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❆❣r❛❞❡❝✐♠❡♥t♦s

◗✉❡r♦ ❛❣r❛❞❡❝❡r ❛♦s ♠❡✉s ♣❛✐s✱ sr✳ ❍❡r♠❡s ❍✐❞❡②❛s ▼✐②❛s❛t♦ ❡ sr❛✳ ▼❛ss❛❦♦ ❙❤♦♥♦

▼✐②❛s❛t♦✱ q✉❡ ❞❡s❞❡ ♦ ✐♥í❝✐♦ ❞❡ss❛ ❝❛♠✐♥❤❛❞❛ ♠❡ ❛♠♣❛r❛r❛♠✱ ✐♥❝❡♥t✐✈❛r❛♠ ❡ ❡♥s✐♥❛r❛♠ ❝♦♠

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

✉♠❛ ♣❡ss♦❛ r❡❛❧✐③❛❞❛✳ ❆❣r❛❞❡ç♦ à ♠✐♥❤❛ ✐r♠ã✱ ❊r✐❝❛ ❙❛❡♠✐ ▼✐②❛s❛t♦✱ ♣❡❧♦ ❝❛r✐♥❤♦ ❡♠ t♦❞♦s

♦s ♠♦♠❡♥t♦s✳

❆❣r❛❞❡ç♦ ❛♦ ♠❡✉ ♦r✐❡♥t❛❞♦r✱ Pr♦❢✳ ❉r✳ ▼✐❧t♦♥ ❉✐❛s ❏✉♥✐♦r ♣❡❧♦ ❣r❛♥❞❡ ❛♣r❡♥❞✐③❛❞♦

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

◗✉❡r♦ ❛❣r❛❞❡❝❡r ❛ ❱✐♥í❝✐✉s ●❛❜r✐❡❧ ❙❡❣❛❧❛ ❙✐♠✐♦♥❛tt♦✱ ♣❡❧❛ ❛♠✐③❛❞❡ ❡ ❝♦♠♣❛♥❤❡✐r✐s♠♦

❞✉r❛♥t❡ t♦❞♦ ❡ss❡ ♣❡rí♦❞♦ ❞❡ ♣r♦❥❡t♦✱ ❡ q✉❡✱ ❥✉♥t❛♠❡♥t❡ ❛ ❆❧❧❛♥ ❋r❛♥❝✐s❝♦ ❞❡ ❖❧✐✈❡✐r❛✱ ✐♥✐❝✐✲

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

❆❣r❛❞❡ç♦ ❛ ❉♦✉❣❧❛s ❱✐♥✐❝✐✉s ▲❡♠❡s ❡ ❛ ▲❡❛♥❞r♦ ❚❛❞❡✉ ❘♦❧❞ã♦ P❡r❡str❡❧♦✱ ♣♦r ❛❝r❡✲

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

♦ ♣r♦❥❡t♦ ❛❝❛❞ê♠✐❝♦ ♣r♦♣♦st♦✳ ❚✐✈❡✱ ♥♦ ❝✉rt♦ ♣❡rí♦❞♦ ❞❡ss❡ ❡st✉❞♦ ❡♥tr❡ ❛ ❣r❛❞✉❛çã♦ ❡

♠❡str❛❞♦✱ ❡①♣❡r✐ê♥❝✐❛s q✉❡ ♠❡ ✈❛❧❡r❛♠ ♣♦r ♠✉✐t♦s ❛♥♦s✳

❆❣r❛❞❡ç♦ à ❩❋ ❙❛❝❤s ❞♦ ❇r❛s✐❧ ♣❡❧♦ ✜♥❛♥❝✐❛♠❡♥t♦✳

◗✉❡r♦ ❛❣r❛❞❡❝❡r ❛♦s ♠❡♠❜r♦s ❞♦ ▲❛❜♦r❛tór✐♦ ❞❡ ❉✐♥â♠✐❝❛ ❡ ❊str✉t✉r❛ ❞❡ ▼áq✉✐♥❛s

✭▲❉❊▼✮ ❍❛✐rt♦♥ ❙♦✉③❛ ❞❛ ❙✐❧✈❛✱ ▲❡♦♥❛r❞♦ ●✐♠❡♥❡s✱ ❋á❜✐♦ ▼❡♥❡❣❛tt✐ ❞❡ ▼❡❧♦ ❡ ❇r✉♥♦

❋✐♥❡t♦ ♣❡❧♦ ❝♦❧❡❣✉✐s♠♦ ♥❛ ❝♦♥✈✐✈ê♥❝✐❛ ❡♠ ❧❛❜♦r❛tór✐♦✳

❘❡s❡r✈♦ ✉♠ ❛❣r❛❞❡❝✐♠❡♥t♦ à Pr♦❢a ❉r❛✳ ❑át✐❛ ▲✉❝❝❤❡s✐ ❈❛✈❛❧❝❛ ❉❡❞✐♥✐✱ ♣❡❧♦ ❛♣♦✐♦ ❡♠

♠♦♠❡♥t♦s ❞❡❝✐s✐✈♦s✱ ❡ ❛ ▼❛r❝♦ ❇❛rr❡t♦ ♣❡❧❛ ❛❥✉❞❛✱ ❝♦♠ ❞✐s❝✉ssõ❡s ❡ ❝♦♥✈❡rs❛s q✉❡ ❝♦♥tr✐✲

❜✉ír❛♠ ♣❛r❛ ❛ ❡❧❛❜♦r❛çã♦ ❡ ❡♥r✐q✉❡❝✐♠❡♥t♦ ❞❡ss❡ tr❛❜❛❧❤♦✳

❆❣r❛❞❡ç♦ ❛ t♦❞♦s ❛q✉❡❧❡s q✉❡ r❡❛❧✐③❛♠ s❡✉s tr❛❜❛❧❤♦s ❞❡ ❢♦r♠❛ ár❞✉❛✱ s✐♥❝❡r❛ ❡✱ às

✈❡③❡s✱ ♥ã♦ r❡❝♦♥❤❡❝✐❞❛✳ ❙❡ t❡♥t❛ss❡♠ q✉❛♥t✐✜❝❛r t♦❞❛ ❛ s✉❛ ❝♦♥tr✐❜✉✐çã♦ ♣❛r❛ ♦ ♠✉♥❞♦✱ s❡✉

✈❛❧♦r s❡r✐❛ ✐♥❡st✐♠á✈❡❧✳

✈



❲❤❡r❡ t❤❡r❡✬s ❛ ✇✐❧❧✱ t❤❡r❡✬s ❛ ✇❛②✳ ✖

♣r♦✈ér❜✐♦ ❞❛ ❧í♥❣✉❛ ✐♥❣❧❡s❛

✈✐



❘❡s✉♠♦

❋❡♥ô♠❡♥♦s ❞❡ r✉í❞♦✱ ✈✐❜r❛çã♦ ❡ s✉❛ s❡✈❡r✐❞❛❞❡ ✭◆❱❍✮ sã♦ ✉♠❛ ❣r❛♥❞❡ ♣r❡♦❝✉♣❛çã♦

❞❛ ✐♥❞ústr✐❛ ❛✉t♦♠♦t✐✈❛ ❞❡s❞❡ ♦ sé❝✉❧♦ ✷✵✳ ❆ ✜♠ ❞❡ ❛t✐♥❣✐r ✉♠❛ ✈❛♥t❛❣❡♠ ❝♦♠♣❡t✐t✐✈❛✱ ❛s

♠♦♥t❛❞♦r❛s tê♠ s❡ ❢♦❝❛❞♦ ♥❛ ♠❡❧❤♦r❛ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ◆❱❍ ❞♦s s❡✉s ♣r♦❞✉t♦s ♣❛r❛ ❧✐❞❛r

❝♦♠ ✉♠ ❝❡♥ár✐♦ ❞❡ ♠❡r❝❛❞♦ ❣❧♦❜❛❧ ❝♦♠♣❡t✐t✐✈♦✳ ◆♦ ✐♥t✉✐t♦ ❞❡ ✈❡r✐✜❝❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦

❞♦ s✐st❡♠❛ ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✱ ♠ét♦❞♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s sã♦ ❛♣❧✐❝❛❞♦s

♣❛r❛ ❡♥❝♦♥tr❛r ♠❡❧❤♦r❡s ❛❜♦r❞❛❣❡♥s ❡ ♥❛ ♣r❡✈✐sã♦ ❞❡ ♣r♦❜❧❡♠❛s✱ ❡❝♦♥♦♠✐③❛♥❞♦ t❡♠♣♦ ❡

♦rç❛♠❡♥t♦ ❞❛ ❡♠♣r❡s❛ ❣❛st♦s ♥❛ ❝♦♥str✉çã♦ ❞❡ ♣r♦tót✐♣♦s ❡ t❡st❡s✳

◆❡ss❡ tr❛❜❛❧❤♦✱ ❣❡❛r r❛tt❧❡✱ ✉♠ r✉í❞♦ ✐♥❞✉③✐❞♦ ♣♦r ✐♠♣❛❝t♦ ❝✉❥❛ ❝❛✉s❛ sã♦ ❛s ❡♥❣r❡♥❛✲

❣❡♥s s❡♠ ❝❛r❣❛ ❞❛ tr❛♥s♠✐ssã♦✱ s❡rá ♠♦❞❡❧❛❞♦ ❡ s✐♠✉❧❛❞♦✳ ➱ ❞✐❛❣♥♦st✐❝❛❞♦ ❝♦♠ ♠❛✐♦r ✐♥t❡♥✲

s✐❞❛❞❡ ❡♠ ✈❡í❝✉❧♦s ❝♦♠ ♠♦t♦r❡s ❞✐❡s❡❧ ❡♠ ♠❛r❝❤❛ ❧❡♥t❛ ❡ ❡①❝✐t❛❞♦ ❡s♣❡❝✐✜❝❛♠❡♥t❡ q✉❛♥❞♦

✉♠❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛s q✉❡ ❝❛✉s❛ ❣r❛♥❞❡ ❛♠♣❧✐t✉❞❡ ❞❡ ✈✐❜r❛çã♦ ♥♦s ❡❧❡♠❡♥t♦s ✐♥t❡r♥♦s ❞❛

❝❛✐①❛ ❞❡ ❝â♠❜✐♦ é ❛❧❝❛♥ç❛❞❛✳ ▼♦❞❡❧♦s ❧✐♥❡❛r❡s ❞♦ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ ❡♠ ♣♦♥t♦ ♠♦rt♦ ♦✉ ❡♠

tr❛çã♦ s❡rã♦ ❡st✉❞❛❞♦s✱ ❝♦♠♣r❡❡♥❞❡♥❞♦ ❛s s✉❛s ❝❛r❛❝t❡ríst✐❝❛s ❜ás✐❝❛s✱ t❛✐s ❝♦♠♦ ❢r❡q✉ê♥❝✐❛s

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

s✉✐ ❡❧❡♠❡♥t♦s ❝♦♠ ❢♦rt❡s ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡s✱ t❛✐s ❝♦♠♦ ❛ r✐❣✐❞❡③ ❡str❛t✐✜❝❛❞❛ ❝♦♠ ❤✐st❡r❡s❡ ❞❛

❡♠❜r❡❛❣❡♠ ❡ ❛ ❢♦❧❣❛ ❡♥tr❡ ♦s ❞❡♥t❡s ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s✳ ❯♠❛ ❝❛r❛❝t❡r✐③❛çã♦ ♠❛✐s r❡❛❧✐st❛

s❡rá ✐♥❝❧✉í❞❛ ♥♦ ♠♦❞❡❧♦ ❝♦♠ ✉♠❛ r✐❣✐❞❡③ ✈❛r✐❛♥t❡ ♥♦ t❡♠♣♦ ♣❛r❛ ♦ ❡♥❣r❡♥❛♠❡♥t♦ ❤❡❧✐❝♦✐❞❛❧✱

✉t✐❧✐③❛❞♦ ❡♠ t♦❞❛s tr❛♥s♠✐ssõ❡s ♠❛♥✉❛✐s✱ ❝♦♠ ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ❞✐ss✐♣❛t✐✈❛ ❛❞❡q✉❛❞❛ ❛♦s

✐♠♣❛❝t♦s✳ P❛r❛ ✈❡r✐✜❝❛r ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ q✉❡ ♣♦❞❡♠ s♦♠❡♥t❡ s❡r ❛✈❛❧✐❛❞❛s s❡❣✉♥❞♦

❢♦r♠✉❧❛çã♦ ♥ã♦✲❧✐♥❡❛r✱ s✐♠✉❧❛çõ❡s s❡rã♦ r❡❛❧✐③❛❞❛s ♣❛r❛ ✈❡r✐✜❝❛r ❛ ❡✜❝á❝✐❛ ❞❡ ♦r✐❡♥t❛çõ❡s ❞❡

s♦❧✉çã♦ ❡ ♣r♦♣♦st❛s ❞❡ ♠♦❞✐✜❝❛çã♦ ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛✳

P❛❧❛✈r❛s ❈❤❛✈❡✿ ❣❡❛r r❛tt❧❡✱ tr❡♠ ❞❡ ♣♦tê♥❝✐❛✱ ♥ã♦✲❧✐♥❡❛r✱ ✈✐❜r❛çã♦

✈✐✐



❆❜str❛❝t

◆♦✐s❡✱ ❱✐❜r❛t✐♦♥ ❛♥❞ ❍❛rs❤♥❡ss ✭◆❱❍✮ ♣❤❡♥♦♠❡♥❛ ❛r❡ ❛ ❣r❡❛t ❝♦♥❝❡r♥ ♦❢ t❤❡ ❛✉t♦✲

♠♦t✐✈❡ ✐♥❞✉str② s✐♥❝❡ t❤❡ t✇❡♥t✐❡t❤ ❝❡♥t✉r②✳ ■♥ ♦r❞❡r t♦ ❛❝❤✐❡✈❡ ❛ ❝♦♠♠❡r❝✐❛❧ ❛❞✈❛♥t❛❣❡✱

♠❛♥✉❢❛❝t✉r❡rs ❤❛✈❡ ❢♦❝✉s❡❞ ♦♥ ✐♠♣r♦✈✐♥❣ t❤❡ ◆❱❍ ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡✐r ♣r♦❞✉❝ts t♦ ❝♦♣❡

✇✐t❤ ❛ ❝♦♠♣❡t✐t✐✈❡ ❣❧♦❜❛❧ ♠❛r❦❡t s❝❡♥❛r✐♦✳ ❚♦ ✈❡r✐❢② t❤❡ ❜❡❤❛✈✐♦r ♦❢ t❤❡ s②st❡♠ ❞✉r✐♥❣ t❤❡

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

♣r♦❜❧❡♠s✱ s❛✈✐♥❣ ❝♦♠♣❛♥② ❜✉❞❣❡t ❛♥❞ t✐♠❡ s♣❡♥t ✐♥ ♣r♦t♦t②♣❡s ❛♥❞ t❡sts✳

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

✐♥s✐❞❡ t❤❡ ❣❡❛r❜♦①✱ ✇✐❧❧ ❜❡ ♠♦❞❡❧❡❞ ❛♥❞ s✐♠✉❧❛t❡❞✳ ■t ✐s ❞✐❛❣♥♦s❡❞ ✇✐t❤ ❛ ❤✐❣❤❡r ✐♥t❡♥s✐t②

✐♥ ❞✐❡s❡❧ ✈❡❤✐❝❧❡ ❡♥❣✐♥❡s ❛t ✐❞❧❡ s♣❡❡❞ ❛♥❞ ✐♥ ❛ ♠♦r❡ s♣❡❝✐✜❝ ✇❛② ❡①❝✐t❡❞ ✇❤❡♥ ❛ r❛♥❣❡ ♦❢

❢r❡q✉❡♥❝② t❤❛t ❝❛✉s❡s ❧❛r❣❡ ❛♠♣❧✐t✉❞❡ ♦❢ ✈✐❜r❛t✐♦♥ ✐♥ t❤❡ ✐♥t❡r♥❛❧ ❡❧❡♠❡♥ts ♦❢ t❤❡ ❣❡❛r❜♦①

✐s r❡❛❝❤❡❞✳ ▲✐♥❡❛r ♠♦❞❡❧s ♦❢ t❤❡ ♣♦✇❡rtr❛✐♥ ♦♣❡r❛t✐♥❣ ✐♥ ✐❞❧❡ ❛♥❞ tr❛❝t✐♦♥ ✇✐❧❧ ❜❡ st✉❞✐❡❞✱

✐♥ ♦r❞❡r t♦ ✉♥❞❡rst❛♥❞ ✐ts ❜❛s✐❝ ❝❤❛r❛❝t❡r✐st✐❝s✱ s✉❝❤ ❛s ♥❛t✉r❛❧ ❢r❡q✉❡♥❝✐❡s ❛♥❞ ❛ss♦❝✐❛t❡❞

✈✐❜r❛t✐♦♥ ♠♦❞❡s t❤❛t ❝♦✉❧❞ ❜❡ r❡♣r❡s❡♥t❛t✐✈❡ t♦ t❤✐s ♣❤❡♥♦♠❡♥❛✳ ❚❤✐s s②st❡♠ ❤❛s ❡❧❡♠❡♥ts

✇✐t❤ str♦♥❣ ♥♦♥❧✐♥❡❛r✐t✐❡s s✉❝❤ ❛s t❤❡ str❛t✐✜❡❞ st✐✛♥❡ss ✇✐t❤ ❤②st❡r❡s✐s ♦❢ t❤❡ ❝❧✉t❝❤ ❛♥❞ t❤❡

❜❛❝❦❧❛s❤ ❜❡t✇❡❡♥ t❤❡ ❣❡❛r t❡❡t❤✳ ❆ ♠♦r❡ r❡❛❧✐st✐❝ ❢❡❛t✉r❡ ✇✐❧❧ ❜❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ♠♦❞❡❧ ✇✐t❤

❛ t✐♠❡ ✈❛r✐❛❜❧❡ st✐✛♥❡ss ❢♦r t❤❡ ❤❡❧✐❝❛❧ ❣❡❛r ♠❡s❤✱ ✉s❡❞ ✐♥ ❛❧❧ ♠❛♥✉❛❧ tr❛♥s♠✐ss✐♦♥s✱ ✇✐t❤

❛ s✉✐t❛❜❧❡ ❞✐ss✐♣❛t✐✈❡ ❝♦♠♣♦♥❡♥t ❢♦r t❤❡ ✐♠♣❛❝ts✳ ❚♦ ✈❡r✐❢② ♦♣❡r❛t✐♦♥❛❧ ❝♦♥❞✐t✐♦♥s ✇❤✐❝❤

❝❛♥ ♦♥❧② ❜❡ ❡✈❛❧✉❛t❡❞ ✇✐t❤ ♥♦♥❧✐♥❡❛r ❢♦r♠✉❧❛t✐♦♥✱ s✐♠✉❧❛t✐♦♥s ✇✐❧❧ ❜❡ ♠❛❞❡ t♦ ✈❡r✐❢② t❤❡

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

❑❡②✇♦r❞s✿ ❣❡❛r r❛tt❧❡✱ ♣♦✇❡rtr❛✐♥✱ ♥♦♥❧✐♥❡❛r✱ ✈✐❜r❛t✐♦♥

✈✐✐✐



▲✐st❛ ❞❡ ■❧✉str❛çõ❡s

✶✳✶ ❉✐❛❣r❛♠❛ ❝❛✉s❛ ❡ ❡❢❡✐t♦ ❛❞❛♣t❛❞♦ ❞♦ tr❛❜❛❧❤♦ ❞❡ ❲❛♥❣ ❡t ❛❧ ✭✷✵✵✶✮✳ ✳ ✳ ✳ ✳ ✳ ✷

✶✳✷ ❉❡s❝r✐çã♦ ❞❡t❛❧❤❛❞❛ ❞❛ ❝❛❞❡✐❛ ♣❛r❛ ❛ ♣❡r❝❡♣çã♦ ❞♦ r✉í❞♦ r❛tt❧❡ ✭❛❞❛♣t❛❞♦ ❞❡

❍❡✐♥r✐❝❤s ❡t ❛❧ ✭✶✾✾✾✮✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

✷✳✶ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ ❢❡♥ô♠❡♥♦ ❞❡ ❝r❡❡♣✐♥❣✳ ❊♠ ❛✱ ♦ r❡❣✐♠❡ ❞❡ ♦♣❡r❛çã♦ ❡♠

♠❛r❝❤❛ ❧❡♥t❛ ❢❛③ ❝♦♠ q✉❡ ♦ ❞❡s❧♦❝❛♠❡♥t♦ ❛♥❣✉❧❛r ♦❝♦rr❛ ❡♥tr❡ ♦s ❡stá❣✐♦s ❞❡

♠❡♥♦r ❡ ♠❛✐♦r r✐❣✐❞❡③✳ ❈♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ r✐❣✐❞❡③ ❞❡ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦✱ ❤á

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

❡stá❣✐♦ ❞❡ ♠❡♥♦r r✐❣✐❞❡③ ✭❆❞❛♣t❛❞♦ ❞❡ ▲✐❣✐❡r ❡t ❛❧ ✭✷✵✵✷✮✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵

✷✳✷ ❱✐❜r❛çã♦ ♥♦ ♣❡❞❛❧ ❞❡ ❛❝✐♦♥❛♠❡♥t♦ ❞❛ ❡♠❜r❡❛❣❡♠ ❞❡✈✐❞♦ à ❞❡❢♦r♠❛çã♦ ❞♦

✈✐r❛❜r❡q✉✐♠ ❞❡✈✐❞♦ à ❡①♣❧♦sã♦ ♥♦ q✉❛rt♦ ❝✐❧✐♥❞r♦ ✭❑❯❙❍❆❲❆ ❡t ❛❧✱ ✷✵✵✷✮✳ ✳ ✶✶

✷✳✸ ❋✐❣✉r❛ r❡❧❛❝✐♦♥❛❞♦ ♦ ♠♦✈✐♠❡♥t♦ ❞♦ ♠♦t♦r✐st❛ s♦❧✐❝✐t❛♥❞♦ ♦ ♣❡❞❛❧ ❞❛ ❡♠❜r❡❛✲

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

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

❢❡♥ô♠❡♥♦ ❞❡ ❝❧✉t❝❤ ✇❤♦♦♣ ✭❑❯❙❍❆❲❆ ❡t ❛❧✱ ✷✵✵✷✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷

✸✳✶ ◆í✈❡❧ ❞❡ r✉í❞♦ ❞❡r❛tt❧❡ s❡❣✉♥❞♦ ❛ t❡♠♣❡r❛t✉r❛ ❞♦ ó❧❡♦ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❞❡ ❡♠✲

❜r❡❛❣❡♠ ❆✱ ❜❛✐①❛ r✐❣✐❞❡③ ❡ ❤✐st❡r❡s❡ ❡ ❇✱ ❝♦♠ ♦s ♣❛râ♠❡tr♦s ❞❡ ❆ ♠✉❧t✐♣❧✐❝❛❞♦s

♣♦r ✹ ✭❈❍■❑❆❚❆◆■ ❡t ❛❧✱✶✾✾✶✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹

✸✳✷ ▼♦❞❡❧♦ ❞❡ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ ♣r♦♣♦st♦ ♣♦r ❈♦✉❞❡r❝ ❡t ❛❧ ✭✶✾✾✽✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵

✹✳✶ ❘❡♣r❡s❡♥t❛çã♦ ❞❛s r❡❣✐õ❡s ❞❡ ❞r✐✈❡✱ ❝♦❛st ❡ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ❞❛ ❢✉♥çã♦ ❞❛

❡♠❜r❡❛❣❡♠✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸

✹✳✷ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ ❞✐s❝♦ ❝♦♠ ❞♦✐s ❡stá❣✐♦s✱ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ❞❡ r✐❣✐❞❡③ k1 ❡

r✐❣✐❞❡③ ❞♦ ❡stá❣✐♦ ♣r✐♥❝✐♣❛❧ k2 ❡ ❛ s✉❛ ❢✉♥çã♦ ❞❡ t♦rq✉❡ ❡♠ ❢✉♥çã♦ ❞♦ ❞❡s❧♦❝❛✲

♠❡♥t♦ r❡❧❛t✐✈♦✱ ❞❡s❝♦♥tí♥✉❛ ♣❛r❛ θ12✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹

✹✳✸ ❘❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠❛ ❡♠❜r❡❛❣❡♠ ❝✉❥♦ â♥❣✉❧♦s ❞❡ tr❛♥s✐çã♦ θ12 ❡ θ13 sã♦

❛ss✐♠étr✐❝♦s ❝♦♠ r❡❧❛çã♦ à ♦r✐❣❡♠✱ ❛❧é♠ ❞❡ ❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s ❞❡ r✐❣✐❞❡③ ❡♥tr❡

❛s r❡❣✐õ❡s ❞❡ ❞r✐✈❡ ❡ ❝♦❛st✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺

✹✳✹ ❘❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠❛ ❡♠❜r❡❛❣❡♠ ❝♦♠ s♦♠❡♥t❡ ✉♠ ❡stá❣✐♦ ❝♦♠ ♣ré✲t♦rq✉❡✳ ✷✻

✹✳✺ ❘❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠❛ ❡♠❜r❡❛❣❡♠ ❝♦♠ ♣ré✲t♦rq✉❡ ♥♦ ❡stá❣✐♦ ❞❡ r✐❣✐❞❡③ ♣r✐♥❝✐♣❛❧✳ ✷✼

✹✳✻ ❋✉♥çã♦ ❞❡ ❤✐st❡r❡s❡ ❞❛ ❡♠❜r❡❛❣❡♠ ❝♦♠ ❞♦✐s ❡stá❣✐♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✽

✹✳✼ ❋✉♥çã♦ ♣❛r❛ ♦ t♦rq✉❡ t♦t❛❧ ❞❛ ❡♠❜r❡❛❣❡♠✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ❛ r✐❣✐❞❡③ ❡str❛t✐✲

✜❝❛❞❛ ❡ ❛ ❢✉♥çã♦ ❞❡ ❤✐st❡r❡s❡ H(∆θ,∆θ̇) ✭❛❞❛♣t❛❞♦ ❞❡ ❑✐♠ ❡t ❛❧ ✭✷✵✵✶✮✮✳ ✳ ✳ ✷✾

✐①



✹✳✽ ❋✉♥çã♦ ♣❛r❛ ♦ t♦rq✉❡ t♦t❛❧ ❞❛ ❡♠❜r❡❛❣❡♠✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ❛ r✐❣✐❞❡③ ❡str❛t✐✲

✜❝❛❞❛ ❡ ❛ ❢✉♥çã♦ ❞❡ ❤✐st❡r❡s❡ H(∆θ,∆θ̇) ❝♦♠ ✐❣✉❛❧ ✈❛❧♦r ❞❡ ❤✐st❡r❡s❡ s❡❣✉♥❞♦

❛ ✈❡❧♦❝✐❞❛❞❡ r❡❧❛t✐✈❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✾

✹✳✾ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ ❢✉♥çã♦ ❞❡ t♦rq✉❡ ❛♣r❡s❡♥t❛❞❛ ♥♦ tr❛❜❛❧❤♦ ❞❡ ❈♦✉r❞❡❝ ❡t ❛❧

✭✶✾✾✽✮ ❡ ♦s ♣❛râ♠❡tr♦s ❞❡ â♥❣✉❧♦✱ r✐❣✐❞❡③ ❡ ❤✐st❡r❡s❡ ♣❛r❛ ❝❛❞❛ ❡stá❣✐♦✳ ✳ ✳ ✳ ✸✵

✹✳✶✵ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ ♠♦♥t❛❣❡♠ ❞❡ ✉♠ ❉▼❋ ♥♦ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ ✭❛❞❛♣t❛❞♦ ❞❡

❆❧❜❡rs✱ ✶✾✾✹✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶

✹✳✶✶ ❊♠ ❛✱ é ♠♦str❛❞❛ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❞❛s ♠♦❧❛s ❡♠ ❛r❝♦ q✉❡ ✐♥t❡r❧✐❣❛♠ ❛s

✐♥ér❝✐❛s ❞♦ ❞✐s♣♦s✐t✐✈♦ ✭❛❞❛♣t❛❞♦ ❞❡ ❙❤❛♣❡r ❡t ❛❧ ✭✷✵✵✾✮✮✳ ❊♠ ❜✱ é ❢❡✐t❛ ✉♠❛

❞❡s❝r✐çã♦ ❞♦ ♠♦❞❡❧♦ ❧✐♥❡❛r r❡♣r❡s❡♥t❛t✐✈♦ ❞♦ ❉▼❋✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶

✺✳✶ ❊♠ a✱ é r❡♣r❡s❡♥t❛❞♦ ♦ s✐st❡♠❛ ❡♥❣r❡♥❛❞♦ s❡♠ r✐❣✐❞❡③ ❞❡ ❝♦♥t❛t♦ ❡ ♥❛ ✜❣✉r❛

b é ♠♦str❛❞♦ ♦ s❡✉ ❞✐❛❣r❛♠❛ ❞❡ ❝♦r♣♦ ❧✐✈r❡✱ ❝♦♠ ê♥❢❛s❡ ♥❛ ❢♦rç❛ ❞❡ ❝♦♥t❛t♦ F ✳ ✸✷

✺✳✷ ❊♠ a✱ b ❡ c ❡stã♦ r❡♣r❡s❡♥t❛❞♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♦ s✐st❡♠❛ ❡♥❣r❡♥❛❞♦ s❡♠

❢♦❧❣❛✱ ♦ ♠♦❞❡❧♦ ❧✐♥❡❛r ❝♦♠ r✐❣✐❞❡③ ❞❡ ❞❡♥t❡ kt ❡ ♦s ❡s❢♦ç♦s ❡♠ ❝❛❞❛ ✐♥ér❝✐❛✳ ✳ ✸✹

✺✳✸ ❊♠ a✱ ❡ b ❡stã♦ r❡♣r❡s❡♥t❛❞♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♦ ♠♦❞❡❧♦ ❧✐♥❡❛r ❝♦♠ r✐❣✐❞❡③

❞❡ ❞❡♥t❡ kt ❡ ♦s ❡s❢♦rç♦s ❡♠ ❝❛❞❛ ✐♥ér❝✐❛✳ ❖ r❡❢❡r❡♥❝✐❛❧ ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s ❢♦✐

❛❧t❡r❛❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✺

✺✳✹ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ ♣❧❛♥♦ ❞❡ ❛çã♦ ❡♥tr❡ ❡♥❣r❡♥❛❣❡♥s ❤❡❧✐❝♦✐❞❛✐s ✭❛❞❛♣t❛❞♦ ❞❡

❈❛✐✱ ✶✾✾✺✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✺✳✺ P❧❛♥♦ ♥♦r♠❛❧ ❡ tr❛♥s✈❡rs❛❧ ❞❛ ❡♥❣r❡♥❛❣❡♠ ❤❡❧✐❝♦✐❞❛❧ ✭❛❞❛♣t❛❞♦ ❞❡ ▼❛✐tr❛

✭✶✾✾✹✮✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✼

✺✳✻ ❱✐st❛ ❢r♦♥t❛❧ ❞❡ ✉♠❛ ❡♥❣r❡♥❛❣❡♠ ❤❡❧✐❝♦✐❞❛❧✱ ❝♦♠ ê♥❢❛s❡ ♥♦ ♣❛ss♦ ❞❡ ❜❛s❡

tr❛♥s✈❡rs♦ Xz ✭❛❞❛♣t❛❞♦ ❞❡ ▼❛✐tr❛ ✭✶✾✾✹✮✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✾

✺✳✼ ❘✐❣✐❞❡③ ❞♦ ❞❡♥t❡ ❤❡❧✐❝♦✐❞❛❧ ❜❛s❡❛❞♦ ❡♠ ❞❛❞♦s ❞❡ ❯♠❡③❛✇❛ ❡t ❛❧ ✭✶✾✽✻✮✳ ✳ ✳ ✳ ✹✶

✺✳✽ ❘✐❣✐❞❡③ t♦t❛❧ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦ ❝♦♠ ε < 2 ❜❛s❡❛❞♦ ❡♠ ❞❛❞♦s ❞❡ ❈❛✐ ✭✶✾✾✺✮✳ ✳ ✹✹

✺✳✾ ❘✐❣✐❞❡③ ❞♦ ❡♥❣r❡♥❛♠❡♥t♦ ❞❡ ♣r✐♠❡✐r❛ ♠❛r❝❤❛ ❝❛❧❝✉❧❛❞❛ ❛ ♣❛rt✐r ❞❛ ❢♦r♠✉❧❛çã♦

❞❡ ❈❛✐ ✭✶✾✾✺✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✺✳✶✵ ❘✐❣✐❞❡③ ❞♦ ❡♥❣r❡♥❛♠❡♥t♦ ❞❡ s❡❣✉♥❞❛ ♠❛r❝❤❛ ❝❛❧❝✉❧❛❞❛ ❛ ♣❛rt✐r ❞❛ ❢♦r♠✉❧❛çã♦

❞❡ ❈❛✐ ✭✶✾✾✺✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✺✳✶✶ ❘✐❣✐❞❡③ ❞♦ ❡♥❣r❡♥❛♠❡♥t♦ ❞❡ t❡r❝❡✐r❛ ♠❛r❝❤❛ ❝❛❧❝✉❧❛❞❛ ❛ ♣❛rt✐r ❞❛ ❢♦r♠✉❧❛çã♦

❞❡ ❈❛✐ ✭✶✾✾✺✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻

✺✳✶✷ ❘✐❣✐❞❡③ ❞♦ ❡♥❣r❡♥❛♠❡♥t♦ ❞❡ q✉❛rt❛ ♠❛r❝❤❛ ❝❛❧❝✉❧❛❞❛ ❛ ♣❛rt✐r ❞❛ ❢♦r♠✉❧❛çã♦

❞❡ ❈❛✐ ✭✶✾✾✺✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻

✺✳✶✸ ❘✐❣✐❞❡③ ❞♦ ❡♥❣r❡♥❛♠❡♥t♦ ❞❡ q✉✐♥t❛ ♠❛r❝❤❛ ❝❛❧❝✉❧❛❞❛ ❛ ♣❛rt✐r ❞❛ ❢♦r♠✉❧❛çã♦
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✺✳✶✹ ❘❡♣r❡s❡♥t❛çã♦ ❞♦s ❞❡♥t❡s ❞♦ ♣❛r ❡♥❣r❡♥❛❞♦ s❡❣✉♥❞♦ ❛ ❢✉♥çã♦ ❞❡ ❜❛❝❦❧❛s❤✳ ✳ ✳ ✹✽
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✺✳✶✺ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ ❢♦❧❣❛ ❡♥tr❡ ♦s ❞❡♥t❡s ❝♦♠ r✐❣✐❞❡③ ✈❛r✐❛♥t❡ ♥♦ t❡♠♣♦✱ ❜❛s❡❛❞♦

❡♠ ❲❛♥❣ ❡t ❛❧ ✭✷✵✵✶✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾

✺✳✶✻ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ ❢♦rç❛ ❞❡ ❝♦♥t❛t♦ s❡❣✉♥❞♦ ♦ ♠♦❞❡❧♦ ❑❡❧✈✐♥✲❱♦✐❣❤t✳ ✳ ✳ ✳ ✳ ✳ ✺✶

✺✳✶✼ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ ❢♦rç❛ ❞❡ ❝♦♥t❛t♦ s❡❣✉♥❞♦ ♦ ♠♦❞❡❧♦ ❞❡ ✐♠♣❛❝t ❞❛♠♣✐♥❣✳ ✳ ✳ ✺✶

✻✳✶ ❘❡♣r❡s❡♥t❛çã♦ ❞♦s s✐st❡♠❛ ❞❡ ♣♦✇❡rtr❛✐♥ tr❛çã♦ ❞✐❛♥t❡✐r❛ ❡✈✐❞❡♥❝✐❛♥❞♦ ♦s ❡❧❡✲

♠❡♥t♦s ✐♥❡r❝✐❛✐s ❞❛ tr❛♥s♠✐ssã♦ ❡ ❞♦ ❞✐❢❡r❡♥❝✐❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✻✳✷ ▼♦❞❡❧♦ ❝♦♠ três ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❞♦ ♣♦✇❡rtr❛✐♥✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹
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❡♠❜r❡❛❣❡♠ ♥❛ ❛✉sê♥❝✐❛ ❞❡ ❤✐st❡r❡s❡ ♦✉ ❛♠♦rt❡❝✐♠❡♥t♦✳ ◆♦ ❣rá✜❝♦ ❜✱ ❡stã♦

r❡♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ♠é❞✐♦s ❞❡ss❡s ❞❡s❧♦❝❛♠❡♥t♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✾

①✐✐
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✺ ✈❛r✐❛♥❞♦ ❛ ❧❛r❣✉r❛ ❞♦ ❞❡♥t❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✺

✽✳✸✾ ❮♥❞✐❝❡ ❞❡ r❛tt❧❡ ♦❜t✐❞♦ ♣❛r❛ ♦s ❡♥❣r❡♥❛♠❡♥t♦s ❞❡ ♠❛r❝❤❛ ✶ ❛ ✺✱ ❝♦♠ ✽✵ ❛ ✶✷✵

✪ ❞❛ ❧❛r❣✉r❛ ♦r✐❣✐♥❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✺

✽✳✹✵ ❮♥❞✐❝❡ ❞❡ r❛tt❧❡ ❝❛❧❝✉❧❛❞♦ ♣❛r❛ ❛❧t❡r❛çõ❡s ♥♦ ✈♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✻

✽✳✹✶ ▼é❞✐❛ ❞❡ ✐♠♣❛❝t♦s ♥♦ ❧✐♠✐t❡ ♣♦s✐t✐✈♦ ❛❧t❡r❛♥❞♦ ❛ ✐♥ér❝✐❛ ❞♦ ❞✐s❝♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✼

✽✳✹✷ ❋r❛çã♦ ❡♥tr❡ ♦s ✐♠♣❛❝t♦s ❝♦♠ ❛ ❛❧t❡r❛çã♦ ❞❛ ✐♥ér❝✐❛ ❞♦ ❞✐s❝♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✽

✽✳✹✸ ❮♥❞✐❝❡ ❞❡ r❛tt❧❡ ❝❛❧❝✉❧❛❞♦ ♣❛r❛ ❛❧t❡r❛çõ❡s ♥❛ ✐♥ér❝✐❛ ❞♦ ❞✐s❝♦ ❞❡ ❡♠❜r❡❛❣❡♠✳ ✶✶✽
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▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✺✳✶ ❘✐❣✐❞❡③ ♠é❞✐❛ ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✻✳✶ ❘❡❧❛çõ❡s ❞❡ ❡♥❣r❡♥❛♠❡♥t♦ ❞❡ ♣r✐♠❡✐r❛ à q✉✐♥t❛ ♠❛r❝❤❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✾

✻✳✷ ❊①❝✐t❛çã♦ ❞♦ t❡r❝❡✐r♦ ♠♦❞♦ ♣❡❧❛ t❡r❝❡✐r❛ ❡ q✉❛rt❛ ♦r❞❡♠ ♥♦ ♠♦❞❡❧♦ ❧✐♥❡❛r

s✐♠♣❧✐✜❝❛❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♠❛r❝❤❛ s❡❧❡❝✐♦♥❛❞❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

✻✳✸ ❘♦t❛çõ❡s ❞♦ ♠♦t♦r ♣❛r❛ ❛ ❡①❝✐t❛çã♦ ❞♦ t❡r❝❡✐r♦ ♠♦❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♠❛r❝❤❛

s❡❧❡❝✐♦♥❛❞❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

✻✳✹ ❋r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s ❞♦ ♠♦❞❡❧♦ ❡♠ ♣♦♥t♦ ♠♦rt♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✽

✻✳✺ ❋r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s ❞♦ ♠♦❞❡❧♦ ❡♠ ♣♦♥t♦ ♠♦rt♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✽

✻✳✻ ●r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❞♦ s✐st❡♠❛ ❝♦♠ ♠❛r❝❤❛ ❡♥❣❛t❛❞❛ ❡ s❡✉ s✐❣♥✐✜❝❛❞♦ ❢ís✐❝♦✳ ✼✷

✻✳✼ ❙❡❣✉♥❞❛ ❡ t❡r❝❡✐r❛ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧ ❞♦ ♠♦❞❡❧♦ ♠❛✐s ❞❡t❛❧❤❛❞♦ ❞❡ ❛❝♦r❞♦

❝♦♠ ❛ ♠❛r❝❤❛ s❡❧❡❝✐♦♥❛❞❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✹

✻✳✽ ❘♦t❛çõ❡s ❞♦ ♠♦t♦r ♣❛r❛ ❛ ❡①❝✐t❛çã♦ ❞♦ t❡r❝❡✐r♦ ♠♦❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♠❛r❝❤❛

s❡❧❡❝✐♦♥❛❞❛ ♣❛r❛ ♦ ♠♦❞❡❧♦ ♠❛✐s ❞❡t❛❧❤❛❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✹

