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✧◆❛❞❛ t❡♠❛s✱ ♣♦rq✉❡ ❡st♦✉ ❝♦♥t✐❣♦✱ ♥ã♦

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

❉❡✉s❀ ❡✉ t❡ ❢♦rt❛❧❡ç♦ ❡ ✈❡♥❤♦ ❡♠ t❡✉ s♦❝♦rr♦✱

❡✉ t❡ ❛♠♣❛r♦ ❝♦♠ ♠✐♥❤❛ ❞❡str❛ ✈✐t♦r✐♦s❛✳✧
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✧❖ ❙❡♥❤♦r é ♦ ♠❡✉ r♦❝❤❡❞♦✱ ♠✐♥❤❛ ❢♦rt❛❧❡③❛

❡ ♠❡✉ ❧✐❜❡rt❛❞♦r✳ ▼❡✉ ❉❡✉s é ❛ ♠✐♥❤❛ r♦❝❤❛✱

♦♥❞❡ ❡♥❝♦♥tr♦ ♦ ♠❡✉ r❡❢ú❣✐♦✱ ♠❡✉ ❡s❝✉❞♦✱

❢♦rç❛ ❞❡ ♠✐♥❤❛ s❛❧✈❛çã♦ ❡ ♠✐♥❤❛ ❝✐❞❛❞❡❧❛✳✧

✭❙❛❧♠♦s ✶✽✿✸✮
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Pr✐♠❡✐r❛♠❡♥t❡✱ ❣♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝❡r ❛ ❉❡✉s✱ ♣❡❧♦ ❙❡✉ ❛♠♦r q✉❡ ♠❡ ❝♦♥s✲
tr❛♥❣❡ ❡ ♠❡ ❡♥❝♦r❛❥❛ ❛ s❡❣✉✐r ❛❞✐❛♥t❡✳ ❆♦ ♠❡✉ ♣❛✐ ❊❞✐✈❛r✱ ❤♦♠❡♠ ❞✐s❝✐♣❧✐✲
♥❛❞♦✱ q✉❡ ♠❡ ♠♦str♦✉ ♦ ✈❛❧♦r ❞♦ tr❛❜❛❧❤♦✳ ➚ ♠✐♥❤❛ ♠ã❡ ▼❛r✐❛ ❞❡ ❏❡s✉s✱
♠✉❧❤❡r ❧✉t❛❞♦r❛✱ ✈❡♥❝❡❞♦r❛✱ q✉❡ ♠❡ ❡♥s✐♥♦✉ ❛ ❧✉t❛r✳ ❆♦ ♠❡✉ ✐r♠ã♦ ❋❛❜rí❝✐♦
❘✐❝❛r❞♦✱ ♣❡❧♦ s❡✉ ❝✉✐❞❛❞♦ ♣❛r❛ ❝♦♠ ♥♦ss❛ ❢❛♠í❧✐❛✳ ❆♦ ♠❡✉ s♦❜r✐♥❤♦ ❏ú♥✐♦r✱
r❛♣❛③ q✉❡ t❡♥❤♦ ✉♠ ✐♠❡♥s♦ ❝❛r✐♥❤♦ ❡ q✉❡ ♥✉♥❝❛ ✈♦✉ ❞❡✐①❛r ❞❡ ❜✉s❝❛r ♦ ♠❡❧❤♦r
♣r❛ ❡❧❡✳ ❆ ❏✉❧②❛♥❛ ❈♦✈r❡✱ ♣❡❧♦ ❛❢❡t♦✱ ❝❛r✐♥❤♦ ❡ ❛♠♦r ❞✐s♣❡♥s❛❞♦s ♣❛r❛ ❝♦♠✐❣♦✳

➚ ♠✐♥❤❛ ❢❛♠í❧✐❛ q✉❡ ♠❡s♠♦ ❞✐st❛♥t❡✱ s❡♠♣r❡ t❡✈❡ ♦ s❡✉ ♣❛♣❡❧ ❞❡ ✐♠♣♦rtâ♥❝✐❛✳
❊♠ ❡s♣❡❝✐❛❧ ♠❡✉ s♦❣r♦ ❡ ♠✐♥❤❛ s♦❣r❛ ♣❡❧♦ ❝❛r✐♥❤♦✱ ③❡❧♦ ❡ ❛❢❡t♦ ❝♦♠ ♦ q✉❛❧
s❡♠♣r❡ ♠❡ r❡❝❡❜❡♠✳ ❆♦s ♠❡✉s ❛♠✐❣♦s ♠❛✐s ❝❤❡❣❛❞♦s q✉❡ ✐r♠ã♦s q✉❡ s❡♠♣r❡
❞❡s❡❥❛✈❛♠ s❛❜❡r ❝♦♠♦ ❡st❛✈❛ ✐♥❞♦ t✉❞♦✳

●♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝❡r t❛♠❜é♠ à ❈❆P❊❙ ♣❡❧♦ ❛♣♦✐♦ ✜♥❛♥❝❡✐r♦ ♣❛r❛ ♦ ❞❡s❡♥✲
✈♦❧✈✐♠❡♥t♦ ❞❡st❛ ♣❡sq✉✐s❛✳

➚ ♣r♦❢❡ss♦r❛ ●❡❧❢❛ ❆❣✉✐❛r✱ ❡①✲t✉t♦r❛ ❞♦ Pr♦❣r❛♠❛ ❞❡ ❊❞✉❝❛çã♦ ❞❡ ❚✉t♦✲
r✐❛❧✭P❊❚✮ ♥❛ ❯❋❈●✱ sí♠❜♦❧♦ ❞❡ ❝❛rát❡r✳ ➚ ♣r♦❢❡ss♦r❛ ■♥❡③ ❙✐❧✈✐❛✱ ♣❡❧❛ ✐♥✲
t❡❧✐❣ê♥❝✐❛ ❡ s❡✉ ❛♠♦r ❡♠ tr❛♥s♠✐t✐r ❝♦♥❤❡❝✐♠❡♥t♦✳

❆♦s ❝♦❧❡❣❛s✱ ♣r♦❢❡ss♦r❡s ❡ s❡r✈✐❞♦r❡s ❞♦ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❊❝♦♥♦♠✐❛ ❘✉r❛❧✱
♣❡❧♦ ❛♣♦✐♦ ♥♦ ♠❡✉ ♣r♦❝❡ss♦ ❞❡ ❞♦✉t♦r❛♠❡♥t♦✱ ❡♠ ❡s♣❡❝✐❛❧✱ ❛♦s ❛♠✐❣♦s ❈❧á✉✲
❞✐❛✱ ❉❛♠❛r✐s✱ ●❛❜r✐❡❧✱ ❙♦r❛✐❛ ❡ ❉✐♦❣♦✱ ❈❛r❧♦s ❖❝tá✈✐♦ ❡ ❇❧❛❞✐♠✐r✳ ❆♦ ♠❡✉
♦r✐❡♥t❛❞♦r✱ ♣❡❧❛s ❞✐s❝✉ssõ❡s ❝rít✐❝❛s ❡ ♣♦r ❛❝r❡❞✐t❛r ♥❡st❡ tr❛❜❛❧❤♦✳ ❆♦ Pr♦❢♦

❋❛❜rí❝✐♦ ❱✐❡✐r❛✱ ♣❡❧♦s ❡♥s✐♥❛♠❡♥t♦s ❡ ❞✐s❝✉ssõ❡s✳ ❆♦ Pr♦❢♦ ■❛♥ ❚r♦tt❡r✱ ♣❡❧❛s
❝♦♥✈❡rs❛s q✉❡ ❛❥✉❞❛r❛♠ ♥❛ ❧❛♣✐❞❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✳

P❡❧❛ ❝♦♦♣❡r❛çã♦ ❞♦ ❢✉♥❝✐♦♥ár✐♦ ❞❛ ❋✉♥❞❛çã♦ ●❡tú❧✐♦ ❱❛r❣❛s✭❋●❱✮✱ ●❛❜r✐❡❧
❈✉♥❤❛✱ q✉❡ s❡ ❝♦❧♦❝♦✉ ♣r♦♥t❛♠❡♥t❡ ♥❛ ❝♦❧❡t❛ ❞❡ ❞❛❞♦s ♥❛ ✐♥st✐t✉✐çã♦✳

❆♦ ▼ár❝✐♦ ❋r❛♥❝✐s❝♦ ❞❛ ❙✐❧✈❛✱ ♣♦r ♠❡ ❛✉①✐❧✐❛r ♥❛ ❡①❡❝✉çã♦ ❞♦ ♠♦❞❡❧♦✱ ❜❡♠
❝♦♠♦ ♥❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❡♠ ♠❡ ❛t❡♥❞❡r✳ ❆♦ ➶♥❣❡❧♦ ♣♦r t♦❞♦ ❛✉①í❧✐♦ ♥❛ ❡①❡✲
❝✉çã♦ ❞♦ tr❛❜❛❧❤♦✳ ❆ ❏éss✐❝❛ q✉❡ ♠❡ ❛❥✉❞♦✉ ♥❛ ❢♦r♠❛❧✐③❛çã♦ ❞♦s ❝ó❞✐❣♦s✳

❆ Pr♦❢❛ ●r❛③✐❡❧❧❛ ▼❛❣❛❧❤ã❡s ♣♦r ♣❛rt✐❝✐♣❛çã♦ ♥❛ ❜❛♥❝❛ ♣❛r❛ ❧❛♣✐❞❛çã♦ ❞♦ tr❛✲
❜❛❧❤♦✳ ❆♦ Pr♦❢♦ ▲✉❝❦❛s ❙❛❜✐♦♥✐ ♣❡❧❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❡♠ ♣❛rt✐❝✐♣❛r ❞❛ ❜❛♥❝❛✳

❆ t♦❞♦s ♦s ❛♠✐❣♦s q✉❡ ✜③ ❡♠ ❱✐ç♦s❛✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ♥♦ ❑❛r❛tê✲❯❋❱✳ ❊ ❛ t♦❞♦s
q✉❡ ❝r✉③❛r❛♠ ♠❡✉ ❝❛♠✐♥❤♦✱ ♦♥❞❡ ♣✉❞❡ ❛♣r❡♥❞❡r ✉♠ ♣♦✉❝♦ ♠❛✐s✳
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❇❆❘❘❖❙✱ ❋❛❜✐❛♥♦ ▲✉✐③ ❆❧✈❡s✱ ❉✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ♠❛✐♦ ❞❡ ✷✵✶✾✳
P♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ❡ s♣r❡❛❞ ❜❛♥❝ár✐♦ ❡♠ ❡❝♦♥♦♠✐❛ ❛❜❡rt❛✿ ✉♠❛ ❛♥á❧✐s❡ ♣❛r❛
❡❝♦♥♦♠✐❛ ❜r❛s✐❧❡✐r❛✳ ❖r✐❡♥t❛❞♦r✿ ❲✐❧s♦♥ ❞❛ ❈r✉③ ❱✐❡✐r❛✳

❆ss✐♠ ❝♦♠♦ ❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ❞❡s❡♠♣❡♥❤❛ ✉♠ ♣❛♣❡❧ ❢✉♥❞❛♠❡♥t❛❧ ♥❛ ❡st❛❜✐❧✐③❛çã♦

❡❝♦♥ô♠✐❝❛✱ ❛ ♣♦❧ít✐❝❛ ❞❡ ❝ré❞✐t♦ t❛♠❜é♠ ❡①❡r❝❡✱ ❞❡ ❢♦r♠❛ ❝r✉❝✐❛❧✱ ✉♠ t✐♣♦ ❞❡ ♣r♦♣❛❣❛çã♦

❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✳ ❉❡st❛ ❢♦r♠❛✱ ❛ ♠❛❣♥✐t✉❞❡ ❞♦ s♣r❡❛❞ ✐♥✢✉❡♥❝✐❛ t❛♥t♦ ♣♦s✐t✐✈❛✲

♠❡♥t❡ q✉❛♥t♦ ♥❡❣❛t✐✈❛♠❡♥t❡ ♦ ♠❡r❝❛❞♦ ❞❡ ❝ré❞✐t♦✳ ❊♠ ✈✐st❛ ❞✐ss♦✱ ♦ ♦❜❥❡t✐✈♦ ❣❡r❛❧ ❞❡st❛

♣❡sq✉✐s❛ ❜✉s❝♦✉ ❛♥❛❧✐s❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ♥❛ ❡❝♦♥♦♠✐❛ ❜r❛s✐❧❡✐r❛ ❡♠

r❡s♣♦st❛s às ✈❛r✐❛çõ❡s ❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✳ ❆ ❤✐♣ót❡s❡ ❞❛ ♣❡sq✉✐s❛ é q✉❡ ♦ ❛♠❜✐❡♥t❡

♠❛❝r♦❡❝♦♥ô♠✐❝♦ ❡①♣r❡ss♦ ♥❛ t❛①❛ ❞❡ ❝â♠❜✐♦✱ ♥❛ t❛①❛ ❞❡ ❥✉r♦s ❡ ❛❧t❛ ✐♥✢❛çã♦ ❛❢❡t❛♠ ❞❡

♠❛♥❡✐r❛ ♣♦s✐t✐✈❛ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ❞♦ ❇r❛s✐❧✱ ♦✉ s❡❥❛✱ ❝â♠❜✐♦ ❞❡s✈❛❧♦r✐③❛❞♦✱ ❥✉r♦s ❛❧✲

t♦s ❡ t❛①❛ ❞❡ ✐♥✢❛çã♦ t❡♥❞❡♠ ❛ ❛✉♠❡♥t❛r ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦✳ ❊st❡ tr❛❜❛❧❤♦ ❡①♣❛♥❞❡ ♦

♠♦❞❡❧♦ ♣r♦♣♦st♦ ♣♦r ●❡r❛❧✐ ❡t ❛❧✳ ✭✷✵✶✵✮✱ ♣♦✐s é ❞❡s❡♥✈♦❧✈✐❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡ ❡❝♦♥♦♠✐❛

❛❜❡rt❛ ❝♦♠♦ ❡♠ ❙✐❧✈❛ ✭✷✵✶✺✮❀ ♣♦ré♠✱ ❡st❡ tr❛❜❛❧❤♦ ♥ã♦ ✉t✐❧✐③❛ ♦s s✐♥❞✐❝❛t♦s✳ ❖ ❢♦❝♦ ✈✐s❛

♠♦❞✐✜❝❛r ❛ r❡❣r❛ ❞❡ ❚❛②❧♦r q✉❡ ❛❣r❡❣❛ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦❀ ❡ ❛❧t❡r❛r ❛ ❡q✉❛çã♦ ❞♦ ❧✉❝r♦

❜❛♥❝ár✐♦✱ ♣♦✐s ✐♥❝♦r♣♦r❛ ♦ ❛♠❜✐❡♥t❡ ✐♥st✐t✉❝✐♦♥❛❧❀ ❛❧é♠ ❞✐ss♦✱ ♦s ❝❤♦q✉❡s sã♦ ❞❛❞♦s ❡♠

✈❛r✐á✈❡✐s q✉❡ ♣♦ss✉❡♠ ❧✐❣❛çã♦ ❞✐r❡t❛ ❝♦♠ ❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ❡ ♦ s❡t♦r ✜♥❛♥❝❡✐r♦✳ ❆ss✐♠✱

❛s tr❛♥s❛çõ❡s ❛❝♦♥t❡❝❡♠ ❛ ♥í✈❡❧ ❧♦❝❛❧ ❡ ✐♥t❡r♥❛❝✐♦♥❛❧✱ t❛♥t♦ ♥♦ s❡t♦r ❡①♣♦rt❛❞♦r ✭♣♦r ♠❡✐♦

❞❛s ✐♠♣♦rt❛çõ❡s ❞❡ ✐♥s✉♠♦s ❡ ❡①♣♦rt❛çõ❡s ❞❡ ❜❡♥s ✜♥❛✐s✮✱ q✉❛♥t♦ ♥♦ s❡t♦r ✜♥❛♥❝❡✐r♦ ✭❛

♣❛rt✐r ❞❛ ❝❛♣t❛çã♦ ❞❡ ❝ré❞✐t♦ ❡①t❡r♥♦✮✱ ❢❛✈♦r❡❝❡♥❞♦✱ ❛ss✐♠✱ ♦ ❣r❛✉ ❞❡ s✉❜st✐t✉t✐❜✐❧✐❞❛❞❡ ❞♦

❝ré❞✐t♦ ❞♦♠ést✐❝♦ ♣❡❧♦ ♣r✐✈❛❞♦✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ✐♥❞✐❝❛♠ q✉❡ ♠✉❞❛♥ç❛s ♥❛ ♣♦❧ít✐❝❛

♠♦♥❡tár✐❛ ❛❢❡t❛♠ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ❡ ❝♦♥✜r♠❛♠ ❛ ❤✐♣ót❡s❡ ❞❡st❡ tr❛❜❛❧❤♦✳ ❆❧é♠ ❞✐ss♦✱

✐♥❞✐❝❛♠ q✉❡ ♦ ❝ré❞✐t♦ ❡①❡r❝❡ ✐♥✢✉ê♥❝✐❛ s✐❣♥✐✜❝❛t✐✈❛ ♥❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱

♥❛ s✉❜st✐t✉✐çã♦ ❞♦ ❝ré❞✐t♦ ❞♦♠ést✐❝♦ ❡♠ r❡❧❛çã♦ ❛♦ ❝ré❞✐t♦ ❡str❛♥❣❡✐r♦✱ ♦✉ s❡❥❛✱ ♣❡r♠✐t❡

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

❛ss✐♠✱ ❛ t♦♠❛❞❛ ❞❡ r✐s❝♦ ❞♦s ❜❛♥❝♦s ♥♦ s✐st❡♠❛ ✜♥❛♥❝❡✐r♦✳
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❇❆❘❘❖❙✱ ❋❛❜✐❛♥♦ ▲✉✐③ ❆❧✈❡s✱ ❉✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ▼❛②✱ ✷✵✶✾✳ ▼♦♥❡✲
t❛r② ♣♦❧✐❝② ❛♥❞ s♣r❡❛❞ ❜❛♥❦✐♥❣ ✐♥ ♦♣❡♥ ❡❝♦♥♦♠②✿ ❛♥ ❛♥❛❧②s✐s ❢♦r t❤❡ ❇r❛③✐❧✐❛♥
❡❝♦♥♦♠②✳✳ ❆❞✈✐s❡r✿ ❲✐❧s♦♥ ❞❛ ❈r✉③ ❱✐❡✐r❛✳

❚❤❡ ♠♦♥❡t❛r② ♣♦❧✐❝② ♣❧❛②s ❛♥ ✐♠♣♦rt❛♥t r♦❧❡ ✐♥ ❡❝♦♥♦♠✐❝ st❛❜✐❧✐③❛t✐♦♥✱ ❛s ✇❡❧❧ ❛s t❤❡

❝r❡❞✐t ♣♦❧✐❝② ❡①❡rts✱ ❝r✉❝✐❛❧❧②✱ ❛ ❦✐♥❞ ♦❢ ♣r♦♣❛❣❛t✐♦♥ ♦❢ ♠♦♥❡t❛r② ♣♦❧✐❝②✳ ❚❤❡r❡❢♦r❡✱ t❤❡

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

t❤❡ ❣❡♥❡r❛❧ ♣✉r♣♦s❡ ♦❢ t❤✐s r❡s❡❛r❝❤ ❛✐♠❡❞ t♦ ❛♥❛❧②③❡ t❤❡ ❜❛♥❦✐♥❣ s♣r❡❛❞ ❜❡❤❛✈✐♦r ✐♥ t❤❡

❇r❛③✐❧✐❛♥ ❡❝♦♥♦♠② ✐♥ r❡s♣♦♥s❡ t♦ t❤❡ ♠♦♥❡t❛r② ♣♦❧✐❝② ✈❛r✐❛t✐♦♥s✳ ❚❤❡ ❤②♣♦t❤❡s✐s ♦❢ t❤❡

r❡s❡❛r❝❤ ✐s t❤❛t t❤❡ ♠❛❝r♦❡❝♦♥♦♠✐❝ ❡♥✈✐r♦♥♠❡♥t ❡①♣r❡ss❡❞ ✐♥ t❤❡ ❡①❝❤❛♥❣❡ r❛t❡✱ ✐♥t❡r❡st

r❛t❡ ❛♥❞ ❤✐❣❤ ✐♥✢❛t✐♦♥ ♣♦s✐t✐✈❡❧② ❛✛❡❝ts t❤❡ ❇r❛③✐❧✐❛♥ ❜❛♥❦✐♥❣ s♣r❡❛❞✱ ✐♥ ♦t❤❡r ✇♦r❞s✱

❞❡✈❛❧✉❡❞ ❡①❝❤❛♥❣❡✱ ❤✐❣❤ ✐♥t❡r❡st r❛t❡s ❛♥❞ ✐♥✢❛t✐♦♥ r❛t❡ t❡♥❞ t♦ ✐♥❝r❡❛s❡ t❤❡ ❜❛♥❦✐♥❣
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❇ Pr✐♦rs ❡ P♦st❡r✐♦r❡s ✾✷

❈ ❈♦♥✈❡r❣ê♥❝✐❛ ▼❈▼❈ ✾✺
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❆ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ❡①❡r❝❡ ✉♠ ♣❛♣❡❧ ✐♥❞✐s♣❡♥sá✈❡❧ ♥❛ ❡st❛❜✐❧✐③❛çã♦ ❡❝♦♥ô♠✐❝❛✱

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

❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✳ ❉❡st❛ ♠❛♥❡✐r❛✱ ❛ ♠❛❣♥✐t✉❞❡ ❞♦ s♣r❡❛❞ ✐♥✢✉❡♥❝✐❛ t❛♥t♦ ❛ ♦❢❡rt❛

q✉❛♥t♦ ❛ ❞❡♠❛♥❞❛ ❞♦ ♠❡r❝❛❞♦ ❝ré❞✐t♦✳

◆♦ ❇r❛s✐❧✱ ❞✉r❛♥t❡ ❛ ❞é❝❛❞❛ ❞❡ ✽✵✱ ❢♦r❛♠ ❧❛♥ç❛❞♦s ♣❡❧♦s ♠❡♥♦s três ♣❧❛♥♦s ♣❛r❛

❡st❛❜✐❧✐③❛çã♦ ❞❛ ✐♥✢❛çã♦✱ s❡♥❞♦ ❡❧❡s✿ P❧❛♥♦ ❈r✉③❛❞♦✱ ❡♠ ✶✾✽✻❀ P❧❛♥♦ ❇r❡ss❡r✱ ❡♠ ✶✾✽✼❀ ❡ ♦

P❧❛♥♦ ❱❡rã♦✱ ❡♠ ✶✾✽✾✳❆ ❡st❛❜✐❧✐③❛çã♦ ❞♦s ♣r❡ç♦s ❡♠ ✶✾✾✹✱ ♣❡r♠✐t✐✉ ♦ ❝♦♥tr♦❧❡ ❞❛ ✐♥✢❛çã♦✱

❢❛✈♦r❡❝❡♥❞♦ ❛ ❛✉t♦♥♦♠✐❛ ❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✳ ❊♠ ✶✾✾✾✱ ❝♦♠ ❛ ❛❞♦çã♦ ❞♦ r❡❣✐♠❡ ❞❡

♠❡t❛s ❞❡ ✐♥✢❛çã♦✱ q✉❡ ♣❛ss♦✉ ❛ s❡r ✉♠ ❞♦s ♠❡❝❛♥✐s♠♦s ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ♠❛❝r♦❡❝♦♥ô♠✐❝❛✱

❛♥❝♦r❛♥❞♦✱ ❛ss✐♠✱ ❛s ❡①♣❡❝t❛t✐✈❛s ❋♦♥s❡❝❛ ✭✷✵✵✽✮✳ ▼❡s♠♦ ❝♦♠ ❛ ❛❞♦çã♦ ❞❡ ♣rát✐❝❛s ❝♦♥✲

✈❡♥❝✐♦♥❛✐s ❞❡ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✱ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ❜r❛s✐❧❡✐r♦ s❡ ✜❣✉r❛ ❝♦♠♦ ✉♠ ❞♦s ♠❛✐s

❛❧t♦s ❞♦ ♠✉♥❞♦ ✭❖❘❊■❘❖ ❡t ❛❧✳✱ ✷✵✵✻✮✳ ◆❡st❡ s❡♥t✐❞♦✱ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ❜❛✐①♦ ❞❡s❡♠♣❡✲

♥❤❛ ✉♠ ♣❛♣❡❧ ❢✉♥❞❛♠❡♥t❛❧ ♥♦ ❡stí♠✉❧♦ ❛♦ ❝r❡s❝✐♠❡♥t♦ ❡❝♦♥ô♠✐❝♦ ❞❡ ✉♠ ♣❛ís✱ ✈✐st♦ q✉❡

♣♦ss✐❜✐❧✐t❛ ✉♠❛ ♠❛✐♦r ❢❛❝✐❧✐❞❛❞❡ ♥❛ ❝♦♥❝❡ssã♦ ❞❡ ♥♦✈♦s ❡♠♣rést✐♠♦s✳ ❆ ♣❛rt✐r ❞❡st❛ ❝♦♥✲

❝❡✐t✉❛çã♦✱ ❇r♦❝❦ ❡ ❘♦❥❛s✲❙✉❛r❡③ ✭✷✵✵✵✮✱ ❡♥t❡♥❞❡♠ ♦ s♣r❡❛❞ ❝♦♠♦ s❡♥❞♦ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡

❛ t❛①❛ ❝♦❜r❛❞❛ ❞♦s ❝❧✐❡♥t❡s q✉❡ s♦❧✐❝✐t❛♠ ❡♠♣rést✐♠♦s ❡ ❛ t❛①❛ ♣❛❣❛ ❛♦s ❞❡♣♦s✐t❛♥t❡s ❞♦

❜❛♥❝♦✳ P♦r s✉❛ ✈❡③✱ ❙❛✉♥❞❡rs ❡ ❙❝❤✉♠❛❝❤❡r ✭✷✵✵✵✮ ❞❡✜♥❡♠ ♦ s♣r❡❛❞ ❝♦♠♦ ♦ ❝✉st♦ ❞❡

✐♥t❡r♠❡❞✐❛çã♦ ✜♥❛♥❝❡✐r❛ ❞♦ s✐st❡♠❛ ❜❛♥❝ár✐♦✳ ◆❛ ❆♠ér✐❝❛ ▲❛t✐♥❛✱ ❛ ♠é❞✐❛ ❞♦ s♣r❡❛❞ é

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

❞♦s ♠❛✐♦r❡s ❞♦ ♠✉♥❞♦ ✭❇❘❖❈❑❀ ❘❖❏❆❙✲❙❯❆❘❊❩✱ ✷✵✵✵✮✱ ❝♦♠♦ ♣♦❞❡ s❡r ✈❡r✐✜❝❛❞♦ ♥❛

❚❛❜❡❧❛ ✶✳✶✳
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❋♦♥t❡✿❲♦r❧❞ ❇❛♥❦ ✭✷✵✶✽✮

❖ ❝✉st♦ ❛❧t♦ ❛ss♦❝✐❛❞♦ à ✉♠ s♣r❡❛❞ ❡❧❡✈❛❞♦ t❡♥❞❡ ❛ ❞✐✜❝✉❧t❛r ♦ ❝r❡s❝✐♠❡♥t♦ ❞❛

✶

1. CONSIDERAÇÕES INICIAIS



♣♦✉♣❛♥ç❛✱ ❞♦ ✐♥✈❡st✐♠❡♥t♦ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❞❛ t❛①❛ ❞❡ ❥✉r♦s ❝♦❜r❛❞❛ s♦❜r❡ ♦s ❡♠✲

♣rést✐♠♦s ✭❆▲▼❊■❉❆❀ ❉■❱■◆❖✱ ✷✵✶✺✮✳ ❚❛❧ ❢❛t♦ ✐♠♣❧✐❝❛ ❡♠ ✉♠ ♠❛✐♦r ❝✉st♦ ♣❛r❛ ♦s

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

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

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

❛ r❡❞✉çã♦ ❞♦ ❝ré❞✐t♦ ❜❛♥❝ár✐♦ ✭P❊❘■❆❀ ▼❖❉❨✱ ✷✵✵✹✮✳ ❙❛❧✐❡♥t❛✲s❡ q✉❡ ♦ ❝ré❞✐t♦ ❞❡✲

s❡♠♣❡♥❤❛ ✉♠ ♣❛♣❡❧ ✐♠♣♦rt❛♥t❡ ♥❛ ❝r✐❛çã♦ ❡ ❝r❡s❝✐♠❡♥t♦ ❞❛s ✜r♠❛s ✭❆●❍■❖◆❀ ❋❆▲▲❨❀

❙❈❆❘P❊❚❚❆✱ ✷✵✵✼✮✱ ❡ ♥❛ ❡♥tr❛❞❛ ❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❡♠ ♠❡r❝❛❞♦s ❞❡ ❡①♣♦rt❛çã♦ ✭❏❆❯❉❀

❑❊◆❖❱❆✱ ✷✵✶✶❀ ▼❆◆❖❱❆✱ ✷✵✶✸✮✳

◆♦ ❇r❛s✐❧✱ ❛♣ós ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ P❧❛♥♦ ❘❡❛❧✱ ♣❡r❝❡❜❡✲s❡ ✉♠❛ q✉❡❞❛ ❞♦ s♣r❡❛❞✱

❡♠❜♦r❛ ♥ã♦ ❛ ♥í✈❡❧ ❞❡ ♣❛ís❡s ❞❡s❡♥✈♦❧✈✐❞♦s q✉❡ ❛♣r❡s❡♥t❛♠ ❡♠ s✉❛ ♠❛✐♦r✐❛ ✉♠ s♣r❡❛❞

❜❛✐①♦✳ ■ss♦ ❞❡♠♦♥str❛ ✉♠❛ ❝❡rt❛ ♠❡❧❤♦r❛ ♥♦s ❢✉♥❞❛♠❡♥t♦s ♠❛❝r♦❡❝♦♥ô♠✐❝♦s✱ t❛✐s ❝♦♠♦

❛ ❡st❛❜✐❧✐③❛çã♦ ❞❡ ♣r❡ç♦s✱ ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ ✐♥✢❛çã♦ ❡ ✉♠ ❝♦♠♣r♦♠✐ss♦ ✜s❝❛❧✱ ♦ q✉❡ ♣♦r s✉❛

✈❡③ ❢❛✈♦r❡❝❡✉ ❛ ❞✐♠✐♥✉✐çã♦ ❞♦ s♣r❡❛❞✳ ❙❡❣✉♥❞♦ ❈r✉③ ✭✷✵✶✺✮✱ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ❜r❛s✐❧❡✐r♦

é s✉♣❡r✐♦r ❡♠ três ✈❡③❡s✱ s❡ ❝♦♠♣❛r❛♥❞♦ ♦s ♣❛ís❡s ❧❛t✐♥♦ ❛♠❡r✐❝❛♥♦s✳

❖ s♣r❡❛❞ t❛♠❜é♠ ♣♦❞❡ s❡r ✈✐st♦✱ ❛✐♥❞❛✱ ❝♦♠♦ ✐♥❞✐❝❛❞♦r ❞❡ ❡✜❝✐ê♥❝✐❛ ❞♦ s✐st❡♠❛

❜❛♥❝ár✐♦✳ ◆❡ss❡ ❛s♣❡❝t♦✱ ❛ ❡✜❝✐ê♥❝✐❛ r❡♣r❡s❡♥t❛ ♦ q✉❛♥t♦ ♦ ❜❛♥❝♦ ♣♦❞❡ ♦❢❡r❡❝❡r s❡r✈✐ç♦s

❞❡ ❜♦❛ q✉❛❧✐❞❛❞❡ ❛ ❝✉st♦s ♠❡♥♦r❡s✱ ❞❡ ♠♦❞♦ q✉❡ ❛ ✐♥❡✜❝✐ê♥❝✐❛ ❞♦s ❜❛♥❝♦s ✐♠♣❧✐q✉❡ q✉❡ ♦s

t♦♠❛❞♦r❡s ❞❡ ❝ré❞✐t♦ t❡rã♦ ♠❛✐♦r❡s ❝✉st♦s✱ ✈✐st♦ q✉❡ ♦ s♣r❡❛❞ s❡rá ♠❛✐s ❡❧❡✈❛❞♦ ✭❈❘❯❩✱

✷✵✶✺✮✳ ❑❛s♠❛♥ ❡ ❈❛r✈❛❧❧♦ ✭✷✵✶✹✮ ❛r❣✉♠❡♥t❛♠ q✉❡ ❜❛♥❝♦s ♠❛✐s ❡✜❝✐❡♥t❡s ♣♦ss✉❡♠ ♠❛✐♦r

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

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

✜♥❛♥❝❡✐r❛ ♠❛✐♦r t❛♠❜é♠ t❡♥❞❡rá ❛ s❡r s❡✉ ❧✉❝r♦✳❈♦rr♦❜♦r❛♥❞♦✱ ❉❡❧❧➪r✐❝❝✐❛ ❡ ▼❛rq✉❡③

✭✷✵✵✹✮ s✉❣❡r❡♠ q✉❡ ❛♣❡s❛r ❞❡ ♦ ❜❛♥❝♦ ❛t✉❛r ❝♦♠ ❡✜❝✐ê♥❝✐❛ ❡♠ s❡✉s ❝✉st♦s✱ ♦ ♠❡s♠♦ ♣♦❞❡

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

❖ ❛rt✐❣♦ s❡♠✐♥❛❧ ❞❡ ❍♦ ❡ ❙❛✉♥❞❡rs ✭✶✾✽✶✮ ❝✉♠✐♥♦✉ ❝♦♠ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠

♠♦❞❡❧♦ ❡♠ q✉❡ ♦ ❜❛♥❝♦ ❡stá s✉❥❡✐t♦ ❛ ❞❡♣ós✐t♦s ❡ ❡♠♣rést✐♠♦s ❡st♦❝ást✐❝♦s✳ ❚❛❧ ♠♦❞❡❧♦ ❢♦✐

❡st❡♥❞✐❞♦ ♣♦r ♠❡✐♦ ❞❛ ✐♥❝❡rt❡③❛ ❞❛ t❛①❛ ❞❡ ❥✉r♦s ✭▼❈❙❍❆◆❊❀ ❙❍❆❘P❊✱ ✶✾✽✺✮ ❡ ❝✉st♦s

♦♣❡r❛❝✐♦♥❛✐s ❞❛ ✐♥t❡r♠❡❞✐❛çã♦ ❜❛♥❝ár✐❛ ✭▼❆❯❉❖❙❀ ●❯❊❱❆❘❆✱ ✷✵✵✹✮✳ ◆♦ ❇r❛s✐❧✱ ❡♥tr❡

♦s ❡st✉❞♦s r❡❢❡r❡♥t❡s ❛♦ s♣r❡❛❞ ❜❛♥❝ár✐♦✱ ❞❡st❛❝❛♠✲s❡ ♦s tr❛❜❛❧❤♦s ❞❡ P❛✉❧❛ ✭✷✵✵✵✮✱ ❞❡

❆❢❛♥❛s✐❡✛✱ ▲❤❛❝❡r ❡ ◆❛❦❛♥❡ ✭✷✵✵✶✮✱ ❞❡ ❖r❡✐r♦ ❡t ❛❧✳ ✭✷✵✵✻✮ ❡ ❞❡ ❖r❡✐r♦ ❡ P❛✉❧❛ ✭✷✵✶✵✮✳

