
❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❙❛♥t❛ ❈❛t❛r✐♥❛ ❈❡♥tr♦ ❚❡❝♥♦❧ó❣✐❝♦ ❉❡♣❛rt❛♠❡♥t♦ ❞❡

❊♥❣❡♥❤❛r✐❛ ❈✐✈✐❧

◆✐❝❤♦❧❛s ▼❛r❛✜❣❛ ❆♥❞r❛❞❡

❊st✉❞♦ ❞❡ ❈❛s♦ ♣❛r❛ P❛✈✐♠❡♥t❛çã♦ ❞❡ ❇❧♦❝♦s ❞❡ ❈♦♥❝r❡t♦ ♥♦ ❆❝❡ss♦ Pr✐♥❝✐♣❛❧

❞♦ ❍♦s♣✐t❛❧ ❯♥✐✈❡rs✐tár✐♦ P♦❧②❞♦r♦ ❊r♥❛♥✐ ❞❡ ❙ã♦ ❚❤✐❛❣♦

✾ ❞❡ ❞❡③❡♠❜r♦ ❞❡ ✷✵✷✵



◆✐❝❤♦❧❛s ▼❛r❛✜❣❛ ❆♥❞r❛❞❡

❊st✉❞♦ ❞❡ ❈❛s♦ ♣❛r❛ P❛✈✐♠❡♥t❛çã♦ ❞❡ ❇❧♦❝♦s ❞❡ ❈♦♥❝r❡t♦ ♥♦ ❆❝❡ss♦ Pr✐♥❝✐♣❛❧

❞♦ ❍♦s♣✐t❛❧ ❯♥✐✈❡rs✐tár✐♦ P♦❧②❞♦r♦ ❊r♥❛♥✐ ❞❡ ❙ã♦ ❚❤✐❛❣♦

❚r❛❜❛❧❤♦ ❞❡ ❈♦♥❝❧✉sã♦ ❞❡ ❈✉rs♦ ❛♣r❡s❡♥t❛❞♦

♣❡❧♦ ❛❝❛❞ê♠✐❝♦ ◆✐❝❤♦❧❛s ▼❛r❛✜❣❛ ❆♥❞r❛❞❡ à

❜❛♥❝❛ ❡①❛♠✐♥❛❞♦r❛ ❞♦ ❈✉rs♦ ❞❡ ●r❛❞✉❛çã♦ ❡♠

❊♥❣❡♥❤❛r✐❛ ❈✐✈✐❧ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❙❛♥t❛

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

❞♦ tít✉❧♦ ❞❡ ❊♥❣❡♥❤❡✐r♦ ❈✐✈✐❧✳

Pr♦❢❡ss♦r ♦r✐❡♥t❛❞♦r✿ ▲✉❝✐❛♥❛ ❘♦❤❞❡✱ ❉r❛✳

✾ ❞❡ ❞❡③❡♠❜r♦ ❞❡ ✷✵✷✵





◆✐❝❤♦❧❛s ▼❛r❛✜❣❛ ❆♥❞r❛❞❡

❊st✉❞♦ ❞❡ ❈❛s♦ ♣❛r❛ P❛✈✐♠❡♥t❛çã♦ ❞❡ ❇❧♦❝♦s ❞❡ ❈♦♥❝r❡t♦ ♥♦ ❆❝❡ss♦ Pr✐♥❝✐♣❛❧

❞♦ ❍♦s♣✐t❛❧ ❯♥✐✈❡rs✐tár✐♦ P♦❧②❞♦r♦ ❊r♥❛♥✐ ❞❡ ❙ã♦ ❚❤✐❛❣♦

❊st❡ ❚r❛❜❛❧❤♦ ❈♦♥❝❧✉sã♦ ❞❡ ❈✉rs♦ ❢♦✐ ❥✉❧❣❛❞♦ ❛❞❡q✉❛❞♦ ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ ❚ít✉❧♦ ❞❡

❊♥❣❡♥❤❡✐r♦ ❈✐✈✐❧ ❡ ❛♣r♦✈❛❞♦ ❡♠ s✉❛ ❢♦r♠❛ ✜♥❛❧ ♣❡❧♦ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❈✐✈✐❧ ❞❛

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❙❛♥t❛ ❈❛t❛r✐♥❛

✾ ❞❡ ❞❡③❡♠❜r♦ ❞❡ ✷✵✷✵

Pr♦❢❛✳ ▲✉❝✐❛♥❛ ❘♦❤❞❡✱ ❉r❛✳

❈♦♦r❞❡♥❛❞♦r ❞♦ ❈✉rs♦ ❞❡ ●r❛❞✉❛çã♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❈✐✈✐❧

❇❛♥❝❛ ❊①❛♠✐♥❛❞♦r❛✿

Pr♦❢❛✳ ▲✉❝✐❛♥❛ ❘♦❤❞❡✱ ❉r❛✳

❖r✐❡♥t❛❞♦r❛

Pr♦❢❛✳ ▲✐s❡❛♥❡ P❛❞✐♥❤❛ ❚❤✐✈❡s✱ ❉r❛✳

▼❡♠❜r♦

Pr♦❢✳ ❘❛❢❛❡❧ ❆✉❣✉st♦ ❞♦s ❘❡✐s ❍✐❣❛s❤✐✱ ❉r✳

▼❡♠❜r♦



❆❣r❛❞❡❝✐♠❡♥t♦s

❆♦s ♠❡✉s P❛✐s✱ ❛♦ ♠❡✉ ✐r♠ã♦ ❡ ♠✐♥❤❛ ❝♦♠♣❛♥❤❡✐r❛ ♣♦r t♦❞♦ ❛♣♦✐♦ ❡ ❝♦♠♣r❡❡♥sã♦✳

❆♦s ♣r♦❢❡ss♦r❡s ▲✉❝✐❛♥❛ ❘♦❤❞❡✱ ▲✐s❡❛♥❡ P❛❞✐❧❤❛ ❚❤✐✈❡s✱ ❘❛❢❛❡❧ ❆✉❣✉st♦ ❞♦s ❘❡✐s ❍✐❣❛s❤✐

❡ ▲✐❛♥❡ ❘❛♠♦s ❞❛ ❙✐❧✈❛ ♣♦r t♦❞♦ ❛♣♦✐♦ ❡ ❛t❡♥çã♦ ❞❛❞♦s ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✳

❆♦ ❛rq✉✐t❡t♦ ●❧❛✉❜❡r ▼❛rt✐♥s✱ ❛s ❡♥❣❡♥❤❡✐r❛s P❛✉❧✐♥❡ ❈r✐st✐❛♥❡ ❑❛♠♠❡rs ❡ ❉❛♥✐❡❧❛ ◗✉❛✲

❞r♦s ❞♦ s❡t♦r ❞❡ ♠❛♥✉t❡♥çõ❡s ♣r❡❞✐❛✐s ✭❉▼❙●✮ ❞♦ ❤♦s♣✐t❛❧ ♣♦r t♦❞♦ ♦ ❛♣♦✐♦ ❡ ❞✐s♣♦s✐çã♦ ♣❛r❛

❡♥tr❡❣❛ ❞❡ ♠❛t❡r✐❛✐s✳

✐



❘❊❙❯▼❖

❊st❡ tr❛❜❛❧❤♦ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❛♣r❡s❡♥t❛r ✉♠ ♥♦✈♦ ♣❡r✜❧ ❞❡ ♣❛✈✐♠❡♥t♦ ❛ s❡r ✐♠♣❧❛♥t❛❞♦

♥❛ ár❡❛ ❞♦ ❛❝❡ss♦ ♣r✐♥❝✐♣❛❧ ❞♦ ❍♦s♣✐t❛❧ ❯♥✐✈❡rs✐tár✐♦ P♦❧②❞♦r♦ ❊r♥❛♥✐ ❞❡ ❙ã♦ ❚❤✐❛❣♦✱ ❛ ✜♠

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

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

✐♥t❡rtr❛✈❛❞♦s✳ ❆♥t❡s ♠❡s♠♦ ❞❡ s❡ ♣r♦❝✉r❛r ♠❡t♦❞♦❧♦❣✐❛s ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ♣❛✈✐♠❡♥✲

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

♦❝♦rr❡♥❞♦✳ ❆ ♣❛rt✐r ❞❡ ❛❧❣✉♠❛s ✈✐s✐t❛s ❡ ❝♦♥✈❡rs❛s ❝♦♠ ❛ ❡♥❣❡♥❤❡✐r❛ r❡s♣♦♥sá✈❡❧ ❡♥t❡♥❞❡✉✲s❡

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

❞r❡♥❛❣❡♠ ❡ ❛ s❛t✉r❛çã♦ ❞♦ ♣❛✈✐♠❡♥t♦✳ P❛r❛ ♦ ✐♥✐❝✐❛r ♦ tr❛❜❛❧❤♦ ❢♦r❛♠ ❡♥tã♦ ✐❞❡♥t✐✜❝❛❞❛s ❛s

ár❡❛s ❝♦♠ ♦s ♣♦♥t♦s ❝rít✐❝♦s ❞♦ ♣❛✈✐♠❡♥t♦✱ ♦♥❞❡ ♦ ♠❡s♠♦ ❛♣r❡s❡♥t❛✈❛ ♠❛✐♦r❡s ❝♦♥❝❡♥tr❛çõ❡s

❞❡ ❞❡❢❡✐t♦s ❡ ❢❛❧❤❛s✳ ❆ ♣❛rt✐r ❞❡ss❛ ❛♥á❧✐s❡✱ ❜✉s❝♦✉✲s❡ ♣❡❧❛s ✐♥str✉çõ❡s ♣r❡s❡♥t❡s ♥♦s ♠❛♥✉❛✐s

❞♦ ❉◆■❚ ❡ ♣♦r ♠❛t❡r✐❛✐s q✉❡ ❛♣r❡s❡♥t❛ss❡♠ ♠❡t♦❞♦❧♦❣✐❛s ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡s♣❡❝í✜❝❛s

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

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❉❡❢❡✐t♦s ❞❡ ♣❛✈✐♠❡♥t♦s✳ P❛✈✐♠❡♥t❛çã♦ ❞❡ ❜❧♦❝♦s ❞❡ ❝♦♥❝r❡t♦ ✐♥t❡rtr❛✈❛✲

❞♦s✳ ❙♦♥❞❛❣❡♥s ❉❈P✳

✐✐



❆❇❙❚❘❆❈❚

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

❛❝❝❡ss ❛r❡❛ ♦❢ t❤❡ P♦❧②❞♦r♦ ❊r♥❛♥✐ ♦❢ ❙ã♦ ❚❤✐❛❣♦ ❯♥✐✈❡rs✐t② ❍♦s♣✐t❛❧✱ ✐♥ ♦r❞❡r t♦ s♦❧✈❡ ♦r r❡❞✉❝❡

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

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

❢♦r ♠❡t❤♦❞♦❧♦❣✐❡s ❢♦r ❞✐♠❡♥s✐♦♥♥✐♥❣ t❤❡ ✐♥t❡r❧♦❦✐♥❣ ♣❛✈✐♠❡♥ts✱ ✇❡r❡ s♦✉❣❤t t♦ ✉♥❞❡rst❛♥❞ t❤❡

♣♦ss✐❜❧❡ r❡❛s♦♥ ♦❢ ✇❤② t❤❡ ♣r♦❜❧❡♠s ✇❡r❡ ♦❝♦rr✐♥❣✳ ❋r♦♠ s♦♠❡ ✈✐s✐ts ❛♥❞ ❝♦♥✈❡rs❛t✐♦♥s ✇✐t❤

t❤❡ ❧♦❝❛❧ ❡♥❣✐♥❡❡r✱ ✐t ✇❛s ✉♥❞❡rt♦♦❞ t❤❛t ♣r♦❜❛❜❧② ❛❧❧ t❤❡ ♣❛✈✐♠❡♥t ♣r♦❜❧❡♠s ✇❡r❡ ❧✐♥❦❡❞ t♦

t❤❡ ✐♥❛❜✐❧✐t② t♦ ❞r❛✐♥ ❛♥❞ t❤❡ s❛t✉r❛t✐♦♥ ♦❢ t❤❡ ♣❛✈❡♠❡♥t✳ ❚❤❡ ❛r❡❛s ✇✐t❤ ❝r✐t✐❝❛❧ ♣♦✐♥ts ✇❡r❡

✐❞❡♥t✐✜❡❞✱ ✇❤❡r❡ ✐t ❤❛❞ t❤❡ ❤✐❣❤❡st ❝♦♥❝❡♥tr❛t✐♦♥s ♦❢ ❞❡❢❡❝ts ❛♥❞ ❢❛✐❧✉r❡s✳ ❋r♦♠ t❤✐s ❛♥❛❧②s✐s✱

t❤❡ ✇❡r❡ s❡❛r❝❤❡❞ ❢♦r ✐♥str✉❝t✐♦♥s ✐♥ t❤❡ ❉◆■❚ ♠❛♥✉❛❧s ❛♥❞ ❢♦r ❛ ♠❛t❡r✐❛❧s t❤❛t ♣r❡s❡♥t s♣❡❝✐✜❝
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✹✳✼✳✷ ❈❛♠❛❞❛s ❞❡ ❜❛s❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✸

✹✳✼✳✸ ❈❛♠❛❞❛ ❞❡ ❛ss❡♥t❛♠❡♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✹

✹✳✼✳✹ P❡r✜s ❞❡ ♣❛✈✐♠❡♥t♦ ♣❛❞rã♦ ♣❛r❛ ❝❛❞❛ tr❡❝❤♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✹

✹✳✼✳✺ ❈♦rt❡s tr❛♥s✈❡rs❛✐s ❞♦ ♣❛✈✐♠❡♥t♦s ♣♦r tr❡❝❤♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✻

✺ ❈♦♥❝❧✉sõ❡s ✶✵✽

①✐



✻ ❆♥❡①♦s ✶✶✶

✻✳✶ ❆♥❡①♦ ❆ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✶

❘❡❢❡rê♥❝✐❛s ✶✶✸

①✐✐



✶ ■♥tr♦❞✉çã♦

❉✉r❛♥t❡ ❛ ❡①♣❡r✐❡♥❝✐❛ ❝♦♠♦ ❜♦❧s✐st❛ ❞❡ ❡♥❣❡♥❤❛r✐❛ ❝✐✈✐❧ ♥♦ ❞❡♣❛rt❛♠❡♥t♦ ❞❡ ♠❛♥✉t❡♥çã♦

♣r❡❞✐❛❧ ❞♦ ❍♦s♣✐t❛❧ ❯♥✐✈❡rs✐tár✐♦ P♦❧②❞♦r♦ ❊r♥❛♥✐ ❞❡ ❙ã♦ ❚❤✐❛❣♦ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s✱

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

♣❛✈✐♠❡♥t♦ ❞❡ ❛❝❡ss♦ ❛ ❡♥tr❛❞❛ ♣r✐♥❝✐♣❛❧ ❡ ❡st❛❝✐♦♥❛♠❡♥t♦ ❞❛ ár❡❛ ✐♥t❡r♥❛ ❞♦ ❤♦s♣✐t❛❧✳ ❖ q✉❡

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

✐♥ú♠❡r❛s ♣♦ç❛s ❞❛ á❣✉❛ q✉❡ ❣❡r❛✈❛♠ ❞❡s♥✐✈❡❧❛♠❡♥t♦s ♥❛ ❡str✉t✉r❛ ❛♣ós ♣❡rí♦❞♦s ❝♦♠

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

✐♥t❡rtr❛✈❛❞♦s✳ P♦r ❝♦♥t❛ ❞❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠❛♥✉t❡♥çõ❡s q✉❡ ❡st❛✈❛♠ ♦❝♦rr❡♥❞♦ ❝♦♠ ❝❛❞❛

✈❡③ ♠❛✐s ❢r❡q✉ê♥❝✐❛✱ s✉r❣✐✉ ♦ ✐♥t❡r❡ss❡ ♣❡❧❛ ♣❛✈✐♠❡♥t❛çã♦ ❞❛ ár❡❛ ❝♦♠ ♣❛✈✐♠❡♥t♦ ✢❡①í✈❡❧ ❞❡

❛s❢❛❧t♦ ❞r❡♥❛♥t❡✳ ❊♥tr❡t❛♥t♦ ❛ r❡❡str✉t✉r❛çã♦ ❞♦ ♣❛✈✐♠❡♥t♦ ❝♦♠ ❜❧♦❝♦s ✐♥t❡rtr❛✈❛❞♦s s❡

t♦r♥♦✉ ✉♠❛ ♠❡❧❤♦r ♦♣çã♦✱ ♣♦✐s ❞❡♥tr❡ s✉❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ❤á ♦ ❜❛✐①♦ ❝✉st♦ ❞❡ ♠❛♥✉t❡♥çã♦✱

❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ❡♠ ♠é❞✐❛ é ✾✺✪ ❞♦s ❜❧♦❝♦s ♣♦❞❡r✐❛♠ s❡r r❡❛♣r♦✈❡✐t❛❞♦s✳ ❆❧é♠ ❞✐ss♦ ♦

♣❛✈✐♠❡♥t♦ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦ trá❢❡❣♦ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♣ós s✉❛ ✐♥st❛❧❛çã♦ ❡ ❤á ❛

❢❛❝✐❧✐❞❛❞❡ ❞❡ ♠❛♥✉s❡✐♦ ❞❛s ♣❡ç❛s✱ ❞✐s♣❡♥s❛♥❞♦ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠ã♦ ❞❡ ♦❜r❛ ❡s♣❡❝✐❛❧✐③❛❞❛

♣❛r❛ ♦ s❡r✈✐ç♦s✳ P♦❞❡ s❡ ❝♦♥s✐❞❡r❛r t❛♠❜é♠ ✈❛♥t❛❥♦s♦ ♣❡❧❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♠❡❧❤♦r✐❛ ❡stét✐❝❛

❡ ❞♦ s✐st❡♠❛ ❞❡ s✐♥❛❧✐③❛çã♦ ❤♦r✐③♦♥t❛❧ ❞♦ ❡♥t♦r♥♦ ❞♦ ❤♦s♣✐t❛❧ ♣♦r s❡ ♣♦❞❡r ✉t✐❧✐③❛r ❜❧♦❝♦s ❞❡

❝♦♥❝r❡t♦ ❞❡ ❞✐✈❡rs❛s ❝♦r❡s✳

❙❡❣✉♥❞♦ ✭❆❇❈P✱ ✷✵✶✵✮✱ ❍✐st♦r✐❝❛♠❡♥t❡ ❛ ♦r✐❣❡♠ ❞❡ss❡ t✐♣♦ ❞❡ ♣❛✈✐♠❡♥t❛çã♦ ✈❡♠ ❞❡ q✉❛s❡

✺✵✵✵ ❛♥♦s ❛✳❈✱ ❝♦♠ ❛ ❝✐✈✐❧✐③❛çã♦ ▼❡s♦♣♦tâ♠✐❝❛ q✉❡ ♣❛✈✐♠❡♥t❛✈❛ s✉❛s ✈✐❛s ❝♦♠ ♣❡❞r❛s

✐rr❡❣✉❧❛r❡s ✐♥t❡rtr❛✈❛❞❛s✳

❚rês ♠✐❧ê♥✐♦s ❞❡♣♦✐s✱ ❡ss❡ ♠❡s♠♦ t✐♣♦ ❞❡ ♣❛✈✐♠❡♥t♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ❡♠ ❧❛r❣❛ ❡s❝❛❧❛ ❡♠ ❘♦♠❛✱

❝♦♠ ❜❧♦❝♦s ❞❡ ♣❡❞r❛s ♠❛✐s r❡❣✉❧❛r❡s q✉❡ ♦s ♠❡s♦♣♦tâ♠✐❝♦s✳ ❍♦❥❡ ❡ss❛s ❝❛❧ç❛❞❛s sã♦

❝♦♥s✐❞❡r❛❞❛s ♣♦♥t♦s t✉ríst✐❝♦s✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞❛ ❝❛❧❛❞❛ r♦♠❛♥❛ ❞❡ ❘✐❜❛❞♦✉r♦✳

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

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

✶



❞✐✜❝✉❧❞❛❞❡ ❞❡ ♣r♦❞✉çã♦ ❡ tr❛♥s♣♦rt❡ ❞❡ss❡s✱ ❞❡s❡♥✈♦❧✈❡✉✲s❡ ❛ ❢❛❜r✐❝❛çã♦ ❞❡ ❜❧♦❝♦s ❞❡

❝♦♥❝r❡t♦ ♣ré✲❢❛❜r✐❝❛❞♦s✳

◆♦ ❇r❛s✐❧ ❛ ♣❛✈✐♠❡♥t❛çã♦ ♣♦r ♠❡✐♦ ❞❡ ❜❧♦❝♦s ✐♥t❡rtr❛✈❛❞♦s ❞❡ ❝♦♥❝r❡t♦ ❝❤❡❣♦✉ s❡ t♦r♥♦✉

♠❛✐s ♣♦♣✉❧❛r ♥❛ ❞é❝❛❞❛ ❞❡ ✼✵✳

✷



✶✳✶ ❖❜❥❡t✐✈♦s

✶✳✶✳✶ ❖❜❥❡t✐✈♦ ❣❡r❛❧

❖ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞♦s ♣r♦❜❧❡♠❛s ❞❛ ♣❛✈✐♠❡♥t❛çã♦ ❞❡ ❜❧♦❝♦s ✐♥t❡rtr❛✈❛❞♦s ❞❡ ❝♦♥❝r❡t♦ ❡①✐s✲

t❡♥t❡ ♥♦ ❛❝❡ss♦ ♣r✐♥❝✐♣❛❧ ❞♦ ❍♦s♣✐t❛❧ ❡ r❡❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞♦ ♣❛✈✐♠❡♥t♦ ♣❛r❛ ❛ ár❡❛ ❝♦♥s✐❞❡✲

r❛❞❛ ♠❛✐s ❝rít✐❝❛✱ ❛✜♠ ❣❛r❛♥t✐r ✈✐❞❛ út✐❧ ❞❡ ✷✵ ❛♥♦s ♣❛r❛ ♥♦✈❛ ❛ ❡str✉t✉r❛✳

✶✳✶✳✷ ❖❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s

• ❘❡❝♦♥❤❡❝❡r ❛ ❣❡♦♠❡tr✐❛ ❞♦ ♣❛✈✐♠❡♥t♦ ❡①✐st❡♥t❡ ❡ ✈❡r✐✜❝❛r s❡ ❤á ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡

❢❛③❡r ❛❧t❡r❛çõ❡s

• ❉✐♠❡♥s✐♦♥❛r ♦ trá❢❡❣♦ ♣❛r❛ ❡♥❝♦♥tr❛r ♦ ♥ú♠❡r♦ ✧◆✧❞❡ ❞❡♠❛♥❞❛ ❞♦ t✐♣♦ ❞❡ ✈❡í❝✉❧♦

♣❛❞rã♦ ❞❡ ✽✱✷t ❡st❛❜❡❧❡❝✐❞♦ ♣❡❧♦ ▼❛♥✉❛❧ ❞❡ trá❢❡❣♦ ❞♦ ❉◆❊❘ ✷✵✵✻ ♣❛r❛ ♦ ❞✐♠❡♥s✐♦♥❛✲

♠❡♥t♦ ❞♦ ♣❛✈✐♠❡♥t♦✳

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

• ❘❡❛❧✐③❛r ♦ ❡st✉❞♦ ❞♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ ♣❧✉✈✐❛❧ ❡①✐st❡♥t❡ ♥♦ ❧♦❝❛❧✳

• ❆♣r❡s❡♥t❛r ♥♦✈♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞♦ ♣❛✈✐♠❡♥t♦ ❞❡ ❜❧♦❝♦s ✐♥t❡rtr❛✈❛❞♦s ♣❛r❛ ❛ ár❡❛ ❞❡

❡st✉❞♦

✸



✷ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛

✷✳✶ ❊str✉t✉r❛ ❞❡ ✉♠ ♣❛✈✐♠❡♥t♦

❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❉◆■❚✴■P❘✲✼✶✾✱ ✷✵✵✻✮✱ ♣❛✈✐♠❡♥t♦ ❞❡ ✉♠❛ r♦❞♦✈✐❛ é ❛ s✉♣❡r❡str✉t✉r❛ ❝♦♥s✲

t✐t✉í❞❛ ♣♦r ✉♠ s✐st❡♠❛ ❞❡ ❝❛♠❛❞❛s ❞❡ ❡s♣❡ss✉r❛s ✜♥❛s✱ ❛ss❡♥t❛❞❛s s♦❜r❡ ✉♠ s❡♠✐✲❡s♣❛ç♦

❝♦♥s✐❞❡r❛❞♦ t❡♦r✐❝❛♠❡♥t❡ ❝♦♠♦ ✐♥✜♥✐t♦ ✲ ❛ ✐♥❢r❛✲❡str✉t✉r❛ ♦✉ t❡rr❡♥♦ ❞❡ ❢✉♥❞❛çã♦✱ ❛ q✉❛❧ é

❞❡s✐❣♥❛❞❛ ❞❡ s✉❜❧❡✐t♦✳

❆s ❝❛♠❛❞❛s ♥♦r♠❛❧♠❡♥t❡ sã♦ ❝♦♠♣♦st❛s ❞❡ ♠❛t❡r✐❛✐s ❞❡ ❞✐❢❡r❡♥t❡s r❡s✐stê♥❝✐❛s ❡ ❝❛♣❛❝✐✲

❞❛❞❡ ❞❡ ❞❡❢♦r♠✐❞❛❞❡ q✉❡ ❡♠ ❝♦♥❥✉♥t♦ ❣❛r❛♥t❡♠ ✉♠ ❡❧❡✈❛❞♦ ❣r❛✉ ❞❡ r❡s✐stê♥❝✐❛ ♣❛r❛ s✉♣♦rt❛r

❛s t❡♥sõ❡s ❡ ❞❡❢♦r♠❛çõ❡s ♦❝❛s✐♦♥❛❞❛s ♣❡❧♦ trá❢❡❣♦ ❞❡ ✈❡í❝✉❧♦s s♦❜r❡ ❛ s✉❛ ❡str✉t✉r❛✳

❉❡ ♠♦❞♦ ❣❡r❛❧✱ ❛s ❝❛♠❛❞❛s q✉❡ ❝♦♠♣õ❡♠ ✉♠ ♣❛✈✐♠❡♥t♦ sã♦ ♦ r❡✈❡st✐♠❡♥t♦✱ ❛ ❜❛s❡✱

❛ s✉❜✲❜❛s❡✳ ➱ ♣♦ssí✈❡❧ ❛✐♥❞❛ q✉❡ ❤❛❥❛ ✉♠❛ ❝❛♠❛❞❛ r❡❢♦rç♦ ❞♦ s✉❜❧❡✐t♦✱ q✉❛♥❞♦ ♥❡❝❡ssár✐♦✳

◆❡ss❛ s❡q✉ê♥❝✐❛ t❡♠♦s ❛ ❡str✉t✉r❛ ❞❡ ✉♠ ♣❛✈✐♠❡♥t♦ ❛ ♣❛rt✐r ❞❛ s✉❛ s✉♣❡r❢í❝✐❡ ❞❡ r♦❧❛♠❡♥t♦

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

❧♦❝❛❧✳ ❙❡❣✉✐♥❞♦ ❡ss❛ ❧ó❣✐❝❛ t❡♠♦s✿

Pr✐♠❡✐r♦✱ ❛ ❝❛♠❛❞❛ ❞❡ r❡✈❡st✐♠❡♥t♦✱ q✉❡ é ❛ ú❧t✐♠❛ ❛ s❡r ❝♦♥str✉í❞❛ ❡ q✉❡ ♣❡r♠❛♥❡❝❡ ❡♠

❝♦♥t❛t♦ ❞✐r❡t♦ ❝♦♠ ♦ trá❢❡❣♦ ❞❡ ✈❡í❝✉❧♦s✳ ❊①✐st❡♠ ❞✐✈❡rs♦s t✐♣♦s ❞❡ r❡✈❡st✐♠❡♥t♦s ♣❛r❛ ♦s

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

❞❡ ❝♦♥❝r❡t♦s ✐♥t❡rtr❛✈❛❞♦s✳ ❈❛❞❛ ✉♠ ❧✐❞❛ ❝♦♠ ❛s ❝❛r❣❛s ❞✐r❡t❛s ❞♦ trá❢❡❣♦ ❡ tr❛♥s❢❡r❡ ♣❛r❛ ❛s

❝❛♠❛❞❛s s❡❣✉✐♥t❡s ❞❡ ❢♦r♠❛s ❞✐❢❡r❡♥t❡s✳

❆♣ós ♦ r❡✈❡st✐♠❡♥t♦✱ ❛ ❝❛♠❛❞❛ ❞❡ ❜❛s❡✱ q✉❡ é ❛ ♣r✐♥❝✐♣❛❧ ❝❛♠❛❞❛ ❞♦ ♣❛✈✐♠❡♥t♦ r❡s♣♦♥sá✈❡❧

♣♦r s✉♣♦rt❛r ❛s ❝❛r❣❛s ♣r♦✈❡♥✐❡♥t❡s ❞♦ trá❢❡❣♦ ❞❡ ✈❡í❝✉❧♦s ❡ ❞✐str✐❜✉í✲❧❛s ❞❡ ❢♦r♠❛ ♠❛✐s ❛♠❡♥❛

♣❛r❛ ❝❛♠❛❞❛ s❡❣✉✐♥t❡✱ q✉❡ ♣♦❞❡ s❡r ❛ s✉❜✲❜❛s❡ ♦✉ ❛té ♠❡s♠♦ ♦ ♣ró♣r✐♦ s✉❜❧❡✐t♦✳

❆ ❝❛♠❛❞❛ ❞❡ s✉❜✲❜❛s❡ ♥ã♦ é ♦❜r✐❣❛tór✐❛✱ ❛ s✉❛ ♣r✐♥❝✐♣❛❧ ❢✉♥çã♦ é ❞❡ ❝♦♠♣❧❡♠❡♥t❛r ❛

❝❛♠❛❞❛ ❞❡ ❜❛s❡ q✉❛♥❞♦ ♣♦r q✉❡stõ❡s té❝♥✐❝♦✲❡❝♦♥ô♠✐❝❛s ♥ã♦ é ❛❝♦♥s❡❧❤á✈❡❧ ❝♦♥str✉✐r ✉♠❛

❝❛♠❛❞❛ ❞❡ ❜❛s❡ ❞✐r❡t♦ ❡♠ ❝♦♥t❛t♦ ❝♦♠ ♦ s✉❜❧❡✐t♦ ♦✉ q✉❛♥❞♦ ❛ ❝❛♠❛❞❛ ❞❡ ❜❛s❡ ♥❡❝❡ssár✐❛

❝❛❧❝✉❧❛❞❛ é ♠✉✐t♦ ❡s♣❡ss❛✳

✹





❡q✉✐✈❛❧❡♥t❡s ❡♥tr❡ ❛s ❝❛♠❛❞❛s✳ ❖ ♣❛✈✐♠❡♥t♦ ❞❡ ❜❧♦❝♦s ✐♥t❡rtr❛✈❛❞♦s ❞❡ ❝♦♥❝r❡t♦ é ❝♦♥s✐❞❡r❛❞♦

♣❡❧♦ ❉◆■❚ ✉♠ t✐♣♦ ❞❡ ♣❛✈✐♠❡♥t♦ ✢❡①í✈❡❧✳

✷✳✸ ▼ét♦❞♦s ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ♣❛✈✐♠❡♥t♦s ✐♥t❡rtr❛✈❛❞♦s

❈♦♥❢♦r♠❡ ❛s ✐♥str✉çõ❡s ♣r❡s❡♥t❡s ♥♦ ♠❛♥✉❛❧ ✭❉◆■❚✴■P❘✲✼✶✾✱ ✷✵✵✻✮ ❡♥t❡♥❞❡✉✲s❡ q✉❡ ♦s ♣❛✲

✈✐♠❡♥t♦s ❞❡ ❜❧♦❝♦ ❞❡ ❝♦♥❝r❡t♦ ✐♥t❡rtr❛✈❛❞♦s sã♦ ❝♦♥s✐❞❡r❛❞♦s ✉♠ t✐♣♦ ❞❡ ♣❛✈✐♠❡♥t♦ ✢❡①í✈❡❧

❡✱ ♣♦rt❛♥t♦ ♣♦❞❡♠ s❡r ❞✐♠❡♥s✐♦♥❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♠ét♦❞♦s ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡

♣❛✈✐♠❡♥t♦s ✢❡①í✈❡✐s✳ ❖ ♣ró♣r✐♦ ❞♦❝✉♠❡♥t♦ ❛♣r❡s❡♥t❛ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❛ s❡ s❡❣✉✐r ♣❛r❛ ♦

❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ✢❡①í✈❡✐s✳

✷✳✸✳✶ ❊st✉❞♦ té❝♥✐❝♦ ✷✼ ✭❆❇❈P✴✶✾✾✽✮

❖ ❡st✉❞♦ té❝♥✐❝♦ ✷✼ ✭❆❇❈P✱ ✶✾✾✽✮ r❡s✉♠❡ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞♦ ❜❧♦❝♦ ❞❡

❝♦♥❝r❡t♦s ✐♥t❡rtr❛✈❛❞♦s ❡♠ ❞✉❛s ♣❛rt❡s✿

✶✮❚é❝♥✐❝❛s ♣❛r❛ ❣❛r❛♥t✐r ♦ ✐♥t❡rtr❛✈❛♠❡♥t♦ ❞❛s ♣❡ç❛s

✷✮❯s♦ ❞❡ ✸ ❣rá✜❝♦s✿ ❖ ♣r✐♠❡✐r♦ ♣❛r❛ s❡ ❝♦♥❤❡❝❡r ♦s ❢❛t♦r❡s ❞❡ ❡q✉✐✈❛❧ê♥❝✐❛s ❞♦s ❡✐①♦s ❞✐❢❡r❡♥t❡s

❞♦ ❡✐①♦ ♣❛❞rã♦ ♣ré✲❡st❛❜❡❧❡❝✐❞♦ ❞❡ ✽✱✷ t❢ ❡ ♣❛r❛ ❞❡s❝♦❜r✐r ❛ ❞❡♠❛♥❞❛ ❞❡ trá❢❡❣♦ ♥❛ ✈✐❛ ❡♠

❢✉♥çã♦ ❞❛ s✉❛ ✈✐❞❛ út✐❧✳ ❖ s❡❣✉♥❞♦ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛ ❡s♣❡ss✉r❛ ♠í♥✐♠❛ ♥❡❝❡ssár✐❛ ♣❛r❛ ❛

❝❛♠❛❞❛ ❞❡ s✉❜✲❜❛s❡ ❞♦ ♣❛✈✐♠❡♥t♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ í♥❞✐❝❡ ❞❡ s✉♣♦rt❡ ❝❛❧✐❢ór♥✐❛ ✭■❙❈✮ ❞♦

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

❢✉♥çã♦ ❞❛ ❞❡♠❛♥❞❛ ❞❡ trá❢❡❣♦✳

❖ ♣r✐♠❡✐r♦ ❣rá✜❝♦✱ r❡❢❡r❡♥t❡ ❛♦ ❡st✉❞♦ ❞❡ trá❢❡❣♦ ❛♣r❡s❡♥t❛ ♦s ❢❛t♦r❡s ❞❡ ❡q✉✐✈❛❧ê♥❝✐❛

♣❛r❛ ❛ tr❛♥s❢♦r♠❛çã♦ ❞♦s ❞✐✈❡rs♦s t✐♣♦s ❞❡ ❡✐①♦s ❞✐❢❡r❡♥t❡s ♣❛r❛ ♦ t✐♣♦ ♣❛❞rã♦ ❝♦♥s✐❞❡r❛❞♦

♣❡❧♦ ❉◆■❚ ❝♦♠♦ ♦ ❡✐①♦ s✐♠♣❧❡s ❞❡ ✽✱✷ t❢✳

✻







s✉❜✲❜❛s❡✳ ❙❡♥❞♦ ❛ss✐♠ sã♦ ❝♦♥s✐❞❡r❛❞❛s ❛♣❡♥❛s ❛s ❝❛♠❛❞❛s ❞❡ r❡✈❡st✐♠❡♥t♦✱ ❛ss❡♥t❛♠❡♥t♦ ❡

❞❡ ❜❛s❡ ♣❛r❛ ❡str✉t✉r❛ ❞♦ ♣❛✈✐♠❡♥t♦✳ P♦❞❡♥❞♦ ❛ ❜❛s❡ s❡r ❞❡ s♦❧♦ ❡st❛❜✐❧✐③❛❞♦ ❝♦♠ ❝✐♠❡♥t♦

♦✉ ❞♦ t✐♣♦ ❣r❛♥✉❧❛r✳

P❛r❛ ❝❛♠❛❞❛ ❞❡ ❜❛s❡ ❡st❛❜✐❧✐③❛❞❛ ❝♦♠ ❝✐♠❡♥t♦✿

❋✐❣✉r❛ ✺✿ ❊s♣❡ss✉r❛s ♠í♥✐♠❛s ❞❡ ❜❛s❡ ❣r❛♥✉❧❛r ✭❆❇❈P✴❊❚✲✷✼✮

P❛r❛ ❝❛♠❛❞❛ ❞❡ ❜❛s❡ ❡st❛❜✐❧✐③❛❞❛ ❝♦♠ ❝✐♠❡♥t♦✿

❋✐❣✉r❛ ✻✿ ❊s♣❡ss✉r❛s ♠í♥✐♠❛s ❞❡ ❜❛s❡ ❣r❛♥✉❧❛r ✭❆❇❈P✴❊❚✲✶✸✺✮

P❛r❛ ♣❛✈✐♠❡♥t♦s ❞❡ ❜❧♦❝♦s ✐♥t❡rtr❛✈❛❞♦s✱ ❛❧é♠ ❞❛s ❝❛♠❛❞❛s ♣❛❞rõ❡s ❞❡ ✉♠ ♣❛✈✐♠❡♥t♦✱

t❛♠❜é♠ é ❝♦♥s✐❞❡r❛❞♦ ♥❛ s✉❛ ❡str✉t✉r❛ ✉♠❛ ❝❛♠❛❞❛ ❞❡ ❛ss❡♥t❛♠❡♥t♦✳ ◆♦ ✭❆❇❈P✱ ✶✾✾✽✮ é

✐♥str✉í❞♦ q✉❡ ❡ss❛ ❞❡✈❡ ❝♦♥t❡r ❡♠ ♠é❞✐❛ ✺ ❝♠ ❡ s❡r ❢❡✐t❛ ❞❡ ❛r❡✐❛ ✜♥❛✳ ❏á ♦ ✭❆❇❈P✱ ✶✾✾✾✮

❞❡✜♥❡ q✉❡ ❛ ❝❛♠❛❞❛ ❞❡✈❡ t❡r ✹ ❝♠ ❡ ❞❡✈❡ s❡r ❢❡✐t❛ ❝♦♠ ❛r❡✐❛ ❣r♦ss❛✳

✷✳✹ ❊st✉❞♦ ❣❡♦♠étr✐❝♦

◆❡ss❛ s❡çã♦ s❡rã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ✐♥❢♦r♠❛çõ❡s té❝♥✐❝❛s ✉t✐❧✐③❛❞❛s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ✭❉◆■❚✱

✷✵✶✵✮✳

✷✳✹✳✶ ❈❧❛ss✐✜❝❛çã♦ ❞❛s ✈✐❛s ✉r❜❛♥❛s s❡❣✉♥❞♦ ❉◆■❚

✶✮ ❱✐❛s ❛rt❡r✐❛✐s✿ ❈❧❛ss❡ ❞❡ ✈✐❛s ❝♦♠♣♦st❛ ♣♦r ✷ t✐♣♦s ❞❡ ✈✐❛s✱ ❛s ❛rt❡r✐❛✐s ♣r✐♥❝✐♣❛✐s ❡ s❡✲

❝✉♥❞ár✐❛s✳ ❆s ♣r✐♥❝✐♣❛✐s sã♦ ❝❤❛♠❛❞❛s ❛ss✐♠ ♣♦✐s ❛t❡♥❞❡♠ ♦s ♣r✐♥❝✐♣❛✐s ❝❡♥tr♦s ✉r❜❛♥♦s ❡ s❡

✾



❝♦♥❡❝t❛♠ ❝♦♠ ❛s ✈✐❛s r♦❞♦✈✐❛s ❢❡❞❡r❛✐s ❡ ❡st❛❞✉❛✐s✳ ❊❧❛s ♣r♦♣♦r❝✐♦♥❛♠ ❛❝❡ss♦ ❛♦s ♠❛✐♦r❡s

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

❝❛r❣❛ ❡ ♣❛ss❛❣❡✐r♦s✳ ❊♠ ❣❡r❛❧ ❛t❡♥❞❡♠ ❛s ♣r✐♥❝✐♣❛✐s ❞❡♠❛♥❞❛s ❞❡ trá❢❡❣♦ ❞❡ ❧♦♥❣❛s ❞✐stâ♥❝✐❛s✳

❆s ✈✐❛s ❛rt❡r✐❛✐s ♣r✐♠❛r✐❛s ♠❛✐s ❝♦♥❤❡❝✐❞❛s sã♦ ❛s ✈✐❛s ❡①♣r❡ss❛s✳

❊♥q✉❛♥t♦ ❛s ✈✐❛s ❛rt❡r✐❛✐s ♣r✐♥❝✐♣❛✐s ❛t❡♥❞❡♠ ❛s ❧✐♥❤❛s ❞❡ ô♥✐❜✉s ♠✉♥✐❝✐♣❛✐s ❡ ✐♥t❡r♠✉♥✐✲

❝✐♣❛✐s✱ ❛s ❛rt❡r✐❛✐s s❡❝✉♥❞ár✐❛s ❛t❡♥❞❡♠ ❛s ❧✐♥❤❛s ❧♦❝❛✐s ❡ ❞ã♦ ♠❛✐s ê♥❢❛s❡ ♣❛r❛ ♦ ❛❝❡ss♦ ❛s

❝♦♠✉♥✐❞❛❞❡s✳ ❆s s❡❝✉♥❞ár✐❛s t❛♠❜é♠ tê♠ ❛ ❢✉♥çã♦ ❞❡ ❝♦♥❡❝t❛r ❛s ✈✐❛s ♣r✐♥❝✐♣❛✐s✳

✷✮ ❱✐❛s ❝♦❧❡t♦r❛s✿ ❈❧❛ss❡ ❞❡ ✈✐❛s ❡♠ q✉❡ ❛ ♣r✐♥❝✐♣❛❧ ❢✉♥çã♦ é ❝♦♥❡❝t❛r ❛s ✈✐❛s ❛rt❡r✐❛✐s

às ❧♦❝❛✐s✱ ❞✐str✐❜✉❡♠ ♦ trá❢❡❣♦ ❛rt❡r✐❛❧ ❛té ♦ s❡✉ ❞❡st✐♥♦ ✜♥❛❧✳ ▼❛s✱ ❞✐❢❡r❡♥t❡ ❞❛s ❛rt❡r✐❛✐s✱

❡ss❛s ✈✐❛s ♣♦❞❡♠ ❛❞❡♥tr❛r ♥❛s ✈✐③✐♥❤❛♥ç❛s r❡s✐❞❡♥❝✐❛✐s ❞❛s ❝✐❞❛❞❡s ❡ ❛té ♠❡s♠♦ s❡r✈✐r ❝♦♠♦

❛❝❡ss♦ ❞✐r❡t♦ ♣❛r❛ r❡s✐❞ê♥❝✐❛s✳

✸✮ ❱✐❛s ❧♦❝❛✐s✿ ❈❧❛ss❡ ❞❡ ✈✐❛s q✉❡ tê♠ ❝♦♠♦ ♣r✐♥❝✐♣❛❧ ❢✉♥çã♦ ♣❡r♠✐t✐r ♦ ❛❝❡ss♦ às ♣r♦✲

♣r✐❡❞❛❞❡s✱ ♦❢❡r❡❝❡♥❞♦ ♦ ♠❡♥♦r ♥í✈❡❧ ❞❡ ♠♦❜✐❧✐❞❛❞❡ ❡♥tr❡ ❛s ❝❧❛ss❡s ❡ ♥♦r♠❛❧♠❡♥t❡ ♥ã♦ ❝♦♥tê♠

r♦t❛s ❞❡ ô♥✐❜✉s✳

✷✳✹✳✷ ❈❛r❛❝t❡ríst✐❝❛s ❣❡♦♠étr✐❝❛s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝❧❛ss❡ ❞❡ ✈✐❛

❖ ♠❛♥✉❛❧ ❞❡ ♣r♦❥❡t♦ ❣❡♦♠étr✐❝♦ ✭❉◆■❚✱ ✷✵✶✵✮ ❛♣r❡s❡♥t❛ ♥♦ s❡✉ ✜♠ ✉♠ ❣r✉♣♦ ❞❡ t❛❜❡❧❛s

r❡s✉♠♦ r❡❢❡r❡♥t❡s ❛s ❝❛r❛❝t❡ríst✐❝❛s ❣❡♦♠❡tr✐❛s ♠í♥✐♠❛s ❛❜s♦❧✉t❛s ❡ ❞❡s❡❥á✈❡✐s ♣❛r❛ ❝❛❞❛ ✉♠

❞♦s t✐♣♦s ❞❡ ❝❧❛ss❡s ❝✐t❛❞♦s✳ ❆ ✜❣✉r❛ ✷✾ ❛♣r❡s❡♥t❛ ❛ t❛❜❡❧❛ ✽✸ r❡t✐r❛❞❛ ❞❡st❡ ♠❛t❡r✐❛❧ ♣❛r❛

✈✐❛s ❧♦❝❛✐s ❡ ✈❡í❝✉❧♦ ❞❡ ♣r♦❥❡t♦ ❞♦ t✐♣♦ ✏❈❖✑✳

✷✳✹✳✸ ❱❡í❝✉❧♦ ❞❡ ♣r♦❥❡t♦

❙❡❣✉♥❞♦ ✭❉◆■❚✱ ✷✵✶✵✮ é ❞❡✜♥✐❞♦ ❝♦♠♦ ✈❡í❝✉❧♦ ❞❡ ♣r♦❥❡t♦ ♦ t✐♣♦ ♠❛✐s r❡♣r❡s❡♥t❛t✐✈♦✱ ♦✉ s❡❥❛✱

q✉❡ ♠❛✐s ❝✐r❝✉❧❛ ♣❡❧❛ ✈✐❛✱ ♦✉ ♦ ♠❛✐s ❧❛r❣♦✱ q✉❡ ❡①✐❣❡ ♠❛✐s ❡s♣❛ç♦ ♣❛r❛ r❡❛❧✐③❛r s✉❛s ♠❛♥♦❜r❛s

❝♦♠ s❡❣✉r❛♥ç❛✳ ➱ ✐♠♣♦rt❛♥t❡ ❛✐♥❞❛ ❝♦♥s✐❞❡r❛r q✉❡ ❛ ❡s❝♦❧❤❛ ❞❡ ✉♠ ✈❡í❝✉❧♦ ❞❡ ♣r♦❥❡t♦ ❝♦♠

♠❡♥♦r❡s ❞✐♠❡♥sõ❡s ♥ã♦ ✐♠♣♦ss✐❜✐❧✐t❛ ♦ trá❢❡❣♦ ❞❡ ✈❡í❝✉❧♦s ♠❛✐s ❧♦♥❣♦s ♥❛ ✈✐❛✱ ♠❛s ✐♥✢✉ê♥❝✐❛

♥❛ s❡❣✉r❛♥ç❛ ❞♦ trá❢❡❣♦✳

✶✵





• ❇❚✼✿ ❱❡í❝✉❧♦s ❞❡ ❝❛r❣❛ ❛rt✐❝✉❧❛❞♦s✱ ❝♦♠ ✉♠❛ ✉♥✐❞❛❞❡ tr❛t♦r❛ ❞❡ ✸ ❡✐①♦s q✉❡ tr❛❝✐♦♥❛❞♦

❝♦♠ ✷ ❛rt✐❝✉❧❛çõ❡s✱ ❞♦✐s s❡♠✐✲r❡❜♦q✉❡ ❞❡ ✷ ❡✐①♦s✳ ❖ t✐♣♦ ♠❛✐s ❝♦♥❤❡❝✐❞♦ ❞❡ss❡ ❣r✉♣♦

sã♦ ♦s ❇✐tr❡♠ ❝♦♠ ✼ ❡✐①♦s ❝♦♠ ❝♦♠♣r✐♠❡♥t♦ t♦t❛❧ ❞❡ ✶✾✱✽✵ ♠✳

• ❈●✿ ❱❡í❝✉❧♦s ❡s♣❡❝✐❛✐s ♣❛r❛ tr❛♥s♣♦rt❡ ❞❡ ♦✉tr♦s ❛✉t♦♠ó✈❡✐s✱ ✈❛♥s✱ ô♥✐❜✉s ❡ ❝❛♠✐♥❤õ❡s✳

❖s ♠❛✐s ❝♦♥❤❡❝✐❞♦ sã♦ ♦ ❈❡❣♦♥❤❡✐r♦ ♦✉ ♦ ❈❚❱✳

• ❇❚✾✿ ❱❡í❝✉❧♦s ❞❡ ❝❛r❣❛ ❛rt✐❝✉❧❛❞♦s✱ ❝♦♠ ✉♠❛ ✉♥✐❞❛❞❡ tr❛t♦r❛ ❞❡ ✸ ❡✐①♦s q✉❡ tr❛❝✐♦♥❛❞♦

❝♦♠ ✷ ❛rt✐❝✉❧❛çõ❡s✱ ❞♦✐s s❡♠✐✲r❡❜♦q✉❡ ❞❡ ✸ ❡✐①♦s✳ ❖s t✐♣♦s ♠❛✐s ❝♦♥❤❡❝✐❞♦s ❞❡ss❡ ❣r✉♣♦

sã♦ ♦s ❇✐tr❡♥s ❝♦♠ ✾ ❡✐①♦s ❝♦♠ ❝♦♠♣r✐♠❡♥t♦ t♦t❛❧ ❞❡ ✷✺ ♠✳ ❖✉tr♦ ✈❡í❝✉❧♦ ❝♦♥❤❡❝✐❞♦

❞❡ss❡ ❣r✉♣♦ é ♦ ❘♦❞♦tr❡♠✳

• ❇❚▲✿ ❆ss✐♠ ❝♦♠♦ ♦ ❣r✉♣♦ ❇❚✾✱ sã♦ ✈❡í❝✉❧♦s ❞❡ ❝❛r❣❛ ❛rt✐❝✉❧❛❞♦s✱ ❝♦♠ ✉♠❛ ✉♥✐❞❛❞❡

tr❛t♦r❛ ❞❡ ✸ ❡✐①♦s q✉❡ tr❛❝✐♦♥❛❞♦ ❝♦♠ ✷ ❛rt✐❝✉❧❛çõ❡s✱ ❞♦✐s s❡♠✐✲r❡❜♦q✉❡ ❞❡ ✸ ❡✐①♦s✳

❖ t✐♣♦ ♠❛✐s ❝♦♥❤❡❝✐❞♦ ❞❡ss❡ ❣r✉♣♦ sã♦ ♦s ❇✐tr❡♥s ❝♦♠ ✾ ❡✐①♦s ❡ ♦s ❘♦❞♦tr❡♠ ❝♦♠

❝♦♠♣r✐♠❡♥t♦s t♦t❛✐s ❞❡ ✸✵ ♠✱ ❝♦♠ ✺ ♠ ❛ ♠❛✐s q✉❡ ♦s ❞♦ ❣r✉♣♦ ❛♥t❡r✐♦r✳

✷✳✹✳✹ ❱❡❧♦❝✐❞❛❞❡ ❞✐r❡tr✐③

❆✐♥❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ✭❉◆■❚✱ ✷✵✶✵✮✱ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞✐r❡tr✐③ é ❝♦♥s✐❞❡r❛❞❛ ❝♦♠♦ ❛ ♠❛✐♦r

✈❡❧♦❝✐❞❛❞❡ ❝♦♠ q✉❡ ✉♠ ✈❡í❝✉❧♦ ♣♦❞❡ tr❛❢❡❣❛r ♥❛ ✈✐❛ ❝♦♠ s❡❣✉r❛♥ç❛ q✉❛♥❞♦ ♦ ❡st❡ ❡stá s✉❥❡✐t♦

❛♣❡♥❛s às ❧✐♠✐t❛çõ❡s ❢ís✐❝❛s ✐♠♣♦st❛s ♣❡❧❛ ✈✐❛✳ P❛r❛ ✈✐❛s ❧♦❝❛✐s é ❞❡✜♥✐❞♦ ✈❡❧♦❝✐❞❛❞❡ ❞✐r❡tr✐③

❞❡s❡❥á✈❡❧ ❞❡ ✹✵ ❦♠✴❤ ❡ ♠í♥✐♠❛ ❛❜s♦❧✉t❛ ❞❡ ✸✵ ❦♠✴❤✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♠❛t❡r✐❛❧✱ ❛♦ s❡ r❡t♦r♥❛r ❛ ✜❣✉r❛ ✷✾✱ é ✈❡r✐✜❝❛❞♦ q✉❡ ♣❛r❛ ✈✐❛s ❧♦❝❛✐s✱ é

❞❡s❡❥á✈❡❧ q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞✐r❡tr✐③ s❡❥❛ ❞❡ ✹✵ ❦♠✴❤ ❡ q✉❡ ❛ ♠í♥✐♠❛ ❛❜s♦❧✉t❛ s❡❥❛ ❞❡ ✸✵ ❦♠✴❤✳

✷✳✹✳✺ ▲❛r❣✉r❛ ♠í♥✐♠❛ ❞❛s ❢❛✐①❛s

❙❡❣✉♥❞♦ ✭❆❇❈P✱ ✶✾✾✾✮✱ ❛ ❧❛r❣✉r❛ ❡✈❡♥t✉❛❧ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❢❛✐①❛s ❞❡ ♣❛✈✐♠❡♥t♦s ✐♥t❡rtr❛✈❛❞♦s

é ❞❡ ✸ ♠❡tr♦s✱ ❛ ♠❡s♠❛ ❧❛r❣✉r❛ ♣❛❞rã♦ ❞❛s ré❣✉❛s ✉t✐❧✐③❛❞❛s ♣❛r❛ ♥✐✈❡❧❛♠❡♥t♦ ❞♦ ♣❛✈✐♠❡♥t♦✳

❏á ❞❡ ❛❝♦r❞♦ ❝♦♠ ✭❉◆■❚✱ ✷✵✶✵✮✱ ❛s ❢❛✐①❛s ❞❡ r♦❧❛♠❡♥t♦ ♣♦❞❡♠ ✈❛r✐❛r ❞❡ ✷✱✼✵ ♠ ❛ ✸✱✻✵ ♠

❞❡ ❧❛r❣✉r❛✱ ♣r❡❞♦♠✐♥❛♥❞♦ ✸✱✻✵ ♣❛r❛ ❛ ♠❛✐♦r✐❛ ✈✐❛s ❞❡ ❛❧t♦ ♣❛❞rã♦✱ ♣♦r ❤❛✈❡r ♦ ❛❢❛st❛♠❡♥t♦ ❞❡✲

✶✷



s❡❥á✈❡❧ ♣❛r❛ q✉❡ ❣r❛♥❞❡s ✈❡í❝✉❧♦s ❝♦♠❡r❝✐❛✐s ♣♦ss❛♠ tr❛❢❡❣❛r ❡♠ s❡♥t✐❞♦s ♦♣♦st♦s ❡♠ r♦❞♦✈✐❛s

r✉r❛✐s ❞❡ ♣✐st❛s ❞❡ s✐♠♣❧❡s✳

❆✐♥❞❛ s❡❣✉♥❞♦ ♦ ❉◆■❚✱ ❡♠❜♦r❛ s❡❥❛ ❞❡s❡❥á✈❡❧ ✉♠❛ ❧❛r❣✉r❛ ♠❛✐♦r ♣❛r❛ ❛ ❢❛✐①❛✱ é ❛❝❡✐tá✈❡❧

s✉❛ r❡❞✉çã♦ ♣❛r❛ ✸✱✸✵ ♠ ❡♠ r❡❣✐õ❡s ❝♦♠ tr❛✈❡ss✐❛ ❞❡ ♣❡❞❡str❡s ❡ ár❡❛s ✉r❜❛♥❛s ♦✉ ❛té ♣❛r❛

❞❡ ✸ ♠✱ q✉❛♥❞♦ s❡ ❞❡s❡❥❛ ❜❛✐①❛r ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✈❡í❝✉❧♦s✳

✷✳✹✳✻ ❘❛✐♦ ♠í♥✐♠♦ ❞❡ ❣✐r♦

❆✐♥❞❛ ❝♦♥❢♦r♠❡ ♦ ♠❛♥✉❛❧ ❞❡ ♣r♦❥❡t♦ ❣❡♦♠étr✐❝♦ ✭❉◆■❚✱ ✷✵✶✵✮ ♦ r❛✐♦ ❞❡ ❣✐r♦ ♠í♥✐♠♦ é ❞❡✜♥✐❞♦

❝♦♠♦ ♦ r❛✐♦ ❞❛ tr❛❥❡tór✐❛ ❞❛ r♦❞❛ ❡①t❡r♥❛ ❞✐❛♥t❡✐r❛ ❞♦ ✈❡í❝✉❧♦ ❞❡ ♣r♦❥❡t♦ q✉❛♥❞♦ ❡st❡ ❡①❡❝✉t❛

