❛r ❛ q✉❡ ♣♦ss✉✐ ❝♦❡✜❝✐❡♥t❡ ❞❡ ♠❛✐♦r ♥❡❣❛t✐✈✐❞❛❞❡✱ x2✱ ❡ ♣❛r❛

s❛✐r ❛ ✈❛r✐á✈❡❧ ❝♦♠ ♦ ✈❛❧♦r ♠í♥✐♠♦ ❞❡♥tr❡ ❛s r❛③õ❡s ❡♥tr❡ ❛ ❝♦♥st❛♥t❡ ❞♦ ✈❡t♦r b✱ ❡ ♦

❝♦❡✜❝✐❡♥t❡ ❞❛ ✈❛r✐á✈❡❧ q✉❡ ❡♥tr❛ ♥❛ ❜❛s❡ x2✳ ❈♦♠♦ ❡st❛ ❧✐♥❤❛ s❡rá ♦ ♥♦ss♦ ♣✐✈ô ❛♥❛❧✐s❛r

❛♣❡♥❛s ❛s r❛③õ❡s ♠❛✐♦r❡s q✉❡ ③❡r♦✱

Min.(50
10
, 120

30
) = 120

30
✱ ❞❡ss❛ ❢♦r♠❛ x6 s❛✐ ❞❛ ❜❛s❡✳

❆t✉❛❧✐③❛♥❞♦ ♦ q✉❛❞r♦ t❡♠♦s✿

Pr✐♠❡✐r❛ ✐t❡r❛çã♦
❙❛✐ ❊♥tr❛❈♦❡✜❝✐❡♥t❡s ❞❡

①✶ ①✷ ①✸ ①✹ ①✺ ①✻ ❜
③ ✲✶ ✵ ✵ − 1

10
✵ 1

10
✶✷ L1 L1 + 3× L4

30

✇ ✲✺ ✵ ✶ −1
3

✵ 4
3

✲✶✵ L2 L2 + 40× L4

30

❇❛s❡
①✺ ✺ ✵ ✲✶ 1

3
✶ −1

3
✶✵ L3 L3 − 10× L4

30

①✷ 1
2

✶ ✵ − 1
30

✵ 1
30

✹ L4
1
30

× L4

❚❛❜❡❧❛ ✷✳✽✿ ❉✐❡t❛ ❝♦♠ ❤❛♠❜úr❣✉❡r ❡ ♦✈♦s ✲ ▼ét♦❞♦ ❙✐♠♣❧❡① ✲ ❋❛s❡ ■✕ ♣r✐♠❡✐r❛ ✐t❡r❛çã♦

❆♣ós ❛ ♣r✐♠❡✐r❛ ✐t❡r❛çã♦✱ ♥❛ ❚❛❜❡❧❛ ✷✳✽✱ ♣❡r❝❡❜❡♠♦s q✉❡ ✉♠❛ s❡❣✉♥❞❛ ✐t❡r❛çã♦ s❡

t♦r♥❛ ♥❡❝❡ssár✐❛✱ ❥á q✉❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ x1 é ♦ ♠❛✐s ♥❡❣❛t✐✈♦ ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❛rt✐✜❝✐❛❧✳

✼✷



❊s❝♦❧❤❡♠♦s ❛❣♦r❛ x1 ♣❛r❛ ❡♥tr❛r ♥❛ ❜❛s❡✳ ❆❝♦♥t❡❝❡ ❛ ♠❡♥♦r r❛③ã♦✱ ♥ã♦ ♥❡❣❛t✐✈❛✱

❞❡♥tr❡ ❛s r❛③õ❡s ❡♥tr❡ ❛ ❝♦♥st❛♥t❡ ❞♦ ✈❡t♦r b✱ ❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❛ ✈❛r✐á✈❡❧ q✉❡ ❡♥tr❛ ♥❛

❜❛s❡ x1 ❡♠ x5✱ ♣♦rt❛♥t♦✱ ❡ss❛ ✈❛r✐á✈❡❧ ❞❡✐①❛ ❛ ❜❛s❡✳

❆♣ós ❛t✉❛❧✐③❛r ♦ q✉❛❞r♦ t❡♠♦s✿

❙❡❣✉♥❞❛ ✐t❡r❛çã♦
❙❛✐ ❊♥tr❛❈♦❡✜❝✐❡♥t❡s ❞❡

①✶ ①✷ ①✸ ①✹ ①✺ ①✻ ❜
③ ✵ ✵ ✲1

5
− 1

30
1
5

1
30

✶✹ L1 L1 +
L3

5

✇ ✵ ✵ ✵ ✵ ✶ ✶ ✵ L2 L2 + 5× L3

5

❇❛s❡
①✶ ✶ ✵ ✲1

5
1
15

1
5

− 1
15

✷ L3
1
5
× L3

①✷ ✵ ✶ 1
10

− 1
15

− 1
10

1
15

✸ L4 L4 −
1
2
× L3

5

❚❛❜❡❧❛ ✷✳✾✿ ❉✐❡t❛ ❝♦♠ ❤❛♠❜úr❣✉❡r ❡ ♦✈♦s ✲ ▼ét♦❞♦ ❙✐♠♣❧❡① ✲ ❋❛s❡ ■✕ s❡❣✉♥❞❛ ✐t❡r❛çã♦

❆♥❛❧✐s❛♥❞♦ ❛ s❡❣✉♥❞❛ ✐t❡r❛çã♦✱ ♥❛ ❚❛❜❡❧❛ ✷✳✾✱ ♦❜s❡r✈❛♠♦s q✉❡ t♦❞❛s ❛s ✈❛r✐á✈❡✐s

❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❛rt✐✜❝✐❛❧ t❡♠ ❝✉st♦ ♠❛✐♦r ♦✉ ✐❣✉❛❧ ❛ ③❡r♦✱ ❡ q✉❡ ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦

♦❜❥❡t✐✈♦ ❛rt✐✜❝✐❛❧ é ③❡r♦✱ W = 0✳ ▲♦❣♦✱ ❡st❛♠♦s ♥❛ s♦❧✉çã♦ ót✐♠❛ ❞♦ ♣r♦❜❧❡♠❛ ❛rt✐✜❝✐❛❧ ❡

t❡♠♦s ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ✐♥✐❝✐❛❧ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ♦r✐❣✐♥❛❧✳ ❉❡✈❡♠♦s ❝♦♥t✐♥✉❛r ❛ s♦❧✉çã♦

✐♥❞♦ ♣❛r❛ ❛ ❋❛s❡ ■■✳

❉❡s❝❛rt❛♠♦s ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❛rt✐✜❝✐❛❧ ❡ ❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s✱ ♦❜t❡♥❞♦ ❛ ❚❛❜❡❧❛

✷✳✶✵ ❞♦ ♣r♦❜❧❡♠❛ ♦r✐❣✐♥❛❧✳

◗✉❛❞r♦ ✐♥✐❝✐❛❧ ❞♦ ♣r♦❜❧❡♠❛

❊q✉❛çã♦
❈♦❡✜❝✐❡♥t❡s ❞❡

①✶ ①✷ ①✸ ①✹ ❝♦♥st❛♥t❡
③ ✵ ✵ ✵ 1

5
1
30

✶✹
❱✳❇✳
①✶ ✶ ✶ ✵ ✲1

5
1
15

✷
①✷ ✷ ✵ ✶ 1

10
− 1

15
✸

❚❛❜❡❧❛ ✷✳✶✵✿ ❉✐❡t❛ ❝♦♠ ❤❛♠❜úr❣✉❡r ❡ ♦✈♦s ✲ ▼ét♦❞♦ ❙✐♠♣❧❡① ✲ ❋❛s❡ ■■

◆❛ ❚❛❜❡❧❛ ✷✳✶✵✱ t❡♠♦s ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ x1 ❡ x2 ✐❣✉❛✐s ❛ ③❡r♦✱ ✈❛r✐á✈❡✐s x3 ❡ x4 ❝♦♠

❝✉st♦s ♥ã♦ ♥❡❣❛t✐✈♦s ❡✱ ♣♦rt❛♥t♦✱ ♥ã♦ s❡rá ♥❡❝❡ssár✐♦ ♥♦✈❛ ✐t❡r❛çã♦✱ ♣♦✐s ❥á t❡♠♦s ❛

s♦❧✉çã♦ ót✐♠❛✿ ✷ ♦✈♦s ❡ ✸ ❤❛♠❜úr❣✉❡r❡s ❞❛♥❞♦ ✉♠ ✈❛❧♦r ❞❡ ❘✩ ✶✹✱✵✵✳

✼✸



❆ t❛❜❡❧❛ ❞♦ ♠ét♦❞♦ s✐♠♣❧❡① ♥♦s ♣❡r♠✐t❡ ❛♥❛❧✐s❛r ♠❡❧❤♦r ❛s ✐♥❢♦r♠❛çõ❡s ♣♦r ❢♦r♥❡❝❡r

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

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

❝á❧❝✉❧♦s ❞❡ ●❛✉ss✲❏♦r❞❛♥ ♣❡r♠✐t❡♠ ❛ s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ✐♥❞✐❢❡r❡♥t❡♠❡♥t❡ ❞♦ ♥ú♠❡r♦

❞❡ ✈❛r✐á✈❡✐s ❛♣r❡s❡♥t❛❞❛s✳ ◆❛ ♣rát✐❝❛✱ ❡ss❡s ❝á❧❝✉❧♦s sã♦ ❡①❡❝✉t❛❞♦s ❡♠ ❝♦♠♣✉t❛❞♦r❡s✳

P♦ré♠✱ t♦r♥❛✲s❡ ✈á❧✐❞♦ ❝♦♥❤❡❝❡r ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ♠ét♦❞♦✳ ❯♠❛ ❢❡rr❛♠❡♥t❛ q✉❡ t❡♠♦s

❡♠ ♠ã♦s ♣❛r❛ ❡ss❡ t✐♣♦ ❞❡ s✐t✉❛çã♦ é ♦ ❙♦❧✈❡r ❞♦ ❊①❝❡❧✳

✷✳✺ ❙♦❧✉çã♦ ♣♦r ❈♦♠♣✉t❛❞♦r ❙♦❧✈❡r ❞♦ ❊①❝❡❧

❖s ♠ét♦❞♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❢❛❝✐❧✐t❛♠ ♠✉✐t♦ ❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ♦t✐♠✐③❛çã♦

❧✐♥❡❛r✳ ❆ r❡s♦❧✉çã♦ ❝♦♠ s♦❢t✇❛r❡s ♣❡r♠✐t❡ ❛❣✐❧✐❞❛❞❡ ♥♦ ♣r♦❝❡ss♦ s❡♠ r❡str✐çã♦ ❛

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

♣r♦❜❧❡♠❛ ❡①❡♠♣❧♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡❧ ♠♦❞❡❧❛❞♦ ❝♦♠♦✿

▼❛①✐♠✐③❛r✿ z = f(x1, x2) = 14, 3x1 + 9, 6x2

❙✉❥❡✐t♦ ❛✿































x1 + x2 6 50

3, 15x1 + 1, 95x2 6 120

x1 > 0

x2 > 0

▲❡♠❜r❡♠♦s ❞❡ q✉❡ ♥♦ss❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ f(x1, x2) = z✱ r❡♣r❡s❡♥t❛ ♦ ♣❡r❝✉rs♦ ❛ s❡r

♠❛①✐♠✐③❛❞♦ ❝♦♠ ❛s ✈❛r✐á✈❡✐s x1 ✭❧✐tr♦s ❞❡ ❣❛s♦❧✐♥❛✮ ❡ x2 ✭❧✐tr♦s ❞❡ á❧❝♦♦❧✮✱ ✉s❛♥❞♦ ❛♣❡♥❛s

❘✩ ✶✷✵✱✵✵ ❡ ♥♦ ♠á①✐♠♦ ✉♠ t❛♥q✉❡ ❞❡ ❝♦♠❜✉stí✈❡❧ ✭✺✵ ❧✐tr♦s✮✳ ❯s❛r❡♠♦s ♦ ❙♦❧✈❡r ❞♦ ❊①❝❡❧

✷✵✶✸ ♣❛r❛ r❡s♦❧✈❡r ♥♦ss♦ ♣r♦❜❧❡♠❛✳

P♦❞❡♠♦s r❡♣r❡s❡♥t❛r ♥♦ss❛ s✐t✉❛çã♦ ❡♠ ✉♠❛ t❛❜❡❧❛ ❝♦♠ ❛s ✐♥❢♦r♠❛çõ❡s r❡t✐r❛❞❛s ❞♦

♣r♦❜❧❡♠❛ ✐♥✐❝✐❛❧✿

❉❛❞♦s ●❛s♦❧✐♥❛ ➪❧❝♦♦❧ ❘❡str✐çã♦ ❞❛❞❛ ♥♦ ♣r♦❜❧❡♠❛

Pr❡ç♦ ❘✩ ✸✱✶✺ ❘✩ ✶✱✾✺
❉❡s❡♠♣❡♥❤♦ ♥❛ ❝✐❞❛❞❡ ✶✸✱✶ ✾✱✶
❉❡s❡♠♣❡♥❤♦ ♥❛ ❡str❛❞❛ ✶✹✱✸ ✾✱✻

❱♦❧✉♠❡ ✉t✐❧✐③❛❞♦ ♠á①✐♠♦ ❞❡ ✺✵ ❧✐tr♦s
❉❡s❧♦❝❛♠❡♥t♦ ❞♦ ✈❡í❝✉❧♦ ♠á①✐♠♦ ♣♦ssí✈❡❧

❱❛❧♦r ❣❛st♦ ♠á①✐♠♦ ❞❡ ✶✷✵ r❡❛✐s

❚❛❜❡❧❛ ✷✳✶✶✿ ■♥❢♦r♠❛çõ❡s ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡❧

✼✹



◆❛ ❚❛❜❡❧❛ ✷✳✶✶✱ r❡♣r❡s❡♥t❛♠♦s ❛s ✐♥❢♦r♠❛çõ❡s r❡t✐r❛❞❛s ❞♦ ♣r♦❜❧❡♠❛✳ ❖ ❞❡s❧♦❝❛✲

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

❝♦♠❜✉stí✈❡❧ sã♦ ♥♦ss❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦✳

❆❣♦r❛✱ ❝♦♥str✉✐r❡♠♦s ♥♦ ❊①❝❡❧ ✉♠❛ ♣❧❛♥✐❧❤❛ ❝♦♥❢♦r♠❡ ♦ ♠♦❞❡❧♦ ❞❛ ❋✐❣✉r❛ ✷✳✾✱ ♦♥❞❡

❥á ❡stã♦ ❛s ❢ór♠✉❧❛s q✉❡ ❞❡✈❡♠ s❡r ❝♦❧♦❝❛❞❛s ♥♦ ♣r♦❣r❛♠❛✳

❈♦❧♦❝❛♠♦s ❛s ✐♥❢♦r♠❛çõ❡s ❞♦ ♣r♦❜❧❡♠❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛ ♥❛s ❝é❧✉❧❛s ❞♦ ❊①❝❡❧✿

❼ Pr❡ç♦ ♥❛s ❝é❧✉❧❛s✿ ❈✺ ❡ ❉✺

❼ ❉❡s❡♠♣❡♥❤♦ ♥❛ ❡str❛❞❛ ♥❛s ❝é❧✉❧❛s✿ ❈✼ ❡ ❉✼

❼ ❱❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦✿ ❈✾ ❡ ❉✾✱ ♥❛ ❊✾ s♦♠❛♠♦s ❡ss❡s ✈❛❧♦r❡s ❡ ♥❛ ❋✾ ♦ ✈❛❧♦r ❞❡

r❡str✐çã♦ ❞❡ss❡ ✈♦❧✉♠❡✳

❼ ❉❡s❧♦❝❛♠❡♥t♦✱ ❝✉❥❛ s♦♠❛ é ♥♦ss❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✿ ♥❛ ❈✶✶ ❞✐❣✐t❛♠♦s ❂❈✾✯❈✼✱ ♥❛

❉✶✶ ❞✐❣✐t❛♠♦s ❂❉✾✯❉✼ ❡ ♥❛ ❊✶✶ s♦♠❛♠♦s ♦s ✈❛❧♦r❡s ❞❡ ❈✶✶ ❡ ❉✶✶✳ ❖❜s❡r✈❛♠♦s

q✉❡ ♥♦ss♦ ♦❜❥❡t✐✈♦ ✜♥❛❧ ❡stá ♥❛ ❊✶✶✱ q✉❡ ❝❤❛♠❛♠♦s ❞❡ ❝é❧✉❧❛ ♦❜❥❡t✐✈♦✳

❼ ❱❛❧♦r ●❛st♦✱ ❝✉❥❛ s♦♠❛ é ✉♠❛ ❞❛s r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛✿ ♥❛ ❈✶✸ ❞✐❣✐t❛♠♦s

❂❈✾✯❈✺✱ ♥❛ ❉✶✸ ❞✐❣✐t❛♠♦s ❂❉✾✯❉✺ ❡ ♥❛ ❊✶✸ s♦♠❛♠♦s ♦s ✈❛❧♦r❡s ❞❡ ❈✶✶ ❡ ❉✶✶✳

◆❛ ❋✶✸✱ ❞✐❣✐t❛♠♦s ♦ ✈❛❧♦r ❞❛ r❡str✐çã♦ ❞❡ ✈❛❧♦r✳

❋✐❣✉r❛ ✷✳✶✵✿ P❧❛♥✐❧❤❛ ❊①❝❡❧ ✕ ❋ór♠✉❧❛s ✕ ❈♦♥s✉♠♦ ❞❡ ❈♦♠❜✉stí✈❡❧ ✲ ❙❖▲❱❊❘

✼✺



❈♦❧♦❝❛♠♦s ❛s ✐♥❢♦r♠❛çõ❡s r❡t✐r❛❞❛s ❞♦ ♣r♦❜❧❡♠❛✱ ❝♦♥❢♦r♠❡ ❛ t❛❜❡❧❛ ♥❛ ❋✐❣✉r❛ ✷✳✶✵

❡ ♦❜t❡♠♦s ❛ t❛❜❡❧❛ ♥❛ ❋✐❣✉r❛ ✷✳✶✶✳ ◆❡ss❛ t❛❜❡❧❛✱ ♠❛r❝❛r❡♠♦s ❛ ❝é❧✉❧❛ ♦♥❞❡ ❡stá ♦

r❡s✉❧t❛❞♦ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ✭❛q✉✐ ❡♠ ❛♠❛r❡❧♦✮ ❡ ❛s ❝é❧✉❧❛s ❞❛s ✈❛r✐á✈❡✐s ✭❛q✉✐ ❡♠

❛③✉❧✮✳ ➱ ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r♠♦s ❡ss❛s ❝é❧✉❧❛s✱ ♣♦✐s s❡rã♦ ♥♦ss❛ r❡❢❡rê♥❝✐❛ ♣❛r❛ ✉s❛r♠♦s

❛❞❡q✉❛❞❛♠❡♥t❡ ❛ ❢❡rr❛♠❡♥t❛✳

❋✐❣✉r❛ ✷✳✶✶✿ P❧❛♥✐❧❤❛ ❊①❝❡❧✕ ❈♦♥s✉♠♦ ❞❡ ❈♦♠❜✉stí✈❡❧ ✕ ❙❖▲❱❊❘

❖❜s❡r✈❡♠♦s✱ ♥❛ ❋✐❣✉r❛ ✷✳✶✶✱ q✉❡ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❝♦❧♦❝❛♠♦s s♦♠❡♥t❡ ♦ ❞❛ ❡str❛❞❛✱ q✉❡

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

♥♦✈❛♠❡♥t❡ ❛s ❢❡rr❛♠❡♥t❛s q✉❡ ♠♦str❛r❡♠♦s ❛ s❡❣✉✐r✳ ❖ ♠❡s♠♦ ✈❛❧❡ s❡ ♦❝♦rr❡r ✈❛r✐❛çõ❡s

♥❛s ✐♥❢♦r♠❛çõ❡s ♦✉ ♥❛ r❡str✐çã♦ ❞♦ ♣r♦❜❧❡♠❛✳ ■ss♦ ❢❛❝✐❧✐t❛ ♠✉✐t♦ ❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s

♣❛r❡❝✐❞♦s ❡ ❛s ❛❞❡q✉❛çõ❡s ❛ r❡❛❧✐❞❛❞❡✳

❯s❛♥❞♦ ♦ ❊①❝❡❧ ✷✵✶✸ ❞❡✈❡♠♦s ✈❡r✐✜❝❛r s❡ ❛ ❢❡rr❛♠❡♥t❛ ❙♦❧✈❡r ❥á ❡stá ❤❛❜✐❧✐t❛❞❛✳ ❈❛s♦

♥ã♦ ❡st❡❥❛✱ ❝❧✐❝❛♠♦s ❡♠✿

❼ ❆rq✉✐✈♦ −→ ❖♣çõ❡s −→ ❙✉♣❧❡♠❡♥t♦s −→ ❙♦❧✈❡r −→ ❖❦✳

❙❡rá ♥♦ss❛ ❢❡rr❛♠❡♥t❛ ❞❡ tr❛❜❛❧❤♦ ♥❛ r❡s♦❧✉çã♦ ❞❡ss❡ t✐♣♦ ❞❡ ♣r♦❜❧❡♠❛✳

✼✻



❆❣♦r❛✱ ❝♦♥✜❣✉r❛r❡♠♦s ❛ r❡s♦❧✉çã♦ ❞❡ ♥♦ss❛ s✐t✉❛çã♦✳ ❈❧✐❝❛♥❞♦ ❡♠✿

❼ ❉❛❞♦s −→ ❙♦❧✈❡r✳

❊ ♦❜t❡♠♦s ❛ t❡❧❛ ❞❛ ❋✐❣✉r❛ ✷✳✶✷✳

❋✐❣✉r❛ ✷✳✶✷✿ ❆❜r✐♥❞♦ ♦ ❙♦❧✈❡r ❞♦ ❊①❝❡❧

❊♠ s❡❣✉✐❞❛✱ ❝♦♥✜❣✉r❛r❡♠♦s ❛ ❢❡rr❛♠❡♥t❛ ❞❡✜♥✐♥❞♦✿

❼ ❆ ❝é❧✉❧❛ ♦❜❥❡t✐✈♦ ✭❛♠❛r❡❧❛✮✱ q✉❡ ❡♠ ♥♦ss❛ ♣❧❛♥✐❧❤❛ é ❛ ❊✶✶✳

❼ ❙❡ ♥♦ss♦ ❖❜❥❡t✐✈♦ é ♠❛①✐♠✐③❛r ✭▼á①✳✮ ♦✉ ♠✐♥✐♠✐③❛r ✭▼✐♥✳✮✳

❼ ❆s ❝é❧✉❧❛s ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦✱ ❈✾ ❡ ❉✾✳

❼ ❆s r❡str✐çõ❡s✳ ❉❡✈❡♠♦s ❛❞✐❝✐♦♥❛r ✉♠❛ ❛ ✉♠❛ ❡ ♥ã♦ ❡sq✉❡❝❡r ❞❛ ♥ã♦ ♥❡❣❛t✐✈✐❞❛❞❡✳

❼ ❙❡❧❡❝✐♦♥❛r ♠♦❞♦ ❞❡ ❙♦❧✉çã♦ ▲P ❙✐♠♣❧❡①✳

✼✼



❆♦ ❛❞✐❝✐♦♥❛r ❛s r❡str✐çõ❡s✱ ❞❡✈❡♠♦s ✜❝❛r ❛t❡♥t♦s ❛♦s s✐♥❛✐s ❝♦♥❞✐❝✐♦♥❛✐s✱ ♣♦✐s ♦ ♣r❡❡♥❝❤✐✲

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

❋✐❣✉r❛ ✷✳✶✸✿ ❈♦♥✜❣✉r❛çã♦ ❞♦ ❙♦❧✈❡r

❆♣ós ❝♦♥✜❣✉r❛r ♦ ❙♦❧✈❡r ❝♦♠♦ ♥❛ ❋✐❣✉r❛ ✷✳✶✸✱ ❝❧✐❝❛♠♦s ❡♠ r❡s♦❧✈❡r ❡ ♦❜t❡♠♦s ♦s

✈❛❧♦r❡s ❞❡ ✉♠❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✳

✼✽



❋✐❣✉r❛ ✷✳✶✹✿ ❈♦♥✜r♠❛çã♦ ❞♦ ❙♦❧✈❡r

❊st❛♥❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ s♦❧✉çã♦✱ ❝♦♠♦ ♥❛ ❋✐❣✉r❛ ✷✳✶✹✱ ❝❧✐❝❛♠♦s ❡♠ ❖❦ ❡ ♦❜t❡♠♦s

❛ t❛❜❡❧❛ ❝♦♠ ✉♠❛ s♦❧✉çã♦ ót✐♠❛ ❞♦ ♣r♦❜❧❡♠❛✳ ❱❛❧❡ ❧❡♠❜r❛r ❞❡ q✉❡ ❛ q✉❛❧✐❞❛❞❡ ❞❛

r❡s♣♦st❛ ❞❡♣❡♥❞❡ ❞❛ ❜♦❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❜❧❡♠❛ ❡ ❞❛ ❝♦♥✜❣✉r❛çã♦ ❝♦rr❡t❛ ❞❛ ❢❡rr❛♠❡♥t❛✳

❋✐❣✉r❛ ✷✳✶✺✿ ❙♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛

❈♦♠♣r♦✈❛♥❞♦ ❛s s♦❧✉çõ❡s q✉❡ ❥á tí♥❤❛♠♦s ❞♦ ♣r♦❜❧❡♠❛ ♣❡❧♦s ♦✉tr♦s ♠ét♦❞♦s✱

♦❜t❡♠♦s✱ ♥❛ ❋✐❣✉r❛ ✷✳✶✺✱ q✉❡ ❞❡✈❡♠♦s ❛❜❛st❡❝❡r ♦ ❝❛rr♦ ❝♦♠ ✶✽✱✼✺ ❧✐tr♦s ❞❡ ❣❛s♦❧✐♥❛✱

✸✶✱✷✺ ❧✐tr♦s ❞❡ á❧❝♦♦❧ ❡ ♣❡r❝♦rr❡r❡♠♦s ✺✻✽✱✶✷✺❦♠ ♥❛ ❡str❛❞❛✳

❆ r❡s♦❧✉çã♦ ♣❡❧♦ s♦❧✈❡r é ❜❡♠ ♠❡♥♦s tr❛❜❛❧❤♦s❛ ❡ ♥♦s ♣❡r♠✐t❡ ✐♥t❡r❢❡rê♥❝✐❛s rá♣✐❞❛s✳

❱❛♠♦s s✉♣♦r q✉❡ ❛♣ós ♠♦❞❡❧❛r♠♦s ♦ ♣r♦❜❧❡♠❛ ✈❡r✐✜❝❛♠♦s q✉❡ ♦ ♥♦✈♦ ♣r❡ç♦ ❞❛ ❣❛s♦❧✐♥❛

é ❘✩ ✸✱✻✺ ❡ ❞♦ á❧❝♦♦❧ ❘✩ ✷✱✹✺✳ ❈♦♠♦ ♦ ❝♦♠❜✉stí✈❡❧ ❛✉♠❡♥t♦✉✱ ✈❛♠♦s ❞✐s♣♦r ❛❣♦r❛ ❞❡ ❘✩

✶✺✵✱✵✵ ♣❛r❛ ♦ ❛❜❛st❡❝✐♠❡♥t♦✳ ◆❛ t❛❜❡❧❛ ❞♦ ♣r♦❜❧❡♠❛✱ ❝♦♠♦ ♥❛ ❋✐❣✉r❛ ✷✳✶✺✱ só ❛❧t❡r❛♠♦s

❡ss❡s ✈❛❧♦r❡s ❡ ❡①❡❝✉t❛♠♦s ❛ ❢❡rr❛♠❡♥t❛ s♦❧✈❡r ♥♦✈❛♠❡♥t❡ ♦❜t❡♥❞♦ ❛ ♥♦✈❛ r❡s♣♦st❛✳

✼✾



❋✐❣✉r❛ ✷✳✶✻✿ ❙♦❧✉çã♦ ♥♦✈❛ ❞♦ ♣r♦❜❧❡♠❛

❆ ♥♦✈❛ s♦❧✉çã♦✱ ♥❛ ❋✐❣✉r❛ ✷✳✶✻✱ ♥♦s ♠♦str❛ q✉❡ ❞❡✈❡♠♦s ❛❜❛st❡❝❡r s♦♠❡♥t❡ ❝♦♠

❣❛s♦❧✐♥❛✱ ✹✶✱✵✾ ❧✐tr♦s ❡ ✈❛♠♦s ♣❡r❝♦rr❡r ✺✽✼✱✻✼✶❦♠ ❝♦♠ ❛ ♥♦✈❛ s✐t✉❛çã♦✳

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

♣r♦❜❧❡♠❛s ❝♦♠ ♥ú♠❡r♦ ❣r❛♥❞❡ ❞❡ ✈❛r✐á✈❡✐s s❡♠ ♥♦s ♣r❡♦❝✉♣❛r♠♦s ❝♦♠ ❛❧❣♦r✐t♠♦s ❣✐❣❛♥✲

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

❊❧❡ ❢❛③ ❛s ❞❡✈✐❞❛s ❛❧t❡r❛çõ❡s ♠❡s♠♦ s❡ ♦ ♦❜❥❡t✐✈♦ ❢♦r ♠✐♥✐♠✐③❛r✳

✽✵



❈❛♣ít✉❧♦ ✸

❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❡ ❆♣r❡♥❞✐③❛❣❡♠

◆❡ss❡ ❝❛♣ít✉❧♦ ❞✐s❝✉t✐r❡♠♦s ❝♦♠♦ ❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❡stá ♣r❡s❡♥t❡ ♥♦s ✈á✲

r✐♦s ♥í✈❡✐s ❞❛ ❊❞✉❝❛çã♦ ❇ás✐❝❛ ❡ ❝♦♠♦ ❡❧❛ ♣♦❞❡ ❛❥✉❞❛r ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

❞❛s ❤❛❜✐❧✐❞❛❞❡s ❡ ❝♦♥t❡ú❞♦s ♣r❡s❡♥t❡s ♥❛s ❛t✐✈✐❞❛❞❡s ❞❡ ♠❛t❡♠át✐❝❛✱ ❛✉①✐❧✐✲

❛♥❞♦ ♦ ♣r♦❝❡ss♦ ❞♦ ❡♥s✐♥♦ ❡ ❞❛ ❛♣r❡♥❞✐③❛❣❡♠✳

❆s té❝♥✐❝❛s ✉t✐❧✐③❛❞❛s ♥❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ♣♦❞❡♠ s❡r ✉♠❛ ❢❡rr❛♠❡♥t❛ ♠❡t♦❞♦❧ó❣✐❝❛

❡♠ t♦❞❛ ❊❞✉❝❛çã♦ ❇ás✐❝❛✳ P❡r♠❡❛♥❞♦ ♣❡❧♦s ❝♦♥❝❡✐t♦s ♣♦❞❡♠♦s ♣❡r❝❡❜❡r✱ ♥♦s ♣r♦❝❡ss♦s

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

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

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

❜r✐❝♦s ♣❡r♠✐t❡♠ ❛ ♣r♦✈♦❝❛çã♦ ❛♦ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ✈ár✐♦s ❝♦♥❝❡✐t♦s ❡ ❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

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

◆❛ ❡❞✉❝❛çã♦ ✐♥❢❛♥t✐❧✱ ❛s ❜r✐♥❝❛❞❡✐r❛s q✉❡ ❡♥✈♦❧✈❡♠ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❡ s❡q✉ê♥❝✐❛s

♣❡r♠✐t❡♠ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ s♦❝✐❛❧ ❞❛ ❝r✐❛♥ç❛✳ ❉❡❝✐❞✐r s♦❜r❡ ❛ ♠❡❧❤♦r ❛çã♦✱ ♦ ❝❛♠✐♥❤♦

❛ s❡❣✉✐r✱ ❛ ❢♦r♠❛ ❣❡♦♠étr✐❝❛ q✉❡ ♠❡❧❤♦r s❡ ❡♥❝❛✐①❛ ♦✉ ❛té ♠❡s♠♦ ❛ ❝♦r q✉❡ ❝♦♠♣❧❡t❛ ❛

s❡q✉ê♥❝✐❛ ❡stá ❧✐❣❛❞♦ ❛♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞❡ ♣r♦❜❧❡♠❛s✱ tã♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡

q✉❛❧ ❢❡rr❛♠❡♥t❛ s❡rá ✉s❛❞❛ ♥❛ s✉❛ r❡s♦❧✉çã♦✱ q✉❡ ❛✐♥❞❛ ❞❡ ❢♦r♠❛ s✐♠♣❧ór✐❛✱ ❡stá ❛rt✐❝✉✲

❧❛❞❛ ♥❛s ❡str❛té❣✐❛s ❞❡ ❡♥❢r❡♥t❛♠❡♥t♦ ❞❛s s✐t✉❛çõ❡s ❡ ❝♦♥tr✐❜✉❡♠ ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s

❤❛❜✐❧✐❞❛❞❡s ♥❡❝❡ssár✐❛s à ❝♦♥str✉çã♦ ❞♦s s❛❜❡r❡s ♠❛t❡♠át✐❝♦s✳

◆♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❝✐❝❧♦ ■✱ ♣r✐♠❡✐r♦ ❛♦ q✉✐♥t♦ ❛♥♦✱ ❝♦♠❡ç❛♠♦s ❛ ❝♦♥str✉çã♦ ❞❛s

♦♣❡r❛çõ❡s ❡ ❛♣❧✐❝❛çõ❡s ❞❛ ♠❛t❡♠át✐❝❛ ❡♠ ❛❧❣✉♠❛s s✐t✉❛çõ❡s ❝♦t✐❞✐❛♥❛s✳ ◆❡ss❡ ❢♦❝♦✱ ❛s

❢❡rr❛♠❡♥t❛s ❞❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ❛❧❣✉♥s ❞❡ s❡✉s r❡❣✐str♦s✱ ❝♦♥tr✐❜✉❡♠ ♥♦ ❞❡s❡♥✈♦❧✈✐✲

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

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

❝✉❧♠✐♥❛♥❞♦ ♥❛ ❝♦♥str✉çã♦ ❞❡ ♠♦❞❡❧♦s ❝♦♠ ❣rá✜❝♦s ❡ t❛❜❡❧❛s ♣❛r❛ ❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳

◆♦ ❝✐❝❧♦ ■■ ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧✱ s❡①t♦ ❛♦ ♥♦♥♦ ❛♥♦✱ ♣❛rt✐♠♦s ♣❛r❛ ♣r♦❜❧❡♠❛s ✉♠

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

✽✶



♠❡♥t♦✱ ♦ ✉s♦ ❞❡ s✐t✉❛çõ❡s q✉❡ ❡♥✈♦❧✈❡♠ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❝♦♠ ✈ár✐❛s ✈❛r✐á✈❡✐s ♣❡r♠✐t❡♠

❝♦♥t❡①t✉❛❧✐③❛çõ❡s ♥♦s ❝♦♥❝❡✐t♦s ❛ s❡r❡♠ ❛♣r❡s❡♥t❛❞♦s✳ ❚♦r♥❛r ♦ ♣r♦❜❧❡♠❛ s✐❣♥✐✜❝❛t✐✈♦ ❛♦s

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

t❛❞♦s✳ ❖s ♣r♦❜❧❡♠❛s ❝♦t✐❞✐❛♥♦s ❝♦♠ ❛s ✐❞❡✐❛s ❞❛ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r sã♦ ❞❡ ❣r❛♥❞❡ ✈❛❧✐❛✳

P❛rt✐♥❞♦ ❞❛s t❛❜❡❧❛s ❡ ❣rá✜❝♦s ♥♦s ❛♥♦s ✐♥✐❝✐❛✐s✱ ✈❛♠♦s ❛♠♣❧✐❛♥❞♦ ❝♦♠ ♦ ❝r❡s❝✐♠❡♥t♦

❛❧❣é❜r✐❝♦ ❡ ❛ ❝♦♥str✉çã♦ ❞❡ s✐st❡♠❛s✱ ♦♥❞❡ ❛ r❡s♦❧✉çã♦ ❣rá✜❝❛ ❡ ❛❧❣é❜r✐❝❛ ❛♥❛❧ít✐❝❛ s❡r✈❡♠

❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s ❛❧❣♦r✐t♠♦s q✉❡ ❢❛✈♦r❡❝❡♠ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❧ó❣✐❝♦ ♠❛t❡♠át✐❝♦✳

❖ ❊♥s✐♥♦ ▼é❞✐♦✱ q✉❡ s❡♣❛r❛ ♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡✱ t❡♠ ❝♦♠♦ ✜✲

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

❝♦♥❝❡✐t♦s út❡✐s ♥❛ ❢♦r♠❛çã♦ ❞♦ ❝✐❞❛❞ã♦✳ ◆❡ss❛ ❢❛s❡✱ ♦ ❛❧✉♥♦ ❥á s❡ ❛♣r♦♣r✐❛ ♠❡❧❤♦r ❞♦s

r❡❣✐str♦s ❛❧❣é❜r✐❝♦s ❡ ♣♦❞❡♠♦s ❛✉♠❡♥t❛r ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ❡ ❛ ❞✐✜❝✉❧❞❛❞❡ ♥♦s ♣r♦✲

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

❡ ❞❡s✐❣✉❛❧❞❛❞❡s✳ ❈♦♠ ♦ ❡st✉❞♦ ❞❛s ❢✉♥çõ❡s ❡ ❞❛ ❣❡♦♠❡tr✐❛ ❛♥❛❧ít✐❝❛ ♣♦❞❡♠♦s ♠♦❞❡❧❛r

♠❡❧❤♦r ♥♦ss♦s ♣r♦❜❧❡♠❛s ❡ ❡♠ ✈✐❛ ❞✉♣❧❛✱ ❞♦ ❝♦♥t❡ú❞♦ ❛♦s ♣r♦❜❧❡♠❛s ❞❡ ♦t✐♠✐③❛çã♦ ❡ ❞❛s

s✐t✉❛çõ❡s ❛♦ ❝♦♥t❡ú❞♦✱ ♠❡❧❤♦r❛r ♥♦ss❛s r❡s♦❧✉çõ❡s✳

P❛r❛ ❡♥t❡♥❞❡r♠♦s ♠❡❧❤♦r✱ ❡♠ ❝❛❞❛ s❡çã♦ ❞❡ss❡ ❝❛♣ít✉❧♦✱ ❞❡s❝r❡✈❡r❡♠♦s ❛t✐✈✐❞❛❞❡s ❡♠

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

❛s ✐❞❡✐❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ❛♥❛❧✐s❛♥❞♦ ❡♠ ❝❛❞❛ s✐t✉❛çã♦ ♦ ❝♦♥t❡ú❞♦ ♠❛t❡♠át✐❝♦ ❡

❛❧❣✉♠❛s ❞❛s ❢♦r♠❛s ❞❡ s♦❧✉çã♦ ❞♦s ♣r♦❜❧❡♠❛s✳

✸✳✶ ❖t✐♠✐③❛çã♦ ♥❛ ❊❞✉❝❛çã♦ ■♥❢❛♥t✐❧

❈♦♠ ❝r✐❛♥ç❛s ❛té s❡✐s ❛♥♦s ❞❡ ✐❞❛❞❡✱ ❛ ❡❞✉❝❛çã♦ ✐♥❢❛♥t✐❧ s❡ ❝❛r❛❝t❡r✐③❛ ♣❡❧♦ ♣r♦❝❡ss♦ ❧ú❞✐❝♦

❡ ♦ ✉s♦ ❞❡ ♠❛t❡r✐❛❧ ❝♦♥❝r❡t♦✳ ❱✐✈❡♥❝✐❛r é ❢✉♥❞❛♠❡♥t❛❧ ♥❡ss❛ ❢❛s❡ ❞❛ ❛♣r❡♥❞✐③❛❣❡♠ ❡ ❛s

❛t✐✈✐❞❛❞❡s ❞❡✈❡♠ s❡r ✈♦❧t❛❞❛s à ❡①♣❡r✐♠❡♥t❛çã♦ ❡ ♠❛♥✐♣✉❧❛çã♦ ❞❡ ♠❛t❡r✐❛✐s✳ ❈♦♠ ❡ss❛

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

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

❝r✐❛♥ç❛s ♣♦ss❛♠ ❞❡❝✐❞✐r ❡ ✈✐✈❡♥❝✐❛r t♦♠❛♥❞♦ ❞❡❝✐sõ❡s ❡ ❢❛③❡♥❞♦ ❡①♣❡r✐♠❡♥t❛çã♦✳

◗✉❡r❡♠♦s ❝♦❜r✐r ✉♠ r❡tâ♥❣✉❧♦ ❞❡ ✷✵❝♠ ♣♦r ✸✵❝♠ ✭♣❛r❛ ❛ ❝r✐❛♥ç❛ ❛ ♠❡❞✐❞❛ ♥ã♦ é tã♦

✐♠♣♦rt❛♥t❡✱ ❥á ❛♣r❡s❡♥t❛♠♦s ♦ ♣♦❧í❣♦♥♦ ❝♦rt❛❞♦✳✮✳ P♦❞❡♠♦s ❢❛③ê✲❧♦ ❝♦♠ ✜❣✉r❛s ❞❡ três

❧❛❞♦s ✭tr✐â♥❣✉❧♦s✮✱ q✉❛tr♦ ❧❛❞♦s ✭q✉❛❞r❛❞♦s✮✱ ❝✐♥❝♦ ❧❛❞♦s ✭♣❡♥tá❣♦♥♦s✮✱ s❡✐s ❧❛❞♦s ✭❤❡①á✲

❣♦♥♦s✮ ♦✉ ♣♦❞❡♠♦s ♠❡s❝❧❛r ❡♥tr❡ ❛s ✜❣✉r❛s ✉s❛♥❞♦ ✉♠ ♣♦✉❝♦ ❞❡ ❝❛❞❛ ✉♠❛✳ ❉✐s♣♦♠♦s

❞❡ ♣♦❧í❣♦♥♦s r❡❣✉❧❛r❡s ✭â♥❣✉❧♦s ❡ ❧❛❞♦s ✐❣✉❛✐s✮ ❡♠ q✉❛♥t✐❞❛❞❡ ❧✐♠✐t❛❞❛ ✭✶✵ ❞❡ ❝❛❞❛✮ ❡

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

✭❛ ♠❛✐♦r ♣❛rt❡✮✱ ✉s❛♥❞♦ ♦ ♠❡♥♦r ♥ú♠❡r♦ ❞❡ ♣❡ç❛s✳

◆❛ ❡❞✉❝❛çã♦ ✐♥❢❛♥t✐❧✱ ♦ ♣r♦❜❧❡♠❛ é ♠♦str❛❞♦ ❞❡ ♠❛♥❡✐r❛ ♠❛✐s ❧ú❞✐❝❛✱ ❞❡♥tr♦ ❞❡ ✉♠❛

❤✐stór✐❛ ♦✉ ❝♦♥t❡①t♦ ❞✐✈❡rt✐❞♦✱ ♦♥❞❡ ❝♦♠ ❛s ♣❡ç❛s ❡♠ ♠ã♦s ❛ ❝r✐❛♥ç❛ ❞❡s❡♥✈♦❧✈❡ ❤❛❜✐❧✐✲

❞❛❞❡s ❝♦♠♦✿ ♣❡r❝❡♣çã♦ ❞❡ ❢♦r♠❛✱ ❡s♣❛ç♦✱ ❝♦r❡s✱ q✉❛♥t✐❞❛❞❡ ❡ t❛♠❛♥❤♦✳ P❡r♠✐t❡ ❞❡♥tr♦

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

❡♥❝♦♥tr❛❞❛✳

P❛r❛ r❡s♦❧✈❡r♠♦s ♦ ♣r♦❜❧❡♠❛ ❝♦♠ ❛ ❝r✐❛♥ç❛✱ ❢♦r♥❡❝❡♠♦s q✉❛❞r❛❞♦s✱ tr✐â♥❣✉❧♦s✱ ♣❡♥✲

tá❣♦♥♦s ❡ ❤❡①á❣♦♥♦s✱ t♦❞♦s ❝♦♠ ♠❡❞✐❞❛ ❞❡ ✶✵ ❝♠ ❞❡ ❧❛❞♦s ❡ ❝♦♠ ❝♦r❡s ❞✐❢❡r❡♥t❡s✳ ◆❡ss❡

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

❡♠ ♥♦ss❛s ✈✐❞❛s✳ ❆♣ós ❛ ♣r✐♠❡✐r❛ ❞✐s❝✉ssã♦✱ ✈✐✈❡♥❝✐❛r❡♠♦s ❛ ❛t✐✈✐❞❛❞❡ ♣r♦♣r✐❛♠❡♥t❡ ❞✐t❛✱

❧❡♠❜r❛♥❞♦ q✉❡ ♥♦ss♦ ♦❜❥❡t✐✈♦ é ❝♦❜r✐r ❛ ♠❛✐♦r ♣❛rt❡ ❞♦ r❡tâ♥❣✉❧♦ ❝♦♠ ♦ ♠❡♥♦r ♥ú♠❡r♦

❞❡ ♣❡ç❛s ♣♦ssí✈❡❧✳

❖r❣❛♥✐③❛r❡♠♦s ❛ s♦❧✉çã♦ ❡♠ ✉♠❛ t❛❜❡❧❛ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ✜❣✉r❛s ♥❡❝❡ssár✐❛s ♣❛r❛

❝♦❜r✐r ♦ r❡tâ♥❣✉❧♦ ❞❛❞♦✳ ❊♠ ♥♦ss♦ ❝❛s♦ ✉s❛r❡♠♦s r❡❣✐str♦ ❞❡ ❛❧❣❛r✐s♠♦s✱ ♠❛s ❞❡♣❡♥❞❡♥❞♦

❞❛ ✐❞❛❞❡ ❞❛ ❝r✐❛♥ç❛ ❞❡✈❡♠♦s ♥♦s ❛t❡r ❛♦ ❞❡s❡♥❤♦ ❞❛s ✜❣✉r❛s ♣❛r❛ ❝♦♠♣♦r ♥♦ss❛ ❚❛❜❡❧❛

✸✳✶✳ ❈♦♠ ♦s ♣♦❧í❣♦♥♦s✱ ❡♠ q✉❛♥t✐❞❛❞❡ s✉✜❝✐❡♥t❡✱ s♦❧✐❝✐t❛♠♦s ♣r✐♠❡✐r❛♠❡♥t❡ q✉❡ ❡❧❡s ♣r❡✲

❡♥❝❤❛♠ ❛ ✜❣✉r❛ s♦♠❡♥t❡ ❝♦♠ ✉♠ t✐♣♦ ❞❡ ♣♦❧í❣♦♥♦ ❡ ❝♦♥t❡ q✉❛♥t❛s ♣❡ç❛s ❢♦r❛♠ ♥❡❝❡ssár✐❛s✳

❚❡♥t❛t✐✈❛ ❚r✐â♥❣✉❧♦s ◗✉❛❞r❛❞♦s P❡♥tá❣♦♥♦s ❍❡①á❣♦♥♦s ❚♦t❛❧ ❞❡ ✜❣✉r❛s

✶ ✶✵ ✵ ✵ ✵ ✶✵
✷ ✵ ✻ ✵ ✵ ✻
✸ ✵ ✵ ✷ ✵ ✷
✹ ✵ ✵ ✵ ✶ ✶
✺
✻
✼
✽

❚❛❜❡❧❛ ✸✳✶✿ ◗✉❛♥t✐❞❛❞❡ ❞❡ ♣♦❧í❣♦♥♦s ♣❛r❛ ❝♦❜r✐r ♦ r❡tâ♥❣✉❧♦

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

♥♦çã♦ ❞❡ ❡s♣❛ç♦ ❡ ❝♦♥s❡r✈❛çã♦ ❞❡ ❡s♣❛ç♦✳ ❆♣ós ❛ ❝♦♥t❛❣❡♠ é ❤♦r❛ ❞❡ ♣❛rt✐r♠♦s ❛♦ ♥♦ss♦

♣r♦❜❧❡♠❛ ♣r♦♣r✐❛♠❡♥t❡ ❞✐t♦✳ ❈♦❧♦❝❛r ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ♣❡ç❛s ♣♦ssí✈❡❧ s❡♠ s♦❜r❡♣♦r ❡

❛♥♦t❛r ♥❛ t❛❜❡❧❛ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳ ❆♣ós ❛ ❚❛❜❡❧❛ ✸✳✶ ❝♦♠♣❧❡t❛✱ ❞❡❝✐❞✐r❡♠♦s q✉❛❧

❛ ♠❡❧❤♦r s♦❧✉çã♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛✳ ▲❡♠❜r❛♠♦s q✉❡ t♦❞❛s ❛s s♦❧✉çõ❡s ❛t❡♥❞❡♠ ♥♦ss❛

♣r♦♣♦st❛✱ ♠❛s ✉♠❛ ❞❡❧❛s é ❛ ♠❡❧❤♦r q✉❡ ♣♦❞❡♠♦s ❝❤❛♠❛r ❞❡ s♦❧✉çã♦ ót✐♠❛✳

❉❡ ❢♦r♠❛ s✐♠♣❧❡s✱ ♣❛ss❛♠♦s ♣❡❧❛ ❝♦♥str✉çã♦ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦ ♣❛r❛ s❡r

✈✐✈❡♥❝✐❛❞♦ ♣♦r ❝r✐❛♥ç❛s✳ P♦❞❡♠♦s ✈❛r✐❛r ❝♦♠ ♦s t❛♠❛♥❤♦s ❞♦s ♣♦❧í❣♦♥♦s ❡ ❛té ♠❡s♠♦

❡♠ ♠❛✐s r❡str✐çõ❡s ♥♦ ♣r♦❜❧❡♠❛ ❛✉♠❡♥t❛♥❞♦ ❛ ❞✐✜❝✉❧❞❛❞❡ ❡ ❛❞❡q✉❛♥❞♦ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡

❝❛❞❛ t✉r♠❛✳ ❖ r❡❣✐str♦ ♥❛ t❛❜❡❧❛ ♣♦❞❡ s❡r ❢❡✐t♦ ❝♦♠ ❛❧❣❛r✐s♠♦s ♦✉ ♦✉tr❛ r❡♣r❡s❡♥t❛çã♦

q✉❡ ♦ ❛❧✉♥♦ ❥á t❡♥❤❛ s❡ ❛♣r♦♣r✐❛❞♦✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✿ ❜❛rr✐♥❤❛✱ ❜♦❧✐♥❤❛✱ ❡t❝✳
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➱ ✐♠♣♦rt❛♥t❡✱ ♥❡ss❛ ❢❛s❡ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✱ ✈❛❧♦r✐③❛r t♦❞❛s ❛s r❡s♣♦st❛s ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡

❞❡ ♠❛♥t❡r ❛ ♠♦t✐✈❛çã♦ ❡ ❛ ❜✉s❝❛ ♥❛ s✉♣❡r❛çã♦ ❞❡ ❞❡s❛✜♦s✳ ❇✉s❝❛r ❛ ♠❡❧❤♦r s♦❧✉çã♦ ❡stá

❞✐r❡t❛♠❡♥t❡ ❧✐❣❛❞♦ ❛ ❛✉t♦ ♣r♦✈♦❝❛çã♦ ♥♦ ❡♥❢r❡♥t❛♠❡♥t♦ ❞❡ ♣r♦❜❧❡♠❛s✳ ◆ã♦ ✐♠♣♦rt❛ ❛

✐❞❛❞❡✱ q✉❡r❡♠♦s s❡♠♣r❡ ♦ ♠❡❧❤♦r✳

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

❣❛rr❛❢❛s ♣❛r❛ r❡♣r❡s❡♥t❛r r♦❞❛s ✭♣❛r❛ ❝r✐❛♥ç❛s ♠❡♥♦r❡s ❞❡✈❡♠♦s ✉s❛r t❛♠♣❛s ♠❛✐♦r❡s✮ ❡

❝❛✐①❛s ♣❛r❛ r❡♣r❡s❡♥t❛r ♦s ✈❡í❝✉❧♦s✱ ❝❛rr♦s ♦✉ ♠♦t♦s✳ ❈♦♠ ✉♠ ♥ú♠❡r♦ ❞❡ ♣❡ç❛s ❧✐♠✐t❛❞♦ ❛

❝r✐❛♥ç❛ ❞❡✈❡rá ❢♦r♠❛r ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ✈❡í❝✉❧♦s s♦❜r❛♥❞♦ ❛ ♠❡♥♦r q✉❛♥t✐❞❛❞❡ ❞❡ r♦❞❛s✱

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

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

❞❡♥tr❡ ❡❧❛s✱ ❡s❝♦❧❤❡r ❛ ♠❡❧❤♦r s♦❧✉çã♦✳

◆❡ss❛ ❢❛s❡ ❞❛ ❛♣r❡♥❞✐③❛❣❡♠✱ tr❛❜❛❧❤❛♠♦s ❛♣❡♥❛s ❝♦♠ ❛s ✐❞❡✐❛s ❞❛ ♦t✐♠✐③❛çã♦ s❡♠

♦ r❡❣✐str♦ ❛❧❣é❜r✐❝♦✱ ♣♦ré♠ ❥á ❡st❛♠♦s ❡♠❜✉t✐♥❞♦ ♥♦ ❛♣r❡♥❞✐③ ✉♠❛ ❜❛s❡ q✉❡ s❡r✈✐rá ❞❡

❝♦♥❤❡❝✐♠❡♥t♦ ♣ré✈✐♦ ❛ ♦✉tr♦s s❛❜❡r❡s ❝♦♠♦ ♥♦s ❞✐③ ❲✐❧❧✐♥❣❤❛♠ ❬✷✵✶✶❪✿

❖ ❝♦♥❤❡❝✐♠❡♥t♦ ♣ré✈✐♦ ♥ã♦ s❡r✈❡ ❛♣❡♥❛s ♣❛r❛ ❢❛③❡r ❞❡ ✈♦❝ê ✉♠ ❧❡✐t♦r ♠❡❧❤♦r✱
❡❧❡ t❛♠❜é♠ é ♥❡❝❡ssár✐♦ ♣❛r❛ s❡r ✉♠ ❜♦♠ ♣❡♥s❛❞♦r✳ ❬✳✳✳❪ ✳✳✳✱ ❛s ♣❡ss♦❛s
r❡❝♦rr❡♠ à ♠❡♠ór✐❛ ♣❛r❛ s♦❧✉❝✐♦♥❛r ♣r♦❜❧❡♠❛s ♠❛✐s ❢r❡q✉❡♥t❡♠❡♥t❡ ❞♦ q✉❡
✈♦❝ê ♣♦❞❡ ✐♠❛❣✐♥❛r✳ P♦r ❡①❡♠♣❧♦✱ ♣♦❞❡ s❡r q✉❡ ♠✉✐t♦ ❞❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s
♠❡❧❤♦r❡s ❥♦❣❛❞♦r❡s ❞❡ ①❛❞r❡③ ❞♦ ♠✉♥❞♦ ♥ã♦ s❡❥❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ r❛❝✐♦❝✐♥❛r
s♦❜r❡ ♦ ❥♦❣♦ ♦✉ ♣❧❛♥❡❥❛r ♦ ♠❡❧❤♦r ♠♦✈✐♠❡♥t♦✱ ♠❛s ❛ ♠❡♠ór✐❛ ♣❛r❛ ❛s ♣♦s✐çõ❡s
❞♦ ❥♦❣♦✳✳✳

❲✐❧❧✐♥❣❤❛♠ ❬✷✵✶✶❪

❈♦♠ ❛s ❛t✐✈✐❞❛❞❡s ❞❡ ✈✐✈ê♥❝✐❛ ❡ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ♥❛ ❡❞✉❝❛çã♦ ✐♥❢❛♥t✐❧✱ ❡st❛r❡♠♦s

♣r♦♣♦r❝✐♦♥❛♥❞♦ ❛♦ ❛❧✉♥♦ ❝♦♥t❡ú❞♦s ♣❛r❛ ♠❡♠ór✐❛ ❡ ❤❛❜✐❧✐❞❛❞❡s ❞❡ ❡s❝♦❧❤❛s q✉❡ ♥♦ ❞❡✲

❝♦rr❡r ❞♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ ♣❡r♠✐t✐rá ♦ ❝r❡s❝✐♠❡♥t♦ ❞♦ s❛❜❡r✳ ◗✉❛♥t♦

♠❛✐s ✈✐✈ê♥❝✐❛ ❛ ❝r✐❛♥ç❛ t✐✈❡r ❞❛ ❡❞✉❝❛çã♦ ✐♥❢❛♥t✐❧✱ ♠❡❧❤♦r s❡rá s❡✉ ❞❡s❡♠♣❡♥❤♦ ♥♦ ❊♥s✐♥♦

❋✉♥❞❛♠❡♥t❛❧✳

✸✳✷ ❖t✐♠✐③❛çã♦ ♥♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❝✐❝❧♦ ■

❉✐✈✐❞✐❞♦ ❡♠ ❝✐♥❝♦ ❛♥♦s✱ t❡♠ ❝♦♠♦ ❢♦❝♦ ❛ ❛❧❢❛❜❡t✐③❛çã♦ ♥❛s ❞✐✈❡rs❛s ❧✐♥❣✉❛❣❡♥s✱ ❡♥tr❡ ❡❧❛s

❛ ❧ó❣✐❝❛ ♠❛t❡♠át✐❝❛ ❡ s✉❛ ❛♣❧✐❝❛çã♦ ♥❛ ✈✐❞❛ ❝♦t✐❞✐❛♥❛✳ ❆s ❛t✐✈✐❞❛❞❡s✱ ❛✐♥❞❛ ❝♦♠ ❢♦❝♦

♥♦ ❝♦♥❝r❡t♦✱ ♣❡r♠❡✐❛♠ ❡♥tr❡ ♦ ❧ú❞✐❝♦ ❡ ♦ ❛❜str❛t♦ ❛t❡♥❞❡♥❞♦ ❛ ✐❞❛❞❡ ❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡

❝❛❞❛ t✉r♠❛✳ ❆q✉✐ ❛♥❛❧✐s❛r❡♠♦s ❛❧❣✉♠❛s ❛t✐✈✐❞❛❞❡s ❞❡ss❡ ♥í✈❡❧ ❡ ♦ ❝♦♥t❡ú❞♦ ♠❛t❡♠át✐❝♦

❡♥✈♦❧✈✐❞♦✳

✽✹



◆❡ss❛ ❢❛s❡ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✱ ❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ❛s ár❡❛s ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❡ ❛

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

❡♥s✐♥❛r s❡ t♦r♥❛ ❢✉♥❞❛♠❡♥t❛❧✳ ❆ ♠❛t❡♠át✐❝❛ s❡ ❝♦♠✉♥✐❝❛ ❡♠ s❡✉s ✈ár✐♦s ❝♦♥t❡ú❞♦s ❡

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

❛♣r❡s❡♥t❛❞❛s ♥❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛s q✉❡stõ❡s ❞❡ ♠♦❞❡❧❛❣❡♠ ❞❡

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

s✐t✉❛çõ❡s✱ ✐ss♦ ❢❛③ ♣❛rt❡ ❞❛ ♥❛t✉r❡③❛ ❤✉♠❛♥❛✳ ❊ss❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠♦t✐✈❛çã♦ é r❡❢♦rç❛❞❛

♣♦r ❲✐❧❧✐♥❣❤❛♠ ❬✷✵✶✶❪✳

❆s ♣❡ss♦❛s sã♦ ♥❛t✉r❛❧♠❡♥t❡ ❝✉r✐♦s❛s✱ ♠❛s ♥ã♦ sã♦ ♥❛t✉r❛❧♠❡♥t❡ ❜♦❛s ♣❡♥✲
s❛❞♦r❛s✳ ❆ ♠❡♥♦s q✉❡ ❛s ❝♦♥❞✐çõ❡s ❝♦❣♥✐t✐✈❛s s❡❥❛♠ ❢❛✈♦rá✈❡✐s✱ ♣❡♥s❛r s❡rá
❡✈✐t❛❞♦✳

❲✐❧❧✐♥❣❤❛♠ ❬✷✵✶✶❪

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

❧❡✈❡♠ à t♦♠❛❞❛ ❞❡ ❞❡❝✐sõ❡s ❡ ♦s ❝♦❧♦q✉❡♠ ❡♠ ❝♦♥st❛♥t❡s ❝♦♥✢✐t♦s✳ ❙✐t✉❛çõ❡s ♣r♦❜❧❡♠❛

❛❜❡rt❛s✱ q✉❡ ❛♣r❡s❡♥t❛♠ ❢r❛s❡s ♦✉ ♣❛rá❣r❛❢♦s ♠❛✐s ❧♦♥❣♦s✱ ❝♦♥tê♠ ❞❛❞♦s s✉♣❧❡♠❡♥t❛r❡s✱

♣❡r♠✐t❡♠ ✈ár✐♦s ♠♦❞♦s ❞❡ r❡s♦❧✉çã♦ ❡ ❞✐❢❡r❡♥t❡s s♦❧✉çõ❡s✱ q✉❡ ❡♥✈♦❧✈❛♠ t♦♠❛❞❛ ❞❡

❞❡❝✐sã♦ ❡ ❛ ❜✉s❝❛ ❞❡ ✉♠❛ ♠❡❧❤♦r s♦❧✉çã♦✳ ❖s ♣r♦❜❧❡♠❛s ❞❡ ♦t✐♠✐③❛çã♦✱ ❡♠ ♥♦ss♦ ❝❛s♦

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

❖❜s❡r✈❡♠♦s ❛ s✐t✉❛çã♦ ❛ s❡❣✉✐r✳

◗✉❡r❡♠♦s ❝♦♥str✉✐r ❝❛rr✐♥❤♦s ❞❡ ♠ã♦ q✉❡ ♣♦❞❡♠ s❡r ❢❡✐t♦s ❝♦♠ ❞✉❛s✱

três ♦✉ q✉❛tr♦ r♦❞❛s✳ ❉✐s♣♦♠♦s ❞❡ ✈✐♥t❡ ❡ três r♦❞❛s✱ ❝✐♥❝♦ ♠♦❧❞❡s

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

❡ q✉❛tr♦ ♠♦❧❞❡s ♣❛r❛ ❝❛rr✐♥❤♦s ❞❡ q✉❛tr♦ r♦❞❛s✱ ♣❛r❛ ❛ ❝♦♥str✉çã♦

❞❡ss❡s ❝❛rr✐♥❤♦s ❡ q✉❡r❡♠♦s ❢❛③❡r ♦ ♠á①✐♠♦ ❞❡ ❝❛rr✐♥❤♦s ✉s❛♥❞♦ t♦❞❛s

❛s r♦❞❛s✳

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

❛❧❣♦r✐t♠♦s ❛❧❣é❜r✐❝♦s✱ ♣r♦♣♦r❝✐♦♥❛♠♦s ❛ ❝♦♥str✉çã♦ ❞❡ ♠♦❞❡❧♦s ❢ís✐❝♦s ♣❛r❛ ❢❛❝✐❧✐t❛r ♦

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

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

❛ ❝✐r❝✉❧❛çã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s✳

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

❝❡r❡♠ ♦ ♠❛t❡r✐❛❧ ❞✐s♣♦♥í✈❡❧✳ ❆s ❧✐♥❤❛s ❝❤❡✐❛s ❞❡✜♥❡♠ ❝♦rt❡ ❡ ❛s ♣♦♥t✐❧❤❛❞❛s ❞♦❜r❛s ♥❛

❝♦♥str✉çã♦ ❞♦s ❝❛rr✐♥❤♦s✳ P❛r❛ ♣❡r❝❡♣çã♦ ❞❡ ❡s♣❛ç♦ ♣♦❞❡♠♦s s♦❧✐❝✐t❛r ❛♦s ❛❧✉♥♦s q✉❡