✻✳✾ ❉✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ♥❛s ❢r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s ❞❡ s✉r❣✐♥❣ ❡ r❛tt❧❡ ❝♦♠ r❡❧❛çã♦ ❛♦

♠♦❞❡❧♦ ❞❡ três ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❛♣r❡s❡♥t❛❞♦ ✐♥✐❝✐❛❧♠❡♥t❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✹

✽✳✶ ❉❡s❝r✐çã♦ ❞❛s s✐♠✉❧❛çõ❡s ✈❛r✐❛♥❞♦ ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ ♥ã♦✲❧✐♥❡❛r✳ ✳ ✳ ✳ ✳ ✳ ✽✽

✽✳✷ ➶♥❣✉❧♦s ❞❡ ❤é❧✐❝❡ ✉t✐❧✐③❛❞♦s ❡♠ ❝❛❞❛ ♠❛r❝❤❛ ♥❛s s✐♠✉❧❛çõ❡s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✷

✽✳✸ ❘❛③õ❡s ❞❡ ❝♦♥t❛t♦ ✉t✐❧✐③❛❞❛s ♥❛s s✐♠✉❧❛çõ❡s✱ ♦❜t✐❞❛s ❛ ♣❛rt✐r ❞❛ ❛❧t❡r❛çã♦ ❞♦

â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✷

✽✳✹ ❘✐❣✐❞❡③ ♠é❞✐❛ ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s ♣❛r❛ ❛❧t❡r❛çõ❡s ♥♦ â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡✳ ✳ ✳ ✳ ✳ ✶✶✷

✽✳✺ ❘❛③õ❡s ❞❡ ❝♦♥t❛t♦ ✉t✐❧✐③❛❞❛s ♥❛s s✐♠✉❧❛çõ❡s✱ ♦❜t✐❞❛s ❛ ♣❛rt✐r ❞❛ ❞✐♠✐♥✉✐çã♦

❞❛ ❧❛r❣✉r❛ ❞♦ ❞❡♥t❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✹

✽✳✻ ❘❛③õ❡s ❞❡ ❝♦♥t❛t♦ ✉t✐❧✐③❛❞❛s ♥❛s s✐♠✉❧❛çõ❡s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✹

✽✳✼ ❘✐❣✐❞❡③ ♠é❞✐❛ ❞♦ ❡♥❣r❡♥❛♠❡♥t♦s ♣❛r❛ ❛❧t❡r❛çõ❡s ♥❛ ❧❛r❣✉r❛ ❞♦ ❞❡♥t❡✳ ✳ ✳ ✳ ✳ ✶✶✹
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▲✐st❛ ❞❡ ❆❜r❡✈✐❛t✉r❛s ❡ ❙✐❣❧❛s

▲❡tr❛s ❧❛t✐♥❛s

a ✲ ❉✐stâ♥❝✐❛ ❡♥tr❡ ♦s ❝❡♥tr♦s ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s

Ac ✲ ➪r❡❛ ❞❡ ❝♦♥t❛t♦ ❡♥tr❡ ❡♥❣r❡♥❛❣❡♠ ❡ ❡✐①♦

b ✲ ❋♦❧❣❛ ❡♥tr❡ ♦s ❞❡♥t❡s ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s

c ✲ ❈♦❡✜❝✐❡♥t❡ ❞❡ ❛♠♦rt❡❝✐♠❡♥t♦ ✈✐s❝♦s♦ ❡♠ ✐♠♣❛❝t♦

Ca ✲ ❈♦❡✜❝✐❡♥t❡ ❞❛ ❢✉♥çã♦ ❞❡ r✐❣✐❞❡③ ♣❡r✐ó❞✐❝❛

d ✲ ❉✐â♠❡tr♦ ♣r✐♠✐t✐✈♦ ❞❛ ❡♥❣r❡♥❛❣❡♠ ❤❡❧✐❝♦✐❞❛❧

da ✲ ❉✐â♠❡tr♦ ❡①t❡r♥♦ ❞❛ ❡♥❣r❡♥❛❣❡♠ ❤❡❧✐❝♦✐❞❛❧

db ✲ ❉✐â♠❡tr♦ ♣r✐♠✐t✐✈♦ ❞❛ ❡♥❣r❡♥❛❣❡♠ ❤❡❧✐❝♦✐❞❛❧

e ✲ ❈♦❡✜❝✐❡♥t❡ ❞❡ r❡st✐t✉✐çã♦ ❞♦ ✐♠♣❛❝t♦

n ✲ ❈♦❡✜❝✐❡♥t❡ r❡❢❡r❡♥t❡ ❛♦ t✐♣♦ ❞❡ ✐♠♣❛❝t♦

F ✲ ❋♦rç❛ ❡♥tr❡ ♦s ❡♥❣r❡♥❛♠❡♥t♦s

Fd ✲ ❋♦rç❛ ❞❡ ❛rr❛st❡

h ✲ ❆❧t✉r❛ ❞♦ ❞❡♥t❡

H(∆θ,∆θ̇) ✲ ❚♦rq✉❡ ❞❡ ❤✐st❡r❡s❡ ❞❛ ❡♠❜r❡❛❣❡♠

H1 ✲ ❍✐st❡r❡s❡ ❞♦ ❡stá❣✐♦ ❞❡ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ❞❛ ❡♠❜r❡❛❣❡♠

H2 ✲ ❍✐st❡r❡s❡ ❞❡ ❡stá❣✐♦ ❞❡ tr❛çã♦ ❞❛ ❡♠❜r❡❛❣❡♠

Hsi ✲ ❍✐st❡r❡s❡ ❞❡ ✉♠ ❡stá❣✐♦ ❣❡♥ér✐❝♦ ✐ ❞❛ ❡♠❜r❡❛❣❡♠

Ic ✲ ■♥ér❝✐❛ ❞❛ ❝♦r♦❛ ❞♦ ❞✐❢❡r❡♥❝✐❛❧

Ig ✲ ■♥ér❝✐❛ ❞❛ ❡♥❣r❡♥❛❣❡♠

IF ✲ ■♥ér❝✐❛ ❞♦ ✈♦❧❛♥t❡

Ip ✲ ■♥ér❝✐❛ ❞♦ ♣✐♥❤ã♦ ❞♦ ❞✐❢❡r❡♥❝✐❛❧

IT ✲ ■♥ér❝✐❛ ❞♦ ❡✐①♦ ♣r✐♠ár✐♦

Iw ✲ ■♥ér❝✐❛ ❞❛s r♦❞❛s ❞♦ ✈❡í❝✉❧♦

k ✲ ❈♦❡✜❝✐❡♥t❡ ❞❡ r✐❣✐❞❡③

kc ✲ ❘✐❣✐❞❡③ ❞❛ ❡♠❜r❡❛❣❡♠

kt ✲ ❘✐❣✐❞❡③ ❞❡ ✢❡①ã♦ ❞❡ ❞❡♥t❡

k1 ✲ ❘✐❣✐❞❡③ ❞♦ ❡stá❣✐♦ ❞❡ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ❞❛ ❡♠❜r❡❛❣❡♠

k2 ✲ ❘✐❣✐❞❡③ ❞♦ ❡stá❣✐♦ ❞❡ tr❛çã♦ ❞❛ ❡♠❜r❡❛❣❡♠

k3 ✲ ❘✐❣✐❞❡③ ❞♦ ❡stá❣✐♦ ❞❡ r❡tr❛çã♦ ❞❛ ❡♠❜r❡❛❣❡♠

ksi ✲ ❘✐❣✐❞❡③ ❞❡ ✉♠ ❡stá❣✐♦ ❣❡♥ér✐❝♦ ✐ ❞❛ ❡♠❜r❡❛❣❡♠

N ✲ ◆ú♠❡r♦ t♦t❛❧ ❞❡ ❞❡♥t❡s ♥♦ ♣❧❛♥♦ ❞❡ ❛çã♦
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pn ✲ P❛ss♦ ❝✐r❝✉❧❛r

pt ✲ P❛ss♦ ❝✐r❝✉❧❛r tr❛♥s✈❡rs❛❧

rdc ✲ ❘❛✐♦ ❞❛ ❝♦r♦❛ ❞♦ ❞✐❢❡r❡♥❝✐❛❧

rdp ✲ ❘❛✐♦ ❞♦ ♣✐♥❤ã♦ ❞♦ ❞✐❢❡r❡♥❝✐❛❧

rdc ✲ ❘❛✐♦ ❞❛ ❝♦r♦❛ ❞❛ ❡♥❣r❡♥❛❣❡♠ ❞❡ ♠❛r❝❤❛

rdp ✲ ❘❛✐♦ ❞♦ ♣✐♥❤ã♦ ❞❛ ❡♥❣r❡♥❛❣❡♠ ❞❡ ♠❛r❝❤❛

T ✲ ❚♦rq✉❡

Tc(∆θ,∆θ̇) ✲ ❋✉♥çã♦ ❞❡ t♦rq✉❡ ❞❛ ❡♠❜r❡❛❣❡♠

Tk(∆θ) ✲ ❚♦rq✉❡ ❞❡ r✐❣✐❞❡③ ❞❛ ❡♠❜r❡❛❣❡♠

Top ✲ ❚♦rq✉❡ ❞❡ ♦♣❡r❛çã♦ ❞❛ ❡♠❜r❡❛❣❡♠

vi ✲ ❱❡❧♦❝✐❞❛❞❡ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♥t❡r✐♦r ❛♦ ✐♠♣❛❝t♦

vo ✲ ❱❡❧♦❝✐❞❛❞❡ ✐♠❡❞✐❛t❛♠❡♥t❡ ♣♦st❡r✐♦r ❛♦ ✐♠♣❛❝t♦

vs ✲ ❱❡❧♦❝✐❞❛❞❡ ❧✐♥❡❛r ❞❛ ❡♥❣r❡♥❛❣❡♠

w ✲ ▲❛r❣✉r❛ ❞♦ ❞❡♥t❡ ❞❛ ❡♥❣r❡♥❛❣❡♠ ❤❡❧✐❝♦✐❞❛❧

X ✲ ❉❡s❧♦❝❛♠❡♥t♦ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❞❡ ❛çã♦ ❡q✉✐✈❛❧❡♥t❡

Xz ✲ P❛ss♦ ❞❡ ❜❛s❡ tr❛♥s✈❡rs❛❧

y ✲ ❋❛t♦r ❞❡ ❝♦rr❡çã♦ ❞❛ ❡♥❣r❡♥❛❣❡♠ ❤❡❧✐❝♦✐❞❛❧

z ✲ ◆ú♠❡r♦ ❞❡ ❞❡♥t❡s ❞❛ ❡♥❣r❡♥❛❣❡♠ ❤❡❧✐❝♦✐❞❛❧

zv ✲ ◆ú♠❡r♦ ✈✐rt✉❛❧ ❞❡ ❞❡♥t❡s ❞❛ ❡♥❣r❡♥❛❣❡♠ ❤❡❧✐❝♦✐❞❛❧

▲❡tr❛s ●r❡❣❛s

α ✲ ➶♥❣✉❧♦ ❞❡ ♣r❡ssã♦

αt ✲ ➶♥❣✉❧♦ ❞❡ ♣r❡ssã♦ tr❛♥s✈❡rs❛❧

β ✲ ➶♥❣✉❧♦ ❞❡ ❤é❧✐❝❡

γ ✲ ❈♦❡✜❝✐❡♥t❡ ❞❡ ❞✐ss✐♣❛çã♦ ♥♦ ✐♠♣❛❝t♦

η0 ✲ ❱✐s❝♦s✐❞❛❞❡ ❞✐♥â♠✐❝❛ ❞♦ ❧✉❜r✐✜❝❛♥t❡

ε ✲ ❘❛③ã♦ ❞❡ ❝♦♥t❛t♦

εα ✲ ❘❛③ã♦ ❞❡ ❝♦♥t❛t♦ tr❛♥s✈❡rs❛❧

εβ ✲ ❘❛③ã♦ ❞❡ ❝♦♥t❛t♦ ❛①✐❛❧

θF ✲ ❉❡s❧♦❝❛♠❡♥t♦ ❛♥❣✉❧❛r ❞♦ ✈♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛

θF ✲ ❉❡s❧♦❝❛♠❡♥t♦ ❛♥❣✉❧❛r ❞♦ ❡✐①♦ ❞❡ ❡♥tr❛❞❛ ❞❛ tr❛♥s♠✐ssã♦

θmin ✲ ❉❡s❧♦❝❛♠❡♥t♦ r❡❧❛t✐✈♦ ♠í♥✐♠♦ ❞❛ ❡♠❜r❡❛❣❡♠

θmin ✲ ❉❡s❧♦❝❛♠❡♥t♦ r❡❧❛t✐✈♦ ♠í♥✐♠♦ ❞❛ ❡♠❜r❡❛❣❡♠

θop ✲ ➶♥❣✉❧♦ ❞❡ ♦♣❡r❛çã♦ ❞❛ ❡♠❜r❡❛❣❡♠

θp ✲ ➶♥❣✉❧♦ ❞❡ ♣ré✲t♦rq✉❡ ❞❛ ❡♠❜r❡❛❣❡♠

θ12 ✲ ➶♥❣✉❧♦ ❞❡ tr❛♥s✐çã♦ ❞♦ ❡stá❣✐♦ ❞❡ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ♣❛r❛ ♦ ❞❡ tr❛çã♦
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∆θ ✲ ❉❡s❧♦❝❛♠❡♥t♦ r❡❧❛t✐✈♦ ❡♥tr❡ ♦ ✈♦❧❛♥t❡ ❡ ♦ ❡✐①♦ ❞❡ ❡♥tr❛❞❛

∆x ✲ ❉❡s❧♦❝❛♠❡♥t♦ r❡❧❛t✐✈♦ ❧✐♥❡❛r ❡♥tr❡ ❡♥❣r❡♥❛♠❡♥t♦s

∆t ✲ ■♥t❡r✈❛❧♦ ❞❡ s✐♠✉❧❛çã♦

σ ✲ P❛râ♠❡tr♦ ❞❡ s✉❛✈✐③❛çã♦ ❞❛ ❝✉r✈❛ ❞❡ ❤✐st❡r❡s❡

τ ✲ ❚♦rq✉❡ ❧✐♠✐t❡ ♣❛r❛ ♦ ❡stá❣✐♦ i ❞❛ ❡♠❜r❡❛❣❡♠

ψi ✲ ➶♥❣✉❧♦ ❧✐♠✐t❡ ♣❛r❛ ♦ ❡stá❣✐♦ i ❞❛ ❡♠❜r❡❛❣❡♠

❆❜r❡✈✐❛çõ❡s

AN ✲ ❆❝❡❧❡r❛çõ❡s ♠é❞✐❛s ❡♠ s✐t✉❛çã♦ ❞❡ ✐♠♣❛❝t♦ ♥♦ ❧✐♠✐t❡ ♥❡❣❛t✐✈♦ ❞❛ ❢♦❧❣❛

AP ✲ ❆❝❡❧❡r❛çõ❡s ♠é❞✐❛s ❡♠ s✐t✉❛çã♦ ❞❡ ✐♠♣❛❝t♦ ♥♦ ❧✐♠✐t❡ ♣♦s✐t✐✈♦ ❞❛ ❢♦❧❣❛

IR ✲ ❮♥❞✐❝❡ ❞❡ r❛tt❧❡

TF ✲ ❚❛①❛ ❞❡ ✜❧tr❛❣❡♠

NN ✲ ❚♦t❛❧ ❞❡ ✐♠♣❛❝t♦s ♥♦ ❧✐♠✐t❡ ♥❡❣❛t✐✈♦ ❞❛ ❢♦❧❣❛

NP ✲ ❚♦t❛❧ ❞❡ ✐♠♣❛❝t♦s ♥♦ ❧✐♠✐t❡ ♣♦s✐t✐✈♦ ❞❛ ❢♦❧❣❛

SPL ✲ ❙♦✉♥❞ Pr❡ss✉r❡ ▲❡✈❡❧

①✐①
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❞❡♥tr♦ ❞❡ ✉♠❛ ❧❛t❛ ♠❡tá❧✐❝❛✧✳ ❖ ♥♦♠❡ ❞♦ ❢❡♥ô♠❡♥♦✱ r❛tt❧❡ ✭❝❤♦❝❛❧❤♦ ♦✉ ❣✉✐③♦ ❡♠ ✐♥❣❧ês✮✱
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❛❝✐♠❛ ❞❛ ♠❛r❝❤❛ ❧❡♥t❛ ✭❞r✐✈❡ r❛tt❧❡✮✳

❖ ❢❡♥ô♠❡♥♦ é ♦❝❛s✐♦♥❛❞♦ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❡❧❛s ✢✉t✉❛çõ❡s ♥♦ t♦rq✉❡ ❢♦r♥❡❝✐❞♦ ♣❡❧♦ ♠♦✲

t♦r✱ ❞❡❝♦rr❡♥t❡s ❞❛ s❡qüê♥❝✐❛ ❞❡ ❡①♣❧♦sã♦ ❞♦s ❝✐❧✐♥❞r♦s ❡ t✐♣♦ ❞❡ ❝♦♠❜✉stí✈❡❧✳ ❆ ❡♠❜r❡❛❣❡♠

é r❡s♣♦♥sá✈❡❧ ♣♦r ❛t❡♥✉❛r ❡ss❛s ✐rr❡❣✉❧❛r✐❞❛❞❡s ♣♦r ♠❡✐♦ ❞❡ ♠❡❝❛♥✐s♠♦s ❞❡ ❛♠♦rt❡❝✐♠❡♥t♦✱

❝♦♠♦ ❤✐st❡r❡s❡ ♣♦r ❛tr✐t♦ ❡ r✐❣✐❞❡③ ❡str❛t✐✜❝❛❞❛ ❧✐❣❛♥❞♦ ♦ ♠♦t♦r ❛♦ r❡st❛♥t❡ ❞♦ tr❡♠ ❞❡ ♣♦✲

tê♥❝✐❛✳ ❆ ❝❛✐①❛ ❞❡ ❝â♠❜✐♦ ♣❡r♠✐t❡ ❛ ♠✉❞❛♥ç❛ ❞❛ r❡❧❛çã♦ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦✱ ❛❧t❡r❛♥❞♦ ♦

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

❞❡ ♠❛r❝❤❛s r❡❛❧✐③❛❞❛ ♣❡❧♦ ♠♦t♦r✐st❛✳ ❆s ❡♥❣r❡♥❛❣❡♥s tr❛♥s♠✐t❡♠ ♣♦tê♥❝✐❛ ❧✐❣❛♥❞♦ ♦ ❡✐①♦

❞❡ ❡♥tr❛❞❛ ❛♦ ❡✐①♦ ❞❡ s❛í❞❛✳ ❖ s✐st❡♠❛ ❞❛ tr❛♥s♠✐ssã♦ é ❡①❝✐t❛❞♦ ♣❡❧❛s ✢✉t✉❛çõ❡s r❡s✐❞✉❛✐s

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

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

tr❛♥s♠✐ssã♦✱ ♣♦ss✉✐♥❞♦ ❢♦❧❣❛s ❞❡ ♠♦♥t❛❣❡♠✱ ♦r✐❣✐♥❛♥❞♦ ✐♠♣❛❝t♦ ❡♥tr❡ ♦s ♠❡s♠♦s ♥❛ s✐t✉❛çã♦

❞❡ r❡❛♣r♦①✐♠❛çã♦✳ ❊st❡ ♣r♦❝❡ss♦ é ❞❡s❝r✐t♦ ♥♦ ❞✐❛❣r❛♠❛ ❝❛✉s❛ ❡ ❡❢❡✐t♦ ❞❛ ❋✐❣✉r❛ ✶✳✶✳

❲❛♥❣ ❡t ❛❧ ✭✷✵✵✶✮ ❛✜r♠❛♠ q✉❡ ✈❡í❝✉❧♦s ❞❡ ♣❛ss❡✐♦ ❡ ❝❛♠✐♥❤õ❡s ❝♦♠ tr❛♥s♠✐ssã♦ ♠❛✲

♥✉❛❧✱ ❞✐❢❡r❡♥t❡♠❡♥t❡ ❞♦s ❞❡ tr❛♥s♠✐ssã♦ ❛✉t♦♠át✐❝❛✱ ♥ã♦ ♣♦ss✉❡♠ ❛♠♦rt❡❝✐♠❡♥t♦ ❛❧t♦ ♦

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

✭❜❛❝❦❧❛s❤✮✳ ❖s ✐♠♣❛❝t♦s ❝❛✉s❛♠ ❛❧t❡r❛çõ❡s ♥❛ ✈✐❜r❛çã♦ t♦rs✐♦♥❛❧ ❞♦s ❡✐①♦s ❞❡ ❡♥tr❛❞❛ ❡

s❛í❞❛✱ q✉❡ ♣♦❞❡ s❡r tr❛♥s♠✐t✐❞❛ ♣❛r❛ ❛ ❝❛r❝❛ç❛ ❞❛ ❝❛✐①❛ ❞❡ ❝â♠❜✐♦ ✈✐❛ ❡✐①♦s ❡ ♠❛♥❝❛✐s✳ ❉❡

❛❝♦r❞♦ ❝♦♠ ❈❤❛♥❞r✐❦❛ ❡t ❛❧ ✭✷✵✶✵✮✱ ♦s ♣❛✐♥é✐s ❞❡ ✐♥str✉♠❡♥t♦s✱ ❛ss❡♥t♦s ❡ ♣♦rt❛s ♣♦ss✉❡♠

❣r❛♥❞❡ ❝♦♥tr✐❜✉✐çã♦ ♥❛ ❣❡r❛çã♦ ❞❛ ♣r❡ssã♦ s♦♥♦r❛ q✉❡ t♦r♥❛ ♣♦ssí✈❡❧ ❛♦ r✉í❞♦ s❡r ♦✉✈✐❞♦ ♣❡❧♦s

♦❝✉♣❛♥t❡s ❞♦ ✈❡í❝✉❧♦✳

✶





❋✐❣✉r❛ ✶✳✷✿ ❉❡s❝r✐çã♦ ❞❡t❛❧❤❛❞❛ ❞❛ ❝❛❞❡✐❛ ♣❛r❛ ❛ ♣❡r❝❡♣çã♦ ❞♦ r✉í❞♦ r❛tt❧❡ ✭❛❞❛♣t❛❞♦ ❞❡
❍❡✐♥r✐❝❤s ❡t ❛❧ ✭✶✾✾✾✮✮✳

❑❛❤r❛♠❛♥ ❡t ❛❧ ✭✶✾✾✵✮ ❝❧❛ss✐✜❝❛r❛♠ três ♣❛❞rõ❡s ❞❡ ✐♠♣❛❝t♦✱ r❡♣r❡s❡♥t❛♥❞♦ ♦ ❜❛❝❦❧❛s❤

s❡❣✉♥❞♦ ✉♠❛ ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡ ❞♦ t✐♣♦ ③♦♥❛ ♠♦rt❛✿

• ❙❡♠ ✐♠♣❛❝t♦✿ ♥❡st❛ s✐t✉❛çã♦✱ ♥ã♦ ♦❝♦rr❡ s❡♣❛r❛çã♦ ❡♥tr❡ ♦s ❞❡♥t❡s ❞♦s ♣❛r❡s ❡♥❣r❡✲

♥❛❞♦s✱ tr❛♥s♠✐t✐♥❞♦ t♦rq✉❡ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❝❤♦q✉❡s✳

• ■♠♣❛❝t♦s ✉♥✐❧❛t❡r❛✐s ✭s✐♥❣❧❡ s✐❞❡❞ ✐♠♣❛❝ts✮✿ ❞❡ ♦❝♦rrê♥❝✐❛ s✉s❝❡tí✈❡❧ q✉❛♥❞♦ ♦

♣♦✇❡rtr❛✐♥ ❡stá ❡♥❣❛t❛❞♦ ❡♠ ✈❡❧♦❝✐❞❛❞❡ r❡❞✉③✐❞❛ ♦✉ ♦ t♦rq✉❡ ❞❡ ❛rr❛st❡ ❛♣❧✐❝❛❞♦ à

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

✉♠ ❞♦s ❧✐♠✐t❡s ❞❛ ❢♦❧❣❛✳

• ■♠♣❛❝t♦s ❜✐❧❛t❡r❛✐s ✭❞♦✉❜❧❡ s✐❞❡❞ ✐♠♣❛❝ts✮✿ ♦ ❡♥❣r❡♥❛♠❡♥t♦ s❡♠ ❝❛r❣❛ ❛❧t❡r♥❛

✐♠♣❛❝t♦s ❡♥tr❡ ❛♠❜♦s ♦s ❧✐♠✐t❡s ❞❛ ❢♦❧❣❛✳

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

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

❝❛ót✐❝♦ ✭❙❖❯❩❆ ❡t ❛❧✱ ✷✵✵✶✮✳

✸



✶✳✶ ▼♦t✐✈❛çã♦

❖ ❝♦♠♣♦rt❛♠❡♥t♦ ✈✐❜r❛tór✐♦ ❞♦ ❞r✐✈❡❧✐♥❡ s❡ t♦r♥♦✉ ✉♠❛ ✐♠♣♦rt❛♥t❡ ♣r❡♦❝✉♣❛çã♦ ❞❛s

♠♦♥t❛❞♦r❛s ❞❡ ✈❡í❝✉❧♦s ❤♦❥❡ ❡♠ ❞✐❛ ♥❛ ❜✉s❝❛ ♣♦r ✉♠ ❡❧❡✈❛❞♦ ♥í✈❡❧ ❞❡ q✉❛❧✐❞❛❞❡ s♦♥♦r❛✳ ❖s

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

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

❛ss✐stê♥❝✐❛ té❝♥✐❝❛ ♣❛r❛ ❛✈❡r✐❣✉❛r ❝♦♥❞✐çõ❡s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ♣♦✇❡rtr❛✐♥✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❈r♦✇t❤❡r ❡t ❛❧ ✭✷✵✵✾✮✱ ♦ ♥í✈❡❧ ❞♦ r✉í❞♦ ❞❡ r❛tt❧❡ ♣r♦❞✉③✐❞♦ ♣♦❞❡ ✐♥✢✉❡♥❝✐❛r

❛té ♠❡s♠♦ ♥♦ s✉❝❡ss♦ ❞❡ ✉♠ ♠♦❞❡❧♦✳ ❈❤❛♥❞r✐❦❛ ❡t ❛❧ ✭✷✵✶✵✮ ❛✜r♠❛ q✉❡✱ ❥á ❡♠ ✶✾✽✸✱ ♦s

r✉í❞♦s ❞❡ sq✉❡❛❦ ❡ r❛tt❧❡ ❡r❛♠ ❛♣r❡s❡♥t❛❞♦s ❝♦♠♦ ❛ t❡r❝❡✐r❛ ♠❛✐s ✐♠♣♦rt❛♥t❡ ♣r❡♦❝✉♣❛çã♦

❞♦ ❝♦♥s✉♠✐❞♦r ❞❡ ❝❛rr♦s ❞❡ ♣❛ss❡✐♦ três ♠❡s❡s ❞❡♣♦✐s ❞❛ ❝♦♠♣r❛✳ ❙❡❣✉♥❞♦ ❑❛✈❛r❛♥❛ ❡t

❛❧ ✭✷✵✵✶✮✱ ❛ r❡❝❡✐t❛ ❞❛s ♠♦♥t❛❞♦r❛s r❡s❡r✈❛❞❛ ♣❛r❛ ❡ss❛s s✐t✉❛çõ❡s ❝❤❡❣❛ ❛ ✶✵✪ ❞♦ t♦t❛❧

❞❡st✐♥❛❞♦ ♣❛r❛ ♦s ✧❝✉st♦s ❞❛s ❝♦✐s❛s q✉❡ ❞❡r❛♠ ❡rr❛❞♦✧✭t❤✐♥❣s✲❣♦♥❡✲✇r♦♥❣✲❝♦sts✮✳ P♦rt❛♥t♦✱

❛ ❝♦♠♣r❡❡♥sã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❡ ❛ ❛t❡♥✉❛çã♦ ❞♦ ❢❡♥ô♠❡♥♦ ❛ ♥í✈❡✐s ♠í♥✐♠♦s s❡

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

❆♥❛❧✐s❛♥❞♦ ❛ ✐♥❞ústr✐❛ ❞❡ ❛✉t♦♣❡ç❛s ❛t✉❛❧✱ ❡①✐st❡♠ ♦♣çõ❡s ❞❡ ❢❛❜r✐❝❛♥t❡s ♣❛r❛ ❝❛❞❛

✉♠ ❞❡ s❡✉s ♣r✐♥❝✐♣❛✐s ❝♦♠♣♦♥❡♥t❡s ✭♠♦t♦r✱ ❡♠❜r❡❛❣❡♠✱ tr❛♥s♠✐ssã♦✱ ❡✐①♦s✱ r♦❞❛s✱ ❡t❝✳✮✱ ❞❡

♠❛♥❡✐r❛ q✉❡ ♦ r❡s✉❧t❛❞♦ ❞❡ ✉♠ ♣r♦❥❡t♦ ❞❡ ♣♦✇❡rtr❛✐♥ r❡❛❧✐③❛❞♦ ♣❡❧❛s ♠♦♥t❛❞♦r❛s ❡♥✈♦❧✈❛

❛ ✐♥t❡r❛çã♦ ❞❡ ❡❧❡♠❡♥t♦s ❞❡ ❞✐❢❡r❡♥t❡s ♣r♦❝❡❞ê♥❝✐❛s✱ s❡❧❡❝✐♦♥❛❞♦s s❡❣✉♥❞♦ ❝r✐tér✐♦s té❝♥✐❝♦s

✭❞❡s❡♠♣❡♥❤♦✱ ❞✉r❛❜✐❧✐❞❛❞❡✱ ❡t❝✳✮ ❡ ❞❡ ❝✉st♦✳ ❚♦♠❛♥❞♦✲s❡ ♣♦r ❜❛s❡ ♦ ❝♦♥❝❡✐t♦ ❞❡ ✉♠ s✐st❡♠❛

✈✐❜r❛tór✐♦ ❧✐♥❡❛r✱ ♥♦ q✉❛❧ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧ ❡ ❞❡ ♠♦❞♦s ❛ss♦❝✐❛❞♦s sã♦

♦❜t✐❞❛s ❞❛s ♠❛tr✐③❡s ❞♦ s✐st❡♠❛ ❣❧♦❜❛❧✱ é ❡s♣❡r❛❞♦ ♦ s✉r❣✐♠❡♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s

❡ ♠♦❞♦s ❞♦ s✐st❡♠❛ q✉❡ ♥ã♦ ♣♦❞❡♠ s❡r ❛ss♦❝✐❛❞❛s às ♦❜t✐❞❛s ♥✉♠❛ ❛♥á❧✐s❡ ♣ré✈✐❛ ❞❡ ✉♠

❞❡t❡r♠✐♥❛❞♦ ❝♦♠♣♦♥❡♥t❡✱ ❡♠ s❡♣❛r❛❞♦✳ ❊ss❡ é ✉♠ ❞♦s ♠♦t✐✈♦s ♣❡❧♦ q✉❛❧ sã♦ ❞❡t❡❝t❛❞♦s

♣r♦❜❧❡♠❛s ❞❡ ✈✐❜r❛çã♦ ❡ r✉í❞♦ ❡♠ ❡t❛♣❛s ❛✈❛♥ç❛❞❛s ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✱ ❛té ♠❡s♠♦ ❛♣ós ♦

❧❛♥ç❛♠❡♥t♦ ❞❡ ♥♦✈♦s ✈❡í❝✉❧♦s✱ ♦♥❞❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝♦♥❥✉♥t♦ ❡♠ ❢✉♥❝✐♦♥❛♠❡♥t♦ é ♣♦st♦ à

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

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

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

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

✹



✶✳✷ ❖❜❥❡t✐✈♦s

❊ss❡ tr❛❜❛❧❤♦ ✈✐s❛ ✈❡r✐✜❝❛r ❝❛r❛❝t❡ríst✐❝❛s r❡❧❡✈❛♥t❡s ❞♦ ❢❡♥ô♠❡♥♦ ✭♠♦❞♦s ❡ ❢r❡q✉ê♥❝✐❛s

♥❛t✉r❛✐s✮ ♥✉♠❛ r❡♣r❡s❡♥t❛çã♦ s✐♠♣❧✐✜❝❛❞❛ ❡ ♠❛✐s ❞❡t❛❧❤❛❞❛ ❞♦ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ ❧✐♥❡❛r✐③❛❞♦✱

♥❛s ❝♦♥❞✐çõ❡s ❞❡ ♣♦♥t♦ ♠♦rt♦ ❡ tr❛♥s♠✐ssã♦ ❞❡ t♦rq✉❡ ♣❛r❛ ❛s r♦❞❛s✳ ❯t✐❧✐③❛♥❞♦ ❞❡ ♠♦✲

❞❡❧♦s ❧✐♥❡❛r❡s s❡rá ✈❡r✐✜❝❛❞❛ ❛ r❡❧❡✈â♥❝✐❛ ❞❛ ❛❧t❡r❛çã♦ ❞❡ ❞❡t❡r♠✐♥❛❞♦s ❡❧❡♠❡♥t♦s ♥♦ s❡✉

❝♦♠♣♦rt❛♠❡♥t♦ ✈✐❜r❛tór✐♦✱ ❝♦♠♦ ✈❛❧♦r❡s ❞❡ r✐❣✐❞❡③ ❡ ✐♥ér❝✐❛✳

❆ ✜♠ ❞❡ t❡st❛r ❛ ❡❢❡t✐✈✐❞❛❞❡ ❞❡ s♦❧✉çõ❡s ♣r♦♣♦st❛s ♥❛ ❧✐t❡r❛t✉r❛✱ s❡rã♦ r❡❛❧✐③❛❞❛s ❞✐✲

✈❡rs❛s s✐♠✉❧❛çõ❡s ♥ã♦✲❧✐♥❡❛r❡s ❞❡ r❛tt❧❡ ❡♠ ♣♦♥t♦ ♠♦rt♦✱ ❛❧t❡r❛♥❞♦ ❞✐✈❡rs♦s ♣❛râ♠❡tr♦s ❞❛

❡♠❜r❡❛❣❡♠✱ ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s ❡ ❞❛s ✐♥ér❝✐❛s ❞♦ s✐st❡♠❛✳

✶✳✸ ❉❡s❝r✐çã♦ ❞♦s ❝❛♣ít✉❧♦s

❖ ❈❛♣ít✉❧♦ ✷ ❛♣r❡s❡♥t❛ ✉♠❛ ❞❡s❝r✐çã♦ ❞♦s ♣r✐♥❝✐♣❛✐s ❢❡♥ô♠❡♥♦s ❞♦ ❞r✐✈❡❧✐♥❡✱ ❢♦r♥❡❝❡♥❞♦

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

❆ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ é ❢❡✐t❛ ♥♦ ❝❛♣ít✉❧♦ ✸✱ ♠♦str❛♥❞♦ ♠❛✐s ❛❧❣✉♥s ❛s♣❡❝t♦s ❞♦ ♣r♦✲

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

❜❛❧❤♦s ❞❡ ♠♦❞❡❧❛❣❡♠ ❞♦ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ ❡ r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s sã♦ ❝♦♠❡♥t❛❞♦s✳ ❚❡♥✲

❞ê♥❝✐❛s ✈❡r✐✜❝❛❞❛s ❡♠ tr❛❜❛❧❤♦s ♣✉❜❧✐❝❛❞♦s ♥❛ ❛t✉❛❧✐❞❛❞❡ ❡stã♦ ❜r❡✈❡♠❡♥t❡ ❝✐t❛❞❛s✳

❆ s❡❣✉✐r✱ ♥♦ ❈❛♣ít✉❧♦ ✹ ♦❝♦rr❡ ✉♠❛ r❡✈✐sã♦ ❞❛ ♠♦❞❡❧❛❣❡♠ ❞❛ ❡♠❜r❡❛❣❡♠ ❡ ❛❧❣✉♠❛s ❞❡

s✉❛s r❡♣r❡s❡♥t❛çõ❡s ♠❛t❡♠át✐❝❛s ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛✱ ♠♦str❛♥❞♦ ❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡

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

❆❧❣✉♥s ♠♦❞❡❧♦s ❞❡ ❡♥❣r❡♥❛♠❡♥t♦s sã♦ ♠♦str❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✺✳ ❯♠❛ ❜r❡✈❡ r❡✈✐sã♦

❞❡ ♣❛râ♠❡tr♦s ❞❡ ❡♥❣r❡♥❛❣❡♥s ❤❡❧✐❝♦✐❞❛✐s é ❢❡✐t❛ ♣❛r❛ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ♣♦r

r✐❣✐❞❡③ ✈❛r✐á✈❡❧✳

◆♦ ❈❛♣ít✉❧♦ ✻✱ é ♠♦str❛❞❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❧✐♥❡❛r✐③❛❞❛ ❞♦ ♣r♦❜❧❡♠❛✳ ❙ã♦ ❡st✉❞❛❞❛s

r❡♣r❡s❡♥t❛çõ❡s ❡♠ ♣♦♥t♦ ♠♦rt♦ ❡ ❡♠ ❝♦♥❞✐çã♦ ❞❡ tr❛çã♦ ❞♦ s✐st❡♠❛ ❞❡ tr❡♠ ❞❡ ♣♦tê♥❝✐❛✱

❝❛❧❝✉❧❛♥❞♦ ❢r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s ❡ ♠♦❞♦s ❛ss♦❝✐❛❞♦s ❞♦ s✐st❡♠❛✳

✺



P❛r❛ ❛ ❝♦♠♣❛r❛çã♦ ❞❛s ❞✐✈❡rs❛s s✐♠✉❧❛çõ❡s ❞❡ r❛tt❧❡ r❡❛❧✐③❛❞❛s✱ sã♦ ❛♣r❡s❡♥t❛❞♦s✱ ♥♦

❈❛♣ít✉❧♦ ✼✱ ❛❧❣✉♥s q✉❛♥t✐✜❝❛❞♦r❡s ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ❡ ♦✉tr♦s ❞❡s❡♥✈♦❧✈✐❞♦s ❛♦ ❧♦♥❣♦

❞❛ ❛♥á❧✐s❡ ❞♦ ❞❛❞♦s✳

❆s s✐♠✉❧❛çõ❡s ❞♦ s✐st❡♠❛ ♥ã♦✲❧✐♥❡❛r ❡♠ ♣♦♥t♦ ♠♦rt♦ sã♦ ♠♦str❛❞❛s ♥♦ ❈❛♣ít✉❧♦ ✽✳

❆❧t❡r❛çõ❡s ❡♠ ♣❛râ♠❡tr♦s ❞❛ ❡♠❜r❡❛❣❡♠✱ ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s ❡ ♥❛s ✐♥ér❝✐❛s ❞♦ s✐st❡♠❛ sã♦

r❡❛❧✐③❛❞❛s ❛ ✜♠ ❞❡ ✈❡r✐✜❝❛r ❛❧❣✉♠❛s ❞❛s s♦❧✉çõ❡s ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛✳ ◗✉❛♥t✐✜❝❛❞♦r❡s

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

❈♦♥❝❧✉sõ❡s ❡ ♣r♦♣♦st❛s ♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s s❡rã♦ ♠♦str❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✾✳

✻



✷ P❘❖❇▲❊▼❆❙ ❉❊ ◆❱❍

❘✉í❞♦ ❡ ✈✐❜r❛çã♦ ♦❝♦rr❡♠ ♥❛t✉r❛❧♠❡♥t❡ ♥✉♠ ✈❡í❝✉❧♦ ❡♠ ♦♣❡r❛çã♦✱ ❞❡✈✐❞♦ ❛ ❝❛r❛❝t❡✲

ríst✐❝❛s ❡①t❡r♥❛s ❞❡ ❡①❝✐t❛çã♦ ❞♦ s✐st❡♠❛✱ ❝♦♠♦ ♦ ♣❡r✜❧ ❞❡ ♣✐st❛ ♣❡❧♦ q✉❛❧ ♦ ✈❡í❝✉❧♦ tr❛❢❡❣❛✱

♦✉ ♣♦r ❝❛r❛❝t❡ríst✐❝❛s ✐♥❡r❡♥t❡s ❛♦ s✐st❡♠❛ ♠❡❝â♥✐❝♦ ❞♦ ✈❡í❝✉❧♦✱ ❝♦♠♦ ❛ ♦♣❡r❛çã♦ ❡♠ r❡❣✐õ❡s

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

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

❞❡♥♦♠✐♥❛❞❛ ◆❱❍✱ ❞♦ ✐♥❣❧ês ◆♦✐s❡✱ ❱✐❜r❛t✐♦♥ ❛♥❞ ❍❛rs❤♥❡ss✳ ❖ r✉í❞♦ ✭♥♦✐s❡✮ ❡ ❛ ✈✐❜r❛çã♦

