
❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s

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

❉❡♣❛rt❛♠❡♥t♦ ❞❡ ▼❛t❡♠át✐❝❛ ❆♣❧✐❝❛❞❛

❯♠❛ ❆♣❧✐❝❛çã♦ ❡♠ ❊sq✉❡♠❛t✐③❛çã♦

❞❡ ▼áq✉✐♥❛s

▲✉✐s ❋r❛♥❝♦ ❞❡ ❈❛♠♣♦s P✐♥t♦
▼❡str❛❞♦ ❡♠ ▼❛t❡♠át✐❝❛ ❆♣❧✐❝❛❞❛ ✲ ❈❛♠♣✐♥❛s ✲ ❙P

❖r✐❡♥t❛❞♦r✿ Pr♦❢✳ ❉r✳ ❆♥tô♥✐♦ ❈❛r❧♦s ▼♦r❡tt✐









❆❣r❛❞❡❝✐♠❡♥t♦s

❆❣r❛❞❡ç♦✿

❛ ❉❡✉s ♣❡❧❛ ♠✐♥❤❛ ✈✐❞❛✱

❛♦s ♠❡✉s ♣❛✐s ❈é❧✐❛ ❡ ❈❡❧s♦ ♣❡❧♦ ❛♣♦✐♦ ❡ ❛♠♦r ✐♥❝♦♥❞✐❝✐♦✲
♥❛❧✱

❛♦ ♠❡✉ ✐r♠ã♦ P❡❞r♦ ♣♦r s✉❛ ❛♠✐③❛❞❡ ❡ ✐♥❝❡♥t✐✈♦✱

à P❛tr✐❝✐❛ ❈♦♥r❛❞♦ ♣❡❧♦ ❝❛r✐♥❤♦ ❡ ♣❛❝✐ê♥❝✐❛✱

❛♦ ♣r♦❢❡ss♦r ▼♦r❡tt✐ ♣❡❧❛ s✉❛ ♦r✐❡♥t❛çã♦✱ ❜♦♠ ❤✉♠♦r ❡
❛♠✐③❛❞❡✱

❛♦s ❛♠✐❣♦s ♣❡❧♦ ❝♦♥✈í✈✐♦ ❛♦ ❧♦♥❣♦s ❞❡st❡s ❛♥♦s✱

❛♦s ♠❡✉s ♣r♦❢❡ss♦r❡s q✉❡ ❝♦♥tr✐❜✉ír❛♠ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦
❞❡st❡ tr❛❜❛❧❤♦✱

à ❊♠♣❧❛st✐❝ ❡ ❛♦ ▼❛✉rí❝✐♦ ❇♦r❣❡s ♣❡❧❛ ♦♣♦rt✉♥✐❞❛❞❡ ❞❡
❡st✉❞❛r ✉♠ ♣r♦❜❧❡♠❛ ❡st✐♠✉❧❛♥t❡✱

à ❯♥✐❙♦♠❛ ♣♦r ❛♣♦✐❛r ♠✐♥❤❛ ❢♦r♠❛çã♦ ❛❝❛❞ê♠✐❝❛✱

❛♦ ■▼❊❈❈✳

✈



❘❡s✉♠♦

◆❡st❡ tr❛❜❛❧❤♦✱ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ✉♠❛ ❛♣❧✐❝❛çã♦ ♣rát✐❝❛ ❞❡ té❝♥✐❝❛s ❞❛ ♣❡s✲
q✉✐s❛ ♦♣❡r❛❝✐♦♥❛❧ ♣❛r❛ ❛ r❡s♦❧✉çã♦ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ r❡❛❧ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ♦✉
♣r♦❣r❛♠❛çã♦ ❞❡ ♠áq✉✐♥❛s✳ ❊st❡ ♣r♦❜❧❡♠❛ ❞❡r✐✈❛ ❞❡ ✉♠ ✢❡①✐❜❧❡ ❥♦❜ s❤♦♣ s❝❤❡✲
❞✉❧✐♥❣✱ ♣♦ré♠ ❛♣r❡s❡♥t❛♥❞♦ ❞✐✈❡rs❛s ❝❛r❛❝t❡ríst✐❝❛s ♣ró♣r✐❛s✱ ✐♠♣♦ss✐❜✐❧✐t❛♥❞♦ ❛
❛♣❧✐❝❛çã♦ ❞❡ ♠♦❞❡❧♦s ❞✐s♣♦♥í✈❡✐s ♥❛ ❧✐t❡r❛t✉r❛✳ ❖ ❞❡s❡♠♣❡♥❤♦ ❞❛ ✉t✐❧✐③❛çã♦ ❞❛
❝♦♠❜✐♥❛çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ❞❡ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r ✐♥t❡✐r❛ ♠✐st❛ ❝♦♠ ✉♠❛ ❤❡✉✲
ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦ ❡ ✉♠❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦ ❢♦✐ ❛✈❛❧✐❛❞♦ ❞✐❛♥t❡ ❞❡
❝❡♥ár✐♦s r❡❛✐s ♦❜t✐❞♦s ❞❛ ✐♥❞ústr✐❛ ❞❡ ♣r♦❞✉çã♦ ❞❡ ❢r❛s❝♦s ♣❧ást✐❝♦s✳ ❊st❛s té❝♥✐✲
❝❛s ♣r♦✈❛r❛♠ s❡r ❡✜❝✐❡♥t❡s ♣❛r❛ ❛ r❡s♦❧✉çã♦ ❞♦s ❝❛s♦s ♣r♦♣♦st♦s✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ▼❛q✉✐♥❛r✐❛ ✲ ▼♦❞❡❧♦s ♠❛t❡♠át✐❝♦s✱ P❧❛♥❡❥❛♠❡♥t♦ ❞❛ Pr♦❞✉✲
çã♦✱ Pr♦❣r❛♠❛çã♦ ✐♥t❡✐r❛✱ Pr♦❣r❛♠❛çã♦ ❤❡✉ríst✐❝❛✱ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧✱ ❖t✐♠✐✲
③❛çã♦ ❝♦♠❜✐♥❛tór✐❛✳

❆❜str❛❝t

■♥ t❤✐s ✇♦r❦✱ ❛ ♣r❛❝t✐❝❛❧ ❛♣♣❧✐❝❛t✐♦♥ ♦❢ ♦♣❡r❛t✐♦♥❛❧ r❡s❡❛r❝❤ t❡❝❤♥✐q✉❡s ✇❛s
❞❡✈❡❧♦♣❡❞ t♦ s♦❧✈❡ ❛ r❡❛❧ ♠❛❝❤✐♥❡ s❝❤❡❞✉❧✐♥❣ ♦r ♣r♦❣r❛♠♠✐♥❣ ♣r♦❜❧❡♠✳ ❚❤✐s
♣r♦❜❧❡♠ ❞❡r✐✈❡s ❢r♦♠ ❛ ✢❡①✐❜❧❡ ❥♦❜ s❤♦♣ s❝❤❡❞✉❧✐♥❣ ❢r❛♠❡✇♦r❦✱ ❜✉t ♣r❡s❡♥ts s❡✲
✈❡r❛❧ ✉♥✐q✉❡ ❝❤❛r❛❝t❡r✐st✐❝s✱ ✇❤✐❝❤ ♠❛❦❡s ✐t ✐♠♣♦ss✐❜❧❡ t♦ ❛♣♣❧② ♠♦❞❡❧s ❛✈❛✐❧❛❜❧❡
✐♥ ❧✐t❡r❛t✉r❡✳ ❚❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ✉s✐♥❣ ❛ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❛ ♠✐①❡❞ ✐♥t❡❣❡r ♣r♦✲
❣r❛♠♠✐♥❣ ♠♦❞❡❧ ✇✐t❤ ❛ ❝♦♥str✉❝t✐♦♥ ❤❡✉r✐st✐❝ ❛♥❞ ❛ ✐♠♣r♦✈❡♠❡♥t ❤❡✉r✐st✐❝ ✇❛s
❡✈❛❧✉❛t❡❞ ✉s✐♥❣ r❡❛❧ ✇♦r❧❞ s❝❡♥❛r✐♦s ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ♣❧❛st✐❝ ❜♦tt❧❡ ♣r♦❞✉❝t✐♦♥
✐♥❞✉str②✳ ❚❤❡s❡s t❡❝❤♥✐q✉❡s ✇❡r❡ ♣r♦✈❡♥ ❡✣❝✐❡♥t ✐♥ r❡s♦❧✈✐♥❣ t❤❡ ♣r♦♣♦s❡❞ ❝❛s❡s✳

❑❡②✇♦r❞s✿ ▼❛❝❤✐♥❡r② ✲ ▼❛t❤❡♠❛t✐❝❛❧ ♠♦❞❡❧s✱ Pr♦❞✉❝t✐♦♥ ♣❧❛♥♥✐♥❣✱ ■♥t❡❣❡r
♣r♦❣r❛♠♠✐♥❣✱ ❍❡✉r✐st✐❝ ♣r♦❣r❛♠♠✐♥❣✱ ❖♣❡r❛t✐♦♥❛❧ r❡s❡❛r❝❤✱ ❈♦♠❜✐♥❛t♦r✐❛❧ ♦♣✲
t✐♠✐③❛t✐♦♥✳

✈✐✐



❈♦♥t❡ú❞♦

❆❣r❛❞❡❝✐♠❡♥t♦s ✈

❘❡s✉♠♦ ✈✐✐

✶ ■♥tr♦❞✉çã♦ ✶

✷ ❖ ♣r♦❜❧❡♠❛ ❞❡ ♣r♦❣r❛♠❛çã♦ ❞❡ ♠áq✉✐♥❛s ❡ s✉❛s ✈❛r✐❛çõ❡s ✺
✷✳✶ ■♥tr♦❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺

✷✳✶✳✶ ❊①❡♠♣❧♦✿ ❋á❜r✐❝❛ ❞❡ s❛❝♦s ❞❡ ♣❛♣❡❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺
✷✳✶✳✷ ❊①❡♠♣❧♦✿ ❊s❝♦❧❤❛ ❞❡ ♣♦rtõ❡s ♥✉♠ ❛❡r♦♣♦rt♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻
✷✳✶✳✸ ❊①❡♠♣❧♦✿ Pr♦❣r❛♠❛çã♦ ❞❡ t❛r❡❢❛s ♥✉♠ ❈P❯ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼

✷✳✷ ❋r❛♠❡✇♦r❦ ❡ ♥♦t❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼
✷✳✷✳✶ ❆♠❜✐❡♥t❡ ❞❡ ♠áq✉✐♥❛s ✭α✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽

✷✳✷✳✶✳✶ ❯♠❛ ♠áq✉✐♥❛ ✭✶ ✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽
✷✳✷✳✶✳✷ ▼áq✉✐♥❛s ✐❞ê♥t✐❝❛s ❡♠ ♣❛r❛❧❡❧♦ ✭P♠✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽
✷✳✷✳✶✳✸ ▼áq✉✐♥❛s ❝♦♠ ❞✐❢❡r❡♥t❡s ✈❡❧♦❝✐❞❛❞❡s ❡♠ ♣❛r❛❧❡❧♦

✭◗♠✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽
✷✳✷✳✶✳✹ ▼áq✉✐♥❛s ♥ã♦ r❡❧❛❝✐♦♥❛❞❛s ❡♠ ♣❛r❛❧❡❧♦ ✭❘♠✮ ✳ ✳ ✽
✷✳✷✳✶✳✺ ❋❧♦✇ s❤♦♣ ✭❋♠✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽
✷✳✷✳✶✳✻ ❋❧❡①✐❜❧❡ ✢♦✇ s❤♦♣ ✭❋❋s✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾
✷✳✷✳✶✳✼ ❖♣❡♥ s❤♦♣ ✭❖♠✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾
✷✳✷✳✶✳✽ ❏♦❜ ❙❤♦♣ ✭❏♠✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾
✷✳✷✳✶✳✾ ❋❧❡①✐❜❧❡ ❏♦❜ ❙❤♦♣ ✭❋❏s✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾

✷✳✷✳✷ ❈❛r❛❝t❡ríst✐❝❛s ❞❡ ♣r♦❞✉çã♦ ✭β✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵
✷✳✷✳✷✳✶ ❉❛t❛ ❞❡ ✐♥í❝✐♦ ✭rj✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵
✷✳✷✳✷✳✷ ❚❡♠♣♦ ❞❡ s❡t✉♣ ❡♥tr❡ t❛r❡❢❛s ✭sj1,j2✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵
✷✳✷✳✷✳✸ Pr❡❡♠♣t✐✈✐❞❛❞❡ ✭♣r♠♣✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵
✷✳✷✳✷✳✹ ❘❡str✐çõ❡s ❞❡ ♣r❡❝❡❞ê♥❝✐❛ ✭♣r❡❝✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵
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❈♦♥t❡ú❞♦ ①

✷✳✷✳✷✳✺ ◗✉❡❜r❛ ❞❡ ♠áq✉✐♥❛s ✭❜r❦❞✇♥✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶
✷✳✷✳✷✳✻ ❘❡str✐çõ❡s ❞❡ ♠áq✉✐♥❛✲t❛r❡❢❛ ✭Mj✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶
✷✳✷✳✷✳✼ P❡r♠✉t❛çã♦ ✭♣r♠✉✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶
✷✳✷✳✷✳✽ ❇❧♦q✉❡✐♦ ✭❜❧♦❝❦✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶
✷✳✷✳✷✳✾ ❙❡♠ ❡s♣❡r❛ ✭♥✇t✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷
✷✳✷✳✷✳✶✵ ❘❡❝✐r❝✉❧❛çã♦ ✭r❡❝r❝✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷
✷✳✷✳✷✳✶✶ ❚♦♦❧✐♥❣ ✭t♦♦❧✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷

✷✳✷✳✸ ❖❜❥❡t✐✈♦ ✭γ✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷
✷✳✷✳✸✳✶ ▼❛❦❡s♣❛♥ ✭Cmax✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷
✷✳✷✳✸✳✷ ▼❡♥♦r ❛tr❛s♦ ✭Lmax✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷
✷✳✷✳✸✳✸ ❚❡♠♣♦ t♦t❛❧ ❞❡ tér♠✐♥♦ ♣♦♥❞❡r❛❞♦ ✭

∑

wjCj✮ ✳ ✳ ✶✸
✷✳✷✳✸✳✹ ❚❡♠♣♦ t♦t❛❧ ❞❡s❝♦♥t❛❞♦ ❞❡ tér♠✐♥♦ ♣♦♥❞❡r❛❞♦

✭
∑

wj(1− e−rCj)✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸
✷✳✷✳✸✳✺ ❆tr❛s♦ t♦t❛❧ ♣♦♥❞❡r❛❞♦ ✭

∑

wjLj✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸
✷✳✷✳✸✳✻ ❚♦t❛❧ ❞❡ t❛r❡❢❛s ❛tr❛s❛❞❛s ♣♦♥❞❡r❛❞❛ ✭

∑

wjUj✮ ✳ ✶✸

✸ ❉❡✜♥✐çã♦ ❞♦ ♣r♦❜❧❡♠❛ ✶✺
✸✳✶ ■♥tr♦❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺
✸✳✷ ❈♦♥❞✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵

✸✳✷✳✶ ❉❛t❛ ❞❡ ✐♥í❝✐♦ ❞❡ ♣r♦❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵
✸✳✷✳✷ ❉❛t❛ ❞❡ ❡♥tr❡❣❛ ❞♦ ♣r♦❞✉t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵
✸✳✷✳✸ ❉❡♠❛♥❞❛ ♣♦r ♣r♦❞✉t♦s ❞❡ s❡t♦r❡s ✈❛r✐❛❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵
✸✳✷✳✹ ❊st♦q✉❡ ✐♥✐❝✐❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵
✸✳✷✳✺ Pr♦❞✉çã♦ ✐♥✐♥t❡rr✉♣t❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵
✸✳✷✳✻ Pr♦❞✉çã♦ ♠✉❧t✐✲♠áq✉✐♥❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶
✸✳✷✳✼ ❚❡♠♣♦ ❞❡ s❡t✉♣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶
✸✳✷✳✽ ❘❡❝✉rs♦ ❧✐♠✐t❛❞♦✿ ❢✉♥❝✐♦♥ár✐♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶
✸✳✷✳✾ ❘❡❝✉rs♦ ❧✐♠✐t❛❞♦✿ ♠❛t❡r✐❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶
✸✳✷✳✶✵ ❊t❛♣❛s ❞❡ ♣r♦❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶
✸✳✷✳✶✶ ❚✉r♥♦s ❞❡ ♣r♦❞✉çã♦ ✈❛r✐❛❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷
✸✳✷✳✶✷ P♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❤♦r❛ ❡①tr❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷
✸✳✷✳✶✸ ❚❛r❡❢❛s ♣r❡❞❡❝❡ss♦r❛s ❝♦♠♣❛rt✐❧❤❛❞❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✸✳✸ ❈❧❛ss✐✜❝❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷
✸✳✸✳✶ ❆♠❜✐❡♥t❡ ❞❡ ♠áq✉✐♥❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸
✸✳✸✳✷ ❈❛r❛❝t❡ríst✐❝❛s ❞❡ Pr♦❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸
✸✳✸✳✸ ❖❜❥❡t✐✈♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸

✸✳✹ ❘❡s♦❧✉çõ❡s ♣r♦♣♦st❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹



❈♦♥t❡ú❞♦ ①✐

✹ ▼♦❞❡❧♦ ▼❛t❡♠át✐❝♦ ✷✼
✹✳✶ ■♥tr♦❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✼
✹✳✷ P❛râ♠❡tr♦s ❞♦ ▼♦❞❡❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✼
✹✳✸ ❱❛r✐á✈❡✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✷
✹✳✹ ❘❡str✐çõ❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✷

✹✳✹✳✶ ❉❡✜♥✐çã♦ ❞♦ ♣❡rí♦❞♦ ❞❡ ♣r♦❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✸
✹✳✹✳✷ ❆t❡♥❞✐♠❡♥t♦ ❞❛ ❞❡♠❛♥❞❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹
✹✳✹✳✸ ❘❡str✐çõ❡s ♦♣❡r❛❝✐♦♥❛✐s ❞❡ ♣r♦❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹
✹✳✹✳✹ Pr♦❞✉çã♦ ♣♦r ❧✐❣❛çã♦ ❞❡ ♣r❡❝❡❞ê♥❝✐❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻
✹✳✹✳✺ ❉❡✜♥✐çã♦ ❞♦ tér♠✐♥♦ ❞❛ t❛r❡❢❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✹✳✺ ❋✉♥çã♦ ♦❜❥❡t✐✈♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✺ ❍❡✉ríst✐❝❛s ❆♣❧✐❝❛❞❛s ✸✼
✺✳✶ ■♥tr♦❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✼
✺✳✷ ❍❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽
✺✳✸ ❆♣❧✐❝❛çã♦✿ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✾

✺✳✸✳✶ ❆❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛ ❞✐r❡t❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶
✺✳✸✳✷ ❆❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛ ✭❝♦♠ ♣r❡❞❡❝❡s✲

s♦r❡s✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✸
✺✳✸✳✸ ❆❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛ ✭s❡♠ ♣r❡❞❡❝❡s✲

s♦r❡s✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽
✺✳✸✳✹ ❊①❡♠♣❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✶

✺✳✹ ❍❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷
✺✳✺ ❆♣❧✐❝❛çã♦✿ ♠❡❧❤♦r❛♠❡♥t♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✸

✺✳✺✳✶ ▼❡❧❤♦r✐❛ ❞♦ tér♠✐♥♦ t♦t❛❧ ❞❛s t❛r❡❢❛s ❞❛ s♦❧✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✺✸
✺✳✺✳✷ ▼❡❧❤♦r✐❛ ♥❛ ❢❛❝t✐❜✐❧✐❞❛❞❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✼
✺✳✺✳✸ ❊①❡♠♣❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✾

✻ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛✐s ✻✶
✻✳✶ ■♥tr♦❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✶
✻✳✷ ❈❡♥ár✐♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✶
✻✳✸ ❘❡s✉❧t❛❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✷

✻✳✸✳✶ ❊♠♣❧❛st✐❝❴✵✽✵✾ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✺
✻✳✸✳✷ ❊♠♣❧❛st✐❝❴✶✷✵✾ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✵
✻✳✸✳✸ ❊♠♣❧❛st✐❝❴✵✷✶✵ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✷

✻✳✹ ❆♥á❧✐s❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✾

✼ ❈♦♥❝❧✉sõ❡s ❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s ✽✶



❈♦♥t❡ú❞♦ ①✐✐

❇✐❜❧✐♦❣r❛✜❛ ✽✸

❆ ❈❡♥ár✐♦s ✽✺
❆✳✶ ❊♠♣❧❛st✐❝❴✵✽✵✾ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✺
❆✳✷ ❊♠♣❧❛st✐❝❴✶✷✵✾ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✺
❆✳✸ ❊♠♣❧❛st✐❝❴✵✷✶✵ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✼



▲✐st❛ ❞❡ ❋✐❣✉r❛s

✶✳✶ ❊①❡♠♣❧♦ ❞❡ ❞✐❛❣r❛♠❛ ❞❡ ●❛♥tt ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷

✸✳✶ ❋r❛s❝♦s ♣r♦❞✉③✐❞♦s ♣❡❧❛ ❊♠♣❧❛st✐❝ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✻
✸✳✷ ▼♦❧❞❡ ✉t✐❧✐③❛❞♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ s♦♣r♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✼
✸✳✸ Pr♦❝❡ss♦ ❞❡ s♦♣r♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽
✸✳✹ Pr♦❝❡ss♦ ❞❡ s❡r✐❣r❛✜❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾
✸✳✺ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❥♦❜ s❤♦♣ ♥❛ ❢♦r♠❛ ❞❡ ❣r❛❢♦ ✳ ✳ ✳ ✳ ✷✹

✻✳✶ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉✲
r❛çã♦ ▼❡❧❤♦r❛♠❡♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✻

✻✳✷ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉✲
r❛çã♦ ❈♦♥str✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✽

✻✳✸ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉✲
r❛çã♦ ▼♦❞❡❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✵

✻✳✹ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉✲
r❛çã♦ ❈♦♥str✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✷

✻✳✺ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉✲
r❛çã♦ ▼❡❧❤♦r❛♠❡♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✺

✻✳✻ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉✲
r❛çã♦ ❈♦♥str✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✼

✻✳✼ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉✲
r❛çã♦ ▼♦❞❡❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✾

①✐✐✐



▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✹✳✶ ❉✐❛s ❞♦s t✉r♥♦s ❞♦ s♦♣r♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶
✹✳✷ ❉✐❛s ❞♦s t✉r♥♦s ❞♦ s❡r✐❣r❛✜❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶
✹✳✸ ❘❡❧❛çã♦ ❡♥tr❡ t✉r♥♦s ❞❡ s♦♣r♦ ❡ s❡r✐❣r❛✜❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶

✺✳✶ ❊①❡♠♣❧♦ ♣❛r❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✿ ♣r✐♠❡✐r❛ ❡t❛♣❛ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷
✺✳✷ ❊①❡♠♣❧♦ ♣❛r❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✿ s❡❣✉♥❞❛ ❡t❛♣❛ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷
✺✳✸ ❊①❡♠♣❧♦ ♣❛r❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✿ t❡r❝❡✐r❛ ❡t❛♣❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷
✺✳✹ ❊①❡♠♣❧♦ ♣❛r❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦✿ ♣r✐♠❡✐r❛ ❡t❛♣❛ ✳ ✳ ✳ ✳ ✺✾
✺✳✺ ❊①❡♠♣❧♦ ♣❛r❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦✿ ♣r✐♠❡✐r❛ ❡t❛♣❛ ✳ ✳ ✳ ✳ ✻✵

✻✳✶ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ P❡♥❛❧✐③❛çã♦ ❞❡ ❡♥tr❡❣❛ ✭α3,j✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✷
✻✳✷ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ P❡♥❛❧✐③❛çã♦ ❞❡ ❡♥tr❡❣❛ ✭α3,j✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✸
✻✳✸ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ P❡♥❛❧✐③❛çã♦ ❞❡ ❡♥tr❡❣❛ ✭α3,j✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✹
✻✳✹ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❘❡s✉❧t❛❞♦ ♦❜t✐❞♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✺
✻✳✺ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛

❝♦♥✜❣✉r❛çã♦ ▼❡❧❤♦r❛♠❡♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✻
✻✳✻ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛

❝♦♥✜❣✉r❛çã♦ ❈♦♥str✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✼
✻✳✼ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛

❝♦♥✜❣✉r❛çã♦ ▼♦❞❡❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✾
✻✳✽ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❘❡s✉❧t❛❞♦ ♦❜t✐❞♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✶
✻✳✾ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛

❝♦♥✜❣✉r❛çã♦ ❈♦♥str✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✶
✻✳✶✵ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❘❡s✉❧t❛❞♦ ♦❜t✐❞♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✸
✻✳✶✶ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛

❝♦♥✜❣✉r❛çã♦ ▼❡❧❤♦r❛♠❡♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✹
✻✳✶✷ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛

❝♦♥✜❣✉r❛çã♦ ❈♦♥str✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✻

①✐✈



▲✐st❛ ❞❡ ❚❛❜❡❧❛s ①✈

✻✳✶✸ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛
❝♦♥✜❣✉r❛çã♦ ▼♦❞❡❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✽

❆✳✶ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ Pr♦❞✉t✐✈✐❞❛❞❡ ✭Prodj,m✮ ❬✉♥✐❞❛❞❡s✴❤❪ ✳ ✳ ✳ ✳ ✳ ✳ ✽✻
❆✳✷ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❚❡♠♣♦ ❞❡ s❡t✉♣ ❞❡ t❛r❡❢❛s ❞♦ s❡t♦r ❞❡ s❡r✐❣r❛✜❛

✭Setupji,jk✮ ❬❤❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✽
❆✳✸ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❚❡♠♣♦ ❞❡ s❡t✉♣ ❞❡ t❛r❡❢❛s ❞♦ s❡t♦r ❞❡ s♦♣r♦

✭Setupji,jk✮ ❬❤❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✾
❆✳✹ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❉❡♠❛♥❞❛ ✭Demj✮ ❬✉♥✐❞❛❞❡s❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✾
❆✳✺ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ▲✐❣❛çã♦ ❞❡ t❛r❡❢❛s ✭LigTarefaji,jk✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✵
❆✳✻ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❉❛t❛ ❡♥tr❡❣❛ ✭DEj✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✵
❆✳✼ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❋✉♥❝✐♦♥ár✐♦s ♣❛r❛ q✉❛❧q✉❡r t❛r❡❢❛ ♥❛s ♠áq✉✐♥❛s

✭Fj,m✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✶
❆✳✽ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ▼♦❧❞❡s ❞✐s♣♦♥í✈❡✐s ✭NMj✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✷
❆✳✾ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❚❛r❡❢❛ ✉s❛ ♠❛t❡r✐❛❧ ✭JMatj,r✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✸
❆✳✶✵ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❙❡t♦r ❞❡ t❛r❡❢❛ ✭JSetorj,s✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✸
❆✳✶✶ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❍♦r❛s ♥♦r♠❛✐s ❡ ❡①tr❛s ❞✐s♣♦♥í✈❡✐s ♣♦r s❡♠❛♥❛

♥❛ s❡r✐❣r❛✜❛ ✭HTurnot,s ❡ HExtt,s✮ ❬❤❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✺
❆✳✶✷ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❍♦r❛s ♥♦r♠❛✐s ❡ ❡①tr❛s ❞✐s♣♦♥í✈❡✐s ♣♦r s❡♠❛♥❛

♥♦ s❡t♦r s♦♣r♦ ✭HTurnot,s ❡ HExtt,s✮ ❬❤❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✺
❆✳✶✸ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❊st♦q✉❡ ✐♥✐❝✐❛❧ ✭Estj✮ ❬✉♥✐❞❛❞❡s❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✺
❆✳✶✹ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ Pr♦❞✉t✐✈✐❞❛❞❡ ✭Prodj,m✮ ❬✉♥✐❞❛❞❡s✴❤❪ ✳ ✳ ✳ ✳ ✳ ✳ ✾✻
❆✳✶✺ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❚❡♠♣♦ ❞❡ s❡t✉♣ ❞❡ t❛r❡❢❛s ❞♦ s❡t♦r ❞❡ s❡r✐❣r❛✜❛

✭Setupji,jk✮ ❬❤❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✽
❆✳✶✻ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❚❡♠♣♦ ❞❡ s❡t✉♣ ❞❡ t❛r❡❢❛s ❞♦ s❡t♦r ❞❡ s♦♣r♦

✭Setupji,jk✮ ❬❤❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✾
❆✳✶✼ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❉❡♠❛♥❞❛ ✭Demj✮ ❬✉♥✐❞❛❞❡s❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✵
❆✳✶✽ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ▲✐❣❛çã♦ ❞❡ t❛r❡❢❛s ✭LigTarefaji,jk✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✶
❆✳✶✾ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❉❛t❛ ❡♥tr❡❣❛ ✭DEj✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✶
❆✳✷✵ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❋✉♥❝✐♦♥ár✐♦s ♣❛r❛ q✉❛❧q✉❡r t❛r❡❢❛ ♥❛s ♠áq✉✐♥❛s

✭Fj,m✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✷
❆✳✷✶ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ▼♦❧❞❡s ❞✐s♣♦♥í✈❡✐s ✭NMj✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✸
❆✳✷✷ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❚❛r❡❢❛ ✉s❛ ♠❛t❡r✐❛❧ ✭JMatj,r✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✹
❆✳✷✸ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❙❡t♦r ❞❡ t❛r❡❢❛ ✭JSetorj,s✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✺
❆✳✷✹ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❍♦r❛s ♥♦r♠❛✐s ❡ ❡①tr❛s ❞✐s♣♦♥í✈❡✐s ♣♦r s❡♠❛♥❛

♥❛ s❡r✐❣r❛✜❛ ✭HTurnot,s ❡ HExtt,s✮ ❬❤❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✼
❆✳✷✺ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❍♦r❛s ♥♦r♠❛✐s ❡ ❡①tr❛s ❞✐s♣♦♥í✈❡✐s ♣♦r s❡♠❛♥❛

♥♦ s❡t♦r s♦♣r♦ ✭HTurnot,s ❡ HExtt,s✮ ❬❤❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✼



▲✐st❛ ❞❡ ❚❛❜❡❧❛s ①✈✐

❆✳✷✻ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ Pr♦❞✉t✐✈✐❞❛❞❡ ✭Prodj,m✮ ❬✉♥✐❞❛❞❡s✴❤❪ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✽
❆✳✷✼ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❚❡♠♣♦ ❞❡ s❡t✉♣ ❞❡ t❛r❡❢❛s ❞♦ s❡t♦r ❞❡ s❡r✐❣r❛✜❛

✭Setupji,jk✮ ❬✉♥✐❞❛❞❡s✴❤❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✵
❆✳✷✽ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❚❡♠♣♦ ❞❡ s❡t✉♣ ❞❡ t❛r❡❢❛s ❞♦ s❡t♦r ❞❡ s♦♣r♦

✭Setupji,jk✮ ❬❤❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✵
❆✳✷✾ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❉❡♠❛♥❞❛ ✭Demj✮ ❬✉♥✐❞❛❞❡s❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✶
❆✳✸✵ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ▲✐❣❛çã♦ ❞❡ t❛r❡❢❛s ✭LigTarefaji,jk✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✷
❆✳✸✶ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❉❛t❛ ❡♥tr❡❣❛ ✭DEj✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✷
❆✳✸✷ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❋✉♥❝✐♦♥ár✐♦s ♣❛r❛ q✉❛❧q✉❡r t❛r❡❢❛ ♥❛s ♠áq✉✐♥❛s

❞❡ ❙♦♣r♦ ✭Fj,m✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✸
❆✳✸✸ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❋✉♥❝✐♦♥ár✐♦s ♣❛r❛ ❛s t❛r❡❢❛s ♥❛s ♠áq✉✐♥❛s ❞❡

❙❡r✐❣r❛✜❛ ✭Fj,m✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✸
❆✳✸✹ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ▼♦❧❞❡s ❞✐s♣♦♥í✈❡✐s ✭NMj✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✹
❆✳✸✺ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❚❛r❡❢❛ ✉s❛ ♠❛t❡r✐❛❧ ✭JMatj,r✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✺
❆✳✸✻ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❙❡t♦r ❞❡ t❛r❡❢❛ ✭JSetorj,s✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✺
❆✳✸✼ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❍♦r❛s ♥♦r♠❛✐s ❡ ❡①tr❛s ❞✐s♣♦♥í✈❡✐s ♣♦r s❡♠❛♥❛

♥❛ s❡r✐❣r❛✜❛ ✭HTurnot,s ❡ HExtt,s✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✻
❆✳✸✽ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❍♦r❛s ♥♦r♠❛✐s ❡ ❡①tr❛s ❞✐s♣♦♥í✈❡✐s ♣♦r s❡♠❛♥❛

♥♦ s❡t♦r s♦♣r♦ ✭HTurnot,s ❡ HExtt,s✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✼



❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

❖ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s✶ t❡♠ s✐❞♦ ❡st✉❞❛❞♦ ❡①❛✉st✐✈❛♠❡♥t❡
❞❡s❞❡ ♦ ✐♥í❝✐♦ ❞❛s ❢á❜r✐❝❛s ♥❛ r❡✈♦❧✉çã♦ ✐♥❞✉str✐❛❧✳ ❯♠ ❞♦s ♣✐♦♥❡✐r♦s ♥♦ ❡st✉❞♦
❞❡ s❝❤❡❞✉❧✐♥❣ ❢♦✐ ❍❡♥r② ●❛♥tt✱ ❝r✐❛❞♦r ❞♦ ✏❞✐❛❣r❛♠❛ ❞❡ ●❛♥tt✑ ✭❡①❡♠♣❧✐✜❝❛❞❛
♥❛ ✜❣✉r❛ ✶✳✶✱ q✉❡ ♠♦str❛ ✉♠❛ ♣r♦❣r❛♠❛çã♦ ❞❛ ♣r♦❞✉çã♦✮✱ t❛❜❡❧❛ q✉❡ ❛✉①✐❧✐❛
♥❛ ❣❡r❛çã♦ ❡ ✈✐s✉❛❧✐③❛çã♦ ❞❡ ♣❧❛♥♦s ❞❡ ♣r♦❞✉çã♦✳ ❊♠ s❡✉ ❧✐✈r♦ ✏❲♦r❦✱ ❲❛❣❡s
❛♥❞ Pr♦✜t✑ ✭●❛♥tt ❬✶✾✶✸❪✮✱ ❡❧❡ r❡❧❛t❛ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❛ ♣r♦❣r❛♠❛çã♦ s❡q✉❡♥❝✐❛❧
❞❡ t❛r❡❢❛s ♣❛r❛ s❡r❡♠ r❡❛❧✐③❛❞❛s ❛ ❝❛❞❛ ❞✐❛✱ ♦ q✉❡ ❞❡✈❡r✐❛ ❛✉♠❡♥t❛r ❛ ❡✜❝✐ê♥❝✐❛
❞❛ ♣r♦❞✉çã♦✳

❆ ♣r♦❣r❛♠❛çã♦ ♣❛r❛ ✉♠❛ ❧✐♥❤❛ ❞❡ ♣r♦❞✉çã♦ ❝♦♠ r❡❝✉rs♦s ❧✐♠✐t❛❞♦s ♣♦❞❡ t❡r
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♣r♦❞✉çã♦ ❞❡ ♠❛♥❡✐r❛ ❛ ♠❡❧❤♦r❛r ❛ ❡✜❝✐ê♥❝✐❛ ❣❧♦❜❛❧✱ ❣❛r❛♥t✐♥❞♦ ♣r❛③♦s ❞❡ ❡♥tr❡❣❛
❡ ♠✐♥✐♠✐③❛♥❞♦ ♦s ❝✉st♦s t♦t❛✐s✳

❆♣❡s❛r ❞♦ ✐♥t❡r❡ss❡ ❛♥t✐❣♦✱ ♣✉❜❧✐❝❛çõ❡s ♣r♦♣♦♥❞♦ ♠♦❞❡❧♦s ♣❛r❛ ❛ r❡s♦❧✉çã♦
❞❡st❡ ♣r♦❜❧❡♠❛ ❝♦♠❡ç❛r❛♠ ❛ ❛♣❛r❡❝❡r ❛♣❡♥❛s ♥♦ ✜♠ ❞❛ ❞é❝❛❞❛ ❞❡ ✶✾✺✵ ❡ ❝♦♠❡ç♦
❞❛ ❞é❝❛❞❛ ❞❡ ✶✾✻✵ ✭✈❡❥❛ ❏❛❝❦s♦♥ ❬✶✾✺✻❪✱ ❲❛❣♥❡r ❬✶✾✺✾❪ ❡ ▼❛♥♥❡ ❬✶✾✻✵❪✱ ❝♦♠♦
❡①❡♠♣❧♦✮✳ ❆✐♥❞❛ q✉❡ ♠✉✐t♦ ❡st✉❞❛❞♦✱ ♦ ♣r♦❜❧❡♠❛ ❝♦♥t✐♥✉❛ s❡♥❞♦ ❝♦♥s✐❞❡r❛❞♦ ❞❡
❝♦♠♣❧❡①✐❞❛❞❡ ❡❧❡✈❛❞❛✱ ❞❛❞❛ ❛ ♦r✐❣❡♠ ❝♦♠❜✐♥❛t♦r✐❛❧ ❞♦ ♣r♦❜❧❡♠❛✳

❏♦❜ s❤♦♣ s❝❤❡❞✉❧✐♥❣✱ ✉♠❛ ❞❛s ♠❛✐s ✉s✉❛✐s ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❡sq✉❡♠❛t✐③❛çã♦
❞❡ ♠áq✉✐♥❛s✱ ❝♦♥s✐st❡ ♥♦ ❛❣❡♥❞❛♠❡♥t♦ ❞❡ t❛r❡❢❛s ❞❡ t❛♠❛♥❤♦s ❞✐❢❡r❡♥t❡s ❡♠
♠áq✉✐♥❛s ✐❞ê♥t✐❝❛s✳ ❊st❡ ♣r♦❜❧❡♠❛✱ ❝♦♠ ♦❜❥❡t✐✈♦ ❞❡ ♠✐♥✐♠✐③❛r ♦ tér♠✐♥♦ ❞❛

✶ ❚❛♠❜é♠ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ✏♣r♦❜❧❡♠❛ ❞❡ ♣r♦❣r❛♠❛çã♦ ❞❛ ♣r♦❞✉çã♦✑ ♦✉✱ ❡♠ ✐♥❣❧ês✱ s❝❤❡✲
❞✉❧✐♥❣✳

✶



✷

❋✐❣✉r❛ ✶✳✶✿ ❊①❡♠♣❧♦ ❞❡ ❞✐❛❣r❛♠❛ ❞❡ ●❛♥tt

ú❧t✐♠❛ t❛r❡❢❛✱ é ◆P✲❝♦♠♣❧❡t♦✷✱ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ●❛r❡② ❡t ❛❧✳ ❬✶✾✼✻❪✳
❆❧é♠ ❞❡st❛ ❝♦♥✜❣✉r❛çã♦ ❞♦ ♣r♦❜❧❡♠❛✱ ❡①✐st❡♠ ♠✉✐t❛s ♦✉tr❛s ✈❛r✐❛çõ❡s✱ q✉❡

❢♦r❛♠ ❣❡r❛❞❛s ✈✐s❛♥❞♦ ✉♠❛ ♠❛✐♦r ❛❞❡rê♥❝✐❛ ❛♦s ♣❧❛♥❡❥❛♠❡♥t♦s r❡❛❧✐③❛❞♦s ❡♠
❢á❜r✐❝❛s r❡❛✐s✳ P❛r❛ ❝✐t❛r ❛❧❣✉♥s✱ t❡♠♦s✿ ✢♦✇ s❤♦♣ s❝❤❡❞✉❧✐♥❣✱ ✢❡①✐❜❧❡ ❥♦❜ s❤♦♣
s❝❤❡❞✉❧✐♥❣✱ ♦♣❡♥ s❤♦♣ s❝❤❡❞✉❧✐♥❣✱ r❡str✐çõ❡s ❞❡ ❢❡rr❛♠❡♥t❛s✱ t❡♠♣♦s ✭❝✉st♦s✮ ❞❡
s❡t✉♣ ❡t❝✳

P❛r❛ ❛ r❡s♦❧✉çã♦ ❞❡st❡s ♣r♦❜❧❡♠❛s✱ ♠✉✐t❛s ❛❜♦r❞❛❣❡♥s ❥á ❢♦r❛♠ ❡①♣❧♦r❛❞❛s✱
❝♦♠♦ ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s ✭♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r✱ ✐♥t❡✐r❛ ❡ ♥ã♦✲❧✐♥❡❛r✮✱ ♠❡t❛✲
❤❡✉ríst✐❝❛s ✭❜✉s❝❛ t❛❜✉✱ ❛❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s✱ s✐♠✉❧❛t❡❞ ❛♥♥❡❛❧✐♥❣ ❡t❝✳✮✱ ❤❡✉ríst✐✲
❝❛s ❞❡ ❝♦♥str✉çã♦✱ ❤❡✉ríst✐❝❛s ❞❡ ♠❡❧❤♦r❛♠❡♥t♦✱ ❡t❝✳

❊st❛ ❞✐ss❡rt❛çã♦ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❛♣r❡s❡♥t❛r ✉♠❛ ❛♣❧✐❝❛çã♦ ❞❡ té❝♥✐❝❛s ❞❡
♣❡sq✉✐s❛ ♦♣❡r❛❝✐♦♥❛❧ ♣❛r❛ ✉♠ ❝❛s♦ ♣rát✐❝♦ ❞❡ ♣r♦❣r❛♠❛çã♦ ❞❛ ♣r♦❞✉çã♦✱ ❞❡✲
s❡♥✈♦❧✈✐❞♦ ❥✉♥t♦ à ❡♠♣r❡s❛ ❊♠♣❧❛st✐❝ ■♥❞✳ ❈♦♠✳ ❞❡ P❧ást✐❝♦s ▲t❞❛✳ ♣❛r❛ ♦
❛❣❡♥❞❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ❡ t❛r❡❢❛s ♥❛ ♣r♦❞✉çã♦ ❞❡ ❡♠❜❛❧❛❣❡♥s ♣❧ást✐❝❛s✳ ❯♠
♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞❡ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r ✐♥t❡✐r❛ ♠✐st❛ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦✳ ❍❡✉✲
ríst✐❝❛s ❝♦♠♣❧❡♠❡♥t❛r❡s ❢♦r❛♠ ❛❜♦r❞❛❞❛s ❝♦♠♦ ❛✉①í❧✐♦✳ ❊st❡s ❛❧❣♦r✐t♠♦s ❢♦r❛♠
❛✈❛❧✐❛❞♦s ❝♦♠ r❡❧❛çã♦ ❛ s✉❛ ♣❡r❢♦r♠❛♥❝❡ ✭❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠❛ ❢✉♥çã♦ ♦❜❥❡t✐✈❛✱
❛♣r❡s❡♥t❛❞❛ ♥❛ ❞✐ss❡rt❛çã♦✮ ❛ ♣❛rt✐r ❞❡ ❝❛s♦s r❡❛✐s ❡ ♠♦str♦✉✲s❡ q✉❡ é ♣♦ssí✈❡❧
♦❜t❡r s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛ ♦s ❝❡♥ár✐♦s✳ ◆♦ ❡♥t❛♥t♦✱ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ❝♦♥❝❧✉✐r

✷ ◆❛ t❡♦r✐❛ ❞❛ ❝♦♠♣❧❡①✐❞❛❞❡✱ ♣r♦❜❧❡♠❛s ◆P✲❝♦♠♣❧❡t♦ t❡♠ ❛❧t♦ ❣r❛✉ ❞❡ ❝♦♠♣❧❡①✐❞❛❞❡ ❡
♥ã♦ ❢♦r❛♠ ❡♥❝♦♥tr❛❞❛s ♣r♦✈❛s q✉❡ ♦s ♠❡s♠♦s ♣♦❞❡♠ s❡r r❡s♦❧✈✐❞♦s ❞❡ ♠❛♥❡✐r❛ ❡✜❝✐❡♥t❡
✭❝♦♠♣❧❡①✐❞❛❞❡ ♣♦❧✐♥♦♠✐❛❧✮✳



✸

q✉❛❧ ❛❜♦r❞❛❣❡♠ ❞❡ ♦t✐♠✐③❛çã♦ ❛♣r❡s❡♥t❛ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♣rát✐❝♦ ❞❡✈✐❞♦ ❛♦
❜❛✐①♦ ♥ú♠❡r♦ ❞❡ ❝❛s♦s ♣❛r❛ t❡st❡✳

❆ ❞✐ss❡rt❛çã♦ é ❛♣r❡s❡♥t❛❞❛ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿ ♥♦ ❝❛♣ít✉❧♦ ✷✱ ♦ ♣r♦❜❧❡♠❛
❞❡ ♣r♦❣r❛♠❛çã♦ ❞❡ ♠áq✉✐♥❛s é ❛♣r❡s❡♥t❛❞♦✱ ❛ss✐♠ ❝♦♠♦ ✉♠❛ sér✐❡ ❞❡ ✈❛r✐❛çõ❡s
♣♦ssí✈❡✐s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛✱ ❛❧é♠ ❞❡ ❞❡✜♥✐r ✉♠ ♠ét♦❞♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞♦ ♠❡s♠♦❀
♥♦ ❝❛♣ít✉❧♦ ✸✱ ❝❛r❛❝t❡r✐③❛♠♦s ♦ ♣r♦❜❧❡♠❛ tr❛t❛❞♦ ♣♦r ❡st❛ ❞✐ss❡rt❛çã♦✱ ❞❡✜♥✐♥❞♦
s✉❛s ❝♦♥❞✐çõ❡s ❡ ❝❧❛ss✐✜❝❛♥❞♦✲♦❀ ♥♦ ❝❛♣ít✉❧♦ ✹✱ ❛♣r❡s❡♥t❛♠♦s ♦ ♠♦❞❡❧♦ ♠❛t❡✲
♠át✐❝♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ♣r♦♣♦st♦❀ ♥♦ ❝❛♣ít✉❧♦ ✺✱ ❛♣r❡s❡♥t❛♠♦s ❛s
❞✉❛s ❤❡✉ríst✐❝❛s ❞❡s❡♥✈♦❧✈✐❞❛s ♣❛r❛ ❛✉①✐❧✐❛r ♥❛ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✱ ✉♠❛ ❞❡
❝♦♥str✉çã♦ ❡ ❛ ♦✉tr❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦❀ ♥♦ ❝❛♣ít✉❧♦ ✻✱ ❞❡s❝r❡✈❡♠♦s ♦s ❝❡♥ár✐♦s
r❡❛✐s ✉t✐❧✐③❛❞♦s ♣❛r❛ t❡st❡s ❞❛ ❛♣❧✐❝❛çã♦ ❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s❀ ♥♦ ❝❛♣ít✉❧♦ ✼ sã♦
❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥❝❧✉sõ❡s ❡ ♣r♦♣♦st❛s ♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳



❈❛♣ít✉❧♦ ✷

❖ ♣r♦❜❧❡♠❛ ❞❡ ♣r♦❣r❛♠❛çã♦ ❞❡

♠áq✉✐♥❛s ❡ s✉❛s ✈❛r✐❛çõ❡s

✷✳✶ ■♥tr♦❞✉çã♦

❖ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s ♣♦❞❡ s❡r ❣❡♥❡r❛❧✐③❛❞♦ ♣❛r❛ ❛ ❛❧♦❝❛çã♦
❞❡ r❡❝✉rs♦s ❛ t❛r❡❢❛s ❛♦ ❧♦♥❣♦ ❞❡ ✉♠ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✳ ❊st❛ ❛❧♦❝❛çã♦
✈✐s❛ ♦t✐♠✐③❛r ✉♠ ♦✉ ♠❛✐s ❝r✐tér✐♦s ❞❡ ♣❡r❢♦r♠❛♥❝❡✱ ♦❜❡❞❡❝❡♥❞♦ ❛ ✉♠❛ sér✐❡ ❞❡
r❡str✐çõ❡s ♦♣❡r❛❝✐♦♥❛✐s ♦✉ ❡str❛té❣✐❝❛s ❞♦ ♥❡❣ó❝✐♦✳