❙❡❣✉♥❞♦ ❇r③❡③✐♥❛ ❡ ❑♦❧❛s❛ ✭✷✵✶✸✮✱ ❛s ✐♥st✐t✉✐çõ❡s ✜♥❛♥❝❡✐r❛s tr❛♥s♠✐t❡♠ ❝❤♦q✉❡s

✜♥❛♥❝❡✐r♦s✱ r❡str✐♥❣✐♥❞♦ ♦s ❡♠♣rést✐♠♦s ♦❢❡rt❛❞♦s ❡ ❛✉♠❡♥t❛♥❞♦ ♦ ❝✉st♦ ❞♦s ❡♠♣rés✲

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

✐♥✈❡st✐♠❡♥t♦ ❡ ❛ ❡❝♦♥♦♠✐❛ ❡♥tr❛ ❡♠ r❡❝❡ssã♦✳

❊ss❛ t❡s❡ ❢♦✐ ❞✐✈✐❞✐❞❛ ❡♠ q✉❛tr♦ s❡çõ❡s✳ ❆❧é♠ ❞❡st❛ ✐♥tr♦❞✉çã♦ ❣❡r❛❧✱ ❛♣r❡s❡♥t❛

♦ ♣r♦❜❧❡♠❛ ❡ s✉❛ ✐♠♣♦rtâ♥❝✐❛✳ ❆ ♠❡t♦❞♦❧♦❣✐❛ q✉❡ ❛♣r❡s❡♥t❛ ❛ ❛❜♦r❞❛❣❡♠ ❜❛②❡s✐❛♥❛✱

❛❧é♠ ❞❡ ❛❜❛r❝❛r ♦ r❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦✱ ❝✉❥♦ tó♣✐❝♦ ❞❡s❡♥✈♦❧✈❡ ❛ tr❛♥s♠✐ssã♦ ♠♦♥❡tár✐❛ ❡ ♦

✷



s♣r❡❛❞ ❀ ❡ ♦ ♠ét♦❞♦ ❞❡ ❛♥á❧✐s❡✳ ❊♠ s❡❣✉✐❞❛ t❡♠✲s❡ ♦s r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛ ❡ ♣♦r ✜♠ ❛

❝♦♥❝❧✉sã♦ ❞♦ tr❛❜❛❧❤♦✳

✶✳✶ ❖ P❘❖❇▲❊▼❆ ❊ ❙❯❆ ■▼P❖❘❚➶◆❈■❆

❆❧t❡r❛çõ❡s ♥ã♦ ✉s✉❛✐s ♦❝♦rr❡r❛♠ ❝♦♠ ❛ ❝r✐s❡ ❞❡ ✷✵✵✼✴✵✽✱ ♠♦♠❡♥t♦ ❡♠ q✉❡ ♦s

❜❛♥❝♦s ❝❡♥tr❛✐s s❡ ❞❡♣❛r❛r❛♠ ❝♦♠ ♥♦✈❛s ♠✉❞❛♥ç❛s✱ ♦ q✉❡ ♠♦t✐✈♦✉ ❛ ❜✉s❝❛ ♣♦r ♥♦✈♦s

♠❡✐♦ ❞❡ ❡①❡❝✉çã♦ ❞❡ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✳ ❉❡♥tr❡ ❛s ♠❡❞✐❞❛s t❡♠✲s❡ ♦ q✉❛♥t✐t❛t✐✈❡ ❡❛s✐♥❣✱

q✉❡ ❝♦♥s✐st❡ ❡♠ ❛✉♠❡♥t❛r ❛ ❜❛s❡ ♠♦♥❡tár✐❛ ❛tr❛✈és ❞❡ ❝♦♠♣r❛s ❞❡ tít✉❧♦s✱ t❛♥t♦ ♣r✐✈❛❞♦s

q✉❛♥t♦ ♣ú❜❧✐❝♦s ✭❆▲▼❊■❉❆ ❡t ❛❧✳✱ ✷✵✶✽❀ ❇❊❘◆❆◆❑❊ ❡t ❛❧✳✱ ✷✵✶✷❀ ❏❖❨❈❊❀ ▼❈▲❆❘❊◆❀

❨❖❯◆●✱ ✷✵✶✷❀ ❇❆❯❊❘❀ ❘❯❉❊❇❯❙❈❍✱ ✷✵✶✻✮✳

❆ ❝r✐s❡ r❡ss❛❧t♦✉ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛s ❢r✐❝çõ❡s ✜♥❛♥❝❡✐r❛s✶ ♣❛r❛ ♦ ❝✐❝❧♦ ❞❡ ♥❡❣ó❝✐♦s✳

❈❤♦q✉❡s t❡♠♣♦rár✐♦s t❡♠ ❡❢❡✐t♦s ♣❡rs✐st❡♥t❡s s♦❜r❡ ❛ ❛t✐✈✐❞❛❞❡ ❡❝♦♥ô♠✐❝❛✱ ❡♥q✉❛♥t♦ ❛s

❢r✐❝çõ❡s ✜♥❛♥❝❡✐r❛s ❝♦♥❞✉③❡♠ à ❛♠♣❧✐✜❝❛çã♦ ❞❡ ❝❤♦q✉❡s✿ ❞✐r❡t❛♠❡♥t❡✱ ♣♦r ♠❡✐♦ ❞❛ ❛❧❛✲

✈❛♥❝❛❣❡♠ ❡✱ ✐♥❞✐r❡t❛♠❡♥t❡✱ ♣♦r ♠❡✐♦ ❞♦s ♣r❡ç♦s✳ ❊♠ r❡s♣♦st❛✱ ♦ ❋❡❞❡r❛❧ ❘❡s❡r✈❡ ✭❋❊❉✮

❜❛✐①♦✉ ❛ ♠❡t❛ ♦♣❡r❛❝✐♦♥❛❧ ❞❛ t❛①❛ ❞❡ tít✉❧♦s ❢❡❞❡r❛✐s✳ ❉✐❛♥t❡ ❞✐ss♦✱ ❛ r❡❣r❛ ❞❡ ❚❛②❧♦r

❝❧áss✐❝❛ ♥ã♦ s❡ ♠♦str♦✉ ❝♦♠♦ ♠❡❧❤♦r ❛❧t❡r♥❛t✐✈❛ ♣❛r❛ ❝♦♥❞✉çã♦ ❞❡ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✱

♣♦✐s✱ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✱ ♦ P■❇ ♥ã♦ r❡t♦♠♦✉ s✉❛ t❡♥❞ê♥❝✐❛ ❞❡ ❝r❡s❝✐♠❡♥t♦ ✭❈Ú❘❉■❆❀

❲❖❖❉❋❖❘❉✱ ✷✵✶✵✮✳

❆✐♥❞❛ s❡❣✉♥❞♦ ❈úr❞✐❛ ❡ ❲♦♦❞❢♦r❞ ✭✷✵✶✵✮✱ ❤á ❞❡ s❡ ❝❤❛♠❛r ❛t❡♥çã♦ ❞❡ q✉❡ ♦✉tr♦s

✐♥❞✐❝❛❞♦r❡s ♥♦ ♣❡rí♦❞♦ ❞❡ ❝r✐s❡ t✐✈❡r❛♠ ♠❛✐♦r ❛t❡♥çã♦ ♣♦r ♣❛rt❡ ❞❛ ❛✉t♦r✐❞❛❞❡ ♠♦♥❡tár✐❛✱

♣♦ré♠✱ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ❛♣r❡s❡♥t♦✉ ✉♠ ❛✉♠❡♥t♦ ✐♥❝♦♠✉♠ ❡♥tr❡ ♦s ♠❛✐s ✈❛r✐❛❞♦s t✐♣♦s

❞❡ ♠✉t✉ár✐♦s ❞♦s ❛❣r❡❣❛❞♦s ♠♦♥❡tár✐♦s✳

❉❡st❛ ❢♦r♠❛✱ ♠✉❞❛♥ç❛s ♥❛ r❡❣r❛ ❞❡ ❚❛②❧♦r s❡r✐❛♠ ✉♠ t✐♣♦ ❞❡ r❡s♣♦st❛ ❛♣r♦♣r✐❛❞❛

♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✱ ❝♦♠ ❛ ✐♥❝❧✉sã♦ ❞♦ ✐♥t❡r❝❡♣t♦ ❞♦ s♣r❡❛❞

❜❛♥❝ár✐♦ ✭❚❆❨▲❖❘✱ ✷✵✶✹✮✳ ❙❡❣✉♥❞♦ ▼❡♥❞♦♥ç❛✱ ▼♦r❡✐r❛ ❡ ❙❛❝❤s✐❞❛ ✭✷✵✶✼✮✱ ♦ ❇❛♥❝♦

❈❡♥tr❛❧ s❡❣✉❡ ❞❡ ♣❡rt♦ ❛ r❡❝♦♠❡♥❞❛çã♦ ❞❛ r❡❣r❛ ❞❡ ❚❛②❧♦r✱ s❡♥❞♦ ❝♦♠ ❛❧❣✉♠❛ ✈❛r✐❛çã♦

❞❛ ♠❡s♠❛✳ ❆❧❣✉♥s ❡st✉❞♦s ❛❜♦r❞❛♥❞♦ ❡st❛ t❡♠át✐❝❛ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ♣❛r❛ ♦ ❇r❛s✐❧✱

❞❡st❛❝❛♥❞♦✲s❡ ❛s ♣❡sq✉✐s❛s ❞❡ ✭▼❖❘❊■❘❆❀ ❏❘ ❡t ❛❧✳✱ ✷✵✶✸✮✱✭❇❆▲❇■◆❖❀ ❈❖▲▲❆❀ ❚❊▲❊❙✱

✷✵✶✶✮✱✭❚❊▲❊❙❀ ❩❆■❉❆◆✱ ✷✵✶✵✮✱✭▲■▼❆❀ ▼❆❑❆❀ ▼❊◆❉❖◆❈❆✱ ✷✵✵✼✮✳

❉✐❛♥t❡ ❞♦ ❡①♣♦st♦✱ ✐♥❞❛❣❛✲s❡✿ ❛ ❝♦♥❞✉çã♦ ❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✱ ♣♦r ♠❡✐♦ ❞❛

✐♥❝❧✉sã♦ ❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦✱ ❢♦r♥❡❝❡♠ ✉♠❛ ♠❡❧❤♦r ❝♦♥❞✐çã♦ ♣❛r❛ ❡❝♦♥♦♠✐❛ ❜r❛s✐❧❡✐r❛ à

❝❤♦q✉❡s ❡①t❡r♥♦s❄

❊♥t❡♥❞❡♠✲s❡ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦✱ ❞❡♥tr♦ ❞❛ r❡❣r❛ ❞❡ ❚❛②❧♦r✱ ♣♦✲

❞❡r✐❛ ♣r♦♣♦r❝✐♦♥❛r ✉♠❛ ♠❡❧❤♦r r❡s♣♦st❛✱ ♣❡r♠✐t✐♥❞♦ ❛ ✐♥❝❧✉sã♦ ❞♦s ❞✐stúr❜✐♦s ✜♥❛♥❝❡✐r♦s
✶❙❡❣✉♥❞♦ ❏✉♥✐♦r ✭✷✵✶✺✮✱ ♦s ♠♦❞❡❧♦s q✉❡ ✐♥❝♦r♣♦r❛♠ ❢r✐❝çõ❡s ✜♥❛♥❝❡✐r❛s sã♦ ♠❛✐s r❡❛❧✐st❛s✳

✸



❞♦s ✐♥t❡r♠❡❞✐ár✐♦s✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ♦ ❝✐❝❧♦ ❞❡ ❝ré❞✐t♦ é ❞❡ ❢✉♥❞❛♠❡♥t❛❧ ✐♠♣♦rtâ♥❝✐❛

♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡❝♦♥ô♠✐❝♦✳

❆❧é♠ ❞✐ss♦✱ ♥❛ ❝r✐s❡ ❞❡ ✷✵✵✼✴✵✽✱ ♦s ♠♦❞❡❧♦s ❉✐♥â♠✐❝♦ ❊st♦❝ást✐❝♦ ❞❡ ❊q✉✐❧í❜r✐♦

●❡r❛❧✭❉❙●❊✮ ♥ã♦ ✉t✐❧✐③❛✈❛♠ ❢r✐❝çõ❡s ✜♥❛♥❝❡✐r❛s ♥♦ ♠❡r❝❛❞♦ ❞❡ ❝ré❞✐t♦ ❡ ❝♦♠ ♦s ✐♥t❡r✲

♠❡❞✐ár✐♦s✱ ❢❛t♦r❡s q✉❡ s❡ ♠♦str❛r❛♠ r❡❧❡✈❛♥t❡s t❛♥t♦ ♣❛r❛ ♦ ❝r❡s❝✐♠❡♥t♦ ❞♦ ♣❛ís✱ q✉❛♥t♦

♣❛r❛ s♦❧✐❞✐✜❝❛çã♦ ❞♦ s❡t♦r ✜♥❛♥❝❡✐r♦✳ ❆ ✐♥❝♦r♣♦r❛çã♦ ❞❡ ❢r✐❝çõ❡s ✜♥❛♥❝❡✐r❛s ❞❡♠♦♥s✲

tr♦✉ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞♦ ❝✐❝❧♦ ❡❝♦♥ô♠✐❝♦ ❡♠ ♣♦ss✉✐r ✉♠ ❝❛rát❡r ♣ró✲❝í❝❧✐❝♦✱ ❧❡✈❛♥❞♦✲s❡ ❡♠

❝♦♥s✐❞❡r❛çã♦ ❛ ❡①t❡♥sã♦ ❞❛ ♣r♦♣❛❣❛çã♦ ❞♦ ❝❤♦q✉❡ ✭❘❖●❊❘❀ ❱▲❷❊❑✱ ✷✵✶✶✮✳

❙❡❣✉♥❞♦ ❇r③❡③✐♥❛ ❡t ❛❧✳ ✭✷✵✶✸✮✱ ♦ ✐♠♣❛❝t♦ ❞❛ ❝r✐s❡ ✜♥❛♥❝❡✐r❛ ❢♦✐ tr❛♥s♠✐t✐❞♦✱ ♣♦r

❡①❡♠♣❧♦✱ ♠❡❞✐❛♥t❡ ♦s ❡❢❡✐t♦s ❞❡ r✐q✉❡③❛ ♥❡❣❛t✐✈♦s ✭❤❛❜✐t❛çã♦ ❡ ♠❡r❝❛❞♦ ❞❡ ❛çõ❡s✮✱ ❛

❞✐♠✐♥✉✐çã♦ ❞❛ ❝♦♥✜❛♥ç❛ ❞♦s ❛❣❡♥t❡s ❡ ❛ ❝r✐s❡ ❛t❡♥✉❛❞❛ ♥♦s ♠❡r❝❛❞♦s ❞❡ ❝ré❞✐t♦✳ ❆❧é♠

❞✐ss♦✱ ♥♦ ❝❛s♦ ❞❛s ♣❡q✉❡♥❛s ❡❝♦♥♦♠✐❛s ❛❜❡rt❛s✱ ❛ r❡❞✉çã♦ ❞❛ ❞❡♠❛♥❞❛ ♣♦r ❡①♣♦rt❛çõ❡s ❡

♦ ❛❝❡ss♦ ❧✐♠✐t❛❞♦ ❛♦ ✜♥❛♥❝✐❛♠❡♥t♦ ❡①t❡r♥♦ ❝♦♥tr✐❜✉ír❛♠ ♣❛r❛ ❛ ❞❡s❛❝❡❧❡r❛çã♦✳

◆♦ ❇r❛s✐❧✱ ❛♦ ❧♦♥❣♦ ❞❛ ❝r✐s❡ ❞❡ ✷✵✵✽✱ ❤♦✉✈❡ ❛ q✉❡❞❛ ♥♦ Pr♦❞✉t♦ ■♥t❡r♥♦ ❇r✉t♦

✭P■❇✮✱ ❧♦❣♦ ❡♠ ✷✵✵✾✳ ❈♦♥t✉❞♦✱ ❛♣ós ❡st❡ ♣❡rí♦❞♦ ❤♦✉✈❡ ✉♠❛ ❢r❛❝❛ r❡❝✉♣❡r❛çã♦ ❡♠ ✷✵✶✵✱

t❡♥❞♦ ❛ ❡❝♦♥♦♠✐❛ ♠❛♥t❡♥❞♦✲s❡ ❡st❛❣♥❛❞❛ ❞❡s❞❡ ❞❡ ✷✵✶✵ ✭❚❊▲❊❙❀ ▼❊◆❉❖◆❈❆✱ ✷✵✶✸✮✳

◆♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ à tr❛♥s♠✐ssã♦ ♠♦♥❡tár✐❛ ♥♦ ❇r❛s✐❧✱ ♣♦❞❡✲s❡ ❞❡st❛❝❛r ❞♦✐s t✐♣♦s ❞❡

❡❢❡✐t♦s✿ ✉♠ ♥❛ q✉❡❞❛ ❞❡ ♣r❡ç♦s ❞❛s ❝♦♠♠♦❞✐t✐❡s ❡ ✉♠ ♥❛ q✉❡❞❛ ❞♦ P■❇ ✭▼❖❘■❀ ❇❘■❚❖✱

✷✵✶✵✮✳ ◆❡ss❡ s❡♥t✐❞♦✱ ❤♦✉✈❡ ♣r❡❥✉í③♦ t❛♥t♦ ♥♦ ♣r❡ç♦ ❞♦s ❜❡♥s ❡①♣♦rt❛❞♦s✱ q✉❛♥t♦ ♥♦

✈♦❧✉♠❡ ❞❡ ❡①♣♦rt❛çã♦ ❞❡st❡s ♣r♦❞✉t♦s✳

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

❞❡s❡q✉✐❧í❜r✐♦ ❞❛ ❜❛❧❛♥ç❛ ❞❡ ♣❛❣❛♠❡♥t♦s ✭●❊◆❚■▲❀ ▼❆❘■◆●❖◆■✱ ✷✵✵✾✮✳ ❖✉tr♦ ❢❛t♦r

✐♠♣♦rt❛♥t❡ ❢♦✐ ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ ♦❢❡rt❛ ❞❡ ❝ré❞✐t♦✱ ❜❡♠ ❝♦♠♦ ❛s ❡①♣❡❝t❛t✐✈❛s ❞♦s ❛❣❡♥t❡s

♥❛ ❢❛❧t❛ ❞❡ r❡❝✉♣❡r❛çã♦ ❞❛ ❡❝♦♥♦♠✐❛✳ ❆ss✐♠✱ ❝♦♠♦ ♥♦ ♠❡r❝❛❞♦ ✐♥t❡r♥♦ ❛ ❢❛❧t❛ ❞❡ ❝ré❞✐t♦

❞❡ ✐♥t❡r♥❛❝✐♦♥❛❧ t❛♠❜é♠ ❢♦✐ ✉♠ ❢❛t♦r q✉❡ ♣r❡❥✉❞✐❝♦✉ ❛ r❡❝✉♣❡r❛çã♦ ❡❝♦♥ô♠✐❝❛✳

P❛r❛ ❲❤♦❧❡rs ❡t ❛❧✳ ✭✷✵✵✾✮✱ ♦ ❛❝✐rr❛♠❡♥t♦ ❞❛ ❞❡♠❛♥❞❛ ❡♠ t♦r♥♦ ❞❡ ❝ré❞✐t♦✱ ♠❡s♠♦

❝♦♠ ❛s r❡❞✉çõ❡s ❞❛ t❛①❛ ❙❡❧✐❝ ❡st❛❜❡❧❡❝✐❞❛s ♣❡❧♦ ❇❛♥❝♦ ❈❡♥tr❛❧✱ r❡s✉❧t❛r❛♠ ❡♠ ❛✉♠❡♥t♦

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

❖ s♣r❡❛❞ ❞❡s❡♠♣❡♥❤❛ ✉♠ ♣❛♣❡❧ ❝❤❛✈❡ ♥❛s ♣♦❧ít✐❝❛s ❞❡ ❝♦♥❝❡ssã♦ ❞❡ ❝ré❞✐t♦✱ ❞❡

✐♥✈❡st✐♠❡♥t♦s ❡ ❞❡ ♣❡r❢♦r♠❛♥❝❡ ❜❛♥❝ár✐❛✳ ❊st❛ ú❧t✐♠❛✱ ♣♦r s✉❛ ✈❡③ é ✐♥✢✉❡♥❝✐❛❞❛✱ ♣r✐♥✲

❝✐♣❛❧♠❡♥t❡✱ ♣❡❧♦ ❛♠❜✐❡♥t❡ ♠❛❝r♦❡❝♦♥ô♠✐❝♦ ❡ ♣❡❧❛ ❡str✉t✉r❛ ❥✉r✐s❞✐❝✐♦♥❛❧✳ ●❡❧♦s ✭✷✵✵✾✮

❛✜r♠❛ q✉❡ ♦s ❡st✉❞♦s ❞❡s❡♥✈♦❧✈✐❞♦s ♣❛r❛ ❆♠ér✐❝❛ ▲❛t✐♥❛ t❡♠ ❞❡st❛❝❛❞♦ ♦s ✐♠♣♦st♦s✱ ♦s

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

❞❡t❡r♠✐♥❛♥t❡s ❞♦s ❛❧t♦s s♣r❡❛❞s✳

❆ ♦❢❡rt❛ ❞❡ ❝ré❞✐t♦ é ✐♥✢✉❡♥❝✐❛❞❛ ♣❡❧❛ t❛①❛ ❞❡ ❥✉r♦s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣♦r ♠❡✐♦ ❞♦

❝❛♥❛❧ ❞♦ ❝ré❞✐t♦ ✭❇❊❘◆❆◆❑❊❀ ●❊❘❚▲❊❘✱ ✶✾✽✾✮✳ ◆❡st❡ s❡♥t✐❞♦✱ ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ t❛①❛

❞❡ ❥✉r♦s ♣♦❞❡ s❡r ❞✐✈✐❞✐❞❛ ❡♠ três ❝❛♥❛✐s✱ ❝♦♠♦ ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✶✳✶✿ ♦ ❝❛♥❛❧ ❞❡ ♦❢❡rt❛ ❞❡

✹



❝ré❞✐t♦ ✭❜❛♥❦ ❧❡♥❞✐♥❣ ❝❤❛♥♥❡❧✮❀ ♦ ❝❛♥❛❧ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♦❜t❡r ❝ré❞✐t♦✱ ♦ q✉❛❧ é ❝♦♥❤❡❝✐❞♦

❝♦♠♦ ❝❛♥❛❧ ❞♦ ❜❛❧❛♥ç♦ ✭❜❛❧❛♥❝❡ s❤❡❡t ❝❤❛♥♥❡❧✮❀ ❡ ♦ ❝❛♥❛❧ ❞❛ ❧✐q✉✐❞❡③ ✭❝❛s❤✲✢♦✇ ❝❤❛♥♥❡❧✮

✭❋❊❘◆❆◆❉❊❙❀ ▼❖❚❆✱ ✷✵✶✸✮✳

❋✐❣✉r❛ ✶✳✶✿ ❈❛♥❛❧ ❞♦ ❝ré❞✐t♦
❋♦♥t❡✿ ❊❧❛❜♦r❛❞♦ ♣❡❧♦ ❛✉t♦r ✭✷✵✶✾✮

❆s ✈❛r✐❛çõ❡s ❞❡❝♦rr❡♥t❡s ♥❛ t❛①❛ ❞❡ ❥✉r♦s✱ ♥♦ ❝❛♥❛❧ ❞❡ ♦❢❡rt❛ ❞❡ ❝ré❞✐t♦✱ ✐♥✢✉❡♥✲

❝✐❛♠ ❞✐r❡t❛♠❡♥t❡ ♥♦ ♠♦♥t❛♥t❡ ❞❡ ❝ré❞✐t♦✱ ♣♦✐s ❞❡t❡r♠✐♥❛♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♦s ❜❛♥❝♦s

✜♥❛♥❝✐❛r❡♠✲s❡✳ ❈♦♠ ✐ss♦✱ ❛ t❛①❛ ❞❡ ❥✉r♦s ❛t✐♥❣❡ ♦s ❛t✐✈♦s ❞♦s ❜❛♥❝♦s✱ ✐♥t❡r❢❡r✐♥❞♦ ♥❛

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

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

✈❡rs❛♠❡♥t❡ ❝♦♠ ❛ t❛①❛ ❞❡ ❥✉r♦s✳ ❈♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ t❛①❛ ❞❡ ❥✉r♦s✱ ♦s ✈❛❧♦r❡s ❞♦s ❛t✐✈♦s

❝♦♠♣♦st♦ ♥♦ ❜❛❧❛♥ç♦ ❞♦s ❜❛♥❝♦s t❛♠❜é♠ sã♦ ❛❧t❡r❛❞♦s✳ ◆♦ q✉❡ s❡ r❡❢❡r❡ ❛♦ ❝❛♥❛❧ ❞❛

❧✐q✉✐❞❡③✱ ♦s ❜❛♥❝♦s r❡s♣♦♥❞❡♠ às ✈❛r✐❛çõ❡s ♥❛ t❛①❛ ❞❡ ❥✉r♦s✱ ♦ q✉❡ ❛❧t❡r❛ ❛ ❝❛♣❛❝✐❞❛❞❡

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

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

❙❡❣✉♥❞♦ ❋❡r♥❛♥❞❡s ❡ ▼♦t❛ ✭✷✵✶✸✮✱ ❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ♣♦❞❡ s❡r ✐♥✢✉❡♥❝✐❛❞❛ ♣♦r

❞✐✈❡rs♦s ❢❛t♦r❡s ❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ ♠✉❞❛♥ç❛s ♥♦ ♣rê♠✐♦ ❞❡ r✐s❝♦✱ ♥♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦✱ ♥❛

❡❝♦♥♦♠✐❛ ❣❧♦❜❛❧✱ ♥❛ ♣♦❧ít✐❝❛ ✜s❝❛❧✱ ❡ ♥♦s ♣r❡ç♦s ❞❛s ❝♦♠♠♦❞✐t✐❡s✳ ❆❧t❡r❛çõ❡s ❞❛ ❡str✉t✉r❛

❥✉r✐s❞✐❝✐♦♥❛❧ ❞♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ ❛ ♣❛rt✐r ❞❡ ♠✉❞❛♥ç❛s ♥❛ ❝♦♠♣♦s✐çã♦ ❜❛♥❝ár✐❛ ❞♦s ❜❛♥❝♦s✱

♣♦❞❡♠ ❛❧t❡r❛r ♦s ♥í✈❡✐s ❞❡ ❝♦♥✜❛♥ç❛✱ q✉❡ ♣♦r s✉❛ ✈❡③✱ r❡✢❡t❡♠ ♥♦ ♣rê♠✐♦ ❞❡ r✐s❝♦✱ s❡❥❛

❛tr❛✈és ❞❡ ✐♥♦✈❛çõ❡s ✜♥❛♥❝❡✐r❛s ♦✉ ❞❡ tr❛♥s❢♦r♠❛çõ❡s ♥❛ ♠♦❜✐❧✐❞❛❞❡ ❞❡ ❝❛♣✐t❛❧✳ ❆❧é♠

❞✐ss♦✱ ♠✉❞❛♥ç❛s ♥❛ ❧❡❣✐s❧❛çã♦ tr✐❜✉tár✐❛ ❡ ❧❛❜♦r❛❧✱ ♦✉ ❛✐♥❞❛ ❞❡ ❞❡t❡r♠✐♥❛❞♦ r❡❣✐♠❡ ❞❡

t❛①❛ ❞❡ ❝â♠❜✐♦✱ ✐♥✢✉❡♥❝✐❛♠ ♥❛ ❛❧t❡r❛çã♦ ❞❛ ❡①♣❡❝t❛t✐✈❛ ❞♦s ❛❣❡♥t❡s✱ ✐♠♣❧✐❝❛♥❞♦ ❡♠

♠✉❞❛♥ç❛s ♥♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✳

✺



❊♠❜♦r❛ ❡①✐st❛ ❧✐t❡r❛t✉r❛ q✉❡ ❛♥❛❧✐s❛ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ❡ ❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✱

♣♦♥❞❡r❛♥❞♦ ❛ ❡s❢❡r❛ ♠❛❝r♦❡❝♦♥ô♠✐❝❛ ❡ ♠✐❝r♦❡❝♦♥ô♠✐❝❛✱ ❛✐♥❞❛ ❤á r❡str✐çã♦ q✉❛♥t♦ ❛♦ ✉s♦

❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ♥❛ r❡❣r❛ ❞❡ ❚❛②❧♦r✳ ❊st❛ ♣❡sq✉✐s❛ ❛✈❛♥ç❛ ❛♦ t❡st❛r ❢❛t♦r❡s ❞♦ s✐st❡♠❛

❜❛♥❝ár✐♦ ♥❛ ❝♦♠♣♦s✐çã♦ ❞❛ r❡❣r❛ ❞❡ ❚❛②❧♦r ❡♠ ❡❝♦♥♦♠✐❛ ❛❜❡rt❛✳

❊st❡ tr❛❜❛❧❤♦ t♦♠❛ ❝♦♠♦ ❜❛s❡ ♦s ♠♦❞❡❧♦ ❞❡ ❙✐❧✈❛ ✭✷✵✶✺✮ ❡ ●❡r❛❧✐ ❡t ❛❧✳ ✭✷✵✶✵✮✳

❊♥tr❡t❛♥t♦✱ ❢♦r❛♠ ✐♥tr♦❞✉③✐❞❛s ❛❧t❡r❛çõ❡s ❡♠ r❡❧❛çã♦ à r❡t✐r❛❞❛ ❞♦s s✐♥❞✐❝❛t♦s❀ ❛❧é♠ ❞✐ss♦✱

♦✉tr❛ ♠✉❞❛♥ç❛ ✐♥tr♦❞✉③✐❞❛ ❢♦✐ ♥❛ r❡❣r❛ ❞❡ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✱ ❡♠ q✉❡ s❡ ❛❞✐❝✐♦♥❛ ♦

s♣r❡❛❞ ❜❛♥❝ár✐♦❀ ❡ ♠✉❞❛♥ç❛ ♥❛ ❡q✉❛çã♦ ❞❡ ❧✉❝r♦ ❜❛♥❝ár✐♦✱ ❝♦♠ ❛❞✐çã♦ ❞❡ ❝♦♠♣♦♥❡♥t❡

✐♥st✐t✉❝✐♦♥❛❧✱ ❝♦♠♦ t❛♠❜é♠ ❞✐❢❡r❡♥ç❛ ❡♠ r❡❧❛çã♦ ❛♦ ❝❤♦q✉❡s ❞❛❞♦s✱ ♣♦✐s ❢♦r❛♠ ❞❛❞♦s ♥❛s

✈❛r✐á✈❡✐s ✜♥❛♥❝❡✐r❛s ❡ ♠♦♥❡tár✐❛s✳ ❖ ♠♦❞❡❧♦ ❢♦✐ ❡str✉t✉r❛❞♦ ♣❛r❛ ✉♠❛ ♣❡q✉❡♥❛ ❡❝♦♥♦♠✐❛

❛❜❡rt❛ ❝♦♠ ❛❣❡♥t❡s ♣❛❝✐❡♥t❡s ❡ ✐♠♣❛❝✐❡♥t❡s✱ ❡♠♣r❡sár✐♦s ❡ ❜❛♥❝♦s✳ ❉❡st❡ ♠♦❞♦✱ ❛ ♣❡sq✉✐s❛

❜✉s❝❛ ❝♦♥tr✐❜✉✐r ❝♦♠ ❛ ❧✐t❡r❛t✉r❛ ♠❡❞✐❛♥t❡ ❛ ❛❞♦çã♦ ❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ♥❛ r❡❣r❛ ❞❡

❚❛②❧♦r ❡♠ ❡❝♦♥♦♠✐❛ ❛❜❡rt❛ ♣❛r❛ ♦ ❇r❛s✐❧✱ ✈✐s❛♥❞♦ ❡♥t❡♥❞❡r ❝♦♠♦ ✈❛r✐❛çõ❡s ❞❡ ♣♦❧ít✐❝❛

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

❞♦ ✐♥✈❡st✐♠❡♥t♦✱ ❞❛s ❡①♣♦rt❛çõ❡s ❡t❝✳ ❉❡st❡ ♠♦❞♦✱ ♣♦❧ít✐❝❛s q✉❡ ✈✐s❡♠ ❛ ❞✐♠✐♥✉✐çã♦

❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ♣❡r♣❛ss❛♠✱ ♥❡❝❡ss❛r✐❛♠❡♥t❡✱ ♣❡❧❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✱ ❝♦♠♣♦s✐çã♦ ❞♦

❝❛♣✐t❛❧ ❜❛♥❝ár✐♦✱ ✐♥✈❡st✐♠❡♥t♦✱ ❡♥tr❡ ♦✉tr♦s✳ ❖ ♣❡rí♦❞♦ ❞❡ ❛♥á❧✐s❡ ❞❛ ♣❡sq✉✐s❛ ❢♦✐ ❞❡ ✷✵✵✼

❛ ✷✵✶✼✱ t❡♥❞♦ ♣♦r ❜❛s❡ ❆❢❛♥❛s✐❡✛✱ ▲❤❛❝❡r ❡ ◆❛❦❛♥❡ ✭✷✵✵✶✮✱ ●❡r❛❧✐ ❡t ❛❧✳ ✭✷✵✶✵✮✱ ❆❧♠❡✐❞❛

❡ ❉✐✈✐♥♦ ✭✷✵✶✺✮ ❡ ◆✉♥❡s ✭✷✵✶✺✮✳

✶✳✷ ❍✐♣ót❡s❡

❖ ❛♠❜✐❡♥t❡ ♠❛❝r♦❡❝♦♥ô♠✐❝♦ ❡①♣r❡ss♦ ♥❛ t❛①❛ ❞❡ ❝â♠❜✐♦✱ ♥❛ t❛①❛ ❞❡ ❥✉r♦s ❡ ♥❛ ✐♥✲

✢❛çã♦ ✐♠♣❛❝t❛♠ ♣♦s✐t✐✈❛♠❡♥t❡ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ❞♦ ❇r❛s✐❧✱ ♦✉ s❡❥❛✱ ❝â♠❜✐♦ ❞❡s✈❛❧♦r✐③❛❞♦✱

❥✉r♦s ❛❧t♦s ❡ ❛❧t❛ ✐♥✢❛çã♦ t❡♥❞❡♠ ❛ ❛✉♠❡♥t❛r ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦✳

✶✳✸ ❖❜❥❡t✐✈♦s

✶✳✸✳✶ ❖❜❥❡t✐✈♦ ●❡r❛❧

❆♥❛❧✐s❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ♥♦ ❇r❛s✐❧ ❡♠ r❡s♣♦st❛ às ✈❛r✐❛çõ❡s

♥❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ❡♠ ✉♠ ❝♦♥t❡①t♦ ❞❡ ❡❝♦♥♦♠✐❛ ❛❜❡rt❛✳

✶✳✸✳✷ ❖❜❥❡t✐✈♦s ❊s♣❡❝í✜❝♦s

• ❆✈❛❧✐❛r ♦ ✐♠♣❛❝t♦ ❞❛ tr❛♥s♠✐ssã♦ ♠♦♥❡tár✐❛❀

• ❆♥❛❧✐s❛r ❛ r❡s♣♦st❛ ❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ à ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛❀

✻



• ■♥✈❡st✐❣❛r ♦s ✐♠♣❛❝t♦s ❞❡ ✈❛r✐á✈❡✐s ♠❛❝r♦❡❝♦♥ô♠✐❝♦s ❞♦♠ést✐❝❛s ❡ ❡①t❡r♥❛s✱ t❛✐s

❝♦♠♦✿ ♣rê♠✐♦ ❞❡ r✐s❝♦✱ t❛①❛ ❞❡ ❥✉r♦s ❜ás✐❝❛ ❡ t❛①❛ ❞❡ ✐♥✢❛çã♦ s♦❜r❡ ♦ s♣r❡❛❞ ❜❛♥✲

