
❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s

■♥st✐t✉t♦ ❞❡ ❈♦♠♣✉t❛çã♦
■◆❙❚■❚❯❚❖ ❉❊
❈❖▼P❯❚❆➬➹❖

❉❛♥✐❡❧ ●✉✐♠❛rã❡s ❞♦ ▲❛❣♦

❆❧❣♦r✐t♠♦s ❞❡ ❊s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ▼áq✉✐♥❛s ❱✐rt✉❛✐s

❈✐❡♥t❡s ❞❡ ❚♦♣♦❧♦❣✐❛ ❡ ❊♥❡r❣✐❛ ❡♠ ❉❛t❛ ❈❡♥t❡rs

❈❆▼P■◆❆❙

✷✵✶✽



❉❛♥✐❡❧ ●✉✐♠❛rã❡s ❞♦ ▲❛❣♦

❆❧❣♦r✐t♠♦s ❞❡ ❊s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ▼áq✉✐♥❛s ❱✐rt✉❛✐s ❈✐❡♥t❡s ❞❡

❚♦♣♦❧♦❣✐❛ ❡ ❊♥❡r❣✐❛ ❡♠ ❉❛t❛ ❈❡♥t❡rs

❚❡s❡ ❛♣r❡s❡♥t❛❞❛ ❛♦ ■♥st✐t✉t♦ ❞❡ ❈♦♠♣✉t❛çã♦
❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s ❝♦♠♦
♣❛rt❡ ❞♦s r❡q✉✐s✐t♦s ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦ tít✉❧♦
❞❡ ❉♦✉t♦r ❡♠ ❈✐ê♥❝✐❛ ❞❛ ❈♦♠♣✉t❛çã♦✳

❖r✐❡♥t❛❞♦r✿ Pr♦❢✳ ❉r✳ ❊❞♠✉♥❞♦ ❘♦❜❡rt♦ ▼❛✉r♦ ▼❛❞❡✐r❛

❊st❡ ❡①❡♠♣❧❛r ❝♦rr❡s♣♦♥❞❡ à ✈❡rsã♦ ✜♥❛❧ ❞❛
❚❡s❡ ❞❡❢❡♥❞✐❞❛ ♣♦r ❉❛♥✐❡❧ ●✉✐♠❛rã❡s ❞♦
▲❛❣♦ ❡ ♦r✐❡♥t❛❞❛ ♣❡❧♦ Pr♦❢✳ ❉r✳ ❊❞♠✉♥❞♦
❘♦❜❡rt♦ ▼❛✉r♦ ▼❛❞❡✐r❛✳

❈❆▼P■◆❆❙

✷✵✶✽





❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s

■♥st✐t✉t♦ ❞❡ ❈♦♠♣✉t❛çã♦
■◆❙❚■❚❯❚❖ ❉❊
❈❖▼P❯❚❆➬➹❖

❉❛♥✐❡❧ ●✉✐♠❛rã❡s ❞♦ ▲❛❣♦

❆❧❣♦r✐t♠♦s ❞❡ ❊s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ▼áq✉✐♥❛s ❱✐rt✉❛✐s ❈✐❡♥t❡s ❞❡

❚♦♣♦❧♦❣✐❛ ❡ ❊♥❡r❣✐❛ ❡♠ ❉❛t❛ ❈❡♥t❡rs

❇❛♥❝❛ ❊①❛♠✐♥❛❞♦r❛✿

• Pr♦❢✳ ❉r✳ ❊❞♠✉♥❞♦ ❘♦❜❡rt♦ ▼❛✉r♦ ▼❛❞❡✐r❛
❯◆■❈❆▼P✲■❈

• Pr♦❢✳ ❉r✳ ❉❥❛♠❡❧ ❋❛✇③✐ ❍❛❞❥ ❙❛❞♦❦
❯❋P❊

• Pr♦❢✳ ❉r✳ ❋❛❜✐♦ ▲✉❝✐❛♥♦ ❱❡r❞✐
❯❋❙❈❛r

• Pr♦❢✳ ❉r✳ ❈❤r✐st✐❛♥ ❊st❡✈❡ ❘♦t❤❡♥❜❡r❣
❯◆■❈❆▼P✲❋❊❊❈

• Pr♦❢✳ ❉r✳ ◆❡❧s♦♥ ▲✉✐s ❙❛❧❞❛♥❤❛ ❞❛ ❋♦♥s❡❝❛
❯◆■❈❆▼P✲■❈

❆ ❛t❛ ❞❛ ❞❡❢❡s❛ ❝♦♠ ❛s r❡s♣❡❝t✐✈❛s ❛ss✐♥❛t✉r❛s ❞♦s ♠❡♠❜r♦s ❞❛ ❜❛♥❝❛ ❡♥❝♦♥tr❛✲s❡ ♥♦
♣r♦❝❡ss♦ ❞❡ ✈✐❞❛ ❛❝❛❞ê♠✐❝❛ ❞♦ ❛❧✉♥♦✳

❈❛♠♣✐♥❛s✱ ✷✽ ❞❡ ❢❡✈❡r❡✐r♦ ❞❡ ✷✵✶✽



❆❣r❛❞❡❝✐♠❡♥t♦s

❆❣r❛❞❡ç♦ à ♠✐♥❤❛ ❢❛♠í❧✐❛ ♣❡❧♦ ❛♣♦✐♦✳ ❊♠ ❡s♣❡❝✐❛❧ à ♠❛♠ã❡ ❱â♥✐❛✱ ❛♦ t✐♦ ▼❛♥é✱ à ✈♦✈ó
❚❡r❡s✐♥❤❛✱ à ✈♦✈ó ▲♦❧✐t❛ ✭✐♥ ♠❡♠♦r✐❛♥✮✱ ❛♦ ♠❡✉ ❛✈ô ❚♦♠é ✭✐♥ ♠❡♠♦r✐❛♥✮✱ ♣❡❧♦ ✐♥❝❡♥t✐✈♦✳
❆♦s ♠❡✉s ✐r♠ã♦s ❉❛✈✐✱ ▲✉❝❛s✱ ▲✉ís❛ ❡ ❆♥❞ré✱ ♣❡❧♦ ❝♦♠♣❛♥❤❡✐r✐s♠♦✳ ➚ ♠✐♥❤❛ ♥♦✐✈❛
▼❛②❛r❛✱ ♣❡❧♦ ❛♠♦r✱ ❝❛r✐♥❤♦ ❡ ❝♦♠♣r❡❡♥sã♦✳ ➚ ❞♦♥❛ ■❛♥❞r❛ ❡ ❛♦ s❡♥❤♦r ▲❛❥❛r❛✱ ♣❡❧♦
s✉♣♦rt❡✳

➚ ❯♥✐❝❛♠♣ ❡ ❛♦s ♣r♦❢❡ss♦r❡s ❞♦ ■❈ ♣♦r ♠❡ ♣♦ss✐❜✐❧✐t❛r❡♠ ✉♠ ❝r❡s❝✐♠❡♥t♦ tã♦ ✐♠♣♦r✲
t❛♥t❡✳ ❆♦s ♠❡✉s ❝♦❧❡❣❛s ❞♦ ▲❘❈✱ ♣❡❧❛ ❝♦♠♣r❡❡♥sã♦✳ ❆♦s ♠❡✉s ❛♠✐❣♦s ❞❡ r❡♣ú❜❧✐❝❛✱ ❏ú❧✐♦
❡ ❉❛♥✐❧♦✱ ♣❡❧❛ ❛♠✐③❛❞❡✳

❆♦s ♣r♦❢❡ss♦r❡s ❞♦ ❈❊❋❊❚✲▼●✱ ❡♠ ❡s♣❡❝✐❛❧ ♦s ❞❛ ❈♦♦r❞❡♥❛çã♦ ❞❡ ■♥❢♦r♠át✐❝❛✱ ♣❡❧♦
❛♣♦✐♦✳

❆♦s té❝♥✐❝♦s ❛❞♠✐♥✐str❛t✐✈♦s ❞♦ ■❈✱ ♣❡❧❛ ❛t❡♥çã♦ ❡ ❡✜❝✐ê♥❝✐❛✳
❆♦ ♣r♦❢❡ss♦r ❉❡❡♣ ▼❡❞❤✐✱ ♣❡❧❛ ❝♦❧❛❜♦r❛çã♦ ❞❡ ❢✉♥❞❛♠❡♥t❛❧ ✐♠♣♦rtâ♥❝✐❛ ♥♦ ❞❡s❡♥✈♦❧✲

✈✐♠❡♥t♦ ❞❡st❡ tr❛❜❛❧❤♦✳
❊♠ ❡s♣❡❝✐❛❧ ❛♦ ♠❡✉ ♦r✐❡♥t❛❞♦r✱ ♣r♦❢❡ss♦r ❊❞♠✉♥❞♦✱ q✉❡ ♠❡ ♠♦str♦✉ ♦s ❧♦♥❣í♥q✉♦s

❧✐♠✐t❡s ❞❛ ❡①❝❡❧ê♥❝✐❛✳
➚ ❈❆P❊❙✱ ❛♦ ❈◆Pq✱ à ❯♥✐❝❛♠♣✱ à ❋❆P❊❙P ❡ ❛♦ ❈❊❋❊❚✲▼● ♣❡❧♦ ❛♣♦✐♦ ✜♥❛♥❝❡✐r♦

q✉❡ ♣♦ss✐❜✐❧✐t♦✉ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❡ tr❛❜❛❧❤♦✳



❘❡s✉♠♦

❖ ❝r❡s❝❡♥t❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡ ❛ ♣♦❧✉✐çã♦ ❣❡r❛❞❛ ♣❛r❛ ❛❧✐♠❡♥t❛r❡♠ ❛ ✐♥❢r❛❡str✉t✉r❛ ❞❛
❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠✱ ✐♠♣✉❧s✐♦♥❛❞♦s ♣❡❧❛ ♣r♦❧✐❢❡r❛çã♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s ❝♦♠ ❜❛✐①♦ ♣♦❞❡r
❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡ ❛ ❝r❡s❝❡♥t❡ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❝♦♠♣✉t❛çã♦ ❡❧ást✐❝❛✱ tê♠ s✐❞♦ ✉♠❛ ❝♦♥s✲
t❛♥t❡ ♣r❡♦❝✉♣❛çã♦✱ r❡✢❡t✐❞❛ ❡♠ ♥✉♠❡r♦s❛s ❛❜♦r❞❛❣❡♥s ♥♦ ❝♦♥t❡①t♦ ❞❛ ❝♦♠♣✉t❛çã♦ ✈❡r❞❡
♣❛r❛ ❧✐❞❛r ❝♦♠ ❡st❡ ♣r♦❜❧❡♠❛✳ ❆❧é♠ ❞✐ss♦✱ ♣❡r❝❡❜❡♠♦s q✉❡ ♦ ♣r✐♥❝✐♣❛❧ ♣❛❞rã♦ ❡s❝♦❧❤✐❞♦
♣❛r❛ ❛ ❝♦♥❡❝t✐✈✐❞❛❞❡ ❞♦s ❞❛t❛ ❝❡♥t❡rs q✉❡ ♦♣❡r❛♠ ❡♠ ♥✉✈❡♠✱ ❊t❤❡r♥❡t✱ t❡♠ ❛♣r❡s❡♥t❛❞♦
rá♣✐❞♦ ❛✉♠❡♥t♦ ❞❛s t❛①❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❜❡♠ ❝♦♠♦ ❛ ❡①♣❡❝t❛t✐✈❛ ❞❡ ❝♦♥t✐♥✉✐❞❛❞❡ ❞❡st❡✳
◆❡st❡ tr❛❜❛❧❤♦ ❡❢❡t✉❛♠♦s ❡st✉❞♦s ❛❝❡r❝❛ ❞♦s ✐♠♣❛❝t♦s ❞♦ ❛✉♠❡♥t♦ ❞❛s t❛①❛s ❞❡ tr❛♥s♠✐s✲
sã♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❢♦❝❛♥❞♦✱ ❡♠ ❡s♣❡❝✐❛❧✱ ♥♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛✱ ♥♦ ♠❛❦❡s♣❛♥✱ ♥♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❡ ♥♦ ♥ú♠❡r♦ ❞❡
♠✐❣r❛çõ❡s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ❞❛t❛ ❝❡♥t❡rs q✉❡ ♦♣❡r❛♠ ❡♠ ♥✉✈❡♥s✱ ♥♦ ❝♦♥t❡①t♦ ❞❛
❝✐ê♥❝✐❛ ❞❡ ❡♥❡r❣✐❛✳ ❉❡s❡♥✈♦❧✈❡♠♦s✱ t❛♠❜é♠✱ ✉♠ ♠♦❞❡❧♦ ❡♠♣ír✐❝♦ ♣❛r❛ ❡st✐♠❛r ♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛ ❡♠ ❢✉♥çã♦ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝❡♥ár✐♦s✳ ❊①♣❛♥❞✐♠♦s
♥♦ss♦s ❡st✉❞♦s ❡ ❛♣r❡s❡♥t❛♠♦s ♦ ❇❆▲❆✱ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉✲
❛✐s ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❡ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ❝♦♠ ❡s♣❡❝✐❛❧ ❛♣r♦✈❡✐t❛♠❡♥t♦ ❡♠ ❞❛t❛ ❝❡♥t❡rs
❝♦♠ ❛❣r✉♣❛♠❡♥t♦s ❞❡ s❡r✈✐❞♦r❡s q✉❡ ❛♣r❡s❡♥t❛♠ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡ ❡♠ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳
❋✐♥❛❧♠❡♥t❡✱ ❛♣r❡s❡♥t❛♠♦s ♦ ❚❊❆✱ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❡ ❞❡ t♦♣♦❧♦❣✐❛ ❞❡ r❡❞❡✱ q✉❡ ❝♦♥s✐❞❡r❛ ♥ã♦ s♦♠❡♥t❡ ♦s ❡❧❡♠❡♥t♦s ❞❡
❜♦r❞❛✱ ♠❛s t❛♠❜é♠ ♦ ♥ú❝❧❡♦ ❞❛ r❡❞❡✱ s❡♥❞♦ ✉♠ ❛❧❣♦r✐t♠♦ ❡s❝❛❧á✈❡❧ ❝❛♣❛③ ❞❡ ❛t✉❛r ❡♠
✉♠❛ ❞✐✈❡rs✐❞❛❞❡ ❞❡ ❝❡♥ár✐♦s✱ ✐♥❝❧✉✐♥❞♦✱ ♠❛s ♥ã♦ s❡ ❧✐♠✐t❛♥❞♦✱ ❛ ♥✉✈❡♥s ❝♦♥st✐t✉í❞❛s ❞❡
❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ♦✉ ♥ã♦✱ ❝♦♠ t♦♣♦❧♦❣✐❛s ❞❡ r❡❞❡ ❛r❜✐trár✐❛s✱ q✉❡ ❛❞♠✐t❡♠ ♦✉
♥ã♦ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❤♦♠♦❣ê♥❡♦s ♦✉ ❤❡t❡r♦❣ê♥❡♦s t❛♥t♦ ❡♠ s❡r✈✐❞♦r❡s
q✉❛♥t♦ ♥♦ ♥ú❝❧❡♦ ❞❛ r❡❞❡✱ ♣♦❞❡♥❞♦ s✉♣♦rt❛r ❙▲❆ ❝♦♠ ❣❛r❛♥t✐❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ ❞❛r ♣r❡❢❡rê♥❝✐❛ às ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞❡ ♣r✐♦r✐❞❛❞❡s ❡❧❡✈❛❞❛s✳ P❛r❛
❛t✐♥❣✐r ♥♦ss♦s ♦❜❥❡t✐✈♦s✱ ✉t✐❧✐③❛♠♦s ❡♠ ❛♠❜♦s ❛❧❣♦r✐t♠♦s té❝♥✐❝❛s ❝♦♠♦ ♦ ❞❡s❧✐❣❛♠❡♥t♦
❞❡ s❡r✈✐❞♦r❡s ♦❝✐♦s♦s✱ ❉❱❋❙ ❡ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❊♠ ❛❞✐çã♦✱ ♥♦ ❚❊❆✱
t❛♠❜é♠ ❡♠♣r❡❣❛♠♦s ✉♠ ❝♦♥❝❡✐t♦ ❞❡ ♠❛①✐♠✐③❛çã♦ ❞❡ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞❡ r♦t❛s ❡ ♦
❞❡s❧✐❣❛♠❡♥t♦ ❞❡ ❝♦♠✉t❛❞♦r❡s ❞❡ ♣❛❝♦t❡s ♦❝✐♦s♦s✳ ❘❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r s✐♠✉❧❛çã♦ ❡♠
✉♠ ❡①t❡♥s♦ ♥ú♠❡r♦ ❞❡ ❝❡♥ár✐♦s ♠♦str❛♠ q✉❡ ❡st❡ ❛❧❣♦r✐t♠♦✱ ❝♦♥❢r♦♥t❛❞♦ ❛ ❞✐✈❡rs♦s ♦✉tr♦s
❛❧❣♦r✐t♠♦s ❝✐❡♥t❡s ❞❡ ❡♥❡r❣✐❛✱ ❛♣r❡s❡♥t❛ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❡♠ ❡❝♦♥♦♠✐❛ ❞❡ ❡♥❡r❣✐❛
❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ♠❡t❛❞❡ ❞♦s ❝❛s♦s✱ ❡ ♦ ♠❡❧❤♦r ♠❛❦❡s♣❛♥ ♥❛ ♠❛✐♦r ♣❛rt❡ ❞♦s ❝❛s♦s✳
❖s ❣❛♥❤♦s ♦❜s❡r✈❛❞♦s sã♦ ♥♦tá✈❡✐s ❡♠ ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s✱ ❤❡t❡r♦❣ê♥❡♦s ❡ ❝♦♠
t♦♣♦❧♦❣✐❛s ❝♦♥st✐t✉í❞❛s ♣♦r ✉♠ ♥ú♠❡r♦ ❣r❛♥❞❡ ❞❡ ❝♦♠✉t❛❞♦r❡s ❞❡ ♣❛❝♦t❡s✳



❆❜str❛❝t

❚❤❡ ✐♥❝r❡❛s✐♥❣ ❡♥❡r❣② ❝♦♥s✉♠♣t✐♦♥ ❛♥❞ t❤❡ ♣♦❧❧✉t✐♦♥ ❣❡♥❡r❛t❡❞ t♦ ♣♦✇❡r t❤❡ ✐♥❢r❛str✉❝✲
t✉r❡ ♦❢ t❤❡ ❝❧♦✉❞ ❝♦♠♣✉t✐♥❣✱ ❞r✐✈❡♥ ❜② t❤❡ ♣r♦❧✐❢❡r❛t✐♦♥ ♦❢ ❞❡✈✐❝❡s ✇✐t❤ ❧♦✇ ♣r♦❝❡ss✐♥❣
♣♦✇❡r ❛♥❞ t❤❡ ✐♥❝r❡❛s✐♥❣ ♥❡❡❞ ❢♦r ❡❧❛st✐❝ ❝♦♠♣✉t✐♥❣✱ ❤❛✈❡ ❜❡❡♥ ❛ ❝♦♥st❛♥t ❝♦♥❝❡r♥✱ r❡✲
✢❡❝t❡❞ ✐♥ ♥✉♠❡r♦✉s ❛♣♣r♦❛❝❤❡s ✐♥ t❤❡ ❝♦♥t❡①t ♦❢ ❣r❡❡♥ ❝♦♠♣✉t✐♥❣ t♦ ❞❡❛❧ ✇✐t❤ t❤✐s ♣r♦❜✲
❧❡♠✳ ■♥ ❛❞❞✐t✐♦♥✱ ✇❡ r❡❛❧✐③❡ t❤❛t t❤❡ ❝♦♥♥❡❝t✐✈✐t② ❧❡❛❞✐♥❣ ❝❤♦✐❝❡ ❢♦r ❞❛t❛ ❝❡♥t❡rs t❤❛t
♦♣❡r❛t❡s ✐♥ t❤❡ ❝❧♦✉❞✱ ❊t❤❡r♥❡t✱ ❤❛s s❤♦✇♥ r❛♣✐❞ ✐♥❝r❡❛s❡ ✐♥ tr❛♥s♠✐ss✐♦♥ r❛t❡s✱ ❛s ✇❡❧❧
❛s t❤❡ ❡①♣❡❝t❛t✐♦♥ ♦❢ ❝♦♥t✐♥✉✐t② ♦❢ t❤✐s ❣r♦✇t❤✳ ■♥ t❤✐s ✇♦r❦✱ ✇❡ st✉❞② t❤❡ ✐♠♣❛❝ts ♦❢ t❤❡
✐♥❝r❡❛s❡ ♦❢ tr❛♥s♠✐ss✐♦♥ r❛t❡s ✐♥ t❤❡ ✈✐rt✉❛❧ ♠❛❝❤✐♥❡ s❝❤❡❞✉❧✐♥❣ ♣r♦❝❡ss✱ ❢♦❝✉s✐♥❣ ✐♥ ♣❛r✲
t✐❝✉❧❛r ♦♥ ♣♦✇❡r ❝♦♥s✉♠♣t✐♦♥✱ ♠❛❦❡s♣❛♥✱ ✇♦r❦❧♦❛❞ ❡①❡❝✉t✐♦♥ t✐♠❡s✱ ❛♥❞ t❤❡ ♥✉♠❜❡r ♦❢
♠❛❝❤✐♥❡ ♠✐❣r❛t✐♦♥s ✐♥ ❞❛t❛ ❝❡♥t❡rs t❤❛t ♦♣❡r❛t❡ ✐♥ ❝❧♦✉❞s ✐♥ t❤❡ ❝♦♥t❡①t ♦❢ ❡♥❡r❣② ❛✇❛r❡✲
♥❡ss✳ ❲❡ ❤❛✈❡ ❛❧s♦ ❞❡✈❡❧♦♣❡❞ ❛♥ ❡♠♣✐r✐❝❛❧ ♠♦❞❡❧ t♦ ❡st✐♠❛t❡ ❡♥❡r❣② ❝♦♥s✉♠♣t✐♦♥ ❛s ❛
❢✉♥❝t✐♦♥ ♦❢ ❜❛♥❞✇✐❞t❤ ❢♦r ❛ s❡t ♦❢ s❝❡♥❛r✐♦s✳ ❲❡ ❤❛✈❡ ❡①♣❛♥❞❡❞ ♦✉r st✉❞✐❡s ❛♥❞ ♣r❡s❡♥t❡❞
t❤❡ ❇❆▲❆✱ ❛♥ ❡♥❡r❣②✲❛✇❛r❡ ❛♥❞ ❜❛♥❞✇✐❞t❤✲❛✇❛r❡ s❝❤❡❞✉❧✐♥❣ ❛❧❣♦r✐t❤♠✱ ✇✐t❤ s♣❡❝✐❛❧ ✉s❡
✐♥ ❞❛t❛ ❝❡♥t❡rs ✇✐t❤ s❡r✈❡r ❣r♦✉♣s ❤❛✈✐♥❣ ❤❡t❡r♦❣❡♥❡✐t② ✐♥ ❜❛♥❞✇✐❞t❤✳ ❋✐♥❛❧❧②✱ ✇❡ ♣r❡s❡♥t
t❤❡ ❚❊❆✱ ❛ ✈✐rt✉❛❧ s❝❤❡❞✉❧✐♥❣ ❛❧❣♦r✐t❤♠ ❛✇❛r❡ ♦❢ ❡♥❡r❣② ❛♥❞ ♥❡t✇♦r❦ t♦♣♦❧♦❣②✱ ✇❤✐❝❤ ❝♦♥✲
s✐❞❡rs ♥♦t ♦♥❧② t❤❡ ❡❞❣❡ ❡❧❡♠❡♥ts✱ ❜✉t ❛❧s♦ t❤❡ ♥❡t✇♦r❦ ❝♦r❡✱ ❜❡✐♥❣ ❛ s❝❛❧❛❜❧❡ ❛❧❣♦r✐t❤♠
❝❛♣❛❜❧❡ ♦❢ ❛❝t✐♥❣ ✐♥ ❛ ❞✐✈❡rs✐t② ♦❢ s❝❡♥❛r✐♦s✱ ✐♥❝❧✉❞✐♥❣✱ ❜✉t ♥♦t ❧✐♠✐t❡❞ t♦✱ ❝❧♦✉❞s ♠❛❞❡ ✉♣
♦❢ ❣❡♦✲❞✐str✐❜✉t❡❞ ♦r ♥♦♥ ❣❡♦✲❞✐str✐❜✉t❡❞ ❞❛t❛ ❝❡♥t❡rs ✇✐t❤ ❛r❜✐tr❛r② ♥❡t✇♦r❦ t♦♣♦❧♦❣✐❡s
t❤❛t ❛❧❧♦✇ ♦r ❞✐s❛❧❧♦✇ t❤❡ ♠✐❣r❛t✐♦♥ ♦❢ ✈✐rt✉❛❧ ♠❛❝❤✐♥❡s✱ ❤♦♠♦❣❡♥❡♦✉s ♦r ❤❡t❡r♦❣❡♥❡♦✉s
s❡r✈❡rs ❛♥❞ ♥❡t✇♦r❦ ❝♦r❡ ❞❡✈✐❝❡s✱ ❛♥❞ s✉♣♣♦rt✐♥❣ ❙▲❆ ✇✐t❤ ❣✉❛r❛♥t❡❡❞ ♣r♦❝❡ss✐♥❣ ❢♦r
✈✐rt✉❛❧ ♠❛❝❤✐♥❡s ❛♥❞ ❣✐✈✐♥❣ ♣r❡❢❡r❡♥❝❡ ❢♦r ❤✐❣❤ ♣r✐♦r✐t② ✈✐rt✉❛❧ ♠❛❝❤✐♥❡s✳ ❚♦ ❛❝❤✐❡✈❡ ♦✉r
❣♦❛❧s✱ ✇❡ ✉s❡ ✐♥ ❜♦t❤ ❛❧❣♦r✐t❤♠s t❡❝❤♥✐q✉❡s s✉❝❤ ❛s s❤✉t❞♦✇♥ ♦❢ ✐❞❧❡ s❡r✈❡rs✱ ❉❱❋❙✱ ❛♥❞
♠✐❣r❛t✐♦♥ ♦❢ ✈✐rt✉❛❧ ♠❛❝❤✐♥❡s✳ ■♥ ❛❞❞✐t✐♦♥✱ ✐♥ ❚❊❆✱ ✇❡ ❛❧s♦ ❡♠♣❧♦② ❛ ❝♦♥❝❡♣t ♦❢ ♠❛①✐✲
♠✐③✐♥❣ ❡♥❡r❣② ❡✣❝✐❡♥❝② ✐♥ r♦✉t❡s ❛♥❞ s❤✉tt✐♥❣ ❞♦✇♥ ✐❞❧❡ s✇✐t❝❤❡s✳ ❘❡s✉❧ts ♦❜t❛✐♥❡❞ ❜②
s✐♠✉❧❛t✐♦♥ ✐♥ ❛♥ ❡①t❡♥s✐✈❡ ♥✉♠❜❡r ♦❢ s❝❡♥❛r✐♦s s❤♦✇ t❤❛t t❤✐s ❛❧❣♦r✐t❤♠✱ ❝♦♠♣❛r❡❞ t♦
s❡✈❡r❛❧ ♦t❤❡r ❡♥❡r❣②✲❛✇❛r❡ ❛❧❣♦r✐t❤♠s✱ ♣r❡s❡♥ts t❤❡ ❜❡st r❡s✉❧ts ✐♥ ❡♥❡r❣② s❛✈✐♥❣s ✐♥ ❛♣✲
♣r♦①✐♠❛t❡❧② ❤❛❧❢ ♦❢ t❤❡ ❝❛s❡s✱ ❛♥❞ t❤❡ ❜❡st ♠❛❦❡s♣❛♥ ✐♥ ♠♦st ❝❛s❡s✳ ❚❤❡ ♦❜s❡r✈❡❞ ❣❛✐♥s
❛r❡ ♥♦t❛❜❧❡ ✐♥ ❣❡♦✲❞✐str✐❜✉t❡❞ ❞❛t❛ ❝❡♥t❡rs✱ ✇✐t❤ t♦♣♦❧♦❣✐❡s ❝♦♥s✐st✐♥❣ ♦❢ ❛ ❧❛r❣❡ ♥✉♠❜❡r
♦❢ s✇✐t❝❤❡s✱ ❛♥❞ ✐♥ ❤❡t❡r♦❣❡♥❡✐t② ❝❛s❡s✳
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✶✳✶ ❊st✐♠❛t✐✈❛ ❞❡ ❈♦♥s✉♠♦ ✭❇✐❧❤õ❡s ❞❡ ❦❲❤✮ ❡ ❊♠✐ssõ❡s ❞❡ ▼t❈❖✷❡ ♥❛ ❈♦♠✲
♣✉t❛çã♦ ❡♠ ◆✉✈❡♠ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵

✶✳✷ ❊✈♦❧✉çã♦ ❞❛s ❚❛①❛s ❞❡ ❚r❛♥s♠✐ssã♦ ❞❛ ❚❡❝♥♦❧♦❣✐❛ ❊t❤❡r♥❡t ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶
✶✳✸ ▼♦❞❡❧♦ ❞❡ ●❡♦❞✐str✐❜✉✐çã♦ ❞❡ ◆✉✈❡♥s tr❛❜❛❧❤❛❞♦ ♥❡st❛ ♣r♦♣♦st❛ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹

✷✳✶ ●♦♦❣❧❡ ❚r❡♥❞s✿ ■♥t❡r❡ss❡ ♥❛ ❈♦♠♣✉t❛çã♦ ❡♠ ◆✉✈❡♠ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✼
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❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

❆ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ r❡❢❡r❡✲s❡ ❛ ✉♠ ♠♦❞❡❧♦ ❞❡ ❝♦♠♣✉t❛çã♦ ✐♥✐❝✐❛❞♦ ❡♠ ✶✾✾✾ ♣♦r ❋r❡✲
❞r✐❦ ▼❛❧♠❡r ✭❲❡❜❖❙✮ ❬✶✺❪ ❡ q✉❡ t❡✈❡ ✉♠ rá♣✐❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❛ ♣❛rt✐r ❞❡ ✷✵✶✵ ❬✽✸❪✱ s❡
t♦r♥❛♥❞♦ ✉♠❛ ✐♠♣♦rt❛♥t❡ ár❡❛ ❞❡ ♣❡sq✉✐s❛ ♥♦s ú❧t✐♠♦s ❛♥♦s✳ ❉❡ ❢❛t♦✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r
♥♦ ●♦♦❣❧❡ ❙❝❤♦❧❛r ❝❡♥t❡♥❛s ❞❡ ♠✐❧❤❛r❡s ❞❡ tr❛❜❛❧❤♦s ♣✉❜❧✐❝❛❞♦s s♦❜r❡ ❡st❡ ♠♦❞❡❧♦ ✖ ❝♦♠
✉♠ ❛✉♠❡♥t♦ ❞❡ ♠❛✐s ❞❡ ✶✳✹✵✵✪ ♥♦ ♥ú♠❡r♦ ❞❡ ❛rt✐❣♦s ♣✉❜❧✐❝❛❞♦s ❞❡s❞❡ ✷✵✵✾ ❬✺✼❪ ✖ q✉❡
♣❡r♠✐t❡ ❛❝❡ss♦ ❡♠ r❡❞❡ ✉❜íq✉♦✱ ❝♦♥✈❡♥✐❡♥t❡ ❡ s♦❜ ❞❡♠❛♥❞❛ ♣❛r❛ ✉♠❛ ❣❛♠❛ ❞❡ r❡❝✉rs♦s
❝♦♠♣✉t❛❝✐♦♥❛✐s ❝♦♥✜❣✉rá✈❡✐s ✭❡①✿ r❡❞❡s✱ s❡r✈✐❞♦r❡s✱ ❛r♠❛③❡♥❛♠❡♥t♦✱ ❛♣❧✐❝❛çõ❡s ❡ s❡r✈✐✲
ç♦s✮✱ q✉❡ ♣♦❞❡♠ s❡r r❛♣✐❞❛♠❡♥t❡ ❛♣r♦✈✐s✐♦♥❛❞♦s ❡ ❧✐❜❡r❛❞♦s ❝♦♠ ♠í♥✐♠♦ ❡s❢♦rç♦ ❛❞♠✐✲
♥✐str❛t✐✈♦ ♦✉ ✐♥t❡r❛çã♦ ❞♦ ♣r♦✈❡❞♦r ❞❡ s❡r✈✐ç♦s ❬✽✹❪✳

❊st❡ ♠♦❞❡❧♦ ♣♦ss✉✐ ❝✐♥❝♦ ❝❛r❛❝t❡ríst✐❝❛s ❡ss❡♥❝✐❛✐s ✖ ❛✉t♦✲s❡r✈✐ç♦ s♦❜ ❞❡♠❛♥❞❛✱ ❛❝❡ss♦
❜❛♥❞❛ ❧❛r❣❛ à r❡❞❡✱ ❛♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❡ r❡❝✉rs♦s✱ ❡❧❛st✐❝✐❞❛❞❡ rá♣✐❞❛ ❡ s❡r✈✐✲
ç♦s ✖ ❡ ❡♠ ♥í✈❡❧ ❞❡ ✐♥❢r❛❡str✉t✉r❛✱ ♣❧❛t❛❢♦r♠❛✱ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡ s♦❢t✇❛r❡ ❬✻❪ ✖ ♣❛❣♦
♣❡❧♦ ✉s♦✳ ❆❧❣✉♥s tr❛❜❛❧❤♦s ✈ã♦ ❛❧é♠ ❡ ♣r♦♣õ❡♠ ✏t✉❞♦✑ ❝♦♠♦ ✉♠ s❡r✈✐ç♦ ✭❳❛❛❙✮ ❬✾✷❪✳ P❛r❛
t♦r♥❛r t❛✐s s❡r✈✐ç♦s ♣♦ssí✈❡✐s✱ r❡❝✉rs♦s ✈✐rt✉❛❧✐③❛❞♦s✱ ❡♠ ❡s♣❡❝✐❛❧ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✭❱▼s✮✱
sã♦ ❢r❡q✉❡♥t❡♠❡♥t❡ ❡♠♣r❡❣❛❞♦s ❡♠ ❞❛t❛ ❝❡♥t❡rs ❝♦♠♣✉t❛❝✐♦♥❛✐s ❬✻✻❪ ✖ ❝♦♥❥✉♥t♦s ❢ís✐❝♦s
❞❡ s❡r✈✐❞♦r❡s ✖ ♠áq✉✐♥❛s ❢ís✐❝❛s ✖ ✐♥t❡r❝♦♥❡❝t❛❞♦s ♣♦r ✉♠❛ r❡❞❡✱ ❞✐s♣♦♥í✈❡✐s ♣❛r❛ r❡❝❡✲
❜❡r❡♠ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✳ ❯♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧
é ✉♠❛ ✐♥stâ♥❝✐❛ ✈✐rt✉❛❧ ❞❡ ✉♠❛ ♠áq✉✐♥❛✱ ❛❝❡ssí✈❡❧ ❛tr❛✈és ❞❡ ✉♠❛ ♥✉✈❡♠✱ ❤♦s♣❡❞❛❞❛ ❡♠
✉♠ s❡r✈✐❞♦r ❞❡t❡r♠✐♥❛❞♦ ♣♦r ✉♠ ❜r♦❦❡r ✖ ✉♠ s❡r✈✐❞♦r r❡s♣♦♥sá✈❡❧ ♣♦r ❧✐❞❛r ❝♦♠ ❡✈❡♥t♦s
❝♦♠♦ r❡q✉✐s✐çã♦ ❞❡ r❡❝✉rs♦s✱ ❝r✐❛çã♦ ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ r❡t♦r♥♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❡
✜♥❛❧✐③❛çã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❯♠ ❡①❡♠♣❧♦ ❞❡ t❡❝♥♦❧♦❣✐❛ ❞❡ ❜r♦✲
❦❡r é ♦ ♥♦✈❛✲s❝❤❡❞✉❧❡r ❞♦ ❖♣❡♥❙t❛❝❦ ❬✾✺❪✳ ❯♠❛ ♠áq✉✐♥❛ ❢ís✐❝❛ ♣♦❞❡ ❤♦s♣❡❞❛r ♠ú❧t✐♣❧❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛ ❞❡♣❡♥❞❡r ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ r❡❝✉rs♦s q✉❡ ❡ss❛ ❞✐s♣õ❡ ❡ ❞❛ q✉❛♥t✐❞❛❞❡
❞❡ r❡❝✉rs♦s ❡s♣❡r❛❞♦s ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛ s❡r❡♠ ❛❧♦❝❛❞❛s✳

■♠♣✉❧s✐♦♥❛❞❛s ♣❡❧♦ s✉r❣✐♠❡♥t♦ ❞❡ s✉❝❡ss✐✈♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ❜❛✐①♦ ♣♦❞❡r ❞❡ ♣r♦❝❡s✲
s❛♠❡♥t♦✱ ✈ár✐❛s ♣❧❛t❛❢♦r♠❛s ♣❛r❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ s✉r❣✐r❛♠✴❡①♣❛♥❞✐r❛♠✱ ♥♦t❛✈❡❧✲
♠❡♥t❡ ❡♠ ❣r❛♥❞❡s ❝♦r♣♦r❛çõ❡s ✖ ▼✐❝r♦s♦❢t ❆③✉r❡ ❬✽✻❪✱ ●♦♦❣❧❡ ❆♣♣ ❊♥❣✐♥❡ ❬✹✹❪✱ ❆♠❛③♦♥

❊❈✷ ❬✸❪ ✖ ❝♦rr♦❜♦r❛♥❞♦ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❛ ♥✉✈❡♠ ❝♦♠♦ ✉♠❛ ♠❡❣❛✲t❡♥❞ê♥❝✐❛ ❬✹✼❪✳
▼❛s ❡st❛ ❣r❛♥❞❡ ❡①♣❛♥sã♦ t❛♠❜é♠ tr♦✉①❡ ❛❧❣✉♠❛s ♣r❡♦❝✉♣❛çõ❡s✳ ❑♦♦♠❡② ❬✻✽❪ ❛✜r✲

♠♦✉ q✉❡✱ ♥♦s ❊❯❆✱ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞♦s s❡r✈✐❞♦r❡s é ❞❛ ♠❡s♠❛ ♠❛❣♥✐t✉❞❡ ❞♦
❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❡ t♦❞❛s ❛s t❡❧❡✈✐sõ❡s✳ ❉❡ ❢❛t♦✱ ▲❡❢è✈r❡ ❬✼✽❪ ❡st✐♠♦✉ q✉❡ ❡♠ ✷✵✵✾
t♦❞♦s ♦s ❝♦♠♣✉t❛❞♦r❡s ❞♦ ♠✉♥❞♦ ✉s❛r❛♠ ✶✵✪ ❞❛ ❡♥❡r❣✐❛ ❣❧♦❜❛❧ ❝♦♥s✉♠✐❞❛✳ ❆❧❣✉♠❛s
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♦r❣❛♥✐③❛çõ❡s ❡♠ ♣r♦❧ ❞♦ ♠❡✐♦ ❛♠❜✐❡♥t❡ q✉❡st✐♦♥❛♠ ❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠✳ ❖ ●r❡❡♥✲
♣❡❛❝❡ ❬✹✺❪ ❡st✐♠❛ q✉❡ ❡♠ ✷✵✷✵ ♦ ♥ú♠❡r♦ ❞❡ ❝♦♠♣✉t❛❞♦r❡s ♣❡ss♦❛✐s ✉❧tr❛♣❛ss❛rá ✹ ❜✐❧❤õ❡s
❞❡ ❞✐s♣♦s✐t✐✈♦s✱ ❡ ♦ ♥ú♠❡r♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s ♠ó✈❡✐s ❞✉♣❧✐❝❛rá✱ ❡ ♣❛r❛ ❛❝♦♠♣❛♥❤❛r ♦ ❝r❡s❝✐✲
♠❡♥t♦ ❞♦ ♥ú♠❡r♦ ❞❡st❡s ❞✐s♣♦s✐t✐✈♦s t❛♠❜é♠ ❞❡✈❡♠ ♦❝♦rr❡r ♦ ❝r❡s❝✐♠❡♥t♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs

q✉❡ ♦♣❡r❛♠ ❡♠ ♥✉✈❡♥s ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❛ ❡♥❡r❣✐❛ ♥❡❝❡ssár✐❛ ❡ ♣♦❧✉✐çã♦ ❣❡r❛❞❛ ♣❛r❛
❛❧✐♠❡♥t❛çã♦ ❞❡st❡s✳ ❚❛♥❣ ❡t ❛❧✳ ❛✜r♠❛♠ q✉❡ ♦ ❝✉st♦ ❞❡ ❡♥❡r❣✐❛ ♣❛r❛ ♠❛♥t❡r ❞❛t❛ ❝❡♥t❡rs

q✉❡ ♦♣❡r❛♠ ❡♠ ✉♠❛ ♥✉✈❡♠ é ✈❡rt✐❣✐♥♦s❛♠❡♥t❡ ❛❧t♦ ❬✶✶✺❪✳ ❖ ●r❡❡♥♣❡❛❝❡ ❡st✐♠♦✉ q✉❡
❡♠ ✷✵✷✵ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ r❡q✉❡r✐❞❛ ♣❛r❛ ❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ ❛t✐♥❥❛ ❛ ❝❛s❛ ❞♦s
✶✱✾✻ tr✐❧❤õ❡s ❞❡ ❦❲❤✱ ❛❧é♠ ❞❡ ✉♠❛ ♣r❡♦❝✉♣❛♥t❡ ❡♠✐ssã♦ ❞❡ ✶✳✹✸✵ t♦♥❡❧❛❞❛s ❞❡ ❞✐ó①✐❞♦ ❞❡
❝❛r❜♦♥♦ ♣♦r ❛♥♦✱ ❝♦♥❢♦r♠❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✶✳✶✳

❋✐❣✉r❛ ✶✳✶✿ ❊st✐♠❛t✐✈❛ ❞❡ ❈♦♥s✉♠♦ ✭❇✐❧❤õ❡s ❞❡ ❦❲❤✮ ❡ ❊♠✐ssõ❡s ❞❡ ▼t❈❖✷❡ ♥❛ ❈♦♠✲
♣✉t❛çã♦ ❡♠ ◆✉✈❡♠

❆s ♣r❡♦❝✉♣❛çõ❡s ❛♠❜✐❡♥t❛✐s tê♠ s✉rt✐❞♦ r❡s✉❧t❛❞♦s ♣♦s✐t✐✈♦s ♥❛ ❡✈♦❧✉çã♦ ❞❛ ❡✜❝✐ê♥❝✐❛
❡♠ ❡♥❡r❣✐❛✿ s❡ ♦s ♥í✈❡✐s ❞❡ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ♣r❛t✐❝❛❞♦s ❡♠ ✷✵✶✵ t✐✈❡ss❡♠ s✐❞♦ ♠❛♥t✐❞♦s
❡♠ ✷✵✶✹✱ ♦s ❞❛t❛ ❝❡♥t❡rs ❞♦s ❊❯❆ ❝♦♥s✉♠✐r✐❛♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✹✵ ❜✐❧❤õ❡s ❞❡ ❦❲❤ ❛
♠❛✐s✳ ▼❛s ❛✐♥❞❛ ❡①✐st❡ ✉♠ ❧♦♥❣♦ ❝❛♠✐♥❤♦ ♣❡❧❛ ❢r❡♥t❡✿ ❡st✐♠❛✲s❡ q✉❡ ♦ ❝r❡s❝✐♠❡♥t♦ ❞♦
❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞♦s ♣ró①✐♠♦s ✺ ❛♥♦s s❡❥❛♠ ♦s ♠❡s♠♦s ❞♦s ú❧t✐♠♦s ✺ ❛♥♦s ❬✶✶✸❪✳ ❈♦♠
✐st♦ ❡♠ ♠❡♥t❡✱ ♦ ♣❛♣❡❧ ❞❛ ❝r✐❛çã♦ ❞❡ ✐♥❢r❛❡str✉t✉r❛ ♣❛r❛ ❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ s❡
t♦r♥❛ ✉♠❛ ár❡❛ ❝❛❞❛ ✈❡③ ♠❛✐s ✐♠♣♦rt❛♥t❡ ♥❛ ♣❡sq✉✐s❛ ❬✻✵❪✱ ❡♠ ❡s♣❡❝✐❛❧ ❝♦♠ ♦ ♥ú♠❡r♦
❞❡ s❡r✈✐❞♦r❡s ❡♠♣r❡❣❛❞♦s ❡♠ ❞❛t❛ ❝❡♥t❡rs q✉❡ ♦♣❡r❛♠ ❡♠ ♥✉✈❡♠ ❛t✐♥❣✐♥❞♦ ❛ ♠❛r❝❛ ❞❡
♠✐❧❤õ❡s ❬✸✸❪✳

❆ ✉t✐❧✐③❛çã♦ ❞❡ ❛♣❧✐❝❛t✐✈♦s ❞✐♥â♠✐❝♦s ❝✐❡♥t❡s ❞❡ ❡♥❡r❣✐❛ ♣♦❞❡ tr❛t❛r ❛ s✉❜✉t✐❧✐③❛çã♦ ❞❡
s❡r✈✐❞♦r❡s ❜❡♠ ❝♦♠♦ ♦s ❝r❡s❝❡♥t❡s ❝✉st♦s ❞❡ ❡♥❡r❣✐❛ ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ❬✷✾❪✳ ❊♥tr❡ ❛s
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❞✐✈❡rs❛s ❛❜♦r❞❛❣❡♥s ❡♠♣r❡❣❛❞❛s ♣❛r❛ s❡ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♥❛s ♥✉✈❡♥s ❝♦♠✲
♣✉t❛❝✐♦♥❛✐s ❡stá ❛ ❛❞♦çã♦ ❞❡ ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝✐❡♥t❡s
❞❡ ❡♥❡r❣✐❛ ❬✽✵❪✳ ❊st❡s ❛❧❣♦r✐t♠♦s sã♦ ❡①❡❝✉t❛❞♦s ♣❡❧♦s ❜r♦❦❡rs ❞❡ ❞❛t❛ ❝❡♥t❡rs ❡ ♦❜❥❡✲
t✐✈❛♠ ❞❡t❡r♠✐♥❛r q✉❛❧ é ♦ s❡r✈✐❞♦r q✉❡ ❞❡✈❡rá ❤♦s♣❡❞❛r ✉♠❛ ❞❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ❞❡
♠♦❞♦ ❛ ♠✐♥✐♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞♦ ❞❛t❛ ❝❡♥t❡r✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ♣♦❞❡♠ s❡r ♠✐❣r❛❞❛s ❡♥tr❡ ♠áq✉✐♥❛s ❢ís✐❝❛s ❡♠ ✉♠❛ r❡❞❡ ✐♥tr❛✲♥✉✈❡♠ ❬✷✹❪✱ t❛✐s
❛❧❣♦r✐t♠♦s ✖ ♠❛✐s ❞♦ q✉❡ ❛t✉❛r s♦♠❡♥t❡ ♥❛ s❡❧❡çã♦ ❞❡ ✉♠❛ ♠áq✉✐♥❛ ❢ís✐❝❛ ♣❛r❛ ❤♦s♣❡❞❛r
✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❝✉❥❛ ✐♥st❛♥❝✐❛çã♦ ❡stá s❡♥❞♦ s♦❧✐❝✐t❛❞❛ ✖ t❛♠❜é♠ ♣♦ss✐❜✐❧✐t❛♠ ❡s✲
❝♦❧❤❡r ✉♠❛ ♠❡❧❤♦r ♠áq✉✐♥❛ ❢ís✐❝❛ ♣❛r❛ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ q✉❡ ❥á ❡stá ❡♠ ❡①❡❝✉çã♦✱ ❞❡
♠♦❞♦ q✉❡ ❜r♦❦❡rs ❞❡t❡r♠✐♥❡♠ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞❡ ♠áq✉✐♥❛s ❢ís✐❝❛s ♠❡♥♦s
❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛ ♣❛r❛ ♠áq✉✐♥❛s ❢ís✐❝❛s ♠❛✐s ❡✜❝✐❡♥t❡s✱ ❝♦♠ ♣♦ssí✈❡❧ ♣♦st❡r✐♦r ❞❡s❧✐❣❛✲
♠❡♥t♦ ❞❡ss❛s✳ P♦❞❡✲s❡ r❡ss❛❧t❛r q✉❡ ♠✐❣r❛çõ❡s ♥♦r♠❛❧♠❡♥t❡ ✐♠♣❛❝t❛♠ ❡♠ ✉♠❛ ♣❡q✉❡♥❛
❞❡❣r❛❞❛çã♦ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♥♦ ❡♥t❛♥t♦✱ ♠✉✐t❛s
✈❡③❡s ✐♠♣❡r❝❡♣tí✈❡❧ ❛♦ ✉s✉ár✐♦✳

❯♠ ♣♦♥t♦ ✐♠♣♦rt❛♥t❡ ♣❛r❛ s❡ ❝♦♥s✐❞❡r❛r ❡♠ ❞❛t❛ ❝❡♥t❡rs q✉❡ ♦♣❡r❛♠ ♥❛ ❝♦♠♣✉t❛çã♦
❡♠ ♥✉✈❡♠ é ❛ ✐♥t❡r❝♦♥❡①ã♦ ❞❛ r❡❞❡✳ ❆ t❡❝♥♦❧♦❣✐❛ ♠❛✐s ❝♦♠✉♠ ♣❛r❛ ❡st❛ ✜♥❛❧✐❞❛❞❡ é ❛
❊t❤❡r♥❡t ❬✶✶✷✱ ✶✶✹❪ q✉❡✱ ♥❛s ú❧t✐♠❛s três ❞é❝❛❞❛s✱ ❛♣r❡s❡♥t♦✉ ✉♠ ❛✉♠❡♥t♦ ❞❛s t❛①❛s ❞❡
tr❛♥s♠✐ssã♦ ♠é❞✐♦ s✉♣❡r✐♦r ❛ ✺✵✪ ❛♦ ❛♥♦✱ ❡✈♦❧✉✐♥❞♦ ❞❡ ✶ ▼❜♣s ✭✽✵✷✳✸❡✮ ❡♠ ✶✾✽✼ ❬✺✷❪
♣❛r❛ ✶✵✵ ●❜♣s ❡♠ ✷✵✶✺ ✭✽✵✷✳✸❜♠✮ ❬✺✹❪✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✶✳✷✳ ❆❧é♠ ❞✐ss♦✱ ♦
■❊❊❊ ❛♥✉♥❝✐♦✉ q✉❡ ❡①✐st❡ ❞❡♠❛♥❞❛ ❞❡ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ✶✵ ❚❜♣s ♣❛r❛ ❛ ❊t❤❡r♥❡t

❡♠ ✷✵✷✵ ❬✺✸❪✳

❋✐❣✉r❛ ✶✳✷✿ ❊✈♦❧✉çã♦ ❞❛s ❚❛①❛s ❞❡ ❚r❛♥s♠✐ssã♦ ❞❛ ❚❡❝♥♦❧♦❣✐❛ ❊t❤❡r♥❡t

◆♦ss♦ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦ ♥❡st❡ tr❛❜❛❧❤♦ é ♣r♦♣♦r ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❡ ❞❡ t♦♣♦❧♦❣✐❛ ❞❡ r❡❞❡✱ ♣❛r❛ ♠✐♥✐♠✐③❛r ♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛ ❡♠ ❞❛t❛ ❝❡♥t❡rs q✉❡ ♦♣❡r❛♠ ❡♠ ♥✉✈❡♠✱ ❝♦♥tr✐❜✉✐♥❞♦ ♣❛r❛ ♦s ♣r✐♥❝í♣✐♦s ❞❛
❝♦♠♣✉t❛çã♦ ✈❡r❞❡✳ ❈♦♥st❛t❛♠♦s ❡♠ ❬✼✸❪ q✉❡ r❡❞❡s ♠❛✐s rá♣✐❞❛s ♣♦❞❡♠ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛ ❡♠ ♥✉✈❡♥s ❝✐❡♥t❡s ❞❡ ❡♥❡r❣✐❛✳ ❚❛①❛s ❞❡ tr❛♥s♠✐ssõ❡s ♠❛✐♦r❡s ♣♦ss✐❜✐❧✐t❛♠ ❛
♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ♠❡♥♦r t❡♠♣♦✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ ❞❡s❧✐❣❛♠❡♥t♦ ♠❛✐s rá♣✐❞♦
❞❡ s❡r✈✐❞♦r❡s ♦❝✐♦s♦s✳ ❆❧é♠ ❞✐ss♦✱ ❡st❛s ♠✐❣r❛çõ❡s ♠❛✐s rá♣✐❞❛s t❛♠❜é♠ ♣♦ss✐❜✐❧✐t❛♠ ❛
r❡❞✉çã♦ ❞♦ ♠❛❦❡s♣❛♥ ✖ t❡♠♣♦ t♦t❛❧ ❝♦♠♣r❡❡♥❞✐❞♦ ❞❡s❞❡ ♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ ❛s ❝❛r❣❛s



✷✷

❞❡ tr❛❜❛❧❤♦ sã♦ r❡❝❡❜✐❞❛s ♣❡❧♦ ❞❛t❛ ❝❡♥t❡r ❛té ♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ ♥♦s s❡r✈✐❞♦r❡s sã♦
❝♦♥❝❧✉í❞❛s ✖ ❡ ❞♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞❡ ❝❛r❣❛s✳ ❖❜s❡r✈❛♠♦s t❛♠❜é♠✱ ❡♠ ❬✼✹❪✱ q✉❡ ❛
♣❡r❞❛ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞✉r❛♥t❡ ❛s ♠✐❣r❛çõ❡s ❛❢❡t❛ ♠❡♥♦s ♦ ♠❛❦❡s♣❛♥ ❞♦ q✉❡ ♦ ❛❧❣♦r✐t♠♦
❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✉t✐❧✐③❛❞♦✳

❆ ✐♠♣❧❛♥t❛çã♦ ❡ ❛ ♠❛♥✉t❡♥çã♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs ❣r❛♥❞❡s ❛♣r❡s❡♥t❛♠ ❡❧❡✈❛❞♦s ❝✉st♦s
❛ss♦❝✐❛❞♦s✳ ❊♠ ✈✐rt✉❞❡ ❞✐ss♦✱ ❢r❡q✉❡♥t❡♠❡♥t❡ ♥ã♦ sã♦ t♦t❛❧♠❡♥t❡ ❛t✉❛❧✐③❛❞♦s q✉❛♥❞♦ ♥♦✲
✈❛s t❡❝♥♦❧♦❣✐❛s ❝♦♠♣✉t❛❝✐♦♥❛✐s ✖ ✐♥❝❧✉✐♥❞♦ ❞❡ r❡❞❡s ✖ sã♦ ❧❛♥ç❛❞❛s✳ ❉♦ ♣♦♥t♦ ❞❡ ✈✐st❛
❡❝♦♥ô♠✐❝♦✱ ♠✉✐t❛s ✈❡③❡s ❢❛③ ♠❛✐s s❡♥t✐❞♦ ❛t✉❛❧✐③❛r ♣❛rt❡s ❞♦ ❞❛t❛ ❝❡♥t❡r✱ ♦ q✉❡ ❛❝❛❜❛
♣♦r ❝r✐❛r ❞❛t❛ ❝❡♥t❡rs ❝♦♠ ♠áq✉✐♥❛s ❞❡ ❝♦♥✜❣✉r❛çõ❡s ❤❡t❡r♦❣ê♥❡❛s✱ ✐♠♣❛❝t❛♥❞♦ ♥❛ s✉❛
❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✱ ❘❆▼✱ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ❡t❝✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ✐ss♦ ♣♦❞❡
❣❡r❛r ✉♠❛ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡✱ ❛❧é♠ ❞❛s ♠áq✉✐♥❛s ❢ís✐❝❛s ❡♠ s✐✱ ❛té ♠❡s♠♦ ❞❛ r❡❞❡✳ P♦❞❡✲
♠♦s ♦❜s❡r✈❛r ❡ss❛ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡ ❢❛❝✐❧♠❡♥t❡ ❡♠ ♥✉✈❡♥s q✉❡ ❞✐✈✉❧❣❛♠ ✐♥❢♦r♠❛çõ❡s s♦❜r❡
s✉❛s ♠áq✉✐♥❛s ❢ís✐❝❛s✳ ◆♦ ❆♠❛③♦♥ ❊❈✷✱ ♣♦r ❡①❡♠♣❧♦✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ✉♠❛ ❤❡t❡r♦✲
❣❡♥❡✐❞❛❞❡ ❝♦♠ ♣❡❧♦ ♠❡♥♦s ✺ ❣r✉♣♦s ❞❡ ♠áq✉✐♥❛s ❢ís✐❝❛s ❬✹❪✿ ✉♠ ❣r✉♣♦ ❝♦♥st✐t✉í❞♦ ♣♦r
♠áq✉✐♥❛s ❝♦♠ ♣r♦❝❡ss❛❞♦r❡s ❳❡♦♥ P❧❛t✐♥✉♠ ✽✶✼✺✱ ♦✉tr♦ ❝♦♠ ❳❡♦♥ ❊✺✲✷✻✽✻ ✈✹✱ ♦✉tr♦
❝♦♠ ❳❡♦♥ ❊✺✲✷✻✼✻ ✈✸✱ ♦✉tr♦ ❝♦♠ ❳❡♦♥ ❊✺✲✷✻✼✵ ✈✷ ❡ ♦✉tr♦ ❝♦♠ ❳❡♦♥ ❊✺✲✷✻✼✵✳ ◆❡st❡
❡①❡♠♣❧♦✱ ♣♦❞❡♠♦s ♦❜s❡r✈❛r ❛ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡✿ ♣r♦❝❡ss❛❞♦r❡s ❞✐❢❡r❡♥t❡s✱ s♦❝❦❡ts ✭❞❡ ♣r♦✲
❝❡ss❛❞♦r❡s✮ ❞✐❢❡r❡♥t❡s✱ ♣❧❛❝❛s✲♠ã❡ ❞✐❢❡r❡♥t❡s✱ ❡t❝✳✱ ❡♥✜♠✱ ❛❣r✉♣❛♠❡♥t♦s ❞❡ s❡r✈✐❞♦r❡s ❝♦♠
❝♦♥✜❣✉r❛çõ❡s ❞❡ ❤❛r❞✇❛r❡ ♠✉✐t♦ ❞✐st✐♥t❛s✳ ❆❧é♠ ❞✐ss♦✱ ❛ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡ ❞❛s r❡❞❡s ❡♠
❞❛t❛ ❝❡♥t❡rs é ✉♠ tó♣✐❝♦ q✉❡ ❧❡✈❛♥t❛ ✐♥t❡r❡ss❡ ❝✐❡♥tí✜❝♦ ❬✶✵✽❪✳

❊♠ ❛❞✐çã♦ ❛♦s ❡st✉❞♦s ❛♣r❡s❡♥t❛❞♦s✱ ♣r♦♣♦♠♦s ♥❡st❡ tr❛❜❛❧❤♦ ❛❧❣♦r✐t♠♦s ♣❛r❛ ♦ ❡s❝❛✲
❧♦♥❛♠❡♥t♦ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❊♠ ✉♠ ♣r✐♠❡✐r♦ ✐♥st❛♥t❡ ❛♣r❡s❡♥t❛♠♦s
♦ ❇❛♥❞✇✐❞t❤✲❆✇❛r❡ ▲❛❣♦ ❆❧❧♦❝❛t♦r ✭❇❆▲❆✮✱ ✉♠ ❛❧❣♦r✐t♠♦ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❡ ❞❡ ❧❛r❣✉r❛
❞❡ ❜❛♥❞❛✳ ❊st❡ ❛❧❣♦r✐t♠♦ é ✉♠❛ ❡✈♦❧✉çã♦ ❞❡ ✉♠ ♣r❡❞❡❝❡ss♦r✱ ♦ ▲❛❣♦ ❆❧❧♦❝❛t♦r ✭▲❆✮✱ ❝♦♠
❛❞✐çã♦ ❞♦ r❡❝✉rs♦ ❞❡ ❝✐ê♥❝✐❛ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♠❡❧❤♦r❛r s❡✉ ❞❡s❡♠♣❡✲
♥❤♦ ♥♦ ❝♦♥t❡①t♦ ❞❡ ♥✉✈❡♥s ❝♦♥st✐t✉í❞❛s ♣♦r ❞❛t❛ ❝❡♥t❡rs ❝♦♠ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡ ❞❡ ❧❛r❣✉r❛
❞❡ ❜❛♥❞❛s ❡♠ s❡r✈✐❞♦r❡s✳

P♦st❡r✐♦r♠❡♥t❡✱ ❛♠♣❧✐❛♠♦s ♦ ❡s❝♦♣♦✱ ♦❧❤❛♥❞♦ ♥ã♦ só ♣❛r❛ ♦s ❡❧❡♠❡♥t♦s ❞❡ ❜♦r❞❛✱
♠❛s t❛♠❜é♠ ♣❛r❛ ♦ ♥ú❝❧❡♦ ❞❛ r❡❞❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ❡st✉❞♦s ❡❢❡t✉❛❞♦s ❡ ♦s r❡s✉❧t❛❞♦s
♦❜t✐❞♦s ❝♦♠ ♦ ❇❆▲❆✳ ❉❡s❡♥✈♦❧✈❡♠♦s ❝♦♠ ❛s té❝♥✐❝❛s ♦❜s❡r✈❛❞❛s ✉♠ ♥♦✈♦ ❛❧❣♦r✐t♠♦ ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✖ ❚❊❆✖ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❡ ❞❛ t♦♣♦❧♦❣✐❛ ❞❡ r❡❞❡ q✉❡
✐♥t❡❣r❛ ♦s ❞❛t❛ ❝❡♥t❡rs ❞❡ ✉♠❛ ♥✉✈❡♠✳ ❊st❡ ❛❧❣♦r✐t♠♦ ♣r✐♦r✐③❛ s❡❧❡❝✐♦♥❛r ♠áq✉✐♥❛s ❢ís✐❝❛s
♠❛✐s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛✱ ♠❛s t❛♠❜é♠ ❝♦♥s✐❞❡r❛r ❛s♣❡❝t♦s ❞❛ r❡❞❡ ♣❛r❛ ❞❡t❡r♠✐♥❛r q✉❛❧
s❡r✈✐❞♦r ❞❡✈❡rá r❡❝❡❜❡r ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ s♦❧✐❝✐t❛❞❛✳ ▼❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡✱ ♦ ❛❧❣♦r✐t♠♦
q✉❡ ♣r♦♣♦♠♦s t❡♠ ❝♦♠♦ ♣r✐♥❝í♣✐♦s ❢✉♥❞❛♠❡♥t❛✐s✿

• ❋❧❡①✐❜✐❧✐❞❛❞❡ ❞❡ ◆✉✈❡♥s → ❛t✉❛çã♦ s❡♠ r❡str✐çã♦ ❞❡ t✐♣♦s ❞❡ ♥✉✈❡♥s✳ P♦❞❡ ♦♣❡r❛r
❡♠ ♥✉✈❡♥s ♣r✐✈❛❞❛s✱ ♣ú❜❧✐❝❛s ♦✉ ❤í❜r✐❞❛s❀

• ❋❧❡①✐❜✐❧✐❞❛❞❡ ❞❡ ❉❛t❛ ❈❡♥t❡rs → ❛t✉❛çã♦ ❡♠ ♥✉✈❡♥s ❝♦♥st✐t✉í❞❛s t❛♥t♦ ♣♦r ✉♠ ❞❛t❛

❝❡♥t❡r ú♥✐❝♦ q✉❛♥t♦ ♣♦r ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s❀ ♦♥❞❡ ❝♦♥s✐❞❡r❛✲s❡ ❛ ❝♦♥st✐✲
t✉✐çã♦ ❞❡ ✉♠❛ ❣❡♦❞✐str✐❜✉✐çã♦ ❞❡ ♥✉✈❡♠✭♥s✮ ❝♦♠♦ ❞❛t❛ ❝❡♥t❡rs ❞✐str✐❜✉í❞♦s ❣❡♦✲
❣r❛✜❝❛♠❡♥t❡ ❬✶✵✸❪ ❡ q✉❡ ❝♦♠♣❛rt✐❧❤❛♠ r❡❝✉rs♦s ✉s❛♥❞♦ ✉♠❛ ✐♥t❡r❢❛❝❡ tr❛♥s♣❛r❡♥t❡
❛♦s ✉s✉ár✐♦s ❬✸✵❪✳ ❚❛❧ ❣❡♦❞✐str✐❜✉✐çã♦ ♣♦❞❡ s❡r ✐♠♣❧❡♠❡♥t❛❞❛ ❡♠ ❞✐✈❡rs♦s s♦❢t✇❛✲
r❡s ♣❛r❛ ♥✉✈❡♥s✱ ♣♦r ❡①❡♠♣❧♦✱ ✉s❛♥❞♦ ♦ r❡❝✉rs♦ ❞❡ ❢❡❞❡r❛çã♦ ♦ ❖♣❡♥◆❡❜✉❧❛ ❬✾✹❪✳
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❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✶✳✸ ♦ ♠♦❞❡❧♦ ❞❡ ❣❡♦❞✐str✐❜✉✐çã♦ ❞❡ ♥✉✈❡♠ ✉t✐❧✐③❛❞♦ ♥❡st❡
tr❛❜❛❧❤♦✳ ◆❡st❡ ♠♦❞❡❧♦✱ dc0 ❡ dc1 r❡♣r❡s❡♥t❛♠ ❞❛t❛ ❝❡♥t❡rs ❣❡♦❣r❛✜❝❛♠❡♥t❡ ❞✐s✲
t✐♥t♦s✱ ✐♥t❡r❝♦♥❡❝t❛❞♦s ♣❡❧❛ ✐♥t❡r♥❡t✱ ❛❝❡ssí✈❡✐s ♣❡❧♦s s❡✉s r❡s♣❡❝t✐✈♦s r♦t❡❛❞♦r❡s ❞❡
❜♦r❞❛❀