❖s r❡❝✉rs♦s q✉❡ ❝♦♠♣õ❡♠ ♦ ♣r♦❜❧❡♠❛ ♣♦❞❡♠ t❡r ♦r✐❣❡♥s ❜❛st❛♥t❡ ✈❛r✐❛❞❛s
❝♦♠♦ ♠áq✉✐♥❛s ♥✉♠❛ ❢á❜r✐❝❛✱ ♣✐st❛s ❡ t❡r♠✐♥❛✐s ♥✉♠ ❛❡r♦♣♦rt♦✱ ♣r♦❝❡ss❛❞♦r❡s
♥✉♠ ❝♦♠♣✉t❛❞♦r✱ ❡t❝✳ ❡ s✉❛s t❛r❡❢❛s ❛ss♦❝✐❛❞❛s✱ ❝♦♠♦ ❛ ♣r♦❞✉çã♦ ❞❡ ✉♠ ❞❡t❡r✲
♠✐♥❛❞♦ ❝♦♠♣♦♥❡♥t❡ ♥❛ ❢á❜r✐❝❛✱ ❛t❡rr✐ss❛❣❡♥s ❡ ❞❡❝♦❧❛❣❡♠ ♥✉♠ ❛❡r♦♣♦rt♦ ✭❡ s❡✉s
r❡s♣❡❝t✐✈♦s ❡♠❜❛rq✉❡s ❡ ❞❡s❡♠❜❛rq✉❡s✮✱ ❛ ♦r❞❡♠ ❞❡ ❡①❡❝✉çã♦ ❞❡ ♣r♦❣r❛♠❛s ♥✉♠
❝♦♠♣✉t❛❞♦r✱ ❡t❝✳

P❛r❛ ❡①❡♠♣❧✐✜❝❛r✱ ✈❛♠♦s ❛♣r❡s❡♥t❛r três ❡①❡♠♣❧♦s ❡♥❝♦♥tr❛❞♦s ❡♠ P✐♥❡❞♦
❬✶✾✾✺❪✳

✷✳✶✳✶ ❊①❡♠♣❧♦✿ ❋á❜r✐❝❛ ❞❡ s❛❝♦s ❞❡ ♣❛♣❡❧

❈♦♥s✐❞❡r❡ ✉♠❛ ❢á❜r✐❝❛ q✉❡ ♣r♦❞✉③ s❛❝♦s ❞❡ ♣❛♣❡❧ ♣❛r❛ ❝✐♠❡♥t♦✱ ❝❛r✈ã♦✱ r❛çã♦
❛♥✐♠❛❧✱ ❡t❝✳ ❖ ♣r✐♥❝✐♣❛❧ ✐♥s✉♠♦ ♣❛r❛ ❛ ❢á❜r✐❝❛ sã♦ ♦s r♦❧♦s ❞❡ ♣❛♣❡❧✳ ❖ ♣r♦❝❡ss♦ ❞❡
♣r♦❞✉çã♦ ❝♦♥s✐st❡ ❡♠ três ❡t❛♣❛s✿ ✐♠♣r✐♠✐r ♦ ❧♦❣♦ ♥♦ ♣❛♣❡❧✱ ❝♦❧❛r ♦s ❧❛❞♦s ❞♦ s❛❝♦
❡ ❝♦st✉r❛r ✉♠❛ ♦✉ ❛♠❜❛s ❛s ♣♦♥t❛s ❞♦ s❛❝♦✳ ❊♠ ❝❛❞❛ ❡t❛♣❛ ❞❡ ♣r♦❞✉çã♦ t❡♠♦s
❞✐✈❡rs❛s ♠áq✉✐♥❛s q✉❡ ♣♦❞❡♠ s❡r ❞✐❢❡r❡♥t❡s ❡♠ t❡r♠♦s ❞❡ ✈❡❧♦❝✐❞❛❞❡s✱ ♥ú♠❡r♦ ❞❡
❝♦r❡s ❞❡ ✐♠♣r❡ssã♦ ♦✉ t❛♠❛♥❤♦ ❞❡ s❛❝♦s q✉❡ ♣♦❞❡♠ ✉t✐❧✐③❛r✳ ❈❛❞❛ ♣❡❞✐❞♦ ♣❛r❛

✺
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❛ ❢á❜r✐❝❛ ✐♥❝❧✉✐ ♦ ♥ú♠❡r♦ ❞❡ s❛❝♦s q✉❡ ❞❡✈❡♠ s❡r ❡♥tr❡❣✉❡s ❥✉♥t❛♠❡♥t❡ ❝♦♠ ✉♠❛
❞❛t❛ ❞❡ ❡♥tr❡❣❛✳ ❯♠ ❛tr❛s♦ ♥❛ ❡♥tr❡❣❛ ✐♠♣❧✐❝❛ ❛ ♣❡♥❛❧✐❞❛❞❡✱ ♥❛ ❢♦r♠❛ ❞❡ ♣❡r❞❛
❞❡ ❝♦♥✜❛♥ç❛ ❞♦ ❝❧✐❡♥t❡✱ q✉❡ ♣♦❞❡ s❡r ♠❛✐♦r ♦✉ ♠❡♥♦r ❞❡♣❡♥❞❡♥❞♦ ❞❛ ✐♠♣♦rtâ♥❝✐❛
❞♦ ❝❧✐❡♥t❡ ❡✴♦✉ ♣r♦❞✉t♦ ❡♥tr❡❣✉❡✱ ❛❧é♠ ❞♦ t❡♠♣♦ ❞❡ ❛tr❛s♦✳ ❯♠ ❞♦s ♦❜❥❡t✐✈♦s ♥♦
♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ♣r♦❞✉çã♦ é ♠✐♥✐♠✐③❛r ❡st❛s ♣❡♥❛❧✐❞❛❞❡s✳

❖✉tr❛s r❡str✐çõ❡s ✈❡♠ ❞♦ ♣r♦❝❡ss♦ ❞❡ ♣r♦❞✉çã♦✱ ❝♦♠♦ ✉♠ t❡♠♣♦ ❞❡ s❡t✉♣✶

q✉❛♥❞♦ ❤á tr♦❝❛ ❞❡ t✐♣♦s ❞❡ s❛❝♦s s❡♥❞♦ ♣r♦❝❡ss❛❞♦s ❡♠ ✉♠❛ ♠áq✉✐♥❛✳ ❖ t❡♠♣♦
❞❡ s❡t✉♣ ❞❡♣❡♥❞❡ ❞❛ ♦r❞❡♠ ❞❛ ♠✉❞❛♥ç❛ ❞♦s s❛❝♦s✳ ❖✉tr♦ ♦❜❥❡t✐✈♦ ❞♦ ♣❧❛♥❡❥❛✲
♠❡♥t♦ é ♠✐♥✐♠✐③❛r ♦ t❡♠♣♦ ❣❛st♦ ❝♦♠ s❡t✉♣s✳

✷✳✶✳✷ ❊①❡♠♣❧♦✿ ❊s❝♦❧❤❛ ❞❡ ♣♦rtõ❡s ♥✉♠ ❛❡r♦♣♦rt♦

❈♦♥s✐❞❡r❡ ✉♠ ❣r❛♥❞❡ t❡r♠✐♥❛❧ ❞❡ ✉♠ ❛❡r♦♣♦rt♦✳ ❊①✐st❡♠ ❞❡③❡♥❛s ❞❡ ♣♦rtõ❡s
❞❡ ❞❡❝♦❧❛❣❡♠ ❡ ❛t❡rr✐③❛❣❡♠✱ ❛❧é♠ ❞❡ ❝❡♥t❡♥❛s ❞❡ ❛✈✐õ❡s q✉❡ ♣♦✉s❛♠ ❡ ❞❡❝♦❧❛♠
t♦❞♦s ♦s ❞✐❛s✳ ❖s ♣♦rtõ❡s ❡ ♦s ❛✈✐õ❡s ♥ã♦ sã♦ ✐❞ê♥t✐❝♦s✳ ❆❧❣✉♥s ♣♦rtõ❡s ❡stã♦
❧♦❝❛❧✐③❛❞♦s ❞❡ ♠❛♥❡✐r❛ ❛ ❛t❡♥❞❡r ❛ ❛✈✐õ❡s ❞❡ ❣r❛♥❞❡ ♣♦rt❡✱ ❡♥q✉❛♥t♦ q✉❡ ♦✉tr♦s
♣♦rtõ❡s sã♦ ❞❡ ❞✐❢í❝✐❧ ❛❝❡ss♦✱ ❛♦ ♣♦♥t♦ ❞♦ ❛✈✐ã♦ ♣r❡❝✐s❛r s❡r r❡❜♦❝❛❞♦ ❛té ♦ ♣♦rtã♦✳

❆✈✐õ❡s ❡♠❜❛r❝❛♠ ❡ ❞❡s❡♠❜❛r❝❛♠ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠❛ ♣r♦❣r❛♠❛çã♦✳ P♦ré♠✱
❡st❛ ♣r♦❣r❛♠❛çã♦ ❡stá s✉❥❡✐t❛ ❛ ✈❛r✐❛çõ❡s ❛❧❡❛tór✐❛s✱ ❝♦♠♦ ♠✉❞❛♥ç❛s ❝❧✐♠át✐❝❛s✱
♣r♦❜❧❡♠❛s ❡♠ ♦✉tr♦s ❛❡r♦♣♦rt♦s✱ ♥♦s ♣ró♣r✐♦s ❛✈✐õ❡s✱ ❡t❝✳ ◗✉❛♥❞♦ ✉♠ ❛✈✐ã♦ é
❧❡✈❛❞♦ ❛ ✉♠ ♣♦rtã♦✱ ♦s ♣❛ss❛❣❡✐r♦s ❞❡✈❡♠ s❡r ❞❡s❡♠❜❛r❝❛❞♦s✱ ♦ ❛✈✐ã♦ ❞❡✈❡ ♣❛ss❛r
♣♦r s❡r✈✐ç♦s ❞❡ ❧✐♠♣❡③❛ ❡ r❡❛❜❛st❡❝✐❞♦ ❡✱ ♣♦r ✜♠✱ ♦s ✭♥♦✈♦s✮ ♣❛ss❛❣❡✐r♦s ❞❡✈❡♠ s❡r
❡♠❜❛r❝❛❞♦s✳ ❆ ❤♦r❛ ❞❡ ♣❛rt✐❞❛ ❞♦ ✈ô♦ ♣♦❞❡ s❡r ❡♥❝❛r❛❞❛ ❝♦♠♦ ✉♠❛ ❞❛t❛ ❧✐♠✐t❡ ❡
❛tr❛s♦s sã♦ ❡♥❝❛r❛❞♦s ❝♦♠♦ ♣❡r❢♦r♠❛♥❝❡ ♥❡❣❛t✐✈❛✳ ◆♦ ❡♥t❛♥t♦✱ ❞❡✈✐❞♦ à ♣♦❧ít✐❝❛
❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ ❝♦♠❜✉stí✈❡❧✱ ✉♠ ❛✈✐ã♦ ♥ã♦ ♣♦❞❡ ❞❡❝♦❧❛r s❡ ♥ã♦ ♣✉❞❡r ♣♦✉s❛r
♥♦ s❡✉ ❞❡st✐♥♦ ❝♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛ ❞❡ ❝♦♥❣❡st✐♦♥❛♠❡♥t♦s ❡♠ ♦✉tr♦s ❛❡r♦♣♦rt♦s
♦✉ ♦✉tr♦s ♣r♦❜❧❡♠❛s✳ ❊♠ ❣❡r❛❧✱ ♣❛ss❛❣❡✐r♦s ❛❣✉❛r❞❛♠ ♥♦ t❡r♠✐♥❛❧ ❞♦ ❛❡r♦♣♦rt♦
♣❛r❛ ❛ ❧✐❜❡r❛çã♦ ❞♦ ❛✈✐ã♦✱ ❛♦ ✐♥✈és ❞❡ ❡♠❜❛r❝❛❞♦s ♥♦ ❛✈✐ã♦✱ ✐♠♣❡❞✐♥❞♦ ❛ss✐♠ q✉❡
♦✉tr♦s ❛✈✐õ❡s ✉t✐❧✐③❡♠ ♦ ♣♦rtã♦✳

▲♦❣♦✱ ❛ ❞❡❝✐sã♦ ❞❡ ❞❡t❡r♠✐♥❛r q✉❛❧ ❛✈✐ã♦ ❞❡✈❡ ✉s❛r q✉❛❧ ♣♦rtã♦ ❞❡✈❡ ❣❡r❛r
✉♠❛ ♣r♦❣r❛♠❛çã♦ ✜s✐❝❛♠❡♥t❡ ✈✐á✈❡❧ ✭❝♦♠ ♦s ♣♦rtõ❡s ❧✐✈r❡s ♣❛r❛ ✉s♦ ♥♦ ♠♦♠❡♥t♦
❞❡ ❝❤❡❣❛❞❛ ❞♦ ❛✈✐ã♦✮ ❡ ❞❡ ♠❛♥❡✐r❛ ❛ ♦t✐♠✐③❛r ❛❧❣✉♥s ❝r✐tér✐♦s ❞❡ ♣❡r❢♦r♠❛♥❝❡✱
❝♦♠♦ ♠✐♥✐♠✐③❛r ♦ ♥ú♠❡r♦ ❞❡ ❛tr❛s♦s ❡ ♦ ♠❡♥♦r ❞❡s❧♦❝❛♠❡♥t♦ ❞❡ ❢✉♥❝✐♦♥ár✐♦s ❞♦
❛❡r♦♣♦rt♦ ♣❛r❛ r❡❛❧✐③❛r s❡r✈✐ç♦s ♥♦s ❛✈✐õ❡s✳

❉❡st❛ ♠❛♥❡✐r❛✱ t❡♠♦s q✉❡ ♦s ♣♦rtõ❡s sã♦ ♦s r❡❝✉rs♦s ❡ ♦s ❛✈✐õ❡s sã♦ ❛s t❛r❡❢❛s✱
❝♦♠ ❞❛t❛s ❞❡ ✐♥í❝✐♦ ❡ ✜♠✳
✶ ❚❡♠♣♦ ❞❡ s❡t✉♣ r❡❢❡r❡✲s❡ ❛♦ t❡♠♣♦ ❣❛st♦ ♥❛ ♣r❡♣❛r❛çã♦ ❞❛ ♠áq✉✐♥❛ q✉❡ s❡rá ✉t✐❧✐③❛❞❛✳



✷✳✷ ❋r❛♠❡✇♦r❦ ❡ ♥♦t❛çã♦ ✼

✷✳✶✳✸ ❊①❡♠♣❧♦✿ Pr♦❣r❛♠❛çã♦ ❞❡ t❛r❡❢❛s ♥✉♠ ❈P❯

❯♠❛ ❞❛s ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ❞❡ ✉♠ s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧ ♠✉❧t✐✲t❛r❡❢❛ é ❞❡t❡r♠✐♥❛r ♦
t❡♠♣♦ q✉❡ ♦ ❈P❯ ❞❡❞✐❝❛rá ❛ ❝❛❞❛ t❛r❡❢❛ q✉❡ ♣r❡❝✐s❛ s❡r r❡❛❧✐③❛❞❛✳ ❊♠ ❣❡r❛❧✱ ♦
t❡♠♣♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡ ✉♠❛ t❛r❡❢❛ ♥ã♦ é ❝♦♥❤❡❝✐❞❛ ❛ ♣r✐♦r✐✱ ♠❛s
❛ ❞✐str✐❜✉✐çã♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✱ ❥✉♥t♦ ❝♦♠ ✈❛❧♦r ❡s♣❡r❛❞♦ ❡ ✈❛r✐â♥❝✐❛✱
s✐♠✳ ❆❧é♠ ❞✐ss♦✱ ❝❛❞❛ t❛r❡❢❛ t❡♠ ✉♠ ❢❛t♦r ❞❡ ♣r✐♦r✐❞❛❞❡ ♣❛r❛ tér♠✐♥♦ ✭q✉❡ ♣♦❞❡
s❡r ❞❡t❡r♠✐♥❛❞♦ ♣❡❧♦ ✉s✉ár✐♦✮✳ ❆ss✐♠✱ ✉♠ ♦❜❥❡t✐✈♦ ❞♦ ♣❧❛♥♦ ♣♦❞❡ s❡r ♠✐♥✐♠✐③❛r
❛ s♦♠❛ ❞♦ t❡♠♣♦ ❞❡ tér♠✐♥♦ ❞❛s t❛r❡❢❛s ♣♦♥❞❡r❛❞♦ ♣❡❧❛ s✉❛ ♣r✐♦r✐❞❛❞❡✳

P❛r❛ ❡✈✐t❛r q✉❡ t❛r❡❢❛s ♣❡q✉❡♥❛s ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❞❡♠♦r❡♠ ❞❡♠❛✐s ♣❛r❛
s❡r❡♠ r❡❛❧✐③❛❞❛s✱ ♦ s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧ ❝♦rt❛ t❛r❡❢❛s ❧♦♥❣❛s ❡♠ ♣❛rt❡s ♠❡♥♦r❡s✳
❆ss✐♠ ♦ ❈P❯ ❞❡❞✐❝❛ t❡♠♣♦ ❛ t♦❞❛s ❛s t❛r❡❢❛s ✭♠❛✐s ❛ ✉♠❛s q✉❡ ♦✉tr❛s✮✳ ❈❛s♦ ❛
t❛r❡❢❛ s❡❥❛ ♣❡q✉❡♥❛ ♦ s✉✜❝✐❡♥t❡✱ s❡rá r❡❛❧✐③❛❞❛ ❧♦❣♦✳

❆ ✐♥t❡rr✉♣çã♦ ❞❡ ✉♠❛ t❛r❡❢❛ ♣❛r❝✐❛❧♠❡♥t❡ r❡❛❧✐③❛❞❛✱ s❡♠ ♣❡r❞❛ ❞♦ tr❛❜❛❧❤♦
❥á r❡❛❧✐③❛❞♦✱ é ❝❤❛♠❛❞❛ ❞❡ ♣r❡❡♠♣t✐✈✐❞❛❞❡✳

✷✳✷ ❋r❛♠❡✇♦r❦ ❡ ♥♦t❛çã♦

◆❛ ❧✐t❡r❛t✉r❛✱ sã♦ ♣r♦♣♦st❛s ❞✐✈❡rs❛s ✈❛r✐❛çõ❡s ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ♣r♦❣r❛♠❛çã♦ ❞❡
♠áq✉✐♥❛s✱ ❝❛❞❛ ✉♠❛ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❡s♣❡❝í✜❝♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞♦
♣r♦❝❡ss♦ ❞❡ ♣r♦❞✉çã♦✱ ♠❛s ♠❛♥t❡♥❞♦ ❡♠ ❝♦♠✉♠ ♦ ❛❣❡♥❞❛♠❡♥t♦ ❞❡ ✉♠ ♥ú♠❡r♦
✜♥✐t♦ ❞❡ t❛r❡❢❛s ❛ ♠áq✉✐♥❛s ✭t❛♠❜é♠ ✜♥✐t❛s✮✳

P❛r❛ ❛♣r❡s❡♥t❛r ❛❧❣✉♠❛s ❛s ✈❛r✐❛çõ❡s ❞♦ ♣r♦❜❧❡♠❛✱ s❡rã♦ ❛❞♦t❛❞❛s ❛s ♥♦t❛çõ❡s
❡ ❢r❛♠❡✇♦r❦s ❞❡ P✐♥❡❞♦ ❬✶✾✾✺❪✱ ❝♦♠ ❛ ✐♥❝❧✉sã♦ ❞❡ ✈❛r✐❛çõ❡s ❛❞✐❝✐♦♥❛✐s✱ ❞❡✈✐❞❛✲
♠❡♥t❡ ✐❞❡♥t✐✜❝❛❞❛s ❝♦♠♦ t❛❧✱ ♣❛r❛ ❛✉①✐❧✐❛r ♥❛ ❝❧❛ss✐✜❝❛çã♦ ♣♦st❡r✐♦r ❞♦ ♣r♦❜❧❡♠❛
❛❜♦r❞❛❞♦ ♥❡st❛ ❞✐ss❡rt❛çã♦✳

P❡❧❛ ❝❧❛ss✐✜❝❛çã♦✱ ✉♠ ♣r♦❜❧❡♠❛ ♣♦❞❡ s❡r ❞❡s❝r✐t♦ ♣❡❧❛ tr✐♣❧❛ α | β | γ✳ ❖
❝❛♠♣♦ α ❝♦rr❡s♣♦♥❞❡ ❛♦ ❛♠❜✐❡♥t❡ ❞❛s ♠áq✉✐♥❛s ❡ ♣♦❞❡ ❝♦♥t❡r ❛♣❡♥❛s ✉♠ ✐t❡♠✳ ❖
❝❛♠♣♦ β r❡❢❡r❡ às ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ♣r♦❞✉çã♦ ❡ s✉❛s ♣♦ssí✈❡✐s r❡str✐çõ❡s✱ ♣♦❞❡♥❞♦
t❡r ♥❡♥❤✉♠✱ ✉♠ ♦✉ ♠❛✐s ✐t❡♥s✳ ❖ ❝❛♠♣♦ γ ❞❡t❡r♠✐♥❛ ♦ ♦❜❥❡t✐✈♦ ❛ s❡r ♠✐♥✐♠✐③❛❞♦
♣❡❧♦ ♣r♦❜❧❡♠❛ ❡✱ ❡♠ ❣❡r❛❧✱ ❞❡✈❡ ❝♦♥t❡r ❛♣❡♥❛s ✉♠ ✐t❡♠✳

◆❛s ❝❛r❛❝t❡r✐③❛çõ❡s ❛ s❡❣✉✐r✱ ❝♦♥s✐❞❡r❡ n t❛r❡❢❛s ❡ m ♠áq✉✐♥❛s✳ ❚❛♠❜é♠
❝♦♥s✐❞❡r❡ q✉❡ ♦ í♥❞✐❝❡ j r❡❢❡r❡✲s❡ às t❛r❡❢❛s ❡ i às ♠áq✉✐♥❛s✳



✷✳✷ ❋r❛♠❡✇♦r❦ ❡ ♥♦t❛çã♦ ✽

✷✳✷✳✶ ❆♠❜✐❡♥t❡ ❞❡ ♠áq✉✐♥❛s ✭α✮

✷✳✷✳✶✳✶ ❯♠❛ ♠áq✉✐♥❛ ✭✶ ✮

❈❛s♦ ♠❛✐s s✐♠♣❧❡s ♣♦ssí✈❡❧✱ ❡♠ q✉❡ ❡①✐st❡ ❛♣❡♥❛s ✉♠❛ ♠áq✉✐♥❛ ❞✐s♣♦♥í✈❡❧✳ ❚♦❞♦s
♦✉tr♦s ❛♠❜✐❡♥t❡s ❞❡ ♠áq✉✐♥❛s ♣♦❞❡♠ s❡r ♣❛rt✐❝✉❧❛r✐③❛❞♦s ♣❛r❛ ❡st❡ ❝❛s♦ ❡s♣❡❝✐❛❧✳

✷✳✷✳✶✳✷ ▼áq✉✐♥❛s ✐❞ê♥t✐❝❛s ❡♠ ♣❛r❛❧❡❧♦ ✭P♠✮

❈❛s♦ ❡♠ q✉❡ ❡①✐st❡♠ m ♠áq✉✐♥❛s ✐❞ê♥t✐❝❛s tr❛❜❛❧❤❛♥❞♦ ❡♠ ♣❛r❛❧❡❧♦✳ ❖ ❝❛s♦
❣❡r❛❧✱ ❡♠ q✉❡ q✉❛❧q✉❡r ♠áq✉✐♥❛ ♣♦❞❡ r❡❛❧✐③❛r ✉♠❛ t❛r❡❢❛✱ é ❞❡✜♥✐❞♦ ❝♦♠♦ Pm✳
◆♦ ❝❛s♦ ♣❛rt✐❝✉❧❛r ❡♠ q✉❡ ✉♠❛ t❛r❡❢❛ j ♣♦❞❡ s❡r ♣r♦❝❡ss❛❞♦ ❛♣❡♥❛s ❡♠ ✉♠
s✉❜❝♦♥❥✉♥t♦ ❞❡ ♠áq✉✐♥❛s✱ ❞✐❣❛♠♦s Mj✱ ❡♥tã♦ ✉s❛♠♦s Mj ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ♦
♣r♦❜❧❡♠❛✱ ♥♦ ❝❛♠♣♦ β✳

✷✳✷✳✶✳✸ ▼áq✉✐♥❛s ❝♦♠ ❞✐❢❡r❡♥t❡s ✈❡❧♦❝✐❞❛❞❡s ❡♠ ♣❛r❛❧❡❧♦ ✭◗♠✮

❆♠❜✐❡♥t❡ ❝♦♠ m ♠áq✉✐♥❛s ❞❡ ✈❡❧♦❝✐❞❛❞❡s ❞✐❢❡r❡♥t❡s✳ ❆ ✈❡❧♦❝✐❞❛❞❡ ❞❛ ♠áq✉✐♥❛
i é ❞❡✜♥✐❞❛ ❝♦♠♦ vi ❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛ t❛r❡❢❛ j ♥❛ ♠áq✉✐♥❛ i é ❞❛❞♦
♣♦r pi,j =

pj
vi
✱ ♦♥❞❡ pj é ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛ t❛r❡❢❛ j✳

✷✳✷✳✶✳✹ ▼áq✉✐♥❛s ♥ã♦ r❡❧❛❝✐♦♥❛❞❛s ❡♠ ♣❛r❛❧❡❧♦ ✭❘♠✮

●❡♥❡r❛❧✐③❛çã♦ ❞♦ ❝❛s♦ ❛♥t❡r✐♦r✱ ❝♦♠ m ♠áq✉✐♥❛s ❡♠ ♣❛r❛❧❡❧♦ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞❡
♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❝❛❞❛ t❛r❡❢❛ ❞❛❞♦ ♣♦r vi,j✳ ❉❡st❛ ♠❛♥❡✐r❛✱ ♦ t❡♠♣♦ ❞❡ ♣r♦✲
❝❡ss❛♠❡♥t♦ ❞❡ ❝❛❞❛ t❛r❡❢❛ ❡♠ ❝❛❞❛ ♠áq✉✐♥❛ é ❞❛❞♦ ♣♦r pi,j =

pj
vi,j

✳

✷✳✷✳✶✳✺ ❋❧♦✇ s❤♦♣ ✭❋♠✮

❊①✐st❡♠ m ♠áq✉✐♥❛s ❡♠ sér✐❡✳ ❈❛❞❛ t❛r❡❢❛ ❞❡✈❡ s❡r ♣r♦❝❡ss❛❞❛ ❡♠ ❝❛❞❛ ✉♠❛
❞❛s m ♠áq✉✐♥❛s✳ ❚♦❞❛s ❛s t❛r❡❢❛s t❡♠ ♦ ♠❡s♠♦ ♣❡r❝✉rs♦ ❞❡ ♣r♦❞✉çã♦✱ ♦✉ s❡❥❛✱
sã♦ ♣r♦❝❡ss❛❞❛s ♣r✐♠❡✐r❛♠❡♥t❡ ♥❛ ♠áq✉✐♥❛ ✶✱ ❞❡♣♦✐s ♥❛ ♠áq✉✐♥❛ ✷ ❡ ❛ss✐♠ ♣♦r
❞✐❛♥t❡✳ ◗✉❛♥❞♦ ✉♠❛ t❛r❡❢❛ é r❡❛❧✐③❛❞❛ ❡♠ ✉♠❛ ♠áq✉✐♥❛✱ ❡❧❛ ♣❛ss❛ ❛ ❝♦♠♣♦r
❛ ✜❧❛ ♣❛r❛ s❡r ♣r♦❝❡ss❛❞❛ ♥❛ ♣ró①✐♠❛ ♠áq✉✐♥❛✳ ❈❛s♦ ❡st❛ ✜❧❛ s❡❥❛ ❞❡t❡r♠✐♥❛❞❛
♣♦r ✉♠❛ ♣♦❧ít✐❝❛ ❞♦ t✐♣♦ ❋■❋❖ ✭✜rst ✐♥✱ ✜rst ♦✉t✮✷ ♦ ♣r♦❜❧❡♠❛ é ❝❤❛♠❛❞♦ ❞❡
❋❧♦✇ ❙❤♦♣ ❞❡ P❡r♠✉t❛çã♦ ❡ ✉s❛♠♦s ♦ ❝ó❞✐❣♦ prmu ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ♦ ♠❡s♠♦✱
♥♦ ❝❛♠♣♦ β✳

✷ P♦❧ít✐❝❛s ❞♦ t✐♣♦ ❋■❋❖ ❞❡t❡r♠✐♥❛♠ q✉❡ ♦ ❡❧❡♠❡♥t♦ ♠❛✐s ❛♥t✐❣♦ ❞❛ ✜❧❛ é ♦ ♣r✐♠❡✐r♦ ❛ s❡r
r❡t✐r❛❞♦ ❞❛ ♠❡s♠❛✳



✷✳✷ ❋r❛♠❡✇♦r❦ ❡ ♥♦t❛çã♦ ✾

✷✳✷✳✶✳✻ ❋❧❡①✐❜❧❡ ✢♦✇ s❤♦♣ ✭❋❋s✮

❊st❡ t✐♣♦ ❞❡ ♣r♦❞✉çã♦ é ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ❛♠❜✐❡♥t❡s ❞❡ ✢♦✇ s❤♦♣ ❡ ❞❡ ♠á✲
q✉✐♥❛s ❡♠ ♣❛r❛❧❡❧♦✳ ❆♦ ✐♥✈és ❞❡ ♣❛ss❛r ♣♦r m ♠áq✉✐♥❛s ❡♠ sér✐❡✱ ❝❛❞❛ t❛r❡❢❛
❞❡✈❡ ♣❛ss❛r ♣♦r s ❡t❛♣❛s ❞❡ ♣r♦❞✉çã♦ ❡♠ sér✐❡ ✭❛ t❛r❡❢❛ ❞❡✈❡ ♣❛ss❛r ♣❡❧❛ ♣r✐♠❡✐r❛
❡t❛♣❛ ♣r✐♠❡✐r♦✱ ♣❡❧❛ s❡❣✉♥❞❛ ❡t❛♣❛ ❡♠ s❡❣✉✐❞❛ ❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡✮✳ ❊♠ ❝❛❞❛
❡t❛♣❛ ❡①✐st❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♠áq✉✐♥❛s ❞✐s♣♦♥í✈❡✐s❀ ❝❛❞❛ t❛r❡❢❛ j q✉❡ ♣❛ss❛r ♣♦r
✉♠❛ ❡t❛♣❛ r❡q✉❡r ❛♣❡♥❛s ✉♠❛ ♠áq✉✐♥❛ ❡♥tr❡ ❛s ❞✐s♣♦♥í✈❡✐s ❡✱ ❡♠ ❣❡r❛❧✱ q✉❛❧q✉❡r
✉♠❛ ❞❡st❛s ♠áq✉✐♥❛s ♣♦❞❡ r❡❛❧✐③❛r ❡st❛ t❛r❡❢❛✳ P♦❞❡♠ ❡①✐st✐r ✜❧❛s ❡♥tr❡ ❡t❛♣❛s✱
❝♦♥❢♦r♠❡ ❛s t❛r❡❢❛s sã♦ ❧✐❜❡r❛❞❛s ♥❛s ♠áq✉✐♥❛s✳ ❊st❛s ✜❧❛s ❣❡r❛❧♠❡♥t❡ sã♦ ❞♦
t✐♣♦ ❋■❋❖✳

✷✳✷✳✶✳✼ ❖♣❡♥ s❤♦♣ ✭❖♠✮

❈❛❞❛ ✉♠❛ ❞❛s n t❛r❡❢❛s ❞❡✈❡ s❡r ♣r♦❝❡ss❛❞❛ ♥❛s m ♠áq✉✐♥❛s✳ P♦ré♠✱ ❛❧❣✉♥s
❞❡ss❡s t❡♠♣♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣♦❞❡♠ s❡r ③❡r♦✳ ❆❧é♠ ❞✐ss♦✱ ♥ã♦ ❡①✐st❡ r❡str✐çã♦
❝♦♠ r❡❧❛çã♦ à ♦r❞❡♠ ❡♠ q✉❡ ❛s t❛r❡❢❛s sã♦ ♣r♦❝❡ss❛❞❛s ♥❛s ♠áq✉✐♥❛s✱ ❝❛❞❛ ✉♠❛
♣♦❞❡♥❞♦ t❡r s✉❛ ♣ró♣r✐❛ r♦t❛ ♥❛ ❢á❜r✐❝❛✳

✷✳✷✳✶✳✽ ❏♦❜ ❙❤♦♣ ✭❏♠✮

◆♦ ❝❛s♦ ❞❡ ✉♠ ❥♦❜ s❤♦♣ ❝♦♠ m ♠áq✉✐♥❛s✱ ❝❛❞❛ t❛r❡❢❛ j ♣♦ss✉✐ s✉❛ ♣ró♣r✐❛
s❡q✉ê♥❝✐❛ ✭r♦t❛✮ ❞❡ ♠áq✉✐♥❛s ♥❛s q✉❛✐s ❡❧❛ ❞❡✈❡ s❡r ♣r♦❝❡ss❛❞❛✳ P❛r❛ ♦ ❝❛s♦
❡♠ q✉❡ ❛ r♦t❛ ❞❡ ✉♠❛ t❛r❡❢❛ ✐♥❝❧✉✐r ♠❛✐s ❞❡ ✉♠❛ ♣❛ss❛❣❡♠ ❡♠ ✉♠❛ ♠áq✉✐♥❛✱
✐♥❝❧✉í♠♦s ♦ ✐t❡♠ recrc ♥♦ ❝❛♠♣♦ β✱ ❝❛r❛❝t❡r✐③❛♥❞♦ ❛ r❡❝✐r❝✉❧❛çã♦ ❞❛ t❛r❡❢❛ ♥❛
♠áq✉✐♥❛✳

✷✳✷✳✶✳✾ ❋❧❡①✐❜❧❡ ❏♦❜ ❙❤♦♣ ✭❋❏s✮

❆♣❡s❛r ❞❡ ♥ã♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ P✐♥❡❞♦ ❬✶✾✾✺❪✱ ♦ ✢❡①✐❜❧❡ ❥♦❜ s❤♦♣
t❛♠❜é♠ é ✉♠ ❛♠❜✐❡♥t❡ ❞❡ ♠áq✉✐♥❛s ❢r❡q✉❡♥t❡ ♥❛ ❧✐t❡r❛t✉r❛✳ ❊♠ ●❛♦ ❡t ❛❧✳
❬✷✵✵✼❪✱ t❡♠♦s q✉❡ ❡st❡ ❝❛s♦ é ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ❥♦❜ s❤♦♣ ✭Jm✮ ❝♦♠ ♠áq✉✐♥❛s
❡♠ ♣❛r❛❧❡❧♦✳ ❙❡♠❡❧❤❛♥t❡ ❛♦ FFs ✭✢❡①✐❜❧❡ ✢♦✇ s❤♦♣✮✱ ❛s t❛r❡❢❛s ❞❡✈❡rã♦ ♣❛ss❛r
♣♦r ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞♦s s s❡t♦r❡s ❞❡ ♣r♦❞✉çã♦ ❡①✐st❡♥t❡s✱ ❡♠ ♦r❞❡♠ ♣ré✲❞❡✜♥✐❞❛
♣❛r❛ ❝❛❞❛ t❛r❡❢❛✳ ❊♠ ❝❛❞❛ s❡t♦r✱ ❡①✐st❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♠áq✉✐♥❛s ❡♠ ♣❛r❛❧❡❧♦
❞✐s♣♦♥í✈❡✐s✱ ♣♦❞❡♥❞♦ s❡r ✐❞ê♥t✐❝❛s ✭Pm✮✱ ❝♦♠ ✈❡❧♦❝✐❞❛❞❡s ❞✐❢❡r❡♥t❡s ✭Qm✮ ♦✉ ♥ã♦
r❡❧❛❝✐♦♥❛❞❛s ✭Rm✮❀ ❝❛❞❛ t❛r❡❢❛ ❞❡✈❡rá ♣❛ss❛r ♣♦r ✉♠❛ ❞❛s ♠áq✉✐♥❛s ❞♦s s❡t♦r❡s
q✉❡ ❢♦r❛♠ ♣r❡✈✐❛♠❡♥t❡ ❞❡✜♥✐❞♦s ♣❛r❛ ❡❧❛✳ P♦❞❡♠ ❤❛✈❡r ✜❧❛s ❡♥tr❡ s❡t♦r❡s✳



✷✳✷ ❋r❛♠❡✇♦r❦ ❡ ♥♦t❛çã♦ ✶✵

✷✳✷✳✷ ❈❛r❛❝t❡ríst✐❝❛s ❞❡ ♣r♦❞✉çã♦ ✭β✮

✷✳✷✳✷✳✶ ❉❛t❛ ❞❡ ✐♥í❝✐♦ ✭rj✮

❈❛s♦ ❡①✐st❛ ✉♠ ✐♠♣❡❞✐♠❡♥t♦ ♣❛r❛ ♦ ✐♥í❝✐♦ ✐♠❡❞✐❛t♦ ❞❡ ✉♠❛ t❛r❡❢❛ j✱ ♦ ✐t❡♠ rj
é ❛♣r❡s❡♥t❛❞♦ ♥♦ ❝❛♠♣♦ ❞❡ r❡str✐çõ❡s ❞❡ ♣r♦❞✉çã♦✳ ◆❡st❡ ❝❛s♦✱ ❝❛❞❛ t❛r❡❢❛ j só
♣♦❞❡rá ✐♥✐❝✐❛r s✉❛ ♣r♦❞✉çã♦ ❛♣ós rj✳

✷✳✷✳✷✳✷ ❚❡♠♣♦ ❞❡ s❡t✉♣ ❡♥tr❡ t❛r❡❢❛s ✭sj1,j2✮

❖ ♣❛râ♠❡tr♦ sj1,j2 ❞❡✜♥❡ q✉❡ ❡①✐st❡ ✉♠ t❡♠♣♦ ❞❡ s❡t✉♣ ✭♣r❡♣❛r❛çã♦✮ ❡♥tr❡ ❛
r❡❛❧✐③❛çã♦ ❞❛ t❛r❡❢❛ ♣r❡❞❡❝❡ss♦r❛ j1 ❡ ❛ t❛r❡❢❛ s✉❝❡ss♦r❛ j2✱ ❝❛s♦ s❡❥❛♠ r❡❛❧✐③❛❞❛s
❡♠ s❡q✉ê♥❝✐❛✳ ❈❛s♦ ❤❛❥❛ ❞❡♣❡♥❞ê♥❝✐❛ ❞♦ t❡♠♣♦ ❞❡ s❡t✉♣ ❝♦♠ r❡❧❛çã♦ à ♠áq✉✐♥❛✱
❡♥tã♦ ✉♠ í♥❞✐❝❡ i é ✐♥❝❧✉í❞♦ ♥♦ ♣❛râ♠❡tr♦✱ ✐st♦ é✱ sj1,j2,i✳

✷✳✷✳✷✳✸ Pr❡❡♠♣t✐✈✐❞❛❞❡ ✭♣r♠♣✮

Pr❡❡♠♣t✐✈✐❞❛❞❡ ❞❡✜♥❡ q✉❡ ✉♠❛ t❛r❡❢❛ j q✉❡ ❡stá s❡♥❞♦ r❡❛❧✐③❛❞❛ ♥❛ ♠áq✉✐♥❛ i
♣♦❞❡ s❡r ✐♥t❡rr♦♠♣✐❞❛ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡ ♦✉tr❛ t❛r❡❢❛✱ s❡♠ ❛ ♣❡r❞❛ ❞♦ tr❛❜❛❧❤♦
q✉❡ ❥á ❢♦✐ r❡❛❧✐③❛❞♦ ♥❛ t❛r❡❢❛ ♦r✐❣✐♥❛❧✳ ◆❡st❡ ❝❛s♦✱ q✉❛♥❞♦ ❛ ♠áq✉✐♥❛ r❡t♦♠❛r ❛
r❡❛❧✐③❛çã♦ ❞❛ t❛r❡❢❛ j ✭♦✉ ❡♠ ♦✉tr❛ ♠áq✉✐♥❛ ♥♦ ❝❛s♦ ❞❡ ♠áq✉✐♥❛s ❡♠ ♣❛r❛❧❡❧♦✮
s❡rá ♥❡❝❡ssár✐♦ ❛♣❡♥❛s ❝♦♥❝❧✉✐r ♦ tr❛❜❛❧❤♦ ❢❛❧t❛♥t❡✳

✷✳✷✳✷✳✹ ❘❡str✐çõ❡s ❞❡ ♣r❡❝❡❞ê♥❝✐❛ ✭♣r❡❝✮

❘❡str✐çõ❡s ❞❡ ♣r❡❝❡❞ê♥❝✐❛ ✐♠♣õ❡♠ q✉❡ ✉♠❛ t❛r❡❢❛ j1 só ♣♦❞❡ s❡r ✐♥✐❝✐❛❞❛ ❡♠ ✉♠❛
♠áq✉✐♥❛ q✉❛❧q✉❡r ❛♣ós ❛ ❝♦♥❝❧✉sã♦ ❞❡ ✉♠❛ ♦✉tr❛ t❛r❡❢❛ j2✳ ❊①✐st❡♠ ❛❧❣✉♥s ❝❛s♦s
♣❛rt✐❝✉❧❛r❡s ❞❡ r❡str✐çõ❡s ❞❡ ♣r❡❝❡❞ê♥❝✐❛✳ ◆♦ ❝❛s♦ ❡♠ q✉❡ ❝❛❞❛ t❛r❡❢❛ ♣♦ss✉✐ ♥ã♦
♠❛✐s q✉❡ ✉♠ ♣r❡❞❡❝❡ss♦r✱ ❛ r❡str✐çã♦ é ❝❤❛♠❛❞❛ ❞❡ ✐♥tr❡❡✸✳ ◆♦ ❝❛s♦ ❡♠ q✉❡ ❝❛❞❛
t❛r❡❢❛ ♣♦ss✉✐ ♥ã♦ ♠❛✐s q✉❡ ✉♠ s✉❝❡ss♦r✱ ❛ r❡str✐çã♦ é ❝❤❛♠❛❞❛ ❞❡ ♦✉ttr❡❡✹✳ ◆♦
❝❛s♦ ❡♠ q✉❡ ❛♠❜❛s ❛s ❝♦♥❞✐çõ❡s sã♦ ❛t❡♥❞✐❞❛s✱ ♦✉ s❡❥❛✱ ❝❛❞❛ t❛r❡❢❛ ♥ã♦ ♣♦ss✉✐
♠❛✐s ❞♦ q✉❡ ✉♠ s✉❝❡ss♦r ❡ ♥ã♦ ♠❛✐s q✉❡ ✉♠ ♣r❡❞❡❝❡ss♦r✱ ❛ ❝❛❞❡✐❛ ❞❡ ♣r♦❞✉çã♦ é
❧✐♥❡❛r✳
✸ ◆❡st❡ ❝❛s♦✱ ❛ ❝❛❞❡✐❛ ❞❡ ♣r♦❞✉çã♦ ❢♦r♠❛ ✉♠❛ ár✈♦r❡ ❝♦♠ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ s❡ ❛❧❛r❣❛r

❝♦♥❢♦r♠❡ s❡ ✈❛✐ ❛♣r♦❢✉♥❞❛♥❞♦✳
✹ ◆❡st❡ ❝❛s♦✱ ❛ ❝❛❞❡✐❛ ❞❡ ♣r♦❞✉çã♦ ❢♦r♠❛ ✉♠❛ ár✈♦r❡ ❝♦♠ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ s❡ ❡str❡✐t❛r

❝♦♥❢♦r♠❡ s❡ ✈❛✐ ❛♣r♦❢✉♥❞❛♥❞♦✳



✷✳✷ ❋r❛♠❡✇♦r❦ ❡ ♥♦t❛çã♦ ✶✶

✷✳✷✳✷✳✺ ◗✉❡❜r❛ ❞❡ ♠áq✉✐♥❛s ✭❜r❦❞✇♥✺✮

◆♦ ❝❛s♦ ❡♠ q✉❡ ♠áq✉✐♥❛s ✈ã♦ ✜❝❛r ✐♥❞✐s♣♦♥í✈❡✐s ❡♠ ❛❧❣✉♠ ♠♦♠❡♥t♦ ❛♦ ❧♦♥❣♦ ❞♦
❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✱ ✉s❛♠♦s ♦ ✐t❡♠ brkdwn ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ♦ ♣r♦❜❧❡♠❛✳
❆ss✉♠❡✲s❡✱ ♣❛r❛ ♠♦❞❡❧♦s ❞❡t❡r♠✐♥íst✐❝♦s✱ q✉❡ ♦ ♠♦♠❡♥t♦ ❞❡ ✐♥❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ é
❝♦♥❤❡❝✐❞♦ ❛ ♣r✐♦r✐ ❡ ♣♦❞❡✱ ✐♥❝❧✉s✐✈❡✱ s❡r ❡♥❝❛r❛❞♦ ❝♦♠♦ ✉♠❛ ♠❛♥✉t❡♥çã♦ ♣r❡✈❡♥✲
t✐✈❛ ♣r♦❣r❛♠❛❞❛✱ ♦✉ ♦✉tr♦ t✐♣♦ ❞❡ ♣❛r❛❞❛ ❥á ❝♦♥❤❡❝✐❞❛✳

✷✳✷✳✷✳✻ ❘❡str✐çõ❡s ❞❡ ♠áq✉✐♥❛✲t❛r❡❢❛ ✭Mj✮

❊st❛ r❡str✐çã♦ só ♣♦❞❡ ❡①✐st✐r ❡♠ ❛♠❜✐❡♥t❡s ❝♦♠ ♠áq✉✐♥❛s ♣❛r❛❧❡❧❛s✱ ❝♦♥❢♦r♠❡
❥á ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ♥❛ s❡çã♦ ✷✳✷✳✶✳✷✳ ◗✉❛♥❞♦ ♦❝♦rr❡✱ ❛♣❡♥❛s ❛❧❣✉♠❛s ♠áq✉✐♥❛s
♣♦❞❡♠ r❡❛❧✐③❛r ❛❧❣✉♠❛s t❛r❡❢❛s✱ s❡♥❞♦ q✉❡ ❛ t❛r❡❢❛ j ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ♥♦ s✉❜✲
❝♦♥❥✉♥t♦ ❞❡ ♠áq✉✐♥❛s ❞❛❞♦ ♣♦r Mj✳

✷✳✷✳✷✳✼ P❡r♠✉t❛çã♦ ✭♣r♠✉✮

❈♦♥❢♦r♠❡ ♣r❡✈✐❛♠❡♥t❡ ❛♣r❡s❡♥t❛❞♦ ♥❛ s❡çã♦ ✷✳✷✳✶✳✺ ❡ ❛♣❧✐❝á✈❡❧ ❛♣❡♥❛s ❛ ❛♠❜✐❡♥✲
t❡s ❞❡ ✢♦✇ s❤♦♣✱ ♣r♦❜❧❡♠❛s ❞❡ ♣❡r♠✉t❛çã♦ sã♦ t❛✐s q✉❡ ❛s t❛r❡❢❛s ❞❡✈❡♠ r❡s♣❡✐t❛r
✜❧❛s ❞♦ t✐♣♦ ❋■❋❖ ✭✜rst ✐♥✱ ✜rst ♦✉t✮ ❡♥q✉❛♥t♦ ❛❣✉❛r❞❛♠ ❛ ❧✐❜❡r❛çã♦ ❞❡ ✉♠❛ ♠á✲
q✉✐♥❛✱ ♦ q✉❡ ✐♠♣❧✐❝❛ q✉❡ ❛ ♦r❞❡♠ ❡♠ q✉❡ ❛s t❛r❡❢❛s sã♦ r❡❛❧✐③❛❞❛s ♥❛s ♠áq✉✐♥❛s
é s❡♠♣r❡ ❛ ♠❡s♠❛✳ ❙❡♥❞♦ ❛ss✐♠ ♦ ♣r♦❜❧❡♠❛ ❝♦♥s✐st❡ ❡♠ ❞❡✜♥✐r ❛ s❡q✉ê♥❝✐❛ ❣❡r❛❧
❞❡ r❡❛❧✐③❛çã♦ ❞❛s t❛r❡❢❛s✳