❝ár✐♦❀

✼



✷✳ ❘❊❋❊❘❊◆❈■❆▲ ❚❊Ó❘■❈❖

❊st❛ s❡çã♦ ❞❡s❝r❡✈❡ ❛ r❡❧❛çã♦ ❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ❡ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦❀ ❞♦ s♣r❡❛❞

❡ ❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛❀ ❡ ❛ r❡❣r❛ ❞❡ ❚❛②❧♦r✳

✷✳✶ ❆ r❡❧❛çã♦ ❡♥tr❡ ❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ❡ s♣r❡❛❞ ❜❛♥✲

❝ár✐♦

❆ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ✐♥t❡r❢❡r❡ ♥❛s r❡❧❛çõ❡s ❡❝♦♥ô♠✐❝❛s✱ ♦ q✉❡ ❢♦r♥❡❝❡ ❜❛s❡ ♣❛r❛ ❛s

❛❧t❡r❛çõ❡s ♦r✐✉♥❞❛s ❞♦ ♠❡r❝❛❞♦ ✐♥t❡r❜❛♥❝ár✐♦ ❡ ♥❛ ❡①♣❡❝t❛t✐✈❛ ❞♦s ❛❣❡♥t❡s✱ ❝♦♠♦ ♣♦❞❡

s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✶✳

❋✐❣✉r❛ ✷✳✶✿ ▼❡❝❛♥✐s♠♦ ❞❡ tr❛♥s♠✐ssã♦ ❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛
❋♦♥t❡✿▼❛r❝❛tt✐ ✭✷✵✶✶✮

❆s ❛❧t❡r❛çõ❡s ♥❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ♣r♦✈♦❝❛♠ ♠✉❞❛♥ç❛s ♥❛s t❛①❛s ❞❡ ❥✉r♦s ♥♦

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

♦ ❝✉st♦ ❞❡ ✜♥❛♥❝✐❛♠❡♥t♦ ♣❛r❛ ♦s ❜❛♥❝♦s✱ ❞❛❞♦ ❛ ♠❛t✉r✐❞❛❞❡ ❞❡ ❝❛❞❛ tít✉❧♦✳ ❆❧é♠ ❞✐ss♦✱ ❛

t❛①❛ ❞❡ ❥✉r♦s ❛❧t❡r❛ ♦ ✈❛❧♦r ♣r❡s❡♥t❡ ❞♦s ❜❡♥s ❞❡ ❝❛♣✐t❛❧ ❡ ❞❡ ❝♦♥s✉♠♦ ❞✉rá✈❡✐s✳ ❙❡❣✉♥❞♦

❚❛②❧♦r ✭✶✾✾✺✮✱ ✉♠❛ ♠❡♥♦r t❛①❛ ❞❡ ❥✉r♦s ♣❡r♠✐t❡ q✉❡ s❡ t❡♥❤❛ ✉♠ ✈❛❧♦r ♣r❡s❡♥t❡ ♠❛✐♦r

❞❡st❡s ❜❡♥s✳

✽



P❛r❛ ❆❞♦❧❢s♦♥ ✭✷✵✵✶✮✱ ❛ tr❛♥s♠✐ssã♦ ❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ✈✐❛ t❛①❛ ❞❡ ❝â♠❜✐♦

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

❛❣r❡❣❛❞❛s✱ ❝♦♠♦ t❛♠❜é♠ s♦❜r❡ ❛s ❡①♣❡❝t❛t✐✈❛s ❞♦s ❛❣❡♥t❡s✳ ❆✉♠❡♥t♦s ♥❛ t❛①❛ ❞❡ ❥✉r♦s

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

❞♦ ♣❛ís✱ ♠✉❞❛♥❞♦ ♦s ♣r❡ç♦s ❞♦s ❜❡♥s ✐♠♣♦rt❛❞♦s✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ❞❛

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

❞✐❢❡r❡♥ç❛s s❡t♦r✐❛✐s ❡①♣♦♥❞♦ ♦s s❡t♦r❡s ♣❛rt✐❝✐♣❛♥t❡s à ✉♠❛ ♠❛✐♦r ❝♦♠♣❡t✐çã♦ ✐♥t❡r♥❛❝✐♦♥❛❧

✭❖❇❙❚❋❊▲❉❀ ❘❖●❖❋❋✱ ✶✾✾✺✮✳

P❛r❛ ❇❡r♥❛♥❦❡ ❡ ●❡rt❧❡r ✭✶✾✾✺✮✱ ♦ ❝❛♥❛❧ ❞♦ ❝ré❞✐t♦ ❡✈✐❞❡♥❝✐❛ ♦s ♣r♦❜❧❡♠❛s ❞❡

❛ss✐♠❡tr✐❛ ❞❡ ✐♥❢♦r♠❛çã♦ ♥♦ ♠❡r❝❛❞♦ ♠♦♥❡tár✐♦✳ ❊st❡ ❝❛♥❛❧ é ♣r♦♣❛❣❛❞♦ ♣♦r ❞♦✐s t✐♣♦s

❞❡ ❝❛♥❛✐s✿ ✉♠ ❞♦s ❡♠♣rést✐♠♦s ❜❛♥❝ár✐♦s ❡ ♦✉tr♦ ❞♦ ❜❛❧❛♥ç♦ ♣❛tr✐♠♦♥✐❛❧ ❞❛s ✜r♠❛s ❡ ❞♦s

❛❣❡♥t❡s✳

❙❡❣✉♥❞♦ ❆❜r✐t❛ ❡t ❛❧✳ ✭✷✵✶✹✮✱ ❡♠ s❡ tr❛t❛♥❞♦ ❞♦s ♣r❡ç♦s ❞♦s ❛t✐✈♦s ❤á ❞♦✐s ❝❛♥❛✐s

q✉❡ ❡①♣❧✐❝❛♠ ❛s s✉❛s ✈❛r✐❛çõ❡s✱ q✉❡ sã♦✿ ♦ q ❞❡ ❚♦❜✐♥✶✱ q✉❡ ❛♥❛❧✐s❛ ♦s ✐♠♣❛❝t♦s ❞❛s

❛❧t❡r❛çõ❡s ❞❛ ❡❝♦♥♦♠✐❛ ♥♦ ♣❛tr✐♠ô♥✐♦ ❧íq✉✐❞♦ ❞❛s ❡♠♣r❡s❛s❀ ❡ ♦ ❡❢❡✐t♦ r✐q✉❡③❛ s♦❜r❡ ♦

❝♦♥s✉♠♦✷✳

❖ ❝❛♥❛❧ ❞❛s ❡①♣❡❝t❛t✐✈❛s ❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ❞❡st❛❝❛ q✉❡ ❛❧t❡r❛çõ❡s ♥❛ t❛①❛ ❞❡

❥✉r♦s ❞❡ ❝✉rt♦ ♣r❛③♦❀ t❛✐s ♠✉❞❛♥ç❛s ♥❛ t❛①❛ ❞❡ ❥✉r♦s ❞❡ ❧♦♥❣♦ ♣r❛③♦✱ ♦ q✉❡✱ ♣♦r s✉❛ ✈❡③✱

❛❢❡t❛♠ ❛s ❡①♣❡❝t❛t✐✈❛s ❞❡ ❣❛♥❤♦ ❞♦s ❛❣❡♥t❡s✳ ❙❡ ❛s ❡①♣❡❝t❛t✐✈❛s sã♦ ❢♦r✇❛r❞✲❧♦♦❦✐♥❣✱

❛♥ú♥❝✐♦s ✭♦✉ ✐♥❢♦r♠❛çõ❡s ♥♦✈❛s✮ ❞❡ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ❛❢❡t❛♠ ❛s ❞❡❝✐sõ❡s ❞♦s ❛❣❡♥t❡s

❡❝♦♥ô♠✐❝♦s✳ ❉❡ss❛ ❢♦r♠❛✱ ♦s ♠❡r❝❛❞♦s s❡rã♦ ❛❢❡t❛❞♦s ❛♥t❡s q✉❡ ❛s ♠✉❞❛♥ç❛s ❞❡ ♣♦❧ít✐❝❛

s❡❥❛♠ ✐♠♣❧❡♠❡♥t❛❞❛s✳ P♦r ❡①❡♠♣❧♦✱ ♦ ❇❛♥❝♦ ❈❡♥tr❛❧ ♣♦❞❡ s✐♥❛❧✐③❛r q✉❡ ✈❛✐ r❡❞✉③✐r ❛ t❛①❛

❞❡ ❥✉r♦s ♥♦ ❢✉t✉r♦❀ s❡ ♦s ❛❣❡♥t❡s ❛❝r❡❞✐t❛♠✱ ♦ ♥í✈❡❧ ❞❡ ❛t✐✈✐❞❛❞❡ ❞❡✈❡ s❡ ❡①♣❛♥❞✐r ❤♦❥❡✳

❊ss❡ ❡❢❡✐t♦ ♠♦str❛ ♦ ❝❛♥❛❧ ❞❛s ❡①♣❡❝t❛t✐✈❛s ❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✳

✷✳✷ ❙♣r❡❛❞ ❜❛♥❝ár✐♦ ❡ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛

❖ s♣r❡❛❞ ♣♦❞❡ s❡r ❛♥❛❧✐s❛❞♦ ♣♦r ❞♦✐s t✐♣♦s ❞❡ ❝❛♥❛✐s✱ s❡♥❞♦ ❡❧❡s✿ ♦ ❝❛♥❛❧ ❞♦ ❝ré❞✐t♦

❡ ♦ ❝❛♥❛❧ ❞❛s ❡①♣❡❝t❛t✐✈❛s✳ ❖ ❝❛♥❛❧ ❞♦ ❝ré❞✐t♦ é ❛❢❡t❛❞♦ ♣❡❧❛ t❛①❛ ❞❡ ❥✉r♦s✱ ♣♦r ♠❡✐♦ ❞❛

♦❢❡rt❛ ❡ ❞❡♠❛♥❞❛ ❞❡ ❝ré❞✐t♦✱ ❝♦♠♦ t❛♠❜é♠ ♣❡❧♦ ❤✐❛t♦ ❞♦ ♣r♦❞✉t♦✳
✶❖ q✉❡ ❞❡ ❚♦❜✐♥ ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ❝♦♠♦✿

q =
VMC

CRC
✭✷✳✶✮

❡♠ q✉❡ ❱▼❈ é ♦ ✈❛❧♦r ❞❡ ♠❡r❝❛❞♦ ❞♦ ❝❛♣✐t❛❧❀ ❡ ❈❘❈ é ♦ ❝✉st♦ ❞❡ r❡♣♦s✐çã♦ ❞♦ ❝❛♣✐t❛❧✳
✷❖ ❡❢❡✐t♦ r✐q✉❡③❛ ❜❛s❡✐❛✲s❡ ♥❛ t❡♦r✐❛ ❞♦ ❝✐❝❧♦ ❞❡ ✈✐❞❛ ❞♦ ▼♦❞✐❣❧✐❛♥✐ ❡ ❇r✉♠❜❡r❣ ✭✶✾✺✹✮✱ q✉❡ ♣♦st✉❧❛

q✉❡ ❛ ❡①♣❡❝t❛t✐✈❛ ❞❡ q✉❡❞❛ ❞♦s r❡♥❞✐♠❡♥t♦s ❞♦ tr❛❜❛❧❤❛❞♦r ♥❛ ❛♣♦s❡♥t❛❞♦r✐❛✱ ❢❛③ ❝♦♠ q✉❡ ♦ ❛❣❡♥t❡
❛❝✉♠✉❧❡ ♣❛r❛ ♣❡r♠✐t✐r ✉♠❛ ✈✐❞❛ ♠❛✐s ❡stá✈❡❧✱ t❛♥t♦ ♥♦ ❝♦♥s✉♠♦✱ q✉❛♥t♦ ❡♠ s❡✉ ♣ró♣r✐♦ ❜❡♠ ❡st❛r ❛♦
✜♥❛❧ ❞❛ ✈✐❞❛✳

✾



❇❡r♥❛♥❦❡ ❡ ●❡rt❧❡r ✭✶✾✾✺✮ ❞✐✈✐❞❡♠ ♦ ❝❛♥❛❧ ❞♦ ❝ré❞✐t♦ ❡♠ ❞♦✐s t✐♣♦s✿ ❝❛♥❛❧ ❞❡ ❡♠✲

♣rést✐♠♦s ❜❛♥❝ár✐♦s ✭❜❛♥❦ ❧❡♥❞✐♥❣ ❝❤❛♥♥❡❧✮ ❡ ♦ ❝❛♥❛❧ ❞♦ ❜❛❧❛♥ç♦ ✭❜❛❧❛♥❝❡ s❤❡❡t ❝❤❛♥♥❡❧✮✳

❖ ❝❛♥❛❧ ❞♦ ❝ré❞✐t♦ ❡st❛❜❡❧❡❝❡ q✉❡ ♦s ♠❡r❝❛❞♦s ✜♥❛♥❝❡✐r♦s ♥ã♦ ❝♦♥s✐❞❡r❛♠ ❛ ✐♥❢♦r♠❛çã♦

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

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

t♦♠❛❞♦r❡s ❞❡ ❡♠♣rést✐♠♦✳ ❊ss❛s ✐♠♣❡r❢❡✐çõ❡s✱ ♣♦r s✉❛ ✈❡③✱ ✐♥t❡r❢❡r❡♠ ♥❛ tr❛♥s♠✐ssã♦ ❞❛

♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ✭❇❊❘◆❆◆❑❊❀ ●❊❘❚▲❊❘✱ ✶✾✾✺✮✳

❆ ♦❢❡rt❛ ❞❡ ❝ré❞✐t♦ ♠♦str❛ ♦ ✈♦❧✉♠❡ ❞❡ ❝ré❞✐t♦ ❞✐s♣♦♥í✈❡❧ q✉❡ ♦s ♣♦✉♣❛❞♦r❡s ❞❡s❡✲

❥❛♠ ✜♥❛♥❝✐❛r ❛ ✉♠❛ ❞❛❞❛ t❛①❛ ❞❡ ❥✉r♦s r❡❛❧✱ q✉❡ t❛♠❜é♠ ❞❡♣❡♥❞❡ ❞♦ ❤✐❛t♦ ❞♦ ♣r♦❞✉t♦✿

✉♠ ❛✉♠❡♥t♦ ❞❡ r❡♥❞❛ ♥ã♦ é t♦t❛❧♠❡♥t❡ ❝♦♥s✉♠✐❞♦ s❡ ❛s ❡①♣❡❝t❛t✐✈❛s ❞❡ r❡♥❞❛ ❢✉t✉r❛ sã♦

♠❛♥t✐❞❛s ✭▲■❈❍❆✱ ✷✵✶✺✮✳

❈♦♠ r❡❧❛çã♦ à ❝✉r✈❛ ❞❡ ❞❡♠❛♥❞❛ ❞❡ ❝ré❞✐t♦✱ ❡♥t❡♥❞❡✲s❡ q✉❡ ❡❧❛ ❛♣♦♥t❛ ❛ t❛①❛ ❞❡

❥✉r♦s q✉❡ ♦s t♦♠❛❞♦r❡s ❞❡ ❝ré❞✐t♦ ❡stã♦ ❞✐s♣♦st♦s ❛ ♣❛❣❛r ♣❛r❛ ❝❛❞❛ ♥í✈❡❧ ❞❡ ❝ré❞✐t♦❀ ❛❧é♠

❞✐ss♦✱ ❞❡♣❡♥❞❡ ✐♥✈❡rs❛♠❡♥t❡ ❞♦ ❤✐❛t♦ ❞♦ ♣r♦❞✉t♦✱ ♦✉ s❡❥❛✱ ❝♦♠ ✉♠ ❛✉♠❡♥t♦ ❞❛ r❡♥❞❛ ♦s

t♦♠❛❞♦r❡s ❞❡ ❝ré❞✐t♦ tê♠ ♠❛✐s r❡❝✉rs♦s ♣❛r❛ ✜♥❛♥❝✐❛r ❞❡s♣❡s❛s ❝♦rr❡♥t❡s✳

◆❡st❡ s❡♥t✐❞♦✱ ♦ s♣r❡❛❞ ♠♦str❛ ❛s ♦♣♦rt✉♥✐❞❛❞❡s ❞❡ ❧✉❝r♦ ❞♦s ✐♥t❡r♠❡❞✐ár✐♦s ✜✲

♥❛♥❝❡✐r♦s✱ s❡♥❞♦ q✉❡✱ ❛ t❛①❛ ❞❡ ❥✉r♦s é ❛ t❛①❛ à q✉❛❧ ♦s ✐♥t❡r♠❡❞✐ár✐♦s ✜♥❛♥❝❡✐r♦s s❡

✜♥❛♥❝✐❛♠✳ ❉❡ss❛ ❢♦r♠❛✱ ✉♠ ❝❤♦q✉❡ ♣♦s✐t✐✈♦ ♥❛ ♦❢❡rt❛ ❞❡ ❝ré❞✐t♦✱ ❢❛✈♦r❡❝❡ ❛ ❡❧❡✈❛çã♦ ❞❛

✐♥✢❛çã♦✱ ❧❡✈❛♥❞♦ ♦ ❇❛♥❝♦ ❈❡♥tr❛❧ ❛ ❛✉♠❡♥t❛r ❛ t❛①❛ ❞❡ ❥✉r♦s✱ ❡ ❛ ♦❢❡rt❛ ❞❡ ❝ré❞✐t♦✳ ❚❛❧

❛çã♦ ❢❛③ ❝♦♠ q✉❡ ❛ ❞❡♠❛♥❞❛ ❞❡ ❝ré❞✐t♦ t❡♥❤❛ ✉♠❛ ❝♦♥tr❛çã♦✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠❛ r❡❞✉çã♦

♥❛s ❝♦♥❝❡ssõ❡s ❞❡ ❝ré❞✐t♦ ❡ ♥♦ ♥í✈❡❧ ❞❡ ❛t✐✈✐❞❛❞❡ ❡❝♦♥ô♠✐❝❛✳ ❖ ❝❛♥❛❧ ❞♦ ❝ré❞✐t♦ ❜❛♥❝ár✐♦

❝♦♥s✐❞❡r❛ três t✐♣♦s ❞❡ ❛t✐✈♦s✿ ❛ ♠♦❡❞❛✱ ♦s tít✉❧♦s ❡ ♦s ❡♠♣rést✐♠♦s✳ ❈♦♠ ✐ss♦✱ ❛ ♣♦❧ít✐❝❛

♠♦♥❡tár✐❛✱ ❛❧é♠ ❞❡ ❛❢❡t❛r ♦s ❜❛❧❛♥ç♦s ❞♦s ♠✉t✉ár✐♦s✱ t❛♠❜é♠ ✐♠♣❛❝t❛ ♦ s♣r❡❛❞✱ ♦ q✉❡

❞❡s❧♦❝❛ ❛ ❝✉r✈❛ ❞❡ ♦❢❡rt❛ ❞❡ ❝ré❞✐t♦ ✭❇❊❘◆❆◆❑❊❀ ●❊❘❚▲❊❘✱ ✶✾✾✺✮✳

❖s ❡❢❡✐t♦s ❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ s♦❜r❡ ♦ ♣r♦❞✉t♦ ✭❝❛♥❛❧ ❞♦s ❡♠♣rést✐♠♦s ❜❛♥❝ár✐♦s✮

sã♦ ❛♠♣❧✐✜❝❛❞♦s ♣❡❧❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠ ♠❡❝❛♥✐s♠♦ ❞❡ r❡❛❧✐♠❡♥t❛çã♦ ♣♦s✐t✐✈❛ ❡♥tr❡ ❛ ♦❢❡rt❛

❞❡ ❝ré❞✐t♦ ❡ ♦ ♣r♦❞✉t♦ ✭❝❛♥❛❧ ❞♦ ❜❛❧❛♥ç♦✮✳ ❈♦♠♦ ❛ ♣❡r❝❡♣çã♦ ❞❡ r✐s❝♦ ❞♦s ✐♥t❡r♠❡❞✐ár✐♦s

✜♥❛♥❝❡✐r♦s ❞❡♣❡♥❞❡ ❞❛ t❛①❛ ❞❡ ❥✉r♦s✱ ♦ ❝❛♥❛❧ ❞♦ r✐s❝♦ ❛♠♣❧✐✜❝❛ ♦s ❡❢❡✐t♦s ❞❛ tr❛♥s♠✐ssã♦

❞❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ❛♦ ✐♥❝❡♥t✐✈❛r ✉♠❛ ❡①♣❛♥sã♦ ♠❛✐♦r ❞❛ ♦❢❡rt❛ ❞❡ ❝ré❞✐t♦✳ ❈❤♦q✉❡s

♥❡❣❛t✐✈♦s ♥❛ ♦❢❡rt❛ ❞❡ ❝ré❞✐t♦ ❣❡r❛♠ ♠❡❝❛♥✐s♠♦s ❞❡ r❡❛❧✐♠❡♥t❛çã♦ ♣♦s✐t✐✈♦s ❞❡✈✐❞♦ ❛♦

❝ír❝✉❧♦ ✈✐❝✐♦s♦ ❣❡r❛❞♦ ♣❡❧♦s ❝❛♥❛✐s ❞♦ ❜❛❧❛♥ç♦ ❡ ❞♦ r✐s❝♦✳ ❆ ❝♦♥tr❛çã♦ ❞♦ ♣r♦❞✉t♦ ❡ ❛s

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

❞♦s ❡♠♣rést✐♠♦s✱ ♣r♦✈♦❝❛♥❞♦ ✉♠❛ r❡❞✉çã♦ ❞rást✐❝❛ ❞♦ ♣r♦❞✉t♦ ❡ ❞♦ ❝ré❞✐t♦✳ ❆ ❞✐❢❡r❡♥ç❛

❡♥tr❡ ❛s t❛①❛s ❞❡ ❧♦♥❣♦ ❡ ❝✉rt♦ ♣r❛③♦✱ q✉❡ ♠❛♥✐❢❡st❛ ❛ ♣r❡❢❡rê♥❝✐❛ ❞♦s ❛❣❡♥t❡s ❡❝♦♥ô♠✐❝♦s✱

é ❝❤❛♠❛❞❛ ❞❡ ♣rê♠✐♦ ❛ t❡r♠♦ ✭♦✉ ❞❡ ❧✐q✉✐❞❡③✮ ❡ é ❞❡t❡r♠✐♥❛❞❛ ❛ ♣❛rt✐r ❞❛ ♦❢❡rt❛ ❡ ❞❡♠❛♥❞❛

❞♦s tít✉❧♦s✳ P♦❞❡✲s❡ ♣r♦♣♦r q✉❡ ❛s t❛①❛s ❞❡ ❥✉r♦s ❞❡ ❧♦♥❣♦ ♣r❛③♦✸ ♣♦❞❡♠ s❡r ❞❡❝♦♠♣♦st❛
✸❆ t❛①❛ ❞❡ ❥✉r♦s ♥❛t✉r❛❧ ❞❡♣❡♥❞❡ ❞♦s ❝♦♠♣♦♥❡♥t❡s ❛✉tô♥♦♠♦s ✭q✉❡ ♥ã♦ ❞❡♣❡♥❞❡♠ ❞❛ t❛①❛ ❞❡ ❥✉r♦s

♥❡♠ ❞♦ ♥í✈❡❧ ❞❡ ❛t✐✈✐❞❛❞❡✮ ❞❛ ♦❢❡rt❛ ❡ ❞❡♠❛♥❞❛ ❞❡ ❝ré❞✐t♦ ❡ ❞❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❞❡ss❛s ❢✉♥çõ❡s à t❛①❛ ❞❡

✶✵



♥❛ ♠é❞✐❛ ❞♦s ❥✉r♦s ❞❡ ❝✉rt♦ ♣r❛③♦ ❡s♣❡r❛❞♦s ✭❝♦♠♦ ♥❛ t❡♦r✐❛ ❞❛s ❡①♣❡❝t❛t✐✈❛s✮ ❡ ✉♠

♣rê♠✐♦ ❛ t❡r♠♦ ✭❘❊❙❊◆❉❊✱ ✷✵✶✼✮✳

✷✳✸ ❘❡❣r❛ ❞❡ ❚❛②❧♦r

❆ r❡❣r❛ ❞❡ ❚❛②❧♦r é ✉♠❛ ❢♦r♠❛ ❞❡ ❝♦♥❞✉③✐r ❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✱ ❝♦♥s✐❞❡r❛♥❞♦

t❛♥t♦ ❛ ✐♥✢❛çã♦ q✉❛♥t♦ ♦ ❤✐❛t♦ ❞♦ ♣r♦❞✉t♦✳ ❆ss✐♠✱ ❚❛②❧♦r ✭✶✾✾✸✮ ♣r♦♣ôs ❛ s❡❣✉✐♥t❡ r❡❣r❛✿

r = rn + e(Π− ΠM) + fy∗ ✭✷✳✷✮

❡♠ q✉❡ r é ❛ t❛①❛ ❞❡ ❥✉r♦s❀ rn é ❛ t❛①❛ ♥❛t✉r❛❧ ❞❡ ❥✉r♦s✹❀ Π é ❛ ✐♥✢❛çã♦❀ ΠM é ♦ ❞❡s✈✐♦

❞❛ ♠❡t❛ ❞❡ ✐♥✢❛çã♦❀ e ❡ f sã♦ ♣❛râ♠❡tr♦s ♣♦s✐t✐✈♦s❀ ❡ y∗ é ♦ ❤✐❛t♦ ❞♦ ♣r♦❞✉t♦✳

❉❡st❡ ♠♦❞♦✱ ❛ t❛①❛ ❞❡ ❥✉r♦s t♦r♥❛✲s❡ ♦ ♣r✐♥❝✐♣❛❧ ✐♥str✉♠❡♥t♦ ❞❛ r❡❣r❛ ❞❡ ❚❛②❧♦r✱

q✉❡ ❝♦♥s✐❞❡r❛ ❛ t❛①❛ ♥❛t✉r❛❧ ❞❡ ❥✉r♦s ❡ ❛s ❡①♣❡❝t❛t✐✈❛s ❞❡ ✐♥✢❛çã♦✭♠❡t❛ ❞❛ ✐♥✢❛çã♦✮✳ ❈♦♠

❡❢❡✐t♦✱ ❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ♣❛ss❛ ❛ r❡s♣♦♥❞❡r t❛♥t♦ ❛♦ ❞❡s✈✐♦ ❞♦ ♣r♦❞✉t♦✱ ❝♦♠♦ t❛♠❜é♠

❞❛ ✐♥✢❛çã♦✳

P❛r❛ ❇❛r❜♦s❛ ✭✷✵✶✼✮✱ ❛ r❡❣r❛ ❞❡ ❚❛②❧♦r ❝♦♥s✐❞❡r❛ q✉❡ ♦ ❜❛♥❝♦ ❝❡♥tr❛❧ ❞❡t❡r♠✐♥❛

❛ t❛①❛ ❞❡ ❥✉r♦s ♥♦♠✐♥❛❧ ❞♦ ♠❡r❝❛❞♦ ❞❡ r❡s❡r✈❛s ❜❛♥❝ár✐❛s✱ ❝♦♠♦ ❢✉♥çã♦ ❞♦✿ ✭✐✮ ❤✐❛t♦

❞♦ ♣r♦❞✉t♦❀ ✭✐✐✮ ❤✐❛t♦ ❞❛ ✐♥✢❛çã♦❀ ✭✐✐✐✮ ❞❛ t❛①❛ ♥❛t✉r❛❧ ❞❡ ❥✉r♦s❀ ❡ ✭✐✈✮ t❛①❛ ❞❡ ✐♥✢❛çã♦✳

◗✉❛♥❞♦ ❤á ✉♠ ❞❡s✈✐♦ ❞❡ ✶✪ ❞❛ ♠❡t❛ ❞❡ ✐♥✢❛çã♦ ❝♦♠ r❡❧❛çã♦ à s❡✉ ❛❧✈♦✱ ♦ ❜❛♥❝♦ ❝❡♥tr❛❧

❛❣✐rá ❡♠ t❛♠❜é♠ ❛✉♠❡♥t❛r ❛ t❛①❛ ❞❡ ❥✉r♦s ❡♠ ♠❛✐s q✉❡ ✶✪✳

P❛r❛ ❞❡♠♦♥str❛r ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ r❡❣r❛ ❞❡ ❚❛②❧♦r ✉♠ r❡s✉♠♦ ❞❡ s✉❛ ❛♣❧✐❝❛çã♦✳

• ↑ Π ❡ y → ↑ r

• ↓ Π ❡ y → ↓ r

• Π ❡ y ❂ ✵ → r = rn +ΠM

P❡❧❛ r❡❣r❛ ❞❡ ❚❛②❧♦r✱ q✉❛♥❞♦ ❤á ✉♠ ❛✉♠❡♥t♦ ❞♦ ❞❡s✈✐♦ ❞❛ ✐♥✢❛çã♦ ❞❛ ♠❡t❛ ❡

❛✉♠❡♥t♦ ❞♦ ❤✐❛t♦ ❞♦ ♣r♦❞✉t♦✱ ❛ t❛①❛ ❞❡ ❥✉r♦s ❞❡✈❡ ❛✉♠❡♥t❛r✳ ❈♦♥t✉❞♦✱ q✉❛♥❞♦ ♥ã♦ ❤á ♦

❛❧❝❛♥❝❡ ❞❛ ♠❡t❛ ❝♦♠ ❛ ❞✐♠✐♥✉✐çã♦ ❞♦ ❤✐❛t♦ ❞♦ ♣r♦❞✉t♦✱ ❞❡✈❡rá t❛♠❜é♠ ❛ t❛①❛ ❞❡ ❥✉r♦s

❞✐♠✐♥✉✐r✳ ❙❡ ♥ã♦ ❤♦✉✈❡r ✈❛r✐❛çã♦ ❞❛ t❛①❛ ❞❡ ✐♥✢❛çã♦ ❡ ❞♦ ❤✐❛t♦ ❞♦ ♣r♦❞✉t♦✱ ❛ t❛①❛ ❞❡

❥✉r♦s s❡ ❞❛rá ♣❡❧❛ t❛①❛ ♥❛t✉r❛❧ ❞❡ ❥✉r♦s ♠❛✐s ❛ ♠❡t❛ ❞❡ ✐♥✢❛çã♦✳

❥✉r♦s r❡❛❧✳ ◗✉❛♥t♦ ♠❛✐s s❡♥sí✈❡✐s s❡❥❛♠ ❡ss❛s ❢✉♥çõ❡s✱ ❛ t❛①❛ ❞❡ ❥✉r♦s ♥❛t✉r❛❧ s❡rá ♠❡♥♦r✳
✹❆ t❛①❛ ♥❛t✉r❛❧ ❞❡ ❥✉r♦s é ❛ t❛①❛ ❞❡ ❡q✉✐❧í❜r✐♦ ❡♥tr❡ ❛ ♣♦✉♣❛♥ç❛ ❡ ♦ ✐♥✈❡st✐♠❡♥t♦ ♥♦ ♣❧❡♥♦ ❡♠♣r❡❣♦

✭❇❆❘❇❖❙❆❀ ❈❆▼✃▲❖❀ ❏❖➹❖✱ ✷✵✶✻✮✳

✶✶



✸✳ ▼❊❚❖❉❖▲❖●■❆

❊st❛ s❡çã♦ ❞❡s❝r❡✈❡ ♦ ♠ét♦❞♦ ❜❛②❡s✐❛♥♦✳ ❆❧é♠ ❞✐ss♦✱ ❝♦♥t❛ ❝♦♠ ♦ ♠♦❞❡❧♦ ❛♥❛❧ít✐❝♦

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

❝❛❧✐❜r❛çõ❡s✱ ❝♦♠♦ t❛♠❜é♠ ❛ ❞❡✜♥✐çã♦ ❞♦s ♣r✐♦rs ❡ ♣♦st❡r✐♦rs✳

✸✳✶ ❊st✐♠❛çã♦ ❜❛②❡s✐❛♥❛

❆ ❛❜♦r❞❛❣❡♠ ❜❛②❡s✐❛♥❛ ❜❛s❡✐❛✲s❡ ♥❛ ❞❡✜♥✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ ❝♦♠♦ ♣r✐♥❝✐♣❛❧

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

♣♦ss✐❜✐❧✐❞❛❞❡ ❞❛ ❞❡✜♥✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ♣❡❧❛ r❡♣❡t✐çã♦✱ é ♦ q✉❡ ♦❝♦rr❡✱ ♣♦r ❡①❡♠♣❧♦✱

❛♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✷✳

❙❡❣✉♥❞♦ ❙✐❧✈❛ ✭✷✵✶✺✮✱ ♦s ♣❛râ♠❡tr♦s ❝♦♥s✐❞❡r❛❞♦s ♥❛ ❡st❛tíst✐❝❛ ❜❛②❡s✐❛♥❛ sã♦ ❡s✲

t♦❝ást✐❝♦s✱ ♦ q✉❡ ♣❡r♠✐t❡ ❝❛❧❝✉❧❛r ✉♠❛ ❞✐str✐❜✉✐çã♦ ♣❛rt✐❝✉❧❛r ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✳

P❛r❛ ✉♠❛ ✈❛r✐á✈❡❧ ❞❡ ✐♥t❡r❡ss❡ ❞❡s❝♦♥❤❡❝✐❞❛ θ✭q✉❡ ♥ã♦ é ♦❜s❡r✈❛❞❛✮✱ t❡♠ s✉❛ ✐♥✲

❢♦r♠❛çã♦ r❡s✉♠✐❞❛ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ p(θ)✱ ♥♦ q✉❛❧ ♣♦❞❡✲s❡ ❛✉♠❡♥t❛r ❛

q✉❛❧✐❞❛❞❡ ❞❛ ✐♥❢♦r♠❛çã♦ ❝♦♠ ❜❛s❡ ❡♠ Y r❡❧❛❝✐♦♥❛❞❛ ❛ θ✳ ❈♦♠ ✐ss♦✱ ❛ ❞✐str✐❜✉✐çã♦ ❛♠♦s✲

tr❛❧ ❞❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ p(Y |θ) ❞❡✜♥❡ t❛❧ r❡❧❛çã♦ ✭❊❍▲❊❘❙✱ ✷✵✵✸✮✳

❚❡♥❞♦ ♣♦r ❜❛s❡ ❡st❛s ✐♥❢♦r♠❛çõ❡s✱ ♦ ❚❡♦r❡♠❛ ❞❡ ❇❛②❡s ✉t✐❧✐③❛ ♦ ❝á❧❝✉❧♦ ❞❛ ❞✐str✐✲

❜✉✐çã♦ ❛ ♣r✐♦r✐✭✐♥❢♦r♠❛çõ❡s ❛❝❡r❝❛ ❞♦ ♣r♦❜❧❡♠❛✮✱ ❞❛ ❞✐str✐❜✉✐çã♦ ❛ ♣♦st❡r✐♦r✐✭❞✐str✐❜✉✐çã♦

q✉❡ ❛❣r❡❣❛ ✉♠❛ ♣r♦❜❛❜✐❧✐❞❛❞❡✮ ✱ ❛❧é♠ ❞❛ ❞✐str✐❜✉✐çã♦ ♥❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ✭♣r♦✲

❜❛❜✐❧✐❞❛❞❡✮✳ ❆ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❢♦r♥❡❝❡ ❛ ♣❧❛✉s✐❜✐❧✐❞❛❞❡ ❞♦s ✈❛❧♦r❡s ♣♦ssí✈❡✐s

❞❡ θ✱ ❡♥q✉❛♥t♦ q✉❡ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❛ss♦❝✐❛❞❛ ❛ θ é ❛ ❞✐str✐❜✉✐çã♦ ❛ ♣r✐♦r✐✳ ❉❡st❡ ♠♦❞♦✱

