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➪r❡❛ ❞❡ ❈♦♥❝❡♥tr❛çã♦

❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ Pr♦❝❡ss♦s ◗✉í♠✐❝♦s

▼♦❞❡❧❛❣❡♠ ❚r✐❞✐♠❡♥s✐♦♥❛❧

❞❛ ❉✐s♣❡rsã♦ ❞❡ P♦❧✉❡♥t❡s ❡♠ ❘✐♦s

❆✉t♦r✿ ❊♥❣✳ ▼ár❝✐♦ ❇❡③❡rr❛ ▼❛❝❤❛❞♦

❖r✐❡♥t❛❞♦r✿ Pr♦❢✳ ❉r✳ ❏♦sé ❘♦❜❡rt♦ ◆✉♥❤❡③ ✕ ❯♥✐❝❛♠♣
❈♦✲♦r✐❡♥t❛❞♦r✿ Pr♦❢✳ ❉r✳ ❊❞s♦♥ ❚♦♠❛③ ✕ ❯♥✐❝❛♠♣

❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦ ❛♣r❡s❡♥t❛❞❛ à ❋❛❝✉❧❞❛❞❡ ❞❡
❊♥❣❡♥❤❛r✐❛ ◗✉í♠✐❝❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡

❈❛♠♣✐♥❛s ❝♦♠♦ ♣❛rt❡ ❞♦s r❡q✉✐s✐t♦s ❡①✐❣✐❞♦s ♣❛r❛ ❛
♦❜t❡♥çã♦ ❞♦ tít✉❧♦ ❞❡ ❉♦✉t♦r ❡♠ ❊♥❣❡♥❤❛r✐❛ ◗✉í♠✐❝❛✳

❈❛♠♣✐♥❛s ✕ ❙ã♦ P❛✉❧♦

✻ ❞❡ ♠❛rç♦ ❞❡ ✷✵✵✻





❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦ ❞❡❢❡♥❞✐❞❛ ♣♦r ▼ár❝✐♦ ❇❡③❡rr❛ ▼❛❝❤❛❞♦ ❡ ❛♣r♦✈❛❞❛ ❡♠ ✻
❞❡ ♠❛rç♦ ❞❡ ✷✵✵✻ ♣❡❧❛ ❜❛♥❝❛ ❡①❛♠✐♥❛❞♦r❛ ❝♦♥st✐t✉í❞❛ ♣❡❧♦s ❞♦✉t♦r❡s✿

Pr♦❢✳ ❉r✳ ❏♦sé ❘♦❜❡rt♦ ◆✉♥❤❡③ ✲ ❖r✐❡♥t❛❞♦r

❉P◗✴❋❊◗✴❯♥✐❝❛♠♣

Pr♦❢✳ ❉r✳ ❊❞s♦♥ ❚♦♠❛③ ✲ ❈♦✲♦r✐❡♥t❛❞♦r

❉P◗✴❋❊◗✴❯♥✐❝❛♠♣

Pr♦❢✳ ❉r✳ ❈❧á✉❞✐♦ ❆✉❣✉st♦ ❖❧❧❡r ❞♦ ◆❛s❝✐♠❡♥t♦

❯s♣

❉r✳ ❏♦sé ❊❞✉❛r❞♦ ❇❡✈✐❧❛❝q✉❛

❈❊❚❊❙❇

Pr♦❢✳ ❉r✳ ❏♦sé ❘♦❜❡rt♦ ●✉✐♠❛rã❡s

❋❊❈✴❯♥✐❝❛♠♣

❉r✳ ▲✉✐s ❚❛❞❡✉ ❋✉r❧❛♥

❘❊P▲❆◆✴P❡tr♦❜r❛s

Pr♦❢✳ ❉r✳ ❊✈❡rt♦♥ ▼♦r❛❡s ▼❛t♦s ✭s✉♣❧❡♥t❡✮

❉P◗✴❋❊◗✴❯♥✐❝❛♠♣

Pr♦❢✳ ❉r✳ ❘❡❣✉✐♥❛❧❞♦ ●✉✐r❛r❞❡❧❧♦ ✭s✉♣❧❡♥t❡✮

❉P◗✴❋❊◗✴❯♥✐❝❛♠♣

✐



❊st❡ ❡①❡♠♣❧❛r ❝♦rr❡s♣♦♥❞❡ à ✈❡rsã♦ ✜♥❛❧ ❞❛ ❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦ ❡♠ ❊♥❣❡✲
♥❤❛r✐❛ ◗✉í♠✐❝❛ ❞❡❢❡♥❞✐❞❛ ♣❡❧♦ ❊♥❣✳ ▼ár❝✐♦ ❇❡③❡rr❛ ▼❛❝❤❛❞♦ ❡ ❛♣r♦✈❛❞❛
♣❡❧❛ ❜❛♥❝❛ ❡①❛♠✐♥❛❞♦r❛ ❡♠ ✻ ❞❡ ♠❛rç♦ ❞❡ ✷✵✵✻✳

Pr♦❢✳ ❉r✳ ❏♦sé ❘♦❜❡rt♦ ◆✉♥❤❡③ ✲ ❖r✐❡♥t❛❞♦r

Pr♦❢✳ ❉r✳ ❊❞s♦♥ ❚♦♠❛③ ✲ ❈♦✲♦r✐❡♥t❛❞♦r
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P❛r❛ ❛ ❇✐❛✳

P❛r❛ ♦s ♠❡✉s ♣❛✐s✱

❏♦sé ❡ ●✐❧❝❡✱

❡ ♠❡✉s ✐r♠ã♦s✱

❘♦❜❡rt♦ ❡ ❉❛♥✐❡❧✳

✈



❆❣r❛❞❡❝✐♠❡♥t♦s

●♦st❛r✐❛ ✐♥✐❝✐❛❧♠❡♥t❡ ❞❡ ❛❣r❛❞❡❝❡r ❛♦ ♠❡✉ ♦r✐❡♥t❛❞♦r✱ ♣r♦❢✳ ❏♦sé ❘♦❜❡rt♦
◆✉♥❤❡③✱ ♣❡❧❛ ♦♣♦rt✉♥✐❞❛❞❡ ❞❡ tr❛❜❛❧❤❛r♠♦s ❥✉♥t♦s✱ ♣❡❧❛ ❛♠✐③❛❞❡✱ ❝♦♥s❡❧❤♦s
❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ♣♦r s❡♠♣r❡ t❡r ❝♦♥✜❛❞♦ ♣❧❡♥❛♠❡♥t❡ ❡♠ ♠✐♥❤❛ ❝❛♣❛❝✐❞❛❞❡✳

❇✐❛✱ s❡♠ s❡✉ ❛♣♦✐♦ ❝♦♥st❛♥t❡ ❛ r❡❛❧✐③❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦ t❡r✐❛ s✐❞♦ ♠✉✐t♦
♠❛✐s ❞✐❢í❝✐❧✳ ❖❜r✐❣❛❞♦ ♣♦r s❡✉ ❛♠♦r✱ ❝❛r✐♥❤♦✱ ❛t❡♥çã♦✱ ❞✐s♣♦♥✐❧✐❜✐❞❛❞❡✱ ❝♦♠✲
♣r❡❡♥sã♦ ❡ ♣♦r s❡♠♣r❡ t❡r ❛❝r❡❞✐t❛❞♦ q✉❡ t✉❞♦ ✐r✐❛ ❞❛r ❝❡rt♦✳ ▼✉✐t♦ ♦❜r✐❣❛❞♦
♣♦r t✉❞♦ q✉❡ r❡♣r❡s❡♥t❛ ❡♠ ♠✐♥❤❛ ✈✐❞❛ ❡ ♣♦r ♠❡ ❢❛③❡r ♠✉✐t♦ ❢❡❧✐③✳

❆♦s ♠❡✉s ♣❛✐s ❏♦sé ❡ ●✐❧❝❡✱ ♠❡r❡❝❡❞♦r❡s ❞❡ ♠✐♥❤❛ ❛❞♠✐r❛çã♦ ❡ r❡s✲
♣❡✐t♦✱ ♠❡✉ r❡❢❡r❡♥❝✐❛❧ ❞❡ ❢♦rç❛✱ ❝♦r❛❣❡♠✱ ❞❡t❡r♠✐♥❛çã♦ ❡ ❝❛rát❡r✱ ♥✉♥❝❛ t❡r✐❛
❝❤❡❣❛❞♦ ❛té ❛q✉✐ s❡♠ ♦ ❛♣♦✐♦ ❡ ♦ ❡①❡♠♣❧♦ q✉❡ ✈♦❝ês s❡♠♣r❡ ♠❡ ❞❡r❛♠✳ ❆♦s
♠❡✉s ✐r♠ã♦s ❘♦❜❡rt♦ ❡ ❉❛♥✐❡❧✱ ❡ ❛ ♠✐♥❤❛ ❝✉♥❤❛❞❛ ❘❡♥❛t❛✱ ❝✉❥❛s ♣❛❧❛✈r❛s
❛❧❡❣r❡s ❡ ❛♠✐③❛❞❡ s❡♠♣r❡ ♠❡ ❡♥s✐♥❛r❛♠ ❛ ❡♥❝❛r❛r ❛ ✈✐❞❛ ❞❡ ✉♠❛ ♠❛♥❡✐r❛
♠❡❧❤♦r✳ ▼✉✐t♦ ♦❜r✐❣❛❞♦ ♣♦r t✉❞♦✳ ❚❡♥❤♦ ♠✉✐t♦ ♦r❣✉❧❤♦ ❞❡ ✈♦❝ês✳

❆♦s ♠❡✉s ❛✈ós✱ ❏♦ã♦ ✭✐♥ ♠❡♠♦r✐❛♠✮ ❡ ❙✉❡❧✐✱ P♦♥❝✐❛♥♦ ✭✐♥ ♠❡♠♦r✐❛♠✮ ❡
■❧♠❛✱ ❡ ❊❞✐t❤ ✭✐♥ ♠❡♠♦r✐❛♠✮✱ q✉❡ s❡♠♣r❡ ❡st✐✈❡r❛♠ ♠✉✐t♦ ♣r❡s❡♥t❡s ❞✉r❛♥t❡
t♦❞❛ ❛ ♠✐♥❤❛ ✈✐❞❛ ❡ ♠✉✐t♦ ❝♦♥tr✐❜✉ír❛♠ ♣❛r❛ ♠✐♥❤❛ ❡❞✉❝❛çã♦✳ ❆ t♦❞♦s ♦s
♠❡✉s ❞❡♠❛✐s ❢❛♠✐❧✐❛r❡s✱ ❡♠ ❡s♣❡❝✐❛❧ ❛♦ ♠❡✉ ♣❛❞r✐♥❤♦ ❏♦sé ❆♠✐❧t♦♥✱ ❛♦ ♠❡✉
t✐♦ ❋❧á✈✐♦✱ ❛♦ ❏♦sé ❡ ❛ ▼❛❣❛❧✐✱ ❛ ◆❡❧❞❛✱ ❡ ❛♦s ♠❡✉s ♣r✐♠♦s ❏✉❧✐❛♥❛✱ ❈❛♠✐❧❛
❡ ❊❧✐é③❡r✱ ❡ ●✉st❛✈♦ ❡ ▼✐❧❡♥❛✱ ❞❡✐①♦ ❛q✉✐ ♠❡✉ ♠✉✐t♦ ♦❜r✐❣❛❞♦ ♣❡❧♦ ❛♣♦✐♦✱
❛♠✐③❛❞❡ ❡ ♣❡❧♦s ♠✉✐t♦s ♠♦♠❡♥t♦s ❞❡ ❞❡s❝♦♥tr❛çã♦ q✉❡✱ ♠❡s♠♦ à ❞✐stâ♥❝✐❛✱
s❡♠♣r❡ ❢♦r❛♠ ❢✉♥❞❛♠❡♥t❛✐s ♣❛r❛ ❛ ♠✐♥❤❛ ❢❡❧✐❝✐❞❛❞❡✳

❆ t♦❞❛ ❛ ❢❛♠í❧✐❛ ❞❛ ❇✐❛ q✉❡ s❡♠♣r❡ ♠❡ r❡❝❡❜❡✉ ❝♦♠ ♠✉✐t♦ ❝❛r✐♥❤♦✱ ❡♠
❡s♣❡❝✐❛❧ ❛ ❉é❝✐♦✱ ▼❛r✐❛ ❆❧✐❝❡✱ ▲✐❧✐❛♥❡ ❡ ◆❛tá❧✐❛✳ ▼✉✐t♦ ♦❜r✐❣❛❞♦ ♣❡❧❛ ❛t❡♥çã♦✱
❛♠✐③❛❞❡✱ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✱ ♣❡❧♦s ❛❣r❛❞á✈❡✐s ✜♥❛✐s ❞❡ s❡♠❛♥❛ ❡ t❛♠❜é♠ ♣❡❧❛s
♣❡s❝❛r✐❛s✳

❆♦ ♠❡✉ ❝♦✲♦r✐❡♥t❛❞♦r✱ ♣r♦❢❡ss♦r ❊❞s♦♥ ❚♦♠❛③✱ ❝✉❥♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♥❛
ár❡❛ ❞❡ ❡♥❣❡♥❤❛r✐❛ ❛♠❜✐❡♥t❛❧ ❢♦✐ ❞❡ ❢✉♥❞❛♠❡♥t❛❧ ✐♠♣♦rtâ♥❝✐❛ ❞✉r❛♥t❡ ♦ ❞❡✲
s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❡ tr❛❜❛❧❤♦✳ ●♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝❡r ♣♦r s✉❛ ❞✐s♣♦♥✐❧✐❞❛❞❡✱
❛❥✉❞❛ ❝♦♥st❛♥t❡ ❡ ❝♦♠♣r♦♠❡t✐♠❡♥t♦ ❝♦♠ ❡st❡ ♣r♦❥❡t♦✳

❆ ❖tá✈✐♦ ❈❛✈❛❧❧❡t✱ ❣r❛♥❞❡ ❛♠✐❣♦ ❡ ♣❛r❝❡✐r♦ ❞❡ t♦❞❛s ❛s ❤♦r❛s✱ ♠✉✐t♦
♦❜r✐❣❛❞♦ ♣❡❧❛ ❛♠✐③❛❞❡✱ ❝♦♥✈❡rs❛s ❡ ❛♣♦✐♦✳

✈✐✐



❆s ❛♠✐❣❛s ▲✉❝✐❡❧❡♥✱ ❚❛t✐ ❡ ❱❡r✐✱ ❝✉❥❛ ❛♠✐③❛❞❡ ❝✉❧t✐✈❛♠♦s ❞❡s❞❡ ❛ é♣♦❝❛
❞❛ ❣r❛❞✉❛çã♦✳ ❆ ♣r❡s❡♥ç❛ ❞❡ ✈♦❝ês t♦r♥♦✉ ❡ss❛ ❡t❛♣❛ ❞❡ ♠✐♥❤❛ ✈✐❞❛ ♠✉✐t♦
♠❛✐s ❛❣r❛❞á✈❡❧✳ ❙♦✉ ❣r❛t♦ ♣❡❧❛s ❝♦♥✈❡rs❛s✱ ✐♥❝❡♥t✐✈♦✱ r♦❞❛s ❞❡ ❝❤✐♠❛rrã♦✱
❛❧♠♦ç♦s✱ ❡ ♣❡❧♦ ❛♣♦✐♦✱ q✉❡ ❢♦r❛♠ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡s ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦s
♣r✐♠❡✐r♦s ♠♦♠❡♥t♦s ❛q✉✐ ❡♠ ❈❛♠♣✐♥❛s✳

❆♦s ♠✉✐t♦s ❛♠✐❣♦s q✉❡ ♣❛rt✐❝✐♣❛r❛♠ ❞❡st❛ ❡t❛♣❛ ❞❛ ♠✐♥❤❛ ✈✐❞❛✿ ❈❛♠✐❧❛
P❡✐①♦t♦✱ ❘❛q✉❡❧ ❑✉❤♥✱ ❈❧é❜❡r ❡ ❏✉❧✐❛♥❛✱ ❘♦❞r✐❣♦ ❡ ▼②❧❡♥❡✱ ❉❛♥✐❡❧✐ ❡ ❈❡❧s♦✱
❍é❧✐♦ ✭P❛♥t✉❢❛✮✱ ❈í♥t❤✐❛✱ ❈❛✐ç❛r❛✱ ▼♦r✐❜❡✱ ◆✐rs❡✱ ▼ár❝✐❛✱ ▲❡✐❧❛ ❡ ❊❞✉❛r❞♦✱
●✉st❛✈♦✱ ◆❡❧✐s❛ ❡ ▼❛r✐♥❛✱ ❈❤r✐s ❡ ❘♦❞✐✱ ❊❧✐❛♥❡ ❡ ❉❛♥✐❡❧ ✭◆✐❝❦✮✱ ▲✐♥❡✉ ❡
▲✉❝✐❛♥❛✱ ❏✉❛♥✱ ❖❞❛❝✐r✱ ❏❡✛❡rs♦♥ ❈♦rrê❛✱ ❘❛❢❛❡❧ P✐♠❡♥t❡❧✱ ❱❛♥❡ss❛ ▼♦❝❤✐✱
❱❛❧t❡r ❙❤✐♠✉r❛ ❡ ❑❛r✐♥❛ ❙✐❧✈❡✐r❛✳ ❖❜r✐❣❛❞♦ ♣❡❧❛ ❛♠✐③❛❞❡ q✉❡ s❡♠♣r❡ ❝♦♠✲
♣❛rt✐❧❤❛♠♦s✱ ♣❡❧❛ ❛❥✉❞❛ ♥♦s ♠♦♠❡♥t♦s ❞❡ ♥❡❝❡ss✐❞❛❞❡✱ ❡ ♣❡❧♦s ♠♦♠❡♥t♦s ❞❡
❞❡s❝♦♥tr❛çã♦ ❡ ❛❧❡❣r✐❛ q✉❡ ❧❡✈❛r❡✐ ♣❛r❛ s❡♠♣r❡ ❝♦♠✐❣♦✳

❆♦ ❛♠✐❣♦ ▼❛t❡✉s ❋✉r❧❛♥✱ ♣❡❧♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛ ❡♠
❱✐s✉❛❧ ❇❛s✐❝✳

❆♦s ❛♠✐❣♦s ❑❡❧❡rs♦♥ ❡ ❈❡❝í❧✐❛✱ ♣♦r ♠✉✐t♦ t❡r❡♠ ♠❡ ❛❥✉❞❛❞♦ ♥❛s ❡t❛♣❛s
✐♥✐❝✐❛✐s ❞❡st❡ tr❛❜❛❧❤♦✳

❆♦s ❛♠✐❣♦s ❞♦ ▲❛❜♦r❛tór✐♦ ❞❡ ❋❧✉✐❞♦ ❉✐♥â♠✐❝❛ ❈♦♠♣✉t❛❝✐♦♥❛❧✿ ❇r✉♥♦
❆❜❞❛❧❧❛✱ ❊r✐❝❦ ▼❛rt✐♥s✱ P❛✉❧❛ ▼❡r✐❣✉❡✱ ❏❡✛❡rs♦♥ ●r❛♥❣❡✐r♦✱ ❏♦sé ▼♦③❛rt
❋✉s❝♦✱ ❊✈❡rt♦♥ ▼❛t♦s✱ ❆♥tô♥✐♦ ❇❡③❡rr❛✱ ❆♥tô♥✐♦ ❘✉❞✐♥❣❡r✱ ▼✐❦❧♦s✱ ❆❞r✐❛♥❛
❡ ◆✐❝♦❧❛s✳ ❖❜r✐❣❛❞♦ ♣❡❧❛ ❛♠✐③❛❞❡✱ ❝♦r❞✐❛❧✐❞❛❞❡✱ ❛❥✉❞❛ ❡ ♣❡❧♦ ❛❣r❛❞á✈❡❧ ❛♠✲
❜✐❡♥t❡ ❞❡ tr❛❜❛❧❤♦✳ ●♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝❡r ❡s♣❡❝✐❛❧♠❡♥t❡ ❛ ❋❧á✈✐♦ ●❛❧❡❛③③♦✱
♣❡❧❛ ❛❥✉❞❛ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❋❧✉❡♥t✱ ❡ ❛ ❚❤✐❛❣♦ ●❛♥✐♥♦✱ ♣❡❧❛s ❝♦rr❡çõ❡s
♦rt♦❣rá✜❝❛s ❡ ❣r❛♠❛t✐❝❛✐s ❞❡st❡ tr❛❜❛❧❤♦✳

❆ t♦❞♦s ♦s ♣r♦❢❡ss♦r❡s ❞❛ ❋❛❝✉❧❞❛❞❡ ❞❡ ❊♥❣❡♥❤❛r✐❛ ◗✉í♠✐❝❛ ❞❛ ❯♥✐❝❛♠♣
q✉❡ ❝♦♠✐❣♦ ❞✐✈✐❞✐r❛♠ s❡✉s ❝♦♥❤❡❝✐♠❡♥t♦s✳ ◆ã♦ ♣♦ss♦ ❞❡✐①❛r ❞❡ ❛❣r❛❞❡❝❡r
t❛♠❜é♠ ❛♦s ♣r♦❢❡ss♦r❡s ❞♦ ❝✉rs♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❞❡ ❆❧✐♠❡♥t♦s ❞❛ ❋✉r❣✱ ❞❡
❘✐♦ ●r❛♥❞❡✲❘❙✱ ❡ ❞♦ ❈♦❧é❣✐♦ ◆♦ss❛ ❙❡♥❤♦r❛ ❆✉①✐❧✐❛❞♦r❛✱ ❞❡ ❇❛❣é✲❘❙✳ ❚♦❞♦s
✈♦❝ês t✐✈❡r❛♠ ✉♠❛ ♣❛r❝❡❧❛ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡ ❡♠ ♠✐♥❤❛ ❢♦r♠❛çã♦✳

❆♦s ♠❡♠❜r♦s ❞❛ ❜❛♥❝❛ ❡①❛♠✐♥❛❞♦r❛✱ ♣❡❧❛s ✈❛❧✐♦s❛s ❝♦rr❡çõ❡s ❡ ❝♦♥✲
tr✐❜✉✐çõ❡s ❛♦ t❡①t♦ ❞❡st❛ t❡s❡✳ ●♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝❡r t❛♠❜é♠ ❛♦ ♣r♦❢✳ ❆♥✲
tô♥✐♦ ❈❛r❧♦s ▲✉③ ▲✐s❜ô❛ ♣❡❧❛s s✉❣❡stõ❡s ❢❡✐t❛s ❞✉r❛♥t❡ ♦ ♠❡✉ s❡❣✉♥❞♦ ❡①❛♠❡
❞❡ q✉❛❧✐✜❝❛çã♦✳

❆ ❘❊P▲❆◆✴P❡tr♦❜r❛s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❛♦ ❉r✳ ▲✉ís ❚❛❞❡✉ ❋✉r❧❛♥✱ ♣❡❧♦
❛♣♦✐♦ ❡ ❝♦♥✜❛♥ç❛ ♥❡st❡ ♣r♦❥❡t♦✱ ♣❡❧❛ ❞✐s♣♦♥✐❜✐❧✐③❛çã♦ ❞❡ ❞❛❞♦s ❡①♣❡r✐♠❡♥✲
t❛✐s✱ ❡ ♣❡❧♦ s✉♣♦rt❡ ✜♥❛♥❝❡✐r♦ ❛♦ ❧❛❜♦r❛tór✐♦✳

❆ ❘❤♦❞✐❛❝♦✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❛♦ ❡♥❣✳ ❲❡❧❧✐♥❣t♦♥ ❇♦♥✐❢á❝✐♦✱ ♣❡❧❛ ♦♣♦rt✉✲
♥✐❞❛❞❡ ❞❡ tr❛❜❛❧❤❛r♠♦s ❥✉♥t♦s✱ ♣❡❧❛ ❝♦♥✜❛♥ç❛ ❞❡♣♦s✐t❛❞❛ ♥❡st❡ ♣r♦❥❡t♦ ❡
t❛♠❜é♠ ♣♦r ♣❡r♠✐t✐r ❛ ✉t✐❧✐③❛çã♦ ❞♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❝♦❧❡t❛❞♦s ❡ ❛
♣✉❜❧✐❝❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳

✈✐✐✐



❆♦ ♣r♦❢❡ss♦r ❊✉❣ê♥✐♦ ❘♦s❛✱ ❞❛ ❋❛❝✉❧❞❛❞❡ ❞❡ ❊♥❣❡♥❤❛r✐❛ ▼❡❝â♥✐❝❛ ❞❛
❯♥✐❝❛♠♣✱ ♣❡❧❛ ❛❥✉❞❛ ♥❛ ❡s❝♦❧❤❛ ❞♦ ♠♦❞❡❧♦ ❞❡ t✉r❜✉❧ê♥❝✐❛ ♠❛✐s ❛❞❡q✉❛❞♦ ❛
❡st❡ tr❛❜❛❧❤♦✳

❆♦ ♣r♦❢❡ss♦r ▼✐❧t♦♥ ▼♦r✐ ❡ ❛ t♦❞♦s ♦s ❢✉♥❝✐♦♥ár✐♦s ❞❛ s❡❝r❡t❛r✐❛ ❞❡ ❡①✲
t❡♥sã♦ ❞❛ ❋❛❝✉❧❞❛❞❡ ❞❡ ❊♥❣❡♥❤❛r✐❛ ◗✉í♠✐❝❛✱ ♣❡❧❛ ♦♣♦rt✉♥✐❞❛❞❡ ❞❡ ❝✉rs❛r ♦
❝✉rs♦ ❞❡ ❡s♣❡❝✐❛❧✐③❛çã♦ ❡♠ ❊♥❣❡♥❤❛r✐❛ ❆♠❜✐❡♥t❛❧ q✉❡ ♠✉✐t♦ ❝♦♥tr✐❜✉✐✉ ♣❛r❛
♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❛ ❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦✳

❆ ❋❛♣❡s♣✱ ♣❡❧❛ ❝♦♥❝❡ssã♦ ❞❛ ❜♦❧s❛ ❞❡ ❡st✉❞♦s ❡ ♣❡❧♦ s✉♣♦rt❡ ✜♥❛♥❝❡✐r♦
q✉❡ ♣❡r♠✐t✐r❛♠ ❛ r❡❛❧✐③❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦ ✭Pr♦❝❡ss♦ ✵✸✴✵✺✽✻✾✲✸✮✳

❆ ❈❛♣❡s✱ ♣❡❧❛ ❝♦♥❝❡ssã♦ ❞❛ ❜♦❧s❛ ❞❡ ❡st✉❞♦s ♥♦s ♣r✐♠❡✐r♦s ❞♦✐s ❛♥♦s
❞❡st❡ tr❛❜❛❧❤♦ ❡ ♣❡❧❛ ♦♣♦rt✉♥✐❞❛❞❡ ❞❡ ✐♥❣r❡ss❛r ♥♦ ♣r♦❣r❛♠❛ ❞❡ ❉♦✉t♦r❛❞♦
❉✐r❡t♦✳

❆ ◆♦ss❛ ❙❡♥❤♦r❛✱ ♣❡❧❛ s❡r❡♥✐❞❛❞❡ q✉❡ s❡♠♣r❡ ❝♦❧♦❝♦✉ ❡♠ ♠❡✉ ❝♦r❛çã♦✳
❆ ❉❡✉s✱ ♣❡❧♦ ❞♦♠ ❞❛ ✈✐❞❛✱ ♣♦r t♦❞❛s ❛s ❝♦✐s❛s ♠❛r❛✈✐❧❤♦s❛s q✉❡ s❡♠♣r❡

❝♦❧♦❝♦✉ ❡♠ ♠❡✉ ❞❡st✐♥♦✱ ♣♦r s❡♠♣r❡ ❣✉✐❛r ♦s ♠❡✉s ♣❛ss♦s✳✳✳ ❊♥✜♠✱ ♣♦r
t✉❞♦✦✦✦

✐①



▼✉✐t❛s ✈❡③❡s ❛s ♣❡ss♦❛s
❙ã♦ ❡❣♦❝ê♥tr✐❝❛s✱ ✐❧ó❣✐❝❛s ❡ ✐♥s❡♥s❛t❛s✳
P❡r❞♦❡✲❛s ❛ss✐♠ ♠❡s♠♦✳
❙❡ ✈♦❝ê é ❣❡♥t✐❧✱
❆s ♣❡ss♦❛s ♣♦❞❡♠ ❛❝✉sá✲❧♦ ❞❡ ✐♥t❡r❡ss❡✐r♦✳
❙❡❥❛ ❣❡♥t✐❧ ❛ss✐♠ ♠❡s♠♦✳
❙❡ ✈♦❝ê é ✉♠ ✈❡♥❝❡❞♦r✱
❚❡rá ❛❧❣✉♥s ❢❛❧s♦s ❛♠✐❣♦s ❡ ❛❧❣✉♥s ✐♥✐♠✐❣♦s ✈❡r❞❛❞❡✐r♦s✳
❱❡♥ç❛ ❛ss✐♠ ♠❡s♠♦✳
❙❡ ✈♦❝ê é ❤♦♥❡st♦ ❡ ❢r❛♥❝♦✱
❆s ♣❡ss♦❛s ♣♦❞❡♠ ❡♥❣❛♥á✲❧♦✳
❙❡❥❛ ❤♦♥❡st♦ ❡ ❢r❛♥❝♦ ❛ss✐♠ ♠❡s♠♦✳
❖ q✉❡ ✈♦❝ê ❧❡✈♦✉ ❛♥♦s ♣❛r❛ ❝♦♥str✉✐r✱
❆❧❣✉é♠ ♣♦❞❡ ❞❡str✉✐r ❞❡ ✉♠❛ ❤♦r❛ ♣❛r❛ ♦✉tr❛✳
❈♦♥str✉❛ ❛ss✐♠ ♠❡s♠♦✳
❙❡ ✈♦❝ê t❡♠ ♣❛③ ❡ é ❢❡❧✐③✱
❆s ♣❡ss♦❛s ♣♦❞❡♠ s❡♥t✐r ✐♥✈❡❥❛✳
❙❡❥❛ ❢❡❧✐③ ❛ss✐♠ ♠❡s♠♦✳
❖ ❜❡♠ q✉❡ ✈♦❝ê ❢❛③ ❤♦❥❡✱
P♦❞❡ s❡r ❡sq✉❡❝✐❞♦ ❛♠❛♥❤ã✳
❋❛ç❛ ♦ ❜❡♠ ❛ss✐♠ ♠❡s♠♦✳
❉ê ❛♦ ♠✉♥❞♦ ♦ ♠❡❧❤♦r ❞❡ ✈♦❝ê✱
▼❛s ✐ss♦ ♣♦❞❡ ♥ã♦ s❡r ♦ ❜❛st❛♥t❡✳
❉ê ♦ ♠❡❧❤♦r ❞❡ ✈♦❝ê ❛ss✐♠ ♠❡s♠♦✳
❱❡❥❛ ✈♦❝ê q✉❡✱ ♥♦ ✜♥❛❧ ❞❛s ❝♦♥t❛s✱
➱ t✉❞♦ ❡♥tr❡ ✈♦❝ê ❡ ❉❡✉s✳
◆✉♥❝❛ ❢♦✐ ❡♥tr❡ ✈♦❝ê ❡ ❛s ♣❡ss♦❛s✳

▼❛❞r❡ ❚❡r❡③❛ ❞❡ ❈❛❧❝✉tá

❯❧tr❛♣❛ss❛✲t❡ ❛ t✐ ♠❡s♠♦
❛ ❝❛❞❛ ❞✐❛✱

❛ ❝❛❞❛ ✐♥st❛♥t❡ ✳✳✳
◆ã♦ ♣♦r ✈❛✐❞❛❞❡✱

♠❛s ♣❛r❛ ❝♦rr❡s♣♦♥❞❡r❡s
à ♦❜r✐❣❛çã♦ s❛❣r❛❞❛

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

♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞♦ ▼✉♥❞♦✳

❉✳ ❍é❧❞❡r ❈â♠❛r❛

①✐



❘❡s✉♠♦

❊st✉❞♦s tê♠ ♠♦str❛❞♦ q✉❡ ❛ ❤✉♠❛♥✐❞❛❞❡ ❡♥❢r❡♥t❛rá s❡✈❡r❛ ❢❛❧t❛ ❞❡ á❣✉❛
♥❛s ♣ró①✐♠❛s ❞é❝❛❞❛s✳ ▼✉✐t♦s ❡s❢♦rç♦s tê♠ s✐❞♦ ❞✐r❡❝✐♦♥❛❞♦s ♣❛r❛ ♦ ❞❡s❡♥✲
✈♦❧✈✐♠❡♥t♦ ❞❡ ♥♦✈❛s ❢❡rr❛♠❡♥t❛s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❛ ✜♠ ❞❡ s❡ ❣❛r❛♥t✐r ✉♠❛
♠❡❧❤♦r ✉t✐❧✐③❛çã♦ ❞♦s r❡❝✉rs♦s ❤í❞r✐❝♦s✳ ❉✐✈❡rs♦s ❡st✉❞♦s ❡stã♦ s❡♥❞♦ r❡✲
❛❧✐③❛❞♦s ✉t✐❧✐③❛♥❞♦ ❢❡rr❛♠❡♥t❛s ❞❡ ❈❋❉ ✭❈♦♠♣✉t❛t✐♦♥❛❧ ❋❧✉✐❞ ❉②♥❛♠✐❝s✮
♣❛r❛ ♦❜t❡♥çã♦ ❞❡ ♥♦✈❛s ❢♦r♠❛s ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡st❡s r❡❝✉rs♦s✳ ◆❡st❡
❝♦♥t❡①t♦✱ é ❞❡ s✉♠❛ ✐♠♣♦rtâ♥❝✐❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♥♦✈❛s té❝♥✐❝❛s ♣❛r❛
♣r❡❞✐③❡r ♦ ✐♠♣❛❝t♦ ❛♠❜✐❡♥t❛❧ ❝❛✉s❛❞♦ ♣♦r ❡♠✐ssõ❡s ✐♥❞✉str✐❛✐s ❡♠ r✐♦s ❞❡
♠♦❞♦ q✉❡ ❡str❛té❣✐❛s ♣♦ss❛♠ s❡r ♣❧❛♥❡❥❛❞❛s ♣❛r❛ ❞✐♠✐♥✉✐r ♦s ❡❢❡✐t♦s ❞❡st❛
♣♦❧✉✐çã♦✳ ❊st❡ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛ ✉♠ ♠♦❞❡❧♦ ❋❧✉✐❞♦❞✐♥â♠✐❝♦ ❈♦♠♣✉t❛✲
❝✐♦♥❛❧ tr✐❞✐♠❡♥s✐♦♥❛❧ ♣❛r❛ s✐♠✉❧❛r ❛ ❞✐s♣❡rsã♦ ❞❡ s✉❜stâ♥❝✐❛s s♦❧ú✈❡✐s ❡♠
r✐♦s✳ ❖ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ❢♦✐ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛♣r♦①✐♠❛r ❛s ❡q✉❛çõ❡s
❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ ♠♦♠❡♥t♦✱ ❞❡ ♠❛ss❛ ❡ ❞❡ ❡s♣é❝✐❡ q✉í♠✐❝❛✳ ❖ s✐st❡♠❛ ❞❡ ❝♦✲
♦r❞❡♥❛❞❛s ❝❛rt❡s✐❛♥❛s ❢♦✐ ❡s❝♦❧❤✐❞♦ ♣❛r❛ r❡♣r❡s❡♥t❛r ♦ s✐st❡♠❛✳ ❋♦✐ ✉t✐❧✐③❛❞♦
✉♠ ♠♦❞❡❧♦ ❛❧❣é❜r✐❝♦ ❞❡ t✉r❜✉❧ê♥❝✐❛ ❞❡ ♦r❞❡♠ ③❡r♦✳ ❖ ♠♦❞❡❧♦ ❞❡ ❙tr❡❡t❡r✲
P❤❡❧♣s ❢♦✐ ✉s❛❞♦ ♣❛r❛ ♣r❡❞✐③❡r ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ s✉❜stâ♥❝✐❛s ♦r❣â♥✐❝❛s ❡
❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ❛♦ ❧♦♥❣♦ ❞♦ r✐♦✳ ❖ ♠♦❞❡❧♦ ♣♦❞❡ t❛♠❜é♠ ♣r❡❞✐③❡r ♦
✐♠♣❛❝t♦ ❝❛✉s❛❞♦ ♣❡❧❛ ♦❝♦rrê♥❝✐❛ ❞❡ ♠ú❧t✐♣❧♦s ♣♦♥t♦s ❞❡ ❡♠✐ssã♦ ♥♦ tr❡❝❤♦
❡st✉❞❛❞♦✳ ❖ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ❡♠ ❧✐♥❣✉❛❣❡♠ ❋♦rtr❛♥✳ ❖s
r❡s✉❧t❛❞♦s ♠♦str❛♠ q✉❡ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ é ✉♠❛ ❜♦❛ ❢❡rr❛♠❡♥t❛ ♣❛r❛
❛ ❛✈❛❧✐❛çã♦ ❞♦ ✐♠♣❛❝t♦ ❛♠❜✐❡♥t❛❧ ❝❛✉s❛❞♦ ♣❡❧❛ ❡♠✐ssã♦ ❞❡ ❡✢✉❡♥t❡s ❡♠ r✐♦s✳
❖ s♦❢t✇❛r❡ é ❜❛st❛♥t❡ rá♣✐❞♦✱ ❡s♣❡❝✐❛❧♠❡♥t❡ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦✉tr♦s
♣❛❝♦t❡s ❞❡ ❈❋❉ ❞✐s♣♦♥í✈❡✐s ❝♦♠❡r❝✐❛❧♠❡♥t❡✳ ❋♦r❛♠ ❢❡✐t❛s ❝♦♠♣❛r❛çõ❡s ❡♥✲
tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❡ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❝♦❧❡t❛❞♦s ♥♦ r✐♦ ❆t✐❜❛✐❛✳
❖s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ ❜♦❛ ❝♦♥❝♦r❞â♥❝✐❛ ❝♦♠ ♦s ❞❛❞♦s
❝♦❧❡t❛❞♦s ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ✶✳❊♥❣❡♥❤❛r✐❛ ❛♠❜✐❡♥t❛❧✳ ✷✳❘❡sí❞✉♦s ✐♥❞✉str✐❛✐s ✲ ❆s♣❡❝✲
t♦s ❛♠❜✐❡♥t❛✐s✳ ✸✳➪❣✉❛ ✲ ♣♦❧✉✐çã♦✳ ✹✳❉✐s♣❡rsã♦✳ ✺✳▼♦❞❡❧♦s ♠❛t❡♠át✐❝♦s✳
✻✳▼ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s✳

①✐✐✐



❆❜str❛❝t

❆ ❢✉t✉r❡ ❧❛❝❦ ♦❢ ✇❛t❡r ✐♥ t❤❡ ♥❡①t ❞❡❝❛❞❡s ❤❛s ❜❡❡♥ ♦❜s❡r✈❡❞ ❜② ♠❛♥② st✉❞✐❡s✳
▼✉❝❤ ❡✛♦rt ❤❛s ❜❡❡♥ ❞❡✈♦t❡❞ t♦ ✜♥❞ str❛t❡❣✐❡s ✇❤✐❝❤ ✇✐❧❧ ❤❡❧♣ t♦ ♠❛♥❛❣❡
♣r♦♣❡r❧② ✇❛t❡r r❡s♦✉r❝❡s✳ ❚❤❡♦r❡t✐❝❛❧ st✉❞✐❡s ❤❛✈❡ ❜❡❡♥ ✉s❡❞ r❡❝❡♥t❧② s✐♥❝❡
t❤❡ s❝♦♣❡ ♦❢ ❝♦♠♣✉t❛t✐♦♥❛❧ ✢✉✐❞ ❞②♥❛♠✐❝s ✭❈❋❉✮ ❤❛s ✐♥❝r❡❛s❡❞✱ ❛❧❧♦✇✐♥❣ ✐ts
✉s❡ ✐♥ t❤❡ ✐ss✉❡ ♦❢ ✇❛t❡r q✉❛❧✐t②✳ ■♥ t❤✐s s❝❡♥❛r✐♦✱ ✐t ✐s ✐♠♣♦rt❛♥t t♦ ❞❡✈❡❧♦♣
♥❡✇ t❡❝❤♥✐q✉❡s t♦ ♣r❡❞✐❝t t❤❡ ❡♥✈✐r♦♥♠❡♥t❛❧ ✐♠♣❛❝t ♦❢ ❡♠✐ss✐♦♥s ✐♥ r✐✈❡rs
s♦ t❤❛t str❛t❡❣✐❡s ❝❛♥ ❜❡ ❞❡✈✐s❡❞ t♦ ❞❡❝r❡❛s❡ t❤❡ ❡✛❡❝ts ♦❢ ♣♦❧❧✉t✐♦♥✳ ❚❤✐s
✇♦r❦ ♣r❡s❡♥ts ❛ t❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ ❈♦♠♣✉t❛t✐♦♥❛❧ ❋❧✉✐❞ ❉②♥❛♠✐❝s ✭❈❋❉✮
✐♥ ❤♦✉s❡ ♠♦❞❡❧ t♦ s✐♠✉❧❛t❡ t❤❡ ❞✐s♣❡rs✐♦♥ ♦❢ s♦❧✉❜❧❡ s✉❜st❛♥❝❡s ✐♥ ❛ r✐✈❡r✳
❚❤❡ ✜♥✐t❡ ✈♦❧✉♠❡ ♠❡t❤♦❞ ✐s ✉s❡❞ t♦ ❛♣♣r♦①✐♠❛t❡ t❤❡ ♠♦♠❡♥t✉♠✱ ♠❛ss ❛♥❞
s♣❡❝✐❡s ❝♦♥s❡r✈❛t✐♦♥ ❡q✉❛t✐♦♥s✳ ❆ ❈❛rt❡s✐❛♥ ❝♦♦r❞✐♥❛t❡ s②st❡♠ ❤❛s ❜❡❡♥ ❝❤♦✲
s❡♥ t♦ r❡♣r❡s❡♥t t❤❡ r✐✈❡r✳ ❚✉r❜✉❧❡♥❝❡ ✐s t❛❦❡♥ ✐♥t♦ ❛❝❝♦✉♥t ❜② ❛ ③❡r♦✲♦r❞❡r
❡q✉❛t✐♦♥ ♠♦❞❡❧✳ ❚❤❡ ❙tr❡❡t❡r✲P❤❡❧♣s ♠♦❞❡❧ ❤❛s ❜❡❡♥ ✉s❡❞ t♦ ♣r❡❞✐❝t t❤❡
❝♦♥❝❡♥tr❛t✐♦♥ ♦❢ ♦r❣❛♥✐❝ s✉❜st❛♥❝❡s ❛♥❞ ❞✐ss♦❧✈❡❞ ♦①②❣❡♥ ❛❧♦♥❣ t❤❡ r✐✈❡r✳
❚❤❡ ♠♦❞❡❧ ❝❛♥ ❛❧s♦ ♣r❡❞✐❝t t❤❡ ✐♠♣❛❝t ♦❢ ♠✉❧t✐♣❧❡ ❡✤✉❡♥ts ❞✐s❝❤❛r❣❡s✳ ❘❡✲
s✉❧ts s❤♦✇ t❤❛t t❤❡ ♣r♦♣♦s❡❞ ♠❡t❤♦❞♦❧♦❣② ✐s ❛ ❣♦♦❞ t♦♦❧ ❢♦r t❤❡ ❡✈❛❧✉❛t✐♦♥ ♦❢
t❤❡ ❡♥✈✐r♦♥♠❡♥t❛❧ ✐♠♣❛❝t ❝❛✉s❡❞ ❢♦r ♣♦❧❧✉t❛♥ts ❡♠✐ss✐♦♥s ✐♥ r✐✈❡rs✳ ❚❤❡ s♦❢t✲
✇❛r❡ ❤❛s ❜❡❡♥ ❞❡✈❡❧♦♣❡❞ ❢r♦♠ t❤❡ ♠♦❞❡❧ ❛♥❞ ✉s❡ t❤❡ ❋♦rtr❛♥ ❧❛♥❣✉❛❣❡✳ ■t ✐s
✈❡r② ❢❛st✱ ❡s♣❡❝✐❛❧❧② ✇❤❡♥ ❝♦♠♣❛r❡❞ t♦ ❛✈❛✐❧❛❜❧❡ ❝♦♠♠❡r❝✐❛❧ ❈❋❉ ♣❛❝❦❛❣❡s✳
❊①♣❡r✐♠❡♥t❛❧ ❝♦♠♣❛r✐s♦♥s ❢♦r s♦❧✉❜❧❡ s✉❜st❛♥❝❡s ❞✐s♣❡rs✐♦♥ ❤❛✈❡ ❜❡❡♥ ♠❛❞❡
❢♦r t❤❡ ❆t✐❜❛✐❛ ❘✐✈❡r✳ ❚❤❡ r❡s✉❧ts s❤♦✇ ❣♦♦❞ ❛❣r❡❡♠❡♥t ✇✐t❤ ❡①♣❡r✐♠❡♥t❛❧
❞❛t❛✳

❑❡②✇♦r❞s✿ ✶✳❊♥✈✐r♦♥♠❡♥t❛❧ ❡♥❣✐♥❡❡r✐♥❣✳ ✷✳■♥❞✉str✐❛❧ r❡s✐❞✉❡s ✲ ❊♥✈✐r♦♥✲
♠❡♥t❛❧ ❛s♣❡❝ts✳ ✸✳❲❛t❡r ✲ ♣♦❧❧✉t✐♦♥✳ ✹✳❉✐s♣❡rs✐♦♥✳ ✺✳▼❛t❤❡♠❛t✐❝❛❧ ♠♦❞❡❧s✳
✻✳❋✐♥✐t❡ ✈♦❧✉♠❡ ♠❡t❤♦❞s✳ ✼✳❈♦♠♣✉t❛t✐♦♥❛❧ ✢✉✐❞ ❞②♥❛♠✐❝s✳ ✽✳❈❋❉✳
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❙✉♠ár✐♦

❆❣r❛❞❡❝✐♠❡♥t♦s ✈✐✐

❘❡s✉♠♦ ①✐✐✐
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✶ ■♥tr♦❞✉çã♦ ✶

✷ ❖❜❥❡t✐✈♦s ✺
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❇✳✶ ■♠❛❣❡♠ ❛ér❡❛ ❣❡♦rr❡❢❡r❡♥❝✐❛❞❛ ❞❛ ár❡❛ ❡st✉❞❛❞❛ ♥♦ r✐♦ ❆t✐✲

❜❛✐❛ ♥❛s ✐♠❡❞✐❛çõ❡s ❞❛ ❘❤♦❞✐❛❝♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹✼
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▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✸✳✶ ❉✐str✐❜✉✐çã♦ ❞❛ á❣✉❛ ♠✉♥❞✐❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵

✹✳✶ ❈♦❡✜❝✐❡♥t❡s ❞❡ ❞❡s♦①✐❣❡♥❛çã♦ ♣❛r❛ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ tr❛t❛✲
♠❡♥t♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✶

✺✳✶ ❈♦❡✜❝✐❡♥t❡s ❞❛ ❡q✉❛çã♦ ❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ ♠♦♠❡♥t♦ ♣❛r❛ ❛s
❢r♦♥t❡✐r❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

✺✳✷ ❈♦❡✜❝✐❡♥t❡s ❞❛ ❡q✉❛çã♦ ❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ ♠♦♠❡♥t♦ ♣❛r❛ ♦s
❝❛♥t♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

✺✳✸ ❙✐♠♣❧✐✜❝❛çõ❡s ❞❡❝♦rr❡♥t❡s ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦✳ ✳ ✳ ✳ ✳ ✳ ✻✹

✻✳✶ ❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ❡st✉❞♦ ❞❡ ❝❛s♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✾
✻✳✷ ❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ❡st✉❞♦ ❞❡ ❝❛s♦ ❝♦♠ r❡❛çã♦ q✉í♠✐❝❛ ✳ ✳ ✳ ✼✻
✻✳✸ ❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ❡st✉❞♦ ❞❡ ❝❛s♦ ❝♦♠ ♠ú❧t✐♣❧♦s ♣♦♥t♦s ❞❡

❡♠✐ssã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✻
✻✳✹ ❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ♣❛r❛ ❡st✉❞♦ ❞❛ ✈❛r✐❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡

❞✐s♣❡rsã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✽
✻✳✺ ❉✐stâ♥❝✐❛ ❞❡ ❞✐❧✉✐çã♦ ♣❛r❛ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❡st✉✲

❞❛❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✶
✻✳✻ ❉✐stâ♥❝✐❛ ❞❡ ❞✐❧✉✐çã♦ ♣❛r❛ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❡♠

❡s❝♦❛♠❡♥t♦ t✉r❜✉❧❡♥t♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✷
✻✳✼ ❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ❡st✉❞♦ ❞❡ ❝❛s♦ ❝♦♠ ✈❛r✐❛çã♦ ❞♦ ♣♦♥t♦

❞❡ ❡♠✐ssã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✸
✻✳✽ ❉✐stâ♥❝✐❛ ❞❡ ❞✐❧✉✐çã♦ ♣❛r❛ ❝❛❞❛ ❧♦❝❛❧ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡✳ ✳ ✾✸
✻✳✾ ❉❛❞♦s ❞♦ r✐♦ ❆t✐❜❛✐❛ ❡ ❞♦ ❡✢✉❡♥t❡ ❡♠✐t✐❞♦ ♣❡❧❛ ❘❊P▲❆◆✳ ✳ ✳ ✶✵✵
✻✳✶✵ ❈❛r❛❝t❡ríst✐❝❛s ❞♦ r✐♦ ❆t✐❜❛✐❛ ❡ ❞♦ ❡✢✉❡♥t❡ ❡♠✐t✐❞♦ ♣❡❧❛ ❘❊✲

P▲❆◆✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✷
✻✳✶✶ ❈♦♥❝❡♥tr❛çã♦ ❞❡ ❝❧♦r❡t♦ ♥♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠ ♥♦ r✐♦

❆t✐❜❛✐❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✸
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▲■❙❚❆ ❉❊ ❚❆❇❊▲❆❙

✻✳✶✷ ❈♦♥❝❡♥tr❛çã♦ ❞❡ ❝❧♦r❡t♦ ♥♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠ ❞♦s ❡✢✉✲
❡♥t❡s ❞❛ ❘❊P▲❆◆✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✸

✻✳✶✸ P♦♥t♦s ❞❡ ❡♠✐ssã♦ ❧♦❝❛❧✐③❛❞♦s à ❥✉s❛♥t❡ ❞❛ ❡♠✐ssã♦ ❞❛ ❘❤♦❞✐❛❝♦✶✶✵
✻✳✶✹ ❈♦♥❝❡♥tr❛çã♦ ❞❡ só❞✐♦ ♥♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✻
✻✳✶✺ ❈♦♥❝❡♥tr❛çã♦ ❞❡ só❞✐♦ ❞❛ ❛♠♦str❛ ✷✵✾ ✭❧❛♥ç❛♠❡♥t♦ ❞❛ ❘❤♦✲

❞✐❛❝♦✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✼
✻✳✶✻ ❈♦♥❝❡♥tr❛çã♦ ❞❡ só❞✐♦ ❞♦s ❞❡♠❛✐s ♣♦♥t♦s ❞❡ ❡♠✐ssã♦ ❛♦ ❧♦♥❣♦

❞♦ tr❡❝❤♦ ❞❡ ❡st✉❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✼
✻✳✶✼ ❉✐stâ♥❝✐❛s ❞❛s s❡çõ❡s tr❛♥s✈❡rs❛✐s ❡♠ r❡❧❛çã♦ ❛ ♣♦r❝❡♥t❛❣❡♠

❞❡ ❡✢✉❡♥t❡ ♥❛ á❣✉❛ ❞♦ r✐♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✸
✻✳✶✽ ❉✐stâ♥❝✐❛s ❞❛s s❡çõ❡s tr❛♥s✈❡rs❛✐s ❡♠ r❡❧❛çã♦ ❛ ♣♦r❝❡♥t❛❣❡♠

❞❡ ❡✢✉❡♥t❡ ♥❛ á❣✉❛ ❞♦ r✐♦ ♣❛r❛ Q7,10✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✺
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◆♦♠❡♥❝❧❛t✉r❛

▲❡tr❛s ▲❛t✐♥❛s

AT ár❡❛ ❞❛ s❡çã♦ tr❛♥s✈❡rs❛❧ m2

B ♣❛râ♠❡tr♦ ❛❞✐♠❡♥s✐♦♥❛❧ ❞♦ ♠♦❞❡❧♦ ❞❡ t✉r❜✉❧ê♥❝✐❛
CA ❝♦♥❝❡♥tr❛çã♦ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ❆ ♠❣✴▲
CA0 ❝♦♥❝❡♥tr❛çã♦ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ♥♦ r✐♦ ♠❣✴▲
CAe ❝♦♥❝❡♥tr❛çã♦ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ♥♦ ♣♦❧✉❡♥t❡ ♠❣✴▲
CDBO ❉❇❖ ❞♦ ♣♦❧✉❡♥t❡ ♠❣✴▲
COxigenio ❈♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ♠❣✴▲
CS ❈♦♥❝❡♥tr❛çã♦ ❞❡ s❛t✉r❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ♠❣✴▲
~D t❡♥s♦r t❛①❛ ❞❡ ❞❡❢♦r♠❛çã♦
D ❉✐❢✉s✐✈✐❞❛❞❡ ❡❢❡t✐✈❛ m2/s
DL ❉✐❢✉s✐✈✐❞❛❞❡ ❧❛♠✐♥❛r m2/s
DOxigenio ❉é✜❝✐t ❞❡ ♦①❣✐ê♥✐♦ ♠❣✴▲
DT ❉✐❢✉s✐✈✐❞❛❞❡ t✉r❜✉❧❡♥t❛
E ▲❡st❡
~e1 ✈❡t♦r ✉♥✐tár✐♦ ♥❛ ❞✐r❡çã♦ u1

~e2 ✈❡t♦r ✉♥✐tár✐♦ ♥❛ ❞✐r❡çã♦ u2

~e3 ✈❡t♦r ✉♥✐tár✐♦ ♥❛ ❞✐r❡çã♦ u3

g ❛❝❡❧❡r❛çã♦ ❣r❛✈✐t❛❝✐♦♥❛❧ m2/s
~g ✈❡t♦r ❣r❛✈✐❞❛❞❡
gi ❝♦♠♣♦♥❡♥t❡ ❞❛ ❣r❛✈✐❞❛❞❡ ♥❛ ❞✐r❡çã♦ i
h ♣r♦❢✉♥❞✐❞❛❞❡ ❞♦ r✐♦ ♠
H ❝♦t❛ ❞❡ ✐♥❝❧✐♥❛çã♦ ❞♦ r✐♦ ♠
h1 ❢❛t♦r ❞❡ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡ t❛♥❣❡♥❝✐❛❧ à ❧✐♥❤❛ ❝♦♦r✲

❞❡♥❛❞❛ u1

h2 ❢❛t♦r ❞❡ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡ t❛♥❣❡♥❝✐❛❧ à ❧✐♥❤❛ ❝♦♦r✲
❞❡♥❛❞❛ u2
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◆♦♠❡♥❝❧❛t✉r❛

h3 ❢❛t♦r ❞❡ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡ t❛♥❣❡♥❝✐❛❧ à ❧✐♥❤❛ ❝♦♦r✲
❞❡♥❛❞❛ u3

~I ♠❛tr✐③ ✐❞❡♥t✐❞❛❞❡
~i ✈❡t♦r ✉♥✐tár✐♦ ♥❛ ❞✐r❡çã♦ x
~j ✈❡t♦r ✉♥✐tár✐♦ ♥❛ ❞✐r❡çã♦ y
~k ✈❡t♦r ✉♥✐tár✐♦ ♥❛ ❞✐r❡çã♦ z
K ❝♦♥st❛♥t❡ ❞❡ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡
ka ❝♦♥st❛♥t❡ ❞❡ r❡❛❡r❛çã♦ dia−1

kd ❝♦♥st❛♥t❡ ❞❡ ❞❡s♦①✐❣❡♥❛çã♦ dia−1

KG ❝♦❡✜❝✐❡♥t❡ ❣❧♦❜❛❧ ❞❡ ❞✐s♣❡rsã♦ m2/s
Kv ❝♦❡✜❝✐❡♥t❡ ❞❡ ✈♦❧❛t✐❧✐❞❛❞❡ m2/s
L ❝♦♠♣r✐♠❡♥t♦ ❞♦ tr❡❝❤♦ ❞♦ r✐♦ ♠
LC r❛✐♦ ❤✐❞rá✉❧✐❝♦ ♠
LD ❞✐stâ♥❝✐❛ ❞❡ ❞✐❧✉✐çã♦ ♠
m ♥ú♠❡r♦ ❞❡ ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ♥❛ ❞✐r❡çã♦ x
ṁ ✢✉①♦ ♠áss✐❝♦ ❣✴s
n ♥ú♠❡r♦ ❞❡ ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ♥❛ ❞✐r❡çã♦ y
~n ❝♦♦r❞❡♥❛❞❛ ♥♦r♠❛❧ à s✉♣❡r❢í❝✐❡
N ◆♦rt❡
p ♥ú♠❡r♦ ❞❡ ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ♥❛ ❞✐r❡çã♦ z
P ♣r❡ssã♦ ❛t♠
P0 ♣r❡ssã♦ ✐♥✐❝✐❛❧ ❛t♠
Pm ♣❡rí♠❡tr♦ ♠♦❧❤❛❞♦ ♠
~r ✈❡t♦r ♣♦s✐çã♦
RA t❡r♠♦ ❞❡ r❡❛çã♦ q✉í♠✐❝❛ ♠❣✴▲
Qcalc ✈❛③ã♦ ❝❛❧❝✉❧❛❞❛ m3/s
Qe ✈❛③ã♦ ❞♦ ♣♦❧✉❡♥t❡ m3/s
Qr ✈❛③ã♦ ❞♦ r✐♦ m3/s
Re ♥ú♠❡r♦ ❞❡ ❘❡②♥♦❧❞s
S ❙✉❧
ScT ♥ú♠❡r♦ ❞❡ ❙❝❤♠✐❞t t✉r❜✉❧❡♥t♦
t t❡♠♣♦ s
U ✈❡❧♦❝✐❞❛❞❡ ♠é❞✐❛ ❞♦ ❡s❝♦❛♠❡♥t♦ ♠✴s
u1 ❝♦♦r❞❡♥❛❞❛ ✶ ❞❡ ✉♠ s✐st❡♠❛ ❣❡♥❡r❛❧✐③❛❞♦
u2 ❝♦♦r❞❡♥❛❞❛ ✷ ❞❡ ✉♠ s✐st❡♠❛ ❣❡♥❡r❛❧✐③❛❞♦
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◆♦♠❡♥❝❧❛t✉r❛

u3 ❝♦♦r❞❡♥❛❞❛ ✸ ❞❡ ✉♠ s✐st❡♠❛ ❣❡♥❡r❛❧✐③❛❞♦
~v ✈❡t♦r ✈❡❧♦❝✐❞❛❞❡ ♠✴s
vi ❝♦♠♣♦♥❡♥t❡ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ♥❛ ❞✐r❡çã♦ i
vmed ✈❡❧♦❝✐❞❛❞❡ ♠é❞✐❛ ❞♦ ❡s❝♦❛♠❡♥t♦ ♠✴s
w ❧❛r❣✉r❛ ❞♦ r✐♦ ♠
W ❖❡st❡
x ❝♦♦r❞❡♥❛❞❛ ❝❛rt❡s✐❛♥❛ r❡❧❛t✐✈❛ à ❧❛r❣✉r❛ ❞♦ ❧❡✐t♦ ♠
y ❝♦♦r❞❡♥❛❞❛ ❝❛rt❡s✐❛♥❛ r❡❧❛t✐✈❛ à ♣r♦❢✉♥❞✐❞❛❞❡ ❞♦

r✐♦
♠

z ❝♦♦r❞❡♥❛❞❛ ❝❛rt❡s✐❛♥❛ ❛①✐❛❧ ♠
Z ♣❛râ♠❡tr♦ ❞♦ ♠♦❞❡❧♦ ❛❧❣é❜r✐❝♦ ❞❡ t✉r❜✉❧ê♥❝✐❛

▲❡tr❛s ●r❡❣❛s

κ ❝♦♥st❛♥t❡ ❞❡ ✈♦♥ ❑ár♠á♥
λ ❝♦❡✜❝✐❡♥t❡ ❞❡ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡
µ ✈✐s❝♦s✐❞❛❞❡ P❛✳s
µl ✈✐s❝♦s✐❞❛❞❡ ❧❛♠✐♥❛r P❛✳s
µt ✈✐s❝♦s✐❞❛❞❡ t✉r❜✉❧❡♥t❛ P❛✳s
ν ✈✐s❝♦s✐❞❛❞❡ ❝✐♥❡♠át✐❝❛ m2/s
ρ ♠❛ss❛ ❡s♣❡❝í✜❝❛ kg/m3

τT t❡♥sã♦ ❞❡ ❛tr✐t♦
~τ t❡♥s♦r t❡♥sã♦
ω â♥❣✉❧♦ ❞❡ ✐♥❝❧✐♥❛çã♦

❙í♠❜♦❧♦s ▼❛t❡♠át✐❝♦s

D
Dt

❞❡r✐✈❛❞❛ s✉❜st❛♥t✐✈❛
δ ❞❡r✐✈❛❞❛ ♣❛r❝✐❛❧
▽2 ♦♣❡r❛❞♦r ▲❛♣❧❛❝✐❛♥♦
❞✐✈ ♦♣❡r❛❞♦r ❞✐✈❡r❣❡♥t❡
❣r❛❞ ♦♣❡r❛❞♦r ❣r❛❞✐❡♥t❡
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❙✐❣❧❛s

❈❋❉ ❈♦♠♣✉t❛t✐♦♥❛❧ ❋❧✉✐❞ ❉②♥❛♠✐❝s
❉❇❖ ❉❡♠❛♥❞❛ ❇✐♦❧ó❣✐❝❛ ❞❡ ❖①✐❣ê♥✐♦
❊❉P ❊q✉❛çã♦ ❉✐❢❡r❡♥❝✐❛❧ P❛r❝✐❛❧
❊■❆ ❊st✉❞♦ ❞❡ ■♠♣❛❝t♦ ❆♠❜✐❡♥t❛❧
▲✲❈❋❉ ▲❛❜♦r❛tór✐♦ ❞❡ ❋❧✉✐❞♦❞✐♥â♠✐❝❛ ❈♦♠♣✉t❛❝✐♦♥❛❧
▼❱❋ ▼ét♦❞♦ ❞♦s ❱♦❧✉♠❡s ❋✐♥✐t♦s
❖❉ ❖①✐❣ê♥✐♦ ❉✐ss♦❧✈✐❞♦
❖◆❯ ❖r❣❛♥✐③❛çã♦ ❞❛s ◆❛çõ❡s ❯♥✐❞❛s
❘❊P▲❆◆ ❘❡✜♥❛r✐❛ ❞❡ P❛✉❧í♥✐❛
❘■▼❆ ❘❡❧❛tór✐♦ ❞❡ ■♠♣❛❝t♦ ❆♠❜✐❡♥t❛❧
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❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

❖s r❡❝✉rs♦s ♥❛t✉r❛✐s sã♦ ❛ ❜❛s❡ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ s♦❝✐❡❞❛❞❡✳
❉✉r❛♥t❡ ♠✉✐t♦ t❡♠♣♦✱ ❡st❛ ❛✜r♠❛çã♦ ♥ã♦ ❢♦✐ ✈✐st❛ ❝♦♠ ❛ ✐♠♣♦rtâ♥❝✐❛ q✉❡
r❡❛❧♠❡♥t❡ r❡♣r❡s❡♥t❛✳ ❆ ❝r❡♥ç❛ ❞❡ q✉❡ ❡ss❡s r❡❝✉rs♦s s❡r✐❛♠ ✐♥❡s❣♦tá✈❡✐s ❝✉s✲
t♦✉ à ❤✉♠❛♥✐❞❛❞❡ ❛ ❞❡str✉✐çã♦ ❞❡ ✢♦r❡st❛s✱ ❡①t❡r♠í♥✐♦ ❞❡ ❛♥✐♠❛✐s ❡ ♣❧❛♥t❛s✱
❛❧é♠ ❞❛ ♣♦❧✉✐çã♦ ❞❛s á❣✉❛s ❡ ❞♦ ❛r✳

❖ ❝r❡s❝✐♠❡♥t♦ ❞❡ ❝❡♥tr♦s ✉r❜❛♥♦s ❡ ✐♥❞✉str✐❛✐s✱ q✉❡ ♣♦r ♠✉✐t❛s ❞é✲
❝❛❞❛s s❡ r❡❛❧✐③♦✉ ❞❡ ❢♦r♠❛ ❞❡s♦r❞❡♥❛❞❛ ❡ s❡♠ ✉♠ ❝♦rr❡t♦ ♣❧❛♥❡❥❛♠❡♥t♦✱
♠♦str❛ ❤♦❥❡ s✉❛s ❝♦♥s❡qüê♥❝✐❛s✳ ❖s ❡❢❡✐t♦s ❞❛ ❛t✐✈✐❞❛❞❡ ❤✉♠❛♥❛ ♥❛ ♣♦❧✉✐çã♦
❞❡ á❣✉❛s✱ s♦❧♦ ❡ ❛r sã♦ ❛t✉❛❧♠❡♥t❡ t❡♠❛s ❞❡ ❞✐s❝✉ssã♦ ❡ ❡st✉❞♦ ❡♠ ❞✐✈❡r✲
s♦s ❝❡♥tr♦s ❞❡ ♣❡sq✉✐s❛✳ ❚♦❞♦ ❡ss❡ ❝♦♥❤❡❝✐♠❡♥t♦ ❛❞q✉✐r✐❞♦ ♥❛ ár❡❛ ❣❡r♦✉
♠❛✐♦r ❝♦♥s❝✐❡♥t✐③❛çã♦ s♦❜r❡ ♦s r✐s❝♦s q✉❡ ❛ ❝✐✈✐❧✐③❛çã♦ ❤✉♠❛♥❛ ❝♦rr❡ ❝❛s♦ ♦s
r❡❝✉rs♦s ♥❛t✉r❛✐s ❡①✐st❡♥t❡s ♥ã♦ s❡❥❛♠ ❛❞❡q✉❛❞❛♠❡♥t❡ ♣r❡s❡r✈❛❞♦s✳

◆♦ ❇r❛s✐❧✱ ♦s r❡❝✉rs♦s ♥❛t✉r❛✐s tê♠ ✐♠♣♦rtâ♥❝✐❛ ❞❡❝✐s✐✈❛ ♥♦ ♣❧❛♥♦
❡❝♦♥ô♠✐❝♦✳ ❖ ♣❛ís é ❞♦t❛❞♦ ❞❡ ✉♠❛ ✈❛st❛ ❡ ❞❡♥s❛ r❡❞❡ ❤✐❞r♦❣rá✜❝❛✱ s❡♥❞♦
q✉❡ ♠✉✐t♦s ❞❡ s❡✉s r✐♦s ❞❡st❛❝❛♠✲s❡ ♣❡❧❛ ❡①t❡♥sã♦✱ ❧❛r❣✉r❛ ❡ ♣r♦❢✉♥❞✐❞❛❞❡✳
❉❡♥tr❡ ♦s ❣r❛♥❞❡s r✐♦s ❡♠ t❡rr✐tór✐♦ ♥❛❝✐♦♥❛❧✱ ❞❡st❛❝❛♠✲s❡ ♦ ❆♠❛③♦♥❛s✱ ♦
P❛r❛❣✉❛✐✱ ♦ ❙ã♦ ❋r❛♥❝✐s❝♦ ❡ ♦ P❛r❛♥á✳ ❆ s✐t✉❛çã♦ ❞❛ ♣♦❧✉✐çã♦ ❤í❞r✐❝❛ t❡♠✲s❡
❛❣r❛✈❛❞♦ ♥♦ ♣❛ís✱ ❞❡✈✐❞♦ ❛♦ ❛✉♠❡♥t♦ ❞❛s ❝❛r❣❛s ♣♦❧✉✐❞♦r❛s ✉r❜❛♥❛s ❡ ✐♥❞✉s✲
tr✐❛✐s✱ ✉s♦ ✐♥❛❞❡q✉❛❞♦ ❞♦ s♦❧♦ ❡ ❞❡ ✐♥s✉♠♦s ❛❣rí❝♦❧❛s✱ ❡r♦sã♦✱ ❞❡s♠❛t❛♠❡♥t♦
❡ ♠✐♥❡r❛çã♦✳ ❊st❡s ❢❛t♦r❡s ❧❡✈❛♠ ❛ ❞❛♥♦s ❞♦s r❡❝✉rs♦s ❤í❞r✐❝♦s✱ ❞❡♥tr❡ ♦s
q✉❛✐s s❡ ❞❡st❛❝❛♠ ♦ ❛✉♠❡♥t♦ ❞♦ tr❛♥s♣♦rt❡ ❞❡ s❡❞✐♠❡♥t♦s ❡ ❛ ❝♦♥t❛♠✐♥❛çã♦
♦r❣â♥✐❝❛ ❡ q✉í♠✐❝❛ ❞❛s á❣✉❛s✳

✶



❉✉r❛♥t❡ ♦ ■■■ ❋ór✉♠ ▼✉♥❞✐❛❧ ❞❛s ➪❣✉❛s✱ r❡❛❧✐③❛❞♦ ❡♠ ♠❛rç♦ ❞❡
✷✵✵✸ ❡♠ ❑②♦t♦✱ ♥♦ ❏❛♣ã♦✱ ❢♦✐ ❞✐✈✉❧❣❛❞♦ ✉♠ ❡st✉❞♦ ❝♦♠ ♣r❡✈✐sõ❡s ❛t❡rr❛❞♦✲
r❛s✱ ❢❡✐t❛s ♣❡❧❛ ❖r❣❛♥✐③❛çã♦ ❞❛s ◆❛çõ❡s ❯♥✐❞❛s ✭❖◆❯✮✳ ❙❡❣✉♥❞♦ ♦ ❡st✉❞♦✱
❡♥tr❡ ✷ ❜✐❧❤õ❡s ❡ ✽ ❜✐❧❤õ❡s ❞❡ ♣❡ss♦❛s ♣♦❞❡rã♦ s♦❢r❡r ❝♦♠ ❛ ❢❛❧t❛ ❞❡ á❣✉❛
♣♦tá✈❡❧ ♦✉ ❝♦♠ s❛♥❡❛♠❡♥t♦ ❜ás✐❝♦ ✐♥❛❞❡q✉❛❞♦ ❛té ❛ ♠❡t❛❞❡ ❞♦ sé❝✉❧♦ ❳❳■✳

◆♦ ❇r❛s✐❧✱ ♦ ♣r♦❜❧❡♠❛ ❞❛ q✉❛❧✐❞❛❞❡ ❞❛s á❣✉❛s s✉♣❡r✜❝✐❛✐s✱ ❛♥t❡s
♥♦r♠❛❧♠❡♥t❡ ❡①❝❧✉s✐✈♦ ❞❛s ❣r❛♥❞❡s ❝❛♣✐t❛✐s ❡stá s❡ ❞✐ss❡♠✐♥❛♥❞♦ ♣❡❧♦ ✐♥t❡✲
r✐♦r✱ ❞❛❞♦ ♦ ❝r❡s❝✐♠❡♥t♦ ❡❝♦♥ô♠✐❝♦ q✉❡ ❛❧❣✉♠❛s r❡❣✐õ❡s ✈ê♠ ❛♣r❡s❡♥t❛♥❞♦✳
❯♠ ❡①❡♠♣❧♦ ❞❡st❡ ♣r♦❜❧❡♠❛ é ❛ r❡❣✐ã♦ ❞❡ ❈❛♠♣✐♥❛s✱ ♥♦ ✐♥t❡r✐♦r ❞♦ ❡st❛❞♦
❞❡ ❙ã♦ P❛✉❧♦✱ q✉❡ ✈❡♠ ❛♣r❡s❡♥t❛♥❞♦ ✉♠ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❝r❡s❝❡♥t❡ ♥❛s ú❧t✐✲
♠❛s ❞é❝❛❞❛s ❝♦♠ ❛ ✐♠♣❧❛♥t❛çã♦ ❞❡ ✐♥❞ústr✐❛s ❞❡ ✈ár✐♦s s❡t♦r❡s ❞❛ ❡❝♦♥♦♠✐❛✳
❊st❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❝❛✉s♦✉ ✉♠ ❝r❡s❝✐♠❡♥t♦ ❞❡s♦r❞❡♥❛❞♦ ❞❛ r❡❣✐ã♦✱ q✉❡ ❥á
❛♣r❡s❡♥t❛ s✐♥❛✐s ❞❡ ❞❡❜✐❧✐❞❛❞❡ ♥♦ s✐st❡♠❛ ♣ú❜❧✐❝♦ ❞❡ ❛❜❛st❡❝✐♠❡♥t♦ ❞❡ á❣✉❛✳

❊st❛ s✐t✉❛çã♦ ❝rít✐❝❛ ❢❛③ ❝♦♠ q✉❡ ❝✉✐❞❛❞♦s ❛❞✐❝✐♦♥❛✐s s❡❥❛♠ t♦♠❛✲
❞♦s ♥❛ ✐♠♣❧❛♥t❛çã♦ ❞❡ ♥♦✈❛s ✐♥❞ústr✐❛s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ q✉❛♥❞♦ ❢♦r ♥❡❝❡ssár✐♦
♦ ❞❡s❝❛rt❡ ❞❡ s❡✉s ❡✢✉❡♥t❡s ❡♠ r✐♦s✳ ◆❛ ✐♠♣❧❛♥t❛çã♦ ❞❡ ♥♦✈♦s ❡♠♣r❡❡♥❞✐✲
♠❡♥t♦s✱ ♣❛r❛ s❡ ♦❜t❡r ❛ ❧✐❝❡♥ç❛ ❞❡ ✐♥st❛❧❛çã♦✱ ❡♠❜♦r❛ ❡♠ ♠✉✐t♦s ❝❛s♦s s❡❥❛
❡❧❛❜♦r❛❞♦ ✉♠ ❊st✉❞♦ ❞❡ ■♠♣❛❝t♦ ❆♠❜✐❡♥t❛❧ ✭❊■❆✮✱ ❡ s❡✉ r❡s♣❡❝t✐✈♦ ❘❡✲
❧❛tór✐♦ ❞❡ ■♠♣❛❝t♦ ❛♦ ▼❡✐♦ ❆♠❜✐❡♥t❡ ✭❘■▼❆✮✱ ❛ ❛❜♦r❞❛❣❡♠ ❛ r❡s♣❡✐t♦ ❞❛
♣r❡✈✐sã♦ ❞❡ ✐♠♣❛❝t♦ ❛♠❜✐❡♥t❛❧ ❝❛✉s❛❞♦ ♣❡❧❛ ❡♠✐ssã♦ ❞❡ ❡✢✉❡♥t❡s ❡♠ r✐♦s
t❡♠ s✐❞♦ ♣♦✉❝♦ s✉❜st❛♥❝✐❛❞❛ ❡♠ ♠❡t♦❞♦❧♦❣✐❛s ❝✐❡♥tí✜❝❛s r❡❝♦♥❤❡❝✐❞❛♠❡♥t❡
❛♣❧✐❝á✈❡✐s ♣❛r❛ ❝❛❞❛ ❝❛s♦✳

❖ ❛t✉❛❧ ❝♦♥s❡♥s♦ s♦❜r❡ ❛ ♣r❡s❡r✈❛çã♦ ❞❛ q✉❛❧✐❞❛❞❡ ❞❛ á❣✉❛ ❞❡ r✐♦s
❡ ❧❛❣♦s ❢♦✐ ♦ ❢❛t♦r ♠♦t✐✈❛♥t❡ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✳ ❈♦♠♣r❡❡♥❞❡r
♦ ✢✉①♦✱ ❛ ❞✐s♣❡rsã♦ ❡ ❛ ❞❡❝♦♠♣♦s✐çã♦ ❞♦s ❝♦♠♣♦st♦s ♣r❡s❡♥t❡s ♥♦s ❡✢✉❡♥t❡s
❧❛♥ç❛❞♦s ❡♠ ❝❛♥❛✐s ♥❛t✉r❛✐s é ❞❡ ❡①tr❡♠❛ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❛ s♦❧✉çã♦ ❞❡
✈ár✐♦s ♣r♦❜❧❡♠❛s ♣r❡s❡♥t❡s ♥♦ ❞❡s♣❡❥♦ ❞❡ ❡✢✉❡♥t❡s ✐♥❞✉str✐❛✐s ♥♦s r✐♦s✳ ❊♥tr❡
❡st❡s ♣r♦❜❧❡♠❛s ❞❡st❛❝❛♠✲s❡ ❛ ❡s❝♦❧❤❛ ❞♦ ♠❡❧❤♦r ♣♦♥t♦ ❞❡ ❡♠✐ssã♦ ❞❡ ✉♠
❡✢✉❡♥t❡ ✐♥❞✉str✐❛❧✱ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❞✐stâ♥❝✐❛ ♥❡❝❡ssár✐❛ ♣❛r❛ ❛ ❞✐s♣❡rsã♦
❞❡st❡ ❡✢✉❡♥t❡ ❡ ❛ ❞✐stâ♥❝✐❛ ♣❛r❛ q✉❡ ♦❝♦rr❛ ❛ ❞❡❣r❛❞❛çã♦ ❞❛s s✉❜stâ♥❝✐❛s
❜✐♦❞❡❣r❛❞á✈❡✐s ♣r❡s❡♥t❡s ♥❡st❡ ❧❛♥ç❛♠❡♥t♦✳ ❊♥tr❡t❛♥t♦✱ ♦ ♠❛✐s ✐♠♣♦rt❛♥t❡ é
❞❡s❡♥✈♦❧✈❡r ❢❡rr❛♠❡♥t❛s ♥✉♠ér✐❝❛s ♣r❡❞✐t✐✈❛s ❞♦ ✐♠♣❛❝t♦ ❝❛✉s❛❞♦ ♣♦r ♥♦✈❛s
❡♠✐ssõ❡s ❞❡ ❡✢✉❡♥t❡s ❡♠ ✉♠ r✐♦ ❡ ♣♦r ♦✉tr❛s s✐t✉❛çõ❡s q✉❡ ♣♦♥❤❛♠ ❡♠ r✐s❝♦
♦ ❡q✉✐❧í❜r✐♦ ❛♠❜✐❡♥t❛❧✳