✷✳✷✳✷✳✽ ❇❧♦q✉❡✐♦ ✭❜❧♦❝❦ ✻✮

❖ ❜❧♦q✉❡✐♦ ❞❡ ♠áq✉✐♥❛s só ♣♦❞❡ ♦❝♦rr❡r ❡♠ ❛♠❜✐❡♥t❡s ❞❡ ✢♦✇ s❤♦♣✳ ❊st❛ r❡s✲
tr✐çã♦ ❞❡✜♥❡ q✉❡ ❡①✐st❡ ✉♠ ❜✉✛❡r ✼ ❞❡ t❛♠❛♥❤♦ ✜♥✐t♦ ❡♥tr❡ ❞✉❛s ♠áq✉✐♥❛s ❡♠
s❡q✉ê♥❝✐❛✳ ◗✉❛♥❞♦ ♦ ❜✉✛❡r ❡st✐✈❡r ❝♦♠♣❧❡t♦ ❡♥tr❡ ❞✉❛s ♠áq✉✐♥❛s ✭❞✐❣❛♠♦s i1 ❡
i2✮✱ ✉♠❛ t❛r❡❢❛ j s❡♥❞♦ r❡❛❧✐③❛❞❛ ♥❛ ♠áq✉✐♥❛ i1 ♣r❡❞❡❝❡ss♦r❛ ♥ã♦ ♣♦❞❡ s❡r ❧✐❜❡✲
r❛❞❛ ❡♥q✉❛♥t♦ ❛ ♠áq✉✐♥❛ i2 s✉❝❡ss♦r❛ ♥ã♦ t❡r♠✐♥❛r s✉❛ t❛r❡❢❛✳ ❉❡st❛ ♠❛♥❡✐r❛✱
❛ ♠áq✉✐♥❛ i1 ✜❝❛ t❡♠♣♦r❛r✐❛♠❡♥t❡ ✐♠♣❡❞✐❞❛ ❞❡ r❡❛❧✐③❛r ♦✉tr❛ t❛r❡❢❛✳ ❆♣❡♥❛s
q✉❛♥❞♦ ❛ ♠áq✉✐♥❛ i2 ❢♦r ❧✐❜❡r❛❞❛ ♣❛r❛ r❡❛❧✐③❛r t❛r❡❢❛s ❞♦ ❜✉✛❡r ✭♦✉ ❛ ♣ró♣r✐❛
t❛r❡❢❛ j q✉❡ ❡stá ❛❣✉❛r❞❛♥❞♦ ♥❛ ♠áq✉✐♥❛ i1✮✱ ❛ ♠áq✉✐♥❛ i2 ♣♦❞❡rá r❡❛❧✐③❛r ✉♠❛
♥♦✈❛ t❛r❡❢❛✳
✺ ❖ t❡r♠♦ ❜r❦❞✇♥ ✈❡♠ ❞❛ ✐♥❣❧ês ❜r❡❛❦❞♦✇♥✱ ♦✉ q✉❡❜r❛ ❡♠ ♣♦rt✉❣✉ês✳
✻ ❉♦ ✐♥❣❧ês ❜❧♦❝❦✐♥❣✱ ♦✉ ❜❧♦q✉❡❛♥❞♦ ❡♠ ♣♦rt✉❣✉ês✳
✼ ❖ ❜✉✛❡r ❡①✐st❡ q✉❛♥❞♦ ✉♠❛ t❛r❡❢❛ t❡♠ q✉❡ ❡s♣❡r❛r ❛ ❧✐❜❡r❛çã♦ ❞❛ ♣ró①✐♠❛ ♠áq✉✐♥❛ ♣❛r❛

q✉❡ ♣♦ss❛ s❡r r❡❛❧✐③❛❞♦✳ P♦❞❡ s❡r ♥❛ ❢♦r♠❛ ❞❡ ♣✐❧❤❛✱ ✜❧❛ ❡t❝✳



✷✳✷ ❋r❛♠❡✇♦r❦ ❡ ♥♦t❛çã♦ ✶✷

✷✳✷✳✷✳✾ ❙❡♠ ❡s♣❡r❛ ✭♥✇t✽✮

❊st❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ♣r♦❜❧❡♠❛s t❛♠❜é♠ só ♣♦❞❡rá ♦❝♦rr❡r ❡♠ ❛♠❜✐❡♥t❡s ❞❡
✢♦✇ s❤♦♣✳ ◆❡st❡ ❝❛s♦✱ t❛r❡❢❛s ♥ã♦ ♣♦❞❡♠ ❡s♣❡r❛r ❛ ❧✐❜❡r❛çã♦ ❞❡ ✉♠❛ ♠áq✉✐♥❛
♣❛r❛ s❡❣✉✐r ❛❞✐❛♥t❡ ♥❛ s❡q✉ê♥❝✐❛ ❞❡ ♠áq✉✐♥❛s✳ ▲♦❣♦✱ ♦ ✐♥í❝✐♦ ❞❛ t❛r❡❢❛ ❞❡✈❡ s❡r
♣♦st❡r❣❛❞♦ ❛té q✉❡ s❡❥❛ ❣❛r❛♥t✐❞♦ q✉❡ ❛ t❛r❡❢❛ ♥ã♦ ✐rá ♣❛r❛r ❡♥tr❡ ❞✉❛s ♠áq✉✐♥❛s✳
❯♠ ❡①❡♠♣❧♦ ❞❡ ❛♠❜✐❡♥t❡ q✉❡ t❡♠ ❡st❛ ❝❛r❛❝t❡ríst✐❝❛ é ♥♦ ❧❛♠✐♥❛❞♦r ❞❡ t✐r❛s ❛
q✉❡♥t❡ ❡♠ s✐❞❡r✉r❣✐❛s✱ ❛♦♥❞❡ ✉♠❛ ♣❧❛❝❛ ♥ã♦ ♣♦❞❡ ❡s♣❡r❛r ❡ ❡s❢r✐❛r ❡♥tr❡ ❞✉❛s
♠áq✉✐♥❛s✳

✷✳✷✳✷✳✶✵ ❘❡❝✐r❝✉❧❛çã♦ ✭r❡❝r❝✮

❈♦♥❢♦r♠❡ ❥á ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✷✳✷✳✶✳✽✱ ❡♠ ♣r♦❜❧❡♠❛s ❝♦♠ r❡❝✐r❝✉❧❛çã♦✱ ✉♠❛ t❛r❡❢❛
♣♦❞❡ ♣❛ss❛r ♠❛✐s ❞❡ ✉♠❛ ✈❡③ ❡♠ ✉♠❛ ♠áq✉✐♥❛✳

✷✳✷✳✷✳✶✶ ❚♦♦❧✐♥❣✾ ✭t♦♦❧✮

❘❡str✐çõ❡s ❞❡ ❢❡rr❛♠❡♥t❛❧✱ ♠❡s♠♦ ♥ã♦ ❝♦♥st❛♥❞♦ ♥❛s ♦♣çõ❡s ❞❡ P✐♥❡❞♦ ❬✶✾✾✺❪✱ sã♦
❜❛st❛♥t❡ ❝♦♠✉♥s ♥❛ ❧✐t❡r❛t✉r❛✳ ❆s ❛♣r❡s❡♥t❛❞❛s ❡♠ ❲✐❞♠❡r ❬✶✾✾✶❪ sã♦ ❞❡✜♥✐❞❛s
q✉❛♥❞♦ ✉♠ r❡❝✉rs♦ ❡s❝❛ss♦ ❡ ❝♦♠♣❛rt✐❧❤❛❞♦ ♣♦r ♠áq✉✐♥❛s ❞❡✈❡ s❡r ❧❡✈❛❞♦ ❡♠
❝♦♥s✐❞❡r❛çã♦ ♣❛r❛ ❛ ❡❧❛❜♦r❛çã♦ ❞❡ ✉♠ ♣❧❛♥♦ ❞❡ ♣r♦❞✉çã♦✳ ❯♠ ❡①❡♠♣❧♦ ❞❡ r❡❝✉rs♦
❡s❝❛ss♦ é ✉♠ ♥ú♠❡r♦ ❧✐♠✐t❛❞♦ ❞❡ ♦♣❡r❛❞♦r❡s ❞❡ ♠áq✉✐♥❛s✱ ♥❡❝❡ssár✐♦s ♣❛r❛ ♦
❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛s ♠❡s♠❛s✱ q✉❡ ♥ã♦ sã♦ s✉✜❝✐❡♥t❡s ♣❛r❛ q✉❡ t♦❞❛s ❛s ♠áq✉✐♥❛s
♦♣❡r❡♠ ❡♠ ❝♦♥❥✉♥t♦ ♥✉♠ ♠❡s♠♦ t✉r♥♦✳

✷✳✷✳✸ ❖❜❥❡t✐✈♦ ✭γ✮

✷✳✷✳✸✳✶ ▼❛❦❡s♣❛♥ ✭Cmax✮

❖ ♦❜❥❡t✐✈♦ ❞❡st❡ t✐♣♦ ❞❡ ♣r♦❜❧❡♠❛ é ♠✐♥✐♠✐③❛r ♦ tér♠✐♥♦ ❞❛ ú❧t✐♠❛ t❛r❡❢❛ ❛ s❡r
r❡❛❧✐③❛❞❛ ♥♦ s✐st❡♠❛✳ ❙❡ Cj é ♦ t❡♠♣♦ ❞❡ tér♠✐♥♦ ❞❛ t❛r❡❢❛ j ❡♥tã♦ ♦ ♦❜❥❡t✐✈♦
♣♦❞❡ s❡r ❡①♣r❡ss♦ ❝♦♠♦ Minimizarmax

j
{Cj}✳

✷✳✷✳✸✳✷ ▼❡♥♦r ❛tr❛s♦ ✭Lmax✮

❖ ♦❜❥❡t✐✈♦ é ♠✐♥✐♠✐③❛r ♦ ♠❛✐♦r ❛tr❛s♦ ❞♦ tér♠✐♥♦ ❞❡ t❛r❡❢❛s✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡
Lj é ♦ t❡♠♣♦ ❞❡ ❛tr❛s♦ ❞♦ tér♠✐♥♦ ❞❡ ✉♠❛ t❛r❡❢❛ j✱ ❡♥tã♦ ♦ ♦❜❥❡t✐✈♦ ♣♦❞❡ s❡r

✽ ❉♦ ✐♥❣❧ês ♥♦✲✇❛✐t✱ ♦✉ s❡♠ ❡s♣❡r❛ ❡♠ ♣♦rt✉❣✉ês✳
✾ ❆ ♣❛❧❛✈r❛ t♦♦❧✱ ❡♠ ✐♥❣❧ês✱ q✉❡r ❞✐③❡r ❢❡rr❛♠❡♥t❛✳



✷✳✷ ❋r❛♠❡✇♦r❦ ❡ ♥♦t❛çã♦ ✶✸

❡①♣r❡ss♦ ❝♦♠♦ Minimizarmax
j
{Lj}✳

✷✳✷✳✸✳✸ ❚❡♠♣♦ t♦t❛❧ ❞❡ tér♠✐♥♦ ♣♦♥❞❡r❛❞♦ ✭
∑

wjCj✮

❈♦♥s✐❞❡r❛♥❞♦ ✉♠ ♣❡s♦ wj ♣❛r❛ ❝❛❞❛ t❛r❡❢❛ j ❡ ♦ t❡♠♣♦ ❞❡ tér♠✐♥♦ ❞❡ ❝❛❞❛ t❛r❡❢❛
❝♦♠♦ Cj✱ ♦ ♦❜❥❡t✐✈♦ ❞❡st❡ ♣r♦❜❧❡♠❛ é ♠✐♥✐♠✐③❛r ♦ t❡♠♣♦ ❞❡ tér♠✐♥♦ ❞❡ r❡❛❧✐③❛çã♦
❞❡ t♦❞❛s ❛s t❛r❡❢❛s ♣♦♥❞❡r❛❞❛s✳ ▼✉✐t❛s ✈❡③❡s ❡st❡ ♦❜❥❡t✐✈♦ é ❞❡✜♥✐❞♦ q✉❛♥❞♦ ❛
❞❡♠♦r❛ ♣❛r❛ r❡❛❧✐③❛çã♦ ❞❡ ✉♠❛ t❛r❡❢❛ ✐♠♣❧✐❝❛ ♥✉♠ ❝✉st♦ ❞✐❢❡r❡♥t❡ ♣❛r❛ ❝❛❞❛
t❛r❡❢❛ ✭♣♦r ✐st♦ ❛ ♣♦♥❞❡r❛çã♦✮✳

✷✳✷✳✸✳✹ ❚❡♠♣♦ t♦t❛❧ ❞❡s❝♦♥t❛❞♦ ❞❡ tér♠✐♥♦ ♣♦♥❞❡r❛❞♦ ✭
∑

wj(1−e
−rCj)✮

❋ór♠✉❧❛ ♠❛✐s ❣❡♥❡r❛❧✐③❛❞❛ ❞❡ ♣♦♥❞❡r❛çã♦ ❞♦ t❡♠♣♦ ❞❡ tér♠✐♥♦ ❞❡ ❝❛❞❛ t❛r❡❢❛✳
■♠♣❧✐❝❛ q✉❡✱ s❡ ✉♠❛ t❛r❡❢❛ ♥ã♦ ❡st✐✈❡r t❡r♠✐♥❛❞❛ ❡♠ t✱ ✉♠ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡
wjre

−rtdt ✐♥❝♦rr❡rá ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ [t, t+ dt]✳ ❊♠ ❣❡r❛❧✱ r ≤ 10%✳

✷✳✷✳✸✳✺ ❆tr❛s♦ t♦t❛❧ ♣♦♥❞❡r❛❞♦ ✭
∑

wjLj✮

❙♦♠❛ ❞♦s ❛tr❛s♦s ✭❝♦♥❢♦r♠❡ ❞❡✜♥✐❞♦ ♥❛ s❡çã♦ ✷✳✷✳✸✳✷✮ ♣♦♥❞❡r❛❞♦✳

✷✳✷✳✸✳✻ ❚♦t❛❧ ❞❡ t❛r❡❢❛s ❛tr❛s❛❞❛s ♣♦♥❞❡r❛❞❛ ✭
∑

wjUj✮

❙❡ ❞❡✜♥✐r♠♦s Uj = 1 s❡ ❛ t❛r❡❢❛ j ❡stá ❛tr❛s❛❞❛✱ ❡ ✵ ❝❛s♦ ❝♦♥trár✐♦✱ ❞❡✜♥✐♠♦s ♦
♦❜❥❡t✐✈♦ ❞❡st❡ ♣r♦❜❧❡♠❛ ❝♦♠♦ ❛ ♠✐♥✐♠✐③❛çã♦ ❞♦ t♦t❛❧ ❞❡ ❛tr❛s♦s ♣♦♥❞❡r❛❞♦s ✭✉♠
❛tr❛s♦ ♣♦❞❡ s❡r ♠❛✐s ♦✉ ♠❡♥♦s ✐♠♣♦rt❛♥t❡ q✉❡ ♦✉tr♦✮✳



❈❛♣ít✉❧♦ ✸

❉❡✜♥✐çã♦ ❞♦ ♣r♦❜❧❡♠❛

✸✳✶ ■♥tr♦❞✉çã♦

❖ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s ❞❛ ❡♠♣r❡s❛ ❊♠♣❧❛st✐❝✱ ❡st✉❞❛❞♦
♥❡st❡ tr❛❜❛❧❤♦✱ ❝♦♥s✐st❡ ❡♠ ❞❡✜♥✐r ❛ ♣r♦❣r❛♠❛çã♦ ❞❛ ♣r♦❞✉çã♦ ✭♣♦r t✉r♥♦s✮ ❞❛s
♠áq✉✐♥❛s ❞✐s♣♦♥í✈❡✐s ❞✉r❛♥t❡ ✉♠ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✱ t✐♣✐❝❛♠❡♥t❡ ❞❡ ✶
♠ês✳

❆ ❢á❜r✐❝❛ ❡♠ q✉❡stã♦ é ❡s♣❡❝✐❛❧✐③❛❞❛ ♥❛ ❢❛❜r✐❝❛çã♦ ❞❡ ❢r❛s❝♦s ❡ t❛♠♣❛s ♣❧ás✲
t✐❝❛s✳ ❆ ❢á❜r✐❝❛ t❛♠❜é♠ ♣♦ss✉✐ ✉♠❛ s❡çã♦ ♣❛r❛ ❛ ✐♠♣r❡ssã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s
❞✐r❡t❛♠❡♥t❡ ♥♦s ❢r❛s❝♦s✳ ❖s ♣r✐♥❝✐♣❛✐s ❝❧✐❡♥t❡s ❞❛ ❡♠♣r❡s❛ sã♦ ❞♦s s❡t♦r❡s ❢❛r♠❛✲
❝ê✉t✐❝♦s✱ ✈❡t❡r✐♥ár✐♦s ❡ ❝♦s♠ét✐❝♦s ✭✈✐❞❡ ❲❡❜ ❬✷✵✶✵❪ ♣❛r❛ ♠❛✐♦r❡s ✐♥❢♦r♠❛çõ❡s✮✳

P❛r❛ ❛ ♣r♦❞✉çã♦ ❞❡ ❢r❛s❝♦s✱ ❡①✐st❡♠ ❞♦✐s ♣r♦❝❡ss♦s ❞✐❢❡r❡♥t❡s✿ ♣♦r ✐♥❥❡çã♦ ♦✉
♣♦r s♦♣r♦✳

◆♦ ♣r♦❝❡ss♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ♣♦r ✐♥❥❡çã♦✱ ♦s ♣❡q✉❡♥♦s ❣râ♥✉❧♦s ❞❡ ♣❧ást✐❝♦s sã♦
❞❡rr❡t✐❞♦s ✭♦✉ ♣❧❛st✐✜❝❛❞♦s✮ ❡♠ ✉♠ ❝✐❧✐♥❞r♦ ✐♥t❡r♥♦ ❞❛ ♠áq✉✐♥❛ ✐♥❥❡t♦r❛ ❛tr❛✈és
❞❡ r❡s✐stê♥❝✐❛s✳ P❛r❛ ❛ ❢♦r♠❛çã♦ ❞♦ ❢r❛s❝♦ ♦✉ t❛♠♣❛✱ ✉♠ ❜✐❝♦ ❞❡ ✐♥❥❡çã♦ ♣r❡✲
❡♥❝❤❡ ♦ ♠♦❧❞❡✱ ❛♣❧✐❝❛♥❞♦ ♣r❡ssã♦ ♣❛r❛ q✉❡ ❛ ❢♦r♠❛ ♥ã♦ s❡❥❛ ❞✐st♦r❝✐❞❛✳ ❆♣ós ♦
r❡s❢r✐❛♠❡♥t♦✱ ♦ ♣r♦❞✉t♦ é ❧✐❜❡r❛❞♦ ❞♦ ♠♦❧❞❡ ❡ ❡stá ♣r♦♥t♦ ♣❛r❛ ✉t✐❧✐③❛çã♦✳

❏á ♥♦ ♣r♦❝❡ss♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ♣♦r s♦♣r♦✱ ♦ ♣❧❛st✐❝♦ ❞❡rr❡t✐❞♦ é ❢✉♥❞✐❞♦ ♥❛
❢♦r♠❛ ❞❡ ❝✐❧✐♥❞r♦ q✉❡ é ❡♥❝❛✐①❛❞♦ ❡♠ ✉♠ ♠♦❧❞❡✳ ❊♠ s❡❣✉✐❞❛✱ ❛r é ✐♥❥❡t❛❞♦
❡♠ ✉♠ ❞♦s ❧❛❞♦s ❞♦ ❝✐❧✐♥❞r♦✱ ♥✉♠ ♣r♦❝❡ss♦ ♣❛r❛ ✐♥✢❛r ♦ ❝✐❧✐♥❞r♦ ❡ ♣r❡❡♥❝❤❡r
❝♦♠♣❧❡t❛♠❡♥t❡ ♦ ♠♦❧❞❡✳ ❖ t✉❜♦ é r❡s❢r✐❛❞♦ ❡ ♦ ❢r❛s❝♦ r❡t✐r❛❞♦ ❞♦ ♠♦❧❞❡✳

➱ ♣♦ssí✈❡❧ ❡♥❝♦♥tr❛r ✉♠ ❞❡t❛❧❤❛♠❡♥t♦ ♠❛✐s ♣r❡❝✐s♦ ❞♦ ♣r♦❝❡ss♦ ❡♠ ❘♦s❛t♦
❡t ❛❧✳ ❬✷✵✵✵❪✳

❖ ♣r♦❝❡ss♦ ❞❡ ✐♠♣r❡ssã♦ ♥♦s ❢r❛s❝♦s s❡ ❞á ♣♦r s❡r✐❣r❛✜❛ ♦✉ s✐❧❦✲s❝r❡❡♥✳ ❊st❡

✶✺



✸✳✶ ■♥tr♦❞✉çã♦ ✶✻

❋✐❣✉r❛ ✸✳✶✿ ❋r❛s❝♦s ♣r♦❞✉③✐❞♦s ♣❡❧❛ ❊♠♣❧❛st✐❝



✸✳✶ ■♥tr♦❞✉çã♦ ✶✼

❋✐❣✉r❛ ✸✳✷✿ ▼♦❧❞❡ ✉t✐❧✐③❛❞♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ s♦♣r♦



✸✳✶ ■♥tr♦❞✉çã♦ ✶✽

❋✐❣✉r❛ ✸✳✸✿ Pr♦❝❡ss♦ ❞❡ s♦♣r♦



✸✳✶ ■♥tr♦❞✉çã♦ ✶✾

❋✐❣✉r❛ ✸✳✹✿ Pr♦❝❡ss♦ ❞❡ s❡r✐❣r❛✜❛

♣r♦❝❡ss♦ ❝♦♥s✐st❡ ♥❛ ❣r❛✈❛çã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ✈❛③❛♥❞♦ t✐♥t❛ s♦❜r❡ ✉♠❛ t❡❧❛ ❡
♣r❡ss✐♦♥❛♥❞♦✲❛ ❛tr❛✈és ❞❡ ✉♠ r♦❞♦ ♦✉ ♣✉①❛❞♦r✳

❊①✐st❡ ✉♠❛ ❣r❛♥❞❡ ✈❛r✐❡❞❛❞❡ ❞❡ ♣r♦❞✉t♦s ♥♦ ♣♦rt❢ó❧✐♦ ❞❡ ♣r♦❞✉çã♦ ❞❛ ❡♠✲
♣r❡s❛✳ ❆s ✈❛r✐❛çõ❡s sã♦ ♦❜s❡r✈❛❞❛s ❞❡s❞❡ ❛ ♠❛tér✐❛✲♣r✐♠❛ ✭✉t✐❧✐③❛♥❞♦ ✉♠ ♦✉
♠❛✐s ♠❛t❡r✐❛✐s✮✱ ♠♦❧❞❡ ✭❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ✈❛r✐❛♥❞♦ ❡♥tr❡ ✸✵♠❧ ❛té ✶ ❧✐tr♦✱ ❛❧é♠ ❞❡
✈❛r✐❛❞♦s ❢♦r♠❛t♦s✮ ❡ ♥♦ ♣r♦❝❡ss♦ ❞❡ ✐♠♣r❡ssã♦ ✭❛❧é♠ ❞❡ ✐♥❢♦r♠❛çõ❡s ♣❡rs♦♥❛❧✐✲
③❛❞❛s✱ ♦s ❢r❛s❝♦s ♣♦❞❡♠ r❡❝❡❜❡r ♠❛✐s ❞❡ ✉♠❛ ❝♦r ♥❛ ✐♠♣r❡ssã♦✮✳ ❆✐♥❞❛ ❛ss✐♠✱
❛❧❣✉♥s ♣r♦❞✉t♦s ✜♥❛✐s ❝♦♠♣❛rt✐❧❤❛♠ ♦ ♠❡s♠♦ ❢r❛s❝♦✱ ♦ q✉❡ ✐♥❞✉③ ♦ ♣r♦❝❡ss♦ ❞❡
♣❧❛♥❡❥❛♠❡♥t♦ ❞❛ ♣r♦❞✉çã♦ ❛ s❡r ❞✐✈✐❞✐❞❛ ❡♥tr❡ ♦s ❞♦✐s s❡t♦r❡s✿ s♦♣r♦✴✐♥❥❡çã♦ ❡
s❡r✐❣r❛✜❛✳

❉✐✈❡rs❛s r❡str✐çõ❡s ♦♣❡r❛❝✐♦♥❛✐s ❞❡✈❡♠ s❡r ❧❡✈❛❞❛s ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♣❛r❛ q✉❡
❛ ♣r♦❣r❛♠❛çã♦ ❞❛s ♠áq✉✐♥❛s ♣♦ss❛ s❡r ❛♣❧✐❝❛❞❛ ♥❛ ♣rát✐❝❛✳



✸✳✷ ❈♦♥❞✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛ ✷✵

✸✳✷ ❈♦♥❞✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛

❊♠ ❝❛s♦s ♣rát✐❝♦s✱ ♥ã♦ é ❢á❝✐❧ ❡♥❝♦♥tr❛r ♥❛ ❧✐t❡r❛t✉r❛ ♠♦❞❡❧♦s ❡✴♦✉ ❤❡✉ríst✐❝❛s✱
q✉❡ ♣♦ss❛♠ s❡r ❛♣❧✐❝❛❞♦s ❛♦ ♣r♦❜❧❡♠❛✱ ❞❡✈✐❞♦ ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦ ❞❡
♣❧❛♥❡❥❛♠❡♥t♦ ❡ ♣r♦❞✉çã♦ ❞❛s ❢á❜r✐❝❛s✳ ◆❡st❡s ❝❛s♦s✱ é ♣r❡❢❡rí✈❡❧ ✉♠❛ ❛❜♦r❞❛❣❡♠
q✉❡ ❡♥✈♦❧✈❡ ❛ ♣❡rs♦♥❛❧✐③❛çã♦ ❞❡ ♠♦❞❡❧♦s ❡✴♦✉ ❤❡✉ríst✐❝❛s✳

❆s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❛ ♣r♦❞✉çã♦ ❞❛ ❢á❜r✐❝❛ ❡♠
q✉❡stã♦ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ❛ s❡❣✉✐r✳

✸✳✷✳✶ ❉❛t❛ ❞❡ ✐♥í❝✐♦ ❞❡ ♣r♦❞✉çã♦

❈❡rt❛s ♠áq✉✐♥❛s ❡✴♦✉ t❛r❡❢❛s ♣♦❞❡♠ s❡r ✐♠♣♦ss✐❜✐❧✐t❛❞❛s ❞❡ ✉s♦ ❞❡s❞❡ ♦ ✐♥í❝✐♦
❞♦ ❤♦r✐③♦♥t❡✱ ❝❛r❛❝t❡r✐③❛♥❞♦ ❛ss✐♠ ✉♠❛ ❞❛t❛ ❞❡ ✐♥í❝✐♦ ❞❡ ♣r♦❞✉çã♦ ♠í♥✐♠♦ q✉❡
❞❡✈❡ s❡r r❡s♣❡✐t❛❞♦ ♣❡❧❛ ♣r♦❣r❛♠❛çã♦ ❞❛ ♣r♦❞✉çã♦✳

✸✳✷✳✷ ❉❛t❛ ❞❡ ❡♥tr❡❣❛ ❞♦ ♣r♦❞✉t♦

❆ ❝❛rt❡✐r❛ ❞❡ ♣❡❞✐❞♦s ❞❛ ❡♠♣r❡s❛ ♣r❡✈ê ❞❛t❛s ❞❡ ❡♥tr❡❣❛ ✈❛r✐❛❞❛s✱ ❝♦♥❢♦r♠❡
♣r♦❞✉t♦✳ ➱ ♥❡❝❡ssár✐♦✱ ♣♦rt❛♥t♦✱ q✉❡ ♦ ♠♦❞❡❧♦ ❝♦♥s✐❞❡r❡ ❡st❛ ❞❛t❛ ❞❡ ❡♥tr❡❣❛ ❛
✜♠ ❞❡ ❡✈✐t❛r ❛tr❛s♦s ❡ ♣♦ssí✈❡✐s ♠✉❧t❛s✳

✸✳✷✳✸ ❉❡♠❛♥❞❛ ♣♦r ♣r♦❞✉t♦s ❞❡ s❡t♦r❡s ✈❛r✐❛❞♦s

❖s ♣❡❞✐❞♦s ❞❡ ❝♦♠♣r❛ ♣❛r❛ ❛ ❡♠♣r❡s❛ ♣♦❞❡♠ ❡♥✈♦❧✈❡r ♣r♦❞✉t♦s ❝♦♠ ♦✉ s❡♠ ❛
✐♠♣r❡ssã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ♥♦ ❢r❛s❝♦✳ ❆ ♣r♦❣r❛♠❛çã♦ ❞❛ ♣r♦❞✉çã♦ ❞❡✈❡ ♣r❡✈❡r ❛
♣r♦❞✉çã♦ ❞❡ ❢r❛s❝♦s s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉t✐❧✐③❛r ♦ s❡t♦r ❞❡ s❡r✐❣r❛✜❛✳

✸✳✷✳✹ ❊st♦q✉❡ ✐♥✐❝✐❛❧

❆ ♣r♦❞✉çã♦ ❞❛ ❢á❜r✐❝❛ é ❝♦♥tí♥✉❛ ❡✱ ♣♦rt❛♥t♦✱ ❛ ♣r♦❣r❛♠❛çã♦ ♣r♦❞✉çã♦ ❞❡✈❡
❝♦♥s✐❞❡r❛r ♦ ❡st♦q✉❡ ✐♥✐❝✐❛❧ ❞✐s♣♦♥í✈❡❧ ♥♦ ✐♥í❝✐♦ ❞♦ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✳
❈♦♠♦ ❛❧❣✉♥s ♣❡❞✐❞♦s ❡♥✈♦❧✈❡♠ ♦s ❞♦✐s s❡t♦r❡s ❞❡ ♣r♦❞✉çã♦✱ ❡st❡ ❡st♦q✉❡ ♣♦❞❡
❡♥✈♦❧✈❡r ✉♠ ♣r♦❞✉t♦ ✐♥t❡r♠❡❞✐ár✐♦✱ ❝♦♠♦ ✉♠ ❢r❛s❝♦ s❡♠ ✐♠♣r❡ssã♦✳

✸✳✷✳✺ Pr♦❞✉çã♦ ✐♥✐♥t❡rr✉♣t❛

❉❡✈✐❞♦ ❛♦ ♣r♦❝❡ss♦ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✱ ❤♦r✐③♦♥t❡ r❡❞✉③✐❞♦ ❡ t❡♠♣♦s ❞❡ s❡t✉♣ ❡❧❡✈❛✲
❞♦s✱ ❛ ♣r♦❣r❛♠❛çã♦ ♣r♦❞✉çã♦ ❞❡✈❡ ❝♦♥s✐❞❡r❛r q✉❡ ❛ ♣r♦❞✉çã♦ ❞❡ t❛r❡❢❛s ❡♠ ♠á✲



✸✳✷ ❈♦♥❞✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛ ✷✶

q✉✐♥❛s ❞❡✈❡ ❛❝♦♥t❡❝❡r s❡♠ ✐♥t❡rr✉♣çã♦ ❡ q✉❡✱ ♣♦rt❛♥t♦✱ ✉♠ ♣❛r t❛r❡❢❛✲♠áq✉✐♥❛
só ❞❡✈❡ t❡r ✐♥í❝✐♦ ❡ ✜♠ ✉♠❛ ✈❡③ ❛♦ ❧♦♥❣♦ ❞♦ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✳

✸✳✷✳✻ Pr♦❞✉çã♦ ♠✉❧t✐✲♠áq✉✐♥❛s

❆ ♣r♦❞✉çã♦ ❞❡ ❛❧❣✉♠❛s t❛r❡❢❛s ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ❡♠ ♠❛✐s ❞❡ ✉♠❛ ♠áq✉✐♥❛✱
❞❡s❞❡ q✉❡ s❡ r❡s♣❡✐t❡ ❛ ♣r♦❞✉çã♦ ✐♥✐♥t❡rr✉♣t❛ ❡♠ ❝❛❞❛ ✉♠❛✳

✸✳✷✳✼ ❚❡♠♣♦ ❞❡ s❡t✉♣

❆❧❣✉♥s ♣❛r❡s ❞❡ t❛r❡❢❛s✱ s❡ r❡❛❧✐③❛❞♦s ❡♠ s❡q✉ê♥❝✐❛ ♥✉♠❛ ♠❡s♠❛ ♠áq✉✐♥❛✱ ♣♦s✲
s✉❡♠ t❡♠♣♦ ❞❡ s❡t✉♣✳ ■st♦ s❡ ❞á ❞❡✈✐❞♦ ❛ ♣♦ssí✈❡✐s tr♦❝❛s ❞❡ ❢❡rr❛♠❡♥t❛s✱ ♠♦❧❞❡s✱
♠❛t❡r✐❛✐s✱ t❡❧❛s ❞❡ ✐♠♣r❡ssã♦✱ ❡ ♦✉tr♦s✳ ❖ t❡♠♣♦ ❞❡ s❡t✉♣ ♣❛r❛ ❝❛❞❛ ♣❛r ❞❡ t❛r❡❢❛s
é ❝♦♥❤❡❝✐❞♦ ❛ ♣r✐♦r✐✳

✸✳✷✳✽ ❘❡❝✉rs♦ ❧✐♠✐t❛❞♦✿ ❢✉♥❝✐♦♥ár✐♦s

❈❛❞❛ s❡t♦r ♣♦ss✉✐ ✉♠ ♥ú♠❡r♦ ❧✐♠✐t❛❞♦ ❞❡ ❢✉♥❝✐♦♥ár✐♦s ❞✐s♣♦♥í✈❡✐s ♣♦r t✉r♥♦✳
P❛r❛ ❛ ♦♣❡r❛çã♦ ❞❛s ♠áq✉✐♥❛s é ♥❡❝❡ssár✐♦ ❛ ❛❧♦❝❛çã♦ ❞❡ ✉♠ ♥ú♠❡r♦ ✈❛r✐❛❞♦ ❞❡
❢✉♥❝✐♦♥ár✐♦s ❝♦♥❢♦r♠❡ ❛ t❛r❡❢❛ ❛ s❡r r❡❛❧✐③❛❞❛✳ P❛r❛ q✉❡ ❛ ♣r♦❣r❛♠❛çã♦ ♣r♦❞✉çã♦
t❡♥❤❛ ❛❞❡rê♥❝✐❛ ❝♦♠ ❛ ❡①❡❝✉çã♦✱ ❛s ♠áq✉✐♥❛s ❡♠ ♦♣❡r❛çã♦ ❛ ❝❛❞❛ t✉r♥♦ ♥ã♦
❞❡✈❡♠ ❡①✐❣✐r ✉♠ ♥ú♠❡r♦ ❞❡ ❢✉♥❝✐♦♥ár✐♦s ✐♥✈✐á✈❡❧✱ ❞❛❞♦ ❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✳

✸✳✷✳✾ ❘❡❝✉rs♦ ❧✐♠✐t❛❞♦✿ ♠❛t❡r✐❛✐s

❆ ❛❧✐♠❡♥t❛çã♦ ❞❛s ♠áq✉✐♥❛s ❞❡ s♦♣r♦✴✐♥❥❡çã♦ ❞❡ ♣♦❧✐❡t✐❧❡♥♦ ❡ ♣♦❧✐✲♣r♦♣❡♥♦ ✭♣❡✲
q✉❡♥♦s ❣râ♥✉❧♦s ❞❡ ♣❧ást✐❝♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛ ♣r♦❞✉çã♦ ❞♦s ❢r❛s❝♦s ❡ t❛♠♣❛s✮ é
❢❡✐t❛ ❞❡ ♠❛♥❡✐r❛ ❛✉t♦♠át✐❝❛✱ ❛tr❛✈és ❞❡ ✉♠ s✐st❡♠❛ ❞❡ t✉❜♦s ❡ ❜♦♠❜❛s ❞❡ s✉❝✲
çã♦✳ ❈❛❞❛ t❛r❡❢❛ ❞♦ s❡t♦r ❡①✐❣❡ ✉♠ ♦✉ ♠❛✐s ♠❛t❡r✐❛✐s✳ ◆♦ ❡♥t❛♥t♦✱ ♦ s✐st❡♠❛ ❞❡
❛❧✐♠❡♥t❛çã♦ ♣♦ss✉✐ ✉♠❛ ❧✐♠✐t❛çã♦ q✉❛♥t♦ ❛♦ ♥ú♠❡r♦ ❞❡ ♠❛t❡r✐❛✐s ❛❧✐♠❡♥t❛❞♦s ❛
❝❛❞❛ t✉r♥♦✳

P❛r❛ ♦ s❡t♦r ❞❡ s❡r✐❣r❛✜❛✱ ❡①✐st❡♠ ❢❡rr❛♠❡♥t❛s ❡ ♠❛t❡r✐❛✐s q✉❡ t❛♠❜é♠ ♣♦❞❡♠
s❡r r❡❝✉rs♦s ❡s❝❛ss♦s ❡ ❞❡✈❡♠ s❡r ❝♦♥s✐❞❡r❛❞♦s ♥❛ ♣r♦❣r❛♠❛çã♦ ♣r♦❞✉çã♦✳

✸✳✷✳✶✵ ❊t❛♣❛s ❞❡ ♣r♦❞✉çã♦

P❡❞✐❞♦s ❞❡ ♣r♦❞✉t♦s q✉❡ ❡①✐❣❡♠ ❛ ✐♠♣r❡ssã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ♥♦s ❢r❛s❝♦s ❣❡r❛♠
❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ t❛r❡❢❛s ❡♠ ❛♠❜♦s ♦s s❡t♦r❡s ❞❡ ♣r♦❞✉çã♦✿ s♦♣r♦✴✐♥❥❡çã♦ ✭♣❛r❛



✸✳✸ ❈❧❛ss✐✜❝❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ ✷✷

❛ ♣r♦❞✉çã♦ ❞♦ ❢r❛s❝♦✮ ❡ s❡r✐❣r❛✜❛ ✭✐♠♣r❡ssã♦✮✳ ❉❡st❛ ♠❛♥❡✐r❛✱ é ♥❡❝❡ssár✐♦ q✉❡
❛ ♣r♦❣r❛♠❛çã♦ ♣r♦❞✉çã♦ ❝♦♥s✐❞❡r❡ ❛ ♦r❞❡♠ ❞❡st❛s t❛r❡❢❛s ❡ ❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡
❞❡ ❡st♦q✉❡ ❛ ❝❛❞❛ t✉r♥♦ ♣❛r❛ ♦ s❡t♦r ❞❡ s❡r✐❣r❛✜❛✱ ❝❛s♦ ❝♦♥trár✐♦✱ ❛ t❛r❡❢❛ ❞❡
s❡r✐❣r❛✜❛ ♥ã♦ s❡rá r❡❛❧✐③á✈❡❧ ♥❛ ♣rát✐❝❛✳

❆❧❣✉♥s ♣r♦❞✉t♦s ❡①✐❣❡♠ ❞✉❛s t❛r❡❢❛s ❞❡ s❡r✐❣r❛✜❛ ✭❝❛s♦s ❡♠ q✉❡ ♠❛✐s ❞❡
✉♠❛ ❝♦r é ✐♠♣r❡ss❛ ♥♦ ❢r❛s❝♦✮✳ ◆❡st❡s ❝❛s♦s✱ t❛♠❜é♠ é ♥❡❝❡ssár✐♦ ❝♦♥s✐❞❡r❛r ❛
♦r❞❡♠ ❡ ♦ ❡st♦q✉❡ ❞✐s♣♦♥í✈❡❧ ♥♦ ✐♥í❝✐♦ ❞❡ ❝❛❞❛ t✉r♥♦ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❛s t❛r❡❢❛s
❞❡♣❡♥❞❡♥t❡s✳

✸✳✷✳✶✶ ❚✉r♥♦s ❞❡ ♣r♦❞✉çã♦ ✈❛r✐❛❞♦s

❉❡✈✐❞♦ à ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❞✉çã♦ ♠❛✐s ❡❧❡✈❛❞❛ ❞♦ s❡t♦r ❞❡ s❡r✐❣r❛✜❛✱ ❛ ❢á❜r✐❝❛
♦♣❡r❛ ❝♦♠ t✉r♥♦s ❞✐❢❡r❡♥t❡s ❡♠ ❝❛❞❛ ✉♠ ❞♦s s❡t♦r❡s✳ ❚✐♣✐❝❛♠❡♥t❡✱ ♦ s❡t♦r ❞❡
s♦♣r♦✴✐♥❥❡çã♦ ♦♣❡r❛ ✷✹❤s ❡♠ ✸ t✉r♥♦s ❞✉r❛♥t❡ ❛ s❡♠❛♥❛ ❡ ❡♠ ♠❛✐s ✉♠ t✉r♥♦
♥♦ sá❜❛❞♦✱ ❡♥q✉❛♥t♦ q✉❡ ♦ s❡t♦r ❞❡ s❡r✐❣r❛✜❛ ❢✉♥❝✐♦♥❛ ✽❤s ♣♦r ❞✐❛ ✭✶ t✉r♥♦✮
❛♦ ❧♦♥❣♦ ❞❛ s❡♠❛♥❛✳ ❉❡✈✐❞♦ ❛ ❡st❛s ❞✐❢❡r❡♥ç❛s✱ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡✈❡ ❝♦♥s✐❞❡r❛r
❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ t✉r♥♦s ❡ ❤♦r❛s ❞✐❢❡r❡♥t❡s ♣❛r❛ ❝❛❞❛ s❡t♦r✳

✸✳✷✳✶✷ P♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❤♦r❛ ❡①tr❛

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

✸✳✷✳✶✸ ❚❛r❡❢❛s ♣r❡❞❡❝❡ss♦r❛s ❝♦♠♣❛rt✐❧❤❛❞❛s

❆❧❣✉♥s ♣r♦❞✉t♦s ✉s❛♠ ♦ ♠❡s♠♦ ❢r❛s❝♦ ♣❧ást✐❝♦✱ ❞✐❢❡r✐♥❞♦ ❛♣❡♥❛s ♥❛ ✐♠♣r❡ssã♦
✜♥❛❧✳ ❉❡st❛ ♠❛♥❡✐r❛✱ ❛ ♣r♦❞✉çã♦ ❞❡ ❢r❛s❝♦s ❞❡✈❡ ❝♦♥s✐❞❡r❛r ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡
✉s♦ ♣♦r ♠❛✐s ❞❡ ✉♠ ♣r♦❞✉t♦ ❛❝❛❜❛❞♦✳

✸✳✸ ❈❧❛ss✐✜❝❛♥❞♦ ♦ ♣r♦❜❧❡♠❛

❖ ♣r♦❜❧❡♠❛ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ♣r♦❞✉çã♦ ❞❛ ❊♠♣❧❛st✐❝ ♥ã♦ ♣♦❞❡ s❡r ❝❧❛ss✐✜❝❛❞♦
❡♠ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞❡ tr✐♣❧❛s ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥❛ s❡çã♦ ✷✳ ▼❡s♠♦ ❛ss✐♠✱ ♦
♣r♦❜❧❡♠❛ ❝♦♠♣❛rt✐❧❤❛ ❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ✐♥❝❧✉s❛s ♥❛ ❝❧❛ss✐✜❝❛çã♦ ❡st❡♥❞✐❞❛
❞❡ P✐♥❡❞♦ ❬✶✾✾✺❪✳



✸✳✸ ❈❧❛ss✐✜❝❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ ✷✸

✸✳✸✳✶ ❆♠❜✐❡♥t❡ ❞❡ ♠áq✉✐♥❛s

◆♦ ♣r♦❜❧❡♠❛ ❛♣r❡s❡♥t❛❞♦✱ ♦ ❛♠❜✐❡♥t❡ ❞❡ ♠áq✉✐♥❛s ✉s❛❞♦ s❡ ❛ss❡♠❡❧❤❛ ❛♦ ✢❡①✐❜❧❡
❥♦❜ s❤♦♣ ✭✷✳✷✳✶✳✾✮✱ ❝♦♠ ♠áq✉✐♥❛s ♥ã♦ r❡❧❛❝✐♦♥❛❞❛s ✭✷✳✷✳✶✳✹✮✳ P❛r❛ ❛ ♣r♦❞✉çã♦
❞♦s ♣r♦❞✉t♦s ✜♥❛✐s✱ ❛s t❛r❡❢❛s ❞❡✈❡♠ ♣❛ss❛r ♣♦r ✉♠❛ ♦✉ ❛♠❜❛s ❛s s❡çõ❡s ❞❛
❢á❜r✐❝❛✳ ◆♦ ❡♥t❛♥t♦✱ ❝❛r❛❝t❡ríst✐❝❛s ❝♦♠♦ ❛ ♣r♦❞✉çã♦ ❡♠ ♠✉❧t✐✲♠áq✉✐♥❛s ❡ ❛
♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❤♦r❛s ❡①tr❛✱ t♦r♥❛♠ ♦ ❛♠❜✐❡♥t❡ ❞❡ ♠áq✉✐♥❛s ♠❛✐s ❝♦♠♣❧❡①♦ q✉❡
❛s ❝❧❛ss✐✜❝❛çõ❡s ❞✐s♣♦♥í✈❡✐s✳

✸✳✸✳✷ ❈❛r❛❝t❡ríst✐❝❛s ❞❡ Pr♦❞✉çã♦

❆ ♠❛✐♦r ♣❛rt❡ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ♣r♦❞✉çã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ s❡çã♦ ✷✳✷✳✷✱ sã♦
✉s❛❞❛s ♥♦ ♣r♦❜❧❡♠❛✿ ❞❛t❛ ❞❡ ✐♥í❝✐♦ ❞❡ ♣r♦❞✉çã♦ ✭rj✱ ✷✳✷✳✷✳✶✮✱ t❡♠♣♦ ❞❡ s❡t✉♣ ❡♥tr❡
t❛r❡❢❛s ✭sj1,j2 ✱ ✷✳✷✳✷✳✷✮✱ ♣r❡❡♠♣t✐✈✐❞❛❞❡ ✭prmp✱ ✷✳✷✳✷✳✸✮ ♣♦ré♠ s❡♠ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡
❞❡ ❝♦♥t✐♥✉❛çã♦ ❞❛ ♣r♦❞✉çã♦ ♥❛ ♠❡s♠❛ ♠áq✉✐♥❛✱ r❡str✐çõ❡s ❞❡ ♣r❡❝❡❞ê♥❝✐❛ ✭prec✱
✷✳✷✳✷✳✹✮✱ q✉❡❜r❛ ❞❡ ♠áq✉✐♥❛ ✭brkdwn✱ ✷✳✷✳✷✳✺✮ ❛tr❛✈és ❞❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ③❡r♦ ❞❡
✉♠❛ ♠áq✉✐♥❛ ♥✉♠ t✉r♥♦✱ r❡str✐çõ❡s ♠áq✉✐♥❛✲t❛r❡❢❛ ✭Mj✱ ✷✳✷✳✷✳✻✮✱ r❡❝✐r❝✉❧❛çã♦
✭recrc✱ ✷✳✷✳✷✳✶✵✮ ❛tr❛✈és ❞❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❞✉❛s t❛r❡❢❛s ❞❡ ♣r♦❞✉çã♦ ❞❡ ✉♠
♣r♦❞✉t♦ ✜♥❛❧ s❡r❡♠ ❞❡ ✉♠ ♠❡s♠♦ s❡t♦r ❡ t♦♦❧✐♥❣ ✭tool✱ ✷✳✷✳✷✳✶✶✮ ♣❡❧❛s ❧✐♠✐t❛çõ❡s
❞❡ ✉s♦ ❞❡ ♠❛t❡r✐❛✐s ❡ ❢✉♥❝✐♦♥ár✐♦s✳