♣♦❞❡✲s❡ ❞❡✜♥✐r q✉❡ ❛ ❡st✐♠❛çã♦ ❜❛②❡s✐❛♥❛ ❝♦♥s✐st❡ ❡♠✿

p

(

θ

Y

)

= p(θ)
f(Y

θ
)

f(Y )
✭✸✳✶✮

❡♠ q✉❡ θ é ✉♠ ❝♦♥❥✉♥t♦ ❞❡✜♥✐❞♦ ❝♦♠ ❜❛s❡ ♥♦s ♣❛râ♠❡tr♦s Θ❀ p(θ) é ❛ ❞✐str✐❜✉✐çã♦ ❛

♣r✐♦r✐ ❀ f(Y/θ) é ❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛❀ ❡ ❛ ❞✐str✐❜✉✐çã♦ ♠❛r❣✐♥❛❧ ❞♦s ❞❛❞♦s q✉❡ é

✶❊st❛ ❢♦r♠❛ ❞❡ ♠❡t♦❞♦❧♦❣✐❛ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❛ ♣❛rt✐r ❞♦s tr❛❜❛❧❤♦s ❞❡ ❋✐s❤❡r✱ P❡❛rs♦♥✱
◆❡②♠❛♥ ❡ ♦✉tr♦s✱ ❡♥tr❡ ♦s ❛♥♦s ❞❡ ✶✽✺✵ ❛ ✶✾✹✵✳

✷P❛r❛ ✉♠❛ ❞❛❞❛ ❛♠♦str❛ t❡♠✲s❡ q✉❡ ✾✵✪ ❞❡ ❝♦♥✜❛♥ç❛ s♦❜r❡ ♦ ✈❛❧♦r r❡❛❧ ❞♦ ♣❛râ♠❡tr♦✱ ♦ q✉❡ s✐❣♥✐✜❝❛
s❡ ❤♦✉✈❡r r❡♣❡t✐çã♦ ❞❛ ❡st✐♠❛çã♦ ❡♠ ✶✵✵ ✈❡③❡s✱ ❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✾✵ ❞❛s ✈❡③❡s ✈♦✉ t❡r ♦ ✈❛❧♦r r❡❛❧
❞♦ ♣❛râ♠❡tr♦✳

✶✷



❞❡✜♥✐❞❛ ♣♦r
∫

θ

f(Y/θ)p(θ)dθ ✭✸✳✷✮

❆ ❊q✉❛çã♦ ✸✳✷ ❝♦♠❜✐♥❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❛❝❡r❝❛ ❞♦s ✈❛❧♦r❡s ✐♥✐❝✐❛✐s ❞♦s

♣❛râ♠❡tr♦s✱ ✐♥❝♦r♣♦r❛❞♦ ♣♦r ♠❡✐♦ ❞❛ ✐♥❢♦r♠❛çã♦ ❛♠♦str❛❧ ♥❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛✱

♦ q✉❡ ♣♦r s✉❛ ✈❡③ ❣❡r❛ ✉♠ ♥♦✈♦ ❝♦♥❥✉♥t♦ ❞❡ ✐♥❢♦r♠❛çõ❡s✱ ❛ ❞✐str✐❜✉✐çã♦ ❛ ♣♦st❡r✐♦r✐ ✳ ❙❡✲

❣✉♥❞♦ ❋❡r♥á♥❞❡③✲❱✐❧❧❛✈❡r❞❡ ✭✷✵✶✵✮✱ ❛s ❢❡rr❛♠❡♥t❛s ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ❛ té❝♥✐❝❛ ❜❛②❡s✐❛♥❛

♣♦❞❡♠ s❡r ❞✐✈✐❞✐❞❛ ❡♠ três ❣r✉♣♦s ❞✐st✐♥t♦s✿

• ♦s ♠ét♦❞♦s ❞❡ s♦❧✉çã♦ ❞♦s ♠♦❞❡❧♦s❀

• ♦s ♠ét♦❞♦s ❞❡ ❛✈❛❧✐❛çã♦ ❞❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛❀

• ♦s ♠ét♦❞♦s ❞❡ ❡①♣❧♦r❛çã♦ ❞❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❞✐str✐✲

❜✉✐çã♦ ❛ ♣♦st❡r✐♦r✐✳

❆✐♥❞❛ s❡❣✉♥❞♦ ❋❡r♥á♥❞❡③✲❱✐❧❧❛✈❡r❞❡ ✭✷✵✶✵✮✱ ♦ ♣r✐♠❡✐r♦ ♠ét♦❞♦ ❝♦♥s✐st❡ ❡♠ ❞❡s❡♥✲

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

♦s ♠♦❞❡❧♦s ❉❙●❊ ♥ã♦ ♣♦ss✉❡♠ s♦❧✉çõ❡s ❛♥❛❧ít✐❝❛s❀ ❡♥tr❡t❛♥t♦✱ t❡♠✲s❡ ✉♠❛ ❛♣r♦①✐♠❛çã♦

❞♦ ❡st❛❞♦ ❡st❛❝✐♦♥ár✐♦✳ ❯♠ ♣r♦❝❡❞✐♠❡♥t♦ ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞♦ ♥❡st❛ ❛❜♦r❞❛❣❡♠ é ♦ ❞❡

❧♦❣✲❧✐♥❡❛r✐③❛çã♦✱ ♣r♦♣♦st♦ ♣♦r ❯❤❧✐❣ ✭✶✾✾✺✮✱ q✉❡ ❝♦♥s✐st❡ ❡♠ ❛♣r❡s❡♥t❛r ♦ ❧♦❣ ❞♦ ❞❡s✈✐♦

❞❛ ✈❛r✐á✈❡❧ ❡♠ r❡❧❛çã♦ ❛♦ s❡✉ ❡st❛❞♦ ❡st❛❝✐♦♥ár✐♦✱ ♦ q✉❡ s✐❣♥✐✜❝❛ ❢❛③❡r ✉♠❛ ❛♣r♦①✐♠❛çã♦

❞❡ ❚❛②❧♦r ❡♠ t♦r♥♦ ❞♦ s❡✉ ❡st❛❞♦ ❡st❛❝✐♦♥ár✐♦✳

P❛r❛ ❋❡r♥á♥❞❡③✲❱✐❧❧❛✈❡r❞❡ ✭✷✵✶✵✮✱ ♦s ♠♦❞❡❧♦s ❉❙●❊ ♣♦❞❡♠ s❡r r❡s♦❧✈✐❞♦s ♣♦r ♠❡✐♦

❞❛ ❡st✐♠❛çã♦ ❜❛②❡s✐❛♥❛✱ ♣♦✐s s❡ ❛♣r❡s❡♥t❛♠ ❞❡ ♠❛♥❡✐r❛ ♠❛✐s s✐♠♣❧✐✜❝❛❞❛ ❝♦♠ r❡❧❛çã♦ ❛♦

♠ét♦❞♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛✱ ♣♦✐s ♦s ♠♦❞❡❧♦s ❉❙●❊ ❛♣r❡s❡♥t❛♠ ❞✐✈❡rs❛s ❞✐♠❡♥sõ❡s✳ ❈♦♠

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

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

✉♠❛ ❞✐str✐❜✉✐çã♦ ❝♦♥❞✐❝✐♦♥❛❧ ❞❡ ❡st❛❞♦s ❞♦s ❞❛❞♦s✱ r❡s✉❧t❛♥❞♦✱ ❛ss✐♠✱ ❡♠ ✉♠❛ ❢♦r♠❛ ❞❡

❛✈❛❧✐❛çã♦ ❞❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛✳

❖ t❡r❝❡✐r♦ ♠ét♦❞♦✱ ❛♣r❡s❡♥t❛ ✉♠❛ ❢♦r♠❛ ❞❡ ❡①♣❧♦r❛çã♦ ❞❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐✲

❧❤❛♥ç❛✱ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ❡♥❝♦♥tr❛r ❛ ❞✐str✐❜✉✐çã♦ ❛ ♣♦st❡r✐♦r✐ ❞♦s ♣❛râ♠❡tr♦s✳ ❈❛s♦ ❛

❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ s❡❥❛ ❝♦♥❤❡❝✐❞❛✱ ♦❜tê♠✲s❡ ❛♥❛❧✐t✐❝❛♠❡♥t❡ ♦ r❡s✉❧t❛❞♦❀ ♥♦ ❡♥✲

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

♠ét♦❞♦ ❞❡ ▼♦♥t❡ ❈❛r❧♦ ✈✐❛ ❈❛❞❡✐❛ ❞❡ ▼❛r❦♦✈ ✭▼❈▼❈✮✹✱ ♣❛r❛ ❡♥❝♦♥tr❛r ❞✐str✐❜✉✐çõ❡s

❛♣r♦①✐♠❛❞❛s✳
✸❆ t❡♦r✐❛ ❞❛ ✜❧tr❛❣❡♠ q✉❡ t❡♠ ♦ ✜❧tr♦ ❞❡ ❑❛❧♠❛♥ ❝♦♠♦ ✉♠ ❞♦s ♠❛✐s ❝♦♥❤❡❝✐❞♦s✱ ❛♣r❡s❡♥t❛ ❝❛❞❛

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

✹❖ ▼❈▼❈ é ✉♠ ♠ét♦❞♦ ❞❡ s✐♠✉❧❛çã♦ ❝♦♠ ❜❛s❡ ♥❛ ❝❛❞❡✐❛ ❞❡ ▼❛r❦♦✈ ❡♠ q✉❡ ❛ ❞✐str✐❜✉✐çã♦ ❡st❛❝✐✲
♦♥ár✐❛ é ❝♦♥s✐❞❡r❛❞❛ ❛ ❞✐str✐❜✉✐çã♦ ❛ ♣♦st❡r✐♦r✐✳ ❉❡♥tr❡ ♦s ❛❧❣♦r✐t♠♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❡st✐♠❛r✱ t❡♠✲s❡ ♦
▼❡tr♦♣♦❧✐s✲❍❛st✐♥❣ ❡ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ●✐❜❜s✳

✶✸



✸✳✷ ▼♦❞❡❧♦ ❆♥❛❧ít✐❝♦

◆♦ ♠♦❞❡❧♦ ❞❡ ❡❝♦♥♦♠✐❛ ❛❜❡rt❛✱ ❛ ❡❝♦♥♦♠✐❛ ❞♦♠ést✐❝❛ ❡❢❡t✉❛ tr❛♥s❛çõ❡s ❝♦♠❡r✲

❝✐❛✐s t❛♥t♦ ♥♦ ♠❡r❝❛❞♦ ❞❡ ❜❡♥s✱ ❝♦♠♦ ♣♦r ♠❡✐♦ ❞❡ ✢✉①♦s ✜♥❛♥❝❡✐r♦s✳ ❊♠ s❡ tr❛t❛♥❞♦ ❞❡

♦♣❡r❛çõ❡s r❡❛❧✐③❛❞❛s ♥♦ ♠❡r❝❛❞♦ ❞❡ ❜❡♥s✱ ♦s ❡♠♣r❡sár✐♦s ❞❡♠❛♥❞❛♠ ✐♥s✉♠♦s ✐♠♣♦rt❛❞♦s

♣❛r❛ ❛ ♣r♦❞✉çã♦ ❞❡ ❜❡♥s ✐♥t❡r♠❡❞✐ár✐♦s✱ s❡♥❞♦ q✉❡ ✉♠❛ ♣❛rt❡ ❞❛ ❝❡st❛ ❞❡ ♠❡r❝❛❞♦r✐❛s

♣r♦❞✉③✐❞❛s é ❡①♣♦rt❛❞❛ ♣❛r❛ ♦ ♠❡r❝❛❞♦ ❡①t❡r♥♦✳ ◆♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ ❛♦ ♠❡r❝❛❞♦ ✜♥❛♥✲

❝❡✐r♦✱ ♦s ❜❛♥❝♦s ♣♦❞❡♠ ❝❛♣t❛r r❡❝✉rs♦s ♥♦ ❡①t❡r✐♦r✱ ♣♦r ♠❡✐♦ ❞❛ ♣♦✉♣❛♥ç❛ ❡①t❡r♥❛✱ ♣❛r❛

❛✉♠❡♥t❛r s✉❛ ♦❢❡rt❛ ❞❡ ❝ré❞✐t♦ ❞♦♠ést✐❝♦✱ ❛❧é♠ ❞❡ ❢❛③❡r ❝❛♣t❛çã♦ ♥❛ ❡❝♦♥♦♠✐❛ ❞♦♠ést✐❝❛✳

◆❡st❡ ♠♦❞❡❧♦✱ ❛s ❢❛♠í❧✐❛s sã♦ ❞✐✈✐❞✐❞❛s ❡♠ ❞♦✐s t✐♣♦s✿ ❛s ❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s ❡ ❛s

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

✉t✐❧✐③❛❞❛s ❡ ❞♦ r❡♥❞✐♠❡♥t♦ ❞♦s ✐♥✈❡st✐♠❡♥t♦s ❢❡✐t♦s ♣❡❧❛ ❢❛♠í❧✐❛✳ ❖s ❜❛♥❝♦s sã♦ ❞✐✈✐❞✐❞♦s

❡♠ ❛t❛❝❛❞✐st❛s ❡ ✈❛r❡❥✐st❛s✳

✸✳✷✳✶ ❋❛♠í❧✐❛s ♣❛❝✐❡♥t❡s

❆s ❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s ❝♦♥s♦♠❡♠ ❜❡♥s ✜♥❛✐s✱ ♦❢❡rt❛♠ tr❛❜❛❧❤♦ ❡ ❡❢❡t✉❛♠ ❞❡♣ós✐t♦s

♥♦s ❜❛♥❝♦s✳ ❆s ♣r❡❢❡rê♥❝✐❛s ❛❞♦t❛❞❛s ♣❡❧❛s ❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s ❞❡♣❡♥❞❡♠ ♣❛rt✐❝✉❧❛r♠❡♥t❡

❞❡ s❡✉ ❝♦♥s✉♠♦✱ ❞♦s ✐♠ó✈❡✐s ❡ ❞❛s ❤♦r❛s ❞❡ tr❛❜❛❧❤♦✳ ◆❡st❡ s❡♥t✐❞♦✱ s✉❛ ❢✉♥çã♦ ✉t✐❧✐❞❛❞❡

é✿

E0

∞
∑

t=0

βt
ϑ

{

(1− αϑ)εft ln(c
ϑ
t (i)− αϑcϑt−1) + εht j

hln(hϑt (i))−
gϑt (i)

1+Θ

1 + Θ

}

✭✸✳✸✮

❖♥❞❡ cϑt é ♦ ❝♦♥s✉♠♦ ❞❛ ❢❛♠í❧✐❛ ❝♦rr❡♥t❡ ♥♦ ♣❡rí♦❞♦ t ❀ cϑt−1 é ♦ í♥❞✐❝❡ ❞❡ ❝♦♥s✉♠♦ ❞❛s

❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s ❡♠ t− 1❀ hϑt sã♦ ♦s ✐♠ó✈❡✐s❀ ❡ gϑt é ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❤♦r❛s ❡❢❡t✐✈❛♠❡♥t❡

tr❛❜❛❧❤❛❞❛s✳

❖ ♣❛râ♠❡tr♦ αϑ ♠❡❞❡ ♦ ❤á❜✐t♦ ❞❡ ❝♦♥s✉♠♦ ❞❛ ❢❛♠í❧✐❛✱ ❡♥q✉❛♥t♦ ♦ ♣❛râ♠❡tr♦ Θ

♠❡♥s✉r❛ ❛ ❞❡s✉t✐❧✐❞❛❞❡ ❞♦ tr❛❜❛❧❤♦✳ ❉❡st❛ ❢♦r♠❛✱ ❛s ❢❛♠í❧✐❛s ❡♠ t❂✵ ❛✈❛❧✐❛♠ ❛ ✉t✐❧✐✲

❞❛❞❡ ❡s♣❡r❛❞❛ ❡♠ t❃✵ ❞❡s❝♦♥t❛❞♦ ♣❡❧❛ t❛①❛ βϑ✱ ❣❛r❛♥t✐❞♦ q✉❡ ❛s ❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s s❡❥❛♠

♣♦✉♣❛❞♦r❛s✳ ❍á ❞♦✐s t✐♣♦s ❞❡ ❝❤♦q✉❡s q✉❡ ❛❢❡t❛♠ ❛s ♣r❡❢❡rê♥❝✐❛s ❞♦s ❛❣❡♥t❡s✱ ✉♠ ❞❡❝♦r✲

r❡♥t❡ ❞♦ ❝♦♥s✉♠♦ εft ❡ ♦ ♦✉tr♦ r❡s✉❧t❛♥t❡ ❞♦s ✐♠ó✈❡✐s εht ❀ ❛❧é♠ ❞❡st❡s ❝❤♦q✉❡s ❤á ♦ ♣❡s♦

❞♦s ✐♠ó✈❡✐s ♥♦ ♦rç❛♠❡♥t♦ ❞♦ ❛❣❡♥t❡ r❡♣r❡s❡♥t❛❞♦ ♣♦r jh✳ ❊♠ t❡r♠♦s r❡❛✐s ❛ r❡str✐çã♦

♦rç❛♠❡♥tár✐❛ é✿

cϑt (i) + qht (h
ϑ
t − (1− δh)hϑt−1(i)) + dϑt (i) ≤ wϑ

t g
ϑ
t (i) +

1 + rdt−1

πt
dϑt−1(i) + tϑt (i) ✭✸✳✹✮

✶✹



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

✐♠ó✈❡✐s✱ q✉❡ ♣♦ss✉❡♠ ✉♠ ♣r❡ç♦ r❡❛❧ ❞❛❞♦ ♣♦r qht ✱ ♥♦✈♦s ❞❡♣ós✐t♦s ❜❛♥❝ár✐♦s dϑt ✳ ❆❧é♠

❞✐ss♦✱ ♦ ❡st♦q✉❡ ❞❡ ✐♠ó✈❡✐s ❞♦ ❛❣❡♥t❡ ♣♦ss✉✐ ✉♠ t✐♣♦ ❞❡ ❞❡♣r❡❝✐❛çã♦ r❡♣r❡s❡♥t❛❞♦ ♣♦r

(1−δh)✳ ❉♦ ❧❛❞♦ ❞✐r❡✐t♦✱ ❛ r❡♥❞❛ ❞❡st❡s ❛❣❡♥t❡s é r❡s✉❧t❛❞♦ ❞♦ s❛❧ár✐♦ wϑ
t g

ϑ
t ✱ ♦ r❡♥❞✐♠❡♥t♦

♣r♦✈❡♥✐❡♥t❡ ❞♦s ❞❡♣ós✐t♦s ❞♦ ♣❡rí♦❞♦ ❛♥t❡r✐♦r (1+rϑt−1
)

πt
dϑt−1✱ ❡ ❛s tr❛♥s❢❡rê♥❝✐❛s t✐♣♦ ❧✉♠♣✲

s✉♠✺✳ ❉❡st❡ ♠♦❞♦✱ ❛ ❡s❝♦❧❤❛ ót✐♠❛ ❞❡ cϑt ✱ h
ϑ
t ✱ d

ϑ
t ❡ gϑt r❡s✉❧t❛ ♥❛s s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s ❞❡

♣r✐♠❡✐r❛ ♦r❞❡♠✿

λϑt = εft
1− αϑ

cϑt − αϑcϑt−1

✭✸✳✺✮

λϑt = βϑEt

{

λϑt+1

1 + rdt
πt+1

}

✭✸✳✻✮

λϑt q
h
t = (1− δh)βϑEt[λ

ϑ
t+1q

h
t+1] +

εht j
h

hϑt
✭✸✳✼✮

λϑt =
gϑΘt
wϑ

t

✭✸✳✽✮

❊♠ q✉❡ λϑt é ♦ ♠✉❧t✐♣❧✐❝❛❞♦r ❞❡ ❧❛❣r❛♥❣❡ ❞❛ r❡str✐çã♦ ♦rç❛♠❡♥tár✐❛✳

✸✳✷✳✷ ❋❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s

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

✜♥❛✐s ❡ t❛♠❜é♠ ♦❢❡rt❛♠ tr❛❜❛❧❤♦✳ ❊♥tr❡t❛♥t♦✱ ❝❛♣t❛♠ ❡♠♣rést✐♠♦s ♦❢❡rt❛❞♦s ♣❡❧♦s ♠❛✐s

✈❛r✐❛❞♦s ✐♥t❡r♠❡❞✐ár✐♦s✳ ❖✉tr❛ ❞✐❢❡r❡♥ç❛ é ❝♦♠ r❡❧❛çã♦ à t❛①❛ ❞❡ ❞❡s❝♦♥t♦✿ ♣❛r❛ ❢❛♠í❧✐❛s

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

✐♠♣❛❝✐❡♥t❡ s❡❥❛ t♦♠❛❞♦r❛ ❞❡ ❡♠♣rést✐♠♦s✳ ❆ ❢✉♥çã♦ ✉t✐❧✐❞❛❞❡ ❞❛ ❢❛♠í❧✐❛ ✐♠♣❛❝✐❡♥t❡ é✿

E0

∞
∑

t=0

(βι)
t

{

(1− αι)εft ln(c
ι
t(i)− αιcιt−1(i)) + εht j

hln(hιt(i))−
gιt(i)

1+Θ

1 + Θ

}

✭✸✳✾✮

❖♥❞❡ cιt(i) é ♦ ❝♦♥s✉♠♦ ❝♦rr❡♥t❡ ❞❛s ❢❛♠í❧✐❛s ♥♦ t❡♠♣♦ t ❀ cιt−1 é ♦ í♥❞✐❝❡ ❞❡ ❝♦♥s✉♠♦

❞♦ ❛❣❡♥t❡ ❡♠ t✲✶ ❀ gι(i) sã♦ ❛s ❤♦r❛s tr❛❜❛❧❤❛❞❛s ♣❡❧❛ ❢❛♠í❧✐❛ ✐♠♣❛❝✐❡♥t❡❀ ❡ hι(i) é ♦ ❡st♦q✉❡

❞❡ ✐♠ó✈❡✐s✳ ❆ss✐♠✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♠❛①✐♠✐③❛çã♦ ❞❛ ❢❛♠í❧✐❛ ✐♠♣❛❝✐❡♥t❡ é✿

✺❆s tr❛♥s❢❡rê♥❝✐❛s ❧✉♠♣✲s✉♠ sã♦ ❝♦♠♣♦st❛s ♣♦r ❞✐✈✐❞❡♥❞♦s r❡❝❡❜✐❞♦s ❞❛s ✜r♠❛s ❡ ❞♦s ❜❛♥❝♦s✳

✶✺



cιt(i)+q
h
t (h

ι
t(i)−(1−δh)hιt−1(i))+

1 + rbwt−1

πt
bιwt−1+

1 + rbht−1

πt
bιht−1 ≤ wι

tg
ι
t+b

ιh
t (i)+b

ιw
t (i)+tιt(i)

✭✸✳✶✵✮

❆s ❞❡s♣❡s❛s ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s sã♦ ❡♠ ❝♦♥s✉♠♦ ♣r✐✈❛❞♦✱ ❡st♦q✉❡ ❞❡ ✐♠ó✲

✈❡✐s ❡ ♣❛❣❛♠❡♥t♦s ❞♦s ❡♠♣rést✐♠♦s ❡❢❡t✉❛❞♦s ♥♦ ♣❡rí♦❞♦ ❛♥t❡r✐♦r✱ ❛tr❛✈és ❞❡ ❝♦❧❛t❡r❛❧
(

(1+rbHt−1
)

Θt
bιht−1

)

❡ ❞❡ ❞❡s❝♦♥t♦ ❡♠ ❢♦❧❤❛ ❞❡ ♣❛❣❛♠❡♥t♦
(

1+rbWt−1

Θt
bιwt−1

)

✻✱ ♦ ♠♦❞♦ ♣❡❧♦ q✉❛❧ ❛s

❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s ✜♥❛♥❝✐❛♠ s❡✉s ❡♠♣rést✐♠♦s é ❛tr❛✈és ❞♦ s❛❧ár✐♦✱ ♥♦✈♦s ❡♠♣rést✐♠♦s

❡ ❛s tr❛♥s❢❡rê♥❝✐❛s ❧✉♠♣ s✉♠✳ ❆ss✐♠ ❝♦♠♦ ❡♠ ●❡r❛❧✐ ❡t ❛❧✳ ✭✷✵✶✵✮✱ ♦ ❛❝❡ss♦ ❛ ❡♠♣rést✐♠♦s

❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s s❡ ❞❛rá ♣❡❧♦ ✈❛❧♦r ❡s♣❡r❛❞♦ ❞♦ ❡st♦q✉❡ ❞❡ ✐♠ó✈❡✐s (bιht−1) ❡ ♦ ♦✉tr♦

❜❛s❡❛❞♦ ❡♠ ❡♠♣rést✐♠♦s ❝♦♥s✐❣♥❛❞♦s (bιwt−1)✱ ♦r✐✉♥❞♦s ❞♦ s❛❧ár✐♦ ❞♦s ❛❣❡♥t❡s✳ ❆ r❡str✐çã♦

❞❛s ❢❛♠í❧✐❛s ❡♠ ♦❜t❡r❡♠ ♥♦✈♦s ❡♠♣rést✐♠♦s ❡stá ❝♦♥❞✐❝✐♦♥❛❞❛ ❛♦ ❧♦❛♥✲t♦✲✈❛❧✉❡✭▲❚❱✮✼

mιh
t
✽✿

mιh
t = (1 + ρmιh)m

ιh + ρmιhm
ιh
t−1 + ηmιh

t ✭✸✳✶✶✮

❡♠ q✉❡ ηmιh
t é ✉♠ ♣r♦❝❡ss♦ ✐✐❞✱ ♥♦r♠❛❧♠❡♥t❡ ❞✐str✐❜✉í❞♦ ❝♦♠ ♠é❞✐❛ ③❡r♦ ❡ ❞❡s✈✐♦ ♣❛❞rã♦

σmιh✳ ❊ ❛♦ ❞❡❜t✲t♦✲✐♥❝♦♠❡✭❉❚■✮✾ ❞♦ s❛❧ár✐♦ mιw
t

✶✵✱ ❡①♣r❡ss❛ ♥❛s ❞❡s✐❣✉❛❧❞❛❞❡s ❛❜❛✐①♦✿

(1 + rbht )bιht (i) ≤ mιh
t Et(1− δh)qht+1h

ι
t(i)πt+1 ✭✸✳✶✸✮

(1 + rbwt )bιwt (i) ≤ mιw
t Etw

ι
t+1g

ι
t+1(i)πt+1 ✭✸✳✶✹✮

❆ss✐♠✱ ❛s ❈P❖s ❞❛ ❢❛♠í❧✐❛ ✐♠♣❛❝✐❡♥t❡✱ q✉❛♥❞♦ ❡s❝♦❧❤❡♠ cιt✱ h
ι
t✱ b

ιh
t ✱ b

ιw
t ❡ gιt ❝♦♥❞✐✲

❝✐♦♥❛❞❛ ♣❡❧❛s ❡q✉❛çõ❡s ❛❝✐♠❛ é✿

λιt = εft
1− aι

cιt − aιcιt−1

✭✸✳✶✺✮

✻❖ ❡♠♣rést✐♠♦ ❝♦♥s✐❣♥❛❞♦ ❢♦✐ ✐♥st✐t✉í❞♦ ❛tr❛✈és ❞❛ ▲❡✐ ♥✳ ✶✵✳✽✷✵ ❞❡ ✷✵✵✸✳ ❙❡❣✉♥❞♦ ❈♦❡❧❤♦✱ ▼❡❧❧♦ ❡
❋✉♥❝❤❛❧ ✭✷✵✶✷✮✱ ♦s ❡♠♣rést✐♠♦s ❝♦♥s✐❣♥❛❞♦s t✐✈❡r❛♠ ✉♠ ♣❛♣❡❧ ✐♠♣♦rt❛♥t❡ ♥❛ ❡①♣❛♥sã♦ ❞♦ ❝ré❞✐t♦ ❡ ♥❛
❞✐♠✐♥✉✐çã♦ ❞♦ ❝✉st♦ ❞❡ ❝ré❞✐t♦✳

✼❆ r❛③ã♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ❛✈❛❧✐❛r ♦ r✐s❝♦ ❞❡ ❝ré❞✐t♦ q✉❡ ❛s ✐♥st✐t✉✐çõ❡s ✜♥❛♥❝❡✐r❛s
✉t✐❧✐③❛♠ ❛♥t❡s ❞❡ ❛♣r♦✈❛r ✉♠❛ ❤✐♣♦t❡❝❛✳ ❙❡❣✉♥❞♦ ❏❛♣♣❡❧❧✐ ❡ P❛❣❛♥♦ ✭✶✾✾✹✮✱ ❡st❛ r❛③ã♦ é ✉♠ ✐♥❞✐❝❛❞♦r
❞❡ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ❝ré❞✐t♦ ♣❛r❛ ❛s ❢❛♠í❧✐❛s✳

✽❈♦♥s✐❞❡r❛✲s❡ q✉❡ ❧♦❛♥✲t♦✲ ✈❛❧✉❡ ✭mιh
t ✮ s❡❥❛ ✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ ❆❘✭✶✮✳

✾➱ ❛ r❛③ã♦ q✉❡ ♠❡❞❡ ♦ q✉❛♥t♦ ♦ r❡♥❞✐♠❡♥t♦ ❜r✉t♦ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦ ♣❛❣❛♠❡♥t♦s ❞❡ ❞✐✈✐❞❛s✳ ❙❡❣✉♥❞♦
❈❧❛❡ss❡♥s✱ ●❤♦s❤ ❡ ▼✐❤❡t ✭✷✵✶✸✮✱ ❡st❛ r❛③ã♦ é ❜❛st❛♥t❡ ❡✜❝❛③ ❡♠ ♠✐t✐❣❛r ❛s ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡s ❞♦ s✐st❡♠❛
❜❛♥❝ár✐♦✳

✶✵❈♦♥s✐❞❡r❛✲s❡ t❛♠❜é♠ q✉❡ ♦ ❞❡❜t t♦ ✐♥❝♦♠❡ ✭mιw
t ✮ s❡❥❛ ✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ ❆❘✭✶✮✿

mιw
t = (1 + ρmιw)m̄

ιw + ρmιwm
ιw
t−1

+ ηmιw
t ✭✸✳✶✷✮

❡♠ q✉❡ ηmιw
t é ✉♠ ♣r♦❝❡ss♦ ✐✐❞✱ ♥♦r♠❛❧♠❡♥t❡ ❞✐str✐❜✉í❞♦ ❝♦♠ ♠é❞✐❛ ③❡r♦ ❡ ❞❡s✈✐♦ ♣❛❞rã♦ ❡ σmιw✳

✶✻



λιtq
h
t =

εht j
h

hιt
+ (1− δh)

{

βιEtλ
ι
t+1q

h
t+1 + γιht m

ιh
t q

h
t+1πt+1

}

✭✸✳✶✻✮

λιt = γιht (1 + rbht ) + βιEt

{

λιt+1

1 + rbHt
πt+1

}

✭✸✳✶✼✮

λιt = γιwt (1 + rbwt ) + +βιEt

{

λιt+1

1 + rbwt
πt+1

}

✭✸✳✶✽✮

λιt =
gιΘt
wι

t

✭✸✳✶✾✮

❊♠ q✉❡ λιt✱ γ
ιh ❡ γιw sã♦ ♠✉❧t✐♣❧✐❝❛❞♦r❡s ❞❡ ❧❛❣r❛♥❣❡ ❞❛s r❡str✐çõ❡s✳

✸✳✷✳✸ ❊♠♣r❡sár✐♦s

❆ ♣r♦❞✉çã♦ ❞❡ ❜❡♥s ✐♥t❡r♠❡❞✐ár✐♦s ♥❡st❛ ❡❝♦♥♦♠✐❛ é ❞❡ r❡s♣♦♥s❛❜✐❧✐❞❛❞❡ ❞♦s

❡♠♣r❡sár✐♦s✱ q✉❡ ❝♦♠❜✐♥❛♠ ♦s t✐♣♦s ❞❡ ❢❛♠í❧✐❛s✱ ❜❡♠ ❝♦♠♦ ♦ ❝❛♣✐t❛❧ ♣❛r❛ ♣r♦❞✉③✐r ✉♠

❜❡♠ ❤♦♠♦❣ê♥❡♦✳ ❊❧❡s ❡stã♦ ❞✐✈✐❞✐❞♦s ♥♦ ✐♥t❡r✈❛❧♦ (0, 1]✱ ♥♦ q✉❛❧ ❤á ✉♠ ♥ú♠❡r♦ ✐♥✜♥✐t♦

❞❡ ❡♠♣r❡sár✐♦s✳ ❆ss✐♠✱ ❛s ♣r❡❢❡rê♥❝✐❛s ❞❡st❡s ❛❣❡♥t❡s ❞❡♣❡♥❞❡♠ ❞♦ ❝♦♥s✉♠♦ cEt (i)✱ ❞♦s

✐♠ó✈❡✐s hEt ❞♦s ❡♠♣rést✐♠♦s bEt (i)✳ ◆❡st❡ s❡♥t✐❞♦✱ ♦s ❡♠♣r❡sár✐♦s ♣♦ss✉❡♠ ❛ ❢♦r♠❛çã♦ ❞❡

❤á❜✐t♦s ❞❡ ❝♦♥s✉♠♦✱ q✉❡ é ♣❛r❛♠❡tr✐③❛❞♦ ♣♦r αE✳ ❊♥tã♦ s✉❛ ❢✉♥çã♦ ✉t✐❧✐❞❛❞❡ é✿

E0

∞
∑

t=0

(βE)
t
{

(1− αE)εft ln(c
E
t (i)− αEcEt−1) + εht j

hln(hEt (i)) + εEt lnb
E
t (i)

}

✭✸✳✷✵✮

❖s ❡♠♣r❡sár✐♦s✱ ❛ss✐♠ ❝♦♠♦ ❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s✱ sã♦ t♦♠❛❞♦r❡s ❞❡ ❡♠♣rést✐✲

♠♦s✱ ♣♦✐s s✉❛ t❛①❛ s✉❜❥❡t✐✈❛ ❞❡ ❞❡s❝♦♥t♦ βE é ❡str✐t❛♠❡♥t❡ ♠❡♥♦r q✉❡ βϑ✳ ❖ ♣r♦❜❧❡♠❛

❞❡ ♠❛①✐♠✐③❛çã♦ ❞♦ ❡♠♣r❡sár✐♦✱ é ♠❛①✐♠✐③❛r ✭✸✳✷✵✮ s✉❥❡✐t♦ às s❡❣✉✐♥t❡s r❡str✐çõ❡s✿

cEt (i)+w
ϑ
t g

E,ϑ
t (i)+wι

tg
E,ι
t (i)+ertp

Q
t Qt(i)+

1 + rbEt−1

πt
bEt−1(i)+q

k
t k

E
t (i)+q

h
t h

E
t (i)+ψ(ut(i))k

E
t−1(i)

=
yEt (i)

xt
+ bEt (i) + qkt (1− δ)kEt−1(i) + qht (1− δh)hEt−1(i) ✭✸✳✷✶✮

yEt (i) = AE
t [k

E
t−1(i)ut(i)]

a[gEt (i)]
1−a[Qt(i)]

1−al−ak ✭✸✳✷✷✮

✶✼



τEt = (τE,ϑ
t )µ(τE,ι

t )1−µ ✭✸✳✷✸✮

(1 + rbEt )bEt (i) ≤ mE
t Et

{

qkt−1πt+1(1− δ)kEt (i) + ιht+1πt+1(1− δh)hEt
}

✭✸✳✷✹✮

❊♠ q✉❡ qkt é ♦ ♣r❡ç♦ ❡♠ t❡r♠♦s r❡❛✐s ❞♦ ❝❛♣✐t❛❧❀ δ ❛ t❛①❛ ❞❡ ❞❡♣r❡❝✐❛çã♦ ❞♦ ❝❛♣✐t❛❧❀