▲❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦s ♣r♦❜❧❡♠❛s ❡ ❛s ♥❡❝❡ss✐❞❛❞❡s ❛♣r❡s❡♥✲
t❛❞❛s✱ ❡st❡ tr❛❜❛❧❤♦ ❞❛rá ❝♦♥t✐♥✉✐❞❛❞❡ ❛ ✉♠ ❡st✉❞♦ ❞❡ ❜❛s❡ r❡❛❧✐③❛❞♦ ♥♦
▲❛❜♦r❛tór✐♦ ❞❡ ❋❧✉✐❞♦❞✐♥â♠✐❝❛ ❈♦♠♣✉t❛❝✐♦♥❛❧ ✭▲✲❈❋❉✮✱ ❞❡s❝r✐t♦ ♥❛ ❉✐s✲
s❡rt❛çã♦ ❞❡ ▼❡str❛❞♦ ❞♦ ❛❧✉♥♦ ❑❡❧❡rs♦♥ ▼♦❞❡♥❡s✐ ❡ s♦❜ ♦r✐❡♥t❛çã♦ ❞♦ Pr♦❢✳

✷



❉r✳ ❏♦sé ❘♦❜❡rt♦ ◆✉♥❤❡③✳ ◆❡ss❡ tr❛❜❛❧❤♦✱ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ✉♠ ♠♦❞❡❧♦ ✢✉✲
✐❞♦❞✐♥â♠✐❝♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❡ ♣r❡✈✐sã♦ ❞❛ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❞❛❞♦ ❡✢✉❡♥t❡
✐♥❡rt❡ s❡♥❞♦ ❧❛♥ç❛❞♦ ❡♠ ✉♠ r✐♦✳ ❊♠❜♦r❛ ❝♦♥s✐❞❡r❛♥❞♦ ❡s❝♦❛♠❡♥t♦ ❧❛♠✐✲
♥❛r ❡ ❧✐♠✐t❛❞♦ ❛♦ ❡st✉❞♦ ❞❡ tr❡❝❤♦s r❡t✐❧í♥❡♦s✱ ♦ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t♦✉ ❜♦♥s
r❡s✉❧t❛❞♦s q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦s ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❝♦❧❡t❛❞♦s ♥♦ ❘✐♦
❆t✐❜❛✐❛ ♥✉♠ ♣r♦❥❡t♦ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❛ ❘❊P▲❆◆✴P❡tr♦❜r❛s✳

◆❡st❛ ♣❡sq✉✐s❛ ❞❡ ❉♦✉t♦r❛❞♦✱ ♣r♦❝✉r❛♥❞♦ r❡♣r❡s❡♥t❛r ✉♠ ♠❛✐♦r
♥ú♠❡r♦ ❞❡ ❝❛s♦s✱ ♦ ❡s❝♦❛♠❡♥t♦ é ❝♦♥s✐❞❡r❛❞♦ t✉r❜✉❧❡♥t♦✱ ❝❛r❛❝t❡ríst✐❝❛ ❞❛
❣r❛♥❞❡ ♠❛✐♦r✐❛ ❞♦s r✐♦s✳ P❛r❛ ✉♠ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦
❞♦ ❡✢✉❡♥t❡ ♥♦ ♠❡✐♦ ❛q✉át✐❝♦✱ ❛s r❡❛çõ❡s ❞❡ ❞❡❝♦♠♣♦s✐çã♦ ❞❛s s✉❜stâ♥❝✐❛s
♥ã♦ ✐♥❡rt❡s ♣r❡s❡♥t❡s ♥♦ ❡✢✉❡♥t❡ t❛♠❜é♠ ♣♦❞❡♠ s❡r ❧❡✈❛❞❛s ❡♠ ❝♦♥s✐❞❡r❛çã♦✳
❆❧é♠ ❞✐ss♦✱ é ♣♦ssí✈❡❧ ♦❜t❡r ♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦
❛♦ ❧♦♥❣♦ ❞❡ t♦❞♦ ♦ tr❡❝❤♦ ❡♠ ❡st✉❞♦✳ ❖ ♠♦❞❡❧♦ t❛♠❜é♠ ♣❡r♠✐t❡ ♦ ❡st✉❞♦
❞❛ ❞✐s♣❡rsã♦ ❞❡ ❡✢✉❡♥t❡s ❡♠ tr❡❝❤♦s ❞❡ r✐♦ ♦♥❞❡ ❡①✐st❛ ♠❛✐s ❞❡ ✉♠ ♣♦♥t♦ ❞❡
❧❛♥ç❛♠❡♥t♦✳

❆✐♥❞❛ ❡♠ r❡❧❛çã♦ ❛♦ ♣♦t❡♥❝✐❛❧ ❞♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦✱ ❝♦♥✈é♠ ❝✐t❛r
❛ ❘❡s♦❧✉çã♦ ◆o ✸✺✼ ❞❡ ✶✼ ❞❡ ♠❛rç♦ ❞❡ ✷✵✵✺ ❞♦ ❈♦♥s❡❧❤♦ ◆❛❝✐♦♥❛❧ ❞❡ ▼❡✐♦
❆♠❜✐❡♥t❡ q✉❡ ❞✐s♣õ❡ s♦❜r❡ ❛ ❝❧❛ss✐✜❝❛çã♦ ❞♦s ❝♦r♣♦s ❞❡ á❣✉❛ ❡ ❞✐r❡tr✐③❡s
❛♠❜✐❡♥t❛✐s ♣❛r❛ ♦ s❡✉ ❡♥q✉❛❞r❛♠❡♥t♦✱ ❜❡♠ ❝♦♠♦ ❡st❛❜❡❧❡❝❡ ❛s ❝♦♥❞✐çõ❡s
❡ ♣❛❞rõ❡s ❞❡ ❧❛♥ç❛♠❡♥t♦ ❞❡ ❡✢✉❡♥t❡s✳ ◆❡st❛ r❡s♦❧✉çã♦✱ ♣♦❞❡✲s❡ ❧❡r ♥♦ ❛r✲
t✐❣♦ ✸✸✿ ✧❆ ❡①t❡♥sã♦ ❡ ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ s✉❜stâ♥❝✐❛s ♥❛ ③♦♥❛ ❞❡ ♠✐st✉r❛
❞❡✈❡rã♦ s❡r ♦❜❥❡t♦ ❞❡ ❡st✉❞♦✱ ♥♦s t❡r♠♦s ❞❡t❡r♠✐♥❛❞♦s ♣❡❧♦ ór❣ã♦ ❛♠❜✐❡♥✲
t❛❧ ❝♦♠♣❡t❡♥t❡✱ às ❡①♣❡♥s❛s ❞♦ ❡♠♣r❡❡♥❞❡❞♦r r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ❧❛♥ç❛♠❡♥t♦✧✳
❙❡♥❞♦ ❛ss✐♠✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❡st❛ r❡s♦❧✉çã♦ ♣✉❜❧✐❝❛❞❛ r❡❝❡♥t❡♠❡♥t❡✱ t♦❞♦ ❡♠✲
♣r❡❡♥❞♦r q✉❡ ✈❡♥❤❛ ❛ ❧❛♥ç❛r ❡✢✉❡♥t❡s ❡♠ ✉♠ ❝♦r♣♦ ❞❡ á❣✉❛ t❡rá q✉❡ r❡❛❧✐③❛r
❡st✉❞♦s s❡♠❡❧❤❛♥t❡s ❛♦s ❞❡s❡♥✈♦❧✈✐❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳

➱ ✐♠♣♦rt❛♥t❡ s❛❧✐❡♥t❛r q✉❡ ♥ã♦ ❡①✐st❡ ♥❛ ❧✐t❡r❛t✉r❛ ❛❝❛❞ê♠✐❝❛ ✉♠
tr❛❜❛❧❤♦ ❝♦♠♦ ❡st❡✱ ❡♠❜♦r❛ s❡❥❛ ❣r❛♥❞❡ ♦ ✐♥t❡r❡ss❡ ♣♦r ♣❛rt❡ ❞❡ ❡♠♣r❡s❛s
❡ ór❣ã♦s ❛♠❜✐❡♥t❛✐s ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✐♥str✉♠❡♥t♦s ❞❡ ♣r❡✈✐sã♦ ❞❡ ✐♠✲
♣❛❝t♦ ❛♠❜✐❡♥t❛❧ ❝♦♠♦ ♦ q✉❡ s❡rá ♦❜t✐❞♦✳
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❈❛♣ít✉❧♦ ✷

❖❜❥❡t✐✈♦s

❖ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ t❡♠ ❝♦♠♦ ♣r✐♥❝✐♣❛✐s ♦❜❥❡t✐✈♦s✿

• ❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ✢✉✐❞♦❞✐♥â♠✐❝♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ♣❛r❛
✉♠ tr❡❝❤♦ ❞❡ r✐♦ ❝❛♣❛③ ❞❡ ♣r❡❞✐③❡r ❛ ❞✐s♣❡rsã♦ ❞❡ ❝♦♠♣♦st♦s ✐♥❞✉str✐❛✐s
s❡♥❞♦ ❧❛♥ç❛❞♦s ♥❡st❡ r✐♦✳ ❊st❡ ♠♦❞❡❧♦ ❞❡✈❡rá ❝♦♥s✐❞❡r❛r ❡s❝♦❛♠❡♥t♦
t✉r❜✉❧❡♥t♦✱ r❡❛çõ❡s ❞❡ ❞❡❝♦♠♣♦s✐çã♦ ❞♦s ❝♦♠♣♦♥❡♥t❡s ❡♥✈♦❧✈✐❞♦s ❡ ❛
♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♠❛✐s ❞❡ ✉♠ ♣♦♥t♦ ❞❡ ❞❡s♣❡❥♦✳

• ❆ ♦❜t❡♥çã♦ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ♥❛ á❣✉❛
❛♦ ❧♦♥❣♦ ❞♦ tr❡❝❤♦ ❡♠ ❡st✉❞♦✳

• ❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ s♦❧✉çã♦ ❞❛s ❡q✉❛çõ❡s ❞♦ ♠♦✲
❞❡❧♦ ❝♦♠ ♦ ✉s♦ ❞♦ ▼ét♦❞♦ ❞♦s ❱♦❧✉♠❡s ❋✐♥✐t♦s✳

• ❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ ♣r♦❣r❛♠❛ ❡♠ ▲✐♥❣✉❛❣❡♠ ❋♦rtr❛♥ ❝❛♣❛③ ❞❡
r❡s♦❧✈❡r ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣r♦♣♦st♦✳

• ❆ ❝♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧♦ ♠♦❞❡❧♦ ♣r♦♣♦st♦ ❝♦♠ r❡s✉❧✲
t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❡ ♥✉♠ér✐❝♦s✳

• ❆ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡
❞❡ ❞✐s♣❡rsã♦ ♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ tr❡❝❤♦ ❞❡ r✐♦✳

• ❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛ ❡♠ ❱✐s✉❛❧ ❇❛s✐❝ ❞❡ ❢á❝✐❧
✉t✐❧✐③❛çã♦ ♣♦r q✉❛❧q✉❡r ✉s✉ár✐♦ ✐♥t❡r❡ss❛❞♦ ❡♠ ❝♦♠♣r❡❡♥❞❡r ♦s ❢❡♥ô✲
♠❡♥♦s ❡♥✈♦❧✈✐❞♦s ♥❛ ❞✐s♣❡rsã♦ ❞❡ ❡✢✉❡♥t❡s ❡♠ r✐♦s✳

✺



❈❛♣ít✉❧♦ ✸

❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛

❆ ❤✉♠❛♥✐❞❛❞❡✱ ❞✉r❛♥t❡ ♠✐❧ê♥✐♦s✱ ❝♦♥s✐❞❡r♦✉ ❛ á❣✉❛ ❝♦♠♦ ✉♠ r❡✲
❝✉rs♦ ✐♥❡s❣♦tá✈❡❧ ❡ ❞❡ q✉❛❧✐❞❛❞❡ ❛❞❡q✉❛❞❛ ♣❛r❛ s❡✉ ❝♦♥s✉♠♦ ❡ ♦ ❞❡s❡♥✲
✈♦❧✈✐♠❡♥t♦ ❞❡ s✉❛s ❛t✐✈✐❞❛❞❡s✳ ❊♠ ✉♠ ♠✉♥❞♦ ❡ss❡♥❝✐❛❧♠❡♥t❡ r✉r❛❧✱ ♦ ♠❡✐♦
❛♠❜✐❡♥t❡ t✐♥❤❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛ss✐♠✐❧❛çã♦ s✉♣❡r✐♦r à ♣♦❧✉✐çã♦ ♣r♦❞✉③✐❞❛ ♣❡❧♦
❤♦♠❡♠✳

❆ ♣❛rt✐r ❞❛ ❘❡✈♦❧✉çã♦ ■♥❞✉str✐❛❧✱ ❤♦✉✈❡ ❛❧t❡r❛çõ❡s s✉❜st❛♥❝✐❛✐s ♥❛
♦❝✉♣❛çã♦ ❞♦s ❡s♣❛ç♦s ❡♠ ❢❛❝❡ ❞❛ ✐♠♣❧❛♥t❛çã♦ ❞❡ ✐♥❞ústr✐❛s ❡ ❞❛ ✉r❜❛♥✲
✐③❛çã♦ ❞❛s ❝✐❞❛❞❡s✳ ❆♥t❡ ♦ ❝r❡s❝✐♠❡♥t♦ ❡❝♦♥ô♠✐❝♦ ❡ ♣♦♣✉❧❛❝✐♦♥❛❧ ❛♣ós ❛
❙❡❣✉♥❞❛ ●✉❡rr❛ ▼✉♥❞✐❛❧✱ ✈ár✐♦s ♣❛ís❡s ❝♦♠❡ç❛r❛♠ ❛ ✐❞❡♥t✐✜❝❛r ♣r♦❜❧❡♠❛s
❞❡❝♦rr❡♥t❡s ❞❡ss❛ ✐♥❞✉str✐❛❧✐③❛çã♦ ❡ ✉r❜❛♥✐③❛çã♦ ♥❛ q✉❛❧✐❞❛❞❡ ❞❛ á❣✉❛ ❞❡
s❡✉s r✐♦s✳ ❖s ❡✢✉❡♥t❡s ✐♥❞✉str✐❛✐s ❡ ❞♦♠ést✐❝♦s ♣❛ss❛r❛♠ ❛ ❣❡r❛r ♣r♦❜❧❡♠❛s
❞❡ q✉❛❧✐❞❛❞❡ q✉❡ ✐♠♣❧✐❝❛✈❛♠ ❛✉♠❡♥t♦ ♥♦s ❝✉st♦s ❞❡ tr❛t❛♠❡♥t♦✱ r❡❞✉çã♦ ❞❛
❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ á❣✉❛ ❡ ❝♦♥✢✐t♦s ❡♥tr❡ ✉s✉ár✐♦s✱ ♦✉ ❛té ❡♥tr❡ ♣❛ís❡s✳ ❆s✲
s♦❝✐❛❞❛ ❛♦ ♣r♦❝❡ss♦ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✱ ❛ ✐♠♣❡r♠❡❛❜✐❧✐③❛çã♦ ❡ ❛ ♦❝✉♣❛çã♦
❞❡s♦r❞❡♥❛❞❛ ❞♦ s♦❧♦✱ ❛ ❡①♣❛♥sã♦ ❞❛ ❛❣r✐❝✉❧t✉r❛ ❡ ❛ ❞❡st✐♥❛çã♦ ✐♥❛❞❡q✉❛❞❛
❞❡ r❡sí❞✉♦s só❧✐❞♦s ✈✐❡r❛♠ ❝♦♥tr✐❜✉✐r ♣❛r❛ ❛ ❞❡t❡r✐♦r❛çã♦ ❞❛ q✉❛❧✐❞❛❞❡ ❞❛
á❣✉❛ ❞♦s r✐♦s ❡ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❡♥❝❤❡♥t❡s✳

❊ss❛ s✐t✉❛çã♦ é ♣r❡♦❝✉♣❛♥t❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❡❧♦ ❢❛t♦ ❞❡ ❛ ♣♦♣✉✲
❧❛çã♦ ♠✉♥❞✐❛❧ ❤❛✈❡r ✉❧tr❛♣❛ss❛❞♦ ♦ ♠❛r❝♦ ❞❡ ✻ ❜✐❧❤õ❡s ❞❡ ❤❛❜✐t❛♥t❡s ❡♠
✶✾✾✾ ❡ ❞❡ s✉❛s ❛t✐✈✐❞❛❞❡s ❛♥tró♣✐❝❛s ❥á t❡r❡♠ ❛t✐♥❣✐❞♦ ✉♠❛ ❡s❝❛❧❛ ❞❡ ✉t✐❧✐③❛✲
çã♦ ❞♦s r❡❝✉rs♦s ♥❛t✉r❛✐s ❞✐s♣♦♥í✈❡✐s q✉❡ ♦❜r✐❣❛ t♦❞♦s ❛ ♣❡♥s❛r ♥♦ ❢✉t✉r♦
s♦❜ ♥♦✈❛ ♣❡rs♣❡❝t✐✈❛✳

✼



❙❤✐❦❧♦♠❛♥♦✈ ✭✸✻✱ ✶✾✾✼✮ ❡st✐♠❛ q✉❡ ❛ q✉❛♥t✐❞❛❞❡ t♦t❛❧ ❞❡ á❣✉❛ ♥❛
❚❡rr❛✱ ❞❡ ✶✳✸✽✻ ♠✐❧❤õ❡s ❦♠3✱ t❡♠ ♣❡r♠❛♥❡❝✐❞♦ ♣r❛t✐❝❛♠❡♥t❡ ❝♦♥st❛♥t❡ ❞✉✲
r❛♥t❡ ♦s ú❧t✐♠♦s ✺✵✵ ♠✐❧❤õ❡s ❞❡ ❛♥♦s ❡ q✉❡✱ ❞❡ss❡ t♦t❛❧✱ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦
♥❛ ❚❛❜❡❧❛ ✸✳✶✱ ❛♣❡♥❛s ✵✱✷✼ ✪✱ ♦✉ s❡❥❛✱ ✾✸✳✶✵✵ ❦♠3✱ ❝♦rr❡s♣♦♥❞❡ ❛♦ ✈♦❧✉♠❡
❞❡ á❣✉❛ ❞♦❝❡ ❞❛ ❚❡rr❛✱ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦s r✐♦s ❡ ❧❛❣♦s✱ ❢♦r♠❛s ❞❡ ❛r♠❛③❡♥❛✲
♠❡♥t♦ ♠❛✐s ❛❝❡ssí✈❡✐s ❛♦ ✉s♦ ❤✉♠❛♥♦✱ ❡ ❛♦s ❡❝♦ss✐st❡♠❛s✳ ❆ ❡①♣❧♦r❛çã♦ ❞♦
♣♦t❡♥❝✐❛❧ ❤í❞r✐❝♦ s✉❜t❡rrâ♥❡♦✱ ❡♠ ❛qüí❢❡r♦s ♣r♦❢✉♥❞♦s✱ ❛♣❡s❛r ❞❡ ❛♣r❡s❡t❛r
✉♠❛ r❡s❡r✈❛ ❤í❞r✐❝❛ ❝❡♠ ✈❡③❡s s✉♣❡r✐♦r ❛ ❞♦s r✐♦s ❡ ❧❛❣♦s✱ ❝♦♥st✐t✉✐ ✉♠❛
❛t✐✈✐❞❛❞❡ ❞❡ r✐s❝♦ q✉❡ ❡①✐❣❡ t❡❝♥♦❧♦❣✐❛ ❛✈❛♥ç❛❞❛ ❞❡ ✐♥✈❡st✐❣❛çã♦ ❤✐❞r♦❣❡♦❧ó✲
❣✐❝❛ ❡ ♣❡r❢✉r❛çã♦ ❞❡ ♣♦ç♦s✱ ❞❡ ❛❧tíss✐♠♦ ❝✉st♦✱ ♣❛r❛ ❛ ❝❛♣t❛çã♦ ❞❡ á❣✉❛s
s✉❜t❡rrâ♥❡❛s ❡♠ ❧❡♥çó✐s ❛ ♠❛✐s ❞❡ ✶✳✵✵✵ ♠ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳

❙❤✐❦❧♦♠❛♥♦✈ ✭✸✻✱ ✶✾✾✼✮ ❡st✐♠❛ q✉❡✱ ❛t✉❛❧♠❡♥t❡✱ ❛ ❞❡♠❛♥❞❛ ❛♥✉❛❧
❞❡ á❣✉❛ ♥♦ ♠✉♥❞♦ s❡❥❛ ❞❡ ✸✳✾✹✵ ❦♠3✱ r❡♣r❡s❡♥t❛♥❞♦ ♠❡♥♦s ❞❡ ✶✵ ✪ ❞♦
✈♦❧✉♠❡ t♦t❛❧ ❞✐s♣♦♥í✈❡❧✳ ❙❡♥❞♦ ❛ss✐♠✱ ❡♠ ♥í✈❡❧ ❣❧♦❜❛❧✱ ♥ã♦ ❤❛✈❡r✐❛ ❡s❝❛ss❡③
❤í❞r✐❝❛✱ ♣♦ré♠✱ ❛ ♠á ❞✐str✐❜✉✐çã♦ ❡s♣❛❝✐❛❧ ❡ t❡♠♣♦r❛❧ ❞❛ á❣✉❛✱ s♦♠❛❞❛ à
❞✐str✐❜✉✐çã♦ ❞❡♠♦❣rá✜❝❛ ✐rr❡❣✉❧❛r ♥❛ ❚❡rr❛✱ ❢❛③ ❝♦♠ q✉❡ ❛❧❣✉♠❛s r❡❣✐õ❡s
s♦❢r❛♠ ♣❡r♠❛♥❡♥t❡♠❡♥t❡ ❝♦♠ ❛ ❢❛❧t❛ ❞❡ á❣✉❛✳

❆ ❡s❝❛ss❡③ ❞❡ á❣✉❛ ♣♦tá✈❡❧ s❡ ❞❡✈❡ ❛ ✉♠❛ sér✐❡ ❞❡ ❢❛t♦r❡s✿ ❡❝♦♥ô♠✐✲
❝♦s✱ ❣❡♦❣rá✜❝♦s✱ ❞❡♠♦❣rá✜❝♦s✱ ❡♥tr❡ ♦✉tr♦s✳ ❆❧é♠ ❞❡st❡s ❢❛t♦r❡s✱ ♦❜s❡r✈❛✲s❡
t❛♠❜é♠ ✉♠ ♥ú♠❡r♦ ❛❧❛r♠❛♥t❡ ❞❡ r✐♦s ❝✉❥❛s á❣✉❛s t♦r♥❛r❛♠✲s❡ ✐♠♣ró♣r✐❛s
♣❛r❛ ♦ ✉s♦ ❞❡✈✐❞♦ ❛♦ ❞❡s♣❡❥♦ ❞❡ ❡✢✉❡♥t❡s ✐♥❞✉str✐❛✐s ❡ ❞♦♠ést✐❝♦s✳

◗✉❛s❡ ❛ t♦t❛❧✐❞❛❞❡ ❞❛ á❣✉❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ s❡r✈✐r ❛♦ ❛❜❛st❡❝✐♠❡♥t♦
♣ú❜❧✐❝♦ ❡ ✐♥❞✉str✐❛❧ é ♣r♦✈❡♥✐❡♥t❡ ❞♦s r✐♦s✳ ❈♦♠ r❡❧❛çã♦ ❛ ❡st❡s r❡❝✉rs♦s ❤í✲
❞r✐❝♦s✱ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❡s❝❛ss❡③ ❞❡ á❣✉❛ t❡♠ s❡ ♠♦str❛❞♦ ❝❛❞❛ ✈❡③ ♠❛✐♦r
❡ ❝♦♥s❡qüê♥❝✐❛s ❥á ♣♦❞❡♠ s❡r ♣❡r❝❡❜✐❞❛s ♣♦r ♣❛rt❡ ❞❛ ♣♦♣✉❧❛çã♦ ❞♦ ♣❧❛♥❡t❛✳
❆❧❣✉♠❛s r❡❣✐õ❡s ❝♦♥✈✐✈❡♠ ❞✐❛r✐❛♠❡♥t❡ ❝♦♠ ❛ s✉s♣❡♥sã♦ ♣❛r❝✐❛❧ ❞♦ ❛❜❛st❡❝✐✲
♠❡♥t♦ ❞❡ á❣✉❛ ♣♦tá✈❡❧✳ ❈❡r❝❛ ❞❡ ✉♠ q✉❛rt♦ ❞❛ ♣♦♣✉❧❛çã♦ ♠✉♥❞✐❛❧ ♥ã♦ t❡♠
❛❝❡ss♦ à á❣✉❛ ❛❞❡q✉❛❞❛ ❛♦ ❝♦♥s✉♠♦ ❤✉♠❛♥♦✳ P❡sq✉✐s❛s r❡❛❧✐③❛❞❛s ❡♠ ✶✾✽✺
♣❡❧❛ ❖r❣❛♥✐③❛çã♦ ▼✉♥❞✐❛❧ ❞❛ ❙❛ú❞❡ r❡✈❡❧❛r❛♠ q✉❡ ✾✼ ✪ ❞♦s ❤❛❜✐t❛♥t❡s ❞❡
♣❛ís❡s ✐♥❞✉str✐❛❧✐③❛❞♦s t✐♥❤❛♠ ❛❝❡ss♦ à á❣✉❛ tr❛t❛❞❛❀ ❥á ♥♦s ♣❛ís❡s ❡♠ ❞❡✲
s❡♥✈♦❧✈✐♠❡♥t♦ ❡st❡ í♥❞✐❝❡ ❝❛í❛ ♣❛r❛ ✸✺ ✪✳

❖ ❇r❛s✐❧ t❡♠ ✉♠❛ s✐t✉❛çã♦ ♣r✐✈✐❧❡❣✐❛❞❛ ❡♠ t❡r♠♦s ❞❡ á❣✉❛✱ ❝♦♠
✶✸✱✼ ✪ ❞❛ á❣✉❛ ❞♦❝❡ ❞✐s♣♦♥í✈❡❧ ♥♦ ♣❧❛♥❡t❛ ❡ ❞♦✐s t❡rç♦s ❞♦ ♠❛✐♦r ❛qüí❢❡r♦
s✉❜t❡rrâ♥❡♦ ❞♦ ♠✉♥❞♦✱ ♦ ❆qüí❢❡r♦ ●✉❛r❛♥✐✳ ■st♦ s✐❣♥✐✜❝❛ ✉♠❛ ❞✐s♣♦♥✐❜✐❧✐✲
❞❛❞❡ ❞❡ á❣✉❛ ✽✵ ✪ ♠❛✐♦r q✉❡ ❛ ❞♦ ❈❛♥❛❞á ❡ ❛ ❞❛ ❈❤✐♥❛✱ ❡ ❞✉❛s ✈❡③❡s ♠❛✐♦r
q✉❡ ❛ ❞♦s ❊st❛❞♦s ❯♥✐❞♦s✳

❆ á❣✉❛ ❞♦❝❡ é ❡♥tr❡t❛♥t♦ ❡①tr❡♠❛♠❡♥t❡ ♠❛❧ ❞✐str✐❜✉í❞❛ ♥♦ ❇r❛s✐❧✱
♣♦✐s ✽✵ ✪ ❞❛s á❣✉❛s ❜r❛s✐❧❡✐r❛s ❡stã♦ ♥❛ ❆♠❛③ô♥✐❛✱ ❡♥q✉❛♥t♦ ❙ã♦ P❛✉❧♦✱

✽



✸✳✶ ❋❧✉①♦ ❡♠ r✐♦s ❡ ❝❛♥❛✐s

q✉❡ t❡♠ ✷✵ ✪ ❞❛ ♣♦♣✉❧❛çã♦ ❞♦ ♣❛ís✱ ❝♦♥t❛ ❛♣❡♥❛s ❝♦♠ ✶✱✻ ✪ ❞♦s r❡❝✉rs♦s
❤í❞r✐❝♦s✳ ❙❡♥❞♦ ❛ss✐♠✱ ❡①✐st❡ ✉♠❛ ❜❛✐①❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ á❣✉❛ ❡♠ ❛❧❣✉♠❛s
r❡❣✐õ❡s ❞♦ ❡st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✳

✸✳✶ ❋❧✉①♦ ❡♠ r✐♦s ❡ ❝❛♥❛✐s

❯♠ ❝❛♥❛❧ ❛❜❡rt♦ é✱ ♣♦r ❞❡✜♥✐çã♦✱ ✉♠ ❝♦♥❞✉t♦ q✉❡ ♣♦ss✉✐ ✉♠❛ s✉✲
♣❡r❢í❝✐❡ ❧✐✈r❡ ❬❋r❡♥❝❤ ✭✶✺✱ ✶✾✽✻✮❪✳ ❚❛✐s ❝❛♥❛✐s ♣♦❞❡♠ t❡r s✐❞♦ ♦r✐❣✐♥❛❞♦s ♣♦r
♣r♦❝❡ss♦s ♥❛t✉r❛✐s✱ ❝♦♠♦ r✐♦s✱ r✐❛❝❤♦s ❡ ❡st✉ár✐♦s❀ ♦✉ ♣♦r ♣r♦❝❡ss♦s ❛rt✐✜❝✐❛✐s✱
❝♦♠♦ ❝❛♥❛✐s ♣❛r❛ ♥❛✈❡❣❛çã♦✱ ❝❛♥❛✐s ♣❛r❛ ✐rr✐❣❛çã♦ ❡ ✈❛❧❛s ❞❡ ❞r❡♥❛❣❡♠✳

❖ ✢✉①♦ ❞❡ á❣✉❛ ❡♠ r✐♦s ♦✉ ❝❛♥❛✐s é✱ s♦❜ ✈ár✐♦s ❛s♣❡❝t♦s✱ s❡♠❡❧❤❛♥t❡
❛♦ ✢✉①♦ ❡♠ t✉❜♦s✳ ❆ ♣r✐♥❝✐♣❛❧ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❡st❡s ❞♦✐s t✐♣♦s ❞❡ ✢✉①♦ é q✉❡
❡♠ ❝❛♥❛✐s ❛❜❡rt♦s ❡①✐st❡ ✉♠❛ s✉♣❡r❢í❝✐❡ ❧✐✈r❡❀ ❡♥q✉❛♥t♦ ♥♦ ✢✉①♦ ❡♠ t✉❜♦s
✐st♦ ♥ã♦ ♦❝♦rr❡✱ ❥á q✉❡ ♦ ✢✉✐❞♦ ❞❡✈❡ ♣r❡❡♥❝❤ê✲❧♦ ❝♦♠♣❧❡t❛♠❡♥t❡✳

❆♣❡s❛r ❞❛ s❡♠❡❧❤❛♥ç❛ ❡♥tr❡ ♦s ❞♦✐s t✐♣♦s ❞❡ ✢✉①♦✱ ♣r♦❜❧❡♠❛s ❡♥✲
✈♦❧✈❡♥❞♦ ❝❛♥❛✐s ❛❜❡rt♦s tê♠✱ ♥♦r♠❛❧♠❡♥t❡✱ ✉♠❛ s♦❧✉çã♦ ♠❛✐s ❞✐❢í❝✐❧ q✉❡
❛q✉❡❧❡s q✉❡ ❡♥✈♦❧✈❡♠ t✉❜♦s✳ ❆s ❝♦♥❞✐çõ❡s ❞❡ ✢✉①♦ ❡♠ ❝❛♥❛✐s ❛❜❡rt♦s ❡ r✐♦s
sã♦ ❝♦♠♣❧✐❝❛❞❛s ♣❡❧♦ ❢❛t♦ ❞❡ q✉❡ ❛ ♣♦s✐çã♦ ❞❛ s✉♣❡r❢í❝✐❡ ❧✐✈r❡ ♣♦❞❡ ♠✉❞❛r
❝♦♠ ♦ t❡♠♣♦ ❡ ❝♦♠ ♦ ❡s♣❛ç♦✳

❆ ❝❧❛ss✐✜❝❛çã♦ ❞♦s ❡s❝♦❛♠❡♥t♦s ❡①✐st❡♥t❡s ❡♠ ❝❛♥❛✐s ❛❜❡rt♦s é ❢❡✐t❛
❝♦♠ ❜❛s❡ ❡♠ ❞✐❢❡r❡♥t❡s ❝r✐tér✐♦s✳ ❈❤♦✇ ✭✻✱ ✶✾✺✾✮ ❝❧❛ss✐✜❝♦✉ ♦s ✢✉①♦s ❡♠
❝❛♥❛✐s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ✈❛r✐❛çõ❡s ♦❝♦rr✐❞❛s ♥❛ ♣r♦❢✉♥❞✐❞❛❞❡ ❞♦ ✢✉①♦ ❡♠
r❡❧❛çã♦ ❛♦ t❡♠♣♦ ❡ ❛♦ ❡s♣❛ç♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ✈❛r✐❛çã♦ ❞♦ ✢✉①♦ ❡♠ r❡❧❛çã♦ ❛♦ t❡♠♣♦✱ t❡♠✲s❡✿

❋❧✉①♦ ♣❡r♠❛♥❡♥t❡✿ ❖❝♦rr❡ q✉❛♥❞♦ ❛ ♣r♦❢✉♥❞✐❞❛❞❡ ❞♦ ✢✉①♦ ♥ã♦
✈❛r✐❛ ♦✉ é ❝♦♥s✐❞❡r❛❞❛ ❝♦♥st❛♥t❡ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳

❋❧✉①♦ ♥ã♦✲♣❡r♠❛♥❡♥t❡✿ ❆ ♣r♦❢✉♥❞✐❞❛❞❡ ❞♦ ✢✉①♦ ✈❛r✐❛ ❝♦♠ ♦
t❡♠♣♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ✈❛r✐❛çã♦ ❞♦ ✢✉①♦ ❡♠ r❡❧❛çã♦ ❛♦ ❡s♣❛ç♦✱ t❡♠✲s❡✿

❋❧✉①♦ ✉♥✐❢♦r♠❡✿ ❖❝♦rr❡ q✉❛♥❞♦ ❛ ♣r♦❢✉♥❞✐❞❛❞❡ ❞♦ ✢✉①♦ é ❝♦♥s✐✲
❞❡r❛❞❛ ❝♦♥st❛♥t❡ ❡♠ q✉❛❧q✉❡r s❡çã♦ tr❛♥s✈❡rs❛❧ ❞♦ ❝❛♥❛❧ ❡st✉❞❛❞♦✳

❋❧✉①♦ ✈❛r✐❛❞♦✿ ❖❝♦rr❡ q✉❛♥❞♦ ❛ ♣r♦❢✉♥❞✐❞❛❞❡ ❞♦ ✢✉①♦ ✈❛r✐❛ ❛♦
❧♦♥❣♦ ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞♦ ❝❛♥❛❧✳ ❖ ✢✉①♦ ✈❛r✐❛❞♦ ♣♦❞❡ ❛✐♥❞❛ s❡r ❞✐✈✐❞✐❞♦ ❡♠
r❛♣✐❞❛♠❡♥t❡ ✈❛r✐❛❞♦ ♦✉ ❣r❛❞✉❛❧♠❡♥t❡ ✈❛r✐❛❞♦✳

✾



✸✳✶ ❋❧✉①♦ ❡♠ r✐♦s ❡ ❝❛♥❛✐s

❚❛❜❡❧❛ ✸✳✶✿ ❉✐str✐❜✉✐çã♦ ❞❛ á❣✉❛ ♠✉♥❞✐❛❧✳

❘❡s❡r✈❛tór✐♦ ❱♦❧✉♠❡ ✭✶✵3 ❑♠3✮ ✪ ❞♦ ❱♦❧✉♠❡ ❚♦t❛❧

❖❝❡❛♥♦s ✶✳✸✸✽✳✵✵✵✱✵ ✾✺✱✺✸✼✾

❙✉❜s♦❧♦ ✷✸✳✹✵✵✱✵ ✶✱✻✽✽✸

➪❣✉❛ ❞♦❝❡ ✶✵✳✺✸✵✱✵ ✵✱✼✺✾✼

➪❣✉❛ s❛❧❣❛❞❛ ✶✷✳✽✼✵✱✵ ✵✱✾✷✽✻

❯♠✐❞❛❞❡ ❞♦ ❙♦❧♦ ✶✻✱✺ ✵✱✵✵✶✷

➪r❡❛s ❝♦♥❣❡❧❛❞❛s ✷✹✳✵✻✹✱✵ ✶✱✼✸✻✷

❆♥tárt✐❝❛ ✷✶✳✻✵✵✱✵ ✶✱✺✺✽✺

●r♦❡❧â♥❞✐❛ ✷✸✸✾✱✺ ✵✱✶✻✽✽

➪rt✐❝♦ ✽✸✱✺ ✵✱✵✵✻✵

▼♦♥t❛♥❤❛s ✹✵✱✻ ✵✱✵✵✷✾

❙♦❧♦s ❝♦♥❣❡❧❛❞♦s ✸✵✵✱✵ ✵✱✵✷✶✻

▲❛❣♦s ✶✼✻✱✹ ✵✱✵✶✷✼

➪❣✉❛ ❞♦❝❡ ✾✶✱✵ ✵✱✵✵✻✻

➪❣✉❛ s❛❧❣❛❞❛ ✽✺✱✹ ✵✱✵✵✻✷

Pâ♥t❛♥♦s ✶✶✱✺ ✵✱✵✵✵✽

❘✐♦s ✷✱✶ ✵✱✵✵✵✷

❇✐♦♠❛ss❛ ✶✱✶ ✵✱✵✵✵✶

❱❛♣♦r ❞′á❣✉❛ ♥❛ ❛t♠♦s❢❡r❛ ✶✷✱✾ ✵✱✵✵✵✾

❚♦t❛❧ ❞❡ á❣✉❛ s❛❧❣❛❞❛ ✶✳✸✺✵✳✾✺✺✱✹ ✾✼✱✹✼✷✻

❚♦t❛❧ ❞❡ á❣✉❛ ❞♦❝❡ ✸✺✳✵✷✾✱✶ ✷✱✺✷✼✹

❚♦t❛❧ ❞❡ á❣✉❛ ♥♦ ♣❧❛♥❡t❛ ✶✳✸✽✺✳✾✽✹✱✺ ✶✵✵✱✵

❋♦♥t❡✿ ❙❤✐❦❧♦♠❛♥♦✈ ✭✸✻✱ ✶✾✾✼✮
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✸✳✶ ❋❧✉①♦ ❡♠ r✐♦s ❡ ❝❛♥❛✐s

❋✐❣✉r❛ ✸✳✶✿ ❚✐♣♦s ❞❡ ✢✉①♦ ❡♠ ❝❛♥❛✐s ❛❜❡rt♦s✳ ❋♦♥t❡✿ ❈❤♦✇ ✭✻✱ ✶✾✺✾✮

❖s ❞✐✈❡rs♦s t✐♣♦s ❞❡ ❡s❝♦❛♠❡♥t♦ ❞❡✜♥✐❞♦s ♣♦r ❈❤♦✇ ✭✻✱ ✶✾✺✾✮ sã♦
✐❧✉str❛❞♦s ♥❛ ❋✐❣✉r❛ ✸✳✶✳

❆ss✐♠ ❝♦♠♦ ♦ ❡s❝♦❛♠❡♥t♦ ❡♠ t✉❜♦s✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛ ♠❛❣♥✐t✉❞❡ ❡♥✲
tr❡ ❛s ❢♦rç❛s ✐♥❡r❝✐❛✐s ❡ ❛s ❢♦rç❛s ✈✐s❝♦s❛s✱ ♦ ✢✉①♦ ❡♠ ❝❛♥❛✐s ♣♦❞❡ s❡r ❝❧❛ss✐✜✲
❝❛❞♦ ❝♦♠♦ ❧❛♠✐♥❛r✱ ❞❡ tr❛♥s✐çã♦ ♦✉ t✉r❜✉❧❡♥t♦✳ ❖ ♣❛râ♠❡tr♦ ❛❞✐♠❡♥s✐♦♥❛❧
q✉❡ r❡❧❛❝✐♦♥❛ ❡st❡s ❞♦✐s t✐♣♦s ❞❡ ❢♦rç❛ é ♦ ♥ú♠❡r♦ ❞❡ ❘❡②♥♦❧❞s ✭❘❡✮✱ ❝✉❥❛
❞❡✜♥✐çã♦ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❊q✉❛çã♦ ✸✳✶✳

Re =
ULC

ν
✭✸✳✶✮

❙❡♥❞♦✿

• ❯ ❂ ✈❡❧♦❝✐❞❛❞❡ ❝❛r❛❝t❡ríst✐❝❛ ❞♦ ❡s❝♦❛♠❡♥t♦ ✭✈❡❧♦❝✐❞❛❞❡ ♠é❞✐❛✮✳

• LC ❂ ❝♦♠♣r✐♠❡♥t♦ ❝❛r❛❝t❡ríst✐❝♦ ❞♦ ❝❛♥❛❧ ✭r❛✐♦ ❤✐❞rá✉❧✐❝♦✮✳
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• ν ❂ ✈✐s❝♦s✐❞❛❞❡ ❝✐♥❡♠át✐❝❛✳

❖ r❛✐♦ ❤✐❞rá✉❧✐❝♦ ❞❡ ✉♠ ❝❛♥❛❧ é ❞❡t❡r♠✐♥❛❞♦ ♣❡❧❛ r❛③ã♦ ❡♥tr❡ ❛ ár❡❛
❞❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❛♦ ❡s❝♦❛♠❡♥t♦✱ AT ✱ ❡ ♦ ♣❡rí♠❡tr♦ ♠♦❧❤❛❞♦✱ Pm✱ ❝♦♠♦
sã♦ ♠♦str❛❞♦s ♥❛ ❊q✉❛çã♦ ✸✳✷✳

LC =
AT

Pm
✭✸✳✷✮

❖ ✢✉①♦ ❧❛♠✐♥❛r é ❛q✉❡❧❡ ❡♠ q✉❡ ❛s ❢♦rç❛s ✈✐s❝♦s❛s sã♦ ♣r❡❞♦♠✐♥❛♥t❡s
s♦❜r❡ ❛s ❢♦♥t❡s ✐♥❡r❝✐❛✐s✳ ◆♦ ✢✉①♦ t✉r❜✉❧❡♥t♦✱ ❛s ❢♦rç❛s ✐♥❡r❝✐❛✐s ♣r❡❞♦♠✐♥❛♠✳
❆ ❢❛✐①❛ ❞❡ tr❛♥s✐çã♦ é ❛q✉❡❧❛ ♦♥❞❡ ♦ ❡s❝♦❛♠❡♥t♦ ♥ã♦ ♣♦❞❡ s❡r ❝❧❛ss✐✜❝❛❞♦
♥❡♠ ❝♦♠♦ ❧❛♠✐♥❛r ♥❡♠ ❝♦♠♦ t✉r❜✉❧❡♥t♦✳ ❋r❡♥❝❤ ✭✶✺✱ ✶✾✽✻✮ ❛♣r❡s❡♥t♦✉ ❛
s❡❣✉✐♥t❡ ❝❧❛ss✐✜❝❛çã♦ ❡♠ r❡❧❛çã♦ ❛♦ ♥ú♠❡r♦ ❞❡ ❘❡②♥♦❧❞s ♣❛r❛ ✢✉①♦s ❡♠
❝❛♥❛✐s ❛❜❡rt♦s✿

❘❡❁✺✵✵ ▲❛♠✐♥❛r

✺✵✵≤ ❘❡≤ ✶✷✳✺✵✵ ❚r❛♥s✐çã♦

❘❡❃✶✷✳✺✵✵ ❚✉r❜✉❧❡♥t♦

❆♣❡s❛r ❞❡st❛s ❢❛✐①❛s ❞❡ ♥ú♠❡r♦s ❞❡ ❘❡②♥♦❧❞s ❡①✐st✐r❡♠ ♥❛ ❧✐t❡r❛t✉r❛✱
❛❝r❡❞✐t❛✲s❡ q✉❡ ♦s ❡s❝♦❛♠❡♥t♦s ❡♠ r✐♦s sã♦ ❞❡ ✈❛r✐❡❞❛❞❡ ❡ ❝♦♠♣❧❡①✐❞❛❞❡ t❛✐s
q✉❡ s❡ t♦r♥❛ ❞✐❢í❝✐❧ ❝❧❛ss✐✜❝❛r ✉♠ ❡s❝♦❛♠❡♥t♦ ❡s♣❡❝í✜❝♦ ❛ ♣❛rt✐r ❞❡ ❞❡✜♥✐çõ❡s
❣❡♥❡r❛❧✐③❛❞❛s✳ ❈❤♦✇ ✭✻✱ ✶✾✺✾✮ ❞✐③ q✉❡ ❛ ♠❛✐♦r✐❛ ❞♦s ❡s❝♦❛♠❡♥t♦s ❡♠ ❝❛♥❛✐s
❛❜❡rt♦s s❡ ❞á ❞❡ ❢♦r♠❛ t✉r❜✉❧❡♥t❛✳ ❖ ❢❛t♦ ❞❛ s✉♣❡r❢í❝✐❡ ❞❡ ✉♠ r✐♦ ♣❛r❡❝❡r
♣❧❛♥❛ ❡ s✉❛✈❡ ♣❛r❛ ✉♠ ♦❜s❡r✈❛❞♦r ♥ã♦ s✐❣♥✐✜❝❛ q✉❡ ♦ ❡s❝♦❛♠❡♥t♦ ❡♠ q✉❡stã♦
s❡❥❛ ❧❛♠✐♥❛r✳ Pr♦✈❛✈❡❧♠❡♥t❡ ✐ss♦ ✐♥❞✐❝❛ ❛♣❡♥❛s q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ♥❛ s✉♣❡r❢í❝✐❡
é ♠❡♥♦r q✉❡ ❛ r❡q✉❡r✐❞❛ ♣❛r❛ ❛ ❢♦r♠❛çã♦ ❞❡ ♦♥❞❛s✳

✸✳✷ ❉✐s♣❡rsã♦ ❞❡ ❡✢✉❡♥t❡s

❆ ❞✐s♣❡rsã♦ é ❞❡✜♥✐❞❛ ❝♦♠♦ ♦ ❢❡♥ô♠❡♥♦ ❞❡ tr❛♥s♣♦rt❡ ❞❡ ❡✢✉❡♥t❡s
❝❛✉s❛❞♦ ♣❡❧❛ ♦❝♦rrê♥❝✐❛ ❝♦♥❥✉♥t❛ ❞❡ ❞✐❢✉sã♦ ♠♦❧❡❝✉❧❛r ❡✴♦✉ t✉r❜✉❧❡♥t❛ ❡ ❞❛
❝♦♥✈❡❝çã♦✳ ❖ tr❛♥s♣♦rt❡ ❞✐❢✉s✐✈♦ ♦❝♦rr❡ q✉❛♥❞♦ ❛s ♠♦❧é❝✉❧❛s ❞♦ ❡✢✉❡♥t❡ s❡
❞✐s♣❡rs❛♠ ❡♥tr❡ ❛s ❝❛♠❛❞❛s ❞♦ ✢✉✐❞♦ ❞❡✈✐❞♦ ❛♦ ❣r❛❞✐❡♥t❡ ❞❡ ❝♦♥❝❡♥tr❛çã♦
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❡①✐st❡♥t❡ ❡♥tr❡ ❛s ❞✐❢❡r❡♥t❡s r❡❣✐õ❡s ❞♦ ❡s❝♦❛♠❡♥t♦✳ ❏á ❛ ❞✐s♣❡rsã♦ ❝♦♥✈❡❝✲
t✐✈❛ ♦❝♦rr❡ ❞❡✈✐❞♦ às ❝♦♠♣♦♥❡♥t❡s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡①✐st❡♥t❡s✳ ❆ ❝♦♥✈❡❝çã♦
♦❝♦rr❡✱ ♣♦r ❡①❡♠♣❧♦✱ ❡♠ r❡❣✐♠❡s t✉r❜✉❧❡♥t♦s ❞❡✈✐❞♦ à ❡①✐stê♥❝✐❛ ❞❡ ✈❡❧♦❝✐✲
❞❛❞❡s ♣❛r❛❧❡❧❛s✳ ❊♠❜♦r❛ ❡st❡s ❢❡♥ô♠❡♥♦s ❡st❡❥❛♠ s❡♠♣r❡ ♣r❡s❡♥t❡s ❞✉r❛♥t❡
❛ ❞✐s♣❡rsã♦ ❞♦s ❡✢✉❡♥t❡s✱ ❡①✐st❡♠ s✐t✉❛çõ❡s ❡♠ q✉❡ ❛♣❡♥❛s ✉♠ ♣r❡❞♦♠✐♥❛✳

❖s ♣❛râ♠❡tr♦s q✉❡ ❧❡✈❛♠ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ❞✐❢✉sã♦ ❞♦ ❡✢✉❡♥t❡ sã♦
❝❤❛♠❛❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❞✐s♣❡rsã♦ ❬❈♦① ✭✾✱ ✷✵✵✸✮❪✳ ❋✐s❝❤❡r ✭✶✷✱ ✶✾✻✼✮ ❛♣r❡✲
s❡♥t♦✉ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ♣r❡❞✐çã♦ ❞❛ t❛①❛ ❞❡ ❞✐s♣❡rsã♦ ❧♦♥❣✐t✉❞✐♥❛❧
❡♠ ❝♦rr❡♥t❡s ♥❛t✉r❛✐s✳ ❋♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ❞✐✈❡rs♦s ✈❛❧♦r❡s ❞❡ ❝♦❡✜❝✐❡♥t❡s
❞❡ ❞✐s♣❡rsã♦ ❞❡t❡r♠✐♥❛❞♦s ❡♠ ❧❛❜♦r❛tór✐♦ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ❞❡ ❡s✲
❝♦❛♠❡♥t♦✳ ◆♦r❞✐♥ ✫ ❙❛❜♦❧ ✭✷✾✱ ✶✾✼✹✮ ✈❡r✐✜❝❛r❛♠ q✉❡ ♦s ❡s❝♦❛♠❡♥t♦s q✉❡
♦❝♦rr❡♠ ♥♦ ♠❡✐♦ ❛♠❜✐❡♥t❡ ♥ã♦ ❛♣r❡s❡♥t❛♠ ❝♦❡✜❝✐❡♥t❡s ❞❡ ❞✐s♣❡rsã♦ ❝♦♥✲
st❛♥t❡s✳

◆❡st❡ tr❛❜❛❧❤♦✱ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ é ❝♦♥s✐❞❡r❛❞♦ ✉♠ ♣❛râ✲
♠❡tr♦ ❞❡ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦✱ s❡♥❞♦ s❡✉ ✈❛❧♦r ❞❡t❡r♠✐♥❛❞♦ ❛ ♣❛rt✐r ❞❡ ❞❛❞♦s
❞❡ ❝♦♥❝❡♥tr❛çã♦ ❡ ✈❛③ã♦ ❞♦ r✐♦ ❞❡ ✐♥t❡r❡ss❡✳

❖ ❢❡♥ô♠❡♥♦ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ❡✢✉❡♥t❡s ✐♥❞✉str✐❛✐s ❡♠ r✐♦s é ♠♦str❛❞♦
❡sq✉❡♠❛t✐❝❛♠❡♥t❡ ♥❛ ❋✐❣✉r❛ ✸✳✷✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❡st❛ ✜❣✉r❛✱ ♦ ❡✢✉❡♥t❡
é ❧❛♥ç❛❞♦ ❝♦♠ ✉♠❛ ❞❛❞❛ ✈❛③ã♦ ❝♦♥st❛♥t❡ Qe ♥❛ ❧❛t❡r❛❧ ❞♦ r✐♦ q✉❡ ❡s❝♦❛
❝♦♠ ✉♠❛ ✈❛③ã♦ t❛♠❜é♠ ❝♦♥st❛♥t❡ Qr✳ ➚ ♠❡❞✐❞❛ q✉❡ ♣❡r❝♦rr❡ ♦ ❧❡✐t♦ ❞♦
r✐♦✱ ❛ ♣❧✉♠❛ ❢♦r♠❛❞❛ ❞❡ ❡✢✉❡♥t❡ ✈❛✐ s❡ ❡①♣❛♥❞✐♥❞♦ ❛♦ ❧♦♥❣♦ ❞❛ ③♦♥❛ ❞❡
♠✐st✉r❛✱ ❞❡ ❝♦♠♣r✐♠❡♥t♦ LD✱ ❛té ❛t✐♥❣✐r ✉♠❛ ③♦♥❛ ❞❡ ♠✐st✉r❛ ❝♦♠♣❧❡t❛✱
♦♥❞❡ ♥ã♦ ❤á ♠❛✐s ❞✐s♣❡rsã♦ s✐❣♥✐✜❝❛t✐✈❛✳ ❆ ♣❛rt✐r ❞❡st❡ ♣♦♥t♦✱ ❛♣❡♥❛s ❛s
r❡❛çõ❡s ❞❡ ❞❡❝♦♠♣♦s✐çã♦ ❞❛ s✉❜stâ♥❝✐❛ ❡♠ ❡st✉❞♦✱ ❝❛s♦ s❡❥❛ ✉♠ ❝♦♠♣♦♥❡♥t❡
❞❡❣❡♥❡r❛t✐✈♦✱ ❞❡✈❡♠ s❡r ❧❡✈❛❞❛s ❡♠ ❝♦♥s✐❞❡r❛çã♦✳

◆♦❦❡s ✫ ❍✉❣❡s ✭✷✽✱ ✶✾✾✹✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠ét♦❞♦ ♣❛r❛ ♠♦❞❡❧❛r
♣r♦❜❧❡♠❛s tr✐❞✐♠❡♥s✐♦♥❛✐s t✉r❜✉❧❡♥t♦s ❞❡ ❞✐s♣❡rsã♦ ❡♠ ❝❛♥❛✐s ❛❜❡rt♦s ❞❡
s❡çã♦ tr❛♥s✈❡rs❛❧ ❛r❜✐trár✐❛ r❡❣✉❧❛r✳ ❯♠❛ té❝♥✐❝❛ s❡♠✐✲❛♥❛❧ít✐❝❛ ❢♦✐ ❛♣❧✐❝❛❞❛
♣❛r❛ ✐♥✈❡st✐❣❛r ❛ ❞❡s❝❛r❣❛ ♣❡r♠❛♥❡♥t❡ ❞❡ ✉♠ ❡✢✉❡♥t❡ ♥ã♦ ❞❡❣❡♥❡r❛t✐✈♦ ❡♠
✉♠ ❝❛♥❛❧ ❝♦♠ ♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ❞✐❢✉s✐✈✐❞❛❞❡ ❝♦♥❤❡❝✐❞♦s✳ ❖ ♠♦❞❡❧♦
❛ss✉♠✐✉ ❛ ♥ã♦ ❡①✐stê♥❝✐❛ ❞❡ ✢✉①♦ s❡❝✉♥❞ár✐♦✱ r❡♣r❡s❡♥t❛♥❞♦ ✉♠❛ ❧✐♠✐t❛çã♦
❞♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✳ ❙❤✐♦♥♦ ✫ ❑♥✐❣❤t ✭✸✼✱ ✶✾✾✶✮ ❡ ❚♦♠✐♥❛❣❛ ✫ ◆❡③✉ ✭✹✶✱
✶✾✾✶✮ ♠♦str❛r❛♠ q✉❡ ♠❡s♠♦ ❝❛♥❛✐s ❞❡ ❣❡♦♠❡tr✐❛ s✐♠♣❧❡s ❛♣r❡s❡♥t❛♠ ✢✉①♦s
s❡❝✉♥❞ár✐♦s✳ ◆❛♦t ✫ ❘♦❞✐ ✭✷✼✱ ✶✾✽✷✮✱ ✉t✐❧✐③❛♥❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡ t✉r❜✉❧ê♥❝✐❛
❦✲ε✱ ♠♦str❛r❛♠ q✉❡ ✢✉①♦s s❡❝✉♥❞ár✐♦s t❛♠❜é♠ ❛♣❛r❡❝❡♠ ♥❛s ♣r♦①✐♠✐❞❛❞❡s
❞❛s ♣❛r❡❞❡s ❞❡ ❝❛♥❛✐s ❞❡ s❡çã♦ tr❛♥s✈❡rs❛❧ r❡t❛♥❣✉❧❛r✳

❆ ♣r✐♥❝✐♣❛❧ ❞✐✜❝✉❧❞❛❞❡ ♥❛ ♠♦❞❡❧❛❣❡♠ ❞❛ ❞✐s♣❡rsã♦ ❞❡ ❡✢✉❡♥t❡s ❡♠
r✐♦s é ❛ ♦❜t❡♥çã♦ ❞❡ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❝♦♥✜á✈❡✐s ❞❡✈✐❞♦ à ❝♦♠♣❧❡①✐❞❛❞❡
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❋✐❣✉r❛ ✸✳✷✿ ❊sq✉❡♠❛ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ❡✢✉❡♥t❡s✳

❞♦ ✢✉①♦ ❡♠ ❝❛♥❛✐s ❛❜❡rt♦s ❡ ❛s ❞✐✜❝✉❧❞❛❞❡s ♥❛ ❛♠♦str❛❣❡♠✳ ❈♦♥t✉❞♦✱ ❛ ❝❛✲
❧✐❜r❛çã♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ é ❢❡✐t❛ ❛tr❛✈és ❞❛ ♦❜t❡♥çã♦ ❞❡st❡s ❞❛❞♦s
❡①♣❡r✐♠❡♥t❛✐s✳ ❈✐✛r♦② ❡t ❛❧ ✭✼✱ ✷✵✵✵✮ r❡❛❧✐③❛r❛♠ ❡①♣❡r✐♠❡♥t♦s ❛♦ ❧♦♥❣♦ ❞♦ r✐♦
❙❡✐♥❡ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♣❛râ♠❡tr♦s s❡❞✐♠❡♥t♦❧ó❣✐❝♦s ❡ q✉í♠✐❝♦s ♥❡❝❡ssár✐♦s
♣❛r❛ ❝❛❧✐❜r❛r ✉♠ ♠♦❞❡❧♦ ♥✉♠ér✐❝♦ ♣r❡✈✐❛♠❡♥t❡ ❞❡s❡♥✈♦❧✈✐❞♦✳ ❯♠❛ ✈❡③ ♦❜t✐✲
❞♦s ♦s ♣❛râ♠❡tr♦s✱ ♦ ♠♦❞❡❧♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ♣❛r❛ s✐♠✉❧❛r ♦ tr❛♥s♣♦rt❡ ❞❡ ❝♦❜r❡
♣❡❧♦ r✐♦✳

▼✉✐t♦s ❡st✉❞♦s ✈ê♠ s❡♥❞♦ r❡❛❧✐③❛❞♦s ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ❝♦♠♣r❡❡♥❞❡r
❛s ✐♥t❡r❛çõ❡s ❡♥tr❡ ❛ ❣❡♦♠❡tr✐❛ ❞♦ ❝❛♥❛❧✱ ❞❡s❝❛r❣❛ ❞❡ ❡✢✉❡♥t❡s✱ ❡str✉t✉r❛ ❞♦
✢✉✐❞♦ ❡ tr❛♥s♣♦rt❡ ❞❡ ♠❛t❡r✐❛❧ s❡❞✐♠❡♥t❛❞♦✳ ❆ ✐♥✈❡st✐❣❛çã♦ ❡♠ ❝❛♠♣♦ ❞❡st❛s
✐♥t❡r❛çõ❡s é r❡❛❧✐③❛❞❛ ♣♦♥t✉❛❧♠❡♥t❡ ❡♠ s✉❛ ♠❛✐♦r✐❛✳ ❊ss❡ ♣r♦❝❡❞✐♠❡♥t♦ é
❞❡♠♦r❛❞♦✱ ❝❛r♦ ❡✱ ❞❡ ❝❡rt❛ ♠❛♥❡✐r❛✱ ✐♥❡✜❝✐❡♥t❡✱ ✉♠❛ ✈❡③ q✉❡ ♦ s✐st❡♠❛ ❡♠ s✐
♣♦❞❡ s♦❢r❡r ♠✉❞❛♥ç❛s✳ ❏á ✉♠ ♠♦❞❡❧♦ ♥✉♠ér✐❝♦✱ s❡ ❝♦♠♣r♦✈❛❞❛ s✉❛ ❤❛❜✐❧✐✲
❞❛❞❡ ❞❡ ♣r❡❞✐çã♦✱ ♣♦❞❡ s❡r ❛❥✉st❛❞♦ ❛ ✉♠❛ ♥♦✈❛ s✐t✉❛çã♦ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡
❞❡ ✉♠ ♥♦✈♦ ❡st✉❞♦ ❞❡t❛❧❤❛❞♦✳ ❯♠❛ q✉❡stã♦ q✉❡ s✉r❣❡ ♥❛ ❡s❝♦❧❤❛ ❞❡ ✉♠
♠♦❞❡❧♦ é ♦ ♥ú♠❡r♦ ❞❡ ❞✐♠❡♥sõ❡s ❛ s❡r ❝♦♥s✐❞❡r❛❞❛✳ ❊♠❜♦r❛✱ ♣♦❞❡♥❞♦ r❡✲
♣r❡s❡♥t❛r ♠❡❧❤♦r ♦ ♣r♦❝❡ss♦ ❡♠ ❡st✉❞♦✱ ♦s ♠♦❞❡❧♦s tr✐❞✐♠❡♥s✐♦♥❛✐s ❞❡✈❡♠ s❡r
tr❛t❛❞♦s ❝♦♠ ❝❛✉t❡❧❛✱ ✉♠❛ ✈❡③ q✉❡ ❡st❡s r❡q✉❡r❡♠ ✉♠ ❝♦♥s✐❞❡rá✈❡❧ ❛✉♠❡♥t♦
❞❡ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳

▲❛♥❡ ❡t ❛❧ ✭✷✵✱ ✶✾✾✾✮ ❛♣❧✐❝❛r❛♠ ❛ ❞✐♥â♠✐❝❛ ❞♦s ✢✉✐❞♦s ❝♦♠♣✉t❛✲
❝✐♦♥❛❧ ♣❛r❛ ♠♦❞❡❧❛r ♦ ✢✉①♦ ❡♠ r✐♦s ❡ ❝❛♥❛✐s✳ ◆❡st❡ ❡st✉❞♦✱ ❡❧❡s ❝♦♠♣❛r❛r❛♠
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❛s ❛❜♦r❞❛❣❡♥s ❜✐❞✐♠❡♥s✐♦♥❛❧ ❡ tr✐❞✐♠❡♥s✐♦♥❛❧✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛
❛♠❜♦s ♦s ♠♦❞❡❧♦s ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✳ ❆❧é♠ ❞✐ss♦✱
♦ ❛rt✐❣♦ ❞❡s❝r❡✈❡ ❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ♠♦❞❡❧❛❣❡♠ tr✐❞✐♠❡♥s✐♦♥❛❧
❛❞♦t❛❞❛s ♥♦ ❡st✉❞♦✱ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ✈❛❧✐❞❛r ❛s ♣r❡❞✐çõ❡s ♦❜t✐❞❛s ❡ ❝❛❧❝✉❧❛
♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠♦❞❡❧♦ ✸❉ ❡ s✉❛ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s
❡♠ ✉♠❛ ♠♦❞❡❧❛❣❡♠ ✷❉ s♦❜ ♠❡s♠❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦✳ ❆s ❡q✉❛çõ❡s ✉t✐✲
❧✐③❛❞❛s ❢♦r❛♠ ❛ ❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ ♠❛ss❛ ❡ ❛ ❞❡ ♠♦♠❡♥t♦ ❞❡ ◆❛✈✐❡r✲❙t♦❦❡s
♣❛r❛ ✉♠ ✢✉✐❞♦ ✐♥❝♦♠♣r❡ssí✈❡❧✳ ❖s t❡r♠♦s ❞❡ ❣r❛❞✐❡♥t❡ ❞❡ ♣r❡ssã♦ ❤♦r✐③♦♥t❛❧✱
❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ✈❡♥t♦ s♦❜r❡ ❛ s✉♣❡r❢í❝✐❡ ❡ ♦ t❡r♠♦ ❛ss♦❝✐❛❞♦ ❛♦ ❡❢❡✐t♦ ❈♦r✐♦❧✐s
♥ã♦ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s✳ ❋♦r❛♠ ♦❜s❡r✈❛❞❛s ❧✐♠✐t❛çõ❡s ♥❛ ♠♦❞❡❧❛❣❡♠ tr✐❞✐✲
♠❡♥s✐♦♥❛❧ ♥♦ q✉❡ s❡ r❡❢❡r❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r❡❞✐çã♦ ❞♦ ♠♦❞❡❧♦✳ ■st♦ s❡ ❞❡✈❡
❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ✐♥❢♦r♠❛çõ❡s r❡❢❡r❡♥t❡s ❛ t♦♣♦❣r❛✜❛ ❞♦ r✐♦ ♦✉ ❝❛♥❛❧
♥❡❝❡ssár✐♦s ♥❡st❡ t✐♣♦ ❞❡ ♠♦❞❡❧❛❣❡♠✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ❛♣❡♥❛s ♦ ♠♦❞❡❧♦ ✸❉
❢♦✐ ❝❛♣❛③ ❞❡ ♣r❡❞✐③❡r ✢✉①♦s s❡❝✉♥❞ár✐♦s✳ ❆ ❣r❛♥❞❡ ✈❛♥t❛❣❡♠ ❞♦ ♠♦❞❡❧♦ ✸❉
❢♦✐ ♦❜s❡r✈❛❞❛ q✉❛♥❞♦ t❡st❛❞❛ s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r❡❞✐çã♦ ❡♠ ❡s❝❛❧❛ ❞❡ ❛♣❧✐✲
❝❛çã♦✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ❛s t❡♥sõ❡s ❞❡ ❝✐s❛❧❤❛♠❡♥t♦ ♠♦str❛r❛♠✲s❡
♠❛✐s ❝♦♥✜á✈❡✐s ❝♦♠ ♦ ♠♦❞❡❧♦ ✸❉✳

❱❡♥✉t❡❧❧✐ ✭✹✸✱ ✶✾✾✽✮ ❛♣r❡s❡♥t♦✉ ✉♠ ♠ét♦❞♦ ❞❡ t❡r❝❡✐r❛ ♦r❞❡♠ ❞❡
❚❛②❧♦r✲●❛❧❡r❦✐♥ ♣❛r❛ s✐♠✉❧❛r ✢✉①♦s ❜✐❞✐♠❡♥s✐♦♥❛✐s tr❛♥s✐❡♥t❡s ❞❡ s✉♣❡r❢í❝✐❡
❧✐✈r❡✳ ❈♦♠ ✐ss♦✱ ❢♦✐ ♣♦ssí✈❡❧ ❞❡s❝r❡✈❡r ❛ ♣r♦♣❛❣❛çã♦ ❞❡ ♦♥❞❛ ❡♠ ✉♠ ✢✉✐❞♦ ✐♥✲
❝♦♠♣r❡ssí✈❡❧ ♣❡rt♦ ❞❛ s✉♣❡r❢í❝✐❡ ♥❛ ♣r❡s❡♥ç❛ ❞❡ ♣♦ssí✈❡✐s ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s✳
❈♦♠♦ ❛♣❧✐❝❛çã♦ ❞♦ ♠♦❞❡❧♦✱ ❢♦✐ s✐♠✉❧❛❞❛ ❛ ♣r♦♣❛❣❛çã♦ ❞❡ ✉♠❛ ♦♥❞❛ s✉❜✲
♠❡rs❛ ❝♦♥s❡qü❡♥t❡ ❞❛ ♣❛rt✐çã♦ ❞❡ ✉♠❛ r❡♣r❡s❛ ✈❡rt✐❝❛❧ ❧♦❝❛❧✐③❛❞❛ ❡♠ ✉♠ r✐♦
❝♦♥s✐❞❡r❛❞♦ ❞❡ ❜❛s❡ ❤♦r✐③♦♥t❛❧ ❡ s❡♠ ❡❢❡✐t♦s ❞❡ ❢r✐❝çã♦✳ ◆ã♦ ❢♦✐ r❡❛❧✐③❛❞❛ ♥❡✲
♥❤✉♠❛ ❝♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✳ ❉❡ ✉♠ ♠♦❞♦ ❣❡r❛❧✱ ♦ ♠ét♦❞♦
✉t✐❧✐③❛❞♦ ♠♦str♦✉✲s❡ ✐♥t❡r❡ss❛♥t❡✱ ✉♠❛ ✈❡③ q✉❡ r❡❞✉③✐✉ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ♦s
❝✉st♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ♣♦r t❡r tr❛❜❛❧❤❛❞♦ ❛♣❡♥❛s ❝♦♠ t❡r♠♦s ❧✐♥❡❛r❡s ❡♠
s❡✉ ♠♦❞❡❧♦✳

▲✐❡♥ ❡t ❛❧ ✭✷✷✱ ✶✾✾✾✮ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠ ♠♦❞❡❧♦ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♠é✲
❞✐❛ ❜✐❞✐♠❡♥s✐♦♥❛❧ ♣❛r❛ s✐♠✉❧❛r ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ✢✉①♦ ❡♠ ❝❛♥❛✐s ❝✉r✈♦s✳
❖ ♠♦❞❡❧♦ ✉t✐❧✐③❛❞♦ ❧❡✈❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✢✉①♦ s❡❝✉♥❞ár✐♦
❛tr❛✈és ❞♦ ❝á❧❝✉❧♦ ❞❡ t❡♥sõ❡s ❞❡ ❞✐s♣❡rsã♦✳ ❖ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s ✉t✐✲
❧✐③❛❞♦ ❢♦✐ ♦ ♦rt♦❣♦♥❛❧ ❝✉r✈✐❧í♥❡♦✳ P❛r❛ ❞❡♠♦♥str❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♠♦❞❡❧♦✱
♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ❝♦♠ ❛❧❣✉♥s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✳
❆s t❡♥sõ❡s ❞❡ ❝✐s❛❧❤❛♠❡♥t♦ ♥❛ s✉♣❡r❢í❝✐❡ ❞❛ á❣✉❛ ❝❛✉s❛❞❛s ♣❡❧♦ ✈❡♥t♦ ❢♦r❛♠
❝♦♥s✐❞❡r❛❞❛s ♥✉❧❛s✳ ❖ ✢✉①♦ s❡❝✉♥❞ár✐♦ ❡①✐st❡♥t❡ ❡r❛ ❝❛✉s❛❞♦ ♣❡❧♦ ❞❡s❡q✉✐✲
❧í❜r✐♦ ❧♦❝❛❧ ❡♥tr❡ ❛s ❢♦rç❛s ❝❡♥trí❢✉❣❛s ❡ ❞❡ ♣r❡ssã♦ tr❛♥s✈❡rs❛✐s ❣❡r❛❞❛s ♣❡❧❛
❡❧❡✈❛çã♦ ❞❛ s✉♣❡r❢í❝✐❡ ❞❛ á❣✉❛✳ ❖ ❝❛♠♣♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❛ss✉♠✐❞♦ ❢♦✐ ❞❡ ❞✐s✲
tr✐❜✉✐çã♦ ❧♦❣❛rít♠✐❝❛✳ ◆❛s ❢r♦♥t❡✐r❛s só❧✐❞❛s✱ ❛ ❧❡✐ ❞❛ ♣❛r❡❞❡ ❢♦✐ ❛♣❧✐❝❛❞❛

✶✺



✸✳✷ ❉✐s♣❡rsã♦ ❞❡ ❡✢✉❡♥t❡s

❢♦r❛ ❞❛ s✉❜❝❛♠❛❞❛ ❧❛♠✐♥❛r ❡ ❞❛ ❝❛♠❛❞❛ ❞❡ tr❛♥s✐çã♦✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s
❝♦♥s✐❞❡r❛♥❞♦ ♦ ✢✉①♦ s❡❝✉♥❞ár✐♦ ❡ ❡♠ ❝♦♥❞✐çã♦ ❞❡ ♥ã♦✲❞❡s❧✐③❛♠❡♥t♦ ❛♣r❡s❡♥✲
t❛r❛♠ ❜♦❛ ❝♦♥❝♦r❞â♥❝✐❛ ❝♦♠ ♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ♥♦ ❝❛s♦ ❞❡ ❝❛♥❛✐s ❝♦♠
❝✉r✈❛t✉r❛ ♠é❞✐❛✳

❱❛s✐❧✐❡✈ ❡t ❛❧ ✭✹✷✱ ✶✾✾✼✮ ❡st✉❞❛r❛♠ ♦ ✢✉①♦ ❜✐❞✐♠❡♥s✐♦♥❛❧ ❡ ❛s✲
s✐♠étr✐❝♦ ❡♠ ✉♠ ❝❛♥❛❧ ♣❧❛♥♦ q✉❡ ❛♣r❡s❡♥t❛✈❛ ✉♠❛ ❞❡♣r❡ssã♦ ❡♠ s✉❛ ❜❛s❡✳
P❛r❛ ✐ss♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡ t✉r❜✉❧ê♥❝✐❛ ❞❡ ✉♠❛ ú♥✐❝❛ ❡q✉❛çã♦✳ ❖
s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s ✉t✐❧✐③❛❞♦ ❢♦✐ ♦ ♦rt♦❣♦♥❛❧ ❝✉r✈✐❧í♥❡♦✳ ❆ ❝♦♥❞✐çã♦ ❞❡
❝♦♥t♦r♥♦ ❞❡ ♥ã♦ ❞❡s❧✐③❛♠❡♥t♦ ❢♦✐ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛s ♣❛r❡❞❡s✳ ❆s ❞✐str✐❜✉✐çõ❡s
❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ✈✐s❝♦s✐❞❛❞❡ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s ✐❣✉❛✐s àq✉❡❧❛s ♣r❡s❡♥t❡s ❡♠
✉♠ ♣r♦❜❧❡♠❛ ❞❡ ♣❧❛❝❛s ♣❧❛♥❛s ♣❛r❛❧❡❧❛s✳ ❖s r❡s✉❧t❛❞♦s ♠♦str❛r❛♠ r❛③♦á✈❡❧
❝♦♥❝♦r❞â♥❝✐❛ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❏②❛ ✫ ❲❛♥❣ ✭✶✽✱ ✶✾✾✾✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ♠♦❞❡❧♦ ❜✐❞✐♠❡♥s✐♦♥❛❧ ❞❡
♣r♦❢✉♥❞✐❞❛❞❡ ♠é❞✐❛✱ ❈❈❍❊✷❉∗✱ ♣❛r❛ s✐♠✉❧❛r ♦ ✢✉①♦ t✉r❜✉❧❡♥t♦ tr❛♥s✐❡♥t❡
❡♠ ✉♠ ❝❛♥❛❧ ❛❜❡rt♦ ❡ ♦ tr❛♥s♣♦rt❡ ❞❡ s❡❞✐♠❡♥t♦s✳ ❖s ❛✉t♦r❡s ❛❞♦t❛r❛♠ ✉♠
♠ét♦❞♦ ❞❡ ❡❧❡♠❡♥t♦s ✜♥✐t♦s ❞❡♥♦♠✐♥❛❞♦ ❊❊▼†✱ q✉❡ t❡♠ ❛ ❤❛❜✐❧✐❞❛❞❡ ❞❡
❧✐❞❛r ❝♦♠ ❣❡♦♠❡tr✐❛s ❝♦♠♣❧❡①❛s✱ ❝♦♠♦ ♦ ♠ét♦❞♦ ❞♦s ❡❧❡♠❡♥t♦s ✜♥✐t♦s❀ ❡ ❛
❡✜❝✐ê♥❝✐❛ ❞❡ ❢♦r♠✉❧❛çã♦ ❞♦ ♠♦❞❡❧♦ ♣r❡s❡♥t❡ ♥♦ ♠ét♦❞♦ ❞❛s ❞✐❢❡r❡♥ç❛s ✜♥✐t❛s✳
❆s t❡♥sõ❡s ❞❡ ❝✐s❛❧❤❛♠❡♥t♦ ♥❛ s✉♣❡r❢í❝✐❡ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s ♥✉❧❛s✱ ✉♠❛ ✈❡③
q✉❡ ♦ ❡❢❡✐t♦ ❞♦ ✈❡♥t♦ ♣♦❞❡ s❡r ❞❡s❝♦♥s✐❞❡r❛❞♦✳ ❖ ❡st✉❞♦ ❝♦♥s✐❞❡r♦✉ ❢r♦♥t❡✐r❛s
✜①❛s ♦♥❞❡ ❛s ❝♦♥❞✐çõ❡s ❞❡ ❞❡s❧✐③❛♠❡♥t♦ ❡ ♥ã♦✲❞❡s❧✐③❛♠❡♥t♦ ❢♦r❛♠ ❛♣❧✐❝❛❞❛s✳
❆ ❧❡✐ ❧♦❣❛rít♠✐❝❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❢♦✐ ✉t✐❧✐③❛❞❛ ♥❛s ♣r♦①✐♠✐❞❛❞❡s
❞❛ ♣❛r❡❞❡✳ ❖ ❡st✉❞♦ ❝♦♥s✐❞❡r♦✉ ❛✐♥❞❛ ♦ ♣r♦❜❧❡♠❛ ❝♦♠ ❢r♦♥t❡✐r❛s ♠ó✈❡✐s✳
❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ✉♠ ❝❛♥❛❧ ❞❡ ✶✽✵♦ ❞❡ ❝✉r✈❛t✉r❛ ♠♦str❛r❛♠ ❜♦❛
❝♦♥❝♦r❞â♥❝✐❛ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✱ ❛♣❡s❛r ❞♦ ♠♦❞❡❧♦ ♥ã♦ s❡r ❝❛♣❛③ ❞❡
♣r❡✈❡r ✢✉①♦ s❡❝✉♥❞ár✐♦✳ ■ss♦ ✐♥❞✐❝❛ q✉❡ ♣❛r❛ ❝❛♥❛✐s ❞❡ ❝✉r✈❛t✉r❛ ♣♦✉❝♦
❛❝❡♥t✉❛❞❛ ♦ ♠♦❞❡❧♦ ♠♦str❛✲s❡ ❡✜❝✐❡♥t❡ ♣❛r❛ s✐♠✉❧❛r ♦ ❝❛♠♣♦ ❞❡ ✢✉①♦✳

❨❡ ✫ ▼❝❈♦rq✉♦❞❛❧❡ ✭✹✽✱ ✶✾✾✽✮ ✉t✐❧✐③❛r❛♠ ✉♠ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦
tr✐❞✐♠❡♥s✐♦♥❛❧ ♣❛r❛ s✐♠✉❧❛r ♦s ❢❡♥ô♠❡♥♦s ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠♦♠❡♥t♦ ❡
♠❛ss❛ ❡♠ ✉♠ ❝❛♥❛❧ ❝✉r✈♦✳ ❖ ♠♦❞❡❧♦ ❞❡ t✉r❜✉❧ê♥❝✐❛ ✉t✐❧✐③❛❞♦ ❢♦✐ ♦ ❦✲ǫ✱ ❝♦♠
❛❧❣✉♠❛s ♠♦❞✐✜❝❛çõ❡s ♥❡❝❡ssár✐❛s ♣❛r❛ ❞❡s❝r❡✈❡r ❞❡ ❢♦r♠❛ ♠❛✐s ❛❞❡q✉❛❞❛ ♦s
❡❢❡✐t♦s ❞❡ ✢✉①♦s s❡❝✉♥❞ár✐♦s q✉❡ ❛♣❛r❡❝❡♠ ❡♠ ❝❛♥❛✐s s✉♣❡r✜❝✐❛✐s ❝✉r✈✐❧í♥❡♦s✳
❖ ♠♦❞❡❧♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ♣❛r❛ s✐♠✉❧❛r ❞✉❛s s✐t✉❛çõ❡s tí♣✐❝❛s ♣❛r❛ ❝❛♥❛✐s ❝✉r✈♦s✳
❊♠ ✉♠❛ ♣r✐♠❡✐r❛ s✐♠✉❧❛çã♦✱ ✉♠ ❝❛♥❛❧ ❞❡ ✷✼✵♦ ❞❡ ❝✉r✈❛t✉r❛ ❢♦✐ s✐♠✉❧❛❞♦✳
P♦st❡r✐♦r♠❡♥t❡ ✉♠ ❝❛♥❛❧ ❞❡ ❝✉r✈❛s ♦♣♦st❛s ❞❡ ✾✵♦ ❢♦✐ ❡st✉❞❛❞♦✳ ❚♦❞♦s ♦s r❡✲
s✉❧t❛❞♦s ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✳ ◆❛ ❡♥tr❛❞❛ ❞♦ ❝❛♥❛❧✱

