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✻ ❈♦♥❝❧✉sã♦ ✺✻

❆ ❉❛❞♦s ❣❡r❛❞♦s ✻✶

❇ ❆❧❣♦rít♠♦ ❞❛ ❍❡✉ríst✐❝❛ ✼✹

✈✐✐✐



❉❡❞✐❝❛tór✐❛

➚ ♠✐♥❤❛ ❛✈ó ■❣♥ês✱
♣♦r t♦❞♦ ❝❛r✐♥❤♦ ❡♠ t♦❞♦s ❡ss❡s ❛♥♦s✳

✭■♥ ▼❡♠♦r✐❛♥✮

✐①



❆❣r❛❞❡❝✐♠❡♥t♦s

❆♦s ♠❡✉s ♣❛✐s✱ ▲✉✐③ ❡ ▼ár❝✐❛✱ ♣❡❧♦ ❛♠♦r ❡ ❞❡❞✐❝❛çã♦ ❡♠ t♦❞♦ ♦ t❡♠♣♦✳

❆♦ ♠❡✉ ✐r♠ã♦✱ ❘♦❞r✐❣♦✱ ♣❡❧♦ ❝♦♠♣❛♥❤❡✐r✐s♠♦ ❡ ❛♣♦✐♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳

❆♦ ♠❡✉ ♦r✐❡♥t❛❞♦r✱ Pr♦❢✳ ❉r✳ ▼♦r❡tt✐✱ ♣❡❧❛ ❛❥✉❞❛ ❡ ❛♠✐③❛❞❡✳

❆♦ ♠❡✉ ❝♦♦r✐❡♥t❛❞♦r✱ Pr♦❢✳ ❉r✳ ▲❡❞✉í♥♦✱ ♣❡❧❛ ♦♣♦t✉♥✐❞❛❞❡ ❞❡ tr❛❜❛❧❤❛r
♥♦ ♣r♦❥❡t♦✳

❆ t♦❞♦s ♦s ❛♠✐❣♦s q✉❡✱ ❞❡ ✉♠❛ ♠❛♥❡✐r❛ ♦✉ ❞❡ ♦✉tr❛✱ ✜③❡r❛♠ ♣❛rt❡ ❞❡ss❛
❥♦r♥❛❞❛✳

➚ ❋❆P❊❙P✱ ♣❡❧♦ ✜♥❛♥❝✐❛♠❡♥t♦ ❞♦ ♣r♦❥❡t♦ ✁✁❖t✐♠✐③❛çã♦ ❞♦s ❝✉st♦s ❞❡
❝❛rr❡❣❛♠❡♥t♦ ❡ ❞❡ tr❛♥s♣♦rt❡ ❞❡ ❝❛r❣❛s ♣♦r ♥❛✈✐♦s✿ ❛s♣❡❝t♦s t❡ór✐❝♦s ❡ ❝♦♠✲
♣✉t❛❝✐♦♥❛✐s✑✳

✳
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▲✐st❛ ❞❡ ❋✐❣✉r❛s
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✸✳✺ ❘❡s✉❧t❛❞♦ ❞♦ ♠♦❞❡❧♦ q✉❡ ♠✐♥✐♠✐③❛ ♦ ♠❛✐♦r t❡♠♣♦ ❞❡ s❛í❞❛✳ ✳ ✷✽
✸✳✻ ❘❡s✉❧t❛❞♦ ❞♦ ♠♦❞❡❧♦ q✉❡ ♠✐♥✐♠✐③❛ ❛ s♦♠❛ t❡♠♣♦s ❞❡ s❛í❞❛✳ ✳ ✷✾
✸✳✼ ❘❡s✉❧t❛❞♦ ❞♦ ♠♦❞❡❧♦ q✉❡ ♠✐♥✐♠✐③❛ ♦ ♠❛✐♦r t❡♠♣♦ ❞❡ ❡s♣❡r❛✳ ✳ ✸✵
✸✳✽ ❘❡s✉❧t❛❞♦ ❞♦ ♠♦❞❡❧♦ q✉❡ ♠✐♥✐♠✐③❛ ❛ s♦♠❛ ❞♦s t❡♠♣♦s ❞❡ ❡s♣❡r❛✳ ✸✵

✺✳✶ ❈♦♠♣❛r❛çõ❡s ❞♦s ❝❡♥ár✐♦s ❝♦♠ ✶✵ ♥❛✈✐♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶
✺✳✷ ❈♦♠♣❛r❛çõ❡s ❞♦s ❝❡♥ár✐♦s ❝♦♠ ✶✺ ♥❛✈✐♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✸
✺✳✸ ❈♦♠♣❛r❛çõ❡s ❞♦s ❝❡♥ár✐♦s ❝♦♠ ✷✵ ♥❛✈✐♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺
✺✳✹ ❈♦♠♣❛r❛çõ❡s ❞♦s ❝❡♥ár✐♦s ❝♦♠ ✷✺ ♥❛✈✐♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✼
✺✳✺ ❈♦♠♣❛r❛çõ❡s ❞♦s ❝❡♥ár✐♦s ❝♦♠ ✸✵ ♥❛✈✐♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾
✺✳✻ ❈♦♠♣❛r❛çõ❡s ❞♦s ❝❡♥ár✐♦s ❝♦♠ ✸✺ ♥❛✈✐♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✶
✺✳✼ ❈♦♠♣❛r❛çõ❡s ❞♦s ❝❡♥ár✐♦s ❝♦♠ ✹✵ ♥❛✈✐♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

①✐



▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✺✳✶ ❘❡s✉❧t❛❞♦s ♣❛r❛ ✶✵ ♥❛✈✐♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✵
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▲✐st❛ ❞❡ ❆❜r❡✈✐❛t✉r❛s
❇❆P✿ ❇❡rt❤ ❆❧❧♦❝❛t✐♦♥ Pr♦❜❧❡♠
❉❇❆P✿ ❉✐s❝r❡t❡ ❇❡rt❤ ❆❧❧♦❝❛t✐♦♥ Pr♦❜❧❡♠
❈❇❆P✿ ❈♦♥t✐♥✉♦✉s ❇❡rt❤ ❆❧❧♦❝❛t✐♦♥ Pr♦❜❧❡♠
❚❇❆P✿ ❚❛❝t✐❝❛❧ ❇❡rt❤ ❆❧❧♦❝❛t✐♦♥ Pr♦❜❧❡♠
◗❈❆P✿ ◗✉❛② ❈r❛♥❡ ❆❧❧♦❝❛t✐♦♥ Pr♦❜❧❡♠
❇✫❈❆P✿ ❇❡rt❤ ❛♥❞ ❈r❛♥❡ ❆❧❧♦❝❛t✐♦♥ Pr♦❜❧❡♠
❘P❋✿ ❘❡❧❛t✐✈❡ P♦s✐t✐♦♥ ❋♦r♠✉❧❛t✐♦♥
P❆❋✿ P♦s✐t✐♦♥ ❆ss✐❣♥♠❡♥t ❋♦r♠✉❧❛t✐♦♥
❈❙✿ ❈❧✉st❡r✐♥❣ ❙❡❛r❝❤
●❙❙P✿ ●❡♥❡r❛❧✐③❡❞ ❙❡t P❛rt✐t✐♦♥✐♥❣ Pr♦❜❧❡♠
●❘❆❙P✿ ●r❡❡❞② ❘❛♥❞♦♠✐③❡❞ ❆❞❛♣t✐✈❡ ❙❡❛r❝❤ Pr♦❝❡❞✉r❡
P❘✿ P❛t❤ ❘❡❧✐♥❦✐♥❣
●❆✿ ●❡♥❡t✐❝ ❆❧❣♦r✐t❤♠
❋❈❋❙✿ ❋✐rst✲❈♦♠❡✲❋✐rst✲❙❡r✈❡
▼❖●❆✿ ▼✉❧t✐ ❖❜❥❡❝t✐✈❡ ●❡♥❡t✐❝ ❆❧❣♦r✐t❤♠

✳
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❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

❖ tr❛♥s♣♦rt❡ ♠❛rít✐♠♦ é ✉♠ ❞♦s ♣✐❧❛r❡s ❢✉♥❞❛♠❡♥t❛✐s ❞♦ ❝r❡s❝✐♠❡♥t♦
♠✉♥❞✐❛❧ ❞❛ ❡❝♦♥♦♠✐❛ ❛♦ ❧♦♥❣♦ ❞❡ t♦❞❛ ❛ ❤✐stór✐❛✳ ❆t✉❛❧♠❡♥t❡ ♦ ❛✉♠❡♥t♦ ❞❛
❞❡♠❛♥❞❛ ❞♦ tr❛♥s♣♦rt❡ ❡♠ ♥❛✈✐♦s é ✉♠ ❞♦s ♠❛✐♦r❡s ♣r♦❜❧❡♠❛s ❡♥❢r❡♥t❛❞♦s
♣♦r t❡r♠✐♥❛✐s ♠❛rít✐♠♦s ❛♦ r❡❞♦r ❞♦ ♠✉♥❞♦✳ ❖ ✐♥t❡♥s♦ ✢✉①♦ ❞❡ ♥❛✈✐♦s ❡
❝♦♥t❛✐♥❡rs ♥♦s ♣♦rt♦s t❡♠ ❣❡r❛❞♦ ✉♠❛ ❜✉s❝❛ ♣♦r ✉♠❛ ❧♦❣íst✐❝❛ q✉❡ ♠✐♥✐♠✐③❡
♦ t❡♠♣♦ ❞❡ ❡s♣❡r❛ ❡ ❞❡ ❛t❡♥❞✐♠❡♥t♦ ❞♦s ♥❛✈✐♦s✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♥❛✈✐♦s
r❡❥❡✐t❛❞♦s✱ ❞❡♥tr❡ ♦✉tr♦s✳ ❆❧é♠ ❞✐ss♦✱ ✉♠ ❛✉♠❡♥t♦ ❞❛ ❝♦♥❝♦rrê♥❝✐❛ ❡♥tr❡ ♦s
♣♦rt♦s ♠❛rít✐♠♦s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❡♥tr❡ ♦s ❣❡♦❣r❛✜❝❛♠❡♥t❡ ♣ró①✐♠♦s✱ t❛♠❜é♠
♦❝♦rr❡ ❝♦♠♦ r❡s✉❧t❛❞♦ ❞❡ss❡ ❝r❡s❝✐♠❡♥t♦✳

❆ss✐♠✱ s✉r❣✐✉ ✉♠❛ ♠❛✐♦r ❞✐✜❝✉❧❞❛❞❡ ❡♠ ❣❡r❡♥❝✐❛r ♥❛✈✐♦s✱ t♦r♥❛♥❞♦✲s❡
✐♥t❡r❡ss❛♥t❡ ❛♥❛❧✐s❛r q✉❡stõ❡s ❛❝❡r❝❛ ❞♦ Pr♦❜❧❡♠❛ ❞❡ ❆❧♦❝❛çã♦ ❡♠ ❇❡rç♦s
✭❇❡rt❤ ❆❧❧♦❝❛t✐♦♥ Pr♦❜❧❡♠ ✲ ❇❆P✮ ♣❛r❛ ♥❛✈✐♦s ❡♠ ♣♦rt♦s✿ ❝♦♠♦ ❛❧♦❝❛r ♥❛✈✐♦s
❛ ❜❡rç♦s ❞❡ ♠♦❞♦ ❛ ♠✐♥✐♠✐③❛r ❛❧❣✉♥s ❞❡ss❡s ♦❜❥❡t✐✈♦s✳ ❉❡❝✐sõ❡s ❝♦♠♦ ♦♥❞❡
❡ q✉❛♥❞♦ ❛tr❛❝❛r ♦s ♥❛✈✐♦s ❞❡✈❡♠ s❡r t♦♠❛❞❛s ❛♦ ❧♦♥❣♦ ❞❡ ✉♠ ❤♦r✐③♦♥t❡
❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ r❡str✐çõ❡s ❞❡ t❡♠♣♦ ❡ ❡s♣❛ç♦✱ ❝♦♠♦ ♦
❝♦♠♣r✐♠❡♥t♦ ❞♦ ♥❛✈✐♦✱ ♦ ❤♦rár✐♦ ❞❡ ❝❤❡❣❛❞❛✱ ♦ ♥ú♠❡r♦ ❞❡ ❝♦♥t❛✐♥❡rs ♣❛r❛
❝❛rr❡❣❛r ♦✉ ❞❡s❝❛rr❡❣❛r ❡ ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦ ❡st♦q✉❡ ❞❛ ❝❛r❣❛✳ ❆s ❝❛r❛❝t❡ríst✐✲
❝❛s ❞♦ ♣♦rt♦✱ ❞❛ ♠❡r❝❛❞♦r✐❛✱ ❞❛s ❞❡♠❛♥❞❛s ❣❡r❛♠ ✐♥ú♠❡r♦s ♣r♦❜❧❡♠❛s ❝♦♠
♣❡q✉❡♥❛s✱ ♠❛s r❡❧❡✈❛♥t❡s ❞✐❢❡r❡♥ç❛s✳

❖ ♣r♦❜❧❡♠❛ r❡✢❡t❡ ❛s ♣r✐♥❝✐♣❛✐s ❞❡❝✐sõ❡s r❡❢❡r❡♥t❡s ❛♦s r❡❝✉rs♦s ✜♥❛♥✲
❝❡✐r♦s✱ ❛✜♥❛❧ ✉♠❛ ❜♦❛ ❞✐str✐❜✉✐çã♦ ❞♦s ♥❛✈✐♦s ❛♦ ❧♦♥❣♦ ❞♦ ❝❛✐s ♣r♦♣♦r❝✐♦♥❛rá
❛ s❛t✐s❢❛çã♦ ❞♦s ♣r♦♣r✐❡tár✐♦s ❞♦s ♥❛✈✐♦s ❡ ❛✉♠❡♥t❛rá ❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❞♦
♣♦rt♦✳ P♦r ✐ss♦✱ ♦s ✢✉①♦s ❝♦♥tí♥✉♦s ❞❡ ❝❛r❣❛ ❛tr❛✈és ❞❡ t❡r♠✐♥❛✐s r❡q✉❡r❡♠
♣❧❛♥♦s ♣r❡❝✐s♦s❀ ❛♥á❧✐s❡s ❞❡ ❞❡❝✐sã♦ ❡ té❝♥✐❝❛s ❞❡ ♦t✐♠✐③❛çã♦ ❞❡✈❡♠ s❡r ❛♣❧✐✲
❝❛❞❛s ♣❛r❛ ♠❡❧❤♦r❛r ✈ár✐❛s ♦♣❡r❛çõ❡s✳
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▼✉✐t♦s ❞♦s ♣r♦❜❧❡♠❛s ❡st✉❞❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ sã♦ r❡❢❡r❡♥t❡ ❛ ♣♦rt♦s q✉❡
tr❛❜❛❧❤❛♠ ❝♦♠ ❛ ❝❛r❣❛ ❡ ❛ ❞❡s❝❛r❣❛ ❞❡ ❝♦♥t❛✐♥❡rs✳ ❆ ❡s❝❛❧❛ ❡ ❛ ♥❛t✉r❡③❛
❞♦s ♣r♦❜❧❡♠❛s ♥❡ss❡s t❡r♠✐♥❛✐s ♠✉✐t❛s ✈❡③❡s ✐♠♣♦ss✐❜✐❧✐t❛♠ q✉❡ ❛s ❞❡❝✐sõ❡s
t♦♠❛❞❛s s❡❥❛♠ ót✐♠❛s✳ ❆ ♠❛✐♦r✐❛ ❞♦s ❜❡rç♦s ❞❡ ❝♦♥t❛✐♥❡rs ♥♦s ♣r✐♥❝✐♣❛✐s
♣♦rt♦s sã♦ ❝♦♥❝❡❞✐❞♦s ❛ ♦♣❡r❛❞♦r❡s ❞❡ ♥❛✈✐♦s✱ ❛ ✜♠ ❞❡ q✉❡ ❡❧❡s s❡❥❛♠ r❡s♣♦♥✲
sá✈❡✐s ♣❡❧♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛ ❝❛r❣❛ ❡✱ ❛ss✐♠✱ ❛❧❝❛♥❝❡♠ ♠❛✐♦r ♣r♦❞✉t✐✈✐❞❛❞❡✳
❱✐st♦ q✉❡ ✐ss♦ s❡ ❥✉st✐✜❝❛ ♥♦ ❝❛s♦ ❡♠ q✉❡ sã♦ ♥❡❣♦❝✐❛❞♦s ✉♠ ❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡
❝♦♥t❛✐♥❡rs ❝♦♠ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ♥❛✈✐♦s✱ t❛❧✈❡③ ♥ã♦ s❡❥❛ ♣♦ssí✈❡❧ ❣❛r❛♥✲
t✐r ❡❝♦♥♦♠✐❛s ❞❡ ❝✉st♦✳ ❖s t❡r♠✐♥❛✐s ❡♥tã♦ ❞❡✈❡♠ s❡ ♣r❡♣❛r❛r ♣❛r❛ ❛t❡♥❞❡r
♦ ❞❡s❛✜♦ ❞❡ ❧✐❞❛r ❝♦♠ ♥❛✈✐♦s ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ♠✉✐t♦ ❡❧❡✈❛❞❛✳ ❋❛t♦r❡s✲❝❤❛✈❡
♣r♦♣♦r❝✐♦♥❛♠ ❛ ❡✜❝✐ê♥❝✐❛ ♣❛r❛ ♦ ❡♠♣✐❧❤❛♠❡♥t♦ ❡ tr❛♥s♣♦rt❡ ❞❡ss❛ ❣r❛♥❞❡
q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛r❣❛✳ ❆❧t❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❡ ♠♦✈✐♠❡♥t❛çã♦ ❞❡ ❝♦♥t❛✐♥❡rs ❛
❝✉st♦s ❜❛✐①♦s sã♦ ❡ss❡♥❝✐❛✐s ♣❛r❛ ❛ ♦♣❡r❛çã♦ ❞♦ t❡r♠✐♥❛❧✱ ❡ ❜❡rç♦s ❡ ❣✉✐♥❞❛st❡s
sã♦ ♦s r❡❝✉rs♦s ♠❛✐s ✐♠♣♦rt❛♥t❡s ♣❛r❛ ✐ss♦✳ ❯♠❛ ♣r♦❣r❛♠❛çã♦ ❡✜❝✐❡♥t❡ ♣♦❞❡
❢❛③❡r ✉♠❛ ♦♣❡r❛çã♦ ❜❡♠ s✉❝❡❞✐❞❛✱ ♦ q✉❡ ✐rá ♠❡❧❤♦r❛r ❛ s❛t✐s❢❛çã♦ ❞♦ ❝❧✐❡♥t❡✱
❛✉♠❡♥t❛r ♦ ✢✉①♦ ❞❡ ❝❛r❣❛ ❡ ❧❡✈❛r ❛ ♠❛✐♦r❡s r❡♥❞✐♠❡♥t♦s ❞♦ ♣♦rt♦✳

◆❛ ♠❛✐♦r✐❛ ❞❛s ✈❡③❡s✱ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞♦ ❝❛✐s ❡ ❞♦ ❣✉✐♥❞❛st❡ sã♦ ❞❡t❡r✲
♠✐♥❛❞♦s s❡♣❛r❛❞❛♠❡♥t❡✱ ♦ q✉❡ ♣♦❞❡ ❝❛✉s❛r ❝♦♥✢✐t♦s ❡ ❧❡✈❛r ❛ ✉♠ ♣❧❛♥❡❥❛✲
♠❡♥t♦ ✐♥✈✐á✈❡❧✳ P♦rt❛♥t♦✱ ❛ ❛❧♦❝❛çã♦ ❞❡ ❜❡rç♦s ❡ ❣✉✐♥❞❛st❡s✱ q✉❡ ♦r❣❛♥✐③❛ ❛s
♣♦s✐çõ❡s ❞❡ ❛tr❛❝❛çã♦✱ ♦ t❡♠♣♦ ❞❡ ❛tr❛❝❛çã♦ ❡ ♦s ❣✉✐♥❞❛st❡s ♣❛r❛ ♦s ♥❛✈✐♦s
q✉❡ ❝❤❡❣❛♠✱ é ✉♠❛ ♥♦✈❛ t❡♥❞ê♥❝✐❛ ♥♦ r❛♠♦ ❞❛ ♣❡sq✉✐s❛ ♦♣❡r❛❝✐♦♥❛❧✳ ❯♠❛
❛❧♦❝❛çã♦ s✐♠✉❧tâ♥❡❛ ♣♦❞❡ ❛❥✉❞❛r ❛ r❡❞✉③✐r ♠✉✐t♦ ♦s ❝✉st♦s ♦♣❡r❛❝✐♦♥❛✐s ❞♦
t❡r♠✐♥❛❧✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❬✶✵❪✱ ❛ ❝♦♠♣❛♥❤✐❛ ❱❛❧❡ é ✉♠❛ ❞❛s ♠❛✐♦r❡s ❝♦♠♣❛♥❤✐❛s
♠✐♥❡r❛❞♦r❛s ❞❡ ❢❡rr♦ ❞♦ ♠✉♥❞♦✳ ❆ ❧♦❣íst✐❝❛ ❞❡ ♠♦✈✐♠❡♥t❛çã♦ ❞♦s ♣r♦❞✉t♦s
r❡♣r❡s❡♥t❛ ♣♦♥t♦ ♣r✐♠♦r❞✐❛❧ ❡♠ s❡✉s ♣r♦❝❡ss♦s✱ ❡ t❡♠ t✐❞♦ ❡s♣❡❝✐❛❧ ❛t❡♥çã♦
♣❡❧❛s ❡q✉✐♣❡s q✉❡ ❜✉s❝❛♠ ♦t✐♠✐③❛r ❡ ❛♣❡r❢❡✐ç♦❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ ❡♠♣r❡s❛✳

❊♠ ❬✷✾❪ ♦ P♦rt♦ ❞❡ ❚✉❜❛rã♦ é ❛♣r❡s❡♥t❛❞♦ ❝♦♥t❡♥❞♦ s❡✐s r❡❣✐õ❡s✳ ❈❛❞❛
✉♠❛ ❞❡❧❛s tr❛❜❛❧❤❛ ❝♦♠ ✉♠ t✐♣♦ ❡s♣❡❝í✜❝♦ ❞❡ ♣r♦❞✉t♦✳ ❖ ♣í❡r ✶ é ❞✐✈✐❞✐❞♦
❡♠ ❧❛❞♦ s✉❧ ❡ ❧❛❞♦ ♥♦rt❡✳ ❖ ❧❛❞♦ s✉❧ ♣♦ss✉✐ ✉♠ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ❝❛✐s ❛❝♦stá✈❡❧
❞❡ ✸✹✵✱✸ ♠❡tr♦s ❡ ♦ ❧❛❞♦ ♥♦rt❡ ♣♦ss✉✐ ✉♠ ❝♦♠♣r✐♠❡♥t♦ ❛❝♦stá✈❡❧ ❞❡ ✸✺✸✱✼
♠❡tr♦s✳ ❆♠❜♦s sã♦ r❡s♣♦♥sá✈❡✐s ♣❡❧❛ ♠❛♥✐♣✉❧❛çã♦ ❞♦ ♠✐♥ér✐♦ ❞❡ ❢❡rr♦✳ ❖
♣í❡r ✷ t❛♠❜é♠ tr❛❜❛❧❤❛ ❝♦♠ ♦ ♠✐♥ér✐♦ ❞❡ ❢❡rr♦✱ ♣♦ss✉✐♥❞♦ ✉♠ ❝♦♠♣r✐♠❡♥t♦
❛❝♦stá✈❡❧ ❞❡ ✸✻✺ ♠❡tr♦s✳ ❖ ♣í❡r ✸ é ❞❡st✐♥❛❞♦ ❛♦ ❝❛rr❡❣❛♠❡♥t♦ ❞❡ ❣rã♦s ❛
❣r❛♥❡❧ ❡ ♣♦ss✉✐ ✉♠ ❝❛✐s ❛❝♦stá✈❡❧ ♠á①✐♠♦ ❞❡ ✷✽✵ ♠❡tr♦s✳ ❖ ♣í❡r ✹ é ❞❡st✐♥❛❞♦
à ♠♦✈✐♠❡♥t❛çã♦ ❞❡ ♣r♦❞✉t♦s ❞✐✈❡rs♦s✱ ❝♦♠♦ ❢❡rt✐❧✐③❛♥t❡s✱ ❝♦♥t❛✐♥❡rs✱ ♣❛❧❧❡ts
❡ ❝❛r❣❛ ❣❡r❛❧✳ ❙❡✉ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ❝❛✐s ❛❝♦stá✈❡❧ é ❞❡ ✷✸✵ ♠❡tr♦s✳ ❖ t❡r♠✐♥❛❧
❞❡ ❣r❛♥é✐s ❧✐q✉í❞♦s ♣❡rt❡♥❝❡ ❛ ❱❛❧❡✱ ♠❛s é ♦♣❡r❛❞♦ ♣❡❧❛ P❡tró❧❡♦ ❇r❛s✐❧❡✐r♦
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❙✳❆ ✲ P❡tr♦❜rás ❡ ❇❘ ❉✐str✐❜✉✐❞♦r❛✱ ♣❛r❛ ♠♦✈✐♠❡♥t❛çã♦ ❞❡ ❞❡r✐✈❛❞♦s ❞❡ ✉s♦✳
P♦r ✜♠✱ ❤á ♦ ❚❡r♠✐♥❛❧ ❞❡ Pr❛✐❛ ▼♦❧❡✱ q✉❡ ♦♣❡r❛ ❞❡s❝❛rr❡❣❛♠❡♥t♦ ❞❡ ❝❛r✈ã♦
♠❡t❛❧úr❣✐❝♦ ❡ ♦✉tr♦s ❣r❛♥é✐s só❧✐❞♦s ❝♦♠♣❛tí✈❡✐s✳ P♦ss✉✐ ✉♠ ❝❛✐s ❛❝♦stá✈❡❧
❞❡ ✼✵✺✱✻✼ ♠❡tr♦s ❡ ♣♦❞❡ ♦♣❡r❛r ❞♦✐s ♥❛✈✐♦s✳ ❈

❙❡♥❞♦ ❛ss✐♠✱ ❛ ♣r♦♣♦st❛ ❛q✉✐ é ❛♣r❡s❡♥t❛r ♦ ♠❡❧❤♦r ♠♦❞❡❧♦ ♣❛r❛ ❛ ♠♦✈✐✲
♠❡♥t❛çã♦ ❞♦ ❚❡r♠✐♥❛❧ ❞❡ Pr❛✐❛ ▼♦❧❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ❝♦♥❞✐çã♦ ❞❡ ❞♦✐s ❜❡rç♦s
❡♠ ♦♣❡r❛çã♦✳ ❯♠❛ ✈❡③ q✉❡ ♦ ♣r♦❜❧❡♠❛ ❡♠ q✉❡stã♦ é r❡❢❡r❡♥t❡ à ❝❛r❣❛ ❣r❛♥❡❧✱
♦s ♠♦❞❡❧♦s ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ♣❛r❛ t❡r♠✐♥❛✐s ❞❡ ❝♦♥t❛✐♥❡rs s❡rã♦ r❡❛✲
❞❡q✉❛❞♦s ♣❛r❛ ♦ ❝♦♥t❡①t♦ ❡♥❝♦♥tr❛❞♦✳ ◆♦ ❈❛♣ít✉❧♦ ✷✱ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛
❜r❡✈❡ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ s♦❜r❡ ❛s ✈❛r✐❛çõ❡s ❞♦ Pr♦❜❧❡♠❛ ❞❡ ❆❧♦❝❛çã♦ ❞❡
❇❡rç♦s q✉❡ ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛✱ ✐♥❝❧✉✐♥❞♦ ♦ ♦❜❥❡t♦ ❞❡ ❡s✲
t✉❞♦✿ ❛ ❝♦♠♣❛♥❤✐❛ ❱❛❧❡✳ ◆♦ ❈❛♣ít✉❧♦ ✸✱ ❞♦✐s ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s sã♦
♣r♦♣♦st♦s ♣❛r❛ r❡s♦❧✈❡r ♦ Pr♦❜❧❡♠❛ ❞❡ ❆❧♦❝❛çã♦ ❞❡ ❇❡rç♦s✳ ◆♦ ❈❛♣ít✉❧♦
✹✱ ❛ ❤❡✉ríst✐❝❛ ✏❆❧♦❝❛✲❇❡rç♦✑ ❢♦✐ ❝♦♥str✉í❞❛ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ r❡s♦❧✈❡r ♦ ♣r♦✲
❜❧❡♠❛ ❡♠ ✉♠ t❡♠♣♦ ♠❛✐s ❡✜❝❛③ ❡ ❛ ❤❡✉ríst✐❝❛ ✏❋✐rst ❈♦♠❡ ❋✐rst ❙❡r✈❡✑ ❢♦✐
✐♠♣❧❡♠❡♥t❛❞❛✳ ◆♦ ❈❛♣ít✉❧♦ ✺✱ ♦s r❡s✉❧t❛❞♦s ❞♦s ❞♦✐s ♠♦❞❡❧♦s ❡ ❞❛s ❞✉❛s
❤❡✉ríst✐❝❛s sã♦ ❝♦♠♣❛r❛❞♦s ❡ ❛♥❛❧✐s❛❞♦s ♣❛r❛ ❞✐❢❡r❡♥t❡s ❝❡♥ár✐♦s ❣❡r❛❞♦s✳ ◆♦
❈❛♣ít✉❧♦ ✻✱ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❝♦♥❝❧✉sã♦ s♦❜r❡ ♦ ♣r♦❜❧❡♠❛ ❡st✉❞❛❞♦✳
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❈❛♣ít✉❧♦ ✷

❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛

❱ár✐♦s ♠♦❞❡❧♦s ♣❛r❛ ♦ ❇❆P ❥á ❢♦r❛♠ ♣r♦♣♦st♦s ♥❛ ❧✐t❡r❛t✉r❛✳ ❆s ❞✐✲
❢❡r❡♥ç❛s ❞✐③❡♠ r❡s♣❡✐t♦ ❛ ❛❧❣✉♠❛s s✉♣♦s✐çõ❡s q✉❡ sã♦ ❛ss✉♠✐❞❛s✱ ❝♦♠♦✱ ♣♦r
❡①❡♠♣❧♦✱ s❡ ❡①✐st❡ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❡s♣❡r❛ ❞❡ ♥❛✈✐♦s✱ s❡ ✈ár✐♦s ♥❛✈✐♦s ♣♦❞❡♠
❛tr❛❝❛r ♥♦ ♠❡s♠♦ ❜❡rç♦✱ s❡ ♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❞♦s ♥❛✈✐♦s é ❝♦♥s✐❞❡r❛❞♦✱
s❡ ♦ t❡♠♣♦ ❞❡ ❛t❡♥❞✐♠❡♥t♦ é ♣r♦♣♦r❝✐♦♥❛❧ ❛♦ t❛♠❛♥❤♦ ❞♦ ♥❛✈✐♦✱ ❡♥tr❡ ♦✉✲
tr❛s✳ ❇❛s❡❛❞♦ ❡♠ ♣r♦❜❧❡♠❛s q✉❡ ♦❝♦rr❡r❛♠ ♥♦ ♣♦rt♦ ❞❡ ❍♦♥❣ ❑♦♥❣✱ ❡♠ ❬✶✷❪ é
❝♦♥s✐❞❡r❛❞♦ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❛❧♦❝❛çã♦ ❞❡ ❡s♣❛ç♦s ❡♠ ❜❡rç♦s ♣❛r❛ ♥❛✈✐♦s✱ ♣❡r✲
♠✐t✐♥❞♦ ✈ár✐♦s ♥❛✈✐♦s s❡♥❞♦ ❛tr❛❝❛❞♦s ♣♦r ❜❡rç♦ ❡ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ❤♦rár✐♦s
❞❡ ❝❤❡❣❛❞❛s ❞♦s ♥❛✈✐♦s ✭♣r♦❜❧❡♠❛ ❞✐♥â♠✐❝♦✮✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠✐♥✐♠✐③❛r
♦ t❡♠♣♦ t♦t❛❧ ❞❡ ❡s❝♦❛♠❡♥t♦ ✭❛ s♦♠❛ ❞♦s t❡♠♣♦s ❞❡ ❡s♣❡r❛ ❡ ❞❡ s❡r✈✐ç♦ ❞❡
✉♠ ♥❛✈✐♦✮ ♣♦♥❞❡r❛❞♦ ✭♦s ♣❡s♦s r❡✢❡t❡♠ ❛ ✐♠♣♦rtâ♥❝✐❛ r❡❧❛t✐✈❛ ❞♦s ♥❛✈✐♦s✮✳
❈♦♠♦ ♥❡ss❡ ♣♦rt♦ ♦ ❡s♣❛ç♦ ❞♦s ❜❡rç♦s é ❧✐♠✐t❛❞♦✱ s✉r❣✐✉ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❛
❝r✐❛çã♦ ❞❡ ✉♠❛ ❛❧♦❝❛çã♦ ❞❡ ❜❡rç♦s ❡✜❝✐❡♥t❡ ♣❛r❛ ❛ ❛❞♠✐♥✐str❛çã♦ ❞♦ trá❢❡❣♦
❞❡ ❝♦♥t❛✐♥❡rs✳ ❯♠ ❜❡rç♦ tí♣✐❝♦ ♥♦s t❡r♠✐♥❛✐s ♣♦❞❡ ❛❝♦♠♦❞❛r ✈ár✐♦s ♥❛✈✐♦s
❛♦ ♠❡s♠♦ t❡♠♣♦✱ s❡♥❞♦ q✉❡✱ q✉❛♥❞♦ ♥ã♦ ❤á ❡s♣❛ç♦ ❞✐s♣♦♥í✈❡❧ ♥♦ ❜❡rç♦ ♣❛r❛
✉♠ ♥❛✈✐♦ ❛tr❛❝❛r✱ ❡❧❡ ❞❡✈❡ ❡s♣❡r❛r✳