• ❋❧❡①✐❜✐❧✐❞❛❞❡ ❞❡ ❚♦♣♦❧♦❣✐❛ ❞❡ ❘❡❞❡→ ❛t✉❛çã♦ ❝♦♠ ❝✐ê♥❝✐❛ ❞❛ t♦♣♦❧♦❣✐❛ ❞❡ r❡❞❡✱ ♠❛s
♥ã♦ ❞❡♣❡♥❞❡♥t❡ ❞❡❧❛✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♦ ♠❡s♠♦ ❛❧❣♦r✐t♠♦ é ❝❛♣❛③ ❞❡ ❛t✉❛r ❡♠
❞✐✈❡rs❛s t♦♣♦❧♦❣✐❛s✱ ❝♦♠♦ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ❋❧❛t✲❚r❡❡✱ ❇✐♥❛r② ❚r❡❡✱ ❑✲❆r② ❋❛t ❚r❡❡✱
t♦♣♦❧♦❣✐❛s ❛r❜✐trár✐❛s✱ ❡t❝❀ ❛❧é♠ ❞❡ ❝♦♥s✐❞❡r❛r ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❛r❜✐trár✐❛s ♣❛r❛
q✉❛✐sq✉❡r ❡❧❡♠❡♥t♦s ❞❡ r❡❞❡✳ ❊st❛ ✢❡①✐❜✐❧✐❞❛❞❡ ❡✈✐t❛ q✉❡ ♦ ❛❧❣♦r✐t♠♦ s❡ tr❛♥s❢♦r♠❡
❡♠ ❧❡❣❛❞♦✱ ♣♦❞❡♥❞♦ s❡r ❢❛❝✐❧♠❡♥t❡ ❛❞❛♣t❛❞♦ ♣❛r❛ ♣♦ssí✈❡✐s ❛rq✉✐t❡t✉r❛s ❢✉t✉r❛s ♣❛r❛
❞❛t❛ ❝❡♥t❡rs✱ ❝♦♠♦ ❛ ✈✐st❛s ❡♠ ❬✶✵✹❪❀

• ▼❛①✐♠✐③❛çã♦ ❞❛ ❊✜❝✐ê♥❝✐❛ ❊♥❡r❣ét✐❝❛ ❞❛ ❘♦t❛→ ❝♦♥s✐❞❡r❛♥❞♦ ❛ t♦♣♦❧♦❣✐❛✱ ♦ ❛❧❣♦✲
r✐t♠♦ ✈✐s❛ s❡❧❡❝✐♦♥❛r r♦t❛s ❝♦♠ ♠❛✐♦r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❝♦♥s✐❞❡r❛♥❞♦ ♦ tr❛❥❡t♦
✜♠✲❛✲✜♠ q✉❡ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞❡✈❡rã♦ ♣❡r❝♦rr❡r ✖ t❛♥t♦ ♣❛r❛ s❡r❡♠ ✐♥st❛♥❝✐❛✲
❞❛s✱ q✉❛♥t♦ ♣❛r❛ s❡r❡♠ ♠✐❣r❛❞❛s✳ ❊st❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ é ❞✐r❡t❛♠❡♥t❡ ♣r♦♣♦r✲
❝✐♦♥❛❧ à ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❛ r♦t❛ ❡ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ à s♦♠❛ ❞❛s ♣♦tê♥❝✐❛s
❞♦s ❝♦♠✉t❛❞♦r❡s ❞❡ ♣❛❝♦t❡s q✉❡ ❝♦♠♣õ❡♠ ❛ r♦t❛❀

• ❉❡t❡r♠✐♥❛çã♦ ❞♦ ◆ú♠❡r♦ ❞❡ ❈♦♥❡①õ❡s ❙✐♠✉❧tâ♥❡❛s ♣❛r❛ ❙✉❜♠✐ssã♦ ❡ ♣❛r❛ ▼✐❣r❛çã♦
❞❡ ▼áq✉✐♥❛s ❱✐rt✉❛✐s → s❡♥❞♦ ❡①❡❝✉t❛❞♦ ♣♦r ✉♠ ❜r♦❦❡r✱ ♦ ❛❧❣♦r✐t♠♦ t❡♠ ❝♦♥❤❡✲
❝✐♠❡♥t♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝♦♥❡①õ❡s q✉❡ ❡stã♦ ❡♠ ❛♥❞❛♠❡♥t♦✱ s❡❥❛ ♣❛r❛ s✉❜♠❡t❡r ✉♠❛
♠áq✉✐♥❛ ✈✐rt✉❛❧ ❛ s❡r ✐♥st❛♥❝✐❛❞❛✱ s❡❥❛ ♣❛r❛ ♠✐❣r❛r ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡♥tr❡ s❡r✈✐❞♦r❡s✳
❖ ❛❧❣♦r✐t♠♦ ♣❡r♠✐t❡ q✉❡ ♦ ❛❞♠✐♥✐str❛❞♦r ❞❡t❡r♠✐♥❡ ♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ❝♦♥❡①õ❡s
♣❛r❛ ❝❛❞❛ ✉♠ ❞❡st❡s t✐♣♦s ❞❡ ❝♦♥❡①õ❡s✳ ◆ú♠❡r♦s ♠✉✐t♦ ❜❛✐①♦s t❡♥❞❡♠ ❛ ❛✉♠❡♥t❛r ♦
♠❛❦❡s♣❛♥✱ ❡♥q✉❛♥t♦ ♥ú♠❡r♦s ♠✉✐t♦ ❛❧t♦s t❡♥❞❡♠ ❛ ❛✉♠❡♥t❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱
♣♦r ❞❡♠❛♥❞❛r ♠✉✐t♦s s❡r✈✐❞♦r❡s ❧✐❣❛❞♦s ❞✉r❛♥t❡ ♦ t❡♠♣♦ ❞❛ tr❛♥s❢❡rê♥❝✐❛ ❞❛s ♠á✲
q✉✐♥❛s ✈✐rt✉❛✐s✳ ❇♦♥s ♥ú♠❡r♦s ✈ã♦ ❞❡♣❡♥❞❡r ❞♦s s✐st❡♠❛s ✜♥❛✐s ♦♥❞❡ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stã♦ ❛r♠❛③❡♥❛❞❛s ❡ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡♥tr❡ ❡st❡s s✐st❡♠❛s ✜♥❛✐s ❡ ♦s
s❡r✈✐❞♦r❡s q✉❡ ❛s ❤♦s♣❡❞❛rã♦❀

• Pré✲♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛ s❡r❡♠ s✉❜♠❡t✐❞❛s → ♦ ❛❧❣♦r✐t♠♦ ❡①❡✲
❝✉t❛❞♦ ♣❡❧♦ ❜r♦❦❡r ❢❛③ ✉♠❛ ♦r❞❡♥❛çã♦ ✖ ♣r✐♦r✐③❛çã♦ ✖ ♣ré✈✐❛✱ ❜❛s❡❛❞♦ ❡♠ ✉♠❛
sér✐❡ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ ♣❛r❛ ❞❡✜♥✐r ❛ ♦r❞❡♠ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♥tr♦❧❛❞❛s ♣❡❧♦
❜r♦❦❡r ❛ s❡r❡♠ ❣❡r❡♥❝✐❛❞❛s❀

• ❊st✐♠❛❞♦r ❞❡ ❚❡♠♣♦ ❞❡ ❈♦♥❝❧✉sã♦ ❞❡ ▼áq✉✐♥❛ ❱✐rt✉❛❧ → ♦ ❛❧❣♦r✐t♠♦ ❡♠♣r❡❣❛✱
♦♣❝✐♦♥❛❧♠❡♥t❡✱ ✉♠ ❡st✐♠❛❞♦r ❞❡ t❡♠♣♦ r❡st❛♥t❡ ♣❛r❛ ❛ ❝♦♥❝❧✉sã♦ ❞❡ ✉♠❛ ♠áq✉✐♥❛
✈✐rt✉❛❧✱ ❜❛s❡❛❞♦ ❡♠ ❞❛❞♦s ❤✐stór✐❝♦s ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ✉s✉ár✐♦ q✉❡ ❛ ✉t✐❧✐③❛✱
♣❛r❛ ❞❡✜♥✐r ❛❧❣✉♥s ❛s♣❡❝t♦s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ s❡ ❡❧❛ ❞❡✈❡ s❡r ♠✐❣r❛❞❛ ♦✉ ♥ã♦✳ ❖
❡♠♣r❡❣♦ ❞❡ss❛ ❡st✐♠❛t✐✈❛ t❡♠ ♦ ♣r♦♣ós✐t♦ ❞❡ ❡✈✐t❛r q✉❡ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ s❡❥❛ ✜♥❛✲
❧✐③❛❞❛ ❞✉r❛♥t❡ ❛ ♠✐❣r❛çã♦✱ ❡✈✐t❛♥❞♦ ✉s♦ ❞❡s♥❡❝❡ssár✐♦ ❞❛ r❡❞❡ ❡ ♣♦t❡♥❝✐❛❧ ❧✐❣❛♠❡♥t♦
❞❡s♥❡❝❡ssár✐♦ ❞❡ ♠áq✉✐♥❛s ❢ís✐❝❛s❀

• ■♥❞❡♣❡♥❞ê♥❝✐❛ ❞❡ ❚✐♣♦ ❞❡ ❉❛t❛ ❈❡♥t❡r q✉❛♥t♦ à ❈♦♥✜❣✉r❛çã♦ ❞❡ ▼áq✉✐♥❛s ❋ís✐❝❛s
→ ♦ ❛❧❣♦r✐t♠♦ ♣♦❞❡ s❡r ❡①❡❝✉t❛❞♦ t❛♥t♦ ❡♠ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s ✖ ❝♦♠ t♦❞❛s
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dc0 dc1

❋✐❣✉r❛ ✶✳✸✿ ▼♦❞❡❧♦ ❞❡ ●❡♦❞✐str✐❜✉✐çã♦ ❞❡ ◆✉✈❡♥s tr❛❜❛❧❤❛❞♦ ♥❡st❛ ♣r♦♣♦st❛

❛s ♠áq✉✐♥❛s ❝♦♠ ❡s♣❡❝✐✜❝❛çõ❡s ✐❞ê♥t✐❝❛s ✖ q✉❛♥t♦ ❤❡t❡r♦❣ê♥❡♦s ✖ ❝♦♠ ❛❣r✉♣❛✲
♠❡♥t♦s ❞❡ ♠áq✉✐♥❛s ❝♦♠ ❝♦♥✜❣✉r❛çõ❡s ❞✐st✐♥t❛s❀

• ❆r❜✐tr❛r✐❡❞❛❞❡ ❞♦ ❚❛♠❛♥❤♦ ❞❡ ❉❛t❛ ❈❡♥t❡rs → ♦ ❛❧❣♦r✐t♠♦ ♣♦❞❡ s❡r ❡①❡❝✉t❛❞♦ ❡♠
✉♠ ❞❛t❛ ❝❡♥t❡r ❞❡ t❛♠❛♥❤♦ ❛r❜✐trár✐♦✱ ♦✉ s❡❥❛✱ t❛♥t♦ ❡♠ ❞❛t❛ ❝❡♥t❡rs ♣❡q✉❡♥♦s ✭❡①✿
❛q✉❡❧❡s q✉❡ ♦♣❡r❛♠ ❡♠ ♥é✈♦❛✮ q✉❛♥t♦ ❞❛t❛ ❝❡♥t❡rs ❣r❛♥❞❡s❀

• ❯s♦ ❘❛❝✐♦♥❛❧ ❞❡ ❉❛t❛ ❈❡♥t❡rs ❙❡♠ P❡♥❛❧✐③❛çã♦ ❙❡✈❡r❛ ❞❡ ❚❡♠♣♦s → ✉♠❛ ❢♦r♠❛
ót✐♠❛ ❞❡ ❡❝♦♥♦♠✐③❛r ❡♥❡r❣✐❛ ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r q✉❡ ♦♣❡r❛ ❡♠ ♥✉✈❡♠ s❡r✐❛ ✉s❛r
s♦♠❡♥t❡ ✉♠ s❡r✈✐❞♦r✱ ♦ ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛✱ ♣❛r❛ ❤♦s♣❡❞❛r t♦❞❛s ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s ✐♥❣r❡ss❛♥t❡s✳ ◆♦ ❡♥t❛♥t♦✱ ❡ss❛ ❛çã♦ t♦r♥❛r✐❛ ✐♠❡♥s♦s ♦ ♠❛❦❡s♣❛♥ ❡ ♦ t❡♠♣♦
♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❡ ❝❛r❣❛s ✐♥❞✐✈✐❞✉❛✐s ✖ ✐♠♣r❛t✐❝á✈❡❧✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡✈❡ s❡r ❝❛♣❛③
❞❡ ✉t✐❧✐③❛r ❞❡ ❢♦r♠❛ ♦t✐♠✐③❛❞❛ t♦❞♦s ♦s r❡❝✉rs♦s q✉❡ ❡❧❡ ♣♦ss✉✐ ♥♦ ❞❛t❛ ❝❡♥t❡r ❞❡
♠♦❞♦ ❛ ❡✈✐t❛r ♣❡♥❛❧✐③❛r ✖ ❡ s❡ ♣♦ssí✈❡❧ ♠❡❧❤♦r❛r ✖ ♦s t❡♠♣♦s❀

• ◗✉❛❧✐❞❛❞❡ ❞❡ ❙❡r✈✐ç♦→ s❡ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ é s♦❧✐❝✐t❛❞❛✱ ❡♥tã♦
♦ ❛❧❣♦r✐t♠♦ ❞❡✈❡ tr❛❜❛❧❤❛r ♣❛r❛ q✉❡ ❡st❛ s❡❥❛ ❛t❡♥❞✐❞❛ ✖ ❛✐♥❞❛ q✉❡ ✐ss♦ s✐❣♥✐✜q✉❡
✉♠ ♠❛✐♦r ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ✖ ❛❧é♠ ❞❡ t❡♥t❛r r❡❞✉③✐r ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
❞❡st❛❀

• ●❡r❡♥❝✐❛♠❡♥t♦ ❉✐str✐❜✉í❞♦ ❞❡ ❊♥❡r❣✐❛ → ♦ ❛❧❣♦r✐t♠♦ ❡♠♣r❡❣❛ ♦ ❞❡s❧✐❣❛♠❡♥t♦ ❞❡
♠áq✉✐♥❛s ❢ís✐❝❛s ❡ ♣❛rt❡s ❞❛ r❡❞❡ ❞❡s♥❡❝❡ssár✐❛s❀

• ❊s❝❛❧♦♥❛♠❡♥t♦ ❉✐♥â♠✐❝♦ ❞❡ ❚❡♥sã♦ ❡ ❋r❡q✉ê♥❝✐❛ ✭❉❱❋❙✮ → ♦s s❡r✈✐❞♦r❡s ♣♦❞❡♠
✉t✐❧✐③❛r t❡❝♥♦❧♦❣✐❛s ♣❛r❛ ❛❥✉st❛r s✉❛ t❡♥sã♦ ❡ ❢r❡q✉ê♥❝✐❛ ✖ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ♦
❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ✖ ♣r♦♣♦r❝✐♦♥❛❧ às ❝❛r❣❛s q✉❡ ❡stã♦ ♣r♦❝❡ss❛♥❞♦❀

• ▼✐❣r❛çã♦ ❞❡ ▼áq✉✐♥❛s ❱✐rt✉❛✐s→ ◗✉❛♥❞♦ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡st✐✈❡r s❡♥❞♦ ♣r♦✲
❝❡ss❛❞❛ ❡♠ ✉♠ s❡r✈✐❞♦r ❞❡ ❜❛✐①❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✱ ❡ ❡①✐st✐r ❛❧❣✉♠❛ ♦✉tr❛ ♠á✲
q✉✐♥❛ ❢ís✐❝❛ ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛✱ ❡♥tã♦ ✈❡r✐✜❝❛r ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♠✐❣r❛r ❛
♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡♠ q✉❡stã♦✳

◆♦ss❛ ❝♦♥tr✐❜✉✐çã♦ é s✐❣♥✐✜❝❛♥t❡ ❞❡ ❞✉❛s ♠❛♥❡✐r❛s❀ ✭✐✮ ❡♠ ♥♦ss♦ ❝♦♥❤❡❝✐♠❡♥t♦✱ ❡st❡
é ♦ ♣r✐♠❡✐r♦ tr❛❜❛❧❤♦ ❛ ❛♣❧✐❝❛r t♦❞♦s ❡st❡s ♣r✐♥❝í♣✐♦s ❢✉♥❞❛♠❡♥t❛✐s ♣❛r❛ ♦ ♣r♦❝❡ss♦ ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♥❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠❀ ✭✐✐✮ ♥♦ss♦ ❡st✉❞♦ s✐st❡♠á✲
t✐❝♦ ♠♦str❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ q✉❡ tr❛③ ❡❝♦♥♦♠✐❛ ❞❡ ❡♥❡r❣✐❛ ✖ ❡ ❝♦♥s❡q✉❡♥t❡ r❡❞✉çã♦ ❞❡
♣♦t❡♥❝✐❛❧ ♣♦❧✉✐çã♦ ❣❡r❛❞❛ ✖ s✐❣♥✐✜❝❛♥t❡s ❛♦s ❞❛t❛ ❝❡♥t❡rs q✉❡ ❝♦♠♣õ❡♠ ♥✉✈❡♥s✳



✷✺

❖ ♠♦❞❡❧♦ ❞❡ s✉❜♠✐ssã♦ ❝♦♠ ♦ q✉❛❧ ♦s ❛❧❣♦r✐t♠♦s ♣r♦♣♦st♦s tr❛❜❛❧❤❛♠ é ♦ ❜❛❣✲♦❢✲

t❛s❦s✱ ♦✉ s❡❥❛✱ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✐♥❣r❡ss❛♥t❡s ♥ã♦ tê♠ ❝♦♠♦ ♣ré✲r❡q✉✐s✐t♦ ❛ ✜♥❛❧✐③❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛♥t❡r✐♦r❡s ❡s♣❡❝í✜❝❛s✱ ❡♠❜♦r❛ ♦ ❛❧❣♦r✐t♠♦ ♣♦ss❛ s❡r ❛❞❛♣t❛❞♦ ❝♦♠
r❡❧❛t✐✈❛ ❢❛❝✐❧✐❞❛❞❡ ♣❛r❛ ❧✐❞❛r ❝♦♠ ❡st❡ ❝❡♥ár✐♦✳

P♦rt❛♥t♦✱ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡st❡ tr❛❜❛❧❤♦ ♣♦❞❡ s❡r s✉♠❛r✐③❛❞❛ ❝♦♠♦✿

• ❊st✉❞♦ ❞❡t❛❧❤❛❞♦ ❞♦s ✐♠♣❛❝t♦s ❞❛s r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ❡♠ ❞❛t❛ ❝❡♥t❡rs✱ ❡♠
❡s♣❡❝✐❛❧ ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ ❛♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❛♦ ♠❛❦❡s♣❛♥✱ ❛♦s t❡♠♣♦s ❞❡
♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ✐♥❞✐✈✐❞✉❛✐s ❡ ❛♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s❀

• Pr♦♣♦st❛ ❞❡ ✉♠ ♠♦❞❡❧♦ ❡♠♣ír✐❝♦ ♣❛r❛ ❡st✐♠❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ✉♠ ♣r♦❝❡ss♦
❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✱ ❞❡ ♠♦❞♦ q✉❡✱ ❛❜r❛♥❣❡♥❞♦ ✉♠ ♥ú♠❡r♦ ❧✐♠✐t❛❞♦ ❞❡ ❞✐♠❡♥sõ❡s ❡
s✐t✉❛çõ❡s✱ ♣♦ss✐❜✐❧✐t❡ ✉♠❛ ♥♦çã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦
❡ ❢♦♠❡♥t❡ ❜❛s❡s ♣❛r❛ ❡❧❛❜♦r❛çã♦ ❞❡ ♦✉tr♦s ♠♦❞❡❧♦s❀

• Pr♦♣♦st❛ ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ q✉❡ ❛♣r❡s❡♥t❡ r❡s✉❧t❛❞♦s s❛t✐s❢❛tór✐♦s
♥♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ tr❛③❡♥❞♦ ❝♦♠♦ ❝♦♥tr✐❜✉✐çã♦
♣❛r❛ ❡ss❡ ♣r♦❝❡ss♦ ❛ ❝✐ê♥❝✐❛ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ❞❡ ♠♦❞♦ ❛ ♣r♦✈❡r ❜❡♥❡❢í❝✐♦s ❡♠
❝❡♥ár✐♦s ❝♦♥st✐t✉í❞♦s ♣♦r s❡r✈✐❞♦r❡s ❤❡t❡r♦❣ê♥❡♦s ❡♠ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛❀

• Pr♦♣♦st❛ ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝✐❡♥t❡ ❞❡ ❡♥❡r✲
❣✐❛✱ tr❛③❡♥❞♦ ❝♦♠♦ ✐♥♦✈❛çã♦ ❛ ❝✐ê♥❝✐❛ ❞❛ t♦♣♦❧♦❣✐❛ ❞❛ r❡❞❡✱ ❛♣r❡s❡♥t❛♥❞♦ r❡s✉❧t❛❞♦s
s❛t✐s❢❛tór✐♦s ❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❞❛t❛ ❝❡♥t❡rs ✖
❤♦♠♦❣ê♥❡♦s✱ ❤❡t❡r♦❣ê♥❡♦s✱ ❣❡♦❞✐str✐❜✉í❞♦s✱ ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦s✱ ❞❡ t❛♠❛♥❤♦s ❛r❜✐✲
trár✐♦s✱ ❝♦♠ ♦✉ s❡♠ ❙▲❆✱ q✉❡ s✉♣♦rt❡♠ ♦✉ ♥ã♦ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
❝♦♠ ✉s✉ár✐♦s ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦s ❛r❜✐trár✐♦s ♦✉ q✉❡ ♣♦ss✉❛♠ ✉♠❛ t❡♥❞ê♥❝✐❛✱ ❝♦♠
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞❡ ♣r✐♦r✐❞❛❞❡s ✐❣✉❛✐s ♦✉ ❞❡ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳

❊st❡ tr❛❜❛❧❤♦ ❡stá ♦r❣❛♥✐③❛❞♦ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿ ♥♦ ❈❛♣ít✉❧♦ ✷ ❛♣r❡s❡♥t❛♠♦s ❝♦♥✲
❝❡✐t♦s ❜ás✐❝♦s ♣❛r❛ ❜❛❧✐③❛r ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ❛ ♠❡t♦❞♦❧♦❣✐❛ s❡❣✉✐❞❛ é ❛♣r❡✲
s❡♥t❛❞❛ ♥♦ ❈❛♣ít✉❧♦ ✸✱ ♦ ❈❛♣ít✉❧♦ ✹ ❛♣r❡s❡♥t❛ ✉♠ ❡st✉❞♦ ❞❡t❛❧❤❛❞♦ ❞♦s ✐♠♣❛❝t♦s ❞❛s
r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❛s ♥✉✈❡♥s✱ ❜❡♠ ❝♦♠♦ ♦ ❛♣r♦❢✉♥❞❛♠❡♥t♦
❞❡st❡ ❡st✉❞♦ ♣❛r❛ ❝♦♥t❡♠♣❧❛r ♠❛❦❡s♣❛♥✱ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞❡ ❝❛r❣❛s ❡ ♥ú♠❡r♦ ❞❡ ♠✐✲
❣r❛çõ❡s ❞❛s ♥✉✈❡♥s✳ ◆♦ ❈❛♣ít✉❧♦ ✺ ❛♣r❡s❡♥t❛♠♦s ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❛❧♦❝❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❡ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❝♦♠ ❛s ✐♥❢♦r♠❛çõ❡s ❝♦❧❤✐❞❛s ♥♦s ❡st✉❞♦s
♣ré✈✐♦s ❡✱ ❡♠ s❡❣✉✐❞❛✱ ❛♣r♦❢✉♥❞❛♠♦s ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ♣❛r❛ ❝♦♥s✐❞❡r❛r t♦♣♦❧♦❣✐❛s ❞❡ r❡❞❡s
♥♦ ❈❛♣ít✉❧♦ ✻✳ ◆♦ ❈❛♣ít✉❧♦ ✼ ❛♣r❡s❡♥t❛♠♦s ❛s ❝♦♥❝❧✉sõ❡s ♦❜t✐❞❛s ❞❡st❡ tr❛❜❛❧❤♦✳



✷✻

❈❛♣ít✉❧♦ ✷

❈♦♥❝❡✐t♦s ❇ás✐❝♦s ❡ ❚r❛❜❛❧❤♦s

❘❡❧❛❝✐♦♥❛❞♦s

◆❡ss❡ ❝❛♣ít✉❧♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ❝♦♥❝❡✐t♦s ❜ás✐❝♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞❡st❡
tr❛❜❛❧❤♦✱ ❜❡♠ ❝♦♠♦ tr❛❜❛❧❤♦s q✉❡ ❛♣❧✐❝❛r❛♠ t❛✐s ❝♦♥❝❡✐t♦s ♦✉ ❡stã♦ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠
❡st❡✳

✷✳✶ ❈♦♠♣✉t❛çã♦ ❡♠ ◆✉✈❡♠

❑♥♦rr ❡t ❛❧✳ ❬✻✻❪ ❞❡✜♥❡♠ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ ❝♦♠♦ s❡♥❞♦ ✉♠ ✏♠♦❞❡❧♦ ❞❡ s✉♣❧❡♠❡♥t♦✱
❝♦♥s✉♠♦ ❡ ❡♥tr❡❣❛ ♣❛r❛ s❡r✈✐ç♦s ❡♠ ❚❡❝♥♦❧♦❣✐❛ ❞❛ ■♥❢♦r♠❛çã♦ ❜❛s❡❛❞♦ ♥❛ ✐♥t❡r♥❡t✱ q✉❡
t✐♣✐❝❛♠❡♥t❡ ❡♥✈♦❧✈❡ ✉♠❛ ❞✐s♣♦s✐çã♦ s♦❜r❡ ❛ ✐♥t❡r♥❡t ❞❡ r❡❝✉rs♦s ❞✐♥❛♠✐❝❛♠❡♥t❡ ❡s❝❛❧á✲
✈❡✐s ❡ ❢r❡q✉❡♥t❡♠❡♥t❡ ✈✐rt✉❛❧✐③❛❞♦s✑✳ ❏á ❱❛q✉❡r♦ ❡t ❛❧✳ ❬✶✶✾❪ ❛♣r❡s❡♥t❛♠ ♥✉✈❡♥s ❝♦♠♦
s❡♥❞♦ ❣r❛♥❞❡s r❡♣♦s✐tór✐♦s ❞❡ r❡❝✉rs♦s ✈✐rt✉❛❧✐③❛❞♦s ✭❤❛r❞✇❛r❡✱ ♣❧❛t❛❢♦r♠❛s ❞❡ ❞❡s❡♥✈♦❧✲
✈✐♠❡♥t♦ ❡✴♦✉ s❡r✈✐ç♦s✮✱ ❢❛❝✐❧♠❡♥t❡ ❛❝❡ssí✈❡✐s✳ ❊st❡s r❡❝✉rs♦s ♣♦❞❡♠ s❡r r❡❝♦♥✜❣✉r❛❞♦s
❞✐♥❛♠✐❝❛♠❡♥t❡ ❞❡ ♠♦❞♦ ❛ s❡ ❛❥✉st❛r ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❝❛r❣❛s✱ ♦t✐♠✐③❛♥❞♦ ❛ ✉t✐❧✐③❛çã♦
❞❡st❡s ♠❡s♠♦s r❡❝✉rs♦s✳ ❊st❡ r❡♣♦s✐tór✐♦ ❞❡ r❡❝✉rs♦s é t✐♣✐❝❛♠❡♥t❡ ❡①♣❧♦r❛❞♦ ✉t✐❧✐③❛♥❞♦
✉♠ ♠♦❞❡❧♦ ❞♦ t✐♣♦ ♣❛❣❛♠❡♥t♦✲♣♦r✲✉s♦✱ ♦♥❞❡ ♦s ❢♦r♥❡❝❡❞♦r❡s ❞❡ ✐♥❢r❛❡str✉t✉r❛ ♦❢❡r❡❝❡♠
❣❛r❛♥t✐❛s ♥♦ ❢♦r♠❛t♦ ❞❡ ❙❡r✈✐❝❡ ▲❡✈❡❧ ❆❣r❡❡♠❡♥ts ✭❙▲❆s✮✳

❆ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ t❡♠ tr❛♥s❢♦r♠❛❞♦ ❣r❛♥❞❡ ♣❛rt❡ ❞❛ ✐♥❞ústr✐❛ ❞❡ ❚❡❝♥♦❧♦❣✐❛
❞❛ ■♥❢♦r♠❛çã♦✱ t♦r♥❛♥❞♦ s♦❢t✇❛r❡s ♠❛✐s ❛tr❛t✐✈♦s ❝♦♠♦ ✉♠ s❡r✈✐ç♦ ❡ ♠♦❞❡❧❛♥❞♦ ❛ ❢♦r♠❛
❝♦♠♦ ♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ❤❛r❞✇❛r❡ sã♦ ♣r♦❥❡t❛❞♦s ❡ ❛❞q✉✐r✐❞♦s✳ ❉❡s❡♥✈♦❧✈❡❞♦r❡s ❝♦♠ ✐❞❡✐❛s
✐♥♦✈❛❞♦r❛s ♣❛r❛ ♥♦✈♦s s❡r✈✐ç♦s ❞❡ ■♥t❡r♥❡t ♥ã♦ ♠❛✐s ♥❡❝❡ss✐t❛♠ ❞❡ ❣❛st❛r s❡✉ ♣♦t❡♥❝✐❛❧
✜♥❛♥❝❡✐r♦ ❛❞q✉✐r✐♥❞♦ ❤❛r❞✇❛r❡ ♣❛r❛ ✐♠♣❧❛♥t❛r s❡✉s s❡r✈✐ç♦s ❡ ♥❡♠ ❞❡ ✉♠ ❛❞♠✐♥✐str❛❞♦r
♣❛r❛ ❣❡r❡♥❝✐á✲❧♦✳ ❊ ❛ ❝♦♥s❡q✉ê♥❝✐❛ ❞✐ss♦ é ♦ ✐♥✐♥t❡rr✉♣t♦ ❡ ❝r❡s❝❡♥t❡ ✐♥t❡r❡ss❡ ♥❡ss❛ ár❡❛✱
❝♦♠♦ ♣♦❞❡♠♦s ✈❡r ♥♦ ❣rá✜❝♦ ❞❛ ❡✈♦❧✉çã♦ ❞♦ ✐♥t❡r❡ss❡ ❞♦s ú❧t✐♠♦s ✶✵ ❛♥♦s✱ ♣r♦✈✐❞♦ ♣❡❧♦
●♦♦❣❧❡ ❚r❡♥❞s ❡ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✶✳

❆❧é♠ ❞✐ss♦✱ ♦ ❝✉st♦ ❞❡ ✉t✐❧✐③❛çã♦ ❞❡ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ é ♠❡♥♦r ❡ ♦ r❡s✉❧t❛❞♦ é
❜❡♠ ♠❛✐s rá♣✐❞♦✱ ♦ q✉❡ ❛ t♦r♥❛ ❡s❝❛❧á✈❡❧✳ ❆♠❜r✉st ❡t ❛❧✳ ❬✼❪ ✈ã♦ ❛❧é♠ ❡ ❛✜r♠❛♠ q✉❡ ❛
❡❧❛st✐❝✐❞❛❞❡ ❞❡ r❡❝✉rs♦s ❡♠ ✉♠❛ ♥✉✈❡♠ ♥ã♦ t❡♠ ♣r❡❝❡❞❡♥t❡s ♥❛ ❤✐stór✐❛ ❞❛ t❡❝♥♦❧♦❣✐❛ ❞❛
✐♥❢♦r♠❛çã♦✳ ❆ ❡❧❛st✐❝✐❞❛❞❡ s❡ tr❛t❛ ❞❡ ✉♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ♥❛ ❝♦♠♣✉t❛çã♦
❡♠ ♥✉✈❡♠✱ ♣♦❞❡♥❞♦ s❡r ❡♥t❡♥❞✐❞❛ ❝♦♠♦ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ❛♠❜✐❡♥t❡ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡♠



✷✼

❋✐❣✉r❛ ✷✳✶✿ ●♦♦❣❧❡ ❚r❡♥❞s✿ ■♥t❡r❡ss❡ ♥❛ ❈♦♠♣✉t❛çã♦ ❡♠ ◆✉✈❡♠

♥✉✈❡♠ ❞❡ ❛✉♠❡♥t❛r ♦✉ ❞✐♠✐♥✉✐r ♦s r❡❝✉rs♦s ❞❡♠❛♥❞❛❞♦s ❡ ❛♣r♦✈✐s✐♦♥❛❞♦s ♣❛r❛ ❝❛❞❛
✉s✉ár✐♦✱ ❛✉♠❡♥t❛♥❞♦ ♦✉ ❞✐♠✐♥✉✐♥❞♦ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥✐❜✐❧✐③❛❞❛✳ ◗✉❛♥❞♦ ♦ ✉s✉ár✐♦
♥❡❝❡ss✐t❛ ❞❡ ♠❛✐♦r ❝❛♣❛❝✐❞❛❞❡ ❞❛ ♥✉✈❡♠✱ ❡❧❡ s♦❧✐❝✐t❛ ❡ss❛ ♠❛✐♦r ❝❛♣❛❝✐❞❛❞❡✱ ❡ q✉❛♥❞♦
t❛❧ ❝❛♣❛❝✐❞❛❞❡ ♥ã♦ é ♠❛✐s ♥❡❝❡ssár✐❛ ❡❧❛ é ❧✐❜❡r❛❞❛✳ ❊ss❛ ❛❧♦❝❛çã♦ ❞✐♥â♠✐❝❛ ❞❡ r❡❝✉rs♦s
♣❡r♠✐t❡ ❛ ❡❝♦♥♦♠✐❛ ❞❡ ❡s❝❛❧❛✳

❉♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❢ís✐❝♦✱ ❛s ♥✉✈❡♥s sã♦ ❝♦♠♣♦st❛s ♣♦r ✉♠ ♦✉ ♠❛✐s ❞❛t❛ ❝❡♥t❡rs ❡
❡st❡s✱ ♣♦r s✉❛ ✈❡③✱ t✐♣✐❝❛♠❡♥t❡ ❝♦♠♣♦st♦s ♣♦r ♠✐❧❤❛r❡s ❞❡ ♠áq✉✐♥❛s ❡♠ r❡❞❡ ❝❛♣❛③❡s ❞❡
r❡❛❧✐③❛r tr❛❜❛❧❤♦s s✉❜♠❡t✐❞♦s ♣♦r ✉s✉ár✐♦s✳ ❆s ♠áq✉✐♥❛s q✉❡ ❝♦♠♣õ❡♠ ♦s ❞❛t❛ ❝❡♥t❡rs

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

♦s r❡❝❡❜❡♠ ❡❢❡t✉❛♠ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡s❡❥❛❞♦✳
❉♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞♦ ✉s✉ár✐♦✱ ❛s ♥✉✈❡♥s ♣♦❞❡♠ s❡r ❛❝❡ss❛❞❛s ❝♦♠♦ ✐♥stâ♥❝✐❛s ❞❡

♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ P♦r ❡①❡♠♣❧♦✱ ♥❛ ♣❧❛t❛❢♦r♠❛ ❞❡ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ ❆♠❛③♦♥ ❊❈✷✱
♦s ✉s✉ár✐♦s ♣♦❞❡♠ ✉s❛r ❝♦♠♣✉t❛❞♦r❡s ✈✐rt✉❛✐s ♣❛r❛ s✉❛s ♣ró♣r✐❛s ❛♣❧✐❝❛çõ❡s✱ ♣❡r♠✐t✐♥❞♦
❛ ❡①❡❝✉çã♦ ❞❡ ✉♠ s❡r✈✐ç♦ ♥❛ r❡❞❡ ♥♦ q✉❛❧ ♦ ✉s✉ár✐♦ ♣♦❞❡rá ✐♥✐❝✐❛r ✉♠❛ ✐♠❛❣❡♠ ❞❡ ✉♠❛
♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ❛ q✉❛❧ é ❞❛❞♦ ♦ ♥♦♠❡ ❞❡ ✐♥stâ♥❝✐❛✳

❊st❡ tr❛❜❛❧❤♦ ❛t✉❛ ♥❛ ár❡❛ ❞❡ ✐♥❢r❛❡str✉t✉r❛ ❝♦♠♦ s❡r✈✐ç♦ ✭■❛❛❙✮ ❞❛ ❝♦♠♣✉t❛çã♦ ❡♠
♥✉✈❡♠✱ ❡♠ ❡s♣❡❝✐❛❧ ♥❛ s❡❧❡çã♦ ❞❡ ♠áq✉✐♥❛s ❢ís✐❝❛s ♣❛r❛ ❤♦s♣❡❞❛r ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳

✷✳✷ ❈♦♠♣✉t❛çã♦ ❱❡r❞❡

❯♠❛ ❞❛s ♠❛✐s ❝❧áss✐❝❛s ❞❡✜♥✐çõ❡s ❞❡ ❝♦♠♣✉t❛çã♦ ✈❡r❞❡ é ❞❛❞❛ ♣♦r ▼✉r✉❣❡s❛♥ ❬✽✽❪✿ ✏♦
❡st✉❞♦ ❡ ♣rát✐❝❛ ❞❡ ♣r♦❥❡t❛r✱ ❝♦♥str✉✐r✱ ✉t✐❧✐③❛r ❡ ❞✐s♣ôr ❞❡ ❝♦♠♣✉t❛❞♦r❡s✱ s❡r✈✐❞♦r❡s
❡ s✐st❡♠❛s ❛ss♦❝✐❛❞♦s ✖ ❝♦♠♦ ♠♦♥✐t♦r❡s✱ ✐♠♣r❡ss♦r❛s✱ ❞✐s♣♦s✐t✐✈♦s ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦✱
s✐st❡♠❛s ❞❡ r❡❞❡s ❡ ❝♦♠✉♥✐❝❛çã♦ ✖ ❞❡ ❢♦r♠❛ ❡✜❝✐❡♥t❡ ❡ ❡❢❡t✐✈❛ ❝♦♠ ✐♠♣❛❝t♦ ♠í♥✐♠♦ ❛♦
♠❡✐♦ ❛♠❜✐❡♥t❡✑✳

▼✐❝❤❛❡❧ ❉❡❧❧ ❬✸✷❪ ❛✜r♠❛ q✉❡ s❡♠♣r❡ ❛❝r❡❞✐t♦✉ q✉❡ ❚❡❝♥♦❧♦❣✐❛ ❞❛ ■♥❢♦r♠❛çã♦ ❢♦ss❡ ♦
♠♦t♦r ❞❡ ✉♠❛ ❡❝♦♥♦♠✐❛ ❡✜❝✐❡♥t❡✱ ♠❛s ❡❧❛ t❛♠❜é♠ ♣♦❞❡ s❡ ❞✐r❡❝✐♦♥❛r ♣❛r❛ s❡r ♠❛✐s ✈❡r❞❡✱
❡♥q✉❛♥t♦ ❲❛♥❣ ❬✶✷✺❪ s✉❣❡r❡ q✉❡ ❛ ❧✐❣❛çã♦ ❡♥tr❡ ❝♦♠♣✉t❛çã♦ ✈❡r❞❡ ❡ ♦ ❜❛✐①♦ ❝♦♥s✉♠♦ ❡♥❡r✲
❣ét✐❝♦ é ✐♠❡❞✐❛t❛✳ ❉✐✈❡rs❛s ✐♥✐❝✐❛t✐✈❛s tê♠ s✐❞♦ r❡❛❧✐③❛❞❛s ♣❛r❛ t♦r♥❛r ❛ ❝♦♠♣✉t❛çã♦ ♠❡✲
♥♦s ♣♦❧✉✐❞♦r❛ ♥♦ s❡♥t✐❞♦ ❞❡ ❝♦♥s✉♠✐r ♠❡♥♦s ❡♥❡r❣✐❛ ❡ ♣♦❧✉✐r ♠❡♥♦s ♦ ❛♠❜✐❡♥t❡✳ ❊①✐st❡♠
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❝❡♥t❡♥❛s ❞❡ ✐♥✐❝✐❛t✐✈❛s ❞❡❞✐❝❛❞❛s ❡♠ ❞❡s❡♥✈♦❧✈❡r ❛ ❡✜❝✐ê♥❝✐❛ ❡♥❡r❣ét✐❝❛ ❡♠ ❡❝♦ss✐st❡♠❛s
❞❡ ❞❛t❛ ❝❡♥t❡rs✱ t❛♥t♦ ♥♦s ❣♦✈❡r♥♦s ❬✾✸❪ q✉❛♥t♦ ♥❛ ✐♥❞ústr✐❛ ❬✹✻❪✳

P❛r❛ ❛t✐♥❣✐r ♦s ♦❜❥❡t✐✈♦s ❞❛ ❝♦♠♣✉t❛çã♦ ✈❡r❞❡✱ ❛❧❣✉♠❛s ❞❛s ♣r✐♥❝✐♣❛✐s ❛❜♦r❞❛❣❡♥s
❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ❧♦♥❣❡✈✐❞❛❞❡ ❞❡ ♣r♦❞✉t♦s✱ r❡❝✐❝❧❛❣❡♠ ❞❡ ♠❛t❡r✐❛✐s❀ ❛❧é♠ ❞♦s ✐t❡♥s
❝♦♥t❡♠♣❧❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✱ s❡♥❞♦ ❡❧❡s ❡✜❝✐ê♥❝✐❛ ❞❡ ❛❧❣♦r✐t♠♦s✱ ❛❧♦❝❛çã♦ ❞❡ r❡❝✉rs♦s✱
✈✐rt✉❛❧✐③❛çã♦✱ s❡r✈✐❞♦r❡s ❞❡ t❡r♠✐♥❛✐s ❡ ❛❞♠✐♥✐str❛çã♦ ❞❡ ❡♥❡r❣✐❛✳

❆ ✈✐rt✉❛❧✐③❛çã♦ ♣❡r♠✐t❡ ❛t✐♥❣✐r ♦s ♦❜❥❡t✐✈♦s ❞❛ ❝♦♠♣✉t❛çã♦ ✈❡r❞❡ ❛tr❛✈és ❞❡ ❝♦♥s♦❧✐✲
❞❛çã♦ ❡ ✉s♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s ❛♣r♦♣r✐❛❞♦s✳ P♦❞❡✲s❡ ❡①❡♠♣❧✐✜❝❛r ❝♦♥s♦❧✐❞❛çã♦ ❝♦♠ ♦ s❡❣✉✐♥t❡
❝❡♥ár✐♦✿ ♥♦ ♣❛ss❛❞♦ ❡r❛ ♥❡❝❡ssár✐♦ q✉❡ ❝❛❞❛ s✐st❡♠❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ t✐✈❡ss❡ s✉❛ ♣ró♣r✐❛
❡str✉t✉r❛ ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ ♣❛r❛ ❢✉♥❝✐♦♥❛r✳ ❆ ✈✐rt✉❛❧✐③❛çã♦ ❡♠ ❛r♠❛③❡♥❛♠❡♥t♦ ♣❡r♠✐t❡
q✉❡ s✐st❡♠❛s ❛❝❡ss❡♠ ✉♠ s✉❜s✐st❡♠❛ ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ q✉❡ ❡st❡❥❛ ❡♠ ❛❧❣✉♠ ❧✉❣❛r ♥❛
r❡❞❡✳ ■ss♦ t❛♠❜é♠ q✉❡r ❞✐③❡r q✉❡ ❝ó♣✐❛s ❞❡ ❞❛❞♦s ❛r♠❛③❡♥❛❞♦s ❡♠ ❝❛❞❛ ❞✐s❝♦ ❞❡ ❝❛❞❛
s✐st❡♠❛ ❛❣♦r❛ t❛♠❜é♠ ♣♦❞❡♠ s❡r ❛r♠❛③❡♥❛❞♦s ♥♦ ♠❡s♠♦ s✉❜s✐st❡♠❛ ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦
❝♦♠♣❛rt✐❧❤❛❞♦✳ ❊stá ❝❧❛r♦ q✉❡ ❡st❛ ❛❜♦r❞❛❣❡♠ r❡❞✉③ ♦ ♥ú♠❡r♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ ❛r✲
♠❛③❡♥❛♠❡♥t♦s ♥❡❝❡ssár✐♦s✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❡♥❡r❣✐❛ r❡q✉❡r✐❞❛✱ ♦ ❝❛❧♦r ❣❡r❛❞♦✱ ❡ ❝♦♠♦
❡❢❡✐t♦ ❝♦❧❛t❡r❛❧ t❛♠❜é♠ r❡❞✉③ ♦s ❝✉st♦s ❛❞♠✐♥✐str❛t✐✈♦s t❛✐s ❝♦♠♦ ❜❛❝❦✉♣s✱ ♠❛♥✉t❡♥çã♦
❞❡ ❛r♠❛③❡♥❛♠❡♥t♦s ❞❡ ❛rq✉✐✈♦s ❡ ❛✜♥s✳

❈♦♠ r❡❧❛çã♦ ❛♦ ✉s♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s ❛♣r♦♣r✐❛❞♦s✱ ♣♦❞❡✲s❡ ✉s❛r ♦ s❡❣✉✐♥t❡ ❝❡♥ár✐♦✿ ♥♦t❡
q✉❡ ❡♠ ✉♠❛ ♦r❣❛♥✐③❛çã♦ ❤á s♦❢t✇❛r❡s ❡ ❛rq✉✐✈♦s q✉❡ sã♦ ❛❝❡ss❛❞♦s ❝♦♠ ❢r❡q✉ê♥❝✐❛s ❞✐s✲
t✐♥t❛s✳ P♦❞❡✲s❡✱ ♣♦r ❡①❡♠♣❧♦✱ ❞❛r ♣r✐♦r✐❞❛❞❡ ♣❛r❛ ❛r♠❛③❡♥❛r ❡ ❡①❡❝✉t❛r ♣r♦❣r❛♠❛s q✉❡
sã♦ ✉s❛❞♦s ❝♦♠ ♠❛✐♦r ❢r❡q✉ê♥❝✐❛ ❡♠ ✈✐rt✉❛❧✐③❛çõ❡s ❡①❡❝✉t❛❞❛s ♥❛s ♠áq✉✐♥❛s ♠❛✐s ❡✜❝✐✲
❡♥t❡s ❡♠ ❡♥❡r❣✐❛✱ ❡♥q✉❛♥t♦ t❡♥t❛✲s❡ ♠❛♥t❡r ❞❡s❧✐❣❛❞♦s ❡q✉✐♣❛♠❡♥t♦s ♠❡♥♦s ❡✜❝✐❡♥t❡s ❡♠
❡♥❡r❣✐❛✱ q✉❡ ♣♦❞❡rã♦ s❡r ✉s❛❞♦s ♣❛r❛ ❛r♠❛③❡♥❛r s♦❢t✇❛r❡s ❡ ❛rq✉✐✈♦s ✉t✐❧✐③❛❞♦s ❡s♣♦r❛❞✐✲
❝❛♠❡♥t❡ ❡♠ ✈✐rt✉❛❧✐③❛çõ❡s ❞❡ ♠áq✉✐♥❛s ♠❡♥♦s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛✳

❊st❡ tr❛❜❛❧❤♦ ❛♣❧✐❝❛ ♦s ✐❞❡❛✐s ❞❡ ❝♦♠♣✉t❛çã♦ ✈❡r❞❡✱ ♥♦ s❡♥t✐❞♦ ❞❡ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞♦ ♣♦r ❞❛t❛ ❝❡♥t❡rs q✉❡ ♦♣❡r❛♠ ❡♠ ♥✉✈❡♥s✳

✷✳✸ ❊s❝❛❧♦♥❛♠❡♥t♦ ❉✐♥â♠✐❝♦ ❞❡ ❚❡♥sã♦ ❡ ❋r❡q✉ê♥❝✐❛

❊s❝❛❧♦♥❛♠❡♥t♦ ❉✐♥â♠✐❝♦ ❞❡ ❚❡♥sã♦ ✭❉❱❙ ✲ ❉②♥❛♠✐❝ ❱♦❧t❛❣❡ ❙❝❛❧✐♥❣✮ ❬✶✵✷❪ é ✉♠❛ té❝♥✐❝❛
❜❡♠ ❝♦♥❤❡❝✐❞❛ ❡♠ s✐st❡♠❛s ❞✐❣✐t❛✐s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❡♠ ♣r♦❥❡t♦s ❞❡ ♠✐❝r♦♣r♦❝❡ss❛❞♦r❡s ❞❡
❛❧t♦ ❞❡s❡♠♣❡♥❤♦ ❡ ❜❛✐①♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❬✻✶❪✱ ❞❡ ❣❡rê♥❝✐❛ ❞❡ ❡♥❡r❣✐❛ ❡♠ ✉♠❛ ❛r✲
q✉✐t❡t✉r❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♦♥❞❡ ❛ t❡♥sã♦ ❞❡ ❞❡t❡r♠✐♥❛❞♦ ❝♦♠♣♦♥❡♥t❡ ♣♦❞❡ s❡r ❛❧t❡r❛❞❛
❞❡ ❛❝♦r❞♦ ❝♦♠ ♣❛râ♠❡tr♦s ❡s♣❡❝í✜❝♦s✳ ◆♦ â♠❜✐t♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ♦ ❛✉♠❡♥t♦ ❞❡ t❡♥sã♦
♣r♦♣✐❝✐❛ ♠❛✐♦r ❡st❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠ ❤❛r❞✇❛r❡✱ ❛♦ ❝✉st♦ ❞❡ r❡❞✉③✐r s✉❛ ✈✐❞❛ út✐❧✱ ♣♦r ❡①❡♠✲
♣❧♦✱ ❝♦♠ ❡❧❡tr♦♠✐❣r❛çã♦ ♦✉ ✐♥❥❡çã♦ ❞❡ tr❛♥s♣♦rt❛❞♦r q✉❡♥t❡ ✭❍❈■✮❀ ❡ ❛ r❡❞✉çã♦ ❞❡ t❡♥sã♦
♣❡r♠✐t❡ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ ❞♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ❤❛r❞✇❛r❡✳

❊♠ ❝✐r❝✉✐t♦s ❞✐❣✐t❛✐s ❜❛s❡❛❞♦s ♥♦ tr❛♥s✐st♦r ▼❖❙❋❊❚✱ é ♣♦ssí✈❡❧ ❡❢❡t✉❛r ❛ ❛❧t❡r♥â♥❝✐❛
❞❡ ❡st❛❞♦s ❞❡ t❡♥sõ❡s ❞❡ ❛❧✐♠❡♥t❛çã♦ ❡♥tr❡ ✏❛❧t❛✑ ❡ ✏❜❛✐①❛✑✳ ❋❛❜r✐❝❛♥t❡s ❞❡ ♣r♦❝❡ss❛❞♦r❡s
s❡ ❜❡♥❡✜❝✐❛♠ ❞♦s r❡❝✉rs♦s ❞❡ ❉❱❙ ♣❛r❛ ♠✐♥✐♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❡ s❡✉s ❞✐s♣♦s✐✲
t✐✈♦s ❡✱ t❛♠❜é♠✱ r❡❞✉③❡♠ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ t❛✐s ❡q✉✐♣❛♠❡♥t♦s✱ ♣❡r♠✐t✐♥❞♦✲♦s ♣❡r♠❛♥❡❝❡r
❡stá✈❡✐s✳ ❊st❛ té❝♥✐❝❛ ❞❡ ❡s❝❛❧♦♥❛r ❞✐♥❛♠✐❝❛♠❡♥t❡ ❛ t❡♥sã♦ ❡ ❛ ❢r❡q✉ê♥❝✐❛ r❡❝❡❜❡ ♦ ♥♦♠❡
❞❡ ❉❱❋❙ ✭❉②♥❛♠✐❝ ❋r❡q✉❡♥❝② ❛♥❞ ❱♦❧t❛❣❡ ❙❝❛❧✐♥❣✮✳
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❆s t❡❝♥♦❧♦❣✐❛s ■♥t❡❧ ❙♣❡❡❞❙t❡♣ ❬✷✻❪ ❡ ❆▼❉ ❈♦❧❧✬♥✬◗✉✐❡t ❬✺❪ ❛❥✉st❛♠✱ ❛✉t♦♠❛t✐❝❛♠❡♥t❡✱
❡♠ ♥í✈❡❧ ❞❡ ❤❛r❞✇❛r❡✱ ❛ ❢r❡q✉ê♥❝✐❛ ❡ t❡♥sã♦ ❞❡ ♦♣❡r❛çã♦ ❞♦s s❡✉s ♣r♦❝❡ss❛❞♦r❡s ❞❡ ❛❝♦r❞♦
❝♦♠ s✉❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✳ ❙❡ ❤á ❛❧t❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ♦ ♣r♦❝❡ss❛❞♦r ❛✉♠❡♥t❛ ♦s
♥í✈❡✐s ❞❡ t❡♥sã♦ ❡ ❢r❡q✉ê♥❝✐❛✱ ❝❛s♦ ❝♦♥trár✐♦ ❞✐♠✐♥✉✐ ❡st❡s ♥í✈❡✐s✳ ❖s ❡st❛❞♦s ♣♦ssí✈❡✐s
❞❡ ❢r❡q✉ê♥❝✐❛ ❡ t❡♥sã♦ sã♦ ❝❤❛♠❛❞♦s ❞❡ P✲st❛t❡s✳ ❊♠❜♦r❛ ♦s ♣r♦❝❡ss❛❞♦r❡s ✈❡♥❤❛♠ ❝♦♠
❡ss❛s t❡❝♥♦❧♦❣✐❛s✱ ♦ s✉♣♦rt❡ ❛ ❡❧❛s ♠✉✐t❛s ✈❡③❡s ✈❡♠ ❞❡s❛t✐✈❛❞♦ ♥❛ ♣❧❛❝❛ ♠ã❡✱ r❡q✉❡r❡♥❞♦
❛t❡♥çã♦ ❞♦ ❛❞♠✐♥✐str❛❞♦r ❞♦ s✐st❡♠❛ ♣❛r❛ q✉❡ ❛s ❛t✐✈❡✳

P❛r❛ ❝❛❧❝✉❧❛r ♦ ✐♠♣❛❝t♦ ❡♠ ❡♥❡r❣✐❛ q✉❛♥❞♦ ♦ ❉❱❋❙ ❡stá ❛t✐✈❛❞♦✱ é ♥❡❝❡ssár✐♦ ✈❡r✐✜❝❛r
❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ ♣r♦❝❡ss❛❞♦r✱ ♦♣❡r❛♥❞♦ ❡♠ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛ ❡
t❡♥sã♦✱ ❡ ❛ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ ♠❡s♠♦ ♣r♦❝❡ss❛❞♦r tr❛❜❛❧❤❛♥❞♦ ❡♠ ❝❛♣❛❝✐❞❛❞❡ ♠á✲
①✐♠❛✳ ❆ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ ♥ú❝❧❡♦ ❞♦ ♣r♦❝❡ss❛❞♦r ♣♦❞❡ s❡r ♦❜t✐❞❛ ❛ ♣❛rt✐r ❞❛
❢ór♠✉❧❛ P = cfV 2✱ ♦♥❞❡ P é ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ ♣r♦❝❡ss❛❞♦r ❡♠ ✇❛tts ❀ c é ❛ ❝❛✲
♣❛❝✐tâ♥❝✐❛ ❞♦s tr❛♥s✐st♦r❡s ✐♥t❡r♥♦s ❝♦♠✉t❛❞❛ ♣♦r ❝✐❝❧♦ ❞❡ ❝❧♦❝❦ ❞♦ ♣r♦❝❡ss❛❞♦r ❡ ♠❡❞✐❞❛
❡♠ ❢❛r❛❞s ✭❞❡t❡r♠✐♥❛❞♦ ♣❡❧❛ ❧✐t♦❣r❛✜❛✱ ❝♦♥st❛♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❛ ❢r❡q✉ê♥❝✐❛ ♦✉
t❡♥sã♦✮❀ f é ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ tr❛❜❛❧❤♦ ❞♦ ♣r♦❝❡ss❛❞♦r ❡♠ ❤❡rt③ ❡ V é ❛ t❡♥sã♦ ❞❡ ❛❧✐♠❡♥✲
t❛çã♦ ❞❛ ❈P❯ ❡♠ ✈♦❧ts✳ ❆ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ ♣r♦❝❡ss❛❞♦r ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞❛ ♣❡❧❛
♣♦tê♥❝✐❛ ♥❛ q✉❛❧ ❡❧❡ tr❛❜❛❧❤❛ ♠✉❧t✐♣❧✐❝❛❞❛ ♣❡❧♦ t❡♠♣♦ ❞❡ ♦♣❡r❛çã♦✳ ❆ ❝♦♥s❡q✉ê♥❝✐❛ ❞✐ss♦
é q✉❡ ❛ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛ ❝r❡s❝❡ ❧✐♥❡❛r♠❡♥t❡ ❝♦♠ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ tr❛❜❛❧❤♦ ❞♦ ♣r♦❝❡ss❛❞♦r
❡ q✉❛❞r❛t✐❝❛♠❡♥t❡ ❝♦♠ ❛ t❡♥sã♦✳

P❛r❛ ❞❡♠♦♥str❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❛s t❡❝♥♦❧♦❣✐❛s s✉♣r❛♠❡♥❝✐♦♥❛❞❛s ♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r✲
❣✐❛ ✭❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❞✐ss✐♣❛❞❛✮✱ é t♦♠❛❞♦ ❝♦♠♦ ❜❛s❡ ✉♠ ♣r♦❝❡ss❛❞♦r ■♥t❡❧
P❡♥t✐✉♠ ▼ ❞❡ ✶✱✻ ●❍③✱ ❝♦♠ ❛ t❡❝♥♦❧♦❣✐❛ ❙♣❡❡❞❙t❡♣ ❛t✐✈❛❞❛✳ ◆❡st❡ ♣r♦❝❡ss❛❞♦r ❛s ❢r❡q✉ê♥✲
❝✐❛s s❡ ❛❥✉st❛♠ ❞❡ ✻✵✵ ▼❍③ ❛té ✶✱✻ ●❍③✱ ❡♠ ♣❛ss♦s ❞❡ ✷✵✵ ▼❍③✳ ❆ t❡♥sã♦ ✉t✐❧✐③❛❞❛ ♥❛
❢r❡q✉ê♥❝✐❛ ♠á①✐♠❛ é ❞❡ ✶✱✹✽✹ ❱ ❡ ♥❛ ❢r❡q✉ê♥❝✐❛ ♠í♥✐♠❛ é ✵✱✾✺✻ ❱✳ P♦❞❡✲s❡ ✈❡r✐✜❝❛r
q✉❡ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ♥♦ ❛❥✉st❡ ❞❛ ❢r❡q✉ê♥❝✐❛ ♠á①✐♠❛ ♣❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ ♠í♥✐♠❛✱ é
r❡❞✉③✐❞♦ ❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✽✹✪ ❡✱ ♣♦rt❛♥t♦✱ ❜❛st❛♥t❡ s✐❣♥✐✜❝❛t✐✈♦✳ ❖s ❝á❧❝✉❧♦s sã♦
❛♣r❡s❡♥t❛❞♦s ♥❛ ❊q✉❛çã♦ ✭✷✳✶✮✳

1−
600× 0, 9562

1600× 1, 4842
≈ 1−

548, 362

3523, 61
≈ 84% ✭✷✳✶✮

P❛r❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦✱ ❝♦♥s♦❧✐❞❛♠♦s ❛ r❡❧❛çã♦ ❡♥tr❡ ♦s P✲st❛t❡s✱ t❡♥sã♦✱ ❢r❡q✉ê♥❝✐❛
❡ ❡❝♦♥♦♠✐❛ ❞❡ ❡♥❡r❣✐❛ ♥❛ ❋✐❣✉r❛ ✷✳✷✳

◆❡st❡ tr❛❜❛❧❤♦ ❛♣❧✐❝❛♠♦s ♦ ❝♦♥❝❡✐t♦ ❞❡ ❉❱❋❙ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♣♦ss✉✐r ✉♠ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛ ✐♥t❡❧✐❣❡♥t❡✱ ✉s❛♥❞♦ ❛ ♣♦tê♥❝✐❛ ❞♦ ♣r♦❝❡ss❛❞♦r ❛❞❛♣t❛❞❛ às ❝❛r❣❛s q✉❡ ♥❡❝❡ss✐t❛
♣r♦❝❡ss❛r✳

✷✳✹ ▼✐❣r❛çã♦ ❞❡ ▼áq✉✐♥❛s ❱✐rt✉❛✐s

❆ t❡❝♥♦❧♦❣✐❛ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s é ❛♥t✐❣❛✱ ❞❛ ❞é❝❛❞❛ ❞❡ ✶✾✻✵ ❬✷✼❪✱ t❡♥❞♦ ❛♣r❡s❡♥t❛❞♦
✉♠❛ ❣r❛♥❞❡ ❡✈♦❧✉çã♦ ❡ s❡ t♦r♥❛❞♦ ✉♠ ❝♦♠♣♦♥❡♥t❡ ❜ás✐❝♦ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❡ ❛❣❧♦♠❡✲
r❛❞♦s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❡✈✐❞♦ às s✉❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡ ✐s♦❧❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱
❝♦♥s♦❧✐❞❛çã♦ ❡ ♠✐❣r❛çã♦ ❬✾❪✳ ❉❡ ♠♦❞♦ ❣❡r❛❧ ❡ss❡ r❡❝✉rs♦ ♣❡r♠✐t❡ s❡r✈✐r ♠ú❧t✐♣❧♦s ✉s✉ár✐♦s
❞❡ ✉♠❛ ❢♦r♠❛ s❡❣✉r❛✱ ❡✜❝✐❡♥t❡ ❡ ✢❡①í✈❡❧✳ ❈♦♠♦ r❡s✉❧t❛❞♦✱ ❡ss❛s ✐♥❢r❛❡str✉t✉r❛s ✈✐rt✉✲



✸✵

❋✐❣✉r❛ ✷✳✷✿ ❉❱❋❙✿ ❘❡❧❛çã♦ ❡♥tr❡ P✲st❛t❡s✱ ❚❡♥sã♦✱ ❋r❡q✉ê♥❝✐❛ ❡ ❊❝♦♥♦♠✐❛ ❞❡ ❊♥❡r❣✐❛

❛❧✐③❛❞❛s sã♦ ❝♦♥s✐❞❡r❛❞❛s ❝♦♠♣♦♥❡♥t❡s✲❝❤❛✈❡ ♣❛r❛ ❝♦♥❞✉③✐r ♦ ❡♠❡r❣❡♥t❡ ♣❛r❛❞✐❣♠❛ ❞❛
❈♦♠♣✉t❛çã♦ ❡♠ ◆✉✈❡♠ ❬✷✶❪✳

❆ ♠✐❣r❛çã♦ ❞❡ ❝❛r❣❛s ✈✐rt✉❛✐s ♣♦ss✐❜✐❧✐t❛ ❛♣❡r❢❡✐ç♦❛r ❛ ❣❡rê♥❝✐❛ ❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡
s✐st❡♠❛s✳ ▼❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡✱ ❛s r❛③õ❡s q✉❡ ❥✉st✐✜❝❛♠ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❡♠ ✉♠ s✐st❡♠❛ ❞❡ ♣r♦❞✉çã♦ ✐♥❝❧✉❡♠✿ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❢❛③❡r ❜❛❧❛♥❝❡❛♠❡♥t♦ ❞❡ ❝❛r❣❛✱ q✉❡
♣♦❞❡ s❡r ❝♦♥s❡❣✉✐❞❛ ❛tr❛✈és ❞❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞❡ s❡r✈✐❞♦r❡s s♦❜r❡❝❛rr❡❣❛✲
❞♦s✴s✉♣❡r❛q✉❡❝✐❞♦s❀ ❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡❧❡t✐✈❛♠❡♥t❡ ❞❡s❧✐❣❛r s❡r✈✐❞♦r❡s ♣❛r❛ ♠❛♥✉t❡♥çã♦
❛♣ós ♠✐❣r❛r s✉❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ♣❛r❛ ♦✉tr♦s s❡r✈✐❞♦r❡s ❬✶✷✹❪✳ ❊ss❛ ♠✐❣r❛çã♦ ♣♦❞❡ s❡r
❢❡✐t❛ ❞❡ ♠♦❞♦ ❝♦❧❞ ✖ ❞❡s❛t✐✈❛♥❞♦ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡ ❛ ♠✐❣r❛♥❞♦ ❡♥tr❡ s❡r✈✐❞♦r❡s ✖ ♦✉
❤♦t✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❧✐✈❡ ✖ ❢❡✐t❛ s❡♠ ❣❡r❛r ✐♥❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ s❡r✈✐ç♦ ❡ é ♣♦✉❝♦
♣❡r❝❡♣tí✈❡❧ ♣❛r❛ ♦ ✉s✉ár✐♦✱ ♣♦❞❡♥❞♦ s❡r r❡❛❧✐③❛❞❛✱ ♣♦r ❡①❡♠♣❧♦✱ ♣❛r❛ r❡t✐r❛r ❛ ❝❛r❣❛ ❞❡
♠áq✉✐♥❛s ❢ís✐❝❛s s✉❜✉t✐❧✐③❛❞❛s ♣❛r❛ ❞❡s❧✐❣á✲❧❛s ❬✷✹❪✳ ❯♠❛ ❞❛s ❢❡rr❛♠❡♥t❛s q✉❡ ♣♦ss✐❜✐❧✐t❛
❡❢❡t✉❛r ❡st❛ ♠✐❣r❛çã♦ é ♦ ✈▼♦t✐♦♥ ❬✶✷✷❪✳ ◆♦t❛♠♦s t❛♠❜é♠ ♦ ❡♠♣r❡❣♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ♥♦ ❝♦♥t❡①t♦ ❞❡ t♦❧❡râ♥❝✐❛ ❛ ❢❛❧❤❛s✱ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ s❡r ✉♠ ♠❡❝❛♥✐s♠♦
♣❛r❛ ♣r♦✈✐♠❡♥t♦ ❞❡ ❛❧t❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✱ ❝♦♥❢♦r♠❡ ♦❜s❡r✈❛♠♦s ♥♦ ❡①t❡♥s♦ ❡st✉❞♦ ❞❡ ❊♥❞♦
❡t ❛❧✳ ❬✸✼❪✳