∗▼♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞❡ tr❛♥s♣♦rt❡ ❞❡ s❡❞✐♠❡♥t♦s ♣❛r❛ s✐♠✉❧❛çã♦ ❞❡ r✐♦s ❡ ❧❛❣♦s✳
†❉♦ ✐♥❣❧ês ❊✣❝✐❡♥t ❊❧❡♠❡♥t ▼❡t❤♦❞✳

✶✻



✸✳✸ P♦❧✉❡♥t❡s ❜✐♦❞❡❣r❛❞á✈❡✐s

❞✐str✐❜✉✐çõ❡s ✉♥✐❢♦r♠❡s ♣❛r❛ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❞❡♣❡♥❞❡♥t❡s ❢♦r❛♠ ♣r❡s❝r✐t❛s✳
◆❛ s❛í❞❛✱ ♦s ❣r❛❞✐❡♥t❡s ♥♦r♠❛✐s ❞❡ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❞❡♣❡♥❞❡♥t❡s ❢♦r❛♠ ❝♦♥✲
s✐❞❡r❛❞♦s ♥✉❧♦s✳ ❖s ❡❢❡✐t♦s ❞❡ ♣❛r❡❞❡ ❢♦r❛♠ ❞❡t❡r♠✐♥❛❞♦s ♣♦r ♠❡✐♦ ❞❡ ✉♠❛
❢✉♥çã♦ ❞❡ ♣❛r❡❞❡ r❡✜♥❛❞❛ q✉❡ s❡ ♠♦str♦✉ ♠❛✐s ❛❞❡q✉❛❞❛ q✉❡ ❛ ❝♦♥✈❡♥❝✐♦♥❛❧
❧❡✐ ❧♦❣❛rít♠✐❝❛✳ P❛r❛ ❡st❛ ❢✉♥çã♦✱ ❛ ✈❡❧♦❝✐❞❛❞❡ ♥♦r♠❛❧ à ♣❛r❡❞❡ ❢♦✐ ❝♦♥s✐✲
❞❡r❛❞❛ ♥✉❧❛✳ ❖ ❣r❛❞✐❡♥t❡ ♥♦r♠❛❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❡r❛ ♥✉❧♦ ♥❛s ❢r♦♥t❡✐r❛s
só❧✐❞❛s✳ ◆❛ s✉♣❡r❢í❝✐❡ ❧✐✈r❡ ♦s ❣r❛❞✐❡♥t❡s ♥♦r♠❛✐s ❞❛s ✈❛r✐á✈❡✐s ❞❡♣❡♥❞❡♥t❡s
t❛♠❜é♠ ❡r❛♠ ♥✉❧♦s✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧♦ ♠♦❞❡❧♦ ♠♦str❛r❛♠ ❜♦❛ ❝♦♥✲
❝♦r❞â♥❝✐❛ ❝♦♠ ♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❡♠ ❛♠❜❛s ❛s s✐♠✉❧❛çõ❡s✳ ◆❛ s❡❣✉♥❞❛
s✐♠✉❧❛çã♦✱ ♥❛s ♣r♦①✐♠✐❞❛❞❡s ❞♦ ♣♦♥t♦ ❞❡ ❞❡s❝❛r❣❛✱ ❛❧❣✉♠❛s ❞✐s❝r❡♣â♥❝✐❛s
❢♦r❛♠ ♦❜s❡r✈❛❞❛s✳ ❊♠ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦ ♠♦❞❡❧♦ ❦✲ǫ ♣❛❞rã♦✱ ♦ ♠♦✲
❞❡❧♦ ♣r♦♣♦st♦ ♠♦str♦✉✲s❡ ♠❛✐s ❡✜❝✐❡♥t❡ ♣❛r❛ ❞❡s❝r❡✈❡r ❡❢❡✐t♦s ❞❡ ❝♦rr❡♥t❡s
s❡❝✉♥❞ár✐❛s ❝♦♠✉♥s ❡♠ ❝❛♥❛✐s ❝✉r✈♦s✳

❙❝❤r❡❝❦ ✫ ❙❝❤ä❢❡r ✭✸✺✱ ✷✵✵✵✮ ✉t✐❧✐③❛r❛♠ ♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s
♣❛r❛ ❡st✉❞❛r ♥✉♠❡r✐❝❛♠❡♥t❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉♠ ✢✉✐❞♦ ❡s❝♦❛♥❞♦ ❛tr❛✈és
❞❡ ✉♠ ❝❛♥❛❧ ❞❡ s❡çã♦ tr❛♥s✈❡rs❛❧ r❡t❛♥❣✉❧❛r q✉❡ ❛♣r❡s❡♥t❛✈❛ ✉♠❛ ❡①♣❛♥sã♦
r❡♣❡♥t✐♥❛ ♥❡st❛ s❡çã♦✳ ❖ ❡st✉❞♦ ♥✉♠ér✐❝♦ r❡❛❧✐③❛❞♦ é ❜❛s❡❛❞♦ ♥❛ r❡s♦❧✉çã♦
❞❛s ❡q✉❛çõ❡s ❞❡ ◆❛✈✐❡r✲❙t♦❦❡s✳ ❚♦❞❛s ❛s s✐♠✉❧❛çõ❡s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ♣❛r❛
✉♠❛ r❛③ã♦ ❞❡ ❡①♣❛♥sã♦ ❞❡ ✶✿✸✳ ❈♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ ❞❡ s✐♠❡tr✐❛ ❢♦r❛♠
✉t✐❧✐③❛❞❛s ♣❛r❛ ❛s ♣❛r❡❞❡s✳ ❆ ♠❛❧❤❛ ♠❛✐s r❡✜♥❛❞❛ q✉❡ ❢♦✐ ✉t✐❧✐③❛❞❛ ♣♦ss✉í❛
✶✽✹✯✾✻✯✻✹ ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡✳ ❖s r❡s✉❧t❛❞♦s ♠♦str❛r❛♠ ♦ ❛♣❛r❡❝✐♠❡♥t♦ ❞❡
③♦♥❛s ❞❡ ❝✐r❝✉❧❛çã♦ ❛♣ós ❛ ❡①♣❛♥sã♦✳ ❈♦♥t✉❞♦ ♥❡♥❤✉♠❛ ❝♦♠♣❛r❛çã♦ ❝♦♠
❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❢♦✐ r❡❛❧✐③❛❞❛✳
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▼✉✐t♦s ♣❡sq✉✐s❛❞♦r❡s ❞❡s❡♥✈♦❧✈❡r❛♠ ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s ♣❛r❛ ❞❡s✲
❝r❡✈❡r✱ ♣r❡❞✐③❡r ❡ ❝♦♥tr♦❧❛r ♦ ♥í✈❡❧ ❞❡ s✉❜stâ♥❝✐❛s ♦r❣â♥✐❝❛s ❡♠ r✐♦s ❡ ❝❛♥❛✐s✳
❖ ❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♠❛tér✐❛ ♦r❣â♥✐❝❛ ❡ ❞♦ ❞é✜❝✐t ❞❡ ♦①✐❣ê♥✐♦
❞✐ss♦❧✈✐❞♦ ❡♠ ✉♠ r✐♦ ♣❡r♠✐t❡ ❡st✐♠❛r ❛ ❝❛r❣❛ ♠á①✐♠❛ ❞❡ ♠❛tér✐❛ ♦r❣â♥✐❝❛
q✉❡ ❡st❡ r✐♦ ♣♦❞❡ r❡❝❡❜❡r ❬▲❡✉ ❡t ❛❧ ✭✷✶✱ ✶✾✾✽✮❪✳ ▼♦❞❡❧♦s ❞❡ q✉❛❧✐❞❛❞❡ ❞❡
á❣✉❛ sã♦ ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞♦s ♣♦r ❛❣ê♥❝✐❛s ❛♠❜✐❡♥t❛✐s ❡ ❝♦♠♣❛♥❤✐❛s ❞❡
r❡❝✉rs♦s ❤í❞r✐❝♦s ❡♠ t♦❞♦ ♦ ♠✉♥❞♦ ❬❈♦① ✭✾✱ ✷✵✵✸✮❪✳

❆ ❞❡♠❛♥❞❛ ❜✐♦q✉í♠✐❝❛ ❞❡ ♦①✐❣ê♥✐♦ ✭❉❇❖✮ ❡ ♦ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦
✭❖❉✮ sã♦ ♦s ❞♦✐s ♣❛râ♠❡tr♦s ♥♦r♠❛❧♠❡♥t❡ ♠❛✐s ✉t✐❧✐③❛❞♦s ❝♦♠♦ ✐♥❞✐❝❛❞♦r❡s
❞♦ ♥í✈❡❧ ❞❡ ♣♦❧✉✐çã♦ ❞❡ ✉♠ ❝❛♥❛❧ ❬P❛❞❣❡tt ✫ ❘❛♦ ✭✸✵✱ ✶✾✼✾✮❪✳ ❖s ♠♦❞❡❧♦s
♠❛t❡♠át✐❝♦s q✉❡ ❞❡s❝r❡✈❡♠ ❛ ✈❛r✐❛çã♦ ❞❡st❡s ❞♦✐s ❝♦♠♣♦♥❡♥t❡s sã♦ ❜❛s❡❛❞♦s
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❡♠ ❡q✉❛çõ❡s ❞❡ ❜❛❧❛♥ç♦ ❞❡ ♠❛ss❛ ❞❛ ♠❛tér✐❛ ❜✐♦❞❡❣r❛❞á✈❡❧ ❡ ❞♦ ♦①✐❣ê♥✐♦
❞✐ss♦❧✈✐❞♦ ❬❘✐♥❛❧❞✐ ❡t ❛❧ ✭✸✷✱ ✶✾✼✾✮❪✳

◗✉❛♥❞♦ ❛ ♠❛tér✐❛ ♦r❣â♥✐❝❛ ❜✐♦❞❡❣r❛❞á✈❡❧ é ❞❡s♣❡❥❛❞❛ ♥♦ ♠❡✐♦ ❛q✉á✲
t✐❝♦✱ ♦s ♠✐❝r♦r❣❛♥✐s♠♦s ❞❡❝♦♠♣♦s✐t♦r❡s ❢❛③❡♠ ❛ s✉❛ ❞❡❝♦♠♣♦s✐çã♦ ♣♦r ♠❡✐♦
❞❡ ♠❡❝❛♥✐s♠♦s ❜✐♦q✉í♠✐❝♦s✳ P❛r❛ r❡❛❧✐③❛r❡♠ ❡st❛ ❞✐❣❡stã♦✱ ♦s ♠✐❝r♦r❣❛♥✲
✐s♠♦s ❛❡ró❜✐♦s ✉t✐❧✐③❛♠ ♦ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ♥❛ á❣✉❛ ❡ ♣❛ss❛♠ ❛ ❝♦♠♣❡t✐r
❝♦♠ ♦s ❞❡♠❛✐s ♦r❣❛♥✐s♠♦s✳ ❈♦♠♦ ❡❧❡s tê♠ s✉❜str❛t♦ ❛ s✉❛ ❞✐s♣♦s✐çã♦ ✭♥❡st❡
❝❛s♦✱ ❛ ♠❛tér✐❛ ♦r❣â♥✐❝❛ ❛ s❡r ❞❡❝♦♠♣♦st❛✮ ❡ ♥❡❝❡ss✐t❛♠ ❞❡ ✉♠❛ ♣❡q✉❡♥❛
❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ♣❛r❛ s❡ ❞❡s❡♥✈♦❧✈❡r❡♠✱ ❣❛♥❤❛♠ ❛ ❝♦♠♣❡t✐çã♦✳ ❈♦♠
✐ss♦✱ ♦s ♣❡✐①❡s ♠♦rr❡♠ ❡ ❛ ♣♦♣✉❧❛çã♦ ❞❡ ♠✐❝r♦r❣❛♥✐s♠♦s ❝r❡s❝❡ r❛♣✐❞❛♠❡♥t❡✳
➱ ❞❡ss❛ ❢♦r♠❛ q✉❡ ❛ ♠❛tér✐❛ ♦r❣â♥✐❝❛ ❜✐♦❞❡❣r❛❞á✈❡❧ ❝❛✉s❛ ♣♦❧✉✐çã♦✳

P❡✐①❡s ❡ ♦✉tr❛s ❡s♣é❝✐❡s ❛♥✐♠❛✐s ♣r❡❝✐s❛♠ ❞❡ ✉♠❛ ❝❡rt❛ q✉❛♥t✐❞❛❞❡
❞❡ ♦①✐❣ê♥✐♦ ♣❛r❛ s♦❜r❡✈✐✈❡r✱ s❡♥❞♦ ♥❡❝❡ssár✐❛ ✉♠❛ ❝♦♥❝❡♥tr❛çã♦ ♠í♥✐♠❛ ❞❡
✷ ♠❣✴▲ ♣❛r❛ ❛ ❡①✐stê♥❝✐❛ ❞❡ ❢♦r♠❛s ❞❡ ✈✐❞❛ ❛❡ró❜✐❛ s✉♣❡r✐♦r✳ ❆❧❣✉♠❛s
❡s♣é❝✐❡s sã♦ ♠❛✐s ❡①✐❣❡♥t❡s ❝♦♠ r❡❧❛çã♦ à ♣r❡s❡♥ç❛ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦✱
♥❡❝❡ss✐t❛♥❞♦ ♥♦ ♠í♥✐♠♦ ❞❡ ✉♠❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ✹ ♠❣✴▲✳

❆ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ♥❛ á❣✉❛ é ❢✉♥çã♦ ❞❡ ❞✐✈❡rs❛s
✈❛r✐á✈❡✐s✿

• ❈❛r❛❝t❡ríst✐❝❛s ❞♦ ❞❡s♣❡❥♦✱ t❛✐s ❝♦♠♦ ❛ ♥❛t✉r❡③❛ ❞♦ ♠❛t❡r✐❛❧ ❜✐♦❞❡✲
❣r❛❞á✈❡❧ ❡♥✈♦❧✈✐❞♦✱ ❛ ❢❛❝✐❧✐❞❛❞❡ ❝♦♠ q✉❡ ❡❧❡ é ❜✐♦❞❡❣r❛❞❛❞♦ ♣❡❧♦s ♠✐✲
❝r♦r❣❛♥✐s♠♦s ❞❡❝♦♠♣♦s✐t♦r❡s✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♦①✐❣ê♥✐♦ ♥❡❝❡ssár✐♦ ♣❛r❛
❛ ❜✐♦❞❡❣r❛❞❛çã♦✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♣♦❧✉❡♥t❡ ❡ ❛ ✈❛③ã♦ ❞❡s♣❡❥❛❞❛✳

• ❈❛r❛❝t❡ríst✐❝❛s ❞♦ r✐♦✱ q✉❡ ❡stã♦ ❛ss♦❝✐❛❞❛s à ❢❛❝✐❧✐❞❛❞❡ ❝♦♠ q✉❡ ❛s
❝❛r❣❛s ♣♦❧✉✐❞♦r❛s sã♦ ♠✐st✉r❛❞❛s ❛♦ ♠❡✐♦ ❛q✉át✐❝♦✳ ❊♥tr❡ ❛s ✈❛r✐á✈❡✐s
♠❛✐s ✐♠♣♦rt❛♥t❡s ❡stã♦ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✱ ❛ ❣❡♦♠❡tr✐❛ ❞♦ ❡s❝♦❛✲
♠❡♥t♦ ❡ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❞✐❢✉sã♦ t✉r❜✉❧❡♥t❛✳

• Pr♦❞✉çã♦ ❞❡ ♦①✐❣ê♥✐♦✱ q✉❡ ♣♦❞❡ s❡r ♦r✐❣✐♥❛❞♦ ♣❡❧❛ ❛t✐✈✐❞❛❞❡ ❢♦t♦ss✐♥✲
tét✐❝❛ ❞♦s ♠✐❝r♦r❣❛♥✐s♠♦s ❛✉tótr♦❢♦s ♦✉ ♣❡❧❛ r❡❛❡r❛çã♦✱ ❛ q✉❛❧ ❝♦♥s✐st❡
♥❛ ♣❛ss❛❣❡♠ ❞♦ ♦①✐❣ê♥✐♦ ❛t♠♦s❢ér✐❝♦ ♣❛r❛ ♦ ♠❡✐♦ ❛q✉át✐❝♦✳

❯♠ r✐♦ ♣♦❧✉í❞♦ ♣♦r ❧❛♥ç❛♠❡♥t♦s ❞❡ ♠❛tér✐❛ ♦r❣â♥✐❝❛ ❜✐♦❞❡❣r❛❞á✈❡❧
s♦❢r❡ ✉♠ ♣r♦❝❡ss♦ ♥❛t✉r❛❧ ❞❡ r❡❝✉♣❡r❛çã♦ ❞❡♥♦♠✐♥❛❞♦ ❛✉t♦❞❡♣✉r❛çã♦✳ ❆ ❛✉✲
t♦❞❡♣✉r❛çã♦ r❡❛❧✐③❛✲s❡ ♣♦r ♠❡✐♦ ❞❡ ♣r♦❝❡ss♦s ❢ís✐❝♦s ✭❞✐❧✉✐çã♦✱ s❡❞✐♠❡♥t❛çã♦✮✱
q✉í♠✐❝♦s ✭♦①✐❞❛çã♦✮ ❡ ❜✐♦❧ó❣✐❝♦s✳ ❆ ❞❡❝♦♠♣♦s✐çã♦ ❞❛ ♠❛tér✐❛ ♦r❣â♥✐❝❛ ❝♦r✲
r❡s♣♦♥❞❡✱ ♣♦rt❛♥t♦✱ ❛ ✉♠ ♣r♦❝❡ss♦ ❜✐♦❧ó❣✐❝♦ ✐♥t❡❣r❛♥t❡ ❞♦ ❢❡♥ô♠❡♥♦ ❞❛ ❛✉✲
t♦❞❡♣✉r❛çã♦✳
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❋✐❣✉r❛ ✸✳✸✿ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❛✉t♦❞❡♣✉r❛çã♦ ❡♠ ✉♠ r✐♦✳ ❋♦♥t❡✿ ❇r❛❣❛

❡t ❛❧ ✭✸✱ ✷✵✵✷✮

❆♠❛tér✐❛ ♦r❣â♥✐❝❛ ❜✐♦❞❡❣r❛❞á✈❡❧ é ❝♦♥s✉♠✐❞❛ ♣❡❧♦s ♠✐❝r♦r❣❛♥✐s♠♦s
❞❡❝♦♠♣♦s✐t♦r❡s ❛❡ró❜✐♦s✱ q✉❡ tr❛♥s❢♦r♠❛♠ ♦s ❝♦♠♣♦st♦s ♦r❣â♥✐❝♦s ❞❡ ❝❛❞❡✐❛s
♠❛✐s ❝♦♠♣❧❡①❛s ❡♠ ❝♦♠♣♦st♦s ♠❛✐s s✐♠♣❧❡s✳ ❉✉r❛♥t❡ ❛ ❞❡❝♦♠♣♦s✐çã♦✱ ❤á
✉♠ ❞❡❝rés❝✐♠♦ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ♥❛ á❣✉❛ ❞❡✈✐❞♦ à
r❡s♣✐r❛çã♦ ❞❡st❡s ♠✐❝r♦r❣❛♥✐s♠♦s✳ ❖ ♣r♦❝❡ss♦ ❞❡ ❛✉t♦❞❡♣✉r❛çã♦ s❡ ❝♦♠♣❧❡t❛
❝♦♠ ❛ r❡♣♦s✐çã♦✱ ♣❡❧❛ r❡❛❡r❛çã♦✱ ❞❡st❡ ♦①✐❣ê♥✐♦ ❝♦♥s✉♠✐❞♦✳

◆❛ ❋✐❣✉r❛ ✸✳✸ é ♠♦str❛❞❛ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❞❡
❛✉t♦❞❡♣✉r❛çã♦✱ ❝♦♠ ❛s s❡❣✉✐♥t❡s r❡❣✐õ❡s ❝❛r❛❝t❡ríst✐❝❛s✿

❘❡❣✐ã♦ ❛♥t❡r✐♦r ❛♦ ❧❛♥ç❛♠❡♥t♦ ❞❛ ♠❛tér✐❛ ♦r❣â♥✐❝❛✿ ❡♠ ❣❡r❛❧
é ✉♠❛ r❡❣✐ã♦ ❞❡ á❣✉❛s ❧✐♠♣❛s✱ ❝♦♠ ❡❧❡✈❛❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐s✲
s♦❧✈✐❞♦ ❡ ✈✐❞❛ ❛q✉át✐❝❛ s✉♣❡r✐♦r✱ ✐ss♦ s❡ ❥á ♥ã♦ ❡①✐st✐r ♣♦❧✉✐çã♦ ❛♥t❡r✐♦r❀

❩♦♥❛ ❞❡ ❞❡❣r❛❞❛çã♦✿ ❧♦❝❛❧✐③❛✲s❡ ❛ ❥✉s❛♥t❡ ❞♦ ♣♦♥t♦ ❞❡ ❧❛♥ç❛♠❡♥t♦
❞♦ ♣♦❧✉❡♥t❡ ❜✐♦❞❡❣r❛❞á✈❡❧✱ s❡♥❞♦ ❝❛r❛❝t❡r✐③❛❞❛ ♣♦r ✉♠❛ ❞✐♠✐♥✉✐çã♦ ✐♥✐❝✐❛❧
♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦✱ s❡❞✐♠❡♥t❛çã♦ ❞❡ ♣❛rt❡ ❞♦ ♠❛t❡r✐❛❧
só❧✐❞♦ ❡ ❛s♣❡❝t♦ ✐♥❞❡s❡❥á✈❡❧✳ ◆❡ss❛ r❡❣✐ã♦ ❛✐♥❞❛ ❡①✐st❡♠ ♣❡✐①❡s q✉❡ ❛✢✉❡♠
❛♦ ❧♦❝❛❧ ❡♠ ❜✉s❝❛ ❞❡ ❛❧✐♠❡♥t♦s✱ q✉❛♥t✐❞❛❞❡ ❡❧❡✈❛❞❛ ❞❡ ❜❛❝tér✐❛s ❡ ❢✉♥❣♦s✱
♠❛s ♣♦✉❝❛s ❛❧❣❛s❀
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❩♦♥❛ ❞❡ ❞❡❝♦♠♣♦s✐çã♦ ❛t✐✈❛✿ é ❛ ③♦♥❛ ❡♠ t♦r♥♦ ❞❛ q✉❛❧ ❛ ❝♦♥✲
❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ❛t✐♥❣❡ ♦ ✈❛❧♦r ♠í♥✐♠♦✱ ♣♦❞❡♥❞♦ ✐♥❝❧✉s✐✈❡
t♦r♥❛r✲s❡ ✐❣✉❛❧ ❛ ③❡r♦ ❡♠ ❛❧❣✉♥s ❝❛s♦s✳ ◆❡ss❛ r❡❣✐ã♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜❛❝tér✐❛s
❞✐♠✐♥✉✐✱ ❤❛✈❡♥❞♦ t❛♠❜é♠ ✉♠❛ r❡❞✉çã♦ ♦✉ ♠❡s♠♦ ❡❧✐♠✐♥❛çã♦ ❞❛ q✉❛♥t✐❞❛❞❡
❞❡ ♦r❣❛♥✐s♠♦s ❛❡ró❜✐♦s❀

❩♦♥❛ ❞❡ r❡❝✉♣❡r❛çã♦✿ ♥❡st❛ ③♦♥❛ ♦❝♦rr❡ ✉♠ ❛✉♠❡♥t♦ ♥❛ ❝♦♥✲
❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦✱ ♣♦✐s ♦s ♠❡❝❛♥✐s♠♦s ❞❡ r❡❛❡r❛çã♦ ❛❝❛❜❛♠
♣r❡❞♦♠✐♥❛♥❞♦ s♦❜r❡ ♦s ♠❡❝❛♥✐s♠♦s ❞❡ ❞❡s♦①✐❣❡♥❛çã♦✳ ❆ ❝♦♥❝❡♥tr❛çã♦ ❞❡
♦①✐❣ê♥✐♦ ♣♦❞❡ ✈♦❧t❛r ❛ ❛t✐♥❣✐r ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ s❛t✉r❛çã♦✳ ❖ ❛s♣❡❝t♦ ❞❛
á❣✉❛ ♠❡❧❤♦r❛ ❝♦♥t✐♥✉❛♠❡♥t❡✱ ❤❛✈❡♥❞♦ ✉♠❛ r❡❞✉çã♦ ♥❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜❛❝✲
tér✐❛s ❡ ✉♠ ❛✉♠❡♥t♦ ♥❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♣❡✐①❡s ❡ ♦✉tr♦s ♦r❣❛♥✐s♠♦s ❛❡ró❜✐♦s✳
❊①✐st❡ ✉♠❛ t❡♥❞ê♥❝✐❛ ♣❛r❛ ❛ ♣r♦❧✐❢❡r❛çã♦ ❞❡ ❛❧❣❛s ❞❡✈✐❞♦ à ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡
❞❡ ♥✉tr✐❡♥t❡s✱ r❡s✉❧t❛♥t❡s ❞❛ ❞❡❝♦♠♣♦s✐çã♦ ❞❛ ♠❛tér✐❛ ♦r❣â♥✐❝❛❀

❩♦♥❛ ❞❡ á❣✉❛s ❧✐♠♣❛s✿ é ❛ ③♦♥❛ ♥❛ q✉❛❧ ❛ á❣✉❛ ✈♦❧t❛ ❛ ❛♣r❡s❡♥t❛r
❝♦♥❞✐çõ❡s s❛t✐s❢❛tór✐❛s ❡♠ r❡❧❛çã♦ à ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦✳ ❉❡✲
✈✐❞♦ ❛ ❡ss❛s ❝♦♥❞✐çõ❡s✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♣❡✐①❡s ❡ ♦✉tr♦s s❡r❡s ✈✐✈♦s ❛❡ró❜✐♦s
✈♦❧t❛♠ ❛ ♥í✈❡✐s ♥♦r♠❛✐s✳

❊♠ ✶✾✷✺✱ ❙tr❡❡t❡r ✫ P❤❡❧♣s ♣✉❜❧✐❝❛r❛♠ ✉♠❛ ♠♦❞❡❧❛❣❡♠ ❞❛ ❝♦♥✲
❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ♥♦ r✐♦ ❖❤✐♦✳ ❊st❡ ♠♦❞❡❧♦ ♠♦str♦✉ q✉❡ ❛
❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ❞✐♠✐♥✉í❛ ❛ ♣❛rt✐r ❞♦ ♣♦♥t♦ ❞❛ ❡♠✐s✲
sã♦ ❞♦ ❡✢✉❡♥t❡ ❞❡✈✐❞♦ à ❞❡❣r❛❞❛çã♦ ❞❛ ♠❛tér✐❛ ♦r❣â♥✐❝❛ s♦❧ú✈❡❧ ♣r❡s❡♥t❡✳
❋♦✐ ♣r♦♣♦st❛ ✉♠❛ ❡q✉❛çã♦ ♠❛t❡♠át✐❝❛ ♣❛r❛ ❞❡s❝r❡✈❡r ♦ ❢❡♥ô♠❡♥♦✱ q✉❡ s❡
t♦r♥♦✉ ❛♠♣❧❛♠❡♥t❡ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❛ ❡q✉❛çã♦ ❞❡ ❙tr❡❡t❡r✲P❤❡❧♣s ❬❙❝❤♥♦♦r
✭✸✹✱ ✶✾✾✻✮❪✳

❖ ♠♦❞❡❧♦ ❞❡ ❙tr❡❡t❡r✲P❤❡❧♣s é ♦ ♠❛✐s ✉t✐❧✐③❛❞♦ ♥❛ ♣r❡❞✐çã♦ ❞❛ q✉❛❧✐✲
❞❛❞❡ ❞❡ á❣✉❛ ❞❡ ✉♠ ❝❛♥❛❧ ♥❛t✉r❛❧✱ ❡ ♠✉✐t♦s ❞♦s ❞❡♠❛✐s ♠♦❞❡❧♦s ❞❡ q✉❛❧✐❞❛❞❡
❞❡ á❣✉❛ ❡①✐st❡♥t❡s ❛t✉❛❧♠❡♥t❡ ❢♦r❛♠ ❝♦♥❝❡❜✐❞♦s ❛ ♣❛rt✐r ❞❡ s✉❛ ♠♦❞✐✜❝❛çã♦
❬▲❡✉ ❡t ❛❧✭✷✶✱ ✶✾✾✽✮✱ ❈♦① ✭✾✱ ✷✵✵✸✮❪✳ ❖ ♠♦❞❡❧♦ ❞❡ ❙tr❡❡t❡r✲P❤❡❧♣s ✐♥❝❧✉✐ ❞✉❛s
❡q✉❛çõ❡s✿ ❛ ♣r✐♠❡✐r❛ ❞❡s❝r❡✈❡ ❛ ❞✐str✐❜✉✐çã♦ ❡s♣❛❝✐❛❧ ❞❛ ❞❡♠❛♥❞❛ ❜✐♦q✉í♠✐❝❛
❞❡ ♦①✐❣ê♥✐♦✱ ❡ ❛ s❡❣✉♥❞❛ ❞❡s❝r❡✈❡ ♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♦①✐❣ê♥✐♦ ❞✐s✲
s♦❧✈✐❞♦✳ ❊st❛s ❞✉❛s ❡q✉❛çõ❡s ❡stã♦ ❛❝♦♣❧❛❞❛s✱ ❥á q✉❡ ❛ ❞❡❝♦♠♣♦s✐çã♦ ❞❛
♠❛tér✐❛ ♦r❣â♥✐❝❛ r❡s✉❧t❛ ❡♠ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ❞♦ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ❬❈❤❛♣r❛
✫ ❘✉♥❦❡❧ ✭✺✱ ✶✾✾✾✮❪✳

❯♠❛ ❛♣❧✐❝❛çã♦ ❞♦ ♠♦❞❡❧♦ ❞❡ ❙tr❡❡t❡r✲P❤❡❧♣s ♣❛r❛ ♠♦❞❡❧❛❣❡♠ ❞❛
❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ é ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛ ✸✳✹✳ ❊st❛ ✜❣✉r❛
r❡♣r❡s❡♥t❛ ✉♠ ❝❛♥❛❧ ♦r✐❣✐♥❛❧♠❡♥t❡ ♥ã♦ ♣♦❧✉í❞♦ ❡ ❝♦♠ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐✲
❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ♣ró①✐♠❛ à ❝♦♥❝❡♥tr❛çã♦ ❞❛ s❛t✉r❛çã♦✳ ❯♠ ❡✢✉❡♥t❡ ❝♦♠ ✉♠❛
❛❧t❛ ❞❡♠❛♥❞❛ ❜✐♦q✉í♠✐❝❛ ❞❡ ♦①✐❣ê♥✐♦ é ❡♥tã♦ ❛❞✐❝✐♦♥❛❞♦✳ ❖s ♠✐❝r♦r❣❛♥✐s✲
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❋✐❣✉r❛ ✸✳✹✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❉❇❖ ❡ ❖❉ ❡♠ ✉♠ ❝❛♥❛❧✳

♠♦s ❞❡❝♦♠♣♦s✐t♦r❡s✱ ❝♦♠ s✉❜str❛t♦ à ❞✐s♣♦s✐çã♦✱ ❝♦♠❡ç❛♠ ❛ s❡ ❞❡s❡♥✈♦❧✈❡r
❡ ❛ ❝♦♥s✉♠✐r ♦ ♦①✐❣ê♥✐♦ ♣r❡s❡♥t❡ ♥❛ á❣✉❛✳ ❉❡✈✐❞♦ à ❞✐♠✐♥✉✐çã♦ ❞♦ ♥í✈❡❧
❞❡ ♦①✐❣ê♥✐♦✱ ♦❝♦rr❡ ✉♠ ♣r♦❝❡ss♦ ❞❡ r❡❛❡r❛çã♦ ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ❝♦♠♣❡♥s❛r
❡st❡ ❞é✜❝✐t✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ❛ r❡❛❡r❛çã♦ é ♣r❡❥✉❞✐❝❛❞❛ ♣❡❧❛ ♦①✐❞❛çã♦ ❞❛ ♠❛tér✐❛
♦r❣â♥✐❝❛✳ ❊♥tr❡t❛♥t♦✱ ❝♦♠ ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♠❛tér✐❛ ♦r❣â♥✐❝❛
♣r❡s❡♥t❡ ♥♦ ❡s❝♦❛♠❡♥t♦✱ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ✈♦❧t❛ ❛ s✉❜✐r
❛té ♥♦✈❛♠❡♥t❡ ❛t✐♥❣✐r ✉♠ ♥í✈❡❧ ♣ró①✐♠♦ ❛♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ s❛t✉r❛çã♦
❬❈♦① ✭✾✱ ✷✵✵✸✮❪✳

❑❛♠❛❧ ❡t ❛❧ ✭✶✾✱ ✶✾✾✾✮ ✐♥✈❡st✐❣❛r❛♠ ❛ q✉❛❧✐❞❛❞❡ ❞❛ á❣✉❛ ❞♦ r✐♦
❇✉r✐❣❛♥❣❛✱ ✉♠ ❞♦s ♠❛✐s ♣♦❧✉í❞♦s ❞❡ ❇❛♥❣❧❛❞❡s❤✱ ❡ s✐♠✉❧❛r❛♠ ♦s ♥í✈❡✐s ❞❡
♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ✉t✐❧✐③❛♥❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡ q✉❛❧✐❞❛❞❡ ❞❛ á❣✉❛✳ ❆ ✜♠ ❞❡
❛t✐♥❣✐r ♦s ♦❜❥❡t✐✈♦s ❞♦ tr❛❜❛❧❤♦✱ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ✉♠ ♣r♦❣r❛♠❛ ❞❡ ❛q✉✐s✐çã♦
❞❡ ❞❛❞♦s✱ t❛♥t♦ ✐♥ s✐t✉ ❝♦♠♦ ❡♠ t❡st❡s ❧❛❜♦r❛t♦r✐❛✐s✳ ❋♦✐ ✉t✐❧✐③❛❞♦ ✉♠ ♠♦✲
❞❡❧♦ ♠❛t❡♠át✐❝♦ ✉♥✐❞✐♠❡♥s✐♦♥❛❧ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❡❧♦ ❉❛♥✐s❤ ❍②❞r❛✉❧✐❝ ■♥st✐✲
t✉t❡ ✭❉❍■✮ ❞❛ ❉✐♥❛♠❛r❝❛✳ ❉✐❢❡r❡♥t❡s ❝❡♥ár✐♦s ❢♦r❛♠ t❡st❛❞♦s ♣❛r❛ ♣r❡❞✐③❡r
❛s ♠❛✐s ❞✐✈❡rs❛s ❝♦♥❞✐çõ❡s ❞♦ r✐♦✳ ❆♣❡s❛r ❞❛s s✐♠♣❧✐✜❝❛çõ❡s ❞♦ ♠♦❞❡❧♦✱ ♦s
r❡s✉❧t❛❞♦s ❞❛ s✐♠✉❧❛çã♦ r❡♣❧✐❝❛r❛♠ ♦s ❜❛✐①♦s ♥í✈❡✐s ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ♥♦
r✐♦ ❞❡t❡r♠✐♥❛❞♦s ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡✳

❈❛♠♣♦❧♦ ❡t ❛❧ ✭✹✱ ✷✵✵✷✮ ❛✈❛❧✐❛r❛♠ ❛ q✉❛❧✐❞❛❞❡ ❞❛s á❣✉❛s ❞♦ r✐♦

✷✶



✸✳✹ ❊❢❡✐t♦s ❞❛ t✉r❜✉❧ê♥❝✐❛ ♥♦ ❡s❝♦❛♠❡♥t♦

❆r♥♦ ✉t✐❧✐③❛♥❞♦ ✉♠ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❝❛❧✐❜r❛❞♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✳
❖ ♠♦❞❡❧♦ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ❛ ♣❛rt✐r ❞❛s ❡q✉❛çõ❡s ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛✱
❡♥❡r❣✐❛ ❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♠♦✈✐♠❡♥t♦✳ ❖ r❡❣✐♠❡ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ tr❛♥s✐❡♥t❡ ❡
♦ s✐st❡♠❛ ✉♥✐❞✐♠❡♥s✐♦♥❛❧✳ ❖ r✐♦ ❆r♥♦ ❢♦✐ ❞✐✈✐❞✐❞♦ ❡♠ ✶✾✽ ❝é❧✉❧❛s ❞❡ ✺✵✵
♠✳ ❖s ♣❛râ♠❡tr♦s ❛✈❛❧✐❛❞♦s ♣❡❧♦ ♠♦❞❡❧♦ ❢♦r❛♠ ❉❇❖ ❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦✳
❖s r❡s✉❧t❛❞♦s ♠♦str❛r❛♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❡❧❡✈❛çã♦ ❞♦s ♥í✈❡✐s ❞❡ ♦①✐❣ê♥✐♦
❞✐ss♦❧✈✐❞♦ ❡♠ ❛❧❣✉♠❛s r❡❣✐õ❡s ❞♦ r✐♦ ❆r♥♦ ♣❛r❛ q✉❡ ❡st❡s ♥ã♦ ❞❡sç❛♠ ❛❜❛✐①♦
❞❡ ❞❡t❡r♠✐♥❛❞♦s í♥❞✐❝❡s ❞❡ s❡❣✉r❛♥ç❛✳ ❚❛♠❜é♠ ♠♦str❛r❛♠ q✉❡ ♦ ❝♦♥tr♦❧❡ ❞❛
♣♦❧✉✐çã♦ ♥❡st❡ r✐♦ ♣♦❞❡ s❡r ❢❡✐t♦ ❞❡ ♠❛♥❡✐r❛ ❡✜❝❛③ ❛tr❛✈és ❞♦ ❣❡r❡♥❝✐❛♠❡♥t♦
❞❛ ✈❛③ã♦ ❞♦s r❡s❡r✈❛tór✐♦s ❞❡ á❣✉❛✱ ✉♠❛ ✈❡③ q✉❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❞❡❣r❛❞❛çã♦
❞❛ ♠❛tér✐❛ ♦r❣â♥✐❝❛ ✈❛r✐❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ✈❛③ã♦ ❞♦ r✐♦✳

✸✳✹ ❊❢❡✐t♦s ❞❛ t✉r❜✉❧ê♥❝✐❛ ♥♦ ❡s❝♦❛♠❡♥t♦

❆ ♠❛✐♦r ♣❛rt❡ ❞♦s ❡s❝♦❛♠❡♥t♦s ❡♥❝♦♥tr❛❞♦s ♥❛ ♥❛t✉r❡③❛✱ ✐♥❝❧✉s✐✈❡
❡♠ r✐♦s ❡ ❝❛♥❛✐s ❛❜❡rt♦s✱ é t✉r❜✉❧❡♥t♦✳ ❈♦♥s❡qü❡♥t❡♠❡♥t❡✱ é ❞❡ ❣r❛♥❞❡
✐♠♣♦rtâ♥❝✐❛ ❝♦♥s✐❞❡r❛r s❡✉s ❡❢❡✐t♦s ♣❛r❛ s❡ ♦❜t❡r ✉♠ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦ ❞♦
❢❡♥ô♠❡♥♦ ❡st✉❞❛❞♦✳ ❯♠ ❞♦s ♣r✐♥❝✐♣❛✐s ❡❢❡✐t♦s ❞❛ t✉r❜✉❧ê♥❝✐❛ é ✉♠ ❛✉♠❡♥t♦
❝♦♥s✐❞❡rá✈❡❧ ❞♦ ♣♦❞❡r ❞❡ ❞✐❢✉sã♦ ❞♦ ❡s❝♦❛♠❡♥t♦✱ ❞❡st❛ ❢♦r♠❛ ♦ tr❛♥s♣♦rt❡
❞❡ ✉♠ ♣♦❧✉❡♥t❡ ❡♠ ✉♠ ❞❛❞♦ ❛♠❜✐❡♥t❡ ♣♦❞❡ s❡r ❡①tr❡♠❛♠❡♥t❡ ❛❝❡❧❡r❛❞♦✳

❖ ♠♦❞♦ ♠❛✐s s✐♠♣❧❡s ❞❡ s❡ ❞❡✜♥✐r ♦ ♣r♦❜❧❡♠❛ é ❝♦♥s✐❞❡r❛r q✉❡ ♦s
❢❡♥ô♠❡♥♦s ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♠♦✈✐♠❡♥t♦ ❧❛♠✐♥❛r ❡ t✉r❜✉✲
❧❡♥t♦ s❡ ♣r♦❝❡ss❡♠ ❞❡ ♠♦❞♦ ❛♥á❧♦❣♦✳ ❊st❛ ❛❜♦r❞❛❣❡♠✱ ♣r♦♣♦st❛ ♣✐♦♥❡✐r❛✲
♠❡♥t❡ ♣♦r ❇♦✉ss✐♥❡sq ❡♠ ✶✽✼✼✱ s✉❣❡r✐❛ q✉❡ ❛ t❡♥sã♦ t✉r❜✉❧❡♥t❛ ❞❡✈❡r✐❛ ❡st❛r
r❡❧❛❝✐♦♥❛❞❛ ❛♦ ❣r❛❞✐❡♥t❡ ❧♦❝❛❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ❡s❝♦❛♠❡♥t♦ ♠é❞✐♦ ❛tr❛✈és ❞❡
✉♠❛ ✈✐s❝♦s✐❞❛❞❡ ❛ss♦❝✐❛❞❛ às ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ❡s❝♦❛♠❡♥t♦ ❡ ❞❛ ❣❡♦♠❡tr✐❛
❡♥✈♦❧✈✐❞❛ ♥♦ ♣r♦❜❧❡♠❛ s♦❜ ❝♦♥s✐❞❡r❛çã♦✳

❆ ❤✐♣ót❡s❡ ❞❡ ❇♦✉ss✐♥❡sq é ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛ r❡♣r❡s❡♥✲
t❛çã♦ ❞❡ ❡s❝♦❛♠❡♥t♦s t✉r❜✉❧❡♥t♦s✳ ❊st❛ ❤✐♣ót❡s❡ é ❡♠♣r❡❣❛❞❛ ♣❛r❛ ❛ r❡s♦✲
❧✉çã♦ ❞❡ ❞✐✈❡rs❛s ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ♣❛r❝✐❛✐s ❡♠♣r❡❣❛❞❛s ♥❛ ♠♦❞❡❧❛❣❡♠
❞❡ ♣r♦❜❧❡♠❛s ❛♠❜✐❡♥t❛✐s ❡ t❡♠ ❛ ✈❛♥t❛❣❡♠ q✉❡ s✉❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡♣❡♥❞❡
❞❡ ❛♣❡♥❛s ❞✉❛s ✈❛r✐á✈❡✐s ✭t❡♥sã♦ ❞❡ ❛tr✐t♦ ❡ ✈✐s❝♦s✐❞❛❞❡ t✉r❜✉❧❡♥t❛✮✱ s❡♥❞♦
♣♦rt❛♥t♦ r❡❧❛t✐✈❛♠❡♥t❡ s✐♠♣❧❡s ❞❡ s❡r ♠♦❞❡❧❛❞❛ ❬❍❛r❞② ❡t ❛❧ ✭✶✼✱ ✶✾✾✾✮❪✳

❆ ❞❡✜♥✐çã♦ ♣r♦♣♦st❛ ♣♦r ❇♦✉ss✐♥❡sq é ♠♦str❛❞❛ ♥❛ ❊q✉❛çã♦ ✸✳✸✳

τT = µT
dU

dy
✭✸✳✸✮

✷✷



✸✳✹ ❊❢❡✐t♦s ❞❛ t✉r❜✉❧ê♥❝✐❛ ♥♦ ❡s❝♦❛♠❡♥t♦

❋✐❣✉r❛ ✸✳✺✿ ❈♦♠♣❛r❛çã♦ ❞♦s ♣❡r✜s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❧❛♠✐♥❛r ✭■✮ ❡ t✉r❜✉❧❡♥t♦ ✭■■✮✳

❋♦♥t❡✿ ❲❤✐t❡ ✭✹✺✱ ✶✾✾✷✮

❉❡st❛ ♠❛♥❡✐r❛✱ ❛ ✈✐s❝♦s✐❞❛❞❡ t✉r❜✉❧❡♥t❛✱ µT ✱ ❞❡✈❡r✐❛ ❝♦♥t❡r ❡♠
s✉❛ ❞❡✜♥✐çã♦ ♣❛râ♠❡tr♦s q✉❡ ❜❡♠ ❝❛r❛❝t❡r✐③❛ss❡♠ ❛ t✉r❜✉❧ê♥❝✐❛ ❛tr❛✈és ❞❛
r❡♣r❡s❡♥t❛çã♦ ❞♦ ✢✉✐❞♦✱ ❞♦ ❡s❝♦❛♠❡♥t♦ ♠é❞✐♦ ❡ ❞❛ ❣❡♦♠❡tr✐❛ ✉t✐❧✐③❛❞❛✳ ❖
❡❢❡✐t♦ ♣rát✐❝♦ ❞❡st❛ ❞❡✜♥✐çã♦ é ♦ ❛✉♠❡♥t♦ ❞❛ ❞✐❢✉sã♦ ♥♦ ❡s❝♦❛♠❡♥t♦✳

❆ ✐❞é✐❛ ❜ás✐❝❛ ❞❛ ✉t✐❧✐③❛çã♦ ❞❛ ✈✐s❝♦s✐❞❛❞❡ t✉r❜✉❧❡♥t❛ ♥❛ ♠♦❞❡❧❛❣❡♠
❞❡ ❡s❝♦❛♠❡♥t♦s t✉r❜✉❧❡♥t♦s é ❛ ✐♥❝❧✉sã♦ ❞❡st❛ ✈✐s❝♦s✐❞❛❞❡ ♥❛ ❡q✉❛çã♦ ❞❡ ❝♦♥✲
s❡r✈❛çã♦ ❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♠♦✈✐♠❡♥t♦ q✉❡ ❞❡s❝r❡✈❡ ♦ ❢❡♥ô♠❡♥♦ ❬❲❤✐t❡ ✭✹✺✱
✶✾✾✷✮❪✳ ❉❡ ♠❛♥❡✐r❛ ❛♥á❧♦❣❛✱ ❛ ❞✐❢✉s✐✈✐❞❛❞❡ t✉r❜✉❧❡♥t❛ ♣♦❞❡ s❡r ✐♥tr♦❞✉③✐❞❛
♥❛ ❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛✳

◆❛ ❋✐❣✉r❛ ✸✳✺ sã♦ ♠♦str❛❞♦s✱ ♣❛r❛ ✉♠❛ ♠❡s♠❛ ✈❛③ã♦✱ ♦s ♣❡r✜s
❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡♠ ✉♠❛ ❝❛♥❛❧✐③❛çã♦ ♣❛r❛ ❛s ❝♦♥❞✐çõ❡s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦
❡s❝♦❛♠❡♥t♦ t✉r❜✉❧❡♥t♦ ❡ ❛♦ ❡s❝♦❛♠❡♥t♦ ❧❛♠✐♥❛r✳ ❋✐❝❛ ❡✈✐❞❡♥t❡ ❛ ✈❛r✐❛çã♦
♠❛✐s ❜r✉s❝❛ ❞♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❥✉♥t♦ à ♣❛r❡❞❡ ♥♦ ❝❛s♦ ❞♦ ❡s❝♦❛♠❡♥t♦
t✉r❜✉❧❡♥t♦✳

❖s ♠❛✐♦r❡s ❡❢❡✐t♦s ❞♦ ❢❡♥ô♠❡♥♦ ❞❛ t✉r❜✉❧ê♥❝✐❛ ♦❝♦rr❡♠ ♣ró①✐♠♦s às
♣❛r❡❞❡s✱ ♦♥❞❡ ♦s ❣r❛❞✐❡♥t❡s ❞❡ ✈❡❧♦❝✐❞❛❞❡ sã♦ ♠✉✐t♦ ❡❧❡✈❛❞♦s✳ ❨❛♠❛♠♦t♦ ❡t
❛❧ ✭✹✼✱ ✷✵✵✶✮ s✐♠✉❧❛r❛♠ ✉♠ ❡s❝♦❛♠❡♥t♦ t✉r❜✉❧❡♥t♦ ❝♦♠ tr❛♥s♣♦rt❡ ❞❡ ✉♠
❡s❝❛❧❛r ❡♠ ✉♠ ❝❛♥❛❧ ❛❜❡rt♦✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ♦s ❡❢❡✐t♦s ❞❛ s✉♣❡r❢í❝✐❡ ❧✐✈r❡ ♥♦
❡s❝♦❛♠❡♥t♦ ♥ã♦ t✐✈❡r❛♠ ✐♥✢✉ê♥❝✐❛ ❝♦♥s✐❞❡r❛❞❛ ✐♠♣♦rt❛♥t❡✱ ❞❡♠♦♥str❛♥❞♦
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q✉❡ ❛ s✉♣❡r❢í❝✐❡ ❧✐✈r❡ ♥ã♦ ❝♦♥tr✐❜✉✐ ♣❛r❛ ❛ ❣❡r❛çã♦ ❞❡ t✉r❜✉❧ê♥❝✐❛✳

❊s❝♦❛♠❡♥t♦s q✉❡ ♦❝♦rr❡♠ ❝♦♠ ♠❛✐♦r ✈❡❧♦❝✐❞❛❞❡ ❧✐✈r❡ sã♦ ♠❛✐s t✉r✲
❜✉❧❡♥t♦s ❡ t❡♥❞❡♠ ❛ ❛♣r❡s❡♥t❛r ✉♠❛ ✐♥t❡r❢❛❝❡ ❛r✲á❣✉❛ ❝♦♠ ♠❛✐♦r ár❡❛ s✉♣❡r✲
✜❝✐❛❧✳ ❈♦♠♦ ❛ t❛①❛ ❞❡ tr♦❝❛ ❞❡ ❣❛s❡s ♥❡ss❛ ✐♥t❡r❢❛❝❡ é ♣r♦♣♦r❝✐♦♥❛❧ à ár❡❛ ❞❛
s✉♣❡r❢í❝✐❡✱ ❛ t✉r❜✉❧ê♥❝✐❛ ❛✉♠❡♥t❛ ❛ ✐♥t❡♥s✐❞❛❞❡ ❝♦♠ q✉❡ ❡ss❛s tr♦❝❛s ♦❝♦r✲
r❡♠✳ ❈♦♥s❡qü❡♥t❡♠❡♥t❡✱ ♦ ♦①✐❣ê♥✐♦ ❛t♠♦s❢ér✐❝♦ ♣❡♥❡tr❛ ♠❛✐s r❛♣✐❞❛♠❡♥t❡
♥♦ ♠❡✐♦ ❛q✉át✐❝♦ ❡ ♦s ❣❛s❡s r❡s✉❧t❛♥t❡s ❞❛ ❞❡❝♦♠♣♦s✐çã♦ ❛♥❛❡ró❜✐❛ ♣♦❞❡♠
❞❡✐①❛r ♦ ♠❡✐♦ ❛q✉át✐❝♦ ❝♦♠ ❛ ♠❡s♠❛ r❛♣✐❞❡③✳
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P❛r❛ s❡ ❢❛③❡r ✉♠ ❡st✉❞♦ ❞❡ ✉♠ ❢❡♥ô♠❡♥♦ ❢ís✐❝♦ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦
❞❡ ♠ét♦❞♦s ♥✉♠ér✐❝♦s✱ ❞❡✈❡✲s❡ ✐♥✐❝✐❛❧♠❡♥t❡ ♠♦❞❡❧❛r ❛ ❢ís✐❝❛ ❞♦ ♣r♦❜❧❡♠❛✳
❯♠ ♠♦❞❡❧♦ é ❡❧❛❜♦r❛❞♦ ❛ ♣❛rt✐r ❞❛ ❛♣❧✐❝❛çã♦ ❞❡ ♣r✐♥❝í♣✐♦s ❢ís✐❝♦s✱ ❞❡s❝r✐t♦s
♣♦r ❧❡✐s ❞❡ ❝♦♥s❡r✈❛çã♦ ❛❞❡q✉❛❞❛s ❛♦ ❢❡♥ô♠❡♥♦✱ ❝♦♠♦ ❝♦♥s❡r✈❛çã♦ ❞❡ ♠❛ss❛✱
❡♥❡r❣✐❛ ❡ ♠♦♠❡♥t♦✳

❊♠ ❣❡r❛❧✱ ♣r♦❜❧❡♠❛s ❡♥✈♦❧✈❡♥❞♦ ♦ ♠♦✈✐♠❡♥t♦ ❞❡ ✢✉✐❞♦s ♥ã♦ ♣♦s✲
s✉❡♠ s♦❧✉çõ❡s ❛♥❛❧ít✐❝❛s ❝♦♥❤❡❝✐❞❛s✳ ▼ét♦❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❡✱ ♠❛✐s r❡❝❡♥✲
t❡♠❡♥t❡✱ ❝♦♠♣✉t❛❝✐♦♥❛✐s sã♦✱ ❡♥tã♦✱ ✉t✐❧✐③❛❞♦s ♣❛r❛ ✈❡r✐✜❝❛r ❛ ✈❛❧✐❞❛❞❡ ❞♦
♠♦❞❡❧♦ t❡ór✐❝♦✳

P❛r❛ tr❛t❛r ♦ ♠♦❞❡❧♦ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡✱ é ♥❡❝❡ssár✐♦ ❡①♣r❡ss❛r
❞❡ ❢♦r♠❛ ❛❞❡q✉❛❞❛ ❛s ❡q✉❛çõ❡s ❡ ❛ r❡❣✐ã♦ ✭❞♦♠í♥✐♦✮ ❡♠ q✉❡ ❡❧❛s sã♦ ✈á❧✐❞❛s✳
❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ♥❡st❛ ❞✐r❡çã♦ é ❛ ❝❤❛♠❛❞❛ ❞✐s❝r❡t✐③❛çã♦✳ ❆ ❞✐s❝r❡t✐③❛çã♦
❝♦♥s✐st❡ ❡♠ ❞✐✈✐❞✐r ♦ ❞♦♠í♥✐♦ ❞❡ ❝á❧❝✉❧♦ ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♥ú♠❡r♦ ❞❡
s✉❜❞♦♠í♥✐♦s✳ ❙♦♠❡♥t❡ ♥❡ss❡s s✉❜❞♦♠í♥✐♦s é q✉❡ ❛s s♦❧✉çõ❡s ❞❛s ❡q✉❛çõ❡s
s❡rã♦ ♦❜t✐❞❛s✳ ❆♦ ❝♦♥❥✉♥t♦ ❞♦s ♣♦♥t♦s ❞✐s❝r❡t♦s ❞á✲s❡ ♦ ♥♦♠❡ ❞❡ ♠❛❧❤❛✳
❊♠ s❡❣✉✐❞❛✱ ♦s t❡r♠♦s q✉❡ ❛♣❛r❡❝❡♠ ♥❛s ❡q✉❛çõ❡s sã♦ ❡s❝r✐t♦s ❡♠ ❢✉♥çã♦
❞♦s ✈❛❧♦r❡s ❞❛s ✐♥❝ó❣♥✐t❛s ❡♠ ♣♦♥t♦s ❞✐s❝r❡t♦s ❛❞❥❛❝❡♥t❡s✳ ❖ r❡s✉❧t❛❞♦ é ✉♠
❝♦♥❥✉♥t♦ ❞❡ ❡q✉❛çõ❡s ❛❧❣é❜r✐❝❛s✳ ◆❡ss❛ ❡t❛♣❛✱ ✐♥tr♦❞✉③❡♠✲s❡ ❛s ❝♦♥❞✐çõ❡s
❞❡ ❝♦♥t♦r♥♦ ❞♦ ♣r♦❜❧❡♠❛✱ ♥♦r♠❛❧♠❡♥t❡ ♠♦❞✐✜❝❛♥❞♦✲s❡ ❛♣r♦♣r✐❛❞❛♠❡♥t❡ ❛s
❡q✉❛çõ❡s ♣❛r❛ ♣♦♥t♦s ♣❡rt♦ ❞❛s ❢r♦♥t❡✐r❛s✳ ❆s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦✱ ❥✉♥t♦
❝♦♠ ❛s ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s✱ ❛s ♣r♦♣r✐❡❞❛❞❡s ❢ís✐❝❛s ❞♦ ✢✉✐❞♦ ❡ ♦s ♣❛râ♠❡tr♦s
❞♦ ❡s❝♦❛♠❡♥t♦✱ ❡s♣❡❝✐✜❝❛♠ ♦ ♣r♦❜❧❡♠❛ ❛ s❡r tr❛t❛❞♦✳

❋✐♥❛❧♠❡♥t❡✱ ❛s ❡q✉❛çõ❡s ❛❧❣é❜r✐❝❛s sã♦ r❡s♦❧✈✐❞❛s✱ ❢♦r♥❡❝❡♥❞♦ ❛ s♦✲
❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✳ ❊st❛ s♦❧✉çã♦ ❞❡✈❡ s❡r ❛♥❛❧✐s❛❞❛ ♣❛r❛ ✈❡r✐✜❝❛r s❡ ♦s r❡✲
s✉❧t❛❞♦s ❡stã♦ ❝♦rr❡t♦s✳ ❆♦ s❡ ❝♦♠♣❛r❛r ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❝♦♠ ❞❛❞♦s
❡①♣❡r✐♠❡♥t❛✐s✱ ♣♦❞❡✲s❡ ❛❥✉st❛r ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❛té q✉❡ ♦ ♠❡s♠♦ r❡✢✐t❛
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❋✐❣✉r❛ ✸✳✻✿ ❊t❛♣❛s ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞❛ s♦❧✉çã♦ ♥✉♠ér✐❝❛ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡

♠❡❝â♥✐❝❛ ❞♦s ✢✉✐❞♦s✳ ❋♦♥t❡✿ ❋♦rt✉♥❛ ✭✶✹✱ ✷✵✵✵✮

❡ss❡s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✳ ◆❛ ❋✐❣✉r❛ ✸✳✻ sã♦ r❡s✉♠✐❞❛s ❛s ❡t❛♣❛s ♥❡❝❡ssár✐❛s
♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞❛ s♦❧✉çã♦ ♥✉♠ér✐❝❛ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ♠❡❝â♥✐❝❛ ❞♦s ✢✉✐✲
❞♦s✳

❯♠ ❢❛t♦r ✐♠♣♦rt❛♥t❡ ❛ s❡r ❝♦♥s✐❞❡r❛❞♦ é q✉❡ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦
❞❡✈❡ s❡r t❛❧ q✉❡ ♣♦ss❛ s❡r r❡s♦❧✈✐❞♦ ❝♦♠ t❡♠♣♦s ❞❡ ❝♦♠♣✉t❛çã♦ ♥ã♦✲
♣r♦✐❜✐t✐✈♦s ❡ q✉❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s r❡♣r❡s❡♥t❡♠ ❛❞❡q✉❛❞❛♠❡♥t❡ ♦ ❢❡♥ô✲
♠❡♥♦ ❢ís✐❝♦ ❡♠ q✉❡stã♦✳

❆ ár❡❛ ❞❛ ❝♦♠♣✉t❛çã♦ ❝✐❡♥tí✜❝❛ q✉❡ ❡st✉❞❛ ♠ét♦❞♦s ❝♦♠♣✉t❛❝✐♦✲
♥❛✐s ♣❛r❛ s✐♠✉❧❛çã♦ ❞❡ ❢❡♥ô♠❡♥♦s q✉❡ ❡♥✈♦❧✈❡♠ ✢✉✐❞♦s ❡♠ ♠♦✈✐♠❡♥t♦ é
❞❡♥♦♠✐♥❛❞❛ ❞✐♥â♠✐❝❛ ❞❡ ✢✉✐❞♦s ❝♦♠♣✉t❛❝✐♦♥❛❧✳

❊stã♦ s❡♥❞♦ ❞❡s❡♥✈♦❧✈✐❞♦s ❛t✉❛❧♠❡♥t❡ ❞✐✈❡rs♦s ❝ó❞✐❣♦s ❝♦♠♣✉t❛❝✐♦✲
♥❛✐s ❝❛♣❛③❡s ❞❡ s✐♠✉❧❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ s✐st❡♠❛s ❛♠❜✐❡♥t❛✐s✳ ❏á ❢♦✐
r❡❧❛t❛❞♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♣r♦❣r❛♠❛s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❝♦♠ ❝❛♣❛❝✐❞❛❞❡
❞❡ ❛♣❧✐❝❛çã♦ ❡♠ r✐♦s ❝♦♠ ❡①t❡♥sã♦ ❡♥tr❡ ✶ ❡ ✻✵ ❦♠✱ ♠❛♥t❡♥❞♦ ✉♠❛ ❡❧❡✈❛❞❛
r❡s♦❧✉çã♦ ❡s♣❛❝✐❛❧ ❡ t❡♠♣♦r❛❧ ❬❍❛r❞② ❡t ❛❧ ✭✶✼✱ ✶✾✾✾✮❪✳

❊①✐st❡♠ ♥♦ ♠❡r❝❛❞♦ ♠✉♥❞✐❛❧ ❞✐✈❡rs♦s ♣❛❝♦t❡s ❝♦♠♣✉t❛❝✐♦♥❛✐s q✉❡
s✐♠✉❧❛♠ ♦s ♠❛✐s ✈❛r✐❛❞♦s t✐♣♦s ❞❡ ❡s❝♦❛♠❡♥t♦✳ ❊♥tr❡ ❡❧❡s✱ ♣♦❞❡✲s❡ ❝✐t❛r
❋❧✉❡♥t✱ P♦❧②✢♦✇ ❡ ❈❋❳✳ ▼✉✐t♦s ❞❡st❡s ♣r♦❣r❛♠❛s ❛♣r❡s❡♥t❛♠ s♦❧✉çõ❡s ❝♦♠✲
♣❧❡t❛s ✭❛♠❜✐❡♥t❡s ❞❡ s✐♠✉❧❛çã♦✮✱ q✉❡ ✐♥❝❧✉❡♠ ❞❡s❞❡ s✐st❡♠❛s ❞❡ ❞❡✜♥✐çã♦ ❞❛
❣❡♦♠❡tr✐❛ ❡ ❞❡ ❣❡r❛çã♦ ❞❡ ♠❛❧❤❛s ❛té ❞✐❢❡r❡♥t❡s ♠♦❞❡❧♦s ❞❡ t✉r❜✉❧ê♥❝✐❛ ❡
❞❡ ✈✐s✉❛❧✐③❛çã♦ ❝✐❡♥tí✜❝❛✳ P♦ré♠✱ ❞❡✈✐❞♦ ❛ s✉❛ ❝♦♠♣❧❡①✐❞❛❞❡✱ ❡ss❡s s✐st❡♠❛s
♣♦ss✉❡♠ ❡❧❡✈❛❞♦s ❝✉st♦s ❞❡ ❛q✉✐s✐çã♦ ✭❛❧❣✉♥s ♥❛ ❢❛✐①❛ ❞❡ ❞❡③❡♥❛s ❞❡ ♠✐❧❤❛r❡s
❞❡ ❞ó❧❛r❡s✮ ❡ ❞❡ ♠❛♥✉t❡♥çã♦✱ ♥❛ ❢♦r♠❛ ❞❛ r❡♥♦✈❛çã♦ ♣❡r✐ó❞✐❝❛ ❞❛ ❧✐❝❡♥ç❛ ❞❡

✷✺
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✉s♦ ❬❋♦rt✉♥❛ ✭✶✹✱ ✷✵✵✵✮❪✳

✸✳✺✳✶ ▼ét♦❞♦ ❞♦s ❱♦❧✉♠❡s ❋✐♥✐t♦s

❆ t❛r❡❢❛ ❞❡ ✉♠ ♠ét♦❞♦ ♥✉♠ér✐❝♦ é r❡s♦❧✈❡r ✉♠❛ ♦✉ ♠❛✐s ❡q✉❛çõ❡s
❞✐❢❡r❡♥❝✐❛✐s✱ s✉❜st✐t✉✐♥❞♦ ❛s ❞❡r✐✈❛❞❛s ❡①✐st❡♥t❡s ♣♦r ❡①♣r❡ssõ❡s ❛❧❣é❜r✐❝❛s
q✉❡ ❡♥✈♦❧✈❛♠ ❛ ❢✉♥çã♦ ✐♥❝ó❣♥✐t❛ ✭▼❛❧✐s❦❛✱ ✷✵✵✹✮✳

❖ ♠ét♦❞♦ ❞❡ ✈♦❧✉♠❡s ✜♥✐t♦s é ♣♦r ✈❡③❡s ❝♦♥❢✉♥❞✐❞♦ ❝♦♠ ♦ ♠ét♦❞♦
❞❛s ❞✐❢❡r❡♥ç❛s ✜♥✐t❛s ♣❡❧♦ ❢❛t♦ ❞❡ q✉❡✱ ❡♠ ✈ár✐♦s ❝❛s♦s✱ ❛s ❡q✉❛çõ❡s ❞✐s✲
❝r❡t✐③❛❞❛s ♦❜t✐❞❛s ♣♦r ❛♠❜♦s ♦s ♠ét♦❞♦s sã♦ ✐❣✉❛✐s✳ ❊♥tr❡t❛♥t♦✱ ♦s ❞♦✐s
♠ét♦❞♦s tê♠ ❜❛s❡s ❞❡ ❢♦r♠✉❧❛çã♦ ❜❛st❛♥t❡ ❞✐❢❡r❡♥t❡s✳ ❊♥q✉❛♥t♦ ♦ ♠ét♦❞♦
❞❡ ❞✐❢❡r❡♥ç❛s ✜♥✐t❛s t❡♠ ✉♠❛ ❞❡❞✉çã♦ ♣✉r❛♠❡♥t❡ ♠❛t❡♠át✐❝❛✱ ❛ ♣❛rt✐r ❞❛s
❛♣r♦①✐♠❛çõ❡s ❞❡ ❞❡r✐✈❛❞❛s ✉s❛♥❞♦ sér✐❡s ❞❡ ❚❛②❧♦r✱ ❛ ❢♦r♠✉❧❛çã♦ ❞♦ ♠ét♦❞♦
❞❡ ✈♦❧✉♠❡s ✜♥✐t♦s t❡♠ ❜❛s❡ ❢ís✐❝❛✳

❙❡❣✉♥❞♦ ▼❛❧✐s❦❛ ✭✷✹✱ ✷✵✵✹✮✱ t♦❞♦ ♠ét♦❞♦ q✉❡✱ ♣❛r❛ ♦❜t❡r ❛s
❡q✉❛çõ❡s ❛♣r♦①✐♠❛❞❛s✱ s❛t✐s❢❛③ ❛ ❝♦♥s❡r✈❛çã♦ ❞❛ ♣r♦♣r✐❡❞❛❞❡ ❡♠ ♥í✈❡❧ ❞❡ ✈♦✲
❧✉♠❡s ❡❧❡♠❡♥t❛r❡s é ✉♠ ♠ét♦❞♦ ❞❡ ✈♦❧✉♠❡s ✜♥✐t♦s✳ ❊①✐st❡♠ ❞✉❛s ♠❛♥❡✐r❛s
❞❡ s❡ ♦❜t❡r ❛s ❡q✉❛çõ❡s ❛♣r♦①✐♠❛❞❛s ♥♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s✳ ❆
♣r✐♠❡✐r❛ é ❛ r❡❛❧✐③❛çã♦ ❞❡ ❜❛❧❛♥ç♦s ❞❛ ♣r♦♣r✐❡❞❛❞❡ ❡♠ q✉❡stã♦ ♥♦s ✈♦❧✉♠❡s
❡❧❡♠❡♥t❛r❡s✱ ♦✉ ✈♦❧✉♠❡s ✜♥✐t♦s✱ ❡ ❛ s❡❣✉♥❞❛ é ✐♥t❡❣r❛r s♦❜r❡ ♦ ✈♦❧✉♠❡ ❡❧❡✲
♠❡♥t❛r✱ ♥♦ ❡s♣❛ç♦ ❡ ♥♦ t❡♠♣♦✱ ❛s ❡q✉❛çõ❡s ♥❛ ❢♦r♠❛ ❝♦♥s❡r✈❛t✐✈❛✳ ❋♦r♠❛
❝♦♥s❡r✈❛t✐✈❛ é ❛q✉❡❧❛ ❡♠ q✉❡ ♥❛ ❡q✉❛çã♦ ❞✐❢❡r❡♥❝✐❛❧ ♦s ✢✉①♦s ❡stã♦ ❞❡♥tr♦ ❞♦
s✐♥❛❧ ❞❛ ❞❡r✐✈❛❞❛ ❡✱ ♥❛ ♣r✐♠❡✐r❛ ✐♥t❡❣r❛çã♦✱ ❛♣❛r❡❝❡♠ ♦s ✢✉①♦s ♥❛s ❢r♦♥t❡✐r❛s
❞♦ ✈♦❧✉♠❡ ❡❧❡♠❡♥t❛r✱ ❡q✉✐✈❛❧❡♥t❡✱ ♣♦rt❛♥t♦✱ ❛♦ ❜❛❧❛♥ç♦✳

➱ ❢á❝✐❧ r❡❝♦♥❤❡❝❡r q✉❡ ♦s ♣r♦❝❡ss♦s sã♦ ❡q✉✐✈❛❧❡♥t❡s✱ ♣♦✐s ❜❛st❛ ❧❡♠✲
❜r❛r q✉❡✱ ♣❛r❛ ❞❡❞✉③✐r ❛s ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s q✉❡ r❡♣r❡s❡♥t❛♠ ♦s ❢❡♥ô♠❡♥♦s
❢ís✐❝♦s✱ é ♥❡❝❡ssár✐♦ ♣r✐♠❡✐r♦ r❡❛❧✐③❛r ✉♠ ❜❛❧❛♥ç♦ ❡♠ ✈♦❧✉♠❡ ✜♥✐t♦✱ ❢❛③❡♥❞♦✲
s❡✱ ❡♠ s❡❣✉✐❞❛✱ ♦ ♣r♦❝❡ss♦ ❞❡ ❧✐♠✐t❡s ♣❛r❛ ♦❜t❡r ❛ ❡q✉❛çã♦ ❞✐❢❡r❡♥❝✐❛❧✳ P❛r❛
✐❧✉str❛r ❛ ❝♦♥❡①ã♦ ❡♥tr❡ ❛s ❡q✉❛çõ❡s ❛♣r♦①✐♠❛❞❛s ✉s❛❞❛s ♥♦ ♠ét♦❞♦ ❞♦s ✈♦✲
❧✉♠❡s ✜♥✐t♦s ❡ ❛s ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ♥❛ ❢♦r♠❛ ❝♦♥s❡r✈❛t✐✈❛✱ ❝♦♥s✐❞❡r♦✉✲s❡
♦ ✈♦❧✉♠❡ ❡❧❡♠❡♥t❛r ❜✐❞✐♠❡♥s✐♦♥❛❧ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✼✳ ❖ ✐♥t❡r❡ss❡✱ ♥❡ss❡
♠♦♠❡♥t♦✱ é ❞❡❞✉③✐r ❛ ❡q✉❛çã♦ ❞✐❢❡r❡♥❝✐❛❧ q✉❡ r❡♣r❡s❡♥t❛ ❛ ❝♦♥s❡r✈❛çã♦ ❞❛
♠❛ss❛ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✳ ❖ ❜❛❧❛♥ç♦ ❞❡ ♠❛ss❛ ♥♦ ✈♦❧✉♠❡ ❡❧❡♠❡♥t❛r
♠♦str❛❞♦ ♥❛ ✜❣✉r❛ é ❞❛❞♦ ♣♦r✿

ṁe − ṁw + ṁn − ṁs = 0 ✭✸✳✹✮
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❋✐❣✉r❛ ✸✳✼✿ ❱♦❧✉♠❡ ❡❧❡♠❡♥t❛r ♣❛r❛ ♦s ❜❛❧❛♥ç♦s ❞❡ ❝♦♥s❡r✈❛çã♦✳

q✉❡ é ❡①❛t❛♠❡♥t❡ ❛ ❝♦♥s❡r✈❛çã♦ ❞❡ ♠❛ss❛ ♣❛r❛ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✳ ❊♠
t❡r♠♦s ❞❛s ✈❡❧♦❝✐❞❛❞❡s✱ ♣❛r❛ ♦ ✈♦❧✉♠❡ ❡❧❡♠❡♥t❛r ♥♦ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s
❝❛rt❡s✐❛♥❛s✱ t❡♠✲s❡✿

ρu∆y|e − ρu∆y|w + ρv∆x|n − ρv∆x|s = 0 ✭✸✳✺✮

❡♠ q✉❡ ❛s ❧❡tr❛s ♠✐♥ús❝✉❧❛s e, w, n ❡ s ♥❛ ❋✐❣✉r❛ ✸✳✼ r❡♣r❡s❡♥t❛♠✱ r❡s♣❡❝t✐✈❛✲
♠❡♥t❡✱ ♦s ♣♦♥t♦s ❝❛r❞❡❛✐s ❧❡st❡✱ ♦❡st❡✱ ♥♦rt❡ ❡ s✉❧ ❡ sã♦ ❛ ♥♦♠❡♥❝❧❛t✉r❛ ✉s❛❞❛
♣❛r❛ ✐❞❡♥t✐✜❝❛r ❛s ❢❛❝❡s ❞♦ ✈♦❧✉♠❡ ❞❡ ❝♦♥tr♦❧❡ ♥❛ ❞✐s❝r❡t✐③❛çã♦ ♥✉♠ér✐❝❛✳ ❉✐✲
✈✐❞✐♥❞♦ ❛ ❡q✉❛çã♦ ✸✳✺ ♣❡❧♦ ♣r♦❞✉t♦ ∆x∆y✱ ❡♥❝♦♥tr❛✲s❡✿

ρu|e − ρu|w
∆x

+
ρv|n − ρv|s

∆y
= 0 ✭✸✳✻✮

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

∂

∂x
(ρu) +

∂

∂y
(ρv) = 0 ✭✸✳✼✮

❆ ♦❜t❡♥çã♦ ❞❡ ✉♠❛ ❛♣r♦①✐♠❛çã♦ ♥✉♠ér✐❝❛ ❞❛ ❡q✉❛çã♦ ❞❛ ❝♦♥s❡r✲
✈❛çã♦ ❞❛ ♠❛ss❛ ✐♥✜♥✐t❡s✐♠❛❧ ❛tr❛✈és ❞❛ s✉❛ ✐♥t❡❣r❛çã♦ ♥♦ ✈♦❧✉♠❡ ❡❧❡♠❡♥t❛r

✷✼



✸✳✺ ■♥tr♦❞✉çã♦ ❛♦s ♠ét♦❞♦s ♥✉♠ér✐❝♦s

é ❛ ♣rát✐❝❛ ❝♦rr❡♥t❡ ❞♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s✳ ❘❡❛❧✐③❛♥❞♦ ❛ ✐♥t❡❣r❛çã♦
❞❛ ❊q✉❛çã♦ ✸✳✼ s♦❜r❡ ♦ ✈♦❧✉♠❡ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✼✱ ♦❜té♠✲s❡

∫ e

w

∫ n

s

[

∂

∂x
(ρu) +

∂

∂y
(ρv)

]

dxdy = 0 ✭✸✳✽✮
∫ n

s

[

ρu|e + ρu|w
]

dy +

∫ e

w

[

ρv|n + ρv|s
]

dx = 0 ✭✸✳✾✮

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ✢✉①♦ ❞❡ ♠❛ss❛ ❛✈❛❧✐❛❞♦ ♥♦ ♠❡✐♦ ❞❛ ❢❛❝❡ ❞♦
✈♦❧✉♠❡ ❞❡ ❝♦♥tr♦❧❡ r❡♣r❡s❡♥t❛ ❛ ♠é❞✐❛ ❞❛ ✈❛r✐❛çã♦ ♥❛ ❢❛❝❡✱ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r

ρu∆y|e − ρu∆y|w + ρv∆x|n − ρv∆x|s = 0 ✭✸✳✶✵✮

q✉❡ é ❡①❛t❛♠❡♥t❡ ❛ ❊q✉❛çã♦ ✸✳✺✱ ♦❜t✐❞❛ ❛tr❛✈és ❞♦ ❜❛❧❛♥ç♦✳ ❊ss❛ ❡q✉❛çã♦
♣♦❞❡ s❡r t❛♠❜é♠ ❡s❝r✐t❛ ❝♦♠♦✿

ṁe − ṁw + ṁn − ṁs = 0 ✭✸✳✶✶✮

❊ss❛ ❡q✉❛çã♦✱ ♦✉ ❛ ❊q✉❛çã♦ ✸✳✹✱ é ❛ ❡q✉❛çã♦ ❛♣r♦①✐♠❛❞❛ ✈á❧✐❞❛
♣❛r❛ ♦ ✈♦❧✉♠❡ P ✳ P♦rt❛♥t♦✱ r❡❛❧✐③❛r ❛ ✐♥t❡❣r❛çã♦ ❞❛ ❢♦r♠❛ ❝♦♥s❡r✈❛t✐✈❛
❞❛ ❡q✉❛çã♦ ❞✐❢❡r❡♥❝✐❛❧ ♦✉ ❢❛③❡r ♦ ❜❛❧❛♥ç♦ sã♦ ♣r♦❝❡❞✐♠❡♥t♦s ❡q✉✐✈❛❧❡♥t❡s✳
❘❡❛❧✐③❛♥❞♦ ❛ ✐♥t❡❣r❛çã♦ ♣❛r❛ t♦❞♦s ♦s ✈♦❧✉♠❡s ❡❧❡♠❡♥t❛r❡s ♦❜té♠✲s❡ ✉♠
s✐st❡♠❛ ❞❡ ❡q✉❛çõ❡s ❛❧❣é❜r✐❝❛s✱ ❝✉❥❛ s♦❧✉çã♦ é ❛ s♦❧✉çã♦ ♥✉♠ér✐❝❛ ♣r♦❝✉r❛❞❛
♣❛r❛ ♦ ♣r♦❜❧❡♠❛✳