◆❛ ♠❛✐♦r✐❛ ❞♦s ♣r♦❜❧❡♠❛s✱ ♦ ♦❜❥❡t✐✈♦ é ♠✐♥✐♠✐③❛r ♦s ❝✉st♦s r❡❢❡r❡♥t❡s
❛♦ ♣♦rt♦ ❡ ❛♦ ♥❛✈✐♦✳ ■ss♦ ❡♥✈♦❧✈❡ ♦s ❝✉st♦s ❞❡ ❡s♣❡r❛✱ ❛s ♠✉❧t❛s ♣♦r ❛tr❛s♦
❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❡q✉✐♣❛♠❡♥t♦s ❝♦♠♦ ❣✉✐♥❞❛st❡s✳ ❊♠ ❛❧❣✉♠❛s ✈❛r✐❛çõ❡s ❞♦
♣r♦❜❧❡♠❛ t❛♠❜é♠ ♣♦❞❡♠ s❡r ✐♥❝❧✉í❞❛s ♦✉tr❛s ❝♦♥❞✐çõ❡s ❞❡ ♣❡♥❛❧✐❞❛❞❡ ♥❛
❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ ❝♦♠♦ ♣r✐♦r✐❞❛❞❡ ❞❡ ❛t❡♥❞✐♠❡♥t♦✱ ✈❛❧♦r ❞❡ ❝❛r❣❛ ♠♦✈✐♠❡♥✲
t❛❞❛✱ ❡ ♦✉tr❛s✳

❆ ❛❞♠✐♥✐str❛çã♦ ❡♠ ✈ár✐♦s t❡r♠✐♥❛✐s ❞❡ ❝♦♥t❛✐♥❡rs t❡♠ s❡ ❡s❢♦rç❛❞♦ ♣❛r❛
r❡❞✉③✐r ♦s ❝✉st♦s ❛tr❛✈és ❞❡ ✉♠❛ ❡✜❝✐❡♥t❡ ✉t✐❧✐③❛çã♦ ❞❡ r❡❝✉rs♦s ✭♠ã♦✲❞❡✲
♦❜r❛✱ ❜❡rç♦s✱ ❣✉✐♥❞❛st❡s✱ ❡q✉✐♣❛♠❡♥t♦s✮✳ ❖s ❜❡rç♦s sã♦ ♦s r❡❝✉rs♦s ♠❛✐s
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✐♠♣♦rt❛♥t❡s ❡ ✉♠❛ ❜♦❛ ❛❧♦❝❛çã♦ ❛❝❛rr❡t❛ ✉♠❛ ♠❡❧❤♦r❛ ♥❛ s❛t✐s❢❛çã♦ ❞♦s
❝❧✐❡♥t❡s ❡ ✉♠ ❛✉♠❡♥t♦ ♥♦ r❡♥❞✐♠❡♥t♦ ❞♦ ♣♦rt♦✳ ❙❡♥❞♦ ❛ss✐♠✱ ❡♠ ❬✶✼❪ é
♣r♦♣♦st♦ ✉♠ ♠♦❞❡❧♦ q✉❡ ❜✉s❝❛ ♠❛①✐♠✐③❛r ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❝❛✐s s❛t✐s❢❛③❡♥❞♦
❛❧❣✉♠❛s r❡str✐çõ❡s ♣❛r❛ ❛tr❛❝❛çã♦ ❞❡ ♥❛✈✐♦s ❞❡ ❝♦♥t❛✐♥❡rs ✉s❛♥❞♦ ✉♠❛ ❛❜♦r✲
❞❛❣❡♠ ❛♥❛❧ít✐❝❛✳ ■ss♦ é ❢❡✐t♦ ❛tr❛✈és ❞❛ ♠✐♥✐♠✐③❛çã♦ ❞♦s ❝✉st♦s ❞❡ ♣❡♥❛❧✐✲
❞❛❞❡ r❡s✉❧t❛♥t❡s ❞❡ ❛tr❛s♦s ♥❛s ♣❛rt✐❞❛s ❞♦s ♥❛✈✐♦s ❡ ❞♦s ❝✉st♦s ❛❞✐❝✐♦♥❛✐s
❞❡ ❛t❡♥❞✐♠❡♥t♦ r❡s✉❧t❛♥t❡s ❞❡ ❧♦❝❛❧✐③❛çõ❡s ❞❡s❢❛✈♦rá✈❡✐s ❞♦s ♥❛✈✐♦s ♥♦ ❝❛✐s✳
P❛r❛ ❡ss❡s ♣❡sq✉✐s❛❞♦r❡s✱ ❛ ♣♦s✐çã♦ ❞❛ ❛tr❛❝❛çã♦ é ✉♠❛ ✈❛r✐á✈❡❧ ❞❡ ❞❡❝✐sã♦
♠✉✐t♦ ✐♠♣♦rt❛♥t❡✿ s❡ ✉♠ ♥❛✈✐♦ é ❝♦❧♦❝❛❞♦ ❡♠ ✉♠❛ ♣♦s✐çã♦ ♣❡rt♦ ❞♦ ❡st♦q✉❡
❞♦s ❝♦♥t❛✐♥❡rs q✉❡ ❞❡✈❡♠ s❡r ❝❛rr❡❣❛❞♦s✱ ❡♥tã♦ ♦ ❝✉st♦ ❞❡ tr❛♥❢❡rê♥❝✐❛ ❞♦s
❝♦♥t❛✐♥❡rs ♣♦r ❝❛rr❡❣❛❞♦r❡s ♣♦❞❡ s❡r ❞✐♠✐♥✉í❞♦✳

❆❧❣✉♥s ♣♦rt♦s ♥❛ ❊✉r♦♣❛ ❡ ♥❛ ❈❤✐♥❛✱ ❡♠ q✉❡ ❤á ✉♠ trá❢❡❣♦ ✐♥t❡♥s♦
❞❡ ♥❛✈✐♦s ❡ ❝♦♥❛t✐♥❡rs✱ sã♦ ❝❤❛♠❛❞♦s ❞❡ ♠✉❧t✐✲✉s❡rs t❡r♠✐♥❛❧s✿ t❡r♠✐♥❛✐s
❝♦♠ ✉♠ ❧♦♥❣♦ ❝❛✐s✱ ♦♥❞❡ ✉♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♥❛✈✐♦s ❝❤❡❣❛♠ ❡ sã♦
s✐♠✉❧tâ♥❡❛ ❡ ❞✐♥❛♠✐❝❛♠❡♥t❡ ❛❧♦❝❛❞♦s✱ ♥❡♠ s❡♠♣r❡ ♥❛ ♠❡s♠❛ ♣♦s✐çã♦✳ ❊ss❡
t✐♣♦ ❞❡ t❡r♠✐♥❛❧✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❬✶✺❪✱ é ✉♠ s✐st❡♠❛ ❣❡♥❡r❛❧✐③❛❞♦ ♠✉✐t♦ ✉s❛❞♦
♣❛r❛ ♣♦rt♦s ♥❡ss❛s ❝♦♥❞✐çõ❡s✱ ✉♠❛ ✈❡③ q✉❡ ❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❞❡♣❡♥❞❡ ❞❡ ✉♠❛
❛❧♦❝❛çã♦ ❡✜❝✐❡♥t❡ ❞♦s ♥❛✈✐♦s ♥♦s ❜❡rç♦s✳ ❆ss✐♠✱ ♦ t❡r♠✐♥❛❧ é ♣❛rt✐❝✐♦♥❛❞♦
❡♠ ✈ár✐♦s ❜❡rç♦s ❡ ❛ ❛❧♦❝❛çã♦ ❞♦s ♥❛✈✐♦s ♥♦ ❧♦❝❛❧ ❛♣r♦♣r✐❛❞♦ é ❜❛s❡❛❞♦ ♥❛s
❝❛r❛❝t❡ríst✐❝❛s ❞❡ss❡s ❜❡rç♦s✱ ❝♦♠♦ ❝♦♠♣r✐♠❡♥t♦ ❡ ♣r♦❢✉♥❞✐❞❛❞❡✳ ❖ ♣r♦❜❧❡♠❛
❛ss♦❝✐❛❞♦ é ❝❤❛♠❛❞♦ ❞❡ Pr♦❜❧❡♠❛ ❞❡ ❆❧♦❝❛çã♦ ❡♠ ❇❡rç♦s ❉✐s❝r❡t♦ ✭❉✐s❝r❡t❡
❇❡rt❤ ❆❧❧♦❝❛t✐♦♥ Pr♦❜❧❡♠ ✲ ❉❇❆P✮✳ ◆♦ ❡♥t❛♥t♦✱ ♦ ❛rt✐❣♦ é ❢✉♥❞❛♠❡♥t❛❞♦ ♥♦
❢❛t♦ ❞❡ q✉❡ ♥❛✈✐♦s ❛❧❣✉♠❛s ✈❡③❡s sã♦ ❛♥❝♦r❛❞♦s ❛tr❛✈és ❞❛ ❢r♦♥t❡✐r❛ ❞♦ ❜❡rç♦✱
♦✉ s❡❥❛✱ ❛ ❛tr❛❝❛çã♦ ❞♦s ♥❛✈✐♦s é ❢❡✐t❛ ❡♠ ✉♠ ❡s♣❛ç♦ ❝♦♥tí♥✉♦ ✭❈♦♥t✐♥✉♦✉s
❇❡rt❤ ❆❧❧♦❝❛t✐♦♥ Pr♦❜❧❡♠ ✲ ❈❇❆P✮✳

❊♠ ❬✷❪✱ ♦ ♣r♦❜❧❡♠❛ é ❝❧❛ss✐✜❝❛❞♦ ❡♠ ❛❧❣✉♠❛s ❝❛t❡❣♦r✐❛s✳ ❖ ♣r♦❝❡ss♦ ❞❡
❝❤❡❣❛❞❛ ❞♦s ♥❛✈✐♦s ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ❡stát✐❝♦ ♦✉ ❞✐♥â♠✐❝♦✳ ◆♦ ♣r✐♠❡✐r♦
❝❛s♦✱ ♦ ❤♦rár✐♦ ❞❡ ❝❤❡❣❛❞❛ ❞♦s ♥❛✈✐♦s ♥ã♦ ✐♠♣õ❡ ✉♠❛ r❡str✐çã♦ s♦❜r❡ ♦s
❤♦rár✐♦s ❞❡ ❛tr❛❝❛çã♦✿ ♦s ♥❛✈✐♦s ♣♦❞❡♠ ❛tr❛❝❛r ❛ q✉❛❧q✉❡r ♠♦♠❡♥t♦ ❞❛❞❛
q✉❡ ✉♠❛ ♣♦rçã♦ ❞♦ ❝❛✐s ❡st❡❥❛ ❞✐s♣♦♥í✈❡❧✳ ◆♦ s❡❣✉♥❞♦ ❝❛s♦✱ ♦s ♥❛✈✐♦s ♥ã♦
♣♦❞❡♠ ❛tr❛❝❛r ❛♥t❡s ❞❡ ❝❤❡❣❛r❡♠ ❛♦ ♣♦rt♦✳ ◗✉❛♥t♦ à ❝❤❡❣❛❞❛ ❞♦s ♥❛✈✐♦s✱ ❡❧❛
♣♦❞❡♠ s❡r ❞❡t❡r♠✐♥íst✐❝❛✱ q✉❛♥❞♦ ✈❛❧♦r❡s ❡s♣❡r❛❞♦s ❞❡ ❤♦rár✐♦s ❞❡ ❝❤❡❣❛❞❛s
sã♦ ❞❛❞♦s✱ ♦✉ ❡st♦❝ást✐❝❛✱ ❡♠ q✉❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❤❡❣❛❞❛s é ❞❛❞❛ ❝♦♠
✐♥❝❡rt❡③❛s ❛❝❡r❝❛ ❞♦s ❤♦rár✐♦s✳ ❖ t❡♠♣♦ ❞❡ ❛t❡♥❞✐♠❡♥t♦ t❛♠❜é♠ ♣♦❞❡ t❡r
❝❧❛ss✐✜❝❛çõ❡s ❞✐❢❡r❡♥t❡s✿ ✜①♦ ❡ ✐♥✈❛r✐á✈❡❧✱ ❞❡♣❡♥❞❡♥t❡ ❞❛ ♣♦s✐çã♦ ♦♥❞❡ ♦ ♥❛✈✐♦
❢♦✐ ❛❧♦❝❛❞♦ ♦✉ ❛✐♥❞❛ ❡st♦❝ást✐❝♦ ✭✐♥t❡rr✉♣çõ❡s ♣♦❞❡♠ ❛❝♦♥t❡❝❡r tr❛③❡♥❞♦ ✐♥✲
❝❡rt❡③❛s ♥♦s t❡♠♣♦s ❞❡ s❡r✈✐ç♦✮✳ ❊♠ r❡❧❛çã♦ às r❡str✐çõ❡s ❡s♣❛❝✐❛✐s✱ ❛❧é♠ ❞❛s
❞✉❛s ♣r♦♣♦st❛s ♣♦r ❬✶✺❪✱ ❛q✉✐ é ❝♦♥s✐❞❡r❛❞♦ ♦ ❝❛s♦ ❤í❜r✐❞♦✱ ♥♦ q✉❛❧ ♦ ❝❛✐s é
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♣❛rt✐❝✐♦♥❛❞♦ ❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❜❡rç♦s ♠❛s ✉♠ ♥❛✈✐♦ ♣♦❞❡ ♦❝✉♣❛r ♠❛✐s ❞❡
✉♠ ❜❡rç♦ ❡ ♠❛✐s ❞❡ ✉♠ ♥❛✈✐♦ ♣♦❞❡ ♦❝✉♣❛r ✉♠ ❞❛❞♦ ❜❡rç♦✳

❍á t❛♠❜é♠ ♦✉tr❛ ♠❛♥❡✐r❛ ❞❡ ❞✐✈✐❞✐r ♦ ❡s♣❛ç♦ ❢ís✐❝♦ ❞♦ t❡r♠✐♥❛❧✳ ◆♦
♣r♦❜❧❡♠❛ ❡st✉❞❛❞♦ ❡♠ ❬✾❪✱ ♦ t❡r♠✐♥❛❧ é ❞✐✈✐❞✐❞♦ ❡♠ ✈ár✐♦s ❝❛✐s✳ ❈❛❞❛ ❝❛✐s
❝♦♥s✐st❡ ❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈ár✐♦s ❜❡rç♦s✱ q✉❡ ♣♦r s✉❛ ✈❡③ sã♦ ❞✐✈✐❞✐❞♦s ❡♠
s❡çõ❡s✳ ❈❛❞❛ ❝❛✐s ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ❡st✐r❛♠❡♥t♦ ❧✐♥❡❛r ❞❡ ❡s♣❛ç♦✳ ❈❛❞❛ ♥❛✈✐♦
♣♦❞❡ ✜s✐❝❛♠❡♥t❡ s❡r ❛♥❝♦r❛❞♦ ❛tr❛✈és ❞❡ ❞✐❢❡r❡♥t❡s s❡çõ❡s✱ ♠❛s ♥ã♦ ♣♦❞❡ s❡r
❛♥❝♦r❛❞♦ ❛tr❛✈és ❞❡ ❞✐❢❡r❡♥t❡s ❝❛✐s✳ ◆❡ss❡ ❛rt✐❣♦✱ ♦ ♦❜❥❡t✐✈♦ é ❛❧♦❝❛r ✉♠
❡s♣❛ç♦ ❞❡ ❛tr❛❝❛çã♦ ♣❛r❛ ♦s ♥❛✈✐♦s ❡♠ t❡♠♣♦ r❡❛❧✱ ❣❛r❛♥t✐♥❞♦ q✉❡ q✉❛s❡
t♦❞♦s ♦s ♥❛✈✐♦s s❡❥❛♠ ❛tr❛❝❛❞♦s ❛ss✐♠ q✉❡ ❝❤❡❣❛♠ ❛♦ t❡r♠✐♥❛❧ ❡ ❡st❡❥❛♠
♣❡rt♦ ❞❛s ❧♦❝❛❧✐③❛çõ❡s ❞❡ ♣r❡❢❡rê♥❝✐❛✳ ❚❛❧ ❛❧♦❝❛çã♦ ❞❡✈❡ s❡r ❞❡t❡r♠✐♥❛❞❛
❞✐♥❛♠✐❝❛♠❡♥t❡ s♦❜r❡ ♦ t❡♠♣♦✳

◆❛ ❧✐t❡r❛t✉r❛✱ é ♣♦ssí✈❡❧ ❡♥❝♦♥tr❛r ❛❧❣✉♠❛s ✈❛r✐❛çõ❡s ❞♦ ❇❆P✳ ❯♠❛ ❞❡❧❛s
é ❝❤❛♠❛❞❛ ❡♠ ❬✶✶❪ ❞❡ Pr♦❜❧❡♠❛ ❚át✐❝♦ ❞❡ ❆❧♦❝❛çã♦ ❞❡ ❇❡rç♦s ✭❚❛❝t✐❝❛❧ ❇❡rt❤
❆❧❧♦❝❛t✐♦♥ Pr♦❜❧❡♠ ✲ ❚❇❆P✮✳ ❆ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❡ss❡ ♣r♦❜❧❡♠❛ ❡ ♦ ❇❆P ❡stá
♥❛ ❞✉r❛çã♦ ❞♦ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✿ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ♥♦ ❚❇❆P ❝♦♥s✐st❡
❡♠ ♠❡s❡s✱ ♣❡r♠✐t✐♥❞♦ ❛ ✐♥t❡❣r❛çã♦ ❡♥tr❡ ♦s ❝✉st♦s ❞♦ t❡r♠✐♥❛❧ ❞❡ ✉♠ ♠♦❞♦
♠❛✐s ❝♦♠♣r❡❡♥s✐✈♦✳ ❊♠ ✉♠ t❡r♠✐♥❛❧ ❞❡ tr❛♥s❜♦r❞♦✱ ♦s ❝♦♥t❛✐♥❡rs ❝❤❡❣❛♠
❡ ♣❛rt❡♠ ♣♦r ♥❛✈✐♦s s❡♥❞♦ t❡♠♣♦r❛r✐❛♠❡♥t❡ ❡st♦❝❛❞♦s ♥♦ ♣át✐♦✳ ◗✉❛♥❞♦
✉♠ ♥❛✈✐♦ é ❞❡s❝❛rr❡❣❛❞♦✱ ♦s ❝♦♥t❛✐♥❡rs ❞❡✈❡♠ s❡r ❛❧♦❝❛❞♦s ❡♠ ♣♦s✐çõ❡s ♥♦
♣át✐♦ ♣❡rt♦ ♦ s✉✜❝✐❡♥t❡ ❞♦ ❜❡rç♦ ♦♥❞❡ ❡stá ❛tr❛❝❛❞♦ ♦ ♥❛✈✐♦ ❡♠ q✉❡ s❡rã♦
❝❛rr❡❣❛❞♦s✱ ❛❝❡❧❡r❛♥❞♦ ♦ s❡r✈✐ç♦ ❞❡ss❡ ♥❛✈✐♦✳ ❊♥tr❡t❛♥t♦✱ q✉❛♥❞♦ ❛ ♣♦s✐çã♦
❞❡ ❡♠❜❛rq✉❡ ❞❡ ✉♠ ❝♦♥t❛✐♥❡r é ❧♦♥❣❡ ❞♦ s❡✉ ♣át✐♦✱ ♦ ❝♦♥t❛✐♥❡r ❞❡✈❡ s❡r
r❡❛❧♦❝❛❞♦ ❛♥t❡s ❞❛ ❝❤❡❣❛❞❛ ❞♦ ♥❛✈✐♦✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❛ ❛❞♠✐♥✐str❛çã♦
❞♦ ♣át✐♦ tr❛t❛ ❞❡ ✉♠❛ ❛❧♦❝❛çã♦ ❞✐♥â♠✐❝❛ ❞❡ ❝♦♥t❛✐♥❡rs✳ ❱❛❧❡ ♥♦t❛r q✉❡ ♦
❚❇❆P ❞❡t❡r♠✐♥❛ ❛ ❧♦♥❣♦ t❡r♠♦ q✉❛❧ é ♦ ♠❡❧❤♦r ❜❡rç♦ ❞❡ ❛tr❛❝❛çã♦ ♣❛r❛
❝❛❞❛ ♥❛✈✐♦✱ ✐♥❞✉③✐♥❞♦ ♦ ✢✉①♦ ❞❡ ❝♦♥t❛✐♥❡rs ❞❡♥tr♦ ❞♦ ♣át✐♦✳ ❆ss✐♠✱ ♦s
❝✉st♦s ❞❡ ♣át✐♦ sã♦ ✉♠ ❡❢❡✐t♦ ❞❛ ❛tr✐❜✉✐çã♦ s✐♠✉❧tâ♥❡❛ ❞♦s ♥❛✈✐♦s ❛ s❡✉s
❜❡rç♦s ❞❡ ♦r✐❣❡♠✳ ❖✉tr❛ ❞✐❢❡r❡♥ç❛ ❞✐③ r❡s♣❡✐t♦ ❛♦ ❤♦rár✐♦s ❞❡ ❝❤❡❣❛❞❛ ❞♦s
♥❛✈✐♦s✳ ◆♦ ❚❇❆P ❛s ❧✐♥❤❛s ❞❡ tr❛♥s♣♦rt❡ ✐♥❞✐❝❛♠ ♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦
♣❛r❛ ♦ ❤♦rár✐♦ ❞❡ ❝❤❡❣❛❞❛ ❡s♣❡r❛❞♦✳ ❖ ♣❧❛♥❡❥❛♠❡♥t♦ tát✐❝♦ ❞❡ ❜❡rç♦s ❞❡✈❡
❛❝♦♠♦❞❛r t❛✐s ❤♦rár✐♦s ❞❡ ❝❤❡❣❛❞❛ ♦✉ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❛❧t❡r♥❛t✐✈❛ ❞❡✈❡ s❡r
❡♥❝♦♥tr❛❞❛✳ P♦r ✐ss♦✱ ♦ ♣r♦❜❧❡♠❛ ❛q✉✐ é s❛❜❡r s❡ ❛❝♦♠♦❞❛r ✉♠❛ ❞❡♠❛♥❞❛
❞❡ ✉♠ ❝❧✐❡♥t❡ é ❢❛❝tí✈❡❧ ❡ q✉❛✐s sã♦ ♦s ✐♠♣❛❝t♦s s♦❜r❡ ♦ t❡r♠✐♥❛❧✳ ❆❧é♠
❞✐ss♦✱ ✉♠❛ ✈❡③ q✉❡ ♦ t❡♠♣♦ ❞❡ s❡r✈✐ç♦ ❞❡♣❡♥❞❡ ❞❡ ❢❛t♦r❡s ❝♦♠♦ q✉❛♥t✐❞❛❞❡
❞❡ ❝♦♥t❛✐♥❡rs ♣❛r❛ s❡r❡♠ ❝❛rr❡❣❛❞♦s ♦✉ ❞❡s❝❛rr❡❣❛❞♦s✱ ❞✐str✐❜✉✐çã♦ ❞❡ss❡s
❞❡♥tr♦ ❞♦ ♥❛✈✐♦ ❡ ♥ú♠❡r♦ ❞❡ ❣✉✐♥❞❛st❡s ❛tr✐❜✉✐❞♦s ♣❛r❛ ♦ ♥❛✈✐♦✱ ♦ ❚❇❆P
tr❛t❛ ❝♦♠ ❛ ♥❡❣♦❝✐❛çã♦ ❡♥tr❡ ♦ t❡r♠✐♥❛❧ ❡ ❛s ❧✐♥❤❛s ❞❡ tr❛♥s♣♦rt❡ s♦❜r❡ ✉♠❛
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❛tr✐❜✉✐çã♦ r❡s❡r✈❛❞❛ ❞❡ ❣✉✐♥❞❛st❡s ❛♦ ❧♦♥❣♦ ❞♦s t✉r♥♦s ❞❡ tr❛❜❛❧❤♦✳
❖s ❣✉✐♥❞❛st❡s sã♦ ♦s ❡q✉✐♣❛♠❡♥t♦s ❢✉♥❞❛♠❡♥t❛✐s ♥♦ t❡r♠✐♥❛❧ ✉s❛❞♦s ♣❛r❛

❛ ♠♦✈✐♠❡♥t❛çã♦ ❞❡ ❝♦♥t❛✐♥❡rs✳ ❖ ❡♠♣r❡❣♦ ✐♥❡✜❝✐❡♥t❡ ❞❡ss❡s ♣♦❞❡ s❡r ♦ ❣❛r✲
❣❛❧♦ ♣❛r❛ ♦♣❡r❛çõ❡s rá♣✐❞❛s ♥♦s ♥❛✈✐♦s✳ ❊♠ ❞❡❝♦rrê♥❝✐❛ ❞✐ss♦✱ s✉r❣❡ ♦ ♣r♦✲
❜❧❡♠❛ ❞❡ ❛❧♦❝❛çã♦ ❞❡ ❣✉✐♥❞❛st❡s ✭◗✉❛② ❈r❛♥❡ ❆❧❧♦❝❛t✐♦♥ Pr♦❜❧❡♠ ✲ ◗❈❆P✮✿
❞❡♣♦✐s q✉❡ ✉♠ ♥❛✈✐♦ ❝❤❡❣❛ ❛♦ t❡r♠✐♥❛❧✱ ❣✉✐♥❞❛st❡s ❞❡s❝❛rr❡❣❛♠ ♦s ❝♦♥t❛✐♥✲
❡rs ❞♦ ♥❛✈✐♦✱ q✉❡ sã♦ ❧❡✈❛❞♦s ❛té ♦s ♣át✐♦s ❞❡ ❡st♦❝❛❣❡♠✳ ❖ ♠❡s♠♦ ❛❝♦♥t❡❝❡
❝♦♠ ♥❛✈✐♦s q✉❡ ❞❡✈❡♠ s❡r ❝❛rr❡❣❛❞♦s ♣❛r❛ ❡①♣♦rt❛çã♦✳ ◆♦ ◗❈❆P ❛ss✉♠❡✲s❡
q✉❡ ✉♠ ♥❛✈✐♦ ❥á ❡stá ❛❧♦❝❛❞♦ ❡♠ ✉♠❛ ♣♦s✐çã♦ ❞♦ ❜❡rç♦ ❡ ❡s♣❡r❛ ♣❛r❛ s❡r
❛t❡♥❞✐❞♦ ♣❡❧♦s ❣✉✐♥❞❛st❡s✳ P❛r❛ ♣♦rt♦s ❝♦♠ ❣r❛♥❞❡ ♠♦✈✐♠❡♥t❛çã♦✱ é ♠✉✐t♦
❝❛r♦ q✉❡ ♦ ♥❛✈✐♦ ♣❡r♠❛♥❡ç❛ ❡s♣❡r❛♥❞♦ ♣♦r ♠✉✐t♦ t❡♠♣♦ ♥❛ s✉❛ ♣♦s✐çã♦ ❞❡
❛tr❛❝❛çã♦✳ P♦r ✐ss♦✱ é ✐♠♣♦rt❛♥t❡ q✉❡ t❛♥t♦s ❣✉✐♥❞❛st❡s q✉❛♥t♦ ♥❡❝❡ssár✐♦s
s❡❥❛♠ ✉s❛❞♦s✱ ♠❛①✐♠✐③❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❝♦♥t❛✐♥❡rs ❝❛rr❡❣❛❞♦s ♦✉ ❞❡s❝❛r✲
r❡❣❛❞♦s ♣♦r ✉♥✐❞❛❞❡ ❞❡ t❡♠♣♦✳ ❊♥tr❡t❛♥t♦✱ ❡ss❡s ❡q✉✐♣❛♠❡♥t♦s sã♦ ❝❛r♦s ❡
❝❡rt❛♠❡♥t❡ ♥ã♦ sã♦ ✉♠ ✐♥✈❡st✐♠❡♥t♦ ❞❡ ❝✉st♦ ❡✜❝✐❡♥t❡✳ P♦r ❝♦♥s❡q✉ê♥❝✐❛✱
✉♠ t❡r♠✐♥❛❧ ❝♦♠♣❡t✐t✐✈♦ ♣r❡❝✐s❛ ♠❛①✐♠✐③❛r ❛ ❡✜❝✐ê♥❝✐❛ ❞❛s ♦♣❡r❛çõ❡s s♦❜r❡
✉♠ ♥ú♠❡r♦ ❧✐♠✐t❛❞♦ ❞❡ ❣✉✐♥❞❛st❡s✳

❙❡❣✉♥❞♦ ❬✷✽❪✱ ❡①✐st❡♠ ❞✉❛s r❡❣r❛s q✉❡ r❡str✐♥❣❡♠ ❛ ♦♣❡r❛çã♦ ❞♦s ❣✉✐♥✲
❞❛st❡s✳ ❆ ♣r✐♠❡✐r❛ é ❛ r❡str✐çã♦ ❞❡ ♥♦♥✲❝r♦ss✐♥❣ ✿ ♦s ❣✉✐♥❞❛st❡s ❞❡✈❡♠ s❡r
♠❛♥t✐❞♦s ❡♠ ✉♠❛ s❡q✉ê♥❝✐❛ ✜①❛✱ ♣♦✐s ❞✐✈✐❞❡♠ ✉♠ tr✐❧❤♦ ❝♦♠✉♠ ❛♦ ❧♦♥❣♦
❞♦ ❜❡rç♦✳ ❆ s❡❣✉♥❞❛ é ✉♠❛ r❡str✐çã♦ ❞❡ s❡♣❛r❛çã♦ ♠í♥✐♠❛✿ ♦s ❣✉✐♥❞❛st❡s
♣r❡❝✐s❛♠ ♠❛♥t❡r ✉♠❛ ❞✐stâ♥❝✐❛ ♠í♥✐♠❛ ❡♥tr❡ ❡❧❡s ♣♦r q✉❡stõ❡s ❞❡ s❡❣✉r❛♥ç❛✳
❆q✉✐ é ❡st✉❞❛❞♦ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❛❧♦❝❛çã♦ ❞❡ ❣✉✐♥❞❛st❡s ❞✐♥â♠✐❝♦✿ ✉♠ ♥ú♠❡r♦
✜①♦ ❞❡ ❣✉✐♥❞❛st❡s ❡♠ ✉♠ ❜❡rç♦ ❝♦♠ ❝♦♠♣r✐♠❡♥t♦ ❧✐♠✐t❛❞♦ ❛t❡♥❞❡ ✉♠❛ sér✐❡
❞❡ ♥❛✈✐♦s q✉❡ ❝❤❡❣❛♠ s❡q✉❡♥❝✐❛❧♠❡♥t❡ ♥♦ ❜❡rç♦ ❝♦♠ ♦ ♣❛ss❛r ❞♦ t❡♠♣♦✳ ❖
♦❜❥❡t✐✈♦ é ♠❛①✐♠✐③❛r ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦♥t❛✐♥❡rs ♠❛♥✐♣✉❧❛❞♦s ♣♦r ✉♥✐❞❛❞❡
❞❡ t❡♠♣♦ s✉❥❡✐t♦ às ❞✉❛s r❡str✐çõ❡s ❥á ❝✐t❛❞❛s✳ ❊ss❡ ♣r♦❜❧❡♠❛ ❛♣r❡s❡♥t❛
❝♦♠♣❧✐❝❛çõ❡s ❝♦♥s❡q✉❡♥t❡s ❞❡ ❝♦♥❞✐çõ❡s ❝❧✐♠át✐❝❛s✱ ❝♦♥t❛✐♥❡rs ♣❡r❞✐❞♦s ❡
❝♦♥❣❡st✐♦♥❛♠❡♥t♦ ❞❡ trá❢❡❣♦ ♥♦ t❡r♠✐♥❛❧✳ P♦r ❡ss❡ ♠♦t✐✈♦✱ ❛ ♠❛✐♦r✐❛ ❞♦s
❡st✉❞♦s ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ r❡s♦❧✈❡♠ ♦ ♣r♦❜❧❡♠❛ ❡♠ ✉♠❛ ❝♦♥✜❣✉r❛çã♦
❡stát✐❝❛✱ ❡♠ q✉❡ ✉♠ ❞❛❞♦ ♥ú♠❡r♦ ❞❡ ♥❛✈✐♦s ♥♦ ❜❡rç♦ sã♦ ♣ré✲❛tr✐❜✉í❞♦s ❛ ✉♠
❝♦♥❥✉♥t♦ ❞❡ ❣✉✐♥❞❛st❡s ❞✉r❛♥t❡ ♦ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✳ ❖ ♣r♦❜❧❡♠❛
é r❡s♦❧✈✐❞♦ ❝♦♠♦ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❛❣❡♥❞❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s✿ s❡ q✉❛❧q✉❡r
♣❛râ♠❡tr♦ ♥♦ s✐st❡♠❛ ♠✉❞❛✱ ❡♥tã♦ ♦ ♣r♦❜❧❡♠❛ ♣r❡❝✐s❛ s❡r r❡s♦❧✈✐❞♦✳ P♦ré♠✱
♦ ❝❛s♦ ❡stát✐❝♦ ♥ã♦ é ót✐♠♦ ❡ é ❞✐❢í❝✐❧ ❞❡ s❡r ✐♠♣❧❡♠❡♥t❛❞♦ ♣❛r❛ ✉♠ ❧♦♥❣♦
♣❡rí♦❞♦ ❞❡ t❡♠♣♦✳