◆❡st❡ tr❛❜❛❧❤♦ ❡♠♣r❡❣❛♠♦s ♦ r❡❝✉rs♦ ❞❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ♦ ♦❜❥❡t✐✈♦
❞❡ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳ ▼❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡✱ ♦s ❛❧❣♦r✐t♠♦s q✉❡ ❛♣r❡s❡♥t❛♠♦s
❜✉s❝❛♠✱ q✉❛♥❞♦ ♣♦ssí✈❡❧✱ ♠✐❣r❛r ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞❡ s❡r✈✐❞♦r❡s ♠❡♥♦s ❡✜❝✐❡♥t❡s ❡♠
❡♥❡r❣✐❛ ♣❛r❛ s❡r✈✐❞♦r❡s ♠❛✐s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛ ❡✱ q✉❛♥❞♦ ❡st❡s s❡r✈✐❞♦r❡s ♠❡♥♦s ❡✜❝✐✲
❡♥t❡s ❡st✐✈❡r❡♠ ♦❝✐♦s♦s✱ ❞❡s❧✐❣á✲❧♦s✳ ❉♦ ♣♦♥t♦ ❞❡ ✈✐st❛ té❝♥✐❝♦ ❡st❡s ❞❡s❧✐❣❛♠❡♥t♦s ♣♦❞❡♠
s❡r ❢❡✐t♦s ❝♦♠ ♦s s❡r✈✐❞♦r❡s ❡♥✈✐❛♥❞♦ ✉♠❛ s✐♥❛❧✐③❛çã♦ ❆❈P■ ♣❛r❛ ❛ ♣❧❛❝❛✲♠ã❡ ❬✽✶❪✱ ❡ ♣♦✲
❞❡♠ s❡r r❡❧✐❣❛❞♦s ✈✐❛ ✉♠ ♣❛❝♦t❡ ❲❛❦❡✲♦♥✲▲❆◆ ♣r♦✈❡♥✐❡♥t❡ ❞♦ ❡s❝❛❧♦♥❛❞♦r ❬✶✼❪✳ ❊♠ ✉♠
❝♦♠♣✉t❛❞♦r✱ ❛ ✐♥t❡r❢❛❝❡ ❞❡ ❝♦♥✜❣✉r❛çã♦ ❡ ❡♥❡r❣✐❛ ❛✈❛♥ç❛❞❛ ✭❆❈P■✮ ♣r♦✈ê ✉♠ ♣❛❞rã♦
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❛❜❡rt♦ q✉❡ ♣♦ss✐❜✐❧✐t❛ s✐st❡♠❛s ♦♣❡r❛❝✐♦♥❛✐s ❞❡s❝♦❜r✐r❡♠ ❡ ❝♦♥✜❣✉r❛r❡♠ ❝♦♠♣♦♥❡♥t❡s ❞❡
❤❛r❞✇❛r❡✱ ❞❡ ♠♦❞♦ ❛ r❡❛❧✐③❛r ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❛tr❛✈és ❞❡ ♦♣❡r❛çõ❡s ❡♠✐t✐❞❛s
♣❡❧♦ ❦❡r♥❡❧ ✉s❛♥❞♦ ❧✐st❛s ❞❡ ✐♥str✉çõ❡s✳ ❖ ❲❛❦❡✲♦♥✲▲❆◆✱ ♣♦r s✉❛ ✈❡③✱ é ✉♠ ♣r♦t♦❝♦❧♦
♣❛❞rã♦ ❞❛ ✐♥❞ústr✐❛ ♣❛r❛ ❧✐❣❛r ❝♦♠♣✉t❛❞♦r❡s ❞❡s❧✐❣❛❞♦s ❝♦♠ ❛❝❡ss♦ à ❡♥❡r❣✐❛ ❛tr❛✈és ❞❡
✉♠ ♣❛❝♦t❡ ❡s♣❡❝í✜❝♦ ❞❡ r❡❞❡ ❞❡♥♦♠✐♥❛❞♦ ♠❛❣✐❝ ♣❛❝❦❡t✱ q✉❡ ❝❛rr❡❣❛ ❝♦♠♦ ♣❛rt❡ ❞❡ s✉❛
❝❛r❣❛ út✐❧ ♦ ❡♥❞❡r❡ç♦ ❢ís✐❝♦ ❞❛ ✐♥t❡r❢❛❝❡ ❞❡ r❡❞❡ ❝✉❥♦ s✐st❡♠❛ ✜♥❛❧ ❞❡✈❡rá s❡r ❧✐❣❛❞♦✳

❖❜s❡r✈❛♠♦s q✉❡ ❡♠ ♣❡sq✉✐s❛s r❡❝❡♥t❡s✱ ❝♦♠♦ ❡♠ ❬✶✸✵❪✱ ❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ♣❛ss♦✉ ❛ r❡❝❡❜❡r ♠❛✐♦r ❛t❡♥çã♦ ❞❡ ♣❡sq✉✐s❛❞♦r❡s✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ t❡♠♦s ✈✐st♦
❛❜♦r❞❛❣❡♥s q✉❡ ♦❜❥❡t✐✈❛♠ ❞❡✐①❛r ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ q✉❡ ❛♣r❡s❡♥t❛♠ ❡❧❡✈❛❞❛ ❝♦♠✉♥✐❝❛çã♦
❡♥tr❡ s✐✱ ♥❛ ♠❡s♠❛ ♠áq✉✐♥❛ ❢ís✐❝❛✱ ♦✉ ♣❡❧♦ ♠❡♥♦s ❡♠ ♠áq✉✐♥❛s ❢ís✐❝❛s ♣ró①✐♠❛s✳ ◆❡st❛
♣r♦♣♦st❛✱ ♥ã♦ ❝♦♥s✐❞❡r❛♠♦s ❡st❡ ❝♦♥t❡①t♦✱ ❛♣❡s❛r ❞❡ ❝♦♥s✐❞❡rá✲❧♦ ♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳

✷✳✺ ❘❡❞❡s ❞❡ ❆❧t❛ ❱❡❧♦❝✐❞❛❞❡ ❡ ▼✐❣r❛çã♦ ❞❡ ▼áq✉✐♥❛s

❱✐rt✉❛✐s

▼♦str❛♠♦s ♥❛ ❙❡çã♦ ✷✳✹ q✉❡ ❛ té❝♥✐❝❛ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣♦❞❡ r❡❞✉③✐r
s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❡ s❡r✈✐❞♦r❡s✱ ❡♠ ❡s♣❡❝✐❛❧ ❛tr❛✈és ❞❛ ❝♦♥s♦❧✐❞❛çã♦
❞❡ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♥♦s s❡r✈✐❞♦r❡s ♠❛✐s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛✳

◆♦ ❡♥t❛♥t♦✱ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ✉♠ ❞❛t❛ ❝❡♥t❡r ❝♦♥s✐st❡ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♠áq✉✐♥❛s
❢ís✐❝❛s✱ ✐♥t❡r❝♦♥❡❝t❛❞❛s ♣♦r ✉♠❛ r❡❞❡✱ ❞✐s♣♦♥í✈❡✐s ♣❛r❛ r❡❝❡❜❡r✴♠✐❣r❛r ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
♦❜s❡r✈❛♠♦s q✉❡ ❛ ♠✐❣r❛çã♦ ♣♦ss✉✐ ✉♠ ❝✉st♦ ❡♥❡r❣ét✐❝♦ ❛ss♦❝✐❛❞♦✱ ❞❛❞♦ ♣❡❧❛ ❊q✉❛çã♦ ✭✷✳✷✮✱
♦♥❞❡ Ec é ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♥♦ ♣r♦❝❡ss♦ ❞❛ ♠✐❣r❛çã♦✱ Es,off é ❛ ❡♥❡r❣✐❛ ❝♦♥s✉✲
♠✐❞❛ ♣❛r❛ ❞❡s❧✐❣❛r ♦ s❡r✈✐❞♦r ❞❡ ♦r✐❣❡♠ ❞❛ ♠✐❣r❛çã♦✱ Ed,on é ❛ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛ ♣❛r❛
❧✐❣❛r ♦ s❡r✈✐❞♦r ❞❡st✐♥♦ ❞❛ ♠✐❣r❛çã♦ ✭❝❛s♦ ❡st❡❥❛ ♣r❡✈✐❛♠❡♥t❡ ❞❡s❧✐❣❛❞♦✮✱ Enet é ❛ ❡♥❡r❣✐❛
❝♦♥s✉♠✐❞❛ ♣❡❧❛ r❡❞❡ ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ♠✐❣r❛çã♦✱ Es,migration é ❛ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛
❞✉r❛♥t❡ ♦ t❡♠♣♦ ❞❛ ♠✐❣r❛çã♦ ♣❡❧♦ s❡r✈✐❞♦r ❞❡ ♦r✐❣❡♠ ❞❛ ♠✐❣r❛çã♦ ❡ Ed,migration é ❛ ❡♥❡r❣✐❛
❝♦♥s✉♠✐❞❛ ❞✉r❛♥t❡ ♦ t❡♠♣♦ ❞❛ ♠✐❣r❛çã♦ ♣❡❧♦ s❡r✈✐❞♦r ❞❡ ❞❡st✐♥♦ ❞❛ ♠✐❣r❛çã♦ ✭❬✶✵✶❪✮✳

Ec = Es,off + Ed,on + Enet + Es,migration + Ed,migration ✭✷✳✷✮

▼áq✉✐♥❛s ✈✐rt✉❛✐s ♠✐❣r❛♠ ❛tr❛✈és ❞❛ r❡❞❡ ❞♦s s❡r✈✐❞♦r❡s ♥❛s q✉❛✐s ❡❧❛s ❡stã♦ ❤♦s✲
♣❡❞❛❞❛s ❡✱ ♣♦rt❛♥t♦✱ ♦ t❡♠♣♦ ❞❛ ♠✐❣r❛çã♦ ❡stá r❡❧❛❝✐♦♥❛❞♦ à ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡st❡s
s❡r✈✐❞♦r❡s✳ ▼❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡✱ ❝♦♥s✐❞❡r❡ ✉♠ ❝❡♥ár✐♦ ❤✐♣♦tét✐❝♦ ♦♥❞❡ ❞✉❛s ♠áq✉✐♥❛s
❢ís✐❝❛s ❛❞❥❛❝❡♥t❡s ✖ h1 ❡ h2 ✖ ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ❝♦♠ ✉♠❛ r❡❞❡ ♦❝✐♦s❛ ❡ ✉♠❛ ♠á✲
q✉✐♥❛ ✈✐rt✉❛❧ vm1 ❛ ♠✐❣r❛r ❡♥tr❡ h1 ❡ h2✳ ◆ós ♣♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ q✉❛♥t♦ ♠❛✐♦r ❢♦r
❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞✐s♣♦♥í✈❡❧ ❡♥tr❡ h1 ❡ h2✱ ♠❛✐s rá♣✐❞♦ ❛ ♠✐❣r❛çã♦ ♦❝♦rr❡rá✳ ◆❡st❡
s❡♥t✐❞♦✱ ♦ ❛✉♠❡♥t♦ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❛❧❝❛♥ç❛❞❛ ♣❡❧❛ ❊t❤❡r♥❡t ❝❛✉s❛ ✉♠ ✐♠♣❛❝t♦✿ s❡
❛❞❛♣t❛❞♦r❡s ❞❡ r❡❞❡s ♠❛✐s rá♣✐❞♦s sã♦ ❝♦❧♦❝❛❞♦s t❛♥t♦ ❡♠ h1 q✉❛♥t♦ h2✱ ❡ s❡ ❛ r❡❞❡ ❡stá
❛❞❡q✉❛❞❛♠❡♥t❡ ♣r❡♣❛r❛❞❛✱ ♠❡♥♦r s❡rá ♦ t❡♠♣♦ ❝♦♥s✉♠✐❞♦ ♣❡❧❛ ♠✐❣r❛çã♦✳ ❖❜s❡r✈❛♠♦s
q✉❡ ♦ ❢❛t♦r ❞✐stâ♥❝✐❛ ♣♦❞❡ t❛♠❜é♠ ✐♥tr♦❞✉③✐r ✉♠ ❛tr❛s♦ ❞❡ ♣r♦♣❛❣❛çã♦✳ ◆♦ ❡♥t❛♥t♦✱
❝♦♥s✐❞❡r❛♥❞♦ ♦ ❝♦♥t❡①t♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ q✉❡ ❡♥✈♦❧✈❡ ♦ ❡♥✈✐♦ ❞❡ ✉♠❛
❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s✱ t❡♠♦s q✉❡ ♦ ❛tr❛s♦ ❞❡ tr❛♥s♠✐ssã♦ t❡♥❞❡ ❛ s❡r ♠✉✐t♦ ❣r❛♥❞❡
q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛ ❡ss❡✱ ♣♦ss✐❜✐❧✐t❛♥❞♦✱ ♣❛r❛ ♠✉✐t♦s ❝❛s♦s✱ ❛ ❝♦♥s✐❞❡r❛çã♦ ❞♦ ❛tr❛s♦ ❞❡
♣r♦♣❛❣❛çã♦ ❝♦♠♦ ♣♦♥t✉❛❧✳
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◆♦t❡ q✉❡ ♦s ✈❛❧♦r❡s ❞❡ Enet✱ Es,migration ❡ Ed,migration ❡stã♦ ✐♥t✐♠❛♠❡♥t❡ ❧✐❣❛❞♦s ❝♦♠ ♦
t❡♠♣♦ ❝♦♥s✉♠✐❞♦ ♣❡❧❛ ♠✐❣r❛çã♦✱ ✉♠❛ ✈❡③ q✉❡ ❛ ❡♥❡r❣✐❛ é ♥✉♠❡r✐❝❛♠❡♥t❡ ✐❣✉❛❧ ❛♦ t❡♠♣♦
♠✉❧t✐♣❧✐❝❛❞♦ ♣❡❧❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ✭E = P × t✮✳ ❈♦♥s✐❞❡r❛♥❞♦ ✉♠ ❝❡♥ár✐♦ ❞❡ r❡❞❡s ❞❡
❛❧t❛ ✈❡❧♦❝✐❞❛❞❡✱ ♣♦rt❛♥t♦✱ ❡st❡s ✈❛❧♦r❡s t❡♥❞❡♠ ❛ ❞✐♠✐♥✉✐r✱ ♦ q✉❡ s✐❣♥✐✜❝❛ q✉❡ é ♣♦ssí✈❡❧
r❡❛❧✐③❛r ✉♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❛ ✉♠ ❝✉st♦ ♣♦t❡♥❝✐❛❧♠❡♥t❡ ♠❡♥♦r ❞❡ ❡♥❡r❣✐❛
✭❞❡♣❡♥❞❡♥t❡ ❞♦ ❝♦♥s✉♠♦ ❞❛ r❡❞❡✮✳

◆❡❞❡✈s❝❤✐ ❡t ❛❧✳ ❬✾✵❪ r❡ss❛❧t❛♠ q✉❡ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♣❡❧♦s ❡q✉✐♣❛♠❡♥t♦s ❞❡ r❡❞❡s
❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ t❡♥❞❡ ❛ s❡r ♠❛✐♦r✳ ❈♦♥s✐❞❡r❛♠♦s ❡ss❛ ❝❛r❛❝t❡ríst✐❝❛
♥❡st❡ tr❛❜❛❧❤♦✱ ❡ ♦❜❥❡t✐✈❛♠♦s r❡s♣♦♥❞❡r✱ ♣❛r❛ ✉♠❛ ❣❛♠❛ ❞❡ ❝❡♥ár✐♦s✱ ❛té ♦♥❞❡ é ❛❞♠✐ssí✈❡❧
♦ ❛✉♠❡♥t♦ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❢r❡♥t❡ ❛♦ ❛✉♠❡♥t♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ♣r♦❧ ❞❛
❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✳

◆♦ss❛ ♣r♦♣♦st❛ ❡♥✈♦❧✈❡✱ ♣♦rt❛♥t♦✱ ❡st✉❞❛r ❞❡ q✉❡ ♠❛♥❡✐r❛s r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡
♣♦❞❡♠ ✐♠♣❛❝t❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❡♠ ♥✉✈❡♥s✱ ♥♦ s❡♥t✐❞♦ ❞❡ r❡❞✉③✐r ♦s t❡♠♣♦s ❞❡ ♠✐❣r❛çã♦✱ ♣❡r♠✐t✐♥❞♦ ✉♠ ❛✉♠❡♥t♦ ♥❛
❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞♦ ❞❛t❛ ❝❡♥t❡r ❝♦♠♦ ✉♠ t♦❞♦✳

✷✳✻ ❚r❛❜❛❧❤♦s ❘❡❧❛❝✐♦♥❛❞♦s

❆❣r❛✇❛❧ ❡ ❘❛♦ ❬✷❪ ♣r♦♣✉s❡r❛♠ ✉♠❛ ♥♦✈❛ ❢♦r♠✉❧❛çã♦ ❡ ♠♦str❛r❛♠ q✉❡ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦
❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ é ✉♠❛ ❣❡♥❡r❛❧✐③❛çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❝♦♠ ♠í♥✐♠♦ ♠❛✲

❦❡s♣❛♥✳ ❊❧❡s ♣r♦♣õ❡♠ três ❛❧❣♦r✐t♠♦s ❞✐st✐♥t♦s ♣❛r❛ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛✱ ❡
s❡✉ tr❛❜❛❧❤♦ ♣♦ss✐❜✐❧✐t❛ ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ ❡♥tr❡ t❡♠♣♦ ❡ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛
♣❡❧♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✳

❇❡❧♦❣❧❛③♦✈ ❡ ❇✉②②❛ ❬✶✶❪ ❛♣r❡s❡♥t❛♠ ✉♠❛ ❛✈❛❧✐❛çã♦ ❞❡ ❤❡✉ríst✐❝❛s ♣❛r❛ ❛ r❡❛❧♦❝❛çã♦
❞✐♥â♠✐❝❛ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✉t✐❧✐③❛♥❞♦ ♦ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❧✐✈❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s
r❡q✉❡r✐♠❡♥t♦s ❝♦rr❡♥t❡s ♣❛r❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳ ❘❡s✉❧t❛❞♦s ♠♦str❛r❛♠ q✉❡
❛s té❝♥✐❝❛s ♣r♦♣♦st❛s ♣♦ss✐❜✐❧✐t❛r❛♠ ❡❝♦♥♦♠✐❛ s✉❜st❛♥❝✐❛❧ ❞❡ ❡♥❡r❣✐❛✱ ❡♥q✉❛♥t♦ ❣❛r❛♥t❡
q✉❛❧✐❞❛❞❡ ❞❡ s❡r✈✐ç♦ ❝♦♥✜á✈❡❧✳

❇❡❧♦❣❧❛③♦✈ ❡t ❛❧✳ ❬✶✵❪ ♣r♦♣õ❡♠ ✉♠ ❤❡✉ríst✐❝❛s ♣❛r❛ ❛❧♦❝❛çã♦ ❞❡ r❡❝✉rs♦s ♣❛r❛ ✉♠
❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs q✉❡ ♦♣❡r❛♠ ❡♠ ♥✉✈❡♥s✳ ◆❡ss❡ tr❛❜❛❧❤♦ é ❞❡✜♥✐❞♦ ✉♠
❢r❛♠❡✇♦r❦ ❛rq✉✐t❡t✉r❛❧ ❡ ♣r✐♥❝í♣✐♦s ♣❛r❛ ✉♠❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛✳
❇❛s❡❛❞♦ ♥❡st❛ ❛rq✉✐t❡t✉r❛✱ ❡❧❡s ❛♣r❡s❡♥t❛♠ ✉♠ s✐st❡♠❛ ❞❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ r❡❝✉rs♦s ❡
❛❧❣♦r✐t♠♦s ❞❡ ❛❧♦❝❛çã♦✳ ❆s ❤❡✉ríst✐❝❛s ❞❡ ❛❧♦❝❛çã♦ ♣r♦♣♦st❛s ♣r♦✈❡❡♠ r❡❝✉rs♦s ❞♦s ❞❛t❛

❝❡♥t❡rs ♣❛r❛ ❛♣❧✐❝❛çõ❡s ❝❧✐❡♥t❡s ❞❡ ♠♦❞♦ ❛ ♠❡❧❤♦r❛r ❛ ❡❝♦♥♦♠✐❛ ❡♠ ❡♥❡r❣✐❛ ❞♦s ❞❛t❛

❝❡♥t❡rs✱ ❡♥q✉❛♥t♦ ❡♥tr❡❣❛♥❞♦ q✉❛❧✐❞❛❞❡s ❞❡ s❡r✈✐ç♦ ♥❡❣♦❝✐❛❞❛s✳
❇❡r❣❡♥ ❡t ❛❧✳ ❬✶✷❪ ❛✜r♠❛♠ q✉❡ ❡s❢♦rç♦s ❞❡ ♣❡sq✉✐s❛ sã♦ ♥❡❝❡ssár✐♦s ♣❛r❛ r❡❧❛❝✐♦♥❛r ♦

❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❡ ❤❛r❞✇❛r❡ ❝♦♠ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ r❡❧❛❝✐♦♥❛❞♦ à ❡①❡❝✉çã♦ ❞❡
♣r♦❣r❛♠❛s✳ ❊❧❡s ✐♥✈❡st✐❣❛♠ ♦s ❡❢❡✐t♦s ❞❛s ❝❛r❣❛s ❞♦s ♣r♦❝❡ss❛❞♦r❡s ♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛
❞♦ ❞❛t❛ ❝❡♥t❡r✱ t❡♥❞♦ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❛ r❡❞✉çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❛t✉❛♥❞♦ ❝♦♠ ✉♠
❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ t❛r❡❢❛s ❛❞❛♣t❛t✐✈♦ ❡ ❝♦♠ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❛❞❡q✉❛❞♦ ❞❡ r❡❝✉rs♦s ♥❛s
♥✉✈❡♥s✳

❇❡r❧ ❡t ❛❧✳ ❬✶✸❪ ❡st✉❞❛♠ ❡ r❡✈✐s❛♠ ♦ ✉s♦ ❞❡ ♠ét♦❞♦s ❡ té❝♥✐❝❛s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛
♥♦ ❝♦♥t❡①t♦ ❞❛ ❈♦♠♣✉t❛çã♦ ❡♠ ◆✉✈❡♠✱ ❡♠ ❡s♣❡❝✐❛❧ ♥♦ ❝❛♠♣♦ ❞❡ ❤❛r❞✇❛r❡ ❡ ❞❡ ✐♥❢r❛✲



✸✸

❡str✉t✉r❛ ❞❡ r❡❞❡s✳ ❖ tr❛❜❛❧❤♦ ♠♦str❛ q✉❡ ❛ ✐♥st❛❧❛çã♦ ❞❡ ♣❧✉❣✲✐♥s ❡s♣❡❝í✜❝♦s ❡ ❝❡♥tr♦s
❞❡ ❝♦♥tr♦❧❡ ❞❡ ❡♥❡r❣✐❛ ♣❛r❛ r❡❞❡s ❞❡ ❧❛r❣❛ ❡s❝❛❧❛ ❞❡ s♦❢t✇❛r❡ ❡ ❤❛r❞✇❛r❡ ♣♦❞❡♠ ❛t✐♥❣✐r
✐♠♣❛❝t♦ s✐❣♥✐✜❝❛t✐✈♦ ♥❛ ♥✉✈❡♠✱ r❡❞✉③✐♥❞♦ ❛ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧❛ ❡①❡❝✉çã♦ ❞♦ s♦❢t✇❛r❡
❡ ♣❡❧♦ ❤❛r❞✇❛r❡✱ ❝♦♠ ♦ ❛♣❡r❢❡✐ç♦❛♠❡♥t♦ ❞♦ ❜❛❧❛♥❝❡❛♠❡♥t♦ ❞❡ ❝❛r❣❛ ❡ r❡❞✉çã♦ ❞❛ ❡♥❡r❣✐❛
❞❡ ❝♦♠✉♥✐❝❛çã♦ ❡ ❞♦ ❡❢❡✐t♦ ❡st✉❢❛ ❞❡❝♦rr❡♥t❡ ❞❛s ❡♠✐ssõ❡s ❞❡ CO2✳

❇❡rt✐♥✐ ❡t ❛❧✳ ❬✶✹❪ ❜✉s❝❛♠ r❡❞✉③✐r ♦ ✐♠♣❛❝t♦ ❛♠❜✐❡♥t❛❧ ❡♠ ❝❧✉st❡rs ❞❡ s❡r✈✐❞♦r❡s ✇❡❜✳
❊❧❡s ♠♦❞❡❧❛♠ ♦ ♣r♦❜❧❡♠❛ s❡❧❡❝✐♦♥❛♥❞♦ q✉❛✐s s❡r✈✐❞♦r❡s ❞❡✈❡♠ ♣❡r♠❛♥❡❝❡r ❧✐❣❛❞♦s ❡ ❝♦♠♦
❞❡✈❡♠ s❡r s❡✉s ❞❡s❡♠♣❡♥❤♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❛tr❛✈és ❞❡ Pr♦❣r❛♠❛çã♦ ■♥t❡✐r❛ ▼✐st❛✱
❝♦♠❜✐♥❛♥❞♦ s✉❛s s♦❧✉çõ❡s ❝♦♠ t❡♦r✐❛ ❞❡ ❝♦♥tr♦❧❡✳ ❙❡✉s r❡s✉❧t❛❞♦s ❛♣❧✐❝❛❞♦s ❡♠ ❞❛t❛

❝❡♥t❡rs ♣❡q✉❡♥♦s✱ ❞❡ ❛té ✶✵ ♠áq✉✐♥❛s✱ ♠♦str❛r❛♠ r❡❞✉çã♦ ♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❡ ❛té
✹✵✪✳ ❚❛♠❜é♠ ❛♣❧✐❝❛r❛♠ ❝♦♥tr♦❧❡ ❞❡ ◗♦❙ ♣❛r❛ t❡♥t❛r ❣❛r❛♥t✐r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❡
✉♠❛ ❜♦❛ ❡①♣❡r✐ê♥❝✐❛ ❞♦ ✉s✉ár✐♦✳

❇✐♥❞❡r ❡ ❙✉r✐ ❬✶✻❪ ♣r♦♣õ❡♠ ✉♠ ❛❧❣♦r✐t♠♦ ♣r♦❜❛❜✐❧íst✐❝♦ ❞❡ ❛❧♦❝❛çã♦ ❡ ❞❡s♣❛❝❤♦ ❞❡
t❛r❡❢❛s q✉❡ ♠✐♥✐♠✐③❛ ♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s ❛t✐✈♦s r❡q✉❡r✐❞♦s✱ ❣❡r❡♥❝✐❛♥❞♦ ♦ ❛♠❜✐❡♥t❡ ❡
❝♦♥s❡❣✉✐♥❞♦ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ♠❛s ❣❛r❛♥t✐♥❞♦ q✉❛❧✐❞❛❞❡ ❞❡ s❡r✈✐ç♦ ❡♠ ❙▲❆s✳

❉❡❜♦♦s❡r❡ ❡t ❛❧✳ ❬✸✶❪ ❡st✉❞❛♠ ❞✐✈❡rs♦s ❛s♣❡❝t♦s ♣❛r❛ ♦t✐♠✐③❛r ❛ ✉t✐❧✐③❛çã♦ ❞❡ r❡❝✉rs♦s
❡ ❛ s❛t✐s❢❛çã♦ ❞❡ ✉s✉ár✐♦s✳ ❆tr❛✈és ❞❡ ♠❡❝❛♥✐s♠♦s ❞❡ ❞❡t❡r♠✐♥❛r q✉❛♥t♦s ❝❧✐❡♥t❡s ❝❛❞❛
s❡r✈✐❞♦r ❞❡✈❡rá ❤♦s♣❡❞❛r✱ ❝♦♥s✐❞❡r❛♥❞♦✲s❡ ❙▲❆s✱ ❢♦r❛♠ ❝❛♣❛③❡s ❞❡ ❛✉♠❡♥t❛r ❛ ✉t✐❧✐③❛çã♦
❞❡ r❡❝✉rs♦s ❡♠ ✷✾✪ ❡ ❞❡ r❡❞✉③✐r❡♠ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ❛té ✸✻✪✳

❉✉② ❡t ❛❧✳ ❬✸✻❪ ♣r♦❥❡t❛♠✱ ✐♠♣❧❡♠❡♥t❛♠ ❡ ❛✈❛❧✐❛♠ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦
✐♥t❡❣r❛♥❞♦ ✉♠ ♣r❡❞✐t♦r ❞❡ r❡❞❡s ♥❡✉r❛✐s ♣❛r❛ ♦t✐♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ s❡r✈✐❞♦r❡s
❞❡ ✉♠❛ ♥✉✈❡♠✳ ❊st❡ ♣r❡❞✐t♦r é ❝♦♥str✉í❞♦ ♣❛r❛ ♣r❡✈❡r ❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❢✉t✉r❛ ❜❛s❡❛❞❛
❡♠ ✉♠ ❤✐stór✐❝♦ ❞❡ ❞❡♠❛♥❞❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♣r❡❞✐çã♦✱ ♦ ❛❧❣♦r✐t♠♦ ❞❡s❧✐❣❛ s❡r✈✐❞♦r❡s
♦❝✐♦s♦s ❡ ♦s r❡✐♥✐❝✐❛ ♣❛r❛ ♠✐♥✐♠✐③❛r ♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s ❡♠ ❡①❡❝✉çã♦✱ ♠✐♥✐♠✐③❛♥❞♦
❞❡st❛ ❢♦r♠❛ t❛♠❜é♠ ♦ ✉s♦ ❞❛ ❡♥❡r❣✐❛✳ P❛r❛ ❛✈❛❧✐❛çã♦ ❢♦r❛♠ ❡❢❡t✉❛❞❛s s✐♠✉❧❛çõ❡s ❝♦♠
❞✉❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❡ ✈❡r✐✜❝❛❞♦ q✉❡ ❡st❡ ♠♦❞❡❧♦ é ❝❛♣❛③ ❞❡ r❡❞✉③✐r ❡♠ ❛té ✹✻✪ ♦
❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳

❋❡r❞❛✉s ❡t ❛❧✳ ❬✸✾❪ ❛♣r❡s❡♥t❛♠ r❡❧❡✈❛♥t❡s ✐♥❢♦r♠❛çõ❡s ❡ t❛①♦♥♦♠✐❛ ❞❡t❛❧❤❛❞❛ ♣❛r❛
❝❛r❛❝t❡r✐③❛r ❡ ❝❧❛ss✐✜❝❛r ❞✐✈❡rs♦s ❝♦♠♣♦♥❡♥t❡s ❞❛s té❝♥✐❝❛s ❞❡ ♠✐❣r❛çã♦ ❡ ❝♦❧♦❝❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❜❡♠ ❝♦♠♦ ❡❧❛❜♦r❛♠ ✉♠ s✉r✈❡② ❡ ✉♠❛ ❛♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛ ❞❛s té❝✲
♥✐❝❛s ❞♦ ❡st❛❞♦ ❞❛ ❛rt❡✳ ❆❧é♠ ❞❡ ❡❧❡♥❝❛r ✈ár✐♦s ❛s♣❡❝t♦s ❡ ❞✐✈✉❧❣❛r ❝♦♥❤❡❝✐♠❡♥t♦s ❞❛s
❡str❛té❣✐❛s ❞❡ ♠✐❣r❛çã♦ ❡ ❝♦❧♦❝❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝✐❡♥t❡s ❞❡ r❡❞❡✱ ❡ ❞❡ ❛♣r❡s❡♥✲
t❛r ❛❧❣♦r✐t♠♦s ♣r♦♣♦st♦s ♣❡❧❛ ❝♦♠✉♥✐❞❛❞❡ ❝✐❡♥tí✜❝❛✱ ♦ s✉r✈❡② ✐❞❡♥t✐✜❝❛ ♦s ❜❡♥❡❢í❝✐♦s ❡
❧✐♠✐t❛çõ❡s ❞❛s té❝♥✐❝❛s ❡①✐st❡♥t❡s ❡ ❞✐s❝✉t❡ ❛s ❞✐r❡çõ❡s ❞❛ ♣❡sq✉✐s❛ ❢✉t✉r❛✳

●❛r❣ ❡t ❛❧✳ ❬✹✸❪ ♣r♦♣õ❡♠ ✉♠ ❛❧❣♦r✐t♠♦ q✉❛s❡ ót✐♠♦ ❞❡ ♣♦❧ít✐❝❛s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡
❡①♣❧♦r❛♠ ❛ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡ ❡♥tr❡ ♠ú❧t✐♣❧♦s ❞❛t❛ ❝❡♥t❡rs ❞❡ ✉♠ ♣r♦✈❡❞♦r ❞❡ ♥✉✈❡♠✳ ❙ã♦
❝♦♥s✐❞❡r❛❞♦s ✈ár✐♦s ❢❛t♦r❡s r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ❡♥❡r❣✐❛ ✭t❛✐s ❝♦♠♦ ❝✉st♦✱ t❛①❛ ❞❡ ❡♠✐ssã♦
❞❡ ❝❛r❜♦♥♦✱ ❝❛r❣❛ ❡ ❡✜❝✐ê♥❝✐❛ ❞❡ ❝♦♥s✉♠♦ ❞♦ ♣r♦❝❡ss❛❞♦r✮✱ ❡♥q✉❛♥t♦ s❡ ❛❧t❡r♥❛ ❡♥tr❡
❞✐❢❡r❡♥t❡s ❞❛t❛ ❝❡♥t❡rs ❞❡ ❛❝♦r❞♦ ❝♦♠ s✉❛ ❧♦❝❛❧✐③❛çã♦✱ ♣r♦❥❡t♦ ❞❡ ❛rq✉✐t❡t✉r❛ ❡ s✐st❡♠❛ ❞❡
❛❞♠✐♥✐str❛çã♦✳ ❖s ❛✉t♦r❡s ❛✜r♠❛♠ q✉❡ ❛s ♣♦❧ít✐❝❛s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ♣r♦♣♦st❛s ♣❡r♠✐t❡♠
❛t✐♥❣✐r ❡❝♦♥♦♠✐❛s ❞❡ ❛té ✷✺✪ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ❛s ♣♦❧ít✐❝❛s ❛t✉❛✐s✳

❍✐♥❡s ❡t ❛❧✳ ❬✹✾❪ ♣r♦❥❡t❛♠✱ ✐♠♣❧❡♠❡♥t❛♠ ❡ ❛✈❛❧✐❛♠ ♦ ♠❡❝❛♥✐s♠♦ ♣ós✲❝ó♣✐❛ ❞❡ ♠✐❣r❛çã♦
❧✐✈❡ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ r❡❞❡s ❣✐❣❛❜✐t✳ ❊st❡ ♠❡❝❛♥✐s♠♦ ♣r♦t❡❧❛ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞♦s
❝♦♥t❡ú❞♦s ❞❛ ♠❡♠ór✐❛ ❞❡ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❛té q✉❡ ♦ ❡st❛❞♦ ❞♦ ♣r♦❝❡ss❛❞♦r s❡❥❛



✸✹

❡♥✈✐❛❞♦ à ♠áq✉✐♥❛ ❢ís✐❝❛ ❞❡ ❞❡st✐♥♦❀ ❡♠ ❝♦♥tr❛st❡ ❝♦♠ ❛ ❛❜♦r❞❛❣❡♠ tr❛❞✐❝✐♦♥❛❧✱ ♦♥❞❡
♣r✐♠❡✐r♦ é ❝♦♣✐❛❞♦ ♦ ❡st❛❞♦ ❞❛ ♠❡♠ór✐❛ s♦❜r❡ ♠ú❧t✐♣❧❛s ✐♥t❡r❛çõ❡s s❡❣✉✐❞❛s ♣♦r ✉♠❛
tr❛♥s❢❡rê♥❝✐❛ ✜♥❛❧ ❞♦ ❡st❛❞♦ ❞♦ ♣r♦❝❡ss❛❞♦s✳ ➱ ✈❡r✐✜❝❛❞♦ q✉❡ ❛ ❡str❛té❣✐❛ ♣ós✲❝ó♣✐❛
♣❡r♠✐t❡ r❡❞✉③✐r s✉❜st❛♥❝✐❛❧♠❡♥t❡ ♦ t❡♠♣♦ t♦t❛❧ ❞❡ ♠✐❣r❛çã♦✳

❍✉ ❡t ❛❧✳ ❬✺✵❪ ❛♣r❡s❡♥t❛♠ ♣♦❧ít✐❝❛s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ♣❛r❛ r❡❞✉çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡
❡♥❡r❣✐❛ ❡♠ ❝❧✉st❡rs q✉❡ tr❛❜❛❧❤❛♠ ❝♦♠ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❊st❛ ❛❜♦r❞❛❣❡♠ ✉t✐❧✐③❛ ♠✐✲
❣r❛çã♦ ❧✐✈❡ ♣❛r❛ tr❛♥s❢❡r✐r ❝❛r❣❛ ❡♥tr❡ ♦s ❡♠ ✉♠❛ r❡❞❡ ♦✈❡r❧❛② ❜❛s❡❛❞❛ ❡♠ ❛♥❡❧✱ ❡ ♣♦❞❡
r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞♦s ♥ós ❞♦ ❝❧✉st❡r ❝♦♠♦ ✉♠ t♦❞♦✳ ▼❡❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s
♠♦str❛r❛♠ q✉❡ ♦ ♠ét♦❞♦ ♣♦❞❡ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❛ss♦❝✐❛❞♦ ❡♠ ❛té ✼✺✪✳

❑❧✐❛③♦✈✐❝❤ ❡t ❛❧✳ ❬✻✷❪ ✐♥✈❡st✐❣❛r❛♠ ❛tr❛s♦s ❞❡❝♦rr❡♥t❡s ❞❡ ❛❧t❡r❛çõ❡s ♥♦s ♠♦❞♦s ❞❡
❡♥❡r❣✐❛ ❞❡ ♠áq✉✐♥❛s ❢ís✐❝❛s ❡ ❤❛r❞✇❛r❡ ❞❡ r❡❞❡✱ ❜❡♠ ❝♦♠♦ s✉❛s q✉❛♥t✐❞❛❞❡s ♣❛r❛ ❛❝♦♠♦❞❛r
❞✐❢❡r❡♥t❡s ♣❛❞rõ❡s ❞❡ ❝❛r❣❛s ♥♦s ❞❛t❛ ❝❡♥t❡rs✳

❑❧✐❛③♦✈✐❝❤ ❡t ❛❧✳ ❬✻✸❪ tr❛❜❛❧❤❛r❛♠ ❝♦♠ r❡❧❛çã♦ às ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞❛s r❡❞❡s✳ ❊❧❡s
❞❡s❝♦❜r✐r❛♠ q✉❡ ❛s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞❡✈❡♠ s❡r ❧❡✈❛❞❛s ❡♠ ❝♦♥s✐❞❡r❛çã♦✱ ❡♥q✉❛♥t♦ ♣❛r❛
❛♠❜✐❡♥t❡s ♠ó✈❡✐s ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ s❡ t♦r♥❛ ❞❡♣❡♥❞❡♥t❡ ❞❛ ❛❧t❡r❛çã♦ ❞❡ ❝♦♥t❡①t♦ ❡ ♣♦❞❡
s❡r ❛t❛❝❛❞♦ ♣♦r ♠✉✐t❛s ❢r❡♥t❡s✱ ❝♦♠♦ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✱ ♠✐♥✐♠✐③❛çã♦ ❞❡ ❝✉st♦ ❡ ♠❛①✐✲
♠✐③❛çã♦ ❞❡ ✉t✐❧✐③❛çã♦ ❞❡ r❡❝✉rs♦s✳ ❆❧é♠ ❞✐ss♦✱ ♦ ♣❛♣❡❧ ❞❛ ♠❛❧❤❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦ t❛♠❜é♠
é ❡♥❢❛t✐③❛❞❛✱ ❡ ✉♠❛ s♦❧✉çã♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❛tr❛✈és ❞❡ ❞✐str✐❜✉✐çã♦ ❡❢❡t✐✈❛ ❞❡ trá❢❡❣♦
♥❛ r❡❞❡ é ❛♣r❡s❡♥t❛❞♦✳

❑❧✐❛③♦✈✐❝❤ ❡t ❛❧✳ ❬✻✺❪ ❝♦♥s✐❞❡r❛♠ ♦ ♣❛♣❡❧ ❞♦ t❡❝✐❞♦ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ♥♦ ❝♦♥s✉♠♦ ❞❡
❡♥❡r❣✐❛ ❞❡ ❞❛t❛ ❝❡♥t❡rs ❡ ❛♣r❡s❡♥t❛♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛
❡ ❞❡ r❡❞❡ ❝❤❛♠❛❞❛ ❉❊◆❙✳ ❆ ♠❡t♦❞♦❧♦❣✐❛ ❞♦ ❉❊◆❙ ✈✐s❛ ❜❛❧❛♥❝❡❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛
❞❡ ✉♠ ❞❛t❛ ❝❡♥t❡r ❝♦♠ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ✐♥❞✐✈✐❞✉❛✐s ❡ ❛s ❞❡♠❛♥❞❛s
❞❡ trá❢❡❣♦❀ ❡ ♠✐♥✐♠✐③❛r ♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s ❧✐❣❛❞♦s ❡ ♣♦♥t♦s ❞❡ ❝♦♥❣❡st✐♦♥❛♠❡♥t♦ ♥❛
r❡❞❡ ❞♦ ❞❛t❛ ❝❡♥t❡r✳

❑✉♠❛r ❡ ❘❛❣❤✉♥❛t❤❛♥ ❬✻✾❪ ❛♣r❡s❡♥t❛♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❛❞❛♣t❛t✐✈❛ ❞❡ ❞✐s♣♦s✐çã♦ ❡
❝♦♥s♦❧✐❞❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞❡ ♠♦❞♦ ❛ ♠❡❧❤♦r❛r ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞❡ ✉♠
❞❛t❛ ❝❡♥t❡r q✉❡ ♦♣❡r❛ ❡♠ ♥✉✈❡♠✳ ◆❡ss❛ ❛❜♦r❞❛❣❡♠✱ ❡❧❡s ❝♦♥s✐❞❡r❛♠ ❛ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡
❡♥tr❡ ♠áq✉✐♥❛s ❢ís✐❝❛s ❡ ❝♦♥tr♦❧❡s tér♠✐❝♦s ✐♥t❡❣r❛❞♦s ♣❛r❛ ♠❛♥t❡r ♦ ❞❛t❛ ❝❡♥t❡r ❡♠
t❡♠♣❡r❛t✉r❛ ♦♣❡r❛❝✐♦♥❛❧✳ ❆ ❛❜♦r❞❛❣❡♠ ❤❡✉ríst✐❝❛ ♣r♦♣♦st❛ r❡❞✉③ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛
❝♦♠ ♥í✈❡❧ ❛❝❡✐tá✈❡❧ ❞❡ ❞❡s❡♠♣❡♥❤♦✳

❑✉♠❛r ❡t ❛❧✳ ❬✼✵❪ ❛♥❛❧✐s❛♠ té❝♥✐❝❛s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ♣❛r❛ ❝❡♥ár✐♦s ❞❡ ❝♦♠♣✉t❛çã♦
❡♠ ♥✉✈❡♠✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❢❛t♦r❡s ❝♦♠♦ ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✱ ♠✐♥✐♠✐③❛çã♦
❞❡ ❝✉st♦ ❡ ♠❛①✐♠✐③❛çã♦ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡ r❡❝✉rs♦s✳ ❊❧❡s ❞❡t❡r♠✐♥❛♠ ❛ té❝♥✐❝❛ ❞❡ ❡s✲
❝❛❧♦♥❛♠❡♥t♦ ♠❛✐s ❡✜❝✐❡♥t❡ ♣❛r❛ ✉♠ ❝♦♥❥✉♥t♦ ♣❛rt✐❝✉❧❛r ❞❡ ✉s✉ár✐♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s
♥❡❝❡ss✐❞❛❞❡s ❡ ♦s ♣r♦❜❧❡♠❛s ❛t❛❝❛❞♦s ♣❡❧❛s té❝♥✐❝❛s ❡st✉❞❛❞❛s✳

▲❡❡ ❡t ❛❧✳ ❬✼✼❪ ♣r♦♣õ❡♠ ✉♠ ❡s❝❛❧♦♥❛❞♦r ♠✉❧t✐t❤r❡❛❞ ♣❛r❛ ❣r❛❞❡s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❜❛s❡✲
❛❞♦ ❡♠ ❛❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❡♠ ❡s♣❡❝✐❛❧
♥♦s ❤♦rár✐♦s ❞❡ ♣✐❝♦✳ ❘❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❞❡ ✉♠ ♣r♦tót✐♣♦ ♠♦str❛r❛♠ q✉❡ ❡ss❛ ✐♠♣❧❡✲
♠❡♥t❛çã♦ ♣♦❞❡ r❡❞✉③✐r ❛ ❝❛r❣❛ ❞❡ ♣✐❝♦ s✉❜st❛♥❝✐❛❧♠❡♥t❡✱ ❛❧é♠ ❞❡ ♠❡❧❤♦r❛r ♦s t❡♠♣♦s ❞❡
❝♦♠♣✉t❛çã♦✳

▲✐✉ ❡t ❛❧✳ ❬✼✾❪ ❡st✉❞❛♠ ❛ ♠✐❣r❛çã♦ ❧✐✈❡ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ❞❛t❛ ❝❡♥t❡rs✱ ♦❜❥❡✲
t✐✈❛♥❞♦ ♠♦❞❡❧❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❡ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳ ➱ ✈❡r✐✜❝❛❞♦ q✉❡ ♦s ❝✉st♦s ❞❡
♠✐❣r❛çã♦ ✈❛r✐❛♠ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡✈✐❞♦ à ✈❛r✐❡❞❛❞❡



✸✺

❞❡ ❝♦♥✜❣✉r❛çõ❡s ❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ❝❛r❣❛s✳ ❆♣ós ❛♥❛❧✐s❛r❡♠ ♣❛râ♠❡tr♦s ❝❤❛✈❡s q✉❡
❛❢❡t❛♠ ♦s ❝✉st♦s ❞❡ ♠✐❣r❛çã♦ ❞❛ t❡♦r✐❛ à ♣rát✐❝❛✱ ❡❧❡s ❝♦♥str♦❡♠ ❞♦✐s ♠♦❞❡❧♦s ❞❡ ❛♣❧✐✲
❝❛çã♦ ♣❛r❛ ♣r❡❞✐③❡r ♦ ❝✉st♦ ❛tr❛✈és ❞♦ ✉s♦ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ♣❡❧♦
❤②♣❡r✈✐s♦r✱ q✉❡ ♣❡r♠✐t❡ ❡st✐♠❛r ♦ ❝✉st♦ ❞❡ ♠✐❣r❛çã♦ ❧✐✈❡ ❡♠ t❡r♠♦s t❛♥t♦ ❞❡ ❞❡s❡♠♣❡♥❤♦
q✉❛♥t♦ ❞❡ ❡♥❡r❣✐❛✳ ➱ ✈❡r✐✜❝❛❞♦ q✉❡ ❛s ❞❡❝✐sõ❡s ❣✉✐❛❞❛s ♣❡❧♦ ♠♦❞❡❧♦ ♣♦❞❡♠ r❡❞✉③✐r ♦
❝✉st♦ ❛ss♦❝✐❛❞♦ ❛♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❛s ♠✐❣r❛çõ❡s ❡♠ ❛té ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✼✸✪✳

▲✉♦ ❡t ❛❧✳ ❬✾✾❪ ❛♣r❡s❡♥t❛♠ ✉♠ ❡sq✉❡♠❛ ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ r❡❝✉rs♦s ❢♦❝❛❞♦ ♥♦ ♠♦❞❡❧♦
■❛❛❙✱ ❝♦♠ ❡①❝❡❧❡♥t❡ ❞❡s❡♠♣❡♥❤♦ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ♣r✐♥❝í♣✐♦s ❞❛ ❝♦♠♣✉t❛çã♦ ✈❡r❞❡✳

▼❡♥❣ ❡t ❛❧✳ ❬✽✺❪ ♣r♦♣õ❡♠ ✉s❛r ✉♠❛ ❝♦❧♦❝❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝✐❡♥t❡ ❞❡ trá❢❡❣♦
❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠❡❧❤♦r❛r ❛ ❡s❝❛❧❛❜✐❧✐❞❛❞❡✳ P♦r ♦t✐♠✐③❛r ❛ ❝♦❧♦❝❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡♠ ♠áq✉✐♥❛s ❢ís✐❝❛s✱ ♦s ♣❛❞rõ❡s ❞❡ trá❢❡❣♦ ❡♥tr❡ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s t❛♠❜é♠
♣♦❞❡♠ s❡r ♠❡❧❤♦r ❛❧✐♥❤❛❞♦s ❝♦♠ ❛ ❞✐stâ♥❝✐❛ ❞❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ❡❧❛s✱ ♣♦r ❡①❡♠♣❧♦✱
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ✉♠ ❣r❛♥❞❡ ✉s♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♠út✉♦ ♣♦❞❡♠ s❡r ❝♦❧♦❝❛❞❛s ❡♠
♠áq✉✐♥❛s ❢ís✐❝❛s ♣ró①✐♠❛s✳ ❯♠ ♣r♦❜❧❡♠❛ ❞❡ ❝♦❧♦❝❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s é ❢♦r♠✉❧❛❞♦
❡ s✉❛ ❞✐✜❝✉❧❞❛❞❡ é ♣r♦✈❛❞❛✳

▼♦t✇❛♥✐ ❡t ❛❧✳ ❬✽✼❪ ❡①♣❧♦r❛♠ ❡①♣❡❝t❛t✐✈❛s ❞❡ ❙▲❆ ❡ ◗♦❙ ♣❛r❛ ♣♦❧ít✐❝❛s ❞❡ ❝♦♥s♦❧✐❞❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛✱ ❡ ♣r♦♣õ❡♠ ✉♠❛ ♣♦❧ít✐❝❛ ♣❛r❛ ❙▲❆ ❝✐❡♥t❡ ❞❡
❡♥❡r❣✐❛ ♣❛r❛ ❝♦♥s♦❧✐❞❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ❞❛t❛ ❝❡♥t❡rs q✉❡ ♦♣❡r❛♠ ❡♠ ♥✉✈❡♠✳

◆❛t❤✉❥✐ ❡t ❛❧✳ ❬✽✾❪ ✉s❛♠ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡
❡♥❡r❣✐❛ ❡♠ ❛♠❜✐❡♥t❡s ✈✐rt✉❛❧✐③❛❞♦s ❡♠ s✐st❡♠❛s ❡♠♣r❡s❛r✐❛✐s✳

P✐❛♦ ❡t ❛❧✳ ❬✾✽❪ ♣r♦♣õ❡♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❞❡ ❝♦❧♦❝❛çã♦ ❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉✲
❛✐s ♦❜❥❡t✐✈❛♥❞♦ ♠✐♥✐♠✐③❛r ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞❛❞♦s ❡ ♦ ❝♦♥s✉♠♦ ❞❡ t❡♠♣♦✳ ❘❡s✉❧t❛❞♦s
s✉❣❡r✐r❛♠ q✉❡ ❛ ❛❜♦r❞❛❣❡♠ ♣r♦♣♦st❛ é ❡❢❡t✐✈❛ ❡♠ ♦t✐♠✐③❛r ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞❛❞♦s ❡♥tr❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❛❥✉❞❛♥❞♦ ❛ ♦t✐♠✐③❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❣❡r❛❧ ❞❛ ❛♣❧✐❝❛çã♦✳

◗✐❛♥ ❡t ❛❧✳ ❬✶✵✵❪ s❡ ♣r❡♦❝✉♣❛♠ ❝♦♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠✐♥✐♠✐③❛çã♦ ❞♦ ❝✉st♦ ♦♣❡r❛❝✐♦♥❛❧
❞❡ ♣r♦✈❡❞♦r❡s ❞❡ ❞❛t❛ ❝❡♥t❡rs✱ ❛♣r❡s❡♥t❛♥❞♦ ❢♦r♠✉❧❛çõ❡s ❞❡ ♦t✐♠✐③❛çã♦ ♣❛r❛ ♠✐♥✐♠✐③❛r
♦s ❝✉st♦s ❞❡ ❞❡s❣❛st❡ ❡ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ❞✐❢❡r❡♥t❡s ❝♦♥✜❣✉r❛çõ❡s ❞❡ s❡r✈✐❞♦r❡s✱
❡♠ ❞✐❢❡r❡♥t❡s ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❞❛t❛ ❝❡♥t❡rs ✭❡♥tr❡ ❤♦♠♦❣ê♥❡♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✮✳ ❙ã♦
❛♣r❡s❡♥t❛❞♦s ❡ ❛♥❛❧✐s❛❞♦s ❞♦✐s ♠♦❞❡❧♦s ❞❡ ❛❣r❡❣❛çõ❡s ✖ ♣r❡s❡r✈❛♥❞♦ ❡ s❡♠ ♣r❡s❡r✈❛r
❞❡❛❞❧✐♥❡ ♣❛r❛ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✳

❙✐❧✈❛ ❡ ❋♦♥s❡❝❛ ❬✷✽❪ ♣r♦♣õ❡♠ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❛tr✐❜✉✐çã♦ ♣❛r❛ ❣r✉♣♦s ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❝✐❡♥t❡ ❞❡ t♦♣♦❧♦❣✐❛ ❡♠ ❞❛t❛ ❝❡♥t❡rs✳ ❊st❡ ❛❧❣♦r✐t♠♦ ❢♦✐ ♣r♦❥❡t❛❞♦ ♣❛r❛ ♦❝✉♣❛r
♣❡q✉❡♥❛s ár❡❛s ❞♦ ❞❛t❛ ❝❡♥t❡r ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❝♦♥s♦❧✐❞❛r ♦s ✢✉①♦s ❞❡ r❡❞❡ ♣r♦❞✉③✐❞♦s
♣❡❧❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ s❡♠ ❝♦♠♣r♦♠❡t❡r ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✱ ❡ ❞❡s❧✐❣❛♥❞♦ s✇✐t✲

❝❤❡s q✉❛♥❞♦ ♦❝✐♦s♦s✳ ❊ss❡ ❛❧❣♦r✐t♠♦ ♦❜❥❡t✐✈❛ ❛ ♦❝✉♣❛çã♦ ❞❛s ♠❡♥♦r❡s ár❡❛s ♣♦ssí✈❡✐s ❞❛
r❡❞❡ ❡♠ ❞❛t❛ ❝❡♥t❡rs ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦s ❡✱ ♣❛r❛ ✐ss♦✱ tr❛❜❛❧❤❛ ❝♦♠ ❛❧❣♦r✐t♠♦s ❛✉①✐❧✐❛r❡s
♣❛r❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ s✉❜❣r❛❢♦s ❡♠ t♦♣♦❧♦❣✐❛s ❋❛t ❚r❡❡ ✖ q✉❡ ♣♦❞❡♠ s❡r ♠♦❞✐✜❝❛❞♦s ♣❛r❛
s✉♣♦rt❛r ♦✉tr❛s t♦♣♦❧♦❣✐❛s✳

❙r✐❦❛♥t❛✐❛❤ ❡t ❛❧✳ ❬✶✵✾❪ ❡st✉❞❛♠ ❝♦♠♦ ♦❜t❡r ❛ ❝♦♥s♦❧✐❞❛çã♦ ❞❡ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛
❜❛s❡❛♥❞♦✲s❡ ♥♦ ✐♥t❡r✲r❡❧❛❝✐♦♥❛♠❡♥t♦ ❡♥tr❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ✉t✐❧✐③❛çã♦ ❞❡ r❡❝✉rs♦s ❡
❞❡s❡♠♣❡♥❤♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♥s♦❧✐❞❛❞❛s✳ ➱ ♠♦str❛❞♦ q✉❡ ❡①✐st❡ ✉♠ ♣♦♥t♦ ót✐♠♦
❞❡ ♦♣❡r❛çã♦ ❡♥tr❡ ❡st❡s ♣❛râ♠❡tr♦s ❜❛s❡❛❞♦ ♥♦ ♣r♦❜❧❡♠❛ ❞♦ ❡♠♣❛❝♦t❛♠❡♥t♦ ❛♣❧✐❝❛❞♦ ❛♦
♣r♦❜❧❡♠❛ ❞❡ ❝♦♥s♦❧✐❞❛çã♦✳



✸✻

❙t❛❣❡ ❡ ❙❡t③❡r ❬✶✶✶❪ tr❛❜❛❧❤❛♠ ❝♦♠ ❝♦♥tr♦❧❡ ❡ ♦t✐♠✐③❛çã♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡
❛❧❣♦r✐t♠♦s ❞❡ ♠✐❣r❛çã♦ ❡ ❡❧❡♠❡♥t♦s ❞❡ r❡❞❡ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ♠✐❣r❛çã♦✳ ❊❧❡s ✐♥tr♦❞✉③❡♠
♠♦❞❡❧♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ r❡❞❡ ❝✐❡♥t❡ ❞❡ t♦♣♦❧♦❣✐❛ ♣❛r❛ ♠✐❣r❛çõ❡s ❧✐✈❡ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ♣r♦♣♦♥❞♦ ✉♠ ❡sq✉❡♠❛ ♣❛r❛ ❝❧❛ss✐✜❝❛r ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞❡ ❛❝♦r❞♦ ❝♦♠ s✉❛s
❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❝❛r❣❛s✱ ❡ ♣r♦♣õ❡♠ ♠♦❞❡❧♦s ❞❡ r❡❝✉rs♦s ❛❞❡q✉❛❞♦s ❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡
♠✐❣r❛çõ❡s✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ r❡q✉❡r✐♠❡♥t♦s ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡ ❞❛ r❡❞❡ ♣❛r❛
♠✐❣r❛çõ❡s✳

❱❡r♠❛ ❡t ❛❧✳ ❬✶✷✵❪ ✐♥✈❡st✐❣❛♠ ♣r♦❥❡t♦s✱ ✐♠♣❧❡♠❡♥t❛çõ❡s ❡ ❛✈❛❧✐❛çõ❡s ❞❡ ❝♦♥tr♦❧❛❞♦r❡s
❞❡ ❝♦❧♦❝❛çã♦ ❞❡ ❛♣❧✐❝❛çõ❡s ❝✐❡♥t❡s ❞❡ ❡♥❡r❣✐❛ ♥♦ ❝♦♥t❡①t♦ ❞❡ ❛♠❜✐❡♥t❡s ❞❡ ❝❧✉st❡rs ❞❡
s❡r✈✐❞♦r❡s ✈✐rt✉❛❧✐③❛❞♦s✳

❱✐❧❧❡❣❛s ❡t ❛❧✳ ❬✶✷✶❪ ♣r♦❥❡t❛♠ ✉♠ ♠♦❞❡❧♦ ❞❡ s❡r✈✐ç♦ ❡♠ ❝❛♠❛❞❛s ♣❛r❛ ❧✐❞❛r ❝♦♠ ❢❡✲
❞❡r❛çã♦ ❡♥tr❡ ♥✉✈❡♥s✱ ❡♠ ❝❛❞❛ ♥í✈❡❧ ❞❡ ❝❛♠❛❞❛ ❞❡ s❡r✈✐ç♦ ✭■❛❛❙✱ P❛❛❙ ❡ ❙❛❛❙✮✱ ♠❡❞✐❛❞❛
♣♦r ✉♠ ❜r♦❦❡r ❡s♣❡❝í✜❝♦ ♣❛r❛ ❧✐❞❛r ❝♦♠ ♦s ♣r♦❜❧❡♠❛s ♥❡st❡ ♥í✈❡❧✱ ❝♦♠♦ ❙▲❆s✱ r❡q✉✐s✐t♦s
❞❡ ❝♦♠♣✐❧❛çã♦ ❡ ❞❛❞♦s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦✳

❱♦♦rs❧✉②s ❡t ❛❧✳ ❬✶✷✹❪ ❛✈❛❧✐❛♠ ♦ ❝✉st♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❛ ♠✐❣r❛çã♦ ❧✐✈❡ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡♠ ♥✉✈❡♥s✳ ➱ ✈❡r✐✜❝❛❞♦ q✉❡ ❛ ♠✐❣r❛çã♦ ❧✐✈❡ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s é ❝❛♣❛③ ❞❡ tr❛③❡r
❜❡♥❡❢í❝✐♦s ❝♦♠♦ ♠❡❧❤♦r✐❛ ❞❡ ❞❡s❡♠♣❡♥❤♦✱ ❢❛❝✐❧✐❞❛❞❡ ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❡ t♦❧❡râ♥❝✐❛ ❛ ❢❛❧❤❛✱
❡♥q✉❛♥t♦ ♣❡r♠✐t✐♥❞♦ ❛ ♠♦✈✐♠❡♥t❛çã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ✉♠❛ ✐♥❞✐s♣♦♥✐❜✐❧✐❞❛❞❡
♣❡q✉❡♥❛✳◆♦ ❡♥t❛♥t♦✱ ❙▲❆s ♣♦❞❡♠ s❡r ❛❢❡t❛❞♦s ♥❡❣❛t✐✈❛♠❡♥t❡ ❞✉r❛♥t❡ ❛ ♠✐❣r❛çã♦✳ ◆♦
❡♥t❛♥t♦✱ r❡s✉❧t❛❞♦s ♠♦str❛♠ q✉❡ ♥❛ ♠❛✐♦r✐❛ ❞♦s ❝❛s♦s✱ ♦s ❝✉st♦s ❛ss♦❝✐❛❞♦s à ♠✐❣r❛çã♦
sã♦ ❛❝❡✐tá✈❡✐s✱ ♠❛s ♥ã♦ ❞❡✈❡♠ s❡r ❞❡s❝♦♥s✐❞❡r❛❞♦s✳

❲♦♦❞ ❡t ❛❧✳ ❬✶✷✽❪ ❡st✉❞❛♠ ❡ ❛♣r❡s❡♥t❛♠ ✉♠ s✐st❡♠❛ q✉❡ ❛✉t♦♠❛t✐③❛ ❛ ♠♦♥✐t♦r❛çã♦
❡ ❞❡t❡❝çã♦ ❞❡ ♣♦♥t♦s s♦❜r❡❝❛rr❡❣❛❞♦s✱ ❞❡t❡r♠✐♥❛♥❞♦ ♥♦✈♦s ♠❛♣❡❛♠❡♥t♦s ❢ís✐❝♦s ♣❛r❛ r❡✲
❝✉rs♦s ✈✐rt✉❛❧✐③❛❞♦s ❡ r❡❛❧✐③❛♥❞♦ ❡✈❡♥t✉❛✐s ♠✐❣r❛çõ❡s ♥❡❝❡ssár✐❛s✳ ➱ ♠♦str❛❞♦ q✉❡ ❡st❡
s✐st❡♠❛ é ❝❛♣❛③ ❞❡ r❡s♦❧✈❡r ♣♦♥t♦s ❞❡ s♦❜r❡❝❛r❣❛ ❡♠ ♣♦✉❝❛s ❞❡③❡♥❛s ❞❡ s❡❣✉♥❞♦s✱ s❡♥❞♦
❝❛♣❛③ ❞❡ ❡s❝❛❧❛r ♣❛r❛ ❣r❛♥❞❡s ❞❛t❛ ❝❡♥t❡rs✳

❳✉ ❡t ❛❧✳ ❬✶✷✾❪ ♣r♦♣õ❡♠ ❡str❛té❣✐❛s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❝♦♠ ♠ú❧t✐♣❧❛s r❡str✐çõ❡s ❞❡ ◗♦❙
♣❛r❛ ♠ú❧t✐♣❧♦s ✇♦r❦✢♦✇s ❡♠ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠✱ ❛✉♠❡♥t❛♥❞♦ ❛ t❛①❛ ❞❡ s✉❝❡ss♦ ♣❛r❛
t❛r❡❢❛s ❞❡ ♠ú❧t✐♣❧♦s ✇♦r❦✢♦✇s ❝♦♠ ❞✐❢❡r❡♥t❡s r❡q✉✐s✐t♦s ❞❡ ◗♦❙✳