AE
t é ❛ ♣r♦❞✉t✐✈✐❞❛❞❡ t♦t❛❧ ❞♦s ❢❛t♦r❡s❀ τEt é ❛ q✉❛♥t✐❞❛❞❡ t♦t❛❧ ❞❡ tr❛❜❛❧❤♦ ♣r♦❞✉③✐❞♦

♣❡❧♦ ❡♠♣r❡sár✐♦✱ ❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ tr❛❜❛❧❤♦ ✐♠♣❛❝✐❡♥t❡ ❡ ♣❛❝✐❡♥t❡❀ µ é ♦ s❤❛r❡ ❞♦

tr❛❜❛❧❤♦ ♣❛❝✐❡♥t❡ ♥♦ tr❛❜❛❧❤♦ t♦t❛❧❀ pQt é ♦ ♣r❡ç♦ ❞♦ ✐♥s✉♠♦ ✐♠♣♦rt❛❞♦❀ ert é ❛ t❛①❛ ❞❡

❝â♠❜✐♦ r❡❛❧ ❡♠ ♠♦❡❞❛ ♥❛❝✐♦♥❛❧❀ Qt é ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✐♥s✉♠♦ ✐♠♣♦rt❛❞♦❀ ψ(ut)kEt−1 é ♦

❝✉st♦ r❡❛❧ ❡st❛❜❡❧❡❝✐❞♦ ♣❛r❛ ✉♠ ❞❛❞♦ ♥í✈❡❧ ❞❡ ut✭t❛①❛ q✉❡ ♠❡❞❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❝❛♣✐t❛❧✮✱

❝♦♠ ψ(ut) = ϕ1(ut − 1) + ϕ2

2
(ut − 1)2✱ 1

xt
=

Pw
t

Pt
♦ ♣r❡ç♦ r❡❧❛t✐✈♦ ❞♦ ❜❡♠ ✐♥t❡r♠❡❞✐ár✐♦ yEt

♥♦ ♠❡r❝❛❞♦ ❝♦♠♣❡t✐t✐✈♦❀ ♣♦r ✜♠✱ pQt ✶✶ q✉❡ é ♦ ♣r❡ç♦ ❞♦ ❜❡♠ ✐♠♣♦rt❛❞♦❀ qkt é ♦ ♣r❡ç♦ ❞♦

❝❛♣✐t❛❧❀ kEt é ♦ ❡st♦q✉❡ ❞❡ ❝❛♣✐t❛❧✳

❈♦♠♦ ❞❡s❝r✐t♦ ♥❛ ❊q✉❛çã♦ ✭✸✳✷✶✮✱ ♦s ❣❛st♦s ❝♦♠ ❝♦♥s✉♠♦✱ ♣❛❣❛♠❡♥t♦ ❞❡ ❡♠♣rés✲

t✐♠♦s✱ ❡st♦q✉❡ ❞❡ ✐♠ó✈❡✐s✱ ❢♦❧❤❛ s❛❧❛r✐❛❧ ❡ ❛q✉✐s✐çã♦ ❞❡ ❝❛♣✐t❛❧✱ ♥ã♦ ♣♦❞❡♠ ❡①❝❡❞❡r ❛s

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

❝♦♠♦ ♥♦✈♦s ❡♠♣rést✐♠♦s✳ ❆s ❊q✉❛çõ❡s ✭✸✳✷✷✮ ❡ ✭✸✳✷✸✮ ❞❡s❝r❡✈❡♠ ♦ ♣r♦❝❡ss♦ ♣r♦❞✉t✐✈♦

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

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

t✐♣♦s ❞❡ tr❛❜❛❧❤♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛ ♣r♦❞✉çã♦ ❞♦s ❜❡♥s✳ ❆ ❊q✉❛çã♦ ✭✸✳✷✹✮ ✐♥❢♦r♠❛ q✉❡ ❛

❝❛♣t❛çã♦ ❞❡ ♥♦✈♦s ❡♠♣rést✐♠♦s ❞♦ ❡♠♣r❡sár✐♦ é ❧✐♠✐t❛❞❛ ♣❡❧❛ s✉❛ r✐q✉❡③❛✶✷✳

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

♦ tr❛❜❛❧❤♦ ❞❛s ❢❛♠í❧✐❛s✱ ❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❝❛♣✐t❛❧ sã♦✿

λEt =
(1− αE)εft
cEt − αEcEt−1

✭✸✳✷✻✮

λEt q
k
t = Et

{

γEt m
E
t q

E
t+1πt+1(1− δ) + βEλ

E
t+1[r

k
t+1ut+1 + qkt+1(1− δ)− ψ(ut+1)]

}

✭✸✳✷✼✮

✶✶❉❡st❛ ❢♦r♠❛✱ ♦ ♣r❡ç♦ ❞♦ ❜❡♠ ✐♠♣♦rt❛❞♦ s❡❣✉❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❡st♦❝ást✐❝❛ ❝♦♠♦✿

p
Q
t = (1− ρpQ)p−Q + ρpQp

Q
t−1

+ η
p
tQ ✭✸✳✷✺✮

❙❡♥❞♦ q✉❡ η
pQ
t ♦ ♣r♦❝❡ss♦ ✐✐❞ ♥♦r♠❛❧♠❡♥t❡ ❞✐str✐❜✉í❞♦ ❝♦♠ ♠é❞✐❛ ③❡r♦ ❡ ❞❡s✈✐♦✲♣❛❞rã♦ σpQ✳

✶✷P❛r❛ ❞❡✜♥✐r ❛ r✐q✉❡③❛ ❞♦ ❛❣❡♥t❡ ❝♦♥s✐❞❡r❛✲s❡ ♦ ✐♥❞✐❝❛❞♦r ME
t ✭▲❚❱✮ q✉❡ ♦ ❜❛♥❝♦ ❛❝❡✐t❛ ❝♦♠♦ ❝♦❧❛t❡r❛❧

✭❣❛r❛♥t✐❛✮ ❡♠ s❡✉s ❡♠♣rést✐♠♦s✳

✶✽



rkt = ϕ1 + ϕ2(ut − 1) ✭✸✳✷✽✮

wP
t = al

yEt
xt

µ

gE,ϑ
t

✭✸✳✷✾✮

wι
t = al

yEt
xt

1− µ

gE,ι
t

✭✸✳✸✵✮

ertp
Q
t = (1− al − ak)

yEt
xt

1

Qt

✭✸✳✸✶✮

λEt q
h
t =

εht j
h

hEt
+ (1− δh)Et

{

qht+1(γ
E
t m

E
t πt+1 + βEλ

E
t )
}

✭✸✳✸✷✮

λEt =
εEt
bEt

− γEt (1 + rbEt ) + βEEt

{

λEt+1

(1 + rbEt )

πt+1

}

✭✸✳✸✸✮

❊♠ q✉❡ rkt ≡ 1
xt
akA

E
t [kt− 1Eut]

ak−1τEal
t Q1−al−ak

t ✳ λEt ❡ γEt sã♦ ♠✉❧t✐♣❧✐❝❛❞♦r❡s ❞❡

▲❛❣r❛♥❣❡✳

✸✳✷✳✹ ❇❛♥❝♦s

❖s ❜❛♥❝♦s ♣♦ss✉❡♠ ✉♠ ♣❛♣❡❧ ✐♠♣♦rt❛♥t❡ ❡♠ ✐♥t❡r♠❡❞✐❛r ❛s tr❛♥s❛çõ❡s ❝♦♠ ♦

❝♦♠ér❝✐♦ ❡①t❡r✐♦r✱ ❝♦♠ ♦s ❡♠♣r❡sár✐♦s ❡ ❝♦♠ ❛s ♣❡ss♦❛s ♥♦ ♣❛ís✳ ◆❡ss❡ ♠♦❞❡❧♦✱ ❛♣❡♥❛s ♦s

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

❡①t❡r♥❛ ❡ ♦❢❡r❡❝❡r ❝ré❞✐t♦ ♣❛r❛ ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s ❡ ❡♠♣r❡sár✐♦s✳ ❖ ❜❛♥❝♦ é s❡❣♠❡♥t❛❞♦

❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿ ❝❛❞❛ ❜❛♥❝♦ j ∈ [0, 1] é ❞✐✈✐❞✐❞♦ ❡♠ t❡s♦✉r❛r✐❛ ❡ ✉♥✐❞❛❞❡ ❞❡ ✈❛r❡❥♦✳

❆ ♣r✐♥❝✐♣❛❧ ❢✉♥çã♦ ❞❛ t❡s♦✉r❛r✐❛ ❜❛♥❝ár✐❛ é ❛ ❞❡ ❢♦r♥❡❝❡r s✉❜sí❞✐♦s ♣❛r❛ ❡✈✐t❛r ❞❡s✈✐♦ ❞♦

❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ ❡♠ r❡❧❛çã♦ ❛♦ s❡✉ ✈❛❧♦r ót✐♠♦✳

❖ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ é ❛❥✉stá✈❡❧ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✱ ❞❛❞♦ ♦s ❧✉❝r♦s ❛❝✉♠✉❧❛❞♦s

❡♠ ♣❡rí♦❞♦ s✉❜s❡q✉❡♥t❡❀ ♣♦ré♠✱ ♥♦ ❝✉rt♦ ♣r❛③♦ é r❡❧❛t✐✈❛♠❡♥t❡ ✜①♦✳ ❉❡st❡ ♠♦❞♦✱ ♦

❜❛♥❝♦ ❛❥✉st❛ s✉❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ❝ré❞✐t♦ ❝♦♠ ❜❛s❡ ♥❛s ♦♣❡r❛çõ❡s ❞❡ ♠❡r❝❛❞♦ ❜❛♥❝ár✐♦✱

❝♦♠♣r❛♥❞♦ (Dt) ❡ B∗

t ❡ ✈❡♥❞❡♥❞♦ (Bt)✳ ◆❡st❡ s❡♥t✐❞♦✱ ❛ ✉♥✐❞❛❞❡ ✈❛r❡❥✐st❛ ♣♦ss✉✐ ❞♦✐s

❞❡♣❛rt❛♠❡♥t♦s✱ ✉♠ ♣❛r❛ ❡♠♣rést✐♠♦s às ❢❛♠í❧✐❛s ❡ ❡♠♣r❡sár✐♦s✱ ❡ ♦✉tr♦ ♣❛r❛ ❞❡♣ós✐t♦s

❞❛s ❢❛♠í❧✐❛s✳ ❖ ♠❡r❝❛❞♦ ❜❛♥❝ár✐♦ é ❝❛r❛❝t❡r✐③❛❞♦ ♣♦r ❝♦♥❝♦rrê♥❝✐❛ ♠♦♥♦♣♦❧✐st❛✱ ♦✉ s❡❥❛✱

♦s ❜❛♥❝♦s ❞❡tê♠ ♣♦❞❡r ❞❡ ♠❡r❝❛❞♦✱ ❛ss✐♠ ❡❧❡s ❛❥✉st❛♠ s✉❛s t❛①❛s ❞❡ ❡♠♣rést✐♠♦s ❡ ❞❡

❞❡♣ós✐t♦ ❡♠ r❡s♣♦st❛ ❛♦s ❝❤♦q✉❡s ❞❛ ❡❝♦♥♦♠✐❛ ❡ ♦✉tr❛s ❝♦♥❞✐çõ❡s✳ ❖s ❜❛♥❝♦s✱ ♣♦r s✉❛

✈❡③✱ ✜♥❛♥❝✐❛♠ s❡✉s ❡♠♣rést✐♠♦s Bt ♣♦r ♠❡✐♦ ❞♦s ❞❡♣ós✐t♦s ❞❛s ❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s Dt✱ ❞❛

♣♦✉♣❛♥ç❛ ❡①t❡r♥❛ B∗ ❡ ❞❛s ❢❛♠í❧✐❛s ❝♦♠ ♣❛tr✐♠ô♥✐♦ Kb✳

✶✾



✸✳✷✳✺ ❉❡♣❛rt❛♠❡♥t♦ ❆t❛❝❛❞✐st❛

❈♦♠♦ ❝♦❧♦❝❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡ ♦ s❡t♦r ❛t❛❝❛❞✐st❛ ❝❛♣t❛ r❡❝✉rs♦s ❞❛s ❢❛♠í❧✐❛s ♣❛❝✐✲

❡♥t❡s ❡ ❞♦ ♠❡r❝❛❞♦ ❡①t❡r♥♦✳ ❖ ❜❛❧❛♥ç♦ ♣❛tr✐♠♦♥✐❛❧ ❞♦s ❜❛♥❝♦s é ❝♦♠♣♦st♦ ♣♦r ❞♦✐s ❧❛❞♦s✱

q✉❛✐s s❡❥❛♠✿ ❞♦ ❧❛❞♦ ❞♦s ❛t✐✈♦s✱ ♦s ❡♠♣rést✐♠♦s Bt❀ ❡ ❞♦ ❧❛❞♦ ❞♦ ♣❛ss✐✈♦✱ ♦s ❞❡♣ós✐t♦s

Dt✱ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ Kb
t ❀ zt r❡♣r❡s❡♥t❛ ♦ ❛♠❜✐❡♥t❡ ✐♥st✐t✉❝✐♦♥❛❧✱ tr❛♥s♠✐ssã♦ ✈✐❛ t❛①❛ ❞❡

❥✉r♦s✱ s❡❣✉r❛♥ç❛ ❥✉rí❞✐❝❛ ❡t❝✳❀ ❡ ❡♠♣rést✐♠♦s ❡①t❡r♥♦s ❡♠ ♠♦❡❞❛ ❞♦♠ést✐❝❛ ertB
∗

t ✳

Bt(j)zt = Dt(j)zt +Kb
t (j)zt + ertB

∗

t (j) ✭✸✳✸✹✮

◗✉❛♥❞♦ ♦ ❜❛♥❝♦ ❝❛♣t❛ r❡❝✉rs♦s ♥♦ ❡①t❡r✐♦r✱ ❡❧❡s sã♦ ♦❜r✐❣❛❞♦s ❛ ♣❛❣❛r ✉♠❛ t❛①❛ ❞❡

❥✉r♦s ✐♥t❡r♥❛❝✐♦♥❛❧ (R∗)✱ ✉♠ ♣rê♠✐♦ ❞❡ r✐s❝♦ (Φ) q✉❡ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♥❛ ❊q✉❛çã♦

✭✸✳✸✺✮✿

Φ = exp

(

−χ
ertB

∗

t

Kb
t

)

εΦt ✭✸✳✸✺✮

◆❡st❡ s❡♥t✐❞♦✱ ♦ ♣rê♠✐♦ ❞❡ r✐s❝♦ ❞❡♣❡♥❞❡ ❞❛ r❡❧❛çã♦ ertB
∗

t

kbt
✱ q✉❡ ♣♦r s✉❛ ✈❡③✱ ❢❛③

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

❞❡ r✐s❝♦ ♣❛❣♦ ♥❛s tr❛♥s❛çõ❡s ❝♦♠ ♦ ❡①t❡r✐♦r✱ ❛❧é♠ ❞♦ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❝❤♦q✉❡ ♥♦ ♣rê♠✐♦

❞❡ r✐s❝♦ (εΦt )✳ ❈♦♠ ✐ss♦✱ ♣♦❞❡✲s❡ ❞❡✜♥✐r ❛ ❛❝✉♠✉❧❛çã♦ ❞♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ s❡❣✉❡ ✉♠❛

❛❝✉♠✉❧❛çã♦ ❞♦ ❝❛♣✐t❛❧ Kb
t ❞♦ ♣❡rí♦❞♦ ❛♥t❡r✐♦r Kb

t−1 ❡ ♦ ❧✉❝r♦ ❞♦ ♣❡rí♦❞♦ ❛♥t❡r✐♦r J b,n
t−1 ❞❛

s❡❣✉✐♥t❡ ❢♦r♠❛✿

πtK
b
t (j) = (1− δb)Kb

t−1(j) + J b,n
t−1(j) ✭✸✳✸✻✮

❡♠ q✉❡ J b,n
t−1 s✐❣♥✐✜❝❛ ♦ ❧✉❝r♦ ❞♦ ❜❛♥❝♦ ♥♦ ♣❡rí♦❞♦ ❛♥t❡r✐♦r✳ ❆ ❞❡✜♥✐çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞♦

s❡t♦r ❛t❛❝❛❞✐st❛ ❞♦ ❜❛♥❝♦ é ❞❛❞♦ ♣♦r✿

max
Bt,Dt,B

∗

t

= E0

∞
∑

t=0

ΛP
0,t{(1 +Rb

t)Bt − Bt+1πt+1 +Dt+1πt+1 − (1 +Rd
t )Dt−

(1 +R∗

t )Φte
r
t+1

πt+1

π∗

t+1

B∗

t + ert+1B
∗

t+1+

(Kb
t+1πt+1 −Kb)−

kkb
2

(

Kb
t

Bt

− νb
)2

kbt} ✭✸✳✸✼✮

❙✉❥❡✐t♦ à r❡str✐çã♦ ❞♦ ❜❛❧❛♥ç♦ ✭✸✳✸✹✮ ❡ ❞♦ ♣rê♠✐♦ ❞❡ r✐s❝♦ ✭✸✳✸✺✮✳ Rb
t é ❛ t❛①❛ ❞❡

❥✉r♦s ♣❛❣❛ ♣❡❧♦s ❡♠♣rést✐♠♦s❀ Rd
t é ❛ t❛①❛ ❞❡ ❥✉r♦s ♣❛❣❛ ♣❡❧♦s ❞❡♣ós✐t♦s❀ R∗

t é ❛ t❛①❛ ❞❡

❥✉r♦s ♣❛❣❛ ♥♦s ❡♠♣rést✐♠♦s ❝❛♣t❛❞♦s ♥♦ ❡①t❡r✐♦r❀ νb é ♦ r❡q✉❡r✐♠❡♥t♦ ❞❡ ❝❛♣✐t❛❧ ♣❛r❛ ♦

❜❛♥❝♦ ❝♦♥t✐♥✉❛r s✉❛s ♦♣❡r❛çõ❡s✳ ❆ss✉♠❡✱ ❛✐♥❞❛✱ q✉❡ ♦ R∗

t s❡❣✉❡ ♦ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦✱

✷✵



❝♦♠♦ ❡①♣r❡ss♦ ♥❛ ❊q✉❛çã♦ ✸✳✸✽

R∗

t = (1− ρR∗)R̄∗ + ρR∗R∗

t−1 + ηR
∗

t ✭✸✳✸✽✮

❖ s♣r❡❛❞ ❞❡♣❡♥❞❡✱ ❡ss❡♥❝✐❛❧♠❡♥t❡✱ ❞♦ ❝❛♣✐t❛❧ ♣ró♣r✐♦ ❞♦ ❜❛♥❝♦✱ ❞♦s ❞❡♣ós✐t♦s r❡✲

❛❧✐③❛❞♦s ♣❡❧❛s ❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s✱ ❡ ❞♦s ❡♠♣rést✐♠♦s r❡❛❧✐③❛❞♦s✳ ❆❧é♠ ❞✐ss♦✱ ❞❡ ✈❛r✐á✈❡✐s

✐♥st✐t✉❝✐♦♥❛✐s ✭❝♦♠♣✉❧sór✐♦ ❞♦s ❜❛♥❝♦s✱ t❛①❛ ❞❡ ❥✉r♦s✱ ♠❛r❣❡♠ ❞❡ ❧✉❝r♦✱ ❡t❝✮✳ P❛r❛ ❡♥✲

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

❝♦♥❞✐çõ❡s ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠ ♣❛r❛ Dt ❡ Bt✱ s✉♣♦♥❞♦ Rd
t = rt✱ ♦ q✉❛❧ t❛♠❜é♠ ❞❡t❡r♠✐♥❛ ♦

s♣r❡❛❞ Ξ✿

Ξ ≡ Rb
t = Rb

t − kkb

(

Kb
t

Bt

− νb
)(

Kb
t

Bt

)

✭✸✳✸✾✮

(1 +R∗

t )Φt

(

1− ν
ertB

∗

t

Kb
t

Et

{

ert+1

ert

πt+1

π∗

t+1

})

+ zt = 1 +Rd
t ✭✸✳✹✵✮

❆ss✐♠✱ ❝♦♥❢♦r♠❡ ✭✸✳✹✵✮ ❛ t❛①❛ ❞❡ ❥✉r♦s ✐♥t❡r♥❛ é ✐❣✉❛❧ ❛ t❛①❛ ❞❡ ❥✉r♦s ✐♥t❡r♥❛❝✐♦✲

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

✈❛r✐❛çã♦ ❡♥tr❡ ❛ ✐♥✢❛çã♦ ❞♦♠ést✐❝❛ ❡ ✐♥t❡r♥❛❝✐♦♥❛❧✶✸ ❡ ♦ ❛♠❜✐❡♥t❡ ✐♥st✐t✉❝✐♦♥❛❧✳

✸✳✷✳✻ ❉❡♣❛rt❛♠❡♥t♦ ✈❛r❡❥✐st❛

❖ ❞❡♣❛rt❛♠❡♥t♦ ✈❛r❡❥✐st❛ ❝❛♣t❛♠ ♦s ❞❡♣ós✐t♦s ❞❛s ❢❛♠í❧✐❛s ❡ ❡♠ s❡❣✉✐❞❛✱ ♣❛ss❛♠

❡st❡s ❢✉♥❞♦s ♣❛r❛ ❛ ✉♥✐❞❛❞❡ ❛t❛❝❛❞✐st❛✱ q✉❡ ♣❛❣❛ ✉♠❛ t❛①❛ rdt (j) ❡ ❡stá s✉❥❡✐t♦ à ❞❡♠❛♥❞❛

❞♦s ❞❡♣ós✐t♦s ❞❛s ❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s✱ ❞❛❞❛ ♣♦r dPt (j) =
(

rdt (j)

rdt

)

− εdtdt✳ ◆❡st❡ s❡♥t✐❞♦✱ ❛

❝♦♥❞✐çã♦ ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠ ❞❡✜♥❡ ❛ ❡q✉❛çã♦ ♣❛r❛ t❛①❛ ❞❡ ❥✉r♦s✿

max
rdt (j)

E0

∞
∑

t=0

ΛP
0,t

{

rtDt(j)− rdt (j)d
P
t (j)−

Kd

2

(

rdt (j)

rdt−1(j)
− 1

)

rdt dt

}

✭✸✳✹✷✮

❉♦ ♠❡s♠♦ ♠♦❞♦✱ ♦ s❡t♦r ✈❛r❡❥✐st❛ t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ♠❛①✐♠✐③❛r ♦s ❡♠♣rést✐♠♦s

às ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s ❡ ❡♠♣r❡sár✐♦s✳ ❖ ❜❛♥❝♦ ❞❡✜♥❡ ♦ ♠❛r❦✲✉♣ ❝♦♠ ❜❛s❡ ♥❛s t❛①❛s

❝♦❜r❛❞❛s s♦❜r❡ ♦s ❡♠♣rést✐♠♦s ❡ ❛ t❛①❛ ❞❡ ❥✉r♦s rt✳ ❆❧é♠ ❞❡st❛s t❛①❛s✱ ♦ ❜❛♥❝♦ t❛♠❜é♠

❛❞éq✉❛ ❝♦♠ ❜❛s❡ ♥♦ ❝✉st♦ ❞❡ ❛❥✉st❛♠❡♥t♦✱ ♣❛r❛♠❡tr✐③❛❞♦s ♣♦r kbH✱ kbW ❡ kbE✱ ❛❧✐❛❞❛s

à rbHt (j)✱ rbWt ❡ rbtE✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❈♦♠ ✐ss♦✱ ♦ ❜❛♥❝♦ ✈❛r❡❥✐st❛ ❝♦♥s✐❞❡r❛ ♦s ✈❛❧♦r❡s

❞♦ ❝♦❧❛t❡r❛❧✱ ♦s ✈❛❧♦r❡s ❞♦s ❡♠♣rést✐♠♦s r❡❛❧✐③❛❞♦s ❝♦♥s✐❣♥❛❞♦s✱ ♦s ✈❛❧♦r❡s ❝♦♥❝❡❞✐❞♦s ❛♦s
✶✸❆ ✐♥✢❛çã♦ ✐♥t❡r♥❛❝✐♦♥❛❧ é ♠♦❞❡❧❛❞❛ ❝♦♠♦ ✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ ❆❘✭✶✮✱ ❝♦♠♦ s❡❣✉❡✿

π∗

t = (1− ρπ∗)π̄∗ + ρπ∗π∗

t−1
+ ηπ

∗

t ✭✸✳✹✶✮

s❡♥❞♦ q✉❡ ηπ
∗

t é ✉♠ ♣r♦❝❡ss♦ ❡st♦❝ást✐❝♦ ✐✐❞ ❝♦♠ ♠❡❞✐❛ ③❡r♦ ❡ ✈❛r✐â♥❝✐❛ σπ∗

✷✶



❡♠♣r❡sár✐♦s ❡ ❛ ❝♦♠♣♦s✐çã♦ ❞♦ s❡✉ ♣ró♣r✐♦ ❝❛♣✐t❛❧✳ ❆ss✐♠✱ ♦ ♦❜❥❡t✐✈♦ é ❡♥❝♦♥tr❛r ❛ t❛①❛

❞❡ ❡♠♣rést✐♠♦ q✉❡ ♠❛①✐♠✐③❡ ❛ t❛①❛ ❞❡ ❡♠♣rést✐♠♦ ❞❛❞❛ ♣♦r✿

E0

∞
∑

t=0

ΛP
0,t{r

bH
t (j)bιt(j)+r

bW
t (j)bιwt (j)+rbEt (j)bEt (j)−R

b
tBt(j)−

KbH

2

(

rbHt (j)

rbHt−1(j)
− 1

)2

rbHt bIt

−
kbW

2

(

rbWt (j)

rbWt−1(j)
− 1

)2

rbWt bιwt −
kbE

2

(

rbEt (j)

rbEt−1(j)
− 1

)2rbEt

bEt } ✭✸✳✹✸✮

s✉❥❡✐t♦ às ❞❡♠❛♥❞❛s bInt (j) =
(

rbNt (j)

rbNt

)

− εbNt bInt ✱ bEt =
(

rbEt
rbEt

)

− εbEt bEt ❡ Bt(j) = bIht (j) +

bIwt (j) + bEt (j)✳ ❆ ♣r✐♠❡✐r❛ s❡ r❡❢❡r❡ à ❞❡♠❛♥❞❛ ♣♦r t✐♣♦ ❞❡ ❡♠♣rést✐♠♦ n✱ ♥♦ ❜❛♥❝♦ j✳ ❆

s❡❣✉♥❞❛✱ r❡❢❡r❡✲s❡ à ❞❡♠❛♥❞❛ ❞♦s ❡♠♣r❡sár✐♦s ♣❡❧♦ ❡♠♣rést✐♠♦ ❡ s✉❛ r❡s♣❡❝t✐✈❛ t❛①❛ rbEt ✳

❆ t❡r❝❡✐r❛ ❛ ❞❡♠❛♥❞❛ t♦t❛❧ ♣♦r ❡♠♣rést✐♠♦s✳ ❆s ❈P❖s ❞♦ ♣r♦❜❧❡♠❛ ✭✸✳✹✷✮ sã♦✿

1− εbst + εbst
Rb

t

rbst
− kbs

(

rbst
rt− 1bs

− 1

)

rbst
rbst−1

+ βPEt

{

λst+1

λst
kbs

(

rbst+1

rbst
− 1

)(

rbt+1s

rbst

bst+1

bst

)}

✭✸✳✹✹✮

❈♦♠ ✐ss♦✱ ♣♦❞❡✲s❡ ❝❛❧❝✉❧❛r ♦ ❧✉❝r♦ ❜❛♥❝ár✐♦✱ ♦ q✉❛❧ é ❡①♣r❡ss♦ ♥❛ ❊q✉❛çã♦ ✸✳✹✺✿

jbt = rbHt bIht + rbWt bIwt + rbEt + ertB
∗

t − rdt dt − (1 +R∗

t−1)Φt−1e
r
tB

∗

t−1

−
kkb
2

(

Kb
t

Bt

− νb
)2

− kbt − AdjBt ✭✸✳✹✺✮

✸✳✷✳✼ Pr♦❞✉çã♦ ❞❡ ❝❛♣✐t❛❧

❆ ♣r♦❞✉çã♦ ❞❡ ❝❛♣✐t❛❧ s❡❣✉❡ ❛ ♠❡s♠❛ ❡s♣❡❝✐✜❝❛çã♦ ❛♣♦♥t❛❞❛ ❡♠ ●❡r❛❧✐ ❡t ❛❧✳

✭✷✵✶✵✮✱ ♥❛ q✉❛❧ ❛ ✜r♠❛ ♦♣❡r❛ ❡♠ ✉♠ ♠❡r❝❛❞♦ ❝♦♠♣❡t✐t✐✈♦✱ ✈❡♥❞❡♥❞♦ s❡✉ ❡st♦q✉❡ ❞❡ ♣r♦✲

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

❞❡❧❡s✳ ❉❡st❛ ❢♦r♠❛✱ ♦ ♣r❡ç♦ P k
t é ♦ ♠❡s♠♦ ♣❛r❛ ♣r♦❞✉t♦s ♥♦✈♦s ❡ ❛♥t✐❣♦s✳ ❈♦♠ ✐ss♦✱ ❛

✜r♠❛ ❛❞q✉✐r❡ ❜❡♥s ❞❛ ♣r♦❞✉t♦r❛ ❞❡ ❜❡♥s ✜♥❛✐s ❡ ✉♥❡ ❝♦♠ ♦ ❡st♦q✉❡ ❛♥t✐❣♦ ♣❛r❛ ♣r♦❞✉③✐r

✉♠ ❜❡♠ ♥♦✈♦✱ ❝♦♠♦ ❞❡s❝r✐t♦ ♥❛ ❊q✉❛çã♦ ✭✸✳✹✻✮

kt = (1− δ)kt−1 +

[

1−
Kok

2

(

okt ε
qk
t

okt−1

− 1

)]

✭✸✳✹✻✮

❊♠ q✉❡ kok é ♦ ❝✉st♦ ❞❡ ❛❥✉st❛♠❡♥t♦ ❞♦ ✐♥✈❡st✐♠❡♥t♦✶✹ ok s❡t♦r ❞❡ ♣r♦❞✉çã♦ ❞♦

✶✹➱ s✉♣♦st♦ q✉❡ s❡ t❡♥❤❛ ♦ ❛❥✉st❛♠❡♥t♦ ♣❛r❛ r❡♣♦r ♦ ❝❛♣✐t❛❧✳

✷✷



❝❛♣✐t❛❧ ❡ εqkt é ♦ ❝❤♦q✉❡ ♥♦ ✐♥✈❡st✐♠❡♥t♦✳ ❆♦ ❝❤❡❣❛r ❝❛♣✐t❛✐s ♥♦✈♦s ♣❛r❛ ✜r♠❛ ❤á ✉♠❛

r❡❝♦♠♣♦s✐çã♦ ❞♦ ❝❛♣✐t❛❧✳ ❈♦♠ ✐ss♦✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♠❛①✐♠✐③❛çã♦ ❞♦ ✈❛❧♦r ♣r❡s❡♥t❡ ❞♦

❧✉❝r♦✶✺ é✿

max
kt,o

k
t

E0

∞
∑

t=0

ΛE
0,t

{

qkt [kt − (1− δ)kt−1]
}

✭✸✳✹✼✮

s✉❥❡✐t♦ à ✭✸✳✹✻✮✳ ❙❡♥❞♦ qkt ≡
Pk
t

Pt
♦ ♣r❡ç♦ ❞♦ ❝❛♣✐t❛❧ ❡♠ t❡r♠♦s r❡❛✐s✳ ❆ss✐♠✱ ❛ s♦❧✉çã♦ ❞♦

♣r♦❜❧❡♠❛ ❛♥t❡r✐♦r ❢♦r♥❡❝❡ ❛ ♣r❡❝✐✜❝❛çã♦ ❞♦ ❝❛♣✐t❛❧ ❢ís✐❝♦✳

1 = qkt

[

kok
2

(

okt ε
qk
t

okt−1

− 1

)

− kok

(

okt ε
qk
t

okt−1

− 1

)

okt ε
qk
t

okt−1

]

+ βEEt

{

λEt+1

λt
qkt+1ε

qk
t+1kok

(

okt+1ε
qk
t+1

okt
− 1

)

(

okt+1

okt

)2
}

✭✸✳✹✽✮

✸✳✷✳✽ Pr♦❞✉çã♦ ❞❡ ■♠ó✈❡✐s

❖ s❡t♦r ❞❡ ♣r♦❞✉çã♦ ❞❡ ✐♠ó✈❡✐s ❞❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ❡♠ ♦ s❡t♦r ❞❡ ❝❛♣✐t❛❧✱ ♣r♦❞✉③

✐♠ó✈❡✐s ❝♦♥s✐❞❡r❛♥❞♦ ❛ ✉t✐❧✐③❛çã♦ ❞♦s ❜❡♥s ❞❡ ✐♥✈❡st✐♠❡♥t♦s oh ❡ ♦s ❡st♦q✉❡s ❞❡ ✐♠ó✈❡✐s

♥ã♦ ❞❡♣r❡❝✐❛❞♦s ❛❞q✉✐r✐❞♦s ❞❛s ❢❛♠í❧✐❛s ❡ ❡♠♣r❡sár✐♦s✱ ♣♦ré♠ ❝♦♠ ✉♠❛ ❞✐❢❡r❡♥ç❛ ♥♦ ❝✉st♦

❞❡ ❛❥✉st❛♠❡♥t♦ q✉❡ é ♣❛r❛♠❡tr✐③❛❞♦ ♣♦r kok✱ ❝♦♠♦ ❡♠ ✭❙■▲❱❆✱ ✷✵✶✺✮✳ ❉❡st❛ ❢♦r♠❛✱ ❛

❊q✉❛çã♦ ✭✸✳✹✾✮ q✉❡ ♠♦❞❡❧❛ ❛ ♣r♦❞✉çã♦ ❞❡ ✐♠ó✈❡✐s é✿

ht = (1− δh)ht−1 +



1−
koh
2

(

oht ε
qh
t

oht−1

− 1

)2


 oht ✭✸✳✹✾✮

❊♠ q✉❡ εqht é ❝❤♦q✉❡ ♥♦ ✐♥✈❡st✐♠❡♥t♦ ❡♠ ✐♠ó✈❡✐s ❡ qht =
Ph
t

Pt
é ♦ ♣r❡ç♦ ❡♠ t❡r♠♦

r❡❛❧ ❞♦s ✐♠ó✈❡✐s✳ ❖ ♣r♦❜❧❡♠❛ ❞❡ ♠❛①✐♠✐③❛çã♦ ❞♦ ♣r♦❞✉t♦r ❞❡ ✐♠ó✈❡✐s✶✻ é✿

max
ht,o

h
t

= E0

∞
∑

t=0

ΛE
0,t

{

qkt
[

ht − (1− δh)ht−1

]

− oht
}

✭✸✳✺✵✮

s✉❥❡✐t♦ à ✭✸✳✹✾✮✳ ❆ ❈P❖ ✐♠♣❧✐❝❛ q✉❡ qht é✿

✶✺❆ t❛①❛ ❞❡ ❞❡s❝♦♥t♦ ❛♣❧✐❝❛❞❛ s♦❜r❡ ♦ ❧✉❝r♦ ❞❛ ✜r♠❛ ✐rá ❞❡♣❡♥❞❡r ❞❛s ♣r❡❢❡rê♥❝✐❛s ❞♦s ❡♠♣r❡sár✐♦s✱
q✉❡ s✉♣õ❡♠ s❡r ❞♦♥♦s ❞♦s ❜❡♥s ❞❡ ❝❛♣✐t❛❧✳