❯♠ ♥❛✈✐♦ ❣r❛♥❞❡ ♣♦❞❡ s❡r s✐♠✉❧t❛♥❡❛♠❡♥t❡ ♣r♦❝❡ss❛❞♦ ♣♦r ✈ár✐♦s ❣✉✐♥✲
❞❛st❡s✳ ◆♦r♠❛❧♠❡♥t❡✱ ♦ t❡♠♣♦ ❞❡ ❛t❡♥❞✐♠❡♥t♦ ❞❡ ✉♠ ♥❛✈✐♦ ❞✐♠✐♥✉❡ q✉❛♥❞♦

✼



♠❛✐s ❣✉✐♥❞❛st❡s ❡stã♦ ❛tr✐❜✉✐❞♦s ❛ ❡❧❡✳ ❆♥❛❧♦❣❛♠❡♥t❡✱ ♦ t❡♠♣♦ ❞❡ ❛t❡♥❞✐✲
♠❡♥t♦ ❞❡ ✉♠ ♥❛✈✐♦ s❡rá ♠❛✐♦r ❞♦ q✉❡ ♦ ❡s♣❡r❛❞♦ s❡ ✉♠ ♥ú♠❡r♦ ✐♥s✉✜❝✐❡♥t❡ ❞❡
❣✉✐♥❞❛st❡s ❡st✐✈❡r❡♠ ♦♣❡r❛♥❞♦✱ ❛tr❛s❛♥❞♦ ❛ ♣❛rt✐❞❛ ❞♦ ♥❛✈✐♦✳ ■♥❢❡❧✐③♠❡♥t❡✱
♥ã♦ é ♣♦ssí✈❡❧ ❛tr✐❜✉✐r ♠✉✐t♦s ❣✉✐♥❞❛st❡s ❛ ✉♠ ♠❡s♠♦ ♥❛✈✐♦✿ ♦ ❡q✉✐♣❛♠❡♥t♦
é ❝❛r♦ ❡ ♦s t❡r♠✐♥❛✐s ♥ã♦ ♣♦ss✉❡♠ ✉♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡✱ ♦ q✉❡ t♦r♥❛ ✉♠
❝✉st♦ ❞❡ ♦♣♦rt✉♥✐❞❛❞❡ ❡♠ ✉♠❛ ♣❡r❞❛ r❡❛❧ s❡ ❤á ✉♠ ❣✉✐♥❞❛st❡ ♦❝✐♦s♦✳ ❆❧é♠
❞✐ss♦✱ ♠✉✐t♦s ❣✉✐♥❞❛st❡s ❡♠ ✉♠ ♠❡s♠♦ ♥❛✈✐♦ ♣♦❞❡ ❝❛✉s❛r ✐♥t❡r❢❡rê♥❝✐❛ ❡♠
✈❡③ ❞❡ ❛♣r✐♠♦r❛♠❡♥t♦✳ ❊♠ ❬✷✵❪✱ ❛❧❣✉♠❛s s✉♣♦s✐çõ❡s sã♦ ❢❡✐t❛s ♥❛ t❡♥t❛t✐✈❛
❞❡ s✐♠♣❧✐✜❝❛r ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♣r♦❜❧❡♠❛ ♠♦❞❡❧❛❞♦✳ ❊♠ ♣r✐♠❡✐r♦ ❧✉❣❛r✱ ♦
◗❈❆P s❡♠♣r❡ ❛♣r♦✈❡✐t❛ ♦ r❡s✉❧t❛❞♦ ❞♦ ❇❆P✿ ❝♦♥s✐❞❡r❛✲s❡ q✉❡ ♦ ♣r♦❜❧❡♠❛
❞❡ ❛❧♦❝❛çã♦ ❞❡ ❜❡rç♦s ❥á ❢♦✐ r❡s♦❧✈✐❞♦ ❡ ❛s ♣♦s✐çõ❡s ❞❡ ❛tr❛❝❛çã♦✱ ♦s t❡♠♣♦s
❞❡ ❝❤❡❣❛❞❛ ❡ ♣❛rt✐❞❛ ❡ ❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞♦s ♥❛✈✐♦s sã♦ ❞❛❞♦s ❞❡ ❡♥tr❛❞❛
♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❛❧♦❝❛çã♦ ❞❡ ❣✉✐♥❞❛st❡s✳ ❉❡♣♦✐s✱ ❝❛❞❛ ♥❛✈✐♦ é ❞✐✈✐❞✐❞♦
❧♦♥❣✐t✉♥❛❧♠❡♥t❡ ❡♠ ❜❛✐❛s✱ ♥♦r♠❛❧♠❡♥t❡ ❞♦ ♠❡s♠♦ t❛♠❛♥❤♦✿ ❝❛❞❛ ❜❛✐❛ ❛❝♦✲
♠♦❞❛ ✉♠❛ ✜❧❛ ❞❡ ♣✐❧❤❛s ❞❡ ❝♦♥t❛✐♥❡rs ✭❛ss✐♠ ♦ t❛♠❛♥❤♦ ❞♦ ♥❛✈✐♦ é ❞❛❞♦
❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❜❛✐❛s✮✳ ❖ ❝♦♠♣r✐♠❡♥t♦ t♦t❛❧ ❞♦ ❜❡rç♦ ❡ ❛ ❞✐stâ♥❝✐❛
❞❡ s❡❣✉r❛♥ç❛ ❡♥tr❡ ❣✉✐♥❞❛st❡s ❛❞❥❛❝❡♥t❡s t❛♠❜é♠ sã♦ ❞❛❞♦s ❡♠ ❢✉♥çã♦ ❞♦
♥ú♠❡r♦ ❞❡ ❜❛✐❛s✳ ❖✉ s❡❥❛✱ t♦❞❛s ❛s ❞✐stâ♥❝✐❛s ❡s♣❛❝✐❛✐s ♣♦❞❡♠ s❡r ♠❡❞✐❞❛s
❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❜❛✐❛s✱ ❡ ♣♦r ✐ss♦ ✉♠❛ ❜❛✐❛ s❡rá ✉t✐❧✐③❛❞❛ ❝♦♠♦ ✉♠❛
✉♥✐❞❛❞❡ ❞❡ ❝♦♠♣r✐♠❡♥t♦✳ ❊♠ s❡❣✉✐❞❛✱ ♦s ❣✉✐♥❞❛st❡s sã♦ ❝♦♥s✐❞❡r❛❞♦s ✐❞ê♥✲
t✐❝♦s✱ t❛♥t♦ ❡♠ t❡r♠♦s ❞❡ ♣r♦❞✉t✐✈✐❞❛❞❡ q✉❛♥t♦ ❡♠ t❡r♠♦s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞❡
♠♦✈✐♠❡♥t❛çã♦ ❡✱ ✉♠❛ ✈❡③ q✉❡ ✉♠ ❣✉✐♥❞❛st❡ ✐♥✐❝✐❛ ♦ ❛t❡♥❞✐♠❡♥t♦ ❞❡ ✉♠❛
❜❛✐❛✱ ❡❧❡ só ♣ár❛ ❞❡♣♦✐s q✉❡ t❡r♠✐♥❛r ❞❡ ❛t❡♥❞❡r t♦❞❛ ❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦
❞❡ss❛✳ P♦r ú❧t✐♠♦✱ ♦ t❡♠♣♦ t♦t❛❧ ❞❡ ♣r❡♣❛r❛çã♦ ♣❛r❛ ♦ ♥❛✈✐♦ ♣❛rt✐r ❡ ❡s♣❡r❛r
é ❛ss✉♠✐❞♦ ❝♦♥st❛♥t❡ ♣❛r❛ t♦❞♦s ♦s ♥❛✈✐♦s✳ ❆ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❞❡ ✉♠❛ ❜❛✐❛
é ♠❡❞✐❞❛ ❡♠ t❡r♠♦s ❞♦ t❡♠♣♦ ❧❡✈❛❞♦ ♣❛r❛ ✉♠ ❣✉✐♥❞❛st❡ ♣r♦❝❡ss❛r t♦❞♦s ♦s
❝♦♥t❛✐♥❡rs ❞❛ ❜❛✐❛✳ ❊♥tã♦✱ ♦ ♦❜❥❡t✐✈♦ é ♠✐♥✐♠✐③❛r ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
❞♦ ♥❛✈✐♦✳

❊♠ ❣❡r❛❧✱ ❇❆P ❡ ◗❈❆P ✈ê♠ ❛ss♦❝✐❛❞♦s ❡♥tr❡ s✐✱ ♦r✐❣✐♥❛♥❞♦ ✉♠ ♣r♦❜❧❡♠❛
❞❡ ❛❧♦❝❛çã♦ s✐♠✉❧tâ♥❡♦ ✭❇✫❈❆P✮✱ ❝♦♠♦ é ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬✶✸❪✳ ❖ ❇✫❈❆P
❝♦♥s✐st❡ ❡♠ ❞♦✐s s✉❜♣r♦❜❧❡♠❛s✿ ❇❆P ❡ ◗❈❆P✳ P❛r❛ ♦ ♣r✐♠❡✐r♦ s✉❜♣r♦❜❧❡♠❛✱
é ❝♦♥s✐❞❡r❛❞♦ ♦ ♠❡s♠♦ ♠♦❞❡❧♦ ❞♦ ❉❇❆P ✉t✐❧✐③❛❞❛s ❡♠ ❬✶✹❪✳ P❛r❛ ♦❜t❡r
❛ ❢♦r♠✉❧❛çã♦ ❇✫❈❆P✱ ❛s s❡❣✉✐♥t❡s r❡str✐çõ❡s ❞♦ ◗❈❆P sã♦ ❛❞✐❝✐♦♥❛❞❛s✿
❣✉✐♥❞❛st❡s s❡ ♠♦✈❡♠ ❞❡ ✉♠ ❜❡rç♦ ♣❛r❛ ♦ ♦✉tr♦ ❡♠ ✉♠ ❝❛✐s s♦❜r❡ ✉♠ tr✐❧❤♦
❡ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❣✉✐♥❞❛st❡s ♥ã♦ ♣♦❞❡ ♣❛ss❛r ♣♦r ❜❡rç♦s ❡♠ q✉❡ ❡①✐st❛♠
♥❛✈✐♦s s❡♥❞♦ ❛t❡♥❞✐❞♦s✳ ◆❡ss❡ ❝❛s♦✱ ♦ ♠♦✈✐♠❡♥t♦ ❞♦s ❣✉✐♥❞❛st❡s sã♦ tr❛t❛❞♦s
❡♠ ♠❛✐s ❞❡t❛❧❤❡s✱ ❡ ♣❛r❛ ✐ss♦ ♥♦✈❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ ♣r❡❝✐s❛♠ s❡r ❞❡✜♥✐❞❛s✳
❖ ♦❜❥❡t✐✈♦ é ♠✐♥✐♠✐③❛r ♦ t❡♠♣♦ t♦t❛❧ ❞❡ s❡r✈✐ç♦✳
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❖s ♦❜❥❡t✐✈♦s ♥♦s ❡st✉❞♦s ❛♥t❡r✐♦r❡s ❞♦ ♣r♦❜❧❡♠❛ s✐♠✉❧tâ♥❡♦ sã♦ q✉❛s❡
s❡♠♣r❡ ♦s ♠❡s♠♦s✿ ♠✐♥✐♠✐③❛r ♦ t❡♠♣♦ ❞❡ ❡st❛❞✐❛ ✭♦✉ ❞❡ ❡s♣❡r❛✮ ❞♦s ♥❛✈✐♦s✳
▼❛s ❡♠ ❬✷✼❪ é r❡ss❛❧t❛❞♦ q✉❡✱ ❛♣❡s❛r ❞❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞♦ ❛✉♠❡♥t♦ ❞❛ s❛t✐s❢❛✲
çã♦ ❞❛s ❝♦♠♣❛♥❤✐❛s ❞❡ ♥❛✈✐♦ ❡ ❞❛ ❝♦♠♣❡t✐t✐✈✐❞❛❞❡ ❡♥tr❡ ♦s ♣♦rt♦s✱ ✐ss♦ ♣♦❞❡
❛❝❛rr❡t❛r ❡❢❡✐t♦s ♥❡❣❛t✐✈♦s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ✉♠ ❝✉st♦ ❞❡ ♣r♦❞✉çã♦ ❛❧t♦✳
❯♠ ♣❧❛♥❡❥❛♠❡♥t♦ ❡✜❝❛③ ❞❡✈❡ ❝♦♥s✐❞❡r❛r ❛♠❜♦s✳ ▲❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ❡ss❛ ❝♦♥✲
s✐❞❡r❛çã♦✱ é ❡st❛❜❡❧❡❝✐❞♦ ✉♠ ♠♦❞❡❧♦ q✉❡ ♠✐♥✐♠✐③❛ ♦ t❡♠♣♦ ❞❡ r❡t♦r♥♦ ♠é❞✐♦
❞♦s ♥❛✈✐♦s ❡ ♦s ❝✉st♦s ❞❡ ♣r♦❞✉çã♦ ❛♦ ♠❡s♠♦ t❡♠♣♦✳

❈❛❞❛ ✉♠ ❞♦s ♠♦❞❡❧♦s ❛❝✐♠❛ é ❢❛✈♦r❡❝✐❞♦ ♣♦r ✉♠ ♠ét♦❞♦ ❞❡ r❡s♦❧✉çã♦
❞✐❢❡r❡♥t❡✳ ❆❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s sã♦ ✉s❛❞♦s ❝♦♠ ❢r❡q✉ê♥❝✐❛ ❞❡✈✐❞♦ ❛ s❡✉ ♣♦✲
t❡♥❝✐❛❧ ❝♦♠♦ té❝♥✐❝❛ ❞❡ ♦t✐♠✐③❛çã♦ s✐♥❣✉❧❛r✳

❖ ♠♦❞❡❧♦ ❞❡ ❛❧♦❝❛çã♦ ❞❡ ❜❡rç♦s ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ❡♠ ✉♠ ❞✐❛❣r❛♠❛
❡s♣❛ç♦✲t❡♠♣♦ ❡♠ q✉❡ ♦ ❡✐①♦ ❤♦r✐③♦♥t❛❧ r❡♣r❡s❡♥t❛ ♦ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛✲
♠❡♥t♦ ❡ ♦ ❡✐①♦ ✈❡rt✐❝❛❧ r❡♣r❡s❡♥t❛ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞♦ ❜❡rç♦✳ ▲♦❣♦✱ ♦ ♥❛✈✐♦ é
✐♥t❡r♣r❡t❛❞♦ ❝♦♠♦ ✉♠ r❡tâ♥❣✉❧♦ ❝✉❥♦ ❝♦♠♣r✐♠❡♥t♦ é ♦ t❡♠♣♦ ❞♦ ♣r♦❝❡ss❛✲
♠❡♥t♦ ❡ ❛ ❛❧t✉r❛ é ♦ t❛♠❛♥❤♦ ❞♦ ♥❛✈✐♦✳ ❊ss❡ ♠♦❞❡❧♦ ❢♦✐ ❢♦r♠✉❧❛❞♦ ❞❡ ❞✉❛s
♠❛♥❡✐r❛s ❡♠ ❬✶✷❪✳ ❆ ♣r✐♠❡✐r❛ ❞❡❧❛s é ❝❤❛♠❛❞❛ ❞❡ ❋♦r♠✉❧❛çã♦ ❞❛ P♦s✐çã♦
❘❡❧❛t✐✈❛ ✲ ❘P❋✱ q✉❡ ❝♦♥s✐❞❡r❛ ❛ ♣♦s✐çã♦ r❡❧❛t✐✈❛ ❞♦s r❡tâ♥❣✉❧♦s ♥♦ ❞✐❛❣r❛♠❛✳
P❛r❛ ❡ss❡ ❝❛s♦✱ ❡①✐st❡ ✉♠❛ s♦❧✉çã♦ ót✐♠❛ ❡♠ q✉❡ ❝❛❞❛ ♥❛✈✐♦ ✭r❡tâ♥❣✉❧♦✮ j

❡stá ✐♠❡❞✐❛t❛♠❡♥t❡ ❛ ❞✐r❡✐t❛ ❞❡ ♦✉tr♦ ♥❛✈✐♦ ♦✉ é ♦ ♣r✐♠❡✐r♦ ♥❛✈✐♦ ❡ ✐♠❡❞✐❛✲
t❛♠❡♥t❡ ❛❝✐♠❛ ❞❡ ♦✉tr♦ ♥❛✈✐♦ ♦✉ ❡stá ❛❧♦❝❛❞♦ ♥❛ ♣r✐♠❡✐r❛ s❡çã♦✳ ❆ ♦✉tr❛
é ❛ ❝❤❛♠❛❞❛ ❋♦r♠✉❧❛çã♦ ❞❛ P♦s✐çã♦ ❞❡ ❉❡s✐❣♥❛çã♦ ✲ P❆❋✱ ❡♠ q✉❡ é ❝♦♥✲
s✐❞❡r❛❞♦ ♦ ❡s♣❛ç♦ ❝♦❜❡rt♦ ♣❡❧♦s r❡tâ♥❣✉❧♦s✳ ❖ ❞✐❛❣r❛♠❛ é ♣❛rt✐❝✐♦♥❛❞♦ ❡♠
❜❧♦❝♦s✱ ❝❛❞❛ ✉♠ ❞❡❧❡s ❝♦♠ ❛ ❛❧t✉r❛ ✐❣✉❛❧ ❛♦ t❛♠❛♥❤♦ ❞❡ ✉♠❛ s❡çã♦ ❡ ❧❛r❣✉r❛
✐❣✉❛❧ ❛ ✉♠❛ ✉♥✐❞❛❞❡ ❞❡ t❡♠♣♦✳ ➱ ♣r♦♣♦st♦ ✉♠❛ ❘❡❧❛①❛çã♦ ▲❛❣r❛♥❣❡❛♥❛✱ q✉❡
❢♦r♥❡❝❡ ✉♠ ❧✐♠✐t❛♥t❡ ✐♥❢❡r✐♦r ♣❛r❛ ♦ P❆❋✳ P❛r❛ ♦❜t❡r ✉♠ ❧✐♠✐t❛♥t❡ ♠❡❧❤♦r✱
é ✉s❛❞♦ ♦ ♠ét♦❞♦ ❞♦ s✉❜❣r❛❞✐❡♥t❡✳ ❊♥tã♦✱ é ❞❡s❝r✐t♦ ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡
ár✈♦r❡ ❞❡ ❜✉s❝❛ q✉❡ ✉t✐❧✐③❛ ❛s ♣r♦♣r✐❡❞❛❞❡s ❞❡ ❛♠❜❛s ❢♦r♠✉❧❛çõ❡s✱ ♥♦ q✉❛❧ ♦s
r❡tâ♥❣✉❧♦s sã♦ ❛❞✐❝✐♦♥❛❞♦s ♥♦ ❞✐❛❣r❛♠❛ ❡s♣❛ç♦✲t❡♠♣♦ ✉♠ ❛ ✉♠✳ ❆ ár✈♦r❡ ❞❡
❜✉s❝❛ é r❛♠✐✜❝❛❞❛ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✳ ❖s k r❡tâ♥❣✉❧♦s ✐♥s❡r✐❞♦s ❢♦r♠❛♠
✉♠❛ ❡s❝❛❞❛ ❡♠ ❝❛❞❛ ♥ó ❞❛ ár✈♦r❡✳ ❖s ❞❡❣r❛✉s ❞❛ ❡s❝❛❞❛ ✐♥❞✐❝❛♠ ♣♦s✐çõ❡s
❢❛❝tí✈❡✐s ♣♦t❡♥❝✐❛✐s ♣❛r❛ ✐♥s❡rçã♦ ❞❡ ♦✉tr♦s r❡tâ♥❣✉❧♦s✳ ◗✉❛♥❞♦ ✉♠ r❡tâ♥✲
❣✉❧♦ é ✐♥s❡r✐❞♦ ❡♠ ✉♠❛ ❡t❛♣❛✱ s❡✉ t❡♠♣♦ ❞❡ ❛tr✐❜✉✐çã♦ é ♦ ✈❛❧♦r ♠á①✐♠♦
❡♥tr❡ ❤♦r❛ ❞❡ ✐♥í❝✐♦ ❞❛ ❡t❛♣❛ ❡ ♦ t❡♠♣♦ ❞❡ ❝❤❡❣❛❞❛ ❞♦ ♥❛✈✐♦✳ P❛r❛ r❡❞✉③✐r
❛ r❛♠✐✜❝❛çã♦✱ ❧✐♠✐t❛♥t❡s ✐♥❢❡r✐♦r❡s ❡ s✉♣❡r✐♦r❡s sã♦ ✉s❛❞♦s ♣❛r❛ ❣❡r❛r s✐♠✲
♣❧✐✜❝❛çõ❡s ❞♦ ♣r♦❝❡ss♦✳ ◆❡ss❡ ❛rt✐❣♦ t❛♠❜é♠ é ♣r♦♣♦st❛ ✉♠❛ ❤❡✉ríst✐❝❛ q✉❡
❛❣r✉♣❛ ♦s ♥❛✈✐♦s ❡♠ ❧♦t❡s ❞❡ ❛❝♦r❞♦ ❝♦♠ s❡✉s ❤♦rár✐♦s ❞❡ ❝❤❡❣❛❞❛✱ ❛ q✉❛❧
❣❡r❛ ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧✳ ❊♠ s❡❣✉✐❞❛✱ ♦s ♥❛✈✐♦s sã♦ ♣❡r♠✉t❛❞♦s ❡♠ ❞♦✐s ❧♦t❡s
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❝♦♥s❡❝✉t✐✈♦s s❡ ❛ ♣❡r♠✉t❛çã♦ r❡❞✉③ ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳ ❙ó ❡♥tã♦ ♦
♣r♦❝❡❞✐♠❡♥t♦ ❡①❛t♦ ❞❛ ár✈♦r❡ ❞❡ ❜✉s❝❛ é ❛♣❧✐❝❛❞♦ ♣❛r❛ ❝❛❞❛ ❧♦t❡ r❡s✉❧t❛♥t❡✳

❊ss❛ r❡♣r❡s❡♥t❛çã♦ t❛♠❜é♠ é ✉t✐❧✐③❛❞❛ ❡♠ ❬✶✺❪✱ ♣♦ré♠ ❝♦♠ ♦s ❡✐①♦s ✐♥✲
✈❡rt✐❞♦s ✭♦ ❝♦♠♣r✐♠❡♥t♦ ❞♦ r❡tâ♥❣✉❧♦ r❡♣r❡s❡♥t❛ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞♦ ♥❛✈✐♦ ❡ ❛
❛❧t✉r❛ ❞♦ r❡tâ♥❣✉❧♦ r❡♣r❡s❡♥t❛ ❛ ❞✉r❛çã♦ ❞♦ ❛t❡♥❞✐♠❡♥t♦✮✳ ❆ ❜♦r❞❛ ✐♥❢❡r✐♦r
❞♦ r❡tâ♥❣✉❧♦ r❡♣r❡s❡♥t❛ ♦ ❤♦rár✐♦ ❞♦ ✐♥í❝✐♦ ❞♦ ❛t❡♥❞✐♠❡♥t♦ ❡ ❛ s✉♣❡r✐♦r ♦
❤♦rár✐♦ ❞♦ ✜♥❛❧✳ ❖ ❡s♣❛ç♦ ♥♦ ❝❛✐s ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ❣❡♦♠❡tr✐❝❛♠❡♥t❡
♣♦r r❡tâ♥❣✉❧♦s ✐♥✜♥✐t❛♠❡♥t❡ ❧♦♥❣♦s ♦♥❞❡ s❡✉s ❝♦♠♣r✐♠❡♥t♦s sã♦ ♦ ❝♦♠♣r✐✲
♠❡♥t♦ ❞♦ ❝❛✐s ❡ ❛ ❛❧t✉r❛ ❞❡✜♥❡ ♦ t❡♠♣♦✳ ◗✉❛♥❞♦ ❞♦✐s ♥❛✈✐♦s sã♦ ❛❧♦❝❛❞♦s
❧❛❞♦ ❛ ❧❛❞♦ ✉♠❛ ❝❡rt❛ ❞✐stâ♥❝✐❛ ❞❡ ❢♦❧❣❛ ❞❡✈❡ ❡①✐st✐r ❡♥tr❡ ❡❧❡s✱ ❛ q✉❛❧ s❡rá
✐♥❝❧✉í❞❛ ♥♦ ❝♦♠♣r✐♠❡♥t♦ ❞♦ ♥❛✈✐♦✳ ❆❧é♠ ❞✐ss♦✱ t❛♠❜é♠ é ♦❜s❡r✈❛❞♦ ✉♠
t❡♠♣♦ ❞❡ ❢♦❧❣❛ q✉❛♥❞♦ ✉♠ ♥❛✈✐♦ é ❛❧♦❝❛❞♦ ❡♠ ✉♠ ❜❡rç♦ ♦♥❞❡ ✉♠ ♥❛✈✐♦ ❢♦✐
❛♥t❡r✐♦r♠❡♥t❡ ❛t❡♥❞✐❞♦✱ ❛ q✉❛❧ s❡rá ✐♥❝❧✉í❞❛ ♥♦ t❡♠♣♦ ❞❡ s❡r✈✐ç♦ ❞❡ ❝❛❞❛
♥❛✈✐♦✳ ❖ ❇❆P ❝♦♥tí♥✉♦ ✭❈❇❆P✮ ❡st✉❞❛❞♦ ❛q✉✐ ❝♦♥s✐st❡ ❡♠ ❞❡t❡r♠✐♥❛r ❛s
❝♦♦r❞❡♥❛❞❛s ❞♦s r❡tâ♥❣✉❧♦s ❛♦ ❧♦♥❣♦ ❞♦ ❝❛✐s ❞❡ ♠♦❞♦ q✉❡ t♦❞♦s ♦s r❡tâ♥❣✉✲
❧♦s r❡♣r❡s❡♥t❛♥❞♦ ♥❛✈✐♦s ♥ã♦ s❡❥❛♠ s♦❜r❡♣♦st♦s ♥❡♠ ❛❧♦❝❛❞♦s ❛❜❛✐①♦ ❞❡ s✉❛s
❧✐♥❤❛s ❤♦r✐③♦♥t❛✐s ♣ré✲❞❡t❡r♠✐♥❛❞❛s✱ q✉❡ r❡♣r❡s❡♥t❛♠ ♦ ❤♦rár✐♦ ❞❡ ❝❤❡❣❛❞❛
❞♦s ♥❛✈✐♦s✳ ❖ ❧✐♠✐t❛♥t❡ s✉♣❡r✐♦r ♣❛r❛ ♦ ❇❆P❈ é ♦❜t✐❞♦ ❞❛ s♦❧✉çã♦ ót✐♠❛
❞♦ ❇❆P ❞✐s❝r❡t♦ ✭❉❇❆P✮ q✉❛♥❞♦ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞♦ ❜❡rç♦ é ❞❡t❡r♠✐♥❛❞♦
♣❡❧♦ ❝♦♠♣r✐♠❡♥t♦ ♠á①✐♠♦ ❞♦ ♥❛✈✐♦ ❡♥✈♦❧✈✐❞♦ ♥♦ ♣r♦❜❧❡♠❛✳ ❏á ♦ ❧✐♠✐t❛♥t❡
✐♥❢❡r✐♦r é ♦❜t✐❞♦ q✉❛♥❞♦ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞♦ ❜❡rç♦ é ❞❡t❡r♠✐♥❛❞♦ ♣♦r ✉♠ ✈❛❧♦r
♠✉✐t♦ ♣❡q✉❡♥♦✳

❊♠ ❬✶✼❪ ❛s s♦❧✉çõ❡s ❞♦ ❇❆P ❝♦♠ ❛ ♠❡s♠❛ r❡♣r❡s❡♥t❛çã♦ sã♦ ❝♦❞✐✜❝❛❞❛s
♣♦r ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♥❛✈✐♦s ♣❛r❛ ♦ ✉s♦ ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ s✐♠✉❧❛t❡❞ ❛♥♥❡❛✲
❧✐♥❣✳ P❛r❛ ❞❡❝♦❞✐✜❝❛r ❛ s❡q✉ê♥❝✐❛ ❞❡ ♥❛✈✐♦s ❡♠ ✉♠❛ s♦❧✉çã♦✱ ❞❡✈❡ s❡r ♣♦s✲
sí✈❡❧ ♦❜t❡r ♣♦s✐çõ❡s ♣ró①✐♠❛s ❞♦ ót✐♠♦ ❞♦s r❡tâ♥❣✉❧♦s ❞❡ ♥❛✈✐♦s ♥♦ ❞✐❛❣r❛♠❛
t❡♠♣♦✲❡s♣❛ç♦ ♣❛r❛ ✉♠❛ ❞❛❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♥❛✈✐♦s✳ ❯♠ x✲❝❧✉st❡r é ❞❡✜♥✐❞♦
❝♦♠♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ r❡tâ♥❣✉❧♦s ❝✉❥♦s ❧❛❞♦s ✈❡rt✐❝❛✐s ❡stã♦ ❡♠ ❝♦♥t❛t♦ ✉♥s
❝♦♠ ♦s ♦✉tr♦s✱ ❡ ✉♠ y✲❝❧✉st❡r é ❞❡✜♥✐❞♦ ❝♦♠♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ r❡tâ♥❣✉❧♦s
❝✉❥♦s ❧❛❞♦s ❤♦r✐③♦♥t❛✐s ❡stã♦ ❡♠ ❝♦♥t❛t♦ ✉♥s ❝♦♠ ♦s ♦✉tr♦s✳ ❯♠ ❝❧✉st❡r
❞❡ ♥❛✈✐♦s s❡rá ❝♦♥s✐❞❡r❛❞♦ ❡stá✈❡❧ s❡ ♦ ❝✉st♦ t♦t❛❧ ♣❛r❛ ♦s ♥❛✈✐♦s ♥❡❧❡ ♥ã♦
♣♦❞❡ s❡r r❡❞✉③✐❞♦ ♠♦✈✐♠❡♥t❛♥❞♦✲s❡ ♦ ❝❧✉st❡r ♥❛ ❞✐r❡çã♦ ♣♦s✐t✐✈❛ ♦✉ ♥❡❣❛t✐✈❛✳
◗✉❛♥❞♦ ✉♠ x✲❝❧✉st❡r é ❡stá✈❡❧✱ ♦✉ ✉♠ ♦✉ ♠❛✐s r❡tâ♥❣✉❧♦s ❡stã♦ ❧♦❝❛❧✐③❛❞♦s
♥♦s s❡✉s ♣♦♥t♦s ❞❡ ❝✉st♦ ♠í♥✐♠♦ ♥♦ ❡✐①♦ x ♦✉ ✉♠ ❧❛❞♦ ❞❡ ♣❡❧♦ ♠❡♥♦s ✉♠
r❡tâ♥❣✉❧♦ ❞♦ ❝❧✉st❡r ❡stá ♥❛ ❢r♦♥t❡✐r❛ ❡sq✉❡r❞❛ ♦✉ ❞✐r❡✐t❛ ❞♦ ❝❛✐s✳ ◗✉❛♥❞♦
✉♠ y✲❝❧✉st❡r é ❡stá✈❡❧✱ ♦s ❤♦rár✐♦s ❞❡ ❛tr❛❝❛çã♦ ❞❡ t♦❞♦s ♦s ♥❛✈✐♦s ♦✉ ❡s✲
tã♦ ❧♦❝❛❧✐③❛❞♦s ♥♦ ✐♥t❡r✈❛❧♦ ❝♦♠♣r❡❡♥❞❡♥t❡ ❛ ❬❤♦rár✐♦ ❞❡ ❝❤❡❣❛❞❛✱ t❡♠♣♦ ❞❡
♦♣❡r❛çã♦ ✲ ❤♦rár✐♦ ❞❡ ♣❛rt✐❞❛❪ ♦✉ sã♦ s❡✉s ❤♦rár✐♦s ❞❡ ❝❤❡❣❛❞❛s ♦✉ ③❡r♦✳