✭✈✐❜r❛t✐♦♥✮ sã♦ ❣r❛♥❞❡③❛s q✉❡ ♣♦❞❡♠ s❡r ♠❡❞✐❞❛s ❡♥q✉❛♥t♦ q✉❡ ❛ s❡✈❡r✐❞❛❞❡ ✭❤❛rs❤♥❡ss✮ ❞❡s✲

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

❞❡ ✉♠ ♣r♦❥❡t♦✳

✷✳✶ ❋❡♥ô♠❡♥♦s ❞❡ ◆❱❍ r❡❧❛❝✐♦♥❛❞♦s ❛♦ ❞r✐✈❡❧✐♥❡

❖s ❢❡♥ô♠❡♥♦s ❞❡ ◆❱❍ ❞♦ ❞r✐✈❡❧✐♥❡ ♣♦❞❡♠ ❧❡✈❛r ♦ ✉s✉ár✐♦ à ✐♥t❡r♣r❡tá✲❧♦s ❝♦♠♦ ❞❛♥♦s ❛♦

s✐st❡♠❛ ♦✉ s✐♥t♦♠❛s ❞❡ ✉♠❛ ♣♦ssí✈❡❧ ❢❛❧❤❛ ❞❡ ❛❧❣✉♠ ❞❡ s❡✉s ❝♦♠♣♦♥❡♥t❡s✳ P♦ré♠✱ ♠✉✐t❛s ❞❛s

❝♦♥❞✐çõ❡s sã♦ ✐♥❡r❡♥t❡s ❛♦ ✈❡í❝✉❧♦✱ s❡♥❞♦ ❛ss♦❝✐❛❞♦s ❛ ♠♦❞♦s ❞♦ s✐st❡♠❛ ❡ ❛ ❝❛r❛❝t❡ríst✐❝❛s

♥ã♦✲❧✐♥❡❛r❡s ❞❡ s❡✉s ❝♦♠♣♦♥❡♥t❡s ✭❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ♠❛t❡r✐❛❧ ❞❡ ❛tr✐t♦✱ ❢♦❧❣❛s ❞❡✈✐❞♦ à

t♦❧❡râ♥❝✐❛s ❞✐♠❡♥s✐♦♥❛✐s ♦✉ ❡rr♦s ❞❡ ❣❡♦♠❡tr✐❛✱ ❡t❝✳✮✳ ❈♦♠ ✐ss♦✱ s♦❧✉çõ❡s ♣♦❞❡♠ s❡r ♣r♦♣♦st❛s

♥♦ ✐♥t✉✐t♦ ❞❡ ❛t❡♥✉❛r ♦ ❢❡♥ô♠❡♥♦✱ r❡❞✉③✐♥❞♦ ♦s ❡❢❡✐t♦s ❝rít✐❝♦s ❛♦s s❡♥t✐❞♦s ❤✉♠❛♥♦s à ♥í✈❡✐s

❛❝❡✐tá✈❡✐s✱ s❡♠ ❡❢❡t✐✈❛♠❡♥t❡ ❡❧✐♠✐♥á✲❧♦s✳ ❯♠❛ ♦❜s❡r✈❛çã♦ ♥❡❝❡ssár✐❛ é q✉❡✱ s❡♥❞♦ ♦ s✐st❡♠❛

♥ã♦✲❧✐♥❡❛r✱ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧ ♥ã♦ é ❛❞❡q✉❛❞♦✳ P♦ré♠✱ ♥❛ ❧✐t❡r❛t✉r❛✱ ♠✉✐t♦s

❛✉t♦r❡s s❡ r❡❢❡r❡♠ às ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ♦♥❞❡ sã♦ ❞❡t❡❝t❛❞❛s ❣r❛♥❞❡s ❛♠♣❧✐t✉❞❡s ❞❡

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

❛ss✉♠✐♥❞♦ ❛❧❣✉♠❛s ❝♦♥❞✐çõ❡s q✉❛♥t♦ à ♦♣❡r❛çã♦ ❞♦ ♣♦✇❡rtr❛✐♥✳

✼



✷✳✶ ❘❛tt❧❡

❙❡❣✉♥❞♦ ❘❡✐❦ ✭✶✾✾✵✮✱ ♦ ❞r✐✈❡ r❛tt❧❡ é ❛ss♦❝✐❛❞♦ ❛ ✉♠ ♠♦❞♦ ❞♦ s✐st❡♠❛ ❧✐♥❡❛r✐③❛❞♦

❝♦♠ ❢r❡q✉ê♥❝✐❛s ❡♥tr❡ ✹✵ ❡ ✽✵ ❍③✱ ♥❛ q✉❛❧ sã♦ ♦❜s❡r✈❛❞❛s ❣r❛♥❞❡s ✈✐❜r❛çõ❡s ♥❛ tr❛♥s♠✐ssã♦✳

❈♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛ ❞❛ ❣r❛♥❞❡ ✈✐❜r❛çã♦ ♥❡ss❡ ❝♦♠♣♦♥❡♥t❡✱ ♦❝♦rr❡♠ ❝♦♠ ♠❛✐♦r ✐♥t❡♥s✐❞❛❞❡

♦s ✐♠♣❛❝t♦s ❡♥tr❡ ♦s ❞❡♥t❡s ❞♦s ♣❛r❡s ❡♥❣r❡♥❛❞♦s✳ P❛r❛ ♦ ❛✉t♦r✱ ❛ s❡❣✉♥❞❛ ❡ q✉❛rt❛ ♦r❞❡♠

✭♠ú❧t✐♣❧❛s ❞❡ ✷ ❡ ✹ ❞❛ r♦t❛çã♦ ❞♦ ♠♦t♦r✮ sã♦ ❛s ♣r✐♥❝✐♣❛✐s r❡s♣♦♥sá✈❡✐s ♣♦r ❡①❝✐tá✲❧♦✳ ❊♠

♦♣❡r❛çã♦✱ ❡ss❛ ❝♦♥❞✐çã♦ é ♣❡r❝❡❜✐❞❛ ❡♠ r♦t❛çõ❡s ❞♦ ♠♦t♦r ♥❛ ❢❛✐①❛ ❞❡ ✼✵✵ ❛ ✷✵✵✵ r♣♠✳

❖ ❛✉t♦r ❝✐t❛ q✉❡ ❛ ♠❛r❝❤❛ ♣♦ss✉✐ r❡❧❛çã♦ ❝♦♠ ❛ ❢❛✐①❛ ❞❡ r♦t❛çã♦ ♥❛ q✉❛❧ ♦ ❢❡♥ô♠❡♥♦ é

♣❡r❝❡♣tí✈❡❧✱ s❡♥❞♦ q✉❡✱ ❞❡ ♣r✐♠❡✐r❛ à q✉✐♥t❛ ♠❛r❝❤❛✱ ❡❧❛ é r❡❞✉③✐❞❛✳ P❛r❛ ❉r❡①❧ ✭✶✾✽✽✮✱

t♦❞♦s ♦s tr❡♥s ❞❡ ♣♦tê♥❝✐❛ ❞❡ ✈❡í❝✉❧♦s ♣♦ss✉í❛♠ r❡❣✐õ❡s ❞❡ ❣r❛♥❞❡ ❛♠♣❧✐t✉❞❡ ❞❡ ✈✐❜r❛çã♦ ♥❛

❢❛✐①❛ ❞❡ ✶✵✵✵ ❛ ✷✵✵✵ r♣♠✱ ❝♦♠ ❢r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s ❡♥tr❡ ✺✵ ❡ ✼✵ ❍③✳

✷✳✶ ❙✉r❣✐♥❣ ♦✉ ❙❤✉✤❡

❉❡ ❛❝♦r❞♦ ❝♦♠ ❘❡✐❦ ✭✶✾✾✵✮ ❡ ❑r❡♥③ ✭✶✾✽✺✮✱ ♦ s✉r❣✐♥❣ é ✉♠ ♠♦❞♦ ❞♦ s✐st❡♠❛ ❧✐♥❡❛r✐③❛❞♦

s✐t✉❛❞♦ ❡♥tr❡ ✺ ❡ ✽ ❍③✱ ❡♥q✉❛♥t♦ q✉❡ ♣❛r❛ ❆❧❜❡rs ✭✶✾✾✹✮✱ ♦❝♦rr❡ ❡♥tr❡ ✷ ❡ ✶✵ ❍③ ❞❡♣❡♥❞❡♥❞♦ ❞♦

t✐♣♦ ❞❡ ✈❡í❝✉❧♦✳ ❙❡❣✉♥❞♦ ♦s ❛✉t♦r❡s✱ é ❡①❝✐t❛❞♦ ♣❡❧❛ ♠✉❞❛♥ç❛ ❞❡ t♦rq✉❡ ✐♥❞✉③✐❞❛ ♣❡❧♦ ♣ró♣r✐♦

♠♦t♦r✐st❛ ❡♠ s✐t✉❛çã♦ ❞❡ rá♣✐❞❛ s♦❧✐❝✐t❛çã♦ ❞♦ ♣❡❞❛❧ ❞♦ ❛❝❡❧❡r❛❞♦r ✭t✐♣✲✐♥✮ ❡ s✉❜s❡q✉❡♥t❡

❛❧í✈✐♦ ✭t✐♣✲♦✉t✮✱ ❣❡r❛♥❞♦ ✉♠ ♣✉❧s♦ ❞❡ t♦rq✉❡ q✉❡✱ tr❛♥s♠✐t✐❞♦ ❛♦ ❧♦♥❣♦ ❞♦ tr❡♠ ❞❡ ♣♦tê♥❝✐❛✱

❡①❝✐t❛ ✈✐❜r❛çõ❡s ❧♦♥❣✐t✉❞✐♥❛✐s ❞♦ ✈❡í❝✉❧♦ ❛tr❛✈és ❞❛s r♦❞❛s✳ ❘❡✐❦ ✭✶✾✾✵✮ ❝✐t❛ q✉❡ ❛ ❢r❡q✉ê♥❝✐❛

❛ss♦❝✐❛❞❛ ❛ ❡ss❡ ♠♦❞♦ é ❧✐❣❡✐r❛♠❡♥t❡ ❛✉♠❡♥t❛❞❛ ❝♦♠ ❛ ♠✉❞❛♥ç❛ ❞❡ ♣r✐♠❡✐r❛ à q✉✐♥t❛ ♠❛r❝❤❛✳

✷✳✶ ❈❧♦♥❦ ♦✉ ❈❧✉♥❦

❉❡ ❛❝♦r❞♦ ❝♦♠ ❑r❡♥③ ✭✶✾✽✺✮✱ ♦ ❝❧✉♥❦ ♣♦❞❡ ♦❝♦rr❡r ❥✉♥t❛♠❡♥t❡ ❛♦ s✉r❣✐♥❣ ♥✉♠❛ ❡①❝✐✲

t❛çã♦ ❞❡ t✐♣✲✐♥✴t✐♣✲♦✉t✳ ◆❡ss❡ t✐♣♦ ❞❡ s♦❧✐❝✐t❛çã♦✱ ❛ ❡♠❜r❡❛❣❡♠ é r❡q✉✐s✐t❛❞❛ ♦s❝✐❧❛♥❞♦ ❡♥tr❡

t♦❞♦s ♦s ❡stá❣✐♦s ❞❛ s✉❛ r✐❣✐❞❡③ ❡str❛t✐✜❝❛❞❛✳ ➱ ♣❡r❝❡♣tí✈❡❧ ♣♦✐s✱ ❞❡♣♦✐s ♦ ♣✉❧s♦ ❞❡ t♦rq✉❡

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

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

✽



✷✳✶ ❏✉❞❞❡r ♦✉ ❈❤❛tt❡r

❙❡❣✉♥❞♦ ❆❧❜❡rs ✭✶✾✾✽✮✱ ❡ss❡ ❢❡♥ô♠❡♥♦ ♦❝♦rr❡ ♥♦ ❡s❝♦rr❡❣❛♠❡♥t♦ ❞❛ ❡♠❜r❡❛❣❡♠ ♥❛

❡t❛♣❛ ❞❡ ❛❝♦♣❧❛♠❡♥t♦✱ q✉❡ r❡s✉❧t❛ ♥✉♠❛ ✈❛r✐❛çã♦ ❞❡ t♦rq✉❡ ❢♦r♥❡❝✐❞♦ ❛♦ r❡st❛♥t❡ ❞❡ tr❡♠ ❞❡

♣♦tê♥❝✐❛✳ ❆s ✈✐❜r❛çõ❡s t♦rs✐♦♥❛✐s ❞♦ s✐st❡♠❛ sã♦ tr❛♥s❢❡r✐❞❛s✱ ❛tr❛✈és ❞❛s r♦❞❛s✱ ❛♦ ✈❡í❝✉❧♦✱

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

❢r❡q✉ê♥❝✐❛ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❢❡♥ô♠❡♥♦ ♣♦❞❡ ❡①❝✐t❛r ✉♠ ♠♦❞♦ ❞♦ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ ❧✐♥❡❛r✐③❛❞♦✱

❡♥tr❡ ✽ ❡ ✶✷ ❍③✳ ❙❡❣✉♥❞♦ ♦ ❛✉t♦r✱ s✉❛ ♦❝♦rrê♥❝✐❛ ♣♦❞❡ s❡r r❡s✉❧t❛❞♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❞❡

✈✐❜r❛çõ❡s ❛✉t♦✲✐♥❞✉③✐❞❛s ❞❡✈✐❞♦ ❛ ✈❛r✐❛çõ❡s ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❛tr✐t♦ ❞♦ ♠❛t❡r✐❛❧ q✉❡ ❛❝♦♣❧❛

❛ ❡♠❜r❡❛❣❡♠ ❛♦ ✈♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛ ♦✉ ♣♦r ✈❛r✐❛çõ❡s ❞❡ ♣r❡ssã♦ ♥♦ s✐st❡♠❛ ❞❡ ❛❝✐♦♥❛♠❡♥t♦✳

✷✳✶ ●❡❛r ❲❤✐♥❡

❙❡❧❧❣r❡♥ ❡t ❛❧ ✭✷✵✵✺✮ ❞❡✜♥❡ q✉❡✱ ❞✐❢❡r❡♥t❡♠❡♥t❡ ❞♦ r❛tt❧❡✱ ♦ ❢❡♥ô♠❡♥♦ ❞❡ ✇❤✐♥❡ ♦❝♦rr❡ ♥♦s

❡♥❣r❡♥❛♠❡♥t♦s ❝♦♠ ❝❛r❣❛ ♥❛ tr❛♥s♠✐ssã♦✱ ❝♦♥s✐st✐♥❞♦ ♥✉♠ r✉í❞♦ ❞❡ ✉♠ t♦♠ ♣✉r♦✱ ❝♦♠♣♦st♦

♣♦r ❢r❡q✉ê♥❝✐❛s ❝♦rr❡s♣♦♥❞❡♥t❡s à r❡❧❛çã♦ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦ ❡ s✉❛s ♠ú❧t✐♣❧❛s✳

❙❡❣✉♥❞♦ ❍♦✉s❡r ❡t ❛❧ ✭✷✵✵✹✮✱ ✉♠ ❢❛t♦r q✉❡ ♣♦❞❡ s❡r ♣♦ssí✈❡❧ ❢♦♥t❡ ❞❡ ❡①❝✐t❛çã♦ ❞♦

❢❡♥ô♠❡♥♦ é ♦ ❡rr♦ ❞❡ tr❛♥s♠✐ssã♦✱ ❝❛✉s❛♥❞♦ ♦ ❞❡s✈✐♦ ♥❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ♠♦✈✐♠❡♥t♦ ❡♥tr❡

❛s ❡♥❣r❡♥❛❣❡♥s✱ ♦r✐❣✐♥ár✐♦ ❞❡ ❡rr♦s ❞❡ ❣❡♦♠❡tr✐❛ ♣r♦✈❡♥✐❡♥t❡s ❞❡ s✉❛ ♠❛♥✉❢❛t✉r❛ ♦✉ ♣♦r

❞❡✢❡①õ❡s ❞♦ ❞❡♥t❡ ❝❛✉s❛❞❛s ♣❡❧❛ tr❛♥s♠✐ssã♦ ❞❡ ❝❛r❣❛✳ ❖✉tr❛ ❝❛✉s❛ ✐♠♣♦rt❛♥t❡ é ❛ ✈❛r✐❛çã♦

❞❛ r✐❣✐❞❡③ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦✱ ♦r✐❣✐♥ár✐❛ ❞❛ ✈❛r✐❛çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❞❡♥t❡s ❡♠ ❝♦♥t❛t♦✳ ❖ ❛✉t♦r

❝✐t❛ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ❛tr✐t♦ ❡ ❞♦ ❛rr❛st♦ ❞♦ ❛r ❡ ❧✉❜r✐✜❝❛♥t❡✱ ✐♥✢✉❡♥❝✐❛♥❞♦ ♥♦ r✉í❞♦ ❣❡r❛❞♦ ♣♦r

❡♥❣r❡♥❛❣❡♥s ❞❡ ❛❧t❛ r♦t❛çã♦✳

✷✳✶ ❈r❡❡♣✐♥❣

▲✐❣✐❡r ❡t ❛❧ ✭✷✵✵✷✮ ❞❡✜♥❡ q✉❡ ♦ ❢❡♥ô♠❡♥♦ ♦❝♦rr❡ q✉❛♥❞♦ ♦ ♣♦✇❡rtr❛✐♥ ♦♣❡r❛ ❡♥tr❡

❛s r❡❣✐õ❡s ❞❡ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ❡ r✐❣✐❞❡③ ♣r✐♥❝✐♣❛❧ ❞❛ ❡♠❜r❡❛❣❡♠✳ ❆♣❡s❛r ❞❛ ❞❡♥♦♠✐♥❛çã♦

✉t✐❧✐③❛❞❛✱ ♦ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ r❡❢❡r❡✲s❡ ❛♦ ❡stá❣✐♦ ❞❡ ♠❡♥♦r r✐❣✐❞❡③ ❞❛ ❡♠❜r❡❛❣❡♠✱ ♣r♦❥❡t❛❞♦

♣❛r❛ ❛ ♦♣❡r❛çã♦ ❞♦ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ ❡♠ ♣♦♥t♦ ♠♦rt♦✳ ❊♠ t♦❞♦ ♦ t❡①t♦ s❡❣✉✐♥t❡✱ ❡ss❛

✾





✷✳✶ ❈❧✉❝❤ ❲❤♦♦♣

➱ ❛ss♦❝✐❛❞♦ ❛ ✉♠ r✉í❞♦ ❡ ✉♠❛ ✈✐❜r❛çã♦ s❡♥t✐❞❛ ♣❡❧♦ ♠♦t♦r✐st❛ ♥❛ r❡❣✐ã♦ ❞♦ ♣❡❞❛❧ ❞❡

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

❢❡♥ô♠❡♥♦ é ♣r♦✈❡♥✐❡♥t❡ ❞❛ ❢♦rç❛ ❞❛ ❡①♣❧♦sã♦ ❞❛ ❜✐❡❧❛ s♦❜r❡ ♦ ✈✐r❛❜r❡q✉✐♠ ♣r♦✈♦❝❛♥❞♦ ❛ s✉❛

✢❡①ã♦✱ ❢❛③❡♥❞♦ ❝♦♠ q✉❡ ♦ ✈♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛ ♣♦ss✉❛ ✉♠ ♠♦✈✐♠❡♥t♦ ❞❡ t♦rçã♦ ❡ ❞❡✢❡①ã♦

❡①❝❡ss✐✈❛ ✈✐s✉❛❧✐③❛❞♦ ❛ s❡❣✉✐r✿

❋✐❣✉r❛ ✷✳✷✿ ❱✐❜r❛çã♦ ♥♦ ♣❡❞❛❧ ❞❡ ❛❝✐♦♥❛♠❡♥t♦ ❞❛ ❡♠❜r❡❛❣❡♠ ❞❡✈✐❞♦ à ❞❡❢♦r♠❛çã♦ ❞♦
✈✐r❛❜r❡q✉✐♠ ❞❡✈✐❞♦ à ❡①♣❧♦sã♦ ♥♦ q✉❛rt♦ ❝✐❧✐♥❞r♦ ✭❑❯❙❍❆❲❆ ❡t ❛❧✱ ✷✵✵✷✮✳

◆♦s ✐♥st❛♥t❡s ♥♦s q✉❛✐s ♦ ♠❛t❡r✐❛❧ ❞❡ ❛tr✐t♦ ❡stá ♥❛s ♣r♦①✐♠✐❞❛❞❡s ❞♦ ✈♦❧❛♥t❡ ✐♠❡❞✐✲

❛t❛♠❡♥t❡ ❛♥t❡s ❞❡ ✉♠ ❛❝♦♣❧❛♠❡♥t♦ ♦✉ ❞❡ ✉♠ ❞❡s❛❝♦♣❧❛♠❡♥t♦✱ ♦❝♦rr❡♠ s✉❝❡ss✐✈♦s ❝❤♦q✉❡s

❡♥tr❡ ✉♠❛ ❞❛s ❡①tr❡♠✐❞❛❞❡s ❞♦ ✈♦❧❛♥t❡ ✢❡t✐❞♦ ❡ ♠❛t❡r✐❛❧ ❞❡ ❛tr✐t♦✱ tr❛♥s♠✐t✐❞♦s ♣❡❧♦ s✐st❡♠❛

❞❡ ❛❝✐♦♥❛♠❡♥t♦ ❛té ♦ ♣é ❞♦ ♠♦t♦r✐st❛✱ ✈❡r✐✜❝❛❞♦s ♥♦ ❣rá✜❝♦ ❞❡ ❛❝❡❧❡r❛çã♦ ❡ ♣r❡ssã♦ s♦♥♦r❛

♥❛ ❋✐❣✉r❛ ✷✳✸✳

◆♦ tr❛❜❛❧❤♦ ❞❡ ❑✉s❤❛✇❛ ❡t ❛❧ ✭✷✵✵✷✮✱ ❛♣ós t❡st❡s ❝♦♠ ♦ ♠♦t♦r ♦♣❡r❛♥❞♦ ❡♠ ❞✐❢❡r❡♥t❡s

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

❞♦ ❝♦♥❥✉♥t♦ é ♣r❛t✐❝❛♠❡♥t❡ ✐♥❛❧t❡r❛❞❛✱ ❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷✻✵ ❍③✱ ❧❡✈❛♥❞♦ ❛♦s ❛✉t♦r❡s à

❝♦♥❝❧✉sã♦ ❞❡ q✉❡ ♦s ✐♠♣❛❝t♦s ❝♦♠ ♦ ✈♦❧❛♥t❡ ❡①❝✐t❛✈❛♠ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧ ❞♦ s✐st❡♠❛

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

♣r♦♣♦st❛ ❞❡ ❛t❡♥✉❛çã♦ ❞♦ ❢❡♥ô♠❡♥♦ é ❛ ✐♥❝❧✉sã♦ ❞❡ ✉♠❛ ♠❛ss❛ ♥❛ ❛❧❛✈❛♥❝❛ ❞❡ ❛❝✐♦♥❛♠❡♥t♦

❞❛ ❡♠❜r❡❛❣❡♠✳

✶✶



❋✐❣✉r❛ ✷✳✸✿ ❋✐❣✉r❛ r❡❧❛❝✐♦♥❛❞♦ ♦ ♠♦✈✐♠❡♥t♦ ❞♦ ♠♦t♦r✐st❛ s♦❧✐❝✐t❛♥❞♦ ♦ ♣❡❞❛❧ ❞❛ ❡♠❜r❡❛❣❡♠
❡♠ s✐t✉❛çã♦ ❞❡ ❞❡s❛❝♦♣❧❛♠❡♥t♦ ❡ ❛❝♦♣❧❛♠❡♥t♦✱ ✈❡r✐✜❝❛♥❞♦✲s❡ ♦ ❛✉♠❡♥t♦ ❞❛ s✉❛ ❛❝❡❧❡r❛çã♦✱

❛❝♦♣❛♥❤❛❞♦ ♣❡❧♦ ❛✉♠❡♥t♦ ❞❛ ♣r❡ssã♦ s♦♥♦r❛ ♠❡❞✐❞❛✱ ♦ ❢❡♥ô♠❡♥♦ ❞❡ ❝❧✉t❝❤ ✇❤♦♦♣
✭❑❯❙❍❆❲❆ ❡t ❛❧✱ ✷✵✵✷✮✳

✶✷



✸ ❘❊❱■❙➹❖ ❇■❇▲■❖●❘➪❋■❈❆

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

③❛❞♦s s♦❜r❡ ♦ t❡♠❛ q✉❡ ✐❞❡♥t✐✜❝❛r❛♠ ❝❛r❛❝t❡ríst✐❝❛s r❡❧❡✈❛♥t❡s ❛♦ ♣r♦❜❧❡♠❛ ♥♦ ❝❛♠♣♦ ❡①✲

♣❡r✐♠❡♥t❛❧ ♦✉ ♥✉♠ér✐❝♦✳ ❖s ♣r♦❝❡❞✐♠❡♥t♦s ♣❛r❛ ❛ ❛t❡♥✉❛çã♦ ❞♦ ❢❡♥ô♠❡♥♦ ✈❡r✐✜❝❛❞♦s ♥❛

❧✐t❡r❛t✉r❛ s❡rã♦ ❝✐t❛❞♦s ❡ ❛❣r✉♣❛❞♦s ❞❡ ♠❛♥❡✐r❛ ❛ ❞❡s❝r❡✈❡r s♦❧✉çõ❡s ♣r♦♣♦st❛s ♣❛r❛ ❛ ❡♠✲

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

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

✸✳✶ ❊st✉❞♦s ✐♥✐❝✐❛✐s

❉❡st❛❝❛♠✲s❡ ✐♥✐❝✐❛❧♠❡♥t❡ ♦s tr❛❜❛❧❤♦s ❞❡ ❙❡❛♠❛♥ ❡t ❛❧ ✭✶✾✽✹✮✱ ❖❤♥✉♠❛ ❡t ❛❧ ✭✶✾✽✺✮✱

❋✉❥✐♠♦t♦ ❡t ❛❧ ✭✶✾✽✻✮✱ ❡ ❙✐♥❣❤ ❡t ❛❧ ✭✶✾✽✾✮ q✉❡ tr❛t❛r❛♠ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❞♦ ♣r♦❜❧❡♠❛ ❞❡

♣♦♥t♦ ♠♦rt♦✱ ❝♦♠ s✐♠✉❧❛çõ❡s ♥✉♠ér✐❝❛s ❝♦♠ ♦s r❡❝✉rs♦s ❞✐s♣♦♥í✈❡✐s ♥❛ é♣♦❝❛ ♦✉ ♠❡❞✐çõ❡s

❡♠ ❜❛♥❝❛❞❛✳

❈❤✐❦❛t❛♥✐ ❡t ❛❧ ✭✶✾✾✶✮ r❡❛❧✐③❛r❛♠ ✉♠ ❡st✉❞♦ ❡♠ ❜❛♥❝❛❞❛ ❛❧t❡r❛♥❞♦ ♦s ♣❛râ♠❡tr♦s ❞❛

❡♠❜r❡❛❣❡♠ ♣❛r❛ ❛ r❡❞✉çã♦ ❞♦ r❛tt❧❡ ❡♠ ❝❛♠✐♥❤õ❡s✱ ♠♦✈✐❞♦s ❛ ♠♦t♦r❡s ❞✐❡s❡❧✳ ❋♦r❛♠ r❡❧❛❝✐♦✲

♥❛❞♦s ❞♦✐s ♠♦❞❡❧♦s ❞❡ ❡♠❜r❡❛❣❡♠ ❝♦♠ ❛ t❡♠♣❡r❛t✉r❛ ❞♦ ó❧❡♦ ❧✉❜r✐✜❝❛♥t❡ ❞❛ tr❛♥s♠✐ssã♦ ♥♦

♥í✈❡❧ ❞❡ r❛tt❧❡ ✐❞❡♥t✐✜❝❛❞♦ ✭❋✐❣✉r❛ ✸✳✶✮✳ ❆ ❡♠❜r❡❛❣❡♠ ❆ ♣♦ss✉í❛ r✐❣✐❞❡③ ❡ ❤✐st❡r❡s❡ r❡❞✉③✐❞❛s

❛ ✉♠ ✈❛❧♦r ♠í♥✐♠♦✱ ❛♦ ♣❛ss♦ q✉❡ ♦ ♠♦❞❡❧♦ ❇ t❡✈❡ ❡ss❡s ♣❛râ♠❡tr♦s ♠✉❧t✐♣❧✐❝❛❞♦s ♣♦r ✹✳ ❖s

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

❛♣r♦①✐♠❛❞❛♠❡♥t❡✱ ✸✵♦❈✿ ♣❛r❛ ❜❛✐①❛s t❡♠♣❡r❛t✉r❛s✱ ♦ ♠♦❞❡❧♦ ❇ ❛♣r❡s❡♥t♦✉ ♠❡♥♦r❡s ♥í✈❡✐s

❞❡ r✉í❞♦✱ ❛♦ ♣❛ss♦ q✉❡ ❆ r❡s✉❧t♦✉ ❡♠ ♥í✈❡✐s s❡♠❡❧❤❛♥t❡s ❡♠ t❡♠♣❡r❛t✉r❛s ♠❛✐♦r❡s✳

❏♦❤♥s♦♥ ❡t ❛❧ ✭✶✾✾✶✮ ♣✉❜❧✐❝❛r❛♠ ✉♠ ❡st✉❞♦ ♣❛r❛ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❡♠ ❝❛♠♣♦ ❞♦ ❝♦♠✲

♣♦rt❛♠❡♥t♦ ❞♦ ♣♦✇❡rtr❛✐♥ ❡♠ ❝❛s♦ ❞❡ ♦❝♦rrê♥❝✐❛ ♦✉ ♥ã♦ ❞❡ r❛tt❧❡✱ ❜✉s❝❛♥❞♦ ✉♠ ♠ét♦❞♦

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

tr❛♥s♠✐ssã♦ ✈❡✐❝✉❧❛r ❝r✐❛♥❞♦ ✐♥❞✐❝❛❞♦r❡s ❞❛ s❡✈❡r✐❞❛❞❡ ❞♦ ❢❡♥ô♠❡♥♦✳

✶✸



❋✐❣✉r❛ ✸✳✶✿ ◆í✈❡❧ ❞❡ r✉í❞♦ ❞❡r❛tt❧❡ s❡❣✉♥❞♦ ❛ t❡♠♣❡r❛t✉r❛ ❞♦ ó❧❡♦ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❞❡
❡♠❜r❡❛❣❡♠ ❆✱ ❜❛✐①❛ r✐❣✐❞❡③ ❡ ❤✐st❡r❡s❡ ❡ ❇✱ ❝♦♠ ♦s ♣❛râ♠❡tr♦s ❞❡ ❆ ♠✉❧t✐♣❧✐❝❛❞♦s ♣♦r ✹

✭❈❍■❑❆❚❆◆■ ❡t ❛❧✱✶✾✾✶✮✳

✸✳✷ ❊✈♦❧✉çã♦ ❞♦ ♣♦✇❡rtr❛✐♥ ① r❛tt❧❡

❙❡❣✉♥❞♦ ❉r❡①❧ ✭✶✾✽✽✮✱ t♦❞♦s ♦s tr❡♥s ❞❡ ♣♦tê♥❝✐❛ ❞❡ ✈❡í❝✉❧♦s ♣♦ss✉í❛♠ r❡❣✐õ❡s ❞❡ ❣r❛♥❞❡

❛♠♣❧✐t✉❞❡ ❞❡ ✈✐❜r❛çã♦ ♥❛ ❢❛✐①❛ ❞❡ ✶✵✵✵ ❛ ✷✵✵✵ r♣♠ q✉❡ ❥á ♥ã♦ ♣♦❞✐❛♠ s❡r r❡❞✉③✐❞❛s ♣♦r ♠❡✐♦

❞❡ ❛❥✉st❡ ❞♦s ❛♠♦rt❡❝❡❞♦r❡s t♦rs✐♦♥❛✐s ❝♦♥✈❡♥❝✐♦♥❛✐s✱ s❡♥❞♦ ❞✐r❡t❛♠❡♥t❡ ❧✐❣❛❞❛s ❛♦ r❛tt❧❡✳

P❛r❛ ♦ ❛✉t♦r✱ ❝♦♠ ♦ s✉r❣✐♠❡♥t♦ ♥❛ é♣♦❝❛ ❞❡ ♠♦t♦r❡s ❝♦♠ r❡❞✉çã♦ ♥♦ ♥í✈❡❧ ❞❡ ❝♦♥s✉♠♦

❞❡ ❝♦♠❜✉stí✈❡❧✱ ❛ ❡①❝✐t❛çã♦ ❞❡ ✈✐❜r❛çã♦ t♦rs✐♦♥❛❧ ❞♦ s✐st❡♠❛ t♦r♥♦✉✲s❡ ♠❛✐s ❢♦rt❡✱ ♣♦✐s ❛

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

❢❛✐①❛ ❞❡ ✉t✐❧✐③❛çã♦✳ ❆✐♥❞❛ ♥❡ss❡ tr❛❜❛❧❤♦✱ é ❡♥❢❛t✐③❛❞♦ q✉❡ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✐❣♥✐çã♦ ❞♦ ♠♦t♦r

é ❛ ♣r✐♥❝✐♣❛❧ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❡①❝✐t❛çã♦ ❞♦ s✐st❡♠❛✱ s❡♥❞♦ ❞❡ t❡r❝❡✐r❛ ♦r❞❡♠ ✭três ✈❡③❡s ❛

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

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

✺ ♠❛r❝❤❛s ♣r♦❞✉③✐✉ ♠❛✐♦r❡s ♥í✈❡✐s ❞❡ r❛tt❧❡ q✉❡ ❛s tr❛♥s♠✐ssõ❡s ❛♥t❡r✐♦r❡s ❞❡ ✹ ♠❛r❝❤❛s✱ ♣♦✐s

♦ ♣✐♥❤ã♦ ❞❡ q✉✐♥t❛ ♠❛r❝❤❛ é ❧♦❝❛❧✐③❛❞♦ ♥❛ ❡①tr❡♠✐❞❛❞❡ ❞♦ ❡✐①♦ ✐♥t❡r♠❡❞✐ár✐♦✱ ♣♦ss✉✐♥❞♦ ❛

♠❛✐♦r ✐♥ér❝✐❛ ♥❛ ❝❛✐①❛ ❞❡ ❝â♠❜✐♦✱ ❝♦♥tr❛st❛♥❞♦ ❝♦♠ ❛ s✉❛ ❝♦r♦❛✱ q✉❡ ♣♦ss✉✐ ❛ ♠❡♥♦r ✐♥ér❝✐❛

❞❡♥tr❡ ❛s ❡♥❣r❡♥❛❣❡♥s ❞❡ ♠❛r❝❤❛ ❞✐r❡t❛✳ ❆❝r❡s❝❡♥t❛✲s❡ ❛ ✐ss♦ ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ ✈✐s❝♦s✐❞❛❞❡

❞♦ ó❧❡♦ ❞❛ tr❛♥s♠✐ssã♦✱ r❡❞✉③✐♥❞♦ ♦ ❛♠♦rt❡❝✐♠❡♥t♦ ❞❛ ❝❛✐①❛ ❞❡ ❝â♠❜✐♦ ❡ ♦ ❡s❢♦rç♦ ♥❛ tr♦❝❛

❞❡ ♠❛r❝❤❛✱ ❛✉♠❡♥t❛♥❞♦ ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ❝♦♠♣♦♥❡♥t❡✳ ❍♦✉✈❡ t❛♠❜é♠ ❛ r❡❞✉çã♦ ♥❛ ♠❛ss❛

❞♦s ❝♦♠♣♦♥❡♥t❡s ❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ ♥♦ ✈♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛ ❞♦ ♠♦t♦r ❡ ♥❛s ❝❛r❝❛ç❛s ❞❡

tr❛♥s♠✐ssõ❡s✱ ❛tr❛✈és ❞❛ ✉t✐❧✐③❛çã♦ ❞❡ ❧✐❣❛s ❞❡ ❛❧✉♠í♥✐♦ ❝♦♠ ♠❡♥♦r ❞❡♥s✐❞❛❞❡✳
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✸✳✸ ❙♦❧✉çõ❡s ♣r♦♣♦st❛s ♥❛ ❧✐t❡r❛t✉r❛

❋✉❞❛❧❛ ❡t ❛❧ ✭✶✾✽✽✮ tr❛t❛r❛♠ ❞♦ r❛tt❧❡ ❝♦♠♦ ✉♠ ❢❡♥ô♠❡♥♦ ❞❡ s✐st❡♠❛✱ ✈❡r✐✜❝❛♥❞♦ ❛

✐♥t❡r❛çã♦ ❞♦s ❝♦♠♣♦♥❡♥t❡s ❞♦ ♣♦✇❡rtr❛✐♥ ♥❛ ♦❝♦rrê♥❝✐❛ ❡ ❛t❡♥✉❛çã♦ ❞♦ ♠❡s♠♦✳ ❉❡s❞❡ ❛

é♣♦❝❛ ❞♦ ❡st✉❞♦✱ ♥ã♦ ❡r❛ ♠❛✐s ♣♦ssí✈❡❧ ❛❧❝❛♥ç❛r r❡s✉❧t❛❞♦s s❛t✐s❢❛tór✐♦s ❛❧t❡r❛♥❞♦ s♦♠❡♥t❡

♣r♦♣r✐❡❞❛❞❡s ❞❛ ❡♠❜r❡❛❣❡♠ ✭r✐❣✐❞❡③✴❛♠♦rt❡❝✐♠❡♥t♦✮✳ ❈♦♠ ✐ss♦✱ ❢♦r❛♠ ♣r♦♣♦st❛s ❛❧t❡r❛çõ❡s

♥❛ ❡♠❜r❡❛❣❡♠✱ ❞✐❢❡r❡♥❝✐❛❧✱ ❡✐①♦ ❝❛r❞ã ✱ s❡♠✐✲❡✐①♦s ✱ ♣♥❡✉s ❡ ❝❛r❣❛ ❞♦ ✈❡í❝✉❧♦✱ ✈❡r✐✜❝❛♥❞♦ ♦

r❡s✉❧t❛❞♦ ❞❛s ♠✉❞❛♥ç❛s ♣r♦♣♦st❛s ❛tr❛✈és ❞❡ s♦❢t✇❛r❡ ♣ró♣r✐♦✳

❉♦➜❛♥ ✭✶✾✾✾✮ ❛✜r♠♦✉ q✉❡ ♥ã♦ ❡①✐st✐❛ s♦❧✉çã♦ ✉♥✐✈❡rs❛❧ ♣❛r❛ t♦❞❛s ❛s tr❛♥s♠✐ssõ❡s

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

❝♦♥st✐t✉✐♥t❡s ❞❛ tr❛♥s♠✐ssã♦✱ ❡ ❡①t❡r♥❛s✱ ❛❧t❡r❛♥❞♦ ♦✉tr♦s ❝♦♠♣♦♥❡♥t❡s ❞♦ ❞r✐✈❡❧✐♥❡✳ ❉❡♥tr♦

❞❡ss❛ ❝❧❛ss✐✜❝❛çã♦ sã♦ ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ ❞✐❢❡r❡♥t❡s ❛❜♦r❞❛❣❡♥s✳

✸✳✸ ❆❧t❡r❛çõ❡s ♥❛ ❡♠❜r❡❛❣❡♠ ❞❡ ❞✐s❝♦ s✐♠♣❧❡s

❉❡ ❛❝♦r❞♦ ❝♦♠ ❘❡✐❦ ✭✶✾✾✵✮✱ q✉❛♥❞♦ s✉r❣❡♠ ♥í✈❡✐s ❡❧❡✈❛❞♦s ❞❡ ✈✐❜r❛çã♦ ❞♦ ❞r✐✈❡❧✐♥❡ ♥♦

✜♥❛❧ ❞❛ ❡t❛♣❛ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✱ ❝♦♠ ❡①❝❡çã♦ ❞♦ ✈♦❧❛♥t❡✱ ❞✐✜❝✐❧♠❡♥t❡ ♣♦❞❡♠ s❡r ❛❧t❡r❛❞♦s

♠♦♠❡♥t♦s ❞❡ ✐♥ér❝✐❛ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❞♦ s✐st❡♠❛✳ ❈❛s♦ ♥ã♦ s❡❥❛ ✈✐á✈❡❧ ❛ ❛❧t❡r❛çã♦ ❞♦s ✈❛❧♦r❡s

❞❡ r✐❣✐❞❡③ ❞♦s ♣♥❡✉s✱ s❡♠✐✲❡✐①♦s ❡ ❡✐①♦ ❝❛r❞ã✱ ❛ ú♥✐❝❛ ♦♣çã♦ r❡st❛♥t❡ é ❛ ❝♦♥❡①ã♦ ❞♦ ♠♦t♦r ❝♦♠

❛ tr❛♥s♠✐ssã♦✳ ❙❡❣✉♥❞♦ ❉r❡①❧ ✭✶✾✽✽✮✱ ♦ ♣r✐♥❝✐♣❛❧ ❢♦❝♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❛❥✉st❡ ❞❛ ❡♠❜r❡❛❣❡♠