✶✻❆ ✜r♠❛ q✉❡ ♣r♦❞✉③ ♦s ✐♠ó✈❡✐s t❛♠❜é♠ s✉♣õ❡✲s❡ q✉❡ s❡❥❛ ❞♦s ❡♠♣r❡sár✐♦s✳

✷✸



1 = qht

[

1−
koh
2

(

oht ε
qh
t

oht−1

− 1

)

− koh

(

oht ε
qh
t

oht−1

− 1

)

oht ε
qh
t

oht−1

]

+ βEEt

{

λEt+1

λEt
qht+1ε

qh
t+1koh

(

oht+1ε
qh
t+1

oht
− 1

)

(

oht+1

oht

)2
}

✭✸✳✺✶✮

✸✳✷✳✾ Pr♦❞✉çã♦ ❞❡ ❜❡♠ ✜♥❛❧

❖s ❡♠♣r❡sár✐♦s ✈❡♥❞❡♠ ❜❡♥s ✐♥t❡r♠❡❞✐ár✐♦s ♣❛r❛ ❛s ❡♠♣r❡s❛s ✈❛r❡❥✐st❛s✱ ❡♠ ✉♠

♠❡r❝❛❞♦ ❞❡ ❝♦♥❝♦rrê♥❝✐❛ ♠♦♥♦♣♦❧íst✐❝❛✱ ❝♦♠♦ ❡♠ ❇❡r♥❛♥❦❡✱ ●❡rt❧❡r ❡ ●✐❧❝❤r✐st ✭✶✾✾✾✮✱

q✉❡ tr❛♥s❢♦r♠❛♠ ❡♠ ❜❡♥s ✜♥❛✐s ❡ ♦s ❞✐❢❡r❡♥❝✐❛ s❡♠ ❝✉st♦✳ ❆♣ós ✐ss♦✱ ♦ ♣r♦❞✉t♦ é ✈❡♥❞✐❞♦

❛♦ ♠❡r❝❛❞♦✱ ❛♦ ♣r❡ç♦ Pt(j)✳ ❖s s❛❧ár✐♦s ❡ ♦s ♣r❡ç♦s sã♦ ❛t✉❛❧✐③❛❞♦s ♣❡❧❛ ❝♦♠❜✐♥❛çã♦

❞❛ ✐♥✢❛çã♦ ❛♥t❡r✐♦r ❡ ❛ ❞♦ st❡❛❞② st❛t❡✱ ♦ ❝✉st♦ ❞❡ ❛❥✉st❛♠❡♥t♦✱ ♣❛r❛♠❡tr✐③❛❞♦ ♣♦r κp✳

❊♠ ✉♠❛ ❝❡st❛ ❤♦♠♦❣ê♥❡❛✱ ♦s ❜❡♥s ✜♥❛✐s sã♦ ❛❣r❡❣❛❞♦s✱ s❡♥❞♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦♥s✉♠♦ ❡

✐♥✈❡st✐♠❡♥t♦ ❞❡s❝♦♥t❛❞♦ ♣❡❧❛ ✐♥✢❛çã♦✳ ❆ss✐♠✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♠❛①✐♠✐③❛çã♦ ❞♦ ♣r♦❞✉t♦r

❞❡ ❜❡♠ ✜♥❛❧ é✿

max
Pt(j)

E0

∞
∑

t=0

Λ0,t

{

Pt(j)yt(j)− Pw
t yt(j)−

κp
2

(

Pt(j)

Pt−1(j)
−−πlp

t−1π
1−lp

)

Ptyt

}

✭✸✳✺✷✮

❙✉❥❡✐t♦ à

yt(j) =
Pt(j)

Pt

−εy

yt ✭✸✳✺✸✮

❊♠ q✉❡ εy é ❝❤♦q✉❡ ♥♦ ♣r❡ç♦ ❞♦s ❜❡♥s ✜♥❛✐s✳

❖ ❧✉❝r♦ ❞❛s ✜r♠❛s ♥❡st❡ t✐♣♦ ❞❡ s❡t♦r é✿

Jy
t =

{

1−
1

xt
−
κp
2

(

πt − πlp
t−1π

1−lp
)

}

✭✸✳✺✹✮

✸✳✷✳✶✵ P♦❧ít✐❝❛ ▼♦♥❡tár✐❛

❆ss✐♠✱ ❝♦♠♦ ❡♠ ●❡r❛❧✐ ❡t ❛❧✳ ✭✷✵✶✵✮✱ ❛ r❡❣r❛ ❞❡ ❚❛②❧♦r rt é ❞❡✜♥✐❞❛ ♣❡❧❛ ❛✉t♦r✐❞❛❞❡

♠♦♥❡tár✐❛❀ ❝♦♥t✉❞♦✱ ❛❧❣✉♠❛s ❛❞❛♣t❛çõ❡s ❢♦r❛♠ ✐♥❝♦r♣♦r❛❞❛s ♣♦r ❈úr❞✐❛ ❡ ❲♦♦❞❢♦r❞

✭✷✵✶✵✮✱ ✉t✐❧✐③❛♥❞♦ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦✿

(1 + rt) = (1 + r)1−φR(1 + rt−1)
φR
πt
π

φΦ(1−φR) Yt
Yt−1

φy(1−φR)

+ Ξb
t ✭✸✳✺✺✮

✷✹



❊♠ q✉❡ φπ ❡ φy é ❛ ♣♦♥❞❡r❛çã♦ ❞❛❞❛ ♣❛r❛ ❡st❛❜✐❧✐③❛r ❛ ✐♥✢❛çã♦ ❡ ♦ ♣r♦❞✉t♦✱ r é

t❛①❛ ❞❡ ❥✉r♦s ♥♦♠✐♥❛❧ ♥♦ st❡❛❞② st❛t❡✱ φR é ♦ t❡r♠♦ ❞❡ s✉❛✈✐③❛çã♦ ❞❛ t❛①❛ ❞❡ ❥✉r♦s ❡ Ξ ♦

s♣r❡❛❞ ❜❛♥❝ár✐♦✳

✸✳✷✳✶✶ ❊q✉✐❧í❜r✐♦

❖ ❡q✉✐❧í❜r✐♦ ❞❡ ♠❡r❝❛❞♦ é ❡①♣r❡ss♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

• ▼❡r❝❛❞♦ ❞❡ ❜❡♥s

yt = Ct + okt + oht + yexpt ✭✸✳✺✻✮

❊♠ q✉❡✱ ct ≡ cϕt + cιt + cEt é ♦ ❝♦♥s✉♠♦ ♥❛ ❢♦r♠❛ ❛❣r❡❣❛❞❛ ❡ yexpt é ❛ ❝❡st❛ ❞❡

❜❡♥s ❡①♣♦rt❛❞❛✱ ❛ q✉❛❧ é ❞❡✜♥✐❞❛✿ yexpt =
(

1
ert

)

−τ

y∗t ❊♠ q✉❡ y∗t s❡❣✉❡ ✉♠ ♣r♦❝❡ss♦

❡st♦❝ást✐❝♦ ❞❛❞♦ ♣♦r✱

y∗t = (1− ρy∗)ȳ
∗ + ρy∗y

∗

t−1 + ηy
∗

t ✭✸✳✺✼✮

• ▼❡r❝❛❞♦ ❋✐♥❛♥❝❡✐r♦

Bt = bιht + bιwt + bEt ✭✸✳✺✽✮

Dt = dPt ✭✸✳✺✾✮

• ❇❛❧❛♥ç♦ ❞❡ ♣❛❣❛♠❡♥t♦s

yexpt − ertp
Q
t Qt −

(1 +R∗

t−1)

π∗

t

Φt−1e
r
tB

∗

t−1 = ertB
∗

t −
ertB

∗

t−1

π∗

t

✭✸✳✻✵✮

• Pr♦❞✉t♦

Yt = yt − ertp
Q
t Qt ✭✸✳✻✶✮

✸✳✷✳✶✷ ❙t❡❛❞② ❙t❛t❡

qk = 1 ✭✸✳✻✷✮

pQ = 1 ✭✸✳✻✸✮

πwϑ = π ✭✸✳✻✹✮

πwι = π ✭✸✳✻✺✮

✷✺



π∗ = 1 ✭✸✳✻✻✮

AE = 1 ✭✸✳✻✼✮

εz = 1 ✭✸✳✻✽✮

εh = 1 ✭✸✳✻✾✮

εqh = 1 ✭✸✳✼✵✮

εqk = 1 ✭✸✳✼✶✮

εΦ = 1 ✭✸✳✼✷✮

εr = 1 ✭✸✳✼✸✮

mιh = m̄ιh ✭✸✳✼✹✮

mE = m̄E ✭✸✳✼✺✮

R∗ = R̄∗ ✭✸✳✼✻✮

y∗ = ȳ∗ ✭✸✳✼✼✮

rd =
π

βp
− 1 ✭✸✳✼✽✮

r =
εd − 1

εd
rd ✭✸✳✼✾✮

γιw =

(

1

1 + rbW
−
βι

π

)

λI ✭✸✳✽✵✮

bιw =
1

1 + rbW
mιw {wιlιπ} ✭✸✳✽✶✮

✷✻



bE =
1

1 + rE
mE

{

(1− δ)qkkπ + (1− δh)qhhEπ
}

✭✸✳✽✷✮

wϑ =
µαl

x

yE

τϑ
✭✸✳✽✸✮

wι =
(1− µ)αl

x

yE

τ ι
✭✸✳✽✹✮

erpQ =
1− αl − αk

x

yE

Qt

✭✸✳✽✺✮

(1 +R∗)Φ

(

1− ζ
erB∗

Kb

)

π

π∗

= 1 + r ✭✸✳✽✻✮

Φ = exp

(

−ζ
erB∗

kb

)

εΦ ✭✸✳✽✼✮

Jy =

{

1−
1

x

}

y ✭✸✳✽✽✮

rk =
1

x
αkA

E(uk)ak−1(lϑ)µal(l
ι)(1− µ)al(Q)

1−al−ak ✭✸✳✽✾✮

rk = ξ ✭✸✳✾✵✮

ik = δk ✭✸✳✾✶✮

ih = δhh ✭✸✳✾✷✮

Kb =
J b

π − 1 + δb
✭✸✳✾✸✮

J b = rbHbιh + rbW bιw + rEbE − rddϑ +

[

1−
(1 +R∗)

π∗

Φ

]

erB∗ ✭✸✳✾✹✮

yexp − erpQQ =

(

1 +
(1 +R∗)Φ

π∗

−
1

π∗

)

✭✸✳✾✺✮

yE = AE(uk)al(l
P )µal(l

I)(1− µ)a(Q)1−al−ak ✭✸✳✾✻✮

✷✼



yexp =
1

er

−τ

y∗ ✭✸✳✾✼✮

Y = y − erpQQ ✭✸✳✾✽✮

✸✳✸ ❇❛s❡ ❞❡ ❞❛❞♦s

P❛r❛ r❡❛❧✐③❛çã♦ ❞❡st❛ ♣❡sq✉✐s❛✱ ♦s ❞❛❞♦s ❢♦r❛♠ ♦❜t✐❞♦s ♥♦s s✐t❡s ❞❛ ❋✉♥❞❛çã♦

●❡tú❧✐♦ ❱❛r❣❛s ✭❋●❱✮✱ ❞♦ ❇❛♥❝♦ ❈❡♥tr❛❧ ❞♦ ❇r❛s✐❧ ✭❇❆❈❊◆✮✱ ❞♦ ■♥st✐t✉t♦ ❇r❛s✐❧❡✐r♦

❞❡ ●❡♦❣r❛✜❛ ❡ ❊st❛tíst✐❝❛ ✭■❇●❊✮ ❡ ❞♦ ■♣❡❛❞❛t❛✳ ❖ r❡❝♦rt❡ t❡♠♣♦r❛❧ ✉t✐❧✐③❛❞♦ ❢♦r❛♠

♦s ♠❡s❡s ❞❡ ♠❛rç♦ ❞❡ ✷✵✵✼ ❛té ❞❡③❡♠❜r♦ ❞❡ ✷✵✶✼✱ ❝♦♠ ♣❡r✐♦❞✐❝✐❞❛❞❡ tr✐♠❡str❛❧✳ ❊st❡

♣❡rí♦❞♦ ❢♦✐ ❡s❝♦❧❤✐❞♦✱ ♣♦✐s ♠♦str❛ ❛ r❡❛çã♦ ❞❛ ❡❝♦♥♦♠✐❛ ❜r❛s✐❧❡✐r❛ à ❝r✐s❡ ✐♥t❡r♥❛❝✐♦♥❛❧✱

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

❆❧❣✉♠❛s ✈❛r✐á✈❡✐s ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ♥♦ ♠♦❞❡❧♦✱ q✉❛✐s s❡❥❛♠✿

• ▲✉❝r♦ ▲íq✉✐❞♦ ❞♦s ❇❛♥❝♦s✿ s❡ r❡❢❡r❡ ❛♦ ❧✉❝r♦ ❛♣ós ♦ ✐♠♣♦st♦ ❞❡ r❡♥❞❛ ❛❝✉♠✉❧❛❞♦

♥♦s ú❧t✐♠♦s ❞♦③❡ ♠❡s❡s❀

• ❉❡s♣❡s❛s ❞❡ ❝♦♥s✉♠♦ ❞❛s ❢❛♠í❧✐❛s❀

• ❋♦r♠❛çã♦ ❜r✉t❛ ❞❡ ❝❛♣✐t❛❧ ✜①♦❀

• ❙♣r❡❛❞ ❜❛♥❝ár✐♦✿ ➱ ♦ s♣r❡❛❞ ♠é❞✐♦ ❞❛s ♦♣❡r❛çõ❡s ❞❡ ❝ré❞✐t♦ ❝♦♠ r❡❝✉rs♦s ❧✐✈r❡s

r❡❢❡r❡♥❝✐❛✐s ♣❛r❛ t❛①❛ ❞❡ ❥✉r♦s ✲ ❚♦t❛❧ ❣❡r❛❧❀

• ❚❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦ ❝ré❞✐t♦ ♣❡ss♦❛❧ ❝♦♥s✐❣♥❛❞♦✿ ❝♦rr❡s♣♦♥❞❡ à t❛①❛ ♠é❞✐❛ ❞❡ ❥✉r♦s

❞❡ ♥♦✈❛s ♦♣❡r❛çõ❡s ❞❡ ❝ré❞✐t♦✳ ◆ã♦ ✐♥❝❧✉✐ ♦♣❡r❛çõ❡s ✈✐♥❝✉❧❛❞❛s ❛♦ ❇❛♥❝♦ ◆❛❝✐♦♥❛❧

❞❡ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❊❝♦♥ô♠✐❝♦ ❡ ❙♦❝✐❛❧ ✭❇◆❉❊❙✮✱ ♦✉ ♦✉tr❛s q✉❡ s❡❥❛♠ ❧❛str❡❛❞❛s

♣♦r r❡❝✉rs♦s ❝♦♠♣✉❧sór✐♦s ♦✉ ❣♦✈❡r♥❛♠❡♥t❛✐s❀

• ❚❛①❛ ❞❡ ❥✉r♦s ❙❊▲■❈❀

• ❮♥❞✐❝❡ ❞❡ Pr❡ç♦ ❛♦ ❈♦♥s✉♠✐❞♦r ❆♠♣❧♦ ✭■P❈❆✮✳

❆ ❚❛❜❡❧❛ ✸✳✶ ♠♦str❛ ♦s ❞❛❞♦s ✉t✐❧✐③❛❞♦s ♥❛ ♣❡sq✉✐s❛ ❡ ❛ ✐♥st✐t✉✐çã♦ ♥❛ q✉❛❧ ♦s

❞❛❞♦s ❢♦r❛♠ ♦❜t✐❞♦s✳

P❛r❛ ✉t✐❧✐③❛çã♦ ❞❛s ✈❛r✐á✈❡✐s ❢♦✐ ❛♣❧✐❝❛❞♦ ♦ ✜❧tr♦ ❍P✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡t✐r❛r ♦

❝♦♠♣♦♥❡♥t❡ ❝✐❝❧♦ ❡ t❡♥❞ê♥❝✐❛ ❞❛ sér✐❡ t❡♠♣♦r❛❧✳ P❛r❛ t❛♥t♦✱ ❞❡✜♥✐✉✲s❡ ♦ ♣❛râ♠❡tr♦ λ

✐❣✉❛❧ ❛ ✶✻✵✵✳ ◆❛ ❋✐❣✉r❛ ✸✳✶ s❡ ❞❡♠♦♥str❛ ❛s sér✐❡s tr❛♥s❢♦r♠❛❞❛s ♣❡❧♦ ✜❧tr♦✿

✷✽



❚❛❜❡❧❛ ✸✳✶✿ ❉❛❞♦s ❡ ❢♦♥t❡ ✉t✐❧✐③❛❞❛
❱❛r✐á✈❡❧ ❋♦♥t❡
▲✉❝r♦ ▲✐q✉✐❞♦ ❞♦s ❇❛♥❝♦s ❇❈❇
❉❡s♣❡s❛s ❞❡ ❈♦♥s✉♠♦ ❞❛s ❢❛♠í❧✐❛s ■P❊❆❉❆❚❆
❋♦r♠❛çã♦ ❇r✉t❛ ❞❡ ❈❛♣✐t❛❧ ■❇●❊
❙♣r❡❛❞ ❇❛♥❝ár✐♦ ❇❈❇
❚❛①❛ ❞❡ ❈ré❞✐t♦ P❡ss♦❛❧ ❈♦♥s✐❣♥❛❞♦ ❇❈❇
❚❛①❛ ❞❡ ❏✉r♦s ❙❊▲■❈ ❇❈❇
❮♥❞✐❝❡ ❞❡ Pr❡ç♦s ❛♦ ❈♦♥s✉♠✐❞♦r ❆♠♣❧♦ ■❇●❊
❮♥❞✐❝❡ ❞❡ Pr❡ç♦s ❛♦ ❈♦♥s✉♠✐❞♦r ❊❯❆ ❯✳❙✳ ▲❛❜♦r ❙t❛t✐st✐❝s

■♥✢❛çã♦ ❞♦♠ést✐❝❛ ❇❈❇
■♥✢❛çã♦ ❊①t❡r♥❛ ❊❯❆ ❯✳❙✳ ▲❛❜♦r ❙t❛t✐st✐❝s

❚❛①❛ ❞❡ ❈♦♠♣✉❧sór✐♦ ❞♦s ❇❛♥❝♦s ❇❆❈❊◆
❋♦♥t❡✿ ❊❧❛❜♦r❛❞♦ ♣❡❧♦ ❛✉t♦r ✭✷✵✶✾✮

✸✳✹ ❈❛❧✐❜r❛çã♦ ❞♦ ♠♦❞❡❧♦ ❡ s✐♠✉❧❛çõ❡s

❆ ❝❛❧✐❜r❛çã♦ ❞♦ ♠♦❞❡❧♦ ❧❡✈♦✉ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛s ♣❡sq✉✐s❛s ❞❡s❡♥✈♦❧✈✐❞❛s ♥♦

❇r❛s✐❧✱ r❡❛❧✐③❛❞❛s ♣♦r ❱❡r❡❞❛ ❡ ❈❛✈❛❧❝❛♥t✐ ✭✷✵✶✵✮✱ ❙✐❧✈❛ ✭✷✵✶✷✮✱ ❙✐❧✈❛ ✭✷✵✶✺✮✱❡ ❈r✉③ ✭✷✵✶✺✮

❞❡ ❢♦r♠❛ ❛ ❣❛r❛♥t✐r ♦ st❡❛❞② st❛t❡ ❞♦ ♠♦❞❡❧♦✳

❆ ♣❛rt✐r ❞♦s ❞❛❞♦s ❞❡s❝r✐t♦s ♥❛ ❚❛❜❡❧❛ ✸✳✷✱ ❢♦✐ ❝❛❧❝✉❧❛❞♦ ♦ st❡❛❞② st❛t❡✳

✷✾



❋✐❣✉r❛ ✸✳✶✿ ❙ér✐❡s ❝♦♠ ✜❧tr♦ ❍P
❋♦♥t❡✿ ❊❧❛❜♦r❛❞♦ ♣❡❧❛ ❛✉t♦r ✭✷✵✶✾✮

❆ ❚❛❜❡❧❛ ✸✳✸ ❛♣r❡s❡♥t❛ ♦ ✈❛❧♦r ❞♦ ❝♦♥s✉♠♦ ❞❛ ❢❛♠í❧✐❛s✱ s❡♥❞♦ ♠❛✐♦r q✉❡ s✉❛ ♠é❞✐❛✱

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

q✉❡ t❡♠ ❛ r❛③ã♦ ♣ró①✐♠❛ ❞❛ s✉❛ ♠é❞✐❛✳

✸✵



❚❛❜❡❧❛ ✸✳✷✿ P❛râ♠❡tr♦s ❝❛❧✐❜r❛❞♦s
❱❛r✐á✈❡❧ ❉❡s❝r✐çã♦ ❱❛❧♦r
εy ▼❛r❦✲✉♣ ❞❡ ♣r❡ç♦s ✶✶
εd ▼❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❞❡♣ós✐t♦s ✲✷✳✻✷
εbh ▼❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❡♠♣rést✐♠♦s ✺✳✸✻
εbw ▼❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❡♠♣rést✐♠♦s ✹✳✺
εbe ▼❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❡♠♣rést✐♠♦s ✷✳✸✼
βϑ ❋❛t♦r ❞❡ ❞❡s❝♦♥t♦ ❞❛s ❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s ✵✳✾✽✾
βι ❋❛t♦r ❞❡ ❞❡s❝♦♥t♦ ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s ✵✳✾✻
βE ❋❛t♦r ❞❡ ❞❡s❝♦♥t♦ ❞♦s ❡♠♣r❡sár✐♦s ✵✳✾✻
δ ❚❛①❛ ❞❡ ❞❡♣r❡❝✐❛çã♦ ❞♦ ❝❛♣✐t❛❧ ✵✳✵✸✺
δh ❚❛①❛ ❞❡ ❞❡♣r❡❝✐❛çã♦ ❞♦s ✐♠ó✈❡✐s ✵✳✵✷✺
δkb ❚❛①❛ ❞❡ ❞❡♣r❡❝✐❛çã♦ ❞♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ ✵✳✵✾✺
φ ■♥✈❡rs♦ ❞❛ ❡❧❛st✐❝✐❞❛❞❡ ❋✐s❤ ✶
α ❙❤❛r❡ ❞♦ ❝❛♣✐t❛❧✿ ♣r♦❞✉çã♦ ✵✳✹
pQ Pr❡ç♦ ❞♦ ✐♥s✉♠♦ ✐♠♣♦rt❛❞♦ ✶
µ ❙❤❛r❡ ❞♦ tr❛❜❛❧❤♦ ✐♠♣❛❝✐❡♥t❡ ✵✳✽
mIh ▲♦❛♥✲t♦✲✈❛❧✉❡ ✵✳✵✻
mIw ❉❡❜t✲t♦✲✐♥❝♦♠❡ ✵✳✶
mE ▲♦❛♥✲t♦✲✈❛❧✉❡ ✵✳✵✵✼
π ■♥✢❛çã♦ ❞♦♠ést✐❝❛ ✶
χ P❛râ♠❡tr♦ ❞❛ ❢✉♥çã♦ ❡①♣♦rt❛çã♦ ✵✳✶
τ P❛râ♠❡tr♦ ❞❛ ❢✉♥çã♦ ❡①♣♦rt❛çã♦ ✲✶✳✶
π∗ ■♥✢❛çã♦ ❡①t❡r♥❛ ✶
y∗ ❘❡♥❞❛ ❡①t❡r♥❛ ✷
R∗ ❚❛①❛ ❞❡ ❥✉r♦s ❡①t❡r♥❛ ✵✳✵✵✺
ζ P❛râ♠❡tr♦ ❢✉♥çã♦ ♣rê♠✐♦ ❞❡ r✐s❝♦ ✲✵✳✶
αk ❙❤❛r❡ ❞♦ ❝❛♣✐t❛❧ ✵✳✹
αl ❙❤❛r❡ ❞♦ tr❛❜❛❧❤♦ ✵✳✺
❋♦♥t❡✿ ❊❧❛❜♦r❛❞♦ ♣❡❧♦ ❛✉t♦r ✭✷✵✶✾✮

❚❛❜❡❧❛ ✸✳✸✿ ❱❛❧♦r❡s ♣❛r❛ ♦ st❡❛❞② st❛t❡

❱❛r✐á✈❡✐s ❱❛❧♦r❡s

❈♦♥s✉♠♦ ❛❣r❡❣❛❞♦ ✵✳✽✽✵✷✾
■♥✈❡st✐♠❡♥t♦ ❡♠ ❝❛♣✐t❛❧ ✜①♦ ✵✳✶✺✼✽✸
❊①♣♦rt❛çõ❡s ✵✳✶✹✹✺
■♠♣♦rt❛çõ❡s ✵✳✶✶✺✼✻
❉❡♣ós✐t♦ ❆❣r❡❣❛❞♦ ✵✳✵✶✽✷✵
❊♠♣rést✐♠♦ ❛❣r❡❣❛❞♦ ✲✵✳✶✵✺✽
P♦✉♣❛♥ç❛ ❊①t❡r♥❛ ✵✳✵✵✵✺✼
❊♠♣rést✐♠♦s ❝♦♥s✐❣♥❛❞♦ às ❢❛♠í❧✐❛s ✵✳✶✺✶✵
❊♠♣rést✐♠♦s ❛♦s ❡♠♣r❡sár✐♦s ✵✳✺✾✶✻
❋♦♥t❡✿ ❊❧❛❜♦r❛❞♦ ♣❡❧♦ ❛✉t♦r ✭✷✵✶✾✮

P❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ♠♦❞❡❧♦ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ❛s ✈❡rsõ❡s ❞♦ ❉②♥❛r❡ ✹✳✺✳✺✱ ♣r♦❣r❛♠❛

q✉❡ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ♣♦r ❆❞❥❡♠✐❛♥ ❡t ❛❧✳ ✭✷✵✶✶✮✱ ❛tr❛✈és ❞♦ ❖❝t❛✈❡ ✹✳✹✳✶✳

✸✶



✸✳✹✳✶ ❉❡✜♥✐çã♦ ❞♦s ♣r✐♦rs ❡ ♣♦st❡r✐♦rs

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

✈❛çõ❡s ❞♦s ❞❛❞♦s✱ ♦✉ s❡❥❛✱ ♦s ❛♥♦s ❞❡ ✷✵✵✼ ❛ ✷✵✶✶✳ P❛r❛ ♦❜t❡♥çã♦ ❞❛s ❡st✐♠❛t✐✈❛s ❛

♣♦st❡r✐♦rs✱ ❧❡✈♦✉✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦s ❞❛❞♦s ❞♦s ♣r✐♦rs ♣❛r❛ ❝á❧❝✉❧♦ ❞❛s ❢✉♥çõ❡s ❞❡♥✲

s✐❞❛❞❡ ❡ ✉♠❛ ♦✉tr❛ ❡st✐♠❛çã♦ ❡♠ q✉❡ s❡ ❝♦♥s✐❞❡r❛ t♦❞♦ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❡♠ t♦❞❛s

❛s ❡st✐♠❛çõ❡s ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ✶✳✵✵✵✳✵✵✵ ❞❡ ✐♥t❡r❛çõ❡s✳ ❆ ❚❛❜❡❧❛ ❆✳✶ ❡ ❆✳✷ ✭❆◆❊❳❖✮

❛♣r❡s❡♥t❛♠ ♦s ♣r✐♦rs✱ ♣♦st❡r✐♦rs ❡♠ ❛♥❡①♦✱ ❛ ♠é❞✐❛✱ ♦ ❞❡s✈✐♦✲♣❛❞rã♦ ❡st✐♠❛❞♦s ♣❛r❛ ♦s

♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s ♥♦ tr❛❜❛❧❤♦✳

✸✷



✹✳ ❘❊❙❯▲❚❆❉❖❙ ❊ ❉■❙❈❯❙❙Õ❊❙

✹✳✶ ❋✉♥çã♦ ❞❡ ✐♠♣✉❧s♦ r❡s♣♦st❛

❆♣r❡s❡♥t❛✲s❡✱ ♥♦s ♣ró①✐♠♦s s✉❜tó♣✐❝♦s✱ ♦s ♣r✐♥❝✐♣❛✐s r❡s✉❧t❛❞♦s ❞❡st❡ tr❛❜❛❧❤♦ ❞❡

❛❝♦r❞♦ ❝♦♠ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ❡ ♦s ♦❜❥❡t✐✈♦s ❡❧❡♥❝❛❞♦s ♣r❡✈✐❛♠❡♥t❡✳ ■♥✐❝✐❛✲s❡ ❝♦♠

❝❤♦q✉❡ ♥♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦❀ ❝♦♠ ❝❤♦q✉❡s ♥♦ ♣rê♠✐♦ ❞❡ r✐s❝♦❀ ❝❤♦q✉❡ ♥❛ r❡♥❞❛ ❡①t❡r♥❛❀

❝❤♦q✉❡ ♥❛ t❛①❛ ❞❡ ❥✉r♦s ❡①t❡r♥❛❀ ❡ ❝❤♦q✉❡ ♥♦ s♣r❡❛❞ ❜❛♥❝ár✐♦✳ ❚❛✐s r❡❧❛çõ❡s ✐♥✢✉❡♥❝✐❛♠

❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✱ q✉❡ t❛♠❜é♠ r❡s✉❧t❛ ♥❛ r❡s♣♦st❛ ❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦✳

✹✳✶✳✶ ❈❤♦q✉❡ ♥♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦

◆❛ ❋✐❣✉r❛ ✹✳✶✱ ♣♦❞❡✲s❡ ♥♦t❛r q✉❡ ❛ r❡❞✉çã♦ ❞♦ ❝❛♣✐t❛❧ ❞♦s ❜❛♥❝♦s ❛♦ ❧♦♥❣♦ ❞♦

t❡♠♣♦✱ ❢❛③ ❝♦♠ q✉❡ s❡ t❡♥❤❛ t❛♠❜é♠ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ♥❛ ❝❛♣t❛çã♦ ❞❡ ♠♦❡❞❛ ❞♦♠ést✐❝❛

❞✐s♣♦♥í✈❡❧ ♣❛r❛ ❡♠♣rést✐♠♦s✱ ❞✐✜❝✉❧t❛♥❞♦ ❛ss✐♠ ❛ ❧✐❜❡r❛❧✐③❛çã♦ ❞❡ ❝ré❞✐t♦ ♣♦r ♣❛rt❡ ❞❛

✐♥st✐t✉✐çã♦ ✜♥❛♥❝❡✐r❛✳ ❆❧é♠ ❞✐ss♦✱ ❛ ❋✐❣✉r❛ ✹✳✷ ♠♦str❛ q✉❡ ❛ ❞✐♠✐♥✉✐çã♦ ❞♦s ❡♠♣rést✐♠♦s

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

P♦rt❛♥t♦✱ t❡♠✲s❡✱ t❛♠❜é♠✱ ❛ r❡❞✉çã♦ ❞♦ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦ ❛♦ ❧♦♥❣♦ ❞♦ ♣❡rí♦❞♦✳

❖ ❝♦♥s✉♠♦ ❞❛s ❢❛♠í❧✐❛s ❛♣r❡s❡♥t❛ q✉❡❞❛✱ ❛ss✐♠ ❝♦♠♦ ♦s ❞❡♣ós✐t♦s ❞❛s ❢❛♠í❧✐❛s ♣❛✲

❝✐❡♥t❡s✱ ♦ q✉❡ r❡s✉❧t❛ ❡♠ q✉❡❞❛ ❞♦s ✐♥✈❡st✐♠❡♥t♦s✳ ▼❡s♠♦ ❝♦♠ ♦s ✐♥✈❡st✐♠❡♥t♦s ❝❛✐♥❞♦✱

♦ ❝♦♥s✉♠♦ ❞♦s ❡♠♣r❡sár✐♦s ❛✉♠❡♥t❛✱ ♣♦✐s ❤á ✉♠❛ ♠❛✐♦r ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ❝ré❞✐t♦✱ ♥ã♦

❢❛✈♦r❡❝❡♥❞♦ ♦ ❛✉♠❡♥t♦ ❞♦ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦✱ ❝♦♠♦ ✐♥❞✐❝❛ ♦s r❡s✉❧t❛❞♦s ❡♠ ❆♥❡①♦ ❆✳✻✹✱

❆✳✻✺✱ ❆✳✻✻✳ ❙❡♥❞♦ ❛ss✐♠✱ ♣♦❞❡✲s❡ ✐♥❞✐❝❛r q✉❡ ♦ ❝r❡s❝✐♠❡♥t♦ ❞❛ ♦❢❡rt❛ ❞❡ ❝ré❞✐t♦ ❞♦s ❜❛♥✲

❝♦s ♣r✐✈❛❞♦s ❛✉①✐❧♦✉ ♥❛ ❡①♣❛♥sã♦ ❞♦ ❝♦♥s✉♠♦ ❞♦s ❡♠♣r❡sár✐♦s ✭❇❘❆❙■▲✱ ✷✵✶✾✮✳ ❊ss❡s

r❡s✉❧t❛❞♦s ❡stã♦ ❡♠ ❝♦♥s♦♥â♥❝✐❛ ❝♦♠ ♦s ❞❡ ❙✐❧✈❛ ✭✷✵✶✷✮✱ ♦ q✉❡ t❛♠❜é♠ ♣♦❞❡ s❡r ❛tr✐✲

❜✉í❞♦ ❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ♠❡r❝❛❞♦ ❞❡ ❝ré❞✐t♦ ♥❛❝✐♦♥❛❧✱ ❝♦♠ ❝❡r❝❛ ❞❡ ✺✵✪ ❛ r❡❧❛çã♦

❝ré❞✐t♦✴P■❇✱ ❡♥q✉❛♥t♦ q✉❡ ❡♠ ♣❛ís❡s ♠❛✐s ❞❡s❡♥✈♦❧✈✐❞❛s ❛❧❝❛♥ç❛♠ ❝❡r❝❛ ❞❡ ✶✵✵✪ ♣❛r❛ ❛

♠❡s♠❛ ❛ss♦❝✐❛çã♦ ✭❙■▲❱❆✱ ✷✵✶✷✮✳
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❋✐❣✉r❛ ✹✳✶✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ s♦❜ ✈❛r✐á✈❡✐s ✜♥❛♥❝❡✐r❛s ❡ ❞❡ ♣♦❧ít✐❝❛
♠♦♥❡tár✐❛

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦ ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✾
◆♦t❛ ✶✿ Kb✿❝❛♣✐t❛❧ ❜❛♥❝ár✐♦❀ pie✿ ✐♥✢❛çã♦❀ x✿ ❡①♣♦rt❛çã♦❀ C✿ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦❀ Y ✿ r❡♥❞❛ ❛❣r❡❣❛❞❛❀
B✿ ❧✉❝r♦ ❜❛♥❝ár✐♦❀ wp✿ s❛❧ár✐♦ ❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s❀ wi✿ s❛❧ár✐♦ ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s❀ qh✿ ✐♠ó✈❡✐s✳

❋✐❣✉r❛ ✹✳✷✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ s♦❜ ✈❛r✐á✈❡✐s ✜♥❛♥❝❡✐r❛s ❡ ❜❛♥❝ár✐❛s
❋♦♥t❡✿ ❘❡s✉❧t❛❞♦ ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✾