♦ s❡✉ ❣✐r♦ ♠❛✐s ❢❡❝❤❛❞♦ ♣♦ssí✈❡❧ ❛ ✉♠❛ ❜❛✐①❛ ✈❡❧♦❝✐❞❛❞❡✳

❖s ♣r✐♥❝✐♣❛✐s ❢❛t♦r❡s q✉❡ ✐♥✢✉❡♥❝✐❛♠ ♥♦s ✈❛❧♦r❡s ♠í♥✐♠♦s ❞♦s r❛✐♦s ❞❡ ❣✐r♦ sã♦ ❛ ❧❛r❣✉r❛ ❞♦

✈❡í❝✉❧♦ ❞❡ ♣r♦❥❡t♦ ❡ ❛s ❞✐stâ♥❝✐❛s ❡♥tr❡ ♦s s❡✉s ❡✐①♦s✳ ❖ ♠❛♥✉❛❧ ❞♦ ❉◆■❚ ❞❡✜♥❡ ♥❛ s✉❛ t❛❜❡❧❛

✷✺ ❛s ❞✐♠❡♥sõ❡s ❜ás✐❝❛s ❞♦s ❞✐✈❡rs♦s t✐♣♦s ❞❡ ✈❡í❝✉❧♦s✲t✐♣♦ ❞❡ ♣r♦❥❡t♦✳ ❛ ✜❣✉r❛ ❄❄ ❛♣r❡s❡♥t❛

❛ t❛❜❡❧❛ r❡t✐r❛❞❛ ❞♦ ❞❡st❡ ❞♦❝✉♠❡♥t♦✳

❋✐❣✉r❛ ✽✿ ❘❛✐♦s ❞❡ ❣✐r♦ ♠í♥✐♠♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ✈❡í❝✉❧♦s t✐♣♦ ❞❡ ♣r♦❥❡t♦ ✭❉◆■❚✴■❘P✲✼✹✵✮

❆✐♥❞❛ ♥❛ ✜❣✉r❛ ✽✱ ❛❜❛✐①♦ ❞♦ r❛✐♦ ♠í♥✐♠♦ ❞❡ ❣✐r♦ ❞❛ r♦❞❛ ❡①t❡r♥❛ ❞✐❛♥t❡✐r❛ t❛♠❜é♠ é

❛♣r❡s❡♥t❛❞♦ ♦ r❛✐♦ ❞❡ ❣✐r♦ ❞♦ ❡✐①♦ ❞✐❛♥t❡✐r♦ ✭❘❊❉✮✱ ❛❞♠✐t❡✲s❡ q✉❡ ❡st❡ é ♦ r❛✐♦ tr❛ç❛❞♦ ♣❡❧♦

❝❡♥tr♦ ❞♦ ❡✐①♦ ❞✐❛♥t❡✐r♦ ❞♦s ✈❡í❝✉❧♦s ❡♥q✉❛♥t♦ ♣❡r❝♦rr❡♠ ❛s ❝✉r✈❛s ❝♦♠ ❛s ❝♦♥✜❣✉r❛çõ❡s ❞❡

❣✐r♦ ♠❛✐s ❢❡❝❤❛❞❛s s♦❜ ✉♠❛ ❜❛✐①❛ ✈❡❧♦❝✐❞❛❞❡✳

✶✸



✷✳✹✳✼ ❘❛✐♦ ❞❡ ❝✉r✈❛ ❤♦r✐③♦♥t❛❧

❙❡❣✉♥❞♦ ✭❉◆■❚✱ ✷✵✶✵✮ ♦ r❛✐♦ ♠í♥✐♠♦ ❞❡ ❝✉r✈❛ ❤♦r✐③♦♥t❛❧✱ ♣♦r s✉❛ ✈❡③✱ é ♦ ♠❡♥♦r ❝♦♠♣r✐♠❡♥t♦

❞❡ r❛✐♦ ♥❡❝❡ssár✐♦ ♣❛r❛ s❡ ❝♦♥s❡❣✉✐r ♣❡r❝♦rr❡r ✉♠❛ ❝✉r✈❛ ❝♦♠ ♠á①✐♠❛ s✉♣❡r❡❧❡✈❛çã♦ ♥❛

✈❡❧♦❝✐❞❛❞❡ ❡st❛❜❡❧❡❝✐❞❛ ❝♦♠♦ ❞✐r❡tr✐③ ❣❛r❛♥t✐♥❞♦ s❡❣✉r❛♥ç❛ ❡ ❝♦♥❢♦rt♦✳ ❖ s❡✉ ❝á❧❝✉❧♦ ❧❡✈❛ ❡♠

❝♦♥s✐❞❡r❛çã♦ ❛ s✉♣❡r❡❧❡✈❛çã♦ ✏❡✑ ♦ ❢❛t♦r ✏❢✑ ❞❡ ❛tr✐t♦ ❡♥tr❡ ❛s r♦❞❛s ❞♦ ✈❡í❝✉❧♦s ❡ ♦ ♣❛✈✐♠❡♥t♦✿

R = v2

127(e+f )

❊♠ q✉❡✿

❘ ❂ r❛✐♦ ♠í♥✐♠♦ ❞❡ ❝✉r✈❛ ❤♦r✐③♦♥t❛❧✱ ❡♠ ♠

✈ ❂ ✈❡❧♦❝✐❞❛❞❡ ❞✐r❡tr✐③✱ ❡♠ ❦♠✴❤

❡ ❂ s✉♣❡r❡❧❡✈❛çã♦ ♠á①✐♠❛✱ ❡♠ ♠✴♠

❢ ❂ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❛tr✐t♦ tr❛♥s✈❡rs❛❧

❈♦r❢♦r♠❡ ♦ ♠❛♥✉❛❧ ❞❡ ♣r♦❥❡t♦ ❣❡♦♠étr✐❝♦ ✭❉◆■❚✱ ✷✵✶✵✮✱ ❛ s✉♣❡r❡❧❡✈❛çã♦ é ❛ ❞❡❝❧✐✈✐❞❛❞❡

tr❛♥s✈❡rs❛❧ ❞❛ ♣✐st❛ ❡♠ ❛♣❡♥❛s ✉♠ s❡♥t✐❞♦ ♥♦s tr❡❝❤♦s ❞❡ ❝✉r✈❛s ❤♦r✐③♦♥t❛✐s ❡ t❡♠ ❢✉♥çã♦ ❞❡

❝♦♥tr❛❜❛❧❛♥❝❡❛r ❛ ❢♦rç❛ ❝❡♥tr✐❢✉❣❛ ❛t✉❛♥t❡ s♦❜r❡ ♦s ✈❡í❝✉❧♦s ♥❡ss❡s tr❡❝❤♦s✳ ◆♦r♠❛❧♠❡♥t❡ ♦

✈❛❧♦r ❛tr✐❜✉í❞♦ ♣❛r❛ ❛ s✉♣❡r❡❧❡✈❛çã♦ é ❞❡ ✷✪ ♣❛r❛ ✈✐❛s ❧♦❝❛✐s✱ ♣♦❞❡♥❞♦ ❝❤❡❣❛r ❛té ✶✷✪ ❡♠ ✈✐❛s

❝♦♠ ❝❛s♦s ❡s♣❡❝✐❛✐s✳ ▼❛✐s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛s ❞❡❝❧✐✈✐❞❛❞❡s tr❛♥s✈❡rs❛✐s s❡rã♦ ❛♣r❡s❡♥t❛❞❛s

♠❛✐s ❛ ❢r❡♥t❡✳

❆✐♥❞❛ s❡❣✉♥❞♦ ✭❉◆■❚✱ ✷✵✶✵✮✱ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❛tr✐t♦ tr❛♥s✈❡rs❛❧ é ✉♠ ❢❛t♦r q✉❡ ❞❡♣❡♥❞❡

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

❡stá s❡❝❛ ♦✉ ♠♦❧❤❛❞❛✳ ◆♦ ❝❛s♦ ❞❡ ♣♥❡✉s ♥♦✈♦s tr❛❢❡❣❛♥❞♦ ❡♠ ✉♠ ♣❛✈✐♠❡♥t♦ ❞❡ ❝♦♥❝r❡t♦

♠♦❧❤❛❞♦ ❡ ❡♠ ❜♦♠ ❡st❛❞♦✱ t❡♠✲s❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❛tr✐t♦ ♣❛r❛ ✸✵❦♠✴❤ ❞❡ ✵✱✺✳ ◆♦ ❡♥t❛♥t♦

s❛❜❡✲s❡ q✉❡ ❡ss❛ é s✐t✉❛çã♦ ✐❞❡❛❧ ❡ ♥ã♦ r❡❛❧✱ ♣♦rt❛♥t♦ ♦ ♣ró♣r✐♦ ♠❛♥✉❛❧ ❞♦ ❉◆■❚ ❞❡✜♥❡ q✉❡ ♦

✈❛❧♦r ♠á①✐♠♦ ❛❞♠✐ssí✈❡❧ ♣❛r❛ ♦ ❝♦❡✜❝✐❡♥t❡ é ❞❡ ✵✱✷✵ ♣❛r❛ ✸✵ ❦♠✴❤ ❡ ✵✱✶✽ ♣❛r❛ ✹✵❦♠✴❤✳ ❖

❛✉♠❡♥t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ r❡❞✉③ ❡st❡ ❝♦❡✜❝✐❡♥t❡✱ ❝❤❡❣❛♥❞♦ ❛ ✵✱✶✷ q✉❛♥❞♦ ❡♠ ✶✶✵ ❦♠✴❤✳

✶✹









♦✉ ❛té ♠❡s♠♦ ❡♥tr❡ ♦s ❜♦r❞♦s ❡ ♦ ❝❡♥tr♦ ❞❛ ♣✐st❛ ❞❡ r♦❧❛♠❡♥t♦✱ q✉❛♥❞♦ ❤á ❡❧❡✈❛çã♦ ❞♦ ❡✐①♦

❝❡♥tr❛❧✳

❙❡❣✉♥❞♦ ✭❆❇❈P✱ ✷✵✶✵✮ r❡❝♦♠❡♥❞❛✲s❡ ✉♠ ❝❛✐♠❡♥t♦ ❞❡ ✷✪ ♥❛s ♣✐st❛s ❞❡ r♦❧❛♠❡♥t♦ ❞❡ ✉♠

♣❛✈✐♠❡♥t♦ ✐♥t❡rtr❛✈❛❞♦✱ s❡♥❞♦ ♥❡❝❡ssár✐♦ ❝♦♥t❡r ♥♦ ♠í♥✐♠♦ ✶✪ ♣r❛ s❡ ❝♦♥s❡❣✉✐r ❛t❡♥❞❡r ❛s

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

❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❆❇❈P✱ ✶✾✾✾✮✱ ❝❛s♦ ❛ ❞❡❝❧✐✈✐❞❛❞❡ ❧♦♥❣✐t✉❞✐♥❛❧ s❡❥❛ ♠❛✐♦r q✉❡ ✷✱✺✪✱ ❛

❞❡❝❧✐✈✐❞❛❞❡ tr❛♥s✈❡rs❛❧ ❞❡✈❡ s❡r ❛♦ ♠í♥✐♠♦ ❞❡ ✸✪✳

❈♦♥❢♦r♠❡ ♦ ♠❛♥✉❛❧ ❞❡ ♣r♦❥❡t♦ ❣❡♦♠étr✐❝♦ ✭❉◆■❚✱ ✷✵✶✵✮ é t❛♠❜é♠ ❞❡s❡❥❛❞❛ ✉♠❛ ❞❡❝❧✐✲

✈✐❞❛❞❡ tr❛♥s✈❡rs❛❧ ❞❡ ✷✪ ♣❛r❛ ✈✐❛s ❧♦❝❛✐s✱ ♣♦❞❡♥❞♦ ❝❤❡❣❛r ❛♦ ❧✐♠✐t❡ ❞❡ ✸✪ ❡♠ tr❡❝❤♦s ♥ã♦

❝✉r✈♦s✳

P♦rt❛♥t♦ ✜❝❛ ❡s❝❧❛r❡❝✐❞♦ q✉❡ ❛ ❞❡❝❧✐✈✐❞❛❞❡ ♠í♥✐♠❛ ♣❛r❛ s❡ tr❛❜❛❧❤❛r é ❞❡ ✶✪✱ ❛ ✐❞❡❛❧ é ❞❡

✷✪ ❡ ❛ ♠á①✐♠❛ é ❞❡ ✸✪✳

✷✳✺ ❊st✉❞♦ ❞❡ trá❢❡❣♦

❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❉◆■❚✴■P❘✲✼✶✾✱ ✷✵✵✻✮ ♣❛r❛ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ♣❛✈✐♠❡♥t♦s✱ ❤á ❛ ♥❡❝❡ss✐✲

❞❛❞❡ ❞❡ s❡ ❝♦♥❤❡❝❡r ♦ ✈♦❧✉♠❡ trá❢❡❣♦ q✉❡ ❛ ❡str✉t✉r❛ ❞♦ ♣❛✈✐♠❡♥t♦ ❡st❛rá s✉❥❡✐t❛ ❛ s✉♣♦rt❛r

❞✉r❛♥t❡ t♦❞♦ ♦ s❡✉ t❡♠♣♦ ❞❡ ✈✐❞❛ út✐❧✳ ❊ss❛ ❞❡♠❛♥❞❛ é ❞❡✜♥✐❞❛ ♣❡❧♦ ♠❛♥✉❛❧ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛

❞✐r❡tr✐③ ✏◆✑ q✉❡ r❡♣r❡s❡♥t❛ ❛ q✉❛♥t✐❞❛❞❡ ❛❝✉♠✉❧❛❞❛ ❞❡ ♣❛ss❛❣❡♥s ♥❛ ✈✐❛ ❞❡ ✉♠ ❡✐①♦ s✐♠♣❧❡s

❞❡✜♥✐❞♦ ❝♦♠♦ ♣❛❞rã♦ ❞❡ ✽✱✷t❢✳

❆♣❡s❛r ❞❡ ❛ ❝♦♥t❛❣❡♠ s❡r ❞❡✜♥✐❞❛ ❛ ♣❛rt✐r ❞❛ s♦♠❛ ❞❡ ♣❛ss❛❣❡♥s ❞❡ ❡✐①♦s ❞♦ t✐♣♦ ♣❛❞rã♦✱

❛ r❡❛❧✐❞❛❞❡ é q✉❡ ♦ trá❢❡❣♦ é ❝♦♠♣♦st♦ ♣♦r ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ✈❡í❝✉❧♦s q✉❡ ❝♦♥tê♠ ❞✐❢❡r❡♥t❡s

t✐♣♦s ❞❡ ❡✐①♦s ❡ ♣❡s♦s✳ ❙❡♥❞♦ ❛ss✐♠✱ ♣❛r❛ q✉❡ ❛ ❝♦♥t❛❣❡♠ s❡❥❛ r❡❛❧✐③❛❞❛ é ♥❡❝❡ssár✐♦ ❢❛③❡r

✉♠❛ ❛❞❛♣t❛çã♦ ❞❡ t♦❞♦s ♦s ❡✐①♦s✱ ♣❛r❛ q✉❡ s❡❥❛♠ tr❛♥s❢♦r♠❛❞♦s ❡ ♣❛ss❡♠ ❛ r❡♣r❡s❡♥t❛r ✉♠

♥ú♠❡r♦ ❡q✉✐✈❛❧❡♥t❡ ❞❡ ♣❛ss❛❣❡♥s ❞❡ ✉♠ ❡✐①♦ ♣❛❞rã♦✳

❊ss❛ tr❛♥s❢♦r♠❛çã♦ ❞♦s ❡✐①♦s é ❢❡✐t❛ ♣♦r ♠❡✐♦ ❞❛ ❛♣❧✐❝❛çã♦ ❞❡ ✉♠ ❢❛t♦r ❞❡ ❡✐①♦ ✏❋❊✑ s♦❜r❡

t♦❞♦s ♦s ❡✐①♦s ❞❡ t♦❞♦s ♦s ✈❡í❝✉❧♦s q✉❡ ♣❛rt✐❝✐♣❛♠ ❞♦ trá❢❡❣♦ ❡st✉❞❛❞♦✳

✶✽



✷✳✺✳✶ ◆ú♠❡r♦ ✭◆✮ ❞❡ s♦❧✐❝✐t❛çõ❡s

❙❡❣✉♥❞♦ ✭❉◆■❚✱ ✷✵✶✵✮ ❛ ❡q✉❛çã♦ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❡st❡ ♥ú♠❡r♦ ✏◆✑ ❞❡ s♦❧✐❝✐t❛çõ❡s ❞❡✜♥✐❞❛

♣❡❧♦ ❉◆■❚ é✿

N = V t ∗ (FV )

❊♠ q✉❡✿

❱t ❂ ❱♦❧✉♠❡ t♦t❛❧ ❞❡ trá❢❡❣♦ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡ P ❛♥♦s ❞❡ ✈✐❞❛ út✐❧

❋❱ ❂ ❋❛t♦r ❞❡ ✈❡í❝✉❧♦

❖ ❢❛t♦r ❞❡ ✈❡í❝✉❧♦ ✏❋❱✑ é ❛♣❧✐❝❛❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❡✐①♦s ❡①✐st❡♥t❡s ♥♦ trá❢❡❣♦ ❡ s✉❛s

♣♦r❝❡♥t❛❣❡♥s✳ ❆s ❡q✉❛çõ❡s ❞❡ ❝❛❞❛ ✉♠❛ ❞❡ss❛s ❞✉❛s ❞✐r❡tr✐③❡s sã♦ ❛♣r❡s❡♥t❛❞❛s ❛❜❛✐①♦✿

P❛r❛ ❱t✿

V t = 365∗V 1∗(t+1/100)p

t/100

❊♠ q✉❡✿

❱✶✿ ❱♦❧✉♠❡ ♠é❞✐♦ ❞✐ár✐♦ ❞♦ ❛♥♦ ❞❡ ❛❜❡rt✉r❛

P✿ P❡rí♦❞♦ ❞❡ ✈✐❞❛ út✐❧ ❞♦ ♣❛✈✐♠❡♥t♦✱ ❡♠ ❛♥♦s

t✿ ❚❛①❛ ❞❡ ❝r❡s❝✐♠❡♥t♦ ♠é❞✐♦ ❞♦ trá❢❡❣♦ ❛♦ ❧♦♥❣♦ ❞❛ ✈✐❞❛ út✐❧

❊ ♣❛r❛ ❋❱✿

FV = FE ∗ FC

❊♠ q✉❡✿

❋❊✿ ❋❛t♦r ❞❡ ❡✐①♦ ❞♦s ✈❡í❝✉❧♦s

❋❈✿ ❋❛t♦r ❞❡ ❝❛r❣❛ ❞♦ ❡✐①♦s

✶✾



✷✳✺✳✷ ❱♦❧✉♠❡ ♠é❞✐♦ ❞✐ár✐♦ ❞♦ ❛♥♦ ❞❡ ❛❜❡rt✉r❛ ✭❱✶✮ ❡ ♦ ♣❛❞rã♦ ❞❡ ✈❡í❝✉❧♦s

❈♦♥❢♦r♠❡ ✭❉◆■❚✴■P❘✲✼✷✸✱ ✷✵✵✻✮ ♦ ✈♦❧✉♠❡ ♠é❞✐♦ ❞✐ár✐♦ ❞❡ trá❢❡❣♦ ♣❛r❛ ♦ ♣r✐♠❡✐r♦ ❛♥♦ ✏❱✶✑

é ❝❛❧❝✉❧❛❞♦ ❛ ♣❛rt✐r ❞❛ ❝♦♥t❛❣❡♠ ❞♦s ✈❡í❝✉❧♦s ❡♠ ❛♣❡♥❛s ✉♠ ❞♦s s❡♥t✐❞♦s ❞❛ ✈✐❛ ❞❡ ❡st✉❞♦ ❛♦

❧♦♥❣♦ ❞❡ ✼ ❞✐❛s ❝♦♥s❡❝✉t✐✈♦s✳ ❖ s❡♥t✐❞♦ ❡s❝♦❧❤✐❞♦ ♥♦r♠❛❧♠❡♥t❡ é ♦ q✉❡ ❝♦♥t❡♠ ♦ ♠❛✐♦r ✢✉①♦

♣♦r s❡r ♦ ♠❛✐s r❡♣r❡s❡♥t❛t✐✈♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♠❛♥✉❛❧✱ s✉❛ ❡q✉❛çã♦ é ❞❛❞❛ ♣♦r✿

V 1 = (”❙♦♠❛ ❞♦ ✈♦❧✉♠❡ ❛♥✉❛❧ ❞❡ t♦❞♦s ♦s ✈❡í❝✉❧♦s)/365

➱ ♥❡❝❡ssár✐♦ t❛♠❜é♠ q✉❡ ❛s ❝♦♥t❛❣❡♥s s❡❥❛♠ ❢❡✐t❛s ❝♦♠ ❛ s❡♣❛r❛çã♦ ❞♦s t✐♣♦s ❞❡ ✈❡í❝✉❧♦s ❡

♣❡s❛❣❡♠ ❞❡ ❝❛❞❛ ✉♠ ❞♦s s❡✉s ❡✐①♦s✳ P❛r❛ ✐ss♦ ♦ ✭❉◆■❚✴■P❘✲✼✷✸✱ ✷✵✵✻✮ ❥á ❡st❛❜❡❧❡❝❡ ✉♠

♣❛❞rã♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❝♦♠ ✸✷ t✐♣♦s ❞❡ ✈❡í❝✉❧♦s ❝♦♠ s❡✉s r❡s♣❡❝t✐✈♦s t✐♣♦s ❞❡ ❡✐①♦ ❡ ♣❡s♦s

♠é❞✐♦s ❛ s❡r❡♠ ✉t✐❧✐③❛❞♦s ❝♦♠♦ r❡❢❡rê♥❝✐❛✳ ❆ ✜❣✉r❛ ✶✷ ❛♣r❡s❡♥t❛♠ ❡ss❛s ✐♥❢♦r♠❛çõ❡s✳

❋✐❣✉r❛ ✶✷✿ ❈❧❛ss✐✜❝❛çã♦ ❞❡ ✈❡í❝✉❧♦s ✭❉◆■❚✴■P❘✲✼✷✸✮

✷✵



❆ t❛❜❡❧❛ ❝♦♠♣❧❡t❛ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ♥❛ ✜❣✉r❛ ✶✸✱ ❞♦ ♠❛♥✉❛❧ ❞❡ trá❢❡❣♦ ❞♦ ❉◆■❚

✭■P❘✲✼✷✸✱✷✵✵✻✮✱ ❛ ♣❛rt✐r ❞❛ ♣á❣✐♥❛ ✺✶ ❞♦ ❞♦❝✉♠❡♥t♦✳

❆✐♥❞❛ s❡❣✉♥❞♦ ✭❉◆■❚✴■P❘✲✼✷✸✱ ✷✵✵✻✮✱ ❛s ❝♦♥t❛❣❡♥s ❛✐♥❞❛ ♣♦❞❡♠ s❡r r❡❞✉③✐❞❛s✱ ♣♦r ❡①❡♠✲

♣❧♦✱ ❡♠ ✐♥t❡rs❡çõ❡s r✉r❛✐s ♦✉ ❞❡ ♠❛✐♦r ✐♠♣♦rtâ♥❝✐❛ é ❛❝❡✐t♦ ✸ ❞✐❛s ♣❛r❛ ❛s ❝♦♥t❛❣❡♥s✱ ❥á ❡♠

✐♥t❡rs❡çõ❡s ✐s♦❧❛❞❛s ❡ ❞❡ ♠❡♥♦r ✐♠♣♦rtâ♥❝✐❛ é ❛❝❡✐t♦ ❛♣❡♥❛s ✶ ❞✐❛ ❞❡ ❝♦♥t❛❣❡♠✳

✷✳✺✳✸ P❡rí♦❞♦ ❞❡ ✈✐❞❛ út✐❧ ❞❡ Pr♦❥❡t♦ ✭P✮

❖ ♣❡rí♦❞♦ ❞❡ ✈✐❞❛ út✐❧ é ❞❡✜♥✐❞♦ ❝♦♠♦ ❛ q✉❛♥t✐❞❛❞❡ ❡♠ ❛♥♦s q✉❡ ✉♠ ♣❛✈✐♠❡♥t♦ ✐♠♣❧❛♥t❛❞♦

♣♦❞❡ tr❛❜❛❧❤❛r ❛té q✉❡ ♣❛ss❡ ❛ ❛♣r❡s❡♥t❛r ❞❡s❣❛st❡s q✉❡ ❝♦♠♣r♦♠❡t❛♠ ❛ s❡❣✉r❛♥ç❛ ❡ ♦ ❜♦♠

s✉♣♦rt❡ ❛♦ trá❢❡❣♦ ❛ q✉❛❧ ❡stá s✉❥❡✐t♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❉◆■❚✴■P❘✲✼✷✸✱ ✷✵✵✻✮✱ ♦ ♣❡rí♦❞♦ ❞❡ ✈✐❞❛ út✐❧ ✏P✑ ✉s✉❛❧ ❞♦s ♣❛✈✐♠❡♥t♦s

é ❞❡ ✶✵ ❛♥♦s✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛♦ t❡♠♣♦ ❞❡ ❞✉r❛çã♦ ♠é❞✐❛ ❞❡ ✉♠ ♣❛✈✐♠❡♥t♦✳ ■♥✐❝✐❛✲s❡ ❛

❝♦♥t❛❣❡♠ ❞♦ t❡♠♣♦ ❛♣❡♥❛s ❛ ♣❛rt✐r ❞❛ ❛❜❡rt✉r❛ ❞♦ ♣❛✈✐♠❡♥t♦ ❛♦ trá❢❡❣♦✳ ❆✐♥❞❛ s❡❣✉♥❞♦ ♦

♠❛♥✉❛❧ ❞♦ ❉◆■❚✱ q✉❛♥❞♦ s❡ ❝♦♥s✐❞❡r❛ ♦ t❡♠♣♦ ❞❡❞✐❝❛❞♦ ❛♦s ❡st✉❞♦s ❞❡ ✈✐❛❜✐❧✐❞❛❞❡✱ ❡❧❛❜♦r❛çã♦

❞♦s ♣r♦❥❡t♦s ❡ ❝♦♥str✉çã♦ ❞♦ ♣❛✈✐♠❡♥t♦ ❡♠ s✐✱ ❝♦st✉♠❛✲s❡ ❞❡ ❛❞♦t❛r ✉♠ ♣❡rí♦❞♦ t♦t❛❧ ❞❡ ✷✵

❛♥♦s✳

✷✳✺✳✹ ❚❛①❛ ❞❡ ❝r❡s❝✐♠❡♥t♦ ♠é❞✐❛ ❛♥✉❛❧ ✭t✮

❙❡❣✉♥❞♦ ✭❉◆■❚✴■P❘✲✼✷✸✱ ✷✵✵✻✮ ❛ ❡①♣❡r✐ê♥❝✐❛ ♠♦str❛ q✉❡ ❛ ❞❡♠❛♥❞❛ ❞❡ trá❢❡❣♦ t❡♥❞❡ ❛

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

t❛①❛ ♣❛❞rã♦ ❞❡ ❝r❡s❝✐♠❡♥t♦ ❞❡ ✸✪✳ ◗✉❡ é ✉♠ ✈❛❧♦r ♣ró①✐♠♦ ❛ t❛①❛ ❞❡ ❝r❡s❝✐♠❡♥t♦ ❞♦ ❜r❛s✐❧

❝♦♠♦ ✉♠ t♦❞♦✳

✷✳✺✳✺ ❈❡♥ár✐♦s ❡❝♦♥ô♠✐❝♦s ■P❊❆ ✷✵✶✽

❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❈❆❱❆▲❈❆◆❚■ ❡t✳ ❛❧✳✱ ✷✵✶✽✮ ♦s ♣♦ssí✈❡✐s ❝❡♥ár✐♦s ❡❝♦♥ô♠✐❝♦s ❞♦ P❛ís ♣❛r❛

♦s ♣ró①✐♠♦s ❛♥♦s sã♦✿

✷✶



✷✳✺✳✺✳✶ ❈❡♥ár✐♦ ❞❡ r❡❢❡rê♥❝✐❛

❈♦♥s✐❞❡r❛ ♦ ❤✐stór✐❝♦ ❞❡ ❝r❡s❝✐♠❡♥t♦ ❞❛ ❡❝♦♥♦♠✐❛ ❜r❛s✐❧❡✐r❛ ❡ ❛ ❛♣r♦✈❛çã♦ ❞❡ r❡❢♦r♠❛s

♣❛r❛ ♦ ❡q✉✐❧í❜r✐♦ ✜s❝❛❧ ❞❡ ❧♦♥❣♦ ♣r❛③♦✱ ♦ q✉❡ ♣♦ss✐❜✐❧✐t❛r✐❛ ✉♠ ❛ ❝♦♥✈❡r❣ê♥❝✐❛ ♣❛r❛ ✉♠ ❝❡♥ár✐♦

❞❡ ❝r❡s❝✐♠❡♥t♦ ❜❛❧❛♥❝❡❛❞♦✳ ❈♦♠ ❜❛s❡ ♥✐ss♦✱ ❛ t❛①❛ ❞❡ ❝r❡s❝✐♠❡♥t♦ ❡❝♦♥ô♠✐❝♦ ♠é❞✐❛ ❞♦ P■❇

s❡r✐❛ ❞❡ ✷✱✷✪ ❛♦ ❛♥♦ ♣❛r❛ ♦ ♣❡rí♦❞♦✳

✷✳✺✳✺✳✷ ❈❡♥ár✐♦ ❚r❛♥s❢♦r♠❛❞♦r

❆ss✐♠ ❝♦♠♦ ♥♦ ❝❡♥ár✐♦ ❛♥t❡r✐♦r✱ ♥❡ss❡ t❛♠❜é♠ é ❝♦♥s✐❞❡r❛❞♦ ❛ ❛♣r♦✈❛çã♦ ❞❡ r❡❢♦r♠❛s

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

✉♠ ❛♠♣❧♦ ❡ ♣r♦❢✉♥❞♦ ❝♦♥❥✉♥t♦ ❞❡ ♠❡❞✐❞❛s ❞❡❞✐❝❛❞❛s ❛♦ ❛✉♠❡♥t♦ ❞❛ ❡❝♦♥♦♠✐❛✳ ❆q✉✐ ❛ t❛①❛

♠é❞✐❛ ❞❡ ❝r❡s❝✐♠❡♥t♦ ❡❝♦♥ô♠✐❝♦ ❞♦ P■❇ s❡r✐❛ ❞❡ ✹✪ ❛♦ ❛♥♦✳

✷✳✺✳✺✳✸ ❈❡♥ár✐♦ ❞❡ ❞❡s❡q✉✐❧í❜r✐♦ ✜s❝❛❧

❊ss❡ ❝❡♥ár✐♦ ❝♦♥s✐❞❡r❛ ♦ ❞❡s❡q✉✐❧í❜r✐♦ ✜s❝❛❧ ❞♦ P❛ís✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣♦r ❝♦♥t❛ ❞♦s ♣r♦❜❧❡♠❛s

❡♥✈♦❧✈❡♥❞♦ ♦ s✐st❡♠❛ ❞❡ ♣r❡✈✐❞ê♥❝✐❛✳ P♦r ❝♦♥t❛ ❞✐ss♦✱ ♦❝♦rr✐❛ ✉♠ ✐♠♣❛❝t♦ ♥❡❣❛t✐✈♦ ❞♦ P■❇✳

❏✉♥t♦ ❛ s✉❛ r❡❞✉çã♦✱ ❤❛✈❡r✐❛ ❛ ❝❤❛♥❝❡ ❞❡ s✉r❣✐r ✉♠❛ ❝r✐s❡ ❞❡ ❝♦♥✜❛♥ç❛ ♥♦ P❛ís✱ ♥❛ q✉❛❧

✐♠♣♦ss✐❜✐❧✐t❛r✐❛ ♦ r❡✜♥❛♥❝✐❛♠❡♥t♦ ❞❡ ❞í✈✐❞❛s ♥❛❝✐♦♥❛✐s✳ ❈♦♠ ❜❛s❡ ♥✐ss♦✱ ❛ t❛①❛ ❞❡ ❝r❡s❝✐♠❡♥t♦

❡❝♦♥ô♠✐❝♦ ♠é❞✐♦ ❞♦ P■❇ s❡r✐❛ ✵✱✺✪ ❛♦ ❛♥♦✳

✷✳✺✳✻ ❈❡♥ár✐♦s ❡❝♦♥ô♠✐❝♦s ■P❊❆ ✷✵✷✵

❙❡❣✉♥❞♦ ✭❇❆❙❚❖❙✱ ✷✵✷✵✮ ♣♦r ❝♦♥t❛❞♦ s✉r❣✐♠❡♥t♦ ❞❛ ♣❛♥❞❡♠✐❛ ❞❡ ❝♦r♦♥❛✈ír✉s ♦❜s❡r✈♦✉✲s❡

q✉❡ ❤♦✉✈❡ r❡❞✉çã♦ ❞♦ P■❇ ❞♦ P❛ís ❡♠ ✷✵✷✵✱ ♣♦ré♠ ❥á ❡♠ ✷✵✷✶✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s t❡♥❞ê♥❝✐❛s

❞♦ ■♥st✐t✉t♦✱ ♦ P■❇ ❥á ✈♦❧t❛ ❛ s❡r ♣♦s✐t✐✈♦ ❡ s❡ ♠❛♥té♠ ♥♦s ♣ró①✐♠♦s ❛♥♦s✳

✷✷





❋✐❣✉r❛ ✶✹✿ ❋❛t♦r❡s ❞❡ ❡✐①♦ ✭❉◆■❚✴■P❘✲✼✶✾✮

✷✹



P❛r❛ r❡♣r❡s❡♥t❛r ♠❡❧❤♦r ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❡✐①♦s s✐♠♣❧❡s ❡ ❡♠ t❛♥❞❡♠✱ ❛ ✜❣✉r❛ ✶✺ ❛♣r❡s❡♥t❛

❞♦✐s t✐♣♦s ❞❡ ❡✐①♦s s✐♠♣❧❡s✱ ✉♠ ❡♠ t❛♥❞❡♠ ❞✉♣❧♦ ❡ ♦✉tr♦ ❡♠ tr✐♣❧♦✿

❋✐❣✉r❛ ✶✺✿ ❊①❡♠♣❧♦s ❞❡ t✐♣♦s ❞❡ ❡✐①♦s ❡①✐st❡♥t❡s ✭❉◆■❚✴■P❘✲✼✶✾✮

❏á ♦s ♣❡s♦s ❞♦s ✈❡í❝✉❧♦s sã♦ ✈❡r✐✜❝❛❞♦s ♣♦r ♠❡✐♦ ❞❡ ✐♥st❛❧❛çã♦ ❞❡ ❜❛❧❛♥ç❛s ♥❛s ✈✐❛s ❞❡

❡st✉❞♦✳ ❙❡❣✉♥❞♦ ♦ ✭❉◆■❚✴■P❘✲✼✷✸✱ ✷✵✵✻✮ q✉❛♥❞♦ ♥ã♦ é ♣♦ssí✈❡❧ s❡ ✐♥st❛❧❛r✱ r❡❝♦♠❡♥❞❛✲s❡

❛ ✉t✐❧✐③❛çã♦ ❞♦s ♣❡s♦s ❞❡ ❡✐①♦s ❛♣r❡s❡♥t❛❞♦s ♣❡❧♦ ♣ró♣r✐♦ ♠❛♥✉❛❧✱ ♥❛ ✜❣✉r❛ ✶✸✱ ❛ ♣❛rt✐r ❞❛

♣á❣✐♥❛ ✺✶✳ ❆❧❣✉♥s ♣❡s♦s ♣♦❞❡♠ s❡r ✈❡r✐✜❝❛❞♦s ♥❛ ✜❣✉r❛ ✶✷✳

✷✳✺✳✼✳✷ ❋❛t♦r ❞❡ ❈❛r❣❛ ✭❋❈✮

❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❙❖❆❘❊❙ ❡t✳ ❛❧✳✱ ✷✵✶✺✮✱ ❡st❡ ❢❛t♦r ♥❛ r❡❛❧✐❞❛❞❡ é ❞❡✜♥✐❞♦ ❝♦♠♦ ❛ ♣♦r❝❡♥✲

t❛❣❡♠ ❞❡ ♣❛rt✐❝✐♣❛çã♦ ❞❡ ❝❛❞❛ ✉♠ ❞♦s t✐♣♦s ❞❡ ✈❡í❝✉❧♦s ♣r❡s❡♥t❡s ♥♦ trá❢❡❣♦✳

✷✺



✷✳✻ ❊st✉❞♦ ❣❡♦té❝♥✐❝♦

❖s ❡st✉❞♦s ❣❡♦té❝♥✐❝♦s ♣❛r❛ ♣❛✈✐♠❡♥t❛çã♦ tê♠ ❢✉♥çã♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡

s✉♣♦rt❡ ❞♦ s✉❜❧❡✐t♦ ❡♠ q✉❡ s❡rá ❢❡✐t❛ ❛ ✐♠♣❧❛♥t❛çã♦ ❡ ❞❡ ♣r♦s♣❡❝çã♦ ❞❡ ♣♦ssí✈❡✐s ❥❛③✐❞❛s ❞❡

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

❙❡❣✉♥❞♦ ♦ ✭❉◆■❚✴■P❘✲✼✶✾✱ ✷✵✵✻✮ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ s✉♣♦rt❡ ❞♦ s✉✲

❜❧❡✐t♦ ❡ s✉❛s ❝❛♠❛❞❛s✱ ❞❡✈❡♠ s❡r ❢❡✐t❛s s♦♥❞❛❣❡♥s ❝♦♠ ♣r♦❢✉♥❞✐❞❛❞❡s ❞❡ ♣❡❧♦ ✻✵ ❝♠ ❛té ✶ ♠✳

❆♣ós ❡ss❡ ✐♥t❡r✈❛❧♦ ♦s ❡❢❡✐t♦s ❞♦ trá❢❡❣♦ s♦❜ ♦ t❡rr❡♥♦ ❥á sã♦ ❝♦♥s✐❞❡r❛❞♦s ♠✐♥✐♠✐③❛❞♦s✳

❆s s♦♥❞❛❣❡♥s ❣❡r❛❧♠❡♥t❡ sã♦ ❢❡✐t❛s à ♣❡r❝✉ssã♦✱ ❝♦♠ ♦ ❛✉①í❧✐♦ ❞❡ ♣á✱ tr❛❞♦ ♦✉ ♣✐❝❛r❡t❛✳ ➱

❝♦♥s✐❞❡r❛❞♦ ❛✐♥❞❛ ✐❞❡❛❧ r❡❛❧✐③❛r✲❧❛s ♥♦ ❡✐①♦ ❝❡♥tr❛❧ ❡ ♥♦s ❜♦r❞♦s ❞❛ ✈✐❛✳ ❈♦♥s✐❞❡r❛✲s❡ ♦s ❜♦r❞♦s

♥♦r♠❛❧♠❡♥t❡ à ✉♠❛ ❞✐stâ♥❝✐❛ ❞❡ ✸✱✺ ♠ ❞♦ ❡✐①♦✳

❆ ♣❛rt✐r ❞❛s s♦♥❞❛❣❡♥s é ♣♦ssí✈❡❧ r❡❝♦♥❤❡❝❡r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ s✉♣♦rt❡ ❞♦ s✉❜❧❡✐t♦ ❡ s✉❛s

❝❛r❛❝t❡ríst✐❝❛s ❣❡♦té❝♥✐❝❛s ♣♦r ♠❡✐♦ ❞❡ ❡♥s❛✐♦s ❞❡ ❧❛❜♦r❛tór✐♦✿

• ●r❛♥✉❧♦♠❡tr✐❛ ♣♦r ♣❡♥❡✐r❛♠❡♥t♦ ❝♦♠ ❧❛✈❛❣❡♠ ❞♦ ♠❛t❡r✐❛❧ ♥❛ ♣❡♥❡✐r❛ ❞❡ ✷ ♠♠ ✭◆ú♠❡r♦

✶✵✮ ❡ ❞❡ ✵✱✵✼✺ ♠♠ ✭◆ú♠❡r♦ ✷✵✵✮✳

• ▲✐♠✐t❡ ❞❡ ❧✐q✉✐❞❡③✳

• ▲✐♠✐t❡ ❞❡ ♣❧❛st✐❝✐❞❛❞❡

• ❈♦♠♣❛❝t❛çã♦

• ▼❛ss❛ ❡s♣❡❝í✜❝❛ s❛t✉r❛❞❛ ✧✐♥ s✐t✉✧

• ❮♥❞✐❝❡ ❞❡ s✉♣♦rt❡ ❝❛❧✐❢ór♥✐❛ ✭■❙❈✲❈❇❘✮

• ❊①♣❛♥s✐❜✐❧✐❞❛❞❡✱ ♥♦ ❝❛s♦ ❞❡ s♦❧♦s ❧❛t❡rít✐❝♦s

❆✐♥❞❛ ❝♦♥❢♦r♠❡ ✭❉◆■❚✴■P❘✲✼✶✾✱ ✷✵✵✻✮ ♦ ❡s♣❛ç❛♠❡♥t♦ ❡♥tr❡ ✉♠❛ s♦♥❞❛❣❡♠ ❡ ♦✉tr❛ ❞❡✈❡

s❡r ♥♦ ♠á①✐♠♦ ❞✐stâ♥❝✐❛ ♠á①✐♠❛ ❞❡ ❛té ✷✵✵ ♠✳

✷✻



✷✳✻✳✶ ▼❛t❡r✐❛✐s ♣ré✲❡①✐st❡♥t❡s✿ ❙♦♥❞❛❣❡♥s ❙P❚

❙❡❣✉♥❞♦ ❛s ♦r✐❡♥t❛çõ❡s ♣r❡s❡♥t❡s ❞❡ ✭❆❘❆Ú❏❖ ❡t✳ ❛t✱ ✷✵✶✾✮ ❡ ❞❛ ✭❆❇◆❚✱ ✷✵✶✻✮✱ ❡ss❡ t✐♣♦

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

❆ ♣r✐♠❡✐r❛ ❡t❛♣❛ ❝♦♥s✐st❡ ❡♠ ❡s❝❛✈❛r ♦ s♦❧♦ ❝♦♠ tr❛❞♦✲❝♦♥❝❤❛ ♦✉ ❝❛✈❛❞❡✐r❛ ♠❛♥✉❛❧ ❛té ❛

♣r♦❢✉♥❞✐❞❛❞❡ ❞❡ ✶ ♠✳ ❯♠❛ ❛♠♦str❛ ❞❡ss❡ s♦❧♦ é r❡❝♦❧❤✐❞❛ ♣❛r❛ s❡r ❛♣r❡s❡♥t❛❞❛ ♥♦ ♣❡r✜❧ ❞♦

r❡❧❛tór✐♦ ❞❛ s♦♥❞❛❣❡♠✳

❏á ❛ s❡❣✉♥❞❛ ❡t❛♣❛ ❞❛ s♦♥❞❛❣❡♠ ❝♦♥s✐st❡♠ ❡♠ ♣❡♥❡tr❛r ♦ s♦❧♦ ❝♦♠ ✉♠❛ ❤❛st❡ ♣♦r ♠❡✐♦

❞❡ ❣♦❧♣❡s ❡♠ q✉❡❞❛ ❧✐✈r❡ ❞❡ ✉♠ ♣❡s♦ ♣❛❞rã♦ ❞❡ ✻✺ ❦❣ ❛ ✉♠❛ ❛❧t✉r❛ t❛♠❜é♠ ♣❛❞rã♦ ❞❡ ✼✺

❝♠✳ ❉❡✈❡✲s❡ r❡❣✐str❛r ♦ ♥ú♠❡r♦ ❞❡ ❣♦❧♣❡s q✉❡ ❢♦r❛♠ ♥❡❝❡ssár✐♦s ♣❛r❛ ❝❛❞❛ tr❡❝❤♦ ❞❡ ✶✺ ❝♠

♣❡r❢✉r❛❞♦s✳

❆s ❛♥á❧✐s❡s ❞♦ s♦❧♦ sã♦ ❢❡✐t❛s ❞❡ ✹✺ ❡♠ ✹✺ ❝♠✱ ❡ ❛ ♠❡❞✐❞❛ ❞❡ r❡s✐stê♥❝✐❛ ❞♦ s♦❧♦✱ ❝❤❛♠❛❞❛

❞❡ ✏◆❙P❚✑ é ❝❛❧❝✉❧❛❞❛ ♣❡❧❛ s♦♠❛ ❞♦s ❣♦❧♣❡s ♥❡❝❡ssár✐♦s ♣❛r❛ s❡ ♣❡r❢✉r❛r ♦s ú❧t✐♠♦s ✸✵ ❝♠ ❞❡

❝❛❞❛ ❛♥❛❧✐s❡✳ P♦r ❝♦♥t❛ ❞❛ ✐♥✢✉❡♥❝✐❛ ❞❛s ú❧t✐♠❛s ❞✉❛s ❝❛♠❛❞❛s ❞❡ ✶✺ ❝♠ ❡ ❞♦s ✐♠♣❛❝t♦s ❞♦

♠❛rt❡❧♦ ♣❛❞rã♦✱ ♦s r❡s✉❧t❛❞♦s ❞♦s ✶✺ ❝♠ ✐♥✐❝✐❛✐s sã♦ ❞❡s❝❛rt❛❞♦s✳

✷✳✻✳✷ ❮♥❞✐❝❡ ❞❡ ❙✉♣♦rt❡ ❈❛❧✐❢ór♥✐❛ ✭❈❇❘✮

❊ss❡ í♥❞✐❝❡ é r❡❢❡r❡♥❝✐❛ ♣❛r❛ ♦ ❡st✉❞♦ ❞❛ r❡s✐stê♥❝✐❛ ❞♦ s✉❜❧❡✐t♦ ❡ s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ s✉♣♦rt❡

q✉❛♥❞♦ ❝♦♠♣❛❝t❛❞♦✳ ❯t✐❧✐③❛❞♦ t❛♥t♦ ♣❡❧♦s ór❣ã♦s r♦❞♦✈✐ár✐♦s ♥♦ ❇r❛s✐❧ q✉❛♥t♦ ❞♦ ♠✉♥❞♦✳

❊❧❡ é ❞❡t❡r♠✐♥❛❞♦ ♣♦r ♠❡✐♦ ❞❡ ❡♥s❛✐♦ ❞♦ s♦❧♦ ❝♦❧❡t❛❞♦ ♣♦r s♦♥❞❛❣❡♠ ❡ ❧❡✈❛❞♦ ❛♦ ❧❛❜♦✲

r❛tór✐♦ ❡ r❡♣r❡s❡♥t❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ s✉♣♦rt❡ ❞♦ s✉❜❧❡✐t♦ ❝♦♠♣❛❝t❛❞♦ ❝♦♥tr❛ ❛❢✉♥❞❛♠❡♥t♦s

♣❧ást✐❝♦s✱ q✉❡ sã♦ ❞❡❢♦r♠❛çõ❡s ♣❡r♠❛♥❡♥t❡s ❝❛r❛❝t❡r✐③❛❞❛s ♣♦r ❝r✐❛r❡♠ ❞❡♣r❡ssõ❡s ♥❛ s✉♣❡r✲

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

❙❡❣✉♥❞♦ ❛s ◆♦r♠❛s ◆❇❘ ✾✽✾✺ ✭❆❇◆❚✱ ✷✵✶✻✮ ❡ ❉◆❊❘✲▼❊ ✵✹✾ ✭❉◆❊❘✱ ✶✾✾✹✮✿

❖ s❡✉ ✈❛❧♦r é ❛♣r❡s❡♥t❛❞♦ ❝♦♠♦ ✉♠ ♣❡r❝❡♥t✉❛❧✱ r❡s✉❧t❛❞♦ ❞❛ ❝♦♠♣❛r❛çã♦✱ ❡♥tr❡ ❛ ❝❛♣❛❝✐✲

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

r❡❢❡rê♥❝✐❛ ❞❡ r❡s✐stê♥❝✐❛ ♣❛r❛ ♦ ❡♥s❛✐♦✳

❖ ❡♥s❛✐♦ ❡♠ sí ♦❝♦rr❡ ♣❡❧❛ ❝♦♠♣r❡ssã♦ ❞❡ ✉♠ ❝♦r♣♦ ❞❡ ♣r♦✈❛✱ ♣♦r ✉♠ ♣✐stã♦ ❛té q✉❡ ❡❧❡

s❡❥❛ ❝♦♠♣r✐♠✐❞♦ ❡ t❡♥❤❛ ✉♠❛ ✈❛r✐❛çã♦ ❞❡ ✈♦❧✉♠❡ ❛té ✵✱✷ ♣♦❧❡❣❛❞❛s✱ ❝❡r❝❛ ❞❡ ✺ ♠♠✳

✷✼



❆s ✈❛r✐❛çõ❡s ❞❛ ♣r❡ssã♦ ♣❛r❛ q✉❡ ♦❝♦rr❛♠ ❛s ❛❧t❡r❛çõ❡s ❞❡ ✈♦❧✉♠❡ ♥❛ ❛♠♦str❛ sã♦ ❛♥♦t❛❞❛s

❞✉r❛♥t❡ ♦ ❞❡❝♦rr❡r ❞♦ ❡♥s❛✐♦ ❡ ❝♦♠♣❛r❛❞❛s ❝♦♠ ❛s ♣r❡ssõ❡s ♥❡❝❡ssár✐❛s ♣❛r❛ q✉❡ ♦❝♦rr❛♠ ❛s

♠❡s♠❛s ✈❛r✐❛çõ❡s ❞❡ ✈♦❧✉♠❡ ♥♦ s♦❧♦ ❞❡ r♦❝❤❛ ❜r✐t❛❞❛ ❞❡ r❡❢❡rê♥❝✐❛✳

❈♦♠♦ ♣❛❞rã♦ ♣❛r❛ ❝á❧❝✉❧♦ ❞♦ í♥❞✐❝❡✱ sã♦ ❛♥❛❧✐s❛❞❛s ❛s ♣r❡ssõ❡s ♥❡❝❡ssár✐❛s ♥♦s ✐♥st❛♥t❡s

❞❡ ❝♦♠♣r❡ssã♦ ✈♦❧✉♠étr✐❝❛ ❞❡ ✷✱✺✹ ♠♠ ❡ ✺✱✵✽ ♠♠✳ ❆s ♣r❡ssõ❡s ♥❛ r♦❝❤❛ ❜r✐t❛❞❛ ♥❡ss❡s ❞♦✐s

♣❡rí♦❞♦s sã♦ ❞❡ 70kg/cm2 ♣❛r❛ ✷✱✺✹ ♠♠ ❡ ❞❡ 105kg/cm2 ♣❛r❛ ✺✱✵✽ ♠♠✳

❆♥t❡s ❞❡ ✉t✐❧✐③❛r ❛ ❡q✉❛çã♦ ♣❛r❛ ❡♥❝♦♥tr❛r ♦s ✈❛❧♦r❡s ❞♦ í♥❞✐❝❡ ❞❡ s✉♣♦rt❡ ❝❛❧✐❢ór♥✐❛✱ é

♥❡❝❡ssár✐♦ ❛✐♥❞❛ ✈❡r✐✜❝❛r s❡ ♥ã♦ ❤á ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ❝♦rr✐❣✐r ❛s ♣r❡ssõ❡s ❡♥❝♦♥tr❛❞❛s ♥♦ ❡♥s❛✐♦✿

❚r❛ç❛✲s❡ ✉♠❛ ❝✉r✈❛ ♣r❡ssã♦✲♣❡♥❡tr❛çã♦✳ ❈❛s♦ ❡ss❛ ❝✉r✈❛ ❛♣r❡s❡♥t❡ ✉♠ ♣♦♥t♦ ❞❡ ✐♥✢❡①ã♦✱

❞❡✈❡✲s❡ tr❛ç❛r ✉♠❛ t❛♥❣❡♥t❡ à ❝✉r✈❛ ♥❡st❡ ♣♦♥t♦ ❛té s❡ ✐♥t❡r❝❡♣t❛r ♦ ❡✐①♦ ❞❛s ❛❜s❝✐ss❛s✳ ❆

❞✐stâ♥❝✐❛ ❡♥tr❡ ❛ ♦r✐❣❡♠ ❞♦s ❡✐①♦s ❡ ♦ ♣♦♥t♦ ❞❡ ❡♥❝♦♥tr♦ ❝♦♠ ❛ t❛♥❣❡♥t❡ s❡rá ♦ ✈❛❧♦r ✏❝✑ ❞❡

❝♦rr❡çã♦ q✉❡ ❞❡✈❡ s❡r ❛❞✐❝✐♦♥❛❞♦ ❛♦s ♣♦♥t♦s ❞❡ ✷✱✺✹ ♠♠ ❡ ✺ ♠♠ ♣❛r❛ ❡♥❝♦♥tr❛r ♦s ♥♦✈♦s

✈❛❧♦r❡s ❝♦rr❡t♦s ❞❛s ♣r❡ssõ❡s✳

❆ ❡q✉❛çã♦ ❞♦ í♥❞✐❝❡ ❞❡ s✉♣♦rt❡ ❝❛❧✐❢ór♥✐❛ ✭■❙❈✮ é ❞❛❞❛ ♣♦r✿

I SC = Pr❡ssã♦ ❝❛❧❝✉❧❛❞❛ ♦✉ ♣r❡ssã♦ ❝♦rr✐❣✐❞❛
♣r❡ssã♦ ♣❛❞rã♦

∗ 100

❉❡♥tr❡ ♦s ❞♦✐s í♥❞✐❝❡s ❝❛❧❝✉❧❛❞♦s✱ t♦♠❛✲s❡ ❝♦♠♦ r❡s✉❧t❛❞♦ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ s✉♣♦rt❡ ❞♦

s✉❜❧❡✐t♦ ♦ ♠❛✐s ❡❧❡✈❛❞♦✳

✷✳✻✳✸ ❖ ♣❡♥❡trô♠❡tr♦ ❞✐♥â♠✐❝♦ ❞❡ ❝♦♥❡

❙❡❣✉♥❞♦ ✭❋❖◆❚❊❙✱ ✷✵✵✶✮ ♦ ♣r✐♠❡✐r♦ ❡q✉✐♣❛♠❡♥t♦ ❢♦✐ ❝r✐❛❞♦ ❡♠ ✶✾✺✻ ♥❛ ❆✉strá❧✐❛ ♣♦r ❙❝❛❧❛✱

q✉❡ ♥♦♠❡♦✉ ❛ ❢❡rr❛♠❡♥t❛ ❝♦♠ ♦ s❡✉ ♥♦♠❡✿ ❙❝❛❧❛ ♣❡♥❡trô♠❡tr♦✳ ❆♥♦s ❞❡♣♦✐s ❢♦r❛♠ ✉t✐❧✐③❛❞♦s

♣❡♥❡trô♠❡tr♦s ♥♦ ❩✐♠❜á❜✉❡✱ ♥❛ ❆❢r✐❝❛ ❞♦ ❙✉❧✱ ❡♠ ■sr❛❡❧✱ ♥♦ ❘❡✐♥♦ ❯♥✐❞♦ ❡ ❛té ♠❡s♠♦ ♥♦ ❇r❛s✐❧

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

❖ ❡q✉✐♣❛♠❡♥t♦ ❡♠ s✐ ♣❡r♠✐t❡ r❡❛❧✐③❛r ❡♥s❛✐♦s ❞❡ ♣❡♥❡tr❛çã♦ ❞✐♥â♠✐❝❛ ❡♠ ❝❛♠❛❞❛s ❞❡

❣r❛♥✉❧❛r❡s ♦✉ s♦❧♦s✳ ❖ ✐♥str✉♠❡♥t♦ ✉t✐❧✐③❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦ ❢♦✐ ♦ ♠♦❞❡❧♦ ❙✉❧ ❆❢r✐❝❛♥♦✱ ❞✐s✲

♣♦♥✐❜✐❧✐③❛❞♦ ♣❡❧♦ ❧❛❜♦r❛tór✐♦ ❞❡ ♠❡❝â♥✐❝❛ ❞♦s s♦❧♦s ❞♦ ❞❡♣❛rt❛♠❡♥t♦ ❞❡ ❡♥❣❡♥❤❛r✐❛ ❝✐✈✐❧ ❞❛

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❙❛♥t❛ ❈❛t❛r✐♥❛ ❡ ❝♦♥s✐st❡ ❡♠ ❞✉❛s ❜❛rr❛s✱ ✉♠❛ s✉♣❡r✐♦r✱ ♦✉tr❛ ✐♥❢❡r✐♦r✱

✉♠❛ ♣♦♥t❛ ❡♠ ❝♦♥❡ ❡ ✉♠ ♣❡s♦ ❞❡ ✽ ❦❣✳

✷✽





❘❖❆❉✱ ✷✵✷✵✮ ❛s s♦♥❞❛❣❡♥s ♣♦❞❡♠ ❧❡✈❛r ❛té ✸✵ ♠✐♥✉t♦s q✉❛♥❞♦ ❛s ♣❡r❢✉r❛çõ❡s ♣r❡❝✐s❛r❡♠ s❡r

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

❆❧é♠ ❞❛ ♣r♦❢✉♥❞✐❞❛❞❡ ❧✐♠✐t❡ ❞❡ ✶ ♠✱ sã♦ ❛✐♥❞❛ ❝♦♥s✐❞❡r❛❞❛s ❝♦♥❞✐çõ❡s ❞❡ ♣❛r❛❞❛ ♣❛r❛ ❛s

s♦♥❞❛❣❡♥s ❝♦♠ ♦ ♣❡♥❡trô♠❡tr♦ ❞✐♥â♠✐❝♦ ❞❡ ❝♦♥❡ q✉❛♥❞♦✿

• ❆t✐♥❣✐❞♦ ♦ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❛ ❜❛rr❛ ✐♥❢❡r✐♦r s❡ s❡✉ ❝♦♠♣r✐♠❡♥t♦ ❢♦r ♠❡♥♦r q✉❡ ✶ ♠