❨❛♥❣❣r❛t♦❦❡ ❡t ❛❧✳ ❬✶✸✶❪ ♣r♦♣õ❡♠ ✉♠❛ r❡s♦❧✉çã♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❛❧♦❝❛çã♦ ❞❡
r❡❝✉rs♦s ❡♠ ❣r❛♥❞❡s ♥✉✈❡♥s ❜❛s❡❛❞♦ ❡♠ ✉♠ ♣r♦t♦❝♦❧♦ q✉❡ ♣r♦✈ê ✉♠❛ s♦❧✉çã♦ ❤❡✉ríst✐❝❛✳
❈♦♠♦ r❡s✉❧t❛❞♦ ❝♦♥s❡❣✉✐r❛♠ ♠✐♥✐♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❛tr❛✈és ❞❡ ❝♦♥s♦❧✐❞❛çã♦ ❞❡
s❡r✈✐❞♦r❡s q✉❛♥❞♦ ♦ s✐st❡♠❛ ❡stá s✉❜✉t✐❧✐③❛❞♦ ❡ ❡stá ♣r❡✈✐st❛ ✉♠❛ ❛❧♦❝❛çã♦ r❛③♦á✈❡❧ ❞❡
r❡❝✉rs♦s ♣❛r❛ ♦ ❝❛s♦ ❞❡ s♦❜r❡❝❛r❣❛✳

❩❤❛♥❣ ❡t ❛❧✳ ❬✶✸✸❪ ♣r♦♣õ❡♠ ✉♠ ❢r❛♠❡✇♦r❦ ❡s❝❛❧á✈❡❧ ♣❛r❛ ❛❞♠✐♥✐str❛r ♦s ♠❛♣❡❛♠❡♥t♦s
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣❛r❛ ♠áq✉✐♥❛s ❢ís✐❝❛s✱ ❡♥q✉❛♥t♦ r❡s♦❧✈❡♠ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡♥❝♦♥tr❛r
♦ ❝❛♠✐♥❤♦ ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛✱ ❝♦♥s✐❞❡r❛♥❞♦ r❡q✉❡r✐♠❡♥t♦s ❞❡ r❡❝✉rs♦s✱ ❡♥tr❡❣❛♥❞♦
r❡s✉❧t❛❞♦s ❜♦♥s✱ t❛♥t♦ ❡ ❜❛❧❛♥❝❡❛♠❡♥t♦ ❞❡ ❝❛r❣❛ q✉❛♥t♦ ❡♠ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳

❙✉♠❛r✐③❛♠♦s ♥❛ ❚❛❜❡❧❛ ✷✳✶ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s tr❛❜❛❧❤♦s ♦s tó♣✐❝♦s ❞❡ ✐♥t❡r❡ss❡
❞❡ tr❛❜❛❧❤♦s q✉❡ t❛♠❜é♠ ❛❜♦r❞❛r❛♠ ❛ ♠✐♥✐♠✐③❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♥❛ ❝♦♠♣✉t❛çã♦
❡♠ ♥✉✈❡♠✳ ◆❡st❛ t❛❜❡❧❛ ❡❧❡♥❝❛♠♦s ❛s ♣r✐♥❝✐♣❛✐s ❛t✉❛çõ❡s ❞❡ tr❛❜❛❧❤♦s✿ ♣r♦♣♦s✐çã♦ ❞❡
♥♦✈♦s ❆❧❣♦r✐t♠♦s✱ ❛❜♦r❞❛❣❡♠ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡▼✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♥♦ ❝♦♥t❡①t♦
❞❛ ❝♦♠♣✉t❛çã♦ ✈❡r❞❡✱ ♣r❡♦❝✉♣❛çã♦ ❝♦♠ ♦s t❡♠♣♦s ❞❡ ♠❛❦❡s♣❛♥ ✭▼s✮ ❡ ❞❡ ❡①❡❝✉çã♦ ❞❡
❝❛r❣❛s ✐♥❞✐✈✐❞✉❛✐s ✭✇♦r❦❧♦❛❞s ✕ ❲❧✮✱ ê♥❢❛s❡ ♥❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ✭❇✇✮✱ ❛t✉❛çã♦ ❡♠ ❉❛t❛



✸✼

❈❡♥t❡rs ❍❡t❡r♦❣ê♥❡♦s✱ ❛çõ❡s ♥♦ s❡♥t✐❞♦ ❞❡ ♣r♦✈❡r q✉❛❧✐❞❛❞❡ ❞❡ s❡r✈✐ç♦ ❝✉♠♣r✐♥❞♦ ❙▲❆✱
❡ ❛❜♦r❞❛❣❡♠ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ❚♦♣♦❧♦❣✐❛ ❞❡ r❡❞❡ ❞♦s ❞❛t❛ ❝❡♥t❡rs✳

❚❛❜❡❧❛ ✷✳✶✿ ❚ó♣✐❝♦s ❞❡ ✐♥t❡r❡ss❡ ❞❡ ❚r❛❜❛❧❤♦s ❘❡❧❛❝✐♦♥❛❞♦s

❚r❛❜❛❧❤♦ ❆❧❣ ▼✐❣ ▼s ❲❧ ❇✇ ❍❡t ❙▲❆ ❚♦♣♦

❆❣r❛✇❛❧ ❬✷❪  

❇❡❧♦❣❧❛③♦✈ ❬✶✶❪   

❇❡❧♦❣❧❛③♦✈ ❬✶✵❪   

❇❡r❣❡♥ ❬✶✷❪   

❇❡r❧ ❬✶✸❪  

❇❡rt✐♥✐ ❬✶✹❪  

❇✐♥❞❡r ❡ ❙✉r✐ ❬✶✻❪  

❉❡❜♦♦s❡r❡ ❬✸✶❪   

❉✉② ❬✸✻❪  

❋❡r❞❛✉s ❬✸✾❪    

●❛r❣ ❬✹✸❪
❍✐♥❡s ❬✹✾❪   

❍✉ ❬✺✵❪    

❑❧✐❛③♦✈✐❝❤ ❬✻✷❪     

❑❧✐❛③♦✈✐❝❤ ❬✻✸❪    

❑❧✐❛③♦✈✐❝❤ ❡t ❛❧✳ ❬✻✺❪      

❑✉♠❛r ❬✼✵❪  

❑✉♠❛r ❬✻✾❪   

▲❡❡ ❬✼✼❪    

▲✐✉ ❬✼✾❪    

▲✉♦ ❬✾✾❪   

▼❡♥❣ ❬✽✺❪   

▼♦t✇❛♥✐ ❬✽✼❪    

◆❛t❤✉❥✐ ❬✽✾❪   

P✐❛♦ ❬✾✽❪   

◗✐❛♥ ❬✶✵✵❪    

❙✐❧✈❛ ❡ ❋♦♥s❡❝❛ ❬✷✽❪      

❙r✐❦❛♥t❛✐❛❤ ❬✶✵✾❪  

❙t❛❣❡ ❬✶✶✶❪    

❱❡r♠❛ ❬✶✷✵❪   

❱✐❧❧❡❣❛s ❬✶✷✶❪  

❱♦♦rs❧✉②s ❬✶✷✹❪    

❲♦♦❞ ❬✶✷✽❪  

❳✉ ❬✶✷✾❪   

❨❛♥❣❣r❛t♦❦❡ ❬✶✸✶❪   

❩❤❛♥❣ ❬✶✸✸❪   

❬❊st❡ ❚r❛❜❛❧❤♦❪         



✸✽

❈♦♠♦ s❡ ♣♦❞❡ ✈❡r ♥♦s tr❛❜❛❧❤♦s ♠❡♥❝✐♦♥❛❞♦s✱ ♠✉✐t❛s ✐♥✐❝✐❛t✐✈❛s ❢♦r❛♠ t♦♠❛❞❛s ❡♠
❞✐✈❡rs♦s ❛s♣❡❝t♦s ♣❛r❛ t♦r♥❛r ♦s ❞❛t❛ ❝❡♥t❡rs q✉❡ ♦♣❡r❛♠ ♥✉♠❛ ♥✉✈❡♠ ♠❛✐s ❡✜❝✐❡♥t❡s
❡♠ ❡♥❡r❣✐❛ ❡ ♠❡♥♦s ♣♦❧✉✐❞♦r❛s✳ ❚❛♠❜é♠ sã♦ ✈✐st❛s ✐♥✐❝✐❛t✐✈❛s ♣❛r❛ ❧✐❞❛r ❝♦♠ q✉❛❧✐❞❛❞❡
❞❡ s❡r✈✐ç♦ ❡♠ ❞❛t❛ ❝❡♥t❡rs✳ ❊♠ tr❛❜❛❧❤♦s ❛♥t❡r✐♦r❡s ❬✼✷❪✱ ♥ós ❞❡s❡♥✈♦❧✈❡♠♦s ❡ ❛✈❛❧✐❛♠♦s
✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ♦❜❥❡t✐✈❛♠ ♠✐♥✐♠✐③❛r ♦
❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳ P❛r❛ ✐ss♦✱ ❢♦r❛♠ ❡♠♣r❡❣❛❞❛s ❛s té❝♥✐❝❛s ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞✐str✐❜✉í❞♦
❞❡ ❡♥❡r❣✐❛ ✭❉P▼✮ ♣❛r❛ ❞❡s❧✐❣❛r s❡r✈✐❞♦r❡s ✐♥❛t✐✈♦s✱ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❡ t❡♥sã♦
❡ ❢r❡q✉ê♥❝✐❛✱ ❡ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ P♦st❡r✐♦r♠❡♥t❡ ❬✼✻❪✱ ✐♥❝❧✉í♠♦s ♥❡st❡
s✐st❡♠❛ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❧✐❞❛r ❝♦♠ ♣r✐♦r✐❞❛❞❡s ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦s✱ ♣♦ss✐❜✐❧✐t❛♥❞♦
q✉❡ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❝♦♥s❡❣✉✐ss❡ r❡❞✉③✐r s✉❜st❛♥❝✐❛❧♠❡♥t❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡
❝❛r❣❛s ♠❛✐s ✐♠♣♦rt❛♥t❡s✱ s❡♠ ♣r❡❥✉❞✐❝❛r ❝r✐t✐❝❛♠❡♥t❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s
❞❡ ♠❡♥♦r❡s ♣r✐♦r✐❞❛❞❡s✳

❈♦♠♦ ❝♦♥t✐♥✉✐❞❛❞❡ ❞♦s tr❛❜❛❧❤♦s✱ ❡ ❞✐❢❡r❡♥t❡♠❡♥t❡ ❞♦s tr❛❜❛❧❤♦s s✉♣r❛❝✐t❛❞♦s✱ ♥♦
❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❡ ♣r♦❥❡t♦ ♦❜s❡r✈❛♠♦s ❡♠ ❬✼✸❪ ✐♠♣❛❝t♦s ❞❛s ❡♠❡r❣❡♥t❡s ❡ ❢✉t✉r❛s
r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❡ ❞❛t❛ ❝❡♥t❡rs q✉❡ ♦♣❡r❛♠ ❡♠ ♥✉✈❡♥s✳
❊①♣❛♥❞✐♠♦s ♦ tr❛❜❛❧❤♦ ❡♠ ❬✼✹❪✱ ♦♥❞❡ ✈❡r✐✜❝❛♠♦s ❡st❡s ✐♠♣❛❝t♦s t❛♠❜é♠ ♥♦ ❝♦♥t❡①t♦ ❞❡
♠❛❦❡s♣❛♥✱ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❡ t❡♠♣♦s ❞❡ ❡①❡❝✉çõ❡s ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ✐♥❝❧✉s✐✈❡
❝♦♥s✐❞❡r❛♥❞♦ q✉❛❧✐❞❛❞❡ ❞❡ s❡r✈✐ç♦✳ ❈♦♥st❛t❛♠♦s q✉❡ ❛ rá♣✐❞❛ ❡✈♦❧✉çã♦ ❞❛s ❡s♣❡❝✐✜❝❛çõ❡s
❞❡ ❤❛r❞✇❛r❡✱ ✐♥❝❧✉s✐✈❡ ❞❡ r❡❞❡✱ ❣❡r❛♠ ✉♠❛ t❡♥❞ê♥❝✐❛ ❞❡ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s ❡✱
❝♦♥❢♦r♠❡ ✈✐st♦ ♥♦ tr❛❜❛❧❤♦ ❞❡ ❉❛s❣✉♣t❛ ❡t ❛❧✳ ❬✷✾❪✱ ❛ ♥♦r♠❛❧✐③❛çã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❡♠ s✐st❡♠❛s ❤❡t❡r♦❣ê♥❡♦s✱ ❝♦♠♦ ❛s ♥✉✈❡♥s✱ é ✉♠ ❞❡s❛✜♦ ❛ s❡r ❛❜♦r❞❛❞♦✳ ❆❜r❛ç❛♠♦s
❡st❡ ❞❡s❛✜♦✱ ❛♠♣❧✐❛♥❞♦ ♦ ❡s❝♦♣♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❛♥t❡r✐♦r✳ ❉❡s❡♥✈♦❧✈❡♠♦s
❡♠ ❬✼✺❪ ✉♠ ♠ét♦❞♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝✐❡♥t❡ ❞❡ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛
♣❛r❛ ❞❛t❛ ❝❡♥t❡rs✱ ❝❛♣❛③ ❞❡ ♣r♦✈❡r ♠❡❧❤♦r✐❛s ♥❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✱ ♠❛❦❡s♣❛♥ ❡ t❡♠♣♦s
❞❡ ❡①❡❝✉çã♦ ❞❡ ❝❛r❣❛s ✐♥❞✐✈✐❞✉❛✐s✱ ❛❞❡q✉❛❞♦ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱ ♠❛s ❝♦♠
❡s♣❡❝✐❛❧ ê♥❢❛s❡ ❡♠ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s ❡♠ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ❛❜♦r❞❛♥❞♦ t❛♠❜é♠ ♦
❞❡s❛✜♦ ❞❡ ♥♦r♠❛❧✐③❛r ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❡♠ s✐st❡♠❛s ❤❡t❡r♦❣ê♥❡♦s ❬✷✾❪✳

❈♦♠♦ ♦❜s❡r✈❛❞♦ ♣♦r ❩❤❛♥❣ ❡t ❛❧✳ ❬✶✸✷❪✱ ❡①✐st❡♠ ✐♥ú♠❡r♦s ❞❡s❛✜♦s ❞❡ ♣❡sq✉✐s❛ ♥❛ ❝♦♠✲
♣✉t❛çã♦ ❡♠ ♥✉✈❡♠✳ ◆❛ ❡✈♦❧✉çã♦ ❞♦s tr❛❜❛❧❤♦s r❡❛❧✐③❛❞♦s✱ ✈❡r✐✜❝❛♠♦s q✉❡ ♥ã♦ s♦♠❡♥t❡
❛s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛✱ ♠❛s t❛♠❜é♠ ❛s t♦♣♦❧♦❣✐❛s ❞❛s r❡❞❡s ♣♦❞❡♠ ❢❛③❡r ❞✐❢❡r❡♥ç❛s s✐❣✲
♥✐✜❝❛t✐✈❛s ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❊♠ ❛❞✐çã♦ às ♣r♦♣♦st❛s
❛♥t❡r✐♦r❡s✱ t❛♠❜é♠ ❝♦♥tr✐❜✉í♠♦s ♣❛r❛ t♦r♥❛r ❛s ♥✉✈❡♥s ♠❛✐s ❛♠✐❣á✈❡✐s ❛♦ ♠❡✐♦ ❛♠❜✐✲
❡♥t❡✱ ♣r♦✈❡♥❞♦ ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ✈✐s❛♥❞♦ ♣r♦✈❡r
❛ r❡❞✉çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❛♣❧✐❝❛♥❞♦✱ ❛❧é♠ ❞❛s té❝♥✐❝❛s ♣ré✈✐❛s ✖ ❉❱❋❙✱ ❞❡s❧✐❣❛✲
♠❡♥t♦ ❞❡ s❡r✈✐❞♦r❡s ♦❝✐♦s♦s✱ ❝✐ê♥❝✐❛ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ❝r✐tér✐♦s ❞❡ ❡s❝♦❧❤❛ ❞❡ ♠áq✉✐♥❛s
❢ís✐❝❛s ❝✐❡♥t❡s ❞❡ ❡♥❡r❣✐❛ ✖ ❛ ❝✐ê♥❝✐❛ ❞❛ t♦♣♦❧♦❣✐❛ ❞❡ r❡❞❡s✳



✸✾

❈❛♣ít✉❧♦ ✸

▼❡t♦❞♦❧♦❣✐❛

❉❡s❡♥✈♦❧✈❡r ❡ ✈❛❧✐❞❛r ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ♣❛r❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠✱ ♦❜❥❡✲
t✐✈❛♥❞♦ ♠✐♥✐♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛s♣❡❝t♦s ❝♦♠♦ ❝✐ê♥❝✐❛
❞❡ ❡♥❡r❣✐❛✱ ❝✐ê♥❝✐❛ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ❝✐ê♥❝✐❛ ❞❡ t♦♣♦❧♦❣✐❛ ❞❡ r❡❞❡s✱ ✉s♦ ❞❡ r❡❝✉rs♦s ❞❡
❞❡s❧✐❣❛♠❡♥t♦ ❞❡ s❡r✈✐❞♦r❡s ♦❝✐♦s♦s✱ ❡♠♣r❡❣♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❉❱❋❙✱
s✐♠✉❧t❛♥❡❛♠❡♥t❡✱ ♥ã♦ é ✉♠❛ t❛r❡❢❛ s✐♠♣❧❡s✳ ❈♦♥s✐❞❡r❛♠♦s q✉❡ ❡❧❛❜♦r❛r t❛❧ ❛❧❣♦r✐t♠♦
s❡r✐❛ ✉♠❛ t❛r❡❢❛ ♠✉✐t♦ ❞✐❢í❝✐❧✱ ♥ã♦ só ♣❡❧❛ ❡s♣❡❝✐✜❝✐❞❛❞❡s té❝♥✐❝❛s ❞♦ ❛❧❣♦r✐t♠♦✱ ♠❛s ♣❡❧❛
♥❡❝❡ss✐❞❛❞❡ ❞❡ ❛q✉✐s✐çã♦ ❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦ ❝✐❡♥tí✜❝♦ ♥❡❝❡ssár✐♦✱ ❡ ❡♠
❡s♣❡❝✐❛❧ ♣❡❧❛ ✈❛❧✐❞❛çã♦✳

❉✐❛♥t❡ ❞✐ss♦✱ ❛❞♦t❛♠♦s ❛ ❡str❛té❣✐❛ ❞❡ ❞✐✈✐❞✐r ♣❛r❛ ❝♦♥q✉✐st❛r✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ❡st✉❞❛✲
♠♦s ♦s ✐♠♣❛❝t♦s ❞❛s r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ♥❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠✱ ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ ❛♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳ ❉❡♣♦✐s✱
❡①♣❛♥❞✐♠♦s ❡st❡ ❡st✉❞♦ ❞♦s ✐♠♣❛❝t♦s ❞❛s r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ♣❛r❛ ❝♦♥t❡♠♣❧❛r ♦✉tr♦s
❢❛t♦r❡s ✐♠♣♦rt❛♥t❡s✱ ❝♦♠♦♠❛❦❡s♣❛♥✱ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞❡ ❝❛r❣❛s ✐♥❞✐✈✐❞✉❛✐s ❡ ♥ú♠❡r♦ ❞❡
♠✐❣r❛çõ❡s✳ ❆ s❡❣✉✐r✱ ❞❡s❡♥✈♦❧✈❡♠♦s ✉♠ ❛❧❣♦r✐t♠♦ q✉❡ ❧❡✈❛ss❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ❧❛r❣✉r❛
❞❡ ❜❛♥❞❛ ❞❛ r❡❞❡✳ P♦r ✜♠✱ ❞❡s❡♥✈♦❧✈❡♠♦s ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❝✐❡♥t❡ ❞❡ t♦♣♦❧♦❣✐❛ ❞❡ r❡❞❡✳

❆ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ ♥♦r♠❛❧♠❡♥t❡ ❡♥✈♦❧✈❡ ✉♠ ♠♦♥t❛♥t❡ s✐❣♥✐✜❝❛t✐✈♦ ❞❡ s❡r✈✐❞♦r❡s
♣❛r❛ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✉♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s✳ P♦r ✐ss♦✱ ❡♠ ♥í✈❡❧ ❞❡ ♣❡sq✉✐s❛
❞❡ ✐♥♦✈❛çã♦✱ ♥ã♦ é ❢á❝✐❧ ❛ ✐♠♣❧❛♥t❛çã♦ ✐♠❡❞✐❛t❛ ❞❡ ♣r♦♣♦st❛s ❛rr♦❥❛❞❛s ❡♠ ✉♠ ❛♠❜✐❡♥t❡
❢ís✐❝♦ ❞❡ ♣r♦❞✉çã♦✳

❆❧❣✉♥s ❢❛t♦r❡s ✐♥trí♥s❡❝♦s ❛♦s ❞❛t❛ ❝❡♥t❡rs ✱ t❛✐s ❝♦♠♦ t❛♠❛♥❤♦✱ ✐♥❝❛♣❛❝✐❞❛❞❡ ❞❡ ❞❡s✲
❧✐❣❛r ♠áq✉✐♥❛s ❧✐❣❛❞❛s✱ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❛❧t❡r❛çõ❡s ❞✐♥â♠✐❝❛s ♥❛ ❡str✉t✉r❛ ❞♦ ❞❛t❛ ❝❡♥t❡r✱
♣r♦❜❧❡♠❛s ❡s♣❡❝í✜❝♦s ✐♥❡r❡♥t❡s ❛ t❡st❡s ❡ ♣❡sq✉✐s❛✱ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❧✐❞❛r ❝♦♠ ✉♠ ♥ú♠❡r♦
♠✉✐t♦ ❣r❛♥❞❡ ❞❡ ♠áq✉✐♥❛s✱ ❛❧é♠ ❞❡ ❣r❛♥❞❡s ❛❧t❡r❛çõ❡s ❞❡ ✐♥❢r❛❡str✉t✉r❛ ❡♠ ♣❡rí♦❞♦s r❡✲
❧❛t✐✈❛♠❡♥t❡ ❝✉rt♦s ❞✉r❛♥t❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s ♦❜❥❡t✐✈♦s ♣r♦♣♦st♦s✱ ❝♦♥st❛t❛✲s❡ q✉❡ ❛
✐♠♣❧❡♠❡♥t❛çã♦ rá♣✐❞❛ ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❢ís✐❝♦ r❡❛❧ é ♠✉✐t♦ ❞✐❢í❝✐❧ ✖ s❡♥ã♦ ✐♠♣♦ssí✈❡❧✳

P❛r❛ ❧✐❞❛r ❝♦♠ ❡st❛s ❧✐♠✐t❛çõ❡s✱ r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ à r✐❣✐❞❡③ ❞❛ ✐♥❢r❛❡str✉t✉r❛✱ ♣❛r❛
❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ s✐stê♠✐❝♦ ❞♦ ❞❛t❛ ❝❡♥t❡r s♦❜ ❝♦♥❞✐çõ❡s ✈❛r✐á✈❡✐s✱ ♦❜s❡r✈❛♠♦s ❝♦✲
♠✉♠❡♥t❡ ♦ ✉s♦ ❞❡ s✐♠✉❧❛❞♦r❡s ❝♦♠♦ ❢❡rr❛♠❡♥t❛s ❝r✉❝✐❛✐s ♣❛r❛ ♣❡sq✉✐s❛✳ ❉❡ ❢❛t♦✱ ❤á
✈ár✐♦s s✐♠✉❧❛❞♦r❡s ❞✐s♣♦♥í✈❡✐s ❝❛♣❛③❡s ❞❡ ❧✐❞❛r ❝♦♠ ♦ ❝♦♥t❡①t♦ ❞❡ ♥✉✈❡♥s✱ s❡♥❞♦ ❛❧❣✉♥s
❞❡❧❡s ❜❡♠ ❛❝❡✐t♦s ♣❡❧❛ ❝♦♠✉♥✐❞❛❞❡ ❝✐❡♥tí✜❝❛✳ ◆ós ❛✈❛❧✐❛♠♦s ✉♠❛ ❣❛♠❛ ❝♦♥s✐❞❡rá✈❡❧ ❞❡
s✐♠✉❧❛❞♦r❡s ❝✐❡♥t✐✜❝❛♠❡♥t❡ r❡❧❡✈❛♥t❡s ♣❛r❛ ♦ ❝♦♥t❡①t♦ ❞♦ ♥♦ss♦ tr❛❜❛❧❤♦✱ ♦✉ s❡❥❛✱ s✐♠✉✲



✹✵

❧❛❞♦r❡s ❝❛♣❛③❡s ❞❡ ❧✐❞❛r ❝♦♠ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ ❛♥❛❧✐s❛r ♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛✳ ❈♦♥st❛t❛♠♦s✱ ❝♦♠♦ ▼❛❧❤♦tr❛ ❡ ❏❛✐♥ ❬✽✷❪✱ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠ ♥ú♠❡r♦ ❧✐✲
♠✐t❛❞♦ ❞❡ s✐♠✉❧❛❞♦r❡s ♣❛r❛ ❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠✱ ❡♠ ❡s♣❡❝✐❛❧ ❛q✉❡❧❡s ❝❛♣❛③❡s ❞❡
❧✐❞❛r ❝♦♠ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳ ❊♥tr❡ ♦s ♣r✐♥❝✐♣❛✐s s✐♠✉❧❛❞♦r❡s q✉❡ ❛✈❛❧✐❛♠♦s✱ ❝✐t❛♠♦s
♦ ❈❧♦✉❞❙✐♠ ❬✷✷❪ ✖ ❡ s✉❛s ❡①t❡♥sõ❡s ❲♦r❦✢♦✇❙✐♠ ❬✷✸❪✱ ❉②♥❛♠✐❝❈❧♦✉❞❙✐♠ ❬✶✽❪✱ ❈❧♦✉✲
❞❘❡♣♦rts ❬✶✶✻❪✱ ❈❧♦✉❞▼■● ❳♣r❡ss ❬✹✶❪✱ ❈❉❖❙✐♠ ❬✹✵❪✱ ❋❡❞❡r❛t❡❞❈❧♦✉❞❙✐♠ ❬✻✼❪✱ ❈❧♦✉❞❆✲
♥❛❧②st ❬✶✷✼❪✱ ❋❚❈❧♦✉❞❙✐♠ ❬✶✸✺❪✱ ❘❡❛❧❈❧♦✉❞❙✐♠✱ ❈❧♦✉❞❙✐♠❊①✱ ❈❧♦✉❞❆✉❝t✐♦♥ ✖ ♦ ●r❡✲

❡♥❈❧♦✉❞ ❬✻✹❪✱ ♦ ●r♦✉❞❙✐♠ ❬✾✻❪✱ ♦ ❈❧♦✉❞❊①♣ ❬✺✽❪✱ ♦ ✐❈❛♥❈❧♦✉❞ ❬✾✶❪✱ ♦ ❙P❊❈■ ❬✶✶✵❪ ❡ ♦
❉❈❙✐♠ ❬✶✶✼❪✳

❉♦s s✐♠✉❧❛❞♦r❡s ❛✈❛❧✐❛❞♦s✱ ❡s❝♦❧❤❡♠♦s ✐♥✐❝✐❛❧♠❡♥t❡ ♣❛r❛ tr❛❜❛❧❤❛r ♦ ❈❧♦✉❞❙✐♠✱ ✉♠
t♦♦❧❦✐t ❞❡ s✐♠✉❧❛çã♦ ❜❛s❡❛❞♦ ❡♠ ❡✈❡♥t♦s✱ ❡s❝r✐t♦ ♥❛ ❧✐♥❣✉❛❣❡♠ ❞❡ ♣r♦❣r❛♠❛çã♦ ❏❛✈❛✱ q✉❡
♣❡r♠✐t❡ ❛ ♠♦❞❡❧❛❣❡♠ ❡ s✐♠✉❧❛çã♦ ❞❡ s✐st❡♠❛s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❡ ❛♠❜✐❡♥t❡s ❞❡ ♣r♦✈✐s✐♦✲
♥❛♠❡♥t♦ ♣❛r❛ ❛♣❧✐❝❛çõ❡s✳ ❚r❛t❛✲s❡ ❞❡ ✉♠ s✐♠✉❧❛❞♦r r❡❝♦♥❤❡❝✐❞♦ ❛❝❛❞❡♠✐❝❛♠❡♥t❡ ❝♦♠
❝✐t❛çõ❡s ❡♠ ❝❡♥t❡♥❛s ❞❡ tr❛❜❛❧❤♦s ♣✉❜❧✐❝❛❞♦s✱ q✉❡ ♣♦ss✐❜✐❧✐t❛ ❡❢❡t✉❛r ❛♥á❧✐s❡s ❞❡ ❞✉r❛çã♦
❞❡ s✐♠✉❧❛çõ❡s ❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡✱ ♣♦r ✐ss♦✱ ❢♦✐ ❡s❝♦❧❤✐❞♦ ✐♥✐❝✐❛❧♠❡♥t❡ ❝♦♠♦ s✐♠✉❧❛❞♦r✳
P❛r❛ t♦r♥❛r ❛s ❛✈❛❧✐❛çõ❡s ♣♦ssí✈❡✐s✱ ❡ss❡ s✐♠✉❧❛❞♦r ❢♦✐ ❡st❡♥❞✐❞♦ ❝♦♠ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦s
❛❧❣♦r✐t♠♦s ❘♦✉♥❞✲❘♦❜✐♥✱ ❇❡st ❘❡s♦✉r❝❡ ❙❡❧❡❝t✐♦♥ ✖ ❍✐❣❤❡st ❯t✐❧✐③❛t✐♦♥ ❡ ▲❛❣♦ ❆❧❧♦❝❛t♦r✱
❛♣r❡s❡♥t❛❞♦s ♥❛ ❙❡çã♦ ✸✳✶✳

❉✉r❛♥t❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ tr❛❜❛❧❤♦✱ ♥♦ ❡♥t❛♥t♦✱ ♦❜s❡r✈❛♠♦s s❡✈❡r❛s ❧✐♠✐t❛çõ❡s ❞♦
❈❧♦✉❞❙✐♠ ❡ ❞♦s ♦✉tr♦s s✐♠✉❧❛❞♦r❡s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❛✈❛❧✐❛r ✉♠❛ sér✐❡ ❞❡ ♣❛râ♠❡tr♦s✱ ♠❛✐s
❞❡t❛❧❤❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ❆✱ ❡♠ ❡s♣❡❝✐❛❧ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♣❡❧♦ ♥ú❝❧❡♦
❞❛ r❡❞❡✳ P♦r ❡st❡ ♠♦t✐✈♦✱ ❞❡s❡♥✈♦❧✈❡♠♦s ✉♠ t♦♦❧❦✐t ❞❡ s✐♠✉❧❛çã♦✱ ♦ ❙✐♥❡r❣②❈❧♦✉❞ ❬✷✺❪✱
♣❛r❛ ♣♦ss✐❜✐❧✐t❛r ❛♥á❧✐s❡s ❞❡s❡❥á✈❡✐s ♣❛r❛ ❡st❡ tr❛❜❛❧❤♦✳

❉❡ ♠♦❞♦ ❣❡r❛❧✱ ♣❛r❛ t♦❞❛s ❛s ❡t❛♣❛s ❞❡ ❛♥á❧✐s❡ ❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❡ tr❛❜❛❧❤♦✱
❛❞♦t❛♠♦s ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♣❛ss♦s ❜❡♠ ❞❡✜♥✐❞❛✳ Pr✐♠❡✐r❛♠❡♥t❡✱ ❞❡✜♥✐♠♦s ❡ ✐♠♣❧❡♠❡♥✲
t❛♠♦s ❝❡♥ár✐♦s q✉❡ ♣❡r♠✐t✐ss❡♠ ❛✈❛❧✐❛r ♦ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ❡♠ ✉♠ s✐♠✉❧❛❞♦r✱ ❡①❡❝✉t❛♠♦s
❛s s✐♠✉❧❛çõ❡s ❡ ❛♥❛❧✐s❛♠♦s ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳ P❛r❛ ♣♦❞❡r ❛✈❛❧✐❛r ♦s r❡s✉❧t❛❞♦s ❡ ❡❢❡✲
t✉❛r ❝♦♠♣❛r❛çõ❡s✱ ❝♦♥s✐❞❡r❛♠♦s ✉♠❛ ❣❛♠❛ ❞❡ ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❛♣r❡s❡♥t❛❞♦s
♥❛ ❙❡çã♦ ✸✳✶✱ ❛❧é♠ ❞❡ ✉♠ ♥ú♠❡r♦ ❞❡ ❝♦♥✜❣✉r❛çõ❡s✱ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❙❡çã♦ ✸✳✷✳ ❆❧❣✉♥s
♣❛râ♠❡tr♦s ❞❡ s✐♠✉❧❛çã♦ ❣❡r❛✐s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❙❡çã♦ ✸✳✸✱ ❡♥q✉❛♥t♦ ♦s ♣❛râ♠❡tr♦s
❡s♣❡❝í✜❝♦s ❡stã♦ ❛♣r❡s❡♥t❛❞♦s ♥♦s ❝❛♣ít✉❧♦s ♣❡rt✐♥❡♥t❡s✳

✸✳✶ ❆❧❣♦r✐t♠♦s ❆✈❛❧✐❛❞♦s

P❛r❛ ♣♦ss✐❜✐❧✐t❛r ❛ ❛♥á❧✐s❡ ❡ ❝♦♠♣❛r❛çã♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐r✲
t✉❛✐s✱ ❝♦♠ ❡♥❢♦q✉❡ ♥❛ ❡❝♦♥♦♠✐❛ ❞❡ ❡♥❡r❣✐❛✱ ♣r❡❝✐s❛♠♦s ❝♦♥s✐❞❡r❛r ❛❧❣✉♥s ❛❧❣♦r✐t♠♦s ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠✱ q✉❡ tê♠ ❛ ❢✉♥çã♦ ❞❡
❡♥❝♦♥tr❛r s❡r✈✐❞♦r❡s ✖ ❋✐♥❞ ❍♦st ❆❧❣♦r✐t❤♠ ✭❋❍❆✮ ✖ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❈❛s♦ ♦
❜r♦❦❡r ✖ r❡s♣♦♥sá✈❡❧ ♣♦r ❡①❡❝✉t❛r ✉♠ ❋❍❆ ✖ ♥ã♦ ❡♥❝♦♥tr❡ ✉♠ s❡r✈✐❞♦r ❛♣t♦ ❛ ❤♦s♣❡❞❛r
✉♠❛ ❞❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❛✐♥❞❛ ♥ã♦ s✉❜♠❡t✐❞❛✱ ❡♥tã♦ ❛ ❛❧♦❝❛çã♦ ❞❡st❛ é ♣♦st❡r❣❛❞❛✱ ♦✉
s❡❥❛✱ ♦ ❜r♦❦❡r t❡♥t❛rá ❡♠ ✉♠❛ ♣ró①✐♠❛ ❛t✉❛❧✐③❛çã♦✱ ♠❛✐s t❛r❞❡✱ ❡♥❝♦♥tr❛r ✉♠ s❡r✈✐❞♦r
♣❛r❛ ❤♦s♣❡❞❛r ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡♠ q✉❡stã♦✳ ❙❡ ♦ ❜r♦❦❡r ❢♦r ❝❛♣❛③ ❞❡ ❡♥❝♦♥tr❛r ✉♠ s❡r✲
✈✐❞♦r ✈á❧✐❞♦ ♣❛r❛ ❤♦s♣❡❞❛r ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❥á ❛❧♦❝❛❞❛✱ ❡ ❡st❡ s❡r✈✐❞♦r ❢♦r ❞✐❢❡r❡♥t❡



✹✶

❞♦ q✉❛❧ ❤♦s♣❡❞❛ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ❡♥tã♦ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ s❡rá ♠✐❣r❛❞❛ ♣❛r❛ ♦ s❡r✈✐❞♦r
❞❡t❡r♠✐♥❛❞♦ ♣❡❧♦ ❋❍❆✳ ❊♠♣r❡❣❛♠♦s ❛❧❣✉♥s ❛❧❣♦r✐t♠♦s ❜❡♠ ❝♦♥❤❡❝✐❞♦s ♥ã♦✲❝✐❡♥t❡s ❞❡
❡♥❡r❣✐❛✱ ❛❧❣✉♥s ❛❧❣♦r✐t♠♦s ❝✐❡♥t❡s ❞❡ ❡♥❡r❣✐❛ ❡ ♦s ❛❧❣♦r✐t♠♦s ❞❡s❡♥✈♦❧✈✐❞♦s ♥❡st❡ tr❛❜❛✲
❧❤♦✳ ❉❡✜♥✐♠♦s ❛ ❛t✉❛❧✐③❛çã♦ ❞♦ ❜r♦❦❡r ♣❛r❛ ♦❝♦rr❡r✱ s❛❧✈♦ ❞✐s♣♦st♦ ❡♠ ❝♦♥trár✐♦✱ ❛ ❝❛❞❛
✺ s✱ ♦✉ s❡❥❛✱ ❛ ❝❛❞❛ ✺ s ♦ ❜r♦❦❡r t❡♥t❛ ❡❢❡t✉❛r ❛ s✉❜♠✐ssã♦ ❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
♥♦ ❞❛t❛ ❝❡♥t❡r✳ ❆ ❛t✉❛❧✐③❛çã♦ ❞♦ ❜r♦❦❡r é ♦ ❡✈❡♥t♦ ♦♥❞❡ ❡st❡ r❡❛❧✐③❛ ♦s s❡❣✉✐♥t❡s ♣r♦❝❡✲
❞✐♠❡♥t♦s✿ ✈❡r✐✜❝❛çã♦ ❡ s✉❜♠✐ssã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s às ♠áq✉✐♥❛s ❢ís✐❝❛s❀ ✈❡r✐✜❝❛çã♦ ❡
s✉❜♠✐ssã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ às ♠áq✉✐♥❛s ❢ís✐❝❛s❀ ✈❡r✐✜❝❛çã♦ ❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ✐♥st❛♥❝✐❛❞❛s✳

❊♥tr❡ ♦s ❛❧❣♦r✐t♠♦s ❜❡♠ ❝♦♥❤❡❝✐❞♦s✱ ♣♦❞❡♠♦s ❝✐t❛r ♦ ❘❛♥❞♦♠✱ ❘♦✉♥❞✲❘♦❜✐♥ ❡ ♦ ❋✐rst

❆✈❛✐❧❛❜❧❡✳ ❖s ❛❧❣♦r✐t♠♦s ❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛ ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦ sã♦ ♦ ❇❛♥❞✇✐❞t❤✲
❆✇❛r❡ ▲❛❣♦ ❆❧❧♦❝❛t♦r ❡ ♦ ❚♦♣♦❧♦❣② ❊♥❡r❣②✲❆✇❛r❡ ❆❧❧♦❝❛t♦r✳ ❆♣r❡s❡♥t❛♠♦s ♦s ❛❧❣♦r✐t♠♦s
✉s❛❞♦s ♣❛r❛ ❝♦♠♣❛r❛çã♦ q✉❡ sã♦ ❞❡s❝r✐t♦s ♥❛s s✉❜s❡çõ❡s ❛ s❡❣✉✐r✳

❖❜s❡r✈❛♠♦s q✉❡✱ ✈✐❛ ❞❡ r❡❣r❛✱ ♦s ❛❧❣♦r✐t♠♦s ❝✐❡♥t❡s ❞❡ ❡♥❡r❣✐❛ t❡♥t❛♠ ❝♦♥s♦❧✐❞❛r ✉♠
❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ✉♠ ♣❡q✉❡♥♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s✳ ❍❡❧❧❡r ❡t
❛❧✳ ❬✹✽❪ r❡ss❛❧t❛♠ q✉❡ ♦ r❡s✉❧t❛❞♦ ❞❡ r♦❞❛r ✉♠ ❞❛t❛ ❝❡♥t❡r ❝♦♠ ✉♠ ♥ú♠❡r♦ ♠í♥✐♠♦ ❞❡
❡q✉✐♣❛♠❡♥t♦s ❛❝❛rr❡t❛ ✉♠❛ ❡❝♦♥♦♠✐❛ ❞❡ ❡♥❡r❣✐❛✱ ♠❛s ♦s ♦♣❡r❛❞♦r❡s ♣❛ss❛♠ ❛ ❧✐❞❛r ❝♦♠
✉♠❛ ❞❡❣r❛❞❛çã♦ ♥❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❡ ♥♦ ❞❡s❡♠♣❡♥❤♦✳

✸✳✶✳✶ ❘❛♥❞♦♠

❆❧❣♦r✐t♠♦ q✉❡ ♦❜❥❡t✐✈❛ ❡♥❝♦♥tr❛r ✉♠ s❡r✈✐❞♦r ❛❧❡❛tór✐♦ ♣❛r❛ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳

❖♣❡r❛çã♦ ❊st❡ ❛❧❣♦r✐t♠♦ ♠♦♥t❛ ✉♠❛ ❧✐st❛ ❞❡ s❡r✈✐❞♦r❡s q✉❡ ♣♦❞❡♠ ❛❧♦❝❛r ❛ ♠áq✉✐♥❛
✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✱ ❡ r❡t♦r♥❛ ✉♠ ❡❧❡♠❡♥t♦ ❛❧❡❛tór✐♦ ❞❛ ❧✐st❛ ❣❡r❛❞❛✳

❱❛♥t❛❣❡♥s ❊st❡ ❛❧❣♦r✐t♠♦ t❡♥❞❡ ❛ ❢❛③❡r ✉♠ ❜♦♠ ❜❛❧❛♥❝❡❛♠❡♥t♦ ❞❡ ❝❛r❣❛ ❡♥tr❡ t♦❞♦s
♦s s❡r✈✐❞♦r❡s ❞♦ ❞❛t❛ ❝❡♥t❡r✳

❉❡s✈❛♥t❛❣❡♥s ◗✉❛♥t♦ ❛♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❡st❡ ❛❧❣♦r✐t♠♦ ✉s✉❛❧♠❡♥t❡ ♥ã♦ ❛♣r❡✲
s❡♥t❛r r❡s✉❧t❛❞♦s ❜♦♥s✱ ✉♠❛ ✈❡③ q✉❡ ❡❧❡ t❡♥❞❡ ❛ ❞❡✐①❛r ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s
❧✐❣❛❞♦s✳

✸✳✶✳✷ ❘♦✉♥❞✲❘♦❜✐♥

❆❧❣♦r✐t♠♦ ❞❡ ❛❧t❡r♥â♥❝✐❛ ❝✐r❝✉❧❛r ♣❛r❛ ❡♥❝♦♥tr❛r ✉♠ s❡r✈✐❞♦r ♣❛r❛ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳

❖♣❡r❛çã♦ ❆ ♣r✐♠❡✐r❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡ s❡rá ❛❧♦❝❛❞❛ ❡♠ ✉♠ s❡r✈✐❞♦r ❞❡
í♥❞✐❝❡ ✶❀ ❛ s❡❣✉♥❞❛ ♥♦ s❡r✈✐❞♦r ❞❡ í♥❞✐❝❡ ✷❀ ❡ ❛ss✐♠ s✉❝❡ss✐✈❛♠❡♥t❡✱ r❡❛❧✐③❛♥❞♦ ✉♠❛
❛❧t❡r♥â♥❝✐❛ ❝✐r❝✉❧❛r ❛♦ ✜♥❛❧ ❞♦ ♣r♦❝❡ss♦✳ ❙❡ ✉♠ s❡r✈✐❞♦r é ✐♥❝❛♣❛③ ❞❡ ❤♦s♣❡❞❛r ❛ ♠áq✉✐♥❛
✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✱ ❡❧❡ s❡rá s❛❧t❛❞♦✳

❱❛♥t❛❣❡♥s ❊st❡ ❛❧❣♦r✐t♠♦ t❡♥❞❡ ❛ ❢❛③❡r ✉♠ ❜♦♠ ❜❛❧❛♥❝❡❛♠❡♥t♦ ❞❡ ❝❛r❣❛ ❡♥tr❡ t♦❞♦s
♦s s❡r✈✐❞♦r❡s ❞♦ ❞❛t❛ ❝❡♥t❡r✱ ♣♦t❡♥❝✐❛❧♠❡♥t❡ ♠❡❧❤♦r q✉❡ ♦ ❘❛♥❞♦♠✳
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❉❡s✈❛♥t❛❣❡♥s ◗✉❛♥t♦ ❛♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❡st❡ ❛❧❣♦r✐t♠♦ ✉s✉❛❧♠❡♥t❡ ♥ã♦ ❛♣r❡✲
s❡♥t❛r r❡s✉❧t❛❞♦s ❜♦♥s✱ ✉♠❛ ✈❡③ q✉❡ ❡❧❡ t❡♥❞❡ ❛ ❞❡✐①❛r ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s
❧✐❣❛❞♦s✳

✸✳✶✳✸ ❋✐rst ❆✈❛✐❧❛❜❧❡

❆❧❣♦r✐t♠♦ q✉❡ ♦❜❥❡t✐✈❛ ❡♥❝♦♥tr❛r ♦ ♣r✐♠❡✐r♦ s❡r✈✐❞♦r ❞✐s♣♦♥í✈❡❧ ❡♠ ✉♠❛ ❧✐st❛ ♣❛r❛ ✉♠❛
♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✳

❖♣❡r❛çã♦ P❛r❛ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✱ ❡st❡ ❛❧❣♦r✐t♠♦ ✈❡r✐✜❝❛rá✱ ❡♠ ✉♠❛
❧✐st❛ ❞❡ s❡r✈✐❞♦r❡s✱ ❡♠ ♦r❞❡♠ ❛s❝❡♥❞❡♥t❡✱ q✉❛❧ é ♦ ♣r✐♠❡✐r♦ s❡r✈✐❞♦r ❝❛♣❛③ ❞❡ ❤♦s♣❡❞❛r ❛
♠áq✉✐♥❛ ✈✐rt✉❛❧✳

❱❛♥t❛❣❡♥s ❊st❡ ❛❧❣♦r✐t♠♦ ❛♣r❡s❡♥t❛ ❜❛✐①❛ ❝♦♠♣❧❡①✐❞❛❞❡✱ ❡ t❡♥❞❡ ❛ ❝♦♥s♦❧✐❞❛r ✉♠
❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ✉♠ ♥ú♠❡r♦ ♣❡q✉❡♥♦ ❞❡ s❡r✈✐❞♦r❡s ✖ ♦s q✉❡
❛♣r❡s❡♥t❛♠ í♥❞✐❝❡s ♠❛✐s ❜❛✐①♦s ✖ ❡❝♦♥♦♠✐③❛♥❞♦ ❡♥❡r❣✐❛✳

❉❡s✈❛♥t❛❣❡♥s ❙❡ ♦s s❡r✈✐❞♦r❡s q✉❡ ❛♣r❡s❡♥t❛♠ ♥ú♠❡r♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❜❛✐①♦s ♥ã♦ sã♦
❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛✱ ♦ ❝♦♥s✉♠♦ t❡♥❞❡ ❛ s❡r ❣r❛♥❞❡✳

✸✳✶✳✹ ❇❡st ❘❡s♦✉r❝❡ ❙❡❧❡❝t✐♦♥ ✖ ❍✐❣❤❡st ❯t✐❧✐③❛t✐♦♥

❆❧❣♦r✐t♠♦ q✉❡ ♦❜❥❡t✐✈❛ ❡♥❝♦♥tr❛r ♦ s❡r✈✐❞♦r ❝♦♠ ♦ ♥í✈❡❧ ❞❡ ✉t✐❧✐③❛çã♦ ♠❛✐s ❡❧❡✈❛❞♦ ❞✐s✲
♣♦♥í✈❡❧ ♣❛r❛ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳

❖♣❡r❛çã♦ P❛r❛ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✱ ❡st❡ ❛❧❣♦r✐t♠♦ ✈❡r✐✜❝❛rá ♥❛ ❧✐st❛ ❞❡
s❡r✈✐❞♦r❡s q✉❛❧ é ♦ q✉❡ ♣♦ss✉✐ ❛ ♠❛✐♦r ✉t✐❧✐③❛çã♦ ✖ ❍✐❣❤❡st ❯t✐❧✐③❛t✐♦♥ ✖ ❞❡ ❛❝♦r❞♦ ❝♦♠
❛ ❊q✉❛çã♦ ✭✸✳✶✮✱ ♦♥❞❡ utilization r❡♣r❡s❡♥t❛ ❛ ✉t✐❧✐③❛çã♦ r❡❧❛t✐✈❛ ❞❡ ✉♠ s❡r✈✐❞♦r host✱
hostmips❴in❴use r❡♣r❡s❡♥t❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ▼■P❙ ❡♠ ✉s♦ ❞❡ host✱ ❡ hostmips❴total r❡♣r❡✲
s❡♥t❛ ❛ q✉❛♥t✐❞❛❞❡ t♦t❛❧ ❞❡ ▼■P❙ q✉❡ host ♣♦ss✉✐✳ ❈♦♥s✐❞❡r❛♠♦s ❛ q✉❛♥t✐❞❛❞❡ t♦t❛❧
❞❡ ▼■P❙ q✉❡ ✉♠ s❡r✈✐❞♦r ♣♦ss✉✐ ❝♦♠♦ s❡♥❞♦ ♦ s♦♠❛tór✐♦ ❞❡ ▼■P❙ ❞❡ t♦❞♦s ♦s ♥ú❝❧❡♦s
❞❡ ♣r♦❝❡ss❛❞♦r❡s ❞❡ ✜♥❛❧✐❞❛❞❡ ❣❡r❛❧ q✉❡ ❡st❡ ❛♣r❡s❡♥t❛❀ ♣♦r ❡①❡♠♣❧♦✱ s❡ t♦♠❛r♠♦s ✉♠
s❡r✈✐❞♦r ❝♦♠ ❞♦✐s ♣r♦❝❡ss❛❞♦r❡s✱ ❡ ❝❛❞❛ ♣r♦❝❡ss❛❞♦r ❝♦♠ ✹ ♥ú❝❧❡♦s ❞❡ ✸✳✵✵✵ ▼■P❙✱ ❡♥tã♦
❛ ❝❛♣❛❝✐❞❛❞❡ ❡♠ ▼■P❙ ❝♦♥s✐❞❡r❛❞❛ ❞❡st❡ s❡r✈✐❞♦r s❡rá ❞❡ 2× 4× 3.000 = 24.000 ▼■P❙✳
❯♠ ✈❛r✐❛♥t❡ ❞❡st❡ ❛❧❣♦r✐t♠♦ ♣♦❞❡ s❡r ❢❡✐t♦ ❝♦♥s✐❞❡r❛♥❞♦ ♥ã♦ ❛ ✉t✐❧✐③❛çã♦✱ ♠❛s ❛ r❡q✉✐s✐✲
çã♦ ✖ ❍✐❣❤❡st ❘❡q✉✐s✐t✐♦♥ ✖ ❞❡ ▼■P❙ ♣❡❧❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♥s♦❧✐❞❛❞❛s✱ ❝♦♥❢♦r♠❡ ❛
❊q✉❛çã♦ ✭✸✳✷✮✱ ♦♥❞❡ requisition r❡♣r❡s❡♥t❛ ❛ r❡q✉✐s✐çã♦ r❡❧❛t✐✈❛ t♦t❛❧ ❞❡ ▼■P❙ ❞❡ ✉♠ host

♣♦r t♦❞❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ❡st❡ ❤♦s♣❡❞❛✱ ❡ hostmips❴required❴by❴vms r❡♣r❡s❡♥t❛ ❛
r❡q✉✐s✐çã♦ ❛❜s♦❧✉t❛ t♦t❛❧ ❞❡ ▼■P❙ ❞❡ ✉♠ host ♣♦r t♦❞❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ❡❧❡
❤♦s♣❡❞❛✳

utilization =
hostmips❴in❴use

hostmips❴total

✭✸✳✶✮
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requisition =
hostmips❴required❴by❴vms

hostmips❴total

✭✸✳✷✮

❱❛♥t❛❣❡♥s ❊st❡ ❛❧❣♦r✐t♠♦ t❡♥t❛ ❝♦♥s♦❧✐❞❛r ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❡♠ s❡r✈✐❞♦r ❝♦♠ ♠❛✐♦r ✉t✐❧✐③❛çã♦✱ ♣♦t❡♥❝✐❛❧♠❡♥t❡ ♠✐♥✐♠✐③❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❡
♠❛♥t❡♥❞♦ ✉♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s ♦✤✐♥❡✱ t❡♥❞❡♥❞♦ ❛ ❡❝♦♥♦♠✐③❛r ❡♥❡r❣✐❛✳

❉❡s✈❛♥t❛❣❡♥s ❊st❡ ❛❧❣♦r✐t♠♦ t❡♥❞❡ ❛ s❡ ❝♦♠♣♦rt❛r ♠❛❧ ❡♠ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ✢✉t✉✲
❛♥t❡s❀ s❡ ♦s ♣r✐♠❡✐r♦s s❡r✈✐❞♦r❡s ❡s❝♦❧❤✐❞♦s ♥ã♦ ❢♦r❡♠ ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛ ♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛ ❝♦♥s♦❧✐❞❛❞♦ ❞♦ ❞❛t❛ ❝❡♥t❡r ♣♦❞❡ ♥ã♦ s❡r ❜♦♠❀ ❡♠ ❝❡♥ár✐♦s s❡♠ ❙▲❆s r❡str✐✲
t✐✈♦s ❡♠ ♥í✈❡❧ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣♦❞❡♠ ✐♠♣❛❝t❛r s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛❧♦❝❛❞❛s✳

✸✳✶✳✺ ▼✐♥✐♠✉♠ P♦✇❡r ❉✐✛

❆❧❣♦r✐t♠♦ ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛ ♣❛❞rã♦ ❞♦ ❈❧♦✉❞❙✐♠ ✭❬✶✾❪✱ ❬✷✷❪✮✳ ❖❜❥❡t✐✈❛ ❡st✐♠❛r ♦ ❝♦♥✲
s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❡ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡ ♣❛r❛ ❝❛❞❛ s❡r✈✐❞♦r✱
❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❡s❝♦❧❤❡r ♦ s❡r✈✐❞♦r q✉❡ t❡rá ♠❡♥♦r ✐♠♣❛❝t♦ ❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❛ ♠áq✉✐♥❛
✈✐rt✉❛❧ ❡♠ q✉❡stã♦✳

❖♣❡r❛çã♦ P❛r❛ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✱ ❡st❡ ❛❧❣♦r✐t♠♦ ❝❛❧❝✉❧❛rá ♣❛r❛ t♦❞♦s
♦s s❡r✈✐❞♦r❡s ❝❛♣❛③❡s ❞❡ ❤♦s♣❡❞❛r ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡ ❛ ♣♦tê♥❝✐❛ ❡st✐♠❛❞❛
❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❡st❛✱ ❝♦♠♣❛r❛♥❞♦ ♦ r❡s✉❧t❛❞♦ ♦❜t✐❞♦ ❝♦♠ ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ❛♥t❡s
❞❛ ❛❧♦❝❛çã♦✳ ❖ s❡r✈✐❞♦r q✉❡ ♣♦ss✉✐r ❛ ♠❡♥♦r ❞✐❢❡r❡♥ç❛ ❞❡ ♣♦tê♥❝✐❛ é ❡s❝♦❧❤✐❞♦✳

❱❛♥t❛❣❡♥s ❊st❡ ❛❧❣♦r✐t♠♦ ❛♣r❡s❡♥t❛ ❜♦♥s r❡s✉❧t❛❞♦s ♥❛ ♠✐♥✐♠✐③❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡
❡♥❡r❣✐❛✳

❉❡s✈❛♥t❛❣❡♥s ❊st❡ ❛❧❣♦r✐t♠♦ t❡♥❞❡ ❛ ❛✉♠❡♥t❛r ♦ ♠❛❦❡s♣❛♥ ❡ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ❡♠ ❡s♣❡❝✐❛❧ ❡♠ ❝❡♥ár✐♦s ♦♥❞❡ ♦s s❡r✈✐❞♦r❡s ❝♦♠ ♠❛✐♦r ♣♦❞❡r ❞❡
♣r♦❝❡ss❛♠❡♥t♦ ♣♦ss✉❡♠ ♠❡♥♦r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✳

✸✳✶✳✻ ▲❛❣♦ ❆❧❧♦❝❛t♦r

❆❧❣♦r✐t♠♦ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ q✉❡ ♦❜❥❡t✐✈❛ s❡❧❡❝✐♦♥❛r s❡r✈✐❞♦r❡s q✉❡ ✉s❛♥❞♦ ✉♠❛ s❡q✉ê♥❝✐❛
❞❡ ❛té ✹ ❝r✐tér✐♦s ❡♥tr❡ ♦s s❡r✈✐❞♦r❡s ❞♦s ❞❛t❛ ❝❡♥t❡rs ❬✼✷❪✳

❖♣❡r❛çã♦ P❛r❛ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✱ ❡st❡ ❛❧❣♦r✐t♠♦ r❡❛❧✐③❛ ❝♦♠♣❛r❛çõ❡s
s✉❝❡ss✐✈❛s✱ ❞❛♥❞♦ ♣r✐♦r✐❞❛❞❡ ♣❛r❛✿ ✭✐✮ ♦ s❡r✈✐❞♦r q✉❡ ❢♦r ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛❀ ✭✐✐✮ ♦
s❡r✈✐❞♦r q✉❡ ❛♣r❡s❡♥t❛ ❛ ♠❡♥♦r ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❛t✉❛❧ ❡ ♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛ ❡st✐♠❛❞♦ ❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧❀ ✭✐✐✐✮ ♦ s❡r✈✐❞♦r q✉❡ t✐✈❡r ♠❛✐♦r
✉t✐❧✐③❛çã♦❀ ✭✐✈✮ ♦ s❡r✈✐❞♦r q✉❡ ♣♦ss✉✐r ♦ ♠❛✐♦r ♣♦❞❡r ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ✭▼■P❙✮✳



✹✹

❱❛♥t❛❣❡♥s ❊st❡ ❛❧❣♦r✐t♠♦ ❞❡s❡♠♣❡♥❤❛ ❜❡♠ ♥❛ ♠✐♥✐♠✐③❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱
❡♥q✉❛♥t♦ ♠✐♥✐♠✐③❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❡♠ ❡s♣❡❝✐❛❧ ❡♠ ❞❛t❛

❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✳

❉❡s✈❛♥t❛❣❡♥s ❊st❡ ❛❧❣♦r✐t♠♦ t❡♥❞❡ ❛ ❛✉♠❡♥t❛r ♦ ♠❛❦❡s♣❛♥ ❡ ♦s t❡♠♣♦s ❞❡ ♣r♦❝❡s✲
s❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❡♠ ❝❡♥ár✐♦s ♦♥❞❡ s❡r✈✐❞♦r❡s ❝♦♠ ♠❛✐♦r
♣♦❞❡r ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ sã♦ ♠❡♥♦s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛✳

✸✳✷ ❈♦♥✜❣✉r❛çõ❡s

❈❛❞❛ ✉♠ ❞♦s ❛❧❣♦r✐t♠♦s ❛♣r❡s❡♥t❛❞♦s ♥❛ s✉❜s❡çã♦ ❛♥t❡r✐♦r ♣♦❞❡ s❡r ❡①❡❝✉t❛❞♦ ❝♦♠ ✉♠ ♦✉
♠❛✐s r❡❝✉rs♦s ❞✐s♣♦♥í✈❡✐s ♥♦ ❞❛t❛ ❝❡♥t❡r✱ ♦♥❞❡ ❝♦♥s✐❞❡r❛♠♦s ♦s ♠❛✐s ❝♦♠✉♥s ♥♦ ❝♦♥t❡①t♦
❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛✳ ❖s ❛❧❣♦r✐t♠♦s ❛♣r❡s❡♥t❛❞♦s ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞♦s
❝♦♠ ❞✐❢❡r❡♥t❡s ❝♦♠❜✐♥❛çõ❡s ❞♦s s❡❣✉✐♥t❡s r❡❝✉rs♦s✿

• P♦✇❡r ❆✇❛r❡♥❡ss → ❍❛❜✐❧✐❞❛❞❡ ❞❡ ❞❡s❧✐❣❛r s❡r✈✐❞♦r❡s ♦❝✐♦s♦s❀

• ❉❱❋❙ → ❊s❝❛❧♦♥❛♠❡♥t♦ ❉✐♥â♠✐❝♦ ❞❡ ❚❡♥sã♦ ❡ ❋r❡q✉ê♥❝✐❛❀

• ▼✐❣r❛çã♦ ❞❡ ▼áq✉✐♥❛s ❱✐rt✉❛✐s → P❡r♠✐t❡ q✉❡ ♦❝♦rr❛ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡♥tr❡ ♦s s❡r✈✐❞♦r❡s✳

◆❛s s✐♠✉❧❛çõ❡s ❝♦♠❉❱❋❙ ❛t✐✈❛❞♦✖ ♦✉ s❡❥❛✱ ❡♠♣r❡❣❛♥❞♦✲s❡ t❡❝♥♦❧♦❣✐❛s ✈✐st❛s ❡♠ ❬✷✻❪ ✖
❛ss✉♠❡✲s❡ q✉❡ ♦s s❡r✈✐❞♦r❡s q✉❡ ❡st✐✈❡r❡♠ tr❛❜❛❧❤❛♥❞♦ ♥♦ ♥í✈❡❧ ♠í♥✐♠♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
✭♦❝✐♦s♦s✮ ❝♦♥s♦♠❡♠ ✼✵✪ ❞❡ s✉❛ ♣♦tê♥❝✐❛ ♠á①✐♠❛✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ❡♠ ✉♠❛ ♠♦❞❡❧❛✲
❣❡♠ ❛♥❛❧ít✐❝❛ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ q✉❡ ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s ❝♦♠♣♦♥❡♥t❡s ❞♦ s❡r✈✐❞♦r✱
t❛✐s ❝♦♠♦ ♣❧❛❝❛ ♠ã❡✱ ♠❡♠ór✐❛s ✈♦❧át❡✐s ❡ ♣❡r♠❛♥❡♥t❡s✱ ❡ ♣r♦❝❡ss❛❞♦r ❡♠ ♦♣❡r❛çã♦ ♠í✲
♥✐♠❛✱ s❡rá ❞❡ ✼✵✪ ❞❛ ♣♦tê♥❝✐❛ ♠á①✐♠❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ s❡r✈✐❞♦r✳ ➱ ❛❞♦t❛❞♦ ✉♠ ♠♦❞❡❧♦
❧✐♥❡❛r ♣r♦♣♦r❝✐♦♥❛❧ à ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ♣❛r❛ ❝❛❧❝✉❧❛r ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛✱ ❞❡ ♠♦❞♦ q✉❡
q✉❛♥❞♦ ✉♠ s❡r✈✐❞♦r t✐✈❡r ❡♠ ❝❛r❣❛ ♠á①✐♠❛ ❡❧❡ ❝♦♥s✉♠✐rá ✶✵✵✪ ❞❡ s✉❛ ♣♦tê♥❝✐❛✳ ❊①❡♠✲
♣❧✐✜❝❛♠♦s ♥❛ ❋✐❣✉r❛ ✸✳✶ ❡st❛ r❡❧❛çã♦ ❡♥tr❡ ♥í✈❡❧ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛✳
◆❡st❡ ❡①❡♠♣❧♦✱ q✉❛♥❞♦ ✉♠ s❡r✈✐❞♦r ❞❡ ✷✺✵ ❲ ❡stá ♦♣❡r❛♥❞♦ ❡♠ ✵✪ ❞❡ s✉❛ ❝❛♣❛❝✐❞❛❞❡
❡❧❡ ❝♦♥s♦♠❡ ✶✼✺ ❲❀ q✉❛♥❞♦ ♦♣❡r❛♥❞♦ ❛ ✺✵✪ ❞❡ s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❡❧❡ ❝♦♥s♦♠❡ ✷✶✷ ❲❀ ❡
q✉❛♥❞♦ ♦♣❡r❛♥❞♦ ♥❛ ❝❛♣❛❝✐❞❛❞❡ ♠á①✐♠❛ ❡❧❡ ❝♦♥s♦♠❡ ✷✺✵ ❲❀ ♣♦rt❛♥t♦ ❛ ❢✉♥çã♦ q✉❡ r❡❣❡
♦ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛ é P = 175+75×getCpuUsage(h)✱ ♦♥❞❡ P é ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛
♣♦r ✉♠ s❡r✈✐❞♦r ❡♠ ✇❛tts ❡ getCpuUsage(h) r❡t♦r♥❛ ♦ ✉s♦ ♣❡r❝❡♥t✉❛❧ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡
♣r♦❝❡ss❛♠❡♥t♦ ❞♦ s❡r✈✐❞♦r h✳ ❊st❡ ✈❛❧♦r ❞❡ ✼✵✪ é ❝♦rr♦❜♦r❛❞♦ ♣♦r ❛❧❣✉♥s ❡st✉❞♦s ♥❛ ár❡❛
✭❬✸✽❪✱ ❬✼✶❪✱ ❬✺✶❪ ❡ ❬✶✵✺❪✮✳

P❛r❛ ❛❧❣✉♠❛s s✐♠✉❧❛çõ❡s✱ t❛♠❜é♠ ❝♦♥s✐❞❡r❛♠♦s ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ✉s❛r ♦ r❡❝✉rs♦ ❞❡
q✉❛❧✐❞❛❞❡ ❞❡ s❡r✈✐ç♦ ❜❛s❡❛❞❛ ❡♠ ♣r✐♦r✐❞❛❞❡s ❞❡ ❝❛r❣❛ ❬✼✻❪✱ ♣r♦✈✐❞❛ ♣♦r ✉♠ ❛❧❣♦r✐t♠♦ ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ q✉❡ ❛t✉❛ ❡♠ ♣❛r❛❧❡❧♦ ❛♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❈♦♠ ❡ss❡ r❡❝✉rs♦✱ s❡ s✉♣♦rt❛❞♦ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✱
❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ♣♦❞❡rã♦ s❡r ♣r✐♦r✐③❛❞❛s✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ✜♥❛❧✐③❛r ❛s ♠❛✐s ✐♠♣♦rt❛♥t❡s
❡♠ ♠❡♥♦r t❡♠♣♦✳