✶✵



❙❡❣✉✐♥❞♦ ❛ ♠❡s♠❛ ✐♥t❡r♣r❡t❛çã♦✱ ❡♠ ❬✾❪ ♦s ♣❧❛♥♦s ❞❡ ❛tr❛❝❛çã♦ sã♦ ❝♦❞✐✲
✜❝❛❞♦s ♣♦r ♣❛r❡s ❞❡ ♣❡r♠✉t❛çã♦ (H, V ) ❞❡ t♦❞♦s ♦s ♥❛✈✐♦s✳ ❯♠ ❣r❛❢♦ ❞✐r❡✲
❝✐♦♥❛❞♦ é ❛ss♦❝✐❛❞♦ às r❡str✐çõ❡s ❡♥✈♦❧✈❡♥❞♦ ❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ ❞❡ t❡♠♣♦
❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❝✉st♦✲t❡♠♣♦ é ❢♦r♠✉❧❛❞♦✳ ❯♠ ♦✉tr♦ ❣r❛❢♦ é ❛ss♦❝✐❛❞♦ às
r❡str✐çõ❡s ❡♥✈♦❧✈❡♥❞♦ ❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ ❞❡ ❡s♣❛ç♦ ❡ ❡♥tã♦ é ❢♦r♠✉❧❛❞♦
✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❝✉st♦✲❡s♣❛ç♦✳ ❆ ❛❜♦r❞❛❣❡♠ s✉❣❡r❡ ✉♠ ♠ét♦❞♦ ❡❢❡t✐✈♦ ♣❛r❛
♦❜t❡r ✉♠ ❜♦♠ ❡♠♣❛❝♦t❛♠❡♥t♦ ❞❛❞♦ ✉♠ ♣❛r ❞❡ s❡q✉ê♥❝✐❛ ✜①♦ q✉❡ é ❜✉s❝❛❞♦
♥♦ ❡s♣❛ç♦ ❝♦♠ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✳

❖ ❈❧✉st❡r✐♥❣ ❙❡❛r❝❤ ✭❈❙✮ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❬✷✸❪ é ❢♦r♠❛❞♦ ❜❛s✐❝❛♠❡♥t❡ ♣♦r
três ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s✿ ✉♠❛ ♠❡t❛❤❡✉ríst✐❝❛ ❣❡r❛❞♦r❛ ❞❡ s♦❧✉çõ❡s✱ ✉♠
♣r♦❝❡ss♦ ❞❡ ❛❣r✉♣❛♠❡♥t♦ ❡ ✉♠❛ ❤❡✉ríst✐❝❛ ❞❡ ❜✉s❝❛ ❧♦❝❛❧✳ ❆ ❝❛❞❛ ✐t❡r❛çã♦✱
✉♠❛ s♦❧✉çã♦ S é ❣❡r❛❞❛ ♣❡❧❛ ♠❡t❛❤❡✉ríst✐❝❛ ❡ ❡♥✈✐❛❞❛ ♣❛r❛ ♦ ♣r♦❝❡ss♦ ❞❡
❛❣r✉♣❛♠❡♥t♦ ❛ q✉❛❧ é ❡♥tã♦ ❛❣r✉♣❛❞❛ ♥♦ ❝❧✉st❡r ♠❛✐s s✐♠✐❧❛r Cj ❡ ♦ ❝❡♥✲
tr♦ ❞❡ss❡ ❝❧✉st❡r ci é ❛t✉❛❧✐③❛❞♦ ❝♦♠ ✐♥❢♦r♠❛çõ❡s ❞❛ ♥♦✈❛ s♦❧✉çã♦ ❛❣r✉♣❛❞❛✱
❢❛③❡♥❞♦ ❝♦♠ q✉❡ ♦ ❝❡♥tr♦ s❡ ❞❡s❧♦q✉❡ ♥♦ ❡s♣❛ç♦ ❞❡ ❜✉s❝❛✳ ❊♠ s❡❣✉✐❞❛✱ é
❛♥❛❧✐s❛❞♦ ♦ ✈♦❧✉♠❡ vj ❞♦ ❝❧✉st❡r ❡✱ s❡ ❡ss❡ ✈♦❧✉♠❡ ❛t✐♥❣✐r ✉♠ ❧✐♠✐t❛♥t❡ λ✱
s✐❣♥✐✜❝❛ q✉❡ ❛❧❣✉♠ ♣❛❞rã♦ ❞❡ s♦❧✉çã♦ ❡stá s❡♥❞♦ ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❣❡r❛❞♦
❡ ❡ss❡ ❝❧✉st❡r ♣♦❞❡ ❡st❛r ❡♠ ✉♠❛ r❡❣✐ã♦ ❞❡ ❜✉s❝❛ ♣r♦♠✐ss♦r❛✳ P♦r ✜♠✱ é
❛♥❛❧✐s❛❞♦ ♦ í♥❞✐❝❡ ❞❡ ✐♥❡✜❝á❝✐❛ rj✿ ❝❛s♦ ❛ ❤❡✉ríst✐❝❛ ❞❡ ❜✉s❝❛ ❧♦❝❛❧ ♥ã♦ ♠❡✲
❧❤♦r❡ ❛ s♦❧✉çã♦✱ é ❛♣❧✐❝❛❞❛ ✉♠❛ ♣❡rt✉r❜❛çã♦ ❛❧❡❛tór✐❛ ♥♦ ❝❡♥tr♦ ♣❛r❛ ❡✈✐t❛r
✉♠ ♣♦ssí✈❡❧ ót✐♠♦ ❧♦❝❛❧✳ ❈❛s♦ ❝♦♥trár✐♦✱ ❛ ❤❡✉ríst✐❝❛ ❞❡ ❜✉s❝❛ ❧♦❝❛❧ é ❛♣❧✐✲
❝❛❞❛ ♥♦ ❝❡♥tr♦ ❛♥❛❧✐s❛♥❞♦ ❛ ✈✐③✐♥❤❛♥ç❛ ❞♦ ❝❧✉st❡r✳ ❊♥❝❡rr❛❞♦ ❡ss❡ ♣r♦❝❡ss♦✱
r❡t♦r♥❛✲s❡ ♣❛r❛ ❛ ♠❡t❛❤❡✉ríst✐❝❛ q✉❡ ✐rá ❣❡r❛r ✉♠❛ ♥♦✈❛ s♦❧✉çã♦✳

❊♠ ❬✸❪ ❡ ❬✷✻❪ ♦ ❇❆P ❢♦✐ ♠♦❞❡❧❛❞♦ ❝♦♠♦ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ♣❛rt✐çã♦ ❞❡
❝♦♥❥✉♥t♦s ❣❡♥❡r❛❧✐③❛❞♦ ✭●❡♥❡r❛❧✐③❡❞ ❙❡t P❛rt✐t✐♦♥✐♥❣ Pr♦❜❧❡♠ ✲ ●❙❙P✮✳ ❆s✲
s✉♠✐♥❞♦ q✉❡ t♦❞❛s ❛s ♠❡❞✐çõ❡s ❞❡ t❡♠♣♦ sã♦ ❝♦♥s✐❞❡r❛❞❛s ✐♥t❡✐r❛s✱ ✉♠❛
✈❛r✐á✈❡❧ ✭❝♦❧✉♥❛✮ r❡♣r❡s❡♥t❛ ✉♠❛ ❛tr✐❜✉✐çã♦ ❢❛❝tí✈❡❧ ❞❡ ✉♠ ú♥✐❝♦ ♥❛✈✐♦ ❛ ✉♠
❜❡rç♦ ❡♠ ✉♠ ❤♦rár✐♦ ❡s♣❡❝í✜❝♦✳ ❆s ♣r✐♠❡✐r❛s n ❧✐♥❤❛s ❝♦rr❡s♣♦♥❞❡♠ ❛♦s n

♥❛✈✐♦s✳ ❙❡ ✉♠❛ ❝♦❧✉♥❛ r❡♣r❡s❡♥t❛ ✉♠❛ ❛tr✐❜✉✐çã♦ ♥♦ ♥❛✈✐♦ i✱ ❡♥tã♦ ❤❛✈❡rá
♦ ✈❛❧♦r ✶ ♥❛ ❧✐♥❤❛ i ❡ ③❡r♦s ♥♦ r❡st❛♥t❡ ❞❛s n ♣r✐♠❡✐r❛s ❧✐♥❤❛s✳ ❆❧é♠ ❞✐ss♦✱
❡①✐st❡ ✉♠❛ ❧✐♥❤❛ ♣❛r❛ ❝❛❞❛ ✉♥✐❞❛❞❡ ❞❡ t❡♠♣♦ ❞✐s♣♦♥í✈❡❧ ❡♠ ❝❛❞❛ ❜❡rç♦✳ ❯♠❛
❡♥tr❛❞❛ ❡♠ ✉♠❛ ❝♦❧✉♥❛ é ✐❣✉❛❧ ❛ ✶ s❡ ♦ ♥❛✈✐♦ ♦❝✉♣❛ ♦ ❜❡rç♦ ♥❛ ✉♥✐❞❛❞❡ ❞❡
t❡♠♣♦ ❝♦♥s✐❞❡r❛❞❛✱ ❝❛s♦ ❝♦♥trár✐♦ é ③❡r♦✳ ❖ ❝✉st♦ ❞❡ ❝❛❞❛ ❝♦❧✉♥❛ é ✐❣✉❛❧ ❛♦
t❡♠♣♦ ❞❡ s❡r✈✐ç♦ ❞❡❝♦rr❡♥t❡s ❞❛ ❛tr✐❜✉✐çã♦ ♥❛✈✐♦✴❜❡rç♦✴❤♦rár✐♦✳

❖ ♠♦❞❡❧♦ ✐♥t❡✐r♦ ♠✐st♦ ❢♦✐ ♣r♦♣♦st♦ ❡♠ ❬✹❪ ❝♦♠♦ ✉♠❛ ❡①t❡♥sã♦ ❞♦ ♣r♦✲
❜❧❡♠❛ ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ✐♥t❡✲
❣r❛❞♦✳ ❖ ♦❜❥❡t✐✈♦ é ♠✐♥✐♠✐③❛r ♦ ♠❛❦❡s♣❛♥ ✭❤♦rár✐♦ ❞❡ tér♠✐♥♦ ❞❛ s❡q✉ê♥❝✐❛
❞❛s t❛r❡❢❛s✮ ♠❡❧❤♦r❛♥❞♦ ❛ ❧✐❣❛çã♦ ❡♥tr❡ ♦s ❡q✉✐♣❛♠❡♥t♦s ❡ ❛✉♠❡♥t❛♥❞♦ ❛
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♣r♦❞✉çã♦ ❡ ❛ss✐♠ ❢♦✐ r❡s♦❧✈✐❞♦ ♣♦r ✉♠ ❛❧❣♦r✐t♠♦ ❜❛s❡❛❞♦ ❡♠ ❜✉s❝❛ t❛❜✉✳ ❚❛❧
♠ét♦❞♦ ♣❡r♠✐t❡ ♠♦✈✐♠❡♥t♦s ❛❢❛st❛♥❞♦✲s❡ ❞❡ ✉♠❛ s♦❧✉çã♦ ót✐♠❛ q✉❡ t♦r♥❛ ❛
❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♣✐♦r ♥❛ t❡♥t❛t✐✈❛ ❞❡ ♦❜t❡r ✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r✳ P❛r❛ t❛♥t♦✱
é s✉❣❡r✐❞♦ ✉♠❛ ♥♦✈❛ ❡str✉t✉r❛ ❞❡ ✈✐③✐♥❤❛♥ç❛ ♣❛r❛ tr❛t❛r ♦ ♣r♦❜❧❡♠❛✳

❯♠❛ ♦✉tr❛ ❛❜♦r❞❛❣❡♠✱ ❡♠ ❬✷✶❪ é ❜❛s❡❛❞❛ ♥❛ ❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ●r❡❡❞②
❘❛♥❞♦♠✐③❡❞ ❆❞❛♣t✐✈❡ ❙❡❛r❝❤ Pr♦❝❡❞✉r❡ ✭●❘❆❙P✮ ♣❛r❛ ❝♦♥str✉çã♦ ❞❡ s♦❧✉çõ❡s
❞❡ ❢♦r♠❛ ✐♥t❡❣r❛❞❛ ❝♦♠ ♦ ♠ét♦❞♦ P❛t❤ ❘❡❧✐♥❦✐♥❣ ✭P❘✮ ❝♦♠♦ ✉♠❛ ❡str❛té❣✐❛
❞❡ ✐♥t❡♥s✐✜❝❛çã♦ ❞❡ ❜✉s❝❛ ♣❛r❛ r❡s♦❧✉çã♦ ❞♦ P❆❇✳ ❈❛❞❛ ✐t❡r❛çã♦ ❞♦ ●❘❆❙P é
❝♦♠♣♦st❛ ♣♦r ✉♠❛ ❢❛s❡ ❝♦♥str✉t✐✈❛✱ ♥❛ q✉❛❧ ✉♠❛ s♦❧✉çã♦ ✈✐á✈❡❧ é ❝♦♥str✉í❞❛✱
❡ ♣♦r ✉♠❛ ❢❛s❡ ❞❡ ❜✉s❝❛ ❧♦❝❛❧ q✉❡✱ ❜❛s❡❛❞❛ ♥❛ s♦❧✉çã♦ ❝♦♥str✉í❞❛✱ ❛♣❧✐❝❛
♠♦✈✐♠❡♥t♦s ✐t❡r❛t✐✈♦s ❛té q✉❡ ♦ ót✐♠♦ ❧♦❝❛❧ s❡❥❛ ❡♥❝♦♥tr❛❞♦✳ ❊♠ s❡❣✉✐❞❛✱
♦ P❘ é ❛♣❧✐❝❛❞♦ ❝♦♠♦ ✉♠❛ ❡str❛té❣✐❛ ❞❡ ✐♥t❡♥s✐✜❝❛çã♦✱ ❡①♣❧♦r❛♥❞♦ ❛s tr❛✲
❥❡tór✐❛s q✉❡ ❝♦♥❡❝t❛♠ ❛ s♦❧✉çã♦ ❞❛ ✐t❡r❛çã♦ ❛t✉❛❧ à ♠❡❧❤♦r s♦❧✉çã♦ ♦❜t✐❞❛
❛té ❡♥tã♦✳

❊♠ ❬✷✺❪ ❢♦✐ ♣r♦♣♦st♦ ✉♠ ❛❧❣♦r✐t♠♦ ❣❡♥ét✐❝♦ ✭●❆✮ s✐♠♣❧✐✜❝❛❞♦ q✉❡ ♣♦ss❛
❛♥❛❧✐s❛r ✉♠❛ ❧✐st❛ ❞❡ ♥❛✈✐♦s ✭❝♦♠ ❤♦rár✐♦ ❞❡ ❝❤❡❣❛❞❛✱ t❛♠❛♥❤♦ ❞♦ ❝❛❧❛❞♦✶✱
❝♦♠♣r✐♠❡♥t♦ ❡ t✐♣♦ ❞❡ ❝❛r❣❛✮ ❡ ✉♠❛ ❧✐st❛ ❞❡ ❜❡rç♦s ✭❝♦♠ ♦s ❤♦rár✐♦s ❞❡
❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✱ ♣r♦❢✉♥❞✐❞❛❞❡ ❡ ❝♦♠♣r✐♠❡♥t♦✮ ♣❛r❛ ❡♠ s❡❣✉✐❞❛ ✈❡r✐✜❝❛r s❡
❛s r❡str✐çõ❡s ✐♠♣♦st❛s sã♦ s❛t✐s❢❡✐t❛s ❡✱ ♣♦st❡r✐♦r♠❡♥t❡✱ ❛❧♦❝❛r ✉♠ ❜❡rç♦ ❛
✉♠ ♥❛✈✐♦✳ ❖ ❛❧❣♦r✐t♠♦ t❡♠ ❝♦♠♦ ❝r✐tér✐♦ ♣❛r❛ ❛❧♦❝❛çã♦ ✈❡r✐✜❝❛r ♦ ú❧t✐♠♦
♠♦♠❡♥t♦ ❞❡ ❧✐❜❡r❛çã♦ ❞❡ ✉♠ ❞❛❞♦ ❜❡rç♦✱ s♦♠❛r ♦ ♣❡rí♦❞♦ ❞❡ ✐♥t❡r✈❛❧♦ ❛ s❡r
❝♦♥s✐❞❡r❛❞♦ ❡ ❛❧♦❝❛r ✉♠ ♥❛✈✐♦ ❛ ❡ss❡ ❜❡rç♦✳ ❆ss✐♠✱ ❛ s❡q✉ê♥❝✐❛ ❞❡ ♥❛✈✐♦s
é r❡♣r❡s❡♥t❛❞❛ ♣♦r ✉♠ ❝r♦♠♦ss♦♠♦ ❡ ✉♠❛ ♣♦♣✉❧❛çã♦ ✐♥✐❝✐❛❧ é ❢♦r♠❛❞❛✿ ♦s
✐♥❞✐✈í❞✉♦s sã♦ ❝♦❞✐✜❝❛❞♦s ❡♠ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♥❛✈✐♦s✱ ❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡
❞❛ s❡q✉ê♥❝✐❛ é ✉♠ ❣❡♥❡ ✭♥❛✈✐♦✮✳ ❆ ❛✈❛❧✐❛çã♦ ❞❡ ♣❡r❢♦r♠❛♥❝❡ r❡♣r❡s❡♥t❛ ❛
❝❛♣❛❝✐❞❛❞❡ ❞♦ ✐♥❞✐✈í❞✉♦ ❛❞❛♣t❛r✲s❡ ❛♦ ♠❡✐♦✱ ❡ ❡ss❛ ♠❡❞✐❞❛ ❞❡✈❡ s❡r ❝♦♥✲
s✐❞❡r❛❞❛ ❞❡ ♠♦❞♦ q✉❡✱ q✉❛♥t♦ ♠❡♥♦r s❡✉ ✈❛❧♦r✱ ♠❛✐♦r s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡
❛❞❛♣t❛çã♦✳ ■♥✐❝✐❛❧♠❡♥t❡ ♦s ✐♥❞✐✈í❞✉♦s sã♦ ♦r❞❡♥❛❞♦s ❡♠ ♦r❞❡♠ ❞❡❝r❡s❝❡♥t❡
❞❡ ❞❡s❡♠♣❡♥❤♦ ✭♦ ♣r✐♠❡✐r♦ r❡♣r❡s❡♥t❛ ♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦✮✳ ❖ ❝r✉③❛♠❡♥t♦
é ❢❡✐t♦ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ♠é❞✐❛ ❞❛s ♣♦s✐çõ❡s ♦❝✉♣❛❞❛s ♣❡❧♦s ✐♥❞✐✈í❞✉♦s ♥♦s ❝r♦✲
♠♦ss♦♠♦s ❡✱ ❡♠ s❡❣✉✐❞❛✱ sã♦ ♦r❞❡♥❛❞♦s ❡♠ ✉♠❛ ❧✐st❛ ❡♠ ♦r❞❡♠ ❝r❡s❝❡♥t❡✳
❆ ♠✉t❛çã♦ é r❡❛❧✐③❛❞❛ ✉t✐❧✐③❛♥❞♦✲s❡ ✉♠❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛✳

❊♠ ❬✶✽❪ é s✉❣❡r✐❞❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❤í❞r✐❞❛ ♣❛r❛ ♦ ◗❈❆P✱ q✉❡ ❝♦♠❜✐♥❛
●❆ ❝♦♠ ✉♠❛ ❤❡✉ríst✐❝❛✳ ❙❛❜❡✲s❡ q✉❡ ✉t✐❧✐③❛♥❞♦✲s❡ s♦♠❡♥t❡ ●❆✱ é ♣♦ss✐✈❡❧
❡♥❝♦♥tr❛r r❡❣✐õ❡s ♣r♦♠✐ss♦r❛s ♣❛r❛ ✉♠ ót✐♠♦ ❣❧♦❜❛❧✱ ♠❛s ❛❧❣✉♠❛s ✈❡③❡s ❤á
✉♠❛ ❝❡rt❛ ❞✐✜❝✉❧❞❛❞❡ ♣❛r❛ ❡♥❝♦♥tr❛r ♦ ♠í♥✐♠♦ ❡①❛t♦✳ ❆ ♠♦t✐✈❛çã♦ ❡♠ ✉s❛r

✶Pr♦❢✉♥❞✐❞❛❞❡ ❛ q✉❡ s❡ ❡♥❝♦♥tr❛ ♦ ♣♦♥t♦ ♠❛✐s ❜❛✐①♦ ❞❡ ✉♠❛ ❡♠❜❛r❝❛çã♦✳
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✉♠❛ ❛❜♦r❞❛❣❡♠ ❤í❜r✐❞❛ é ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♦❜t❡r s✐st❡♠❛s ❝♦♠ ❞❡s❡♠♣❡✲
♥❤♦s ♠❡❧❤♦r❡s q✉❡ ❡①♣❧♦r❛♠ ❡ ✉♥❡♠ ✈❛♥t❛❣❡♥s ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s ❡str❛té❣✐❛s
♣✉r❛s✳ ❈♦♠♦ ❛s s♦❧✉çõ❡s ❡♥❝♦♥tr❛❞❛s ♣❡❧♦ ●❆ ❛✐♥❞❛ ♣♦❞❡♠ s❡r ♠❡❧❤♦r❛❞❛s✱
❛ ♣r♦♣♦st❛ ❞❛ ❤✐❜r✐❞✐③❛çã♦ é ❢❛❝✐❧✐t❛r ❛ ❝♦♥✈❡r❣ê♥❝✐❛ ❧♦❝❛❧✳ ❖ ♣r♦❝❡❞✐♠❡♥t♦
✉t✐❧✐③❛❞♦ ♣♦❞❡ s❡r ❞✐✈✐❞✐❞♦ ❡♠ q✉❛tr♦ ❢❛s❡s✳ ◆❛ ♣r✐♠❡✐r❛ ❢❛s❡ é ❝r✐❛❞❛ ✉♠❛
s❡q✉ê♥❝✐❛ ❞❡ ♥❛✈✐♦s✿ ❛ r❡❧❛çã♦ ❞❡ ♣r❡❝❡❞ê♥❝✐❛ ❞♦s ♥❛✈✐♦s é ❞❡❝✐❞✐❞❛✱ ✉♠❛
♣r✐♦r✐❞❛❞❡ ❛❧❡❛tór✐❛ é ❣❡r❛❞❛ ♣❛r❛ ❝❛❞❛ ✉♠ ❡ ❛ s❡q✉ê♥❝✐❛ é ❞❡t❡r♠✐♥❛❞❛ ♣❡❧❛
r❡❣r❛ ❋✐rst✲❈♦♠❡✲❋✐rst✲❙❡r✈❡❞ ✭❋❈❋❙✮✳ ◆❛ s❡❣✉♥❞❛✱ ♦s ♥❛✈✐♦s sã♦ ❛❧♦❝❛❞♦s
❛ ❜❡rç♦s✿ ❛tr❛✈és ❞❛ ❣❡r❛çã♦ ❞❡ ✉♠ ♥ú♠❡r♦ ❛❧❡❛tór✐♦ ♣❛r❛ ❝❛❞❛ ♥❛✈✐♦✳ ◆❛
t❡r❝❡✐r❛✱ ♦s ❣✉✐♥❞❛st❡s sã♦ ❛tr✐❜✉í❞♦s ❛♦s ❜❡rç♦s ❝♦♠ ❛ ❣❡r❛çã♦ ❞❡ ✉♠ ♥ú♠❡r♦
❛❧❡❛tór✐♦ ♣❛r❛ ❝❛❞❛ ❜❡rç♦✳ ◆❛ q✉❛rt❛ ❢❛s❡ ♦❝♦rr❡ ❛ ❞❡s✐❣♥❛çã♦ ❞♦s ❜❡rç♦s ❡ ♦
♣❧❛♥❡❥❛♠❡♥t♦ ❞♦s ❣✉✐♥❞❛st❡s✿ ♦s ❣✉✐♥❞❛st❡s sã♦ tr❛♥s❢❡r✐❞♦s ❡♥tr❡ ♦s ❜❡rç♦s
s❛t✐s❢❛③❡♥❞♦ ❛ ❞❡s✐❣♥❛çã♦ é ❡ ❢❡✐t♦ ✉♠ ❞✐❛❣r❛♠❛ ❞❡ ❉r❛✇ ●❛♥tt ♣❛r❛ ♦ ♣❧❛♥❡✲
❥❛♠❡♥t♦✳ ❆ss✐♠ s❡♥❞♦✱ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞♦ ❈r♦ss✲❖✈❡r é r❡❛❧✐③❛❞♦ ♣♦r ✉♠
♠ét♦❞♦ ❞❡ ✉♠ ♣♦♥t♦ ❞❡ ❝♦rt❡ ✭s❡❧❡❝✐♦♥❛❞♦ ❛❧❡❛t♦r✐❛♠❡♥t❡✮ ♣❛r❛ ❝❛❞❛ ♥❛✈✐♦
♥❛ s❡q✉ê♥❝✐❛ ❡ ✉♠❛ ❡str❛té❣✐❛ ❞❡ ♠❛♣❡❛♠❡♥t♦ é ❝♦♠❜✐♥❛❞❛ ♣❛r❛ ❣❛r❛♥t✐r
❛ ❢❛❝t✐❜✐❧✐❞❛❞❡ ❞❛ ♥♦✈❛ ❞❡s❝❡♥❞ê♥❝✐❛✳ P❛r❛ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞❛ ♠✉t❛çã♦✱ ❢♦✐
❛❞❛♣t❛❞❛ ✉♠❛ ♠✉t❛çã♦ ❞❡ ♣❡r♠✉t❛çã♦ ♣❛r❛ ❣❡r❛r ❛ ♥♦✈❛ ❞❡s❝❡♥❞ê♥❝✐❛✳

❯♠❛ ✈❛r✐❛çã♦ ❞♦ ●❆ t❛♠❜é♠ ❢♦✐ ✉s❛❞❛ ❡♠ ❬✷✼❪ ♣❛r❛ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛
❞❡ ❛❧♦❝❛çã♦ ❞❡ ❜❡rç♦s ❡ ❣✉✐♥❞❛st❡s✳ ❋♦✐ s✉❣❡r✐❞♦ ✉♠ ♠ét♦❞♦ ❞❡ s♦❧✉çã♦ ❞❡
três ❢❛s❡s✳ ❆ ♣r✐♠❡✐r❛ ❢❛s❡ ❝♦♥s✐st❡ ❡♠ ✉♠ ❛❧❣♦r✐t♠♦ ❣❡♥ét✐❝♦ ♠✉❧t✐✲♦❜❥❡t✐✈♦
✭▼❖●❆✮ ♣❛r❛ ❣❡r❛r ♦✉ ✐t❡r❛r s♦❧✉çõ❡s ❢❛❝tí✈❡✐s q✉❡ ♣♦❞❡♠ ❞❡✜♥✐r ❛ ♦r❞❡♠
❞❡ s❡r✈✐ç♦✱ ❛s ♣♦s✐çõ❡s ❞❡ ❛tr❛❝❛çã♦ ❡ ♦ ♥ú♠❡r♦ ❞❡ ❣✉✐♥❞❛st❡s ♣❛r❛ ❝❛❞❛
♥❛✈✐♦✳ ❆ s❡❣✉♥❞❛ ❢❛s❡ ❣❡r❛ ♦ ❤♦rár✐♦ ❞❡ ❛tr❛❝❛çã♦ ♣♦r ✉♠❛ ❤❡✉ríst✐❝❛ ♥♦
♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ❣✉✐♥❞❛st❡s✳ P♦r ú❧t✐♠♦ é s❡❧❡❝✐♦♥❛❞♦ ✉♠ ♣❧❛♥❡❥❛♠❡♥t♦ ✜♥❛❧
♣♦r s♦❧✉çõ❡s ❞❡ P❛r❡t♦✷✳

❖ ♣r♦❜❧❡♠❛ ❞❡ ❛❧♦❝❛çã♦ s✐♠✉❧tâ♥❡❛ ❇✫❈❆P ❞❡ ❬✶✸❪ ❢♦✐ r❡s♦❧✈✐❞♦ ✉t✐❧✐③❛♥❞♦✲
s❡ ✉♠❛ ❤❡✉ríst✐❝❛ ❜❛s❡❛❞❛ ❡♠ ●❆ ♣❛r❛ ❡st✐♠❛r ✉♠❛ s♦❧✉çã♦ ❛♣r♦①✐♠❛❞❛✳ ❆
❝❛❞❛ ✐t❡r❛çã♦ ✭❣❡r❛çã♦✮✱ ❤❛✈❡rá ❛ ❡①❡❝✉çã♦ ❞❡ ❞♦✐s ♣r♦❝❡❞✐♠❡♥t♦s✿ ✉♠ é ♦
♣r♦❝❡❞✐♠❡♥t♦ ❞♦ ❛❧❣♦r✐t♠♦ ❣❡♥ét✐❝♦ ✲ ❝r♦ss♦✈❡r ❡ ♠✉t❛çõ❡s ✲ ♣❛r❛ ❛ ❛❧♦❝❛çã♦
❞❛ ♦r❞❡♠ ❞♦s ♥❛✈✐♦s ♥♦s ❜❡rç♦s s❡♠ ❝♦♥s✐❞❡r❛r ❛ ♣r♦❣r❛♠❛çã♦ ❞♦s ❣✉✐♥❞❛st❡s
❡ ♦ ♦✉tr♦ é ❛ ❤❡✉r✐st✐❝❛ ♣❛r❛ ❛ ♣r♦❣r❛♠❛çã♦ ❞♦s ❣✉✐♥❞❛st❡s ❞❛❞❛ ✉♠❛ ♦r❞❡♠
❞❡ ❛❧♦❝❛çã♦ ❞♦s ♥❛✈✐♦s ♥♦s ❜❡rç♦s ❛❧t❡r♥❛t✐✈❛ ❞❡✜♥✐❞❛ ♣♦r ✉♠ ❝r♦♠♦ss♦♠♦✳
❖ ❛❧❣♦r✐t♠♦ ❣❡♥ét✐❝♦ é ❝❛r❛❝t❡r✐③❛❞♦ ♣❡❧❛ tr❛♥s❢♦r♠❛çã♦ ❞♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦
♦❜❥❡t✐✈♦ ❡♠ ✉♠ ✈❛❧♦r ❞❡ ❝❛♣❛❝✐❞❛❞❡✳ ❈♦♠♦ ♦ ❝r♦♠♦ss♦♠♦ ❞❡✜♥❡ ❛♣❡♥❛s ❛

✷❯♠❛ s♦❧✉çã♦ ❞❡ P❛r❡t♦ é ót✐♠❛ s❡ ♥ã♦ ❢♦r ♣♦ssí✈❡❧ ♠❡❧❤♦r❛r ❛ s✐t✉❛çã♦ s❡♠ ♣✐♦r❛r ❛
s✐t✉❛çã♦ ❞❡ ♦✉tr♦ ❛❣❡♥t❡✳