• ❆s ♣❡♥❡tr❛çõ❡s ❡♠ ✶✵ ❣♦❧♣❡s ❝♦♥s❡❝✉t✐✈♦s sã♦ ♠❡♥♦r❡s ❞❡ ✸ ♠♠ ♣♦r ❣♦❧♣❡

• ❆ ❞✐stâ♥❝✐❛ ❞❡s❡❥❛❞❛ ❢♦r ❛❧❝❛♥ç❛❞❛

❈❛r❛❝t❡ríst✐❝❛s ❡ ❝✉✐❞❛❞♦s ❞❛s s♦♥❞❛❣❡♥s ❝♦♠ ♣❡♥❡trô♠❡tr♦ ❉❈P ❖ ♣❡♥❡trô✲

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

q✉❛♥t♦ ♣❡❧♦ ♠❛♥✉s❡✐♦✳ ❊❧❡ ❝♦♥t❡♠ ♣♦✉❝❛s ♣❡ç❛s ❡ ♣♦❞❡ s❡r ✐♥st❛❧❛❞♦ ❡ ❞❡s♠♦♥t❛❞♦ ❝♦♠ ❢❛❝✐✲

❧✐❞❛❞❡✱ ♥ã♦ ♥❡❝❡ss✐t❛ ❞❡ ♠ã♦ ❞❡ ♦❜r❛ ❡s♣❡❝✐❛❧✐③❛❞❛ ♦✉ ❛té s❡r ❝❛❧✐❜r❛❞♦ ❛♥t❡s ❞♦ ✉s♦✳ ❉❡✈❡✲s❡

❛♣❡♥❛s t♦♠❛r ❛❧❣✉♥s ❝✉✐❞❛❞♦s q✉❛♥t♦ ❛ ❝♦♥❡①ã♦ ❝♦rr❡t❛ ❡♥tr❡ ❛s ♣❛rt❡s✱ ❛ ❧✉❜r✐✜❝❛çã♦ ❞❛ ❜❛rr❛

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

❆❧é♠ ❞❡ s❡r ✉♠ ❡q✉✐♣❛♠❡♥t♦ s✐♠♣❧❡s✱ ❛s s♦♥❞❛❣❡♥s ❝♦♠ ♣❡♥❡trô♠❡tr♦ ♣❡r♠✐t❡♠ ♦ r❡✲

❝♦♥❤❡❝✐♠❡♥t♦ ✏✐♥ s✐t✉✑ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ s✉♣♦rt❡ ❞♦ s✉❜❧❡✐t♦ ❡ ❛té ♠❡s♠♦ ❞❡ ❝❛♠❛❞❛s ❞❡

♣❛✈✐♠❡♥t♦s ❥á ❡①✐st❡♥t❡s✳ P♦ss✐❜✐❧✐t❛ ❛✐♥❞❛ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ rá♣✐❞♦ ❞❡ ❝❛♠❛❞❛s ❞❡ s♦❧♦s ♥ã♦

❛❝❡✐tá✈❡✐s ❡ q✉❡ ♣r❡❝✐s❛♠ ❞❡ r❡❢♦rç♦ ♦✉ s✉❜st✐t✉✐çã♦✳

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

s❡ t♦♠❛r ❛❧❣✉♥s ♦✉tr♦s ❝✉✐❞❛❞♦s✿ ❖ ♣❡♥❡trô♠❡tr♦ ♥ã♦ ❢♦✐ ♣r♦❥❡t❛❞♦ ♣❛r❛ ♣❡♥❡tr❛r ❝❛♠❛❞❛s

❝✐♠❡♥t❛❞❛s ♦✉ ❜❡t✉♠✐♥♦s❛s✱ ♦ ✐♠♣❛❝t♦ ❡♠ ❝❛♠❛❞❛s ♠❛✐s ❢♦rt❡s ❡ rí❣✐❞❛s ♣♦❞❡ ❞❛♥✐✜❝❛r ♦

❝♦♥❡ ♥❛ s✉❛ ♣♦♥t❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ✭▼◆❘❖❆❉✱ ✷✵✷✵✮ ❛♥t❡s ❞❛ s♦♥❞❛❣❡♠ ❞❡✈❡ s❡ r❡❛❧✐③❛r

❛ r❡♠♦çã♦ ❞❡ss❛s ❝❛♠❛❞❛s ❝♦♠ ❛ ❛❜❡rt✉r❛ ❞❡ ✉♠❛ ❝✐r❝✉♥❢❡rê♥❝✐❛ ❞❡ ♣❡❧♦ ♠❡♥♦s ✺✵ ♠♠ ❞❡

❞✐â♠❡tr♦✱ ❝♦♠ ♦ ❝✉✐❞❛❞♦ ♣❛r❛ ♥ã♦ ❛❢❡t❛r ❛ ❡str✉t✉r❛ ❞❛s ❝❛♠❛❞❛s ✐♥❢❡r✐♦r❡s✳ ❈❛s♦ ♦ ❝♦rt❡

s❡❥❛ ❢❡✐t♦ ❝♦♠ ❛✉①✐❧✐♦ ❞❡ ♠áq✉✐♥❛s q✉❡ ✉t✐❧✐③❛♠ á❣✉❛ ♣❛r❛ ♦ s✉♣♦rt❡ ❛♦ ❝♦rt❡ é ♥❡❝❡ssár✐❛ ❛

r❡♠♦çã♦ ✐♠❡❞✐❛t❛ ❞❛ á❣✉❛ ❡♠ ❡①❝❡ss♦ ❞♦ ❧♦❝❛❧✳

❆✐♥❞❛ ❝♦♥❢♦r♠❡ ✭▼◆❘❖❆❉✱ ✷✵✷✵✮✱ ❛s s♦♥❞❛❣❡♠ ❝♦♠ ♣❡♥❡trô♠❡tr♦ ❞✐♥â♠✐❝♦ ❞❡ ❝♦♥❡

❝♦♥tê♠ ✉♠ ❜❛✐①♦ ❝✉st♦ ❡ ♣♦❞❡♠ s❡r r❡❛❧✐③❛❞❛s ♣♦r ❛♣❡♥❛s ✉♠ ♣r♦✜ss✐♦♥❛❧ ❝♦♠ ✉♠❛ ❝â♠❡r❛

✸✵



♣❛r❛ r❡❣✐str❛r ♦s r❡s✉❧t❛❞♦s ♦✉ ❛té ♠❡s♠♦ ❝♦♠ ♦ ❛✉①✐❧✐♦ ❞❡ ✉♠ ♦✉ ❞♦✐s ❛❥✉❞❛♥t❡s✳ ❆ ♠❡❧❤♦r

s✐t✉❛çã♦ é q✉❛♥❞♦ r❡❛❧✐③❛❞♦ ♣♦r ✷ ♣❡ss♦❛s✱ ♣♦✐s ♥ã♦ ❤á ♠❡❧❤♦r✐❛s s✐❣♥✐✜❝❛t✐✈❛s q✉❛♥❞♦ r❡❛❧✐③❛❞♦

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

P❡❧♦ s❡✉ ❜❛✐①♦ ❝✉st♦✱ t♦r♥❛✲s❡ ♠❛✐s ❛❝❡ssí✈❡❧ ❛ r❡♣❡t✐çã♦ ❞❛s s♦♥❞❛❣❡♠ ❡ s❡ ✈❡r✐✜❝❛r ❛

❤♦♠♦❣❡♥❡✐❞❛❞❡ ♦✉ ❛té ❛♥♦♠❛❧✐❛s✳ ❆ ❞✐stâ♥❝✐❛ ♠í♥✐♠❛ r❡❝♦♠❡♥❞❛❞❛ ❡♥tr❡ s♦♥❞❛❣❡♥s é ❞❡ ✸✵

❝♠✳ P❡r❢✉r❛çõ❡s ♠✉✐t♦ ♣ró①✐♠❛s ♣♦❞❡♠ t❡r s❡✉s r❡s✉❧t❛❞♦s ♣r❡❥✉❞✐❝❛❞♦s✳

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

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

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

P♦r ✜♠✱ ❛✐♥❞❛ ❡①✐st❡♠ ❞♦✐s ❝✉✐❞❛❞♦s ✐♠♣♦rt❛♥t❡s ❛ s❡r❡♠ ❧❡✈❛❞♦s ❡♠ ❝♦♥t❛✿

Pr✐♠❡✐r♦✱ ♥ã♦ s❡ ❞❡✈❡ r❡❣✐str❛r ❛ ♣❡♥❡tr❛çã♦ ❞♦ ❝♦♥❡ ❡♥q✉❛♥t♦ ♦ ❡q✉✐♣❛♠❡♥t♦ ❡stá s❡♥❞♦

❛ss❡♥t❛❞♦ ♥♦ ❧♦❝❛❧ ❡♠ q✉❡ s❡rá ❢❡✐t❛ ❛ s♦♥❞❛❣❡♠ ♣♦✐s ♦ ♣❡s♦ ❞♦ ♣ró♣r✐♦ ❡q✉✐♣❛♠❡♥t♦ ✐♥t❡r❢❡r❡

♥♦s r❡s✉❧t❛❞♦s ❛♥t❡s ❞❛ ♣r✐♠❡✐r♦ ❣♦❧♣❡✳

❙❡❣✉♥❞♦✱ ❞❡✈❡ s❡ t♦♠❛r ❝✉✐❞❛❞♦ ❞✉r❛♥t❡ ❛ r❡t✐r❛❞❛ ❞♦ ❡q✉✐♣❛♠❡♥t♦ ❛♣ós ♦ ✜♠ ❞❛ s♦♥✲

❞❛❣❡♠✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ✭▼◆❘❖❆❉✱ ✷✵✷✵✮ ♦ ✐❞❡❛❧ é q✉❡ ♦ ♣❡♥❡trô♠❡tr♦ s❡❥❛ r❡♠♦✈✐❞♦ ❝♦♠

♦ ❛✉①✐❧✐♦ ❞❡ ✐♥str✉♠❡♥t♦ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ♠❛❝❛❝♦✳ ◗✉❛♥❞♦ ❢❡✐t♦ ♠❛♥✉❛❧♠❡♥t❡ ♣♦❞❡ ♦❝♦rr❡r

❞❛♥♦s ♥❛s ❝♦♥❡①õ❡s ❡ ❛ ♣♦♥t❛ ❝ô♥✐❝❛ ♦✉ ❛té ♠❡s♠♦ ❛rr❛♥❝❛♠❡♥t♦ ❞❛ ♠❡s♠❛✳ ❖ ❝♦♥❡ ❞❡✈❡

s❡r tr♦❝❛❞♦ ❝❛s♦ t❡♥❤❛ s♦❢r✐❞♦ r❡❞✉çã♦ ✐❣✉❛❧ ♦✉ s✉♣❡r✐♦r ❛ ✶✵✪ ❞♦ s❡✉ ❞✐â♠❡tr♦✱ ✷ ♠♠✳

✷✳✻✳✹ ❘❡s✉❧t❛❞♦s ❛❞q✉✐r✐❞♦s ❛ ♣❛rt✐r ❞❡ s♦♥❞❛❣❡♥s ❉❈P

❖ ú♥✐❝♦ r❡s✉❧t❛❞♦ ❞✐r❡t♦ ❡♥tr❡❣✉❡ ♣♦r ✉♠❛ s♦♥❞❛❣❡♠ ❝♦♠ ♣❡♥❡trô♠❡tr♦ ❞✐♥â♠✐❝♦ ❞❡ ❝♦♥❡ é

♦ s❡✉ í♥❞✐❝❡ ❞❡ ♣❡♥❡tr❛çã♦✱ ❝♦♥❤❡❝✐❞♦ t❛♠❜é♠ ♥♦ ♣♦rt✉❣✉ês ❝♦♠♦ ♥ú♠❡r♦ ❉❈P ♦✉ ❉◆ ❡ ♥♦

✐♥❣❧ês ♣♦r ♣❡♥❡tr❛t✐♦♥ ✐♥❞❡① ✭❉P■✮✳ ❊❧❡ é ❞❡✜♥✐❞♦ ❝♦♠♦ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ❞✐stâ♥❝✐❛ ♣❡♥❡tr❛❞❛

♥♦ s♦❧♦ ❡ ♦ ♥ú♠❡r♦ ❞❡ ❣♦❧♣❡s ❞♦ ♠❛rt❡❧♦ q✉❡ ❢♦r❛♠ ♥❡❝❡ssár✐♦ ♣❛r❛ ❛ ❞❡s❝✐❞❛ ❞♦ ❡q✉✐♣❛♠❡♥t♦✱

♠❡❞✐❞♦ ❡♠ ♠♠✴❣♦❧♣❡✳

◗✉❛♥❞♦ ♠❛✐♦r ♦ ♥ú♠❡r♦ ❉❈P ❞♦ s♦❧♦✱ ♠❛✐♦r ♦ ❞❡s❧♦❝❛♠❡♥t♦ ♣r♦✈♦❝❛❞♦ ❛ ❝❛❞❛ ❣♦❧♣❡ ❞♦

♠❛rt❡❧♦✱ ✐ss♦ s✐❣♥✐✜❝❛ q✉❡ s♦❧♦s ♣♦✉❝♦ r❡s✐st❡♥t❡s tê♠ ✈❛❧♦r❡s ❛❧t♦s ❞❡ ❉◆✳ ❉❡ ❛❝♦r❞♦ ❝♦♠

✭▼◆❘❖❆❉✱ ✷✵✷✵✮✱ ♣❛r❛ ♣❛✈✐♠❡♥t❛çã♦ ♦ s✉❜❧❡✐t♦ ❞❡✈❡ t❡r ✉♠ ✈❛❧♦r ✐♥❢❡r✐♦r ❛ ✷✺ ♠♠✴❣♦❧♣❡

♣❛r❛ ♥ã♦ ♣r❡❝✐s❛r s❡r tr❛t❛❞♦ ♦✉ r❡❝❡❜❡r r❡❢♦rç♦ ❡ ♦ ✈❛❧♦r ♠á①✐♠♦ q✉❡ ♦ ♠❡s♠♦ ♣♦❞❡ ❛♣r❡s❡♥t❛r

✸✶



♣❛r❛ s❡r út✐❧ à ♣❛✈✐♠❡♥t❛çã♦ é ❞❡ ✸✷ ♠♠✴❣♦❧♣❡✳ ❆❝✐♠❛ ❞❡ss❡ ✈❛❧♦r ♦ s✉❜❧❡✐t♦ ♥ã♦ é ❝❛♣❛③

❞❡ ❞✐ss✐♣❛r ♦s ✐♠♣❛❝t♦s ❞♦ trá❢❡❣♦ ♦✉ ❛té ♠❡s♠♦ ❞❛r s✉♣♦rt❡ ❛ ❝❛♠❛❞❛s ❛❞❥❛❝❡♥t❡s ❞❡ ✉♠

♣❛✈✐♠❡♥t♦✳

❖s ✈❛❧♦r❡s ❛♣r❡s❡♥t❛❞♦s ❢♦r❛♠ ❝❛❧❝✉❧❛❞♦s ♣♦r ♠❡✐♦ ❞❛ ❝♦rr❡❧❛çã♦ ❡①✐st❡♥t❡ ❡♥tr❡ ❉❈P

❡ ❈❇❘ ❡str✉t✉r❛❞❛ ♣❡❧♦ ❝♦r♣♦ ❞❡ ❡♥❣❡♥❤❡✐r♦ ❞♦ ❡①ér❝✐t♦ ❞♦s ❊st❛❞♦s ❯♥✐❞♦s ❡♠ ✶✾✾✷

✭❯✳❙ ❆r♠② ❊♥❣✐♥❡❡rs ❲❛t❡r✇❛②s ❊①♣❡r✐♠❡♥t ❙t❛t✐♦♥ ✲ ❆❙❈❊✮✳ ❈♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♣♦r

✭▼◆❘❖❆❉✱ ✷✵✷✵✮ s✉❛ ❡q✉❛çã♦ é ❛♣r❡s❡♥t❛❞❛ ❝♦♠♦✿

logCBR = 2, 46− 1, 12 ∗ logDN

❊♠ q✉❡✿

❈❇❘✿ ❮♥❞✐❝❡ ❞❡ s✉♣♦rt❡ ❝❛❧✐❢ór♥✐❛ ❡q✉✐✈❛❧❡♥t❡ ❞♦ s✉❜❧❡✐t♦ ♦✉ ❝❛♠❛❞❛ ❞❡ ♣❛✈✐♠❡♥t♦ t❡st❛❞♦✳

❉◆✿ ❮♥❞✐❝❡ ❞❡ ♣❡♥❡tr❛çã♦ ❞♦ ♠❛t❡r✐❛❧ ❡♠ ♠♠✴❣♦❧♣❡ ❡♥❝♦♥tr❛❞♦ ❞✉r❛♥t❡ ❛ s♦♥❞❛❣❡♠ ✐♥ s✐t✉

❞♦ s✉❜❧❡✐t♦ ♦✉ ♣❛✈✐♠❡♥t♦✳

◗✉❛♥t♦ ❛♦s ✐♥t❡r✈❛❧♦s ❞❡ r❡❣✐str♦s✱ ♥ã♦ ❤á ✉♠❛ r❡❣r❛ ❡st❛❜❡❧❡❝✐❞❛ q✉❡ ❞❡t❡r♠✐♥❛ ❛ ❢r❡q✉ê♥✲

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

▼❛s ✐♥t❡r✈❛❧♦s ♠❡♥♦r❡s ❡♥tr❡ ✉♠ r❡❣✐str♦ ❡ ♦✉tr♦ ❝♦♥s❡❣✉❡♠ r❡♣r❡s❡♥t❛r ♦ ♣❡r✜❧ ❞♦ s♦❧♦ ❝♦♠

♠❡❧❤♦r ♣r❡❝✐sã♦ q✉❛♥t♦ ❛s ✈❛r✐❛çõ❡s✳

❆ ♣❛rt✐r ❞❡ ✉♠❛ sér✐❡ ❞❡ r❡❣✐str♦s é ♣♦ssí✈❡❧ tr❛ç❛r ✉♠ ❣rá✜❝♦ ❝❤❛♠❛❞♦ ❞❡ ❝✉r✈❛ ❉❈P✳ ❊❧❛

r❡❧❛❝✐♦♥❛ ♦ ♥ú♠❡r♦ ❞❡ ❣♦❧♣❡s ❛❝✉♠✉❧❛❞♦s✱ ♠❛r❝❛❞♦s ♥♦ ❡✐①♦ ❞❛s ❛❜❝✐ss❛s✱ ❝♦♠ ❛s ♣r♦❢✉♥❞✐❞❛✲

❞❡s ❛t✐♥❣✐❞❛s ❞✉r❛♥t❡ ♦ ❞❡❝♦rr❡r ❞♦ ♣r♦❝❡ss♦✱ ♥♦ ❡✐①♦ ❞❛s ♦r❞❡♥❛❞❛s✳

✸✷



❋✐❣✉r❛ ✶✼✿ ❊①❡♠♣❧♦ ❞❡ ❈✉r✈❛ ❉❈P

❆ss✐♠ q✉❡ ♦ ❣rá✜❝♦ ♣❧♦t❛❞♦ ♣♦❞❡✲s❡ ✐❞❡♥t✐✜❝❛r ❞✐❢❡r❡♥t❡s ❝❛♠❛❞❛s ❞❡ s♦❧♦s ♦✉ ❛té ♠❡s♠♦

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

❤á ❛❧t❡r❛çã♦ ❞❡ ✐♥❝❧✐♥❛çã♦ ❞❛ ❝✉r✈❛✳ ❆ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ✈❛❧♦r❡s ✐♥✐❝✐❛✐s ❡ ✜♥❛✐s ♥♦ ❡✐①♦ ❞❛

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

❝❛♠❛❞❛s ❡①✐st❡♥t❡s✳

❋✐❣✉r❛ ✶✽✿ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ❝❛♠❛❞❛s ❞✐❢❡r❡♥t❡s ♥❛ s♦♥❞❛❣❡♠ ❉❈P

✸✸



✷✳✻✳✺ ❈♦rr❡❧❛çã♦ ❡①✐st❡♥t❡s ❡♥tr❡ ❉❈P ❡ ❈❇❘

❆❧❣✉♠❛s ❞❛s ❝♦rr❡❧❛çõ❡s ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ t❛❜❡❧❛ ✶✿

❚❛❜❡❧❛ ✶✿ ❚❛❜❡❧❛ ❞❡ ❝♦rr❡❧❛çõ❡s ❡♥tr❡ ❉❈P ❡ ❈❇❘

❙✐t✉❛çã♦ ❈♦rr❡❧❛çã♦ ❆✉t♦r❡s ❋♦♥t❡
❘♦❞♦✈✐❛s ♥❛
❆❢r✐❝❛ ❞♦ ❙✉❧

Log(CBR) =
2, 60− 1, 26.Log(DN)

❑❧❡♥② ❡ ❙❛✈❛❣❡
✭✶✾✽✷✮

❋❖◆❚❊❙ ✭✷✵✵✶✮

❘♦❞♦✈✐❛s ♥♦
❊st❛❞♦ ❞♦
P❛r❛♥á

CBR =
443, 45.(DN)− 1, 30

❍❡②♥ ✭✶✾✽✻✮ ❋❖◆❚❊❙ ✭✷✵✵✶✮

❙♦❧♦s ❛r❣✐❧♦s♦s
Log(CBR) =

2, 56− 1, 16.Log(DN)
❍❛r✐s♦♥ ✭✶✾✽✼✮

❈❆❘❉❖❙❖
✭✷✵✵✷✮

❙♦❧♦s ❛r❡♥♦s♦s
Log(CBR) =

3, 03− 1, 51.Log(DN)
❍❛r✐s♦♥ ✭✶✾✽✼✮

❈❆❘❉❖❙❖
✭✷✵✵✷✮

❙♦❧♦s ✜♥♦s
Log(CBR) =

2, 89− 1, 46.Log(DN)
P♦♥❝❡ ❡t✳ ❛❧✳

✭✶✾✾✶✮
❋❖◆❚❊❙ ✭✷✵✵✶✮

❆r❣❡♥t✐♥❛
CBR =

450.(DN)− 1, 05
❆♥❣❡❧♦♥✐ ❡t✳ ❛❧✳

✭✶✾✾✶✮
❋❖◆❚❊❙ ✭✷✵✵✶✮

❘♦❞♦✈✐❛s ❞❡ ❙ã♦
P❛✉❧♦

Log(CBR) = 2, 490−
1, 057.Log(DN)

❖❧✐✈❡✐r❛ ❡
❱❡rt❛♠❛tt✐
✭✶✾✾✼✮

❋❖◆❚❊❙ ✭✷✵✵✶✮

P❛r❛ s♦❧♦s ❞❛
❇❘✲✶✵✶ ❞❡ ❙❛♥t❛

❈❛t❛r✐♥❛ ✧✐♥
s✐t✉✧

(CBR) =
512, 64 ∗ (DN)−1,25

❚r✐❝❤ês ❡
❈❛r❞♦s♦ ✭✶✾✾✽✮

❋❖◆❚❊❙ ✭✷✵✵✶✮

P❛r❛ s♦❧♦s ❞❛
❇❘✲✶✵✶ ❞❡ ❙❛♥t❛

❈❛t❛r✐♥❛ ❡♠
✐♠❡rsã♦

(CBR) =
151, 58 ∗ (DN)−1,03

❚r✐❝❤ês ❡
❈❛r❞♦s♦ ✭✶✾✾✽✮

❋❖◆❚❊❙ ✭✷✵✵✶✮

P❛r❛ s♦❧♦s ♥ã♦
❛r❣✐❧♦s♦s

(CBR) =
292/(DN)1,12

❆❙❚▼ ✭✷✵✵✾✮
◆♦r♠❛

❆♠❡r✐❝❛♥❛
❉✲✻✾✺✶

✸✹



✷✳✼ ❊st✉❞♦ ❞♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠

✷✳✼✳✶ ❉r❡♥❛❣❡♠ s✉♣❡r✜❝✐❛❧ ❞❡ ✉♠❛ ✈✐❛ ✉r❜❛♥❛

❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮ ❛ ❞r❡♥❛❣❡♠ s✉♣❡r✜❝✐❛❧ ❞❡ ✉♠ ♣❛✈✐♠❡♥t♦ t❡♠ ❝♦♠♦

♦❜❥❡t✐✈♦ ❝♦❧❡t❛r ❡ ❝♦♥❞✉③✐r ❛s á❣✉❛s s♦❜r❡ ♦ ❝♦r♣♦ ❡str❛❞❛❧ ❡ ❞❛s ár❡❛s ♣ró①✐♠❛s ♣❛r❛ ✉♠ ❧♦❝❛❧

s❡❣✉r♦✱ ❣❛r❛♥t✐♥❞♦ ❛ s❡❣✉r❛♥ç❛ ❡ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ ♣❛✈✐♠❡♥t♦✳ P❛r❛ ✈✐❛s ✉r❜❛♥❛s ❡st❡ ♠❛♥✉❛❧

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

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

✷✳✼✳✶✳✶ ❙❛r❥❡t❛s

❈♦♥❢♦r♠❡ ♦ ♠❛♥✉❛❧ ❞❡ ❞r❡♥❛❣❡♠ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮✱ ❛s s❛r❥❡t❛s ❞♦s tr❡❝❤♦s ✉r❜❛♥♦s

tê♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❝♦❧❡t❛r ❛s á❣✉❛s q✉❡ ♣r❡❝✐♣✐t❛♠ s♦❜r❡ ♦ ♣❛✈✐♠❡♥t♦ ❡ ❛s ár❡❛s ♣ró①✐♠❛s ❡

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

P♦rt❛♥t♦✱ t♦❞♦ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ✉♠❛ ❜♦❝❛ ❞❡ ❧♦❜♦ ❡stá ❛tr❡❧❛❞♦ ❛♦ ❡s❝♦❛♠❡♥t♦ ❞❛

á❣✉❛ q✉❡ ♦❝♦rr❡ ♣❡❧❛ s❛r❥❡t❛✳ P❛r❛ r❡❛❧✐③❛r ♦ ❝á❧❝✉❧♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❡s❣♦t❛♠❡♥t♦ ❞❡ ✉♠❛

❜♦❝❛ ❞❡ ❧♦❜♦ é ♥❡❝❡ssár✐♦ ❛♥t❡s ❞❡ ❝♦♥❤❡❝❡r ❛♦ ♠❡♥♦s ❛ ❛❧t✉r❛ ❞❛ ❧â♠✐♥❛ á❣✉❛ ♣r❡s❡♥t❡ ♥❛

s❛r❥❡t❛ ♥♦ ♣♦♥t♦ ❞❡ ❡♥❝♦♥tr♦ ❞♦s ❞♦✐s ❞✐s♣♦s✐t✐✈♦s ❡ ❛ ✈❛③ã♦ ❡①✐st❡♥t❡ ♥❡st❡ ♠♦♠❡♥t♦✳

P❛r❛ s❡ ❝♦♥❤❡❝❡r ❛ ❛❧t✉r❛ ❞❛ ❧â♠✐♥❛ ❞❡ á❣✉❛ ❡ ❛ ✈❛③ã♦ tr❛♥s♣♦rt❛❞❛ ♣❡❧❛ s❛r❥❡t❛ ♣r✐♠❡✐r♦ é

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

s❡ ❝♦♥str✉✐r ❛ s❛r❥❡t❛✳ ❆❧é♠ ❞❛ ❞❡❝❧✐✈✐❞❛❞❡ ❞♦ t❡rr❡♥♦✱ é ♥❡❝❡ssár✐♦ t❛♠❜é♠ r❡❝♦♥❤❡❝❡r✿ ❆

r✉❣♦s✐❞❛❞❡ ❞❛ s❛r❥❡t❛✱ s✉❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❡ ❞❡❝❧✐✈✐❞❛❞❡✳

✷✳✼✳✶✳✷ ❈♦❡✜❝✐❡♥t❡ ❞❡ r✉❣♦s✐❞❛❞❡ ❞❡ ▼❛♥♥✐♥❣ ✭♥✮

❈♦♥❢♦r♠❡ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮ ❛ r✉❣♦s✐❞❛❞❡ ❞❡ ✉♠❛ s❛r❥❡t❛ é ❝♦♥❤❡❝✐❞❛ ❡♠ ❢✉♥çã♦ ❞♦

t✐♣♦ ❞❡ ♠❛t❡r✐❛❧ ♥♦ q✉❛❧ ❡❧❛ é ❝♦♥str✉í❞❛✳ ❈❛❞❛ ✉♠ ❞♦s t✐♣♦s ❞❡ ♠❛t❡r✐❛✐s ✉s❛❞♦s ❝♦♥tê♠ ✉♠❛

r✉❣♦s✐❞❛❞❡ ❡s♣❡❝í✜❝❛ ❡♥❝♦♥tr❛❞❛ ♣♦r ♠❡✐♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ✏♥✑ ❞❡ r✉❣♦s✐❞❛❞❡ ❞❡ ▼❛♥♥✐♥❣ ✳ ❆

✜❣✉r❛ ✶✾✱ r❡t✐r❛❞❛ ❞❛ t❛❜❡❧❛ ✸✹ ❞♦ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮ ❛♣r❡s❡♥t❛ ♦s ❛❧❣✉♥s ❞♦s ❝♦❡✜❝✐❡♥t❡s

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

✸✺



❋✐❣✉r❛ ✶✾✿ ❈♦❡✜❝✐❡♥t❡s ❞❡ r✉❣♦s✐❞❛❞❡ ❞❡ ▼❛♥♥✐♥❣ ✭❉◆■❚✴■P❘✲✼✷✹✮

✷✳✼✳✶✳✸ ●❡♦♠❡tr✐❛ ❞❛s s❛r❥❡t❛s

❆✐♥❞❛ s❡❣✉♥❞♦ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮ ❛ s✉❛ ❣❡♦♠❡tr✐❛ ❞❛s s❛r❥❡t❛s ♣♦❞❡♠ s❡r tr✐❛♥❣✉❧❛r❡s✱

r❡❞♦♥❞❛s ♦✉ ❛té ♠❡s♠♦ tr❛♣❡③♦✐❞❛✐s✳ ❆s ♠❛✐s ❝♦♠✉♥s ♥♦s tr❡❝❤♦s ✉r❜❛♥♦s sã♦ ❛s tr✐❛♥❣✉❧❛r❡s

♣♦r r❡❛♣r♦✈❡✐t❛r ♦ ♠❡✐♦✲✜♦ ♥❛ s✉❛ ❣❡♦♠❡tr✐❛✳

❋✐❣✉r❛ ✷✵✿ ❊sq✉❡♠❛ ❞❡ s❛r❥❡t❛ tr✐❛♥❣✉❧❛r ✭❉◆■❚✴■P❘✲✼✷✹✮

✸✻



✷✳✼✳✶✳✹ ❱❛③ã♦ ❞❛ s❛r❥❡t❛ ✭◗♦✮ ❡ ❞❡s❝❛r❣❛ ❞♦ ❛✢✉❡♥t❡ à s❛r❥❡t❛ ✭◗

❖ ♠❛♥✉❛❧ ❞❡ ❞r❡♥❛❣❡♠ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮ ❞❡✜♥❡ q✉❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✈❛③ã♦ ✏◗♦✑ ❞❡

✉♠❛ s❛r❥❡t❛ é ❝❛❧❝✉❧❛❞❛ ♣♦r ♠❡✐♦ ❞❛ ❡q✉❛çã♦ ❞❡ ■③③❛r❞ ❜❛s❡❛❞❛ ♥❛ ❢ór♠✉❧❛ ❞❡ ▼❛♥♥✐♥❣✿

Qo = 0, 375 ∗ yo✽✴✸
∗ Z ∗ (I ✶✴✷/n)

❊♠ q✉❡✿

◗♦ ❂ ❱❛③ã♦ ❞❛ s❛r❥❡t❛✱ ❡♠ ♠✸✴s

②♦ ❂ ❆❧t✉r❛ ❞❛ ❧❛♠✐♥❛ ❞❡ á❣✉❛ ♥❛ s❛r❥❡t❛✱ ❡♠ ♠

❩ ❂ ❘❡❝í♣r♦❝❛ ❞❛ ❞❡❝❧✐✈✐❞❛❞❡ tr❛♥s✈❡rs❛❧

■ ❂ ❉❡❝❧✐✈✐❞❛❞❡ ❧♦♥❣✐t✉❞✐♥❛❧ ❞❛ s❛r❥❡t❛✱ ❡♠ ♠✴♠

❖ ✈❛❧♦r ❞❛ r❡❝í♣r♦❝❛ ❞❛ ❞❡❝❧✐✈✐❞❛❞❡ tr❛♥s✈❡rs❛❧ é ✐❣✉❛❧ ❛♦ ✈❛❧♦r ❞❛ t❛♥❣❡♥t❡ ❞❛ ❞♦ ❛♥❣✉❧♦

✐♥❢❡r✐♦r ✐♥t❡r♥♦ ❞❛ s❛r❥❡t❛ tr✐❛♥❣✉❧❛r✳ ❆ ✜❣✉r❛ ✷✵ ❛♣r❡s❡♥t❛ ❡ss❡ â♥❣✉❧♦✳

❆ ✈❛③ã♦ ✏◗♦✑ s✉♣♦rt❛❞❛ ♣❡❧❛ s❛r❥❡t❛ ❞❡✈❡ s❡r ♥♦ ♠í♥✐♠♦ ✐❣✉❛❧ ❛ ❞❡s❝❛r❣❛ ❞❛ s✉❛ ár❡❛ ❞❡

✐♥✢✉ê♥❝✐❛✱ q✉❡ é ❝❛❧❝✉❧❛❞❛ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ár❡❛ ❞♦ ♣❛✈✐♠❡♥t♦ ❛ s❡r ❞r❡♥❛❞❛ ❡ ❞❛s

ár❡❛s ♣ró①✐♠❛s q✉❡ t❛♠❜é♠ ❛❝❛❜❛♠ ❞❡s❛❣✉❛♥❞♦ ♥❛ s❛r❥❡t❛✳

✷✳✼✳✶✳✺ ❱❛③ã♦ ❞❡ ❞❡s❝❛r❣❛ ❞♦ ❛✢✉❡♥t❡ à s❛r❥❡t❛ ✭◗

❙❡❣✉♥❞♦ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮ ♣❡❧♦ ▼ét♦❞♦ ❘❛❝✐♦♥❛❧✱ ❛ ❡q✉❛çã♦ ❞❛ ❞❡s❝❛r❣❛ ✏◗✑ ❞❛s

ár❡❛s ❛✢✉❡♥t❡s ❛ s❛r❥❡t❛ é ❞❛❞❛ ♣♦r✿

Q = 2, 75 ∗ 10✲✼ ∗ C ∗ i ∗ A

❊♠ q✉❡✿

◗ ❂ ❉❡s❝❛r❣❛ ❛✢✉❡♥t❡ ❛ s❛r❥❡t❛✱ ❡♠ ♠✸✴s

❈ ❂ ❈♦❡✜❝✐❡♥t❡ ❞❡ ❡s❝♦❛♠❡♥t♦ s✉♣❡r✜❝✐❛❧

✐ ❂ ■♥t❡♥s✐❞❛❞❡ ❞❡ ♣r❡❝✐♣✐t❛çã♦✱ ❡♠ ♠♠✴❤

✸✼



❆ ❂ ➪r❡❛ ❛ s❡r ❞r❡♥❛❞❛ ❡♠ ♠✷

✷✳✼✳✶✳✻ ■♥t❡♥s✐❞❛❞❡ ❞❡ ♣r❡❝✐♣✐t❛çã♦ ✭✐✮

❆ ✐♥t❡♥s✐❞❛❞❡ ❞❡ ♣r❡❝✐♣✐t❛çã♦ é ❞❛❞❛ ♣♦r ♠❡✐♦ ❞❛ ❝✉r✈❛ ✐♥t❡♥s✐❞❛❞❡✲❞✉r❛çã♦✲❢r❡q✉ê♥❝✐❛

✭■❉❋✮ ❞❛ r❡❣✐ã♦ ❞❡ ❡st✉❞♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❡st✉❞♦s ❛♣r❡s❡♥t❛❞♦s ♣♦r ✭❇❆❈❑ ❡t✳ ❛❧✱ ✷✵✶✶✮

♣❛r❛ ❋❧♦r✐❛♥ó♣♦❧✐s ❡q✉❛çã♦ é ❞❡✜♥✐❞❛ ♣♦r✿

P❛r❛ ❞✉r❛çõ❡s t ❡♥tr❡ ✺ ❡ ✶✷✵ ♠✐♥✉t♦s✿

i = 222,0∗T 0,1648
t0,3835

P❛r❛ ❞✉r❛çõ❡s t ❡♥tr❡ ✶✷✵ ❛ ✶✹✹✵ ♠✐♥✉t♦s✿

i = 465,5∗T 0,695

t0,5391

❊♠ q✉❡✿

✐ ❂ ✐♥t❡♥s✐❞❛❞❡ ❞❡ ♣r❡❝✐♣✐t❛çã♦✱ ❡♠ ♠♠✴❤

❚ ❂ ❚❡♠♣♦ ❞❡ r❡t♦r♥♦✱ ❡♠ ❛♥♦s

t ❂ ❞✉r❛çã♦ ❞❛s ❝❤✉✈❛s✱ ❡♠ ♠✐♥✉t♦s

✷✳✼✳✶✳✼ ❈♦❡✜❝✐❡♥t❡ ❞❡ ❡s❝♦❛♠❡♥t♦ ✭❈✮

❏á ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❡s❝♦❛♠❡♥t♦ s✉♣❡r✜❝✐❛❧ ❈✱ ❛ss✐♠ ❝♦♠♦ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ r✉❣♦s✐❞❛❞❡

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

❞r❡♥❛❣❡♠ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮✳ ❆ ✜❣✉r❛ ✷✶ ❛♣r❡s❡♥t❛ ❛ t❛❜❡❧❛ ✸✾ r❡t✐r❛❞❛ ❞❡st❡ ♠❛♥✉❛❧✳

✸✽



❋✐❣✉r❛ ✷✶✿ ❈♦❡✜❝✐❡♥t❡s ❞❡ ❡s❝♦❛♠❡♥t♦ s✉♣❡r✜❝✐❛❧ ✭❉◆■❚✴■P❘✲✼✷✹✮

✷✳✼✳✶✳✽ ❆❧t✉r❛ ❞❛ ❧â♠✐♥❛ á❣✉❛ ♥❛ s❛r❥❡t❛ ✭②♦✮

❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮ ❛ ❛❧t✉r❛ ❞❡ á❣✉❛ ♥❛ s❛r❥❡t❛ ❡♠ ✉♠ ♣♦♥t♦ ❡s♣❡❝í✜❝♦

é ❡♥❝♦♥tr❛❞♦ ❛ ♣❛rt✐r ❞❛ ♠❡s♠❛ ❡q✉❛çã♦ ❞❛ ✈❛③ã♦ ❞❛ s❛r❥❡t❛✳ ❇❛st❛ ✐s♦❧❛r ❛ ✈❛r✐á✈❡❧ r❡❢❡r❡♥t❡

❛ ❛❧t✉r❛ ✏②♦✑ ♥❛ ❡q✉❛çã♦ ❞❡ ✏◗♦✑ ❡ ❝♦♥s✐❞❡r❛r q✉❡ ❡ss❛ ✈❛③ã♦ ♣❛ss❛r s❡r ✐❣✉❛❧ ❛ ❞❡♠❛♥❞❛ ✏◗✑

❞♦ ❛✢✉❡♥t❡ ❛té ♦ ♣♦♥t♦ ❞❡t❡r♠✐♥❛❞♦✳

❆♦ ✐s♦❧❛r ✈❛r✐á✈❡❧ ✏②♦✑✿

y0 = 1, 445− 1

Z✸✴✽
∗

Q0

I✶✴✷
n

❖ ♠❛♥✉❛❧ ❞♦ ❉◆■❚ ❛✐♥❞❛ ❞❡✜♥❡ q✉❡ q✉❛♥❞♦ ❛ ❞❡♠❛♥❞❛ ✏◗✑ ❞♦ ❛✢✉❡♥t❡ ♣❛ss❛ ❛ s❡r

✐❣✉❛❧ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✈❛③ã♦ ❞❛ s❛r❥❡t❛ ✏◗♦✑ ❡♥❝♦♥tr❛✲s❡ ♦ ♣♦♥t♦ ❧✐♠✐t❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡

tr❛♥s♣♦rt❡ ❞❛ s❛r❥❡t❛✱ ❡♠ q✉❡ ✏②♦✑ ❝❤❡❣❛ ❛♦ s❡✉ ❧✐♠✐t❡✱ s❡♥❞♦ ✐❣✉❛❧❛❞♦ ❛ ❛❧t✉r❛ ✏❤✑ ❞❛ s❛r❥❡t❛✳

◆❡st❡ ♣♦♥t♦ t❡♠♦s ♦ ❝♦♠♣r✐♠❡♥t♦ ❝rít✐❝♦ ❞❛ s❛r❥❡t❛ ✏❞✑✱ ♦♥❞❡ ❤á ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ✐♥st❛❧❛r

✉♠❛ ❜♦❝❛ ❞❡ ❧♦❜♦ ♦✉ ♦✉tr♦ ❞✐s♣♦s✐t✐✈♦ ♣❛r❛ r❡t✐r❛❞❛ ❞❛ á❣✉❛✳ ❆ ❡q✉❛çã♦ ❞❡ss❡ ❝♦♠♣r✐♠❡♥t♦

❝rít✐❝♦ é ❞❛❞❛ ♣♦r✿

✸✾



d = 0,375∗yo✽✴✸∗Z∗I✶✴✷

2,78∗10✲✼∗C∗i∗L∗n

❊♠ q✉❡ ✏▲✑ é ✐❣✉❛❧ ❛ ❧❛r❣✉r❛ ❞♦ ✐♠♣❧ú✈✐♦✱ q✉❡ ♣♦r ❞❡✜♥✐çã♦✱ é ✉♠❛ ár❡❛ r❡t❛♥❣✉❧❛r

❡q✉✐✈❛❧❡♥t❡ ❛ ár❡❛ à s❡r ❞r❡♥❛❞❛ ❝♦♠ ❧❛r❣✉r❛ ✧▲✧❡ ❝♦♠♣r✐♠❡♥t♦ ✧❞✧✳ ❆ ✜❣✉r❛ ✷✷ ❛♣r❡s❡♥t❛

❛ ár❡❛ r❡t❛♥❣✉❧❛r ❞♦ ✐♠♣❧ú✈✐♦ ❝♦♠ ❜❛s❡ ♥❛s ✐♥str✉çõ❡s ♣r❡s❡♥t❡s ❝♦♥❢♦r♠❡ ✭❉◆■❚✴■P❘✲✼✷✹✱

✷✵✵✻✮✳

❋✐❣✉r❛ ✷✷✿ ➪r❡❛ ❡q✉✐✈❛❧❡♥t❡ ❞♦ ✐♠♣❧ú✈✐♦

✷✳✼✳✷ ❇♦❝❛s ❞❡ ❧♦❜♦

P❛r❛ ✈✐❛s ✉r❜❛♥♦s✱ t♦❞❛ ✈❡③ q✉❡ ♦ ✉♠❛ s❛r❥❡t❛ ❛❧❝❛♥ç❛ ♦ ❝♦♠♣r✐♠❡♥t♦ ❝rít✐❝♦ ✏❞✑ é ♥❡❝❡ssár✐♦

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

❊①✐st❡♠ ✸ t✐♣♦s ❞❡ ❜♦❝❛s ❞❡ ❧♦❜♦✿

✶✮ ❙✐♠♣❧❡s ♦✉ ❧❛t❡r❛✐s✱ ❢❡✐t❛s ❛ ♣❛rt✐r ❞❡ ❛❜❡rt✉r❛s ♥♦ ♠❡✐♦ ✜♦✱ ❡♠ q✉❡ ❛ ❝❛✐①❛ ❝♦❧❡t♦r❛ ✜❝❛

s✐t✉❛❞❛ ❛❜❛✐①♦ ❞♦ ♣❛ss❡✐♦✳

✷✮ ❈♦♠ ❣r❡❧❤❛s✱ ❝❛s♦ ❛ ❝❛✐①❛ ❝♦❧❡t♦r❛ ✜q✉❡ ♣♦s✐❝✐♦♥❛❞❛ s♦❜ ❛ ❢❛✐①❛ ❞❛ s❛r❥❡t❛ ❡ ❞♦ ♣❛✈✐♠❡♥t♦

✸✮ ❈♦♠♣♦st❛✱ ❡♠ q✉❡ ❤á ✉♥✐ã♦ ❞♦s ❞♦✐s t✐♣♦s ❞❛ ❜♦❝❛ ❞❡ ❧♦❜♦ ❛♥t❡r✐♦r❡s

P❛r❛ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❛✐♥❞❛ ❤á ❞✐❢❡r❡♥ç❛ ❡♠ ❢✉♥çã♦ ❞❛ ♣♦s✐çã♦ ❡♠ q✉❡ ❛ ❜♦❝❛ ❞❡

❧♦❜♦ ❡stá ❡♠ r❡❧❛çã♦ à s❛r❥❡t❛✳ ❙❡ ❡❧❛ ❢♦r ♣♦s✐❝✐♦♥❛❞❛ ❡♠ ✉♠ tr❡❝❤♦ ❝♦♥t✐♥✉♦ ❞❡ ❞❡❝❧✐✈✐❞❛❞❡

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

✹✵



❞❡ ❧♦❜♦ ❡♠ ♣♦♥t♦ ✐♥t❡r♠❡❞✐ár✐♦✳ ◆♦ ❝❛s♦ ❞❡ s❡r ❧♦❝❛❧✐③❛❞❛ ❥✉♥t♦ ❛♦s ♣♦♥t♦s ❞❡ ❝✉r✈❛t✉r❛ ❞♦

♠❡✐♦✲✜♦ ♦✉ ♥♦ ❝r✉③❛♠❡♥t♦ ❡♥tr❡ r✉❛s ❡❧❛ é ❝❤❛♠❛❞❛ ❞❡ ❜♦❝❛ ❞❡ ❧♦❜♦ ❛❜❛✐①♦ ❞❛ s❛r❥❡t❛✳ ◆❡st❡

❝❛s♦ ❛ ❡♥tr❛❞❛ ❞❡ á❣✉❛ ♦❝♦rr❡ ♣❡❧❛s ❞✉❛s ❧❛t❡r❛✐s✳

✷✳✼✳✷✳✶ ❇♦❝❛s ❞❡ ❧♦❜♦ s✐♠♣❧❡s ❧♦❝❛❧✐③❛❞❛s ❡♠ ♣♦♥t♦s ✐♥t❡r♠❡❞✐ár✐♦s às s❛r❥❡t❛s

❙❡❣✉♥❞♦ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮ ♣❛r❛ s❛r❥❡t❛s s✐♠♣❧❡s ❧♦❝❛❧✐③❛❞❛s ❡♠ ♣♦♥t♦s ✐♥t❡r♠❡❞✐á✲

r✐♦s ❛ ✈❛③ã♦ ❞❛ ❜♦❝❛ ❞❡ ❧♦❜♦ é ❞❛❞❛ ♣❡❧❛ ❡q✉❛çã♦✿
Q
L
= (K + C ) ∗ y ∗ (g + y)✶✴✷

❊♠ q✉❡✿

② ❂ ❛❧t✉r❛ ❞♦ ✢✉①♦ ❞❛ s❛r❥❡t❛ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛ ♠♦♥t❛♥t❡ ❞❛ ❜♦❝❛ ❞❡ ❧♦❜♦✳ ❈❛s♦ ♥ã♦ ❤❛❥❛

❞❡♣r❡ssã♦ ♣❛r❛ ❡♥tr❛❞❛ ❞❡ ❜♦❝❛ ❞❡ ❧♦❜♦✱ ② ❂ ②♦✳

❑ ❂ ❢✉♥çã♦ ❞♦ ❛♥❣✉❧♦ Ø ❞❛ s❛r❥❡t❛✱ ❝♦♠♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ t❛❜❡❧❛ ✹✹ r❡t✐r❛❞❛ ❞♦

✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮✱ ❛♣r❡s❡♥t❛❞❛ ♥❛ ✜❣✉r❛ ✷✸✳

❋✐❣✉r❛ ✷✸✿ ❈♦❡✜❝✐❡♥t❡ ❑ ❡♠ ❢✉♥çã♦ ❞♦ â♥❣✉❧♦ t❡t❛ ❞❡ ✉♠❛ s❛r❥❡t❛ ✭❉◆■❚✴■P❘✲✼✷✹✮

❆ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❡s❝♦❛♠❡♥t♦ ❞❛ ❜♦❝❛ ❞❡ ❧♦❜♦ é ❞❛❞❛ ❡♠ ✈❛③ã♦ ♣♦r ♠❡tr♦ ❧✐♥❡❛r ❞❡ ♣❡rí✲

♠❡tr♦ ✭❧✴s✳♠✮ ♥❡st❡ ❝❛s♦✳

❖ ♠❛♥✉❛❧ ❞❡ ❞r❡♥❛❣❡♠ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮ ❛✐♥❞❛ ❛♣r❡s❡♥t❛ ✉♠ á❜❛❝♦ q✉❡ ❝♦rr❡❧❛❝✐♦♥❛

♦s ✈❛❧♦r❡s ❞❡ ✏◗✴▲✑ ❡♠ ❢✉♥çã♦ ❞❛ ❧â♠✐♥❛ ❞❡ á❣✉❛ ✏②♦✑ ❡♠ ❝♠✳ ❊ss❡ ❣rá✜❝♦ ❡stá ♣r❡s❡♥t❡ ♥♦

❛♥❡①♦ ❆ ❞❡st❡ tr❛❜❛❧❤♦✳

✹✶



✷✳✼✳✷✳✷ ❇♦❝❛s ❞❡ ❧♦❜♦ ❧♦❝❛❧✐③❛❞❛s ❡♠ ♣♦♥t♦s ❛❜❛✐①♦ ❞❛s s❛r❥❡t❛s

❆✐♥❞❛ s❡❣✉♥❞♦ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮ ❛s ❜♦❝❛s ❞❡ ❧♦❜♦ ❧♦❝❛❧✐③❛❞❛s ❛❜❛✐①♦ ❞♦s ♣♦♥t♦s ❞❛s

s❛r❥❡t❛s ♣♦❞❡♠ tr❛❜❛❧❤❛r ❝♦♠♦ ✈❡rt❡❞♦r❡s ♦✉ ❝♦♠♦ ♦r✐❢í❝✐♦s✳ ◗✉❛♥❞♦ ❛ ❛❧t✉r❛ ❞❛ ❧â♠✐♥❛ ❞❛

á❣✉❛ é ✐♥❢❡r✐♦r ♦✉ ✐❣✉❛❧ ❛ ❛❧t✉r❛ ❞❛ ❛❜❡rt✉r❛ ❞❛ ❜♦❝❛ ❞❡ ❧♦❜♦✱ ❡❧❛ tr❛❜❛❧❤❛rá ❝♦♠♦ ✈❡rt❡❞♦r✳

❈❛s♦ ❛ ❛❧t✉r❛ ❞❛ ❧❛♠✐♥❛ ❞❛ á❣✉❛ s❡❥❛ ♠❛✐♦r ♦✉ ✐❣✉❛❧ ❛ ❞✉❛s ✈❡③❡s ❛ ❛❧t✉r❛ ❞❛ ❛❜❡rt✉r❛ ❞❛ ❜♦❝❛

❞❡ ❧♦❜♦✱ ❡❧❛ tr❛❜❛❧❤❛rá ❝♦♠♦ ♦r✐❢í❝✐♦✳

◆♦ ❝❛s♦ ❞❛ ❛❧t✉r❛ ❞❛ ❧â♠✐♥❛ ❞❡ á❣✉❛ ✜❝❛r ❛❝✐♠❛ ❞❛ ❛❧t✉r❛ ❞❛ ❛❜❡rt✉r❛ ❞❛ ❜♦❝❛ ❞❡ ❧♦❜♦

♣♦ré♠ ♣❡r♠❛♥❡❝❡r ♠❡♥♦r q✉❡ ✷ ✈❡③❡s ❡ss❛ ❛❧t✉r❛✱ ❛ s❛r❥❡t❛ tr❛❜❛❧❤❛rá ❡♠ ✉♠ r❡❣✐♠❡ tr❛♥s✐tór✐♦

❡♥tr❡ ✉♠ ✈❡rt❡❞♦r ❡ ✉♠ ♦r✐❢í❝✐♦✳

◆♦ ❝❛s♦ ❞❡ tr❛❜❛❧❤♦ ❝♦♠♦ ✈❡rt❡❞♦r✱ ❡♠ q✉❡ ✏②✴❤✑ é ♠❡♥♦r ♦✉ ✐❣✉❛❧ ❛ ✶✱ ❛ ❡q✉❛çã♦ ❞❛

❝❛♣❛❝✐❞❛❞❡ ❞❡ ❡s❝♦❛♠❡♥t♦ s❡rá✿
Q
L
= 1, 703 ∗ yo✸✴✷

❊♠ q✉❡✿

◗ ❂ ❱❛③ã♦ ♠á①✐♠❛ ❡s❣♦t❛❞❛ ♣❡❧❛ ❜♦❝❛ ❞❡ ❧♦❜♦✱ ❡♠ ♠✸✴s

▲ ❂ ❈♦♠♣r✐♠❡♥t♦ ❞❛ ❛❜❡rt✉r❛✱ ❡♠ ♠

②♦ ❂ ❛❧t✉r❛ ❞❛ ❧❛♠✐♥❛ ❞❡ á❣✉❛✱ ❡♠ ♠

❤ ❂ ❛❧t✉r❛ ❞♦ ♠❡✐♦✲✜♦✱ ❡♠ ♠

❏á ♥♦ ❝❛s♦ ❞❡ tr❛❜❛❧❤♦ ❝♦♠♦ ♦r✐❢í❝✐♦✱ ❡♠ q✉❡ ❡♠ q✉❡ ✏②✴❤✑ é ♠❛✐♦r ♦✉ ✐❣✉❛❧ ❛ ✷✱ ❛

❡q✉❛çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❡s❝♦❛♠❡♥t♦ s❡rá✿

Q = 3, 101 ∗ h✸✴✷ ∗ ( y
h
)✶✴✷

P❛r❛ ❜♦❝❛s ❞❡ ❧♦❜♦ ❡♠ ♣♦♥t♦s ❛❜❛✐①♦ ❞❛ s❛r❥❡t❛ ♦ ♠❛♥✉❛❧ ❞❡ ❞r❡♥❛❣❡♠ ✭❉◆■❚✴■P❘✲

✼✷✹✱ ✷✵✵✻✮ t❛♠❜é♠ ❞✐s♣♦♥✐❜✐❧✐③❛ ✉♠ á❜❛❝♦ q✉❡ ❝♦rr❡❧❛❝✐♦♥❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❡s❝♦❛♠❡♥t♦ ❡♠

❧✴s✳♠ ❡♠ ❢✉♥çã♦ ❞❛ ❛❧t✉r❛ ❞❛ ❧â♠✐♥❛ ❞❡ á❣✉❛ ❡①✐st❡♥t❡ ❡ s✉❛ r❡❧❛çã♦ ❝♦♠ ❛ ❛❧t✉r❛ ❞❛ ❛❜❡rt✉r❛

♥♦ ♠❡✐♦✲✜♦ ✏❤✑✳ ❊st❡ ❣rá✜❝♦ t❛♠❜é♠ ❡stá ♣r❡s❡♥t❡ ♥♦ ❛♥❡①♦ ❆✳

✹✷



✷✳✼✳✸ P♦st♦s ❞❡ ✈✐s✐t❛

❈♦♥❢♦r♠❡ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮ ♦s ♣♦ç♦s ❞❡ ✈✐s✐t❛ sã♦ ❞✐s♣♦s✐t✐✈♦s ❡①✐st❡♥t❡s ♥♦ s✐st❡♠❛ ❞❡

❞r❡♥❛❣❡♠ q✉❡ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ♣❛r❛ ♠❛✐s ❞❡ ✉♠❛ ❢✉♥çã♦✳ ❙ã♦ ❝♦♥str✉í❞❛s ♣r✐♥❝✐♣❛❧♠❡♥t❡

♣❛r❛ ♣❡r♠✐t✐r ❛ ❛❧t❡r❛çã♦✱ ❛ ❞❡❝❧✐✈✐❞❛❞❡ ♦✉ ❛té ♠❡s♠♦ ❛ ❞✐r❡çã♦ ❞❛s á❣✉❛s q✉❡ sã♦ ❡s❝♦❛❞❛s

♥❛s ❣❛❧❡r✐❛s✱ ♠❛s ♣♦❞❡♠ s❡r t❛♠❜é♠ ✐♥st❛❧❛❞❛s ❛♣❡♥❛s ❝♦♠♦ ♣♦♥t♦s ♣❛r❛ s❡ r❡❛❧✐③❛r ❧✐♠♣❡③❛s

❡ ✈❡r✐✜❝❛çã♦ ❞❛ ❡✜❝✐ê♥❝✐❛s✳

✷✳✼✳✹ ◆í✈❡❧ ❞♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦ ❡♠ é♣♦❝❛s ❝❤✉✈♦s❛s

❙❡❣✉♥❞♦ ♦s ❡st✉❞♦s ❞❡ ✭❙❆◆❚❖❙✱ ✷✵✶✻✮ ❛ r❡s♣❡✐t♦ ❞❛ ❤✐❞r♦❣r❛✜❛ ❡ ✈❛r✐❛çã♦ ❞♦ ♥í✈❡❧ ❞❡ ❧❡♥ç♦❧