♣❛r❛ ♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛✱ ❞❡♥♦♠✐♥❛❞♦ t✉♥♥✐♥❣✱ é r❡❞✉③✐r ❛♦ ♠á①✐♠♦ ❛ ❢r❡q✉ê♥❝✐❛

♥❛t✉r❛❧ ❞♦ s✐st❡♠❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦ r❛tt❧❡✳ ❈♦♠❜✐♥❛♥❞♦ ❛s ♣r♦♣♦st❛s t❡st❛❞❛s ♥❛ ♣rát✐❝❛ ♣♦r

❉r❡①❧ ✭✶✾✽✽✮ ❡ ❛ ♣❛rt✐r ❞♦s r❡s✉❧t❛❞♦s t❡ór✐❝♦s ❞❡ ❙✐♥❣❤ ❡t ❛❧ ✭✶✾✽✾✮✱ sã♦ ❞❡s❝r✐t❛s ♦r✐❡♥t❛çõ❡s

❞❡ ♣r♦❥❡t♦✿

• ❖ ♣r✐♠❡✐r♦ ❡stá❣✐♦ ❞❛ ❡♠❜r❡❛❣❡♠ ✭♣ré✲❛♠♦rt❡❝✐♠❡♥t♦✮ ❞❡✈❡ ♣♦ss✉✐r ❜❛✐①♦ ✈❛❧♦r ❞❡

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

• ❖ ♣♦♥t♦ ❞❡ ♦♣❡r❛çã♦ ❞❛ ❡♠❜r❡❛❣❡♠ ❞❡✈❡ s❡r ♣♦s✐❝✐♦♥❛❞♦ ❞✐st❛♥t❡ ❞♦s ♣♦♥t♦s ❞❡ tr❛♥✲

s✐çã♦ ❞❡ ❡stá❣✐♦s ❞❛ ❡♠❜r❡❛❣❡♠✳

• ❖ tr❛♥s✐çã♦ ❡♥tr❡ ♦s ❡stá❣✐♦s ❞❡ ♠❡♥♦r ❡ ♠❛✐♦r r✐❣✐❞❡③ ❞❡✈❡ s❡r ♦ ♠❛✐s s✉❛✈❡ ♣♦ssí✈❡❧✳

✶✺



• ❖ s❡❣✉♥❞♦ ❡stá❣✐♦ ❞❡✈❡ ♣♦ss✉✐r ♦ ♠❡♥♦r ✈❛❧♦r ❞❡ r✐❣✐❞❡③ ♣♦ssí✈❡❧✱ ❛✐♥❞❛ ❛ss✐♠ s❛t✐s❢❛✲

③❡♥❞♦ r❡q✉✐s✐t♦s ❞❡ t♦rq✉❡ ❞❛ tr❛♥s♠✐ssã♦ ❡♠ ♦♣❡r❛çã♦✳

• ❆ ❤✐st❡r❡s❡ ❞♦ s❡❣✉♥❞♦ ❡stá❣✐♦ ❞❡✈❡ s❡r ❡s❝♦❧❤✐❞❛ ❛❞❡q✉❛❞❛♠❡♥t❡ ❞❡♣♦✐s ❞♦ ❛❥✉st❡ ❞❡

t♦❞♦s ♦s ♦✉tr♦s ♣❛râ♠❡tr♦s✳

❖❤♥✉♠❛ ❡t ❛❧ ✭✶✾✽✻✮✱ r❡❧❛t❛r❛♠ q✉❡ ♦ ❛✉♠❡♥t♦ ❞♦ ♥í✈❡❧ ❞❡ ❤✐st❡r❡s❡ ❞♦ ♣r✐♠❡✐r♦ ❡stá❣✐♦

❞❛ ❡♠❜r❡❛❣❡♠ ❛❣r❛✈❛✈❛ ♦ r✉í❞♦ ❞❡t❡❝t❛❞♦✳ ❈❤✐❦❛t❛♥✐ ❡t ❛❧ ✭✶✾✾✶✮ ❝✐t❛r❛♠ q✉❡✱ ❡♠ ♠❛r❝❤❛

❧❡♥t❛✱ ✉♠ ❜❛✐①♦ ✈❛❧♦r ❞❡ r✐❣✐❞❡③ ❡ ❤✐st❡r❡s❡ ❝♦♥tr✐❜✉✐ ♣❛r❛ r❡❞✉çã♦ ❞♦ ❢❡♥ô♠❡♥♦✳ ❙❡❛♠❛♥

❡t ❛❧ ✭✶✾✽✹✮ ❛✜r♠❛r❛♠ q✉❡ ✉♠❛ ❡♠❜r❡❛❣❡♠ ❝♦♠ ❣r❛♥❞❡ ❝✉rs♦✱ ♦✉ s❡❥❛✱ ❣r❛♥❞❡s â♥❣✉❧♦s ♥♦

❡stá❣✐♦ ❞❡ ♠❡♥♦r r✐❣✐❞❡③ ♣♦❞❡♠ r❡❞✉③✐r ❛s ❛❝❡❧❡r❛çõ❡s ❛♥❣✉❧❛r❡s ♥❛ tr❛♥s♠✐ssã♦ ❡♠ ❝❛s♦ ❞❡

r❛tt❧❡ ❡♠ ♣♦♥t♦ ♠♦rt♦✱ ♣♦ré♠ ♥ã♦ ♣r♦❞✉③ ❣r❛♥❞❡s ❛❧t❡r❛çõ❡s ♥♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❞r✐✈❡

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

❝❧♦♥❦✳

✸✳✸ ❯t✐❧✐③❛çã♦ ❞❡ ✉♠ ✈♦❧❛♥t❡ ❞✉♣❧❛ ♠❛ss❛

❙❡❜✉❧❦❡ ✭✶✾✽✼✮ ❞❡s❝r❡✈❡✉ ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ✈♦❧❛♥t❡ ❞✉♣❧❛✲♠❛ss❛ ✱ ♦✉❉✉❛❧ ▼❛ss ❋❧②✇❤❡❡❧

✭❉▼❋✮✱ ❝♦❧♦❝❛❞♦ ❡♥tr❡ ♦ ✈♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛ ❞♦ ✈❡í❝✉❧♦ ❡ ♦ ❡✐①♦ ❞❡ ❡♥tr❛❞❛ ❞❛ tr❛♥s♠✐ssã♦✳

❙ã♦ ❛♣r❡s❡♥t❛❞♦s r❡s✉❧t❛❞♦s ❞❡ ♠❡❞✐çõ❡s ❡ ❣rá✜❝♦s ♣❛r❛ ✐❧✉str❛r ♦ ❢❛t♦ ❞❡ q✉❡✱ ❝♦♠ ❡ss❡

❡q✉✐♣❛♠❡♥t♦✱ ❛ ♣❛ss❛❣❡♠ ♣❡❧❛ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧ ❞♦ ❞r✐✈❡❧✐♥❡ ❛ss♦❝✐❛❞♦ ❛♦ r❛tt❧❡ é ❛t❡♥✉❛❞❛

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

❛ ✉t✐❧✐③❛çã♦ ❞❡ss❡ ❞✐s♣♦s✐t✐✈♦✱ ❛ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧ r❡❢❡r❡♥t❡ ❛♦ r❛tt❧❡ é ❞❡s❧♦❝❛❞❛ ♣❛r❛ ✉♠

✈❛❧♦r ❛❜❛✐①♦ ❞❛ r♦t❛çã♦ ❞♦ ♠♦t♦r ❡♠ ♠❛r❝❤❛ ❧❡♥t❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❆❧❜❡rs ✭✶✾✾✹✮✱ ♦ ♠♦❞♦ ❞♦

s✐st❡♠❛ ❧✐♥❡❛r✐③❛❞♦ é ❛❧t❡r❛❞♦ ❞❛ ❢❛✐①❛ ❞❡ ✹✵ ❛ ✽✵ ❍③ ❝♦♠ ♦ ❞✐s❝♦ s✐♠♣❧❡s✱ ♣❛r❛ ✼✱✺ ❛ ✶✺ ❍③

❝♦♠ ♦ ❉▼❋✳ ❈♦❝❦ ✭✷✵✵✸✮ r❡❧❛t♦✉ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❉▼❋ r❡❞✉③ ♦ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡❧

❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ♦ ♥í✈❡❧ ❞❡ ❡♠✐ssõ❡s ❛t♠♦s❢ér✐❝❛s✱ ♣♦✐s ❛ ❛✉sê♥❝✐❛ ❞❡ ✉♠❛ ❢r❡q✉ê♥❝✐❛

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

r♦t❛çõ❡s ❞♦ ♠♦t♦r✳ ❙❡❣✉♥❞♦ ❋✉❞❛❧❛ ❡t ❛❧ ✭✶✾✽✽✮✱ ❛♣❡s❛r ❞❡ ✱ ❡♠ ❣❡r❛❧✱ s❡r❡♠ ❛❧❝❛♥ç❛❞❛s

♣r♦♣♦st❛s ❞❡ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ ❝♦♠ ♥í✈❡✐s ❞❡ r✉í❞♦ ♠í♥✐♠♦ ❝♦♠ ♦ ❉▼❋✱ ❡①✐st❡♠ ❛❧❣✉♠❛s

q✉❡stõ❡s té❝♥✐❝❛s ❡ ❛ s❡r❡♠ ♦❜s❡r✈❛❞♦s✿

• ❖ ❝✉st♦ ❞♦ ❞✐s♣♦s✐t✐✈♦ ♣♦❞❡ ❡♥❝❛r❡❝❡r ✉♠ ♣r♦❥❡t♦✳

✶✻



• P♦❞❡ ♦❝♦rr❡r ✉♠ ❛✉♠❡♥t♦ ❞❛ ✈✐❜r❛çã♦ t♦rs✐♦♥❛❧ ❞♦ ♠♦t♦r ❞❡✈✐❞♦ à r❡❞✉çã♦ ❞❛ ✐♥ér❝✐❛

♣r✐♠ár✐❛ ❞♦ ✈♦❧❛♥t❡✳

• ❖✉tr❛s ❢r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s ❞♦ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ ♣♦❞❡♠ s❡r ❞❡s❧♦❝❛❞❛s ♣❛r❛ ❛ r❡❣✐ã♦

❞❡ ♦♣❡r❛çã♦ ❞♦ s✐st❡♠❛✳

• ❆ ♦♣❡r❛çã♦ ❡♠ ❛❧t❛s r♦t❛çõ❡s ❧❡✈❛ à q✉❡stõ❡s r❡❢❡r❡♥t❡s à ❞✉r❛❜✐❧✐❞❛❞❡✱ ✉♠❛ ✈❡③ q✉❡

❛s ♠♦❧❛s ❡♠ ❛r❝♦ ❞♦ s✐st❡♠❛ ❡stã♦ ❧♦❝❛❧✐③❛❞❛s ❧♦♥❣❡ ❞♦ s❡✉ ❝❡♥tr♦ ❞❡ r♦t❛çã♦✱ s♦❢r❡♥❞♦

❡s❢♦rç♦s ❝♦♥tr❛ ❛s ♣❛r❡❞❡s ❞♦ ❝♦♠♣❛rt✐♠❡♥t♦✳

❉❡ ❈♦❝❦ ✭✷✵✵✸✮ r❡❧❛t♦✉ q✉❡✱ ❛♣❡s❛r ❞❡ ❛ ❢r❡q✉ê❝✐❛ r❡❢❡r❡♥t❡ ❛♦ r❛tt❧❡ s❡r r❡❞✉③✐❞❛ ❝♦♠ ♦

✉s♦ ❞♦ ❉▼❋✱ ❡❧❛ é ❡①❝✐t❛❞❛ ♣❡❧❛ s❡❣✉♥❞❛ ♦r❞❡♠ ❞♦ ♠♦t♦r ❞✉r❛♥t❡ ❛ ♣❛rt✐❞❛ ❡♥q✉❛♥t♦ ❛

s✉❛ r♦t❛çã♦ ❝❤❡❣❛ à ♠❛r❝❤❛ ❧❡♥t❛✳ ◆❡ss❡ ❝❛s♦✱ ♦ t♦rq✉❡ ♥♦ ❞✐s♣♦s✐t✐✈♦ ♣♦❞❡ ❛t✐♥❣✐r ❛té ✈✐♥t❡

✈❡③❡s ♦ ✈❛❧♦r ♠á①✐♠♦ ❞♦ ♠♦t♦r ❞❡✈✐❞♦ à ❝♦♥tr✐❜✉✐çã♦ ❞♦ ♠♦t♦r ❞❡ ♣❛rt✐❞❛✳ ❈❛s♦ ♦ ♠♦t♦r ♥ã♦

❝♦♥s✐❣❛ ❢♦r♥❡❝❡r t♦rq✉❡ s✉✜❝✐❡♥t❡ ♣❛r❛ ✉❧tr❛♣❛ss❛r ❛ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧ ❞♦ s✐st❡♠❛ ♦✉ ❡❧❡ s❡❥❛

❞❡s❧✐❣❛❞♦ ❛❜r✉♣t❛♠❡♥t❡ ✭s❤♦rt st❛rt✮✱ ♦❝♦rr❡♠ ❣r❛♥❞❡s ♥í✈❡✐s ❞❡ ✈✐❜r❛çã♦ ♥♦ s✐st❡♠❛ ♣♦❞❡♥❞♦

❞❛♥✐✜❝❛r ♦ ❉▼❋ ❡ ♦✉tr♦s ❝♦♠♣♦♥❡♥t❡s ❞♦ ❞r✐✈❡❧✐♥❡✳ ❆ ✜♠ ❞❡ ♠❡❧❤♦r❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦

s✐st❡♠❛ ❝♦♠ ♦ ✈♦❧❛♥t❡ ❞✉♣❧❛✲♠❛ss❛ ❛s s❡❣✉✐♥t❡s ❛❧t❡r❛çõ❡s ♣♦❞❡♠ s❡r r❡❛❧✐③❛❞❛s✿

• ❯t✐❧✐③❛çã♦ ❞❡ ✉♠ t♦rq✉❡ ❞❡ ♣❛rt✐❞❛ ❡❧❡✈❛❞♦ ❞♦ ♠♦t♦r✳

• ❆✉①í❧✐♦ ❞♦ ♠♦t♦r ❞❡ ♣❛rt✐❞❛ ❛té q✉❡ ❛ r♦t❛çã♦ ❞♦ ♠♦t♦r ❡st❡❥❛ ❛❝✐♠❛ ❞❛ ❢r❡q✉ê❝✐❛

♥❛t✉r❛❧ ❞♦ ♣♦✇❡rtr❛✐♥✳

• ❆✉♠❡♥t♦ ❞♦ ❛♠♦rt❡❝✐♠❡♥t♦ ✭❤✐st❡r❡s❡ ❞♦ ❉▼❋✮✳

• ❆✉♠❡♥t♦ ❞❛ ✐♥ér❝✐❛ ♣r✐♠ár✐❛ ❞♦ ❝♦♠♣♦♥❡♥t❡✳

• ❉✐♠✐♥✉✐çã♦ ❞❛ ✐♥ér❝✐❛ s❡❝✉♥❞ár✐❛✳

• ❯t✐❧✐③❛çã♦ ❞❡ ❜❛✐①♦s ✈❛❧♦r❡s ❞❡ r✐❣✐❞❡③ t♦rs✐♦♥❛❧✳

✸✳✸ ❙♦❧✉çõ❡s ✐♥t❡r♥❛s à tr❛♥s♠✐ssã♦

❉♦➜❛♥ ✭✶✾✾✾✮ ❝❧❛ss✐✜❝♦✉ ❝♦♠♦ ♠❡❞✐❞❛s ✐♥t❡r♥❛s ❛ ♦t✐♠✐③❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❞❛s ❡♥✲

❣r❡♥❛❣❡♥s✱ ❝✐t❛♥❞♦ ❝♦♠♦ ♣r✐♥❝✐♣❛✐s ❢❛t♦r❡s ❛ ❢♦❧❣❛ ✭❜❛❝❦❧❛s❤✮ ❡♥tr❡ ♦s ❞❡♥t❡s✱ ❛ s✉❛ ♠❛ss❛✱

✶✼



♠♦♠❡♥t♦ ❞❡ ✐♥ér❝✐❛✱ â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡ ✭❡♥❣r❡♥❛❣❡♥s ❤❡❧✐❝♦✐❞❛✐s✮✱ ❛ ❞✐s♣♦s✐çã♦ ❞♦s ♣❛r❡s ❡♥✲

❣r❡♥❛❞♦s ♥❛ tr❛♥s♠✐ssã♦ ❡ ❛ r❡str✐çã♦ ❞♦ ♠♦✈✐♠❡♥t♦ ❞❛s ♣❛rt❡s ❧✐✈r❡s ❞❡♥tr♦ ❞♦ s❡✉ ❧✐♠✐t❡

❢✉♥❝✐♦♥❛❧✳ ❆ r❡❞✉çã♦ ♥❛s ❢♦❧❣❛s ❛①✐❛✐s ♣r❡s❡♥t❡s ♣❛r❛ ♦s ❡❧❡♠❡♥t♦s ❞❡ s✐♥❝r♦♥✐③❛çã♦ ❞❛s ♠❛r✲

❝❤❛s r❡❞✉③✐✉ ♦ ♥í✈❡❧ ❞❡ r✉í❞♦ tr❛♥s♠✐t✐❞♦✱ ♠❛s é ❢❡✐t❛ ❛ ♦❜s❡r✈❛çã♦ q✉❡ ❡ss❛ ❛❧t❡r❛çã♦ ♣♦❞❡

♣r❡❥✉❞✐❝❛r ♦ ♣r♦❝❡ss♦ ❞❡ tr♦❝❛ ❞❡ ♠❛r❝❤❛s ❡ ❧✉❜r✐✜❝❛çã♦✳ ❇♦③❝❛ ✭✷✵✶✵✮✱ ♥✉♠ ❡st✉❞♦ ❞❡ ♦t✐✲

♠✐③❛çã♦ ❞❡ ♣❛râ♠❡tr♦s✱ ❝♦♥❝❧✉✐✉ q✉❡ ♥ã♦ ❡①✐st❡ r❡❧❛çã♦ ❡♥tr❡ ❛ ❧❛r❣✉r❛ ❞♦ ❞❡♥t❡ ❡ ♦ r❛tt❧❡✱

s❡♥❞♦ q✉❡ s✉❛ ❡s❝♦❧❤❛ é r❡❛❧✐③❛❞❛ ♣❛r❛ s❛t✐s❢❛③❡r r❡q✉✐s✐t♦s ❞❡ s❡❣✉r❛♥ç❛ ♥♦ ❝♦♥t❛t♦✳ P♦ré♠✱

s❡❣✉♥❞♦ ♦ ❛✉t♦r✱ ✉♠ ❛✉♠❡♥t♦ ❡♠ ♣❛râ♠❡tr♦s ❣❡♦♠étr✐❝♦s✱ t❛✐s ❝♦♠♦ ♠ó❞✉❧♦ ❡ ♥ú♠❡r♦s ❞❡

❞❡♥t❡s✱ r❡s✉❧t♦✉ ♥✉♠ ❛✉♠❡♥t♦ ❞♦ ♥í✈❡❧ ❞❡ r✉í❞♦✳ ❖tt❡✇✐❧❧ ❡t ❛❧ ✭✷✵✶✵✮✱ ♥✉♠ ❡st✉❞♦ t❡ór✐❝♦✲

❡①♣❡r✐♠❡♥t❛❧ ❝♦♠ ❡♥❣r❡♥❛❣❡♥s ❞❡ ❛❧t❛ ♣r❡❝✐sã♦✱ ❝♦♥❝❧✉ír❛♠ q✉❡ ♦s ❡rr♦s ❞❡ ♣❡r✜❧ ❞❡ ❞❡♥t❡✱

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

♣❡q✉❡♥♦ ❡rr♦ ❡stát✐❝♦ ❞❡ tr❛♥s♠✐ssã♦✳

❚❤❡♦❞♦ss✐❛❞❡s ❡t ❛❧ ✭✷✵✵✼✮ r❡❧❛t❛r❛♠ q✉❡ ♣❛r❛ ✐♠♣❡❞✐r ❛ s❡♣❛r❛çã♦ ❞♦s ❞❡♥t❡s ❡ ❛✉✲

♠❡♥t❛r ♦ ❛♠♦rt❡❝✐♠❡♥t♦ ♥❛ tr❛♥s♠✐ssã♦✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ✉♠ ❧✉❜r✐✜❝❛♥t❡ ❞❡ ♠❛✐♦r ✈✐s❝♦s✐❞❛❞❡✳

P♦ré♠✱ ❡ss❛ ❛❜♦r❞❛❣❡♠ ❛✉♠❡♥t❛ ♦ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡❧ ❞♦ ✈❡í❝✉❧♦✱ ❡❧❡✈❛♥❞♦ ♦ ❡❢❡✐t♦ ❞❡

❛rr❛st❡ ♥❛ tr❛♥s♠✐ssã♦ ✭♦✐❧ ❝❤✉r♥✐♥❣✮✱ ♣♦✐s ♣❛rt❡ ❞❛s ❡♥❣r❡♥❛❣❡♥s ❡stá ♣❛r❝✐❛❧♠❡♥t❡ ✐♠❡rs❛ ♥♦

✢✉✐❞♦✳ ❆ r❡❞✉çã♦ ❞❛ ❢♦❧❣❛ ♣♦❞❡ ✐♠♣❡❞✐r ❛ s❡♣❛r❛çã♦ ❞♦s ❞❡♥t❡s✱ ♠❛s ♣r❡❥✉❞✐❝❛ ❛ ❧✉❜r✐✜❝❛çã♦

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

❙❡❛♠❛♥ ❡t ❛❧ ✭✶✾✽✹✮ ❛✜r♠❛r❛♠ q✉❡ ❛ ♠❡❧❤♦r❛ ♥❛ ❝♦♥❞✐çã♦ ❞❡ r❛tt❧❡ ❡ ♥❛ ❢❛❝✐❧✐❞❛❞❡ ♣❛r❛

❛ tr♦❝❛ ❞❡ ♠❛r❝❤❛s é ❞❡♣❡♥❞❡♥t❡ ❞❛ r❡❞✉çã♦ ♦✉ ♠✐♥✐♠✐③❛çã♦ ❞❛ ✐♥ér❝✐❛ ❞♦s ❝♦♠♣♦♥❡♥t❡s ❞♦

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

r❡s✐stê♥❝✐❛ ♠❡❝â♥✐❝❛✳ ◆❡ss❡ ❝❛s♦✱ ✉♠ ❧✐♠✐t❡ é tr❛ç❛❞♦ s❡❣✉♥❞♦ ♦ ❝✉st♦ ❞♦ ♠❛t❡r✐❛❧ ❛❞♦t❛❞♦✳

❯♠❛ ❛❜♦r❞❛❣❡♠ ❞❡ ♠✐♥✐♠✐③❛çã♦ ❞❡ ✐♥ér❝✐❛ ❢♦✐ ❛ r❡❞✐str✐❜✉✐çã♦ ❞❛s ❡♥❣r❡♥❛❣❡♥s ❞❛s ♠❛r❝❤❛s

❡♥tr❡ ♦s ❡✐①♦s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✳ ❇❛rt❤♦❞ ❡t ❛❧ ✭✷✵✵✺✮ r❡❧❛t❛r❛♠ q✉❡ tr❛♥s♠✐ssõ❡s ❝♦♠

três ❡✐①♦s t❡♥❞❡♠ ❛ s❡r ♠❛✐s s❡♥sí✈❡✐s ❛♦ r❛tt❧❡ q✉❡ tr❛♥s♠✐ssõ❡s ❝♦♠ ❞♦✐s ❡✐①♦s✱ ❞❡✈✐❞♦ à

q✉❛♥t✐❞❛❞❡ ♠❛✐♦r ❞❡ ❡♥❣r❡♥❛❣❡♥s s❡♠ ❝❛r❣❛✱ s❡♥❞♦ ❡st❛s ♣♦ssí✈❡✐s ❢♦♥t❡s ❞❡ ✐♠♣❛❝t♦s✳

✸✳✸ ▼♦❞✐✜❝❛çõ❡s ❡♠ ♦✉tr♦s ❝♦♠♣♦♥❡♥t❡s

❇♦③❝❛ ✭✷✵✶✵✮ ✈❡r✐✜❝♦✉ q✉❡ ♦ ❛✉♠❡♥t♦ ❞❛ ❛❝❡❧❡r❛çã♦ ❛♥❣✉❧❛r ❡ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❡①❝✐t❛çã♦

♥♦ ❡✐①♦ ❞❡ ❡♥tr❛❞❛ ❞❛ tr❛♥s♠✐ssã♦ ❡❧❡✈♦✉ t❛♠❜é♠ ♦ ♥í✈❡❧ ❞❡ r✉í❞♦ ❞❡t❡❝t❛❞♦✳ P♦rt❛♥t♦✱ ❛

♠❛♥❡✐r❛ ❛ q✉❛❧ ❡ss❡ ❝♦♠♣♦♥❡♥t❡ é s♦❧✐❝✐t❛❞♦ ♣♦ss✉✐ r❡❧❛çã♦ ❞✐r❡t❛ ❝♦♠ ♦ r❛tt❧❡✳ ◆♦ ❡♥t❛♥t♦✱ ♦

✶✽



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

r❡q✉✐s✐t♦s ♥❛ ❡t❛♣❛ ❞❡ ♣r♦❥❡t♦ ❞❛ tr❛♥s♠✐ssã♦✳

❉r❡①❧ ✭✶✾✽✽✮ ❝✐t♦✉ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❛ ✐♥st❛❧❛çã♦ ❞❡ ❛♠♦rt❡❝❡❞♦r❡s ❞❡ ✈✐❜r❛çã♦ t♦rs✐♦♥❛❧ ♥♦

❡✐①♦ ❞❡ s❛í❞❛ ❞❛ tr❛♥s♠✐ssã♦✳ ❚❤❡♦❞♦ss✐❛❞❡s ❡t ❛❧ ✭✷✵✵✼✮ ❛✜r♠♦✉ q✉❡ ♣♦❞❡ ❤❛✈❡r ♦ ❛✉♠❡♥t♦

❞❡ ✐♥ér❝✐❛ ❞♦ ✈♦❧❛♥t❡ ❧✐❣❛❞♦ ❛♦ ✈✐r❛❜r❡q✉✐♠✱ ✐♥❞♦ ❝♦♥tr❛ ❛ ❛t✉❛❧ t❡♥❞ê♥❝✐❛ ❞♦ ♠❡r❝❛❞♦ ♥❛

q✉❛❧ ♦s ❢❛❜r✐❝❛♥t❡s ❡stã♦ r❡❞✉③✐♥❞♦ ❛ ♠❛ss❛ ♦✉ ❞✐â♠❡tr♦ ❞❡ss❡ ❝♦♠♣♦♥❡♥t❡✳ ❙❡❛♠❛♥ ❡t ❛❧

✭✶✾✽✹✮ ❛✜r♠♦✉ q✉❡ ✉♠ ✈♦❧❛♥t❡ ♠❛✐♦r r❡❞✉③ ❛ r❡s♣♦st❛ ❞♦ ♠♦t♦r à s♦❧✐❝✐t❛çõ❡s ❞❡ t♦rq✉❡ ❞♦

♠♦t♦r✐st❛✱ ❛✉♠❡♥t❛♥❞♦ ♦ ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉stí✈❡❧ ❡ ♦s ❡s❢♦rç♦s ♥♦ ✈✐r❛❜r❡q✉✐♠✳

❉♦➜❛♥ ✭✶✾✾✾✮ ❝✐t♦✉ ❛ ❛❧t❡r♥❛t✐✈❛ ❞❡ r❡✈❡st✐♠❡♥t♦ ❞❛ ❝❛r❝❛ç❛ ❝♦♠ ♠❛t❡r✐❛✐s ❞❡ ✐s♦❧❛✲

♠❡♥t♦ ❛❝úst✐❝♦ ♦✉ ♥❛ ❝❛✈✐❞❛❞❡ ❞♦ ♣❛ss❛❣❡✐r♦✳ ❙❡❛♠❛♥ ❡t ❛❧ ✭✶✾✽✹✮ t❛♠❜é♠ r❡❧❛❝✐♦♥❛ ❡ss❛

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

♣❡t❡✱ ❢❛③❡♥❞♦ ✉♠❛ r❡ss❛❧✈❛ ❝♦♠ ✉♠ ❡①❡♠♣❧♦✿ s❡ ♦ ✈❡í❝✉❧♦ ❡st✐✈❡r ❝♦♠ r❛tt❧❡ ❡♠ ♣♦♥t♦ ♠♦rt♦

♣♦s✐❝✐♦♥❛❞♦ ♣ró①✐♠♦ ❛ ✉♠❛ ❝♦♥str✉çã♦ ♦✉ ✉♠❛ ♣❛r❡❞❡✱ ❝♦♠ ✉♠❛ ♦✉ ♠❛✐s ❥❛♥❡❧❛s ❛❜❡rt❛s✱ ♦

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

✸✳✹ ▼♦❞❡❧♦s ❞❡ ♣♦✇❡rtr❛✐♥ ♣❛r❛ ♦ ❡st✉❞♦ ❞♦ r❛tt❧❡

❈♦✉❞❡r❝ ❡t ❛❧ ✭✶✾✾✽✮ r❡❛❧✐③❛r❛♠ ❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ❞r✐✈❡❧✐♥❡ ❛ ✜♠ ❞❡ ❝♦♠♣❛r❛r s✐♠✉✲

❧❛çõ❡s ♥✉♠ér✐❝❛s ❝♦♠ ♠❡❞✐çõ❡s ❡♠ ❜❛♥❝❛❞❛ ❡ r❡s✉❧t❛❞♦s ❞❡ ❡①♣❡r✐♠❡♥t♦s ❡♠ ✈❡í❝✉❧♦s ❡♠

♦♣❡r❛çã♦ r❡❛❧✳ ❆ ❡t❛♣❛ ✐♥tr♦❞✉tór✐❛ ❞♦ tr❛❜❛❧❤♦✱ ❞❡s❝r❡✈❡ ❜♦❛ ♣❛rt❡ ❞♦s ❢❡♥ô♠❡♥♦s ❡♥❝♦♥✲

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

♥ã♦✲❧✐♥❡❛r✐❞❛❞❡ ❛ss♦❝✐❛❞❛s ✭❡♠❜r❡❛❣❡♠ ❡ ❞❡♥t❡ ❝♦♠ ❢♦❧❣❛✮✳ P❛r❛ s✐♠✉❧❛çõ❡s ♥✉♠ér✐❝❛s✱ ❢♦✐

✐♠♣♦rt❛♥t❡ ❛ ❞❡♠♦♥str❛çã♦ ❞❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ r❡❛rr❛♥❥❛r ❛s ❡q✉❛çõ❡s ❞♦ s✐st❡♠❛ ♠❛♥t❡♥❞♦

❡❧❡♠❡♥t♦s ♥ã♦✲❧✐♥❡❛r❡s ❝♦♠♦ ❡s❢♦rç♦s ❛♣❧✐❝❛❞♦s ❡♠ ❞✐r❡çõ❡s ♦♣♦st❛s ♥♦s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡

❛♦s q✉❛✐s é ❧✐❣❛❞♦✳ ❆ ❛❜♦r❞❛❣❡♠ ❞❡♠♦str❛❞❛ ♣❡r♠✐t❡ ❛ s✉❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ s♦❢t✇❛r❡s✳

◆♦ tr❛❜❛❧❤♦ ❞❡ ❑✐♠ ❡t ❛❧ ✭✷✵✵✶✮ ❢♦✐ ❛♥❛❧✐s❛❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡ ❞r✐✈❡❧✐♥❡ ❞❡ ✉♠ ❝❛♠✐♥❤ã♦

❧❡✈❡ ❡♠ ♣♦♥t♦ ♠♦rt♦✳ ❖s t❡st❡s ♥✉♠ér✐❝♦s ✈✐s❛r❛♠ ❡st✉❞❛r ❛ ✐♥t❡r❛çã♦ ❞❛ ❡♥❣r❡♥❛❣❡♠ ❧✐✈r❡

❡ ❡✐①♦ ❞❡ s❛í❞❛✱ ✉♠❛ ✈❡③ q✉❡ ❛ ❝❛♠❛❞❛ ❞❡ ó❧❡♦ ❧♦❝❛❧✐③❛❞❛ ❡♥tr❡ ❛ s✉♣❡r❢í❝✐❡ ❞❡ ❝♦♥t❛t♦ ❡♥tr❡

❡ss❡s ❡❧❡♠❡♥t♦s ♣r♦♣✐❝✐❛ ✉♠ t♦rq✉❡ r❡s✐st✐✈♦ à ❡♥❣r❡♥❛❣❡♠ ❧✐✈r❡✳ ❙❡❣✉♥❞♦ ♦s ❛✉t♦r❡s✱ ❡ss❛

❢♦rç❛ ❞❡ ❛rr❛st❡✱ ❡♠ ❝♦♥❞✐çã♦ ❞✐♥â♠✐❝❛ ❞❡ ♦♣❡r❛çã♦ ♣♦❞❡ ♣r♦♣✐❝✐❛r ❛ s❡♣❛r❛çã♦ ❞♦s ❞❡♥t❡s

❞❛ ❡♥❣r❡♥❛❣❡♠ ❧✐✈r❡ ❡ ❛ ♠♦t♦r❛✳ ❖ ❝♦♥tr♦❧❡ ❞♦ ❞r❛❣ t♦rq✉❡ é ❛♣r❡s❡♥t❛❞❛ ❝♦♠♦ ✉♠❛ s♦❧✉çã♦

✶✾



❜❛r❛t❛✱ ♣♦ré♠ ❞❡✈❡✲s❡ t❡r ❝♦♥s❝✐ê♥❝✐❛ ❞❡ q✉❡ ♣♦❞❡♠ ❤❛✈❡r ❛❧t❡r❛çõ❡s ♥❛s ♣r♦♣r✐❡❞❛❞❡s ❞♦ ó❧❡♦

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

♣❛r❛ ❛ r❡❣✐ã♦ ❞❡ tr❛♥s✐çã♦ ❞❡ ❡stá❣✐♦s✳ ◆❡ss❡ ❝❛s♦✱ ❛ ❡♠❜r❡❛❣❡♠ ♣❛ss❛ ❛ s❡r ✉♠ ❡①❝✐t❛❞♦r ❞♦

❢❡♥ô♠❡♥♦ ❞❡ r❛tt❧❡ ♣♦r ♦❝❛s✐♦♥❛r sú❜✐t❛s ✈❛r✐❛çõ❡s ♥♦ t♦rq✉❡ tr❛♥s♠✐t✐❞♦✳

❋✐❣✉r❛ ✸✳✷✿ ▼♦❞❡❧♦ ❞❡ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ ♣r♦♣♦st♦ ♣♦r ❈♦✉❞❡r❝ ❡t ❛❧ ✭✶✾✾✽✮✳

✸✳✹ ❋✉♥çã♦ ❞✐ss✐♣❛t✐✈❛ r❡♣r❡s❡♥t❛t✐✈❛ ❞♦ ❝♦♥t❛t♦ ❡♥tr❡ ♦s ❞❡♥t❡s

❊①✐st❡ ❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣❛r ❡♥❣r❡♥❛❞♦ ❝♦♠ ❢♦❧❣❛ ❝♦♥t❡♥❞♦ ✉♠❛ ❝♦♥st❛♥t❡ ❞❡ ❛♠♦rt❡✲

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

✉t✐❧✐③❛❞❛ ♣❛r❛ ♥❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ ♣♦✇❡rtr❛✐♥ ✭❈❖❯❉❊❘❈ ❡t ❛❧✱ ✶✾✾✽✮✳ ❘♦♦❦ ❡t ❛❧ ✭✶✾✾✺✮ ❡

❙❛r❦❛r ❡t ❛❧ ✭✶✾✾✼✮✱ ❜✉s❝❛r❛♠ ❝❛r❛❝t❡r✐③❛r ♦s ✐♠♣❛❝t♦s s❡❣✉♥❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♣♦r

❍✉♥t ❡t ❛❧ ✭✶✾✼✺✮✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❡ss❡ ❡st✉❞♦✱ ♦ ♠♦❞❡❧♦ ❑❡❧✈✐♥✲❱♦✐❣t✱ q✉❡ ✉t✐❧✐③❛ ♦ ❛♠♦rt❡❝✐✲

♠❡♥t♦ ✈✐s❝♦s♦✱ t♦r♥❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥t❛t♦ ❢♦rt❡♠❡♥t❡ ❞❡♣❡♥❞❡♥t❡ ❞❛ ✈❡❧♦❝✐❞❛❞❡✳ ◆♦ ✐♥st❛♥t❡

❞❡ ❛♣r♦①✐♠❛çã♦ ❞❛s s✉♣❡r❢í❝✐❡s✱ ♠❡s♠♦ s❡♠ ❞❡❢♦r♠❛çã♦ ❡♥tr❡ ♦s ❝♦r♣♦s✱ ♦❝♦rr❡ ❞✐ss✐♣❛çã♦ ❞❡

❡♥❡r❣✐❛ ❝❛s♦ ❛ ✈❡❧♦❝✐❞❛❞❡ s❡❥❛ ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦✳ P❛r❛ ❡✈✐t❛r ✐ss♦✱ ❢♦✐ ♣r♦♣♦st❛ ✉♠❛ ❢✉♥çã♦

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

❝♦❡✜❝✐❡♥t❡ ❡①♣♦♥❡♥❝✐❛❧ r❡❢❡r❡♥t❡ ❛♦ t✐♣♦ ❞❡ ❝♦♥t❛t♦ s❡❣✉♥❞♦ ❛ t❡♦r✐❛ ❞❡ ❍❡rt③✱ ❞❡♥♦♠✐♥❛❞❛

❛♠♦rt❡❝✐♠❡♥t♦ ❞❡ ✐♠♣❛❝t♦✳ ❖ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡st❛ ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡ ❢♦✐ ❡st✉❞❛❞♦ ♣♦r ❑✐♠ ❡t

❛❧ ✭✷✵✵✺✮✱ ❝❤❡❣❛♥❞♦ ❛ ❝♦♥❝❧✉sã♦ q✉❡ ❡❧❛ ♣♦❞❡ r❡❞✉③✐r ❛♠♣❧✐t✉❞❡s ❞❡ ✈✐❜r❛çã♦ ♥❛ r❡ss♦♥â♥❝✐❛✱

❡st❛❜✐❧✐③❛♥❞♦ ♦ s✐st❡♠❛ ❞✐♥❛♠✐❝❛♠❡♥t❡ ❡ ❝♦♥tr♦❧❛♥❞♦ ♦s ✈❛❧♦r❡s ♣✐❝♦✲❛✲♣✐❝♦✳

✷✵



✸✳✹ ❙✐♠✉❧❛çõ❡s ♣❛r❛ r✐❣✐❞❡③ ♣❡r✐ó❞✐❝❛ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦s ❤❡❧✐❝♦✐❞❛✐s ❝♦♠ ❢♦❧❣❛

❆ ❢✉♥çã♦ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦ ❤❡❧✐❝♦✐❞❛❧ r❡s✉❧t❛♥t❡ ❞♦ tr❛❜❛❧❤♦ ❞❡ ❈❛✐ ✭✶✾✾✺✮ ❢♦✐ ✉t✐❧✐③❛❞❛

♣♦r ❲❛♥❣ ❡t ❛❧ ✭✷✵✵✶✮ ♥✉♠ ♠♦❞❡❧♦ ❞❡ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ ❝♦♥t❡♥❞♦ ✈♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛✱ ❡♠✲

❜r❡❛❣❡♠ ♥ã♦✲❧✐♥❡❛r ❡ tr❛♥s♠✐ssã♦ ♠❛♥✉❛❧ ❞❡ ❝✐♥❝♦ ♠❛r❝❤❛s✳ ❖s ❛✉t♦r❡s ❛✜r♠❛♠ q✉❡✱ ❡♠

tr❛♥s♠✐ssõ❡s ❛t✉❛✐s✱ t♦❞❛s ❛s ❡♥❣r❡♥❛❣❡♥s ❞❡ ♠❛r❝❤❛ ❞✐r❡t❛ ♣♦ss✉❡♠ ❡♥❣r❡♥❛♠❡♥t♦s ❤❡❧✐✲

❝♦✐❞❛✐s✳ ❊①✐st❡ ✉♠ ♣❛r q✉❡ tr❛♥s♠✐t❡ t♦rq✉❡ ❝♦♥t✐♥✉❛♠❡♥t❡ ✭❧❛❞❡♥ ❣❡❛r✮✱ ❡♥q✉❛♥t♦ ♦✉tr♦s

♣❡r♠❛♥❡❝❡♠ ❧✐✈r❡s ✭✉♥❧❛❞❡♥ ❣❡❛r✮ ♥❛ tr❛♥s♠✐ssã♦✱ t♦r♥❛♥❞♦✲s❡ s♦❧✐❞ár✐❛s ❛♦s ❡✐①♦s s♦♠❡♥t❡