✽✺



♣✐♥t❡♠ ❛s ✜❣✉r❛s ❛ s❡r❡♠ ✉s❛❞❛s ❡ ✐❞❡♥t✐✜q✉❡♠ ❛s ❢♦r♠❛s ❣❡♦♠étr✐❝❛s✳ ➱ ✐♠♣♦rt❛♥t❡

q✉❡ ❡❧❡s r❡❣✐str❡♠ ❡♠ s❡✉ ❝❛❞❡r♥♦ ♦ ♥♦♠❡ ❞❛s ✜❣✉r❛s ❡ s✉❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ❛❧é♠ ❞❛s

❝♦♥❝❧✉sõ❡s ♦❜s❡r✈❛❞❛s ❛té ♦ ♠♦♠❡♥t♦✳

P❛r❛ ❝♦♥❤❡❝❡r♠♦s ♠❡❧❤♦r ♦ ♠❛t❡r✐❛❧✱ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶✱ ♣r♦♣♦♠♦s ❛ ❝♦♥str✉çã♦

❞❡ ✉♠ ❝❛rr✐♥❤♦ ❞❡ ♠ã♦ ❞❡ ❝❛❞❛ t✐♣♦ ♣❛r❛ ✐♥✐❝✐❛r♠♦s ❛ ♣r♦❜❧❡♠❛t✐③❛çã♦✱ ♠♦❞❡❧❛❣❡♠ ❞♦

♣r♦❜❧❡♠❛ ❡ ♥♦ss♦ ❡st✉❞♦ ♥✉♠ér✐❝♦✳ ❘❡ss❛❧t❛♠♦s ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ q✉❡ s❡ r❡❣✐str❡♠ ❛s

♦❜s❡r✈❛çõ❡s ❡♠ s❡✉ ❝❛❞❡r♥♦ ♣❛r❛ ❞❡♣♦✐s ♣♦❞❡r♠♦s s♦❝✐❛❧✐③❛r ❛s ❝♦♥❝❧✉sõ❡s ❝♦♠ ❛ t✉r♠❛

❡♠ ✉♠❛ r♦❞❛ ❞❡ ❝♦♥✈❡rs❛✳ ◆♦ ❝❛s♦ ❞♦ ♣r♦❢❡ss♦r✱ ❛s ❛♥♦t❛çõ❡s ❞♦s ❛✈❛♥ç♦s ❡ ❞✐✜❝✉❧❞❛❞❡s

❢❛✈♦r❡❝❡♠ ❛s ✐♥t❡r❢❡rê♥❝✐❛s ♥♦ ♣r♦❝❡ss♦ ❞♦ ❡♥s✐♥♦ ❡ ❞❛ ❛♣r❡♥❞✐③❛❣❡♠✳

❋✐❣✉r❛ ✸✳✶✿ ▼♦❧❞❡s ♣❛r❛ ❝♦♥str✉çã♦ ❞♦s ❝❛rr✐♥❤♦s ❞❡ ♠ã♦ ❡ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❜❧❡♠❛✳

❋❡✐t♦ ✉♠ ❝❛rr✐♥❤♦ ❞❡ ❝❛❞❛ t✐♣♦✱ ♣♦❞❡♠♦s ❝♦♠❡ç❛r ♥♦ss♦ ♣❧❛♥❡❥❛♠❡♥t♦ ♥♦ ❡♥t❡♥❞✐♠❡♥t♦

❞♦ ♣r♦❜❧❡♠❛✳ ❯♠❛ s✉❣❡stã♦ é ❝♦♥str✉✐r ✉♠❛ t❛❜❡❧❛ ❝♦♠♦ ❛ ❚❛❜❡❧❛ ✸✳✷ ♣❛r❛ ✈❡r✐✜❝❛r ❛

q✉❛♥t✐❞❛❞❡ ❞❡ r♦❞❛s ♥❡❝❡ssár✐❛s à ❝♦♥str✉çã♦ ❞❡ ♦✉tr♦s ❝❛rr✐♥❤♦s✳ P♦❞❡♠♦s r❡❧❛❝✐♦♥❛r

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

♣❡r♠✐t✐r ❛ ❝♦♠♣r♦✈❛çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ r♦❞❛s ♣♦r ❝♦♥t❛❣❡♠✳

✶▼❛t❡r✐❛❧ ❉♦✉r❛❞♦ é ✉♠ ❞♦s ♠❛t❡r✐❛✐s ✐❞❡❛❧✐③❛❞♦s ♣❡❧❛ ♠é❞✐❝❛ ❡ ❡❞✉❝❛❞♦r❛ ▼❛r✐❛ ▼♦♥t❡ss♦r✐✳ ❊❧❡ t❡♠
❝♦♠♦ ❢♦❝♦ ♦ tr❛❜❛❧❤♦ ❝♦♠ ❛ ♠❛t❡♠át✐❝❛✳
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◆ú♠❡r♦ ❞❡ ❝❛rr✐♥❤♦s ❉✉❛s r♦❞❛s ❚rês r♦❞❛s ◗✉❛tr♦ r♦❞❛s

✶ ✷ ✸ ✹
✷ ✹ ✻ ✽
✸ ✻ ✾
✹ ✽
✺
✻
✼
✽
✾
✶✵

❚❛❜❡❧❛ ✸✳✷✿ ❘❡❧❛çã♦ ❞❡ ♥ú♠❡r♦ ❞❡ r♦❞❛s ❡ ❝❛rr✐♥❤♦s

❖ ♣r❡❡♥❝❤✐♠❡♥t♦ ❞❛ ❚❛❜❡❧❛ ✸✳✷ ♣♦ss✐❜✐❧✐t❛ ♦ tr❛❜❛❧❤♦ ❝♦♠ ❛s s❡q✉ê♥❝✐❛s ❞♦s ♠ú❧t✐♣❧♦s

❞❡ ✷✱ ✸ ❡ ✹✳ ❖s ❛❧✉♥♦s q✉❡ ❥á s❡ ❡♥❝♦♥tr❛♠ ❡♠ ❢❛s❡ ♦♣❡r❛❝✐♦♥❛❧ ♦ ❢❛③❡♠ ♣♦r ♠✉❧t✐♣❧✐❝❛çã♦

♦✉ ❛❞✐çã♦✱ ❡♥q✉❛♥t♦ ♦s q✉❡ ♥ã♦ ❡stã♦ s❡ ✉t✐❧✐③❛♠ ❞❛ ❝♦♥t❛❣❡♠✳ ❆s r❡❧❛çõ❡s ❝♦♠ ♦s r❡❣✐str♦s

♠❛t❡♠át✐❝♦s t❛♠❜é♠ sã♦ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡s ❞✉r❛♥t❡ t♦❞❛ ❛ ❛t✐✈✐❞❛❞❡✳ P❛r❛ ♦s ❛❧✉♥♦s

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

❝r✐tér✐♦s ❞❡ ❞✐✈✐s✐❜✐❧✐❞❛❞❡ ♣♦r ❞♦✐s✱ três ❡ q✉❛tr♦✳

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

♦s ❛❧✉♥♦s ❛ ❥✉♥t❛r ❛s ✐♥❢♦r♠❛çõ❡s ❡ ❝♦♥❞✉③✐r ❛ ❛❧❣✉♠❛s ✐❞❡✐❛s ♣❡rt❡♥❝❡♥t❡s ❛s ♦♣❡r❛çõ❡s✿

❼ ❊♠ ✉♠ ❝❛rr✐♥❤♦ ❞❡ ❝❛❞❛ t✐♣♦✱ q✉❛♥t❛s r♦❞❛s ✉s❛♠♦s❄

❼ ❙❡ ✜③❡r♠♦s ❞♦✐s ❝❛rr✐♥❤♦s ❞❡ ❝❛❞❛ t✐♣♦✱ q✉❛♥t❛s r♦❞❛s ✉s❛♠♦s❄

❼ ❱❛♠♦s ❢❛③❡r ❞♦✐s ❝❛rr✐♥❤♦s ❞❡ q✉❛tr♦ r♦❞❛s✱ três ❞❡ três r♦❞❛s ❡ ✉♠ ❞❡ ❞✉❛s r♦❞❛s✳

◗✉❛♥t❛s r♦❞❛s ✉s❛r❡♠♦s❄

❼ ❈♦♠ ❞❡③ r♦❞❛s✱ q✉❛♥t♦s ❝❛rr✐♥❤♦s ❞❡ três r♦❞❛s ♣♦❞❡♠♦s ❢❛③❡r❄ ◗✉❛♥t❛s s♦❜r❛♠❄

❼ ❈♦♠ ✈✐♥t❡ ❡ três r♦❞❛s✱ q✉❛♥t♦s ❝❛rr✐♥❤♦s ❞❡ q✉❛tr♦ r♦❞❛s ♣♦❞❡♠♦s ❢❛③❡r❄ ◗✉❛♥t❛s

s♦❜r❛♠❄

P♦❞❡♠♦s ♣r♦✈♦❝❛r ♦✉tr❛s ♣r♦❜❧❡♠❛t✐③❛çõ❡s ❝♦♥❢♦r♠❡ ♦ ♥í✈❡❧ ❞❛ t✉r♠❛✱ ❡①♣❧♦r❛♥❞♦ ❛s

♣♦t❡♥❝✐❛❧✐❞❛❞❡s ❡①✐st❡♥t❡s✳ ❉❡✈❡♠♦s ✈❛❧♦r✐③❛r ❡ ✐♥❝❡♥t✐✈❛r ♦s ❛❧✉♥♦s ❛ ❜✉s❝❛r❡♠ s❡♠♣r❡

♦ s❡✉ ♠❡❧❤♦r✳

❚❡r♠✐♥❛❞❛ ❛ ✐♥✈❡st✐❣❛çã♦✱ ♣❡❞✐♠♦s q✉❡ ♦s ❛❧✉♥♦s ♣r♦♣♦♥❤❛♠ ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ❛

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

♠♦❧❞❡s ❢♦r♥❡❝✐❞♦s✱ s❡ ❡❧❛ é ♣♦ssí✈❡❧ ♦✉ ♥ã♦✳ ❘❡❣✐str❛r❡♠♦s ❛ ✐♥❢♦r♠❛çã♦ ❡♠ ✉♠❛ ♥♦✈❛

t❛❜❡❧❛ ❝♦♠♦ ❛ ❚❛❜❡❧❛ ✸✳✸ ❡ ❞✐s❝✉t✐r❡♠♦s ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♦✉tr❛s s♦❧✉çõ❡s✳ ▲❡♠❜r❡♠♦s ❞❡

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

❞❡ três r♦❞❛s ❡ q✉❛tr♦ ♠♦❧❞❡s ♣❛r❛ ❝❛rr✐♥❤♦s ❞❡ q✉❛tr♦ r♦❞❛s✳ ❚❡♠♦s ❛♣❡♥❛s ✷✸ r♦❞❛s✱

♦✉ s❡❥❛✱ s♦❜r❛rã♦ ❝❛rr✐♥❤♦s s❡♠ r♦❞❛s✳
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■♠❛❣✐♥❡♠♦s q✉❡ ❛s r❡s♣♦st❛s ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❣r✉♣♦ ❞❡ ❛❧✉♥♦s s❡❥❛♠✿

❈❛rr✐♥❤♦s ❞❡ ✷ r♦❞❛s ❈❛rr✐♥❤♦s ❞❡ ✸ r♦❞❛s ❈❛rr✐♥❤♦s ❞❡ ✹ r♦❞❛s ❚♦t❛❧ ❞❡ ❝❛rr✐♥❤♦s
♠á①✐♠♦ ✺ ♠á①✐♠♦ ✺ ♠á①✐♠♦ ✹ ♠á①✐♠♦ ✶✹

✭✶✮ ✷ ✶ ✹ ✼
✭✷✮ ✶ ✸ ✸ ✼
✭✸✮ ✵ ✺ ✷ ✼
✭✹✮ ✷ ✺ ✶ ✽
✭✺✮ ✹ ✺ ✵ ✾
✭✻✮ ✺ ✸ ✶ ✾

❚❛❜❡❧❛ ✸✳✸✿ ❘❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ✷✸ r♦❞❛s

➱ ✐♠♣♦rt❛♥t❡ s♦❧✐❝✐t❛r♠♦s q✉❡ ♦s ❛❧✉♥♦s✱ q✉❛rt♦ ❡ q✉✐♥t♦ ❛♥♦✱ r❡❣✐str❡♠ ❡ ❝♦♥✜r❛♠

❛s ❡①♣r❡ssõ❡s ❞♦ ♥ú♠❡r♦ ❞❡ r♦❞❛s ♣❛r❛ ✈❡r✐✜❝❛r s❡ ❢♦✐ ❛t❡♥❞✐❞♦ ❛ r❡str✐çã♦ ❞❛s ✈✐♥t❡ ❡

três r♦❞❛s ❞❛❞❛s ♥♦ ♣r♦❜❧❡♠❛ ❝♦♠♦ s❡❣✉❡✿

✭✶✮ 2× 2 + 1× 3 + 4× 4 = 23

✭✷✮ 1× 2 + 3× 3 + 3× 4 = 23

✭✸✮ 0× 2 + 5× 3 + 2× 4 = 23

✭✹✮ 2× 2 + 5× 3 + 1× 4 = 23

✭✺✮ 4× 2 + 5× 3 + 0× 4 = 23

✭✻✮ 5× 2 + 3× 3 + 1× 4 = 23

❚♦❞❛s ❛s s♦❧✉çõ❡s ❛t❡♥❞❡♠ ❛ r❡str✐çã♦ ❞❛s ✈✐♥t❡ ❡ três r♦❞❛s ❡ ❛♦ ❧✐♠✐t❡ ♠á①✐♠♦ ❞❡

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

sã♦ s♦❧✉çõ❡s ✈✐á✈❡✐s✱ ♣♦ré♠ ❝♦♠♦ ♦ ♣r♦❜❧❡♠❛ ♥♦s ♣❡❞❡ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❝❛rr✐♥❤♦s✱

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

s♦❧✉çã♦ ót✐♠❛✳ ◆❛ s♦❧✉çã♦ ❛♣r❡s❡♥t❛❞❛ t❡♠♦s✿

✭✶✮ ❙♦❧✉çã♦ ✈✐á✈❡❧

✭✷✮ ❙♦❧✉çã♦ ✈✐á✈❡❧

✭✸✮ ❙♦❧✉çã♦ ✈✐á✈❡❧

✽✽



✭✹✮ ❙♦❧✉çã♦ ✈✐á✈❡❧

✭✺✮ ▼❡❧❤♦r s♦❧✉çã♦ ❡♥tr❡ ❛s ❛♥❛❧✐s❛❞❛s

✭✻✮ ▼❡❧❤♦r s♦❧✉çã♦ ❡♥tr❡ ❛s ❛♥❛❧✐s❛❞❛s

❆q✉✐ t❡♠♦s ❞✉❛s s♦❧✉çõ❡s q✉❡ ♣♦❞❡♠ s❡r ❝♦♥s✐❞❡r❛❞❛s ❝♦♠♦ ót✐♠❛s✱ ♣♦❞❡♠♦s ♣❡❞✐r

q✉❡ ♦s ❛❧✉♥♦s ❜✉sq✉❡♠ ♦✉tr❛s s♦❧✉çõ❡s ♣♦ssí✈❡✐s ♥❛ ❜✉s❝❛ ❞❡ ✉♠❛ ♠❡❧❤♦r s♦❧✉çã♦✳ ❊❧❡s

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

❯♠❛ r❡s♣♦st❛ ♣♦ssí✈❡❧ ♣❛r❛ ❡ss❡ ♣r♦❜❧❡♠❛ s❡r✐❛✿ q✉❛tr♦ ❝❛rr✐♥❤♦s ❞❡ ❞✉❛s r♦❞❛s✱ ❝✐♥❝♦

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

❊ss❡ ♣r♦❜❧❡♠❛ ♣❡r♠✐t❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✈ár✐❛s ❤❛❜✐❧✐❞❛❞❡s r❡❧❛❝✐♦♥❛❞❛s ❛♦s ❝♦✲

♥❤❡❝✐♠❡♥t♦s ♠❛t❡♠át✐❝♦s✱ ♠❛s ♥❛s sér✐❡s ✜♥❛✐s ❞♦ ❝✐❝❧♦ ■✱ ♣♦❞❡♠♦s t♦r♥á✲❧♦ ♠❛✐s ♣ró①✐♠♦

à ♦t✐♠✐③❛çã♦ s❡ ❝♦❧♦❝❛r♠♦s ✉♠ ♦❜❥❡t✐✈♦ ❛ s❡r ♠❡❧❤♦r❛❞♦✳ ◆♦ss♦ ♣r♦❜❧❡♠❛ ❡r❛✿

◗✉❡r❡♠♦s ❝♦♥str✉✐r ❝❛rr✐♥❤♦s ❞❡ ♠ã♦ q✉❡ ♣♦❞❡♠ s❡r ❢❡✐t♦s ❝♦♠ ❞✉❛s✱ três ♦✉ q✉❛tr♦

r♦❞❛s✳ ❉✐s♣♦♠♦s ❞❡ ✈✐♥t❡ ❡ três r♦❞❛s✱ ❝✐♥❝♦ ♠♦❧❞❡s ♣❛r❛ ❝❛rr✐♥❤♦s ❞❡ ❞✉❛s r♦❞❛s✱ ❝✐♥❝♦

♠♦❧❞❡s ♣❛r❛ ❝❛rr✐♥❤♦s ❞❡ três r♦❞❛s ❡ q✉❛tr♦ ♠♦❧❞❡s ♣❛r❛ ❝❛rr✐♥❤♦s ❞❡ q✉❛tr♦ r♦❞❛s✱ ♣❛r❛

❛ ❝♦♥str✉çã♦ ❞❡ss❡s ❝❛rr✐♥❤♦s ❡ q✉❡r❡♠♦s ❢❛③❡r ♦ ♠á①✐♠♦ ❞❡ ❝❛rr✐♥❤♦s ✉s❛♥❞♦ t♦❞❛s ❛s

r♦❞❛s✳

❆❣♦r❛ ❛❝r❡s❝❡♥t❛r❡♠♦s ❛ s❡❣✉✐♥t❡ ✐♥❢♦r♠❛çã♦✿

❖ ❝❛rr✐♥❤♦ ❞❡ ❞✉❛s r♦❞❛s ♣❛r❛ s❡r ❢❛❜r✐❝❛❞♦ ❝✉st❛ ❘✩ ✻✵✱✵✵✳ ◗✉❛♥❞♦

❛❝r❡s❝❡♥t❛♠♦s ♠❛✐s r♦❞❛s✱ ♣❛r❛ ❛ ♣r✐♠❡✐r❛ r♦❞❛✱ ♦❝♦rr❡ ✉♠ ❛❝rés❝✐♠♦

❞❡ ❘✩ ✻✱✵✵ ♥♦ ❝✉st♦ ❞❡ ♣r♦❞✉çã♦ ❡ ♣❛r❛ ❛ s❡❣✉♥❞❛ ❘✩ ✺✱✵✵✱ ♦✉ s❡❥❛✱

♦ ❞❡ três r♦❞❛s t❡♠ ✉♠ ❝✉st♦ ❞❡ ❘✩ ✻✻✱✵✵ ❡ ♦ ❞❡ q✉❛tr♦ r♦❞❛s ❘✩

✼✶✱✵✵✳ ◗✉❡r❡♠♦s ❣❛st❛r ♦ ♠í♥✐♠♦ ♣♦ssí✈❡❧ ❛t❡♥❞❡♥❞♦ ❛s ❝♦♥❞✐çõ❡s ❞❡

♥♦ss♦ ♣r♦❜❧❡♠❛ ✐♥✐❝✐❛❧✳ ◗✉❛❧ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❝❛rr✐♥❤♦s q✉❡ ❞❡✈❡♠♦s

♣r♦❞✉③✐r❄

❘❡❝♦♥str✉✐r❡♠♦s ❛ t❛❜❡❧❛ ❞❡ r❡s♣♦st❛s ♦❜t✐❞❛ ❛♥t❡r✐♦r♠❡♥t❡ ❛❝r❡s❝❡♥t❛♥❞♦ ❛s ✐♥❢♦r✲

♠❛çõ❡s ❛❞✐❝✐♦♥❛✐s✱ ❝♦♥❢♦r♠❡ ❛ ❚❛❜❡❧❛ ✸✳✹✱ ❡ ✈❡r✐✜❝❛r❡♠♦s ❝♦♠♦ ✜❝❛r✐❛ ❛ ♥♦✈❛ s♦❧✉çã♦✳

✽✾



❈❛rr✐♥❤♦s ❞❡
❈✉st♦✷ r♦❞❛s ✸ r♦❞❛s ✹ r♦❞❛s t♦t❛❧

♠á①✐♠♦ ✺ ♠á①✐♠♦ ✺ ♠á①✐♠♦ ✹ ♠á①✐♠♦ ✶✹
✭✶✮ ✷ ✶ ✹ ✼ ❘✩ ✹✼✵✱✵✵
✭✷✮ ✶ ✸ ✸ ✼ ❘✩ ✹✼✶✱✵✵
✭✸✮ ✵ ✺ ✷ ✼ ❘✩ ✹✼✷✱✵✵
✭✹✮ ✷ ✺ ✶ ✽ ❘✩ ✺✷✶✱✵✵
✭✺✮ ✹ ✺ ✵ ✾ ❘✩ ✺✼✵✱✵✵
✭✻✮ ✺ ✸ ✶ ✾ ❘✩ ✺✻✾✱✵✵

❚❛❜❡❧❛ ✸✳✹✿ ❘❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ✷✸ r♦❞❛s ❝♦♠ ❝✉st♦ ❞❡ ♣r♦❞✉çã♦

❈♦♠ ❛ ♥♦✈❛ ❝♦♥❞✐çã♦✱ ♣♦❞❡♠♦s r❡❝❧❛ss✐✜❝❛r ❛s s♦❧✉çõ❡s ❞♦ ♥♦ss♦ ♣r♦❜❧❡♠❛ ❝♦♠♦✿

✭✶✮ ❙♦❧✉çã♦ ✈✐á✈❡❧

✭✷✮ ❙♦❧✉çã♦ ✈✐á✈❡❧

✭✸✮ ❙♦❧✉çã♦ ✈✐á✈❡❧

✭✹✮ ❙♦❧✉çã♦ ✈✐á✈❡❧

✭✺✮ ❙♦❧✉çã♦ ✈✐á✈❡❧

✭✻✮ ❙♦❧✉çã♦ ót✐♠❛

P❛ss❛♠♦s ❡♥tã♦ ❛ t❡r ✉♠❛ ú♥✐❝❛ s♦❧✉çã♦ ❛♦ ♣r♦❜❧❡♠❛✳ P♦❞❡♠♦s ❛✐♥❞❛ ✐♥s❡r✐r ♦✉tr❛s

✈❛r✐❛çõ❡s ♦✉ ♦✉tr❛s r❡str✐çõ❡s ✈❛❧♦r✐③❛♥❞♦ ❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ♥❛ ❜✉s❝❛ ❞❡ ✉♠❛ ♠❡❧❤♦r

s♦❧✉çã♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛✳

➱ ✐♠♣♦rt❛♥t❡ ❛ ✈❛❧♦r✐③❛çã♦ ❞♦s r❡❣✐str♦s ❡ ❛ ❝♦♥str✉çã♦ ❞♦s ❛❧❣♦r✐t♠♦s ❞❛s ♦♣❡r❛çõ❡s

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

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

s❡✉ ❛♣r❡♥❞✐③❛❞♦✱ ❞❡s♠✐st✐✜❝❛♥❞♦ ❛ ❞✐✜❝✉❧❞❛❞❡ ❡ ❛ ♣✉♥✐çã♦ ❞♦ ❡rr♦✳ ❱❛❧♦r✐③❛r ❛s ✈ár✐❛s

r❡s♣♦st❛s ♥♦s ♠❛♥té♠ ♠♦t✐✈❛❞♦s à ❜✉s❝❛ ❞❡ ♦✉tr❛s q✉❡ ♣♦❞❡♠ s❡r ♠❡❧❤♦r❡s ♦✉ ♥ã♦✳ ■ss♦

♣r♦♠♦✈❡ ♦ tr❡✐♥♦ ❞❛s ♦♣❡r❛çõ❡s ❡ ✉♠ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦ ❞❡ ♣r♦❜❧❡♠❛s✳

❖ ♣r♦❜❧❡♠❛ ❛♣r❡s❡♥t❛❞♦ ♣♦❞❡ s♦❢r❡r ✈ár✐❛s ❛❧t❡r❛çõ❡s ❝♦♥❢♦r♠❡ ❛s ❞✐✜❝✉❧❞❛❞❡s ❞❛

t✉r♠❛ ❡ ♣♦❞❡ s❡r ❛♠♣❧✐❛❞♦ ❡♠ t✉r♠❛s ♠❛✐s ❞❡s❡♥✈♦❧✈✐❞❛s✱ ♣r❡♣❛r❛♥❞♦ ♦ ❛❧✉♥♦ ♣❛r❛ ♦

s❡①t♦ ❛♥♦✱ q✉❡ ❛❜r❡ ❛ s❡❣✉♥❞❛ ❢❛s❡ ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧✳
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✸✳✸ ❖t✐♠✐③❛çã♦ ♥♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❝✐❝❧♦ ■■

❊str✉t✉r❛❞♦ ❡♠ q✉❛tr♦ ❛♥♦s✱ ♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❝✐❝❧♦ ■■ ❜✉s❝❛ ✉♠ ❛♣r✐♠♦r❛♠❡♥t♦

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

tr❛❜❛❧❤❛r ❝♦♠ ❛ ✐♥❢♦r♠❛çã♦ ❢❛③❡♥❞♦ ♦♣❡r❛çõ❡s ❡ s❡ ❛♣r♦♣r✐❛♥❞♦ ❞♦s r❡❣✐str♦s ♠❛t❡♠át✐❝♦s✳

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

s✐st❡♠❛s ❧✐♥❡❛r❡s ❡ ❝♦♠♣✉t❛❞♦r✳

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

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

❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✳ ❆s ❣r❛♥❞❡③❛s ❡ ♠❡❞✐❞❛s s❡ ❝♦❧♦❝❛♠ ❝♦♠♦ ❧✐❣❛çã♦ ❡♥tr❡ ♦s ❝♦♥t❡ú❞♦s

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

❢♦r♠❛❧✳ P❛r❛ r❡s♦❧✈❡r ✉♠ ♣r♦❜❧❡♠❛ t❡♠♦s ❞❡ ❝♦♥❤❡❝❡r s❡✉s ❡❧❡♠❡♥t♦s✳ ❊♠ ✏❆ ❆rt❡ ❞❡

❘❡s♦❧✈❡r Pr♦❜❧❡♠❛s✑ t❡♠♦s ✉♠❛ ❜♦❛ ❛❜♦r❞❛❣❡♠✱ ❝♦♠♦ s❡❣✉❡✿

❬✳✳✳❪ Pr✐♠❡✐r♦✱ t❡♠♦s ❞❡ ❝♦♠♣r❡❡♥❞❡r ♦ ♣r♦❜❧❡♠❛✱ t❡♠♦s ❞❡ ♣❡r❝❡❜❡r ❝❧❛r❛✲
♠❡♥t❡ ♦ q✉❡ é ♥❡❝❡ssár✐♦✳ ❙❡❣✉♥❞♦✱ t❡♠♦s ❞❡ ✈❡r ❝♦♠♦ ♦s ❞✐✈❡rs♦s ✐t❡♥s ❡stã♦
✐♥t❡r✲r❡❧❛❝✐♦♥❛❞♦s✱ ❝♦♠♦ ❛ ✐♥❝ó❣♥✐t❛ ❡stá ❧✐❣❛❞❛ ❛♦s ❞❛❞♦s✱ ♣❛r❛ t❡r♠♦s ❛ ✐❞❡✐❛
❞❛ r❡s♦❧✉çã♦✱ ♣❛r❛ ❡st❛❜❡❧❡❝❡r♠♦s ✉♠ ♣❧❛♥♦✳ ❚❡r❝❡✐r♦✱ ❡①❡❝✉t❛♠♦s ♦ ♥♦ss♦
♣❧❛♥♦✳ ◗✉❛rt♦✱ ❢❛③❡♠♦s ✉♠ r❡tr♦s♣❡❝t♦ ❞❛ r❡s♦❧✉çã♦ ❝♦♠♣❧❡t❛✱ r❡✈❡♥❞♦✲❛ ❡
❞✐s❝✉t✐♥❞♦✲❛✳

P♦❧②❛ ❬✷✵✵✻❪

❊♠ ♣r♦❜❧❡♠❛s ❛❜❡rt♦s q✉❡ ♣♦❞❡♠ s❡r ♠♦❞❡❧❛❞♦s ♣♦r ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ✉s❛♠♦s ❛s

✐❞❡✐❛s ❞❡ P♦❧②❛✱ ♣r✐♠❡✐r♦ ❞❡✈❡♠♦s ❝♦♥❤❡❝❡r ♦ ♣r♦❜❧❡♠❛ ♣❛r❛ ❞❡♣♦✐s ♣♦❞❡r♠♦s ♠♦❞❡❧❛r

❡ ❛♣❧✐❝❛r ♦s ♣r♦❝❡ss♦s ❞❡ s♦❧✉çã♦✱ q✉❡ ♣♦❞❡♠ s❡r ❣rá✜❝♦s✱ ❛❧❣é❜r✐❝♦s ♦✉ ❝♦♠♣✉t❛❝✐✲

♦♥❛✐s✳ Pr♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ✉s❛❞♦s ❝♦♠♦ ❢❡rr❛♠❡♥t❛ ♠❡t♦❞♦❧ó❣✐❝❛ ♥♦s

♣❡r♠✐t❡♠ ✐♥✈❡st✐❣❛r ✈ár✐♦s ❝♦♥t❡ú❞♦s ♠❛t❡♠át✐❝♦s ♥♦s ✈ár✐♦s ♥í✈❡✐s ❞❡ ❡♥s✐♥♦✳ ❱♦❧✲

t❛♥❞♦ ❛♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❛♥❛❧✐s❛r❡♠♦s ♦ ♣r♦❜❧❡♠❛ ❞❛ ❢❛❜r✐❝❛çã♦ ❞❡ ♠❡s❛s ❡ ❝❛❞❡✐r❛s✳

Pr♦❜❧❡♠❛ ♥♦rt❡❛❞♦r ❞❛ ❛t✐✈✐❞❛❞❡

◗✉❡r❡♠♦s ❢❛③❡r ♠❡s❛s ❡ ❝❛❞❡✐r❛s ❝♦♠ ♦ ♠❛t❡r✐❛❧ ❞✐s♣♦♥í✈❡❧ ❞❡ ❢♦r♠❛

❛ ❛♣r♦✈❡✐tá✲❧♦ ❞❛ ♠❡❧❤♦r ♠❛♥❡✐r❛ ♣♦ssí✈❡❧✳ ❉✐s♣♦♠♦s ❞❡ ✶✵ ♣❧❛❝❛s ❞❡

♠❛t❡r✐❛❧✱ r❡♣r❡s❡♥t❛❞♦ ♣♦r ❢♦❧❤❛s ❞❡ s✉❧✜t❡✱ ❡ ♦s ♠♦❧❞❡s ❞❡✿ ❝❛❞❡✐r❛s✱

♠❡s❛s ❞❡ q✉❛tr♦ ❧✉❣❛r❡s ❡ ♠❡s❛s ❞❡ s❡✐s ❧✉❣❛r❡s✳ ◗✉❛❧ ♦ ♠❛✐♦r ♥ú♠❡r♦

❞❡ ♠❡s❛s ❡ ❝❛❞❡✐r❛s ♣♦❞❡♠♦s ❢❛③❡r ❞❡ ♠♦❞♦ ❛ ❢♦r♠❛r ❥♦❣♦s ❝♦♠♣❧❡t♦s✱

q✉❛tr♦ ♦✉ s❡✐s ❧✉❣❛r❡s✱ ❝♦♠ ❛s ✶✵ ♣❧❛❝❛s❄

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

❛ ❝♦♥❤❡❝❡r ♠❡❧❤♦r ♦ ♣r♦❜❧❡♠❛ ❡ s♦❧✐❝✐t❛r q✉❡ ❡❧❡s r❡❧❛t❡♠ ❛s s❡♠❡❧❤❛♥ç❛s ❡ ❞✐❢❡r❡♥ç❛s

✾✶



❛♣r❡s❡♥t❛❞❛s ♥❛s ❋✐❣✉r❛s✱ ✸✳✷ ❛ ✸✳✹✱ q✉❡ ❢♦r♠❛♠ ♦s ♠♦❧❞❡s ❞❛s ♠❡s❛s ❡ ❝❛❞❡✐r❛s✳ ▼❡❞✐r

s❡❣♠❡♥t♦s✱ â♥❣✉❧♦s ❡ r❡t♦♠❛r ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ♣♦❧í❣♦♥♦s sã♦ ❛❧❣✉♥s ❞♦s ❝♦♥t❡ú❞♦s

tr❛❜❛❧❤❛❞♦s ♥❡ss❛ ❢❛s❡✳

❋✐❣✉r❛ ✸✳✷✿ ▼♦❧❞❡ ♣❛r❛ ❛s ❝❛❞❡✐r❛s

❆s ❧✐♥❤❛s ❝❤❡✐❛s ♥♦ ♠♦❧❞❡ r❡♣r❡s❡♥t❛♠ ❝♦rt❡ ❡ ❛s ✏tr❛ç♦✲❡✲♣♦♥t♦✑ r❡♣r❡s❡♥t❛♠ ❞♦❜r❛✱

t❛♥t♦ ♥❛ ❝❛❞❡✐r❛ q✉❛♥t♦ ♥❛ ♠❡s❛✳ ❉♦❜r❛r✱ ❝♦rt❛r✱ ❡♥❝❛✐①❛r ♥❛ ♣❧❛❝❛ ❞❡ ❢♦r♠❛ ❛ ♦❜t❡r

♦ ♠❡❧❤♦r r❡♥❞✐♠❡♥t♦ ❢❛✈♦r❡❝❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❡s♣❛❝✐❛❧✐❞❛❞❡✱ ❛❧é♠ ❞❡ ♠❡❧❤♦r❛r ❛

❝♦♦r❞❡♥❛çã♦ ♠♦t♦r❛ ❞♦ ❛❧✉♥♦✳ ❊ss❛s ❤❛❜✐❧✐❞❛❞❡s ❞❡✈❡♠ s❡r r❡❢♦rç❛❞❛s ❡♠ t♦❞♦s ♦s ♥í✈❡✐s

❞❡ ❛♣r❡♥❞✐③❛❣❡♠✳

❋✐❣✉r❛ ✸✳✸✿ ▼♦❧❞❡ ♣❛r❛ ❛s ♠❡s❛s ✶✳

▼❡❞✐r ♦s s❡❣♠❡♥t♦s ❡ ✐❞❡♥t✐✜❝❛r ❝♦♠♦ ❝❛❞❛ ✉♠❛ ❞❛s ♣❡ç❛s ✜❝❛rã♦ ❛♣ós ❛ ♠♦♥t❛❣❡♠✱

✾✷



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

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

s❡♠❡❧❤❛♥t❡s✳

❋✐❣✉r❛ ✸✳✹✿ ▼♦❧❞❡ ♣❛r❛ ❛s ♠❡s❛s ✷✳

❖✉tr❛ ✐❞❡✐❛ ❛ s❡r tr❛❜❛❧❤❛❞❛ ❡♠ ✉♠❛ ❛t✐✈✐❞❛❞❡ q✉❡ r❡♣r❡s❡♥t❛ ❛ r❡❛❧✐❞❛❞❡ sã♦ ❛s

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

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

❱♦❧t❛♥❞♦ ❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛✱ ✈❛♠♦s s✉♣♦r ♦❜s❡r✈❛çõ❡s q✉❡ ♣♦❞❡♠ s❡r ❢❡✐t❛s ♣♦r

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

♦♣çõ❡s✿

❼ ❉✉❛s ❝❛❞❡✐r❛s ❝♦♠♣❧❡t❛s✳

❼ Pés s✉✜❝✐❡♥t❡s ♣❛r❛ três ♠❡s❛s✳

❼ ❉♦✐s t❛♠♣♦s ❞❡ ♠❡s❛ ❞❡ ✻ ❧✉❣❛r❡s✳

❼ ❉♦✐s t❛♠♣♦s ❞❡ ♠❡s❛ ❞❡ ✹ ❧✉❣❛r❡s✳

❼ ❯♠ t❛♠♣♦ ❞❡ ♠❡s❛ ❞❡ ✹ ❧✉❣❛r❡s ♠❛✐s ✉♠❛ ❝❛❞❡✐r❛ ❝♦♠♣❧❡t❛✳

❼ ❯♠ t❛♠♣♦ ❞❡ ♠❡s❛ ❞❡ ✻ ❧✉❣❛r❡s ♠❛✐s ✉♠❛ ❝❛❞❡✐r❛ ❝♦♠♣❧❡t❛✳

❼ ❯♠❛ ♠❡s❛ ❞❡ ✻ ❧✉❣❛r❡s ❝♦♠♣❧❡t❛✳

❼ ❯♠❛ ♠❡s❛ ❞❡ ✹ ❧✉❣❛r❡s ❝♦♠♣❧❡t❛✳

▲❡♠❜r❡♠♦s ❞❡ q✉❡ ❡♠ ♥♦ss♦ ♣r♦❜❧❡♠❛ ✐♥✐❝✐❛❧✱ ❞✐s♣♦♠♦s ❞❡ ❞❡③ ♣❧❛❝❛s ❡ q✉❡r❡♠♦s ❥♦❣♦s

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

❝♦♠♦ s♦❧✉çã♦ ♣♦ssí✈❡❧✱ ❢❛③❡r ❝♦♠ ✉♠❛ ♣❧❛❝❛✱ três ♣és ❞❡ ♠❡s❛✱ três t❛♠♣♦s ❞❡ s❡✐s ❧✉❣❛r❡s

✾✸



❝♦♠ ✉♠❛ ❝❛❞❡✐r❛ ❝❛❞❛ ✉♠ ❡ ❝♦♠ ❛s ♣❧❛❝❛s r❡st❛♥t❡s✱ ❞❡③❡ss❡✐s ❝❛❞❡✐r❛s✳ ❉❡ss❛ ❢♦r♠❛✱

♦❜t✐✈❡r❛♠ três ❥♦❣♦s ❝♦♠♣❧❡t♦s ❞❡ s❡✐s ❝❛❞❡✐r❛s ❡ s♦❜r♦✉ ✉♠❛ ❝❛❞❡✐r❛✳

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

❛❣♦r❛ ♣♦❞❡♠♦s ❡①♣❛♥❞✐r ❛ ✐❞❡✐❛ ❞❡ ❢♦r♠❛ ❛ tr❛❜❛❧❤❛r ❝♦♠ r❡str✐çõ❡s ❡ ✈❛r✐á✈❡✐s✳

◆❛ ✈❡♥❞❛ ✐♥❞✐✈✐❞✉❛❧✱ ❝❛❞❛ ❝❛❞❡✐r❛ t❡♠ ❧✉❝r♦ ❞❡ ❘✩ ✼✱✷✵✱ ❝❛❞❛ ♠❡s❛ ❞❡ s❡✐s ❧✉❣❛r❡s ❘✩

✶✺✱✸✺ ❡ ❝❛❞❛ ♠❡s❛ ❞❡ q✉❛tr♦ ❧✉❣❛r❡s ❘✩ ✶✶✱✼✺✳ ◗✉❛❧ ❢♦✐ ♦ ❧✉❝r♦ ♥❛ s♦❧✉çã♦ ♦❜t✐❞❛❄ ❈♦♠♦

✜❝❛ ❛ ❡①♣r❡ssã♦ q✉❡ r❡♣r❡s❡♥t❛ ❡ss❡ ❧✉❝r♦❄

❖❜s❡r✈❡♠♦s q✉❡ ♥❛ s♦❧✉çã♦ ❡♥❝♦♥tr❛❞❛✱ ♦❜t✐✈❡♠♦s ✸ ♠❡s❛s ❞❡ s❡✐s ❧✉❣❛r❡s ❡ ✶✾

❝❛❞❡✐r❛s✱ ♣♦❞❡♥❞♦ ❡s❝r❡✈❡r ❛ ❡①♣r❡ssã♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

3× 15, 35 + 19× 7, 20 = 182, 85

▲♦❣♦✱ ♦ ❧✉❝r♦ ♥❛ ✈❡♥❞❛ ❞❡ ♣❡ç❛s ✐♥❞✐✈✐❞✉❛✐s ❢♦✐ ❞❡ ❘✩ ✶✽✷✱✽✺✳ ❏á ♣♦❞❡♠♦s ❝♦❧♦❝❛r

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

t✉r♠❛✱ ❛ss✐♠ ♣♦❞❡♠♦s ❡s❝r❡✈❡r ✉♠❛ ❡①♣r❡ssã♦ ❛❜❡rt❛ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ❧✉❝r♦ ❝♦♠♦ s❡♥❞♦✿

z = 15, 35 s + 11, 75 q + 7, 2 c ✱ ♦♥❞❡ z é ♦ ❧✉❝r♦✱ s ♦ ♥ú♠❡r♦ ❞❡ ♠❡s❛ ❞❡ s❡✐s ❝❛❞❡✐r❛s✱ q

♦ ♥ú♠❡r♦ ❞❡ ♠❡s❛s ❞❡ q✉❛tr♦ ❝❛❞❡✐r❛s ❡ c ♦ ♥ú♠❡r♦ ❞❡ ❝❛❞❡✐r❛s✳ P❡r❝❡❜❡♠♦s q✉❡ ♦ ❧✉❝r♦

❞❡♣❡♥❞❡ ❞♦ ♥ú♠❡r♦ ✐♥❞✐✈✐❞✉❛❧ ❞❡ ❝❛❞❛ ✐t❡♠ ♣r♦❞✉③✐❞♦✱ t❡♠♦s ♥❡ss❡ ❝❛s♦ três ✈❛r✐á✈❡✐s

q✉❡ ❝♦♥tr♦❧❛♠ ♦ ❧✉❝r♦ ✜♥❛❧✳

◆♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ é tr❛❜❛❧❤❛❞❛ ❛ ✐❞❡✐❛ ❞❡ ❡q✉❛çõ❡s ❡ ✐♥❡q✉❛çõ❡s ❞❡ ❛té ❞✉❛s

✐♥❝ó❣♥✐t❛s✱ ❜❡♠ ❝♦♠♦ ♦s s✐st❡♠❛s ❞❡ ❡q✉❛çõ❡s ❞❡ ❞✉❛s ✈❛r✐á✈❡✐s✳ P♦r ✐ss♦ r❡str✐♥❣✐r❡♠♦s

♥♦ss♦ ♣r♦❜❧❡♠❛ ✐♥✐❝✐❛❧ ❡♠ ❥♦❣♦s ❞❡ s❡✐s ❝❛❞❡✐r❛s✱ q✉❡ ❝❤❛♠❛r❡♠♦s ❞❡ ①✱ ❡ ❥♦❣♦s ❞❡ q✉❛tr♦

❝❛❞❡✐r❛s✱ q✉❡ ❝❤❛♠❛r❡♠♦s ❞❡ ②✱ ❡ tr❛❜❛❧❤❛r❡♠♦s ❝♦♠ r❡♣r❡s❡♥t❛çõ❡s ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦✳

❊ss❛s ✐❞❡✐❛s s❡rã♦ ♠❛✐s ❛❜r❛♥❣❡♥t❡s ♥♦ ❡♥s✐♥♦ ♠é❞✐♦ ❝♦♠ ♦ ❡st✉❞♦ ❞❡ s✐st❡♠❛s ❝♦♠ ♠❛✐s

✈❛r✐á✈❡✐s ❡ ❛ ♥♦t❛çã♦ ❞❡ ♠❛tr✐③✳

❆❣♦r❛ ❝♦♥s✐❞❡r❛r❡♠♦s q✉❡ ♦ ❧✉❝r♦ ♥♦ ❥♦❣♦ ❞❡ q✉❛tr♦ ❝❛❞❡✐r❛s é ❞❡ ❘✩ ✹✺✱✵✵ ❡ ♥♦ ❞❡

s❡✐s ❝❛❞❡✐r❛s ❘✩ ✻✺✱✵✵✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ❡①♣r❡ssã♦ ❞♦ ❧✉❝r♦ ✜❝❛r✐❛ z = 65 x+ 45 y✒ s❡♥❞♦ ♦

❧✉❝r♦ ♥♦ss♦ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧✳

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

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

♣r♦❜❧❡♠❛ ❜❛s❡✳ ❋✐①❛r❡♠♦s✱ ✐♥✐❝✐❛❧♠❡♥t❡✱ ✈❛❧♦r❡s ♣❛r❛ ♦ ❧✉❝r♦ ③ ❡ ❜✉s❝❛r❡♠♦s ❛ q✉❛♥t✐❞❛❞❡

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

◗✉❡r❡♠♦s ✉♠ ❧✉❝r♦ ❞❡ ❘✩ ✷✵✵✵✱✵✵ ♥❛ ✈❡♥❞❛ ❞♦s ❥♦❣♦s ❞❡ ♠❡s❛✳ ◗✉❛♥t♦s ❥♦❣♦s ❞❡ ❝❛❞❛

t✐♣♦ ❞❡✈❡♠♦s ♣r♦❞✉③✐r❄ ◆❡ss❛ s✐t✉❛çã♦✱ ❛ ❡q✉❛çã♦ ♦❜t✐❞❛ é 65x+ 45y = 2000 ❡ t♦❞❛s ❛s

s♦❧✉çõ❡s ✐♥t❡✐r❛s ❞❡ss❛ ❡q✉❛çã♦ ♥♦s s❡r✈❡♠ ❝♦♠♦ r❡s♣♦st❛✳ P♦❞❡♠♦s s♦❧✐❝✐t❛r ❛♦s ❛❧✉♥♦s

q✉❡✱ ❞❡ ❢♦r♠❛ ❡♠♣ír✐❝❛ ✭t❡♥t❛t✐✈❛s✮✱ ❜✉sq✉❡ ❛s s♦❧✉çõ❡s ♣♦ssí✈❡✐s✳ ❉❡ss❛ ❢♦r♠❛✱ ❡st❛r❡♠♦s

❞❡s❡♥✈♦❧✈❡♥❞♦ ❛s ✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ r❡s♣♦st❛ ♥❡ss❡ t✐♣♦ ❞❡ ❡q✉❛çã♦✳ ❆❞♠✐t✐♥❞♦ s♦❧✉✲

çõ❡s ♥♦ ❈♦♥❥✉♥t♦ ❞♦s ◆ú♠❡r♦s ❘❡❛✐s✱ ♣♦❞❡♠♦s r❡♣r❡s❡♥t❛r ❛ s♦❧✉çã♦ ♥♦ P❧❛♥♦ ❈❛rt❡s✐❛♥♦

❡ ❞❡ss❛ ❢♦r♠❛ ♦❜s❡r✈❛r s❡ t❡♠♦s ♠❛✐s ❞❡ ✉♠❛ s♦❧✉çã♦ ✐♥t❡✐r❛ ♥ã♦ ♥❡❣❛t✐✈❛✳ ❯♠❛ r❡str✐çã♦

✾✹



♥❛t✉r❛❧ ❞❡ ♥♦ss♦ ♣r♦❜❧❡♠❛ é ❛ ♥ã♦ ♥❡❣❛t✐✈✐❞❛❞❡✱ ♥ã♦ ♣♦❞❡♠♦s ♣r♦❞✉③✐r ♠❡♥♦s ✉♠ ❥♦❣♦

❞❡ ♠❡s❛✳

❯s❛♥❞♦ ✉♠ s♦❢t✇❛r❡ ❝♦♠♦ ♦ ●❡♦●❡❜r❛ ❬✷✵✶✻❪✱ ♣♦❞❡♠♦s r❡♣r❡s❡♥t❛r ❢❛❝✐❧♠❡♥t❡ ❡ss❛

❡q✉❛çã♦ ♥♦ P❧❛♥♦ ❈❛rt❡s✐❛♥♦✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✺✳ ❈❛♠✐♥❤❛♥❞♦ s♦❜r❡ ❛

r❡t❛✱ ✈❡r✐✜❝❛r❡♠♦s q✉❡ ❛♣❡s❛r ❞❡ t❡r♠♦s ✐♥✜♥✐t❛s s♦❧✉çõ❡s r❡❛✐s✱ ❛s ✐♥t❡✐r❛s sã♦ ✜♥✐t❛s✱

♣♦✐s ♥ã♦ sã♦ ♣❡r♠✐t✐❞❛s s♦❧✉çõ❡s ♥❡❣❛t✐✈❛s✳

❋✐❣✉r❛ ✸✳✺✿ ▲✉❝r♦ ❞❡ ❘✩ ✷✵✵✵✱✵✵

P♦❞❡♠♦s tr❛♥s❢♦r♠❛r ❡ss❡ t✐♣♦ ❞❡ ❡q✉❛çã♦ ♣❛r❛ ✉♠❛ ú♥✐❝❛ ✈❛r✐á✈❡❧ ✜①❛♥❞♦ ✉♠ ❞♦s

✈❛❧♦r❡s✳ P♦r ❡①❡♠♣❧♦✿ ❙❡ ♣r♦❞✉③✐r♠♦s ✶✾ ❥♦❣♦s ❞❡ s❡✐s ❧✉❣❛r❡s ♥❛ ❜✉s❝❛ ❞♦ ❧✉❝r♦ ❞❡ ❘✩

✷✵✵✵✱✵✵✱ q✉❛♥t♦s ❥♦❣♦s ❞❡ q✉❛tr♦ ❧✉❣❛r❡s ❞❡✈❡♠♦s ♣r♦❞✉③✐r❄

❙✉❜st✐t✉✐♥❞♦ ❡♠ ① ♦❜t❡♠♦s ✉♠❛ ❡q✉❛çã♦ ❝♦♠ ❛ ✐♥❝ó❣♥✐t❛ ② ❝♦♠♦ s❡❣✉❡✿

❼ 65× 19 + 45y = 2000✱ ❡❢❡t✉❛♥❞♦ ♦ ♣r♦❞✉t♦ t❡♠♦s✿

❼ 1235 + 45y = 2000✱ t✐r❛♥❞♦ ✶✷✸✺ ♥♦s ❞♦✐s ♠❡♠❜r♦s t❡r❡♠♦s✿

❼ 45y = 795✱ ❞✐✈✐❞✐♥❞♦ ♦s ❞♦✐s ♠❡♠❜r♦s ♣♦r ✹✺ ♦❜t❡♠♦s❀

❼ y = 17✱ ♦✉ s❡❥❛✱ ❞❡✈❡♠♦s ♣r♦❞✉③✐r ✶✼ ❥♦❣♦s ❞❡ ✹ ❝❛❞❡✐r❛s✳

❆✐♥❞❛ ♥❛ ❧✐♥❤❛ ❞❡ ✉♠❛ ✈❛r✐á✈❡❧ ♣❛r❛ ❞❡♣♦✐s ❡st❡♥❞❡r ❛ ❞✉❛s✱ ❧❡✈❛♠♦s ❛ ✐❞❡✐❛ ❞❛ ❞❡s✐❣✉❛❧✲

❞❛❞❡✳ ❙❡ q✉✐s❡r♠♦s t❡r ✉♠ ❧✉❝r♦ ♠❛✐♦r ❞❡ ❘✩ ✷✵✵✵✱✵✵✱ ❥á t❡♥❞♦ ♣r♦❞✉③✐❞♦ ✶✾ ❥♦❣♦s ❞❡

s❡✐s ❧✉❣❛r❡s✱ q✉❛♥t♦s ❥♦❣♦s ❞❡ q✉❛tr♦ ❧✉❣❛r❡s ❞❡✈❡♠♦s ♣r♦❞✉③✐r❄ ◆❡ss❛ s✐t✉❛çã♦✱ ♦❜t❡♠♦s

❛ ❡①♣r❡ssã♦ 1235 + 45y > 2000 ❡ ✈❡r✐✜❝❛r❡♠♦s q✉❡ ❞❡✈❡rá s❡r ♣r♦❞✉③✐❞♦ ♠❛✐s ❞❡ ✶✼ ❥♦❣♦s

❞❡ q✉❛tr♦ ❝❛❞❡✐r❛s✱ y > 17✳

❆♥t❡s ❞❡ ✐♠♣♦r♠♦s ❛s r❡str✐çõ❡s ♥❛ ❧✐♥❤❛ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦ ❧✐♥❡❛r✱ ♦❜✲

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

♦✐t❛✈♦ ❛♥♦ ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧✳ ◗✉❡r❡♠♦s t❡r ✉♠ ❧✉❝r♦ ❞❡ ❘✩ ✷✵✵✵✱✵✵ ♣r♦❞✉③✐♥❞♦
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❡①❛t❛♠❡♥t❡ ✹✵ ❥♦❣♦s ❞❡ ♠❡s❛✳ ◗✉❛♥t♦s ❥♦❣♦s ❞❡ s❡✐s ❝❛❞❡✐r❛s ❞❡✈❡♠♦s ♣r♦❞✉③✐r❄ ❊ ❞❡

q✉❛tr♦ ❝❛❞❡✐r❛s❄

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

✈❛r✐á✈❡✐s✱ x+y = 40✱ ♦♥❞❡ ① é ♦ ♥ú♠❡r♦ ❞❡ ❥♦❣♦s ❞❡ s❡✐s ❝❛❞❡✐r❛s ❡ ② ♦ ❞❡ q✉❛tr♦ ❝❛❞❡✐r❛s✳

❏✉♥t❛♥❞♦ ❛s ❞✉❛s ❡q✉❛çõ❡s t❡♠♦s ♦ s✐st❡♠❛✿







65x+ 45y = 2000 (1)

x+ y = 40 (2)

❘❡♣r❡s❡♥t❛♥❞♦ ❛ s❡❣✉♥❞❛ ❡q✉❛çã♦ ♥♦ ●❡♦●❡❜r❛ ❬✷✵✶✻❪✱ ✈❡r✐✜❝❛♠♦s ❛ r❡s♣♦st❛ ❞♦ s✐s✲

t❡♠❛ ♣❡❧♦ ♠ét♦❞♦ ❣rá✜❝♦✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✻✱ ♦♥❞❡ ♥❛ ✐♥t❡rs❡çã♦ ❞❛s r❡t❛s

❡♥❝♦♥tr❛♠♦s ♥♦ss❛ r❡s♣♦st❛✳

❋✐❣✉r❛ ✸✳✻✿ ❘❡s♦❧✉çã♦ ❣rá✜❝❛ ❞♦ s✐st❡♠❛ ❞❛s ♠❡s❛s

❖❜s❡r✈❛♥❞♦ ♥♦ ❣rá✜❝♦✱ ♦❜t❡♠♦s q✉❡ ❞❡✈❡♠ s❡r ♣r♦❞✉③✐❞♦s ✶✵ ❥♦❣♦s ❞❡ s❡✐s ❝❛❞❡✐r❛s ❡

✸✵ ❥♦❣♦s ❞❡ q✉❛tr♦ ❝❛❞❡✐r❛s✳ P♦❞❡♠♦s ❛✐♥❞❛ r❡s♦❧✈❡r ♥❡ss❡ ♥í✈❡❧ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠

♣❡❧♦ ♠ét♦❞♦ ❞❛ s✉❜st✐t✉✐çã♦ q✉❡ ❝♦♥s✐st❡ ❡♠ s✉❜st✐t✉✐r ✉♠❛ ❡q✉❛çã♦ ♥❛ ♦✉tr❛ ❝♦♠♦ s❡❣✉❡✿

❼







65x+ 45y = 2000 (1)

x+ y = 40 (2)
✱ ✐s♦❧❛♠♦s ❞❛ ❡q✉❛çã♦ ✭✷✮ ✉♠❛ ❞❛s ✐♥❝ó❣♥✐t❛s ♦❜t❡♥❞♦✿

✾✻



❼ y = 40− x✱ ❡ s✉❜st✐t✉í♠♦s ♥❛ ❡q✉❛çã♦ ✭✶✮✿

❼ 65x+ 45(40− x) = 2000✱ q✉❡ r❡s♦❧✈❡♥❞♦ ♦❜t❡♠♦s✿

❼ x = 10✱ q✉❡ s✉❜st✐t✉✐♥❞♦ ❡♠ ✭✷✮ t❡r❡♠♦s y = 30 ✳

❖✉tr❛ ❢♦r♠❛ s❡r✐❛ ♦ ♠ét♦❞♦ ❞❛ ❛❞✐çã♦✱ q✉❡ tr❛③ ❛s ♦♣❡r❛çõ❡s ❞❡ ●❛✉ss✲❏♦r❞❛♥✱ ♠❡s♠♦

s❡♠ ❛✐♥❞❛ t❡r s❡ ❡st✉❞❛❞♦ ♠❛tr✐③✳

❼







65x+ 45y = 2000 (1)

x+ y = 40 (2)
✱ ♠✉❧t✐♣❧✐❝❛♠♦s ❛ ❡q✉❛çã♦ ✭✷✮ ♣♦r ✲✹✺✱ ♦❜t❡♥❞♦ ♦ s✐st❡♠❛

♠♦❞✐✜❝❛❞♦✿

❼







65x+ 45y = 2000 (1)

−45x− 45y = −1800 (3)
✱ ❡ s♦♠❛♠♦s ❛ ❡q✉❛çã♦ ✭✶✮ ♥❛ ✭✸✮ t❡♥❞♦✿

❼ 20x = 200✱ ❧♦❣♦✿

❼ x = 10✱ q✉❡ s✉❜st✐t✉✐♥❞♦ ❡♠ ✭✷✮ t❡r❡♠♦s y = 30

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

♦t✐♠✐③❛çã♦✱ ♣♦✐s ❥á ❝♦♥str✉í♠♦s ❛❧❣✉♥s ❝♦♥❤❡❝✐♠❡♥t♦s ♣ré✈✐♦s q✉❡ ♣❡r♠✐t✐r❛♠ ♦ ❡♥❝❛♠✐✲

♥❤❛♠❡♥t♦ ❞❛ s♦❧✉çã♦✳

P❡♥s❡♠♦s ♥♦ s❡❣✉✐♥t❡ ♣r♦❜❧❡♠❛✿

◗✉❡r❡♠♦s ❢❛③❡r ♠❡s❛s ❡ ❝❛❞❡✐r❛s✱ ❞❡ ♠♦❞♦ ❛ ❝♦♠♣♦r ❥♦❣♦s ❞❡ s❡✐s ❡

q✉❛tr♦ ❝❛❞❡✐r❛s✳ ❙❛❜❡♠♦s q✉❡ ♦ ❧✉❝r♦ ♥❛ ✈❡♥❞❛ ❞❡ss❡s ❥♦❣♦s é ❘✩ ✻✺✱✵✵

❡ ❘✩ ✹✺✱✵✵✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆♥❛❧✐s❛♥❞♦ ❛ ♣r♦❞✉çã♦ ♣❡r❝❡❜❡♠♦s q✉❡

❝♦♥s❡❣✉✐♠♦s ♣r♦❞✉③✐r✱ ♥♦ ♠á①✐♠♦✱ ✹✵ ♠❡s❛s ♣♦r ❞✐❛ ✐♥❞✐❢❡r❡♥t❡ ❞♦

♥ú♠❡r♦ ❞❡ ❧✉❣❛r❡s ❡✱ ♥♦ ♠á①✐♠♦✱ ✷✷✵ ❝❛❞❡✐r❛s✳ ◗✉❛♥t♦s ❥♦❣♦s ❞❡✈❡♠♦s

♣r♦❞✉③✐r ❞❡ ❢♦r♠❛ ❛ ♦❜t❡r ♦ ♠❛✐♦r ❧✉❝r♦ ♣♦ssí✈❡❧❄ ◗✉❛❧ s❡rá ❡ss❡ ❧✉❝r♦❄

✾✼



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

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

❛t❡♥❞✐❞❛s ♥❛ r❡s♦❧✉çã♦✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ❜✉s❝❛r❡♠♦s ❛s ❡①♣r❡ssõ❡s ♠❛t❡♠át✐❝❛s q✉❡ ❝♦♠♣õ❡

♥♦ss♦ ♦❜❥❡t✐✈♦ ❡ ❛s r❡str✐çõ❡s ❛♣r❡s❡♥t❛❞❛s✿

❼ ◆♦ss♦ ♦❜❥❡t✐✈♦ é ♠❛①✐♠✐③❛r ♦ ❧✉❝r♦ q✉❡ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ❡q✉❛çã♦

♠❛t❡♠át✐❝❛✿ z = 65x + 45y✱ ♦♥❞❡ ① é ♦ ♥ú♠❡r♦ ❞❡ ❥♦❣♦s ❞❡ s❡✐s ❝❛❞❡✐r❛s ❡ ② ♦ ❞❡

q✉❛tr♦ ❝❛❞❡✐r❛s✳

❼ ❖ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ♠❡s❛s é ✹✵✱ ❧♦❣♦ x+ y 6 40

❼ P♦❞❡♠♦s ❢❛③❡r✱ ♥♦ ♠á①✐♠♦✱ ✷✷✵ ❝❛❞❡✐r❛s✱ ❡♥tã♦ 6x+ 4y 6 220

❼ ◆ã♦ ♣♦❞❡♠♦s t❡r ♥ú♠❡r♦ ❞❡ ❥♦❣♦s ♥❡❣❛t✐✈♦s✱ x > 0 ❡ y > 0

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

▼❛①✐♠✐③❛r z = 65x+ 45y (0)

❙✉❥❡✐t♦ ❛































x+ y 6 40 (1)

6x+ 4y 6 220 (2)

x > 0 (3)

y > 0 (4)

❚❡♠♦s ❡♠ ✭✵✮✱ ♥♦ss❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ q✉❡ é ♠❛①✐♠✐③❛r ♦ ❧✉❝r♦ ③✳ ❆s ❡①♣r❡ssõ❡s ✭✶✮✱

✭✷✮✱ ✭✸✮✱ ❡ ✭✹✮✱ r❡♣r❡s❡♥t❛♠ ❛s r❡str✐çõ❡s✱ ❞❡ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ♠❡s❛s✱ ♥ú♠❡r♦ ♠á①✐♠♦

❞❡ ❝❛❞❡✐r❛s ❡ ♥ã♦ ♥❡❣❛t✐✈✐❞❛❞❡ ❞❛s ✈❛r✐á✈❡✐s ① ❡ ②✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡♠ q✉❡ ① é ♦ ♥ú♠❡r♦

❞❡ ❥♦❣♦s ❞❡ s❡✐s ❝❛❞❡✐r❛s ❡ ② é ♦ ♥ú♠❡r♦ ❞❡ ❥♦❣♦s ❞❡ q✉❛tr♦ ❝❛❞❡✐r❛s✳

❊♥❝❛♠✐♥❤❛r❡♠♦s ❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❝♦♥str✉✐♥❞♦ ✉♠❛ t❛❜❡❧❛✱ ❝♦♥❢♦r♠❡ ❛ ❚❛❜❡❧❛

✸✳✺✱ ❝♦♠ ❛s ✐♥❢♦r♠❛çõ❡s ❛♣r❡s❡♥t❛❞❛s✱ r❡s♣❡✐t❛♥❞♦ ❛s r❡str✐çõ❡s✳

✾✽



❏♦❣♦ ✻ ❝❛❞✳ ❏♦❣♦ ✹ ❝❛❞ ▼❡s❛s ❈❛❞❡✐r❛s ▲✉❝r♦

❱❛r✐á✈❡❧ x y x+ y 6x+ 4y z = 65x+ 45y
❘❡str✐çã♦ ✲ ✲ ▼❛① ✹✵ ▼❛① ✷✷✵ ▼❛①✐♠✐③❛r

■ ✷✵ ✷✵ ✹✵ ✷✵✵ ✷✷✵✵
■■ ✶✵ ✸✵ ✹✵ ✶✽✵ ✷✵✵✵
■■■ ✺ ✸✺ ✹✵ ✶✼✵ ✶✾✵✵
■❱ ✸✺ ✷ ✸✼ ✷✶✽ ✷✸✻✺
❱ ✸✵ ✶✵ ✹✵ ✷✷✵ ✷✹✵✵