◆♦ ❡♥t❛♥t♦✱ ❝❛r❛❝t❡ríst✐❝❛s ♣ró♣r✐❛s ❞♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❡ ♣r♦❞✉çã♦ ❞❛ ❊♠♣❧❛st✐❝
✐♠♣❡❞❡♠ ❛ ❝❧❛ss✐✜❝❛çã♦ ❝♦♠♣❧❡t❛ ❞♦ s❡✉ ♣r♦❝❡ss♦ ♣r♦❞✉t✐✈♦✳ ❯♠ ❡①❡♠♣❧♦ é ❛
♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♣r♦❞✉③✐r✲s❡ ❡♠ ✉♠ ú♥✐❝♦ t✉r♥♦✱ ❡♠❜❛❧❛❣❡♥s ♣❛r❛ ❞♦✐s ♣r♦❞✉t♦s
q✉❡ ♣❛ss❛rã♦ ♣♦r ❞✐❢❡r❡♥t❡s ♣r♦❝❡ss♦s ❞❡ s❡r✐❣r❛✜❛ ♣❛r❛ s❡r❡♠ t❡r♠✐♥❛❞♦s✳

✸✳✸✳✸ ❖❜❥❡t✐✈♦

❖ ♦❜❥❡t✐✈♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❛ ❊♠♣❧❛st✐❝ é r❡❛❧✐③❛r ❛ ♣r♦❣r❛♠❛çã♦ ❞❛ ♣r♦❞✉çã♦ ❝♦♠
♦ ♠❡♥♦r t❡♠♣♦ t♦t❛❧ ❞❡ tér♠✐♥♦ ❞❡ t♦❞❛s ❛s t❛r❡❢❛✱ s❡ ❡♥q✉❛❞r❛♥❞♦ ♥♦ ♦❜❥❡t✐✈♦
❞❡ t❡♠♣♦ t♦t❛❧ ❞❡ tér♠✐♥♦ ♣♦♥❞❡r❛❞♦ ✭

∑

wjCj✱ ✷✳✷✳✸✳✸✮✱ ♣♦ré♠ ❝♦♠ ♣r✐♦r✐③❛çã♦
✐❣✉❛❧ ♣❛r❛ t♦❞❛s ❛s t❛r❡❢❛s✳

❉❡✈✐❞♦ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♣r♦❜❧❡♠❛✱ ❞✉❛s r❡str✐çõ❡s ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s s♦❢t
❝♦♥str❛✐♥ts✿ ❤♦r❛ ❡①tr❛ ❡ ❛tr❛s♦ ❞❡ ❡♥tr❡❣❛ ❞❡ ♣r♦❞✉t♦✳ ❈♦♠ ✐st♦✱ t❡♠♦s ❞♦✐s
♥♦✈♦s ♦❜❥❡t✐✈♦s q✉❡ ❝♦♥s✐st❡♠ ♥❛ ♠❡♥♦r ✈✐♦❧❛çã♦ ♣♦ssí✈❡❧ ❞❡st❛s r❡str✐çõ❡s✳ ❖
s❡❣✉♥❞♦ ♦❜❥❡t✐✈♦ s❡ ❛ss❡♠❡❧❤❛ ❛♦ ❞❡ ♠❡♥♦r ❛tr❛s♦ ✭Lmax✱ ✷✳✷✳✸✳✷✮✱ ❡♥q✉❛♥t♦ q✉❡
♦ ♣r✐♠❡✐r♦ ♥ã♦ ❡stá ♣r❡✈✐st♦ ♥❛ ❝❧❛ss✐✜❝❛çã♦✳



✸✳✹ ❘❡s♦❧✉çõ❡s ♣r♦♣♦st❛s ✷✹

❋✐❣✉r❛ ✸✳✺✿ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❥♦❜ s❤♦♣ ♥❛ ❢♦r♠❛ ❞❡ ❣r❛❢♦

✸✳✹ ❘❡s♦❧✉çõ❡s ♣r♦♣♦st❛s

❈♦♥❢♦r♠❡ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ♥❛ s❡çã♦ ✸✳✸✱ ♥ã♦ é ♣♦ssí✈❡❧ ❛❞❡q✉❛r ♦ ♣r♦❜❧❡♠❛ às
❝❧❛ss✐✜❝❛çõ❡s ♣r♦♣♦st❛s ♣❡❧❛ ❧✐t❡r❛t✉r❛✳ ◆♦ ❡♥t❛♥t♦✱ ❡①✐st❡♠ ❞✐✈❡rs❛s ❛❜♦r❞❛❣❡♥s
♣❛r❛ ❝♦♥✜❣✉r❛çõ❡s ❞❡ ♣r♦❜❧❡♠❛s q✉❡ ❛♣r❡s❡♥t❛♠ s❡♠❡❧❤❛♥ç❛s✳ ❊♠ ❆❧❧❛❤✈❡r❞✐
❡t ❛❧✳ ❬✷✵✵✽❪ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ✉♠❛ ♣❡sq✉✐s❛ ❡①t❡♥s✐✈❛ ❞❡ ❛rt✐❣♦s q✉❡ ❛❜♦r❞❛♠
✈❛r✐❛çõ❡s ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s ❝♦♠ t❡♠♣♦s ❞❡ s❡t✉♣ ♦✉
❝✉st♦s ❞❡ s❡t✉♣✳

P❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❥♦❜ s❤♦♣ ✭Jm✮✱ ♠✉✐t❛s ❛❜♦r❞❛❣❡♥s sã♦ ❛♣r❡s❡♥t❛❞❛s✳

❈❤❡✉♥❣ ❛♥❞ ❩❤♦✉ ❬✷✵✵✶❪ ♣r♦♣õ❡♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❤í❜r✐❞❛✱ ❡♥tr❡ ❛❧❣♦r✐t♠♦
❣❡♥ét✐❝♦ ❡ r❡❣r❛s ❤❡✉ríst✐❝❛s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❝♦♠ r❡str✐çõ❡s ❞❡ s❡t✉♣ ❡
♦❜❥❡t✐✈♦ ♠❛❦❡s♣❛♥ ✭Jm | sj1,j2 | Cmax✮❀

❇❛❧❧✐❝✉ ❡t ❛❧✳ ❬✷✵✵✷❪ ❛♣r❡s❡♥t❛ ✉♠ ♠♦❞❡❧♦ ❞❡ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r ✐♥t❡✐r❛ ♠✐st❛✱
q✉❡ ❢❛③ ✉s♦ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❝❧áss✐❝❛ ❞♦ ♣r♦❜❧❡♠❛ ❡♠ ✉♠ ❣r❛❢♦ ♦r✐❡♥t❛❞♦
✭❡①❡♠♣❧✐✜❝❛❞❛ ♥❛ ✜❣✉r❛ ✸✳✺✱ ♦♥❞❡ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ❡①❡♠♣❧❛r ❞♦ ♣r♦❜❧❡♠❛
❋❚✵✻✱ ♣r♦♣♦st♦ ♣♦r ❋✐s❤❡r ❛♥❞ ❚❤♦♠♣s♦♥ ❬✶✾✻✸❪✮ ❡ ✐♥❝❧✉✐♥❞♦ ♥❛ ❛❜♦r❞❛✲
❣❡♠ ❞❡ t❡♠♣♦s ❞❡ s❡t✉♣✱ r❡str✐çõ❡s ❞❡ ♣r❡❝❡❞ê♥❝✐❛ ❡ ♦❜❥❡t✐✈♦ ❞❡ ♠❛❦❡s♣❛♥
♠í♥✐♠♦ ✭Jm | sj1,j2 , prec | Cmax✮❀



✸✳✹ ❘❡s♦❧✉çõ❡s ♣r♦♣♦st❛s ✷✺

❚❛❤❛r ❡t ❛❧✳ ❬✷✵✵✺❪ ❛♣r❡s❡♥t❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❝♦♠ ✉♠❛ ❤❡✉ríst✐❝❛ ❞❡ ♦t✐♠✐③❛✲
çã♦ ❞❛ ❝♦❧ô♥✐❛ ❞❡ ❢♦r♠✐❣❛s✶ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❝♦♠ ♠áq✉✐♥❛s ❡♠ ♣❛r❛❧❡❧♦
♣❛r❛ ❛❧❣✉♠❛s ❡t❛♣❛s ❞❡ ♣r♦❞✉çã♦ ❡ r❡str✐çõ❡s ❞❡ t❡♠♣♦ ❞❡ s❡t✉♣✱ t❡♠♣♦
❞❡ ✐♥í❝✐♦ ♠í♥✐♠♦ ❡ ♣r❡❝❡❞ê♥❝✐❛ ❡ ♦❜❥❡t✐✈♦ ❞❡ ♠✐♥✐♠✐③❛r ♦ t❡♠♣♦ t♦t❛❧ ❞❡
tér♠✐♥♦ ✭Jm,Qm | sj1,j2 , rj, prec |

∑

Cj✮✳

❈❤♦✐ ❛♥❞ ❈❤♦✐ ❬✷✵✵✷❪ t❛♠❜é♠ ♣r♦♣õ❡♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❤í❜r✐❞❛✱ ❝♦♠ ♦ ✉s♦
❞❡ ✉♠ ♠♦❞❡❧♦ ❞❡ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r ✐♥t❡✐r❛ ♠✐st❛ ❡ ✉♠❛ ❜✉s❝❛ ❧♦❝❛❧✱ ❢❛✲
③❡♥❞♦ ✉s♦ ❞❡ ❛❧❣✉♠❛s ♣r♦♣r✐❡❞❛❞❡s ❡s♣❡❝í✜❝❛s ❞♦ ♣r♦❜❧❡♠❛ ♣❛r❛ ♠❡❧❤♦r❛r
♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦✳ ❊♠ s✉❛ ❛❜♦r❞❛❣❡♠✱ ❈❤♦✐ ❛♥❞ ❈❤♦✐ ❬✷✵✵✷❪
t❛♠❜é♠ ❝♦♥s✐❞❡r❛ t❛r❡❢❛s q✉❡ ♣♦ss✉❡♠ ♦♣❡r❛çõ❡s ❛❧t❡r♥❛t✐✈❛s✱ ✐♥❝❧✉✐♥❞♦
❝❛r❛❝t❡ríst✐❝❛s ❞❡ ♣r♦❜❧❡♠❛s FJs ♥♦ ♣r♦❜❧❡♠❛ ❞❡ Jm | sj1,j2 | Cmax✳

▼✉✐t❛s ❛❜♦r❞❛❣❡♥s t❛♠❜é♠ tr❛t❛♠ ❞❡ ✢❡①✐❜❧❡ ❥♦❜ s❤♦♣ s❝❤❡❞✉❧✐♥❣ ✭FJm✮✿

❈❤❡♥ ❡t ❛❧✳ ❬✶✾✾✾❪ ♣r♦♣õ❡ ✉♠ ❛❧❣♦r✐t♠♦ ❣❡♥ét✐❝♦ ♣❛r❛ r❡s♦❧✈❡r ❡st❡ ♣r♦❜❧❡♠❛
❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠✐♥✐♠✐③❛r ♦ ♠❛❦❡s♣❛♥ ✭FJs || Cmax✮✳

●❛♦ ❡t ❛❧✳ ❬✷✵✵✼❪ tr❛❜❛❧❤❛ ❝♦♠ ✉♠ ❛❧❣♦r✐t♠♦ ❤í❜r✐❞♦✱ ❡①♣❧♦r❛♥❞♦ ❛s ❝❛r❛❝t❡rís✲
t✐❝❛s ❞❡ ✏❜✉s❝❛ ❣❧♦❜❛❧✑ ❞♦ ❛❧❣♦r✐t♠♦ ❣❡♥ét✐❝♦ ❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✏❜✉s❝❛
❧♦❝❛❧✑ ❞❛ ❤❡✉ríst✐❝❛ ❜♦tt❧❡♥❡❝❦ s❤✐❢t✐♥❣✷✳ ◆❡st❡ tr❛❜❛❧❤♦ t❡♠♦s ✉♠❛ ❛❜♦r❞❛✲
❣❡♠ ♠✉❧t✐✲♦❜❥❡t✐✈♦ ✭FJs || Cmax,Wmax,WT ✮✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠✐♥✐♠✐③❛r
três ♦❜❥❡t✐✈♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡✿ ♠❛❦❡s♣❛♥ ✭Cmax✮❀ tr❛❜❛❧❤♦ t♦t❛❧ ♠á①✐♠♦
❡♠ ✉♠❛ ♠áq✉✐♥❛ ✭Wmax✮ s❡♥❞♦ q✉❡ ❡st❡ ♦❜❥❡t✐✈♦ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡✈✐t❛r
✉♠❛ s♦❜r❡❝❛r❣❛ ❡♠ ✉♠❛ ♠áq✉✐♥❛ ❡ tr❛❜❛❧❤♦ t♦t❛❧ ✭WT ✮ ♣❛r❛ ❝❛s♦s ❡♠ q✉❡
♠áq✉✐♥❛s ❞✐❢❡r❡♠ ❡♠ ❡✜❝✐ê♥❝✐❛✳

❆ ❞✐✈❡rs✐❞❛❞❡ ❞❡ ❛❜♦r❞❛❣❡♥s ❛♣r❡s❡♥t❛❞❛ ♥❛ ❧✐t❡r❛t✉r❛✱ ♠✉✐t❛s ✈❡③❡s ❝♦♠ ❛ ❝♦♠✲
♣♦s✐çã♦ ❞❡ ❞✐✈❡rs❛s ♠❡t♦❞♦❧♦❣✐❛s ❞❡ r❡s♦❧✉çã♦ ❞✐❢❡r❡♥t❡s✱ s✉❣❡r❡ q✉❡ ❛ ♣r♦♣♦st❛
❞❡st❛ ❞✐ss❡rt❛çã♦ ❞❡ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❤í❜r✐❞❛✱ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦
♠❛t❡♠át✐❝♦ ❞❡ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r ✐♥t❡✐r❛ ♠✐st❛✱ ✉♠❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦ ❡
✉♠❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦✱ é ✈á❧✐❞❛✳

✶ ❚❛♠❜é♠ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❆❈❖✱ ❆♥t ❈♦❧♦♥② ❖♣t✐♠✐③❛t✐♦♥✳
✷ ❊st❛ ❤❡✉ríst✐❝❛ ❝♦♥s✐st❡ ❡♠ ✉♠❛ ❜✉s❝❛ ♣♦r ♥♦✈❛s s♦❧✉çõ❡s ❡♠ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ✈✐③✐✲

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



❈❛♣ít✉❧♦ ✹

▼♦❞❡❧♦ ▼❛t❡♠át✐❝♦

✹✳✶ ■♥tr♦❞✉çã♦

P❛r❛ ❛ r❡s♦❧✉çã♦ ❞❡st❡ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s✱ ✉♠ ♠♦❞❡❧♦
♠❛t❡♠át✐❝♦ ❞❡ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r ✐♥t❡✐r❛ ♠✐st❛ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ❡ ❛♣❧✐❝❛❞♦ ❡♠
❝❛s♦s r❡❛✐s✳ ❆s s❡çõ❡s ❛♣r❡s❡♥t❛❞❛s ♥❡st❡ ❝❛♣ít✉❧♦ ❡stã♦ ♦r❣❛♥✐③❛❞❛s ❞❡ ♠❛♥❡✐r❛
❛ ♣r✐♠❡✐r♦ ❛♣r❡s❡♥t❛r ♦s ❞❛❞♦s ✭✹✳✷✮ ✱ ❛s ✈❛r✐á✈❡✐s ✭✹✳✸✮✱ ❛s r❡str✐çõ❡s ✭✹✳✹✮ ❡ ❛
❢✉♥çã♦ ♦❜❥❡t✐✈♦ ✭✹✳✺✮ ❞♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✳
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❯♠❛ sér✐❡ ❞❡ ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞❡✈❡♠ s❡r ✐♥❢♦r♠❛❞♦s ♣r❡✈✐❛♠❡♥t❡ ♣❛r❛ ❛ ❞❡✜♥✐çã♦
❞♦ ♠♦❞❡❧♦✳ ❊st❡s ❞❛❞♦s ❞❡✜♥❡♠ ✉♠❛ sér✐❡ ❞❡ ♣❛râ♠❡tr♦s ❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❛s
♠áq✉✐♥❛s✱ t❛r❡❢❛s✱ ❢á❜r✐❝❛✱ ♣r♦❝❡ss♦ ❞❡ ♣r♦❞✉çã♦ ❡ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✳
❙ã♦ ❛s s❡❣✉✐♥t❡s ❛ ❞❡✜♥✐çã♦ ❡ ❛ ❞❡s❝r✐çã♦ ❞♦s ❞❛❞♦s✿

J ❈♦♥❥✉♥t♦ ❞❡ t❛r❡❢❛s ✭❥♦❜s✮ q✉❡ ❞❡✈❡♠ s❡r r❡❛❧✐③❛❞❛s ❡♠ ♠áq✉✐♥❛s✱ t❛✐s ❝♦♠♦ ❛
♣r♦❞✉çã♦ ❞❡ ✉♠ ❢r❛s❝♦ ♥♦ s❡t♦r ❞❡ s♦♣r♦ ♦✉ ❛ ✐♠♣r❡ssã♦ ♥❛ ❡♠❜❛❧❛❣❡♠ ♥♦
s❡t♦r ❞❡ s❡r✐❣r❛✜❛ ❞❛ ❢á❜r✐❝❛✳ ❆ ♣r♦❞✉çã♦ ❞❡ ✉♠ ♣r♦❞✉t♦ ♣♦❞❡ ❡♥✈♦❧✈❡r ❛
r❡❛❧✐③❛çã♦ ❞❡ ♠❛✐s ❞❡ ✉♠❛ t❛r❡❢❛✳

✷✼
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❊①❡♠♣❧♦
P❛r❛ ❞❡t❡r♠✐♥❛❞❛ ♣r♦❣r❛♠❛çã♦ ♣r♦❞✉çã♦✱ ❡①✐st❡ ❛ ❞❡♠❛♥❞❛ ♣❡❧♦ ♣r♦❞✉t♦ ❆ ❛♦
❧♦♥❣♦ ❞♦ ❤♦r✐③♦♥t❡✳ ❆ ❝❛❞❡✐❛ ♦✉ ♦ ♣r♦❝❡ss♦ ❞❡ ♣r♦❞✉çã♦ ❞❡st❡ ♣r♦❞✉t♦ ❡♥✈♦❧✈❡
❛ ❣❡r❛çã♦ ❞❡ ✉♠ ❢r❛s❝♦ ❝❤❛♠❛❞♦ ❋❆✱ ✉♠❛ ♣r✐♠❡✐r❛ ♠ã♦ ❞❡ t✐♥t❛ ❛③✉❧ ❝♦♠ ✉♠❛
t❡❧❛ ❡ ✉♠❛ s❡❣✉♥❞❛ ♠ã♦ ❞❡ t✐♥t❛ ✈❡r❞❡ ❝♦♠ ✉♠❛ ♦✉tr❛ t❡❧❛✱ ♥❡st❛ ♦r❞❡♠✳ ◆❡st❡
❝❛s♦✱ ❛ r❡❛❧✐③❛çã♦ ❞❡ ✸ t❛r❡❢❛s sã♦ ♥❡❝❡ssár✐❛s ♣❛r❛ q✉❡ ♦ ♣r♦❞✉t♦ ✜♥❛❧ ❆ s❡❥❛
❝♦♠♣❧❡t❛❞♦✿ ❋r❛s❝♦❋❆ ✭❣❡r❛çã♦ ❞♦ ❢r❛s❝♦ ❋❆✮✱ ❚✐♥t❛❆③✉❧❆ ✭♣r✐♠❡✐r❛ ♠ã♦ ❞❡
t✐♥t❛ ❛③✉❧✮ ❡ ❚✐♥t❛❱❡r❞❡❆ ✭♣r✐♠❡✐r❛ ♠ã♦ ❞❡ t✐♥t❛ ✈❡r❞❡✮✳

M ❈♦♥❥✉♥t♦ ❞❡ ♠áq✉✐♥❛s ❞✐s♣♦♥í✈❡✐s ♥❛ ❢á❜r✐❝❛✱ t❛♥t♦ ❞♦ s❡t♦r ❞❡ s❡r✐❣r❛✜❛✱
q✉❛♥t♦ ❞♦ s❡t♦r ❞❡ s♦♣r♦✴✐♥❥❡çã♦✳

P ❈♦♥❥✉♥t♦ ❞❡ ♣❡rí♦❞♦s ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ♦ ♣❧❛♥❡❥❛♠❡♥t♦✳ ❚✐♣✐❝❛♠❡♥t❡ ❝❛r❛❝t❡✲
r✐③❛❞♦s ♣❡❧♦s ❞✐❛s tr❛❜❛❧❤♦ ❛♦ ❧♦♥❣♦ ❞❡ ✉♠ ♠ês✳

T ❈♦♥❥✉♥t♦ ❞❡ t✉r♥♦s ❞✐s♣♦♥í✈❡✐s ❛♦ ❧♦♥❣♦ ❞♦ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✳ ❖
♥ú♠❡r♦ ❞❡ t✉r♥♦s ♣♦❞❡ ✈❛r✐❛r ❝♦♥❢♦r♠❡ ♦ s❡t♦r ❞❡ ♣r♦❞✉çã♦✳

S ❈♦♥❥✉♥t♦ ❞❡ s❡t♦r❡s ❞❛ ❢á❜r✐❝❛✳ ◆❛ ❢á❜r✐❝❛ ❡♠ q✉❡stã♦✱ ❡st❡ ❝♦♥❥✉♥t♦ é ❞❡✜✲
♥✐❞♦ ♣♦r ❙♦♣r♦ ❡ ❙❡r✐❣r❛✜❛✳ ➱ ✐♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡ ❡st❛♠♦s ✐♥❝♦r♣♦r❛♥❞♦
❛s ♠áq✉✐♥❛s ❡ t❛r❡❢❛s ❞♦ ♣r♦❝❡ss♦ ❞❡ ✐♥❥❡çã♦ ♥♦ s❡t♦r ❞❡ s♦♣r♦✱ ❞❛❞❛ ❛
s❡♠❡❧❤❛♥ç❛ ♥♦ ♣r♦❝❡ss♦ ❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡st❛s t❛r❡❢❛s✳

R ❈♦♥❥✉♥t♦ ❞❡ ♠❛t❡r✐❛✐s ❝rít✐❝♦s ✭r❡❝✉rs♦ ❧✐♠✐t❛❞♦✮ ✉t✐❧✐③❛❞♦s ♥❛ ❢á❜r✐❝❛✳

Prodj,m Pr♦❞✉t✐✈✐❞❛❞❡ ❞❛ ♠áq✉✐♥❛ m ♣❛r❛ ❛ ♣r♦❞✉çã♦ ❞❛ t❛r❡❢❛ j✱ ❞❛❞♦ ♣♦r
unidades/h✳

Setupji,jk ❚❡♠♣♦ ❞❡ s❡t✉♣ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ s❡q✉ê♥❝✐❛❧ ❞❛s t❛r❡❢❛s ji ❡ jk ❞❛❞♦
❡♠ ❤♦r❛s✳

JProibidoji,jk











1, ❈❛s♦ s❡❥❛ ♣r♦✐❜✐❞❛ ❛ ♣r♦❞✉çã♦ s✐♠✉❧tâ♥❡❛

❞❛s t❛r❡❢❛s ji❡ jk✳

0, ❈✳❝✳

Demj ❉❡♠❛♥❞❛ ♣❡❧❛ t❛r❡❢❛ j✱ ❞❡s❝♦♥t❛❞♦s ❡st♦q✉❡s ✐♥✐❝✐❛✐s ❞❛ ❢á❜r✐❝❛✳ ❆ ❞❡✲
♠❛♥❞❛ ❞❡✈❡ s❡r ❛ss♦❝✐❛❞❛ ❛♣❡♥❛s à ú❧t✐♠❛ t❛r❡❢❛ ❞❛ ❝❛❞❡✐❛ ❞❡ ♣r♦❞✉çã♦ ❞♦
♣r♦❞✉t♦ ❞❡♠❛♥❞❛❞♦✳
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❊①❡♠♣❧♦
❆ ♣❛rt✐r ❞♦ ❡①❡♠♣❧♦ ❛♥t❡r✐♦r✱ ❡♠ q✉❡ ♦ ♣r♦❝❡ss♦ ❞❡ ♣r♦❞✉çã♦ ❞♦ ♣r♦❞✉t♦ ❆ é
❛♣r❡s❡♥t❛❞♦✱ é ❞❡✜♥✐❞❛ ✉♠❛ ❞❡♠❛♥❞❛ ❞❡ ✶✵✵ ✉♥✐❞❛❞❡s ♣❛r❛ ❡st❡ ♣r♦❞✉t♦✳ ❉❡✈❡✲
♠♦s ❛tr✐❜✉✐r ❡st❛ ❞❡♠❛♥❞❛ à ú❧t✐♠❛ t❛r❡❢❛ ❞❛ ❝❛❞❡✐❛ ❞❡ ♣r♦❞✉çã♦ ❞♦ ♣r♦❞✉t♦ ❆✱
♥❡st❡ ❝❛s♦ ❛ t❛r❡❢❛ ❚✐♥t❛❱❡r❞❡❆✳ ▲♦❣♦✱ DemT intaV erdeA = 100✳

LigTarefaji,jk











1, ❝❛s♦ s❡❥❛ ♥❡❝❡ssár✐❛ ❛ ❡①❡❝✉çã♦ ❞❛ t❛r❡❢❛ ji✱ ♣❛r❛

❛ ♣♦st❡r✐♦r ❡①❡❝✉çã♦ ❞❛ t❛r❡❢❛ jk✳

0, ❝✳❝✳
❆ ♣r♦♣♦rçã♦ ❞❡ ♣r♦❞✉çã♦ ❝♦♥s✐❞❡r❛❞❛ é s❡♠♣r❡ ❞❡ ✶✿✶ ✭✉♠ ♣❛r❛ ✉♠✮✳

❊①❡♠♣❧♦
❈♦♥t✐♥✉❛♥❞♦ ♦ ❡①❡♠♣❧♦ ❞❛ ♣r♦❞✉çã♦ ❞♦ ♣r♦❞✉t♦ ❆✱ s❡r✐❛ ♥❡❝❡ssár✐♦ ❡s✲
t❛❜❡❧❡❝❡r t♦❞❛s ❛s ❧✐❣❛çõ❡s ♥❛ ❝❛❞❡✐❛ ❞❡ ♣r♦❞✉çã♦ ❞❡st❡ ♣r♦❞✉t♦✳ ◆❡st❡
❝❛s♦✱ t❡♠♦s ❛ s❡q✉ê♥❝✐❛ ❋r❛s❝♦❋❆✱ ❚✐♥t❛❆③✉❧❆ ❡ ❚✐♥t❛❱❡r❞❡❆ ❡ ♣♦rt❛♥t♦
LigTarefaFrascoA,T intaAzulA = 1 ❡ LigTarefaT intaAzulA,T intaV erdeA = 1✳ ❉❡st❛
♠❛♥❡✐r❛ ❣❛r❛♥t✐♠♦s q✉❡ ♣❛r❛ ❛t❡♥❞❡r ❛ ❞❡♠❛♥❞❛ ❞❡ ✶✵✵ ✉♥✐❞❛❞❡s ❡st❛❜❡❧❡❝✐❞❛
♣❛r❛ ❛ ú❧t✐♠❛ t❛r❡❢❛ ❞❛ ❝❛❞❡✐❛ ❞❡ ♣r♦❞✉çã♦✱ ✶✵✵ t❛r❡❢❛s ❞❡ ❚✐♥t❛❆③✉❧❆ ❥á t❡rã♦
s✐❞♦ r❡❛❧✐③❛❞❛s✱ ❡✱ ♣♦r ❝♦♥s❡q✉ê♥❝✐❛✱ ✶✵✵ t❛r❡❢❛s ❞❡ ❋r❛s❝♦❋❆ t❛♠❜é♠✳

DEj ❚✉r♥♦ ❞❡ ❡♥tr❡❣❛ ❞❛ t❛r❡❢❛ j✳

FDispt,s ◆ú♠❡r♦ ❞❡ ❢✉♥❝✐♦♥ár✐♦s ❞✐s♣♦♥í✈❡✐s ♥❛ ❢á❜r✐❝❛ ❡♠ ❝❛❞❛ t✉r♥♦ t ❡ ❝❛❞❛
s❡t♦r s✳

Fj,m ◆ú♠❡r♦ ❞❡ ❢✉♥❝✐♦♥ár✐♦s ♥❡❝❡ssár✐♦s ♣❛r❛ r❡❛❧✐③❛r ❛ t❛r❡❢❛ j ♥❛ ♠áq✉✐♥❛ m✳

NMj ◆ú♠❡r♦ ❞❡ ♠♦❧❞❡s ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ❛ t❛r❡❢❛ j✳

JMatj,r

{

1, ❝❛s♦ ❛ t❛r❡❢❛ j ✉s❡ ♦ ♠❛t❡r✐❛❧ r✳

0, ❝✳❝✳

Matmax ◆ú♠❡r♦ ♠á①✐♠♦ ❞❡ ♠❛t❡r✐❛✐s ✉t✐❧✐③❛❞♦s ♥✉♠ t✉r♥♦✳

JMinj ❚✉r♥♦ ♠í♥✐♠♦ ♣❛r❛ ✐♥í❝✐♦ ❞❛ ♣r♦❞✉çã♦ ❞❛ t❛r❡❢❛ j✳

MMinm ❚✉r♥♦ ♠í♥✐♠♦ ♣❛r❛ ✐♥í❝✐♦ ❞❡ ✉t✐❧✐③❛çã♦ ❞❛ ♠áq✉✐♥❛ m✳

IMinj,m ❚✉r♥♦ ♠í♥✐♠♦ ♣❛r❛ ❛ ♣r♦❞✉çã♦ ❞❛ t❛r❡❢❛ j ♥❛ ♠áq✉✐♥❛ m✳ ❉❛❞❛ ♣❡❧❛
❢ór♠✉❧❛✿ max

j,m
{MMinm, JMinj}✳
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JSetorj,s

{

1, ❝❛s♦ ❛ t❛r❡❢❛ j ♣❡rt❡♥❝❡ ❛♦ s❡t♦r s.

0, ❝✳❝.

JSj ❘❡t♦r♥❛ ♦ s❡t♦r ❛♦ q✉❛❧ ❛ t❛r❡❢❛ j ♣❡rt❡♥❝❡✳

HTurnot,s ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ♣r♦❞✉çã♦ ♥♦ t✉r♥♦ t ❞♦ s❡t♦r s✳

HExtt,s ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❡①tr❛s ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ♣r♦❞✉çã♦ ♥♦ t✉r♥♦ t ❞♦ s❡t♦r
s✳ ◆❡♠ t♦❞♦s t✉r♥♦s ❞✐s♣õ❡ ❞❡ ❤♦r❛s ❡①tr❛s ❞✐s♣♦♥í✈❡✐s✱ ❞❡✈✐❞♦ ❛♦ ✐♥í❝✐♦ ❞♦
♣ró①✐♠♦ t✉r♥♦✳

LigPeriti,tk



















1, ❝❛s♦ ❛ ♣r♦❞✉çã♦ ❞❡ ✉♠❛ t❛r❡❢❛ ♣r❡❞❡❝❡ss♦r❛ ❞♦ s❡t♦r

s♦♣r♦ ♥♦ t✉r♥♦ ti♣♦ss❛ s❡r ✉s❛❞❛ ♣♦r ✉♠❛ t❛r❡❢❛

s✉❝❡ss♦r❛ ❞♦ s❡t♦r s❡r✐❣r❛✜❛ ♥♦ t✉r♥♦ tk✳

0, ❝✳❝✳
❉❛❞♦ q✉❡ ♦s t✉r♥♦s ❞✐s♣♦♥í✈❡✐s ♥♦s s❡t♦r❡s ❞❡ s❡r✐❣r❛✜❛ ❡ s♦♣r♦ sã♦ ❞✐❢❡r❡♥✲
t❡s✱ ❡st❡ ♣❛râ♠❡tr♦ ❡st❛❜❡❧❡❝❡ ❛s ❝♦♥❞✐çõ❡s ♣❛r❛ q✉❡ ✉♠❛ t❛r❡❢❛ ❞♦ s❡t♦r
s❡r✐❣r❛✜❛ ❧✐❣❛❞❛ ❛ ✉♠❛ t❛r❡❢❛ ❞❡ s♦♣r♦ t❡♥❤❛ ❡st♦q✉❡ s✉✜❝✐❡♥t❡ ♣❛r❛ s✉❛
r❡❛❧✐③❛çã♦✳



✹✳✷ P❛râ♠❡tr♦s ❞♦ ▼♦❞❡❧♦ ✸✶

❊①❡♠♣❧♦
❙❡ ❝♦♥s✐❞❡r❛r♠♦s ✷ t✉r♥♦s ♣♦r ❞✐❛ ♣❛r❛ ♦ s❡t♦r ❞❡ s♦♣r♦ ❡ ✶ t✉r♥♦ ♣♦r ❞✐❛ ❞❡
s❡r✐❣r❛✜❛✱ é ♥❡❝❡ssár✐♦ ❡st❛❜❡❧❡❝❡r q✉❛✐s t✉r♥♦s ❞❡ s♦♣r♦ ♣♦❞❡♠ s✉♣r✐r ❛ ❞❡♠❛♥❞❛
❞♦ s❡t♦r ❞❡ s❡r✐❣r❛✜❛✳

❚❛❜❡❧❛ ✹✳✶✿ ❉✐❛s ❞♦s t✉r♥♦s ❞♦ s♦♣r♦

❚
✉
r♥
♦✶

❚
✉
r♥
♦✷

❚
✉
r♥
♦✸

❚
✉
r♥
♦✹

❚
✉
r♥
♦✺

❚
✉
r♥
♦✻

❚
✉
r♥
♦✼

❙❡❣✉♥❞❛✲❢❡✐r❛ ① ①
❚❡r❝❡✐r❛✲❢❡✐r❛ ① ①
◗✉❛rt❛✲❢❡✐r❛ ① ①
◗✉✐♥t❛✲❢❡✐r❛ ①

❚❛❜❡❧❛ ✹✳✷✿ ❉✐❛s ❞♦s t✉r♥♦s ❞♦ s❡r✐❣r❛✜❛

❚✉r♥♦✶ ❚✉r♥♦✷ ❚✉r♥♦✸ ❚✉r♥♦✹

❙❡❣✉♥❞❛✲❢❡✐r❛ ①
❚❡r❝❡✐r❛✲❢❡✐r❛ ①
◗✉❛rt❛✲❢❡✐r❛ ①
◗✉✐♥t❛✲❢❡✐r❛ ①

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ t❛r❡❢❛s ❞❡ s♦♣r♦ só ♣♦❞❡♠ s✉♣r✐r ❞❡♠❛♥❞❛s ❞❡ t❛r❡❢❛s ❞❡ s❡r✐✲
❣r❛✜❛ s❡ r❡❛❧✐③❛❞❛s ❛té ♦ ❞✐❛ ❛♥t❡r✐♦r✱ ❛ t❛❜❡❧❛ ❛ s❡❣✉✐r ❛♣r❡s❡♥t❛ ❛ r❡❧❛çã♦ ❡♥tr❡
♦s t✉r♥♦s ❞♦s s❡t♦r❡s ♣❛r❛ ♦ ❡①❡♠♣❧♦ ❛♣r❡s❡♥t❛❞♦✳

❚❛❜❡❧❛ ✹✳✸✿ ❘❡❧❛çã♦ ❡♥tr❡ t✉r♥♦s ❞❡ s♦♣r♦ ❡ s❡r✐❣r❛✜❛

❚✉r♥♦s ❞❡ s♦♣r♦

❚✉r♥♦s ❞❡ s❡r✐❣r❛❢✐❛ ❚
✉
r♥
♦✶

❚
✉
r♥
♦✷

❚
✉
r♥
♦✸

❚
✉
r♥
♦✹

❚
✉
r♥
♦✺

❚
✉
r♥
♦✻

❚
✉
r♥
♦✼

❚✉r♥♦✶
❚✉r♥♦✷ ① ①
❚✉r♥♦✸ ① ① ① ①
❚✉r♥♦✹ ① ① ① ① ① ①



✹✳✸ ❱❛r✐á✈❡✐s ✸✷

Estj ❊st♦q✉❡ ✐♥✐❝✐❛❧ ❞❛ t❛r❡❢❛ j✳

PeriTt,s ❘❡t♦r♥❛ ♦ ♣❡rí♦❞♦ ❞♦ t✉r♥♦ t ♥♦ s❡t♦r s✳

✹✳✸ ❱❛r✐á✈❡✐s

❋♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s ❛s s❡❣✉✐♥t❡s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ ♣❡❧♦ ♠♦❞❡❧♦✿

❼ Xj,m,t =











1, ❝❛s♦ ❛ t❛r❡❢❛ j ❡st❡❥❛ ❛❧♦❝❛❞❛ ♣❛r❛ ❛ ♠áq✉✐♥❛

m ♥♦ t✉r♥♦ t

0, ❝✳❝✳

❼ Wj,m,t =











1, ❝❛s♦ ❛ t❛r❡❢❛ j ✐♥✐❝✐♦✉ s✉❛ ♣r♦❞✉çã♦ ♥❛ ♠áq✉✐♥❛

m ♥♦ t✉r♥♦ t

0, ❝✳❝✳

❼ Zj,m,t =











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

♥❛ ♠áq✉✐♥❛ m ♥♦ t✉r♥♦ t− 1

0, ❝✳❝✳

❼ Pj,m,t ≥ 0✿ ❍♦r❛s ❞❡ ♣r♦❞✉çã♦ ❞❛ t❛r❡❢❛ j ♥❛ ♠áq✉✐♥❛ m ♥♦ t✉r♥♦ t✳

❼ HEj,m,t ≥ 0✿ ❍♦r❛s ❡①tr❛ ❞❡ ♣r♦❞✉çã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛ t❛r❡❢❛ j ♥❛ ♠áq✉✐♥❛
m ♥♦ t✉r♥♦ t✳

❼ Yj ≥ 0✿ ❚ér♠✐♥♦ ❞❛ t❛r❡❢❛ j✳

❼ Vj ≥ 0✿ ❉✐❛s ❞❡ ❡♥tr❡❣❛ ❡♠ ❛tr❛s♦ ♣❛r❛ ❛ t❛r❡❢❛ j✳

✹✳✹ ❘❡str✐çõ❡s

❆s r❡str✐çõ❡s q✉❡ ❝♦♠♣õ❡♠ ♦ ♠♦❞❡❧♦ sã♦ ❧✐st❛❞❛s ❛❜❛✐①♦✱ ❞✐✈✐❞✐❞❛s ♣♦r ❝❛t❡❣♦r✐❛✿



✹✳✹ ❘❡str✐çõ❡s ✸✸

✹✳✹✳✶ ❉❡✜♥✐çã♦ ❞♦ ♣❡rí♦❞♦ ❞❡ ♣r♦❞✉çã♦

✶✳ ❈❛❞❛ t❛r❡❢❛ j ♣♦❞❡ ✐♥✐❝✐❛r s✉❛ ♣r♦❞✉çã♦ ❛♣❡♥❛s ✉♠❛ ✈❡③ ❡♠ ❝❛❞❛ ♠áq✉✐♥❛
m✿

∀j ∈ J, m ∈M :
∑

t∈T

Wj,m,t ≤ 1 ✭✹✳✶✮

✷✳ ❈❛❞❛ t❛r❡❢❛ j ♣♦❞❡ ✜♥❛❧✐③❛r s✉❛ ♣r♦❞✉çã♦ ❛♣❡♥❛s ✉♠❛ ✈❡③ ❡♠ ❝❛❞❛ ♠áq✉✐♥❛
m✿

∀j ∈ J, m ∈M :
∑

t∈T

Zj,m,t ≤ 1 ✭✹✳✷✮

✸✳ ❆ ♣r♦❞✉çã♦ ❞❛ t❛r❡❢❛ j ❡♠ ✉♠❛ ♠áq✉✐♥❛ m só ♣♦❞❡ s❡r ✜♥❛❧✐③❛❞❛ s❡ ❛
t❛r❡❢❛ ❢♦✐ ♣r❡✈✐❛♠❡♥t❡ ✐♥✐❝✐❛❧✐③❛❞❛✿

∀j ∈ J, m ∈M, t1 ∈ T :
∑

t2∈T |t2<t1

Wj,m,t2 ≥ Zj,m,t1 ✭✹✳✸✮

✹✳ ❆ ♣r♦❞✉çã♦ ❞❛ t❛r❡❢❛ j ❡♠ ✉♠❛ ♠áq✉✐♥❛ m só ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ s❡ ❛ t❛r❡❢❛
❢♦✐ ♣r❡✈✐❛♠❡♥t❡ ✐♥✐❝✐❛❧✐③❛❞❛✿

∀j ∈ J, m ∈M, t1 ∈ T :
∑

t2∈T |t2≤t1

Wj,m,t2 ≥ Xj,m,t1 ✭✹✳✹✮

✺✳ ❙❡ ❛ ♣r♦❞✉çã♦ ❞❛ t❛r❡❢❛ j ❡♠ ✉♠❛ ♠áq✉✐♥❛ m ❢♦✐ ✐♥✐❝✐❛❞❛ ❡ ♥ã♦ ✜♥❛❧✐③❛❞❛✱
❛ t❛r❡❢❛ ❡stá ❛❧♦❝❛❞❛ ♣❛r❛ ❛ t❛r❡❢❛✿

∀j ∈ J, m ∈M, t1 ∈ T :
∑

t2∈T |t2≤t1

Wj,m,t2 − Zj,m,t2 ≤ Xj,m,t1 ✭✹✳✺✮

✻✳ ❆ ♣r♦❞✉çã♦ ❞❛ t❛r❡❢❛ j ❡♠ ✉♠❛ ♠áq✉✐♥❛ m ♥ã♦ ♣♦❞❡ ❛❝♦♥t❡❝❡r s❡ ❛ ♣r♦✲
❞✉çã♦ ❢♦✐ ✜♥❛❧✐③❛❞❛✿

∀j ∈ J, m ∈M, t1 ∈ T :

1−
∑

t2∈T |t2≤t1

Zj,m,t2 ≥ Xj,m,t1 ✭✹✳✻✮



✹✳✹ ❘❡str✐çõ❡s ✸✹

✹✳✹✳✷ ❆t❡♥❞✐♠❡♥t♦ ❞❛ ❞❡♠❛♥❞❛

✶✳ ❆ ❞❡♠❛♥❞❛ ❛ss♦❝✐❛❞❛ ❛ ❝❛❞❛ t❛r❡❢❛ j ❞❡✈❡ s❡r ❛t❡♥❞✐❞❛✿

∀j ∈ J :
∑

m∈M
t∈T

(Pj,m,t +HEj,m.t) · Prodj,m ≥ Demj ✭✹✳✼✮

✷✳ Pr❛③♦ ♣❛r❛ ♣r♦❞✉çã♦ ❞❛ t❛r❡❢❛ j ♥❛ ♠áq✉✐♥❛ m✿

∀j ∈ J :
∑

m∈M
t∈T |t>DEj

Xj,m,t ≤ Vj ✭✹✳✽✮

✸✳ ❖ ✐♥í❝✐♦ ❞❡ ♣r♦❞✉çã♦ ❞❛ t❛r❡❢❛ j ♥❛ ♠áq✉✐♥❛ m é ❧✐♠✐t❛❞❛✿

∀j ∈ J, m ∈M :
∑

t∈T |t<IMinj,m

Xj,m,t ≤ 0 ✭✹✳✾✮

✹✳✹✳✸ ❘❡str✐çõ❡s ♦♣❡r❛❝✐♦♥❛✐s ❞❡ ♣r♦❞✉çã♦

✶✳ ❆ ♠áq✉✐♥❛ m só ♣♦❞❡ ♣r♦❞✉③✐r ✉♠❛ t❛r❡❢❛ ♣♦r t✉r♥♦ t✿

∀m ∈M, t ∈ T :
∑

j∈J

Xj,m,t ≤ 1 ✭✹✳✶✵✮

✷✳ ❖ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ♣r♦❞✉çã♦ ❡♠ ✉♠ t✉r♥♦ ♣♦❞❡ s❡r r❡❞✉✲
③✐❞♦ ❞❡✈✐❞♦ ❛♦ t❡♠♣♦ ❞❡ s❡t✉♣ ❞❛ t❛r❡❢❛✿

∀j1, j2 ∈ J, m ∈M, t ∈ T :

HTurnoJSj1
,t − Zj1,m,t ·min{Setupj1,j2 , HTurnoJSj1

,t}

≥ Pj2,m,t ✭✹✳✶✶✮



✹✳✹ ❘❡str✐çõ❡s ✸✺

✸✳ ▲✐♠✐t❛ ♦ ♥ú♠❡r♦ ❞❡ ❢✉♥❝✐♦♥ár✐♦s s❡♥❞♦ ✉t✐❧✐③❛❞♦s ♣♦r t✉r♥♦ ❡♠ ✉♠ ❞❛❞♦
s❡t♦r✿

∀t ∈ T, s ∈ S :
∑

j∈J |JSetorj,s
m∈M

Xj,m,t · Fj,m ≤ FDispt,s ✭✹✳✶✷✮

✹✳ Pr♦í❜❡ ❛ ♣r♦❞✉çã♦ s✐♠✉❧tâ♥❡❛ ❞❡ ❛❧❣✉♠❛s t❛r❡❢❛s q✉❡ ♥ã♦ ♣♦❞❡♠ s❡r ♣r♦✲
❞✉③✐❞❛s ♥♦ ♠❡s♠♦ t✉r♥♦✿

∀t ∈ T :

∀ji, jk ∈ J | JProibidoji,jk :
∑

m∈M

(Xji,m,t +Xjk,m,t) ≤ 1 ✭✹✳✶✸✮

✺✳ ▲✐♠✐t❛ ♦ ♥ú♠❡r♦ ❞❡ ♠♦❧❞❡s ♣❛r❛ ❝❛❞❛ t❛r❡❢❛ j✿

∀j ∈ J, t ∈ T :
∑

m∈M

Xj,m,t ≤ NMj ✭✹✳✶✹✮

✻✳ ▲✐♠✐t❛ ♦ ♥ú♠❡r♦ ❞❡ ♠❛t❡r✐❛✐s s❡♥❞♦ ✉s❛♥❞♦ ♥♦ t✉r♥♦ t✿

∀s ∈ S, t ∈ T :
∑

m∈M
r∈R|JMatj,r
j∈J |JSj=s

Xj,m,t ≤ Matmax ✭✹✳✶✺✮

✼✳ ▲✐♠✐t❛ ♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡ ♣r♦❞✉çã♦ ♣♦r t✉r♥♦✿

∀j ∈ J, m ∈M, t ∈ T :

Xj,m,t ·HPeriJSj ,t ≥ Pj,m,t ✭✹✳✶✻✮

✽✳ ▲✐♠✐t❛ ♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❡①tr❛s ♣r❛t✐❝❛❞❛s ♣♦r t✉r♥♦✿