✶✸



♦r❞❡♠ ❞❡ ❛❧♦❝❛çã♦ ❞♦s ♥❛✈✐♦s ♥♦s ❜❡rç♦s✱ ❛♥t❡s ❞♦ ♣r♦❝❡ss♦ ❞❡ r❡♣r♦❞✉çã♦
❛ ♣r♦❣r❛♠❛çã♦ ❞♦s ❣✉✐♥❞❛st❡s é ❡①❡❝✉t❛❞❛ ❞❡ ♠♦❞♦ q✉❡ ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦
♦❜❥❡t✐✈♦ é ♣r♦❞✉③✐❞♦ ♣❛r❛ s❡r ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦ ✈❛❧♦r ❞❡ ❝❛♣❛❝✐❞❛❞❡✳ ❏á ♥❛
r❡♣r♦❞✉çã♦✱ ❝❛❞❛ ❝r♦♠♦ss♦♠♦ ✐♥❞✐✈✐❞✉❛❧ é ❝♦♣✐❛❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❢✉♥çã♦
❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣❡❧❛ ❡str❛té❣✐❛ ❞❡ t♦r♥❡✐♦✳ P❛r❛ ♦ ❝r♦ss♦✈❡r✱ é ✉t✐❧✐③❛❞♦ ♦
❝r♦ss♦✈❡r ❞❡ ❞♦✐s ♣♦♥t♦s✳ ❏á ♣❛r❛ ❛ ❢❛s❡ ❞❛ ♣r♦❣r❛♠❛çã♦ ❞♦s ❣✉✐♥❞❛st❡s✱
❛ ❢❛❝t✐❜✐❧✐❞❛❞❡ ❞❛ ♣r♦❣r❛♠❛çã♦ ❞♦ ❛t❡♥❞✐♠❡♥t♦ ❞♦s ♥❛✈✐♦s é ✈❡r✐✜❝❛❞❛ ❞❡
❛❝♦r❞♦ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ❣✉✐♥❞❛st❡s ❞✐s♣♦♥í✈❡✐s ❡ ❛s t❛r❡❢❛s ❞♦s ❣✉✐♥❞❛st❡s
sã♦ r❡♣r♦❣r❛♠❛❞❛s✳ ❖ ❝r♦♠♦ss♦♠♦ ❞❡t❡r♠✐♥❛ ❛ ♦r❞❡♠ ❞❡ ❞❡s✐❣♥❛çã♦ ❞♦s
♥❛✈✐♦s ❛♦s ❜❡rç♦s✳ ❙❡ ❡①✐st❡♠ ✈ár✐♦s ❣✉✐♥❞❛st❡s✱ ♦s ♥❛✈✐♦s sã♦ ❛t❡♥❞✐❞♦s ❛s✲
s✐♠ q✉❡ ❝❤❡❣❛♠ ❛♦ ♣♦rt♦ ❡ ♦s ❜❡rç♦s ❞❡s✐❣♥❛❞♦s s❡ t♦r♥❛♠ ♦❝✐♦s♦s ❛♣ós ♦
s❡r✈✐ç♦✳ P♦ré♠✱ s❡ ♥ã♦ ❡①✐st❡♠ ❣✉✐♥❞❛st❡s s✉✜❝✐❡♥t❡s✱ ❛❧❣✉♥s ♥❛✈✐♦s ♣♦❞❡♠
t❡r ♦ ❛t❡♥❞✐♠❡♥t♦ ❛tr❛s❛❞♦✳ P♦r ✐ss♦✱ é ♥❡❝❡ssár✐♦ ❡①❛♠✐♥❛r s❡ ♦ ♥ú♠❡r♦ ❞❡
❣✉✐♥❞❛st❡s ❞❛❞♦ ❛♦ s✐st❡♠❛ ❝♦♠♦ ♣❛râ♠❡tr♦ ❞❡ ❡♥tr❛❞❛ é ❣r❛♥❞❡ ♦ s✉✜❝✐❡♥t❡
♣❛r❛ ♦s ♥❛✈✐♦s s❡r❡♠ s❡r✈✐❞♦s ❡♠ ✉♠❛ ♣r♦❣r❛♠❛çã♦ ✐♥✐❝✐❛❧✳ ❊♥tã♦✱ ♦ ❛tr❛s♦
❞♦ ❛t❡♥❞✐♠❡♥t♦ é ♠✐♥✐♠✐③❛❞♦ ♣♦r ✉♠❛ ♣r♦❣r❛♠❛çã♦ ót✐♠❛ ❞❛s t❛r❡❢❛s ❞♦s
❣✉✐♥❞❛st❡s✳

✷✳✶ ❙♦❜r❡ ❛ ❈♦♠♣❛♥❤✐❛ ❱❛❧❡

❙❡❣✉♥❞♦ ❬✶❪✱ ❛ ❡♠♣r❡s❛ ❱❛❧❡ t❡♠ ❝♦♠♦ ❢♦❝♦ ❞❡ ♥❡❣ó❝✐♦ ❛ ❡①tr❛çã♦ ❡ ❡①♣♦r✲
t❛çã♦ ❞❛ ♠❛tér✐❛✲♣r✐♠❛ ♠✐♥ér✐♦ ❞❡ ❢❡rr♦✱ ♠✐♥❡r❛❧ ❢❡rr♦s♦ ✉t✐❧✐③❛❞♦ ♥❛ ❢❛❜r✐✲
❝❛çã♦ ❞♦ ❛ç♦✳ ❯♠❛ ✈❡③ q✉❡ s❡✉s ❝❧✐❡♥t❡s ❧♦❝❛❧✐③❛♠✲s❡ ❛ ✉♠❛ ❧♦♥❣❛ ❞✐stâ♥❝✐❛
❞❛s ♠✐♥❛s ❡ ♦ ❝♦♥s✉♠♦ ❞❡ ❝❛r✈ã♦ ♥♦ ❇r❛s✐❧ ❛✉♠❡♥t♦✉✱ s✉r❣✐✉ ❛ ♥❡❝❡ss✐❞❛❞❡ à
❱❛❧❡ ❛❞❛♣t❛r s❡✉ ♣r♦❝❡ss♦ ❧♦❣íst✐❝♦ ❞❡ ♦♣❡r❛çã♦✱ ✐♥❝❧✉✐♥❞♦ ♦ ♣át✐♦ ❢❡rr♦✈✐ár✐♦
❞❡ ❚✉❜❛rã♦✱ ♦♥❞❡ ♦s ✈❛❣õ❡s sã♦ ❝❛rr❡❣❛❞♦s ❡ ♦s tr❡♥s ❢♦r♠❛❞♦s ♣❛r❛ ✐♥✐❝✐❛r
❛ ✈✐❛❣❡♠ ❛♦ ❧♦♥❣♦ ❞❛ ❊str❛❞❛ ❞❡ ❋❡rr♦ ❱✐tór✐❛✲▼✐♥❛s✳ P♦r ✐ss♦✱ t♦r♥♦✉✲s❡
❢✉♥❞❛♠❡♥t❛❧ ✐❞❡♥t✐✜❝❛r ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s s✉❜s✐st❡♠❛s q✉❡ ♦ ❝♦♠♣õ❡♠ ❡
❛♥❛❧✐s❛r ❛s s✉❛s ✐♥t❡r✲r❡❧❛çõ❡s✳ ❖ s✐st❡♠❛ ❧♦❣íst✐❝♦ ❞❡ tr❛♥s♣♦rt❡ ❞♦ ❝❛r✈ã♦
✐♥✐❝✐❛ ♥♦ ❜❡rç♦ ❞♦ ❚❡r♠✐♥❛❧ ❞❡ Pr❛✐❛ ▼♦❧❡ ❡ t❡r♠✐♥❛ ♥♦s ❝❧✐❡♥t❡s s✐t✉❛❞♦s
♥♦ ❊st❛❞♦ ❞❡ ▼✐♥❛s ●❡r❛✐s✱ ❝♦♥t❡♠♣❧❛♥❞♦ ❞❡s❝❛r❣❛ ❞❡ ♥❛✈✐♦✱ ❝♦rr❡✐❛s tr❛♥s✲
♣♦rt❛❞♦r❛s✱ ♣át✐♦s ❞❡ ❡st♦❝❛❣❡♠✱ s✐❧♦ ❞❡ ❝❛rr❡❣❛♠❡♥t♦✱ ♣át✐♦ ❢❡rr♦✈✐ár✐♦ ❞❡
♠❛♥♦❜r❛ ❡ ❢♦r♠❛çã♦ ❞❡ tr❡♥s✱ tr❛♥s♣♦rt❡ ❢❡rr♦✈✐ár✐♦ ❛♦ ❧♦♥❣♦ ❞❛ ❊str❛❞❛
❞❡ ❋❡rr♦ ❱✐tór✐❛✲▼✐♥❛s✱ ♣át✐♦ ❞❡ r❡❝❡♣çã♦✱ ♠❛♥♦❜r❛ ❡ ❞❡s♠❡♠❜r❛♠❡♥t♦ ❞❡
tr❡♥s ❡ ❞❡s❝❛r❣❛ ♥♦s ❝❧✐❡♥t❡s✳ ◆❡ss❡ ❡st✉❞♦✱ ♦ s✐st❡♠❛ ❧♦❣íst✐❝♦ é ❞✐✈✐❞✐❞♦ ❡♠
q✉❛tr♦ s✉❜s✐st❡♠❛s✳ ❖ ♣r✐♠❡✐r♦ ❞❡❧❡s é ♦ ♣♦rt♦✱ q✉❡ ❝♦♠♣r❡❡♥❞❡ ♦ ❜❡rç♦ ❞♦
❚❡r♠✐♥❛❧ ❞❡ Pr❛✐❛ ▼♦❧❡ ♦♥❞❡ ❡stã♦ ♣♦s✐❝✐♦♥❛❞♦s ♦s ❞❡s❝❛rr❡❣❛❞♦r❡s ❞❡ ♥❛✈✐♦

✶✹



❡ ❝✉❥♦ ❝❛✐s ♣❡r♠✐t❡ ❛ ❛tr❛❝❛çã♦ s✐♠✉❧tâ♥❡❛ ❞❡ ❞♦✐s ♥❛✈✐♦s✱ ❛s ❝♦rr❡✐❛s tr❛♥s✲
♣♦rt❛❞♦r❛s ❡ ♦ Pát✐♦ ❞❡ ❡st♦❝❛❣❡♠ ❝♦♠ r❡❝✉♣❡r❛❞♦r❛s✱ ❡♠♣✐❧❤❛❞❡✐r❛s ❡ ♣ás
♠❡❝â♥✐❝❛s✳ ❖ s❡❣✉♥❞♦ ❡ ♠❛✐s ❝♦♠♣❧❡①♦ é ♦ ♣át✐♦ ❢❡rr♦✈✐ár✐♦✱ ♦♥❞❡ sã♦ ❢❡✐t❛s
❛s ♦♣❡r❛çõ❡s ❞❡ s❡♣❛r❛çã♦✱ ❝♦♥s♦❧✐❞❛çã♦✱ ❝❧❛ss✐✜❝❛çã♦✱ ♠❛♥✉t❡♥çã♦✱ ❝❛r❣❛ ❡
❞❡s❝❛r❣❛ ❞❡ ✈❛❣õ❡s ❞❡ ♠✐♥ér✐♦ ❞❡ ❢❡rr♦ ❡ ❝❛r❣❛ ❣❡r❛❧✳ ❖ t❡r❝❡✐r♦ ❝♦♠♣r❡❡♥❞❡
❛ ❧✐♥❤❛ ❢❡rr♦✈✐ár✐❛ r❡♣r❡s❡♥t❛❞❛ ♣❡❧❛ ❊str❛❞❛ ❞❡ ❋❡rr♦ ❱✐tór✐❛✲▼✐♥❛s✱ ❛ q✉❛❧
❧✐❣❛ ♦ P♦rt♦ ❞❡ ❚✉❜❛rã♦ às ♠✐♥❛s ❞❡ ♠✐♥ér✐♦ ❞❡ ❢❡rr♦✱ às s✐❞❡rúr❣✐❝❛s ❡ ♣♦s✲
s✉✐ ❝♦♥❡①õ❡s ❝♦♠ ❛ ❋❡rr♦✈✐❛ ❈❡♥tr♦✲❆t❧â♥t✐❝❛✳ ❖ q✉❛rt♦ ❡ ú❧t✐♠♦ é ♦ ❝❧✐❡♥t❡✱
♣át✐♦s ❞❡ ❞❡st✐♥♦ ❡ ❡♥tr❡❣❛ ❞♦s ✈❛❣õ❡s às s✐❞❡rúr❣✐❝❛s q✉❡ ♦s ❞❡s❝❛rr❡❣❛♠✳

P❛r❛ q✉❡ ♦ ♣r♦❞✉t♦ ❞❛ ❱❛❧❡ s❡❥❛ ❝♦♠♣❡t✐t✐✈♦ ❡ ❛tr❛❡♥t❡ ♥♦ ❝♦♠ér❝✐♦
♠✉♥❞✐❛❧ ❛♣❡s❛r ❞❛s ❣r❛♥❞❡s ❞✐stâ♥❝✐❛s ❞♦ ♠❡r❝❛❞♦ ❝♦♥s✉♠✐❞♦r✱ ♦ ❝♦♥tr♦❧❡ ❞❡
t♦❞❛ ❛ ❝❛❞❡✐❛ ❧♦❣íst✐❝❛ ♣❛r❛ ❡s❝♦❛r ♦ ♠✐♥ér✐♦ ❞❡ ❢❡rr♦ ❞❡✈❡ s❡r ❛♣r✐♠♦r❛❞♦✱
❞❡s❞❡ ❛ s✉❛ ♦r✐❣❡♠✱ ♥❛s ♠✐♥❛s✱ ❛té ♦s ♣❛ís❡s ♠❛✐s ❞✐st❛♥t❡s✳ ❈♦♠♦ ❞❡s❝r✐t♦
❡♠ ❬✽❪✱ ♥♦ ♣í❡r ❞❡ Pr❛✐❛ ▼♦❧❡ ♦❝♦rr❡ ♦ ❞❡s❡♠❜❛rq✉❡ ❞❡ ❝❛r✈ã♦ ❡♠ ❞♦✐s ❜❡rç♦s
❞❡ ❛tr❛❝❛çã♦ ❛tr❛✈és ❞❡ q✉❛tr♦ ❞❡s❝❛rr❡❣❛❞♦r❡s ❞❡ ♥❛✈✐♦s ❞❡ ❝❛ç❛♠❜❛✱ ❝♦♠
❝❛♣❛❝✐❞❛❞❡ ❛♣r♦①✐♠❛❞❛ ❞❡ ✼✵✵✵ t♦♥❡❧❛❞❛s ❝❛❞❛✳ ❆♣ós ❡st❛ ♦♣❡r❛çã♦✱ ♦ ❝❛r✈ã♦
é ❡♥tã♦ ❧❡✈❛❞♦ ♣♦r tr❛♥s♣♦rt❛❞♦r❡s ❞❡ ❝♦rr❡✐❛ ❛té ♦ ♣át✐♦ ❞❡ ❡st♦❝❛❣❡♠✱ ♦♥❞❡
s❡rá ❡♠♣✐❧❤❛❞♦ ❛té s❡r ✈❡♥❞✐❞♦✳

❱✐s❛♥❞♦ ♦ ❡st✉❞♦ ❞❡ ❛s♣❡❝t♦s t❡ór✐❝♦s ❡ ❝♦♠♣✉t❛❝✐♦♥❛✐s ❞❛ ♦t✐♠✐③❛çã♦ ❞❡
❝❛rr❡❣❛♠❡♥t♦ ❡ ❞♦ tr❛♥s♣♦rt❡ ❞❡ ❝❛r❣❛s ♣♦r ♥❛✈✐♦s✱ ❡♠ ❡s♣❡❝✐❛❧ ♦s ❡♥❢r❡♥t❛✲
❞♦s ♣❡❧❛ ❡♠♣r❡s❛ ❱❛❧❡ ❙✳❆✳✱ s❡rã♦ ❞❡s❡♥✈♦❧✈✐❞♦s ❞♦✐s ♠♦❞❡❧♦s ❡ ♠ét♦❞♦s
❤❡✉ríst✐❝♦s ❞❡ ♦t✐♠✐③❛çã♦ ♣❛r❛ ❡ss❡ ♣r♦❜❧❡♠❛✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ♦s ❤♦rár✐♦s
❞❡ ❝❤❡❣❛❞❛ ❞♦s ♥❛✈✐♦s ❡ ♦ t❡♠♣♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ♣r♦❝❡ssá✲❧♦s✳ ❆ss✐♠✱ ✉♠❛
s♦❧✉çã♦ ót✐♠❛ ❞❡✈❡rá s❡r ❢♦r♥❡❝✐❞❛ ♦✉ ♣❡❧♦ ♠❡♥♦s ✉♠ ❝♦♥❥✉♥t♦ ❞❡ s♦❧✉çõ❡s
❡✜❝✐❡♥t❡s q✉❡ ♣♦ss❛ ❛✉①✐❧✐❛r ❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦ ❞❛ ❡♠♣r❡s❛✳
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❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❡ ♦ ❡✐①♦ ✈❡rt✐❝❛❧ r❡♣r❡s❡♥t❛ ♦ t❛♠❛♥❤♦ ❞♦ ❝❛✐s✳ ❆♥❛❧♦❣❛✲
♠❡♥t❡✱ ♦ ♥❛✈✐♦ s❡rá r❡♣r❡s❡♥t❛❞♦ ❝♦♠♦ ✉♠ r❡tâ♥❣✉❧♦ ❝✉❥♦ ❝♦♠♣r✐♠❡♥t♦ é ♦
t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ♥❛✈✐♦ ❡ ❝✉❥❛ ❛❧t✉r❛ é t❛♠❛♥❤♦ ❞♦ ♥❛✈✐♦✳ ❆ss✐♠✱
♥♦ss♦ ♣r♦❜❧❡♠❛ s❡rá ❞❡t❡r♠✐♥❛r ❛s ❝♦♦r❞❡♥❛❞❛s ❞♦ ❝❛♥t♦ ✐♥❢❡r✐♦r ❡sq✉❡r❞♦
❞♦ r❡tâ♥❣✉❧♦ ♥♦ ❞✐❛❣r❛♠❛✳

P❛r❛ t❛♥t♦✱ ❛ ♣❛rt✐r ❞❡ ✉♠ ♠♦❞❡❧♦ ❞❡ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ tr✐❞✐♠❡♥s✐♦♥❛❧✱
❞❡s❝r✐t♦ ❡♠ ❬✻❪ ❝♦♠♦ ♣r♦❜❧❡♠❛ ❞❡ ❝❛rr❡❣❛♠❡♥t♦ ❞❡ ❝♦♥t❛✐♥❡rs s❡rá ❝♦♥str✉✐❞♦
♦ ♣r♦❜❧❡♠❛ ❞❡ ❛❧♦❝❛çã♦ ❞❡ ❜❡rç♦s✳

✸✳✶ ❯♠ ♠♦❞❡❧♦ ❣❡r❛❧ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❝❛r✲

r❡❣❛♠❡♥t♦ ❞❡ ❝♦♥t❛✐♥❡rs

❖ ♣r♦❜❧❡♠❛ ❡♠ q✉❡stã♦ é s❡❧❡❝✐♦♥❛r ✉♠ ♥ú♠❡r♦ ❞❡ ❝♦♥t❛✐♥❡rs ♣❛r❛ ❡♠♣❛✲
❝♦t❛r ✉♠ ❞❛❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❝❛✐①❛s✱ ❛♠❜♦s ❝♦♠ t❛♠❛♥❤♦s ✈❛r✐❛❞♦s✳ ❖ ♦❜❥❡t✐✈♦
♣r✐♠ár✐♦ é ♠✐♥✐♠✐③❛r ♦ ❡s♣❛ç♦ ✐♥✉t✐❧✐③❛❞♦✱ ❡ ♣❛r❛ ✐ss♦ s❡rá ❝♦♥s✐❞❡r❛❞♦ ✉♠
♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ q✉❡ ✐rá ♦❜t❡r ✉♠❛ s♦❧✉çã♦ ót✐♠❛ ❝♦♠ ❣❛r❛♥t✐❛✳ ❙❡rá ❛s✲
s✉♠✐❞♦ q✉❡ ❛s ❞✐♠❡♥sõ❡s ❞❡ ❝❛❞❛ ❝♦♥t❛✐♥❡r sã♦ ❝♦♥❤❡❝✐❞❛ ❡ q✉❡ ❛s ❞✐♠❡♥sõ❡s
❡ q✉❛♥t✐❞❛❞❡s ❞❡ ❝❛✐①❛s sã♦ ❞❛❞❛s✳ ❈❛❞❛ ❝❛✐①❛ é tr❛t❛❞❛ ❞❡ ❢♦r♠❛ ✐♥❞❡♣❡♥✲
❞❡♥t❡ ❡ ❞❡✈❡ s❡r ❝♦❧♦❝❛❞❛ ♦rt♦❣♦♥❛❧♠❡♥t❡ ❡♠ ✉♠ ❝♦♥t❛✐♥❡r ❝♦♠♦ ♣♦❞❡ s❡r
♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✷ ✭♦ ♣♦♥t♦ ❡♠ ❞❡st❛q✉❡ r❡♣r❡s❡♥t❛ ❛s ❝♦♦r❞❡♥❛❞❛s q✉❡
❞❡✈❡♠ s❡r ❞❡t❡r♠✐♥❛❞❛s✮✿

❙❡♠ ♣❡r❞❛ ❞❡ ❣❡♥❡r❛❧✐❞❛❞❡✱ s✉♣♦♥❤❛ q✉❡ ❛ ♠❛✐♦r ❞✐♠❡♥sã♦ ❞❛ ❝❛✐①❛ é
s❡✉ ❝♦♠♣r✐♠❡♥t♦✱ ❛ ♠❡♥♦r é s✉❛ ❛❧t✉r❛ ❡ ❛ ✐♥t❡r♠❡❞✐ár✐❛ é s✉❛ ❧❛r❣✉r❛ ✭♦✉
s❡❥❛✱ ❛s ❝❛✐①❛s ♣♦❞❡♠ s❡r r♦t❛❝✐♦♥❛❞❛s✮✳ ❖s ♣❛râ♠❡tr♦s ❡ ❛s ✈❛r✐á✈❡✐s ✉s❛❞❛s
s❡rã♦ ❞❡✜♥✐❞❛s ❛ s❡❣✉✐r✿

• N ✿ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❝❛✐①❛s❀

• m✿ ♥ú♠❡r♦ ❞❡ ❝♦♥t❛✐♥❡rs ❞✐s♣♦♥í✈❡✐s❀

• M ✿ ♥ú♠❡r♦ ❣r❛♥❞❡ ❛r❜✐trár✐♦❀

• (pi, qi, ri)✿ ♣❛râ♠❡tr♦s ✐♥❞✐❝❛♥❞♦ r❡s♣❡❝t✐✈❛♠❡♥t❡ ♦ ❝♦♠♣r✐♠❡♥t♦✱ ❛
❧❛r❣✉r❛ ❡ ❛ ❛❧t✉r❛ ❞❛ ❝❛✐①❛ i❀

• (Lj,Wj, Hj)✿ ♣❛râ♠❡tr♦s ✐♥❞✐❝❛♥❞♦ r❡s♣❡❝t✐✈❛♠❡♥t❡ ♦ ❝♦♠♣r✐♠❡♥t♦✱ ❛
❧❛r❣✉r❛ ❡ ❛ ❛❧t✉r❛ ❞♦ ❝♦♥t❛✐♥❡r j❀
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❋✐❣✉r❛ ✸✳✷✿ Pr♦❜❧❡♠❛ tr✐✲❞✐♠❡♥s✐♦♥❛❧✳

• (xi, yi, zi)✿ ✈❛r✐á✈❡✐s ❝♦♥tí♥✉❛s ✐♥❞✐❝❛♥❞♦ ❛s ❝♦♦r❞❡♥❛❞❛s ❞♦ ❝❛♥t♦ ✐♥❢❡✲
r✐♦r ❡sq✉❡r❞♦ ❞❛ ❝❛✐①❛ i✳

sij =

{

1 s❡ ❛ ❝❛✐①❛ i é ❝♦❧♦❝❛❞❛ ♥♦ ❝♦♥t❛✐♥❡r j✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

nj =

{

1 s❡ ♦ ❝♦♥t❛✐♥❡r j é ✉t✐❧✐③❛❞♦✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

lti =

{

1 s❡ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ❝❛✐①❛ i é ♣❛r❛❧❡❧♦ ❛♦ ❡✐①♦ t✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

wti =

{

1 s❡ ❛ ❧❛r❣✉r❛ ❞❛ ❝❛✐①❛ i é ♣❛r❛❧❡❧❛ ❛♦ ❡✐①♦ t✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

✶✽



hti =

{

1 s❡ ❛ ❛❧t✉r❛ ❞❛ ❝❛✐①❛ i é ♣❛r❛❧❡❧❛ ❛♦ ❡✐①♦ t✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

aik =

{

1 s❡ ❛ ❝❛✐①❛ i ❡stá à ❡sq✉❡r❞❛ ❞❛ ❝❛✐①❛ k✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

bik =

{

1 s❡ ❛ ❝❛✐①❛ i ❡stá à ❞✐r❡✐t❛ ❞❛ ❝❛✐①❛ k✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

cik =

{

1 s❡ ❛ ❝❛✐①❛ i ❡stá ❛trás ❞❛ ❝❛✐①❛ k✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

dik =

{

1 s❡ ❛ ❝❛✐①❛ i ❡stá ♥❛ ❢r❡♥t❡ ❞❛ ❝❛✐①❛ k✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

eik =

{

1 s❡ ❛ ❝❛✐①❛ i ❡stá ❛❜❛✐①♦ ❞❛ ❝❛✐①❛ k✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

fik =

{

1 s❡ ❛ ❝❛✐①❛ i ❡stá ❛❝✐♠❛ ❞❛ ❝❛✐①❛ k✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

❙❡♥❞♦ ❛ss✐♠✱ ♦ ♣r♦❜❧❡♠❛ é ❡♥tã♦ ❢♦r♠✉❧❛❞♦✿

♠✐♥
m
∑

j=1

LjWjHjnj −

N
∑

i=1

piqiri ✭✸✳✶✮

s✳❛ xi + pilxi + qiwxi + rihxi ≤ xk + (1− aik)M ∀i, k, i < k ✭✸✳✷✮

xk + pklxk + qkwxk + rkhxk ≤ xi + (1− bik)M ∀i, k, i < k ✭✸✳✸✮

yi + qiwyi + pilyi + rihyi ≤ yk + (1− cik)M ∀i, k, i < k ✭✸✳✹✮

yk + qkwyk + pklyk + rkhyk ≤ yi + (1− dik)M ∀i, k, i < k ✭✸✳✺✮

zi + rihzi + qiwzi + pilzi ≤ zk + (1− eik)M ∀i, k, i < k ✭✸✳✻✮

✶✾



zk + rkhzk + qkwzk + pklzk ≤ zi + (1− fik)M ∀i, k, i < k ✭✸✳✼✮

aik + bik + cik + dik + eik + fik ≥ sij + sik − 1 ∀i, k, i < k ✭✸✳✽✮
m
∑

j=1

sij = 1 ∀i ✭✸✳✾✮

N
∑

i=1

sij ≤ Mnj ∀j ✭✸✳✶✵✮

xi + pilxi + qiwxi + rihxi ≤ Lj + (1− sij)M ∀i, j ✭✸✳✶✶✮

yi + qiwyi + pilyi + rihyi ≤ Wj + (1− sij)M ∀i, j ✭✸✳✶✷✮

zi + rihzi + qiwzi + pilzi ≤ Hj + (1− sij)M ∀i, j ✭✸✳✶✸✮

lti, wti, hti, aik, bik, cik, dik, eik, fik, sij, nj ∈ {0, 1} ∀i, k, j, t ✭✸✳✶✹✮

xi, yi, zi ≥ 0 ∀i. ✭✸✳✶✺✮

❆ ❋✉♥çã♦✲♦❜❥❡t✐✈♦ ✭✸✳✶✮ ♠✐♥✐♠✐③❛ ♦ ❡s♣❛ç♦ t♦t❛❧ ♥ã♦ ✉t✐❧✐③❛❞♦ ❞♦s ❝♦♥✲
t❛✐♥❡rs s❡❧❡❝✐♦♥❛❞♦s✳ ❆s ❘❡str✐çõ❡s ✭✸✳✷✮ ❡ ✭✸✳✸✮ ❣❛r❛♥t❡♠ q✉❡ ♥ã♦ ❤❛✈❡rá
s♦❜r❡♣♦s✐çã♦ ❞❡ ❝❛✐①❛s ♥❛ ❞✐r❡çã♦ x✱ ❛ ✭✸✳✹✮ ❡ ❛ ✭✸✳✺✮ ♥❛ ❞✐r❡çã♦ y ❡ ❛ ✭✸✳✻✮
❡ ❛ ✭✸✳✼✮ ♥❛ ❞✐r❡çã♦ z✳ ❆ ❘❡str✐çã♦ ✭✸✳✽✮ ❣❛r❛♥t❡ q✉❡ ❛ ✈❡r✐✜❝❛çã♦ ❞❡ ♥ã♦
s♦❜r❡♣♦s✐çã♦ ❢❡✐t❛ ♣❡❧❛s s❡✐s r❡str✐çõ❡s ❛♥t❡r✐♦r❡s ♦❝♦rr❛ s♦♠❡♥t❡ ♣❛r❛ ♣❛r❡s
❞❡ ❝❛✐①❛s ❝♦❧♦❝❛❞❛s ♥♦ ♠❡s♠♦ ❝♦♥t❛✐♥❡r✱ ❛ ❘❡str✐çã♦ ✭✸✳✾✮ ♥ã♦ ♣❡r♠✐t❡ q✉❡
✉♠❛ ❝❛✐①❛ s❡❥❛ ❝♦❧♦❝❛❞❛ ❡♠ ♠❛✐s ❞❡ ✉♠ ❝♦♥t❛✐♥❡r✱ ❡ ❛ ❘❡str✐çã♦ ✭✸✳✶✵✮ ❢♦rç❛
q✉❡ ♦ ❝♦♥t❛✐♥❡r s❡❥❛ ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ✉t✐❧✐③❛❞♦ s❡ q✉❛❧q✉❡r ❝❛✐①❛ é ❛❧♦❝❛❞❛
♥❡❧❡✳ ❆s ❘❡str✐çõ❡s ✭✸✳✶✶✮✱ ✭✸✳✶✷✮ ❡ ✭✸✳✶✸✮ ✈❡r✐✜❝❛♠ s❡ ❛s ❝❛✐①❛s ❝♦❧♦❝❛❞❛s
♥♦ ❝♦♥t❛✐♥❡r r❡s♣❡✐t❛♠ ❛s ❞✐♠❡♥sõ❡s ❞♦ ♠❡s♠♦✳ ❆s ❞✉❛s ú❧t✐♠❛s r❡str✐çõ❡s
❡s♣❡❝✐✜❝❛♠ ❛ ♥❛t✉r❡③❛ ❞❛s ✈❛r✐á✈❡✐s ✉t✐❧✐③❛❞❛s✳

✸✳✷ ❘❡❞✉çã♦ ❞♦ ♠♦❞❡❧♦ ♣❛r❛ ♦ ❝❛s♦ ❜✐❞✐♠❡♥✲

s✐♦♥❛❧

P❛rt✐♥❞♦ ❞♦ ♣r♦❜❧❡♠❛ ❛♣r❡s❡♥t❛❞♦ ♥❛ s❡çã♦ ❛♥t❡r✐♦r✱ s❡rá ♦❜t✐❞♦ ✉♠ ♠♦✲
❞❡❧♦ ♣❛r❛ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ❜✐❞✐♠❡♥s✐♦♥❛❧✿ ❝♦♠♦ ❛❧♦❝❛r r❡tâ♥❣✉❧♦s ❡♠
✉♠❛ ❢♦❧❤❛ ❞❡ ❡st♦q✉❡ t❛♠❜é♠ r❡t❛♥❣✉❧❛r s❡♠ q✉❡ ❤❛❥❛ s♦❜r❡♣♦s✐çã♦✳ P❛r❛
t❛♥t♦✱ s❡♠ ♣❡r❞❛ ❞❡ ❣❡♥❡r❛❧✐❞❛❞❡✱ ♦ ❡✐①♦ z ♥ã♦ s❡rá ❝♦♥s✐❞❡r❛❞♦✱ ❜❡♠ ❝♦♠♦ ❛s
✐♥❢♦r♠❛çõ❡s r❡❢❡r❡♥t❡s à ❞✐♠❡♥sã♦ ✐♥t❡r♠❡❞✐ár✐❛ ❞❛s ❝❛✐①❛s ✭❧❛r❣✉r❛✮ ✭❋✐❣✉r❛
✸✳✸✮✳

✷✵





lti =

{

1 s❡ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞♦ r❡tâ♥❣✉❧♦ i é ♣❛r❛❧❡❧♦ ❛♦ ❡✐①♦ t✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

hti =

{

1 s❡ ❛ ❛❧t✉r❛ ❞♦ r❡tâ♥❣✉❧♦ i é ♣❛r❛❧❡❧❛ ❛♦ ❡✐①♦ t✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

aik =

{

1 s❡ ♦ r❡tâ♥❣✉❧♦ i ❡stá à ❡sq✉❡r❞❛ ❞♦ r❡tâ♥❣✉❧♦ k✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

bik =

{

1 s❡ ♦ r❡tâ♥❣✉❧♦ i ❡stá à ❞✐r❡✐t❛ ❞♦ r❡tâ♥❣✉❧♦ k✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

cik =

{

1 s❡ ♦ r❡tâ♥❣✉❧♦ i ❡stá ❛trás ❞♦ r❡tâ♥❣✉❧♦ k✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

dik =

{

1 s❡ ♦ r❡tâ♥❣✉❧♦ i ❡stá ♥❛ ❢r❡♥t❡ ❞♦ r❡tâ♥❣✉❧♦ k✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