❚❛❜❡❧❛ ✸✳✺✿ Pr♦❜❧❡♠❛ ❞♦s ❥♦❣♦s ❞❡ ♠❡s❛s ❡ ❝❛❞❡✐r❛s

❖❜s❡r✈❛♠♦s q✉❡ t♦❞❛s ❛s s♦❧✉çõ❡s ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✸✳✺ r❡s♣❡✐t❛♠ ❛s r❡str✐çõ❡s✱

sã♦ s♦❧✉çõ❡s ✈✐á✈❡✐s✱ ❡ q✉❡ ❛ s♦❧✉çã♦ ❱ r❡♣r❡s❡♥t❛ ♦ ♠á①✐♠♦ ❧✉❝r♦ q✉❡ ❡r❛ ♥♦ss♦ ♦❜❥❡t✐✈♦✱

s♦❧✉çã♦ ót✐♠❛✳ P♦r ❡ss❛ s♦❧✉çã♦✱ ❛ r❡s♣♦st❛ ❞♦ ♣r♦❜❧❡♠❛ é ✸✵ ❥♦❣♦s ❞❡ s❡✐s ❝❛❞❡✐r❛s✱ ✶✵

❥♦❣♦s ❞❡ q✉❛tr♦ ❝❛❞❡✐r❛s✱ t❡♥❞♦ ✉♠ ❧✉❝r♦ ❞❡ ❘✩ ✷✹✵✵✱✵✵✳

❯♠ ❢❛❝✐❧✐t❛❞♦r ♣❛r❛ ❝á❧❝✉❧♦s ❡♠ t❛❜❡❧❛s s❡r✐❛♠ ♣❧❛♥✐❧❤❛s ❡❧❡trô♥✐❝❛s ❝♦♠♦ ♦ ❊①❝❡❧✱ ♣♦✐s

s❡ ♣r♦❣r❛♠❛❞♦ ❝♦rr❡t❛♠❡♥t❡ ❢❛③ ♦s ❝á❧❝✉❧♦s ❞❡ ❢♦r♠❛ rá♣✐❞❛✳ ❈♦♠♦ ❡①❡♠♣❧♦ ♣♦❞❡rí❛♠♦s

♠♦♥t❛r ✉♠❛ t❛❜❡❧❛ s❡♠❡❧❤❛♥t❡ à ❚❛❜❡❧❛ ✸✳✺ ♥❛ ♣❧❛♥✐❧❤❛ ❡ ✐r ❛tr✐❜✉✐♥❞♦ ✈❛❧♦r❡s ♣❛r❛ ❛s

✈❛r✐á✈❡✐s ♣❛r❛ ✈❡r ♦ q✉❡ ♦❝♦rr❡ ❝♦♠ ♦ ❧✉❝r♦✱ ✈❡❥❛ ❛ ❋✐❣✉r❛ ✸✳✼✳

❋✐❣✉r❛ ✸✳✼✿ ❋ór♠✉❧❛s ❞♦ ❊①❝❡❧ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞♦s ❥♦❣♦s ❞❡ ♠❡s❛s✳

❱✐♥❝✉❧❛♠♦s ♦s ❝á❧❝✉❧♦s às ♥♦ss❛s ✈❛r✐á✈❡✐s q✉❡ sã♦ ♠❡s❛s ❞❡ s❡✐s ❝❛❞❡✐r❛s ❡ ♠❡s❛s

❞❡ q✉❛tr♦ ❝❛❞❡✐r❛s ❡ s♦❧✐❝✐t❛♠♦s ❛♦s ❛❧✉♥♦s q✉❡ ✈ã♦ ❛tr✐❜✉✐♥❞♦ ✈❛❧♦r❡s às ✈❛r✐á✈❡✐s ❡

♦❜s❡r✈❛♥❞♦ ♦ q✉❡ ♦❝♦rr❡ ❝♦♠ ♦ ❧✉❝r♦ ❡ ❛s r❡str✐çõ❡s✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✽✳

❱❡r✐✜❝❛♥❞♦ s❡ ❛ s♦❧✉çã♦ ♣r♦♣♦st❛ é ✈✐á✈❡❧ ♦✉ ❛tr✐❜✉✐r ✉♠❛ ♥♦✈❛ ♥❛ ❜✉s❝❛ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦

❡♥tr❡ ❛s ❛♥❛❧✐s❛❞❛s✳

✾✾



❋✐❣✉r❛ ✸✳✽✿ ❚❛❜❡❧❛ ❞❡ s♦❧✉çõ❡s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞♦s ❥♦❣♦s ❞❡ ♠❡s❛s✳

◆❛ ú❧t✐♠❛ ❧✐♥❤❛ ❞❛ t❛❜❡❧❛✱ ❞❛ ❋✐❣✉r❛ ✸✳✽✱ ❛♣❡s❛r ❞❡ t❡r♠♦s ✉♠ ❧✉❝r♦ ♠❛✐♦r✱ ❛ s♦❧✉çã♦

♥ã♦ é ✈✐á✈❡❧ ♣♦r t❡r ✉❧tr❛♣❛ss❛❞♦ ❛ r❡str✐çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝❛❞❡✐r❛s✱ ♠❛♥t❡♥❞♦ ❛ ♠❡s♠❛

s♦❧✉çã♦ ❛♥t❡r✐♦r✳

❖✉tr❛s ❢♦r♠❛s ♣♦❞❡r✐❛♠ ❛✐♥❞❛ s❡r ❡①♣❧♦r❛❞❛s ❝♦♥❢♦r♠❡ ❛ t✉r♠❛✳ ❖ ✉s♦ ❞❡ ❣rá✜❝♦s

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

♠❡❧❤♦r ❡①♣❧♦r❛❞❛ ♥♦ ❊♥s✐♥♦ ▼é❞✐♦ q✉❛♥❞♦ ❛♣r♦❢✉♥❞❛♠♦s ❛❧❣✉♥s ❝♦♥❝❡✐t♦s ❡ ❡①♣❧♦r❛♠♦s

♥♦✈❛s ❢❡rr❛♠❡♥t❛s✳

✸✳✹ ❖t✐♠✐③❛çã♦ ♥♦ ❊♥s✐♥♦ ▼é❞✐♦

❉✐✈✐❞✐❞♦ ❡♠ três ❛♥♦s✱ ♦ ❊♥s✐♥♦ ▼é❞✐♦ t❡♠ ♣♦r ✜♥❛❧✐❞❛❞❡ ♦ ♣r❡♣❛r♦ ♣❛r❛ ♦ ♠❡r❝❛❞♦ ❞❡

tr❛❜❛❧❤♦ ❡ ❛ ❢♦r♠❛çã♦ ❞❡ ✉♠ ❝✐❞❛❞ã♦ ❝rít✐❝♦ ♥❛ ❜✉s❝❛ ❞❡ ♥♦✈♦s s❛❜❡r❡s✳ ◆ã♦ tr❛③ ❡♠ s✉❛

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

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

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

♣r♦ss✐❣❛ ❡♠ s❡✉s ♦❜❥❡t✐✈♦s✳

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

❝♦♠ ♠❛✐s ❞❡ ✉♠❛ s♦❧✉çã♦ ♣♦ssí✈❡❧✱ sã♦ ✐♠♣♦rt❛♥t❡s ❢❡rr❛♠❡♥t❛s ❞❡ ♠♦t✐✈❛çã♦ ❛♦ ❡st✉❞♦

❞♦s ❞✐✈❡rs♦s ❝♦♥t❡ú❞♦s ❛❜♦r❞❛❞♦s ♣❡❧❛ ♠❛t❡♠át✐❝❛✳ P❡r♠✐t❡♠ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❤❛✲

❜✐❧✐❞❛❞❡s q✉❡ ❝♦♥st✐t✉✐rã♦ ❝♦♠♣❡tê♥❝✐❛s ❡ss❡♥❝✐❛✐s ❡♠ s✉❛ ✈✐❞❛ ❢✉t✉r❛✳ ❖s ♣r♦❜❧❡♠❛s q✉❡

❡♥✈♦❧✈❡♠ ✐❞❡✐❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ♥❡ss❡ ❝♦♥t❡①t♦✱ ♥♦s sã♦ ❞❡ ❣r❛♥❞❡ ✈❛❧✐❛✳

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

✶✵✵



❡ ❢✉♥çõ❡s sã♦ ❢✉♥❞❛♠❡♥t❛✐s✳ ❆ss✐♠✱ ❛ ❧✐♥❣✉❛❣❡♠ ♠❛t❡♠át✐❝❛ s❡ ❝♦❧♦❝❛ ❝♦♠♦ ❡❧♦ ❞❡

❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ❞✐❢❡r❡♥t❡s ár❡❛s ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦✱ ❢❡rr❛♠❡♥t❛ ♣❛r❛ ♦ ❡♥t❡♥❞✐♠❡♥t♦

❞❛s ♦✉tr❛s ár❡❛s ❞❛ ❝✐ê♥❝✐❛✳ ❉❡ss❛ ❢♦r♠❛✱ q✉❛♥❞♦ ❡q✉❛❝✐♦♥❛♠♦s ✉♠ ♣r♦❜❧❡♠❛ ❡st❛♠♦s

♣❛ss❛♥❞♦✲♦ ♣❛r❛ ❛ ❧✐♥❣✉❛❣❡♠ ♠❛t❡♠át✐❝❛ ❝♦♠♦ r❡❛✜r♠❛ ●❡♦r❣❡ P♦❧②❛✱ ♥❛ ♣á❣✐♥❛ ✽✹✱ ❡♠

❛ ✏❆rt❡ ❞❡ ❘❡s♦❧✈❡r Pr♦❜❧❡♠❛s✑✳

❊q✉❛❝✐♦♥❛r s✐❣♥✐✜❝❛ ❡①♣r❡ss❛r ♣♦r sí♠❜♦❧♦s ♠❛t❡♠át✐❝♦s ✉♠❛ ❝♦♥❞✐❝✐♦♥❛♥t❡
q✉❡ ❡stá ❢♦r♠✉❧❛❞❛ ♣♦r ♣❛❧❛✈r❛s❀ é ❛ tr❛❞✉çã♦ ❞❛ ❧✐♥❣✉❛❣❡♠ ❝♦rr❡♥t❡ ♣❛r❛ ❛
❧✐♥❣✉❛❣❡♠ ❞❛s ❢ór♠✉❧❛s ♠❛t❡♠át✐❝❛s✳ ❆s ❞✐✜❝✉❧❞❛❞❡s q✉❡ ♣♦❞❡♠ s✉r❣✐r ♥♦
❡q✉❛❝✐♦♥❛♠❡♥t♦ sã♦ ❞✐✜❝✉❧❞❛❞❡s ❞❡ tr❛❞✉çã♦✳

P♦❧②❛ ❬✷✵✵✻❪

❖ ♦❧❤❛r ❞❛ ♠❛t❡♠át✐❝❛ ❝♦♠♦ ❧✐♥❣✉❛❣❡♠ ♥♦s ❝♦❧♦❝❛ ❞❡ ❢r❡♥t❡ ❝♦♠ ❛ ♠♦❞❡❧❛❣❡♠ ♦♥❞❡

♣❛ss❛♠♦s ♦ t❡①t♦ ❞❛ ❧í♥❣✉❛ ♣átr✐❛ ♣❛r❛ ❛ ❧✐♥❣✉❛❣❡♠ ♠❛t❡♠át✐❝❛✳ ❆ ❛♣r♦♣r✐❛çã♦ ❞❡ ❞✐❢❡✲

r❡♥t❡s r❡♣r❡s❡♥t❛çõ❡s ❡ r❡❣✐str♦s s❡ ❢✉♥❞❛♠❡♥t❛♠ ♥❡ss❡ ♣❡rí♦❞♦ ❡ ❛ ❝♦♠♣❡tê♥❝✐❛ ❧❡✐t♦r❛

❡ ❡s❝r✐t♦r❛ s❡ ❝♦❧♦❝❛♠ ❝♦♠♦ ❢✉♥❞❛♠❡♥t❛✐s✳ ◗✉❛♥❞♦ ♣r♦❜❧❡♠❛t✐③❛♠♦s s✐t✉❛çõ❡s ❝♦t✐❞✐❛✲

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

❡ ♣ró①✐♠❛s ❞♦ ❛♣r❡♥❞✐③✳

■♥✐❝✐❛r❡♠♦s ♥♦ss❛ ❛❜♦r❞❛❣❡♠ ❞❛ ♦t✐♠✐③❛çã♦ ♥♦ ❊♥s✐♥♦ ▼é❞✐♦ ♣♦r ✉♠❛ s✐t✉❛çã♦

q✉❡ ❡♥✈♦❧✈❛ ♦ ❝❛rr♦ ❜✐❝♦♠❜✉stí✈❡❧✳ ❉❡✈❡♠♦s ✉s❛r á❧❝♦♦❧✱ ❣❛s♦❧✐♥❛ ♦✉ ❛ ♠✐st✉r❛ ❞❡ss❡s

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

❝♦♥str✉✐r ♥♦ss♦ ♣r♦❜❧❡♠❛ ♥♦rt❡❛❞♦r q✉❡ s❡r✈✐rá ❞❡ ❜❛s❡ ♣❛r❛ ❛ ✐♥✈❡st✐❣❛çã♦ ❞❡ ❛❧❣✉♥s

❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s✳

❙✐t✉❛çã♦ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡❧

❊♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣♦st♦ ❞❛ ❝✐❞❛❞❡✱ ❛ ❣❛s♦❧✐♥❛ ❝✉st❛ ❘✩ ✸✱✻✾ ❡ ♦ ❡t❛♥♦❧

❝✉st❛ ❘✩ ✷✱✻✺✳ ❈♦♥s✐❞❡r❡♠♦s ❝❛rr♦s ♣♦♣✉❧❛r❡s q✉❡ ❢❛③❡♠✱ ❝♦♠ ❡t❛♥♦❧✱

✾✱✶ ❦♠✴❧ ✭❝✐❞❛❞❡✮ ❡ ✾✱✻ ❦♠✴❧ ✭❡str❛❞❛✮❀ s❡ ❛❜❛st❡❝✐❞❛s ❝♦♠ ❣❛s♦❧✐♥❛✱ ❛s

♠é❞✐❛s ✜❝❛♠ ❡♠ ✶✸✱✶ ❦♠✴❧ ✭❝✐❞❛❞❡✮ ❡ ✶✹✱✸ ❦♠✴❧ ✭❡str❛❞❛✮✳ P❛r❛ ❢❛❝✐❧✐t❛r

❛s ❛♥á❧✐s❡s✱ ✉t✐❧✐③❛r❡♠♦s q✉❡ ♥❛ ♠✐st✉r❛ ❞❡ ❝♦♠❜✉stí✈❡✐s ♦ ❝♦♥s✉♠♦ é

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

❡ ✉s♦✳

❯♠ ❝❛rr♦ ♣♦♣✉❧❛r t❡♠ t❛♥q✉❡ ❞❡ ❝♦♠❜✉stí✈❡❧✱ ❡♠ ♠é❞✐❛✱ ❞❡ ✺✵ ❧✐tr♦s✳

❆ s✐t✉❛çã♦ ♥♦s ❝♦❧♦❝❛ ❞❡ ❢r❡♥t❡ ❛ ✉♠ ♣r♦❜❧❡♠❛ r❡❛❧ ❡ ♦s q✉❡st✐♦♥❛♠❡♥t♦s ❢❡✐t♦s s♦❜r❡

❛ s✐t✉❛çã♦✱ ❞❡s❡♥❝❛❞❡✐❛♠ ✈ár✐❛s ✐❞❡✐❛s ✐♠♣♦rt❛♥t❡s ♥❛ ❛♣❧✐❝❛çã♦ ❞♦s ❝♦♥t❡ú❞♦s ❛ s❡r❡♠
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❛❜♦r❞❛❞♦s ♥♦s ✈ár✐♦s ❛♥♦s ❞♦ ❊♥s✐♥♦ ▼é❞✐♦✳ ❆♥❛❧✐s❛♥❞♦ ♥♦ss♦ ♣r♦❜❧❡♠❛✱ ♣❡r❝❡❜❡♠♦s

q✉❡ ❛s ❣r❛♥❞❡③❛s ✈❛r✐á✈❡✐s sã♦✿ ❧✐tr♦s ❞❡ á❧❝♦♦❧✱ x1✱ ❡ ❧✐tr♦s ❞❡ ❣❛s♦❧✐♥❛✱ x2✳ ❚♦❞❛s ❛s

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

♦❜s❡r✈á✲❧❛s ❝♦♠♦ ❋✉♥çã♦ ❆✜♠✳

❆♥❛❧✐s❛♥❞♦ ❛ s✐t✉❛çã♦ ♥❛ ❝✐❞❛❞❡ t❡♠♦s ❛ ❢✉♥çã♦ f(x1) q✉❡ r❡♣r❡s❡♥t❛ ♦ ♣❡r❝✉rs♦ ❝♦♠

á❧❝♦♦❧✱ f(x2) q✉❡ r❡♣r❡s❡♥t❛ ♦ ♣❡r❝✉rs♦ ❝♦♠ ❣❛s♦❧✐♥❛✱ p(x1) q✉❡ r❡♣r❡s❡♥t❛ ♦ ❣❛st♦ ❝♦♠

á❧❝♦♦❧ ❡ p(x2) ♦ ❣❛st♦ ❝♦♠ ❣❛s♦❧✐♥❛✳ ❖❜s❡r✈❡♠♦s ❛s ❧❡✐s ❞❛s ❢✉♥çõ❡s ❝♦♠ ❜❛s❡ ❡♠ ♥♦ss❛

s✐t✉❛çã♦ ♣r♦❜❧❡♠❛✿

❼ f(x1) = 9, 1x1

❼ g(x2) = 13, 1x2

❼ p(x1) = 2, 65x1

❼ q(x2) = 3, 69x2

◗✉❡ ♣♦❞❡♠♦s r❡♣r❡s❡♥t❛r ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✾✱ ♦❜s❡r✲

✈❛♥❞♦ ❛s ✐♥❝❧✐♥❛çõ❡s ❞❛s r❡t❛s ❢♦r♠❛❞❛s ❡ ❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ss❛s ❢✉♥çõ❡s✳

❋✐❣✉r❛ ✸✳✾✿ ❋✉♥çã♦ ❆✜♠ ✕ P❡r❝✉rs♦ ❡ ●❛st♦✳

✶✵✷



P♦❞❡♠♦s ❡s❝r❡✈❡r ❢✉♥çõ❡s ❞❡ ❞✉❛s ✈❛r✐á✈❡✐s✱ ♣❡♥s❛♥❞♦ ♥❛ ♠✐st✉r❛ ❞❡ ❝♦♠❜✉stí✈❡✐s

♥❛ ❝✐❞❛❞❡✱ t❡r❡♠♦s ♣❛r❛ ♦ ♣❡r❝✉rs♦ ❡♠ ❦♠ ❛ ❢✉♥çã♦ f(x1, x2) = 9, 1x1 + 13, 1x2 ❡ ♣❛r❛

♦ ❝✉st♦ g(x1, x2) = 2, 65x1 + 3, 69x2✳ ❆ss✐♠✱ ♣♦❞❡♠♦s ✈❡r✐✜❝❛r ♦ ♣❡r❝✉rs♦ ♠á①✐♠♦ ❡ ♦

❣❛st♦ ♣❛r❛ ❛❧❣✉♠❛s s✐t✉❛çõ❡s ❞❡ ❛❜❛st❡❝✐♠❡♥t♦ r❡♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✸✳✻✳

❖♣çã♦
➪❧❝♦♦❧ ●❛s♦❧✐♥❛

P❡r❝✉rs♦ ✭❦♠✮ ❱❛❧♦r ✭❘✩✮
✭❧✮ ✭❧✮

❱❛r✐á✈❡❧ x1 x2 f(x1, x2) = 9, 1x1 + 13, 1x2 g(x1, x2) = 2, 65x1 + 3, 69x2

✭✶✮ ✺✵ ✵ ✹✺✺ ✶✸✷✱✺✵
✭✷✮ ✵ ✺✵ ✻✺✺ ✶✽✹✱✺✵
✭✸✮ ✷✺ ✷✺ ✺✺✺ ✶✺✽✱✺✵
✭✹✮ ✶✵ ✹✵ ✻✶✺ ✶✼✹✱✶✵
✭✺✮ ✹✵ ✶✵ ✹✾✺ ✶✹✷✱✾✵

❚❛❜❡❧❛ ✸✳✻✿ ❘❡❧❛çã♦ ❡♥tr❡ ❛❧❣✉♥s ❝✉st♦s ❡ ♣❡r❝✉rs♦ ♥❛ ❝✐❞❛❞❡✳

❆♥❛❧✐s❛♥❞♦ ❛ s✐t✉❛çã♦ ❞❡s❝r✐t❛✱ ❞✐s❝✉t✐r❡♠♦s ❛s q✉❡stõ❡s ❞❡ ❉♦♠í♥✐♦ ❡ ■♠❛❣❡♠ ❞❛s

❋✉♥çõ❡s✳ ◆❛ ❋✉♥çã♦ ❆✜♠✱ ♦ ❞♦♠í♥✐♦ ❡ ❛ ✐♠❛❣❡♠ ♣❡r❝♦rr❡♠ ♦ ❈♦♥❥✉♥t♦ ❞♦s ◆ú♠❡r♦s

❘❡❛✐s✱ ♠❛s ❡♠ ♥♦ss❛ s✐t✉❛çã♦ ❡st❛♠♦s r❡str✐t♦s ❛♦s ✈❛❧♦r❡s ♠❛✐♦r❡s ♦✉ ✐❣✉❛✐s ❛ ③❡r♦✳

❚❡♠♦s✿ x1 > 0 ❡ x2 > 0 ❝♦♠♦ r❡str✐çã♦ ✐♠♣❧í❝✐t❛ ♥♦ ♣r♦❜❧❡♠❛✳ ❈♦♠♦ t♦❞❛s ❡❧❛s sã♦

❝r❡s❝❡♥t❡s✱ t❡r❡♠♦s ❛s ■♠❛❣❡♥s t❛♠❜é♠ ♠❛✐♦r❡s ♦✉ ✐❣✉❛✐s ❛ ③❡r♦✳

❋✐①❛♥❞♦ ✈❛❧♦r❡s ❞❡ ■♠❛❣❡♥s✱ ❧✐♠✐t❡ ❞❡ ✈❛❧♦r ♦✉ ❞✐stâ♥❝✐❛✱ ♦❜t❡♠♦s ❡q✉❛çõ❡s ❝♦♠ ❞✉❛s

✈❛r✐á✈❡✐s✱ ❡♠ ♦✉tr♦s ♣r♦❜❧❡♠❛s ♣♦❞❡rí❛♠♦s t❡r ♠❛✐s✱ ♦♥❞❡ ♣♦❞❡♠♦s ❜✉s❝❛r s♦❧✉çõ❡s ❡

r❡♣r❡s❡♥t❛r ❣r❛✜❝❛♠❡♥t❡✳ ❙✉♣♦♥❞♦ q✉❡ q✉❡r❡♠♦s ❛❜❛st❡❝❡r ❝♦♠ ❡①❛t❛♠❡♥t❡ ❘✩ ✶✵✵✱✵✵✱

q✉❛♥t♦s ❧✐tr♦s ❞❡ á❧❝♦♦❧ ♦✉ ❞❡ ❣❛s♦❧✐♥❛ ♣♦❞❡♠♦s ❝♦❧♦❝❛r❄ ▼❛♥t❡♥❞♦ ❛ ♥♦t❛çã♦ ✐♥✐❝✐❛❧

t❡♠♦s✿ 2, 65x1 + 3, 69x2 = 100✱ ✉♠❛ ❡q✉❛çã♦ ❧✐♥❡❛r ❞❡ ❞✉❛s ✐♥❝ó❣♥✐t❛s q✉❡ ♣♦❞❡♠♦s

r❡♣r❡s❡♥t❛r ❡♠ ✉♠❛ t❛❜❡❧❛ ❝♦♠ ❛❧❣✉♠❛s ❞❡ s✉❛s s♦❧✉çõ❡s✱ ❚❛❜❡❧❛ ✸✳✼✱ ♦✉ ❡♠ ❢♦r♠❛ ❞❡

✉♠ ❣rá✜❝♦ ❝❛rt❡s✐❛♥♦ ❝♦❧♦❝❛♥❞♦ x1 ♥♦ ❡✐①♦ ❞❛s ❛❜s❝✐ss❛s ✭①✮ ❡ x2 ♥♦ ❡✐①♦ ❞❛s ♦r❞❡♥❛❞❛s

✭②✮✱ ❋✐❣✉r❛ ✸✳✶✵✳

❖♣çã♦
➪❧❝♦♦❧ ●❛s♦❧✐♥❛

P❡r❝✉rs♦ ✭❦♠✮ ❱❛❧♦r ✭❘✩✮
✭❧✮ ✭❧✮

❱❛r✐á✈❡❧ x1 x2 f(x1, x2) = 9, 1x1 + 13, 1x2 g(x1, x2) = 2, 65x1 + 3, 69x2

✭✶✮ ✸✼✱✼✸ ✵ ✸✹✸✱✸ ✶✵✵
✭✷✮ ✵ ✷✼✱✶ ✸✺✺ ✶✵✵
✭✸✮ ✾✱✽✽ ✷✵ ✸✺✶✱✾ ✶✵✵
✭✹✮ ✷✸✱✽✶ ✶✵ ✸✹✼✱✻ ✶✵✵
✭✺✮ ✸✵✱✼✼ ✺ ✸✹✺✱✺ ✶✵✵

❚❛❜❡❧❛ ✸✳✼✿ ❆❧❣✉♠❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ❛❜❛st❡❝✐♠❡♥t♦ ❝♦♠ ❘✩ ✶✵✵✱✵✵

✶✵✸



❋✐❣✉r❛ ✸✳✶✵✿ ❆❧❣✉♠❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ❛❜❛st❡❝✐♠❡♥t♦ ❝♦♠ ❘✩ ✶✵✵✱✵✵

❼ P♦❞❡♠♦s t❛♠❜é♠ ❡st✐♣✉❧❛r q✉❡ q✉❡r❡♠♦s ♣❡r❝♦rr❡r ❝♦♠ ❡ss❡s ❘✩ ✶✵✵✱✵✵ ❛ ❞✐stâ♥❝✐❛

❞❡ ✸✺✵❦♠✱ ♥❡ss❡ ❝❛s♦ ♣❛ss❛r❡♠♦s ❛ t❡r ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛ ❡q✉❛çã♦ ❞♦ ✈❛❧♦r✱ 2, 65x1+

3, 69x2 = 100✱ ❛ ❞❛ ❞✐stâ♥❝✐❛✱ 9, 1x1+13, 1x2 = 350✱ ♦❜t❡♥❞♦ ♦ ❙✐st❡♠❛ ❞❡ ❊q✉❛çõ❡s

▲✐♥❡❛r❡s✿






2, 65x1 + 3, 69x2 = 100

9, 1x1 + 13, 1x2 = 350

P♦❞❡♠♦s r❡s♦❧✈❡r ❡ss❡ s✐st❡♠❛ ♣♦r ❞✐✈❡rs♦s ♠ét♦❞♦s ❡ t❛♠❜é♠ r❡♣r❡s❡♥tá✲❧♦ ❣r❛✜❝❛✲

♠❡♥t❡✱ ❋✐❣✉r❛ ✸✳✶✶✳ ■♥✐❝✐❛❧♠❡♥t❡✱ r❡t♦♠❛r❡♠♦s q✉❡ ✉♠ ❙✐st❡♠❛ ❞❡ ❊q✉❛çõ❡s ▲✐♥❡❛r❡s

♣♦❞❡ s❡r ❝❧❛ss✐✜❝❛❞♦ ❝♦♠♦✿

❼ ■♠♣♦ssí✈❡❧ ✭❙■✮ ✕ ◆ã♦ t❡♠ s♦❧✉çã♦✳

❼ P♦ssí✈❡❧✱ t❡♠ s♦❧✉çã♦✱ ♣♦❞❡♥❞♦ s❡r✿

✕ ❉❡t❡r♠✐♥❛❞♦ ✭❙P❉✮✱ q✉❛♥❞♦ t❡♠ ✉♠❛ ú♥✐❝❛ s♦❧✉çã♦✳

✕ ■♥❞❡t❡r♠✐♥❛❞♦ ✭❙P■✮✱ q✉❛♥❞♦ ♣❡r♠✐t❡ ✐♥✜♥✐t❛s s♦❧✉çõ❡s✳

❘❡s♦❧✈❡r❡♠♦s ❡ss❡ s✐st❡♠❛ ✉s❛♥❞♦ ❛ ♥♦t❛çã♦ ❞❡ ♠❛tr✐③❡s ❝♦♠ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡

●❛✉ss✲❏♦r❞❛♥✱ ♠❛s ♣♦❞❡rí❛♠♦s ✉s❛r q✉❛❧q✉❡r ✉♠ ❞♦s ♦✉tr♦s ♠ét♦❞♦s✳

◆♦ss♦ s✐st❡♠❛✱







2, 65x1 + 3, 69x2 = 100

9, 1x1 + 13, 1x2 = 350
✱ ♣♦❞❡ s❡r ❡s❝r✐t♦ ♥❛ ❢♦r♠❛ ♠❛tr✐❝✐❛❧ ❝♦♠♦✿

(

2, 65 3, 69

9, 1 13, 1

)

×

(

x1

x2

)

=

(

100

350

)

✶✵✹



❉♦ s✐st❡♠❛ ❡s❝r✐t♦ ♥❛ ❢♦r♠❛ ❞❡ ♣r♦❞✉t♦ ❞❡ ♠❛tr✐③❡s✱ r❡t✐r❛♠♦s ❛s ✈❛r✐á✈❡✐s ❡s❝r❡✈❡♥❞♦

❛ ♠❛tr✐③ ❡st❡♥❞✐❞❛ ❞♦ s✐st❡♠❛

(

2, 65 3, 69 100

9, 1 13, 1 350

)

❈♦♠ ❛s ♦♣❡r❛çõ❡s ❡❧❡♠❡♥t❛r❡s ❞❡ ♠❛tr✐③❡s ❞❡ ❛❞✐çã♦✱ ♠✉❧t✐♣❧✐❝❛çã♦ ♣♦r ❡s❝❛❧❛r ❡

tr♦❝❛ ❞❡ ♣♦s✐çã♦ ❞❛s ❧✐♥❤❛s ♥❛ ♠❛tr✐③ ♦❜t❡♠♦s ❛ ♠❛tr✐③ ❡♠ s✉❛ ❢♦r♠❛ ❡s❝❛❧♦♥❛❞❛✿

(

2, 65 3, 69 100

9, 1 13, 1 350

)

⇒

(

1 3,69
2,65

100
2,65

0 1,136
2,65

17,5
2,65

)

⇒

(

1 3,69
2,65

100
2,65

0 1 17,5
1,136

)

⇒

(

1 0 49,025
3,0104

0 1 17,5
1,136

)

❚r❛♥s❢♦r♠❛♥❞♦ ❛s ❢r❛çõ❡s ❡♠ ♥ú♠❡r♦s ❞❡❝✐♠❛✐s ❛♣r♦①✐♠❛❞♦s✱ ♦❜t❡♠♦s ❛ ♠❛tr✐③ ❡

❞❡❧❛ ✈♦❧t❛♠♦s ❛♦ s✐st❡♠❛ ❡q✉✐✈❛❧❡♥t❡✳

(

1 0 49,025
3,0104

0 1 17,5
1,136

)

⇒

(

1 0 16, 28

0 1 15, 4

)

⇒

(

1 0

0 1

)

×

(

x1

x2

)

=

(

16, 29

15, 4

)

⇒







x1 = 16, 29

x2 = 15, 4

❆ss✐♠✱ t❡♠♦s q✉❡ ❛ s♦❧✉çã♦ ❞♦ s✐st❡♠❛ é ✶✻✱✷✾ ❧✐tr♦s ❞❡ á❧❝♦♦❧ ❡ ✶✺✱✹ ❧✐tr♦s ❞❡ ❣❛s♦❧✐♥❛✱

❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶✶✳

❋✐❣✉r❛ ✸✳✶✶✿ ●rá✜❝♦ ❞♦ s✐st❡♠❛ ♣❛r❛ ♣❡r❝♦rr❡r ✸✺✵❦♠ ❝♦♠ ❘✩ ✶✵✵✱✵✵

❆✈❛♥ç❛♥❞♦ ❛ ✐❞❡✐❛ ❞❛s ❊q✉❛çõ❡s ▲✐♥❡❛r❡s ❡ s❡✉s ❙✐st❡♠❛s✱ ♣♦❞❡♠♦s ✐♥✈❡st✐❣❛r

s✐t✉❛çõ❡s ❝♦♠ ♠❛✐s ✈❛r✐á✈❡✐s ❡ ❞✐r❡❝✐♦♥❛r ❛ ✐❞❡✐❛ ❛ ♣r♦❜❧❡♠❛s ❛❜❡rt♦s✳ ❆♥❛❧✐s❛r❡♠♦s ✉♠❛

✶✵✺



s✐t✉❛çã♦ q✉❡ ❡♥✈♦❧✈❛ ♥✉tr✐çã♦✳

❙✐t✉❛çã♦ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❛❧✐♠❡♥t♦s

❯♠❛ ❢❛♠í❧✐❛ ❞❡ q✉❛tr♦ ♣❡ss♦❛s✱ ♣❛ss❛♥❞♦ ♣♦r ❞✐✜❝✉❧❞❛❞❡s ✜♥❛♥❝❡✐r❛s

r❡s♦❧✈❡r❛♠ ❡♥t❡♥❞❡r ♠❡❧❤♦r s❡✉s ❣❛st♦s ❝♦♠ ❛❧✐♠❡♥t❛çã♦✳ ▼❛s t❛♠❜é♠

❡stã♦ ♣r❡♦❝✉♣❛❞♦s ❝♦♠ ❛ s❛ú❞❡ ❞❛ ❢❛♠í❧✐❛✳ ❆♣ós ✉♠❛ ♣❡sq✉✐s❛ ❞❡ ♣r❡ç♦s

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

q✉✐❧♦✿ ❛rr♦③ ❘✩ ✹✱✽✺✱ ❢❡✐❥ã♦ ❘✩ ✼✱✷✺ ❡ ♣❡✐t♦ ❞❡ ❢r❛♥❣♦ ❣r❡❧❤❛❞♦ ❘✩ ✾✱✹✺✳

❊♠ ✉♠❛ ❜✉s❝❛ ♥❛ ✐♥t❡r♥❡t✱ ♦❜s❡r✈❛r❛♠ ♦s ✈❛❧♦r❡s ♥✉tr✐❝✐♦♥❛✐s ♣❛r❛

❝❛❞❛ ✶✵✵❣ ❞♦ ❛❧✐♠❡♥t♦ ♣r♦♥t♦ ❡ r❡s✉♠✐r❛♠ ❡♠ ✉♠❛ t❛❜❡❧❛✳

❆❧✐♠❡♥t♦ ♣r♦♥t♦ ❆rr♦③ ✭✶✵✵❣✮ ❋❡✐❥ã♦ ✭✶✵✵❣✮ ❋r❛♥❣♦ ✭✶✵✵❣✮

Pr♦t❡í♥❛s ✷✱✺❣ ✹✱✽❣ ✸✷❣

❈♦❧❡st❡r♦❧ ✵ ✵ ✽✾♠❣

❈❛r❜♦✐❞r❛t♦s ✷✽✱✶❣ ✶✸✱✻❣ ✵

❋✐❜r❛s ✶✱✻❣ ✽✱✺❣ ✵

❈❛❧♦r✐❛s ✭❦❝❛❧✮ ✶✷✽ ❦❝❛❧ ✸✷✵ ❦❝❛❧ ✶✺✾ ❦❝❛❧
❖❜s❡r✈❛r❛♠ q✉❡ ❛ q✉❛♥t✐❞❛❞❡ ♠í♥✐♠❛ ❞❡ ♣r♦t❡í♥❛ ❞✐ár✐❛ é ✺✵❣✱ ❛ ❞❡

❝♦❧❡st❡r♦❧ ✸✵✵♠❣✱ ❛ ❞❡ ✜❜r❛ ❛❧✐♠❡♥t❛r ✷✺❣✱ ❛ ❞❡ ❝❛❧♦r✐❛s ✷✵✵✵❦❝❛❧ ❡ ❞❡

❝❛r❜♦✐❞r❛t♦s ✸✵✵❣✳

❙❡❥❛♠ x1 ❛ ♠❛ss❛ ❞❡ ❛rr♦③✱ x2 ❛ ♠❛ss❛ ❞❡ ❢❡✐❥ã♦ ❡ x3 ❛ ♠❛ss❛ ❞❡ ❢r❛♥❣♦✱ t♦❞♦s ❡♠

q✉✐❧♦❣r❛♠❛s✱ ♦❜t❡♠♦s ❢✉♥çõ❡s ❡♠ r❡❧❛çã♦ ❞❛s três ✈❛r✐á✈❡✐s ♣❛r❛ ♦ ✈❛❧♦r ❛ s❡r ❣❛st♦ ❡ ❛s

q✉❛♥t✐❞❛❞❡s ❞❡ ♥✉tr✐❡♥t❡s ❢♦r♥❡❝✐❞♦s ❝♦♠♦ s❡❣✉❡✿

❼ ●❛st♦ ✭❘✩✮✿ g(x1, x2, x3) = 4, 85x1 + 7, 85x2 + 9, 45x3

❼ Pr♦t❡í♥❛s ✭❣✮✿ p(x1, x2, x3) = 25x1 + 48x2 + 320x3

❼ ❈♦❧❡st❡r♦❧ ✭♠❣✮✿ c(x1, x2, x3) = 890x3

❼ ❈❛r❜♦✐❞r❛t♦s ✭❣✮✿ a(x1, x2, x3) = 281x1 + 136x2

❼ ❋✐❜r❛s ✭❣✮✿ f(x1, x2, x3) = 16x1 + 85x2

❼ ❈❛❧♦r✐❛s ✭❦❝❛❧✮✿ e(x1, x2, x3) = 1280x1 + 3200x2 + 1590x3

✶✵✻



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

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

❼ ●❛st♦ ✭❘✩✮✿ g(x1, x2, x3) = 4, 85x1 + 7, 85x2 + 9, 45x3 ✱q✉❡r❡♠♦s ♠✐♥✐♠✐③❛r✱ ❥á q✉❡

s❡ ❜✉s❝❛ ❡❝♦♥♦♠✐❛✳

❼ Pr♦t❡í♥❛s ✭❣✮✿ p(x1, x2, x3) = 25x1 + 48x2 + 320x3 > 50

❼ ❈♦❧❡st❡r♦❧ ✭♠❣✮✿ c(x1, x2, x3) = 890x3 > 300

❼ ❈❛r❜♦✐❞r❛t♦s ✭❣✮✿ a(x1, x2, x3) = 281x1 + 136x2 > 300

❼ ❋✐❜r❛s ✭❣✮✿ f(x1, x2, x3) = 16x1 + 85x2 > 25

❼ ❈❛❧♦r✐❛s ✭❦❝❛❧✮✿ e(x1, x2, x3) = 1280x1 + 3200x2 + 1590x3 > 2000

❖ ♣r♦❜❧❡♠❛ ♣❛ss❛ ❛ s❡r r❡♣r❡s❡♥t❛❞♦ ♠❛t❡♠❛t✐❝❛♠❡♥t❡✱ ❡♠ q✉❡ x1 é ❛ ♠❛ss❛ ❞❡ ❛rr♦③✱

x2 ❛ ♠❛ss❛ ❞❡ ❢❡✐❥ã♦ ❡ x3 ❛ ♠❛ss❛ ❞❡ ❢r❛♥❣♦✱ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

▼✐♥✐♠✐③❛r g(x1, x2, x3) = 4, 85x1 + 7, 85x2 + 9, 45x3 (0)

❙✉❥❡✐t♦ ❛















































































25x1 + 48x2 + 320x3 > 50 (1)

890x3 > 300 (2)

281x1 + 136x2 > 300 (3)

16x1 + 85x2 > 25 (4)

1280x1 + 3200x2 + 1590x3 > 2000 (5)

x1 > 0 (6)

x2 > 0 (7)

x3 > 0 (8)

❉❡ss❡ ♠♦❞♦✱ ❥á ❡st❛♠♦s ❝♦♠ ♥♦ss♦ ♣r♦❜❧❡♠❛ ♠♦❞❡❧❛❞♦ ❝♦♠♦ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐✲

♠✐③❛çã♦ ▲✐♥❡❛r✱ ♠❛s ✈❛♠♦s✱ ♣r✐♠❡✐r❛♠❡♥t❡✱ ❡①♣❧♦r❛r ❛❧❣✉♥s ❝♦♥❝❡✐t♦s ❞♦ ❊♥s✐♥♦ ▼é❞✐♦✱

♣❛r❛ ❞❡♣♦✐s r❡s♦❧✈❡r ♣❡❧♦s ♠ét♦❞♦s ❞❛ Pr♦❣r❛♠❛çã♦ ▲✐♥❡❛r✳

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

t❡r❡♠♦s ♦ ❙✐st❡♠❛ ❞❡ ❊q✉❛çõ❡s ▲✐♥❡❛r❡s ❞❡ três ❡q✉❛çõ❡s ❡ três ✐♥❝ó❣♥✐t❛s✿



















25x1 + 48x2 + 320x3 = 50

281x1 + 136x2 = 300

1280x1 + 3200x2 + 1590x3 = 2000 .

✶✵✼



❊ss❡ t✐♣♦ ❞❡ s✐st❡♠❛ ♣♦❞❡ s❡r ✐♥t❡r♣r❡t❛❞♦ ❝♦♠♦ ♣❧❛♥♦s ♥♦ ❡s♣❛ç♦ ❡ s✉❛ s♦❧✉çã♦ é

❞❛❞❛ ♣❡❧❛ ✐♥t❡rs❡çã♦ ❞❡ss❡s ♣❧❛♥♦s✳ ❇✉s❝❛♠♦s s♦❧✉çã♦ ú♥✐❝❛✱ s❡ t✐✈❡r✱ ♦✉ ❝♦♥❞✐çõ❡s ♣❛r❛

q✉❡ ♣♦ss❛♠♦s ❡♥t❡♥❞❡r ♦ ♣r♦❜❧❡♠❛✳ ❈♦♠♦ ♥♦ ♣r♦❜❧❡♠❛ ❛♥t❡r✐♦r ✉s❛♠♦s ●❛✉ss✲❏♦r❞❛♥✱

❛q✉✐ ❛♥❛❧✐s❛r❡♠♦s ♣❡❧♦ ▼ét♦❞♦ ❞❡ ❈r❛♠❡r✱ ✉♠❛ ❞❛s ♠❛♥❡✐r❛s ❞❡ s❡ r❡s♦❧✈❡r ❙✐st❡♠❛s

▲✐♥❡❛r❡s✳ P❛r❛ ✐ss♦✱ ❡s❝r❡✈❡r❡♠♦s ♠❛tr✐❝✐❛❧♠❡♥t❡ ♦ s✐st❡♠❛✿







25 48 320

281 136 0

1280 3200 1590






×







x1

x2

x3






=







50

300

2000







Pr✐♠❡✐r❛♠❡♥t❡✱ ✈❡r✐✜❝❛♠♦s s❡ ♦ s✐st❡♠❛ t❡♠ s♦❧✉çã♦ ú♥✐❝❛✳ ❙❡❣✉♥❞♦ ❛ ❘❡❣r❛ ❞❡

❈r❛♠❡r✱ ✐ss♦ ♦❝♦rr❡ s❡ ♦ ❞❡t❡r♠✐♥❛♥t❡ ❞❛ ♠❛tr✐③ ❞♦ s✐st❡♠❛ ❢♦r ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦✳

Det







25 48 320

281 136 0

1280 3200 1590






= Det(A)

Det(A) = 25× (136× 1590− 0× 3200)− 48× (281× 1590− 0× 1280) + 320× (281×

3200− 136× 1280) = 215998480

❈♦♠♦ ♦ ❞❡t❡r♠✐♥❛♥t❡ ❞❛ ♠❛tr✐③ ♣r✐♥❝✐♣❛❧ é ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦✱ ♦ s✐st❡♠❛ t❡♠ s♦❧✉çã♦ ❡

é ú♥✐❝❛✳ P❛r❛ ♦❜tê✲❧❛✱ ❝❛❧❝✉❧❛♠♦s ♦s ❞❡t❡r♠✐♥❛♥t❡s ❞❛s ♠❛tr✐③❡s ❢♦r♠❛❞❛s s✉❜st✐t✉✐♥❞♦

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

❛q✉✐ ❞❡ Det(Ax1
) ♦ ❞❡t❡r♠✐♥❛♥t❡ ❢♦r♠❛❞♦✱ tr♦❝❛♥❞♦ ❛ ♣r✐♠❡✐r❛ ❝♦❧✉♥❛✱ Det(Ax2

) ♦

❞❡t❡r♠✐♥❛♥t❡ ❢♦r♠❛❞♦✱ tr♦❝❛♥❞♦ ❛ s❡❣✉♥❞❛ ❝♦❧✉♥❛ ❡ Det(Ax3
) ♦ ❞❡t❡r♠✐♥❛♥t❡ ❢♦r♠❛❞♦✱

tr♦❝❛♥❞♦ ❛ t❡r❝❡✐r❛ ❝♦❧✉♥❛✳

Det







50 48 320

300 136 0

2000 3200 1590






= Det(Ax1

)

50×(136×1590−0×3200)−48×(300×1590−0×2000)+320×(300×3200−2000×136) =

208076000

✶✵✽



Det







25 50 320

281 300 0

1280 2000 1590






= Det(Ax2

)

Det(Ax2
) = 25× (300×1590−0×2000)−50× (281×1590−0×1280)+320× (281×

2000− 1280× 300) = 46545500

Det







25 48 50

281 136 300

1280 3200 2000






= Det(Ax3

)

Det(Ax3
) = 2, 5× (13, 6× 2000− 300× 320)− 4, 8× (28, 1× 2000− 300× 128)+ 50×

(28, 1× 320− 13, 6× 128) = 10512000

❆ s♦❧✉çã♦ ❞♦ s✐st❡♠❛ s❡rá ❞❛❞❛ ♣❡❧♦ q✉♦❝✐❡♥t❡ ❡♥tr❡ ♦ ❞❡t❡r♠✐♥❛♥t❡ ❝♦♠ ♦ r❡s✉❧t❛❞♦

❡ ♦ ❞❡t❡r♠✐♥❛♥t❡ ❞❛ ♠❛tr✐③ ❞♦ s✐st❡♠❛ xn = Det(Axn
)

Det(A)
✳

x1 =
Det(Ax1

)

Det(A)
=

208076000

215998480
= 0, 9633

x2 =
Det(Ax2

)

Det(A)
=

46545500

215998480
= 0, 2155

x3 =
Det(Ax3

)

Det(A)
=

10512000

215998480
= 0, 0487

❈♦♠ ✐ss♦✱ t❡♠♦s ❛ s♦❧✉çã♦ ❞♦ s✐st❡♠❛ S = (x1; x2; x3) = (0, 9633; 0, 2155; 0, 0487)✱

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

❝♦♠♦ r❡s♣♦st❛✿ ✾✻✸❣ ❞❡ ❛rr♦③✱ ✷✶✻❣ ❞❡ ❢❡✐❥ã♦ ❡ ✹✾❣ ❞❡ ✜❧é ❞❡ ❢r❛♥❣♦✳ ❊ss❛ r❡s♣♦st❛

r❡❛❧♠❡♥t❡ ❛t❡♥❞❡♠ ❛s r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛❄ ❊❧❛s ❛t❡♥❞❡♠ t❛♠❜é♠ ❛s ♦✉tr❛s r❡str✐çõ❡s❄

❈❛❜❡ ❛q✉✐ ✉♠❛ ❞✐s❝✉ssã♦ ❞❡ q✉❡ ♥❡♠ t♦❞❛ s♦❧✉çã♦ ❡♥❝♦♥tr❛❞❛ s♦❧✉❝✐♦♥❛ ♦ ♣r♦❜❧❡♠❛✱ ♦✉

s❡❥❛✱ ♦ s✐st❡♠❛ t❡r s♦❧✉çã♦ ♥ã♦ ✐♠♣❧✐❝❛ ❡♠ t❡r♠♦s ♥♦ss❛ s✐t✉❛çã♦ r❡s♦❧✈✐❞❛✳

❱♦❧t❛♥❞♦ ❛♦ ♣r♦❜❧❡♠❛ ✐♥✐❝✐❛❧✱ ✈❡r✐✜❝❛♠♦s q✉❡ ❛s r❡str✐çõ❡s sã♦ ❛❜❡rt❛s ❡ q✉❡ ♣♦❞❡♠♦s

❛❧t❡r❛r ♦s ✈❛❧♦r❡s ❞❡ r❡❢❡rê♥❝✐❛✱ ❛♣ós ❛ ✐❣✉❛❧❞❛❞❡✱ ❞❡ ❢♦r♠❛ ❛ ❜✉s❝❛r ♥♦✈❛s s♦❧✉çõ❡s ♣♦s✐✲

t✐✈❛s q✉❡ ❛t❡♥❞❛♠ às r❡str✐çõ❡s ✐♠♣♦st❛s✳ ■ss♦ ❥á ❡stá ❧✐❣❛❞♦ à r❡s♦❧✉çã♦ ❞♦s ♣r♦❜❧❡♠❛s

❞❡ ♦t✐♠✐③❛çã♦✳

✶✵✾



❈♦♠ ❛s r❡s♣♦st❛s ♦❜t✐❞❛s ❡♠ ♥♦ss♦ s✐st❡♠❛✱ r❡t♦r♥❛r❡♠♦s ❛♦ ♣r♦❜❧❡♠❛ ✐♥✐❝✐❛❧ ♣❛r❛

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

▼✐♥✐♠✐③❛r g(0, 9633; 0, 2155; 0, 0487) = 4, 85×0, 9633+7, 85×0, 2155+9, 45×0, 0487 =

6, 84 (0)

❙✉❥❡✐t♦ ❛
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

25× 0, 9633 + 48× 0, 2155 + 320× 0, 0487 = 50 > 50 (V )

890× 0, 0487 = 43 > 300 (F )

281× 0, 9633 + 136× 0, 2155 = 300 > 300 (V )

16× 0, 9633 + 85× 0, 2155 = 34 > 25 (V )

1280× 0, 9633 + 3200× 0, 2155 + 1590× 0, 0487 = 2000 > 2000 (V )

x1 = 0, 9633 > 0 (V )

x2 = 0, 2155 > 0 (V )

x3 = 0, 0487 > 0 (V )

❱❡r✐✜❝❛♠♦s q✉❡ s♦♠❡♥t❡ ❛ ❡q✉❛çã♦ ✭✷✮ ❞♦ s✐st❡♠❛ ♥ã♦ é ❛t❡♥❞✐❞❛✱ ♣♦✐s ❢♦✐ ❛ ú♥✐❝❛ q✉❡

♥ã♦ ✐♠♣❧✐❝♦✉ ❡♠ ✈❡r❞❛❞❡✐r❛✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ s♦❧✉çã♦ ❡♥❝♦♥tr❛❞❛ só ♥ã♦ ❛t❡♥❞❡ ❛ r❡str✐çã♦

❞♦ ❝♦❧❡st❡r♦❧✱ ❛t❡♥❞❡♥❞♦ ❛ t♦❞❛s ❛s ♦✉tr❛s✳ P♦❞❡rí❛♠♦s ❛q✉✐ ❜✉s❝❛r ♦✉tr❛s s♦❧✉çõ❡s ♣❛r❛

♦ ♣r♦❜❧❡♠❛✳

Pr♦❜❧❡♠❛s ❛❜❡rt♦s ❝♦♠♦ ❡ss❡s ♣❡r♠✐t❡♠ ❛ ✐♥✈❡st✐❣❛çã♦ ❞❡ ❞✐✈❡rs♦s ❝♦♥❝❡✐t♦s ❡ ♦ ✉s♦

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

❞❡s❡♥✈♦❧✈❡r ❞✐✈❡rs❛s ❤❛❜✐❧✐❞❛❞❡s ❡ ❝♦♠♣❡tê♥❝✐❛s✳ ❖ ❊♥s✐♥♦ ▼é❞✐♦✱ ❛t❡♥❞❡♥❞♦ ❛ ▲❡❣✐s❧❛çã♦

◆❛❝✐♦♥❛❧ ✭▲❡✐ ✾✸✾✹✴✶✾✾✻✮✱ ❝♦♠ ♦ ♣r❡♣❛r♦ ♣❛r❛ ♦ ♠✉♥❞♦ ❞♦ tr❛❜❛❧❤♦ ♥♦s ♣❡r♠✐t❡ ❛ ❡①♣❧♦✲

r❛çã♦ ❞❡ss❛ ❡ ♦✉tr❛s ❢❡rr❛♠❡♥t❛s✳ ◆♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✱ r❡s♦❧✈❡r❡♠♦s ❡ss❡ ♣r♦❜❧❡♠❛ ♥❛

í♥t❡❣r❛✱ ❞❡ ❢♦r♠❛ ❛ ❞✐s❝✉t✐r ♦s ♠ét♦❞♦s ❞❡ Pr♦❣r❛♠❛çã♦ ▲✐♥❡❛r ❡ ❛❧❣✉♥s ❞❡ s❡✉s ❜❡♥❡❢í❝✐♦s

♥❛ ❛♣r❡♥❞✐③❛❣❡♠ ❞♦s ❛❧✉♥♦s✳

✶✶✵



❈❛♣ít✉❧♦ ✹

❈♦♠♦ ❛♣❧✐❝❛r ❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ♥❛

❊❞✉❝❛çã♦ ❞❡ ❇❛s❡

◆❡ss❡ ❝❛♣ít✉❧♦ ♠♦str❛r❡♠♦s ❝♦♠♦ ✉s❛r ❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❡ s✉❛s té❝♥✐❝❛s

♥❛ ❊❞✉❝❛çã♦ ❞❡ ❇❛s❡ ♣❛r❛ r❡s♦❧✈❡r ✉♠ ♣r♦❜❧❡♠❛ ❝♦t✐❞✐❛♥♦✳

❆s s♦❧✉çõ❡s ❞❡ ♣r♦❜❧❡♠❛s ❛❜❡rt♦s✱ ❝♦♠ ✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ s♦❧✉çõ❡s✱ ♥♦s ♣❡r♠✐✲

t❡♠ ✐♥t❡r❢❡rê♥❝✐❛s ❡ t♦♠❛❞❛s ❞❡ ❞❡❝✐sõ❡s✳ ❆ ❜✉s❝❛ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦✱ ❙♦❧✉çã♦ Ót✐♠❛✱

♣r♦♣♦r❝✐♦♥❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❞✐✈❡rs❛s ❤❛❜✐❧✐❞❛❞❡s ♥❡❝❡ssár✐❛s ❛♦ ❛♣r❡♥❞✐③❛❞♦✳ ◆❡ss❡

❝♦♥t❡①t♦✱ ❛ ♦t✐♠✐③❛çã♦✱ ♠❛✐s ♣r❡❝✐s❛♠❡♥t❡ ❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ s❡r✈❡ ❞❡ ❢❡rr❛♠❡♥t❛ à

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

t♦❞♦ ♠♦♠❡♥t♦ ❛ ❡s❝♦❧❤❡r ❡♥tr❡ ✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❡ ♣❡s❝❛r ❞❡♥tr♦ ❞❛s ♦♣çõ❡s ❡①✐st❡♥t❡s

❛ q✉❡ ♠❛✐s ♥♦s ❝♦♥✈é♠✳

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

❣❛st❛r ♦ ♠❡♥♦r ✈❛❧♦r ♣♦ssí✈❡❧✱ ❛t❡♥❞❡♥❞♦ às ♥❡❝❡ss✐❞❛❞❡s ❞✐ár✐❛s ❞❡ ♥✉tr✐çã♦✳ ❉❡♥tr❡ ❛s

✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s q✉❡r❡♠♦s ❡s❝♦❧❤❡r ❛ ♠❡❧❤♦r✳ ▲❡♠❜r❡♠♦s ❞❡ q✉❡ ♣♦❞❡rí❛♠♦s t❡r ✉♠

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

três✳

❙✐t✉❛çã♦ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❛❧✐♠❡♥t♦s

❯♠❛ ❢❛♠í❧✐❛ ❞❡ q✉❛tr♦ ♣❡ss♦❛s✱ ♣❛ss❛♥❞♦ ♣♦r ❞✐✜❝✉❧❞❛❞❡s ✜♥❛♥❝❡✐r❛s

r❡s♦❧✈❡✉ ❡♥t❡♥❞❡r ♠❡❧❤♦r s❡✉s ❣❛st♦s ❝♦♠ ❛❧✐♠❡♥t❛çã♦✳ ▼❛s ❛ ❢❛♠í❧✐❛

t❛♠❜é♠ ❡stá ♣r❡♦❝✉♣❛❞❛ ❝♦♠ ❛ s❛ú❞❡✳ ❆♣ós ✉♠❛ ♣❡sq✉✐s❛✱ ♦s ♣r❡ç♦s

❞❡ ❛❧❣✉♥s ❛❧✐♠❡♥t♦s ❞❡♣♦✐s ❞❡ ♣r♦♥t♦s ♣♦r q✉✐❧♦✱ ❢♦r❛♠ ❞❡t❡r♠✐♥❛❞♦s✿

❛rr♦③ ❘✩ ✹✱✽✺✱ ❢❡✐❥ã♦ ❘✩ ✼✱✷✺ ❡ ♣❡✐t♦ ❞❡ ❢r❛♥❣♦ ❣r❡❧❤❛❞♦ ❘✩ ✾✱✹✺✳

❊♠ ✉♠❛ ❜✉s❝❛ ♥❛ ✐♥t❡r♥❡t✱ ♦s ✈❛❧♦r❡s ♥✉tr✐❝✐♦♥❛✐s ♣❛r❛ ❝❛❞❛ ✶✵✵❣ ❞♦

❛❧✐♠❡♥t♦ ♣r♦♥t♦ ❢♦r❛♠ ♦❜t✐❞♦s ❡ r❡s✉♠✐❞♦s ♥❛ ❚❛❜❡❧❛ ✹✳✶ ❛ s❡❣✉✐r✿

✶✶✶



❆❧✐♠❡♥t♦ ♣r♦♥t♦ ❆rr♦③ ✭✶✵✵❣✮ ❋❡✐❥ã♦ ✭✶✵✵❣✮ ❋r❛♥❣♦ ✭✶✵✵❣✮

Pr♦t❡í♥❛s ✷✱✺❣ ✹✱✽❣ ✸✷❣
❈♦❧❡st❡r♦❧ ✵ ✵ ✽✾♠❣

❈❛r❜♦✐❞r❛t♦s ✷✽✱✶❣ ✶✸✱✻❣ ✵
❋✐❜r❛s ✶✱✻❣ ✽✱✺❣ ✵

❈❛❧♦r✐❛s ✭❦❝❛❧✮ ✶✷✽ ❦❝❛❧ ✸✷✵ ❦❝❛❧ ✶✺✾ ❦❝❛❧

❚❛❜❡❧❛ ✹✳✶✿ ❱❛❧♦r❡s ♥✉tr✐❝✐♦♥❛✐s

❆❧é♠ ❞✐ss♦✱ ❛ ❢❛♠í❧✐❛ ❞❡s❝♦❜r✐✉ ❡♠ s✉❛ ❜✉s❝❛ q✉❡ ❛ q✉❛♥t✐❞❛❞❡ ♠í♥✐♠❛

❞❡ ♣r♦t❡í♥❛ ❞✐ár✐❛ é ✺✵❣✱ ❛ ❞❡ ❝♦❧❡st❡r♦❧ ✸✵✵♠❣✱ ❛ ❞❡ ✜❜r❛ ❛❧✐♠❡♥t❛r ✷✺❣✱

❛ ❞❡ ❝❛❧♦r✐❛s ✷✵✵✵❦❝❛❧ ❡ ❞❡ ❝❛r❜♦✐❞r❛t♦s ✸✵✵❣✳

❙✉♣♦♥❞♦ q✉❡ ✉♠❛ ♣❡ss♦❛ q✉❡✐r❛ ♣❛ss❛r ♦ ❞✐❛ s♦♠❡♥t❡ ❝♦♠

❡ss❡s três ❛❧✐♠❡♥t♦s✱ q✉❛❧ ❛ q✉❛♥t✐❞❛❞❡ ♥❡❝❡ssár✐❛ ❞❡ ❝❛❞❛

✉♠ ❞❡❧❡s ❡ q✉❛❧ ✈❛❧♦r s❡rá ❣❛st♦ ❞❡ ❢♦r♠❛ ❛ ♠✐♥✐♠✐③❛r ♦ ❝✉st♦❄

❈♦♥s✐❞❡r❛♥❞♦ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❝♦♥str✉í❞♦ ♥♦ ❈❛♣ít✉❧♦ ✸ t❡♠♦s✿

▼✐♥✐♠✐③❛r Z = g(x1, x2, x3) = 4, 85x1 + 7, 85x2 + 9, 45x3 (0)

❙✉❥❡✐t♦ ❛
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

25x1 + 48x2 + 320x3 > 50 (1)

890x3 > 300 (2)

281x1 + 136x2 > 300 (3)

16x1 + 85x2 > 25 (4)

1280x1 + 3200x2 + 1590x3 > 2000 (5)

x1 > 0 (6)

x2 > 0 (7)

x3 > 0 (8)

❈❤❛♠❛♠♦s ❛q✉✐ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❞❡ Z✱ ❡♥tã♦ ❡♠ ♥♦ss♦ ♣r♦❜❧❡♠❛ q✉❡r❡♠♦s ♠✐♥✐♠✐③❛r

Z = g(x1, x2, x2) q✉❡ r❡♣r❡s❡♥t❛ ♦ ❣❛st♦ ❝♦♠ ♦s três ❛❧✐♠❡♥t♦s✿ ❛rr♦③ (x1)✱ ❢❡✐❥ã♦ (x2) ❡

❢r❛♥❣♦ (x3)✳

❆♦ ❝♦♥str✉✐r ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✱ ❡st❛r❡♠♦s ❢♦r♠❛❧✐③❛♥❞♦ ♦ r❡❣✐str♦ ❛❧❣é❜r✐❝♦ ♥❛s

❞✐✈❡rs❛s sér✐❡s ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❡ ▼é❞✐♦ ❡ ♣♦❞❡♠♦s r❡t♦♠❛r ❛ ❧✐♥❣✉❛❣❡♠ ♠❛t❡✲

♠át✐❝❛✱ s❡✉s r❡❣✐str♦s ❡ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ s❡✉s sí♠❜♦❧♦s✳ ❏✉♥t❛♠❡♥t❡ ❝♦♠ ♦ ❡st✉❞♦ ❞♦s

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

✶✶✷



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

♦s ❞✐❢❡r❡♥t❡s ❈♦♥❥✉♥t♦s ◆✉♠ér✐❝♦s ❡ s✉❛s ❛♣❧✐❝❛çõ❡s ❡♠ ❝♦♥t❡①t♦s r❡❛✐s✳

◆♦s ♣r♦❝❡ss♦s ❞❡ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❝♦♠ ♦ ✉s♦ ❞♦s ♠ét♦❞♦s ❞❛ Pr♦❣r❛♠❛çã♦