◆♦t❛ ✶✿ K✿❝❛♣✐t❛❧❀ PIW ✿ s❛❧ár✐♦ r❡❛❧❀ rib✿ t❛①❛ ❞❡ ❥✉r♦s❀ rk✿ t❛①❛ s♦❜r❡ ♦ ❝❛♣✐t❛❧❀ epsy✿ t❛①❛
❞❡ ❝â♠❜✐♦ s♦❜r❡ ♣r♦❞✉t♦s ❡①♣♦rt❛❞♦s❀ rre✿ t❛①❛ r❡❛❧ ❞♦s ❡♠♣r❡sár✐♦s❀ aux1✿ ✈❛r✐á✈❡❧ ❛✉①✐❧✐❛r❀ bm✿
♠❛r❣❡♠ ❜❛♥❝ár✐❛❀ sprb✿ s♣r❡❛❞ ❜❛♥❝ár✐♦✳

✹✳✶✳✷ ❈❤♦q✉❡ ♥❛ t❛①❛ ❞❡ ❥✉r♦s ❡①t❡r♥❛

◆♦ ♣r✐♠❡✐r♦ ♠♦♠❡♥t♦ ❤á ✉♠❛ ❛✉♠❡♥t♦ ❞❛ t❛①❛ ❞❡ ❥✉r♦s ❡①t❡r♥❛✱ ♦ q✉❡ ♣r♦✈♦❝❛

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

❞❛ ♣♦✉♣❛♥ç❛ ❡ ❞✐♠✐♥✉✐♥❞♦ ♦ ♣rê♠✐♦ ❞❡ r✐s❝♦ ✭❋■●❯❘❆ ✹✳✸ ❡ ✹✳✹✮✳ ❍á ✉♠❛ ❛♣r❡❝✐❛çã♦

❞♦ ❝â♠❜✐♦ r❡❛❧✱ ♦ q✉❡ ❢❛✈♦r❡❝❡ ❛ ❡♥tr❛❞❛ ❞❡ ✐♥s✉♠♦s ✐♠♣♦rt❛❞♦s✱ ❡❧❡✈❛♥❞♦ ♦ ❛✉♠❡♥t♦
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❞❡ ♣r♦❞✉çã♦ ❞❡ ❜❡♥s✳ P♦r s✉❛ ✈❡③✱ ❛s ❡♠♣r❡s❛s ❞❡ ❜❡♥s ✜♥❛✐s ❛✉♠❡♥t❛rã♦ s❡✉ ❧✉❝r♦✱

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

❞❡♠♦♥str❛ ♦s r❡s✉❧t❛❞♦s ❡♠ ❛♥❡①♦ ✭❆✳✺✵✱ ❆✳✺✶✱ ❆✳✺✷ ❡ ❆✳✺✸✮✳

❋✐❣✉r❛ ✹✳✸✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ t❛①❛ ❞❡ ❥✉r♦s ❡①t❡r♥❛ s♦❜ ✈❛r✐á✈❡✐s ❜❛♥❝ár✐❛s ❡ ❞❡
♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✾
◆♦t❛ ✶✿Kb✿❝❛♣✐t❛❧ ❜❛♥❝ár✐♦❀ pie✿ ✐♥✢❛çã♦❀ x✿ ❡①♣♦rt❛çã♦❀ C✿ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦❀ Y ✿ r❡♥❞❛ ❛❣r❡❣❛❞❛❀
B✿ ❧✉❝r♦ ❜❛♥❝ár✐♦❀ wp✿ s❛❧ár✐♦s ❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s❀ wi✿ s❛❧ár✐♦s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s❀ qh✿ ✐♠ó✈❡✐s✳

❋✐❣✉r❛ ✹✳✹✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ t❛①❛ ❞❡ ❥✉r♦s ❡①t❡r♥❛ s♦❜ ✈❛r✐á✈❡✐s ✜♥❛♥❝❡✐r❛s✱
❜❛♥❝ár✐❛s ❡ ❞❛s ❢❛♠í❧✐❛s

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✾
◆♦t❛ ✶✿ K✿❝❛♣✐t❛❧❀ PIW ✿ s❛❧ár✐♦ r❡❛❧❀ rib✿ t❛①❛ ❞❡ ❥✉r♦s❀ rk✿ t❛①❛ s♦❜r❡ ♦ ❝❛♣✐t❛❧❀ rre✿ t❛①❛ r❡❛❧ ❞♦s
❡♠♣r❡sár✐♦s❀ aux1✿ ✈❛r✐á✈❡❧ ❛✉①✐❧✐❛r❀ bm✿ ♠❛r❣❡♠ ❜❛♥❝ár✐❛❀ sprb✿ s♣r❡❛❞ ❜❛♥❝ár✐♦❀ Ih✿ ✐♥✈❡st✐♠❡♥t♦s
✐♠ó✈❡✐s✳

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

✉♠ ♣r✐♠❡✐r♦ ♠♦♠❡♥t♦✱ ♦ q✉❡ ❢❛③ ❝♦♠ q✉❡ ♦ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦ ❝❛✐❛❀ t❡♠✲s❡✱ t♦❞❛✈✐❛✱ ♦

✸✺



✐♠♣❛❝t♦ ❞✐r❡t♦ ♥♦ ❛✉♠❡♥t♦ ❞♦ ✐♥✈❡st✐♠❡♥t♦✱ ❝♦♠♦ t❛♠❜é♠ ♥♦ ❝♦♥s✉♠♦ ❞♦s ❡♠♣r❡sár✐♦s✱

♦ q✉❡ ❢❛✈♦r❡❝❡ ♦ ❝r❡s❝✐♠❡♥t♦ ❞❛ ♦❢❡rt❛ ❞❡ ❡♠♣r❡❣♦ ✭❋■●❯❘❆ ✹✳✸✮✳ ■st♦ ♣♦❞❡ ✐♥❞✐❝❛r ❛

✉t✐❧✐③❛çã♦ ❞♦ ♣r♦❣r❛♠❛ ❞❡ s✉st❡♥t❛çã♦ ❞♦s ✐♥✈❡st✐♠❡♥t♦s✭P❙■✮✶ q✉❡ t✐♥❤❛ ♣♦r ♦❜❥❡t✐✈♦

❛ ♠❛♥✉t❡♥çã♦ ❞♦s ✐♥✈❡st✐♠❡♥t♦s ❝♦♠ ♦ ❝❡♥ár✐♦ ❞❡s❢❛✈♦rá✈❡❧ ❞❡ ❝r✐s❡ ✜♥❛♥❝❡✐r❛✳ ❊st❡s

r❡s✉❧t❛❞♦s s❡ ❡♥❝♦♥tr❛♠ ❝♦♠ ♦s ❞❡ ❈♦st❛ ❋✐❧❤♦ ✭✷✵✶✺✮✱ ❡♠ q✉❡ ♦ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦

❞✐♠✐♥✉✐✱ t❡♥❞♦ t❛♠❜é♠ ♣r♦♣❛❣❛çã♦ s♦❜r❡ ♦ ✐♥✈❡st✐♠❡♥t♦ ❡ ♦ ♣r♦❞✉t♦✳

✹✳✶✳✸ ❈❤♦q✉❡ ♥♦ s♣r❡❛❞ ❜❛♥❝ár✐♦

◆ã♦ ❤á ❡❢❡✐t♦s s♦❜r❡ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦✱ ❞❡ ❢♦r♠❛ q✉❡ ♥ã♦ é s❡♥t✐❞♦ ♣❡❧♦s ❛❣❡♥t❡s✱

t❡♥❞♦ s✉❛ ❡st❛❜✐❧✐❞❛❞❡ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦ ✭❋■●❯❘❆ ✹✳✻✮✳ ❚❛❧ ❡❢❡✐t♦ ❢❛③ ❝♦♠ ♦ ✐♥✈❡st✐♠❡♥t♦

❛✉♠❡♥t❡✱ s❡♥❞♦ ❛❝♦♠♣❛♥❤❛❞♦ ♣♦r ✉♠❛ ❞❡♠❛♥❞❛ ❞❡ ♥♦✈♦s tr❛❜❛❧❤❛❞♦r❡s✱ ♦ q✉❡ ❢❛✈♦r❡❝❡

♦ ❝♦♥s✉♠♦ ❞♦s ❡♠♣r❡sár✐♦s ✭❋■●❯❘❆ ✹✳✺✮✳ ❍á t❛♠❜é♠ ❛ ❛♣r❡❝✐❛çã♦ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦✱

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

❋✐❣✉r❛ ✹✳✺✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ s♣r❡❛❞ ❜❛♥❝ár✐♦ s♦❜ ✈❛r✐á✈❡✐s ❞❛s ❢❛♠í❧✐❛s ❡ ❜❛♥❝ár✐❛s
❋♦♥t❡✿ ❘❡s✉❧t❛❞♦ ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✾

◆♦t❛ ✶✿ hi✿✐♠ó✈❡✐s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s❀ bi✿ q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦❧❛t❡r❛❧ ❜❛♥❝ár✐♦❀ gi✿ ❤♦r❛s tr❛❜❛❧❤❛❞❛s
♣❡❧❛ ❢❛♠í❧✐❛ ✐♠♣❛❝✐❡♥t❡❀ lami✿ ♠✉❧t✐♣❧✐❝❛❞♦r ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s❀ γi✿♠✉❧t✐♣❧✐❝❛❞♦r ❢❛♠í❧✐❛s ✐♠♣❛❝✐✲
❡♥t❡s ❀ piewi✿ ✐♥✢❛çã♦ s❛❧ár✐♦s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s❀ I✿ ✐♥✈❡st✐♠❡♥t♦s❀ qk✿ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛♣✐t❛✐s❀ ce✿
❝♦♥s✉♠♦ ❡♠♣r❡sár✐♦s✳

P♦rt❛♥t♦✱ ❛ ❢❛❧t❛ ❞❡ ❡❢❡✐t♦ ♥♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ❢❛③ ❝♦♠ q✉❡ t❛♥t♦ ♦ ❝♦♥s✉♠♦ ❞❛s

❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s q✉❛♥t♦ ♦ ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s ❛✉♠❡♥t❡♠ ♥♦ ❝♦♠❡ç♦ ❞♦ ♣❡rí♦❞♦✱ ❡

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

❛❧t❡r❛♥❞♦ ❛s ❡①♣❡❝t❛t✐✈❛s✳ ■st♦ ✐♥❞✐❝❛ ❛ r❡❞✉çã♦ ❞♦ ❝✉st♦ ❞❡ ❝ré❞✐t♦ ❝♦♠♦ ❛♣♦♥t❛❞♦
✶❖ ♣r♦❣r❛♠❛ t✐♥❤❛ ♣♦r ♦❜❥❡t✐✈♦ ❝♦♠❜❛t❡r ♦s ❡❢❡✐t♦s ❞❛ ❝r✐s❡ ♥❛ ❡❝♦♥♦♠✐❛ ❜r❛s✐❧❡✐r❛✱ ❝♦♠ ♦❢❡rt❛ ❞❡

❝ré❞✐t♦s ❝♦♠ ❥✉r♦s s✉❜sí❞✐❛❞♦s✳

✸✻



❋✐❣✉r❛ ✹✳✻✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ s♣r❡❛❞ ❜❛♥❝ár✐♦ s♦❜ ✈❛r✐á✈❡✐s ✜♥❛♥❝❡✐r❛s ❡ ❜❛♥❝ár✐❛s
❋♦♥t❡✿ ❘❡s✉❧t❛❞♦ ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✾

◆♦t❛ ✶✿ K✿❝❛♣✐t❛❧❀ PIW ✿ s❛❧ár✐♦ r❡❛❧❀ rib✿ t❛①❛ ❞❡ ❥✉r♦s❀ rk✿ t❛①❛ s♦❜r❡ ♦ ❝❛♣✐t❛❧❀ Ae✿ ♣r♦❞✉t✐✈✐❞❛❞❡
❡♠♣r❡sár✐♦s❀ rre✿ t❛①❛ r❡❛❧ ❞♦s ❡♠♣r❡sár✐♦s❀ aux1✿ ✈❛r✐á✈❡❧ ❛✉①✐❧✐❛r❀ bm✿ ♠❛r❣❡♠ ❜❛♥❝ár✐❛❀ sprb✿
s♣r❡❛❞ ❜❛♥❝ár✐♦✳

♣❡❧♦ ✭❇❘❆❙■▲✱ ✷✵✶✾✮✳ ❆❧é♠ ❞✐ss♦✱ ♦ ❞❡♣ós✐t♦ ❞❛s ❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s t❛♠❜é♠ ❛✉♠❡♥t❛✱

♣♦st❡r❣❛♥❞♦ ✱❛ss✐♠✱ ❝♦♥s✉♠♦ ♣r❡s❡♥t❡ ♣❛r❛ ❝♦♥s✉♠♦ ❢✉t✉r♦ ✭❆◆❊❳❖❙ ❆✳✶✱ ❆✳✷✱ ❆✳✸✮✳

❖s r❡s✉❧t❛❞♦s s❡ ❛♣r♦①✐♠❛♠ ❞♦ tr❛❜❛❧❤♦ ❞❡ ◆✉♥❡s ✭✷✵✶✺✮✱ ❛♣r❡s❡♥t❛♥❞♦ ✉♠❛ q✉❡❞❛

♥❛ ❛t✐✈✐❞❛❞❡ ❡❝♦♥ô♠✐❝❛ ♠❡s♠♦ t❡♥❞♦ ♦ ❛✉♠❡♥t♦ ✐♥✈❡st✐♠❡♥t♦✱ ♦ q✉❡ t❡♥❞❡ ❛ ❢❛✈♦r❡❝❡r ♦

❛q✉❡❝✐♠❡♥t♦ ❞❛ ❡❝♦♥ô♠✐❝❛ ❝♦♠ ❝r❡s❝✐♠❡♥t♦ ❞♦ P■❇ ❡ ❞♦ ❝♦♥s✉♠♦ ♥♦ ♣r✐♠❡✐r♦s ♣❡rí♦❞♦s❀

♣♦ré♠✱ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦ ♦ s♣r❡❛❞ ♣❡r♠❛♥❡❝❡ ❛❧t♦✱ ✐♠♣♦ss✐❜✐❧✐t❛♥❞♦ ♥♦✈♦s ✐♥✈❡st✐♠❡♥t♦s✳

✸✼



✹✳✶✳✹ ❈❤♦q✉❡ ♥❛ r❡♥❞❛ ❡①t❡r♥❛

❍á ✉♠❛ r❡❞✉çã♦ ❞❛ r❡♥❞❛ ❡①t❡r♥❛✱ ✐♠♣❧✐❝❛♥❞♦ ❡♠ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ♥❛ ❞❡♠❛♥❞❛

♣♦r ❡①♣♦rt❛çõ❡s✳ ❈♦♠ ✐ss♦✱ ❛ ❛♣r❡❝✐❛çã♦ ❞♦ ❝â♠❜✐♦ ❢❛③ ❝♦♠ q✉❡ s❡ t❡♥❤❛ ✉♠❛ ❞✐♠✐♥✉✐çã♦

❞♦ ♣r❡ç♦ ✐♠♣♦rt❛❞♦✳ ❉❡st❛ ♠❛♥❡✐r❛✱ ❛ ❛♣r❡❝✐❛çã♦ ❝❛♠❜✐❛❧ ❢❛③ ❝♦♠ q✉❡ s❡ ❛✉♠❡♥t❡ ❛ ♣r♦✲

❞✉çã♦ ❞❡ ❜❡♥s ✜♥❛✐s✱ ❛✉♠❡♥t❛♥❞♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ tr❛❜❛❧❤❛❞♦r❡s ❡♠♣r❡❣❛❞♦s ✭❋■●❯❘❆

✹✳✾✮✳ ❖ ✐♥❝r❡♠❡♥t♦ ❞❡ tr❛❜❛❧❤❛❞♦r❡s ❛♦ ♠❡r❝❛❞♦ ❞❡ tr❛❜❛❧❤♦ ♣r♦♠♦✈❡ ♦ ❛✉♠❡♥t♦ ❞♦ ❝♦♥✲

s✉♠♦ ❛❣r❡❣❛❞♦ ❛té ❝✐♥❝♦ ♣❡rí♦❞♦s✱ ♣♦r ♠❡✐♦ ❞❛ ✈❛❧♦r✐③❛çã♦ s❛❧ár✐♦✱ ❡♠ r❡❧❛çã♦ à ❝♦♠♣r❛

❞❡ ❜❡♥s ❞✉rá✈❡✐s ✭❋■●❯❘❆ ✹✳✶✵✮✳

❋✐❣✉r❛ ✹✳✼✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ r❡♥❞❛ ❡①t❡r♥❛ s♦❜ ✈❛r✐á✈❡✐s r❡❛✐s
❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✾

◆♦t❛ ✶✿ Kb✿❝❛♣✐t❛❧ ❜❛♥❝ár✐♦❀ pie✿ ✐♥✢❛çã♦❀ x✿ ❡①♣♦rt❛çã♦❀ C✿ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦❀ Y ✿ r❡♥❞❛ ❛❣r❡❣❛❞❛❀
B✿ ❧✉❝r♦ ❜❛♥❝ár✐♦❀ wp✿ s❛❧ár✐♦s ❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s❀ wi✿ s❛❧ár✐♦s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s❀ qh✿ ✐♠ó✈❡✐s✳

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

t❛♠❜é♠ ❞✐♠✐♥✉✐✳ ❙❡♥❞♦ ❛ss✐♠✱ ♦s ❞❡♣ós✐t♦s r❡❛❧✐③❛❞♦s ♣❡❧❛ ❢❛♠í❧✐❛ ♣❛❝✐❡♥t❡ t❛♠❜é♠

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

❜❛✐①♦✱ ❞❛❞♦ ❛ ❞✐♠✐♥✉✐çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❛s ❢❛♠í❧✐❛s ❡ ❛s ❡①♣♦rt❛çõ❡s ♥♦ ❝♦♠❡ç♦ ❞♦ ♣❡rí♦❞♦✱

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

❝✐♥❝♦ ♣❡rí♦❞♦s✱ ♦ q✉❡ ♥ã♦ ❡st✐♠✉❧❛ ♥♦✈♦s ✐♥✈❡st✐♠❡♥t♦s✳ ❈♦♥t✉❞♦✱ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦ t❛♥t♦

❛ r❡♥❞❛ q✉❛♥t♦ ♦ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦ ♥ã♦ ❞❡♠♦♥str❛♠ ❝r❡s❝✐♠❡♥t♦ ✭❆◆❊❳❖❙ ❆✳✻✾✱ ❆✳✼✵✱

❆✳✼✶ ❡ ❆✳✼✷✮✳ ❖s r❡s✉❧t❛❞♦s ❞✐❢❡r❡♠ ❞❛q✉❡❧❡s ❡♥❝♦♥tr❛❞♦s ♣♦r ❙✐❧✈❛ ✭✷✵✶✺✮✱ ♥♦ t♦❝❛♥t❡

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

❞❡♠❛♥❞❛ ❞♦s ❜❡♥s ❡①♣♦rt❛❞♦s✳

✸✽



❋✐❣✉r❛ ✹✳✽✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ r❡♥❞❛ ❡①t❡r♥❛ s♦❜ ✈❛r✐á✈❡✐s ✜♥❛♥❝❡✐r❛s
❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛✱ ✷✵✶✾

◆♦t❛ ✶✿ hi✿✐♠ó✈❡✐s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s❀ bi✿ q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦❧❛t❡r❛❧ ❜❛♥❝ár✐♦❀ gi✿ ❤♦r❛s tr❛❜❛❧❤❛❞❛s
♣❡❧❛ ❢❛♠í❧✐❛ ✐♠♣❛❝✐❡♥t❡❀ γi✿ ♠✉❧t✐♣❧✐❝❛❞♦r ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s❀ si✿♠✉❧t✐♣❧✐❝❛❞♦r ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s
❀ piewi✿ ✐♥✢❛çã♦ s❛❧ár✐♦s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s❀ I✿ ✐♥✈❡st✐♠❡♥t♦s❀ qk✿ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛♣✐t❛✐s❀ ce✿
❝♦♥s✉♠♦ ❡♠♣r❡sár✐♦s✳

✸✾



✹✳✶✳✺ ❋r✐❝çõ❡s ❋✐♥❛♥❝❡✐r❛s

P❛r❛ ❛♥á❧✐s❡ ❞❛ tr❛♥s♠✐ssã♦ ♠♦♥❡tár✐❛ ❡♠ ❞✐✈❡rs♦s ❛s♣❡❝t♦s✱ ❝❧❛ss✐✜❝♦✉✲s❡ ❡♠ q✉❛tr♦ t✐♣♦s

❞❡ ❝❧❛ss❡s✿ ✭✐✮ P♦❧ít✐❝❛ ▼♦♥❡tár✐❛❀ ✭✐✐✮ ❋r✐❝çõ❡s ❋✐♥❛♥❝❡✐r❛s✶✷❀ ❡ ✭✐✐✐✮ ■♥t❡r♥❛❝✐♦♥❛❧✳

• P♦❧ít✐❝❛ ♠♦♥❡tár✐❛✶✸ ❋❘✿ ❝❤♦q✉❡s ♥❛ r❡❣r❛ ❞❡ ❚❛②❧♦r❀

• ❋r✐❝çõ❡s ❋✐♥❛♥❝❡✐r❛s ❋❋✿ ❝❤♦q✉❡s ♥♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦✱ ❝❤♦q✉❡ ♥♦ ♠❛r❦ ✉♣ ❞♦s ❡♠✲

♣rést✐♠♦s ❝♦♥s✐❣♥❛❞♦s✱ ❝❤♦q✉❡ ♥♦ ❡♥❞✐✈✐❞❛♠❡♥t♦ ❞♦s ❡♠♣r❡sár✐♦s❀

• ■♥t❡r♥❛❝✐♦♥❛❧ ❙❋✿ ❝❤♦q✉❡ ♥❛ ✐♥✢❛çã♦ ❡①t❡r♥❛✱ ♥❛ t❛①❛ ❞❡ ❥✉r♦s ✐♥t❡r♥❛❝✐♦♥❛❧✱ ♣rê♠✐♦

❞❡ r✐s❝♦✳

✹✳✶✳✻ ❈❤♦q✉❡ ♥♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦

❖ ❝❤♦q✉❡ ♥♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ ❛♣r❡s❡♥t❛✲s❡ ❞❡ ❢♦r♠❛ ♠❛✐s ✐♥t❡♥s❛ ♥♦ ♣ró♣r✐♦ ❝❛♣✐t❛❧

♥♦ ♠♦❞❡❧♦ ❙❋❀ ♥♦ ♠♦❞❡❧♦ ❋❋✱ ♦s ❛t✐✈♦s ❜❛♥❝ár✐♦s s❡ ❡①♣❛♥❞❡♠ ❛té ♦ ❞é❝✐♠♦ ♣❡rí♦❞♦✱

❝❛✐♥❞♦ ♣♦st❡r✐♦r♠❡♥t❡✱ ❧♦❣♦ ❡♠ s❡❣✉✐❞❛ ♠❛♥t❡♥❞♦ ❛ tr❛❥❡tór✐❛✳ ❈♦♠ r❡❧❛çã♦ ❛♦ ❝♦♥s✉♠♦

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

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

❋✐❣✉r❛ ✹✳✾✳

❊♠ r❡❧❛çã♦ à r❡♥❞❛✱ ❤á ✉♠ ❛✉♠❡♥t♦ ♥♦ ❞❡ ❝❤♦q✉❡ ✐♥t❡r♥❛❝✐♦♥❛❧ ✭❋❋✮ ❞❡♠♦♥s✲

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

❛✉♠❡♥t♦ ♥❛ r❡♥❞❛ ✈✐❛ ♣♦✉♣❛♥ç❛ ❡①t❡r♥❛✳ ❍á ✉♠ ❛✉♠❡♥t♦ ❞❛ s✉❜st✐t✉✐çã♦ ❞♦s ❝❛♣✐t❛✐s

✐♥t❡r♥♦s✱ ♣♦r ♠❡✐♦ ❞♦ ❛✉♠❡♥t♦ ❞❡ ❝❛♣t❛çã♦ ❞❡ ♣♦✉♣❛♥ç❛ ❡①t❡r♥❛✳

❖s r❡s✉❧t❛❞♦s ❛♣♦♥t❛♠ ♣❛r❛ ♦ q✉❡ ❢♦✐ ❡♥❝♦♥tr❛❞♦ ♣♦r ❆r❛♥❤❛ ✭✷✵✶✷✮✱ ❝✉❥♦ tr❛❜❛❧❤♦

t❡✈❡ ♣♦r ♦❜❥❡t✐✈♦ ❡st✐♠❛r ✉♠ ♠♦❞❡❧♦ ❉❙●❊ ❝♦♠ ❢r✐❝çã♦ ✜♥❛♥❝❡✐r❛ ❡♠ q✉❡ ♦s ❜❛♥❝♦s t❡♠

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

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

s❡❣✉✐❞❛✳
✶✷❆s r❡s♣♦st❛s ❞❛s ✈❛r✐á✈❡✐s ♣❛r❛ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❞♦s ❡♠♣r❡sár✐♦s ❞❡♠♦♥str❛♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞✐❢❡r❡♥✲

❝✐❛❞♦ ❡♥q✉❛♥t♦ ♦ ❝♦♥s✉♠♦ ❞♦s ❡♠♣r❡sár✐♦s ❝❛✐ ✈❡rt✐❣✐♥♦s❛♠❡♥t❡ ✭❆◆❊❳❖ ❆✳✷✹✮✱ ♠❡s♠♦ ❝♦♠ ♦ s♣r❡❛❞

❞✐♠✐♥✉✐♥❞♦ ♥ã♦ ✉♠ ❛✉♠❡♥t♦ ❡①♣r❡ss✐✈♦ ♥♦ ❝♦♥s✉♠♦ ❞♦s ❡♠♣r❡sár✐♦s✳ ❖ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛✲
❝✐❡♥t❡s r❡s✉❧t❛ ♥♦ ❛✉♠❡♥t♦ ❞♦ ❝♦♥s✉♠♦ ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s ♥♦ ❝♦♠❡ç♦ ❞♦ ♣❡rí♦❞♦ ✭❆◆❊❳❖ ❆✳✸✵✮✱
❝♦♠ ❛✉♠❡♥t♦ ❞♦ s♣r❡❛❞ ❞❡s❡st✐♠✉❧❛♥❞♦ ♦ ✐♥✈❡st✐♠❡♥t♦✳ ❖s r❡s✉❧t❛❞♦s ♣❛r❛ ❞❡❜t✲✐♥❝♦♠❡ ♦ ❝♦♥s✉♠♦ ❞❛s
❢❛♠í❧✐❛s ♣❛❝✐❡♥t❡s ❝❛✐ ♥♦ ❝♦♠❡ç♦ ❞♦ ♣❡rí♦❞♦✱ ♦ q✉❡ r❡s✉❧t❛ ❡♠ q✉❡❞❛ ❞♦ ✐♥✈❡st✐♠❡♥t♦ ❡♠ s❡t❡ ♣❡rí♦❞♦s
✭❋✐❣✉r❛ ❆✳✸✼✮✱ ♦ q✉❡ ✐♥✢✉❡♥❝✐❛ ♥❛ ❛❧t❛ ❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦✳

✶✸❆s t❛①❛s ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❡♠♣rést✐♠♦s ❞♦s ❡♠♣r❡sár✐♦s ❝♦♠♦ ❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❞❡♣ós✐t♦s
❞❡♠♦♥str❛♠ ♣r✐♥❝✐♣❛❧♠❡♥t❡ q✉❡ ❛ q✉❡❞❛ ♥♦ ❝♦♥s✉♠♦ ❞♦s ❛❣❡♥t❡s ✐♠♣❛❝✐❡♥t❡s✱ ♣r❡❥✉❞✐❝❛♠ ❛ r❡t♦♠❛❞❛
❞♦ ✐♥✈❡st✐♠❡♥t♦✱ ✐ss♦ ♣♦❞❡ s❡r ✈✐st♦ ♥♦ ✭❆◆❊❳❖ ❆✳✺✱ ❆✳✻✱ ❆✳✶✷✮

✹✵



❋✐❣✉r❛ ✹✳✾✿ ❊❢❡✐t♦s ❞♦ ❝❤♦q✉❡ ♥♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦
❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛ ✭✷✵✶✾✮

◆♦t❛ ✶✿ Y ✿ r❡♥❞❛ ❛❣r❡❣❛❞❛❀ C✿ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦❀ I✿ ✐♥✈❡st✐♠❡♥t♦❀ π✿ ✐♥✢❛çã♦❀ Kb✿ ❝❛♣✐t❛❧

❜❛♥❝ár✐♦❀ B✿ ❧✉❝r♦ ❜❛♥❝ár✐♦❀ rib✿ t❛①❛ ❞❡ ❥✉r♦s✳

✹✳✶✳✼ ❈❤♦q✉❡ ♥❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛

❖ ❝❤♦q✉❡ ♥❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ❞❡♠♦♥str♦✉ s❡r ♠❛✐s ❡✜❝❛③ ♥♦ ❝♦♥tr♦❧❡ ❞❛ ♣♦✉✲

♣❛♥ç❛ ❡①t❡r♥❛ ❡ ♥♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦❀ ❡♥tr❡t❛♥t♦✱ ❡♠ r❡❧❛çã♦ ❛♦ ❝♦♥s✉♠♦✱ ♦ ♠❡s♠♦ ✐♥❞✐❝♦✉

s❡r ♠❡♥♦s ❡❢❡t✐✈♦✱ ♣♦ré♠ ♠❛✐s ❡❢❡t✐✈♦ ❡♠ r❡❧❛çã♦ à ✐♥✢❛çã♦✳ ❉❡ss❛ ❢♦r♠❛✱ ♦ ❛❥✉st❛♠❡♥t♦

❞❛ r❡❣r❛ ❞❡ ❚❛②❧♦r ❝♦♠ ❛❞♦çã♦ ❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ♥ã♦ ♣♦ss✉✐ ✉♠ ✐♠♣❛❝t♦ ♣♦s✐t✐✈♦ ♥❛

❝♦♥t❡♥çã♦ ❞❡ ❝❤♦q✉❡s ❡①t❡r♥♦s✳

❋✐❣✉r❛ ✹✳✶✵✿ ❊❢❡✐t♦s ❞♦ ❝❤♦q✉❡ ♥❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛
❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛ ✭✷✵✶✾✮

◆♦t❛ ✶✿ Y ✿ r❡♥❞❛ ❛❣r❡❣❛❞❛❀ C✿ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦❀ I✿ ✐♥✈❡st✐♠❡♥t♦❀ π✿ ✐♥✢❛çã♦❀ Kb✿ ❝❛♣✐t❛❧

❜❛♥❝ár✐♦❀ B✿ ❧✉❝r♦ ❜❛♥❝ár✐♦❀ rib✿ t❛①❛ ❞❡ ❥✉r♦s✳

❖s r❡s✉❧t❛❞♦s sã♦ ❝♦♥s✐st❡♥t❡s ❝♦♠ ❛s ♣❡sq✉✐s❛s ❞❡ ❈❛str♦ ❡t ❛❧✳ ✭✷✵✶✶✮ ❡ ❈♦st❛

✭✷✵✶✶✮✱ ❡♠ q✉❡ ♦s ❛✉t♦r❡s ✈❡r✐✜❝❛♠ ✉♠❛ q✉❡❞❛ ❞♦ ✐♥✈❡st✐♠❡♥t♦ ❡ ❞♦ ❝♦♥s✉♠♦ ♥♦ ♣r✐♠❡✐r♦

♠♦♠❡♥t♦✳ ❆❧é♠ ❞✐ss♦✱ t❛♠❜é♠ ❤á ✉♠❛ q✉❡❞❛ ♥❛ ✐♥✢❛çã♦ ❡♠ ❧✐♥❤❛ ❝♦♠ ♦s tr❛❜❛❧❤♦s

❝✐t❛❞♦s❀ ❝♦♥t✉❞♦✱ ❤á s❡♠❡❧❤❛♥ç❛ q✉❛♥t♦ ❛♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ♣❛r❛ ♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦

❡♠ r❡❧❛çã♦ ❛ ❈♦st❛ ✭✷✵✶✶✮ q✉❡ ✈❡r✐✜❝❛ ✉♠❛ q✉❡❞❛ ♥❛ ✈❛r✐á✈❡❧✳

✹✶



✹✳✶✳✽ ❈❤♦q✉❡ ■♥t❡r♥❛❝✐♦♥❛❧✿ ✐♥✢❛çã♦ ❡①t❡r♥❛✱ t❛①❛ ❞❡ ❥✉r♦s ✐♥✲

t❡r♥❛❝✐♦♥❛❧ ❡ ♣rê♠✐♦ ❞❡ r✐s❝♦

❊♠ r❡❧❛çã♦ à r❡♥❞❛ ❡①t❡r♥❛✱ t❛♥t♦ ♦ ❝♦♥s✉♠♦ ❝♦♠♦ ❛ ♣ró♣r✐❛ r❡♥❞❛✱ ✐♥❞✐❝❛r❛♠

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

❡①♣❛♥sã♦ ❞♦ ✐♥✈❡st✐♠❡♥t♦✱ ❞♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ ❡ ❞❛ ✐♥✢❛çã♦✱ ❢♦✐ ♣♦ssí✈❡❧ ❡❧❡✈❛r ♦ ❣r❛✉ ❞❛

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

❋✐❣✉r❛ ✹✳✶✶✿ ❊❢❡✐t♦s ❞♦ ❝❤♦q✉❡ ✐♥t❡r♥❛❝✐♦♥❛❧✿ ✐♥✢❛çã♦ ❡①t❡r♥❛✱ t❛①❛ ❞❡ ❥✉r♦s ✐♥t❡r♥❛❝✐♦♥❛❧
❡ ♣rê♠✐♦ ❞❡ r✐s❝♦

❋♦♥t❡✿ ❘❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛ ✭✷✵✶✾✮
◆♦t❛ ✶✿ Y ✿ r❡♥❞❛ ❛❣r❡❣❛❞❛❀ C✿ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦❀ I✿ ✐♥✈❡st✐♠❡♥t♦❀ π✿ ✐♥✢❛çã♦❀ Kb✿ ❝❛♣✐t❛❧

❜❛♥❝ár✐♦❀ B✿ ❧✉❝r♦ ❜❛♥❝ár✐♦❀ rib✿ t❛①❛ ❞❡ ❥✉r♦s✳

❆s ❢✉♥çõ❡s ❞❡ r❡s♣♦st❛ ❛♦ ✐♠♣✉❧s♦ t❛♠❜é♠ ❛♣r❡s❡♥t❛r❛♠ ❞✐❢❡r❡♥ç❛s ❞❛q✉❡❧❛s ❝♦❧♦✲

❝❛❞♦s ♣♦r ❙✐❧✈❛ ✭✷✵✶✺✮✱ ♣♦✐s✱ ❛♦ r❡s♣♦♥❞❡r ❛♦ ❝❤♦q✉❡✱ ❛s ✈❛r✐á✈❡✐s ❝♦♥s✉♠♦✱ ✐♥✈❡st✐♠❡♥t♦

❡ ♦ P■❇✱ ❛♣❛r❡❝❡♠ ❝♦♠♦ q✉❡❞❛s ♥❡❣❛t✐✈❛s✱ ♦ q✉❡ ❞✐❢❡r❡ ❞♦ ❡♥❝♦♥tr❛❞♦ ♥❡st❛ ♣❡sq✉✐s❛✳