∀j ∈ J, m ∈M, t ∈ T :

Xj,m,t ·HExtJSj ,t ≥ HEj,m,t ✭✹✳✶✼✮



✹✳✺ ❋✉♥çã♦ ♦❜❥❡t✐✈♦ ✸✻

✹✳✹✳✹ Pr♦❞✉çã♦ ♣♦r ❧✐❣❛çã♦ ❞❡ ♣r❡❝❡❞ê♥❝✐❛

✶✳ Pr♦❞✉çã♦ ❞❡✈✐❞♦ ❛ ❧✐❣❛çã♦ ❡♥tr❡ t❛r❡❢❛s ❞❡ s❡t♦r❡s ❞✐❢❡r❡♥t❡s✿

∀j ∈ J, t1 ∈ T :
∑

m∈M
t2∈T |LigPerit2,t1

(Pj,m,t2 +HEj,m,t2) · Prodj,m + Estj

≥
∑

m∈M
j1∈J |LigTarefaj,j1

t3∈T |t3≤t1

(Pj1,m,t3 +HEj1,m,t3) · Prodj,m ✭✹✳✶✽✮

✷✳ Pr♦❞✉çã♦ ❞❡✈✐❞♦ ❛ ❧✐❣❛çã♦ ❡♥tr❡ t❛r❡❢❛s ❞❡ ✉♠ ♠❡s♠♦ s❡t♦r✿

∀j ∈ J, t1 ∈ T :
∑

m∈M
t2∈T |t2≤t1

(Pj,m,t2 +HEj,m,t2) · Prodj,m + Estj

≥
∑

m∈M
j1∈J |LigTarefaj,j1

t3∈T |t3≤t1

(Pj1,m,t3 +HEj1,m,t3) · Prodj,m ✭✹✳✶✾✮

✹✳✹✳✺ ❉❡✜♥✐çã♦ ❞♦ tér♠✐♥♦ ❞❛ t❛r❡❢❛

✶✳ ❉❡t❡r♠✐♥❛ ♦ tér♠✐♥♦ ❞❡ ❝❛❞❛ t❛r❡❢❛✿

∀j ∈ J, m ∈M, t ∈ T :

Yj ≥ Xj,m,t · PeriTt,JSj
✭✹✳✷✵✮

✹✳✺ ❋✉♥çã♦ ♦❜❥❡t✐✈♦

❆ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❛❞♦t❛❞❛ ♣❛r❛ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ é ♠✉❧t✐✲♦❜❥❡t✐✈♦✱ ❡ ♣♦❞❡
s❡r ❞❡s❝r✐t❛ ❝♦♠♦✿

▼✐♥ α1 ·
∑

j∈J

Yj + α2 ·
∑

j∈J,m∈M, t∈T

HEj,m,t +
∑

j∈J

α3,j · Vj ✭✹✳✷✶✮

❖♥❞❡ α1 ✱ α2 ❡ α3,j sã♦ ❞❡✜♥✐❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❛ ♦t✐♠✐③❛çã♦✳
❚✐♣✐❝❛♠❡♥t❡✱ α3,j ≫ α2 ≫ α1✱ ❛ss✐♠ ♣r✐♦r✐③❛♥❞♦✱ ❡♠ ♦r❞❡♠✱ ❛ ❡♥tr❡❣❛ s❡♠
❛tr❛s♦✱ ♦ ♠❡♥♦r ✉s♦ ♣♦ssí✈❡❧ ❞❡ ❤♦r❛s ❡①tr❛s ❡ ♦ ♠❡♥♦r tér♠✐♥♦ t♦t❛❧ ❞❛s t❛r❡❢❛s✳



❈❛♣ít✉❧♦ ✺

❍❡✉ríst✐❝❛s ❆♣❧✐❝❛❞❛s

✺✳✶ ■♥tr♦❞✉çã♦

▼✉✐t♦s ♣r♦❜❧❡♠❛s ♣rát✐❝♦s ❡ t❡ór✐❝♦s s❡ r❡s✉♠❡♠ à ❜✉s❝❛ ❞❡ ✉♠❛ s♦❧✉çã♦ s ♣❡r✲
t❡♥❝❡♥t❡ ❛ ✉♠ ❝♦♥❥✉♥t♦ S ✜♥✐t♦ ❡ ❞✐s❝r❡t♦✱ t❛❧ q✉❡ s ❛t✐♥❣❛ ♦ ♠❡♥♦r ✈❛❧♦r ♣♦ssí✈❡❧
♣❛r❛ ✉♠ ♦❜❥❡t✐✈♦ f : s→ R✳ ❊st❡ ♦❜❥❡t✐✈♦✱ f(s)✱ é ❞✐t♦ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❞♦ ♣r♦✲
❜❧❡♠❛✱ ♦ ❝♦♥❥✉♥t♦ S ♦ ❡s♣❛ç♦ ❞❡ ❜✉s❝❛✱ s ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ❡ s∗ ✉♠❛ s♦❧✉çã♦
ót✐♠❛ ♣❛r❛ ❡st❡ ♣r♦❜❧❡♠❛✳

❉❡♥tr❡ ❡st❡s ♣r♦❜❧❡♠❛s✱ ❡①✐st❡ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ ♣r♦❜❧❡♠❛s q✉❡ sã♦ ❝❧❛ss✐✲
✜❝❛❞♦s ❝♦♠♦ NP − Completo ❡ q✉❡ t❡♠ ❝♦♠♦ ❝❛r❛❝t❡ríst✐❝❛ ✉♠ ❡❧❡✈❛❞♦ ❣r❛✉
❞❡ ❞✐✜❝✉❧❞❛❞❡ ❞❡ r❡s♦❧✉çã♦✳ P❛r❛ t❛✐s ♣r♦❜❧❡♠❛s✱ ♥ã♦ é ❝♦♥❤❡❝✐❞♦✱ ♥❡♠ s❡ ♣♦❞❡
♣r♦✈❛r ❛ ❡①✐stê♥❝✐❛ ♦✉ ❛✉sê♥❝✐❛✱ ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ q✉❡ ♣♦ss❛ ❡♥❝♦♥tr❛r ❛ s♦❧✉çã♦
ót✐♠❛ ❡♠ t❡♠♣♦ ♣♦❧✐♥♦♠✐❛❧✳

◆♦ ❡♥t❛♥t♦✱ ❡♠ ♠✉✐t♦s ❞❡st❡s ♣r♦❜❧❡♠❛s✱ ♥ã♦ é ♥❡❝❡ssár✐♦ q✉❡ s❡ ♦❜t❡♥❤❛ ❛
♠❡❧❤♦r s♦❧✉çã♦✱ ❛♣❡♥❛s ✉♠❛ s♦❧✉çã♦ q✉❡ s❡❥❛ ❜♦❛✱ ♦✉ ♣ró①✐♠❛ ♦ s✉✜❝✐❡♥t❡ ❞❛
♠❡❧❤♦r✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛❧❣✉♠ ❝r✐tér✐♦✳ P❛r❛ t❛✐s ♣r♦❜❧❡♠❛s é ♣♦ssí✈❡❧ ✉t✐❧✐③❛r té❝✲
♥✐❝❛s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❞❡ ❝♦♥str✉çã♦ ♦✉ ♠❡❧❤♦r❛♠❡♥t♦ ❞❡ s♦❧✉çõ❡s ♣❛r❛ ❡♥❝♦♥tr❛r
✉♠❛ s♦❧✉çã♦ s′✱ q✉❡ ♣♦❞❡ s❡r ✉♠❛ s♦❧✉çã♦ ❜♦❛ ♦ s✉✜❝✐❡♥t❡✳ ❊st❛s té❝♥✐❝❛s sã♦
❝♦♥❤❡❝✐❞❛s ❝♦♠♦ ❤❡✉ríst✐❝❛s✳

❯♠ ❡①❡♠♣❧♦ ❜❛st❛♥t❡ ❝♦♥❤❡❝✐❞♦ é ♦ ♣r♦❜❧❡♠❛ ❞♦ ❝❛✐①❡✐r♦ ✈✐❛❥❛♥t❡✱ ♦✉ P❈❱✶✳
❉❛❞♦ n ❝✐❞❛❞❡s ❡ ✉♠❛ ♠❛tr✐③ ✭n · n✮ ❞❡ ❞✐stâ♥❝✐❛s ❡♥tr❡ ❡❧❛s✱ ♣❛rt✐♥❞♦ ❞❡ ✉♠❛
❝✐❞❛❞❡ q✉❛❧q✉❡r✱ q✉❛❧ ❛ s❡q✉ê♥❝✐❛ ❞❡ ❝✐❞❛❞❡s q✉❡ s❡ ❞❡✈❡ ✈✐s✐t❛r t❛❧ q✉❡ t♦❞❛s
❛s ❝✐❞❛❞❡s s❡❥❛♠ ✈✐s✐t❛❞❛s ❛♣❡♥❛s ✉♠❛ ✈❡③ ❡ s❡ ✈♦❧t❡ à ❝✐❞❛❞❡ ❞❡ ♦r✐❣❡♠ ❝♦♠ ❛
♠❡♥♦r ❞✐stâ♥❝✐❛ ♣♦ssí✈❡❧ ♣❡r❝♦rr✐❞❛✳

✶ ❚❛♠❜é♠ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❚r❛✈❡❧❧✐♥❣ s❛❧❡s♠❛♥ ♣r♦❜❧❡♠✱ ♦✉ ❚❙P✳

✸✼



✺✳✷ ❍❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦ ✸✽

❊♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ ✈✐á✈❡❧ ♣❛r❛ ❡st❡ ♣r♦❜❧❡♠❛ é tr✐✈✐❛❧✱ t❛❧ ❝♦♠♦ ✈✐s✐t❛r
❛ ❝✐❞❛❞❡ ✶✱ ❞❡♣♦✐s ❛ ❝✐❞❛❞❡ ✷ ❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡ ❛té ❛ ❝✐❞❛❞❡ n ❡ ❡♠ s❡❣✉✐❞❛
✈♦❧t❛r ❛ ❝✐❞❛❞❡ ✶✳ ◆♦ ❡♥t❛♥t♦✱ s❡ ❝♦♥s✐❞❡r❛r♠♦s q✉❡ ❛ ❞✐stâ♥❝✐❛ ❞❡ ✐❞❛ é ✐❣✉❛❧
à ❞✐stâ♥❝✐❛ ❞❡ ✈♦❧t❛ ❡♥tr❡ ❞✉❛s ❝✐❞❛❞❡s ✭❡✱ ♣♦rt❛♥t♦✱ ❛ ♠❛tr✐③ ❞❡ ❞✐stâ♥❝✐❛s é
s✐♠étr✐❝❛✮ ❡①✐st❡♠ (n−1)!

2
s❡q✉ê♥❝✐❛s ♣♦ssí✈❡✐s✱ ♦✉ s❡❥❛✱ s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛ ♦

♣r♦❜❧❡♠❛✳
❊♥✉♠❡r❛r t♦❞❛s ❛s s♦❧✉çõ❡s ♣♦ssí✈❡✐s ♣❛r❛ ❡st❡ ♣r♦❜❧❡♠❛ ♣❛r❛ ❡♥❝♦♥tr❛r ❛

♠❡❧❤♦r s❡r✐❛ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ✐♥✈✐á✈❡❧✱ ♣♦✐s ❡♠ ✉♠ ❡①❡♠♣❧❛r ❝♦♠ ✷✺ ❝✐❞❛❞❡s
❡①✐st❡♠ 3 · 1023 ♣♦ssí✈❡✐s s❡q✉ê♥❝✐❛s✳ ◆♦ ❡♥t❛♥t♦✱ é ♣♦ssí✈❡❧ ❛♣❧✐❝❛r ❤❡✉ríst✐❝❛s
♣❛r❛ ❡♥❝♦♥tr❛r s♦❧✉çõ❡s ❜♦❛s✳

✺✳✷ ❍❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦

❯♠❛ ♣♦ssí✈❡❧ té❝♥✐❝❛ ❛♣❧✐❝❛❞❛ ❛ ♣r♦❜❧❡♠❛s ❞❡ ♥❛t✉r❡③❛ ❝♦♠❜✐♥❛t♦r✐❛❧ é ❝♦♥❤❡❝✐❞❛
❝♦♠♦ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✳

◆❡st❡s ❛❧❣♦r✐t♠♦s ❜✉s❝❛✲s❡ ❝♦♥str✉✐r ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛✳ P❛r❛
♣r♦❜❧❡♠❛s ❡♠ q✉❡ s♦❧✉çõ❡s ❢❛❝tí✈❡✐s sã♦ tr✐✈✐❛✐s✱ ❛ ❝♦♥str✉çã♦ ❞❛ s♦❧✉çã♦ ❥á ❧❡✈❛
❡♠ ❝♦♥t❛ ♦ ❝r✐tér✐♦ ❞❡ ♣❡r❢♦r♠❛♥❝❡ ❞♦ ♣r♦❜❧❡♠❛✱ ❜✉s❝❛♥❞♦ ❛ss✐♠ ✉♠❛ s♦❧✉çã♦
✐♥✐❝✐❛❧ ❜♦❛✳ P❛r❛ ♣r♦❜❧❡♠❛s ❡♠ q✉❡ s♦❧✉çõ❡s ❢❛❝tí✈❡✐s sã♦ ♥ã♦✲tr✐✈✐❛✐s✱ ❜✉s❝❛✲s❡✱
❡♠ ❣❡r❛❧✱ ❛♣❡♥❛s ❛ ❝♦♥str✉çã♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧✳

❍❡✉ríst✐❝❛s ❞❡ ❝♦♥str✉çã♦ sã♦ ✉s❛❞❛s ❡♠ ❣❡r❛❧ ❝♦♠♦ ✉♠❛ ❡t❛♣❛ ✐♥✐❝✐❛❧ ♥♦
♣r♦❝❡ss♦ ❞❡ ❜✉s❝❛ ❞❡ s♦❧✉çõ❡s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛✳ ❆ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ❝♦♥str✉í❞❛ ♣♦r
❡st❡ ❛❧❣♦r✐t♠♦ s❡r✈❡✱ ❡♠ ❣❡r❛❧✱ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ♣❛r❛ ❛ ♣ró①✐♠❛ ❡t❛♣❛ ❞♦ ♣r♦❝❡ss♦
❞❡ ♦t✐♠✐③❛çã♦✳ ❊st❛ ♣ró①✐♠❛ ❡t❛♣❛ ♣♦❞❡ ❝♦♥s✐st✐r ❡♠✿

✶✳ ❯♠❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦✿ ❛ ♣❛rt✐r ❞❡ ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧✱ ❜✉s❝❛✲
s❡ ♠♦❞✐✜❝❛r ❛ ♠❡s♠❛ ❝♦♠ ✐♥t✉✐t♦ ❞❡ ♠❡❧❤♦r❛r ❛ q✉❛❧✐❞❛❞❡ ❞❛ ♠❡s♠❛✱
❛♣r♦✈❡✐t❛♥❞♦✲s❡ ❞❛ ❡str✉t✉r❛ ♦✉ ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ♣r♦❜❧❡♠❛✳

✷✳ ❯♠❛ ♠❡t❛✲❤❡✉ríst✐❝❛✿ ❖s♠❛♥ ❛♥❞ ▲❛♣♦rt❡ ❬✶✾✾✻❪ ❞❡✜♥✐r❛♠ ❢♦r♠❛❧♠❡♥t❡
♠❡t❛✲❤❡✉ríst✐❝❛s ❝♦♠♦ s❡♥❞♦ ♣r♦❝❡ss♦s ❞❡ ❣❡r❛çã♦ ✐t❡r❛t✐✈♦s q✉❡ ❣✉✐❛♠ ✉♠❛
❤❡✉ríst✐❝❛ s✉❜♦r❞✐♥❛❞❛✱ ❝♦♠❜✐♥❛♥❞♦ ✐♥t❡❧✐❣❡♥t❡♠❡♥t❡ té❝♥✐❝❛s ♣❛r❛ ❛ ❜✉s❝❛
❡ ❡①♣❧♦r❛çã♦ ❞♦ ❡s♣❛ç♦ ❞❡ s♦❧✉çõ❡s ❡ ✉s❛♥❞♦ ❡str❛té❣✐❛s ❞❡ ❛♣r❡♥❞✐③❛❣❡♠
♣❛r❛ ❡str✉t✉r❛r ✐♥❢♦r♠❛çã♦ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❡✜❝✐❡♥t❡ ❞❡ s♦❧✉çõ❡s q✉❛s❡ ót✐✲
♠❛s✳ ❊♠ t❡r♠♦s ♣rát✐❝♦s✱ ✉♠❛ ♠❡t❛✲❤❡✉ríst✐❝❛ ❡st❛❜❡❧❡❝❡ ✉♠❛ ❡str✉t✉r❛
❣❡♥ér✐❝❛ ♣❛r❛ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ♦t✐♠✐③❛çã♦✳ ❆❧✲
❣✉♥s ❡①❡♠♣❧♦s ♠❛✐s ❝♦♥❤❡❝✐❞♦s sã♦ ❛❧❣♦r✐t♠♦ ❣❡♥ét✐❝♦✱ ❜✉s❝❛ t❛❜✉✱ ●❘❆❙P✱



✺✳✸ ❆♣❧✐❝❛çã♦✿ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✸✾

r❡❝♦③✐♠❡♥t♦ s✐♠✉❧❛❞♦✷ ❡ ♦t✐♠✐③❛çã♦ ❞❛ ❝♦❧ô♥✐❛ ❞❡ ❢♦r♠✐❣❛s✸✳ ❯♠❛ ❧✐st❛ ♠❛✐s
❡①t❡♥s❛ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ❡♠ ❖s♠❛♥ ❛♥❞ ▲❛♣♦rt❡ ❬✶✾✾✻❪✳

✸✳ ❯♠ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✿ ♣❛r❛ ♠♦❞❡❧♦s ✐♥t❡✐r♦s✱ ❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ ❢❛❝✲
tí✈❡❧ ✐♥t❡✐r❛ ♣♦❞❡ s❡r ❡①tr❡♠❛♠❡♥t❡ ❞✐❢í❝✐❧✳ P❛r❛ ❛❧❣✉♥s s♦❧✈❡rs✹✱ ♣♦❞❡✲s❡
✉t✐❧✐③❛r ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ❝♦♠♦ ♣♦♥t♦ ❞❡ ♣❛rt✐❞❛ ♥❛ ❜✉s❝❛ ♣♦r s♦❧✉çõ❡s✱
❝♦♠ ✐♥t✉✐t♦ ❞❡ ❛❝❡❧❡r❛r ♦ ♣r♦❝❡ss♦ ❞❡ ♦t✐♠✐③❛çã♦✳ P♦ré♠ ❡st❛ té❝♥✐❝❛ ♥ã♦
❣❛r❛♥t❡ ✉♠ ❞❡s❡♠♣❡♥❤♦ ♠❡❧❤♦r ♣❛r❛ ♦ ♠♦❞❡❧♦✳

◆❡st❛ ❞✐ss❡rt❛çã♦✱ s❡rã♦ ❛♥❛❧✐s❛❞❛s ❛s ✈❛♥t❛❣❡♥s ❡ ❞❡s✈❛♥t❛❣❡♥s ❞❡ ✉t✐❧✐③❛r ✉♠
♠♦❞❡❧♦ ❞❡ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r ✐♥t❡✐r❛ ♠✐st❛ ❝♦♠ ❡ s❡♠ ❛ ❣❡r❛çã♦ ♣ré✈✐❛ ❞❡ ✉♠❛
s♦❧✉çã♦ ✐♥✐❝✐❛❧ ❛tr❛✈és ❞❡ ✉♠❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✳ ❆ ✉t✐❧✐③❛çã♦ ♦✉ ♥ã♦ ❞❡
✉♠❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦ ❜✉s❝❛♥❞♦ ♠❡❧❤♦r✐❛s ♥❡st❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ t❛♠✲
❜é♠ s❡rá ❛♥❛❧✐s❛❞❛✳

✺✳✸ ❆♣❧✐❝❛çã♦✿ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡

❡sq✉❡♠❛t✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s

❯♠❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦ ❢♦✐ ❝♦♥str✉í❞❛ ♣❛r❛ ❣❡r❛r ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ♣❛r❛
♦ ♣r♦❜❧❡♠❛✳ ❊st❡ ❛❧❣♦r✐t♠♦ ♣♦❞❡ s❡r ❞✐✈✐❞♦ ❡♠ três ♣❛rt❡s✿

✶✳ ❆❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛

✷✳ ❆❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛ ✭❝♦♠ ♣r❡❞❡❝❡ss♦r❡s✮

✸✳ ❆❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛ ✭s❡♠ ♣r❡❞❡❝❡ss♦r❡s✮

❖ ❛❧❣♦r✐t♠♦ ✺✳✶ ❛♣r❡s❡♥t❛ ♦ ♣s❡✉❞♦✲❝ó❞✐❣♦ ✉s❛❞♦ ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞❡ s♦❧✉çã♦
✐♥✐❝✐❛❧✳ ❆ s❡❣✉✐r ♦ ❞❡t❛❧❤❛♠❡♥t♦ ❞❡ ❝❛❞❛ ❡t❛♣❛ ❞♦ ❛❧❣♦r✐t♠♦✳

✷ ❙✐♠✉❧❛t❡❞ ❛♥♥❡❛❧✐♥❣ ❡♠ ✐♥❣❧ês✳
✸ ❚❛♠❜é♠ ❝♦♥❤❡❝✐❞♦✱ ❡♠ ✐♥❣❧ês✱ ❝♦♠♦ ❆❈❖ ✭❆♥t ❈♦❧♦♥② ❖♣t✐♠✐③❛t✐♦♥✮✳
✹ ❙♦❧✈❡rs sã♦ s♦❢t✇❛r❡s ♠❛t❡♠át✐❝♦ ✉s❛❞♦s ♣❛r❛ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ♠❛t❡♠át✐❝♦s✳ ▼✉✐t❛s

✈❡③❡s ❡st❡s s♦❢t✇❛r❡s sã♦ ✉s❛❞♦s ❞❡ ♠❛♥❡✐r❛ ❝♦♠♣❧❡♠❡♥t❛r ❛ ♦✉tr♦s s♦❢t✇❛r❡✱ ♥❛ ❢♦r♠❛
❞❡ ✉♠❛ ❜✐❜❧✐♦t❡❝❛✱ ❞❧❧ ♦✉ ❝❤❛♠❛❞❛ ❡①t❡r♥❛✳ P♦❞❡♠ s❡r ✉s❛❞♦s ♣❛r❛ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s
❞❡ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r✱ ✐♥t❡✐r❛✱ ♥ã♦ ❧✐♥❡❛r✱ ❝♦♥str❛✐♥t ♣r♦❣r❛♠♠✐♥❣✱ ❡t❝✳



✺✳✸ ❆♣❧✐❝❛çã♦✿ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✹✵

❆❧❣♦r✐t♠♦ ✺✳✶ ❍❡✉ríst✐❝❛ ❞❡ ❈♦♥str✉çã♦
✴✯✶❛ ♣❛rt❡✯✴

✴✯❆❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛ ❞✐r❡t❛✯✴

JA← CriarConjuntoJA()
ja← Selecionaja(JA)
❊♥q✉❛♥t♦ JA 6= ∅

tfa← Selecionatfa()
MA← CriarConjuntoMA()
tia(MA)← Selecionatia(MA)
ma← Selecionama(tia(MA))
ModificaSolucao(ja,ma, tia(ma), tfa)
JA = JA− {ja}
ja← Selecionaja(JA)

❋✐♠✲❡♥q✉❛♥t♦

✴✯✷❛ ♣❛rt❡✯✴

✴✯❆❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s✯✴

✴✯❝♦♠ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛ ✭❝♦♠ ♣r❡❞❡❝❡ss♦r✮✯✴

JB ← CriarConjuntoJB()
jb← Selecionajb(JB)
❊♥q✉❛♥t♦ JB 6= ∅

tfb← Selecionatfb()
MB ← CriarConjuntoMB()
tib(MB)← Selecionatib(MB)
mb← Selecionamb(tib(MB))
ModificaSolucao(jb,mb, tib(mb), tfb)
JB = JB − {jb}
JB ←ModificarConjuntoJB(JB)
jb← Selecionajb(JB)

❋✐♠✲❡♥q✉❛♥t♦

✴✯✸❛ ♣❛rt❡✯✴

✴✯❆❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s✯✴

✴✯❝♦♠ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛ ✭s❡♠ ♣r❡❞❡❝❡ss♦r✮✯✴

JC ← CriarConjuntoJC()
jc← Selecionajc(JC)
❊♥q✉❛♥t♦ JC 6= ∅

tic← Selecionatic()
MC ← CriarConjuntoMC()
tfc(MC)← Selecionatfc(MC)
mc← Selecionamc(tfc(MC))
ModificaSolucao(jc,mc, tci, tfc(mc))
JC = JC − {jc}
jc← Selecionajc(JC)

❋✐♠✲❡♥q✉❛♥t♦



✺✳✸ ❆♣❧✐❝❛çã♦✿ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✹✶

❆❧❣♦r✐t♠♦ ✺✳✷ CriarConjuntoJA()

❋✉♥çã♦ CriarConjuntoJA()
r❡t♦r♥❛r {j ∈ J | Demj}

❆❧❣♦r✐t♠♦ ✺✳✸ Selecionaja(JA)

❋✉♥çã♦ Selecionja(JA)
r❡t♦r♥❛r argmax

j∈JA
{DEj}

✺✳✸✳✶ ❆❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛ ❞✐r❡t❛

❆ ♣r✐♠❡✐r❛ ❢❛s❡ ❞❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦ tr❛t❛ ❞❛ ❛❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s q✉❡
♣♦ss✉❡♠ ❞❡♠❛♥❞❛ ❞✐r❡t❛✳ ❊st❛s t❛r❡❢❛s sã♦ ❛s ú❧t✐♠❛s ❞❛ ❝❛❞❡✐❛ ❞❡ ♣r♦❞✉çã♦
❞♦ ♣r♦❞✉t♦ ❞❡♠❛♥❞❛❞♦ ❡ s❡✉ Demj ❝♦rr❡s♣♦♥❞❡♥t❡ é ♠❛✐♦r q✉❡ ③❡r♦✱ ❝♦♥❢♦r♠❡
❞❡✜♥✐❞♦ ♥♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ ✭✹✳✷✮✳

Pr✐♠❡✐r❛♠❡♥t❡✱ é ♣r❡❝✐s♦ ❝r✐❛r ♦ ❝♦♥❥✉♥t♦ JA q✉❡ ❝♦♥s✐st❡ ♥❛s t❛r❡❢❛s ❝✉❥❛s
❞❡♠❛♥❞❛s ❞✐r❡t❛s sã♦ ♠❛✐♦r❡s q✉❡ ③❡r♦✱ ❝♦♥❢♦r♠❡ ♦ ♣❛râ♠❡tr♦ Demj✳ ❱❡❥❛ ♦
❛❧❣♦r✐t♠♦ ✺✳✷✳

❊♠ s❡❣✉✐❞❛ s❡❧❡❝✐♦♥❛✲s❡ ❛ ♣r✐♠❡✐r❛ t❛r❡❢❛ ja ❛ s❡r ❛❧♦❝❛❞❛✳ ❖ ❝r✐tér✐♦ ♣❛r❛
❛ s❡❧❡çã♦ ❞❛ t❛r❡❢❛ é ❛ ❞❛t❛ ❞❡ ❡♥tr❡❣❛✱ ♣r✐♦r✐③❛♥❞♦ t❛r❡❢❛s q✉❡ ♣♦ss✉❡♠ ❞❛t❛
❞❡ ❡♥tr❡❣❛ ♠❛✐s ❞✐st❛♥t❡s✳ ❊st❡ ❝r✐tér✐♦ é ✐♠♣♦rt❛♥t❡ ♣❛r❛ ❡✈✐t❛r q✉❡ ❛❧♦❝❛çõ❡s
s❡❥❛♠ s♦❜r❡♣♦st❛s ❝♦♥❢♦r♠❡ ❢♦r❡♠ s❡♥❞♦ ❛❧♦❝❛❞❛s✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✸✳

❖ ♣ró①✐♠♦ ♣❛ss♦ ❡♥✈♦❧✈❡ ✉♠❛ ❡str✉t✉r❛ ❞❡ r❡♣❡t✐çã♦✳ ❊♥q✉❛♥t♦ ❤♦✉✈❡r ✉♠❛
t❛r❡❢❛ ja s❡❧❡❝✐♦♥❛❞❛ ♣❛r❛ s❡r ❛❧♦❝❛❞❛✱ ♦ ❧♦♦♣ ❞❡ ❛❧♦❝❛çã♦ ❞❡✈❡ s❡r r❡❛❧✐③❛❞♦✱
r❡❛❧✐③❛♥❞♦ ♦s s❡❣✉✐♥t❡s ♣❛ss♦s✿

❉❡✜♥✐r tfa✱ ♦ t✉r♥♦ ❞❡ tér♠✐♥♦ ❞❛ t❛r❡❢❛ ja✳ P❛r❛ t❛❧✱ ❜✉s❝❛✲s❡ ♦ t✉r♥♦ ♠❛✐s
♣ró①✐♠♦ ❛♦ ✜♥❛❧ ❞♦ ❤♦r✐③♦♥t❡ ♣♦ssí✈❡❧✱ r❡s♣❡✐t❛♥❞♦ ✉♠❛ sér✐❡ ❞❡ ❝r✐tér✐♦s ❝♦♠♦
♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ❢✉♥❝✐♦♥ár✐♦s ✭✸✳✷✳✽✮✱ t❡♠♣♦ ❞❡ s❡t✉♣ ✭✸✳✷✳✼✮ ❡ ♥ú♠❡r♦ ♠á①✐♠♦
❞❡ ♠❛t❡r✐❛✐s ✭✸✳✷✳✾✮✱ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❛❧❣♦r✐t♠♦ ✺✳✹✳

❖ ❝♦♥❥✉♥t♦ ❞❡ ♠áq✉✐♥❛s MA q✉❡ ♣♦❞❡rã♦ s❡r ✉s❛❞❛s ♣❛r❛ ♣r♦❞✉③✐r ja é
❞❡✜♥✐❞♦✱ ❝♦♥❢♦r♠❡ ❞❡✜♥✐❞♦ ♥♦ ❛❧❣♦r✐t♠♦ ✺✳✺✳

❉❛❞❛s ❛s ♣♦ssí✈❡✐s ♠áq✉✐♥❛s ✭MA✮✱ ❞❡✜♥✐♠♦s ♦ t✉r♥♦ ✐♥✐❝✐❛❧ ❞❡ ♣r♦❞✉çã♦
tia(MA) ❞❡ ja ❞❡ ❛❝♦r❞♦ ❝♦♠ ❝❛❞❛ ♠áq✉✐♥❛ m ∈MA✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✻✳

❊♥✜♠✱ s❡❧❡❝✐♦♥❛✲s❡ ❛ ♠áq✉✐♥❛ ma✱ ❝✉❥♦ t✉r♥♦ ❞❡ ✐♥í❝✐♦ ❞❡ ♣r♦❞✉çã♦ tia(MA)
s❡❥❛ ♠❛✐s ♣ró①✐♠♦ ❛♦ t✉r♥♦ ✜♥❛❧ ❞❡ ♣r♦❞✉çã♦ tfa✱ ♣❛r❛ q✉❛❧ ❛ t❛r❡❢❛ ja s❡rá
❛❧♦❝❛❞❛✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✼✳



✺✳✸ ❆♣❧✐❝❛çã♦✿ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✹✷

❆❧❣♦r✐t♠♦ ✺✳✹ Selecionatfa()

❋✉♥çã♦ Selecionatfa()
❙❡❧❡❝✐♦♥❛r t ♠á①✐♠♦ t❛❧ q✉❡✿

✶✳ ❖ t✉r♥♦ ❞❡✈❡ s❡r ♥♦ ♠á①✐♠♦ ❛ ❞❛t❛ ❞❡ ❡♥tr❡❣❛ ❞❛

t❛r❡❢❛ ja ✭t ≤ DEja✮

✷✳ ❊①✐st❛ ♠áq✉✐♥❛ m q✉❡ ♣r♦❞✉③❛ ❛ t❛r❡❢❛ ja
✭Prodja,m > 0✮ ❡ q✉❡✿

❛✳ ❊st❡❥❛ ❞✐s♣♦♥í✈❡❧ ♥♦ t✉r♥♦ ✭∄j | Xj,m,t = 1✮
❜✳ ◆ã♦ ♣♦ss✉❛ ❛❧♦❝❛çã♦ ♥♦ ♣ró①✐♠♦ t✉r♥♦ ❞❡

t❛r❡❢❛ ❝♦♠ ❤♦r❛s ❞❡ s❡t✉♣ ❞❡ ja ✭∄j |
Xj,m,t+1 ∧ Setupja,j✮
❝✳ ❆ ❛❧♦❝❛çã♦ ❞❛ t❛r❡❢❛ ja ♥♦ t✉r♥♦ t ♥ã♦

✉❧tr❛♣❛ss❡ ♦ ❧✐♠✐t❡ ❞❡ ❢✉♥❝✐♦♥ár✐♦s ✭
∑

j,m′

Xj,m′,t ·

Fj,m′ + Fja,m ≤ Fdispt,JSja
✮

✸✳ ❆ ❛❧♦❝❛çã♦ ❞❛ t❛r❡❢❛ ja ♥♦ t✉r♥♦ t ♥ã♦ ✉❧tr❛♣❛ss❡ ♦

❧✐♠✐t❡ ❞❡ ♠❛t❡r✐❛✐s ✭
∑

Xj,m′,t

r∈R|JMatj,r
j∈J |JSja=JSj

m′∈M

+
∑

1
r∈R|JMatja,r

≤Matmax✮

r❡t♦r♥❛r t

❆❧❣♦r✐t♠♦ ✺✳✺ CriarConjuntoMA()

❋✉♥çã♦ CriarConjuntoMA()
❋♦r♠❛r ❝♦♥❥✉♥t♦ M✱ ❝♦♠ ❡❧❡♠❡♥t♦s m ∈M✱ t❛❧ q✉❡✿

✶✳ ▼áq✉✐♥❛ m ♣r♦❞✉③ ja ✭Prodja,m✮
✷✳ ▼áq✉✐♥❛ m ❡st❡❥❛ ❞✐s♣♦♥í✈❡❧ ♥♦ t✉r♥♦ tfa
✭∄j | Xm,j,tfa✮

✸✳ ▼áq✉✐♥❛ m ♥ã♦ ♣♦ss✉❛ ❛❧♦❝❛çã♦ ♥♦ ♣ró①✐♠♦ t✉r♥♦

❞❡ t❛r❡❢❛ ❝♦♠ ❤♦r❛s ❞❡ s❡t✉♣ ❞❡ ja ✭∄j |
Xj,m,tfa+1 ∧ Setupja,j✮

r❡t♦r♥❛r M



✺✳✸ ❆♣❧✐❝❛çã♦✿ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✹✸

❆❧❣♦r✐t♠♦ ✺✳✻ Selecionatia(MA)

❋✉♥çã♦ Selecionatia(MA)
P❛r❛ ❝❛❞❛ m ∈MA s❡❧❡❝✐♦♥❛r t(m) ♠á①✐♠♦ t❛❧ q✉❡✿

✶✳ ❆ ♣r♦❞✉çã♦ ❞❡ ja ♥❛ ♠áq✉✐♥❛ m ❛ ♣❛rt✐r

❞❡ t(m) ❛té tfa s❡❥❛ s✉❢✐❝✐❡♥t❡ ♣❛r❛ ❛t❡♥❞❡r

❛ ❞❡♠❛♥❞❛ ❞❡ ja✿
∑

t′|t(m)≤t′≤tfa

Prodja,m,t′ ·HTurnot,JSja
≥ Demja

r❡t♦r♥❛r t(MA)

❆❧❣♦r✐t♠♦ ✺✳✼ Selecionama(tia(MA))

❋✉♥çã♦ Selecionama(tia(MA))
r❡t♦r♥❛r argmax

ma∈MA

{tia(ma)}

❉❛❞❛ ❛ t❛r❡❢❛ ❛ s❡r ❛❧♦❝❛❞❛ ja✱ ❛ ♠áq✉✐♥❛ ma✱ ♦ t✉r♥♦ ❞❡ ✐♥í❝✐♦ ❞❡ ♣r♦❞✉çã♦
tia(ma) ❡ ♦ t✉r♥♦ ✜♥❛❧ ❞❡ ♣r♦❞✉çã♦ tfa✱ é ❢❡✐t❛ ❛ ❛❧♦❝❛çã♦✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✽✳

❆❧♦❝❛❞❛ ❛ t❛r❡❢❛ ja✱ r❡♠♦✈❡✲s❡ ❛ ♠❡s♠❛ ❞♦ ❝♦♥❥✉♥t♦ JA✱ ❡ s❡❧❡❝✐♦♥❛✲s❡ ✉♠❛
♥♦✈❛ t❛r❡❢❛ ♣❛r❛ s❡r ❛❧♦❝❛❞❛✱ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ✺✳✸✱ r❡✐♥✐❝✐❛♥❞♦ ♦ ❧♦♦♣ ❞❡ ❛❧♦❝❛çã♦✳

❆♦ ✜♥❛❧ ❞❡st❛ ❢❛s❡✱ t♦❞❛s ❛s t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛ ♣❛ss❛r❛♠ ♣♦r ✉♠❛ t❡♥t❛t✐✈❛
❞❡ ❛❧♦❝❛çã♦✳ ❊♠ ❝❛s♦s ❝♦♠♣❧❡①♦s✱ é ♣♦ssí✈❡❧ q✉❡ ❛❧❣✉♠❛s t❛r❡❢❛s ♥ã♦ s❡❥❛♠
❛❧♦❝❛❞❛s✳ ◆❡st❡s ❝❛s♦s✱ ❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ♥ã♦ s❡rá ❢❛❝tí✈❡❧✱ ♠❛s ♣♦❞❡rá ❛✉①✐❧✐❛r ♦
s♦❧✈❡r ❞♦ ♠♦❞❡❧♦ ❡①❛t♦ ❛ ❜✉s❝❛r ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ✐♥✐❝✐❛❧✳

✺✳✸✳✷ ❆❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛ ✭❝♦♠ ♣r❡✲
❞❡❝❡ss♦r❡s✮

◆❡st❛ ❡t❛♣❛ sã♦ ❛❧♦❝❛❞❛s ❛s t❛r❡❢❛s q✉❡ ♣♦ss✉❡♠ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛✱ ♦✉ s❡❥❛✱ q✉❡
♣♦ss✉í ✉♠❛ ❞❡♠❛♥❞❛ q✉❡ ♣r♦✈❡♠ ❞❛ s✉❛ ❧✐❣❛çã♦ ❞❡ ♣r❡❝❡❞ê♥❝✐❛ ♥❛ ❝❛❞❡✐❛ ❞❡ ♣r♦✲
❞✉çã♦ ✭LigTarefaj1,j2✮ ❝♦♠ ✉♠❛ t❛r❡❢❛ ❥á ❛❧♦❝❛❞❛✱ ❡ q✉❡ ♣♦ss✉❡♠ ♣r❡❞❡❝❡ss♦r❡s
❞❡✈✐❞♦ ❛ ♦✉tr❛ ❧✐❣❛çã♦ ❡♥tr❡ t❛r❡❢❛s✳ ❊st❛s t❛r❡❢❛s sã♦ ❞✐t❛s ✐♥t❡r♠❡❞✐ár✐❛s✱ ♣♦✐s
♣♦ss✉❡♠ ♣r❡❞❡❝❡ss♦r❡s ❡ s✉❝❡ss♦r❡s✳

■♥✐❝✐❛❧♠❡♥t❡✱ ❝r✐❛♠♦s ♦ ❝♦♥❥✉♥t♦ JB ❝✉❥♦s ❡❧❡♠❡♥t♦s jb ∈ JB sã♦ ❧✐❣❛❞♦s ❛
❛❧❣✉♠❛ t❛r❡❢❛ ❥á ❛❧♦❝❛❞❛ ❡ q✉❡ ♣♦ss✉❡♠ ♣r❡❞❡❝❡ss♦r✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✾✳



✺✳✸ ❆♣❧✐❝❛çã♦✿ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✹✹

❆❧❣♦r✐t♠♦ ✺✳✽ ModificaSolucao(j,m, ti, tf)

❋✉♥çã♦ ModificaSolucao(j,m, ti, tf)
❙❡ j 6= ∅ ❡ m 6= ∅ ❡ ti 6= ∅ ❡ tf 6= ∅ ❢❛ç❛

Wj,m,ti = 1
Zj,m,tf+1 = 1
P❛r❛ t | ti ≤ t ≤ tf ❢❛ç❛

Xj,m,t = 1
Pj,m,t = HTurnot,JSj

❢✐♠✲♣❛r❛

❢✐♠✲s❡

❆❧❣♦r✐t♠♦ ✺✳✾ CriarConjuntoJB()

❋✉♥çã♦ CriarConjuntoJB()

DemandaIndiretaj =
∑

j′∈J |LigTarefaj,j′

m∈M
t∈T

Pj′,m,t ·Prodj′,m−Estj

r❡t♦r♥❛r {j ∈ J | DemandaIndiretaj ∧ ∃j
′ : LigTarefaj′,j}



✺✳✸ ❆♣❧✐❝❛çã♦✿ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✹✺

❆❧❣♦r✐t♠♦ ✺✳✶✵ Selecionajb(JB)

❋✉♥çã♦ Selecionajb(JB)
r❡t♦r♥❛r argmin

jb∈JB
{min{PeriTt,JSj

}
j∈J |LigTarefajb,j

m∈M |Xj,m,t

t∈T

}

❊♠ s❡❣✉✐❞❛ s❡❧❡❝✐♦♥❛♠♦s ❛ ♣r✐♠❡✐r❛ t❛r❡❢❛ jb ❛ s❡r ❛❧♦❝❛❞❛ ♥❡st❛ ❡t❛♣❛✳ ❖
❝r✐tér✐♦ ♣❛r❛ ❛ ❡s❝♦❧❤❛ ❜✉s❝❛ ❛ t❛r❡❢❛ jb ❝✉❥❛ t❛r❡❢❛ ❞❡ ❧✐❣❛çã♦ ❥á ❛❧♦❝❛❞❛ é ♠❛✐s
♣ró①✐♠❛ ❛♦ ✐♥í❝✐♦ ❞♦ ❤♦r✐③♦♥t❡✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✶✵✱ ♣❛r❛ ♠❛✐♦r❡s ❞❡t❛❧❤❡s✳

❖ ♣ró①✐♠♦ ♣❛ss♦ ❡♥✈♦❧✈❡ ✉♠❛ ❡str✉t✉r❛ ❞❡ r❡♣❡t✐çã♦✳ ❊♥q✉❛♥t♦ ❤♦✉✈❡r ✉♠❛
t❛r❡❢❛ jb ♣❛r❛ ❛❧♦❝❛çã♦ r❡♣❡t❡✲s❡ ♦s ♣❛ss♦s ❞❡ ❛❧♦❝❛çã♦✱ r❡❛❧✐③❛♥❞♦ ♦s s❡❣✉✐♥t❡s
♣❛ss♦s✿

Pr✐♠❡✐r♦ ❞❡✜♥✐♠♦s q✉❛❧ ♦ t✉r♥♦ ✜♥❛❧ ❞❡ ♣r♦❞✉çã♦ tfb q✉❡ s❡rá ❛❧♦❝❛❞♦✳ P❛r❛
t❛❧✱ ❜✉s❝❛✲s❡ ♦ t✉r♥♦ ♠❛✐s ♣ró①✐♠♦ ❛♦ ✜♥❛❧ ❞♦ ❤♦r✐③♦♥t❡ ♣♦ssí✈❡❧✱ r❡s♣❡✐t❛♥❞♦ ✉♠❛
sér✐❡ ❞❡ ❝r✐tér✐♦s ❝♦♠♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ❢✉♥❝✐♦♥ár✐♦s ✭✸✳✷✳✽✮✱ t❡♠♣♦ ❞❡ s❡t✉♣
✭✸✳✷✳✼✮✱ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ♠❛t❡r✐❛✐s ✭✸✳✷✳✾✮ ❡ ♣r❡❝❡❞ê♥❝✐❛ ❞❡ t❛r❡❢❛s ✭✸✳✷✳✶✵✮✱
❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❛❧❣♦r✐t♠♦ ✺✳✶✶✳

❖ ❝♦♥❥✉♥t♦ ❞❡ ♠áq✉✐♥❛s MB q✉❡ ♣♦❞❡♠ ♣r♦❞✉③✐r jb ❝♦♠ tér♠✐♥♦ ❡♠ tfb é
❝r✐❛❞♦✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✶✷✳

❉❛❞❛s ❛s ♣♦ssí✈❡✐s ♠áq✉✐♥❛s ✭MB✮✱ ❞❡✜♥✐♠♦s ♦ t✉r♥♦ ✐♥✐❝✐❛❧ ❞❡ ♣r♦❞✉çã♦
tib(MB) ❞❡ jb ❞❡ ❛❝♦r❞♦ ❝♦♠ ❝❛❞❛ ♠áq✉✐♥❛ m ∈MB✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✶✸✳

❊♥✜♠✱ s❡❧❡❝✐♦♥❛✲s❡ ❛ ♠áq✉✐♥❛ mb✱ ❝✉❥♦ t✉r♥♦ ❞❡ ✐♥í❝✐♦ ❞❡ ♣r♦❞✉çã♦ tib(MB)
s❡❥❛ ♠❛✐s ♣ró①✐♠♦ ❛♦ t✉r♥♦ ✜♥❛❧ ❞❡ ♣r♦❞✉çã♦ tfb✱ ♣❛r❛ q✉❛❧ ❛ t❛r❡❢❛ jb s❡rá
❛❧♦❝❛❞❛✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✶✹✳

❉❛❞❛s ❛ t❛r❡❢❛ ❛ s❡r ❛❧♦❝❛❞❛ jb✱ ❛ ♠áq✉✐♥❛ mb✱ ♦ t✉r♥♦ ❞❡ ✐♥í❝✐♦ ❞❡ ♣r♦❞✉çã♦
tib(mb) ❡ ♦ t✉r♥♦ ✜♥❛❧ ❞❡ ♣r♦❞✉çã♦ tfb✱ é ❢❡✐t❛ ❛ ❛❧♦❝❛çã♦✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✽✳

❆❧♦❝❛❞❛ ❛ t❛r❡❢❛ jb✱ r❡♠♦✈❡✲s❡ ❛ ♠❡s♠❛ ❞♦ ❝♦♥❥✉♥t♦ JB✱ ❡ ♠♦❞✐✜❝❛✲s❡ ♦
❝♦♥❥✉♥t♦ JB✱ ❡♠ ❜✉s❝❛ ❞❡ t❛r❡❢❛s ♣r❡❞❡❝❡ss♦r❛s ❞❡ jb✱ q✉❡ ♣♦ss✉❛♠ ♣r❡❞❡❝❡ss♦r❡s
♣ró♣r✐♦s✱ ♠❛s q✉❡ ♥ã♦ ❤❛✈✐❛♠ s✐❞♦ ✐♥❝❧✉í❞❛s ❛✐♥❞❛ ♥♦ ❝♦♥❥✉♥t♦ JB✱ ❝♦♥❢♦r♠❡
❛❧❣♦r✐t♠♦ ✺✳✶✺✳

❈♦♠ ♦ ❝♦♥❥✉♥t♦ MB ❛t✉❛❧✐③❛❞♦✱ s❡❧❡❝✐♦♥❛✲s❡ ✉♠❛ ♥♦✈❛ t❛r❡❢❛ ♣❛r❛ s❡r ❛❧♦✲
❝❛❞❛✱ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ✺✳✶✵ ❡ r❡✐♥✐❝✐❛✲s❡ ♦ ❧♦♦♣ ❞❡ ❛❧♦❝❛çã♦✳