▲✐♥❡❛r✱ s❡❥❛♠ ❛♥❛❧ít✐❝♦s✱ ❣rá✜❝♦s ♦✉ ❝♦♠ ✉s♦ ❞❡ ❢❡rr❛♠❡♥t❛s t❡❝♥♦❧ó❣✐❝❛s✱ r❡❢♦rç❛♠♦s

❞✐✈❡rs♦s ❝♦♥t❡ú❞♦s ♠❛t❡♠át✐❝♦s ❧✐❣❛❞♦s ❛ ●❡♦♠❡tr✐❛ ❡ ❛ ➪❧❣❡❜r❛✳

❊ss❡ t✐♣♦ ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♣r♦❜❧❡♠❛s ❧✐❣❛❞♦s à r❡❛❧✐❞❛❞❡ ♠♦t✐✈❛ ♦s ❛❧✉♥♦s ❛ ❝♦♥str✉✐r

♥♦✈♦s s❛❜❡r❡s ❡ ❛ ❡st✉❞❛r ♦s ❝♦♥❝❡✐t♦s q✉❡ ❛✐♥❞❛ ♥ã♦ ❡stã♦ ❢✉♥❞❛♠❡♥t❛❞♦s ❡♠ s✉❛ ❝❛❜❡ç❛✱

❛❧é♠ ❞❡ r❡❢♦rç❛r ♦s ❝♦♥t❡ú❞♦s ❥á ❛❞q✉✐r✐❞♦s✳

P❛r❛ r❡s♦❧✈❡r ♥♦ss♦ ♣r♦❜❧❡♠❛ ✉s❛♥❞♦ ♠ét♦❞♦s ❞❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡

❡♠ ♠ét♦❞♦s ❛❧❣é❜r✐❝♦s✱ ♦ ♣r♦❜❧❡♠❛ ❞❡✈❡ ❡st❛r ♥❛ ❢♦r♠❛ ♣❛❞rã♦✳ ❊♠ ❛❧❣✉♥s ❝❛s♦s✱ t❡♠♦s

❞❡ ♠❛♥✐♣✉❧❛r ♥♦ss❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❞❡ ❢♦r♠❛ ❛ ❡s❝r❡✈ê✲❧❛ ♥❛ ❢♦r♠❛ ♣❛❞rã♦✱ ♠✐♥✐♠✐③❛r✳

P❛r❛ ✐ss♦ ✉s❛♠♦s ❛ ✐❞❡✐❛ ❞❡ ❢✉♥çã♦ s✐♠étr✐❝❛✱ ♦♥❞❡ ♦ ♠á①✐♠♦ ❞❡ f(x) é ♦ ♠í♥✐♠♦ ❞❡

✕f(x)✳ ❉❡ss❛ ❢♦r♠❛✱ s❡ ❝❤❛♠❛r♠♦s ❞❡ W ❛ s✐♠étr✐❝❛ ❞❡ Z t❡r❡♠♦s W = (−Z)✱ ♦♥❞❡

♠❛①✐♠✐③❛r Z é ♠✐♥✐♠✐③❛r W ✳ ❈♦♠ ❞✉❛s ✐♥❝ó❣♥✐t❛s✱ ♣♦❞❡♠♦s ♠♦str❛r ✐ss♦ ❢❛❝✐❧♠❡♥t❡ ❞❡

❢♦r♠❛ ❣rá✜❝❛ ❛♦s ❛❧✉♥♦s q✉❡ ♥ã♦ ❡stã♦ ❛❜str❛í❞♦s✶✳

❘❡❣r❡ss❛♥❞♦ ❛♦ ♣r♦❜❧❡♠❛ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❛❧✐♠❡♥t♦s✱ ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ t❡♠♦s✿

▼✐♥✐♠✐③❛r Z = 4, 85x1 + 7, 85x2 + 9, 45x3

❊s❝r❡✈❡♥❞♦ ❛ ❢✉♥çã♦ s✐♠étr✐❝❛ ♣❛ss❛♠♦s ❛ t❡r✿

▼❛①✐♠✐③❛r W = −Z = −4, 85x1 − 7, 85x2 − 9, 45x3

❈♦♠♦ ♠✐♥✐♠✐③❛r ❩ é ♠❛①✐♠✐③❛r ❲ ♦❜s❡r✈❛♠♦s q✉❡ ♣❛ss❛♠♦s ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡

♠í♥✐♠♦ ♣❛r❛ ♠á①✐♠♦✳ ❆ss✐♠✱ ♦ ♥♦ss♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞♦ ♣r♦❜❧❡♠❛ ♣❛ss❛ ❛ s❡r✿

▼❛①✐♠✐③❛r W = −4, 85x1 − 7, 85x2 − 9, 45x3

s✉❥❡✐t♦ ❛✿


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

















































25x1 + 48x2 + 320x3 > 50 (1)

890x3 > 300 (2)

281x1 + 136x2 > 300 (3)

16x1 + 85x2 > 25 (4)

1280x1 + 3200x2 + 1590x3 > 2000 (5)

x1, x2, x3 > 0 (6)

✶❆❧✉♥♦s q✉❡ ❛✐♥❞❛ ♥ã♦ ❝♦♥s❡❣✉❡♠ ❡♥t❡♥❞❡r ❝♦♥❝❡✐t♦s ❛❜str❛t♦s s❡♠ ✉♠❛ ❝♦♥t❡①t✉❛❧✐③❛çã♦ ❝♦♠ ❛ r❡❛❧✐❞❛❞❡✳
❚❡♠ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠❛t❡r✐❛❧ ❝♦♥❝r❡t♦ ♣❛r❛ r❡❧❛❝✐♦♥❛r ♦ q✉❡ ❡stá s❡♥❞♦ ❞❡s❡♥✈♦❧✈✐❞♦ ❝♦♠ ❛ r❡❛❧✐❞❛❞❡✳

✶✶✸



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

✈❛r✐á✈❡❧ ❞❡ ❢♦❧❣❛✱ s❡ ❛ ❞❡s✐❣✉❛❧❞❛❞❡ ❢♦r ♠❡♥♦r ♦✉ ✐❣✉❛❧✱ ♦✉ ❞❡ ❡①❝❡ss♦✱ s❡ ❛ ❞❡s✐❣✉❛❧❞❛❞❡

❢♦r ♠❛✐♦r ♦✉ ✐❣✉❛❧✳ ❚❡♠♦s ❡♠ ♥♦ss♦ ♣r♦❜❧❡♠❛✱ ❝♦♠♦ ✈❛r✐á✈❡✐s✱ ❛s ♠❛ss❛s ❞❡ ❛rr♦③ (x1)✱

❢❡✐❥ã♦ (x2) ❡ ❢r❛♥❣♦ (x3)✳ ❚❡♠♦s ❝✐♥❝♦ ❞❡s✐❣✉❛❧❞❛❞❡s ♣❛r❛ s❡r❡♠ tr❛♥s❢♦r♠❛❞❛s✱ ❡♥tã♦

❛❝r❡s❝❡♥t❛r❡♠♦s ❛s ✈❛r✐á✈❡✐s x4✱ x5✱ x6✱ x7 ❡ x8✳ ❆ss✐♠✱ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❡s✐❣✉❛❧❞❛❞❡s ❞❛s

r❡str✐çõ❡s t♦r♥❛✲s❡ ♦ ❙✐st❡♠❛ ❞❡ ❊q✉❛çõ❡s ▲✐♥❡❛r❡s✿
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











































25x1 + 48x2 + 320x3 − x4 = 50 (1)

890x3 − x5 = 300 (2)

281x1 + 136x2 − x6 = 300 (3)

16x1 + 85x2 − x7 = 25 (4)

1280x1 + 3200x2 + 1590x3 − x8 = 2000 (5)

x1, x2, x3, x4, x5, x6, x7, x8 > 0 (6)

❆♦ r❡s♦❧✈❡r ❡st❡ ❙✐st❡♠❛ ❞❡ ❊q✉❛çõ❡s ▲✐♥❡❛r❡s ❡♥❝♦♥tr❛r❡♠♦s ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ♦

♣r♦❜❧❡♠❛✳ ❉❡ss❛ ❢♦r♠❛✱ ♣♦❞❡♠♦s ❡①♣❧♦r❛r ✉♠ ♠ét♦❞♦ ❞❡ r❡s♦❧✉çã♦ ❞❡ s✐st❡♠❛s✳ ❯s❛r❡♠♦s

●❛✉ss✲❏♦r❞❛♥✳

✹✳✶ ●❛✉ss✲❏♦r❞❛♥ ♣❛r❛ r❡s♦❧✉çã♦ ❞❡ ❙✐st❡♠❛s ▲✐♥❡❛r❡s

❊ss❡ ♠ét♦❞♦ ❝♦♥s✐st❡ ❡♠ ✉s❛r♠♦s ❛s ♦♣❡r❛çõ❡s ❡❧❡♠❡♥t❛r❡s ♥❛s ❧✐♥❤❛s ❞❛ ♠❛tr✐③ A ❞♦

s✐st❡♠❛ Ax = b ❞❡ ❢♦r♠❛ ❛ tr❛♥s❢♦r♠á✲❧♦ ❡♠ ✉♠❛ ▼❛tr✐③ ■❞❡♥t✐❞❛❞❡✱ ❝✉❥♦s ❡❧❡♠❡♥t♦s q✉❡

♥ã♦ ♣❡rt❡♥❝❡♠ à ❞✐❛❣♦♥❛❧ ♣r✐♥❝✐♣❛❧ sã♦ ♥✉❧♦s ❡ ♦s ❡❧❡♠❡♥t♦s ❞❡❧❛✱ ✉♥✐tár✐♦s✳

◆♦ ♣r♦❝❡ss♦ ❞♦ ❡♥s✐♥♦ ❡ ❞❛ ❛♣r❡♥❞✐③❛❣❡♠✱ ❡st❛♠♦s ♥❡ss❡ ♠♦♠❡♥t♦ r❡t♦♠❛♥❞♦ ♦✉

❞❡s❡♥✈♦❧✈❡♥❞♦ ♦ ❝♦♥t❡ú❞♦ r❡❢❡r❡♥t❡ às ▼❛tr✐③❡s ❡ s✉❛s ♦♣❡r❛çõ❡s✳ P❛r❛ ♦❜t❡r ❛ ▼❛tr✐③

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

❼ ❚r♦❝❛r ✉♠❛ ❧✐♥❤❛ ❞❡ ♣♦s✐çã♦ ❝♦♠ ♦✉tr❛✳

❼ ▼✉❧t✐♣❧✐❝❛r ❛ ❧✐♥❤❛ ♣♦r ✉♠ ♥ú♠❡r♦ ❡s❝❛❧❛r✳

❼ ❙♦♠❛r ✉♠❛ ❧✐♥❤❛ ♥❛ ♦✉tr❛✳

❈♦♥s✐❞❡r❡♠♦s ♦ ❙✐st❡♠❛ ❞❡ ❊q✉❛çõ❡s ▲✐♥❡❛r❡s ❝♦♠ ❛s r❡str✐çõ❡s ❞❡ ✭✶✮ ❛ ✭✺✮ ❞♦ ♣r♦❜❧❡♠❛✿

✶✶✹













































25x1 + 48x2 + 320x3 − x4 = 50 (1)

890x3 − x5 = 300 (2)

281x1 + 136x2 − x6 = 300 (3)

16x1 + 85x2 − x7 = 25 (4)

1280x1 + 3200x2 + 1590x3 − x8 = 2000 (5)

❘❡♣r❡s❡♥t❛♥❞♦ ♦ ❙✐st❡♠❛ ▲✐♥❡❛r ♥❛ ❢♦r♠❛ ♠❛tr✐❝✐❛❧ t❡♠♦s✿

















25 48 320 −1 0 0 0 0

0 0 890 0 −1 0 0 0

281 136 0 0 0 −1 0 0

16 85 0 0 0 0 −1 0

1280 3200 1590 0 0 0 0 −1

















×

































x1

x2

x3

x4

x5

x6

x7

x8


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














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









=

















50

300

300

25

2000

















◆❡ss❛ tr❛♥s✐çã♦ ❞❡ s✐st❡♠❛ ♣❛r❛ ♠❛tr✐③ ❡st❛♠♦s r❡t♦♠❛♥❞♦ ♦ ♣r♦❞✉t♦ ❞❡ ♠❛tr✐③❡s✳

❉❡✈❡♠♦s ❧❡♠❜r❛r ❞❡ q✉❡ ♥♦ss♦ ♦❜❥❡t✐✈♦ é ❡♥❝♦♥tr❛r ❛ ▼❛tr✐③ ■❞❡♥t✐❞❛❞❡✱ q✉❡ é ✉♠❛

♠❛tr✐③ q✉❛❞r❛❞❛ ❞♦ t✐♣♦ aij = 0 ♣❛r❛ i 6= j ❡ aij = 1 ♣❛r❛ i = j✳

I5×5 =







aij = 1 se i = j

aij = 0 se i 6= j
=⇒ I =

















1 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 1 0

0 0 0 0 1

















❊♠ ♥♦ss♦ ♣r♦❜❧❡♠❛ t❡♠♦s ❝✐♥❝♦ ❡q✉❛çõ❡s✳ ❆s ❝♦❧✉♥❛s ❞❛ ♠❛tr✐③ A r❡♣r❡s❡♥t❛♠ ❛s

✈❛r✐á✈❡✐s ❞❡s❝r✐t❛s ♥♦ ♣r♦❜❧❡♠❛✱ x1 à x3✱ ❡ ❛s ♦✉tr❛s ❛❝r❡s❝❡♥t❛❞❛s✱ ✈❛r✐á✈❡✐s ❞❡ ❡①❝❡ss♦✱

x4 à x8✱ ♣❛r❛ tr❛♥s❢♦r♠❛çã♦ ❞❛s ❞❡s✐❣✉❛❧❞❛❞❡s ❡♠ ✐❣✉❛❧❞❛❞❡s✳ P❛r❛ ❡①❡♠♣❧✐✜❝❛r ♦

♠ét♦❞♦✱ ❝♦♥s✐❞❡r❛r❡♠♦s ❛s ❝✐♥❝♦ ♣r✐♠❡✐r❛s ❝♦❧✉♥❛s ❞❛ ♠❛tr✐③ A ❞♦ s✐st❡♠❛ Ax = b ❡ ♦s

✈❛❧♦r❡s ❞❡ b✳ ❉❡ss❛ ❢♦r♠❛✱ ❛s três ♣r✐♠❡✐r❛s ❝♦❧✉♥❛s r❡♣r❡s❡♥t❛♠ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❛rr♦③✱

❢❡✐❥ã♦ ❡ ✜❧é ❞❡ ❢r❛♥❣♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✶✶✺



A × X = B

















25 48 320 −1 0

0 0 890 0 −1

281 136 0 0 0

16 85 0 0 0

1280 3200 1590 0 0

















×

















x1

x2

x3

x4

x5

















=

















50

300

300

25

2000

















❉♦ ❙✐st❡♠❛ ▲✐♥❡❛r A × X = B✱ ❝♦♥str✉í♠♦s ❛ ▼❛tr✐③ ❆✉♠❡♥t❛❞❛✱ [A |B ]✱ ❢♦r♠❛❞❛

♣❡❧♦s ❡❧❡♠❡♥t♦s ❞❡ A✱ ♥❛s ♣r✐♠❡✐r❛s ❝♦❧✉♥❛s ❡ ♣❡❧♦s ❡❧❡♠❡♥t♦s ❞❡ B✱ ♥❛ ú❧t✐♠❛ ❝♦❧✉♥❛✳

[A |B ] =













a11 a12 · · · a1n

a21 a22 · · · a2n
✳✳✳

✳✳✳
✳ ✳ ✳

✳✳✳

am1 am2 · · · amn

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

b1

b2
✳✳✳

bm













P❛r❛ ♦ ♥♦ss♦ ♣r♦❜❧❡♠❛ t❡♠♦s✿

[A |B ] =

















25 48 320 −1 0

0 0 890 0 −1

281 136 0 0 0

16 85 0 0 0

1280 3200 1590 0 0

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

50

300

300

25

2000

















▼❛tr✐③ ❆✉♠❡♥t❛❞❛ ❞♦ ❙✐st❡♠❛ ▲✐♥❡❛r

✳

P❛r❛ ♦❜t❡r♠♦s ❛ ▼❛tr✐③ ■❞❡♥t✐❞❛❞❡ ❛ ♣❛rt✐r ❞❡ A✱ ❛♣❧✐❝❛r❡♠♦s ❛s ♦♣❡r❛çõ❡s ❡❧❡♠❡♥t❛r❡s

♥❛s ❧✐♥❤❛s ❞❛ ▼❛tr✐③ ❆✉♠❡♥t❛❞❛ ❞♦ ❙✐st❡♠❛ ▲✐♥❡❛r✳

❈♦♠ ❡ss❛s ♦♣❡r❛çõ❡s ❡st❛r❡♠♦s r❡t♦♠❛♥❞♦ ✐❞❡✐❛s ♦♣❡r❛❝✐♦♥❛✐s ❝♦♠ ♠❛tr✐③❡s ❡

r❡❢♦rç❛♥❞♦ ♦ ♠ét♦❞♦ ❞❡ ●❛✉ss✲❏♦r❞❛♥✳ ❆ s❡❣✉✐r✱ ❛❝♦♠♣❛♥❤❛r❡♠♦s ♦ ♣❛ss♦ ❛ ♣❛ss♦ ❞♦

♠ét♦❞♦ ❞❡ ●❛✉ss✲❏♦r❞❛♥ ♣❛r❛ ♦❜t❡r ❛ ▼❛tr✐③ ■❞❡♥t✐❞❛❞❡✱ ♣❛rt✐♥❞♦ ❞❛ ▼❛tr✐③ ❆✉♠❡♥t❛❞❛

❞♦ ❙✐st❡♠❛ ▲✐♥❡❛r✳

[A |B ] =

















25 48 320 −1 0

0 0 890 0 −1

281 136 0 0 0

16 85 0 0 0

1280 3200 1590 0 0

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

50

300

300

25

2000

















❈♦♥s✐❞❡r❡♠♦s a(1)11 = 25 6= 0 ❝♦♠♦ ♣✐✈ô ❞♦ ♣❛ss♦ ✶

✶✶✻



P❛ss♦ ✶✿ ❉✐✈✐❞✐r❡♠♦s ❛ ❧✐♥❤❛ ✶ ♣❡❧♦ ♣✐✈ô ❡ s✉❜tr❛✐r❡♠♦s ❞❛ ✸➟✱ ✹➟ ❡ ✺➟ ❧✐♥❤❛s ❛ ✶➟

❧✐♥❤❛ ♠✉❧t✐♣❧✐❝❛❞❛ ♣♦r a31 = 281✱ a41 = 16 ❡ a51 = 1280✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✿

L1 7→
L1

25
, L3 7→ L3 − 281× L1

25
, L4 7→ L4 − 16× L1

25
, L5 7→ L5 − 1280× L1

25
✳

❚r♦❝❛r❡♠♦s ❛ ✷➟ ❝♦♠ ❛ ✸➸ ❧✐♥❤❛✿

L2 7→ L3, L3 7→ L2✳

[

A(1)
∣

∣B(1)
]

=

















1 48
25

64
5

−1
25

0

0 −10088
25

−17984
5

281
25

0

0 0 890 0 −1

0 1357
25

−1024
5

16
25

0

0 3712
5

−14794 256
5

0

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

2

−262

300

−7

−560

















❈♦♥s✐❞❡r❡♠♦s a(2)22 = −10088
25

6= 0 ❝♦♠♦ ♣✐✈ô ❞♦ ♣❛ss♦ ✷

P❛ss♦ ✷✿ ❉✐✈✐❞✐r❡♠♦s ❛ ❧✐♥❤❛ ✷ ♣❡❧♦ ♣✐✈ô ❡ s✉❜tr❛✐r❡♠♦s ❞❛ ✶➟✱ ✹➟ ❡ ✺➟ ❧✐♥❤❛s ❛ ✷➟

❧✐♥❤❛ ♠✉❧t✐♣❧✐❝❛❞❛ ♣♦r a12 = 48
25
✱ a42 = 1357

25
❡ a52 =

3712
5

✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✿

L2 7→
−25
10088

×L2, L1 7→ L1−
48
25
× −25×L2

10088
, L4 7→ L4−

1357
25

× −25×L2

10088
, L5 7→ L5−

3712
5

× −25×L2

10088
✳

[

A(2)
∣

∣B(2)
]

=

















1 0 −5440
1261

17
1261

0

0 1 11240
1261

− 281
10088

0

0 0 890 0 −1

0 0 −868360
1261

21709
10088

0

0 0 −26999810
1261

90640
1261

0

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

950
1261
3275
5044

300

−213075
5044

−1314000
1261

















❈♦♥s✐❞❡r❡♠♦s a(3)33 = 890 6= 0 ❝♦♠♦ ♣✐✈ô ❞♦ ♣❛ss♦ ✸

P❛ss♦ ✸✿ ❉✐✈✐❞✐r❡♠♦s ❛ ❧✐♥❤❛ ✸ ♣❡❧♦ ♣✐✈ô ❡ s✉❜tr❛✐r❡♠♦s ❞❛ ✶➟✱ ✷➟✱ ✹➟ ❡ ✺➟ ❧✐♥❤❛s

❛ ✸➟ ❧✐♥❤❛ ♠✉❧t✐♣❧✐❝❛❞❛ ♣♦r a13 = −5440
1261

✱ a23 = 11240
1261

✱ a43 = −868360
1261

❡ a53 = −26999810
1261

✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✿

L3 7→
L3

890
, L1 7→ L1 − (−5440

1261
)× L3

890
, L2 7→ L2 −

11240
1261

× L3

890
,

L4 7→ L4 − (−868360
1261

)× L3

890
, L5 7→ L5 − (−26999810

1261
)× L3

890
✳

✶✶✼



[

A(3)
∣

∣B(3)
]

=

















1 0 0 17
1261

− 544
112229

0 1 0 − 281
10088

1124
112229

0 0 1 0 − 1
890

0 0 0 21709
10088

− 86836
112229

0 0 0 90640
1261

−2699981
112229

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

247750
112229

−1057325
448916
30
89

85239525
448916

693048300
112229

















❈♦♥s✐❞❡r❡♠♦s a(4)44 = 21709
10088

6= 0 ❝♦♠♦ ♣✐✈ô ❞♦ ♣❛ss♦ ✹

P❛ss♦ ✹✿ ❉✐✈✐❞✐r❡♠♦s ❛ ❧✐♥❤❛ ✹ ♣❡❧♦ ♣✐✈ô ❡ s✉❜tr❛✐r❡♠♦s ❞❛ ✶➟✱ ✷➟ ❡ ✺➟ ❧✐♥❤❛s ❛ ✹➟

❧✐♥❤❛ ♠✉❧t✐♣❧✐❝❛❞❛ ♣♦r a14 = 17
1261

✱ a24 = − 281
10088

❡ a54 =
90640
1261

✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✿

L4 7→
10088
21709

× L4, L1 7→ L1 −
17

1261
× 10088×L4

21709
, L2 7→ L2 − (− 281

10088
)× 10088×L4

21709
, L5 7→

L5 −
90640
1261

× 10088×L4

21709
✳

[

A(4)
∣

∣B(4)
]

=

















1 0 0 0 0

0 1 0 0 0

0 0 1 0 − 1
890

0 0 0 1 −32
89

0 0 0 0 159
89

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

1300
1277
2225
21709
30
89

170479050
1932101

−322629300
1932101

















❈♦♥s✐❞❡r❡♠♦s a(5)55 = 159
89

6= 0 ❝♦♠♦ ♣✐✈ô ❞♦ ♣❛ss♦ ✺

P❛ss♦ ✺✿ ❉✐✈✐❞✐r❡♠♦s ❛ ❧✐♥❤❛ ✺ ♣❡❧♦ ♣✐✈ô ❡ s✉❜tr❛✐r❡♠♦s ❞❛ ✸➟ ❡ ✹➟ ❧✐♥❤❛s ❛ ✺➟ ❧✐♥❤❛

♠✉❧t✐♣❧✐❝❛❞❛ ♣♦r a35 = − 1
890

❡ a45 = −32
89
✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✿

L5 7→
89
159

× L5, L3 7→ L3 − (− 1
890

)× 89×L5

159
, L4 7→ L4 − (−32

89
)× 89×L5

159
✳

[

A(5)
∣

∣B(5)
]

=

















1 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 1 0

0 0 0 0 1

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

1300
1277
2225
21709
267000
1150577
62854050
1150577

−107543100
1150577

















❆♣r♦①✐♠❛♥❞♦ ♦s ✈❛❧♦r❡s t❡♠♦s✿

[I |S ] =

















1 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 1 0

0 0 0 0 1

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

1300
1277
2225
21709
267000
1150577
62854050
1150577

−107543100
1150577

















⇛

















1 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 1 0

0 0 0 0 1

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

1, 018

0, 1025

0, 2321

54.6283

−93, 4688

















✶✶✽



❈♦♠ ✐ss♦ ♣❛ss❛♠♦s ❛♦ ♥♦ss♦ s✐st❡♠❛ ❞❡ r❡str✐çõ❡s✿











































x1 = 1, 018 V ariável do problema

x2 = 0, 103 V ariável do problema

x3 = 0, 232 V ariável do problema

x4 = 54, 628 V ariável de excesso

x5 = −93, 469 V ariável de excesso

❘❡t♦r♥❛♥❞♦ ❛♦ ♣r♦❜❧❡♠❛ ✐♥✐❝✐❛❧ t❡r❡♠♦s ❝♦♠♦ r❡s♣♦st❛✿ ✶✵✶✽❣ ❞❡ ❛rr♦③✱ ✶✵✸❣ ❞❡ ❢❡✐❥ã♦

❡ ✷✸✷❣ ❞❡ ✜❧é ❞❡ ❢r❛♥❣♦✳ ❆❣♦r❛✱ ❛♥❛❧✐s❛r❡♠♦s s❡ ❛t❡♥❞❡ ❛s r❡str✐çõ❡s ❡ ✈❡r✐✜❝❛r❡♠♦s ♦

❝✉st♦ ❞❡ss❛ ❞✐❡t❛✳

Z = g(1, 018; 0, 103; 0, 232) = 4, 85× 1, 018+7, 85× 0, 103+9, 45× 0, 232 = 7, 94 (0)











































25× 1, 018 + 48× 0, 102 + 320× 0, 232 = 104, 63 > 50 (V )

890× 0, 232 = 206, 48 > 300 (F )

281× 1, 018 + 136× 0, 102 = 300, 07 > 300 (V )

16× 1, 018 + 85× 0, 102 = 25, 04 > 25 (V )

1280× 1, 018 + 3200× 0, 102 + 1590× 0, 232 = 2001, 52 > 2000 (V )

◆❡st❛ s♦❧✉çã♦✱ ❛t❡♥❞❡♠♦s ❛s r❡str✐çõ❡s ❞❡ ♣r♦t❡í♥❛✱ ❝❛r❜♦✐❞r❛t♦✱ ✜❜r❛s ❡ ❝❛❧♦r✐❛s✱

♣♦ré♠ ♥ã♦ ❛t❡♥❞❡♠♦s ❛ r❡str✐çã♦ ❝♦❧❡st❡r♦❧✳ ❆ r❡str✐çã♦ ❞❡ ❝♦❧❡st❡r♦❧ ♠❡❧❤♦r♦✉ ❡♠ r❡❧❛çã♦

❛ s♦❧✉çã♦ ❛♥t❡r✐♦r✳ ❈♦♠♦ ♥♦ss♦ ♦❜❥❡t✐✈♦ ❡r❛ ❡①♣❧♦r❛r ♦ ▼ét♦❞♦ ❞❡ ●❛✉ss✲❏♦r❞❛♥✱ ❡ss❡

♥♦s ❡♥❝❛♠✐♥❤♦✉ ❛ s♦❧✉çã♦ ❞♦ s✐st❡♠❛✱ ♣♦ré♠ ♥♦ss♦ ♣r♦❜❧❡♠❛ ❛✐♥❞❛ ♥ã♦ ❡stá r❡s♦❧✈✐❞♦ ♣♦r

❝♦♠♣❧❡t♦✱ ❛t❡♥❞❡♥❞♦ t♦❞❛s ❛s r❡str✐çõ❡s✳ ❊st❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ♥ã♦ é ❢❛❝tí✈❡❧ ✭✈✐á✈❡❧✮✦

❚r❛❜❛❧❤❛♥❞♦ ❝♦♠ ❡ss❡ ♣r♦❝❡ss♦ ❡st❛♠♦s r❡❢♦rç❛♥❞♦ ♦♣❡r❛çõ❡s ❝♦♠ ♠❛tr✐③❡s ❡ ❡q✉✐✲

✈❛❧ê♥❝✐❛ ♥✉♠ér✐❝❛✱ ❞❡st❛❝❛♥❞♦ ✈ár✐❛s ♦♣❡r❛çõ❡s ❢✉♥❞❛♠❡♥t❛✐s ❡ ❡①♣❧♦r❛♥❞♦ ♥ú♠❡r♦s ❡

❛♣r♦①✐♠❛çõ❡s✳ ❆✐♥❞❛ ❡①♣❧♦r❛♥❞♦ ❛ ✈❛r✐❛çã♦ ❞❡ ✈❛❧♦r❡s ❝♦♥❢♦r♠❡ ❛s q✉❛♥t✐❞❛❞❡s✱ ✉s❛✲

r❡♠♦s ✉♠❛ ♣❧❛♥✐❧❤❛ ❡❧❡trô♥✐❝❛ ♣❛r❛ ❝♦♠♣❛r❛r ❛s s♦❧✉çõ❡s ❡ ❡♥❝❛♠✐♥❤❛r ❛ ✉♠❛ s♦❧✉çã♦

❢❛❝tí✈❡❧ ❝♦♠ ✉s♦ ❞♦ ❝♦♠♣✉t❛❞♦r✳

✶✶✾



✹✳✷ ❚❛❜❡❧❛s ❡ P❧❛♥✐❧❤❛s ❊❧❡trô♥✐❝❛s ♥❛ ❘❡s♦❧✉çã♦ ❞❡

Pr♦❜❧❡♠❛s

❯♠❛ ❢❡rr❛♠❡♥t❛ ✐♠♣♦rt❛♥t❡ ♥❛ ❞✐s❝✉ssã♦ ❞❡ ♣r♦❜❧❡♠❛s ❛❜❡rt♦s é ♦r❣❛♥✐③❛r ❛s ✐♥❢♦r♠❛✲

çõ❡s ❡♠ t❛❜❡❧❛s ♣❛r❛ ♣♦st❡r✐♦r t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳ ❯♠❛ ❞❛s ❤❛❜✐❧✐❞❛❞❡s ❡s♣❡r❛❞❛s ❞♦

❛❧✉♥♦ ❛♦ tér♠✐♥♦ ❞❛ ❊❞✉❝❛çã♦ ❇ás✐❝❛ é q✉❡ ❡❧❡ s❛✐❜❛ ♦✉ ❝♦♥s✐❣❛ ❛♥❛❧✐s❛r ❛s ✐♥❢♦r♠❛çõ❡s

❡♠ ✉♠❛ t❛❜❡❧❛ ❡✴♦✉ ❣rá✜❝♦✳ ◆❡ss❡ ❝♦♥t❡①t♦✱ ♣r♦♣♦r❝✐♦♥❛r ❛ ❝♦♥str✉çã♦ ❞❡ss❡ r❡❝✉rs♦✱

♣❧❛♥✐❧❤❛s ❡❧❡trô♥✐❝❛s✱ ❛❧é♠ ❞❡ ❡♥❝❛♠✐♥❤❛r ♥♦ss♦ ♣r♦❜❧❡♠❛ ❛té ❛ s✉❛ s♦❧✉çã♦✱ ♣❡r♠✐t❡ ♦

❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❞✐✈❡rs❛s ❝❛♣❛❝✐❞❛❞❡s ♥❡❝❡ssár✐❛s à t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳

❘❡t♦r♥❛♥❞♦ ❛♦ ♥♦ss♦ ♣r♦❜❧❡♠❛✱ t❡♠♦s ♦ ❝♦♥s✉♠♦ ❞❡ ❛❧✐♠❡♥t♦s ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡

❣❛st❛r ♦ ♠í♥✐♠♦ ♣♦ssí✈❡❧ s❡♠ ♣r❡❥✉❞✐❝❛r ❛ ♥✉tr✐çã♦ ❞✐ár✐❛✳ ❉❡ss❛ ❢♦r♠❛✱ ♣♦❞❡♠♦s

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

✈❛r✐❛çõ❡s q✉❛♥❞♦ ♠✉❞❛♠♦s ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛❞❛ ❛❧✐♠❡♥t♦✳

❆❧✐♠❡♥t♦s ◆✉tr✐❡♥t❡s
❱❛❧♦r

❆rr♦③ ❋❡✐❥ã♦ ❋r❛♥❣♦ Pr♦t❡í♥❛ ❈♦❧❡st❡r♦❧ ❈❛r❜♦✐❞r❛t♦ ❋✐❜r❛ ❈❛❧♦r✐❛s
❑❣ ❑❣ ❑❣ ❣ ♠❣ ❣ ❣ ❑❝❛❧ ❘✩
✶✱✵✶✽ ✵✱✶✵✷ ✵✱✷✸✷ ✶✵✺ ✷✵✻ ✸✵✵ ✷✺ ✶✾✾✽ ✽
✵✱✾✻✸✸ ✵✱✷✶✺✺ ✵✱✵✹✽✼ ✺✵ ✹✸ ✸✵✵ ✸✹ ✷✵✵✵ ✻✱✽✹

✶ ✵✱✷ ✵✱✸✺ ✶✹✼ ✸✶✷ ✸✵✽ ✸✸ ✷✹✼✼ ✾✱✽✸

❚❛❜❡❧❛ ✹✳✷✿ ❙✐t✉❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❛❧✐♠❡♥t♦s

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

ú❧t✐♠❛ ❧✐♥❤❛ ❞❛ ❚❛❜❡❧❛ ✹✳✷ ❢♦✐ ♣r❡❡♥❝❤✐❞❛ ❝♦♠ ✈❛❧♦r❡s ❛r❜✐trár✐♦s ❛♣❡♥❛s ♣❛r❛ ❡①❡♠♣❧✐✜❝❛✲

çã♦✳ ❱❛❧❡ r❡❧❡♠❜r❛r q✉❡ ❛s ♠❛ss❛s ❡ q✉✐❧♦❣r❛♠❛s ✭❦❣✮ ❞♦s ❛❧✐♠❡♥t♦s❀ ❆rr♦③✱ ❋❡✐❥ã♦ ❡ ❋✐❧é

❞❡ ❢r❛♥❣♦✱ sã♦ r❡♣r❡s❡♥t❛❞❛s ♥♦ ♣r♦❜❧❡♠❛ ♣❡❧❛s ✈❛r✐á✈❡✐s❀ x1✱ x2 ❡ x3✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱

❝♦♥❢♦r♠❡ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✿

▼✐♥✐♠✐③❛rg(x1, x2, x3) = 4, 85x1 + 7, 85x2 + 9, 45x3(V alor)

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


















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























25x1 + 48x2 + 320x3 > 50 (Proteı́na)

890x3 > 300 (Colesterol)

281x1 + 136x2 > 300 (Carboidrato)

16x1 + 85x2 > 25 (Fibra)

1280x1 + 3200x2 + 1590x3 > 2000 (Calorias)

x1, x2, x3 > 0 (Não negatividade)

✶✷✵



P♦r ❝♦♥t❡r ♠✉✐t❛s ❢ór♠✉❧❛s ❡ ❝á❧❝✉❧♦s ❛ s❡r❡♠ r❡❛❧✐③❛❞♦s✱ ✉♠❛ ♣❧❛♥✐❧❤❛ ♥♦ ❊①❝❡❧ ❢❛❝✐❧✐t❛

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

t♦♠❛r♠♦s ❛ ❞❡❝✐sã♦✳ ❱❛♠♦s✱ ✐♥✐❝✐❛❧♠❡♥t❡✱ ❝♦♥str✉✐r ✉♠❛ t❛❜❡❧❛ ❝♦♠♦ ❛ ❛♥t❡r✐♦r ❡ ♥❡❧❛

❝♦❧♦❝❛r♠♦s ❛s ❢ór♠✉❧❛s ♣❛r❛ ❝á❧❝✉❧♦ ❞❡ ❝❛❞❛ ✐t❡♠✳ ❱❡❥❛ ❋✐❣✉r❛ ✹✳✶✳

❋✐❣✉r❛ ✹✳✶✿ ❙✐t✉❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❛❧✐♠❡♥t♦s ✲ ❊①❝❡❧

❈♦❧♦❝❛♠♦s ♥❛s ❝♦❧✉♥❛s ❆✱ ❇ ❡ ❈ ❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ q✉❡ sã♦ ♦s ❛❧✐♠❡♥t♦s✱ ♥❛s

❝♦❧✉♥❛s ❉✱ ❊✱ ❋✱ ● ❡ ❍ ❛s r❡str✐çõ❡s q✉❡ sã♦ ♦s ♥✉tr✐❡♥t❡s✳ ❊ ♥❛ ❈♦❧✉♥❛ ■ ♦ ✈❛❧♦r q✉❡ é

♥♦ss♦ ♦❜❥❡t✐✈♦ ❛ s❡r ♠✐♥✐♠✐③❛❞♦✳

❱❛♠♦s ❡s❝r❡✈❡r ❛s ❢ór♠✉❧❛s ♥♦ ❊①❝❡❧ ♣❛r❛ ❝❛❞❛ t✐♣♦ ❞❡ ❢✉♥çã♦✱ ♥❛s r❡str✐çõ❡s ❡ ✈❛❧♦r✳

❋✉♥çõ❡s ❊①❝❡❧

❱❛❧♦r g(x1, x2, x3) = 4, 85x1 + 7, 85x2 + 9, 45x3 ❂❆✸✯✹✱✽✺✰❇✸✯✼✱✽✺✰❈✸✯✾✱✹✺
Pr♦t❡í♥❛ p(x1, x2, x3) = 25x1 + 48x2 + 320x3 ❂❆✸✯✷✺✰❇✸✯✹✽✰❈✸✯✸✷✵
❈♦❧❡st❡r♦❧ c(x1, x2, x3) = 890x3 ❂❈✸✯✽✾✵
❈❛r❜♦✐❞r❛t♦ a(x1, x2, x3) = 281x1 + 136x2 ❂❆✸✯✷✽✶✰❇✸✯✶✸✻

❋✐❜r❛ f(x1, x2, x3) = 16x1 + 85x2 ❂❆✸✯✶✻✰❇✸✯✽✺
❈❛❧♦r✐❛s e(x1, x2, x3) = 1280x1 + 3200x2 + 1590x3 ❂❆✸✯✶✷✽✵✰❇✸✯✸✷✵✵✰❈✸✯✶✺✾✵

❚❛❜❡❧❛ ✹✳✸✿ ❙✐t✉❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❛❧✐♠❡♥t♦s ✲ ❋ór♠✉❧❛s ♣❛r❛ ♣❧❛♥✐❧❤❛ ♥♦ ❊①❝❡❧

✶✷✶



❉✐❣✐t❛♥❞♦ ❡ss❛s ❢ór♠✉❧❛s✱ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✹✳✸✱ ♥❛ ❧✐♥❤❛ ✸ ❞❛ ♣❧❛♥✐❧❤❛✱

s❡❧❡❝✐♦♥❛♥❞♦ ❛s ❝é❧✉❧❛s ❡ ❛rr❛st❛♥❞♦✱ ♦❜t❡♠♦s ✉♠❛ ♣❧❛♥✐❧❤❛ ❝♦♠ ❛✉t♦ ♣r❡❡♥❝❤✐♠❡♥t♦

q✉❛♥❞♦ ❢♦r♥❡❝❡r♠♦s ❛s ✈❛r✐á✈❡✐s✳❱❡❥❛ ❋✐❣✉r❛ ✹✳✷✳

❋✐❣✉r❛ ✹✳✷✿ ❙✐t✉❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❛❧✐♠❡♥t♦s ✲ ❊①❝❡❧ ✲ ❢ór♠✉❧❛s

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

r✐á✈❡✐s ❞❡ ❢♦r♠❛ ❛ ♣❡r❝❡❜❡r ❛s ✈❛r✐❛çõ❡s ♥❛s ❢✉♥çõ❡s ❜✉s❝❛♥❞♦ s♦❧✉çõ❡s ❋❛❝tí✈❡✐s ✭✈✐á✈❡✐s✮

❡ t❡♥t❛♥❞♦ ❞❡s❝♦❜r✐r ❛ ♠❡❧❤♦r ❡♥tr❡ ❡❧❛s ✭s♦❧✉çã♦ ót✐♠❛✮✳ ❉❡✈❡♠ ♦❜s❡r✈❛r s❡ ❛s s♦❧✉çõ❡s

❛♣r❡s❡♥t❛❞❛s sã♦ ❢❛❝tí✈❡✐s ♦✉ ♥ã♦✳

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

q✉❡ ♦s ✈❛❧♦r❡s ❡♠ ✈❡r♠❡❧❤♦✱ ❢♦r♠❛t❛çã♦ ❝♦♥❞✐❝✐♦♥❛❧ ❞♦ ❊①❝❡❧✱ ♦❜s❡r✈❡♠♦s ❛ ❋✐❣✉r❛ ✹✳✸✱

♥ã♦ ❛t❡♥❞❡♠ ❛s r❡str✐çõ❡s✱ ❛s s♦❧✉çõ❡s sã♦ ✐♥❢❛❝tí✈❡✐s ✭♥ã♦ ✈✐á✈❡✐s✮✳ ❆s ❧✐♥❤❛s q✉❡ ♥ã♦

❛♣r❡s❡♥t❛r❡♠ ✈❛❧♦r❡s ❡♠ ❞❡st❛q✉❡ ♥❛s r❡str✐çõ❡s r❡♣r❡s❡♥t❛♠ s♦❧✉çõ❡s ❢❛❝tí✈❡✐s✱ ❡ ❛ ❞❡

♠❡♥♦r ✈❛❧♦r ❝♦♥s✐❞❡r❛r❡♠♦s ❝♦♠♦ ót✐♠❛ ❡♥tr❡ ❛s q✉❡ ❢♦r❛♠ ❛♥❛❧✐s❛❞❛s✳

❋✐❣✉r❛ ✹✳✸✿ ❙✐t✉❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❛❧✐♠❡♥t♦s ✲ ❊①❝❡❧ ✲ ❢ór♠✉❧❛s

✶✷✷



❖❜s❡r✈❛♥❞♦ ❛ t❛❜❡❧❛ ♣❡r❝❡❜❡♠♦s q✉❡ ❛s ❧✐♥❤❛s❀ ✸✱ ✺✱ ✻✱ ✽✱ ✶✵✱ ✶✶✱ ✶✷✱ ✶✸✱ ✶✹ ❡ ✶✺

❛♣r❡s❡♥t❛♠ s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ❡ q✉❡ ❛ ❧✐♥❤❛ ✶✺ t❡♠ ♦ ♠❡♥♦r ✈❛❧♦r ♥♦s ❣❛st♦s✳ ❉❡ss❛ ❢♦r♠❛✱

✉♠❛ s♦❧✉çã♦ ♣❛r❛ ♥♦ss♦ ♣r♦❜❧❡♠❛ é ❝♦♥s✉♠✐r♠♦s ✶✵✵✵❣ ❞❡ ❛rr♦③✱ ✶✻✵❣ ❞❡ ❢❡✐❥ã♦ ❡ ✸✹✵❣

❞❡ ✜❧é ❞❡ ❢r❛♥❣♦✱ ❣❛st❛♥❞♦ ❘✩ ✾✱✸✷✳

❙❡rá q✉❡ ♣♦❞❡♠♦s ❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r❄ ❈♦♠ ❡ss❛ ♣r♦✈♦❝❛çã♦ ❛❜r✐♠♦s

✈ár✐❛s ❞✐s❝✉ssõ❡s ❡ ❧❡✈❛♠♦s ♦ ❛❧✉♥♦ ❛ ❡①♣❧♦r❛r ❛ ♠✉❞❛♥ç❛ ❞❡ ✈❛❧♦r❡s ♥❛ ❜✉s❝❛ ❞❡ ♦✉tr❛s

♣♦ss✐❜✐❧✐❞❛❞❡s✳ ❯♠❛ ♠❛♥❡✐r❛ q✉❡ ♣♦❞❡♠♦s✱ ❞❡ ❢♦r♠❛ ♣rát✐❝❛✱ ❜✉s❝❛r ❡ss❛ r❡s♣♦st❛ é

✉s❛♥❞♦ ❛ t❛❜❡❧❛ q✉❡ ♠♦♥t❛♠♦s ♥♦ ❊①❝❡❧ ❡ ❝♦♠ ❛ ❢❡rr❛♠❡♥t❛ ❙♦❧✈❡r ❜✉s❝❛r ✉♠❛ s♦❧✉çã♦✳

❆❜r✐♥❞♦ ❛ ❢❡rr❛♠❡♥t❛ ❞❡✜♥✐r❡♠♦s ❝♦♠♦ ♦❜❥❡t✐✈♦ ❛ ❝é❧✉❧❛ ■✸✱ ❝♦♠♦ ✈❛r✐á✈❡✐s ❛s ❝é❧✉❧❛s

❆✸✱ ❇✸ ❡ ❈✸✳ ❆❞✐❝✐♦♥❛r❡♠♦s ❛s r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛ ❡ s❡❧❡❝✐♦♥❛r❡♠♦s ♦ ♠ét♦❞♦✱ ▲P

❙✐♠♣❧❡①✳ ❱❡❥❛ ❋✐❣✉r❛ ✹✳✹✳

❋✐❣✉r❛ ✹✳✹✿ ❙✐t✉❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❛❧✐♠❡♥t♦s ✲ ❊①❝❡❧ ✲ ❙♦❧✈❡r

✶✷✸



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

♥❛ ❋✐❣✉r❛ ✹✳✺✳

❋✐❣✉r❛ ✹✳✺✿ ❙✐t✉❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❛❧✐♠❡♥t♦s ✲ ❊①❝❡❧ ✲ ❆♣ós ❙♦❧✈❡r

❈♦♠ ❡ss❛ ❛çã♦✱ ❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✱ ♥❛ ❋✐❣✉r❛ ✹✳✺✱ ♣❛ss❛ ❛ s❡r✿ ✶✵✶✽❣ ❞❡ ❛rr♦③✱

✶✵✷❣ ❞❡ ❢❡✐❥ã♦ ❡ ✸✸✼❣ ❞❡ ✜❧é ❞❡ ❢r❛♥❣♦✱ ❣❛st❛♥❞♦ ❘✩ ✽✱✾✸✳ ◗✉❡ é ♠❡❧❤♦r q✉❡ ❛ ❡♥❝♦♥tr❛❞❛

❛♥t❡r✐♦r♠❡♥t❡✳

❊♥❝♦♥tr❛♠♦s ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❝♦♠ ♦ ✉s♦ ❞♦ ❝♦♠♣✉t❛❞♦r q✉❡ ♥❡♠ s❡♠♣r❡

é ✉♠❛ ❢❡rr❛♠❡♥t❛ ❞✐s♣♦♥í✈❡❧ ❡♠ s❛❧❛ ❞❡ ❛✉❧❛✳ ❯♠❛ ♦✉tr❛ ❢♦r♠❛ ❞❡ ❜✉s❝❛r♠♦s ✉♠❛

r❡s♣♦st❛ s❡r✐❛ ♦ ❛❧❣♦r✐t♠♦ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡①✳

✹✳✸ ▼ét♦❞♦ ❙✐♠♣❧❡①

P❛r❛ r❡s♦❧✈❡r♠♦s ♦ ♥♦ss♦ ♣r♦❜❧❡♠❛ ♣❡❧♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ❞❡✈❡♠♦s ❧❡♠❜r❛r q✉❡ ♠✐♥✐♠✐③❛r

Z é ♠❛①✐♠✐③❛r ✕Z = W ✱ ❝♦♠ ✐ss♦ t❡♠♦s ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ✿

▼✐♥✐♠✐③❛r Z = 4, 85x1 + 7, 85x2 + 9, 45x3 (0)

❙✉❥❡✐t♦ ❛























































25x1 + 48x2 + 320x3 − x4 = 50 (1)

890x3 − x5 = 300 (2)

281x1 + 136x2 − x6 = 300 (3)

16x1 + 85x2 − x7 = 25 (4)

1280x1 + 3200x2 + 1590x3 − x8 = 2000 (5)

x1, x2, x3, x4, x5, x6, x7, x8 > 0 (6)

■♥✐❝✐❛❧♠❡♥t❡✱ ❞❡✈❡♠♦s ❝♦♥str✉✐r ❛ t❛❜❡❧❛ ✐♥✐❝✐❛❧ ❝♦♠ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛s ✈❛r✐á✈❡✐s ♣❛r❛

❛s r❡s♣❡❝t✐✈❛s ✐t❡r❛çõ❡s ❞♦ ♠ét♦❞♦✳ ❱❛❧❡ ❧❡♠❜r❛r ❞❡ q✉❡ ❛s ✐t❡r❛çõ❡s ❡stã♦ r❡❧❛❝✐♦♥❛❞❛s

às ♦♣❡r❛çõ❡s ❞❡ ●❛✉ss✲❏♦r❞❛♥ ❡ q✉❡ ❜✉s❝❛♠♦s ❝♦❡✜❝✐❡♥t❡s ♣♦s✐t✐✈♦s ♦✉ ♥✉❧♦s ♥❛ ♥♦ss❛

❢✉♥çã♦ ♦❜❥❡t✐✈♦✳

✶✷✹



P❛r❛ ✐♥✐❝✐❛r ♦ ♠ét♦❞♦✱ ♣r❡❝✐s❛♠♦s ❞❡ ✉♠❛ s♦❧✉çã♦ ✈✐á✈❡❧ ❜ás✐❝❛ ✐♥✐❝✐❛❧✱ ♦ q✉❡ ♥ã♦ t❡♠♦s

❞❡ ❢♦r♠❛ ❞✐r❡t❛ ♥❡ss❡ ❝❛s♦ ♣♦r ❝♦♥t❛ ❞❛s r❡str✐çõ❡s ❞❡ ♠❛✐♦r ♦✉ ✐❣✉❛❧ (>)✱ x = (0, 0, 0)

♥ã♦ é s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✳ ❆❧é♠ ❞❡ ❡①♣❧♦r❛r ♦ ♠ét♦❞♦✱ ❡st❛♠♦s ❞✐s❝✉t✐♥❞♦ ♦♣❡r❛çõ❡s

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

▼ét♦❞♦ ❙✐♠♣❧❡①✱ ♥ã♦ ❤á ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✐♥✈❡rt❡r ❛s ❞❡s✐❣✉❛❧❞❛❞❡s ♣♦✐s ♣❛r❛ tr❛♥s❢♦r♠❛r

❡♠ ✐❣✉❛❧❞❛❞❡s ♣♦❞❡♠♦s ✉s❛r ✈❛r✐á✈❡✐s ❞❡ ❢♦❧❣❛ ♦✉ ❡①❝❡ss♦✳ ❈♦♠♦ ♥ã♦ t❡♠♦s ❛ s♦❧✉çã♦

✈✐á✈❡❧ ✐♥✐❝✐❛❧ ❛♣❧✐❝❛r❡♠♦s ♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ❡♠ ❞✉❛s ❢❛s❡s✳

✹✳✸✳✶ ❋❛s❡ ■

❖ ♣r✐♠❡✐r♦ ♣❛ss♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ♥❛ ❢♦r♠❛ ♣❛❞rã♦✱ é

❛❧t❡r❛r ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♦r✐❣✐♥❛❧ ❡ ❛s r❡str✐çõ❡s ❝♦♠ ❛ ✐♥tr♦❞✉çã♦ ❞❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s✱

x9✱ x10✱ x11✱ x12✱ x13 ✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♣❛r❛ t♦❞❛s ❛s ✈❛r✐á✈❡✐s r❡❛✐s ❡ ❞❡ ❢♦❧❣❛ ♦

❝♦❡✜❝✐❡♥t❡ αJ é ❛ s♦♠❛ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ ❝♦❧✉♥❛ ❞❛ ♠❛tr✐③ ❞❡ r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛

❝♦♠ ❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s✿

α1 = 25 + 281 + 16 + 1280 = 1702

α2 = 48 + 136 + 85 + 3200 = 3469

α3 = 320 + 890 + 1590 = 2800

W = 50 + 300 + 300 + 25 + 2000 = 2675

❚❡♠♦s ♦ ✈❡t♦r d = 1702, 3469, 2800,−1,−1,−1,−1,−1, 0, 0, 0, 0 ❡ ♥♦ss♦ ♣r♦❜❧❡♠❛

❛rt✐✜❝✐❛❧✿

▼✐♥✐♠✐③❛r W = −1602x1 − 3469x2 − 2800x3 − x4 − x5 − x7 − x8 = −2675 (0)

❙✉❥❡✐t♦ ❛
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


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

















25x1 + 48x2 + 320x3 − x4 + x9 = 50 (1)

890x3 − x5 + x10 = 300 (2)

281x1 + 136x2 − x6 + x11 = 300 (3)

16x1 + 85x2 − x7 + x12 = 25 (4)

1280x1 + 3200x2 + 1590x3 − x8 + x13 = 2000 (5)

x1, x2, x3, x4, x5, x6, x7, x8, x9, x10, x11, x12, x13 > 0 (6)

✶✷✺



P❛r❛ ❛♣❧✐❝❛r♠♦s ♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ✱ ✈❛♠♦s ❝♦♥str✉✐r ❛ ❚❛❜❡❧❛ ✹✳✹ ❝♦♠ ♦s ❝♦❡✜❝✐❡♥t❡s

❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♦r✐❣✐♥❛❧✱ ❞❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧ ❡ ❞❛s r❡str✐çõ❡s ❝♦♠ ❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s

✐♥s❡r✐❞❛s ❝♦♠♦ ✈❛r✐á✈❡✐s ❜ás✐❝❛s ♥♦ ♣r♦❜❧❡♠❛ ❛rt✐✜❝✐❛❧✳

◗✉❛❞r♦ ✐♥✐❝✐❛❧ ❞♦ ♣r♦❜❧❡♠❛

❈♦❡✜❝✐❡♥t❡s ❞❡
①✶ ①✷ ①✸ ①✹ ①✺ ①✻ ①✼ ①✽ ①✾ ①✶✵ ①✶✶ ①✶✷ ①✶✸ ❜

③ ✲✹✱✽✺ ✲✼✱✽✺ ✲✾✱✹✺ ✵ ✵ ✵ ✵ ✵ ✵ ✵ ✵ ✵ ✵ ✵
✇ ✲✶✻✵✷ ✲✸✹✻✾ ✲✷✽✵✵ ✶ ✶ ✶ ✶ ✶ ✵ ✵ ✵ ✵ ✵ ✲✷✻✼✺

❱✳❇✳
①✾ ✷✺ ✹✽ ✸✷✵ ✲✶ ✵ ✵ ✵ ✵ ✶ ✵ ✵ ✵ ✵ ✺✵
①✶✵ ✵ ✵ ✽✾✵ ✵ ✲✶ ✵ ✵ ✵ ✵ ✶ ✵ ✵ ✵ ✸✵✵
①✶✶ ✷✽✶ ✶✸✻ ✵ ✵ ✵ ✲✶ ✵ ✵ ✵ ✵ ✶ ✵ ✵ ✸✵✵
①✶✷ ✶✻ ✽✺ ✵ ✵ ✵ ✵ ✲✶ ✵ ✵ ✵ ✵ ✶ ✵ ✷✺
①✶✸ ✶✷✽✵ ✸✷✵✵ ✶✺✾✵ ✵ ✵ ✵ ✵ ✲✶ ✵ ✵ ✵ ✵ ✶ ✷✵✵✵

❚❛❜❡❧❛ ✹✳✹✿ ❉✐❡t❛ ✲ ▼ét♦❞♦ ❙✐♠♣❧❡① ✲ ❋❛s❡ ■

❆♣ós ♦ ♣r❡❡♥❝❤✐♠❡♥t♦ ❞❛ ❚❛❜❡❧❛ ✹✳✹ ❞❡✈❡♠♦s ❛♣❧✐❝❛r ❛s ✐t❡r❛çõ❡s ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡①

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

❇✉s❝❛♥❞♦ ③❡r❛r ❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧ ✈❛♠♦s ❡s❝♦❧❤❡r ✉♠❛ ❧✐♥❤❛ ♣✐✈ô ❡ ❛♣❧✐❝❛r ❛s

♦♣❡r❛çõ❡s ❞❡ ♣✐✈♦t❛♠❡♥t♦ ❞❡ ●❛✉ss✲❏♦r❞❛♥ ❞❡ ♠❛tr✐③❡s✳ ❉❡✈❡♠♦s ❢❛③❡r ❛ ❡s❝♦❧❤❛ ❞❡

q✉❛❧ ✈❛r✐á✈❡❧ ❡♥tr❛ ♥❛ ❜❛s❡ ❡ q✉❛❧ s❛✐✱ ❢❛③❡♥❞♦ ❛s ✐t❡r❛çõ❡s ♥❛ t❛❜❡❧❛✳ ❊s❝♦❧❤❡♠♦s ♣❛r❛

❡♥tr❛r ❛ ❞❡ ♠❛✐♦r ♥❡❣❛t✐✈✐❞❛❞❡✱ x2✱ ❡ ♣❛r❛ s❛✐r ❛ ♠❡♥♦r r❛③ã♦ ❡♥tr❡ ❛ ❝♦♥st❛♥t❡ b ❡ ♦ ❝♦❡✲

✜❝✐❡♥t❡ a ❞❛ ✈❛r✐á✈❡❧ x2✱ Min.(50
18
, 300
136

, 25
85
, 2000
3200

) = 25
85
✱ ❞❡ss❛ ❢♦r♠❛ x2 ❡♥tr❛ ♥❛ ❜❛s❡ ❡ s❛✐ x12✳

❊♠ ❝❛❞❛ ❧✐♥❤❛✱ Ln✱ ❢❛r❡♠♦s ❛s ♦♣❡r❛çõ❡s ✐♥❞✐❝❛❞❛s ♥❛ ❚❛❜❡❧❛ ✹✳✺✿

❖♣❡r❛çõ❡s ❡❧❡♠❡♥t❛r❡s ❡♠ ❝❛❞❛ ❧✐♥❤❛ ✕ ♣r✐♠❡✐r❛ ✐t❡r❛çã♦

▲✐♥❤❛ ❞♦ ♣❛ss♦ ❛♥t❡r✐♦r ◆♦✈❛ ❧✐♥❤❛

L1 L1 + 7, 85× P

L2 L2 + 3469× P

L3 L3 − 48× P

L4 L4 − 0× P

L5 L5 − 136× P

L6 P = 1
85

× L1

L7 L7 − 3200× P

❚❛❜❡❧❛ ✹✳✺✿ ❉✐❡t❛ ✲ Pr✐♠❡✐r❛ ✐t❡r❛çã♦ ✲ ❖♣❡r❛çõ❡s ✲ ❋❛s❡ ■

✶✷✻



❋❛③❡♥❞♦ ❛s ♦♣❡r❛çõ❡s ❡❧❡♠❡♥t❛r❡s ❡♥tr❡ ❛s ❧✐♥❤❛s ♦❜t❡♠♦s ❛ ❚❛❜❡❧❛ ✹✳✻✿

◗✉❛❞r♦ ♣r✐♠❡✐r❛ ✐t❡r❛çã♦

❈♦❡✜❝✐❡♥t❡s ❞❡
①✶ ①✷ ①✸ ①✹ ①✺ ①✻ ①✼ ①✽ ①✾ ①✶✵ ①✶✶ ①✶✷ ①✶✸ ❜

③ ✲✸✱✸✼✷✹ ✵ ✲✾✱✹✺ ✵ ✵ ✵ ✲✵✱✵✾✷✹ ✵ ✵ ✵ ✵ ✵✱✵✾✷✹ ✵ ✷✱✸✵✽✽

✇ ✲✾✹✾✱✵✶✶✽ ✵ ✲✷✽✵✵ ✶ ✶ ✶ ✲✸✾✱✽✶✶✽ ✶ ✵ ✵ ✵ ✹✵✱✽✶✶✽ ✵ ✲✶✻✺✹✱✼✵✺✾

❱✳❇✳

①✾ ✶✺✱✾✻✹✼ ✵ ✸✷✵ ✲✶ ✵ ✵ ✵✱✺✻✹✼ ✵ ✶ ✵ ✵ ✲✵✱✺✻✹✼ ✵ ✸✺✱✽✽✷✹

①✶✵ ✵ ✵ ✽✾✵ ✵ ✲✶ ✵ ✵ ✵ ✵ ✶ ✵ ✵ ✵ ✸✵✵

①✶✶ ✷✺✺✱✹ ✵ ✵ ✵ ✵ ✲✶ ✶✱✻ ✵ ✵ ✵ ✶ ✲✶✱✻ ✵ ✷✻✵

①✷ ✵✱✶✽✽✷ ✶ ✵ ✵ ✵ ✵ ✲✵✱✵✶✶✽ ✵ ✵ ✵ ✵ ✵✱✵✶✶✽ ✵ ✵✱✷✾✹✶

①✶✸ ✻✼✼✱✻✹✼✶ ✵ ✶✺✾✵ ✵ ✵ ✵ ✸✼✱✻✹✼✶ ✲✶ ✵ ✵ ✵ ✲✸✼✱✻✹✼✶ ✶ ✶✵✺✽✱✽✷✸✺

❚❛❜❡❧❛ ✹✳✻✿ ❉✐❡t❛ ✲ Pr✐♠❡✐r❛ ✐t❡r❛çã♦ ✲ ▼ét♦❞♦ ❙✐♠♣❧❡① ✲ ❋❛s❡ ■

❆♣ós ❛ ♣r✐♠❡✐r❛ ✐t❡r❛çã♦✱ ♥❛ ❚❛❜❡❧❛ ✹✳✻✱ t❡♠♦s q✉❡ x1, x3, x4, x5, x6, x7, x8 < 0✳

◆❡♠ t♦❞♦s ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧ sã♦ ♠❛✐♦r❡s ♦✉ ✐❣✉❛✐s ❛ ③❡r♦✳ ❊s❝♦❧❤❡r❡♠♦s

❛❣♦r❛ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ♠❛✐♦r ♥❡❣❛t✐✈✐❞❛❞❡✱ x3✱ ♥❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧ ♣❛r❛ ❡♥tr❛r ♥❛

❜❛s❡ ❡ ❛ ✈❛r✐á✈❡❧ q✉❡ t✐♠❡r ❛ ♠❡♥♦r r❛③ã♦✱ ♥ã♦ ♥❡❣❛t✐✈❛✱ ❡♥tr❡ ❛ ❝♦♥st❛♥t❡ b ❡ ♦ ❝♦✲