✹✷



✹✳✶✳✾ ❙í♥t❡s❡ ❞♦s r❡s✉❧t❛❞♦s

❊♠ r❡❧❛çã♦ à r❡♥❞❛ ❡①t❡r♥❛✱ ♦ ❝❤♦q✉❡ r❡s✉❧t❛ ❡♠ q✉❡❞❛ ❞❛s ❡①♣♦rt❛çõ❡s ♣r♦♣✐❝✐✲

❛♥❞♦ ♦ ❝r❡s❝✐♠❡♥t♦ ❞❛ ❞❡♠❛♥❞❛ ✐♥t❡r♥❛✱ ♦ q✉❡ ♥ã♦ s❡ ❢❛③ ♣r❡s❡♥t❡ ♥♦ ❝♦♥s✉♠♦ ♥♦ ♣❡rí♦❞♦

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

♠ã♦ ❞❡ ♦❜r❛✱ ❢❛✈♦r❡❝❡ ♦ ❝r❡s❝✐♠❡♥t♦ ❞❛ r❡♥❞❛ ❡ ❞♦ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦✳ ❊ss❡ ❝❤♦q✉❡ ♥ã♦

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

❞✐♠✐♥✉✐çã♦ ❝♦rr❡♥t❡ ❞♦ s♣r❡❛❞✳

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

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

♥♦ s❡❣✉♥❞♦✴t❡r❝❡✐r♦ ♣❡rí♦❞♦✳ ❆♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✱ ♦ ❝♦♥s✉♠♦ ❞♦s ❡♠♣r❡sár✐♦s t♦r♥❛✲s❡

♠❛✐♦r✱ ✐♥❝❡♥t✐✈❛♥❞♦ ♦ ❛✉♠❡♥t♦ ❞♦ ❝ré❞✐t♦ ❞✐r❡❝✐♦♥❛❞♦✳

◆♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ ❛♦ s♣r❡❛❞ ❜❛♥❝ár✐♦✱ ♦ s❡✉ ♣♦✉❝♦ ❡❢❡✐t♦ ♥ã♦ ♣r♦✈♦❝❛ ❞✐♠✐♥✉✐çã♦

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

❆❧é♠ ❞✐ss♦✱ ♦ ❝❤♦q✉❡ ♥♦ s♣r❡❛❞ ❢❛③ ❝♦♠ q✉❡ s❡ t❡♥❤❛ ✉♠❛ ❛♣r❡❝✐❛çã♦ ❞❛ t❛①❛ ❞❡ ❝â♠❜✐♦✱ ♦

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

❖s ♠♦❞❡❧♦s ❙❋✱ ❋❘ ❡ ❋❋ ♣♦ss✉❡♠ ❞✐❢❡r❡♥ç❛s s✐❣♥✐✜❝❛t✐✈❛s ♥♦ ❝á❧❝✉❧♦✱ ♣♦ré♠ ♦

♠♦❞❡❧♦ ❋❋✱ ❢♦✐ ♦ q✉❡ ♠❛✐s ❞❡♠♦♥str♦✉ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❞❛♣t❛çã♦ à ❝❤♦q✉❡s ❡①t❡r♥♦s✳

❖s ❞✐✈❡rs♦s ❝❤♦q✉❡s ✉t✐❧✐③❛❞♦s ♥❛ ♣❡sq✉✐s❛✱ t❛♥t♦ ♥♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ q✉❛♥t♦ ♥❛ ♣♦❧ít✐❝❛

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

♣♦✉♣❛♥ç❛ ❡①t❡r♥❛✱ ❛ ✐♥✢❛çã♦✱ ♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ ❡ ♦ ❝♦♥s✉♠♦✳ ❉❡ss❡ ♠♦❞♦✱ ✉♠❛ ♠❡♥♦r

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

♠♦❞❡❧❛❣❡♠ ♣r♦♣♦st❛✳

❈♦♠♦ ❞❡♠♦♥str❛❞♦ ♥❛ ❛♥á❧✐s❡✱ ♦s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛♠ q✉❡ ❛ ❤✐♣ót❡s❡ é ❝♦♥✜r♠❛❞❛✱

♣♦✐s ♦s ❝❤♦q✉❡s ♣r♦♣♦st♦s ♠♦str❛♠ q✉❡ ❛ t❛①❛ ❞❡ ❝â♠❜✐♦✱ ❛ t❛①❛ ❞❡ ❥✉r♦s ❡ ❛ ✐♥✢❛çã♦ ✐♠✲

♣❛❝t❛♠ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦✱ ♣♦ré♠ ♣❡r♠❛♥❡❝❡♥❞♦ s❡♠ ❡❢❡✐t♦ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦ ✭❋■●❯❘❆

✹✳✺ ❡ ✹✳✻✮✳
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✺✳ ❈❖◆❈▲❯❙➹❖

❖s ♠♦❞❡❧♦s ♥♦✈♦s ❦❡②♥❡s✐❛♥♦s ❜✉s❝❛♠ ✐♥❝♦r♣♦r❛r ❢♦r♠❛s ❞❡ ❡st✐♠❛r ❝❤♦q✉❡s ♦r✐✉♥✲

❞♦s ❞♦ ♠❡r❝❛❞♦ ✜♥❛♥❝❡✐r♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❛♣ós ❛ ❝r✐s❡ ❞❡ ✷✵✵✽✱ tr❛③❡♥❞♦ ❝♦♥s✐❣♦ ♠♦❞❡❧♦s

♠❛✐s ❝♦♠♣❧❡①♦s✱ ♣❡r♠✐t✐♥❞♦ q✉❡ ♦✉tr❛s ❡str✉t✉r❛s s❡❥❛♠ t❡st❛❞❛s✳ ❉❡ss❡ ♠♦❞♦✱ ♦ ♠♦❞❡❧♦

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

✉♠❛ ♣❡q✉❡♥❛ ❡❝♦♥♦♠✐❛ ❛❜❡rt❛✳

❖ ♦❜❥❡t✐✈♦ ❣❡r❛❧ ❞❡st❡ tr❛❜❛❧❤♦ ❢♦✐ ❛♥❛❧✐s❛r ❛ r❡s♣♦st❛ ❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ❜r❛s✐❧❡✐r♦

❛ ♣❛rt✐r ❞❡ ✈❛r✐❛çõ❡s ♥❛ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✱ ❛ss✐♠ ❝♦♠♦ s✉❣❡r✐❞♦ ♣♦r ❈úr❞✐❛ ❡ ❲♦♦❞❢♦r❞

✭✷✵✶✵✮✳ ❖s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛♠ q✉❡ ❛ ❛❞❛♣t❛çã♦ ❞❛ r❡❣r❛ ❞❡ ❚❛②❧♦r ♥ã♦ ❢❛✈♦r❡❝❡ ✉♠❛

♣♦❧ít✐❝❛ ❛❝♦♠♦❞❛tí❝✐❛ ♣❛r❛ ❝❤♦q✉❡s ❡①ó❣❡♥♦s❀ t♦❞❛✈✐❛✱ ♥ã♦ s✐❣♥✐✜❝❛ q✉❡ ♦✉tr♦s t✐♣♦s ❞❡

❝❤♦q✉❡s ♥ã♦ s❡rã♦ ❛❝♦♠♦❞❛❞♦s ❞❡ ❢♦r♠❛ ❡✜❝✐❡♥t❡✱ ♦ q✉❡ ♣♦r s✉❛ ✈❡③✱ ♣♦❞❡ ❢❛✈♦r❡❝❡r ❛

❛❞♦çã♦ ❞♦ ♠♦❞❡❧♦ ❡♠ q✉❡ ♦ s♣r❡❛❞ ✜❣✉r❡ ❞❡♥tr♦ ❞❛ r❡❣r❛ ❞❡ ❚❛②❧♦r✱ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❞❡

♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛✳

❆ss✐♠✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ♦ ❝❤♦q✉❡ ♥♦ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ s❡ t♦r♥♦✉ ♦ ♣r✐♥❝✐♣❛❧ ✐♥str✉✲

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

t❡r ❛ ♦♣♦rt✉♥✐❞❛❞❡ ❞❡ ❝❛♣t❛r ❝❛♣✐t❛❧ ❡①t❡r♥♦✳ ❖ ❛✉♠❡♥t♦ ♥♦ ❝✉st♦ ❞❡ ❛❥✉st❛♠❡♥t♦ ❞♦

❝❛♣✐t❛❧ ❜❛♥❝ár✐♦ ❞✐♠✐♥✉✐ ❛ ✐♥str✉♠❡♥t❛❧✐③❛çã♦ ❞♦ ❛✉♠❡♥t♦ ♥♦ ❝♦♥s✉♠♦ ❞❛s ❢❛♠í❧✐❛s ❡ ❞♦s

✐♥✈❡st✐♠❡♥t♦s✱ ❛ ♣❛rt✐r ❞♦ ❡stí♠✉❧♦ ❛♦ ❝ré❞✐t♦✱ ♣♦r ♠❡✐♦ ❞❛ ❞✐♠✐♥✉✐çã♦ ❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦✳

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

❝â♠❜✐♦ ✢❡①í✈❡❧ ❡ t❛①❛ ❞❡ ❥✉r♦s✱ ♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ❜r❛s✐❧❡✐r♦ ♥ã♦ ❝♦♥✈❡r❣✐✉ ❛♦ ♥í✈❡❧ ❞❡

♣❛ís❡s ❞❡s❡♥✈♦❧✈✐❞♦s✱ ♦ q✉❡ ♣♦❞❡ ✐♥❞✐❝❛r q✉❡ ❤á ♦❜str✉çã♦ ♥❛ ♣r♦♣❛❣❛çã♦ ❞❛ ♣♦❧ít✐❝❛

♠♦♥❡tár✐❛✳ ❆❞❡♠❛✐s✱ ♦s ❜❛♥❝♦s ♣♦ss✉❡♠ ❡♠ s❡✉s ❛t✐✈♦s tít✉❧♦s ♣ú❜❧✐❝♦s ❛tr❡❧❛❞♦s à ❙❡❧✐❝✱

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

P♦rt❛♥t♦✱ ❛ r❡s♣♦st❛ ❞♦ s♣r❡❛❞ ❜❛♥❝ár✐♦ ✐♥❞✐❝♦✉ q✉❡ ❛ ❡❝♦♥♦♠✐❛ ❜r❛s✐❧❡✐r❛ t♦r♥♦✉✲s❡

♠❡♥♦s ❛❝♦♠♦❞❛t✐✈❛ ❛♦s ❝❤♦q✉❡s✱ ❝♦rr♦❜♦r❛♥❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ♣♦r ◆✉♥❡s

✭✷✵✶✺✮✱ ♦ q✉❛❧ ❛❧❝❛♥ç♦✉ r❡s✉❧t❛❞♦s s❡♠❡❧❤❛♥t❡s ♣❛r❛ ❡❝♦♥♦♠✐❛ ❢❡❝❤❛❞❛✳ ■st♦✱ ♣♦r s✉❛

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

❝♦♥❝❡♥tr❛çã♦ ❜❛♥❝ár✐❛✳ ❆❧é♠ ❞✐ss♦✱ ♦✉tr♦s ❢❛t♦r❡s r❡❧❡✈❛♥t❡s ✲ q✉❡ ♥ã♦ sã♦ ♣✉r❛♠❡♥t❡

♠♦♥❡tár✐♦s✱ ♣♦❞❡♠ ✐♥✢✉❡♥❝✐❛r ♦ s♣r❡❛❞✱ t❛✐s ❝♦♠♦ ♠❛r❣❡♠ ❞❡ ❧✉❝r♦ ❜❛♥❝ár✐♦✱ ❧♦❜❜② ❡ ❛

s❡❣✉r❛♥ç❛ ❥✉rí❞✐❝❛✳

❖ tr❛❜❛❧❤♦ ❝♦♥t❛ ❝♦♠ ❧✐♠✐t❛çõ❡s✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ♥ã♦ ❢♦r❛♠ ❛♥❛❧✐s❛❞❛s ❛s ✐♥✲

❢♦r♠❛çõ❡s ❛❞✐❝✐♦♥❛✐s ❞♦s ❤á❜✐t♦s ❞❡ ❝♦♥s✉♠♦ ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s ❡ ❞♦ ❡♠♣r❡s❛r✐❛❞♦✱

✹✹



♦ q✉❡ ♣♦❞❡ ❝♦♥tr✐❜✉✐r ♣❛r❛ q✉❡ ❤❛❥❛ ✉♠ ♠❡♥♦r ❝♦♥s✉♠♦ ❡ ✉♠❛ ♠❛✐♦r q✉❛♥t✐❞❛❞❡ ❞❡

tr❛❜❛❧❤♦✳ ❖✉tr♦ ♣♦♥t♦ ✐♠♣♦rt❛♥t❡ é q✉❡ ♦ ♠♦❞❡❧♦ ♥ã♦ ✐♥❝♦r♣♦r❛ ❢r✐❝çõ❡s ♥♦ ♠❡r❝❛❞♦ ✈❛✲

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

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

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

♣♦ssí✈❡❧ ❢♦♥t❡ ❞❡ ❛❝♦♠♦❞❛çã♦ à ❝❤♦q✉❡s ❡①ó❣❡♥♦s✳

✹✺
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ρmi ✵✳✺✵✵ ✵✳✽✼✸✺ ✵✳✽✸✹✹ ❜❡t❛ ✵✳✾✷✵✹ ✵✳✷✺✵✵
ρmkd ✵✳✺✵✵ ✵✳✼✻✶✶ ✵✳✻✻✹✹ ❜❡t❛ ✵✳✽✸✽✾ ✵✳✷✺✵✵
ρmkbh ✵✳✺✵✵ ✵✳✽✶✷✵ ✵✳✼✼✹✻ ❜❡t❛ ✵✳✽✺✶✻ ✵✳✷✺✵✵
ρmkbe ✵✳✺✵✵ ✵✳✽✺✶✵ ✵✳✼✽✼✹ ❜❡t❛ ✵✳✾✶✷✾ ✵✳✷✺✵✵
ρeeqk ✵✳✺✵✵ ✵✳✹✹✻✾ ✵✳✸✵✻✽ ❜❡t❛ ✵✳✻✹✺✵ ✵✳✷✺✵✵
ρepsy ✵✳✺✵✵ ✵✳✸✾✺✽ ✵✳✸✵✼✻ ❜❡t❛ ✵✳✹✽✾✽ ✵✳✷✺✵✵
ρepsl ✵✳✺✵✵ ✵✳✾✵✺✹ ✵✳✽✸✺✾ ❜❡t❛ ✵✳✾✻✶✾ ✵✳✷✺✵✵
ρepsKb

✵✳✺✵✵ ✵✳✾✸✷✽ ✵✳✽✼✸✹ ❜❡t❛ ✵✳✾✾✺✽ ✵✳✷✺✵✵
ρystar ✵✳✺✵✵ ✵✳✼✵✾✶ ✵✳✻✶✼✾ ❜❡t❛ ✵✳✼✾✵✺ ✵✳✷✺✵✵
ρpiestar ✵✳✺✵✵ ✵✳✶✶✸✼ ✵✳✵✹✵✽ ❜❡t❛ ✵✳✶✾✹✷ ✵✳✷✺✵✵
ρRstar ✵✳✺✵✵ ✵✳✼✻✹✵ ✵✳✼✵✾✾ ❜❡t❛ ✵✳✽✷✽✾ ✵✳✷✺✵✵
ρpQ ✵✳✺✵✵ ✵✳✼✹✶✵ ✵✳✻✺✹✽ ❜❡t❛ ✵✳✽✷✹✽ ✵✳✷✺✵✵
ρepspremium ✵✳✺✵✵ ✵✳✹✷✻✵ ✵✳✸✼✹✾ ❜❡t❛ ✵✳✹✼✶✾ ✵✳✷✺✵✵
ρmiw ✵✳✺✵✵ ✵✳✽✹✽✻ ✵✳✼✹✵✽ ❜❡t❛ ✵✳✾✹✵✸ ✵✳✷✺✵✵
ρeeqh ✵✳✺✵✵ ✵✳✷✻✼✽ ✵✳✶✽✶✽ ❜❡t❛ ✵✳✸✸✾✽ ✵✳✷✺✵✵

❋♦♥t❡✿ ❊❧❛❜♦r❛❞♦ ♣❡❧♦ ❛✉t♦r ✭✷✵✶✾✮

✺✸



♣r✐♦r ♠❡❛♥ ♣♦st✳ ♠❡❛♥ ♣r✐♦r s✳❞✳ ♣♦st s✳❞✳ ♣r✐♦r ❞✐str✐❜✉t✐♦♥ ❍P❉ ✐♥❢ ❍P❉ s✉♣

κp ✺✵✳✵✵✵ ✶✶✳✼✼✷✷ ✾✳✺✻✽✻ ❣❛♠♠❛ ✶✹✳✵✻✺✻ ✷✵✳✵✵✵✵
κw ✺✵✳✵✵✵ ✸✵✳✾✼✽✸ ✷✸✳✹✶✶✺ ❣❛♠♠❛ ✸✼✳✶✻✶✽ ✷✵✳✵✵✵✵
κi ✷✳✺✵✵ ✹✳✶✺✸✸ ✸✳✼✹✶✶ ❣❛♠♠❛ ✹✳✹✹✺✷ ✶✳✵✵✵✵
κih ✷✳✺✵✵ ✹✳✶✷✼✻ ✸✳✼✼✼✶ ❣❛♠♠❛ ✹✳✹✹✾✻ ✶✳✵✵✵✵
κd ✶✵✳✵✵✵ ✶✸✳✼✸✺✸ ✶✷✳✷✹✵✽ ❣❛♠♠❛ ✶✹✳✶✼✷✾ ✷✳✺✵✵✵
κbe ✸✳✵✵✵ ✷✳✶✸✷✵ ✶✳✶✷✼✾ ❣❛♠♠❛ ✸✳✶✷✻✹ ✷✳✺✵✵✵
κbh ✻✳✵✵✵ ✹✳✾✼✾✺ ✹✳✶✺✺✷ ❣❛♠♠❛ ✺✳✼✹✽✺ ✷✳✺✵✵✵
κbw ✻✳✵✵✵ ✽✳✸✶✵✺ ✼✳✹✸✻✽ ❣❛♠♠❛ ✾✳✶✼✹✽ ✷✳✺✵✵✵
κkb ✶✵✳✵✵✵ ✹✳✵✻✵✵ ✷✳✶✾✵✼ ❣❛♠♠❛ ✺✳✼✵✺✵ ✺✳✵✵✵✵
φpie ✷✳✵✵✵ ✶✳✸✹✻✽ ✶✳✸✼✺✾ ♥♦r♠ ✶✳✸✼✽✵ ✵✳✸✺✵✵
ρib ✵✳✻✵✵ ✵✳✼✺✶✽ ✵✳✼✺✵✶ ❜❡t❛ ✵✳✼✸✸✻ ✵✳✶✺✵✵
φy ✵✳✷✺✵ ✵✳✵✽✹✸ ✵✳✵✹✽✻ ❣❛♠♠❛ ✵✳✶✶✸✾ ✵✳✶✵✵✵
indp ✵✳✻✺✵ ✵✳✾✸✵✾ ✵✳✾✽✶✵ ❜❡t❛ ✵✳✾✾✾✾ ✵✳✷✵✵✵
indw ✵✳✻✺✵ ✵✳✷✹✺✸ ✵✳✵✺✵✾ ❜❡t❛ ✵✳✷✹✷✸ ✵✳✷✵✵✵
ai ✵✳✽✺✵ ✵✳✹✾✶✼ ✵✳✹✼✵✻ ❜❡t❛ ✵✳✺✶✸✻ ✵✳✵✺✵✵

❋♦♥t❡✿ ❊❧❛❜♦r❛❞♦ ♣❡❧♦ ❛✉t♦r ✭✷✵✶✾✮

✺✹



❆✳✶✳✶ ❈❤♦q✉❡ ♥♦ s♣r❡❛❞ ❜❛♥❝ár✐♦

❋✐❣✉r❛ ❆✳✶✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ s♣r❡❛❞ s♦❜ ✐♠ó✈❡✐s✱ t❛①❛ ❞❡ ❝â♠❜✐♦✱ ♣rê♠✐♦ ❞❡ r✐s❝♦
✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✷✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ s♣r❡❛❞ s♦❜ t❛①❛ ❞❡ ❥✉r♦s✱ t❛①❛ ❞❡ ✉t✐❧✐③❛çã♦ ❞❡ ❝❛♣✐t❛❧✱
t❛①❛ ❞❡ ❥✉r♦s ❞♦s ❡♠♣rést✐♠♦s ✭✷✵✶✾✮

✺✺



❋✐❣✉r❛ ❆✳✸✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ s♣r❡❛❞ s♦❜ ❥✉r♦s✱ ♣rê♠✐♦ ❞❡ r✐s❝♦ ❡ t❛①❛ ❞❡ ❝â♠✲
❜✐♦✭✷✵✶✾✮

✺✻



❆✳✶✳✷ ❈❤♦q✉❡ ♥❛ ❞❡♠❛♥❞❛ ♣♦r ✐♠ó✈❡✐s

❋✐❣✉r❛ ❆✳✹✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ ❞❡♠❛♥❞❛ ♣♦r ✐♠ó✈❡✐s s♦❜ ❝♦♥s✉♠♦✱ ❞❡♣ós✐t♦s ❡
✐♥✢❛çã♦ ❞❡ s❛❧ár✐♦s ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✺✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ ❞❡♠❛♥❞❛ ♣♦r ✐♠ó✈❡✐s s♦❜ ✐♥✈❡st✐♠❡♥t♦s✱ ❥✉r♦s s♦❜r❡
❡♠♣rést✐♠♦s ❡ ♣r❡ç♦ ❞♦ ❝❛♣✐t❛❧ ✭✷✵✶✾✮

✺✼



❋✐❣✉r❛ ❆✳✻✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ ❞❡♠❛♥❞❛ ♣♦r ✐♠ó✈❡✐s s♦❜ t❛①❛ ❞❡ ✉t✐❧✐③❛çã♦ ❞♦
❝❛♣✐t❛❧✱ t❛①❛ ❞❡ ❥✉r♦s ❡ t❛①❛ ❞❡ ❥✉r♦s s♦❜ ♦ ❝♦❧❛t❡r❛❧ ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✼✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ ❞❡♠❛♥❞❛ ♣♦r ✐♠ó✈❡✐s s♦❜ ✐♥✢❛çã♦✱ s❛❧ár✐♦s ❡ ♣r❡ç♦
❞♦s ✐♠ó✈❡✐s ✭✷✵✶✾✮

✺✽



❋✐❣✉r❛ ❆✳✽✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ ❞❡♠❛♥❞❛ ♣♦r ✐♠ó✈❡✐s s♦❜ ♦ ❝❛♣✐t❛❧✱ t❛①❛ ❞❡ ❥✉r♦s ❡
s♣r❡❛❞ ❜❛♥❝ár✐♦ ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✾✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ ❞❡♠❛♥❞❛ ♣♦r ✐♠ó✈❡✐s s♦❜ ♣rê♠✐♦ ❞❡ r✐s❝♦✱ t❛①❛ ❞❡
❝â♠❜✐♦ ❡ q✉❛♥t✐❞❛❞❡ ❞❡ ✐♥s✉♠♦s ✐♠♣♦rt❛❞♦s ✭✷✵✶✾✮

✺✾



❆✳✶✳✸ ❈❤♦q✉❡ ♥❛ ♦❢❡rt❛ ❞❡ ✐♠ó✈❡✐s

❋✐❣✉r❛ ❆✳✶✵✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ ♦❢❡rt❛ ♣♦r ✐♠ó✈❡✐s s♦❜ ♦ ❝♦♥s✉♠♦✱ ❞❡♣ós✐t♦s ❡
✐♠ó✈❡✐s ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✶✶✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ ♦❢❡rt❛ ♣♦r ✐♠ó✈❡✐s s♦❜ ✐♥✈❡st✐♠❡♥t♦s✱ q✉❛♥t✐❞❛❞❡
❞❡ ❝❛♣✐t❛❧ ❡ t❛①❛ ❞❡ ❥✉r♦s ❡♠♣rést✐♠♦s ✭✷✵✶✾✮

✻✵



❋✐❣✉r❛ ❆✳✶✷✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ ♦❢❡rt❛ ♣♦r ✐♠ó✈❡✐s s♦❜ t❛①❛ ❞❡ ✉t✐❧✐③❛çã♦ ❞❡ ❝❛♣✐t❛❧✱
t❛①❛ ❞❡ ❥✉r♦s ❞♦s ❞❡♣ós✐t♦s ❡ t❛①❛ ❞❡ ❥✉r♦s s♦❜ ❡♠♣rést✐♠♦s ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✶✸✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ ♦❢❡rt❛ ♣♦r ✐♠ó✈❡✐s s♦❜ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦✱ ✐♥✢❛çã♦ ❡
❧✉❝r♦ ❜❛♥❝ár✐♦ ✭✷✵✶✾✮

✻✶



❋✐❣✉r❛ ❆✳✶✹✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ ♦❢❡rt❛ ♣♦r ✐♠ó✈❡✐s s♦❜ ❝❛♣✐t❛❧✱ t❛①❛ ❞❡ ❥✉r♦s ❡
s♣r❡❛❞ ❜❛♥❝ár✐♦ ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✶✺✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ ♦❢❡rt❛ ♣♦r ✐♠ó✈❡✐s s♦❜ ✐♠ó✈❡✐s✱ t❛①❛ ❞❡ ❝â♠❜✐♦ ❡
r✐s❝♦ ❞❡ ♣rê♠✐♦ ✭✷✵✶✾✮

✻✷



❆✳✷ ▼❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s ❞♦s ❡♠♣rést✐♠♦s ❛♦s ❡♠✲

♣r❡sár✐♦s

❋✐❣✉r❛ ❆✳✶✻✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ♠❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❡♠♣rést✐♠♦s
❞♦s ❡♠♣r❡sár✐♦s s♦❜ ♦ ❝♦♥s✉♠♦✱ t❛①❛ ❞❡ ❞❡♣ós✐t♦ ❡ ❧✉❝r♦ ❜❛♥❝ár✐♦ ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✶✼✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ♠❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❡♠♣rést✐♠♦s
❞♦s ❡♠♣r❡sár✐♦s s♦❜ ✐♠ó✈❡✐s✱ ✐♥✈❡st✐♠❡♥t♦s ❡ ❝♦♥s✉♠♦ ❞♦s ❡♠♣r❡sár✐♦s ✭✷✵✶✾✮

✻✸



❋✐❣✉r❛ ❆✳✶✽✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ♠❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❡♠♣rést✐♠♦s
❞♦s ❡♠♣r❡sár✐♦s s♦❜ t❛①❛ ❞❡ ❥✉r♦s✱ t❛①❛ ❞❡ ✉t✐❧✐③❛çã♦ ❞♦ ❝❛♣✐t❛❧ ❡ ❜❛♥❝♦s ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✶✾✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ♠❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❡♠♣rést✐♠♦s
❞♦s ❡♠♣r❡sár✐♦s s♦❜ ✐♥✈❡st✐♠❡♥t♦s✱ ✐♠ó✈❡✐s ❡ ✐♥s✉♠♦s ✐♠♣♦rt❛❞♦s ✭✷✵✶✾✮

✻✹



❋✐❣✉r❛ ❆✳✷✵✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ♠❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❡♠♣rést✐♠♦s
❞♦s ❡♠♣r❡sár✐♦s s♦❜ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦✱ s❛❧ár✐♦s ❡ r❡♥❞❛ ❛❣r❡❣❛❞❛

❋✐❣✉r❛ ❆✳✷✶✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ♠❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❡♠♣rést✐♠♦s
❞♦s ❡♠♣r❡sár✐♦s s♦❜ ❝❛♣✐t❛❧✱ t❛①❛ ❞❡ ❥✉r♦s ❡ s♣r❡❛❞ ❜❛♥❝ár✐♦ ✭✷✵✶✾✮

✻✺



❆✳✷✳✶ ▼❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❞❡♣ós✐t♦s

❋✐❣✉r❛ ❆✳✷✷✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ♠❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❞❡♣ós✐t♦s s♦❜
❝♦♥s✉♠♦✱ t❛①❛ ❞❡ ❞❡♣ós✐t♦s ❡ ❢❛♠í❧✐❛s ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✷✸✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ♠❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❞❡♣ós✐t♦s s♦❜
✐♥✈❡st✐♠❡♥t♦s✱ ❜❛♥❝♦s ❡ ✐♥✢❛çã♦ ✭✷✵✶✾✮

✻✻



❋✐❣✉r❛ ❆✳✷✹✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ♠❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❞❡♣ós✐t♦s s♦❜
r❡♥❞❛ ❡①t❡r♥❛✱ t❛①❛ ❞❡ ❥✉r♦s ❡ ❜❛♥❝♦s ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✷✺✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ♠❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❞❡♣ós✐t♦s s♦❜
❝❛♣✐t❛❧ ❜❛♥❝ár✐♦✱ ✐♥✢❛çã♦ ❡ ❡①♣♦rt❛çõ❡s ✭✷✵✶✾✮

✻✼



❋✐❣✉r❛ ❆✳✷✻✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ♠❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❞❡♣ós✐t♦s s♦❜
❝❛♣✐t❛❧✱ t❛①❛ ❞❡ ❥✉r♦s ❡ s♣r❡❛❞

❋✐❣✉r❛ ❆✳✷✼✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ♠❛r❦✲✉♣ ❞❛ t❛①❛ ❞❡ ❥✉r♦s s♦❜r❡ ♦s ❞❡♣ós✐t♦s s♦❜
✐♥✈❡st✐♠❡♥t♦s✱ t❛①❛ ❞❡ ❝â♠❜✐♦ ❡ ♣rê♠✐♦ ❞❡ r✐s❝♦

✻✽



❆✳✷✳✷ ❈❤♦q✉❡ s♦❜r❡ ♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❞♦s ❡♠♣r❡sár✐♦s

❋✐❣✉r❛ ❆✳✷✽✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❡♠♣r❡sár✐♦s s♦❜ ❝♦♥s✉♠♦✱ ✐♥✈❡st✐✲
♠❡♥t♦s ❡ t❛①❛ ❞❡ ❞❡♣ós✐t♦ ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✷✾✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❡♠♣r❡sár✐♦s s♦❜ ✐♥✈❡st✐♠❡♥t♦s✱ ❝♦♥✲
s✉♠♦ ❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛♣✐t❛✐s ✭✷✵✶✾✮

✻✾



❋✐❣✉r❛ ❆✳✸✵✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❡♠♣r❡sár✐♦s s♦❜ r❡♥❞❛ ❡①t❡r♥❛✱ t❛①❛
❞❡ ❥✉r♦s ❡ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✸✶✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❡♠♣r❡sár✐♦s s♦❜ ❝❛♣✐t❛❧ ❜❛♥❝ár✐♦✱
r❡♥❞❛ ❛❣r❡❣❛❞❛ ❡ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦ ✭✷✵✶✾✮

✼✵



❋✐❣✉r❛ ❆✳✸✷✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❡♠♣r❡sár✐♦s s♦❜ ❝❛♣✐t❛❧✱ s♣r❡❛❞ ❡
t❛①❛ ❞❡ ❥✉r♦s ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✸✸✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❡♠♣r❡sár✐♦s s♦❜ t❛①❛ ❞❡ ❝â♠❜✐♦✱
♣rê♠✐♦ ❞❡ r✐s❝♦ ❡ ♣♦✉♣❛♥ç❛ ✭✷✵✶✾✮

✼✶



❆✳✷✳✸ ❈❤♦q✉❡ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s

❋✐❣✉r❛ ❆✳✸✹✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s s♦❜ ❝♦♥s✉♠♦✱
t❛①❛ ❞❡ ❞❡♣ós✐t♦s ❡ ✐♥✢❛çã♦ ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✸✺✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s s♦❜ ✐♥✈❡st✐✲
♠❡♥t♦s✱ ❝♦♥s✉♠♦ ❡ ♣♦✉♣❛♥ç❛ ✭✷✵✶✾✮

✼✷



❋✐❣✉r❛ ❆✳✸✻✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s s♦❜ r❡♥❞❛
❡①t❡r♥❛✱ t❛①❛ ❞❡ ❥✉r♦s ❡ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✸✼✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s s♦❜ ❝❛♣✐t❛❧
❜❛♥❝ár✐♦✱ s❛❧ár✐♦s ❡ ❡①♣♦rt❛çõ❡s ✭✷✵✶✾✮

✼✸



❋✐❣✉r❛ ❆✳✸✽✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s s♦❜ ❝❛♣✐t❛❧✱
t❛①❛ ❞❡ ❥✉r♦s ❡ s♣r❡❛❞ ❜❛♥❝ár✐♦ ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✸✾✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❧♦❛♥✲t♦✲✈❛❧✉❡ ❞❛s ❢❛♠í❧✐❛s ✐♠♣❛❝✐❡♥t❡s s♦❜ t❛①❛ ❞❡
❝â♠❜✐♦✱ ♣rê♠✐♦ ❞❡ r✐s❝♦ ❡ ❜❡♥s ✐♠♣♦rt❛❞♦s ✭✷✵✶✾✮

✼✹



❆✳✷✳✹ ❈❤♦q✉❡ ♥♦ ❞❡❜t✲t♦✲✐♥❝♦♠❡

❋✐❣✉r❛ ❆✳✹✵✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❞❡❜t✲t♦✲✐♥❝♦♠❡ s♦❜ ❝♦♥s✉♠♦✱ t❛①❛ ❞❡ ❞❡♣ós✐t♦ ❡
✐♥✢❛çã♦ ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✹✶✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❞❡❜t✲t♦✲✐♥❝♦♠❡ s♦❜ ✐♥✈❡st✐♠❡♥t♦s✱ ❝♦♥s✉♠♦ ❡
♣r♦❞✉çã♦ ❞❡ ❝❛♣✐t❛❧ ✭✷✵✶✾✮

✼✺



❋✐❣✉r❛ ❆✳✹✷✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❞❡❜t✲t♦✲✐♥❝♦♠❡ s♦❜ r❡♥❞❛ ❡①t❡r♥❛✱ t❛①❛ ❞❡ ❥✉r♦s ❡
♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✹✸✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❞❡❜t✲t♦✲✐♥❝♦♠❡ s♦❜ ❝♦♥s✉♠♦ ❛❣r❡❣❛❞♦✱ r❡♥❞❛
❛❣r❡❣❛❞❛ ❡ s❛❧ár✐♦s ✭✷✵✶✾✮

✼✻



❋✐❣✉r❛ ❆✳✹✹✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❞❡❜t✲t♦✲✐♥❝♦♠❡ s♦❜ ❝❛♣✐t❛❧✱ s♣r❡❛❞ ❡ t❛①❛ ❞❡ ❥✉r♦s
✭✷✵✶✾✮

❋✐❣✉r❛ ❆✳✹✺✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ♦ ❞❡❜t✲t♦✲✐♥❝♦♠❡ s♦❜ t❛①❛ ❞❡ ❝â♠❜✐♦✱ ♣rê♠✐♦ ❞❡ r✐s❝♦
❡ ❜❡♥s ✐♠♣♦rt❛❞♦s ✭✷✵✶✾✮

✼✼



❆✳✷✳✺ ❈❤♦q✉❡ ♥❛ t❛①❛ ❞❡ ❥✉r♦s ❡①t❡r♥❛

❋✐❣✉r❛ ❆✳✹✻✿ ❊❢❡✐t♦ ❞♦ ❝❤♦q✉❡ s♦❜r❡ ❛ t❛①❛ ❞❡ ❥✉r♦s ❡①t❡r♥❛ s♦❜ r❡♥❞❛ ❡①t❡r♥❛✱ t❛①❛ ❞❡
❥✉r♦s ❡ ♣♦❧ít✐❝❛ ♠♦♥❡tár✐❛ ✭✷✵✶✾✮
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