❆♦ ✜♥❛❧ ❞❡st❛ ❢❛s❡✱ t♦❞❛s ❛s t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛ ♣❛ss❛r❛♠ ♣♦r ♣❡❧♦
♠❡♥♦s ✉♠❛ t❡♥t❛t✐✈❛ ❞❡ ❛❧♦❝❛çã♦✳ ❊♠ ❝❛s♦s ❝♦♠♣❧❡①♦s✱ é ♣♦ssí✈❡❧ q✉❡ ❛❧❣✉♠❛s
t❛r❡❢❛s ♥ã♦ s❡❥❛♠ ❛❧♦❝❛❞❛s✳ ◆❡st❡s ❝❛s♦s✱ ❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ♥ã♦ s❡rá ❢❛❝tí✈❡❧✱ ♠❛s
♣♦❞❡rá ❛✉①✐❧✐❛r ♦ s♦❧✈❡r ❞♦ ♠♦❞❡❧♦ ❡①❛t♦ ❛ ❜✉s❝❛r ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ✐♥✐❝✐❛❧✳
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❆❧❣♦r✐t♠♦ ✺✳✶✶ Selecionatfb()

❋✉♥çã♦ Selecionatfb()
❙❡❧❡❝✐♦♥❛r t ♠á①✐♠♦ t❛❧ q✉❡✿

✶✳ ❖ t✉r♥♦ ❞❡✈❡ s❡r ♥♦ ♠á①✐♠♦ ❛ ❞❛t❛ ❞❡ ❡♥tr❡❣❛ ❞❛

t❛r❡❢❛ jb ✭t ≤ DEjb✮

✷✳ ❊①✐st❛ ♠áq✉✐♥❛ m q✉❡ ♣r♦❞✉③❛ ❛ t❛r❡❢❛ jb ✭Prodjb,m✮ ❡ q✉❡✿

❛✳ ❊st❡❥❛ ❞✐s♣♦♥í✈❡❧ ♥♦ t✉r♥♦ ✭∄j | Xj,m,t✮

❜✳ ◆ã♦ ♣♦ss✉❛ ❛❧♦❝❛çã♦ ♥♦ ♣ró①✐♠♦ t✉r♥♦ ❞❡ t❛r❡❢❛ ❝♦♠

❤♦r❛s ❞❡ s❡t✉♣ ❞❡ jb ✭∄j | Xj,m,t+1 ∧ Setupjb,j✮
❝✳ ❆ ❛❧♦❝❛çã♦ ❞❛ t❛r❡❢❛ jb ♥♦ t✉r♥♦ t ♥ã♦ ✉❧tr❛♣❛ss❡ ♦

❧✐♠✐t❡ ❞❡ ❢✉♥❝✐♦♥ár✐♦s ✭
∑

j,m′

Xj,m′,t · Fj,m′ + Fjb,m ≤

Fdispt,JSjb
✮

✸✳ ❆ ❛❧♦❝❛çã♦ ❞❛ t❛r❡❢❛ jb ♥♦ t✉r♥♦ t ♥ã♦ ✉❧tr❛♣❛ss❡ ♦ ❧✐♠✐t❡

❞❡ ♠❛t❡r✐❛✐s ✭
∑

Xj,m′,t

r∈R|JMatj,r
j∈J |JSjb=JSj

m′∈M

+
∑

1
r∈R|JMatjb,r

≤Matmax✮

✹✳ ◆ã♦ ♣♦❞❡ ❡①✐st✐r t❛r❡❢❛ s✉❝❡ss♦r❛ ❞❡ jb ❛❧♦❝❛❞❛ ❡♠

♣❡rí♦❞♦ ❛♥t❡r✐♦r ❛♦ ♣❡rí♦❞♦ ❞❡ t
✭∄(j′, t′,m′) | Xj′,t′m′ ∧ LigTarefajb,j′ ∧ PeriTt′,JSj′

< PeriTt,JSjb
✮

r❡t♦r♥❛r t

❆❧❣♦r✐t♠♦ ✺✳✶✷ CriarConjuntoMB()

❋✉♥çã♦ CriarConjuntoMB()
❋♦r♠❛r ❝♦♥❥✉♥t♦ M✱ ❝♦♠ ❡❧❡♠❡♥t♦s m ∈M✱ t❛❧ q✉❡✿

✶✳ ▼áq✉✐♥❛ m ♣r♦❞✉③ jb ✭Prodjb,m✮
✷✳ ▼áq✉✐♥❛ m ❡st❡❥❛ ❞✐s♣♦♥í✈❡❧ ♥♦ t✉r♥♦ tfb ✭∄j |
Xm,j,tfb✮

✸✳ ▼áq✉✐♥❛ m ♥ã♦ ♣♦ss✉❛ ❛❧♦❝❛çã♦ ♥♦ ♣ró①✐♠♦ t✉r♥♦ ❞❡

t❛r❡❢❛ ❝♦♠ ❤♦r❛s ❞❡ s❡t✉♣ ❞❡ jb ✭∄j |
Xj,m,tfb+1 ∧ Setupjb,j✮

r❡t♦r♥❛r M



✺✳✸ ❆♣❧✐❝❛çã♦✿ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✹✼

❆❧❣♦r✐t♠♦ ✺✳✶✸ Selecionatib(MB)

❋✉♥çã♦ Selecionatib(MB)
DemandaIndiretaj =

∑

j′∈J |LigTarefaj,j′

m∈M
t∈T

Pj′,m,t · Prodj′,m − Estj

P❛r❛ ❝❛❞❛ m ∈MB s❡❧❡❝✐♦♥❛r t(m) ♠á①✐♠♦ t❛❧ q✉❡✿

✶✳ ❆ ♣r♦❞✉çã♦ ❞❡ jb ♥❛ ♠áq✉✐♥❛ m ❛ ♣❛rt✐r ❞❡ t(m)
❛té tfb s❡❥❛ s✉❢✐❝✐❡♥t❡ ♣❛r❛ ❛t❡♥❞❡r ❛ ❞❡♠❛♥❞❛

✐♥❞✐r❡t❛ ❞❡ jb✿
∑

t′|t(m)≤t′≤tfb

Prodjb,m,t′ ·HTurnot,JSjb
≥ DemandaIndiretaj

r❡t♦r♥❛r t(MB)

❆❧❣♦r✐t♠♦ ✺✳✶✹ Selecionamb(tib(MB))

❋✉♥çã♦ Selecionamb(tib(MB))
r❡t♦r♥❛r argmax

mb∈MB

{tib(mb)}

❆❧❣♦r✐t♠♦ ✺✳✶✺ ModificarConjuntoJB(JB)

❋✉♥çã♦ ModificarConjuntoJB(JB)

P❛r❛ t♦❞♦ j | LigTarefaj,jb ❢❛ç❛

DemandaIndiretaj =
∑

j′∈J |LigTarefaj,j′

m∈M
t∈T

Pj′,m,t · Prodj′,m − Estj

r❡t♦r♥❛r JB ∪ {j ∈ J | DemandaIndiretaj ∧ ∃j
′ : LigTarefaj′,j}
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❆❧❣♦r✐t♠♦ ✺✳✶✻ CriarConjuntoJC()

❋✉♥çã♦ CriarConjuntoJC()

DemandaIndiretaj =
∑

j′∈J |LigTarefaj,j′

m∈M
t∈T

Pj′,m,t ·Prodj′,m−Estj

r❡t♦r♥❛r {j ∈ J | DemandaIndiretaj ∧ ∄j′ : LigTarefaj′,j}

❆❧❣♦r✐t♠♦ ✺✳✶✼ Selecionajc(JC)

❋✉♥çã♦ Selecionajc(JC)

r❡t♦r♥❛r argmin
jc∈JC

{ min
j∈J |LigTarefajc,j

m∈M
t∈T |Xj,m,t

{PeriTt,JSj
}}

✺✳✸✳✸ ❆❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛ ✭s❡♠ ♣r❡✲
❞❡❝❡ss♦r❡s✮

❆ ú❧t✐♠❛ ❡t❛♣❛ ❝♦♥s✐st❡ ♥❛ ❛❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s q✉❡ ♣♦ss✉❡♠ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛✱ ♦✉
s❡❥❛✱ ✉♠❛ ❞❡♠❛♥❞❛ q✉❡ ♣r♦✈❡♠ ❞❛ ❧✐❣❛çã♦ ❞❡ ♣r❡❝❡❞ê♥❝✐❛ ♥❛ ❝❛❞❡✐❛ ❞❡ ♣r♦❞✉çã♦
✭LigTarefaj1,j2✮ ❝♦♠ ✉♠❛ t❛r❡❢❛ ❥á ❛❧♦❝❛❞❛✱ ❡ q✉❡ ♥ã♦ ♣♦ss✉❡♠ ♣r❡❞❡❝❡ss♦r❡s✳
❊st❛s t❛r❡❢❛s sã♦ ❞✐t❛s ✐♥✐❝✐❛✐s✱ ♣♦✐s ♣♦ss✉❡♠ s✉❝❡ss♦r❡s✱ ♣♦ré♠ ♥ã♦ ♣r❡❞❡❝❡ss♦r❡s✳

■♥✐❝✐❛❧♠❡♥t❡✱ ❝r✐❛♠♦s ♦ ❝♦♥❥✉♥t♦ JC ❝✉❥♦s ❡❧❡♠❡♥t♦s jc ∈ JC sã♦ ❧✐❣❛❞♦s ❛
❛❧❣✉♠❛ t❛r❡❢❛ ❥á ❛❧♦❝❛❞❛✱ ♠❛s ♥ã♦ ♣♦ss✉❡♠ ♣r❡❞❡❝❡ss♦r❡s✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✶✻✳

❊♠ s❡❣✉✐❞❛ s❡❧❡❝✐♦♥❛♠♦s ❛ ♣r✐♠❡✐r❛ t❛r❡❢❛ jc ❛ s❡r ❛❧♦❝❛❞❛ ♥❡st❛ ❡t❛♣❛✳ ❖
❝r✐tér✐♦ ♣❛r❛ ❛ ❡s❝♦❧❤❛ ❜✉s❝❛ ❛ t❛r❡❢❛ jc ❝✉❥❛ t❛r❡❢❛ ❞❡ ❧✐❣❛çã♦ ❥á ❛❧♦❝❛❞❛ é ♠❛✐s
♣ró①✐♠❛ ❛♦ ✐♥í❝✐♦ ❞♦ ❤♦r✐③♦♥t❡✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✶✼✱ ♣❛r❛ ♠❛✐♦r❡s ❞❡t❛❧❤❡s✳

❖ ♣ró①✐♠♦ ♣❛ss♦ ❡♥✈♦❧✈❡ ✉♠❛ ❡str✉t✉r❛ ❞❡ r❡♣❡t✐çã♦✳ ❊♥q✉❛♥t♦ ❤♦✉✈❡r ✉♠❛
t❛r❡❢❛ jc ♣❛r❛ ❛❧♦❝❛çã♦ r❡♣❡t❡♠✲s❡ ♦s ♣❛ss♦s ❞❡ ❛❧♦❝❛çã♦✱ r❡❛❧✐③❛♥❞♦ ♦s s❡❣✉✐♥t❡s
♣❛ss♦s✳

❉✐❢❡r❡♥t❡♠❡♥t❡ ❞❛s ❡t❛♣❛s ❛♥t❡r✐♦r❡s✱ ♣r✐♠❡✐r♦ ❞❡✜♥✐♠♦s q✉❛❧ ♦ t✉r♥♦ ✐♥✐❝✐❛❧
❞❡ ♣r♦❞✉çã♦ tfi q✉❡ s❡rá ❛❧♦❝❛❞♦✳ P❛r❛ t❛❧✱ ❜✉s❝❛✲s❡ ♦ t✉r♥♦ ♠❛✐s ♣ró①✐♠♦
❛♦ ✐♥í❝✐♦ ❞♦ ❤♦r✐③♦♥t❡ ♣♦ssí✈❡❧✱ r❡s♣❡✐t❛♥❞♦ ✉♠❛ sér✐❡ ❞❡ ❝r✐tér✐♦s ❝♦♠♦ ♥ú♠❡r♦
♠á①✐♠♦ ❞❡ ❢✉♥❝✐♦♥ár✐♦s ✭✸✳✷✳✽✮✱ t❡♠♣♦ ❞❡ s❡t✉♣ ✭✸✳✷✳✼✮ ❡ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡
♠❛t❡r✐❛✐s ✭✸✳✷✳✾✮✱ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❛❧❣♦r✐t♠♦ ✺✳✶✽✳

❖ ❝♦♥❥✉♥t♦ ❞❡ ♠áq✉✐♥❛s MC q✉❡ ♣♦❞❡♠ ♣r♦❞✉③✐r jc ❝♦♠ ✐♥í❝✐♦ ❡♠ tic é
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❆❧❣♦r✐t♠♦ ✺✳✶✽ Selecionatic()

❋✉♥çã♦ Selecionatic()
❙❡❧❡❝✐♦♥❛r t ♠í♥✐♠♦ t❛❧ q✉❡✿

✶✳ ❊①✐st❛ ♠áq✉✐♥❛ m q✉❡ ♣r♦❞✉③❛ ❛ t❛r❡❢❛ jc ✭Prodjc,m✮
❡ q✉❡✿

❛✳ ❊st❡❥❛ ❞✐s♣♦♥í✈❡❧ ♥♦ t✉r♥♦ ✭∄j | Xj,m,t✮

❜✳ ❙❡❥❛ ♣❡❧♦ ♠❡♥♦s ♦ t✉r♥♦ ♠í♥✐♠♦ ❞❡ ✐♥í❝✐♦ ❞❛

t❛r❡❢❛ jc ♥❛ ♠áq✉✐♥❛ m ✭t ≥ IMinjc,m✮

❝✳ ❆ ❛❧♦❝❛çã♦ ❞❛ t❛r❡❢❛ jc ♥♦ t✉r♥♦ t ♥ã♦ ✉❧tr❛♣❛ss❡

♦ ❧✐♠✐t❡ ❞❡ ❢✉♥❝✐♦♥ár✐♦s ✭
∑

j,m′

Xj,m′,t · Fj,m′ + Fjc,m ≤

Fdispt,JSjc
✮

✷✳ ❆ ❛❧♦❝❛çã♦ ❞❛ t❛r❡❢❛ jc ♥♦ t✉r♥♦ t ♥ã♦ ✉❧tr❛♣❛ss❡

♦ ❧✐♠✐t❡ ❞❡ ♠❛t❡r✐❛✐s ✭
∑

r∈R|JMatj,r
j∈J |JSjc=JSj

m′∈M

Xj,m′,t +
∑

1
r∈R|JMatjc,r

≤

Matmax✮
r❡t♦r♥❛r t



✺✳✸ ❆♣❧✐❝❛çã♦✿ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✺✵

❆❧❣♦r✐t♠♦ ✺✳✶✾ CriarConjuntoMC()

❋✉♥çã♦ CriarConjuntoMC()
❋♦r♠❛r ❝♦♥❥✉♥t♦ M✱ ❝♦♠ ❡❧❡♠❡♥t♦s m ∈M✱ t❛❧ q✉❡✿

✶✳ ▼áq✉✐♥❛ m ♣r♦❞✉③ jc ✭Prodjc,m✮
✷✳ ▼áq✉✐♥❛ m ❡st❡❥❛ ❞✐s♣♦♥í✈❡❧ ♥♦

t✉r♥♦ tic ✭∄j | Xm,j,tic✮

✸✳ ❚❛r❡❢❛ jc ♥❛ ♠áq✉✐♥❛ m ♣♦ss❛ s❡r ✉t✐❧✐③❛❞❛

♣❡❧❛ ❞❛t❛ ❞❡ ✐♥í❝✐♦ ♠í♥✐♠♦ ✭tic ≥ IMinjc,m✮

r❡t♦r♥❛r M

❝r✐❛❞♦✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✶✾✳
❉❛❞❛s ❛s ♣♦ssí✈❡✐s ♠áq✉✐♥❛s ✭MC✮✱ ❞❡✜♥✐♠♦s ♦ t✉r♥♦ ✜♥❛❧ ❞❡ ♣r♦❞✉çã♦

tfc(MC) ❞❡ jc ❞❡ ❛❝♦r❞♦ ❝♦♠ ❝❛❞❛ ♠áq✉✐♥❛ m ∈MC✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✷✵✳

❆❧❣♦r✐t♠♦ ✺✳✷✵ Selecionatfc(MC)

❋✉♥çã♦ Selecionatfc(MC)
DemandaIndiretaj =

∑

j′∈J |LigTarefaj,j′

m∈M
t∈T

Pj′,m,t · Prodj′,m − Estj

P❛r❛ ❝❛❞❛ m ∈MC s❡❧❡❝✐♦♥❛r t(m) ♠í♥✐♠♦ t❛❧ q✉❡✿

✶✳ ❆ ♣r♦❞✉çã♦ ❞❡ jc ♥❛ ♠áq✉✐♥❛ m ❛ ♣❛rt✐r

❞❡ tic ❛té tfc(m) s❡❥❛ s✉❢✐❝✐❡♥t❡ ♣❛r❛ ❛t❡♥❞❡r

❛ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛ ❞❡ jc✿
∑

t′|tic≤t′≤tfc(m)

Prodjc,m,t′ ·HTurnot,JSjc
≥

DemandaIndiretaj

r❡t♦r♥❛r t(MC)

❊♥✜♠✱ s❡❧❡❝✐♦♥❛✲s❡ ❛ ♠áq✉✐♥❛ mc✱ ❝✉❥♦ t✉r♥♦ ❞❡ ✜♠ ❞❡ ♣r♦❞✉çã♦ tfc(MC)
s❡❥❛ ♠❛✐s ♣ró①✐♠♦ ❛♦ ✐♥í❝✐♦ ❞♦ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✷✶✳

❉❛❞❛s ❛ t❛r❡❢❛ ❛ s❡r ❛❧♦❝❛❞❛ jc✱ ❛ ♠áq✉✐♥❛ mc✱ ♦ t✉r♥♦ ❞❡ ✐♥í❝✐♦ ❞❡ ♣r♦❞✉çã♦
tic ❡ ♦ t✉r♥♦ ✜♥❛❧ ❞❡ ♣r♦❞✉çã♦ tfc(mc)✱ é ❢❡✐t❛ ❛ ❛❧♦❝❛çã♦✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✽✳

❆❧♦❝❛❞❛ ❛ t❛r❡❢❛ jc✱ r❡♠♦✈❡✲s❡ ❛ ♠❡s♠❛ ❞♦ ❝♦♥❥✉♥t♦ JC✳



✺✳✸ ❆♣❧✐❝❛çã♦✿ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✺✶

❆❧❣♦r✐t♠♦ ✺✳✷✶ Selecionamc(tfc(MC))

❋✉♥çã♦ Selecionamc(tfc(MC))

r❡t♦r♥❛r argmin
m∈MC

{tfc(m)}

❈♦♠ ♦ ❝♦♥❥✉♥t♦ MC ❛t✉❛❧✐③❛❞♦✱ s❡❧❡❝✐♦♥❛✲s❡ ✉♠❛ ♥♦✈❛ t❛r❡❢❛ ♣❛r❛ s❡r ❛❧♦✲
❝❛❞❛✱ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ✺✳✶✼✱ r❡✐♥✐❝✐❛♥❞♦ ♦ ❧♦♦♣ ❞❡ ❛❧♦❝❛çã♦✳

❆♦ ✜♥❛❧ ❞❡st❛ ❢❛s❡✱ t♦❞❛s ❛s t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛ ♣❛ss❛r❛♠ ♣♦r ♣❡❧♦
♠❡♥♦s ✉♠❛ t❡♥t❛t✐✈❛ ❞❡ ❛❧♦❝❛çã♦✳ ❊♠ ❝❛s♦s ❝♦♠♣❧❡①♦s✱ é ♣♦ssí✈❡❧ q✉❡ ❛❧❣✉♠❛s
t❛r❡❢❛s ♥ã♦ s❡❥❛♠ ❛❧♦❝❛❞❛s✳ ◆❡st❡s ❝❛s♦s✱ ❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ♥ã♦ s❡rá ❢❛❝tí✈❡❧✱ ♠❛s
♣♦❞❡rá ❛✉①✐❧✐❛r ♦ s♦❧✈❡r ❞♦ ♠♦❞❡❧♦ ❡①❛t♦ ❛ ❜✉s❝❛r ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ✐♥✐❝✐❛❧✳

✺✳✸✳✹ ❊①❡♠♣❧♦

P❛r❛ ❡①❡♠♣❧✐✜❝❛r ❛ ❛♣❧✐❝❛çã♦ ❞❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✱ ✈❛♠♦s ❛♣r❡s❡♥t❛r s❡✉
❝♦♠♣♦rt❛♠❡♥t♦ ♥✉♠ ❝❡♥ár✐♦ ♣❡q✉❡♥♦ ❡ ✐❧✉str❛t✐✈♦✳

❈♦♥s✐❞❡r❛r❡♠♦s três ♣r♦❞✉t♦s ❆✱ ❇ ❡ ❈✱ ❝♦♠ ❞❡♠❛♥❞❛ ❡ ❛s s❡❣✉✐♥t❡s ❝❛❞❡✐❛s
❞❡ ♣r♦❞✉çã♦ ❡ t❛r❡❢❛s✳

❼ ❆✿ a1 → a2

❼ ❇ ✿ b2 → b2

❼ ❈ ✿ c1 → c2 → c3

❚♦❞❛s ❛s t❛r❡❢❛s sã♦ ❝♦♥❝❧✉í❞❛s ❡♠ ✶ t✉r♥♦ ❡ ♣♦❞❡♠ s❡r r❡❛❧✐③❛❞❛s ♥❛s ❞✉❛s
♠áq✉✐♥❛s ❞✐s♣♦♥í✈❡✐s✿ ▼ ❡ ◆✳ ❖ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❝♦♥t❡♠♣❧❛ ✻ t✉r♥♦s
✭✶✱ ✷✱ ✸✱ ✹✱ ✺ ❡ ✻ ✮✳

❙❡❣✉✐♥❞♦ ❛s ❡t❛♣❛s ❞❛ ❤❡✉ríst✐❝❛✱ ❛s ♣r✐♠❡✐r❛s t❛r❡❢❛s ❛ s❡r❡♠ ❛❧♦❝❛❞❛s sã♦ ❛s
q✉❡ ♣♦ss✉❡♠ ❞❡♠❛♥❞❛ ❞✐r❡t❛✱ ♦✉ s❡❥❛✱ ❛s ú❧t✐♠❛s t❛r❡❢❛s ❞❡ ❝❛❞❡✐❛ ❞❡ ♣r♦❞✉çã♦✿
a2✱ b2 ❡ c3✳ ❙❡❣✉✐♥❞♦ ❛ ❧ó❣✐❝❛ ❞♦ ❛❧❣♦r✐t♠♦✱ ❛❧♦❝❛♠♦s ❛ t❛r❡❢❛ a2 ♥❛ ♠áq✉✐♥❛
▼ ♥♦ t✉r♥♦ ✻✳ ❊♠ s❡❣✉✐❞❛✱ ❛❧♦❝❛♠♦s ❛ t❛r❡❢❛ b2 ♥❛ ♠áq✉✐♥❛ ◆ ♥♦ t✉r♥♦ ✻✳ ❆♦
t❡♥t❛r♠♦s ❛❧♦❝❛r ❛ t❛r❡❢❛ c3✱ é ✈❡r✐✜❝❛❞♦ q✉❡ ♦ t✉r♥♦ ♠á①✐♠♦ ♣❡r♠✐t✐❞♦ é ♦ t✉r♥♦
✺✳ ❆ss✐♠ c3 é ❛❧♦❝❛❞♦ ♥❛ ♠áq✉✐♥❛ ▼ ♥♦ t✉r♥♦ ✺✳ ❆ t❛❜❡❧❛ ✺✳✶ ✐❧✉str❛ ❛ ❛❧♦❝❛çã♦
❛té ❡st❡ ♠♦♠❡♥t♦ ❞♦ ❛❧❣♦r✐t♠♦✳

◆❛ ♣ró①✐♠❛ ❡t❛♣❛ ❞❛ ❤❡✉ríst✐❝❛✱ ✈❛♠♦s ❛❧♦❝❛r t❛r❡❢❛s q✉❡ ♣♦ss✉❡♠ ❞❡♠❛♥❞❛
✐♥❞✐r❡t❛ ❡ q✉❡ ♣♦ss✉❡♠ ♣r❡❝❡❞❡♥t❡s ♥❛ ❝❛❞❡✐❛ ❞❡ ♣r♦❞✉çã♦✳ ❆ t❛r❡❢❛ c2 é ❛ ú♥✐❝❛



✺✳✹ ❍❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦ ✺✷

❚❛❜❡❧❛ ✺✳✶✿ ❊①❡♠♣❧♦ ♣❛r❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✿ ♣r✐♠❡✐r❛ ❡t❛♣❛
❚✉r♥♦s

▼áq✉✐♥❛ ✶ ✷ ✸ ✹ ✺ ✻
▼ c3 a2
◆ b2

q✉❡ ❛t❡♥❞❡ ❛ ❡st❡s ❝r✐tér✐♦s✱ ♣♦✐s ♣♦ss✉✐ ♣r❡❝❡❞❡♥t❡s ✭c1✮ ❡ ♣♦ss✉✐ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛
✭❞❡✈✐❞♦ ❛ ❛❧♦❝❛çã♦ ❞❛ t❛r❡❢❛ c3✮✳ ❆❧♦❝❛♠♦s c2 ♥❛ ♠áq✉✐♥❛ ◆ ❡ t✉r♥♦ ✹✳ ❆ t❛❜❡❧❛
✺✳✷ ✐❧✉str❛ ❛ ❛❧♦❝❛çã♦ ❞❛s t❛r❡❢❛s ❛té ❡st❡ ♠♦♠❡♥t♦ ❞♦ ❛❧❣♦r✐t♠♦✳

❚❛❜❡❧❛ ✺✳✷✿ ❊①❡♠♣❧♦ ♣❛r❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✿ s❡❣✉♥❞❛ ❡t❛♣❛
❚✉r♥♦s

▼áq✉✐♥❛ ✶ ✷ ✸ ✹ ✺ ✻
▼ c3 a2
◆ c2 b2

P♦r ✜♠✱ ❛❧♦❝❛♠♦s t❛r❡❢❛s ❝♦♠ ❞❡♠❛♥❞❛ ✐♥❞✐r❡t❛ ❡ q✉❡ ♥ã♦ ♣♦ss✉❡♠ ♣r❡❝❡✲
❞❡♥t❡s✱ ♦✉ s❡❥❛✱ ❛s t❛r❡❢❛s a1✱ b1 ❡ c1✳ ❆❧♦❝❛♠♦s ❛ t❛r❡❢❛ a1 ♥❛ ♠áq✉✐♥❛ ▼ ♥♦
t✉r♥♦ ✶✱ ❛ t❛r❡❢❛ b1 ♥❛ ♠áq✉✐♥❛ ◆ ❡ t✉r♥♦ ✶ ❡✱ ♣♦r ✜♠✱ ❛ t❛r❡❢❛ c1 ♥❛ ♠áq✉✐♥❛
▼ ❡ t✉r♥♦ ✷✳ ❆ t❛❜❡❧❛ ❛♣r❡s❡♥t❛ s♦❧✉çã♦ ♦❜t✐❞❛ ♣❡❧❛ ❤❡✉ríst✐❝❛✳

❚❛❜❡❧❛ ✺✳✸✿ ❊①❡♠♣❧♦ ♣❛r❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✿ t❡r❝❡✐r❛ ❡t❛♣❛
❚✉r♥♦s

▼áq✉✐♥❛ ✶ ✷ ✸ ✹ ✺ ✻
▼ a1 c1 c3 a2
◆ b2 c2 b2

✺✳✹ ❍❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦

❍❡✉ríst✐❝❛s ❞❡ ♠❡❧❤♦r❛♠❡♥t♦ ❝♦♥s✐st❡♠ ❡♠ ❛❧❣♦r✐t♠♦s ❝✉❥♦ ♦❜❥❡t✐✈♦ é ❛♣❡r❢❡✐ç♦❛r
❛ ♣❡r❢♦r♠❛♥❝❡ ❞❡ ✉♠❛ s♦❧✉çã♦ ♣r❡✈✐❛♠❡♥t❡ ❞❡✜♥✐❞❛✳ ❊♠ ❣❡r❛❧✱ sã♦ ❝♦♠♣❧❡♠❡♥✲
t❛r❡s às ❤❡✉ríst✐❝❛s ❞❡ ❝♦♥str✉çã♦ s❡r✈✐♥❞♦ ❝♦♠♦ ✉♠❛ s❡❣✉♥❞❛ ❡t❛♣❛ ♥♦ ♣r♦❝❡ss♦
❞❡ ♦t✐♠✐③❛çã♦✳

❆s ❤❡✉ríst✐❝❛s ❞❡ ♠❡❧❤♦r❛♠❡♥t♦ ❞✐❢❡r❡♠ ❞❛s ♠❡t❛✲❤❡✉ríst✐❝❛s ♣♦r ♥ã♦ tr❛✲
❜❛❧❤❛r❡♠ ❝♦♠ ✉♠❛ ❡str✉t✉r❛ ❞❡ ❜✉s❝❛ ♣r❡✈✐❛♠❡♥t❡ ❞❡✜♥✐❞❛✳ P♦r ❡st❡ ♠♦t✐✈♦✱



✺✳✺ ❆♣❧✐❝❛çã♦✿ ♠❡❧❤♦r❛♠❡♥t♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ✺✸

❡st❡s ❛❧❣♦r✐t♠♦s sã♦✱ ❡♠ ❣❡r❛❧✱ ❡s♣❡❝✐❛❧✐③❛❞♦s ♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣r♦❜❧❡♠❛ ❡
♣♦❞❡♠ ✉s✉❢r✉✐r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♣ró♣r✐❛s ❞❡st❡ ♣r♦❜❧❡♠❛ ♣❛r❛ ♠❡❧❤♦r❛r❡♠ s❡✉
❞❡s❡♠♣❡♥❤♦✳ ❆s ❤❡✉ríst✐❝❛s ❞❡ ♠❡❧❤♦r❛♠❡♥t♦ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s ♥✉♠❛ ❡t❛♣❛
❞♦ ♣r♦❝❡ss♦ ❞❡ ❜✉s❝❛ ❧♦❝❛❧ ❞❡ ✉♠❛ ♠❡t❛✲❤❡✉ríst✐❝❛✳

✺✳✺ ❆♣❧✐❝❛çã♦✿ ♠❡❧❤♦r❛♠❡♥t♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ❞❡

❡sq✉❡♠❛t✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s

❯♠❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ♣❛r❛ ❛✉①✐❧✐❛r ♦ ♣r♦❝❡ss♦ ❞❡ ♦t✐✲
♠✐③❛çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s ❛❜♦r❞❛❞♦ ♥❡st❛ ❞✐ss❡rt❛çã♦✳
❆ s✉❛ ❛♣❧✐❝❛çã♦ ❞❡✈❡rá s❡r r❡❛❧✐③❛❞❛ ❛♣ós ❛ ♦❜t❡♥çã♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ♦✉
❛té ♠❡s♠♦ ❞❡♣♦✐s ❞♦ ♣r♦❝❡ss♦ ❞❡ ♦t✐♠✐③❛çã♦ ❞♦ ♠♦❞❡❧♦ ❞❡ ♣r♦❣r❛♠❛çã♦ ♠❛t❡♠á✲
t✐❝❛✱ ❞❡s❞❡ q✉❡ ♦❜s❡r✈❛❞❛s ❛❧❣✉♠❛s ❝♦♥❞✐çõ❡s✳ ❆ ❤❡✉ríst✐❝❛ ♥ã♦ ❢❛③ ✉s♦ ❞❡ ❤♦r❛s
❡①tr❛s ❡✱ ♣♦rt❛♥t♦✱ ✉♠❛ s♦❧✉çã♦ q✉❡ ♣♦ss✉✐r ❤♦r❛s ❡①tr❛s ♣♦❞❡rá s❡r ♠♦❞✐✜❝❛❞❛
❡rr♦♥❡❛♠❡♥t❡✳

❖ ❛❧❣♦r✐t♠♦ ✈✐s❛ ❞♦✐s ♦❜❥❡t✐✈♦s✿ ♠❡❧❤♦r❛r ❛ ♣❡r❢♦r♠❛♥❝❡ ❞❛ s♦❧✉çã♦ ❝♦♠ r❡❧❛✲
çã♦ ❛♦ ❝r✐tér✐♦ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ✭✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ♠✐♥✐♠✐③❛çã♦ ❞♦ tér♠✐♥♦
t♦t❛❧ ❞❛s t❛r❡❢❛s✱ s♦♠❛tór✐♦ ❞♦s ❛tr❛s♦s ❡ ✉s♦ ❞❡ ❤♦r❛s ❡①tr❛s✮ ❡ t♦r♥❛r ❛ s♦❧✉çã♦
♠❛✐s ❢❛❝tí✈❡❧ ✭❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❝r✐tér✐♦ ❞❡ ♥ú♠❡r♦ ❞❡ r❡str✐çõ❡s ✈✐♦❧❛❞❛s✮✳

❉❛❞♦ q✉❡ ♦ ♣r♦❜❧❡♠❛ ❞❡♣❡♥❞❡ ❞❡ ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧✱ ❞❡✈❡✲s❡ ❝♦♥s✐❞❡r❛r q✉❡
❛s ✈❛r✐á✈❡✐s ❞❡✜♥✐❞❛s ♥❛ s❡çã♦ ✹✳✸ ❥á ♣♦ss✉❡♠ ✈❛❧♦r❡s r❡❢❡r❡♥t❡s ❛ ❡st❛ s♦❧✉çã♦ ❡
q✉❡ ❡st❛s ♠❡s♠❛s ✈❛r✐á✈❡✐s s❡rã♦ ♠♦❞✐✜❝❛❞❛s ♣❛r❛ ♠❡❧❤♦r✐❛ ❞❛ s♦❧✉çã♦ ❛t✉❛❧✳ ❆
❡str✉t✉r❛ ♣r✐♥❝✐♣❛❧ ❞❛ ❤❡✉ríst✐❝❛ é ❛♣r❡s❡♥t❛❞❛ ♥♦ ❛❧❣♦r✐t♠♦ ✺✳✷✷✳

✺✳✺✳✶ ▼❡❧❤♦r✐❛ ❞♦ tér♠✐♥♦ t♦t❛❧ ❞❛s t❛r❡❢❛s ❞❛ s♦❧✉çã♦

❆ ♣r✐♠❡✐r❛ ❢❛s❡ ❞❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r✐❛ ❜✉s❝❛ ♠❡❧❤♦r❛r ♦ tér♠✐♥♦ t♦t❛❧ ❞❛s
t❛r❡❢❛s ❞❛ s♦❧✉çã♦✱ s❡♠ t♦r♥❛ ❛ ♠❡s♠❛ ♠❛✐s ✐♥❢❛❝tí✈❡❧✳

Pr✐♠❡✐r❛♠❡♥t❡✱ ❞❡✈❡♠♦s ❝r✐❛r ♦ ❝♦♥❥✉♥t♦ J1 q✉❡ ❝♦♥s✐st❡ ❡♠ t♦❞❛s ❛s t❛r❡❢❛s
q✉❡ ♣♦ss✉❡♠ ❛❧❣✉♠❛ ❛❧♦❝❛çã♦ ❡ q✉❡ ❞❡✈❡rã♦ s❡r ♠❡❧❤♦r❛❞❛s✱ ❝♦♥❢♦r♠❡ ❞❡s❝r✐t♦
♥♦ ❛❧❣♦r✐t♠♦ ✺✳✷✸✳

❯♠❛ ❡str✉t✉r❛ ❞❡ r❡♣❡t✐çã♦ s❡rá ✐♥✐❝✐❛❞❛ ♣❛r❛ ❛ ♠❡❧❤♦r✐❛ ❞❛s t❛r❡❢❛s✳ ❉✉r❛♥t❡
❝❛❞❛ r❡♣❡t✐çã♦✱ ✉♠ ❛❧❣♦r✐t♠♦ t❡♥t❛rá r❡❛❧✐③❛r ❡st❛ ♠❡❧❤♦r✐❛ ❡♥q✉❛♥t♦ ♦ ❝♦♥❥✉♥t♦
J1 ♥ã♦ ❢♦r ✈❛③✐♦ ❡ ❤♦✉✈❡r t❛r❡❢❛s ❛ s❡r❡♠ ♠❡❧❤♦r❛❞❛s✳

P❛r❛ ♠♦❞✐✜❝❛r ❛ s♦❧✉çã♦✱ ♣r✐♠❡✐r♦ ♦❜té♠✲s❡ ✉♠❛ t❛r❡❢❛ ✭q✉❛❧q✉❡r✮ j1 ♣❡rt❡♥✲
❝❡♥t❡ ❛ J1✱ ❛ ♠áq✉✐♥❛m1 ❛♦ q✉❛❧ ❛ t❛r❡❢❛ ❡stá ❛❧♦❝❛❞❛ ❡ s❡✉ ✐♥t❡r✈❛❧♦ ❞❡ ❛❧♦❝❛çã♦
❞❡✜♥✐❞♦ ♣❡❧♦ t✉r♥♦ ❞❡ ✐♥í❝✐♦ ti1 ❡ t✉r♥♦ ❞❡ tér♠✐♥♦ tf1✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✷✹✳



✺✳✺ ❆♣❧✐❝❛çã♦✿ ♠❡❧❤♦r❛♠❡♥t♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ✺✹

❆❧❣♦r✐t♠♦ ✺✳✷✷ ❍❡✉ríst✐❝❛ ❞❡ ▼❡❧❤♦r❛♠❡♥t♦
✴✯✶❛ ♣❛rt❡✯✴

✴✯▼❡❧❤♦r✐❛ ❞♦ ♠❛❦❡s♣❛♥ ❞❛ s♦❧✉çã♦✯✴

J1← CriarConjuntoCompleto()
❊♥q✉❛♥t♦ J1 6= ∅

(j1,m1, ti1, tf1)← ObtemAlocacao(J1)
(rbj, rbm, rbti, rbtf, violacoes)← SalvaAlocacao(j1,m1, ti1, tf1)
❊♥q✉❛♥t♦ ti1 > 1

HAlocadas← ObtemHorasAlocadas(j1, ti1, tf1)
(ti1, tf1)← AntecipaIntervalo(j1, ti1, tf1, HAlocadas)
ModificaSolucao(j1,m1, ti1, tf1)
❙❡ ObtemV iolacoes() > violacoes

ModificaSolucao(rbj, rbm, rbti, rbtf)
■♥t❡rr♦♠♣❡✲❡♥q✉❛♥t♦

❙❡♥ã♦

(rbj, rbm, rbti, rbtf, violacoes)←
SalvaAlocacao(j1,m1, ti1, tf1)

❋✐♠✲s❡

❋✐♠✲❡♥q✉❛♥t♦

J1 = J1− {j1}

❋✐♠✲❡♥q✉❛♥t♦

✴✯✷❛ ♣❛rt❡✯✴

✴✯▼❡❧❤♦r✐❛ ♥❛ ❢❛❝t✐❜✐❧✐❞❛❞❡ ❞❛ s♦❧✉çã♦✯✴

J2← CriarConjuntoCompleto()
❊♥q✉❛♥t♦ J2 6= ∅

(j2,m2, ti2, tf2)← ObtemAlocacao(J2)
(rbj, rbm, rbti, rbtf, violacoes)← SalvaAlocacao(j2,m2, ti2, tf2)
TFinal← ObtemTurnoF inal(j2)
❊♥q✉❛♥t♦ ti2 < TFinal

HAlocadas← ObtemHorasAlocadas(j2, ti2, tf2)
(ti2, tf2)← AdiaIntervalo(j2, ti2, tf2, HAlocadas, TF inal)
ModificaSolucao(j2,m2, ti2, tf2)
❙❡ ObtemV iolacoes() ≥ violacoes

ModificaSolucao(rbj, rbm, rbti, rbtf)
■♥t❡rr♦♠♣❡✲❡♥q✉❛♥t♦

❙❡♥ã♦

(rbj, rbm, rbti, rbtf, violacoes)←
SalvaAlocacao(j2,m2, ti2, tf2)

❋✐♠✲s❡

❋✐♠✲❡♥q✉❛♥t♦

J2 = J2− {j2}

❋✐♠✲❡♥q✉❛♥t♦



✺✳✺ ❆♣❧✐❝❛çã♦✿ ♠❡❧❤♦r❛♠❡♥t♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ✺✺

❆❧❣♦r✐t♠♦ ✺✳✷✸ CriarConjuntoCompleto()

❋✉♥çã♦ CriarConjuntoCompleto()

r❡t♦r♥❛r {j ∈ J | ∃Xj,m,t = 1}

❆❧❣♦r✐t♠♦ ✺✳✷✹ ObtemAlocacao(J)

❋✉♥çã♦ ObtemAlocacao(J)
rj ←❙❡❧❡❝✐♦♥❡ j ∈ J q✉❛❧q✉❡r

rm←❙❡❧❡❝✐♦♥❡ m ∈M t❛❧ q✉❡ ∃t | Xrj,m,t = 1
rti←❙❡❧❡❝✐♦♥❡ ♦ ♣r✐♠❡✐r♦ t t❛❧ q✉❡ Xrj,rm,t = 1
rtf ←❙❡❧❡❝✐♦♥❡ ♦ ú❧t✐♠♦ t t❛❧ q✉❡ Xrj,rm,t = 1

r❡t♦r♥❛r (rj, rm, rti, rtf)

◆♦ ♣r♦❝❡ss♦ ❞❡ ♠❡❧❤♦r✐❛ ❞❛ s♦❧✉çã♦ ❞❡✈❡♠♦s s❡♠♣r❡ ❣✉❛r❞❛r ❛ s♦❧✉çã♦ ❛t✉❛❧✲
♠❡♥t❡ ❛❧♦❝❛❞❛✱ ❣❛r❛♥t✐♥❞♦ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ r❡t♦r♥❛r ❛ ❡❧❛ ❝❛s♦ ✉♠❛ ♠♦❞✐✜❝❛çã♦
♥❡❝❡ss✐t❡ s❡r ❞❡s❢❡✐t❛✳ P❛r❛ t❛❧✱ ❣✉❛r❞❛♠♦s ♦s ✈❛❧♦r❡s ❛t✉❛✐s ♣❛r❛ ❛ t❛r❡❢❛ q✉❡ s❡rá
♠♦❞✐✜❝❛❞❛ ❡♠ (rbj, rbm, rbti, rbtf) ♦♥❞❡ t♦♠❛♠♦s ♦ ♣r❡✜①♦ rb ❞♦ ✐♥❣❧ês r♦❧❧❜❛❝❦✱
✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ❝♦♥❤❡❝✐❞♦ ❞❛ ár❡❛ ❞❡ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ♥❛ ❝♦♠♣✉t❛çã♦ ❡ q✉❡
s✐❣♥✐✜❝❛ r❡t♦r♥❛r ❛ ✉♠❛ ❝♦♥❞✐çã♦ ❛♥t❡r✐♦r às ♠♦❞✐✜❝❛çõ❡s r❡❛❧✐③❛❞❛s✳ ❚❛♠❜é♠
❛r♠❛③❡♥❛♠♦s ♦ ♥ú♠❡r♦ ❞❡ r❡str✐çõ❡s ✈✐♦❧❛❞❛s ❡♠ violacoes ✭✈❡❥❛ ♦ ❛❧❣♦r✐t♠♦
✺✳✷✻✮✱ ❛ss✐♠ s❡rá ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r s❡ ❛ ♠♦❞✐✜❝❛çã♦ ♥ã♦ tr♦✉①❡ ♠❛✐♦r❡s ✐♥❢❛❝t✐❜✐✲
❧✐❞❛❞❡s✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✷✺✳

❉❡✈❡♠♦s ✐♥✐❝✐❛r ✉♠❛ ♥♦✈❛ ❡str✉t✉r❛ ❞❡ r❡♣❡t✐çã♦✳ ❯♠ ❛❧❣♦r✐t♠♦ q✉❡ ❛♥t❡❝✐♣❛
♦ ✐♥t❡r✈❛❧♦ ❞❛ t❛r❡❢❛ j1 s❡❧❡❝✐♦♥❛❞❛ s❡rá r❡♣❡t✐❞♦ ❡♥q✉❛♥t♦ ♦ ✐♥í❝✐♦ ❛❧♦❝❛❞♦ ♣❛r❛
❛ t❛r❡❢❛ ❢♦r ♠❛✐♦r q✉❡ ✶ ✭ti1 > 1✮✱ ❝❛s♦ ❝♦♥trár✐♦ ♥ã♦ s❡r✐❛ ♣♦ssí✈❡❧ ❛♥t❡❝✐♣❛r ♠❛✐s
♦ ✐♥t❡r✈❛❧♦✳

❈♦♠♦ ♠♦❞✐✜❝❛r❡♠♦s ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❛❧♦❝❛çã♦ ❞❡ ✉♠❛ t❛r❡❢❛ ❛ ✉♠❛ ♠áq✉✐♥❛✱

❆❧❣♦r✐t♠♦ ✺✳✷✺ SalvaAlocacao(j,m, ti, tf)

❋✉♥çã♦ SalvaAlocacao(j,m, ti, tf)
V iolacoes← ObtemV iolacoes()

r❡t♦r♥❛r (j,m, ti, tf, V iolacoes)



✺✳✺ ❆♣❧✐❝❛çã♦✿ ♠❡❧❤♦r❛♠❡♥t♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ✺✻

❆❧❣♦r✐t♠♦ ✺✳✷✻ ObtemV iolacoes()

❋✉♥çã♦ ObtemV iolacoes()
r❡t♦r♥❛r ♥ú♠❡r♦ ❞❡ r❡str✐çõ❡s ✈✐♦❧❛❞❛s

♥❛ s♦❧✉çã♦ ❛t✉❛❧ ❞♦ ♣r♦❜❧❡♠❛

❆❧❣♦r✐t♠♦ ✺✳✷✼ ObtemHorasAlocadas(j, ti, tf)

❋✉♥çã♦ ObtemHorasAlocadas(j, ti, tf)
r❡t♦r♥❛r

∑

t∈T |ti≤t≤tf

HTurnoJSj ,t

♣❛r❛ ❡✈✐t❛r♠♦s ❛ ❣❡r❛çã♦ ❞❡ ♥♦✈❛s ✐♥❢❛❝t✐❜✐❧✐❞❛❞❡s✱ ❞❡✈❡♠♦s ❛r♠❛③❡♥❛r ♦ ♥ú♠❡r♦
❞❡ ❤♦r❛s ❛t✉❛❧♠❡♥t❡ ❛❧♦❝❛❞❛s ♣❛r❛ ♦ ♣❛r t❛r❡❢❛✴♠áq✉✐♥❛ ❡♠ HAlocadas✳ ❱❡❥❛ ♦
❛❧❣♦r✐t♠♦ ✺✳✷✼✳