❢r❡át✐❝♦ ♣❛r❛ ❛ r❡❣✐ã♦ r❡❢❡r❡♥t❡ à ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❙❛♥t❛ ❈❛t❛r✐♥❛✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ♥❛s

é♣♦❝❛s ❝❤✉✈♦s❛s ❞♦ ❛♥♦ ♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦ ❡①✐st❡♥t❡ ♥❛ ár❡❛ ❞♦ ♣❛✈✐♠❡♥t♦ ✈❛r✐❛ ❡♥tr❡ ✶ ♠ ❛ ✶✱✺

♠ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ r❡❧❛çã♦ ❛ s✉♣❡r❢í❝✐❡✳ P❛r❛ ❛s é♣♦❝❛s s❡❝❛s ❡❧❡ ♣❡r♠❛♥❡❝❡ ❛❜❛✐①♦ ❞❡ ✷

♠✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮✱ ♦ ♥í✈❡❧ ❞♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦ ❞❡✈❡ ♣❡r♠❛♥❡❝❡r ❛ ✉♠❛

♣r♦❢✉♥❞✐❞❛❞❡ ❞❡ ♣❡❧♦ ♠❡♥♦s ✶✱✺ ❛ ✷ ♠ ❡♠ r❡❧❛çã♦ ❛ ❝❛♠❛❞❛ ❞❡ s✉❜❧❡✐t♦ ❞♦ ♣❛✈✐♠❡♥t♦✳

✹✸





✸✳✶ ❙✐t✉❛çã♦ ❧♦❝❛❧ ❡ ❞❡❧✐♠✐t❛çã♦ ❞❛ ár❡❛ ❞❡ ❡st✉❞♦

❆♥t❡s ❞❡ ♣❛rt✐r ♣❛r❛ ♦s ❡st✉❞♦s té❝♥✐❝♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦ ♣❛✈✐♠❡♥t♦ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ✈✐s✐t❛s ❛♦

❧♦❝❛❧ ♣❛r❛ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ s✐t✉❛çã♦ ❞♦ ♣❛✈✐♠❡♥t♦ ❡ ❞♦s ♣r♦❜❧❡♠❛s ❡①✐st❡♥t❡s✳ ❉✉r❛♥t❡ ❛s

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

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

❞♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ ❡ t❛♠❜é♠ à ❡s♣❡ss✉r❛ ❞♦s ❜❧♦❝♦s✳

❆♣ós ❛s ✈✐s✐t❛s ❢♦✐ ❞❡t❡r♠✐♥❛❞❛ ❛ ár❡❛ ♣❛r❛ ❡st❡ ❡st✉❞♦ q✉❡ ❝♦♠♣r❡❡♥❞❡ ❞❡s❞❡ ❛ ❡♥tr❛❞❛

♣r✐♥❝✐♣❛❧ ❞♦ ❤♦s♣✐t❛❧ ✉♥✐✈❡rs✐tár✐♦✱ ❛ ♣❛rt✐r ❞❛ ❘✉❛ Pr♦❢❡ss♦r❛ ▼❛r✐❛ ❋❧♦r❛ P❛✉s❡✇❛♥❣✱ ❛té ❛

❡♥tr❛❞❛ ❞♦ ❛♠❜✉❧❛tór✐♦✱ ♦♥❞❡ s❡ ❡♥❝♦♥tr❛ ✉♠❛ rót✉❧❛✱ s❡♥❞♦ t❛♠❜é♠ ❝♦♥s✐❞❡r❛❞♦ ♦ ❝♦♠♣r✐✲

♠❡♥t♦ q✉❡ ❞á ❛❝❡ss♦ às ❡♠❡r❣ê♥❝✐❛s ❡ à ❡♥tr❛❞❛ ♣r✐♥❝✐♣❛❧ ❞❡ ♣❡❞❡str❡s ❞♦ ❤♦s♣✐t❛❧✱ ❧♦❝❛❧✐③❛❞❛

❛♣ós ❛s ❝❛♥❝❡❧❛s✳ ❖ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♣❛✈✐♠❡♥t♦ ❛ s❡r ❡st✉❞❛❞♦ t♦t❛❧✐③❛ ✸✺✷✱✷✹ ♠ ❧✐♥❡❛r❡s✳

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

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

❞❡ ❝♦♥❝r❡t♦✱ ❡ ❢♦r♠❛çã♦ ❞❡ ♣♦ç❛s ❞✉r❛♥t❡ ♣❡rí♦❞♦s ❞❡ ❝❤✉✈❛✳ ❋♦r❛♠ t❛♠❜é♠ ❝♦♥s✐❞❡r❛❞❛s ♥❛

❞❡❧✐♠✐t❛çã♦ ❛s ár❡❛s ❝♦♠ ♠❛✐♦r ✢✉①♦ ❞❡ ✈❡í❝✉❧♦s ❞❡ ♣❛ss❡✐♦✱ ❝❛♠✐♥❤õ❡s ❞❡ ❡♥tr❡❣❛ ❞❡ ✐♥s✉♠♦s✱

❛♠❜✉❧â♥❝✐❛s ❡ ♣❡❞❡str❡s✳

❆ ✜❣✉r❛ ✷✺ ❛♣r❡s❡♥t❛ ❛ r❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❞❡st❛ ár❡❛✳

❋✐❣✉r❛ ✷✺✿ ❉❡❧✐♠✐t❛çã♦ ❞❛ ár❡❛ ❞❡ ❡st✉❞♦

✹✺





◆♦ ❡♥t❛♥t♦ ❡♥t❡♥❞❡✲s❡ q✉❡ ❛ ♣❛✈✐♠❡♥t❛çã♦ ❞❡ ❜❧♦❝♦s ❞❡ ❝♦♥❝r❡t♦ ✐♥t❡rtr❛✈❛❞♦s é ♠✉✐t♦

✉t✐❧✐③❛❞♦ ár❡❛s ❞❡ ♣❛ss❡✐♦s ❡ ✈✐❛s ❝♦♠ ❜❛✐①♦ ✈♦❧✉♠❡ ❞❡ trá❢❡❣♦ ❡✱ ♣♦rt❛♥t♦✱ ❛♥t❡s ❞❡ ❞❡❝✐❞✐r

♣♦r ✉t✐❧✐③❛r ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ♣❛✈✐♠❡♥t♦s ✢❡①í✈❡✐s✱ ♣r♦❝✉r♦✉✲s❡ ♣♦r

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

♣❛✈✐♠❡♥t♦✳

◆♦ ✐♥✐❝✐♦ ❞❛s ♣❡sq✉✐s❛s ♣♦r ♠❡t♦❞♦❧♦❣✐❛s ❡s♣❡❝í✜❝❛s✱ ❡♥❝♦♥tr♦✉✲s❡ ♦ ♠ét♦❞♦ ❞❡ ❞✐♠❡♥s✐✲

♦♥❛♠❡♥t♦ ❞❡ ❜❧♦❝♦s ✐♥t❡rtr❛✈❛❞♦s ❞❡ ❝♦♥❝r❡t♦ ❛♣r❡s❡♥t❛❞♦ ♣❡❧❛ ♣r❡❢❡✐t✉r❛ ❞❛ ❝✐❞❛❞❡ ❞❡ ❙ã♦

P❛✉❧♦ ❞❡ ✷✵✵✹✳ ❆♣ós ❛ ❧❡✐t✉r❛ ❞♦ ♣r✐♥❝✐♣❛❧ ❞♦❝✉♠❡♥t♦✱ ♦ ■P ✲ ✵✻✴✷✵✵✹ ✭❈✐❞❛❞❡ ❞❡ ❙ã♦ P❛✉❧♦✱

✷✵✶✶✮✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ♣❛rt❡ ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ❛♣r❡s❡♥t❛❞❛ ❡r❛ ✉♠❛ ❛❞❛♣t❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡

❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡①✐st❡♥t❡ ♥♦ ❡st✉❞♦ té❝♥✐❝♦ ✷✼ ❞❛ ❆❇❈P ❞❡ ✶✾✾✽✳

❇✉s❝♦✉✲s❡ ❡♥tã♦ ♣❡❧♦ ❞♦❝✉♠❡♥t♦ ❞❛ ❆❇❈P ♣❛r❛ ✈❡r✐✜❝❛r ❛ s✉❛ ♠❡t♦❞♦❧♦❣✐❛ ♣♦r ✐♥t❡✐r♦✳

❉✉r❛♥t❡ ❛ ❧❡✐t✉r❛✱ ♣❡r❝❡❜❡✉✲s❡ q✉❡ ❛s ✐♥❢♦r♠❛çõ❡s ♣r❡s❡♥t❡s ♥♦s ❞♦❝✉♠❡♥t♦s ❞❛ ♣r❡❢❡✐t✉r❛

❞❡ ❙ã♦ ♣❛✉❧♦ ❡st❛✈❛♠✱ ♥❛ r❡❛❧✐❞❛❞❡✱ ♠✉✐t♦ r❡s✉♠✐❞❛s✳ ❆❧é♠ ❞✐ss♦✱ ❞✉r❛♥t❡ ❛ ♣r♦❝✉r❛ ♣❡❧♦

❡st✉❞♦ té❝♥✐❝♦ ✷✼ ✭❆❇❈P✱ ✶✾✾✽✮✱ ❡♥❝♦♥tr♦✉✲s❡ ✉♠ t❡r❝❡✐r♦ ❞♦❝✉♠❡♥t♦✱ ♦ ❜♦❧❡t✐♠ té❝♥✐❝♦ ✶✸✺

✭❆❇❈P✱ ✶✾✾✾✮ q✉❡ t❛♠❜é♠ ❛♣r❡s❡♥t❛ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦✳

❉❡ss❛ ❢♦r♠❛✱ ❢♦r❛♠ ❡♥❝♦♥tr❛❞♦s ❛♦ t♦❞♦ ✸ ❞♦❝✉♠❡♥t♦s q✉❡ ❛♣r❡s❡♥t❛✈❛♠ ♠❡t♦❞♦❧♦❣✐❛s

❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ♣❛r❛ ♣❛✈✐♠❡♥t♦s ✐♥t❡rtr❛✈❛❞♦s✱ ✉♠ ❞❛ Pr❡❢❡✐t✉r❛ ❞❡ ❙ã♦ ♣❛✉❧♦✱ ♦ ■P✲

✵✻✴✷✵✵✹✱ ❡ ♦✉tr♦s ❞♦✐s ❞❛ ❆❇❈P✿ ❖ ❡st✉❞♦ té❝♥✐❝♦ ✷✼ ✭❆❇❈P✱ ✶✾✾✽✮ ❡ ♦ ❜♦❧❡t✐♠ té❝♥✐❝♦ ✶✸✺

✭❆❇❈P✱ ✶✾✾✾✮✳

❉♦s ✸ ❞♦❝✉♠❡♥t♦s ❡①✐st❡♥t❡s✱ ❡s❝♦❧❤❡✉✲s❡ ❝♦♠♦ ♣❛❞rã♦ ♣❛r❛ s❡❣✉✐r ❛s ✐♥str✉çõ❡s ❞❡ ❞✐✲

♠❡♥s✐♦♥❛♠❡♥t♦ ♦ ❡st✉❞♦ té❝♥✐❝♦ ✷✼✳ P♦✐s ❡❧❡ ❛♣r❡s❡♥t❛ ❞❡ ✉♠❛ ❢♦r♠❛ ❧✐♥❡❛r ❡ ❝♦♥t✐♥✉❛ t♦❞♦s

♦s ♣❛ss♦s ❛ s❡r❡♠ s❡❣✉✐❞♦s✳

❆♣❡s❛r ❞❡ ❡s❝♦❧❤❡r ♦ ❡st✉❞♦ té❝♥✐❝♦ ✷✼✱ ♥ã♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ❛❞❡q✉❛❞♦ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡

✉♠❛ ❝❛♠❛❞❛ ❞❡ ❜❛s❡ ❛♣❡♥❛s ❡♠ ❢✉♥çã♦ ❞❛ ❞❡♠❛♥❞❛ ❞❡ trá❢❡❣♦ ❛ q✉❛❧ ♦ ♣❛✈✐♠❡♥t♦ ❡st❛rá

s✉❥❡✐t♦✱ ✉♠❛ ✈❡③ q✉❡ ✈❡í❝✉❧♦s ❝♦♠ ❡✐①♦s ♠✉✐t♦ ♠❛✐s ♣❡s❛❞♦s q✉❡ ♦ ❡✐①♦ ♣❛❞rã♦ ❞❡ ✽✱✷ t❢ ♣♦❞❡♠

tr❛❢❡❣❛r ♥❛s ✈✐❛s ❡ s♦❜r❡❝❛rr❡❣❛r s✉❛ ❡str✉t✉r❛✳ ❖✉ s❡❥❛✱ ❛♦ ❛❝❡✐t❛r ✉t✐❧✐③❛r ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦

❞❡ ✉♠❛ ❝❛♠❛❞❛ ❞❡ ❜❛s❡ ❛♣❡♥❛s ❡♠ ❢✉♥çã♦ ❞❛ ❞❡♠❛♥❞❛ ❞❡ trá❢❡❣♦ ❛❜r✐r✐❛ ❡s♣❛ç♦ ♣❛r❛ ✉♠

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

♠❛✐♦r✱ ✉♠❛ ✈❡③ q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ trá❢❡❣♦ ❞♦s ✈❡í❝✉❧♦s é r❡❞✉③✐❞❛✳ ❆❧é♠ ❞❡ t♦❞❛s ❡ss❛s

✹✼



❝♦♥s✐❞❡r❛çõ❡s✱ ♣r❡t❡♥❞❡✲s❡ t❛♠❜é♠ ✉t✐❧✐③❛r ✉♠❛ ❜❛s❡ ❣r❛♥✉❧❛r✱ ♣♦rt❛♥t♦✱ ♣❛r❛ ❛ ❡♥❝♦♥tr❛r ❛

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

❞❛ ✭❆❇❈P✱ ✶✾✾✾✮✳

P♦rt❛♥t♦✱ ❢♦✐ ❞❡t❡r♠✐♥❛❞♦ s❡❣✉✐r ❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞♦ ♣r❡s❡♥t❡ ♥♦ ❡st✉❞♦

té❝♥✐❝♦ ✷✼ ✭❆❇❈P✴✶✾✾✽✮✳ ❆♣❡s❛r ❞✐ss♦✱ ❛♦ ✐♥✈és ❞❡ s❡ ✉s❛r ♦ t❡r❝❡✐r♦ ❣rá✜❝♦ ❞❡st❡ ❞♦❝✉♠❡♥t♦

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

❞❡ ❝❛♠❛❞❛s ❞❡ ❜❛s❡ s❡❞✐♠❡♥t❛r❡s ❞♦ ❜♦❧❡t✐♠ té❝♥✐❝♦ ✶✸✺ ✭❆❇❈P✴✶✾✾✾✮

◗✉❛♥t♦ à ❝❛♠❛❞❛ ❞❡ ❛ss❡♥t❛♠❡♥t♦✱ ❞❡❝✐❞✐✉✲s❡ ♣♦r s❡❣✉✐r t❛♠❜é♠ ❛ r❡❝♦♠❡♥❞❛çã♦ ❞♦

✭❆❇❈P✱ ✶✾✾✾✮✱ ❝♦♠ ♦ ✉s♦ ❞❡ ❛r❡✐❛ ❣r♦ss❛ ♣❛r❛ ❛ ❝❛♠❛❞❛ ❡ ❡s♣❡ss✉r❛ ❞❡ ✹ ❝♠✳

P♦r ✜♠✱ ❢♦✐ ❞❡✜♥✐❞♦ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❜❧♦❝♦s ❝♦♠ ❡s♣❡ss✉r❛ ❞❡ ✽ ❝♠✳ ❚❛♥t♦ ♦ ✭❆❇❈P✱ ✶✾✾✽✮

q✉❛♥t♦ ♦ ✭❆❇❈P✱ ✶✾✾✾✮ ❛✜r♠❛♠ q✉❡ ❜❧♦❝♦s ❞❡ ❡s♣❡ss✉r❛ ❞❡ ✻ ❝♠ ❞❡✈❡♠ s❡r ✉s❛❞♦s q✉❛♥❞♦

❤á ❛♣❡♥❛s ♣❛ss❛❣❡♥s ❞❡ ♣❡❞❡str❡s✱ ❡ ✽ ❝♠ ♣❛r❛ q✉❛♥❞♦ ❤á ♣❛ss❛❣❡♠ ❞❡ ✈❡í❝✉❧♦s✳ ❇❧♦❝♦s ❞❡

✶✵ ❝♠ ❞❡✈❡♠ s❡r ✉t✐❧✐③❛❞♦s ❛♣❡♥❛s ❡♠ ♣❛✈✐♠❡♥t♦s ❡s♣❡❝✐❛✐s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ❡♠ ár❡❛s ❞❡

♣♦rt♦s ♦✉ ✐♥❞✉str✐❛s✳

✸✳✸ ❊st✉❞♦ ❞❡ trá❢❡❣♦ ❧♦❝❛❧

❆ ♣❛rt✐r ❞❡ss❛s ✐♥❢♦r♠❛çõ❡s ❜✉s❝♦✉✲s❡ ♥♦s ♠❛t❡r✐❛✐s ❞❛ ❆❇❈P ♣♦r ✐♥str✉çõ❡s ❛ r❡s♣❡✐t♦ ❞♦

❡st✉❞♦ ❞❡ trá❢❡❣♦ ❡ ♦s ❢❛t♦r❡s ❞❡ ❡✐①♦ ✉t✐❧✐③❛❞♦s ♥❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡s❡♥✈♦❧✈✐❞❛ ♥♦ ✭❆❇❈P✱ ✶✾✾✽✮

❡ ♥♦ ✭❆❇❈P✱ ✶✾✾✾✮ ♣❛r❛ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ♣❛✈✐♠❡♥t♦s ✐♥t❡rtr❛✈❛❞♦s✳ ◆♦ ❡♥t❛♥t♦✱ ♥♦t♦✉✲

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

❛ ❛♣r❡s❡♥t❛r ✐♥❢♦r♠❛çõ❡s s✉✜❝✐❡♥t❡s ♣❛r❛ ❡s❝❧❛r❡❝❡r ♦ ♣r♦❝❡ss♦ ❞❡ ❝á❧❝✉❧♦ ❞♦ ♣ró♣r✐♦ ♥ú♠❡r♦

✏◆✑ ♥❡❝❡ssár✐♦ ♣❛r❛ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦✳ P♦rt❛♥t♦ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ❛♣❡♥❛s ❛s ✐♥❢♦r♠❛çõ❡s

♣r❡s❡♥t❡s ♥♦ ♠❛♥✉❛❧ ❞❡ ♣❛✈✐♠❡♥t❛çã♦ ❞♦ ❉◆■❚✴■P❘✲✼✶✾✱ ❝♦♠ ♦ ❛✉①í❧✐♦ ❞♦ ♠❛♥✉❛❧ ❞❡ trá❢❡❣♦

❞♦ ❉◆■❚✴■P❘✲✼✷✸ ♣❛r❛ ♦ ❡st✉❞♦ ❞♦ trá❢❡❣♦✳

◆❡ss❛ s❡çã♦ s❡rã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥s✐❞❡r❛çõ❡s ❡ ❞❡❝✐sõ❡s t♦♠❛❞❛s ♣❛r❛ ❡♥❝♦♥tr❛r ♥ú♠❡r♦

✏◆✑ r❡❢❡r❡♥t❡ ❛♦ ❛❝✉♠✉❧❛❞♦ ❞❡ ♣❛ss❛❣❡♥s ❞♦ ❡✐①♦ ♣❛❞rã♦ ❞❡ ✽✱✷ t❢ ❛♦ ❧♦♥❣♦ ❞❛ ✈✐❞❛ út✐❧ ❞❡

♣r♦❥❡t♦ ❞❡ ✷✵ ❛♥♦s✳

✹✽



✸✳✸✳✶ ❈♦♥s✐❞❡r❛çõ❡s ❣❡r❛✐s ❛ r❡s♣❡✐t♦ ❞♦ trá❢❡❣♦ ❞❛ ár❡❛ ❞❡ ❡st✉❞♦

P❛r❛ ❛❧✐♥❤❛r ♦ ❡st✉❞♦ ❞❡ trá❢❡❣♦ às ❧✐♠✐t❛çõ❡s ❞❛ ár❡❛ ❞❡ ❛❝❡ss♦ ♣r✐♥❝✐♣❛❧ ❞♦ ❤♦s♣✐t❛❧ ❢♦r❛♠

❢❡✐t❛s ❛s s❡❣✉✐♥t❡s ❝♦♥s✐❞❡r❛çõ❡s✿

✶✮ P♦r s❡r ✉♠❛ ✈✐❛ ❧♦❝❛❧ ❡ r❡str✐♥❣✐❞❛ ❛ ár❡❛ ❞♦ ❤♦s♣✐t❛❧✱ ❛ ❡s❝♦❧❤❛ ❞♦ s❡♥t✐❞♦ ❞❡ ❝♦♥t❛❣❡♠ ♥ã♦

é s✐❣♥✐✜❝❛t✐✈❛✱ ♣♦✐s t♦❞♦s ♦s ✈❡í❝✉❧♦s q✉❡ ❡♥tr❛♠ ❞❡✈❡♠ r❡t♦r♥❛r ♣❡❧❛ ♠❡s♠❛ ✈✐❛✱ ♥♦ s❡♥t✐❞♦

♦♣♦st♦✳ P♦rt❛♥t♦ ❢♦✐ ❡s❝♦❧❤✐❞❛ ❛ ❞❛ ❞✐r❡✐t❛✱ ❛ q✉❛❧ ❡stá ♠❛✐s ♣ró①✐♠❛ à ❝â♠❡r❛ ❞❡ ✈✐❣✐❧â♥❝✐❛ ❡

❤á ♠❛✐♦r ❢❛❝✐❧✐❞❛❞❡ ❞❡ s❡ ✈❡r✐✜❝❛r ♦s t✐♣♦s ❞❡ ✈❡í❝✉❧♦s ❡ s❡✉s ❡✐①♦s✳

✷✮ ◆ã♦ ❢♦✐ r❡❛❧✐③❛❞❛ ♣❡s❛❣❡♠ ❞♦s ✈❡í❝✉❧♦s✱ ♣♦rt❛♥t♦ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❝♦♠♦ r❡❢❡rê♥❝✐❛ ♣❛r❛ ♦s

♣❡s♦s ❞♦s ❡✐①♦s ♦s ✈❛❧♦r❡s ♣r❡s❡♥t❡s ♥♦ ♠❛♥✉❛❧ ❞❡ trá❢❡❣♦ ✭❉◆■❚✴■P❘✲✼✷✸✱ ✷✵✵✻✮✳

✸✮ P❛r❛ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s t✐♣♦s ❞❡ ✈❡í❝✉❧♦s✱ ♣r✐♠❡✐r♦ ❢♦✐ ❢❡✐t❛ ✉♠❛ ♣❡sq✉✐s❛ s♦❜r❡s ♦s ♣❛❞rõ❡s

❞❡ ✈❡í❝✉❧♦s q✉❡ ❛❝❡ss❛✈❛♠ ❛♦ ❧♦❝❛❧ r❡❣✉❧❛r♠❡♥t❡✳ ❆ ♣❛rt✐r ❞❡ss❛ ♣❡sq✉✐s❛ ❢♦✐ ♣♦ssí✈❡❧ ❝♦♥st❛t❛r

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

❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦ ♣♦rt❡ ♣❛r❛ ❛t❡♥❞❡r ❛ ❝♦③✐♥❤❛ ❡ ✐♥s✉♠♦s ❞♦s ♣r♦❝❡❞✐♠❡♥t♦s ♠é❞✐❝♦s✳

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

❛❝❡ss♦ ❛ ✼ ❞✐❛s ❞❡ ✜❧♠❛❣❡♥s ❝♦rr✐❞♦s ❞❡ ✉♠❛ ❝â♠❡r❛ ❞❡ ✈✐❣✐❧â♥❝✐❛ ♣♦s✐❝✐♦♥❛❞❛ ♥❛ ❡♥tr❛❞❛ ❞❛

❡♠❡r❣ê♥❝✐❛ ❞♦ ❤♦s♣✐t❛❧✱ ❝♦♥tr♦❧❛❞❛ ♣❡❧❛ ❙❡❝r❡t❛r✐❛ ❞❡ ❙❡❣✉r❛♥ç❛ ■♥st✐t✉❝✐♦♥❛❧ ❞❛ ❯❋❙❈✳

✹✮ ❋♦✐ r❡❧❛t❛❞♦ t❛♠❜é♠ q✉❡ ❛❧❣✉♠❛s ❞❛s ❡♥tr❡❣❛s ❞❡ ✐♥s✉♠♦s ❛❧✐♠❡♥tí❝✐♦s ❡✈❡♥t✉❛❧♠❡♥t❡ ❡r❛♠

❢❡✐t❛s ♣♦r ❝❛♠✐♥❤♦♥❡t❡s ❡ ✈❛♥s✳ ■ss♦ ♣♦❞❡r✐❛ ✐♥✢✉❡♥❝✐❛r ✉♠ ♣♦✉❝♦ ♥❛ ❝♦♥t❛❣❡♠ ❞❡ ❝❛♠✐♥❤õ❡s

❛♦ ❧♦♥❣♦ ❞♦s ✷✵ ❛♥♦s✳ ◆♦ ❡♥t❛♥t♦✱ ❛♦ ❡♥tr❛r ❡♠ ❝♦♥t❛t♦ ❝♦♠ ❛s ❡♠♣r❡s❛s ❢♦r♥❡❝❡❞♦r❛s✱ ❢♦✐

✐♥❢♦r♠❛❞♦ q✉❡ ❡ss❛s ❡♥tr❡❣❛s ❝♦♠ ✈❡í❝✉❧♦s ♠❡♥♦r❡s ♥ã♦ s✉❜st✐t✉í❛♠ ♦ ❢♦r♥❡❝✐♠❡♥t♦ ♣❛❞rã♦

❝♦♠ ❝❛♠✐♥❤õ❡s✳

❈♦♠ ❜❛s❡ ♥❛s ✐♥❢♦r♠❛çõ❡s r❡❝❡❜✐❞❛s ❞❡ ❡♥tr❡❣❛s ❞❡ ✐♥s✉♠♦s ♣♦r ❢♦r♥❡❝❡❞♦r❡s ❡ ❞❛s ✐♠❛❣❡♥s

❞❛ ❝â♠❡r❛ ❞❡ ✈✐❣✐❧â♥❝✐❛✱ ❢♦✐ ✈❡r✐✜❝❛❞♦ ❛ ♣❛ss❛❣❡♠ ❞♦s ✈❡í❝✉❧♦s✿

• ❈❛♠✐♥❤õ❡s ❝♦♠ ❡✐①♦ ❞✐❛♥t❡✐r♦ s✐♠♣❧❡s ❡ tr❛s❡✐r♦ ❝♦♠ r♦❞❛❣❡♠ ❞✉♣❧❛✳ ❉❡✜♥✐❞♦s s❡❣✉♥❞♦

✭❉◆■❚✴■P❘✲✼✷✸✱ ✷✵✵✻✮ ❝♦♠♦ ✈❡í❝✉❧♦s ❞♦ t✐♣♦ ✏✷❈✑✳ ◆♦ ❡st✉❞♦ ❣❡♦♠étr✐❝♦ ❡ss❡ t✐♣♦ ❞❡

✈❡í❝✉❧♦ é ✐❞❡♥t✐✜❝❛❞♦ ❝♦♠♦ ✏❈❖✑

✹✾



• ❈❛♠✐♥❤õ❡s ❝♦♠ ❡✐①♦ ❞✐❛♥t❡✐r♦ s✐♠♣❧❡s ❡ tr❛s❡✐r♦ ❡♠ t❛♥❞❡♠ ❞✉♣❧♦✳ ❉❡✜♥✐❞♦s s❡❣✉♥❞♦

✭❉◆■❚✴■P❘✲✼✷✸✱ ✷✵✵✻✮ ❝♦♠♦ ✈❡í❝✉❧♦s ❞♦ t✐♣♦ ✏✸❈✑✳ ◆♦ ❡st✉❞♦ ❣❡♦♠étr✐❝♦ ❡ss❡ t✐♣♦ ❞❡

✈❡í❝✉❧♦ é ✐❞❡♥t✐✜❝❛❞♦ ❝♦♠♦ ✏❖✑

❋♦✐ t❛♠❜é♠ ✈❡r✐✜❝❛❞♦ ♠❛✐♦r ✢✉①♦ ❞❡ ❝❛rr♦s ❡ ♠♦t♦s ♣❛r❛ ❛❧é♠ ❞❛ ❝❛♥❝❡❧❛ ❞❡ ❛❝❡ss♦ ❛

❡♥tr❛❞❛ ♣r✐♥❝✐♣❛❧✱ ár❡❛ ❞❡st✐♥❛❞❛ ❛♦ ❡st❛❝✐♦♥❛♠❡♥t♦ ❞❡ ♣r♦✜ss✐♦♥❛✐s ❞❛ s❛ú❞❡ ❡ ❢✉♥❝✐♦♥ár✐♦s

❞♦ ❤♦s♣✐t❛❧✳ ❊♥tr❡t❛♥t♦✱ ❡ss❡s ✈❡í❝✉❧♦s✱ ♣♦r ♥ã♦ ❝❛✉s❛r❡♠ ✐♠♣❛❝t♦ s✐❣♥✐✜❝❛t✐✈♦ ❛♦ ♣❛✈✐♠❡♥t♦

❞✉r❛♥t❡ ❛ s✉❛ ✈✐❞❛ út✐❧✱ ❢♦r❛♠ ❞❡s❝♦♥s✐❞❡r❛❞♦s ❞❡ t♦❞♦ ✈♦❧✉♠❡ ❞❡ trá❢❡❣♦ ❝❛❧❝✉❧❛❞♦✳

✸✳✸✳✷ P❡rí♦❞♦ ❞❡ ✈✐❞❛ út✐❧ ❞❡ Pr♦❥❡t♦ ✭P✮

❆ ♣❡❞✐❞♦ ❞♦ ❤♦s♣✐t❛❧ ✉♥✐✈❡rs✐tár✐♦✱ ❢♦✐ ♦r✐❡♥t❛❞♦ q✉❡ ❛ ✈✐❞❛ út✐❧ ❞♦ ♣❛✈✐♠❡♥t♦ ❛ s❡r r❡❞✐♠❡♥s✐✲

♦♥❛❞♦ ❞❡✈❡r✐❛ ❛t❡♥❞❡r ❛ ♠❛✐♦r ✈✐❞❛ út✐❧ ♣❛r❛ ♦ trá❢❡❣♦ ♣♦ssí✈❡❧ ❛❧é♠ ❞♦ ♣❛❞rã♦✳ ❱❡r✐✜❝♦✉✲s❡

q✉❡ ♥❛ ♣rát✐❝❛ s❡r✐❛ ♣♦ssí✈❡❧ ❡st❡♥❞❡r ♦ ❛ ✈✐❞❛ út✐❧ ❞♦ ♣❛✈✐♠❡♥t♦ ❞❡ ✶✵ ❛♥♦s ♣❛r❛ ✷✵✳ ❙❡rá

♥❡❝❡ssár✐♦ ❡♥tã♦ ❝♦♥s✐❞❡r❛r ❛ ❝♦♥t❛❣❡♠ ❞❡ ✈❡í❝✉❧♦s ♥♦s ❛♥♦s ❛❞✐❝✐♦♥❛✐s ❡ s❡ t♦♠❛r ♦s ❝✉✐❞❛❞♦s

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

▲❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛s ♠✉❞❛♥ç❛s✱ ❛ ❝♦♥t❛❣❡♠ ❞♦s ✈❡í❝✉❧♦s ❝♦♠ ✐♥✐❝✐♦ ♥♦ ❛♥♦ ❞❡

✷✵✷✵ ❢♦✐ ♣r♦❧♦♥❣❛❞❛ ♣❛r❛ ❛té ♦ ❛♥♦ ❞❡ ✷✵✹✵✳

✸✳✸✳✸ ❚❛①❛ ❞❡ ❝r❡s❝✐♠❡♥t♦ ♠é❞✐❛ ❛♥✉❛❧ ✭t✮

❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❉◆■❚✴■P❘✲✼✶✾✱ ✷✵✵✻✮ ♥❛ ❡q✉❛çã♦ ❞❡ ❝á❧❝✉❧♦ ❞♦ ✈♦❧✉♠❡ ❞❡ ✈❡í❝✉❧♦s ✏❱t✑ é

❡st✐♣✉❧❛❞❛ ❛ ✈❛r✐á✈❡❧ ✏t✑ r❡❢❡r❡♥t❡ ❛ t❛①❛ ❞❡ ❝r❡s❝✐♠❡♥t♦ ♠é❞✐♦ ❛♥✉❛❧ ❞♦ trá❢❡❣♦ ❛♦ ❧♦♥❣♦ ❞♦s

✏P✑ ❛♥♦s ❞♦ ❡st✉❞♦✳ ➱ ❝♦♥s✐❞❡r❛❞♦ ❛✐♥❞❛ ✉♠ ✈❛❧♦r ✜①♦ ♣❛r❛ ❡ss❛ t❛①❛✱ ❞❡ ❢♦r♠❛ ❛ ❝r✐❛r ❛♦

❧♦♥❣♦s ❞♦s ❛♥♦s ✉♠❛ ♣r♦❣r❡ssã♦ ❛r✐t♠ét✐❝❛ ❝r❡s❝❡♥t❡ ♣❛r❛ ♦s ✈❛❧♦r❡s ❞❡ ❞❡♠❛♥❞❛ ❞❡ trá❢❡❣♦

❛♥✉❛✐s✳

◆❛ ♣rát✐❝❛ s❛❜❡✲s❡ q✉❡ ♦ ❝r❡s❝✐♠❡♥t♦ ❞♦ trá❢❡❣♦ ♥ã♦ é r❡❛❧♠❡♥t❡ ✜①♦ ❛♦ ❧♦♥❣♦s ❞♦s ❛♥♦s✳

❖ ❝r❡s❝✐♠❡♥t♦ ❡❝♦♥ô♠✐❝♦ ❞❛s r❡❣✐õ❡s tr❛③ ❝♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛ ♦ ❛✉♠❡♥t♦ ❞❛s ❞❡♠❛♥❞❛s ❞❡

trá❢❡❣♦ r❡❣✐♦♥❛❧✳ ❙❡❣✉✐♥❞♦ ❡ss❛ ❧ó❣✐❝❛ q✉❛♥❞♦ ♦❝♦rr❡♠ r❡❞✉çõ❡s ❡❝♦♥ô♠✐❝❛s ❤á t❛♠❜é♠ ✉♠❛

r❡❞✉çã♦ ♥❛ ❞❡♠❛♥❞❛ ❞❡ trá❢❡❣♦ ❛♥✉❛❧✳

❙❡❣✉✐♥❞♦ ❛ ❧ó❣✐❝❛ ❞❡ s❡ ✉t✐❧✐③❛r ❝♦♠♦ r❡❢❡rê♥❝✐❛ ❛ t❛①❛ ❞❡ ❝r❡s❝✐♠❡♥t♦ ♠é❞✐❛ ❛♥✉❛❧ ❞♦

P❛ís✱ ♣r♦❝✉r♦✉✲s❡ ♣♦r ❡st✉❞♦s q✉❡ ❛♣r❡s❡♥t❛ss❡♠ ❡①♣❡❝t❛t✐✈❛s ❞❡ ❝r❡s❝✐♠❡♥t♦ ❛♥✉❛❧ ❞♦ ❇r❛s✐❧

✺✵



♣❛r❛ ♦ ♣ró①✐♠♦s ❛♥♦s ♣❛r❛ s❡ ✈❡r✐✜❝❛r s❡ ♦ ♣❛❞rã♦ ❞❡ ✸✪ ♣❡r♠❛♥❡❝❡ ♣ró①✐♠♦ ❛ r❡❛❧✐❞❛❞❡ ❡♠

✷✵✷✵✳

❊♥❝♦♥tr♦✉✲s❡ ✷ ❞♦❝✉♠❡♥t♦s ❛♣r❡s❡♥t❛❞♦s ♣❡❧♦ ❞♦ ■♥st✐t✉t♦ ❞❡ P❡sq✉✐s❛ ❊❝♦♥ô♠✐❝❛ ❆♣❧✐✲

❝❛❞❛ ✭■P❊❆✮ ❛ r❡s♣❡✐t♦ ❞♦ ❛ss✉♥t♦✱ ✉♠ ♣ré✲♣❛♥❞❡♠✐❛ ❞❡ ❝♦r♦♥❛✈ír✉s✱ ❡ ♦✉tr♦ ❛♣ós✿

❖ ♣r✐♠❡✐r♦ ❞♦❝✉♠❡♥t♦✱ ✉t✐❧✐③❛❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ❢♦✐ ❛ ❈❛rt❛ ❈♦♥❥✉♥t✉r❛ ♥ú♠❡r♦ ✹✶✱ ❞♦

❛♥♦ ❞❡ ✷✵✶✽✳ ◆❡❧❛ é ❛♣r❡s❡♥t❛❞♦ ♣❡❧♦ ✐♥st✐t✉t♦ ✉♠ ❡st✉❞♦ ❝♦♠ ✸ ♣♦ssí✈❡✐s ❝❡♥ár✐♦s ❡❝♦♥ô♠✐❝♦s

♣❛r❛ ♦ ❇r❛s✐❧ ♣❛r❛ ♦s ❛♥♦s ❞❡ ✷✵✷✵ à ✷✵✸✶✳

❖ s❡❣✉♥❞♦ ❞♦❝✉♠❡♥t♦ ✉t✐❧✐③❛❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ❢♦✐ ❛ ❝❛rt❛ ❞❡ ❝♦♥❥✉♥t✉r❛ ♥ú♠❡r♦ ✹✽✱ ❞❡

❥✉❧❤♦ ❞❡ ✷✵✷✵✳ ❊st❡ ❛♣r❡s❡♥t❛ q✉❛✐s ❢♦r❛♠ ♦s ✐♠♣❛❝t♦s ❡❝♦♥ô♠✐❝♦s q✉❡ ❥á ❢♦r❛♠ ♦❜s❡r✈❛❞♦s ♣♦r

❝♦♥t❛ ❞♦ s✉r❣✐♠❡♥t♦ ❞♦ ❝♦r♦♥❛✈ír✉s ❡ t❛♠❜é♠ tr❛③ ❡①♣❡❝t❛t✐✈❛s ♣❛r❛ ♦ ❝r❡s❝✐♠❡♥t♦ ❡❝♦♥ô♠✐❝♦

♣❛r❛ ❛té ✷✵✷✹✱ ❛♣r❡s❡♥t❛♥❞♦ ♦s r❡s✉❧t❛❞♦s ❞❡ ♣r❡✈✐sã♦ ♣ré ❡ ♣ós✲♣❛♥❞ê♠✐❝♦s✳ ❖ ❣rá✜❝♦ ✶✸

r❡t✐r❛❞♦ ❞♦ ✭❇❆❙❚❖❙✱ ✷✵✷✵✮ ❛♣r❡s❡♥t❛♠ ♦s r❡s✉❧t❛❞♦s✳

❈♦♠♦ ❢♦r❛♠ ✈❡r✐✜❝❛❞❛s t❛①❛s ❞✐❢❡r❡♥t❡s ❞❡ ✸✪ ♣❛r❛ ♦ ❝r❡s❝✐♠❡♥t♦ ❛♥✉❛❧ ♣❛r❛ ♦s ♣ró①✐♠♦s

❛♥♦s✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♦s r❡s✉❧t❛❞♦s ❞❡ t❛①❛s ❡ t❡♥❞ê♥❝✐❛s ❛♣r❡s❡♥t❛❞❛s ♣♦r ✭❈❆❱❆▲❈❆◆❚■

❡t✳ ❛❧✳✱ ✷✵✶✽✮ ❡ ✭❇❆❙❚❖❙✱ ✷✵✷✵✮✳

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

❢♦✐ ❡s❝♦❧❤✐❞♦ ❝♦♠♦ ♠❛✐s ❛❞❡q✉❛❞♦ ♣❛r❛ t❛①❛ ❞❡ ❝r❡s❝✐♠❡♥t♦ ❞♦ trá❢❡❣♦ ❛ t❛①❛ ♠é❞✐❛ ❞❡ ✷✳✷✪

❛♦ ❛♥♦✱ ❝♦♠♦ ❝♦♠♣❛rá✈❡❧ ❝♦♠ ♦ ❝❡♥ár✐♦ ❞❡ r❡❢❡rê♥❝✐❛ ❞❡ ✭❈❆❱❆▲❈❆◆❚■ ❡t✳ ❛❧✳✱ ✷✵✶✽✮✳

✸✳✸✳✹ ❱♦❧✉♠❡ ♠é❞✐♦ ❞✐ár✐♦ ❞♦ ❛♥♦ ❞❡ ❛❜❡rt✉r❛ ✭❱✶✮

❈♦♠ ❜❛s❡ ♥❛ ❝♦♥t❛❣❡♠ ❞♦s t✐♣♦s ✈❡í❝✉❧♦s ❛♦ ❧♦♥❣♦ ❞❡ ✼ ❞✐❛s✱ ❢♦✐ ❡①❡❝✉t❛❞❛ ✉♠❛ ❡①♣❛♥sã♦

♣❛r❛ s❡ ❡♥❝♦♥tr❛r ♦ ✈♦❧✉♠❡ ♠é❞✐♦ ❞❡ trá❢❡❣♦ ❞♦ ♣r✐♠❡✐r♦ ❛♥♦ ✏❱✶✑ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ❡①✐stê♥❝✐❛

❞❡ ✺✷ s❡♠❛♥❛s ❡♠ ✉♠ ❛♥♦ ♥♦r♠❛❧ ❞❡ ✸✻✺ ❞✐❛s✳

❆ t❛❜❡❧❛ ✷ ❛♣r❡s❡♥t❛ ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ❡♥tr❡❣❛s ❞❡ ✐♥s✉♠♦s ♦❢❡r❡❝✐❞❛s ♣❡❧❛ ❛❞♠✐♥✐str❛çã♦

❞♦ ❤♦s♣✐t❛❧✳ ◆❡❧❛ ❥á ❡stã♦ ❞❡✜♥✐❞♦s ❛s ❝❧❛ss❡s ❞♦s ✈❡í❝✉❧♦s ❡ s✉❛s q✉❛♥t✐❞❛❞❡s ❛♦ ❧♦♥❣♦ ❞♦

♣r✐♠❡✐r♦ ❛♥♦✳

❆ ♣❛rt✐r ❞❛ s♦♠❛ ❞♦s r❡s✉❧t❛❞♦s ❞❡ ✈♦❧✉♠❡s ❛♥✉❛✐s ❛♣r❡s❡♥t❛❞♦s ♥❛ t❛❜❡❧❛ ✷ s❡ t♦r♥❛

♣♦ssí✈❡❧ ❝❛❧❝✉❧❛r ♦ ✈❛❧♦r ❞❡ ✏❱✶✑✳

✺✶



❚❛❜❡❧❛ ✷✿ P❛❞rã♦ ❞❡ ❡♥tr❡❣❛s ❞❡ ❢♦r♥❡❝❡❞♦r❡s

■♥s✉♠♦s
◗✉❛♥t✳ ❢♦r✲
♥❡❝❡❞♦r❡s

❋r❡q✳ s❡♠❛♥❛❧
✭❉✐❛s✮

❈❧❛ss❡ ❱♦❧✳ ❛♥✉❛❧

❱❡r❞✉r❛s ✸ ✷ ✷❈ ✸✶✷
❈❛r♥❡s ✹ ✷ ✸❈ ✹✶✻

Pã❡s ❡ ❧❡✐t❡ ✷ ✶✹ ✷❈ ✶✹✺✻
❙❡♠✐✲♣❡r❡❝í✈❡✐s ❡

❞✐❡t❛s
✷✷ ✵✱✺ ✸❈ ✺✼✷

▼❛t❡r✐❛✐s
❞❡s❝❛rtá✈❡✐s

✶✽ ✵✱✺ ✸❈ ✹✻✽

✸✳✸✳✺ ❋❛t♦r❡s ❞❡ ❡✐①♦s ✭❋❊✮

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ✈❡í❝✉❧♦s ❞♦ ♠❛♥✉❛❧ ❞❡ tr❛❢❡❣♦ ✭❉◆■❚✴■P❘✲✼✷✸✱ ✷✵✵✻✮✱

✈❡r✐✜❝❛✲s❡ q✉❡ ♦s ✈❡í❝✉❧♦s ❞♦ t✐♣♦ ✏✷❈✑ sã♦ ❝♦♠♣♦st♦s ♣♦r ❞♦✐s ❡✐①♦s s✐♠♣❧❡s✱ ✉♠ ❝♦♠ r♦❞❛❣❡♠

s✐♠♣❧❡s ❞❡ ♣❡s♦ ✻ t❢ ❡ ♦✉tr♦ ❝♦♠ r♦❞❛❣❡♠ ❞✉♣❧❛ ❞❡ ✶✵ t❢✳

❏á ♦s ✈❡í❝✉❧♦s ❞♦ t✐♣♦ ✏✸❈✑ sã♦ ❝♦♠♣♦st♦s ♣♦r ✉♠ ❡✐①♦ s✐♠♣❧❡s ❞❡ r♦❞❛❣❡♠ s✐♠♣❧❡s t❛♠❜é♠

❞❡ ✻t❢ ❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡✐①♦s ❡♠ t❛♥❞❡♠ ❞✉♣❧♦ ❝♦♠ ♣❡s♦ ❞❡ ✶✼ t❢✳

❈♦♠ ❜❛s❡ ♥♦s ❣rá✜❝♦s ♣r❡s❡♥t❡s ♥♦ ♠❛♥✉❛❧ ❞❡ ♣❛✈✐♠❡♥t❛çã♦ ❞♦ ✭❉◆■❚✴■P❘✲✼✶✾✱ ✷✵✵✻✮✱

❛♣r❡s❡♥t❛❞♦s ♥❛ ✜❣✉r❛ ✶✹✱ ❡♥❝♦♥tr♦✉✲s❡ ♦s ✈❛❧♦r❡s ❞❡ ✵✱✸ ♣❛r❛ ♦s ❢❛t♦r❡s ❞❡ ❡✐①♦ ♣❛r❛ ♦s

❡✐①♦s s✐♠♣❧❡s ❞❡ r♦❞❛❣❡♠ s✐♠♣❧❡s✱ ✸ ♣❛r❛ ❡✐①♦ s✐♠♣❧❡s r♦❞❛❣❡♠ ❞✉♣❧❛ ❡ ❞❡ ✾ ♣❛r❛ ♦s ❡✐①♦s ❡♠

t❛♥❞❡♠ ❞✉♣❧♦✳

❖s ❣rá✜❝♦s tr❛ç❛❞♦s ❡stã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ✜❣✉r❛ ✷✼✳

✸✳✸✳✻ ❋❛t♦r❡s ❞❡ ❝❛r❣❛ ✭❋❈✮

❖s ❢❛t♦r❡s ❞❡ ❝❛r❣❛ ❢♦r❛♠ ❞❡t❡r♠✐♥❛❞♦s ♣❛rt✐r ❞❛ t❛❜❡❧❛ ✷ ❡ ❞❛s ✜❧♠❛❣❡♥s ❞❛ ❝â♠❡r❛ ❞❡

✈✐❣✐❧â♥❝✐❛ ❞❛ ❯❋❙❈✳

✈❡r✐✜❝♦✉✲s❡ q✉❡ ♦ ✈♦❧✉♠❡ t♦t❛❧ ♠é❞✐♦ ❞❡ ✈❡í❝✉❧♦s q✉❡ tr❛❢❡❣❛r❛♠ ♥❛ ár❡❛ ❞❡ ❡st✉❞♦ ❢♦✐

❞❡ ✸✷✷✹ ♥♦ ♣r✐♠❡✐r♦ ❛♥♦ ✭✷✵✷✵✮✳ ❉❡ss❡ trá❢❡❣♦✱ ✺✹✱✽✪ é ❝♦♠♣♦st♦ ♣♦r ✈❡í❝✉❧♦s ❞♦ t✐♣♦

✏✷❈✑ ❡ ✹✺✱✷✪ ♣❡❧♦ t✐♣♦ ✏✸❈✑✳ ❙❡♥❞♦ ❛ss✐♠✱ ♦s ❢❛t♦r❡s ❞❡ ❝❛r❣❛ ❛ s❡r❡♠ ✉t✐❧✐③❛❞♦s ♣❛r❛ ♦

✺✷



❋✐❣✉r❛ ✷✼✿ ❋❛t♦r❡s ❞❡ ❡✐①♦ ❞❡t❡r♠✐♥❛❞♦s ✭❉◆■❚✴■P❘✲✼✶✾✮

r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞♦s ❢❛t♦r❡s ❞❡ ✈❡í❝✉❧♦s ✏❋❱✑ sã♦✿ ✵✱✺✹✽ ♣❛r❛ ❛ ❢r♦t❛ ❞❡ ❝❧❛ss❡ ✏✷❈✑ ❡ ✵✱✹✺✷

♣❛r❛ ❛ ❞❡ ✏✸❈✑✳

✸✳✸✳✼ ❋❛t♦r ❞❡ ❱❡í❝✉❧♦ ✭❋❱✮

P❛r❛ r❡❛❧✐③❛r ♦ ❝á❧❝✉❧♦ ❞♦ ❢❛t♦r ❞❡ ✈❡í❝✉❧♦ ❛ s❡r ✉t✐❧✐③❛❞♦ ♥❛ ❡q✉❛çã♦ ❞❡ ✏◆✑ ❞❡ ♠❛♥❡✐r❛

♠❛✐s ❝❧❛r❛ ❡ ❝♦♠♣r❡❡♥sí✈❡❧✱ ❢♦✐ ♣r✐♠❡✐r♦ ❢❡✐t♦ ♦ ❝á❧❝✉❧♦ ❞♦s ✈❛❧♦r❡s ❞♦s ❢❛t♦r❡s ❞❡ ✈❡í❝✉❧♦s

s❡♣❛r❛❞❛♠❡♥t❡ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❝❧❛ss❡s ❡①✐st❡♥t❡s ♥♦ trá❢❡❣♦✱ ❛ss✐♠ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♣♦r

✭❙❖❆❘❊❙ ❡t✳ ❛❧✳✱ ✷✵✶✺✮✳ ❙❡♥❞♦ ❛ss✐♠✱ s❡rã♦ ❝❛❧❝✉❧❛❞♦s ❞♦✐s ❢❛t♦r❡s ❞❡ ✈❡í❝✉❧♦s✱ ✉♠ ♣❛r❛ ❛

❝❧❛ss❡ ✏✷❈✑ ❡ ♦✉tr♦ ♣❛r❛ ❝❧❛ss❡ ✏✸❈✑✳

❆ s♦♠❛ ❞❡ss❡s ❞♦✐s ❢❛t♦r❡s ❞❡ ✈❡í❝✉❧♦s r❡s✉❧t❛ ♥♦ ❢❛t♦r ❞❡ ✈❡í❝✉❧♦ ✜♥❛❧ q✉❡ ❞❡✈❡ s❡r ♠✉❧t✐✲

♣❧✐❝❛❞♦ ❛♦ ✈♦❧✉♠❡ ❞❡ trá❢❡❣♦ t♦t❛❧ ✏❱t✑ ♣❛r❛ ❛♣r❡s❡♥t❛r ♦ ✈❛❧♦r ❞❛s ✏◆✑ s♦❧✐❝✐t❛çõ❡s✳

✺✸



❋♦✐ ❞❡✜♥✐❞❛ ❛ ❡①❡❝✉çã♦ ❞♦s ❝á❧❝✉❧♦s ❞❡ss❛ ❢♦r♠❛ ♣❛r❛ ❡✈✐t❛r q✉❛✐sq✉❡r ✐♥❝♦♥s✐stê♥❝✐❛ ♦✉

❞✉♣❧✐❝✐❞❛❞❡ ❞❡ ❝♦♥t❛❣❡♠ ❞❡ ❡✐①♦s ♥♦s ✈❛❧♦r❡s ✉s❛❞♦s ❡♠ ❝á❧❝✉❧♦✳

❖ ✭❆❇❈P✱ ✶✾✾✽✮✱ ❛♦ ✐♥✈és ❞❡ ✉t✐❧✐③❛r ♦ ❢❛t♦r❡s ❞❡ ✈❡✐❝✉❧♦✱ ❞❡ ❝❛r❣❛ ❡ ❞❡ ❡✐①♦✱ ❝♦♠♦ ♦

❉◆■❚✱ ✉t✐❧✐③❛ ❛♣❡♥❛s ✉♠ ❢❛t♦r✱ ❝❤❛♠❛❞♦ ❞❡ ❢❛t♦r ❞❡ ❡q✉✐✈❛❧ê♥❝✐❛✳ ❆♥á❧♦❣♦ ❛♦ ❢❛t♦r ❞❡ ❡✐①♦

❞♦ ❉◆■❚ ✏❋❊✑✳

❊ss❡ ❢❛t♦r ❞❡ ❡q✉✐✈❛❧ê♥❝✐❛ ❞♦ ❡st✉❞♦ té❝♥✐❝♦ ✷✼ ✭❆❇❈P✱ ✶✾✾✽✮✱ ❛ss✐♠ ❝♦♠♦ ♦ ❢❛t♦r ❞❡ ❡✐①♦✱

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

❞♦ ♣❡s♦ ❞♦s ❡✐①♦ ❡s❝♦❧❤✐❞♦✳ ❖❜s❡r✈♦✉✲s❡✱ ♥♦ ❡♥t❛♥t♦✱ q✉❡ ❡st❡ ❢❛t♦r ❛♣r❡s❡♥t❛ ✈❛❧♦r❡s ♠✉✐t♦

✐♥❢❡r✐♦r❡s ❛♦s ❡♥❝♦♥tr❛❞♦s ♥♦s ❢❛t♦r❡s ❞❡ ❡✐①♦s ❞♦ t✐♣♦ t❛♥❞❡♠ ❞♦ ❉◆■❚✳ P❛r❛ ✉♠ ❡✐①♦ ❡♠

t❛♥❞❡♠ ❞✉♣❧♦✱ ♣♦r ❡①❡♠♣❧♦✱ ♦ ❢❛t♦r ❞❡ ❡✐①♦ ✈❡r✐✜❝❛❞♦ é ❞❡ ✾✱ ❡♥q✉❛♥t♦ ♦ ❢❛t♦r ❞❡ ❡q✉✐✈❛❧ê♥❝✐❛

é ❞❡ ✶✱✸✱ q✉❛s❡ ✾ ✈❡③❡s ♠❡♥♦r✳

P♦r ❝♦♥t❛ ❞✐ss♦ ❡ ❞❛ ❞❡s❝♦♥s✐❞❡r❛çã♦ ❞♦s ❢❛t♦r❡s ❞❡ ❝❛r❣❛✱ ❢♦✐ ❞❡t❡r♠✐♥❛❞♦ ❛ ♥ã♦ ✉t✐❧✐③❛çã♦

❞♦ ❢❛t♦r ❞❡ ❡q✉✐✈❛❧ê♥❝✐❛ ♣r❡s❡♥t❡ ♥❛ ♠❡t♦❞♦❧♦❣✐❛ ❞♦ ✭❆❇❈P✱ ✶✾✾✽✮✳

✸✳✹ ❊st✉❞♦ ❞❛ ❣❡♦♠❡tr✐❛

P❛r❛ ♦ ❡st✉❞♦ ❣❡♦♠étr✐❝♦ ❞❛ ✈✐❛ ❡ ❞♦s r❡q✉✐s✐t♦s ♠í♥✐♠♦s ♥❡❝❡ssár✐♦s t❛♠❜é♠ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s

♦s ♠❛t❡r✐❛✐s ❞❛ ✭❆❇❈P✱ ✶✾✾✾✮ ❡ ✭❆❇❈P✱ ✶✾✾✽✮✳ P♦ré♠ ❛❧❣✉♠❛s ✐♥❢♦r♠❛çõ❡s ♥❡❝❡ssár✐❛s ♣❛r❛

♦ ❡st✉❞♦ ❣❡♦♠étr✐❝♦ ♥ã♦ ❡st❛✈❛♠ ♣r❡s❡♥t❡s ♥❡st❡s ❞♦❝✉♠❡♥t♦s✱ ♣♦rt❛♥t♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ❝♦♠♦

❛✉①í❧✐♦ ❛s ✐♥str✉çõ❡s ♣r❡s❡♥t❡s ♥♦ ♠❛♥✉❛❧ ❞❡ ♣r♦❥❡t♦ ❣❡♦♠étr✐❝♦ ❞❡ tr❛✈❡ss✐❛s ✉r❜❛♥❛s ❞♦

✭❆❇❈P✱ ✶✾✾✽✮✳

❊♠ ❡s♣❡❝í✜❝♦ ♣❛r❛ ❛ r❡t✐r❛❞❛ ❞❛s ✐♥❢♦r♠❛çõ❡s ❞♦ ✭❉◆■❚✱ ✷✵✶✵✮ ❤♦✉✈❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡

❝❧❛ss✐✜❝❛r ❛ ✈✐❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝❧❛ss✐✜❝❛çã♦ ❢✉♥❝✐♦♥❛❧ ❞❛s ✈✐❛s ✉r❜❛♥❛s ❡①✐st❡♥t❡ ♥♦ ♣ró♣r✐♦

♠❛♥✉❛❧✳

❈♦♠ ❜❛s❡ ♥❛s ❝❧❛ss❡s ❡①✐st❡♥t❡s✱ ❛ ✈✐❛ ❞❡ ❡st✉❞♦ ❡♠ q✉❡stã♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❞♦ t✐♣♦