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

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

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

✭✷✵✵✷✮✱ s❡✉s r❡s✉❧t❛❞♦s ❢♦r❛♠ ❛♥❛❧✐s❛❞♦s t❛♠❜é♠ s❡❣✉♥❞♦ ✉♠❛ ❣r❛♥❞❡③❛ ♣❛r❛ q✉❛♥t✐✜❝❛r ♦

♥í✈❡❧ ❞❡ r❛tt❧❡✱ ❞❡♥♦♠✐♥❛❞❛ r❛tt❧❡ ✐♥❞❡① ♦✉ í♥❞✐❝❡ ❞❡ r❛tt❧❡✱ ❜❛s❡❛❞❛ ♥♦ ✈❛❧♦r r♠s ✭r♦♦t ♠❡❛♥

sq✉❛r❡✮ ❞❛ ❛❝❡❧❡r❛çã♦ ❞❛ ❡♥❣r❡♥❛❣❡♠ ❧✐✈r❡ ✭P❆❉▼❆◆❆❇❍❆▼ ❡t ❛❧✱ ✶✾✾✺✮✳ ❖ tr❛❜❛❧❤♦ ♥ã♦

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

❝♦♠♣✉t❛❝✐♦♥❛❧ ❞❡ s❡ ✐♠♣❧❡♠❡♥t❛r ❛ r✐❣✐❞❡③ ♣❡r✐ó❞✐❝❛ ♣r♦♣♦st❛ ♣♦r ❈❛✐ ✭✶✾✾✺✮✳ ❇r❛♥❝❛t✐ ❡t

❛❧ ✭✷✵✵✺✮ ❡st✉❞❛r❛♠ ♦s ❡❢❡✐t♦s ❞❡ ❛♠♦rt❡❝✐♠❡♥t♦ ❞♦ ó❧❡♦ ❛♣r✐s✐♦♥❛❞♦ ♥❛ ❢♦❧❣❛ ❡♥tr❡ ♦s ❞❡♥✲

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

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

♠❛♥❝❛✐s✱ ❤✐st❡r❡s❡✮✳ ❚❛♠❜é♠ é ✉t✐❧✐③❛❞❛ ❛ ❢✉♥çã♦ ♣r♦♣♦st❛ ♣♦r ❈❛✐ ✭✶✾✾✺✮ ❡♠ ✉♠ ♠♦❞❡❧♦

❞❡ ✉♠ ❣r❛✉ ❞❡ ❧✐❜❡r❞❛❞❡✳ ❊ss❡ tr❛❜❛❧❤♦ t❡✈❡ ✈❛❧✐❞❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ ♣♦r ❘✉ss♦ ❡t ❛❧ ✭✷✵✵✾✮✳

✷✶



✹▼❖❉❊▲❆●❊▼ ❉❆ ❊▼❇❘❊❆●❊▼

❆ ❡♠❜r❡❛❣❡♠ é ♦ ❡❧❡♠❡♥t♦ q✉❡ r❡❛❧✐③❛ ❛ tr❛♥s♠✐ssã♦ ❞❡ t♦rq✉❡ ❞♦ ✈♦❧❛♥t❡ ❞♦ ♠♦t♦r

❛♦ r❡st❛♥t❡ ❞♦ tr❡♠ ❞❡ ♣♦tê♥❝✐❛✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ ♦ ❛❝♦♣❧❛♠❡♥t♦ ❡ ♦ ❞❡s❛❝♦♣❧❛♠❡♥t♦ ❞♦ ♠♦t♦r

❞♦ r❡st❛♥t❡ ❞♦ s✐st❡♠❛ ❡♠ s✐t✉❛çõ❡s ❞❡ tr♦❝❛ ❞❡ ♠❛r❝❤❛ ♦✉ ♣❛r❛❞❛ ❡♠ ♣♦♥t♦ ♠♦rt♦✱ ❡✈✐✲

t❛♥❞♦ ❞❛♥♦s ❛♦s ❝♦♠♣♦♥❡♥t❡s ❞❛ tr❛♥s♠✐ssã♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ s✐♥❝r♦♥✐③❛❞♦r❡s✱ ❡♥❣r❡♥❛❣❡♥s ❡

♠❛♥❝❛✐s✳ ❊ss❡ ❡❧❡♠❡♥t♦ ♣♦ss✉✐ ❝♦♠♦ ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ✉♠❛ r✐❣✐❞❡③ ❧✐♥❡❛r ♣♦r ♣❛rt❡s

❡ ✉♠ ♠❡❝❛♥✐s♠♦ ❞❡ ❞✐ss✐♣❛çã♦ ❞❡ ❡♥❡r❣✐❛ ❝♦♠ ❤✐st❡r❡s❡✳ P❛r❛ ✉♠ ❞❡s❡♠♣❡♥❤♦ s❛t✐s❢❛tór✐♦

❞♦ ♣♦✇❡rtr❛✐♥✱ ❡ss❛s ❝❛r❛❝t❡ríst✐❝❛s ♣♦ss✉❡♠ ❞✐✈❡rs❛s ♠♦❞✐✜❝❛çõ❡s q✉❡ ♣♦❞❡♠ s❡r t❡st❛❞❛s✳

◆❡st❡ ❝❛♣ít✉❧♦✱ s❡rá ♠♦str❛❞❛ ❝♦♠ ❞❡t❛❧❤❡ ❛ ♠♦❞❡❧❛❣❡♠ ❞❛ ❡♠❜r❡❛❣❡♠ ❞❡ ❞✐s❝♦ s✐♠♣❧❡s ❡✱

❜r❡✈❡♠❡♥t❡✱ ❞❡ ✉♠ ❉▼❋✳ P❛rt❡ ❞❛s r❡♣r❡s❡♥t❛çõ❡s ♠❛t❡♠át✐❝❛s ❞♦ ❡❧❡♠❡♥t♦ s❡rã♦ ✉t✐❧✐③❛❞❛s

♥❛ ❡t❛♣❛ ❞❡ ♠♦❞❡❧❛❣❡♠ ♥ã♦✲❧✐♥❡❛r ❞♦ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ ❡♠ ♣♦♥t♦ ♠♦rt♦✳

✹✳✶ ❉✐s❝♦ ❞❡ ▼❛ss❛ ❙✐♠♣❧❡s

❖ ❝✉❜♦ ❞❛ ❡♠❜r❡❛❣❡♠ é s♦❧✐❞ár✐♦ ❛♦ ❡✐①♦ ❞❡ ❡♥tr❛❞❛ ✭✐♥♣✉ts❤❛❢t✮ ❞❛ tr❛♥s♠✐ssã♦✱ ❞❡

❞❡s❧♦❝❛♠❡♥t♦ θin✱ ❡♥q✉❛♥t♦ q✉❡ ♦ ❞✐s❝♦ é s♦❧✐❞ár✐♦ ❛♦ ✈♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛ ❞♦ ♠♦t♦r✱ ❝✉❥♦

❞❡s❧♦❝❛♠❡♥t♦ é ❞❛❞♦ ♣♦r θF ✳ ❖ ❝✉❜♦ é ❧✐❣❛❞♦ ❛♦ ❞✐s❝♦ ❞❡ t♦rçã♦ ♣♦r ♠♦❧❛s✱ t♦r♥❛♥❞♦

♦ t♦rq✉❡ tr❛♥s♠✐t✐❞♦ ❞♦ ♠♦t♦r ♣❛r❛ ♦ r❡st❛♥t❡ ❞♦ ❞r✐✈❡❧✐♥❡ ❞❡♣❡♥❞❡♥t❡ ❞♦ ❞❡s❧♦❝❛♠❡♥t♦

r❡❧❛t✐✈♦ ∆θ = θF − θin✳

✹✳✶ ❋✉♥çã♦ ❞❡ t♦rq✉❡ ❞❛ ❡♠❜r❡❛❣❡♠✿ r❡❣✐õ❡s ❡ ❞❡♥♦♠✐♥❛çã♦

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

♠✐♥❛çõ❡s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❝♦♥❞✐çõ❡s ❞❡ s♦❧✐❝✐t❛çã♦✱ ♠♦str❛❞❛s ♥❛ ❋✐❣✉r❛ ✹✳✶✿

• Pré✲❛♠♦rt❡❝✐♠❡♥t♦✿ r❡❣✐ã♦ s♦❧✐❝✐t❛❞❛ ♥♦ ✐♥í❝✐♦ ❞❛ ♣❛rt✐❞❛ ❞♦ ✈❡í❝✉❧♦ ♦✉ ❡♠ ♠❛r❝❤❛

❧❡♥t❛ ❡ ♣♦♥t♦ ♠♦rt♦✱ ♣♦ss✉✐♥❞♦ ♦ ♠❡♥♦r ✈❛❧♦r ❞❡ r✐❣✐❞❡③ ❞❡♥tr❡ ♦s ❡stá❣✐♦s✳

✷✷





❋✐❣✉r❛ ✹✳✷✿ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ ❞✐s❝♦ ❝♦♠ ❞♦✐s ❡stá❣✐♦s✱ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ❞❡ r✐❣✐❞❡③ k1 ❡
r✐❣✐❞❡③ ❞♦ ❡stá❣✐♦ ♣r✐♥❝✐♣❛❧ k2 ❡ ❛ s✉❛ ❢✉♥çã♦ ❞❡ t♦rq✉❡ ❡♠ ❢✉♥çã♦ ❞♦ ❞❡s❧♦❝❛♠❡♥t♦ r❡❧❛t✐✈♦✱

❞❡s❝♦♥tí♥✉❛ ♣❛r❛ θ12✳

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

❞❛ ♠❡♥♦r r✐❣✐❞❡③✳ ◆❛ ❊q✉❛çã♦ ✹✳✶✱ ♦ t♦rq✉❡ ❞♦ ❝♦♠♣♦♥❡♥t❡ ♣❛r❛ ∆θ > θ12 ♣♦ss✉✐ ✉♠

✈❛❧♦r ❝♦♥st❛♥t❡ k1θ12 r❡❢❡r❡♥t❡ à ❞❡❢♦r♠❛çã♦ ❞♦ ❡stá❣✐♦ ❞❡ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ❡ ❛ ♣❛r❝❡❧❛

❛tr✐❜✉í❞❛ à k2 ❧❡✈❛ ❡♠ ❝♦♥t❛ ❞❡❢♦r♠❛çõ❡s ❝♦♠ r❡❢❡r❡♥❝✐❛❧ ♥♦ â♥❣✉❧♦ ❞❡ tr❛♥s✐çã♦ θ12✳ ❚❛❧

❝♦♠♣♦rt❛♠❡♥t♦ ❞❡❝♦rr❡ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠❡❝❛♥✐s♠♦s ✐♥t❡r♥♦s r❡s♣♦♥sá✈❡✐s ♣♦r ❞❡❧✐♠✐t❛r ♦

â♥❣✉❧♦ ♠á①✐♠♦ ♣❛r❛ ❝❛❞❛ ❡stá❣✐♦✳ ◆❡ss❛ r❡♣r❡s❡♥t❛çã♦ s✐♠étr✐❝❛✱ ♦ t♦rq✉❡ ♣❛r❛ ❛ r❡❣✐ã♦ ❞❡

r❡tr❛çã♦ é ♦❜t✐❞♦ ❞❡ ❢♦r♠❛ ❛♥á❧♦❣❛✳

❱❛❧❡ r❡ss❛❧t❛r q✉❡ ❛ r❡♣r❡s❡♥t❛çã♦ ❞❛ ❡♠❜r❡❛❣❡♠ ❛q✉✐ ♠♦str❛❞❛ é ❞❡♣❡♥❞❡♥t❡ ❞♦ r❡❢❡✲

r❡♥❝✐❛❧✱ s✉♣♦♥❞♦ θF > θin✳ ❊st❡ ❡st✉❞♦ s❡❣✉❡ ❡st❛ ❝♦♥✈❡♥çã♦ ♣♦r ✐r ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❣r❛♥❞❡

♠❛✐♦r✐❛ ❞♦s tr❛❜❛❧❤♦s ♣✉❜❧✐❝❛❞♦s s♦❜r❡ t❡♠❛ ✭❈❖❯❉❊❘❈ ❡t ❛❧✱ ✶✾✾✽ ❡ ❑■▼ ❡t ❛❧✱ ✷✵✵✶✮✳

❊♠ ♦♣❡r❛çã♦✱ ❛ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡ ❡♥tr❡ ♦s ❡stá❣✐♦s ❞❡ r✐❣✐❞❡③ ♥❛ ❢✉♥çã♦ ❞❡ t♦rq✉❡ ♦❝❛✲

s✐♦♥❛ ❝♦♠♣♦rt❛♠❡♥t♦ ♥ã♦✲❧✐♥❡❛r ❞♦ s✐st❡♠❛ q✉❛♥❞♦ ❛ ❛♠♣❧✐t✉❞❡ ❞❡ ❞❡s❧♦❝❛♠❡♥t♦ r❡❧❛t✐✈♦

❡♥tr❡ ♦ ❝✉❜♦ ❞❡ ❡♠❜r❡❛❣❡♠ ❡ ♦ ✈♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛ ✉❧tr❛♣❛ss❛ ♦ ✈❛❧♦r ❧✐♠✐t❡ θ12✳ ❚❛♥t♦ ♦ ❡stá✲

❣✐♦ ❞❡ tr❛çã♦ q✉❛♥t♦ ♦ ❞❡ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ♣♦❞❡♠ ♣♦ss✉✐r ♠❛✐s ❞❡ ✉♠ ❡stá❣✐♦ ❞❡ r✐❣✐❞❡③✱

❞❡♣❡♥❞❡♥❞♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ✈❡í❝✉❧♦ ♥❛s ❝♦♥❞✐çõ❡s ❞❡ t❡st❡✳ P❛r❛ ✈❡í❝✉❧♦s ❞❡ ♣❛ss❡✐♦✱ ❛

✷✹









❙❡❣✉♥❞♦ ❛ ❡q✉❛çã♦ ❛♥t❡r✐♦r✱ q✉❛♥❞♦ ❛ ❡♠❜r❡❛❣❡♠ ♦♣❡r❛ ❞❛ r❡❣✐ã♦ ❞❡ ♠❡♥♦r r✐❣✐❞❡③✱ ❛

❤✐st❡r❡s❡ ♣♦ss✉✐ ✈❛❧♦r✱ ❡♠ ♠ó❞✉❧♦✱ ❞❡
H1

2
✱ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞♦ s✐♥❛❧ ❞❛ ✈❡❧♦❝✐❞❛❞❡ r❡❧❛t✐✈❛✳

◆✉♠❛ ❡♠❜r❡❛❣❡♠ r❡❛❧✱ ❛ ❤✐st❡r❡s❡ ❞♦ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ é ♠✉✐t♦ ♠❡♥♦r q✉❡ ❛ ✉t✐❧✐③❛❞❛ ♥♦

❡stá❣✐♦ ❞❡ tr❛çã♦ ✭H1 < H2✮✳ ❈♦♠ ❡ss❛ ♠♦❞❡❧❛❣❡♠✱ ❛ ❢✉♥çã♦ ♣♦ss✉✐ ✈❛❧♦r ♠á①✐♠♦✱ ❡♠

♠ó❞✉❧♦✱ ❞❡H2−
H1

2
✱ s❡♠♣r❡ q✉❡ ❛ ❞❡❢♦r♠❛çã♦ é ♠❛✐♦r q✉❡ ♦ â♥❣✉❧♦ ❞❡ tr❛♥s✐çã♦ ❞❡ ❡stá❣✐♦ θ12

❡ ♣♦ss✉✐ ♦ ♠❡s♠♦ s✐♥❛❧ ❞❛ ✈❡❧♦❝✐❞❛❞❡ r❡❧❛t✐✈❛✳ ❚❛❧ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❤✐st❡r❡s❡ é ✈✐s✉❛❧✐③❛❞♦

❡♠ ♥❛ ❋✐❣✉r❛ ✹✳✻✳

❋✐❣✉r❛ ✹✳✻✿ ❋✉♥çã♦ ❞❡ ❤✐st❡r❡s❡ ❞❛ ❡♠❜r❡❛❣❡♠ ❝♦♠ ❞♦✐s ❡stá❣✐♦s✳

❆ ❢✉♥çã♦ ❞❡ t♦rq✉❡ t♦t❛❧ ❞❛ ❡♠❜r❡❛❣❡♠ Tc é ❛ s♦♠❛ ❞♦ t♦rq✉❡ ❞❡✈✐❞♦ à r✐❣✐❞❡③ ❡str❛✲

t✐✜❝❛❞❛ ❝♦♠ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡✈✐❞♦ à s✉❛ ❤✐st❡r❡s❡✿

Tc(∆θ,∆θ̇) = Tk(∆θ) +H(∆θ,∆θ̇) ✭✹✳✻✮

❖❜s❡r✈❛♥❞♦ ❛ ❢✉♥çã♦ ❞❡ t♦rq✉❡ t♦t❛❧ ♥❛ ❋✐❣✉r❛ ✹✳✼✱ é ♣♦ssí✈❡❧ ♥♦t❛r q✉❡✱ ❝♦♠ ❛ ♠♦❞❡✲

❧❛❣❡♠ ❞❛ ❊q✉❛çã♦ ✹✳✻✱ ❛ ♣❛r❝❡❧❛ r❡❢❡r❡♥t❡ à r✐❣✐❞❡③ ❞❡ ✈❛❧♦r❡s k1 ❡ k2 é ❧✐♥❡❛r ♣♦r ♣❛rt❡s✱ s❡♠

s❛❧t♦ ❞❡ t♦rq✉❡ ♥❛ tr❛♥s✐çã♦ ❞❡ ❡stá❣✐♦✱ r❡♣r❡s❡♥t❛❞❛ ♣♦r ❧✐♥❤❛ tr❛❝❡❥❛❞❛✳

◆♦ tr❛❜❛❧❤♦ ❞❡ ❈♦✉r❞❡❝ ❡t ❛❧ ✭✶✾✾✽✮✱ ❛ ❤✐st❡r❡s❡ é ❛♣r❡s❡♥t❛❞❛ ❝♦♠ ✉♠ r❡❝✉rs♦ ♥✉♠é✲

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

♥❛ tr❛♥s✐çã♦ ❡♥tr❡ ♦s ❡stá❣✐♦s✳ P❛r❛ ❝❛❞❛ ❡stá❣✐♦ i ❞❛ ❡♠❜r❡❛❣❡♠✱ ❢✉♥çã♦ s✐♥❛❧ ✉t✐❧✐③❛❞❛ ♣❛r❛

✐♥❞✐❝❛r ✈❛r✐❛çõ❡s ❞❡ s❡♥t✐❞♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ é ❛♣r♦①✐♠❛❞❛ ♣♦r ✉♠❛ ❢✉♥çã♦ s✉❛✈✐③❛❞♦r❛ s❡❣✉♥❞♦

❛ ❊q✉❛çã♦ ✹✳✼✳
Hsi

2
sign(∆θ̇) ≈ (

Hsi

π
) arctan(σ(∆θ̇)) ✭✹✳✼✮

✷✽











❆ ❢♦rç❛ ❞❡ ❝♦♥t❛t♦ é ❝♦♠✉♠ às ❞✉❛s ✐♥ér❝✐❛s✱ ❝❛✉s❛♥❞♦ ✉♠ t♦rq✉❡ ❛t✉❛♥❞♦ s♦❜r❡ ❝❛❞❛

❝♦r♣♦ ❞❡♣❡♥❞❡♥t❡ ❞♦ r❛✐♦ ❞❛ ❡♥❣r❡♥❛❣❡♠✳ ■ss♦ r❡s✉❧t❛ ♥❛s s❡❣✉✐♥t❡s ❡q✉❛çõ❡s ❞❡ ♠♦✈✐♠❡♥t♦

s❡❣✉♥❞♦ ♦s r❡❢❡r❡♥❝✐❛✐s ❞❛ ✜❣✉r❛ ❛♥t❡r✐♦r✿

I1θ̈1 = −Fr1 ✭✺✳✷✮

I2θ̈2 = −Fr2 ✭✺✳✸✮

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

r❡❞✉çã♦ ♥♦ ♥ú♠❡r♦ ❞❡ ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ♥♦ s✐st❡♠❛✿

[

I2 + I1

(

r2
r1

)2
]

θ̈2 = 0 ♦✉

[

I1 + I2

(

r1
r2

)2
]

θ̈1 = 0 ✭✺✳✹✮

❊ss❛ ❛❜♦r❞❛❣❡♠ ♣❡r♠✐t❡ ❛ ♠♦♥t❛❣❡♠ ❞❡ s✐st❡♠❛s t♦rs✐♦♥❛✐s ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ♦ ❡❢❡✐t♦

❞❛s ✐♥ér❝✐❛s ❞♦ s✐st❡♠❛ ❡ ❛s r❡❧❛çõ❡s
r2
r1

♦✉
r1
r2
✱ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞♦s r❛✐♦s ❞❛s ❡♥❣r❡♥❛❣❡♥s✳

❈♦♠♦ ♦ r❛tt❧❡ ♦❝♦rr❡ ♥♦s ♣❛r❡s ❡♥❣r❡♥❛❞♦s s❡♠ ❝❛r❣❛✱ ❡ss❛ ❛❜♦r❞❛❣❡♠ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛

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

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

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

❡♥tr❡ ❛s ✐♥ér❝✐❛s q✉❡ ♥ã♦ s❡❥❛ ♣r♦✈❡♥✐❡♥t❡ ❞❛ r❡❧❛çã♦ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦✳

✺✳✷ ❊♥❣r❡♥❛❣❡♥s ❝♦♠ r✐❣✐❞❡③ ❞❡ ❝♦♥t❛t♦ s❡♠ ❢♦❧❣❛

❆✉♠❡♥t❛♥❞♦ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♠♦❞❡❧♦✱ ❡✈✐❞❡♥❝✐❛♥❞♦ ❛ ✢❡①✐❜✐❧✐❞❛❞❡ ❞♦s ❞❡♥t❡s ❛♦

❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❞❡ ❛çã♦✱ ♣♦❞❡ s❡r ✐♥s❡r✐❞❛ ✉♠❛ r✐❣✐❞❡③ ❧✐♥❡❛r ❧✐❣❛♥❞♦ ❛s ✐♥ér❝✐❛s ❞♦s ❡♥❣r❡♥❛✲

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

♦ ❡rr♦ ❞❡ tr❛♥s♠✐ssã♦✱ s❡♠ ❧❡✈❛r ❡♠ ❝♦♥t❛ ❛ ✈❛r✐❛çã♦ ❞♦ s❡✉ ✈❛❧♦r s❡❣✉♥❞♦ ❛ ♣❛ss❛❣❡♠ ❞♦s

❞❡♥t❡s ♥♦ ❝♦♥t❛t♦ ♦✉ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✐♠♣❛❝t♦✳ ◆❛ ❋✐❣✉r❛ ✺✳✷ ❛ ❢♦rç❛ ❡♥tr❡ ♦s ❞❡♥t❡s r❡t♦s ❡♠

❝♦♥t❛t♦ é ♦❜t✐❞♦ ♣❡❧♦ ❞❡s❧♦❝❛♠❡♥t♦ r❡❧❛t✐✈♦ ❧✐♥❡❛r ∆x ❡♥tr❡ ❛s ❞✉❛s ❡♥❣r❡♥❛❣❡♥s✱ s❡❣✉♥❞♦ ♦s

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

∆x = r1θ1 + r2θ2 ✭✺✳✺✮

✸✸









❋✐❣✉r❛ ✺✳✺✿ P❧❛♥♦ ♥♦r♠❛❧ ❡ tr❛♥s✈❡rs❛❧ ❞❛ ❡♥❣r❡♥❛❣❡♠ ❤❡❧✐❝♦✐❞❛❧ ✭❛❞❛♣t❛❞♦ ❞❡ ▼❛✐tr❛
✭✶✾✾✹✮✮✳

• ➶♥❣✉❧♦ ❞❡ ♣r❡ssã♦

❖ â♥❣✉❧♦ ❞❡ ♣r❡ssã♦ tr❛♥s✈❡rs❛❧ ✭αt✮ é ❡♥❝♦♥tr❛❞♦ ❝♦♠♦ ❢✉♥çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ♣r❡ssã♦

♥♦r♠❛❧ ✭α ♦✉ αn✮ ❡ ♦ â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡ ♣❡❧❛ r❡❧❛çã♦ ❛ s❡❣✉✐r✳ ❯s✉❛❧♠❡♥t❡✱ é ✈❡r✐✜❝❛❞♦

α = 20♦✳

tanα = tanαtcosβ ✭✺✳✶✵✮

• ▼ó❞✉❧♦ tr❛♥s✈❡rs❛❧

❖ ♠ó❞✉❧♦ tr❛♥s✈❡rs❛❧ é ♦❜t✐❞♦ ♣❡❧❛ r❛③ã♦ ❞♦ ♠ó❞✉❧♦ ♥♦r♠❛❧ ✭mn✮ ❡ ♦ â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡✿

mt =
mn

cosβ
✭✺✳✶✶✮

• P❛ss♦

❖ ♣❛ss♦ ❝✐r❝✉❧❛r ✭pn✮ é ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞♦ ♠ó❞✉❧♦ ♥♦r♠❛❧ ❞❛ ❡♥❣r❡♥❛❣❡♠✿

pn = πmn ✭✺✳✶✷✮

✸✼



❆ ♣❛rt✐r ❞♦ ♠ó❞✉❧♦ tr❛♥s✈❡rs❛❧ é ♦❜t✐❞♦ ♦ ♣❛ss♦ ❝✐r❝✉❧❛r tr❛♥s✈❡rs❛❧✿

pt = πmt ✭✺✳✶✸✮

❖ ♣❛ss♦ ❞❡ ❜❛s❡ tr❛♥s✈❡rs❛❧ ✭pbt✮✱ ❝❛❧❝✉❧❛❞♦ ❛ ♣❛rt✐r ❞♦ ♣❛ss♦ tr❛♥s✈❡rs❛❧ ❝✐r❝✉❧❛r✱ ♣♦❞❡

s❡r ❡①♣r❡ss♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ♣❡❧♦ ♠ó❞✉❧♦ ♥♦r♠❛❧✱ â♥❣✉❧♦s ❞❡ ♣r❡ssã♦ ❡ ❤é❧✐❝❡✳

Xz = pbt = ptcosαt ✭✺✳✶✹✮

◆❡st❡ tr❛❜❛❧❤♦✱ ❡❧❡ s❡rá r❡♣r❡s❡♥t❛❞♦ ♣♦r Xz✱ ♣♦✐s é ❛ ♥♦t❛çã♦ ✉t✐❧✐③❛❞❛ ♣♦r ❈❛✐ ✭✶✾✾✺✮✱

s❡❣✉✐❞❛ ❡♠ ♣✉❜❧✐❝❛çõ❡s q✉❡ ✉t✐❧✐③❛r❛♠ s✉❛ ❢♦r♠✉❧❛çã♦ ✭❇❘❆◆❈❆❚■ ❡t ❛❧✱ ✷✵✵✺ ❡

❲❆◆● ❡t ❛❧✱ ✷✵✵✶✮✳

• ❘❛③ã♦ ❞❡ ❝♦♥t❛t♦

❆ r❛③ã♦ ❞❡ ❝♦♥t❛t♦ ❞❡ ❢❛❝❡ ♦✉ ❛①✐❛❧ é ❢✉♥çã♦ ❞❛ ❧❛r❣✉r❛ ❞♦ ❞❡♥t❡ ❡ ♣❛ss♦ ❝✐r❝✉❧❛r

tr❛♥s✈❡rs❛❧✿

ǫβ =
wtanβ

pt
✭✺✳✶✺✮

❖ ❞✐â♠❡tr♦ ♣r✐♠✐t✐✈♦ ✭d✮ é ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞♦ s❡✉ ♥ú♠❡r♦ ❞❡ ❞❡♥t❡s ✭z✮✱ ❞♦ ♠ó❞✉❧♦ ❡

❞♦ â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡✿

d =
zmn

cosβ
✭✺✳✶✻✮

P❛r❛ q✉❡ ♦❝♦rr❛ ♦ ❡♥❣r❡♥❛♠❡♥t♦ ❡♥tr❡ ♣❛r❡s ❤❡❧✐❝♦✐❞❛✐s✱ ♦s ❞❡♥t❡s ❞♦ ♣✐♥❤ã♦ ❡ ❞❛ ❝♦r♦❛

❞❡✈❡♠ ♣♦ss✉✐r ♠❡s♠♦ â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡ ❡ ♠ó❞✉❧♦✱ ❛❧é♠ ❞❡ ❤é❧✐❝❡s ♦♣♦st❛s✳ ❈♦♠ ✐ss♦✱

❛ r❡❧❛çã♦ ❞❡ ❞✐â♠❡tr♦s ♣r✐♠✐t✐✈♦s ❞♦ ♣✐♥❤ã♦ ❡ ❞❛ ❝♦r♦❛ ✭d1 ❡ d2✮ é ✐❣✉❛❧ ❛ ♦❜t✐❞❛ ♣❡❧❛

r❡❧❛çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❞❡♥t❡s ✭z1 ❡ z2✮✱ ♦✉ s❡❥❛✱ ❛ r❡❧❛çã♦ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦✱ ♦❜s❡r✈❛❞❛

♥❛ ❊q✉❛çã♦ ✺✳✶✼✿
mn

cosβ
=
d1
z1

=
d2
z2

✭✺✳✶✼✮

❆ ♣❛rt✐r ❞❡ d sã♦ ❝❛❧❝✉❧❛❞❛s ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦s ❝❡♥tr♦s ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s ✭a✮✱ ♦

❞✐â♠❡tr♦ ❡①t❡r♥♦ ✭da✮ ❡ ❞❡ ❜❛s❡ ✭db✮✱ ♠♦str❛❞♦s ♥❛ ❋✐❣✉r❛ ✺✳✻✱ ♣❛r❛ ♦ ♣✐♥❤ã♦ ❡ ❝♦r♦❛

s❡❣✉♥❞♦ ❛s r❡❧❛çõ❡s ❛ s❡❣✉✐r✿

a =
d1 + d2

2
✭✺✳✶✽✮

da = d+ 2mn ✭✺✳✶✾✮

db = dcosαt ✭✺✳✷✵✮

✸✽



❋✐❣✉r❛ ✺✳✻✿ ❱✐st❛ ❢r♦♥t❛❧ ❞❡ ✉♠❛ ❡♥❣r❡♥❛❣❡♠ ❤❡❧✐❝♦✐❞❛❧✱ ❝♦♠ ê♥❢❛s❡ ♥♦ ♣❛ss♦ ❞❡ ❜❛s❡
tr❛♥s✈❡rs♦ Xz ✭❛❞❛♣t❛❞♦ ❞❡ ▼❛✐tr❛ ✭✶✾✾✹✮✮✳

❆ r❛③ã♦ ❞❡ ❝♦♥t❛t♦ tr❛♥s✈❡rs❛❧ é ♦❜t✐❞❛ ❛ ♣❛rt✐r ❞♦s r❛✐♦s ❞❡ ❜❛s❡ ✭rb1 ❡ rb2✮ ❡ ❡①t❡r♥♦s

✭ra1 ❡ ra2✮ ❞❛s ❡♥❣r❡♥❛❣❡♥s✱ ❛❧é♠ ❞❡ ✉t✐❧✐③❛r ❛ ❞✐stâ♥❝✐❛ t♦t❛❧ ❡♥tr❡ ♦s ❝❡♥tr♦s ❞♦s ♣❛r❡s

❡♥❣r❡♥❛❞♦s✱ â♥❣✉❧♦ ❞❡ ♣r❡ssã♦ tr❛♥s✈❡rs❛❧ ❡ ♣❡❧♦ ♣❛ss♦ ❞❡ ❜❛s❡ tr❛♥s✈❡rs❛❧✿

ǫα =

√

r2a1 − r2b1 +
√

r2a2 − r2b2 − asenαt

Xz

✭✺✳✷✶✮

❋✐♥❛❧♠❡♥t❡✱ ❛ r❛③ã♦ ❞❡ ❝♦♥t❛t♦ t♦t❛❧ é ❛ s♦♠❛ ❞❛s r❛③õ❡s ❞❡ ❝♦♥t❛t♦ tr❛♥s✈❡rs❛❧ ❡ ❛①✐❛❧✳

❊ss❡ ♣❛râ♠❡tr♦ ♠♦str❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♣❛r❡s ❡♥❣r❡♥❛❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡ ❛♦ ❧♦♥❣♦ ❞♦

♣❧❛♥♦ ❞❡ ❛çã♦✳

ǫ = ǫα + ǫβ ✭✺✳✷✷✮

• ◆ú♠❡r♦ ✈✐rt✉❛❧ ❞❡ ❞❡♥t❡s

❖ ♥ú♠❡r♦ ✈✐rt✉❛❧ ❞❡ ❞❡♥t❡s ♣♦❞❡ s❡r ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞♦ ♥ú♠❡r♦ ❞❡ ❞❡♥t❡s ❞❛ ❡♥❣r❡♥❛❣❡♠

❡ ❞♦ s❡✉ â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡✱ s❡❣✉♥❞♦ ❛ r❡❧❛çã♦ ❛ s❡❣✉✐r✿

zv =
z

cos3β
✭✺✳✷✸✮

➱ ✉t✐❧✐③❛❞♦ ♥❛ ♦❜t❡♥çã♦ ❞❡ ✉♠❛ ❡♥❣r❡♥❛❣❡♠ ❞❡ ❞❡♥t❡s r❡t♦s ❡q✉✐✈❛❧❡♥t❡ à ❤❡❧✐❝♦✐❞❛❧

❡♠ s✐t✉❛çõ❡s ❝♦♠♦ ❛ ♦❜t❡♥çã♦ ❞❡ ❡s❢♦rç♦s ♥♦ ❝♦♠♣♦♥❡♥t❡✱ s✐♠♣❧✐✜❝❛♥❞♦ ♦ ♣r♦❝❡ss♦ ❞❡

❝á❧❝✉❧♦✳

✸✾



P♦rt❛♥t♦✱ ❛♣ós ♦s ♣r♦❝❡❞✐♠❡♥t♦s ♠❛t❡♠át✐❝♦s ♠♦str❛❞♦s✱ t❡♥❞♦ ♣♦ss❡ ❞♦s ✈❛❧♦r❡s ❞❡

♠ó❞✉❧♦✱ â♥❣✉❧♦s ❞❡ ♣r❡ssã♦ ❡ ❤é❧✐❝❡✱ ❧❛r❣✉r❛ ❡ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❞❡♥t❡s ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s✱ é

♣♦ssí✈❡❧ ❝❛❧❝✉❧❛r ❛s r❛③õ❡s ❞❡ ❝♦♥t❛t♦ tr❛♥s✈❡rs❛❧ ❡ ❛①✐❛❧✱ ♣❛ss♦ ❞❡ ❜❛s❡ tr❛♥s✈❡rs❛❧ ❡ ♥ú♠❡r♦

✈✐rt✉❛❧ ❞❡ ❞❡♥t❡s ❞❡ ✉♠ ❡♥❣r❡♥❛♠❡♥t♦ ❤❡❧✐❝♦✐❞❛❧ ♣❛❞r♦♥✐③❛❞♦✳ ❱❛❧❡ ❛ ♣❡♥❛ r❡ss❛❧t❛r q✉❡✱

✉♠❛ ✈❡③ ♣r♦♣♦st❛ ❛❧t❡r❛çã♦ ❡♠ ❛❧❣✉♠ ❞♦s ♣❛râ♠❡tr♦s ✐♥✐❝✐❛✐s✱ ♣♦❞❡♠ ♦❝♦rr❡r ♠✉❞❛♥ç❛s ❡♠

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

✐♥❞✐r❡t❛♠❡♥t❡ ❝♦♠ ❛s ❣r❛♥❞❡③❛s ❣❡♦♠étr✐❝❛s ❞❡s❡❥❛❞❛s✳ P♦r ❡①❡♠♣❧♦✱ ❝♦♠ ❛ ❛❧t❡r❛çã♦ ❞❛

❧❛r❣✉r❛ ❞♦ ❞❡♥t❡✱ s♦♠❡♥t❡ ❛ r❛③ã♦ ❞❡ ❝♦♥t❛t♦ ❛①✐❛❧ é ❛❧t❡r❛❞❛ ✭❊q✉❛çã♦ ✺✳✶✺✮✱ ♠❛s ✉♠❛ ♠✉✲

❞❛♥ç❛ ♥♦ â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡ ❛❝❛rr❡t❛ ❡♠ ❛❧t❡r❛çõ❡s ❡♠ t♦❞♦s ♦s ♣❛râ♠❡tr♦s ❞❡ s❛í❞❛ ❞❡s❡❥❛❞♦s✱

♠♦❞✐✜❝❛♥❞♦ ❞✐r❡t❛♠❡♥t❡ ♦ ✈❛❧♦r ❞❛ r❛③ã♦ ❞❡ ❝♦♥t❛t♦ ❛①✐❛❧ ❡ ❞♦ ♥ú♠❡r♦ ✈✐rt✉❛❧ ❞❡ ❞❡♥t❡s

✭❊q✉❛çõ❡s ✺✳✶✺ ❡ ✺✳✷✸✮✳ ❖ ♣❛ss♦ ❞❡ ❜❛s❡ tr❛♥s✈❡rs❛❧ ✭❊q✉❛çã♦ ✺✳✶✹✮ é ♠♦❞✐✜❝❛❞♦ ❞❡✈✐❞♦ à

❛❧t❡r❛çã♦ ❞♦ ♠ó❞✉❧♦ tr❛♥s✈❡rs❛❧ ✭❊q✉❛çã♦ ✺✳✶✶✮✱ s❡♥❞♦ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ à r❛③ã♦ ❞❡

❝♦♥t❛t♦ ♥❡ss❡ ♣❧❛♥♦ ❞❛ ❡♥❣r❡♥❛❣❡♠ ✭❊q✉❛çã♦ ✺✳✷✶✮✳

✺✳✸ ❆♣r♦①✐♠❛çã♦ ❞❡ r✐❣✐❞❡③ ❞❡ ❞❡♥t❡ ❡♠ ❡♥❣r❡♥❛❣❡♠ ❤❡❧✐❝♦✐❞❛❧

◆♦ tr❛❜❛❧❤♦ ❞❡ ❯♠❡③❛✇❛ ❡t ❛❧ ✭✶✾✽✻✮✱ ❢♦r❛♠ ❢❡✐t♦s t❡st❡s ❡♠ ❡♥❣r❡♥❛♠❡♥t♦s ❝♦♠ ❞✐❢❡✲

r❡♥t❡s ✈❛❧♦r❡s ❞❡ â♥❣✉❧♦s ❞❡ ❤é❧✐❝❡✱ ❧❛r❣✉r❛✱ ♠ó❞✉❧♦ ❡ ❛❧t✉r❛ ❞♦ ❞❡♥t❡ ✭h = 2, 25mn✮✳ P❛r❛

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

❞❡ ❛çã♦ Xn ♥♦r♠❛❧✐③❛❞❛✿

k(Xn) = kp1exp(Ca| Xn |3) ✭✺✳✷✹✮

❖ ❝♦❡✜❝✐❡♥t❡ Ca ❢♦✐ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛❥✉st❛r ❛ ❢♦r♠❛ ❞❛ ❝✉r✈❛ ❞❡ r✐❣✐❞❡③ ❡①♣♦♥❡♥❝✐❛❧✱

s❡❣✉♥❞♦ ♦ â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡✱ ❧❛r❣✉r❛ ❡ ❛❧t✉r❛ ❞♦ ❞❡♥t❡✿

Ca = 0, 322(β − 5)
[

0, 23
(w

h

)

− 23, 6
]

✭✺✳✷✺✮

❖ ♣❛râ♠❡tr♦ kp1 é r❡❧❛❝✐♦♥❛❞♦ ❛♦ ✈❛❧♦r ♠á①✐♠♦ ❞❛ r✐❣✐❞❡③✱ s❡♥❞♦ r❡❞✉③✐❞♦ ♣❡❧♦ ❛✉♠❡♥t♦

❞♦ â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡ ♦✉ ♣❡❧❛ ❧❛r❣✉r❛ ❞♦ ❞❡♥t❡✳

kp1 =
{[

−0, 166
(w

h

)

+ 0, 08
]

(β − 5) + 44, 5
}(w

h

)

mn ✭✺✳✷✻✮

✹✵



❆ ❋✐❣✉r❛ ✺✳✼ ♠♦str❛ ❛ r✐❣✐❞❡③ ❞♦ ❞❡♥t❡ ♣❛r❛ ❡♥❣r❡♥❛❣❡♥s ❝♦♠ ❞✐❢❡r❡♥t❡s â♥❣✉❧♦s ❞❡