✸✳✺✳✷ Pr♦❜❧❡♠❛s ❡❧í♣t✐❝♦s ❡ ♣❛r❛❜ó❧✐❝♦s

❉♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ♥✉♠ér✐❝♦✱ é ✐♠♣♦rt❛♥t❡ r❡❝♦♥❤❡❝❡r ❛s ❝❛r❛❝t❡rís✲
t✐❝❛s ❞❛s ❡q✉❛çõ❡s ♣❛r❛ q✉❡ s❡ ♣♦ss❛ t✐r❛r ✈❛♥t❛❣❡♥s ❝♦♠♣✉t❛❝✐♦♥❛✐s✱ ❝♦♠♦
t❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡ ✈❛r✐á✈❡✐s✳ ❊ é ♣r❡❝✐s❛♠❡♥t❡ ✐♥t❡r✲
♣r❡t❛♥❞♦ ❛s ✈❛♥t❛❣❡♥s ❝♦♠♣✉t❛❝✐♦♥❛✐s q✉❡ é ♠❛✐s út✐❧ ❞❡✜♥✐r ♦s ♣r♦❜❧❡♠❛s ❞❡
♠❡❝â♥✐❝❛ ❞♦s ✢✉✐❞♦s ❡♠ ♣r♦❜❧❡♠❛s q✉❡ ♣❡r♠✐t❡♠ ❛ s✉❛ s♦❧✉çã♦ ♣❡❧♦ ♣r♦❝❡ss♦
❞❡ ♠❛r❝❤❛ ❡♠ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❝♦♦r❞❡♥❛❞❛ ✭t❡♠♣♦r❛❧ ♦✉ ❡s♣❛❝✐❛❧✮ ❡ ❛q✉❡❧❡s
q✉❡ ♥ã♦ ♣❡r♠✐t❡♠ ❡ss❡ ♣r♦❝❡❞✐♠❡♥t♦✳
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P♦❞❡✲s❡ ❞✐③❡r q✉❡ ♦s ♣r♦❜❧❡♠❛s ♣❛r❛❜ó❧✐❝♦s ♣❡r♠✐t❡♠ ♦ ♣r♦❝❡❞✐✲
♠❡♥t♦ ❞❡ ♠❛r❝❤❛✱ ❡♥q✉❛♥t♦ ♦s ❡❧í♣t✐❝♦s ♥ã♦ ♣❡r♠✐t❡♠✳ Pr♦❜❧❡♠❛s ❞❡ ♠❛r✲
❝❤❛ sã♦ ❛q✉❡❧❡s q✉❡ ♥ã♦ ♥❡❝❡ss✐t❛♠ ❞❡ ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ ❛ ❥✉s❛♥t❡✱ ✐st♦
é✱ ❞❡♣❡♥❞❡♠ ❛♣❡♥❛s ❞❡ ✐♥❢♦r♠❛çõ❡s ❛ ♠♦♥t❛♥t❡✳ ❖s t❡r♠♦s ❝♦♥✈❡❝t✐✈♦s ❞❛s
❡q✉❛çõ❡s ❞❡ ◆❛✈✐❡r✲❙t♦❦❡s sã♦ t❡r♠♦s ♣❛r❛❜ó❧✐❝♦s✱ s❡♥❞♦ ❢á❝✐❧ ❡♥t❡♥❞❡r q✉❡✱
s❡ ♥ã♦ ❡①✐st✐r ♦✉tr♦ ♠❡✐♦ ❞❡ tr❛♥s♣♦rt❡ ❞❛ ♣r♦♣r✐❡❞❛❞❡ ♣r❡s❡♥t❡ ♥❛ ❡q✉❛çã♦✱
♥ã♦ s❡rá ♣♦ssí✈❡❧ q✉❡ ✐♥❢♦r♠❛çõ❡s ❛ ❥✉s❛♥t❡ s❡❥❛♠ tr❛♥s♠✐t✐❞❛s ❛ ♠♦♥t❛♥t❡✱
✉♠❛ ✈❡③ q✉❡ ❛s ✐♥❢♦r♠❛çõ❡s ❞❛ ❝♦♥✈❡❝çã♦ ✈✐❛❥❛♠ ❛♣❡♥❛s ♥♦ s❡♥t✐❞♦ ❞❛ ✈❡✲
❧♦❝✐❞❛❞❡ ❡ ❧❡✈❛❞❛s ♣♦r ❡❧❛✳

❈♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡✱ ❡①✐st❡ ✉♠❛ ❣r❛♥❞❡ ✈❛♥t❛❣❡♠ ♥❛ s♦❧✉çã♦ ❞❡
♣r♦❜❧❡♠❛s ❡♠ ♠❛r❝❤❛✱ ♣♦✐s ♦ ❛r♠❛③❡♥❛♠❡♥t♦ ♥❡❝❡ssár✐♦ é ❛♣❡♥❛s ❝♦rr❡s✲
♣♦♥❞❡♥t❡ ❛ ❞✉❛s ❡st❛çõ❡s✿ ❛ ❞❡ ❝á❧❝✉❧♦ ❡ ❛ ♠♦♥t❛♥t❡✱ ❛♦ ♣❛ss♦ q✉❡✱ s❡ ♦
tr❛t❛♠❡♥t♦ ❢♦r ❡❧í♣t✐❝♦✱ ♥❡❝❡ss✐t❛✲s❡ ❞♦ ❛r♠❛③❡♥❛♠❡♥t♦ ❣❧♦❜❛❧✳ ❆✐♥❞❛ ♠❛✐s
✐♠♣♦rt❛♥t❡ é ♦ ❢❛t♦ q✉❡ ❛ s♦❧✉çã♦ ❝♦♠♣❧❡t❛ é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ s♦❧✉çõ❡s ✐♥❞❡✲
♣❡♥❞❡♥t❡s✱ ❡①tr❡♠❛♠❡♥t❡ ♠❛✐s rá♣✐❞❛ ❞♦ q✉❡ ❛ s♦❧✉çã♦ ❡♥✈♦❧✈❡♥❞♦ t♦❞♦s ♦s
♣♦♥t♦s ❞❛ ♠❛❧❤❛✳

❖s ♣r♦❜❧❡♠❛s ❡❧í♣t✐❝♦s sã♦ ❛q✉❡❧❡s ♥♦s q✉❛✐s ❛s ✐♥❢♦r♠❛çõ❡s ❢ís✐❝❛s s❡
tr❛♥s♠✐t❡♠ ❡♠ t♦❞❛s ❛s ❞✐r❡çõ❡s ❝♦♦r❞❡♥❛❞❛s✳ ❊❢❡✐t♦s ❞✐❢✉s✐✈♦s ❡ ❞❡ ♣r❡ssã♦
sã♦ ❡❢❡✐t♦s ❡❧í♣t✐❝♦s ♦s q✉❛✐s✱ s❡ ♣r❡s❡♥t❡s ♥♦ ❢❡♥ô♠❡♥♦✱ r❡q✉❡r❡♠ ♦ ❡st❛❜❡❧❡✲
❝✐♠❡♥t♦ ❞❡ ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ ❡♠ ❛♠❜♦s ♦s s❡♥t✐❞♦s ❞❛ ❝♦♦r❞❡♥❛❞❛ ❡♠
❝♦♥s✐❞❡r❛çã♦✳ ❖✉ s❡❥❛✱ ❡ss❡s ❡❢❡✐t♦s ✈✐❛❥❛♠ t❛♠❜é♠ ♥♦ s❡♥t✐❞♦ ❝♦♥trár✐♦ ❛♦
❞❛ ✈❡❧♦❝✐❞❛❞❡✱ ❝♦♥❢❡r✐♥❞♦ ❝❛r❛❝t❡ríst✐❝❛s ❡❧í♣t✐❝❛s ❛♦ ❡s❝♦❛♠❡♥t♦✳

➱ ❢á❝✐❧ ❡♥t❡♥❞❡r ✜s✐❝❛♠❡♥t❡ q✉❡✱ ❡♠ ✉♠ ❞❛❞♦ ♠❡✐♦✱ q✉❛♥❞♦ ❛❝♦♥✲
t❡❝❡r ✉♠❛ ❡❧❡✈❛çã♦ ❞❡ t❡♠♣❡r❛t✉r❛ ❡♠ ❛❧❣✉♠ ♣♦♥t♦✱ ♦ ❝❛❧♦r s❡ tr❛♥s♠✐t✐rá
❡♠ t♦❞❛s ❛s ❞✐r❡çõ❡s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ✈❛❧♦r ❞❛ ❝♦♥❞✉t✐❜✐❧✐❞❛❞❡ tér♠✐❝❛✳
❆ ❞✐❢✉sã♦ ❞❡ ❝❛❧♦r✱ ❜❡♠ ❝♦♠♦ ❞❡ ♠❛ss❛ ❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♠♦✈✐♠❡♥t♦✱ sã♦
❢❡♥ô♠❡♥♦s ❡❧í♣t✐❝♦s ❡✱ ♣♦rt❛♥t♦✱ r❡q✉❡r❡♠ ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ ❡♠ t♦❞❛ ❛
❢r♦♥t❡✐r❛ ❞♦ ❞♦♠í♥✐♦✳

◆❛ ❋✐❣✉r❛ ✸✳✽✱ ♦ ❞♦♠í♥✐♦ ❞❡ ✐♥✢✉ê♥❝✐❛ ❞❡ ✉♠ ♣♦♥t♦ P s♦❜r❡ ♦ ❡s✲
❝♦❛♠❡♥t♦ ♥♦s ❝❛s♦s ❡❧í♣t✐❝♦ ❡ ♣❛r❛❜ó❧✐❝♦ é ♠♦str❛❞♦✳ ❈♦♥s✐❞❡r❛♥❞♦ ❛ ❝♦✲
♦r❞❡♥❛❞❛ x ♠♦str❛❞❛✱ ✉♠❛ ♣❡rt✉r❜❛çã♦ ❡♠ P ✐rá ✐♥✢✉❡♥❝✐❛r ♦ ❞♦♠í♥✐♦ ❛
♠♦♥t❛♥t❡ ❡ ❛ ❥✉s❛♥t❡ ❞❡ P ✱ ♥♦ ❝❛s♦ ❡❧í♣t✐❝♦❀ ❡ ❛♣❡♥❛s ❛ ❥✉s❛♥t❡ ❞❡ P ✱ ♥♦ ❝❛s♦
♣❛r❛❜ó❧✐❝♦✳
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❋✐❣✉r❛ ✸✳✽✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❝❛s♦s ❡❧í♣t✐❝♦ ❡ ♣❛r❛❜ó❧✐❝♦✳ ❋♦♥t❡✿ ❋♦rt✉♥❛ ✭✶✹✱

✷✵✵✵✮

✸✵



❈❛♣ít✉❧♦ ✹

▼♦❞❡❧❛❣❡♠ ▼❛t❡♠át✐❝❛ ❞♦

Pr♦❜❧❡♠❛

✹✳✶ ❉❡s❝r✐çã♦ ❞♦ ♣r♦❜❧❡♠❛

◆❡st❡ tr❛❜❛❧❤♦✱ ♦ ♣r♦❜❧❡♠❛ ❡stá s❡♥❞♦ ♠♦❞❡❧❛❞♦ ❛tr❛✈és ❞❛ r❡s♦❧✉✲
çã♦ ❞❛s ❡q✉❛çõ❡s ❞❡ ❝♦♥t✐♥✉✐❞❛❞❡✱ ❝♦♥s❡r✈❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦ ❡ ❞❡ tr❛♥s❢❡rê♥✲
❝✐❛ ❞❡ ♠❛ss❛ ❞❡ ✉♠ ❞❛❞♦ ❝♦♠♣♦♥❡♥t❡ ♣r❡s❡♥t❡ ♥♦ ❡✢✉❡♥t❡✳ ❈♦♠♦ ♦ ♦❜❥❡t✐✈♦
❡stá ❢♦❝❛❞♦ ♥❛ ❞❡s❝r✐çã♦ ❣❧♦❜❛❧ ❞♦ ❢❡♥ô♠❡♥♦ ❞❛ ❞✐s♣❡rsã♦ ❞❡st❡ ❡✢✉❡♥t❡ ❡♠
✉♠ ❞❡t❡r♠✐♥❛❞♦ tr❡❝❤♦ ❞♦ ❡s❝♦❛♠❡♥t♦✱ ♦ r✐♦ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ✉♠ ❝❛♥❛❧
rí❣✐❞♦✱ ♦♥❞❡ ❛s ✈❛r✐❛çõ❡s ❞♦ ❧❡✐t♦ ♣♦❞❡♠ s❡r ❞❡s❝♦♥s✐❞❡r❛❞❛s✳

❆ s✉♣❡r❢í❝✐❡ ❞❛ á❣✉❛✱ q✉❡ s❡r✐❛ ❛ ú♥✐❝❛ s✉♣❡r❢í❝✐❡ ❧✐✈r❡ ♣r❡s❡♥t❡✱
t❛♠❜é♠ é ❝♦♥s✐❞❡r❛❞❛ rí❣✐❞❛ ❡ ♣❧❛♥❛✱ ♣♦✐s ❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❜❧❡♠❛ é r❡❛✲
❧✐③❛❞❛ ♣❛r❛ ✉♠❛ ❞❛❞❛ ✈❛③ã♦ ❝♦♥st❛♥t❡✳ ❊st❛ ❝♦♥s✐❞❡r❛çã♦ ✐♠♣♦ss✐❜✐❧✐t❛ ❛
♠♦❜✐❧✐❞❛❞❡ ❞❛ ❢r♦♥t❡✐r❛✱ q✉❡ ❝❛r❛❝t❡r✐③❛ ❛ s✉♣❡r❢í❝✐❡ ❧✐✈r❡✳

➱ ✐♠♣♦rt❛♥t❡ s❛❧✐❡♥t❛r q✉❡ ♦ ❢♦❝♦ ❞❡st❡ tr❛❜❛❧❤♦ ❝♦♥s✐st❡ ♥❛ ❝♦♥str✉✲
çã♦ ❞❡ ❝❡♥ár✐♦s ❞❡ ✐♠♣❛❝t♦s ❛♠❜✐❡♥t❛✐s ❝❛✉s❛❞♦s ♣♦r ❡♠✐ssõ❡s ❞❡ ❡✢✉❡♥t❡s
❡♠ r✐♦s✳ ❇✉s❝❛✲s❡ ❛ss✐♠ ✉♠ ♠♦❞❡❧♦ ❝❛♣❛③ ❞❡ ❞❡s❝r❡✈❡r ♦ ❝♦♠♣♦rt❛♠❡♥t♦
❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❡✢✉❡♥t❡ s❡♥❞♦ ❞❡s♣❡❥❛❞♦ ❝♦♥t✐♥✉❛♠❡♥t❡ ❡♠ ✉♠ r✐♦ ❡♠
✉♠ ❞❛❞♦ ♠♦♠❡♥t♦✱ ❝❛r❛❝t❡r✐③❛♥❞♦ ❞❡ss❛ ♠❛♥❡✐r❛ ✉♠ ❡st✉❞♦ ❞❡ ❝❛s♦ ❝♦♠
❝♦♥❞✐çõ❡s ♣❡r♠❛♥❡♥t❡s✳ ❉❡st❛ ❢♦r♠❛✱ ♥ã♦ ❤á ♦ ✐♥t❡r❡ss❡ ❞❡ q✉❡ ♦ ♠♦❞❡❧♦

✸✶



✹✳✶ ❉❡s❝r✐çã♦ ❞♦ ♣r♦❜❧❡♠❛

❡st❡❥❛ ❛♣t♦ ❛ s✐♠✉❧❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛ r✐♦✰❡✢✉❡♥t❡ s♦❜ ❝♦♥❞✐çã♦
❞❡ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❡ ✈❛③õ❡s✱ ❝♦♥❝❡♥tr❛çõ❡s ✐♥✐❝✐❛✐s ❡ ❞✐♠❡♥sõ❡s ❞♦ ❧❡✐t♦ ❞♦ r✐♦
❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳

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

• ❊s❝♦❛♠❡♥t♦ ♣❡r♠❛♥❡♥t❡ − ❈♦♥❢♦r♠❡ ❢♦✐ ❝♦♠❡♥t❛❞♦✱ ♦ ✐♥t❡r❡ss❡ ❞♦
tr❛❜❛❧❤♦ é ❡st✉❞❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❞✐s♣❡rsã♦ ❞❡ ❡✢✉❡♥t❡s ✐♥❞✉str✐✲
❛✐s ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ tr❡❝❤♦ ❞❡ r✐♦✳ ❖ ❞❡s♣❡❥♦ ❞❡ ❡✢✉❡♥t❡s ✐♥❞✉str✐✲
❛✐s s❡ ❞á✱ ❡♠ s✉❛ ♠❛✐♦r✐❛✱ ❞❡ ❢♦r♠❛ ❝♦♥tí♥✉❛ s❡♠ ❣r❛♥❞❡s ✈❛r✐❛çõ❡s ❛♦
❧♦♥❣♦ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦✳ ◆❡st❡s ❝❛s♦s✱ ♥ã♦ ❡①✐st❡♠
❣r❛♥❞❡s ✈❛r✐❛çõ❡s ❝♦♠ ♦ t❡♠♣♦ ❞❛s ♣r♦♣r✐❡❞❛❞❡s ❡♠ ❡st✉❞♦✱ ❞❡ ❢♦r♠❛
q✉❡ ♦ r❡❣✐♠❡ ❝♦♠♦ ✉♠ t♦❞♦ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ♣❡r♠❛♥❡♥t❡✳ ◆❛
✈❡r❞❛❞❡✱ ❡♠ ✉♠ ❡st✉❞♦ ❞❡ ✐♠♣❛❝t♦ ❛♠❜✐❡♥t❛❧✱ é ❢✉♥❞❛♠❡♥t❛❧ ♦ ❡st✉❞♦
❞♦ ❝❡♥ár✐♦ ❞❡ ✈❛③ã♦ ♠í♥✐♠❛ ❞♦ r✐♦ q✉❡ ♦❝♦rr❡ ❞❡ ✶✵ ❡♠ ✶✵ ❛♥♦s✳ ❙❡
♦ ❡st✉❞♦ ✐♥❞✐❝❛ ✈✐❛❜✐❧✐❞❛❞❡ ❛♠❜✐❡♥t❛❧ ♥❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ❝❡rt❡③❛ ♥ã♦
♦❝♦rr❡rã♦ ♠❛✐♦r❡s ♣r♦❜❧❡♠❛s ♣❛r❛ ✈❛③õ❡s ♠❛✐♦r❡s✳

• ❊s❝♦❛♠❡♥t♦ ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ✉♥✐❞✐r❡❝✐♦♥❛❧ − ❖ ❡s❝♦❛♠❡♥t♦
❡♠ ✉♠ tr❡❝❤♦ ❞❡ r✐♦ q✉❡ ♥ã♦ ❛♣r❡s❡♥t❛ r❡❣✐õ❡s ❞❡ ❣r❛♥❞❡ ❝✉r✈❛t✉r❛
é ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ✉♥✐❞✐r❡❝✐♦♥❛❧✳ ❊st❛ ❤✐♣ót❡s❡ ♣❡r♠✐t❡ ❛ s♦❧✉çã♦
♣❛r❛❜ó❧✐❝❛ ❞♦ ♣r♦❜❧❡♠❛ ♥❛ ❞✐r❡çã♦ ❞♦ ❡s❝♦❛♠❡♥t♦✳

• ❙✐st❡♠❛ ❞✐❧✉í❞♦ − ❖s ❝♦♠♣♦♥❡♥t❡s ♣r❡s❡♥t❡s ❡♠ ❡✢✉❡♥t❡s ✐♥❞✉str✐❛✐s
❞❡s♣❡❥❛❞♦s ❡♠ r✐♦s ❛♣r❡s❡♥t❛♠ ❜❛✐①❛s ❝♦♥❝❡♥tr❛çõ❡s ❝❛r❛❝t❡r✐③❛♥❞♦
s✐st❡♠❛s ❞✐❧✉í❞♦s✱ ♣❡r♠✐t✐♥❞♦ q✉❡ s❡ r❡s♦❧✈❛♠ ❛s ❡q✉❛çõ❡s ❞❡ ◆❛✈✐❡r✲
❙t♦❦❡s ❛♣❡♥❛s ♣❛r❛ ❛ ❢❛s❡ ❧íq✉✐❞❛✱ ♦✉ s❡❥❛✱ ❞❡ ❢♦r♠❛ q✉❡ ❛ ❝♦♥❝❡♥tr❛çã♦
❞♦ ❡✢✉❡♥t❡ ♥ã♦ ✐♥✢✉❡♥❝✐❡ ♦ ❡s❝♦❛♠❡♥t♦ ❞♦ r✐♦✳

• Pr♦♣r✐❡❞❛❞❡s ❢ís✐❝❛s ❝♦♥st❛♥t❡s − ❚♦❞❛s ❛s ♣r♦♣r✐❡❞❛❞❡s ❞♦s ✢✉✐✲
❞♦s sã♦ ❝♦♥s✐❞❡r❛❞❛s ❝♦♥st❛♥t❡s✳

• ❊s❝♦❛♠❡♥t♦ ✐♥❝♦♠♣r❡ssí✈❡❧

❈❛s♦ ❡st❡❥❛ s❡ ♠♦❞❡❧❛♥❞♦ ❛ ❞✐s♣❡rsã♦ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ✐♥❡rt❡✱ ♦
t❡r♠♦ ❞❡ r❡❛çã♦ q✉í♠✐❝❛ ❞❛ ❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ s❡rá ✐❣✉❛❧ ❛
③❡r♦✳ ❈❛s♦ ❛ s✉❜stâ♥❝✐❛ ❛ s❡r ♠♦❞❡❧❛❞❛ s❡❥❛ ♥ã♦✲✐♥❡rt❡✱ ♦ t❡r♠♦ ❞❡ r❡❛çã♦
q✉í♠✐❝❛ s❡rá s✉❜st✐t✉í❞♦ ♣❡❧♦ ♠♦❞❡❧♦ ♣r♦♣♦st♦ ♣♦r ❙tr❡❡t❡r✲P❤❡❧♣s✱ q✉❡ ♥❛❞❛
♠❛✐s é ❞♦ q✉❡ ✉♠❛ ❡q✉❛çã♦ ❝✐♥ét✐❝❛ ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠✳

❉❛❞❛ ❛ ❣r❛♥❞❡ ✐rr❡❣✉❧❛r✐❞❛❞❡ ❞❛ t♦♣♦❣r❛✜❛ ❞♦ ❧❡✐t♦ ❞♦s r✐♦s✱ t♦r♥❛✲
s❡ ❡①tr❡♠❛♠❡♥t❡ ❞✐❢í❝✐❧ r❡♣r❡s❡♥tá✲❧♦s ❝♦♠ ❡①❛t✐❞ã♦✳ P❛r❛ q✉❡ ✐ss♦ ❢♦ss❡
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✹✳✷ ❈♦♦r❞❡♥❛❞❛s ❈✉r✈✐❧í♥❡❛s

♣♦ssí✈❡❧✱ ❣❡♦♠❡tr✐❛s ❜❛st❛♥t❡ ❝♦♠♣❧❡①❛s ❡ ♥ã♦ ✉♥✐❢♦r♠❡s s❡r✐❛♠ ♥❡❝❡ssár✐❛s✳
◆❡st❡ tr❛❜❛❧❤♦✱ ♦♣t♦✉✲s❡ ♣❡❧❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ s✐st❡♠❛ ❞❡ ❡st✉❞♦ ✉t✐❧✐③❛♥❞♦
♦ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝❛rt❡s✐❛♥❛s✳ ❊st❡ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s✱ ❡♠❜♦r❛
s✐♠♣❧❡s✱ ❢♦✐ ❝❛♣❛③ ❞❡ ♣r❡❞✐③❡r s❛t✐s❢❛t♦r✐❛♠❡♥t❡ ❞✐✈❡rs♦s ❝❛s♦s r❡❛✐s ❛♥❛❧✐s❛✲
❞♦s✳

✹✳✷ ❈♦♦r❞❡♥❛❞❛s ❈✉r✈✐❧í♥❡❛s

❆ r❡s♦❧✉çã♦ ❞❛s ❡q✉❛çõ❡s ❞❡ ♠♦✈✐♠❡♥t♦✱ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❛s
❡q✉❛çõ❡s ❞❡ ❝♦♥t✐♥✉✐❞❛❞❡ ❡ ❞❡ ❡♥❡r❣✐❛ r❡♣r❡s❡♥t❛ ✉♠ ❣r❛♥❞❡ ❞❡s❛✜♦ ♥♦ ❡s✲
t✉❞♦ ❞❡ ♣r♦❜❧❡♠❛s ❡♥✈♦❧✈❡♥❞♦ ✢✉①♦s✳ ❆s ❝❛r❛❝t❡ríst✐❝❛s ❣❡♦♠étr✐❝❛s ❡♥✈♦❧✈✐✲
❞❛s ♥♦ ♣r♦❜❧❡♠❛ ❞❡✜♥❡♠ ♦ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❛ s❡r ✉t✐❧✐③❛❞♦ ❡♠ ❝❛❞❛
s✐t✉❛çã♦✳

P❛r❛ ♦s s✐st❡♠❛s ❞❡ ❝♦♦r❞❡♥❛s ❝❛rt❡s✐❛♥❛s ❡ ❝✐❧í♥❞r✐❝❛s✱ ❡ss❛s
❡q✉❛çõ❡s sã♦ ❛♠♣❧❛♠❡♥t❡ ❝♦♥❤❡❝✐❞❛s✳ ❈♦♥t✉❞♦✱ q✉❛♥❞♦ ❛ ❣❡♦♠❡tr✐❛ ❞♦ ♣r♦✲
❜❧❡♠❛ ❡①✐❣❡ ✉♠ s✐st❡♠❛ ❛tí♣✐❝♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s ♦rt♦❣♦♥❛✐s✱ ❛ ❞❡t❡r♠✐♥❛çã♦
❞❛s ❡q✉❛çõ❡s ❞♦ ♠♦❞❡❧♦ ✐♠♣õ❡ ✉♠ ❡s❢♦rç♦ ❡①tr❛✳

❯♠❛ ♠❛♥❡✐r❛ ❞❡ s♦❧✉❝✐♦♥❛r ❡st❡ ♣r♦❜❧❡♠❛ é ❛ ♦❜t❡♥çã♦ ❞❛s ❡q✉❛çõ❡s
♥♦ q✉❡ é ❝❤❛♠❛❞♦ s✐st❡♠❛ ♦rt♦❣♦♥❛❧ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝✉r✈✐❧í♥❡❛s✳
❈♦♠ ❛s ❡q✉❛çõ❡s ❞❡s❝r✐t❛s ♥❡st❡ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s✱ t♦r♥❛✲s❡ ♣♦ssí✈❡❧
♦❜tê✲❧❛s ❡♠ q✉❛❧q✉❡r ♦✉tr♦ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s✱ ❜❛st❛♥❞♦ ❝♦♥❤❡❝❡r ❛
r❡❧❛çã♦ ❡♥tr❡ ❡st❡ ♥♦✈♦ s✐st❡♠❛ ❡ ♦ ❝❛rt❡s✐❛♥♦✳

P♦ré♠✱ ❛♥t❡s ❞❛ ♦❜t❡♥çã♦ ❞❛s ❡q✉❛çõ❡s ❞♦ ♠♦❞❡❧♦ ♥♦ s✐st❡♠❛ ♦rt♦✲
❣♦♥❛❧ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝✉r✈✐❧í♥❡❛s✱ ❛❧❣✉♠❛s ❞❡✜♥✐çõ❡s t♦r♥❛♠✲s❡
♥❡❝❡ssár✐❛s✳

❙❡❥❛♠ (x, y, z) ❛s ❝♦♦r❞❡♥❛❞❛s ❞❡ ✉♠ ♣♦♥t♦ q✉❛❧q✉❡r✱ ❡①♣r❡ss❛s ❡♠
❢✉♥çã♦ ❞❡ (u1, u2, u3)✱ ❞❡ ♠♦❞♦ q✉❡✿

x = x(u1, u2, u3), y = y(u1, u2, u3), z = z(u1, u2, u3) ✭✹✳✶✮

❆ s♦❧✉çã♦ ❞♦ s✐st❡♠❛ ✹✳✶✱ q✉❛♥❞♦ ♣♦ssí✈❡❧✱ ❣❡r❛✿

u1 = u1(x, y, z), u2 = u2(x, y, z), u3 = u3(x, y, z) ✭✹✳✷✮
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✹✳✷ ❈♦♦r❞❡♥❛❞❛s ❈✉r✈✐❧í♥❡❛s

❖ ❝♦♥❥✉♥t♦ ❞❡ ❊q✉❛çõ❡s ✹✳✶ ♦✉ ✹✳✷ ❞❡✜♥❡ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❞❡
❝♦♦r❞❡♥❛❞❛s✳

❙❡❥❛ ~r ♦ ✈❡t♦r ♣♦s✐çã♦ ❞❡ ✉♠ ❞❛❞♦ ♣♦♥t♦✱ t❛❧ q✉❡✿

~r = x~i + y~j + z~k ✭✹✳✸✮

❡ ~i,~j,~k s❡❥❛♠ ♦s ✈❡t♦r❡s ✉♥✐tár✐♦s ♥❛ ❞✐r❡çã♦ ❞♦s ❡✐①♦s ①✱ ② ❡ ③✳

❆ ♣❛rt✐r ❞❛s ❡q✉❛çõ❡s ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s✱ é ♣♦ssí✈❡❧
❡s❝r❡✈❡r ♦ ✈❡t♦r ♣♦s✐çã♦ ~r ❡♠ ❢✉♥çã♦ ❞❛s ♥♦✈❛s ❝♦♦r❞❡♥❛❞❛s u1✱ u2 ❡ u3✳
❆s ❞❡r✐✈❛❞❛s ♣❛r❝✐❛✐s ❞♦ ✈❡t♦r ~r ❡♠ r❡❧❛çã♦ às ❝♦♦r❞❡♥❛❞❛s u1✱ u2 ❡ u3

sã♦ t❛♥❣❡♥❝✐❛✐s às ❧✐♥❤❛s ❝♦♦r❞❡♥❛❞❛s u1✱ u2 ❡ u3 ❝♦rr❡s♣♦♥❞❡♥t❡s✱ ❡ sã♦
❝❤❛♠❛❞❛s ✈❡t♦r❡s ❜❛s❡ ♦✉ ❢❛t♦r❡s ❞❡ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡✱ s❡♥❞♦✿

h1 =
δ~r

δu1

, h2 =
δ~r

δu2

, h3 =
δ~r

δu3

✭✹✳✹✮

❆ ♣❛rt✐r ❞❡st❡s ✈❡t♦r❡s ❜❛s❡✱ ❞❡✜♥❡♠✲s❡ ~e1✱ ~e2 ❡ ~e3✱ q✉❡ ❝♦rr❡s♣♦♥✲
❞❡♠ ❛♦s ✈❡t♦r❡s ✉♥✐tár✐♦s ♥❛ ❞✐r❡çã♦ ❞❡ u1✱ u2 ❡ u3 r❡s♣❡❝t✐✈❛♠❡♥t❡✱ s❡♥❞♦✿

~e1 =
1

h1

δ~r

δu1

, ~e2 =
1

h2

δ~r

δu2

, ~e3 =
1

h3

δ~r

δu3

✭✹✳✺✮

❊♠ t❡r♠♦s ❞❡st❡s ✈❡t♦r❡s ✉♥✐tár✐♦s✱ ♦ ✈❡t♦r ✈❡❧♦❝✐❞❛❞❡ é ❞❛❞♦ ♣♦r✿

~v = v1~e1 + v2~e2 + v3~e3 ✭✹✳✻✮

❖ ♦♣❡r❛❞♦r ❣r❛❞✐❡♥t❡ é ❞❛❞♦ ♣♦r✿

grad() =
δ()

δu1

~e1

h1

+
δ()

δu2

~e2

h2

+
δ()

δu3

~e3

h3

✭✹✳✼✮

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

❉❡ ❢♦r♠❛ ❡q✉✐✈❛♠❡♥t❡✱ ♦ ♦♣❡r❛❞♦r ❞✐✈❡r❣❡♥t❡ é ❞❛❞♦ ♣♦r✿

✸✹



✹✳✸ ❊q✉❛çõ❡s ❞♦ ♠♦❞❡❧♦ ❡♠ ✉♠ s✐st❡♠❛ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s

div() =
δ()

δu1

·
~e1

h1

+
δ()

δu2

·
~e2

h2

+
δ()

δu3

·
~e3

h3

✭✹✳✽✮

❆s ❊q✉❛çõ❡s ✹✳✶ ❛ ✹✳✽ ♣❡r♠✐t❡♠ ❡s❝r❡✈❡r ❛s ❡q✉❛çõ❡s ❞❡ ♠♦✈✐♠❡♥t♦✱
❞❡ ❝♦♥t✐♥✉✐❞❛❞❡ ❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ ❡♠ q✉❛❧q✉❡r s✐st❡♠❛ ♦rt♦❣♦♥❛❧
❞❡ ❝♦♦r❞❡♥❛❞❛s ❝✉r✈✐❧í♥❡❛s✳ P❛r❛ ❛ ♦❜t❡♥çã♦ ❞❡st❛s ❡q✉❛çõ❡s ❡♠ ✉♠ s✐st❡♠❛
♦rt♦❣♦♥❛❧ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝✉r✈✐❧í♥❡❛s✱ ❛s ♠❡s♠❛s sã♦ ❡s❝r✐t❛s
❡♠ ❢✉♥çã♦ ❞❛s ❝♦♦r❞❡♥❛❞❛s u1✱ u2 ❡ u3 ❡ ❞♦s ❢❛t♦r❡s ❞❡ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞❡
h1✱ h2 ❡ h3✱ ❝❛r❛❝t❡ríst✐❝♦s ❞❡ ❝❛❞❛ s✐st❡♠❛✳

✹✳✸ ❊q✉❛çõ❡s ❞♦ ♠♦❞❡❧♦ ❡♠ ✉♠ s✐st❡♠❛ ❣❡♥❡r❛❧✐✲

③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s

▼♦❞❡♥❡s✐ ✭✷✺✱ ✷✵✵✶✮ ♣r♦♣ôs ✉♠ ♠♦❞❡❧♦ ❡♠ s✐st❡♠❛ ♦rt♦❣♦♥❛❧ ❣❡✲
♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝❛♣❛③ ❞❡ ❞❡s❝r❡✈❡r ♦ ❢❡♥ô♠❡♥♦ ❞♦ ❡s❝♦❛♠❡♥t♦
❡♠ ✉♠ ❝❛♥❛❧ ❛❜❡rt♦✳ ❊st❡ ♠♦❞❡❧♦ é ❛♣r❡s❡♥t❛❞♦ ♥❛s s❡çõ❡s ✹✳✸✳✶✱ ✹✳✸✳✷ ❡
✹✳✸✳✸✳ ❆ ♣❛rt✐r ❞❡st❡ ♠♦❞❡❧♦ ❡ ❞❛s r❡❧❛çõ❡s ❡♥tr❡ ❡st❡ s✐st❡♠❛ ❡ ♦ s✐st❡♠❛
❞❡ ❝♦♦r❞❡♥❛❞❛s ❞❡ ✐♥t❡r❡ss❡✱ ♣♦❞❡✲s❡ ♦❜t❡r ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❡s❝r✐t♦ ♥❛s
❝♦♦r❞❡♥❛❞❛s ❞❡s❡❥❛❞❛s✳

✹✳✸✳✶ ❊q✉❛çã♦ ❞❛ ❝♦♥t✐♥✉✐❞❛❞❡

❆ ❡q✉❛çã♦ ❞❛ ❝♦♥t✐♥✉✐❞❛❞❡ ♦✉ ❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ ♠❛ss❛✱ ♥❛ s✉❛
❢♦r♠❛ ✈❡t♦r✐❛❧ é ❞❛❞❛ ♣❡❧❛ ❡①♣r❡ssã♦ ❛ s❡❣✉✐r✿

δρ

δt
+ div(ρ~v) = 0 ✭✹✳✾✮

◆♦ ♣r❡s❡♥t❡ ❡st✉❞♦✱ ♦ ❡s❝♦❛♠❡♥t♦ é ❝♦♥s✐❞❡r❛❞♦ ✐♥❝♦♠♣r❡ssí✈❡❧✱
❞❡ss❛ ❢♦r♠❛ ρ é ❝♦♥st❛♥t❡✳ ❊♥tã♦ ❛ ❡q✉❛çã♦ ❞❛ ❝♦♥t✐♥✉✐❞❛❞❡ s❡ t♦r♥❛✿

div(~v) = 0 ✭✹✳✶✵✮

✸✺



✹✳✸ ❊q✉❛çõ❡s ❞♦ ♠♦❞❡❧♦ ❡♠ ✉♠ s✐st❡♠❛ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s

❆ ❊q✉❛çã♦ ✹✳✶✵✱ ❡s❝r✐t❛ ❡♠ ✉♠ s✐st❡♠❛ ♦rt♦❣♦♥❛❧ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡
❝♦♦r❞❡♥❛❞❛s ❝✉r✈✐❧í♥❡❛s✱ é ♦❜t✐❞❛ ❞❛s ❊q✉❛çõ❡s ✹✳✶ ❛ ✹✳✽ ❛♣ós ❛❧❣✉♠ ❞❡s❡♥✲
✈♦❧✈✐♠❡♥t♦✳

1

h1h2h3

[
δ

δu1

(h2h3v1) +
δ

δu2

(h1h3v2) +
δ

δu3

(h1h2v3)] ✭✹✳✶✶✮

✹✳✸✳✷ ❊q✉❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦

❆ ❡q✉❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦✱ ❞❡r✐✈❛❞❛ ❞❛ ❙❡❣✉♥❞❛ ▲❡✐ ❞❡ ◆❡✇t♦♥✱ ❡♠
s✉❛ ❢♦r♠❛ ✈❡t♦r✐❛❧✱ é ❡①♣r❡ss❛ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

ρ
D~v

Dt
= ρ~g − grad(p) + div(~τ) ✭✹✳✶✷✮

❊st❛ ❡①♣r❡ssã♦ é ✈á❧✐❞❛ ♣❛r❛ t♦❞♦s ♦s t✐♣♦s ❞❡ ✢✉✐❞♦s ❡ ♣♦❞❡ s❡r
❛♣❧✐❝❛❞❛ ❛ q✉❛❧q✉❡r s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s✳ ◆❛ ❊q✉❛çã♦ ✹✳✶✷✱ ~τ é ♦ t❡♥✲
s♦r t❡♥sã♦ q✉❡ r❡♣r❡s❡♥t❛ ♦ ❝❛♠♣♦ ❞❡ ❢♦rç❛s ❢♦r♠❛❞♦ ♣❡❧❛ r❡s✐stê♥❝✐❛ ❞♦s
❡❧❡♠❡♥t♦s ❞❡ ✢✉✐❞♦ à t❛①❛ ❞❡ ❞❡❢♦r♠❛çã♦ ❬❲❛rs✐ ✭✹✹✱ ✶✾✾✷✮❪✳ ◆♦ ♣r❡s❡♥t❡
♣r♦❜❧❡♠❛✱ ♦ ✢✉✐❞♦ é ◆❡✇t♦♥✐❛♥♦✱ ❞❡ ♠❛♥❡✐r❛ q✉❡ ♦ t❡♥s♦r t❡♥sã♦ é ❞❛❞♦ ♣♦r✿

~τ = λ(div~v)~I + 2µ~D ✭✹✳✶✸✮

❆❧é♠ ❞✐ss♦✱ ❝♦♠♦ ♦ ✢✉✐❞♦ é ✐♥❝♦♠♣r❡ssí✈❡❧✱ ♦ t❡♥s♦r ~τ ♣❛ss❛ ❛✿

~τ = 2µ~D ✭✹✳✶✹✮

P❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❊q✉❛çã♦ ✹✳✶✷ ❡♠ ✉♠ s✐st❡♠❛ ♦rt♦❣♦♥❛❧
❣❡♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝✉r✈✐❧í♥❡❛s✱ ❝❛❞❛ t❡r♠♦ ❞❡✈❡ s❡r ❞❡t❡r♠✐♥❛❞♦
s❡♣❛r❛❞❛♠❡♥t❡✱ ❝♦♠ ❡①❝❡çã♦ ❞♦ t❡r♠♦ ρ~g q✉❡ é ♦❜t✐❞♦ ❞✐r❡t❛♠❡♥t❡✳

❉❡t❡r♠✐♥❛çã♦ ❞❡ D~v
Dt

❖ t❡r♠♦ ❞❛ ❞❡r✐✈❛❞❛ s✉❜st❛♥t✐✈❛ é ❡①♣r❡ss♦ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

D~v

Dt
=

δ~v

δt
+ (~v · grad)~v ✭✹✳✶✺✮

✸✻



✹✳✸ ❊q✉❛çõ❡s ❞♦ ♠♦❞❡❧♦ ❡♠ ✉♠ s✐st❡♠❛ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s

❆ ❊q✉❛çã♦ ✹✳✶✺✱ ❡s❝r✐t❛ ❡♠ ✉♠ s✐st❡♠❛ ♦rt♦❣♦♥❛❧ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡
❝♦♦r❞❡♥❛❞❛s ❝✉r✈✐❧í♥❡❛s✱ é ♦❜t✐❞❛ ❞❛s ❊q✉❛çõ❡s ✹✳✶ ❛ ✹✳✽✳

❉✐r❡çã♦ u1

D~v

Dt
=

δv1

δt
+

v1

h1

δv1

δu1

+
v2

h2

δv1

δu2

+
v3

h3

δv1

δu3

+

+
v1v2

h1h2

δh1

δu2

−
v2
2

h1h2

δh2

δu1

+
v1v3

h1h3

δh1

δu3

−
v2
3

h1h3

δh3

δu1

✭✹✳✶✻✮

❉✐r❡çã♦ u2

D~v

Dt
=

δv2

δt
+

v1

h1

δv2

δu1

+
v2

h2

δv2

δu2

+
v3

h3

δv2

δu3

+

+
v1v2

h1h2

δh2

δu1

−
v2
1

h1h2

δh1

δu2

+
v2v3

h2h3

δh2

δu3

−
v2
3

h2h3

δh3

δu2

✭✹✳✶✼✮

❉✐r❡çã♦ u3

D~v

Dt
=

δv3

δt
+

v1

h1

δv3

δu1

+
v2

h2

δv3

δu2

+
v3

h3

δv3

δu3

+

+
v1v3

h1h3

δh3

δu1

−
v2
1

h1h3

δh1

δu3

+
v2v3

h2h3

δh3

δu2

−
v2
2

h2h3

δh2

δu3

✭✹✳✶✽✮

❉❡t❡r♠✐♥❛çã♦ ❞❡ grad(p)

❖ t❡r♠♦ ❞❡ ❣r❛❞✐❡♥t❡ ❞❡ ♣r❡ssã♦ é ♦❜t✐❞♦ ❞❛ ❊q✉❛çã♦ ✹✳✼

❉✐r❡çã♦ u1

grad(p) =
1

h1

δp

δu1

✭✹✳✶✾✮

❉✐r❡çã♦ u2

grad(p) =
1

h2

δp

δu2

✭✹✳✷✵✮

❉✐r❡çã♦ u3

grad(p) =
1

h3

δp

δu3

✭✹✳✷✶✮

✸✼



✹✳✸ ❊q✉❛çõ❡s ❞♦ ♠♦❞❡❧♦ ❡♠ ✉♠ s✐st❡♠❛ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s

❉❡t❡r♠✐♥❛çã♦ ❞❡ div(~τ)

❉✐r❡çã♦ u1

div(~τ) =
1

h1h2h3

[
δ(h2h3τ11)

δu1

+
δ(h1h3τ12)

δu2

+
δ(h1h2τ13)

δu3

] +

+
τ21

h1h2

δh1

δu2

+
τ31

h1h3

δh1

δu3

−
τ22

h1h2

δh2

δu1

−
τ33

h1h3

δh3

δu1

✭✹✳✷✷✮

❉✐r❡çã♦ u2

div(~τ) =
1

h1h2h3

[
δ(h2h3τ21)

δu1

+
δ(h1h3τ22)

δu2

+
δ(h1h2τ23)

δu3

] +

+
τ12

h1h2

δh2

δu1

+
τ32

h2h3

δh2

δu3

−
τ11

h1h2

δh1

δu2

−
τ33

h2h3

δh3

δu2

✭✹✳✷✸✮

❉✐r❡çã♦ u3

div(~τ) =
1

h1h2h3

[
δ(h2h3τ31)

δu1

+
δ(h1h3τ32)

δu2

+
δ(h1h2τ33)

δu3

] +

+
τ13

h1h3

δh3

δu1

+
τ23

h2h3

δh3

δu3

−
τ11

h1h3

δh1

δu3

−
τ22

h2h3

δh2

δu3

✭✹✳✷✹✮

❈♦♠ t♦❞♦s ♦s t❡r♠♦s ❞❡✜♥✐❞♦s✱ t♦r♥❛✲s❡ ♣♦ssí✈❡❧ ❡s❝r❡✈❡r ❛ ❡q✉❛çã♦
❞❡ ♠♦✈✐♠❡♥t♦ ♣❛r❛ ✉♠ ✢✉✐❞♦ ◆❡✇t♦♥✐❛♥♦ ❡ ✐♥❝♦♠♣r❡ssí✈❡❧ ❡♠ ✉♠ s✐st❡♠❛
♦rt♦❣♦♥❛❧ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝✉r✈✐❧í♥❡❛s✳

❉✐r❡çã♦ u1

ρ(
δv1

δt
+

v1

h1

δv1

δu1

+
v2

h2

δv1

δu2

+
v3

h3

δv1

δu3

+
v1v2

h1h2

δh1

δu2

−
v2
2

h1h2

δh2

δu1

+

+
v1v3

h1h3

δh1

δu3

−
v2
3

h1h3

δh3

δu1

) = −
1

h1

δp

δu1

+
1

h1h2h3

[
δ(h2h3τ11)

δu1

+

+
δ(h1h3τ12)

δu2

+
δ(h1h2τ13)

δu3

] +
τ21

h1h2

δh1

δu2

+
τ31

h1h3

δh1

δu3

−

−
τ22

h1h2

δh2

δu1

−
τ33

h1h3

δh3

δu1

✭✹✳✷✺✮

✸✽



✹✳✸ ❊q✉❛çõ❡s ❞♦ ♠♦❞❡❧♦ ❡♠ ✉♠ s✐st❡♠❛ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s

❉✐r❡çã♦ u2

ρ(
δv2

δt
+

v1

h1

δv2

δu1

+
v2

h2

δv2

δu2

+
v3

h3

δv2

δu3

+
v1v2

h1h2

δh2

δu1

−
v2
1

h1h2

δh1

δu2

+

+
v2v3

h2h3

δh2

δu3

−
v2
3

h2h3

δh3

δu2

) = −
1

h2

δp

δu2

+
1

h1h2h3

[
δ(h2h3τ21)

δu1

+

+
δ(h1h3τ22)

δu2

+
δ(h1h2τ23)

δu3

] +
τ12

h1h2

δh2

δu1

+
τ32

h2h3

δh2

δu3

−

−
τ11

h1h2

δh1

δu2

−
τ33

h2h3

δh3

δu2

✭✹✳✷✻✮

❉✐r❡çã♦ u3

ρ(
δv1

δt
+

v1

h1

δv1

δu1

+
v2

h2

δv1

δu2

+
v3

h3

δv1

δu3

+
v1v2

h1h2

δh1

δu2

−
v2
2

h1h2

δh2

δu1

+

+
v1v3

h1h3

δh1

δu3

−
v2
3

h1h3

δh3

δu1

) = −
1

h3

δp

δu3

+
1

h1h2h3

[
δ(h2h3τ31)

δu1

+

+
δ(h1h3τ32)

δu2

+
δ(h1h2τ33)

δu3

] +
τ13

h1h3

δh3

δu1

+
τ23

h2h3

δh3

δu3

−

−
τ11

h1h3

δh1

δu3

−
τ22

h2h3

δh2

δu3

✭✹✳✷✼✮

❖s ❝♦♠♣♦♥❡♥t❡s ❞♦ t❡♥s♦r ~τ ✱ ♣r❡s❡♥t❡s ♥❛s ❊q✉❛çõ❡s ✹✳✷✺✱ ✹✳✷✻ ❡
✹✳✷✼✱ sã♦ ♦❜t✐❞♦s ❞❛ ❊q✉❛çã♦ ✹✳✶✹✿

τ11 = 2µ(
1

h1

δv1

δu1

+
v2

h1h2

δh1

δu2

+
v3

h1h3

δh1

δu3

) ✭✹✳✷✽✮

τ22 = 2µ(
1

h2

δv2

δu2

+
v1

h1h2

δh2

δu1

+
v3

h2h3

δh2

δu3

) ✭✹✳✷✾✮

τ33 = 2µ(
1

h3

δv3

δu3

+
v1

h1h3

δh3

δu1

+
v2

h2h3

δh3

δu2

) ✭✹✳✸✵✮

τ12 = τ21 = µ(
1

h2

δv1

δu2

+
1

h1

δv2

δu1

−
v1

h1h2

δh1

δu2

−
v2

h1h2

δh2

δu1

) ✭✹✳✸✶✮

✸✾



✹✳✸ ❊q✉❛çõ❡s ❞♦ ♠♦❞❡❧♦ ❡♠ ✉♠ s✐st❡♠❛ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s

τ13 = τ31 = µ(
1

h3

δv1

δu3

+
1

h1

δv3

δu1

−
v1

h1h3

δh1

δu3

−
v3

h1h3

δh3

δu1

) ✭✹✳✸✷✮

τ23 = τ32 = µ(
1

h3

δv2

δu3

+
1

h2

δv3

δu2

−
v2

h2h3

δh2

δu3

−
v3

h2h3

δh3

δu2

) ✭✹✳✸✸✮

✹✳✸✳✸ ❊q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛

❆

❊♠ ♥♦t❛çã♦ ✈❡t♦r✐❛❧✱ ❛ ❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ ❞❡ ✉♠❛
s✉❜stâ♥❝✐❛ ❆ ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♠❡✐♦ é ❞❛❞❛ ♣♦r✿

DCA

Dt
= KG ▽2 CA + RA ✭✹✳✸✹✮

❙❡♥❞♦✿

• RA é ♦ t❡r♠♦ ❞❡ r❡❛çã♦ q✉í♠✐❝❛✳

• KG é ❛ ❞✐❢✉s✐✈✐❞❛❞❡ ❞❛ s✉❜stâ♥❝✐❛ ❆ ♥♦ ♠❡✐♦ ❡♠ q✉❡stã♦✳

• CA é ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❛ s✉❜stâ♥❝✐❛ ❆ ♥♦ ♠❡✐♦✳

❈♦♠♦ ❢♦✐ ♠♦str❛❞♦ ♥❛ ❊q✉❛çã♦ ✹✳✶✺✱ ♦ t❡r♠♦ ❞❛ ❞❡r✐✈❛❞❛ s✉❜st❛♥✲
t✐✈❛ ♣♦❞❡ s❡r ❡s❝r✐t♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

DCA

Dt
=

δCA

δt
+ (~v · grad)~CA ✭✹✳✸✺✮

❈♦♥s✐❞❡r❛♥❞♦ ❛s ❊q✉❛çõ❡s ✹✳✻ ❡ ✹✳✼✱ ❛ ❞❡r✐✈❛❞❛ s✉❜st❛♥t✐✈❛ ❞❛
❢✉♥çã♦ ❡s❝❛❧❛r é ❞❛❞❛ ♣♦r✿

DCA

Dt
=

δCA

δt
+

v1

h1

δCA

δu1

+
v2

h2

δCA

δu2

+
v3

h3

δCA

δu3

✭✹✳✸✻✮

✹✵



✹✳✹ ❆♣❧✐❝❛çã♦ ❞♦ ♠♦❞❡❧♦ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ●❡♦♠❡tr✐❛ ❈❛rt❡s✐❛♥❛

❙❡❣✉♥❞♦ ❙♣✐❡❣❡❧ ✭✹✵✱ ✶✾✼✷✮✱ ❛ ❡①♣r❡ssã♦ ♣❛r❛ ♦ ▲❛♣❧❛❝✐❛♥♦ ❞❡ ✉♠❛
❢✉♥çã♦ ❡s❝❛❧❛r✱ Φ✱ é ❞❛❞❛ ♣♦r✿

▽2Φ =
1

h1h2h3

[
δ

δu1

(
h2h3

h1

δΦ

δu1

) +
δ

δu2

(
h1h3

h2

δΦ

δu2

) +
δ

δu3

(
h1h2

h3

δΦ

δu3

)] ✭✹✳✸✼✮

❉❡st❛ ♠❛♥❡✐r❛✱ ❛ ❊q✉❛çã♦ ✹✳✸✹ ♣♦❞❡ s❡r ❡s❝r✐t❛ ❡♠ ✉♠ s✐st❡♠❛ ♦r✲
t♦❣♦♥❛❧ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝✉r✈✐❧í♥❡❛s✿

δCA

δt
+

v1

h1

δCA

δu1

+
v2

h2

δCA

δu2

+
v3

h3

δCA

δu3

=

=
KG

h1h2h3

[
δ

δu1

(
h2h3

h1

δCA

δu1

) +
δ

δu2

(
h1h3

h2

δCA

δu2

) +
δ

δu3

(
h1h2

h3

δCA

δu3

)] + RA✭✹✳✸✽✮

✹✳✹ ❆♣❧✐❝❛çã♦ ❞♦ ♠♦❞❡❧♦ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ●❡♦♠❡✲

tr✐❛ ❈❛rt❡s✐❛♥❛

P❛r❛ ♦ ❝❛s♦ ❞❛ ●❡♦♠❡tr✐❛ ❈❛rt❡s✐❛♥❛✱ ❛s ❡q✉❛çõ❡s ❞♦ ♠♦❞❡❧♦ sã♦
❡①♣r❡ss❛s ❡♠ ❝♦♦r❞❡♥❛❞❛s ❝❛rt❡s✐❛♥❛s✳

❙❡❣✉♥❞♦ ❙♣✐❡❣❡❧ ✭✹✵✱ ✶✾✼✷✮✱ ♣❛r❛ s❡ tr❛♥s❢♦r♠❛r ✉♠ s✐st❡♠❛ ♦rt♦❣♦✲
♥❛❧ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝✉r✈✐❧í♥❡❛s ❡♠ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s
❝❛rt❡s✐❛♥❛s✱ ❞❡✈❡✲s❡ ✉t✐❧✐③❛r ❛ s❡❣✉✐♥t❡ r❡❧❛çã♦✿

h1 = h2 = h3 = 1 ✭✹✳✸✾✮

❆ss✐♠✱ ❢❛③❡♥❞♦ u1 = x✱ u2 = y ❡ u3 = z✱ ❡ s✉❜st✐t✉✐♥❞♦ ✹✳✸✾ ❡♠ ✹✳✶✶✱
✹✳✷✺ ❛ ✹✳✷✼ ❡ ✹✳✸✽✱ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r ❛s ❡q✉❛çõ❡s ❞♦ ♠♦❞❡❧♦ ❡♠ ❝♦♦r❞❡♥❛❞❛s
❝❛rt❡s✐❛♥❛s✳

❊q✉❛çã♦ ❞❛ ❝♦♥t✐♥✉✐❞❛❞❡

δvx

δx
+

δvy

δy
+

δvz

δz
= 0 ✭✹✳✹✵✮

❊q✉❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦

✹✶



✹✳✹ ❆♣❧✐❝❛çã♦ ❞♦ ♠♦❞❡❧♦ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ●❡♦♠❡tr✐❛ ❈❛rt❡s✐❛♥❛

❉✐r❡çã♦ x✿

ρ(
δvx

δt
+ vx

δvx

δx
+ vy

δvx

δy
+ vz

δvx

δz
) = −

δp

δx
+

+
δ

δx
[2µ(

δvx

δx
)] +

δ

δy
[µ(

δvx

δy
+

δvy

δx
)] +

δ

δz
[µ(

δvz

δx
+

δvz

δx
)] + ρgx ✭✹✳✹✶✮

❉✐r❡çã♦ y✿

ρ(
δvy

δt
+ vx

δvy

δx
+ vy

δvy

δy
+ vz

δvy

δz
) = −

δp

δy
+

+
δ

δx
[µ(

δvx

δy
+

δvy

δx
)] +

δ

δy
[2µ(

δvy

δy
)] +

δ

δz
[µ(

δvy

δz
+

δvz

δy
)] + ρgy ✭✹✳✹✷✮

❉✐r❡çã♦ z✿

ρ(
δvz

δt
+ vx

δvz

δx
+ vy

δvz

δy
+ vz

δvz

δz
) = −

δp

δz
+

+
δ

δx
[µ(

δvx

δz
+

δvz

δx
)] +

δ

δy
[µ(

δvy

δz
+

δvz

δy
)] +

δ

δz
[2µ(

δvz

δz
)] + ρgz ✭✹✳✹✸✮

❊q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ❆

δCA

δt
+ vx

δCA

δx
+ vy

δCA

δy
+ vz

δCA

δz
=

= KG[
δ2CA

δx2
+

δ2CA

δy2
+

δ2CA

δz2
] + RA ✭✹✳✹✹✮

❆s ❊q✉❛çõ❡s ✹✳✹✵ ❛ ✹✳✹✹ ♣♦❞❡♠ s❡r s✐♠♣❧✐✜❝❛❞❛s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s
❤✐♣ót❡s❡s ❛ss✉♠✐❞❛s ♣❛r❛ ♦ ♠♦❞❡❧♦✳ ❯♠❛s ❞❛s ❤✐♣ót❡s❡s ❝♦♥s✐❞❡r❛❞❛s é ❞❡
q✉❡ ♦ ✢✉①♦ é ✉♥✐❞✐r❡❝✐♦♥❛❧✳ ❊st❛ ❝♦♥s✐❞❡r❛çã♦ ♣♦❞❡ s❡r ❢❡✐t❛ ♣❛r❛ ❡st❡ ❝❛s♦✱
♣♦✐s ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ❝❛❧❤❛✱ ▲✱ é ♠✉✐t❛s ✈❡③❡s ♠❛✐♦r ❞♦ q✉❡ ❛ ♣r♦❢✉♥❞✐❞❛❞❡
❡ ❛ ❧❛r❣✉r❛ ❞❛ ♠❡s♠❛✳ ◆❡st❛s ❝♦♥❞✐çõ❡s✱ ❛s ❝♦♠♣♦♥❡♥t❡s ❞❛ ✈❡❧♦❝✐❞❛❞❡ vx ❡
vy sã♦ ♠✉✐t♦ ♣❡q✉❡♥❛s✱ ❛ ♣♦♥t♦ ❞❡ s❡r❡♠ ❞❡s♣r❡③❛❞❛s✳ ❆ss✐♠✿

vx = vy
∼= 0 ✭✹✳✹✺✮

✹✷



✹✳✹ ❆♣❧✐❝❛çã♦ ❞♦ ♠♦❞❡❧♦ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ●❡♦♠❡tr✐❛ ❈❛rt❡s✐❛♥❛

❖✉tr❛ ❤✐♣ót❡s❡ ❛ss✉♠✐❞❛ é ❞❡ q✉❡ ♦ ❡s❝♦❛♠❡♥t♦ é ♣❧❡♥❛♠❡♥t❡ ❞❡✲
s❡♥✈♦❧✈✐❞♦✳ ❉❡st❛ ♠❛♥❡✐r❛✿

δvz

δz
= 0 ✭✹✳✹✻✮

❉❡ ❛❝♦r❞♦ ❝♦♠ ❡st❛s ❝♦♥❞✐çõ❡s✱ ❡ s❛❜❡♥❞♦ q✉❡ ♦ ❡s❝♦❛♠❡♥t♦ é ♣❡r✲
♠❛♥❡♥t❡✱ ♦❜té♠✲s❡ ❛s s❡❣✉✐♥t❡s ❡q✉❛çõ❡s ❞❡ ♠♦✈✐♠❡♥t♦✿

❉✐r❡çã♦ x✿

−
δp

δx
+ ρgx = 0 ✭✹✳✹✼✮

❉✐r❡çã♦ y✿

−
δp

δy
+ ρgy = 0 ✭✹✳✹✽✮

❉✐r❡çã♦ z✿

−
δp

δz
+

δ

δx
(µ

δvz

δx
) +

δ

δy
(µ

δvz

δy
) + ρgz = 0 ✭✹✳✹✾✮

P❛r❛ ♦ tr❛t❛♠❡♥t♦ ❞♦s t❡r♠♦s ❞❛ ♣r❡ssã♦ ♥❛s ❊q✉❛çõ❡s ✹✳✹✼✱ ✹✳✹✽ ❡
✹✳✹✾✱ ❛ ❣❡♦♠❡tr✐❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ ♦ ❡st✉❞♦ ❞♦ ❢❡♥ô♠❡♥♦✱ ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛
✹✳✶✱ ❞❡✈❡ s❡r ❝♦♥s✐❞❡r❛❞❛✳

❉❛ ❋✐❣✉r❛ ✹✳✶✱ t❡♠✲s❡✿

sin w =
H

L
✭✹✳✺✵✮

❆ ❢♦rç❛ ♠♦tr✐③ ❞♦ ❡s❝♦❛♠❡♥t♦ é ❛ ❣r❛✈✐❞❛❞❡✳ ❆ ❛çã♦ ❞❛ ❣r❛✈✐❞❛❞❡
♣♦❞❡ s❡r ❞❡❝♦♠♣♦st❛ ✈❡t♦r✐❛❧♠❡♥t❡✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✷✳

❆ss✐♠✱ ♦ ✈❡t♦r ❣r❛✈✐t❛❝✐♦♥❛❧ ♣♦ss✉✐ ❝♦♠♣♦♥❡♥t❡s s♦♠❡♥t❡ ♥❛s ❞✐✲
r❡çõ❡s y ❡ z✱ s❡♥❞♦ q✉❡ ❡st❛s sã♦ ❞❛❞❛s ♣♦r✿

✹✸



✹✳✹ ❆♣❧✐❝❛çã♦ ❞♦ ♠♦❞❡❧♦ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ●❡♦♠❡tr✐❛ ❈❛rt❡s✐❛♥❛

❋✐❣✉r❛ ✹✳✶✿ ❋✐❣✉r❛ r❡♣r❡s❡♥t❛t✐✈❛ ❞❛ ❝❛❧❤❛ ❞❡ s❡çã♦ tr❛♥s✈❡rs❛❧ r❡t❛♥❣✉❧❛r✳

❋✐❣✉r❛ ✹✳✷✿ ❉❡❝♦♠♣♦s✐çã♦ ✈❡t♦r✐❛❧ ❞❛ ❢♦rç❛ ❣r❛✈✐t❛❝✐♦♥❛❧✳

✹✹



✹✳✹ ❆♣❧✐❝❛çã♦ ❞♦ ♠♦❞❡❧♦ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ●❡♦♠❡tr✐❛ ❈❛rt❡s✐❛♥❛

gy = g cos w ✭✹✳✺✶✮

gz = g sin w ✭✹✳✺✷✮

❉❡st❛ ♠❛♥❡✐r❛✱ ❝♦♠♦ ♥ã♦ ❡①✐st❡ ❝♦♠♣♦♥❡♥t❡ ❞♦ ✈❡t♦r ❣r❛✈✐t❛❝✐♦♥❛❧
♥❛ ❞✐r❡çã♦ x✱ ❛ ❡q✉❛çã♦ ❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♠♦✈✐♠❡♥t♦ ♣❛r❛
❡st❛ ❞✐r❡çã♦ ✭✹✳✹✼✮ ♣❛ss❛ ❛✿

δp

δx
= 0 ✭✹✳✺✸✮

❙✉❜st✐t✉✐♥❞♦ ❛ ❊q✉❛çã♦ ✹✳✺✶ ♥❛ ❊q✉❛çã♦ ✹✳✹✽✱ t❡♠✲s❡ q✉❡ ❛ ❡q✉❛çã♦
❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♠♦✈✐♠❡♥t♦ ♣❛r❛ ❛ ❞✐r❡çã♦ y é✿

δp

δy
= ρg cos w ✭✹✳✺✹✮

❏á ♣❛r❛ ❛ ❞✐r❡çã♦ z✱ ♦❜té♠✲s❡ ❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦ ❞❡ ❝♦♥s❡✈❛çã♦ ❞❡
q✉❛♥t✐❞❛❞❡ ❞❡ ♠♦✈✐♠❡♥t♦✿

δp

δz
=

δ

δx
(µ

δvx

δx
) +

δ

δy
(µ

δvz

δy
) + ρg sin w ✭✹✳✺✺✮

❆ ✐♥t❡❣r❛çã♦ ❞❛ ❊q✉❛çã♦ ✹✳✺✹ ❡♠ r❡❧❛çã♦ ❛ y r❡s✉❧t❛ ❡♠✿

P = P0 + ρgy cos w + f(z) ✭✹✳✺✻✮

❉❛ ❊q✉❛çã♦ ✹✳✺✺✱ ✈ê✲s❡ q✉❡ ❛ ❞❡r✐✈❛❞❛ ❞❡ P ❡♠ r❡❧❛çã♦ à z é ✉♠❛
❢✉♥çã♦ s♦♠❡♥t❡ ❞❡ x ❡ y✳ ❖✉ s❡❥❛✿

δP

δz
= f(x, y) ✭✹✳✺✼✮

✹✺



✹✳✹ ❆♣❧✐❝❛çã♦ ❞♦ ♠♦❞❡❧♦ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ●❡♦♠❡tr✐❛ ❈❛rt❡s✐❛♥❛

❉❡r✐✈❛♥❞♦ ❛ ❊q✉❛çã♦ ✹✳✺✼ ❡♠ r❡❧❛çã♦ ❛ z✱ ♦❜té♠✲s❡✿

δ2P

δz2
= 0 ✭✹✳✺✽✮

❈♦♠♦ ❛ ❞❡r✐✈❛❞❛ s❡❣✉♥❞❛ ❞❛ ♣r❡ssã♦ ❡♠ r❡❧❛çã♦ ❛ z é ♥✉❧❛✱ s❛❜❡✲s❡
q✉❡ ❛ ❢✉♥çã♦ f(z) é ✉♠❛ r❡t❛✱ ❝✉❥❛ ❝♦♥st❛♥t❡ ❥á ❢♦✐ ✐♥❝♦r♣♦r❛❞❛ ♥♦ t❡r♠♦
P0✳ ❉❡st❛ ❢♦r♠❛✱ t❡♠✲s❡✿

f(z) = Kz ✭✹✳✺✾✮

P♦rt❛♥t♦ ❛ ❊q✉❛çã♦ ✹✳✺✻ ♣❛ss❛ ❛✿

P = P0 + ρgycosw + Kz ✭✹✳✻✵✮

❉❡st❛ ❢♦r♠❛✿

K =
δP

δz
✭✹✳✻✶✮

P❛r❛ ✉♠ z q✉❛❧q✉❡r✱ s❡♥❞♦ ❛ ♣r❡ssã♦ ♥❛ s✉♣❡r❢í❝✐❡ ✭y = 0✮ ✐❣✉❛❧ ❛
❛t♠♦s❢ér✐❝❛✱ ❡ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ❊q✉❛çã♦ ✹✳✻✵✱ t❡♠✲s❡✿

Patm = P0 +
δP

δz
z ✭✹✳✻✷✮

❉❛ ❊q✉❛çã♦ ✹✳✺✼✱ s❛❜❡✲s❡ q✉❡ ❛ ❞❡r✐✈❛❞❛ ❞❛ ♣r❡ssã♦ ❡♠ r❡❧❛çã♦ ❛ z
♥ã♦ é ❢✉♥çã♦ ❞❡ z✱ ❧♦❣♦ s❡ ♣♦❞❡ ❛✜r♠❛r✿

δP

δz
= 0 ✭✹✳✻✸✮

❙✉❜st✐t✉✐♥❞♦ ❛ ❊q✉❛çã♦ ✹✳✺✵ ❡ ❛ ❊q✉❛çã♦ ✹✳✻✸ ♥❛ ❊q✉❛çã♦ ✹✳✺✺✱
♦❜té♠✲s❡ ❛ ❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♠♦✈✐♠❡♥t♦ ♣❛r❛ ❛
❞✐r❡çã♦ z✿

✹✻



✹✳✹ ❆♣❧✐❝❛çã♦ ❞♦ ♠♦❞❡❧♦ ❛♦ ♣r♦❜❧❡♠❛ ❞❡ ●❡♦♠❡tr✐❛ ❈❛rt❡s✐❛♥❛

0 =
δ

δx
(µ

δvx

δx
) +

δ

δy
(µ

δvz

δy
) +

ρgH

L
✭✹✳✻✹✮

❊♠ r❡❧❛çã♦ à ❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛✱ ♦✉tr❛ ❤✐♣ót❡s❡
❛ss✉♠✐❞❛ é q✉❡ ❛ ❞✐❢✉sã♦ ♥❛ ❞✐r❡çã♦ z é ♠✉✐t♦ ♠❡♥♦r q✉❡ ❛ ❞✐❢✉sã♦ ♥❛s
❞✐r❡çõ❡s x ❡ y✱ ❝♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ♥❛s ❊q✉❛çõ❡s ✹✳✻✺ ❡ ✹✳✻✻✳

δ2CA

δx2
≫

δ2CA

δz2
✭✹✳✻✺✮

δ2CA

δy2
≫

δ2CA

δz2
✭✹✳✻✻✮

❉❡st❛ ❢♦r♠❛✱ ♦ t❡r♠♦ ❞✐❢✉s✐✈♦ ♥❛ ❞✐r❡çã♦ z é ❞❡s♣r❡③❛❞♦✱ ❝♦♥❢♦r♠❡
❛ ❊q✉❛çã♦ ✹✳✻✼✳

δ2CA

δz2
∼= 0 ✭✹✳✻✼✮

✹✳✹✳✶ ❙✐st❡♠❛ ❞❡ ❡q✉❛çõ❡s ❡♠ ❝♦♦r❞❡♥❛❞❛s ❝❛rt❡s✐❛♥❛s

➱ ❛♣r❡s❡♥t❛❞♦ ❛ s❡❣✉✐r✱ ❞❡ ❢♦r♠❛ s✐♥t❡t✐③❛❞❛✱ ♦ s✐st❡♠❛ ❞❡ ❡q✉❛çõ❡s
❡♠ ❝♦♦r❞❡♥❛❞❛s ❝❛rt❡s✐❛♥❛s q✉❡ ❞❡s❝r❡✈❡♠ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞♦ ❡s❝♦❛✲
♠❡♥t♦ ❡♠ ✉♠ ❝❛♥❛❧ ❞❡ s❡çã♦ tr❛♥s✈❡rs❛❧ r❡t❛♥❣✉❧❛r✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦
❛s ❤✐♣ót❡s❡s ❞♦ ♠♦❞❡❧♦✳

❊q✉❛çã♦ ❞❛ ❝♦♥t✐♥✉✐❞❛❞❡✿

δvz

δz
= 0 ✭✹✳✻✽✮

❊q✉❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦✿

0 =
δ

δx
(µ

δvx

δx
) +

δ

δy
(µ

δvz

δy
) +

ρgH

L
✭✹✳✻✾✮

✹✼



✹✳✺ ❈♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦

❊q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ❆✿

vz
δCA

δz
=

δ

δx
(KG

δCA

δx
) +

δ

δy
(KG

δCA

δy
) + RA ✭✹✳✼✵✮

✹✳✺ ❈♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦

❊q✉❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦

❆s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ ♣❛r❛ ❛ ❡q✉❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦ sã♦ ❜❛s❡❛❞❛s
❡♠ ❞✉❛s ❤✐♣ót❡s❡s ❜ás✐❝❛s✱ ❛ ❞❡ ♥ã♦ ❞❡s❧✐③❛♠❡♥t♦ ♥❛ ♣❛r❡❞❡ ❡ ❛ ❝♦♥❞✐çã♦ ❞❡
t❡♥sã♦ ♥✉❧❛ ♥❛ s✉♣❡r❢í❝✐❡✱ q✉❡ r❡♣r❡s❡♥t❛ ❛ ✐♥❡①✐stê♥❝✐❛ ❞❡ ❛tr✐t♦ ❝♦♠ ♦ ❛r✳
❉❡st❛ ❢♦r♠❛✱ ♥❛ ♣❛r❡❞❡ ❞♦ ❡s❝♦❛♠❡♥t♦✿ vz = 0✱ ❡ ♥❛ s✉♣❡r❢í❝✐❡ ~τ ·~n = 0✱
s❡♥❞♦ q✉❡ ~n é ♦ ✈❡t♦r ♥♦r♠❛❧ à s✉♣❡r❢í❝✐❡✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❡st❛s ❡q✉❛çõ❡s✱ ❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ sã♦ ❛s
s❡❣✉✐♥t❡s✿

◆❛ ♣❛r❡❞❡✿

vz = 0 ✭✹✳✼✶✮

◆❛ s✉♣❡r❢í❝✐❡✿

δvz

δy
= 0 ✭✹✳✼✷✮

❊q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ❆

❆s ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛❧ ❡ ❞❡ ❝♦♥t♦r♥♦ ♣❛r❛ ❛ ❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛
❞❡ ♠❛ss❛ sã♦ ❛ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❝♦♥❤❡❝✐❞❛ ♥♦ ✐♥í❝✐♦ ❞♦ ❞♦♠í♥✐♦ ❡ ❛ ❞❡ ✢✉①♦
❞❡ ♠❛ss❛ ♥✉❧❛ ♥❛ s✉♣❡r❢í❝✐❡ ❡ ♥❛ ♣❛r❡❞❡✳ ❊st❛ ú❧t✐♠❛ ❝♦♥❞✐çã♦ r❡♣r❡s❡♥t❛
q✉❡ ♥ã♦ ❤á ❛❝ú♠✉❧♦ ❞❡ ♠❛ss❛ ♥❛s ♣❛r❡❞❡s ❞♦ r✐♦ ❡ q✉❡ ♥ã♦ ❤á tr❛♥s❢❡rê♥❝✐❛
❞❡ ♠❛ss❛ ❞♦ ❡s❝♦❛♠❡♥t♦ ♣❛r❛ ♦ ❛r✳ ❆ss✐♠ ♥♦ ✐♥í❝✐♦ ❞♦ ❞♦♠í♥✐♦ CA = CAi✱
❡ ♥❛s ♣❛r❡❞❡s ❡ ♥❛ s✉♣❡r❢í❝✐❡ ❛♦ ❧♦♥❣♦ ❞♦ ❞♦♠í♥✐♦ δCA

δn
= 0✱ ♦♥❞❡ δ

δn
é ❛

❞❡r✐✈❛❞❛ ♥❛ ❞✐r❡çã♦ ♥♦r♠❛❧ à s✉♣❡r❢í❝✐❡ ❞♦ ❞♦♠í♥✐♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❡st❛s ❡q✉❛çõ❡s✱ ❛s ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛❧ ❡ ❞❡ ❝♦♥t♦r♥♦
♣❛r❛ ❛ ❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ sã♦ ❛s s❡❣✉✐♥t❡s✿

✹✽
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◆♦ ✐♥í❝✐♦ ❞♦ ❞♦♠í♥✐♦✿

CA(x, y, 0) = CA,i(x, y) ✭✹✳✼✸✮

◆❛ s✉♣❡r❢í❝✐❡ ❡ ♥♦ ❢✉♥❞♦ ❞♦ r✐♦✿

δCA

δy
= 0 ✭✹✳✼✹✮

◆❛s ♣❛r❡❞❡s ❧❛t❡r❛✐s ❞♦ r✐♦✿

δCA

δx
= 0 ✭✹✳✼✺✮

✹✳✻ ❊q✉❛çã♦ ❞❡ ❙tr❡❡t❡r✲P❤❡❧♣s

P❛r❛ ❛ ♦❜t❡♥çã♦ ❞❛ s♦❧✉çã♦ ❞❛s ❡q✉❛çõ❡s ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛
♦❜t✐❞❛s✱ t♦r♥❛✲s❡ ♥❡❝❡ssár✐❛ ❛ ❛❞♦çã♦ ❞❡ ✉♠ t❡r♠♦ ♣❛r❛ s✉❜st✐t✉✐r RA✱ r❡❢❡✲
r❡♥t❡ ❛ r❡❛çã♦ ❞❡ ♦①✐❞❛çã♦ ❞❛ ♠❛tér✐❛ ♦r❣â♥✐❝❛ ♣r❡s❡♥t❡ ♥♦ r✐♦✳

❈♦♠♦ ♦ ♦❜❥❡t✐✈♦ ❞❡st❡ tr❛❜❛❧❤♦ é ♦❜t❡r t❛♥t♦ ✉♠ ♣❡r✜❧ ❞❡ ❝♦♥✲
❝❡♥tr❛çã♦ ❞♦ ❡✢✉❡♥t❡ ❧❛♥ç❛❞♦ ♥♦ r✐♦✱ q✉❛♥t♦ ✉♠ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡
♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ♥❛ á❣✉❛ ❛♦ ❧♦♥❣♦ ❞♦ ❡s❝♦❛♠❡♥t♦✱ t♦r♥❛✲s❡ ♥❡❝❡ssár✐❛ ❛
s♦❧✉çã♦ ❞❛ ❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❡ss❛s s✉❜stâ♥✲
❝✐❛s✳

❆ ♠❛♥❡✐r❛ ✉s✉❛❧♠❡♥t❡ ♠❛✐s ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡st✐♠❛t✐✈❛ ❞❛ q✉❛♥t✐❞❛❞❡
❞❡ ♠❛tér✐❛ ♦r❣â♥✐❝❛ ♣r❡s❡♥t❡ ♥♦ r✐♦ é ♣♦r ♠❡✐♦ ❞❛ ❡st✐♠❛t✐✈❛ ❞❛ ✈❛r✐❛çã♦ ❞❛
❞❡♠❛♥❞❛ ❜✐♦q✉í♠✐❝❛ ❞❡ ♦①✐❣ê♥✐♦ ✭❉❇❖✮ ❛♦ ❧♦♥❣♦ ❞♦ r✐♦✳ P❛r❛ ❛ ♠♦❞❡❧❛❣❡♠
❞❡st❡ ❢❡♥ô♠❡♥♦ s❡rá ✉t✐❧✐③❛❞♦ ♦ ♠♦❞❡❧♦ ♣r♦♣♦st♦ ♣♦r ❙tr❡❡t❡r✲P❤❡❧♣s✳ ❆
❤✐♣ót❡s❡ ❜ás✐❝❛ ❞❡st❡ ♠♦❞❡❧♦ é q✉❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❞❡❝♦♠♣♦s✐çã♦ ❞❛ ♠❛tér✐❛
♦r❣â♥✐❝❛ ♥♦ ♠❡✐♦ ❛q✉át✐❝♦ s❡❣✉❡ ✉♠❛ r❡❛çã♦ ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠✳

❊st❡ ♠♦❞❡❧♦ ❞❡s❝♦♥s✐❞❡r❛ ❛ s❡❞✐♠❡♥t❛çã♦ ❞❛ ♠❛tér✐❛ ♦r❣â♥✐❝❛ ❛♦
❧♦♥❣♦ ❞♦ ❡s❝♦❛♠❡♥t♦✳ ❚❛♠❜é♠ é ❝♦♥s✐❞❡r❛❞♦ q✉❡ ♥ã♦ ❤á ❧✐❜❡r❛çã♦ ❞❡ ♦①✐✲
❣ê♥✐♦ ♣❡❧♦s ♦r❣❛♥✐s♠♦s ❢♦t♦ss✐♥t❡t✐③❛♥t❡s ♣r❡s❡♥t❡s ♥❛ á❣✉❛✳ ❖ ♦①✐❣ê♥✐♦
q✉❡ é ✐♥❝♦r♣♦r❛❞♦ à á❣✉❛ é ♦r✐✉♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❞❛ ❛t♠♦s❢❡r❛ ❞❡✈✐❞♦
❛♦ ♣r♦❝❡ss♦ ❞❡ r❡❛❡r❛çã♦
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P❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦ ♣❡r✜❧ ❞❡ ✈❛❧♦r❡s ❞❡ ❉❇❖✱ ♦ t❡r♠♦ r❡❢❡r❡♥t❡ ❛
r❡❛çã♦ q✉í♠✐❝❛✱ RA✱ ♣r❡s❡♥t❡ ♥❛ ❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ é✿

RA = vz
dCDBO

dz
= −kdCDBO ✭✹✳✼✻✮

❊♠ q✉❡✿

• CDBO ❂ ❉❇❖ ♥♦ ❡stá❣✐♦ ❛♥t❡r✐♦r❀

• vz ❂ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ❡s❝♦❛♠❡♥t♦❀

• kd ❂ ❝♦♥st❛♥t❡ ❞❡ ❞❡s♦①✐❣❡♥❛çã♦✳

❏á ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦
✭❖❉✮ ♥❛ á❣✉❛✱ ♦ t❡r♠♦ RA ♣r❡s❡♥t❡ ♥❛ ❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ é✿

RA = vz
dCOxigenio

dz
= −kdCDBO + ka(CS − COxigenio) ✭✹✳✼✼✮

• COxigenio ❂ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ♥♦ ❡stá❣✐♦ ❛♥t❡r✐♦r❀

• CS ❂ ❝♦♥❝❡♥tr❛çã♦ ❞❡ s❛t✉r❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦❀

• ka ❂ ❝♦♥st❛♥t❡ ❞❡ r❡❛❡r❛çã♦✳

❆ ❊q✉❛çã♦ ✹✳✼✼ ♣♦❞❡ s❡r r❡❡s❝r✐t❛ ❡♠ ❢✉♥çã♦ ❞♦ ❞é✜❝✐t ❞❡ ♦①✐❣ê♥✐♦✿

vz
dDOxigenio

dz
= +kdCDBO − ka(DOxigenio) ✭✹✳✼✽✮

❊♠ q✉❡✿ DOxigenio ❂ ❉é✜❝✐t ❞❡ ♦①✐❣ê♥✐♦ ❡♠ r❡❧❛çã♦ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ s❛t✲
✉r❛çã♦✳

❈♦① ✭✾✱ ✷✵✵✸✮ ❛♣r❡s❡♥t♦✉ ✈❛❧♦r❡s ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞❡s♦①✐❣❡♥❛çã♦
❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♥í✈❡❧ ❞❡ tr❛t❛♠❡♥t♦ ❝♦♠ q✉❡ ♦ ❡✢✉❡♥t❡ t❡♥❤❛ s♦❢r✐❞♦✳ ❖s
✈❛❧♦r❡s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✹✳✶✳ P❛❞❣❡tt ✫ ❘❛♦ ✭✸✵✱ ✶✾✼✾✮✱ ❡♠ ❡st✐✲
♠❛t✐✈❛s ❞❡ ✈❛❧♦r❡s ❞❡ ❉❇❖ ❡ ❖❉✱ ✉t✐❧✐③❛r❛♠ ✉♠❛ ❝♦♥st❛♥t❡ ❞❡ ❞❡s♦①✐❣❡♥❛çã♦
✐❣✉❛❧ ❛ ✵✱✸✺ ❞✐❛−1 ❡ ✉♠❛ ❝♦♥st❛♥t❡ ❞❡ r❡❛❡r❛çã♦ ✐❣✉❛❧ ❛ ✵✱✼✺ ❞✐❛−1✳
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❚❛❜❡❧❛ ✹✳✶✿ ❈♦❡✜❝✐❡♥t❡s ❞❡ ❞❡s♦①✐❣❡♥❛çã♦ ♣❛r❛ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ tr❛t❛♠❡♥t♦✳

❚r❛t❛♠❡♥t♦ kd(dia−1) a 20 ◦C

◆ã♦ tr❛t❛❞♦ ✵✱✸✺ ✭✵✱✷✵ ✲ ✵✱✺✵✮

Pr✐♠ár✐♦ ✵✱✷✵ ✭✵✱✶✵ ✲ ✵✱✸✵✮

▲♦❞♦ ❛t✐✈❛❞♦ ✵✱✵✼✺ ✭✵✱✵✺ ✲ ✵✱✶✵✮

❋♦♥t❡✿ ❈♦① ✭✾✱ ✷✵✵✸✮

❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ r❡❛❡r❛çã♦ ♣♦❞❡ s❡r ♦❜t✐❞♦ ❛tr❛✈és ❞❛ ❊q✉❛çã♦ ✹✳✼✾✳

ka = 3.kd ✭✹✳✼✾✮

❖ ♠♦❞❡❧♦ ❞❡ ❙tr❡❡t❡r✲P❤❡❧♣s ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ s✐♠✉❧❛çã♦ ❞❡ s✐s✲
t❡♠❛s ✉♥✐❞✐♠❡♥s✐♦♥❛✐s ❡ ♥ã♦ ❧❡✈❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ♣r♦❢✉♥❞✐❞❛❞❡ ❞♦ r✐♦✳
❉❡st❛ ❢♦r♠❛✱ ❝♦♠♦ ❛ ❝♦♥st❛♥t❡ ❞❡ r❡❛❡r❛çã♦ ♥ã♦ ❡st❛✈❛ ❞❡✜♥✐❞❛ ❛♣❡♥❛s ♣❛r❛
❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦✱ ♦♣t♦✉✲s❡ ♣❡❧❛ ✐♥❝❧✉sã♦ ❞❡st❛ ❝♦♥st❛♥t❡ ❡♠ t♦❞♦s ♦s ✈♦❧✉✲
♠❡s ❞❡ ❝♦♥tr♦❧❡✱ ✐♥❝❧✉s✐✈❡ ♥♦s q✉❡ ♥ã♦ ❡stã♦ ❧♦❝❛❧✐③❛❞♦s ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦✳
❙❡♥❞♦ ❛ss✐♠✱ ♦ ♠♦❞❡❧♦ ♣r♦♣♦st♦ ❝♦♥s✐❞❡r❛ q✉❡ t♦❞♦s ♦s ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡
s♦❢r❡♠ ♦ ❡❢❡✐t♦ ❞❛ r❡❛❡r❡❛çã♦✳

✹✳✼ ❚✉r❜✉❧ê♥❝✐❛

❆ ✜♠ ❞❡ s❡ ❛✈❛❧✐❛r ♦s ❡❢❡✐t♦s ❞❛ t✉r❜✉❧ê♥❝✐❛ ♥♦ ❡s❝♦❛♠❡♥t♦✱ ❢♦r❛♠
❛❞✐❝✐♦♥❛❞♦s t❡r♠♦s ❞❡ ✈✐s❝♦s✐❞❛❞❡ t✉r❜✉❧❡♥t❛ ❡ ❞❡ ❞✐❢✉s✐✈✐❞❛❞❡ t✉r❜✉❧❡♥t❛
♥❛s ❡q✉❛çõ❡s ❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♠♦✈✐♠❡♥t♦ ❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛✳

❉❡st❛ ❢♦r♠❛✱ ❛ ✈✐s❝♦s✐❞❛❞❡ ♣r❡s❡♥t❡ ♥❛ ❡q✉❛çã♦ ❞❡ q✉❛♥t✐❞❛❞❡ ❞❡
♠♦✈✐♠❡♥t♦ é ❝♦♥s✐❞❡r❛❞❛ ❛ ✈✐s❝♦s✐❞❛❞❡ ❡❢❡t✐✈❛✱ ♦✉ s❡❥❛✱ ❛ s♦♠❛ ❞❛ ✈✐s❝♦s✐❞❛❞❡
❧❛♠✐♥❛r ❡ ❞❛ ✈✐s❝♦s✐❞❛❞❡ t✉r❜✉❧❡♥t❛✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❊q✉❛çã♦ ✹✳✽✵✳

µ = µL + µT ✭✹✳✽✵✮

✺✶



✹✳✼ ❚✉r❜✉❧ê♥❝✐❛

❉❛ ♠❡s♠❛ ♠❛♥❡✐r❛✱ ❛ ❞✐❢✉s✐✈✐❞❛❞❡ ♣r❡s❡♥t❡ ♥❛ ❡q✉❛çã♦ ❞❡ tr❛♥s✲
❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ é ❝♦♥s✐❞❡r❛❞❛ ❛ s♦♠❛ ❞❛s ❝♦♥tr✐❜✉✐çõ❡s ❞❛s ❞✐❢✉s✐✈✐❞❛❞❡s
❧❛♠✐♥❛r ❡ t✉r❜✉❧❡♥t❛✱ ❝♦♠♦ ♠♦str❛ ❛ ❊q✉❛çã♦ ✹✳✽✶✳

D = DL + DT ✭✹✳✽✶✮

P❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ✈❛❧♦r❡s ❞❛ ✈✐s❝♦s✐❞❛❞❡ t✉r❜✉❧❡♥t❛✱ ❢♦✐ ✉t✐✲
❧✐③❛❞♦ ✉♠ ♠♦❞❡❧♦ ❛❧❣é❜r✐❝♦ ❞❡ ♦r❞❡♠ ③❡r♦✱ ♣r♦♣♦st♦ ♣♦r ❙♣❛❧❞✐♥❣ ✭✸✾✱ ✶✾✾✶✮✳

µT ≈ µLke−kB(eZ − 1 − Z −
Z2

2
) ✭✹✳✽✷✮

❊♠ q✉❡✿

Z =
kvz

v∗
✭✹✳✽✸✮

❡

k = 0, 41 ✭✹✳✽✹✮

B = 5, 0

❏á ♦ ✈❛❧♦r ❞❛ ❞✐❢✉s✐✈✐❞❛❞❡ t✉r❜✉❧❡♥t❛ ♣♦❞❡ s❡r ♦❜t✐❞♦ ♣♦r ♠❡✐♦ ❞❛
r❡❧❛çã♦ ❡♥tr❡ ❛ ✈✐s❝♦s✐❞❛❞❡ t✉r❜✉❧❡♥t❛ ❡ ♦ ♥ú♠❡r♦ ❞❡ ❙❝❤♠✐❞t t✉r❜✉❧❡♥t♦
(ScT )✳

DT =
µT

ScT ρ
✭✹✳✽✺✮

❘♦❞✐ ✭✸✸✱ ✶✾✾✸✮ ♣r♦♣ôs q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ❙❝❤♠✐❞t t✉r❜✉❧❡♥t♦ ❞❡✈❡r✐❛
✈❛r✐❛r ❡♥tr❡ ✵✱✼ ❛ ✵✱✾✳

✺✷



✹✳✽ ❈♦❡✜❝✐❡♥t❡ ❞❡ ❉✐s♣❡rsã♦

✹✳✽ ❈♦❡✜❝✐❡♥t❡ ❞❡ ❉✐s♣❡rsã♦

❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦✱ ♦✉ ❝♦❡✜❝✐❡♥t❡ ❣❧♦❜❛❧ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡
♠❛ss❛✱ ❞❡♣❡♥❞❡ ❞❡ ✈ár✐♦s ❢❛t♦r❡s ❝♦♠♦ ❧❛r❣✉r❛✱ ♣r♦❢✉♥❞✐❞❛❞❡✱ r✉❣♦s✐❞❛❞❡✱
✈❛③ã♦✱ ❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❞♦ r❡❣✐♠❡ ❞❡ ❡s❝♦❛♠❡♥t♦✱ ♦✉ s❡❥❛✱ ❞❛ t✉r❜✉❧ê♥✲
❝✐❛✳ ❊st❡s ♣❛râ♠❡tr♦s ❡ ✈❛r✐á✈❡✐s ♥ã♦ sã♦ ❢❛❝✐❧♠❡♥t❡ ❞❡t❡r♠✐♥á✈❡✐s ❡ ♥❡♠
t❛♠♣♦✉❝♦ é s✐♠♣❧❡s r❡❧❛❝✐♦♥á✲❧♦s ❝♦♠ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦✳

❙❡♥❞♦ ❛ss✐♠✱ ♣❛r❛ s✐♠✉❧❛çã♦ ❞❡ ❝❛s♦s r❡❛✐s✱ ♦ ♠ét♦❞♦ ❡♠♣r❡❣❛❞♦ ♥♦
♣r❡s❡♥t❡ tr❛❜❛❧❤♦ ❜❛s❡✐❛✲s❡ ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ ❞❡ss❡ ❝♦❡✜❝✐❡♥t❡
❞❡ ❞✐s♣❡rsã♦ ❛tr❛✈és ❞❛ ❝♦❧❡t❛ ❡ ❛♥á❧✐s❡ ❞❡ ❛♠♦str❛s ♥♦ tr❡❝❤♦ ❞♦ r✐♦ ❡♠
❡st✉❞♦✱ ✉s❛♥❞♦ ✉♠ tr❛ç❛❞♦r ❛❞✐❝✐♦♥❛❞♦ ❛♦ ❡✢✉❡♥t❡ ♦✉ ❡♥❝♦♥tr❛❞♦ ♥❛t✉r❛❧✲
♠❡♥t❡ ♥❡st❡✳ ❖✉ s❡❥❛✱ ♦ ♠♦❞❡❧♦ é ❛❥✉st❛❞♦ ♣❛r❛ ♦ tr❡❝❤♦ ❞♦ r✐♦ ❡✱ ✉♠❛
✈❡③ ✈❛❧✐❞❛❞♦✱ ❡❧❡ ♣♦❞❡ s❡r ✉s❛❞♦ ♣❛r❛ s✐♠✉❧❛çõ❡s ❞❡ ✈ár✐♦s ❝❡♥ár✐♦s✱ r❡❛✐s ❡
❛t✉❛✐s✱ ♦✉ ❢✉t✉r♦s✳

❆ ❞❡t❡r♠✐♥❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❝♦♥st✐t✉✐
s✐♠✉❧t❛♥❡❛♠❡♥t❡ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ✉♠ ♣❛râ♠❡tr♦ ❡ss❡♥❝✐❛❧ ♣❛r❛ ❛ s✐♠✉❧❛çã♦
❡ ❛ ✈❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦ ♣❛r❛ ♦ tr❡❝❤♦ ❞❡ r✐♦ ❡st✉❞❛❞♦✳

❖ ❣r❛♥❞❡ ✐♥t❡r❡ss❡ ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡
❞✐s♣❡rsã♦ ♣❛r❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ tr❡❝❤♦ ❞❡ r✐♦ ❡stá ♥♦ ❢❛t♦ q✉❡ t♦r♥❛✲s❡ ♣♦s✲
sí✈❡❧ r❡♣r❡s❡♥t❛r ♣♦r ♠❡✐♦ ❞❡st❡ ❝♦❡✜❝✐❡♥t❡ t♦❞❛s ❛s ♥ã♦ ✐❞❡❛❧✐❞❛❞❡s ❞♦ s✐s✲
t❡♠❛✳ ❖✉ s❡❥❛✱ ♦ ✈❛❧♦r ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ s❡rá ✐♥✢✉❡♥❝✐❛❞♦ ♣❡❧❛
♣r❡s❡♥ç❛ ❞❡ ✐rr❡❣✉❧❛r✐❞❛❞❡s ♥♦ ❧❡✐t♦✱ ❝✉r✈❛s ♥♦ r✐♦ ♦✉ ✈órt✐❝❡s ❝❛✉s❛❞♦s ♣❡❧❛
t✉r❜✉❧ê♥❝✐❛✳

❙❡♥❞♦ ❛ss✐♠✱ ❛ ❞❡t❡r♠✐♥❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡r✲
sã♦ ❛❝❛❜❛ s❡ t♦r♥❛♥❞♦ ✉♠❛ ❝♦♥s✐❞❡r❛çã♦ ✐♥❞✐r❡t❛ ❞❡ t♦❞♦s ♦s ❞❡♠❛✐s ❢❛t♦r❡s
♥ã♦ ❝♦♥s✐❞❡r❛❞♦s ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✳

✺✸



❈❛♣ít✉❧♦ ✺

▼❡t♦❞♦❧♦❣✐❛ ❞❡ ❙♦❧✉çã♦

◆✉♠ér✐❝❛

❯♠ ♣r♦❝❡❞✐♠❡♥t♦ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞❡ ✉♠❛ s♦❧✉çã♦
♥✉♠ér✐❝❛ ❞❡ ✉♠❛ ❡q✉❛çã♦ ❞✐❢❡r❡♥❝✐❛❧ ♣❛r❝✐❛❧ ✭❊❉P✮ é ❛ ✐♥t❡❣r❛çã♦ ❞❡st❛ ❊❉P
❡♠ ✉♠❛ r❡❣✐ã♦ ♦✉ ✈♦❧✉♠❡ ❞♦ ❡s♣❛ç♦✳ ❊st❛ té❝♥✐❝❛ é ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ♦ ♠ét♦❞♦
❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ✭▼❱❋✮✱ ♠✉✐t♦ ✉t✐❧✐③❛❞❛ ♥❛ ❧✐t❡r❛t✉r❛ ❞❛ ❞✐♥â♠✐❝❛ ❞♦s
✢✉✐❞♦s ❝♦♠♣✉t❛❝✐♦♥❛❧ ❬❋♦rt✉♥❛ ✭✶✹✱ ✷✵✵✵✮❪✳

❖ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ❝♦♥s✐st❡ ❡♠ ❞✐✈✐❞✐r ❛ r❡❣✐ã♦ ❞❡ ✐♥t❡✲
r❡ss❡ ❡♠ ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ❡ ✐♥t❡❣r❛r ❛s ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ♣❛r❝✐❛✐s ❡♠
❝❛❞❛ ✉♠ ❞❡ss❡s ❡❧❡♠❡♥t♦s ❞❡ ✈♦❧✉♠❡✳ ❖ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ✉t✐❧✐③❛
✈ár✐♦s ❝♦♥❝❡✐t♦s ❢ís✐❝♦s ♥❛ ✐♥t❡❣r❛çã♦ ❞❛s ❡q✉❛çõ❡s✱ ❞❡ t❛❧ ❢♦r♠❛ q✉❡ ♦ s✐❣♥✐✜✲
❝❛❞♦ ❢ís✐❝♦ ❞❛ s♦❧✉çã♦ ❝❛❧❝✉❧❛❞❛ t❡♥❞❡ ❛ s❡r ♣r❡s❡r✈❛❞♦✳ P♦r ❡st❛ ♣r✐♥❝✐♣❛❧
r❛③ã♦✱ ♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s s❡rá ♦ ♠ét♦❞♦ ♥✉♠ér✐❝♦ ✉t✐❧✐③❛❞♦ ♥❡st❡
tr❛❜❛❧❤♦✳

❆ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❡♠ ❡st✉❞♦ ❝♦♥s✐st❡ ❜❛s✐❝❛♠❡♥t❡ ❡♠ ❞✉❛s ❡t❛✲
♣❛s✿ ❛ ❞❡ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♣❡r✜s ❞❡ ✈❡❧♦❝✐❞❛❞❡s ❡✱ ❛ ♣❛rt✐r ❞❡st❡s r❡s✉❧t❛❞♦s✱
❛ ❞❡ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ s✉❜stâ♥❝✐❛ ❞❡ ✐♥t❡r❡ss❡✳

❖ ✢✉①♦❣r❛♠❛ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✶ ♠♦str❛✱ ❞❡ ✉♠❛ ❢♦r♠❛ ❣❡r❛❧✱
❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ s♦❧✉çã♦ ❞❛s ❡q✉❛çõ❡s ❛ s❡r ❛❞♦t❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✳

◆❛ ❋✐❣✉r❛ ✺✳✶✱ ❛ ❝❛✐①❛ ❞❡ ❉❛❞♦s ❞❡ ❊♥tr❛❞❛ r❡♣r❡s❡♥t❛ ♦ ❝♦♥❥✉♥t♦ ❞❡

✺✺



✺✳✶ ❆♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ❛♦ ♣r♦❜❧❡♠❛

❋✐❣✉r❛ ✺✳✶✿ ❊sq✉❡♠❛ ❡①♣❧✐❝❛t✐✈♦ ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ s♦❧✉çã♦ ♥✉♠ér✐❝❛✳

❞❛❞♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦s ♣❡r✜s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ❞❡ ❝♦♥❝❡♥tr❛çã♦✳
❊♥tr❡ ❡ss❡s ❞❛❞♦s✱ ❡stã♦ ✐♥❝❧✉í❞♦s ❛s ❞✐♠❡♥sõ❡s ❡ ❛ ✈❛③ã♦ ❞♦ r✐♦ ❡ ❞♦ ❡✢✉❡♥t❡
q✉❡ ❡stá s❡♥❞♦ ❧❛♥ç❛❞♦✱ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❛ s✉❜stâ♥❝✐❛ ❞❡ ✐♥t❡r❡ss❡ ♥♦ r✐♦
❛ ♠♦♥t❛♥t❡ ❞♦ ❧❛♥ç❛♠❡♥t♦ ❡ ♥♦ ❡✢✉❡♥t❡✱ ❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡st❛
s✉❜stâ♥❝✐❛ ♥❛ á❣✉❛✳ ❈❛s♦ ♦ ❡s❝♦❛♠❡♥t♦ ❛♣r❡s❡♥t❡ r❡❛çõ❡s ❞❡ ❛✉t♦❞❡♣✉r❛çã♦✱
❞❡✈❡✲s❡ ✐♥❝❧✉✐r t❛♠❜é♠ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ♥❛ á❣✉❛✱ t❛♥t♦
♥♦ ❡✢✉❡♥t❡ q✉❛♥t♦ ♥♦ r✐♦ ❛ ♠♦♥t❛♥t❡ ❞♦ ❧❛♥ç❛♠❡♥t♦✳

P❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦s ♣❡r✜s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ❝♦♥❝❡♥tr❛çã♦ sã♦ ✉t✐❧✐③❛❞❛s
r❡s♣❡❝t✐✈❛♠❡♥t❡ ❛s ❡q✉❛çõ❡s ❞❡ ♠♦✈✐♠❡♥t♦ ❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛✳

✺✳✶ ❆♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ❛♦

♣r♦❜❧❡♠❛

❆ ✜♠ ❞❡ s❡ ✐♠♣❧❡♠❡♥t❛r ♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s✱ ❞❡✈❡✲s❡
❛❞♦t❛r ✉♠❛ ♠❛❧❤❛ tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❡ ❞✐s❝r❡t✐③❛çã♦✳ ◆❛ ❋✐❣✉r❛ ✺✳✷✱ ❛ ♠❛❧❤❛
✉t✐❧✐③❛❞❛ ♥❛ ❡❧❛❜♦r❛çã♦ ❞♦ ♣r♦❣r❛♠❛ é ♠♦str❛❞❛✳ ❆ ❧❛r❣✉r❛ ❞♦ r✐♦ é ❞✐✈✐❞✐❞❛
❡♠ ♠ ♣❛rt❡s ✐❣✉❛✐s ❞❡ ❝♦♠♣r✐♠❡♥t♦ ∆①✱ ❛ ♣r♦❢✉♥❞✐❞❛❞❡ ❞♦ r✐♦ é ❞✐✈✐❞✐❞❛ ❡♠

✺✻



✺✳✶ ❆♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ❛♦ ♣r♦❜❧❡♠❛

❋✐❣✉r❛ ✺✳✷✿ ▼❛❧❤❛ tr✐❞✐♠❡♥s✐♦♥❛❧ ✉t✐❧✐③❛❞❛ ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥✲

tr❛çã♦✳

♥ ♣❛rt❡s ✐❣✉❛✐s ❞❡ ❝♦♠♣r✐♠❡♥t♦ ∆②✱ ❡ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞♦ r✐♦ é ❞✐✈✐❞✐❞♦ ❡♠
♣ ♣❛rt❡s ❞❡ ✐❣✉❛✐s ❞❡ ❝♦♠♣r✐♠❡♥t♦ ∆③✳ ❉❡st❛ ❢♦r♠❛✱ ❛ ♠❛❧❤❛ ✉t✐❧✐③❛❞❛ t❡rá
✉♠ t♦t❛❧ ❞❡ ♠∗♥∗♣ ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡✳

P❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡s✱ ❛ ♠❛❧❤❛ ✉t✐❧✐③❛❞❛ é s❡♠❡✲
❧❤❛♥t❡ à ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✷✳ P♦ré♠ ❞❡✈❡✲s❡ ❧❡♠❜r❛r q✉❡ ♥ã♦ ❤á
✈❛r✐❛çã♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ♥❛ ❞✐r❡çã♦ ❞♦ ❡s❝♦❛♠❡♥t♦✱ ❥á q✉❡ t♦❞❛s ❛s s❡çõ❡s
tr❛♥s✈❡rs❛✐s ❛♦ ❧♦♥❣♦ ❞♦ ❞♦♠í♥✐♦ tê♠ ❛s ♠❡s♠❛s ❞✐♠❡♥sõ❡s✳ ❉❡st❛ ❢♦r♠❛✱
❝♦♠♦ ♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ s❡rá ✐❣✉❛❧ ❡♠ q✉❛✐sq✉❡r s❡çõ❡s tr❛♥s✈❡rs❛✐s ❞♦
r✐♦✱ é ♥❡❝❡ssár✐♦ q✉❡ ❡❧❡ s❡❥❛ ❝❛❧❝✉❧❛❞♦ ✉♠❛ ú♥✐❝❛ ✈❡③✳

✺✳✶✳✶ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡

P❛r❛ ♦❜t❡♥çã♦ ❞♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ❡s❝♦❛♠❡♥t♦✱ ❛♣❧✐❝♦✉✲s❡ ♦
♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s à ❡q✉❛çã♦ ❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♠♦✈✐✲
♠❡♥t♦ ♥❛ ❞✐r❡çã♦ ③✳ P❛rt✐♥❞♦ ❞❛ ❊q✉❛çã♦ ✹✳✻✾✱ ❡ ✐♥t❡❣r❛♥❞♦✲❛ ♥♦ ✈♦❧✉♠❡ ❞❡
❝♦♥tr♦❧❡ ∆①∗∆②∗∆③ ✱ s❡♥❞♦ ∆③ ✉♥✐tár✐♦✱ t❡♠✲s❡✿

0 =

∫ E

W

∫ N

S

δ

δx
(µ

δvz

δx
)dydx +

+

∫ E

W

∫ N

S

δ

δy
(µ

δvz

δy
)dydx +

∫ E

W

∫ N

S

ρgH

L
dydx ✭✺✳✶✮

✺✼



✺✳✶ ❆♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ❛♦ ♣r♦❜❧❡♠❛

0 = µ(
δvz

δx
|e −

δvz

δx
|w)∆y +

+µ(
δvz

δy
|n −

δvz

δy
|s)∆x +

ρgH

L
∆x∆y ✭✺✳✷✮

➱ ♥❡❝❡ssár✐❛ ❛ ❛❞♦çã♦ ❞❡ ✉♠❛ ❢✉♥çã♦ ❞❡ ✐♥t❡r♣♦❧❛çã♦ ♣❛r❛ ❛ ❛♣r♦✲
①✐♠❛çã♦ ❞❛s ❞❡r✐✈❛❞❛s ❞❛ ✈❡❧♦❝✐❞❛❞❡ ♥❛s ✐♥t❡r❢❛❝❡s ❞♦ ✈♦❧✉♠❡ ❞❡ ❝♦♥tr♦❧❡✳
❈♦♠♦ ❛ ❊q✉❛çã♦ ✺✳✷ ♣♦ss✉✐ ❛♣❡♥❛s t❡r♠♦s ❞✐❢✉s✐✈♦s✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ✉♠❛
❢✉♥çã♦ ❧✐♥❡❛r✳ ❉❡st❛ ❢♦r♠❛✿

δvz

δx
|e=

vz,E − vz,P

∆xe
✭✺✳✸✮

δvz

δx
|w=

vz,P − vz,W

∆xw
✭✺✳✹✮

❈♦♠♦ ❛s ❞✐♠❡♥sõ❡s ❞♦s ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ sã♦ ❝♦♥st❛♥t❡s t❡♠✲s❡✿

∆xe = ∆xw = ∆x ✭✺✳✺✮

❆ss✐♠✿

δvz

δx
|e=

vz,E − vz,P

∆x
✭✺✳✻✮

δvz

δx
|w=

vz,P − vz,W

∆x
✭✺✳✼✮

❉❛ ♠❡s♠❛ ❢♦r♠❛✿

δvz

δy
|n=

vz,N − vz,P

∆y
✭✺✳✽✮

✺✽



✺✳✶ ❆♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ❛♦ ♣r♦❜❧❡♠❛

δvz

δy
|s=

vz,P − vz,S

∆y
✭✺✳✾✮

❙✉❜st✐t✉✐♥❞♦ ✺✳✻✱ ✺✳✼✱ ✺✳✽ ❡ ✺✳✾ ❡♠ ✺✳✷✱ t❡♠✲s❡✿

µ(vz,E − 2vz,P + vz,W
∆y

∆x
+ µ(vz,N − 2vz,P + vz,S)

∆x

∆y
+

+
ρgH

µL
∆x∆y = 0 ✭✺✳✶✵✮

❆ ❊q✉❛çã♦ ✺✳✶✵ ♣♦❞❡ s❡r r❡❛rr❛♥❥❛❞❛ ♣❛r❛✿

(vz,E − 2vz,P + vz,W
1

∆x2
+ (vz,N − 2vz,P + vz,S)

1

∆y2
+

ρgH

µL
= 0 ✭✺✳✶✶✮

❊♠ q✉❡✿

ρgH

µL
= K ✭✺✳✶✷✮

❆ ✈✐s❝♦s✐❞❛❞❡✱ µ✱ ❞❛ ❊q✉❛çã♦ ✺✳✶✶ é ❞❛❞❛ ♣❡❧❛ ❊q✉❛çã♦ ✹✳✽✵✳ ❆
✈✐s❝♦s✐❞❛❞❡ t✉r❜✉❧❡♥t❛ é ❝❛❧❝✉❧❛❞❛ ❞❡ ♠❛♥❡✐r❛ ✐t❡r❛t✐✈❛✱ ❛ ♣❛rt✐r ❞❛ ❊q✉❛çã♦
✹✳✽✷✱ ❡ ❝♦♠ ❛ ❡st✐♠❛t✐✈❛ ❞❡ ✉♠ ✈❛❧♦r ✐♥✐❝✐❛❧ ♣❛r❛ v∗ ✳

❆ ❊q✉❛çã♦ ✺✳✶✶ ♣♦❞❡ s❡r r❡♦r❣❛♥✐③❛❞❛ ❞❡ ♠♦❞♦ ❛ ❛ss✉♠✐r ❛ ❢♦r♠❛
✐♥❞✐❝❛❞❛ ❡♠ ✺✳✶✸✳

vz,P AP + vz,EAE + vz,W AW + vz,NAN + vz,SAS + B = 0 ✭✺✳✶✸✮

❊ ❛ss✐♠✱ ♣❛r❛ ♦ ❝❛s♦ ❞♦s ♣♦♥t♦s ❝❡♥tr❛✐s✱ t❡♠✲s❡✿

AP = − 2

∆x2 − 2

∆y2 ✭✺✳✶✹✮

AN = AS = 1

∆y2

AE = AW = 1

∆x2

B = K

✺✾



✺✳✶ ❆♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ❛♦ ♣r♦❜❧❡♠❛

❖s ❝♦❡✜❝✐❡♥t❡s ❛♣r❡s❡♥t❛❞♦s ❡♠ ✺✳✶✹ sã♦ ✈á❧✐❞♦s ♣❛r❛ t♦❞♦s ♦s ✈♦✲
❧✉♠❡s ✐♥t❡r♥♦s ❞♦ ❞♦♠í♥✐♦✳ P♦ré♠ é ♥❡❝❡ssár✐♦ ❞❡t❡r♠✐♥❛r ♦s ❝♦❡✜❝✐❡♥t❡s
♣❛r❛ ♦s ✈♦❧✉♠❡s q✉❡ ❡stã♦ ♥❛s ❢r♦♥t❡✐r❛s ❡ ❝❛♥t♦s✱ ❛tr❛✈és ❞❛ ❛♣❧✐❝❛çã♦ ❞❛s
❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ ❝♦♥s✐❞❡r❛❞❛s✳ ◆❛s ❚❛❜❡❧❛s ✺✳✶ ❡ ✺✳✷✱ sã♦ ♠♦str❛❞♦s
♦s ❝♦❡✜❝✐❡♥t❡s ✈á❧✐❞♦s ♣❛r❛ ♦s ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ❧♦❝❛❧✐③❛❞♦s ♥❛s ❢r♦♥t❡✐r❛s
❡ ♥♦s ❝❛♥t♦s ❞♦ ❞♦♠í♥✐♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❚❛❜❡❧❛ ✺✳✶✿ ❈♦❡✜❝✐❡♥t❡s ❞❛ ❡q✉❛çã♦ ❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ ♠♦♠❡♥t♦ ♣❛r❛ ❛s ❢r♦♥t❡✐r❛s✳

❋r♦♥t❡✐r❛ ❈♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ AP AE AW AS AN ❇

◆♦rt❡ ✭◆✮ δvz

δy
= 0 − 2

∆x2 − 1

∆y2

1

∆x2

1

∆x2

1

∆y2 ✵ ❑

❙✉❧ ✭❙✮ vz,S = 0 − 2

∆x2 − 3

∆y2

1

∆x2

1

∆x2 ✵ 1

∆y2 ❑

▲❡st❡ ✭❊✮ vz,E = 0 − 3

∆x2 − 2

∆y2 ✵ 1

∆x2

1

∆y2

1

∆y2 ❑

❖❡st❡ ✭❲✮ vz,W = 0 − 3

∆x2 − 2

∆y2

1

∆x2 ✵ 1

∆y2

1

∆y2 ❑

❚❛❜❡❧❛ ✺✳✷✿ ❈♦❡✜❝✐❡♥t❡s ❞❛ ❡q✉❛çã♦ ❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ ♠♦♠❡♥t♦ ♣❛r❛ ♦s ❝❛♥t♦s✳

❋r♦♥t❡✐r❛ ❈♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ AP AE AW AS AN ❇

◆♦r♦❡st❡ δvz

δy
= 0 ❡ vz,W = 0 − 3

∆x2 − 1

∆y2

1

∆x2 ✵ 1

∆y2 ✵ ❑

◆♦r❞❡st❡ δvz

δy
= 0 ❡ vz,E = 0 − 3

∆x2 − 1

∆y2 ✵ 1

∆x2

1

∆y2 ✵ ❑

❙✉❞♦❡st❡ vz,S = 0 ❡ vz,W = 0 − 3

∆x2 − 3

∆y2

1

∆x2 ✵ ✵ 1

∆y2 ❑

❙✉❞❡st❡ vz,S = 0 ❡ vz,E = 0 − 3

∆x2 − 3

∆y2 ✵ 1

∆x2 ✵ 1

∆y2 ❑

❈♦♠ ♦s ❝♦❡✜❝✐❡♥t❡s ❛♣r❡s❡♥t❛❞♦s ♥❛s ❚❛❜❡❧❛s ✺✳✶✱ ✺✳✷ ❡ ♥❛ ❊q✉❛çã♦
✺✳✶✹✱ ❝♦♥stró✐✲s❡ ✉♠ s✐st❡♠❛ ❧✐♥❡❛r q✉❡ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♥❛ ❢♦r♠❛ ♠❛✲
tr✐❝✐❛❧✱ A ·x = B ✱ s❡♥❞♦✿

• ❆ − ♠❛tr✐③ ❞❡ ❝♦❡✜❝✐❡♥t❡s ❞❡ ❞✐♠❡♥sã♦ (m ·n) ∗ (m ·n)

• ① − ✈❡t♦r ❞❡ ✈❛r✐á✈❡✐s VZ,i,j ❞❡ ❞✐♠❡♥sã♦ (m ·n)

✻✵



✺✳✶ ❆♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ❛♦ ♣r♦❜❧❡♠❛

• ❇ − ✈❡t♦r ❢♦rç❛ ❞❡ ❞✐♠❡♥sã♦ (m ·n)

❖ s✐st❡♠❛ ❣❡r❛❞♦ ♣♦ss✉✐ (m ·n) ❡q✉❛çõ❡s✱ ❝♦♠ ✉♠ ♥ú♠❡r♦ ✐❣✉❛❧ ❞❡
✈❡❧♦❝✐❞❛❞❡s ❛ s❡r❡♠ ❞❡t❡r♠✐♥❛❞❛s✱ ♠❛✐s ❛ ❝♦♥st❛♥t❡ ❑✳ P❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦
❞❡st❛ ❝♦♥st❛♥t❡ ❢♦✐ ♣r♦♣♦st♦ ✉♠ ✈❛❧♦r ✐♥✐❝✐❛❧ ✐❣✉❛❧ ❛ ✶✳ ❆ ♣❛rt✐r ❞❡st❡ ✈❛❧♦r
❞❡t❡r♠✐♥♦✉✲s❡ ♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡✱ ❝♦♠ ❛ s♦❧✉çã♦ ❞♦ s✐st❡♠❛ ❞❡ ❡q✉❛çõ❡s✳

❚❡♥❞♦✲s❡ ♦ ♣❡r✜❧✱ ❝❛❧❝✉❧♦✉✲s❡ ♥✉♠❡r✐❝❛♠❡♥t❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ♠é❞✐❛✱
vmed ✱ ❝♦rr❡s♣♦♥❞❡♥t❡✳ ❆ ár❡❛ ❞❛ s❡çã♦ tr❛♥s✈❡rs❛❧✱ AT ✱ é ❞❛❞❛ ♣♦r✿

AT = W ∗ h ✭✺✳✶✺✮

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

❈♦♠ ❛ ✈❡❧♦❝✐❞❛❞❡ ♠é❞✐❛ ❡ ❛ ár❡❛ ❞❛ s❡çã♦ tr❛♥s✈❡rs❛❧✱ ❝❛❧❝✉❧♦✉✲s❡ ❛
✈❛③ã♦ ♣❛r❛ ❡st❡ ✈❛❧♦r ❑✳

Qcalc |K=1= vmed ·AT ✭✺✳✶✻✮

❋♦✐ ✈❡r✐✜❝❛❞♦ q✉❡ q✉❛♥❞♦ K = 0 ✱ Qcalc = 0 ✳ ❆❧é♠ ❞✐ss♦✱ ❢♦✐
♦❜s❡r✈❛❞❛ ✉♠❛ r❡❧❛çã♦ ❧✐♥❡❛r ❡♥tr❡ ❑ ❡ ❛ ✈❛③ã♦ ❝❛❧❝✉❧❛❞❛✳ ❉❡st❛ ❢♦r♠❛ ♦
✈❛❧♦r ❞❡ ❑ ♣❛r❛ q✉❛❧q✉❡r ✈❛③ã♦ ♣♦❞❡ s❡r ♦❜t✐❞♦ ❛tr❛✈és ❞❛ r❡❧❛çã♦✿

K =
Qrio

Qcalc |K=1

✭✺✳✶✼✮

❊♠ q✉❡ Qrio✱ ✈❛③ã♦ ✈♦❧✉♠étr✐❝❛ ❞♦ ❡s❝♦❛♠❡♥t♦✱ é ✉♠ ❞❛❞♦ ❞♦ ♣r♦❜❧❡♠❛✳

❈♦♠ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ✈❛❧♦r ❞❡ ❑ ❝♦rr❡s♣♦♥❞❡♥t❡ à ✈❛③ã♦
✈♦❧✉♠étr✐❝❛ ❞♦ ♣r♦❜❧❡♠❛✱ t♦r♥❛✲s❡ ♣♦ssí✈❡❧ ♦❜t❡r ♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡s ❞♦
❡s❝♦❛♠❡♥t♦✳

✺✳✶✳✷ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ✉♠❛ s✉❜s✲

tâ♥❝✐❛ ✐♥❡rt❡

P❛r❛ ♦❜t❡♥çã♦ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ✐♥❡rt❡
♣r❡s❡♥t❡ ♥♦ ❡s❝♦❛♠❡♥t♦✱ ❛♣❧✐❝♦✉✲s❡ ♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s à ❡q✉❛çã♦

✻✶



✺✳✶ ❆♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ❛♦ ♣r♦❜❧❡♠❛

❋✐❣✉r❛ ✺✳✸✿ ❊sq✉❡♠❛ ❞❡ ❢♦r♠✉❧❛çã♦ ❡①♣❧í❝✐t❛✳ ❋♦♥t❡✿ ▼❛❧✐s❦❛ ✭✷✹✱ ✷✵✵✹✮

❞❡ ❝♦♥s❡r✈❛çã♦ ❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ♠❛ss❛✳ P❛rt✐♥❞♦ ❞❛ ❊q✉❛çã♦ ✹✳✼✵✱ ❝♦♥✲
s✐❞❡r❛♥❞♦ RA = 0 ✱ ❥á q✉❡ ❛ s✉❜stâ♥❝✐❛ ❡♠ ❡st✉❞♦ é ❝♦♥s✐❞❡r❛❞❛ ✐♥❡rt❡✱ ❡
✐♥t❡❣r❛♥❞♦✲❛ ♥♦ ✈♦❧✉♠❡ ❞❡ ❝♦♥tr♦❧❡ ∆x ∗ ∆y ∗ ∆z ✱ t❡♠✲s❡✿

∫ F

P

∫ N

S

∫ E

W

vz
δCA

δz
dydxdz =

∫ F

P

∫ N

S

∫ E

W

KG
δCA

δx
dydxdz +

+

∫ F

P

∫ N

S

∫ E

W

KG
δCA

δy
dydxdz ✭✺✳✶✽✮

❖ ❡q✉❛❝✐♦♥❛♠❡♥t♦ ♥✉♠ér✐❝♦ ❞❛ ❡q✉❛çã♦ ❞✐❢❡r❡♥❝✐❛❧ ❡♠ q✉❡stã♦ ❢♦✐
♦❜t✐❞♦ ❛tr❛✈és ❞❛ ❛❞♦çã♦ ❞❡ ✉♠❛ ❢♦r♠✉❧❛çã♦ ❡①♣❧í❝✐t❛✳ ◆❡st❡ t✐♣♦ ❞❡ ❢♦r✲
♠✉❧❛çã♦✱ ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞♦s ♣♦♥t♦s ✈✐③✐♥❤♦s ❛ P sã♦ ❛✈❛❧✐❛❞❛s ❝♦♠ ✐♥❢♦r✲
♠❛çõ❡s ❞♦ ♣❛ss♦ ❛♥t❡r✐♦r ❡✱ ♣♦rt❛♥t♦✱ ❥á sã♦ ❝♦♥❤❡❝✐❞❛s✳ ◆❛ ❋✐❣✉r❛ ✺✳✸✱ ❡st❡
♣r✐♥❝í♣✐♦ é ✐❧✉str❛❞♦ ♣❛r❛ ✉♠ ❝❛s♦ ❜✐❞✐♠❡♥s✐♦♥❛❧✳ ➱ ✈á❧✐❞♦ ❧❡♠❜r❛r q✉❡ ♦
s✐st❡♠❛ ♣r♦♣♦st♦ ✉t✐❧✐③❛ ✉♠❛ ♠❛❧❤❛ tr✐❞✐♠❡♥s✐♦♥❛❧ ❡✱ ♣♦rt❛♥t♦✱ ♦s ♣♦♥t♦s ❛♦
◆♦rt❡ ✭◆✮ ❡ ❛♦ ❙✉❧ ✭❙✮ ❞♦ ♣♦♥t♦ Pz t❛♠❜é♠ ❡♥tr❛♠ ♥♦ ❝á❧❝✉❧♦ ❞❡ Pz+∆z✳

❆♣ós ❛ ✐♥t❡❣r❛çã♦ ❞❛ ❊q✉❛çã♦ ✺✳✶✽✱ ♦❜té♠✲s❡✿

vz(CA,F − CA,P )∆x∆y = KG(
δCA

δx
|e −

δCA

δx
|w)∆y∆z +

+KG(
δCA

δy
|n −

δCA

δy
|s)∆x∆z ✭✺✳✶✾✮

❖s t❡r♠♦s ❞✐❢✉s✐✈♦s ❞❛ ❊q✉❛çã♦ ✺✳✶✾ ❡q✉✐✈❛❧❡♠ à✿

δCA

δx
|e=

CA,E − CA,P

∆xe
✭✺✳✷✵✮

✻✷



✺✳✶ ❆♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ❛♦ ♣r♦❜❧❡♠❛

δCA

δx
|w=

CA,P − CA,W

∆xw
✭✺✳✷✶✮

❈♦♠♦ ❛s ❞✐♠❡♥sõ❡s ❞♦s ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ sã♦ ❝♦♥st❛♥t❡s ❛
s❡❣✉✐♥t❡ r❡❧❛çã♦ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛✿

∆xe = ∆xw = ∆x

❆ss✐♠✿

δCA

δx
|e=

CA,E − CA,P

∆x
✭✺✳✷✷✮

δCA

δx
|w=

CA,P − CA,W

∆x
✭✺✳✷✸✮

❉❛ ♠❡s♠❛ ❢♦r♠❛✿

δCA

δy
|n=

CA,N − CA,P

∆xn
=

CA,N − CA,P

∆x
✭✺✳✷✹✮

δCA

δy
|s=

CA,P − CA,S

∆xs
=

CA,P − CA,S

∆x
✭✺✳✷✺✮

❙✉❜st✐t✉✐♥❞♦ ✺✳✷✷✱ ✺✳✷✸✱ ✺✳✷✹ ❡ ✺✳✷✺ ❡♠ ✺✳✶✾✱ t❡♠✲s❡✿

CA,F VZ∆x∆y − CA,P VZ∆x∆y =

= KG(
CA,E − 2CA,P + CA,W

∆x
)∆y∆z +

+KG(
CA,N − 2CA,P + CA,S

∆y
)∆x∆z ✭✺✳✷✻✮

❉✐✈✐❞✐♥❞♦ ❛ ❊q✉❛çã♦ ✺✳✷✻ ♣❡❧♦ ✈♦❧✉♠❡ ❞❡ ❝♦♥tr♦❧❡ ∆x∆y∆z✱ ♦❜té♠✲
s❡✿

✻✸



✺✳✶ ❆♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ❛♦ ♣r♦❜❧❡♠❛

CA,F Vz

∆z
−

CA,P Vz

∆z
= KG(

CA,E − 2CA,P + CA,W

∆x2
) +

+KG(
CA,N − 2CA,P + CA,S

∆y2
) ✭✺✳✷✼✮

■s♦❧❛♥❞♦✲s❡ CA,F t♦r♥❛✲s❡ ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r ❛ ❝♦♥❝❡♥tr❛çã♦ ♥♦s
✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ❝❡♥tr❛✐s ♣❛r❛ ❝❛❞❛ ♣❛ss♦ ❡♠ ③✳

CA,F = CA,P
∆z

Vz
[KG(

CA,E − 2CA,P + CA,W

∆x2
) +

+KG(
CA,N − 2CA,P + CA,S

∆y2
)] ✭✺✳✷✽✮

❆ ❊q✉❛çã♦ ✺✳✷✽ é ✈á❧✐❞❛ ♣❛r❛ ♦s ✈♦❧✉♠❡s ✐♥t❡r♥♦s ❞❛ ♠❛❧❤❛✳ ◆❛s
❢r♦♥t❡✐r❛s✱ ❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ sã♦ ❛♣❧✐❝❛❞❛s✳ ◆❛ ❚❛❜❡❧❛ ✺✳✸✱ sã♦
♠♦str❛❞❛s ❛s s✐♠♣❧✐✜❝❛çõ❡s q✉❡ ♣♦❞❡♠ s❡r ❢❡✐t❛s ♥❛ ❊q✉❛çã♦ ✺✳✷✽ ❡♠ ❢✉♥çã♦
❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦✳

❚❛❜❡❧❛ ✺✳✸✿ ❙✐♠♣❧✐✜❝❛çõ❡s ❞❡❝♦rr❡♥t❡s ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦✳

❋r♦♥t❡✐r❛ ❈♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦ ❙✐♠♣❧✐✜❝❛çã♦

◆♦rt❡ ✭◆✮ δCA

δy
= 0 CA,P = CA,N

❙✉❧ ✭❙✮ δCA

δy
= 0 CA,P = CA,S

▲❡st❡ ✭❊✮ δCA

δx
= 0 CA,P = CA,E

❖❡st❡ ✭❲✮ δCA

δx
= 0 CA,P = CA,W

◆♦ ❝❛s♦ ❞♦s ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ❧♦❝❛❧✐③❛❞♦s ♥♦s ❝❛♥t♦s ❞♦ ❞♦♠í♥✐♦✱
❞❡✈❡♠✲s❡ ❛♣❧✐❝❛r s✐♠✉❧t❛♥❡❛♠❡♥t❡ ❛s s✐♠♣❧✐✜❝❛çõ❡s ♣❛r❛ ❛♠❜❛s ❛s ❢r♦♥t❡✐r❛s
❢♦r♠❛❞♦r❛s ❞♦ ❝❛♥t♦✳

❈♦♠♦ ❥á ❢♦✐ ♠❡♥❝✐♦♥❛❞♦✱ ♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ é ❞❡t❡r♠✐♥❛❞♦ ❞❡
♠❛♥❡✐r❛ ♣❛r❛❜ó❧✐❝❛✳ ❖✉ s❡❥❛✱ ♦ r✐♦ é ❞✐✈✐❞✐❞♦ ❡♠ ❞✐✈❡rs❛s s❡çõ❡s tr❛♥s✈❡rs❛✐s✱
♦♥❞❡ ❝❛❞❛ s❡çã♦ é ❝❛❧❝✉❧❛❞❛ ❡♠ ❢✉♥çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡t❡r♠✐♥❛❞♦s ♣❡❧♦
♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s ❡ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ s❡çã♦ ✐♠❡❞✐❛t❛✲
♠❡♥t❡ ❛♥t❡r✐♦r✳ ❖ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ♣r✐♠❡✐r❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❞♦
r✐♦ ❞❡✈❡ s❡r ❝♦♥❤❡❝✐❞♦ ❡ é ✉♠❛ ❝♦♥❞✐çã♦ ✐♥✐❝✐❛❧ ❞♦ ♣r♦❜❧❡♠❛✳

✻✹



✺✳✷ ▼❡t♦❞♦❧♦❣✐❛ ❞❡ s♦❧✉çã♦ ♥✉♠ér✐❝❛ ❞♦ ♣r♦❜❧❡♠❛ ❝♦♠ ♠ú❧t✐♣❧♦s ♣♦♥t♦s ❞❡
❞❡s♣❡❥♦ ❞❡ ❡✢✉❡♥t❡s

❖ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ❝❛♠❛❞❛ ✐♥✐❝✐❛❧ ❞♦ ❞♦♠í♥✐♦ é ♦❜t✐❞♦ ❡♠
❢✉♥çã♦ ❞♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡✱ ❞❛ ✈❛③ã♦ t♦t❛❧ ❞♦ r✐♦✱ ❞❛ ✈❛③ã♦ ❞♦ ❡✢✉❡♥t❡ ❡
❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❝♦♠♣♦♥❡♥t❡ ❡♠ ❡st✉❞♦✱ t❛♥t♦ ♥♦ ❡✢✉❡♥t❡ q✉❛♥t♦ ❛ ♣r❡✲
s❡♥t❡ ♥♦ r✐♦ ❛♥t❡r✐♦r♠❡♥t❡ ❛♦ ❞❡s♣❡❥♦✳ ❙❛❜❡♥❞♦ q✉❡ Q = vA ✱ ❞❡✈❡✲s❡ s♦♠❛r
♦s ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ♥❡❝❡ssár✐♦s ♣❛r❛ q✉❡ ❛ ✈❛③ã♦ t♦t❛❧ ♥❡st❡s ✈♦❧✉♠❡s s❡❥❛
❛ ♠❛✐s ♣ró①✐♠❛ ♣♦ssí✈❡❧ ❞❛ ✈❛③ã♦ ❞♦ ❡✢✉❡♥t❡ ❞❡s♣❡❥❛❞♦ ✭Qe✮✳ P♦r ❡①❡♠♣❧♦✱
❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ♣♦♥t♦ ❞❡ ♣❛rt✐❞❛ ♣❛r❛ t❛✐s ❝á❧❝✉❧♦s s❡❥❛ ♦ ✈♦❧✉♠❡ ❞❡
❝♦♥tr♦❧❡ ❧♦❝❛❧✐③❛❞♦ ♥♦ ❝❛♥t♦ ❡sq✉❡r❞♦ s✉♣❡r✐♦r✱ sã♦ ❛❞✐❝✐♦♥❛❞♦s ❛ ❡st❡✱ ✐♥✐✲
❝✐❛❧♠❡♥t❡✱ ♦s ✈♦❧✉♠❡s ♥❡❝❡ssár✐♦s ♣❛r❛ ❝♦♠♣❧❡t❛r ♦ ♣ró①✐♠♦ q✉❛❞r❛❞♦✳ ❖✉
s❡❥❛✱ é ✈❡r✐✜❝❛❞♦ s❡ ♦ q✉❛❞r❛❞♦ ✶①✶ ♣♦ss✉✐ ✈❛③ã♦ s✉✜❝✐❡♥t❡✱ ❡♠ s❡❣✉✐❞❛ ♦
✷①✷ ❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡✳ ❆♦ q✉❛❞r❛❞♦ ✜♥❛❧ ❝❛❧❝✉❧❛❞♦ é ❡st❛❜❡❧❡❝✐❞❛ ❛ ❝♦♥❝❡♥✲
tr❛çã♦ ❞♦ ❝♦♠♣♦♥❡♥t❡ ❆ ✐❣✉❛❧ à ❞♦ ❡✢✉❡♥t❡ ❡✱ ❛♦ r❡st♦ ❞♦ r✐♦✱ é ❡st❛❜❡❧❡❝✐❞❛
❛ ❝♦♥❝❡♥tr❛çã♦ ✐❣✉❛❧ àq✉❡❧❛ ❥á ♣r❡s❡♥t❡ ♥♦ r✐♦✳

❆❞♠✐t❡✲s❡ q✉❡ ♦ ❡✢✉❡♥t❡ ❛♦ s❡r ❧❛♥ç❛❞♦ ♥♦ r✐♦ ♥ã♦ ❝❛✉s❛ q✉❛❧q✉❡r
♣❡rt✉r❜❛çã♦ ♥♦ ❡s❝♦❛♠❡♥t♦✳ ❖✉ s❡❥❛✱ ♦ ❧❛♥ç❛♠❡♥t♦ ♥ã♦ ❝❛✉s❛ t✉r❜✐❧❤õ❡s✱
✈órt✐❝❡s ♦✉ ✢✉①♦s s❡❝✉♥❞ár✐♦s ♥♦ r✐♦✳ ❈❛s♦ ❡ss❡s ❡❢❡✐t♦s ❢♦ss❡♠ ❝♦♥s✐❞❡r❛❞♦s✱
✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ s♦❧✉çã♦ ♥✉♠ér✐❝❛ ❡❧í♣t✐❝❛ ❞❡✈❡r✐❛ s❡r ❛❞♦t❛❞❛ ♣❛r❛ ♦
❝á❧❝✉❧♦ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ✱ ♦ q✉❡ ❛✉♠❡♥t❛r✐❛ ❡①❝❡ss✐✈❛♠❡♥t❡ ♦ ❡s❢♦rç♦
❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦ r❡s✉❧t❛❞♦✳

✺✳✷ ▼❡t♦❞♦❧♦❣✐❛ ❞❡ s♦❧✉çã♦ ♥✉♠ér✐❝❛ ❞♦ ♣r♦❜❧❡♠❛

❝♦♠ ♠ú❧t✐♣❧♦s ♣♦♥t♦s ❞❡ ❞❡s♣❡❥♦ ❞❡ ❡✢✉❡♥t❡s

◆♦ ❝❛s♦ ❞❛ s♦❧✉çã♦ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❝♦♠ ♠ú❧t✐♣❧♦s ♣♦♥t♦s ❞❡ ❞❡s♣❡❥♦
❞❡ ❡✢✉❡♥t❡s✱ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ s♦❧✉çã♦ ♥✉♠ér✐❝❛ é s❡♠❡❧❤❛♥t❡ ❛ ❞❡s❝r✐t❛ ♥❛
s❡çã♦ ✺✳✶✳

❖ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ✐♥✐❝✐❛❧♠❡♥t❡ ❞❡t❡r♠✐♥❛ ♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡
❡ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ s✐st❡♠❛ ♥❛ ♣r✐♠❡✐r❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❞♦ ❞♦♠í♥✐♦✳

◗✉❛♥❞♦ ❤á ♦ ❞❡s♣❡❥♦ ❞❡ ✉♠❛ ♥♦✈❛ ❢♦♥t❡ ❞❡ ❡✢✉❡♥t❡s ❛♦ ❧♦♥❣♦ ❞♦
❞♦♠í♥✐♦✱ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ r❡❛❧✐③❛ ♦s s❡❣✉✐♥t❡s ♣❛ss♦s✿

• ❈á❧❝✉❧♦ ❞❛ ♥♦✈❛ ✈❛③ã♦ ❞♦ ❡s❝♦❛♠❡♥t♦✱ ❛tr❛✈és ❞❛ s♦♠❛ ❞❛ ✈❛③ã♦ ❞♦
❡✢✉❡♥t❡ s❡♥❞♦ ❞❡s♣❡❥❛❞♦ ❡ ❞❛ ✈❛③ã♦ ❛t✉❛❧ ❞♦ r✐♦✳

• ❉❡t❡r♠✐♥❛çã♦ ❞♦ ♥♦✈♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ❡s❝♦❛♠❡♥t♦✱ ❥á q✉❡ ❛
✈❛③ã♦ ❛♣r❡s❡♥t❛ ✈❛r✐❛çã♦ ❞❡✈✐❞♦ ❛ ♣r❡s❡♥ç❛ ❞❡ ✉♠ ♥♦✈♦ ♣♦♥t♦ ❞❡ ❡♠✐s✲
sã♦✳

✻✺



✺✳✷ ▼❡t♦❞♦❧♦❣✐❛ ❞❡ s♦❧✉çã♦ ♥✉♠ér✐❝❛ ❞♦ ♣r♦❜❧❡♠❛ ❝♦♠ ♠ú❧t✐♣❧♦s ♣♦♥t♦s ❞❡
❞❡s♣❡❥♦ ❞❡ ❡✢✉❡♥t❡s

• ❈á❧❝✉❧♦ ❞❡ ✉♠ ♥♦✈♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❡✢✉❡♥t❡ ❥á ♣r❡s❡♥t❡ ♥♦
r✐♦✳ ❊st❛ ❡t❛♣❛ s❡ ❢❛③ ♥❡❝❡ssár✐❛✱ ✉♠❛ ✈❡③ q✉❡ ♦s ❡✢✉❡♥t❡s ♣r❡s❡♥t❡s
♥♦ r✐♦ s❡rã♦ ❞✐❧✉í❞♦s ♣❡❧❛ ♥♦✈❛ ❡♠✐ssã♦✳

• ❉❡t❡r♠✐♥❛çã♦ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♥♦✈♦ ♣♦♥t♦ ❞❡ ❧❛♥ç❛♠❡♥t♦
❞❡ ❡✢✉❡♥t❡s✳

• ❉❡t❡r♠✐♥❛çã♦ ❞❡ ✉♠ ♥♦✈♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♥❛ s❡çã♦ tr❛♥s✈❡rs❛❧
♦♥❞❡ ♦❝♦rr❡ ♦ ❞❡s♣❡❥♦ ❞♦ ❡✢✉❡♥t❡✳ ❊ss❡ ♥♦✈♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦
é ❝❛❧❝✉❧❛❞♦ ❛tr❛✈és ❞❛ s♦♠❛ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❥á ❡①✐st❡♥t❡ ♥♦
r✐♦ ❡ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❡✢✉❡♥t❡ ❧❛♥ç❛❞♦ ♣❡❧♦ ♥♦✈♦ ♣♦♥t♦ ❞❡
❡♠✐ssã♦✳

❖ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ s❡❣✉❡ ❡ss❛s ❡t❛♣❛s t♦❞❛ ✈❡③ q✉❡ ❡①✐st❡ ✉♠
♥♦✈♦ ♣♦♥t♦ ❞❡ ❡♠✐ssã♦ ❛♦ ❧♦♥❣♦ ❞♦ ❞♦♠í♥✐♦✳ ❱❛❧❡ ❧❡♠❜r❛r q✉❡ ♦ ♠♦❞❡❧♦
❞❡s❡♥✈♦❧✈✐❞♦ t❡♠ ❛ ♣r♦♣r✐❡❞❛❞❡ ❞❡ ❝♦♥s✐❞❡r❛r ❛ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡ ❡♠ ❞✐✲
✈❡rs♦s ❧♦❝❛✐s ❞❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❞♦ r✐♦✿ ♥❛ ♠❛r❣❡♠ ❡sq✉❡r❞❛✱ ♥❛ ♠❛r❣❡♠
❞✐r❡✐t❛ ♦✉ ♥♦ ❝❡♥tr♦ ❞♦ r✐♦✱ t❛♥t♦ ♥♦ ❢✉♥❞♦ q✉❛♥t♦ ♥❛ s✉♣❡r❢í❝✐❡ ❞❛ á❣✉❛✳

◗✉❛♥❞♦ ♦❝♦rr❡ ✉♠ ♥♦✈♦ ❧❛♥ç❛♠❡♥t♦ ❛♦ ❧♦♥❣♦ ❞♦ ❞♦♠í♥✐♦✱ ❝♦♥s✐❞❡r❛✲
s❡ q✉❡ ♦ ♣♦❧✉❡♥t❡ ❥á ♣r❡s❡♥t❡ ♥♦ r✐♦ ❞✐❧✉✐✲s❡ ✐♥st❛♥t❛♥❡❛♠❡♥t❡ ❞❡✈✐❞♦ à ❛❞✐çã♦
❞❛ ♥♦✈❛ ✈❛③ã♦ ❞❡ ❡✢✉❡♥t❡✳

✻✻



❈❛♣ít✉❧♦ ✻

❘❡s✉❧t❛❞♦s

✻✳✶ P❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ❝♦♥❝❡♥tr❛çã♦

❖s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s r❡❢❡r❡♠✲s❡ à ❞✐s♣❡rsã♦ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛
✐♥❡rt❡ ♣r❡s❡♥t❡ ❡♠ ✉♠ ❡✢✉❡♥t❡ s❡♥❞♦ ❞❡s♣❡❥❛❞♦ ♥❛ ❧❛t❡r❛❧ ❞♦ r✐♦✳ ❊st❡ é
❛♣❡♥❛s ✉♠ ❡st✉❞♦ ❞❡ ❝❛s♦ ❤✐♣♦tét✐❝♦✱ ♣♦ré♠ ♦ ♠♦❞❡❧♦ ❡stá ❛♣t♦ ❛ r❡s♦❧✈❡r
♣r♦❜❧❡♠❛s r❡❛✐s✳ ❖s ❞❛❞♦s q✉❡ ❝❛r❛❝t❡r✐③❛♠ ❡st❡ ❡①❡♠♣❧♦ sã♦ ♠♦str❛❞♦s ♥❛
❚❛❜❡❧❛ ✻✳✶✳

❋♦✐ ✉t✐❧✐③❛❞❛ ✉♠❛ ♠❛❧❤❛ ❝♦♠ ✻✵ ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ♥♦ ❡✐①♦ ①✱ ✻✵
✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡s ♥♦ ❡✐①♦ ② ❡ ✶✳✵✵✵✳✵✵✵ ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ♥♦ ❡✐①♦ ③✳

■♥✐❝✐❛❧♠❡♥t❡ ❢♦✐ ❞❡t❡r♠✐♥❛❞♦ ♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♣❛r❛ ✉♠❛ s❡çã♦
tr❛♥s✈❡rs❛❧ ❞♦ r✐♦ ❡♠ ❡st✉❞♦✳ ◆❛ ❋✐❣✉r❛ ✻✳✶✱ é ❛♣r❡s❡♥t❛❞♦ ♦ ♣❡r✜❧ ❞❡ ✈❡✲
❧♦❝✐❞❛❞❡ ♣❛r❛ ❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❞♦ r✐♦ ❡♠ ❡st✉❞♦✳

P❛r❛ ✉♠❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦ ❞♦s r❡s✉❧t❛❞♦s✱ ♥❛s ❋✐❣✉r❛s ✻✳✷ ❡ ✻✳✸
sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♣❡r✜s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♣❛r❛ ❛ s✉♣❡r❢í❝✐❡ ❡ ♣❛r❛ ❛ ❧✐♥❤❛ ❞❡
❝❡♥tr♦ ❞♦ r✐♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆♥❛❧✐s❛♥❞♦ ♦s r❡s✉❧t❛❞♦s✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ♠á①✐♠❛ ❞♦ ❡s✲
❝♦❛♠❡♥t♦ s❡ ❛♣r❡s❡♥t❛ ♥♦ ✈♦❧✉♠❡ ❞❡ ❝♦♥tr♦❧❡ ❧♦❝❛❧✐③❛❞♦ ♥❛ ♠❛✐♦r ❞✐stâ♥❝✐❛
❞❡ t♦❞❛s ❛s ♣❛r❡❞❡s✳ ❖ ✈♦❧✉♠❡ ❞❡ ❝♦♥tr♦❧❡ ❞❡ ♠❛✐♦r ❞✐stâ♥❝✐❛ ❞❛s ♣❛r❡❞❡s
❡stá ❧♦❝❛❧✐③❛❞♦ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦✱ ❡①❛t❛♠❡♥t❡ ❡♠ s❡✉ ❝❡♥tr♦✳ ❆ ✈❡❧♦❝✐✲
❞❛❞❡ ❞♦ ❡s❝♦❛♠❡♥t♦ ❝❛❧❝✉❧❛❞❛ ♥❡st❡ ✈♦❧✉♠❡ é ✵✱✻✹✼ ♠✴s✳ ◆♦s ✈♦❧✉♠❡s ❞❡

✻✼



✻✳✶ P❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ❝♦♥❝❡♥tr❛çã♦

❋✐❣✉r❛ ✻✳✶✿ P❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ❡st✉❞♦ ❞❡ ❝❛s♦✳

❋✐❣✉r❛ ✻✳✷✿ P❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦✳

✻✽



✻✳✶ P❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ❝♦♥❝❡♥tr❛çã♦

❚❛❜❡❧❛ ✻✳✶✿ ❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ❡st✉❞♦ ❞❡ ❝❛s♦✳

❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❱❛❧♦r❡s

Pr♦❢✉♥❞✐❞❛❞❡ ✭m✮ ✸✱✵

▲❛r❣✉r❛ ✭m✮ ✶✵✱✵

❈♦♠♣r✐♠❡♥t♦ ✭m✮ ✶✳✵✵✵✱✵

❱❛③ã♦ ❞♦ r✐♦ ✭m3/s✮ ✶✵✱✵

❱❛③ã♦ ❞♦ ❡✢✉❡♥t❡ ✭m3/s✮ ✵✱✶

❈♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ✭m2/s✮ ✵✱✵✷

❈♦♥❝❡♥tr❛çã♦ ❞❛ s✉❜stâ♥❝✐❛ ♥♦ r✐♦

❛♥t❡s ❞♦ ♣♦♥t♦ ❞❡ ❞❡s♣❡❥♦ ✭mg/L✮

✵✱✺

❈♦♥❝❡♥tr❛çã♦ ❞❛ s✉❜stâ♥❝✐❛ ♥♦

❡✢✉❡♥t❡ ✭mg/L✮

✺✱✵

❝♦♥tr♦❧❡ ❧♦❝❛❧✐③❛❞♦s ❥✉♥t♦ às ♣❛r❡❞❡s ❞♦ r✐♦✱ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ❡s❝♦❛♠❡♥t♦ ❞♦
✢✉✐❞♦ t❡♥❞❡ ❛ ③❡r♦✱ ❞❡✈✐❞♦ à ❝♦♥❞✐çã♦ ❞❡ ♥ã♦ ❞❡s❧✐③❛♠❡♥t♦ ❛❞♦t❛❞❛ ♥❡st❛s
❢r♦♥t❡✐r❛s✳

❉❡ ❛❝♦r❞♦ ❝♦♠ P✐♠❡♥t❛ ✭✸✶✱ ✶✾✽✶✮✱ s❛❜❡✲s❡ q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡❝r❡s❝❡
r❛♣✐❞❛♠❡♥t❡ ❛♦ s❡ ❛♣r♦①✐♠❛r ❞❛s ♣❛r❡❞❡s ❞♦ ❝❛♥❛❧ ❡ q✉❡ ❡❧❛ é ♠á①✐♠❛ ♥❛s
♣r♦①✐♠✐❞❛❞❡s ❞❛ s✉♣❡r❢í❝✐❡ ❧✐✈r❡✱ ♣♦✉❝♦ ❛❜❛✐①♦ ❞❡❧❛✳ ❆ ✈❡❧♦❝✐❞❛❞❡ ♠á①✐♠❛
❡stá ❣❡r❛❧♠❡♥t❡ ♥❛ ✈❡rt✐❝❛❧ ❞❛ ♣r♦❢✉♥❞✐❞❛❞❡ ♠á①✐♠❛✳

➱ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✹ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ♣❡r✜s ❞❡
✈❡❧♦❝✐❞❛❞❡ ❧❛♠✐♥❛r ❡ t✉r❜✉❧❡♥t♦ ♣❛r❛ ♦ ❡s❝♦❛♠❡♥t♦ ❡♠ ❡st✉❞♦✳ ❆ ♣❛rt✐r ❞❡st❛
✜❣✉r❛✱ ♣♦❞❡✲s❡ ❝♦♥❝❧✉✐r q✉❡ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ t❡r♠♦ ❞❡ ✈✐s❝♦s✐❞❛❞❡ t✉r❜✉❧❡♥t❛
✐♥s❡r✐❞♦ ♥♦ ♠♦❞❡❧♦ é ♣❡q✉❡♥❛✱ ❥á q✉❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s ❞✉❛s ❝✉r✈❛s é
❜❛st❛♥t❡ s❡♠❡❧❤❛♥t❡✳

❆♣ós ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡✱ t♦r♥❛✲s❡ ♣♦ssí✈❡❧ ❛
♦❜t❡♥çã♦ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ s✉❜stâ♥❝✐❛ ❡♠ ❡st✉❞♦ ❡♠ t♦❞♦ ♦
❞♦♠í♥✐♦✳ ❱❛❧❡ ❧❡♠❜r❛r q✉❡ ♦ ❡✢✉❡♥t❡ é ❞❡s♣❡❥❛❞♦ ♥❛ ♠❛r❣❡♠ ❡sq✉❡r❞❛ ❞♦
r✐♦✱ ❣❡r❛♥❞♦ ✉♠ ♣❡r✜❧ ✐♥✐❝✐❛❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦✱ ♦ q✉❛❧ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛
✻✳✺✳

✻✾



✻✳✶ P❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ❝♦♥❝❡♥tr❛çã♦

❋✐❣✉r❛ ✻✳✸✿ P❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♥❛ ❧✐♥❤❛ ❞❡ ❝❡♥tr♦ ❞♦ r✐♦✳

❋✐❣✉r❛ ✻✳✹✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ♣❡r✜s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❧❛♠✐♥❛r ❡ t✉r❜✉❧❡♥t❛ ❡♠

❝♦♦r❞❡♥❛❞❛s ❝❛rt❡s✐❛♥❛s✳

✼✵



✻✳✶ P❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ❝♦♥❝❡♥tr❛çã♦

❋✐❣✉r❛ ✻✳✺✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♥❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡✳

❙❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♣❛r❛ ❝✐♥❝♦ ❞✐❢❡r❡♥t❡s
❧✐♥❤❛s ❞❡ ❝♦♥tr♦❧❡✱ ❧♦❝❛❧✐③❛❞♦s ❡♠ r❡❣✐õ❡s ❞✐st✐♥t❛s ❞♦ r✐♦✱ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦
♥❛ ❋✐❣✉r❛ ✻✳✻✳ ◆❡st❛ ✜❣✉r❛✱ ♦s ✈♦❧✉♠❡s ❛ss✐♥❛❧❛❞♦s r❡♣r❡s❡♥t❛♠ ❛s r❡❣✐õ❡s
❞♦ r✐♦ ♣♦r ♦♥❞❡ ♣❛ss❛♠ ❛s ❧✐♥❤❛s ❞❡ ❝♦♥tr♦❧❡✳

❖s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛s ❧✐♥❤❛s ❞❡ ❝♦♥tr♦❧❡ ❆✲❊ ♠♦str❛❞♦s ♥❛
❋✐❣✉r❛ ✻✳✻ ❛♦ ❧♦♥❣♦ ❞❡ ✉♠ tr❡❝❤♦ ❞❡ r✐♦ ❞❡ ✶ ❦♠ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣✉r❛s
✻✳✼ ❛ ✻✳✶✶✳

❖s ❣rá✜❝♦s ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✼ ❛ ✻✳✶✶ ♠♦str❛♠ q✉❡ ❛ ♠❛✐♦r
✈❛r✐❛çã♦ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♦❝♦rr❡ ♥❛ r❡❣✐ã♦ ♣ró①✐♠❛ ❛♦ ♣♦♥t♦ ❞❡ ❡♠✐ssã♦ ❞❡
❡✢✉❡♥t❡✳ P♦❞❡✲s❡ ♦❜s❡r✈❛r t❛♠❜é♠ q✉❡ ❛ ❝♦♥❝❡♥tr❛çã♦ t❡♥❞❡ ❛ s❡ ❡st❛❜✐❧✐③❛r
s❡♠♣r❡ ❡♠ ✉♠ ♠❡s♠♦ ✈❛❧♦r✱ ♦ q✉❡ ❝❛r❛❝t❡r✐③❛ ❛ ❞✐❧✉✐çã♦ ❞❛ s✉❜stâ♥❝✐❛ ♥♦
r✐♦✳

❆ ❧✐♥❤❛ ❞❡ ❝♦♥tr♦❧❡ q✉❡ ❛♣r❡s❡♥t♦✉ ✉♠❛ ♠❛✐♦r ✈❛r✐❛çã♦ ❞❡ ❝♦♥❝❡♥✲
tr❛çã♦ ❛♦ ❧♦♥❣♦ ❞♦ ❞♦♠í♥✐♦ ❢♦✐ ❛ ❆✱ ❧✐♥❤❛ ❡st❛ q✉❡ ♣❛ss❛ ❞✐r❡t❛♠❡♥t❡ ♥♦
♣♦♥t♦ ❞❡ ❧❛♥ç❛♠❡♥t♦ ❞♦ ❡✢✉❡♥t❡ ♥❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ✐♥✐❝✐❛❧ ❞♦ ❞♦♠í♥✐♦✳ ❆
❧✐♥❤❛ ❞❡ ❝♦♥tr♦❧❡ ❊✱ ❧♦❝❛❧✐③❛❞❛ ♥♦ ❢✉♥❞♦ ❞♦ r✐♦ ❡ ♥❛ ♠❛r❣❡♠ ❡sq✉❡r❞❛ ❛♣r❡✲
s❡♥t♦✉ ✐♥✐❝✐❛❧♠❡♥t❡ ✉♠ ❢♦rt❡ ❛✉♠❡♥t♦ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❛♦ ❧♦♥❣♦ ❞♦ tr❡❝❤♦
❡st✉❞❛❞♦❀ s❡❣✉✐❞♦ ❞❡ ✉♠ ❞❡❝rés❝✐♠♦ ❛té ❛ s✉❛ ❡st❛❜✐❧✐③❛çã♦✳

❆s ❧✐♥❤❛s ❞❡ ❝♦♥tr♦❧❡ ❇✱ ❈ ❡ ❉ ❛♣r❡s❡♥t❛r❛♠ ❝♦♠♣♦rt❛♠❡♥t♦s s❡♠❡❧✲
❤❛♥t❡s✱ s❡♥❞♦ q✉❡ ❛ ❧✐♥❤❛ ❈ ❛♣r❡s❡♥t♦✉ ✉♠ ❛✉♠❡♥t♦ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♠❛✐s
s✉❛✈❡ q✉❡ ❛s ❞❡♠❛✐s✱ ♣♦r s❡ ❧♦❝❛❧✐③❛r ❡♠ ✉♠❛ r❡❣✐ã♦ ♠❛✐s ❞✐st❛♥t❡ ❞♦ ♣♦♥t♦
❞❡ ❞❡s❝❛r❣❛ ❞♦ ❡✢✉❡♥t❡✳

◆❛ ❋✐❣✉r❛ ✻✳✶✷✱ é ❛♣r❡s❡♥t❛❞♦ ♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❛♦ ❧♦♥❣♦ ❞❛
s✉♣❡r❢í❝✐❡ ❞♦ r✐♦✳

✼✶



✻✳✶ P❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ❝♦♥❝❡♥tr❛çã♦

❋✐❣✉r❛ ✻✳✻✿ ❋✐❣✉r❛ r❡♣r❡s❡♥t❛t✐✈❛ ❞❡ ✉♠❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❞♦ tr❡❝❤♦ ❞❡ r✐♦✳

❋✐❣✉r❛ ✻✳✼✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ ❝♦♥tr♦❧❡ ❆ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛

✻✳✻✳

✼✷



✻✳✶ P❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ❝♦♥❝❡♥tr❛çã♦

❋✐❣✉r❛ ✻✳✽✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ ❝♦♥tr♦❧❡ ❇ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛

✻✳✻✳

❋✐❣✉r❛ ✻✳✾✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ ❝♦♥tr♦❧❡ ❈ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛

✻✳✻✳

✼✸



✻✳✶ P❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ❝♦♥❝❡♥tr❛çã♦

❋✐❣✉r❛ ✻✳✶✵✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ ❝♦♥tr♦❧❡ ❉ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛

✻✳✻✳

❋✐❣✉r❛ ✻✳✶✶✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ ❝♦♥tr♦❧❡ ❊ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛

✻✳✻✳

✼✹



✻✳✷ ▼♦❞❡❧♦ ❞❡ ❛✉t♦❞❡♣✉r❛çã♦

❋✐❣✉r❛ ✻✳✶✷✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ✭♠❣✴▲✮ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ tr❡❝❤♦ ❞♦ r✐♦ ❡♠