✹✻

♣❛r❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ ✭❡✳❣✳ ❍❯ ✮✱ C ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝♦♥✜❣✉r❛çõ❡s ❝♦♠ ❛s q✉❛✐s ♦
❛❧❣♦r✐t♠♦ ❛t✉❛ ✭❡✳❣✳ ❞❡s❧✐❣❛♠❡♥t♦ ❞❡ s❡r✈✐❞♦r❡s ♦❝✐♦s♦s✱ ❉❱❋❙ ❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s✮✱ ❡ P ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s ❞♦ ❞❛t❛ ❝❡♥t❡r ✭❡✳❣✳ ✶✵ s❡r✈✐❞♦r❡s✱ ✻✵ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡ ✻✵ ❝❧♦✉❞❧❡ts✮✳

• A1 ❝♦♠ ❝♦♥✜❣✉r❛çã♦ C1 ❡ ♣❛râ♠❡tr♦s P é ❝♦♥s✐❞❡r❛❞♦ ♠❡❧❤♦r ❞♦ q✉❡ A2 ❝♦♠ ❝♦♥✲
✜❣✉r❛çõ❡s C2 ❡ ♦s ♠❡s♠♦s ♣❛râ♠❡tr♦s P s❡ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ✭(A,C, P )pow❴av✮
❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪ ❡♠ ❡♥❡r❣✐❛ ✭(A,C, P )pow❴ci✮ s❛t✐s❢❛③
❛ ■♥❡q✉❛çã♦ ✭✸✳✸✮❀

• A1 ❝♦♠ ❝♦♥✜❣✉r❛çã♦ C ❡ ♣❛râ♠❡tr♦s P s❡rá ✐♥❛❝❡✐t❛✈❡❧♠❡♥t❡ ♠❛✐s ❧❡♥t♦ ❞♦ q✉❡ A2

❝♦♠ ❛ ♠❡s♠❛ ❝♦♥✜❣✉r❛çã♦ C ❡ ♦s ♠❡s♠♦s ♣❛râ♠❡tr♦s P s❡ ♦♠❛❦❡s♣❛♥ ✭(A,C, P )mk❴av✮
❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪ ❡♠ ❡♥❡r❣✐❛ ✭(A,C, P )mk❴ci✮ s❛t✐s❢❛③
❛s ■♥❡q✉❛çõ❡s ✭✸✳✹✮ ❡ ✭✸✳✺✮✳

(A1, C1, P )pow❴av + (A1, C1, P )pow❴ci < (A2, C2, P )pow❴av − (A2, C2, P )pow❴ci ✭✸✳✸✮

(A1, C, P )mk❴av − (A1, C, P )mk❴ci > 2× ((A2, C, P )mk❴av − (A2, C, P )mk❴ci) ✭✸✳✹✮

(A1, C, P )mk❴av + (A1, C, P )mk❴ci > 2× ((A2, C, P )mk❴av + (A2, C, P )mk❴ci) ✭✸✳✺✮

❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♣❛r❛ ❝❛❞❛ ❝❡♥ár✐♦✱ ♦ ❛❧❣♦r✐t♠♦ ❛ s❡r ❝♦♥s✐❞❡r❛❞♦ ♦ ♠❡❧❤♦r é ❛q✉❡❧❡
q✉❡ s❛t✐s❢❛③ ❛ ■♥❡q✉❛çã♦ ✭✸✳✸✮ ❡ q✉❡ ❛s ■♥❡q✉❛çõ❡s ✭✸✳✹✮ ❡ ✭✸✳✺✮ ♥ã♦ s❡❥❛♠ ✈❡r❞❛❞❡✐r❛s
♣❛r❛ ❝❛❞❛ ❝♦♥❥✉♥t♦ ❞❡ ♣♦ssí✈❡✐s ❝♦♥✜❣✉r❛çõ❡s ❡ ♣❛râ♠❡tr♦s❀ ❝❛s♦ ❝♦♥trár✐♦ ✭s❡ ♥❡♥❤✉♠
❛❧❣♦r✐t♠♦ ❛t❡♥❞❡ ❡st❡s ✐t❡♥s✮ ❡♥tã♦ ♥ã♦ é ♣♦ssí✈❡❧ ❞✐③❡r q✉❡ ✉♠ ❛❧❣♦r✐t♠♦ é ♠❡❧❤♦r q✉❡
♦✉tr♦✳

◗✉❛♥t♦ ❛♦ t✐♣♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♥s✐❞❡r❛♠♦s ♦ ✉s♦ ❞❛ ♠✐❣r❛çã♦
❧✐✈❡✱ ❝♦♠ ✈❛❧♦r ❞❡ ❞❡❣r❛❞❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ♠✐❣r❛çã♦ ❞❡✜♥✐❞♦
❡♠ ✶✵✪ ✭♣❛❞rã♦ ❞♦ ❈❧♦✉❞❙✐♠✮✱ ✐✳❡✳✱ ♠áq✉✐♥❛s ✈✐rt✉❛✐s t❡rã♦ ✉♠ ♣r♦❝❡ss❛♠❡♥t♦ ❡❢❡t✐✈♦
❞❡ ✾✵✪ ♥♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ s✉❛s ❝❛r❣❛s ❞✉r❛♥t❡ ❛ ♠✐❣r❛çã♦✳

◗✉❛♥t♦ ❛♦ t❛♠❛♥❤♦ ❞♦s ❞❛t❛ ❝❡♥t❡rs✱ ✐♥✐❝✐❛❧♠❡♥t❡ ❝♦♥s✐❞❡r❛♠♦s três t❛♠❛♥❤♦s✿ s10

✭✶✵ s❡r✈✐❞♦r❡s✮✱ s100 ✭✶✵✵ s❡r✈✐❞♦r❡s✮ ❡ s1000 ✭✶✳✵✵✵ s❡r✈✐❞♦r❡s✮✳ ❊st❛s ❞❡✜♥✐çõ❡s ❞❡ t❛✲
♠❛♥❤♦ ❢♦r❛♠ ❜❛s❡❛❞❛s ♥♦s ❝♦♥❝❡✐t♦s ❞❡ t❛♠❛♥❤♦s ❞❡ ❞❛t❛ ❝❡♥t❡r ❞❡ ❬✺✾❪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱
♣❡q✉❡♥♦✱ ♠é❞✐♦ ❡ ❣r❛♥❞❡✳

❈♦♥s✐❞❡r❛♠♦s q✉❡ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ r❡❝❡❜❡ ✉♠❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ✉♠ ♥ú✲
♠❡r♦ ❞❡ ♠✐❧❤õ❡s ❞❡ ✐♥str✉çõ❡s ♣❛r❛ ♣r♦❝❡ss❛♠❡♥t♦ ❡✱ ❛♣ós ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡st❛ ❝❛r❣❛✱ ❛
♠áq✉✐♥❛ ✈✐rt✉❛❧ é ✜♥❛❧✐③❛❞❛✳ ❊st❛ ❡str❛té❣✐❛ ❢♦✐ ❛❞♦t❛❞❛ ♣❛r❛ ✭✐✮ q✉❡ ♥ã♦ ♦❝♦rr❛ ❛ ❞❡❣r❛✲
❞❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ♣❡❧❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
✭✐✐✮ ❡✈✐t❛r ❛❞✐❝✐♦♥❛r ✉♠ ❣r❛✉ ❞❡ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❡s♥❡❝❡ssár✐♦ ❛♦ ❡s❝♦♣♦ ❞❡st❡ tr❛❜❛❧❤♦ ❡



✹✼

✭✐✐✐✮ ♠❡❧❤♦r ❛✈❛❧✐❛r ♦s ❝❛s♦s ❞❡ ❣r❛♥❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ ❞❛t❛ ❝❡♥t❡rs✱ ♦♥❞❡ ♦s
❛❧❣♦r✐t♠♦s ♣♦❞❡♠ s❡r ♠❡❧❤♦r ❛✈❛❧✐❛❞♦s ♣❛r❛ ❞❡s❡♠♣❡♥❤❛r❡♠ s❡✉s ♣❛♣❡✐s✳

❖s ❛❧❣♦r✐t♠♦s ❞❡s❡♥✈♦❧✈✐❞♦s ♥❡st❡ tr❛❜❛❧❤♦ ✈✐s❛♠ ❛t✉❛r ❡♠ ❝❡♥ár✐♦s ❞❡ ❞❛t❛ ❝❡♥t❡rs

❝♦♠ ❝♦♥✜❣✉r❛çõ❡s ❛r❜✐trár✐❛s✳ ◆❡st❡ s❡♥t✐❞♦✱ ♦❜❥❡t✐✈❛♠♦s q✉❡ ❛s ❛♥á❧✐s❡s s❡ ❞❡ss❡♠ t❛♥t♦
❡♠ ❞❛t❛ ❝❡♥t❡rs ❞❡ ♣❡❧♦ ♠❡♥♦s ❞♦✐s t✐♣♦s✱ ✭✐✮ ❤♦♠♦❣ê♥❡♦s ✖ ♥♦s q✉❛✐s t♦❞♦s ♦s s❡r✈✐❞♦r❡s
♣♦ss✉❡♠ ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❤❛r❞✇❛r❡ ✐❞ê♥t✐❝❛s ✖ ❡ ✭✐✐✮ ❤❡t❡r♦❣ê♥❡♦s ✖ ❝♦♠ ❛❣r✉♣❛♠❡♥t♦s
❞❡ s❡r✈✐❞♦r❡s ❞❡ ❝♦♥✜❣✉r❛çõ❡s ❞✐st✐♥t❛s✱ ♣♦r ❡①❡♠♣❧♦✱ ❡♠ ✶✵ s❡r✈✐❞♦r❡s ❞✐✈✐❞✐❞♦s ❡♠ ✸
❛❣r✉♣❛♠❡♥t♦s ♣♦❞❡rã♦ s❡r ❡♥❝♦♥tr❛❞♦s ✉♠ ❛❣r✉♣❛♠❡♥t♦ ❞❡ ✹ s❡r✈✐❞♦r❡s ❝♦♠ ❝♦♥✜❣✉r❛çã♦
c1✱ ✉♠ ❛❣r✉♣❛♠❡♥t♦ ❞❡ ✸ s❡r✈✐❞♦r❡s ❝♦♠ ❝♦♥✜❣✉r❛çã♦ c2 ❡ ✉♠ ❛❣r✉♣❛♠❡♥t♦ ❞❡ ✸ s❡r✈✐❞♦r❡s
❝♦♠ ❝♦♥✜❣✉r❛çã♦ c3✳ ❉❡st❡ ♠♦❞♦✱ s❡ ❡s♣❡❝✐✜❝❛r♠♦s q✉❡ t❡♠♦s ✉♠ ❞❛t❛ ❝❡♥t❡r s100

❤♦♠♦❣ê♥❡♦✱ q✉❡r❡♠♦s ❞✐③❡r q✉❡ ❡st❛♠♦s tr❛t❛♥❞♦ ❞❡ ✉♠ ❞❛t❛ ❝❡♥t❡r ❝♦♥st✐t✉í❞♦ ♣♦r ✶✵✵
♠áq✉✐♥❛s ❝♦♠ ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❤❛r❞✇❛r❡ ✐❞ê♥t✐❝❛s✳

❊♠ ❝✐♠❛ ❞❡st❡s ❞❛t❛ ❝❡♥t❡rs r❡❛❧✐③❛♠♦s ❜❛t❡r✐❛s ❞❡ s✐♠✉❧❛çõ❡s ❝♦♠ ❞✐✈❡rs♦s ❝❡♥ár✐♦s✱
❝♦♥s✐❞❡r❛♥❞♦ s❡r✈✐❞♦r❡s ❝♦♠ ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❤❛r❞✇❛r❡ r❡❝❡♥t❡s✳ ◆♦s ❞❛t❛ ❝❡♥t❡rs ❤❡✲
t❡r♦❣ê♥❡♦s✱ ♦ ❝r✐tér✐♦ ♣❛r❛ ❛ s❡❧❡çã♦ ❞❡ ♣r♦❝❡ss❛❞♦r❡s ❢♦✐ t❡♥t❛r ❝r✐❛r ✉♠❛ ❞✐s♣❛r✐❞❛❞❡
s✐❣♥✐✜❝❛t✐✈❛ ❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡♥tr❡ ♦s s❡r✈✐❞♦r❡s✱ ♣❛r❛ ✈❡r✐✜❝❛r ❡♠ ✉♠❛
s✐t✉❛çã♦ r❡❛❧ ❝♦♠♦ ♦s ❛❧❣♦r✐t♠♦s s❡ ❝♦♠♣♦rt❛♠ ❡♠ s✐t✉❛çõ❡s ❞❡ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡ ❣r❛♥❞❡✱
♠❛s ❡♠ ❞❛t❛ ❝❡♥t❡rs q✉❡ ✉s❛♠ ♣r♦❝❡ss❛❞♦r❡s ❞❡ ú❧t✐♠❛ ❣❡r❛çã♦✳ P❛r❛ ❡❢❡✐t♦s ❞❡ s✐♠✉❧❛çã♦
❝♦♥s✐❞❡r❛♠♦s q✉❡ ❝❛❞❛ ♦♣❡r❛çã♦ r❡❛❧✐③❛❞❛ ♣❡❧❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ♣♦❞❡ s❡r ❝♦♥❝r❡t✐③❛❞❛
❡♠ ✉♠ ❝✐❝❧♦ ❞❡ ❝❧♦❝❦ ❞♦s ♣r♦❝❡ss❛❞♦r❡s✱ ♦✉ s❡❥❛✱ ❤á ✉♠❛ r❛③ã♦ ❞❡ ✶✿✶ ❡♥tr❡ ❢r❡q✉ê♥❝✐❛
✭▼❍③✮ ❡ ▼■P❙✳

❖ ♣r✐♥❝✐♣❛❧ ❢♦❝♦ ❞❡st❡ tr❛❜❛❧❤♦ é ❛ ♠✐♥✐♠✐③❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳ ◆♦ ❡♥t❛♥t♦✱
❞❡✈❡♠♦s ❡✈✐t❛r ❛ ❡s❝❛ss❡③ ❞❡ r❡❝✉rs♦s ❞❡ ❤❛r❞✇❛r❡✱ ❞❡ ♠♦❞♦ q✉❡ ♦s r❡s✉❧t❛❞♦s ❞❛s s✐✲
♠✉❧❛çõ❡s ♥ã♦ s❡❥❛♠ ❝♦♠♣r♦♠❡t✐❞♦s ♣♦r ♣r♦❜❧❡♠❛s q✉❡ ♥ã♦ sã♦ ❛❧✈♦ ❞♦s ❛❧❣♦r✐t♠♦s✳ P♦r
♦✉tr♦ ❧❛❞♦✱ s❡r✈✐❞♦r❡s ❝♦♠ ❝♦♥✜❣✉r❛çõ❡s ✐rr❡❛❧✐st❛s ♥ã♦ ❞❡✈❡♠ s❡r ✉s❛❞♦s✳ ❘❡❛❧✐③❛❞❛s ❡s✲
t❛s ❝♦♥s✐❞❡r❛çõ❡s✱ é ❞❡✜♥✐❞♦ q✉❡ ❛s ❝♦♥✜❣✉r❛çõ❡s ❝♦♠✉♥s ♣❛r❛ s❡r✈✐❞♦r❡s ❞❡ ❞❛t❛ ❝❡♥t❡rs

❤♦♠♦❣ê♥❡♦s ❡ ❤❡t❡r♦❣ê♥❡♦s sã♦✿

• ❊♥t✐❞❛❞❡s ❞❡ Pr♦❝❡ss❛♠❡♥t♦ → ❈❛❞❛ s❡r✈✐❞♦r t❡♠ ✉♠ ♣r♦❝❡ss❛❞♦r✱ ♣♦❞❡♥❞♦ ❡st❡
t❡r ♠ú❧t✐♣❧♦s ♥ú❝❧❡♦s❀

• ❊s♣❛ç♦ ❡♠ ❉✐s❝♦ → ❈❛❞❛ s❡r✈✐❞♦r ♣♦ss✉✐ ✶ ❚❇ ❞❡ ❡s♣❛ç♦ ❡♠ ❞✐s❝♦❀

• ❆rq✉✐t❡t✉r❛ ❞♦s s❡r✈✐❞♦r❡s ❞♦ ❉❛t❛ ❈❡♥t❡r → ➱ ❛ss✉♠✐❞♦ q✉❡ t♦❞♦s ♦s s❡r✈✐❞♦r❡s
✉s❛♠ ❛rq✉✐t❡t✉r❛ ❜❛s❡❛❞❛ ❡♠ ①✻✹❀

• ❙✐st❡♠❛ ❖♣❡r❛❝✐♦♥❛❧ → ❖ s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧ ❡s❝♦❧❤✐❞♦ ♣❛r❛ ♦s s❡r✈✐❞♦r❡s ❞♦ ❞❛t❛

❝❡♥t❡r ❢♦✐ ●◆❯✴▲✐♥✉①❀

• ▼♦♥✐t♦r ❞❡ ▼áq✉✐♥❛ ❱✐rt✉❛❧ → ❖ ♠♦♥✐t♦r ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡s❝♦❧❤✐❞♦ ♣❛r❛ ♦s
s❡r✈✐❞♦r❡s ❞♦ ❞❛t❛ ❝❡♥t❡r ❢♦✐ ♦ ❳❡♥❀

• ❚❛♠❛♥❤♦ ❞❡ ❆rq✉✐✈♦ ❞❛s ❈❧♦✉❞❧❡ts → ❈❛❞❛ ❝❧♦✉❞❧❡t s✉❜♠❡t✐❞❛ ❛♦ ❞❛t❛ ❝❡♥t❡r✱
❛♥t❡s ❞♦ ♣r♦❝❡ss❛♠❡♥t♦✱ ♣♦ss✉✐ ✸✵✵ ❜②t❡s ✭♣❛❞rã♦ ❞♦s ♠♦❞❡❧♦s ❞♦ ❈❧♦✉❞❙✐♠✮❀

• ❚❛♠❛♥❤♦ ❞❛ ❙❛í❞❛ ❞❛s ❈❧♦✉❞❧❡ts → ❈❛❞❛ ❝❧♦✉❞❧❡t ♣♦ss✉✐ ✸✵✵ ❜②t❡s ❞❡ ❞❛❞♦s ❛♣ós
♦ ♣r♦❝❡ss❛♠❡♥t♦ ✭♣❛❞rã♦ ❞♦s ♠♦❞❡❧♦s ❞♦ ❈❧♦✉❞❙✐♠✮❀
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• ▼♦♥✐t♦r ❞❡ ▼áq✉✐♥❛ ❱✐rt✉❛❧ → ❖ ♠♦♥✐t♦r ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ é ♦ ❳❡♥❀

❋♦r❛♠ ✉t✐❧✐③❛❞❛s ❛s ❝♦♥✜❣✉r❛çõ❡s ♣❛❞rõ❡s ❞♦s s✐♠✉❧❛❞♦r❡s ✉s❛❞♦s ♣❛r❛ ♦s ♣❛râ♠❡tr♦s
❞❡ s✐♠✉❧❛çã♦ ♥ã♦ ❡①♣❧✐❝✐t❛♠❡♥t❡ r❡♣♦rt❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳

◗✉❛♥t♦ às ♠étr✐❝❛s ❛♣r❡s❡♥t❛❞❛s ♥❡st❡ tr❛❜❛❧❤♦ ✉s❛♠♦s✿ ❲ ♣❛r❛ ♣♦tê♥❝✐❛❀ ❦❲❤ ♣❛r❛
❡♥❡r❣✐❛❀ s❡❣✉♥❞♦s ♣❛r❛ t❡♠♣♦❀ ♠✐❧❤õ❡s ❞❡ ✐♥str✉çõ❡s ♣♦r s❡❣✉♥❞♦ ✭▼■P❙✮ ♣❛r❛ ✈❡❧♦❝✐❞❛❞❡
❞❡ ♣r♦❝❡ss❛♠❡♥t♦❀ ♠✐❧❤õ❡s ❞❡ ✐♥str✉çõ❡s ✭▼■✮ ♣❛r❛ t❛♠❛♥❤♦s ❞❡ ❝❛r❣❛s✳

❈♦♥s✐❞❡r❛♠♦s ♥❛s s✐♠✉❧❛çõ❡s q✉❡ ❡♥✈♦❧✈❡♠ ❝✐ê♥❝✐❛ ❞❡ ❡♥❡r❣✐❛ q✉❡ t♦❞♦s ♦s s❡r✈✐❞♦r❡s
❡ ❝♦♠✉t❛❞♦r❡s ❞❡ ♣❛❝♦t❡s ✐♥t❡r♠❡❞✐ár✐♦s ✐♥✐❝✐❛♠ ❞❡s❧✐❣❛❞♦s✱ ❡ q✉❡ ❛ s✐♠✉❧❛çã♦ ❡st❛rá
❝♦♥❝❧✉í❞❛ ❛♣ós ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ t♦❞❛s ❛s ❝❛r❣❛s✳

❈♦♥s✐❞❡r❛♠♦s q✉❡ ♦s s❡r✈✐❞♦r❡s ❡ s✇✐t❝❤❡s s❡rã♦ ❞❡s❧✐❣❛❞♦s q✉❛♥❞♦ ♦❝✐♦s♦s✳ ❈♦♥s✐❞❡✲
r❛♠♦s ♦❝✐♦s✐❞❛❞❡ ♥♦ ❝♦♥t❡①t♦ ❞❡ s❡r✈✐❞♦r❡s q✉❛♥❞♦ ❡❧❡s ♥ã♦ ❡st✐✈❡r❡♠ ♣r♦❝❡ss❛♥❞♦ ❡ ♥❡♠
❡♠ ✉♠❛ tr❛♥s♠✐ssã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✖ ✉♠❛ ❛♣❧✐❝❛çã♦ ❞❡ ❬✶✷✸❪ ❛ ❡st❡ ❝♦♥t❡①t♦✳

◆❛s s✐♠✉❧❛çõ❡s ❛s q✉❛✐s ♥ã♦ ❡s♣❡❝✐✜❝❛♠♦s ❛ t♦♣♦❧♦❣✐❛ ❞❡ r❡❞❡ ✉t✐❧✐③❛❞❛✱ ❝♦♥s✐❞❡r❛♠♦s
❛ t♦♣♦❧♦❣✐❛ s✐♥❣❧❡✲❤♦♣ st❛r✱ ♥❛ q✉❛❧ ❡①✐st❡ ✉♠ s✇✐t❝❤ ❝♦♥❡❝t❛❞♦ ❛ t♦❞♦s ♦s s✐st❡♠❛s ✜♥❛✐s✳

❊①✐st❡ ✉♠❛ ♠étr✐❝❛ ❝♦♠✉♠❡♥t❡ ✉s❛❞❛ ♥❛ ✐♥❞ústr✐❛ ❞❡♥♦♠✐♥❛❞❛ P♦✇❡r ❯s❛❣❡ ❊✛❡❝t✐✲

✈❡♥❡ss ✭P❯❊✮ ❬✶❪✱ ✉t✐❧✐③❛❞❛ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❡ ❡✜❝✐ê♥❝✐❛ ❡♠ ✉s♦ ❞❡ ❡♥❡r❣✐❛✳ ❖ P❯❊ ♣❛r❛
✉♠ ❞❛t❛ ❝❡♥t❡r ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❢ór♠✉❧❛ ❛♣r❡s❡♥t❛❞❛ ❡♠ ✭✸✳✻✮✳

PUE =
TFP

ITEP
✭✸✳✻✮

◆❡ss❛ ❢ór♠✉❧❛✱ TFP ✭❚♦t❛❧ ❋❛❝✐❧✐t② P♦✇❡r✮ é ❛ ♣♦tê♥❝✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ ❞❛t❛

❝❡♥t❡r ✭✐♥❝❧✉✐♥❞♦ ✐♥st❛❧❛çõ❡s ❡ ❡q✉✐♣❛♠❡♥t♦s✮ ❡ ITEP ✭■❚ ❊q✉✐♣♠❡♥t P♦✇❡r✮ é ❛ ♣♦tê♥❝✐❛
❝♦♥s✉♠✐❞❛ ♣❡❧♦s ❡q✉✐♣❛♠❡♥t♦s ❞❡ ❚■✳ ❆❧é♠ ❞✐ss♦ ❡①✐st❡♠ ❝❛t❡❣♦r✐❛s ♥❛s q✉❛✐s ♦ P❯❊ s❡
❡♥❝❛✐①❛✱ ❞❡♣❡♥❞❡♥❞♦ ❞♦ t✐♣♦ ♣r♦✈❡♥✐❡♥t❡ ❞❛ s✉❛ ❢♦♥t❡ ❡♥❡r❣ét✐❝❛✳ P♦r ❡①❡♠♣❧♦✱ s❡ ❛
❝❛t❡❣♦r✐❛ ❞❡ ❝á❧❝✉❧♦ ❞♦ P❯❊ ❢♦r ✵✱ ✐st♦ ✐♠♣❧✐❝❛ q✉❡ ♦s ❞❛t❛ ❝❡♥t❡rs q✉❡ s❡rã♦ ❛✈❛❧✐❛❞♦s
sã♦ t♦t❛❧♠❡♥t❡ ❡❧étr✐❝♦s✱ ♥ã♦ ❝♦♥s✉♠✐♥❞♦ ♦✉tr♦s t✐♣♦s ❞❡ ❡♥❡r❣✐❛ ✭❝♦♠♦ ❣ás ♥❛t✉r❛❧✱ ❡t❝✮✳
❊st❛ é ✉♠❛ ♠étr✐❝❛ q✉❡ s❡ ❛♣❧✐❝❛ ♥♦r♠❛❧♠❡♥t❡ ❛ ❛♠❜✐❡♥t❡s r❡❛✐s✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ♦
❛♠❜✐❡♥t❡ ❞❡ s✐♠✉❧❛çã♦ ♥ã♦ ❝♦♥s✐❞❡r❛ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❛s ✐♥st❛❧❛çõ❡s✱ ❞♦ t✐♣♦ ❞❡
r❡s❢r✐❛♠❡♥t♦✱ ❡♥tr❡ ♦✉tr❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❡ ❞❛t❛ ❝❡♥t❡rs✳ ❖ ❝á❧❝✉❧♦
❞❡ P❯❊✱ ♣♦rt❛♥t♦✱ ♥ã♦ s❡ ❛♣❧✐❝❛ ❛ ❡st❡ tr❛❜❛❧❤♦✱ ❞❡✈✐❞♦ ❛ ❞❡♣❡♥❞ê♥❝✐❛ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s
❞❡ ✐♥❢r❛❡str✉t✉r❛ ❞❡ ❞❛t❛ ❝❡♥t❡rs ♥ã♦ ❝♦♥t❡♠♣❧❛❞❛s ❡♠ s❡✉ ❡s❝♦♣♦✳

❈♦♠ r❡❧❛çã♦ ❛♦ ❙▲❆✱ ♥ós ❝♦♥s✐❞❡r❛♠♦s ❛s s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s✿ s❡ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧
é ❛❧♦❝❛❞❛✱ ❡♥tã♦ ❡❧❛ t❡rá ✶✵✵✪ ❞❡ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❛té s✉❛ ❞❡s❛❧♦❝❛çã♦❀ ♥ã♦ ❡①✐st❡ ❣❛r❛♥t✐❛
❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♠í♥✐♠♦❀ ❛ ♣♦❧ít✐❝❛ ❞❡ ❛❧♦❝❛çã♦ ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧ é ❞❡
♠❡❧❤♦r ❡s❢♦rç♦✱ ♥♦ s❡♥t✐❞♦ q✉❡ q✉❛♥❞♦ ♦ ❜r♦❦❡r r❡❝❡❜❡r ✉♠❛ s♦❧✐❝✐t❛çã♦ ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧
❡❧❡ ❛ t❡♥t❛rá ❛❧♦❝❛r ✐♠❡❞✐❛t❛♠❡♥t❡❀ ❡ ♥ã♦ ❤á ❣❛r❛♥t✐❛ ❞❡ ❧❛r❣✉r❛ ♠í♥✐♠❛ ❞❡ ❜❛♥❞❛ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛❧♦❝❛❞❛s✳ P❛r❛ t♦❞❛s ❛s s✐♠✉❧❛çõ❡s q✉❡ r❡❛❧✐③❛♠♦s ♥❡st❡ tr❛❜❛❧❤♦✱
♥ã♦ ♦❜s❡r✈❛♠♦s ✈✐♦❧❛çõ❡s ❞❡st❡s ❙▲❆s✳
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✸✳✹ ▲✐st❛ ❞❡ ❙✐❣❧❛s ❡ ❆❝rô♥✐♠♦s ❞❡ ❆❧❣♦r✐t♠♦s✱ ❘❡❝✉r✲

s♦s ❡ ❯♥✐❞❛❞❡s

P❛r❛ ❢❛❝✐❧✐t❛r ❛ ❧❡✐t✉r❛ ❞❡st❡ tr❛❜❛❧❤♦✱ ✉s❛♠♦s ❛❧❣✉♠❛s s✐❣❧❛s ❡ ❛❝rô♥✐♠♦s ♣❛r❛ ❡s♣❡❝✐✜✲
❝❛r ❛❧❣♦r✐t♠♦s✱ ❝♦♥✜❣✉r❛çõ❡s s♦❜ ❛s q✉❛✐s ❡st❡s ❛t✉❛♠✱ ❞❛❞♦s ❡st❛tíst✐❝♦s ❡ ✉♥✐❞❛❞❡s ❞❡
♠❡❞✐❞❛s✳ ▲✐st❛♠♦s t❛✐s s✐❣❧❛s ❡ ❛❝rô♥✐♠♦s ♥❛ ❚❛❜❡❧❛ ✸✳✶✳

❚❛❜❡❧❛ ✸✳✶✿ ❙✐❣❧❛s ❡ ❆❝rô♥✐♠♦s ❞❡ ❆❧❣♦r✐t♠♦s✱ ❘❡❝✉rs♦s ❡ ❯♥✐❞❛❞❡s

❙✐❣❧❛✴❆❝rô♥✐♠♦ ❙✐❣♥✐✜❝❛❞♦

❆❧❣♦r✐t♠♦s ❞❡ ❊s❝❛❧♦♥❛♠❡♥t♦

❘◆❉ ❘❛♥❞♦♠
❘❘ ❘♦✉♥❞✲❘♦❜✐♥
❋❆ ❋✐rst ❆✈❛✐❧❛❜❧❡
❍❯ ❇❡st ❘❡s♦✉r❝❡ ❙❡❧❡❝t✐♦♥ ✖ ❍✐❣❤❡st ❯t✐❧✐③❛t✐♦♥
❍❘ ❇❡st ❘❡s♦✉r❝❡ ❙❡❧❡❝t✐♦♥ ✖ ❍✐❣❤❡st ❘❡q✉✐s✐t✐♦♥
▼P❉ ▼✐♥✐♠✉♠ P♦✇❡r ❉✐✛
▲❆ ▲❛❣♦ ❆❧❧♦❝❛t♦r
❇❆▲❆ ❇❛♥❞✇✐❞t❤✲❆✇❛r❡ ▲❛❣♦ ❆❧❧♦❝❛t♦r
❚❊❆ ❚♦♣♦❧♦❣② ❊♥❡r❣②✲❆✇❛r❡ ❆❧❧♦❝❛t♦r

❘❡❝✉rs♦s ❯sá✈❡✐s ♣♦r ❆❧❣♦r✐t♠♦s ❞❡ ❊s❝❛❧♦♥❛♠❡♥t♦

◆ ❆✉sê♥❝✐❛ ❞❡ ●❡r❡♥❝✐❛♠❡♥t♦ ❉✐str✐❜✉í❞♦ ❞❡ ❊♥❡r❣✐❛ ✭◆♦t P♦✇❡r✲❆✇❛r❡✮
P ❉❡s❧✐❣❛♠❡♥t♦ ❞❡ ❙❡r✈✐❞♦r❡s ❖❝✐♦s♦s ✭P♦✇❡r✲❆✇❛r❡✮
❉ ❯s♦ ❞❡ ❊s❝❛❧♦♥❛♠❡♥t♦ ❉✐♥â♠✐❝♦ ❞❡ ❚❡♥sã♦ ❡ ❋r❡q✉ê♥❝✐❛ ✭❉❱❋❙ ✮
▼ ❯s♦ ❞❡ ▼✐❣r❛çã♦ ❞❡ ▼áq✉✐♥❛s ❱✐rt✉❛✐s ✭▼✐❣r❛t✐♦♥✮

❊st❛tíst✐❝❛ ❡ ❯♥✐❞❛❞❡s ❞❡ ▼❡❞✐❞❛

❆❱ ▼é❞✐❛ ❞❡ ❈♦♥s✉♠♦ ❞❡ ❊♥❡r❣✐❛ ✭❆✈❡r❛❣❡ ❊♥❡r❣② ❈♦♥s✉♠♣t✐♦♥✮
❈■ ■♥t❡r✈❛❧♦ ❞❡ ❈♦♥✜❛♥ç❛ ❞❡ ✾✺✪ ✭✾✺✪ ❈♦♥✜❞❡♥❝❡ ■♥t❡r✈❛❧✮
▼■P❙ ▼✐❧❤õ❡s ❞❡ ■♥str✉çõ❡s ♣♦r ❙❡❣✉♥❞♦
▼■ ▼✐❧❤õ❡s ❞❡ ■♥str✉çõ❡s

❘❡❝❛♣✐t✉❧❛♥❞♦✱ ✉♠ ❛❧❣♦r✐t♠♦ ♣♦❞❡ s❡r ❡①❡❝✉t❛❞♦ ❝♦♠ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞❡ r❡❝✉rs♦s✳
P♦❞❡♠♦s ❞❡s✐❣♥❛r✱ ♣♦r ❡①❡♠♣❧♦✱ ▼P❉✲P▼ ❝♦♠♦ ❛ ❡①❡❝✉çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ▼P❉ ❡①❡❝✉t❛❞♦ ❝♦♠
♦s r❡❝✉rs♦s ❞❡ ❞❡s❧✐❣❛♠❡♥t♦ ❞❡ s❡r✈✐❞♦r❡s ♦❝✐♦s♦s ❡ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳



✺✵

❈❛♣ít✉❧♦ ✹

■♠♣❛❝t♦s ❞❛s ❘❡❞❡s ❞❡ ❆❧t❛ ❱❡❧♦❝✐❞❛❞❡

❊♠ ♥♦ss♦s ❡st✉❞♦s ♦❜s❡r✈❛♠♦s q✉❡ ❛s r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ♣♦❞❡♠ ✐♠♣❛❝t❛r ♦ ♣r♦❝❡ss♦
❞♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ✈ár✐❛s ♠❛♥❡✐r❛s✱ ❡♠ ❡s♣❡❝✐❛❧ ♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ♠❛❦❡s♣❛♥✱
t❡♠♣♦ ❞❡ ❝♦♥❝❧✉sã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❛❧é♠ ❞♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s q✉❡ ♦❝♦rr❡♠ ♥♦s
❞❛t❛ ❝❡♥t❡rs✳ ◆❛s s❡çõ❡s ❛ s❡❣✉✐r✱ ❛♣r❡s❡♥t❛♠♦s ♦s ❡st✉❞♦s q✉❡ r❡❛❧✐③❛♠♦s s♦❜r❡ ❡st❡s
❛s♣❡❝t♦s ❞❛s r❡❢❡r✐❞❛s r❡❞❡s✳

✹✳✶ ■♠♣❛❝t♦s ❞❛s ❘❡❞❡s ❞❡ ❆❧t❛ ❱❡❧♦❝✐❞❛❞❡ ♥♦ ❈♦♥✲

s✉♠♦ ❞❡ ❊♥❡r❣✐❛ ❞❛s ◆✉✈❡♥s

❘❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ✐♠♣❛❝t❛♠ ❛ ❝♦♠✉♥✐❝❛çã♦ ❡♠ ❞❛t❛ ❝❡♥t❡rs q✉❡ ♦♣❡r❛♠ ❡♠ ♥✉✈❡♠✳
❊st❛ ❝♦♠✉♥✐❝❛çã♦ é ✉t✐❧✐③❛❞❛✱ ♥♦t❛✈❡❧♠❡♥t❡✱ ♥♦ ♣r♦❝❡ss♦ ❞❡ s✉❜♠✐ssã♦ ❡ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❆ s✉❜♠✐ssã♦ ❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s sã♦ r❡❛❧✐③❛❞❛s ♣♦r
❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✳ P❛r❛ ✈❡r✐✜❝❛r♠♦s ❡ss❡ ✐♠♣❛❝t♦✱ ♣♦rt❛♥t♦✱ ❞❡✈❡♠♦s ❛♥❛❧✐s❛r
❛s ❝♦♥s❡q✉ê♥❝✐❛s ❞❡ t❛①❛s ❞❡ tr❛♥s♠✐ssã♦ ♠❛✐♦r❡s ♥❡st❡s ❛❧❣♦r✐t♠♦s✱ ❜❡♠ ❝♦♠♦ ❞❡ q✉❡
♠❛♥❡✐r❛ ❛ ❝✐ê♥❝✐❛ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣♦❞❡ tr❛③❡r ❜❡♥❡❢í❝✐♦s à ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ♥♦
♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ P❛r❛ ❡st❛ ❛♥á❧✐s❡✱ ❝♦♥s✐❞❡r❛♠♦s q✉❛tr♦
❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✱ ❘❘✱ ❍❯✱ ▼P❉ ❡ ▲❆✳ ❆❧é♠ ❞✐ss♦✱ ✈❛♠♦s ❝♦♥s✐❞❡r❛r ❛ ❝♦♠❜✐♥❛çã♦
❞❡ r❡❝✉rs♦s ✖ ❞❡♥tr❡ ◆✱ P✱ ❉ ❡ ▼ ✖ q✉❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ♣♦❞❡ ✉t✐❧✐③❛r✳ P❛r❛ ❡st❛ ❛♥á❧✐s❡✱
✉t✐❧✐③❛♠♦s ♦ s✐♠✉❧❛❞♦r ❈❧♦✉❞❙✐♠✳

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

❊st❛♠♦s ♣❛rt✐❝✉❧❛r♠❡♥t❡ ✐♥t❡r❡ss❛❞♦s ♥❛ ❞✐❢❡r❡♥ç❛ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♥tr❡ ❛s
r❡❞❡s ❞❡ ❞✐❢❡r❡♥t❡s ✈❡❧♦❝✐❞❛❞❡s✳ ❙❡❥❛ Ecns1 ❛ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧❛s ♠áq✉✐♥❛s ❢ís✐❝❛s
♦♣❡r❛♥❞♦ ❝♦♠ ✈❡❧♦❝✐❞❛❞❡ ❞❡ r❡❞❡ ns1✱ ❡ Ecns2 ❛ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧❛s ♠áq✉✐♥❛s ❢ís✐❝❛s
♦♣❡r❛♥❞♦ ❝♦♠ ✈❡❧♦❝✐❞❛❞❡ ❞❡ r❡❞❡ ns2✱ ❡♥tã♦ ❛ ❞✐❢❡r❡♥ç❛ ♠á①✐♠❛ ❞❡ ❡♥❡r❣✐❛ ❛❝❡✐tá✈❡❧
MAED ✭▼❛①✐♠✉♠ ❆❝❝❡♣t❛❜❧❡ ❊♥❡r❣② ❉✐✛❡r❡♥❝❡✮ s❡rá ❞❛❞❛ ♣❡❧❛ ❊q✉❛çã♦ ✭✹✳✶✮✳

MAED = Ecns1 − Ecns2 ✭✹✳✶✮
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◗✉❛♥t♦ ♠❛✐♦r é ♦ ✈❛❧♦r ❞❡ MAED✱ ♠❡❧❤♦r é ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❛❧❝❛♥ç❛❞❛ ♣❡❧❛s
r❡❞❡s ❞❡ ✈❡❧♦❝✐❞❛❞❡s ♠❛✐♦r❡s✳ P♦r ❡①❡♠♣❧♦✱ s❡ ✉♠ s❡r✈✐❞♦r ♦♣❡r❛♥❞♦ ❝♦♠ ✈❡❧♦❝✐❞❛❞❡ ❞❡
r❡❞❡ ❞❡ ✶✵✵ ▼❜♣s ❝♦♥s✉♠✐r ✷✵✵ ❦❲❤❀ ❡ q✉❛♥❞♦ ♦♣❡r❛♥❞♦ ❛ ✶✵ ●❜♣s ❝♦♥s✉♠✐r ✶✺✵ ❦❲❤❀
❡♥tã♦✱ ❞♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞❡ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✱ é ❛❝❡✐tá✈❡❧ q✉❡ ♦ ❝♦♥s✉♠♦ ❞❛ r❡❞❡
♣♦❞❡r✐❛ s✉❜✐r ❡♠ ❛té 200− 150 = 50 ❦❲❤ ✖ ❡♠ ✈✐rt✉❞❡ ❞❛ r❡❞❡ ♠❛✐s rá♣✐❞❛ ✖ q✉❛♥❞♦
❝♦♠♣❛r❛❞♦ à r❡❞❡ ♠❛✐s ❧❡♥t❛✳

✹✳✶✳✶ ❙✐♠✉❧❛çõ❡s ❡ ❆♥á❧✐s❡s

◆ós ❡①❡❝✉t❛♠♦s s✐♠✉❧❛çõ❡s ♣❛r❛ ❛s s❡❣✉✐♥t❡s t❛①❛s ❞❡ tr❛♥s♠✐ssã♦✿ ✶✵✵ ▼❜♣s✱ ✶ ●❜♣s✱
✶✵ ●❜♣s✱ ✶✵✵ ●❜♣s✱ ✶ ❚❜♣s ❡ ✶✵ ❚❜♣s✱ ❡ ❝♦❧❡t❛♠♦s ♦s r❡s✉❧t❛❞♦s ♣❛r❛ ❛♥❛❧✐s❛r ♦s ✐♠♣❛❝t♦s
❞❛s ✈❡❧♦❝✐❞❛❞❡s ❞❛s r❡❞❡s ♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳

P❛râ♠❡tr♦s ❞❡ ❙✐♠✉❧❛çã♦

❆ ❚❛❜❡❧❛ ✹✳✶ ✐♥❝❧✉✐ ♦s ♣❛râ♠❡tr♦s q✉❡ ✉t✐❧✐③❛♠♦s ♣❛r❛ ❛ s✐♠✉❧❛çã♦✳ ❈❛♠♣♦s ♠✉❧t✐✈❛❧♦r❛✲
❞♦s✱ ❝♦♠♦ t❛♠❛♥❤♦s ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❡ ▼■P❙ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ✉t✐❧✐③❛♠ ❞✐str✐✲
❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✳ P♦r ❡①❡♠♣❧♦✱ ❛ ❡①❡❝✉t❛❞❛ ❞❡ ✉♠❛ ❝❧♦✉❞❧❡t ❞❡ ✷✵✳✵✵✵ ▼■ ❡♠ ✉♠❛ ❱▼
❞❡ ✸✳✵✵✵ ▼■P❙ ❝♦♥s♦♠❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✼ s❡❣✉♥❞♦s✱ r❡♣r❡s❡♥t❛♥❞♦ ✉♠ ♣r♦❝❡ss❛♠❡♥t♦
r❡❧❛t✐✈❛♠❡♥t❡ ❧❡✈❡❀ ❡♥q✉❛♥t♦ ✉♠❛ ❝❧♦✉❞❧❡t ❝♦♠ ✶✷✳✺✵✵✳✵✵✵ ▼■ ❡♠ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧
❝♦♠ ✼✺✵ ▼■P❙ ❝♦♥s♦♠❡ ❝❡r❝❛ ❞❡ ✺ ❤♦r❛s✱ r❡♣r❡s❡♥t❛♥❞♦ ✉♠ ♣r♦❝❡ss❛♠❡♥t♦ r❡❧❛t✐✈❛♠❡♥t❡
♣❡s❛❞♦✳ ◗✉❛♥t♦ à ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✱ ❡♠ ✉♠❛ s✐♠✉❧❛çã♦ ❝♦♠ ✷✶ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
✼ ❞❡❧❛s s❡rã♦ ❣❡r❛❞❛s ❝♦♠ ✼✺✵ ▼■P❙✱ ✼ ❝♦♠ ✶✳✺✵✵ ▼■P❙✱ ❡ ♦✉tr❛s ✼ ❝♦♠ ✸✳✵✵✵ ▼■P❙✳ ◆❛s
s✐♠✉❧❛çõ❡s ♥ós t❛♠❜é♠ ❝❛❧❝✉❧❛♠♦s ♦ ♠❛❦❡s♣❛♥✳

❚❛❜❡❧❛ ✹✳✶✿ P❛râ♠❡tr♦s ❞❡ ❙✐♠✉❧❛çã♦

P❛râ♠❡tr♦ ❱❛❧♦r❡s

❱❡❧♦❝✐❞❛❞❡s ❞❡ ❘❡❞❡s ✭●❜♣s✮ ✵✳✶✱ ✶✱ ✶✵✱ ✶✵✵✱ ✶✳✵✵✵✱ ✶✵✳✵✵✵

❚❛♠❛♥❤♦s ❞❡ ❈❛r❣❛s ❞❡ ❚r❛❜❛❧❤♦ ✭▼■✮
✷✵✳✵✵✵✱ ✶✵✵✳✵✵✵✱ ✺✵✵✳✵✵✵✱
✷✳✺✵✵✳✵✵✵✱ ✶✷✳✺✵✵✳✵✵✵

◆ú♠❡r♦ ❞❡ ▼áq✉✐♥❛s ❱✐rt✉❛✐s ✻ ✈❡③❡s ♦ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ❢ís✐❝❛s
❘❛③ã♦ ❈❛r❣❛s ❞❡ ❚r❛❜❛❧❤♦ ✿ ▼áq✉✐♥❛s ❱✐rt✉❛✐s ✶✿✶
❘❆▼ ❞❡ ▼áq✉✐♥❛s ❋ís✐❝❛s ✷✹ ●✐❇
❱▼ ▼■P❙ ✼✺✵✱ ✶✳✺✵✵ ❡ ✸✳✵✵✵

▲❛r❣✉r❛ ❞❡ ❇❛♥❞❛ ❞❡ ▼áq✉✐♥❛ ❱✐rt✉❛❧
✷✱✺✪ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ t♦t❛❧

❞♦ s❡r✈✐❞♦r ❤♦s♣❡❞❡✐r♦
❱▼ ❘❆▼ ✶✷✽ ▼✐❇ ❬✸✹❪
❘❛③ã♦ ❱▼ ❘❆▼ ✿ ❘❆▼ ❞♦ ❙❡r✈✐❞♦r ✶✿✶✾✷

P❛r❛ ❡st❡ ❡st✉❞♦✱ ❛s ❝❧♦✉❞❧❡ts ❛♣r❡s❡♥t❛♠ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✱ ♣❛r❛ ♣♦ss✐❜✐❧✐t❛r
✉♠❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❣❡♥❡r❛❧✐③❛❞❛✳ ❆❧é♠ ❞✐ss♦✱ ❛ss✉♠✐♠♦s ❝♦♠♦ s❡✐s ✈❡③❡s
♦ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ r❡❧❛çã♦ ❛♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s✳

❊♠ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱ ❝❛❞❛ s❡r✈✐❞♦r ♣♦ss✉✐ ❝♦♥s✉♠♦ ❞❡ ✷✺✵ ❲ ❡ ✉♠ ♣r♦❝❡s✲
s❛❞♦r ❜❛s❡❛❞♦ ♥♦ ■♥t❡❧ ❳❡♦♥ ❳✺✻✻✼✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ✉♠ ♣r♦❝❡ss❛❞♦r ❝♦♠ ✹ ♥ú❝❧❡♦s
♦♣❡r❛♥❞♦ ❛ ✸✳✵✻✻ ▼■P❙✳



✺✷

❊♠ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✱ ❝❛❞❛ s❡r✈✐❞♦r ♣♦ss✉✐ ✉♠ ♣r♦❝❡ss❛❞♦r✱ ❡♠ ✉♠❛ ❞✐str✐✲
❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✱ ❜❛s❡❛❞♦ ❡♠ ✉♠ ❞♦s s❡❣✉✐♥t❡s ♠♦❞❡❧♦s✿ ■♥t❡❧ ❳❡♦♥ ❊✺✻✵✸✱ ■♥t❡❧ ❳❡♦♥
❊✼✺✷✵✱ ■♥t❡❧ ❳❡♦♥ ❳✺✻✻✼✱ ❆▼❉ ❖♣t❡r♦♥ ✻✷✵✹ ❡ ❆▼❉ ❖♣t❡r♦♥ ✻✷✷✵❀ ♣♦ss✉✐♥❞♦✱ r❡s♣❡❝✲
t✐✈❛♠❡♥t❡✱ ✹ ♥ú❝❧❡♦s ❝♦♠ ✶✳✻✵✵ ▼■P❙ ❝❛❞❛✱ ✹ ♥ú❝❧❡♦s ❝♦♠ ✶✳✽✻✵ ▼■P❙ ❝❛❞❛✱ ✹ ♥ú❝❧❡♦s
❝♦♠ ✸✳✵✻✻ ▼■P❙ ❝❛❞❛✱ ✹ ♥ú❝❧❡♦s ❝♦♠ ✸✳✸✵✵ ▼■P❙ ❝❛❞❛ ❡ ✽ ♥ú❝❧❡♦s ❝♦♠ ✸✳✵✵✵ ▼■P❙ ❝❛❞❛✳
❆❧é♠ ❞✐ss♦✱ ❝❛❞❛ s❡r✈✐❞♦r ❛♣r❡s❡♥t❛ ✉♠❛ ❞❛s s❡❣✉✐♥t❡s ♣♦tê♥❝✐❛s✱ t❛♠❜é♠ ❞✐str✐❜✉í❞❛s
❡♠ r♦✉♥❞✲r♦❜✐♥✿ ✷✵✵✱ ✷✺✵✱ ✸✵✵ ❡ ✸✺✵ ❲✳ ❆ ❚❛❜❡❧❛ ✹✳✷ ✐❧✉str❛ ❝♦♠♦ ♦ ▼■P❙✴♣♦tê♥❝✐❛ ❞♦s
s❡r✈✐❞♦r❡s é ❞✐str✐❜✉í❞♦ ♥❡st❡ t✐♣♦ ❞❡ ❞❛t❛ ❝❡♥t❡r✳

❚❛❜❡❧❛ ✹✳✷✿ ❈♦♥✜❣✉r❛çã♦ ❞❡ ❙❡r✈✐❞♦r❡s ❡♠ ✉♠ ❉❛t❛ ❈❡♥t❡r ❍❡t❡r♦❣ê♥❡♦

❙❡r✈✐❞♦r h0 h1 h2 h3 h4

▼■P❙ ✶✳✻✵✵×✹ ✶✳✽✻✵×✹ ✸✳✵✻✻×✹ ✸✳✸✵✵×✹ ✸✳✵✵✵×✽
P♦tê♥❝✐❛ ✭❲✮ ✷✵✵ ✷✺✵ ✸✵✵ ✸✺✵ ✷✵✵

❘❡s✉❧t❛❞♦s ❞❛ ❙✐♠✉❧❛çã♦ ❡ ❆♥á❧✐s❡s

❊①❡❝✉t❛♠♦s ✉♠ t♦t❛❧ ❞❡ ✶✳✶✺✷ s✐♠✉❧❛çõ❡s✱ ❡ ♦❜t✐✈❡♠♦s ✉♠❛ ♠❛r❣❡♠ ❞❡ ❡rr♦ ♣❡q✉❡♥❛ ♣❛r❛
♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ❝♦♥s✐❞❡r❛❞♦✱ ❝✐t❛♥❞♦ ♣♦r ❡①❡♠♣❧♦ ❛ ♠❛r❣❡♠ ❞❡ ❡rr♦ ❞❡ ✵✱✵✵✹✾
♣❛r❛ ♦ ❝❛s♦ ❞♦ ▲❆✲P❉▼ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ✉♠ ❞❛t❛ ❝❡♥t❡r s1000 ❡ ❤❡t❡r♦❣ê♥❡♦ ❝♦♠ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪✳ ◆❛s t❛❜❡❧❛s ❛♣r❡s❡♥t❛❞❛s ♥❡st❛ s✉❜s❡çã♦✱ r❡♣r❡s❡♥t❛♠♦s ♣♦r ❊❘ ❛
r❡❞✉çã♦ r❡❧❛t✐✈❛ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞♦ ❝❡♥ár✐♦ ❝♦♠ ❛ r❡❞❡ ♠❛✐s ❧❡♥t❛ ♣❛r❛ ♦ ❝❡♥ár✐♦
❝♦♠ ❛ r❡❞❡ ♠❛✐s rá♣✐❞❛✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❚❛❜❡❧❛ ✹✳✸ ❛s ❞✐❢❡r❡♥ç❛s ♥♦s ❝♦♥s✉♠♦s ❞❡ ❡♥❡r❣✐❛ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs

❤♦♠♦❣ê♥❡♦s✱ ❡ ♥❛ ❚❛❜❡❧❛ ✹✳✹ ❡st❡s ✈❛❧♦r❡s ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s❀ ❡♠ ❛♠❜♦s ♦s
❝❛s♦s ♣❛r❛ t♦❞♦s ♦s t❛♠❛♥❤♦s✱ ♣❛r❛ t♦❞❛s ❛s ✈❡❧♦❝✐❞❛❞❡s ❡ ♣❛r❛ ♦s q✉❛tr♦ ❛❧❣♦r✐t♠♦s ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦✳ P♦r ❡①❡♠♣❧♦✱ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♠é❞✐♦ ❞♦ ❘❘ ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r s10

❡ ❤♦♠♦❣ê♥❡♦ ❝♦♠ r❡❞❡ ♦♣❡r❛♥❞♦ ❛ ✶✵ ❚❜♣s é ✼✱✸✽ ❲✱ r❡s✉❧t❛❞♦ ❞❡ 11, 63− 4, 25✳
❈♦♠♦ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ❡♠ t♦❞♦s ♦s ❝❛s♦s✱ ♦ ❛✉♠❡♥t♦ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣♦ss✐✲

❜✐❧✐t♦✉ ❛ r❡❞✉çã♦ ♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳ ■ss♦ ✐♠♣❧✐❝❛ q✉❡ s❡ ❝♦♥s✐❞❡r❛r♠♦s ❛✉♠❡♥t❛r ❛
❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦ ❞❛t❛ ❝❡♥t❡r✱ ❞❡ ♠♦❞♦ q✉❡ ❡st❡ ❛✉♠❡♥t♦ ✐♠♣❛❝t❡ ❡♠ ✉♠ ✈❛❧♦r ✐♥❢❡r✐♦r
❛♦ ♣❡r❝❡♥t✉❛❧ ❊❘✱ ♦ ❞❛t❛ ❝❡♥t❡r s❡rá ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛✳ ❆❧é♠ ❞✐ss♦✱ ❝♦♥s✐❞❡r❛♥❞♦
t♦❞❛s ❛s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛✱ ♦ ❛❧❣♦r✐t♠♦ ♠❛✐s ❡✜❝✐❡♥t❡ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs s1000 ❡ ❤♦♠♦✲
❣ê♥❡♦s✱ s100 ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❡ s1000 ❡ ❤❡t❡r♦❣ê♥❡♦s✱ é ♦ ▲❆✳ ■ss♦ ♣r♦✈❛✈❡❧♠❡♥t❡ ♦❝♦rr❡
❞❡✈✐❞♦ ❛♦ ❢❛t♦ q✉❡ ♦ ▲❆ ❥á ❡r❛ ♠❡❧❤♦r q✉❡ ♦s ♦✉tr♦s ❛❧❣♦r✐t♠♦s ❡♠ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳
❆♥❛❧✐s❛♥❞♦ ♦ ♣r✐♥❝í♣✐♦ ❞❡ r❡❞✉çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞♦ ▲❆✱
♣❡r❝❡♣tí✈❡❧ ❡s♣❡❝✐❛❧♠❡♥t❡ ❡♠ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✱ ♥ós ♣♦❞❡♠♦s ✐♥❢❡r✐r q✉❡ ♦ ❝♦♥✲
s✉♠♦ ❞❡ ❡♥❡r❣✐❛ é ♠❛✐s ❛❢❡t❛❞♦ ♣❡❧❛ s❡❧❡çã♦ ❞♦s s❡r✈✐❞♦r❡s ♣❛r❛ ❤♦s♣❡❞❛r ✉♠❛ ❱▼ ❞♦
q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✱ ♠❛s ❡st❛ ✈❡❧♦❝✐❞❛❞❡ ♥ã♦ ♣♦❞❡ s❡r
✐❣♥♦r❛❞❛✳

❊♠ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱ ♥ós ♦❜s❡r✈❛♠♦s q✉❡ ♦ t❡♠♣♦ ❞❡ ♠❛❦❡s♣❛♥ é r❡❞✉③✐❞♦✱
❡♠ ❡s♣❡❝✐❛❧ ❡♠ ❞❛t❛ ❝❡♥t❡rs s1000✳ ❊st❡ r❡❞✉çã♦ ✈❛r✐❛ ❞❡ ✶✶✱✻✺✪ ✭▼P❉✲P❉▼✮ ❛té ✸✵✱✵✾✪
✭▼P❉✲P▼✮✳ P♦rt❛♥t♦✱ ♣♦❞❡♠♦s ❛✜r♠❛r q✉❡ ♦ ♠❛❦❡s♣❛♥ é ♣♦s✐t✐✈❛♠❡♥t❡ ✐♠♣❛❝t❛❞♦ ❝♦♠ ♦
❛✉♠❡♥t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛s r❡❞❡s✱ ❡♠ ❡s♣❡❝✐❛❧ ❡♠ ❞❛t❛ ❝❡♥t❡rs s1000✳



✺✸

❚❛❜❡❧❛ ✹✳✸✿ ❈♦♥s✉♠♦ ❞❡ ❊♥❡r❣✐❛ ❡♠ ❉❛t❛ ❈❡♥t❡rs ❍♦♠♦❣ê♥❡♦s

❆❱±❈■ ❊❘

❈♦♥❢✳ ❘❘ ❍❯ ▼P❉ ▲❆ ❘❘ ❍❯ ▼P❉ ▲❆

❉❛t❛ ❈❡♥t❡r s10 ❍♦♠♦❣ê♥❡♦ ❅ ✶✵✵ ▼❜♣s
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❈♦♠ r❡s♣❡✐t♦ ❛ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✱ ♦ ♠❛❦❡s♣❛♥ s❡ ❝♦♠♣♦rt♦✉ ❞❡ ❢♦r♠❛ ❞✐❢❡✲
r❡♥t❡✳ ❊♠ ❞❛t❛ ❝❡♥t❡rs s10✱ ❡❧❡ ✈❛r✐♦✉ ❞❡ ✉♠❛ r❡❞✉çã♦ ♥♦ t❡♠♣♦ ❞❡ ✻✱✹✹✪ ✭▼P❉✲P❉▼✮ ❛
✉♠❛ ♣✐♦r❛ ❞❡ ✶✷✱✷✾✪ ✭❍❯✲P❉▼✮❀ ♥♦s ❞❛t❛ ❝❡♥t❡rs ❞❡ t❛♠❛♥❤♦ s100 ❤♦✉✈❡ ✉♠❛ ♠❡❧❤♦r✐❛
❞❡ ✸✵✱✵✻✪ ✭▼P❉✲P▼✮ ❛ ✉♠❛ ♣✐♦r❛ ❞❡ ✶✶✱✾✾✪ ✭❍❯✲P❉▼✮❀ ❡ ❡♠ ❞❛t❛ ❝❡♥t❡rs s1000 ❤♦✉✈❡
✉♠❛ ♠❡❧❤♦r❛✱ ❡♠ t♦❞♦s ♦s ❝❛s♦s✱ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✸✶✪ ✭❘❘✲P❉▼✮ ❛ ✸✹✱✽✹✪ ✭▼P❉✲P▼✮✳ P♦r✲
t❛♥t♦✱ ♥ã♦ é ♣♦ssí✈❡❧ ❝♦♥❝❧✉s✐✈❛♠❡♥t❡ ❛✜r♠❛r q✉❡ ♦ ❛✉♠❡♥t♦ ♥❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛s r❡❞❡s
❞❡ ❝♦♠♣✉t❛❞♦r❡s ✐♠♣❧✐❝❛ ❡♠ ✉♠❛ r❡❞✉çã♦ ♥♦ ♠❛❦❡s♣❛♥✱ ❡①❝❡t♦ ♥♦ ❝❛s♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs

s1000✳
❈♦♠ r❡❧❛çã♦ ❛♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s✱ q✉❛♥❞♦ ❝♦♠♣❛r❛♠♦s ❛s t❛①❛s ❞❡ tr❛♥s♠✐ssã♦

❞❡ ✶✵✵ ▼❜♣s às ❞❡ ✶✵ ❚❜♣s ♣❛r❛ ♦s ❛❧❣♦r✐t♠♦s ❍❯✱ ▼P❉ ❡ ▲❆✱ ♣♦❞❡♠♦s ❡❢❡t✉❛r ❛s s❡❣✉✐♥t❡s
♦❜s❡r✈❛çõ❡s✿ ✭✐✮ ❡♠ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s ♦❝♦rr❡✉ ♦ ❛✉♠❡♥t♦ ❞❡st❡ ✈❛❧♦r✱ ✈❛r✐❛♥❞♦ ❞❡
✷✶✱✽✽✪ ✭▼P❉✲P❉▼ ❤❡t❡r♦❣ê♥❡♦✮ ❛ ✹✻✷✱✼✷✪ ✭❍❯✲P❉▼ ❤❡t❡r♦❣ê♥❡♦✮❀ ✭✐✐✮ ❡♠ ❞❛t❛ ❝❡♥t❡rs s100

❛s ❡st❡s ✈❛❧♦r❡s ❛✉♠❡♥t❛r❛♠ ❡♥tr❡ ✶✳✸✻✾✱✻✸✪ ✭▼P❉✲P❉▼ ❤❡t❡r♦❣ê♥❡♦✮ ❡ ✸✳✾✻✾✪ ✭▲❆✲P❉▼
❤♦♠♦❣ê♥❡♦✮❀ ❡ ✭✐✐✐✮ ♥♦ ❝❛s♦ ❞♦s ❞❛t❛ ❝❡♥t❡rs s1000 ❡st❡ ❛✉♠❡♥t♦ ✈❛r✐♦✉ ❡♥tr❡ ✷✳✻✾✶✱✵✽✪
✭▼P❉✲P❉▼ ❤❡t❡r♦❣ê♥❡♦✮ ❡ ✺✳✷✸✽✪ ✭▲❆✲P❉▼ ❤♦♠♦❣ê♥❡♦✮✳ ◆♦ ❝❛s♦ ❞♦ ❘❘✱ ♦ ❛✉♠❡♥t♦ ✖
❡s♣❡r❛❞♦✱ ❞❡✈✐❞♦ à ♥❛t✉r❡③❛ ❞❛ ❛❧t❡r♥â♥❝✐❛ ❞♦ ❛❧❣♦r✐t♠♦ ✖ ♥♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s
✉❧tr❛♣❛ss♦✉ ✼✳✵✵✵✪✳
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❉❛t❛ ❈❡♥t❡r s1000 ❍❡t❡r♦❣ê♥❡♦ ❅ ✶✵✵ ▼❜♣s
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❉❛t❛ ❈❡♥t❡r s1000 ❍❡t❡r♦❣ê♥❡♦ ✖ ❉✐❢❡r❡♥ç❛ ❡♥tr❡ ✶✵✵ ▼❜♣s ❡ ✶✵ ❚❜♣s
P▼ ✻✽✸✱✷✶±✵✱✶✷ ✻✹✱✵✼±✶✱✼✽ ✽✸✱✹✶±✵✱✽✼ ✺✷✱✺✹±✵✱✷✺ ✸✽✪ ✷✽✪ ✹✶✪ ✹✶✪
P❉▼ ✹✽✼✱✵✽±✵✱✶✵ ✸✽✱✷✶±✶✱✻✷ ✺✺✱✽✺±✵✱✾✸ ✹✵✱✵✼±✵✱✶✻ ✸✼✪ ✷✵✪ ✹✸✪ ✸✼✪