❡✜❝✐❡♥t❡ a ❞❡ x3 ♣❛r❛ s❛✐r❀ Min.(35,8824
320

, 300
890

, 1058,8235
1590

) = 35,8824
320

✱ ❞❡ss❛ ❢♦r♠❛ x9✱ s❛✐ ❞❛ ❜❛s❡✳

▲♦❣♦ ♥❛ s❡❣✉♥❞❛ ✐t❡r❛çã♦ ❡♥tr❛ x3 ❡ s❛✐ x9 ❝♦♥❢♦r♠❡ ❚❛❜❡❧❛ ✹✳✼✿

❖♣❡r❛çõ❡s ❡❧❡♠❡♥t❛r❡s ❡♠ ❝❛❞❛ ❧✐♥❤❛ ✕ ❙❡❣✉♥❞❛ ✐t❡r❛çã♦

▲✐♥❤❛ ❞♦ ♣❛ss♦ ❛♥t❡r✐♦r ◆♦✈❛ ❧✐♥❤❛

L1 L1 + 9, 45× P

L2 L2 + 2800× P

L3 P = 1
320

× L3

L4 L4 − 890× P

L5 L5 − 0× P

L6 L6 − 0× P

L7 L7 − 1590× P

❚❛❜❡❧❛ ✹✳✼✿ ❉✐❡t❛ ✲ ❙❡❣✉♥❞❛ ✐t❡r❛çã♦ ✲ ❖♣❡r❛çõ❡s ✲ ❋❛s❡ ■

✶✷✼



❉❛s ♦♣❡r❛çõ❡s ❡❧❡♠❡♥t❛r❡s ♦❜t❡♥❞♦ ❛ ❚❛❜❡❧❛ ✹✳✽✳

◗✉❛❞r♦ s❡❣✉♥❞❛ ✐t❡r❛çã♦

❈♦❡✜❝✐❡♥t❡s ❞❡
①✶ ①✷ ①✸ ①✹ ①✺ ①✻ ①✼ ①✽ ①✾ ①✶✵ ①✶✶ ①✶✷ ①✶✸ ❜

③ ✲✷✱✾✵✵✾ ✵ ✵ ✲✵✱✵✷✾✺ ✵ ✵ ✲✵✱✵✼✺✼ ✵ ✵✱✵✷✾✺ ✵ ✵ ✵✱✵✼✺✼ ✵ ✸✱✸✻✽✺

✇ ✲✽✵✾✱✸✷✵✻ ✵ ✵ ✲✼✱✼✺✵✵ ✶ ✶ ✲✸✹✱✽✼✵✻ ✶ ✽✱✼✺✵✵ ✵ ✵ ✸✺✱✽✼✵✻ ✵ ✶✸✹✵✱✼✸✺✸

❱✳❇✳
①✸ ✵✱✵✹✾✾ ✵ ✶ ✲✵✱✵✵✸✶ ✵ ✵ ✵✱✵✵✶✽ ✵ ✵✱✵✵✸✶ ✵ ✵ ✲✵✱✵✵✶✽ ✵ ✵✱✶✶✷✶

①✶✵ ✲✹✹✱✹✵✶✽ ✵ ✵ ✷✱✼✽✶✸ ✲✶ ✵ ✲✶✱✺✼✵✻ ✵ ✲✷✱✼✽✶✸ ✶ ✵ ✶✱✺✼✵✻ ✵ ✷✵✵✱✷✵✷✷

①✶✶ ✷✺✺✱✹ ✵ ✵ ✵ ✵ ✲✶ ✶✱✻ ✵ ✵ ✵ ✶ ✲✶✱✻ ✵ ✷✻✵

①✷ ✵✱✶✽✽✷ ✶ ✵ ✵ ✵ ✵ ✲✵✱✵✶✶✽ ✵ ✵ ✵ ✵ ✵✱✵✶✶✽ ✵ ✵✱✷✾✹✶

①✶✸ ✺✾✽✱✸✷✷✹ ✵ ✵ ✹✱✾✻✽✽ ✵ ✵ ✸✹✱✽✹✶✷ ✲✶ ✲✹✱✾✻✽✽ ✵ ✵ ✲✸✹✱✽✹✶✷ ✶ ✽✽✵✱✺✸✸✶

❚❛❜❡❧❛ ✹✳✽✿ ❉✐❡t❛ ✲ ❙❡❣✉♥❞❛ ✐t❡r❛çã♦ ✲ ❖♣❡r❛çõ❡s ✲ ❋❛s❡ ■

❖❜s❡r✈❛♠♦s ♥❛ ❚❛❜❡❧❛ ✹✳✽ q✉❡ ❛✐♥❞❛ t❡♠♦s ❝♦❡✜❝✐❡♥t❡s ♠❡♥♦r❡s ❞♦ q✉❡ ③❡r♦

♥❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧✱ x1, x4, x5, x6, x7, x8 < 0✱ t❡♠♦s ❛ ♠❛✐♦r ♥❡❣❛t✐✈✐❞❛❞❡ ❡♠ x1 ❡

Min.( 260
255,4

, 880,5331
598,3224

) = 260
255,4

✱ ❡♠ x11✳

❊♥tã♦ ♥❛ t❡r❝❡✐r❛ ✐t❡r❛çã♦ ❡♥tr❛ x1 ❡ s❛✐ x11 ❝♦♥❢♦r♠❡ ❛s ♦♣❡r❛çõ❡s ❞❛ ❚❛❜❡❧❛ ✹✳✾✿

❖♣❡r❛çõ❡s ❡❧❡♠❡♥t❛r❡s ❡♠ ❝❛❞❛ ❧✐♥❤❛ ✕ ❚❡r❝❡✐r❛ ✐t❡r❛çã♦

▲✐♥❤❛ ❞♦ ♣❛ss♦ ❛♥t❡r✐♦r ◆♦✈❛ ❧✐♥❤❛

L1 L1 + 2, 9009× P

L2 L2 + 809, 3206× P

L3 L3 − 0, 0499× P

L4 L4 + 44, 4018× P

L5 P = 1
255,4

× L5

L6 L6 − 0, 1882× P

L7 L7 − 598, 3224× P

❚❛❜❡❧❛ ✹✳✾✿ ❉✐❡t❛ ✲ ❚❡r❝❡✐r❛ ✐t❡r❛çã♦ ✲ ❖♣❡r❛çõ❡s ✲ ❋❛s❡ ■

✶✷✽



❖❜t❡♥❞♦✱ ♣❡❧❛s ♦♣❡r❛çõ❡s ❡❧❡♠❡♥t❛r❡s ❡♥tr❡ ❛s ❧✐♥❤❛s✱ ❛ ❚❛❜❡❧❛ ✹✳✶✵✿

◗✉❛❞r♦ t❡r❝❡✐r❛ ✐t❡r❛çã♦

❈♦❡✜❝✐❡♥t❡s ❞❡
①✶ ①✷ ①✸ ①✹ ①✺ ①✻ ①✼ ①✽ ①✾ ①✶✵ ①✶✶ ①✶✷ ①✶✸ ❜

③ ✵ ✵ ✵ ✲✵✱✵✷✾✺ ✵ ✲✵✱✵✶✶✹ ✲✵✱✵✺✼✺ ✵ ✵✱✵✷✾✺ ✵ ✵✱✵✶✶✹ ✵✱✵✺✼✺ ✵ ✻✱✸✷✶✻

✇ ✵ ✵ ✵ ✲✼✱✼✺ ✶ ✲✷✱✶✻✽✽ ✲✷✾✱✽✵✵✺ ✶ ✽✱✼✺ ✵ ✸✱✶✻✽✽ ✸✵✱✽✵✵✺ ✵ ✲✺✶✻✱✽✸✽✶

❱✳❇✳
①✸ ✵ ✵ ✶ ✲✵✱✵✵✸✶ ✵ ✵✱✵✵✵✷ ✵✱✵✵✶✺ ✵ ✵✱✵✵✸✶ ✵ ✲✵✱✵✵✵✷ ✲✵✱✵✵✶✺ ✵ ✵✱✵✻✶✸

①✶✵ ✵ ✵ ✵ ✷✱✼✽✶✸ ✲✶ ✲✵✱✶✼✸✾ ✲✶✱✷✾✷✹ ✵ ✲✷✱✼✽✶✸ ✶ ✵✱✶✼✸✾ ✶✱✷✾✷✹ ✵ ✷✹✺✱✹✵✸✽

①✶ ✶ ✵ ✵ ✵ ✵ ✲✵✱✵✵✸✾ ✵✱✵✵✻✸ ✵ ✵ ✵ ✵✱✵✵✸✾ ✲✵✱✵✵✻✸ ✵ ✶✱✵✶✽

①✷ ✵ ✶ ✵ ✵ ✵ ✵✱✵✵✵✼ ✲✵✱✵✶✷✾ ✵ ✵ ✵ ✲✵✱✵✵✵✼ ✵✱✵✶✷✾ ✵ ✵✱✶✵✷✺

①✶✸ ✵ ✵ ✵ ✹✱✾✻✽✽ ✵ ✷✱✸✹✷✼ ✸✶✱✵✾✷✾ ✲✶ ✲✹✱✾✻✽✽ ✵ ✲✷✱✸✹✷✼ ✲✸✶✱✵✾✷✾ ✶ ✷✼✶✱✹✸✹✸

❚❛❜❡❧❛ ✹✳✶✵✿ ❉✐❡t❛ ✲ ❚❡r❝❡✐r❛ ✐t❡r❛çã♦ ✲ ❖♣❡r❛çõ❡s ✲ ❋❛s❡ ■

◆❛ ❚❛❜❡❧❛ ✹✳✶✵ ❛✐♥❞❛ t❡♠♦s ❝♦❡✜❝✐❡♥t❡s ♠❡♥♦r❡s ❞♦ q✉❡ ③❡r♦ ♥❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧❀

x4, x5, x6, x7, x8 < 0✱ t❡♠♦s ❛ ♠❛✐♦r ♥❡❣❛t✐✈✐❞❛❞❡ ❡♠ x7 ❡ Min.(0,0613
0,0015

, 271,4343
31,0929

) = 271,4343
31,0929

❡♠ x13✳

❊♥tã♦ ♥❛ q✉❛rt❛ ✐t❡r❛çã♦ ❡♥tr❛ x7 ❡ s❛✐ x13 ❝♦♥❢♦r♠❡ ❛s ♦♣❡r❛çõ❡s ❞❛ ❚❛❜❡❧❛ ✹✳✶✶✿

❖♣❡r❛çõ❡s ❡❧❡♠❡♥t❛r❡s ❡♠ ❝❛❞❛ ❧✐♥❤❛ ✕ ◗✉❛rt❛ ✐t❡r❛çã♦

▲✐♥❤❛ ❞♦ ♣❛ss♦ ❛♥t❡r✐♦r ◆♦✈❛ ❧✐♥❤❛

L1 L1 + 0, 0575× P

L2 L2 + 29, 8005× P

L3 L3 − 0, 0015× P

L4 L4 + 1, 2924× P

L5 L5 − 0, 0627× P

L6 L6 + 0, 0129× P

L7 P = 1
31,0929

× L7

❚❛❜❡❧❛ ✹✳✶✶✿ ❉✐❡t❛ ✲ ◗✉❛rt❛ ✐t❡r❛çã♦ ✲ ❖♣❡r❛çõ❡s ✲ ❋❛s❡ ■

✶✷✾



❖❜t❡♥❞♦ ❛ ❚❛❜❡❧❛ ✹✳✶✷✿

◗✉❛❞r♦ q✉❛rt❛ ✐t❡r❛çã♦

❈♦❡✜❝✐❡♥t❡s ❞❡
①✶ ①✷ ①✸ ①✹ ①✺ ①✻ ①✼ ①✽ ①✾ ①✶✵ ①✶✶ ①✶✷ ①✶✸ ❜

③ ✵ ✵ ✵ ✲✵✱✵✷✵✸ ✵ ✲✵✱✵✵✼ ✵ ✲✵✱✵✵✶✽ ✵✱✵✷✵✸ ✵ ✵✱✵✵✼ ✵ ✵✱✵✵✶✽ ✻✱✽✷✸✺

✇ ✵ ✵ ✵ ✲✷✱✾✽✼✽ ✶ ✵✱✵✼✻✺ ✵ ✵✱✵✹✶✻ ✸✱✾✽✼✽ ✵ ✵✱✾✷✸✺ ✶ ✵✱✾✺✽✹ ✲✷✺✻✱✻✽✻✹

❱✳❇✳
①✸ ✵ ✵ ✶ ✲✵✱✵✵✸✹ ✵ ✵ ✵ ✵ ✵✱✵✵✸✹ ✵ ✵ ✵ ✵ ✵✱✵✹✽✼

①✶✵ ✶ ✵ ✵ ✷✱✾✽✼✽ ✲✶ ✲✵✱✵✼✻✺ ✵ ✲✵✱✵✹✶✻ ✲✷✱✾✽✼✽ ✶ ✵✱✵✼✻✺ ✵ ✵✱✵✹✶✻ ✷✺✻✱✻✽✻✹

①✶ ✵ ✵ ✵ ✲✵✱✵✵✶ ✵ ✲✵✱✵✵✹✸✾ ✵ ✵✱✵✵✵✷ ✵✱✵✵✶ ✵ ✵✱✵✵✹✹ ✵ ✲✵✱✵✵✵✷ ✵✱✾✻✸✸

①✷ ✵ ✶ ✵ ✵✱✵✵✷✶ ✵ ✵✱✵✵✶✼ ✵ ✲✵✱✵✵✵✹ ✲✵✱✵✵✷✶ ✵ ✲✵✱✵✵✶✼ ✵ ✵✱✵✵✵✹ ✵✱✷✶✺✺

①✼ ✵ ✵ ✵ ✵✱✶✺✾✽ ✵ ✵✱✵✼✺✸ ✶ ✲✵✱✵✸✷✷ ✲✵✱✶✺✾✽ ✵ ✲✵✱✵✼✺✸ ✲✶ ✵✱✵✸✷✷ ✽✱✼✷✾✽

❚❛❜❡❧❛ ✹✳✶✷✿ ❉✐❡t❛ ✲ ◗✉❛rt❛ ✐t❡r❛çã♦ ✲ ❖♣❡r❛çõ❡s ✲ ❋❛s❡ ■

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

x4, x5, x6, x8 < 0✱ ❡ ❛ ♠❛✐♦r ♥❡❣❛t✐✈✐❞❛❞❡ ❡♠ x4 ❡ Min.(256,6861
2,9878

, 0,2151
0,0021

, 8,7298
0,1598

) = 8,7298
0,1598

❡♠

x7✳

❊♥tã♦ ♥❛ q✉✐♥t❛ ✐t❡r❛çã♦ ❡♥tr❛ x4 ❡ s❛✐ x7 ❝♦♥❢♦r♠❡ ❛s ♦♣❡r❛çõ❡s ❞❛ ❚❛❜❡❧❛ ✹✳✶✶✿

❖♣❡r❛çõ❡s ❡❧❡♠❡♥t❛r❡s ❡♠ ❝❛❞❛ ❧✐♥❤❛ ✕ ◗✉✐♥t❛ ✐t❡r❛çã♦

▲✐♥❤❛ ❞♦ ♣❛ss♦ ❛♥t❡r✐♦r ◆♦✈❛ ❧✐♥❤❛

L1 L1 + 0, 0203× P

L2 L2 + 2, 9878× P

L3 L3 + 0, 0034× P

L4 L4 − 2, 9878× P

L5 L5 + 0, 001× P

L6 L6 − 0, 0021× P

L7 P = 1
0,1598

× L7

❚❛❜❡❧❛ ✹✳✶✸✿ ❉✐❡t❛ ✲ ◗✉✐♥t❛ ✐t❡r❛çã♦ ✲ ❖♣❡r❛çõ❡s ✲ ❋❛s❡ ■

❚❡♠♦s ❡♥tã♦✱ ❛ ❚❛❜❡❧❛ ✹✳✶✹✳

✶✸✵



◗✉❛❞r♦ q✉✐♥t❛ ✐t❡r❛çã♦

❈♦❡✜❝✐❡♥t❡s ❞❡
①✶ ①✷ ①✸ ①✹ ①✺ ①✻ ①✼ ①✽ ①✾ ①✶✵ ①✶✶ ①✶✷ ①✶✸ ❜

③ ✵ ✵ ✵ ✵ ✵ ✵✱✵✵✷✻ ✵✱✶✷✼✸ ✲✵✱✵✵✺✾ ✵ ✵ ✲✵✱✵✵✷✻ ✲✵✱✶✷✼✸ ✵✱✵✵✺✾ ✼✱✾✸✹✾

✇ ✵ ✵ ✵ ✵ ✶ ✶✱✹✽✺✷ ✶✽✱✻✾✻✻ ✲✵✱✺✺✾✼ ✶ ✵ ✲✵✱✹✽✺✷ ✲✶✼✱✻✾✻✻ ✶✱✺✺✾✼ ✲✾✸✱✹✻✽✽

❱✳❇✳
①✸ ✵ ✵ ✶ ✵ ✵ ✵✱✵✵✶✼ ✵✱✵✷✶ ✲✵✱✵✵✵✻ ✵ ✵ ✲✵✱✵✵✶✼ ✲✵✱✵✷✶ ✵✱✵✵✵✻ ✵✱✷✸✷✶

①✶✵ ✵ ✵ ✵ ✵ ✲✶ ✲✶✱✹✽✺✷ ✲✶✽✱✻✾✻✻ ✵✱✺✺✾✼ ✵ ✶ ✶✱✹✽✺✷ ✶✽✱✻✾✻✻ ✲✵✱✺✺✾✼ ✾✸✱✹✻✽✻

①✶ ✶ ✵ ✵ ✵ ✵ ✲✵✱✵✵✸✾ ✵✱✵✵✻✸ ✵ ✵ ✵ ✵✱✵✵✸✾ ✲✵✱✵✵✻✸ ✵ ✶✱✵✶✽

①✷ ✵ ✶ ✵ ✵ ✵ ✵✱✵✵✵✼ ✲✵✱✵✶✷✾ ✵ ✵ ✵ ✲✵✱✵✵✵✼ ✵✱✵✶✷✾ ✵ ✵✱✶✵✷✺

①✹ ✵ ✵ ✵ ✶ ✵ ✵✱✹✼✶✺ ✻✱✷✺✼✼ ✲✵✱✷✵✶✸ ✲✶ ✵ ✲✵✱✹✼✶✺ ✲✻✱✷✺✼✼ ✵✱✷✵✶✸ ✺✹✱✻✷✽✸

❚❛❜❡❧❛ ✹✳✶✹✿ ❉✐❡t❛ ✲ ◗✉✐♥t❛ ✐t❡r❛çã♦ ✲ ❖♣❡r❛çõ❡s ✲ ❋❛s❡ ■

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

x5, x6, x7, x8 < 0✱ t❡♠♦s ❛ ♠❛✐♦r ♥❡❣❛t✐✈✐❞❛❞❡ ❡♠ x8 ❡ ❝♦♠♦ ♦ ú♥✐❝♦ ❝♦❡✜❝✐❡♥t❡ a > 0

q✉❡ ❡stá ❡♠ ♥❛ ❜❛s❡ é x10✱ ♥❛ s❡①t❛ ✐t❡r❛çã♦ ❡♥tr❛ x8 ❡ s❛✐ x10 ❝♦♥❢♦r♠❡ ❛s ♦♣❡r❛çõ❡s ❞❛

❚❛❜❡❧❛ ✹✳✶✺✿

❖♣❡r❛çõ❡s ❡❧❡♠❡♥t❛r❡s ❡♠ ❝❛❞❛ ❧✐♥❤❛ ✕ ❙❡①t❛ ✐t❡r❛çã♦

▲✐♥❤❛ ❞♦ ♣❛ss♦ ❛♥t❡r✐♦r ◆♦✈❛ ❧✐♥❤❛

L1 L1 + 0, 0059× P

L2 L2 + 0, 5598× P

L3 L3 + 0, 0007× P

L4 P = 1
0,1598

× L4

L5 L5 + 0× P

L6 L6 − 0× P

L7 L7 + 0, 2013× P

❚❛❜❡❧❛ ✹✳✶✺✿ ❉✐❡t❛ ✲ ❙❡①t❛ ✐t❡r❛çã♦ ✲ ❖♣❡r❛çõ❡s ✲ ❋❛s❡ ■

❚❡♠♦s ❡♥tã♦✱ ❛ ❚❛❜❡❧❛ ✹✳✶✻✳

◗✉❛❞r♦ s❡①t❛ ✐t❡r❛çã♦

❈♦❡✜❝✐❡♥t❡s ❞❡
①✶ ①✷ ①✸ ①✹ ①✺ ①✻ ①✼ ①✽ ①✾ ①✶✵ ①✶✶ ①✶✷ ①✶✸ ❜

③ ✵ ✵ ✵ ✵ ✲✵✱✵✶✵✻ ✲✵✱✵✶✸✷ ✲✵✱✵✼✶✶ ✵ ✵ ✵✱✵✶✵✻ ✵✱✵✶✸✷ ✵✱✵✼✶✶ ✵ ✽✱✾✷✼✸

✇ ✵ ✵ ✵ ✵ ✵ ✵ ✵ ✵ ✶ ✶ ✶ ✶ ✶ ✵

❱✳❇✳
①✸ ✵ ✵ ✶ ✵ ✲✵✱✵✵✶✶ ✵ ✵ ✵ ✵ ✵✱✵✵✶✶ ✵ ✵ ✵ ✵✱✸✸✼✶

①✽ ✶ ✵ ✵ ✵ ✲✶✱✼✽✻✺ ✲✷✱✻✺✸✸ ✲✸✸✱✹✵✶✽ ✶ ✵ ✶✱✼✽✻✺ ✷✱✻✺✸✸ ✸✸✱✹✵✶✽ ✲✶ ✶✻✻✱✾✽✸✼

①✶ ✵ ✵ ✵ ✵ ✵ ✲✵✱✵✵✸✾ ✵✱✵✵✻✸ ✵ ✵ ✵ ✵✱✵✵✸✾ ✲✵✱✵✵✻✸ ✵ ✶✱✵✶✽

①✷ ✵ ✶ ✵ ✵ ✵ ✵✱✵✵✵✼ ✲✵✱✵✶✷✾ ✵ ✵ ✵ ✲✵✱✵✵✵✼ ✵✱✵✶✷✾ ✵ ✵✱✶✵✷✺

①✹ ✵ ✵ ✵ ✶ ✲✵✱✸✺✾✻ ✲✵✱✵✻✷✺ ✲✵✱✹✻✹✼ ✵ ✲✶ ✵✱✸✺✾✻ ✵✱✵✻✷✺ ✵✱✹✻✹✼ ✵ ✽✽✱✷✸✺✶

❚❛❜❡❧❛ ✹✳✶✻✿ ❉✐❡t❛ ✲ ❙❡①t❛ ✐t❡r❛çã♦ ✲ ❖♣❡r❛çõ❡s ✲ ❋❛s❡ ■
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❆♣ós ❛ s❡①t❛ ✐t❡r❛çã♦✱ ♥❛ ❚❛❜❡❧❛ ✹✳✶✻✱ ③❡r❛♠♦s ❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧✱ W = 0✱ ❞❡ss❛ ❢♦r♠❛

❞❡s❝❛rt❛♠♦s ❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s ❡ ✈❛♠♦s ♣❛r❛ ❛ ❢❛s❡ ■■✳

✹✳✸✳✷ ❋❛s❡ ■■

❚❡♠♦s ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ❢❛❝tí✈❡❧ ✭✈✐á✈❡❧✮ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ♦r✐❣✐♥❛❧ ♥♦ ✜♥❛❧ ❞❛ ❋❛s❡ ■✳

P❛r❛ ♣r♦ss❡❣✉✐r ❛ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ♣❡❧♦ ▼ét♦❞♦ ❙✐♠♣❧❡①✱

❞❡✈❡♠♦s ❛❜❛♥❞♦♥❛r ❛ ❢✉♥çã♦ ❛rt✐✜❝✐❛❧ ❡ ❛s ✈❛r✐á✈❡✐s ❛rt✐✜❝✐❛✐s✱ ❝♦♠♦ ♥❛ ❚❛❜❡❧❛ ✹✳✶✼✱ ❡

♣r♦ss❡❣✉✐♠♦s ❝♦♠ ❛s ✐t❡r❛çõ❡s ❞♦ ♠ét♦❞♦ ❛té ♦❜t❡r♠♦s ❛ s♦❧✉çã♦ ót✐♠❛✳

◗✉❛❞r♦ ■♥✐❝✐❛❧ ❞❛ ❋❛s❡ ■■

❈♦❡✜❝✐❡♥t❡s ❞❡
①✶ ①✷ ①✸ ①✹ ①✺ ①✻ ①✼ ①✽ ❜

③ ✵ ✵ ✵ ✵ ✲✵✱✵✶✵✻ ✲✵✱✵✶✸✷ ✲✵✱✵✼✶✶ ✵ ✽✱✾✷✻✻
❱✳❇✳
①✸ ✵ ✵ ✶ ✵ ✲✵✱✵✵✶✶ ✵ ✵ ✵ ✵✱✸✸✼✶
①✽ ✶ ✵ ✵ ✵ ✲✶✱✼✽✻✺ ✲✷✱✻✺✸✸ ✲✸✸✱✹✵✶✽ ✶ ✶✻✻✱✾✽✸✼
①✶ ✵ ✵ ✵ ✵ ✵ ✲✵✱✵✵✸✾ ✵✱✵✵✻✸ ✵ ✶✱✵✶✽
①✷ ✵ ✶ ✵ ✵ ✵ ✵✱✵✵✵✼ ✲✵✱✵✶✷✾ ✵ ✵✱✶✵✷✺
①✹ ✵ ✵ ✵ ✶ ✲✵✱✸✺✾✻ ✲✵✱✵✻✷✺ ✲✵✱✹✻✹✼ ✵ ✽✽✱✷✸✺✶

❚❛❜❡❧❛ ✹✳✶✼✿ ❉✐❡t❛ ✲ ■♥✐❝✐❛❧ ❞❛ ❋❛s❡ ■■

❈♦♠♦ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛s ✈❛r✐á✈❡✐s ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❡ t♦❞❛s ❛s ❝♦♥st❛♥t❡s sã♦ ♠❛✐♦r❡s

q✉❡ ③❡r♦✱ t❡♠♦s ✉♠❛ s♦❧✉çã♦ ót✐♠❛ ❞❛❞❛ ♣♦r b = {1, 018; 0, 103; 0, 337} ❝♦♠ ♦ ✈❛❧♦r ❞❛

❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❡♠ ❘✩ ✽✱✾✸✳ ❙❡ ♥ã♦ t✐✈éss❡♠♦s ♦❜t✐❞♦ ✉♠❛ s♦❧✉çã♦ ót✐♠❛✱ ❝♦♥t✐♥✉❛rí❛♠♦s

❛s ✐t❡r❛çõ❡s✳

❈♦♠ ✐ss♦✱ t❡♠♦s ❝♦♠♦ s♦❧✉çã♦ ❞♦ ♥♦ss♦ ♣r♦❜❧❡♠❛✿ ✶✱✵✶✽❦❣ ❞❡ ❛rr♦③✱ ✵✱✶✵✸❦❣ ❞❡ ❢❡✐❥ã♦

❡ ✵✱✸✸✼❦❣ ❞❡ ❢r❛♥❣♦✱ ❣❛st❛♥❞♦ ❘✩ ✽✱✾✸✱ q✉❡ é ♦ ♠❡s♠♦ q✉❡ ✈❡r✐✜❝❛♠♦s ❝♦♠ ♦ ✉s♦ ❞♦ ❊①❝❡❧✳

❖ ❛❧❣♦r✐t♠♦ ❞♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ♣♦❞❡ ❢❛✈♦r❡❝❡r ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❤❛❜✐❧✐❞❛❞❡s ❝♦♠

❛s ♦♣❡r❛çõ❡s ♥✉♠ér✐❝❛s✱ ❜❡♠ ❝♦♠♦ ❢✉♥❞❛♠❡♥t❛r ❛s ♦♣❡r❛çõ❡s ❝♦♠ ♠❛tr✐③❡s ❡ ❛ ❛♣r❡s❡♥✲

t❛çã♦ ❞❛ ♥♦t❛çã♦ ❞❡ ✈❡t♦r❡s ❝♦♠♦ ❢❡rr❛♠❡♥t❛ ♥❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❝♦rr✐q✉❡✐r♦s✳
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❈❛♣ít✉❧♦ ✺

❆t✐✈✐❞❛❞❡s ♣❛r❛ ❙❛❧❛ ❞❡ ❆✉❧❛

◆❡ss❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t❛r❡♠♦s ❛❧❣✉♠❛s s✉❣❡stõ❡s ❞❡ s✐t✉❛çõ❡s ❞❡ ❛♣r❡♥❞✐✲

③❛❣❡♠ ❡♥✈♦❧✈❡♥❞♦ ✐❞❡✐❛s ❞❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❡ ♦r✐❡♥t❛çõ❡s ❛♦ ♣r♦❢❡ss♦r✳

❊♠ t♦❞♦s ♦s ♥í✈❡✐s ❞❡ ❡♥s✐♥♦✱ ❛s s✐t✉❛çõ❡s ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ s❡r✈❡♠ ❞❡ ❜❛s❡ ♣❛r❛ ♦

❜♦♠ ❛♥❞❛♠❡♥t♦ ❞❛ ❛✉❧❛✳ Pr♦❜❧❡♠❛t✐③❛r ✉♠❛ s✐t✉❛çã♦ ♦✉ ❛té ♠❡s♠♦ ❧❡✈❛♥t❛r ❤✐♣ót❡s❡s

s♦❜r❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❛ss✉♥t♦ é ♦ ♣♦♥t♦ ❞❡ ♣❛rt✐❞❛ ♥♦ ❞❡s❡♥❝❛❞❡❛♠❡♥t♦ ❞❛ ❝♦♥str✉çã♦

❞♦ ❝♦♥❤❡❝✐♠❡♥t♦✳ ◗✉❛♥❞♦ ✐♥t❡r❛❣✐♠♦s ❞❡ ❢♦r♠❛ ❜❡♠ ❛rt✐❝✉❧❛❞❛✱ t❛♥t♦ ❡❞✉❝❛❞♦r❡s ❝♦♠♦

❡❞✉❝❛♥❞♦s ❛♠♣❧✐❛♠ s✉❛s ❤❛❜✐❧✐❞❛❞❡s ❡ ❝♦♥str♦❡♠ ♥♦✈♦s s❛❜❡r❡s✳

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

❞✐s❝✉ssõ❡s✳ ❚❡♠♦s ❞❡ ❝♦♥❤❡❝❡r ♦ ♣r♦❜❧❡♠❛ ❛ s❡r r❡s♦❧✈✐❞♦ ♣❛r❛ ❞❡♣♦✐s ❡❧❛❜♦r❛r♠♦s ✉♠❛

❡str❛té❣✐❛ ❞❡ r❡s♦❧✉çã♦✳ ❏á ♥❛ ❧❡✐t✉r❛ ❞♦ ♣r♦❜❧❡♠❛✱ ✐♥✐❝✐❛♠♦s ❛s t♦♠❛❞❛s ❞❡ ❞❡❝✐sõ❡s✳

◗✉❛✐s ❛s ✐♥❢♦r♠❛çõ❡s ✐♠♣♦rt❛♥t❡s❄ ❏á ❡♥❢r❡♥t❛♠♦s s✐t✉❛çõ❡s ♣❛r❡❝✐❞❛s❄ ❖♥❞❡ s❡ q✉❡r

❝❤❡❣❛r❄ ◗✉❛❧ ♦ ♠❡❧❤♦r ❝❛♠✐♥❤♦❄ ❊ss❛s ❡ ♦✉tr❛s ♣❡r❣✉♥t❛s ♥♦rt❡✐❛♠ ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞♦

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

❛t✐♥❣✐r ♦ ♦❜❥❡t✐✈♦ ♣r♦♣♦st♦✳

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

❢❡rr❛♠❡♥t❛s q✉❡ t❡♠♦s ❡ ❝♦♠♦ ✈❛♠♦s ✉t✐❧✐③á✲❧❛s ♣❛r❛ ❝❤❡❣❛r à s♦❧✉çã♦✳ ◆❡ss❛ ❢❛s❡ ❞♦

♣r♦❜❧❡♠❛✱ ♥♦✈❛♠❡♥t❡ ❛ ❡s❝♦❧❤❛ é ❢✉♥❞❛♠❡♥t❛❧✳ ❯s❛r❡♠♦s t❛❜❡❧❛s ❡✴♦✉ ❣rá✜❝♦s❄ ❈♦♥s✲

tr✉✐r❡♠♦s ❡q✉❛çõ❡s ♦✉ ✐♥❡q✉❛çõ❡s❄ ❯s❛r❡♠♦s ♠❛tr✐③❡s ♦✉ s✐♠♣❧❡s♠❡♥t❡ ❛♥❛❧✐s❛r❡♠♦s ❛s

✐♥❢♦r♠❛çõ❡s❄ ❙❡ ❥á r❡s♦❧✈❡♠♦s ♣r♦❜❧❡♠❛s ♣❛r❡❝✐❞♦s t❡♠♦s ✉♠ ♣❛râ♠❡tr♦✱ s❡ ♥ã♦ t❡♠♦s

q✉❡ ❞❡s❡♥✈♦❧✈❡r ♦ ❝❛♠✐♥❤♦ ❝♦♠♦ ✉♠ t♦❞♦✳ ❚♦❞♦s ♦s ♣❛ss♦s ❢❛③❡♠ ♣❛rt❡ ❞♦ ❞❡s❡♥✈♦❧✈✐✲

♠❡♥t♦ ❞❡ ♥♦ss❛s ❤❛❜✐❧✐❞❛❞❡s✳

❊❧❛❜♦r❛❞❛ ❛ ❡str❛té❣✐❛✱ é ♠♦♠❡♥t♦ ❞❡ ❛♣❧✐❝á✲❧❛ ♣❛r❛ ✈❡r✐✜❝❛r s❡ r❡❛❧♠❡♥t❡ ♦ ♣r♦❜❧❡♠❛

é r❡s♦❧✈✐❞♦ ❡ ✈❡r✐✜❝❛r s❡ ❛ s♦❧✉çã♦ r❡❛❧♠❡♥t❡ ❛t❡♥❞❡ ❛♦ q✉❡ s❡ ♣r♦♣✉♥❤❛✳ ❊♥❝♦♥tr❛❞❛ ❡ss❛

s♦❧✉çã♦ ❡♥tr❛♠♦s ❡♠ ♥♦✈♦s q✉❡st✐♦♥❛♠❡♥t♦s✿ ❆ r❡s♣♦st❛ r❡❛❧♠❡♥t❡ ❛t❡♥❞❡ ❛♦ ♣r♦❜❧❡♠❛❄

❚❡♠♦s ♠❛✐s ❞❡ ✉♠❛ s♦❧✉çã♦❄ P♦❞❡♠♦s ❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r❄ ❈❧❛r♦ q✉❡ ❡st❛♠♦s

❛ t♦❞♦ ♠♦♠❡♥t♦ ❡s❝♦❧❤❡♥❞♦✱ ❝♦♠♣❛r❛♥❞♦ ❡ ❜✉s❝❛♥❞♦ ♦ ♠❡❧❤♦r ❝❛♠✐♥❤♦ ♦✉ ❛ ♠❡❧❤♦r
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s♦❧✉çã♦ ❡ ❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❛❝❛❜❛ s❡♥❞♦ ✐♥❡r❡♥t❡ ❛ ❡①✐stê♥❝✐❛ ❤✉♠❛♥❛✱ ♣❡r♠❡❛♥❞♦ ♣♦r

t♦❞❛s ❛s s✉❛s ❛t✐✈✐❞❛❞❡s✳ ◆❛ ♠❛t❡♠át✐❝❛ ❡ ♥❛ s❛❧❛ ❞❡ ❛✉❧❛ ♥ã♦ é ❞✐❢❡r❡♥t❡✦ ❊st❛♠♦s ❛

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

❛ ❝♦♥str✉çã♦ ❞❡ ♥♦ss♦s s❛❜❡r❡s✳

❆ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ♦✉ ♣❛rt❡ ❞❡❧❛✱ ♥♦s s❡r✈❡ ❞❡ ❜❛s❡ ♣❛r❛ ❛ r❡s♦❧✉çã♦ ❞❡ ❞✐✈❡rs♦s

♣r♦❜❧❡♠❛s ❡ ♥❛ ❡❧❛❜♦r❛çã♦ ❞❡ ♠✉✐t❛s ❛t✐✈✐❞❛❞❡s ♣❛r❛ ❛ s❛❧❛ ❞❡ ❛✉❧❛✳ ◆❡ss❡ ❝❛♣ít✉❧♦ ❝♦♥❤❡✲

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

♥♦s ❞✐✈❡rs♦s ♥í✈❡✐s ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✳ ❊♠ ❛❧❣✉♥s ❞❡ss❡s ♣r♦❜❧❡♠❛s✱ ♥♦s ❞✐✈❡rs♦s ♥í✈❡✐s sã♦✱

♣❛r❝✐❛❧♠❡♥t❡✱ ✉s❛❞❛s ❛s té❝♥✐❝❛s ❞❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ♦s q✉❛✐s s❡r✈✐rã♦ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦

♣ré✈✐♦ ♣❛r❛ ❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❢✉t✉r♦s✳ ❙❡♣❛r❛r❡♠♦s ♣♦r ♥í✈❡✐s ❞❡ ❡♥s✐♥♦✱ ♠❛s ✉♠❛

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

❧✐♠✐t❡s ❞❡ ❝❛❞❛ t✉r♠❛✳

✺✳✶ ❇r✐♥❝❛♥❞♦ ❝♦♠ ♦s ❜❧♦❝♦s ❧ó❣✐❝♦s

✺✳✶✳✶ ❖❜❥❡t✐✈♦

❆ ❛t✐✈✐❞❛❞❡ ❞❡✈❡ ♣r♦♣♦r❝✐♦♥❛r ❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ❢♦r♠❛s ❣❡♦♠étr✐❝❛s ❢❛③❡♥❞♦ r❡❧❛çõ❡s ❡♥tr❡

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

♣r♦♣♦r❝✐♦♥❛r s❡♥s♦ ❞❡ ❝♦♥t❛❣❡♠✳ ❖s ❡✐①♦s ❛ s❡r❡♠ ❛❜♦r❞❛❞♦s ❞❡✈❡♠ s❡r✿ ♣❡r❝❡♣çã♦✱

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

❝❧❛ss✐✜❝❛r ❡ ♦r❣❛♥✐③❛r ✐♥❢♦r♠❛çõ❡s ♣❛r❛ t♦♠❛r ❛ ♠❡❧❤♦r ❞❡❝✐sã♦✳

✺✳✶✳✷ Pú❜❧✐❝♦ ❛❧✈♦

❈r✐❛♥ç❛s ❞❡ ✸ ❛♥♦s ❛ ✻ ❛♥♦s ❞❡ ✐❞❛❞❡✱ ❛t❡♥❞❡♥❞♦ ❛ ❊❞✉❝❛çã♦ ■♥❢❛♥t✐❧ ❡ ♦ ✐♥í❝✐♦ ❞♦ ❊♥s✐♥♦

❋✉♥❞❛♠❡♥t❛❧✳

✺✳✶✳✸ ▼❛t❡r✐❛❧ ♥❡❝❡ssár✐♦

P❛r❛ ❝❛❞❛ ❣r✉♣♦ ❞❡ q✉❛tr♦ ❛❧✉♥♦s s❡rá ♥❡❝❡ssár✐♦✿

❼ ✶ ❝❛✐①❛ ❞❡ ❜❧♦❝♦s ❧ó❣✐❝♦s✳

❼ ✶ q✉❛❞r❛❞♦ ❞❡ ♣❛♣❡❧ ❝❛rtã♦ ❞❡ ✷✵❝♠ ① ✷✵❝♠✳

❼ ✹ ❢♦❧❤❛s ❞❡ s✉❧✜t❡✳

❼ ✶ ❝❛✐①❛ ❞❡ ❧á♣✐s ❞❡ ❝♦r✳

❼ ✶ ❝❛rt♦❧✐♥❛✳

❼ ❋✐❣✉r❛s ❡q✉✐✈❛❧❡♥t❡s às q✉❡ t❡♠♦s ♥♦s ❜❧♦❝♦s ❧ó❣✐❝♦s✱ ❡♠ ♣❛♣❡❧ ❝♦❧♦r✐❞♦✱ ♣❛r❛ ❝♦❧❛✲

❣❡♠ ♥❛ ❝❛rt♦❧✐♥❛✳

✶✸✹



✺✳✶✳✹ Pr♦❜❧❡♠❛ ♥♦rt❡❛❞♦r

❈♦♠ ❛s ♣❡ç❛s ❞♦s ❜❧♦❝♦s ❧ó❣✐❝♦s✱ q✉❡r❡♠♦s ❝♦❜r✐r ♦ q✉❛❞r❛❞♦ ❞❡ ✷✵❝♠ ① ✷✵❝♠ ✉s❛♥❞♦ ♦

♠❡♥♦r ♥ú♠❡r♦ ❞❡ ♣❡ç❛s ♣♦ssí✈❡❧✳

✺✳✶✳✺ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦

❼ ❊♠ ❣r✉♣♦s ❞❡ ✹ ❛❧✉♥♦s✱ ❢♦r♥❡❝❡r ♦s ❜❧♦❝♦s ❧ó❣✐❝♦s ❡ ♣r♦♣♦r❝✐♦♥❛r ♦ ♠❛♥✉s❡✐♦ ♣❛r❛

❝♦♥❤❡❝✐♠❡♥t♦ ❞♦ ♠❛t❡r✐❛❧✳ ❈♦♠♦ sã♦ ❛s ♣❡ç❛s❄ ◗✉❛✐s ❛s ❝♦r❡s q✉❡ t❡♠♦s❄ ◗✉❛✐s

❛s s❡♠❡❧❤❛♥ç❛s ❡ ❞✐❢❡r❡♥ç❛s❄

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

❝❡♥tr❛❧✱ ♦ q✉❡ t❡♠ ♥♦ ❝é✉ ❡ ❛❜❛✐①♦✱ ♦ q✉❡ t❡♠ ♥♦ ❝❤ã♦✱ ❝♦♥st✐t✉✐♥❞♦ ❛s ✐❞❡✐❛s ❞❡

❛❝✐♠❛ ❡ ❛❜❛✐①♦✳

❼ ❙♦❧✐❝✐t❛r ❛♦s ❛❧✉♥♦s q✉❡ ❢♦r♠❡♠ ❛❧❣♦ ❝♦♠ ❛s ♣❡ç❛s✱ ❞❡✐①❛♥❞♦ ❛ ❝r✐❛t✐✈✐❞❛❞❡ ✢✉✐r✳

Pr♦✈♦❝❛r ♣❛r❛ q✉❡ ❞❡s❝r❡✈❛♠ ♦ q✉❡ ✜③❡r❛♠ ❡ ❧❡✈❛♥t❛r q✉❡stõ❡s✳ ❖ q✉❡ t❡♠♦s ♥❛

♣❛rt❡ ❞❡ ❜❛✐①♦❄ ❖ q✉❡ t❡♠♦s ♥❛ ♣❛rt❡ ❞❡ ❝✐♠❛❄ ❖ q✉❡ t❡♠♦s ❛♦ ❧❛❞♦❄

❼ P❡❞✐r ♣❛r❛ q✉❡ ❝❛❞❛ ❛❧✉♥♦ ♣❡❣✉❡ ✉♠❛ ♣❡ç❛✳ ◗✉❡st✐♦♥❛r s♦❜r❡ ❝♦♠♦ ❡❧❡ ❢❡③ ❡ss❛

❡s❝♦❧❤❛ ❡ ♦ q✉❡ ♣♦❞❡♠♦s ❢♦r♠❛r ❝♦♠ ❡ss❛ ♣❡ç❛✳ ❖ q✉❡ t❡♠♦s ♣❛r❡❝✐❞♦ ❝♦♠ ❡ss❛s

❢♦r♠❛s ❡♠ ♥♦ss❛s ❝❛s❛s❄

❼ ❊▼P■▲❍❆◆❉❖ P❊➬❆❙ ✲ P❡ç❛s ❞♦ ♠❛t❡r✐❛❧ ❡s♣❛❧❤❛❞❛s ♣❡❧❛ ♠❡s❛ ✭♦✉ ♣❡❧♦ ❝❤ã♦✮✳

❈❛❞❛ ❛❧✉♥♦ ❞❡✈❡rá ♣❡❣❛r ✉♠❛ ♣❡ç❛ ❡ ❝♦❧♦❝❛r ♥♦ ❝❡♥tr♦ ❞♦ ❣r✉♣♦✱ ❞❡ ♠♦❞♦ q✉❡ ❛s

♣❡ç❛s s❡rã♦ ❡♠♣✐❧❤❛❞❛s ✉♠❛ ❛ ✉♠❛✳ ❖ ❛❧✉♥♦ ❞❡✈❡rá ❢❛③❡r ❞❡ t✉❞♦ ♣❛r❛ ❛ ✏t♦rr❡✑ ♥ã♦

❝❛✐r✳ P❛r❛ ✐ss♦ ♦s ❛❧✉♥♦s t❡rã♦ q✉❡ ♣❡♥s❛r ♥❛s ♣❡ç❛s ♠❛✐s ❛❞❡q✉❛❞❛s ♣❛r❛ ❛ ❜❛s❡✱

♠❡✐♦ ♦✉ t♦♣♦ ❞❛ t♦rr❡ ❞❡✐①❛♥❞♦ ❛s ✏♣✐♦r❡s✑ ♣❛r❛ ♦ ❝♦♠♣❛♥❤❡✐r♦ s❡❣✉✐♥t❡✳ ◆❡st❛

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

❡ ♠♦tr✐❝✐❞❛❞❡✳

❼ ❊♥❝❛♠✐♥❤❛♥❞♦ ❛♦ ♥♦ss♦ ♣r♦❜❧❡♠❛ ♥♦rt❡❛❞♦r✱ s♦❧✐❝✐t❛r❡♠♦s q✉❡ ♦s ❛❧✉♥♦s s❡♣❛r❡♠

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

s✉❛s ❝❛r❛❝t❡ríst✐❝❛s✳

❼ ❈♦♠ ❛s ♣❡ç❛s s❡♣❛r❛❞❛s✱ ♣r♦♣♦r ✉♠❛ ♣r✐♠❡✐r❛ s♦❧✉çã♦ ♣❛r❛ ❝♦❜r✐r ♦ q✉❛❞r❛❞♦✱

r❡❣✐str❛♥❞♦ ♥♦ s✉❧✜t❡ q✉❛♥t❛s ♣❡ç❛s ❞❡ ❝❛❞❛ t✐♣♦ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s✳ ◆❡ss❡ ♠♦♠❡♥t♦✱

❝♦♠♣❛r❛♠♦s ❛ s♦❧✉çã♦ ❞❡ ❝❛❞❛ ✉♠✳

❼ ❙♦❧✐❝✐t❛r q✉❡ ❜✉sq✉❡♠ ♦✉tr❛s s♦❧✉çõ❡s ♥❛ t❡♥t❛t✐✈❛ ❞❡ ✐❞❡♥t✐✜❝❛r ✉♠❛ ❝♦♠ ✉♠ ♠❡♥♦r

♥ú♠❡r♦ ❞❡ ♣❡ç❛s✳

✶✸✺



❼ ❊♠ ✉♠❛ r♦❞❛ ❞❡ ❝♦♥✈❡rs❛ s♦❝✐❛❧✐③❛r ❛s s♦❧✉çõ❡s ❡♥❝♦♥tr❛❞❛s✱ ❝♦♥str✉✐r ✉♠ ❣rá✜❝♦

♥❛ ❝❛rt♦❧✐♥❛ ✉s❛♥❞♦ ❝♦♠♦ r❡❣✐str♦ r❡♣r❡s❡♥t❛çõ❡s ❞❛s ✜❣✉r❛s ❡ ❞✐s❝✉t✐r ❛ ❡①✐stê♥❝✐❛

❞❡ ✈ár✐❛s s♦❧✉çõ❡s ❝❡rt❛s ❡ q✉❡ t❡♠ ✉♠❛ q✉❡ ♠❡❧❤♦r ❛t❡♥❞❡ ♥♦ss❛ ♣r♦♣♦st❛✳

✺✳✶✳✻ ❖r✐❡♥t❛çã♦ ❛♦ ♣r♦❢❡ss♦r

◆❡ss❛ ❛t✐✈✐❞❛❞❡✱ ❛ s♦❝✐❛❧✐③❛çã♦ ❡ ❝✐r❝✉❧❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s é ❢✉♥❞❛♠❡♥t❛❧ ❛♦ ❞❡s❡♥✈♦❧✈✐✲

♠❡♥t♦ ❞❛ ❝r✐❛♥ç❛✳ Pr♦♣♦r❝✐♦♥❛r q✉❡ ♦ ❛❧✉♥♦ ❝♦❧♦q✉❡ s✉❛ ♦❜s❡r✈❛çã♦ ♣❡r♠✐t❡ ❛s ❧✐❣❛çõ❡s

❝♦❣♥✐t✐✈❛s ❞❛ ❝♦♠♣❛r❛çã♦✳ ◗✉❡♠ é ♠❛✐♦r❄ ◗✉❡♠ é ♠❡♥♦r❄ ◗✉❡♠ é ✜♥♦❄ ◗✉❡♠ é

❣r♦ss♦❄ ◗✉❛❧ r♦❧❛❄ ◗✉❛❧ ♥ã♦ r♦❧❛❄ ❊ss❛s ❡ ♦✉tr❛s q✉❡stõ❡s ❢❛✈♦r❡❝❡♠ ❛ ❝❧❛ss✐✜❝❛çã♦ ❡

❛ ❝♦♥str✉çã♦ ❞❛ ✐❞❡✐❛ ❞❡ ❝♦♥❥✉♥t♦✳ ◆❛ ❡❞✉❝❛çã♦ ✐♥❢❛♥t✐❧✱ ❛✐♥❞❛ ♥ã♦ ❢✉♥❞❛♠❡♥t❛♠♦s ♦

r❡❣✐str♦ ♠❛t❡♠át✐❝♦✱ ♣♦ré♠ é ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ❛ ❝♦♥str✉çã♦ ❞❡ ✐❞❡✐❛s q✉❡ s❡r✈✐rã♦

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

➱ ✐♠♣♦rt❛♥t❡ r❡❧❡♠❜r❛r♠♦s q✉❡ ♣❛r❛ ❝♦♥❞✉③✐r ❛❞❡q✉❛❞❛♠❡♥t❡ t✉r♠❛s ❞❡ ❛❧✉♥♦s ♠❡✲

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

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

❊①♣❧♦r❛r ❛s ✈ár✐❛s ✈❡rt❡♥t❡s ❞♦ ♠❛t❡r✐❛❧ ❡ r❡♣❡t✐r ❛ ❛t✐✈✐❞❛❞❡ ♠❛✐s ❞❡ ✉♠❛ ✈❡③ ❞❡s❡♥✲

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

s❛♥❞♦ ♦s ❣rá✜❝♦s ❡ ❜✉s❝❛♥❞♦ s❡♠♣r❡ ✉♠❛ ♠❡❧❤♦r s♦❧✉çã♦✳ ◗✉❛♥❞♦ ❝♦♠♣❛r❛♠♦s ❝♦♠ ✉♠

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

❞✐❢❡r❡♥ç❛ ❞❡ s✉♣❡r❢í❝✐❡ ❡ ❛ ♣❡r❝❡♣çã♦ ❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ ár❡❛ ❡♠ ❞✐❢❡r❡♥t❡s q✉❛♥t✐❞❛❞❡s✳

◆❛s ✐❞❡✐❛s ❞❛ ♦t✐♠✐③❛çã♦ ❧✐♥❡❛r✱ ❛♣❡s❛r ❞❡ ♥ã♦ ❡st❛r♠♦s r❡❣✐str❛♥❞♦ ❞❡ ❢♦r♠❛ ❛❜str❛t❛✱

❡st❛♠♦s ✐♥❞✉③✐♥❞♦ ❛s ✐❞❡✐❛s ❞❡ r❡str✐çã♦✱ s♦❧✉çã♦ ✈✐á✈❡❧ ❡ s♦❧✉çã♦ ót✐♠❛✳

✺✳✶✳✼ ❈♦♥t❡ú❞♦s ❡♥✈♦❧✈✐❞♦s

❼ ❖r❞❡♥❛çã♦✳

❼ ❈♦♥❥✉♥t♦s✳

❼ ❈♦♥t❛❣❡♠✳

❼ ❋♦r♠❛s ❣❡♦♠étr✐❝❛s✳

❼ ◆♦çã♦ ❞❡ s✉♣❡r❢í❝✐❡✳

❼ ❚♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳

✶✸✻



✺✳✷ ❇r✐♥❝❛♥❞♦ ❝♦♠ ♦s s❛♣❛t♦s

✺✳✷✳✶ ❖❜❥❡t✐✈♦

❉❡s❡♥✈♦❧✈❡r ❛ ♣❡r❝❡♣çã♦ ❞❡ q✉❛♥t✐❞❛❞❡✱ ❝♦r ❡ ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ❡s❝♦❧❤❛s✳ ▲❡✈❛r ♦ ❛❧✉♥♦

❛ ❝♦♥str✉✐r r❡❢❡r❡♥❝✐❛✐s ❞❡ ❡s❝♦❧❤❛✱ ♠❛✐♦r✱ ♠❡♥♦r✱ q✉❛♥t✐❞❛❞❡ ❡ ❝♦♠♣❛r❛çã♦ ❞❡ ❢♦r♠❛s ❡

t✐♣♦s✳ ❆ ❝❧❛ss✐✜❝❛çã♦ ❡ ❛ ♥♦çã♦ ❞❡ ❝♦♥❥✉♥t♦s✱ ❛✐♥❞❛ ❞❡ ❢♦r♠❛ ✐♥t✉✐t✐✈❛ t❛♠❜é♠ ❢❛③❡♠

♣❛rt❡ ❞❛ ♣r♦♣♦st❛ ❞❡ss❛ ❛t✐✈✐❞❛❞❡✳ ❊s❝♦❧❤❡r ❞❡♥tr❡ ❛s ♦♣çõ❡s s❡❧❡❝✐♦♥❛❞❛s ❛ q✉❡ ♠❡❧❤♦r

❛t❡♥❞❡ ♦ q✉❡ s❡ ♣r❡t❡♥❞❡ ❢❛③❡r✳

✺✳✷✳✷ Pú❜❧✐❝♦ ❛❧✈♦

❈r✐❛♥ç❛s ❞❡ ✸ ❛♥♦s ❛ ✻ ❛♥♦s ❞❡ ✐❞❛❞❡ ❛t❡♥❞❡♥❞♦ ❛ ❊❞✉❝❛çã♦ ■♥❢❛♥t✐❧ ❡ ♦ ✐♥í❝✐♦ ❞♦ ❊♥s✐♥♦

❋✉♥❞❛♠❡♥t❛❧✳

✺✳✷✳✸ ▼❛t❡r✐❛❧ ♥❡❝❡ssár✐♦

❼ ❚❡①t♦✿ ❆ ❈❡♥t♦♣é✐❛ ❡ ❙❡✉s ❙❛♣❛t✐♥❤♦s ❞❡ ▼✐❧t♦♥ ❈❛♠❛r❣♦✳

❼ P♦❡♠❛✿ ❖s s❛♣❛t♦s ❞❡ q✉❡♠ ❛♥❞❛ ❞❡s❝❛❧ç♦✳

P❛r❛ ❝❛❞❛ ❣r✉♣♦ ❞❡ q✉❛tr♦ ❛❧✉♥♦s s❡rá ♥❡❝❡ssár✐♦✿

❼ ❋✐❣✉r❛s ❞❡ t✐♣♦s ❞❡ s❛♣❛t♦s ✉s❛❞♦s ♥♦ ❝♦t✐❞✐❛♥♦✳

❼ ✶ ❝❛rt♦❧✐♥❛✳

❼ ✻ ❢♦❧❤❛s ❞❡ ♣❛♣❡❧ s✉❧✜t❡✳

❼ ✶ ❝❛✐①❛ ❞❡ ❧á♣✐s ❝♦❧♦r✐❞♦✳

✺✳✷✳✹ Pr♦❜❧❡♠❛ ♥♦rt❡❛❞♦r

◗✉❡r❡♠♦s s❡♣❛r❛r t✐♣♦s ❞❡ s❛♣❛t♦s ♣❛r❛ ❛ ♠❡❧❤♦r ❡st❛çã♦ ❞♦ ❛♥♦✱ ♦✉ ♦❝❛s✐ã♦ ❡ ❛♥❛❧✐s❛r ❛

q✉❛♥t✐❞❛❞❡ ♥❡❝❡ssár✐❛ ♣❛r❛ ♦ ✉s♦ ✐♥❞✐✈✐❞✉❛❧ ❡ ❝♦❧❡t✐✈♦✳

✺✳✷✳✺ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦

❼ ❈♦♥t❛r ❛ ❤✐stór✐❛ ❛♦s ❛❧✉♥♦s✳

✶✸✼



❆ ❈❡♥t♦♣é✐❛ ❡ ❙❡✉s ❙❛♣❛t✐♥❤♦s

❆✉t♦r✿ ▼✐❧t♦♥ ❈❛♠❛r❣♦

◆❛q✉❡❧❛ ♠❛♥❤ã✱ ❛ ❝❡♥t♦♣é✐❛ ❛❝♦r❞♦✉ ♠❛✐s ❝❡❞♦✳ ❊r❛ ❞✐❛ ❞❡ ❝♦♠♣r❛r s❛♣❛t♦s✳ ▲❡✈❛♥✲

t♦✉✱ ❛rr✉♠♦✉ ❛ s✉❛ ❝❛♠✐♥❤❛ ❡ ❢♦✐ ♣❛r❛ s❛❧❛ t♦♠❛r ❝❛❢é✳ ❙✉❛ ♠ã❡ ❥á t✐♥❤❛ ❛rr✉♠❛❞♦ ❛

♠❡s❛✳ ❖ ❝❛❢é ❡st❛✈❛ q✉❡♥t✐♥❤♦ ❡ ❤❛✈✐❛ ✉♥s ❜♦❧✐♥❤♦s ❞❡ q✉❡ ❡❧❛ ❣♦st❛✈❛ ♠✉✐t♦✳

❴ ▼❡♥✐♥❛✱ ❛♥❞❡ ❧♦❣♦✱ s❡♥ã♦ ✈❛♠♦s ❝❤❡❣❛r ♠✉✐t♦ t❛r❞❡✱ ❡ ♥ã♦ ✈❛✐ ❞❛r t❡♠♣♦ ❞❡ ❝♦♠✲

♣r❛r♠♦s t♦❞♦s ♦s s❛♣❛t♦s ❞❡ q✉❡ ♣r❡❝✐s❛♠♦s✳

❉♦♥❛ ❈❡♥t♦♣é✐❛ ❡ s✉❛ ✜❧❤❛ ♣❡❣❛r❛♠ ♦s s❡✉s ❝❤❛♣é✉s ❡ s✉❛s s♦♠❜r✐♥❤❛s✱ ♣♦r q✉❡ ❡st❛✈❛

✉♠ s♦❧ ♠✉✐t♦ ❢♦rt❡ ❡ s❛ír❛♠✳ ◗✉❛♥❞♦ ❝❤❡❣❛r❛♠ à ❧♦❥❛✱ ❛ ❥♦❛♥✐♥❤❛ ✈❡✐♦ ❛t❡♥❞ê✲❧❛s✿

❴ ❇♦♠ ❞✐❛✱ ❉♦♥❛ ❈❡♥t♦♣é✐❛✦ ❈♦♠♦ s✉❛ ✜❧❤❛ ❡stá ❜♦♥✐t❛✦ ❋❛③✐❛ ♠✉✐t♦ t❡♠♣♦ q✉❡ ❛

s❡♥❤♦r❛ ♥ã♦ ❛♣❛r❡❝✐❛✳

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

❆ ❥♦❛♥✐♥❤❛ s✉❜✐✉ ❡ ❞❡s❝❡✉ ❛ ❡s❝❛❞❛✱ s✉❜✐✉ ❡ ❞❡s❝❡✉✱ s✉❜✐✉ ❡ ❞❡s❝❡✉ ❞✐✈❡rs❛s ✈❡③❡s ♣❛r❛

tr❛③❡r ♦s ♣❛r❡s ❞❡ s❛♣❛t♦✳

❆ ❥♦❛♥✐♥❤❛ ❝♦❧♦❝♦✉ t♦❞♦s ♦s s❛♣❛t♦s ♥❛ ❝❡♥t♦♣é✐❛ ❡ ❡❧❛ ❛♥❞♦✉ ✉♠ ♣♦✉❝♦ ♣❛r❛ ✈❡r s❡

❡❧❡s ♥ã♦ ❛♣❡rt❛✈❛♠ ♦s ♣❡③✐♥❤♦s✳

❴ ❉♦♥❛ ❏♦❛♥✐♥❤❛✱ ❡stã♦ ♠✉✐t♦ ❛♣❡rt❛❞♦s✦ ◆ã♦ t❡♠ ♥❡♥❤✉♠ ♥ú♠❡r♦ ♠❛✐♦r❄ ✲ ♣❡❞✐✉ ❛

❝❡♥t♦♣❡✐♥❤❛✳

❊ ❛ ❥♦❛♥✐♥❤❛ s✉❜✐✉ ❡ ❞❡s❝❡✉ ♥♦✈❛♠❡♥t❡ ❛ ❡s❝❛❞❛✱ s✉❜✐✉ ❡ ❞❡s❝❡✉ ❞✐✈❡rs❛s ✈❡③❡s ♣❛r❛

❜✉s❝❛r ♦s s❛♣❛t♦s ♠❛✐♦r❡s✳ ◗✉❛♥❞♦ ❛❝❛❜♦✉ ❞❡ ❝♦❧♦❝❛r ♦s s❛♣❛t♦s ♥♦s ♣és ❞❛ ❝❡♥t♦♣é✐❛✱ ❛

❥♦❛♥✐♥❤❛ ♥ã♦ t✐♥❤❛ ♠❛✐s ❢♦rç❛ ♣❛r❛ ❧❡✈❛♥t❛r✳ ❉♦♥❛ ❈❡♥t♦♣é✐❛✱ ❡♥tã♦✱ ❛❜r✐✉ ❛ ❜♦❧s✐♥❤❛ ❡

❞✐ss❡✿

❴ ❱♦❝ê ❡stá ♠✉✐t♦ ❝❛♥s❛❞❛✱ ❛♠❛♥❤ã ❡✉ ✈♦❧t♦ ♣❛r❛ ❝♦♠♣r❛r ♦s s❛♣❛t♦s✳

❖✉✈✐♥❞♦ ✐ss♦✱ ❛ ❥♦❛♥✐♥❤❛ ❞❡s♠❛✐♦✉✳

❼ ❙♦❧✐❝✐t❛r ❛s ❝r✐❛♥ç❛s q✉❡ ❢❛❧❡♠ s♦❜r❡ ❛ ❤✐stór✐❛✳ ❖ q✉❡ ❛❝♦♥t❡❝❡✉❄ ◗✉❡♠ ❢❡③ ♣❛rt❡ ❞❛

❤✐stór✐❛❄ ❖ q✉❡ ✉s❛♠♦s ♥♦s ♣és ♣❛r❛ ♣r♦t❡❣ê✲❧♦s❄ ◗✉❛✐s t✐♣♦s ❞❡ s❛♣❛t♦s ✉s❛♠♦s❄

❼ P❡❞✐r q✉❡ r❡♣r❡s❡♥t❡♠ ♥❛ ❢♦❧❤❛ ❞❡ s✉❧✜t❡ ♦s s❛♣❛t♦s ♣r♦✈❛❞♦s ♣❡❧❛ ❝❡♥t♦♣❡✐❛ ❡ ❛