❖ s❡❣✉✐♥t❡ ♠♦❞❡❧♦ é ♦❜t✐❞♦✿

♠✐♥
m
∑

j=1

LjHjnj −

N
∑

i=1

piri ✭✸✳✶✻✮

s✳❛ xi + pilxi + rihxi ≤ xk + (1− aik)M ∀i, k, i < k ✭✸✳✶✼✮

xk + pklxk + rkhxk ≤ xi + (1− bik)M ∀i, k, i < k ✭✸✳✶✽✮

yi + pilyi + rihyi ≤ yk + (1− cik)M ∀i, k, i < k ✭✸✳✶✾✮

yk + pklyk + rkhyk ≤ yi + (1− dik)M ∀i, k, i < k ✭✸✳✷✵✮

aik + bik + cik + dik ≥ sij + sik − 1 ∀i, k, i < k ✭✸✳✷✶✮
m
∑

j=1

sij = 1 ∀i ✭✸✳✷✷✮

✷✷



N
∑

i=1

sij ≤ Mnj ∀j ✭✸✳✷✸✮

xi + pilxi + rihxi ≤ Lj + (1− sij)M ∀i, j ✭✸✳✷✹✮

yi + pilyi + rihyi ≤ Wj + (1− sij)M ∀i, j ✭✸✳✷✺✮

lti, hti, aik, bik, cik, dik, sij, nj ∈ {0, 1} ∀i, k, j, t ✭✸✳✷✻✮

xi, yi ≥ 0 ∀i. ✭✸✳✷✼✮

❆ ❋✉♥çã♦✲♦❜❥❡t✐✈♦ ✭✸✳✶✻✮ ♠✐♥✐♠✐③❛ ♦ ❡s♣❛ç♦ t♦t❛❧ ♥ã♦ ✉t✐❧✐③❛❞♦ ❞❛s ❢♦✲
❧❤❛s ❞❡ ❡st♦q✉❡ s❡❧❡❝✐♦♥❛❞ss✳ ❆s ❘❡str✐çõ❡s ✭✸✳✶✼✮ ❡ ✭✸✳✶✽✮ ❣❛r❛♥t❡♠ q✉❡
♥ã♦ ❤❛✈❡rá s♦❜r❡♣♦s✐çã♦ ❞❡ r❡tâ♥❣✉❧♦s ♥❛ ❞✐r❡çã♦ x✱ ❛ ✭✸✳✶✾✮ ❡ ❛ ✭✸✳✷✵✮ ♥❛
❞✐r❡çã♦ y✳ ❆ ❘❡str✐çã♦ ✭✸✳✷✶✮ ❣❛r❛♥t❡ q✉❡ ❛ ✈❡r✐✜❝❛çã♦ ❞❡ ♥ã♦ s♦❜r❡♣♦s✐çã♦
❢❡✐t❛ ♣❡❧❛s s❡✐s r❡str✐çõ❡s ❛♥t❡r✐♦r❡s ♦❝♦rr❛ s♦♠❡♥t❡ ♣❛r❛ ♣❛r❡s ❞❡ r❡tâ♥❣✉❧♦s
❝♦❧♦❝❛❞❛s ♥❛ ♠❡s♠❛ ❢♦❧❤❛ ❞❡ ❡st♦q✉❡✱ ❛ ❘❡str✐çã♦ ✭✸✳✷✷✮ ♥ã♦ ♣❡r♠✐t❡ q✉❡
✉♠ r❡tâ♥❣✉❧♦ s❡❥❛ ❝♦❧♦❝❛❞❛ ❡♠ ♠❛✐s ❞❡ ✉♠❛ ❢♦❧❤❛ ❞❡ ❡st♦q✉❡✱ ❡ ❛ ❘❡str✐✲
çã♦ ✭✸✳✷✸✮ ❢♦rç❛ q✉❡ ❛ ❢♦❧❤❛ ❞❡ ❡st♦q✉❡ s❡❥❛ ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ✉t✐❧✐③❛❞♦ s❡
q✉❛❧q✉❡r ❝❛✐①❛ é ❛❧♦❝❛❞❛ ♥❡❧❡✳ ❆s ❘❡str✐çõ❡s ✭✸✳✷✹✮ ❡ ✭✸✳✷✺✮ ✈❡r✐✜❝❛♠ s❡ ♦s
r❡tâ♥❣✉❧♦s ❝♦❧♦❝❛❞♦s ♥❛ ❢♦❧❤❛ ❞❡ ❡st♦q✉❡ r❡s♣❡✐t❛♠ ❛s ❞✐♠❡♥sõ❡s ❞❛ ♠❡s♠❛✳
❆s ❞✉❛s ú❧t✐♠❛s r❡str✐çõ❡s ❡s♣❡❝✐✜❝❛♠ ❛ ♥❛t✉r❡③❛ ❞❛s ✈❛r✐á✈❡✐s ✉t✐❧✐③❛❞❛s✳

✸✳✸ ❆❞❛♣t❛çã♦ ♣❛r❛ Pr♦❜❧❡♠❛ ❞❡ ❆❧♦❝❛çã♦ ❞❡

❇❡rç♦s

◆♦ ♣r♦❜❧❡♠❛ q✉❡ ❡stá s❡♥❞♦ tr❛❜❛❧❤❛❞♦✱ ❛❧❣✉♠❛s ✈❛r✐á✈❡✐s t❡rã♦ s❡✉s
✈❛❧♦r❡s ✜①❛❞♦s ♣♦r ♠♦t✐✈♦s ❞❡ ❝♦❡rê♥❝✐❛ ❛ ♣❛rt✐r ❞♦ ♠♦❞❡❧♦ ❜✐❞✐♠❡♥s✐♦♥❛❧
❛♣r❡s❡♥t❛❞♦✱ ❛✜♥❛❧ ❛s r♦t❛çõ❡s ♥ã♦ ❢❛③❡♠ s❡♥t✐❞♦✳

❆q✉✐✱ ❛ ❢♦❧❤❛ r❡t❛♥❣✉❧❛r ❞❡ ❡st♦q✉❡ r❡♣r❡s❡♥t❛rá ✉♠ ❞✐❛❣r❛♠❛ t❡♠♣♦✲
❡s♣❛ç♦❀ ♣♦rt❛♥t♦ s❡rá ✜①❛✱ ❞❡ ♠♦❞♦ q✉❡ s✉❛ ♠❡♥♦r ❞✐♠❡♥sã♦ s❡❥❛ ❛ ❛❧t✉r❛
❞♦ ❞✐❛❣r❛♠❛✱ r❡♣r❡s❡♥t❛♥❞♦ ♦ t❛♠❛♥❤♦ ❞♦ ❝❛✐s ❡ s✉❛ ♠❛✐♦r ❞✐♠❡♥sã♦ s❡❥❛ ♦
❝♦♠♣r✐♠❡♥t♦✱ r❡♣r❡s❡♥t❛♥❞♦ ♦ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✳ ❏á ♦s r❡tâ♥❣✉❧♦s
r❡♣r❡s❡♥t❛rã♦ ♦s ♥❛✈✐♦s✱ ❡ ♣♦r ✐ss♦ ❥á t❡rã♦ s✉❛ ♦r✐❡♥t❛çã♦ ❞❡✜♥✐❞❛✿ ❛ ❛❧t✉r❛
s❡rá ♦ t❛♠❛♥❤♦ ❡ ♦ ❝♦♠♣r✐♠❡♥t♦ s❡rá ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳ ❆ss✐♠✿

lxi = 1 ❡ hxi = 0;

♦✉ s❡❥❛✱ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞♦ r❡tâ♥❣✉❧♦ é ♣❛r❛❧❡❧♦ ❛♦ ❡✐①♦ x ❡

✷✸



lyi = 0 ❡ hyi = 1;

✐ss♦ é✱ ❛ ❛❧t✉r❛ ❞♦ r❡tâ♥❣✉❧♦ é ♣❛r❛❧❡❧❛ ❛♦ ❡✐①♦ y✳
❊①✐st❡ ❛♣❡♥❛s ✉♠ ❞✐❛❣r❛♠❛✱ m = 1✱ ❡ ♣♦r ✐ss♦✱ ❛ ❢✉♥çã♦✲♦❜❥❡t✐✈♦ ❞❡✈❡rá

s❡r ❛❧t❡r❛❞❛ ❥á q✉❡ ♠✐♥✐♠✐③❛r ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❡s♣❛ç♦ t♦t❛❧ ✐♥✉t✐❧✐③❛❞♦ ♥ã♦ é
❝♦❡r❡♥t❡✳ ▼❛✐s ❛❞✐❛♥t❡ s❡rã♦ ❛♥❛❧✐s❛❞♦s ✹ t✐♣♦s ❞❡ ❢✉♥çã♦✲♦❜❥❡t✐✈♦ ❡ ❛ ♠❛✐s
✐♥t❡r❡ss❛♥t❡ ❛♦ ♣r♦❜❧❡♠❛ s❡rá ❡s❝♦❧❤✐❞❛✳ ❖ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❡♠
q✉❡stã♦ é ✐❧✐♠✐t❛❞♦✱ ❡ ♣♦r ❡ss❡ ♠♦t✐✈♦✱ ❛ r❡str✐çã♦ xi + pilxi + rihxi ≤ L é
❡❧✐♠✐♥❛❞❛ ❞♦ ♣r♦❜❧❡♠❛✳ P❡❧♦ ♠❡s♠♦ ♠♦t✐✈♦✱ ❛s r❡str✐çõ❡s ✭✸✳✷✷✮ ❡ ✭✸✳✷✸✮ sã♦
❡❧✐♠✐♥❛❞❛s ❞♦ ♣r♦❜❧❡♠❛✳

❆❧é♠ ❞✐ss♦✱ ✉♠❛ r❡str✐çã♦ q✉❡ ❣❛r❛♥t❛ q✉❡ ♦s ♥❛✈✐♦s s❡rã♦ ❛❧♦❝❛❞♦s s♦✲
♠❡♥t❡ ❛♣ós s✉❛ ❝❤❡❣❛❞❛ ♣r❡❝✐s❛rá s❡r ❛❞✐❝✐♦♥❛❞❛✳ ❙❡❥❛ ei ♦ ♣❛râ♠❡tr♦ q✉❡
❞❡♥♦t❛ ❡ss❛ ✐♥❢♦r♠❛çã♦ ♣❛r❛ ♦ ♥❛✈✐♦ i✳ ❊♥tã♦✱ ❛ s❡❣✉✐♥t❡ r❡str✐çã♦ é ❝♦♥✲
str✉í❞❛✿

xi ≥ ei ∀i.

P❛r❛ q✉❡ ♦ ♠♦❞❡❧♦ ❡st❡❥❛ ❝♦♠♣❧❡t♦✱ ❤á ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❧✐♠✐t❛r ♦ ❤♦rár✐♦
♠á①✐♠♦ ❞❡ s❛í❞❛ ❞♦s ♥❛✈✐♦s✱ ♣❛râ♠❡tr♦ q✉❡ s❡rá ❞❡♥♦t❛❞♦ ♣♦r si✳ ❆ss✐♠✱
r❡str✐çã♦ ❛ s❡❣✉✐r é ❛❞✐❝✐♦♥❛❞❛ ❛♦ ♣r♦❜❧❡♠❛✿

xi + pi ≤ si ∀i.

❊❧✐♠✐♥❛♥❞♦ ❛s ✈❛r✐á✈❡✐s q✉❡ ❞✐③❡♠ r❡s♣❡✐t♦ à q✉❛♥t✐❞❛❞❡ ❞❡ r❡tâ♥❣✉❧♦s
✉s❛❞♦s ❡ ✜①❛♥❞♦ ❛s ✈❛r✐á✈❡✐s lti ❡ hti ❞♦ ♠♦❞♦ ❝♦♠♦ ❢♦✐ ❡①♣❧✐❝❛❞♦✱ ♦❜t❡♠✲s❡
❛ ❢♦r♠✉❧❛çã♦✿

♠✐♥ objetivo ✭✸✳✷✽✮

s✳❛ xi + pi ≤ xk + (1− aik)M ∀i, k, i < k ✭✸✳✷✾✮

xk + pk ≤ xi + (1− bik)M ∀i, k, i < k ✭✸✳✸✵✮

yi + ri ≤ yk + (1− cik)M ∀i, k, i < k ✭✸✳✸✶✮

yk + rk ≤ yi + (1− dik)M ∀i, k, i < k ✭✸✳✸✷✮

aik + bik + cik + dik ≥ 1 ∀i, k, i < k ✭✸✳✸✸✮

✷✹



yi + ri ≤ W ∀i ✭✸✳✸✹✮

xi ≥ ei ∀i ✭✸✳✸✺✮

xi + pi ≤ si ∀i ✭✸✳✸✻✮

lxi, hyi, aik, bik, cik, dik ∈ 0, 1 ∀i, k ✭✸✳✸✼✮

xi, yi ≥ 0 ∀i. ✭✸✳✸✽✮

❡♠ q✉❡ pi é ♦ t❛♠❛♥❤♦ ♥♦ ♥❛✈✐♦ i ❡ ri é ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ♥❛✈✐♦
i✳ ❖ ✏♦❜❥❡t✐✈♦✑ s❡rá ❞❡✜♥✐❞♦ ❛❞✐❛♥t❡✳

✸✳✹ ▼♦❞❡❧♦ ♣❛r❛ ♦ ❝❛s♦ ❞❛ ❱❛❧❡

P❛r❛ ❡ss❡ ❝❛s♦✱ ♠❛✐s ❛❧❣✉♠❛s ❛❧t❡r❛çõ❡s ❞❡✈❡♠ s❡r ❢❡✐t❛s✳
❈♦♠♦ ♦ ❝❛✐s t❡♠ ❛♣❡♥❛s ❞♦✐s ❜❡rç♦s ❞❡ ♠❡s♠♦ t❛♠❛♥❤♦ ❡ ❝❛❞❛ ❜❡rç♦

só ❛❝♦♠♦❞❛ ✉♠ ♥❛✈✐♦ ♣♦r ✈❡③✱ ❛ ✈❛r✐á✈❡❧ yi s❡rá ❝❛♥❛❧✐③❛❞❛ ❡ t❡rá ✉♠ ♥♦✈♦
s✐❣♥✐✜❝❛❞♦✿

1 ≤ yi ≤ 2

♦✉ s❡❥❛✱ s❡ yi = 1✱ ❡♥tã♦ ♦ ♥❛✈✐♦ i ❡stá ♥♦ ❜❡rç♦ ✶✱ ❡ s❡ yi = 2✱ ❡♥tã♦ ♦ ♥❛✈✐♦
i ❡stá ♥♦ ❜❡rç♦ ✷✳ ❙❡♥❞♦ ❛ss✐♠✱ ❛ss✉♠❛ ri = 1 ∀i✱ ❥á q✉❡ ❝❛❞❛ ♥❛✈✐♦ ♦❝✉♣❛
❛♣❡♥❛s ✉♠ ❜❡rç♦✱ ❝♦♠♦ ♠♦str❛ ❛ ❋✐❣✉r❛ ✸✳✹✿

❆❧é♠ ❞✐ss♦✱ ♥ã♦ s❡rá ❝♦♥s✐❞❡r❛❞♦ ✉♠ ❧✐♠✐t❡ ❞❡ ❤♦rár✐♦ ❞❡ ♣❛rt✐❞❛ ♣❛r❛ ♦s
♥❛✈✐♦s✳

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

♠✐♥ objetivo ✭✸✳✸✾✮

s✳❛ xi + pi ≤ xk + (1− aik)M ∀i, k, i < k ✭✸✳✹✵✮

xk + pk ≤ xi + (1− bik)M ∀i, k, i < k ✭✸✳✹✶✮

yi + 1 ≤ yk + (1− cik)M ∀i, k, i < k ✭✸✳✹✷✮

yk + 1 ≤ yi + (1− dik)M ∀i, k, i < k ✭✸✳✹✸✮

aik + bik + cik + dik ≥ 1 ∀i, k, i < k ✭✸✳✹✹✮

xi ≥ ei ∀i ✭✸✳✹✺✮

1 ≤ yi ≤ 2 ✭✸✳✹✻✮

aik, bik, cik, dik ∈ 0, 1 ∀i, k ✭✸✳✹✼✮

✷✺





✸✳✺✳✶ ▼✐♥✐♠✐③❛r ♦ ♠❛✐♦r t❡♠♣♦ ❞❡ s❛í❞❛ ❞♦s ♥❛✈✐♦s

❆ ♣r✐♠❡✐r❛ ❢✉♥çã♦✲♦❜❥❡t✐✈♦ ❛♥❛❧✐s❛❞❛ é ♠✐♥✐♠✐③❛r ♦ ♠❛✐♦r t❡♠♣♦ ❞❡ s❛í❞❛
❞♦s ♥❛✈✐♦s✳ P❛r❛ ❝❛❞❛ ♥❛✈✐♦ i✱ ♦ ❤♦rár✐♦ q✉❡ ❞❡✐①❛rá ♦ ❜❡rç♦ é ❞❛❞♦ ♣♦r xi+pi✳
❆ss✐♠ t❡♠♦s ❛ ❢✉♥çã♦✿

♠✐♥ max
i

{xi + pi} . ✭✸✳✺✵✮

❈♦♠♦ ♥ã♦ é ✐♥t❡r❡ss❛♥t❡ tr❛❜❛❧❤❛r ❝♦♠ ✉♠ ♣r♦❜❧❡♠❛ ♥ã♦✲❧✐♥❡❛r✱ ❛ s❡❣✉✐♥t❡
❧✐♥❡❛r✐③❛çã♦ é ❢❡✐t❛✿

♠✐♥ u ✭✸✳✺✶✮

s✳❛ u ≥ xi + pi ∀i. ✭✸✳✺✷✮

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

♥❛✈✐♦ i xi yi

✶ ✷✸ ✷
✷ ✸✵ ✷
✸ ✸✸ ✶
✹ ✹✻ ✶
✺ ✶✷ ✶
✻ ✷✻ ✶
✼ ✺ ✷

◆❛ ❋✐❣✉r❛ ✸✳✺ ♣♦❞❡✲s❡ ✈❡r ❝♦♠♦ ✜❝♦✉ ❡ss❛ ❛❧♦❝❛çã♦✱ ❝♦♠ ✉♠ ót✐♠♦ ❞❡ ✺✷✳
❆ s♦♠❛ ❞♦s t❡♠♣♦s ❞❡ ❡s♣❡r❛ ♥❡ss❡ ❝❛s♦ ❢♦✐ ✹✾✳

✷✼









✸✳✻ ▼♦❞❡❧♦ ❞❡ ❊sq✉❡♠❛t✐③❛çã♦ ❞❡ ◆❛✈✐♦s ❛ ❇❡rç♦s

❆❧é♠ ❞♦ ♠♦❞❡❧♦ ❞❡ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡✱ ❢♦✐ ♣r♦♣♦st♦ t❛♠❜é♠ ✉♠♠♦❞❡❧♦ ❞❡
❡sq✉❡♠❛t✐③❛çã♦ ❡♠ ♠áq✉✐♥❛s ♣❛r❛ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛ ❞❡ ❛❧♦❝❛çã♦ ❞❡ ❜❡rç♦s✳
❖s ♣❛râ♠❡tr♦s ❛q✉✐ sã♦ ♦s ♠❡s♠♦s ✉t✐❧✐③❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡❀ ❛s ✈❛r✐á✈❡✐s
✉t✐❧✐③❛❞❛s s❡rã♦ ❛s s❡❣✉✐♥t❡s✿

zij =

{

1 s❡ ♦ ♥❛✈✐♦ i ❡stá ♥♦ ❜❡rç♦ j✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

aik =

{

1 s❡ ♦ r❡tâ♥❣✉❧♦ i ❡stá à ❡sq✉❡r❞❛ ❞♦ r❡tâ♥❣✉❧♦ k✳
0 ❝❛s♦ ❝♦♥trár✐♦✳

xi = ♣♦s✐çã♦ ❞♦ ✐♥í❝✐♦ ❞♦ ❛t❡♥❞✐♠❡♥t♦ ❞♦ ♥❛✈✐♦ ♥♦ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✳

❆ss✐♠✱ ♦ s❡❣✉✐♥t❡ ♣r♦❜❧❡♠❛ é ♠♦❞❡❧❛❞♦✿

♠✐♥ ♦❜❥❡t✐✈♦ ✭✸✳✺✽✮

s✳❛
∑

j

zij = 1 ∀i ✭✸✳✺✾✮

zij + zkj − aik − aki ≤ 1 ∀i 6= k, j ✭✸✳✻✵✮

xi + pi − (1− aik)M ≤ xk ∀i, k ✭✸✳✻✶✮

zij + zkh + aik + aki ≤ 2 ∀i 6= k, j 6= h ✭✸✳✻✷✮

xi ≥ ei ∀i ✭✸✳✻✸✮

xi ≥ 0 ∀i. ✭✸✳✻✹✮

ai,k, zi,j ∈ {0, 1} ∀i, k, j ✭✸✳✻✺✮

❆ ❘❡str✐çã♦ ✭✸✳✺✾✮ ❣❛r❛♥t❡ q✉❡ ❝❛❞❛ ♥❛✈✐♦ s❡rá ❛❧♦❝❛❞♦ ❡♠ ❛♣❡♥❛s ✉♠
❜❡rç♦✳ ❆ ❘❡str✐çã♦ ✭✸✳✻✵✮ ♠♦str❛ q✉❡ s❡ ♦s ♥❛✈✐♦s i ❡ k ❡stã♦ ♥♦ ♠❡s♠♦ ❜❡rç♦✱
❡♥tã♦ ♦✉ ♦ ♥❛✈✐♦ i ❡stá à ❞✐r❡t❛ ❞♦ ♥❛✈✐♦ k ♦✉ ♦ ❝♦♥trár✐♦ ♦❝♦rr❡✳ ❆ ❘❡str✐çã♦
✭✸✳✻✶✮ ♥ã♦ ♣❡r♠✐t❡ q✉❡ ♦s ♥❛✈✐♦s ❡st❡❥❛♠ s♦❜r❡♣♦st♦s s♦❜r❡ ♦ ❤♦r✐③♦♥t❡ ❞❡
♣❧❛♥❡❥❛♠❡♥t♦✳ ❆ ✭✸✳✻✷✮ r❡❢♦rç❛ q✉❡ ❛ ✈❛r✐á✈❡❧ ai,k só ❡①✐st❡ ♣❛r❛ ♥❛✈✐♦s q✉❡
❡stã♦ ♥♦ ♠❡s♠♦ ❜❡rç♦✳ P♦r ✜♠✱ ❛ ❘❡str✐çã♦ ✭✸✳✻✸✮ ♥ã♦ ♣❡r♠✐t❡ q✉❡ ♦s ♥❛✈✐♦s
s❡❥❛♠ ❛tr❛❝❛❞♦s ❛♥t❡s ❞❡ s✉❛ ❝❤❡❣❛❞❛ ❛♦ ❝❛✐s✳ ❆s ❞✉❛s ú❧t✐♠❛s ❡s♣❡❝✐✜❝❛♠
♦ t✐♣♦ ❞❡ ✈❛r✐á✈❡✐s ✉t✐❧✐③❛❞❛s✳

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

✸✶



❈❛♣ít✉❧♦ ✹

❍❡✉ríst✐❝❛ ❆❧♦❝❛✲❇❡rç♦

❆❧é♠ ❞♦s ❞♦✐s ♠♦❞❡❧♦s ❛♣r❡s❡♥t❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✸✱ t❛♠❜é♠ s❡rá ♣r♦♣♦st❛
✉♠❛ ❤❡✉ríst✐❝❛ ❝♦♠♦ ✉♠❛ ♦♣çã♦ ♠❛✐s rá♣✐❞❛ ♣❛r❛ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛ ❞❡
❛❧♦❝❛çã♦ ❞❡ ❜❡rç♦s✳ ❖s ♣❛râ♠❡tr♦s ✉s❛❞♦s ♣❡❧❛ ❤❡✉ríst✐❝❛ sã♦ ♦s ♠❡s♠♦s✿ ei
é ♦ ❤♦rár✐♦ ❞❡ ❝❤❡❣❛❞❛ ❡ pi ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ♥❛✈✐♦ i✳ ❆ ♣r✐♠❡✐r❛
❛çã♦ ❛ s❡r ❢❡✐t❛ é ❝♦❧♦❝❛r ♦s ♥❛✈✐♦s ❡♠ ♦r❞❡♠ ❝r❡s❝❡♥t❡ ❞❡ ❤♦rár✐♦ ❞❡ ♣❛rt✐❞❛
✭wi = ei + pi✮✳ ❊♥tã♦ sã♦ ❝r✐❛❞❛s ❞✉❛s ❧✐st❛s ✈❛③✐❛s✱ ✉♠❛ r❡♣r❡s❡♥t❛♥❞♦ ♦
❇❡rç♦ ✶ ❡ ♦✉tr❛ ♦ ❇❡rç♦ ✷✳ ❚❛♠❜é♠ ❞❡✈❡ s❡r ❝r✐❛❞♦ ✉♠ ✈❡t♦r L ❡♠ q✉❡
♥❛ ♣♦s✐çã♦ j é ❛r♠❛③❡♥❛❞❛ ❛ s♦♠❛ ❞♦ t❡♠♣♦ ❞❡ ❛t❡♥❞✐♠❡♥t♦ ❞♦ ❇❡rç♦ j

✭j = 1, 2✮✳
◆♦ P❛ss♦ k ❞♦ ❛❧❣♦r✐t♠♦ ✭q✉❛♥❞♦ ♦ k✲és✐♠♦ ♥❛✈✐♦ ❞❡✈❡ s❡r ❛❧♦❝❛❞♦ ❛ ✉♠

❜❡rç♦✮ ✈❡r✐✜❝❛✲s❡ q✉❛❧ ❜❡rç♦ ♣♦ss✉✐ ♦ ♠❡♥♦r t❡♠♣♦ t♦t❛❧ ❞❡ ❛t❡♥❞✐♠❡♥t♦✳
❙❡ L(1) < L(2)✱ ❡♥tã♦ ♦ ◆❛✈✐♦ k é ❛❧♦❝❛❞♦ ♥♦ ❇❡rç♦ ✶ ❡ L(1) é ❛t✉❛❧✐③❛❞♦
♣❛r❛ L(1) + p(k)✳ ❈❛s♦ ❝♦♥trár✐♦✱ ♦ ◆❛✈✐♦ k é ❛❧♦❝❛❞♦ ♥♦ ❇❡rç♦ ✷ ❡ L(2)
é ❛t✉❛❧✐③❛❞♦ ♣❛r❛ L(2) + p(k)✳ ❊ss❡ ♣r♦❝❡❞✐♠❡♥t♦ é ❢❡✐t♦ ❛té q✉❡ t♦❞♦s ♦s
♥❛✈✐♦s s❡❥❛♠ ❛tr✐❜✉í❞♦s ❛ ✉♠ ❜❡rç♦✳ ❆ss✐♠✱ ❛♦ ✜♥❛❧ ♣♦❞❡rá s❡r ❝❛❧❝✉❧❛❞♦ ❛
s♦♠❛ ❞♦s t❡♠♣♦s ❞❡ ❡s♣❡r❛✳

✸✷



❞❛❞♦s ♦s ✈❡t♦r❡s p ❡ e

❝❛❧❝✉❧❡ w = p ✰ e ❡ ❝♦❧♦q✉❡ ❡♠ ♦r❞❡♠ ❝r❡s❝❡♥t❡
✐♥✐❝✐❛❧✐③❡ L = [0, 0]✱ ❇❡rç♦ ✶ = {} ❡ ❇❡rç♦ ✷ = {}
♣❛r❛ ❝❛❞❛ ♥❛✈✐♦ k ❡♠ w ♦r❞❡♥❛❞♦
✖ s❡ L(1) < L(2)
✖✖ ❡♥tã♦ ❇❡rç♦ ✶ = ❇❡r❝♦ ✶ ∪ {navio(k)}❀
✖✖ L(1) = L(1)+ p(navio(k))
✖ ❝❛s♦ ❝♦♥trár✐♦
✖✖ ❇❡rç♦ ✷ = ❇❡r❝♦✷ ∪ {navio(k)}❀
✖✖ L(2) = L(2)+ p(navio(k))
✖ ✜♠
✜♠

❊①❡♠♣❧♦✿ ❈♦♥s✐❞❡r❡ ♦s ❞❛❞♦s ❞♦ ❡①❡♠♣❧♦ ♥♦ ❈❛♣ít✉❧♦ ✸✳ ❈❛❧❝✉❧❛♥❞♦
wi = ei + pi✿

w =





















19
44
40
34
25
28
23





















❡ ♦r❞❡♥❛♥❞♦✱ ♦❜té♠✲s❡ ♦ s❡❣✉✐♥t❡ ✈❡t♦r✿

w̄ =





















19 (navio1)
23 (navio7)
25 (navio5)
28 (navio6)
34 (navio4)
40 (navio3)
44 (navio2)





















◆♦ ✐♥í❝✐♦✱ ❇❡rç♦ ✶ = {}✱ ❇❡rç♦ ✷ = {} ❡ L = [0, 0]✳ ❖ ♣r✐♠❡✐r♦ ♥❛✈✐♦ é
❛❧♦❝❛❞♦ ♥♦ ❜❡rç♦ ✷✳ ❉❛í✿

❇❡rç♦ ✶ = {}

✸✸



❇❡rç♦ ✷ = {1}

L = [0, 7]

❊♠ s❡❣✉✐❞❛✱ ❝♦♠♦ L(1) < L(2)✱ ♦ ♥❛✈✐♦ ✼ é ❛❧♦❝❛❞♦ ♥♦ ❜❡rç♦ ✶ ❡✿

❇❡rç♦ ✶ = {7}

❇❡rç♦ ✷ = {1}

L = [18, 7]

❆ ❝❛❞❛ ♣❛ss♦ ❞♦ ❛❧❣♦r✐t♠♦ t❡♠✲s❡✿

❇❡rç♦ ✶ = {7}

❇❡rç♦ ✷ = {1, 5}

L = [18, 21]

❇❡rç♦ ✶ = {7, 6}

❇❡rç♦ ✷ = {1, 5}

L = [25, 21]

❇❡rç♦ ✶ = {7, 6}

❇❡rç♦ ✷ = {1, 5, 4}

L = [25, 27]

❊ ♥♦ ✜♥❛❧ ♦ r❡s✉❧t❛❞♦ é ❞❛❞♦ ♣♦r✿

❇❡rç♦ ✶ = {7, 6, 3}

❇❡rç♦ ✷ = {1, 5, 4}

L = [38, 27]

❊ ♥♦ ✜♥❛❧ ♦ r❡s✉❧t❛❞♦ é ❞❛❞♦ ♣♦r✿

✸✹



❇❡rç♦ ✶ = {7, 6, 3}

❇❡rç♦ ✷ = {1, 5, 4, 2}

L = [38, 49]

❡ ❛ s♦♠❛ ❞♦s t❡♠♣♦s ❞❡ ❡s♣❡r❛ ❞♦s ✼ ♥❛✈✐♦s ❢♦✐ ✸✺✳

✹✳✶ ❍❡✉ríst✐❝❛ ❋✐rst ❈♦♠❡✱ ❋✐rst ❙❡r✈❡ ✭❋❈❋❙✮

❖ ♣♦rt♦ q✉❡ ❡stá s❡♥❞♦ tr❛❜❛❧❤❛❞♦ ❛q✉✐ ✉t✐❧✐③❛ ♦ ♣r✐♥❝í♣✐♦ ❋✐rst ❈♦♠❡✱
❋✐rst ❙❡r✈❡ ♣❛r❛ ❛ ❛tr✐❜✉✐çã♦ ❞❡ s❡✉s ♥❛✈✐♦s ♥♦s ❞♦✐s ❜❡rç♦s✿ ♦ ♣r✐♠❡✐r♦ ♥❛✈✐♦
❛ ❝❤❡❣❛r é ♦ ♣r✐♠❡✐r♦ ❛ s❡r ❛❧♦❝❛❞♦ ❛♦ ❜❡rç♦ q✉❡ ❡st✐✈❡r ❧✐✈r❡✳ ➱ ✐♥t❡r❡ss❛♥t❡
✐♠♣❧❡♠❡♥t❛r ❡ss❡ ❛❧❣♦r✐t♠♦ ♣❛r❛ q✉❡ s❡❥❛ ♣♦ssí✈❡❧ ❝♦♠♣❛r❛r ♦s r❡s✉❧t❛❞♦s
❞♦s ♠♦❞❡❧♦s ❡ ❞❛ ❤❡✉ríst✐❝❛ ❝♦♠ ❛ ❡str❛té❣✐❛ ❞❡ ❛❧♦❝❛çã♦ q✉❡ t❡♠ s✐❞♦ ✉s❛❞♦
♣❡❧❛ ❱❛❧❡✳