❉❡✜♥✐♠♦s ✉♠ ♥♦✈♦ ✐♥t❡r✈❛❧♦ ❞❡ ❛❧♦❝❛çã♦ ♣❛r❛ ❛ t❛r❡❢❛ j1 ♥❛ ♠áq✉✐♥❛ m1✱
❜✉s❝❛♥❞♦ ❞❡s❧♦❝❛r ♦ ✐♥t❡r✈❛❧♦ ♣❛r❛ ♠❛✐s ♣ró①✐♠♦ ❛♦ ✐♥í❝✐♦ ❞♦ ❤♦r✐③♦♥t❡✳ P❛r❛ t❛❧✱
❞❡✈❡♠♦s ❛♥t❡❝✐♣❛r ♦ t✉r♥♦ ❞❡ tér♠✐♥♦ ❡♠ ✶ t✉r♥♦ ❡✱ s❡ ❢♦r ♥❡❝❡ssár✐♦✱ ❛té q✉❡
❡st❡ t✉r♥♦ ❞❡ tér♠✐♥♦ ♣♦ss✉❛ ❤♦r❛s ❞✐s♣♦♥í✈❡✐s ✭❛❧♦❝❛çã♦ ❞❡ t❛r❡❢❛s ♣❛r❛ t✉r♥♦s
s❡♠ ❤♦r❛s ❞✐s♣♦♥í✈❡✐s ♥ã♦ tr❛③ ♥❡♥❤✉♠ ❜❡♥❡❢í❝✐♦ ♣❛r❛ ❛ s♦❧✉çã♦✮✳ P❛r❛ ❝♦♠♣❧❡t❛r
❛ ❛❧♦❝❛çã♦✱ ❞❡✈❡♠♦s ❛♥t❡❝✐♣❛r ♦ t✉r♥♦ ❞❡ ✐♥í❝✐♦ ❛té q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞♦
✐♥t❡r✈❛❧♦ s❡❥❛ ♣❡❧♦ ♠❡♥♦s ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❛♥t❡r✐♦r♠❡♥t❡ ❛❧♦❝❛❞❛s ♦✉
q✉❡ ♦ t✉r♥♦ ✐♥✐❝✐❛❧ s❡❥❛ ♦ ♣r✐♠❡✐r♦ t✉r♥♦ ❞✐s♣♦♥í✈❡❧✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✷✽✳

▼♦❞✐✜❝❛♠♦s ❛ s♦❧✉çã♦ ❝♦♠ ♦ ♥♦✈♦ ✐♥t❡r✈❛❧♦ (ti1, tf2) ♣❛r❛ ❛ t❛r❡❢❛ t1 ❡ ♠á✲
q✉✐♥❛ m1✱ ❡ ✉s❛♥❞♦ ❛ ♠❡s♠❛ ❢✉♥çã♦ ❞❛ s❡çã♦ r❡❢❡r❡♥t❡ ❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✳
❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✽✳

❊♠ s❡❣✉✐❞❛✱ ✈❡r✐✜❝❛✲s❡ s❡ ❛ ♠♦❞✐✜❝❛çã♦ ❞❛ s♦❧✉çã♦ ♣✐♦r♦✉ ❛ ❝♦♥❞✐çã♦ ❞❡ ❢❛❝✲
t✐❜✐❧✐❞❛❞❡ ❞♦ ♣r♦❜❧❡♠❛✱ ♦♥❞❡ ObtemV iolacoes() > violacoes✳ ❈❛s♦ ❡st❛ ❞❡s✐❣✉❛❧✲
❞❛❞❡ s❡❥❛ ✈❡r❞❛❞❡✐r❛✱ ❞❡✈❡♠♦s r❡✈❡rt❡r ❛ s♦❧✉çã♦ ♣❛r❛ ❛ ú❧t✐♠❛ ✈❡rsã♦ ❛r♠❛③❡♥❛❞❛
♥♦s ♣❛râ♠❡tr♦s ❞❡ r♦❧❧❜❛❝❦ ❛tr❛✈és ❞❛ ❝❤❛♠❛❞❛▼♦❞✐✜❝❛❙♦❧✉❝❛♦✭r❜❥✱r❜♠✱r❜t✐✱r❜t❢✮✳
❚❛♠❜é♠ é ♥❡❝❡ssár✐♦ ✐♥t❡rr♦♠♣❡r ❛ ❡str✉t✉r❛ ❞❡ r❡♣❡t✐çã♦ q✉❡ ✈✐s❛ ❛ ❛♥t❡❝✐♣❛çã♦
❞♦ ✐♥t❡r✈❛❧♦ ❞❛ t❛r❡❢❛ j1✱ ♣♦✐s s❡rá ♥❡❝❡ssár✐♦ s❡❧❡❝✐♦♥❛r ✉♠❛ ♥♦✈❛ t❛r❡❢❛✳

◆♦ ❡♥t❛♥t♦✱ s❡ ❛ ❝♦♥❞✐çã♦ ♥ã♦ ❢♦r ✈❡r❞❛❞❡✐r❛✱ ❞❡✈❡♠♦s ❛t✉❛❧✐③❛r ♥♦ss♦ r♦❧❧❜❛❝❦
❝♦♠ ❛ s♦❧✉çã♦ ❛t✉❛❧✱ ❥á q✉❡ ❡st❛ é ❝♦♥s✐❞❡r❛❞❛ ✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r❛❞❛✳ ❱❡❥❛ ♦
❛❧❣♦r✐t♠♦ ✺✳✷✺✳

❋✐♥❛❧✐③❛♠♦s ❛ ❡str✉t✉r❛ ❞❡ r❡♣❡t✐çã♦ ❞❛ ❛♥t❡❝✐♣❛çã♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❛❧♦❝❛çã♦
❞❛ t❛r❡❢❛ j1✳



✺✳✺ ❆♣❧✐❝❛çã♦✿ ♠❡❧❤♦r❛♠❡♥t♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ✺✼

❆❧❣♦r✐t♠♦ ✺✳✷✽ AntecipaIntervalo(j, ti, tf,Horas)

❋✉♥çã♦ AntecipaIntervalo(j, ti, tf,Horas)
tf ← tf − 1
❊♥q✉❛♥t♦ HTurnoJSj ,tf = 0

tf ← tf − 1

❋✐♠✲❡♥q✉❛♥t♦

❊♥q✉❛♥t♦ ObtemHorasAlocadas(j, ti, tf) < HAlocadas ❡ ti > 1

ti← ti− 1

❋✐♠✲❡♥q✉❛♥t♦

r❡t♦r♥❛r (ti, tf)

◆❛ ❝♦♥t✐♥✉❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦✱ ❞❡✈❡♠♦s r❡♠♦✈❡r ❛ t❛r❡❢❛ j1 ❞♦ ❝♦♥❥✉♥t♦ J1✱
♣♦✐s ❡st❛ ❥á ♥ã♦ s❡rá ♠❛✐s ♠♦❞✐✜❝❛❞❛✳ ❈♦♠ ✐st♦✱ t❡r♠✐♥❛♠♦s ❛ ❡str✉t✉r❛ ❞❡
r❡♣❡t✐çã♦ ❞❡ ♠❡❧❤♦r✐❛ ❞❡ t❛r❡❢❛s ❡ ✜♥❛❧✐③❛♠♦s ❛ ♣r✐♠❡✐r❛ ♣❛rt❡ ❞♦ ❛❧❣♦r✐t♠♦✳

✺✳✺✳✷ ▼❡❧❤♦r✐❛ ♥❛ ❢❛❝t✐❜✐❧✐❞❛❞❡

❆ s❡❣✉♥❞❛ ♣❛rt❡ ❞♦ ❛❧❣♦r✐t♠♦ ✈✐s❛ ❛ ♠❡❧❤♦r✐❛ ♥❛ ❢❛❝t✐❜✐❧✐❞❛❞❡ ❞♦ ♣r♦❜❧❡♠❛✱
♠❡s♠♦ q✉❡ ✐st♦ ✐♠♣❧✐q✉❡ ♥✉♠❛ ♣✐♦r❛ ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♣r♦♣♦st❛✳

■♥✐❝✐❛♠♦s r❡❝r✐❛♥❞♦ ♦ ❝♦♥❥✉♥t♦ J2✱ ❝♦♥t❡♥❞♦ t♦❞❛s ❛s t❛r❡❢❛s ❝♦♠ ❛❧❣✉♠❛
❛❧♦❝❛çã♦✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✷✸✳

❖ ♣ró①✐♠♦ ♣❛ss♦ ❞❡✜♥❡ ✉♠❛ ❡str✉t✉r❛ ❞❡ r❡♣❡t✐çã♦ q✉❡ ❜✉s❝❛ ❛ ♠❡❧❤♦r✐❛
♥❛ ❢❛❝t✐❜✐❧✐❞❛❞❡ ❞♦ ♣r♦❜❧❡♠❛✱ ❡♥q✉❛♥t♦ ❤♦✉✈❡r t❛r❡❢❛s ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ♠❡❧❤♦r✐❛
✭J2 6= ∅✮✳

❙❡❧❡❝✐♦♥❛♠♦s ✉♠❛ t❛r❡❢❛ ✭j2✮ ❞♦ ❝♦♥❥✉♥t♦ J2✱ ♦❜t❡♥❞♦ ❛ ♠áq✉✐♥❛ ❛♦ q✉❛❧
❡stá ❛❧♦❝❛❞❛ ✭m2✮✱ s❡✉ t✉r♥♦ ❞❡ ✐♥í❝✐♦ ✭ti2✮ ❡ s❡✉ t✉r♥♦ ❞❡ tér♠✐♥♦ ✭tf2✮✳

❙❛❧✈❛♠♦s ❛ ❛❧♦❝❛çã♦ ❛t✉❛❧ ❞❛ t❛r❡❢❛ j2 ♥♦s ♣❛râ♠❡tr♦s ❞❡ r♦❧❧❜❛❝❦ ❥á ❞❡✜♥✐❞♦s
❡ ♦❜t❡♠♦s t❛♠❜é♠ ❛ ✈✐♦❧❛çã♦ ❛t✉❛❧ ❞♦ ♣r♦❜❧❡♠❛✳

◆❛ s❡❣✉♥❞❛ ♣❛rt❡ ❞❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r✐❛✱ ✐r❡♠♦s ❛❞✐❛r ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❛❧♦✲
❝❛çã♦ ❞❛ t❛r❡❢❛✱ ❡♥tã♦ é ♥❡❝❡ssár✐♦ ♦❜t❡r q✉❛❧ ♦ t✉r♥♦ ♠á①✐♠♦ ❞❡ ❛❧♦❝❛çã♦ ♣❛r❛
t❛r❡❢❛✳ ❖❜t❡♠♦s ❡ ❛r♠❛③❡♥❛♠♦s ❡st❡ ✈❛❧♦r ❡♠ TFinal ♣❡❧❛ ❢✉♥çã♦ ❞❡✜♥✐❞❛ ♥♦
❛❧❣♦r✐t♠♦ ✺✳✷✾✳

■♥✐❝✐❛♠♦s ❡♥tã♦ ✉♠❛ ❡str✉t✉r❛ ❞❡ r❡♣❡t✐çã♦ q✉❡ ✐rá ❛❞✐❛r ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❛❧♦✲



✺✳✺ ❆♣❧✐❝❛çã♦✿ ♠❡❧❤♦r❛♠❡♥t♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ✺✽

❆❧❣♦r✐t♠♦ ✺✳✷✾ ObtemTurnoF inal(j)

❋✉♥çã♦ ObtemTurnoF inal(j)
r❡t♦r♥❛r max{t ∈ T | HTurnoJSj ,t > 0}

❆❧❣♦r✐t♠♦ ✺✳✸✵ AdiaIntervalo(j, ti, tf,Horas, TF inal)

❋✉♥çã♦ AdiaIntervalo(j, ti, tf,Horas)
ti← ti+ 1
❊♥q✉❛♥t♦ HTurnoJSj ,ti = 0

ti← ti+ 1

❋✐♠✲❡♥q✉❛♥t♦

❊♥q✉❛♥t♦ ObtemHorasAlocadas(j, ti, tf) < HAlocadas ❡ tf <
TFinal

tf ← tf + 1

❋✐♠✲❡♥q✉❛♥t♦

r❡t♦r♥❛r (ti, tf)

❝❛çã♦ ❞❛ t❛r❡❢❛ s❡❧❡❝✐♦♥❛❞❛ j2✳ ❊st❛ r❡♣❡t✐çã♦ s❡ ❞❛rá ❡♥q✉❛♥t♦ ♦ t✉r♥♦ ❞❡
tér♠✐♥♦ ❞❛ t❛r❡❢❛ s❡❧❡❝✐♦♥❛❞❛ ♥ã♦ ❡st✐✈❡r ♥♦ ú❧t✐♠♦ t✉r♥♦ ❡ ♣✉❞❡r s❡r ❛❞✐❛❞❛
✭tf2 < TFinal✮✳

❆r♠❛③❡♥❛♠♦s ♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❛t✉❛❧♠❡♥t❡ ❛❧♦❝❛❞❛s ♣❛r❛ ❛ t❛r❡❢❛ ♥❛ ♠á✲
q✉✐♥❛ ♥♦ ♣❛râ♠❡tr♦ HAlocadas✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✷✼✳

▼♦❞✐✜❝❛♠♦s ❡♥tã♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❛❧♦❝❛çã♦✱ ❛❞✐❛♥❞♦✲♦✳ P❛r❛ t❛❧✱ ❛❞✐❛♠♦s ❡♠
✉♠ ♦ t✉r♥♦ ❞❡ ✐♥í❝✐♦ ❞❛ ❛❧♦❝❛çã♦ ✭ti2✮ ❡ ❛té q✉❡ ❤❛❥❛ ❤♦r❛s ❞✐s♣♦♥í✈❡✐s ♥❡st❡
t✉r♥♦ ❞❡ ✐♥í❝✐♦✳ ❊♠ s❡❣✉✐❞❛✱ ❛❞✐❛♠♦s ♦ t✉r♥♦ ❞❡ tér♠✐♥♦ ❡♥q✉❛♥t♦ ♦ ♥ú♠❡r♦ ❞❡
❤♦r❛s ❛❧♦❝❛❞❛s ❢♦r ♠❡♥♦r q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ♣r❡✈✐❛♠❡♥t❡ ❛❧♦❝❛❞❛s ❡ ♦ t✉r♥♦
✜♥❛❧ ❞❛ ❛❧♦❝❛çã♦ ✭tf2✮ ❢♦r ♠❡♥♦r q✉❡ ♦ ú❧t✐♠♦ t✉r♥♦ ❞✐s♣♦♥í✈❡❧✳ ❱❡❥❛ ❛ ❞❡s❝r✐çã♦
♥♦ ❛❧❣♦r✐t♠♦ ✺✳✸✵✳

▼♦❞✐✜❝❛♠♦s ❡♥tã♦ ❛ s♦❧✉çã♦ ❛t✉❛❧✱ ❝♦♠ ♦ ♥♦✈♦ ✐♥t❡r✈❛❧♦✱ ❛tr❛✈és ❞❛ ❢✉♥çã♦
❞❡✜♥✐❞❛ ♥❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✳ ❱❡❥❛ ♦ ❛❧❣♦r✐t♠♦ ✺✳✽✳

❊♠ s❡❣✉✐❞❛✱ ✈❡r✐✜❝❛✲s❡ s❡ ❛ ♠♦❞✐✜❝❛çã♦ ❞❛ s♦❧✉çã♦ ♥ã♦ ♠❡❧❤♦r♦✉ ❛ ❝♦♥❞✐çã♦
❞❡ ❢❛❝t✐❜✐❧✐❞❛❞❡ ❞♦ ♣r♦❜❧❡♠❛✱ ♦♥❞❡ ObtemV iolacoes() ≥ violacoes✳ ❈❛s♦ ❡st❛
✐♥❡q✉❛çã♦ s❡❥❛ ✈❡r❞❛❞❡✐r❛✱ ❞❡✈❡♠♦s r❡✈❡rt❡r ❛ s♦❧✉çã♦ ♣❛r❛ ❛ ú❧t✐♠❛ ✈❡rsã♦ ❛r✲



✺✳✺ ❆♣❧✐❝❛çã♦✿ ♠❡❧❤♦r❛♠❡♥t♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ✺✾

♠❛③❡♥❛❞❛ ♥♦s ♣❛râ♠❡tr♦s ❞❡ r♦❧❧❜❛❝❦ ❛tr❛✈és ❞❛ ❝❤❛♠❛❞❛
▼♦❞✐✜❝❛❙♦❧✉❝❛♦✭r❜❥✱r❜♠✱r❜t✐✱r❜t❢✮✳ ❚❛♠❜é♠ é ♥❡❝❡ssár✐♦ ✐♥t❡rr♦♠♣❡r ❛ ❡str✉t✉r❛
❞❡ r❡♣❡t✐çã♦ q✉❡ ✈✐s❛ ❛❞✐❛r ♦ ✐♥t❡r✈❛❧♦ ❞❛ t❛r❡❢❛ j2✱ ♣♦✐s s❡rá ♥❡❝❡ssár✐♦ s❡❧❡❝✐♦♥❛r
✉♠❛ ♥♦✈❛ t❛r❡❢❛✳

◆♦ ❡♥t❛♥t♦✱ s❡ ❛ ❝♦♥❞✐çã♦ ♥ã♦ ❢♦r ✈❡r❞❛❞❡✐r❛✱ ❞❡✈❡♠♦s ❛t✉❛❧✐③❛r ♥♦ss♦ r♦❧❧❜❛❝❦
❝♦♠ ❛ s♦❧✉çã♦ ❛t✉❛❧✱ ❥á q✉❡ ❡st❛ é ❝♦♥s✐❞❡r❛❞❛ ✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r❛❞❛✳ ❱❡❥❛ ♦
❛❧❣♦r✐t♠♦ ✺✳✷✺✳

❋✐♥❛❧✐③❛♠♦s ❛ ❡str✉t✉r❛ ❞❡ r❡♣❡t✐çã♦ ❞♦ ❛❞✐❛♠❡♥t♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❛❧♦❝❛çã♦
❞❛ t❛r❡❢❛ j2✳

◆❛ ❝♦♥t✐♥✉❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦✱ ❞❡✈❡♠♦s r❡♠♦✈❡r ❛ t❛r❡❢❛ j2 ❞♦ ❝♦♥❥✉♥t♦ J2✱
♣♦✐s ❡st❛ ❥á ♥ã♦ s❡rá ♠❛✐s ♠♦❞✐✜❝❛❞❛✳ ❈♦♠ ✐st♦✱ t❡r♠✐♥❛♠♦s ❛ ❡str✉t✉r❛ ❞❡
r❡♣❡t✐çã♦ ❞❡ ♠❡❧❤♦r✐❛ ❞❡ ❢❛❝t✐❜✐❧✐❞❛❞❡ ❡ ✜♥❛❧✐③❛♠♦s ❛ s❡❣✉♥❞❛ ♣❛rt❡ ❞♦ ❛❧❣♦r✐t♠♦✳

✺✳✺✳✸ ❊①❡♠♣❧♦

P❛r❛ ❡①❡♠♣❧✐✜❝❛r ❛ ❛♣❧✐❝❛çã♦ ❞❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦✱ ✈❛♠♦s ❛♣r❡s❡♥t❛r
s❡✉ ❝♦♠♣♦rt❛♠❡♥t♦ ♥♦ ❝❡♥ár✐♦ ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✺✳✸✳✹✱ ❛❝r❡s❝❡♥t❛♥❞♦ ✉♠❛ r❡str✐✲
çã♦ ❞❡ q✉❡ ❛s t❛r❡❢❛s ❞♦s ♣r♦❞✉t♦s ❆ ❡ ❇ ♥ã♦ ♣♦❞❡♠ s❡r r❡❛❧✐③❛❞❛s ♥✉♠ ♠❡s♠♦
t✉r♥♦✳

P❛rt✐♥❞♦ ❛ s♦❧✉çã♦ ♦❜t✐❞❛ ♣❡❧❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✱ ✈❛♠♦s ❛♣❧✐❝❛r ❛s
❡t❛♣❛s ❞♦ ❛❧❣♦r✐t♠♦✱ ❝♦♠❡ç❛♥❞♦ ♣❡❧❛ ♠❡❧❤♦r✐❛ ❞♦ tér♠✐♥♦ t♦t❛❧ ❞❛s t❛r❡❢❛s ❞❛
s♦❧✉çã♦✳ ❙❡❣✉✐♥❞♦ ❛ ❧ó❣✐❝❛ ❞❡✜♥✐❞❛✱ ❛s s❡❣✉✐♥t❡s ♠♦❞✐✜❝❛çõ❡s s❡rã♦ r❡❛❧✐③❛❞❛s ♥❛
s♦❧✉çã♦✳

✶✳ ❆ t❛r❡❢❛ b2 ❞♦ t✉r♥♦ ✻ s❡rá r❡❛❧♦❝❛❞❛ ♣❛r❛ ♦ t✉r♥♦ ✺

✷✳ ❆ t❛r❡❢❛ c2 ❞♦ t✉r♥♦ ✹ s❡rá r❡❛❧♦❝❛❞❛ ♣❛r❛ ♦ t✉r♥♦ ✸

✸✳ ❆ t❛r❡❢❛ c3 ❞♦ t✉r♥♦ ✺ s❡rá r❡❛❧♦❝❛❞❛ ♣❛r❛ ♦ t✉r♥♦ ✹

❆ s♦❧✉çã♦ ♦❜t✐❞❛ ♣♦r s❡r ♦❜s❡r✈❛❞❛ ♥❛ t❛❜❡❧❛ ✺✳✹✳

❚❛❜❡❧❛ ✺✳✹✿ ❊①❡♠♣❧♦ ♣❛r❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦✿ ♣r✐♠❡✐r❛ ❡t❛♣❛
❚✉r♥♦s

▼áq✉✐♥❛ ✶ ✷ ✸ ✹ ✺ ✻
▼ a1 c1 c3 a2
◆ b2 c2 b2



✺✳✺ ❆♣❧✐❝❛çã♦✿ ♠❡❧❤♦r❛♠❡♥t♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ✻✵

◆❛ s❡❣✉♥❞❛ ❡t❛♣❛✱ ♠❡❧❤♦r✐❛ ♥❛ ❢❛❝t✐❜✐❧✐❞❛❞❡✱ ✈❡r✐✜❝❛♠♦s q✉❡ ❛ ú♥✐❝❛ r❡str✐çã♦
✈✐♦❧❛❞❛ é ❛ ❞❡ ♥ã♦ r❡❛❧✐③❛çã♦ ❞❡ t❛r❡❢❛s ❞♦s ♣r♦❞✉t♦s ❆ ❡ ❇ ♥✉♠ ♠❡s♠♦ t✉r♥♦✱
✈✐♦❧❛❞❛ ♣❡❧❛s t❛r❡❢❛s a1 ❡ b1✳ ❙❡❣✉✐♥❞♦ ❛ ❧ó❣✐❝❛✱ ❛ t❛r❡❢❛ b1 s❡rá r❡❛❧♦❝❛❞❛ ❞♦
t✉r♥♦ ✶ ♣❛r❛ ♦ t✉r♥♦ ✷✳ ◆ã♦ ❡①✐st❡♠ ♠❛✐s r❡str✐çõ❡s ❡♥tã♦ ♥ã♦ ❤❛✈❡rá ♠❛✐s
♠♦❞✐✜❝❛çõ❡s✱ ♦❜t❡♥❞♦ ❛ s♦❧✉çã♦ ❛♣r❡s❡♥t❛❞❛ ♥❛ t❛❜❡❧❛ ✺✳✺✳

❚❛❜❡❧❛ ✺✳✺✿ ❊①❡♠♣❧♦ ♣❛r❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦✿ ♣r✐♠❡✐r❛ ❡t❛♣❛
❚✉r♥♦s

▼áq✉✐♥❛ ✶ ✷ ✸ ✹ ✺ ✻
▼ a1 c1 c3 a2
◆ b2 c2 b2



❈❛♣ít✉❧♦ ✻

❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛✐s

✻✳✶ ■♥tr♦❞✉çã♦

P❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡ t❡st❡s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❞♦ ♠♦❞❡❧♦ ❡ ❞❛s ❤❡✉ríst✐❝❛s ♣r♦♣♦st❛s✱
❝❡♥ár✐♦s r❡❛✐s ❢♦r♥❡❝✐❞♦s ♣❡❧❛ ❡♠♣r❡s❛ ❊♠♣❧❛st✐❝ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s✳ ❊st❡s ❝❡♥ár✐♦s
❢♦r❛♠ ❡❧❛❜♦r❛❞♦s ❛ ♣❛rt✐r ❞♦s ❞❛❞♦s ❞❡ ❞❡♠❛♥❞❛ r❡❛❧✱ ❛❧é♠ ❞❡ ❡st❛tíst✐❝❛s ❞❡
♣r♦❞✉t✐✈✐❞❛❞❡s ❞❛s ♠áq✉✐♥❛s✳ ◆❡st❡ ❝❛♣ít✉❧♦ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♦s três ❝❡♥ár✐♦s
q✉❡ ❢♦r❛♠ ✉s❛❞♦s ♣❛r❛ t❡st❛r ♦ ♠♦❞❡❧♦✱ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ❝❛❞❛ ♦♣çã♦
❞❡ ♦t✐♠✐③❛çã♦ ✭❝♦♠ ❤❡✉ríst✐❝❛s ❞❡ ❝♦♥str✉çã♦ ❡ ♠❡❧❤♦r❛♠❡♥t♦❀ ❛♣❡♥❛s ❝♦♠ ❛
❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦ ❡ s❡♠ ♦ ✉s♦ ❞❡ ❤❡✉ríst✐❝❛s✮ ❡ ✉♠❛ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s
♦❜t✐❞♦s✳

✻✳✷ ❈❡♥ár✐♦s

P❛r❛ ❛✈❛❧✐❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ r❡s♦❧✉çã♦✱ ❞❛❞♦s r❡❛✐s ❢♦r❛♠ ❝♦❧❡t❛❞♦s ♣❛r❛ ❛
❣❡r❛çã♦ ❞❡ três ❝❡♥ár✐♦s✿

❼ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❈❡♥ár✐♦ r❡❢❡r❡♥t❡ à ♣r♦❣r❛♠❛çã♦ ❞❡ ♠áq✉✐♥❛s ❞♦ ♠ês ❞❡
❛❣♦st♦ ❞❡ ✷✵✵✾✱ ❝♦♠ ✸✵ t❛r❡❢❛s✱ ✶✷ ♠áq✉✐♥❛s✱ ✷✼ ♣❡rí♦❞♦s ❡ ✼✸ t✉r♥♦s✳

❼ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❈❡♥ár✐♦ r❡❢❡r❡♥t❡ à ♣r♦❣r❛♠❛çã♦ ❞❡ ♠áq✉✐♥❛s ❞♦ ♠ês ❞❡
❞❡③❡♠❜r♦ ❞❡ ✷✵✵✾✱ ❝♦♠ ✹✵ t❛r❡❢❛s✱ ✶✸ ♠áq✉✐♥❛s✱ ✷✼ ♣❡rí♦❞♦s ❡ ✼✸ t✉r♥♦s✳

❼ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❈❡♥ár✐♦ r❡❢❡r❡♥t❡ à ♣r♦❣r❛♠❛çã♦ ❞❡ ♠áq✉✐♥❛s ❞♦ ♠ês ❞❡
❢❡✈❡r❡✐r♦ ❞❡ ✷✵✶✵✱ ❝♦♠ ✷✽ t❛r❡❢❛s✱ ✶✶ ♠áq✉✐♥❛s✱ ✷✼ ♣❡rí♦❞♦s ❡ ✽✶ t✉r♥♦s✳

✻✶



✻✳✸ ❘❡s✉❧t❛❞♦s ✻✷

❚♦❞♦s ♦s ❞❛❞♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛ ❞❡✜♥✐çã♦ ❞❡st❡s ❝❡♥ár✐♦s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s
♥♦ ❛♣ê♥❞✐❝❡ ❆✳

✻✳✸ ❘❡s✉❧t❛❞♦s

P❛r❛ ♦❜t❡r ♦s r❡s✉❧t❛❞♦s ❞♦ ♠♦❞❡❧♦ ❡ ❞❛s ❤❡✉ríst✐❝❛s ♣r♦♣♦st❛s ♥❛ s❡çã♦ ✹ ❡ ♥❛
s❡çã♦ ✺ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ s✐st❡♠❛ ❆■▼▼❙ ♥❛ ✈❡rsã♦ ✸✳✾✳✻✳✶✸✹✽✶
❝♦♠ ❧✐❝❡♥ç❛ ❞❡ ❞❡s❡♥✈♦❧✈❡❞♦r ❝♦♠ ❆■▼▼❙ s✐③❡ ▲❛r❣❡✶ ❡ ❝♦♠ s♦❧✈❡r ❈P▲❊❳ ✶✷✳✶
■♥t❡r♠❡❞✐❛t❡✷✳ ❖s ❝❡♥ár✐♦s ❢♦r❛♠ r❡s♦❧✈✐❞♦s ❝♦♠ ❛s ❝♦♥✜❣✉r❛çõ❡s ❞❡❢❛✉❧t ❞♦
❈P▲❊❳✱ ♣♦ré♠✱ q✉❛♥❞♦ ❢♦✐ ♦❜t✐❞♦ ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ♣❡❧❛s ❤❡✉ríst✐❝❛s ❞❡ ❝♦♥s✲
tr✉çã♦ ❡ ♠❡❧❤♦r❛♠❡♥t♦✱ ❛ ♦♣çã♦ ✏●❡♥❡r❛❧ ✲ ❆❞✈❛♥❝❡❞ ❙t❛rt✑ ❢♦✐ ♠♦❞✐✜❝❛❞❛ ♣❛r❛
✏❯s❡ ❛❞✈❛♥❝❡❞ ❜❛s✐s✑✱ ♦♣çã♦ q✉❡ ♦❜r✐❣❛ ♦ ✉s♦ ❞❛ ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ❢♦r♥❡❝✐❞❛✳
❈♦♥s✐❞❡r❛♥❞♦ ❛s ❡①♣❡❝t❛t✐✈❛s ❞♦s ♣❧❛♥❡❥❛❞♦r❡s ❞❛ ❊♠♣❧❛st✐❝✱ ♦ t❡♠♣♦ ❧✐♠✐t❡ ✐♥✐✲
❝✐❛❧♠❡♥t❡ ✉t✐❧✐③❛❞♦ ❢♦✐ ❞❡ ✶ ❤♦r❛✳ ◆ã♦ ❢♦✐ ❡st❛❜❡❧❡❝✐❞♦ ✉♠ ❧✐♠✐t❡ ❞❡ ●❆P ♣❛r❛
♣❛r❛❞❛✳

❈♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✹✳✺✱ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ é ❝♦♠♣♦st❛ ♣♦r ✸ ❝♦♠✲
♣♦♥❡♥t❡s✿ ❡♥tr❡❣❛ s❡♠ ❛tr❛s♦✱ ♦ ♠❡♥♦r ✉s♦ ♣♦ssí✈❡❧ ❞❡ ❤♦r❛s ❡①tr❛s ❡ ♦ ♠❡♥♦r
tér♠✐♥♦ t♦t❛❧ ❞❛s t❛r❡❢❛s r❡❛❧✐③❛❞❛s✳ ❖ ♣❡s♦ ❛tr✐❜✉í❞♦ ❛♦ ♠❡♥♦r tér♠✐♥♦ ❞❛ ú❧✲
t✐♠❛ t❛r❡❢❛ ❢♦✐ ❞❡ ✵✳✶❀ ♣❛r❛ ❤♦r❛s ❡①tr❛s r❡❛❧✐③❛❞❛s ✶✵❀ ❡♥q✉❛♥t♦ q✉❡ ❡♥tr❡❣❛ s❡♠
❛tr❛s♦ ❢♦✐ ❞❡✜♥✐❞♦ ♣♦r t❛r❡❢❛ ♣❛r❛ ❝❛❞❛ ❝❡♥ár✐♦ ❝♦♥❢♦r♠❡ ❛s t❛❜❡❧❛s ✻✳✶✱ ✻✳✷ ❡ ✻✳✸✳
❉❡ss❛ ♠❛♥❡✐r❛✱ ♦ ♠♦❞❡❧♦ ❞❡✈❡rá ♣r✐♦r✐③❛r ❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ s❡♠ ❛tr❛s♦✱ ❡♠
s❡❣✉✐❞❛✱ ✉♠❛ s♦❧✉çã♦ s❡♠ ✉s♦ ❞❡ ❤♦r❛s ❡①tr❛s ❡✱ ♣♦r ✜♠✱ ✉♠ ❞❡ ♠❡♥♦r tér♠✐♥♦
t♦t❛❧ ❞❛s t❛r❡❢❛s ♣♦ssí✈❡❧✳

❚❛❜❡❧❛ ✻✳✶✿ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ P❡♥❛❧✐③❛çã♦ ❞❡ ❡♥tr❡❣❛
✭α3,j✮

❚❛r❡❢❛ ▼♦❧❞❡s

❆❢✷✺✵P✷✶ ✶✵✳✵✵✵
❆❢✺✵P✷✶ ✶✵✳✵✵✵
❇♦✷✺✵P✵✾ ✶✵✳✵✵✵
❇♦✷✺✵P✶✵ ✶✵✳✵✵✵
❇♦✷✺✵P✶✶ ✶✵✳✵✵✵

❈♦♥t✐♥✉❛✳✳✳

✶ ❊st❛ ❧✐❝❡♥ç❛ ♣❡r♠✐t❡ ❛ ❣❡r❛çã♦ ❞❡ ❝❡♥ár✐♦s ❞❡ t❛♠❛♥❤♦ ✐❧✐♠✐t❛❞♦✳
✷ ◆❡st❛ ❝♦♥✜❣✉r❛çã♦✱ é ♣❡r♠✐t✐❞❛ ❛ ♦t✐♠✐③❛çã♦ ❞❡ ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s ❞❡ ♣r♦❣r❛♠❛çã♦

❧✐♥❡❛r ✐♥t❡✐r❛ ♠✐st❛ ❞❡ t❛♠❛♥❤♦ ✐❧✐♠✐t❛❞♦✳
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❚❛r❡❢❛ ▼♦❧❞❡s
❇♦✺✵P✵✾ ✶✵✳✵✵✵
❇♦✺✵P✶✵ ✶✵✳✵✵✵
❇♦✺✵P✶✶ ✶✵✳✵✵✵
❈❛❊① ✶✵✵

❈P❘❛▲❆ ✶✵✵
❈P❘❛▲❆✸✱✺✷❛❈♦r ✶✳✵✵✵

❍❡✶✵✵ ✶✳✵✵✵
P♦✶✵✵ ✶✳✵✵✵
P♦✷✺✵ ✶✳✵✵✵

❚❛♠♣❛❯♥✷✵✵ ✶✵✵
❚❛♠♣❛❯♥✺✵ ✶✳✵✵✵
❯♥✷✵✵ ✶✵✵
❱❛✷✵✵ ✶✳✵✵✵
❱❛✺✵✵ ✶✳✵✵✵

❚❛❜❡❧❛ ✻✳✷✿ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ P❡♥❛❧✐③❛çã♦ ❞❡ ❡♥tr❡❣❛
✭α3,j✮

❚❛r❡❢❛ ▼♦❧❞❡s

❆❇✺✵✵ ✶✳✵✵✵
❇♦✷✺✵P✷✵ ✶✵✳✵✵✵
❇♦✷✺✵P✷✶ ✶✵✳✵✵✵
❇♦✺✵P✷✵ ✶✵✳✵✵✵
❇♦✺✵P✷✶ ✶✵✳✵✵✵
❈❛❊① ✶✵✵
❈❛❋✉ ✶✵✵

❈P❘❛▲❆ ✶✵✵
❈P❘❛▲❆✸✱✺✷❛❈♦r ✶✳✵✵✵

▼❖✶✵✵ ✶✵✳✵✵✵
▼❖✷✺✵ ✶✳✵✵✵
P♦✶✵✵ ✶✳✵✵✵
P♦✷✺✵ ✶✳✵✵✵

P❖❖◆●❊✶✷✺▼▲ ✶✵✵
P♦❘✶✵✵ ✶✵✵
P♦❘✷✺✵ ✶✳✵✵✵

❈♦♥t✐♥✉❛✳✳✳
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❚❛r❡❢❛ ▼♦❧❞❡s
P♦❘✺✵ ✶✵✵

P♦❘✺✵✷❛❈♦r ✶✵✵
❚r ✶✵✵

❱❛✷✵✵ ✶✳✵✵✵
❱❛✺✵✵ ✶✳✵✵✵

❚❛❜❡❧❛ ✻✳✸✿ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ P❡♥❛❧✐③❛çã♦ ❞❡ ❡♥tr❡❣❛
✭α3,j✮

❚❛r❡❢❛ ▼♦❧❞❡s

❆❋✷✺✵P✵✻ ✶✵✳✵✵✵
❆❋✺✵P✵✻ ✶✵✳✵✵✵
❇❖✷✺✵P✵✸ ✶✵✳✵✵✵
❇❖✷✺✵P✵✹ ✶✵✳✵✵✵
❇❖✷✺✵P✵✺ ✶✵✳✵✵✵
❇❖✺✵P✵✸ ✶✵✳✵✵✵
❇❖✺✵P✵✹ ✶✵✳✵✵✵
❇❖✺✵P✵✺ ✶✵✳✵✵✵
●▲✶✵✵ ✶✵✵

P❖✶✵✵P✵✶ ✶✳✵✵✵
P❖✷✺✵P✵✷ ✶✳✵✵✵
P❖✷✺✵P✵✸ ✶✳✵✵✵
P❖❇■ ✶✵✵
P❖❇■✶ ✶✵✵

P❖●❊✶✷✺▼▲ ✶✵✵
P❖❘✶✵✵P✵✶ ✶✵✵

❚r ✶✵✵

❖s t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ❡♠ ✉♠ ❝♦♠♣✉t❛❞♦r ♣♦rtát✐❧ ❝♦♠ ✉♠ ♠✐❝r♦♣r♦❝❡s✲
s❛❞♦r ■♥t❡❧➤ ❈♦r❡➋✷ ❉✉♦ ❈P❯ ❚✺✷✺✵ ❅ ✶✳✺✵ ●❍③ ❝♦♠ ✷ ●❜ ❞❡ ♠❡♠ór✐❛ ❘❆▼
♥✉♠ s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧ ❲✐♥❞♦✇s ✼✳

❖s r❡s✉❧t❛❞♦s s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ❝♦♥❢♦r♠❡ ❛s ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❡①❡❝✉çã♦ ✉t✐✲
❧✐③❛❞❛s✿ ▼❡❧❤♦r❛♠❡♥t♦✱ ❈♦♥str✉çã♦ ❡ ▼♦❞❡❧♦✳ ❆ ❝♦♥✜❣✉r❛çã♦ ▼❡❧❤♦r❛♠❡♥t♦
❝♦♥s✐st❡ ♥❛ ❡①❡❝✉çã♦ ❞❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✱ s❡❣✉✐❞❛ ❞❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡✲
❧❤♦r❛♠❡♥t♦ ❡✱ ♣♦r ✜♠✱ ❛ r♦❞❛❞❛ ❞♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣❡❧♦ ❈P▲❊❳ ✶✷✳✶✳ ❏á
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❛ ❝♦♥✜❣✉r❛çã♦ ❈♦♥str✉çã♦ ❝♦♥s✐st❡ ♥❛ ❡①❡❝✉çã♦ ❞❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦ s❡✲
❣✉✐❞❛ ❞❛ r♦❞❛❞❛ ❞♦ ♠♦❞❡❧♦ ♣❡❧♦ ❈P▲❊❳ ✶✷✳✶✳ P♦r ✜♠✱ ❛ ❝♦♥✜❣✉r❛çã♦ ▼♦❞❡❧♦
❝♦♥s✐st❡ ❛♣❡♥❛s ♥❛ r♦❞❛❞❛ ❞♦ ♠♦❞❡❧♦ ♣❡❧♦ ❈P▲❊❳ ✶✷✳✶✳

✻✳✸✳✶ ❊♠♣❧❛st✐❝❴✵✽✵✾

❖ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❣❡r❛❞♦ ♣❛r❛ ❡st❡ ❝❡♥ár✐♦ ♣♦ss✉✐ ✶✵✳✷✻✽ ✈❛r✐á✈❡✐s ✭s❡♥❞♦
✻✳✹✸✺ ✐♥t❡✐r♦s✮✱ ✼✺✳✺✼✶ r❡str✐çõ❡s ❡ ✺✻✸✳✾✷✻ ♥ã♦ ③❡r♦s✳ ❋♦✐ ♣♦ssí✈❡❧ ♦❜t❡r s♦❧✉çõ❡s
❢❛❝tí✈❡✐s ♥❛s três ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❡①❡❝✉çã♦ ❞♦ ♠♦❞❡❧♦✳ ❆ t❛❜❡❧❛ ✻✳✹ ❞❡s❝r❡✈❡ ♦s
r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❝♦♥✜❣✉r❛çõ❡s✳ ❖s ✈❛❧♦r❡s ❢♦r❛♠ ♦❜t✐❞♦s ❛
♣❛rt✐r ❞♦ st❛t✉s ✜♥❛❧ ❞❛ s♦❧✉çã♦ ❛♦ tér♠✐♥♦ ❞❛ ❡①❡❝✉çã♦ ❞♦ ♠♦❞❡❧♦✸✳ ❖ ♠❡❧❤♦r
r❡s✉❧t❛❞♦ ❢♦✐ ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞❛ ❝♦♥✜❣✉r❛çã♦ ▼❡❧❤♦r❛♠❡♥t♦✱ s❡❣✉✐❞♦ ♣❡❧♦ ▼♦❞❡❧♦
❡✱ ♣♦r ✜♠✱ ❈♦♥str✉çã♦✳ ❆s s♦❧✉çõ❡s ♦❜t✐❞❛s ♥ã♦ ♣♦ss✉❡♠ ❛tr❛s♦ ♥❛ ❝♦♥❝❧✉sã♦ ❞❛s
t❛r❡❢❛s ♦✉ ✉s♦ ❞❡ ❤♦r❛s ❡①tr❛s✱ s❡♥❞♦ ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ✐♥t❡❣r❛❧♠❡♥t❡
❝♦♠♣♦st❛ ♣❡❧❛ s♦♠❛ ❞♦ tér♠✐♥♦ t♦t❛❧ ❞❛s t❛r❡❢❛s✳

❚❛❜❡❧❛ ✻✳✹✿ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❘❡s✉❧t❛❞♦ ♦❜t✐❞♦
❈♦♥❢✐❣✉r❛çã♦

■t❡♠ ▼❡❧❤♦r❛♠❡♥t♦ ❈♦♥str✉çã♦ ▼♦❞❡❧♦
■t❡r❛çõ❡s ✶✳✸✵✷✳✽✽✸ ✶✳✸✺✽✳✶✵✷ ✶✳✺✶✼✳✻✹✷

❚♦t❛❧ ❞❡ ♥ós ✸✳✷✾✷ ✺✳✺✼✾ ✺✳✽✾✽
◆ós r❡st❛♥t❡s ✶✳✹✶✹ ✸✳✻✸✵ ✸✳✵✹✾
▼❡❧❤♦r ▲P ✼✱✼✶ ✼✱✻✶ ✼✱✻✽

▼❡❧❤♦r ❙♦❧✉çã♦ ✷✵✱✼ ✺✼✱✷ ✷✹✱✷
●❆P ✻✷✱✼✪ ✽✻✱✼✪ ✻✼✱✾✪

❚❡♠♣♦ ❚♦t❛❧ ✭s✮ ✸✳✻✻✸ ✸✳✻✼✶ ✸✳✻✻✼

❆ t❛❜❡❧❛ ✻✳✺ ❛♣r❡s❡♥t❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ r♦❞❛❞❛ ❞❡ ♦t✐♠✐③❛çã♦ ♣❛r❛ ❛ ❝♦♥✲
✜❣✉r❛çã♦▼❡❧❤♦r❛♠❡♥t♦✳ ❆ ❝❛❞❛ ♥♦✈❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ❢❛❝tí✈❡❧✹ ❡♥❝♦♥tr❛❞❛✱
✉♠❛ ♥♦✈❛ ❧✐♥❤❛ ❞❛ t❛❜❡❧❛ ❢♦✐ ❛❝r❡s❝❡♥t❛❞❛✳
✸ ❈♦♠♦ ❡①✐st❡ ✉♠ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞❛s ❤❡✉ríst✐❝❛s ✐♥✐❝✐❛✐s✱ ♦ t❡♠♣♦ t♦t❛❧ ❞❡ ❡①❡❝✉çã♦

♣♦❞❡ ✉❧tr❛♣❛ss❛r ✸✳✻✵✵ s❡❣✉♥❞♦s✳
✹ ❉✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ♦t✐♠✐③❛çã♦ ❞♦ ♠♦❞❡❧♦✱ ♦ s♦❧✈❡r ❣✉❛r❞❛ ❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛

❢❛❝tí✈❡❧ ❛té ❛q✉❡❧❡ ♠♦♠❡♥t♦✳



✻✳✸ ❘❡s✉❧t❛❞♦s ✻✻

❚❛❜❡❧❛ ✻✳✺✿ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛ ❝♦♥✲
✜❣✉r❛çã♦ ▼❡❧❤♦r❛♠❡♥t♦

❚❡♠♣♦ ✭s✮ ❊t❛♣❛ ▲♣ ▼■P ❱✐♦❧❛çõ❡s
✸ ❈♦♥str✉çã♦ ✲ ✺✺✱✷ ✷

✶✸✼ ▼❡❧❤♦r❛♠❡♥t♦ ✲ ✹✶✱✺ ✷
✷✵✹ ▼❡❧❤♦r❛♠❡♥t♦ ✲ ✹✵✱✾ ✷
✷✻✽ ▼❡❧❤♦r❛♠❡♥t♦ ✲ ✹✵✱✾ ✷
✷✳✶✸✹ ❙♦❧✈❡r ✼✱✷✼ ✸✺✵✱✼ ✲
✷✳✺✻✵ ❙♦❧✈❡r ✼✱✸✽ ✷✾✸✱✾ ✲
✸✳✵✶✵ ❙♦❧✈❡r ✼✱✹✼ ✷✷✱✼ ✲
✸✳✻✼✽ ❙♦❧✈❡r ✼✱✻✶ ✷✵✱✼ ✲

❆♦ ♦❜s❡r✈❛r ❛ ❡✈♦❧✉çã♦ ❞❛ ♦t✐♠✐③❛çã♦ ♥❛ ✜❣✉r❛ ✻✳✶✱ q✉❡ ❛♣r❡s❡♥t❛ ❣r❛✜❝❛♠❡♥t❡
❛ ❡✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ❛♦ ❧♦♥❣♦ ❞❛ ♦t✐♠✐③❛çã♦✱ é ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r
q✉❡ ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥str✉çã♦ ❡ ♠❡❧❤♦r❛♠❡♥t♦ ❞❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ♥ã♦ ❢♦✐
♣♦ssí✈❡❧ ♦❜t❡r ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ❢❛❝tí✈❡❧✳

❋✐❣✉r❛ ✻✳✶✿ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉r❛çã♦
▼❡❧❤♦r❛♠❡♥t♦



✻✳✸ ❘❡s✉❧t❛❞♦s ✻✼

❊✈✐❞❡♥t❡♠❡♥t❡✱ ♦ ♠❡s♠♦ ♦❝♦rr❡ ♣❛r❛ ❛ ❝♦♥✜❣✉r❛çã♦ ❈♦♥str✉çã♦✱ ❡♠ q✉❡ ✉s❛✲
♠♦s ❛♣❡♥❛s ❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✱ ❝♦♥❢♦r♠❡ t❛❜❡❧❛ ✻✳✻✳

❚❛❜❡❧❛ ✻✳✻✿ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛ ❝♦♥✲
✜❣✉r❛çã♦ ❈♦♥str✉çã♦

❚❡♠♣♦ ✭s✮ ❊t❛♣❛ ▲♣ ▼■P ❱✐♦❧❛çõ❡s
✸ ❈♦♥str✉çã♦ ✲ ✺✺✱✷ ✷

✶✳✺✶✷ ❙♦❧✈❡r ✼✱✸✼ ✶✵✳✺✹✸✱✶ ✲
✶✳✻✺✵ ❙♦❧✈❡r ✼✱✸✾ ✶✶✻✱✶ ✲
✷✳✵✷✹ ❙♦❧✈❡r ✼✱✹✶ ✻✸✱✹ ✲
✸✳✸✻✹ ❙♦❧✈❡r ✼✱✺✾ ✻✵✱✻ ✲
✸✳✹✺✵ ❙♦❧✈❡r ✼✱✺✾ ✻✵✱✸ ✲
✸✳✺✵✼ ❙♦❧✈❡r ✼✱✻✵ ✺✼✱✷ ✲