♦r❞❡♠ q✉❡ ♦s ❢❛t♦s ♦❝♦rr❡r❛♠✳

❼ ❘❡❝✐t❛r ♦✉ ❝❛♥t❛r ♦ ♣♦❡♠❛ ❝♦♠ ♦s ❛❧✉♥♦s✳

❖s s❛♣❛t♦s ❞❡ q✉❡♠ ❛♥❞❛ ❞❡s❝❛❧ç♦

✭❛❞❛♣t❛❞♦ ❞❛ ❝❛♥çã♦ ✏❆ ❇❛r❡❢♦♦t ❲❛❧❦❡r✬s ❙❤♦❡s✑✮

❚❡♥❤♦ s❛♣❛t♦s ♣❛r❛ ❝❛♠✐♥❤❛r✱

❊ ♣és ❞❡ ♣❛t♦ ♣r❛ ♥❛❞❛r✳

✶✸✽



❚ê♥✐s ❜❡♠ ❢♦rt❡s ♣r❛ s❡❣✉r❛r

▼❡✉s ♣és ❡ ❡✉ ♣♦❞❡r ❡s❝❛❧❛r✳

❚❡♥❤♦ ❜❡❧❛s s❛♣❛t✐❧❤❛s

❊ ❜♦t❛s ♣r❛ ❝❛✈❛❧❣❛r

❊ ✉♠ ❧✐♥❞♦ ♣❛r ❞❡ ♣❛t✐♥s

◗✉❡ ♠❡ ❢❛③❡♠ ❞❡s❧✐③❛r✳

❇♦t❛s q✉❡♥t❡s ♣❛r❛ ♦ ❢r✐♦✱

❊ ❞❡ ❜♦rr❛❝❤❛ ♣r❛ q✉❛♥❞♦ ❝❤♦✈❡✳

❊ s❛♥❞á❧✐❛s ♣r❛ ❞❛r s❛❧t♦s

❈♦♠ ♠❡✉s ❛♠✐❣♦s✱ s❛❧t♦s ❜❡♠ ❛❧t♦s✦

P❡rt♦ ❞❛ ❝❛♠❛ t❡♠ ♣és ❞❡ ♣❛t♦

❇♦t❛s✱ s❛♥❞á❧✐❛s ❡ s❛♣❛t♦s✳

✏❖ q✉❡ ❡✉ ❝❛❧ç♦❄✑

✏❋✐❝♦ ❞❡s❝❛❧ç♦✦✑

❖ q✉❡ ❡✉ ❢❛r✐❛ s❡♠ ♠❡✉s s❛♣❛❛❛❛❛t♦s❄

✭❊✉ ♥ã♦ q✉❡r♦ ✉s❛r s❛♣❛❛❛❛❛t♦s✦✑✮

❼ ❘❡t♦r♥❛♥❞♦ ❛♦ ♣♦❡♠❛✱ s♦❧✐❝✐t❡ q✉❡ ❛s ❝r✐❛♥ç❛s ✐♥t❡r♣r❡t❡♠ ♦s ♠♦✈✐♠❡♥t♦s✳

❼ ❙♦❧✐❝✐t❡ q✉❡ ❛s ❝r✐❛♥ç❛s ♣❡❣✉❡♠ ♦ t✐♣♦ ❞❡ s❛♣❛t♦✱ ♥❛s ✜❣✉r❛s ❛♣r❡s❡♥t❛❞❛s✱ q✉❡ ✈ã♦

❛♣❛r❡❝❡♥❞♦ ♥♦ ♣♦❡♠❛ ❡ s❡♣❛r❡ ❝♦♥❢♦r♠❡ s❡✉ ✉s♦✳ ❖♥❞❡ ✉s❛♠♦s ❡ss❡ t✐♣♦ ❞❡ s❛♣❛t♦❄

❼ ❙❡♣❛r❛r ♦s t✐♣♦s ❞❡ s❛♣❛t♦s ♣❡❧❛s s✉❛s ❝❛r❛❝t❡ríst✐❝❛s ❡ ❞✐s❝✉t✐r ♦♥❞❡ ✉s❛♠♦s ❡ ❝♦♠♦

✉s❛♠♦s✳

❼ ❆♣r♦✈❡✐t❛r ❛ ❛t✐✈✐❞❛❞❡ ♣❛r❛ tr❛❜❛❧❤❛r ❛s q✉❛♥t✐❞❛❞❡s ✶ ❡ ✷✱ ❛ q✉❡stã♦ ❞♦s ♣❛r❡s✱

❞✉♣❧❛s✱ r❡❧❛çã♦ ❜✐✉♥í✈♦❝❛✳

❼ ▲❡✈❛♥t❛r ❛ ❞✐s❝✉ssã♦ ❞❡ q✉❛♥t♦s ♣❛r❡s ❞❡ s❛♣❛t♦ ♣r❡❝✐s❛♠♦s t❡r ♣❛r❛ ❛t❡♥❞❡r ❛s

♥♦ss❛s ♥❡❝❡ss✐❞❛❞❡s✳ ▲❡♠❜r❡♠♦s ❞❡ q✉❡ é ✉♠❛ q✉❡stã♦ ❛❜❡rt❛ ❡ t♦❞❛s ❛s r❡s♣♦st❛s

❞❡✈❡♠ s❡r ❛❝❡✐t❛s✳

❼ ❋❛③❡r ✉♠❛ r♦❞❛ ❞❡ ❝♦♥✈❡rs❛ ♣❛r❛ ❞✐s❝✉t✐r ❛s ❞✉❛s ❤✐stór✐❛s ❡ r❡ss❛❧t❛r ❛s ❞✐❢❡r❡♥ç❛s

❡♥tr❡ ❛s r❡s♣♦st❛s ❡♥❝♦♥tr❛❞❛s✳

✶✸✾



✺✳✷✳✻ ❖r✐❡♥t❛çã♦ ❛♦ ♣r♦❢❡ss♦r

❆♦ ❝♦♥t❛r ❛ ❤✐stór✐❛✱ ❡♥t♦♥❛r ❡ ❞✐s❝✉t✐r ❛s r❡❧❛çõ❡s ❞❡ s✉❜✐r ❡ ❞❡s❝❡r✱ ♣r♦♣♦r❝✐♦♥❛r ♦

❡♥t❡♥❞✐♠❡♥t♦ ❞♦ t❡①t♦ ❡ ❛❣✉ç❛r ❛ ✐♠❛❣✐♥❛çã♦ ❞❛s ❝r✐❛♥ç❛s ❞❡ ❢♦r♠❛ ❛ ✐♥t❡r❛❣✐r❡♠ ❝♦♠

♦ t❡①t♦ ♣❛r❛ s❡✉ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦✳ ▲❡r ✉♠ ❢❛t♦ ❡ ✐♠❛❣✐♥❛r ♦ q✉❡ ❡stá ♦❝♦rr❡♥❞♦ é

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

◆❛ r❡❝♦♥str✉çã♦ ❞❛ ❤✐stór✐❛✱ ❡❧❡♥❝❛r ❛ ♦r❞❡♠ ❡♠ q✉❡ ♦s ❢❛t♦s ♦❝♦rr❡r❛♠ ❡ ♣r♦❜❧❡♠❛✲

t✐③❛r s❡ ❡❧❡s ♣♦❞❡r✐❛♠ t❡r ♦❝♦rr✐❞♦ ❡♠ ♦✉tr❛ s❡q✉ê♥❝✐❛✳ P❡r❝❡❜❡r ❛ ♦r❞❡♥❛çã♦ é ♦✉tr❛

❤❛❜✐❧✐❞❛❞❡ ✐♠♣♦rt❛♥t❡ ❛♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞❡ ♣r♦❜❧❡♠❛s✳ ❚❛♥t♦ ♥♦ ♣♦❡♠❛ ❝♦♠♦ ♥♦ t❡①t♦✱

♣r♦♣♦r❝✐♦♥❛r ❛ ❡①♣r❡ssã♦ ❞♦ q✉❡ ❡stá ♦❝♦rr❡♥❞♦ ❢❛✈♦r❡❝❡ ♦ ❡♥t❡♥❞✐♠❡♥t♦✳

❉✐s❝✉t✐r q✉❡ ❝❛❞❛ ♣❡ss♦❛ ✉s❛ ♣♦r ✈❡③ ✉♠ ♣❛r ❞❡ s❛♣❛t♦s ❡ q✉❡ ❡①✐st❡ ✉♠❛ r❡❧❛çã♦ ❞❡

❞♦✐s s❛♣❛t♦s ♣❛r❛ ✉♠❛ ♣❡ss♦❛✳ ❚♦❞♦s ♦s ❛♥✐♠❛✐s t❡♠ ❞♦✐s ♣és❄ ❙❡ ❢♦ss❡♠♦s ❢❛③❡r s❛♣❛t♦s

❛ ❡❧❡s ✉s❛rí❛♠♦s ♣❛r❡s❄ ❊ss❛s ❡ ♦✉tr❛s ❞✐s❝✉ssõ❡s ❞❡✈❡♠ ♣❡r♠❡❛r ❛ r♦❞❛ ❞❡ ❝♦♥✈❡rs❛ ❞❡

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

◆❛ s❡♣❛r❛çã♦ ❞♦s t✐♣♦s ❞❡ s❛♣❛t♦s✱ ♦❜s❡r✈❛r ❛s ❝❛r❛❝t❡ríst✐❝❛s ❡♥✈♦❧✈✐❞❛s✿ ❝♦r✱ ✉s♦✱

t❛♠❛♥❤♦✱ ❝♦♥❢♦rt♦ ❡ ♦✉tr❛s q✉❡ ♦s ❛❧✉♥♦s ❧❡✈❛♥t❛r❡♠✳ ❘❡ss❛❧t❛r ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ❝❧❛ss✐✲

✜❝❛çã♦ ♥❛ ❤♦r❛ ❞❛ ❡s❝♦❧❤❛✳

❊st❛♠♦s tr❛❜❛❧❤❛♥❞♦ ♥❡ss❛ ❛t✐✈✐❞❛❞❡ ♦r❞❡♥❛çã♦ ❡ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ q✉❡ s❡r✈❡ ❞❡

❝♦♥❤❡❝✐♠❡♥t♦ ♣ré✈✐♦ ❛ ♣r♦❜❧❡♠❛s ❞❡ ♦t✐♠✐③❛çã♦✳ ❚❛♠❜é♠ tr❛t❛♠♦s ❞❡ ❢♦r♠❛ ✐♠♣❧í❝✐t❛

❞❛s r❡str✐çõ❡s ♥❛t✉r❛✐s✳

✺✳✷✳✼ ❈♦♥t❡ú❞♦s ❡♥✈♦❧✈✐❞♦s

❼ ❙❡q✉ê♥❝✐❛s✳

❼ ❈♦♥❥✉♥t♦s✳

❼ ❈♦♥t❛❣❡♠✳

❼ ❚♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳

✺✳✸ ❇r✐♥❝❛♥❞♦ ❝♦♠ ❛s ❢♦r♠❛s

✺✳✸✳✶ ❖❜❥❡t✐✈♦

❱✐✈❡♥❝✐❛r ❝♦♠♦ ❛s ❞✐❢❡r❡♥t❡s ❢♦r♠❛s ✐♥t❡r❢❡r❡♠ ♥♦ ❡s♣❛ç♦ q✉❡ t❡♠♦s ♣❛r❛ ✉t✐❧✐③❛r✳ ❉❡✲

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

❡ r❡❣✐str❛r ❞❡ ❢♦r♠❛ ❛ ♣❛ss❛r ❡ss❛ ✐♥❢♦r♠❛çã♦ ❛♦ ♦✉tr♦✳ ❊s❝♦❧❤❡r ♦ ♠❡❧❤♦r ❡s♣❛ç♦ ♣❛r❛

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

✶✹✵



✺✳✸✳✷ Pú❜❧✐❝♦ ❛❧✈♦

❈r✐❛♥ç❛s ❞❡ ✸ ❛♥♦s ❛ ✽ ❛♥♦s ❞❡ ✐❞❛❞❡ ❛t❡♥❞❡♥❞♦ ❛ ❊❞✉❝❛çã♦ ■♥❢❛♥t✐❧ ❡ ♦ ✐♥í❝✐♦ ❞♦ ❊♥s✐♥♦

❋✉♥❞❛♠❡♥t❛❧✳

✺✳✸✳✸ ▼❛t❡r✐❛❧ ♥❡❝❡ssár✐♦

❼ P❛♣❡❧ ❙✉❧✜t❡ ✲ ✶ ❢♦❧❤❛ ♣♦r ❛❧✉♥♦✳

❼ ▲á♣✐s ❝♦❧♦r✐❞♦ ✲✶ ❝❛✐①❛ ♣❛r❛ ❝❛❞❛ ❣r✉♣♦ ❞❡ q✉❛tr♦ ❛❧✉♥♦s✳

❼ ✶ ❝♦r❞❛ ❞❡ ✽♠ ❞❡ ❝♦♠♣r✐♠❡♥t♦✳

✺✳✸✳✹ Pr♦❜❧❡♠❛ ♥♦rt❡❛❞♦r

◗✉❡r❡♠♦s✱ ❝♦♠ ✉♠❛ ❝♦r❞❛ ❞❡ ♦✐t♦ ♠❡tr♦s✱ ❞❡❧✐♠✐t❛r ✉♠❛ ár❡❛ q✉❡ ❝❛✐❜❛ ♦ ♠❛✐♦r ♥ú♠❡r♦

❞❡ ♣❡ss♦❛s✳

✺✳✸✳✺ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦

✶✳ ❈♦♠ ❛ ❝♦r❞❛ ❞❡ ✽♠✱ ❢♦r♠❛r ✉♠❛ r❡❣✐ã♦ ❡ ❞❡s❡♥❤❛r ❛ r❡❣✐ã♦ ❢♦r♠❛❞❛ ♥♦ ♣❛♣❡❧ s✉❧✜t❡✳

✷✳ ❆✐♥❞❛ ❝♦♠ ❛ ❢♦r♠❛ ♠♦♥t❛❞❛✱ ✐r ❡♥tr❛♥❞♦✱ ✉♠ ❛❧✉♥♦ ❞❡ ❝❛❞❛ ✈❡③✱ ❞❡♥tr♦ ❞❛ ❢♦r♠❛

♣❛r❛ ✈❡r✐✜❝❛r♠♦s q✉❛♥t❛s ❝r✐❛♥ç❛s ❝❛❜❡♠ ❞❡♥tr♦ ❞❡ss❛ r❡❣✐ã♦✳ ❘❡❣✐str❛r ♥♦ ❞❡s❡♥❤♦

❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♣❡ss♦❛s✳

✸✳ ▲❡✈❛♥t❛r ❤✐♣ót❡s❡s✿ ◗✉❛✐s ❢♦r♠❛s ♣♦❞❡♠♦s ♦❜t❡r❄ ◗✉❛❧ ❢♦r♠❛ ❝❛❜❡ ♠❛✐s ❝r✐❛♥ç❛s❄

❊♠ q✉❛❧ ❞❡❧❛s ♦❜t❡♠♦s ♦ ♠❛✐♦r ❡s♣❛ç♦❄ ◗✉❛❧ ❞❡❧❛s é ♠❛✐s út✐❧❄ ❊ s♦❧✐❝✐t❛r q✉❡

✈❡r✐✜q✉❡♠ ❝❛❞❛ ✉♠❛ ❞❛s ❛✜r♠❛çõ❡s✱ r❡♣❡t✐♥❞♦ ♦s ♣❛ss♦s ✶ ❡ ✷✳

✹✳ ❆♣ós ❢♦r♠❛r❡♠ ✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞✐❢❡r❡♥t❡s✱ ♦r❣❛♥✐③❛r ❛s ❛♥♦t❛çõ❡s ❞♦ q✉❡ t❡♠

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

♥ú♠❡r♦ ❞❡ ❝r✐❛♥ç❛s✳

✺✳ ❙♦❝✐❛❧✐③❛r ❛s r❡s♣♦st❛s✱ ❝♦♠♣❛r❛r ❛s ❞✐❢❡r❡♥ç❛s ❡ ✈❡r✐✜❝❛r s❡ t❡♠♦s ✉♠❛ ♠❡❧❤♦r✳

❘❡❣✐str❛r ❛s ✐♥❢♦r♠❛çõ❡s ❡ ❞✐s❝✉t✐r ♦ r❡s✉❧t❛❞♦ ♦❜t✐❞♦ ❝♦♠ ❛ t✉r♠❛ ❡ ❛ ❞✐❢❡r❡♥ç❛

❡♥tr❡ ❛s ❢♦r♠❛s ❣❡♦♠étr✐❝❛s ❡♥❝♦♥tr❛❞❛s✳

✺✳✸✳✻ ❖r✐❡♥t❛çã♦ ❛♦ ♣r♦❢❡ss♦r

◆❛ ❝♦♥str✉çã♦ ❞❛s ❢♦r♠❛s ❣❡♦♠étr✐❝❛s é ✐♥t❡r❡ss❛♥t❡ ♦❜s❡r✈❛r q✉❡ ♥ã♦ ❡①✐st❡ ❛ ♦❜r✐❣❛t♦✲

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

t♦r♥❛ ❛ ❞✐s❝✉ssã♦ ❡ ♠❛✐s s❡ r❡❧❛❝✐♦♥❛ ❝♦♠ ❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳ P♦ss✐❜✐❧✐t❡♠♦s ❛ ♥♦ss♦s

❛❧✉♥♦s q✉❡ ❧❡✈❛♥t❡♠ s✉❛s ❤✐♣ót❡s❡s ❡ ❝♦♠♣❛r❡ ❝♦♠ s✐t✉❛çõ❡s ❞♦ ❝♦t✐❞✐❛♥♦✳

✶✹✶



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

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

♠❛✐s ✈❡❧❤♦s ❥á ♣♦❞❡♠♦s ❡①♣❧♦r❛r ❛ ✐❞❡✐❛ ❞❡ ♣❡rí♠❡tr♦✱ ♦ ♠❡s♠♦ s❡ ♠❛♥té♠✱ ♠❛s ❛ r❡❣✐ã♦

❢♦r♠❛❞❛ s❡ ❛❧t❡r❛✳ ❱❛❧❡ ❛ q✉❡stã♦ ❞❛ ❞❡❝✐sã♦ ❞❡ q✉❛❧ ❛ ♠❡❧❤♦r ❢♦r♠❛ ❛ s❡r ✉s❛❞❛✳

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

❝♦♥❞✐çã♦ ♥❡❝❡ssár✐❛ à s♦❧✉çã♦ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❡ q✉❛♥❞♦ ✈✐✈❡♥❝✐❛✲

♠♦s ❛t✐✈✐❞❛❞❡s ♣rát✐❝❛s ❝♦♠ ♥♦ss♦ ❛❧✉♥♦s✱ ❡st❛♠♦s ❢♦r♥❡❝❡♥❞♦ ✉♠ r❡♣❡rtór✐♦ ❞❡ ♠❡♠ór✐❛

❡s♣❛❝✐❛❧ ♣❛r❛ q✉❡ s❡ ❝♦♥str✉❛ s❡✉ ❛♣r❡♥❞✐③❛❞♦ ♥♦s ♣r♦❜❧❡♠❛s ❢✉t✉r♦s✳ ➱ ✐♠♣♦rt❛♥t❡ q✉❡

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

❆t✐✈✐❞❛❞❡s ❝♦♠♦ ❡ss❛ ❞❛ ❝♦r❞❛ ♣♦❞❡♠ s❡r ❛❞❛♣t❛❞❛s às sér✐❡s ♣♦st❡r✐♦r❡s ❛❝r❡s❝❡♥t❛♥❞♦

❝á❧❝✉❧♦ ❞❡ ár❡❛s✱ s✐st❡♠❛s ❧✐♥❡❛r❡s✱ ♥♦çõ❡s ❞❡ ♠á①✐♠♦ ❡ ♠í♥✐♠♦✳ ❊♠ ❝❛❞❛ sér✐❡ ❞♦ ❊♥s✐♥♦

❇ás✐❝♦ ♣♦❞❡♠♦s ❛♠♣❧✐❛r ❛s ❞✐✜❝✉❧❞❛❞❡s ❛té ❝❤❡❣❛r ❡♠ s✐t✉❛çõ❡s r♦t✐♥❡✐r❛s q✉❡ ♣♦❞❡♠ s❡r

r❡s♦❧✈✐❞❛s ❝♦♠ ❡ss❛s ✐❞❡✐❛s✳

✺✳✸✳✼ ❈♦♥t❡ú❞♦s ❡♥✈♦❧✈✐❞♦s

❼ ❙❡q✉ê♥❝✐❛s✳

❼ ➪r❡❛✳

❼ P❡rí♠❡tr♦✳

❼ ❋♦r♠❛s✳

❼ ❈♦♥t❛❣❡♠✳

❼ ❚♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳

❼ Pr♦❜❧❡♠❛s ❞❡ ♠❛①✐♠✐③❛çã♦✳

✺✳✹ ❱❛♠♦s ❝♦♥str✉✐r ✜❣✉r❛s❄

✺✳✹✳✶ ❖❜❥❡t✐✈♦

❊ss❛ ❛t✐✈✐❞❛❞❡ tr❛③ ❝♦♠♦ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦ ❡①♣❧♦r❛r ❛s ❢♦r♠❛s ♣❧❛♥❛s ♥❛ ❝♦♥str✉çã♦ ❞❡

✜❣✉r❛s ❡s♣❛❝✐❛✐s✳ ▲❡✈❛r ♦ ❛❧✉♥♦ à ❝♦♥str✉çã♦ ❞❛ ♥♦çã♦ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❡ ♣r♦♣♦r❝✐♦♥❛r ❛

t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ♣❛r❛ ❡s❝♦❧❤❡r ❛ ♠❡❧❤♦r s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✳ ❱✐✈❡♥❝✐❛r s✐t✉❛çõ❡s q✉❡

❡♥✈♦❧✈❛♠ ✐♥t❡r❢❡rê♥❝✐❛s ❞♦ tr✐â♥❣✉❧♦ ❡q✉✐❧át❡r♦ ❡ ❞♦ q✉❛❞r❛❞♦ ♥❛ ❝r✐❛çã♦ ❞❡ ❝❛✐①❛s✳

✺✳✹✳✷ Pú❜❧✐❝♦ ❛❧✈♦

❆❧✉♥♦s ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❝✐❝❧♦ ■ ✕ ✶➸ ❛♥♦ ❛♦ ✺➦ ❛♥♦✳

✶✹✷



✺✳✹✳✸ ▼❛t❡r✐❛❧ ♥❡❝❡ssár✐♦

P❛r❛ ❝❛❞❛ ❣r✉♣♦ ❞❡ q✉❛tr♦ ❛❧✉♥♦s s❡rã♦ ♥❡❝❡ssár✐♦s✿

❼ ✷✵ ❜♦❧❛s ❞❡ ✐s♦♣♦r ❝♦♠ ✺❝♠ ❞❡ ❞✐â♠❡tr♦✳

❼ ✷✵ q✉❛❞r❛❞♦s ❞❡ ✶✺❝♠ ❞❡ ❧❛❞♦ ❡♠ ♣❛♣❡❧ ❝❛rtã♦✳

❼ ✷✵ tr✐â♥❣✉❧♦s ❡q✉✐❧át❡r♦s ❞❡ ❧❛❞♦ ✶✺❝♠ ❡♠ ♣❛♣❡❧ ❝❛rtã♦✳

❼ ✶ ❢♦❧❤❛ ❞❡ ♣❛♣❡❧ q✉❛❞r✐❝✉❧❛❞♦✳

❼ ✷ ❢♦❧❤❛s ❞❡ s✉❧✜t❡✳

❼ ✶ ré❣✉❛✳

✺✳✹✳✹ Pr♦❜❧❡♠❛ ♥♦rt❡❛❞♦r

◗✉❡r❡♠♦s ❝♦♥str✉✐r ❝❛✐①❛s ❞❡ três ❢♦r♠❛s✿ ❝✉❜♦s✱ ♣✐râ♠✐❞❡ ❞❡ ❜❛s❡ tr✐❛♥❣✉❧❛r✱ ♣✐râ♠✐❞❡

❞❡ ❜❛s❡ q✉❛❞r❛❞❛✱ ❞❡ ❢♦r♠❛ ❛ ✉s❛r ✷✵ q✉❛❞r❛❞♦s ❡ ✷✵ tr✐â♥❣✉❧♦s t♦❞♦s ❝♦♠ ✶✺ ❝♠ ❞❡ ❧❛❞♦✳

Pr❡t❡♥❞❡♠♦s ❣✉❛r❞❛r ❞❡♥tr♦ ❞❡ss❛s ❝❛✐①❛s ♦ ♠❛✐♦r ♥ú♠❡r♦ ♣♦ssí✈❡❧ ❞❡ ❜♦❧❛s✳

✺✳✹✳✺ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦

❼ ❋♦r♥❡❝❡r ♦s tr✐â♥❣✉❧♦s ❡ q✉❛❞r❛❞♦s ♣❛r❛ q✉❡ ♦s ❛❧✉♥♦s s❡ ❢❛♠✐❧✐❛r✐③❡♠ ❝♦♠ ❛s ❢♦r♠❛s✱

❝♦♠♣❛r❛♥❞♦ ♥ú♠❡r♦ ❞❡ ❧❛❞♦s✱ ♠❡❞✐❞❛s ❞❡ ❧❛❞♦s✱ s❡♠❡❧❤❛♥ç❛s ❡ ❞✐❢❡r❡♥ç❛s✳

❼ ❉✐s❝✉t✐r q✉❛♥t❛s ❞❡ss❛s ♣❡ç❛s s❡rã♦ ♥❡❝❡ssár✐❛s ♣❛r❛ ❢❛③❡r ❝❛❞❛ ❝❛✐①❛✱ ♣r♦✈♦❝❛r ♣❛r❛

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

♣♦❧í❣♦♥♦ ♦✉ ♦s ❞♦✐s ❡ r❡❣✐str❛♥❞♦ ❡ss❛ ✐♥❢♦r♠❛çã♦ ♥❛ ❢♦r♠❛ ❞❡ ✉♠❛ t❛❜❡❧❛✳

❼ ❈♦♠ ✜t❛ ❛❞❡s✐✈❛✱ ❢❛③❡r ✉♠❛ ❝❛✐①❛ ❞❡ ❝❛❞❛ t✐♣♦ ❞❡✐①❛♥❞♦ ✉♠❛ ❡①tr❡♠✐❞❛❞❡ ❛❜❡rt❛

♣❛r❛ ❡①♣❧♦r❛r♠♦s ❛ ❝❛♣❛❝✐❞❛❞❡✱ q✉❛♥t❛s ❜♦❧❛s ❝❛❜❡♠ ❞❡♥tr♦ ❞❡ ❝❛❞❛ ✉♠❛✳

❼ ❉❡ ❢♦r♠❛ ❡①♣❡r✐♠❡♥t❛❧✱ ✈❡r✐✜❝❛r q✉❛♥t❛s ❜♦❧❛s ❝❛❜❡♠ ❡♠ ❝❛❞❛ ✉♠❛ ❡ r❡❣✐str❛r ❡ss❛

✐♥❢♦r♠❛çã♦✳

❼ P❛rt✐r❡♠♦s ♣❛r❛ ♣r♦❜❧❡♠❛t✐③❛çã♦ ❡ ❡①♣❡r✐♠❡♥t❛çã♦✱ q✉❛♥t❛s ❝❛✐①❛s ❡ q✉❛✐s ❢♦r♠❛s

♣♦❞❡♠♦s ❢❛③❡r ❝♦♠ ♦s ♣♦❧í❣♦♥♦s q✉❡ t❡♠♦s❄ ❙♦❜r❛ ❛❧❣✉♠ ♣♦❧í❣♦♥♦❄ ➱ ♣♦ssí✈❡❧

❢❛③❡r s❡♠ s♦❜r❛s❄ ➱ ✐♠♣♦rt❛♥t❡ q✉❡ ❡ss❛s ✐♥❢♦r♠❛çõ❡s s❡❥❛♠ ❝♦♠♣❛rt✐❧❤❛❞❛s ❡

r❡❣✐str❛❞❛s✳

❼ Pr♦♣♦r❝✐♦♥❛r ♦ ♣r❡❡♥❝❤✐♠❡♥t♦ ❞❡ t❛❜❡❧❛s ❝♦♠ ♠ú❧t✐♣❧♦s r❡❧❛❝✐♦♥❛❞♦s às q✉❛♥t✐❞❛❞❡s

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

♦ r❡❣✐str♦ ♥✉♠ér✐❝♦ ❡ ♦♣❡r❛❝✐♦♥❛❧✳

✶✹✸



❼ ❆♣ós ❛s ✈ár✐❛s ❡①♣❡r✐♠❡♥t❛çõ❡s ❡ r❡❣✐str♦s✱ ♣r♦✈♦❝❛r ♣❛r❛ q✉❡ ❡❧❡s ♣r♦♣♦♥❤❛♠ s♦✲

❧✉çõ❡s ❛♦ ♣r♦❜❧❡♠❛ ♥♦rt❡❛❞♦r ❡ ✈❡r✐✜❝❛r s❡ ❡❧❛ é ♣♦ssí✈❡❧ ♦✉ ♥ã♦✳

❼ ❈♦♠♣❛r❛r ❛s ✈ár✐❛s s♦❧✉çõ❡s ❡♥❝♦♥tr❛❞❛s ❞❡ ❢♦r♠❛ ❛ ✈❡r✐✜❝❛r s❡ ❡①✐st❡ ✉♠❛ ♠❡❧❤♦r

❡♥tr❡ ❡❧❛s✳ ➱ ♣♦ssí✈❡❧ ♦❜t❡r♠♦s ✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r❄

❼ ❙♦❝✐❛❧✐③❛r ❛s ❝♦♥❝❧✉sõ❡s ❡ ❞✐s❝✉t✐r ❛s ♠❡❧❤♦r❡s ❢♦r♠❛s ❞❡ r❡❣✐str♦s ♣❛r❛ ❡ss❛ s✐t✉❛çã♦✳

✺✳✹✳✻ ❖r✐❡♥t❛çã♦ ❛♦ ♣r♦❢❡ss♦r

❚❡♠♦s ✉♠❛ ❛t✐✈✐❞❛❞❡ ❝♦♠ ❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❞✐✈❡rs❛s ❤❛❜✐❧✐❞❛❞❡s ❡ ❝♦♥t❡ú❞♦s ♠❛t❡♠át✐❝♦s✱

✈❛❧♦r✐③❛r ❛s ♣r♦♣r✐❡❞❛❞❡s ❞❡ss❡s ♣♦❧í❣♦♥♦s r❡❣✉❧❛r❡s ❡ ❛ ❝♦♥str✉çã♦ ❞❡ ♣♦❧✐❡❞r♦s ❝♦♠ ❡❧❡s

é ♠✉✐t♦ ✐♠♣♦rt❛♥t❡ ❡ ❛ ❢♦r♠❛ ❞❡ ❛❜str❛çã♦ ❞❡♣❡♥❞❡rá ❞♦ ♥í✈❡❧ ❞❡ ❝❛❞❛ t✉r♠❛✳ ◆❡ss❡

♠♦♠❡♥t♦✱ ❥á ♣♦❞❡♠♦s ❞✐s❝✉t✐r s❡♠❡❧❤❛♥ç❛s✴❞✐❢❡r❡♥ç❛s ❞❡ ❢♦r♠❛ ❛ ❝❧❛ss✐✜❝❛r♠♦s ❡ r❡❝♦✲

♥❤❡❝❡r♠♦s ♣♦❧í❣♦♥♦s ❡ ♣♦❧✐❡❞r♦s✳ ❆❧❣✉♠❛s ♥♦çõ❡s ❝♦♠♦ ♦❜❧íq✉♦✱ ♣❛r❛❧❡❧♦✱ ♣❡r♣❡♥❞✐❝✉❧❛r

❥á ♣♦❞❡♠ s❡r ❡①♣❧♦r❛❞❛s ♥❛s ❝♦♥str✉çõ❡s ✈❛❧♦r✐③❛♥❞♦ ❛ ❛t✐✈✐❞❛❞❡✳ ❈❧❛r♦ q✉❡ ❞❡✈❡♠♦s

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

❝♦t✐❞✐❛♥♦✳

◆❛s r❡♣r❡s❡♥t❛çõ❡s ❞❡ q✉❛♥t✐❞❛❞❡s✱ ❡st❛r❡♠♦s ❡①♣❧♦r❛♥❞♦ s❡q✉ê♥❝✐❛s ❞❡ ♠ú❧t✐♣❧♦s ❡

❝♦♥t❛❣❡♠ ❞❡ ❢♦r♠❛ ❛ ❢✉♥❞❛♠❡♥t❛r ❛s ♦♣❡r❛çõ❡s ❜ás✐❝❛s✱ s❡✉s r❡❣✐str♦s ❡ s✉❛s ✐♥✈❡rs❛s✳ ❆

❝♦♥str✉çã♦ ❞❡ ❡①♣r❡ssõ❡s ❡ r❡❧❛çõ❡s ❥á ♣♦❞❡♠ t❛♠❜é♠ s❡r ✈✐✈❡♥❝✐❛❞❛s ❡ ❝♦♥t❡①t✉❛❧✐③❛❞❛s✳

◆❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ❛s s♦❧✉çõ❡s ❡st❛♠♦s ✈❡r✐✜❝❛♥❞♦ ❛s ✈ár✐❛s s♦❧✉çõ❡s ♣❛r❛ ✉♠ ♠❡s♠♦

♣r♦❜❧❡♠❛ ❞❡s❡♥❝❛❞❡❛♥❞♦ ❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳ ❚❡♠♦s t❛♠❜é♠ ❛ ✐♥s❡rçã♦ ❞❡ q✉❡ ♣❛r❛ ✉♠

♣r♦❜❧❡♠❛ ♣♦❞❡♠♦s t❡r ♠❛✐s ❞❡ ✉♠❛ r❡s♣♦st❛ ❡ ♠ú❧t✐♣❧❛s ❢♦r♠❛s ♣❛r❛ ❛ s✉❛ r❡s♦❧✉çã♦✳

➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡ ❡♠ ✈ár✐♦s ♣r♦❜❧❡♠❛s ❝♦t✐❞✐❛♥♦s t❡♠♦s ❞❡ ❡s❝♦❧❤❡r ❡♥tr❡

❛ ♠❡❧❤♦r ♦♣çã♦✳ ❖ ♠❛✐s ✈❛♥t❛❥♦s♦✱ q✉❡ ❞❡♣❡♥❞❡ s❡♠♣r❡ ❞❛ s✐t✉❛çã♦ ❡♠ q✉❡ ❡st❛♠♦s

✈✐✈❡♥❞♦✳ Pr♦♣♦r❝✐♦♥❛r ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ♦r❣❛♥✐③❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ♣❛r❛ ♣♦st❡r✐♦r t♦✲

♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳ ❆q✉✐ ♣♦❞❡♠♦s ❡①♣❧♦r❛r ❣rá✜❝♦s✱ t❛❜❡❧❛s ❡ ❞✐❛❣r❛♠❛s r❡♣r❡s❡♥t❛t✐✈♦s

❝♦♠♦ ✉♠ ♣r❡♣❛r♦ ♣❛r❛ ♦ ❛♣r❡♥❞✐③❛❞♦ ❞❛ á❧❣❡❜r❛ ♥❛s sér✐❡s s✉❜s❡q✉❡♥t❡s✳ ❚❛♠❜é♠ é ✐♠✲

♣♦rt❛♥t❡ ♣r♦✈♦❝❛r q✉❡st✐♦♥❛♠❡♥t♦s ❡ s♦❝✐❛❧✐③❛r ❛s r❡s♣♦st❛s ♦❜t✐❞❛s ❞❡ ❢♦r♠❛ ❛ ❝✐r❝✉❧❛r ❛

✐♥❢♦r♠❛çã♦ ❡ ❝♦♥str✉✐r ♥♦✈♦s s❛❜❡r❡s✳

✺✳✹✳✼ ❈♦♥t❡ú❞♦s ❡♥✈♦❧✈✐❞♦s

❼ ❋♦r♠❛s ❣❡♦♠étr✐❝❛s ♣❧❛♥❛s✳

❼ ❋♦r♠❛s ❣❡♦♠étr✐❝❛s ❡s♣❛❝✐❛✐s✳

❼ ❙❡q✉ê♥❝✐❛s ❞❡ ♠ú❧t✐♣❧♦s✳

❼ ◆ú♠❡r♦s ❡ ♦♣❡r❛çõ❡s✳

❼ ●rá✜❝♦s ❡ t❛❜❡❧❛s✳

✶✹✹



❼ ❚♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳

❼ Pr♦❜❧❡♠❛s ❞❡ ♠❛①✐♠✐③❛çã♦✳

✺✳✺ ❱❛♠♦s ♠❡❞✐r ❡ ❝♦♥str✉✐r ✜❣✉r❛s❄

✺✳✺✳✶ ❖❜❥❡t✐✈♦

Pr♦♣♦r❝✐♦♥❛r ❛♦ ❛❧✉♥♦ ❛ ✈✐✈ê♥❝✐❛ ❝♦♠ só❧✐❞♦s ❣❡♦♠étr✐❝♦s ❡ s✉❛ ❝♦♥str✉çã♦ ♣❧❛♥❛✱ ♣❧❛♥✐✲

✜❝❛çã♦✱ ❞❡s❡♥✈♦❧✈❡♥❞♦ ❛ ♣❡r❝❡♣çã♦ ❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♠❛t❡r✐❛❧ ♥❡❝❡ssár✐♦✱ ár❡❛✱ ♣❡rí♠❡tr♦

❡ ✐❞❡✐❛ ❞❡ ✈♦❧✉♠❡✳ ❯t✐❧✐③❛r ❞❛ ♠❡❧❤♦r ♠❛♥❡✐r❛ ♣♦ssí✈❡❧ ❞❡ ✉♠ ♠❛t❡r✐❛❧ ♥❛ ❝♦♥str✉çã♦ ❞❡

♦❜❥❡t♦s ❝♦♥❝r❡t♦s ❡ ✈✐s✉❛❧✐③❛r ❛s ❢♦r♠❛s ❞❡ ❝♦♠♦ ♣♦❞❡♠♦s ✐♥t❡r❢❡r✐r ♥❡ss❛s s✐t✉❛çõ❡s✳ ❊♠

✉♠❛ ❛t✐✈✐❞❛❞❡ ❧ú❞✐❝❛✱ ❞❡s❡♥✈♦❧✈❡r ❛s ❤❛❜✐❧✐❞❛❞❡s ❞❡ ♠❡❞✐❞❛s ❡ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳

✺✳✺✳✷ Pú❜❧✐❝♦ ❛❧✈♦

❆❧✉♥♦s ❞♦ ✸➸ ❛♦ ✻➸ ❛♥♦ ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❡✴♦✉ ♠❛✐s ❛❞✐❛♥t❛❞♦s ♣❛r❛ r❡✈✐s✐t❛r

❝♦♥❝❡✐t♦s✳

✺✳✺✳✸ ▼❛t❡r✐❛❧ ♥❡❝❡ssár✐♦

P❛r❛ ❝❛❞❛ ❣r✉♣♦ ❞❡ q✉❛tr♦ ❛❧✉♥♦s s❡rã♦ ♥❡❝❡ssár✐♦s✿

❼ ✹ ré❣✉❛s✳

❼ ✷ t❡s♦✉r❛s✳

❼ ✹ ❧á♣✐s✳

❼ ✶ ❝❛rt♦❧✐♥❛ ♦✉ ♣❛♣❡❧ ❝❛rtã♦✳

❼ ✶ r♦❧♦ ❞❡ ✜t❛ ❛❞❡s✐✈❛✳

❼ ✷ ❝♦♠♣❛ss♦s✳

✺✳✺✳✹ Pr♦❜❧❡♠❛ ♥♦rt❡❛❞♦r

❋❛③❡r ❝♦♠ ✉♠❛ ❢♦❧❤❛ ❞❡ ❝❛rt♦❧✐♥❛✱ s❡♠ ♠✉❞❛r ❛s ❞✐♠❡♥sõ❡s ❞♦s ♣♦❧í❣♦♥♦s✱ ♦ ♠❛✐♦r ♥ú✲

♠❡r♦ ❞❡ só❧✐❞♦s ♣♦ssí✈❡❧ ❞❡ ❢♦r♠❛ ❛ ♦❜t❡r ♦ ♠❛✐♦r ✈♦❧✉♠❡ ❛❝✉♠✉❧❛❞♦ ❡♥tr❡ ♦s ♣♦❧✐❡❞r♦s

❡♥❝♦♥tr❛❞♦s✳

✶✹✺



✺✳✺✳✺ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦

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

♠❡♥t❡✱ ❡♠ ✉♠❛ ❢♦❧❤❛ ❞❡ ❝❛❞❡r♥♦✱ ❞❡s❡♥❤❡ ❡♠ ♠❡❞✐❞❛s ❡①❛t❛s ❛s s❡❣✉✐♥t❡s ✜❣✉r❛s✿

◗✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ ✺ ❝♠✱ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ ✶✵ ❝♠✱ r❡tâ♥❣✉❧♦ ❞❡ ❧❛❞♦s ✺ ❝♠ ♣♦r ✶✵

❝♠✳

❼ ◆♦ ❞❡s❡♥❤♦ ❢♦r♠❛❞♦✱ ✈❡r✐✜❝❛r s❡✱ r❡❛❧♠❡♥t❡✱ sã♦ q✉❛❞r❛❞♦s ❡ r❡tâ♥❣✉❧♦s✱ ♠❡❞✐♥❞♦

s✉❛s ❞✐❛❣♦♥❛✐s ❡ ❝♦♠♣❛r❛♥❞♦ ❡ss❛s ♠❡❞✐❞❛s✳ ❊stã♦ ❝♦rr❡t♦s❄ ❈♦♠♦ ♣♦❞❡♠♦s ✉s❛r

♦ ❝♦♠♣❛ss♦ ♣❛r❛ ❢❛❝✐❧✐t❛r ♥♦ss❛ ❝♦♥str✉çã♦❄ ◗✉❛✐s ❛s ❞✐❢❡r❡♥ç❛s ❡ s❡♠❡❧❤❛♥ç❛s

❡♥tr❡ q✉❛❞r❛❞♦s ❡ r❡tâ♥❣✉❧♦s❄ ❊①✐st❡♠ ✜❣✉r❛s ❞❡ q✉❛tr♦ ❧❛❞♦s ✐❣✉❛✐s q✉❡ ♥ã♦ sã♦

q✉❛❞r❛❞♦s❄

❼ ◆❛ ❝❛rt♦❧✐♥❛✱ ❞❡♣♦✐s ❞❡ ♠❡❞✐r ❡ ❛♥♦t❛r s✉❛s ❞✐♠❡♥sõ❡s ♥♦ ❝❛❞❡r♥♦✱ r❡♣r♦❞✉③✐r ✸

q✉❛❞r❛❞♦s ❞❡ ❧❛❞♦s ✺ ❝♠ ❡ ✸ q✉❛❞r❛❞♦s ❞❡ ❧❛❞♦s ✶✵ ❝♠ ❡ ✻ r❡tâ♥❣✉❧♦s ❞❡ ❧❛❞♦s ✺ ❝♠

♣♦r ✶✵ ❝♠ ❡ r❡s❡r✈❛r ❛ ♣❛rt❡ r❡st❛♥t❡ ♣❛r❛ ❛ ♣ró①✐♠❛ ❡t❛♣❛ ❞❛ ❛t✐✈✐❞❛❞❡✳

❼ ❯s❛♥❞♦ ✜t❛ ❛❞❡s✐✈❛ ♣❛r❛ ✉♥✐r ♦s ❧❛❞♦s✱ ♣♦❞❡♠♦s ❢♦r♠❛r ❝❛✐①❛s ❝♦♠ ❡ss❛s ✜❣✉r❛s❄

◗✉❛✐s s✉❛s ❝❛r❛❝t❡ríst✐❝❛s❄ ❙❡ ❢♦ss❡♠♦s ❣✉❛r❞❛r ❜❛❧❛s ❞❡♥tr♦ ❞❡ss❛s ❝❛✐①❛s✱ q✉❛❧

❝❛❜❡r✐❛ ♠❛✐s❄ ❘❡❣✐str❡ ❡♠ s❡✉ ❝❛❞❡r♥♦ ❛s ♦❜s❡r✈❛çõ❡s ❞❡ s❡✉ ❣r✉♣♦✳

❼ ➱ ♣♦ssí✈❡❧ ❢❛③❡r♠♦s tr✐â♥❣✉❧♦s ❝♦♠ ❧❛❞♦s ✺ ❝♠❄ ❊ ❝♦♠ ❧❛❞♦s ✶✵ ❝♠❄ ❉❡s❡♥❤❡ ✉♠

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

❼ ❈♦♠♦ ♣♦❞❡rí❛♠♦s ♠♦♥t❛r ❛s ❝❛✐①❛s ✉s❛♥❞♦ ❡ss❡s tr✐â♥❣✉❧♦s❄ ▼♦♥t❡ ✉♠ ❡①❡♠♣❧♦✳

❼ P♦❞❡♠♦s ❢❛③❡r tr✐â♥❣✉❧♦s ❝♦♠ ❧❛❞♦s ❞❡ ♠❡❞✐❞❛s ❞✐❢❡r❡♥t❡s❄ ❈♦♠♦ ✜❝❛r✐❛♠ ❛s ❝❛✐①❛s

♠♦♥t❛❞❛s ♣♦r ❡❧❡s❄

❼ ❱♦❝ê ♣♦❞❡r✐❛ s✉❣❡r✐r ✉♠❛ ✜❣✉r❛ ❝♦♠ ♠❛✐s ❞❡ q✉❛tr♦ ❧❛❞♦s ❡ ♠♦♥t❛r ✉♠❛ ❝❛✐①❛

❞✐❢❡r❡♥t❡ ♣❛r❛ ♠♦str❛r ♣❛r❛ s❡✉s ❛♠✐❣♦s❄

❼ ❖❜s❡r✈❡ ❛s ♣❡ç❛s q✉❡ ✈♦❝ê ♠♦♥t♦✉✱ ❡❧❛s r❡♣r❡s❡♥t❛♠ só❧✐❞♦s ❣❡♦♠étr✐❝♦s ❡ sã♦ ❝❤❛✲

♠❛❞❛s ❞❡ ♣♦❧✐❡❞r♦s ♦♥❞❡ ♦❜s❡r✈❛♠♦s três ❡❧❡♠❡♥t♦s✿ ❢❛❝❡✱ ✈ért✐❝❡ ❡ ❛r❡st❛✳ ❉ê ✉♠

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

❡❧❡♠❡♥t♦s✳

◆♦♠❡ ❋❛❝❡s ❱ért✐❝❡s ❆r❡st❛s

❼ ❘❡t♦r♥❛♥❞♦ às ♥♦ss❛s ♣r✐♠❡✐r❛s ❝❛✐①❛s ❞❡ ❜❛s❡ q✉❛❞r❛❞❛✱ ♦❜s❡r✈❛r❡♠♦s ♠❛✐s ❛❧❣✉♥s

❡❧❡♠❡♥t♦s✳ ◗✉❛❧ ♦ ♣❡rí♠❡tr♦ ❡ ❛ ár❡❛ ❞❡ ❝❛❞❛ ✉♠ ❞♦s ♣♦❧í❣♦♥♦s ✉s❛❞♦s❄ ❘❡❣✐str❡

s✉❛s ♦❜s❡r✈❛çõ❡s✳

✶✹✻



❼ ❱♦❧t❛♥❞♦ ❛ q✉❛♥t♦ ❝❛❜❡ ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❝❛✐①❛✱ q✉❛♥t♦s ❝✉❜✐♥❤♦s ❞❡ ❧❛❞♦ ✶❝♠ ❝❛❜❡♠

❞❡♥tr♦ ❞❛ ❝❛✐①❛ ❞❡ ❜❛s❡ q✉❛❞r❛❞❛ ❞❡ ✺❝♠❄ ❊ ❞❡♥tr♦ ❞❛ ❝❛✐①❛ ❞❡ ❜❛s❡ ✶✵❝♠❄ ◗✉❛❧

❝❛❜❡ ♠❛✐s❄ ◗✉❛♥t♦s ❛ ♠❛✐s❄ Pr❡❡♥❝❤❡r ❛ t❛❜❡❧❛✱ ❝♦♠ ❛s ♠❡❞✐❞❛s ❞♦s ♣♦❧í❣♦♥♦s

✉s❛❞♦s✱ ♣❛r❛ ♦❜s❡r✈❛r ♠❛✐s ❛❧❣✉♠❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ r❡s♣♦st❛s ❡ ❝♦♠♦ ♦ ✈♦❧✉♠❡ s❡

❝♦♠♣♦rt❛ ❡♠ r❡❧❛çã♦ ❛s ♦✉tr❛s ❞✐♠❡♥sõ❡s✳

▼❡❞✐❞❛s ❞❛ ❜❛s❡
❆❧t✉r❛ ❞❛ ❝❛✐①❛ ➪r❡❛ ❞❛ ❜❛s❡ ❱♦❧✉♠❡

❧❛❞♦ ❧❛❞♦

a b c a× b a× b× c

❼ ❈♦♠ ✉♠❛ ❝❛rt♦❧✐♥❛✱ q✉❛♥t❛s ❝❛✐①❛s ❞❡ ❝❛❞❛ t✐♣♦ ♣♦❞❡♠♦s ❢❛③❡r❄ ❯s❡ ♣❛r❛ ♣❧❛♥❡❥❛r

❛s ♠❡❞✐❞❛s ❞❛ ❝❛rt♦❧✐♥❛ ❛♥♦t❛❞❛s ♥♦ ✐♥í❝✐♦ ❞❛ ❛t✐✈✐❞❛❞❡✳

❼ ❯s❛♥❞♦ ♦ ✈♦❧✉♠❡ ❞❡ ❝❛❞❛ ❝❛✐①❛✱ ❡♠ q✉❛❧ t❡rí❛♠♦s ✉♠ ✈♦❧✉♠❡ ❛❝✉♠✉❧❛❞♦ ♠❛✐♦r❄

❊♠ q✉❛❧ s♦❜r❛r✐❛ ♠❛✐s ♣❛♣❡❧❄

❼ ❯s❛♥❞♦ ♦s ❞♦✐s t✐♣♦s ❞❡ ❝❛✐①❛✱ q✉❛❧ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❝❛❞❛ ✉♠❛ q✉❡ ♣♦❞❡♠♦s ❢❛③❡r

❡ q✉❛❧ ♦ ✈♦❧✉♠❡ ❛❝✉♠✉❧❛❞♦ ❡♠ ❝❛❞❛ ❝❛s♦❄ ❆♥❛❧✐s❡ ✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❡ ❛♥♦t❡ ♥❛

t❛❜❡❧❛✳ ◗✉❛♥t♦ ♠❛✐s ♠❡❧❤♦r✦

◗✉❛♥t✐❞❛❞❡ ❞❡ ❝❛✐①❛s ❱♦❧✉♠❡ ❞❡ ❝❛❞❛ ❝❛✐①❛
❱♦❧✉♠❡ ❛❝✉♠✉❧❛❞♦

❇❛s❡ ❞❡ ✺❝♠ ❇❛s❡ ❞❡ ✶✵❝♠ ❇❛s❡ ❞❡ ✺❝♠ ❇❛s❡ ❞❡ ✶✵❝♠

n1 n2 v1 v2 V = n1 × v1 + n2 × v2

❼ ❊♠ q✉❛❧ ❞❛s s♦❧✉çõ❡s ♦❜t❡♠♦s ♦ ♠❛✐♦r ✈♦❧✉♠❡ ❛❝✉♠✉❧❛❞♦❄ ➱ ♣♦ssí✈❡❧ ♦❜t❡r♠♦s

✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r❄ Pr♦♣♦♥❤❛ ✉♠❛ ♦✉tr❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ♣❛r❛ ❡ss❡ ♣r♦❜❧❡♠❛✳

✺✳✺✳✻ ❖r✐❡♥t❛çã♦ ❛♦ ♣r♦❢❡ss♦r

❊ss❛ s✐t✉❛çã♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡✈❡ ❧❡✈❛r ♦ ❛❧✉♥♦ ❛ ❝♦♥str✉✐r ❛❧❣✉♠❛s ✐❞❡✐❛s ❞❡ ❣r❛♥❞❡③❛s

❡ s✉❛s ❞✐♠❡♥sõ❡s✳ ◆❛ ♠❡❞✐❞❛ ❞❡ ❝♦♠♣r✐♠❡♥t♦✱ ✈❛❧♦r✐③❛r ♦ ✉s♦ ❞❛ ré❣✉❛ ❝♦♠ ♠ú❧t✐♣❧♦s ❡

s✉❜♠ú❧t✐♣❧♦s ❞♦ ❝❡♥tí♠❡tr♦ ❡ s❡✉ r❡❣✐str♦ ❝♦♠♦ ♥ú♠❡r♦ ❞❡❝✐♠❛❧✳ ❘❡t♦♠❛r ♦ ✉s♦ ❞❛ ré❣✉❛

❝♦♠♦ ✐♥str✉♠❡♥t♦ ❞❡ ♠❡❞✐❞❛ ❡ ♦ ♣❛râ♠❡tr♦ ❞❡ ❝♦♥t❛❣❡♠ ❛♣r❡s❡♥t❛❞♦ ♥❛ ♠❡s♠❛✳ ❚♦❞♦s

♦s ❛❧✉♥♦s s❛❜❡♠ ✉s❛r ❛ ré❣✉❛❄ ❈♦♠♦ ❡❧❡s ✉s❛♠❄ ❈♦♠♦ ❡❧❡s tr❛♥s❢❡r❡♠ ♠❡❞✐❞❛s❄ ❊ss❛s

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

✐♥str✉♠❡♥t♦s ❝♦♠♦ ré❣✉❛ ❡ ❝♦♠♣❛ss♦✳

✶✹✼



◆❛ ♦❜s❡r✈❛çã♦ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ r❡tâ♥❣✉❧♦✱ ♦❜s❡r✈❛r q✉❡ ❛s ❞✐❛❣♦♥❛✐s ❞❡✈❡♠ s❡r

✐❣✉❛✐s✱ ❡ q✉❡ ♥♦ ❝❛s♦ ♣❛rt✐❝✉❧❛r ❞♦ q✉❛❞r❛❞♦✱ ❧❛❞♦s ✐❣✉❛✐s✱ ♦ ♥ã♦ ❛t❡♥❞✐♠❡♥t♦ à r❡str✐çã♦

♥♦s ♣r♦♣✐❝✐❛ ♦ ❧♦s❛♥❣♦✳ ❱❛❧❡ r❡ss❛❧t❛r ❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ❛s ❝❧❛ss✐✜❝❛çõ❡s ❞❡ ♣♦❧í❣♦♥♦s ❡

❛s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ r❡❣✉❧❛r❡s ♦✉ ♥ã♦✳ ◆❛ ❝♦♥str✉çã♦ ❞♦ tr✐â♥❣✉❧♦✱ ♠❛✐s ✉♠❛ ✈❡③✱ ✈❛♠♦s

❡①♣❧♦r❛r ♦ ✉s♦ ❞♦ ❝♦♠♣❛ss♦ ❝♦♠♦ ❢❛❝✐❧✐t❛❞♦r ❞❛ ❝♦♥str✉çã♦✳ ➱ ✐♠♣♦rt❛♥t❡ q✉❡ ♦ ❛❧✉♥♦ r❡✲

❣✐str❡ s✉❛s ♦❜s❡r✈❛çõ❡s ♣❛r❛ ❝♦♥❝r❡t✐③❛r ✐❞❡✐❛s q✉❡ ❢❛❝✐❧✐t❛rã♦ ♥♦ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ❝♦♥❝❡✐t♦s

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

◆♦ ❝á❧❝✉❧♦ ❞❡ ár❡❛ ❡ ✈♦❧✉♠❡✱ ♦ ✉s♦ ❞❡ ♠❛t❡r✐❛❧ ❝♦♥❝r❡t♦ ♣❛r❛ ❝♦♠♣❛r❛çã♦ ❢❛❝✐❧✐t❛ ♦

❡♥t❡♥❞✐♠❡♥t♦✳ ❖ ♠❛t❡r✐❛❧ ❞♦✉r❛❞♦ s❡ ❝♦❧♦❝❛ ❝♦♠♦ ❢❛❝✐❧✐t❛❞♦r s❡ ❝♦♥s✐❞❡r❛r♠♦s ❝♦♠♦ ❞✐✲

♠❡♥sã♦ ✉♥✐tár✐❛ ❡ ❝♦♥str✉✐r♠♦s ♦s ♣♦❧í❣♦♥♦s ❝♦♥t❛♥❞♦ q✉❛❞r❛❞♦s ♦✉ ♣♦❧✐❡❞r♦s ❝♦♥t❛♥❞♦

❝✉❜♦s✳ ❖ ♣r♦❞✉t♦ ❡♥tr❡ ❛s ❞✐♠❡♥sõ❡s ♥♦ ❝á❧❝✉❧♦ ❞❡ ár❡❛ ❡ ✈♦❧✉♠❡ t❛♠❜é♠ ♣♦❞❡ s❡

❛ss♦❝✐❛r ❛ ♠ét♦❞♦s ❞❡ ❝♦♥t❛❣❡♠ ❡ ♣♦❞❡♠♦s ❝♦♥t❡①t✉❛❧✐③❛r ♦✉tr❛s s✐t✉❛çõ❡s ♦♥❞❡ ♠✉❧t✐✲

♣❧✐❝❛♠♦s ♣❛r❛ ❝♦♥t❛r✳ ❋❛③❡r ♦ r❡❣✐str♦ ❞❛s ♦♣❡r❛çõ❡s ❥á ♥❛ ❧✐♥❣✉❛❣❡♠ ❛❧❣é❜r✐❝❛ ❢❛❝✐❧✐t❛ ❛

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

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

❡ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✱ ❥á ♥♦s ❧❡✈❛ à ❧❡✐t✉r❛ ❡ ♣r♦♣♦s✐çã♦ ❞❡ s✐t✉❛çõ❡s ❝♦t✐❞✐❛♥❛s✳ ◗✉❛♥❞♦

♥♦s ❞❡♣❛r❛♠♦s ❝♦♠ ❞✐✈❡rs❛s s♦❧✉çõ❡s ❡ t❡♠♦s q✉❡ ❡s❝♦❧❤❡r ✉♠❛ ❞❡❧❛s ♣♦r ❛❧❣✉♠ ❝r✐tér✐♦✱

❡st❛♠♦s ♥♦s ❛♣r♦♣r✐❛♥❞♦ ❞❛s té❝♥✐❝❛s ❞❡ ♦t✐♠✐③❛çã♦ q✉❡ ♥♦s ❢❛✈♦r❡❝❡♠ ❡♠ ✈ár✐❛s ❛t✐✈✐❞❛✲

❞❡s✳ ❆q✉✐ ♦ ✉s♦ ❞❡ ♣❧❛♥✐❧❤❛s ❡ ❣rá✜❝♦s t❛♠❜é♠ ♣♦❞❡♠ s❡r ❡①♣❧♦r❛❞♦s ❝♦♠♦ ❢❛❝✐❧✐t❛❞♦r❡s

❞♦ ♣r♦❝❡ss♦ ❡ ❛♣❧✐❝❛çõ❡s t❡❝♥♦❧ó❣✐❝❛s✳

✺✳✺✳✼ ❈♦♥t❡ú❞♦s ❡♥✈♦❧✈✐❞♦s

❼ ◆ú♠❡r♦s ❡ ♦♣❡r❛çõ❡s✳

❼ P♦❧í❣♦♥♦s ❡ ♣♦❧✐❡❞r♦s✳

❼ ❈♦♥t❛❣❡♠ ❡ ♦♣❡r❛çõ❡s ❜ás✐❝❛s✳

❼ P❡rí♠❡tr♦✱ ár❡❛ ❡ ✈♦❧✉♠❡✳

❼ ❊①♣r❡ssõ❡s ❛❧❣é❜r✐❝❛s✳

❼ ❚♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❡ Pr♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ✭♠❛①✐♠✐③❛çã♦✮✳

✺✳✻ ❈♦♥str✉✐♥❞♦ ❜r✐♥q✉❡❞♦s ❞❡ ♣❛♣❡❧

✺✳✻✳✶ ❖❜❥❡t✐✈♦

❉❡s❡♥✈♦❧✈❡r ❛ ♣❡r❝❡♣çã♦ ❞❡ ❡s♣❛ç♦ r❡✈✐s✐t❛♥❞♦ ✐❞❡✐❛s ❞❛ ❣❡♦♠❡tr✐❛ ❡ ♠❡❧❤♦r❛♥❞♦ ♦ ❛♣r♦✲

✈❡✐t❛♠❡♥t♦ ❞❡ ♠❛t❡r✐❛✐s✳ ❘❡✈✐s✐t❛r ♦♣❡r❛çõ❡s ❜ás✐❝❛s ❡ ❝♦♥str✉✐r ❡①♣r❡ssõ❡s ❡ ♠♦❞❡❧♦s

♣❛r❛ r❡♣r❡s❡♥t❛çã♦ ❡ s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s✳

✶✹✽



✺✳✻✳✷ Pú❜❧✐❝♦ ❛❧✈♦

❆❧✉♥♦s ❞♦ ✸➸ ❛♦ ✾➸ ❛♥♦ ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❝♦♥❢♦r♠❡ ❛❜♦r❞❛❣❡♠ ❞♦s r❡❣✐str♦s ❡

❧✐♥❣✉❛❣❡♠ ❛♣r❡s❡♥t❛❞❛✳

✺✳✻✳✸ ▼❛t❡r✐❛❧ ♥❡❝❡ssár✐♦

P❛r❛ ❝❛❞❛ ❣r✉♣♦ ❞❡ q✉❛tr♦ ❛❧✉♥♦s s❡rã♦ ♥❡❝❡ssár✐♦s✿

❼ ✶ ❝❛rt♦❧✐♥❛✳

❼ ✹ ré❣✉❛s✳

❼ ✹ ❧á♣✐s✳

❼ ✹ t❡s♦✉r❛s✳

❼ ▼♦❞❡❧♦s ❞♦s ❜r✐♥q✉❡❞♦s✱ ✈❡r ❛♣ê♥❞✐❝❡ ❆✳✸✳

❼ ✹ t❛❜❡❧❛s ❞❡ r❡❣✐str♦✳

❼ ✹ ❢♦❧❤❛s ❞❡ ♣❛♣❡❧ q✉❛❞r✐❝✉❧❛❞♦ ♦✉ ♠✐❧✐♠❡tr❛❞♦✳

✺✳✻✳✹ Pr♦❜❧❡♠❛ ♥♦rt❡❛❞♦r

◗✉❛❧ ♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ❝❛s❛s ❡ ❝❛rr♦s✱ ♠❛♥t❡♥❞♦ ❛ ❡s❝❛❧❛ ✐♥✐❝✐❛❧✱ ♣♦❞❡♠♦s ❢❛③❡r ❡♠

✉♠❛ ❝❛rt♦❧✐♥❛ ❞❡ ❢♦r♠❛ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ❝❛rr♦s s❡❥❛✱ ♣❡❧♦ ♠❡♥♦s✱ ♦ ❞♦❜r♦ ❞♦ ♥ú♠❡r♦ ❞❡

❝❛s❛s❄

✺✳✻✳✺ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦

❼ ❋♦r♥❡❝❡r ❛♦s ❛❧✉♥♦s ♦s ♠♦❞❡❧♦s ❞❛s ❝❛s❛s ❡ ❝❛rr♦s✱ ❞✐s♣♦♥í✈❡❧ ♥♦ ❛♣ê♥❞✐❝❡ ❆✳✸✱ ❛

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

✐♥✐❝✐❛❧♠❡♥t❡✱ ✈❡r✐✜q✉❡♠ q✉❛♥t♦s ❝❛rr♦s ❡ ❝❛s❛s s❡r✐❛ ♣♦ssí✈❡❧ ❢❛③❡r ❝♦♠ ❛♣❡♥❛s ✉♠❛

❝❛rt♦❧✐♥❛✳

❼ Pr♦✈♦❝❛r ♦s ❛❧✉♥♦s ♣❛r❛ q✉❡ ♦❜s❡r✈❡♠ ❛s ✜❣✉r❛s ❣❡♦♠étr✐❝❛s ❡♥✈♦❧✈✐❞❛s✱ s✉❛s ❝❛r❛❝✲

t❡ríst✐❝❛s ❡ ❞✐♠❡♥sõ❡s✳ ➱ ✐♠♣♦rt❛♥t❡ ♦ r❡❣✐str♦ ❞❡ss❛s ♦❜s❡r✈❛çõ❡s ❡ ❛ s✐st❡♠❛t✐③❛çã♦