P❛r❛ t❛♥t♦✱ ❜❛st❛ ❢❛③❡r ✉♠❛ s✐♠♣❧❡s ♠♦❞✐✜❝❛çã♦ ♥♦ ❛❧❣♦r✐t♠♦ ❞❛ ❤❡✉rís✲
t✐❝❛ ❛♣r❡s❡♥t❛❞❛ ❛♥t❡r✐♦r♠❡♥t❡✿ ❞❛❞♦s ei ❡ pi✱ ♦s ♥❛✈✐♦s ❞❡✈❡♠ s❡r ❝♦❧♦❝❛❞♦s
❡♠ ♦r❞❡♠ ❝r❡s❝❡♥t❡ ❞❡ ❤♦rár✐♦ ❞❡ ❝❤❡❣❛❞❛✳ ❙❡❥❛ v = [e p]✳

❊①❡♠♣❧♦✿

v =





















12 7
22 22
27 13
28 6
11 14
21 7
5 18





















❖r❞❡♥❛❞♦ v t❡♠✲s❡✿

v̄ =





















5 18 (navio7)
11 14 (navio5)
12 7 (navio1)
21 7 (navio6)
22 22 (navio2)
27 13 (navio3)
28 6 (navio4)





















✸✺



❆ss✐♠✱ ♦ ❝❡♥ár✐♦ ❝♦♠ ✼ ♥❛✈✐♦s ✉t✐❧✐③❛❞♦ ♥♦ ✐♥í❝✐♦ ❞♦ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t❛ ♦
s❡❣✉✐♥t❡ r❡s✉❧t❛❞♦✿

❇❡rç♦ ✶ = {}

❇❡rç♦ ✷ = {7}

L = [0, 18]

❇❡rç♦ ✶ = {5}

❇❡rç♦ ✷ = {7}

L = [14, 18]

❇❡rç♦ ✶ = {5, 1}

❇❡rç♦ ✷ = {7}

L = [21, 18]

❇❡rç♦ ✶ = {5, 1}

❇❡rç♦ ✷ = {7, 6}

L = [21, 25]

❇❡rç♦ ✶ = {5, 1, 2}

❇❡rç♦ ✷ = {7, 6}

L = [43, 25]

❇❡rç♦ ✶ = {5, 1, 2}

❇❡rç♦ ✷ = {7, 6, 3}

L = [43, 38]

✸✻



❇❡rç♦ ✶ = {5, 1, 2}

❇❡rç♦ ✷ = {7, 6, 3, 4}

L = [43, 44]

❡ ❛ s♦♠❛ ❞♦s t❡♠♣♦s ❞❡ ❡s♣❡r❛ ❞♦s ✼ ♥❛✈✐♦s ❢♦✐ ✹✸✳ P♦❞❡✲s❡ ♥♦t❛r q✉❡ ♦
r❡s✉❧t❛❞♦ ❢♦✐ ♠❛✐♦r q✉❡ ♦ t❡♠♣♦ ❡♥❝♦♥tr❛❞♦ ♣❡❧❛ ❍❡✉ríst✐❝❛ ❆❧♦❝❛✲❇❡rç♦✳

✸✼



❈❛♣ít✉❧♦ ✺

❊①♣❡r✐♠❡♥t♦s ❈♦♠♣✉t❛❝✐♦♥❛✐s

❈♦♠ ❜❛s❡ ♥♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ❛s ❞✐❢❡r❡♥t❡s ❢✉♥çõ❡s✲♦❜❥❡t✐✈♦✱ ♥♦t❛✲
s❡ q✉❡ ♦ ♠❛✐s ✐♠♣♦rt❛♥t❡ ❡❝♦♥♦♠✐❝❛♠❡♥t❡ é ♠✐♥✐♠✐③❛r ❛ s♦♠❛ ❞♦s t❡♠♣♦s
❞❡ ❡s♣❡r❛✱ ♣♦✐s ❛❧❣✉♥s ♣♦rt♦s ♣❛❣❛♠ ♠✉❧t❛ ❝❛s♦ ♦ ❛t❡♥❞✐♠❡♥t♦ ❞❡ ✉♠ ♥❛✈✐♦
❞❡♠♦r❡ ♠✉✐t♦ ❛ s❡r ❡❢❡t✉❛❞♦✳ ❙❡♥❞♦ ❛ss✐♠✱ s❡rã♦ ❡st✉❞❛❞♦s ❝♦♠♦ ♦s ❞♦✐s
♠♦❞❡❧♦s ❡ ❛s ❞✉❛s ❤❡✉ríst✐❝❛s ❢❛③❡♠ ❛ ❛❧♦❝❛çã♦ ❞♦s ♥❛✈✐♦s ♣❛r❛ ❞✐❢❡r❡♥t❡s
❝❡♥ár✐♦s✳

Pr♦❜❧❡♠❛s ❞❡ ❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s s❡rã♦ ❝♦♥s✐❞❡r❛❞♦s✿ ✶✵✱ ✶✺✱ ✷✵✱ ✷✺✱ ✸✵✱
✸✺ ❡ ✹✵ ♥❛✈✐♦s✱ ❡ ♣❛r❛ ❝❛❞❛ ✉♠ ❞❡ss❡s t❛♠❛♥❤♦s s❡rã♦ ❣❡r❛❞♦s ✶✵ ❝❡♥ár✐♦s✳ ❖s
❤♦rár✐♦s ❞❡ ❝❤❡❣❛❞❛ ❞♦s ♥❛✈✐♦s ❢♦r❛♠ ❣❡r❛❞♦s ❝♦♠ ❜❛s❡ ❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦
✉♥✐❢♦r♠❡ ❡♥tr❡ [0, 25] ❡ ♦s t❡♠♣♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❢♦r❛♠ ❣❡r❛❞♦s ♣♦r ✉♠❛
❞✐str✐❜✉✐çã♦ ❜✐♥♦♠✐❛❧ ❝♦♠ ✶✻ t❡♥t❛t✐✈❛s ❡ p = 0.5✱ ❛♠❜♦s ❣❡r❛❞♦s ♥♦ ▼❛t❧❛❜✳

❆ ❞✐str✐❜✉✐çã♦ ✉♥✐❢♦r♠❡ é ✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s ❝♦♥tí♥✉❛
❡♠ q✉❡ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s❡ ❣❡r❛r q✉❛❧q✉❡r ♣♦♥t♦ ❡♠ ✉♠ ✐♥t❡r✈❛❧♦ ❝♦♥t✐❞♦
♥♦ ❡s♣❛ç♦ ❛♠♦str❛❧ é ♣r♦♣♦r❝✐♦♥❛❧ ❛♦ t❛♠❛♥❤♦ ❞♦ ✐♥t❡r✈❛❧♦ [α, β]✳ ❙✉❛ ❢✉♥çã♦
❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ é ❞❛❞❛ ♣♦r✿

f(x) =

{

1

β−α
♣❛r❛ α ≤ x ≤ β

0 ❝❛s♦ ❝♦♥trár✐♦✳

❆ ❞✐str✐❜✉✐çã♦ ❜✐♥♦♠✐❛❧ é ✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞✐s❝r❡t❛ ❞♦
♥ú♠❡r♦ ❞❡ s✉❝❡ss♦s ❡♠ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ n ❡①♣❡r✐♠❡♥t♦s ✐♥❞❡♣❡♥❞❡♥t❡s ❞♦
t✐♣♦ s✐♠✴♥ã♦✱ ❝❛❞❛ ✉♠ ❞❡❧❡s ❝♦♠ ✉♠❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s✉❝❡ss♦ p✳ ❙✉❛ ❢✉♥çã♦
♣r♦❜❛❜✐❧✐❞❛❞❡ é✿

✸✽



P (X = k) =

(

n

k

)

pk(1− p)n−k.

❖s ✈❛❧♦r❡s ❡♥❝♦♥tr❛❞♦s ♣❛r❛ ❛ ❢✉♥çã♦✲♦❜❥❡t✐✈♦ ✭s♦♠❛ ❞♦s t❡♠♣♦s ❞❡ ❡s✲
♣❡r❛✮ ❝♦♠ ●▲P❑ ❡ ❝♦♠ ❈P▲❊❳ ✭✈❡rsã♦ ✶✷✳✺✮ s❡rã♦ ❝♦♠♣❛r❛❞♦s ♣❛r❛ ❛♠❜♦s
♠♦❞❡❧♦s✱ ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ❡ ❞♦ ♣r♦❜❧❡♠❛ ❞❡
❡sq✉❡♠❛t✐③❛çã♦ q✉❛♥❞♦ ✉t✐❧✐③❛♠♦s ♦ ❈P▲❊❳✳ ❊♠ ❝❛❞❛ ❝❡♥ár✐♦ ❢♦✐ ❡s❝♦❧❤✐❞♦
♦ ♠♦❞❡❧♦ ❝✉❥❛ ❢✉♥çã♦✲♦❜❥❡t✐✈♦ r❡t♦r♥♦✉ ♦ ♠❡❧❤♦r ✈❛❧♦r✱ ♦ q✉❛❧ ❢♦✐ ❝♦♠♣❛r❛❞♦
❝♦♠ ❛s ❤❡✉ríst✐❝❛s✳ ❖ ❝r✐tér✐♦ ❞❡ ♣❛r❛❞❛ ♣❛r❛ ❛ ❡①❡❝✉çã♦ ❞♦s ♣r♦❜❧❡♠❛s
♥♦s s♦❧✈❡rs ❢♦✐ ♦ t❡♠♣♦✱ ❧✐♠✐t❛❞♦ ❡♠ ✶ ❤♦r❛✳ ❖ ❝♦♠♣✉t❛❞♦r ✉t✐❧✐③❛❞♦ ♣❛r❛
❛ ❡①❡❝✉çã♦ ❢♦✐ ✉♠ ❉❡❧❧ ■♥s♣✐r♦♥ ✶✹❩ ❝♦♠ ♣r♦❝❡ss❛❞♦r ■♥t❡❧ ❈♦r❡ ■✺✲✸✸✸✼❯
✶✳✽✵●❍③✱ ♠❡♠ór✐❛ ❘❆▼ ❞❡ ✻●❇ ❡ ✉♠ ❍❉ ❞❡ ✺✵✵ ●❇✳

✺✳✶ ❈❡♥ár✐♦s ❝♦♠ ✶✵ ♥❛✈✐♦s

P❛r❛ ❡ss❡s ❝❡♥ár✐♦s✱ ♦ ♠♦❞❡❧♦ ❞❡ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ♦❜t❡✈❡ ✷✻✻ r❡str✐çõ❡s
❡ ✷✵✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✶✾✵ sã♦ ✐♥t❡✐r❛s✳ ❏á ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦
❞❡ ♠áq✉✐♥❛s ♦❜t❡✈❡ ✹✾✶ r❡str✐çõ❡s ❡ ✶✸✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✶✷✵ sã♦ ✐♥t❡✐r❛s✳

◆❛ ❚❛❜❡❧❛ ✺✳✶ ❡stã♦ ♦s ✈❛❧♦r❡s ót✐♠♦s ♦❜t✐❞♦s ♣❛r❛ ✶✵ ❝❡♥ár✐♦s ❝♦♠ ✶✵
♥❛✈✐♦s✳ ❆q✉✐ ♦ ✈❛❧♦r ót✐♠♦ ❢♦✐ ❛t✐♥❣✐❞♦ ❡♠ t♦❞♦s ♦s ❝❡♥ár✐♦s q✉❛♥❞♦ ♦ ♣r♦✲
❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ é ❡①❡❝✉t❛❞♦ ♥♦ ●▲P❑ ❡ ♥♦ ❈P▲❊❳ ❡ ♦ ♣r♦❜❧❡♠❛
❞❡ ❝♦rt❡ ♥♦ ❈P▲❊❳✳ P❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ♥♦ ●▲P❑✱ ❛♣❡♥❛s ♦ ❝❡♥ár✐♦
✼ ❛t✐♥❣✐✉ ♦ ót✐♠♦ ❛♥t❡s ❞❡ ✶❤✳

✸✾



❝❡♥ár✐♦ ❝♦rt❡ ●▲P❑ s❝❤❡❞✉❧✐♥❣ ●▲P❑ ❝♦rt❡ ❈P▲❊❳ s❝❤❡❞✉❧✐♥❣ ❈P▲❊❳ ✏❆❧♦❝❛✲❇❡rç♦✑ ❋❈❋❙

✶ ✽✸ ✽✷ ✽✷ ✽✷ ✾✷ ✾✻
✷ ✺✶ ✺✶ ✺✶ ✺✶ ✻✵ ✻✵
✸ ✻✹ ✺✾ ✺✾ ✺✾ ✻✻ ✼✸
✹ ✺✻ ✺✻ ✺✻ ✺✻ ✻✾ ✻✷
✺ ✺✺ ✺✺ ✺✺ ✺✺ ✽✽ ✻✾
✻ ✽✵ ✽✵ ✽✵ ✽✵ ✽✻ ✾✵
✼ ✶✼ ✶✼ ✶✼ ✶✼ ✶✽ ✶✽
✽ ✼✼ ✼✼ ✼✼ ✼✼ ✽✾ ✽✺
✾ ✽✼ ✽✼ ✽✼ ✽✼ ✾✼ ✾✹
✶✵ ✺✻ ✺✺ ✺✺ ✺✺ ✻✸ ✻✼

❚❛❜❡❧❛ ✺✳✶✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ✶✵ ♥❛✈✐♦s✳

✹✵





◆♦s ●rá✜❝♦s ✭❈✮ ❡ ✭❇✮ ❞❛ ❋✐❣✉r❛ ✺✳✶ ♥♦t❛✲s❡ q✉❡ ❛s ❝✉r✈❛s ❡stã♦ s♦❜r❡✲
♣♦st❛s✱ ♣♦✐s ♦ ót✐♠♦ ❢♦✐ ❛t✐♥❣✐❞♦ ❡♠ t♦❞♦s ♦s ❝❛s♦s ❡♠ q✉❡stã♦✳ ◆♦ ●rá✜❝♦
✭❆✮✱ ♠❡s♠♦ s❡♠ ♦t✐♠❛❧✐❞❛❞❡ t❡r s✐❞♦ ❣❛r❛♥t✐❞❛ ♥❛ ❡①❡❝✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡
❝♦rt❡ ♥♦ ●▲P❑✱ é ♣♦ssí✈❡❧ ✈❡r q✉❡ ✐ss♦ ♥ã♦ ♦❝♦rr❡✉ ❞❡ ❢❛t♦ ❡♠ ❛♣❡♥❛s ✉♠
❝❡♥ár✐♦✳ ❈♦♠♦ ♦ ♠♦❞❡❧♦ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ❛t✐♥❣✐✉ ❛ ♦t✐♠❛❧✐❞❛❞❡ ❡♠ t♦❞♦s
♦s ❝❡♥ár✐♦s✱ ♥❛ ❋✐❣✉r❛ ✭❉✮ ♦❜s❡r✈❛✲s❡ q✉❡ ❛s ❤❡✉ríst✐❝❛s ♦❜t✐✈❡r❛♠ r❡s✉❧t❛✲
❞♦s ♣✐♦r❡s✳ ❆❧é♠ ❞✐ss♦✱ ❡♠ ✻✵✪ ❞♦s ❝❡♥ár✐♦s ❛ ❤❡✉ríst✐❝❛ ❢♦✐ ♠❡❧❤♦r ❞♦ q✉❡
❋❈❋❙✳

✺✳✷ ❈❡♥ár✐♦s ❝♦♠ ✶✺ ♥❛✈✐♦s

P❛r❛ ❡ss❡s ❝❡♥ár✐♦s✱ ♦ ♠♦❞❡❧♦ ❞❡ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ♦❜t❡✈❡ ✺✽✻ r❡str✐çõ❡s
❡ ✹✺✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✹✸✺ sã♦ ✐♥t❡✐r❛s✳ ❏á ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦
❞❡ ♠áq✉✐♥❛s ♦❜t❡✈❡ ✶✶✶✶ r❡str✐çõ❡s ❡ ✷✼✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✷✺✺ sã♦ ✐♥t❡✐r❛s✳

◆❛ t❛❜❡❧❛ ✺✳✷ ❡stã♦ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦s ❝❡♥ár✐♦s ❝♦♠ ✶✺ ♥❛✈✐♦s✳
❊♠ ♥❡♥❤✉♠ ❝❛s♦ ❤♦✉✈❡ ❣❛r❛♥t✐❛ ❞❡ ♦t✐♠❛❧✐❞❛❞❡ ❞❡♣♦✐s ❞❡ ✶❤✳

❝❡♥ár✐♦ ❝♦rt❡ ●▲P❑ s❝❤❡❞✉❧✐♥❣ ●▲P❑ ❝♦rt❡ ❈P▲❊❳ s❝❤❡❞✉❧✐♥❣ ❈P▲❊❳ ✏❆❧♦❝❛✲❇❡rç♦✑ ❋❈❋❙

✶ ✷✼✼ ✷✷✷ ✷✷✵ ✷✶✷ ✷✹✹ ✷✻✵
✷ ✷✷✻ ✷✶✶ ✷✵✸ ✷✵✸ ✷✸✶ ✷✻✵
✸ ✶✼✶ ✶✺✽ ✶✺✸ ✶✹✼ ✶✼✹ ✶✽✾
✹ ✷✼✼ ✷✼✹ ✷✻✼ ✷✻✸ ✸✷✺ ✸✵✻
✺ ✷✵✸ ✷✶✶ ✶✽✾ ✶✽✾ ✷✶✾ ✷✷✸
✻ ✷✶✽ ✷✶✼ ✷✵✼ ✷✵✼ ✷✸✷ ✷✸✽
✼ ✷✹✽ ✷✸✼ ✷✷✻ ✷✷✺ ✷✽✵ ✷✼✺
✽ ✶✼✽ ✶✼✵ ✶✻✷ ✶✻✵ ✶✾✾ ✷✵✶
✾ ✷✹✹ ✷✹✵ ✷✸✷ ✷✸✵ ✷✻✽ ✷✻✾
✶✵ ✷✹✹ ✷✹✵ ✷✸✾ ✷✸✽ ✷✺✸ ✷✺✼

❚❛❜❡❧❛ ✺✳✷✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ✶✺ ♥❛✈✐♦s✳

✹✷





❖ ●rá✜❝♦ ✭❈✮ ♥❛ ❋✐❣✉r❛ ✺✳✷ ♠♦str❛ q✉❡✱ ❛♣❡s❛r ❞❡ ♥ã♦ ❛t✐♥❣✐r ✈❛❧♦r❡s
ót✐♠♦s✱ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ❡ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛
❞❡ s❝❤❡❞✉❧✐♥❣ ♥♦ ❈P▲❊❳ ❢♦r❛♠ ♠✉✐t♦ ♣ró①✐♠♦s✳ ◆♦s ●rá✜❝♦s ✭❆✮ ❡ ✭❇✮
❝♦♥❝❧✉✐✲s❡ q✉❡ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ♦ ❈P▲❊❳ é ♠❡❧❤♦r q✉❡ ♦ ●▲P❑
❡♠ t♦❞♦s ♦s ❝❡♥ár✐♦s q✉❡ ❢♦r❛♠ ❣❡r❛❞♦s✳ ❆♦ ❝♦♠♣❛r❛r ♦ ♠❡❧❤♦r ♠♦❞❡❧♦
❝♦♠ ❛s ❤❡✉ríst✐❝❛s✱ ♣♦❞❡✲s❡ ✈❡r ♥❛ ❋✐❣✉r❛ ✭❉✮ q✉❡ ♦ ♠♦❞❡❧♦ ❞❡ ❡sq✉❡♠❛t✐✲
③❛çã♦ é s❡♠♣r❡ ♠❡❧❤♦r ❞♦ q✉❡ ❛♠❜❛s ❤❡✉ríst✐❝❛s ❡ q✉❡ ❋❈❋❙ s❡♠♣r❡ ♦❜t❡✈❡
r❡s✉❧t❛❞♦s ♣✐♦r❡s✳

✺✳✸ ❈❡♥ár✐♦s ❝♦♠ ✷✵ ♥❛✈✐♦s

P❛r❛ ❡ss❡s ❝❡♥ár✐♦s✱ ♦ ♠♦❞❡❧♦ ❞❡ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ♦❜t❡✈❡ ✶✵✶✶ r❡str✐çõ❡s
❡ ✽✵✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✼✽✵ sã♦ ✐♥t❡✐r❛s✳ ❏á ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦
❞❡ ♠áq✉✐♥❛s ♦❜t❡✈❡ ✶✾✻✶ r❡str✐çõ❡s ❡ ✹✻✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✹✹✵ sã♦ ✐♥t❡✐r❛s✳

❆❜❛✐①♦ ♣♦❞❡✲s❡ ❛♥❛❧✐s❛r ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s q✉❛♥❞♦ ♦s ♣r♦❜❧❡♠❛s sã♦
❡①❡❝✉t❛❞♦s ♣❛r❛ ❞✐❢❡r❡♥t❡s ❝❡♥ár✐♦s ♣❛r❛ ✷✵ ♥❛✈✐♦s✳ ◆♦✈❛♠❡♥t❡ ❡♠ ✶ ❤♦r❛
♥ã♦ ❢♦✐ ♦❜t✐❞❛ ❛ s♦❧✉çã♦ ót✐♠❛ ❡ ♥♦ ●▲P❑ ❡♠ ✉♠ ❝❡♥ár✐♦ ♥ã♦ ❢♦✐ ♣♦ss✐✈❡❧
❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡✳

❝❡♥ár✐♦ ❝♦rt❡ ●▲P❑ s❝❤❡❞✉❧✐♥❣ ●▲P❑ ❝♦rt❡ ❈P▲❊❳ s❝❤❡❞✉❧✐♥❣ ❈P▲❊❳ ✏❆❧♦❝❛✲❇❡rç♦✑ ❋❈❋❙
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◆❛ ❝♦♠♣❛r❛çã♦ ❞♦ ●rá✜❝♦ ✭❈✮ ❞❛ ❋✐❣✉r❛ ✺✳✸ ❝♦♥❝❧✉✐✲s❡ q✉❡♠ ❡♠ ✻✵✪
❞♦s ❝❡♥ár✐♦s ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ♦❜t❡✈❡ r❡s✉❧t❛❞♦s ♠❡❧❤♦r❡s ♣❛r❛
❛ ❢✉♥çã♦✲♦❜❥❡t✐✈♦✳ ◗✉❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ é r❡s♦❧✈✐❞♦✱ ♦ ❈P▲❊❳ ❛♣r❡✲
s❡♥t♦✉ ✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r ❡♠ t♦❞♦s ♦s ❝❡♥ár✐♦s✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦
♥♦ ●r❛✜❝♦ ✭❆✮✳ ❏á ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦✱ ♥♦ ●rá✜❝♦ ✭❇✮ é ❢á❝✐❧
✈❡r q✉❡ ❡♠ ❛♣❡♥❛s ✉♠ ❝❡♥ár✐♦ ♦ ●▲P❑ ❡♥❝♦♥tr♦✉ ✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r✳ ◆♦
●rá✜❝♦ ✭❉✮✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♦ ♠❡❧❤♦r ♠♦❞❡❧♦ s❡♠♣r❡ ❢♦✐ ♠❡❧❤♦r ❞♦ q✉❡ ❛s
❤❡✉ríst✐❝❛s ❡ ❡♠ ♣♦✉❝♦s ❝❛s♦s ❋❈❋❙ ❢♦✐ ♠❡❧❤♦r ❞♦ q✉❡ ❛ ❤❡✉ríst✐❝❛✳

✺✳✹ ❈❡♥ár✐♦s ❝♦♠ ✷✺ ♥❛✈✐♦s

P❛r❛ ❡ss❡s ❝❡♥ár✐♦s✱ ♦ ♠♦❞❡❧♦ ❞❡ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ♦❜t❡✈❡ ✶✺✼✻ r❡str✐çõ❡s
❡ ✶✷✺✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✶✷✷✺ sã♦ ✐♥t❡✐r❛s✳ ❏á ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐✲
③❛çã♦ ❞❡ ♠áq✉✐♥❛s ♦❜t❡✈❡ ✸✵✼✻ r❡str✐çõ❡s ❡ ✼✵✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✻✼✺ sã♦
✐♥t❡✐r❛s✳

◆❛ ❚❛❜❡❧❛ ✺✳✹ ❡stã♦ ♦s r❡s✉❧t❛❞♦s ♣❛r❛ ♦s ❝❡♥ár✐♦s ❝♦♠ ✷✺ ♥❛✈✐♦s✳ P❛r❛
❡ss❡ t❛♠❛♥❤♦✱ ❡♠ ♥❡♥❤✉♠ ❝❛s♦ ♦ ót✐♠♦ ❢♦✐ ❛t✐♥❣✐❞♦ ❡ ❡♠ ✹ ❝❡♥ár✐♦s ♥ã♦ ❢♦✐
♣♦ss✐✈❡❧ ♦❜t❡r ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ♥♦ ●▲P❑ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡✳ P❛r❛
❛♥❛❧✐s❛r ❣r❛✜❝❛♠❡♥t❡ ♦s ❝❛s♦s ✐♥❢❛❝tí✈❡✐s✱ ❢♦✐ ❛tr✐❜✉í❞♦ ✉♠ ✈❛❧♦r ❛❧t♦ ♣❛r❛ ❛
❢✉♥çã♦✲♦❜❥❡t✐✈♦ ✭♣♦r ✈♦❧t❛ ❞❡ ✷✵✪ ❛❝✐♠❛ ❞♦ ♠❛✐♦r ✈❛❧♦r ♦❜t✐❞♦✮✳

❝❡♥ár✐♦ ❝♦rt❡ ●▲P❑ s❝❤❡❞✉❧✐♥❣ ●▲P❑ ❝♦rt❡ ❈P▲❊❳ s❝❤❡❞✉❧✐♥❣ ❈P▲❊❳ ✏❆❧♦❝❛✲❇❡rç♦✑ ❋❈❋❙
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◆♦ ●rá✜❝♦ ✭❈✮ ❞❛ ❋✐❣✉r❛ ✺✳✹ ♥♦t❛✲s❡ q✉❡ ❡♠ ✽✵✪ ❞♦s ❝❡♥ár✐♦s ♦ ♣r♦❜❧❡♠❛
❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ♦❜t❡✈❡ ✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r ♦✉ ✐❣✉❛❧ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡✳
❏á ♥♦s ●rá✜❝♦s ✭❆✮ ❡ ✭❇✮ ✈❡r✐✜❝❛✲s❡ q✉❡ ♦ ❈P▲❊❳ ♦❜t❡✈❡ s♦❧✉çõ❡s ♠❡❧❤♦r❡s
♣❛r❛ t♦❞♦s ♦s ❝❡♥ár✐♦s ❡♠ ❛♠❜❛s ♠♦❞❡❧❛❣❡♥s✳ ◗✉❛♥❞♦ ♦ ♠❡❧❤♦r ♠♦❞❡❧♦
é ❝♦♠♣❛r❛❞♦ ❝♦♠ ❛s ❤❡✉ríst✐❝❛s ♥♦ ●rá✜❝♦ ✭❉✮✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛ ♠❡❧❤♦r
s♦❧✉çã♦ é s❡♠♣r❡ ❛ ❞♦ ♠♦❞❡❧♦✱ s❡❣✉✐❞❛ ❞❛ ❤❡✉ríst✐❝❛ ❡ ♣♦r ú❧t✐♠♦ ❞❛ s♦❧✉çã♦
♦❜t✐❞❛ ♣❡❧♦ ❋❈❋❙✳

✺✳✺ ❈❡♥ár✐♦s ❝♦♠ ✸✵ ♥❛✈✐♦s

P❛r❛ ❡ss❡s ❝❡♥ár✐♦s✱ ♦ ♠♦❞❡❧♦ ❞❡ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ♦❜t❡✈❡ ✷✷✻✻ r❡str✐çõ❡s
❡ ✶✽✵✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✶✼✼✵ sã♦ ✐♥t❡✐r❛s✳ ❏á ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐✲
③❛çã♦ ❞❡ ♠áq✉✐♥❛s ♦❜t❡✈❡ ✹✹✹✶ r❡str✐çõ❡s ❡ ✾✾✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✾✻✵ sã♦
✐♥t❡✐r❛s✳

◆❛ ❚❛❜❡❧❛ ✺✳✺ ❡stã♦ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦s ❝❡♥ár✐♦s ❝♦♠ ✸✵ ♥❛✈✐♦s✳

❝❡♥ár✐♦ ❝♦rt❡ ●▲P❑ s❝❤❡❞✉❧✐♥❣ ●▲P❑ ❝♦rt❡ ❈P▲❊❳ s❝❤❡❞✉❧✐♥❣ ❈P▲❊❳ ✏❆❧♦❝❛✲❇❡rç♦✑ ❋❈❋❙
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◆♦ ❈P▲❊❳✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ r❡t♦r♥♦✉ ✈❛❧♦r❡s ❞❡ ❢✉♥çã♦
♦❜❥❡t✐✈♦ ♠❡❧❤♦r ♦✉ ✐❣✉❛❧ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ❡♠ ✻✵✪ ❞♦s ❝❡♥ár✐♦s✱ ❝♦♠♦
♠♦str❛❞♦ ♥♦ ●rá✜❝♦ ✭❈✮ ❞❛ ❋✐❣✉r❛ ✺✳✺✳ ◆♦s ●rá✜❝♦s ✭❆✮ ❡ ✭❇✮ ♥♦t❛✲s❡
q✉❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❈P▲❊❳ é s❡♠♣r❡ ♠❡❧❤♦r t❛♥t♦ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ❝♦rt❡
q✉❛♥t♦ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦✳ ❖ ●rá✜❝♦ ✭❉✮ ♠♦str❛ q✉❡ ♦ ♠❡❧❤♦r
♠♦❞❡❧♦ s❡♠♣r❡ ♦❜t❡✈❡ ✉♠ r❡s✉❧t❛❞♦ ♠❡❧❤♦r ❞♦ q✉❡ ❛s ❤❡✉ríst✐❝❛s✳

✺✳✻ ❈❡♥ár✐♦s ❝♦♠ ✸✺ ♥❛✈✐♦s

P❛r❛ ❡ss❡s ❝❡♥ár✐♦s✱ ♦ ♠♦❞❡❧♦ ❞❡ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ♦❜t❡✈❡ ✸✵✽✶ r❡str✐çõ❡s
❡ ✷✹✺✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✷✹✶✺ sã♦ ✐♥t❡✐r❛s✳ ❏á ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛✲
çã♦ ❞❡ ♠áq✉✐♥❛s ♦❜t❡✈❡ ✻✵✺✻ r❡str✐çõ❡s ❡ ✶✸✸✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✶✷✾✺ sã♦
✐♥t❡✐r❛s✳

❖s r❡s✉❧t❛❞♦s ♣❛r❛ t♦❞♦s ♦s ❝❡♥ár✐♦s ❝♦♠ ✸✺ ♥❛✈✐♦s ❡stã♦ ♥❛ ❚❛❜❡❧❛ ✺✳✻✳
◆♦✈❛♠❡♥t❡ ❛ ♦t✐♠❛❧✐❞❛❞❡ ♥ã♦ ❢♦✐ ❛t✐♥❣✐❞❛ ❡♠ ♥❡♥❤✉♠ ❝❡♥ár✐♦✱ ❡ ♣❛r❛ ♦
♠♦❞❡❧♦ ❞❡ ❝♦rt❡ ♥♦ ●▲P❑ ❡♠ ✷ ❝❡♥ár✐♦s ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ♦❜t❡r ✉♠❛ s♦❧✉çã♦
❢❛❝tí✈❡❧ ❡♠ ✶ ❤♦r❛✳

❝❡♥ár✐♦ ❝♦rt❡ ●▲P❑ s❝❤❡❞✉❧✐♥❣ ●▲P❑ ❝♦rt❡ ❈P▲❊❳ s❝❤❡❞✉❧✐♥❣ ❈P▲❊❳ ✏❆❧♦❝❛✲❇❡rç♦✑ ❋❈❋❙