❤é❧✐❝❡ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❞❡ ❛çã♦ ❡q✉✐✈❛❧❡♥t❡ ♥♦r♠❛❧✐③❛❞❛✳ ❖❝♦rr❡ ❞✐♠✐♥✉✐çã♦ ❞❛ r✐❣✐❞❡③

♠á①✐♠❛ ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞♦ â♥❣✉❧♦ ✉t✐❧✐③❛❞♦✳

❋✐❣✉r❛ ✺✳✼✿ ❘✐❣✐❞❡③ ❞♦ ❞❡♥t❡ ❤❡❧✐❝♦✐❞❛❧ ❜❛s❡❛❞♦ ❡♠ ❞❛❞♦s ❞❡ ❯♠❡③❛✇❛ ❡t ❛❧ ✭✶✾✽✻✮✳

❈❛✐ ✭✶✾✾✺✮ ❡①♣❧✐❝✐t♦✉ ❛ ♥♦r♠❛❧✐③❛çã♦ ❞❛ ♣♦s✐çã♦ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦ Xn ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛

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

tr❛♥s✈❡rs❛❧✱ ✈❛❧✐❞❛♥❞♦ s❡✉ ♠♦❞❡❧♦ ♣❛r❛ 1 < ε < 3✿

k(X) = kpexp

(

Ca

∣

∣

∣

∣

X − (εXz)/2

1, 125εαXz

∣

∣

∣

∣

3
)

✭✺✳✷✼✮

P❛r❛ ❛ ❢✉♥çã♦ ❞♦ ✈❛❧♦r ❞❡ r✐❣✐❞❡③ ♠á①✐♠❛ kp✱ ♦ ❛✉t♦r ✐♥❝♦r♣♦r♦✉ ♣❛râ♠❡tr♦s ❞❡ ♣r♦❥❡t♦

❞❡ ❡♥❣r❡♥❛❣❡♠ ❝♦♠♦ ♦ ♥ú♠❡r♦ ✈✐rt✉❛❧ ❞❡ ❞❡♥t❡s ❞❛s ❡♥❣r❡♥❛❣❡♥s ✭zv1 ❡ zv2 ✮ ❡ ♦ ❝♦❡✜❝✐❡♥t❡

❞❡ ❝♦rr❡çã♦ ✉t✐❧✐③❛❞♦ ♥♦ ❡♥❣r❡♥❛♠❡♥t♦ ✭y1 ❡ y2✮✳

kp =
w

c0 + c1 + c2 + c3 + c4 + c5
✭✺✳✷✽✮

❖s ❝♦❡✜❝✐❡♥t❡s sã♦ ♦❜t✐❞♦s ♣❡❧❛s ❊q✉❛çõ❡s ✺✳✷✾ ❛ ✺✳✸✹✳ ❱❛❧❡ ❛ ♣❡♥❛ ♥♦t❛r q✉❡ ❢♦✐ ❧❡✈❛❞♦

❡♠ ❝♦♥t❛ ❛ r✐❣✐❞❡③ ♦❜t✐❞❛ ♣♦r ❯♠❡③❛✇❛ ❡t ❛❧ ✭✶✾✽✻✮ ♣❛r❛ ♦ ♣❛râ♠❡tr♦ c0✿

✹✶



c0 =
2, 25

[

−0, 166
(w

h

)]

(β0 − 5) + 44, 5
✭✺✳✷✾✮

c1 = −0, 00854

(

1

zv1
+

1

zv2

)

✭✺✳✸✵✮

c2 = −0, 11654

(

y1
zv1

+
y2
zv2

)

✭✺✳✸✶✮

c3 = 2, 9784

(

1

zv12
+

1

zv22

)

✭✺✳✸✷✮

c4 = −0, 00635(y1 + y2) ✭✺✳✸✸✮

c5 = 0, 00529(y1
2 + y2

2) ✭✺✳✸✹✮

✺✳✹ ❘✐❣✐❞❡③ t♦t❛❧ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦ ❤❡❧✐❝♦✐❞❛❧

❙❡❥❛ ki(X) ❛ ❢✉♥çã♦ ❞❡ r✐❣✐❞❡③ ❞❡ ✉♠ ♣❛r ❞❡ ❞❡♥t❡s ❡♥❣r❡♥❛❞♦ i ♣❛r❛ ❛ ♣♦s✐çã♦ ❞❡

❡♥❣r❡♥❛♠❡♥t♦ X✱ ❞❡ ✉♠ t♦t❛❧ N ❞❡ ❞❡♥t❡s ♥♦ ♣❧❛♥♦ ❞❡ ❛çã♦✱ ♦❜t✐❞♦s ♣❡❧♦ ❛rr❡❞♦♥❞❛♠❡♥t♦

♣❛r❛ ♦ ♣ró①✐♠♦ ✈❛❧♦r ✐♥t❡✐r♦ ♠❛✐♦r q✉❡ ❛ r❛③ã♦ ❞❡ ❝♦♥t❛t♦ t♦t❛❧ ✭N = ❝❡✐❧(ǫ)✮✳ ❈♦♠♦ ♦ ♥ú♠❡r♦

❞❡ ❡♥❣r❡♥❛♠❡♥t♦s ♥ã♦ é ✐♥t❡✐r♦✱ ❞❡❝♦rr❡ q✉❡✱ s✐♠✉❧t❛♥❡❛♠❡♥t❡✱ ❡①✐st❡♠ ♣❛r❡s ✐♥✐❝✐❛♥❞♦ ♦

❝♦♥t❛t♦ ❡ ❛ tr❛♥s♠✐ssã♦ ❞❡ ❢♦rç❛✱ ❡♥q✉❛♥t♦ ♦✉tr♦s ❡stã♦ ♥♦ ✜♠ ❞❡ss❡ ♣r♦❝❡ss♦✳ ❈❛❞❛ ♣❛r

❡♥❣r❡♥❛❞♦ i é ❞❡❢❛s❛❞♦ s❡❣✉♥❞♦Xz ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❞❡ ❛çã♦ ❡q✉✐✈❛❧❡♥t❡✳ P♦❞❡✲s❡ ♣❡♥s❛r q✉❡✱

❞❡♥tr❡ ♦s ◆ ♣❛r❡s ♣r❡s❡♥t❡s ♥♦ ♣❧❛♥♦ ❞❡ ❛çã♦✱ t♦♠❛♥❞♦✲s❡ ✉♠ ♣❛r q✉❛❧q✉❡r ❝♦♠♦ r❡❢❡rê♥❝✐❛

✭i = 0✮✱ ❛♣ós ✉♠ ❝✐❝❧♦ t♦t❛❧ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦ Xz✱ ❡ss❡ ♠❡s♠♦ ♣❛r r❡t♦r♥❛rá ❛♦ ♣❧❛♥♦ ❞❡ ❛çã♦

r❡❛❧✐③❛♥❞♦ ♦ ❝✐❝❧♦ ❞❡ ♣❛ss❛❣❡♠ r❡♣❡t✐❞❛♠❡♥t❡✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❇r❛♥❝❛t✐ ❡t ❛❧ ✭✷✵✵✺✮✱ ♦ ❞❡s❧♦❝❛♠❡♥t♦ ❞♦ ❡♥❣r❡♥❛♠❡♥t♦ X ♣♦❞❡ s❡r

✹✷



❛❞♦t❛❞♦ ❝♦♠♦ ♦ ❞❡s❧♦❝❛♠❡♥t♦ ❧✐♥❡❛r ❞♦ ♣✐♥❤ã♦✱ ❞❛❞♦ ♣♦rX = θprp✳ ❉❡ ♣♦ss❡ ❞❡ss❛ ❣r❛♥❞❡③❛✱

é ♥❡❝❡ssár✐♦ ♦❜t❡r ❛ ♣♦s✐çã♦ ❡①❛t❛ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣❛r i = 0 ♥♦ ♣❧❛♥♦ ❞❡ ❛çã♦✳ ❍❡ ✭✷✵✵✽✮

♣r♦♣ôs ✉♠❛ ❢✉♥çã♦ ❜❛s❡❛❞❛ ♥❛ ❢✉♥çã♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♠ó❞✉❧♦ ❡♥tr❡ X ❡ Xz✱ ❞❡✜♥✐❞❛ ♣❡❧❛

r❡❧❛çã♦ ❛ s❡❣✉✐r✿

♠♦❞(X,Xz) = X −Xz ✢♦♦r

(

X

Xz

)

✱ s❡ Xz 6= 0 ✭✺✳✸✺✮

◆❛ ❡q✉❛çã♦ ❛♥t❡r✐♦r✱ ❛ ♦♣❡r❛çã♦ ✢♦♦r

(

X

Xz

)

✱ ❝♦♠ ❛rr❡❞♦♥❞❛♠❡♥t♦ ♣❛r❛ ♦ ♠❡♥♦r ✈❛❧♦r

✐♥t❡✐r♦ ♣ró①✐♠♦ ❛♦ r❡s✉❧t❛❞♦ ❞❛ ❞✐✈✐sã♦✱ ❢♦r♥❡❝❡ ♦ ♥ú♠❡r♦ ❞❡ ♣❡rí♦❞♦s ❝♦♠♣❧❡t♦s ❥á r❡❛❧✐③❛❞♦s

♣❡❧♦ ♣❛r i = 0 ♣❛r❛ ♦ ❞❡s❧♦❝❛♠❡♥t♦ t♦t❛❧ X ❞♦ ♣✐♥❤ã♦✳ ❈♦♠ ✐ss♦✱ ❛ ❢✉♥çã♦ ♣r♦♣♦st❛ r❡s✉❧t❛

♥❛ ♣♦s✐çã♦ ❞♦ ♣❛r ❡♥❣r❡♥❛❞♦ r❡❢❡rê♥❝✐❛ ❛♦ ❧♦♥❣♦ ❞♦ ♣❧❛♥♦ ❞❡ ❛çã♦✳

❆ss✐♠✱ ❍❡ ✭✷✵✵✽✮ ♣r♦♣ôs ❛ ❊q✉❛çã♦ ✺✳✸✻ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞❛ r✐❣✐❞❡③ t♦t❛❧ ❞❡ ❡♥❣r❡✲

♥❛♠❡♥t♦ ❤❡❧✐❝♦✐❞❛❧ ♥✉♠❛ ❞❛❞❛ ♣♦s✐çã♦ X✳ ❖ t❡r♠♦ (N − 1 − i)Xz ❞❡ss❛ ❡q✉❛çã♦ ♣r♦♠♦✈❡

❛ ❞❡❢❛s❛❣❡♠ ❡♥tr❡ ♦s N ♣❛r❡s ❡♥❣r❡♥❛❞♦s q✉❡ r❡❛❧✐③❛♠ s✐♠✉❧t❛♥❡❛♠❡♥t❡ ❛ tr❛♥s♠✐ssã♦ ❞❡

t♦rq✉❡✿

K(X)Total =
N−1
∑

i=0

k[(N − 1− i)Xz +♠♦❞(X,Xz)] ✭✺✳✸✻✮

◆❛ ❋✐❣✉r❛ ✺✳✽ é ♠♦str❛❞❛ ❛ r✐❣✐❞❡③ t♦t❛❧ ❞♦ ❡♥❣r❡♥❛♠❡♥t♦ ❡ s✉❛s ❝♦♠♣♦♥❡♥t❡s r❡❢❡✲

r❡♥t❡s à ♣❛ss❛❣❡♠ ❞♦s ❞❡♥t❡s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❞❡ ❛çã♦✳ ❆ ♣❛rt✐r ❞❛ ❢♦r♠✉❧❛çã♦ ❞❡ ❈❛✐

✭✶✾✾✺✮✱ ❝♦♠ r❛③õ❡s ❞❡ ❝♦♥t❛t♦ ♠❡♥♦r❡s q✉❡ ✷✱ ♦✉ s❡❥❛✱ ❡♠ q✉❡ ♦❝♦rr❡♠ ♠❡♥♦s ❞❡ ✷ ♣❛r❡s

❞❡ ❞❡♥t❡s tr❛♥s♠✐t✐♥❞♦ s✐♠✉❧t❛♥❡❛♠❡♥t❡✱ é ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r ❛ ♦❝♦rrê♥❝✐❛ ❞❛ s❡♣❛r❛çã♦ ❞♦s

❞❡♥t❡s ♥❛ ❧✐♥❤❛ ❞❡ ❝♦♥t❛t♦✱ r❡s✉❧t❛♥❞♦ ♥✉♠❛ ✐rr❡❣✉❧❛r✐❞❛❞❡ ♥❛ r✐❣✐❞❡③ ❞♦ ❡♥❣r❡♥❛♠❡♥t♦✳ ❊♠

❡♥❣r❡♥❛❣❡♥s ❝♦♠ ♠❛✐♦r ❧❛r❣✉r❛ ❞❡ ❞❡♥t❡✱ ♠♦str❛❞❛s ♥❛s ❋✐❣✉r❛s ✺✳✾ ❛ ✺✳✶✸✱ ♦❝♦rr❡ ♦ ❛✉♠❡♥t♦

❞♦ ✈❛❧♦r ❞❛ r✐❣✐❞❡③ t♦t❛❧✳ ◆❡ss❡ ❝❛s♦✱ ❝♦♠ ✉♠❛ r❛③ã♦ ❞❡ ❝♦♥t❛t♦ ♠❛✐♦r q✉❡ ✷✱ ♥ã♦ ♦❝♦rr❡ ♦

❢❡♥ô♠❡♥♦ ❞❡ s❡♣❛r❛çã♦ ❞♦s ❞❡♥t❡s ❡✱ ❞❡ss❛ ♠❛♥❡✐r❛✱ ❛ r✐❣✐❞❡③ ❞♦ ♣❛r ❡♥❣r❡♥❛❞♦ s❡ ❛ss❡♠❡❧❤❛

❛ ✉♠❛ ❝✉r✈❛ s❡♥♦✐❞❛❧✳

✹✸











❋✐❣✉r❛ ✺✳✶✹✿ ❘❡♣r❡s❡♥t❛çã♦ ❞♦s ❞❡♥t❡s ❞♦ ♣❛r ❡♥❣r❡♥❛❞♦ s❡❣✉♥❞♦ ❛ ❢✉♥çã♦ ❞❡ ❜❛❝❦❧❛s❤✳

❱❛❧❡ ❛ ♣❡♥❛ r❡ss❛❧t❛r q✉❡✱ t❛❧ q✉❛❧ ♥♦ ❈❛♣ít✉❧♦ ✹✱ ❡ss❛ r❡♣r❡s❡♥t❛çã♦ t❛♠❜é♠ ♣♦ss✉✐

❛ ♣❡❝✉❧✐❛r✐❞❛❞❡ ❞❡✱ ❡♠ ❝❛s♦ ❞❡ ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s ♥✉❧❛s ✭∆x = 0✮✱ ♦ ♣❛r ❡♥❣r❡♥❛❞♦ s❡r

❝♦♥s✐❞❡r❛❞♦ s❡♠ ❝♦♥t❛t♦ ❡♥tr❡ ❛s s✉♣❡r❢í❝✐❡ ❞♦s ❞❡♥t❡s✳ P♦r ❡①❡♠♣❧♦✱ s❡ ♦ ❧✐♠✐t❡s ❞❡ tr❛♥s✐çã♦

❢♦ss❡♠ ❞❡s❧♦❝❛❞♦s ♣❛r❛ ∆x = 0 ❡ ∆x = b✱ ❝♦♠ ❛ ♠❡s♠❛ ❢♦❧❣❛ t♦t❛❧ b✱ ❡♠ ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s

♥✉❧❛s✱ ♦ ♣❛r ❡♥❣r❡♥❛❞♦ s❡r✐❛ ❝♦♥s✐❞❡r❛❞♦ ❡♠ ❝♦♥t❛t♦ ❝♦♠ ♦ ❧✐♠✐t❡ ❡sq✉❡r❞♦ ❞❛ ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡✳

◆♦✈❛♠❡♥t❡✱ ♦s ❧✐♠✐t❡s s❡rã♦ ♠❛♥t✐❞♦s s❡❣✉♥❞♦ ❛ ❊q✉❛çã♦ ✺✳✸✼ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s tr❛❜❛❧❤♦s

♣✉❜❧✐❝❛❞♦s ♥❛ ár❡❛ ✭❈❖❯❉❊❘❈ ❡t ❛❧✱ ✶✾✾✽ ❡ ❑■▼ ❡t ❛❧ ✱ ✷✵✵✶✮✳

❚❡♥❞♦ ❡♠ ✈✐st❛ ❛ r✐❣✐❞❡③ t♦t❛❧ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦ ❤❡❧✐❝♦✐❞❛❧ ✈❛r✐❛♥t❡ s❡❣✉♥❞♦ ♦ ❞❡s❧♦✲

❝❛♠❡♥t♦ ❞♦ ♣✐♥❤ã♦✱ ❛ ❢♦rç❛ ♥ã♦✲❧✐♥❡❛r ❞❡ ❝♦♥t❛t♦ é ♦❜t✐❞❛ ♣❡❧❛ ❊q✉❛çã♦ ✺✳✸✽ ❡ ❛❞q✉✐r❡ ♦

❛s♣❡❝t♦ ♦s❝✐❧❛♥t❡ ❞❛ ❋✐❣✉r❛ ✺✳✶✺✳

F (X,∆x) =



























0, s❡ −
b

2
< ∆x <

b

2

k(X)Total

(

∆x−
b

2

)

, s❡ ∆x >
b

2

k(X)Total

(

∆x+
b

2

)

, s❡ ∆x < −
b

2

✭✺✳✸✽✮

✹✽





❖s ❛✉t♦r❡s r❡❧❛t❛♠ q✉❡✱ ♣❛r❛ ✉♠❛ ❧✐♠✐t❛❞❛ ❢❛✐①❛ ❞❡ vi r❡❞✉③✐❞❛✱ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ r❡s✲

t✐t✉✐çã♦ ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ♣❡❧❛ ✈❡❧♦❝✐❞❛❞❡ ✐♥✐❝✐❛❧ ❞♦ ❝♦r♣♦ ❡ ✉♠ ♣❛râ♠❡tr♦ ❞❡♣❡♥❞❡♥t❡ ❞♦

♠❛t❡r✐❛❧ ❡ ❞❛ ❣❡♦♠❡tr✐❛ ❞❛s s✉♣❡r❢í❝✐❡s ♣ró①✐♠❛s à r❡❣✐ã♦ ❞❡ ❝♦♥t❛t♦ ✭γ✮✿

e = 1− γvi ✭✺✳✹✶✮

◆♦ tr❛❜❛❧❤♦✱ ❢♦✐ ❡❧❛❜♦r❛❞♦ ✉♠ ♠♦❞❡❧♦ ♣❛r❛ ✉♠❛ ❢♦rç❛ ❡❧ást✐❝❛ ♥ã♦✲❧✐♥❡❛r ❞♦ t✐♣♦ F =

kxn✱ ♥❛ q✉❛❧ n é ✉♠ ♣❛râ♠❡tr♦ r❡❧❛❝✐♦♥❛❞♦ ❛♦ t✐♣♦ ❞❡ ❝♦♥t❛t♦ s✐♠✉❧❛❞♦✱ s❡♥❞♦ ✐❣✉❛❧ ❛ ✶ ♦✉

✶✱✺ ♣❛r❛ ❝♦♥t❛t♦s ❡♥tr❡ ❝✐❧✐♥❞r♦s ♣❛r❛❧❡❧♦s ❡ ❡s❢❡r❛s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆♣ós ❝á❧❝✉❧♦s ♣❛r❛ ❛✈❛❧✐❛r ❛ ❡♥❡r❣✐❛ ❞✐ss✐♣❛❞❛ ❡♠ ✉♠ ❝✐❝❧♦ ❞❡ ❤✐st❡r❡s❡✱ ❢♦✐ ♦❜t✐❞♦ q✉❡

♦ ❛♠♦rt❡❝✐♠❡♥t♦ ♥ã♦✲❧✐♥❡❛r ✭c✮ é ❞❡♣❡♥❞❡♥t❡ ❞❛ ❞❡❢♦r♠❛çã♦ ❡♥tr❡ ♦s ❝♦r♣♦s ❡ ❞♦ ❝♦❡✣❝✐❡♥t❡

❞❡ r❡st✐t✉✐çã♦ ❞♦s ✐♠♣❛❝t♦s✱ ❛tr❛✈és ❞♦ ♣❛râ♠❡tr♦ γ✱ ♠♦str❛❞♦ ♥❛ ❊q✉❛çã♦ ✭✺✳✹✷✮✿

c =
3

2
γkxn ✭✺✳✹✷✮

❈♦♠ ♦ ♠♦❞❡❧♦ ♣r♦♣♦st♦✱ ❛ ✐♥❝♦♥s✐stê♥❝✐❛ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ ❑❡❧✈✐♥✲❱♦✐❣❤t ♥♦s ✐♥s✲

t❛♥t❡s ✐♥✐❝✐❛✐s ❡ ✜♥❛✐s ❞❡ ❝♦♥t❛t♦ é ❡❧✐♠✐♥❛❞❛✱ ✉♠❛ ✈❡③ q✉❡ ❛ ❢♦rç❛ ❞❡ ❝♦♥t❛t♦ é ♥✉❧❛ s❡ ❛

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

❑✐♠ ❡t ❛❧ ✭✷✵✵✺✮ ❞❡♥♦♠✐♥❛ ❡st❡ t✐♣♦ ❞❡ ❛♠♦rt❡❝✐♠❡♥t♦ ❞❡ ✐♠♣❛❝t ❞❛♠♣✐♥❣✳

F = kx(
3

2
γẋ+ 1) ✭✺✳✹✸✮

P♦r ❡①❡♠♣❧♦✱ ✉♠ ❝♦r♣♦ ❞❡ ♣r♦✈❛ ❝♦♠ ♣♦s✐çã♦ ❞❛❞❛ ♣❡❧❛ ❡①♣r❡ssã♦ x = 0, 01sen(2π10t)✱

❡♠ ♠❡tr♦s✱ ❡stá à ❞✐stâ♥❝✐❛ ❞❡ ✵✱✵✵✷✺ ♠ ❞❡ ✉♠ ❛♥t❡♣❛r♦ ✜①♦ ❝♦♠ r✐❣✐❞❡③ k = 300 ◆✴♠✳ ❊❧❡

❝♦♠♣❧❡t❛ ✉♠ ❝✐❝❧♦ ❞❡ss❛ s❡♥ó✐❞❡ ❡♥tr❛♥❞♦ ❡♠ ❝♦♥t❛t♦ ❝♦♠ ♦ ❛♥t❡♣❛r♦✱ ♦❝♦rr❡♥❞♦ ❞❡❢♦r♠❛çã♦

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

♠♦str❛❞❛ ❛ ❢♦rç❛ ❞❡ ❝♦♥t❛t♦ ❡♠ ❝❛s♦ ❞❡ ❛♠♦rt❡❝✐♠❡♥t♦ ✈✐s❝♦s♦ ♣❛r❛ ❝♦❡✜❝✐❡♥t❡s ❞❡ ✵✱✵✶ ❡

✵✱✶ ◆s✴♠✳ ◆♦ ♣♦♥t♦ ❆✱ ❞❡ ❝♦♥t❛t♦ ❡♥tr❡ ❛s s✉♣❡r❢í❝✐❡s✱ é ♠❛✐s ♥ít✐❞♦ ♣❛r❛ ♦ ♠❛✐♦r ✈❛❧♦r ❞❡

❛♠♦rt❡❝✐♠❡♥t♦ ❛ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡ ♥❛ ❢♦rç❛ ❡♠ s❡♥t✐❞♦ ♦♣♦st♦ ❛♦ ♠♦✈✐♠❡♥t♦ ❞❡ ❥✉♥çã♦ ❞❛s

s✉♣❡r❢í❝✐❡s ❡✱ ❡♠ ❇✱ ♥❛ s❡♣❛r❛çã♦ ❞♦s ❝♦r♣♦s✱ ❛ ❢♦rç❛ ❛t✉❛ ✐♠♣❡❞✐♥❞♦ ❡ss❡ ♠♦✈✐♠❡♥t♦✳

❈♦♠ ♦ ♠♦❞❡❧♦ ❞❡ ✐♠♣❛❝t♦ ♣r♦♣♦st♦ ♣♦r ❍✉♥t ❡t ❛❧ ✭✶✾✼✺✮✱ ♥❛ ❋✐❣✉r❛ ✺✳✶✼✱ ♦ ♣♦♥t♦

❞❡ ❝♦♥t❛t♦ ❞❛ s✉♣❡r❢í❝✐❡s ❈ ♥ã♦ ♣♦ss✉✐ ❡ss❛ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡✱ ♥♦ ❝♦♥t❛t♦ ❡ ♥❛ s❡♣❛r❛çã♦ ❞♦s

✺✵





✺✳✻ ❚♦rq✉❡ ❞❡ ❛rr❛st❡ ❡♥tr❡ ❡♥❣r❡♥❛❣❡♠ ❡ ❡✐①♦

❆ ❢♦rç❛ ❞❡ ❛rr❛st❡ ❞r❛❣ ❢♦r❝❡ r❡s✉❧t❛♥t❡ ❞♦ ✜❧♠❡ ❞❡ ó❧❡♦ ❡♥tr❡ ❛ ❡♥❣r❡♥❛❣❡♠ ❡ ♦ ❡✐①♦

♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞❛✱ ♣❛r❛ ♦ ❝❛s♦ ❞❡ r❛tt❧❡ ❡♠ ♠❛r❝❤❛ ❧❡♥t❛✱ s❡❣✉♥❞♦ ❛ ❊q✉❛çã♦ ✺✳✹✹✿

Fd =
η0Acvg
b0

✭✺✳✹✹✮

◆❡ss❛ ❡①♣r❡ssã♦ ❛♣r❡s❡♥t❛❞❛ ✭❍❆▼❘❖❈❑✱ ✷✵✵✹✮✱ η0 é ❛ ✈✐s❝♦s✐❞❛❞❡ ❞✐♥â♠✐❝❛ ❞♦ ❧✉❜r✐✲

✜❝❛♥t❡ ❛ ♣r❡ssã♦ ❛t♠♦s❢ér✐❝❛✱ Ac é ❛ ár❡❛ ❞❡ ❝♦♥t❛t♦✱ bo é ❛ ❡s♣❡ss✉r❛ ❞♦ ✜❧♠❡ ❞❡ ó❧❡♦ ❡ vg é ❛

✈❡❧♦❝✐❞❛❞❡ ❧✐♥❡❛r ❞❛ ❡♥❣r❡♥❛❣❡♠✳ ❆ ár❡❛ ❞❡ ❝♦♥t❛t♦ é ❞❛❞❛ ♣♦r Ac = 2πrsw ✱ s❡♥❞♦ rs ♦ r❛✐♦

❞♦ ❡✐①♦ ❡ w ❛ ❡s♣❡ss✉r❛ ❞❛ ❡♥❣r❡♥❛❣❡♠✳ ❊ss❡ ❡q✉❛❝✐♦♥❛♠❡♥t♦ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ❛ss✉♠✐♥❞♦

q✉❡ ❛ ❡♥❣r❡♥❛❣❡♠ ❡stá s✉❜♠❡t✐❞❛ ❛ ❜❛✐①♦s ❡s❢♦rç♦s✱ ♦ ❡s❝♦❛♠❡♥t♦ ❞♦ ✢✉✐❞♦ ❡♥tr❡ ❛s s✉♣❡r❢í✲

❝✐❡s é ❧❛♠✐♥❛r✱ ❛ ❡①❝❡♥tr✐❝✐❞❛❞❡ r❡❧❛t✐✈❛ ❡♥tr❡ ♦ ❡✐①♦ ❡ ❛ ❡♥❣r❡♥❛❣❡♠ é ❞❡s♣r❡③í✈❡❧✱ ♦ ✜❧♠❡ ❞❡

ó❧❡♦ ♣♦ss✉✐ ❡s♣❡ss✉r❛ ❝♦♥st❛♥t❡ ❡ ❛ ❡s♣❡ss✉r❛ ❞♦ ✜❧♠❡ é ♠✉✐t♦ ♣❡q✉❡♥❛ ❡♠ ❝♦♠♣❛r❛çã♦ ❛♦

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

✺✷



✻ ❙■▼❯▲❆➬Õ❊❙ ❉❖ ❙■❙❚❊▼❆ ▲■◆❊❆❘■❩❆❉❖

◆❡st❡ ❝❛♣ít✉❧♦✱ ✐♥✐❝✐❛❧♠❡♥t❡✱ é ❛♥❛❧✐s❛❞♦ ✉♠ ♠♦❞❡❧♦ ❝♦♠ três ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❞♦ tr❡♠

❞❡ ♣♦tê♥❝✐❛ s✐♠♣❧✐✜❝❛❞♦✱ ❛ ✜♠ ❞❡ ✐❞❡♥t✐✜❝❛r s✉❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s s❡❣✉♥❞♦ ♠♦❞♦s

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

❡♠ ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ é ❛♥❛❧✐s❛❞❛✱ ✈✐s❛♥❞♦ ❝♦♠♣r❡❡♥❞❡r q✉❛❧ ❛ r❡❧❡✈â♥❝✐❛ ❞❛ ✐♥ér❝✐❛

❡ r✐❣✐❞❡③ ❞♦s s❡✉s ❡❧❡♠❡♥t♦s✳ ❖ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ❝♦♥❥✉♥t♦ ✈♦❧❛♥t❡✲❝✉❜♦✲❡✐①♦ ♣r✐♠ár✐♦ é

❞❡t❛❧❤❛❞♦ ♣❛r❛ s✉❜s❡q✉❡♥t❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s ♥ã♦✲❧✐♥❡❛r❡s✳ ❊♠ s❡❣✉✐❞❛✱ é

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

❝♦♥t❡♥❞♦ ❡❧❡♠❡♥t♦s ❧✐♥❡❛r❡s ❞❡ r✐❣✐❞❡③ ❧✐❣❛♥❞♦✲❛s ❛♦ ❡✐①♦ ♣r✐♠ár✐♦✳ ❈♦♠ ❛ ♠♦❞❡❧❛❣❡♠ ❞♦

❞r✐✈❡ ✜♥❛❧ ❞♦ ✈❡í❝✉❧♦ ✭❞✐❢❡r❡♥❝✐❛❧✰r♦❞❛s✮✱ é ♣♦ssí✈❡❧ ❛ r❡♣r❡s❡♥t❛çã♦ ♠❛✐s ❝♦♠♣❧❡①❛ ❞♦ s✐st❡♠❛

❡♠ tr❛çã♦✳ ◆❡ss❡ ❝❛s♦✱ ♦ ♠♦❞❡❧♦ ❡♠ ♣♦♥t♦ ♠♦rt♦ é ❧✐❣❛❞♦ ❛♦ ❞r✐✈❡ ✜♥❛❧✱ ♣❡r♠✐t✐♥❞♦ ❛✈❡r✐❣✉❛r

❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ♠❛✐s ♣❛râ♠❡tr♦s ❞♦ s✐st❡♠❛✱ t❛✐s ❝♦♠♦ ♦ ❞✐s❝♦ ❞❡ ❡♠❜r❡❛❣❡♠✳ ❈♦♠ ❛❧t❡r❛çõ❡s

♥❛s ❣r❛♥❞❡③❛s ❞❡ ✐♥ér❝✐❛ ❡ r✐❣✐❞❡③ ❡♠♣r❡❣❛❞❛s✱ é ✈❡r✐✜❝❛❞❛ ♥♦s ♠♦❞♦s ❡ ❢r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s

❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ✈♦❧❛♥t❡ ❞✉♣❧❛✲♠❛ss❛✳

✻✳✶ ▼♦❞❡❧♦ ❙✐♠♣❧✐✜❝❛❞♦ ❝♦♠ ✸ ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡

❯♠ s✐st❡♠❛ r❡❛❧ ❞❡ ♣♦✇❡rtr❛✐♥ ✭❋✐❣✉r❛ ✻✳✶✮✱ tr❛çã♦ ❞✐❛♥t❡✐r❛✱ ♣♦❞❡ s❡r r❡❞✉③✐❞♦ ❛ ✉♠

❝♦♠ ✸ ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ✭❋✐❣✉r❛ ✻✳✷✮✳

✺✸





❆ ❡①❝✐t❛çã♦ ❞♦ ♠♦t♦r Tm é ❛♣❧✐❝❛❞❛ ❛♦ ✈♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛✱ q✉❡ é ❝♦♥❡❝t❛❞♦ ♣❡❧❛ r✐❣✐❞❡③

❞❛ ❡♠❜r❡❛❣❡♠ kc ✁❞♦ ❡stá❣✐♦ ❞❡ tr❛çã♦ ❛♦s ❝♦♠♣♦♥❡♥t❡s ❞❛ tr❛♥s♠✐ssã♦ ❡ ❞♦ ❞✐❢❡r❡♥❝✐❛❧

r❡❞✉③✐❞♦s ❛ ✉♠ ❣r❛✉ ❞❡ ❧✐❜❡r❞❛❞❡ ♣❡❧❛ ✐♠♣♦s✐çã♦ ❞❡ r❡str✐çõ❡s ❞❡ ❞❡s❧♦❝❛♠❡♥t♦ ♥♦s s❡✉s

❡♥❣r❡♥❛♠❡♥t♦s✳ ❖s r❛✐♦s rgp ❡ rgc ❡st❛❜❡❧❡❝❡♠ ❛ r❡❧❛çã♦ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦ à ♠❛r❝❤❛ s❡❧❡❝✐♦✲

♥❛❞❛✱ ❡♥q✉❛♥t♦ q✉❡ rdp ❡ rdc r❡♣r❡s❡♥t❛♠ ❛s ❞✐♠❡♥sõ❡s ❞♦ ♣❛r ♣✐♥❤ã♦✲❝♦r♦❛ ❞♦ ❞✐❢❡r❡♥❝✐❛❧✳

◆❡ss❡ ❝❛s♦✱ ❛ ✢❡①✐❜✐❧✐❞❛❞❡ ❞♦s ❞❡♥t❡s ❡♥❣r❡♥❛❞♦s ❡ ❡✐①♦s ❞❛ tr❛♥s♠✐ssã♦ sã♦ ❞❡s♣r❡③❛❞♦s✱

❛ss✐♠ ❝♦♠♦ ♦s ♣❛r❡s ❡♥❣r❡♥❛❞♦s ♥ã♦ s♦❧✐❝✐t❛❞♦s✳ ❆ r✐❣✐❞❡③ ❞♦s s❡♠✐❡✐①♦s ks ❧✐❣❛ ♦ ❝♦♥❥✉♥t♦

tr❛♥s♠✐ssã♦✴❞✐❢❡r❡♥❝✐❛❧ às r♦❞❛s✱ r❡❞✉③✐❞♦s ❛ ✉♠ ❣r❛✉ ❞❡ ❧✐❜❡r❞❛❞❡ ❝♦♠ ❛ ✐♠♣♦s✐çã♦ ❞❡ q✉❡

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

✐♥ér❝✐❛ t♦t❛❧ ❞♦ ✈❡í❝✉❧♦✳ ❊ss❛ ❛❜♦r❞❛❣❡♠ ✈✐s❛ ♣r❡✈❡r ❝❛r❛❝t❡ríst✐❝❛s ❞♦ s✐st❡♠❛ ❝♦♠ ♦ ♠í✲

♥✐♠♦ ❞❡ ❞❛❞♦s✱ ♣♦✐s ♣❛râ♠❡tr♦s ❢ís✐❝♦s r❡❛✐s ❞♦ s✐st❡♠❛ ✱ t❛✐s ❝♦♠♦ ✐♥ér❝✐❛ ❡ r✐❣✐❞❡③ ♥ã♦ sã♦

❢❛❝✐❧♠❡♥t❡ ♦❜t✐❞♦s✳ ◆❛s ♠❛tr✐③❡s ❞❡ ✐♥ér❝✐❛ ❡ r✐❣✐❞❡③✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❞❛❞❛s ♣❡❧❛s ❊q✉❛çõ❡s

✻✳✶ ❡ ✻✳✷✱ ♦s r❛✐♦s ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s ♣♦❞❡♠ s❡r s✉❜st✐t✉í❞♦s ♣❡❧❛s r❡❧❛çõ❡s ❞❡ ❡♥❣r❡♥❛♠❡♥t♦✱

❢♦r♥❡❝✐❞❛s ♥♦s ♠❛♥✉❛✐s ❞❡ ✈❡í❝✉❧♦s✳ P❛r❛ ❛ ❛❧t❡r❛çã♦ ❞❛ ♠❛r❝❤❛ s❡❧❡❝✐♦♥❛❞❛✱ ❢♦r❛♠ ❛❧t❡r❛❞❛s

❛s r❡❧❛çõ❡s ❡♥tr❡ ♦s r❛✐♦s rgp ❡ rgc ❡ ❛ ✐♥ér❝✐❛ ❞❛ ❡♥❣r❡♥❛❣❡♠ s❡❧❡❝✐♦♥❛❞❛ Ig✳

[J ] =













IF 0 0

0

(

IT + Ig

(

rgp
rgc

)2

+ Idc

(

rgp
rgc

rdp
rdc

)2
)

0

0 0 2Iw













✭✻✳✶✮

[K] =















kc −kc 0

−kc

(

kc + 2ks

(

rgp
rgc

rdp
rdc

)2
)

−2ks

(

rgp
rgc

rdp
rdc

)

0 −2ks

(

rgp
rgc

rdp
rdc

)

−2ks















✭✻✳✷✮

✺✺









♠❡s♠♦ ♠♦❞❡❧♦ tr❡♠ ❞❡ ♣♦tê♥❝✐❛✱ ❝✉❥♦ ❝♦♥t❡ú❞♦ ❤❛r♠ô♥✐❝♦ ❞❛ ❡①❝✐t❛çã♦ ❢♦✐ ❛❧t❡r❛❞♦✱ ❤♦✉✈❡

❞✐❢❡r❡♥ç❛ ❞❡ 1105, 1 − 736, 7 = 368, 4 r♣♠ ♥❛ ❢❛✐①❛ ❡①❝✐t❛çã♦ ❞♦ ♠♦❞♦ ❧✐♥❡❛r✐③❛❞♦ ❞❡ r❛tt❧❡✳

❯♠❛ ❝♦♥s❡q✉ê♥❝✐❛ ❞❡ss❡ r❡s✉❧t❛❞♦✱ ♣❡♥s❛♥❞♦ ♥✉♠ t❡st❡ ✈❡✐❝✉❧❛r r❡❛❧ ❡♠ q✉❡ ❛ r♦t❛çã♦ ❞♦

♠♦t♦r é ❛✉♠❡♥t❛❞❛ ❛ ♣❛rt✐r ❞❛ r♦t❛çã♦ ♠í♥✐♠❛ ❡♠ ♠❛r❝❤❛ ❧❡♥t❛ ❛té ♦ ♠á①✐♠♦ ♣❡r♠✐t✐❞♦

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

♣❡r♠❛♥❡❝❡r✐❛ ♠❡♥♦s t❡♠♣♦ ❡①❝✐t❛♥❞♦ ♦ ♠♦❞♦ ❧✐♥❡❛r✐③❛❞♦ ❞❡ r❛tt❧❡✳ P♦rt❛♥t♦✱ ✉♠ ♠❡s♠♦

s✐st❡♠❛ ❞❡ ♣♦✇❡rtr❛✐♥ ♣♦❞❡ ❛♣r❡s❡♥t❛r ♦ ❢❡♥ô♠❡♥♦ ❞❡ r❛tt❧❡ ❡♠ ❢❛✐①❛s ❞❡ r♦t❛çã♦ ❞✐st✐♥t❛s

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❝♦♥t❡ú❞♦ ❡s♣❡❝tr❛❧ ❞♦ t♦rq✉❡ ❛♦ q✉❛❧ é s✉❜♠❡t✐❞♦✳

✻✳✶ ❋r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s ① ♠❛r❝❤❛ s❡❧❡❝✐♦♥❛❞❛

❈♦♠ ❛ ❛❧t❡r❛çã♦ ❞❛ ♠❛r❝❤❛✱ ❞❡ ♣r✐♠❡✐r❛ ❛té ❛ q✉✐♥t❛✱ ❛ r❡❧❛çã♦
rgp
rgc

❛✉♠❡♥t❛✿

❚❛❜❡❧❛ ✻✳✶✿ ❘❡❧❛çõ❡s ❞❡ ❡♥❣r❡♥❛♠❡♥t♦ ❞❡ ♣r✐♠❡✐r❛ à q✉✐♥t❛ ♠❛r❝❤❛✳

▼❛r❝❤❛
rgp
rgc

✶ ✵✱✷✻✽✸

✷ ✵✱✺✶✵✷

✸ ✵✱✻✹✺✽

✹ ✶✱✵✺✼✷

✺ ✶✱✸✷✷✻

❖ ❡♥❣r❡♥❛♠❡♥t♦ ❞♦ ❞✐❢❡r❡♥❝✐❛❧ é ♠❛♥t✐❞♦ ❝♦♥st❛♥t❡ ❝♦♠
rdc
rdp

= 4, 19✳ ❆ s❡❣✉♥❞❛ ❡ t❡r✲

❝❡✐r❛ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧ ❞♦ ♠♦❞❡❧♦ ♣♦ss✉❡♠ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞✉❛❧ ✭❚❛❜❡❧❛ ✻✳✷✮✿ ❡♥q✉❛♥t♦