✹✳✶✳✷ ❯♠ ▼♦❞❡❧♦ ❊♠♣ír✐❝♦ ♣❛r❛ ♦ ❈♦♥s✉♠♦ ❞❡ ❊♥❡r❣✐❛

❇❛s❡❛❞♦s ♥♦s r❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s✱ ♥♦ss♦ ♣ró①✐♠♦ ♦❜❥❡t✐✈♦ é ❞❡t❡r♠✐♥❛r ✉♠ r❡✲
❧❛❝✐♦♥❛♠❡♥t♦ ❡♠♣ír✐❝♦ ❡♥tr❡ ♦s ❞✐✈❡rs♦s ❢❛t♦r❡s ❝♦♥s✐❞❡r❛❞♦s ♥❡st❡ ❡st✉❞♦✳ ◆♦ ❡♥t❛♥t♦✱
❞❡s❡♥✈♦❧✈❡r ✉♠ ♠♦❞❡❧♦ ❡♠♣ír✐❝♦ ♣❛r❛ ❡st✐♠❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ q✉❛❧q✉❡r ❞❛t❛ ❝❡♥✲

t❡r✱ ❝♦♥s✐❞❡r❛♥❞♦ ♣❛râ♠❡tr♦s ❝♦♠♦ ♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s✱ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
♥ú♠❡r♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ t❛♠❛♥❤♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ♣♦tê♥✲
❝✐❛ ❝♦♥s✉♠✐❞❛ ♣♦r ❝❛❞❛ s❡r✈✐❞♦r✱ ♠♦❞❡❧♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❛r❣❛s ❡ r❡❝✉rs♦s ✉t✐❧✐③❛❞♦s
♣♦r ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ❛♣ós t❡♥t❛r♠♦s ✐♥ú♠❡r♦s ♠♦❞❡❧♦s
❞❡ r❡❣r❡ssã♦✳ ❉❡ ❢❛t♦✱ s❡ ❝♦♥s✐❞❡r❛r♠♦s ❡st❛s ✈❛r✐á✈❡✐s ❝❤❡❣❛♠♦s ❛ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ♣❡❧♦
♠❡♥♦s ♦✐t♦ ❞✐♠❡♥sõ❡s✳ ❉❡❝♦rr❡♥t❡ ❞✐ss♦✱ ♦♣t❛♠♦s ♣♦r ✜①❛r ❛❧❣✉♥s ❞❡st❡s ♣❛râ♠❡tr♦s ♣❛r❛
♠❡❧❤♦r ❞❡s❡♥✈♦❧✈❡r ✉♠❛ ❡st✐♠❛t✐✈❛ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳

❖❜s❡r✈❛♠♦s q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s é ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦✱ ❡ ❡st❡ é s❡✐s ✈❡③❡s ♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s✳ ❆❧é♠ ❞✐ss♦✱ ✈❛♠♦s ❝♦♥s✐❞❡r❛r s♦♠❡♥t❡ ❛s
❝♦♥✜❣✉r❛çõ❡s P▼ ❡ P❉▼✱ q✉❡ sã♦ ❛q✉❡❧❛s q✉❡ ❡♥✈♦❧✈❡♠ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❈♦♠
❡st❛s s✉♣♦s✐çõ❡s✱ ♣♦❞❡♠♦s r❡❞✉③✐r ♦ ♣r♦❜❧❡♠❛ ❛ três ❞✐♠❡♥sõ❡s✿ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s✱
✈❡❧♦❝✐❞❛❞❡ ❞❛s r❡❞❡s ❡ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ ❞❛t❛ ❝❡♥t❡r ♥♦ ♠♦❞❡❧♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦
❡st✉❞❛❞♦✳

❆♣ós ❞✐✈❡rs♦s ❡①♣❡r✐♠❡♥t♦s✱ ♥ós ❞❡t❡r♠✐♥❛♠♦s ❢✉♥çõ❡s ❜✐❞✐♠❡♥s✐♦♥❛✐s ✉s❛♥❞♦ ♠♦❞❡✲
❧♦s ❞❡ r❡❣r❡ssã♦ ❞❡ ❛❥✉st❡ ❞❡ ❝✉r✈❛ ♣❛r❛ ❝❛❞❛ t❛♠❛♥❤♦ ❡ t✐♣♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs✳ ❖✉ s❡❥❛✱ ♣♦r



✺✺

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

❆tr❛✈és ❞❡st❛s ❡①♣❡r✐♠❡♥t❛çõ❡s ♥ós ❡♥❝♦♥tr❛♠♦s ♦ s❡❣✉✐♥t❡ ♠♦❞❡❧♦ ❡♠♣ír✐❝♦✱ r❡♣r❡✲
s❡♥t❛❞♦ ♥❛ ❊q✉❛çã♦ ✭✹✳✷✮✱ ❜❛s❡❛❞♦ ❡♠ ✉♠❛ ❢✉♥çã♦ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧✱ ❝♦♠♦
s❡♥❞♦ ❛ ♠❛✐s ❛❞❡q✉❛❞❛ ♣❛r❛ ♥♦ss♦ tr❛❜❛❧❤♦✳

y = y0 + Ae
−x

t ✭✹✳✷✮

❇❛s❡❛❞♦ ♥❛ ❢✉♥çã♦ ❛♣r❡s❡♥t❛❞❛✱ ♥ós ✈❡r✐✜❝❛♠♦s ♦s ✈❛❧♦r❡s ♣❛r❛ ❛s ❝♦♥st❛♥t❡s y0✱ A ❡
t✱ ❞❡ ♠♦❞♦ ❛ ♣❡r♠✐t✐r q✉❡ ❡ss❛ ❢✉♥çã♦ r❡❝❡❜❛ ♦ ♣❛râ♠❡tr♦ x✱ q✉❡ r❡♣r❡s❡♥t❛ ❛ ✈❡❧♦❝✐❞❛❞❡
❞❛ r❡❞❡ ♠❡❞✐❞❛ ❡♠ ▼❜♣s✱ ❡ r❡t♦r♥❛ y✱ q✉❡ r❡♣r❡s❡♥t❛ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡st✐♠❛❞♦
❡♠ ❦❲❤ ♣❛r❛ ♦s ❝❡♥ár✐♦s s✐♠✉❧❛❞♦s✳ P♦rt❛♥t♦✱ ♥ós ✉s❛♠♦s ❡st❛ ❢✉♥çã♦ ❝♦♠♦ ❜❛s❡ ♣❛r❛
❡st✐♠❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ✉s❛♥❞♦ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦
❝♦♠ ❝♦♥✜❣✉r❛çõ❡s ❝✐❡♥t❡s ❞❡ ❡♥❡r❣✐❛ ❡ ❝♦♠ ♦ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❛t✐✈❛❞♦ ✭P▼ ❡ P❉▼✮✳

P❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱ ♥ós ❛♣r❡s❡♥t❛♠♦s ♥❛ ❚❛❜❡❧❛ ✹✳✺ ♦s ✈❛❧♦r❡s ❝♦♥st❛♥t❡s
q✉❡ ❢♦r❛♠ ❞❡t❡r♠✐♥❛❞♦s ♣❛r❛ s❡r❡♠ ✉s❛❞♦s ❝♦♠ ✭✹✳✷✮ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛
❡st✐♠❛❞♦✳ P♦r ❡①❡♠♣❧♦✱ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❡ ✉♠ ❞❛t❛ ❝❡♥t❡r s10 ❝♦♠ ❝♦♥✜❣✉r❛çã♦
P▼ ❡ ❡①❡❝✉t❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ▲❆ ♣❛r❛ ♦s ❝❡♥ár✐♦s ♣r♦♣♦st♦s✱ é ❜❡♠
r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ❡q✉❛çã♦ y = 2, 70282 + 2, 83572e

−x

2.784,09551 ✳
P❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✱ ♥ós ❛♣r❡s❡♥t❛♠♦s ♥❛ ❚❛❜❡❧❛ ✹✳✻ ♦s ✈❛❧♦r❡s ❞❛s ❝♦♥st❛♥✲

t❡s q✉❡ ❞❡✈❡♠ s❡r ✉s❛❞♦s ♥❛ ❊q✉❛çã♦ ✭✹✳✷✮ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡st✐♠❛❞♦✳
◆ós ✐❧✉str❛♠♦s ♥❛s ❋✐❣✉r❛s ✹✳✶ ❡ ✹✳✷✱ ❡♠ ❡s❝❛❧❛ ❧♦❣❛rít♠✐❝❛✱ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ♣❛r❛

❞✉❛s ✐♥stâ♥❝✐❛s r❡♣r❡s❡♥t❛t✐✈❛s❀ ❛q✉✐ ♦ ❡✐①♦ x r❡♣r❡s❡♥t❛ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ✭❡♠ ▼❜♣s✮
❡ ♦ ❡✐①♦ y r❡♣r❡s❡♥t❛ ♦ ❝♦♥s✉♠♦ ❡st✐♠❛❞♦ ❞❡ ❡♥❡r❣✐❛✳ ❖ ❝♦♠♣♦rt❛♠❡♥t♦ ❣❡r❛❧ ❡♥tr❡ ♦s
❛❧❣♦r✐t♠♦s é s✐♠✐❧❛r✱ t❡♥❞♦ ❝♦♠♦ ♣r✐♥❝✐♣❛❧ ❞✐❢❡r❡♥ç❛ ♦ ♣♦♥t♦ ❞❡ ❡st❛❜✐❧✐③❛çã♦ ❛♣ós ♦ q✉❛❧
♦ ❛✉♠❡♥t♦ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♥ã♦ ♣r♦♠♦✈❡ ✐♠♣❛❝t♦ s✐❣♥✐✜❝❛♥t❡ ♥❛ r❡❞✉çã♦ ❞♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛✳
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❋✐❣✉r❛ ✹✳✶✿ ❈♦♥s✉♠♦ ❞❡ ❊♥❡r❣✐❛✿ ✶✳✵✵✵ ❙❡r✈✐❞♦r❡s✱ ❉❈ ❍♦♠♦❣ê♥❡♦✱ ▼P❉✲P❉▼
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❚❛❜❡❧❛ ✹✳✺✿ ❈♦♥st❛♥t❡s ❞❛ ❋✉♥çã♦ ❞❡ ❊st✐♠❛t✐✈❛ ❞❡ ❈♦♥s✉♠♦ ❞❡ ❊♥❡r❣✐❛ ♣❛r❛ ❉❛t❛
❈❡♥t❡rs ❍♦♠♦❣ê♥❡♦s

❙❡r✈✐❞♦r❡s ❆❧❣♦ ❈♦♥✜❣✳ y0 A t

✶✵ ❘❘ P▼ ✶✵✱✶✶✸✼✼ ✻✱✹✾✷✶ ✸✳✻✷✼✱✻✵✼✶✼
✶✵ ❍❯ P▼ ✷✱✻✼✽✶✹ ✸✱✷✷✸✶✻ ✷✳✻✸✻✱✸✺✻✽✹
✶✵ ▼P❉ P▼ ✷✱✻✻✺✾✶ ✷✱✷✼✻✼✽ ✷✳✾✷✷✱✸✵✼✸✼
✶✵ ▲❆ P▼ ✷✱✼✵✷✽✷ ✷✱✽✸✺✼✷ ✷✳✼✽✹✱✵✾✺✺✶
✶✵ ❘❘ P❉▼ ✼✱✸✶✽✻✶ ✹✱✻✵✵✵✺ ✸✳✻✻✹✱✵✸✷✷✾
✶✵ ❍❯ P❉▼ ✷✱✶✽✽✹✺ ✷✱✶✽✻✹✹ ✷✳✼✻✺✱✾✽✽✺✷
✶✵ ▼P❉ P❉▼ ✷✱✶✽✽✾✶ ✸✱✵✶✻✾✹ ✷✳✺✸✼✱✻✻✶✻✶
✶✵ ▲❆ P❉▼ ✷✱✷✵✹✺✶ ✷✱✹✾✸✵✷ ✷✳✻✾✻✱✵✻✾✷✷

✶✵✵ ❘❘ P▼ ✶✵✶✱✾✼✶✸✶ ✻✺✱✼✺✼✶✸ ✸✳✹✾✹✱✶✽✼✼✷
✶✵✵ ❍❯ P▼ ✶✹✱✷✻✻✺✹ ✾✱✾✺✹✵✺ ✶✳✶✻✹✱✽✵✶✸
✶✵✵ ▼P❉ P▼ ✶✹✱✷✻✾✶ ✻✱✾✹✻✽✸ ✶✳✶✶✾✱✺✸✺✺
✶✵✵ ▲❆ P▼ ✶✹✱✸✷✵✷✸ ✽✱✵✽✹✷✼ ✶✳✶✽✸✱✷✶✼✺✺
✶✵✵ ❘❘ P❉▼ ✼✸✱✽✶✽✵✹ ✹✻✱✽✵✾✶✸ ✸✳✹✾✽✱✵✺✻✺✺
✶✵✵ ❍❯ P❉▼ ✶✸✱✶✻✵✺✼ ✼✱✵✻✽✽✻ ✶✳✶✸✼✱✶✷✶✷✶
✶✵✵ ▼P❉ P❉▼ ✶✸✱✵✾✷✺ ✶✽✱✾✾✻✷✺ ✷✳✹✶✽✱✵✽✹✽✸
✶✵✵ ▲❆ P❉▼ ✶✸✱✶✽✷✶✶ ✽✱✶✹✺✾✽ ✶✳✶✾✻✱✻✵✺✷✷

✶✳✵✵✵ ❘❘ P▼ ✶✳✵✶✾✱✹✵✺✾✾ ✻✻✽✱✼✷✶✵✾ ✸✳✼✶✽✱✻✺✶✾
✶✳✵✵✵ ❍❯ P▼ ✶✺✹✱✻✽✼✾✻ ✽✵✱✶✺✸✶✽ ✽✸✷✱✵✹✵✶
✶✳✵✵✵ ▼P❉ P▼ ✶✺✹✱✼✷✸✺✼ ✺✶✱✻✽✼✾✶ ✼✶✸✱✻✹✺✼✼
✶✳✵✵✵ ▲❆ P▼ ✶✺✸✱✷✵✷✽✽ ✻✽✱✸✻✹✹✾ ✽✸✼✱✵✵✽✾✼
✶✳✵✵✵ ❘❘ P❉▼ ✼✸✼✱✽✽✸✶✹ ✹✼✻✱✷✵✽✷✷ ✸✳✼✶✽✱✷✹✼✵
✶✳✵✵✵ ❍❯ P❉▼ ✶✹✵✱✵✺✹✾✺ ✺✻✱✹✹✸✶✸ ✽✵✹✱✸✷✾✼✾
✶✳✵✵✵ ▼P❉ P❉▼ ✶✸✾✱✼✽✵✵✹ ✶✾✻✱✽✺✻✵✹ ✶✳✾✹✻✱✹✻✸✶✷
✶✳✵✵✵ ▲❆ P❉▼ ✶✸✽✱✾✾✾✵✹ ✺✺✱✻✼✷✻✹ ✼✽✺✱✾✽✼✺✻

❈♦♠♦ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♥♦s ❣rá✜❝♦s✱ ❡①✐st❡ ✉♠ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛
q✉❡ ✐♠♣❛❝t❛ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❛♣ós ♦ q✉❛❧ ✈✐rt✉❛❧♠❡♥t❡ ♥❡♥❤✉♠❛ ♠✉❞❛♥ç❛ é ♥♦t❛❞❛✳
❈♦♥s✐❞❡r❛♥❞♦ ♣♦tê♥❝✐❛s ❞❡ ✶✵✱ ♥ós t❡♠♦s ✉♠ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ✶ ●❜♣s ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs

❤❡t❡r♦❣ê♥❡♦s s100 ❡ s1000 ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ❍❯✲✯ ✭❍❯ ❝♦♠ q✉❛❧q✉❡r ❝♦♥✜❣✉r❛çã♦✮❀ ✉♠
❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ✶✵ ●❜♣s ♦❝♦rr❡ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s s100 ❡ s1000 ♣❛r❛ ♦s
❛❧❣♦r✐t♠♦s ❍❯✲✯✱ ▼P❉✲P▼ ❡ ▲❆✲✯❀ ❜❡♠ ❝♦♠♦ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s s10 ✭❍❯✲P▼
❡ ▲❆✲✯✮✱ s100 ✭▼P❉✲P▼ ❡ ▲❆✲P▼✮ ❡ s1000 ✭▲❆✲✯✮✳ P❛r❛ t♦❞♦s ♦s ❞❡♠❛✐s ❝❛s♦s✱ ♦ ❧✐♠✐t❡
s✉♣❡r✐♦r ❢♦✐ ❞❡ ✶✵✵ ●❜♣s ✖ ❡♠ ♥❡♥❤✉♠ ❝❛s♦ ♦❝♦rr❡✉ ✉♠ ❧✐♠✐t❡ s✉♣❡r✐♦r ❛ ✶✵✵ ●❜♣s✳
❈♦♥❝❧✉✐♥❞♦✱ ❝♦♠♦ ♠♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✹✳✸✱ ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✱ ❡♠ ✽✱✸✪ ❞♦s
❝❛s♦s ♦ ❧✐♠✐t❡ s✉♣❡r✐♦r ❢♦✐ ❞❡ ✶ ●❜♣s✱ ❡♠ ✸✺✱✹✪ ❞♦s ❝❛s♦s ♦ ❧✐♠✐t❡ s✉♣❡r✐♦r ❢♦✐ ❞❡ ✶✵ ●❜♣s✱
❡ ❡♠ ✺✻✱✷✪ ❞♦s ❝❛s♦s ♦ ❧✐♠✐t❡ s✉♣❡r✐♦r ❢♦✐ ❞❡ ✶✵✵ ●❜♣s✳ ❊♠ ❞❛t❛ ❝❡♥t❡rs ♠❛✐♦r❡s✱ ♦
❜❡♥❡❢í❝✐♦ ❞❡❝♦rr❡♥t❡ ❞♦ ❛✉♠❡♥t♦ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ t❡♥❞❡✉ ❛ s❡r ♠❡♥♦r✳

❈♦♠ ❛s ❢✉♥çõ❡s ❛♣r❡s❡♥t❛❞❛s✱ ❡ ♣❛r❛ ♦s ❝❡♥ár✐♦s ❡st✉❞❛❞♦s✱ é ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r ❛té
q✉❛❧ ❧✐♠✐t❡ ♦ ❛✉♠❡♥t♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ é ❛❝❡✐tá✈❡❧ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠❛♥t❡r ♦
❞❛t❛ ❝❡♥t❡r ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛✳ P♦r ❡①❡♠♣❧♦✱ ❝♦♥s✐❞❡r❡ ❝❛❧❝✉❧❛r ♦ ✐♠♣❛❝t♦ ❡♠ ❡♥❡r❣✐❛
q✉❛♥❞♦ ❛✉♠❡♥t❛♥❞♦ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡ ❞❡ ✉♠ ❞❛t❛ ❝❡♥t❡r s100 ❡ ❤❡t❡r♦❣ê♥❡♦ ❞❡ ✶ ●❜♣s
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❚❛❜❡❧❛ ✹✳✻✿ ❈♦♥st❛♥t❡s ❞❛ ❋✉♥çã♦ ❞❡ ❊st✐♠❛t✐✈❛ ❞❡ ❈♦♥s✉♠♦ ❞❡ ❊♥❡r❣✐❛ ♣❛r❛ ❉❛t❛
❈❡♥t❡rs ❍❡t❡r♦❣ê♥❡♦s

❙❡r✈✐❞♦r❡s ❆❧❣♦ ❈♦♥✜❣✳ y0 A t

✶✵ ❘❘ P▼ ✶✵✱✼✵✻✶✷ ✻✱✾✸✺✾✷ ✸✳✻✶✹✱✹✽✺✺✶
✶✵ ❍❯ P▼ ✷✱✾✵✾✺✺ ✸✱✼✺✻✷✺ ✶✳✹✷✷✱✽✺✾✺✷
✶✵ ▼P❉ P▼ ✷✱✺✶✺✽✸ ✷✱✹✽✾✹✺ ✷✳✺✺✶✱✷✼✻✺
✶✵ ▲❆ P▼ ✶✱✾✶✺✷✺ ✵✱✷✾✶✶✽ ✸✸✺✱✷✻✽✵✻
✶✵ ❘❘ P❉▼ ✼✱✽✵✹✶✾ ✹✱✾✷✶✵✾ ✸✳✻✸✷✱✽✻✺✼✸
✶✵ ❍❯ P❉▼ ✷✱✹✾✼✻ ✷✱✷✻✽✺✸ ✷✳✹✺✹✱✽✺✵✹✼
✶✵ ▼P❉ P❉▼ ✶✱✹✼✵✵✶ ✶✱✼✹✼✺✻ ✶✳✽✾✸✱✵✽✷✺✽
✶✵ ▲❆ P❉▼ ✶✱✹✼✶✻✼ ✵✱✷✷✶✶ ✸✹✻✱✹✻✶✽✷

✶✵✵ ❘❘ P▼ ✶✶✷✱✶✺✹✼✾ ✼✷✱✺✻✹✼✶ ✸✳✹✼✶✱✵✹✹✷✸
✶✵✵ ❍❯ P▼ ✶✻✱✽✻✺✶✸ ✺✶✱✺✹✷✽ ✺✺✱✶✹✸✽✶
✶✵✵ ▼P❉ P▼ ✶✶✱✸✵✺✻ ✶✵✱✼✽✺✾✼ ✶✳✹✺✻✱✼✶✾✸✶
✶✵✵ ▲❆ P▼ ✻✱✽✼✹✸✼ ✻✱✻✺✹✷✶ ✶✳✶✾✹✱✽✼✸✾✷
✶✵✵ ❘❘ P❉▼ ✽✶✱✻✻✾✽✶ ✺✶✱✾✺✶✶✹ ✸✳✹✺✹✱✵✶✹✻✻
✶✵✵ ❍❯ P❉▼ ✶✺✱✷✹✵✷ ✸✼✱✸✾✽✵✼ ✺✸✱✽✸✹✸✶
✶✵✵ ▼P❉ P❉▼ ✻✱✻✹✸✽✷ ✼✱✹✾✵✹✶ ✷✳✷✵✸✱✼✼✼✻✹
✶✵✵ ▲❆ P❉▼ ✻✱✶✽✷✺✽ ✺✱✼✾✾✼ ✶✳✸✾✶✱✶✾✸✺✼

✶✳✵✵✵ ❘❘ P▼ ✶✳✶✷✵✱✽✻✽✸ ✼✸✽✱✶✷✽✵✽ ✸✳✻✺✵✱✻✼✶✸
✶✳✵✵✵ ❍❯ P▼ ✶✻✺✱✽✷✵✽✸ ✹✶✶✱✺✵✶✵✸ ✺✹✱✾✼✾✷✼
✶✳✵✵✵ ▼P❉ P▼ ✶✷✶✱✻✽✽✶✼ ✽✽✱✻✵✻✹✺ ✶✳✻✼✻✱✶✼✺✺✷
✶✳✵✵✵ ▲❆ P▼ ✼✺✱✻✷✽✺✸ ✺✾✱✵✼✶✷✾ ✽✺✷✱✼✽✺✷✹
✶✳✵✵✵ ❘❘ P❉▼ ✽✶✻✱✹✷✸✺✻ ✺✷✻✱✹✾✽✹✽ ✸✳✻✻✸✱✾✸✾✽✸
✶✳✵✵✵ ❍❯ P❉▼ ✶✹✽✱✸✹✵✸✻ ✷✼✸✱✸✶✷✺✷ ✺✸✱✽✸✷✷✽
✶✳✵✵✵ ▼P❉ P❉▼ ✼✸✱✷✷✵✹✶ ✺✾✱✷✺✽✷✶ ✸✳✷✻✶✱✸✶✹✹
✶✳✵✵✵ ▲❆ P❉▼ ✻✻✱✽✾✵✼✷ ✹✹✱✻✾✵✷✽ ✾✶✺✱✺✵✻✷✸

♣❛r❛ ✶✵ ●❜♣s✱ ♥♦ q✉❛❧ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ▼P❉✲P❉▼ é ✉t✐❧✐③❛❞♦✳ ❙✉❜st✐t✉✐♥❞♦ ♦s
♣❛râ♠❡tr♦s y0✱ A ❡ t ❞❛ ❊q✉❛çã♦ ✭✹✳✷✮ ♣❡❧♦s ✈❛❧♦r❡s ❢♦r♥❡❝✐❞♦s ♥❛ ❚❛❜❡❧❛ ✹✳✻✱ ♥ós ♦❜t❡♠♦s
✉♠ r❡s✉❧t❛❞♦ ❞❡ ✶✶✱✹✵ ❦❲❤ ✭✉♠ ❜♦♠ r❡s✉❧t❛❞♦ ✖ ♣❡❧❛ s✐♠✉❧❛çã♦ ♦ ✈❛❧♦r ❝❛❧❝✉❧❛❞♦ ❢♦✐ ❞❡
✶✶✱✹✶ ❦❲❤✮❀ ❡ s✉❜st✐t✉✐♥❞♦ ♦s ♠❡s♠♦s ♣❛râ♠❡tr♦s ♣❡❧♦s ✈❛❧♦r❡s r❡❢❡r❡♥t❡s à ✈❡❧♦❝✐❞❛❞❡
❞❡ ✶✵ ●❜♣s ♥ós ♦❜t❡♠♦s ❝♦♠♦ r❡s✉❧t❛❞♦ ✻✱✼✷ ❦❲❤ ✭t❛♠❜é♠ ✉♠ ❜♦♠ r❡s✉❧t❛❞♦ ✕ ♦ ✈❛❧♦r
❝❛❧❝✉❧❛❞♦ ♣♦r s✐♠✉❧❛çã♦ ❢♦✐ ❞❡ ✻✱✻✻ ❦❲❤✮✳ ❙❡❣✉✐♥❞♦ ❛ ❊q✉❛çã♦ ✭✹✳✶✮✱ ♥ós s✉❜tr❛í♠♦s ♦s
✈❛❧♦r❡s ❞❡ ❡st✐♠❛t✐✈❛ ❝❛❧❝✉❧❛❞♦s✱ t❡♥❞♦ ❝♦♠♦ r❡s✉❧t❛❞♦ ✹✱✻✽ ❦❲❤✱ q✉❡ r❡♣r❡s❡♥t❛ ♦ q✉❛♥t♦
♦ ❧✐♠✐t❡ ♠á①✐♠♦ ❞❡ q✉❛♥t♦ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♣♦❞❡ s✉❜✐r s❡ ❛ r❡❞❡ ❞❡ ✶✵ ●❜♣s ❢♦r
✐♠♣❧❛♥t❛❞❛✳ P♦r ❡①❡♠♣❧♦✱ s❡ ❛ ♠❡❧❤♦r✐❛ ♥❛ r❡❞❡ ✐♠♣❧✐❝❛r ❡♠ ✉♠ ✐♥❝r❡♠❡♥t♦ ❞❡ ✶✵✪ ♥♦
❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ♦ r❡s✉❧t❛❞♦ s❡rá 6, 72 + 6, 72× 0, 1 = 7, 39 ❦❲❤✱ ❛❜❛✐①♦ ❞♦ ❝♦♥s✉♠♦
♦r✐❣✐♥❛❧♠❡♥t❡ ❡st✐♠❛❞♦ ✭✶✶✱✹✵ ❦❲❤✮✱ ♦ q✉❡ ♣♦❞❡ s❡r ✐♥t❡r♣r❡t❛❞♦ ❝♦♠♦✿ ✏❛ ✐♠♣❧❛♥t❛çã♦
❞❡ ✉♠❛ t❛①❛ ❞❡ ✶✵ ●❜♣s ♣❛r❛ ❡st❡ ❝❛s♦ ♣r♦✈ê ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✑✳
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♣r✐♦r✐❞❛❞❡s s❡❥❛♠ ♣r♦❝❡ss❛❞❛s ♣r❡❢❡r❡♥❝✐❛❧♠❡♥t❡✱ ♣❛r❛ s❡r ❡①❡❝✉t❛❞♦ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s
❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❝♦♥✜❣✉r❛çõ❡s
❝✐❡♥t❡s ❞❡ ❡♥❡r❣✐❛✳ ◆❡st❡ ❝❛s♦✱ ❝♦♠♦ ❝❛r❣❛s ❝♦♠ ❛❧t❛s ♣r✐♦r✐❞❛❞❡s ♣♦❞❡♠ s❡r s✉❜♠❡t✐❞❛s
♠❛✐s r❛♣✐❞❛♠❡♥t❡✱ ❡❧❛s t❡♥❞❡♠ ❛ s❡r ✜♥❛❧✐③❛❞❛s ♠❛✐s ❝❡❞♦✳ ❈♦♠♦ ♦❜❥❡t✐✈❛♠♦s ❛✈❛❧✐❛r
♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ♦♣t❛♠♦s ♣♦r ❢❛③❡r ✉♠❛ ❛♥á❧✐s❡ ❡st❡♥❞✐❞❛✱
❡♥✈♦❧✈❡♥❞♦ q✉❛❧✐❞❛❞❡ ❞❡ s❡r✈✐ç♦✳

❈♦♥s✐❞❡r❛♠♦s ❛s ♣♦ssí✈❡✐s ❝♦♥✜❣✉r❛çõ❡s ♣❛r❛ ♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠á✲
q✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠♦ P✱ ❉ ❡ ▼✳ ❆❧é♠ ❞✐ss♦✱ ❧❡✈❛♠♦s ❡♠ ❝♦♥t❛ q✉❡ ♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛✲
❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣♦❞❡♠ ❡st❛r tr❛❜❛❧❤❛♥❞♦ ❝♦♠ ✉♠ ❡s❝❛❧♦♥❛❞♦r ♦r❞✐♥ár✐♦
❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ✭✲✮ ♦✉ ❝♦♠ ✉♠ ❡s❝❛❧♦♥❛❞♦r ❝♦♠ ◗♦❙ ❜❛s❡❛❞♦ ❡♠ ♣r✐♦r✐❞❛❞❡ ❞❡
❝❛r❣❛s ✭◗✮✳ P♦r ❡①❡♠♣❧♦✱ r❡❢❡r✐♠♦s ❛ ▲❆✲P❉▼◗ ❝♦♠♦ s❡♥❞♦ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♦ ▲❛❣♦ ❆❧❧♦❝❛t♦r✱ ❡①❡❝✉t❛♥❞♦ ❝♦♠ ❛ ❤❛❜✐❧✐❞❛❞❡ ❞❡ ❞❡s❧✐❣❛r ♠áq✉✐♥❛s
❢ís✐❝❛s ♦❝✐♦s❛s✱ ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♦♥❞❡ t♦❞❛s ❛s ♠áq✉✐♥❛s ❢ís✐❝❛s ❡stã♦ ❝♦♠ ♦ r❡❝✉rs♦ ❞❡
❉❱❋❙ ❛t✐✈❛❞♦✱ ❝♦♠ ❛ ❤❛❜✐❧✐❞❛❞❡ ❞❡ r❡❛❧✐③❛r ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❡ ✉t✐❧✐③❛♥❞♦
✉♠ ❡s❝❛❧♦♥❛❞♦r ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ◗♦❙✳

◆ós ❝♦♥❞✉③✐♠♦s ✉♠❛ sér✐❡ ❞❡ s✐♠✉❧❛çõ❡s ♣❛r❛ ❡st✉❞❛r ❞❡ ❢♦r♠❛ ❛❜r❛♥❣❡♥t❡ ❛ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❝♦♠ ◗♦❙ ❜❛s❡❛❞♦ ❡♠ ♣r✐♦r✐❞❛❞❡ ❞❡ ❝❛r❣❛✱ ❡ ♦s
✐♠♣❛❝t♦s ♥♦♠❛❦❡s♣❛♥✱ ♠✐❣r❛çã♦ ❡ t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦✳ P❛r❛ ✐ss♦✱ ❡st❡♥❞❡♠♦s ♦ ❈❧♦✉❞❙✐♠
✐♠♣❧❡♠❡♥t❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ◗♦❙ ❜❛s❡❛❞♦ ❡♠
♣r✐♦r✐❞❛❞❡ ❞❡ ❝❛r❣❛s✱ ❡ ❛ ✐♥t❡r❛çã♦ ❞❡st❡ ❛♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ✐♠♣❧❡♠❡♥t❛❞♦s ♥♦ ❈❧♦✉❞❙✐♠✳

◆ós r❡❛❧✐③❛♠♦s s✐♠✉❧❛çõ❡s ♣❛r❛ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
❝♦♠ t♦❞❛s ❛s ❝♦♥✜❣✉r❛çõ❡s ♣♦ssí✈❡✐s✱ ❡ ♣❛r❛ ❝❛❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ s❡❧❡❝✐♦♥❛❞❛ ♣❛r❛ ♦
❞❛t❛ ❝❡♥t❡r ✿ ✶ ●❜♣s✱ ✶✵ ●❜♣s✱ ✶✵✵ ●❜♣s✱ ✶ ❚❜♣s ❡ ✶✵ ❚❜♣s✱ ❡ ♣❛r❛ ❝❛❞❛ t❛♠❛♥❤♦ ❞❡ ❞❛t❛
❝❡♥t❡r✳

✹✳✷✳✶ ❈♦♥✜❣✉r❛çã♦ ❞♦ ❉❛t❛ ❈❡♥t❡r

❖ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ♦ ❞❛t❛ ❝❡♥t❡r ♣r♦❝❡ss❛rá é s❡✐s ✈❡③❡s ♦ ♥ú♠❡r♦ ❞❡
♠áq✉✐♥❛s ❢ís✐❝❛s✱ ❡ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ r❡❝❡❜❡rá ✉♠❛ ❝❧♦✉❞❧❡t✳ ❊st❡s ♥ú♠❡r♦s ❢♦r❛♠
❡♥❝♦♥tr❛❞♦s ❛tr❛✈és ❞❡ ❡①♣❡r✐♠❡♥t❛çã♦✱ ❡ ❜❡♠ ❛♣r♦♣r✐❛❞♦s ❞❡✈✐❞♦ ❛♦ ❢❛t♦ q✉❡ ❡❧❡s sã♦
s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡s ♣❛r❛ ♠♦str❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ❞❛t❛ ❝❡♥t❡r s♦❜ ❝❛r❣❛s ❞❡ ❛❧t♦
♣r♦❝❡ss❛♠❡♥t♦✱ ♠❛s ♥ã♦ ❣r❛♥❞❡s ❞❡♠❛✐s ♣❛r❛ ❞❡s♦r✐❡♥t❛r ❛s s✐♠✉❧❛çõ❡s r❡❛❧✐③❛❞❛s✳ P♦r
❡①❡♠♣❧♦✱ ✉♠ ❞❛t❛ ❝❡♥t❡r ❝♦♠ ✶✵✵ ♠áq✉✐♥❛s ❢ís✐❝❛s r❡❝❡❜❡rá ✻✵✵ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡✱
♣♦rt❛♥t♦✱ ✻✵✵ ❝❧♦✉❞❧❡ts✳ ❆s ❝♦♥✜❣✉r❛çõ❡s ❝♦♠✉♥s ♣❛r❛ ♠áq✉✐♥❛s ❢ís✐❝❛s✱ ❡♠ ❞❛t❛ ❝❡♥t❡rs

❤♦♠♦❣ê♥❡♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ✉s❛❞♦s ♥♦s ♥♦ss♦s ❡st✉❞♦s✱ sã♦✿

• ❘❆▼ → ❈❛❞❛ s❡r✈✐❞♦r ♣♦ss✉✐ ✽ ●✐❇ ❞❡ ❘❆▼❀

• ▼■P❙ ❞❡ ▼áq✉✐♥❛s ❱✐rt✉❛✐s → ❆s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞♦ ❞❛t❛ ❝❡♥t❡r ❛♣r❡s❡♥t❛♠
❝❛♣❛❝✐❞❛❞❡s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✶✳✵✵✵ ▼■P❙✱ ✷✳✵✵✵ ▼■P❙ ❡ ✸✳✵✵✵ ▼■P❙✱ ❡♠ ✉♠❛
❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✳ P♦r ❡①❡♠♣❧♦✱ ❡♠ ✉♠❛ s✐♠✉❧❛çã♦ ❝♦♠ ✷✵ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❤❛✈❡rá ✼ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ✶✳✵✵✵ ▼■P❙✱ ✼ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ✷✳✵✵✵ ▼■P❙
❡ ✻ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ✸✳✵✵✵ ▼■P❙❀



✻✵

• ❚❛♠❛♥❤♦ ❞❛s ❈❧♦✉❞❧❡ts → ❆s ❝❧♦✉❞❧❡ts ♥♦ ❞❛t❛ ❝❡♥t❡r ♣♦ss✉❡♠ ✸✵✳✵✵✵✱ ✶✷✵✳✵✵✵✱
✹✽✵✳✵✵✵✱ ✶✳✾✷✵✳✵✵✵✱ ✼✳✻✽✵✳✵✵✵ ♠✐❧❤õ❡s ❞❡ ✐♥str✉çõ❡s ❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲

r♦❜✐♥✳ ❊st❡s t❛♠❛♥❤♦s ❢♦r❛♠ ❡s❝♦❧❤✐❞♦s ♣❛r❛ ❞❛r ✉♠❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❣❡♥❡r❛❧✐③❛❞❛ ❞❡
♣r♦❝❡ss❛♠❡♥t♦✳ P♦r ❡①❡♠♣❧♦✱ ✉♠❛ ❝❧♦✉❞❧❡t ❝♦♠ ✸✵✳✵✵✵ ♠✐❧❤õ❡s ❞❡ ✐♥str✉çõ❡s ❡♠
✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❝♦♠ ✸✳✵✵✵ ▼■P❙ ❝♦♥s♦♠❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✵ s❡❣✉♥❞♦s ♣❛r❛
s❡r ♣r♦❝❡ss❛❞❛✱ r❡♣r❡s❡♥t❛♥❞♦ ✉♠ ♣r♦❝❡ss❛♠❡♥t♦ r❡❧❛t✐✈❛♠❡♥t❡ ❧❡✈❡✱ ❡♥q✉❛♥t♦ ✉♠❛
❝❧♦✉❞❧❡t ❞❡ ✼✳✻✽✵✳✵✵✵ ♠✐❧❤õ❡s ❞❡ ✐♥str✉çõ❡s ❡♠ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❞❡ ✶✳✵✵✵ ▼■P❙
❝♦♥s♦♠❡ ❝❡r❝❛ ❞❡ ✷ ❤♦r❛s✱ r❡♣r❡s❡♥t❛♥❞♦ ✉♠ ♣r♦❝❡ss❛♠❡♥t♦ r❡❧❛t✐✈❛♠❡♥t❡ ♣❡s❛❞♦✳

• Pr✐♦r✐❞❛❞❡ ❞❡ ❈❧♦✉❞❧❡ts → ❈❛❞❛ ❝❧♦✉❞❧❡t s✉❜♠❡t✐❞❛ ❛♦ ❞❛t❛ ❝❡♥t❡r t❡♠ ✉♠❛ ♣r✐♦✲
r✐❞❛❞❡ ❞❛ s❡❣✉✐♥t❡ ❧✐st❛✱ ❡♠ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✿ ❛❧t❛✱ ♥♦r♠❛❧✱ ♥♦r♠❛❧✱ ❜❛✐①❛✳
❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ✺✵✪ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ r❡❝❡❜❡♠ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧✱ ❡♥✲
q✉❛♥t♦ ✷✺✪ ❞❛s ❝❧♦✉❞❧❡ts ♣♦ss✉❡♠ ♣r✐♦r✐❞❛❞❡ ❛❧t❛✱ ❡ ✷✺✪ ❞❛s ❝❧♦✉❞❧❡ts ❛♣r❡s❡♥t❛♠
♣r✐♦r✐❞❛❞❡ ❜❛✐①❛❀

• ▲❛r❣✉r❛ ❞❡ ❇❛♥❞❛ ❞❡ ▼áq✉✐♥❛ ❱✐rt✉❛❧ → ❈❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ r❡❝❡❜❡ ✽✱✸✸✪ ❞❛
❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ t♦t❛❧ ❞♦ s❡r✈✐❞♦r q✉❡ ❛ ♣r♦❝❡ss❛✳

✹✳✷✳✷ ❈♦♥✜❣✉r❛çõ❡s ♣❛r❛ ❉❛t❛ ❈❡♥t❡rs ❍♦♠♦❣ê♥❡♦s ❡ ❍❡t❡r♦❣ê✲

♥❡♦s

P❛r❛ ❛s s✐♠✉❧❛çõ❡s ❡①❡❝✉t❛❞❛s ❡♠ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱ ❛s s❡❣✉✐♥t❡s ❝♦♥✜❣✉r❛çõ❡s
❢♦r❛♠ ❛❞♦t❛❞❛s✿

• ▼■P❙ ❞♦s ❙❡r✈✐❞♦r❡s → ❈❛❞❛ s❡r✈✐❞♦r ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ❤♦♠♦❣ê♥❡♦ t❡♠ ✉♠
♣r♦❝❡ss❛❞♦r ❜❛s❡❛❞♦ ♥♦ ■♥t❡❧ ❳❡♦♥ ❳✺✻✻✼❀ ❡♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ✉♠ ♣r♦❝❡ss❛❞♦r ❞❡ ✹
♥ú❝❧❡♦s ♦♣❡r❛♥❞♦ ❝❛❞❛ ✉♠ ❛ ✸✱✵✻ ●❍③ ❡✱ ♣♦rt❛♥t♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❝♦♥s✐❞❡r❛çõ❡s
❞❡ s✐♠✉❧❛çã♦✱ ✸✳✵✻✻ ▼■P❙ ♣♦r ♥ú❝❧❡♦❀

• P♦tê♥❝✐❛ ❞♦s ❙❡r✈✐❞♦r❡s → ❆ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣❛r❛ ❝❛❞❛ s❡r✈✐❞♦r ❡♠ ✉♠ ❞❛t❛

❝❡♥t❡r ❤♦♠♦❣ê♥❡♦ é ✷✺✵ ❲❀

• ❘❆▼ ♣♦r ▼áq✉✐♥❛ ❱✐rt✉❛❧ → ❈❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ♣♦ss✉✐ ✶ ●✐❇ ❞❡ ❘❆▼✳

P❛r❛ ❛s s✐♠✉❧❛çõ❡s ❡①❡❝✉t❛❞❛s ❡♠ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✱ ❛s s❡❣✉✐♥t❡s ❝♦♥✜❣✉r❛✲
çõ❡s ❢♦r❛♠ ❛❞♦t❛❞❛s✿

• ▼■P❙ ❞♦s ❙❡r✈✐❞♦r❡s → ❈❛❞❛ s❡r✈✐❞♦r ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ❤❡t❡r♦❣ê♥❡♦ ♣♦ss✉✐ ✉♠
♣r♦❝❡ss❛❞♦r✱ ❡♠ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✱ ❜❛s❡❛❞♦ ❡♠ ✉♠ ❞♦s s❡❣✉✐♥t❡s ♠♦❞❡❧♦s✿
■♥t❡❧ ❳❡♦♥ ❊✺✻✵✸✱ ■♥t❡❧ ❳❡♦♥ ❊✼✺✷✵✱ ■♥t❡❧ ❳❡♦♥ ❳✺✻✻✼✱ ❆▼❉ ❖♣t❡r♦♥ ✻✷✵✹✱ ❆▼❉
❖♣t❡r♦♥ ✻✷✷✵❀ t❡♥❞♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✹ ♥ú❝❧❡♦s ❝♦♠ ✶✳✻✵✵ ▼■P❙ ❝❛❞❛✱ ✹ ♥ú❝❧❡♦s
❝♦♠ ✶✳✽✻✵ ▼■P❙ ❝❛❞❛✱ ✹ ♥ú❝❧❡♦s ❝♦♠ ✸✳✵✻✻ ▼■P❙ ❝❛❞❛✱ ✹ ♥ú❝❧❡♦s ❝♦♠ ✸✳✸✵✵ ▼■P❙
❝❛❞❛ ❡ ✽ ♥ú❝❧❡♦s ❝♦♠ ✸✳✵✵✵ ▼■P❙ ❝❛❞❛❀

• P♦tê♥❝✐❛ ❞♦s ❙❡r✈✐❞♦r❡s → ❈❛❞❛ s❡r✈✐❞♦r ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ❤❡t❡r♦❣ê♥❡♦ ♣♦ss✉✐
✉♠❛ ❞❛s s❡❣✉✐♥t❡s ♣♦tê♥❝✐❛s✱ ❡♠ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✿ ✷✵✵✱ ✷✺✵✱ ✸✵✵ ❡ ✸✺✵ ❲✳



✻✶

• ❘❆▼ ♣♦r ▼áq✉✐♥❛ ❱✐rt✉❛❧ → ❈❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ❤❡t❡r♦✲
❣ê♥❡♦ ♣♦ss✉✐ ❛ s❡❣✉✐♥t❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❘❆▼✱ ❡♠ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✿ ✺✶✷ ❡
✶✳✺✸✻ ▼✐❇✳

■❧✉str❛♠♦s ♥❛ ❚❛❜❡❧❛ ✹✳✼ ❝♦♠♦ ❛ r❡❧❛çã♦ ▼■P❙✴P♦tê♥❝✐❛ é ❞✐str✐❜✉í❞❛ ♥❡st❡ t✐♣♦ ❞❡
❞❛t❛ ❝❡♥t❡r✳

❚❛❜❡❧❛ ✹✳✼✿ ❈♦♥✜❣✉r❛çã♦ ❞❡ ❙❡r✈✐❞♦r❡s ❡♠ ✉♠ ❉❛t❛ ❈❡♥t❡r ❍❡t❡r♦❣ê♥❡♦

❙❡r✈✐❞♦r h0 h1 h2 h3 h4 h5

▼■P❙×◆ú❝❧❡♦s ✶✳✻✵✵×✹ ✶✳✽✻✵×✹ ✸✳✵✻✻×✹ ✸✳✸✵✵×✹ ✸✳✵✵✵×✽ ✶✳✻✵✵×✹
P♦tê♥❝✐❛ ✭❲✮ ✷✵✵ ✷✺✵ ✸✵✵ ✸✺✵ ✷✵✵ ✷✺✵

✹✳✷✳✸ ❘❡s✉❧t❛❞♦s✿ ▼❛❦❡s♣❛♥

◆ós ❛❣♦r❛ ❛♣r❡s❡♥t❛♠♦s ❡ ❛♥❛❧✐s❛♠♦s ♦s r❡s✉❧t❛❞♦s ❞♦ ♠❛❦❡s♣❛♥ ♣❛r❛ ♦s ❝❛s♦s ❡st✉❞❛❞♦s✳
❆♣r❡s❡♥t❛♠♦s ♥❛s ❋✐❣✉r❛s ✹✳✹✕✹✳✾ ♦ ♠❛❦❡s♣❛♥ ♣❛r❛ ♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦

❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❍❯✱ ▼P❉ ❡ ▲❆✱ s♦❜ ❛s ❝♦♥✜❣✉r❛çõ❡s P▼✱ P❉▼✱ P▼◗ ❡ P❉▼◗ ♣❛r❛ ❞❛t❛

❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s ❡ ❞✉❛s t❛①❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❞❡ ✶ ●❜♣s ❡ ✶✵✵ ●❜♣s✳ ❉❡ ♠♦❞♦ s✐♠✐❧❛r✱
♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✱ ♦s r❡s✉❧t❛❞♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣✉r❛s ✹✳✶✵✕✹✳✶✺✳
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❋✐❣✉r❛ ✹✳✹✿ ▼❛❦❡s♣❛♥✿ ❉❛t❛ ❈❡♥t❡r ❍♦♠♦❣ê♥❡♦ ✖ ✶✵ ❙❡r✈✐❞♦r❡s ❅ ✶ ●❜♣s

◆ós ♦❜s❡r✈❛♠♦s q✉❡ ♦ ❛✉♠❡♥t♦ ♥❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛s r❡❞❡s ❧❡✈❛ ❛ ✉♠❛ r❡❞✉çã♦ ♥♦ ♠❛❦❡s✲

♣❛♥✳ ■ss♦ ♣♦❞❡ s❡r ❡①♣❧✐❝❛❞♦ ♣❡❧♦ ❢❛t♦ q✉❡ ✈❡❧♦❝✐❞❛❞❡s ♠❛✐s rá♣✐❞❛s ❞❡ r❡❞❡s ♣♦ss✐❜✐❧✐t❛♠
❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ t❡♠♣♦ ✐♥❢❡r✐♦r ❛♦ ❞❛s r❡❞❡s ♠❛✐s ❧❡♥t❛s✱ ♣♦rt❛♥t♦✱
r❡❞✉③✐♥❞♦ ♦ ♣♦t❡♥❝✐❛❧ ✐♠♣❛❝t♦ ♥❡❣❛t✐✈♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞✉r❛♥t❡ ❛ ♠✐❣r❛çã♦✳ ❈♦♠♦ r❡s✉❧✲
t❛❞♦✱ ♣❛ss❛ ❛ ❡①✐st✐r ♠❛✐♦r ❡✜❝✐ê♥❝✐❛ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣r♦❝❡ss❛r❡♠ s✉❛s ❝❛r❣❛s
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❋✐❣✉r❛ ✹✳✻✿ ▼❛❦❡s♣❛♥✿ ❉❛t❛ ❈❡♥t❡r ❍♦♠♦❣ê♥❡♦ ✖ ✶✵✵ ❙❡r✈✐❞♦r❡s ❅ ✶ ●❜♣s

❞❡ tr❛❜❛❧❤♦✳ ▼❛✐s ❞♦ q✉❡ ✐ss♦✱ ❛✐♥❞❛ q✉❡ ❝♦♥s✐❞❡ráss❡♠♦s q✉❡ ❛s ♠✐❣r❛çõ❡s ❞❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s ♥ã♦ r❡❞✉③✐ss❡♠ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❛✐♥❞❛ ❛ss✐♠ ♦ ♠❛❦❡s♣❛♥

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

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

❯♠ ✐♠♣♦rt❛♥t❡ ♣♦♥t♦ ♣❛r❛ s❡ ♥♦t❛r ❛q✉✐ é q✉❡ ♦ ❛✉♠❡♥t♦ ❞❛s ✈❡❧♦❝✐❞❛❞❡s ❞❛s r❡❞❡s
❜❡♥❡✜❝✐❛ ♠❛✐s ❛❧❣✉♥s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞♦ q✉❡ ♦✉tr♦s✳ ❆♥❛❧✐s❛♥❞♦ ❛ ❡str✉t✉r❛
❞❡ ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦s✱ ♥ós ♥♦t❛♠♦s q✉❡ ✉♠❛ ❡str❛té❣✐❛ ❝♦♠✉♠ ❡♠ ❛❧❣♦r✐t♠♦s
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❋✐❣✉r❛ ✹✳✽✿ ▼❛❦❡s♣❛♥✿ ❉❛t❛ ❈❡♥t❡r ❍♦♠♦❣ê♥❡♦ ✖ ✶✳✵✵✵ ❙❡r✈✐❞♦r❡s ❅ ✶ ●❜♣s

❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛ é r❡❞✉③✐r ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s✱ t❡♥t❛♥❞♦ ❞✐s♣ôr ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❡♠ s❡r✈✐❞♦r❡s ♥♦s q✉❛✐s ❡❧❛s t❡♥❞❛♠ ❛ ♣❡r♠❛♥❡❝❡r ♣♦r ♠❛✐s t❡♠♣♦ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡
❞❡ ♠✐❣r❛çã♦✳ ■ss♦ ♦❝♦rr❡ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❙✉❜s❡çã♦ ✹✳✷✳✺✳ P♦rt❛♥t♦✱ s❡ ♦ ❛✉♠❡♥t♦ ❞❛
❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♥❛s r❡❞❡s ✐♠♣❛❝t❛ ❛ t❛①❛ ❞❡ ♠✐❣r❛çõ❡s✱ ❡ ❛❧❣✉♥s ❛❧❣♦r✐t♠♦s ✐♥t❡♥❝✐♦✲
♥❛❧♠❡♥t❡ t❡♥❞❡♠ ❛ r❡❛❧✐③❛r ♠❡♥♦r ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s✱ ❡♥tã♦ é ❡s♣❡r❛❞♦ q✉❡ ❡st❡s s❡
❜❡♥❡✜❝✐❡♠ ♠❡♥♦s ❞♦ q✉❡ ❛q✉❡❧❡s q✉❡ r❡❛❧✐③❛♠ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s✳

❆ s❡❣✉✐r✱ ♥ós ❝♦♥s✐❞❡r❛♠♦s ♦ ✐♠♣❛❝t♦ ❞♦ ♠❛❦❡s♣❛♥ ❝♦♠♦ ✉♠❛ ❢✉♥çã♦ ❞♦ ❛✉♠❡♥t♦ ❞❛
✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡ ❞❡ ✶ ●❜♣s ♣❛r❛ ✶✵ ❚❜♣s❀ ❝♦♥❢♦r♠❡ s❡ ♦❜s❡r✈❛ ♥❛s ❋✐❣✉r❛s ✹✳✶✻ ❡ ✹✳✶✼
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♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣❛r❛ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s
❡st✉❞❛❞♦s✱ ❝♦♠ ❝♦♥✜❣✉r❛çã♦ P❉▼✱ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❝♦♠ ✶✵✵ s❡r✈✐❞♦r❡s✳

◆ós ❝♦♥st❛t❛♠♦s q✉❡ ❛ r❡❞✉çã♦ ♥♦ ♠❛❦❡s♣❛♥ ♣♦ss✉✐✱ ❝♦♠♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❣❡r❛❧✱ ✉♠
❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧ ❡♠ ❢✉♥çã♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡✳ ◆♦t❛✈❡❧✲
♠❡♥t❡✱ ❡①✐st❡ ✉♠ ❧✐♠✐t❡ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❛♣ós ♦ q✉❛❧ ♥ã♦ ♦❝♦rr❡ r❡❞✉çã♦ s✐❣♥✐✜❝❛t✐✈❛
❞♦ ♠❛❦❡s♣❛♥✳ ■ss♦ ♦❝♦rr❡ t❛♥t♦ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s q✉❛♥t♦ ❤❡t❡r♦❣ê♥❡♦s✳

❊st❡ ♣❛❞rã♦ ❞❡ ❝♦♠♣♦rt❛♠❡♥t♦ t❛♠❜é♠ s❡ ♠♦str♦✉ ✈❡r❞❛❞❡ ♣❛r❛ t♦❞❛s ❛s ♦✉tr❛s
❝♦♥✜❣✉r❛çõ❡s ❡ t♦❞♦s ♦s t❛♠❛♥❤♦s ❞❡ ❞❛t❛ ❝❡♥t❡rs✳
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❈♦♥s✐❞❡r❛♥❞♦ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s ❡ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪✱ ♥ós ♣♦❞❡♠♦s
❢❛③❡r ❛s s❡❣✉✐♥t❡s ❛✜r♠❛çõ❡s ♣❛r❛ t♦❞♦s ♦s ❝❡♥ár✐♦s ❡st✉❞❛❞♦s✿ ❡♠ ❞❛t❛ ❝❡♥t❡rs ❝♦♠ ✶✵
♠áq✉✐♥❛s ❢ís✐❝❛s✱ ♦❝♦rr❡✉ ✉♠ s♣❡❡❞✉♣ ♥♦ ♠❛❦❡s♣❛♥ ✈❛r✐❛♥❞♦ ❞❡ ✸✪ ❛ ✼✪ ♣❡❧♦ ❛✉♠❡♥t♦ ❞❛
❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡ ✶ ●❜♣s ♣❛r❛ ✶✵ ●❜♣s❀ ❡ ❞❡ ✷✪ ❛ ✹✪ ♣❡❧♦ ❛✉♠❡♥t♦ ❞❡ ✶✵ ●❜♣s ♣❛r❛
✶✵✵ ●❜♣s✱ ❡ ♥❡♥❤✉♠❛ ♠❡❧❤♦r✐❛ s✐❣♥✐✜❝❛t✐✈❛ ❢♦✐ ♦❜s❡r✈❛❞❛ ❛♣ós ❡st❡ ♣♦♥t♦✳ ❉❛t❛ ❝❡♥t❡rs

❝♦♠ ✶✵✵ s❡r✈✐❞♦r❡s ❛♣r❡s❡♥t❛r❛♠ s♣❡❡❞✉♣s ✈❛r✐❛♥❞♦ ❡♥tr❡ ✹✪ ❡ ✽✪ q✉❛♥❞♦ ❛✉♠❡♥t❛♥❞♦
❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡ ❞❡ ✶ ●❜♣s ♣❛r❛ ✶✵ ●❜♣s ❡ ❞❡ ✶✪ ❛ ✸✪ ♣❛r❛ ❛ ♠❡❧❤♦r✐❛ ❞❡ ✶✵ ●❜♣s
♣❛r❛ ✶✵✵ ●❜♣s✱ ❡ t❛♠❜é♠ ♥ã♦ ❤♦✉✈❡ ♠❡❧❤♦r✐❛ s✐❣♥✐✜❝❛t✐✈❛ ❛♣ós ❡st❡ ♣♦♥t♦❀ ❞❛t❛ ❝❡♥t❡rs
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❝♦♠ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❛♣r❡s❡♥t❛r❛♠ s♣❡❡❞✉♣ ❞❡ ✹✪ ❛ ✽✪ ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛
r❡❞❡ ❞❡ ✶ ●❜♣s ♣❛r❛ ✶✵ ●❜♣s ❡ ❞❡ ✷✪ ❛ ✸✪ q✉❛♥❞♦ ❛ ✈❡❧♦❝✐❞❛❞❡ ✈❛r✐♦✉ ❞❡ ✶✵ ●❜♣s ♣❛r❛
✶✵✵ ●❜♣s✱ t❛♠❜é♠ ♥ã♦ ❤❛✈❡♥❞♦ ♠❡❧❤♦r✐❛ s✐❣♥✐✜❝❛t✐✈❛ ❛♣ós ❡st❡ ♣♦♥t♦✳

❉❡ ♠♦❞♦ s✐♠✐❧❛r✱ ❝♦♥s✐❞❡r❛♥❞♦ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✱ t❛♠❜é♠ ❝♦♠ ✉♠ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪✱ ♥ós ♣♦❞❡♠♦s ❛✜r♠❛r ♦ s❡❣✉✐♥t❡ ♣❛r❛ t♦❞♦s ♦s ❝❡♥ár✐♦s ❡st✉❞❛❞♦s✿
❡♠ ❞❛t❛ ❝❡♥t❡rs ❝♦♠ ✶✵ s❡r✈✐❞♦r❡s✱ ❤♦✉✈❡ ✉♠ s♣❡❡❞✉♣ ♥♦ ♠❛❦❡s♣❛♥ ✈❛r✐❛♥❞♦ ❞❡ ✵✪ ❛ ✽✪
q✉❛♥❞♦ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡ ❛✉♠❡♥t♦✉ ❞❡ ✶ ●❜♣s ♣❛r❛ ✶✵ ●❜♣s ❡✱ ❡①❝❡t♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦
▲❆✱ ❤♦✉✈❡ ✉♠❛ ♠❡❧❤♦r✐❛ ♥♦ ♠❛❦❡s♣❛♥ ❞❡ ✵✪ ❛ ✹✪ q✉❛♥❞♦ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡ ❛✉♠❡♥t♦✉
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❞❡ ✶✵ ●❜♣s ♣❛r❛ ✶✵✵ ●❜♣s✱ s❡♠ ♠❡❧❤♦r✐❛ s✐❣♥✐✜❝❛t✐✈❛ ♣❛r❛ t♦❞♦s ♦s ❞❡♠❛✐s ❝❛s♦s✳ ◆♦
❝❛s♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs ❝♦♠ ✶✵✵ s❡r✈✐❞♦r❡s✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ❛✉♠❡♥t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡
❞❡ ✶ ●❜♣s ♣❛r❛ ✶✵ ●❜♣s✱ ♥ós ♦❜s❡r✈❛♠♦s ✉♠❛ ♠❡❧❤♦r✐❛ ✈❛r✐❛♥❞♦ ❞❡ ✺✪ ❛ ✽✪✳ ❊①❝❡t♦
♣❛r❛ ♦ ▲❆✱ ♦ ❛✉♠❡♥t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✶✵ ●❜♣s ♣❛r❛ ✶✵✵ ●❜♣s tr♦✉①❡ ✉♠❛ ♠❡❧❤♦r✐❛ ❞❡
✷✪ ❛ ✹✪✱ ❡ ♥ã♦ ❤♦✉✈❡ ♠❡❧❤♦r✐❛ s✐❣♥✐✜❝❛t✐✈❛ ♣❛r❛ t♦❞♦s ♦s ❞❡♠❛✐s ❝❡♥ár✐♦s✳ P❛r❛ ❞❛t❛

❝❡♥t❡rs ❝♦♠ ✶✳✵✵✵ s❡r✈✐❞♦r❡s✱ ♥ós ♦❜s❡r✈❛♠♦s ✉♠❛ ♠❡❧❤♦r✐❛ ❞❡ ✹✪ ❛ ✼✪ ♣❡❧♦ ❛✉♠❡♥t♦
❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✶ ●❜♣s ♣❛r❛ ✶✵ ●❜♣s✱ ❡ ❞❡ ✵✪ ❛ ✹✪ ♣❡❧♦ ❛✉♠❡♥t♦ ❞❡ ✶✵ ●❜♣s ♣❛r❛
✶✵✵ ●❜♣s✱ s❡♠ ♦❜s❡r✈❛r ♠❡❧❤♦r✐❛s s✐❣♥✐✜❝❛t✐✈❛s ❛♣ós ❡st❡ ♣♦♥t♦✳
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✹✳✷✳✹ ❘❡s✉❧t❛❞♦s✿ ❚❡♠♣♦s ❞❡ ❊①❡❝✉çã♦ ❞❡ ❈❧♦✉❞❧❡ts

◆ós ❛♣r❡s❡♥t❛♠♦s ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞❛s ❝❧♦✉❞❧❡ts ♣❛r❛ ♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛✲
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❋✐❣✉r❛ ✹✳✶✽✿ ❚❡♠♣♦s ❞❡ ❊①❡❝✉çã♦ ❞❡ ❈❧♦✉❞❧❡ts ✿ ❉❛t❛ ❈❡♥t❡r ❍♦♠♦❣ê♥❡♦ ✖ ✶✵ ❙❡r✈✐❞♦r❡s
❅ ✶ ●❜♣s

◆ós ♦❜s❡r✈❛♠♦s q✉❡ ♥♦ ❝❛s♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ❤♦✉✈❡ ✉♠❛ r❡❞✉çã♦ ♥♦s t❡♠♣♦s
❝♦♠ ❛s ✈❡❧♦❝✐❞❛❞❡s ❞❡ r❡❞❡ ♠❛✐s rá♣✐❞❛s✱ ❝♦♠♦ ♦❝♦rr❡✉ ♥♦ ❝❛s♦ ❞♦♠❛❦❡s♣❛♥✳ ❯♠❛ ♣♦ssí✈❡❧
✐♥t❡r♣r❡t❛çã♦ ♣❛r❛ ✐ss♦ é ♣♦r q✉❡ ❛ ♠✐❣r❛çã♦ r❡❞✉③ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
q✉❡ ♣r♦❝❡ss❛♠ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ❡ ❡♠ ❝♦♥s❡q✉ê♥❝✐❛ ❡st❛s ♣❛ss❛♠ ❛ ❛♣r❡s❡♥t❛r t❡♠♣♦s
❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❛✉♠❡♥t❛❞♦s✳
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◆ós ♦❜s❡r✈❛♠♦s q✉❡ ♦ ✐♠♣❛❝t♦ ❞❛s ♠✐❣r❛çõ❡s ♥♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s é ❣r❛♥❞❡
♦ ❜❛st❛♥t❡ ♣❛r❛ t❛♠❜é♠ s❡ ♠❛♥✐❢❡st❛r ♥♦ ♠❛❦❡s♣❛♥ ✭❣❧♦❜❛❧✮✳ ■ss♦ r❡❢♦rç❛ ❛ ✐❞❡✐❛ q✉❡ ♦
♠❛❦❡s♣❛♥ ♣♦❞❡ s❡r ♠❡❧❤♦r❛❞♦ ❡♠ ❞❡❝♦rrê♥❝✐❛ ❞❡ ♠✐❣r❛çõ❡s ♠❛✐s rá♣✐❞❛s✱ q✉❡ ♣♦ss✐❜✐❧✐t❛♠
♠❡♥♦r t❡♠♣♦ ❞♦ ♣r♦❝❡ss♦ ❞❛ ♠✐❣r❛çã♦ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✖ ❝♦♠ s✉❛ r❡s♣❡❝t✐✈❛
❞❡❣r❛❞❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ✖ r❡❞✉③✐♥❞♦ ♦s t❡♠♣♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡st❛s ❝❛r❣❛s✱ q✉❡
❝♦♥s♦❧✐❞❛❞♦s ♣❡r♠✐t❡♠ ❛ r❡❞✉çã♦ ❞♦ ♠❛❦❡s♣❛♥✳
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◆ós ❛♣r❡s❡♥t❛♠♦s ♥❛s ❋✐❣✉r❛s ✹✳✷✹✕✹✳✷✾ ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞♦s ❛❧❣♦r✐t♠♦s ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❍❯✱ ▼P❉ ❡ ▲❆ s♦❜ ❛s ❝♦♥✜❣✉r❛çõ❡s P▼✱ P❉▼✱ P▼◗ ❡
P❉▼◗ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s ❝♦♠ ✈❡❧♦❝✐❞❛❞❡s ❞❡ r❡❞❡s ❞❡ ✶ ●❜♣s ❡ ✶✵✵ ●❜♣s✳
❈♦♠♦ ♣♦❞❡♠♦s ♦❜s❡r✈❛r✱ ❡①✐st❡ ✉♠❛ ♥♦tá✈❡❧ r❡❞✉çã♦ ♥♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞❛s ❝❛r❣❛s
❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡ ✶ ●❜♣s ♣❛r❛ ✶✵✵ ●❜♣s✳

❆ s❡❣✉✐r✱ ♥ós ❝♦♥s✐❞❡r❛♠♦s ♦ ✐♠♣❛❝t♦ ♥♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❡♠ ❢✉♥çã♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡
❞❛ r❡❞❡✳ ◆❛ ❋✐❣✉r❛ ✹✳✸✵✱ ♥ós ♣❧♦t❛♠♦s ♦s t❡♠♣♦s ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡♣❡♥❞❡♥❞♦
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❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛s r❡❞❡s ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱ ❡ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s
♥❛ ❋✐❣✉r❛ ✹✳✸✶✳ ❊♠ ❛♠❜♦s ♦s ❝❛s♦s✱ ♥ós ✉s❛♠♦s t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❡st✉❞❛❞♦s ❝♦♠ ❛
❝♦♥✜❣✉r❛çã♦ P▼ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❝♦♠ ✶✵✵ s❡r✈✐❞♦r❡s✳