✈✐❛ ❧♦❝❛❧✱ ❞❡✜♥✐❛ ♣❡❧♦ ✭❉◆■❚✱ ✷✵✶✵✮ ❝♦♠♦✿ ✧❈❧❛ss❡ ❢✉♥❝✐♦♥❛❧ ❞❛s ✈✐❛s ✉r❜❛♥❛s✱ ❝♦♥st✐t✉í❞❛

♣❡❧❛s r✉❛s ❞❡ ❛❝❡ss♦ às ♣r♦♣r✐❡❞❛❞❡s ♣ú❜❧✐❝❛s ❡ ♣r✐✈❛❞❛s✧✳ ❆ ♣❛rt✐r ❞❡ss❛ ❞❡✜♥✐çã♦✱ t♦❞♦s ♦s

r❡q✉✐s✐t♦s ❞♦ ♣r♦❥❡t♦ ❣❡♦♠étr✐❝♦ s❡❣✉✐♥t❡s ♣♦❞❡♠ s❡r ❞❡✜♥✐❞♦s✳

❆ ✜❣✉r❛ ✷✾✱ r❡t✐r❛❞❛ ❞♦ ♠❛♥✉❛❧ ✭❉◆■❚✱ ✷✵✶✵✮ ❛♣r❡s❡♥t❛ ♦ q✉❛❞r♦ ❣❡r❛❧ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s

❣❡♦♠étr✐❝❛s ♣❛r❛ ✈✐❛s ❧♦❝❛✐s✱ ❝♦♠ ❛s ❞✐♠❡♥sõ❡s ❞❡s❡❥á✈❡✐s ❡ ♠í♥✐♠❛s✱ ❝❤❛♠❛❞❛s ❞❡ ❛❜s♦❧✉t❛s✳

✺✹



❋✐❣✉r❛ ✷✽✿ ❋❛t♦r❡s ❞❡ ❡q✉✐✈❛❧ê♥❝✐❛ ✲ á❜❛❝♦ ❊❚✲✷✼

❆♣ós ❞❡❧✐♠✐t❛r ❛ ár❡❛ ❞❡ ❡st✉❞♦ ❡ r❡❝♦♥❤❡❝❡r ❛ ❞❡♠❛♥❞❛ ❞❡ trá❢❡❣♦ ❢♦✐ ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r s❡

❛ ❣❡♦♠❡tr✐❛ ❡①✐st❡♥t❡ ♥❛ ✈✐❛ ❡stá ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡q✉✐s✐t♦s ♠í♥✐♠♦s ❡ ♠á①✐♠♦s ❛♣r❡s❡♥t❛❞♦s

♥♦s ♠❛t❡r✐❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ❞❛ ✭❆❇❈P✱ ✶✾✾✾✮✱ ✭❆❇❈P✱ ✶✾✾✽✮ ❡ ✭❉◆■❚✱ ✷✵✶✵✮✳

✸✳✹✳✶ ●❡♦♠❡tr✐❛ ❡①✐st❡♥t❡

P❛r❛ ❛♥á❧✐s❡ ❞❛s ❞✐♠❡♥sõ❡s ❡①✐st❡♥t❡s ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ♣r♦❥❡t♦ ❛rq✉✐t❡tô♥✐❝♦ ❞✐s♣♦♥✐❜✐❧✐③❛❞♦ ♣❡❧♦

❤♦s♣✐t❛❧ ❡ ♣❛r❛ ❛ ❛✉①✐❧✐♦ ❛ ✈❛❧✐❞❛çã♦ ❞♦s ❞❛❞♦s ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ●♦♦❣❧❡ ❊❛rt❤ P❘❖✳ P❛r❛ ♠❡❧❤♦r

❛♣r❡s❡♥t❛çã♦ ❞❛s ❞✐♠❡♥sõ❡s ❡①✐st❡♥t❡s ❛ ár❡❛ ❞❡ ❡st✉❞♦ ❢♦✐ ❞✐✈✐❞❛ ❡♠ ✸ ♣❛rt❡s✿

❚r❡❝❤♦ ✶✿ ❆ ♣r✐♠❡✐r❛ ♣❛rt❡ r❡❢❡r❡✲s❡ ❛ ❡♥tr❛❞❛ ♣r✐♥❝✐♣❛❧ à ár❡❛ ❞♦ ❤♦s♣✐t❛❧ ❡ s❡❣✉❡ ❛té ❛

✐♥t❡rs❡çã♦ q✉❡ ❞á ❛❝❡ss♦ ❛♦s ♣ré❞✐♦s✱ ❝♦♠ ❡①t❡♥sã♦ ❞❡ ✺✷✱✸✵ ♠✳ ◆❡st❡ tr❡❝❤♦ ❤á s❡♣❛r❛çã♦

✺✺





❋✐❣✉r❛ ✸✵✿ ❘❡♣r❡s❡♥t❛çã♦ tr❡❝❤♦ ✶

❋✐❣✉r❛ ✸✶✿ ❘❡♣r❡s❡♥t❛çã♦ tr❡❝❤♦ ✷

❝♦♠ ❡①t❡♥sã♦ ❞❡ ✶✼✵✱✻✹ ♠❡tr♦s✳ ◆❡st❡ ú❧t✐♠♦ tr❡❝❤♦ ❤á ✉♠ ❣r❛♥❞❡ ❛✉♠❡♥t♦ ❞❛ ❧❛r❣✉r❛ t♦t❛❧

❞❛ ♣✐st❛ ❞❡ r♦❧❛♠❡♥t♦✱ ♣❛ss❛♥❞♦ ❛ t❡r ♣ró①✐♠♦ ❞❡ ✶✷ ♠❡tr♦s ❡♠ q✉❛s❡ t♦❞❛ s✉❛ ❡①t❡♥sã♦✱

✐ss♦ ♦❝♦rr❡ ♣♦r ❝♦♥t❛ ❞❛ ❡①✐stê♥❝✐❛ ❞❡ ár❡❛s ❞❡ ❡st❛❝✐♦♥❛♠❡♥t♦ ❛ ♣❛rt✐r ❞♦ ❧✐♠✐t❡ ❡sq✉❡r❞♦

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

❣❛r❛♥t❡ ♣❛r❛ ❝❛❞❛ ❢❛✐①❛ ✉♠❛ ❧❛r❣✉r❛ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✹ ♠❡tr♦s✳ ◗✉❛♥t♦ ❛ ❞❡❝❧✐✈✐❞❛❞❡

❧♦♥❣✐t✉❞✐♥❛❧✱ ❢♦✐ ✈❡r✐✜❝❛❞♦ ✉♠ ❞❡❝❧✐✈❡ ❞❡ ✶✱✻✺✪ ♣❛rt✐♥❞♦ ❞♦ ✐♥✐❝✐♦ ♥♦ ♣♦♥t♦ ✏❈✑ ❛té s❡✉ ✜♠

♥♦ ♣♦♥t♦ ✏●✑✳ ❉❡ ✏●✑ ❛té ✏❋✑ ♦ tr❡❝❤♦ s❡❣✉❡ ♣❧❛♥♦✳ P❛r❛ ♦ tr❡❝❤♦ ✸ ❢♦✐ ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r ❛

✺✼



❞❡❝❧✐✈✐❞❛❞❡ tr❛♥s✈❡rs❛❧ ❞❡ ✷✱✶✵✪ ♣❛r❛ t♦❞♦ ♦ tr❡❝❤♦ ✐♥✐❝✐❛❞❛ ♥♦ ❧✐♠✐t❡ ❡sq✉❡r❞♦ ❞❛ ✈✐❛ ❡ ❝♦♠

s❡✉ ✜♠ ♥❛ ♦✉tr❛ ❡①tr❡♠✐❞❛❞❡✳

❋✐❣✉r❛ ✸✷✿ ❘❡♣r❡s❡♥t❛çã♦ tr❡❝❤♦ ✸

✸✳✹✳✷ ❘❡q✉✐s✐t♦s ❣❡♦♠étr✐❝♦s

❆ ♣❛rt✐r ❞❛q✉✐ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡q✉✐s✐t♦s ❣❡♦♠étr✐❝♦s ♥❡❝❡ssár✐♦s s❡❣✉♥❞♦ ♠❛♥✉❛❧ ❞❡

♣r♦❥❡t♦ ❣❡♦♠étr✐❝♦ ❞❡ tr❛✈❡ss✐❛s ✉r❜❛♥❛s ✭❉◆■❚✱ ✷✵✶✵✮✳

✸✳✹✳✷✳✶ ❱❡í❝✉❧♦ ❞❡ Pr♦❥❡t♦

❯♠ ❞♦s r❡q✉✐s✐t♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❞♦s ♣❛❞rõ❡s ♠í♥✐♠♦s ❣❡♦♠étr✐❝♦s ❞❡

✉♠❛ ✈✐❛ é ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞♦s ✈❡í❝✉❧♦s q✉❡ tr❛❢❡❣❛♠ ♣♦r ❡❧❛✳ ■ss♦ ♦❝♦rr❡ ♣♦rq✉❡ ❝❛❞❛ ✈❡í❝✉❧♦

❝♦♥tê♠ s✉❛s ❞✐♠❡♥sõ❡s ❡ ❛ ✈✐❛ ❞❡✈❡ ❛t❡♥❞❡r ❧❛r❣✉r❛s ❡ ❡s♣❛ç❛♠❡♥t♦ s✉✜❝✐❡♥t❡ ♣❛r❛ q✉❡ t♦❞♦s

❝♦♥s✐❣❛♠ tr❛❢❡❣❛r ❝♦♠ s❡❣✉r❛♥ç❛✳

❖s ♠❛t❡r✐❛✐s ❞❛ ❆❇❈P ♥ã♦ ❛♣r❡s❡♥t❛♠ ✐♥❢♦r♠❛çõ❡s s✉✜❝✐❡♥t❡s s♦❜r❡ ❛ ❡s❝♦❧❤❛ ❞❡ ✈❡í❝✉❧♦✲

t✐♣♦ ♣❛r❛ ❞❡✜♥✐çã♦ ❞❡ ♦✉tr❛s ❞✐r❡tr✐③❡s ❞♦ ♣r♦❥❡t♦ ❣❡♦♠étr✐❝♦ ❞❛ ✈✐❛ ❧♦❝❛❧ ❞❡ ❡st✉❞♦✳ P♦rt❛♥t♦

❢♦✐ ✉t✐❧✐③❛❞♦ ❝♦♠♦ ❜❛s❡ ❛s ✐♥❢♦r♠❛çõ❡s ♣r❡s❡♥t❡s ❛♣❡♥❛s ♥♦ ♠❛♥✉❛❧ ❞❡ ♣r♦❥❡t♦ ❣❡♦♠étr✐❝♦

✭❉◆■❚✱ ✷✵✶✵✮ ♣❛r❛ ✈❡r✐✜❝❛çã♦ ❞♦ ✈❡í❝✉❧♦ ❞❡ ♣r♦❥❡t♦✳

P♦r ❝♦♥t❛ ❞♦ ❡st✉❞♦ ❞❡ trá❢❡❣♦ r❡❛❧✐③❛❞♦✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ❛ ❞❡♠❛♥❞❛ ❞❡ ✈❡í❝✉❧♦s ♠❛✐s

r❡♣r❡s❡♥t❛t✐✈❛ ♥♦ ❡st✉❞♦ sã♦ ❞♦s t✐♣♦s ✏❈❖✑ ❡ ✏❖✑✳

✺✽



❖s ✈❡í❝✉❧♦s ❞♦ t✐♣♦ ✏❈❖✑✱ ❞❡✜♥✐❞♦s ❝♦♠♦ ❝♦♠❡r❝✐❛✐s rí❣✐❞♦s ♥ã♦ ❛rt✐❝✉❧❛❞♦s✱ ❝♦♠ ♠❡♥♦r❡s

❞✐♠❡♥sõ❡s✱ ♦s ♠❛✐s ❝♦♠✉♥s sã♦ ♦s ô♥✐❜✉s ❡ ❝❛♠✐♥❤õ❡s ❝♦♥✈❡♥❝✐♦♥❛✐s ❞❡ ❞♦✐s ❡✐①♦s✳ ◆♦

❡st✉❞♦ ❞❡ trá❢❡❣♦ ♦s ✈❡í❝✉❧♦ ❞❡ss❡ t✐♣♦ ❢♦r❛♠ ❡♥q✉❛❞r❛❞♦s ♥♦ t✐♣♦ ✏❈✷✑ ❡ r❡♣r❡s❡♥t❛♠ ✺✺✪

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

❖s ✈❡í❝✉❧♦s ❞♦ t✐♣♦ ✏❖✑ t❛♠❜é♠ sã♦ ❞❡✜♥✐❞♦s ❝♦♠♦ ❝♦♠❡r❝✐❛✐s rí❣✐❞♦s ♥ã♦ ❛rt✐❝✉❧❛❞♦s✱

♣♦ré♠ ❝♦♠ ♠❛✐♦r❡s ❞✐♠❡♥sõ❡s✱ ❝♦♠♦ ô♥✐❜✉s ❧♦♥❣♦s ❡ ❝❛♠✐♥❤õ❡s ❞❡ três ❡✐①♦s✳ ◆♦ ❡st✉❞♦ ❞❡

trá❢❡❣♦ ♦s ✈❡í❝✉❧♦ ❞❡ss❡ t✐♣♦ ❢♦r❛♠ ❡♥q✉❛❞r❛❞♦s ♥♦ t✐♣♦ ✏✸❈✑ ❡ r❡♣r❡s❡♥t❛♠ ✹✺✪ ❞❛ ❞❡♠❛♥❞❛

❧♦❝❛❧ ❞❡ ✈❡í❝✉❧♦s r❡♣r❡s❡♥t❛t✐✈♦s✳

P♦rt❛♥t♦ ❞❡✜♥✐✉✲s❡ ❝♦♠♦ ✈❡í❝✉❧♦ ❞❡ ♣r♦❥❡t♦ ♦s ✈❡í❝✉❧♦s ❞♦ t✐♣♦ ✏❈❖✑✱ ❝♦♠ ❛s ❝❛r❛❝t❡ríst✐❝❛s

❣❡♦♠étr✐❝❛s ❛♣r❡s❡♥t❛❞❛s ❝♦♠♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✭❉◆■❚✱ ✷✵✶✵✮✿

▲❛r❣✉r❛ t♦t❛❧✿ ✷✱✻ ♠

❈♦♠♣r✐♠❡♥t♦ t♦t❛❧✿ ✾✱✶ ♠

❘❛✐♦ ♠í♥✐♠♦ ❞❛ r♦❞❛ ❞✐❛♥t❡✐r❛ ❡①t❡r♥❛✿ ✶✷✱✽ ♠

❘❛✐♦ ❞❡ ❣✐r♦ ❞♦ ❡✐①♦ ❞✐❛♥t❡✐r♦✿ ✶✶✱✽ ♠ ✭❘❊❉✮

❘❛✐♦ ♠í♥✐♠♦ ❞❛ r♦❞❛ ✐♥t❡r♥❛ tr❛s❡✐r❛✿ ✽✱✼ ♠

❆ ❡s❝♦❧❤❛ ❞♦ ✈❡í❝✉❧♦ ❞❡ ♣r♦❥❡t♦ ❝♦♠♦ ✏❈❖✑ ♥ã♦ ✐♠♣♦ss✐❜✐❧✐t❛ ✈❡í❝✉❧♦s ♠❛✐♦r❡s✱ ❝♦♠♦ ♦s

❞♦ t✐♣♦ ✏❖✑ ❞❡ tr❛❢❡❣❛r❡♠ ♣❡❧❛ ✈✐❛✳ ◆❛ r❡❛❧✐❞❛❞❡✱ ♦s ✈❡í❝✉❧♦s ❞♦ t✐♣♦ ✏❖✑✱ ❛♣❡s❛r ❞❡ t❡r ✉♠

❝♦♠♣r✐♠❡♥t♦ t♦t❛❧ ♠❛✐♦r ❞❡ ✶✷✱✷ ♠✱ ❝♦♥tê♠ r❛✐♦s ❞❡ ❣✐r♦ ✐❣✉❛✐s ❛♦ ❞♦ ❣r✉♣♦ ✏❈❖✑✱ ♣♦rt❛♥t♦

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

✸✳✹✳✷✳✷ ❱❡❧♦❝✐❞❛❞❡ ❉✐r❡tr✐③

❈♦♠♦ ♦ ✈❡í❝✉❧♦ ❞❡ ♣r♦❥❡t♦✱ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞✐r❡tr✐③ é ✉♠ ♣ré✲r❡q✉✐s✐t♦ ✐♠♣♦rt❛♥t❡ ❛ s❡r ✈❡r✐✲

✜❝❛❞♦ ♣❛r❛ ❛ ❛♥á❧✐s❡ ❞❛ ❣❡♦♠❡tr✐❛ ❞❛ ✈✐❛✳ ❆ ♣❛rt✐r ❞❛ s✉❛ ❞❡✜♥✐çã♦ ❡ ❞♦ ✈❡í❝✉❧♦ ❞❡ ♣r♦❥❡t♦✱

❞✐♠❡♥sõ❡s ❝♦♠♦ r❛✐♦ ❞❡ ❝✉r✈❛t✉r❛ ♠í♥✐♠♦s✱ ❧❛r❣✉r❛ ❞❡ ♣✐st❛ ❡ ♦✉tr♦s ❣❡♦♠étr✐❝♦s ❞❛ ✈✐❛

♣♦❞❡♠ s❡r ❞❡✜♥✐❞♦s✳

❆ss✐♠ ❝♦♠♦ t❛♠❜é♠ ♦❝♦rr❡✉ ♣❛r❛ ❞❡✜♥✐çã♦ ♦s ✈❡í❝✉❧♦s ❞❡ ♣r♦❥❡t♦✱ ♦s ♠❛t❡r✐❛✐s ❞❛ ❆❇❈P

♥ã♦ ❛♣r❡s❡♥t❛♠ ✐♥❢♦r♠❛çõ❡s s✉✜❝✐❡♥t❡s ♣❛r❛ ❞❡✜♥✐çã♦ ❞❛ t❛♠❜é♠ ✈❡❧♦❝✐❞❛❞❡ ❞✐r❡tr✐③ ❛ s❡r

✺✾



✉s❛❞❛ ♥♦ ♣r♦❥❡t♦✱ ♣♦rt❛♥t♦ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s ❛♣❡♥❛s ✐♥str✉çõ❡s ❛♣r❡s❡♥t❛❞❛s ❝♦♥❢♦r♠❡ ♦

✭❉◆■❚✱ ✷✵✶✵✮✳

❆ ✈❡❧♦❝✐❞❛❞❡ ❞❡s❡❥á✈❡❧ ❞❡✜♥✐❞❛ ♣❡❧♦ ✭❉◆■❚✱ ✷✵✶✵✮ ❞❡ ✹✵ ❦♠✴❤ ♣❛r❛ ✈✐❛s ❧♦❝❛✐s ❧❡✈❛r✐❛ ❛

✉♠❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ r❛✐♦ ❞❡ ❝✉r✈❛ ❤♦r✐③♦♥t❛❧ ♠í♥✐♠♦ ❞❡ ✺✵ ♠✱ ❝♦♠♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ✜❣✉r❛

✷✾✳ ◆♦ ❡♥t❛♥t♦✱ ❡ss❡ r❛✐♦ ♥ã♦ ♣♦❞❡ s❡r ❛t❡♥❞✐❞❛ ♣♦r ❝♦♥t❛ ❞❛s ❧✐♠✐t❛çõ❡s ❡ ❡❞✐✜❝❛çõ❡s ❧♦❝❛✐s✳

P♦rt❛♥t♦✱ s❡rá ❞❡✜♥✐❞♦ ❝♦♠♦ ✈❡❧♦❝✐❞❛❞❡ ❞✐r❡tr✐③ ❞❡ ✸✵ ❦♠✴❤ ♣❛r❛ ♦ ♣r♦❥❡t♦ ❣❡♦♠étr✐❝♦✳

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

❛ ár❡❛ ❞❡ ❡st✉❞♦ ❝♦♥tê♠ ❣r❛♥❞❡ ✢✉①♦ ❞❡ ♣❡❞❡str❡s ❡ ❡ss❛ ✈❡❧♦❝✐❞❛❞❡ ❝♦♥tr✐❜✉í ♣❛r❛ ♠❛✐♦r

s❡❣✉r❛♥ç❛ ♥♦ ❧♦❝❛❧✳

✸✳✹✳✷✳✸ ▲❛r❣✉r❛ ♠í♥✐♠❛ ❞❛s ❢❛✐①❛s

❈♦♥s✐❞❡r❛♥❞♦ ❛ s✐t✉❛çã♦ ❞♦ ❤♦s♣✐t❛❧ ❡♠ q✉❡ ❤á tr❛✈❡ss✐❛ ❞❡ ♣❡❞❡str❡s ❡✱ ♣♦rt❛♥t♦ ❤á ✉♠❛

♥❡❝❡ss✐❞❛❞❡ ❞❡ r❡❞✉çã♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦s ✈❡í❝✉❧♦s✱ ❢♦✐ ✈❡r✐✜❝❛❞♦ q✉❡ ♦ ❞❡s❡❥á✈❡❧ s❡r✐❛ ✉♠❛

❧❛r❣✉r❛ ❞❡ ✸✱✸✵ ♠✱ ♣♦❞❡♥❞♦ s❡r r❡❞✉③✐❞❛ ❛♦ ♠í♥✐♠♦ ❞❡ ❛té ✸ ♠❡tr♦s✳ ❱❡r✐✜❝❛✲s❡ q✉❡ ❡ss❛

❝♦♥s✐❞❡r❛çã♦ ❡stá ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s r❡❝♦♠❡♥❞❛çõ❡s ❞♦ ✭❉◆■❚✱ ✷✵✶✵✮ ♣❛r❛ ✈✐❛s ❧♦❝❛✐s ✉r❜❛♥❛s✱

❝♦♠♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ✜❣✉r❛ ✷✾✳

❱❡r✐✜❝♦✉✲s❡ ❡♠ ♣r♦❥❡t♦ ❛rq✉✐t❡tô♥✐❝♦ q✉❡ ♦s tr❡❝❤♦s ✶ ❡ ✷ ❝♦♥tê♠ ❧❛r❣✉r❛s ❞❡ ❢❛✐①❛s ❞❡

✸ ♠✳ ❏á ♦ tr❡❝❤♦ ✸ ♣♦ss✉✐ ♣❡❧♦ ♠❡♥♦s ✹ ♠✱ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ♣❛rt❡ ❞❛ s✉❛ ❧❛r❣✉r❛ t♦t❛❧

é ✉t✐❧✐③❛❞❛ ❝♦♠♦ ❡st❛❝✐♦♥❛♠❡♥t♦✳ P♦rt❛♥t♦✱ t♦❞❛s ✈✐❛s ❛t❡♥❞❡♠ ❛ ♣❡❧♦ ♠❡♥♦s ♦ r❡q✉✐s✐t♦

♠í♥✐♠♦ ❛❜s♦❧✉t♦ ❞❡✜♥✐❞♦ ❝♦♥❢♦r♠❡ ✭❉◆■❚✱ ✷✵✶✵✮✳

✸✳✹✳✷✳✹ ❘❛✐♦ ♠í♥✐♠♦ ❞❡ ❣✐r♦

❆❧é♠ ❞❡ ❣❛r❛♥t✐r ✉♠❛ ❧❛r❣✉r❛ ♠í♥✐♠❛ ♣❛r❛ q✉❡ ♦s ✈❡í❝✉❧♦s ♣♦ss❛♠ s❡ ❧♦❝♦♠♦✈❡r✱ é ♥❡✲

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

♣r♦❥❡t♦ ♣♦ss❛ tr❛❢❡❣❛r ❡♠ s✉❛s ❝✉r✈❛s✱ ❡st❡ r❛✐♦ é ❝❤❛♠❛❞♦ ❞❡ r❛✐♦ ♠í♥✐♠♦ ❞❡ ❣✐r♦✳

❙❡❣✉♥❞♦ ❛s ✐♥❢♦r♠❛çõ❡s ♣r❡s❡♥t❡s ♥❛ ✜❣✉r❛ ❄❄✱ ♣❛r❛ ♦s t✐♣♦s ❞❡ ✈❡í❝✉❧♦s ❞❡ ♣r♦❥❡t♦ ❞♦

t✐♣♦ ✏❈❖✑ ❡ ✏❖✑✱ ♣♦r ❡①❡♠♣❧♦✱ ♦ r❛✐♦ ❞❡ ❣✐r♦ ♠í♥✐♠♦ ❞❛s ❝✉r✈❛s ❞❡✈❡ s❡r ❞❡ ❛♦ ♠❡♥♦s ✶✷✱✽

♠ ♣❛r❛ ♣♦ss✐❜✐❧✐t❛r ❛ ♣❛ss❛❣❡♠ ❞♦s ✈❡í❝✉❧♦s✱ ♠❛s ✐ss♦ ♥ã♦ ❣❛r❛♥t❡ s❡❣✉r❛♥ç❛ ❡ ❝♦♥❢♦rt♦ ❛♦

♠♦t♦r✐st❛✱ ♣♦r ❝♦♥t❛ ❞✐ss♦ t❛♠❜é♠ é ♥❡❝❡ssár✐♦ ✈❡r✐✜❝❛r ♦ r❛✐♦ ♠í♥✐♠♦ ❞❡ ❝✉r✈❛s ❤♦r✐③♦♥t❛✐s✳

✻✵







❆♣❡s❛r ❞❛s ❝✉r✈❛s ❤♦r✐③♦♥t❛✐s ❛t❡♥❞❡r❡♠ ♦ r❛✐♦ ❞❡ ❣✐r♦ ♠í♥✐♠♦✱ ❛✐♥❞❛ ❤á ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡

✈❡r✐✜❝❛r s❡ ♦ r❛✐♦ ❞❡ ❝✉r✈❛ ❤♦r✐③♦♥t❛❧ ♠í♥✐♠♦ q✉❡ ❣❛r❛♥t❡ s❡❣✉r❛♥ç❛ ❡ ❝♦♥❢♦rt♦ ❛♦s ✈❡í❝✉❧♦s

♥❛s ❝✉r✈❛s é ❛t❡♥❞✐❞♦✳

✸✳✹✳✷✳✺ ❘❛✐♦ ❞❡ ❝✉r✈❛ ❤♦r✐③♦♥t❛❧

❈♦♥s✐❞❡r❛♥❞♦ ♦s ✈❛❧♦r❡s ❞❡✜♥✐❞♦s ♣❡❧♦ ✭❉◆■❚✱ ✷✵✶✵✮ ❝♦♠♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ✜❣✉r❛ ✷✾✱ ♣❛r❛

✉♠❛ s✉♣❡r❡❧❡✈❛çã♦ ❞❡ ✷✪✱ ✉♠ ❛tr✐t♦ tr❛♥s✈❡rs❛❧ ❞❡ ✵✱✷✱ ❡ ✉♠❛ ✈❡❧♦❝✐❞❛❞❡ ❞✐r❡tr✐③ ❞❡ ✸✵❦♠✴❤✱ ♦

r❛✐♦ ❞❡ ❝✉r✈❛ ❤♦r✐③♦♥t❛❧ ♠í♥✐♠♦ ❛❜s♦❧✉t♦ ♣❛r❛ ✈✐❛s ✉r❜❛♥❛s é ❞❡ ✷✺ ♠❡tr♦s✳ ❈❛s♦ ❛ ✈❡❧♦❝✐❞❛❞❡

s❡❥❛ ❛❧t❡r❛❞❛ ♣❛r❛ ✹✵ ❦♠✴❤✱ ✈❡❧♦❝✐❞❛❞❡ ❞❡s❡❥á✈❡❧ ♣❛r❛ ✈✐❛s ❧♦❝❛✐s✱ ♦ r❛✐♦ ❞❡ ❝✉r✈❛t✉r❛ ❞♦❜r❛✱

❝❤❡❣❛♥❞♦ ❛ ✺✵ ♠✱ ♦ q✉❡ s❡r✐❛ ✐♠♣r❛t✐❝á✈❡❧ ❛t❡♥❞❡r✳

❙❡♥❞♦ ❛ss✐♠✱ ♦s r❛✐♦s ❞❡ ❝✉r✈❛ ❤♦r✐③♦♥t❛✐s ❞❡✈❡♠ s❡r ❞❡ ♥♦ ♠í♥✐♠♦ ✷✺ ♠ ♣❛r❛ ❛t❡♥❞❡r ♦s

r❡q✉✐s✐t♦s ❣❡♦♠étr✐❝♦s s❡❣✉♥❞♦ ♦ ✭❉◆■❚✱ ✷✵✶✵✮✳ P♦ré♠ ◆❡st❡ ♣♦♥t♦ ❤á ❛ ❢❛❧❤❛ ❞❡ ❛♠❜♦s ♦s

❧❛❞♦s ❞❛ ♣✐st❛ ❞♦ tr❡❝❤♦ ✶✱ ♣♦✐s ♥❡♥❤✉♠ ❞♦s ❞♦✐s ❝♦♥tê♠ r❛✐♦ ♠í♥✐♠♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ❛t❡♥❞❡r

❛ ❞❡♠❛♥❞❛✳

❋♦✐ ✈❡r✐✜❝❛❞❛ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❛❧t❡r❛r ♦s r❛✐♦s ❞❛s ❝✉r✈❛s ♣♦ré♠ ♥ã♦ ❤á ❡s♣❛ç❛♠❡♥t♦

♥❡❝❡ssár✐♦ ♣♦r ❝♦♥t❛ ❞❛s ❡❞✐✜❝❛çõ❡s ❧♦❝❛✐s✳ ❆♣❡s❛r ❞❡ ♥ã♦ ❛t❡♥❞❡r ♦ r❛✐♦ ❞❡ ❝✉r❛ ❤♦r✐③♦♥t❛❧

♠í♥✐♠♦ ✐ss♦ ♥ã♦ s✐❣♥✐✜❝❛ q✉❡ ♦ ✈❡í❝✉❧♦ ❞❡ ♣r♦❥❡t♦ ♦✉ ❛té ✈❡í❝✉❧♦s ♠❛✐♦r❡s sã♦ ✐♠♣♦ss✐❜✐❧✐t❛❞♦s

❞❡ tr❛❢❡❣❛r ♣❡❧❛ ✈✐❛✳ ◆❛ r❡❛❧✐❞❛❞❡ ❡❧❡s ♣♦❞❡♠ ♣♦rq✉❡ é ❛t❡♥❞✐❞♦ ♦ r❛✐♦ ❞❡ ❣✐r♦ ♥❡❝❡ssár✐♦ ♣❛r❛

❛ ♣❛ss❛❣❡♠ ❞❡❧❡s✱ ♠❛s ♥ã♦ é ❣❛r❛♥t✐❞❛ ❛ s❡❣✉r❛♥ç❛ ❡ ❝♦♥❢♦rt♦ ❛♦s ♠♦t♦r✐st❛s✳

◗✉❛♥t♦ ❛♦ tr❡❝❤♦ ✷✱ ♥♦t♦✉✲s❡ q✉❡ ❛ ♣r✐♠❡✐r❛ ❝✉r✈❛ ♦❢❡r❡❝❡ ♠❛✐s q✉❡ ♦ ❞♦❜r♦ ❞♦ ♥❡❝❡ssár✐♦✱

❥á ❛ ❝✉r✈❛ ❞❛ rót✉❧❛ ♥ã♦✳ P♦rt❛♥t♦ ❢♦✐ ✈❡r✐✜❝❛❞♦ ❛✐♥❞❛ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❛✉♠❡♥t❛r ♦ r❛✐♦ ❞❛s

❝✉r✈❛s ❞❛ rót✉❧❛✱ ◆♦ ❡♥t❛♥t♦✱ ❛♣❡s❛r ❞❛ rót✉❧❛ ❡st❛r ❡♠ ✉♠ ❧♦❝❛❧ ❡♠ q✉❡ ♣♦❞❡✲s❡ ❛✉♠❡♥t❛r ♦

r❛✐♦ ❞❡ ❣✐r♦✱ t❛♠❜é♠ s❡r✐❛ ✐♠♣r❛t✐❝á✈❡❧ ❛t❡♥❞❡r ❛ ❞❡♠❛♥❞❛ ❞❡ ✉♠ r❛✐♦ ❞❡ ❝✉r✈❛ ❞❡ ✷✺ ♠ ♣♦r

❝♦♥t❛ ❞❛ ♣r♦①✐♠✐❞❛❞❡ ❝♦♠ ❛s ❡❞✐✜❝❛çõ❡s✳

P♦rt❛♥t♦✱ ❛ss✐♠ ❝♦♠♦ ♥❛s ❝✉r✈❛s ❞♦ tr❡❝❤♦ ✶✱ ❛ ❣❡♦♠❡tr✐❛ ❞❛s ❝✉r✈❛s ❡①✐st❡♥t❡s ♥♦ tr❡❝❤♦

✷ ❛t❡♥❞❡♠ ♦ r❛✐♦ ❞❡ ❣✐r♦ ❡ ♣♦ss✐❜✐❧✐t❛ ♦ trá❢❡❣♦ ❞♦s ✈❡í❝✉❧♦s✱ ♣♦ré♠ ❢❛❧❤❛♠ ❡♠ ♦❢❡r❡❝❡r

s❡❣✉r❛♥ç❛ ❡ ❝♦♥❢♦rt♦ ❛♦s ♠♦t♦r✐st❛s ♣♦r ♥ã♦ ❛t✐♥❣✐r❡♠ ♦ r❛✐♦ ❞❡ ❝✉r✈❛ ❤♦r✐③♦♥t❛❧ ♥❡❝❡ssár✐♦

♣❛r❛ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦❥❡t♦✳

✻✸



P♦r ✜♠✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ t♦❞❛s ❛s ❛♥á❧✐s❡s ❢❡✐t❛s q✉❛♥t♦ às ❝✉r✈❛s ❤♦r✐③♦♥t❛✐s

❞❡❝✐❞✐✉✲s❡ q✉❡ ❛ ❣❡♦♠❡tr✐❛ ❞❡ t♦❞❛s ❛s ❝✉r✈❛s s❡rã♦ ♠❛♥t✐❞❛s ❝♦♠♦ ❡stã♦✳

✸✳✹✳✷✳✻ ❈♦♥✜♥❛♠❡♥t♦ ❡①t❡r♥♦

❚♦❞♦s ♦s tr❡❝❤♦s ❞❛ ár❡❛ ❞❡ ❡st✉❞♦ ♣♦ss✉❡♠ ♠❡✐♦s✲✜♦s q✉❡ ❛✉①✐❧✐❛♠ ♥♦ ❝♦♥✜♥❛♠❡♥t♦

❡①t❡r♥♦ ❞❛ ✈✐❛✱ ♥♦ ❡♥t❛♥t♦ ♥ã♦ ❤á ❛ ❣❛r❛♥t✐❛ ❞❡ q✉❡ ♦s ♠❡s♠♦s tê♠ ❛s ❛❧t✉r❛s ♥❡❝❡ssár✐❛s ❞❡

✹✺ ❝❡♥tí♠❡tr♦s ❡ q✉❡ ❤á ❛ ♣❡♥❡tr❛çã♦ ❞❡ ✶✺ ❝♠ ❞❡ss❛ ❛❧t✉r❛ ♥❛ ❝❛♠❛❞❛ ❞❡ ❜❛s❡✳ P♦rt❛♥t♦✱

❞✉r❛♥t❡ ❛ r❡❡str✉t✉r❛çã♦ ❞❛s ❝❛♠❛❞❛s ❞♦ ♣❛✈✐♠❡♥t♦ s❡rá ♥❡❝❡ssár✐♦ ✈❡r✐✜❝❛r ❛s ❞✐♠❡♥sõ❡s ❡

♣r♦❢✉♥❞✐❞❛❞❡s ❛t✐♥❣✐❞❛s ❞♦s ♠❡✐♦s✲✜♦s✳ ❈❛s♦ ♥ã♦ ❛t❡♥❞❛♠ ❛♦s r❡q✉✐s✐t♦s✱ ❞❡✈❡rã♦ s❡r r❡❢❡✐t♦s✳

◗✉❛♥t♦ ❛♦ ❝♦♥✜♥❛♠❡♥t♦ ❡①t❡r♥♦ ♣♦r s❛r❥❡t❛s✱ ❡❧❡ ♥ã♦ ♦❝♦rr❡ ♥♦ ❧♦❝❛❧✳ P♦✐s ❛♦ ❧♦♥❣♦ ❞❡

t♦❞♦s ♦s ✸ tr❡❝❤♦s ❞❛ ár❡❛ ❞❡ ❡st✉❞♦ ♥ã♦ ❢♦r❛♠ ❡♥❝♦♥tr❛❞❛s s❛r❥❡t❛s ✐♥st❛❧❛❞❛s✳ ▼❛s ❝❛s♦

❤❛❥❛ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ✐♥st❛❧❛r ❛s s❛r❥❡t❛s✱ ❡❧❛s s❡rã♦ ❢❡✐t❛s ❝♦♠ ♦ ♣ró♣r✐♦ ❞❡❝❧✐✈❡ ❞❛s ♣❡ç❛s

❞❡ ❝♦♥❝r❡t♦ ✐♥t❡rtr❛✈❛❞♦s ♣❛r❛ ❣❛r❛♥t✐r ✉♠ ♣❛✈✐♠❡♥t♦ ♠❛✐s ❤♦♠♦❣ê♥❡♦ ❡ ❡❝♦♥ô♠✐❝♦✳

◗✉❛♥t♦ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ✐♥st❛❧❛r ❝♦♥✜♥❛♠❡♥t♦ ❡①t❡r♥♦ tr❛♥s✈❡rs❛❧ q✉❛♥❞♦ ❡♠ ❝♦♥t❛t♦

❝♦♠ ♦✉tr♦s t✐♣♦s ❞❡ ♣❛✈✐♠❡♥t♦✱ ✐ss♦ ♣♦❞❡ s❡r ♥❡❝❡ssár✐♦ ❛♣❡♥❛s ♥♦ ❛❝❡ss♦ ❞❛ r✉❛ Pr♦❢❡ss♦r❛

▼❛r✐❛ ❋❧♦r❛ P❛✉s❡✇❛♥❣✱ ❡♠ q✉❡ ❤á ✉♠ ♣❛✈✐♠❡♥t♦ ✢❡①í✈❡❧ ❝♦♠ ❝❛♠❛❞❛ ❛s❢á❧t✐❝❛✳ ❈❛s♦ ❞✉✲

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

♦ ♣❛✈✐♠❡♥t♦ ✢❡①í✈❡❧ s❡ ❡♥❝♦♥tr❛ ❞❛♥✐✜❝❛❞♦✱ s❡rá ❝♦♥s✐❞❡r❛❞❛ ❛ ✐♥st❛❧❛çã♦ ❞♦ ❝♦♥✜♥❛♠❡♥t♦

tr❛♥s✈❡rs❛❧✳ ❈❛s♦ ❛♦ ❝♦♥tr❛r✐♦ ♦s ♣❛✈✐♠❡♥t♦s t❡rã♦ ❝♦♥t❛t♦ ❞✐r❡t♦✳

P♦r ✜♠✱ ♦ ♣❛ss❡✐♦ ♣❡r♠❛♥❡❝❡rá ❝♦♠ ❛ s✉❛ ❡str✉t✉r❛ ❡①✐st❡♥t❡✳

✻✹



❋✐❣✉r❛ ✸✺✿ ❘❡❣✐ã♦ ❞❡ ❝♦♥t❛t♦ ❡♥tr❡ ♣❛✈✐♠❡♥t♦s ❞✐❢❡r❡♥t❡s

✸✳✹✳✷✳✼ ❈♦♥✜♥❛♠❡♥t♦ ✐♥t❡r♥♦

❖s ❞✐s♣♦s✐t✐✈♦s ❞❡ ❞r❡♥❛❣❡♠ ❞♦ ❧♦❝❛❧ tê♠ ❛s ❝❛♠❛❞❛s ❧❛t❡r❛✐s ❞❡ ❝♦♥✜♥❛♠❡♥t♦ ✐♥t❡r♥♦

❛ss✐♠ ❝♦♠♦ ♦ ♥❡❝❡ssár✐♦ ❡st✐♣✉❧❛❞♦ ♣❡❧♦ ✭❆❇❈P✱ ✶✾✾✾✮✱ ❡♥tr❡t❛♥t♦ ♥ã♦ ❛t❡♥❞❡♠ ♦ r❡q✉✐s✐t♦

❞❡ ❝♦♥t❡r ❞r❡♥♦s ❞❡ ✶✷ ♠♠ ❡s♣❛ç❛❞♦s ❝♦♠♦ ❡s♣❡❝✐✜❝❛❞♦ ♥♦ ♠❡s♠♦ ❞♦❝✉♠❡♥t♦✳ ◗✉❛♥t♦ ❛

❡ss❛ q✉❡stã♦✱ ❢♦✐ ❞❡✜♥✐❞♦ q✉❡✱ s❡ ❢♦r ♣♦ssí✈❡❧ ❛ ✐♥st❛❧❛çã♦ ❞♦s ❞r❡♥♦s ❞✉r❛♥t❡ ❛ r❡❡str✉t✉r❛çã♦

❞♦ ♣❛✈✐♠❡♥t♦✱ ❡❧❡s ❞❡✈❡♠ s❡r ❢❡✐t♦s✳

❏á ♦s ❝❛♥t❡✐r♦s ❝❡♥tr❛✐s✱ ✈✐✉✲s❡ q✉❡ t♦❞♦s ❡stã♦ ❝♦♥t♦r♥❛❞♦s ♣♦r ♠❡✐♦s✲✜♦s✱ ♣♦rt❛♥t♦ ❜❛st❛

q✉❡ s❡❥❛♠ ✈❡r✐✜❝❛❞❛s s✉❛s ♣r♦❢✉♥❞✐❞❛❞❡s✱ ❛ss✐♠ ❝♦♠♦ ❞❡✜♥✐❞♦ ♣❛r❛ ♦s ♠❡✐♦s ✜♦s ❞♦ ❝♦♥✲

✜♥❛♠❡♥t♦ ❡①t❡r♥♦✿ ❖s ♠❡✐♦s✲✜♦s ❞❡✈❡ t❡r ❛❧t✉r❛ ❞❡ ✹✺ ❝♠ ❡♠ q✉❡ ✶✺ ❞❡✈❡♠ ♣❡r♠❛♥❡❝❡r

♣❡♥❡tr❛❞♦s ♥❛ ❝❛♠❛❞❛ ❞❡ ❜❛s❡ ❞♦ ♣❛✈✐♠❡♥t♦✳ ❆ ✐♠❛❣❡♠ ✸✻ ❛♣r❡s❡♥t❛ ♦ ❝❛♥t❡✐r♦ ❝❡♥tr❛❧ ❞❛

rót✉❧❛ ❞♦ ❛♠❜✉❧❛tór✐♦✳

✻✺



❋✐❣✉r❛ ✸✻✿ ❉❡t❛❧❤❡ ❞♦ ❝♦♥✜♥❛♠❡♥t♦ ❞♦s ❝❛♥t❡✐r♦s ❝❡♥tr❛✐s

✸✳✹✳✷✳✽ ❉❡❝❧✐✈✐❞❛❞❡ ❧♦♥❣✐t✉❞✐♥❛❧

❉❡ ❛❝♦r❞♦ ❝♦♠ ✭❆❇❈P✱ ✶✾✾✾✮ é ❞❡✜♥✐❞♦ ❛ ♥❡❝❡ss✐❞❛❞❡ ♦✉ ♥ã♦ ❞❛ ❡①✐stê♥❝✐❛ ❞❡ s❛r❥❡t❛s

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

♣❛❞rã♦ ♠í♥✐♠♦ ❞❡ss❛ ❞❡❝❧✐✈✐❞❛❞❡ ♣❛r❛ ❛ ✈✐❛ ❞❡ trá❢❡❣♦ ❞❡ ✈❡í❝✉❧♦s✳ P♦rt❛♥t♦ ❢♦r❛♠ s❡❣✉✐❞❛s

❛♣❡♥❛s ❛s ♦r✐❡♥t❛çõ❡s ♣r❡s❡♥t❡s s❡❣✉♥❞♦ ♦ ✭❉◆■❚✱ ✷✵✶✵✮✳

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

❧♦♥❣✐t✉❞✐♥❛✐s ❡①✐st❡♥t❡s ❡♠ ❝❛❞❛ ✉♠ ❞♦s ✸ tr❡❝❤♦s✳ ❛s ✜❣✉r❛s ✸✼✱✸✽ ❡ ✸✾ ❛♣r❡s❡♥t❛♠ ♦ ♣❡r✜❧

❞❡ ❞❡❝❧✐✈✐❞❛❞❡ ❞❡ ❝❛❞❛ ✉♠ ❞♦s tr❡❝❤♦s✳

✶✮ ✷✱✾✵✪ ♣❛r❛ ♦ tr❡❝❤♦ ✶✱ s❡♥❞♦ ✉♠ ❞❡❝❧✐✈❡ ♣❛rt✐♥❞♦ ❞♦ ♣♦♥t♦ ✏❆✑ ❛té s❡✉ ✜♠ ♥♦ ♣♦♥t♦ ✏❈✑✳

❆ ✜❣✉r❛ ✸✼ ❛♣r❡s❡♥t❛ ♣❡r✜❧ ❞❡ ❞❡❝❧✐✈✐❞❛❞❡ ❞♦ tr❡❝❤♦ ✶ ❞❡✜♥✐❞♦ ♣❡❧♦ s♦❢t✇❛r❡ ●♦♦❣❧❡ ❊❛rt❤

P❘❖✳

✻✻



❋✐❣✉r❛ ✸✼✿ P❡r✜❧ ❞❡ ❞❡❝❧✐✈✐❞❛❞❡ ❞♦ tr❡❝❤♦ ✶

✷✮ ✷✱✾✽✪ ♣❛r❛ ❛ ♣❛rt❡ ❧✐♥❡❛r ❞♦ tr❡❝❤♦ ✷✱ ❞♦ ♣♦♥t♦ ✏❇✑ ❛♦ ✏❉✑ ❤á ✉♠ ❞❡❝❧✐✈❡✳ ❆ ♣❛rt✐r ❞♦

♣♦♥t♦ ✏❉✑ ❛té ♦ ♣♦♥t♦ ✏❊✑ ❤á ✉♠ ❛❝❧✐✈❡ ❞❡ ✷✪✳ ❆ ✜❣✉r❛ ✸✽ ❛♣r❡s❡♥t❛ ♣❡r✜❧ ❞❡ ❞❡❝❧✐✈✐❞❛❞❡ ❞♦

tr❡❝❤♦ ✷ ❞❡✜♥✐❞♦ ♣❡❧♦ s♦❢t✇❛r❡ ●♦♦❣❧❡ ❊❛rt❤ P❘❖✳

❋✐❣✉r❛ ✸✽✿ P❡r✜❧ ❞❡ ❞❡❝❧✐✈✐❞❛❞❡ tr❡❝❤♦ ✷

✸✮ ✶✱✻✺✪ ♣❛r❛ q✉❛s❡ t♦❞♦ ♦ tr❡❝❤♦ ✸✱ s❡♥❞♦ ✉♠ ❞❡❝❧✐✈❡ ♣❛rt✐♥❞♦ ❞♦ ♣♦♥t♦ ✏❈✑ ❛té ♦ s❡✉ ✜♠

♥♦ ♣♦♥t♦ ✏●✑✱ ❞❡ ✏●✑ ❛té ✏❋✑ ♦ tr❡❝❤♦ s❡❣✉❡ ♣❧❛♥♦✳ ❆ ✜❣✉r❛ ✸✾ ❛♣r❡s❡♥t❛ ♣❡r✜❧ ❞❡ ❞❡❝❧✐✈✐❞❛❞❡

❞♦ tr❡❝❤♦ ✸ ❞❡✜♥✐❞♦ ♣❡❧♦ s♦❢t✇❛r❡ ●♦♦❣❧❡ ❊❛rt❤ P❘❖✳

✻✼



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

❆♣ós ❛ ❛♥á❧✐s❡ ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s ❞❡❝❧✐✈✐❞❛❞❡s ❧♦♥❣✐t✉❞✐♥❛✐s ❡①✐st❡♥t❡s ❢♦✐ ✈❡r✐✜❝❛❞♦ q✉❡ ♦s

tr❡❝❤♦ ✶ ❞♦ ✷✱ ♣♦ss✉❡♠ ❞❡❝❧✐✈✐❞❛❞❡s s✉♣❡r✐♦r❡s ❛ ✷✱✺✪✳ ❙❡❣✉♥❞♦ ✭❆❇❈P✱ ✶✾✾✾✮✱ ✐ss♦ ♣❡r♠✐t❡

❞✐s♣❡♥s❛r ❛s ✐♥st❛❧❛çõ❡s ❞❡ s❛r❥❡t❛s ♥❡ss❡s tr❡❝❤♦s✱ ♣♦ré♠✱ ❞❡✈❡✲s❡ ❣❛r❛♥t✐r ✉♠❛ ❞❡❝❧✐✈✐❞❛❞❡

tr❛♥s✈❡rs❛❧ ❞❡ ♥♦ ♠í♥✐♠♦ ✸✪✳ ◆♦ ❡♥t❛♥t♦✱ ❛❝❡✐t❛r ❡ss❛ ❝♦♥❞✐çã♦ ❧❡✈❛r✐❛ ❛ ✈✐❛ ❛ t❡r ✈❛r✐❛çã♦ ❞❡

✐♥❝❧✐♥❛çõ❡s tr❛♥s✈❡rs❛✐s ❡♠ tr❡❝❤♦s r❡t✐❧í♥❡♦s ❡ ❡♠ ❝✉r✈❛s✱ ♦ q✉❡ ❝♦♠♣❧✐❝❛r✐❛ ❛ r❡❝♦♥str✉çã♦

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

P♦rt❛♥t♦ ❞❡❝✐❞✐✉✲s❡ ♠❛♥t❡r ❛s ❞❡❝❧✐✈✐❞❛❞❡s ❧♦♥❣✐t✉❞✐♥❛✐s ❡ ❝♦♥str✉✐r s❛r❥❡t❛s ❡♠ ❛♠❜♦s ♦s

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

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

❛✐♥❞❛ ❛s r❡❣r❛s ❡st❛❜❡❧❡❝✐❞❛s s❡❣✉♥❞♦ ♦ ✭❉◆■❚✱ ✷✵✶✵✮✳

◆♦t❛✲s❡ ❛✐♥❞❛ q✉❡ ♥♦ tr❡❝❤♦ ✸✱ ❛ ✉♠❛ ❞✐stâ♥❝✐❛ ❞❡ ✶✶✺ ♠ ❞♦ ♣♦♥t♦ ✏❈✑ ❡st❡ tr❡❝❤♦ ♣❛ss❛ ❛

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

✵✱✷✪ ♣♦❞❡ ❝♦♠♣r♦♠❡t❡r ♦ ❜♦♠ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠✳

❋♦✐ ✈❡r✐✜❝❛❞❛ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ✐♠♣❧❛♥t❛çã♦ ❞❡ ✉♠❛ ❞❡❝❧✐✈✐❞❛❞❡ ♠í♥✐♠❛ ❞❡ ✵✱✷✪ ♥♦s ✺✻

♠ ❞♦ ♣♦♥t♦ ✏●✑ ❛♦ ✏❋✑✱ ✐ss♦ ❧❡✈❛r✐❛ ❛ ✉♠ r❡❜❛✐①❛♠❡♥t♦ ❞❡ ✶✶✱✷✵ ❝♠ ❛♦ ✜♥❛❧ ❞♦ tr❡❝❤♦ ♥♦

♣♦♥t♦ ✏❋✑✳

✻✽



❋✐❣✉r❛ ✹✵✿ ❆❧t❡r❛çã♦ ❞❡ ❞❡❝❧✐✈✐❞❛❞❡ ❞♦ tr❡❝❤♦ ✸

✸✳✹✳✷✳✾ ❉❡❝❧✐✈✐❞❛❞❡ tr❛♥s✈❡rs❛❧

❆❧é♠ ❞❛ ❞❡❝❧✐✈✐❞❛❞❡ ❧♦♥❣✐t✉❞✐♥❛❧✱ é ♥❡❝❡ssár✐♦ s❡ ❛t❡♥❞❡r ♦s r❡q✉✐s✐t♦s tr❛♥s✈❡rs❛✐s ❞❡

✉♠❛ ✈✐❛✳ ❆♣❡s❛r ❞✐ss♦✱ ❛s ❞❡❝❧✐✈✐❞❛❞❡s tr❛♥s✈❡rs❛✐s ♥ã♦ ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞❛s ♥❛s ✈✐s✐t❛s ❛♦

❧♦❝❛❧ ❡ t❛♠❜é♠ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛✲❧❛s ♣♦r ❣❡♦rr❡❢❡r❡♥❝✐❛♠❡♥t♦ ❝♦♠♦ ♦❝♦rr❡✉ ❝♦♠ ❛s

❞❡❝❧✐✈✐❞❛❞❡s ❧♦♥❣✐t✉❞✐♥❛✐s ❝♦♠ ♦ ❛✉①✐❧✐♦ ❞♦ s♦❢t✇❛r❡ ●♦♦❣❧❡ ❊❛rt❤ P❘❖✳ ❈♦♥t✉❞♦✱ ❛ ❢❛❧t❛ ❞❛s

✐♥❢♦r♠❛çõ❡s ❞❛s ❞❡❝❧✐✈✐❞❛❞❡s tr❛♥s✈❡rs❛✐s ❡①✐st❡♥t❡s ♥♦ ❧♦❝❛❧ ♥ã♦ ♣r❡❥✉❞✐❝♦✉ ♦ r❡♣❧❛♥❡❥❛♠❡♥t♦

❡ ❛ r❡❝♦♥str✉çã♦ ❞♦ ♣❛✈✐♠❡♥t♦✱ ✉♠❛ ✈❡③ q✉❡ ♣r❡t❡♥❞❡✲s❡ ❡s❝❛✈❛r ❡ r❡t✐r❛r ♦ ❡①✐st❡♥t❡✳ ❙❡♥❞♦

❛ss✐♠ ❤❛✈❡rá ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ r❡❛rr❛♥❥❛r ❛s ❞❡❝❧✐✈✐❞❛❞❡s tr❛♥s✈❡rs❛✐s ❞❡ t♦❞♦s ♦s tr❡❝❤♦s

❆ ✜♠ ❞❡ ❣❛r❛♥t✐r ❤♦♠♦❣❡♥❡✐❞❛❞❡ ♣❛r❛ t♦❞♦ ♦ ♣❡r❝✉rs♦ ❞❛ ✈✐❛✱ s❡❥❛ ❡❧❛ ❡♠ tr❡❝❤♦ r❡t✐❧í♥❡♦

♦✉ ❡♠ ❝✉r✈❛✱ ❞❡✜♥✐✉✲s❡ ♣❡❧❛ ✜①❛çã♦ ❞❡ t♦❞❛s ❛s ❞❡❝❧✐✈✐❞❛❞❡s ❧♦♥❣✐t✉❞✐♥❛✐s ❡♠ ✷✪✳

❆♣❡s❛r ❞❡ss❛ ❡s❝♦❧❤❛ ✐r ❝♦♥tr❛ ❛ ✐♥str✉çã♦ ❞❡ ❛♣❧✐❝❛çã♦ ❞❡ ♥♦ ♠í♥✐♠♦ ✸✪ q✉❛♥❞♦ ❛s

❞❡❝❧✐✈✐❞❛❞❡s ❧♦♥❣✐t✉❞✐♥❛✐s sã♦ ♠❛✐♦r❡s q✉❡ ✷✱✺✪✱ ❡❧❛ ❣❛r❛♥t❡ ✉♠❛ ♠❛✐♦r ❢❛❝✐❧✐❞❛❞❡ ♣❛r❛ ♦

❡♥t❡♥❞✐♠❡♥t♦ ❞♦ ♣r♦❥❡t♦ ❡ ❞❛s ✐♥❝❧✐♥❛çõ❡s ♥❡❝❡ssár✐❛s✱ ❡✈✐t❛♥❞♦ ❛♦ ♠á①✐♠♦ q✉❡ ♦❝♦rr❛♠ ❡rr♦s

♥❛ r❡❡str✉t✉r❛çã♦ ❞♦ ♣❛✈✐♠❡♥t♦✳

✻✾



✸✳✺ ❊st✉❞♦ ❡ ❣❡♦té❝♥✐❝♦

❆♥t❡s ❞❡ s❡ ♣❧❛♥❡❥❛r q✉❛❧q✉❡r ❡st✉❞♦ ❣❡♦té❝♥✐❝♦✱ ♣r♦❝✉r♦✉✲s❡ ♣♦r ♣r♦❥❡t♦s ♦✉ ❧❛✉❞♦s ❛♥t✐❣♦s

❞❡ ❡♥s❛✐♦s ❢❡✐t♦s ♣❛r❛ ár❡❛ ❞♦ ♣❛✈✐♠❡♥t♦ ❞♦ ❍❯✳ ▼❛s ♦s ú♥✐❝♦s ❞♦❝✉♠❡♥t♦s ❡①✐st❡♥t❡s ❝♦♠