❛ ❢r❡q✉ê♥❝✐❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦ r❛tt❧❡ é r❡❞✉③✐❞❛ ❝♦♠ ❛ tr♦❝❛ ♣❛r❛ ✉♠❛ ♠❛r❝❤❛ ❝♦♠ r❡❧❛çã♦ ❞❡

❡♥❣r❡♥❛♠❡♥t♦ ♠❛✐♦r✱ ❛ r❡❢❡r❡♥t❡ ❛♦ s❤✉✤❡ é ❛✉♠❡♥t❛❞❛ ❡♥tr❡ ✸✱✷✽ ❡ ✽✱✺✹✾ ❍③✱ ✉♠❛ ❞✐❢❡r❡♥ç❛

❞❡ ✺✱✷✻✾ ❍③✳

◆❛ ❚❛❜❡❧❛ ✻✳✸ ♣♦❞❡ s❡r ❝♦♥st❛t❛❞♦ q✉❡✱ ❛♣❡s❛r ❞❛ r❡❞✉çã♦ ❞❛ t❡r❝❡✐r❛ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧

❞❡ 73, 672 ❍③ ❡♠ ♣r✐♠❡✐r❛ ♠❛r❝❤❛✱ ♣❛r❛ 68, 026 ❍③ ❡♠ q✉✐♥t❛ ♠❛r❝❤❛ ✭❞✐♠✐♥✉✐çã♦ ❞❡ ✺✱✻✹✻

❍③✮✱ ❛ r❡❣✐ã♦ ❞❡ ❡①❝✐t❛çã♦ ❞❡ss❡ ♠♦❞♦ ♣❡❧❛ s❡❣✉♥❞❛ ❡ q✉❛rt❛ ♦r❞❡♠ ♣❡r♠❛♥❡❝❡ ♥❛ ❢❛✐①❛ ❡♥tr❡

✶✵✵✵ ❡ ✷✷✵✵ r♣♠✳

✺✾



❚❛❜❡❧❛ ✻✳✷✿ ❊①❝✐t❛çã♦ ❞♦ t❡r❝❡✐r♦ ♠♦❞♦ ♣❡❧❛ t❡r❝❡✐r❛ ❡ q✉❛rt❛ ♦r❞❡♠ ♥♦ ♠♦❞❡❧♦ ❧✐♥❡❛r
s✐♠♣❧✐✜❝❛❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♠❛r❝❤❛ s❡❧❡❝✐♦♥❛❞❛✳

▼❛r❝❤❛ ❙❡❣✉♥❞❛ ❋r❡q✉ê♥❝✐❛ ◆❛t✉r❛❧ ✭❍③✮ ❚❡r❝❡✐r❛ ❋r❡q✉ê♥❝✐❛ ◆❛t✉r❛❧ ✭❍③✮
✶ ✸✱✷✽✵ ✼✸✱✻✼✷
✷ ✹✱✽✼✽ ✼✷✱✶✶✺
✸ ✺✱✼✶✹ ✼✶✱✶✹✹
✹ ✼✱✻✽✼ ✻✽✱✼✹✷
✺ ✽✱✺✹✾ ✻✽✱✵✷✻

❚❛❜❡❧❛ ✻✳✸✿ ❘♦t❛çõ❡s ❞♦ ♠♦t♦r ♣❛r❛ ❛ ❡①❝✐t❛çã♦ ❞♦ t❡r❝❡✐r♦ ♠♦❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♠❛r❝❤❛
s❡❧❡❝✐♦♥❛❞❛✳

▼❛r❝❤❛ ❈r✉③❛♠❡♥t♦ q✉❛rt❛ ♦r❞❡♠ ✭r♣♠✮ ❈r✉③❛♠❡♥t♦ s❡❣✉♥❞❛ ♦r❞❡♠ ✭r♣♠✮
✶ ✶✶✵✺✱✶ ✷✷✶✵✱✷
✷ ✶✵✽✶✱✼ ✷✶✻✸✱✹
✸ ✶✵✻✼✱✷ ✷✶✸✹✱✸
✹ ✶✵✸✶✱✶ ✷✵✻✷✱✷
✺ ✶✵✷✵✱✹ ✷✵✹✵✱✽

✻✳✷ ❆♥á❧✐s❡ ❞❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦s ❛✉t♦✈❛❧♦r❡s

◆❡ss❛ s❡çã♦✱ ❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ❛❧t❡r❛çõ❡s ❡♠ ♣r♦♣r✐❡❞❛❞❡s ✐♥❡r❝✐❛✐s ✭✈♦❧❛♥t❡✱ tr❛♥s♠✐ssã♦

❡ ✈❡í❝✉❧♦✮ ♦✉ ❞❡ r✐❣✐❞❡③ ✭❡♠❜r❡❛❣❡♠✱ s❡♠✐❡✐①♦s✮ ❞♦ ♠♦❞❡❧♦ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ♣❛r❛ ✈❡r✐✜❝❛r

q✉❛❧ ♦ ❡❢❡✐t♦ ♥♦ ❞❡s❧♦❝❛♠❡♥t♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧ ❞❡ r❛tt❧❡ ❡♠ tr❛çã♦✳ ❆s ♠♦❞✐✜❝❛çõ❡s

r❡❛❧✐③❛❞❛s ♥ã♦ ❛♣r❡s❡♥t❛r❛♠ s✐❣♥✐✜❝❛t✐✈❛ ♠✉❞❛♥ç❛ ♥❛ ❢♦r♠❛ ♠♦❞❛❧ ♠♦str❛❞❛ ❛♥t❡r✐♦r♠❡♥t❡

♣❡❧❛s ❋✐❣✉r❛s ✻✳✸ ❡ ✻✳✹✳

✻✳✷ ▼♦❞✐✜❝❛çõ❡s ❡♠ ❡❧❡♠❡♥t♦s ✐♥❡r❝✐❛✐s

◆❛s ❋✐❣✉r❛s ✻✳✼ ❡ ✻✳✽ é ♦❜s❡r✈❛❞♦ q✉❡ ♦ ❛✉♠❡♥t♦ ❞❛ ✐♥ér❝✐❛ ❞♦ ✈♦❧❛♥t❡ ♦❝❛s✐♦♥♦✉ ❛

r❡❞✉çã♦ ❞❛ s❡❣✉♥❞❛ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧✱ s❡♥❞♦ q✉❡ ❛s ♠❛✐♦r❡s ❛❧t❡r❛çõ❡s ♦❝♦rr❡r❛♠ ♣❛r❛ ♦

s✐st❡♠❛ ❡♠ q✉✐♥t❛ ♠❛r❝❤❛✳ ❈♦♠ r❡❧❛çã♦ à t❡r❝❡✐r❛ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧✱ ♦ s✐st❡♠❛ ❡♠ ♣r✐♠❡✐r❛

♠❛r❝❤❛ t❡✈❡ ❛s ♠❛✐♦r❡s ❛❧t❡r❛çõ❡s✱ ♣♦ré♠ s❡♠ q✉❡ ❤♦✉✈❡ss❡ ❞✐♠✐♥✉✐çã♦ ♣❛r❛ ✈❛❧♦r❡s ♣ró①✐♠♦s

❞❡ ✼✵ ❍③✳

✻✵

















❚❛❜❡❧❛ ✻✳✹✿ ❋r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s ❞♦ ♠♦❞❡❧♦ ❡♠ ♣♦♥t♦ ♠♦rt♦✳

▼♦❞♦ ❋r❡q✉ê♥❝✐❛ ◆❛t✉r❛❧ ✭❍③✮
✶ ✵
✷ ✺✱✹✷✽
✸ ✹✼✽✱✵✵✵
✹ ✸✶✷✾✱✾✹✼
✺ ✸✻✼✵✱✺✷✼
✻ ✸✾✹✹✱✻✶✽
✼ ✹✶✽✼✱✹✹✹
✽ ✻✹✷✹✱✹✹✸

❈♦♠♣❛r❛♥❞♦ ❛s ❢r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s ❞♦ s✐st❡♠❛ ❧✐♥❡❛r✐③❛❞♦ ❝♦♠ ♦ ❝♦♥t❡ú❞♦ ❤❛r♠ô♥✐❝♦

❞❡ ✉♠ ✈❡í❝✉❧♦ ❝♦♠ ♠♦t♦r ✹ ❝✐❧✐♥❞r♦s ✭❚❛❜❡❧❛ ✻✳✺✮✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ♦ s✐st❡♠❛ ♥ã♦

♣♦ss✉✐ ❢r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s s❡♥❞♦ ❡①❝✐t❛❞❛s ♥❛ ❢❛✐①❛ ❞❡ r♦t❛çã♦ ❞♦ ♠♦t♦r ❡♠ ♠❛r❝❤❛ ❧❡♥t❛

q✉❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ✈❡í❝✉❧♦ ❡st✉❞❛❞♦✱ ❡stá s✐t✉❛❞❛ ❡♥tr❡ ✼✺✵ ❡ ✽✵✵ r♣♠✳ ❆ ❢r❡q✉ê♥❝✐❛

♥❛t✉r❛❧ ❞❡ 5, 428 ❍③ é ♠❡♥♦r q✉❡ ❛ ♣r✐♠❡✐r❛ ♦r❞❡♠ ✭✶✷✱✺ ❛ ✶✸✱✸ ❍③✮ ❡ ❛s ❞❡♠❛✐s sã♦ ♠❛✐♦r❡s

q✉❡ ♦ ❝♦♥t❡ú❞♦ ❞❡ q✉❛rt❛ ♦r❞❡♠ ✭✺✵ ❛ ✺✸✱✷ ❍③✮✳ P♦rt❛♥t♦✱ ♥❡st❛ ❝♦♥❞✐çã♦✱ ♦ ❢❡♥ô♠❡♥♦ ❞❡

✐❞❧❡ r❛tt❧❡ ♥ã♦ ❡stá ❧✐❣❛❞♦ ❛ ✉♠❛ ❝♦♥❞✐çã♦ ❞❡ r❡ss♦♥â♥❝✐❛ ❞♦ s✐st❡♠❛ ❧✐♥❡❛r✐③❛❞♦✱ ❡①✐st✐♥❞♦

❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❛❥✉st❛r ❛ tr❛♥s♠✐ss✐❜✐❧✐❞❛❞❡ ❞❛s ♦s❝✐❧❛çõ❡s ❞♦ t♦rq✉❡ ❞♦ ♠♦t♦r ♣❛r❛ ♦ ❡✐①♦

♣r✐♠ár✐♦ ❞❛ tr❛♥s♠✐ssã♦✳

❚❛❜❡❧❛ ✻✳✺✿ ❋r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s ❞♦ ♠♦❞❡❧♦ ❡♠ ♣♦♥t♦ ♠♦rt♦✳

❘♦t❛çã♦ ♠❛r❝❤❛ ❧❡♥t❛ ❖r❞❡♠ ✶ ❖r❞❡♠ ✷ ❖r❞❡♠ ✹
r♣♠ ✼✺✵✲✽✵✵ ✶✺✵✵✲✶✻✵✵ ✸✵✵✵✲✸✷✵✵
❍③ ✶✷✱✺✲✶✸✱✸ ✷✺✲✷✻✱✻ ✺✵✲✺✸✱✷

❇♦③❝❛ ✭✷✵✶✵✮ ❛✜r♠❛ q✉❡ ❛ ❛❝❡❧❡r❛çã♦ ♥♦s ❝♦♠♣♦♥❡♥t❡s ❞❛ tr❛♥s♠✐ssã♦ ✐♥✢✉❡♠ ♥♦ ❢❡♥ô✲

♠❡♥♦ ❞❡ r❛tt❧❡✳ ❉✐❛♥t❡ ❞✐ss♦✱ ♦ s✐st❡♠❛ ❡♠ ♣♦♥t♦ ♠♦rt♦ ❢♦✐ ❡①❝✐t❛❞♦ ❝♦♠ ✉♠ t♦rq✉❡ ❞❡ ✵✱✺

◆♠ ♥♦ ✈♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛ ❝♦♠ ❢r❡q✉ê♥❝✐❛s ❡♥tr❡ ✷✵ ❡ ✷✻✱✻ ❍③✱ r❡❢❡r❡♥t❡s à s❡❣✉♥❞❛ ♦r❞❡♠

♣❛r❛ r♦t❛çõ❡s ❡♠ ♣♦♥t♦ ♠♦rt♦ ❡♥tr❡ ✻✵✵ ❡ ✽✵✵ r♣♠✳ ❖ ♠ó❞✉❧♦ ❞❛ r❡s♣♦st❛ ❡♠ ❛❝❡❧❡r❛çã♦

❞♦s ❡♥❣r❡♥❛♠❡♥t♦s✱ ♣❛r❛ ✉♠❛ r✐❣✐❞❡③ ❞❡ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ❞❡ ✈❛❧♦r kc = 0, 12 ◆♠✴♦✱ ❡♠

t❡r♠♦s r❡❧❛t✐✈♦s ❡♥tr❡ ❡♥❣r❡♥❛❣❡♠ ❡ ❡✐①♦ ♣r✐♠ár✐♦✱ é ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✶✾✱ s❡♥❞♦ ♥♦tá✈❡❧

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

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

❡ss❛ ♦r❞❡♠✳

❉❡♥tr❡ ♦s ♣❛r❡s ❡♥❣r❡♥❛❞♦s s✐♠✉❧❛❞♦s ♦s ❡♥❣r❡♥❛♠❡♥t♦s ❞❛ q✉❛rt❛ ❡ q✉✐♥t❛ ♠❛r❝❤❛

sã♦ ♦s q✉❡ ♣♦ss✉❡♠ ♠❡♥♦r ✐♥ér❝✐❛✱ t❡♥❞♦ r✐❣✐❞❡③ ❞❡ ❞❡♥t❡ ❞❡ ♠❡s♠❛ ♦r❞❡♠ ❞❡ ❣r❛♥❞❡③❛ ❞♦s

✻✽









❖ s✐❣♥✐✜❝❛❞♦ ❢ís✐❝♦ ❞❡ ❝❛❞❛ ❡❧❡♠❡♥t♦ ❞♦ ✈❡t♦r ❞❡ ❡st❛❞♦s é ♠♦str❛❞♦ s❡❣✉♥❞♦ ❛ ❚❛❜❡❧❛

✻✳✻✿

❚❛❜❡❧❛ ✻✳✻✿ ●r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❞♦ s✐st❡♠❛ ❝♦♠ ♠❛r❝❤❛ ❡♥❣❛t❛❞❛ ❡ s❡✉ s✐❣♥✐✜❝❛❞♦ ❢ís✐❝♦✳

●r❛✉ ❞❡ ❧✐❜❡r❞❛❞❡ ❉❡s❝r✐çã♦ ❢ís✐❝❛

θ1 ❱♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛

θ2 ❈✉❜♦ ❞❛ ❡♠❜r❡❛❣❡♠

θ3 ❊✐①♦ ♣r✐♠ár✐♦

θ4 ❊♥❣r❡♥❛❣❡♠ ♠❛r❝❤❛ ✶

θ5 ❊♥❣r❡♥❛❣❡♠ ♠❛r❝❤❛ ✷

θ6 ❊♥❣r❡♥❛❣❡♠ ♠❛r❝❤❛ ✸

θ7 ❊♥❣r❡♥❛❣❡♠ ♠❛r❝❤❛ ✹

θ8 ❊♥❣r❡♥❛❣❡♠ ♠❛r❝❤❛ ✺

θ9 P✐♥❤ã♦ ❞♦ ❞✐❢❡r❡♥❝✐❛❧

θ10 ❱❡í❝✉❧♦

❆ ♠❛tr✐③ q✉❡ ❧✐❣❛ ♦s s✉❜s✐st❡♠❛s [Klinkn ] é ❢♦r♠❛❞❛ ♣♦r ✈❡t♦r❡s ❞❡ ❑r♦❡♥❡❝❦❡r✱ ✐♥❞✐✲

❝❛t✐✈♦s ❞❡ q✉❛❧ ♠❛r❝❤❛ s❡rá s♦❧✐❞ár✐❛ ❛♦ ❡✐①♦ ❞❡ s❛í❞❛✱ s❡♥❞♦ ❝♦♥❡❝t❛❞❛ ❛♦ ❞✐❢❡r❡♥❝✐❛❧ ♣❡❧♦

r✐❣✐❞❡③ kout✱ ♠♦str❛❞❛ ♣❡❧❛ ❊q✉❛çã♦ ✻✳✻✿

Klinkn = koutvlinkn
Tvlinkn ✭✻✳✻✮

❖s ✈❡t♦r❡s vlinkn ✱ q✉❡ ❢♦r♠❛♠ ❛ ♠❛tr✐③ ❞❡ ❧✐❣❛çã♦✱ sã♦ ♦❜t✐❞♦s✱ ♣❛r❛ r❡♣r❡s❡♥t❛çõ❡s ❞❡

♣r✐♠❡✐r❛ à q✉✐♥t❛ ♠❛r❝❤❛✱ ♣❡❧❛s ❊q✉❛çõ❡s ✻✳✼ ❛ ✻✳✶✶✿

vlink1
T =

[

0 0 0 1 0 0 0 0 −1 0
]T

✭✻✳✼✮

vlink2
T =

[

0 0 0 0 1 0 0 0 −1 0
]T

✭✻✳✽✮

vlink3
T =

[

0 0 0 0 0 1 0 0 −1 0
]T

✭✻✳✾✮

vlink4
T =

[

0 0 0 0 0 0 1 0 −1 0
]T

✭✻✳✶✵✮

vlink5
T =

[

0 0 0 0 0 0 0 1 −1 0
]T

✭✻✳✶✶✮

✼✷





❚❛❜❡❧❛ ✻✳✼✿ ❙❡❣✉♥❞❛ ❡ t❡r❝❡✐r❛ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧ ❞♦ ♠♦❞❡❧♦ ♠❛✐s ❞❡t❛❧❤❛❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠
❛ ♠❛r❝❤❛ s❡❧❡❝✐♦♥❛❞❛✳

▼❛r❝❤❛ ❙❡❣✉♥❞❛ ❋r❡q✉ê♥❝✐❛ ◆❛t✉r❛❧ ✭❍③✮ ❚❡r❝❡✐r❛ ❋r❡q✉ê♥❝✐❛ ◆❛t✉r❛❧ ✭❍③✮
✶ ✸✱✷✺✼ ✻✻✱✶✶✺
✷ ✹✱✽✷✸ ✻✻✱✵✶✾
✸ ✺✱✻✸✼ ✻✺✱✾✺✸
✹ ✼✱✺✷✾ ✻✺✱✼✻✵
✺ ✽✱✸✹✵ ✻✺✱✻✺✾

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

❡♥tr❡ ✾✾✵ ❡ ✶✾✼✵ r♣♠✿

❚❛❜❡❧❛ ✻✳✽✿ ❘♦t❛çõ❡s ❞♦ ♠♦t♦r ♣❛r❛ ❛ ❡①❝✐t❛çã♦ ❞♦ t❡r❝❡✐r♦ ♠♦❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♠❛r❝❤❛
s❡❧❡❝✐♦♥❛❞❛ ♣❛r❛ ♦ ♠♦❞❡❧♦ ♠❛✐s ❞❡t❛❧❤❛❞♦✳

▼❛r❝❤❛ ❈r✉③❛♠❡♥t♦ q✉❛rt❛ ♦r❞❡♠ ✭r♣♠✮ ❈r✉③❛♠❡♥t♦ s❡❣✉♥❞❛ ♦r❞❡♠ ✭r♣♠✮
✶ ✾✾✶✱✼✷✺ ✶✾✽✸✱✹
✷ ✾✾✵✱✷✽✺ ✶✾✽✵✱✻
✸ ✾✽✾✱✷✾✺ ✶✾✼✽✱✻
✹ ✾✽✻✱✹✵✵ ✶✾✼✷✱✽
✺ ✾✽✹✱✽✽✺ ✶✾✻✾✱✽

❈♦♠♣❛r❛♥❞♦ ❛s ❢r❡q✉ê♥❝✐❛s ♦❜t✐❞❛s r❡♣r❡s❡♥t❛t✐✈❛s ❞♦ s❤✉✤❡ ❡ ❞♦ r❛tt❧❡ ❡♥tr❡ ♦ ♠♦❞❡❧♦

s✐♠♣❧✐✜❝❛❞♦ ❡ ♦ ❝♦♠ ♠❛✐♦r ❣r❛✉ ❞❡ ❞❡t❛❧❤❛♠❡♥t♦✱ ♥❛ ❚❛❜❡❧❛ ✻✳✾✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❛

❞✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ é ❞✉❛❧ ♥♦✈❛♠❡♥t❡✳ ❊♠ ❣❡r❛❧✱ ❛s ❢r❡q✉ê♥❝✐❛s ❡♠ t♦❞❛s ❛s ♠❛r❝❤❛s ❢♦r❛♠

r❡❞✉③✐❞❛s ♥♦ ♠♦❞❡❧♦ ♠❛✐s ❞❡t❛❧❤❛❞♦✱ ♣♦ré♠ ❛ ❞✐❢❡r❡♥ç❛ ♣❡r❝❡♥t✉❛❧ ♣❛r❛ ♣r✐♠❡✐r❛ ♠❛r❝❤❛ ❢♦✐

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

♠á①✐♠❛ ❞❡ ✷✱✹✹✪ ❝♦♠ r❡❧❛çã♦ ❛♦ ♠♦❞❡❧♦ ❞❡ ✸ ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡✳ ❏á ♦ ♠♦❞♦ ❞❡ r❛tt❧❡ ❢♦✐

♦❜t✐❞♦ ❝♦♠ ❞✐❢❡r❡♥ç❛s ♠❛✐♦r❡s✱ ❝♦♠ r❡❞✉çã♦ ❞❡ ✶✵✱✷✻✪ ❝♦♠ r❡❧❛çã♦ ❛♦ ♠♦❞❡❧♦ s✐♠♣❧✐✜❝❛❞♦

❡♠ ♣r✐♠❡✐r❛ ♠❛r❝❤❛✱ ♠❛s ❢♦✐ ❝❛❧❝✉❧❛❞♦ ❡♠ q✉✐♥t❛ ♠❛r❝❤❛ ❝♦♠♦ ✲✸✱✹✾✪✳

❚❛❜❡❧❛ ✻✳✾✿ ❉✐❢❡r❡♥ç❛ r❡❧❛t✐✈❛ ♥❛s ❢r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s ❞❡ s✉r❣✐♥❣ ❡ r❛tt❧❡ ❝♦♠ r❡❧❛çã♦ ❛♦
♠♦❞❡❧♦ ❞❡ três ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❛♣r❡s❡♥t❛❞♦ ✐♥✐❝✐❛❧♠❡♥t❡✳

▼❛r❝❤❛ ❉✐❢❡r❡♥ç❛ s✉r❣✐♥❣ ✭✪✮ ❉✐❢❡r❡♥ç❛ r❛tt❧❡ ✭✪✮
✶ ✲✵✱✼✵ ✲✶✵✱✷✻
✷ ✲✶✱✶✸ ✲✽✱✹✺
✸ ✲✶✱✸✺ ✲✼✱✸
✹ ✲✷✱✵✺ ✲✹✱✸✹
✺ ✲✷✱✹✹ ✲✸✱✹✽

✼✹



❆s ❢♦r♠❛s ♠♦❞❛✐s ✈❡r✐✜❝❛❞❛s ❡♠ ❛♠♣❧✐t✉❞❡ ♣❛r❛ ♦s ♠♦❞♦s ✷ ❡ ✸ ❞♦ ♠♦❞❡❧♦ sã♦ s❡♠❡❧❤❛♥✲

t❡s✱ ♣♦ré♠ s❡♠ ❡①♣r❡ss❛r ❡①♣❧✐❝✐t❛♠❡♥t❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s ♥♦ ❢❡♥ô♠❡♥♦

❞❡ s✉r❣✐♥❣ ❡ r❛tt❧❡✳ ❆♣❧✐❝❛♥❞♦ r❡str✐çõ❡s ❞❡ ♣♦s✐çã♦ ❡♥tr❡ ♦s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ♣❛r❛ ❛ ✈✐s✉✲

❛❧✐③❛çã♦ ❞♦ ♠♦✈✐♠❡♥t♦ r❡❧❛t✐✈♦ ❡♥tr❡ ♦s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ sã♦ ♦❜t✐❞♦s ✈❛❧♦r❡s ❞❡ ✈✐❜r❛çã♦

t♦rs✐♦♥❛❧ ❡♥tr❡ ✈♦❧❛♥t❡✴❡♠❜r❡❛❣❡♠✱ ❡♠❜r❡❛❣❡♠✴❡✐①♦ ♣r✐♠ár✐♦✱ ❡✐①♦ ♣r✐♠ár✐♦✴❡♥❣r❡♥❛♠❡♥t♦s✱

❡♥❣r❡♥❛❣❡♠ s❡❧❡❝✐♦♥❛❞❛✴♣✐♥❤ã♦ ❞♦ ❞✐❢❡r❡♥❝✐❛❧ ❡ ❝♦r♦❛ ❞♦ ❞✐❢❡r❡♥❝✐❛❧✴✈❡í❝✉❧♦✿

{

φrelj

}

=







































































φrelj1/2

φrelj1/3

φrelj3/4

φrelj3/5

φrelj3/6

φrelj3/7

φrelj3/8

φrelj4/9

φrelj9/10







































































=







































































Θj1 −Θj2

Θj2 −Θj3

Θj3r1p +Θj4r1c

Θj3r2p +Θj5r2c

Θj3r3p +Θj6r3c

Θj3r4p +Θj7r4c

Θj3r5p +Θj8r5c

Θj4 −Θj9

Θj9 −Θj10







































































✭✻✳✶✷✮

❆s r❡str✐çõ❡s ❞❡ ♣♦s✐çã♦ ❢♦r❛♠ ♦❜t✐❞❛s s❡❣✉♥❞♦ ✉t✐❧✐③❛♥❞♦ ❛ tr❛♥s❢♦r♠❛çã♦ ♠❛tr✐❝✐❛❧

❡①♣r❡ss❛ ❛ s❡❣✉✐r✿

{

φrelj

}T
=

{

φj

}T
R =

{

φj

}T











































1 0 0 0 0 0 0 0 0

−1 1 0 0 0 0 0 0 0

0 −1 r1p r2p r3p r4p r5p 0 0

0 0 r1c 0 0 0 0 1 0

0 0 0 r2c 0 0 0 0 0

0 0 0 0 r3c 0 0 0 0

0 0 0 0 0 r4c 0 0 0

0 0 0 0 0 0 r5c 0 0

0 0 0 0 0 0 0 −1 1

0 0 0 0 0 0 0 0 −1











































✭✻✳✶✸✮

❆ ❞❡❢♦r♠❛çã♦ ❞♦s ♣❛r❡s ❡♥❣r❡♥❛❞♦s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❞❡ ❛çã♦✱ ✉♠❛ ❣r❛♥❞❡③❛ ❧✐♥❡❛r ❡

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

q✉✐♥t❛ ♠❛r❝❤❛ ❝♦♠ r❡❧❛çã♦ ❛♦ ❡✐①♦ ♣r✐♠ár✐♦ ❞❛ tr❛♥s♠✐ssã♦✳ ❈♦♠ ✐ss♦✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r

✼✺

















✼ ❮◆❉■❈❊❙ ❉❆ ❈❖◆❉■➬➹❖ ❉❊ ❘❆❚❚▲❊ ◆❖ ❙■❙❚❊▼❆

❆q✉✐ ❡stã♦ ❡①♣❧✐❝❛❞♦s ♦s í♥❞✐❝❡s ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❝♦♠♣❛r❛r

❛s s✐♠✉❧❛çõ❡s r❡❛❧✐③❛❞❛s✱ ✐♥❞✐❝❛♥❞♦ ❛ ❝♦♥❞✐çã♦ ❞❡ ✐♠♣❛❝t♦s ❡♥tr❡ ♦s ❡♥❣r❡♥❛♠❡♥t♦s✳ ❆❧é♠

❞❡❧❡s✱ sã♦ ♠♦str❛❞♦s ✈❛❧♦r❡s ✉t✐❧✐③❛❞♦s ♥❡ss❡ tr❛❜❛❧❤♦ ♣❛r❛ ✐♥❞✐❝❛r ❛❧t❡r❛çõ❡s ♥❛ ✈✐❜r❛çõ❡s ❞♦s

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

❝♦♥❝❧✉s✐✈♦s ♦✉ ♣❛r❛ r❡❢♦rç❛r ❛ ✐♥❞✐❝❛çã♦ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ♣❛❞rã♦ ❞❡ ❜✐❧❛t❡r❛❧ ♦✉ ✉♥✐❧❛t❡r❛❧

❞❡ ✐♠♣❛❝t♦s ❡♥tr❡ ♦s ❞❡♥t❡s✳ ❇✉s❝♦✉✲s❡ ♥♦r♠❛❧✐③❛r ❡ss❡s q✉❛♥t✐✜❝❛❞♦r❡s s❡❣✉♥❞♦ ♦ ✐♥t❡r✈❛❧♦

❞❡ t❡♠♣♦ ❞❛ s✐♠✉❧❛çã♦ ♦✉ ♣♦r ✉♠ ✈❛❧♦r ♣❛❞rã♦✱ ❛ ✜♠ ❞❡ t♦r♥á✲❧♦s ❡❢❡t✐✈♦s ♥❛ ❝♦♠♣❛r❛çã♦

❡♥tr❡ ❛s ❞✐✈❡rs❛s s✐♠✉❧❛çõ❡s ❛♣r❡s❡♥t❛❞❛s ♥♦ tr❛❜❛❧❤♦✳

✼✳✶ ❚❛①❛ ❞❡ ✜❧tr❛❣❡♠

▲✐❣✐❡r ❡t ❛❧ ✭✷✵✵✷✮ ❞❡✜♥✐r❛♠ ✉♠ ♣❛râ♠❡tr♦ ❝❤❛♠❛❞♦ t❛①❛ ❞❡ ✜❧tr❛❣❡♠ ✭❚❋✮✱ ♠♦str❛❞❛

♥❛ ❊q✉❛çã♦ ✼✳✶✱ ♣❛r❛ ✈❡r✐✜❝❛r ♦ ❡❢❡✐t♦ ❞❛ ❡♠❜r❡❛❣❡♠ ♥♦ s✐st❡♠❛✱ ♣❡❧❛ r❛③ã♦ ❞♦ ✈❛❧♦r r♠s ❞❛s

❛❝❡❧❡r❛çõ❡s ❞♦ ❡✐①♦ ♣r✐♠ár✐♦ ❡ ❞♦ ✈♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛✳

TF =

{

θ̈eixo,rms

θ̈volante,rms

}

✭✼✳✶✮

✼✳✷ ❮♥❞✐❝❡ ❞❡ r❛tt❧❡

P❛❞♠❛♥❛❜❤❛♠ ❡t ❛❧ ✭✶✾✾✺✮ ❝✐t❛ ✉♠ í♥❞✐❝❡ ❞❡ r❛tt❧❡ ✭■❘✮ ❜❛s❡❛❞♦ ♥♦ ✈❛❧♦r❡s r♠s ❞♦

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

IR =

{

θ̈engrenagem,rms

θ̈volante,rms

}

✭✼✳✷✮
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✼✳✸ ▼é❞✐❛ ❞❡ ✐♠♣❛❝t♦s ♥♦ ❧✐♠✐t❡ ♣♦s✐t✐✈♦ ❞❛ ❢♦❧❣❛

❖ t♦t❛❧ ❞❡ ✐♠♣❛❝t♦s ♦❝♦rr✐❞♦ ❡♥tr❡ ♦s ❡♥❣r❡♥❛♠❡♥t♦s ❢♦✐ ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞♦s ♣✐❝♦s ❞❡

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

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

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

sã♦ ❛♣r❡s❡♥t❛❞♦s ❝♦♠ s✐♥❛❧ ♦♣♦st♦✳ ❈♦♠ ✐ss♦✱ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✐♠♣❛❝t♦s ♥♦ ❧✐♠✐t❡ ♣♦s✐t✐✈♦

NP ❡ ♥♦ ❧✐♠✐t❡ ♥❡❣❛t✐✈♦ NN ❢♦✐ ❝❛❧❝✉❧❛❞❛✳ P❛r❛ ❝r✐❛r ✉♠ ♣❛râ♠❡tr♦ ✐♥❞✐❝❛t✐✈♦ ❞❛ ❞❡♥s✐❞❛❞❡

❞♦s ✐♠♣❛❝t♦s ♥❛ s✐♠✉❧❛çã♦✱ ♦ t♦t❛❧ ND ❢♦✐ ❞✐✈✐❞✐❞♦ ♣❡❧♦ t❡♠♣♦ t♦t❛❧ ❞❡ s✐♠✉❧❛çã♦ ∆t✳

✼✳✹ ❋r❛çã♦ ❞❡ ✐♠♣❛❝t♦s ❡♥tr❡ ♦s ❧✐♠✐t❡ ♥❡❣❛t✐✈♦ ❡ ♣♦s✐t✐✈♦ ❞❛ ❢♦❧❣❛

❋♦✐ r❡❛❧✐③❛❞♦ ♦ ❝á❧❝✉❧♦ ❞❛ r❛③ã♦ ❡♥tr❡ ♦ t♦t❛❧ ❞❡ ✐♠♣❛❝t♦s ✭❋■✮ ♣❛r❛ ✐♥❞✐❝❛r q✉❛❧ ❛

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

s❡❣✉♥❞♦ ❛ ❊q✉❛çã♦ ✼✳✸✿

FI =
NN

NP

✭✼✳✸✮

P❛r❛ r❛③õ❡s ♣ró①✐♠❛s ❛ ✶✱ ♦❝♦rr❡ ❛ ✐♥❞✐❝❛çã♦ ❞❡ ✐♠♣❛❝t♦s ❜✐❧❛t❡r❛✐s ❡♥tr❡ ♦s ❞❡♥t❡s✱

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

✼✳✺ ▼ó❞✉❧♦ ❞❛ ❛❝❡❧❡r❛çã♦ ♠é❞✐❛ ❡♠ ❝♦♥❞✐çã♦ ❞❡ ✐♠♣❛❝t♦

❖ ✈❛❧♦r ❞❛ ❛❝❡❧❡r❛çã♦ θ̈i ♣❛r❛ ❝❛❞❛ ✐♠♣❛❝t♦ i ❢♦✐ ❝♦♠♣✉t❛❞❛✱ ❛ ✜♠ ❞❡ s❡ ♦❜t❡r ♦ ♠ó❞✉❧♦

❞♦ ✈❛❧♦r ♠é❞✐♦ ❡♠ s✐t✉❛çã♦ ❞❡ ✐♠♣❛❝t♦✳ ❊ss❡ ♣❛râ♠❡tr♦ ♣❡r♠✐t❡ ❝♦♠♣❛r❛r ❛s s✐♠✉❧❛çõ❡s

❝♦♠ r❡❧❛çã♦ à ✐♥t❡♥s✐❞❛❞❡ ❞♦s ✐♠♣❛❝t♦s ♦❝♦rr✐❞♦s ♥♦ ❧✐♠✐t❡ ♣♦s✐t✐✈♦ ✭❆P✮ ❡ ♥❡❣❛t✐✈♦ ✭❆◆✮✳

AP =

∣

∣

∣

∣

∣

∑ND

i=1
θ̈i

ND

∣

∣

∣

∣

∣

✭✼✳✹✮

✽✹



AN =

∣

∣

∣

∣

∣

∑NN

i=1
θ̈i

NN

∣

∣

∣

∣

∣

✭✼✳✺✮

✽✺



✽ ❙■▼❯▲❆➬Õ❊❙ ◆➹❖✲▲■◆❊❆❘❊❙

◆❡st❛ ❢❛s❡ ❞♦ tr❛❜❛❧❤♦✱ ♦s ♠♦❞❡❧♦s ❧✐♥❡❛r✐③❛❞♦s ❞❛ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r s❡rã♦ ❡st✉❞❛❞♦s

❝♦♠ ♠❛✐s ♣r♦❢✉♥❞✐❞❛❞❡✱ ❛ ♣❛rt✐r ❞❛ ✐♥❝❧✉sã♦ ❞❡ ❡❧❡♠❡♥t♦s ♥ã♦✲❧✐♥❡❛r❡s✱ ❛ ✜♠ ❞❡ s✐♠✉❧❛r

❝♦♠♣♦rt❛♠❡♥t♦s ❡ ❢❡♥ô♠❡♥♦s q✉❡ ♥ã♦ ♣✉❞❡r❛♠ s❡r ✈✐s✉❛❧✐③❛❞♦s ❞❡✈✐❞♦ à ❧✐♠✐t❛çã♦ ❞♦ ♠♦✲

❞❡❧♦ ✭♦♣❡r❛çã♦ ♥❛ tr❛♥s✐çã♦ ❞❡ ❡stá❣✐♦s ❞❛ ❡♠❜r❡❛❣❡♠✱ ❢♦❧❣❛ ♥♦ ❡♥❣r❡♥❛♠❡♥t♦✱ ❡t❝✳✮✳ ❆

❝♦♠♣❛r❛çã♦ ❞❛s s✐♠✉❧❛çõ❡s s❡rá r❡❛❧✐③❛❞❛ ❛tr❛✈és ❞♦s í♥❞✐❝❡s ❝✐t❛❞♦s ♥♦ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r✳

✽✳✶ ▼♦❞❡❧♦ ❡♠ ♣♦♥t♦ ♠♦rt♦

❖ ♠♦❞❡❧♦ ♥ã♦✲❧✐♥❡❛r ♣❛r❛ s✐♠✉❧❛r ♦ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ s❡♠ ❛ tr❛♥s♠✐ssã♦ ❞❡ t♦rq✉❡ ♣❛r❛

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

♦ ✈♦❧❛♥t❡✱ ❝✉❜♦ ❞❛ ❡♠❜r❡❛❣❡♠✱ ❡✐①♦ ♣r✐♠ár✐♦ ❡ ✉♠❛ ❡♥❣r❡♥❛❣❡♠ ❝♦♠♦ ❡❧❡♠❡♥t♦s ❞❡ ✐♥ér❝✐❛✳

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

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

t❡ór✐❝❛ ♣❡r♠✐t✐✉ ❛ ❛✈❛❧✐❛çã♦ ❞❛ r❡s♣♦st❛ ♣❛r❛ ❝❛❞❛ ♣❛r✱ ❛♣r❡s❡♥t❛♥❞♦ ❝❛r❛❝t❡ríst✐❝❛s ❞✐st✐♥t❛s

✭r❡❧❛çã♦ ❞❡ ❡♥❣r❡♥❛♠❡♥t♦✱ r✐❣✐❞❡③✱ ✐♥ér❝✐❛✱ ❡t❝✳✮✱ s❡♥❞♦ ✐♥s♣✐r❛❞❛ ♥♦s ❡st✉❞♦s ❡①♣❡r✐♠❡♥t❛✐s

q✉❡ ❡①❝✐t❛✈❛♠ ❛ tr❛♥s♠✐ssã♦ ♠❛♥t❡♥❞♦ s♦♠❡♥t❡ ✉♠ ❞♦s ♣❛r❡s ♥♦ s✐st❡♠❛✱ r❡t✐r❛♥❞♦ ♦s ❞❡♠❛✐s

✭❉♦➜❛♥✱ ✶✾✾✾ ❡ ❇❛rt❤♦❞ ❡t ❛❧✱ ✷✵✵✼✮✳ ❈♦♠ ❛ s✐♠♣❧✐✜❝❛çã♦ ❞♦ ♠♦❞❡❧♦✱ ❢♦✐ ♣♦ssí✈❡❧ ✉♠❛

♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ ❡ s✉❛ r❡❧❡✈â♥❝✐❛ ♥❛ ❛t❡♥✉❛çã♦

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

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

❝♦♠ ❢♦❧❣❛ ❞❛ tr❛♥s♠✐ssã♦✳

◆❛ ❋✐❣✉r❛ ✽✳✶ é ♠♦str❛❞♦ ♦ ♠♦❞❡❧♦ ♣❛r❛ ✐♠♣❛❝t♦s ❝♦♠ ❛ ❡♥❣r❡♥❛❣❡♠ ❞❡ ♣r✐♠❡✐r❛

♠❛r❝❤❛✳ ❖ ❡❧❡♠❡♥t♦ ❞❡ ❛♠♦rt❡❝✐♠❡♥t♦ ✈✐s❝♦s♦ cs ❧✐❣❛❞♦ ❛♦ ❡✐①♦ ♣r✐♠ár✐♦ r❡♣r❡s❡♥t❛ ♦ ❡❢❡✐t♦