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

❼ Pr♦♣♦r❝✐♦♥❛r ❛s r❡❧❛çõ❡s ❞❡ ♠❡❞✐❞❛s ❡♥tr❡ ♦s s❡❣♠❡♥t♦s ✉s❛❞♦s✳ ❊①♣❧♦r❛r ❛s ♠❡❞✐❞❛s

❞❡❝✐♠❛✐s ❡ ❛s ❝❧❛ss✐✜❝❛çõ❡s ❡♠ ♠❛✐♦r ❡ ♠❡♥♦r✳

❼ ❘❡t♦♠❛r ✐❞❡✐❛s ❞❡ ♣r♦♣♦rçõ❡s✳ ❙❡ ❛ ❝❛s❛ é ✶✵✵ ✈❡③❡s ♠❡♥♦r q✉❡ ❛ r❡❛❧✐❞❛❞❡✱ q✉❛✐s

s❡r✐❛♠ s✉❛s ♠❡❞✐❞❛s r❡❛✐s❄ ❯♠ ❝❛rr♦ t❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✹♠ ❞❡ ❝♦♠♣r✐♠❡♥t♦✱

q✉❛♥t❛s ✈❡③❡s ❡ss❡ ❝❛rr♦ é ♠❡♥♦r q✉❡ ♦ r❡❛❧❄

✶✹✾



❼ ❋♦r♥❡❝❡r ❛♦s ❛❧✉♥♦s ♠❛✐s ♠♦❧❞❡s ❞❡ ❢♦r♠❛ ❛ ❢❛③❡r❡♠ ♦s ❝❛rr♦s ❡ ❝❛s❛s ❝♦♠ s✉❛

❝❛rt♦❧✐♥❛ ❡ ❞❡♣♦✐s ❝♦♠♣❛r❛r❡♠ ❛s q✉❛♥t✐❞❛❞❡s ♦❜t✐❞❛s✳ ▲❡✈❛r ❛ ❞✐s❝✉ssã♦ ❞♦ t❡r♠♦

✏♣❡❧♦ ♠❡♥♦s✑ ♥♦ ♣r♦❜❧❡♠❛ ♥♦rt❡❛❞♦r✳

❼ ❆♠♣❧✐❛♥❞♦ ♥♦ss❛ s✐t✉❛çã♦✱ ✈❛♠♦s ♣r♦❜❧❡♠❛t✐③❛r✦ ❊♠ ✉♠❛ ❧♦❥❛ ❞❡ ❜r✐♥q✉❡❞♦s✱ ♦

❧✉❝r♦ ♥♦ ❝❛rr♦ é ❞❡ ❘✩ ✷✱✼✺ ❡ ❞❛ ❝❛s❛ ❘✩ ✶✱✸✺✳ ❈♦♠ ♦s ❝❛rr♦s ❡ ❝❛s❛s ❢❡✐t♦s ❡♠ ✉♠❛

❝❛rt♦❧✐♥❛ ♦ ❧✉❝r♦ s❡r✐❛✱ ❛♦ t♦❞♦✱ q✉❛♥t♦❄

❼ ❈♦♠♣❛r❛♥❞♦ ❣r❛♥❞❡③❛s✱ ❝♦♠♣❧❡t❛r❡♠♦s ✉♠❛ t❛❜❡❧❛ ♣❛r❛ ♦ ♥ú♠❡r♦ ❞❡ ❝❛rr♦s ♣r♦✲

❞✉③✐❞♦ ❡ ✉♠❛ ♣❛r❛ ♦ ♥ú♠❡r♦ ❞❡ ❝❛s❛s ❡ r❡♣r❡s❡♥tá✲❧❛s ❡♠ ✉♠ ❣rá✜❝♦ ♥♦ ♣❛♣❡❧ q✉❛✲

❞r✐❝✉❧❛❞♦✳ P❛r❛ q✉❡ ♦ ❧✉❝r♦ s❡❥❛✱ ❛♣r♦①✐♠❛❞❛♠❡♥t❡✱ ✐❣✉❛❧ ❡♥tr❡ ♦s ❞♦✐s ❜r✐♥q✉❡❞♦s✱

q✉❛♥t♦s ❞❡ ❝❛❞❛ ✉♠ ❞❡✈❡♠♦s t❡r❄

❈❛s❛s

✳✳✳✳✳✳✳✳

❈❛rr♦s

◗✉❛♥t✐❞❛❞❡ ▲✉❝r♦ ❖❜t✐❞♦ ◗✉❛♥t✐❞❛❞❡ ▲✉❝r♦ ❖❜t✐❞♦

✶ ❘✩ ✶✱✸✺ ✶ ❘✩ ✷✱✼✺

✷ ✷

✸ ✸

✹ ✹

✺ ✺

✶✵ ✶✵

✶✺ ✶✺

✷✵ ✷✵

❼ ❆❣♦r❛ ❥✉♥t❛r❡♠♦s ❛s ✐♥❢♦r♠❛çõ❡s ❞♦ ❧✉❝r♦ ❞❡ ❝❛rr♦s ❡ ❝❛s❛s ❡ ❝♦♠♣❧❡t❛r❡♠♦s ❛ ♥♦✈❛

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

◗✉❛♥t✐❞❛❞❡ ❞❡ ❝❛s❛s ◗✉❛♥t✐❞❛❞❡ ❞❡ ❝❛rr♦s ▲✉❝r♦ ❖❜t✐❞♦

✶ ✶ ❘✩ ✹✱✶✵

✶ ✷

✷ ✶

✷ ✺

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

1 × 2, 75 + 1 × 1, 35 = 4, 10 ❡ ♣r♦♣♦r ❞✐s❝✉ssõ❡s✱ ♥♦s r❡s✉❧t❛❞♦s ❞❛ t✉r♠❛✱ ❞♦ t✐♣♦✿

❖♥❞❡ ♦❜t✐✈❡♠♦s ♦ ♠❛✐♦r ❧✉❝r♦❄ ❊ ♦ ♠❡♥♦r ❧✉❝r♦❄ ➱ ♣♦ssí✈❡❧ ♦❜t❡r♠♦s ✉♠ ❧✉❝r♦

✶✺✵



♠❛✐♦r ♥❡ss❛ s✐t✉❛çã♦❄ Pr♦♣♦♥❤❛ q✉❡ ♦s ❛❧✉♥♦s ♣r♦❞✉③❛♠ ✉♠ t❡①t♦ ❛r❣✉♠❡♥t❛t✐✈♦

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

✺✳✻✳✻ ❖r✐❡♥t❛çã♦ ❛♦ ♣r♦❢❡ss♦r

❆ ✐♠♣♦rtâ♥❝✐❛ ❞♦ r❡❣✐str♦ ♥♦ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡ ♠❛t❡♠át✐❝❛ t❡♠ ❞❡ s❡r ♦❜s❡r✈❛❞♦

❝♦♠ ❛t❡♥çã♦✳ ❊♠ t✉r♠❛s ❞❛s sér✐❡s ✐♥✐❝✐❛✐s✱ ✈❛❧♦r✐③❛r ❛s q✉❡stõ❡s ❞♦s ♥ú♠❡r♦s ❡ ♦♣❡r❛çõ❡s

❞❛♥❞♦ ✐❞❡✐❛s ❞❡ ✈❛r✐❛çõ❡s✳ ◆♦s ❛❧✉♥♦s ❞❛s sér✐❡s ✜♥❛✐s ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧✱ ❥á ♣♦❞❡♠♦s

✐♥tr♦❞✉③✐r ✈❛r✐á✈❡✐s ♥❛ ❢♦r♠❛ ❞❡ ✐♥❝ó❣♥✐t❛s ❡ ❝♦♥str✉✐r ❡q✉❛çõ❡s ❡ ✐♥❡q✉❛çõ❡s ♣❛r❛ ❛

r❡♣r❡s❡♥t❛çã♦ ❞❛ s✐t✉❛çã♦ ❡ ❝♦♠♣❛r❛çã♦ ♥❛s t❛❜❡❧❛s ❡ ❣rá✜❝♦s✳ ➱ ♣♦ssí✈❡❧ ❡s❝r❡✈❡r ✉♠❛

r❡❣✉❧❛r✐❞❛❞❡❄ ❊①✐st❡♠ r❡str✐çõ❡s ❛ s❡r❡♠ ❛♥❛❧✐s❛❞❛s❄ P♦❞❡♠♦s ✐♥t❡r❢❡r✐r ♥❛ s✐t✉❛çã♦❄

❊ss❛s ❡ ♦✉tr❛s ♣❡r❣✉♥t❛s ❞❡✈❡♠ ♥♦rt❡❛r s❡♠♣r❡ ♦ ♣r♦❜❧❡♠❛✱ ❧❡✈❛♥❞♦ ❛♦ ❛❧✉♥♦ ❛ ♣❡r❝❡♣çã♦

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

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

◆♦ tr❛❜❛❧❤♦ ❝♦♠ ♣r♦♣♦rçã♦ ❡ ❡s❝❛❧❛ é ✐♠♣♦rt❛♥t❡ ❛ ❞✐s❝✉ssã♦ ❞❡ ♦♥❞❡ ❡ss❡ ❝♦♥❝❡✐t♦

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

✐❞❡✐❛ ❞❡ ❢r❛çã♦ ❝♦♠♦ r❛③ã♦ ♣♦❞❡ s❡r ♣r♦✈♦❝❛❞❛ ♦✉ r❡t♦♠❛❞❛✱ r❡✈✐s✐t❛♥❞♦ ❡ ❝♦♥str✉✐♥❞♦

♣❛râ♠❡tr♦s ❛ ❝❛❞❛ ♠♦♠❡♥t♦✳ ❈✐r❝✉❧❛r ❛s ❝♦♥❝❧✉sõ❡s ❡ ♣r♦✈♦❝❛r ♣❛r❛ q✉❡ ❛s r❡s♣♦st❛s

t❡♥❤❛♠ ♦r✐❣❡♠ ♥♦s ♣ró♣r✐♦s ❛❧✉♥♦s✳

❆❧é♠ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦s ❜ás✐❝♦s ❞❛ ♠❛t❡♠át✐❝❛✱ ❛ s✐t✉❛çã♦ ♣❡r♠✐t❡ ✉♠❛ ❡①♣❧♦r❛çã♦ ❞❡

❣r❛♥❞❡③❛s ✈❛r✐á✈❡✐s ❧✐♥❡❛r♠❡♥t❡✱ ♣♦❞❡♥❞♦ s❡r ❡①♣❧♦r❛❞❛s ❞❡♥tr♦ ❞❛ r❡s♦❧✉çã♦ ❞❡ s✐st❡♠❛s

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

❞❡❝✐sã♦✱ ♣♦❞❡♠♦s ✐♥t❡r❛❣✐r ♥❛s ✐❞❡✐❛s ❞❡ ♦t✐♠✐③❛çã♦ ❧✐♥❡❛r ❥á ♥❡ss❛ ❢❛s❡ ❞♦ ❛♣r❡♥❞✐③❛❞♦✳

✺✳✻✳✼ ❈♦♥t❡ú❞♦s ❡♥✈♦❧✈✐❞♦s

❼ ◆ú♠❡r♦s ❡ ❖♣❡r❛çõ❡s✳

❼ ❘❛③ã♦ ❡ Pr♦♣♦rçã♦✳

❼ ▼❡❞✐❞❛s ❡ ❋♦r♠❛s✳

❼ ❊①♣r❡ssõ❡s ❆❧❣é❜r✐❝❛s✳

❼ ●rá✜❝♦s ❡ ❚❛❜❡❧❛s✳

❼ ❚♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❡ ♣r♦❜❧❡♠❛s ❞❡ ♦t✐♠✐③❛çã♦ r❡str✐t♦s ✭♠❛①✐♠✐③❛çã♦✮✳

❼ ▼♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❡ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s✳

✶✺✶



✺✳✼ ❈❛rr✐♥❤♦ ❞❡ ▼ã♦

✺✳✼✳✶ ❖❜❥❡t✐✈♦

Pr♦❜❧❡♠❛t✐③❛r ❞❡ ❢♦r♠❛ ❧ú❞✐❝❛ ❛ ❝♦♥t❛❣❡♠ ❡ ❛ s❡q✉ê♥❝✐❛ ❞❡ ♠ú❧t✐♣❧♦s✳ ▼❛♥✐♣✉❧❛r ❢♦r✲

♠❛s ❣❡♦♠étr✐❝❛s✱ r❡❝♦rt❛r✱ ❞♦❜r❛r ❡ ❝♦❧❛r✱ ♣❛r❛ ❛♣❡r❢❡✐ç♦❛♠❡♥t♦ ❞❛ ❝♦♦r❞❡♥❛çã♦ ♠♦t♦r❛✳

❱✐✈❡♥❝✐❛r ✐❞❡✐❛s ♦♣❡r❛❝✐♦♥❛✐s ❞♦ ♣r✐♥❝í♣✐♦ ❛❞✐t✐✈♦ ❡ ♠✉❧t✐♣❧✐❝❛t✐✈♦✳ ▲❡✈❛r ♦ ❛❧✉♥♦ ❛ ❝♦♥s✲

tr✉çã♦ ❞❡ s♦❧✉çõ❡s ❡♠ ♣r♦❜❧❡♠❛s ❛❜❡rt♦s q✉❡ ❡♥✈♦❧✈❛♠ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳ Pr♦♣♦r❝✐♦♥❛r

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

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

✺✳✼✳✷ Pú❜❧✐❝♦ ❛❧✈♦

❆❧✉♥♦s ❞❛s sér✐❡s ✐♥✐❝✐❛✐s ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ♦✉ ❞❛s sér✐❡s s✉❜s❡q✉❡♥t❡s ❝♦♠ ♥❡❝❡s✲

s✐❞❛❞❡ ❞❡ r❡t♦♠❛❞❛ ❞♦s ❝♦♥❝❡✐t♦s✳

✺✳✼✳✸ ▼❛t❡r✐❛❧ ♥❡❝❡ssár✐♦

P❛r❛ ❝❛❞❛ ❣r✉♣♦ ❞❡ ❝✐♥❝♦ ❛❧✉♥♦s s❡rã♦ ♥❡❝❡ssár✐♦s✿

❼ ✺ ❢♦❧❤❛s ❞❡ ♠♦❧❞❡s✱ ❞✐s♣♦♥í✈❡❧ ♥♦ ❆♣ê♥❞✐❝❡ ❆✳✷ ❞❡ss❡ ♠❛t❡r✐❛❧✱ ❞❡ ❝❛❞❛ t✐♣♦✱ ❆✳✷✳✶

à ❆✳✷✳✹✳

❼ ✶✵ ❢♦❧❤❛s ❞❡ ♣❛♣❡❧ s✉❧✜t❡✳

❼ ✶ ❝❛✐①❛ ❞❡ ❧á♣✐s ❞❡ ❝♦r✳

❼ ▼❛t❡r✐❛❧ ❞♦✉r❛❞♦ ♦✉ ♦✉tr♦ ❡q✉✐✈❛❧❡♥t❡✳

❼ ✺ t❡s♦✉r❛s✳

❼ ✶ t✉❜♦ ❞❡ ❝♦❧❛✳

✺✳✼✳✹ Pr♦❜❧❡♠❛ ♥♦rt❡❛❞♦r

❈♦♥str✉✐r ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ❝❛rr✐♥❤♦s ❞❡ ♠ã♦ q✉❡ ♣♦❞❡♠ s❡r ❢❡✐t♦s ❝♦♠ ❞✉❛s✱ três ♦✉

q✉❛tr♦ r♦❞❛s✳ ❉✐s♣♦♠♦s ❞❡ ✈✐♥t❡ ❡ três r♦❞❛s✱ ❝✐♥❝♦ ♠♦❧❞❡s ♣❛r❛ ❝❛rr✐♥❤♦s ❞❡ ❞✉❛s r♦❞❛s✱

❝✐♥❝♦ ♠♦❧❞❡s ♣❛r❛ ❝❛rr✐♥❤♦s ❞❡ três r♦❞❛s ❡ q✉❛tr♦ ♠♦❧❞❡s ♣❛r❛ ❝❛rr✐♥❤♦s ❞❡ q✉❛tr♦ r♦❞❛s✱

❞✐s♣♦♥í✈❡✐s ♥♦ ❛♣ê♥❞✐❝❡ ❆✳✷ ❞❡ss❡ ♠❛t❡r✐❛❧✱ ❡ t♦❞❛s ❛s r♦❞❛s ❞❡✈❡♠ s❡r ✉s❛❞❛s✳

✺✳✼✳✺ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦

❼ ■♥✐❝✐❛❧♠❡♥t❡✱ ❢♦r♥❡❝❡r❡♠♦s ♦s ♠♦❧❞❡s ♣❛r❛ ❣r✉♣♦s ❞❡ q✉❛tr♦ ❛❧✉♥♦s ❞❡ ❢♦r♠❛ ❛ ❝♦✲

♥❤❡❝❡r❡♠ ♦ ♠❛t❡r✐❛❧ ❞✐s♣♦♥í✈❡❧✳ ❆s ❧✐♥❤❛s ❝❤❡✐❛s ❞❡✜♥❡♠ ❝♦rt❡ ❡ ❛s ♣♦♥t✐❧❤❛❞❛s

✶✺✷



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

❛❧✉♥♦s q✉❡ ♣✐♥t❡♠ ❛s ✜❣✉r❛s ❛ s❡r❡♠ ✉s❛❞❛s ❡ ✐❞❡♥t✐✜q✉❡♠ ❛s ❢♦r♠❛s ❣❡♦♠étr✐❝❛s✳

❙♦❧✐❝✐t❡ q✉❡ ❡❧❡s r❡❣✐str❡♠ ❡♠ s❡✉ ❝❛❞❡r♥♦ ♦ ♥♦♠❡ ❞❛s ✜❣✉r❛s ❡ s✉❛s ❝❛r❛❝t❡ríst✐❝❛s✳

❼ ◆❡ss❡ ♠♦♠❡♥t♦✱ ❝♦♥str✉✐r❡♠♦s ✉♠ ❝❛rr✐♥❤♦ ❞❡ ♠ã♦ ❞❡ ❝❛❞❛ t✐♣♦ ♣❛r❛ ✐♥✐❝✐❛r♠♦s

❛ ♣r♦❜❧❡♠❛t✐③❛çã♦ ❡ ♥♦ss♦ ❡st✉❞♦ ♥✉♠ér✐❝♦✳ ▼❛✐s ✉♠❛ ✈❡③ é ✐♠♣♦rt❛♥t❡ q✉❡ ♦s

❛❧✉♥♦s r❡❣✐str❡♠ s✉❛s ♦❜s❡r✈❛çõ❡s ❡♠ s❡✉ ❝❛❞❡r♥♦ ♣❛r❛ ❞❡♣♦✐s ♣♦❞❡r♠♦s s♦❝✐❛❧✐③❛r

❛s ❝♦♥❝❧✉sõ❡s ❝♦♠ ❛ t✉r♠❛ ❡♠ ✉♠❛ r♦❞❛ ❞❡ ❝♦♥✈❡rs❛✳

❼ ❋❡✐t♦ ✉♠ ❝❛rr✐♥❤♦ ❞❡ ❝❛❞❛ t✐♣♦✱ ♣♦❞❡♠♦s ❝♦♠❡ç❛r ♥♦ss♦ ♣❧❛♥❡❥❛♠❡♥t♦ ♥❛ s♦❧✉çã♦

❞♦ ♣r♦❜❧❡♠❛✳ ❯♠❛ s✉❣❡stã♦ é ❝♦♥str✉✐r ✉♠❛ t❛❜❡❧❛ ♣❛r❛ ✈❡r♠♦s ❛ q✉❛♥t✐❞❛❞❡ ❞❡

r♦❞❛s ♥❡❝❡ssár✐❛s à ❝♦♥str✉çã♦ ❞❡ ♦✉tr♦s ❝❛rr✐♥❤♦s✳ P♦❞❡♠♦s r❡❧❛❝✐♦♥❛r ❝❛❞❛ r♦❞❛ ❛

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

♣♦r ❝♦♥t❛❣❡♠✳

◆ú♠❡r♦ ❞❡ ❝❛rr✐♥❤♦s
◗✉❛♥t✐❞❛❞❡ ❞❡ r♦❞❛s ♣❛r❛ ❝❛rr♦s ❞❡✿

❉✉❛s r♦❞❛s ❚rês r♦❞❛s ◗✉❛tr♦ r♦❞❛s

✶ ✷ ✸ ✹

✷ ✹ ✻ ✽

✸

✹

✺

✻

✼

✽

✾

❼ ◆❡ss❡ ♠♦♠❡♥t♦✱ ♣♦❞❡♠♦s ♣r♦✈♦❝❛r ♦s ❛❧✉♥♦s ❛ ❥✉♥t❛r ❛s ✐♥❢♦r♠❛çõ❡s ♣❛r❛ ❝♦♥❞✉③✐r

❛ ❛❧❣✉♠❛s ♦♣❡r❛çõ❡s✿

✕ ❊♠ ✉♠ ❝❛rr✐♥❤♦ ❞❡ ❝❛❞❛ t✐♣♦✱ q✉❛♥t❛s r♦❞❛s t❡♠♦s❄

✕ ❙❡ ✜③❡r♠♦s ❞♦✐s ❝❛rr✐♥❤♦s ❞❡ ❝❛❞❛ t✐♣♦✱ q✉❛♥t❛s r♦❞❛s t❡♠♦s❄

✕ ❙❡ ✜③❡r♠♦s ❞♦✐s ❝❛rr✐♥❤♦s ❞❡ q✉❛tr♦ r♦❞❛s✱ três ❞❡ três r♦❞❛s ❡ ✉♠ ❞❡ ❞✉❛s

r♦❞❛s✳ ◗✉❛♥t❛s r♦❞❛s t❡r❡♠♦s❄

✕ ❈♦♠ ❞❡③ r♦❞❛s✱ q✉❛♥t♦s ❝❛rr✐♥❤♦s ❞❡ três r♦❞❛s ♣♦❞❡♠♦s ❢❛③❡r❄ ◗✉❛♥t❛s

s♦❜r❛♠❄

✯ P♦❞❡♠♦s ♣r♦✈♦❝❛r ♦✉tr❛s ♣r♦❜❧❡♠❛t✐③❛çõ❡s ❝♦♥❢♦r♠❡ ♦ ♥í✈❡❧ ❞❛ t✉r♠❛✱

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

✶✺✸



❼ ❚❡r♠✐♥❛❞❛ ❛ ✐♥✈❡st✐❣❛çã♦✱ ♣❡❞✐♠♦s q✉❡ ♦s ❛❧✉♥♦s ♣r♦♣♦♥❤❛♠ ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ❛

s✐t✉❛çã♦ ✐♥✐❝✐❛❧ ❡ ✈❡r✐✜q✉❡♠✱ ❝♦♠ ♦s ♠♦❧❞❡s ❢♦r♥❡❝✐❞♦s✱ s❡ ❡❧❛ é ♣♦ssí✈❡❧ ♦✉ ♥ã♦✱

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

❼ ❆♣ós ❛ ❞✐s❝✉ssã♦ ♥♦ ❣r✉♣♦ ❢❛③❡♠♦s ✉♠❛ r♦❞❛ ❞❡ ❝♦♥✈❡rs❛ ♣❛r❛ ❛ s♦❝✐❛❧✐③❛çã♦ ❞❛s

❝♦♥❝❧✉sõ❡s ♦❜t✐❞❛s ❡♠ ❝❛❞❛ ❣r✉♣♦ ❡ ❛♣ós ❡ss❛ ❞✐s❝✉ssã♦✱ ♦ ♣r♦❢❡ss♦r ❢✉♥❞❛♠❡♥t❛ ❛s

❞❡s❝♦❜❡rt❛s ❡ ❢❛③ ♦s r❡❣✐str♦s ♥❡❝❡ssár✐♦s✳

✺✳✼✳✻ ❖r✐❡♥t❛çã♦ ❛♦ ♣r♦❢❡ss♦r

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

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

❞♦ tr❛❜❛❧❤♦✱ ❢❛✈♦r❡❝❡♥❞♦ ✉♠ ♠❡❧❤♦r r❡s✉❧t❛❞♦ ❡ ✉♠❛ ❜♦❛ ❝✐r❝✉❧❛çã♦ ❞❛ ✐♥❢♦r♠❛çã♦✳ ❱❛✲

❧♦r✐③❛r ♦s ✈ár✐♦s ♠ét♦❞♦s ✉t✐❧✐③❛❞♦s ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ❛t✐✈✐❞❛❞❡ ❡ ♣r♦♣♦r❝✐♦♥❛r ❛

r❡✢❡①ã♦ s♦❜r❡ ♦ r❡❣✐str♦ ❝♦rr❡t♦ ❞❛s ♦♣❡r❛çõ❡s ❜ás✐❝❛s✳ ➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡ ❡①✐s✲

t❡♠ ✈ár✐♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ r❡❛❧✐③❛çã♦ ❞♦s ❝á❧❝✉❧♦s✱ ♣♦ré♠✱ ♥♦ ♠♦♠❡♥t♦ ❞❡ ❛♣r❡s❡♥t❛r ♦s

r❡s✉❧t❛❞♦s✱ ✉s❛♠♦s ❡①♣r❡ssõ❡s ❛❧❣é❜r✐❝❛s✳

◆❡ss❛ ❛t✐✈✐❞❛❞❡✱ é ✐♠♣♦rt❛♥t❡ q✉❡ ♦ ❛❧✉♥♦ ❞❡s❡♥✈♦❧✈❛ ❛ ♣❡r❝❡♣çã♦ ❞❡ s❡q✉ê♥❝✐❛s ❞❡

♠ú❧t✐♣❧♦s✱ ♠❡s♠♦ q✉❡ ♣♦r ❝♦♥t❛❣❡♠✱ ♣❛r❛ ❛ ❛♠♣❧✐❛çã♦ ❞❡ s❡✉s s❛❜❡r❡s✳ ❯♠❛ ❜♦❛ ♦❜✲

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

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

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

❢♦r♠❛ ❛ ♥ã♦ t♦r♥❛r ❛ ❛t✐✈✐❞❛❞❡ ❡♥t❡❞✐❛♥t❡✳

◆♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ ❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✱ t❡♠♦s ❛s ✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ r❡s♣♦st❛s

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

q✉❡✱ ♥❡♠ s❡♠♣r❡ ♣❡❧❛ r❡s♣♦st❛ ❡st❛r ❞✐❢❡r❡♥t❡✱ ❡stá ❡rr❛❞❛ ❡ s✐♠ q✉❡ ♣♦❞❡♠♦s t❡r✱ ❡♠ ✈á✲

r✐♦s ❝❛s♦s✱ ♠❛✐s ❞❡ ✉♠❛ r❡s♣♦st❛ ♣❛r❛ ✉♠❛ ♠❡s♠❛ q✉❡stã♦✳ ❉❡♥tr❡ ❛s ✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s

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

✺✳✼✳✼ ❈♦♥t❡ú❞♦s ❡♥✈♦❧✈✐❞♦s

❼ ❙❡q✉ê♥❝✐❛s ♥✉♠ér✐❝❛s ❡ r❡❣✉❧❛r✐❞❛❞❡s✳

❼ ◆ú♠❡r♦s ❡ ♦♣❡r❛çõ❡s✳

❼ ❘❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❡ ♣r❡❡♥❝❤✐♠❡♥t♦ ❞❡ t❛❜❡❧❛s✳

❼ ❋♦r♠❛s ❣❡♦♠étr✐❝❛s✱ ❧✐♥❤❛s ❡ s❡❣♠❡♥t♦s✳

❼ ❈♦♥t❛❣❡♠ ❡ ♣♦ss✐❜✐❧✐❞❛❞❡s✳

❼ ❚♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❡ ♣r♦❜❧❡♠❛s ❞❡ ♦t✐♠✐③❛çã♦ r❡str✐t♦s ✭♠❛①✐♠✐③❛çã♦✮✳

✶✺✹



✺✳✽ ❋❛③❡♥❞♦ ♠❡s❛s ❡ ❝❛❞❡✐r❛s

✺✳✽✳✶ ❖❜❥❡t✐✈♦

❚r❛❜❛❧❤❛r ♠ú❧t✐♣❧❛s ❤❛❜✐❧✐❞❛❞❡s ❧✐❣❛❞❛s ❛♦ ❝♦♥t❡①t♦ ♠❛t❡♠át✐❝♦✳ Pr♦♣♦r❝✐♦♥❛r ✜①❛çã♦

❞❡ ✐❞❡✐❛s ♥❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s✳ ❉❡s❡♥✈♦❧✈❡r ❝♦♠♣❡tê♥❝✐❛ ❧❡✐t♦r❛ ❞❡ s✐t✉❛çõ❡s ♠❛t❡✲

♠át✐❝❛s✳ P❡r❝❡❜❡r ✐❞❡✐❛s ❞❛s ♦♣❡r❛çõ❡s ♠❛t❡♠át✐❝❛s✳ ❘❡❧❛❝✐♦♥❛r ●❡♦♠❡tr✐❛✱ ◆ú♠❡r♦s ❡

➪❧❣❡❜r❛ ♥❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s✳ ▼♦❞❡❧❛r ✉♠ ♣r♦❜❧❡♠❛ ❝♦♠ ❛ ❧✐♥❣✉❛❣❡♠ ❛❧❣é❜r✐❝❛ s❡

❛♣r♦♣r✐❛♥❞♦ ❞♦s ♠♦❞❡❧♦s ❞❛ Pr♦❣r❛♠❛çã♦ ▲✐♥❡❛r✳

✺✳✽✳✷ Pú❜❧✐❝♦ ❛❧✈♦

❆❧✉♥♦s ♥♦ ✜♥❛❧ ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❡ ❛❧✉♥♦s ❞♦ ❊♥s✐♥♦ ▼é❞✐♦✱ ❝♦♠ ❛ ❧✐♥❣✉❛❣❡♠

❛❞❡q✉❛❞❛ ❛ ❝❛❞❛ ❢❛s❡ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✳

✺✳✽✳✸ ▼❛t❡r✐❛❧ ♥❡❝❡ssár✐♦

P❛r❛ ❝❛❞❛ ❣r✉♣♦ ❞❡ ❝✐♥❝♦ ❛❧✉♥♦s s❡rã♦ ♥❡❝❡ssár✐♦s✿

❼ ✶✵ ❢♦❧❤❛s ❞❡ s✉❧✜t❡ ✹✵✳

❼ ✺ ❢♦❧❤❛s ❞❡ ♣❛♣❡❧ q✉❛❞r✐❝✉❧❛❞♦✳

❼ ✺ ré❣✉❛s✳

❼ ✺ t❡s♦✉r❛s✳

❼ ✷ tr❛♥s❢❡r✐❞♦r❡s

❼ ▼♦❞❡❧♦ ❞❛s ♠❡s❛s ❡ ❝❛❞❡✐r❛s✱ ❞✐s♣♦♥í✈❡✐s ♥♦s ❛♣ê♥❞✐❝❡s ❆✳✶ ❞❡ss❡ ♠❛t❡r✐❛❧✳

❼ ❘♦t❡✐r♦ ❞❛ ❛t✐✈✐❞❛❞❡✳

✺✳✽✳✹ Pr♦❜❧❡♠❛ ♥♦rt❡❛❞♦r

❈♦♠ ❛s ✶✵ ❢♦❧❤❛s ❞❡ s✉❧✜t❡ ❢♦r♥❡❝✐❞❛s✱ ❢❛③❡r ♦ ♠❛✐♦r ♥ú♠❡r♦ ♣♦ssí✈❡❧ ❞❡ ♠❡s❛s ❡ ❝❛❞❡✐r❛s

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

♠❡s❛ ❝♦♠ s❡✐s ❝❛❞❡✐r❛s✳

✺✳✽✳✺ ◗✉❡stõ❡s ❞❛ ❆t✐✈✐❞❛❞❡

✶✳ ◗✉❛✐s ❛s s❡♠❡❧❤❛♥ç❛s ❡ ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ❛s ♣❡ç❛s q✉❡ s❡✉ ❣r✉♣♦ r❡❝❡❜❡✉❄

✷✳ ◗✉❛✐s ❛s ♠❡❞✐❞❛s ❞♦s s❡❣♠❡♥t♦s ❞❡ r❡t❛s ✉s❛❞♦s ♥❛ ❝♦♥str✉çã♦ ❞❛s ✜❣✉r❛s❄ ◗✉❛♥t♦s

s❡❣♠❡♥t♦s t❡♠♦s ❞❡ ❝❛❞❛ t❛♠❛♥❤♦❄

✶✺✺



✸✳ ◗✉❛♥t♦s â♥❣✉❧♦s t❡♠♦s ❡♠ ❝❛❞❛ ✜❣✉r❛❄

✭❛✮ ◗✉❛♥t♦s sã♦ r❡t♦s❄

✭❜✮ ◗✉❛♥t♦s sã♦ ❛❣✉❞♦s❄

✭❝✮ ◗✉❛♥t♦s sã♦ ♦❜t✉s♦s❄

✭❞✮ ◗✉❛✐s ❛ ♠❡❞✐❞❛s ❡♠ ❣r❛✉s ❞❡ ❝❛❞❛ â♥❣✉❧♦❄

✹✳ ◗✉❛❧ ♦ ♣❡rí♠❡tr♦ ❞❡ ❝❛❞❛ ✜❣✉r❛❄

✭❛✮ ◗✉❛❧ t❡♠ ♦ ♠❛✐♦r ♣❡rí♠❡tr♦❄

✭❜✮ ◗✉❛❧ t❡♠ ♦ ♠❡♥♦r ♣❡rí♠❡tr♦❄

✭❝✮ ◗✉❛❧ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❡❧❡s❄

✭❞✮ ◗✉❛♥t❛s ✈❡③❡s ♦ ♠❛✐♦r ❝❛❜❡ ♥♦ ♠❡♥♦r❄

✺✳ ◗✉❛❧ ❛ ár❡❛ ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s ✜❣✉r❛s❄

✭❛✮ ◗✉❛❧ ❛ ♠❛✐♦r ár❡❛❄

✭❜✮ ◗✉❛❧ ❛ ♠❡♥♦r ár❡❛❄

✭❝✮ ◗✉❛❧ ❛ ♠é❞✐❛ ❛r✐t♠ét✐❝❛ ❞❛s ár❡❛s ♦❜t✐❞❛s❄

✭❞✮ ◗✉❛❧ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛ ♠❛✐♦r ❡ ❛ ♠❡♥♦r ár❡❛❄

✻✳ ◗✉❛❧ ❛ ár❡❛ ❞❛ ❢♦❧❤❛ q✉❡ ✈♦❝ê t❡♠ ♣❛r❛ ❝♦♥str✉✐r ❛s ♣❡ç❛s❄

✭❛✮ ❯s❛♥❞♦ ♦ ✈❛❧♦r ❞❛ ár❡❛ ❞❡ ❝❛❞❛ ✜❣✉r❛✱ ❡st✐♠❡ q✉❛♥t❛s ♣❡ç❛s ❞❡ ❝❛❞❛ ✉♠❛✱ ❞❡

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

✭❜✮ ◗✉❛❧ ❝❛❜❡ ♠❛✐s❄

✭❝✮ ◗✉❛❧ ❝❛❜❡ ♠❡♥♦s❄

✼✳ ❯s❛♥❞♦ ❛ ✜❣✉r❛✱ ✈❡r✐✜q✉❡ q✉❛♥t❛s r❡❛❧♠❡♥t❡ é ♣♦ssí✈❡❧ ❢❛③❡r ❞❡ ❝❛❞❛ ✉♠❛ ♥❛ ❢♦❧❤❛✳

✭❛✮ ❈♦♠♣❛r❡ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ ár❡❛ ❡ ✈❡r✐✜q✉❡ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❡❧❡s✳

✭❜✮ ❈♦♠♦ ♣♦❞❡♠♦s ❡①♣❧✐❝❛r ❛ ❞✐❢❡r❡♥ç❛ ♦❜t✐❞❛ ♥♦s ❝á❧❝✉❧♦s ❡ ♥❛ r❡❛❧✐❞❛❞❡❄

✽✳ ❆s ♣❡ç❛s ❛♥❛❧✐s❛❞❛s ❢♦r♠❛♠ ♠❡s❛s ❡ ❝❛❞❡✐r❛s✳

✭❛✮ ◗✉❛♥t❛s ♠❡s❛s ❞❡ ✻ ❧✉❣❛r❡s ♦❜t✐✈❡♠♦s❄

✭❜✮ ◗✉❛♥t❛s ♠❡s❛s ❞❡ ✹ ❧✉❣❛r❡s ♦❜t✐✈❡♠♦s❄

✭❝✮ ◗✉❛♥t❛s ❝❛❞❡✐r❛s ♥ós ♦❜t✐✈❡♠♦s❄

✶✺✻



✾✳ ◆❛ ✈❡♥❞❛ ✐♥❞✐✈✐❞✉❛❧✱ s❡ ❝❛❞❛ ❝❛❞❡✐r❛ t❡♠ ❧✉❝r♦ ❞❡ ❘✩ ✼✱✷✵✱ ❝❛❞❛ ♠❡s❛ ♣❛r❛ q✉❛tr♦

❝❛❞❡✐r❛s t❡♠ ❧✉❝r♦ ❞❡ ❘✩✶✶✱✼✺ ❡ ❝❛❞❛ ♠❡s❛ ♣❛r❛ s❡✐s ❝❛❞❡✐r❛s t❡♠ ❧✉❝r♦ ❞❡ ❘✩ ✶✺✱✸✺✳

✭❛✮ ◗✉❛❧ ♦ ❧✉❝r♦ ♦❜t✐❞♦ s❡ ✈❡♥❞❡r♠♦s t♦❞❛s ❛s ❝❛❞❡✐r❛s ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡❄

✭❜✮ ◗✉❛❧ ♦ ❧✉❝r♦ ♦❜t✐❞♦ s❡ ✈❡♥❞❡r♠♦s t♦❞❛s ❛s ♠❡s❛s ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡❄

✭❝✮ ◗✉❛❧ ♦ ❧✉❝r♦ t♦t❛❧ ♦❜t✐❞♦❄

✶✵✳ ❖ ❧✉❝r♦ ♥♦ ❥♦❣♦ ❞❡ ✉♠❛ ♠❡s❛ ❡ ✹ ❝❛❞❡✐r❛s ✈❡♥❞✐❞♦s ❝♦♥❥✉♥t❛♠❡♥t❡ é ❘✩ ✹✺✱✵✵ ❡

♦ ❧✉❝r♦ ♥♦ ❥♦❣♦ ❞❡ ✉♠❛ ♠❡s❛ ❡ ✻ ❝❛❞❡✐r❛s é ❘✩ ✻✺✱✵✵✳ ❙❡ ❢♦r♠❛r♠♦s ♦s ❥♦❣♦s ❡

✈❡♥❞❡r♠♦s t♦❞♦s✱ q✉❛❧ s❡rá ♦ ❧✉❝r♦ ♦❜t✐❞♦❄

✶✶✳ ❈♦♥s✐❞❡r❛♥❞♦ ✏①✑ ♦ ♥ú♠❡r♦ ❞❡ ❝♦♥❥✉♥t♦s ❞❡ ✹ ❝❛❞❡✐r❛s ❡ ✏②✑ ♦ ♥ú♠❡r♦ ❞❡ ❝♦♥❥✉♥t♦s

❞❡ ✻ ❝❛❞❡✐r❛s✱ ❡s❝r❡✈❛ ❛ ❡q✉❛çã♦ q✉❡ r❡♣r❡s❡♥t❛✿

✭❛✮ ❖ ❧✉❝r♦ t♦t❛❧ ✏▲✑ ♥❛ ✈❡♥❞❛ ❞♦s ❝♦♥❥✉♥t♦s✳

✭❜✮ ❖ ♥ú♠❡r♦ ❞❡ ❝❛❞❡✐r❛s ✏③✑ ♣❛r❛ ❢❛③❡r ♦s ❝♦♥❥✉♥t♦s✳

✶✷✳ ❊♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❞✐❛ ❢♦r❛♠ ♣r♦❞✉③✐❞❛s ✶✵✵ ❝❛❞❡✐r❛s✳

✭❛✮ ◗✉❛♥t♦s ❥♦❣♦s ❞❡ ✹ ❧✉❣❛r❡s ❡ q✉❛♥t♦s ❞❡ ✻ ♣♦❞❡♠♦s ♦❜t❡r❄ ❊♥❝♦♥tr❡ ♣❡❧♦

♠❡♥♦s ✸ r❡s♣♦st❛s ❞✐❢❡r❡♥t❡s✳

✭❜✮ ❘❡♣r❡s❡♥t❡ ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦ ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ r❡s♣♦st❛s ❡ ❡s❝r❡✈❛ s✉❛

❝♦♥❝❧✉sã♦✳

✭❝✮ ◗✉❛❧ ♦ ❧✉❝r♦ ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s s✉❛s r❡s♣♦st❛s ♥♦ ✐t❡♠ ✏❛✑❄

✭❞✮ ◗✉❛❧ ♦ ♠❛✐♦r ❧✉❝r♦ q✉❡ ♣♦❞❡♠♦s ♦❜t❡r ♣❛r❛ ❛s ✶✵✵ ❝❛❞❡✐r❛s❄ ❏✉st✐✜q✉❡ s✉❛

r❡s♣♦st❛✳

✶✸✳ ❈r✐❡ ✉♠❛ s✐t✉❛çã♦ ♣r♦❜❧❡♠❛ ❡♥✈♦❧✈❡♥❞♦ ❛s ♠❡s❛s ❡ ❝❛❞❡✐r❛s ❡ ♣❛ss❡ ♣❛r❛ ♦ ♦✉tr♦

❣r✉♣♦ r❡s♦❧✈❡r✳

✶✹✳ ❊s❝r❡✈❛ ✉♠ t❡①t♦ ❞❡ ✶✺ ❛ ✷✵ ❧✐♥❤❛s ❢❛❧❛♥❞♦ s♦❜r❡ ❝♦♠♦ ♦s ❝♦♥❤❡❝✐♠❡♥t♦s ♠❛t❡♠á✲

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

✺✳✽✳✻ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦

❼ ❋♦r♥❡❝❡r ❛♦s ❣r✉♣♦s ❞❡ ✹ ❛❧✉♥♦s✱ ✶✵ ❢♦❧❤❛s ❞❡ s✉❧✜t❡ ✹✵✱ ♦s ♠♦❧❞❡s ❞❛s ♠❡s❛s ❡

❝❛❞❡✐r❛s✱ ❞✐s♣♦♥í✈❡❧ ♥♦ ❛♣ê♥❞✐❝❡ ❆✳✶✱ ❡ ❛ ❢♦❧❤❛ ❞❡ ❛t✐✈✐❞❛❞❡s ❛ s❡r❡♠ r❡s♦❧✈✐❞❛s ♥♦

❝❛❞❡r♥♦✳

❼ ❙♦❧✐❝✐t❛r q✉❡ s❡❥❛♠ ❢❡✐t❛s✱ ♣r✐♠❡✐r❛♠❡♥t❡✱ ❛s q✉❡stõ❡s ❞❡ ✶ ❛ ✽✱ ♣❛r❛ ❞❡♣♦✐s ❝♦♥❢❡❝❝✐✲

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

❛♦ ♥♦ss♦ ♣r♦❜❧❡♠❛ ♥♦rt❡❛❞♦r✳

✶✺✼



❼ ❆♣ós ♦ tér♠✐♥♦ ❞❡ss❛s q✉❡stõ❡s ❡ ❛ ✈✐✈ê♥❝✐❛ ❝♦♠ ♦ ♠❛t❡r✐❛❧✱ ♥ã♦ é ♥❡❝❡ssár✐♦ q✉❡

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

❞❡ss❛s ♣❡ç❛s s❡rã♦ ❢❡✐t❛s ❝♦♠ ♦ ♠❛t❡r✐❛❧ ❢♦r♥❡❝✐❞♦ ❞❡ ❢♦r♠❛ ❛ t❡r♠♦s ❛ ♠❡♥♦r ♣❡r❞❛

❞❡ ♠❛t❡r✐❛❧✳ ❱❛♠♦s s♦❝✐❛❧✐③❛r ❛s r❡s♣♦st❛s ❡♥❝♦♥tr❛❞❛s ♥❛ t✉r♠❛ ❡ ♦r❣❛♥✐③á✲❧❛s ❡♠

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

P❡ç❛s ❛✈✉❧s❛s ❏♦❣♦s ❞❡ ♠❡s❛s

❈❛❞❡✐r❛s ▼❡s❛ ❞❡ ✹ ❝❛❞❡✐r❛s ▼❡s❛ ❞❡ ✻ ❝❛❞❡✐r❛s ❈♦♠ ✹ ❝❛❞❡✐r❛ ❈♦♠ ✻ ❝❛❞❡✐r❛s

✶✵ ✶ ✶ ✶ ✶

✷✺ ✸ ✷ ✸ ✷

❼ ❉✐s❝✉t✐r ❛s ✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❡♥❝♦♥tr❛❞❛s✱ s❡ ♦❝♦rr❡r❛♠ s♦❜r❛s ❞❡ ♠❡s❛s ♦✉ ❝❛✲

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

✜③❡r❛♠✳ ➱ ♣♦ssí✈❡❧ ♠❡❧❤♦r❛r ♥♦ss❛ s♦❧✉çã♦❄

❼ ◆❛s q✉❡stõ❡s ✾ ❡ ✶✵✱ ❝♦♠ ♦s ❞❛❞♦s ❞❛ t❛❜❡❧❛ ❛♥t❡r✐♦r✱ ♣r♦♣♦♥❤❛ s♦❧✉çõ❡s ♣❛r❛

❝❛❞❛ q✉❡stã♦ ❞❡ ❢♦r♠❛ ❛ r❡❣✐str❛r ❛ ❡①♣r❡ssã♦ ♥❡❝❡ssár✐❛ ❛♦ ❝á❧❝✉❧♦ ❡ r❡❧❛t❛r s❡✉

♣r♦❝❡❞✐♠❡♥t♦✳

❼ ◆❛s q✉❡stõ❡s ✶✶ ❡ ✶✷ ♣r♦♣♦r❝✐♦♥❛r ♦ r❡❣✐str♦ ❞❛s ❡q✉❛çõ❡s ❡ r❡♣r❡s❡♥t❛r ❛ s✐t✉❛çã♦

♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦✳ ❖ ❣rá✜❝♦ ♣♦❞❡ s❡r ❢❡✐t♦ ❝♦♠ ❛❥✉❞❛ ❞❡ ✉♠ s♦❢t✇❛r❡ ♦✉ ❞❡ ✉♠

❛♣❧✐❝❛t✐✈♦✱ ♠❛s é ✐♠♣♦rt❛♥t❡ q✉❡ ♦ ❛❧✉♥♦ s❛✐❜❛ ❝♦♠♦ ✉s❛r ❛ ❡s❝❛❧❛ ❣rá✜❝❛ ♥♦ ♣❛♣❡❧

q✉❛❞r✐❝✉❧❛❞♦✳

❼ ❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡ ❛ ❞✐s❝✉ssã♦ ❞❛s q✉❡stõ❡s ✶✸ ❡ ✶✹ ❞❡✈❡♠ s✐st❡♠❛t✐③❛r ♦s ♣r✐♥❝✐✲

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

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

✺✳✽✳✼ ❖r✐❡♥t❛çã♦ ❛♦ ♣r♦❢❡ss♦r

❯♠ ❜♦♠ ❡♥✈♦❧✈✐♠❡♥t♦ ❝♦♠ ❛ t✉r♠❛✱ ✉s❛♥❞♦ ❝♦♠❛♥❞♦s ❝❧❛r♦s✱ ❢❛✈♦r❡❝❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

❞❡ ❛t✐✈✐❞❛❞❡s ❞❡ss❡ t✐♣♦✳ ❙❛❜❡r q✉❡ ❡♠ ❛❧❣✉♥s ♠♦♠❡♥t♦s ❡st❛rã♦ ♣r♦❞✉③✐♥❞♦ ❡♠ ❣r✉♣♦s✱

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

❆ ❝♦♥str✉çã♦ ❞❛s r❡❣r❛s ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s tr❛❜❛❧❤♦s t❛♠❜é♠ ❢❛③❡♠ ♣❛rt❡ ❞♦

❝♦♥❥✉♥t♦ ❞❡ r❡str✐çõ❡s ♥❛ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✳ ❖✉tr♦ ❢❛t♦r ✐♠♣♦rt❛♥t❡ é ❛ ❞✐s❝✉ssã♦

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

◆❛ r❡♣r❡s❡♥t❛çã♦ ❞❛s ❡q✉❛çõ❡s ❞❡ ❞✉❛s ✈❛r✐á✈❡✐s ♣♦❞❡✲s❡ r❡t♦♠❛r ❛s ✐❞❡✐❛s ❞❡ ❢✉♥çã♦

❛✜♠ ❡ ❡q✉❛çã♦ ❞❛ r❡t❛ ♥❛ ❣❡♦♠❡tr✐❛ ❛♥❛❧ít✐❝❛ ❡ ❛s r❡♣r❡s❡♥t❛çõ❡s ♥❡❝❡ssár✐❛s ♣❛r❛ ❛

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

❡①♣❧♦r❛❞♦ ♣♦r ✐❞❡✐❛s ❞❡ ✈❡t♦r❡s ❡ s✉❛s r❡♣r❡s❡♥t❛çõ❡s✳ ❖s s✐st❡♠❛s ❧✐♥❡❛r❡s ♣♦❞❡♠ s❡r

✶✺✽



r❡s♦❧✈✐❞♦s ♣♦r ❞✐✈❡rs♦s ♠ét♦❞♦s ❝♦♥❢♦r♠❡ ♦ ♥í✈❡❧ ❞❡ ❛❜str❛çã♦ ❞❡ ❝❛❞❛ t✉r♠❛✳ ◆✉♠ ♥♦♥♦

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

s✉❜st✐t✉✐çã♦ ♦✉ ♦ ♠ét♦❞♦ ❞❛ ❛❞✐çã♦✱ ❥á ♥♦ ❡♥s✐♥♦ ♠é❞✐♦ ♣♦❞❡♠♦s ❡①♣❧♦r❛r ♦ ♠ét♦❞♦ ❞❡

●❛✉ss✲❏♦r❞❛♥ ❛♠♣❧✐❛♥❞♦ ❛ s✐st❡♠❛s ♠❛✐♦r❡s✳

❖✉tr❛ ❢❡rr❛♠❡♥t❛ ✐♥t❡r❡ss❛♥t❡ ♥❛ ❡①♣❧♦r❛çã♦ ❞❡ss❡ ♣r♦❜❧❡♠❛ sã♦ s♦❢t✇❛r❡s ❞❡ ❣❡♦✲

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

❢♦r♠❛ ❝♦♥❝r❡t❛✳ ❯♠ ❙♦❢t✇❛r❡ ❧✐✈r❡ q✉❡ ♣♦❞❡ s❡r ✉s❛❞♦ é ♦ ●❡♦●❡❜r❛✱ ❞✐s♣♦♥í✈❡❧ ♣❛r❛

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

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

t❛♥t❡ ❢r✐s❛r q✉❡ ❡❧❡s ♥ã♦ s❡r✈❡♠ ❝♦♠♦ ❥✉st✐✜❝❛t✐✈❛s ❡ q✉❡ ♣❛r❛ ✐ss♦ ❞❡✈❡♠♦s ♥♦s ❛♣♦✐❛r

♥♦s ❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s✳

◆ã♦ ♣♦❞❡♠♦s ❡sq✉❡❝❡r ❞❡ r❡✈✐s✐t❛r ♦s ❝♦♥❝❡✐t♦s ❞❛ ❣❡♦♠❡tr✐❛ ♣❧❛♥❛✱ s✉❛s ❝♦♥str✉çõ❡s✱

♠❡❞✐❞❛s✱ â♥❣✉❧♦s ❡ ❝♦♠♦ ✐ss♦ ✐♥t❡r❢❡r❡ ♥♦ ❝♦♥s✉♠♦ ❞❡ ♠❛t❡r✐❛❧✳ ❖ ❝á❧❝✉❧♦ ❞❡ ár❡❛ ❡ ♣❡rí✲

♠❡tr♦ ❡ ❝♦♠♦ ❛s ❢♦r♠❛s ✐♥t❡r❢❡r❡♠ ♥❡ss❛s ❣r❛♥❞❡③❛s✳ ❆ ❝♦♥t❡①t✉❛❧✐③❛çã♦ ❞❡ss❡s ❝♦♥❝❡✐t♦s

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

✺✳✽✳✽ ❈♦♥t❡ú❞♦s ❡♥✈♦❧✈✐❞♦s

❼ ●r❛♥❞❡③❛s ❡ ♠❡❞✐❞❛s✳

❼ ➶♥❣✉❧♦s ❡ r❡t❛s✳

❼ ➪r❡❛ ❡ ♣❡rí♠❡tr♦✳

❼ ❋✉♥çã♦ ❛✜♠✳

❼ ❊q✉❛çã♦ ❞❛ r❡t❛✳

❼ ❘❡♣r❡s❡♥t❛çã♦ ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦✳

❼ ❉❡s✐❣✉❛❧❞❛❞❡s✳

❼ ❙✐st❡♠❛s ❧✐♥❡❛r❡s✳

❼ ❚♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ♠ét♦❞♦ ❣rá✜❝♦✱ ♠♦❞❡❧❛❣❡♠

♠❛t❡♠át✐❝❛✳

✺✳✾ ❈♦♥s✉♠♦ ❞❡ ❈♦♠❜✉stí✈❡✐s

✺✳✾✳✶ ❖❜❥❡t✐✈♦

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

♥ú♠❡r♦s q✉❡ ❛♣❛r❡❝❡♠ ❡♠ s❡✉ ❝♦♥t❡①t♦✳ ▼♦❞❡❧❛r ♠❛t❡♠❛t✐❝❛♠❡♥t❡ ❝♦♠♦ ✉♠ ♣r♦❜❧❡♠❛

✶✺✾



❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ✉♠❛ s✐t✉❛çã♦ ❝♦♠ ✉s♦ ❞❡ s✐st❡♠❛s ❡ ❢✉♥çõ❡s ❢❛③❡♥❞♦ ✐♥t❡r❢❡rê♥❝✐❛s

♥❛s s♦❧✉çõ❡s ♣r♦♣♦st❛s✳ ❱✐✈❡♥❝✐❛r ❡♠ ✉♠❛ s✐t✉❛çã♦ r♦t✐♥❡✐r❛ ♦s ❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s

❡st✉❞❛❞♦s ❡♠ s❛❧❛ ❞❡ ❛✉❧❛ ❡ ❝♦♥str✉✐r s✐❣♥✐✜❝❛❞♦ ❛♦ ❛♣r❡♥❞✐③❛❞♦✳ ❊s❝♦❧❤❡r ❛ ♠❡❧❤♦r

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

✺✳✾✳✷ Pú❜❧✐❝♦ ❛❧✈♦

❆❧✉♥♦s ❞♦ ✾➸ ❛♥♦ ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧ ❡ ❛❧✉♥♦s ❞♦ ❊♥s✐♥♦ ▼é❞✐♦✳

✺✳✾✳✸ ▼❛t❡r✐❛❧ ♥❡❝❡ssár✐♦

P❛r❛ ❝❛❞❛ ❞✉♣❧❛ ♦✉ tr✐♦ ❞❡ ❛❧✉♥♦s s❡rã♦ ♥❡❝❡ssár✐♦s✿

❼ ✶ ❋♦❧❤❛ ❝♦♠ ❛s q✉❡stõ❡s ❞❛ ❛t✐✈✐❞❛❞❡✳

❼ ✷ ré❣✉❛s✳

❼ ✷ ❢♦❧❤❛s ❞❡ ♣❛♣❡❧ q✉❛❞r✐❝✉❧❛❞♦ ♦✉ ♠✐❧✐♠❡tr❛❞♦

✺✳✾✳✹ Pr♦❜❧❡♠❛ ♥♦rt❡❛❞♦r

❈♦♠ ♦ s✉r❣✐♠❡♥t♦ ❞❡ ❝❛rr♦s ❜✐❝♦♠❜✉stí✈❡✐s✱ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❡s❝♦❧❤❛ s❡ t♦r♥❛ ❝❛❞❛ ✈❡③

♠❛✐s ♣r❡s❡♥t❡ ♥♦ ❝♦t✐❞✐❛♥♦ ❞♦♠ést✐❝♦✳ ❈♦♠♦ ♣♦❞❡♠♦s ♣❡r❝♦rr❡r ❛ ♠❛✐♦r ❞✐stâ♥❝✐❛ ♣♦ssí✈❡❧

❣❛st❛♥❞♦ ♦ ♠❡♥♦r ✈❛❧♦r ♣♦ssí✈❡❧❄

✺✳✾✳✺ ◗✉❡stõ❡s ❞❛ ❆t✐✈✐❞❛❞❡

❊♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣♦st♦ ❞❛ ❝✐❞❛❞❡✱ ❛ ❣❛s♦❧✐♥❛ ❝✉st❛ ❘✩ ✸✱✶✺ ❡ ♦ ❡t❛♥♦❧ ❝✉st❛ ❘✩

✶✱✾✺✳ ❈♦♥s✐❞❡r❡♠♦s ❝❛rr♦s✱ ❜✐❝♦♠❜✉stí✈❡✐s✱ ♣♦♣✉❧❛r❡s q✉❡ ❢❛③❡♠✱ ❝♦♠ ❡t❛♥♦❧✱ ✾✱✶ ❦♠✴❧

✭❝✐❞❛❞❡✮ ❡ ✾✱✻ ❦♠✴❧ ✭❡str❛❞❛✮❀ s❡ ❛❜❛st❡❝✐❞♦s ❝♦♠ ❣❛s♦❧✐♥❛✱ ❛s ♠é❞✐❛s ✜❝❛♠ ❡♠ ✶✸✱✶ ❦♠✴❧

✭❝✐❞❛❞❡✮ ❡ ✶✹✱✸ ❦♠✴❧ ✭❡str❛❞❛✮✳ P❛r❛ ❢❛❝✐❧✐t❛r ❛s ❛♥á❧✐s❡s✱ ❝♦♥s✐❞❡r❛r❡♠♦s q✉❡ ♥❛ ♠✐st✉r❛

❞❡ ❝♦♠❜✉stí✈❡✐s✱ á❧❝♦♦❧ ❡ ❣❛s♦❧✐♥❛✱ ♦ ❝♦♥s✉♠♦ é ❞✐r❡t❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ à ♠✐st✉r❛ ❡ t❡♥❞♦

s✐t✉❛çõ❡s ✐❞❡❛✐s ❞❡ ♠❛♥✉t❡♥çã♦ ❡ ✉s♦✳ ❯♠ ❝❛rr♦ ♣♦♣✉❧❛r t❡♠ t❛♥q✉❡ ❞❡ ❝♦♠❜✉stí✈❡❧ ❡♠

♠é❞✐❛ ❞❡ ✺✵ ❧✐tr♦s✳

❈♦♠ ❡ss❛s ✐♥❢♦r♠❛çõ❡s ♣r♦♣♦♥❤❛ r❡s♣♦st❛s ❛♦s q✉❡st✐♦♥❛♠❡♥t♦s ❡①♣❧✐❝❛♥❞♦ ❝♦♠♦ ❝❤❡✲

❣♦✉ ❛♦ r❡s✉❧t❛❞♦✳ ◗✉❛♥❞♦ ❡♥❝♦♥tr❛r ♠❛✐s ❞❡ ✉♠❛ r❡s♣♦st❛ ♣❛r❛ ❛s ♣❡r❣✉♥t❛s✱ ♠❛♥t❡♥❤❛

t♦❞❛s q✉❡ ❡♥❝♦♥tr❛r✳

✶✳ ❈♦♠ ♦ t❛♥q✉❡ ❝❤❡✐♦ ❞❡ ❣❛s♦❧✐♥❛✱ q✉❛♥t♦s q✉✐❧ô♠❡tr♦s ♦ ❝❛rr♦ ♣♦❞❡ r♦❞❛r✿

✭❛✮ ❙♦♠❡♥t❡ ♥❛ ❝✐❞❛❞❡❄

✭❜✮ ❙♦♠❡♥t❡ ♥❛ ❡str❛❞❛❄

✶✻✵



✭❝✮ ▼❡t❛❞❡ ♥❛ ❝✐❞❛❞❡ ❡ ♦ r❡st♦ ♥❛ ❡str❛❞❛❄

✭❞✮ ✸✵✪ ♥❛ ❝✐❞❛❞❡ ❡ ♦ r❡st♦ ♥❛ ❡str❛❞❛❄

✷✳ ◗✉❛♥t♦ ❡✉ ❣❛st❛r✐❛✱ ♥♦ ♠á①✐♠♦✱ ♣❛r❛ ❝♦♠♣❧❡t❛r ♦ t❛♥q✉❡ ❞♦ ❝❛rr♦ ❝♦♠✿

✭❛✮ ❙♦♠❡♥t❡ ❣❛s♦❧✐♥❛❄

✭❜✮ ❙♦♠❡♥t❡ ❡t❛♥♦❧❄

✭❝✮ ▼❡t❛❞❡ ❞❡ ❝❛❞❛ ❝♦♠❜✉stí✈❡❧❄

✭❞✮ ✸✵✪ ❞❡ ✉♠ ❝♦♠❜✉stí✈❡❧ ❡ ✼✵✪ ❞♦ ♦✉tr♦❄

✸✳ ❯♠❛ ♣❡ss♦❛ q✉❡ ❞✐s♣õ❡ ❞❡ ❘✩ ✶✵✵✱✵✵ ♣♦❞❡ ❝♦❧♦❝❛r ♥♦ t❛♥q✉❡ ♥♦ ♠á①✐♠♦ q✉❛♥t♦s✿

✭❛✮ ▲✐tr♦s ❞❡ ❣❛s♦❧✐♥❛❄

✭❜✮ ▲✐tr♦s ❞❡ ❡t❛♥♦❧❄

✭❝✮ ▲✐tr♦s ❞❡ ❣❛s♦❧✐♥❛ ❡ ✶✵ ❧ ❞❡ ❡t❛♥♦❧❄

✭❞✮ ▲✐tr♦s ❞❡ ❡t❛♥♦❧ ❡ ✷✵ ❧ ❞❡ ❣❛s♦❧✐♥❛❄

✹✳ ❊♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❞✐❛✱ ❡♠ q✉❡ ❝❛❜❡♠ ✹✵❧ ❞❡ ❝♦♠❜✉stí✈❡❧ ♥♦ t❛♥q✉❡✱ ✉♠❛ ♣❡ss♦❛

q✉❡r ❡♥❝❤❡r ♦ t❛♥q✉❡ ❝♦♠ ❡①❛t❛♠❡♥t❡ ❘✩ ✶✵✵✱✵✵✳

✭❛✮ ◗✉❛♥t♦s ❧✐tr♦s ❞❡ ❝❛❞❛ ❝♦♠❜✉stí✈❡❧ ❡❧❡ ❞❡✈❡rá ❝♦❧♦❝❛r ♣❛r❛ t❡r ♦ ♠á①✐♠♦ ❞❡

❣❛s♦❧✐♥❛ ♥♦ t❛♥q✉❡❄

✭❜✮ ◗✉❛♥t♦s ❧✐tr♦s ❞❡ ❝♦♠❜✉stí✈❡❧ ❞❡✈❡rá ❝♦❧♦❝❛r ♣❛r❛ t❡r ♦ ♠á①✐♠♦ ❞❡ á❧❝♦♦❧ ♥♦

t❛♥q✉❡❄

✺✳ ❈♦♥s✐❞❡r❡♠♦s q✉❡ ♦ t❛♥q✉❡ ❞♦ ❝❛rr♦ ❡stá ✈❛③✐♦ ❡ t❡♠♦s ❛♣❡♥❛s ❘✩ ✶✵✵✱✵✵✳ ◗✉❡r❡♠♦s