▼❡s♠♦ ♦❜t❡♥❞♦ ✉♠❛ s♦❧✉çã♦ ✐♥t❡✐r❛ ❢❛❝tí✈❡❧ ❡♠ ♠❡♥♦s t❡♠♣♦ ❞♦ q✉❡ ❛ ❝♦♥✜❣✉✲
r❛çã♦ ▼❡❧❤♦r❛♠❡♥t♦✱ ❡st❛ s♦❧✉çã♦ ❛♣r❡s❡♥t❛ r❡s✉❧t❛❞♦ ♠✉✐t♦ ✐♥❢❡r✐♦r ❡ ❛❝❛❜❛♠♦s
♣♦r ♥ã♦ ♦❜t❡r ✉♠❛ s♦❧✉çã♦ tã♦ ❜♦❛✳ ❱❡❥❛ ❛ ❡✈♦❧✉çã♦ ❞❛s s♦❧✉çõ❡s ♥❛ ✜❣✉r❛ ✻✳✷✳



✻✳✸ ❘❡s✉❧t❛❞♦s ✻✽

❋✐❣✉r❛ ✻✳✷✿ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉r❛çã♦
❈♦♥str✉çã♦

P♦r ✜♠✱ ♣♦❞❡♠♦s ♦❜s❡r✈❛r ❛s s♦❧✉çõ❡s ✐♥t❡✐r❛s ♦❜t✐❞❛s ❝♦♠ ❛ ❝♦♥✜❣✉r❛çã♦
▼♦❞❡❧♦✱ ❡♠ q✉❡ ♥ã♦ ✉s❛♠♦s ♥❡♥❤✉♠❛ ❤❡✉ríst✐❝❛✱ ♥❛ t❛❜❡❧❛ ✻✳✼✳



✻✳✸ ❘❡s✉❧t❛❞♦s ✻✾

❚❛❜❡❧❛ ✻✳✼✿ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛ ❝♦♥✲
✜❣✉r❛çã♦ ▼♦❞❡❧♦

❚❡♠♣♦ ✭s✮ ❊t❛♣❛ ▲♣ ▼■P ❱✐♦❧❛çõ❡s
✷✹✵ ❙♦❧✈❡r ✺✱✼✻ ✷✶✽✱✹ ✲
✷✹✶ ❙♦❧✈❡r ✺✱✼✻ ✶✽✽✱✷ ✲
✷✹✶ ❙♦❧✈❡r ✺✱✼✻ ✶✶✻✱✺ ✲
✷✹✶ ❙♦❧✈❡r ✺✱✼✻ ✶✵✾✱✵ ✲
✷✹✷ ❙♦❧✈❡r ✺✱✼✻ ✶✵✽✱✽ ✲
✷✹✷ ❙♦❧✈❡r ✺✱✼✻ ✶✵✽✱✹ ✲
✷✹✷ ❙♦❧✈❡r ✺✱✼✻ ✶✵✽✱✸ ✲
✶✳✶✹✼ ❙♦❧✈❡r ✼✱✻✸ ✶✵✵✱✽ ✲
✶✳✽✺✹ ❙♦❧✈❡r ✼✱✻✽ ✾✾✱✹ ✲
✶✳✾✶✸ ❙♦❧✈❡r ✼✱✻✽ ✾✾✱✸ ✲
✸✳✸✽✵ ❙♦❧✈❡r ✼✱✼✺ ✾✹✱✽ ✲
✸✳✹✽✾ ❙♦❧✈❡r ✼✱✼✺ ✷✹✱✸ ✲
✸✳✻✵✺ ❙♦❧✈❡r ✼✱✼✼ ✷✹✱✷ ✲

▼❡s♠♦ s❡♠ ♣♦ss✉✐r ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ♣❛r❛ ❣✉✐❛r ♦ ♣r♦❝❡ss♦ ❞❡ ♦t✐♠✐③❛çã♦✱
❡st❛ ❝♦♥✜❣✉r❛çã♦ ❝♦♥s❡❣✉❡ ♦❜t❡r ✉♠❛ s♦❧✉çã♦ ✐♥t❡✐r❛ ❢❛❝tí✈❡❧ ❡♠ ♠❡♥♦r t❡♠♣♦
❞❛s três ♦♣çõ❡s✳ ❆✐♥❞❛ ♠❛✐s✱ ❛ s♦❧✉çã♦ ✜♥❛❧ ♦❜t✐❞❛ ♣♦ss✉✐ ♠❡❧❤♦r ✈❛❧♦r q✉❡ ♥❛
❝♦♥✜❣✉r❛çã♦ ❈♦♥str✉çã♦✳ ❱❡❥❛ ❛ ❡✈♦❧✉çã♦ ❞❛s s♦❧✉çõ❡s ♥❛ ✜❣✉r❛ ✻✳✸✳



✻✳✸ ❘❡s✉❧t❛❞♦s ✼✵

❋✐❣✉r❛ ✻✳✸✿ ❊♠♣❧❛st✐❝❴✵✽✵✾✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉r❛çã♦
▼♦❞❡❧♦

✻✳✸✳✷ ❊♠♣❧❛st✐❝❴✶✷✵✾

❖ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❣❡r❛❞♦ ♣❛r❛ ❡st❡ ❝❡♥ár✐♦ ♣♦ss✉✐ ✶✷✳✷✶✷ ✈❛r✐á✈❡✐s ✭s❡♥❞♦
✼✳✾✼✼ ✐♥t❡✐r♦s✮✱ ✽✾✳✷✽✾ r❡str✐çõ❡s ❡ ✻✼✼✳✶✻✺ ♥ã♦ ③❡r♦s✳ ❉❡♥tr♦ ❞♦ ❧✐♠✐t❡ ❞❡ ✸✳✻✵✵
s❡❣✉♥❞♦s✱ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ♦❜t❡r s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♥❛s três ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❡①❡✲
❝✉çã♦ ❞♦ ♠♦❞❡❧♦✳

◆♦✈❛s r♦❞❛❞❛s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❝♦♠ ✉♠ ❧✐♠✐t❡ ❞❡ t❡♠♣♦ ❡st❡♥❞✐❞♦ ❞❡ ✷✻✳✻✵✵
s❡❣✉♥❞♦s ✭❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✼ ❤♦r❛s ❡ ✷✵ ♠✐♥✉t♦s✮✳ ❆ t❛❜❡❧❛ ✻✳✽ ❞❡s❝r❡✈❡ ♦s
r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❝♦♥✜❣✉r❛çõ❡s✳ ❆ss✐♠ ❝♦♠♦ ♥♦ ❝❛s♦ ❛♥t❡r✐♦r✱
♦s ✈❛❧♦r❡s ❢♦r❛♠ ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞♦ st❛t✉s ✜♥❛❧ ❞❛ s♦❧✉çã♦ ❛♦ tér♠✐♥♦ ❞❛ ❡①❡❝✉çã♦
❞♦ ♠♦❞❡❧♦✳



✻✳✸ ❘❡s✉❧t❛❞♦s ✼✶

❚❛❜❡❧❛ ✻✳✽✿ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❘❡s✉❧t❛❞♦ ♦❜t✐❞♦
❈♦♥❢✐❣✉r❛çã♦

■t❡♠ ▼❡❧❤♦r❛♠❡♥t♦ ❈♦♥str✉çã♦ ▼♦❞❡❧♦
■t❡r❛çõ❡s ✽✳✵✻✻✳✼✶✷ ✽✳✸✺✾✳✹✹✾ ✼✳✽✷✽✳✷✷✻

❚♦t❛❧ ❞❡ ♥ós ✼✾✳✷✽✺ ✽✷✳✼✹✻ ✺✾✳✺✽✶
◆ós r❡st❛♥t❡s ✼✶✳✷✵✻ ✹✾✳✵✸✾ ✺✷✳✽✼✺
▼❡❧❤♦r ▲P ✶✶✵✱✵ ✶✶✵✱✵ ✶✶✵✱✶

▼❡❧❤♦r ❙♦❧✉çã♦ ✲ ✶✹✵✳✼ ✲
●❆P ✲ ✷✶✱✾✪ ✲

❚❡♠♣♦ ❚♦t❛❧ ✭s✮ ✷✼✳✶✵✼ ✷✻✳✼✵✺ ✷✻✳✻✸✶

➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❛♣❡♥❛s ❛ ❝♦♥✜❣✉r❛çã♦ ❈♦♥str✉çã♦ ♦❜t❡✈❡ ✉♠❛ s♦❧✉çã♦
✐♥t❡✐r❛ ❢❛❝tí✈❡❧✳ ❆ t❛❜❡❧❛ ✻✳✾ ❛♣r❡s❡♥t❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ r♦❞❛❞❛ ❞❡ ♦t✐♠✐③❛çã♦
♣❛r❛ ❛ ❝♦♥✜❣✉r❛çã♦ ❈♦♥str✉çã♦✳ ❆ ❝❛❞❛ ♥♦✈❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ❢❛❝tí✈❡❧
❡♥❝♦♥tr❛❞❛✱ ✉♠❛ ♥♦✈❛ ❧✐♥❤❛ ❞❛ t❛❜❡❧❛ ❢♦✐ ❛❝r❡s❝❡♥t❛❞❛✳ ◆❛ ú❧t✐♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧
♦❜t✐❞❛ t❡♠♦s ✉♠ ✈❛❧♦r ❞❡ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❞❡ ✶✹✵✱✼✳ ❊st❡ ✈❛❧♦r r❡✢❡t❡ ♦ ❛tr❛s♦
❞❡ ✉♠❛ t❛r❡❢❛ ✭♣❡♥❛❧✐③❛çã♦ ❞❡ ✶✵✵✮ ❡ ✹✵✱✼ ❛ s♦♠❛ ❞♦ tér♠✐♥♦ t♦t❛❧ ❞❡ t♦❞❛s ❛s
t❛r❡❢❛s✳

❚❛❜❡❧❛ ✻✳✾✿ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛ ❝♦♥✲
✜❣✉r❛çã♦ ❈♦♥str✉çã♦

❚❡♠♣♦ ✭s✮ ❊t❛♣❛ ▲♣ ▼■P ❱✐♦❧❛çõ❡s
✶ ❈♦♥str✉çã♦ ✲ ✻✼✱✹ ✺✺

✷✻✳✸✽✹ ❙♦❧✈❡r ✶✶✵✱✵ ✶✺✼✱✼ ✲
✷✻✳✹✶✾ ❙♦❧✈❡r ✶✶✵✱✵ ✶✹✶✱✼ ✲
✷✻✳✹✸✷ ❙♦❧✈❡r ✶✶✵✱✵ ✶✹✵✱✼ ✲

❆♦ ♦❜s❡r✈❛r ❛ ❡✈♦❧✉çã♦ ❞❛ ♦t✐♠✐③❛çã♦✱ t❛♠❜é♠ ❛♣r❡s❡♥t❛❞❛ ♥❛ ✜❣✉r❛ ✻✳✹✱ é
♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥str✉çã♦ ❡ ♠❡❧❤♦r❛♠❡♥t♦ ❞❛ s♦❧✉çã♦
✐♥✐❝✐❛❧ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ♦❜t❡r ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ❢❛❝tí✈❡❧✳



✻✳✸ ❘❡s✉❧t❛❞♦s ✼✷

❋✐❣✉r❛ ✻✳✹✿ ❊♠♣❧❛st✐❝❴✶✷✵✾✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉r❛çã♦
❈♦♥str✉çã♦

❊st❡ ❝❡♥ár✐♦ ❛♣r❡s❡♥t♦✉ ❣r❛♥❞❡ ❣r❛✉ ❞❡ ❝♦♠♣❧❡①✐❞❛❞❡ ❡ ♦ ♠ét♦❞♦ ❞❡ ♦t✐♠✐③❛✲
çã♦ ❛♣r❡s❡♥t♦✉ ❞✐✜❝✉❧❞❛❞❡s ♣❛r❛ ♦❜t❡r s♦❧✉çõ❡s ❢❛❝tí✈❡✐s✳ ❆♦ ✈❡r✐✜❝❛r ❛s ❤❡✉rís✲
t✐❝❛s ♣❛r❛ ♦❜t❡♥çã♦ s♦❧✉çã♦ ✐♥✐❝✐❛❧✱ ✈❡r✐✜❝❛♠♦s ✉♠ ♥ú♠❡r♦ ❡❧❡✈❛❞♦ ❞❡ ✈✐♦❧❛çõ❡s✳
❊st❛s ✈✐♦❧❛çõ❡s ❞❡❝♦rr❡♠ ❞❛ ✐♠♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ s❡ ❛❧♦❝❛r t♦❞❛s ❛s t❛r❡❢❛s ♣❡❧❛
❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦✳

❖✉tr❛ ♦❜s❡r✈❛çã♦ r❡❧❡✈❛♥t❡ ❛ r❡s♣❡✐t♦ ❞♦ ❝❡♥ár✐♦ é q✉❡ ❡st❡ ♥ã♦ ♣♦ss✉✐ s♦❧✉çã♦
❢❛❝tí✈❡❧ s❡♠ ♦ ✉s♦ ❞❡ ❤♦r❛s ❡①tr❛s ❡✴♦✉ ❛tr❛s♦ ♥❛ ❡♥tr❡❣❛ ❞❡ ❛❧❣✉♠❛ ❞❡♠❛♥❞❛✳
❊st❛ ❝❛r❛❝t❡ríst✐❝❛ ♣♦❞❡ s❡r ❛ ❝❛✉s❛ ❞❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❡♠ ❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦
❢❛❝tí✈❡❧✳

✻✳✸✳✸ ❊♠♣❧❛st✐❝❴✵✷✶✵

❖ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❣❡r❛❞♦ ♣❛r❛ ❡st❡ ❝❡♥ár✐♦ ♣♦ss✉✐ ✶✶✳✶✹✸ ✈❛r✐á✈❡✐s ✭s❡♥❞♦
✻✳✽✽✺ ✐♥t❡✐r♦s✮✱ ✼✹✳✶✸✽ r❡str✐çõ❡s ❡ ✻✷✽✳✾✵✺ ♥ã♦ ③❡r♦s✳ ❉❡♥tr♦ ❞♦ ❧✐♠✐t❡ ❞❡ ✸✻✵✵
s❡❣✉♥❞♦s✱ ❢♦✐ ♣♦ssí✈❡❧ ♦❜t❡r s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♥❛s três ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❡①❡❝✉çã♦
❞♦ ♠♦❞❡❧♦✳ ❈❛r❛❝t❡ríst✐❝❛s ❞❛s s♦❧✉çõ❡s ♦❜t✐❞❛s ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❝♦♥✜❣✉r❛çõ❡s



✻✳✸ ❘❡s✉❧t❛❞♦s ✼✸

♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ♥❛ t❛❜❡❧❛ ✻✳✶✵✳ ❙❡ ❝♦♥s✐❞❡r❛r♠♦s ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡✲
t✐✈♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ♦❜t✐❞❛ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❝♦♥✜❣✉r❛çõ❡s✱ ✈❡r✐✜❝❛♠♦s q✉❡
❛ ♠❡❧❤♦r ❝♦♥✜❣✉r❛çã♦ ❞❡ ❡①❡❝✉çã♦ ♦❜t✐❞❛ ❢♦✐ ❛ ❈♦♥str✉çã♦✱ s❡❣✉✐❞❛ ❞❛ ▼❡❧❤♦r❛✲
♠❡♥t♦ ❡▼♦❞❡❧♦ ♣♦r ✜♠✳ ◆♦ ❡♥t❛♥t♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ❝r✐tér✐♦ ❞❡ ●❆P✺ ❞❛ s♦❧✉çã♦✱
❛ ❝♦♥✜❣✉r❛çã♦ ▼❡❧❤♦r❛♠❡♥t♦ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞❛ ❛ ❞❡ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦✱ s❡✲
❣✉✐❞❛ ❞❛ ❈♦♥str✉çã♦ ❡✱ ♣♦r ✜♠✱ ▼♦❞❡❧♦✳ ❆s s♦❧✉çõ❡s ♦❜t✐❞❛s ♥ã♦ ♣♦ss✉❡♠ ❛tr❛s♦
♥❛ ❝♦♥❝❧✉sã♦ ❞❛s t❛r❡❢❛s ♦✉ ✉s♦ ❞❡ ❤♦r❛s ❡①tr❛s✱ s❡♥❞♦ ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦
✐♥t❡❣r❛❧♠❡♥t❡ ❝♦♠♣♦st❛ ♣❡❧❛ s♦♠❛ ❞♦ tér♠✐♥♦ t♦t❛❧ ❞❛s t❛r❡❢❛s✳

❚❛❜❡❧❛ ✻✳✶✵✿ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❘❡s✉❧t❛❞♦ ♦❜t✐❞♦
❈♦♥❢✐❣✉r❛çã♦

■t❡♠ ▼❡❧❤♦r❛♠❡♥t♦ ❈♦♥str✉çã♦ ▼♦❞❡❧♦
■t❡r❛çõ❡s ✶✳✼✽✺✳✵✹✸ ✶✳✺✽✷✳✵✸✺ ✶✳✺✵✾✳✺✵✼

❚♦t❛❧ ❞❡ ♥ós ✶✹✳✶✵✷ ✶✷✳✸✽✽ ✶✶✳✸✾✼
◆ós r❡st❛♥t❡s ✶✵✳✾✶✾ ✷✳✵✾✹ ✺✽✸
▼❡❧❤♦r ▲P ✽✱✶✸ ✼✱✹✹ ✼✱✸✸

▼❡❧❤♦r ❙♦❧✉çã♦ ✶✾✱✶ ✶✼✱✽ ✷✸✱✺
●❆P ✺✼✱✹✪ ✺✽✱✷✪ ✻✽✱✽✪

❚❡♠♣♦ ❚♦t❛❧ ✭s✮ ✸✳✾✵✹ ✸✳✻✼✶ ✸✳✻✻✽

❆ t❛❜❡❧❛ ✻✳✶✶ ❛♣r❡s❡♥t❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ r♦❞❛❞❛ ❞❡ ♦t✐♠✐③❛çã♦ ♣❛r❛ ❛ ❝♦♥✲
✜❣✉r❛çã♦ ▼❡❧❤♦r❛♠❡♥t♦✳ ❆ ❝❛❞❛ ♥♦✈❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ❢❛❝tí✈❡❧ ❡♥❝♦♥tr❛❞❛✱
✉♠❛ ♥♦✈❛ ❧✐♥❤❛ ❞❛ t❛❜❡❧❛ ❢♦✐ ❛❝r❡s❝❡♥t❛❞❛✳
✺ ❖ ●❆P é ♦❜t✐❞♦ ✈❡r✐✜❝❛♥❞♦✲s❡ q✉❛❧ ❛ ❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ❛t✉❛❧ ❡ ❛

♠❡❧❤♦r ♣♦ssí✈❡❧ s♦❧✉çã♦✳



✻✳✸ ❘❡s✉❧t❛❞♦s ✼✹

❚❛❜❡❧❛ ✻✳✶✶✿ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛
❝♦♥✜❣✉r❛çã♦ ▼❡❧❤♦r❛♠❡♥t♦

❚❡♠♣♦ ✭s✮ ❊t❛♣❛ ▲♣ ▼■P ❱✐♦❧❛çõ❡s
✸ ❈♦♥str✉çã♦ ✲ ✺✷✱✼ ✷
✾✶ ▼❡❧❤♦r❛♠❡♥t♦ ✲ ✹✵✱✶ ✵
✶✺✵ ▼❡❧❤♦r❛♠❡♥t♦ ✲ ✸✺✱✷ ✵
✶✾✹ ▼❡❧❤♦r❛♠❡♥t♦ ✲ ✸✹✱✼ ✵
✷✸✻ ▼❡❧❤♦r❛♠❡♥t♦ ✲ ✸✹✱✼ ✵
✷✹✽ ❙♦❧✈❡r ✷✱✺✻ ✷✶✱✽ ✲
✷✹✼✵ ❙♦❧✈❡r ✼✱✽✸ ✷✵✱✼ ✲
✸✵✹✵ ❙♦❧✈❡r ✼✱✾✹ ✷✵✱✸ ✲
✸✷✺✽ ❙♦❧✈❡r ✼✱✾✽ ✶✾✱✺ ✲
✸✻✹✾ ❙♦❧✈❡r ✽✱✵✾ ✶✾✱✹ ✲
✸✻✻✽ ❙♦❧✈❡r ✽✱✵✾ ✶✾✱✸ ✲
✸✾✵✸ ❙♦❧✈❡r ✽✱✶✸ ✶✾✱✶ ✲

❆♦ ♦❜s❡r✈❛r ❛ ❡✈♦❧✉çã♦ ❞❛ ♦t✐♠✐③❛çã♦ ♥❛ ✜❣✉r❛ ✻✳✺✱ q✉❡ ❛♣r❡s❡♥t❛ ❣r❛✜❝❛✲
♠❡♥t❡ ❛ ❡✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ❛♦ ❧♦♥❣♦ ❞❛ ♦t✐♠✐③❛çã♦✱ é ♣♦ssí✈❡❧
✈❡r✐✜❝❛r q✉❡ ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥str✉çã♦ ❡ ♠❡❧❤♦r❛♠❡♥t♦ ❞❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧
❢♦✐ ♣♦ssí✈❡❧ ♦❜t❡r ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ❢❛❝tí✈❡❧✳ ❊st❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ❢♦✐ ❡♥❝♦♥tr❛❞❛
❛♣ós ❛ ♣r✐♠❡✐r❛ ❡①❡❝✉çã♦ ❞❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦✳ ▲♦❣♦ ♥♦ ✐♥í❝✐♦ ❞❛ ❢❛s❡
❞❡ ❡①❡❝✉çã♦ ❞♦ ♠♦❞❡❧♦ ♥♦ ❙♦❧✈❡r ♦❜t❡♠♦s ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧✱ ✐♥❞✐❝❛♥❞♦ q✉❡
❛ ✉t✐❧✐③❛çã♦ ❞❡ ❜♦❛s ❤❡✉ríst✐❝❛s ❞❡ ❝♦♥str✉çã♦ ❡ ♠❡❧❤♦r❛♠❡♥t♦ ❝♦♥tr✐❜✉❡♠ ♣❛r❛
♦❜t❡♥çã♦ ❞❡ s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ❧♦❣♦ ♥♦ ✐♥í❝✐♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ♦t✐♠✐③❛çã♦✳



✻✳✸ ❘❡s✉❧t❛❞♦s ✼✺

❋✐❣✉r❛ ✻✳✺✿ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉r❛çã♦
▼❡❧❤♦r❛♠❡♥t♦

❆ t❛❜❡❧❛ ✻✳✶✷ ❞❡s❝r❡✈❡ ❛s s♦❧✉çõ❡s ♦❜t✐❞❛s ♣❡❧❛ ❝♦♥✜❣✉r❛çã♦ ❈♦♥str✉çã♦✳



✻✳✸ ❘❡s✉❧t❛❞♦s ✼✻

❚❛❜❡❧❛ ✻✳✶✷✿ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛
❝♦♥✜❣✉r❛çã♦ ❈♦♥str✉çã♦

❚❡♠♣♦ ✭s✮ ❊t❛♣❛ ▲♣ ▼■P ❱✐♦❧❛çõ❡s
✷ ❈♦♥str✉çã♦ ✲ ✺✷✱✼ ✷

✹✹✵ ❙♦❧✈❡r ✻✱✼✼ ✸✷✱✾ ✲
✻✶✼ ❙♦❧✈❡r ✻✱✾✻ ✸✷✱✽ ✲
✻✼✷ ❙♦❧✈❡r ✻✱✾✻ ✸✶✱✽ ✲
✾✶✶ ❙♦❧✈❡r ✼✱✶✶ ✷✽✱✺ ✲
✶✶✵✸ ❙♦❧✈❡r ✼✱✶✽ ✷✼✱✺ ✲
✶✹✼✶ ❙♦❧✈❡r ✼✱✷✹ ✷✻✱✾ ✲
✶✼✶✺ ❙♦❧✈❡r ✼✱✷✽ ✷✺✱✷ ✲
✷✶✷✽ ❙♦❧✈❡r ✼✱✸✷ ✷✺✱✶ ✲
✷✺✻✶ ❙♦❧✈❡r ✼✱✹✹ ✷✸✱✽ ✲
✷✺✽✼ ❙♦❧✈❡r ✼✱✹✹ ✶✽✱✾ ✲
✸✹✵✶ ❙♦❧✈❡r ✼✱✹✹ ✶✽✱✽ ✲
✸✺✽✻ ❙♦❧✈❡r ✼✱✹✹ ✶✽✱✼ ✲
✸✻✷✽ ❙♦❧✈❡r ✼✱✹✹ ✶✽✱✻ ✲
✸✻✻✽ ❙♦❧✈❡r ✼✱✹✹ ✶✼✱✽ ✲

❆♦ ♦❜s❡r✈❛r ❛ ❡✈♦❧✉çã♦ ❞❛ ♦t✐♠✐③❛çã♦ ♥❛ ✜❣✉r❛ ✻✳✻✱ ✈❡r✐✜❝❛♠♦s q✉❡ ❛ s♦❧✉çã♦
✐♥✐❝✐❛❧♠❡♥t❡ ♦❜t✐❞❛ ♣❡❧❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦ ♥ã♦ é ❢❛❝tí✈❡❧✳ ◆♦ ❡♥t❛♥t♦✱ é
♣♦ssí✈❡❧ ♦❜s❡r✈❛r ✉♠ ❜♦♠ ❞❡s❡♠♣❡♥❤♦ ❞♦ s♦❧✈❡r✱ ❡✈❡♥t✉❛❧♠❡♥t❡ ♦❜t❡♥❞♦ ❛ ♠❡❧❤♦r
s♦❧✉çã♦ ❢❛❝tí✈❡❧ ❡♥tr❡ ❛s ❝♦♥✜❣✉r❛çõ❡s t❡st❛❞❛s✳



✻✳✸ ❘❡s✉❧t❛❞♦s ✼✼

❋✐❣✉r❛ ✻✳✻✿ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉r❛çã♦
❈♦♥str✉çã♦

❆ t❛❜❡❧❛ ✻✳✶✸ ❛♣r❡s❡♥t❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ ❝♦♥✜❣✉r❛çã♦ s♦❧✈❡r✱ ❞✉r❛♥t❡ ♦ ♣r♦✲
❝❡ss♦ ❞❡ ♦t✐♠✐③❛çã♦✳



✻✳✸ ❘❡s✉❧t❛❞♦s ✼✽

❚❛❜❡❧❛ ✻✳✶✸✿ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❊✈♦❧✉çã♦ ❞❛s ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢❛❝tí✈❡✐s ♣❛r❛
❝♦♥✜❣✉r❛çã♦ ▼♦❞❡❧♦

❚❡♠♣♦ ✭s✮ ❊t❛♣❛ ▲♣ ▼■P ❱✐♦❧❛çõ❡s
✸✵✼✹ ❙♦❧✈❡r ✼✱✸✸ ✷✾✵✳✶✷✵✱✶ ✲
✸✵✽✼ ❙♦❧✈❡r ✼✱✸✸ ✷✳✷✻✺✱✵ ✲
✸✵✾✺ ❙♦❧✈❡r ✼✱✸✸ ✷✵✼✱✻ ✲
✸✸✸✽ ❙♦❧✈❡r ✼✱✸✸ ✶✹✵✱✻ ✲
✸✸✾✵ ❙♦❧✈❡r ✼✱✸✸ ✽✺✱✼ ✲
✸✹✺✶ ❙♦❧✈❡r ✼✱✸✸ ✽✹✱✸ ✲
✸✹✾✸ ❙♦❧✈❡r ✼✱✸✸ ✽✷✱✵ ✲
✸✺✷✾ ❙♦❧✈❡r ✼✱✸✸ ✽✶✱✼ ✲
✸✺✺✸ ❙♦❧✈❡r ✼✱✸✸ ✹✷✱✵ ✲
✸✻✵✸ ❙♦❧✈❡r ✼✱✸✸ ✷✺✱✸ ✲
✸✻✻✺ ❙♦❧✈❡r ✼✱✸✸ ✷✸✱✺ ✲

❆♦ ♦❜s❡r✈❛r ❛ ❡✈♦❧✉çã♦ ❞❛ ♦t✐♠✐③❛çã♦ ♥❛ ✜❣✉r❛ ✻✳✼✱ ✈❡r✐✜❝❛♠♦s q✉❡ ♥❡st❛
❝♦♥✜❣✉r❛çã♦ ❤♦✉✈❡ ✉♠❛ ❞❡♠♦r❛ ♠❛✐♦r ♣❛r❛ ♦ s♦❧✈❡r ♦❜t❡r ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧✳
❆✐♥❞❛ ❛ss✐♠✱ ❡st❛ ❝♦♥✜❣✉r❛çã♦ ♦❜t❡✈❡ ✉♠ r❡s✉❧t❛❞♦ ❜♦♠ ❡ ❛♣r❡s❡♥t♦✉ s✐❣♥✐✜❝❛✲
t✐✈❛s ♠❡❧❤♦r✐❛s ♥♦ ✜♥❛❧ ❞❛ ♦t✐♠✐③❛çã♦✳



✻✳✹ ❆♥á❧✐s❡ ✼✾

❋✐❣✉r❛ ✻✳✼✿ ❊♠♣❧❛st✐❝❴✵✷✶✵✿ ❊✈♦❧✉çã♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ✐♥t❡✐r❛ ♥❛ ❝♦♥✜❣✉r❛çã♦
▼♦❞❡❧♦

✻✳✹ ❆♥á❧✐s❡

❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞♦s ❝❡♥ár✐♦s ♣r♦♣♦st♦s ♥ã♦ sã♦ ❝♦♥❝❧✉s✐✈♦s✳ ❊♠
❝❛❞❛ ❝❛s♦ ❛♥❛❧✐s❛❞♦✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s ❝♦♥✜❣✉r❛çõ❡s ❢♦✐ ✈❛r✐❛❞♦ ❡ ♥ã♦ é ♣♦ssí✈❡❧
❞❡st❛❝❛r ✉♠❛ ♠❡❧❤♦r ❝♦♥✜❣✉r❛çã♦✳

❈♦♥t✉❞♦✱ ❞❡✈❡✲s❡ ❞❡st❛❝❛r ❞♦✐s r❡s✉❧t❛❞♦s ♣♦s✐t✐✈♦s✿

❼ ◆♦ ❝❡♥ár✐♦ ❊♠♣❧❛st✐❝❴✶✷✵✾ ❛♣❡♥❛s ❛♦ ❡①❡❝✉t❛r ❛ ❝♦♥✜❣✉r❛çã♦ ❈♦♥str✉çã♦
❢♦✐ ♣♦ssí✈❡❧ ♦❜t❡r ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧✱ ✐♥❞✐❝❛♥❞♦ ♣♦t❡♥❝✐❛❧ ❞❡ ❛✉①í❧✐♦ ♥❛
r❡s♦❧✉çã♦ ❞❡ ❝❡♥ár✐♦s ❝♦♠♣❧❡①♦s✳

❼ ◆♦ ❝❡♥ár✐♦ ❊♠♣❧❛st✐❝❴✵✷✶✵ ❛ ❝♦♥✜❣✉r❛çã♦ ▼❡❧❤♦r❛♠❡♥t♦ ♦❜t❡✈❡ ✉♠❛ s♦✲
❧✉çã♦ ❢❛❝tí✈❡❧ ❞✉r❛♥t❡ ❛ ❢❛s❡ ❞❛ ❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦✳ ❆✐♥❞❛ ♠❛✐s✱
❡st❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ❢❛❝✐❧✐t♦✉ ❛ ♦❜t❡♥çã♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ❞✉r❛♥t❡ ❛
❡①❡❝✉çã♦ ❞♦ s♦❧✈❡r✱ r❡❞✉③✐♥❞♦ ♦ t❡♠♣♦ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ♣❡❧♦
s♦❧✈❡r ❞❡ ✸✳✵✼✹ s❡❣✉♥❞♦s ♥❛ ❝♦♥✜❣✉r❛çã♦ ▼♦❞❡❧♦ ♣❛r❛ ✷✹✽ ♥❛ ❝♦♥✜❣✉r❛çã♦



✻✳✹ ❆♥á❧✐s❡ ✽✵

▼❡❧❤♦r❛♠❡♥t♦✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ❡st❛ ❤❡✉ríst✐❝❛ ♣♦❞❡ ❛✉①✐❧✐❛r ♥❛ r❡s♦❧✉çã♦ ❞❡
❝❡♥ár✐♦s ♠❡♥♦s ❝♦♠♣❧❡①♦s ❡ q✉❡ ♥❡❝❡ss✐t❛♠ ❞❡ ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ❡♠
♣♦✉❝♦ t❡♠♣♦✳



❈❛♣ít✉❧♦ ✼

❈♦♥❝❧✉sõ❡s ❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s

◆❡st❡ tr❛❜❛❧❤♦ ❢♦r❛♠ ❞❡s❝r✐t❛s ❝❛r❛❝t❡ríst✐❝❛s ❣❡r❛✐s ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❡sq✉❡♠❛t✐✲
③❛çã♦ ❞❡ ♠áq✉✐♥❛s✱ ❛❜♦r❞❛♥❞♦ s✉❛s ♠✉✐t❛s ✈❛r✐❛çõ❡s✳ ❊♠ ♣❛rt✐❝✉❧❛r✱ ❢♦✐ ❛♣r❡s❡♥✲
t❛❞♦ ❡♠ ❞❡t❛❧❤❡ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ❞❛ ❡♠♣r❡s❛ ❊♠♣❧❛st✐❝✱ ♣r♦❞✉t♦r❛
❞❡ ❢r❛s❝♦s ❝♦♠ ✐♠♣r❡ssã♦✳

◆ã♦ ❢♦✐ ♣♦ssí✈❡❧ ❡♥❝♦♥tr❛r ♥❛ ❧✐t❡r❛t✉r❛ ✉♠❛ ♣r♦♣♦st❛ ❞❡ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡✲
♠❛s ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s q✉❡ ❢♦ss❡ ❣❡♥ér✐❝❛ ♦ s✉✜❝✐❡♥t❡ ♣❛r❛ r❡s♦❧✈❡r
♦ ♣r♦❜❧❡♠❛ ♣r♦♣♦st♦✳ ❈♦♠♦ ❝♦♥tr✐❜✉✐çã♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ✉♠❛
❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛ ❜❛s❡❛❞❛ ❡♠ té❝♥✐❝❛s ❞❡ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r ✐♥t❡✐r❛ ♠✐st❛✱
❝♦♥s✐❞❡r❛♥❞♦ ❛s ♠✉✐t❛s r❡str✐çõ❡s ♣❛rt✐❝✉❧❛r❡s ❛♦ ♣r♦❜❧❡♠❛ ❡♠ q✉❡stã♦✳ P❛r❛ ❛✉✲
①✐❧✐❛r ♥❛s r❡s♦❧✉çã♦ ❞♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✱ ❞✉❛s ❤❡✉ríst✐❝❛s ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s✿
✉♠❛ ❤❡✉ríst✐❝❛ ❞❡ ❝♦♥str✉çã♦ ✈✐s❛♥❞♦ ❛ ❣❡r❛çã♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ❡ ✉♠❛
❤❡✉ríst✐❝❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦ ✈✐s❛♥❞♦ ♠❡❧❤♦r❛r ❡st❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧♠❡♥t❡ ♦❜t✐❞❛
t♦r♥❛♥❞♦✲❛ ♠❛✐s ❢❛❝tí✈❡❧✱ ❛❧é♠ ❞❡ ♣♦ssí✈❡✐s ♠❡❧❤♦r✐❛s ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳

❉❡✈✐❞♦ ❛♦ ❜❛✐①♦ ♥ú♠❡r♦ ❞❡ ❝❡♥ár✐♦s ❞✐s♣♦♥í✈❡✐s✱ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r q✉❛❧
♦ ♣♦t❡♥❝✐❛❧ ❞❡ ❣❛♥❤♦ ❝♦♠ ♦ ✉s♦ ❞❡st❛s ❤❡✉ríst✐❝❛s✳

❆ ❛❜♦r❞❛❣❡♠ ✉t✐❧✐③❛❞❛ ♣❛r❛ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ♣r♦❣r❛♠❛çã♦ ❞❡ ♠á✲
q✉✐♥❛s✱ ❛♣❡s❛r ❞❡ ❡s♣❡❝í✜❝♦✱ ♣♦❞❡ s❡r✈✐r ❝♦♠♦ ❜❛s❡ ♣❛r❛ ❛♣❧✐❝❛çõ❡s ❡♠ ♦✉tr♦s
♣r♦❜❧❡♠❛s✳

P❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✱ s❡ ♣r♦♣õ❡ ❛ ❛♣❧✐❝❛çã♦ ❞❡ ♦✉tr❛s ♠❡t♦❞♦❧♦❣✐❛s ♣❛r❛
r❡s♦❧✉çã♦ ❞❡st❡ ♣r♦❜❧❡♠❛✱ ❝♦♠♦ ♠❡t❛✲❤❡✉ríst✐❝❛s ❡ ❤❡✉ríst✐❝❛s ❞❡ ♠❡❧❤♦r❛♠❡♥t♦
♣❛r❛ ❛♣❧✐❝❛çã♦ ❛♣ós ❛ ❡①❡❝✉çã♦ ❞♦ s♦❧✈❡r✳ ❯♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ❛s ♣r♦❣r❛♠❛çõ❡s
❞❛ ♣r♦❞✉çã♦ ❣❡r❛❞♦s ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ♣❡❧♦ s✐st❡♠❛ ❞❡s❡♥✈♦❧✈✐❞♦ ♥❡st❡ tr❛❜❛❧❤♦
❡ ♦s ❣❡r❛❞♦s ♠❛♥✉❛❧♠❡♥t❡ ♣❡❧♦ ♣❧❛♥❡❥❛❞♦r ❞❛ ❡♠♣r❡s❛ ♣♦❞❡r✐❛ ❥✉st✐✜❝❛r ♦ ✉s♦ ❞❡
té❝♥✐❝❛s ❞❡ ♣❡sq✉✐s❛ ♦♣❡r❛❝✐♦♥❛❧ ♣❛r❛ ❡st❡ t✐♣♦ ❞❡ tr❛❜❛❧❤♦✳
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❊♠♣r❡s❛ ❡♠♣❧❛st✐❝✱ ✷✵✶✵✳ ❯❘▲ ❤tt♣✿✴✴✇✇✇✳❡♠♣❧❛st✐❝✳❝♦♠✳❜r✴❡♠♣r❡✳❤t♠❧✳

❆❧✐ ❆❧❧❛❤✈❡r❞✐✱ ❈✳ ❚✳ ◆❣✱ ❚✳ ❈✳ ❊✳ ❈❤❡♥❣✱ ❛♥❞ ▼✐❦❤❛✐❧ ❨✳ ❑♦✈❛❧②♦✈✳ ❆ s✉r✈❡② ♦❢
s❝❤❡❞✉❧✐♥❣ ♣r♦❜❧❡♠s ✇✐t❤ s❡t✉♣ t✐♠❡s ♦r ❝♦sts✳ ❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧ ♦❢ ❖♣❡r❛t✐♦♥s
❘❡s❡❛r❝❤✱ ✶✽✼✭✸✮✿✾✽✺✕✶✵✸✷✱ ❏✉♥❡ ✷✵✵✽✳

▼✳ ❇❛❧❧✐❝✉✱ ❆✳ ●✐✉❛✱ ❛♥❞ ❈✳ ❙❡❛t③✉✳ ❏♦❜✲s❤♦♣ s❝❤❡❞✉❧✐♥❣ ♠♦❞❡❧s ✇✐t❤ s❡t✲✉♣
t✐♠❡s✳ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ■❊❊❊ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ❙②st❡♠s✱ ▼❛♥
❛♥❞ ❈②❜❡r♥❡t✐❝s✱ ✺✿✾✺✕✶✵✵✱ ✷✵✵✷✳

❍❛♦①✉♥ ❈❤❡♥✱ ❏ür❣❡♥ ■❤❧♦✇✱ ❛♥❞ ❈❛rst❡♥ ▲❡❤♠❛♥♥✳ ❆ ❣❡♥❡t✐❝ ❛❧❣♦r✐t❤♠ ❢♦r
✢❡①✐❜❧❡ ❥♦❜✲s❤♦♣ s❝❤❡❞✉❧✐♥❣✳ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ✶✾✾✾ ■❊❊❊ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥✲
❢❡r❡♥❝❡ ♦♥ ❘♦❜♦t✐❝s ✫ ❆✉t♦♠❛t✐♦♥✱ ♣❛❣❡s ✶✶✷✵✕✶✶✷✺✱ ▼❛② ✶✾✾✾✳

❲ ❈❤❡✉♥❣ ❛♥❞ ❍✳ ❩❤♦✉✳ ❯s✐♥❣ ❣❡♥❡t✐❝ ❛❧❣♦r✐t❤♠s ❛♥❞ ❤❡✉r✐st✐❝s ❢♦r ❥♦❜ s❤♦♣
s❝❤❡❞✉❧✐♥❣ ✇✐t❤ s❡q✉❡♥❝❡✲❞❡♣❡♥❞❡♥t s❡t✉♣ t✐♠❡s✳ ❆♥♥❛❧s ♦❢ ❖♣❡r❛t✐♦♥s ❘❡s❡✲
❛r❝❤✱ ✶✵✼✿✻✺✕✽✶✱ ✷✵✵✶✳

■♥✲❈❤❛♥ ❈❤♦✐ ❛♥❞ ❉❛❡✲❙✐❦ ❈❤♦✐✳ ❆ ❧♦❝❛❧ s❡❛r❝❤ ❛❧❣♦r✐t❤♠ ❢♦r ❥♦❜s❤♦♣ s❝❤❡❞✉❧✐♥❣
♣r♦❜❧❡♠s ✇✐t❤ ❛❧t❡r♥❛t✐✈❡ ♦♣❡r❛t✐♦♥s ❛♥❞ s❡q✉❡♥❝❡✲❞❡♣❡♥❞❡♥t s❡t✉♣s✳ ❈♦♠♣✉✲
t❡rs ✫ ■♥❞✉str✐❛❧ ❊♥❣✐♥❡❡r✐♥❣✱ ✹✷✭✶✮✿✹✸✕✺✽✱ ❆♣r✐❧ ✷✵✵✷✳

❍✳ ❋✐s❤❡r ❛♥❞ ●✳ ▲✳ ❚❤♦♠♣s♦♥✳ ■♥❞✉str✐❛❧ ❙❝❤❡❞✉❧✐♥❣✱ ❝❤❛♣t❡r Pr♦❜❛❜✐❧✐st✐❝ ❧❡❛r✲
♥✐♥❣ ❝♦♠❜✐♥❛t✐♦♥s ♦❢ ❧♦❝❛❧ ❥♦❜✲s❤♦♣ s❝❤❡❞✉❧✐♥❣ r✉❧❡s✱ ♣❛❣❡s ✷✷✺✕✷✺✶✳ Pr❡♥t✐❝❡✲
❍❛❧❧✱ ❊♥❣❧❡✇♦♦❞ ❈❧✐✛s✱ ◆❏✱ ✶✾✻✸✳

❍❡♥r② ▲✳ ●❛♥tt✳ ❲♦r❦✱ ✇❛❣❡s✱ ❛♥❞ ♣r♦✜ts✳ ❊♥❣✐♥❡❡r✐♥❣ ▼❛❣❛③✐♥❡ ❈♦✳✱ ✶✾✶✸✳

❏✐❡ ●❛♦✱ ▼✐ts✉♦ ●❡♥✱ ▲✐♥②❛♥ ❙✉♥✱ ❛♥❞ ❳✐❛♦❤✉✐ ❩❤❛♦✳ ❆ ❤②❜r✐❞ ♦❢ ❣❡♥❡t✐❝ ❛❧✲
❣♦r✐t❤♠ ❛♥❞ ❜♦tt❧❡♥❡❝❦ s❤✐❢t✐♥❣ ❢♦r ♠✉❧t✐♦❜❥❡❝t✐✈❡ ✢❡①✐❜❧❡ ❥♦❜ s❤♦♣ s❝❤❡❞✉❧✐♥❣
♣r♦❜❧❡♠s✳ ❈♦♠♣✉t❡rs ✫ ■♥❞✉str✐❛❧ ❊♥❣✐♥❡❡r✐♥❣✱ ✺✸✿✶✹✾✕✶✻✷✱ ❆✉❣✉st ✷✵✵✼✳
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▼✳ ❘✳ ●❛r❡②✱ ❉✳ ❙✳ ❏♦❤♥s♦♥✱ ❛♥❞ ❘❛✈✐ ❙❡t❤✐✳ ❚❤❡ ❝♦♠♣❧❡①✐t② ♦❢ ✢♦✇s❤♦♣ ❛♥❞
❥♦❜s❤♦♣ s❝❤❡❞✉❧✐♥❣✳ ▼❛t❤❡♠❛t✐❝s ♦❢ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤✱ ✶✭✷✮✿✶✶✼✕✶✷✾✱ ▼❛②
✶✾✼✻✳

❏❘ ❏❛❝❦s♦♥✳ ❆♥ ❡①t❡♥s✐♦♥ ♦❢ ❥♦❤♥s♦♥✬s r❡s✉❧ts ♦♥ ❥♦❜ ❧♦t s❝❤❡❞✉❧✐♥❣✳ ◆❛✈❛❧
❘❡s❡❛r❝❤ ▲♦❣✐st✐❝s ◗✉❛rt❡r❧②✱ ✸✿✷✵✶✕✷✵✸✱ ✶✾✺✻✳

❆❧❛♥ ❙✳ ▼❛♥♥❡✳ ❖♥ t❤❡ ❥♦❜✲s❤♦♣ s❝❤❡❞✉❧✐♥❣ ♣r♦❜❧❡♠✳ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤✱ ✽✭✷✮✿
✷✶✾✕✷✷✸✱ ▼❛r✳ ✲ ❆♣r✳ ✶✾✻✵✳

■❜r❛❤✐♠ ❍✳ ❖s♠❛♥ ❛♥❞ ●✐❧❜❡rt ▲❛♣♦rt❡✳ ▼❡t❛❤❡✉r✐st✐❝s✿ ❆ ❜✐❜❧✐♦❣r❛♣❤②✳ ❆♥♥❛❧s
♦❢ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤✱ ✻✸✿✺✶✸✕✻✷✸✱ ✶✾✾✻✳

▼✐❝❤❛❡❧ P✐♥❡❞♦✳ ❙❝❤❡❞✉❧✐♥❣✿ t❤❡♦r②✱ ❛❧❣♦r✐t❤♠s✱ ❛♥❞ s②st❡♠s✳ ❊♥❣❧❡✇♦♦❞ ❈❧✐✛s✱
Pr❡♥t✐❝❡ ❍❛❧❧✱ ✶✾✾✺✳

❉♦♠✐♥✐❝❦ ❱✳ ❘♦s❛t♦✱ ❉♦♥❛❧❞ ❱✳ ❘♦s❛t♦✱ ❛♥❞ ▼❛r❧❡♥❡ ●✳ ❘♦s❛t♦✳ ■♥❥❡❝t✐♦♥ ▼♦❧✲
❞✐♥❣ ❍❛♥❞❜♦♦❦✳ ❙♣r✐♥❣❡r✱ ✸r❞ ❡❞✐t✐♦♥✱ ❖❝t♦❜❡r ✷✵✵✵✳

❉✳◆✳ ❚❛❤❛r✱ ❋✳ ❨❛❧❛♦✉✐✱ ▲✳ ❆♠♦❞❡♦✱ ❛♥❞ ❈ ❈❤✉✳ ❆♥ ❛♥t ❝♦❧♦♥② s②st❡♠ ♠✐♥✐♠✐③✐♥❣
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