✐♥❢♦r♠❛çõ❡s ❣❡♦té❝♥✐❝❛s ❞♦ t❡rr❡♥♦ ❞♦ ❤♦s♣✐t❛❧ ✉♥✐✈❡rs✐tár✐♦ ❡r❛♠ ❧❛✉❞♦s ❞❡ s♦♥❞❛❣❡♠ ❙P❚✱

r❡❛❧✐③❛❞❛s ❡♠ ✶✾✻✺ ❞✉r❛♥t❡ ❛ ❝♦♥str✉çã♦ ❞♦ ❝♦♠♣❧❡①♦ ❞♦ ❤♦s♣✐t❛❧✳

❆s s♦♥❞❛❣❡♥s ❙P❚ sã♦ ♠✉✐t♦ ✉t✐❧✐③❛❞❛s ♥❛ ❡♥❣❡♥❤❛r✐❛ ❝✐✈✐❧ ♣❛r❛ ♦ ❡st✉❞♦ ❣❡♦té❝♥✐❝♦ ❡

❣❡♦❧ó❣✐❝♦ ❞♦ s♦❧♦✱ ♣❛r❛ s❡ r❡❝♦♥❤❡❝❡r q✉❛❧ ♦ t✐♣♦ ❞❡ ❢✉♥❞❛çã♦ ♠❛✐s ❛❞❡q✉❛❞♦ ♣❛r❛ ❛s ❡❞✐✜❝❛çõ❡s

q✉❡ s❡ ♣❧❛♥❡❥❛ ❝♦♥str✉✐r ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞♦ ♥í✈❡❧ ❞♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦✳

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

❞❡ r❡s✐stê♥❝✐❛ ❞♦ s♦❧♦ ♣❛r❛ ❛ ♣❛✈✐♠❡♥t❛çã♦ ♥ã♦ sã♦ út❡✐s✱ ♣♦✐s ❛ ♣r✐♥❝✐♣❛❧ ár❡❛ ✉t✐❧✐③❛❞❛ ♣❡❧❛

❡str✉t✉r❛ ❞♦ ♣❛✈✐♠❡♥t♦ é ❞❡s❝❛rt❛❞❛ ♥❛ ♣r✐♠❡✐r❛ ❡t❛♣❛ ❞❛ s♦♥❞❛❣❡♠✳ ▼❡s♠♦ ❛ss✐♠✱ t❡♥t♦✉✲s❡

✉t✐❧✐③❛r ♦s r❡❧❛tór✐♦s ❞❛s s♦♥❞❛❣❡♥s ♣❛r❛ s❡ ✈❡r✐✜❝❛r ♦ ♥í✈❡❧ ❞♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦ ♥♦ ❧♦❝❛❧✳ ▼❛s

✐♥❢❡❧✐③♠❡♥t❡ ♦s r❡❧❛tór✐♦s ♥ã♦ ❛♣r❡s❡♥t❛✈❛♠ ❡ss❛ ✐♥❢♦r♠❛çã♦✱ ❡♥tã♦ ♦s r❡❧❛tór✐♦s ❞❛s s♦♥❞❛❣❡♥s

❙P❚ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❛♣❡♥❛s ❝♦♠♦ ❢♦♥t❡ ♣❛r❛ ✉♠ ♣r✐♠❡✐r♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞♦ t✐♣♦ ❞❡ s♦❧♦

❡①✐st❡♥t❡ ♥♦ ❧♦❝❛❧✳ ❙❡✉s r❡s✉❧t❛❞♦s s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♠❛✐s à ❢r❡♥t❡✳

P♦r ✜♠✱ q✉❛♥t♦ ❛♦s ❡st✉❞♦s ❞❡ ár❡❛s ❞❡ ❥❛③✐❞❛s✿ ❈♦♠♦ ❡st❡ ❡st✉❞♦ ❡st❛ s❡♥❞♦ ❢❡✐t♦ ❞❡♥tr♦

❞❛ ár❡❛ ✉r❜❛♥❛ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s✱ ❡♠ ✉♠ ❡s♣❛ç♦ ♣❡q✉❡♥♦ ❡ ❧✐♠✐t❛❞♦ ❛♦ ❍♦s♣✐t❛❧ ❯♥✐✈❡rs✐tár✐♦✱

❞❡s❝❛rt♦✉✲s❡ ♦s ❡st✉❞♦s ❞❡ ♣r♦❝✉r❛ ♣♦r ❥❛③✐❞❛s ♣ró①✐♠❛s ♣❛r❛ s❡ ✉t✐❧✐③❛r ♠❛t❡r✐❛✐s ❡♠ ❝❛♠❛❞❛s

❞❛ ♣❛✈✐♠❡♥t❛çã♦✳ ❈❛s♦ ❤♦✉✈❡r ❛ ♥❡❝❡ss✐❞❛❞❡ s✉❜st✐t✉✐çã♦ ❞❡ s♦❧♦✱ ♦s ♠❛t❡r✐❛✐s s❡rã♦ ❛❞q✉✐r✐❞♦s

♣❡❧♦ ❤♦s♣✐t❛❧✳

✸✳✺✳✶ ❮♥❞✐❝❡ ❞❡ s✉♣♦rt❡ ❝❛❧✐❢ór♥✐❛ ✲ ✭■❙❈✮

❈♦♠♦ ❛s s♦♥❞❛❣❡♥s ❙P❚ ♥ã♦ ❢♦r❛♠ út❡✐s✱ ❜✉s❝♦✉✲s❡ ♣❡❧❛s ✐♥str✉çõ❡s ♣r❡s❡♥t❡s ♥♦s ♠❛t❡r✐❛✐s

❞❛ ❆❇❈P✳ ▼❛s✱ ❛ss✐♠ ❝♦♠♦ ♦❝♦rr❡✉ ♥♦ ❡st✉❞♦ ❞❡ trá❢❡❣♦✱ t❛♥t♦ ♦ ✭❆❇❈P✱ ✶✾✾✽✮✱ q✉❛♥t♦

✭❆❇❈P✱ ✶✾✾✾✮ ❛♣r❡s❡♥t❛♠ q✉❛❧ ❛ ❞✐r❡tr✐③ ❞❡ r❡❢❡r❡♥❝✐❛ ❛ s❡r ✉t✐❧✐③❛❞❛ ❡ s❡✉s ❧✐♠✐t❡s ♣❛r❛ ♦

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

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

✼✵



❞❡ss❛ ❞✐r❡tr✐③ ❞❡ r❡❢❡rê♥❝✐❛✱ q✉❡ ♥♦ ❝❛s♦ ❞♦s ❡st✉❞♦s ❣❡♦té❝♥✐❝♦s ♣❛r❛ ♣❛✈✐♠❡♥t❛çã♦✱ é ♦ ❮♥❞✐❝❡

❞❡ ❙✉♣♦rt❡ ❈❛❧✐❢ór♥✐❛ ✭■❙❈✮✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞♦ ♣❡❧❛ s✐❣❧❛ ❈❇❘✳

❊♥tã♦✱ ♣❛r❛ ♦ ❛♣r♦❢✉♥❞❛♠❡♥t♦ ❞❛s ✐♥str✉çõ❡s ❛ r❡s♣❡✐t♦ ❞♦ í♥❞✐❝❡ ❞❡ s✉♣♦rt❡ ❝❛❧✐❢ór♥✐❛

❡ ♦✉tr♦s ❝♦♥❝❡✐t♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦ ❡st✉❞♦ ❣❡♦té❝♥✐❝♦✱ ✉s♦✉✲s❡ ❝♦♠♦ ❜❛s❡ ❛s ✐♥❢♦r♠❛çõ❡s

♣r❡s❡♥t❡s ♥♦ ♠❛♥✉❛❧ ❞❡ ♣❛✈✐♠❡♥t❛çã♦ ✭❉◆■❚✴■P❘✲✼✶✾✱ ✷✵✵✻✮✳

✸✳✺✳✶✳✶ ❉❡t❡r♠✐♥❛çã♦ ❞♦s ♣♦♥t♦s ❞❡ s♦♥❞❛❣❡♠ ❈❇❘

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

❞❡❧✐♠✐t❛çõ❡s ❞♦s ✸ tr❡❝❤♦s ❞❡✜♥✐❞♦s ♥♦ ❡st✉❞♦ ❣❡♦♠étr✐❝♦✿

• ❚r❡❝❤♦ ✶✿ r❡❢❡r❡♥t❡ ❛ ❡♥tr❛❞❛ ♣r✐♥❝✐♣❛❧ à ár❡❛ ❞♦ ❤♦s♣✐t❛❧ ❡ s❡❣✉❡ ❛té ❛ ✐♥t❡rs❡çã♦ q✉❡

❞á ❛❝❡ss♦ ❛♦s ♣ré❞✐♦s✱ ❝♦♠ ❡①t❡♥sã♦ ❞❡ ✺✷✱✸✵ ♠✳ ❙❡✉s ❧✐♠✐t❡s sã♦ ❞❡❧✐♠✐t❛❞♦s ♣❡❧♦s

♣♦♥t♦s ✏❆✑ ❡ ✏❈✑✳

• ❚r❡❝❤♦ ✷✿ P❛rt❡ ✐♥✐❝✐❛❞❛ ♥❛ ✐♥t❡rs❡çã♦ q✉❡ s❡❣✉❡ ♣♦r t♦❞♦ ♦ ❝♦♠♣r✐♠❡♥t♦ ❛té ❝❤❡❣❛r à

rót✉❧❛ ❞❡ ❛❝❡ss♦ ❛♦ ❛♠❜✉❧❛tór✐♦✱ ❝♦♠ ❡①t❡♥sã♦ ❞❡ ✶✷✾✱✵✼ ♠✳ ❙❡✉s ❧✐♠✐t❡s sã♦ ❞❡❧✐♠✐t❛❞♦s

♣❡❧♦s ♣♦♥t♦s ✏❇✑ ❡ ✏❊✑✳

• ❚r❡❝❤♦ ✸✿ P❛rt❡ t❛♠❜é♠ ✐♥✐❝✐❛❞❛ ♥❛ ✐♥t❡rs❡çã♦ q✉❡ s❡❣✉❡ ♣♦r t♦❞♦ ♦ ❝♦♠♣r✐♠❡♥t♦ q✉❡

❞á ❛❝❡ss♦ às ❡♠❡r❣ê♥❝✐❛s ❡ à ❡♥tr❛❞❛ ♣r✐♥❝✐♣❛❧ ❛♦ ✐♥t❡r✐♦r ❞♦ ❤♦s♣✐t❛❧✱ ❝♦♠ ❡①t❡♥sã♦ ❞❡

✶✼✵✱✻✹ ♠✳ ❙❡✉s ❧✐♠✐t❡s sã♦ ❞❡❧✐♠✐t❛❞♦s ♣❡❧♦s ♣♦♥t♦s ✏❈✑ ❡ ✏❋✑✳

❙❡♥❞♦ ❝♦♥s✐❞❡r❛❞❛ ❛s ❞✐stâ♥❝✐❛s ❛♣r❡s❡♥t❛❞❛s ♥♦ ♣r♦❥❡t♦✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ❛ ♦ ❝♦♠♣r✐♠❡♥t♦

t♦t❛❧ ❞❡ ✈✐❛ ♣❛r❛ ❡ss❡ ❡st✉❞♦ t❡♠ ✸✺✷✱✵✶ ♠✱ ♣♦rt❛♥t♦✱ r❡s♣❡✐t❛♥❞♦ ❛ r❡❣r❛ ❞❡ ✉♠❛ s♦♥❞❛❣❡♠

❛ ❝❛❞❛ ✷✵✵ ♠ ❛♣r❡s❡♥t❛❞♦ ♥♦ ♠❛♥✉❛❧ ❞❡ ♣❛✈✐♠❡♥t❛çã♦ ✭❉◆■❚✴■P❘✲✼✶✾✱ ✷✵✵✻✮✱ ❤❛✈❡r✐❛ ❛

♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ r❡❛❧✐③❛r ❛♣❡♥❛s ❞✉❛s s♦♥❞❛❣❡♥s ♣❛r❛ ❛ ✈❡r✐✜❝❛çã♦ ❞♦ s✉❜❧❡✐t♦✳

❋♦✐ ❡♥tã♦ ❞❡t❡r♠✐♥❛❞♦ ✉♠❛ s♦♥❞❛❣❡♠ ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s ❡①tr❡♠✐❞❛❞❡s ❞❛ ár❡❛ ❞❡ ❡st✉❞♦✳

❆❧é♠ ❞❡ss❛s ❞✉❛s✱ ❢♦✐ t❛♠❜é♠ r❡❛❧✐③❛❞❛ ✉♠❛ t❡r❝❡✐r❛ s♦♥❞❛❣❡♠ ❉❈P✱ ❡♠ ❢r❡♥t❡ ❛♦ ❛❝❡ss♦ à

❡♠❡r❣ê♥❝✐❛✱ ♣♦✐s ♣ró①✐♠♦ ❛ ❡ss❡ ❧♦❝❛❧ s❡ ❡♥❝♦♥tr❛✈❛♠ ❣r❛♥❞❡ ❞❡❢♦r♠❛çõ❡s ❡ ❛ ár❡❛ ❡st❛✈❛ ❡♠

r❡❢♦r♠❛✱ s❡♠ ♦s ❜❧♦❝♦s ❞❡ ❝♦♥❝r❡t♦ ✐♥st❛❧❛❞♦s✳

❆ ✐♠❛❣❡♠ ✹✶ ❛♣r❡s❡♥t❛ ❛ ❧♦❝❛❧✐③❛çã♦ ❡①❛t❛ ❡♠ q✉❡ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❛s três s♦♥❞❛❣❡♥s✳

✼✶





❊ss❛ s✉❜st✐t✉✐çã♦ ♥ã♦ tr❛③ ❣r❛♥❞❡ ✐♠♣❛❝t♦ ❛♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞♦ ♣❛✈✐♠❡♥t♦✳ ◆❛ r❡❛❧✐✲

❞❛❞❡✱ s♦♥❞❛❣❡♥s ❝♦♠ ♣❡♥❡trô♠❡tr♦ ❞✐♥â♠✐❝♦ ♣❛r❛ ♣❛✈✐♠❡♥t❛çã♦ ❞❡ ❡str❛❞❛s sã♦ ❢❡✐t❛s ❞❡s❞❡

♠❡❛❞♦s ❞♦s ❛♥♦s ✺✵✳ ❖s r❡s✉❧t❛❞♦s ❞❛s s♦♥❞❛❣❡♥s ❉❈P sã♦ ❝♦♥✈❡rt✐❞♦s ❡♠ ❈❇❘ ♣♦r ♠❡✐♦ ❞❡

❝♦rr❡❧❛çõ❡s ❡①✐st❡♥t❡s ♣❛r❛ ❝❛❞❛ t✐♣♦ ❞❡ s♦❧♦✳

P♦rt❛♥t♦ ❢♦✐ ❞❡✜♥✐❞♦ ♦ ✉s♦ ❞♦ ♣❡♥❡trô♠❡tr♦ ❞✐♥â♠✐❝♦ ❞❡ ❝♦♥❡ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❛s s♦♥✲

❞❛❣❡♥s✳ ❖ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞♦s í♥❞✐❝❡s ❞❡ s✉♣♦rt❡ ❝❛❧✐❢ór♥✐❛ ❞♦s s✉❜❧❡✐t♦s s❡rã♦ ❢❡✐t♦ ♣♦r ♠❡✐♦

❞❛ ❛♣❧✐❝❛çã♦ ❞❡ ❝♦rr❡❧❛çõ❡s ❡①✐st❡♥t❡s ❡♥tr❡ ❉❈P ❡ ❈❇❘✳

✸✳✺✳✸ ❈♦rr❡❧❛çõ❡s ❡①✐st❡♥t❡s

◆❛ ❧✐t❡r❛t✉r❛ ❡①✐st❡ ✉♠❛ sér✐❡ ❞❡ ♦✉tr❛s ❝♦rr❡❧❛çõ❡s ❝r✐❛❞❛s ♣❛r❛ ❝♦rr❡❧❛❝✐♦♥❛r ❡st❡s ❞♦✐s í♥❞✐❝❡s✳

❙❡❣✉♥❞♦ ✭❋❖◆❚❊❙✱ ✷✵✵✶✮ ❡ ✭❙❆◆❚❖❙✱ ✷✵✶✻✮ ❡♠ â♠❜✐t♦ ♥❛❝✐♦♥❛❧ t❡♠♦s✿ ❍❡②♥ ✭✶✾✽✻✮✱

❱❡rt❛♠❛tt✐ ❡ ❖❧✐✈❡✐r❛ ✭✶✾✾✼✮ ❡ ❚r✐❝❤ês ❡ ❈❛r❞♦s♦ ✭✶✾✾✽✮✱ ♣♦r ❡①❡♠♣❧♦✳ ❏á ❢♦r❛ ❞♦ ❇r❛s✐❧✱ ❤á

❛❧❣✉♠❛s ♦✉tr❛s ❝♦rr❡❧❛çõ❡s ❝♦♠♦ ❛ ❞❡ ❍❛r✐s♦♥ ✭✶✾✽✼✮✱ ❑❧❡♥② ❡ ❙❛✈❛❣❡ ✭✶✾✾✽✮✱ P♦♥❝❡ ❡t ❛❧✳

✭✶✾✾✶✮✱ ❆♥❣❡❧♦♥✐ ✭✶✾✾✶✮✳

■♥❝❧✉s✐✈❡ ❡♠ ✷✵✵✾ ❢♦✐ ❝r✐❛❞❛ ❛ ♥♦r♠❛ ✭❆❚❙▼✴❉✲✻✾✺✶✱ ✮ ♥♦s ❊st❛❞♦s ❯♥✐❞♦s✱ r❡❢❡r❡♥t❡ ❛♦

✉s♦ ❞♦ ♣❡♥❡trô♠❡tr♦ ❞✐♥â♠✐❝♦ ❞❡ ❝♦♥❡ ❡♠ ♣❛✈✐♠❡♥t♦s✳ ◆❡❧❛ é ❛♣r❡s❡♥t❛❞❛ ✸ ❝♦rr❡❧❛çõ❡s ♣❛r❛

❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ s♦❧♦✳

❈❛❞❛ ❝♦rr❡❧❛çã♦ ✈❛r✐❛ ❡♠ r❡❧❛çã♦ ❛s ♦✉tr❛s ♣♦r ❝♦♥t❛ ❞♦ t✐♣♦ ❞❡ s♦❧♦ ♦✉ r❡❣✐ã♦ ❡♠ q✉❡

❢♦r❛♠ r❡❛❧✐③❛❞♦s s❡✉s ❡st✉❞♦s✳ ❆❧é♠ ❞✐ss♦ ❧❡✈❛✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ t❛♠❜é♠ ❛s ❝♦♥❞✐çõ❡s ❡♠

q✉❡ ♦ ❢♦r❛♠ ❢❡✐t❛s ❛s s♦♥❞❛❣❡♥s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ s❡ ❢♦r❛♠ ✐♥ s✐t✉ ♦✉ ❡♠ ❧❛❜♦r❛tór✐♦✱ ♦✉

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

r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ❡st✉❞♦ ❣❡♦té❝♥✐❝♦ ❛ ❡s❝♦❧❤❡r ✉♠❛ ❝♦rr❡❧❛çã♦ q✉❡ ♠❛✐s ❛❞❡q✉❛❞❛ ♣❛r❛ ❛

❝♦♥✈❡rsã♦ ❞♦s r❡s✉❧t❛❞♦s ❡♠ ❈❇❘✳

✸✳✺✳✹ ❈♦rr❡❧❛çõ❡s ✉t✐❧✐③❛❞❛s

P❛r❛ r❡❛❧✐③❛r ❛❞❛♣t❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ♥❛s s♦♥❞❛❣❡♥s ❉❈P ♣❛r❛ ✈❛❧♦r❡s ❡q✉✐✈❛✲

❧❡♥t❡s ❞❡ ❈❇❘ ❢♦✐ ❞❡✜♥✐❞❛ ❛ ❡s❝♦❧❤❛ ❞❡ ✸ ❝♦rr❡❧❛çõ❡s ♣❛r❛ ♦s ❝á❧❝✉❧♦s✿

✶✮ ❖❧✐✈❡✐r❛ ❡ ❱❡rt❛♠❛tt✐ ✭✶✾✾✼✮

✼✸





• ❋✲✵✹✱❋✲✵✺✱❋✲✵✻✿ ❆r❡✐❛ ❛r❣✐❧♦s❛ ❝✐♥③❛ ❝❧❛r❛

• ❋✲✵✼ ❡ ❋✲✶✸✿ ❆r❡✐❛ ❛r❣✐❧♦s❛ ♣r❡t❛

✸✳✻ P♦ssí✈❡❧ ❡str✉t✉r❛ ❞♦ ♣❛✈✐♠❡♥t♦ ❡①✐st❡♥t❡

◆♦ ❞✐❛ ❡♠ q✉❡ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❛s s♦♥❞❛❣❡♥s ❢♦✐ ♦❜s❡r✈❛❞♦ q✉❡ ♣❛rt❡ ❞♦ ♣❛✈✐♠❡♥t♦ ❡♠ ❢r❡♥t❡

à ❡♠❡r❣ê♥❝✐❛ ❡st❛✈❛ ❡♠ ♠❛♥✉t❡♥çã♦✱ s❡♠ ♦s ❜❧♦❝♦s ✐♥t❡rtr❛✈❛❞♦s ♣♦s✐❝✐♦♥❛❞♦s✱ ❡ ❝♦♠ ❤♦♠❡♥s

tr❛❜❛❧❤❛♥❞♦✳ ◆❡st❡ ❧♦❝❛❧ ❢♦✐ ❢❡✐t❛ ❛ s♦♥❞❛❣❡♠ ❞❡ ❉❈P✲✵✷✳

❆♣ós ❛ r❡❛❧✐③❛çã♦ ❞❛ s♦♥❞❛❣❡♠ ❢♦✐ ♣❡r❣✉♥t❛❞♦ ❛♦s ❢✉♥❝✐♦♥ár✐♦s q✉❡ ❡st❛✈❛♠ tr❛❜❛❧❤❛♥❞♦

♥❛ r❡❝✉♣❡r❛çã♦ ❞♦ ♣❛✈✐♠❡♥t♦ q✉❛✐s ❡r❛♠ ❛s ❝❛♠❛❞❛s q✉❡ ❡st❛✈❛♠ s❡♥❞♦ r❡❡str✉t✉r❛❞❛s✳ ❯♠

❞♦s ❢✉♥❝✐♦♥ár✐♦s r❡s♣♦♥❞❡✉ q✉❡ ❛♣ós r❡t✐r❛❞❛ ❞♦ ❜❧♦❝♦s✱ ❡ ❞❛ ❝❛♠❛❞❛ ❞❡ ❛ss❡♥t❛♠❡♥t♦ ❞❡

❛r❡✐❛ ♠é❞✐❛✱ ❡r❛ r❡❝♦❧♦❝❛❞❛ ✉♠❛ ❝❛♠❛❞❛ ❞❡ ✺ ❝♠ ❜r✐t❛ ❣r❛❞✉❛❞❛ ❞♦ t✐♣♦ ✷✱ ❡ ❡♠ s❡❣✉✐❞❛

r❡❝♦❧♦❝❛❞❛ ✉♠❛ ♥♦✈❛ ❝❛♠❛❞❛ ❞❡ ár❡❛ ♠é❞✐❛ ❞❡ ❝❡r❝❛ ❞❡ ✸ ❝♠✱ ❞❡♣♦✐s ❞✐ss♦✱ ❛ss❡♥t❛❞♦s ♦s

❜❧♦❝♦s✳

❆ ♣❛rt✐r ❞❡ss❛s ✐♥❢♦r♠❛çõ❡s✱ ❛❝r❡❞✐t❛✲s❡ q✉❡ ❛ ❡str✉t✉r❛ ❞❡ ♣❛✈✐♠❡♥t♦ ❡①✐st❡♥t❡ ♥♦ ❧♦❝❛❧

t❡♥❤❛ ♥♦ ♠í♥✐♠♦ ✶✹ ❝♠ ❛té ♦ ✜♠ ❞❛ ❝❛♠❛❞❛ ❞❡ ❜❛s❡✳ ❙❡ ❝♦♥s✐❞❡r❛❞❛ ❛ ❡s♣❡ss✉r❛ ♠í♥✐♠❛ ✶✵

❝♠ ♣❛r❛ s✉❜✲❜❛s❡✱ ❝♦♠♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✭❆❇❈P✱ ✶✾✾✽✮✱ ❝❤❡❣❛✲s❡ ❛ ✉♠ ♣❛✈✐♠❡♥t♦ ❞❡ ❡s♣❡ss✉r❛

❞❡ ✷✹ ❝♠ ♦✉ ❧✐❣❡✐r❛♠❡♥t❡ ♠❡♥♦r✱ ♣♦r ❝♦♥t❛ ❞❛ ❝♦♠♣❛❝t❛çã♦ ❞❛ ❝❛♠❛❞❛ ❞❡ ❛ss❡♥t❛♠❡♥t♦✳

❋✐❣✉r❛ ✹✸✿ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ ♣❛✈✐♠❡♥t♦ ❡①✐st❡♥t❡

✼✺



✸✳✼ ❊st✉❞♦ ❞♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠

❊♥t❡♥❞❡✲s❡ q✉❡ ✉♠ ♣♦ssí✈❡❧ ❛❣❡♥t❡ ❝❛✉s❛❞♦r ❞♦s ❞❡s♥✐✈❡❧❛♠❡♥t♦s ❞❡ ❜❧♦❝♦s é ❛ ♣❡r♠❛♥ê♥❝✐❛

❞❛ á❣✉❛ ❞❡♥tr♦ ❞❛ ❡str✉t✉r❛ ❞♦ ♣❛✈✐♠❡♥t♦ ❝❛✉s❛❞❛ ♣❡❧❛ ❢❛❧t❛ ❞❡ ❞r❡♥❛❣❡♠ s✉♣❡r✜❝✐❛❧ ♦✉ ♣♦r

s❛t✉r❛çã♦ ❞♦ s✉❜❧❡✐t♦ q✉❡ ❡❧❡✈❛ ♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦ ❡♠ é♣♦❝❛s ❝❤✉✈♦s❛s ♣❛r❛ ✉♠❛ ♣r♦❢✉♥❞✐❞❛

♣ró①✐♠❛ ❛ ✶ ♠ ❞❛ s✉♣❡r❢í❝✐❡✳

P❛r❛ ✈❡r✐✜❝❛r ❛ ❞❡♠❛♥❞❛ ❤✐❞rá✉❧✐❝❛ ❞♦s ♣❛✈✐♠❡♥t♦s ❢♦✐ ✉t✐❧✐③❛❞♦ ❝♦♠♦ ❜❛s❡ ♦ ♠❛♥✉❛❧ ❞❡

❞r❡♥❛❣❡♠ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮✳ ❊st❡ ♠❛t❡r✐❛❧ ❛♣r❡s❡♥t❛ ✉♠ ❝❛♣ít✉❧♦ ✐♥t❡✐r♦ ❞❡❞✐❝❛❞♦ à

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

s❡❣✉✐rá ❛s ✐♥str✉çõ❡s ♣r❡s❡♥t❡s ♥❡st❡ ♠❛♥✉❛❧✳

◆♦ ✭❆❇❈P✱ ✶✾✾✾✮ ♥ã♦ ❤á ❛♣r♦❢✉♥❞❛♠❡♥t♦ q✉❛♥t♦ ❛ ❡str✉t✉r❛ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠

s✉♣❡r✜❝✐❛❧ ♦✉ ❛té ♠❡s♠♦ q✉❛♥t♦ ❛♦s s❡✉s ❞✐s♣♦s✐t✐✈♦s✳ ❍á ❛♣❡♥❛s ❛❧❣✉♠❛s ✐♥str✉çõ❡s ❛

r❡s♣❡✐t♦ ❞❡ s❛r❥❡t❛s ❡ t❛♠❜é♠ ❞❡ ❞r❡♥♦s tr❛♥s✈❡rs❛✐s✱ ♠❛s s❡♠ ♠✉✐t♦ ❛♣r♦❢✉♥❞❛♠❡♥t♦ ♦✉ s❡

q✉❡r ♠ét♦❞♦ ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦✱ ♣♦rt❛♥t♦ s✉❛s ✐♥str✉çõ❡s ♥ã♦ s❡rã♦ ✉t✐❧✐③❛❞❛s✳

✸✳✼✳✶ ❙✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ ❡①✐st❡♥t❡

❉✉r❛♥t❡ ❛s ✈✐s✐t❛s ❡ ❝♦♥✈❡rs❛s ❝♦♠ ❛ ❡♥❣❡♥❤❡✐r❛ r❡s♣♦♥sá✈❡❧✱ ❢♦✐ ✈❡r✐✜❝❛❞♦ q✉❡ ❥✉♥t♦ ❛♦

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

♣❛✈✐♠❡♥t♦✳

◆♦ tr❡❝❤♦ ✸ ❢♦✐ ♦❜s❡r✈❛❞❛ ❛ ❡①✐stê♥❝✐❛ ❞❡ ❣❛❧❡r✐❛s ❝♦♠ ❞✉t♦s ❞❡ ✶✵✵ ♠♠ ♦✉ ✶✷✺ ♠♠ ❡♠

❛♠❜♦s ♦s ❧❛❞♦s ❞♦ ♣❛✈✐♠❡♥t♦✱ ❝♦♠ ❧❛r❣✉r❛s ❞❡ ✹✵ ❝♠ ❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✱✺

♠✳ ❱❡r✐✜❝♦✉✲s❡ q✉❡ ❡ss❡ ❝♦♥❥✉♥t♦ ❞❡ ❣❛❧❡r✐❛s s❡ ❝♦♥❡❝t❛✈❛ ♣♦r ♠❡✐♦ ❞❡ ❞✉t♦s tr❛♥s✈❡rs❛✐s à

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

q✉❡ é ♦ ❧❛❣♦ ❡①✐st❡♥t❡ ♥♦ t❡rr❡♥♦ ❞♦ ❤♦s♣✐t❛❧✱ ❧♦❝❛❧✐③❛❞♦ ❛♣ós ♦ ♣♦♥t♦ ✏❋✑✳

◆♦ tr❡❝❤♦ ✷ t❛♠❜é♠ ❢♦✐ ✈❡r✐✜❝❛❞❛ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❣❛❧❡r✐❛s ❡♠ ❛♣❡♥❛s ✉♠

❞♦s ❜♦r❞♦s ❞♦ ♣❛✈✐♠❡♥t♦✳ ◆♦ ❡♥t❛♥t♦✱ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ✉♠❛ r❡❛❧ ❝♦♥❡①ã♦ ❞❡st❡

❝♦♠ ♦ s✐st❡♠❛ ❡①✐st❡♥t❡ ♥♦ tr❡❝❤♦ ✸ ♦✉ s❡ q✉❡r ❛ ❞✐r❡çã♦ ✜♥❛❧ ❞❛s á❣✉❛s ❝♦♥❞✉③✐❞❛s ♣♦r

❡ss❡ s✐st❡♠❛✳ ❆❝r❡❞✐t❛✲s❡ q✉❡ ♣r♦✈❛✈❡❧♠❡♥t❡ ❛s á❣✉❛s sã♦ ❞✐r❡❝✐♦♥❛❞❛s ❛té ♦ r✐♦ ❙❡rtã♦ q✉❡

❛tr❛✈❡ss❛ ❛ r❡❣✐ã♦ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧✱ ♣❛ss❛♥❞♦ ♣ró①✐♠♦ ❛ ár❡❛ ❞♦ ❤♦s♣✐t❛❧✳

✼✻



P♦r ✜♠✱ ♥♦ tr❡❝❤♦ ✶✱ ♥ã♦ ❢♦✐ ✐❞❡♥t✐✜❝❛❞♦ q✉❛❧q✉❡r s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠✳

❆ ✜❣✉r❛ ✹✹ ❛♣r❡s❡♥t❛ ♦ ♦s s✐st❡♠❛s ❞❡ ❣❛❧❡r✐❛s ✐❞❡♥t✐✜❝❛❞♦s ❡ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦ ♣♦ssí✈❡❧

❧♦❝❛✐s ❞❡ ❞❡sá❣✉❡ ✜♥❛❧ ❞❛s á❣✉❛s s✉♣❡r✜❝✐❛✐s✳

❋✐❣✉r❛ ✹✹✿ ■❞❡♥t✐✜❝❛çã♦ ❞❛s ❣❛❧❡r✐❛s ❡ ❞♦s ♣♦ssí✈❡✐s ❧♦❝❛✐s ❞❡ ❞❡sá❣✉❡ ❞♦ ❤♦s♣✐t❛❧

✸✳✼✳✷ ◆♦✈♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ s✉♣❡r✜❝✐❛❧

P♦r ❝♦♥t❛ ❞❛ ❢❛❧t❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ❝♦♠♣❧❡t❛s s♦❜r❡ ♦ s✐st❡♠❛ ❞❡ ❣❛❧❡r✐❛s ❡①✐st❡♥t❡s ♥❛s ♣r♦✲

①✐♠✐❞❛❞❡s ❞♦ ♣❛✈✐♠❡♥t♦✱ ♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ s✉♣❡r✜❝✐❛❧ s❡rá r❡❡str✉t✉r❛❞♦ ❛té ❡♥❝♦♥tr♦

❞♦s ♣♦♥t♦s ♥❡❝❡ssár✐♦s ❞❡ ✐♥st❛❧❛çã♦ ❞❛s ❜♦❝❛s ❞❡ ❧♦❜♦ ❡ s✉❛s ❣❡♦♠❡tr✐❛s✳ ◆♦✈❛s ❣❛❧❡r✐❛s ♦✉

♣♦♥t♦s ❞❡ ✈✐s✐t❛ ♥ã♦ s❡rã♦ ❞✐♠❡♥s✐♦♥❛❞♦s✳

❆s s❛r❥❡t❛s ❡ ❛s ❜♦❝❛s ❞❡ ❧♦❜♦ ❞♦ ♥♦✈♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ s✉♣❡r✜❝✐❛❧ s❡rã♦ ❞✐♠❡♥s✐♦♥❛❞♦s

❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ✐♥str✉çõ❡s ❞♦ ♠❛♥✉❛❧ ❞❡ ❞r❡♥❛❣❡♠ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮✳ ❆❧é♠ ❞✐ss♦✱

❡ss❡ ♥♦✈♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ♥ã♦ ❧❡✈❛rá ❡♠ ❝♦♥t❛ ♥♦s ❝á❧❝✉❧♦s ♦s ♣♦♥t♦s ❞❡ ❜♦❝❛s ❞❡ ❧♦❜♦ ❝♦♠

❣r❡❧❤❛s ❡①✐st❡♥t❡s ✐♥st❛❧❛❞❛s ♥♦ ❧♦❝❛❧✳ P♦✐s✱ ❛ ♣❡❞✐❞♦ ❞♦ ❤♦s♣✐t❛❧✱ s❡r✐❛ ♠❛✐s s❡❣✉r♦ ❛ r❡t✐r❛❞❛

❞❛s ❜♦❝❛s ❞❡ ❧♦❜♦ ❝♦♠ ❣r❡❧❤❛s✱ ♣♦✐s ❡①✐st❡♠ ✈❡í❝✉❧♦s ♣❡s❛❞♦s q✉❡ ♣❛ss❛♠ ❡♠ ❞❡t❡r♠✐♥❛❞♦s

♠♦♠❡♥t♦s ❛❝❛❜❛♠ ♣❛ss❛♥❞♦ ♠✉✐t♦ ♣ró①✐♠♦s ❛♦ ♠❡✐♦✲✜♦ ❡ ♣♦r ❝✐♠❛ ❞❛s ❣r❡❧❤❛s✳

P❛r❛ ❣❛r❛♥t✐r q✉❡ ♥ã♦ ❤❛❥❛♠ q✉❛✐sq✉❡r ❢❛❧❤❛s ♥♦ ❡s❝♦❛♠❡♥t♦ s✉♣❡r✜❝✐❛❧ ❞❛s á❣✉❛s ♣❧✉✈✐❛✐s

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

❡s♣❡r❛✱ ❡ss❛ ❞❡❝✐sã♦ ♥ã♦ ❞❡✈❡ ❧❡✈❛r ❛ ✉♠ ❛✉♠❡♥t♦ r❡♣r❡s❡♥t❛t✐✈♦s ♥♦s ❝✉st♦s✱ ♣♦✐s ♥ã♦ s❡rã♦
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❝♦♠♣r❛❞❛s s❛r❥❡t❛s ♣ré✲♠♦❧❞❛❞❛s✱ ♥ã♦ s❡rã♦ ❢❡✐t♦s ❜♦❝❛s ❞❡ ❧♦❜♦ ❡♠ ❝♦♥❥✉♥t♦ ❡ ♥ã♦ s❡rã♦

✉t✐❧✐③❛❞❛s ❣r❡❧❤❛s✳

❆s s❛r❥❡t❛s s❡rã♦ ♣r♦❥❡t❛❞❛s r❡✉t✐❧✐③❛♥❞♦ ♦ ♣ró♣r✐♦ ❝♦r♣♦ ❡str❛❞❛❧ ❡ ❛ ❡str✉t✉r❛ ❞♦ ♠❡✐♦✲✜♦

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

✸✳✼✳✷✳✶ P♦st♦s ❞❡ ✈✐s✐t❛

❖s ♣♦ç♦s ❞❡ ✈✐s✐t❛ sã♦ ❞✐s♣♦s✐t✐✈♦s ❡①✐st❡♥t❡s ♥♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ q✉❡ ♣♦❞❡♠ s❡r

✉t✐❧✐③❛❞♦s ♣❛r❛ ♠❛✐s ❞❡ ✉♠❛ ❢✉♥çã♦✳ ❙ã♦ ❝♦♥str✉í❞❛s ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛ ♣❡r♠✐t✐r ❛ ❛❧t❡r❛çã♦✱

❛ ❞❡❝❧✐✈✐❞❛❞❡ ♦✉ ❛té ♠❡s♠♦ ❛ ❞✐r❡çã♦ ❞❛s á❣✉❛s q✉❡ sã♦ ❡s❝♦❛❞❛s ♥❛s ❣❛❧❡r✐❛s✱ ♠❛s ♣♦❞❡♠ s❡r

t❛♠❜é♠ ✐♥st❛❧❛❞❛s ❛♣❡♥❛s ❝♦♠♦ ♣♦♥t♦s ♣❛r❛ s❡ r❡❛❧✐③❛r ❧✐♠♣❡③❛s ❡ ✈❡r✐✜❝❛çã♦ ❞❛ ❡✜❝✐ê♥❝✐❛s✳

◆ã♦ ❢♦✐ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ t♦❞♦ ♦ ❝♦♠♣❧❡①♦ ❞❡ ❣❛❧❡r✐❛s ❡①✐st❡♥t❡ ❞♦

s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ ♣❧✉✈✐❛❧ ❞❛ ár❡❛ ❞❡ ❡st✉❞♦✱ ♣♦r ❝♦♥t❛ ❞✐ss♦✱ ♥ã♦ s❡rã♦ ❛♣r♦❢✉♥❞❛❞❛s ❛s

✐♥❢♦r♠❛çõ❡s ❛ r❡s♣❡✐t♦ ❞♦s ♣♦st♦s ❞❡ ✈✐s✐t❛ ♦✉ ❞❛s ❣❛❧❡r✐❛s✳

✸✳✼✳✸ ◆♦✈♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ ♣r♦❢✉♥❞❛

❋♦✐ ✈❡r✐✜❝❛❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❡st✉❞♦s ❞❡ ✭❙❆◆❚❖❙✱ ✷✵✶✻✮ q✉❡ ♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦ s♦❜❡ ❛❧é♠

❞♦ ❧✐♠✐t❡ ♠á①✐♠♦ ❡st✐♣✉❧❛❞♦ ♥♦ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮✳ ■ss♦ ❛✜r♠❛ q✉❡ ✉♠ ❞♦s ♣♦ssí✈❡✐s

♣r♦❜❧❡♠❛s ❝❛✉s❛❞♦r❡s ❞❡ ❞❡♣r❡ssõ❡s ♥♦ ♣❛✈✐♠❡♥t♦ ♣♦❞❡ ❡st❛r ♦❝♦rr❡♥❞♦ ♣♦r ❝♦♥t❛ ❞❛ s❛t✉r❛çã♦

❞♦ s♦❧♦ ♣ró①✐♠♦ ❛ ❡str✉t✉r❛ ❞♦ ♣❛✈✐♠❡♥t♦✳ P♦rt❛♥t♦ é ♥❡❝❡ssár✐♦ ❢❛③❡r ♦ r❡❜❛✐①❛♠❡♥t♦ ❞♦ ❧❡♥ç♦❧

❢r❡át✐❝♦ ♣♦r ♠❡✐♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ ♣r♦❢✉♥❞♦✳

❆✐♥❞❛ ❝♦♥❢♦r♠❡ ♦ ♠❛♥✉❛❧ ❞❡ ❞r❡♥❛❣❡♠ ❞♦ ❉◆■❚ ✭❉◆■❚✴■P❘✲✼✷✹✱ ✷✵✵✻✮✱ ♣❛r❛ ❛ ❝♦♥s✲

tr✉çã♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ ♣r♦❢✉♥❞♦ s❡r✐❛ ♥❡❝❡ssár✐♦ ❛❜r✐r ✈❛❧❛s ❞❡ ♥♦ ♠í♥✐♠♦ ✶✱✺

❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❝♦♠ ❧❛r❣✉r❛ ❞❡ ♣❡❧♦ ♠❡♥♦s ✺✵ ❝♠✳ ▲❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ t♦❞❛ ❛ ❝♦♠✲

♣❧❡①✐❞❛❞❡ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ❤♦s♣✐t❛❧ s❡r✐❛ ♥❡❝❡ssár✐♦ ✉♠ ❡st✉❞♦ ♠❛✐s ❛♣r♦❢✉♥❞❛❞♦ ♣❛r❛

❛ ❝♦♥str✉çã♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ ♣r♦❢✉♥❞❛✳ P♦rt❛♥t♦ ♥❡ss❡ tr❛❜❛❧❤♦ s❡rá ✐♥❞✐❝❛❞♦

❛♣❡♥❛s ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❢❛③ê✲❧♦ ♣❛r❛ ❣❛r❛♥t✐r ❜♦♠ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ♣❛✈✐♠❡♥t♦ q✉❡ s❡rá

❞✐♠❡♥s✐♦♥❛❞♦✳
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✹ ❘❡s✉❧t❛❞♦s

✹✳✶ ●❡♦♠❡tr✐❛ ❞♦ ♣❛✈✐♠❡♥t♦

❆♣ós ❛ ❝♦♠♣❛r❛çã♦ ❞❛ ❣❡♦♠❡tr✐❛ ❞♦ ♣❛✈✐♠❡♥t♦ ❡①✐st❡♥t❡ ♥♦ ❧♦❝❛❧ ❝♦♠ ♦s r❡q✉✐s✐t♦s ❣❡♦♠étr✐✲

❝♦s ❛♣r❡s❡♥t❛❞♦s ♥♦s ♠❛t❡r✐❛✐s ❞❛ ❆❇❈P ❡ ❞♦ ✭❉◆■❚✱ ✷✵✶✵✮ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ♥ã♦ ❤á ❣r❛♥❞❡s

❛❧t❡r❛çõ❡s ❛ s❡r❡♠ ❢❡✐t❛s ♥❛ ❣❡♦♠❡tr✐❛ ❞♦ ♣❛✈✐♠❡♥t♦✱ ❛té ♣♦rq✉❡ ♣❛rt❡ ❞❛s ❛❧t❡r❛çõ❡s sã♦

✐♠♣r❛t✐❝á✈❡✐s✱ ❝♦♠♦ ♦ ❛✉♠❡♥t♦ ❞❛s ❝✉r✈❛s ❤♦r✐③♦♥t❛✐s ♣❛r❛ ❛t❡♥❞❡r ♦s r❡q✉✐s✐t♦s ❞❡ s❡❣✉r❛♥ç❛

❡ ❝♦♥❢♦rt♦ ❛♦s ♠♦t♦r✐st❛s✳

❆ ú♥✐❝❛ ❛❧t❡r❛çã♦ ❣❡♦♠étr✐❝❛ q✉❡ ♦❜r✐❣❛t♦r✐❛♠❡♥t❡ ❞❡✈❡ s❡r ❢❡✐t❛ ♥♦ ❧♦❝❛❧ é ♦ r❡❛rr❛♥❥♦ ❞❛

❞❡❝❧✐✈✐❞❛❞❡ ❧♦♥❣✐t✉❞✐♥❛❧ ❞♦s ✺✻ ♠ ♣❧❛♥♦s ❡①✐st❡♥t❡ ♥♦ tr❡❝❤♦ ✸✳ ❉♦ ♣♦♥t♦ ✏●✑ ❛♦ ♣♦♥t♦ ✏❋✑

❞❡✈❡✲s❡ ❣❛r❛♥t✐r ❛♦ ♠í♥✐♠♦ ✉♠❛ ❞❡❝❧✐✈✐❞❛❞❡ ❧♦♥❣✐t✉❞✐♥❛❧ ❞❡ ✵✱✷✪ ❝♦♠♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ✷✾✳

❊ss❛ ❛❧t❡r❛çã♦ ❣❛r❛♥t✐rá ♦ ♠í♥✐♠♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ ♣❧✉✈✐❛❧ ❡ ♣♦❞❡ s❡r

❢❡✐t♦ ❞✉r❛♥t❡ ❛ r❡❡str✉t✉r❛çã♦ ❞♦ ♣❛✈✐♠❡♥t♦✳ ❆♦ ✜♠ ♦ ♣♦♥t♦ ✏❋✑ s❡rá r❡❜❛✐①❛❞♦ ❡♠ ✶✶✱✷✵ ❝♠✳

❆♣❡s❛r ❞❡ ♥ã♦ ❤❛✈❡r ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❣r❛♥❞❡s ❛❧t❡r❛çõ❡s ❣❡♦♠étr✐❝❛s ♥❛ ✈✐❛✱ ❞❡✈❡r❛ s❡r

r❡❡str✉t✉r❛❞♦ ♦ ❝♦♥✜♥❛♠❡♥t♦ ✐♥t❡r♥♦ ❡ ❡①t❡r♥♦ ❞♦ ♣❛✈✐♠❡♥t♦✿

✶✮ ❉✉r❛♥t❡ ❛s ❡s❝❛✈❛çõ❡s ♣❛r❛ ❛ ✐♠♣❧❛♥t❛çã♦ ❞❛s ♥♦✈❛s ❝❛♠❛❞❛s ❞♦ ♣❛✈✐♠❡♥t♦ é ♥❡✲

❝❡ssár✐♦ ✈❡r✐✜❝❛r s❡ ♦ ♠❡s♠♦ tê♠ ❛s ❞✐♠❡♥sõ❡s r❡❝♦♠❡♥❞❛❞❛s ❞❡ ✶✺ ❝♠ ♣♦r ✹✺ ❝♠✳ ❈❛s♦

❝♦♥trár✐♦ ♦ ♠❡✐♦✲✜♦ ❞❡✈❡ s❡r r❡❢❡✐t♦ ❝♦♠♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ✐♥str✉çõ❡s ❛♣r❡s❡♥t❛❞❛s ♥♦

✭❆❇❈P✱ ✶✾✾✾✮✱ ♣r❡s❡♥t❡s ♥❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛✳

✷✮ ❆❧é♠ ❞♦s ♠❡✐♦s✲✜♦s✱ ❞✉r❛♥t❡ ❛s ❡s❝❛✈❛çõ❡s ❞❡✈❡✲s❡ ✐♥st❛❧❛r ♦s ❜❧♦❝♦s ❞❡ ❝♦♥❝r❡t♦

tr❛♥s✈❡rs❛✐s ♥❛ r❡❣✐ã♦ ❞❡ ❝♦♥t❛t♦ ❞♦ ♣❛✈✐♠❡♥t♦ ✐♥t❡rtr❛✈❛❞♦ ❝♦♠ ♦ ♣❛✈✐♠❡♥t♦ ❞❛ ❘✉❛

Pr♦❢❡ss♦r❛ ▼❛r✐❛ ❋❧♦r❛ P❛✉s❡✇❛♥❣✳ ❊st❛ r❡❣✐ã♦ ❡stá ♠❛r❝❛❞❛ ♥❛ ✜❣✉r❛ ✶✵✳

✸✮ ❆♥t❡s ❞❛ r❡❡str✉t✉r❛çã♦ ❞♦ ♣❛✈✐♠❡♥t♦ ❛✐♥❞❛ ❞❡✈❡♠ s❡r ❡str✉t✉r❛❞❛s ❛s ❜♦r❞❛s ❞❡

✶✺ ❝♠ ❞❡ ❡s♣❡ss✉r❛ ♣❛r❛ ♦ ✐♥t❡rtr❛✈❛♠❡♥t♦ ✐♥t❡r♥♦s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❡①✐st❡♥t❡s ♥❛ r❡❣✐ã♦ ❞♦

♣❛✈✐♠❡♥t♦✳ ❖s q✉❡ ❢♦r❡♠ ❞❡ ❞r❡♥❛❣❡♠ ❞❡✈❡♠ s❡r ❡str✉t✉r❛❞♦s ❝♦♠ ❞r❡♥♦s ❞❡ ✶✶ ♠♠ ❞❡

✼✾



❞✐â♠❡tr♦ ❛ ❝❛❞❛ ✷✺ ❝♠✳ ❆ ✜❣✉r❛ ✶✶ ❛♣r❡s❡♥t❛ ♦ ❞❡t❛❧❤❛♠❡♥t♦ ❞❡ss❛ ❜♦r❞❛ ❞❡ ✐♥t❡rtr❛✈❛♠❡♥t♦✳

✹✮ ❙❡ ❞✉r❛♥t❡ ❛s ❡s❝❛✈❛çõ❡s ♦❝♦rr❡r ♦ ❛♣❛r❡❝✐♠❡♥t♦ ❞♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦ ❡ ♦ ❛♠♦❧❡❝✐✲

♠❡♥t♦ ❞♦ s♦❧♦✱ é r❡❝♦♠❡♥❞❛❞♦ s❡❣✉♥❞♦ ✭❆❇❈P✱ ✶✾✾✾✮ ❛ ❡①❡❝✉çã♦ ❞❡ ❞r❡♥♦s tr❛♥s✈❡rs❛✐s

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

❞♦ ✈♦❧✉♠❡ ❞❡ á❣✉❛ ❛ s❡r ❡s❝♦❛❞♦✳ ❆♣❡s❛r ❞❡ s❡r r❡❝♦♠❡♥❞❛❞♦✱ ❡ s❡r ✉♠❛ ♣♦ssí✈❡❧ s♦❧✉✲

çã♦ ♣❛r❛ ♦ r❡❜❛✐①❛♠❡♥t♦ ❞♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦✱ ♥ã♦ ❤á q✉❛❧q✉❡r ✐♥str✉çã♦ ❛ r❡s♣❡✐t♦ ❞❛s ❞✐♠❡♥sõ❡s✳

❙❡ ❢♦r ♦♣t❛❞♦ ♣❡❧❛ ❝♦♥str✉çã♦ ❞❡ss❛s ✈❛❧❛s tr❛♥s✈❡rs❛✐s ♣❛r❛ ❛✉①í❧✐♦ ❞♦ r❡❜❛✐①❛♠❡♥t♦

❞♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦ ❞♦ ♣❛✈✐♠❡♥t♦✱ r❡❝♦♠❡♥❞❛✲s❡ q✉❡ s❡❥❛♠ ❝♦♥str✉í❞❛s ♥♦s s❡❣✉✐♥t❡s ❧♦❝❛✐s✱

♣♦r s❡r❡♠ ♦s ♣♦♥t♦s ❡♥tr❡s ❛s ár❡❛s ♦♥❞❡ ♦❝♦rr❡♠ ❛s ♠❛✐♦r❡s ❞❡❣r❛❞❛çõ❡s ❞♦ ♣❛✈✐♠❡♥t♦✳

❋✐❣✉r❛ ✹✺✿ ■♥❞✐❝❛çã♦ ❞❡ ❧♦❝❛✐s ♣❛r❛ ✐♥st❛❧❛çã♦ ❞❡ ❞r❡♥♦s tr❛♥s✈❡rs❛✐s

✺✮ P♦r ✜♠✱ ✈❛❧❡ ❧❡♠❜r❛r q✉❡ ♥ã♦ ❢♦✐ ♦❜❡❞❡❝✐❞❛ ❛ r❡❣r❛ ❞❡ s❡ t❡r ❛♦ ♠❡♥♦s ✉♠❛ ❞❡❝❧✐✈✐❞❛❞❡

tr❛♥s✈❡rs❛❧ ❞❡ ✸✪ q✉❛♥❞♦ ❛ ✐♥❝❧✐♥❛çã♦ ❧♦♥❣✐t✉❞✐♥❛❧ ❞❛ ♣✐st❛ é ♠❛✐♦r q✉❡ ✷✱✺✪ ♣♦rq✉❡ s❡r✐❛

✐♠♣r❛t✐❝á✈❡❧ ♥❛ ár❡❛ ❞❡ ❡st✉❞♦✳

✽✵



✹✳✷ ❉r❡♥❛❣❡♠ ❙✉♣❡r✜❝✐❛❧

❆s s❛r❥❡t❛s ♣r♦❥❡t❛❞❛s ❢♦r❛♠ ❞✐♠❡♥s✐♦♥❛❞❛s ❝♦♠ ♦ r❡❛♣r♦✈❡✐t❛♠❡♥t♦ ❞❛ ❡str✉t✉r❛ ❞♦ ♠❡✐♦

✜♦✲❧♦❝❛❧ ❡ ❞♦ ❝♦r♣♦ ❡str❛❞❛❧✳ ❖s ❝á❧❝✉❧♦s q✉❡ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ❝♦♠ ❜❛s❡

♥❛s ár❡❛s ❡ ❞❡♠❛♥❞❛s ❞❡ ❛♣❡♥❛s ✉♠ ❞♦s ❧❛❞♦s ❞♦s tr❡❝❤♦s✳ ▼❛s ♦s r❡s✉❧t❛❞♦s ❡ ❞❡♠❛♥❞❛s

❝♦♥str✉t✐✈❛s sã♦ ❛♣❧✐❝❛❞♦s ♣❛r❛ ❛♠❜♦s ♦s ❧❛❞♦s✱ ❝♦♠ ❡①❝❡çã♦ ❞♦ tr❡❝❤♦ ❡♠ ❝✉r✈❛ ♥❛ rót✉❧❛✱

❡♠ q✉❡ ❤á ❛♣❡♥❛s ✉♠ ❧❛❞♦ ❞❡ ❝❛✐♠❡♥t♦✳

❆♥t❡s ❞❡ ❛♣r❡s❡♥t❛r ♦s ❝á❧❝✉❧♦s ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s s❛r❥❡t❛s ❞❡ ❝❛❞❛ ✉♠ ❞♦s tr❡❝❤♦s s❡rã♦

❛♣r❡s❡♥t❛❞❛s ❛s ❞✐r❡tr✐③❡s ❝♦♠ ✈❛❧♦r❡s ❝♦♠✉♥s ✉t✐❧✐③❛❞♦s ❡♠ t♦❞♦s ♦s ❞✐♠❡♥s✐♦♥❛♠❡♥t♦s✿

✶✮ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛s ❝❤✉✈❛s ✏✐✑ ❛ ♣❛rt✐r ❞❛ ❡q✉❛çã♦ ❞❡ ■❉❋✿

P❛r❛ ❞✉r❛çõ❡s ✏t✑ ❡♥tr❡ ✺ ❡ ✶✷✵ ♠✐♥✉t♦s✿

i = 222,0∗T 0,1648
t0,3835

i = 222,0∗100,1648
50,3835

i = 175, 02mm/h

✷✮ ❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❡s❝♦❛♠❡♥t♦ s✉♣❡r✜❝✐❛❧ ✏❈✑ ✉t✐❧✐③❛❞♦ ❢♦✐ ♦ ❞❡ ✵✱✽✵✳ ❱❛❧♦r ✐♥t❡r♠❡✲

❞✐ár✐♦ ❛♦s ❛♣r❡s❡♥t❛❞♦s ♥❛ ✜❣✉r❛ ✷✶

✸✮ ❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ r✉❣♦s✐❞❛❞❡ ✏♥✑ ❞❡ ▼❛♥♥✐♥❣ ✉t✐❧✐③❛❞♦ ❢♦✐ ♦ ❞❡ ✵✱✵✶✳ ❱❛❧♦r ♣r❡s❡♥t❡

♥❛ ✶✾

✹✮ ❆s ár❡❛s ❞♦ ✐♠♣❧ú✈✐♦ ❛ s❡r❡♠ ❞r❡♥❛❞❛s ♣❡❧❛s s❛r❥❡t❛s ❞♦s tr❡❝❤♦s ❢♦✐ ❝❛❧❝✉❧❛❞❛ ❝♦♠

❛✉①✐❧✐♦ ❞♦ ♣r♦❥❡t♦ ❛rq✉✐t❡tô♥✐❝♦ ❞✐s♣♦♥✐❜✐❧✐③❛❞♦ ♣❡❧♦ ❤♦s♣✐t❛❧✳

✽✶



✹✳✷✳✶ ❙❛r❥❡t❛s ❡ ❜♦❝❛s ❞❡ ❧♦❜♦ ❞♦ tr❡❝❤♦ ✶

P❛r❛ ♦ tr❡❝❤♦ ✶✱ ❡♥❝♦♥tr♦✉✲s❡ ✉♠❛ ár❡❛ ❞❡ ✹✶✼✱✽✸✺ ♠✷✳ P❛r❛ ♦s ❝á❧❝✉❧♦s ❞❛s s❛r❥❡t❛s ♥❡st❡

tr❡❝❤♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♦ ✉s♦ ❞❡ s❛r❥❡t❛s tr✐❛♥❣✉❧❛r❡s ❝♦♠ ❛❧t✉r❛ ❞❡ ✶✷ ❝♠ ❡ ❜❛s❡ ❞❡ ✻ ♠✳