❞♦ t♦rq✉❡ ❞❡ ❛rr❛st❡ ❞❡✈✐❞♦ ❛♦s ♠❛♥❝❛✐s ❞♦ s✐st❡♠❛✱ ❡♥q✉❛♥t♦ q✉❡ cg é ♦ t♦rq✉❡ r❡s✐st✐✈♦ ❞♦

✜❧♠❡ ❞❡ ó❧❡♦ ❢♦r♠❛❞♦ ❡♥tr❡ ❛ ❡♥❣r❡♥❛❣❡♠ ❡ ♦ ❡✐①♦ ❞❡ s❛í❞❛✳ ❆ r✐❣✐❞❡③ kt1 é ✈❛r✐á✈❡❧ ❝♦♠ ❛

♣♦s✐çã♦ ❞♦ ♣✐♥❤ã♦ ❞♦ ❡✐①♦ ♣r✐♠ár✐♦✱ s❡♥❞♦ ✉♠ ❡♥❣r❡♥❛♠❡♥t♦ ❤❡❧✐❝♦✐❞❛❧✳

✽✻





✢✉ê♥❝✐❛ ❞♦ ❛♠♦rt❡❝✐♠❡♥t♦ ❞♦ s✐st❡♠❛✱ ♦❝❛s✐♦♥❛♥❞♦ ❛ ❛❧t❡r❛çã♦ ❞♦ ♣♦♥t♦ ❞❡ ♦♣❡r❛çã♦ ❞❛

❡♠❜r❡❛❣❡♠✳ ❈♦♠ ✐ss♦✱ ❢♦✐ ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❞♦ â♥❣✉❧♦ ❞❡

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

P❛r❛ ♦ s✐st❡♠❛ ♦s❝✐❧❛♥❞♦ ❡♥tr❡ ♦s ❡stá❣✐♦s ❞❡ ♠❛✐♦r ❡ ♠❡♥♦r r✐❣✐❞❡③✱ ❢♦✐ ✈❡r✐✜❝❛❞❛ ❛ ✐♥✢✉ê♥❝✐❛

❞❛ ❤✐st❡r❡s❡ ❞♦ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ❡ ❞❡ r✐❣✐❞❡③ ♣r✐♥❝✐❛❧✳

❋♦r❛♠ ❛❧t❡r❛❞♦s ♣❛râ♠❡tr♦s ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s✱ ❝♦♠♦ ❛ ❢♦❧❣❛✳ ❆❧t❡r❛çõ❡s ♥♦ â♥❣✉❧♦ ❞❡

❤é❧✐❝❡ ❡ ❧❛r❣✉r❛ ❞♦ ❞❡♥t❡ ❢♦r❛♠ ✐♥s❡r✐❞❛s ♥♦ ♠♦❞❡❧♦ s❡❣✉♥❞♦ ♠♦❞✐✜❝❛çõ❡s ♥❛ ❝✉r✈❛ ♥ã♦✲❧✐♥❡❛r

❞❡ r✐❣✐❞❡③ ❞♦ ❡♥❣r❡♥❛♠❡♥t♦ ❤❡❧✐❝♦✐❞❛❧✳ ❋✐♥❛❧♠❡♥t❡✱ ♣❛râ♠❡tr♦s ❞❡ ✐♥ér❝✐❛ ❞♦ s✐st❡♠❛✱ t❛✐s

❝♦♠♦ ✈♦❧❛♥t❡ ❞❡ ✐♥ér❝✐❛ ❡ ❝✉❜♦ ❞❛ ❡♠❜r❡❛❣❡♠ ❢♦r❛♠ ♠♦❞✐✜❝❛❞♦s✳

❚❛❜❡❧❛ ✽✳✶✿ ❉❡s❝r✐çã♦ ❞❛s s✐♠✉❧❛çõ❡s ✈❛r✐❛♥❞♦ ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ ♥ã♦✲❧✐♥❡❛r✳

❊❧❡♠❡♥t♦ P❛râ♠❡tr♦ ❛❧t❡r❛❞♦ ❊♥❣r❡♥❛♠❡♥t♦ t❡st❛❞♦
r✐❣✐❞❡③ ❞❡ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ✶ ❛ ✺

❊♠❜r❡❛❣❡♠ ❤✐st❡r❡s❡ ❞♦ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ✶ ❛ ✺
♣♦♥t♦ ❞❡ ♦♣❡r❛çã♦ ✺

â♥❣✉❧♦ ❞❡ tr❛♥s✐çã♦ ❞❡ ❡stá❣✐♦ ✺
❢♦❧❣❛ ✶ ❛ ✺

❊♥❣r❡♥❛♠❡♥t♦s â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡ ✶ ❛ ✺
❧❛r❣✉r❛ ❞♦ ❞❡♥t❡ ✶ ❛ ✺

■♥ér❝✐❛s ✈♦❧❛♥t❡ ✶ ❛ ✺
❝✉❜♦ ❞❛ ❡♠❜r❡❛❣❡♠ ✶ ❛ ✺

❊♠ t♦❞❛s ❛s s✐♠✉❧❛çõ❡s ♥ã♦✲❧✐♥❡❛r❡s ❢♦✐ ❛♣❧✐❝❛❞♦ ✉♠ t♦rq✉❡ Tm = 2+0, 5sin(2πft)✱ ❝♦♠

✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❡①❝✐t❛çã♦ ❞❡ f = 25 ❍③✱ ❝♦rr❡s♣♦♥❞❡♥t❡ à s❡❣✉♥❞❛ ♦r❞❡♠ ❞❡ ✉♠ ♠♦t♦r

❝♦♠ r♦t❛çã♦ ❡♠ ♠❛r❝❤❛ ❧❡♥t❛ ❞❡ ✼✺✵ r♣♠✳ ❖s ✈❛❧♦r❡s ❞❡ t♦rq✉❡ ♠é❞✐♦ ❡ ❞❛ ❝♦♠♣♦♥❡♥t❡

♦s❝✐❧❛tór✐❛ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❞♦ tr❛❜❛❧❤♦ ❞❡ ❲❛♥❣ ❡t ❛❧ ✭✷✵✵✶✮✳

✽✳✸ ❆❧t❡r❛çõ❡s ❡♠ ♣❛râ♠❡tr♦s ❞❛ ❡♠❜r❡❛❣❡♠

◆❡ss❛ s❡çã♦✱ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❞✐✈❡rs❛s s✐♠✉❧❛çõ❡s ❝♦♠ ❛❧t❡r❛çõ❡s ❡①❝❧✉s✐✈❛♠❡♥t❡ ♥♦s

♣❛râ♠❡tr♦s ❞❛ ❡♠❜r❡❛❣❡♠✱ ❝♦♠♦ r✐❣✐❞❡③ ❡ ❤✐st❡r❡s❡ ❞♦s ❡stá❣✐♦s✱ ❛✈❡r✐❣✉❛♥❞♦ ♦ s❡✉ ❡❢❡✐t♦ ♥♦s

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

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

✽✽





















✽✳✸ P♦s✐❝✐♦♥❛♠❡♥t♦ ❞♦ â♥❣✉❧♦ ❞❡ tr❛♥s✐çã♦ ❞❡ ❡stá❣✐♦s

◆♦ ✐t❡♠ ❛♥t❡r✐♦r✱ ❢♦✐ ♠♦str❛❞♦ q✉❡ ♦ ♣♦♥t♦ ❞❡ ♦♣❡r❛çã♦ ❞❛ ❡♠❜r❡❛❣❡♠ é ❛❧t❡r❛❞♦ ♣❡❧❛

♣r❡s❡♥ç❛ ❞❡ ❛♠♦rt❡❝✐♠❡♥t♦ ♥♦ s✐st❡♠❛✳ ◆❡st❡ ❝❛s♦✱ ♦ â♥❣✉❧♦ ❡♥tr❡ ❛s r❡❣✐õ❡s ❞❡ tr❛çã♦ ❡

♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ❞❡✈❡ s❡r ♣❧❛♥❡❥❛❞♦ ♣❛r❛ s❡r ♠❛✐♦r q✉❡ ♦ ❞❡ ♦♣❡r❛çã♦ ❡♠ ♣♦♥t♦ ♠♦rt♦✳

❈❛s♦ ♦ â♥❣✉❧♦ ❞❡ tr❛♥s✐çã♦ s❡❥❛ ♠❡♥♦r q✉❡ ♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ❛s ❝♦♥❞✐çõ❡s ❞❡ ❡①❝✐t❛çã♦

❡ ❛♠♦rt❡❝✐♠❡♥t♦✱ ❛ ❡♠❜r❡❛❣❡♠ t❡rá s❡✉ ❡stá❣✐♦ ❞❡ ♠❡♥♦r r✐❣✐❞❡③ s♦❧✐❝✐t❛❞♦ ❛té ♦ ❧✐♠✐t❡✱

❛❝✐♦♥❛♥❞♦ s❡✉ ❡stá❣✐♦ ❞❡ tr❛çã♦✳ P❛r❛ ✈❡r✐✜❝❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❡ss❛ ❝♦♥❞✐çã♦ ❞❡ ♦♣❡r❛çã♦ ♥♦

❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✐♠♣❛❝t♦ ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s✱ ❢♦✐ ❢❡✐t❛ ✉♠❛ sér✐❡ ❞❡ s✐♠✉❧❛çõ❡s ✈❛r✐❛♥❞♦

❡ss❡ ♣❛râ♠❡tr♦✳

❋♦✐ ❝♦♥st❛t❛❞♦ q✉❡✱ ❡♠ ✉♠❛ ❡♠❜r❡❛❣❡♠ s❡♠ ❤✐st❡r❡s❡ ❡ ✉♠ ❛♠♦rt❡❝✐♠❡♥t♦ cs = 0, 5

◆♠ s✴r❛❞ ♥♦ ❡✐①♦ ♣r✐♠ár✐♦✱ ❛ ❞❡❢♦r♠❛çã♦ ♠á①✐♠❛ ❢♦✐ ❞❡✱ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✹✱✶✻♦✳ P❛r❛ ❡ss❡

♣♦♥t♦ ❞❡ ♦♣❡r❛çã♦✱ ❛ ❞❡❢♦r♠❛çã♦ ♠á①✐♠❛ ❝♦♠ r❡❧❛çã♦ ❛♦ â♥❣✉❧♦ ❞❡ tr❛♥s✐çã♦ ❞❡ ❡stá❣✐♦

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

♥❛ ❋✐❣✉r❛ ✽✳✶✻✳

P♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ■❘ ♣ró①✐♠♦ ❛ ✸✵ ♣❛r❛ â♥❣✉❧♦s ❞❡ ✶♦ ❛té ✸✱✻♦✱ ♦❝♦rr❡♥❞♦ ❛ ❞✐♠✐♥✉✐çã♦

❞❛ ❞❡❢♦r♠❛çã♦ ♠á①✐♠❛ ♥♦ ❡stá❣✐♦ ❞❡ tr❛çã♦✳ ◆✉♠❛ r❡❣✐ã♦ ♠❛✐s ♣ró①✐♠❛ ❞♦ â♥❣✉❧♦ ❞❡ ✹✱✶✻♦✱

❢♦✐ r❡❛❧✐③❛❞❛ ✉♠❛ ✈❛r✐❛çã♦ ❞❡ ✵✱✶♦ ❡♥tr❡ ✸✱✹♦ ❛ ✹✱✷♦✱ ❝♦♠ ✉♠ ❝r❡s❝✐♠❡♥t♦ ❞♦ ■❘ ❛té ♦ ♠á①✐♠♦

r❡❣✐str❛❞♦ ❡♠ ✸✱✾♦✱ ❝♦♠ s✉❜s❡q✉❡♥t❡ r❡❞✉çã♦ ❛té ✹✱✷♦✱ â♥❣✉❧♦ ♣❛r❛ ♦ q✉❛❧ ❛ ❞❡❢♦r♠❛çã♦

♠á①✐♠❛ ❢♦✐ ♠❡♥♦r q✉❡ ♦ ❧✐♠✐t❡ ❞❡ tr❛♥s✐çã♦✱ ♦♣❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ♥♦ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦✳

➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡✱ ♣❛r❛ ♦s ♣♦♥t♦s ✹♦ ❡ ✹✱✶♦✱ ♦❝♦rr❡✉ s♦❧✐❝✐t❛çã♦ ❡stá❣✐♦ ❞❡ ❞r✐✈❡✱ ♠❛s

❝♦♠ ✉♠ í♥❞✐❝❡ ❞❡ r❛tt❧❡ ♠❡♥♦r q✉❡ ❛ ♠❡t❛❞❡ ❞♦ ♦❜t✐❞♦ ♣❛r❛ t♦❞♦s ♦s ♦✉tr♦s s✐♠✉❧❛❞♦s ❡♥tr❡

❛s ❞✉❛s r❡❣✐õ❡s✳ ◗✉❛♥t♦ ❛♦ ❝♦♥t❡ú❞♦ ❡s♣❡❝tr❛❧ ❞♦ s✐♥❛❧✱ ♥❛ ❋✐❣✉r❛ ✽✳✶✼✱ ♣❛r❛ â♥❣✉❧♦s ❛té ✸✱✻♦✱

❛s ♦r❞❡♥s ✸✱ ✷ ❡ ✶ ✭✼✺✱ ✺✵ ❡ ✷✺ ❍③✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮ ❞❛ ✈❡❧♦❝✐❞❛❞❡ r❡❧❛t✐✈❛ ❡♥tr❡ ♦ ✈♦❧❛♥t❡

❡ ♦ ❝✉❜♦ ♠❛♥t✐✈❡r❛♠ ❛♠♣❧✐t✉❞❡s ❝♦♠ ♣♦✉❝❛s ❛❧t❡r❛çõ❡s✳ ◆❛ r❡❣✐ã♦ ♣ró①✐♠❛ ❛♦ â♥❣✉❧♦ ❞❡

✹✱✶✻♦✱ ❤♦✉✈❡ ✉♠ ❛✉♠❡♥t♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠✱ ❝♦♠ r❡❞✉çã♦ ❞❛ t❡r❝❡✐r❛ ♣❛r❛

♥í✈❡✐s ♠í♥✐♠♦s✳ ❈♦♠ ✹✱✷♦ ❞❡ â♥❣✉❧♦✱ ♦♣❡r❛♥❞♦ s♦♠❡♥t❡ ♥♦ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦✱ ♠❛♥t❡✈❡✲s❡

s♦♠❡♥t❡ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❛ ❡①❝✐t❛çã♦ ❞♦ s✐st❡♠❛✳

✾✽





























❚❛❜❡❧❛ ✽✳✷✿ ➶♥❣✉❧♦s ❞❡ ❤é❧✐❝❡ ✉t✐❧✐③❛❞♦s ❡♠ ❝❛❞❛ ♠❛r❝❤❛ ♥❛s s✐♠✉❧❛çõ❡s✳

➶♥❣✉❧♦s ❞❡ ❤é❧✐❝❡
●r✉♣♦ β1 ✭◦✮ β2 ✭◦✮ β3 ✭◦✮ β4 ✭◦✮ β5 ✭◦✮

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

❚❛❜❡❧❛ ✽✳✸✿ ❘❛③õ❡s ❞❡ ❝♦♥t❛t♦ ✉t✐❧✐③❛❞❛s ♥❛s s✐♠✉❧❛çõ❡s✱ ♦❜t✐❞❛s ❛ ♣❛rt✐r ❞❛ ❛❧t❡r❛çã♦ ❞♦
â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡✳

❘❛③õ❡s ❞❡ ❝♦♥t❛t♦ ♦❜t✐❞❛s
❙✐♠✉❧❛çã♦ ε1 ε2 ε3 ε4 ε5

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

❚❛❜❡❧❛ ✽✳✹✿ ❘✐❣✐❞❡③ ♠é❞✐❛ ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s ♣❛r❛ ❛❧t❡r❛çõ❡s ♥♦ â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡✳

❘✐❣✐❞❡③ ▼é❞✐❛ ❞♦s ❊♥❣r❡♥❛♠❡♥t♦s ✭×108 ◆✴♠✮
❙✐♠✉❧❛çã♦ ktm1 ktm2 ktm3 ktm4 ktm5

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

◆❛ ❋✐❣✉r❛ ✽✳✸✻✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ❝♦♠ ♠❛✐s ❞❡t❛❧❤❡ q✉❡ ❛ ♠❛✐♦r r✐❣✐❞❡③ ♠é❞✐❛ ❢♦✐

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

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

t❡r❝❡✐r❛ ❡ q✉✐♥t❛ ♠❛r❝❤❛✱ ♥ã♦ ❛♣r❡s❡♥t❛r❛♠ ✈❛❧♦r❡s ❞❡ ■❘ s❡♠❡❧❤❛♥t❡s ✭❋✐❣✉r❛ ✽✳✸✼✮✳ ◆ã♦

❤♦✉✈❡ ✉♠ ♣❛❞rã♦ s✐❣♥✐✜❝❛t✐✈♦ ❞❡ ❛❧t❡r❛çã♦ ❞❡ ■❘ ❝♦♠ ♦ ✈❛❧♦r ❞❡ ❤é❧✐❝❡✱ ♣♦✐s ♦❝♦rr❡r❛♠ ✈❛❧♦r❡s

❛♦ r❡❞♦r ❞❡ ✷✵ ❡ ✸✵ ♥♦s ❡♥❣r❡♥❛♠❡♥t♦s ❞❡ s❡❣✉♥❞❛✱ t❡r❝❡✐r❛ ❡ q✉✐♥t❛ ♠❛r❝❤❛ ♣❛r❛ ✈❛❧♦r❡s

❛♦ ❧♦♥❣♦ ❞❡ t♦❞❛s ♦s t❡st❡s r❡❛❧✐③❛❞♦s✳ ❖❝♦rr❡♠ ❛t❡♥✉❛çõ❡s ♥♦ ♥í✈❡❧ ❞❡ r❛tt❧❡✱ ♣♦ré♠ ♥ã♦ é

♣♦ssí✈❡❧ ❣❡♥❡r❛❧✐③❛r ❡ss❛ ♣r♦♣♦st❛ ❞❡ s♦❧✉çã♦ s❡❣✉♥❞♦ ♦s t❡st❡s r❡❛❧✐③❛❞♦s✳

✶✶✷





✽✳✹ ▲❛r❣✉r❛ ❞♦ ❞❡♥t❡

◆❡ss❛ ❡t❛♣❛✱ ❛ ❧❛r❣✉r❛ ❞♦ ❞❡♥t❡ ❢♦✐ r❡❞✉③✐❞❛ ❞♦s ✈❛❧♦r❡s ♣❛❞rã♦ ❞❛ tr❛♥s♠✐ssã♦✱ ❛♣r❡✲

s❡♥t❛❞♦s ♥♦ ❝♦♥❥✉♥t♦ ✹ ❞❛ t❛❜❡❧❛ ✽✳✺✳ ❖ ❛✉♠❡♥t♦ ❞❛ ❧❛r❣✉r❛ ❞♦ ❞❡♥t❡ r❡s✉❧t♦✉ ❡♠ r❛③õ❡s ❞❡

❝♦♥t❛t♦ ❛❝✐♠❛ ❞❡ ✸✱ ♠❛✐♦r q✉❡ ♦ ❧✐♠✐t❡ ♠á①✐♠♦ ✈❛❧✐❞❛❞♦ ♣♦r ❈❆■ ✭✶✾✾✺✮✱ ♣❛r❛ 1 < ε < 3 ❡✱

♣♦r ✐ss♦✱ ♦s ❞❡♥t❡s ❞♦s ♣❛r❡s ❡♥❣r❡♥❛❞♦s ❢♦r❛♠ r❡❞✉③✐❞♦s ❞❡ ✾✵ ❛ ✼✵✪ ❞♦s ✈❛❧♦r❡s ♣❛❞rã♦✳

❚❛❜❡❧❛ ✽✳✺✿ ❘❛③õ❡s ❞❡ ❝♦♥t❛t♦ ✉t✐❧✐③❛❞❛s ♥❛s s✐♠✉❧❛çõ❡s✱ ♦❜t✐❞❛s ❛ ♣❛rt✐r ❞❛ ❞✐♠✐♥✉✐çã♦ ❞❛
❧❛r❣✉r❛ ❞♦ ❞❡♥t❡✳

▲❛r❣✉r❛ ❞♦s ❞❡♥t❡s ✭♠♠✮
●r✉♣♦ w1 w2 w3 w4 w5

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

❈♦♠ ❛s ❛❧t❡r❛çõ❡s ♥❛ ❧❛r❣✉r❛ ❞♦ ❞❡♥t❡✱ ♦❝♦rr❡r❛♠ ♠❛✐♦r❡s ♠✉❞❛♥ç❛s ♥❛ r❛③ã♦ ❞❡ ❝♦♥✲

t❛t♦✱ ♠♦str❛❞❛s ♥❛ ❚❛❜❡❧❛ ✽✳✻✱ ♣r♦♣♦r❝✐♦♥❛♥❞♦ ❛❧t❡r❛çõ❡s s✐❣♥✐✜❝❛t✐✈❛s ♥❛ r✐❣✐❞❡③ ♠é❞✐❛ ❞♦

❡♥❣r❡♥❛♠❡♥t♦ q✉❡ ♥❛ ✈❛r✐❛çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡ ✭❚❛❜❡❧❛ ✽✳✼✮✳

❚❛❜❡❧❛ ✽✳✻✿ ❘❛③õ❡s ❞❡ ❝♦♥t❛t♦ ✉t✐❧✐③❛❞❛s ♥❛s s✐♠✉❧❛çõ❡s✳

❘❛③õ❡s ❞❡ ❝♦♥t❛t♦ ♦❜t✐❞❛s
❙✐♠✉❧❛çã♦ ε1 ε2 ε3 ε4 ε5

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

❚❛❜❡❧❛ ✽✳✼✿ ❘✐❣✐❞❡③ ♠é❞✐❛ ❞♦ ❡♥❣r❡♥❛♠❡♥t♦s ♣❛r❛ ❛❧t❡r❛çõ❡s ♥❛ ❧❛r❣✉r❛ ❞♦ ❞❡♥t❡✳

❘✐❣✐❞❡③ ▼é❞✐❛ ❞♦s ❊♥❣r❡♥❛♠❡♥t♦s ✭×108 ◆✴♠✮
❙✐♠✉❧❛çã♦ ktm1 ktm2 ktm3 ktm4 ktm5

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

✶✶✹











✾ ❈❖◆❈▲❯❙Õ❊❙ ❊ ❚❘❆❇❆▲❍❖❙ ❋❯❚❯❘❖❙

✾✳✶ ❈♦♥❝❧✉sõ❡s

❖ ♠♦❞❡❧♦ s✐♠♣❧✐✜❝❛❞♦ ❝♦♠ três ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❛♣r❡s❡♥t♦✉ ❢r❡q✉ê♥❝✐❛s ♥❛t✉r❛✐s

r❡❧❛❝✐♦♥❛❞❛s ❛♦s ❢❡♥ô♠❡♥♦s ❞❡ s✉r❣✐♥❣ ❡ ❝❧♦♥❦ ❝♦❡r❡♥t❡s ❝♦♠ ❛s ✈❡r✐✜❝❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛✳ ❋♦✐

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

♥❛ ❢r❡q✉ê♥❝✐❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦ r❛tt❧❡ ❞❡ ❢♦r♠❛ ♠✉✐t♦ ♠❛✐s ❡❢❡t✐✈❛ q✉❡ ❛❧t❡r❛çõ❡s ✐♥❡r❝✐❛✐s ♦✉

♠♦❞✐✜❝❛çõ❡s ❡♠ ♦✉tr♦s ❡❧❡♠❡♥t♦s ❞❡ r✐❣✐❞❡③ ❞♦ s✐st❡♠❛✳ ❖ ♠♦❞❡❧♦ ❝♦♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡

❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❛♣r❡s❡♥t♦✉ ✈❛❧♦r❡s ♥♦ ♠á①✐♠♦ ✶✵✪ ♠❡♥♦r❡s ♣❛r❛ ♦ ♠♦❞♦ ❧✐♥❡❛r✐③❛❞♦ ❞❡

r❛tt❧❡ ❡ ✷✱✺✪ ♣❛r❛ ♦ ❞❡ s✉r❣✐♥❣✳ ❆❧é♠ ❞✐ss♦✱ ♦s ♠♦❞❡❧♦s r❡♣r♦❞✉③✐r❛♠ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡

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

◆❛ ❡t❛♣❛ ❞❡ s✐♠✉❧❛çõ❡s ♥ã♦✲❧✐♥❡❛r❡s✱ ❛s ❡♥❣r❡♥❛❣❡♥s ❞❡ q✉❛rt❛ ❡ q✉✐♥t❛ ♠❛r❝❤❛ ❛♣r❡✲

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

t❛♠❜é♠ ❛s ♠❛✐s s❡♥sí✈❡✐s ❝♦♠ r❡❧❛çã♦ à ❛❧t❡r❛çõ❡s ♥♦ s✐st❡♠❛✳ ❊ss❛ ✈❡r✐✜❝❛çã♦ ✈❛✐ ❞❡ ❡♥✲

❝♦♥tr♦ à r❡s♣♦st❛ ❡♠ ❛❝❡❧❡r❛çã♦ ♥♦ ♠♦❞❡❧♦ ❞❡ ♣♦♥t♦ ♠♦rt♦ ❧✐♥❡❛r✱ q✉❡ ❥á ✐♥❞✐❝❛✈❛ ♠❛✐♦r❡s

❛❝❡❧❡r❛çõ❡s r❡❧❛t✐✈❛s ❛♦ ❡✐①♦ ♥❡ss❡s ❡❧❡♠❡♥t♦s✳ ◆♦s ✐♠♣❛❝t♦s✱ ♣ô❞❡ s❡r ♦❜s❡r✈❛❞❛ ❛ ❡①❝✐t❛çã♦

❞❡ ✉♠ ♠♦❞♦ ❞♦ ❝♦♥❥✉♥t♦ ✈♦❧❛♥t❡✰❝✉❜♦✰❡✐①♦ ♣r✐♠ár✐♦ ✈❡r✐✜❝❛❞♦ ♥❛ ❡t❛♣❛ ❧✐♥❡❛r ❞♦ tr❛❜❛❧❤♦✳

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

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

q✉❡ ✈❛❧♦r❡s r❡❞✉③✐❞♦s ❞❡ r✐❣✐❞❡③ ❞❡ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ♣r♦❞✉③✐r❛♠ r❡s✉❧t❛❞♦s ❝♦♠ ❜❛✐①♦s

♥í✈❡✐s ❞❡ ■❘✳ ❏á ❛ ❤✐st❡r❡s❡ ❞❡ss❡ ❡stá❣✐♦ ♥❡❝❡ss✐t❛ s❡r ❡s❝♦❧❤✐❞❛ ❝♦♠ ❝✉✐❞❛❞♦✱ ✉♠❛ ✈❡③ q✉❡

❛t❡♥✉♦✉ ♦ ♥í✈❡❧ ❞❛s ❛❝❡❧❡r❛çõ❡s r❛tt❧❡ ❛té ✉♠ ✈❛❧♦r ❧✐♠✐t❡ q✉❡✱ s❡ ✉❧tr❛♣❛ss❛❞♦✱ r❡s✉❧t♦✉ ❡♠

✈✐❜r❛çõ❡s ❡q✉✐✈❛❧❡♥t❡s às ❞♦ s✐st❡♠❛ ❝♦♠ ❡♠❜r❡❛❣❡♠ s❡♠ ❡ss❡ ❞✐s♣♦s✐t✐✈♦✳ ❖ ❡❢❡✐t♦ ❞♦ t♦rq✉❡

❞❡ ❛rr❛st❡ ♥❛ tr❛♥s♠✐ssã♦ ❢♦✐ ♦❜t✐❞♦ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ❛♠♦rt❡❝✐♠❡♥t♦ ✈✐s❝♦s♦✱ ❛❧t❡r❛♥❞♦

♦ ♣♦♥t♦ ❞❡ ♦♣❡r❛çã♦ ❞❛ ❡♠❜r❡❛❣❡♠✳ ❆ ❝♦♠♣r❡❡♥sã♦ ❞❡ss❡ ❡❢❡✐t♦ ♥ã♦ ❢♦✐ ♣❧❡♥❛♠❡♥t❡ r❡♣r❡✲

s❡♥t❛❞❛ ♣❡❧♦ í♥❞✐❝❡ ❞❡ r❛tt❧❡ ♥❡❝❡ss✐t❛♥❞♦ ❞♦ ❛♣♦✐♦ ❞❡ ✐♥❞✐❝❛❞♦r❡s ❝r✐❛❞♦s ♥❡ss❡ tr❛❜❛❧❤♦ ❡ ❞❛

❧✐t❡r❛t✉r❛ ♣❛r❛ ❛ ❝❛r❛❝t❡r✐③❛çã♦ ❞❛ ✈✐❜r❛çã♦ r❡s✉❧t❛♥t❡ ♥♦ s✐st❡♠❛✳ ❆s s✐♠✉❧❛çõ❡s r❡❛❧✐③❛❞❛s

✐♥❞✐❝❛r❛♠ q✉❡ ♦ s✐st❡♠❛ s❡♠ ❤✐st❡r❡s❡ ♦♣❡r❛♥❞♦ ❛♦ r❡❞♦r ❞♦ â♥❣✉❧♦ ❞❡ tr❛♥s✐çã♦✱ ♥♦s t❡st❡s

r❡❛❧✐③❛❞♦s ❝♦♠ ❢r❡q✉ê♥❝✐❛ ❝♦♥st❛♥t❡✱ t♦r♥♦✉✲s❡ ❡①tr❡♠❛♠❡♥t❡ s❡♥sí✈❡❧ à ♣❡q✉❡♥❛s ♠♦❞✐✜❝❛✲

çõ❡s ♥❡ss❡ ♣❛râ♠❡tr♦✱ ♣♦❞❡♥❞♦ ♣r♦❞✉③✐r ❡❧❡✈❛❞♦s ♥í✈❡✐s ❞❡ ■❘✳ ◆❡ss❡ ❝❛s♦✱ ❛ ❤✐st❡r❡s❡ ❞❡

✶✶✾



♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ❢♦✐ ✐♠♣♦rt❛♥t❡ ♣❛r❛ r❡❞❡✜♥✐r ♦ ♣♦♥t♦ ❞❡ ♦♣❡r❛çã♦ ❞❛ ❡♠❜r❡❛❣❡♠ ❞✐st❛♥t❡

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

♥♦ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦✳

❆❧t❡r❛çõ❡s ♥❛ ❢♦❧❣❛ ❞♦s ❡♥❣r❡♥❛♠❡♥t♦s✱ ❝✐t❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ ❝♦♠♦ ♣♦ssí✈❡✐s s♦❧✉çõ❡s

♣❛r❛ ♦ ❢❡♥ô♠❡♥♦✱ ♥ã♦ ♣r♦❞✉③✐r❛♠ s✐❣♥✐✜❝❛t✐✈❛s ❛❧t❡r❛çõ❡s ♥♦ í♥❞✐❝❡ ❞❡ r❛tt❧❡✳ P❛r❛ ❝♦♠✲

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

✐♥t❡♥s✐❞❛❞❡ ❞❡ ❛❝❡❧❡r❛çã♦ ♥❛ ❡♥❣r❡♥❛❣❡♠✱ ❢♦✐ ♥❡❝❡ssár✐♦ ✉t✐❧✐③❛r ✐♥❞✐❝❛❞♦r❡s ❝♦♠♦ ❛ ♠é❞✐❛

❞❛s ❛❝❡❧❡r❛çõ❡s ❡♠ s✐t✉❛çõ❡s ❞❡ ✐♠♣❛❝t♦✳ P❛r❛ ❛ ♠♦❞❡❧❛❣❡♠ ❞♦ ❡♥❣r❡♥❛♠❡♥t♦✱ ❝♦♠ ❛ ❞✐♠✐✲

♥✉✐çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ❤é❧✐❝❡✱ ♦❝♦rr❡✉ ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ r❛③ã♦ ❞❡ ❝♦♥t❛t♦ ❡♥tr❡ ❛s ❡♥❣r❡♥❛❣❡♥s✱

r❡s✉❧t❛♥❞♦ ♥✉♠❛ ♠❡♥♦r r✐❣✐❞❡③ ♠é❞✐❛✳ P♦ré♠✱ ❝♦♠♦ ♦❝♦rr❡r❛♠ s✉t✐s ✈❛r✐❛çõ❡s ♥❛ r✐❣✐❞❡③✱

♦ ✈❛❧♦r ❞❡ ■❘ ❢♦✐ ♣♦✉❝♦ ❛❧t❡r❛❞♦ ♥❛s s✐♠✉❧❛çõ❡s✳ ❈♦♠ ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ ❧❛r❣✉r❛ ❞♦ ❞❡♥t❡✱

♦❝♦rr❡r❛♠ t❛♠❜é♠ ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ r❛③ã♦ ❞❡ ❝♦♥t❛t♦✱ ❝❛✉s❛♥❞♦ r❡❞✉çõ❡s ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛s

♥❛ r✐❣✐❞❡③ ♠é❞✐❛ ❞♦ ❡♥❣r❡♥❛♠❡♥t♦✳ ◆❡ss❡ ❝❛s♦✱ ❝♦♠ ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ ❧❛r❣✉r❛ ❞♦ ❞❡♥t❡ ❛s

❡♥❣r❡♥❛❣❡♥s ❞❡ q✉❛rt❛ ❡ q✉✐♥t❛ ♠❛r❝❤❛ ❛♣r❡s❡♥t❛r❛♠ ❛✉♠❡♥t♦ ♥♦ ✈❛❧♦r❡ ❞❡ ■❘✳

❆ ✐♥ér❝✐❛ ❞♦ ✈♦❧❛♥t❡✱ s❡ r❡❞✉③✐❞❛ ❞♦s ✈❛❧♦r❡s ❝♦♠❡r❝✐❛✐s✱ ♣r♦❞✉③✐✉ ❛❧t♦s ♥í✈❡✐s ❞❡ ❛❝❡❧❡✲

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

♣♦✉❝❛ ❛❧t❡r❛çã♦ ♥♦ ✈❛❧♦r ❞♦ ■❘✱ ❜❛st❛♥t❡ r❡❞✉③✐❞♦s✳ ❆❧t❡r❛♥❞♦ ❛ ✐♥ér❝✐❛ ❞♦ ❝✉❜♦ ❞❛ ❡♠❜r❡❛✲

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

s❡❝✉♥❞ár✐♦ ❞❡ ✈♦❧❛♥t❡ ❞✉♣❧❛✲♠❛ss❛✳ ❙❡♥❞♦ ❛ss✐♠✱ ❡ss❛ s♦❧✉çã♦ s❡ ♠♦str♦✉ ❜❛st❛♥t❡ ❡❢❡t✐✈❛

t❛♠❜é♠ ♥❛ r❡❞✉çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ♥❛t✉r❛❧ ❞♦ s✐st❡♠❛ ❧✐♥❡❛r✐③❛❞♦ ♥❛ ❝♦♥❞✐çã♦ ❞❡ tr❛çã♦✳ ■ss♦

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

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

♠❛s ❞✐st✐♥t♦s✱ ❝♦♠ ♥❡❝❡ss✐❞❛❞❡ ❞❛ ❛❞❡q✉❛çã♦ ❞♦ ❡stá❣✐♦ ❞❡ ♣ré✲❛♠♦rt❡❝✐♠❡♥t♦ ♣❛r❛ ♦ r❛tt❧❡

❡♠ ♣♦♥t♦ ♠♦rt♦ ❡ ❞♦ ❛♠♦rt❡❝✐♠❡♥t♦ ♣r✐♥❝✐♣❛❧ ❡♠ ❝❛s♦ ❞❡ r❛tt❧❡ ❡♠ tr❛çã♦✳ ❈♦♠ ❛ ❡❧❡✈❛çã♦

❞♦ ✈❛❧♦r ❞❛ ✐♥ér❝✐❛ ❧✐❣❛❞❛ ❛♦ ❡✐①♦ ❞❡ ❡♥tr❛❞❛ ❞❛ tr❛♥s♠✐ssã♦✱ ♣♦r ❡①❡♠♣❧♦✱ ❛tr❛✈és ❞♦ ✉s♦

❞♦ ❉▼❋✱ ♦ ❢❡♥ô♠❡♥♦ é ❛❜♦r❞❛❞♦ ❞❡ ♠❛♥❡✐r❛ ❣❧♦❜❛❧✱ ♣r♦✈❡♥❞♦ ❛❧t❡r❛çõ❡s ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦

s✐st❡♠❛ ❡♠ ❛♠❜♦s ♦s ❝❛s♦s ❞❡ ♦❝♦rrê♥❝✐❛✳

✾✳✷ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s

❯♠❛ ♠❡❧❤♦r ❞❡s❝r✐çã♦ ❞❛ ✈✐❜r❛çã♦ ❡♠ s✐t✉❛çã♦ ❞❛ tr❛çã♦ é ♥❡❝❡ssár✐❛✱ ✈❡r✐✜❝❛♥❞♦ ♦

❡❢❡✐t♦ ❞❛ ❤✐st❡r❡s❡ ❞♦ ❡stá❣✐♦ ❞❡ ♠❛✐♦r r✐❣✐❞❡③ ♣❛r❛ ❛ ❛t❡♥✉❛çã♦ ❞♦ ❢❡♥ô♠❡♥♦ ❞❡ ❞r✐✈❡ r❛tt❧❡✱

✶✷✵



❛ ✜♠ ❞❡ ❝♦♠♣❛rá✲❧❛s ❝♦♠ ❛s s✐♠✉❧❛çõ❡s ❞♦ s✐st❡♠❛ ❧✐♥❡❛r✐③❛❞♦✳ P❛r❛ ✐ss♦✱ s❡rá ♥❡❝❡ssár✐❛

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

r❡❛✐s✳ ❖ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ♦✉tr❛s ❝♦♥✜❣✉r❛çõ❡s ❞❡ ♣♦✇❡rtr❛✐♥✱ ❝♦♠♦ ♦ ❞❡ tr❛çã♦ tr❛s❡✐r❛

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

❝❛♠✐♥❤õ❡s✱ ❡t❝✳✮✳ ➱ ♥❡❝❡ssár✐♦ ❝♦♥❢r♦♥t❛r ♦s r❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s ❝♦♠ ♠❡❞✐çõ❡s r❡❛✐s

❞❡ tr❡♠ ❞❡ ♣♦tê♥❝✐❛✱ ✐❞❡♥t✐✜❝❛♥❞♦ ♣♦ssí✈❡✐s ❞✐s❝r❡♣â♥❝✐❛s ♥♦s r❡s✉❧t❛❞♦s ❡ ♣r♦♣♦♥❞♦ ❛❥✉st❡s

♥❡ss❡s ♠♦❞❡❧♦s✳

❊♠ ❡st✉❞♦s ❢✉t✉r♦s✱ s❡rá ♥❡❝❡ssár✐♦ ❡st✉❞❛r ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❛ ✈✐❜r❛çã♦ t♦rs✐♦✲

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

s❡❣✉♥❞♦ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❛❝❡❧❡r❛çã♦✱ ♣♦ré♠✱ ♥ã♦ é ♣♦ssí✈❡❧ ❛✜r♠❛r q✉❡✱ ❡♠ ❝❛s♦s ♦♥❞❡ ❛ ❛❝❡✲

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

❝♦♠♣♦rt❛✲s❡ ❞❡ ♠❛♥❡✐r❛ ♥ã♦✲❧✐♥❡❛r✱ s❡♥❞♦ s✉❥❡✐t♦ t❛♠❜é♠ ❛♦s ❛s♣❡❝t♦s ❝♦❣♥✐t✐✈♦s✳ ❆ ❝r✐❛çã♦

❞❡ ❛❧❣✉♠ ✐♥❞✐❝❛❞♦r ❝♦rr❡❧❛❝✐♦♥❛❞♦ ❛ r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✱ ❞✐st✐♥❣✉✐♥❞♦ ♦ ♥í✈❡❧ ❞❡ r✉í❞♦

♣r♦♣♦r❝✐♦♥❛❞♦ ❛ ♣❛rt✐r ❞♦s r❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s t♦rs✐♦♥❛✐s ♣♦❞❡r✐❛ s❡r ❡①tr❡♠❛♠❡♥t❡

út✐❧ ♥♦ ♣r♦❥❡t♦ ❞♦ ♣♦✇❡rtr❛✐♥✳ ◆❡ss❡ s❡♥t✐❞♦✱ ❛ ✐t❡r❛çã♦ ❡♥tr❡ ♦ s✐st❡♠❛ t♦rs✐♦♥❛❧ ❡ ❛ ❝❛r❝❛ç❛

❞♦ tr❡♠ ❞❡ ♣♦tê♥❝✐❛ t❛♠❜é♠ ❞❡✈❡ s❡r ✐♥✈❡st✐❣❛❞❛✱ ♣♦✐s ♦ r✉í❞♦ tr❛♥s♠✐t✐❞♦ ♣♦r ❛r ❞❡♣❡♥❞❡
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