❡st✉❞♦✳

❋♦✐ ❞❡t❡r♠✐♥❛❞❛ t❛♠❜é♠ ❛ ❞✐stâ♥❝✐❛ ❞❡ ❞✐❧✉✐çã♦ ❞❛ s✉❜stâ♥❝✐❛ ❡♠
❡st✉❞♦✳ ❆ ❞✐stâ♥❝✐❛ ❞❡ ❞✐❧✉✐çã♦ é ❝♦♥s✐❞❡r❛❞❛ ❛ ❞✐stâ♥❝✐❛ ❛ ♣❛rt✐r ❞❛ q✉❛❧
t♦❞♦s ♦s ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ❞❡ ✉♠❛ ♠❡s♠❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❛♣r❡s❡♥t❛♠
❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❛ s✉❜stâ♥❝✐❛ ❡♠ ❡st✉❞♦ ❝♦♠ ❞✐❢❡r❡♥ç❛s ✐♥❢❡r✐♦r❡s ❛ ✶✱✵ ✪✳
P❛r❛ ❡st❡ ❝❛s♦✱ ❛ ❞✐stâ♥❝✐❛ ❞♦ ♣♦♥t♦ ❞❡ ❡♠✐ssã♦ ❡♠ q✉❡ ♦❝♦rr❡✉ ❛ ❞✐❧✉✐çã♦
❞❛ s✉❜stâ♥❝✐❛ ❢♦✐ ❞❡ ✹✽✽✱✹ ♠✳ ❆ ❝♦♥❝❡♥tr❛çã♦ ♠é❞✐❛ ❛♣ós ❡st❛ ❞✐stâ♥❝✐❛ é
❞❡ ✵✱✺✹✺ ♠❣✴▲✳

❖ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞♦ s♦❢t✇❛r❡ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ ♦ ❡st✉❞♦ ❞❡
❝❛s♦ ❛♣r❡s❡♥t❛❞♦ ❢♦✐ ✐♥❢❡r✐♦r ❛ ✷✵ ♠✐♥✉t♦s✱ ✉t✐❧✐③❛♥❞♦ ✉♠ P❈ P❡♥t✐✉♠ ■❱ ❞❡
✸ ●❍③ ❡ ✶ ●❜ ❞❡ ♠❡♠ór✐❛ ❘❆▼✳

❆ ♣❛rt✐r ❞♦s ❞❛❞♦s ❞❛ ❚❛❜❡❧❛ ✻✳✶✱ t♦r♥❛✲s❡ ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r ♦
✢✉①♦ ♠áss✐❝♦ ❡♥tr❛♥❞♦ ♥♦ s✐st❡♠❛✳ ❖ ✢✉①♦ ♠áss✐❝♦ q✉❡ ❡♥tr❛ ♥♦ s✐st❡♠❛
é✿ ṁ ❂✺✱✺ ❣✴s✳ ❆ ♣❛rt✐r ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✱ ♦ ✢✉①♦ ♠áss✐❝♦ ❝❛❧❝✉❧❛❞♦
❛♦ ✜♥❛❧ ❞♦ tr❡❝❤♦ ❞♦ r✐♦ é✿ ṁ ❂ ✺✱✹✺ ❣✴s ✳ P♦❞❡✲s❡ ♣❡r❝❡❜❡r q✉❡ ♦ ❡rr♦ ♥♦
❜❛❧❛♥ç♦ ❣❧♦❜❛❧ ❞❡ ♠❛ss❛ é ❞❡ ❛♣❡♥❛s ✵✱✾ ✪✳

✻✳✷ ▼♦❞❡❧♦ ❞❡ ❛✉t♦❞❡♣✉r❛çã♦

P❛r❛ t♦r♥❛r ♣♦ssí✈❡❧ ❛ ♠♦❞❡❧❛❣❡♠ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ s✉❜stâ♥❝✐❛s
❜✐♦❞❡❣r❛❞á✈❡✐s✱ é ♥❡❝❡ssár✐❛ ❛ ✐♥❝❧✉sã♦ ❞❡ ✉♠ t❡r♠♦ ❞❡ ❞❡❝♦♠♣♦s✐çã♦ ❜✐♦✲
q✉í♠✐❝❛ ♥❛ ❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛✳ ◆♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦✱ ❛

✼✺



✻✳✷ ▼♦❞❡❧♦ ❞❡ ❛✉t♦❞❡♣✉r❛çã♦

❞❡❝♦♠♣♦s✐çã♦ ❞❛ ♠❛tér✐❛ ♦r❣â♥✐❝❛ é ♠♦❞❡❧❛❞❛ ❡♠ ❢✉♥çã♦ ❞❛ s✉❛ ❉❇❖✱ s❡✲
❣✉♥❞♦ ♦ ♠♦❞❡❧♦ ♣r♦♣♦st♦ ♣♦r ❙tr❡❡t❡r✲P❤❡❧♣s✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❡st❡ ♠♦❞❡❧♦✱
é ♥❡❝❡ssár✐♦ ❛♣❡♥❛s ❝♦♥❤❡❝❡r ❛ ❉❇❖ ✐♥✐❝✐❛❧ ❞♦ r✐♦ ❡ ❛ ❉❇❖ ❞♦ ❡✢✉❡♥t❡✱ ♥ã♦
s❡♥❞♦ ♣r❡❝✐s♦ s❛❜❡r ❡①❛t❛♠❡♥t❡ q✉❛✐s ❝♦♠♣♦st♦s ♦r❣â♥✐❝♦s ❡stã♦ ♣r❡s❡♥t❡s
♥❛ á❣✉❛✳ ❚❛♠❜é♠ é ♣♦ssí✈❡❧ r❡❛❧✐③❛r ✉♠❛ ❡st✐♠❛t✐✈❛ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡
♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ❡♠ t♦❞♦ ♦ tr❡❝❤♦ ❡♠ ❡st✉❞♦✳

❋♦✐ r❡❛❧✐③❛❞♦ ✉♠ ❡st✉❞♦ ❞❡ ✉♠ ❝❛s♦ ❤✐♣♦tét✐❝♦ ♣❛r❛ ♣♦ss✐❜✐❧✐t❛r ❛
✈✐s✉❛❧✐③❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ❣❡r❛❞♦s✳ ❖s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ✉t✐❧✐③❛❞♦s ♥♦ ♣r♦✲
❣r❛♠❛ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✷✳

❚❛❜❡❧❛ ✻✳✷✿ ❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ❡st✉❞♦ ❞❡ ❝❛s♦ ❝♦♠ r❡❛çã♦ q✉í♠✐❝❛

❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❱❛❧♦r❡s

Pr♦❢✉♥❞✐❞❛❞❡ ✭m✮ ✸✱✵

▲❛r❣✉r❛ ✭m✮ ✶✵✱✵

❈♦♠♣r✐♠❡♥t♦ ✭m✮ ✶✳✵✵✵✱✵

❱❛③ã♦ ❞♦ r✐♦ ✭m3/s✮ ✶✵✱✵

❱❛③ã♦ ❞♦ ❡✢✉❡♥t❡ ✭m3/s✮ ✵✱✶

❈♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ✭m2/s✮ ✵✱✵✷

❉❇❖ ♥♦ r✐♦ ❛♥t❡s ❞♦ ♣♦♥t♦ ❞❡ ❞❡s♣❡❥♦

✭mg/L✮

✵✱✺

❉❇❖ ❞♦ ❡✢✉❡♥t❡ ✭mg/L✮ ✺✱✵

❈♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ♥♦ r✐♦ ❛♥t❡s

❞♦ ❞❡s♣❡❥♦ ✭mg/L✮

✽✱✵

❋♦✐ ✉t✐❧✐③❛❞❛ ✉♠❛ ❝♦♥st❛♥t❡ ❞❡ ❞❡s♦①✐❣❡♥❛çã♦ ❞❡ ✵✱✸✺ dia−1✱ q✉❡
❝❛r❛❝t❡r✐③❛ ✉♠ ❡✢✉❡♥t❡ q✉❡ ♥ã♦ r❡❝❡❜❡✉ ♥❡♥❤✉♠ t✐♣♦ ❞❡ tr❛t❛♠❡♥t♦ ❛♥t❡s
❞❡ s❡✉ ❧❛♥ç❛♠❡♥t♦✱ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✹✳✶✳ ❉❡st❛ ♠❛♥❡✐r❛✱ ❛
❝♦♥st❛♥t❡ ❞❡ r❡❛❡r❛çã♦ é ❞❡ ✶✱✵✺ dia−1✳ ❖s ♣❡r✜s ❞❡ ❉❇❖ ❡ ❞❡ ♦①✐❣ê♥✐♦
❞✐ss♦❧✈✐❞♦ ♦❜t✐❞♦s sã♦ ♠♦str❛❞♦s r❡s♣❡❝t✐✈❛♠❡♥t❡ ♥❛s ❋✐❣✉r❛s ✻✳✶✸ ❡ ✻✳✶✹✳

❆♥❛❧✐s❛♥❞♦ ♦s ❣rá✜❝♦s ❡①♣♦st♦s ♥❛s ❋✐❣✉r❛s ✻✳✶✸ ❡ ✻✳✶✹✱ ♣❡r❝❡❜❡✲s❡
q✉❡ ❤á ✉♠❛ ✈❛r✐❛çã♦ ♠✉✐t♦ ♣❡q✉❡♥❛ ❞❛ ❉❇❖ ❡ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦

✼✻



✻✳✷ ▼♦❞❡❧♦ ❞❡ ❛✉t♦❞❡♣✉r❛çã♦

❋✐❣✉r❛ ✻✳✶✸✿ P❡r✜❧ ❞❡ ❉❇❖ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦✳

❋✐❣✉r❛ ✻✳✶✹✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦✳

✼✼



✻✳✷ ▼♦❞❡❧♦ ❞❡ ❛✉t♦❞❡♣✉r❛çã♦

❞✐ss♦❧✈✐❞♦✳ ❖❜s❡r✈❛✲s❡ ♥❛ ❋✐❣✉r❛ ✻✳✶✸ ❛♣❡♥❛s ✉♠ ❢♦rt❡ ❡❢❡✐t♦ ❞✐❢✉s✐✈♦ ♥♦
✐♥í❝✐♦ ❞♦ ❡s❝♦❛♠❡♥t♦ ❞❡✈✐❞♦ à ❡❧❡✈❛❞❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡
♠❛tér✐❛ ♦r❣â♥✐❝❛ ❞♦ ❡✢✉❡♥t❡ ❡ ❞♦ r✐♦✳ P♦ré♠ ♦ ❡❢❡✐t♦ ❞♦ t❡r♠♦ r❡❛❝✐♦♥❛❧
✐♥s❡r✐❞♦ ♥❛ ❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ ❢♦✐ ♠✉✐t♦ ♣❡q✉❡♥♦✳ ❆ ❝♦♥✲
❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ t❡✈❡ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ❞❡ ♥♦ ♠á①✐♠♦ ✵✱✸
♠❣✴▲ ❡♠ t♦❞♦ ♦ tr❡❝❤♦ ❞❡ r✐♦ ❡♠ ❡st✉❞♦✳ ❙❡r✐❛ ♥❡❝❡ssár✐♦ ❡st✉❞❛r ✉♠ tr❡✲
❝❤♦ ❜❡♠ ♠❛✐s ❧♦♥❣♦ ♣❛r❛ t♦r♥❛r ♣♦ssí✈❡❧ ❛ ✈✐s✉❛❧✐③❛çã♦ ❞❡ t♦❞♦ ♦ ♣r♦❝❡ss♦
❞❡ ❛✉t♦❞❡♣✉r❛çã♦✳ ❊ss❡s r❡s✉❧t❛❞♦s ♣r❡❝✐s❛♠ s❡r ✈❛❧✐❞❛❞♦s ❝♦♠ ❞❛❞♦s ❡①✲
♣❡r✐♠❡♥t❛✐s ♣❛r❛ ✈❡r✐✜❝❛r s❡ ❤á ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❛❥✉st❡s ♥♦s ❝♦❡✜❝✐❡♥t❡s ❞❡
❞❡s♦①✐❣❡♥❛çã♦ ❡ r❡❛❡r❛çã♦✱ ♦✉ s❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❛✉t♦❞❡♣✉r❛çã♦ é r❡❛❧♠❡♥t❡
❧❡♥t♦✳

❉❡✈❡✲s❡ ❧❡✈❛r ❡♠ ❝♦♥s✐❞❡r❛çã♦ t❛♠❜é♠ q✉❡ ❛s ❝♦♥st❛♥t❡s ❞♦ ♠♦❞❡❧♦
♣r♦♣♦st♦ ♣♦r ❙tr❡❡t❡r✲P❤❡❧♣s ❢♦r❛♠ ❞❡t❡r♠✐♥❛❞❛s ♣❛r❛ r✐♦s ❧♦❝❛❧✐③❛❞♦s ♥♦
❤❡♠✐s❢ér✐♦ ◆♦rt❡✱ ♦♥❞❡ ♦ ❝❧✐♠❛ é ♠❛✐s ❢r✐♦ q✉❡ ♦ ❝❧✐♠❛ ❜r❛s✐❧❡✐r♦✳ ❉❡ss❛
❢♦r♠❛✱ é ♣♦ssí✈❡❧ q✉❡ ❛s ❝♦♥st❛♥t❡s ❞❡t❡r♠✐♥❛❞❛s ❡♠ ✉♠ r✐♦ ❞❡ á❣✉❛s ♠❛✐s
q✉❡♥t❡s✱ ❝♦♠♦ ❛ ♠❛✐♦r✐❛ ❞♦s r✐♦s ❧♦❝❛❧✐③❛❞♦s ♥♦ ❇r❛s✐❧✱ t❡♥❤❛♠ ✈❛❧♦r❡s ♠❛✐s
❡❧❡✈❛❞♦s q✉❡ ♦s ♣r♦♣♦st♦s ♣♦r ❡ss❡ ♠♦❞❡❧♦✳

❆ ❜❛✐①❛ ✐♥✢✉ê♥❝✐❛ ❞♦s t❡r♠♦s ❞❡ r❡❛çã♦ q✉í♠✐❝❛ ❡ ❞❡ r❡❛❡r❛çã♦
t❛♠❜é♠ é ♦❝❛s✐♦♥❛❞❛ ♣❡❧♦ ❢❛t♦ ❞❡ q✉❡ ♦ ♣♦❧✉❡♥t❡ ♣❡r❝♦rr❡ t♦❞♦ ❞♦♠í♥✐♦
❝♦♥s✐❞❡r❛❞♦ ❡♠ ✉♠ t❡♠♣♦ r❡❧❛t✐✈❛♠❡♥t❡ ❝✉rt♦✳ ❈❛s♦ ♦ ❡s❝♦❛♠❡♥t♦ t❡♥❤❛
✉♠❛ ✈❡❧♦❝✐❞❛❞❡ ♠é❞✐❛ ❞❡ ✵✱✺ m/s✱ ♦ ♣♦❧✉❡♥t❡ ❧❡✈❛r✐❛ ❡♠ ♠é❞✐❛ ❛♣❡♥❛s ✸✸
♠✐♥ ♣❛r❛ ♣❡r❝♦rr❡r t♦❞♦ ♦ tr❡❝❤♦ ❞❡ ❡st✉❞♦✳

❖✉tr♦ ❢❛t♦r ❛ s❡r ❝♦♥s✐❞❡r❛❞♦ é ❛ ✐♥❝❧✉sã♦ ❞❛ ❝♦♥st❛♥t❡ ❞❡ r❡❛❡r❛çã♦
❡♠ t♦❞♦s ♦s ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❞♦♠í♥✐♦✳ ❈♦♠♦ ❛ r❡❛❡r❛çã♦ ♦❝♦rr❡ ❛♣❡♥❛s
♥❛ s✉♣❡r❢í❝✐❡✱ ❛❝r❡❞✐t❛✲s❡ q✉❡ ♦ ✈❛❧♦r ❞❡st❛ ❝♦♥st❛♥t❡ s❡❥❛ ♠❛✐s ❡❧❡✈❛❞♦ ♣❛r❛ ❛
✉t✐❧✐③❛çã♦ ♥♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ ❞♦ q✉❡ ♦ ✈❛❧♦r ♣r♦♣♦st♦ ♣♦r ❙tr❡❡t❡r✲P❤❡❧♣s✳

❆ ♣❛rt✐r ❞❛ ❞❡t❡r♠✐♥❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ ❞❡ss❛ ❝♦♥st❛♥t❡✱ ❛ r❡❛❡r❛çã♦
♣♦❞❡r✐❛ s❡r ❝♦♥s✐❞❡r❛❞❛ ❝♦♠♦ ✉♠❛ ❝♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦✳
❉❡st❛ ❢♦r♠❛✱ ❛ ❛❜s♦rçã♦ ❞❡ ♦①✐❣ê♥✐♦ ❞❛ ❛t♠♦s❢❡r❛ s❡r✐❛ ❝♦♥s✐❞❡r❛❞❛ ❛♣❡♥❛s
♥❛ ❢r♦♥t❡✐r❛ ❞♦ ❞♦♠í♥✐♦ q✉❡ t❡♠ ❝♦♥t❛t♦ ❝♦♠ ❛ ❛t♠♦s❢❡r❛✳ ❙❡♥❞♦ ❛ss✐♠✱ ❛♣ós
❛ tr❛♥s❢❡rê♥❝✐❛ ❞♦ ♦①✐❣ê♥✐♦ ♥♦s ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ❞❛ s✉♣❡r❢í❝✐❡✱ ♦s ❡❢❡✐t♦s
❞✐❢✉s✐✈♦s ♦r✐❣✐♥❛❞♦s ♣❡❧❛s ❞✐❢❡r❡♥ç❛s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❡♥tr❡ ❛ s✉♣❡r❢í❝✐❡ ❡ ❛s
r❡❣✐õ❡s ♠❛✐s ♣r♦❢✉♥❞❛s s❡r✐❛♠ ♦s r❡s♣♦♥sá✈❡✐s ♣❡❧♦ tr❛♥s♣♦rt❡ ❞♦ ♦①✐❣ê♥✐♦
♣❛r❛ ♦ r❡st❛♥t❡ ❞♦ ❞♦♠í♥✐♦✳

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

✼✽



✻✳✸ ❊st✉❞♦ ❞❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ♠❛❧❤❛

❖ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞♦ s♦❢t✇❛r❡ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ ❡st❡ ❡st✉❞♦ ❞❡
❝❛s♦ ❛♣r❡s❡♥t❛❞♦ ❢♦✐ ✐♥❢❡r✐♦r ❛ ✶✻ ♠✐♥✉t♦s✱ ✉t✐❧✐③❛♥❞♦ ✉♠ P❈ P❡♥t✐✉♠ ■❱ ❞❡
✸ ●❍③ ❡ ✶ ●❜ ❞❡ ❞❡ ♠❡♠ór✐❛ ❘❆▼✳ ❈❛s♦ ❛ s✐♠✉❧❛çã♦ ❞❡st❡ ❡st✉❞♦ ❞❡ ❝❛s♦
❢♦ss❡ r❡❛❧✐③❛❞❛ ♣♦r s♦❢t✇❛r❡s ❝♦♠❡r❝✐❛✐s✱ s❡r✐❛ ♥❡❝❡ssár✐❛ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✈ár✐♦s
❝♦♠♣✉t❛❞♦r❡s ❛t✉❛♥❞♦ ❡♠ ♣❛r❛❧❡❧♦✱ ❡ ❛✐♥❞❛ ❛ss✐♠ ♦ t❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧
s❡r✐❛ ❡①❝❡ss✐✈❛♠❡♥t❡ ❛❧t♦✳

❊st❛ ❞✐❢❡r❡♥ç❛ ♥♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❡♥tr❡ ♦ s♦❢t✇❛r❡ ❞❡s❡♥✈♦❧✈✐❞♦
♥❡st❡ tr❛❜❛❧❤♦ ❡ ♦s s♦❢t✇❛r❡s ❞✐s♣♦♥í✈❡✐s ❝♦♠❡r❝✐❛❧♠❡♥t❡ ❞❡✈❡✲s❡ ❛♦ ❢❛t♦ ❞❡
q✉❡ ❛ ♠❛♥❡✐r❛ ❞❡ ♦❜t❡♥çã♦ ❞❛ s♦❧✉çã♦ ♥✉♠ér✐❝❛ ♣♦r ❡st❡s s♦❢t✇❛r❡s é ❢❡✐t❛
❞❡ ♠❛♥❡✐r❛ ❞✐❢❡r❡♥t❡✳ ❯♠ s♦❢t✇❛r❡ ❝♦♠❡r❝✐❛❧ ✐rá r❡s♦❧✈❡r ❛s ❡q✉❛çõ❡s q✉❡
❞❡s❝r❡✈❡♠ ♦ ❢❡♥ô♠❡♥♦ ❞❡ ♠❛♥❡✐r❛ ❡❧í♣t✐❝❛ ❡ ❡ss❛ ❢♦r♠❛ ❞❡ s♦❧✉çã♦ ❡①✐❣❡
✉♠ ❡❧❡✈❛❞♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳ ❏á ♦ ♠♦❞❡❧♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♥❡st❡ tr❛❜❛❧❤♦
r❡s♦❧✈❡ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♠❛♥❡✐r❛ ♣❛r❛❜ó❧✐❝❛✱ ❞❡ss❛ ❢♦r♠❛ ♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛✲
❝✐♦♥❛❧ é ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ♠❡♥♦r✳ ❖✉tr♦ ❢❛t♦r ✐♠♣♦rt❛♥t❡ é q✉❡ ♦ ♠♦❞❡❧♦
❞❡s❡♥✈♦❧✈✐❞♦ ♥♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ ♣r❡❝✐s❛ ❞❡ ✉♠❛ ♠❡♠ór✐❛ ❝♦♠♣✉t❛❝✐♦♥❛❧
♣❡q✉❡♥❛✱ ✉♠❛ ✈❡③ q✉❡ ♥❡❝❡ss✐t❛ ❛r♠❛③❡♥❛r ♦s ✈❛❧♦r❡s ♥✉♠ér✐❝♦s ❞❡ ❝♦♥❝❡♥✲
tr❛çã♦ ❡♠ ❛♣❡♥❛s ❞✉❛s s❡çõ❡s tr❛♥s✈❡rs❛✐s✿ ❛ s❡çã♦ q✉❡ ❡stá s❡♥❞♦ ❝❛❧❝✉❧❛❞❛
❡ ❛ s❡çã♦ ❛ ♠♦♥t❛♥t❡ ❞❛ q✉❡ ❡stá s❡♥❞♦ ❝❛❧❝✉❧❛❞❛✳

✻✳✸ ❊st✉❞♦ ❞❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ♠❛❧❤❛

❉❡ ❢♦r♠❛ ❛ ❣❛r❛♥t✐r ❛ ❡①❛t✐❞ã♦ ❞♦s r❡s✉❧t❛❞♦s✱ ♦s ♣❡r✜s ❞❡ ✈❡❧♦❝✐❞❛❞❡
❡ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♥ã♦ ♣♦❞❡♠ s❡r ❞❡♣❡♥❞❡♥t❡s ❞❛ ♠❛❧❤❛ ✉t✐❧✐③❛❞❛✳ ❆ss✐♠
s❡♥❞♦✱ ❢♦✐ ♥❡❝❡ssár✐♦ ❛ r❡❛❧✐③❛çã♦ ❞❡ ❡st✉❞♦s ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ❣❛r❛♥t✐r t❛❧
✐♥❞❡♣❡♥❞ê♥❝✐❛✳

❖ ❡st✉❞♦ ❞❡ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ♠❛❧❤❛ ❢♦✐ ❞✐✈✐❞✐❞♦ ❡♠ ❞✉❛s ♣❛rt❡s✳

■♥✐❝✐❛❧♠❡♥t❡✱ sã♦ ❝♦♠♣❛r❛❞♦s ♣❡r✜s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♣❛r❛ ♠❛❧❤❛s ❞❡
♥ú♠❡r♦s ❞❡ ❡❧❡♠❡♥t♦s ❞✐st✐♥t♦s ♥❛s ❞✐r❡çõ❡s tr❛♥s✈❡rs❛✐s ❛♦ ❡s❝♦❛♠❡♥t♦✳
❙❡♥❞♦ ♦ ❡s❝♦❛♠❡♥t♦ ❝♦♥s✐❞❡r❛❞♦ ❞❡s❡♥✈♦❧✈✐❞♦✱ ♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ é ❝♦♥s✲
t❛♥t❡ ❛♦ ❧♦♥❣♦ ❞❛ ❞✐r❡çã♦ ❞♦ ✢✉①♦✱ ♥ã♦ s♦❢r❡♥❞♦ ✐♥✢✉ê♥❝✐❛ ❞♦ ♥ú♠❡r♦ ❞❡
✐♥t❡r✈❛❧♦s ❞❛ ♠❛❧❤❛ ♥❛ ❞✐r❡çã♦ ❞♦ ❡s❝♦❛♠❡♥t♦✳

P❛r❛ ❣❛r❛♥t✐r ❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ♠❛❧❤❛ ❡♠ r❡❧❛çã♦ ❛♦ ♣❡r✜❧ ❞❡ ❝♦♥✲
❝❡♥tr❛çã♦✱ sã♦ ❝♦♠♣❛r❛❞♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♣❛r❛ ♠❛❧❤❛s ❝♦♠ ♥ú♠❡r♦
❞❡ ❡❧❡♠❡♥t♦s ❞✐st✐♥t♦s ❡♠ t♦❞❛s ❛s três ❞✐♠❡♥sõ❡s✳

❖s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ r❡❧❛tór✐♦ ❢♦r❛♠ ♦❜t✐❞♦s ♣♦r ♠❡✐♦
❞❡ ✉♠ ❡st✉❞♦ ❞❡ ❝❛s♦ ❞❛ ❞✐s♣❡rsã♦ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ♥ã♦✲✐♥❡rt❡ ♣r❡s❡♥t❡ ❡♠

✼✾



✻✳✸ ❊st✉❞♦ ❞❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ♠❛❧❤❛

❋✐❣✉r❛ ✻✳✶✺✿ P❡r✜s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♦❜t✐❞♦s ❝♦♠ ❞✐❢❡r❡♥t❡s ♥ú♠❡r♦s ❞❡ ❧✐♥❤❛s✳

✉♠ ❡✢✉❡♥t❡ s❡♥❞♦ ❞❡s♣❡❥❛❞♦ ♥❛ ❧❛t❡r❛❧ ❞♦ r✐♦✳ ❖s ❞❛❞♦s q✉❡ ❝❛r❛❝t❡r✐③❛♠
❡st❡ ❡st✉❞♦ ❞❡ ❝❛s♦ sã♦ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✷✳ ❋♦r❛♠ s✐♠✉❧❛❞♦s ❛♣❡♥❛s
✺✵✵ ♠ ❞♦ ❞♦♠í♥✐♦✳

❋♦✐ ❡s❝♦❧❤✐❞❛ ❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❡♠ t❡r♠♦s ❞❡
❉❇❖✱ ♣♦✐s ❞❡ss❛ ❢♦r♠❛ ♦ ♠♦❞❡❧♦ ❛♣r❡s❡♥t❛rá t❡r♠♦s ❡①♣♦♥❡♥❝✐❛✐s ❡♠ s✉❛
❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛✳ ❈♦♠♦ ❛ ❞✐s♣❡rsã♦ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛
✐♥❡rt❡ ♥ã♦ ❛♣r❡s❡♥t❛ ❡ss❡s t❡r♠♦s ❡♠ s❡✉ ❡q✉❛❝✐♦♥❛♠❡♥t♦✱ ❡❧❛ s❡ t♦r♥❛ ♠❡♥♦s
❞❡♣❡♥❞❡♥t❡ ❞♦ t❛♠❛♥❤♦ ❞❛ ♠❛❧❤❛ ✉t✐❧✐③❛❞♦✳

❖ ❡st✉❞♦ ❞❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ♠❛❧❤❛ s❡❣✉✐✉ ❛s ❡t❛♣❛s ❞❡s❝r✐t❛s ❛
s❡❣✉✐r✳ ■♥✐❝✐❛❧♠❡♥t❡ ✈❡r✐✜❝♦✉✲s❡ s✉❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❡♠ r❡❧❛çã♦ ❛♦ ♥ú♠❡r♦ ❞❡
❧✐♥❤❛s✳ ❉❡st❛ ❢♦r♠❛ ✜①♦✉✲s❡ ✉♠ ♥ú♠❡r♦ ❞❡ ❝♦❧✉♥❛s ❡ ❞❡ s❡çõ❡s tr❛♥s✈❡rs❛✐s
❡ ✈❛r✐♦✉✲s❡ ❛♣❡♥❛s ♦ ♥ú♠❡r♦ ❞❡ ❧✐♥❤❛s✳ ❖ ♥ú♠❡r♦ ❞❡ ❝♦❧✉♥❛s ❢♦✐ ✜①❛❞♦ ❡♠
✽✵ ❡ ♦ ♥ú♠❡r♦ ❞❡ s❡çõ❡s tr❛♥s✈❡rs❛✐s ❡♠ ✶✵✳✵✵✵✳✵✵✵✳ ❖s ♥ú♠❡r♦s ❞❡ ❧✐♥❤❛s
✉t✐❧✐③❛❞♦s ❢♦r❛♠✿ ✸✵✱ ✺✵✱ ✼✵ ❡ ✽✵✳

◆❛ ❋✐❣✉r❛ ✻✳✶✺ é ♠♦str❛❞♦ ♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♦❜t✐❞♦ ♥❛ ❧✐♥❤❛ ❞❡
❝❡♥tr♦ ❞♦ r✐♦ ♣❛r❛ t♦❞❛s ❛s ♠❛❧❤❛s ✉t✐❧✐③❛❞❛s✳ P♦❞❡✲s❡ ✈❡r✐✜❝❛r ♥❡st❛ ✜❣✉r❛
q✉❡ ♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♥ã♦ é ❞❡♣❡♥❞❡♥t❡ ❞❛ ♠❛❧❤❛ ✉t✐❧✐③❛❞❛✳

❏á ♥❛ ❋✐❣✉r❛ ✻✳✶✻ é ❛♣r❡s❡♥t❛❞♦ ♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♣❛r❛ t♦❞❛s
❛s ♠❛❧❤❛s ✉t✐❧✐③❛❞❛s✳

P♦❞❡✲s❡ ✈❡r✐✜❝❛r ♥❛ ❋✐❣✉r❛ ✻✳✶✻ q✉❡ t♦❞♦s ♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦
❛♣r❡s❡♥t❛r❛♠ ❝♦♠♣♦rt❛♠❡♥t♦s s❡♠❡❧❤❛♥t❡s✳ P♦ré♠ s❡rá ❛♣r❡s❡♥t❛❞❛ ✉♠❛
♥♦✈❛ ✜❣✉r❛ ❝♦♠ ❛♣❡♥❛s ♦s ♣r✐♠❡✐r♦s ♠❡tr♦s ❛♣ós ❛ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡ ♣❛r❛

✽✵



✻✳✸ ❊st✉❞♦ ❞❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ♠❛❧❤❛

❋✐❣✉r❛ ✻✳✶✻✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❛ ✶✱✸✽ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦ ♣❛r❛ t♦❞♦s

♦s r❡✜♥♦s ❞❡ ♠❛❧❤❛ ✉t✐❧✐③❛❞♦s✳

✉♠❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳ ◆❛ ❋✐❣✉r❛ ✻✳✶✼ é ❛♣r❡s❡♥✲
t❛❞♦ ♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦s ✺ ♠ ✐♥✐❝✐❛✐s ❞♦ ❡s❝♦❛♠❡♥t♦✳

P♦❞❡✲s❡ ✈✐s✉❛❧✐③❛r ♥❛ ❋✐❣✉r❛ ✻✳✶✼ q✉❡ ♥♦ ✐♥í❝✐♦ ❞♦ ❡s❝♦❛♠❡♥t♦✱ ❛s
♠❛❧❤❛s ♠❡♥♦s r❡✜♥❛❞❛s ❛♣r❡s❡♥t❛♠ ❛❧❣✉♠❛s ♦s❝✐❧❛çõ❡s✳ ❆ ❝✉r✈❛ r❡♣r❡s❡♥✲
t❛t✐✈❛ ❞❛ ♠❛❧❤❛ ✸✵①✽✵ t❡♠ ✉♠❛ ❝♦♥❝❡♥tr❛çã♦ ✐♥✐❝✐❛❧ ♠❡♥♦r q✉❡ ❛s ♦✉tr❛s
❝✉r✈❛s❀ ✐st♦ ♦❝♦rr❡ ❞❡✈✐❞♦ ❛♦ ♠♦❞♦ ❝♦♠♦ ♦ ♠♦❞❡❧♦ ✐♥s❡r❡ ❛s ❝♦♥❝❡♥tr❛çõ❡s
✐♥✐❝✐❛✐s ♥♦ ❞♦♠í♥✐♦✳ ❏á ❛ ♠❛❧❤❛ ✺✵①✽✵ ❛♣r❡s❡♥t♦✉ ✉♠❛ ♣❡q✉❡♥❛ ♦s❝✐❧❛çã♦
❞❡✈✐❞♦ ♣r♦✈❛✈❡❧♠❡♥t❡ ❛♦ ♠❡♥♦r r❡✜♥♦ ❞❛ ♠❛❧❤❛✳ ❆s ♠❛❧❤❛s ✼✵①✽✵ ❡ ✽✵①✽✵
❛♣r❡s❡♥t❛r❛♠ ❝♦♠♣♦rt❛♠❡♥t♦s ❜❛st❛♥t❡ s❡♠❡❧❤❛♥t❡s✳

❉❡st❛ ♠❛♥❡✐r❛✱ ❢♦✐ ❞❡t❡r♠✐♥❛❞♦ q✉❡ ♥❡st❡ ❡st✉❞♦ ❞❡ ❝❛s♦ ❛ ♠❛❧❤❛
♥❡❝❡ss✐t❛ t❡r ✉♠ t♦t❛❧ ❞❡ ✼✵ ❧✐♥❤❛s ♣❛r❛ q✉❡ ♥ã♦ ❛♣r❡s❡♥t❡ ♦s❝✐❧❛çõ❡s ❡♠ s❡✉s
r❡s✉❧t❛❞♦s✳

❆ ♣❛rt✐r ❞❡st❡ ✈❛❧♦r✱ ❢♦✐ r❡❛❧✐③❛❞♦ ♦ ❡st✉❞♦ ❞❡ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❛
♠❛❧❤❛ ❡♠ r❡❧❛çã♦ ❛♦ ♥ú♠❡r♦ ❞❡ ❝♦❧✉♥❛s✳ ❖ ♥ú♠❡r♦ ❞❡ ❧✐♥❤❛s ❢♦✐ ✜①❛❞♦ ❡♠
✼✵✱ ❝♦♥❢♦r♠❡ ❞❡♠♦♥str❛çã♦ ❛♥t❡r✐♦r✱ ❡ ♦ ♥ú♠❡r♦ ❞❡ s❡çõ❡s tr❛♥s✈❡rs❛✐s ❢♦r❛♠
✜①❛❞♦s ❡♠ ✶✵✳✵✵✵✳✵✵✵✳ ❖s ♥ú♠❡r♦s ❞❡ ❝♦❧✉♥❛s ✉t✐❧✐③❛❞♦s ❢♦r❛♠ ✸✵✱ ✺✵✱ ✼✵ ❡
✽✵✳

◆❛ ❋✐❣✉r❛ ✻✳✶✽ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♣❡r✜s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♦❜t✐❞♦s ❝♦♠
♦s ❞✐❢❡r❡♥t❡s r❡✜♥♦s ❞❡ ♠❛❧❤❛ ✉t✐❧✐③❛❞♦s✳ ➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♥❡st❛ ✜❣✉r❛
q✉❡ t♦❞♦s ♦s ♣❡r✜s ❛♣r❡s❡♥t❛r❛♠ ❝♦♠♣♦rt❛♠❡♥t♦s ❜❛st❛♥t❡ ♣ró①✐♠♦s✳ ❉❡st❛
❢♦r♠❛✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ é ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ r❡✜♥♦ ❞❛ ♠❛❧❤❛
✉t✐❧✐③❛❞♦✳
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❋✐❣✉r❛ ✻✳✶✼✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❛ ✶✱✸✽ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦ ♥♦s ✺ ♠

✐♥✐❝✐❛✐s ❞❡ ❡s❝♦❛♠❡♥t♦✳

❋✐❣✉r❛ ✻✳✶✽✿ P❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♣❛r❛ t♦❞♦s ♦s r❡✜♥♦s ❞❡ ♠❛❧❤❛ ✉t✐❧✐③❛❞♦s✳
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✻✳✸ ❊st✉❞♦ ❞❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ♠❛❧❤❛

❋✐❣✉r❛ ✻✳✶✾✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♣❛r❛ t♦❞♦s ♦s r❡✜♥♦s ❞❡ ♠❛❧❤❛ ✉t✐❧✐③❛❞♦s✳

◆❛ ❋✐❣✉r❛ ✻✳✶✾ sã♦ ♠♦str❛❞♦s ♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♦❜t✐❞♦s ♣❛r❛
t♦❞♦s ♦s r❡✜♥♦s ❞❡ ♠❛❧❤❛ ✉t✐❧✐③❛❞♦s✳

P❛r❛ ♣❡r♠✐t✐r ✉♠❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦ ❞♦s r❡s✉❧t❛❞♦s✱ ♥❛ ❋✐❣✉r❛
✻✳✷✵ sã♦ ♠♦str❛❞♦s ❛♣❡♥❛s ♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♦❜t✐❞♦s ♣❛r❛ ♦s ✺ ♠
✐♥✐❝✐❛✐s ❞♦ ❡s❝♦❛♠❡♥t♦✳

❖❜s❡r✈❛♥❞♦ ♦s r❡s✉❧t❛❞♦s ♠♦str❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✷✵✱ ♣❡r❝❡❜❡✲s❡ q✉❡
♦❝♦rr❡ ✉♠❛ ♣❡q✉❡♥❛ ❞✐❢❡r❡♥ç❛ ♥♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦
♣❛r❛ ❝❛❞❛ r❡✜♥♦ ❞❛ ♠❛❧❤❛✳ ❆s ♠❛❧❤❛s ❝♦♠ ♥ú♠❡r♦s ❞❡ ❝♦❧✉♥❛s ❞❡ ✼✵ ❡
✽✵ ❛♣r❡s❡♥t❛r❛♠ ❝♦♠♣♦rt❛♠❡♥t♦s s❡♠❡❧❤❛♥t❡s✳ ❉❡st❛ ❢♦r♠❛✱ ♦♣t❛r✲s❡✲á ♣♦r
✉t✐❧✐③❛r ✉♠❛ ♠❛❧❤❛ ❝♦♠ ♥ú♠❡r♦ ❞❡ ❝♦❧✉♥❛s ❞❡ ✼✵ ♣❛r❛ ❛ ❝♦♥t✐♥✉❛çã♦ ❞♦ ❡s✲
t✉❞♦ ❞❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ♠❛❧❤❛✳ ◆ã♦ s❡rá ✉t✐❧✐③❛❞♦ ✉♠ t♦t❛❧ ❞❡ ✽✵ ❝♦❧✉♥❛s✱
♣♦✐s ❝♦♠ ❡st❡ r❡✜♥♦ ♦ ♠♦❞❡❧♦ ❡①✐❣❡ ✉♠❛ ❝❛♣❛❝✐❞❛❞❡ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♠✉✐t♦
❡❧❡✈❛❞❛✳

❋✐♥❛❧♠❡♥t❡ ❢♦✐ r❡❛❧✐③❛❞♦ ♦ ❡st✉❞♦ ❞❡ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ♠❛❧❤❛ ❡♠
r❡❧❛çã♦ ❛♦ ♥ú♠❡r♦ ❞❡ s❡çõ❡s tr❛♥s✈❡rs❛✐s✳ ❖ ♥ú♠❡r♦ ❞❡ ❧✐♥❤❛s ❡ ❞❡ ❝♦❧✉♥❛s
❢♦✐ ✜①❛❞♦ ❡♠ ✼✵✱ ❝♦♥❢♦r♠❡ ❞❡♠♦♥str❛çã♦ ❛♥t❡r✐♦r✳ ❖s ♥ú♠❡r♦s ❞❡ s❡çõ❡s
tr❛♥s✈❡rs❛✐s ✉t✐❧✐③❛❞♦s ❢♦r❛♠ ✺✳✵✵✵✳✵✵✵✱ ✶✵✳✵✵✵✳✵✵✵✱ ✷✵✳✵✵✵✳✵✵✵ ❡ ✺✵✳✵✵✵✳✵✵✵✳

◆❛ ❋✐❣✉r❛ ✻✳✷✶ sã♦ ♠♦str❛❞♦s ♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♦❜t✐❞♦s ♣❛r❛
t♦❞♦s ♦s r❡✜♥♦s ❞❡ ♠❛❧❤❛ ✉t✐❧✐③❛❞♦s✳

❖❜s❡r✈❛♥❞♦ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✷✶✱ ♣♦❞❡✲s❡
♣❡r❝❡❜❡r q✉❡ ♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ é ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ r❡✜♥♦ ❞❛ ♠❛❧❤❛
✉t✐❧✐③❛❞♦ ♥♦ s❡♥t✐❞♦ ❞♦ ❡s❝♦❛♠❡♥t♦✱ ✉♠❛ ✈❡③ q✉❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ♣❡r✲
✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❢♦r❛♠ ❜❛st❛♥t❡ s❡♠❡❧❤❛♥t❡s✳
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✻✳✸ ❊st✉❞♦ ❞❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ♠❛❧❤❛

❋✐❣✉r❛ ✻✳✷✵✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♥♦s ✺ ♠ ✐♥✐❝✐❛✐s ❞♦ ❡s❝♦❛♠❡♥t♦✳

❋✐❣✉r❛ ✻✳✷✶✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♣❛r❛ t♦❞♦s ♦s r❡✜♥♦s ❞❡ ♠❛❧❤❛ ✉t✐❧✐③❛❞♦s✳
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❆♣ós ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✱ ❞❡t❡r♠✐♥♦✉✲s❡ q✉❡ ❛ ♠❛❧❤❛ ❝♦♥✲
s✐❞❡r❛❞❛ ✐❞❡❛❧ ♣❛r❛ ❡st❡ ❡st✉❞♦ ❞❡ ❝❛s♦ s❡r✐❛ ✼✵①✼✵①✺✳✵✵✵✳✵✵✵✳ ❈♦♠ ❡st❡ r❡✲
✜♥♦ ❞❡ ♠❛❧❤❛✱ ❛s ❞✐♠❡♥sõ❡s ❞♦s ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ s❡r✐❛♠✿ ∆x ❂ ✶✹✱✷✾
❝♠✱ ∆y ❂ ✹✱✷✽ ❝♠ ❡ ∆z ❂ ✵✱✶ ♠♠✳

P♦❞❡✲s❡ ♦❜s❡r✈❛r ❛ ♣❛rt✐r ❞❡st❡s r❡s✉❧t❛❞♦s q✉❡ ❛ ♠❛❧❤❛ ♥❡❝❡ss✐t❛ ❞❡
✉♠ r❡✜♥♦ ♠❛✐♦r ♥❛ ❞✐r❡çã♦ z✱ q✉❡ é ♦ s❡♥t✐❞♦ ❞♦ ❡s❝♦❛♠❡♥t♦✳ ■st♦ ❞❡✈❡✲s❡
❛♦ ❢❛t♦ ❞❡ q✉❡ ♦ ❢❡♥ô♠❡♥♦ é ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❞✐❢✉s✐✈♦ ♥❛s ❞✐r❡çõ❡s x ❡ y✳
❏á ♥❛ ❞✐r❡çã♦ z✱ ♦ ❢❡♥ô♠❡♥♦ é ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❝♦♥✈❡❝t✐✈♦✱ ♦ q✉❡ ❧❡✈❛ à
♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉♠ ♠❛✐♦r r❡✜♥♦ ❞❛ ♠❛❧❤❛ ♥❡ss❡ s❡♥t✐❞♦✳

❨❛❦♦✇✐t③ ✫ ❙③✐❞❛r♦✈s③❦② ✭✹✻✱ ✶✾✽✾✮ ❡①♣✉s❡r❛♠ ❛ ❞❡❞✉çã♦
♠❛t❡♠át✐❝❛ r❡❢❡r❡♥t❡ à ❡①✐stê♥❝✐❛ ❞❡ ✈❛❧♦r❡s ót✐♠♦s ♣❛r❛ ♣❛ss♦s✳ ❚❛❧ ❞❡❞✉çã♦
♣r♦✈❛ q✉❡ ♦ ❡rr♦ t♦t❛❧ ❡q✉✐✈❛❧❡ à s♦♠❛ ❞♦ ❡rr♦ ❝❛✉s❛❞♦ ♣♦r ❛rr❡❞♦♥❞❛♠❡♥t♦s
✭❞✐r❡t❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ ❛♦ ♣❛ss♦✮ ❝♦♠ ♦ ❡rr♦ ✐♥❡r❡♥t❡ à ❡q✉❛çã♦ ✭✐♥✈❡rs❛✲
♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ ❛♦ ♣❛ss♦✮✳ ❈♦♠♦ ❝♦♥s❡qüê♥❝✐❛ ❞✐r❡t❛ ❞❡st❡ ❢❛t♦✱ t❡♠✲s❡
q✉❡ ♦s ✈❛❧♦r❡s ❝♦♥s✐❞❡r❛❞♦s ót✐♠♦s ♣❛r❛ ♦s ♣❛ss♦s ❛❞♦t❛❞♦s ♥❛s três ❞✐r❡çõ❡s
sã♦ ❡①♣❡r✐♠❡♥t❛✐s✱ ✐♥t❡r❞❡♣❡♥❞❡♥t❡s ❡ ✈❛r✐❛♥t❡s ♣❛r❛ ❝❛❞❛ s✐st❡♠❛ ❡st✉❞❛❞♦✳
❆ss✐♠✱ ♦ ♣r♦❣r❛♠❛ ❞❡s❡♥✈♦❧✈✐❞♦ ♥ã♦ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ❝♦♠♦ ✉♠ ❜❧❛❝❦ ❜♦①
♣r♦❣r❛♠ ❥á q✉❡ r❡q✉❡r ✉♠ ❡s❢♦rç♦ ❞♦ ✉s✉ár✐♦ ♣❛r❛ q✉❡ s❡ ❞❡t❡r♠✐♥❡♠ ♦s ✈❛✲
❧♦r❡s ❞❡ ∆x ✱ ∆y ❡ ∆z ❛ s❡r❡♠ ✉t✐❧✐③❛❞♦s✳ ❖ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ t❛✐s ✈❛❧♦r❡s✱
❡♥tr❡t❛♥t♦✱ é s✐♠♣❧❡s ❥á q✉❡ ❛♦ s❡ ✉s❛r ✈❛❧♦r❡s ✐♥❛❞❡q✉❛❞♦s✱ ♦❜tê♠✲s❡ r❡s✉❧✲
t❛❞♦s ✐♥❝♦♥s✐st❡♥t❡s✱ s❡♥❞♦ q✉❡ ♦s ✈❛❧♦r❡s ❞❡ ❝♦♥❝❡♥tr❛çã♦ r❡s✉❧t❛♥t❡s s❡rã♦
♥❡❣❛t✐✈♦s✱ ✐rr❛❝✐♦♥❛✐s ♦✉✱ ❡♠ ❣❡r❛❧✱ ♦ ♣r♦❣r❛♠❛ ✐rá ✐♥❞✐❝❛r ✉♠❛ ❝♦♥❞✐çã♦ ❞❡
♦✈❡r✢♦✇✳

◆♦t♦✉✲s❡✱ ❛tr❛✈és ❞♦s r❡s✉❧t❛❞♦s ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦✱ ❛ ♥❡❝❡s✲
s✐❞❛❞❡ ❞❡ ✉♠ ♠❛✐♦r r❡✜♥♦ ❞♦s ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ♣ró①✐♠♦s às ♣❛r❡❞❡s ❡ ❛♦
❢✉♥❞♦ ❞♦ r✐♦✳ ❊♥tr❡t❛♥t♦✱ ❢♦✐ ♦❜s❡r✈❛❞♦ q✉❡ ✉♠ ♠❛✐♦r r❡✜♥♦ ❞❛ ♠❛❧❤❛ ❡✴♦✉
♠❛✐♦r❡s ✈❛❧♦r❡s ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐❢✉s✐✈✐❞❛❞❡ ❣❡r❛r❛♠ ✐♥st❛❜✐❧✐❞❛❞❡s ♥✉♠ér✐✲
❝❛s q✉❡ ♣r❡❝✐s❛♠ s❡r tr❛t❛❞❛s ❝♦♠ ♠❛✐♦r❡s ❝✉✐❞❛❞♦s✳ P♦ré♠✱ ❡st❡ ♣r♦❜❧❡♠❛
♥ã♦ ❛❧t❡r♦✉ ❞❡ ❢♦r♠❛ s✐❣♥✐✜❝❛t✐✈❛ ♦s r❡s✉❧t❛❞♦s ♠♦str❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳

✻✳✹ ▼ú❧t✐♣❧♦s ♣♦♥t♦s ❞❡ ❡♠✐ssã♦

❖ ♣r♦❣r❛♠❛ ❞❡s❡♥✈♦❧✈✐❞♦ ♦❢❡r❡❝❡ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞♦ ❡st✉❞♦ ❞♦ ✐♠✲
♣❛❝t♦ ❛♠❜✐❡♥t❛❧ ❞❡ ✉♠❛ ♥♦✈❛ ❡♠✐ssã♦ ❞❡ ❡✢✉❡♥t❡s ❡♠ ✉♠❛ r❡❣✐ã♦ ♦♥❞❡ ❥á
❡①✐st❛♠ ♦✉tr❛s ❡♠✐ssõ❡s✳ ❆ss✐♠✱ t♦r♥❛✲s❡ ♣♦ssí✈❡❧ ❛ ❛✈❛❧✐❛çã♦ ❞❡ ❝❛s♦s ♠❛✐s
❝♦♠♣❧❡①♦s✳ ❆ ✜♠ ❞❡ ✐❧✉str❛r ❡st❛ ♣r♦♣r✐❡❞❛❞❡ ❞♦ ♣r♦❣r❛♠❛✱ ❢♦✐ r❡❛❧✐③❛❞♦
✉♠ ❡st✉❞♦ ❞❡ ❝❛s♦ ❤✐♣♦tét✐❝♦ ❝♦♠ ❝✐♥❝♦ ❞❡s♣❡❥♦s ❞❡ ❡✢✉❡♥t❡s ❡♠ ❞✐❢❡r❡♥t❡s

✽✺



✻✳✹ ▼ú❧t✐♣❧♦s ♣♦♥t♦s ❞❡ ❡♠✐ssã♦

❧♦❝❛✐s ❞♦ r✐♦✳ ❚♦❞♦s ♦s ❡✢✉❡♥t❡s ❧❛♥ç❛❞♦s t✐♥❤❛♠ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ✉♠❛ s✉❜s✲
tâ♥❝✐❛ ❤✐♣♦tét✐❝❛ ✐♥❡rt❡ ✐❣✉❛❧ ❛ ✺ ♠❣✴▲✳ ❖s ♣♦♥t♦s ❞❡ ❡♠✐ssã♦ ❞♦s ❡✢✉❡♥t❡s
s❡ ❧♦❝❛❧✐③❛✈❛♠ ❛ ✵ ♠✱ ✶✵✵ ♠✱ ✶✺✵ ♠✱ ✷✻✵ ♠ ❡ ✸✽✵ ♠ ❡♠ r❡❧❛çã♦ ❛♦ ✐♥í❝✐♦ ❞♦
❞♦♠í♥✐♦✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✻✳✷✷✳ ❖s ❞❡♠❛✐s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ♣r♦❣r❛♠❛
sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✸✳

❚❛❜❡❧❛ ✻✳✸✿ ❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ❡st✉❞♦ ❞❡ ❝❛s♦ ❝♦♠ ♠ú❧t✐♣❧♦s ♣♦♥t♦s ❞❡ ❡♠✐ssã♦

❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❱❛❧♦r❡s

Pr♦❢✉♥❞✐❞❛❞❡✭m✮ ✸✱✵

▲❛r❣✉r❛ ✭m✮ ✶✵✱✵

❈♦♠♣r✐♠❡♥t♦ ✭m✮ ✺✵✵✱✵

❱❛③ã♦ ❞♦ r✐♦ ✭m3/s✮ ✷✵✱✵

❱❛③ã♦ ❞♦s ❡✢✉❡♥t❡s ✭m3/s✮ ✵✱✸

❈♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ✭m2/s✮ ✵✱✵✷

❈♦♥❝❡♥tr❛çã♦ ❞❡ s✉❜stâ♥❝✐❛ ✐♥❡rt❡

❛♥t❡s ❞♦ ♣♦♥t♦ ❞❡ ❞❡s♣❡❥♦ ✭mg/L✮

✵✱✺

❈♦♥❝❡♥tr❛çã♦ ❞❡ s✉❜stâ♥❝✐❛ ✐♥❡rt❡ ♥♦s

❡✢✉❡♥t❡s ✭mg/L✮

✺✱✵

◆♦s ♣♦♥t♦s ❞❡ ❧❛♥ç❛♠❡♥t♦ ✶✱ ✷ ❡ ✸✱ ♦s ❡✢✉❡♥t❡s ❢♦r❛♠ ❧❛♥ç❛❞♦s ♥❛
s✉♣❡r❢í❝✐❡ ❞♦ r✐♦❀ ❥á ♥♦s ♣♦♥t♦s ❞❡ ❧❛♥ç❛♠❡♥t♦ ✹ ❡ ✺✱ ♦s ❡✢✉❡♥t❡s ❢♦r❛♠
❧❛♥ç❛❞♦s ♥♦ ❢✉♥❞♦ ❞♦ r✐♦✳

◆❛ ❋✐❣✉r❛ ✻✳✷✸✱ é ♠♦str❛❞♦ ♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❡✢✉❡♥t❡ ♥❛
s✉♣❡r❢í❝✐❡ ❞♦ r✐♦ ♦❜t✐❞♦ ♣❡❧♦ ♠♦❞❡❧♦✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♠♦str❛♠ q✉❡ ♦
♠♦❞❡❧♦ t❡♠ ❝♦♥❞✐çõ❡s ❞❡ ♣r❡❞✐③❡r s✐t✉❛çõ❡s ♦♥❞❡ ❡①✐st❛♠ ♠❛✐s ❞❡ ✉♠ ♣♦♥t♦
❞❡ ❧❛♥ç❛♠❡♥t♦ ❞❡ ❡✢✉❡♥t❡s✳

✽✻



✻✳✹ ▼ú❧t✐♣❧♦s ♣♦♥t♦s ❞❡ ❡♠✐ssã♦

❋✐❣✉r❛ ✻✳✷✷✿ ❋✐❣✉r❛ r❡♣r❡s❡♥t❛t✐✈❛ ❞♦ ❡st✉❞♦ ❞❡ ❝❛s♦✳

❋✐❣✉r❛ ✻✳✷✸✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ✉♠ ❡st✉❞♦ ❞❡ ❝❛s♦ ❝♦♠ ♠ú❧t✐♣❧♦s ♣♦♥t♦s

❞❡ ❡♠✐ssã♦✳

✽✼



✻✳✺ ❊st✉❞♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦

✻✳✺ ❊st✉❞♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦

◆❡st❡ ♠♦❞❡❧♦✱ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ é ❝♦♥s✐❞❡r❛❞♦ ✉♠ ♣❛râ♠❡✲
tr♦ ❞❡ ❛❥✉st❡✳ ❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❡st✉❞❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❡st❡ ❝♦❡✜❝✐❡♥t❡ ♥♦
♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♠♦❞❡❧♦ ❡♠ ❡st✉❞♦✱ ♦ ♣r♦❣r❛♠❛ ❢♦✐ ❡①❡❝✉t❛❞♦ ♥♦✈❛✲
♠❡♥t❡ ✉t✐❧✐③❛♥❞♦ ❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s ♣❛r❛ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦✳ ❖s ❞❛❞♦s
❞❡ ❡♥tr❛❞❛ ✉t✐❧✐③❛❞♦s ♥♦ ♣r♦❣r❛♠❛ ❡stã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✹✳ ❖s ✈❛✲
❧♦r❡s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❝♦♠♣❛r❛çã♦ ❢♦r❛♠✿ ✵✱✵✶ m2/s✱ ✵✱✵✶✺ m2/s ❡ ✵✱✵✷ m2/s✳
■♥✐❝✐❛❧♠❡♥t❡✱ ♦ ❡❢❡✐t♦ ❞❛ ✈❛r✐❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❢♦✐ ❡st✉❞❛❞♦
✉t✐❧✐③❛♥❞♦ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❝♦♥s✐❞❡r❛♥❞♦ ❡s❝♦❛♠❡♥t♦ ❧❛♠✐♥❛r✳

❚❛❜❡❧❛ ✻✳✹✿ ❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ♣❛r❛ ❡st✉❞♦ ❞❛ ✈❛r✐❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦

❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❱❛❧♦r❡s

Pr♦❢✉♥❞✐❞❛❞❡ ✭m✮ ✸✱✵

▲❛r❣✉r❛ ✭m✮ ✶✵✱✵

❈♦♠♣r✐♠❡♥t♦ ✭m✮ ✷✳✵✵✵✱✵

❱❛③ã♦ ❞♦ r✐♦ ✭m3/s✮ ✶✵✱✵

❱❛③ã♦ ❞♦ ❡✢✉❡♥t❡ ✭m3/s✮ ✵✱✶

❈♦♥❝❡♥tr❛çã♦ ♥♦ r✐♦ ❛♥t❡s ❞♦ ♣♦♥t♦ ❞❡

❞❡s♣❡❥♦ ✭mg/L✮

✵✱✺

❈♦♥❝❡♥tr❛çã♦ ❞❛ s✉❜stâ♥❝✐❛ ♥♦

❡✢✉❡♥t❡ ✭mg/L✮

✺✱✵

◆❛s ❋✐❣✉r❛s ✻✳✷✹ ❛ ✻✳✷✽ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦
♥♦s ✈♦❧✉♠❡s ❞❡ ❝♦♥tr♦❧❡ ❆✲❊ ✭❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✻✳✻✮ ♣❛r❛ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡
❣❧♦❜❛❧ ❞❡ ❞✐s♣❡rsã♦ ❝♦♥s✐❞❡r❛❞♦✳

❋♦r❛♠ t❛♠❜é♠ ❞❡t❡r♠✐♥❛❞❛s ❛s ❞✐stâ♥❝✐❛s ♥❡❝❡ssár✐❛s ♣❛r❛ ❛ ❝♦♠✲
♣❧❡t❛ ❞✐s♣❡rsã♦ ❞♦ ❡✢✉❡♥t❡ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❝♦♥s✐❞❡r❛❞♦s✳ ❖
❝r✐tér✐♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ❞✐❧✉✐çã♦ é ♦ ♠❡s♠♦ ❞❡s✲
❝r✐t♦ ♥❛ s❡çã♦ ✻✳✶✳ ❆s ❞✐stâ♥❝✐❛s ❞❡t❡r♠✐♥❛❞❛s ❡stã♦ ❞❡♠♦♥str❛❞❛s ♥❛ ❚❛❜❡❧❛
✻✳✺✳

❆ ♠❡♥♦r ❞✐stâ♥❝✐❛ ♣❛r❛ ❛ t♦t❛❧ ❞✐s♣❡rsã♦ ❞♦ ❡✢✉❡♥t❡ ♦❝♦rr❡✉✱ ❝♦♠♦

✽✽



✻✳✺ ❊st✉❞♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦

❋✐❣✉r❛ ✻✳✷✹✿ P❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ ❝♦♥tr♦❧❡ ❆ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛

✻✳✻✳

❋✐❣✉r❛ ✻✳✷✺✿ P❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ ❝♦♥tr♦❧❡ ❇ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛

✻✳✻✳

✽✾



✻✳✺ ❊st✉❞♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦

❋✐❣✉r❛ ✻✳✷✻✿ P❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ ❝♦♥tr♦❧❡ ❈ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛

✻✳✻✳

❋✐❣✉r❛ ✻✳✷✼✿ P❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ ❝♦♥tr♦❧❡ ❉ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛

✻✳✻✳

✾✵



✻✳✺ ❊st✉❞♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦

❋✐❣✉r❛ ✻✳✷✽✿ P❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ ❝♦♥tr♦❧❡ ❊ r❡♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛

✻✳✻✳

❚❛❜❡❧❛ ✻✳✺✿ ❉✐stâ♥❝✐❛ ❞❡ ❞✐❧✉✐çã♦ ♣❛r❛ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❡st✉❞❛❞♦✳

❈♦❡❢✳ ❞❡ ❞✐s♣❡rsã♦ ✭m2/s✮ ✵✱✵✶ ✵✱✵✶✺ ✵✱✵✷

❉✐stâ♥❝✐❛ ✭m✮ ✾✼✻✱✹ ✻✺✶✱✶ ✹✽✽✱✹

❥á ❡r❛ ❡s♣❡r❛❞♦✱ ❝♦♠ ♦ ♠❛✐♦r ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❝♦♥s✐❞❡r❛❞♦✳ ❖s r❡s✉❧✲
t❛❞♦s ♠♦str❛♠ q✉❡✱ ❛ ♣❛rt✐r ❞❡ ❞❛❞♦s ❞❡ ❝❛♠♣♦✱ s❡r✐❛ ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r
♦ ✈❛❧♦r q✉❡ ♠❡❧❤♦r r❡♣r❡s❡♥t❛ss❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣r♦❜❧❡♠❛✱ ❞❡ ♠♦❞♦ q✉❡✱
♣❛r❛ ❝❛❞❛ ❝❛s♦ ❡s♣❡❝í✜❝♦✱ ❡st❡ ❝♦❡✜❝✐❡♥t❡ s❡r✐❛ ✉t✐❧✐③❛❞♦ ♣❛r❛ ♣r❡✈❡r ♦✉tr♦s
❧❛♥ç❛♠❡♥t♦s ❞♦ ♠❡s♠♦ ❡✢✉❡♥t❡✳ ❯♠ ❡st✉❞♦ ♠❛✐s ❝♦♠♣❧❡t♦ ❞♦ ♠♦❞❡❧♦ ♥ã♦
✉t✐❧✐③❛r✐❛ ♦ ✈❛❧♦r ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❝♦♠♦ ✉♠ ♣❛râ♠❡tr♦ ❞❡ ❛❥✉st❡✱
✈✐st♦ q✉❡ ❡st❡ ❝♦❡✜❝✐❡♥t❡ ♣♦❞❡ s❡r ♦❜t✐❞♦ ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡✳

✻✳✺✳✶ ❊❢❡✐t♦ ❞❛ ✈❛r✐❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❡♠ ❡s✲

❝♦❛♠❡♥t♦ t✉r❜✉❧❡♥t♦

❯♠ ❡st✉❞♦ s❡♠❡❧❤❛♥t❡ ❛♦ ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✻✳✺ ❢♦✐ r❡❛❧✐③❛❞♦ ♣❛r❛ ✈❡✲
r✐✜❝❛çã♦ ❞♦ ❡❢❡✐t♦ ❞❛ ✈❛r✐❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❡♠ ✉♠ ❡s❝♦❛♠❡♥t♦
t✉r❜✉❧❡♥t♦✳ ❖s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ♠♦❞❡❧♦ sã♦ ♦s ❞❡s❝r✐t♦s ♥❛ ❚❛❜❡❧❛ ✻✳✹✳
❖s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❞✐s♣❡rsã♦ ✉t✐❧✐③❛❞♦s ❢♦r❛♠ ♥♦✈❛♠❡♥t❡✿ ✵✱✵✶ m2/s✱ ✵✱✵✶✺
m2/s ❡ ✵✱✵✷ m2/s✳

✾✶



✻✳✻ ❊st✉❞♦ ❞❛ ✈❛r✐❛çã♦ ❞♦ ❧♦❝❛❧ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡

❆s ❞✐stâ♥❝✐❛s ❞❡ ❞✐❧✉✐çã♦ ❞♦ ❡✢✉❡♥t❡ ❢♦r❛♠ ♦❜t✐❞❛s ❞❡ ❛❝♦r❞♦ ❝♦♠
♦ ❝r✐tér✐♦ ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✻✳✶✳ ❆s ❞✐stâ♥❝✐❛s ❞❡ ❞✐❧✉✐çã♦ ♦❜t✐❞❛s ♣❛r❛ ❝❛❞❛
✉♠ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❞✐s♣❡rsã♦ ✉t✐❧✐③❛❞♦s sã♦ ♠♦str❛❞❛s ♥❛ ❚❛❜❡❧❛ ✻✳✻✳

❚❛❜❡❧❛ ✻✳✻✿ ❉✐stâ♥❝✐❛ ❞❡ ❞✐❧✉✐çã♦ ♣❛r❛ ❝❛❞❛ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❡♠ ❡s❝♦❛♠❡♥t♦

t✉r❜✉❧❡♥t♦✳

❈♦❡❢✳ ❞❡ ❞✐s♣❡rsã♦ ✭m2/s✮ ✵✱✵✶ ✵✱✵✶✺ ✵✱✵✷

❉✐stâ♥❝✐❛ ✭m✮ ✽✵✺✱✹ ✺✸✼✱✶ ✹✵✷✱✽

❆ ♠❡♥♦r ❞✐stâ♥❝✐❛ ❞❡ ❞✐❧✉✐çã♦ ♦❝♦rr❡✉ ♥♦✈❛♠❡♥t❡ ❝♦♠ ♦ ♠❛✐♦r ❝♦❡✲
✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❝♦♥s✐❞❡r❛❞♦✳ ❆♥❛❧✐s❛♥❞♦ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❛s
❚❛❜❡❧❛s ✻✳✺ ❡ ✻✳✻✱ t♦r♥❛✲s❡ ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r ♦ ❡❢❡✐t♦ ❞❛ ✐♥❝❧✉sã♦ ❞♦s ❡❢❡✐t♦s ❞❛
t✉r❜✉❧ê♥❝✐❛ ♥♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳ ❆♦ s❡ ❛♥❛❧✐s❛r ♦s r❡s✉❧t❛❞♦s✱ ♣❡r❝❡❜❡✲s❡
q✉❡ ❛s ❞✐stâ♥❝✐❛s ❞❡ ❞✐❧✉✐çã♦ ❝♦♠ ❛ ❝♦♥s✐❞❡r❛çã♦ ❞♦s ❡❢❡✐t♦s ❞❛ t✉r❜✉❧ê♥❝✐❛
❢♦r❛♠ ❡♠ t♦r♥♦ ❞❡ ✽✷✱✺ ✪ ♠❡♥♦r❡s q✉❡ ♥♦ ❡s❝♦❛♠❡♥t♦ ❧❛♠✐♥❛r✳

✻✳✻ ❊st✉❞♦ ❞❛ ✈❛r✐❛çã♦ ❞♦ ❧♦❝❛❧ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉✲

❡♥t❡

❖ ❧♦❝❛❧ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡ ♥♦ r✐♦ é ✉♠❛ ✈❛r✐á✈❡❧ ✐♠♣♦rt❛♥t❡ ❛ s❡r
❡st✉❞❛❞❛✳ ❉❡st❛ ❢♦r♠❛✱ ❢♦✐ r❡❛❧✐③❛❞♦ ✉♠ ❡st✉❞♦ ❛ ✜♠ ❞❡ ✈❡r✐✜❝❛r ♦ ❡❢❡✐t♦ ❞❛
✈❛r✐❛çã♦ ❞♦ ❧♦❝❛❧ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡ ♥❛ ❞✐stâ♥❝✐❛ ❞❡ ♠✐st✉r❛ ❝♦♠♣❧❡t❛✳
◆❡st❡ ❡st✉❞♦✱ ♦ ❡✢✉❡♥t❡ ❢♦✐ ❧❛♥ç❛❞♦ ❡♠ ✸ ❧♦❝❛✐s ❞✐st✐♥t♦s ❞♦ r✐♦✿ ♥❛ ❧❛t❡r❛❧ ❞♦
r✐♦ ❡ ❡♠ s✉❛ s✉♣❡r❢í❝✐❡✱ ♥❛ s✉♣❡r❢í❝✐❡ ❛♦ ❝❡♥tr♦ ❡ ♥♦ ❢✉♥❞♦ ❞♦ r✐♦ t❛♠❜é♠ ❛♦
❝❡♥tr♦✳ ❖s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ♠♦❞❡❧♦ sã♦ ♦s ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✼✳
❆ s✉❜stâ♥❝✐❛ ❛ s❡r ❡st✉❞❛❞❡ ♥❡st❡ ❝❛s♦ é ✐♥❡rt❡✳ ❆s ❞✐stâ♥❝✐❛s ❞❡ ♠✐st✉r❛
❝♦♠♣❧❡t❛ ♦❜t✐❞❛s ♣❡❧♦ ♠♦❞❡❧♦ sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✻✳✽✳

❈♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✽✱ ♦ ❡✢✉❡♥t❡ ❞❡s♣❡❥❛❞♦ ♥❛ ❧❛✲
t❡r❛❧ ❞♦ r✐♦ s❡ ❞✐s♣❡rs❛ ❡♠ ✉♠❛ ❞✐stâ♥❝✐❛ ❜❡♠ ♠❛✐♦r q✉❡ ♦ ❡✢✉❡♥t❡ ❞❡s♣❡❥❛❞♦
♥♦ ❝❡♥tr♦ ❞♦ r✐♦✳ ❆ ❞✐s♣❡rsã♦ ❡♠ ✉♠❛ ♠❡♥♦r ❞✐stâ♥❝✐❛✱ q✉❛♥❞♦ ♦ ❡✢✉❡♥t❡ é
❞❡s♣❡❥❛❞♦ ♥♦ ❝❡♥tr♦ ❞♦ r✐♦✱ ❡r❛ ❡s♣❡r❛❞❛✱ ♣♦✐s ♥❡st❡ ❝❛s♦✱ ❛ ❞✐s♣❡rsã♦ ♦❝♦rr❡
♣❛r❛ ❛♠❜♦s ♦s ❧❛❞♦s ❞♦ r✐♦✱ ❡♥q✉❛♥t♦ ♥❛ ♠❛r❣❡♠ ♦❝♦rr❡ ❛♣❡♥❛s ❡♠ ❞✐r❡çã♦
❛♦ ❝❡♥tr♦ ❞♦ r✐♦✳

✾✷



✻✳✻ ❊st✉❞♦ ❞❛ ✈❛r✐❛çã♦ ❞♦ ❧♦❝❛❧ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡

❚❛❜❡❧❛ ✻✳✼✿ ❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ❡st✉❞♦ ❞❡ ❝❛s♦ ❝♦♠ ✈❛r✐❛çã♦ ❞♦ ♣♦♥t♦ ❞❡ ❡♠✐ssã♦✳

❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❱❛❧♦r❡s

Pr♦❢✉♥❞✐❞❛❞❡ ✭m✮ ✸✱✵

▲❛r❣✉r❛ ✭m✮ ✶✵✱✵

❱❛③ã♦ ❞♦ r✐♦ ✭m3/s✮ ✶✵✱✵

❱❛③ã♦ ❞♦ ❡✢✉❡♥t❡ ✭m3/s✮ ✵✱✶

❈♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ✭m2/s✮ ✵✱✵✷

❈♦♥❝❡♥tr❛çã♦ ❞❛ s✉❜stâ♥❝✐❛ ♥♦ r✐♦

❛♥t❡s ❞♦ ♣♦♥t♦ ❞❡ ❞❡s♣❡❥♦ ✭mg/L✮

✵✱✺

❈♦♥❝❡♥tr❛çã♦ ❞❛ s✉❜stâ♥❝✐❛ ♥♦

❡✢✉❡♥t❡ ✭mg/L✮

✺✱✵

❚❛❜❡❧❛ ✻✳✽✿ ❉✐stâ♥❝✐❛ ❞❡ ❞✐❧✉✐çã♦ ♣❛r❛ ❝❛❞❛ ❧♦❝❛❧ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡✳

▲♦❝❛❧ ❞❡ ❡♠✐ssã♦ ❉✐stâ♥❝✐❛ ❞❡ ♠✐st✉r❛ ❝♦♠♣❧❡t❛ ✭♠✮

▲❛t❡r❛❧ ❞♦ r✐♦ ✹✼✸✱✷

❋✉♥❞♦ ❡ ❝❡♥tr♦ ❞♦ r✐♦ ✶✷✹✱✹

❙✉♣❡r❢í❝✐❡ ❡ ❝❡♥tr♦ ❞♦ r✐♦ ✶✺✹✱✽

❈♦♠♣❛r❛♥❞♦✲s❡ ♦s r❡s✉❧t❛❞♦s ❞❛ ❞✐s♣❡rsã♦ ❞❛ s✉❜stâ♥❝✐❛ q✉❛♥❞♦
❧❛♥ç❛❞❛ ♥♦ ❝❡♥tr♦ ❞♦ r✐♦✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ♦❝♦rr❡ ❡♠ ✉♠❛ ❞✐stâ♥❝✐❛ ❧✐❣❡✐r❛✲
♠❡♥t❡ ♠❡♥♦r q✉❛♥❞♦ ♦ ❡✢✉❡♥t❡ é ❧❛♥ç❛❞♦ ♥♦ ❢✉♥❞♦✳ ❊st❛ ❞✐❢❡r❡♥ç❛ ♣♦❞❡
s❡r ❡①♣❧✐❝❛❞❛ ♣❡❧♦ ❢❛t♦ ❞❡ q✉❡ q✉❛♥❞♦ ❧❛♥ç❛❞♦ ♥♦ ❢✉♥❞♦✱ ♦ ❡✢✉❡♥t❡ ❡stá ❡♠
✉♠❛ r❡❣✐ã♦ ❞❡ ❜❛✐①❛s ✈❡❧♦❝✐❞❛❞❡s✱ ♦♥❞❡ ♦s ❡❢❡✐t♦s ❞✐❢✉s✐✈♦s sã♦ ❢❛✈♦r❡❝✐❞♦s✳
P♦r ♦✉tr♦ ❧❛❞♦✱ q✉❛♥❞♦ ❧❛♥ç❛❞♦ ♥❛ s✉♣❡r❢í❝✐❡✱ ♦ ❡✢✉❡♥t❡ ❡♥❝♦♥tr❛✲s❡ ❡♠ ✉♠❛
r❡❣✐ã♦ ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❝♦♥✈❡❝t✐✈❛✱ ♦♥❞❡ ♦s ❡❢❡✐t♦s ❞✐❢✉s✐✈♦s sã♦ ♠❡♥♦s
❡❢❡t✐✈♦s✳ ❖✉ s❡❥❛✱ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦✱ ♦ ❡✢✉❡♥t❡ é ❛rr❛st❛❞♦ ♣❡❧❛ á❣✉❛ ❡ s✉❛
❞✐s♣❡rsã♦ ♦❝♦rr❡ ❞❡ ♠❛♥❡✐r❛ ♠❛✐s ❧❡♥t❛ q✉❡ ❡♠ r❡❣✐õ❡s ❞❡ ❜❛✐①❛s ✈❡❧♦❝✐❞❛❞❡s✳

✾✸



✻✳✼ ❈♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❝♦♠ r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❡♠
s✐♠✉❧❛çã♦ ❝♦♠ ♦ s♦❢t✇❛r❡ ❋❧✉❡♥t

✻✳✼ ❈♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❝♦♠ r❡✲

s✉❧t❛❞♦s ♦❜t✐❞♦s ❡♠ s✐♠✉❧❛çã♦ ❝♦♠ ♦ s♦❢t✇❛r❡

❋❧✉❡♥t

❖ ♠♦❞❡❧♦ ❞♦ r✐♦ ❢♦✐ ❣❡r❛❞♦ ❡ s✐♠✉❧❛❞♦ ✉t✐❧✐③❛♥❞♦ ♦ s♦❢t✇❛r❡ ❋❧✉❡♥t✱
✈❡rsã♦ ✻✳✶✳✷✷✱ ❞❛ ❋❧✉❡♥t ■♥❝✳

❆ s✐♠✉❧❛çã♦ ❢♦✐ r❡❛❧✐③❛❞❛ tr✐❞✐♠❡♥s✐♦♥❛❧♠❡♥t❡✱ ❡♠ ❡st❛❞♦ ❡st❛✲
❝✐♦♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❛❧❤❛ ❞❡ ✶✺✵✳✵✵✵ ❡❧❡♠❡♥t♦s ❤❡①❛é❞r✐❝♦s✳ ❖ ❞♦♠í♥✐♦
s✐♠✉❧❛❞♦ ❢♦✐ ✉♠ ♣❛r❛❧❡❧❡♣í♣❡❞♦ ❞❡ ✸ ♠ ❞❡ ❛❧t✉r❛✱ ✶✵ ♠ ❞❡ ❧❛r❣✉r❛ ❡ ✶✵ ♠ ❞❡
❝♦♠♣r✐♠❡♥t♦✳ ❖ t❛♠❛♥❤♦ ❞♦ ♣r✐♠❡✐r♦ ❡❧❡♠❡♥t♦ ❞❛ ♠❛❧❤❛ ♣❡rt♦ ❞❛ ♣❛r❡❞❡
❞♦ r✐♦ ❢♦✐ ❞❡ ✸ ♠♠✱ ❡ ♦ ♠❛✐♦r ❡❧❡♠❡♥t♦ ♣♦ss✉í❛ ❧❛❞♦ ❞❡ ✷✵✵ ♠♠✳

❖ ♠♦❞❡❧♦ ❞❡ t✉r❜✉❧ê♥❝✐❛ ✉t✐❧✐③❛❞♦ ❢♦✐ ♦ ♠♦❞❡❧♦ ❦✲ε ❝♦♠ ❛✉①í❧✐♦ ❞❡
❢✉♥çõ❡s ❞❡ ♣❛r❡❞❡✳ ❯t✐❧✐③♦✉✲s❡ ♦ ❛❝♦♣❧❛♠❡♥t♦ ♣r❡ssã♦✲✈❡❧♦❝✐❞❛❞❡ ❙■▼P▲❊✱
❡ ❛ ✐♥t❡r♣♦❧❛çã♦ ❞♦s t❡r♠♦s ❝♦♥✈❡❝t✐✈♦s s❡❣✉✐✉ ♦ ❡sq✉❡♠❛ ✉♣✇✐♥❞✳

❈♦♠♦ r❡s✉❧t❛❞♦✱ ♦❜t❡✈❡✲s❡ ♦s ❝❛♠♣♦s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ♣r❡ssã♦ ❛♦
✜♥❛❧ ❞❡ ✶✵ ♠✳ ❖ r❡s✉❧t❛❞♦ ❞❡ ❝❛❞❛ s✐♠✉❧❛çã♦ ❢♦✐ ✉s❛❞♦ ❝♦♠♦ ❝♦♥❞✐çã♦ ✐♥✐❝✐❛❧
♣❛r❛ ✉♠❛ ♣ró①✐♠❛ s✐♠✉❧❛çã♦✱ ❞❡ ♠♦❞♦ q✉❡ ✉♠ t♦t❛❧ ❞❡ ✷✵✵ ♠ ❞♦ r✐♦ ❢♦r❛♠
s✐♠✉❧❛❞♦s✳ ❈❛❞❛ tr❡❝❤♦ ❞❡ ✶✵ ♠ ❞❡ r✐♦ ❞❡♠❛♥❞♦✉ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷ ❤♦r❛s
❛té ❛ ❝♦♥✈❡r❣ê♥❝✐❛✱ ❡♠ ✉♠❛ ❡st❛çã♦ ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♣r♦❝❡ss❛❞♦r P❡♥t✐✉♠ ✹
❞❡ ✷✱✽ ●❍③ ❡ ✷ ●❇ ❞❡ ♠❡♠ór✐❛ ❘❆▼✱ t♦t❛❧✐③❛♥❞♦ ✉♠ t❡♠♣♦ ❞❡ ✹✵ ❤♦r❛s✳