❙❡♠❡❧❤❛♥t❡ ❛♦ ♣❛❞rã♦ ❞❡ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ♠❛❦❡s♣❛♥✱ ♥ós ✈❡r✐✜❝❛♠♦s q✉❡ ♦ ❞❡❝❛✐✲
♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧ t❛♠❜é♠ ♦❝♦rr❡ ♣❛r❛ ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✳
❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♦ ❛✉♠❡♥t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛s r❡❞❡s t❛♠❜é♠ r❡❞✉③✐✉ ♦s t❡♠♣♦s ❞❡
❡①❡❝✉çã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ♠❛s ❡①✐st❡ ✉♠ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❛♣ós ♦ q✉❛❧
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♥ós ♥ã♦ ♦❜s❡r✈❛♠♦s ♠❛✐♦r r❡❞✉çã♦ ♥♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦✳ ❊st❡ ♣❛❞rã♦ é ♦ ♠❡s♠♦
♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ♣❛r❛ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❡ ♣❛r❛ t♦❞❛s ❛s
❝♦♥✜❣✉r❛çõ❡s✳
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❋✐❣✉r❛ ✹✳✷✽✿ ❚❡♠♣♦s ❞❡ ❊①❡❝✉çã♦ ❞❡ ❈❧♦✉❞❧❡ts ✿ ❉❛t❛ ❈❡♥t❡r ❍❡t❡r♦❣ê♥❡♦ ✖ ✶✳✵✵✵ P▼s
❅ ✶ ●❜♣s

✹✳✷✳✺ ❘❡s✉❧t❛❞♦s✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s

P♦r ✜♠✱ ♥ós ❝♦♥s✐❞❡r❛♠♦s ♦ ✐♠♣❛❝t♦ ❞♦ ❛✉♠❡♥t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛s r❡❞❡s ♥♦ ♥ú♠❡r♦

❞❡ ♠✐❣r❛çõ❡s✳ ◆ós ❛♣r❡s❡♥t❛♠♦s ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣❛r❛ ♦s
❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❍❯✱ ▼P❉ ❡ ▲❆ s♦❜ ❛s ❝♦♥✜❣✉r❛çõ❡s P▼✱ P❉▼✱ P▼◗ ❡ P❉▼◗ ♥❛s
❋✐❣✉r❛s ✹✳✸✷✕✹✳✸✼ ♣❛r❛ ✈❡❧♦❝✐❞❛❞❡s ❞❡ r❡❞❡s ❞❡ ✶ ●❜♣s ❡ ✶✵✵ ●❜♣s✳ P❛r❛ ✉♠ ♣❡q✉❡♥♦
♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s✱ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❞❡❝r❡s❝❡ à ♠❡❞✐❞❛ q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡
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❋✐❣✉r❛ ✹✳✷✾✿ ❚❡♠♣♦s ❞❡ ❊①❡❝✉çã♦ ❞❡ ❈❧♦✉❞❧❡ts ✿ ❉❛t❛ ❈❡♥t❡r ❍❡t❡r♦❣ê♥❡♦ ✖ ✶✳✵✵✵ P▼s
❅ ✶✵✵ ●❜♣s

❋✐❣✉r❛ ✹✳✸✵✿ ❚❡♠♣♦s ❞❡ ❊①❡❝✉çã♦ ❞❡ ❈❧♦✉❞❧❡ts ✿ ❍♦♠♦✳ ❉❈ ✖ ✯✲P▼ ✖ ✶✵✵ P▼s

❛✉♠❡♥t❛✳ ◆♦ ❡♥t❛♥t♦✱ ♣❛r❛ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s✱ ❡st❛ ❛❧t❡r❛çã♦ ❞❡♣❡♥❞❡ ❞♦
❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❡♠ q✉❡stã♦✳

P❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✱ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣❛r❛ ♦s
❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❍❯✱ ▼P❉ ❡ ▲❆ s♦❜ ❛s ❝♦♥✜❣✉r❛çõ❡s P▼✱ P❉▼✱ P▼◗ ❡ P❉▼◗ sã♦
❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣✉r❛s ✹✳✸✽✕✹✳✹✸✳

◆ós ♦❜s❡r✈❛♠♦s q✉❡ ✉♠ ✐♥tr✐❣❛♥t❡ ❡ ✐♥❡s♣❡r❛❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ♦❝♦rr❡✉ ❝♦♠ r❡s♣❡✐t♦
❛♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ❢✉♥çã♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡✳ ❉✐❢❡r❡♥✲
t❡♠❡♥t❡ ❞♦ ♠❛❦❡s♣❛♥ ❡ ❞♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞❛s ❝❧♦✉❞❧❡ts✱ ♥ós ♥ã♦ ♦❜s❡r✈❛♠♦s ✉♠
❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧ ❛q✉✐✳ ◗✉❛♥❞♦ ♥ós ❛♥❛❧✐s❛♠♦s ♦ ✐♠♣❛❝t♦ ❞❛ r❡❞❡ ♥♦ ♥ú♠❡r♦ ❞❡
♠✐❣r❛çõ❡s✱ ♥ós ♦❜s❡r✈❛♠♦s q✉❡ ❛✉♠❡♥t❛♥❞♦ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛s r❡❞❡s ❡①✐st❡ ✉♠ ❛✉♠❡♥t♦
❞♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❛té ✉♠ ❝❡rt♦ ❧✐♠✐t❡✱ ❛♣ós ♦ q✉❛❧ ❡①✐st❡ ✉♠ ❞❡❝❧í♥✐♦ ❛❝❡♥t✉❛❞♦



✼✺

❋✐❣✉r❛ ✹✳✸✶✿ ❚❡♠♣♦s ❞❡ ❊①❡❝✉çã♦ ❞❡ ❈❧♦✉❞❧❡ts ✿ ❍❡t✳ ❉❈ ✖ ✯✲P▼ ✖ ✶✵✵ P▼s
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❋✐❣✉r❛ ✹✳✸✷✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍♦♠♦❣ê♥❡♦ ✖ ✶✵ ❙❡r✈✐❞♦r❡s ❅ ✶ ●❜♣s

❡ ✉♠❛ ❡st❛❜✐❧✐③❛çã♦✳ ◆ós ❡①❡♠♣❧✐✜❝❛♠♦s ♣♦♥t♦s ❛♠♦str❛❞♦s ❞♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❞❡
❛❝♦r❞♦ ❝♦♠ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s ♥❛ ❋✐❣✉r❛ ✹✳✹✹ ❡ ♣❛r❛ ❞❛t❛

❝❡♥t❡rs ❍❡t❡r♦❣ê♥❡♦s ♥❛ ❋✐❣✉r❛ ✹✳✹✺✳ ❊♠ ❛♠❜♦s ♦s ❝❛s♦s✱ ♥ós ✉s❛♠♦s t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s
❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ❛ ❝♦♥✜❣✉r❛çã♦ P▼ ❡ ✶✵✵ s❡r✈✐❞♦r❡s✳ ◆ós ♥ã♦
♣♦❞❡♠♦s ❝♦♥❝❧✉✐r q✉❡ ✉♠ ♥ú♠❡r♦ ♠❛✐♦r ♦✉ ♠❡♥♦r ❞❡ ♠✐❣r❛çõ❡s é ♥❡❝❡ss❛r✐❛♠❡♥t❡ ❜♦♠
♦✉ r✉✐♠✱ ✉♠❛ ✈❡③ q✉❡ ❡❧❡ ♥ã♦ ✐♠♣❛❝t❛ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ♠❛❦❡s♣❛♥

♦✉ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞❡ ❝❛r❣❛s ✐♥❞✐✈✐❞✉❛✐s✳ ❊st❡ ❝♦♠♣♦rt❛♠❡♥t♦ é s❡♠❡❧❤❛♥t❡ ♣❛r❛ ❞❛t❛
❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s ❡ ❤❡t❡r♦❣ê♥❡♦s ❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❡st✉❞❛❞♦s ❝♦♠ t♦❞❛s ❛s ❝♦♥✜❣✉✲
r❛çõ❡s✳ P❛r❛ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❝♦♠ t♦❞❛s ❛s ❝♦♥✜❣✉r❛çõ❡s ❛♣r❡s❡♥t❛❞❛s✱ ❛ t❛①❛ ❞❡ ♣✐❝♦
❞❡ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ♦❝♦rr❡✉ ❡♥tr❡ ✶ ●❜♣s ❡ ✶✵✵ ●❜♣s✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ♥♦s ❝❡♥ár✐♦s
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❋✐❣✉r❛ ✹✳✸✸✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍♦♠♦❣ê♥❡♦ ✖ ✶✵ ❙❡r✈✐❞♦r❡s ❅ ✶✵✵ ●❜♣s

 10500

 11000
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 12000
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 13000
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 14000

 14500

 15000

 15500

 16000

[PM]
[PDM]

[PMQ]

[PDMQ]

#

[HU]
[MPD]

[LA]

❋✐❣✉r❛ ✹✳✸✹✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍♦♠♦❣ê♥❡♦ ✖ ✶✵✵ ❙❡r✈✐❞♦r❡s ❅ ✶ ●❜♣s

❡st✉❞❛❞♦s t❛①❛s ❛❝✐♠❛ ❞❡ ✶✵✵ ●❜♣s ♥ã♦ ❛✉♠❡♥t❛♠ ❛ t❛①❛ ❞❡ ♠✐❣r❛çõ❡s✱ ❡♠ ❝♦♥tr❛st❡✱
♠❛♥tê♠ ❡st❡ ♥í✈❡❧ ❡stá✈❡❧✳

◆♦ss❛ r❡✢❡①ã♦ ✐♥✐❝✐❛❧ ❢♦✐ q✉❡ ♦ ♠♦t✐✈♦ ♣❛r❛ ❡st❡ ❝♦♠♣♦rt❛♠❡♥t♦ ♥ã♦ ✉s✉❛❧ ♥♦ ♥ú♠❡r♦
❞❡ ♠✐❣r❛çõ❡s ❢♦✐ ❞❡✈✐❞♦ à ❞❡♣❡♥❞ê♥❝✐❛ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✳ P❛r❛ ❡♥t❡♥❞❡r
✐ss♦✱ ❝♦♥s✐❞❡r❡✱ ♣♦r ❡①❡♠♣❧♦✱ três s❡r✈✐❞♦r❡s✱ h1✱ h2 ❡ h3✱ ❝♦♠ ❡✜❝✐ê♥❝✐❛s ❡♠ ❡♥❡r❣✐❛ ❛❧t❛✱
♠é❞✐❛ ❡ ❜❛✐①❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ✖ ✐✳❡✳✱ h1 é ❛ ♠áq✉✐♥❛ ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛ ✖ ❡
❝❛❞❛ ✉♠❛ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s vm1✱ vm2 ❡ vm3 ❡stã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛❧♦❝❛❞❛s ❡♠
h1✱ h2 ❡ h3✳ ❈♦♥s✐❞❡r❡ t❛♠❜é♠ q✉❡✱ q✉❛♥t♦ à ✜♥❛❧✐③❛çã♦ ❞❛s ❝❛r❣❛s ♣r♦❝❡ss❛❞❛s ♣❡❧❛s
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❋✐❣✉r❛ ✹✳✸✺✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍♦♠♦❣ê♥❡♦ ✖ ✶✵✵ ❙❡r✈✐❞♦r❡s ❅
✶✵✵ ●❜♣s

 110000

 115000

 120000

 125000

 130000

 135000

 140000
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[PDM]

[PMQ]
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❋✐❣✉r❛ ✹✳✸✻✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍♦♠♦❣ê♥❡♦ ✖ ✶✳✵✵✵ ❙❡r✈✐❞♦r❡s ❅
✶ ●❜♣s

♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ vm1 t❡r♠✐♥❛ ♣r✐♠❡✐r♦✱ s❡❣✉✐❞❛ ♣❡❧❛ vm2 ❡ ✜♥❛❧♠❡♥t❡ vm3✳ ❈♦♥s✐❞❡r❡
s❡r ♣♦ssí✈❡❧ r❡❛❧✐③❛r ♠✐❣r❛çõ❡s✱ ❡ q✉❡ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞✉r❛♥t❡ ❛s ♠✐❣r❛çõ❡s ♣♦❞❡♠
♣r♦❝❡ss❛r ✭❛♣❡s❛r ❞❡ ❡①♣❡r✐♠❡♥t❛r❡♠ ✉♠❛ ❞❡❣r❛❞❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦✮✳

❈♦♥s✐❞❡r❡ ♣r✐♠❡✐r❛♠❡♥t❡ ✉♠ t❡♠♣♦ ❞❡ ♠✐❣r❛çã♦ ❛❧t♦✳ ❙✉♣♦♥❤❛ q✉❡ vm1 ✜♥❛❧✐③❛ s❡✉
♣r♦❝❡ss❛♠❡♥t♦✱ ❡♥tã♦ ❛ vm2 s❡rá ♠✐❣r❛❞❛ ❞❡ h2 ♣❛r❛ h1✱ ❡ ♥❛ s❡q✉ê♥❝✐❛ vm3 ♠✐❣r❛ ❞❡ h3
♣❛r❛ h2✳ ❙❡ ❞✉r❛♥t❡ ❛ ♠✐❣r❛çã♦ ❞❡ vm3 ♣❛r❛ h2✱ vm2 ✜♥❛❧✐③❛r s❡✉ ♣r♦❝❡ss❛♠❡♥t♦✱ ❡♥tã♦
vm3 ♣♦❞❡ ♥ã♦ s❡r ✐♠❡❞✐❛t❛♠❡♥t❡ ♠✐❣r❛❞❛ ♣❛r❛ h1 ✭♦ s❡r✈✐❞♦r ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛✮✱



✼✽

 145000

 150000

 155000

 160000

 165000

 170000

 175000

[PM]
[PDM]

[PMQ]

[PDMQ]

#

[HU]
[MPD]

[LA]

❋✐❣✉r❛ ✹✳✸✼✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍♦♠♦❣ê♥❡♦ ✖ ✶✳✵✵✵ ❙❡r✈✐❞♦r❡s ❅
✶✵✵ ●❜♣s

 200

 400

 600

 800

 1000

 1200

 1400

 1600

 1800

 2000

 2200

[PM]
[PDM]

[PMQ]

[PDMQ]

#

[HU]
[MPD]

[LA]

❋✐❣✉r❛ ✹✳✸✽✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍❡t❡r♦❣ê♥❡♦ ✖ ✶✵ ❙❡r✈✐❞♦r❡s ❅ ✶ ●❜♣s

♣♦✐s ❛✐♥❞❛ ❡st❛rá ❡♠ ♠✐❣r❛çã♦ ♣❛r❛ h2✳ ❆♣❡♥❛s ❛♣ós ❛ ♠✐❣r❛çã♦ ❞❡ vm3 ♣❛r❛ h2 ❡st❛r
❝♦♥❝❧✉í❞❛ é q✉❡ vm3 ♣♦❞❡rá s❡r ♠✐❣r❛❞❛ ♣❛r❛ h1✱ ❢❛③❡♥❞♦ ❝♦♠ q✉❡ ❡st❡ t❡♠♣♦ r❡st❛♥t❡ ❞❡
♠✐❣r❛çã♦ ♣❛r❛ h2 r❡s✉❧t❡ ❡♠ ✉♠❛ ✐♥❡✜❝✐ê♥❝✐❛ s✐stê♠✐❝❛ ❡♠ ❡♥❡r❣✐❛✱ ♠❛❦❡s♣❛♥ ❡ t❡♠♣♦ ❞❡
❡①❡❝✉çã♦ ❞❡ ❝❛r❣❛s✱ ♣♦✐s é ♥❡❝❡ssár✐♦ ♠❛♥t❡r h2 ❧✐❣❛❞❛ ❞✉r❛♥t❡ ❛ ♠✐❣r❛çã♦ ❡♥q✉❛♥t♦ vm3

❞❡✈❡r✐❛ ❡st❛r s❡♥❞♦ ♠✐❣r❛❞❛ ♣❛r❛ h1✳ ❊st❛ ♠✐❣r❛çã♦ t❛♠❜é♠ ♣♦❞❡ ❧❡✈❛r à ❞❡❣r❛❞❛çã♦ ❞❡
❞❡s❡♠♣❡♥❤♦ ♥♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ vm3✳ ❊ ♠❛✐s ❞♦ q✉❡ ✐ss♦✱ ❡st❡ ❧♦♥❣♦ t❡♠♣♦ ❝♦♥s✉♠✐❞♦
♣❡❧❛s ♠✐❣r❛çõ❡s ✐♠♣❧✐❝❛ ❡♠ ✉♠ ♠❡♥♦r ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s✳



✼✾

 400

 600

 800

 1000

 1200

 1400

 1600

 1800

 2000

 2200

[PM]
[PDM]

[PMQ]

[PDMQ]

#

[HU]
[MPD]

[LA]

❋✐❣✉r❛ ✹✳✸✾✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍❡t❡r♦❣ê♥❡♦ ✖ ✶✵ ❙❡r✈✐❞♦r❡s ❅
✶✵✵ ●❜♣s

 12000

 13000

 14000

 15000

 16000

 17000

 18000

 19000

 20000

[PM]
[PDM]

[PMQ]

[PDMQ]

#

[HU]
[MPD]

[LA]

❋✐❣✉r❛ ✹✳✹✵✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍❡t❡r♦❣ê♥❡♦ ✖ ✶✵✵ ❙❡r✈✐❞♦r❡s ❅ ✶ ●❜♣s

❈♦♥s✐❞❡r❡✱ ❛ s❡❣✉✐r✱ ♣❛r❛ ♦ ♠❡s♠♦ ❝❡♥ár✐♦✱ q✉❡ ♦s t❡♠♣♦s ❞❡ ♠✐❣r❛çõ❡s sã♦ ❜❛✐①♦s ✖
❡✳❣✳ q✉❡ t❡♥❤❛♠♦s r❡❞❡s ♠❛✐s rá♣✐❞❛s ♥♦s ❞❛t❛ ❝❡♥t❡rs✳ ❙✉♣♦♥❤❛ q✉❡ ❛♣ós ❛ ❝♦♥❝❧✉sã♦
❞❡ vm1✱ vm2 s❡rá ♠✐❣r❛❞❛ ❞❡ h2 ♣❛r❛ h1 ❡ s❡❣✉✐❞❛ ♣♦r vm3 ❞❡ h3 ♣❛r❛ h2✳ ❖ t❡♠♣♦ ❞❡
♠✐❣r❛çã♦ ❞❡ vm3 ♣❛r❛ h1 ♥❡st❡ ❝❛s♦ s❡rá s✉❜st❛♥❝✐❛❧♠❡♥t❡ r❡❞✉③✐❞♦✱ ♣♦✐s ❛s r❡❞❡s ❞❡ ❛❧t❛
✈❡❧♦❝✐❞❛❞❡ ❢❛rã♦ ❝♦♠ q✉❡ ❛ ♠✐❣r❛çã♦ ❞❡ vm3 ♣❛r❛ h2 ♦❝♦rr❛ ❡♠ ✉♠❛ t❛①❛ ❛❝❡❧❡r❛❞❛✳ ❊♠
♦✉tr❛s ♣❛❧❛✈r❛s✱ r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ❢❛✈♦r❡❝❡♠ ♠✐❣r❛çõ❡s ♠❛✐s rá♣✐❞❛s✱ q✉❡ ✐♠♣❧✐❝❛♠
❡♠ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ♠❛✐s rá♣✐❞❛ ❞❡ s❡r✈✐❞♦r❡s ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳



✽✵

 12000

 14000

 16000

 18000

 20000

 22000

 24000

 26000

 28000

 30000

 32000

[PM]
[PDM]

[PMQ]

[PDMQ]

#

[HU]
[MPD]

[LA]

❋✐❣✉r❛ ✹✳✹✶✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍❡t❡r♦❣ê♥❡♦ ✖ ✶✵✵ ❙❡r✈✐❞♦r❡s ❅
✶✵✵ ●❜♣s

 120000

 130000

 140000

 150000

 160000

 170000

 180000

 190000

 200000

[PM]
[PDM]

[PMQ]

[PDMQ]

#

[HU]
[MPD]

[LA]

❋✐❣✉r❛ ✹✳✹✷✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍❡t❡r♦❣ê♥❡♦ ✖ ✶✳✵✵✵ ❙❡r✈✐❞♦r❡s ❅
✶ ●❜♣s

P♦rt❛♥t♦✱ r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ❛✉♠❡♥t❛♠ ❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ s❡r✈✐❞♦r❡s ♣❛r❛ ♠á✲
q✉✐♥❛s ✈✐rt✉❛✐s ❡ t❛♠❜é♠ r❡❞✉③❡♠ ♦s t❡♠♣♦s ❞❡ ♠✐❣r❛çã♦✱ ♦ q✉❡ ♣❡r♠✐t❡ q✉❡ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s ♣❡r♠❛♥❡ç❛♠ ♣♦r ♠❛✐s t❡♠♣♦ ❛❧♦❝❛❞❛s ❡♠ ✉♠ s❡r✈✐❞♦r ✖ ❡ ♥ã♦ ♠✐❣r❛♥❞♦ ❡♥tr❡
❞♦✐s s❡r✈✐❞♦r❡s✳ ■ss♦ ♣♦ss✐❜✐❧✐t❛ ✉♠ ♠❡❧❤♦r ♠❛♥❡❥♦ ❞❡ ❝❛r❣❛s ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳
❆❣♦r❛✱ ❛✐♥❞❛ r❡st❛ ❛ s❡❣✉✐♥t❡ q✉❡stã♦ ♣❛r❛ s❡r r❡s♣♦♥❞✐❞❛✿ ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✱ ♣♦r
q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s é r❡❞✉③✐❞♦ ❞r❛st✐❝❛♠❡♥t❡ ❡ ❡st❛❜✐❧✐③❛ ❛♣ós ✉♠ ❞❡t❡r♠✐♥❛❞♦
♣♦♥t♦❄



✽✶

 160000

 180000

 200000

 220000

 240000

 260000

 280000

 300000

 320000

[PM]
[PDM]

[PMQ]

[PDMQ]

#

[HU]
[MPD]

[LA]

❋✐❣✉r❛ ✹✳✹✸✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍❡t❡r♦❣ê♥❡♦ ✖ ✶✳✵✵✵ ❙❡r✈✐❞♦r❡s ❅
✶✵✵ ●❜♣s

❋✐❣✉r❛ ✹✳✹✹✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍♦♠♦❣ê♥❡♦ ✖ ✯✲P▼ ✖ ✶✵✵ ❙❡r✈✐❞♦r❡s

❉✉❛s ❤✐♣ót❡s❡s ♣❛r❡❝❡♠ s❡r ♣❧❛✉sí✈❡✐s ♣❛r❛ ❡st❛ q✉❡stã♦✿ ✭✐✮ ❞❡✈✐❞♦ à ♠❛✐♦r ❞✐s♣♦♥✐✲
❜✐❧✐❞❛❞❡ ❞❡ s❡r✈✐❞♦r❡s✱ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ♣♦❞❡ r❡❛❧✐③❛r ❛❧♦❝❛çõ❡s ♦t✐♠✐③❛❞❛s❀
♦✉ ✭✐✐✮ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♣♦r ♥ã♦ s♦❢r❡r ♦ ✐♠♣❛❝t♦ ❞❡
❞❡s❡♠♣❡♥❤♦ ❞✉r❛♥t❡ ♦ t❡♠♣♦ ❞❡ ♠✐❣r❛çã♦✱ ♠❡❧❤♦r❛ t❛♥t♦ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s
q✉❡ ♣❡r♠✐t❡ q✉❡ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s s❡❥❛♠ t❡r♠✐♥❛❞❛s ♠❛✐s ❝❡❞♦✱ ❢❛③❡♥❞♦ ❝♦♠ q✉❡ ✉♠
♠❛✐♦r ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♥ã♦ ♣r❡❝✐s❡♠ ♦❝♦rr❡r✳

P❛r❛ r❡s♣♦♥❞❡r ❡st❛ q✉❡stã♦✱ ♥ós ✐♠♣❧❡♠❡♥t❛♠♦s ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ♠✐❣r❛çã♦ ❝♦♥t✐✲
♥✉❛❞❛ ✭❘❘✮ ❡ ❝♦♥s✐❞❡r❛♠♦s ✉♠❛ ❞❡❣r❛❞❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✶✵✪
❞✉r❛♥t❡ ❛ ♠✐❣r❛çã♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✭✈❛❧♦r ♣❛❞rã♦ ❛❞♦t❛❞♦ ♥♦ ❈❧♦✉❞❙✐♠✮✳ ❊st❡
❛❧❣♦r✐t♠♦ ♦❜❥❡t✐✈❛ s❡❧❡❝✐♦♥❛r s❡r✈✐❞♦r❡s ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ❛❧t❡r♥â♥❝✐❛ ❝✐r❝✉❧❛r ❡
❝♦♠♦ r❡s✉❧t❛❞♦ ♠❛♥té♠✱ s❛❧✈♦ ❝♦♥❞✐çõ❡s ♠✉✐t♦ ❡s♣❡❝í✜❝❛s ✭q✉❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ♠áq✉✐✲



✽✷

❋✐❣✉r❛ ✹✳✹✺✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍❡t❡r♦❣ê♥❡♦ ✖ ✯✲P▼ ✖ ✶✵✵ ❙❡r✈✐❞♦r❡s

♥❛s ✈✐rt✉❛✐s s❡❥❛ ♠ú❧t✐♣❧♦ ❞♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s✮✱ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♠✐❣r❛♥❞♦ ♣♦r
♣r❛t✐❝❛♠❡♥t❡ t♦❞♦ ♦ s❡✉ t❡♠♣♦ ❞❡ ✈✐❞❛✳ ❙❡ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❝♦♥t✐♥✉❛ ❛ s✉❜✐r✱ ✐ss♦
✐♥❞✐❝❛ q✉❡ ❛ ❤✐♣ót❡s❡ ✭✐✮ é ✈❡r❞❛❞❡✐r❛✱ ❝❛s♦ ❝♦♥trár✐♦✱ é ✉♠❛ ✐♥❞✐❝❛çã♦ q✉❡ ❛ ❤✐♣ót❡s❡ ✭✐✐✮
é ❛ ❝♦rr❡t❛✳ ❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✹✳✹✻ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❡♠
❢✉♥çã♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡ ♣❧♦t❛❞♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ❘❘✲P▼ ♣❛r❛ ✉♠ ❞❛t❛ ❝❡♥t❡r ❤♦✲
♠♦❣ê♥❡♦✳ ❈♦♠♦ ♣♦❞❡♠♦s ♦❜s❡r✈❛r✱ ❡①✐st❡ ✉♠ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❝r❡s❝❡♥t❡✱ s❡♠ ❞❡❝❛✐♠❡♥t♦✱ ❡ ❝♦♠ ❡st❛❜✐❧✐③❛çã♦ ❛♦ ✜♥❛❧✳ ■ss♦ ♥ã♦ ✐♥❞✐❝❛ ✉♠ ❞❡❝❛✐♠❡♥t♦ ♥♦
♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣r♦❝❡ss❛♥❞♦ ❝❛r❣❛s✱ s✉❣❡r✐♥❞♦ q✉❡ ❛ ❤✐♣ót❡s❡ ✭✐✐✮ ♥ã♦ s❡❥❛
✈❡r❞❛❞❡✐r❛✳ ■st♦ é✱ ♥ós t❡♠♦s ✉♠❛ ✐♥❞✐❝❛çã♦ q✉❡ ❛ ❛❧t❡r❛çã♦ ♥♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s é ♠✉✐t♦ ♠❛✐s ❞❡♣❡♥❞❡♥t❡ ❞♦ ❛❧❣♦r✐t♠♦ ✉s❛❞♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛✲
♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞♦ q✉❡ ♥❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ s❡r✈✐❞♦r❡s ♣❛r❛ ♣r♦❝❡ss❛♠❡♥t♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ♠✐❣r❛çã♦ ♠❛✐s rá♣✐❞❛ ❞❡st❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳

❋✐❣✉r❛ ✹✳✹✻✿ ◆ú♠❡r♦ ❞❡ ▼✐❣r❛çõ❡s✿ ❉❛t❛ ❈❡♥t❡r ❍♦♠♦❣ê♥❡♦ ✖ ❘❘✲P▼ ✖ ✶✵✵ ❙❡r✈✐❞♦r❡s



✽✸

✹✳✸ ❈♦♠❡♥tár✐♦s ❋✐♥❛✐s

◆❡st❡ ❝❛♣ít✉❧♦✱ ❝♦♥st❛t❛♠♦s q✉❡ ♦ ❛✉♠❡♥t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡ ✐♥✢✉❡♥❝✐❛ ♦ ❝♦♥s✉♠♦ ❞❡
❡♥❡r❣✐❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ❞❛t❛ ❝❡♥t❡rs ♣❛r❛ ♦s ❝❡♥á✲
r✐♦s ❡st✉❞❛❞♦s✳ ❖❜s❡r✈❛♠♦s q✉❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❢♦r❛♠ ✐♠♣❛❝t❛❞♦s
♣♦s✐t✐✈❛♠❡♥t❡✱ ♣♦✐s✱ ❝♦♥s✐❞❡r❛♥❞♦ ❝♦♥st❛♥t❡ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞♦s s✇✐t❝❤❡s✱ ♦s ❛❧❣♦r✐t✲
♠♦s t❡♥❞❡♠ ❛ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❝♦♠ ✉♠❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ r❡❞❡ ♠❛✐♦r✳ ❚❛♠❜é♠
❞❡♠♦♥str❛♠♦s ❝♦♠♦ ❝❛❧❝✉❧❛r s❡ ✉♠ ❛✉♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♥♦ ❞❛t❛ ❝❡♥t❡r ✈❛❧❡ ❛
♣❡♥❛ ❡♠ t❡r♠♦s ❞❡ ❡✜❝✐ê♥❝✐❛ ❡♥❡r❣ét✐❝❛✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r s✐♠✉❧❛çã♦ ♠♦str❛♠
q✉❡ ♦s ❜❡♥❡❢í❝✐♦s ❞❡♣❡♥❞❡♠ ❞♦ ❛❧❣♦r✐t♠♦ ✉s❛❞♦✳ ❈♦♥s✐❞❡r❛♥❞♦ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞❡ ❛té
✶✵ ❚❜♣s✱ ♦ ❛❧❣♦r✐t♠♦ ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛ ❡♠ ❞❛t❛ ❝❡♥t❡rs ✭✐✮ ❣r❛♥❞❡s ❡ ❤♦♠♦❣ê♥❡♦s✱
✭✐✐✮ ♠é❞✐♦s ❡ ❤❡t❡r♦❣ê♥❡♦s ❡ ✭✐✐✐✮ ❣r❛♥❞❡s ❡ ❤❡t❡r♦❣ê♥❡♦s ❢♦✐ ♦ ▲❆✳

❚❛♠❜é♠ ❞❡s❡♥✈♦❧✈❡♠♦s ✉♠ ♠♦❞❡❧♦ ❡♠♣ír✐❝♦ ✉s❛♥❞♦ ✉♠❛ ❢✉♥çã♦ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①✲
♣♦♥❡♥❝✐❛❧ q✉❡ s❡ ❛❥✉st♦✉ ❜❡♠ ❛♦s ❝❡♥ár✐♦s ❡st✉❞❛❞♦s✳ ❊st❡ ♠♦❞❡❧♦ ♥♦s ♣❡r♠✐t❡ ♦❜s❡r✈❛r
q✉❡✱ ♣❛r❛ ♦s q✉❛tr♦ ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✱ ❡①✐st❡ ✉♠ ❧✐♠✐t❡ s✉♣❡r✐♦r✱ ♣❛r❛ ❛ ♠❛✐✲
♦r✐❛ ❞♦s ❝❛s♦s ❞❡ ✶✵✵ ●❜♣s✱ ❛ ♣❛rt✐r ❞♦ q✉❛❧ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❛✉♠❡♥t❛❞❛ ♥ã♦ ❛❢❡t❛ ♦
❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳

◆ós t❛♠❜é♠ ❛♣r❡s❡♥t❛♠♦s ❡ ❛♥❛❧✐s❛♠♦s ♦ ✐♠♣❛❝t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡ ❞♦ ❞❛t❛ ❝❡♥t❡r

❡♠ ❞❛t❛ ❝❡♥t❡rs q✉❡ ♦♣❡r❛♠ ♥❛ ♥✉✈❡♠ ❡♠ r❡❧❛çã♦ ❛♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s✱ ♠❛❦❡s♣❛♥ ❡
t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ✐♥❞✐✈✐❞✉❛✐s✳ P❛r❛ ❡st❡ ❡st✉❞♦✱ ❛♣r✐♠♦r❛♠♦s
♦ ❈❧♦✉❞❙✐♠ ♠♦❞✐✜❝❛♥❞♦ ♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❍❯ ❡ ▼P❉✱
❞❡ ♠♦❞♦ ❛ tr❛❜❛❧❤❛r❡♠ ❝♦♠ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
◗♦❙ ❜❛s❡❛❞♦ ❡♠ ♣r✐♦r✐❞❛❞❡ ❞❡ ❝❛r❣❛s ❬✼✻❪✳

❉❡s❝♦❜r✐♠♦s q✉❡✱ ♣❛r❛ t♦❞♦s ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✱ ♦ ❛✉♠❡♥t♦ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛
r❡❞✉③ ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞♦ ♠❛❦❡s♣❛♥ ❡ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ✉♠ ❝♦♠♣♦r✲
t❛♠❡♥t♦ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧ à ♠❡❞✐❞❛ q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡ ❛✉♠❡♥t❛✳ ◆ós
t❛♠❜é♠ ♦❜s❡r✈❛♠♦s q✉❡ ♦ ♠❡❝❛♥✐s♠♦ ❞❡ ♠✐❣r❛çã♦ ❧✐✈❡ ❣❡r❛❧♠❡♥t❡ ❡♥✈♦❧✈❡ ✉♠❛ ❞❡❣r❛❞❛✲
çã♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✱ ♠❛s ❡ss❛ ❞❡❣r❛❞❛çã♦ ❛❢❡t❛ ♦ ♠❛❦❡s♣❛♥ ♠❡♥♦s ❞♦
q✉❡ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ✉s❛❞♦✳

❚❛♠❜é♠ ❞❡s❝♦❜r✐♠♦s q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ✈❛r✐❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❛❧❣♦r✐t♠♦
❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❡♠♣r❡❣❛❞♦✱ ♠❛s ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❣❡r❛❧ é ✉♠ ❛✉♠❡♥t♦ ♥♦ ♥ú♠❡r♦ ❞❡
♠✐❣r❛çõ❡s ❛té ❛t✐♥❣✐r ✉♠ ♣✐❝♦✱ ❣❡r❛❧♠❡♥t❡ ❡♥tr❡ ✶ ●❜♣s ❡ ✶✵✵ ●❜♣s✱ s❡❣✉✐❞♦ ❞❡ ✉♠❛ q✉❡❞❛
❛❝❡♥t✉❛❞❛ ❛té ❡st❡ ♥ú♠❡r♦ ❛t✐♥❣❡ ✉♠ ♣♦♥t♦ ❞❡ ❡st❛❜✐❧✐❞❛❞❡✳ ◆♦ ❡♥t❛♥t♦✱ ♣❡r❝❡❜❡♠♦s q✉❡
♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s t❡♠ ♣♦✉❝♦ ✐♠♣❛❝t♦ ♥♦s ❢❛t♦r❡s ✐♠♣♦rt❛♥t❡s✱ ❝♦♠♦ ♦ ❝♦♥s✉♠♦ ❞❡
❡♥❡r❣✐❛ ♦✉ ♦s t❡♠♣♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳
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❈❛♣ít✉❧♦ ✺

❇❛♥❞✇✐❞t❤✲❆✇❛r❡ ▲❛❣♦ ❆❧❧♦❝❛t♦r

◆♦ss♦s ❡st✉❞♦s s♦❜r❡ ♦s ✐♠♣❛❝t♦s ❞♦ ❝♦♥tí♥✉♦ ❛✉♠❡♥t♦ ❞❛s t❛①❛s ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ♣❛❞rã♦
❊t❤❡r♥❡t ❝♦♥❝❧✉ír❛♠ q✉❡ ❡st❛ ❡✈♦❧✉çã♦ ♣♦❞❡ tr❛③❡r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✱ ♣♦✐s✱ ❡♥tr❡ ♦✉tr❛s
♦❜s❡r✈❛çõ❡s✱ ❛♦ ❡❢❡t✉❛r ♠✐❣r❛çõ❡s ♠❛✐s rá♣✐❞❛s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s é ♣♦ssí✈❡❧ ❞❡s❧✐❣❛r
♠❛✐s s❡r✈✐❞♦r❡s ♦❝✐♦s♦s ❡♠ ♠❡♥♦s t❡♠♣♦✳

▼♦t✐✈❛❞♦s ♣❡❧♦ ❢❛t♦ q✉❡ ❛ ♠✐❣r❛çã♦ ❧✐✈❡✱ ❛♣❡s❛r ❞❡ ✉s✉❛❧♠❡♥t❡ ❡♥✈♦❧✈❡r ♥❛ ❞❡❣r❛❞❛çã♦
❞♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✱ q✉❡ ❡st❛ ❞❡❣r❛❞❛çã♦ ❛❢❡t❛ ♠❡♥♦s ♦ ♠❛❦❡s♣❛♥ ❞♦ q✉❡
♦ ❛❧❣♦r✐t♠♦ ✉t✐❧✐③❛❞♦✱ s❡♥t✐♠♦s s❡❣✉r❛♥ç❛ ❡♠ ❞❛r ✉♠ ♣ró①✐♠♦ ♣❛ss♦✿ ❞❡s❡♥✈♦❧✈❡r ✉♠
♠ét♦❞♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❡ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ♣r♦✈❡r ❡✜❝✐ê♥❝✐❛
❡♠ ❡♥❡r❣✐❛✳

❆❧❣✉♥s ❢❛t♦r❡s ♥♦rt❡✐❛♠ ♦ ❛❧❣♦r✐t♠♦ ❞❡s❡♥✈♦❧✈✐❞♦✳ Pr✐♠❡✐r❛♠❡♥t❡✱ ❛ rá♣✐❞❛ ❡✈♦❧✉çã♦
❞❛s t❛①❛s ❞❡ tr❛♥s♠✐ssã♦ ❞♦ ♣r♦t♦❝♦❧♦ ❊t❤❡r♥❡t ✐♠♣❧✐❝❛ ♥❛ ❞✐✜❝✉❧❞❛❞❡ ❞❡ ✐♠♣❧❛♥t❛çã♦ ❞❡
r❡❞❡s ♥♦ ♠❡s♠♦ r✐t♠♦✱ ✐st♦ é✱ ❢❛✈♦r❡❝❡ ❛ ❡①✐stê♥❝✐❛ ❞❡ ❣r✉♣♦s ❞❡ s❡r✈✐❞♦r❡s✱ ♠❛✐s ❛♥t✐❣♦s✱
❝♦♠ t❛①❛s ❞❡ tr❛♥s♠✐ssã♦ ♠❡♥♦r❡s✱ ❝♦❡①✐st✐♥❞♦ ❝♦♠ ❣r✉♣♦s ❞❡ s❡r✈✐❞♦r❡s✱ ♠❛✐s ♥♦✈♦s✱
❝♦♠ t❛①❛s ❞❡ tr❛♥s♠✐ssã♦ ♠❛✐♦r❡s✳ P♦rt❛♥t♦✱ ❡♠ ✉♠ s❡♥s♦ r❡❛❧íst✐❝♦✱ é ♠✉✐t♦ ♣r♦✈á✈❡❧✱
✐♥❝❧✉s✐✈❡ ❡♠ ❣r❛♥❞❡ ❝♦r♣♦r❛çõ❡s✱ ❡①✐st✐r❡♠ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s ❬✽❪✳

◆❡st❡ ❝❛♣ít✉❧♦ ❢♦❝❛♠♦s ❡♠ ❞❛t❛ ❝❡♥t❡rs ❝♦♠ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❊t❤❡r♥❡t ❤❡t❡r♦❣ê♥❡❛s
❡ ❝♦♠ ❙▲❆s r❡str✐t✐✈♦s ♥♦ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳
❋♦❝❛♠♦s ♥♦ ✐♠♣❛❝t♦ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡ s❡r✈✐❞♦r❡s ♥❛ ♠✐❣r❛çã♦ ❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♠á✲
q✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠❛ ✈✐sã♦ s✐♠♣❧✐✜❝❛❞❛ ❞♦ ❞❛t❛ ❝❡♥t❡r ❝♦♠♦ s✐♥❣❧❡✲❤♦♣ st❛r✱
❝♦♠ ✉♠ s✇✐t❝❤ ❝❡♥tr❛❧✐③❛❞♦ ♦♥❞❡ s❡r✈✐❞♦r❡s✱ ❝♦♠ ❞✐❢❡r❡♥t❡s ✐♥t❡r❢❛❝❡s ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛
❊t❤❡r♥❡t✱ ❡stã♦ ❝♦♥❡❝t❛❞♦s✳ ❈♦♠♦ ✉♠❛ ✐❧✉str❛çã♦ s✐♠♣❧❡s✱ ❝♦♥s✐❞❡r❡ ❛ ❋✐❣✉r❛ ✺✳✶ ❝♦♠♦
✉♠ ❝❡♥ár✐♦ r❡♣r❡s❡♥t❛t✐✈♦ ❞♦ ♥♦ss♦ tr❛❜❛❧❤♦✳ ❆q✉✐✱ sw0 é ♦ s✇✐t❝❤ ❝❡♥tr❛❧ ❞❛ t♦♣♦❧♦❣✐❛ ❛♦
q✉❛❧ ♦s s❡r✈✐❞♦r❡s h0✕h3 ❡stã♦ ❝♦♥❡❝t❛❞♦s ❝♦♠ ✐♥t❡r❢❛❝❡s ❞❡ ❞✐❢❡r❡♥t❡s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛✳
❊st❛ t♦♣♦❧♦❣✐❛ ❡①❡♠♣❧✐✜❝❛ ✉♠ s✇✐t❝❤ t♦♣✲♦❢✲r❛❝❦ ❛♦ q✉❛❧ sã♦ ❝♦♥❡❝t❛❞♦s s❡r✈✐❞♦r❡s ❞❡
✉♠❛ tí♣✐❝❛ t♦♣♦❧♦❣✐❛ ♠✉❧t✐♥í✈❡❧ ❝♦♠♣♦st❛ ❞❡ s✇✐t❝❤❡s ❝♦r❡✱ ❡♥❞✲♦❢✲r♦✇ ❡ t♦♣✲♦❢✲r❛❝❦ ❡♠
✉♠ ❞❛t❛ ❝❡♥t❡r✳

◆♦ss❛ ♣r✐♥❝✐♣❛❧ ❝♦♥tr✐❜✉✐çã♦ ❛♣r❡s❡♥t❛❞❛ ♥❡st❡ ❝❛♣ít✉❧♦ é ✉♠ ♥♦✈♦ ♠ét♦❞♦ ♣❛r❛ ♦
❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝❛♣❛③ ❞❡ s❡r ❡①❡❝✉t❛❞♦ ❡♠ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱
♠❛s ❡s♣❡❝✐❛❧♠❡♥t❡ ♣r♦❥❡t❛❞♦ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✳ ❊st❡ ♠ét♦❞♦ é ❝♦♥st✐t✉í❞♦
♣♦r ❞♦✐s ❛❧❣♦r✐t♠♦s✿ ✭✐✮ ✉♠ ❋❍❆✱ ❡①❡❝✉t❛❞♦ ♣♦r ✉♠ ❜r♦❦❡r✱ q✉❡ ♦❜❥❡t✐✈❛ ♦ ✉s♦ ❡str❛té❣✐❝♦
❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦s s❡r✈✐❞♦r❡s❀ ❡ ✭✐✐✮ ✉♠ ❛❧❣♦r✐t♠♦✱ ❡①❡❝✉t❛❞♦ ♣❡❧♦s s❡r✈✐❞♦r❡s✱ ❞❡
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b0 h0 h1 h3h2

@ 1 Gbps@ 1 Gbps

@ 10 Gbps @ 10 Gbps

sw0

❋✐❣✉r❛ ✺✳✶✿ ❱✐sã♦ ●❡r❛❧ ❞❡ ✉♠ ❈❡♥ár✐♦ ❞❡ ❚♦♣♦❧♦❣✐❛

♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ✖ ❇❛♥❞✇✐❞t❤ Pr♦✈✐s✐♦♥✐♥❣ ❆❧❣♦r✐t❤♠ ✭❇P❆✮ ✖ ♣❛r❛
♠áq✉✐♥❛s ✈✐rt✉❛✐s✳

▼❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡✱ ♥♦ss♦ ❋❍❆ ♦❜❥❡t✐✈❛ t♦♠❛r ✈❛♥t❛❣❡♠ ❞♦ ❢❛t♦ q✉❡ ❧❛r❣✉r❛s ❞❡
❜❛♥❞❛ ♠❛✐♦r❡s ♣♦❞❡♠ ♣♦t❡♥❝✐❛❧♠❡♥t❡ r❡❞✉③✐r ♦s t❡♠♣♦s ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉✲
❛✐s✱ ❡ ✐♥t❡r❛❣✐r✱ ♣♦r ❝♦♠✉♥✐❝❛çã♦ ❛tr❛✈és ❞❛ r❡❞❡✱ ❝♦♠ ✉♠ ❇P❆ ❝❛♣❛③ ❞❡ r❡s❡r✈❛r ♣❛rt❡
❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦s s❡r✈✐❞♦r❡s ♣❛r❛ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❡♠ ❡s♣❡❝✐❛❧
♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣r❡✈✐st❛s ♥♦s ❝❡♥ár✐♦s ❞❡st❡ ❝❛♣ít✉❧♦ ✖ ❝♦♠ ❙▲❆s r❡str✐t✐✈♦s ❡♠
❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ✖ ❡✱ ❝♦♠♦ r❡s✉❧t❛❞♦✱ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳ ◆♦ss♦ tr❛❜❛❧❤♦
é s✐❣♥✐✜❝❛t✐✈♦ ♣♦r ❞♦✐s ❝❛♠✐♥❤♦s✿ ✭✐✮ ♥♦ ♥♦ss♦ ❝♦♥❤❡❝✐♠❡♥t♦✱ ❡ss❡ tr❛❜❛❧❤♦ é ♦ ♣r✐♠❡✐r♦
❛ ❡①♣❧♦r❛r ✉♠ ❛♠❜✐❡♥t❡ ❤❡t❡r♦❣ê♥❡♦ ❞❡ r❡❞❡ ♣❛r❛ ❞❡s❡♥✈♦❧✈❡r ✉♠ ♥♦✈♦ ❛❧❣♦r✐t♠♦❀ ❡ ✭✐✐✮
♥♦ss♦ ❡st✉❞♦ s✐st❡♠át✐❝♦ ♠♦str❛ q✉❡ ♥♦ss❛ ❛❜♦r❞❛❣❡♠ ❞❡ ❢❛t♦ tr❛③ ❡❝♦♥♦♠✐❛s s✐❣♥✐✜❝❛t✐✈❛s
❛♦ ❞❛t❛ ❝❡♥t❡r✳

❊s♣❡❝✐❛❧♠❡♥t❡ ♥❡st❡ ❝❛♣ít✉❧♦✱ ♣r♦❥❡t❛♠♦s ♥♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ✉♠ ❋❍❆ ♣❛r❛ ❛t✉❛r
❝♦♥❥✉♥t❛♠❡♥t❡ ❛♦ ❇P❆✳ ❉❡♥♦♠✐♥❛♠♦s ♦ ❋❍❆ ♣r♦♣♦st♦ ❝♦♠♦ ❇❛♥❞✇✐❞t❤✲❆✇❛r❡ ▲❛❣♦

❆❧❧♦❝❛t♦r ✭❇❆▲❆✮✱ ❡ ❛♣r❡s❡♥t❛♠♦s ♠ú❧t✐♣❧❛s ♦♣çõ❡s ❞❡ ❇P❆ ❝♦♠ ♦s q✉❛✐s ❡❧❡ ♣♦❞❡ ❛t✉❛r✳
❆♣r❡s❡♥t❛♠♦s ♥♦ ❈❛♣ít✉❧♦ ✻ ❡st❡ ❋❍❆ ❡①❡❝✉t❛❞♦ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❡ ✉♠ ❇P❆✱ ❡♠
❝❡♥ár✐♦s ❝♦♠ ❙▲❆s ♥ã♦ r❡str✐t✐✈♦s ❡♠ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛✳ P♦rt❛♥t♦✱ ♣❛r❛ ❡st❡ ❝❛♣ít✉❧♦✱
❞❡♥♦♠✐♥❛r❡♠♦s ❝♦♠♦ ❇❆▲❆ ♦ ♠ét♦❞♦ ❝♦♥st✐t✉í❞♦ ❞♦ ❋❍❆ ✭❇❆▲❆✮ ❥✉♥t❛♠❡♥t❡ ❛♦ ❇P❆ ✭✰❊✮
♣r♦♣♦st♦s✳

◆ós ❡①❡♠♣❧✐✜❝❛♠♦s ❛ ✐♥t❡r❛çã♦ ♠❡♥❝✐♦♥❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✷✿ s❡❥❛ b0 ✉♠ ❜r♦❦❡r✱ ❡①❡✲
❝✉t❛♥❞♦ ✉♠ ❋❍❆❀ h0 ❡ h1 sã♦ s❡r✈✐❞♦r❡s✱ ❡ ❝❛❞❛ ✉♠ ❞❡❧❡s ❡①❡❝✉t❛ ✉♠ ❇P❆ ♣❛r❛ ✉♠❛
♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◗✉❛♥❞♦ b0 é ❧✐❣❛❞♦✱ ❡❧❡ ♦❜té♠ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ t♦❞♦s ♦s s❡r✈✐❞♦r❡s
❡♠ s❡✉ ❝♦♥tr♦❧❡✱ ✐♥❝❧✉✐♥❞♦ ❈P❯✱ ❘❆▼✱ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ❡t❝✳ ◗✉❛♥❞♦ é r❡q✉✐s✐t❛❞♦ ♣❛r❛
b0 ❛ ❞❡s✐❣♥❛çã♦ ❞❡ ✉♠ s❡r✈✐❞♦r ♣❛r❛ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✱ ❡❧❡ ❡①❡❝✉t❛ ✉♠
❋❍❆✱ q✉❡ ✈❡r✐✜❝❛ ❡♥tr❡ t♦❞♦s ♦s s❡r✈✐❞♦r❡s q✉❛❧ ❞❡✈❡ r❡❝❡❜❡r ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ❊st❛
✈❡r✐✜❝❛çã♦ ♣♦❞❡ s❡r ❢❡✐t❛ ❛tr❛✈és ❞❡ ✐♥❢♦r♠❛çã♦ ♣r❡✈✐❛♠❡♥t❡ r❡❣✐str❛❞❛ ❡♠ b0 s♦❜r❡ h0

❡ h1 ♦✉ ❛tr❛✈és ❞❡ ✉♠❛ ❝♦♠✉♥✐❝❛çã♦ ❛t✐✈❛ ❡♥tr❡ ♦ ❋❍❆ ❞❡ b0 ❡ ♦s ❇P❆s ❞❡ h0 ❡ h1✳
◗✉❛♥❞♦ b0 ❞❡t❡r♠✐♥❛r q✉❛❧ s❡r✈✐❞♦r ❞❡✈❡rá r❡❝❡❜❡r ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✱ ❡✳❣✳
h1✱ ❡st❡ ❡①❡❝✉t❛rá ❛❧❣♦r✐t♠♦s ❞❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ r❡❝✉rs♦s ✖ ❈P❯✱ ❘❆▼✱ ❧❛r❣✉r❛ ❞❡
❜❛♥❞❛ ✖ ♣❛r❛ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡ ❡✱ ❡♥tr❡ ❡st❡s ❛❧❣♦r✐t♠♦s✱ ✉♠ ❇P❆✳ ❆❣♦r❛✱
s✉♣♦♥❤❛ q✉❡ ❡①✐st❡ ✉♠ ❝❡♥ár✐♦ ❝♦♠ ✉♠ ❙▲❆ r❡str✐t✐✈♦✱ ♦♥❞❡ t♦❞❛s ❛s r❡q✉✐s✐çõ❡s ❞❡ ❧❛r✲
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❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡ t♦❞❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✭♣❛r❛ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡ s✉❛ r❡s♣❡❝t✐✈❛
♠✐❣r❛çã♦✮ ❞❡✈❛ s❡r ✶✵✵✪ s✉♣r✐❞♦✱ ❡ q✉❡ ❡①✐st❛♠ ❞✉❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛❧♦❝❛❞❛s ❡♠ h1✿
vm0 ❡ vm1✳ ◆♦t❡ q✉❡ ❡st❛ ❝♦♥✜❣✉r❛çã♦ ♣♦❞❡ r❡s✉❧t❛r ❡♠ ✉♠❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❧✐✈r❡ ❡
♥ã♦ ✉s❛❞❛ ❡♠ h1✳ ❖ ❇P❆ ♣♦❞❡ ❛❣✐r ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡s❡r✈❛r ❡st❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛
❧✐✈r❡✱ q✉❡ ♥ã♦ ♣♦❞❡r✐❛ s❡r ❡♥tr❡❣✉❡ à ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❞❡✈✐❞♦ ❛♦s r❡q✉❡r✐♠❡♥t♦s ❞❡ ❙▲❆✱
♣❛r❛ ♠✐❣r❛çõ❡s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ■ss♦ t♦r♥❛r✐❛ ♠✐❣r❛çõ❡s ♠❛✐s rá♣✐❞❛s✱ ♣❡r♠✐t✐♥❞♦
✉♠ ❞❡s❧✐❣❛♠❡♥t♦ ♠❛✐s rá♣✐❞♦ ❞❡ s❡r✈✐❞♦r❡s q✉❡ ❡st❡❥❛♠ ♦❝✐♦s♦s ❡♠ ✉♠ ❝♦♥t❡①t♦ ❞❡ ❝✐ê♥❝✐❛
❞❡ ❡♥❡r❣✐❛✳

FHA
BPA BPA

b0
h0 h1

@1 Gbps

@10 Gbps

vm1

vm0

CPU RAMBW

vm1

vm0

vm1

vm0

comm.

mgmt.

free

sw0

❋✐❣✉r❛ ✺✳✷✿ ■♥t❡r❛çã♦ ❡♥tr❡ ♦ ❋❍❆ ❡ ♦ ❇P❆

❊st❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ ❛ s❡r r❡s❡r✈❛❞❛ ♣❛r❛ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
♣♦❞❡ ❡st✐♠❛❞❛ ♣♦r ✉♠ ❇P❆✳ Pr✐♠❡✐r❛♠❡♥t❡✱ ♦ ❇P❆ ❛♥❛❧✐s❛ q✉❛♥t❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♦
s❡r✈✐❞♦r ❡♠ q✉❡stã♦ ❛✐♥❞❛ ♣♦❞❡ s✉♣♦rt❛r✱ q✉❛❧ é ♦ t♦t❛❧ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ q✉❡ ♣r❡❝✐s❛
s❡r ❣❛r❛♥t✐❞❛ ♣❛r❛ ❡st❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❜❛s❡❛❞♦ ♥♦s r❡q✉❡r✐♠❡♥t♦s ❞❡ ❙▲❆✱ ❡ r❡❛❧✐③❛r
♦♣❡r❛çõ❡s ❝♦♠ ❡st❡s ✈❛❧♦r❡s ♣❛r❛ ❞❡t❡r♠✐♥❛r s❡ é ♣♦ssí✈❡❧ ♣r♦✈❡r ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛
♣❛r❛ ❛ ♠✐❣r❛çã♦✳ ❙❡ ❡st❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❢♦r ♣♦ssí✈❡❧✱ ❛ r❡s❡r✈❛ é ❢❡✐t❛✳

❖s ❛❧❣♦r✐t♠♦s q✉❡ ♣❛rt✐❝✐♣❛♠ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❛❣❡♠ ✐♥t❡❣r❛❞❛♠❡♥t❡ ♣❛r❛ ♠✐♥✐✲
♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳ ❆♣r❡s❡♥t❛♠♦s ♦ ❋❍❆ ♥❛ ❙❡çã♦ ✺✳✶ ❡ ✉♠❛ ♣♦ssí✈❡❧ ✐♠♣❧❡✲
♠❡♥t❛çã♦ ❞❡ ✉♠ ❇P❆ ❞❡ ♣r♦✈✐♠❡♥t♦ ❞❡ ❜❛♥❞❛ ❛❞✐❝✐♦♥❛❧ ♣❛r❛ ❡st❡ ♠ét♦❞♦ ♥❛ ❙❡çã♦ ✺✳✷✳
❖s ❛❧❣♦r✐t♠♦s sã♦ ❞❡s❡♥✈♦❧✈✐❞♦s ❝♦♠ ♦s s❡❣✉✐♥t❡s ♣r✐♥❝í♣✐♦s ♦r✐❡♥t❛❞♦r❡s✿

✶✳ ❈❛❞❛ s❡r✈✐❞♦r✱ s❛❜❡♥❞♦ ♦s ♣♦ssí✈❡✐s t✐♣♦s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛♦s q✉❛✐s ❡stã♦ s✉❥❡✐✲
t♦s ❛ ❤♦s♣❡❞❛r ♥♦ ❞❛t❛ ❝❡♥t❡r✱ sã♦ ❝❛♣❛③❡s ❞❡ ❝❛❧❝✉❧❛r ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❝♦♥s♦❧✐❞❛❞❛
♠á①✐♠❛ q✉❡ ❛ s♦♠❛ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ♣♦❞❡rã♦ ❝♦♥s✉♠✐r✴❞❡♠❛♥❞❛r❀

✷✳ ❙❛❜❡♥❞♦✲s❡ ❡ss❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ é ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r s❡ ❤❛✈❡rá ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛
❞✐s♣♦♥í✈❡❧ ♥♦ s❡r✈✐❞♦r✳ ❊ss❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣♦❞❡rá s❡r ❛❧♦❝❛❞❛ ❝♦♠♦ ❧❛r❣✉r❛
❞❡ ❜❛♥❞❛ ❡①tr❛ ✭❛❧é♠ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❜❛s❡ ❞❡♠❛♥❞❛❞❛ ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✮
♣❛r❛ s❡r ✉s❛❞❛✱ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❡ss❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❜❛s❡✱ ♣❛r❛ ❛ ♠✐❣r❛çã♦ ❞❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s✳
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✸✳ ❊st❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ r❡s❡r✈❛❞❛ ♣❡❧♦ s❡r✈✐❞♦r ♥ã♦ ♣♦❞❡ ✐♥t❡❣r❛r r❡q✉✐s✐çõ❡s
❢❡✐t❛s ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ✐✳❡✳ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❜❛s❡ ❞❡♠❛♥❞❛❞❛ ♣❡❧❛ ♠áq✉✐♥❛
✈✐rt✉❛❧ ♥ã♦ ♣♦❞❡ s❡r ❛✉♠❡♥t❛❞❛✱ ✉♠❛ ✈❡③ q✉❡ ❡❧❛ ♣♦❞❡ s❡r ♠✐❣r❛❞❛ ♣❛r❛ ✉♠ s❡r✈✐❞♦r
❝♦♠ ♠❡♥♦s ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ❣❡r❛♥❞♦ ✉♠ r✐s❝♦ ❞❡ ✈✐♦❧❛çã♦ ❞❡ ❙▲❆❀

✹✳ ❉✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝♦❧❤❛ ❞❡ s❡r✈✐❞♦r❡s ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♥ós ♣♦❞❡♠♦s
t❡♥t❛r ❡s❝♦❧❤❡r s❡r✈✐❞♦r❡s ❝♦♠ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ♠❛✐♦r✱ ❞❡ ♠♦❞♦ ❛ ♣❡r♠✐t✐r ♣♦t❡♥❝✐✲
❛✐s ♠✐❣r❛çõ❡s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♠❛✐s rá♣✐❞❛s ❡✱ ♣♦rt❛♥t♦✱ ❛❝❡❧❡r❛r ♦ ♣r♦❝❡ss♦ ❞❡
❞❡s❧✐❣❛♠❡♥t♦ ❞❡ s❡r✈✐❞♦r❡s ♦❝✐♦s♦s✱ ✉♠❛ ✈❡③ q✉❡ ❡❧❡s ✜❝❛rã♦ ❧✐✈r❡s ♠❛✐s r❛♣✐❞❛♠❡♥t❡
❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♠✐❣r❛❞❛s✳

✺✳✶ ❇❆▲❆ ✖❊♥❝♦♥tr❛r ❙❡r✈✐❞♦r ♣❛r❛ ✉♠❛ ▼áq✉✐♥❛ ❱✐r✲

t✉❛❧ ✭❋❍❆✮

◆ós ❡♥❢❛t✐③❛♠♦s q✉❡ ♦ ♦❜❥❡t✐✈♦ ❞♦ ❇❆▲❆✱ ❡①❡❝✉t❛❞♦ ♣❡❧♦ ❜r♦❦❡r✱ é r❡❞✉③✐r ♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛ ❞♦ ❞❛t❛ ❝❡♥t❡r✱ ❡ ♣❛r❛ ❛t✐♥❣✐r ❡st❡ ♦❜❥❡t✐✈♦ ❡❧❡ ❛❣❡ ❡♠ ♣❛r❛❧❡❧♦ ❝♦♠ ♦ ❇P❆

❛♣r❡s❡♥t❛❞♦ ♥❛ ❙✉❜s❡çã♦ ✺✳✷ ♣❛r❛ r❡❞✉③✐r ♦s t❡♠♣♦s ❞❡ ♠✐❣r❛çã♦✳ ❊st❛ r❡❞✉çã♦ é ❞❛❞❛
♣❡❧♦ ❢❛t♦ q✉❡✱ ♣♦r ❛❝❡❧❡r❛♥❞♦ ♦s t❡♠♣♦s ❞❡ ♠✐❣r❛çõ❡s✱ ❡①✐st❡ ✉♠❛ ❧✐❜❡r❛çã♦ ♠❛✐s rá♣✐❞❛
❞♦ s❡r✈✐❞♦r ❞❡ ♦r✐❣❡♠ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ♣❡r♠✐t✐♥❞♦ q✉❡ ❡❧❡ s❡ ❜❡♥❡✜❝✐❡ ♠❛✐s ❞♦ ❉❱❋❙✱
♦✉ ❛té ♠❡s♠♦ s❡❥❛ ❞❡s❧✐❣❛❞♦✱ ❝❛s♦ ✜q✉❡ ♦❝✐♦s♦✳

❊st❡ ❋❍❆ t❡♠ ❝♦♠♦ ❡s❝♦♣♦ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s ♦✉ ❤❡t❡r♦❣ê♥❡♦s q✉❛♥t♦ à ❝♦♥✲
✜❣✉r❛çã♦ ❞❡ ♠áq✉✐♥❛s ❢ís✐❝❛s✳ ❆❧é♠ ❞✐ss♦✱ ❡❧❡ ♥ã♦ ♣r❡❝✐s❛ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦ ♣ré✈✐♦ s♦❜r❡
♣❡s♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ q✉❡ s❡rã♦ ❛❧♦❝❛❞❛s ♥❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞♦ ❞❛t❛ ❝❡♥t❡r✱
♣♦✐s ❡❧❡ ✈❡r✐✜❝❛ ❞✐♥❛♠✐❝❛♠❡♥t❡ ❛s ♥❡❝❡ss✐❞❛❞❡s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡ ♦t✐♠✐③❛ ♦ ❝♦♥s✉♠♦ ❞❡
❡♥❡r❣✐❛ ♦♥✲t❤❡✲✢②✳

❆❧é♠ ❞✐ss♦✱ ♦ ❋❍❆ ❢♦✐ ♣r♦❥❡t❛❞♦ ♣❛r❛ tr❛❜❛❧❤❛r ❜❡♠ ❝♦♠ r❡❞❡s ❤❡t❡r♦❣ê♥❡❛s✱ ❝♦♥s✲
t✐t✉í❞❛s ❞❡ ❣r✉♣♦s ❞❡ s❡r✈✐❞♦r❡s ❝♦♠ ❞✐❢❡r❡♥t❡s t❛①❛s ❞❡ tr❛♥s♠✐ssã♦✳ ◆♦ ❡♥t❛♥t♦✱ ❡❧❡
t❛♠❜é♠ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞♦ ❛ r❡❞❡s ❤♦♠♦❣ê♥❡❛s✱ ♦♥❞❡ t♦❞♦s ♦s s❡r✈✐❞♦r❡s ❛♣r❡s❡♥t❛♠ ❛s
♠❡s♠❛s t❛①❛s ❞❡ tr❛♥s♠✐ssã♦ ♥❛ r❡❞❡✳

❆❣♦r❛ ❞❡s❝r❡✈❡♠♦s ❛s ❢✉♥çõ❡s ✉t✐❧✐③❛❞❛s ♣❡❧♦ ❋❍❆✳
❆ ❢✉♥çã♦ ❣❡t❈♣✉❯s❛❣❡✭host✮ r❡t♦r♥❛ ♦ ❛t✉❛❧ ♣❡r❝❡♥t✉❛❧ ❞❡ ✉s♦ ❞❛ ❈P❯✱ hostmips é