❡♥❝❤❡r ♦ t❛♥q✉❡ ♣❡r❝♦rr❡♥❞♦ ❛ ♠á①✐♠❛ ❞✐stâ♥❝✐❛ s❡♠ r❡❛❜❛st❡❝❡r✳ ◗✉❛♥t♦s ❧✐tr♦s

❞❡ ❝❛❞❛ ❝♦♠❜✉stí✈❡❧ ❞❡✈❡♠♦s ❝♦❧♦❝❛r ♣❛r❛ ♣❡r❝♦rr❡r ❛ ♠á①✐♠❛ ❞✐stâ♥❝✐❛✿

✭❛✮ ❙♦♠❡♥t❡ ♥❛ ❝✐❞❛❞❡❄

✭❜✮ ❙♦♠❡♥t❡ ♥❛ ❡str❛❞❛❄

✭❝✮ ❯s❛♥❞♦ ♠❡t❛❞❡ ❞♦ ❝♦♠❜✉stí✈❡❧ ♥❛ ❝✐❞❛❞❡ ❡ ♦ r❡st❛♥t❡ ♥❛ ❡str❛❞❛❄

✻✳ ❈♦♠♦ ✈♦❝ê ❝♦♥str✉✐r✐❛ ✉♠ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣❛r❛ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❞❡ss❡ t✐♣♦❄

✶✻✶



✺✳✾✳✻ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦

❼ ❋❛③❡r ✉♠❛ ❧❡✐t✉r❛ ❝r✐t❡r✐♦s❛ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❢♦r♠❛ ❛ ✐❞❡♥t✐✜❝❛r ♦s ♥ú♠❡r♦s q✉❡

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

❼ ❊♠ ❞✉♣❧❛s ♦✉ tr✐♦s✱ ♦s ❛❧✉♥♦s ❞❡✈❡♠ ♣r♦♣♦r s♦❧✉çã♦ ♣❛r❛ t♦❞❛s ❛s q✉❡stõ❡s r❡❣✐s✲

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

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

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

❧❡✈❛♥t❛❞❛s✳

❼ ■❞❡♥t✐✜❝❛r ❥✉♥t♦ ❝♦♠ ♦s ❛❧✉♥♦s ❛s ✈❛r✐á✈❡✐s ❞♦ ♣r♦❜❧❡♠❛ ❡ s✉❛s r❡❧❛çõ❡s✱ ❧❡✈❛♥t❛♥❞♦

❛s r❡str✐çõ❡s ❛♣r❡s❡♥t❛❞❛s ❡ ♦ ♦❜❥❡t✐✈♦ ♣r♦♣♦st♦✳ ❱❛❧❡ ❧❡♠❜r❛r ❞❡ q✉❡ ♦ ♦❜❥❡t✐✈♦ ❡

❛s r❡str✐çõ❡s ❞❡♣❡♥❞❡♠ ❞♦ ♣r♦❜❧❡♠❛ ❛ s❡r r❡s♦❧✈✐❞♦✳ ❉❡ss❛ ❢♦r♠❛✱ ♠♦❞❡❧❛♠♦s ♦ ♣r♦✲

❜❧❡♠❛ ❝♦♠♦ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❡ ❞✐s❝✉t✐♠♦s ♦ ♠♦❞❡❧♦ ❡♥❝♦♥tr❛❞♦

❝♦♠ ♦ q✉❡ ♦s ❛❧✉♥♦s ❡s❝r❡✈❡r❛♠✳

❼ ▼♦❞❡❧❛❞♦ ♦ ♣r♦❜❧❡♠❛✱ r❡♣r❡s❡♥t❛♠♦s ♥♦ ♣❛♣❡❧ q✉❛❞r✐❝✉❧❛❞♦ ❛s r❡str✐çõ❡s ♠♦str❛♥❞♦

❛ r❡❣✐ã♦ ♥♦ ❣rá✜❝♦ ♦♥❞❡ s❡ ❡♥❝♦♥tr❛♠ ❛s ♣♦ssí✈❡✐s r❡s♣♦st❛s✱ ♦♥❞❡ ❜✉s❝❛r❡♠♦s ♥♦ss❛

s♦❧✉çã♦ ót✐♠❛✱ q✉❡ ♠❛①✐♠✐③❛ ♦ ♣❡r❝✉rs♦ ❝♦♠ ♦ ❝♦♠❜✉stí✈❡❧ ❞✐s♣♦♥í✈❡❧✳

❼ ❘❡♣r❡s❡♥t❛♠♦s ♥♦ ♠❡s♠♦ ♣❧❛♥♦ ❞❛s r❡str✐çõ❡s ❛❧❣✉♠❛s r❡t❛s ❝♦♥str✉í❞❛s ♣❡❧❛ ❢✉♥çã♦

♦❜❥❡t✐✈♦✱ ❧❡✈❛♥❞♦ ♦ ❛❧✉♥♦ ❛ ♣❡r❝❡❜❡r q✉❡ ❡❧❛s ✈ã♦ ♣❡r❝♦rr❡♥❞♦ ❛ r❡❣✐ã♦ ❞❛s r❡str✐çõ❡s

❡ q✉❡ ❛ ♠❡❧❤♦r s♦❧✉çã♦ ❡♥❝♦♥tr❛✲s❡ ♥♦ ✈ért✐❝❡ ❞♦ ♣♦❧í❣♦♥♦ ❢♦r♠❛❞♦✳ ❊ss❛ ❝♦♥str✉çã♦

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

❼ ❖s ❛❧✉♥♦s ❞❡ ♣♦ss❡ ❞❡ss❛ ❢❡rr❛♠❡♥t❛ ❞❡✈❡♠ r❡✈❡r ❛s r❡s♣♦st❛s ❞❡ s✉❛ ❛t✐✈✐❞❛❞❡ ❡

✈❡r✐✜❝❛r s❡ ♣♦❞❡♠ ♠❡❧❤♦rá✲❧❛✱ ♠❛♥t❡♥❞♦ ❛s ❞✉❛s s♦❧✉çõ❡s✳

❼ ❙♦❧✐❝✐t❛r q✉❡ ♦s ❛❧✉♥♦s ♣r♦❞✉③❛♠ ✉♠ t❡①t♦ ❞✐ss❡rt❛t✐✈♦ ❝♦♠ ❛ ✈✐✈ê♥❝✐❛ ❞❡ss❛ ❛t✐✈✐✲

❞❛❞❡ ❡ ❝♦♠♦ ❛ ♠♦❞❡❧❛❣❡♠ ♣♦❞❡ ❛❥✉❞❛r ♥❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳

❼ ❙♦❝✐❛❧✐③❛r ❝♦♠ ❛ t✉r♠❛ ❛s ❝♦♥❝❧✉sõ❡s ❡ ♦❜s❡r✈❛çõ❡s✳

✺✳✾✳✼ ❖r✐❡♥t❛çã♦ ❛♦ ♣r♦❢❡ss♦r

❆ ❞✐s❝✉ssã♦ ❞♦s ♣r♦❜❧❡♠❛s ❡♠ ❞✉♣❧❛s✱ ❝♦♠ ❛ ✈❡r✐✜❝❛çã♦ ❞❡ q✉❡ ❛ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡

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

r❡✈✐s✐t❛r ❞✐❢❡r❡♥t❡s ❝♦♥❥✉♥t♦s ♥✉♠ér✐❝♦s✳ ❆q✉✐✱ ❛ r❡❧❛çã♦ ❡♥tr❡ ❣r❛♥❞❡③❛s ❥á s❡ ❝♦❧♦❝❛ ❝♦♠♦

✐❞❡✐❛ ❞❛ ❧❡✐ ❞❡ ✉♠❛ ❢✉♥çã♦ ❛✜♠ ❧❡✈❛♥❞♦ ❛ ❝♦♥str✉çã♦ ❞❡ ❡q✉❛çõ❡s ❡ ❢✉♥çõ❡s✳ ❊ss❛ ✈✐✈ê♥❝✐❛

❢❛❝✐❧✐t❛ ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞♦ ♣r♦❜❧❡♠❛ ❡ ❛s ♠ú❧t✐♣❧❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ♣❛r❛ ♦ ❛❜❛st❡❝✐♠❡♥t♦ ❞♦

✈❡í❝✉❧♦✳ P♦❞❡♠♦s ❛✐♥❞❛ ❞✐s❝✉t✐r ❛ ✐♥t❡r❢❡rê♥❝✐❛ ❞❡ ✈ár✐❛s ✈❛r✐á✈❡✐s ❡♠ ✉♠❛ ♠❡s♠❛ s✐t✉❛çã♦

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

✶✻✷



♠♦♥❡tár✐♦ ❝♦♠♦ ♦ r❡♥❞✐♠❡♥t♦ ❞♦ ❝♦♠❜✉stí✈❡❧✱ ♣❡r♠✐t✐♥❞♦ ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❞✐❢❡r❡♥t❡s

t✐♣♦s ❞❡ ♠❡❞✐❞❛s✳ ❖ s✐❣♥✐✜❝❛❞♦ ❞♦ ♥ú♠❡r♦ ♥♦ ♣r♦❜❧❡♠❛ ❡ ♦ ❝♦♥❝❡✐t♦ ❛❜str❛t♦ ❞❡ ♥ú♠❡r♦✱

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

❉❡♥tr♦ ❞❛s ❝♦♥str✉çõ❡s ❛❧❣é❜r✐❝❛s✱ ✈❛❧♦r✐③❛♠♦s ❢✉♥çõ❡s ❞❡ ✉♠❛ ♦✉ ♠ú❧t✐♣❧❛s ✈❛r✐á✈❡✐s

♥❛ ❞❡s❝r✐çã♦ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ r❡❛❧ ❡ ❝♦♠♦ ✐ss♦ ✐♥t❡r❢❡r❡ ♥❛ ❝♦♥❝❧✉sã♦ ❞❛ s✐t✉❛çã♦✳ ◗✉❛♥❞♦

✐♠♣♦♠♦s r❡str✐çõ❡s ❛❜❡rt❛s ❥á ❡st❛♠♦s ✐♥tr♦❞✉③✐♥❞♦ ❛s ❞❡s✐❣✉❛❧❞❛❞❡s ❡ ❝♦♠ ✐ss♦ ❛♣❛r❡✲

❝❡♠ ♠ú❧t✐♣❧❛s s♦❧✉çõ❡s ❞♦ ♣r♦❜❧❡♠❛✳ ❆ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✱ ❛t❡♥❞❡♥❞♦ ❛s r❡str✐çõ❡s✱ ❡ ❛

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

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

❖ ♥ú♠❡r♦ r❛❝✐♦♥❛❧ ❡♠ s✉❛ ❡s❝r✐t❛ ❞❡❝✐♠❛❧ ❡ ♣❡r❝❡♥t✉❛❧ ♣❡r♠❡✐❛♠ ❛ s✐t✉❛çã♦✱ ❛q✉✐

✈❛❧❡ ❛ ❞✐s❝✉ssã♦ ❡♥tr❡ ❛s ✈ár✐❛s ❢♦r♠❛s ❞❡ s❡ ❡s❝r❡✈❡r ✉♠ ♥ú♠❡r♦ r❛❝✐♦♥❛❧✳ ❆s ✈ár✐❛s

✐❞❡✐❛s ❞❛ ❢r❛çã♦ ✭♣❛rt❡ ❞❡ ✉♠ t♦❞♦✱ ♠❡❞✐❞❛✱ r❛③ã♦ ❡ ♣❡r❝❡♥t✉❛❧✮✱ ❞❡✈❡♠ s❡r r❡✈✐s✐t❛❞❛s

❛ t♦❞♦ ♠♦♠❡♥t♦ ♣❡r♠✐t✐♥❞♦ q✉❡ ♦s ❛❧✉♥♦s q✉❡ ♥ã♦ s❡ ❢❛♠✐❧✐❛r✐③❛r❛♠ ❝♦♠ ❡ss❡ t✐♣♦ ❞❡

r❡♣r❡s❡♥t❛çã♦ ❞❡ ♥ú♠❡r♦ ♦ ❢❛ç❛♠✳ ❖s ❝♦♥❥✉♥t♦s ♥✉♠ér✐❝♦s ❡ s✉❛s ❛♣❧✐❝❛çõ❡s sã♦ ❞❡ ❣r❛♥❞❡

✈❛❧✐❛ ♥❛ ✐♥t❡r♣r❡t❛çã♦ ❞❡ ♣r♦❜❧❡♠❛s✳

◗✉❛♥❞♦ ❡♥✈♦❧✈❡ ❢✉♥çã♦ ❧✐♥❡❛r✱ ❥á ♣♦❞❡♠♦s tr❛❜❛❧❤❛r ❛s q✉❡stõ❡s r❡❧❛❝✐♦♥❛❞❛s à ❡q✉❛✲

çã♦ ❞❛ r❡t❛ ❡ s✉❛ r❡♣r❡s❡♥t❛çã♦ ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦✳ ❖ ✉s♦ ❞❡ ♣❧❛♥✐❧❤❛s ❡❧❡trô♥✐❝❛s ❡

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

♠❛s ✈❛❧❡ r❡ss❛❧t❛r q✉❡ ♣r❡❝✐s❛♠ s❡r ✈❡r✐✜❝❛❞❛s t❛♠❜é♠ ❛❧❣❡❜r✐❝❛♠❡♥t❡✳ ❏✉st✐✜❝❛r ♠❛t❡✲

♠❛t✐❝❛♠❡♥t❡ é ❢✉♥❞❛♠❡♥t❛❧ ♥❛ ❝♦♥str✉çã♦ ❞❛ s♦❧✉çã♦ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❡ ♥❛ ❝♦♥❝r❡t✐③❛çã♦

❞❡ ❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s✳

◆❛s r❡str✐çõ❡s q✉❡ ❡♥✈♦❧✈❡♠ ❞❡s✐❣✉❛❧❞❛❞❡s✱ ❡①♣❧♦r❛♥❞♦ ❛q✉✐ ❛s ❧✐♥❡❛r❡s✱ ❡st❛♠♦s tr❛❜❛✲

❧❤❛♥❞♦ ✈❛r✐❛çõ❡s ❡ r❡♣r❡s❡♥t❛çõ❡s ❞❡ r❡❣✐ã♦ ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦ ✭❞✉❛s ✈❛r✐á✈❡✐s✮✳ ◗✉❛♥❞♦

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

❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s✱ ✉♠❛ ❞✐s❝✉ssã♦ ❞❡ ✈❡t♦r❡s ❡ ♠❛tr✐③❡s ❝♦♥tr✐❜✉✐ ♥❛ ♠♦❞❡❧❛❣❡♠ ❡

s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✳ ▼❛✐s ✉♠❛ ✈❡③✱ ♦ ✉s♦ ❞❡ s♦❢t✇❛r❡ ❞❡ ❣❡♦♠❡tr✐❛ ❞✐♥â♠✐❝❛ ❢❛❝✐❧✐t❛ ❛

✈✐s✉❛❧✐③❛çã♦ ♣❛r❛ ♦ ❛❧✉♥♦ ♣❛r❛ ♣♦st❡r✐♦r ❛❜str❛çã♦✳

❋❛❧❛♥❞♦ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ❥á ♣♦❞❡♠♦s ❞✐s❝✉t✐r ❛s q✉❡stõ❡s r❡❧❛❝✐♦♥❛❞❛s à ❢✉♥çã♦

♦❜❥❡t✐✈♦ ❡ ❛♦ ❝♦♥❥✉♥t♦ ❞❡ r❡str✐çõ❡s✳ ❙❡ tr❛t❛♥❞♦ ❞♦ ♣❧❛♥♦ ✜❝❛ ❢á❝✐❧ ♣❡r❝❡❜❡r ❛ ❧♦❝❛❧✐③❛çã♦

❞❛s s♦❧✉çõ❡s ✈✐á✈❡✐s ❡ ❛ ❜✉s❝❛ ❞❡ ✉♠❛ s♦❧✉çã♦ ót✐♠❛ q✉❡ ♣♦❞❡ s❡r ♠á①✐♠❛ ♦✉ ♠í♥✐♠❛

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

❙♦❝✐❛❧✐③❛r ❛s ❞❡s❝♦❜❡rt❛s ❡ ♦s ✈ár✐♦s ♠❡✐♦s ❞❡ ❝❤❡❣❛r à s♦❧✉çã♦ t❛♠❜é♠ ❝♦♥tr✐❜✉❡♠ ❛♦

❛♣r❡♥❞✐③❛❞♦ ❡ ❛♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞♦ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦✳ ◆❡ss❛ ♣r❡♠✐ss❛✱ é ✐♠♣♦rt❛♥t❡ q✉❡

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

✺✳✾✳✽ ❈♦♥t❡ú❞♦s ❡♥✈♦❧✈✐❞♦s

❼ ◆ú♠❡r♦s ❡ ❖♣❡r❛çõ❡s✳

❼ ❈♦♥❥✉♥t♦s ❡ ❘❡❧❛çõ❡s✳

✶✻✸



❼ ❋✉♥çõ❡s ❡ ❉❡s✐❣✉❛❧❞❛❞❡s✳

❼ ❘❡t❛s ❡ P❧❛♥♦ ❈❛rt❡s✐❛♥♦✳

❼ ●rá✜❝♦s ❡ ❚❛❜❡❧❛s✳

❼ ❙✐st❡♠❛s ▲✐♥❡❛r❡s ❡ ▼❛tr✐③❡s✳

❼ ❚♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❡ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ♠ét♦❞♦ ❣rá✜❝♦✱ ♠♦❞❡❧❛❣❡♠

♠❛t❡♠át✐❝❛ ❝♦♠♦ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ▼ét♦❞♦ ❙✐♠♣❧❡①✳

✺✳✶✵ ❉✐❡t❛ ❆❧✐♠❡♥t❛r

✺✳✶✵✳✶ ❖❜❥❡t✐✈♦

P❛rt✐♥❞♦ ❞❡ ✉♠❛ s✐t✉❛çã♦ ❝♦♥❝r❡t❛✱ ❞❡s❡♥✈♦❧✈❡r ✐❞❡✐❛s q✉❡ ❡♥✈♦❧✈❛♠ ❢✉♥çõ❡s ❞❡ ♠ú❧t✐♣❧❛s

✈❛r✐á✈❡✐s ❡ ❝♦♠ ♦ ✉s♦ ❞❡ ❢❡rr❛♠❡♥t❛s ❛❧❣é❜r✐❝❛s✱ t♦♠❛r ❞❡❝✐sõ❡s ♥❛ ❜✉s❝❛ ❞❡ s♦❧✉çõ❡s

♣❛r❛ ♣r♦❜❧❡♠❛s ❝♦t✐❞✐❛♥♦s✳ ❘❡❝♦♥❤❡❝❡r ❡♠ ♣r♦❜❧❡♠❛s ❧✐♥❡❛r❡s ❝♦♠ ✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s

❞❡ s♦❧✉çã♦ ❛s s♦❧✉çõ❡s ✈✐á✈❡✐s ❡ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♠❡❧❤♦r❛ ❡♠ s❡✉s

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

✉s♦ ❞❡ ♠❛tr✐③❡s ♥❛s r❡s♦❧✉çõ❡s ❛❧❣é❜r✐❝❛s ❡ ♥♦ ✉s♦ ❞❡ t❡❝♥♦❧♦❣✐❛s✳

✺✳✶✵✳✷ Pú❜❧✐❝♦ ❛❧✈♦

❆❧✉♥♦s ❞♦ ❊♥s✐♥♦ ▼é❞✐♦✳

✺✳✶✵✳✸ ▼❛t❡r✐❛❧ ♥❡❝❡ssár✐♦

P❛r❛ ❝❛❞❛ ❛❧✉♥♦ s❡rã♦ ♥❡❝❡ssár✐♦s✿

❼ ❋♦❧❤❛ ❝♦♠ ❛ s✐t✉❛çã♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✳

❼ P❛♣❡❧ q✉❛❞r✐❝✉❧❛❞♦ ♦✉ ♠✐❧✐♠❡tr❛❞♦✳

❼ ❘é❣✉❛✳

✺✳✶✵✳✹ Pr♦❜❧❡♠❛ ♥♦rt❡❛❞♦r

●❛st❛r ♦ ♠í♥✐♠♦ ♣♦ssí✈❡❧ ❡♠ ❛❧✐♠❡♥t❛çã♦ ❛t❡♥❞❡♥❞♦ ❛s ♥❡❝❡ss✐❞❛❞❡s ❜ás✐❝❛s ❞✐ár✐❛s ❞❡

♥✉tr✐❡♥t❡s✳

✶✻✹



✺✳✶✵✳✺ ◗✉❡stõ❡s ❞❛ ❆t✐✈✐❞❛❞❡

❯♠❛ ❢❛♠í❧✐❛ ❞❡ q✉❛tr♦ ♣❡ss♦❛s✱ ♣❛ss❛♥❞♦ ♣♦r ❞✐✜❝✉❧❞❛❞❡s ✜♥❛♥❝❡✐r❛s r❡s♦❧✈❡r❛♠ ❡♥t❡♥❞❡r

♠❡❧❤♦r s❡✉s ❣❛st♦s ❝♦♠ ❛❧✐♠❡♥t❛çã♦✳ ❆❧é♠ ❞✐ss♦ ❡stã♦ ♣r❡♦❝✉♣❛❞♦s ❝♦♠ ❛ s❛ú❞❡ ❞❛

❢❛♠í❧✐❛✳ ❆♣ós ✉♠❛ ♣❡sq✉✐s❛ ❞❡ ♣r❡ç♦s ❝♦♥s❡❣✉✐r❛♠ ❝❤❡❣❛r ❛ ❛❧❣✉♥s ✈❛❧♦r❡s ❞❡ ❛❧✐♠❡♥t♦s

❞❡♣♦✐s ❞❡ ♣r♦♥t♦s ♣♦r q✉✐❧♦✿ ❛rr♦③ ❘✩✹✱✽✺✱ ❢❡✐❥ã♦ ❘✩✼✱✷✺ ❡ ♣❡✐t♦ ❞❡ ❢r❛♥❣♦ ❣r❡❧❤❛❞♦ ❘✩✾✱✹✺✳

❊♠ ✉♠❛ ❜✉s❝❛ ♥❛ ✐♥t❡r♥❡t✱ ♦❜s❡r✈❛r❛♠ ♦s ✈❛❧♦r❡s ♥✉tr✐❝✐♦♥❛✐s ♣❛r❛ ❝❛❞❛ ✭✶✵✵❣✮ ❞♦

❛❧✐♠❡♥t♦ ♣r♦♥t♦ ❡ r❡s✉♠✐r❛♠ ❡♠ ✉♠❛ t❛❜❡❧❛✳

❆❧✐♠❡♥t♦ ♣r♦♥t♦ ❆rr♦③ ❋❡✐❥ã♦ ❋r❛♥❣♦

Pr♦t❡í♥❛s ✷✱✺❣ ✹✱✽❣ ✸✷❣

❈♦❧❡st❡r♦❧ ✖ ✖ ✽✾♠❣

❈❛r❜♦✐❞r❛t♦s ✷✽✱✶❣ ✶✸✱✻❣ ✖

❋✐❜r❛s ✶✱✻❣ ✽✱✺❣ ✖

❈❛❧♦r✐❛s ✭❦❝❛❧✮ ✶✷✽ ❦❝❛❧ ✸✷✵ ❦❝❛❧ ✶✺✾ ❦❝❛❧

❖❜s❡r✈❛r❛♠ q✉❡ ❛ q✉❛♥t✐❞❛❞❡ ♠í♥✐♠❛ ❞❡ ♣r♦t❡í♥❛ ❞✐ár✐❛ é ✺✵❣✱ ❛ ❞❡ ❝♦❧❡st❡r♦❧ ✸✵✵♠❣✱

❛ ❞❡ ✜❜r❛ ❛❧✐♠❡♥t❛r ✷✺❣ ❡ ❞❡ ❝❛r❜♦✐❞r❛t♦s ✸✵✵❣✳

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

❞♦s✿

✶✳ ◗✉❛♥t♦ ❛ ❢❛♠í❧✐❛ ✈❛✐ ❣❛st❛r ❡♠ ✉♠❛ r❡❢❡✐çã♦ s❡ ❢♦r ❝♦♥s✉♠✐❞♦ ✽✵✵❣ ❞❡ ❛rr♦③✱ ✺✵✵❣

❞❡ ❢❡✐❥ã♦ ❡ ✼✵✵❣ ❞❡ ❢r❛♥❣♦ ❣r❡❧❤❛❞♦❄

✷✳ ❯♠❛ ♣❡ss♦❛ q✉❡ ❝♦♥s✉♠✐✉ ✷✵✵❣ ❞❡ ❛rr♦③✱ ✶✺✵❣ ❞❡ ❢❡✐❥ã♦ ❡ ✶✽✵❣ ❞❡ ❢r❛♥❣♦ ❣r❡❧❤❛❞♦✱

♦❜t❡rá q✉❛♥t♦ ❞❡✿

✭❛✮ Pr♦t❡í♥❛❄

✭❜✮ ❈♦❧❡st❡r♦❧❄

✭❝✮ ❈❛r❜♦✐❞r❛t♦❄

✭❞✮ ❋✐❜r❛s❄

✭❡✮ ❈❛❧♦r✐❛s❄

✸✳ ❯♠❛ ♣❡ss♦❛ q✉❡r ♦❜t❡r ✶✵✵✵ ❝❛❧ ❡♠ ✉♠❛ r❡❢❡✐çã♦✳

✭❛✮ ◗✉❛❧ ♦ ❝❛r❞á♣✐♦ ♥❡❝❡ssár✐♦❄ ✭❊♥❝♦♥tr❡ ♣❡❧♦ ♠❡♥♦s ❞♦✐s ❞✐❢❡r❡♥t❡s✮

✭❜✮ ◗✉❛♥t♦ ❞❡ ❝❛❞❛ ♥✉tr✐❡♥t❡ ❡❧❛ ✈❛✐ ♦❜t❡r❄

✭❝✮ ❈♦♥s✐❞❡r❛♥❞♦ ❛ q✉❛♥t✐❞❛❞❡ ♠í♥✐♠❛ ❞✐ár✐❛ ❞❡ ♥✉tr✐❡♥t❡s✱ ❝♦♠♦ ✜❝❛rá ❝❛❞❛ ✉♠

❞❡❧❡s ❡♠ r❡❧❛çã♦ ❛♦ ❝♦♥s✉♠♦ ❞❛ ❞✐❡t❛ ❡st✐♣✉❧❛❞❛❄

✶✻✺



✭❞✮ ◗✉❛♥t♦ ❡ss❛ ♣❡ss♦❛ ❣❛st❛r✐❛ ♥❡ss❛ r❡❢❡✐çã♦❄

✹✳ ◗✉❛❧ ♦ ♠í♥✐♠♦ ❞❡ ❢r❛♥❣♦ ❛ ♣❡ss♦❛ t❡♠ q✉❡ ❝♦♠❡r ♣❛r❛ ♦❜t❡r ✸✵✵♠❣ ❞❡ ❝♦❧❡st❡r♦❧❄

✺✳ ◗✉❛❧ ♦ ♠í♥✐♠♦ ❞❡ ❝❛❞❛ ❛❧✐♠❡♥t♦ ✉♠❛ ♣❡ss♦❛ ❞❡✈❡ ❝♦♥s✉♠✐r ♣❛r❛ ♦❜t❡r ✷✺❣ ❞❡ ✜❜r❛s

❛❧✐♠❡♥t❛r❡s❄

✻✳ ❯♠❛ ♣❡ss♦❛ q✉❡r ❣❛r❛♥t✐r ♦ ♠í♥✐♠♦ ♥❡❝❡ssár✐♦ ❞❡ ❝❛❞❛ ♥✉tr✐❡♥t❡ ❡♠ ✉♠❛ ú♥✐❝❛

r❡❢❡✐çã♦ ❣❛st❛♥❞♦ ♦ ♠í♥✐♠♦ ♣♦ssí✈❡❧✳

✭❛✮ ◗✉❛♥t♦s ❣r❛♠❛s ❞❡ ❝❛❞❛ ❛❧✐♠❡♥t♦ ❡❧❛ ❞❡✈❡ ❝♦♥s✉♠✐r❄

✭❜✮ ◗✉❛♥t♦ ❞❡ ❝❛❞❛ ♥✉tr✐❡♥t❡ ❡❧❛ ❡stá ♦❜t❡♥❞♦❄

✭❝✮ ◗✉❛♥t♦ ❡❧❛ ❣❛st❛rá ♥❛ r❡❢❡✐çã♦❄

✼✳ ❯♠❛ ❞❛s ♣❡ss♦❛s ❞❛ ❢❛♠í❧✐❛ ❡stá ❞❡ ❞✐❡t❛ ❡ ♣r❡❝✐s❛ ❝♦♥s✉♠✐r ♠❡♥♦s ❞❡ ✷✵✵✵ ❦❝❛❧

s❡♠ ❝♦♠ ✐ss♦ ♣r❡❥✉❞✐❝❛r ♦ ♠í♥✐♠♦ ❞✐ár✐♦ ♥❡❝❡ssár✐♦ ❡ ❝♦♠ ♦ ♠❡♥♦r ❝✉st♦✳

✭❛✮ ◗✉❛♥t♦s ❣r❛♠❛s ❞❡ ❝❛❞❛ ❛❧✐♠❡♥t♦ ❡❧❛ ❞❡✈❡ ❝♦♥s✉♠✐r❄

✭❜✮ ◗✉❛♥t♦ ❞❡ ❝❛❞❛ ♥✉tr✐❡♥t❡ ❡❧❛ ❡stá ♦❜t❡♥❞♦❄

✭❝✮ ◗✉❛♥t♦ ❡❧❛ ❣❛st❛rá ♥❛ r❡❢❡✐çã♦❄

✽✳ ❈♦♠♦ ✈♦❝ê ✉s❛r✐❛ ❡ss❛s ✐♥❢♦r♠❛çõ❡s ♥❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦❄ ➱ ♣♦ssí✈❡❧ ❝♦♥str✉✐r ✉♠

♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦❄

✺✳✶✵✳✻ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦

❼ Pr♦✈♦❝❛r ✉♠❛ ❧❡✐t✉r❛ ❝♦♠♣❛rt✐❧❤❛❞❛ ♥❛ s✐t✉❛çã♦ ♣r♦❜❧❡♠❛ ❞❡ ❢♦r♠❛ ❛ ❛♥❛❧✐s❛r ❛s

✐♥❢♦r♠❛çõ❡s ❡ ❝♦♠♦ ❡❧❛s s❡ ❝♦♠♣♦rt❛♠ ♥♦ t❡①t♦✳ ◆ã♦ ❡sq✉❡❝❡r ❞❡ ✈❡r✐✜❝❛r ❛ ❡q✉✐✲

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

❼ ❈♦♥❤❡❝❡♥❞♦ ✉♠ ♣♦✉❝♦ ♠❛✐s ❞♦ ♣r♦❜❧❡♠❛✱ s♦❧✐❝✐t❛r q✉❡ ❡♠ ❞✉♣❧❛s✱ ♦s ❛❧✉♥♦s ♣r♦♣♦✲

♥❤❛♠ s♦❧✉çã♦ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s q✉❡stõ❡s r❡❣✐str❛♥❞♦ ♦s ♣r♦❝❡❞✐♠❡♥t♦s ♥❡❝❡ssár✐♦s✳

❼ ▲❡✈❛♥t❛r ♦ q✉❡st✐♦♥❛♠❡♥t♦ s♦❜r❡ ❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ ♣r♦❜❧❡♠❛ ♣♦r ❡q✉❛çõ❡s ❡✴♦✉

❢✉♥çõ❡s ❞❡ ♠ú❧t✐♣❧❛s ✈❛r✐á✈❡✐s✳ ◗✉❛✐s s❡r✐❛♠ ❛s ✈❛♥t❛❣❡♥s❄

❼ ❉✐s❝✉t✐r ❝♦♠ ♦s ❛❧✉♥♦s ❛s r❡s♣♦st❛s ❡♥❝♦♥tr❛❞❛s ❡ ❝♦♠♦ ❡❧❛s s❡r✐❛♠ r❡❣✐str❛❞❛s ❝♦♠

♦ ✉s♦ ❞❛s ❡①♣r❡ssõ❡s ❛❧❣é❜r✐❝❛s✳

❼ ◆❛s q✉❡stõ❡s ❝♦♠ ♠❛✐s ❞❡ ✉♠❛ ❡q✉❛çã♦✱ ❞✐s❝✉t✐r s♦❜r❡ s✐st❡♠❛s ♥✉♠ér✐❝♦s✱ s✉❛ r❡✲

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

t❡♠ ♦✉tr❛s ♣♦ss✐❜✐❧✐❞❛❞❡s❄

✶✻✻



❼ ❘❡♣r❡s❡♥t❛r ♦ ♣r♦❜❧❡♠❛ ❣r❛✜❝❛♠❡♥t❡✱ ❧❡♠❜r❛♥❞♦ q✉❡ ❡st❛♠♦s tr❛t❛♥❞♦ ❞❡ ✉♠❛

s✐t✉❛çã♦ ❝♦♠ três ✈❛r✐á✈❡✐s✱ ♦✉ s❡❥❛✱ é ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ ♣❧❛♥♦ ♥♦ ❡s♣❛ç♦✳

❼ ▲❡✈❛♥t❛r ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞♦ ✉s♦ ❞❡ ♣❧❛♥✐❧❤❛s ❡ s♦❢t✇❛r❡s ❣rá✜❝♦s ❝♦♠♦ ❢❛❝✐❧✐t❛❞♦r❡s

❞♦ ♣r♦❝❡ss♦ ❞❡ r❡s♦❧✉çã♦✳

❼ ❘❡s♦❧✈❡r ♦ s✐st❡♠❛ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✉♠❛ ❞❛s q✉❡stõ❡s r❡t♦♠❛♥❞♦ ♦ ♠ét♦❞♦ ❞❡ ●❛✉ss✲

❏♦r❞❛♥ r❡❢♦rç❛♥❞♦ ❛ ❝♦♥str✉çã♦ ❞❛ ▼❛tr✐③ ■❞❡♥t✐❞❛❞❡✳

❼ ◆❛s q✉❡stõ❡s ❝♦♠ r❡str✐çõ❡s ❛❜❡rt❛s ❛♣r❡s❡♥t❛r✱ ♦✉ r❡t♦♠❛r✱ ✐❞❡✐❛s ❞❛ ❖t✐♠✐③❛çã♦

▲✐♥❡❛r✱ ▼♦❞❡❧❛❣❡♠ ▼❛t❡♠át✐❝❛✱ r❡s♦❧✉çã♦ ❣rá✜❝❛ ❡ ▼ét♦❞♦ ❙✐♠♣❧❡①✳

❼ ❙♦❧✐❝✐t❛r ❛♦s ❛❧✉♥♦s q✉❡ ❛♣ós ❛s ❞✐s❝✉ssõ❡s ❛♣r❡s❡♥t❛❞❛s✱ r❡✈❡❥❛♠ ❛s s♦❧✉çõ❡s ❞♦

♣r♦❜❧❡♠❛ ♥❛ ❜✉s❝❛ ❞❡ ♠❡❧❤♦r❛r s✉❛s r❡s♣♦st❛s ❡✴♦✉ s❡✉s ❛r❣✉♠❡♥t♦s✳

❼ ❆♥❛❧✐s❛r ❛ s✐t✉❛çã♦ q✉❡ ❡♥✈♦❧✈❡ ♦t✐♠✐③❛çã♦ ✉s❛♥❞♦ ♦ ❙❖▲❱❊❘ ❞♦ ❊❳❈❊▲✱ ❝♦♠♣❛r❡

❝♦♠ ❛ s♦❧✉çã♦ ❡♥❝♦♥tr❛❞❛ ❡ ❞✐s❝✉t❛ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ ✉♠ ❜♦♠ ❡♥t❡♥❞✐♠❡♥t♦ ❡ ✉♠❛

❜♦❛ ♠♦❞❡❧❛❣❡♠ ♣❛r❛ ❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s✳ ❙❡❥❛♠ ❝♦♠ ♠ét♦❞♦s ❛❧❣é❜r✐❝♦s ♦✉

t❡❝♥♦❧ó❣✐❝♦s✳

❼ ▲❡♠❜r❛r✲s❡ ❞❡ q✉❡ ♣r♦❜❧❡♠❛s r❡❛✐s ♣♦❞❡♠ t❡r ✉♠ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ❜❡♠ ♠❛✐♦r

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

❼ P❛r❛ ✜♥❛❧✐③❛r ❛ ❛t✐✈✐❞❛❞❡ ♣♦❞❡♠♦s ♣❡❞✐r ✉♠❛ ❞✐ss❡rt❛çã♦ s♦❜r❡ ♦s ❛ss✉♥t♦s ❛❜♦r❞❛✲

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

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

❢♦r♠❛ ❝❧❛r❛✱ s❡ ❛♣r♦♣r✐❛♥❞♦ ❞❛ ❧✐♥❣✉❛❣❡♠ ♠❛t❡♠át✐❝❛✱ ❥✉st✐✜❝❛♥❞♦ t♦❞♦s ♦s r❡❝✉rs♦s

✉t✐❧✐③❛❞♦s✳

✺✳✶✵✳✼ ❖r✐❡♥t❛çã♦ ❛♦ ♣r♦❢❡ss♦r

◆❡ss❛ ❛t✐✈✐❞❛❞❡✱ ❛ r❡t♦♠❛❞❛ ❞❡ ✐❞❡✐❛s ❞❡ ❛♥♦s ❛♥t❡r✐♦r❡s ♣❡r❝♦rr❡♠ ♦s ✈ár✐♦s ❛♥♦s ❞❛

❊❞✉❝❛çã♦ ❇ás✐❝❛ ❡ ❞❡✈❡♠♦s ❡①♣❧♦r❛r ❛♦ ♠á①✐♠♦ ❝❛❞❛ ✉♠ ❞♦s ❛ss✉♥t♦s✳ P♦❞❡♠♦s ♣r♦♣♦r

♦✉tr❛s q✉❡stõ❡s ♣❛r❛❧❡❧❛s às ❛♣r❡s❡♥t❛❞❛s ❛t❡♥❞❡♥❞♦ ❛ ❞✐✜❝✉❧❞❛❞❡ ❛♣r❡s❡♥t❛❞❛ ♣♦r ✉♠

❛❧✉♥♦ ♦✉ ♣❡❧❛ t✉r♠❛✳ ❘❡✈✐s✐t❛r ❝♦♥❝❡✐t♦s ❛♥t❡r✐♦r❡s é ♥❡❝❡ssár✐♦ ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞❡

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

❡ s✉❛s ♣r♦♣r✐❡❞❛❞❡s ❞❡✈❡♠ ❡st❛r ❜❡♠ ❢✉♥❞❛♠❡♥t❛❞❛s ❡ ❛s r❡♣r❡s❡♥t❛çõ❡s ❞❛s ❣r❛♥❞❡③❛s

❛♥❛❧✐s❛❞❛s ❡♠ ❝❛❞❛ ♠♦♠❡♥t♦✳ ❚✉❞♦ t❡♠ ✉♠❛ ❥✉st✐✜❝❛t✐✈❛ ❡ s❡ ❢♦r ❝♦❧♦❝❛❞♦ ❞❡ ♠❛♥❡✐r❛

♠❡❝â♥✐❝❛✱ ♥ã♦ ❞❡s❡♥✈♦❧✈❡ s❛❜❡r❡s✳

◆❛s ❞✐s❝✉ssõ❡s s♦❜r❡ ❢✉♥çõ❡s ❡ ❡q✉❛çõ❡s é ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r ❛ ✐♥t❡r❞❡♣❡♥❞ê♥❝✐❛

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

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

t❛❞♦✳ P♦ss♦ t❡r ✈❛❧♦r❡s ♥❡❣❛t✐✈♦s❄ ❖s r❡s✉❧t❛❞♦s tê♠ ❞❡ s❡r ✐♥t❡✐r♦s❄ ❚♦❞♦ ♣r♦❜❧❡♠❛
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t❡♠ r❡❛❧♠❡♥t❡ s♦❧✉çã♦❄ ◆❡ss❡ ❝♦♥t❡①t♦✱ ❛ ❧✐♥❣✉❛❣❡♠ ♠❛t❡♠át✐❝❛ ♣❛ss❛ ❛ s❡r ✉t✐❧✐③❛❞❛

❝♦♥❥✉♥t❛♠❡♥t❡ à ❧✐♥❣✉❛❣❡♠ ♠❛t❡r♥❛ ✐♥t❡r❛❣✐♥❞♦✲s❡ ❡♥tr❡ s✐ ♣❛r❛ ❡♥t❡♥❞❡r ♦ ♠✉♥❞♦✳ ❆

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

◆❛ ❞✐s❝✉ssã♦ ❞❡ s✐st❡♠❛s é ✐♠♣♦rt❛♥t❡ tr❛t❛r ❞♦s ✈ár✐♦s t✐♣♦s ❞❡ s✐st❡♠❛s ❧✐♥❡❛r❡s✱

q✉❛♥❞♦ t❡♠ s♦❧✉çã♦✱ q✉❛♥❞♦ ♥ã♦ t❡♠ ❡ q✉❛♥❞♦ t❡♠ ✐♥✜♥✐t❛s s♦❧✉çõ❡s✳ ◆♦ ❝❛s♦ ❞❡ ✐♥✜♥✐t❛s

s♦❧✉çõ❡s ♣♦❞❡♠♦s t❡r ❛❧❣✉♠❛s ❞❡ ♥♦ss♦ ✐♥t❡r❡ss❡ ❡ ♦✉tr❛s ♥ã♦✳ ❉✐s❝✉t✐r ♦ ✉s♦ ❞❡ ♠❛tr✐③❡s

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

❛♠♣❧✐❛♥❞♦ ♦ r❡♣❡rtór✐♦ ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡s ❛♦ ❡♥❢r❡♥t❛r ✉♠❛ s✐t✉❛çã♦✳ ❖s ✈ár✐♦s ♠ét♦❞♦s

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

♣❡r❝❡♣çã♦ ❞♦s ✈ár✐♦s ❝❛♠✐♥❤♦s ❛ s❡r❡♠ ❡s❝♦❧❤✐❞♦s✳ ❈♦♠♦ ✈❛♠♦s ♣r♦♣♦r ♦ ▼ét♦❞♦ ❙✐♠♣❧❡①

❝♦♠ ♦ ✉s♦ ❞❡ ♣❧❛♥✐❧❤❛s ❡❧❡trô♥✐❝❛s✱ é ♥❡❝❡ssár✐♦ ❡①♣❧♦r❛r ✉♠ ♣♦✉❝♦ ♠❛✐s ♦ ▼ét♦❞♦ ❞❡

●❛✉ss✲❏♦r❞❛♥✱ ❧❡♠❜r❛♥❞♦ q✉❡ ♦ r❡❝✉rs♦ t❡❝♥♦❧ó❣✐❝♦ é ✉♠ ❢❛❝✐❧✐t❛❞♦r ❡ ♥ã♦ s❡r✈❡ s♦③✐♥❤♦

❞❡ ❛r❣✉♠❡♥t♦ ♠❛t❡♠át✐❝♦✳

❆ ❝✐r❝✉❧❛çã♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❡♥tr❡ ♦s ❛❧✉♥♦s ❡ ❛ ♠❡❞✐❛çã♦ ❞♦ ♣r♦❢❡ss♦r é ❢✉♥❞❛♠❡♥t❛❧

♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ❛t✐✈✐❞❛❞❡✳ ❚❡♠♦s ❞❡ ❧❡♠❜r❛r ❞❡ q✉❡ ♥ã♦ ❞❡✈❡♠♦s ❞❛r r❡s♣♦st❛s ❡

s✐♠ ♣r♦✈♦❝❛r ♦ ❛❧✉♥♦ ❛ ❝♦♥str✉✐r ✉♠ ❝❛♠✐♥❤♦✳ ◗✉❛♥❞♦ ♦ ❛❧✉♥♦ é t✐r❛❞♦ ❞❡ s✉❛ ár❡❛ ❞❡

❝♦♥❢♦rt♦✱ ♣r♦✈♦❝❛❞♦✱ ❝♦♥stró✐ ❝❛♠✐♥❤♦s✳ ❉✐s❝✉t✐♥❞♦ s❡✉ ❝❛♠✐♥❤♦ ❝♦♠ ♦ ❞❡ ♦✉tr♦s✱ ❛♠♣❧✐❛

s✉❛s ♣♦ss✐❜✐❧✐❞❛❞❡s✳ ❊ q✉❛♥❞♦ ❝♦♠♣❛r❛ ❡ r❡✢❡t❡ s♦❜r❡ ❛s ✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ✐♥t❡r✈✐♥❞♦

♥❛ ❝♦♥str✉çã♦✱ ❝♦♥stró✐ ❝♦♥❝❡✐t♦s✳

✺✳✶✵✳✽ ❈♦♥t❡ú❞♦s ❡♥✈♦❧✈✐❞♦s

❼ ❋✉♥çõ❡s ❞❡ ♠ú❧t✐♣❧❛s ✈❛r✐á✈❡✐s✳

❼ ❘❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❡ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛✳

❼ ▼❛tr✐③❡s ❡ ❙✐st❡♠❛s ▲✐♥❡❛r❡s

❼ ❚♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❡ ♣r♦❜❧❡♠❛ ❞❡ ❖t✐♠✐③❛çã♦✱ ♠ét♦❞♦ ❣rá✜❝♦✱ ▼ét♦❞♦ ❙✐♠♣❧❡①✳
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❈❛♣ít✉❧♦ ✻

❘❡✢❡①õ❡s ❋✐♥❛✐s

❘❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❡ ❜✉s❝❛r ❝❛♠✐♥❤♦s ❡stá s❡♠♣r❡ ❧✐❣❛❞♦ às r❡❧❛çõ❡s ❤✉♠❛♥❛s ❡ à ❝♦♥s✲

tr✉çã♦ ❞❡ ❞✐✈❡rs❛s s✐t✉❛çõ❡s ❞❛ s♦❝✐❡❞❛❞❡✳ ❆ ❜✉s❝❛ ♣❡❧❛ s♦❧✉çã♦ ❞♦s ❝♦♥✢✐t♦s ♥❛s ✈ár✐❛s

❝✐✈✐❧✐③❛çõ❡s ❛❝❛❜❛r❛♠ ♣♦r ❞❡s❡♥✈♦❧✈❡r ❛ ❧ó❣✐❝❛ ❡ ❛ ♠❛t❡♠át✐❝❛✳ ❆ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r s❡

❝♦❧♦❝❛ ❝♦♠♦ ✉♠❛ ✐♠♣♦rt❛♥t❡ ❢❡rr❛♠❡♥t❛ ♥❛ ❛❞♠✐♥✐str❛çã♦ ❡ t❛♠❜é♠ ♥❛ ❝♦♥str✉çã♦ ❞❡

❝♦♥❤❡❝✐♠❡♥t♦s ♠❛t❡♠át✐❝♦s ♥❛ ❊❞✉❝❛çã♦ ❇ás✐❝❛✳ ❇✉s❝❛r s♦❧✉çõ❡s✱ t♦♠❛r ❞❡❝✐sõ❡s✱ ❛♥❛✲

❧✐s❛r ✐♥❢♦r♠❛çõ❡s ❡ ❝♦♥str✉✐r ♥♦✈♦s ❝❛♠✐♥❤♦s s❡ ❢❛③ ♥❡❝❡ssár✐♦ ❛ t♦❞♦ ✐♥st❛♥t❡ ♥♦ ♠✉♥❞♦

❝♦♥t❡♠♣♦râ♥❡♦✱ ❡ ♣♦r q✉❡ ♥ã♦ ♥❛ s❛❧❛ ❞❡ ❛✉❧❛❄

❆ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✱ ♦r❣❛♥✐③❛çã♦ ❞♦s r❡❣✐str♦s ❡ ❡s❝♦❧❤❛ ♣❡❧❛ ♠❡❧❤♦r ❢♦r♠❛ ❞❡ ❢❛✲

③❡r ♣r♦♣♦r❝✐♦♥❛♠ ❛♦ ❡❞✉❝❛❞♦r ✉♠❛ ✐♠♣♦rt❛♥t❡ ❢❡rr❛♠❡♥t❛ ♣❛r❛ ❛ ♣r♦❜❧❡♠❛t✐③❛çã♦ ❞❡

❝♦♥t❡ú❞♦s ❡♠ s✉❛s ❛✉❧❛s ♥♦s ❞✐✈❡rs♦s ♥í✈❡✐s ❞❡ ❡♥s✐♥♦✳ ◆❛ ❊❞✉❝❛çã♦ ❇ás✐❝❛✱ ♣r♦❜❧❡♠❛s ❧✐✲

❣❛❞♦s ❛♦ ❝♦t✐❞✐❛♥♦ ❞♦s ❛❧✉♥♦s s❡r✈❡♠ ❝♦♠♦ ♠♦t✐✈❛❞♦r❡s ♥❛ ❝♦♥str✉çã♦ ❡ s✐st❡♠❛t✐③❛çã♦ ❞♦

❝♦♥❤❡❝✐♠❡♥t♦✳ ▼❡str❡ ❡ ❛♣r❡♥❞✐③ s❡ ❛❧t❡r♥❛♠ ♥❛ ♠❡❞✐❛çã♦ ❞♦ ❛♣r❡♥❞✐③❛❞♦ s✐❣♥✐✜❝❛t✐✈♦✳

◆❛ ❊❞✉❝❛çã♦ ■♥❢❛♥t✐❧✱ ♥♦s ❥♦❣♦s ❡ ❜r✐♥❝❛❞❡✐r❛s✱ ❛s ✐❞❡✐❛s ❞❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ♣r❡✲

s❡♥t❡s ♥❛ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧ ❢❛✈♦r❡❝❡♠ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ❛✉t♦♥♦♠✐❛ ♥❛ ❝r✐❛♥ç❛ ❡

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

❧❤❛✳ ❖r❣❛♥✐③❛r ♣❛r❛ ❞❡❝✐❞✐r ❡ ❝❧❛ss✐✜❝❛r ❧❡✈❛ ❛ ❝r✐❛♥ç❛ ❛ ✉♠❛ ♠❡❧❤♦r ❡s❝♦❧❤❛ ❞❡♥tr❡ ❛s

✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❡ ❞❡s❡♥✈♦❧✈❡ ♦ ❝♦♥t❡ú❞♦ ❞❡ ♥ú♠❡r♦s ❡ s❡q✉ê♥❝✐❛s✳ ❆s ❝♦r❡s ❡ ❢♦r♠❛s

t❛♠❜é♠ sã♦ ❞❡s❡♥✈♦❧✈✐❞❛s ❞❡♥tr♦ ❞❡ss❛ ♣r♦♣♦st❛ ❞❡ ❢♦r♠❛ ❧ú❞✐❝❛ ❡ ❞✐♥â♠✐❝❛✱ ❧❡✈❛♥❞♦ ❛♦

❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ t♦❞♦s ♦s ❛t♦r❡s ❞❛ ❡s❝♦❧❛✳

◆♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧✱ ❡♠ ♣r♦❜❧❡♠❛s ❝♦♠ ✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ r❡s♣♦st❛s✱ ♦ ❛❧✉♥♦

❞❡s❡♥✈♦❧✈❡ ❛s ♦♣❡r❛çõ❡s ❜ás✐❝❛s✱ r❡❢♦rç❛ ♦ s✐st❡♠❛ ❞❡ ♥✉♠❡r❛çã♦ ❡ ♦s r❡❣✐str♦s ❛❧❣é❜r✐❝♦s

q✉❡ ❣r❛❞❛t✐✈❛♠❡♥t❡ ❝❤❡❣❛♠ à r❡♣r❡s❡♥t❛çã♦ ♣♦r ❡q✉❛çõ❡s ❡ s✐st❡♠❛s ❞❡ ❡q✉❛çõ❡s✳ ◆❡ss❛

❢❛s❡ ❞♦ ❛♣r❡♥❞✐③❛❞♦✱ ♦ ❛❧✉♥♦ ❥á ❝♦♥stró✐ ❝♦♥❝❡✐t♦s ❞❡ ✐❣✉❛❧❞❛❞❡ ❡ ❞❡s✐❣✉❛❧❞❛❞❡✱ ♣❡r♠✐t✐♥❞♦

✉♠❛ r❡♣r❡s❡♥t❛çã♦ ♠❛✐s ❡❢❡t✐✈❛ ❞♦ r❡❣✐str♦ ♠❛t❡♠át✐❝♦✳ ❆ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❞❛

❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ✐♥tr♦❞✉③✐❞❛ ♥❡ss❛ ❢❛s❡ ❞♦ ❛♣r❡♥❞✐③❛❞♦✱ ❝♦♥❥✉♥t❛♠❡♥t❡ à ❝♦♥str✉çã♦

❞❡ ❣rá✜❝♦s ❡ t❛❜❡❧❛s✱ ♣♦ss✐❜✐❧✐t❛♠ ❛♣r❡♥❞❡r ✈ár✐♦s ❝♦♥t❡ú❞♦s ❞❛ ♠❛t❡♠át✐❝❛ ❡♥q✉❛♥t♦

❡s❝♦❧❤❡ ❛ s♦❧✉çã♦ ♠❡❧❤♦r✱ ❞❡♥♦♠✐♥❛❞❛ s♦❧✉çã♦ ót✐♠❛✱ ♣❛r❛ ♥♦ss❛ s✐t✉❛çã♦ ♣r♦❜❧❡♠❛✳

❖ ❡st✉❞♦ ❞❛s ❡q✉❛çõ❡s ❣❛♥❤❛ ♠❛✐s s✐❣♥✐✜❝❛❞♦ q✉❛♥❞♦ ✐♥s❡r✐❞♦ ❡♠ ✉♠❛ s✐t✉❛çã♦ ❝♦✲

✶✻✾



t✐❞✐❛♥❛✱ ♦✉ ❥♦❣♦ ♣ró①✐♠♦ à r❡❛❧✐❞❛❞❡ ❞♦ ❛❧✉♥♦✳ ◆♦ ✜♥❛❧ ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧✱ ❝♦♠

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

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

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

q✉❡r❡♠♦s s❡♠♣r❡ ❛ ♠❡❧❤♦r s♦❧✉çã♦✳ P❛r❛ ♠❡❧❤♦r❛r ❛ ✈✐s✉❛❧✐③❛çã♦ ❞♦s ♠♦❞❡❧♦s ♠❛t❡♠á✲

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

❣rá✜❝♦s ♣❛ss❛♠ ❛ ❢✉♥❝✐♦♥❛r ❝♦♠♦ ✐♥st✐❣❛❞♦r❡s ♥❛ ❜✉s❝❛ ❞❡ ♥♦✈❛s s♦❧✉çõ❡s ❡ r❡✈✐s✐t❛♠ ❛s

✐❞❡✐❛s ❞❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❡ ❞❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✳

❖s ♣r♦❜❧❡♠❛s ♦♥❞❡ ❡stã♦ ♣r❡s❡♥t❡s ❛s ❡q✉❛çõ❡s ❧✐♥❡❛r❡s✱ ❝♦♠ s✉❛s r❡str✐çõ❡s✱ r❡s♦❧✲

✈✐❞♦s ♣❡❧❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ sã♦ ❞❡ s✉♠❛ ✐♠♣♦rtâ♥❝✐❛ ♥❛ s✐st❡♠❛t✐③❛çã♦ ❞♦s ❝♦♥❝❡✐t♦s

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

r❛çõ❡s✱ ❡ ♥♦s ❧❡✈❛♠ ❛ r❡✈✐s✐t❛r ❛ ✐♥t❡r♣r❡t❛çã♦ ❧ó❣✐❝❛✳ ❆ ❝♦♠♣❡tê♥❝✐❛ ❧❡✐t♦r❛ é ✈❛❧♦r✐③❛❞❛

❡♠ t♦❞♦ ♦ tr❛❜❛❧❤♦ ❡ ❛ ❡s❝r✐t♦r❛ r❡❢♦rç❛❞❛ ♥❛ ❡❧❛❜♦r❛çã♦ ❞♦s ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s✱ ♦♥❞❡

❡st❛♠♦s ✉s❛♥❞♦ ♠ú❧t✐♣❧❛s ❧✐♥❣✉❛❣❡♥s✳ ◆♦s ✈ár✐♦s ♥í✈❡✐s ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✱ ♦r❣❛♥✐③❛r ♣❛r❛

❞❡❝✐❞✐r ♦✉ r❡❡str✉t✉r❛r ❛ ❤✐stór✐❛✱ ❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ❢❛✈♦r❡❝❡ ❞❡ ❢♦r♠❛ ❞✐r❡t❛ ♦✉ ✐♥❞✐✲

r❡t❛ ♦ tr❛❜❛❧❤♦ ❞♦ ♣r♦❢❡ss♦r ❡ ♦ ❛♣r❡♥❞✐③❛❞♦ ❞♦ ❛❧✉♥♦✳ ✏❆♣r❡♥❞❡♠♦s ❡♥q✉❛♥t♦ ❡♥s✐♥❛♠♦s

❡ ❡♥s✐♥❛♠♦s ❡♥q✉❛♥t♦ ❛♣r❡♥❞❡♠♦s✑✳

❋✐♥❛❧✐③❛♥❞♦ ♦ ❊♥s✐♥♦ ❋✉♥❞❛♠❡♥t❛❧✱ ✈✐✈❡♥❝✐❛♠♦s s✐t✉❛çõ❡s ❞❡ ❋✉♥çõ❡s ❆✜♥s✱ q✉❡ s❡✲

rã♦ ❛♣r✐♠♦r❛❞❛s ♥♦ ❊♥s✐♥♦ ▼é❞✐♦✱ ♦♥❞❡ ❛ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡ ♣❡r♠❡✐❛ ❛s ❡q✉✐✈❛❧ê♥❝✐❛s ❡

❞❡❝✐sõ❡s✳ ❖ ❝♦♥❝❡✐t♦ ❞❡ ❣r❛♥❞❡③❛s✱ q✉❡ ❥á ✈❡♠ s❡♥❞♦ ❝♦♥str✉í❞♦ ❞❡s❞❡ ♦ ✐♥í❝✐♦✱ ♣❛ss❛ ❛

❣❛♥❤❛r s✐❣♥✐✜❝❛❞♦ ❡ s❡ ❝♦♥❝r❡t✐③❛r ❡♠ s✐t✉❛çõ❡s ❝♦t✐❞✐❛♥❛s✳ ❊s♣❡r❛✲s❡ q✉❡ ♥❛s ❞✐s❝✉ssõ❡s

❡♠ s❛❧❛ ❞❡ ❛✉❧❛ ❛❧✉♥♦s ❡ ♣r♦❢❡ss♦r❡s ❞ê❡♠ s✐❣♥✐✜❝❛❞♦ ♥❛ ❢♦r♠❛çã♦ ❞❡ ❝✐❞❛❞ã♦s ❝rít✐❝♦s ❡

♣❛rt✐❝✐♣❛t✐✈♦s✳

❊♥tr❛♥❞♦ ♥♦ ❊♥s✐♥♦ ▼é❞✐♦✱ ♥♦s ❞❡♣❛r❛♠♦s ❝♦♠ ✉♠❛ ❛♠♣❧✐t✉❞❡ ♠❛✐♦r ❞❡ ❝♦♥❝❡✐t♦s✱

♠ú❧t✐♣❧❛s ❢✉♥çõ❡s ❡ r❡str✐çõ❡s ❡♠ ✉♠ ♠❡s♠♦ ♣r♦❜❧❡♠❛✱ ❧❡✈❛♥❞♦ ❛♦ ❛♣❛r❡❝✐♠❡♥t♦ ❞❛s

▼❛tr✐③❡s ❡ ❙✐st❡♠❛s ▲✐♥❡❛r❡s✳ ▼❛✐s ✉♠❛ ✈❡③ ❛ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r ♥♦s ❞❛rá ❛♣♦✐♦✱ s✐s✲

t❡♠❛t✐③❛♥❞♦ ❛ r❡s♦❧✉çã♦ ❡ r❡❢♦rç❛♥❞♦ ❛ ❛♣❧✐❝❛çã♦ ❞❡ ♠ét♦❞♦s ❣rá✜❝♦s ❡ ❛❧❣é❜r✐❝♦s✳ ❆

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

❞❡ ♦✉tr❛s ❤❛❜✐❧✐❞❛❞❡s ❡ ❝♦♥str✉çã♦ ❞❡ ❢❛❝✐❧✐t❛❞♦r❡s à t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳

❈♦♠ ♦ ❡st✉❞♦ ❞❛s ♠❛tr✐③❡s✱ s❡✉s ❝♦♥t❡①t♦s ❡ ♦♣❡r❛çõ❡s✱ ♥♦s ❛♣r♦♣r✐❛♠♦s ❞♦ ♠ét♦❞♦

❞❡ ●❛✉ss✲❏♦r❞❛♥ ❡ s✐st❡♠❛t✐❝❛♠❡♥t❡ ✐♥tr♦❞✉③✐♥❞♦ ♦ ▼ét♦❞♦ ❙✐♠♣❧❡① ♣❛r❛ ❛ r❡s♦❧✉çã♦ ❞❡

♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ▲✐♥❡❛r✱ ♥♦ r❡❢♦rç♦ ❞❛s ♦♣❡r❛çõ❡s ❡ ✐t❡r❛çõ❡s ❡♠ ✉♠❛ ♠❛tr✐③

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

❛♣r✐♠♦r❛r ♦s ♣r♦❝❡ss♦s ♦♣❡r❛❝✐♦♥❛✐s✱ r❡✈✐s✐t❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ♣♦♥t♦ ❡ ❛ tr❛♥s❧❛çã♦ ❞❛

❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦✳ ❆s tr❛♥s✐çõ❡s ♥♦ ♣❧❛♥♦✱ ❝❛♠✐♥❤❛♥❞♦ ♣❡❧♦s ✈ért✐❝❡s ❞♦

♣♦❧í❣♦♥♦ ❞❛s r❡str✐çõ❡s r❡♣r❡s❡♥t❛♠ s♦❧✉çõ❡s ✈✐á✈❡✐s✱ ❞❡♥tr♦ ❞❛s q✉❛✐s ❡stá ♥♦ss❛ s♦❧✉çã♦

ót✐♠❛✳ ❖ ▼ét♦❞♦ ❙✐♠♣❧❡① ♣r♦♣♦r❝✐♦♥❛ ♦ ❝❛♠✐♥❤❛r ♣♦r ❡ss❡s ✈ért✐❝❡s ♥❛ ❜✉s❝❛ ❞♦ ♠❡❧❤♦r

♦❜❥❡t✐✈♦✳

❖s ♣r♦❜❧❡♠❛s ❞❡ ♠ú❧t✐♣❧❛s ✈❛r✐á✈❡✐s✱ ❝♦♠ r❡str✐çõ❡s ❡ t♦♠❛❞❛s ❞❡ ❞❡❝✐sã♦✱ ♣r✐♥❝✐♣❛❧✲

✶✼✵



♠❡♥t❡ ♦s q✉❡ ♣♦❞❡♠ s❡r ♠♦❞❡❧❛❞♦s ❧✐♥❡❛r♠❡♥t❡✱ ♣♦ss✐❜✐❧✐t❛♠ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✈ár✐❛s

❝♦♠♣❡tê♥❝✐❛s ❡ ❤❛❜✐❧✐❞❛❞❡s ♥❡❝❡ssár✐❛s ❛♦s ❛❧✉♥♦s ♥♦ ♣r♦ss❡❣✉✐r ❞❡ s❡✉s ❡st✉❞♦s✳ P❡r❝❡✲

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