❆ ♠❛❧❤❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡st❛ s✐♠✉❧❛çã♦ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✷✾✳
◆❡st❛ ❋✐❣✉r❛✱ ♦ ❡✐①♦ x ❡stá ♥❛ ❞✐r❡çã♦ ❞❛ ♣r♦❢✉♥❞✐❞❛❞❡✱ ♦ ❡✐①♦ y ❡stá ♥❛
❞✐r❡çã♦ ❞❛ ❧❛r❣✉r❛✱ ❡ ♦ ❡✐①♦ z ❡stá ♥❛ ❞✐r❡çã♦ ❞♦ ❡s❝♦❛♠❡♥t♦✳ ❏á ♥❛ ❋✐❣✉r❛
✻✳✸✵✱ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❛♠♣❧✐❛çã♦ ♣❛r❛ ✉♠❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦ ♣ró①✐♠❛ ❛
♣❛r❡❞❡ ❞♦ ❡s❝♦❛♠❡♥t♦✳

◆❛ ❋✐❣✉r❛ ✻✳✸✶ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ♣❡r✜s ❞❡ ✈❡✲
❧♦❝✐❞❛❞❡ ♦❜t✐❞♦s ♣❡❧♦ ♠♦❞❡❧♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❡❧♦ ▲❛❜♦r❛tór✐♦ ❞❡ ❋❧✉✐❞♦❞✐♥â✲
♠✐❝❛ ❈♦♠♣✉t❛❝✐♦♥❛❧ ❡ ♣❡❧♦ s♦❢t✇❛r❡ ❋❧✉❡♥t✳ ❖s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ✉t✐❧✐③❛❞♦s
♣❛r❛ ❡st❛ s✐♠✉❧❛çã♦ ❢♦r❛♠ ❛q✉❡❧❡s ❞❡s❝r✐t♦s ♥❛ ❚❛❜❡❧❛ ✻✳✸✳

❖s ♣❡r✜s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♦❜t✐❞♦s ♣❡❧♦s ❞♦✐s s♦❢t✇❛r❡s ♥ã♦ ❛♣r❡s❡♥✲
t❛r❛♠ ✉♠❛ ❜♦❛ ❝♦♥❝♦r❞â♥❝✐❛✳ ❆❝r❡❞✐t❛✲s❡ q✉❡ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s r❡s✉❧t❛✲
❞♦s ❞❡✈❛✲s❡ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ♠♦❞❡❧♦s ❞❡ t✉r❜✉❧ê♥❝✐❛ ✉t✐❧✐③❛❞♦s ♣♦r ❝❛❞❛
s♦❢t✇❛r❡✳

❱❛❧❡ ❧❡♠❜r❛r q✉❡ ♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ r✐♦ s❡r✐❛ ❛♣❡♥❛s ♦ ✐♥í❝✐♦
❞❛ s✐♠✉❧❛çã♦✱ ❥á q✉❡ ♦ ♦❜❥❡t✐✈♦ ❞♦ tr❛❜❛❧❤♦ é ❞❡t❡r♠✐♥❛r ♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥✲

✾✹



✻✳✼ ❈♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❝♦♠ r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❡♠
s✐♠✉❧❛çã♦ ❝♦♠ ♦ s♦❢t✇❛r❡ ❋❧✉❡♥t

❋✐❣✉r❛ ✻✳✷✾✿ ▼❛❧❤❛ ❣❡r❛❞❛ ♣❡❧♦ s♦❢t✇❛r❡ ❋❧✉❡♥t✳

❋✐❣✉r❛ ✻✳✸✵✿ ❘❡❣✐ã♦ ♣ró①✐♠❛ ❛ ♣❛r❡❞❡ ❞♦ ❡s❝♦❛♠❡♥t♦✳

tr❛çã♦ ❞❡ ✉♠ ❡✢✉❡♥t❡ ❛♦ ❧♦♥❣♦ ❞❡ t♦❞♦ ♦ ❞♦♠í♥✐♦✳ ❉❡st❛ ❢♦r♠❛✱ t♦r♥♦✉✲s❡
✐♠♣r❛t✐❝á✈❡❧ ❛ ❝♦♥t✐♥✉❛çã♦ ❞❡st❛ ❡t❛♣❛ ❞♦ tr❛❜❛❧❤♦✱ ✉♠❛ ✈❡③ q✉❡ ♥ã♦ s❡
❞✐s♣õ❡ ❞❡ r❡❝✉rs♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❝❛♣❛③❡s ❞❡ r❡❛❧✐③❛r ❡ss❛ s✐♠✉❧❛çã♦✳

✾✺



✻✳✽ ❈♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✻✳✸✶✿ ❈♦♠♣❛r❛çã♦ ❞♦s ♣❡r✜s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♦❜t✐❞♦s ♣❡❧❛s ❞✉❛s s✐♠✉❧❛çõ❡s✳

✻✳✽ ❈♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

✻✳✽✳✶ ❉✐s♣❡rsã♦ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ✈♦❧át✐❧

❆ ✜♠ ❞❡ s❡ ♦❜t❡r ❛ ✈❛❧✐❞❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ♦❜t✐❞♦s✱
❢♦✐ r❡❛❧✐③❛❞❛ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦s ♠❡s♠♦s ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✳ ❚❛✐s
❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❢♦r❛♠ ♦❜t✐❞♦s ❞❡ ❛♠♦str❛s ❝♦❧❡t❛❞❛s ♥♦ r✐♦ ❆t✐❜❛✐❛✱ ♥❛s
♣r♦①✐♠✐❞❛❞❡s ❞❛ ❘❡✜♥❛r✐❛ ❞❡ P❛✉❧í♥✐❛ ✭❘❊P▲❆◆✮✱ ♥♦ ♠✉♥✐❝í♣✐♦ ❞❡ P❛✉❧í♥✐❛✱
♥♦ ❡st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✳

❖ ✐♥t❡r❡ss❡ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡st❡s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❡stá ♥♦ ❢❛t♦ ❞❡
q✉❡ ❛ ❛♠ô♥✐❛ é ✉♠❛ s✉❜stâ♥❝✐❛ ✈♦❧át✐❧✳ ❉❡st❛ ❢♦r♠❛ ♦ ♠♦❞❡❧♦ t❡✈❡ q✉❡ s❡r
❛❥✉st❛❞♦ ♣❛r❛ ❧❡✈❛r ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ♦❝♦rrê♥❝✐❛ ❞❡st❡ ❢❡♥ô♠❡♥♦✳

❊st❡ ❛❥✉st❡ ❢♦✐ ❢❡✐t♦ ♥❛ ❝♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦ ❞❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦✳
❖ ♠♦❞❡❧♦ q✉❡ ❝♦♥s✐❞❡r❛ ❛ ❞✐s♣❡rsã♦ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ♥ã♦ ✈♦❧át✐❧ ♣❛rt❡
❞♦ ♣r✐♥❝í♣✐♦ q✉❡ ♥ã♦ ♦❝♦rr❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ ❡♥tr❡ ❛ á❣✉❛ ❞♦ r✐♦ ❡
❛ ❛t♠♦s❢❡r❛✳ ❏á q✉❛♥❞♦ ❛ ❞✐s♣❡rsã♦ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ✈♦❧át✐❧ ❡stá s❡♥❞♦
♠♦❞❡❧❛❞❛✱ ❡st❡ ♣r✐♥❝í♣✐♦ ❞❡✈❡ s❡r r❡✈✐st♦✳

❙❡♥❞♦ ❛ss✐♠✱ ❛ ❝♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦ ♣❛ss❛ ❛ s❡r
❛ ❝♦♥❞✐çã♦ ❞❡♠♦♥str❛❞❛ ♥❛ ❊q✉❛çã♦ ✻✳✶✳

δCA

δn
= KvCA ✭✻✳✶✮

❊♠ q✉❡✿ Kv é ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ✈♦❧❛t✐❧✐❞❛❞❡ ❡ CA é ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❡✢✉❡♥t❡

✾✻



✻✳✽ ❈♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✻✳✸✷✿ P♦♥t♦s ❞❡ ❝♦❧❡t❛ ❞❡ ❛♠♦str❛s ♥♦ r✐♦ ❆t✐❜❛✐❛ ♥❛s ♣r♦①✐♠✐❞❛❞❡s ❞❛

❘❊P▲❆◆✳

♥♦ ✈♦❧✉♠❡ ❞❡ ❝♦♥tr♦❧❡ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♥t❡r✐♦r ❛♦ ✈♦❧✉♠❡ ❞❡ ❝♦♥tr♦❧❡ q✉❡
❡stá s❡♥❞♦ ❝❛❧❝✉❧❛❞♦✳

❋♦r❛♠ r❡❛❧✐③❛❞❛s ♠❡❞✐çõ❡s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❛♠ô♥✐❛ ❡♠ ❞✐❢❡r❡♥t❡s
♣♦♥t♦s ❞♦ r✐♦ ❆t✐❜❛✐❛ t❛♥t♦ ❛ ♠♦♥t❛♥t❡ q✉❛♥t♦ ❛ ❥✉s❛♥t❡ ❞♦ ❧♦❝❛❧ ♦♥❞❡ ♦❝♦rr❡
❛ ❡♠✐ssã♦ ❞♦s ❡✢✉❡♥t❡s ❞❛ ❘❊P▲❆◆✳ ◆❛ ❋✐❣✉r❛ ✻✳✸✷ sã♦ ♠♦str❛❞♦s ♦s ♣♦♥t♦s
❡♠ q✉❡ ❢♦r❛♠ ❝♦❧❡t❛❞❛s ❛s ❛♠♦str❛s ♣❛r❛ ♣♦st❡r✐♦r ❛♥á❧✐s❡ ❡♠ ❧❛❜♦r❛tór✐♦✳
❚♦❞❛s ❛s ❛♠♦str❛s ❢♦r❛♠ ❝♦❧❡t❛❞❛s ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦✳

❉✉r❛♥t❡ ❛ ❝♦❧❡t❛ ❞❡ ❛♠♦str❛✱ ❢♦r❛♠ ♠❡❞✐❞❛s ❛s ❞✐♠❡♥sõ❡s ❞♦ r✐♦
❆t✐❜❛✐❛✳ ❆s ✈❛③õ❡s ❞♦ r✐♦ ❡ ❞❡ ❡✢✉❡♥t❡ ❢♦r❛♠ ❢♦r♥❡❝✐❞❛s ♣❡❧❛ ❘❊P▲❆◆✳ ❊st❡s
✈❛❧♦r❡s sã♦ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✾✳ ❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ✉t✐❧✐③❛❞♦ ❢♦✐
❞❡ ✵✱✵✵✺ m2/s✳ ❏á ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ✈♦❧❛t✐❧✐③❛çã♦ ❞❛ ❛♠ô♥✐❛ ❢♦✐ ❞❡ ✵✱✷ m2/s✱
✉t✐❧✐③❛❞♦ ♣♦r ▼♦❞❡♥❡s✐ ✭✷✻✱ ✷✵✵✹✮✳

❆s ❋✐❣✉r❛s ✻✳✸✸ ❛ ✻✳✸✻ ❝♦♠♣❛r❛♠ ❛s ❝♦♥❝❡♥tr❛çõ❡s ❛❞✐♠❡♥s✐♦♥❛✐s
❞❡ ❛♠ô♥✐❛ ♦❜t✐❞❛s ♣❡❧♦ ♠♦❞❡❧♦ ❝♦♠ ♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✳ ❖s r❡s✉❧t❛❞♦s
♠♦str❛r❛♠ ✉♠❛ ❜♦❛ ❝♦♥❝♦r❞â♥❝✐❛ ❝♦♠ ♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✱ ❡s♣❡❝✐❛❧✲
♠❡♥t❡ s❡ ❢♦r❡♠ ❝♦♥s✐❞❡r❛❞❛s ❛s ❛♣r♦①✐♠❛çõ❡s ❣❡♦♠étr✐❝❛s r❡❛❧✐③❛❞❛s✳

❆♣❡s❛r ❞♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s t❡r❡♠ s❡ ❛❥✉st❛❞♦ ❛❞❡q✉❛❞❛♠❡♥t❡
❛♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✱ ✈❡r✐✜❝♦✉✲s❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉♠❛ q✉❛♥t✐❞❛❞❡ ♠❛✐♦r
❞❡ ♣♦♥t♦s ♣❛r❛ ❛ ✈❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦s ♣r✐♠❡✐r♦s ♠❡tr♦s
❛♣ós ❛ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡✱ ♦♥❞❡ ♦ ❣r❛❞✐❡♥t❡ ❞❡ ❝♦♥❝❡♥tr❛çã♦ é ♠❛✐♦r✳ ◆♦s
❞❡♠❛✐s ♣❧❛♥♦s ❞❡ ❛♠♦str❛❣❡♠ ❢♦r❛♠ ❞❡s✐❣♥❛❞♦s ✉♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ♣♦♥t♦s
♦♥❞❡ ❛s ❛♠♦str❛s ❞❡✈❡r✐❛♠ s❡r ❝♦❧❡t❛❞❛s✳

✾✼



✻✳✽ ❈♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✻✳✸✸✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❛♠ô♥✐❛ ❛ ✸ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

❋✐❣✉r❛ ✻✳✸✹✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❛♠ô♥✐❛ ❛ ✶✶ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

✾✽



✻✳✽ ❈♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✻✳✸✺✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❛♠ô♥✐❛ ❛ ✷✷ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

❋✐❣✉r❛ ✻✳✸✻✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❛♠ô♥✐❛ ❛ ✸✵ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

✾✾



✻✳✽ ❈♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❚❛❜❡❧❛ ✻✳✾✿ ❉❛❞♦s ❞♦ r✐♦ ❆t✐❜❛✐❛ ❡ ❞♦ ❡✢✉❡♥t❡ ❡♠✐t✐❞♦ ♣❡❧❛ ❘❊P▲❆◆✳

❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❱❛❧♦r❡s

Pr♦❢✉♥❞✐❞❛❞❡ ✭m✮ ✸✱✵

▲❛r❣✉r❛ ✭m✮ ✸✸✱✵

❈♦♠♣r✐♠❡♥t♦ ✭m✮ ✷✺✵✱✵

❱❛③ã♦ ❞♦ r✐♦ ✭m3/s✮ ✷✵✱✵

❱❛③ã♦ ❞♦ ❡✢✉❡♥t❡ ✭m3/s✮ ✵✱✷

✻✳✽✳✷ ❉✐s♣❡rsã♦ ❞❡ ❝❧♦r❡t♦s

❆ ✜♠ ❞❡ s❡ r❡❛❧✐③❛r ✉♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❡
❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✱ ❢♦✐ r❡❛❧✐③❛❞❛ ✉♠❛ ❝♦❧❡t❛ ❞❡ ❛♠♦str❛s ♣❛r❛ ♦❜t❡♥çã♦ ❞❡
r❡s✉❧t❛❞♦s✳ ◆❡st❛ ❛♠♦str❛❣❡♠✱ ❢♦✐ ❞❡✜♥✐❞♦ q✉❡ ♦ ♣❛râ♠❡tr♦ ❛♥❛❧✐s❛❞♦ s❡r✐❛ ❛
❝♦♥❝❡♥tr❛çã♦ ❞❡ ❝❧♦r❡t♦s ♣r❡s❡♥t❡ ♥❛s ❛♠♦str❛s✳ ❆s ❛♠♦str❛s ❢♦r❛♠ ❝♦❧❡t❛❞❛s
♥♦ r✐♦ ❆t✐❜❛✐❛ ♥❛s ♣r♦①✐♠✐❞❛❞❡s ❞❛ ❘❊P▲❆◆✳ ❆ ❝♦❧❡t❛ ❢♦✐ r❡❛❧✐③❛❞❛ t❛♥t♦ ❛
♠♦♥t❛♥t❡ q✉❛♥t♦ ❛ ❥✉s❛♥t❡ ❞♦ ♣♦♥t♦ ❞❡ ❡♠✐ssã♦ ❞♦s ❡✢✉❡♥t❡s ❞❛ ❘❊P▲❆◆✳

◆❛ ❋✐❣✉r❛ ✻✳✸✼ é ♠♦str❛❞❛ ✉♠❛ ✐♠❛❣❡♠ ❞❡ s❛té❧✐t❡ ❞♦ ❧♦❝❛❧ ❡st✉✲
❞❛❞♦✳ ◆❛ ✐♠❛❣❡♠✱ ♦ ❧♦❝❛❧ ❞❡ ❞❡s♣❡❥♦ ❞♦ ❡✢✉❡♥t❡ ❞❛ ❘❊P▲❆◆ é ✐♥❞✐❝❛❞♦
♣♦r ✉♠❛ s❡t❛ ❜r❛♥❝❛✳ ❏á ❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❧♦❝❛❧✐③❛❞❛ ✶✵✵✵ ♠ ❛ ❥✉s❛♥t❡
❞♦ ❧❛♥ç❛♠❡♥t♦ é ✐♥❞✐❝❛❞❛ ♣♦r ✉♠❛ ❧✐♥❤❛ ❜r❛♥❝❛✳ ◆❡st❛ ✜❣✉r❛ é ♣♦ssí✈❡❧
♦❜s❡r✈❛r q✉❡ ♦ r✐♦ ❆t✐❜❛✐❛✱ ♥♦ ❧♦❝❛❧ ❞❡ ❡st✉❞♦✱ ♥ã♦ ❛♣r❡s❡♥t❛ ✉♠❛ ❣❡♦♠❡tr✐❛
❝♦♠♣❧❡t❛♠❡♥t❡ r❡t✐❧í♥❡❛✳

❆ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❝❧♦r❡t♦s ❢♦✐ ❡s❝♦❧❤✐❞❛ ❝♦♠♦ ♣❛râ♠❡tr♦ ❛ s❡r ❛♥❛❧✐✲
s❛❞♦ ♣♦✐s s✉❛ ❝♦♥❝❡♥tr❛çã♦ é ❜❡♠ ♠❛✐s ❡❧❡✈❛❞❛ ♥♦ ❡✢✉❡♥t❡ ❞❛ ❘❊P▲❆◆ q✉❡
♥♦ r✐♦ ❆t✐❜❛✐❛ ❛ ♠♦♥t❛♥t❡ ❞♦ ❧❛♥ç❛♠❡♥t♦ ❞♦s ❡✢✉❡♥t❡s ❞❛ r❡✜♥❛r✐❛✳ ❆❧é♠
❞✐ss♦✱ ♦s ❝❧♦r❡t♦s sã♦ ❜❛st❛♥t❡ ❝♦♥s❡r✈❛t✐✈♦s✳

❆s ❛♠♦str❛s ❢♦r❛♠ ❝♦❧❡t❛❞❛s ❡♠ ❞✐❢❡r❡♥t❡s ♣♦♥t♦s ❞♦ r✐♦ ❆t✐❜❛✐❛
t❛♥t♦ ❛ ♠♦♥t❛♥t❡ q✉❛♥t♦ ❛ ❥✉s❛♥t❡ ❞♦ ❧♦❝❛❧ ♦♥❞❡ ♦❝♦rr❡ ❛ ❡♠✐ssã♦ ❞♦s ❡✢✉✲
❡♥t❡s ❞❛ ❘❊P▲❆◆ ❡ ❢♦r❛♠ ♣♦st❡r✐♦r♠❡♥t❡ ❛♥❛❧✐s❛❞❛s ❡♠ ❧❛❜♦r❛tór✐♦✳ ◆❛
❋✐❣✉r❛ ✻✳✸✽ sã♦ ♠♦str❛❞♦s ♦s ♣♦♥t♦s ♦♥❞❡ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❛s ❝♦❧❡t❛s✳ ❚♦✲
❞❛s ❛s ❛♠♦str❛s ❢♦r❛♠ ❝♦❧❡t❛❞❛s ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦✳

◆❛ ❋✐❣✉r❛ ✻✳✸✽✱ ♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠ sã♦ r❡♣r❡s❡♥t❛❞♦s ♣♦r ✉♠
♥ú♠❡r♦ s❡❣✉✐❞♦ ♣♦r ✉♠❛ ❧❡tr❛✳ ❖s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠ r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛

✶✵✵



✻✳✽ ❈♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✻✳✸✼✿ ■♠❛❣❡♠ ❞❛ ár❡❛ ❡st✉❞❛❞❛ ♥♦ r✐♦ ❆t✐❜❛✐❛✳ ❋♦♥t❡✿ ■♠❛❣❡♠ ❞❡ ♣r♦❣r❛✲

♠❛çã♦ ❞♦ s❛té❧✐t❡ ◗✉✐❝❦❇✐r❞ ✭✶✶✴✵✺✴✷✵✵✺✮✱ ❢♦r♥❡❝✐❞❛ ♣❡❧❛ ❘❊P▲❆◆✳

❧❡tr❛ ❆ ❢♦r❛♠ ❝♦❧❡t❛❞♦s ❛ ✸ ♠ ❞❛ ♠❛r❣❡♠ ♦♥❞❡ ♦❝♦rr❡ ♦ ❞❡s♣❡❥♦ ❞♦ ❡✢✉❡♥t❡❀
♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠ r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛ ❧❡tr❛ ❇ ❢♦r❛♠ ❝♦❧❡t❛❞♦s ❛ ✽
♠ ❞❛ ♠❛r❣❡♠ ♦♥❞❡ ♦❝♦rr❡ ♦ ❞❡s♣❡❥♦ ❞♦ ❡✢✉❡♥t❡❀ ♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠
r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛ ❧❡tr❛ ❈ ❢♦r❛♠ ❝♦❧❡t❛❞♦s ❛ ✶✺ ♠ ❞❛ ♠❛r❣❡♠ ♦♥❞❡ ♦❝♦rr❡ ♦
❞❡s♣❡❥♦ ❞♦ ❡✢✉❡♥t❡❀ ❡ ♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠ r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛ ❧❡tr❛ ❉
❢♦r❛♠ ❝♦❧❡t❛❞♦s ❛ ✷✶ ♠ ❞❛ ♠❛r❣❡♠ ♦♥❞❡ ♦❝♦rr❡ ♦ ❞❡s♣❡❥♦ ❞♦ ❡✢✉❡♥t❡✳

❉✉r❛♥t❡ ❛ ❝♦❧❡t❛ ❞❛s ❛♠♦str❛s✱ ❛s ❞✐♠❡♥sõ❡s ❞♦ r✐♦ ❆t✐❜❛✐❛ ❢♦r❛♠
♠❡❞✐❞❛s✳ ❆s ✈❛③õ❡s ❞♦ r✐♦ ❡ ❞♦ ❡✢✉❡♥t❡ ❢♦r❛♠ ❢♦r♥❡❝✐❞❛s ♣❡❧❛ ❘❊P▲❆◆✳
❆s ♠❡❞✐çõ❡s ❞❛ ♣r♦❢✉♥❞✐❞❛❞❡ ❞♦ r✐♦ ❆t✐❜❛✐❛ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❡♠ ♣♦♥t♦s
❛❧❡❛tór✐♦s ❛♦ ❧♦♥❣♦ ❞♦ tr❡❝❤♦ ❡st✉❞❛❞♦✳

❉✉r❛♥t❡ ❛ ❛♠♦str❛❣❡♠✱ ❢♦✐ ✈❡r✐✜❝❛❞❛ ❛ ♣r❡s❡♥ç❛ ❞❡ ✉♠❛ ❢♦♥t❡ ❞❡
❡♠✐ssã♦ ❛❞✐❝✐♦♥❛❧ ♥♦ tr❡❝❤♦ ❡st✉❞❛❞♦✳ ❊ss❛ ❢♦♥t❡ ❞❡ ❡♠✐ssã♦ ❡r❛ ♦r✐✉♥❞❛
❞❛ ❡st❛çã♦ ❞❡ tr❛t❛♠❡♥t♦ ❞❡ ❡s❣♦t♦s ✭❊❚❊✮ ❞❛ ❘❊P▲❆◆ ❡ ❧♦❝❛❧✐③❛✈❛✲s❡ ✺✵✵
♠ ❛ ❥✉s❛♥t❡ ❞♦ ♣♦♥t♦ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡ ❞❛ ❘❊P▲❆◆✳ ❆♠♦str❛s ❞❛s
á❣✉❛s ❡♠✐t✐❞❛s ♣❡❧❛ ❊❚❊ t❛♠❜é♠ ❢♦r❛♠ ❝♦❧❡t❛❞❛s ♣❛r❛ ♣♦st❡r✐♦r ❛♥á❧✐s❡ ❡♠
❧❛❜♦r❛tór✐♦✳

◆❛ ❚❛❜❡❧❛ ✻✳✶✵ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ r✐♦ ❆t✐❜❛✐❛ ❡
❞♦ ❡✢✉❡♥t❡ ❡♠✐t✐❞♦ ♣❡❧❛ ❘❊P▲❆◆✳

✶✵✶



✻✳✽ ❈♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✻✳✸✽✿ P♦♥t♦s ❞❡ ❝♦❧❡t❛ ❞❡ ❛♠♦str❛s ♥♦ r✐♦ ❆t✐❜❛✐❛ ♣❛r❛ ❛♥á❧✐s❡ ❞❡ ❝♦♥❝❡♥✲

tr❛çã♦ ❞❡ ❝❧♦r❡t♦s✳

❚❛❜❡❧❛ ✻✳✶✵✿ ❈❛r❛❝t❡ríst✐❝❛s ❞♦ r✐♦ ❆t✐❜❛✐❛ ❡ ❞♦ ❡✢✉❡♥t❡ ❡♠✐t✐❞♦ ♣❡❧❛ ❘❊P▲❆◆✳

❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❱❛❧♦r❡s

Pr♦❢✉♥❞✐❞❛❞❡ ✭m✮ ✶✱✸✾

▲❛r❣✉r❛ ✭m✮ ✷✾✱✵

❈♦♠♣r✐♠❡♥t♦ ✭m✮ ✾✺✵✱✵

❱❛③ã♦ ❞♦ r✐♦ ✭m3/s✮ ✶✺✱✵

❱❛③ã♦ ❞♦ ❡✢✉❡♥t❡ ✭m3/s✮ ✵✱✶✽

◆❛ ❚❛❜❡❧❛ ✻✳✶✶ sã♦ ❛♣r❡s❡♥t❛❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❝❧♦r❡t♦ ♦❜t✐❞❛ ❡♠
❝❛❞❛ ♣♦♥t♦ ❞❡ ❝♦❧❡t❛ ❞❡ ❛♠♦str❛s✳

❏á ♥❛ ❚❛❜❡❧❛ ✻✳✶✷ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❝❧♦r❡t♦s
♦❜t✐❞❛s ♥❛s ❛♠♦str❛s ❝♦❧❡t❛❞❛s ♥♦ ❡✢✉❡♥t❡ ❞❛ ❘❊P▲❆◆✱ ❞❡♥♦♠✐♥❛❞❛ ❊❚❉■✱
❡ t❛♠❜é♠ ♥♦ ♣♦♥t♦ ❞❡ ❡♠✐ssã♦ ❞❛ ❡st❛çã♦ ❞❡ tr❛t❛♠❡♥t♦ ❞❡ ❡s❣♦t♦s ✭❊❚❊✮✳
❆ ✈❛③ã♦ ❞❛ ❡st❛çã♦ ❞❡ tr❛t❛♠❡♥t♦ ❞❡ ❡s❣♦t♦s ❡r❛ ❞❡ ✶✷✱✻ m3/h✳ ❆ ❝♦❧❡t❛ ❞❛s
❛♠♦str❛s ❢♦✐ r❡❛❧✐③❛❞❛ ♥♦ ❞✐❛ ✽ ❞❡ ❛❣♦st♦ ❞❡ ✷✵✵✺✳

❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡ ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ❝♦♠
♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ♦❜t✐❞♦s ♣❡❧♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✳ ❋♦r❛♠ ✉t✐❧✐③❛❞♦s

✶✵✷



✻✳✽ ❈♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❚❛❜❡❧❛ ✻✳✶✶✿ ❈♦♥❝❡♥tr❛çã♦ ❞❡ ❝❧♦r❡t♦ ♥♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠ ♥♦ r✐♦ ❆t✐❜❛✐❛✳

❈♦♥❝❡♥tr❛çã♦ ❞❡ ❝❧♦r❡t♦ ✭mg/L✮

❆♠♦str❛ ❆ ❇ ❈ ❉

✶ ✶✺✱✸ ✶✺✱✽ ✶✻✱✵ ✶✺✱✼

✷ ✶✻✱✻ ✶✼✱✵ ✶✻✱✽ ✶✻✱✵

✸ ✾✻✱✼ ✶✼✱✷ ✶✼✱✶ ✶✻✱✹

✹ ✽✻✱✷ ✷✶✱✾ ✶✻✱✽ ✶✻✱✺

✺ ✼✺✱✵ ✶✼✱✹ ✶✻✱✻ ✶✼✱✷

✻ ✺✵✱✸ ✷✸✱✽ ✶✺✱✾ ✶✻✱✼

✼ ✷✾✱✶ ✷✸✱✷ ✶✻✱✻ ✶✻✱✾

✽ ✷✹✱✾ ✷✸✱✼ ✶✽✱✶ ✶✼✱✾

❚❛❜❡❧❛ ✻✳✶✷✿ ❈♦♥❝❡♥tr❛çã♦ ❞❡ ❝❧♦r❡t♦ ♥♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠ ❞♦s ❡✢✉❡♥t❡s ❞❛

❘❊P▲❆◆✳

❈♦♥❝❡♥tr❛çã♦ ❞❡ ❝❧♦r❡t♦ ✭mg/L✮

❊❚❉■ ✹✹✶✱✷

❊❚❊ ✼✺✱✶

✈ár✐♦s ✈❛❧♦r❡s ❞❡ ❝♦❡✜❝✐❡♥t❡s ❞❡ ❞✐s♣❡rsã♦✱ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✵✵✺ ❛ ✵✱✶✹ m2/s✳
❆s ❝♦♠♣❛r❛çõ❡s ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❡ ♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s sã♦
❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣✉r❛s ✻✳✸✾✱ ✻✳✹✵✱ ✻✳✹✶ ❡ ✻✳✹✷✳

❆♥❛❧✐s❛♥❞♦ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣✉r❛s ✻✳✸✾✱ ✻✳✹✵✱ ✻✳✹✶
❡ ✻✳✹✷✱ é ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r q✉❡ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❢♦✐ ❝❛♣❛③ ❞❡ ❛❥✉st❛r
❛❞❡q✉❛❞❛♠❡♥t❡ ♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✳ ❱❡r✐✜❝❛✲s❡ ❛♣❡♥❛s q✉❡ ♦ ♠♦❞❡❧♦
♥ã♦ ❛❥✉st♦✉ ❛❞❡q✉❛❞❛♠❡♥t❡ ♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❝♦❧❡t❛❞♦s ♥♦s ♠❡tr♦s
✐♥✐❝✐❛✐s ❞♦ ❡s❝♦❛♠❡♥t♦✱ ♥❛ ❧✐♥❤❛ ❧♦❝❛❧✐③❛❞❛ ❛ ✸ ♠ ❞❛ ♠❛r❣❡♠ ♦♥❞❡ ♦❝♦rr❡✉ ♦
❧❛♥ç❛♠❡♥t♦ ❞♦ ❡✢✉❡♥t❡✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✸✾✳

✶✵✸



✻✳✽ ❈♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✻✳✸✾✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❝❧♦r❡t♦ ❡ ❞❛❞♦s ❡①♣❡✲

r✐♠❡♥t❛✐s ❛ ✸ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

❋✐❣✉r❛ ✻✳✹✵✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❝❧♦r❡t♦ ❡ ❞❛❞♦s ❡①♣❡✲

r✐♠❡♥t❛✐s ❛ ✽ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

✶✵✹



✻✳✽ ❈♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✻✳✹✶✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❝❧♦r❡t♦ ❡ ❞❛❞♦s ❡①♣❡✲

r✐♠❡♥t❛✐s ❛ ✶✺ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

❋✐❣✉r❛ ✻✳✹✷✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❝❧♦r❡t♦ ❡ ❞❛❞♦s ❡①♣❡✲

r✐♠❡♥t❛✐s ❛ ✷✶ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

✶✵✺



✻✳✽ ❈♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✻✳✹✸✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ♦❜t✐❞♦s ❝♦♠ ❝♦❡✜❝✐❡♥t❡

✵✱✵✽ m2/s ❡ ❡①♣❡r✐♠❡♥t❛✐s ❛ ✸ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

❆♣ós ❛♥á❧✐s❡ ❞❛s ❝♦♠♣❛r❛çõ❡s ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❡ ♦s
❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✱ ❞❡t❡r♠✐♥♦✉✲s❡ q✉❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ q✉❡ ♠❛✐s
s❡ ❛❞❡q✉❛✈❛ ❛♦ ♣r♦❜❧❡♠❛ ❡r❛ ♦ ❞❡ ✵✱✵✽ m2/s✳ ❉❡st❛ ❢♦r♠❛✱ ♥❛s ❋✐❣✉r❛s ✻✳✹✸✱
✻✳✹✹✱ ✻✳✹✺ ❡ ✻✳✹✻ sã♦ ❛♣r❡♥s❡♥t❛❞❛s ❝♦♠♣❛r❛çõ❡s ❡♥tr❡ ♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s
❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ✐❣✉❛❧ ❛ ✵✱✵✽ m2/s✳

P♦❞❡✲s❡ ♦❜s❡r✈❛r ♥❛s ❋✐❣✉r❛s ✻✳✹✸ ❛ ✻✳✹✻ q✉❡ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦
✉t✐❧✐③❛♥❞♦ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ✵✱✵✽ m2/s ❛❥✉st♦✉ ♠✉✐t♦ ❜❡♠ ♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥✲
t❛✐s✳ ❆ ú♥✐❝❛ r❡❣✐ã♦ ❞♦ r✐♦ ♦♥❞❡ ♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ♥ã♦ ❢♦r❛♠ ❛❥✉st❛❞♦s
❛❞❡q✉❛❞❛♠❡♥t❡ ❢♦✐ ♥❛ r❡❣✐ã♦ ♣ró①✐♠❛ à ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦ ♥♦s ♠❡tr♦s
✐♥✐❝✐❛✐s ❞♦ ❡s❝♦❛♠❡♥t♦✳ ❉❡✈✐❞♦ ❛ ❣r❛♥❞❡ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❡①✐st❡♥t❡ ❡♠ s✐st❡♠❛s
❛♠❜✐❡♥t❛✐s✱ é ✐♠♣♦rt❛♥t❡ s❛❧✐❡♥t❛r q✉❡ é ♣♦ssí✈❡❧ q✉❡ t❡♥❤❛♠ ❡①✐st✐❞♦ ❡r✲
r♦s ♥❛ ❝♦❧❡t❛ ❞❡ ❛♠♦str❛s ❡ ♥❛ ♣♦st❡r✐♦r ❛♥á❧✐s❡ ❡♠ ❧❛❜♦r❛tór✐♦✳ ❚❛♠❜é♠
é ♣♦ssí✈❡❧ q✉❡ ♣♦ss❛ t❡r ♦❝♦rr✐❞♦ ✉♠ ❛✉♠❡♥t♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❝❧♦r❡t♦
♥♦ ❡✢✉❡♥t❡ ♥♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ ❛s ❛♠♦str❛s ❡st❛✈❛♠ s❡♥❞♦ ❝♦❧❡t❛❞❛s ♥♦ r✐♦
❆t✐❜❛✐❛✳

P♦ré♠✱ ♠❡s♠♦ ❝♦♠ ❡ss❡ ❞❡s✈✐♦ ♥♦s r❡s✉❧t❛❞♦s✱ ♣♦❞❡✲s❡ ❛✜r♠❛r q✉❡
♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❢♦✐ ❝❛♣❛③ ❞❡ ❛❥✉st❛r s❛t✐s❢❛t♦r✐❛♠❡♥t❡ ♦ ❢❡♥ô♠❡♥♦ ❞❡
❞✐s♣❡rsã♦ ❞❡ ❡✢✉❡♥t❡s ♥❡st❡ tr❡❝❤♦ ❞❡ r✐♦✳

✶✵✻



✻✳✽ ❈♦♠♣❛r❛çã♦ ❝♦♠ ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❋✐❣✉r❛ ✻✳✹✹✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ♦❜t✐❞♦s ❝♦♠ ❝♦❡✜❝✐❡♥t❡

✵✱✵✽ m2/s ❡ ❡①♣❡r✐♠❡♥t❛✐s ❛ ✽ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

❋✐❣✉r❛ ✻✳✹✺✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ♦❜t✐❞♦s ❝♦♠ ❝♦❡✜❝✐❡♥t❡

✵✱✵✽ m2/s ❡ ❡①♣❡r✐♠❡♥t❛✐s ❛ ✶✺ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

✶✵✼



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❋✐❣✉r❛ ✻✳✹✻✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ♦❜t✐❞♦s ❝♦♠ ❝♦❡✜❝✐❡♥t❡

✵✱✵✽ m2/s ❡ ❡①♣❡r✐♠❡♥t❛✐s ❛ ✷✶ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡

✉♠ ❝❛s♦ r❡❛❧

❯♠ ❞♦s ♣r✐♥❝✐♣❛✐s ♦❜❥❡t✐✈♦s ❞❡st❡ tr❛❜❛❧❤♦ é ❛ ♠♦❞❡❧❛❣❡♠ ❞❡ ❝❛s♦s
r❡❛✐s ❞❡ ♣r♦❜❧❡♠❛s ❛♠❜✐❡♥t❛✐s✳ ❙❡♥❞♦ ❛ss✐♠ r❡❛❧✐③♦✉✲s❡ ✉♠ tr❛❜❛❧❤♦ ❞❡ ❝♦♥✲
s✉❧t♦r✐❛ ♣❛r❛ ❛ ❡♠♣r❡s❛ ❘❤♦❞✐❛❝♦✱ s✐t✉❛❞❛ ♥♦ ♠✉♥✐❝í♣✐♦ ❞❡ P❛✉❧í♥✐❛ − ❙P✱ ❛
✜♠ ❞❡ s❡ ❢❛③❡r ✉♠❛ ♣r❡❞✐çã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s s❡✉s ❡✢✉❡♥t❡s ❧❛♥ç❛❞♦s
♥♦ r✐♦ ❆t✐❜❛✐❛✳ ❆ r❡❛❧✐③❛çã♦ ❞❡st❛ ❡t❛♣❛ ❞♦ tr❛❜❛❧❤♦ é ❞❡s❝r✐t❛ ♥❛s s❡çõ❡s ❛
s❡❣✉✐r✳

✻✳✾✳✶ ❉❡s❝r✐çã♦ ❞♦ s✐st❡♠❛ ❞❡ ❡st✉❞♦

❆ ❡♠♣r❡s❛ ❘❤♦❞✐❛❝♦ ❧♦❝❛❧✐③❛✲s❡ ♥♦ ♠✉♥✐❝í♣✐♦ ❞❡ P❛✉❧í♥✐❛ − ❙P✱ ❡
s❡✉ ❡✢✉❡♥t❡ é ❞❡s♣❡❥❛❞♦ ♥♦ r✐♦ ❆t✐❜❛✐❛✳

❖ r✐❜❡✐rã♦ ❆♥❤✉♠❛s t❡♠ s✉❛ ❢♦③ ❧♦❝❛❧✐③❛❞❛ ✹✺✵ ♠ ❛ ♠♦♥t❛♥t❡ ❞♦
❧♦❝❛❧ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛❝♦✳

❱❛❧❡ ❧❡♠❜r❛r q✉❡ ♦ ❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛❝♦ é ❝♦♠♣♦st♦ ♣♦r três ❝♦r✲
r❡♥t❡s ❞✐st✐♥t❛s✿ ❛ ❝♦rr❡♥t❡ ✷✵✾✱ ♦r✐✉♥❞❛ ❞❛ ♣r♦❞✉çã♦ ❞❡ á❝✐❞♦ t❡r❡❢tá❧✐❝♦✱ q✉❡
♥♦ ❞✐❛ ❞❛ ❛♠♦str❛❣❡♠ ❛♣r❡s❡♥t❛✈❛ ✉♠❛ ✈❛③ã♦ ♠é❞✐❛ ❞❡ ✶✸✷ m3/h❀ ✉♠❛ ❝♦r✲
r❡♥t❡ ♦r✐✉♥❞❛ ❞❛ ♣✉r❣❛ ❞❛ t♦rr❡✱ ❝♦♠ ✉♠❛ ✈❛③ã♦ ♠é❞✐❛ ♥♦ ❞✐❛ ❞❛ ❛♠♦str❛❣❡♠

✶✵✽



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❋✐❣✉r❛ ✻✳✹✼✿ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ ❧❛♥ç❛♠❡♥t♦ ❞♦ ❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛❝♦ ❛ss♦❝✐❛❞♦ ❛♦

❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛✳

❞❡ ✶✸ m3/h❀ ❡ ✉♠❛ t❡r❝❡✐r❛ ❝♦rr❡♥t❡ ♦r✐✉♥❞❛ ❞❛ ❡st❛çã♦ ❞❡ tr❛t❛♠❡♥t♦ ❞❡
á❣✉❛ ❞❛ ❘❤♦❞✐❛ q✉❡ ♥♦ ♠♦♠❡♥t♦ ❞❛ ❛♠♦str❛❣❡♠ t✐♥❤❛ ✉♠❛ ✈❛③ã♦ ❞❡ ✺✵
m3/h✳ ❊st❛s três ❝♦rr❡♥t❡s s♦♠❛❞❛s tê♠ ✉♠❛ ✈❛③ã♦ ❞❡ ✵✱✵✺✹ m3/s✳ ❆♣❡♥❛s
❛ ❝♦rr❡♥t❡ ✷✵✾ ❛♣r❡s❡♥t❛ ✉♠❛ ❝♦♥❝❡♥tr❛çã♦ s✐❣♥✐✜❝❛t✐✈❛ ❞❡ só❞✐♦ ❡♠ s✉❛ ❝♦♠✲
♣♦s✐çã♦✱ s❡♥❞♦ q✉❡ ❛s ❞❡♠❛✐s ❝♦rr❡♥t❡s ❛♣❡♥❛s ❝♦♥tr✐❜✉❡♠ ♣❛r❛ ❛ ❞✐❧✉✐çã♦
❞♦ ♠❡s♠♦✳ ❊st❛ ❞✐❧✉✐çã♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❞✉r❛♥t❡ ❛ s✐♠✉❧❛çã♦ ❞♦ s✐st❡♠❛✳
◆❛ ❋✐❣✉r❛ ✻✳✹✼ é ♠♦str❛❞♦ ✉♠ ❡sq✉❡♠❛ r❡♣r❡s❡♥t❛t✐✈♦ ❞❡st❡s ❧❛♥ç❛♠❡♥t♦s✳
❏á ♥♦ ❆♣ê♥❞✐❝❡ ❆✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♥❛ ❋✐❣✉r❛ ❆✳✶ ✉♠❛ ✐♠❛❣❡♠ ❢♦t♦❣rá✜❝❛
❞♦ ❧♦❝❛❧ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛❝♦✳

❆ ✈❛③ã♦ ❞♦ r✐♦ ❆t✐❜❛✐❛ ♥♦ ❞✐❛ ❞❛ ❛♠♦str❛❣❡♠ ❡r❛ ❞❡ ✶✵✱✽ m3/s✳ ❆
❝♦❧❡t❛ ❞❛s ❛♠♦str❛s ❢♦✐ r❡❛❧✐③❛❞❛ ♥♦ ❞✐❛ ✶ ❞❡ ❥✉❧❤♦ ❞❡ ✷✵✵✺✳

❊①✐st❡♠ ♦✉tr♦s três ♣♦♥t♦s ❞❡ ❡♠✐ssã♦ ❧♦❝❛❧✐③❛❞♦s ❛♦ ❧♦♥❣♦ ❞♦ tr❡❝❤♦
❡st✉❞❛❞♦✱ ❞❡♥♦♠✐♥❛❞♦s ❈❛✐①❛ ✵✵✽✱ ❈❛✐①❛ ✵✵✼ ❡ ❈❛✐①❛ ✵✵✻✳ ❊ss❡s três ♣♦♥t♦s
❧♦❝❛❧✐③❛♠✲s❡ ♥❛ ♠❛r❣❡♠ ♦♣♦st❛ à ♠❛r❣❡♠ ❞♦ ❧❛♥ç❛♠❡♥t♦ ❞♦ ❡✢✉❡♥t❡ ❞❛
❘❤♦❞✐❛❝♦✳ ◆❛ ❚❛❜❡❧❛ ✻✳✶✸ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡st❡s três
♣♦♥t♦s ❞❡ ❡♠✐ssã♦✳ ◆♦ ❆♣ê♥❞✐❝❡ ❆✱ ♥❛ ❋✐❣✉r❛ ❆✳✷✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ✉♠❛
✐♠❛❣❡♠ ❢♦t♦❣rá✜❝❛ ❞♦ ❧♦❝❛❧ ♦♥❞❡ ❛s ❡♠✐ssõ❡s ♦r✐✉♥❞❛s ❞❛ ❈❛✐①❛ ✵✵✼ sã♦
❧❛♥ç❛❞❛s ♥♦ r✐♦ ❆t✐❜❛✐❛✳ ❆ ♣❛rt✐r ❞❡st❛ ✜❣✉r❛✱ t♦r♥❛✲s❡ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♦
❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ ❡✢✉❡♥t❡s q✉❡ sã♦ ❧❛♥ç❛❞♦s ♥❡st❡ ♣♦♥t♦ ❞♦ r✐♦✳

◆♦ ♠♦♠❡♥t♦ ❞❛s ❛♠♦str❛❣❡♥s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ♠❡❞✐çõ❡s ❞❛ ♣r♦❢✉♥✲
❞✐❞❛❞❡ ❡♠ ✹✵ ❞✐❢❡r❡♥t❡s ❧♦❝❛✐s ❞♦ r✐♦ ❆t✐❜❛✐❛ ♣❛r❛ ♦❜t❡♥çã♦ ❞❛ ♣r♦❢✉♥❞✐❞❛❞❡
♠é❞✐❛✳ ❆ ♣❛rt✐r ❞❡ss❛s ♠❡❞✐çõ❡s✱ ♦❜t❡✈❡✲s❡ ✉♠❛ ♣r♦❢✉♥❞✐❞❛❞❡ ♠é❞✐❛ ❞❡ ✷✱✶
♠ ♥♦ ♠♦♠❡♥t♦ ❞❛ ❝♦❧❡t❛ ❞❛s ❛♠♦str❛s✳ ❋♦✐ ❞❡✜♥✐❞♦ t❛♠❜é♠ q✉❡ ❛ ❧❛r❣✉r❛

✶✵✾



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❚❛❜❡❧❛ ✻✳✶✸✿ P♦♥t♦s ❞❡ ❡♠✐ssã♦ ❧♦❝❛❧✐③❛❞♦s à ❥✉s❛♥t❡ ❞❛ ❡♠✐ssã♦ ❞❛ ❘❤♦❞✐❛❝♦

❉✐stâ♥❝✐❛ ❞❛ ❈❛✐①❛ ✵✵✺ ❱❛③ã♦

❈❛✐①❛ ✵✵✽ ✹✸✼ ♠ ✷✸✷✵ m3/h

❈❛✐①❛ ✵✵✼ ✺✹✵ ♠ ✶✸✽✵ m3/h

❈❛✐①❛ ✵✵✻ ✻✸✺ ♠ ✸✶✵ m3/h

♠é❞✐❛ ❞♦ r✐♦ ❆t✐❜❛✐❛ é ❞❡ ✷✼ ♠✳ ❊st❛ ❧❛r❣✉r❛ ♠é❞✐❛ ❢♦✐ ❞❡t❡r♠✐♥❛❞❛ ♣♦r ♠❡✐♦
❞❛ ❛♥á❧✐s❡ ❞❡ ✉♠ ❧❡✈❛♥t❛♠❡♥t♦ t♦♣♦❣rá✜❝♦ r❡❛❧✐③❛❞♦ ♥❛ r❡❣✐ã♦ ❢♦r♥❡❝✐❞♦ ♣❡❧❛
❘❤♦❞✐❛❝♦✳

◆❛ ❋✐❣✉r❛ ✻✳✹✽ é ♠♦str❛❞❛ ✉♠❛ ✐♠❛❣❡♠ ❞❡ s❛té❧✐t❡ ❞❛ r❡❣✐ã♦ ❡s✲
t✉❞❛❞❛✳ ◆❡st❛ ✐♠❛❣❡♠ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♦ ♣♦♥t♦ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡
❞❛ ❘❤♦❞✐❛❝♦✱ ❡ t❛♠❜é♠ t♦❞♦ ♦ tr❡❝❤♦ ❞❡ r✐♦ ❡st✉❞❛❞♦✳ ➱ ✐♠♣♦rt❛♥t❡ ♠❡♥✲
❝✐♦♥❛r q✉❡ ♦ ❝♦♥t♦r♥♦ ❛♣❛r❡♥t❡ ❞❛s ♠❛r❣❡♥s ❞♦ r✐♦ ♥ã♦ ❝♦rr❡s♣♦♥❞❡ ❛ s✉❛
❧❛r❣✉r❛ r❡❛❧✱ ✉♠❛ ✈❡③ q✉❡ ❛ ✈❡❣❡t❛çã♦ ❝✐❧✐❛r s❡ ♣r♦❥❡t❛ s♦❜r❡ ♦ ❧❡✐t♦ ❞❛♥❞♦
❛ ✐♠♣r❡ssã♦ ❞❡ q✉❡ ♦ r✐♦ é ♠❛✐s ❡str❡✐t♦ ❞♦ q✉❡ ♦ r❡❛❧✳ ◆❡st❛s ❢♦t♦s ♣♦❞❡✲s❡
♦❜s❡r✈❛r q✉❡ ❡st❡ tr❡❝❤♦ ❞❡ r✐♦ é ❜❛st❛♥t❡ ✐rr❡❣✉❧❛r✱ ❛♣r❡s❡♥t❛♥❞♦ ❞✐✈❡rs❛s
❝✉r✈❛s ❡♠ s❡✉ tr❛❥❡t♦✳ P♦ré♠ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♠♦str❛r❛♠ q✉❡ ♦ ♠♦✲
❞❡❧♦ ♠❛t❡♠át✐❝♦ ❢♦✐ ❝❛♣❛③ ❞❡ ♣r❡❞✐③❡r s❛t✐s❢❛t♦r✐❛♠❡♥t❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦
❞❛ ❞✐s♣❡rsã♦ ❞♦ ❡✢✉❡♥t❡✳ ◆❛ ❋✐❣✉r❛ ❇✳✶✱ ♥♦ ❆♣ê♥❞✐❝❡ ❇✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r
❛ ❋✐❣✉r❛ ✻✳✹✽ ❝♦♠ ❣❡♦rr❡❢❡r❡♥❝✐❛♠❡♥t♦✳

✻✳✾✳✷ ▼ét♦❞♦ ❞❡ ❡st✉❞♦

❊st❛ ❢❛s❡ ❞♦ tr❛❜❛❧❤♦ ❢♦✐ ❞✐✈✐❞✐❞❛ ❡♠ ❞✉❛s ❡t❛♣❛s✿

• ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❣❧♦❜❛❧ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ ♣❛r❛ ♦
tr❡❝❤♦ ❞❡ r✐♦✳

• ❙✐♠✉❧❛çã♦ ❞❛ ❞✐s♣❡rsã♦ ❞♦ ❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛❝♦ ♥♦ tr❡❝❤♦ ❞♦ r✐♦ ❆t✐✲
❜❛✐❛✳

✶✶✵



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❋✐❣✉r❛ ✻✳✹✽✿ ■♠❛❣❡♠ ❛ér❡❛ ❞❛ ár❡❛ ❡st✉❞❛❞❛✳ ❋♦♥t❡✿ ●♦♦❣❧❡ ❊❛rt❤ ✭✶✻✮

✶✶✶



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❣❧♦❜❛❧ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ ♣❛r❛

♦ tr❡❝❤♦ ❞❡ r✐♦

❆ ❞❡t❡r♠✐♥❛çã♦ ❞❡st❡ ♣❛râ♠❡tr♦ é ❞✐✈✐❞✐❞❛ ❡♠ três ❡t❛♣❛s✿

• ❊s❝♦❧❤❛ ❞♦ tr❛ç❛❞♦r

• ❆♠♦str❛❣❡♠ ❞❡ ❝❛♠♣♦

• ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ♣♦r ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❛♦s
r❡s✉❧t❛❞♦s ❞❛ ❛♠♦str❛❣❡♠

❯♠ tr❛ç❛❞♦r ✐❞❡❛❧ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡st❡ ❡st✉❞♦ ❞❡✈❡ ❛♣r❡s❡♥t❛r ❛s
s❡❣✉✐♥t❡s ❝❛r❛❝t❡ríst✐❝❛s✿

• ❉❡✈❡ s❡r ❝♦♥s❡r✈❛t✐✈♦✱ ♦✉ s❡❥❛✱ ♥ã♦ ♣♦❞❡ s❡r ❞❡❣r❛❞á✈❡❧ ❡ ♥❡♠ s♦❢r❡r
♥❡♥❤✉♠❛ r❡❛çã♦ q✉í♠✐❝❛ q✉❡ ♦ t♦r♥❡ ♥ã♦ ❞❡t❡❝tá✈❡❧ ♣❡❧♦ ♠ét♦❞♦
❛♥❛❧ít✐❝♦✱ ♥ã♦ ♣♦❞❡ s❡r ✈♦❧át✐❧ ❡ ♥ã♦ ♣♦❞❡ ✐♥t❡r❛❣✐r ♣♦r ❛❞s♦rçã♦ ❝♦♠
s❡❞✐♠❡♥t♦s ♦✉ ❝♦♠ só❧✐❞♦s s✉s♣❡♥s♦s ❡♠ ✉♠❛ t❛①❛ s✐❣♥✐✜❝❛t✐✈❛✳

• ❉❡✈❡ ❡st❛r ♣r❡s❡♥t❡ ♥♦ ❡✢✉❡♥t❡ ❡♠ q✉❛♥t✐❞❛❞❡s ♠✉✐t♦ ❛❝✐♠❛ ❞♦ ❧✐♠✐t❡
❞❡ ❞❡t❡❝çã♦ ❞♦ ♠ét♦❞♦ ❛♥❛❧ít✐❝♦ ❡ ♦ ♠ét♦❞♦ ❛♥❛❧ít✐❝♦ ❞❡✈❡ ❢♦r♥❡❝❡r
✉♠❛ ❜♦❛ ♣r❡❝✐sã♦ ♥❛ ❛♥á❧✐s❡❀

• ◆ã♦ ❞❡✈❡ ❡st❛r ♣r❡s❡♥t❡ ❡♠ q✉❛♥t✐❞❛❞❡s s✐❣♥✐✜❝❛t✐✈❛s ♥♦ r✐♦ à ♠♦♥t❛♥t❡
❞♦ ❧❛♥ç❛♠❡♥t♦ ❞❡ ❢♦r♠❛ q✉❡✱ ❛♣ós ❛ ♠✐st✉r❛ t♦t❛❧✱ ♦ ❛✉♠❡♥t♦ ❞❛ s✉❛
❝♦♥❝❡♥tr❛çã♦ ♣♦ss❛ s❡r ❞❡t❡❝t❛❞♦ ❝♦♠ ♣r❡❝✐sã♦ ♣❡❧♦ ♠ét♦❞♦ ❛♥❛❧ít✐❝♦✳

❈♦♠ ❜❛s❡ ♥❡ss❡s ❝r✐tér✐♦s✱ ✐❞❡♥t✐✜❝♦✉✲s❡ ♦ só❞✐♦ ❝♦♠♦ tr❛ç❛❞♦r ♣♦✐s✱
❛❧é♠ ❞❡ ❡st❛r ♣r❡s❡♥t❡ ❡♠ ✉♠❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡t❡❝tá✈❡❧ ❝♦♠ ♣r❡❝✐sã♦ ♥♦
❡✢✉❡♥t❡✱ t❡♠ ✉♠❛ ♣❡q✉❡♥❛ ❝♦♥❝❡♥tr❛çã♦ ♥♦ r✐♦ ❆t✐❜❛✐❛✳

❆♣ós t❡r s✐❞♦ ❡s❝♦❧❤✐❞♦ ♦ tr❛ç❛❞♦r✱ ❞❡s❡♥✈♦❧✈❡✉✲s❡ ✉♠ ♣❧❛♥♦ ❞❡
❛♠♦str❛❣❡♠ ❡♠ q✉❡ ❢♦r❛♠ ❞❡✜♥✐❞♦s ❞✐✈❡rs♦s ♣♦♥t♦s ❞❡ ❝♦❧❡t❛ ❞❡ á❣✉❛ ❡♠
❞✐❢❡r❡♥t❡s ❧♦❝❛✐s ❞♦ r✐♦ ❆t✐❜❛✐❛✳ ❆♥❛❧✐s♦✉✲s❡ ❡♥tã♦ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ só❞✐♦
❡♠ t♦❞❛s ❛s ❛♠♦str❛s✳

◆❛ ❋✐❣✉r❛ ✻✳✹✾ é ♠♦str❛❞❛ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ r✐♦ ❆t✐❜❛✐❛ ❝♦♠ ❛
❧♦❝❛❧✐③❛çã♦ ❞♦s ♣♦♥t♦s ❛♦ ❧♦♥❣♦ ❞❡ ✉♠ tr❡❝❤♦ ❞❡ ✾✺✵ ♠❡tr♦s ♦♥❞❡ ❛s ❛♠♦str❛s
❢♦r❛♠ ❝♦❧❡t❛❞❛s✳ ❚♦❞❛s ❛s ❞✐stâ♥❝✐❛s ❧á r❡♣r❡s❡♥t❛❞❛s sã♦ ❡♠ ❢✉♥çã♦ ❞❛
❞✐stâ♥❝✐❛ ❞♦ ♣♦♥t♦ ♦♥❞❡ ♦❝♦rr❡ ♦ ❞❡s♣❡❥♦ ❞♦ ❡✢✉❡♥t❡ ♥♦ r✐♦ ❆t✐❜❛✐❛✳ ❊st❛s

✶✶✷



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❋✐❣✉r❛ ✻✳✹✾✿ ❘❡♣r❡s❡♥t❛çã♦ ❞♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠ ❞♦ r✐♦ ❆t✐❜❛✐❛ ♣ró①✐♠♦s ❛♦

❞❡s♣❡❥♦ ❞❡ ❡✢✉❡♥t❡s ❞❛ ❘♦❞❤✐❛❝♦✳

❞✐stâ♥❝✐❛s ❢♦r❛♠✿ ✶✵ ♠✱ ✸✵ ♠✱ ✺✵ ♠✱ ✼✵ ♠✱ ✾✵ ♠✱ ✶✺✵ ♠✱ ✺✵✵ ♠ ❡ ✾✺✵
♠✳ ❋♦r❛♠ ❝♦❧❡t❛❞❛s ❛♠♦str❛s t❛♠❜é♠ ❛ ♠♦♥t❛♥t❡ ❞♦ ♣♦♥t♦ ❞❡ ❡♠✐ssã♦
❞❡ ❡✢✉❡♥t❡s✱ ❛ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✺✵ ♠ ❞♦ ❧♦❝❛❧ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡ ❞❛
❘❤♦❞✐❛❝♦✳

◆❛ ❋✐❣✉r❛ ✻✳✹✾✱ ♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠ sã♦ r❡♣r❡s❡♥t❛❞♦s ♣♦r ✉♠
♥ú♠❡r♦ s❡❣✉✐❞♦ ♣♦r ✉♠❛ ❧❡tr❛✳ ❖s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠ r❡♣r❡s❡♥t❛❞♦s
♣❡❧❛ ❧❡tr❛ ❆ ❢♦r❛♠ ❝♦❧❡t❛❞♦s ❛ ✸ ♠ ❞❛ ♠❛r❣❡♠ ♦♥❞❡ ♦❝♦rr❡ ♦ ❞❡s♣❡❥♦ ❞♦
❡✢✉❡♥t❡❀ ♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠ r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛ ❧❡tr❛ ❇ ❢♦r❛♠ ❝♦❧❡✲
t❛❞♦s ❛ ✼ ♠ ❞❛ ♠❛r❣❡♠ ♦♥❞❡ ♦❝♦rr❡ ♦ ❞❡s♣❡❥♦ ❞♦ ❡✢✉❡♥t❡❀ ♦s ♣♦♥t♦s ❞❡
❛♠♦str❛❣❡♠ r❡♣r❡s❡♥t❛❞♦s ♣❡❧❛ ❧❡tr❛ ❈ ❢♦r❛♠ ❝♦❧❡t❛❞♦s ❛ ✶✹ ♠ ❞❛ ♠❛r❣❡♠
♦♥❞❡ ♦❝♦rr❡ ♦ ❞❡s♣❡❥♦ ❞♦ ❡✢✉❡♥t❡❀ ❡ ♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠ r❡♣r❡s❡♥t❛❞♦s
♣❡❧❛ ❧❡tr❛ ❉ ❢♦r❛♠ ❝♦❧❡t❛❞♦s ❛ ✷✶ ♠ ❞❛ ♠❛r❣❡♠ ♦♥❞❡ ♦❝♦rr❡ ♦ ❞❡s♣❡❥♦ ❞♦
❡✢✉❡♥t❡✳ ❈♦♥s✐❞❡r♦✉✲s❡ q✉❡ ♦ r✐♦ ❆t✐❜❛✐❛ t❡♠ ✉♠❛ ❧❛r❣✉r❛ ♠é❞✐❛ ❞❡ ✷✼ ♠
♥❛s ✐♠❡❞✐❛çõ❡s ❞♦ ♣♦♥t♦ ❞❡ ❡♠✐ssã♦ ❞❡ ❡✢✉❡♥t❡s ❞❛ ❘❤♦❞✐❛❝♦✳

❚♦❞❛s ❛s ❛♠♦str❛s ❢♦r❛♠ ❝♦❧❡t❛❞❛s ❞✐r❡t❛♠❡♥t❡ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦
r✐♦✳ ❆♥á❧✐s❡s ❞♦ t❡♦r ❞❡ só❞✐♦ ❢♦r❛♠ r❡❛❧✐③❛❞❛s t❛♠❜é♠ ♥♦ ❡✢✉❡♥t❡ q✉❡
❡st❛✈❛ s❡♥❞♦ ❞❡s♣❡❥❛❞♦ ♥♦ r✐♦ ❆t✐❜❛✐❛ ✭♣♦♥t♦ ❊✮✱ ❞❡♥♦♠✐♥❛❞♦ ❛♠♦str❛ ✷✵✾
♥❛ ❚❛❜❡❧❛ ✻✳✶✺ ❡ ♥♦s ❞❡♠❛✐s ♣♦♥t♦s ❞❡ ❡♠✐ssã♦ ✭❈❛✐①❛s ✵✵✽✱ ✵✵✼ ❡ ✵✵✻✮
♦r✐✉♥❞♦s ❞❡ t♦rr❡s ❞❡ r❡❢r✐❣❡r❛çã♦✳

❈♦❧❡t❛r❛♠✲s❡ ❛♠♦str❛s s✐♠♣❧❡s ❡♠ t♦❞♦s ♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠❀
♣♦ré♠ ❛s ❛♥á❧✐s❡s ❢♦r❛♠ t♦❞❛s r❡❛❧✐③❛❞❛s ❡♠ ❞✉♣❧✐❝❛t❛✳

❆ ❧❛r❣✉r❛ ❡ ❛ ♣r♦❢✉♥❞✐❞❛❞❡ ♠é❞✐❛s ❞♦ r✐♦ ❆t✐❜❛✐❛ ❢♦r❛♠ ♠❡❞✐❞❛s
♥♦ ❞✐❛ ❡♠ q✉❡ s❡ r❡❛❧✐③♦✉ ❛ ❛♠♦str❛❣❡♠✳ ❊st❛s ♠❡❞✐❞❛s sã♦ ♥❡❝❡ssár✐❛s
♣❛r❛ s✐♠✉❧❛çã♦ ❞♦ s✐st❡♠❛✱ ✉♠❛ ✈❡③ q✉❡ t♦❞♦ ♦ ♣❧❛♥♦ ❞❡ ❛♠♦str❛❣❡♠ ❢♦✐

✶✶✸



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

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

❯♠❛ ✈❡③ ♦❜t✐❞❛s ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ só❞✐♦ ❡♠ ❞✐✈❡rs♦s ♣♦♥t♦s ❞♦
r✐♦ ❆t✐❜❛✐❛✱ ❢♦✐ r❡❛❧✐③❛❞♦ ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❡❧♦
▲✲❈❋❉✳ ❆ ♣❛rt✐r ❞❡st❡ ❛❥✉st❡✱ ❢♦✐ ♦❜t✐❞♦ ✉♠ ❝♦❡✜❝✐❡♥t❡ ❣❧♦❜❛❧ ❞❡ ❞✐s♣❡rsã♦
❝❛r❛❝t❡ríst✐❝♦ ♣❛r❛ ❡st❡ tr❡❝❤♦ ❞♦ r✐♦ ❆t✐❜❛✐❛✳

❈♦♠ ❛ ♦❜t❡♥çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❣❧♦❜❛❧ ❞❡ ❞✐s♣❡rsã♦✱ ❢♦✐ ♣♦ssí✈❡❧ r❡✲
❛❧✐③❛r ❛ s✐♠✉❧❛çã♦ ❞❡ t♦❞♦ ♦ ❞♦♠í♥✐♦ ❝♦♥s✐❞❡r❛❞♦✳ ◆❡st❛ s✐♠✉❧❛çã♦✱ ♦ ❡✢✉❡♥t❡
❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ t❡♥❞♦ ❛♣❡♥❛s ✉♠ ú♥✐❝♦ ❝♦♠♣♦♥❡♥t❡✳ ❊st❛ ❛❜♦r❞❛❣❡♠
é ♥❡❝❡ssár✐❛ ♣❛r❛ ♣❡r♠✐t✐r ❛ ❛✈❛❧✐❛çã♦ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ♠✐st✉r❛ ❞♦ ❡✢✉❡♥t❡
❞❛ ❘❤♦❞✐❛❝♦ ❝♦♠ ❛s á❣✉❛s ❞♦ r✐♦ ❆t✐❜❛✐❛✱ ❝♦♠♦ s❡ ❡st❡ ❢♦ss❡ ✉♠ ♣s❡✉❞♦✲
❡❧❡♠❡♥t♦ ❝♦♠ ❛s ♠❡s♠❛s ♣r♦♣r✐❡❞❛❞❡s ❞❡ tr❛♥s♣♦rt❡ ❞❛ á❣✉❛✳ ◆❡st❡ t❡st❡✱
♦ ❡✢✉❡♥t❡ é ❝♦♥s✐❞❡r❛❞♦ ♥❛ s✉❛ t♦t❛❧✐❞❛❞❡✱ ❝♦♠ t♦❞❛ ❛ s✉❛ ❝♦♠♣❧❡①✐❞❛❞❡✱
s❡♠ q✉❛❧q✉❡r ❛✈❛❧✐❛çã♦ ❞❛ s✉❛ ❝♦♠♣♦s✐çã♦✳ ❊st❡ ♣r♦❝❡❞✐♠❡♥t♦ ❡✈✐t❛ ❛ ♥❡✲
❝❡ss✐❞❛❞❡ ❞❡ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❝♦♠♣♦s✐çã♦ ❞♦ ❡✢✉❡♥t❡ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛ s✉❛
t♦①✐❝✐❞❛❞❡ ❛q✉át✐❝❛✱ ❛❧é♠ ❞❡ ✐♥❝♦r♣♦r❛r t♦❞♦s ♦s ❡❢❡✐t♦s s✐♥❡r❣ét✐❝♦s ❡ ❛♥✲
t❛❣ô♥✐❝♦s ❡♥tr❡ ♦s s❡✉s ❝♦♠♣♦♥❡♥t❡s q✉❡ ♣♦r✈❡♥t✉r❛ ♣♦ss❛♠ ❛♣❛r❡❝❡r✳ ❖
❢❛t♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ t❡r s✐❞♦ ❛❥✉st❛❞♦ ❛♣❡♥❛s ♣❛r❛ ♦ só❞✐♦✱ ❡ ♥ã♦
♣❛r❛ t♦❞♦ ♦ ❡✢✉❡♥t❡ é ♠✐♥✐♠✐③❛❞♦ ❞❡✈✐❞♦ à ♣r❡❞♦♠✐♥â♥❝✐❛ ❞♦s ❡❢❡✐t♦s ❝♦♥✲
✈❡❝t✐✈♦s ❡♠ r❡❧❛çã♦ ❛♦s ❞✐❢✉s✐✈♦s✳ ❈♦♠♦ ♥♦ ♣r❡s❡♥t❡ ❝❛s♦ t❛♠❜é♠ é ✉t✐❧✐③❛❞♦
✉♠ ♠♦❞❡❧♦ t✉r❜✉❧❡♥t♦✱ q✉❡ é ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡st❡ tr❡❝❤♦ ❞❡ r✐♦✱ ❝♦♥s✐❞❡r❛✲s❡
s✉✜❝✐❡♥t❡ ❛ ❛❜♦r❞❛❣❡♠ ❜❛s❡❛❞❛ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❡✢✉❡♥t❡ ♥♦ r✐♦✱ ❝♦♠♦ s❡
❢♦ss❡ ✉♠ ♣s❡✉❞♦✲❝♦♠♣♦♥❡♥t❡✳

❙✐♠✉❧❛çã♦ ❞❛ ❞✐s♣❡rsã♦ ❞♦ ❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛❝♦ ♥♦ r✐♦ ❆t✐❜❛✐❛

❆♣ós ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❝❛r❛❝t❡ríst✐❝♦ ❡ ❛
✈❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦ ♣❛r❛ ♦ tr❡❝❤♦ ❞❡ r✐♦ ❡st✉❞❛❞♦✱ ♦ ♠♦❞❡❧♦ ❡♥❝♦♥tr❛✲s❡
❛♣t♦ ❛ ♣r❡❞✐③❡r ♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çõ❡s ♣❛r❛ q✉❛❧q✉❡r ❝❡♥ár✐♦ ❞❡s❞❡ q✉❡
r❡s♣❡✐t❛❞❛s ❛s ❤✐♣ót❡s❡s ✐♥✐❝✐❛✐s✳

❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❛t❡♥❞❡r ❛♦s ♦❜❥❡t✐✈♦s ❞❡st❡ tr❛❜❛❧❤♦✱ ❡♠♣r❡❣♦✉✲s❡
♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❡ ❝ó❞✐❣♦ ❋♦rtr❛♥ ❞❡s❡♥✈♦❧✈✐❞♦s ♣❛r❛ ❝❛❧❝✉❧❛r ♦s ♣❡r✜s
❞❡ ❝♦♥❝❡♥tr❛çõ❡s ❞♦ ❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛❝♦ ♥♦ r✐♦ ❆t✐❜❛✐❛✱ ❝♦rr❡s♣♦♥❞❡♥t❡s às
s❡❣✉✐♥t❡s s✐♠✉❧❛çõ❡s✿

• ❙✐♠✉❧❛çã♦ ❞❛ ❞✐s♣❡rsã♦ ❝♦♠ ❛s ❝♦♥❞✐çõ❡s ❞♦ ❞✐❛ ❞❛ ❛♠♦str❛❣❡♠ ❞❡
❝❛♠♣♦✳

✶✶✹



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

• ❙✐♠✉❧❛çã♦ ❞❛ ❞✐s♣❡rsã♦ ❞♦ ❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛❝♦ ♣❛r❛ ♦ ❝❡♥ár✐♦ ❞♦
Q7,10

∗✳

❖s r❡s✉❧t❛❞♦s ❢♦r❛♠ ❡①♣r❡ss♦s ❝♦♠♦ ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çõ❡s ❡♠
s❡çõ❡s tr❛♥s✈❡rs❛✐s ❡ ❧♦♥❣✐t✉❞✐♥❛✐s✱ ❧❡♠❜r❛♥❞♦ q✉❡ ♦s r❡s✉❧t❛❞♦s sã♦ tr✐❞✐✲
♠❡♥s✐♦♥❛✐s✳

✻✳✾✳✸ ❘❡s✉❧t❛❞♦s ❞❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡r✲

sã♦

❖s r❡s✉❧t❛❞♦s ❞❡st❛ ❡t❛♣❛ ❞♦ tr❛❜❛❧❤♦ ❡stã♦ ❞✐✈✐❞✐❞♦s ❡♠ ✸ ♣❛rt❡s✿
✐♥✐❝✐❛❧♠❡♥t❡ é ♠♦str❛❞♦ ❝♦♠♦ ❢♦✐ ♦❜t✐❞♦ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❝❛r❛❝t❡rís✲
t✐❝♦ ♣❛r❛ ❡st❡ tr❡❝❤♦ ❞❡ r✐♦❀ ❧♦❣♦ ❛♣ós é ❞❡s❝r✐t❛ ❛ ♠♦❞❡❧❛❣❡♠ ❞❛ ❞✐s♣❡rsã♦ ❞♦
❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛❝♦ ♥❛s ❝♦♥❞✐çõ❡s ❞♦ ❞✐❛ ❞❛ ❛♠♦str❛❣❡♠❀ ❡ ✜♥❛❧♠❡♥t❡ é ❛♣✲
r❡s❡♥t❛❞❛ ✉♠❛ s✐♠✉❧❛çã♦ ❞❛ ❞✐s♣❡rsã♦ ❞♦ ❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛❝♦ ♥❛s ❝♦♥❞✐çõ❡s
❞♦ Q7,10 ❞♦ r✐♦ ❆t✐❜❛✐❛✳

❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦

❆s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ só❞✐♦ ❞❡t❡r♠✐♥❛❞❛s ♥❛s ❛♠♦str❛s ❝♦❧❡t❛❞❛s ♥♦
r✐♦ ❆t✐❜❛✐❛ ❡stã♦ ❞❡♠♦♥str❛❞❛s ♥❛ ❚❛❜❡❧❛ ✻✳✶✹✳

❯♠ ❢❛t♦r ❝♦♥s✐❞❡r❛❞♦ ❢♦✐ q✉❡ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ só❞✐♦ ❛ ♠♦♥t❛♥t❡ ❞♦
❧❛♥ç❛♠❡♥t♦ ♥ã♦ ❡r❛ ❤♦♠♦❣ê♥❡❛✱ ❝♦♥❢♦r♠❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✶✹✳
❊st❡ ❢❛t♦ ♣r♦✈❛✈❡❧♠❡♥t❡ ♦❝♦rr❡ ❞❡✈✐❞♦ ❛ ♣r❡s❡♥ç❛ ❞❛ ❢♦③ ❞♦ r✐❜❡✐rã♦ ❆♥❤✉♠❛s
✹✺✵ ♠ ❛ ♠♦♥t❛♥t❡ ❞♦ ❧♦❝❛❧ ❞❡ ❧❛♥ç❛♠❡♥t♦✳ ❉❡st❛ ❢♦r♠❛✱ ❛❝r❡❞✐t❛✲s❡ q✉❡ ♦
só❞✐♦ ♦r✐✉♥❞♦ ❞❡st❡ r✐❜❡✐rã♦✱ q✉❡ t❡♠ ✉♠❛ ❛❧t❛ ❝❛r❣❛ ❡✢✉❡♥t❡✱ ❛✐♥❞❛ ♥ã♦
s❡ ❡♥❝♦♥tr❛✈❛ ❝♦♠♣❧❡t❛♠❡♥t❡ ❞✐s♣❡rs♦ ♥❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❞❡ ❛♠♦str❛❣❡♠
✶✳ ❋♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ✉♠❛ s✉❜r♦t✐♥❛ ❡s♣❡❝✐❛❧♠❡♥t❡ ♣❛r❛ ❡st❡ ❝❛s♦ ♣❛r❛ q✉❡
s❡ t♦r♥❛ss❡ ♣♦ssí✈❡❧ ❝♦♥s✐❞❡r❛r ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ só❞✐♦ ♥ã♦ ❤♦♠♦❣ê♥❡❛ ♥❛
s❡çã♦ tr❛♥s✈❡rs❛❧ ✐♥✐❝✐❛❧ ❞♦ ❞♦♠í♥✐♦✳

❈♦♠♦ s❡ tr❛t❛ ❞❡ ♠♦❞❡❧♦ ❞❡t❡r♠✐♥íst✐❝♦✱ ♦ ♣r✐♥❝í♣✐♦ ❞❛ ❝♦♥s❡r✈❛çã♦
❞❛ ♠❛ss❛ t❡♠ ❞❡ s❡r ✈❡r✐✜❝❛❞♦✳ ❖s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ♦❜t✐❞♦s tr❛③❡♠
❡rr♦s q✉❡ ♣♦❞❡♠ s❡r ❛tr✐❜✉í❞♦s ❛♦s ♠ét♦❞♦s ❞❡ ❝♦❧❡t❛ ❡ ❞❡ ❛♥á❧✐s❡s q✉í♠✐✲
❝❛s✱ ❜❡♠ ❝♦♠♦ à ✈❛r✐❛❜✐❧✐❞❛❞❡ ♥❛t✉r❛❧ ❞❛s ❝♦♥❞✐çõ❡s ❞♦ r✐♦ ❞❡✈✐❞♦ à s✉❛

∗Q7,10✿ ✈❛③ã♦ ♠í♥✐♠❛ ❞❡ ✼ ❞✐❛s ❝♦♥s❡❝✉t✐✈♦s ♣❛r❛ ✉♠ ♣❡rí♦❞♦ ❞❡ r❡t♦r♥♦ ❞❡ ✶✵ ❛♥♦s✳

✶✶✺



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❚❛❜❡❧❛ ✻✳✶✹✿ ❈♦♥❝❡♥tr❛çã♦ ❞❡ só❞✐♦ ♥♦s ♣♦♥t♦s ❞❡ ❛♠♦str❛❣❡♠✳