❙❡♥❞♦ ❛ss✐♠✱ ♦ ✈❛❧♦r ❞❛ r❡❝í♣r♦❝❛ ❞❛ ❞❡❝❧✐✈✐❞❛❞❡ tr❛♥s✈❡rs❛❧ ✏❩✑ é ❞❡ ✺✵✳

❆ ❞❡❝❧✐✈✐❞❛❞❡ ❧♦♥❣✐t✉❞✐♥❛❧ ❞♦ tr❡❝❤♦ é ❞❡ ✷✱✾✵✪ ❡ ❧❛r❣✉r❛ ❞♦ ✐♠♣❧ú✈✐♦ é ❞❡ ✻ ♠✳ ❙❡♥❞♦

❛ss✐♠ ♦ ✈❛❧♦r ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❝rít✐❝♦ ✏❞✑ ❝❛❧❝✉❧❛❞♦ ❢♦✐ ❞❡ ✷✺✺✱✽✹ ♠✳

d = 0,375∗yo✽✴✸∗Z∗I✶✴✷

2,78∗10✲✼∗C∗i∗L∗n

d = 0,375∗(0,04)✽✴✸∗50∗(0,029)✶✴✷

2,78∗10✲✼∗0,8∗175,02∗6∗0,01

d = 255, 84m

❊ ❛ ✈❛③ã♦ ✏◗✑ ❛ s❡r ❡s❝♦❛❞❛✿

Q = 2, 75 ∗ 10✲✼ ∗ C ∗ i ∗ A

Q = 2, 75 ∗ 10✲✼ ∗ 0, 8 ∗ 175, 02 ∗ 417, 835

Q = 0, 01626m3/s = 16, 26l/s

❖ ✈❛❧♦r ❞❡ ✷✺✺✱✽✵ ♠ ❞❡ ❝♦♠♣r✐♠❡♥t♦ ❝rít✐❝♦ ❢♦✐ ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞❛ ❝♦♥s✐❞❡r❛çã♦ ❞❡ q✉❡ ❛

❛ ❛❧t✉r❛ ❧✐♠✐t❡ ❞❛ ❧❛♠✐♥❛ ❞❡ á❣✉❛ ✏②♦✑ ♣♦❞❡r✐❛ ❝❤❡❣❛r ❛té ✹ ❝♠ ♥♦ ♠❡✐♦ ✜♦✳ P♦r ❝♦♥t❛ ❞❛

❞❡❝❧✐✈✐❞❛❞❡ tr❛♥s✈❡rs❛❧ ❞❡ ✷✪✱ ❛ ❧❛r❣✉r❛ ❞❛ ♣♦ç❛ ❞❡ á❣✉❛ ♥❛ ❜❡✐r❛❞❛ ❞♦ ♣❛✈✐♠❡♥t♦ ❝❤❡❣❛r✐❛ ❛

✷ ♠✳

◆♦ ❡♥t❛♥t♦✱ ♦ tr❡❝❤♦ ✶ ❝♦♥t❡♠ ❛♣❡♥❛s ✺✷✱✸✵ ♠✱ s❡♥❞♦ ❛ss✐♠✱ ♥❛ r❡❛❧✐❞❛❞❡✱ ♥♦ s❡✉ ✜♠ ❛

❛❧t✉r❛ ❞❛ ❧â♠✐♥❛ ❞❡ s❡r✐❛ ❝❡r❝❛ ❞❡ ✹✱✾ ✈❡③❡s ♠❡♥♦r ❞♦ q✉❡ ✹ ❝♠✱ ♦✉ s❡❥❛✱ ❞❡ ✽✶✱✵✵ ♠♠✳

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

❜♦❝❛ ❞❡ ❧♦❜♦ ❢♦✐ r❡❞✉③✐❞❛ ❡♠ ✹✱✾✵ ✈❡③❡s✱ ❛ ✈❛③ã♦ ♥❡❝❡ssár✐❛ ❛ s❡r ❡s❝♦❛❞❛ t❛♠❜é♠ é r❡❞✉③✐❞❛

♥❛ ♠❡s♠❛ ♣r♦♣♦rçã♦✱ s❡♥❞♦ ❛♣❡♥❛s ❞❡ ✸✱✷✺ ❧✴s✳

P♦r ✜♠✱ ❝♦♠♦ ❛ ❜♦❝❛ ❞❡ ❧♦❜♦ ❛ r❡❝❡❜❡r ❡ss❛ ✈❛③ã♦ r❡❝❡❜❡ á❣✉❛ ♣♦r ❛♣❡♥❛s ✉♠ ❞♦s ❧❛❞♦s✱

❡❧❛ é ❞♦ t✐♣♦ ✐♥t❡r♠❡❞✐ár✐❛ ❡ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❛ ❜♦❝❛ ❞❡ ❧♦❜♦ ❡♠ ❧✴s ♣♦r ♠❡tr♦ é ❢❡✐t♦

❝♦♠ ♦ ❛✉①í❧✐♦ ❞♦ ✻✼✳

✽✷





❆ ❞❡❝❧✐✈✐❞❛❞❡ ❧♦♥❣✐t✉❞✐♥❛❧ ❞♦ tr❡❝❤♦ é ❞❡ ✷✱✾✽✪ ❡ ❧❛r❣✉r❛ ❞♦ ✐♠♣❧ú✈✐♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❞❡

✻ ♠✳ ❙❡♥❞♦ ❛ss✐♠ ♦ ✈❛❧♦r ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❝rít✐❝♦ ✏❞✑ ❝❛❧❝✉❧❛❞♦ ❢♦✐ ❞❡ ✶✷✾✱✻✼ ♠✳

d = 0,375∗yo✽✴✸∗Z∗I✶✴✷

2,78∗10✲✼∗C∗i∗L∗n

d = 0,375∗(0,04)✽✴✸∗50∗(0,0298)✶✴✷

2,78∗10✲✼∗0,8∗175,02∗6∗0,01

d = 129, 67m

❊ ❛ ✈❛③ã♦ ✏◗✑ ❛ s❡r ❡s❝♦❛❞❛✿

Q = 2, 75 ∗ 10✲✼ ∗ C ∗ i ∗ A

Q = 2, 75 ∗ 10✲✼ ∗ 0, 8 ∗ 175, 02 ∗ 124, 69

Q = 0, 00485m3/s = 4, 85l/s

◆❡st❡ ❝❛s♦ ❤á ❛♣❡♥❛s ✹✱✽✺ ❧✴s ❛ s❡r❡♠ ❝❛♣✐t❛❞♦s ♣❡❧❛s ❜♦❝❛s ❞❡ ❧♦❜♦✱ ♣♦rt❛♥t♦ s❡❣✉✐♥❞♦ ❛

♠❡s♠❛ ❧ó❣✐❝❛ ❞♦ tr❡❝❤♦ ✶ ♣❛r❛ s❛r❥❡t❛s ❡♠ ♣♦♥t♦s ✐♥t❡r♠❡❞✐ár✐♦s✱ ✜❝❛ ❞❡✜♥✐❞❛ ❛ ✐♥st❛❧❛çã♦ ❞❡

✉♠❛ s❛r❥❡t❛ ❞❡ ❛❜❡rt✉r❛ ❞❡ ✶✷ ❝♠ ❡ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ✶ ♠✱ ❡♠ ❝❛❞❛ ✉♠ ❞♦s ♦s ❧❛❞♦s ♥♦ s❡✉ ✜♠✳

✷✮ ❚r❡❝❤♦ ✷ ✲ ♣❛rt❡ ✷ ✲ ❉❡❝❧✐✈❡✱ ár❡❛ ❡♠ q✉❡ ♦ tr❡❝❤♦ s❡ t♦r♥❛ ❞❡ ❧❛r❣✉r❛ ❞❡ ✸ ♠ ❡ ✈❛✐ ❛té

♦ ✐♥✐❝✐♦ ❞♦ ♣♦♥t♦ ✜♥❛❧ ❞❛ rót✉❧❛ ❞♦ ❛♠❜✉❧❛tór✐♦

❊ss❛ ♣❛rt❡ ❝♦♥tê♠ ✶✶✽✱✺✵ ♠✷ ❞❡ ár❡❛✳ P❛r❛ ♦s ❝á❧❝✉❧♦s ❞❛s s❛r❥❡t❛s ♥❡st❡ tr❡❝❤♦ ❢♦✐

❝♦♥s✐❞❡r❛❞♦ ♦ ✉s♦ ❞❡ s❛r❥❡t❛s tr✐❛♥❣✉❧❛r❡s ❝♦♠ ❛❧t✉r❛ ❞❡ ✻ ❝♠ ❡ ❜❛s❡ ❞❡ ✸ ♠✳ ❙❡♥❞♦ ❛ss✐♠✱ ♦

✈❛❧♦r ❞❛ r❡❝í♣r♦❝❛ ❞❛ ❞❡❝❧✐✈✐❞❛❞❡ tr❛♥s✈❡rs❛❧ ✏❩✑ é ❞❡ ✺✵✳

❆ ❞❡❝❧✐✈✐❞❛❞❡ ❧♦♥❣✐t✉❞✐♥❛❧ ❞♦ tr❡❝❤♦ é ❞❡ ✷✱✾✽✪ ❡ ❧❛r❣✉r❛ ❞♦ ✐♠♣❧ú✈✐♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❞❡

✸ ♠✳ ❙❡♥❞♦ ❛ss✐♠ ♦ ✈❛❧♦r ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❝rít✐❝♦ ✏❞✑ ❝❛❧❝✉❧❛❞♦ ❢♦✐ ❞❡ ✶✾✶✱✷✺ ♠✳

d = 0,375∗yo✽✴✸∗Z∗I✶✴✷

2,78∗10✲✼∗C∗i∗L∗n

d = 0,375∗(0,04)✽✴✸∗50∗(0,0298)✶✴✷

2,78∗10✲✼∗0,8∗175,02∗3∗0,01

d = 518, 69m

❊ ❛ ✈❛③ã♦ ✏◗✑ ❛ s❡r ❡s❝♦❛❞❛✿

✽✹



Q = 2, 75 ∗ 10✲✼ ∗ C ∗ i ∗ A

Q = 2, 75 ∗ 10✲✼ ∗ 0, 8 ∗ 175, 02 ∗ 191, 25

Q = 0, 00744m3/s = 7, 44l/s

❆ss✐♠ ❝♦♠♦ ♣❛r❛ ♦s tr❡❝❤♦s ❛♥t❡r✐♦r❡s é ❛♣r❡s❡♥t❛❞❛ ❛ ✐♥❢♦r♠❛çã♦ ❞❡ q✉❡ ♦ ❝♦♠♣r✐♠❡♥t♦

❝rít✐❝♦ é ♠✉✐t♦ ❡❧❡✈❛❞♦✳ ❙❡ ❢♦r ❝♦❧♦❝❛❞❛ ✉♠❛ s❛r❥❡t❛ ❛♦ ✜♥❛❧ ❞♦ tr❡❝❤♦ ❞❡ ❝♦♠♣r✐♠❡♥t♦ ❞❡

✻✸✱✼✺ ♠ ❛ ❛❧t✉r❛ ❞❛ ❧â♠✐♥❛ ❞❡ á❣✉❛ s❡rá ✽ ✈❡③❡s ♠❡♥♦r q✉❡ ✹ ❝♠✳ P♦rt❛♥t♦ s❡rá ♣♦s✐❝✐♦♥❛❞❛

✉♠❛ s❛r❥❡t❛ ❞❡ ❛❜❡rt✉r❛ ❞❡ ✶✷ ❝♠ ❡ ✶ ♠ ❞❡ ❝♦♠♣r✐♠❡♥t♦ ❡♠ ♥♦ ♣♦♥t♦ ✜♥❛❧ ❞❛ ❝✉r✈❛ ❞❛ rót✉❧❛✳

✸✮ ❚r❡❝❤♦ ✷ ✲ ♣❛rt❡ ✷ ✲ ❆❝❧✐✈❡✱ ár❡❛ ✐♥✐❝✐❛❞❛ ❛♣ós ♦ ✐♥í❝✐♦ ❞❛ ❝✉r✈❛ ❞❛ rót✉❧❛ ❡ q✉❡ ✈❛✐ ❛té

♦ ♣♦♥t♦ ❡♠ q✉❡ ♦❝♦rr❡ ✐♥✈❡rsã♦ ❞❛ ❞❡❝❧✐✈✐❞❛❞❡ ❧♦♥❣✐t✉❞✐♥❛❧ ❞❡ ✷✪

❊ss❛ ♣❛rt❡ ❝♦♥tê♠ ✶✾✶✱✷✺ ♠✷ ❞❡ ár❡❛✳ P❛r❛ ♦s ❝á❧❝✉❧♦s ❞❛s s❛r❥❡t❛s ♥❡st❡ tr❡❝❤♦ ❢♦✐

❝♦♥s✐❞❡r❛❞♦ ♦ ✉s♦ ❞❡ s❛r❥❡t❛s tr✐❛♥❣✉❧❛r❡s ❝♦♠ ❛❧t✉r❛ ❞❡ ✻ ❝♠ ❡ ❜❛s❡ ❞❡ ✸ ♠✳ ❙❡♥❞♦ ❛ss✐♠✱ ♦

✈❛❧♦r ❞❛ r❡❝í♣r♦❝❛ ❞❛ ❞❡❝❧✐✈✐❞❛❞❡ tr❛♥s✈❡rs❛❧ ✏❩✑ é ❞❡ ✺✵✳

❆ ❞❡❝❧✐✈✐❞❛❞❡ ❧♦♥❣✐t✉❞✐♥❛❧ ❞♦ tr❡❝❤♦ é ❞❡ ✷✪ ❡ ❧❛r❣✉r❛ ❞♦ ✐♠♣❧ú✈✐♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❞❡ ✸

♠✳ ❙❡♥❞♦ ❛ss✐♠ ♦ ✈❛❧♦r ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❝rít✐❝♦ ✏❞✑ ❝❛❧❝✉❧❛❞♦ ❢♦✐ ❞❡ ✶✶✽✱✺✵ ♠✳

d = 0,375∗yo✽✴✸∗Z∗I✶✴✷

2,78∗10✲✼∗C∗i∗L∗n

d = 0,375∗(0,04)✽✴✸∗50∗(0,02)✶✴✷

2,78∗10✲✼∗0,8∗175,02∗3∗0,01

d = 66, 92m

❊ ❛ ✈❛③ã♦ ✏◗✑ ❛ s❡r ❡s❝♦❛❞❛✿

Q = 2, 75 ∗ 10✲✼ ∗ C ∗ i ∗ A

Q = 2, 75 ∗ 10✲✼ ∗ 0, 8 ∗ 175, 02 ∗ 118, 50

Q = 0, 0046m3/s = 4, 61l/s

❖ ❝♦♠♣r✐♠❡♥t♦ ❝rít✐❝♦ ❝❛❧❝✉❧❛❞♦ ❛♣r❡s❡♥t♦✉ ✉♠ r❡s✉❧t❛❞♦ r❡❞✉③✐❞♦✱ ❞❡ ❛♣❡♥❛s ✻✻✱✾✷ ♠✳

▼❡s♠♦ ❛ss✐♠✱ s❡❣✉✐♥❞♦ ❛ ♠❡s♠❛ ❧ó❣✐❝❛ ❞❡ t♦❞♦s ♦s tr❡❝❤♦s ❛♥t❡r✐♦r❡s✱ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡

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

✽✺



❞❡ s❡ ✐♥st❛❧❛r ❛♣❡♥❛s ✉♠❛ ❜♦❝❛ ❞❡ ❧♦❜♦✱ ✉♠❛ ✈❡③ q✉❡ ❛ ✈❛③ã♦ ❥á é ♠❡♥♦r q✉❡ ✺ ❧✴s✳♠ ❡ ♦

❝♦♠♣r✐♠❡♥t♦ ❞♦ tr❡❝❤♦ ❡♠ ❛❝❧✐✈❡ é ❞❡ ❛♣❡♥❛s ✸✾✱✺ ♠

❙❡♥❞♦ ❛ss✐♠✱ s❡rá ✐♥st❛❧❛❞❛ ✉♠❛ ❜♦❝❛ ❞❡ ❧♦❜♦ ❞❡ ✶✷ ❝♠ ❞❡ ❛❧t✉r❛ ❝♦♠ ✶ ♠ ❞❡ ❝♦♠♣r✐♠❡♥t♦

♥♦ ♣♦♥t♦ ♣ró①✐♠♦ ❛♦ ❞❛ ❞❡✢❡①ã♦✳

P♦r ✜♠✱ ❛ ✜❣✉r❛ ✹✼ ❛♣r❡s❡♥t❛ ❡♠ ✈❡r❞❡ t♦❞♦s ♦s ♣♦♥t♦s ❛ s❡r❡♠ ✐♥st❛❧❛❞❛s ❜♦❝❛s ❞❡ ❧♦❜♦

♥♦ tr❡❝❤♦ ✷✳

❋✐❣✉r❛ ✹✼✿ P♦♥t♦s ❞❡ ■♥st❛❧❛çã♦ ❞❛s ❜♦❝❛s ❞❡ ❧♦❜♦ ❞♦ tr❡❝❤♦ ✷

❋♦✐ ❞❡✜♥✐❞❛ ❛✐♥❞❛ ❛ ✐♥st❛❧❛çã♦ ❞❡ ✉♠❛ ❜♦❝❛ ❞❡ ❧♦❜♦ ❛❞✐❝✐♦♥❛❧ ♣ró①✐♠♦ ❛♦ ♣♦♥t♦ ❢✱ ♦♥❞❡

❤á ♦ ✐♥✐❝✐♦ ❞♦ tr❡❝❤♦ ✷ ✲ ♣❛rt❡ ✷ ✲ ❛❝❧✐✈❡ ♣❛r❛ ❣❛r❛♥t✐r q✉❡ ♥ã♦ ❤❛✈❡rá ❢❛❧❤❛ ❞♦ s✐st❡♠❛ ❞❡

❞r❡♥❛❣❡♠ ♣❧✉✈✐❛❧ ♥❛ rót✉❧❛✱ ❧♦❝❛❧ q✉❡ ❛♣r❡s❡♥t❛ ❜❛st❛♥t❡ ❞❡❣r❛❞❛çã♦✳

✹✳✷✳✸ ❙❛r❥❡t❛s ❡ ❜♦❝❛s ❞❡ ❧♦❜♦ ❞♦ tr❡❝❤♦ ✸

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

♣♦♥t♦ ✏●✑ q✉❡ ✜❝❛ à ✉♠❛ ❞✐stâ♥❝✐❛ ❞❡ ✶✶✺ ♠ ❞♦ ✐♥✐❝✐♦ ❞♦ tr❡❝❤♦ ✸ ❧♦❝❛❧✐③❛❞♦ ♥♦ ♣♦♥t♦ ✏❈✑✱

♣♦rt❛♥t♦ ❤á ♦ tr❡❝❤♦s ✸ ✲ ♣❛rt❡ ✶ ❝♦♠ ❞❡❝❧✐✈✐❞❛❞❡ ❞❡ ✶✱✻✺✪ q✉❡ ✈❛✐ ❞♦ ♣♦♥t♦ ✏❈✑ ❛♦ ✏●✑ ❡ ♦

tr❡❝❤♦ ✸ ✲ ♣❛rt❡ ✷✱ q✉❡ ✈❛✐ ❞♦ ♣♦♥t♦ ✏●✑ ❛♦ ✏❋✑ ❧♦❝❛❧✐③❛❞♦ ❛♦ ✜♠ ❞♦ tr❡❝❤♦ ❝♦♠♦ ✉♠ t♦❞♦✳

✶✮ ❚r❡❝❤♦ ✸ ✲ P❛rt❡ ✶

✽✻



❊ss❛ ♣❛rt❡ ❝♦♥tê♠ ✻✾✽✱✵✺ ♠✷ ❞❡ ár❡❛✳ P❛r❛ ♦s ❝á❧❝✉❧♦s ❞❛s s❛r❥❡t❛s ♥❡st❡ tr❡❝❤♦ ❢♦✐

❝♦♥s✐❞❡r❛❞♦ ♦ ✉s♦ ❞❡ s❛r❥❡t❛s tr✐❛♥❣✉❧❛r❡s ❝♦♠ ❛❧t✉r❛ ❞❡ ✶✷✱✶✹ ❝♠ ❡ ❜❛s❡ ❞❡ ✻✱✵✼ ♠✳ ❙❡♥❞♦

❛ss✐♠✱ ♦ ✈❛❧♦r ❞❛ r❡❝í♣r♦❝❛ ❞❛ ❞❡❝❧✐✈✐❞❛❞❡ tr❛♥s✈❡rs❛❧ ✏❩✑ é ❞❡ ✺✵✳

❆ ❞❡❝❧✐✈✐❞❛❞❡ ❧♦♥❣✐t✉❞✐♥❛❧ ❞♦ tr❡❝❤♦ é ❞❡ ✶✱✻✺✪ ❡ ❧❛r❣✉r❛ ❞♦ ✐♠♣❧ú✈✐♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❞❡

✻✱✵✼ ♠✳ ❙❡♥❞♦ ❛ss✐♠ ♦ ✈❛❧♦r ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❝rít✐❝♦ ✏❞✑ ❝❛❧❝✉❧❛❞♦ ❢♦✐ ❞❡ ✶✾✵✱✼✺ ♠✳

d = 0,375∗yo✽✴✸∗Z∗I✶✴✷

2,78∗10✲✼∗C∗i∗L∗n

d = 0,375∗(0,04)✽✴✸∗50∗(0,0165)✶✴✷

2,78∗10✲✼∗0,8∗175,02∗6,07∗0,01

d = 190, 75m

❊ ❛ ✈❛③ã♦ ✧◗✧❛ s❡r ❡s❝♦❛❞❛✿

Q = 2, 75 ∗ 10✲✼ ∗ C ∗ i ∗ A

Q = 2, 75 ∗ 10✲✼ ∗ 0, 8 ∗ 175, 02 ∗ 698, 05

Q = 0, 02717m3/s = 21, 17l/s

❆ss✐♠ ❝♦♠♦ ❢❡✐t♦ ♣❛r❛ ♦ tr❡❝❤♦ ✶✱ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❝rít✐❝♦

✉♠ ✈❛❧♦r ❞❡ ✹ ❝♠ ♣❛r❛ ❛ ❛❧t✉r❛ ❞❛ ❧â♠✐♥❛ ❞❡ á❣✉❛ ♥❛ s❛r❥❡t❛✳ ❙❡♥❞♦ ❛ss✐♠ ❢♦✐ ❡♥❝♦♥tr❛❞♦ ♦

✈❛❧♦r ❞❡ ❝♦♠♣r✐♠❡♥t♦ ❝rít✐❝♦ ❞❡ ✶✾✵✱✼✺ ♠ ♣❛r❛ ❡ss❡ tr❡❝❤♦✳

❈♦♠♦ ❛ ❞❡❝❧✐✈✐❞❛❞❡ é ❝♦♥t✐♥✉❛ ❡ ♦ ❞❡sá❣✉❡ s❡r✐❛ ❢❡✐t♦ ❡♠ ❛♣❡♥❛s ✉♠ ❞♦s ❧❛❞♦s ❞❛s ❜♦❝❛s

❞❡ ❧♦❜♦✱ s❡rá ♥❡❝❡ssár✐♦ s❡ tr❛❜❛❧❤❛r ❝♦♠ ❜♦❝❛s ❞❡ ❧♦❜♦ ✐♥t❡r♠❡❞✐ár✐❛s✳ ◆♦ ❡♥t❛♥t♦✱ ❝♦♠

❛❧t✉r❛s ❞❡ ❧â♠✐♥❛s ❞❡ á❣✉❛ ♠❡♥♦r❡s ❞❡ ✹ ❝♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❡s❝♦❛♠❡♥t♦ ❞❛s s❛r❥❡t❛s ✜❝❛

❡st❛❜❡❧❡❝✐❞❛ ❡♠ ✺ ❧✳s✴♠ ❡ s❡r✐❛ ♥❡❝❡ssár✐♦ ❛t❡♥❞❡r ✉♠❛ ✈❛③ã♦ ❞❡ ✷✼✱✶ ❧✴s✳

P❛r❛ r❡s♦❧✈❡r ❡ss❡ ♣r♦❜❧❡♠❛ ❢♦✐ ❞❡✜♥✐❞❛ ❛ ❞✐✈✐sã♦ ❞❛ ár❡❛ ❡♠ ✻ ♣❛rt❡s✱ ❝♦♠ ❛ ✐♥st❛❧❛çã♦

❞❡ ✺ ❜♦❝❛s ❞❡ ❧♦❜♦ ❞❡ ✶✷ ❝♠ ♣♦r ✶ ♠✱ ✉♠❛ ❛ ❝❛❞❛ ✶✾✱✶✻ ♠✳ ❙❡♥❞♦ ❛ss✐♠ ✜❝❛ ❞✐✈✐❞❛ ❛ ✈❛③ã♦

❞❡ ✷✼✱✶ ❧✴s ❡♠ ✻ ♣❛rt❡s ❝♦♠ ✈❛③õ❡s ♣ró①✐♠❛s à ✹✱✺✶ ❧✴s✳

P♦r ❝♦♥t❛ ❞✐ss♦✱ ❛ ❛❧t✉r❛ ❞❛ ❧â♠✐♥❛ ❞❡ á❣✉❛ ✜❝❛ t❛♠❜é♠ ❞✐✈✐❞❛ ❡♠ ✻ ✈❡③❡s✱ ❣❛r❛♥t✐♥❞♦

❛ss✐♠ ❛ s❡❣✉r❛♥ç❛ ♥♦ trá❢❡❣♦ ❞♦ tr❡❝❤♦✳

✷✮ ❚r❡❝❤♦ ✸ ✲ P❛rt❡ ✷

✽✼



❊ss❛ ♣❛rt❡ ❝♦♥tê♠ ✸✸✾✱✾✷ ♠✷ ❞❡ ár❡❛✳ P❛r❛ ♦s ❝á❧❝✉❧♦s ❞❛s s❛r❥❡t❛s ♥❡st❡ tr❡❝❤♦ ❢♦✐

❝♦♥s✐❞❡r❛❞♦ ♦ ✉s♦ ❞❡ s❛r❥❡t❛s tr✐❛♥❣✉❧❛r❡s ❝♦♠ ❛❧t✉r❛ ❞❡ ✶✷✱✶✹ ❝♠ ❡ ❜❛s❡ ❞❡ ✻✱✵✼ ♠✳ ❙❡♥❞♦

❛ss✐♠✱ ♦ ✈❛❧♦r ❞❛ r❡❝í♣r♦❝❛ ❞❛ ❞❡❝❧✐✈✐❞❛❞❡ tr❛♥s✈❡rs❛❧ ✏❩✑ é ❞❡ ✺✵✳

❆ ❞❡❝❧✐✈✐❞❛❞❡ ❧♦♥❣✐t✉❞✐♥❛❧ ❞♦ tr❡❝❤♦ é ❞❡ ✵✱✷✪ ❡ ❧❛r❣✉r❛ ❞♦ ✐♠♣❧ú✈✐♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❞❡

✻✱✵✼ ♠✳ ❙❡♥❞♦ ❛ss✐♠ ♦ ✈❛❧♦r ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❝rít✐❝♦ ✏❞✑ ❝❛❧❝✉❧❛❞♦ ❢♦✐ ❞❡ ✻✻✱✹✶ ♠✳

d = 0,375∗yo✽✴✸∗Z∗I✶✴✷

2,78∗10✲✼∗C∗i∗L∗n

d = 0,375∗(0,04)✽✴✸∗50∗(0,002)✶✴✷

2,78∗10✲✼∗0,8∗175,02∗6,07∗0,01

d = 66, 41m

❊ ❛ ✈❛③ã♦ ✏◗✑ ❛ s❡r ❡s❝♦❛❞❛✿

Q = 2, 75 ∗ 10✲✼ ∗ C ∗ i ∗ A

Q = 2, 75 ∗ 10✲✼ ∗ 0, 8 ∗ 175, 02 ∗ 339, 92

Q = 0, 01323m3/s = 13, 23l/s

◆❡st❡ ú❧t✐♠♦ tr❡❝❤♦✱ ♣❛r❛ ✉♠❛ ❧â♠✐♥❛ ❞❡ á❣✉❛ ❞❡ ✹ ❝♠ ❢♦✐ ❡♥❝♦♥tr❛❞♦ ✉♠ ❝♦♠♣r✐♠❡♥t♦

❝rít✐❝♦ ❞❡ ✻✻✱✹✱ P♦ré♠ ♦ tr❡❝❤♦ ❝♦♥t❡♠ ❛♣❡♥❛s ✺✻ ♠ ❡ ❛❧é♠ ❞✐ss♦✱ s❡rá ♥❡❝❡ssár✐♦ ✈❡♥❝❡r ❛

✈❛③ã♦ ❞♦ ❛✢✉❡♥t❡ ❞❡ ✶✸✱✷✸ ❧✴s

P❛r❛ r❡s♦❧✈❡r s✐t✉❛çã♦ ❢♦✐ ❞❡✜♥✐❞❛ ❛ ❞✐✈✐sã♦ ❞❛ ár❡❛ ❡♠ ✸ ♣❛rt❡s✱ ♣♦rt❛♥t♦ s❡rã♦ ✐♥st❛❧❛❞❛s

✸ ❜♦❝❛s ❞❡ ❧♦❜♦ ❝♦♠ ❛❧t✉r❛ ❞❡ ❛❜❡rt✉r❛ ❞❡ ✶✷ ❝♠ ❝♦♠ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ✶ ♠ ❛ ❝❛❞❛ ✶✽✱✻✻ ♠

❞❡ ❡①t❡♥sã♦✳ ❆ ✈❛③ã♦ ❛ s❡r s✉♣♦rt❛❞❛ ♣♦r ❝❛❞❛ ✉♠❛ s❡rá ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✹✳✹✶ ❧✴s✳♠

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

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

✜❝❛r❡♠ ♣ró①✐♠❛s às ❜♦r❞❛s ❞❡ ❝✉r✈❛s ❞♦s ♣❛ss❡✐♦s✳

✽✽





✹✳✺ ◆ú♠❡r♦ ❞❡ s♦❧✐❝✐t❛çõ❡s ❞❡ ❡✐①♦s ♣❛❞rõ❡s ✭◆✮

P❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ♥ú♠❡r♦ ❞❡ s♦❧✐❝✐t❛çõ❡s ✏◆✑✱ ♣r✐♠❡✐r♦ ❞❡✈❡ s❡r ❡♥❝♦♥tr❛❞♦ ♦ ❢❛t♦r ❞❡ ✈❡í❝✉❧♦

✏❋❱✑✳

❈♦♠♦ ❞❡s❝r✐t♦ ♥❛ ❝❛♣ít✉❧♦ ❞❡ ♠❡t♦❞♦❧♦❣✐❛✱ s❡rá ❢❡✐t♦ ♦ ❝á❧❝✉❧♦ ❞♦ ❋❱ ❞❡ ❝❛❞❛ ✉♠ ❞♦s

t✐♣♦s ❞❡ ✈❡í❝✉❧♦s ♣❛rt✐❝✐♣❛♥t❡s ❞♦ trá❢❡❣♦✳ ❆ s♦♠❛ ❞❡ss❡s ❢❛t♦r❡s ✐♥❞✐✈✐❞✉❛✐s r❡s✉❧t❛ ♥♦ ❢❛t♦r

❞❡ ✈❡í❝✉❧♦ ✜♥❛❧ q✉❡ ❞❡✈❡ s❡r ✉s❛❞♦ ♥❛ ❡q✉❛çã♦ ❞❡ ✏◆✑✳ ❙❡♥❞♦ ❛ss✐♠✿

P❛r❛ ♦s ✈❡í❝✉❧♦s ❞♦ t✐♣♦ ✏✷❈✑✿

FE ✷❈ : 0, 3 + 3 = 3, 3

❊♠ q✉❡ ✵✱✸ é r❡❢❡♥t❡ ❛♦ ❡✐①♦ s✐♠♣❧❡s ❞❡ r♦❞❛❣❡♠ s✐♠♣❧❡s ❞❡ ✻ t❢ ❡ ✸ ❛♦ ❡✐①♦ s✐♠♣❧❡s

❞❡ r♦❞❛❣❡♠ ❞✉♣❧❛✳ ❆♠❜♦s ♦s r❡s✉❧t❛❞♦s ❢♦r❛♠ ❡♥❝♦♥tr❛♠♦s ♣♦r ♠❡✐♦ ❞♦s á❜❛❝♦s ♣r❡s❡♥t❡ ♥♦

♠❛♥✉❛❧ ❞❡ ♣❛✈✐♠❡♥t❛çã♦ ❞♦ ❉◆■❚✴■P❘✲✼✶✾

FC ✷❈ : 1768
3224

= 0, 548

P♦rt❛♥t♦✱

FV ✷❈ := 3, 3 ∗ 0, 548 = 1, 8

P❛r❛ ♦s ✈❡í❝✉❧♦s ❞♦ t✐♣♦ ✏✸❈✑✿

FE ✸❈ : 0, 3 + 9 = 9, 3

❊♠ q✉❡ ✵✱✸ é r❡❢❡♥t❡ ❛♦ ❡✐①♦ s✐♠♣❧❡s ❞❡ r♦❞❛❣❡♠ s✐♠♣❧❡s ❞❡ ✻ t❢ ❡ ❛♦ ❝♦♥❥✉♥t♦ ❞❡

❡✐①♦s ❡♠ t❛♥❞❡♠ ❞✉♣❧♦✳ ❆♠❜♦s ♦s r❡s✉❧t❛❞♦s t❛♠❜é♠ ❢♦r❛♠ ❡♥❝♦♥tr❛♠♦s ♣♦r ♠❡✐♦ ❞♦s

á❜❛❝♦s ♣r❡s❡♥t❡ ♥♦ ♠❛♥✉❛❧ ❞❡ ♣❛✈✐♠❡♥t❛çã♦ ✭❉◆■❚✴■P❘✲✼✶✾✱ ✷✵✵✻✮✳ FC ✸❈ : 1456
3224

= 0, 452

P♦rt❛♥t♦✱

FV ✸❈ := 9, 3 ∗ 0, 452 = 4, 2

❋✐♥❛❧✐③❛❞♦ ♦s ❝á❧❝✉❧♦s ✐♥❞✐✈✐❞✉❛✐s✱ ❡♥❝♦♥tr❛✲s❡ ✏❋❱✑ ♣❡❧❛ s♦♠❛ ❞❡ ❋❱✷❈ ❡ ❋❱✸❈✿

FV = 1, 8 + 4, 2 = 6, 0

✾✵



P♦r ✜♠✱ é ❝❛❧❝✉❧❛❞♦ ♦ ♥ú♠❡r♦ ❞❡ s♦❧✐❝✐t❛çõ❡s ❞❡ ❡✐①♦s ❞♦ t✐♣♦ ♣❛❞rã♦ ❞❡ ✽✱✷t ✏◆✑ ♣❡❧❛ ❡q✉❛çã♦✿

N = V t ∗ FV

N = (7, 99E + 04) ∗ 6 = 4, 80 ∗ 105

✹✳✻ ❘❡s✉❧t❛❞♦s ❞❛s s♦♥❞❛❣❡♥s ❉❈P

❆ ♣❛rt✐r ❞❛ ❛♥á❧✐s❡ ❞❛s ❛♥♦t❛çõ❡s ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s ✸ s♦♥❞❛❣❡♥s r❡❛❧✐③❛❞❛s ❝♦♠ ♣❡♥❡trô♠❡tr♦

❢♦✐ ♣♦ssí✈❡❧ tr❛ç❛r ❛s s✉❛s ❝✉r✈❛s ❉❈P✳

P❛r❛ ❛ s♦♥❞❛❣❡♠ ❉❈P✲✵✶✱ ❛ ❝✉r✈❛ tr❛ç❛❞❛ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ✜❣✉r❛ ✹✾

❋✐❣✉r❛ ✹✾✿ ❈✉r✈❛ ❉❈P ❞❛ s♦♥❞❛❣❡♠ ❉❈P✲✵✶

❈♦♠ ❜❛s❡ ♥❛ ✈❡r✐✜❝❛çã♦ ❞❛s ✈❛r✐❛çõ❡s ❞❡ â♥❣✉❧♦s ❞❛ ❝✉r✈❛ ❞♦ ❉❈P✲✵✶ ❢♦✐ ♣♦ssí✈❡❧ tr❛ç❛r

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

r❡s♣❡❝t✐✈♦s ✈❛❧♦r❡s ❞❡ ❉◆✿

✾✶



❋✐❣✉r❛ ✺✵✿ ◆ú♠❡r♦s ❉◆ ❞❛ ❈✉r✈❛ ❉❈P✲✵✶

❊♥❝♦♥tr♦✉✲s❡ ♣♦rt❛♥t♦ ✺ ❝❛♠❛❞❛s ♣❛r❛ ♦ ❉❈P✲✵✶✱ ❡♠ q✉❡ ♦s s❡✉s r❡s♣❡❝t✐✈♦s ♥ú♠❡r♦s ❞❡

❉◆ ❡♠ ♠♠✴❣♦❧♣❡ ❢♦r❛♠✿

✶✮ ❉◆✶❉❈P✲✵✶ ❂ ✾✱✷✸

✷✮ ❉◆✷❉❈P✲✵✶ ❂ ✶✶✱✸

✸✮ ❉◆✸❉❈P✲✵✶ ❂ ✼✱✽✺

✹✮ ❉◆✹❉❈P✲✵✶ ❂ ✺✱✷

✺✮ ❉◆✺❉❈P✲✵✶ ❂ ✾✱✼✷

❊♥tr❡ ❛ ❝❛♠❛❞❛ ❞❡ ❉◆✶ ❡ ❉◆✷ ♣❡r❝❡❜❡✉✲s❡ ✉♠❛ ✐♥❝♦♥s✐stê♥❝✐❛ ♥♦ ✈❛❧♦r ❞❡ ❉◆✱ ♠❛s

❡s♣❡❝✐✜❝❛♠❡♥t❡ ♥♦ ❣♦❧♣❡ ✶✻✱ ♥♦t❛✲s❡ q✉❡ ❡ss❡ ♣♦♥t♦ ❛♣❛r❡❝❡ ❢♦r❛ ❞♦ ♣❛❞rã♦ ❞❛s ❝✉r✈❛s ❡♥tr❡s

❛s ❧✐♥❤❛s ✶ ❡ ✷✳ ❖s ♠❡s♠♦s ♣r♦❝❡ss♦s ❞❡ ❛♥❛❧✐s❡ ❞❡ r❡s✉❧t❛❞♦s ❡ ✈❡r✐✜❝❛çã♦ ❞♦s â♥❣✉❧♦s ❞❛s

❝✉r✈❛s ❢♦r❛♠ ❢❡✐t♦s ♣❛r❛ ♦ ❉❈P✲✵✷ ❡ ❉❈P✲✵✸✿

P❛r❛ ♦ ❉❈P✲✵✷ ❛ ❝✉r✈❛ tr❛ç❛❞❛ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ✜❣✉r❛ ✺✶

❆ss✐♠ ❝♦♠♦ ♥♦ ❉❈P✲✵✶✱ ❢♦r❛♠ tr❛ç❛❞❛s ❛s ❧✐♥❤❛s ♣❛r❛ s❡ ✐❞❡♥t✐✜❝❛r ♣♦ssí✈❡✐s ❝❛♠❛❞❛s

♣❛r❛ ♥❛ ❝✉r✈❛ ❉❈P✲✵✷✳

✾✷



❋✐❣✉r❛ ✺✶✿ ❈✉r✈❛ ❉❈P ❞❛ s♦♥❞❛❣❡♠ ❉❈P✲✵✷

❋✐❣✉r❛ ✺✷✿ ◆ú♠❡r♦s ❉◆ ❞❛ ❈✉r✈❛ ❉❈P✲✵✷

✾✸



❈♦♠ ❛s ✈❡r✐✜❝❛çõ❡s ❞♦s â♥❣✉❧♦s t❛♠❜é♠ ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞❛s ✺ ❝❛♠❛❞❛s✱ ❡♠ q✉❡ ♦s

♥ú♠❡r♦s ❞❡ ❉◆ ❡♠ ♠♠✴❣♦❧♣❡ ❢♦r❛♠✿

✶✮ ❉◆✶❉❈P✲✵✷ ❂ ✷✵✱✻

✷✮ ❉◆✷❉❈P✲✵✷ ❂ ✶✻✱✼✼

✸✮ ❉◆✸❉❈P✲✵✷ ❂ ✷✹✱✹✷

✹✮ ❉◆✹❉❈P✲✵✷ ❂ ✶✷✱✻✻

✺✮ ❉◆✺❉❈P✲✵✷ ❂ ✷✽✱✵✵

P♦r ✜♠✱ ♣❛r❛ ♦ ❉❈P✲✵✸ ❛ ❝✉r✈❛ tr❛ç❛❞❛ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ✜❣✉r❛ ✺✸

❋✐❣✉r❛ ✺✸✿ ❈✉r✈❛ ❉❈P ❞❛ s♦♥❞❛❣❡♠ ❉❈P✲✵✸

❆ ❛♥á❧✐s❡ ❞♦s â♥❣✉❧♦s ❧❡✈♦✉ ❛ ✈❡r✐✜❝❛çã♦ ❞❡ ✻ ❧✐♥❤❛s✱ ♣♦rt❛♥t♦ à ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ✻ ❝❛♠❛❞❛s✿

❊♠ q✉❡ ♦s ♥ú♠❡r♦s ❞❡ ❉◆ ✈❡r✐✜❝❛❞♦s ❢♦r❛♠✿

✶✮ ❉◆✶❉❈P✲✵✸ ❂ ✶✶✱✽✺

✷✮ ❉◆✷❉❈P✲✵✸ ❂ ✶✼✱✵✵

✸✮ ❉◆✸❉❈P✲✵✸ ❂ ✶✾✱✶✹

✹✮ ❉◆✹❉❈P✲✵✸ ❂ ✶✸✱✶✺

✺✮ ❉◆✺❉❈P✲✵✸ ❂ ✹✶✱✸✸

✻✮ ❉◆✻❉❈P✲✵✸ ❂ ✷✽✱✺✵

✾✹



❋✐❣✉r❛ ✺✹✿ ◆ú♠❡r♦s ❉◆ ❞❛ ❈✉r✈❛ ❉❈P✲✵✸

❆ ♣r❡s❡♥ç❛ ❞❡ ♣❡❧♦ ♠❡♥♦s ✺ ❝❛♠❛❞❛s ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s s♦♥❞❛❣❡♥s ♠♦str♦✉ ❛ ♣♦ssí✈❡❧

❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ ❡str✉t✉r❛ ❞❡ ♣❛✈✐♠❡♥t♦ ❡♠ ❜❛✐①♦ ❞♦ r❡✈❡st✐♠❡♥t♦ ❞❡ ❜❧♦❝♦s ❞❡ ❝♦♥❝r❡t♦✳

■ss♦ ♣♦rq✉❡ ♥♦t♦✉✲s❡ ✉♠ ❛✉♠❡♥t♦ ❞❡ r❡s✐stê♥❝✐❛ ❛♦ ❧♦♥❣♦ ❞❛s s♦♥❞❛❣❡♥s✳ ❆♣❡s❛r ❞✐ss♦✱ ♥ã♦

❢♦✐ ♣♦ssí✈❡❧ r❡❝♦♥❤❡❝❡r ❡ ❛ss✐♠✐❧❛r ❝♦♠ ❡①❛t✐❞ã♦ q✉❛✐s ❞❛s ❝❛♠❛❞❛s ❡♥❝♦♥tr❛❞❛s ♥❛s s♦♥❞❛❣❡♥s

r❡♣r❡s❡♥t❛✈❛♠ t✐♣♦s ❞❡ ❝❛♠❛❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✉♠ ♣❛✈✐♠❡♥t♦✳

❆s t❛❜❡❧❛s ✸✱ ✹ ❡ ✺ ❛♣r❡s❡♥t❛♠ ❝♦♠ ❛s ✐♥❢♦r♠❛çõ❡s ❞❛s s♦♥❞❛❣❡♥s tr❛❜❛❧❤❛❞❛s✱ ❝♦♠ ❛

✐❞❡♥t✐✜❝❛çã♦ ❞❛s ♣♦ssí✈❡✐s ❝❛♠❛❞❛s ♣❛❞rõ❡s ❞❡ ✉♠ ♣❛✈✐♠❡♥t♦✿

❚❛❜❡❧❛ ✸✿ ❚❛❜❡❧❛ ❞❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ❉❈P✲✵✶

■❞❡♥t✐✜❝❛çã♦ ❉◆ ✭♠♠✴❣♦❧♣❡✮ ❊s♣❡ss✉r❛ ✭❝♠✮ P♦ssí✈❡❧ ❝❛♠❛❞❛ ❝♦rr❡s♣♦♥❞❡♥t❡
❉◆✶❉❈P✵✶ ✾✱✷✸ ✶✷ ❛ss❡♥t❛♠❡♥t♦ ❡ ❜❛s❡
❉◆✷❉❈P✵✶ ✶✶✱✸✵ ✶✶✱✸✵ s✉❜✲❜❛s❡
❉◆✸❉❈P✵✶ ✼✱✽✺ ✶✺✱✼✵ ♣r✐♠❡✐r❛ ❝❛♠❛❞❛ ❞❡ s✉❜❧❡✐t♦
❉◆✹❉❈P✵✶ ✺✱✷✵ ✷✱✻✵ s❡❣✉♥❞❛ ❝❛♠❛❞❛ ❞❡ s✉❜❧❡✐t♦
❉◆✺❉❈P✵✶ ✾✱✼✷ ✶✵✱✼✵ t❡r❝❡✐r❛ ❝❛♠❛❞❛ ❞❡ s✉❜❧❡✐t♦

✾✺



❚❛❜❡❧❛ ✹✿ ❚❛❜❡❧❛ ❞❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ❉❈P✲✵✷

■❞❡♥t✐✜❝❛çã♦ ❉◆ ✭♠♠✴❣♦❧♣❡✮ ❊s♣❡ss✉r❛ ✭❝♠✮ P♦ssí✈❡❧ ❝❛♠❛❞❛ ❝♦rr❡s♣♦♥❞❡♥t❡
❉◆✶❉❈P✵✷ ✷✵✱✻✵ ✶✵✱✸ ❛ss❡♥t❛♠❡♥t♦ ❡ ❜❛s❡
❉◆✷❉❈P✵✷ ✶✻✱✼✼ ✶✺✱✶✵ s✉❜✲❜❛s❡
❉◆✸❉❈P✵✷ ✷✹✱✹✷ ✶✼✱✶✵ ♣r✐♠❡✐r❛ ❝❛♠❛❞❛ ❞❡ s✉❜❧❡✐t♦
❉◆✹❉❈P✵✷ ✶✷✱✻✻ ✼✱✻✵ s❡❣✉♥❞❛ ❝❛♠❛❞❛ ❞❡ s✉❜❧❡✐t♦
❉◆✺❉❈P✵✷ ✷✽✱✵✵ ✶✹ t❡r❝❡✐r❛ ❝❛♠❛❞❛ ❞❡ s✉❜❧❡✐t♦

❚❛❜❡❧❛ ✺✿ ❚❛❜❡❧❛ ❞❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ❉❈P✲✵✸

■❞❡♥t✐✜❝❛çã♦ ❉◆ ✭♠♠✴❣♦❧♣❡✮ ❊s♣❡ss✉r❛ ✭❝♠✮ P♦ssí✈❡❧ ❝❛♠❛❞❛ ❝♦rr❡s♣♦♥❞❡♥t❡
❉◆✶❉❈P✵✸ ✶✶✱✽✺ ✶✻✱✻✵ ❆ss❡♥t❛♠❡♥t♦ ❡ ❜❛s❡
❉◆✷❉❈P✵✸ ✶✼✱✵✵ ✻✱✽ s✉❜✲❜❛s❡
❉◆✸❉❈P✵✸ ✶✾✱✶✹ ✶✸✱✹✵ ♣r✐♠❡✐r❛ ❝❛♠❛❞❛ ❞❡ s✉❜❧❡✐t♦
❉◆✹❉❈P✵✸ ✶✸✱✺✵ ✽✱✶✵ s❡❣✉♥❞❛ ❝❛♠❛❞❛ ❞❡ s✉❜❧❡✐t♦
❉◆✺❉❈P✵✸ ✹✶✱✸✸ ✶✷✱✹✵ t❡r❝❡✐r❛ ❝❛♠❛❞❛ ❞❡ s✉❜❧❡✐t♦
❉◆✻❉❈P✵✸ ✷✽✱✺✵ ✶✶✱✹✵ q✉❛rt❛ ❝❛♠❛❞❛ ❞❡ s✉❜❧❡✐t♦

P❡r❝❡❜❡✉✲s❡ ❛ ♣❛rt✐r ❞❛s t❛❜❡❧❛s ❛ ♣r❡s❡♥ç❛ ❞❡ ❛❧❣✉♠❛s ✐♥❝♦♥s✐stê♥❝✐❛s ♥❛s r❡s✐stê♥❝✐❛s

❞❛s ❝❛♠❛❞❛s✿

✶✮ ◆❛ s♦♥❞❛❣❡♠ ❞❡ ❉❈P✲✵✷ ❢♦r❛♠ ❡♥❝♦♥tr❛❞♦s ✈❛❧♦r❡s ♠✉✐t♦ ❡❧❡✈❛❞♦s ❞❡ ❉◆✱ ♣ró①✐✲

♠♦s ❛ ✷✺ ♠♠✴❣♦❧♣❡✱ ❡s♣❡❝✐✜❝❛♠❡♥t❡ ♥♦s ✈❛❧♦r❡s ❞❡ ❉◆✸❉❈P✲✵✷ ❝♦♠ ✷✹✱✹✷ ♠♠✴❣♦❧♣❡ ❡ ♥♦

❉◆✺❉❈P✲✵✷ ❝♦♠ ✷✽ ♠♠✴❣♦❧♣❡✳ ❙❡❣✉♥❞♦ ✭▼◆❘❖❆❉✱ ✷✵✷✵✮✱ ✉♠ ♥ú♠❡r♦ ❉◆ ❛❝✐♠❛ ❞❡ ✷✺

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

r❡❢♦rç♦ ♣❛r❛ ❝♦♥s❡❣✉✐r s✉♣♦rt❛r ❛s ❝❛r❣❛s ❞♦ trá❢❡❣♦✳

❙❡ ❝♦♥s✐❞❡r❛r♠♦s ❛✐♥❞❛ q✉❡ ❛s s♦♥❞❛❣❡♥s ❢♦r❛♠ ❢❡✐t❛s ❡♠ ♥♦✈❡♠❜r♦✱ é♣♦❝❛ ♥ã♦ ❝❤✉✈♦s❛✱

❛ s✐t✉❛çã♦ ❞♦ ♣❛✈✐♠❡♥t♦ s❡ t♦r♥❛ ✉♠ ♣♦✉❝♦ ♠❛✐s ❝rít✐❝❛✳ P♦✐s ❡♠ ✉♠❛ é♣♦❝❛ ❝❤✉✈♦s❛ ♣❛r❛ ❛

ár❡❛ ❞♦ ❤♦s♣✐t❛❧✱ ❤á ♦ ❛✉♠❡♥t♦ ❞♦ ♥í✈❡❧ ❞♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦ ♣❛r❛ ♣ró①✐♠♦ ❛ ✶ ♠ ❝♦♠♦ ❞❡ ❛❝♦r❞♦

❝♦♠ ✭❙❆◆❚❖❙✱ ✷✵✶✻✮ ♦ q✉❡ ♣♦❞❡ r❡❞✉③✐r ❛✐♥❞❛ ♠❛✐s ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ s✉♣♦rt❡ ❞❛s ❝❛♠❛❞❛s

♣♦r ❝♦♥t❛ ❞❛ s❛t✉r❛çã♦ ❞♦ s♦❧♦✳

✾✻



P♦rt❛♥t♦✱ ♦ ✐❞❡❛❧ ❛ s❡r ❢❡✐t♦ é ❛ r❡♠♦çã♦ ❞❡ t♦❞❛s ❛s ❝❛♠❛❞❛s ❞♦ ♣❛✈✐♠❡♥t♦ ❛té ♣❡❧♦

♠❡♥♦s ❛ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❡ ✹✵ ❝♠ ♣❛r❛ ♦ ❛s ár❡❛s ♣ró①✐♠❛s ❛♦ ❉❈P✲✵✷✱ q✉❡ ❛❜r❛♥❣❡♠ ♦ tr❡❝❤♦

✶ ❡ ♣❛rt❡ ❞♦ ✸✳ ❆ss✐♠ ❛ ❝❛♠❛❞❛ ❞❡ ❉◆✸❉❈P✲✵✷ ❞❡ ✷✹✱✹✷ ♠♠✴❣♦❧♣❡ s❡ t♦r♥❛ s✉❜❧❡✐t♦✳ ❆ss✐♠

❤❛✈❡rá ✹✵ ❝♠ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣❛r❛ s❡ ❡str✉t✉r❛r ✉♠ ♥♦✈♦ ♣❛✈✐♠❡♥t♦ ❡ tr❛❜❛❧❤❛r ❝♦♠ ✉♠

r❡❢♦rç♦ ❞❡ s✉❜❧❡✐t♦ ❝❛s♦ r❡❛❧♠❡♥t❡ s❡❥❛ ♥❡❝❡ssár✐♦✳

◆ã♦ ❤♦✉✈❡ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ♣r❡♦❝✉♣❛r ❝♦♠ ❛ ú❧t✐♠❛ ❝❛♠❛❞❛ ❞❡ ✈❛❧♦r ❞❡ ❉◆✺❉❈P✲✵✷ ❞❡

✷✽ ♠♠✴❣♦❧♣❡✱ ✉♠❛ ✈❡③ q✉❡ ❡❧❛ ❡stá ❛ ✉♠❛ ♣r♦❢✉♥❞✐❞❛❞❡ ♣ró①✐♠❛ ❛ q✉❛❧ ❛s ❝❛r❣❛s ❞♦ trá❢❡❣♦

❥á sã♦ ❝♦♥s✐❞❡r❛❞❛s ❞✐ss✐♣❛❞❛s✳

✷✮ ◆❛ s♦♥❞❛❣❡♠ ❞❡ ❉❈P✲✵✸ q✉❡ t❛♠❜é♠ ❛❜r❛♥❣❡ ♣❛rt❡ ❞♦ tr❡❝❤♦ ✸✱ ❢♦r❛♠ ❡♥❝♦♥tr❛❞♦s

✈❛❧♦r❡s ♠✉✐t♦ ❡❧❡✈❛❞♦s ❞❡ ❉◆✱ ❡s♣❡❝✐✜❝❛♠❡♥t❡ ♥♦s ✈❛❧♦r❡s ❞❡ ❉◆✺❉❈P✲✵✸ ❡ ❉◆✻❉❈P✲✵✸✳ ❆❧é♠

❞✐ss♦✱ ❆ss✐♠ ❝♦♠♦ ❛ s♦♥❞❛❣❡♠ ❉❈P✲✵✷✱ ❛ s♦♥❞❛❣❡♠ ❉❈P✲✵✸ ❢♦✐ t❛♠❜é♠ r❡❛❧✐③❛❞❛ ❡♠ ♥♦✲

✈❡♠❜r♦✱ é♣♦❝❛ ❝♦♥s✐❞❡r❛❞❛ ♥ã♦ ❝❤✉✈♦s❛✳ P♦rt❛♥t♦✱ ❞❡✈❡✲s❡ ❝♦♥s✐❞❡r❛r t❛♠❜é♠ q✉❡ ♥♦s ♠❡s❡s

♠❛✐s ❝❤✉✈♦s♦s ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ s✉♣♦rt❡ ❞❛s ❝❛♠❛❞❛s ♣♦❞❡ s❡r r❡❞✉③✐❞❛ ♣♦r ❝♦♥t❛ ❞❛ ❡❧❡✈❛çã♦

❞♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦ ❡ s❛t✉r❛çã♦ ❞♦ s♦❧♦ ♣ró①✐♠♦ ❛ ❝♦t❛ ❞❡ ✶ ♠✳

❆ ❝❛♠❛❞❛ ❞❡ ❉◆✺❉❈P✲✵✸ ❞❡ ✹✶✱✸✸ ♠♠✴❣♦❧♣❡ q✉❡ ✜❝❛ ❧♦❝❛❧✐③❛❞♦ ❛ ✉♠❛ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❡ ✹✹

❝♠ q✉❡ ✈❛✐ ❛té ❝❡r❝❛ ❞❡ ✺✷ ❝♠✳ ❙❡❣✉♥❞♦ ✭▼◆❘❖❆❉✱ ✷✵✷✵✮ s♦❧♦s q✉❡ ❛♣r❡s❡♥t❛♠ ✈❛❧♦r❡s ❞❡

❉◆ s✉♣❡r✐♦r❡s ❛ ✸✷ ♠♠✴❣♦❧♣❡ ❞❡✈❡♠ s❡r ❞❡s❝❛rt❛❞♦s ♣♦✐s sã♦ ✐♥❝❛♣❛③❡s ❞❡ s✉♣♦rt❛r ❛ ❝❛r❣❛s