✶ ✸✶✶✽ ✷✸✼✺ ✶✼✷✶ ✶✼✶✶ ✶✾✷✺ ✶✾✽✸
✷ ✷✻✹✹ ✷✷✻✻ ✶✻✻✵ ✶✻✺✹ ✶✽✼✽ ✶✾✺✾
✸ ✹✺✵✺ ✷✵✼✹ ✶✻✽✽ ✶✼✶✶ ✶✾✷✻ ✶✾✻✷
✹ ✸✼✸✹ ✷✵✹✶ ✶✺✻✽ ✶✺✼✵ ✶✽✷✸ ✶✾✷✷
✺ ✐♥❢❛❝tí✈❡❧ ✷✶✶✹ ✶✻✽✸ ✶✻✸✸ ✶✼✾✽ ✶✽✸✶
✻ ✸✹✼✽ ✷✶✶✸ ✶✻✺✾ ✶✻✼✶ ✶✾✵✸ ✶✾✾✾
✼ ✸✷✷✸ ✷✷✾✺ ✶✺✺✾ ✶✺✹✸ ✶✽✵✻ ✶✾✶✽
✽ ✸✹✶✺ ✷✸✼✺ ✶✼✼✼ ✶✽✵✶ ✷✵✵✹ ✷✵✶✹
✾ ✸✺✶✺ ✷✸✻✾ ✶✼✾✹ ✶✼✺✻ ✶✽✽✽ ✶✽✾✽
✶✵ ✐♥❢❛❝tí✈❡❧ ✷✷✵✻ ✶✼✶✵ ✶✻✼✵ ✶✾✹✶ ✶✾✽✼

❚❛❜❡❧❛ ✺✳✻✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ✸✺ ♥❛✈✐♦s✳

✺✵





❖❜s❡r✈❛♥❞♦ ♦ ●rá✜❝♦ ✭❈✮ ❞❛ ❋✐❣✉r❛ ✺✳✻✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ❡♠ ✻✵✪ ❞♦s
❝❡♥ár✐♦s ♥♦ ❈P▲❊❳ ♦ ♠♦❞❡❧♦ ❞❡ s❝❤❡❞✉❧✐♥❣ ♦❜t❡✈❡ ✉♠❛ s♦❧✉çã♦ ❝♦♠ ✈❛❧♦r ❞❛
❢✉♥çã♦✲♦❜❥❡t✐✈♦ ♠❡❧❤♦r✳ ◆♦s ●rá✜❝♦s ✭❆✮ ❡ ✭❇✮ t❡♠✲s❡ q✉❡ ♥♦✈❛♠❡♥t❡ q✉❡
♦ ❈P▲❊❳ ♦❜t❡✈❡ s♦❧✉çõ❡s ♠✉✐t♦ ♠❡❧❤♦r❡s ♣❛r❛ t♦❞♦s ♦s ❝❡♥ár✐♦s ♦s ♠♦❞❡❧♦s
❞❡ ❝♦rt❡ ❡ ❡sq✉❡♠❛t✐③❛çã♦✳ P❡❧♦ ●rá✜❝♦ ✭❉✮✱ ♦ ♣✐♦r r❡s✉❧t❛❞♦ ❢♦✐ ❞❡ ❋❈❋❙✱
s❡❣✉✐❞♦ ❞❛ ❤❡✉ríst✐❝❛ ❡✱ ❡♥tã♦✱ ❞♦ ♠❡❧❤♦r ♠♦❞❡❧♦✳

✺✳✼ ❈❡♥ár✐♦s ❝♦♠ ✹✵ ♥❛✈✐♦s

P❛r❛ ❡ss❡s ❝❡♥ár✐♦s✱ ♦ ♠♦❞❡❧♦ ❞❡ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ♦❜t❡✈❡ ✹✵✷✶ r❡str✐çõ❡s
❡ ✸✷✵✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✸✶✻✵ sã♦ ✐♥t❡✐r❛s✳ ❏á ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛✲
çã♦ ❞❡ ♠áq✉✐♥❛s ♦❜t❡✈❡ ✼✾✷✶ r❡str✐çõ❡s ❡ ✶✼✷✵ ✈❛r✐á✈❡✐s✱ ❞❛s q✉❛✐s ✶✻✽✵ sã♦
✐♥t❡✐r❛s✳

P❛r❛ ♦s ❝❡♥ár✐♦s ❝♦♠ ✹✵ ♥❛✈✐♦s✱ ♦s r❡s✉❧t❛❞♦s ❡stã♦ ♥❛ ❚❛❜❡❧❛ ✺✳✼✳ ▼❛✐s
✉♠❛ ✈❡③ ♦ ót✐♠♦ ♥ã♦ ❢♦✐ ❛t✐♥❣✐❞♦ ❡♠ ♥❡♥❤✉♠ ❝❛s♦ ❡ ❡♠ ✸ ❝❡♥ár✐♦s ♦ ♠♦❞❡❧♦
❞❡ ❝♦rt❡ ♥ã♦ ❡♥❝♦♥tr♦✉ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ❡♠ ✶ ❤♦r❛✳

✺✷



❝❡♥ár✐♦ ❝♦rt❡ ●▲P❑ s❝❤❡❞✉❧✐♥❣ ●▲P❑ ❝♦rt❡ ❈P▲❊❳ s❝❤❡❞✉❧✐♥❣ ❈P▲❊❳ ✏❆❧♦❝❛✲❇❡rç♦✑ ❋❈❋❙

✶ ✐♥❢❛❝tí✈❡❧ ✸✸✸✵ ✷✵✽✺ ✷✶✶✻ ✷✷✻✷ ✷✸✷✷
✷ ✐♥❢❛❝tí✈❡❧ ✸✹✶✸ ✷✸✻✾ ✷✸✾✼ ✷✻✺✺ ✷✼✼✵
✸ ✺✵✷✸ ✸✹✵✵ ✷✷✻✹ ✷✶✻✼ ✷✸✽✷ ✷✹✻✵
✹ ✐♥❢❛❝tí✈❡❧ ✸✵✺✻ ✷✶✸✷ ✷✶✸✷ ✷✸✷✽ ✷✹✷✵
✺ ✹✸✼✻ ✸✺✶✻ ✷✷✾✼ ✷✷✺✾ ✷✹✾✼ ✷✺✼✽
✻ ✺✵✶✸ ✸✶✹✹ ✷✷✻✺ ✷✷✶✼ ✷✺✺✼ ✷✻✼✸
✼ ✺✹✻✾ ✸✶✺✶ ✷✷✼✻ ✷✷✷✶ ✷✺✽✸ ✷✻✶✶
✽ ✹✼✼✽ ✷✽✷✾ ✷✶✻✶ ✷✶✽✷ ✷✹✽✼ ✷✺✽✾
✾ ✹✾✵✼ ✷✾✻✷ ✷✷✾✽ ✷✸✵✾ ✷✺✹✼ ✷✻✸✸
✶✵ ✺✹✾✼ ✸✵✻✽ ✷✷✷✾ ✷✶✻✹ ✷✺✵✻ ✷✺✾✺

❚❛❜❡❧❛ ✺✳✼✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ✹✵ ♥❛✈✐♦s✳

✺✸





❈♦♠♣❛r❛♥❞♦ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ ❡ ❞♦ ♠♦❞❡❧♦ ❞❡ ❡s✲
q✉❡♠❛t✐③❛çã♦ ♥♦ ❈P▲❊❳ ♥♦t❛✲s❡ ♣❡❧♦ ●rá✜❝♦ ✭❈✮ ❞❛ ❋✐❣✉r❛ ✺✳✼ q✉❡ ❡♠
✻✵✪ ❞♦s ❝❡♥ár✐♦s ♦ s❡❣✉♥❞♦ ♦❜t❡✈❡ ♣❛r❛ ❛ ❢✉♥çã♦✲♦❜❥❡t✐✈♦ ✉♠ ✈❛❧♦r ♠❡❧❤♦r
♦✉ ✐❣✉❛❧ ❞♦ q✉❡ ♦ ♣r✐♠❡✐r♦✳ ❚❛♥t♦ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ❝♦rt❡ q✉❛♥t♦ ♣❛r❛ ♦
♠♦❞❡❧♦ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ✈❡♠♦s ♥♦s ●rá✜❝♦s ✭❆✮ ❡ ✭❇✮ q✉❡ ♦ ❈P▲❊❳ ❡♥✲
❝♦♥tr♦✉ s♦❧✉çõ❡s ♠❡❧❤♦r❡s✳ ❈♦♠♣❛r❛♥❞♦ ♦ ♠❡❧❤♦r ♠♦❞❡❧♦ ❝♦♠ ❛s ❤❡✉ríst✐❝❛s✱
♥♦✈❛♠❡♥t❡ ♥♦ ●rá✜❝♦ ✭❉✮ é ♠♦str❛❞♦ q✉❡ ❡ss❡ ❢♦✐ ♠❡❧❤♦r q✉❡ ❛ ❤❡✉ríst✐❝❛✳

✺✺



❈❛♣ít✉❧♦ ✻

❈♦♥❝❧✉sã♦

❖ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ❞♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ ❢♦✐ ♦ Pr♦❜❧❡♠❛ ❞❡ ❆❧♦❝❛çã♦ ❞❡
❇❡rç♦s✿ q✉❛❧ ❛ ♠❡❧❤♦r ♠❛♥❡✐r❛ ❞❡ ❛❧♦❝❛r ♦s ♥❛✈✐♦s q✉❡ ❝❤❡❣❛♠ ❛♦ t❡r♠✐✲
♥❛❧ ❞❡ ♠♦❞♦ ❛ ♠✐♥✐♠✐③❛r ♦ t❡♠♣♦ ❞❡ ❡s♣❡r❛ ❞❡ss❡s✳ ❆♣ós ✉♠ ❛❜r❛♥❣❡♥t❡
❡st✉❞♦ s♦❜r❡ ❛s ✈❛r✐❛çõ❡s q✉❡ ❡stã♦ ❞✐s♣♦♥í✈❡✐s ♥❛ ❧✐t❡r❛t✉r❛✱ ❞♦✐s ♠♦❞❡❧♦s
♠❛t❡♠át✐❝♦s ❢♦r❛♠ ❛❞❛♣t❛❞♦s ❡ ✉♠❛ ❤❡✉ríst✐❝❛ ❢♦✐ ❝♦♥str✉í❞❛✳ ❖ ♣r✐♠❡✐r♦
♠♦❞❡❧♦ ❢♦✐ ❛❞❛♣t❛❞♦ ❛ ♣❛rt✐r ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❝♦rt❡ tr✐✲❞✐♠❡♥s✐♦♥❛❧✳ ❖
s❡❣✉♥❞♦ é ❜❛s❡❛❞♦ ❡♠ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ❡sq✉❡♠❛t✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s✳ ❆
❤❡✉ríst✐❝❛ ❛❧♦❝❛ ♦s ♥❛✈✐♦s ❝♦♥s✐❞❡r❛♥❞♦ q✉❛❧ ❜❡rç♦ ❡stá ❝♦♠ ✉♠ ❤♦r✐③♦♥t❡
❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ♠❡♥♦r✳ ❆❧é♠ ❞✐ss♦✱ ♣❛r❛ ✜♥s ❞❡ ❝♦♠♣❛r❛çã♦✱ t❛♠❜é♠ ❢♦✐
✐♠♣❧❡♠❡♥t❛❞♦ ♦ ♠ét♦❞♦ ❋✐rst ❈♦♠❡✱ ❋✐rst ❙❡r✈❡ ✭❋❈❋❙ ✮✱ q✉❡ é ✉t✐❧✐③❛❞♦ ♥❛
♣rát✐❝❛ ♥♦ t❡r♠✐♥❛❧✳

❖s ♣❛râ♠❡tr♦s ❞❡ ❤♦rár✐♦ ❞❡ ❝❤❡❣❛❞❛ ❡ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦s
♥❛✈✐♦s ❢♦r❛♠ ❣❡r❛❞♦s ❡ ✉s❛❞♦s ♣❛r❛ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛ ♣♦r ❡ss❡s três ♠ét♦✲
❞♦s✳ ❖s ❞♦✐s ♠♦❞❡❧♦s ❢♦r❛♠ ❡①❡❝✉t❛❞♦s ✉s❛♥❞♦ t❛♥t♦ ♦ ●▲P❑ q✉❛♥t♦ ♦
❈P▲❊❳✱ ❡ ❢♦✐ ✉s❛❞♦ ❝♦♠♦ ❧✐♠✐t❛♥t❡ ♦ t❡♠♣♦✱ ❡st✐♣✉❧❛❞♦ ❡♠ ✶ ❤♦r❛ ❞❡ ❡①❡✲
❝✉çã♦✳

❆ ♦t✐♠❛❧✐❞❛❞❡ só ❢♦✐ ❣❛r❛♥t✐❞❛ ♣❛r❛ ♦s ❝❡♥ár✐♦s ❝♦♠ ✶✵ ♥❛✈✐♦s✳ P❡❧♦s
❣rá✜❝♦s ❡ t❛❜❡❧❛s ❛♣r❡s❡♥t❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✺✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❈P▲❊❳ ❢♦✐
♥♦t❛✈❡❧♠❡♥t❡ ♠❡❧❤♦r ♣❛r❛ ❛♠❜♦s ♠♦❞❡❧♦s✱ ❛♣r❡s❡♥t❛❞♦ ♦ ♠❡❧❤♦r r❡s✉❧t❛❞♦ ❞❡
❢✉♥çã♦✲♦❜❥❡t✐✈♦ ✭♠❡s♠♦ s❡♠ ❣❛r❛♥t✐❛ ❞❡ ♦t✐♠❛❧✐❞❛❞❡✮✳ ❊♠ ❛❧❣✉♥s ❝❡♥ár✐♦s✱
♦ ●▲P❑ ♥ã♦ ❝♦♥s❡❣✉✐✉ s❡q✉❡r ♦❜t❡r ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ❞❡♥tr♦ ❞♦ t❡♠♣♦
❡st✐♣✉❧❛❞♦✳ ◗✉❛♥❞♦ ♦s ♠♦❞❡❧♦s ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s✱ ❛ ❞✐❢❡r❡♥ç❛ ❛♣r❡s❡♥t❛❞❛
❢♦✐ ♣❡q✉❡♥❛✱ ♠❛s ❡♠ ♣♦✉❝♦ ♠❛✐s ❞❛ ♠❡t❛❞❡ ❞♦s ❝❛s♦s ♦ ♠♦❞❡❧♦ ❞❡ ❡sq✉❡♠❛✲
t✐③❛çã♦ r❡t♦r♥♦✉ ✉♠ ✈❛❧♦r ♠❡❧❤♦r ♣❛r❛ ❛ ❢✉♥çã♦✲♦❜❥❡t✐✈♦ ♠✐♥✐♠✐③❛❞❛✳

❉❡♣♦✐s ❞♦ r❡s✉❧t❛❞♦ ❞♦ ♠♦❞❡❧♦✱ ❡stá ♦ r❡s✉❧t❛❞♦ ♦❜t✐❞♦ ♣❡❧❛ ❤❡✉ríst✐❝❛✳

✺✻



❚❛♠❜é♠ é ♣♦ssí✈❡❧ ✈❡r q✉❡ ♦ ❋❈❋❙ ❡♠ q✉❛s❡ t♦❞❛s ❛s ✈❡③❡s ❢♦✐ ♦ ♠ét♦❞♦
q✉❡ t❡✈❡ ♦ ♣✐♦r r❡s✉❧t❛❞♦✳ ❉❡ ♠♦❞♦ ❣❡r❛❧✱ ♣♦❞❡✲s❡ ❝♦♥❝❧✉✐r q✉❡ ✉♠❛ ♠❛♥❡✐r❛
♠❛✐s ❡✜❝❛③ ❞❡ ❢❛③❡r ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❛s ♦♣❡r❛çõ❡s ❞❡ ❛tr❛❝❛çã♦ ♥♦ t❡r♠✐♥❛❧
❢♦✐ ♦❜t✐❞❛✳

❆q✉✐ ❛♣❡♥❛s ❢♦✐ ♣r♦❝✉r❛❞❛ ✉♠❛ ♠❛♥❡✐r❛ ♠❛✐s ❡✜❝✐❡♥t❡ ❞❡ ♦r❣❛♥✐③❛r ♦
❤♦rár✐♦ ❡ ❛ ♣♦s✐çã♦ ❞❡ ❛tr❛❝❛çã♦ ❞♦s ♥❛✈✐♦s ❛♦ ❧♦♥❣♦ ❞♦ ❝❛✐s✳ ◆♦ ❝❛s♦ ❞♦
❚❡r♠✐♥❛❧ ❞❡ Pr❛✐❛ ▼♦❧❡✱ ❛s ♦♣❡r❛çõ❡s ♣♦rt✉ár✐❛s ❞s ❱❛❧❡ ✈ã♦ ❛❧é♠ ❞✐ss♦✳ ❯♠
♣❧❛♥❡❥❛♠❡♥t♦ ♠❛✐s ❛❜r❛♥❣❡♥t❡ ❡♥✈♦❧✈❡ t❛♠❜é♠ ❜✉s❝❛r ♦t✐♠✐③❛r ♦ ❢✉♥❝✐♦♥❛✲
♠❡♥t♦ ❞❛s ❡st❡✐r❛s q✉❡ tr❛♥s♣♦rt❛♠ ♦ ❝❛r✈ã♦ ❛té ♦s ♣át✐♦s ❞❡ ❡st♦❝❛❣❡♠ ❡ ❛
❢♦r♠❛çã♦ ❞♦s tr❡♥s q✉❡ ❧❡✈❛rã♦ ♦ ❝❛r✈ã♦ ❛té s❡✉ ❞❡st✐♥♦ ✜♥❛❧✳

✺✼



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❬✶❪ ❆♥❞r❛❞❡✱ ❍✳ ❘✳ ❇✳ ❆♥á❧✐s❡ ❞♦ Pát✐♦ ❋❡rr♦✈✐ár✐♦ ❞❡ ❚✉❜❛rã♦ ♥♦ ❛t❡♥❞✐✲
♠❡♥t♦ ❛♦ ❈❛r✈ã♦✳ ❉✐ss❡rt❛çã♦ ❞❡ ♠❡str❛❞♦✳✱ ✷✵✵✽✳

❬✷❪ ❇✐❡r✇✐rt❤✱ ❈✳✱ ▼❡✐s❡❧✱ ❋✳ ❆ s✉r✈❡② ♦❢ ❜❡rt❤ ❛❧❧♦❝❛t✐♦♥ ❛♥❞ q✉❛② ❝r❛♥❡
s❝❤❡❞✉❧✐♥❣ ♣r♦❜❧❡♠ ✐♥ ❝♦♥t❛✐♥❡r t❡r♠✐♥❛❧s✳ ❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧ ♦❢ ❖♣❡r❛✲
t✐♦♥s ❘❡s❡❛r❝❤ ✷✵✷✭✸✮✿ ✻✶✺✲✻✷✼✱ ✷✵✶✵✳

❬✸❪ ❇✉❤r❦❛❧✱ ❑✳✱ ❩✉❣❧✐❛♥✱ ❙✳✱ ❘♦♣❦❡✱ ❙✳✱ ▲❛rs❡♥✱ ❏✳✱ ▲✉s❜②✱ ❘✳ ▼♦❞❡❧s ❢♦r t❤❡
❞✐s❝r❡t❡ ❜❡rt❤ ❛❧❧♦❝❛t✐♦♥ ♣r♦❜❧❡♠✿ ❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❝♦♠♣❛r✐s♦♥✳ ❚r❛♥s✲
♣♦rt❛t✐♦♥ ❘❡s❡❛r❝❤ P❛rt ❊✱ ✷✵✵✾✳

❬✹❪ ❈❤❡♥✱ ▲✳✱ ❇♦st❡❧✱ ◆✳✱ ❉❡❥❛①✱ P✳✱ ❈❛✐✱ ❏✳✱ ❳✐✱ ▲✳ ❆ t❛❜✉ s❡❛r❝❤ ❛❧❣♦r✐t❤♠
❢♦r t❤❡ ✐♥t❡❣r❛t❡❞ s❝❤❡❞✉❧✐♥❣ ♣r♦❜❧❡♠ ♦❢ ❝♦♥t❛✐♥❡r ❤❛♥❞❧✐♥❣ s②st❡♠s ✐♥
❛ ♠❛r✐t✐♠❡ t❡r♠✐♥❛❧✳ ❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧ ♦❢ ❖♣❡r❛t✐♦♥ ❘❡s❡❛r❝❤ ✶✽✶ ✭✶✮✳
✹✵✲✺✽✳✱ ✷✵✵✼✳

❬✺❪ ❈❤❡♥✱ ❈✳ ❨✳✱ ❈❤❛♦✱ ❙✳ ▲✳ ❆ t✐♠❡✲s♣❛❝❡ ♥❡t✇♦r❦ ♠♦❞❡❧ ❢♦r ❛❧❧♦❝❛t✐♥❣ ②❛r❞
st♦r❛❣❡ s♣❛❝❡ ❢♦r ❡①♣♦rt ❝♦♥t❛✐♥❡rs ❚r❛♥s♣♦rt❛t✐♦♥ P❧❛♥♥✐♥❣ ❏♦✉r♥❛❧
❱♦❧✳ ✸✸ N0 ✷✳ ✷✷✼✲✷✹✽✱ ✷✵✵✹✳

❬✻❪ ❈❤❡♥✱ ❈✳ ❙✳✱ ▲❡❡✱ ❙✳ ▼✳✱ ❙❤❡♥✱ ◗✳ ❙✳ ❆♥ ❛♥❛❧②t✐❝❛❧ ♠♦❞❡❧ ❢♦r t❤❡ ❝♦♥t❛✐♥❡r
❧♦❛❞✐♥❣ ♣r♦❜❧❡♠✳ ❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧ ♦❣ ❖♣❡r❛t✐♦♥❛❧ ❘❡s❡❛r❝❤ ✽✵ ✭✶✾✾✺✮
✻✾✲✼✻✳

❬✼❪ ❈❤♦✐✱ ❇✳✲❈✳✱ ▲❡❡✱ ❑✳✱ ▲❡✉♥❣✱ ❏ ❨✳ ✲❚✱ P✐♥❡❞♦✱ ▼✳ ▲✳✱ ❇r✐s❦♦r♥✱ ❉✳ ❈♦♥✲
t❛✐♥❡r s❝❤❡❞✉❧✐♥❣✿ ❝♦♠♣❧❡①✐t② ❛♥❞ ❛❧❣♦r✐t❤♠s✳ Pr♦❞✉❝t✐♦♥ ❛♥❞ ❖♣❡r❛✲
t✐♦♥s ▼❛♥❛❣❡♠❡♥t ❱♦❧✳ ✷✶✱ N0 ✶✳ ♣♣✳ ✶✶✺✲✶✷✽✳✱ ✷✵✶✷✳

❬✽❪ ❈r✉③✱ ▼✳ ▼✳ ❈✳✱ ❋❛r✐❛s✱ ❋✳ ◆✳✱ ❙♦✉③❛✱ ❘✳ ●✳✱ ❱❛③✱ ❘✳ ●✳✱ ❙✐❧✈❛✱ ❙✳ ❊st✉❞♦
♣♦r s✐♠✉❧❛çã♦ ❞❛ ♦♣❡r❛çã♦ ❞❡ ❣r❛♥é✐s só❧✐❞♦s ❞♦ P♦rt♦ ❞❡ ❚✉❜❛rã♦✳

✺✽



❬✾❪ ❉❛✐✱❏✳✱ ▲✐♥✱ ❲✳✱ ▼♦♦rt❤②✱ ❘✳✱ ❚❡♦✱ ❈✳✲P✳ ❇❡rt❤ ❛❧❧♦❝❛t✐♦♥ ♣❧❛♥♥✐♥❣ ♦♣t✐✲
♠✐③❛t✐♦♥ ✐♥ ❝♦♥t❛✐♥❡r t❡r♠✐♥❛❧✳ ✷✵✵✹✳

❬✶✵❪ ❋✐♦r♦♥✐✱ ▼✳ ▼✳✱ P♦♠♣❡r♠❛②❡r✱ ❋✳ ▼✳✱ ❋r❛♥③❡s❡✱ ▲✳ ❆✳ ●✳ ❊st✉❞♦ ❡s✲
tr❛té❣✐❝♦ ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❛ ✐♥❢r❛✲❡str✉t✉r❛ ❞♦ ♣át✐♦ ❢❡rr♦✈✐ár✐♦ ❞❡
❚✉❜❛rã♦ ❛tr❛✈és ❞❡ s✐♠✉❧❛çã♦✳ ❳❱■■■ ❈♦♥❣r❡ss♦ ❞❡ P❡sq✉✐s❛ ❡ ❊♥s✐♥♦
❡♠ ❚r❛♥s♣♦rt❡s✳

❬✶✶❪ ●✐❛❧❧♦♠❜❛r❞♦✱ ●✳✱ ▼♦❝❝✐❛✱ ▲✳✱ ❙❛❧❛♥✐✱ ▼✳✱ ❱❛❝❝❛✱ ■✳ ❚❤❡ t❛❝t✐❝❛❧ ❜❡rt❤
❛❧❧♦❝❛t✐♦♥ ♣r♦❜❧❡♠ ✇✐t❤ q✉❛② ❝r❛♥❡ ❛ss✐❣♠❡♥t ❛♥❞ tr❛♥s❤✐♣♠❡♥t✲r❡❧❛t❡❞
q✉❛❞r❛t✐❝ ②❛r❞ ❝♦sts✳ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ❊✉r♦♣❡❛♥ ❚r❛♥s♣♦rt ❈♦♥❢❡r❡♥❝❡
✭❊❚❈✮✱ ♣♣✳ ✶✲✷✼✳✱ ✷✵✵✽✳

❬✶✷❪ ●✉❛♠✱ ❨✳✱ ❈❤❡✉♥❣✱ ❘✳ ❑✳ ❚❤❡ ❜❡rt❤ ❛❧❧♦❝❛t✐♦♥ ♣r♦❜❧❡♠✿ ♠♦❞❡❧s ❛♥❞
s♦❧✉t✐♦♥ ♠❡t❤♦❞s✳ ❖❘ ❙♣❡❝tr✉♠ ✷✻ ✭✶✮ ✼✺✲✾✷✱ ✷✵✵✹✳

❬✶✸❪ ■♠❛✐✱ ❆✳✱ ❈❤❡♥✱ ❍✳ ❈✳✱ ◆✐s❤✐♠✉r❛✱ ❊✳✱ P❛♣❛❞✐♠✐tr✐♦✉✱ ❙✳ ❚❤❡ s✐♠✉❧t❛✲
♥❡♦✉s ❜❡rt❤ ❛♥❞ q✉❛② ❛❧❧♦❝❛t✐♦♥ ♣r♦❜❧❡♠✳ ❚r❛♥s♣♦rt❛t✐♦♥ ❘❡s❡❛r❝❤ P❛rt
❊ ✹✹✭✺✮✳ ✾✾✵✲✾✷✵✳✱ ✷✵✵✽❛✳

❬✶✹❪ ■♠❛✐✱ ❆✳✱ ◆✐s❤✐♠✉r❛✱ ❊✳✱ P❛♣❛❞✐♠✐tr✐♦✉ ❙✳ ❚❤❡ ❞②♥❛♠✐❝ ❜❡rt❤ ❛❧❧♦❝❛t✐♦♥
♣r♦❜❧❡♠ ❢♦r ❛ ❝♦♥t❛✐♥❡r ♣♦rt✳ ❚r❛♥s♣♦rt❛t✐♦♥ ❘❡s❡❛r❝❤ P❛rt ❇✸✺ ✹✵✶✲
✹✶✼✱ ✷✵✵✶✳

❬✶✺❪ ■♠❛✐✱❆✳✱ ❙✉♥✱ ❳✳✱ ◆✐s❤✐♠✉r❛✱ ❊✳✱ P❛♣❛❞✐♠✐tr✐♦✉✱ ❙✳ ❇❡rt❤ ❛❧❧♦❝❛t✐♦♥ ✐♥ ❛
❝♦♥t❛✐♥❡r ♣♦rt✿ ✉s✐♥❣ ❛ ❝♦♥t✐♥✉♦✉s ❧♦❝❛t✐♦♥ s♣❛❝❡ ❛♣♣r♦❛❝❤✳ ❚r❛♥s♣♦rt❛✲
t✐♦♥ ❘❡s❡❛r❝❤ P❛rt ❇ ✸✾ ✭✸✮✱ ✶✾✾✲✷✷✶✱ ✷✵✵✺✳

❬✶✻❪ ■♠❛✐✱ ❆✳✱ ❩❤❛♥❣✱ ❏✳ ❚✳✱ ◆✐s❤✐♠✉r❛✱ ❊✳✱ P❛♣❛❞✐♠✐tr✐♦✉✱ ❙✳ ❚❤❡ ❜❡rt❤
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✇❛r♥✐♥❣ ♦✛
❝❧❡❛r
❛rq✉✐✈♦ = ✐♥♣✉t✭✬❆rq✉✐✈♦ ❞❡ ❙❛✐❞❛ ❄ ✬ ✮❀
✜❞ = ❢♦♣❡♥✭❛rq✉✐✈♦✱✬✇✬✮❀
♣ = ❬ ❪❀
❡ = ❬ ❪❀
✇ = ♣ + ❡❀
[✇✱■❪ = s♦rt✭✇✮❀
♥ = ❀
♠ = ✷❀
▲ = ❬✵✱ ✵❪❀
❜❡r❝♦✶ = ❬ ❪❀
❜❡r❝♦✷ = ❬ ❪❀
❢♦r ✐ = ✶✿♥
✖ ✐❢ ▲✭✶✮ < ▲✭✷✮
✖✖ ❜❡r❝♦✶ = ❬ ❜❡r❝♦✶ ■✭✐✮ ❪❀
✖✖ ▲✭✶✮ =▲✭✶✮ + ♣✭■✭✐✮✮❀
✖ ❡❧s❡
✖✖ ❜❡r❝♦✷ = ❬ ❜❡r❝♦✷ ■✭✐✮ ❪❀
✖✖ ▲✭✷✮ = ▲✭✷✮ + ♣✭■✭✐✮✮❀
✖ ❡♥❞
❡♥❞
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t = ❬ ❪❀
♥✶ = ❧❡♥❣t❤✭❜❡r❝♦✶✮❀
♥✷ = ❧❡♥❣t❤✭❜❡r❝♦✷✮❀
t❡♠♣♦✶ = ✵❀
❢♣r✐♥t❢✭ ✜❞✱✬ ❆❧♦❝❛❝❛♦ ♥♦ ❇❡r❝♦ ✶ ✬✮❀
❢♣r✐♥t❢✭ ✜❞✱✬ ◆❛✈✐♦ ❈❤❡❣❛❞❛ ■♥✐❝✐♦ Pr♦❝❡ss❛♠❡♥t♦ ✬✮❀
❢♦r ✐ ❂ ✶✿♥✶
✖ t❡♠♣♦✶ = ♠❛①✭ t❡♠♣♦✶✱ ❡✭❜❡r❝♦✶✭✐✮✮ ✮❀
✖ t✭ ❜❡r❝♦✶✭✐✮ ✮ = t❡♠♣♦✶❀
✖ ❢♣r✐♥t❢✭ ✜❞✱❜❡r❝♦✶✭✐✮✱❡✭❜❡r❝♦✶✭✐✮✮✱t❡♠♣♦✶✱♣✭❜❡r❝♦✶✭✐✮✮✮❀
✖ t❡♠♣♦✶ = t❡♠♣♦✶ + ♣✭ ❜❡r❝♦✶✭✐✮ ✮❀
❡♥❞
t❡♠♣♦✷ = ✵❀
❢♣r✐♥t❢✭ ✜❞✱✬ ❆❧♦❝❛❝❛♦ ♥♦ ❇❡r❝♦ ✷ ✬✮❀
❢♣r✐♥t❢✭ ✜❞✱✬ ◆❛✈✐♦ ❈❤❡❣❛❞❛ ■♥✐❝✐♦ Pr♦❝❡ss❛♠❡♥t♦ ✬✮❀
❢♦r ✐ = ✶✿♥✷
✖ t❡♠♣♦✷ = ♠❛①✭ t❡♠♣♦✷✱ ❝✭❜❡r❝♦✷✭✐✮✮ ✮❀
✖ t✭ ❜❡r❝♦✷✭✐✮ ✮ = t❡♠♣♦✷❀
✖ ❢♣r✐♥t❢✭ ✜❞✱❜❡r❝♦✷✭✐✮✱❡✭❜❡r❝♦✷✭✐✮✮✱t❡♠♣♦✷✱♣✭❜❡r❝♦✷✭✐✮✮✮❀
✖ t❡♠♣♦✷ = t❡♠♣♦✷ ✰ ♣✭ ❜❡r❝♦✷✭✐✮ ✮❀
❡♥❞
❢♣r✐♥t❢✭ ✜❞✱✬ ❚❡♠♣♦ ✜♥❛❧ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♥♦ ❇❡r❝♦ ✶✿
✬✱t❡♠♣♦✶✮❀
❢♣r✐♥t❢✭ ✜❞✱✬ ❚❡♠♣♦ ✜♥❛❧ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♥♦ ❇❡r❝♦ ✷✿
✬✱t❡♠♣♦✷✮❀
❡s♣❡r❛ = t − ❡❀
❡s♣❡r❛ t♦t❛❧ = s✉♠✭❡s♣❡r❛✮❀ ❢♣r✐♥t❢✭ ✜❞✱✬ ❊s♣❡r❛ t♦t❛❧ ✿
✬✱❡s♣❡r❛ t♦t❛❧✮❀
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