❈♦♥❝❡♥tr❛çã♦ ❞❡ só❞✐♦ ✭mg/L✮

❆♠♦str❛ ❆ ❇ ❈ ❉

✶ ✷✸ ✷✵ ✶✼ ✶✺✱✺

✷ ✷✻ ✷✸ ✶✼✱✺ ✶✺✱✺

✸ ✸✷ ✷✶ ✶✼ ✶✻

✹ ✸✸ ✶✽ ✶✺✱✺ ✶✺✱✺

✺ ✶✾✱✺ ✶✺✱✺ ✶✹✱✺ ✶✹✱✺

✻ ✷✹ ✷✷ ✶✺✱✺ ✶✺

✼ ✶✽ ✶✾✱✺ ✷✵✱✺ ✶✽✱✺

✶✵ ✷✵ ✷✵ ✷✵ ✷✵

✶✶ ✶✾ ✶✾ ✶✾ ✶✾

✽ ✶✼✱✺ ✶✾ ✶✽ ✶✼✱✺

✾ ✶✽ ✶✽✱✺ ✶✽✱✺ ✶✾

✐rr❡❣✉❧❛r✐❞❛❞❡ ❡ ❝♦♠♣❧❡①✐❞❛❞❡✱ ❛❧é♠ ❞❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❛ ♣r❡s❡♥ç❛ ❞❡ ✐♥t❡r✲
❢❡r❡♥t❡s✳ P♦rt❛♥t♦✱ ♥❛ ♠❛✐♦r ♣❛rt❡ ❞♦s ❝❛s♦s✱ ❡ss❡s ❞❡s✈✐♦s sã♦ ❡s♣❡r❛❞♦s ❡
♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❞❡✈❡♠ ♣❛ss❛r ♣♦r ✉♠❛ ❛✈❛❧✐❛çã♦ ❞❡ s✉❛ ❝♦♥s✐stê♥❝✐❛✱
♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ ❛♦ ♣r✐♥❝í♣✐♦ ❞❛ ❝♦♥s❡r✈❛çã♦ ❞❛ ♠❛ss❛✳

◆♦ ♣r❡s❡♥t❡ ❝❛s♦✱ ♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❞❡ ❝❛♠♣♦ ♦❜t✐❞♦s à ❥✉✲
s❛♥t❡ ❞♦ ♣♦♥t♦ ❞❡ ❧❛♥ç❛♠❡♥t♦ ❛♣r❡s❡♥t❛r❛♠✲s❡ ❝♦❡r❡♥t❡s ❡♥tr❡ s✐ ❡ ♣❡r♠✐t✐✉
q✉❡ ♦s r❡s✉❧t❛❞♦s ❞♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ s❡ ❛❥✉st❛ss❡♠ ♠✉✐t♦ ❜❡♠ ❝♦♠ ♦s
r❡s✉❧t❛❞♦s ❞❡ ❝❛♠♣♦✳ ❊♥tr❡t❛♥t♦✱ ♥❛ ✈❡r✐✜❝❛çã♦ ❞♦ ♣r✐♥❝í♣✐♦ ❞❛ ❝♦♥s❡r✈❛çã♦
❞❛ ♠❛ss❛ ❡♥tr❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❛s ✶✵ s❡çõ❡s tr❛♥s✈❡rs❛✐s
❛ ❥✉s❛♥t❡ ❞♦ ❧❛♥ç❛♠❡♥t♦ ❞❛ ❘❤♦❞✐❛❝♦ ❝♦♠ ♦s ❞❛❞♦s ❞❡ ♠♦♥t❛♥t❡ ✭s❡çã♦
tr❛♥s✈❡rs❛❧ ✶✮ ❡♥❝♦♥tr♦✉✲s❡ ✉♠ ❞❡s✈✐♦ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❞❡ ✷✵ ✪ ✭♦s ✈❛✲
❧♦r❡s ♦❜t✐❞♦s ♥❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❞❡ ♠♦♥t❛♥t❡ ❢♦r❛♠ s✉♣❡r✐♦r❡s ❛♦ ❡s♣❡r❛❞♦
♣❛r❛ ♣r♦❞✉③✐r ♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❛ ❥✉s❛♥t❡ ♦❜t✐❞♦✮✳ ❊st❡s ❞❡s✈✐♦s ♣♦✲
❞❡♠ s❡r ❛tr✐❜✉í❞♦s ❛♦s ♣♦ssí✈❡✐s ❡rr♦s ♠❡♥❝✐♦♥❛❞♦s ❛❝✐♠❛✳ ❚❡♥❞♦ ❡♠ ✈✐st❛

✶✶✻



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❛ ❝♦❡rê♥❝✐❛ ❡ ❛ q✉❛❧✐❞❛❞❡ ❞♦s ❞❛❞♦s ❞❛s ✶✵ s❡çõ❡s tr❛♥s✈❡rs❛✐s ❞❡ ❥✉s❛♥t❡✱
♦♣t♦✉✲s❡ ♣❡❧♦ ❛❥✉st❡ ❞♦s ❞❛❞♦s ❞❡ ♠♦♥t❛♥t❡ ♣❛r❛ ♠❛♥t❡r ❛ ❝♦♥s✐stê♥❝✐❛ ❝♦♠
❜❛s❡ ♥♦ ♣r✐♥❝í♣✐♦ ❞❛ ❝♦♥s❡r✈❛çã♦ ❞❛ ♠❛ss❛✳

◆❛s ❚❛❜❡❧❛s ✻✳✶✺ ❡ ✻✳✶✻ sã♦ ♠♦str❛❞❛s ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ só❞✐♦
♦❜t✐❞❛s ♥❛s ❛♠♦str❛s ❝♦❧❡t❛❞❛s ❛ ♣❛rt✐r ❞❛s ❞✐❢❡r❡♥t❡s ❡♠✐ssõ❡s ❧♦❝❛❧✐③❛❞❛s
♥♦ tr❡❝❤♦ ❞❡ r✐♦ ❡st✉❞❛❞♦✳

❚❛❜❡❧❛ ✻✳✶✺✿ ❈♦♥❝❡♥tr❛çã♦ ❞❡ só❞✐♦ ❞❛ ❛♠♦str❛ ✷✵✾ ✭❧❛♥ç❛♠❡♥t♦ ❞❛ ❘❤♦❞✐❛❝♦✮✳

❈♦♥❝❡♥tr❛çã♦ ❞❡ só❞✐♦ ✭mg/L✮

✵✾❤✺✵♠✐♥ ✶✵❤✷✺♠✐♥ ✶✶❤✶✺♠✐♥

✶✷✷✵ ✶✷✸✵ ✶✷✻✺

❆ ❛♠♦str❛ ✷✵✾ ❛♣r❡s❡♥t♦✉ ✉♠❛ ❝♦♥❝❡♥tr❛çã♦ ♠é❞✐❛ ❞❡ ✶✷✸✽ ♠❣✴▲✳
P♦ré♠ ❞❡✈✐❞♦ às ❞❡♠❛✐s ❝♦rr❡♥t❡s t❛♠❜é♠ ♣r❡s❡♥t❡s ♥❡st❡ ❡✢✉❡♥t❡ ❥á ♠❡♥✲
❝✐♦♥❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡✱ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ só❞✐♦ ♥♦ ❡✢✉❡♥t❡ ❧❛♥ç❛❞♦ ♥♦ r✐♦
é ❞❡ ✽✸✽ ♠❣✴▲✳

❚❛❜❡❧❛ ✻✳✶✻✿ ❈♦♥❝❡♥tr❛çã♦ ❞❡ só❞✐♦ ❞♦s ❞❡♠❛✐s ♣♦♥t♦s ❞❡ ❡♠✐ssã♦ ❛♦ ❧♦♥❣♦ ❞♦

tr❡❝❤♦ ❞❡ ❡st✉❞♦✳

❈♦♥❝❡♥tr❛çã♦ ❞❡ só❞✐♦ ✭mg/L✮

❈❛✐①❛ ✵✵✽ ✶✵✱✺

❈❛✐①❛ ✵✵✼ ✶✵✱✺

❈❛✐①❛ ✵✵✽ ✶✶✱✺

P♦❞❡✲s❡ ✈❡r✐✜❝❛r ♥❛ ❚❛❜❡❧❛ ✻✳✶✻ q✉❡ ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ só❞✐♦ ♥❛s
❞❡♠❛✐s ❡♠✐ssõ❡s ❛♦ ❧♦♥❣♦ ❞♦ tr❡❝❤♦ ❡st✉❞❛❞♦ sã♦ ❜❛st❛♥t❡ ❜❛✐①❛s✳ ◆❛ r❡❛❧✐✲
❞❛❞❡ ❡st❛s ❞❡♠❛✐s ❡♠✐ssõ❡s ♥❛❞❛ ♠❛✐s sã♦ ❞♦ q✉❡ á❣✉❛s ♦r✐✉♥❞❛s ❞❡ t♦rr❡s
❞❡ r❡❢r✐❣❡r❛çã♦ q✉❡ ❛♣❡♥❛s ❝♦♥tr✐❜✉❡♠ ♣❛r❛ ❞✐❧✉✐r ♦ ❡✢✉❡♥t❡ ❧❛♥ç❛❞♦ ❛♥t❡r✐✲
♦r♠❡♥t❡ ♣❡❧❛ ❈❛✐①❛ ✵✵✺✳

❯♠❛ ✈❡③ ♦❜t✐❞♦s t♦❞♦s ♦s ♣❛râ♠❡tr♦s ♥❡❝❡ssár✐♦s✱ t♦r♥❛✲s❡ ♣♦ssí✈❡❧
❛ r❡❛❧✐③❛çã♦ ❞❡ s✐♠✉❧❛çõ❡s ❝♦♠ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞❡ ❞✐✈❡rs❛s s✐t✉❛çõ❡s
❛ ✜♠ ❞❡ s❡ ♦❜t❡r ✉♠ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ q✉❡ ♠❡❧❤♦r ❛❥✉st❡ ♦ s✐st❡♠❛

✶✶✼



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❋✐❣✉r❛ ✻✳✺✵✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❡ ❡①♣❡r✐♠❡♥t❛✐s ❛ ✸ ♠ ❞❛

♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

❡st✉❞❛❞♦✳ ❋♦r❛♠ t❡st❛❞♦s ❞✐✈❡rs♦s ✈❛❧♦r❡s ♣❛r❛ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦✱
✈❛r✐❛♥❞♦ ❡♥tr❡ ✵✱✵✵✺ m2/s ❛té ✵✱✶✼ m2/s✳

◆❛ ❋✐❣✉r❛s ✻✳✺✵ ❛ ✻✳✺✸ sã♦ ♠♦str❛❞♦s ♦s ❝♦♠♣♦rt❛♠❡♥t♦s ❞❛s ❝✉r✈❛s
❞❡ ❝♦♥❝❡♥tr❛çã♦ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s s❡çõ❡s ❧♦♥❣✐t✉❞✐♥❛✐s ❡st✉❞❛❞❛s ❝♦♠ ❞✐✲
✈❡rs♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❞✐s♣❡rsã♦ ✭✵✱✵✵✺✱ ✵✱✵✶✱ ✵✱✵✺✱ ✵✱✵✽✱ ✵✱✶✶✱ ✵✱✶✸✱ ✵✶✺✱ ✵✱✶✼
❡ ✵✱✶✾ m2/s✮✳ ◆❡st❛ ✜❣✉r❛ ❡stã♦ r❡♣r❡s❡♥t❛❞♦s t❛♠❜é♠ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s
❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡✳

❆♦ s❡ ❝♦♠♣❛r❛r ❛s ❝✉r✈❛s ♦❜t✐❞❛s ♥✉♠❡r✐❝❛♠❡♥t❡ ❝♦♠ ♦s r❡s✉❧t❛✲
❞♦s ❡①♣❡r✐♠❡♥t❛✐s✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ♦ ❝♦❡✜❝✐❡♥t❡ q✉❡ ♠❡❧❤♦r r❡♣r❡s❡♥t❛✈❛ ♦
❢❡♥ô♠❡♥♦ ❡r❛ ♦ ❞❡ ✵✱✶✼ m2/s✳

❉❡st❛ ❢♦r♠❛✱ ♥❛s ❋✐❣✉r❛s ✻✳✺✹ ❛ ✻✳✺✼ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛♣❡♥❛s ❛s ❝✉r✲
✈❛s ♦❜t✐❞❛s ❝♦♠ ❡ss❡ ❝♦❡✜❝✐❡♥t❡ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✳ ❆❧✲
❣✉♥s ♣♦♥t♦s ♦❜t✐❞♦s ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡ ❡ q✉❡ ❛♣r❡s❡♥t❛r❛♠ ❝♦♠♣♦rt❛♠❡♥t♦s
♠✉✐t♦ ❞✐st❛♥t❡s ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ♣r❡❞✐t♦ ♣❡❧♦ ♠♦❞❡❧♦ ❢♦r❛♠ ❞❡s❝♦♥s✐❞❡r✲
❛❞♦s✳ P♦ré♠ ❢♦r❛♠ ❞❡s❝♦♥s✐❞❡r❛❞♦s ♥♦ ♠á①✐♠♦ ❞♦✐s ♣♦♥t♦s ❡①♣❡r✐♠❡♥t❛✐s
♣❛r❛ ❝❛❞❛ s❡çã♦ ❧♦♥❣✐t✉❞✐♥❛❧ ❡st✉❞❛❞❛✳

P♦❞❡✲s❡ ♣❡r❝❡❜❡r ♥❛s ❋✐❣✉r❛s ✻✳✺✹ ❛ ✻✳✺✼ q✉❡ ♦s r❡s✉❧t❛❞♦s ❢♦r♥❡❝✐❞♦s
♣❡❧♦ ♠♦❞❡❧♦ r❡♣r❡s❡♥t❛r❛♠ s❛t✐s❢❛t♦r✐❛♠❡♥t❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛✱
✉♠❛ ✈❡③ q✉❡ ✜❝❛r❛♠ ❜❡♠ ♣ró①✐♠♦s ❞♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡✳
◆❡st❛s ✜❣✉r❛s✱ é ♣♦ssí✈❡❧ ✈✐s✉❛❧✐③❛r t❛♠❜é♠ ♦ ❡❢❡✐t♦ ❝❛✉s❛❞♦ ♣❡❧❛s ❡♠✐ssõ❡s
❡①✐st❡♥t❡s ❛♦ ❧♦♥❣♦ ❞♦ tr❡❝❤♦ ❡st✉❞❛❞♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✱

✶✶✽



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❋✐❣✉r❛ ✻✳✺✶✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❡ ❡①♣❡r✐♠❡♥t❛✐s ❛ ✼ ♠ ❞❛

♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

❋✐❣✉r❛ ✻✳✺✷✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❡ ❡①♣❡r✐♠❡♥t❛✐s ❛ ✶✹ ♠

❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

✶✶✾



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❋✐❣✉r❛ ✻✳✺✸✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❡ ❡①♣❡r✐♠❡♥t❛✐s ❛ ✷✶ ♠

❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

❋✐❣✉r❛ ✻✳✺✹✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ♦❜t✐❞♦s ❝♦♠ ❝♦❡✜❝✐❡♥t❡

✵✱✶✼ m2/s ❡ ❡①♣❡r✐♠❡♥t❛✐s ❛ ✸ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

✶✷✵



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❋✐❣✉r❛ ✻✳✺✺✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ♦❜t✐❞♦s ❝♦♠ ❝♦❡✜❝✐❡♥t❡

✵✱✶✼ m2/s ❡ ❡①♣❡r✐♠❡♥t❛✐s ❛ ✼ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

❋✐❣✉r❛ ✻✳✺✻✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ♦❜t✐❞♦s ❝♦♠ ❝♦❡✜❝✐❡♥t❡

✵✱✶✼ m2/s ❡ ❡①♣❡r✐♠❡♥t❛✐s ❛ ✶✹ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

✶✷✶



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❋✐❣✉r❛ ✻✳✺✼✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ♦❜t✐❞♦s ❝♦♠ ❝♦❡✜❝✐❡♥t❡

✵✱✶✼ m2/s ❡ ❡①♣❡r✐♠❡♥t❛✐s ❛ ✷✶ ♠ ❞❛ ♠❛r❣❡♠ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

❡①✐st❡ ✉♠❛ ❞✐❧✉✐çã♦ ❝♦♥s✐❞❡rá✈❡❧ ❞♦ ❡✢✉❡♥t❡ ♥❡st❡s ♣♦♥t♦s✳ ❊st❡ ❢❡♥ô♠❡♥♦
♦❝♦rr❡ ❞❡✈✐❞♦ à ❛❧t❛ ✈❛③ã♦ ❞❡st❛s ❝♦rr❡♥t❡s✱ q✉❡ sã♦ ❜❡♠ ♠❛✐s ❡❧❡✈❛❞❛s q✉❡
❛ ✈❛③ã♦ ❞♦ ❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛❝♦✳

▼♦❞❡❧❛❣❡♠ ❞❛ ❞✐s♣❡rsã♦ ❞♦ ❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛❝♦ ♣❛r❛ ❛s ❝♦♥❞✐çõ❡s

❞♦ ❞✐❛ ❞❛ ❛♠♦str❛❣❡♠

❆♣ós ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ q✉❡ ♠❡❧❤♦r r❡✲
♣r❡s❡♥t❛ ♦ ❢❡♥ô♠❡♥♦ ❡st✉❞❛❞♦✱ t♦r♥❛✲s❡ ♣♦ssí✈❡❧ r❡❛❧✐③❛r ❛ ♠♦❞❡❧❛❣❡♠ ❞♦
❡✢✉❡♥t❡ ❧❛♥ç❛❞♦ ♣❡❧❛ ❘❤♦❞✐❛❝♦✳ ❈♦♠♦ ❥á ❢♦✐ ❞❡s❝r✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♦ ❡✢✉✲
❡♥t❡ s❡rá ♠♦❞❡❧❛❞♦ ❝♦♠♦ s❡ t♦❞♦s ♦s s❡✉s ❝♦♠♣♦♥❡♥t❡s s❡ ❝♦♠♣♦rt❛ss❡♠
❞❛ ♠❡s♠❛ ♠❛♥❡✐r❛✳ ❉❡st❛ ❢♦r♠❛✱ ♦❜t❡r✲s❡✲á ✉♠ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦
❡✢✉❡♥t❡ ♥❛ á❣✉❛ ❞♦ r✐♦✳

❙❡♥❞♦ ❛ss✐♠✱ t♦❞♦ ♦ ❡✢✉❡♥t❡ ❧❛♥ç❛❞♦ ♣❡❧❛ ❘❤♦❞✐❛❝♦ t❡rá ❝♦♥❝❡♥✲
tr❛çã♦ ✐❣✉❛❧ ❛ ✶✱✵ ✭✶✵✵ ✪✮✱ ❡ ❛ á❣✉❛ ❞♦ r✐♦ t❡rá ✉♠❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❡✢✉❡♥t❡
✐❣✉❛❧ ❛ ③❡r♦ ✭✵ ✪✮ ❛ ♠♦♥t❛♥t❡ ❞♦ ❧❛♥ç❛♠❡♥t♦✳

❙❛❜❡✲s❡ q✉❡ ♦s ❝♦♠♣♦♥❡♥t❡s ❞❡ ✉♠ ❡✢✉❡♥t❡ ♥ã♦ tê♠ ✉♠ ❝♦♠♣♦rt❛✲
♠❡♥t♦ s❡♠❡❧❤❛♥t❡✱ ❥á q✉❡ ❝❛❞❛ s✉❜stâ♥❝✐❛ t❡♠ ✉♠ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦
❝❛r❛❝t❡ríst✐❝♦✳ P♦ré♠✱ ❛ r❡❛❧✐③❛çã♦ ❞❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❞❡st❛ ♠❛♥❡✐r❛
♣❡r♠✐t❡ ♦❜t❡r ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ❡✢✉❡♥t❡ ♣r❡s❡♥t❡ ♥♦ ❡s❝♦❛✲
♠❡♥t♦ ❛♦ ❧♦♥❣♦ ❞❡ t♦❞♦ ♦ tr❡❝❤♦ ❡♠ ❡st✉❞♦✳ ❆ ♦❜t❡♥çã♦ ❞❡ ✉♠ ♣❡r✜❧ ❞❡

✶✷✷



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❝♦♥❝❡♥tr❛çã♦ ❡♠ t❡r♠♦s ❞❡ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ❡✢✉❡♥t❡ é ✐♥t❡r❡ss❛♥t❡ ♣❛rt✐❝✉✲
❧❛r♠❡♥t❡ ♥♦ ♣r❡s❡♥t❡ ❡st✉❞♦✱ ✉♠❛ ✈❡③ q✉❡ s❡ ❞❡s❡❥❛ tr❛ç❛r ✉♠❛ ❝♦♠♣❛r❛çã♦
❞♦s r❡s✉❧t❛❞♦s ❝♦♠ t❡st❡s ❞❡ t♦①✐❝✐❞❛❞❡ ❞♦ ❡✢✉❡♥t❡✳

❖ ❡st✉❞♦ ❞❡st❡ ❝❛s♦ ❝♦♥s✐❞❡r♦✉ ❛s ✈❛③õ❡s ❡ ❛s ❞✐♠❡♥sõ❡s ♠❡❞✐❞❛s ♥♦
❞✐❛ ❞❛ ❛♠♦str❛❣❡♠✱ ❥á ❞❡s❝r✐t❛s ❛♥t❡r✐♦r♠❡♥t❡✳ ❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦
❞❡t❡r♠✐♥❛❞♦ é ✵✱✶✼ m2/s✳

❋♦r❛♠ ❞❡t❡r♠✐♥❛❞❛s ❛s ❧♦❝❛❧✐③❛çõ❡s ❞❛s s❡çõ❡s tr❛♥s✈❡rs❛✐s ❡♠ q✉❡
❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❡✢✉❡♥t❡ s❡ r❡❞✉③❡♠ ❛ ✉♠ ♠á①✐♠♦ ❞❡ ✶✵ ✪✱ ✺ ✪✱ ✷ ✪
❡ ✶ ✪ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ✐♥✐❝✐❛❧✳ ❊st❡s r❡s✉❧t❛❞♦s ♣♦❞❡♠ s❡r ✈✐s✉❛❧✐③❛❞♦s ♥❛
❚❛❜❡❧❛ ✻✳✶✼✳ ❆♦ s❡ ♦❜s❡r✈❛r ♦s r❡s✉❧t❛❞♦s ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✶✼✱ ✈❡r✐✜❝❛✲
s❡ q✉❡ ❛ ❞✐s♣❡rsã♦ ❞♦ ❡✢✉❡♥t❡ ❧❛♥ç❛❞♦ ♣❡❧❛ ❘❤♦❞✐❛❝♦ ♦❝♦rr❡ ❡♠ ✉♠ ♣❡q✉❡♥♦
tr❡❝❤♦ ❞♦ r✐♦✳ ❆ ✉♠❛ ❞✐stâ♥❝✐❛ ❞❡ ✸✶✱✷✶ ♠✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡
❡✢✉❡♥t❡ ♣r❡s❡♥t❡ ♥❛ á❣✉❛ ❥á é ♠❡♥♦r q✉❡ ✶ ✪ ❞❛ s✉❛ ❝♦♥❝❡♥tr❛çã♦ ✐♥✐❝✐❛❧✳

❚❛❜❡❧❛ ✻✳✶✼✿ ❉✐stâ♥❝✐❛s ❞❛s s❡çõ❡s tr❛♥s✈❡rs❛✐s ❡♠ r❡❧❛çã♦ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ❡✢✉✲

❡♥t❡ ♥❛ á❣✉❛ ❞♦ r✐♦✳

▼á①✐♠❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ❡✢✉❡♥t❡

♥❛ s❡çã♦ tr❛♥s✈❡rs❛❧

❉✐stâ♥❝✐❛ ❞♦ ♣♦♥t♦ ❞❡ ❡♠✐ssã♦

✶✵✵ ✪ ✵ ♠

✶✵ ✪ ✵✱✺✽ ♠

✺ ✪ ✶✱✼✼ ♠

✷ ✪ ✽✱✻✸ ♠

✶ ✪ ✸✶✱✷✶ ♠

❆ ❋✐❣✉r❛ ✻✳✺✽ ♠♦str❛ ♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦
❛♦ ❧♦♥❣♦ ❞❡ t♦❞♦ ♦ tr❡❝❤♦ ❝♦♥s✐❞❡r❛❞♦✳

▼♦❞❡❧❛❣❡♠ ❞❛ ❞✐s♣❡rsã♦ ❞♦ ❡✢✉❡♥t❡ ❞❛ ❘❤♦❞✐❛❝♦ ♣❛r❛ ❛s ❝♦♥❞✐çõ❡s

❞❡ Q7,10

❆♣ós ❛ r❡❛❧✐③❛çã♦ ❞❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥✲
tr❛çã♦ ❞♦ ❡✢✉❡♥t❡ ❧❛♥ç❛❞♦ ♣❡❧❛ ❘❤♦❞✐❛❝♦ ♥❛s ❝♦♥❞✐çõ❡s ❡♥❝♦♥tr❛❞❛s ♥♦ ❞✐❛

✶✷✸



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❋✐❣✉r❛ ✻✳✺✽✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦ ♣❛r❛ ❛s ❝♦♥❞✐çõ❡s ❞♦ ❞✐❛

❞❛ ❛♠♦str❛❣❡♠✳

❞❛ ❛♠♦str❛❣❡♠✱ r❡❛❧✐③♦✉✲s❡ t❛♠❜é♠ ✉♠❛ ♠♦❞❡❧❛❣❡♠ ✈✐s❛♥❞♦ s✐♠✉❧❛r ❛s
❝♦♥❞✐çõ❡s ❝rít✐❝❛s ❞♦ s✐st❡♠❛ ❞❡ ❡st✉❞♦✳

❉❡st❛ ❢♦r♠❛✱ r❡❛❧✐③♦✉✲s❡ ✉♠❛ s✐♠✉❧❛çã♦ ✉t✐❧✐③❛♥❞♦ ❝♦♠♦ ✈❛③ã♦ ❞♦
r✐♦ ❆t✐❜❛✐❛ ♦ s❡✉ Q7,10✳ ❖ Q7,10 ❞♦ r✐♦ ❆t✐❜❛✐❛ é ❞❡ ✸✱✺✹ m3/s✳

◆ã♦ ❤á ♠❡❞✐çõ❡s ❞✐s♣♦♥í✈❡✐s ❞❛s ❝♦♥❞✐çõ❡s ❞♦ r✐♦ ❆t✐❜❛✐❛ q✉❛♥❞♦
❡st❡ s❡ ❡♥❝♦♥tr❛ ❝♦♠ s✉❛ ✈❛③ã♦ ♠í♥✐♠❛✳ ❉❡st❛ ❢♦r♠❛✱ ❝♦♥s✐❞❡r♦✉✲s❡ ♦ ♣✐♦r
❝❡♥ár✐♦ ♣♦ssí✈❡❧✳ ❖✉ s❡❥❛✱ ❛ ❧❛r❣✉r❛ ❞♦ r✐♦ s❡rá ❝♦♥s✐❞❡r❛❞❛ ❛ ♠❡s♠❛ ❞♦ ❞✐❛
❞❛ ❛♠♦str❛❣❡♠ ✭✷✼ ♠✮✱ ❡ ❛♣❡♥❛s ❛ s✉❛ ♣r♦❢✉♥❞✐❞❛❞❡ t❡rá ✈❛r✐❛çã♦ ❡♠ ❢✉♥çã♦
❞❛ ✈❛③ã♦✳ ❈♦♠ ❡ss❛s ❝♦♥s✐❞❡r❛çõ❡s✱ ❞❡t❡r♠✐♥♦✉✲s❡ q✉❡ ❛ ♣r♦❢✉♥❞✐❞❛❞❡ ♠é❞✐❛
❞♦ r✐♦ ❆t✐❜❛✐❛ ❡♠ ❝♦♥❞✐çõ❡s ❝rít✐❝❛s é ❞❡ ✵✱✻✾ ♠✳

❊st❛ r❡❧❛çã♦ ❡♥tr❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡ ❧❛r❣✉r❛ ❞♦ r✐♦ é ❝♦♥s✐❞❡r❛❞❛ ♦ ♣✐♦r
❝❡♥ár✐♦ ♣♦ssí✈❡❧✱ ♣♦✐s ❝♦♠♦ ♦ r✐♦ ❆t✐❜❛✐❛ é ❜❡♠ ♠❛✐s ❧❛r❣♦ ❞♦ q✉❡ ♣r♦❢✉♥❞♦✱
❛ ❞✐s♣❡rsã♦ ❞♦ ❡✢✉❡♥t❡ ♥❛ á❣✉❛ ❞♦ r✐♦ ✐rá ♦❝♦rr❡r ❞❡ ❢♦r♠❛ ♠❛✐s ❧❡♥t❛ ♥♦
s❡♥t✐❞♦ ❞❡ s✉❛ ❧❛r❣✉r❛ ❞♦ q✉❡ ❞❡ s✉❛ ♣r♦❢✉♥❞✐❞❛❞❡✳ ❆ss✐♠✱ ❝♦♥s✐❞❡r❛r q✉❡ ♦
r✐♦ ❆t✐❜❛✐❛ t❡♠ ❛ ♠❡s♠❛ ❧❛r❣✉r❛ ♠é❞✐❛ ❡♠ ❝♦♥❞✐çõ❡s ❝rít✐❝❛s ❞❡ ✈❛③ã♦ q✉❡
♥♦ ❞✐❛ ❞❛ ❛♠♦str❛❣❡♠ t♦r♥❛ ♦ ❡st✉❞♦ ♠❛✐s ❝♦♥s❡r✈❛❞♦r✳

❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ s✐♠✉❧❛çã♦ ❞❡st❡ ❝❛s♦ ♥♦✈❛✲
♠❡♥t❡ ❢♦✐ ❞❡ ✵✱✶✼ m2/s✳

❋♦r❛♠ ❞❡t❡r♠✐♥❛❞❛s ❛s ❧♦❝❛❧✐③❛çõ❡s ❞❛s s❡çõ❡s tr❛♥s✈❡rs❛✐s ❡♠ q✉❡
❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❡✢✉❡♥t❡ s❡ r❡❞✉③❡♠ ❛ ✉♠ ♠á①✐♠♦ ❞❡ ✶✵ ✪✱ ✺ ✪✱ ✷ ✪

✶✷✹



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❡ ✶✱✺ ✪ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ✐♥✐❝✐❛❧✳ ❊st❡s r❡s✉❧t❛❞♦s ♣♦❞❡♠ s❡r ✈✐s✉❛❧✐③❛❞♦s
♥❛ ❚❛❜❡❧❛ ✻✳✶✽✳ ❈♦♠♦ ❡st❛ s✐♠✉❧❛çã♦ t❡♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ s✐♠✉❧❛r ♦ ❝♦♠✲
♣♦rt❛♠❡♥t♦ ❞♦ ❡✢✉❡♥t❡ ❧❛♥ç❛❞♦ ♣❡❧❛ ❘❤♦❞✐❛❝♦✱ ♥ã♦ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s ❛s
❡♠✐ssõ❡s ❧❛♥ç❛❞❛s ♣❡❧❛s ❝❛✐①❛s ✵✵✽✱ ✵✵✼ ❡ ✵✵✻✳ ❊st❛ ♠❡❞✐❞❛ ♥♦✈❛♠❡♥t❡ t♦r♥❛
♦ ❡st✉❞♦ ♠❛✐s ❝♦♥s❡r✈❛❞♦r✱ ✉♠❛ ✈❡③ q✉❡ ❡st❛s ❡♠✐ssõ❡s sã♦ ♦r✐✉♥❞❛s ❞❡ s✐s✲
t❡♠❛s ❞❡ r❡s❢r✐❛♠❡♥t♦✱ ♦✉ s❡❥❛✱ ✐r✐❛♠ ❛♣❡♥❛s ❝♦♥tr✐❜✉✐r ♣❛r❛ ❛ ❞✐❧✉✐çã♦ ❞♦
❡✢✉❡♥t❡✳

❚❛❜❡❧❛ ✻✳✶✽✿ ❉✐stâ♥❝✐❛s ❞❛s s❡çõ❡s tr❛♥s✈❡rs❛✐s ❡♠ r❡❧❛çã♦ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ❡✢✉✲

❡♥t❡ ♥❛ á❣✉❛ ❞♦ r✐♦ ♣❛r❛ Q7,10✳

▼á①✐♠❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ❡✢✉❡♥t❡

♥❛ s❡çã♦ tr❛♥s✈❡rs❛❧

❉✐stâ♥❝✐❛ ❞♦ ♣♦♥t♦ ❞❡ ❡♠✐ssã♦

✶✵✵ ✪ ✵ ♠

✶✵ ✪ ✸✱✶✻ ♠

✺ ✪ ✶✷✱✼✹ ♠

✷ ✪ ✼✾✱✻✵ ♠

✶✱✺ ✪ ✶✹✸✱✽✵ ♠

❆ ♣❛rt✐r ❞♦s r❡s✉❧t❛❞♦s ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✶✽✱ ✈❡r✐✜❝❛✲s❡ q✉❡
♥♦s ♣r✐♠❡✐r♦s ♠❡tr♦s ❛♣ós ❛ ❡♠✐ssã♦ ❞❛ ❘❤♦❞✐❛❝♦✱ ♦❝♦rr❡ ✉♠❛ ❞✐s♣❡rsã♦
❜❛st❛♥t❡ rá♣✐❞❛ ❞♦ ❡✢✉❡♥t❡✱ s❡♥❞♦ q✉❡ ❛ ❛♣❡♥❛s ✶✷✱✼✹ ♠ ❞♦ ❧❛♥ç❛♠❡♥t♦ ❛
♣♦r❝❡♥t❛❣❡♠ ♠á①✐♠❛ ❞❡ ❡✢✉❡♥t❡ ♣r❡s❡♥t❡ ♥❛ á❣✉❛ é ❞❡ ✺ ✪✳

❆♣ós ❡st❛ ❞✐stâ♥❝✐❛✱ ❞❡✈✐❞♦ ❛ ♣❡q✉❡♥❛ ✈❛③ã♦ ❞♦ r✐♦✱ ♦❝♦rr❡ ✉♠❛
❞✐♠✐♥✉✐çã♦ ❞♦ ❣r❛❞✐❡♥t❡ ❞❡ ❝♦♥❝❡♥tr❛çã♦✳ ❉❡st❛ ❢♦r♠❛ ❛ ❞✐s♣❡rsã♦ ♦❝♦rr❡
♠❛✐s ❧❡♥t❛♠❡♥t❡✳

❋♦✐ ❞❡t❡r♠✐♥❛❞♦ t❛♠❜é♠ q✉❡ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ❡✢✉❡♥t❡ ♣r❡s❡♥t❡ ♥❛
á❣✉❛ ❞♦ r✐♦ ❆t✐❜❛✐❛ ❛♣ós ❞✐s♣❡rsã♦ t♦t❛❧ é ❡♠ t♦r♥♦ ❞❡ ✶✱✶✷ ✪✳

◆❛ ❋✐❣✉r❛ ✻✳✺✾ é ♠♦str❛❞♦ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥✲
tr❛çã♦ ❞♦ ❡✢✉❡♥t❡ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦ ❆t✐❜❛✐❛ ❡♠ ❝♦♥❞✐çõ❡s ❝rít✐❝❛s ❞❡ ✈❛③ã♦✳
❏á ♥❛ ❋✐❣✉r❛ ✻✳✻✵✱ é ♠♦str❛❞♦ ♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❡♠ ❢✉♥çã♦ ❞❛ ❞✐stâ♥✲
❝✐❛ ❞♦ ♣♦♥t♦ ❞❡ ❧❛♥ç❛♠❡♥t♦✳ ◆❡st❛ ✜❣✉r❛✱ ♣♦❞❡✲s❡ ♣❡r❝❡❜❡r q✉❡ ❛ ❞✐s♣❡rsã♦
♦❝♦rr❡ ❞❡ ♠❛♥❡✐r❛ ❜❛st❛♥t❡ rá♣✐❞❛ ❧♦❣♦ ❛♣ós ♦ ❞❡s♣❡❥♦ ♥♦ r✐♦ ❆t✐❜❛✐❛✳

✶✷✺



✻✳✾ ❉❡t❡r♠✐♥❛çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ✉♠ ❝❛s♦ r❡❛❧

❋✐❣✉r❛ ✻✳✺✾✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦ ♣❛r❛ ❛s ❝♦♥❞✐çõ❡s ❝rít✐❝❛s

❞❡ ✈❛③ã♦✳

❋✐❣✉r❛ ✻✳✻✵✿ P❡r✜❧ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❡✢✉❡♥t❡ ♥♦ r✐♦ ❡♠ ❢✉♥çã♦ ❞❛ ❞✐stâ♥❝✐❛ ❞♦

♣♦♥t♦ ❞❡ ❡♠✐ssã♦✳

✶✷✻



✻✳✶✵ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛

❋✐❣✉r❛ ✻✳✻✶✿ P❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ♥❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦ ♣❛r❛ ❛s ❝♦♥❞✐çõ❡s ❝rít✐❝❛s

❞❡ ✈❛③ã♦ ♥♦s ✶✹✷ ♠ ✐♥✐❝✐❛✐s ❞❡ ❡s❝♦❛♠❡♥t♦✳

❆ ✜♠ ❞❡ ♣♦ss✐❜✐❧✐t❛r ✉♠❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦ ❞♦ ❢❡♥ô♠❡♥♦ ❞❛ ❞✐s✲
♣❡rsã♦✱ t❛♠❜é♠ é ♠♦str❛❞♦ ♦ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❡✢✉❡♥t❡ ♥❛ s✉♣❡r❢í❝✐❡
❞♦ r✐♦ ❆t✐❜❛✐❛ ♥♦s ♣r✐♠❡✐r♦s ✶✹✷ ♠ ❛♣ós ♦ ❧❛♥ç❛♠❡♥t♦✳ ❊st❡ ♣❡r✜❧ ♣♦❞❡ s❡r
♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✻✶✳

◆❛ ❋✐❣✉r❛ ✻✳✻✷ sã♦ ♠♦str❛❞♦s ♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çõ❡s ❡♠ ❞✐✈❡rs❛s
s❡çõ❡s tr❛♥s✈❡rs❛✐s ❛♦ ❧♦♥❣♦ ❞♦ r✐♦ ❆t✐❜❛✐❛✳ ◆❡st❛ ✜❣✉r❛ é ♣♦ssí✈❡❧ ♦❜s❡r✲
✈❛r q✉❡ ♦ ❢❡♥ô♠❡♥♦ ❞❛ ❞✐s♣❡rsã♦ r❡❛❧♠❡♥t❡ é ❞❡♣❡♥❞❡♥t❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❛
❧❛r❣✉r❛ ❞♦ r✐♦✳ ■st♦ ♦❝♦rr❡ ♣♦rq✉❡ ♦ r✐♦ é ❜❡♠ ♠❛✐s ❧❛r❣♦ q✉❡ ♣r♦❢✉♥❞♦ ❡✱
❡♠ ❝♦♥s❡qüê♥❝✐❛✱ ♦ ❡✢✉❡♥t❡ ❞✐❢✉♥❞❡ ♠❛✐s r❛♣✐❞❛♠❡♥t❡ ♣❛r❛ ♦ ❢✉♥❞♦ ❞♦ r✐♦✳
◆❡st❛ ✜❣✉r❛✱ ❞❡✈❡✲s❡ t♦♠❛r ♦ ❝✉✐❞❛❞♦ ❞❡ s❡ ♦❜s❡r✈❛r q✉❡ ❝❛❞❛ ❣rá✜❝♦ t❡♠
✉♠❛ ❡s❝❛❧❛ ♣ró♣r✐❛✳ ❆s ❡s❝❛❧❛s ❞❡st❡s ❣rá✜❝♦s ❢♦r❛♠ ❛❥✉st❛❞❛s ✐♥❞❡♣❡♥❞❡♥✲
t❡♠❡♥t❡ ✉♠❛s ❞❛s ♦✉tr❛s ♣❛r❛ t♦r♥❛r ♣♦ssí✈❡❧ ✉♠❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦ ❞♦
❢❡♥ô♠❡♥♦ ❞❛ ❞✐s♣❡rsã♦✳

❆ ♣❛rt✐r ❞❡st❡s r❡s✉❧t❛❞♦s✱ ♣♦❞❡✲s❡ ♣❡r❝❡❜❡r q✉❡ ♦ ♠♦❞❡❧♦
♠❛t❡♠át✐❝♦ ❞❡s❝r❡✈❡✉ ♦ ❢❡♥ô♠❡♥♦ ❞❡ ❞✐s♣❡rsã♦ s❛t✐s❢❛t♦r✐❛♠❡♥t❡✳

✻✳✶✵ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛

❆ ✜♠ ❞❡ ❢❛❝✐❧✐t❛r ♦ ✉s♦ ❞♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ❢♦✐ ❞❡✲
s❡♥✈♦❧✈✐❞❛ ✉♠❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛ ❡♠ ❱✐s✉❛❧ ❇❛s✐❝ ✳◆❊❚ ♣❛r❛ s❡r ✉t✐❧✐③❛❞♦ ❡♠

✶✷✼



✻✳✶✵ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛

❋✐❣✉r❛ ✻✳✻✷✿ P❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❞✐❢❡r❡♥t❡s s❡çõ❡s tr❛♥s✈❡rs❛✐s ❞♦ tr❡❝❤♦

❡st✉❞❛❞♦✳

✶✷✽



✻✳✶✵ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛

❛♠❜✐❡♥t❡ ❲✐♥❞♦✇s ✾✽✴◆❚✴✷✵✵✵✳ ❆ ♣❛rt✐r ❞❡st❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛✱ ❛ ✐♥s❡rçã♦
❞♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ♣r♦❜❧❡♠❛ ❡ ✈❡r✐✜❝❛çã♦ ❞♦s r❡s✉❧t❛❞♦s t♦r♥❛♠✲s❡
❜❛st❛♥t❡ s✐♠♣❧❡s✳

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

• ❖ ✉s✉ár✐♦ ❞✐❣✐t❛ ♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t✐♣♦ ❞❡ ♣r♦❜❧❡♠❛
❛ s❡r ❡st✉❞❛❞♦ ❡ ❝❧✐❝❛ ❡♠ ✉♠ ❜♦tã♦ ♣❛r❛ ❡①❡❝✉t❛r ♦ ♣r♦❣r❛♠❛✳

• ❖ s♦❢t✇❛r❡ ❞❡s❡♥✈♦❧✈✐❞♦ ❡♠ ❱✐s✉❛❧ ❇❛s✐❝ ❣❡r❛ ❡♥tã♦ ❛rq✉✐✈♦s ❞❡ ❞❛❞♦s
✳t①t ❡ ❝❤❛♠❛ ♦ ♣r♦❣r❛♠❛ ♣r♦♣r✐❛♠❡♥t❡ ❞✐t♦ q✉❡ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ❡♠
❱✐s✉❛❧ ❋♦rtr❛♥✳

• ❖ ♣r♦❣r❛♠❛ ❡♠ ❱✐s✉❛❧ ❋♦rtr❛♥ é ❝♦♠♣✐❧❛❞♦ ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ❡ ❛❝❡ss❛
♦ ❛rq✉✐✈♦ ❞❡ ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❣❡r❛❞♦ ♣❡❧♦ ❱✐s✉❛❧ ❇❛s✐❝✳

• ❆♣ós ♦ ❛❝❡ss♦ ❛♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛✱ ♦ ♣r♦❣r❛♠❛ é ❡①❡❝✉t❛❞♦ ❛ ✜♠ ❞❡
s❡ ♦❜t❡r ♦s r❡s✉❧t❛❞♦s ❞❡s❡❥❛❞♦s✳

• ❖s r❡s✉❧t❛❞♦s sã♦ ❣❡r❛❞♦s ❡♠ ❛rq✉✐✈♦s ✳t①t ❡✳❢✾✵ ✭q✉❡ ♣♦❞❡♠ s❡r ❛❝❡s✲
s❛❞♦s ❛ ♣❛rt✐r ❞♦ ❱✐s✉❛❧ ❋♦rtr❛♥✮✳ ❆♣ós ❛ ❡①❡❝✉çã♦ ❞♦ ♣r♦❣r❛♠❛✱
❛❧❣✉♥s ❣rá✜❝♦s s❡rã♦ ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ❛♣r❡s❡♥t❛❞♦s ♥❛ t❡❧❛ ❛tr❛✈és ❞❛
✉t✐❧✐③❛çã♦ ❞♦ s♦❢t✇❛r❡ ▼❛t❧❛❜ ✻✳✺✳

❖ s♦❢t✇❛r❡ ❝♦♥s✐st❡ ❡♠ ✉♠❛ ❥❛♥❡❧❛ ♦♥❞❡ é ♣♦ssí✈❡❧ ✈✐s✉❛❧✐③❛r t♦❞❛s
❛s ♦♣çõ❡s ❞✐s♣♦♥í✈❡✐s✳ ❊st❛ ❥❛♥❡❧❛ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✻✸✳ ◆❡st❛ ❥❛♥❡❧❛
❡①✐st❡♠ ✈ár✐❛s ♦♣çõ❡s ❛ s❡r❡♠ ♦❜s❡r✈❛❞❛s✳ ◆♦ ❧❛❞♦ ❞✐r❡✐t♦ ❞❛ ❥❛♥❡❧❛ ❡①✐st❡♠
✹ ❜♦tõ❡s✿

• ◆♦✈♦ ❉❡✈❡ s❡r ❝❧✐❝❛❞♦ q✉❛♥❞♦ s❡ ❞❡s❡❥❛r ❧✐♠♣❛r t♦❞❛s ❛s ❞❡♠❛✐s
♦♣çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞❡ ❞❛❞♦s✳

• ❖❑ ❉❡✈❡ s❡r ❝❧✐❝❛❞♦ ♣❛r❛ ❡①❡❝✉çã♦ ❞♦ ♣r♦❣r❛♠❛✳

• ❆❥✉❞❛ ❆❜r❡ ✉♠❛ ❥❛♥❡❧❛ ❝♦♠ ✉♠ ❛rq✉✐✈♦ ❝♦♥t❡♥❞♦ ❡①♣❧✐❝❛çõ❡s ❛ r❡s✲
♣❡✐t♦ ❞❛ ✉t✐❧✐③❛çã♦ ❞♦ s♦❢t✇❛r❡✳

• ❙❛✐r ❊st❛ ♦♣çã♦ s❡r✈❡ ♣❛r❛ ❢❡❝❤❛r ♦ ♣r♦❣r❛♠❛✳

❖ ✉s✉ár✐♦ ♣♦❞❡ ❞❡✜♥✐r s❡ ♦ ❡✢✉❡♥t❡ é ✐♥❡rt❡ ♦✉ ♥ã♦ ✐♥❡rt❡ ♥❛ ♣❛rt❡
s✉♣❡r✐♦r ❞✐r❡✐t❛ ❞♦ s♦❢t✇❛r❡✳ ❈❛s♦ ♦ ✉s✉ár✐♦ ❞❡✜♥❛ q✉❡ ♦ ❡✢✉❡♥t❡ é ✐♥❡rt❡✱
✉♠❛ sér✐❡ ❞❡ ♦♣çõ❡s r❡❧❛t✐✈❛s ❛ ♠♦❞❡❧❛❣❡♠ ❞❛ ❞✐s♣❡rsã♦ ❞❡ ❡✢✉❡♥t❡s ♥ã♦
✐♥❡rt❡s s❡rã♦ ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ❞❡s❛❜✐❧✐t❛❞❛s✳

✶✷✾



✻✳✶✵ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛

❋✐❣✉r❛ ✻✳✻✸✿ ❙♦❢t✇❛r❡ ❞❡ ❞✐s♣❡rsã♦✿ ♦♣çã♦ ❞✐♠❡♥sõ❡s✳

◆❛ ♣❛rt❡ s✉♣❡r✐♦r ❡sq✉❡r❞❛ ❡①✐st❡♠ ✸ ✐t❡♥s✿ ❞✐♠❡♥sõ❡s✱ ❝❛r❛❝t❡rís✲
t✐❝❛s ❡ ❝♦♥❝❡♥tr❛çõ❡s✳ ❖ ✐t❡♠ ❞✐♠❡♥sõ❡s ♣♦❞❡ s❡r ✈✐s✉❛❧✐③❛❞♦ ♥❛ ❋✐❣✉r❛
✻✳✻✸✳ ◆❡st❡ ✐t❡♠✱ ❞❡✈❡♠ s❡r ✐♥s❡r✐❞❛s ❛s ❝❛r❛❝t❡ríst✐❝❛s ❣❡♦♠étr✐❝❛s ❞♦ r✐♦✿
❧❛r❣✉r❛✱ ♣r♦❢✉♥❞✐❞❛❞❡ ❡ ❝♦♠♣r✐♠❡♥t♦✳

❏á ♥❛ ❋✐❣✉r❛ ✻✳✻✹ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ❛s ♦♣çõ❡s ❞♦ ✐t❡♠ ❝❛r❛❝t❡ríst✐❝❛s✳
◆❡st❡ ✐t❡♠ ❞❡✈❡♠ s❡r ✐♥s❡r✐❞♦s ♦s s❡❣✉✐♥t❡s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ♣r♦❣r❛♠❛✿
✈❛③ã♦ ❞♦ r✐♦✱ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ ❡ ❝♦❡✜❝✐❡♥t❡ ❞❡ ✈♦❧❛t✐❧✐❞❛❞❡ ✭♥♦ ❝❛s♦
❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ✈♦❧át✐❧✮✳ ❈❛s♦ ❛ s✉❜stâ♥❝✐❛ ♥ã♦ s❡❥❛ ✈♦❧át✐❧✱ ♦ s♦❢t✇❛r❡
❛tr✐❜✉✐rá ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ✉♠ ✈❛❧♦r ✐❣✉❛❧ ❛ ③❡r♦ ❛♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ✈♦❧❛t✐❧✐✲
❞❛❞❡✳

◆❛ ❋✐❣✉r❛ ✻✳✻✺ sã♦ ♠♦str❛❞❛s ❛s ♦♣çõ❡s ❞♦ ✐t❡♠ ❝♦♥❝❡♥tr❛çõ❡s✳
◆❡st❡ ✐t❡♠ ❞❡✈❡♠ s❡r ✐♥s❡r✐❞♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❛ s✉❜s✲
tâ♥❝✐❛ ♥♦ r✐♦ ❛♥t❡s ❞❛ ♣r✐♠❡✐r❛ ❡♠✐ssã♦ ❞❡ ❡✢✉❡♥t❡s ❡ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡
♦①✐❣ê♥✐♦ ♥♦ ✐♥í❝✐♦ ❞♦ ❞♦♠í♥✐♦ ✭♥♦ ❝❛s♦ ❞❛ ♠♦❞❡❧❛❣❡♠ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛
✐♥❡rt❡✱ ❛ ❥❛♥❡❧❛ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ s❡rá ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ❞❡s❛❜✐❧✐✲
t❛❞❛✮✳

◆❛ ♣❛rt❡ ✐♥❢❡r✐♦r ❡sq✉❡r❞❛ ❞♦ s♦❢t✇❛r❡ ❡stã♦ ❛s ♦♣çõ❡s r❡❧❛t✐✈❛s às
❝❛r❛❝t❡ríst✐❝❛s ❞♦ ❡✢✉❡♥t❡✳ ■♥✐❝✐❛❧♠❡♥t❡ ❞❡✈❡✲s❡ ❞❡✜♥✐r q✉❛♥t♦s ♣♦♥t♦s ❞❡
❡♠✐ssã♦ ❡①✐st❡♠ ❛♦ ❧♦♥❣♦ ❞♦ ❞♦♠í♥✐♦ ✭❛té ✺ ♣♦♥t♦s ❞❡ ❡♠✐ssã♦✮✳ ❆♣ós ❡ss❛
❞❡✜♥✐çã♦✱ ♦ ♣r♦❣r❛♠❛ ❤❛❜✐❧✐t❛rá ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ❛s ❥❛♥❡❧❛s ♣❛r❛ ✐♥s❡rçã♦
❞♦s ❞❛❞♦s ❞❡ ❝❛❞❛ ✉♠ ❞♦s ❡✢✉❡♥t❡s✳ ❖s ❞❛❞♦s ❛ s❡r❡♠ ✐♥s❡r✐❞♦s sã♦✿ ❞✐stâ♥✲
❝✐❛ ❡♥tr❡ ♦ ✐♥í❝✐♦ ❞♦ ❞♦♠í♥✐♦ ❡ ♦ ❧♦❝❛❧ ❞❡ ❧❛♥ç❛♠❡♥t♦ ❞♦ ❡✢✉❡♥t❡✱ ✈❛③ã♦ ❞♦
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✻✳✶✵ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛

❋✐❣✉r❛ ✻✳✻✹✿ ❙♦❢t✇❛r❡ ❞❡ ❞✐s♣❡rsã♦✿ ♦♣çã♦ ❝❛r❛❝t❡ríst✐❝❛s✳

❋✐❣✉r❛ ✻✳✻✺✿ ❙♦❢t✇❛r❡ ❞❡ ❞✐s♣❡rsã♦✿ ♦♣çã♦ ❝♦♥❝❡♥tr❛çõ❡s✳
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✻✳✶✵ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛

❋✐❣✉r❛ ✻✳✻✻✿ ❋✐❣✉r❛ ✐❧✉str❛t✐✈❛ ♣❛r❛ ❞❡✜♥✐çã♦ ❞♦ ❧♦❝❛❧ ❞❡ ❞❡s♣❡❥♦ ❞♦ ❡✢✉❡♥t❡✳

❡✢✉❡♥t❡✱ ❝♦♥❝❡♥tr❛çã♦ ❞❛ s✉❜stâ♥❝✐❛ ❛ s❡r ♠♦❞❡❧❛❞❛ ♥♦ ❡✢✉❡♥t❡ ❡ ❝♦♥❝❡♥✲
tr❛çã♦ ❞❡ ♦①✐❣ê♥✐♦ ♥♦ ❡✢✉❡♥t❡ ✭❡♠ ❝❛s♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛
✐♥❡rt❡✱ ❡ss❛ ♦♣çã♦ ❡st❛rá ❞❡s❛❜✐❧✐t❛❞❛✮✳

❉❡✈❡ s❡r ❞❡✜♥✐❞♦ t❛♠❜é♠ ♦ ❧♦❝❛❧ ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡ ❡♠ r❡❧❛çã♦
❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❞♦ r✐♦✳ P❛r❛ ❢❛❝✐❧✐t❛r ❡st❛ t❛r❡❢❛ ♣❛r❛ ♦ ✉s✉ár✐♦✱ ❡①✐st❡
✉♠ ❜♦tã♦ ❞❡ ❛❥✉❞❛ r❡♣r❡s❡♥t❛❞♦ ♣♦r ✉♠ ♣♦♥t♦ ❞❡ ✐♥t❡rr♦❣❛çã♦ ❛③✉❧ ❛♦ ❧❛❞♦
❞❛ ♦♣çã♦ ❧♦❝❛❧ ❞❡ ❞❡s♣❡❥♦✳ ❆♦ ❝❧✐❝❛r ♥♦ ❜♦tã♦ ❞❡ ❛❥✉❞❛✱ ✉♠❛ ♥♦✈❛ ❥❛♥❡❧❛ ❝♦♥✲
t❡♥❞♦ ✉♠❛ ✜❣✉r❛ ✐❧✉str❛t✐✈❛ s❡rá ❛❜❡rt❛✳ ❆ ♣❛rt✐r ❞❡st❛ ✐❧✉str❛çã♦✱ t♦r♥❛✲s❡
♣♦ssí✈❡❧ ❞❡✜♥✐r ♦s ❧♦❝❛✐s ❞❡ ❡♠✐ssã♦ ❞♦ ❡✢✉❡♥t❡ ♥♦ r✐♦✳ ❊ss❛ ✜❣✉r❛ ✐❧✉str❛t✐✈❛
♣♦❞❡ s❡r ✈✐s✉❛❧✐③❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✻✻✳

❆♣ós ❛ ✐♥s❡rçã♦ ❞❡ t♦❞♦s ♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞♦ ♣r♦❜❧❡♠❛✱ ❞❡✈❡✲s❡
❝❧✐❝❛r ♥♦ ❜♦tã♦ ❖❑✳ ❉❡st❛ ❢♦r♠❛✱ ♦ ♣r♦❣r❛♠❛ s❡rá ❡①❡❝✉t❛❞♦ ❡ ❢♦r♥❡❝❡rá ♦s
r❡s✉❧t❛❞♦s✳ ❆s ♦♣çõ❡s ❞❡ r❡s✉❧t❛❞♦s ♣♦❞❡♠ s❡r ✈✐s✉❛❧✐③❛❞❛s ♥❛ ♣❛rt❡ ✐♥❢❡r✐♦r
❞✐r❡✐t❛ ❞♦ s♦❢t✇❛r❡✳ ❊①✐st❡♠ ❞✉❛s ♦♣çõ❡s ❞❡ r❡s✉❧t❛❞♦s✿ ✈❛❧♦r❡s ❡ ❣rá✜❝♦s✳

◆❛ ♦♣çã♦ ✈❛❧♦r❡s sã♦ ❢♦r♥❡❝✐❞❛s ❛ ❞✐stâ♥❝✐❛ ❞❡ ❞✐❧✉✐çã♦✱ ♦✉ ❞✐stâ♥❝✐❛
❞❡ ♠✐st✉r❛ ❝♦♠♣❧❡t❛ ❞♦ ❡✢✉❡♥t❡❀ ❡ t❛♠❜é♠ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❡✢✉❡♥t❡ ♥♦
r✐♦ ❛♣ós t❡r ♦❝♦rr✐❞♦ ❛ ♠✐st✉r❛ ❝♦♠♣❧❡t❛✳ ❆♠❜♦s ♦s r❡s✉❧t❛❞♦s s❡rã♦ s❛❧✈♦s
❡♠ ❛rq✉✐✈♦s ✳t①t✳

◆❛ ♦♣çã♦ ❣rá✜❝♦s sã♦ ❢♦r♥❡❝✐❞♦s ❞✐❢❡r❡♥t❡s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦
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✻✳✶✵ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛

❋✐❣✉r❛ ✻✳✻✼✿ ●rá✜❝♦ ❞❡ ♣❡r✜❧ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❣❡r❛❞♦ ♣❡❧♦ s♦❢t✇❛r❡✳

❡✢✉❡♥t❡ ❡ ❞♦ ♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ✭♥♦ ❝❛s♦ ❞❛ ♠♦❞❡❧❛❣❡♠ ❞❛ ❞✐s♣❡rsã♦ ❞❡ ✉♠❛
s✉❜stâ♥❝✐❛ ♥ã♦ ✐♥❡rt❡✮✳ ❊ss❡s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦ sã♦ ❢♦r♥❡❝✐❞♦s t❛♥t♦ ❡♠
r❡❧❛çã♦ ❛ s✉♣❡r❢í❝✐❡ ❞♦ r✐♦✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✻✼✱ q✉❛♥t♦
❡♠ r❡❧❛çã♦ ❛ ❞✐❢❡r❡♥t❡s s❡çõ❡s tr❛♥s✈❡rs❛✐s ❞♦ r✐♦ ❛♦ ❧♦♥❣♦ ❞♦ ❡s❝♦❛♠❡♥t♦✳ ❖
❣rá✜❝♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✻✼ ❢♦✐ ♦r✐❣✐♥❛❞♦ ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ♣❡❧♦ s♦❢t✇❛r❡
▼❛t❧❛❜ ✻✳✺ ❛♣ós ❛ ❡①❡❝✉❛çã♦ ❞♦ ♣r♦❣r❛♠❛✳ ❖s ❛rq✉✐✈♦s ❞❡ r❡s✉❧t❛❞♦s sã♦
s❛❧✈♦s ♥♦ ❢♦r♠❛t♦ ✳t①t ❡ ✳❢✾✵✳

✶✸✸



❈❛♣ít✉❧♦ ✼

❈♦♥❝❧✉sõ❡s

• ❖ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛ ✉♠❛ ❢❡rr❛♠❡♥t❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ ✐♥♦✲
✈❛❞♦r❛✱ ❝❛♣❛③ ❞❡ ❞❡ s✐♠✉❧❛r ❝♦♠ ❡✜❝✐ê♥❝✐❛ ❛ ❞✐s♣❡rsã♦ ❡✢✉❡♥t❡s ❧❛♥ç❛✲
❞♦s ❡♠ r✐♦s✳ ➱ ❞❡ ❢✉♥❞❛♠❡♥t❛❧ ✐♠♣♦rtâ♥❝✐❛ s❛❧✐❡♥t❛r q✉❡ ♥ã♦ ❡①✐st❡ ♥♦
♠❡r❝❛❞♦ ✉♠ s♦❢t✇❛r❡ ❝♦♠♦ ♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♥❡st❛ ❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦✳
❉❡st❛ ❢♦r♠❛✱ ❡st❡ ♣r♦❣r❛♠❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ ✈❡♠ s✉♣r✐r ❡ss❛ ♥❡❝❡ss✐❞❛❞❡
❞♦ ♠❡r❝❛❞♦✳

• ❖ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞❡s❡♥✈♦❧✈✐❞♦ t❡♠ t♦t❛✐s ❝♦♥❞✐çõ❡s ❞❡ ❛t❡♥❞❡r ❛s
❡①✐❣ê♥❝✐❛s ❢❡✐t❛s ♣❡❧❛ ❘❡s♦❧✉çã♦ ◆o ✸✺✼ ❞♦ ❈♦♥s❡❧❤♦ ◆❛❝✐♦♥❛❧ ❞❡ ▼❡✐♦
❆♠❜✐❡♥t❡✳ P♦❞❡✲s❡ ❞✐③❡r q✉❡ ❡ss❡ ♣r♦❣r❛♠❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣♦❞❡rá s❡r
✉t✐❧✐③❛❞♦ ❝♦♠♦ ✉♠❛ ✐♠♣♦rt❛♥t❡ ❢❡rr❛♠❡♥t❛ ❞❡ s✉♣♦rt❡ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦
❞❡ ❡st✉❞♦s ❞❡ ✐♠♣❛❝t♦s ❛♠❜✐❡♥t❛✐s✳

• ❆ ✢✉✐❞♦❞✐♥â♠✐❝❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ é ✉♠❛ ✐♠♣♦rt❛♥t❡ ❢❡rr❛♠❡♥t❛ ♥❛ s✐✲
♠✉❧❛çã♦ ❞❛ ❞✐s♣❡rsã♦ ❞❡ ❡✢✉❡♥t❡s ❡♠ r✐♦s✳ ❆ s♦❧✉çã♦ ❝♦♥❥✉♥t❛ ❞❛s
❡q✉❛çõ❡s ❞❡ ❝♦♥t✐♥✉✐❞❛❞❡✱ ♠♦✈✐♠❡♥t♦ ❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠❛ss❛ ✉t✐✲
❧✐③❛♥❞♦ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ♥❡st❡ tr❛❜❛❧❤♦ ♣❡r♠✐t❡ ❛ s♦❧✉çã♦ rá♣✐❞❛
❞♦ ♣r♦❜❧❡♠❛✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s✳

• ❖ s♦❢t✇❛r❡ ❞❡s❡♥✈♦❧✈✐❞♦ ♥❡❝❡ss✐t❛ ❞❡ ✉♠ t❡♠♣♦ ✐♥❢❡r✐♦r ❛ ✷✵ ♠✐♥✉t♦s
♣❛r❛ s✐♠✉❧❛r ❛ ❞✐s♣❡rsã♦ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ✐♥❡rt❡ ❡♠ t♦❞♦ ♦ ❞♦♠í♥✐♦✱
q✉❡ ♣♦❞❡ t❡r q✉✐❧ô♠❡tr♦s ❞❡ ❡①t❡♥sã♦✱ ✉t✐❧✐③❛♥❞♦ ✉♠ P❈ P❡♥t✐✉♠ ■❱
❞❡ ✸ ●❍③ ❡ ✶ ●❜ ❞❡ ♠❡♠ór✐❛ ❘❆▼✳
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• ❖ s♦❢t✇❛r❡ ❞❡s❡♥✈♦❧✈✐❞♦ ♥❡❝❡ss✐t❛ ❞❡ ✉♠ t❡♠♣♦ ✐♥❢❡r✐♦r ❛ ✶✻ ❤♦r❛s ♣❛r❛
♣r❡❞✐③❡r ❛ ❞✐s♣❡rsã♦ ❞❡ ✉♠❛ s✉❜stâ♥❝✐❛ ♥ã♦ ✐♥❡rt❡ ❡ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡
♦①✐❣ê♥✐♦ ❞✐ss♦❧✈✐❞♦ ❛♦ ❧♦♥❣♦ ❞♦ ❞♦♠í♥✐♦✱ ✉t✐❧✐③❛♥❞♦ ✉♠ P❈ P❡♥t✐✉♠
■❱ ❞❡ ✸ ●❍③ ❡ ✶ ●❜ ❞❡ ♠❡♠ór✐❛ ❘❆▼✳

• ❖s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ♦❜t✐❞♦s ♠♦str❛r❛♠ ❜♦❛ ❝♦♥❝♦r❞â♥❝✐❛ ❝♦♠ ♦s
r❡s✉❧t❛❞♦s ❢♦r♥❡❝✐❞♦s ♣❡❧♦ ♠♦❞❡❧♦✳

• ❙❡❣✉♥❞♦ ♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ♦❜t✐❞♦s✱ ♦ ❢❡♥ô♠❡♥♦ ❞❡ ❛✉t♦❞❡♣✉✲
r❛çã♦ ♦❝♦rr❡ ❞❡ ♠❛♥❡✐r❛ ❜❛st❛♥t❡ ❧❡♥t❛✱ s❡♥❞♦ ♥❡❝❡ssár✐♦ q✉❡ ❛ ♠❛tér✐❛
♦r❣â♥✐❝❛ ♣❡r❝♦rr❛ ✈ár✐♦s q✉✐❧ô♠❡tr♦s ❛té q✉❡ ♦s ♠✐❝r♦r❣❛♥✐s♠♦s ❝♦♥✲
s✐❣❛♠ ❞❡❣r❛❞á✲❧❛ ❝♦♠♣❧❡t❛♠❡♥t❡✳

• ❊①✐st❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♦❜t❡♥çã♦ ❞❡ ♠❛✐s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ♣❛r❛
✈❛❧✐❞❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ♣❛r❛ ♦s ❝❛s♦s ❞❡
❞✐s♣❡rsã♦ ❞❡ ♠❛tér✐❛ ♦r❣â♥✐❝❛✳

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

• ❖ ♠♦❞❡❧♦ t❡♠ ❛ ♣r♦♣r✐❡❞❛❞❡ ❞❡ ♣r❡❞✐③❡r ❛ ❞✐s♣❡rsã♦ ❞❡ ❡✢✉❡♥t❡s ❡♠
s✐st❡♠❛s ❝♦♠ ♠ú❧t✐♣❧♦s ♣♦♥t♦s ❞❡ ❡♠✐ssã♦✳

• ❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛ t♦r♥❛ ♣♦ssí✈❡❧ ❛ ✉t✐❧✐③❛çã♦ ❞♦
♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣♦r q✉❛❧q✉❡r ✉s✉ár✐♦ ✐♥t❡r❡ss❛❞♦ ❡♠ ❝♦♠♣r❡❡♥❞❡r
♦ ❢❡♥ô♠❡♥♦ ❞❛ ❞✐s♣❡rsã♦ ❞❡ ❡✢✉❡♥t❡s ❡♠ r✐♦s✳

✶✸✻



❈❛♣ít✉❧♦ ✽

❙✉❣❡stõ❡s ♣❛r❛ ❚r❛❜❛❧❤♦s

❋✉t✉r♦s

▼❡s♠♦ t❡♥❞♦ ❡ss❡ tr❛❜❛❧❤♦ ❛t✐♥❣✐❞♦ ♦s s❡✉s ♦❜❥❡t✐✈♦s✱ ✜❝♦✉ ❝❧❛r♦
q✉❡ ❛✐♥❞❛ ❤á ♠✉✐t♦ ❛ s❡r ❢❡✐t♦ ♥❛ ár❡❛✳ ❉❡♥tr❡ ❛s s✉❣❡stõ❡s ♣❛r❛ tr❛❜❛❧❤♦s
❢✉t✉r♦s✱ ❞❡st❛❝❛♠✲s❡✿

• ❆ ❞❡✜♥✐çã♦ ❞❡ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ s♦❧✉çã♦ ♥✉♠ér✐❝❛ ♣❛r❛ tr❡❝❤♦s ❝✉r✲
✈♦s ❞❡ r✐♦✳ ❉❡✈❡✲s❡ t♦♠❛r ♠✉✐t♦ ❝✉✐❞❛❞♦ ♣❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡st❛
♠❡❧❤♦r✐❛✱ ✈✐st♦ q✉❡ tr❡❝❤♦s ❝✉r✈♦s ❞❡✈❡♠ ♦❜r✐❣❛t♦r✐❛♠❡♥t❡ s❡r r❡s♦❧✈✐✲
❞♦s ❞❡ ♠❛♥❡✐r❛ ❡❧í♣t✐❝❛✱ ♦ q✉❡ ♣r♦✈❛✈❡❧♠❡♥t❡ ❡❧❡✈❛rá ♦ ❡s❢♦rç♦ ❝♦♠✲
♣✉t❛❝✐♦♥❛❧ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦ r❡s✉❧t❛❞♦✳

• ❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠❛ ♠❡t♦❧♦❣✐❛ ❞❡ s♦❧✉çã♦ ♥✉♠ér✐❝❛ ♣❛r❛ ✉♠ tr❡✲
❝❤♦ ❞♦ r✐♦ ❝♦♠ ✈❛r✐❛çã♦ ❞❡ ❧❛r❣✉r❛ ♦✉ ♣r♦❢✉♥❞✐❞❛❞❡✳ ❈♦♠ ❡ss❛ ❝♦♥s✐✲
❞❡r❛çã♦✱ ♦ s♦❢t✇❛r❡ ♣♦❞❡r✐❛ ❛❜r❛♥❣❡r ♠❛✐s r❡❛❧✐st✐❝❛♠❡♥t❡ ✉♠❛ ♠❛✐♦r
q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛s♦s ❞❡ ✐♥t❡r❡ss❡✱ t♦r♥❛♥❞♦ ♦ ♠♦❞❡❧♦ ❞❡s❡♥✈♦❧✈✐❞♦ ✉♠❛
❢❡rr❛♠❡♥t❛ ❞❡ ♣r❡✈✐sã♦ ❞❡ ✐♠♣❛❝t♦ ❛♠❜✐❡♥t❛❧ ❛✐♥❞❛ ♠❛✐s r♦❜✉st❛✳

• ❆ ❞❡t❡r♠✐♥❛çã♦ ❞❛s ❝♦♥st❛♥t❡s ❞♦ ♠♦❞❡❧♦ ❞❡ ❙tr❡❡t❡r✲P❤❡❧♣s ♣❛r❛ ❛s
❝♦♥❞✐çõ❡s ❝❧✐♠át✐❝❛s ❞♦ ❇r❛s✐❧✳ ❱❛❧❡ ❧❡♠❜r❛r q✉❡ ❡ss❛s ❝♦♥st❛♥t❡s ❢♦r❛♠
❞❡t❡r♠✐♥❛❞❛s ♣❛r❛ r✐♦s ❡①✐st❡♥t❡s ♥♦ ❤❡♠✐s❢ér✐♦ ◆♦rt❡✱ ♦♥❞❡ ♦ ❝❧✐♠❛ é
♠❛✐s ❛♠❡♥♦ q✉❡ ♥♦ ❇r❛s✐❧✳ ❉❡ss❛ ❢♦r♠❛✱ ❛❝r❡❞✐t❛✲s❡ q✉❡ ❛s ❝♦♥st❛♥t❡s

✶✸✼



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

• ❆ ✈❛❧✐❞❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❝♦♠ ♥♦✈♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✱
♣r✐♥❝✐♣❛❧♠❡♥t❡ ♦ ♠♦❞❡❧♦ ❞✐s♣❡rsã♦ ❞❡ ♠❛tér✐❛ ♦r❣â♥✐❝❛ q✉❡ ♥ã♦ ❢♦✐
✈❛❧✐❞❛❞❡ ♥❡st❡ tr❛❜❛❧❤♦✳

• ❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠❛ ♠❡t♦❧♦❣✐❛ ❞❡ s♦❧✉çã♦ ♥✉♠ér✐❝❛ ♣❛r❛ r❡s♦❧✉çã♦
❞♦ ♣r♦❜❧❡♠❛ ❛ ♣❛rt✐r ❞♦s s✐st❡♠❛s ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝✐❧í♥❞r✐❝❛s ❡ ❝✐❧í♥❞r✐✲
❝❛s ❡❧í♣t✐❝❛s ❡ ✉t✐❧✐③❛♥❞♦ ♦ ♠ét♦❞♦ ❞♦s ✈♦❧✉♠❡s ✜♥✐t♦s✳ ❖ ❞❡s❡♥✈♦❧✈✐✲
♠❡♥t♦ ❞❡ss❡s ♠♦❞❡❧♦s ❛✉♠❡♥t❛r✐❛♠ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ❛ ❛❜r❛❣ê♥❝✐❛ ❞♦
s♦❢t✇❛r❡✳

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

• ❆ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❛ ♣r❡s❡♥ç❛ ❞❡ ♣♦♥t♦s ❞❡ ❝❛♣t❛çã♦ ❞❡ á❣✉❛ ❛♦ ❧♦♥❣♦
❞♦ tr❡❝❤♦ ❡♠ ❡st✉❞♦✳ ❊st❛ ❝♦♥s✐❞❡r❛çã♦ ❧❡✈❛r✐❛ ❛ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ❞❛
✈❛③ã♦ ❞♦ r✐♦ ♥♦ ❧♦❝❛❧ ♦♥❞❡ ♦❝♦rr❡ ❛ ❝❛♣t❛çã♦ ❞❡ á❣✉❛✳

• ❆ ✐♥❝❧✉sã♦ ❞❡ ♥♦✈♦s t❡r♠♦s ♥♦ ♠♦❞❡❧♦ ❞❡ ❞✐s♣❡rsã♦ ❞❡ ♠❛tér✐❛ ♦r❣â♥✐❝❛
q✉❡ ♣✉❞❡ss❡♠ ❝♦♥s✐❞❡r❛r ♦✉tr♦s ❢❛t♦r❡s ❛ss♦❝✐❛❞♦s ❛♦ ❢❡♥ô♠❡♥♦✿ s❡❞✐✲
♠❡♥t❛çã♦ ❞❡ ♠❛tér✐❛ ♦r❣â♥✐❝❛✱ ♣r♦❞✉çã♦ ❞❡ ♦①✐❣ê♥✐♦ ♣❡❧♦s ♦r❣❛♥✐s♠♦s
❢♦t♦ss✐♥t❡t✐③❛♥t❡s✱ ❡ ♦①✐❞❛çã♦ q✉í♠✐❝❛✱ ❞❡♥tr❡ ❞✐✈❡rs♦s ♦✉tr♦s✳

• ❆ ❞❡✜♥✐çã♦ ❞❡ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❡st❛tíst✐❝❛ ♣❛r❛ ❛ ❞❡✜♥✐çã♦ ❞♦ ❝♦❡✜✲
❝✐❡♥t❡ ❞❡ ❞✐s♣❡rsã♦ q✉❡ ♠❛✐s s❡ ❛❞❡q✉❛ ❛ ❝❛❞❛ ❝❛s♦✳

• ❆ ❝♦♥s✐❞❡r❛çã♦ ❞❛ ❢♦rç❛ ❞❡ ❛tr✐t♦ ❡①❡r❝✐❞❛ ♣❡❧♦ ❛r ♥❛ s✉♣❡r❢í❝✐❡ ❞❛
á❣✉❛✳

✶✸✽



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❬✶❪ ❆❧❢♦♥s✐✱ ●✳❀ P❛ss♦♥✐✱ ●✳❀ P❛♥❝❛❧❞♦✱ ▲✳ ❛♥❞ ❩❛♠♣❛❣❧✐♦♥❡✱ ❉✳❀ ❆ s♣❡❝tr❛❧✲
✜♥✐t❡ ❞✐❢❡r❡♥t s♦❧✉t✐♦♥ ♦❢ t❤❡ ♥❛✈✐❡r✲st♦❦❡s ❡q✉❛t✐♦♥s ✐♥ t❤r❡❡ ❞✐♠❡♥✲
s✐♦♥s✳ ■♥t✳ ❏✳ ◆✉♠❡r✳ ▼❡t❤✳ ❋❧✉✐❞s✱ ✷✽✿✶✷✾✲✶✹✷✱ ✶✾✾✽✳

❬✷❪ ❇❛❜❛r✉ts✐✱ ❙✳ ❛♥❞ ❈❤✉✳✱ ❱✳❍✳❀ ▼♦❞❡❧✐♥❣ tr❛♥s✈❡rs❡ ♠✐①✐♥❣ ❧❛②❡r ✐♥
s❤❛❧❧♦✇ ♦♣❡♥✲❝❤❛♥♥❡❧ ✢♦✇s✳ ❏♦✉r♥❛❧ ♦❢ ❍②❞r❛✉❧✐❝ ❊♥❣✐♥❡❡r✐♥❣✱ ✶✷✹✭✼✮✱
❏✉❧❤♦✱ ✶✾✾✽✳

❬✸❪ ❇r❛❣❛✱ ❇✳❀ ❍❡s♣❛♥❤♦❧✱ ■✳ ❛♥❞ ▲♦t✉❢♦✱ ❏✳●✳❀ ■♥tr♦❞✉çã♦ ❛ ❊♥❣❡♥❤❛r✐❛
❆♠❜✐❡♥t❛❧✳ ❊❞✐t♦r❛ P❡❛rs♦♥✱ ✷✵✵✷✳

❬✹❪ ❈❛♠♣♦❧♦✱ ❆✳❀ ❆♥❞r❡✉ss✐✱ P✳ ❛♥❞ ❙♦❧❞❛t✐✱ ❆✳❀ ❲❛t❡r q✉❛❧✐t② ❝♦♥tr♦❧ ✐♥
t❤❡ r✐✈❡r ❆r♥♦✳ ❲❛t❡r ❘❡s❡❛r❝❤✱ ✸✻ ✭✷✵✵✷✮ ✷✻✼✸✲✷✻✽✵✳

❬✺❪ ❈❤❛♣r❛✱ ❙✳❈✳ ❛♥❞ ❘✉♥❦❡❧✱ ❘✳▲✳❀ ▼♦❞❡❧✐♥❣ ✐♠♣❛❝t ♦❢ st♦r❛❣❡ ③♦♥❡s ♦♥
str❡❛♠ ❞✐ss♦❧✈❡❞ ♦①②❣❡♥✳ ❏♦✉r♥❛❧ ♦❢ ❊♥✈✐r♦♥♠❡♥t❛❧ ❊♥❣✐♥❡❡r✐♥❣✱ ♣á❣✐✲
♥❛s ✹✶✺✲✹✶✾✱ ▼❛✐♦✱ ✶✾✾✾✳

❬✻❪ ❈❤♦✇✱ ❱✳❚✳❀ ❖♣❡♥✲❝❤❛♥♥❡❧ ❤②❞r❛✉❧✐❝s✳ ▼❝❣r❛✇✲❍✐❧❧ ❇♦♦❦ ❈♦♠♣❛♥②✱
✶✾✺✾✳

❬✼❪ ❈✐❢r♦②✱ P✳❀ ▼♦✉❧✐♥✱ ❈✳ ❛♥❞ ●❛✐❧❤❛r❞✱ ❏✳❀ ❆ ♠♦❞❡❧ s✐♠✉❧❛t✐♥❣ t❤❡ tr❛♥s✲
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