❞♦ trá❢❡❣♦✱ ♠❡s♠♦ ❝♦♠ ♦ ❛✉①í❧✐♦ ❞❡ ✉♠ ❡✈❡♥t✉❛❧ r❡❢♦rç♦✳

◆ã♦ ❤♦✉✈❡ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ♣r❡♦❝✉♣❛r ❝♦♠ ❛ ❝❛♠❛❞❛ ❉◆✻❉❈P✲✵✸✱ ✉♠❛ ✈❡③ q✉❡ ❛ ❝❛♠❛❞❛

s✉♣❡r✐♦r ✐rá s❡r s✉❜st✐t✉í❞❛ ❡ ❡❧❛ s❡ ❡♥❝♦♥tr❛ ♣ró①✐♠❛ à ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ q✉❡ ❛s ❝❛r❣❛s ❞♦

trá❢❡❣♦ ❥á sã♦ ❝♦♥s✐❞❡r❛❞❛s ❞✐ss✐♣❛❞❛s✳

P♦rt❛♥t♦✱ ♣❛r❛ ❛s ár❡❛s ❞♦ tr❡❝❤♦ ✸ ♣ró①✐♠❛s ❛♦ ❉❈P✲✵✸✱ ♦ ✐❞❡❛❧ é q✉❡ s❡❥❛ ❢❡✐t♦ ❛

r❡♠♦çã♦ ❞♦ ♣❛✈✐♠❡♥t♦ ❡ s♦❧♦ ❛té ❛ ❞✐stâ♥❝✐❛ ❞❡ ✺✷ ❝♠ ♣❛r❛ r❡♠♦çã♦ ❡ s✉❜st✐t✉✐çã♦ ❞❡ss❡ s♦❧♦

❞❡ r❡s✐stê♥❝✐❛ ♠✉✐t♦ ❜❛✐①❛✳ ❆s ❝❛♠❛❞❛s ❞❡ ❉◆✸❉❈P✲✵✸ ❡ ❉◆✹❉❈P✲✵✸ ♣♦❞❡♠ s❡r r❡✉t✐❧✐③❛❞❛ ♣❛r❛

♣r❡❡♥❝❤❡r ♦ ❡s♣❛ç♦ ❧✐❜❡r❛❞♦ ♣♦r ❉◆✺❉❈P✲✵✸✳ ❙❡♥❞♦ ❛ss✐♠✱ ❞♦s ✺✷ ❝♠ ❡s❝❛✈❛❞♦s ✶✷✱✹ s❡rã♦

r❡❝♦❜❡rt♦s ❝♦♠ ❝♦♠ ♣ró♣r✐♦ s♦❧♦ ❞❛s ❝❛♠❛❞❛s ❛♥t❡r✐♦r❡s✱ ❞❡✐①❛♥❞♦ ✸✾✱✻ ❝♠ ❞❡ ❡s♣❡ss✉r❛ ♣❛r❛

s❡ tr❛❜❛❧❤❛r ❝♦♠ ✉♠ ♥♦✈♦ ♣❛✈✐♠❡♥t♦✳ ❆ ✐♠❛❣❡♠ ✺✺ ❛♣r❡s❡♥t❛ ❡ss❡ r❡❛rr❛♥❥♦✳
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❋✐❣✉r❛ ✺✺✿ ❘❡❛rr❛♥❥♦ s✉❜❧❡✐t♦ ❞♦ tr❡❝❤♦ ✸ ❝♦♠ ár❡❛ ❞❡ ✐♥✢✉ê♥❝✐❛ ❞❡ ❉❈P✲✵✸

❆ ♠✐st✉r❛ ❞♦s s♦❧♦s ❞❛s ❝❛♠❛❞❛s ❞❡ ❉◆✸❉❈P✲✵✸ ❡ ❉◆✹❉❈P✲✵✸ ♥ã♦ ❞❡✈❡♠ ❣❡r❛r ♥❡♥❤✉♠

♣r♦❜❧❡♠❛ ♣♦st❡r✐♦r ♣♦✐s ❛♠❜❛s ❝♦♥tê♠ ❜❛✐①♦s ✈❛❧♦r❡s ❞❡ ♥ú♠❡r♦ ❉◆ ♦ q✉❡ ♠♦str❛♠ q✉❡ sã♦

s♦❧♦s r❡s✐st❡♥t❡s ♦ s✉✜❝✐❡♥t❡s✳

❆ s♦♥❞❛❣❡♠ ❉❈P✲✵✶✱ ♣♦r s✉❛ ✈❡③ ♥ã♦ ❛♣r❡s❡♥t♦✉ ❝❛♠❛❞❛s ❝♦♠ ✐♥❝♦♥s✐stê♥❝✐❛s ♥❛s s✉❛s

r❡s✐stê♥❝✐❛s✱ ♦ q✉❡ ❛❜r❡ ❡s♣❛ç♦ ♣❛r❛ ❛ r❡❛❧ ❞❡✜❝✐ê♥❝✐❛ ❞♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠✱ ❞❛s ❡s♣❡ss✉r❛s

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

três✳ P♦r ✜♠✱ ❛ ❝❛♠❛❞❛ ❉◆✸❉❈P✲✵✶ ❞❡ ✶✺✱✼✵ ❝♠ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❝♦♠♦ s✉❜❧❡✐t♦ ❡♠ ❝♦♥t❛t♦

♣❛r❛ r❡❝❡❜❡r ✉♠❛ ♥♦✈❛ ❡str✉t✉r❛ ❞❡ ♣❛✈✐♠❡♥t♦✳ P♦rt❛♥t♦ ♣r❡t❡♥❞❡✲s❡ ❡s❝❛✈❛r ♣❡❧♦ ♠❡♥♦s ✷✼✱✼

❝♠ ♣❛r❛ ❞❛r ❡s♣❛ç♦ ♣❛r❛ ♦ ♥♦✈♦ ♣❛✈✐♠❡♥t♦✳ ❱❛❧❡ ❝♦♥s✐❞❡r❛r q✉❡ ❛ ❝❛♠❛❞❛ ❞❡ ❉◆✷❉❈P✲✵✶

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

❆ ár❡❛ ❞❡ ❡st✉❞♦ ❢♦✐ ✐♥✐❝✐❛❧♠❡♥t❡ ❞✐✈✐❞❛ ❡♠ ✸ tr❡❝❤♦s ♣❛r❛ ❛✉①✐❧✐♦ ♥♦s ❡st✉❞♦s ❣❡♦♠étr✐❝♦s✱

♣♦ré♠ ❛té ❡st❡ ♣♦♥t♦ ♥ã♦ ❢♦✐ ❞❡✜♥✐❞♦ q✉❛✐s s♦♥❞❛❣❡♥s ✐♥✢✉❡♥❝✐❛♠ s♦❜r❡ ❝❛❞❛ ✉♠ ❞❡st❡s ✸

tr❡❝❤♦✳ ➱ ♥❡❝❡ssár✐♦ q✉❡ ✐ss♦ s❡❥❛ ❢❡✐t♦ ♣❛r❛ s❡ ❝♦♥s❡❣✉✐r ❞❡❧✐♠✐t❛r ❛té ♦♥❞❡ ✈ã♦ ❛s ❡s❝❛✈❛çõ❡s

♥❡❝❡ssár✐❛s q✉❡ ❢♦r❛♠ ❞❡✜♥✐❞❛s ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ár❡❛s ❞❡ ✐♥✢✉ê♥❝✐❛ ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s

s♦♥❞❛❣❡♥s✳
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❆❧é♠ ❞❛s ❡s❝❛✈❛çõ❡s✱ ❛ ❞❡✜♥✐çã♦ ❞❛s ár❡❛s ❞❡ ✐♥✢✉ê♥❝✐❛ ❞❡✈❡ s❡r ❢❡✐t❛ ♣♦✐s s❡rá ❛♣r❡s❡♥t❛❞♦

♠❛✐s ❛ ❢r❡♥t❡ ❛❥✉st❡s ♥♦s ♣❛✈✐♠❡♥t♦s ❞❡ ❝❛❞❛ ✉♠ ❞♦s tr❡❝❤♦s ❡♠ ❢✉♥çã♦ ❞❛ s✉❛ s♦♥❞❛❣❡♠ ❞❡

r❡❢❡rê♥❝✐❛✳

❖ tr❡❝❤♦ ✶ ✜❝❛ ❡♥tr❡ ❛ s♦♥❞❛❣❡♠ ❉❈P✲✵✶ ❡ ❉❈P✲✵✷✱ ♥♦ ❡♥t❛♥t♦ ♥♦t❛✲s❡ q✉❡ ❛s r❡s✐stê♥❝✐❛s

❞❛s ❝❛♠❛❞❛s ❞❛ s❡❣✉♥❞❛ s♦♥❞❛❣❡♠ sã♦ ♠✉✐t♦ ✐♥❢❡r✐r❡s às ❞❛ ♣r✐♠❡✐r❛✱ ♣♦rt❛♥t♦ ❝♦♥s✐❞❡r❛✲s❡

♠❛✐s s❡❣✉r♦ ❞❡✜♥✐r ♣❛r❛ ♦ tr❡❝❤♦ ✶ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦s r❡s✉❧t❛❞♦s ❞❡ ❉❈P✲✵✷✳

❖ ❉❈P✲✵✶ ❡stá ❞❡♥tr♦ ❞♦ tr❡❝❤♦ ✵✷✱ ♣♦rt❛♥t♦ s❡rá ❝♦♥s✐❞❡r❛❞❛ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦s r❡s✉❧t❛❞♦s

❞❡ ❉❈P✲✵✶ ♣❛r❛ ♦ tr❡❝❤♦ ✷✳

❏á ♦ tr❡❝❤♦ ✸ ❝♦♥tê♠ ❛♦ ❧♦♥❣♦ ❞♦ s❡✉ ❝♦♠♣r✐♠❡♥t♦ ❛s s♦♥❞❛❣❡♥s ❉❈P✲✵✷ ❡ ❉❈P✵✸✳ P❛r❛

♦ tr❡❝❤♦ ✶ ❥á ❢♦✐ ❞❡✜♥✐❞♦ q✉❡ ❛ ár❡❛ ❞❡ ✐♥✢✉ê♥❝✐❛ s❡r✐❛ ❞♦ ❉❈P✲✵✷✱ ♣♦rt❛♥t♦ ♦ ✐❞❡❛❧ ♣❛r❛

✉♠❛ ♠❡❧❤♦r ❤♦♠♦❣❡♥❡✐❞❛❞❡ s❡r✐❛ ❝♦♥s✐❞❡r❛r q✉❡ ❞♦ ✐♥✐❝✐♦ ❞♦ tr❡❝❤♦ ✸ ❛té ♦ ♣♦♥t♦ ❞❛ s❡❣✉♥❞❛

s♦♥❞❛❣❡♠ ❛ ár❡❛ t❡♠ ✐♥✢✉ê♥❝✐❛ ❞♦ ❉❈P✲✵✷✳

P❛r❛ ❛ ♣❛rt❡ ❞♦ tr❡❝❤♦ ✸ ❡①✐st❡♥t❡ ❡♥tr❡ ❛s ❞✉❛s s♦♥❞❛❣❡♥s✱ ❝♦♥s✐❞❡r♦✉✲s❡ q✉❡ ♦ ♠❡❧❤♦r

❢♦r♠❛ ❞❡ s❡ ❞❡✜♥✐r ❛s ár❡❛s ❞❡ ✐♥✢✉ê♥❝✐❛s s♦❜r❡ ♦ tr❡❝❤♦ s❡r✐❛ ❞✐✈✐❞✐♥❞♦ ♥❛ ♠❡t❛❞❡✱ s❡♥❞♦

❛ss✐♠✱ ✜❝❛ ❡st✐♣✉❧❛❞♦ ✉♠❛ ár❡❛ ❞❡ ✐♥✢✉ê♥❝✐❛ ❞❡ ✻✵✱✺ ♠ ♣❛r❛ ♦ ❉❈P✲✵✷ ❡ ♦✉tr❛ ♣❛r❛ ❉❈P✲✵✸✳

❋✐❣✉r❛ ✺✻✿ ❉✐✈✐sã♦ ❞❡ ár❡❛s ❞❡ ✐♥✢✉ê♥❝✐❛ ❞♦ tr❡❝❤♦ ✸

▲❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛s ❞❡❝✐sõ❡s t♦♠❛❞❛s ❞❡ r❡♠♦çã♦ ❞❡ ♣❡❧♦ ♠❡♥♦s ✹✵ ❝♠ ❞♦

♣❛✈✐♠❡♥t♦ ❡①✐st❡♥t❡ ♥♦ tr❡❝❤♦ ✶ ❡ ❞❡✱ ✺✷ ❞♦ tr❡❝❤♦ ✸ ❝♦♠ ♦ r❡❛t❡rr♦ ❞❡ ✶✷✱✹ ❝♠✱ ♣♦❞❡✲s❡

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

✉♠ ❞♦s ✸ tr❡❝❤♦s s❡rá✿

✾✾



✶✮ ❚r❡❝❤♦ ✶✿ ❉◆❉❈P✲✵✷ ❞♦ s✉❜❧❡✐t♦✿ ✷✹✱✹✷ ✭♠♠✴❣♦❧♣❡✮

✷✮ ❚r❡❝❤♦ ✷✿ ❉◆❉❈P✲✵✶ ❞♦ s✉❜❧❡✐t♦✿ ✼✱✽✺ ✭♠♠✴❣♦❧♣❡✮

✸✮ ❚r❡❝❤♦ ✸✲♣❛rt❡✲✶✿ ❉◆❉❈P✲✵✷ ❞♦ s✉❜❧❡✐t♦✿ ✷✹✱✹✷ ✭♠♠✴❣♦❧♣❡✮

✹✮ ❚r❡❝❤♦ ✸✲♣❛rt❡✲✷✿ ❉◆❉❈P✲✵✸ ❞♦ s✉❜❧❡✐t♦✿ ✶✾✱✶✹ ✭♠♠✴❣♦❧♣❡✮

❱❛❧❡ ♥♦t❛r q✉❡ ♦ ✈❛❧♦r ❞❡ ❉◆ ❞♦ s✉❜❧❡✐t♦ ❞♦ tr❡❝❤♦ ✸ ♣❛rt❡ ✶ t❡♠ ♦ ♠❡s♠♦ ✈❛❧♦r ❞♦

❛♣r❡s❡♥t❛❞♦ ♣❡❧♦ tr❡❝❤♦ ✶✱ ♣♦rt❛♥t♦ s❡rá s✉♣r✐♠✐❞♦ ♦s s❡✉s ❝á❧❝✉❧♦s✳

➱ ✐♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡✱ ♣❛r❛ ♦ tr❡❝❤♦ r❡❝♦❧♦❝❛❞♦ ❝♦♠ ♠✐st✉r❛ ❞❡ ❉◆✸❉❈P✲✵✸ ❡ ❉◆✹❉❈P✲✵✸

❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ♠❛✐♦r ✈❛❧♦r ❞❡ ♥ú♠❡r♦ ❉◆ ❡♥tr❡ ♦s ❞♦✐s ♣❛r❛ ♦ ❝á❧❝✉❧♦ q✉❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡

❛♣r❡s❡♥t❛ ❛ ♠❡♥♦r r❡s✐stê♥❝✐❛ ♣♦ssí✈❡❧ ♣❛r❛ ❛ ❝❛♠❛❞❛ ❞❡ ♠✐st✉r❛✳

❆♣❧✐❝❛♥❞♦ ❛s ❝♦rr❡❧❛çõ❡s ❞❡✜♥✐❞❛s ♣❛r❛ tr❛♥s❢♦r♠❛r ♦s ♥ú♠❡r♦s ❉◆ ❡♥❝♦♥tr❛❞♦s ❡♠

✈❛❧♦r❡s ❡q✉✐✈❛❧❡♥t❡s ❞❡ ❈❇❘✿

P♦r ❖❧✐✈❡✐r❛ ❡ ❱❡rt❛♠❛tt✐ ✭✶✾✾✼✮

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡q✉❛çã♦✿

Log(CBR) = 2, 490− 1, 057 ∗ Log(DN)

Log(CBR tr❡❝❤♦✶) = 2, 490− 1, 057 ∗ log(24, 42)

CBR tr❡❝❤♦✶ = 10, 74

Log(CBR tr❡❝❤♦✷) = 2, 490− 1, 057 ∗ log(7, 85)

CBR tr❡❝❤♦✷ = 35, 00

Log(CBR tr❡❝❤♦✸✲♣❛rt❡✷) = 2, 490− 1, 057 ∗ log(19, 14)

CBR tr❡❝❤♦✸✲♣❛rt❡✷ = 13, 64

P♦r ❚r✐❝❤ês ❡ ❈❛r❞♦s♦ ✭✶✾✾✽✮ ✏✐♥ s✐t✉✑

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡q✉❛çã♦✿

✶✵✵



(CBR) = 512, 64 ∗ (DN)✲✶✱✷✺

Log(CBR tr❡❝❤♦✶) = 512, 64 ∗ (24, 42)✲✶✱✷✺

CBR tr❡❝❤♦✶ = 9, 44

Log(CBR tr❡❝❤♦✷) = 512, 64 ∗ (7, 85)✲✶✱✷✺

CBR tr❡❝❤♦✷ = 39, 00

Log(CBR tr❡❝❤♦✸✲♣❛rt❡✷) = 512, 64 ∗ (19, 14)✲✶✱✷✺

CBR tr❡❝❤♦✸✲♣❛rt❡✷ = 12, 80

P❡❧❛ ❆❙❚▼ ✭✷✵✵✾✮ ♣❛r❛ t♦❞♦s ♦s t✐♣♦s ❞❡ s♦❧♦s ♥ã♦ ❛r❣✐❧♦s♦s

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡q✉❛çã♦✿

(CBR) = 292/(DN)✶✱✶✷

Log(CBR tr❡❝❤♦✶) = 292/(24, 42)✶✱✶✷

CBR tr❡❝❤♦✶ = 8, 14

Log(CBR tr❡❝❤♦✷) = 292/(7, 85)✶✱✶✷

CBR tr❡❝❤♦✷ = 29, 00

Log(CBR tr❡❝❤♦✸✲♣❛rt❡✷) = 292/(19, 14)✶✱✶✷

CBR tr❡❝❤♦✸✲♣❛rt❡✷ = 10, 70

❆ t❛❜❡❧❛ ✻ ❛♣r❡s❡♥t❛ t♦❞♦s ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❛ ♣❛rt✐r ❛♣❧✐❝❛çã♦ ❞❛s ✸ ❝♦rr❡❧❛çõ❡s

✶✵✶



❚❛❜❡❧❛ ✻✿ ❚❛❜❡❧❛ ❞❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ❉❈P✲✵✸

❚r❡❝❤♦s ❖❧✐✈❡✐❛ ❡ ❱❡rt❛♠❛tt✐ ❚r✐❝❤ês ❡ ❈❛r❞♦s♦ ❆❚❙▼
❚r❡❝❤♦ ✶ ✶✵✱✼✹ ✾✱✹✹ ✽✱✶✹
❚r❡❝❤♦ ✷ ✸✺✱✵✵ ✸✾✱✵✵ ✷✾✱✵✵
tr❡❝❤♦✸✲♣❛rt❡✷ ✶✸✱✻✹ ✶✷✱✽✵ ✶✵✱✼✵

❆ ♣❛rt✐r ❞❛ ✈❡r✐✜❝❛çã♦ ❞❡ t♦❞♦s ♦s ✈❛❧♦r❡s ❡♥❝♦♥tr❛❞♦s ♥❛s ❝♦rr❡❧❛çõ❡s ❢♦✐ ❞❡✜♥✐❞♦ ❝♦♠♦

♠❛✐s ❛❞❡q✉❛❞♦ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♣❡❧❛ ❝♦rr❡çã♦ ❞❡ ❚r✐❝❤ês ❡ ❈❛r❞♦s♦ ❞❡ ✶✾✾✽✳ ■ss♦

♣♦rq✉ê ♥♦s tr❡❝❤♦s ✶ ❡ ✸ ♦s s❡✉s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛♠ ✈❛❧♦r❡s ✐♥t❡r♠❡❞✐ár✐♦s ❡♠ r❡❧❛çã♦ ❛

♦✉tr❛s ❞❛s ❝♦rr❡❧❛çõ❡s t❡st❛❞❛s✳ P♦rt❛♥t♦✱ ♦ ❈❇❘ ❞♦ s✉❜❧❡✐t♦ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s tr❡❝❤♦s ❢♦✐

❞❡✜♥✐❞♦s ❝♦♠♦✿

✶✮ ❈❇❘❚r❡❝❤♦✶ ❂ ✾✱✹✹

✷✮ ❈❇❘❚r❡❝❤♦✷ ❂ ✸✾✱✵✵

✸✮ ❈❇❘❚r❡❝❤♦✸✲♣❛rt❡✶ ❂ ✾✱✹✹

✹✮ ❈❇❘tr❡❝❤♦✸✲♣❛rt❡✷ ❂ ✶✷✱✽✵

✹✳✼ ❉✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞♦ ♣❛✈✐♠❡♥t♦

❙❡❣✉✐♥❞♦ ❛s ❞❡✜♥✐çõ❡s ❛♣r❡s❡♥t❛❞❛s ♥♦ ❝❛♣ít✉❧♦ ❞❡ ♠❡t♦❞♦❧♦❣✐❛s✱ ❛s ❡s♣❡ss✉r❛s ♥❡❝❡ssár✐❛s

♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❝❛♠❛❞❛s ❞❡ ❝❛❞❛ ✉♠ ❞♦s três tr❡❝❤♦s sã♦ ❛♣r❡s❡♥t❛❞❛s ❛ s❡❣✉✐r✳

✹✳✼✳✶ ❈❛♠❛❞❛s ❞❡ s✉❜✲❜❛s❡

❈♦♠ ❜❛s❡ ♥♦ s❡❣✉♥❞♦ ❣rá✜❝♦ ♣r❡s❡♥t❡ ♥❛ ♠❡t♦❞♦❧♦❣✐❛ ❞♦ ✭❆❇❈P✱ ✶✾✾✽✮✱ ❛♣r❡s❡♥t❛❞♦ ♥❛

✜❣✉r❛ ✸ ❡ ♥♦s ✈❛❧♦r❡s ❞❡ ❈❇❘ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s s♦♥❞❛❣❡♥s✿

✶✵✷



❋✐❣✉r❛ ✺✼✿ ❊s♣❡ss✉r❛ ♥❡❝❡ssár✐❛ ❞❡ s✉❜✲❜❛s❡ ♣❛r❛ ♦s tr❡❝❤♦s

❱❡r✐✜❝❛✲s❡ q✉❡✱ ♣❛r❛ ✏◆✑ ✐❣✉❛❧ ❛ ✵✱✹✽✯✶✵✻ ❡ ♣❛r❛ ✈❛❧♦r❡s ❞❡ ❈❇❘ s✉♣❡r✐♦r❡s ❛ ✼✱ é ✐♥❞✐❝❛❞♦

❡s♣❡ss✉r❛s ❞❡ s✉❜✲❜❛s❡ ❝♦♠ ❛ ❡s♣❡ss✉r❛ ♠í♥✐♠❛ ❞❡ ✶✵ ❝♠ ❡ ❢❡✐t❛s ❝♦♠ ♠❛t❡r✐❛❧ ❞❡ ❈❇❘

♠í♥✐♠♦ ❞❡ ✷✵✪

✹✳✼✳✷ ❈❛♠❛❞❛s ❞❡ ❜❛s❡

❈♦♠ ❜❛s❡ ♥❛ t❛❜❡❧❛ ❞❡ r❡❢❡rê♥❝✐❛ ♣❛r❛ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❜❛s❡s s❡❞✐♠❡♥t❛r❡s ❞♦ ✭❆❇❈P✱

✶✾✾✾✮✿

❋✐❣✉r❛ ✺✽✿ ❊s♣❡ss✉r❛ ♥❡❝❡ssár✐❛ ❞❡ ❜❛s❡ ♣❛r❛ ♦s tr❡❝❤♦s

❱❡r✐✜❝❛✲s❡ q✉❡ ♣❛r❛ ✈❛❧♦r❡s ❞❡ ❈❇❘ s✉♣❡r✐♦r❡s ❛ ✼✱ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞♦ trá❢❡❣♦✱ é

✐♥❞✐❝❛❞♦ ❡s♣❡ss✉r❛ ❞❡ ❝❛♠❛❞❛ ❞❡ ✶✺ ❝♠ ❞❡ ❜❛s❡ ❢❡✐t❛ ❞❡ ❜r✐t❛ ❣r❛❞✉❛❞❛ s✐♠♣❧❡s✳

✶✵✸



✹✳✼✳✸ ❈❛♠❛❞❛ ❞❡ ❛ss❡♥t❛♠❡♥t♦

❈♦♠ ❜❛s❡ ♥❛ ❞❡✜♥✐çã♦ ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ♣❛✈✐♠❡♥t♦✱ ❛ ❝❛♠❛❞❛ ❞❡

❛ss❡♥t❛♠❡♥t♦ ❞❡✈❡ s❡r ❢❡✐t❛ ❝♦♠ ❛r❡✐❛ ❣r♦ss❛ ❡ ❝♦♠ ❡s♣❡ss✉r❛ ❞❡ ✹ ❝♠✳ ❙❡❣✉♥❞♦ ✭❆❇❈P✱

✶✾✾✾✮✱ ❛♣ós ♦ ❛ss❡♥t❛♠❡♥t♦ ❞♦s ❜❧♦❝♦s ❞❡ ❝♦♥❝r❡t♦ ❡ ❝♦♠♣❛❝t❛çã♦ ❞♦ ❝♦♥❥✉♥t♦✱ ❛ ❡s♣❡ss✉r❛

❞❛ ❝❛♠❛❞❛ ❞❡ ❛ss❡♥t❛♠❡♥t♦ s❡rá r❡❞✉③✐❞❛ ♣❛r❛ ❝❡r❝❛ ❞❡ ✸ ❝♠✳ P♦rt❛♥t♦✱ ♣❛r❛ ❛ ❡str✉t✉r❛

✜♥❛❧ ❞♦ ♣❛✈✐♠❡♥t♦ s❡rá ❝♦♥s✐❞❡r❛❞❛ ✉♠❛ ❡s♣❡ss✉r❛ ❞❡ ✸ ❝♠✳

✹✳✼✳✹ P❡r✜s ❞❡ ♣❛✈✐♠❡♥t♦ ♣❛❞rã♦ ♣❛r❛ ❝❛❞❛ tr❡❝❤♦

❈♦♠ ❜❛s❡ ♥❛ ✈❡r✐✜❝❛çã♦ ❞♦s ❣rá✜❝♦s ❡ ❞♦s ✈❛❧♦r❡s ❞❡ ❈❇❘s ♦❜t✐❞♦s ♥♦s ♣♦♥t♦s ❞❛s s♦♥❞❛❣❡♥s

❢♦✐ ♣♦ssí✈❡❧ ❡♥tã♦ ♣ré✲❞❡✜♥✐r ✉♠ ♣❡r✜❧ ❞❡ ♣❛✈✐♠❡♥t♦ ♣❛❞rã♦✱ ❝♦♥❢♦r♠❡ ❛ ✜❣✉r❛ ✺✾

❋✐❣✉r❛ ✺✾✿ ◆♦✈♦ ♣❛❞rã♦ ❞❡ ♣❛✈✐♠❡♥t♦ ♣ré✲❞❡✜♥✐❞♦

❆ ♣❛rt✐r ❞❡ss❡ ♣❛❞rã♦ ❝♦♠ ✸✻ ❝♠ ❞❡ ❡s♣❡ss✉r❛ t♦t❛❧✱ ♣❡r❝❡❜❡✉✲s❡ q✉❡ ❤❛✈❡r✐❛ ❛ ♥❡❝❡ss✐❞❛❞❡

❞❡ s❡ ❢❛③❡r ♦s s❡❣✉✐♥t❡s ❛❥✉st❡s ♥❛s ❞✐♠❡♥sõ❡s ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s tr❡❝❤♦s✿

✶✮ ◆♦ tr❡❝❤♦s ✶✱ ❝♦♠ ✐♥✢✉ê♥❝✐❛ ❞♦ ❉❈P✲✵✷✱ ❢♦✐ ♣r✐♠❡✐r♦ ❡s❝♦❧❤✐❞❛ ❛ ❡s❝❛✈❛çã♦ ❞❡ ✹✵

❝♠ ❛ s❡r❡♠ ❡s❝❛✈❛❞♦s✱ ♥♦ ❡♥t❛♥t♦ ♦ ♣❛✈✐♠❡♥t♦ ♣❛❞rã♦ é ❞❡ ✸✻ ❝♠ ❞❡ ❡s♣❡ss✉r❛✱ ♣♦rt❛♥t♦ ❛s

❡s❝❛✈❛çõ❡s ❞❡✈❡♠ ✐r ❛té s♦♠❡♥t❡ ❛té ✸✻ ❝♠✳

✷✮ ◆♦ tr❡❝❤♦ ✷✱ ❝♦♠ ✐♥✢✉ê♥❝✐❛ ❞♦ ❉❈P✲✵✶✱ ❛♦ ✐♥✈és ❞❡ s❡ ❢❛③❡r ✉♠❛ ❡s❝❛✈❛çã♦ ❞❡ ♥♦

✶✵✹



♠í♥✐♠♦ ✷✼✱✼ ❝♠ ♣❛r❛ ❡♥❝❛✐①❛r ♦ ♣❛✈✐♠❡♥t♦✱ s❡ ❢❛r✐❛ ❞❡ ❛♣❡♥❛s ✷✻ ❝♠ ♣♦✐s ❛ ❝❛♠❛❞❛ ❞❡

❉◆✷❉❈P✲✵✶ q✉❡ ❝♦♠❡ç❛ ♥❡ss❛ ♣r♦❢✉♥❞✐❞❛❞❡ t❡♠ ❈❇❘ ❞❡ ✷✹ ❡ ♣♦rt❛♥t♦ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛

❝♦♠♦ s✉❜✲❜❛s❡ ❞❡ ✶✵ ❝♠

✸✮ ❖ tr❡❝❤♦ ✸ ♣♦r t❡r ✐♥✢✉ê♥❝✐❛ t❛♥t♦ ❞♦ ❉❈P✲✵✷ q✉❛♥t♦ ❞♦ ❉❈P✲✵✸ ❢♦✐ ❞✐✈✐❞♦ ❡♠

❞✉❛s ♣❛rt❡s✳ ❆ ♣❛rt❡ ✶✱ ❝♦♠ ✐♥✢✉❡♥❝✐❛ ❞♦ ❉❈P✲✵✷ ❢♦✐ t❡♠ ✐♥✐❝✐♦ ♥♦ ♣♦♥t♦ ✧❈✧❡ ✈❛✐ ❛té ♦ ♠❡✐♦

❡♥tr❡ ❛s ❞✉❛s s♦♥❞❛❣❡♠✱ ❧♦❝❛❧✐③❛❞♦ ❛ ✻✵✱✺ ♠ ❞♦ ♣♦♥t♦ ❉❈P✲✵✷✳ ❆ ♣❛rt❡ ✷✱ ❝♦♠ ✐♥✢✉ê♥❝✐❛ ❞❡

❉❈P✲✵✸ ✐♥✐❝✐❛✲s❡ ❛♦ ✜♠ ❞❛ ♣❛rt❡ ✶ ❡ ✜♥❛❧✐③❛ ♥♦ ♣♦♥t♦ ❞❡ s♦♥❞❛❣❡♠ ❉❈P✲✵✸✳

✹✮ ◆♦ tr❡❝❤♦ ✸ ♣❛rt❡ ✶✱ ❝♦♠ ✐♥✢✉ê♥❝✐❛ ❞♦ ❉❈P✲✵✷✱ ❢♦✐ ♣r✐♠❡✐r♦ ❡s❝♦❧❤✐❞❛ ❛ ❡s❝❛✈❛çã♦ ❞❡ ✹✵

❝♠ ❛ s❡r❡♠ ❡s❝❛✈❛❞♦s✱ ♥♦ ❡♥t❛♥t♦ ♦ ♣❛✈✐♠❡♥t♦ ♣❛❞rã♦ é ❞❡ ✸✻ ❝♠ ❞❡ ❡s♣❡ss✉r❛✱ ♣♦rt❛♥t♦ ❛s

❡s❝❛✈❛çõ❡s ❞❡✈❡♠ ✐r ❛té ✸✻ ❝♠✳

✺✮ ◆♦ tr❡❝❤♦ ✸ ♣❛rt❡ ✷✱ ❞♦s ✸✾✱✻ ❝♠ ❛ s❡r❡♠ ♦❝✉♣❛❞♦s s❡r✐❛♠ ♣r❡❡♥❝❤✐❞♦s ❛♣❡♥❛s ✸✻✳

P❛r❛ ❛❥✉st❛r ❡ss❛ ❞✐❢❡r❡♥ç❛ ♦♣t♦✉✲s❡ ♣♦r ❛✉♠❡♥t❛r ❛ ❡s♣❡ss✉r❛ ❞❛ ❝❛♠❛❞❛ ❞❡ s✉❜✲❜❛s❡ ❡♠ ✸✱✻

❝♠ ♣❛r❛ ♥ã♦ ❣❡r❛r ❝♦♥❢✉sã♦ ❥✉♥t♦ ❛♦ r❡❛rr❛♥❥♦ ❞♦ s✉❜❧❡✐t♦ ♣♦r r❡t✐r❛❞❛ ❞❛ ❝❛♠❛❞❛ ❉◆✺❉❈P✲✵✸

❞❡ s♦❧♦ q✉❡ é ✐♥❝❛♣❛③ ❞❡ s✉♣♦rt❛r ❛s ❝❛r❣❛s ❞♦ trá❢❡❣♦✳

❙❡♥❞♦ ❛ss✐♠✱ ❞❡✈❡♠ s❡r ❛❧t❡r❛❞❛s ❛s ❞✐stâ♥❝✐❛s ❞❡ ❡s❝❛✈❛çã♦ ❞♦ tr❡❝❤♦ ✶ ❡ ✸ ♣❛rt❡ ✶

♣❛r❛ ✸✻ ❝♠✱ ❞❡ ✷ ♣❛r❛ ✷✻ ❝♠ ❡ ♣❛r❛ ♦ tr❡❝❤♦ ✸✲♣❛rt❡ ✷✱ s❡rá ❛❧t❡r❛❞❛ ❛ ❡s♣❡ss✉r❛ ❞❛ ❝❛♠❛❞❛

❞❡ s✉❜✲❜❛s❡ ❞❡ ✶✵ ♣❛r❛ ✶✸✱✻✵ ❝♠✳ ❊ss❛s ❛❧t❡r❛çõ❡s sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛s ✜❣✉r❛s ✻✵✱✻✶✱✻✷✳

❋✐❣✉r❛ ✻✵✿ ❘❡❛rr❛♥❥♦ ❞❡ ❡s❝❛✈❛çõ❡s ❡ ♣❡r✜❧ ❞♦ ♣❛✈✐♠❡♥t♦ ✜♥❛❧ ❞♦ tr❡❝❤♦ ✶ ❡ tr❡❝❤♦ ✸ ♣❛rt❡ ✶

✶✵✺



❋✐❣✉r❛ ✻✶✿ ❘❡❛rr❛♥❥♦ ❞❡ ❡s❝❛✈❛çõ❡s ❡ ♣❡r✜❧ ❞♦ ♣❛✈✐♠❡♥t♦ ✜♥❛❧ ❞♦ tr❡❝❤♦ ✷

❋✐❣✉r❛ ✻✷✿ ❘❡❛rr❛♥❥♦ ❞❡ ❡s❝❛✈❛çõ❡s ❡ ♣❡r✜❧ ❞♦ ♣❛✈✐♠❡♥t♦ ✜♥❛❧ ❞♦ tr❡❝❤♦ ✸✲♣❛rt❡✷

✹✳✼✳✺ ❈♦rt❡s tr❛♥s✈❡rs❛✐s ❞♦ ♣❛✈✐♠❡♥t♦s ♣♦r tr❡❝❤♦s

❙❡rã♦ ❛♣r❡s❡♥t❛❞♦s ❛ s❡❣✉✐r ♦s ❝♦rt❡s tr❛♥s✈❡rs❛✐s ❞❡ ❝❛❞❛ ✉♠ ♣❛✈✐♠❡♥t♦s ❛ s❡r❡♠ ✉t✐❧✐③❛❞♦s

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

❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❝♦♠♦ ❡✐①♦s ❞❡ r❡❢❡rê♥❝✐❛ ♦s ♠❡✐♦s ✜♦s✳ ❙❡♥❞♦ ❛ss✐♠✱ ❛ ❞❡❝❧✐✈✐❞❛❞❡ tr❛♥s✈❡rs❛❧

❞♦s ♣❛✈✐♠❡♥t♦s ❡♠ t❛♥❣❡♥❝✐❛❧ ❢♦✐ ❣❛r❛♥t✐❞❛ ❛ ♣❛rt✐r ❞❛ ❡❧❡✈❛çã♦ ❞♦ ❡✐①♦ ❝❡♥tr❛❧ ❞♦ ♣❛✈✐♠❡♥t♦✳

❏á ♣❛r❛ ♦s tr❡❝❤♦s ❡♠ ❝✉r✈❛✱ ♣♦r ♠❡✐♦ ❞❛ ❡❧❡✈❛çã♦ ❞♦s ❜♦r❞♦s ❡①t❡r♥♦s à ❝✉r✈❛✳

❋✐❣✉r❛ ✻✸✿ ❈♦rt❡ tr❛♥s✈❡rs❛❧ ❞♦ ♣❛✈✐♠❡♥t♦ ❞♦ tr❡❝❤♦ ✶

✶✵✻



❋✐❣✉r❛ ✻✹✿ ❈♦rt❡ tr❛♥s✈❡rs❛❧ ❞♦ ♣❛✈✐♠❡♥t♦ ❞♦ tr❡❝❤♦ ✷

❋✐❣✉r❛ ✻✺✿ ❈♦rt❡ tr❛♥s✈❡rs❛❧ ❞♦ ♣❛✈✐♠❡♥t♦ ❞♦ tr❡❝❤♦ ✸ ♣❛rt❡ ✶

❋✐❣✉r❛ ✻✻✿ ❈♦rt❡ tr❛♥s✈❡rs❛❧ ❞♦ ♣❛✈✐♠❡♥t♦ ❞♦ tr❡❝❤♦ ✸ ♣❛rt❡ ✷

✶✵✼



✺ ❈♦♥❝❧✉sõ❡s

❋♦✐ ❞❡✜♥✐❞♦ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❣❡r❛❧ ♣❛r❛ ❡st❡ tr❛❜❛❧❤♦ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞♦s ♣r♦❜❧❡♠❛s ❞❛ ♣❛✲

✈✐♠❡♥t❛çã♦ ❞❡ ❜❧♦❝♦s ✐♥t❡rtr❛✈❛❞♦s ❞❡ ❝♦♥❝r❡t♦ ❡①✐st❡♥t❡ ♥♦ ❛❝❡ss♦ ♣r✐♥❝✐♣❛❧ ❞♦ ❍♦s♣✐t❛❧ ❡

r❡❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞♦ ♣❛✈✐♠❡♥t♦ ♣❛r❛ ❛ ár❡❛ ❝♦♥s✐❞❡r❛❞❛ ♠❛✐s ❝rít✐❝❛✱ ❛✜♠ ❣❛r❛♥t✐r ✈✐❞❛ út✐❧

❞❡ ✷✵ ❛♥♦s ♣❛r❛ ♥♦✈❛ ❛ ❡str✉t✉r❛✳

❆♣ós ❛s ✈✐s✐t❛s ❛♦ ❧♦❝❛❧ ❡ ❛s ❝♦♥✈❡rs❛s ❝♦♠ ❛ ❡♥❣❡♥❤❡✐r❛ r❡s♣♦♥sá✈❡❧ ✈❡r✐✜❝♦✉✲s❡ q✉❡

♥♦ ♣❛✈✐♠❡♥t♦ é r❡❝♦rr❡♥t❡ ♦ ❞❡s♥✐✈❡❧❛♠❡♥t♦ ❡ ♦ ❛♣❛r❡❝✐♠❡♥t♦ ❞❡ ❞❡♣r❡ssõ❡s✳ ❆❧é♠ ❞✐ss♦✱

♦❝♦rr✐❛♠ ♣r♦❜❧❡♠❛s ❝♦♠♦ ♦ ❞❡s❧♦❝❛♠❡♥t♦ ❡ q✉❡❜r❛ ❞♦s ❜❧♦❝♦s ❞❡ ❝♦♥❝r❡t♦ s❡①t❛✈❛❞♦s✳ ❋♦✐

✈❡r✐✜❝❛❞♦ q✉❡ ♦ ♠♦t✐✈♦ ♠❛✐s ♣r♦✈á✈❡❧ ♣❡❧♦ q✉❛❧ ❤á ♦ s✉r❣✐♠❡♥t♦ ❞❡ ❞❡♣r❡ssõ❡s s❡❥❛ ❛ ❢❛❧❤❛

❞♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠✳ ◗✉❛♥t♦ ❛ q✉❡❜r❛ ❞❡ ❜❧♦❝♦s✱ ❢♦✐ ♦❜s❡r✈❛❞♦ q✉❡ ❡❧❛s ♦❝♦rr❡♠ ♣♦rq✉❡

❛ ❡s♣❡ss✉r❛ ❞♦s ❜❧♦❝♦s ✉t✐❧✐③❛❞♦s ♥ã♦ é ❛❞❡q✉❛❞❛ ♣❛r❛ ♦ trá❢❡❣♦ ❞❡ ✈❡í❝✉❧♦s✳ ❆ ❡s♣❡ss✉r❛

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

❞❡ ❜❧♦❝♦s✱ ♥♦t♦✉✲s❡ q✉❡ ❡❧❡s ♦❝♦rr❡♠ ♣❡❧❛ ♣❡r❞❛ ❞♦s ✐♥t❡rtr❛✈❛♠❡♥t♦s ♣♦r ❝♦♥s❡q✉ê♥❝✐❛ ❞♦

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

◗✉❛♥t♦ ❛♦s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s✿

✶✮ ❘❡❝♦♥❤❡❝❡r ❛ ❣❡♦♠❡tr✐❛ ❞♦ ♣❛✈✐♠❡♥t♦ ❡①✐st❡♥t❡ ❡ ✈❡r✐✜❝❛r s❡ ❤á ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡

s❡ ❢❛③❡r ❛❧t❡r❛çõ❡s✳

❚♦❞♦s ♦s r❡q✉✐s✐t♦s ❣❡♦♠étr✐❝♦s ♠í♥✐♠♦s ❢♦r❛♠ ❛♥❛❧✐s❛❞♦s s❡❣✉♥❞♦ ♦ ♠❛♥✉❛❧ ❞❡ ♣r♦❥❡t♦

❣❡♦♠étr✐❝♦ ❞❡ tr❛✈❡ss✐❛s ✉r❜❛♥❛s ✭❉◆■❚✱ ✷✵✶✵✮✳ ❋♦✐ ✈❡r✐✜❝❛❞♦ q✉❡ ❛ ❣❡♦♠❡tr✐❛ ❡①✐st❡♥t❡

❝♦♥t❡♠ ❛❧❣✉♠❛s ❢❛❧❤❛s ❞❡ ♣r♦❥❡t♦✳ ❈♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ♥ã♦ ♦❢❡r❡❝❡r ♦ r❛✐♦ ❤♦r✐③♦♥t❛❧ ♠í♥✐♠♦

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

♥❡❝❡ssár✐♦ ❛❧❣✉♥s ❛❥✉st❡s ♥❛ s✉❛ ❣❡♦♠❡tr✐❛ ♥ã♦ ❤á ❡s♣❛ç♦ s✉✜❝✐❡♥t❡ ♣❛r❛ s❡ tr❛❜❛❧❤❛r ♣♦r

❝♦♥t❛ ❞❛ ♣r♦①✐♠✐❞❛❞❡ ❝♦♠ ❛s ❡❞✐✜❝❛çõ❡s ❞♦ ❧♦❝❛❧✳

✷✮ ❉✐♠❡♥s✐♦♥❛r ♦ trá❢❡❣♦ ♣❛r❛ ❡♥❝♦♥tr❛r ♦ ♥ú♠❡r♦ ✧◆✧❞❡ ❞❡♠❛♥❞❛ ❞♦ t✐♣♦ ❞❡ ✈❡í❝✉❧♦

✶✵✽



♣❛❞rã♦ ❞❡ ✽✱✷t ❡st❛❜❡❧❡❝✐❞♦ ♣❡❧♦ ▼❛♥✉❛❧ ❞❡ trá❢❡❣♦ ❞♦ ❉◆❊❘ ✷✵✵✻ ♣❛r❛ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦

❞♦ ♣❛✈✐♠❡♥t♦✳

❖ trá❢❡❣♦ ❢♦✐ ❞✐♠❡♥s✐♦♥❛❞♦ ❡ ❝❤❡❣♦✉✲s❡ ❛ ✉♠ ✈❛❧♦r ❞❡ ✹✱✽✯✶✵✺ s♦❧✐❝✐t❛çõ❡s✳

✸✮ ❘❡❛❧✐③❛r ♦ ❡st✉❞♦ ❣❡♦té❝♥✐❝♦ ❞♦ s♦❧♦ ♣❛r❛ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞♦ ♣❛✈✐♠❡♥t♦✳

❖ ❡st✉❞♦ ❣❡♦té❝♥✐❝♦ ❢♦✐ r❡❛❧✐③❛❞♦ ❝♦♠ ❜❛s❡ ♥♦s r❡s✉❧t❛❞♦s ❞❛s s♦♥❞❛❣❡♥s ❝♦♠ ♣❡♥❡trô♠❡tr♦

❞✐♥â♠✐❝♦ ❞❡ ❝♦♥❡ ✭❉❈P✮✳ P❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦s ✈❛❧♦r❡s ❞❡ ❈❇❘ ❢♦✐ ✉t✐❧✐③❛❞♦ ❛ ❝♦rr❡❧❛çã♦ ❞❡

❚r✐❝❤ês ❡ ❈❛r❞♦s♦ ✭✶✾✾✽✮ ✏✐♥ s✐t✉✑✱ s❡❣✉♥❞♦ ✭❋❖◆❚❊❙✱ ✷✵✵✶✮✳

❉✉r❛♥t❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ tr❛❜❛❧❤♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✺ ❝❛♠❛❞❛s ❞❡

s♦❧♦s ❞✐❢❡r❡♥t❡s ♥❛s s♦♥❞❛❣❡♥s ❉❈P✲✵✶ ❡ ❉❈P✲✵✷✳ ◆♦ ❡♥t❛♥t♦✱ ❛♣ós ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

❞♦ tr❛❜❛❧❤♦✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ❛s ♣❡q✉❡♥❛s ✈❛r✐❛çõ❡s ❞❡ â♥❣✉❧♦s ❡①✐st❡♥t❡s ♥❛s s♦♥❞❛❣❡♥s ♥❛

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

❞❡ s♦❧♦ ♦✉ ❛té ♠❡s♠♦ ❞❛ s✉❛ s❛t✉r❛çã♦ ♣♦r á❣✉❛✳ P♦rt❛♥t♦ ♣♦❞❡r✐❛ s❡r ❛✈❛❧✐❛❞♦ ❝♦♥s✐❞❡r❛r ❛

♣r❡s❡♥ç❛ ❞❡ ❛♣❡♥❛s ✉♠ t✐♣♦ ❞❡ s♦❧♦ ❝♦♠ ✺ ✈❛r✐❛çõ❡s ❞❡ ❣r❛✉ ❞❡ ❝♦♠♣❛❝t❛çã♦ ♦✉ ❛té ♠❡s♠♦

s❛t✉r❛çã♦✳ ■ss♦ t❛♠❜é♠ ♦❝♦rr❡ ♥♦s r❡s✉❧t❛❞♦s ❉❈P✲✵✸✱ ♣♦ré♠ ❛♦ ✐♥✈és ❞❡ ✺ ❝❛♠❛❞❛s✱ ❢♦r❛♠

❝♦♥s✐❞❡r❛❞❛s ✻✳

✹✮❘❡❛❧✐③❛r ♦ ❡st✉❞♦ ❞♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ ♣❧✉✈✐❛❧ ❡①✐st❡♥t❡ ♥♦ ❧♦❝❛❧✳

❉✉r❛♥t❡ ❛s ✈✐s✐t❛s ❢♦✐ ✈❡r✐✜❝❛❞♦ ❛ ❡①✐stê♥❝✐❛ ❞❡ ♣❛rt❡s ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ ♣❧✉✈✐❛❧

❞❡ ❣❛❧❡r❛s q✉❡ ❞❡s❛❣✉❛♠ ❛s á❣✉❛s ♣❧✉✈✐❛✐s ❡♠ ❞♦✐s ♣r♦✈á✈❡✐s ♣♦♥t♦s✿ ◆♦ ❧❛❣♦ ❡①✐st❡♥t❡ ♥♦

t❡rr❡♥♦ ❡ t❛♠❜é♠ ♥♦ ❘✐♦ ❙❡rtã♦ q✉❡ ♣❛ss❛ ♣♦r trás ❞♦ ❝♦♠♣❧❡①♦ ❞❡ ♣ré❞✐♦s ❞♦ ❤♦s♣✐t❛❧✳ P♦r

❝♦♥t❛ ❞❛s ❞❡❝❧✐✈✐❞❛❞❡s ❧♦♥❣✐t✉❞✐♥❛✐s✱ ❛s á❣✉❛s ❞♦ tr❡❝❤♦ ✸ sã♦ ❞✐r❡❝✐♦♥❛❞❛s ❛♦ ❧❛❣♦✱ ❡ ❞♦ tr❡❝❤♦

✶ ❡ ✷ ♣❛r❛ ♦ ❘✐♦✳

❆s ❜♦❝❛s ❞❡ ❧♦❜♦ ❞✐♠❡♥s✐♦♥❛❞❛s sã♦ ❞♦ t✐♣♦ s✐♠♣❧❡s ♦✉ ❧❛t❡r❛❧ s❡♠ ❣r❡❧❤❛ ❝♦♠ ✶✷ ❝♠ ❡

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

❞❡ á❣✉❛ ♥❡❝❡ssár✐♦ ♠❡s♠♦ q✉❡ s❡❥❛♠ ✐♥st❛❧❛❞❛s ❣r❡❧❤❛s ✈❡rt✐❝❛✐s✳

✶✵✾



❋♦✐ ✈❡r✐✜❝❛❞♦ q✉❡ ❡♠ é♣♦❝❛s ❝❤✉✈♦s❛s ♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦ é ❡❧❡✈❛❞♦ ❡ ✜❝❛ ❡♥tr❡ ✶ ♠ ❛ ✶✱✺

♠ ❛❜❛✐①♦ ❞❛ s✉♣❡r❢í❝✐❡✱ ✐ss♦ ✐♥❞✐❝❛ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✐♥st❛❧❛çã♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠

♣r♦❢✉♥❞❛ q✉❡ ❝♦♥s✐❣❛ r❡❜❛✐①❛r ❡ ♠❛♥t❡r ♦ ♥í✈❡❧ ❞♦ ❧❡♥ç♦❧ s❡♠♣r❡ ❛ ✉♠❛ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❡ ✶✱✺

♠ ❛❜❛✐①♦ ❞❛ s✉❜❧❡✐t♦ ❞♦ ♣❛✈✐♠❡♥t♦✳

✺✮ ❆♣r❡s❡♥t❛r ♥♦✈♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞♦ ♣❛✈✐♠❡♥t♦ ❞❡ ❜❧♦❝♦s ✐♥t❡rtr❛✈❛❞♦s ♣❛r❛ ❛ ár❡❛ ❞❡

❡st✉❞♦✳

◆♦ ❝❛♣ít✉❧♦ ❞❡ r❡s✉❧t❛❞♦s ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ✺ ♣❡r✜s ❞❡ ♣❛✈✐♠❡♥t♦✲t✐♣♦✿ ♣❛r❛ ♦ tr❡❝❤♦ ✶✱ ✷

❡♠ t❛♥❣❡♥t❡✱ ✷ ❡♠ ❝✉r✈❛✱ ✸ ♣❛rt❡ ✶ ❡ ♣♦r ✜♠ ✸ ♣❛rt❡ ✷✳ ❊♥t❡♥❞❡✲s❡✱ ♥♦ ❡♥t❛♥t♦✱ q✉❡ ♥❛ ♣rát✐❝❛

❛ ✐♠♣❧❛♥t❛çã♦ ❞❡ ✺ ♣❛❞rõ❡s ❞✐❢❡r❡♥t❡s ❞❡ ♣❛✈✐♠❡♥t♦ ♥ã♦ s❡r✐❛ ✈✐á✈❡❧ ❡ ❛✐♥❞❛ ❛❜r✐r✐❛ ❡s♣❛ç♦

♣❛r❛ ❡rr♦s ❞❡ ❝♦♥str✉çã♦✳ P♦rt❛♥t♦✱ ❝♦♥s✐❞❡r♦✉✲s❡ ♠❛✐s ❛❞❡q✉❛❞♦ ❛ ❡s❝♦❧❤❛ ❡ ✐♠♣❧❛♥t❛çã♦ ❞❡

❛♣❡♥❛s ✶ ❞♦s ♣❡r✜s ❞♦s ♣❛✈✐♠❡♥t♦s✲t✐♣♦ ❡♠ t♦❞❛ ❛ ár❡❛ ❞❡ ❡st✉❞♦✳

❖ ♣❛✈✐♠❡♥t♦✲t✐♣♦ ♠❛✐s ❛❞❡q✉❛❞♦ ♣❛r❛ ❤♦♠♦❣❡♥✐③❛r t♦❞❛ ❛ ♣❛✈✐♠❡♥t❛çã♦ s❡r✐❛ ♦ ♣❛✈✐♠❡♥t♦

t✐♣♦ ✸ ✲ ♣❛rt❡ ✷✳ P♦r s❡r ♠❛✐s r♦❜✉st♦ ❡ss❡ ♣❡r✜❧ ❞❡ ♣❛✈✐♠❡♥t♦ ❣❛r❛♥t❡ ♠❡♥♦r ❝❤❛♥❝❡ ❞❡ ❢❛❧❤❛

❞✉r❛♥t❡ ❛ ✈✐❞❛ út✐❧ q✉❡ ❢♦✐ ♣r♦❧♦♥❣❛❞❛ ♣❛r❛ ✷✵ ❛♥♦s✳ ❆❧é♠ ❞✐ss♦✱ ♣❛r❛ s✉❛ ✐♠♣❧❛♥t❛çã♦ s❡r✐❛

♥❡❝❡ssár✐♦ ❡s❝❛✈❛çõ❡s ✉♠ ♣♦✉❝♦ ♠❛✐s ♣r♦❢✉♥❞❛s✱ ❛té ✸✾✱✻ ❝♠✱ ♦ q✉❡ ❢❛❝✐❧✐t❛r✐❛ ♦ ❡♥❝♦♥tr♦

❞❡ ♣♦♥t♦s ❞❡ s✉r❣✐♠❡♥t♦ ❞❡ á❣✉❛ ❞♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦ q✉❡ ♣r❡❝✐s❛♠ s❡r tr❛t❛❞♦s ♣❛r❛ ❡✈✐t❛r ♦

s❛t✉r❛♠❡♥t♦ ❞♦ ♣❛✈✐♠❡♥t♦ ❡♠ é♣♦❝❛s ❝❤✉✈♦s❛s ♣♦r ❝♦♥t❛ ❞❛ ❡❧❡✈❛çã♦ ❞♦ ❧❡♥ç♦❧ ❢r❡át✐❝♦✳

P♦r ✜♠✱ ❢♦r❛♠ ❡♥❝♦♥tr❛❞❛s ❛❧❣✉♠❛s ❞✐✜❝✉❧❞❛❞❡s ❞✉r❛♥t❡ ❛ r❡❛❧✐③❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✿

✶✮ ◆♦t♦✉✲s❡ q✉❡ ♦ ❡st✉❞♦ ❣❡♦té❝♥✐❝♦ ♣♦❞❡r✐❛ s❡r ♠❡❧❤♦r ❞❡s❡♥✈♦❧✈✐❞♦ ❛ ♣❛rt✐r ❞❛ r❡❛❧✐✲

③❛çã♦ ❞❡ ✉♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ s♦♥❞❛❣❡♥s✳ ❋♦✐ ♦❜s❡r✈❛❞♦✱ ♣♦r ❡①❡♠♣❧♦✱ q✉❡ ♦s r❡s✉❧t❛❞♦s

❛♣r❡s❡♥t❛❞♦s ♥❛ s♦♥❞❛❣❡♠ ❉❈P✲✵✷ ❡st❛✈❛♠ ♠✉✐t♦ ❛❧t♦s ❡ q✉❡ ♣r♦✈❛✈❡❧♠❡♥t❡ sã♦ ✐♥❝♦♥s✐s✲

t❡♥t❡s✳ ❖ ✐❞❡❛❧ s❡r✐❛ ❛ r❡❛❧✐③❛çã♦ ❞❡ ♣❡❧♦ ♠❡♥♦s ✉♠❛ s♦♥❞❛❣❡♠ ♣ró①✐♠❛ ❛ ❡st❛ ♣❛r❛ ✈❡r✐✜❝❛r

♦s r❡s✉❧t❛❞♦s✳ ◆♦t♦✉✲s❡ t❛♠❜é♠ q✉❡ ❛ r❡❛❧✐③❛çã♦ ❞❡ ❡♥s❛✐♦s ❞❡ ❧❛❜♦r❛tór✐♦ é ❢✉♥❞❛♠❡♥t❛❧

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

✷✮ ❋♦✐ ♦❜s❡r✈❛❞♦ q✉❡ ❛ ❢❛❧t❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ❛ r❡s♣❡✐t♦ ❞♦ s✐st❡♠❛ ❞❡ ❞r❡♥❛❣❡♠ ❡①✐st❡♥t❡
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❆r❛ú❥♦ ❡t✳ ❛t✱ ❈✳ ▼✳ ❙✳ ❊s♣❡❝✐✜❝❛çõ❡s ❡ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ ❙♦♥❞❛❣❡♠ à P❡r❝✉ssã♦ ❞❡ ❙✐♠♣❧❡s
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