♦ ▼■P❙ t♦t❛❧ q✉❡ ❛ ❈P❯ s✉♣♦rt❛ ❡ hostvmsmips
r❡t♦r♥❛ ❛ s♦♠❛ ❞❡ ▼■P❙ ❞❡ t♦❞❛s ❛s

♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛❧♦❝❛❞❛s ♥♦ s❡r✈✐❞♦r✱ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥❛ ❊q✉❛çã♦ ✭✺✳✶✮✳

❣❡t❈♣✉❯s❛❣❡✭host✮ =
hostvmsmips

hostmips

✭✺✳✶✮

◆♦t❡ q✉❡ hostmips r❡✢❡t❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❡❢❡t✐✈♦ ❞❡ ✉♠ ♣r♦❝❡ss❛❞♦r✳ ❆ ❢ór♠✉❧❛ ♣❛❞rã♦
♣❛r❛ ❝❛❧❝✉❧❛r ♦ ♥ú♠❡r♦ ❞❡ ■♥str✉çõ❡s P♦r ❙❡❣✉♥❞♦ ✭■P❙✮ ❞❡♣❡♥❞❡ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞♦ ❝❧♦❝❦ ❡
❞♦ ♥ú♠❡r♦ ❞❡ ❈✐❝❧♦s P♦r ■♥str✉çã♦ ✭❈P■✮✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❊q✉❛çã♦ ✭✺✳✷✮✳ ◆♦ ❡♥t❛♥t♦✱
❡s♣❡❝✐❛❧♠❡♥t❡ ❡♠ ❛rq✉✐t❡t✉r❛s ❝♦♠♣✉t❛❝✐♦♥❛✐s ♠♦❞❡r♥❛s✱ ♦ ❈P■ ♣♦❞❡ ✈❛r✐❛r ♣❛r❛ ❝❛❞❛
t✐♣♦ ❞❡ ✐♥str✉çã♦✳ ❊♥tã♦✱ ✉♠❛ té❝♥✐❝❛ ♣♦ssí✈❡❧ ♣❛r❛ ♠❡❞✐r ❡st❡ ❞❡s❡♠♣❡♥❤♦ é ❛ ✉t✐❧✐③❛çã♦
❞❡ ❜❡♥❝❤♠❛r❦✐♥❣s s✐♥tét✐❝♦s✱ s❡♥❞♦ ✉♠ ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞♦ ♦ ❉❤r②st♦♥❡ ❬✶✷✻❪✳



✽✽

IPS =
Frequency

CPI
✭✺✳✷✮

❆ ❢✉♥çã♦ ❣❡tP♦✇❡r❆❢t❡r❆❧❧♦❝❛t✐♦♥ r❡t♦r♥❛ ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ❞❡ ✉♠ s❡r✈✐❞♦r
host ❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❡ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ vm✳ ❊♠ ✉♠ ♠♦❞❡❧♦ ❞❡ ♣♦tê♥❝✐❛ ❧✐♥❡❛r✱ ❡st❛
❢✉♥çã♦ ♣♦❞❡ s❡r ❞❡✜♥✐❞❛ ❝♦♠♦ ♥❛ ❊q✉❛çã♦ ✭✺✳✸✮✱ ♦♥❞❡ hostmax❴pow é ❛ ♣♦tê♥❝✐❛ ♠á①✐♠❛
❝♦♥s✉♠✐❞❛ ♣♦r ✉♠ s❡r✈✐❞♦r✱ ❝♦♠♣♦st❛ ♣♦r s✉❛ ♣♦tê♥❝✐❛ ❡stát✐❝❛ hostst❴pow ✭❝♦♥st✐t✉í❞❛
♣❡❧♦ ♣r♦❝❡ss❛❞♦r ♦❝✐♦s♦✱ ♣❧❛❝❛ ♠ã❡✱ ❞✐s❝♦s✱ ❘❆▼✱ ❛❞❛♣t❛❞♦r❡s ❞❡ r❡❞❡✱ ❡t❝✳✮ s♦♠❛❞❛ ❝♦♠
✉♠❛ ♣♦tê♥❝✐❛ ❞✐♥â♠✐❝❛✱ q✉❡ ✈❛r✐❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝❛r❣❛ ❞♦ s❡r✈✐❞♦r✱ ♣♦rt❛♥t♦✱ ❞❡♣❡♥❞❡♥t❡
❞♦s ▼■P❙ ❡♠ ✉s♦ ❛t✉❛❧♠❡♥t❡ ♣❡❧♦ s❡r✈✐❞♦r ❡ ❞♦s ▼■P❙ r❡q✉❡r✐❞♦s ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧
❛ q✉❛❧ ❞❡s❡❥❛ s❡ ❛❧♦❝❛r✳ hostused❴mips r❡♣r❡s❡♥t❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ▼■P❙ ❞❡ host ❡♠ ✉s♦✱
❡ vmmips r❡♣r❡s❡♥t❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ▼■P❙ s♦❧✐❝✐t❛❞❛ ♣♦r vm✳

❣❡tP♦✇❡r❆❢t❡r❆❧❧♦❝❛t✐♦♥✭host✱ vm✮ = hostst❴pow

+ (hostmax❴pow − hostst❴pow)×
hostused❴mips + vmmips

hostmips

✭✺✳✸✮

❆ ❢✉♥çã♦ ❜✇❋♦r❱♠✭host✱ vm✮ r❡t♦r♥❛ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❣❛r❛♥t✐❞❛ q✉❡ ✉♠❛ ♠á✲
q✉✐♥❛ ✈✐rt✉❛❧ ♣♦❞❡ r❡❝❡❜❡r ❞♦ s❡r✈✐❞♦r✳ ❆ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♠í♥✐♠❛ ❛❧♦❝á✈❡❧ ♣❛r❛ ✉♠❛
♠áq✉✐♥❛ ✈✐rt✉❛❧ é ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡str✐t❛♠❡♥t❡ r❡q✉❡r✐❞❛ ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ♠❛s
♦ ❇❆▲❆ ❡①♣❧♦r❛ ❡st❛ ❢✉♥çã♦ ♣❛r❛ t❡♥t❛r ♣r♦✈❡r ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ ♣❛r❛ ❛ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❊st❡ r❡❝✉rs♦ é ❛♣r❡s❡♥t❛❞♦ ❝♦♠ ❞❡t❛❧❤❡s ♥❛ ❙✉❜s❡çã♦ ✺✳✷✳

❆ ❢✉♥çã♦ ❇❆▲❆ ❢✐♥❞❍♦st❋♦r❱♠✭vm✮ ✭❆❧❣♦r✐t♠♦ ✶✮ é ❡①❡❝✉t❛❞❛ ♣❡❧♦ ❜r♦❦❡r q✉❛♥❞♦
❡❧❡ ❞❡s❡❥❛ ❞❡t❡r♠✐♥❛r ♦ s❡r✈✐❞♦r ❞❡ ❞❡st✐♥♦ ❞❡ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡ ❛ s❡r
✐♥st❛♥❝✐❛❞❛ ♦✉ ♠✐❣r❛❞❛✳ ■♥✐❝✐❛❧♠❡♥t❡ ✭✷✮✱ ♦ ❛❧❣♦r✐t♠♦ ❞❡s✐❣♥❛ ✉♠ ✈❛❧♦r ♠❡♥♦r ♦✉ ✐❣✉❛❧ ❛
③❡r♦ ✭❡✳❣✳ ✐♥✜♥✐t♦ ♥❡❣❛t✐✈♦✮ à ✈❛r✐á✈❡❧ bestEfficiency✱ q✉❡ r❡♣r❡s❡♥t❛ ♦ ♠❡❧❤♦r s❡r✈✐❞♦r
❡♠ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❡♥❝♦♥tr❛❞♦ ♥♦ ❞❛t❛ ❝❡♥t❡r✳ P❛r❛ ❝❛❧❝✉❧❛r ♦ ✈❛❧♦r ❞❡st❛ ✈❛r✐á✈❡❧✱
♥ós ✉s❛♠♦s ✭✺✳✹✮✱ ❡ q✉❛♥t♦ ♠❛✐♦r ♦ ✈❛❧♦r✱ ♠❡❧❤♦r✳ ❆♣ós ✐ss♦✱ ❛ ✈❛r✐á✈❡❧ bestHost✱ q✉❡
r❡♣r❡s❡♥t❛ ♦ ♠❡❧❤♦r s❡r✈✐❞♦r ❝❛♥❞✐❞❛t♦ ♣❛r❛ ❛ s✉❜♠✐ssã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ é ✐♥✐❝✐❛❧✐③❛❞♦
❝♦♠ ♦ ✈❛❧♦r ♥✉❧❧✱ q✉❡ ✐♥❞✐❝❛ q✉❡ ✐♥✐❝✐❛❧♠❡♥t❡ ✖ ❛♥t❡s ❞♦ ❛❧❣♦r✐t♠♦ ❛♥❛❧✐s❛r ♦s s❡r✈✐❞♦r❡s
❞♦ ❞❛t❛ ❝❡♥t❡r ✖ ♥❡♥❤✉♠ s❡r✈✐❞♦r é ❝❛♣❛③ ❞❡ ❤♦s♣❡❞❛r ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ❋✐♥❛❧♠❡♥t❡✱ ❛
✈❛r✐á✈❡❧ powerAtBestHostWithV m✱ q✉❡ r❡♣r❡s❡♥t❛ ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ❡st✐♠❛❞❛ ♣❡❧♦
s❡r✈✐❞♦r ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛ ❝♦♠ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❛ s❡r s✉❜♠❡t✐❞❛✱ é ✐♥✐❝✐❛❧✐③❛❞❛
❝♦♠ ✉♠ ✈❛❧♦r ✐♥✜♥✐t♦ ♣♦s✐t✐✈♦✳

❆ s❡❣✉✐r✱ ♦ ❛❧❣♦r✐t♠♦ ❝♦♠❡ç❛ ❛ ✈❛rr❡r ♣♦r ❝❛r❛❝t❡ríst✐❝❛s ❡♠ ❝❛❞❛ s❡r✈✐❞♦r ❞♦ ❞❛t❛

❝❡♥t❡r ♣❛r❛ ❞❡t❡r♠✐♥❛r s❡ ❡❧❡ é ❛❞❡q✉❛❞♦ ♣❛r❛ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡ ✭▲✐♥❤❛ ✺✮✱
♦✉ s❡❥❛✱ s❡ ♦ s❡r✈✐❞♦r é ❝❛♣❛③ ❞❡ s✉♣r✐r ❛s ❞❡♠❛♥❞❛s ❞❡ r❡❝✉rs♦s ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡♠
q✉❡stã♦✱ ❝♦♠♦ ▼■P❙✱ ❘❆▼✱ ❡t❝✳

P❛r❛ ❝❛❞❛ s❡r✈✐❞♦r ❝❛♣❛③ ❞❡ s✉♣♦rt❛r ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ♦ ♣r✐♠❡✐r♦ ♣❛ss♦ é ♦ ❝á❧❝✉❧♦
❞❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ✭▲✐♥❤❛ ✼✮ ❝♦♠♦ ♥❛ ❊q✉❛çã♦ ✭✺✳✹✮✳ ❙❡ ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛
❡♥❝♦♥tr❛❞❛ ❞♦ s❡r✈✐❞♦r s❡♥❞♦ ✈❡r✐✜❝❛❞♦ é ♠❛✐♦r ❞♦ q✉❡ ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞♦ s❡r✈✐❞♦r
❡♥❝♦♥tr❛❞♦ ❛té ❛❣♦r❛✱ ❡♥tã♦ ♦ ♠❡❧❤♦r s❡r✈✐❞♦r ♣❛ss❛ ❛ s❡r ❝♦♥s✐❞❡r❛❞♦ ♦ ♠❡❧❤♦r s❡r✈✐❞♦r✱
❛t✉❛❧✐③❛♥❞♦ ✈❛r✐á✈❡✐s bestHost ❡ bestEfficiency ❝♦♠ ♦s ✈❛❧♦r❡s ❡♥❝♦♥tr❛❞♦s ✭▲✐♥❤❛s ✽✕✾✮✳



✽✾

❆❧❣♦r✐t♠♦ ✶ ❇❛♥❞✇✐❞t❤✲❆✇❛r❡ ▲❛❣♦ ❆❧❧♦❝❛t♦r✿ ❢✐♥❞❍♦st❋♦r❱♠✭vm✮

✶✿ ❢✉♥❝t✐♦♥ ❢✐♥❞❍♦st❋♦r❱♠✭vm✮
✷✿ bestEfficiency ← −∞
✸✿ bestHost← null
✹✿ powerAtBestHostWithV m←∞
✺✿ ❢♦r ❛❧❧ ❝❛♣❛❜❧❡ hosts ❢♦r vm ✐♥ ❞❛t❛ ❝❡♥t❡r ❞♦
✻✿ efficiency ← hostmips

hostmax❴pow

✼✿ ✐❢ efficiency > bestEfficiency t❤❡♥

✽✿ bestEfficiency ← efficiency
✾✿ bestHost← host

✶✵✿ ❡❧s❡ ✐❢ efficiency = bestEfficiency t❤❡♥

✶✶✿ powerAtHostWithV m← ❣❡tP♦✇❡r❆❢t❡r❆❧❧♦❝❛t✐♦♥✭host✱ vm✮

✶✷✿ ✐❢ powerAtHostWithV m < powerAtBestHostWithV m t❤❡♥

✶✸✿ bestHost← host
✶✹✿ powerAtBestHostWithV m← powerAtHostWithV m
✶✺✿ ❡❧s❡ ✐❢ powerAtHostWithV m = powerAtBestHostWithV m t❤❡♥

✶✻✿ ✐❢ ❣❡t❈♣✉❯s❛❣❡✭host✮ > ❣❡t❈♣✉❯s❛❣❡✭bestHost✮ t❤❡♥

✶✼✿ bestHost← host
✶✽✿ ❡❧s❡ ✐❢ ❣❡t❈♣✉❯s❛❣❡✭host✮ = ❣❡t❈♣✉❯s❛❣❡✭bestHost✮ t❤❡♥

✶✾✿ ✐❢ hostmips > bestHostmips t❤❡♥

✷✵✿ bestHost← host
✷✶✿ ❡❧s❡ ✐❢ hostmips = bestHostmips t❤❡♥

✷✷✿ ✐❢ ❜✇❋♦r❱♠✭host✱ vm✮ > ❜✇❋♦r❱♠✭bestHost✱ vm✮ t❤❡♥

✷✸✿ bestHost← host
✷✹✿ ❡♥❞ ✐❢

✷✺✿ ❡♥❞ ✐❢

✷✻✿ ❡♥❞ ✐❢

✷✼✿ ❡♥❞ ✐❢

✷✽✿ ❡♥❞ ✐❢

✷✾✿ ❡♥❞ ❢♦r

✸✵✿ r❡t✉r♥ bestHost
✸✶✿ ❡♥❞ ❢✉♥❝t✐♦♥

EnergyEfficiency =
hostmips

hostmax❴pow

✭✺✳✹✮

◆❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❡♠♣❛t❡ ♥♦ ú❧t✐♠♦ ❝r✐tér✐♦✱ ♦ q✉❡ ♣♦❞❡ s❡r ❡s♣❡❝✐❛❧♠❡♥t❡ ❝♦♠✉♠
❡♥tr❡ s❡r✈✐❞♦r❡s ❞❡ ✉♠ ♠❡s♠♦ ❣r✉♣♦ ❞❡ ❤❛r❞✇❛r❡✱ ✉♠❛ ❞❡❝✐sã♦ é r❡❛❧✐③❛❞❛ ✭▲✐♥❤❛ ✶✵✮
❛tr❛✈és ❞❡ ♦✉tr❛ ❝♦♠♣❛r❛çã♦✱ ❡st✐♠❛♥❞♦ q✉❛❧ s❡r✈✐❞♦r ♣♦ss✉✐rá ♦ ♠❡♥♦r ❝♦♥s✉♠♦ ❞❡
♣♦tê♥❝✐❛ ❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ❆♣❡s❛r ❞♦s s❡r✈✐❞♦r❡s ♣❡rt❡♥❝❡r❡♠ ❛ ✉♠
♠❡s♠♦ ❣r✉♣♦✱ é ❝♦♠✉♠ ❡①✐st✐r❡♠ r❡s✉❧t❛❞♦s ❞✐❢❡r❡♥t❡s ♣❛r❛ ❡st❛ ❝♦♠♣❛r❛çã♦✱ ❡♠ ❡s♣❡❝✐❛❧
q✉❛♥❞♦ ♦ r❡❝✉rs♦ ❞❡ ❉❱❋❙ ❡st✐✈❡r ❤❛❜✐❧✐t❛❞♦✳

❈❛s♦ ♦❝♦rr❛ ♦✉tr♦ ❡♠♣❛t❡✱ s❡rá ✈❡r✐✜❝❛❞♦ ♦ ♥í✈❡❧ ❞❡ ✉t✐❧✐③❛çã♦ ❞♦ s❡r✈✐❞♦r ✭▲✐♥❤❛ ✶✻✮✳
❖ s❡r✈✐❞♦r q✉❡ ♣♦ss✉✐r ♦ ♥í✈❡❧ ❞❡ ✉t✐❧✐③❛çã♦ ♠❛✐s ❛❧t♦ s❡rá ❡s❝♦❧❤✐❞♦✱ ✉♠❛ ✈❡③ q✉❡ ❡st❡
t❡♥❞❡ ❛ r❡❝❡❜❡r ✉♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡✱ ♣♦t❡♥❝✐❛❧♠❡♥t❡✱ ❞❡♠♦r❛r ♠❛✐s
♣❛r❛ ❞❡s❧✐❣❛r✱ ❡✈✐t❛♥❞♦ ❛ ♠✐❣r❛çã♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ q✉❡ ♦✉tr♦s s❡r✈✐❞♦r❡s ✜q✉❡♠



✾✵

s✉❜✉t✐❧✐③❛❞♦s✳ ❖❜s❡r✈❛♠♦s q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡st❛ ❡str❛té❣✐❛ ♣♦❞❡✱ ❞❡♣❡♥❞❡♥❞♦ ❞♦s ❙▲❆s
❞❡♠❛♥❞❛❞♦s ♣❡❧❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❣❡r❛r ❛❧❣✉♠❛ t❡♥❞ê♥❝✐❛ s♦❜r❡❝❛r❣❛ ♥♦s s❡r✈✐❞♦r❡s✱
♥♦ s❡♥t✐❞♦ ❞❡❧❡s ♥ã♦ s❡r❡♠ ❝❛♣❛③❡s ❞❡ ♣r♦✈❡r ❛ t♦t❛❧✐❞❛❞❡ ❞♦s ▼■P❙ s♦❧✐❝✐t❛❞♦s ♣❡❧❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ❤♦s♣❡❞❛♠✳ P♦rt❛♥t♦✱ ❡ss❛ ❞❡❝✐sã♦ ❡str❛té❣✐❛ ✐♠♣❧✐❝❛ ♥✉♠ tr❛❞❡✲♦✛

❡♥tr❡ ❞❡s❡♠♣❡♥❤♦ ❡ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✱ ✉♠❛ ✈❡③ q✉❡ ❛♣❡s❛r ❞❡ s❡ r❡❞✉③✐r ♦ ❞❡s❡♠♣❡✲
♥❤♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ♥ã♦ ❛♣r❡s❡♥t❛♠ ❞❡♠❛♥❞❛ rí❣✐❞❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♠í♥✐♠♦✱
❡✈✐t❛✲s❡ ❧✐❣❛r ♥♦✈♦s s❡r✈✐❞♦r❡s✱ r❡❞✉③✐♥❞♦✱ ❞❡st❛ ♠❛♥❡✐r❛✱ ♦ ❝♦♥s✉♠♦ ❝♦♥s♦❧✐❞❛❞♦ ❞❡ ❡♥❡r✲
❣✐❛✳

❙❡ ❛✐♥❞❛ ❡①✐st✐r ✉♠ ❡♠♣❛t❡ ♥♦ ú❧t✐♠♦ ✐t❡♠✱ ♦ q✉❡ é ❝♦♠✉♠ s❡ ❡①✐st✐r❡♠ ♠✉✐t♦s s❡r✲
✈✐❞♦r❡s q✉❡ ♥ã♦ ❡st❡❥❛♠ ♣r♦❝❡ss❛♥❞♦ ♥❡♥❤✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ♦ s❡r✈✐❞♦r q✉❡ ♣♦ss✉✐r ♦
♠❛✐♦r ♣♦❞❡r ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ s❡rá s❡❧❡❝✐♦♥❛❞♦ ✭▲✐♥❤❛ ✶✾✮✳ ❊st❛ ❡s❝♦❧❤❛ é ❢❡✐t❛ ❞❡✈✐❞♦
❛♦ ❢❛t♦ ❞♦ s❡r✈✐❞♦r ❡♠ q✉❡stã♦ t❡♥❞❡r ❛ s✉♣♦rt❛r ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳

❊♠ ❝❛s♦ ❞❡ ❡♠♣❛t❡ ♥♦ ú❧t✐♠♦ ❝r✐tér✐♦✱ ♥ós ✈❡r✐✜❝❛♠♦s q✉❛❧ é ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ q✉❡
♦ s❡r✈✐❞♦r ♣♦❞❡ ♣r♦✈❡r ♣❛r❛ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✭▲✐♥❤❛ ✷✷✮✳ ❊st❡ t❡st❡ ❝♦♠♣r❡❡♥❞❡ ❡♠
❡s♣❡❝✐❛❧ ❞❛t❛ ❝❡♥t❡rs q✉❡ ❝♦♥té♠ ❣r✉♣♦s ❞❡ s❡r✈✐❞♦r❡s ❝♦♠ ❤❛r❞✇❛r❡ s❡♠❡❧❤❛♥t❡✱ ♠❛s
❝♦♠ ❞✐❢❡r❡♥t❡s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛✱ ❡ t❡♥❞❡ ❛ ❝♦❧♦❝❛r ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐r✲
t✉❛✐s ❡♠ s❡r✈✐❞♦r❡s ❝♦♠ ♠❛✐♦r ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳ ❈♦♠♦ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ♣♦❞❡ ❥á
t❡r r❡q✉❡r✐♠❡♥t♦ ♦❜r✐❣❛tór✐♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ♦ ♦❜❥❡t✐✈♦ ❞❡st❛ ❡s❝♦❧❤❛ ♥ã♦ é s✐♠✲
♣❧❡s♠❡♥t❡ ✏♣r♦✈❡r ♠❛✐s ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✑✳ ❈♦♠♦ ♥ós ✈❡r❡♠♦s
♥❛ ❙✉❜s❡çã♦ ✺✳✷✱ ❡st❛ ❡s❝♦❧❤❛✱ ❡♠ ❝♦♠❜♦ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛
❞❡ ❜❛♥❞❛ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♣♦ss✐❜✐❧✐t❛ ❛ r❡s❡r✈❛ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❛❞✐❝✐♦♥❛❧ ♥♦
s❡r✈✐❞♦r ♣❛r❛ ♣❡r♠✐t✐r ✉♠❛ ❛❝❡❧❡r❛çã♦ ❞❛s ♠✐❣r❛çõ❡s✱ ❝❛s♦ ✈❡♥❤❛♠ ❛ ♦❝♦rr❡r✳ ❊♠ ♦✉tr❛s
♣❛❧❛✈r❛s✱ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ♦❝♦rr❡rá ♥ã♦ só ♣❡❧❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❜❛s❡ r❡✲
s❡r✈❛❞❛ à ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ♠❛s ❝♦♠ ✉♠❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ ✖ r❡s❡r✈❛❞❛ ♣❛r❛ ❡st❡
♣r♦♣ós✐t♦ ✖ ❞♦ s❡r✈✐❞♦r✱ q✉❡ ❞✐✜❝✐❧♠❡♥t❡ s❡r✐❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ ♦✉tr❛ ✜♥❛❧✐❞❛❞❡✳

◆♦t❡ q✉❡ ♦ ❜❧♦❝♦ ✐♥✐❝✐❛❞♦ ♥❛ ▲✐♥❤❛ ✷✷ é ✉♠❛ ♣❛rt❡ ♠♦❞✐✜❝❛❞❛ ❞♦ ❛❧❣♦r✐t♠♦ ▲❆ ♦r✐❣✐♥❛❧✱
❡ ❛❞✐❝✐♦♥❛♠♦s ❡st❡ ❝r✐tér✐♦ ❞❡ ❞❡s❡♠♣❛t❡ ♥❛ ▲✐♥❤❛ ✷✷✱ ♦✉ s❡❥❛✱ ♦ ♥í✈❡❧ ♠❛✐s ♣r♦❢✉♥❞♦ ❞❡
❝r✐tér✐♦ ❞❡ ❞❡s❡♠♣❛t❡✳ ❊st❡ ❝r✐tér✐♦ ❢♦✐ ❞❡t❡r♠✐♥❛❞♦ ❛♣ós ❛ r❡❛❧✐③❛çã♦ ❞❡ ♥✉♠❡r♦s♦s t❡st❡s
❞❡ s✐♠✉❧❛çã♦✱ ❞❡ ♠♦❞♦ q✉❡ ❢♦✐ ❡♥❝♦♥tr❛❞♦ q✉❡ ❡st❛ é ❛ ♠❡❧❤♦r ♣♦s✐çã♦ ♣❛r❛ ❡st❡ ❝r✐tér✐♦
❞❡ ♠♦❞♦ ❛ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳

❖ ❆❧❣♦r✐t♠♦ ✶✱ ❡①❡❝✉t❛❞♦ ♣❛r❛ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✱ ❛♣r❡s❡♥t❛ ❝♦♠♣❧❡①✐✲
❞❛❞❡ ❧✐♥❡❛r✱ ❖✭hostsnum✮✱ ♦♥❞❡ hostsnum é ♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s q✉❡ ❝♦♠♣õ❡♠ ❛ ♥✉✈❡♠✱
❞❛❞♦ ❡♠ ♣❛rt✐❝✉❧❛r ♣❡❧❛ ✐t❡r❛çã♦ ❞❛ ▲✐♥❤❛ ✺✳ ❈♦♥s✐❞❡r❛♥❞♦ ❡st❛ ❝♦♠♣❧❡①✐❞❛❞❡✱ ♣❛r❛ ✉♠
♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s vmsnum✱ ❡♥tã♦ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ s❡rá O(hostsnum×vmsnum)✳
❊♠ ❝❡♥ár✐♦s ♦♥❞❡ s❡ ❛♣❧✐❝❛ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ✉s❛♥❞♦ migrationsnum ❝♦♠♦
♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s✱ ❡♥tã♦ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ t♦t❛❧ ❞♦ ♣r♦❝❡ss♦ s❡ t♦r♥❛ O(hostsnum ×

vmsnum +migrationsnum)✳
❆ ❢✉♥çã♦ ❜✇❋♦r❱♠ ✭host✱ vm✮ ♣♦❞❡ s❡r ❤❡✉r✐st✐❝❛♠❡♥t❡ s✉❜st✐t✉í❞❛ ♣❡❧❛ ❣❡t❇✇✭host✮✱

q✉❡ r❡t♦r♥❛ ♦ t♦t❛❧ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦ s❡r✈✐❞♦r✳ ❚❛❧ s✉❜st✐t✉✐çã♦ ✐♠♣❧✐❝❛ q✉❡ ♦ s❡r✈✐✲
❞♦r ❛ s❡r ❡s❝♦❧❤✐❞♦ é s✐♠♣❧❡s♠❡♥t❡ ❛q✉❡❧❡ q✉❡ ♣♦ss✉✐ ♠❛✐♦r ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ✐❣♥♦r❛♥❞♦
❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ q✉❡ ❡❧❡ s❡r✐❛ ❝❛♣❛③ ❞❡ ♣r♦✈❡r à ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ■ss♦ é út✐❧✱ ♣♦r
❡①❡♠♣❧♦✱ ♣❛r❛ ❛❞❛♣t❛r ♦ ❆❧❣♦r✐t♠♦ ✶ ♣❛r❛ ❝❛s♦s ♦♥❞❡ ♥ã♦ é ♣♦ssí✈❡❧ ❝♦♥❤❡❝❡r ♦s t✐♣♦s ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛❧♦❝á✈❡✐s✱ ♦✉ q✉❛♥❞♦ é s❛❜✐❞♦ q✉❡ t♦❞❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛♣r❡s❡♥✲
t❛♠ ❛s ♠❡s♠❛s ❞❡♠❛♥❞❛s ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ✭❡①✿ t♦❞❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s r❡q✉❡r❡♠
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✶✵✵ ▼❜♣s✮✱ ♦✉ q✉❛♥❞♦ ❞❡s❡❥❛r t♦r♥❛r ♦ ❇❆▲❆ ♠❛✐s ❣❡♥ér✐❝♦ ❡ ♠❡♥♦s ❞❡♣❡♥❞❡♥t❡ ❞♦ ♠ét♦❞♦
❞❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳

❙❡ ❢♦r ♣♦ssí✈❡❧ ❡st✐♠❛r ♦s t❛♠❛♥❤♦s ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ✉♠❛ ♦✉tr❛ ♦t✐♠✐③❛çã♦
t❛♠❜é♠ ♣♦❞❡ s❡r ❢❡✐t❛✳ ❈♦♥s✐❞❡r❡✱ ♣♦r ❡①❡♠♣❧♦✱ q✉❡ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡stá q✉❛s❡
t❡r♠✐♥❛♥❞♦ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✉♠❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦✳ ▼✐❣r❛r ❡st❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ♣♦❞❡
❣❡r❛r ❞❡s♣❡r❞í❝✐♦ ❞❡ ❡♥❡r❣✐❛ ✖ s❡r✐❛ ♥❡❝❡ssár✐♦ ❛❜♦rt❛r ❛ ♠✐❣r❛çã♦✱ ♣♦✐s ♦ ♣r♦❝❡ss❛♠❡♥t♦
❞❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ t❡r♠✐♥❛r✐❛ ❛♥t❡s ❞❛ ♠✐❣r❛çã♦ s❡r ❛❝❛❜❛❞❛✳ P❛r❛ ❡✈✐t❛r ✐ss♦✱ ❛
❊q✉❛çã♦ ✭✷✳✷✮ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ♣❛r❛ ♦t✐♠✐③❛r ❡st❡ ❛❧❣♦r✐t♠♦✱ ❛❞✐❝✐♦♥❛♥❞♦ ✉♠❛ ❡st✐♠❛t✐✈❛
❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❡♥❡r❣✐❛ q✉❡ s❡r✐❛ r❡q✉❡r✐❞❛ ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ❡ r❡❛❧✐③❛r ❛ ♠✐❣r❛çã♦
s♦♠❡♥t❡ s❡ ❡st❛ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛ ❢♦r ♠❡♥♦r ❞♦ q✉❡ ❛ ❡♥❡r❣✐❛ ♣❛r❛ ♣r♦❝❡ss❛r ❛ ♠áq✉✐♥❛
✈✐rt✉❛❧ ♥♦ s❡r✈✐❞♦r ❛t✉❛❧✳ ◆♦ ❡♥t❛♥t♦✱ ♦ ❇❆▲❆ t❡♠ ❝♦♠♦ ❡s❝♦♣♦ ♣r✐♠ár✐♦ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡ t❛♠❛♥❤♦s s❡♠ ♣❛❞rã♦ ❡✱ ♣♦rt❛♥t♦✱ ❡st❛ ♦t✐♠✐③❛çã♦ ♥ã♦ é ❛♣❧✐❝❛❞❛✳

❙❡ t♦❞❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s r❡q✉✐s✐t❛❞❛s ♥ã♦ ♣✉❞❡r❡♠ s❡r ❛❧♦❝❛❞❛s✱ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s r❡st❛♥t❡s s❡rã♦ ✈❡r✐✜❝❛❞❛s ♥♦ ♣ró①✐♠♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ❜r♦❦❡r✳ ➚ ♠❡❞✐❞❛ q✉❡
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✈ã♦ s❡♥❞♦ ✐♥st❛♥❝✐❛❞❛s✱ ❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ sã♦ s✉❜♠❡t✐❞❛s ♣❛r❛
♣r♦❝❡ss❛♠❡♥t♦❀ ❡ à ♠❡❞✐❞❛ q✉❡ ❡st❡s ♣r♦❝❡ss❛♠❡♥t♦s ✈ã♦ s❡♥❞♦ ✜♥❛❧✐③❛❞♦s ♦ ❜r♦❦❡r t❡♥✲
t❛rá ❡♥✈✐❛r ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛✐♥❞❛ ♥ã♦ s✉❜♠❡t✐❞❛s✱ ♠✐❣r❛r ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡✱ ♥❛
❡①✐stê♥❝✐❛ ❞❡ s❡r✈✐❞♦r❡s ♦❝✐♦s♦s✱ ❞❡s❧✐❣á✲❧♦s✳

✺✳✷ ❇P❆✖❖❆❧❣♦r✐t♠♦ ♣❛r❛ Pr♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ▲❛r✲

❣✉r❛ ❞❡ ❇❛♥❞❛ ♣❛r❛ ▼áq✉✐♥❛s ❱✐rt✉❛✐s

◆♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣♦❞❡ ❡①✐st✐r✱ ❡♠ ❛❞✐çã♦ ❛♦ ❋❍❆✱ ❡①❡✲
❝✉t❛❞♦ ♣❡❧♦ ❜r♦❦❡r✱ ✉♠ ❛❧❣♦r✐t♠♦ r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛
às ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✭❇P❆ ✖ ❇❛♥❞✇✐❞t❤ Pr♦✈✐s✐♦♥✐♥❣ ❆❧❣♦r✐t❤♠✮✱ ❡①❡❝✉t❛❞♦ ♣❡❧♦s s❡r✲
✈✐❞♦r❡s✳ ◆ós ❝❤❛♠❛r❡♠♦s ♦ ❛❧❣♦r✐t♠♦ ❞❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛❞rã♦
❝♦♠♦ ❙❇P❆ ✭❙t❛♥❞❛r❞ ❇❛♥❞✇✐❞t❤ Pr♦✈✐s✐♦♥✐♥❣ ❆❧❣♦r✐t❤♠✮✱ r❡s♣♦♥sá✈❡❧ ♣♦r ❛❧♦❝❛r ❛ ❜❛♥❞❛
❜❛s❡ r❡q✉✐s✐t❛❞❛ ♣r♦ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♥♦ s❡r✈✐❞♦r✳

◆❡st❛ s✉❜s❡çã♦✱ ♥ós ❛♣r❡s❡♥t❛♠♦s ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡
❜❛♥❞❛ ❡st❡♥❞✐❞♦ ✭❊❇P❆✖ ❊①t❡♥❞❡❞ ❇❛♥❞✇✐❞t❤ Pr♦✈✐s✐♦♥✐♥❣ ❆❧❣♦r✐t❤♠✮✱ ❝❛♣❛③ ❞❡ ♣r♦✈❡r
✉♠❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛✱ ❛❞✐❝✐♦♥❛❧ à ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ r❡q✉❡r✐❞❛ ♣❡❧❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ q✉❡ é ❡①❡❝✉t❛❞♦ ❡♠ ♣❛r❛❧❡❧♦ ❝♦♠ ✉♠ ❋❍❆✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ❡st❛ ❧❛r❣✉r❛ ❞❡
❜❛♥❞❛ ❡①tr❛ é r❡s❡r✈❛❞❛ ♥♦ s❡r✈✐❞♦r ♣❛r❛ ✜♥s ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❆❧é♠
❞✐ss♦✱ ♥ós ❡①❡♠♣❧✐✜❝❛♠♦s ♦ ✐♠♣❛❝t♦ ❞♦ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ r❡❛❧✐③❛❞♦
♣❡❧♦ ❊❇P❆ ♥♦s t❡♠♣♦s ❞❡ ♠✐❣r❛çã♦✳

■♥✐❝✐❛❧♠❡♥t❡✱ ♥ós ✈❛♠♦s ❝♦♥s✐❞❡r❛r ❛❧❣✉♥s ♣r✐♥❝í♣✐♦s ❜ás✐❝♦s✱ q✉❡ ❞❡✈❡♠ s❡r ❝♦♥s✐❞❡r❛✲
❞♦s ♣❡❧♦ ❊❇P❆✱ s♦❜r❡ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ r❡s❡r✈á✈❡❧ ♣❛r❛ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✳
❖ ♣r✐♠❡✐r♦ ♣r✐♥❝í♣✐♦ é q✉❡ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡♠ ✉♠
s❡r✈✐❞♦r ❞❡✈❡ s❡r ❝❛♣❛③ ❞❡ ❛t❡♥❞❡r ❛s ❞❡♠❛♥❞❛s ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✳ ❯♠ ♦✉✲
tr♦ ♣r✐♥❝í♣✐♦ é q✉❡ ❛s r❡s❡r✈❛s r❡❛❧✐③❛❞❛s ♣♦r ❡st❡ ♠ét♦❞♦ ♥ã♦ ❞❡✈❡♠ s❡r ❣r❛♥❞❡s ❞❡♠❛✐s✱
♣♦✐s ✐ss♦ ♣♦❞❡rá ❢❛③❡r ❝♦♠ q✉❡ ✉♠ s❡r✈✐❞♦r ♥❡❝❡ss✐t❡ ❤♦s♣❡❞❛r ✉♠ ♥ú♠❡r♦ r❡❞✉③✐❞♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ❞❡❝♦rrê♥❝✐❛ ❞❛ r❡s❡r✈❛ ❡①❝❡ss✐✈❛ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳
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❊♠ ✉♠ ❊❇P❆ ✐❣✉❛❧✐tár✐♦ ✰❊✱ ❝❛❞❛ s❡r✈✐❞♦r ❝❛❧❝✉❧❛ ✉♠❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ ✜①❛✱ ❡
❡st❡ ✈❛❧♦r é ❞❛❞♦ ♣❛r❛ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❛❧♦❝❛❞❛ ♥♦ s❡r✈✐❞♦r✳ P❛r❛ ✐❧✉str❛r ❛ ♦♣❡r❛çã♦
❞❡ ✉♠❛ ♣♦ssí✈❡❧ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡st❡ ♠❡❝❛♥✐s♠♦ ❞❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛
❡①tr❛ ♣❛r❛ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♥s✐❞❡r❡ ✉♠ ♣❡q✉❡♥♦ ❝❡♥ár✐♦ ❝♦♠♣♦st♦ ♣♦r
✉♠ s❡r✈✐❞♦r q✉❡ s✉♣♦rt❡ s♦♠❡♥t❡ três ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❡ ❡st❛s três ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❞❡ ❞✐❢❡r❡♥t❡s t✐♣♦s✳ ❈♦♥❤❡❝❡♥❞♦ ♦s t✐♣♦s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ♣♦❞❡♠ s❡r ❛❧♦❝❛❞❛s✱
♥ós ♣♦❞❡♠♦s ❡st✐♠❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡❧❛s✳ P♦rt❛♥t♦✱ é ♣♦ssí✈❡❧ r❡s❡r✈❛r
✉♠❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ ✐❣✉❛❧ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❡st❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♥❢♦r♠❡
♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✸✱ ♦♥❞❡ bbw r❡♣r❡s❡♥t❛ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❜❛s❡ r❡q✉❡r✐❞❛ ♣❡❧❛
♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ❡ ebw r❡❢❡r❡✲s❡ à ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ r❡s❡r✈❛❞❛ ❞❡ ♠♦❞♦ ✐❣✉❛❧✐tár✐♦✳

host_bw

vm1_bbw

vm2_bbw

host_free_bw

host_bw

vm1_bbw

vm2_bbw

vm3_bbwvm1_ebw

vm2_ebw

vm3_ebw

vm3_bbw

❋✐❣✉r❛ ✺✳✸✿ ❘❡s❡r✈❛ ❞❡ ▲❛r❣✉r❛ ❞❡ ❇❛♥❞❛ ❊st❡♥❞✐❞❛✿ ❆❧❣♦r✐t♠♦ ■❣✉❛❧✐tár✐♦

❖ ✈❛❧♦r ❛ s❡r ❞❛❞♦ ♣❛r❛ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ♥ã♦ ❞❡✈❡ ❡①❝❡❞❡r ✉♠ ❧✐♠✐t❡ s✉♣❡r✐♦r✱
♣♦✐s ❡❧❡ ♣♦❞❡ t♦r♥❛r ♦ s❡r✈✐❞♦r ✐♥❛♣t♦ ♣❛r❛ r❡❝❡❜❡r ♥♦✈❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞❡✈✐❞♦ à
❡s❝❛ss❡③ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳ ❈♦♥❤❡❝❡♥❞♦✲s❡ t♦❞♦s ♦s t✐♣♦s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ é
♣♦ssí✈❡❧ ❝❛❧❝✉❧❛r ✉♠ ❜♦♠ ✈❛❧♦r ♣❛r❛ ✰❊✱ ❞❛❞♦ ♣❡❧❛ ❊q✉❛çã♦ ✭✺✳✺✮✱ ♦♥❞❡ hostvm❴extra❴bw é
❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ q✉❡ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ r❡❝❡❜❡rá ❞♦ host ❡♠ q✉❡stã♦✱ hostbw é
❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ t♦t❛❧ ❞♦ s❡r✈✐❞♦r q✉❡ r❡❝❡❜❡rá ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ hostmax❴vms ✐♥❞✐❝❛
♦ ♠❛✐♦r ♥ú♠❡r♦ ♣♦ssí✈❡❧ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s s✉♣♦rt❛❞❛s ♣❡❧♦ s❡r✈✐❞♦r✱ ❡ hostmax❴vms❴bw

✐♥❞✐❝❛ ❛ ❞❡♠❛♥❞❛ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❜❛s❡ ♠á①✐♠❛ ❝♦♥s♦❧✐❞❛❞❛ r❡q✉❡r✐❞❛ ❞♦ s❡r✈✐❞♦r
♣❡❧♦ ♠❛✐♦r ❣r✉♣♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ❡❧❡ s✉♣♦rt❛✳

hostvm❴extra❴bw =
hostbw − hostmax❴vms❴bw

hostmax❴vms

✭✺✳✺✮

◆❡st❡ ❝❛s♦✱ hostmax❴vms é ✉♠ ♣r♦❜❧❡♠❛ r❡❞✉③í✈❡❧ ❛♦ ❇✐♥ P❛❝❦✐♥❣ ✹✲❞✐♠❡♥s✐♦♥❛❧ ✖
✉♠ s❡r✈✐❞♦r ♣♦❞❡ s✉♣♦rt❛r ✉♠ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♥s✐❞❡r❛♥❞♦ ♣❡❧♦ ♠❡♥♦s
♦ ▼■P❙✱ ❘❆▼✱ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡ ❛r♠❛③❡♥❛♠❡♥t♦✳ ❆♣❡s❛r s❡r s❡r ✉♠ ♣r♦❜❧❡♠❛ ◆P✲
❞✐❢í❝✐❧✱ ✉s✉❛❧♠❡♥t❡ ♦ ♥ú♠❡r♦ ❞❡ t✐♣♦s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s é ♣❡q✉❡♥♦✱ ❡♥tã♦ ❛ s♦❧✉çã♦
ót✐♠❛ hostoptimal❴max❴vms ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞❛ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ❛tr❛✈és ❞❡ ❢♦rç❛ ❜r✉t❛✱
♦ q✉❡ é ❞❡s❡❥á✈❡❧ ♣❛r❛ q✉❡ ♦ ✰❊ ♦♣❡r❡ ♥♦ ♠❡❧❤♦r ❝❛s♦✳ P♦r ❡①❡♠♣❧♦✱ ❝♦♥s✐❞❡r❡ ❞♦✐s t✐♣♦s
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✿ ❚✐♣♦ ✶ ❞❡♠❛♥❞❛♥❞♦ ✷✳✵✵✵ ▼■P❙✱ ✵✱✺ ●✐❇ ❞❡ ❘❆▼ ❡ ✺✵ ▼❜♣s ❞❡



✾✸

❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛❀ ❡ ❚✐♣♦ ✷ ❞❡♠❛♥❞❛♥❞♦ ✶✳✺✵✵ ▼■P❙✱ ✶ ●✐❇ ❞❡ ❘❆▼ ❡ ✺✵ ▼❜♣s❀ ❡♠ ✉♠
❝❡♥ár✐♦ ❝♦♠ ❙▲❆ ❣❛r❛♥t✐♥❞♦ t♦❞❛s ❛s ❞❡♠❛♥❞❛s✳ ❈♦♥s✐❞❡r❡ q✉❡ ❛♠❜♦s t✐♣♦s ♣♦ss✉❛♠
r❡q✉✐s✐t♦s ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡s♣r❡③í✈❡✐s✳ ❈♦♥s✐❞❡r❡ ✉♠ s❡r✈✐❞♦r q✉❡ ♣♦ss✉✐ ✻✳✵✵✵ ▼■P❙✱
✽ ●✐❇ ❞❡ ❘❆▼ ❡ ✶ ●❜♣s ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳ P♦rt❛♥t♦✱ ♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s s✉♣♦rt❛❞❛s ♣♦r ❡st❡ s❡r✈✐❞♦r s❡rá ✹✱ ❞❡s❝♦❜❡rt♦ ♣♦r ❢♦rç❛ ❜r✉t❛ ✭✉♠ s❡r✈✐❞♦r ♣♦❞❡
s✉♣♦rt❛r ❛té ✹ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞♦ ❚✐♣♦ ✷✮✱ s❡♥❞♦ ▼■P❙ ♦ ❢❛t♦r ❧✐♠✐t❛❞♦r ❞❡ ♠♦❞♦ q✉❡
❝❛❞❛ s❡r✈✐❞♦r ❝♦♥s❡❣✉✐rá✱ ♥♦ s❡✉ ♠❡❧❤♦r✱ s✉♣♦rt❛r ✹ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✭❚✐♣♦ ✷✱ ❝❛❞❛ ✉♠❛
r❡q✉❡r❡♥❞♦ ✶✳✺✵✵ ▼■P❙✮ ❡①❡❝✉t❛❞❛s ❡♠ ♣❛r❛❧❡❧♦✳ ❈♦♠ ❝♦♥❤❡❝✐♠❡♥t♦ ♣ré✈✐♦ ❞❡ q✉❛✐s t✐♣♦s
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣♦❞❡♠ s❡r ❛❧♦❝❛❞❛ ♥♦ ❞❛t❛ ❝❡♥t❡r✱ ❡ ❞❡ q✉❛✐s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stã♦
❛t✉❛❧♠❡♥t❡ ❛❧♦❝❛❞❛s ❡♠ ✉♠ ❞❛❞♦ s❡r✈✐❞♦r✱ é ♣♦ssí✈❡❧ ❡st✐♠❛r q✉❛✐s ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❛✐♥❞❛ ♣♦❞❡rã♦ s❡r ❛❧♦❝❛❞❛s ♥❡st❡ s❡r✈✐❞♦r✳ ◆❡st❡ ❡①❡♠♣❧♦✱ s❡ ✉♠ s❡r✈✐❞♦r ❥á ♣♦ss✉✐ ✉♠❛
♠áq✉✐♥❛ ✈✐rt✉❛❧ ❞♦ ❚✐♣♦ ✷ ❛❧♦❝❛❞❛✱ ❡♥tã♦ ❡❧❡ t❡rá ❞✐s♣♦♥í✈❡❧ ✹✳✺✵✵ ▼■P❙ ❡ ✼ ●✐❇ ❞❡
❘❆▼✳ ◆❡st❛ s✐t✉❛çã♦✱ ❛✐♥❞❛ s❡rá ♣♦ssí✈❡❧ ❛❧♦❝❛r ✷ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞♦ ❚✐♣♦ ✶✱ ♦✉ ✸
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞♦ ❚✐♣♦ ✷✱ ♦✉ ✉♠ ♠✐st♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✖ ✶ ❞♦ ❚✐♣♦ ✶ ❡ ✶ ❞♦
❚✐♣♦ ✷✳ ❆❧é♠ ❞✐ss♦✱ ♥ã♦ ❡①✐st❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ q✉❡❜r❛ ❞♦ ❛❧❣♦r✐t♠♦ s❡ hostmax❴vms❴bw

❢♦r ❡st✐♠❛❞♦ ❛❝✐♠❛ ❞♦ ✈❛❧♦r r❡❛❧✳ ◆♦ ❡♥t❛♥t♦✱ ❤❛✈❡rá ✉♠❛ ❝♦♥s❡q✉ê♥❝✐❛ ✐♠♣♦rt❛♥t❡✿ ♦
♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ ♥ã♦ s❡rá ❢❡✐t♦ ❞❡ ♠♦❞♦ ót✐♠♦✳

❖ ❝á❧❝✉❧♦ ❞♦ hostmax❴vms❴bw t❛♠❜é♠ é r❡❞✉③í✈❡❧ ❛♦ ♣r♦❜❧❡♠❛ ❞♦ ❇✐♥ P❛❝❦✐♥❣✱ ✉♠❛ ✈❡③
q✉❡ ❡①✐st❡♠ ❞✐✈❡rs♦s t✐♣♦s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝❛❞❛ t✐♣♦ ❝♦♠ s❡✉ ♣ró♣r✐♦ r❡q✉❡r✐♠❡♥t♦
❞❡ ❤❛r❞✇❛r❡✱ t♦r♥❛♥❞♦ ❡st❡ ❝á❧❝✉❧♦ ❝♦♠♣❧❡①♦✳ ◆♦ ❡♥t❛♥t♦✱ s❡ ♥ós ❝♦♥s✐❞❡r❛r♠♦s t♦❞♦s ♦s
t✐♣♦s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣♦ss✉✐♥❞♦ ♦s ♠❡s♠♦s r❡q✉❡r✐♠❡♥t♦s ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ♦
❝❛❧❝✉❧♦ ❞❡st❡ ✈❛❧♦r ♣♦❞❡rá s❡r ❢❡✐t♦ ❞❡ ♠♦❞♦ s✐♠♣❧❡s s❡❣✉♥❞♦ ❛ ❊q✉❛çã♦ ✭✺✳✻✮✱ ♦♥❞❡ vmbw

r❡t♦r♥❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ r❡q✉❡r✐❞❛ ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡s♣❡❝✐✜❝❛❞❛✳
❈♦♥s✐❞❡r❛r❡♠♦s ♥❡st❡ ❝❛♣ít✉❧♦ q✉❡ t♦❞♦s ♦s t✐♣♦s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣♦ss✉❡♠ ❛s ♠❡s♠❛s
❞❡♠❛♥❞❛s ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳

hostmax❴vms❴bw = hostmax❴vms × vmbw ✭✺✳✻✮

❈♦♥s✐❞❡r❛♥❞♦ ♦ ❡①❡♠♣❧♦ ❛♥t❡r✐♦r✱ ♥ós ♣♦❞❡♠♦s ✉s❛r ♦s ✈❛❧♦r❡s ❞❡ hostmax❴vms ❡♥✲
❝♦♥tr❛❞♦s ❛♣❧✐❝❛❞♦s ♥❛ ❊q✉❛çã♦ ✭✺✳✺✮✱ ❞❡s❡♥✈♦❧✈❡♥❞♦ ✭❊q✉❛çã♦ ✭✺✳✼✮✮ ❡ ❡♥❝♦♥tr❛♥❞♦ q✉❡✱
♥❡st❡ ❝❛s♦✱ ♣❛r❛ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❛❧♦❝❛❞❛ ❡♠ host✱ ♥ós ♣♦❞❡♠♦s r❡s❡r✈❛r ✉♠❛ ❧❛r❣✉r❛
❞❡ ❜❛♥❞❛ ❡①tr❛ ❞❡ ✷✵✵ ▼❜♣s✱ ❛❧é♠ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❜❛s❡ ❞❡ ✺✵ ▼❜♣s ❥á ❞❡♠❛♥❞❛❞❛
♣♦r ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ♣❛r❛ ❛❝❡❧❡r❛r ♦ ♣r♦❝❡ss♦ ❞❡ ♠✐❣r❛çã♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳
◆♦t❡ q✉❡✱ ♥❡st❡ ❝❛s♦✱ ♠❡s♠♦ ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ❝♦♠♣❧❡t❛♠❡♥t❡ ❤♦♠♦❣ê♥❡♦ ✖ ❝♦♠ t♦❞♦s
♦s s❡r✈✐❞♦r❡s t❡♥❞♦ ❛ ♠❡s♠❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ✖ ♥ós t❡♠♦s ✉♠ s♣❡❡❞✉♣ ❞❡ ✺ ✈❡③❡s ♥♦
t❡♠♣♦ ❞❡ ♠✐❣r❛çã♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❊✱ s❡ ♦ s❡r✈✐❞♦r ♣♦ss✉íss❡ ✉♠❛ ❧❛r❣✉r❛ ❞❡
❜❛♥❞❛ ❞❡ ✶✵ ●❜♣s✱ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ♣♦❞❡r✐❛ r❡❝❡❜❡r ✉♠❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ ❞❡
✷✱✹✺ ●❜♣s ♣❛r❛ ♠✐❣r❛çõ❡s✱ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥❛ ❊q✉❛çã♦ ✭✺✳✽✮✳

hostvm❴extra❴bw =
1.000− 4× 50

4
= 200 ✭✺✳✼✮

hostvm❴extra❴bw =
10.000− 4× 50

4
= 2.450 ✭✺✳✽✮



✾✹

❈♦♠ ❜❛s❡ ♥♦ ❛♣r❡s❡♥t❛❞♦✱ ♥ós ♣♦❞❡♠♦s ❞❡✜♥✐r ❛ ❢✉♥çã♦ ❜✇❋♦r❱♠✱ ❡♠♣r❡❣❛❞❛ ♥♦ ❆❧✲
❣♦r✐t♠♦ ✺✳✶ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❊q✉❛çã♦ ✭✺✳✾✮✳

❜✇❋♦r❱♠✭host✱ vm✮ = hostvm❴extra❴bw

+vmbw

✭✺✳✾✮

❯♠ ♣r♦❜❧❡♠❛ ♣♦t❡♥❝✐❛❧ ♥♦ ❝á❧❝✉❧♦ ❞❡ hostmax❴vms❴bw ✭❊q✉❛çã♦ ✭✺✳✺✮✮ é ❛ ♦❜r✐❣❛✲
t♦r✐❡❞❛❞❡ ❞❡ s❡ ❝❛❧❝✉❧❛r hostmax❴vms✱ q✉❡ ♣♦r s✉❛ ✈❡③ r❡q✉❡r ❝♦♥❤❡❝✐♠❡♥t♦ ♣ré✈✐♦ ❞❛s
❞❡♠❛♥❞❛s ❞❡ ❤❛r❞✇❛r❡ ❞❡ t♦❞❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛❧♦❝á✈❡✐s✳ ■st♦ ♣♦❞❡ ♥ã♦ s❡r ♣rát✐❝♦
❡♠ ❞❛t❛ ❝❡♥t❡rs q✉❡ ♣♦ss✉❡♠ ❛❧t❛ ❡❧❛st✐❝✐❞❛❞❡ q✉❛♥t♦ ❛♦s t✐♣♦s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛❧♦✲
❝á✈❡✐s ✖ ✐✳❡✳✱ ♣♦ss✉✐♥❞♦ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ t✐♣♦s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❯♠ ❝❛♠✐♥❤♦
♣♦ssí✈❡❧ ❞❡ ❧✐❞❛r ❝♦♠ ✐ss♦✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❡✈✐t❛r ♣♦ss✉✐r ✉♠ ♠❛❧ r❡s✉❧t❛❞♦ ♥♦ ♣r♦✈✐✲
s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ é ✐♠♣ôr r❡str✐çõ❡s ♥❛
✐♥st❛♥❝✐❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♥tr❡ ♦s s❡r✈✐❞♦r❡s ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❞❡t❡r♠✐♥❛r ❝♦♠
✉♠❛ ❢✉♥çã♦ q✉❛♥t❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s hostmax❴vms ✉♠ s❡r✈✐❞♦r ♣♦❞❡ ❛❧♦❝❛r✱ ❡ ❣❛r❛♥t✐r
q✉❡ t♦❞♦s ♦s t✐♣♦s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣♦ss✉❛♠ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ✐❣✉❛✐s ❡ ✉♠ ❝♦♥❥✉♥t♦
❞❡ ♣❛râ♠❡tr♦s ❜❡♠ ❝♦♥❤❡❝✐❞♦ ❡ ❢❛❝✐❧♠❡♥t❡ tr❛❜❛❧❤á✈❡❧✳ ❙❡ ❡st❛s ❝♦♥❞✐çõ❡s sã♦ s❛t✐s❢❡✐t❛s✱
é ♣♦ssí✈❡❧ ❝❛❧❝✉❧❛r✱ ❝♦♠ ✉♠❛ ❛❝❡✐tá✈❡❧ ♠❛r❣❡♠ ❞❡ ❡rr♦✱ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ ♣❛r❛
✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✉s❛♥❞♦ ✰❊ ❝♦♠ ❛ ❊q✉❛çã♦ ✭✺✳✶✵✮✳

hostvm❴extra❴bw =
hostbw − hostmax❴vms × vmbw

hostmax❴vms

✭✺✳✶✵✮

❙❡ ❛ ❤❡✉ríst✐❝❛ q✉❡ s✉❜st✐t✉✐ ❛ ❢✉♥çã♦ ❜✇❋♦r❱♠✭host✱ vm✮ ♣❡❧❛ ❢✉♥çã♦ ❣❡t❇✇✭host✮

❢♦r ✉s❛❞❛✱ ❡♥tã♦ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ ❛ s❡r r❡s❡r✈❛❞❛ ❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦ ✐❣✉❛❧✐tár✐❛
♣♦❞❡rá t❛♠❜é♠ s❡r ❝❛❧❝✉❧❛❞❛ ♣❡❧❛ ❊q✉❛çã♦ ✭✺✳✶✵✮✳

❖ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞❡✈✐❞♦ ❛♦ ♣r♦✈✐s✐♦♥❛✲
♠❡♥t♦ ❡①tr❛ ❞❡♣❡♥❞❡ ❞❛s ❣❛r❛♥t✐❛s ♣r❡✈✐st❛s ❡♠ ❙▲❆s✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ q✉❛♥t♦ ♠❡♥♦r
é ❛ ❣❛r❛♥t✐❛ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♠❛✐♦r é ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ q✉❡
✉♠ ❊❇P❆ ♣♦❞❡rá r❡s❡r✈❛r ♣❛r❛ ❛❝❡❧❡r❛r ❛s ♠✐❣r❛çõ❡s✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ❡♠ ❝❡♥ár✐♦s r❡str✐✲
t✐✈♦s q✉❡ ❣❛r❛♥t❡♠ ❛❧t♦s ✈❛❧♦r❡s ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♠❡♥♦r s❡rá
♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❊❇P❆✳

❆❧é♠ ❞♦ ♠ét♦❞♦ ❞❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ♣❛r❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ ✰❊✱ ♥ós t❛♠❜é♠ ♣♦✲
❞❡♠♦s ❢❛③❡r ✉s♦ ❞❡ ♦✉tr♦s ♠ét♦❞♦s ❞❡ ❊❇P❆✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ✉♠ ♠ét♦❞♦ ❞✐❢❡r❡♥❝✐❛❞♦✳
❉✐❢❡r❡♥t❡♠❡♥t❡ ❞♦ ♠❡❝❛♥✐s♠♦ ✐❣✉❛❧✐tár✐♦✱ ♦♥❞❡ t♦❞❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛❧♦❝❛❞❛s ❡♠
✉♠ s❡r✈✐❞♦r r❡❝❡❜❡♠ ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ✐❣✉❛✐s ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡ ♠✐❣r❛çã♦✱ ♦ ♠ét♦❞♦
❞✐❢❡r❡♥❝✐❛❞♦ ♣♦ss✐❜✐❧✐t❛ q✉❡ ❞❡t❡r♠✐♥❛❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❛❧♦❝❛❞❛s ❡♠ ✉♠ ♠❡s♠♦ s❡r✲
✈✐❞♦r✱ r❡❝❡❜❛♠ ❞✐❢❡r❡♥t❡s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❡①tr❛ ❡♥tr❡ s✐✳ ■st♦ ♣♦❞❡ s❡r ✉♠❛ ✈❛♥t❛❣❡♠✱
♣♦✐s ♣♦❞❡♠♦s t❡♥t❛r ♣r♦✈❡r ♠❛✐s ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ♣♦t❡♥❝✐✲
❛❧♠❡♥t❡ ♠✐❣r❛rã♦ ♠❛✐s ✭❡✳❣✳ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ♠❛✐s ♣❡s❛❞❛s✮✱
❡♥q✉❛♥t♦ ♣♦❞❡ s❡r t❛♠❜é♠ ✉♠❛ ❞❡s✈❛♥t❛❣❡♠✱ ♣♦✐s s❡ ✉♠❛ ♠á ❞❡❝✐sã♦ ❢♦r ❢❡✐t❛✱ ♠áq✉✐✲
♥❛s ✈✐rt✉❛✐s q✉❡ r❡❝❡❜❡♠ ♣♦✉❝❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ t❡rã♦ s❡✉s t❡♠♣♦s ❞❡ ♠✐❣r❛çã♦
♣r❡❥✉❞✐❝❛❞❛s ❡♠ r❡❧❛çã♦ àq✉❡❧❛s q✉❡ r❡❝❡❜❡r❛♠ ♠❛✐s ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳ ◆ã♦ ❡①✐st❡ ✉♠
❛❧❣♦r✐t♠♦ ♣❛❞rã♦ ❞❡✜♥✐❞♦ ♣❛r❛ ♦ ♠❡❝❛♥✐s♠♦ ❞✐❢❡r❡♥❝✐❛❞♦✿ ❞❡ ❢❛t♦ ❡st❡ é ✉♠ ♠ét♦❞♦



✾✺

❞❡ ❞❡s✐❣♥❛çã♦ ♣❡rs♦♥❛❧✐③❛❞♦✱ q✉❡ ♣♦❞❡ s❡r ❛❞❛♣t❛❞♦ ♣❡❧♦ ❛❞♠✐♥✐str❛❞♦r ❞❛ ♥✉✈❡♠ ❝♦♠
❡str❛té❣✐❛s ❛♣r♦♣r✐❛❞❛s à ♥✉✈❡♠✱ ♦ q✉❡ ♣♦❞❡ ❢❛③❡r ❡st❡ ♠ét♦❞♦ ❝♦♠♣❧❡①♦✳

❘❡❛❧✐③❛♥❞♦ ✉♠❛ ❛♥á❧✐s❡ ♠❛✐s ♣r♦❢✉♥❞❛✱ ❡♠ ❡s♣❡❝✐❛❧ ♥♦ ❝❛s♦ ❞❡ ❝❡♥ár✐♦s ♣♦ss✉✐♥❞♦
❝♦♥✜❣✉r❛çõ❡s ❤❡t❡r♦❣ê♥❡❛s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♥ós ♦❜s❡r✈❛♠♦s q✉❡ ♦ ♠ét♦❞♦ ❞❡ ♣r♦✈✐✲
s✐♦♥❛♠❡♥t♦ ✐❣✉❛❧✐tár✐♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ✰❊ ♣♦❞❡ t❡r ❛❧❣✉♠❛s ❞❡✜❝✐ê♥❝✐❛s✳ P❛r❛ ✐❧✉str❛r
✐ss♦✱ ❝♦♥s✐❞❡r❡ ✉♠ ❝❡♥ár✐♦ ❞❡ ✉♠ ❞❛t❛ ❝❡♥t❡r q✉❡ ❛♣r❡s❡♥t❛ ❞♦✐s ❣r✉♣♦s ❞❡ s❡r✈✐❞♦r❡s ❞✐✲
❢❡r❡♥❝✐❛❞♦s s♦♠❡♥t❡ ♣❡❧❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✿ ♦ ●r✉♣♦ ■ ♣♦ss✉✐ s❡r✈✐❞♦r❡s ❝♦♠ ❧❛r❣✉r❛ ❞❡
❜❛♥❞❛ ❞❡ ✶ ●❜♣s❀ ❡♥q✉❛♥t♦ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ❝❛❞❛ s❡r✈✐❞♦r ❞♦ ●r✉♣♦ ■■ é ❞❡
✶✵ ●❜♣s✳ ❈♦♥s✐❞❡r❡✱ ❛✐♥❞❛✱ ❞♦✐s t✐♣♦s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ❡①✐❣ê♥❝✐❛s ❞❡ ❧❛r❣✉r❛ ❞❡
❜❛♥❞❛ ❡♠ ❙▲❆✿ ♦ ❚✐♣♦ ❆ r❡q✉❡r ✷✺ ▼❜♣s ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛❀ ❡♥q✉❛♥t♦ ♦ ❚✐♣♦ ❇ r❡q✉❡r
✷✺✵ ▼❜♣s ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❞❡s❝♦♥s✐❞❡r❛♥❞♦ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ❝❛❞❛
s❡r✈✐❞♦r s✉♣♦rt❛ ♥♦ ♠á①✐♠♦ ✶✵ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ P♦rt❛♥t♦✱ ❡♥❝♦♥tr❛♠♦s q✉❡ ♦ ♠❛✐♦r
♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛❧♦❝á✈❡✐s hostmax❴vms s❡rá ❞❡ ✶✵ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❚✐♣♦ ❆
♣❛r❛ ❝❛❞❛ s❡r✈✐❞♦r ❞♦ ●r✉♣♦ ■❀ ✶✵ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❚✐♣♦ ❆ ♣❛r❛ ❝❛❞❛ s❡r✈✐❞♦r ❞♦ ●r✉♣♦
■■❀ ✹ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❚✐♣♦ ❇ ♣❛r❛ ❝❛❞❛ s❡r✈✐❞♦r ❞♦ ●r✉♣♦ ■❀ ❡ ✶✵ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❚✐♣♦ ❇ ♣❛r❛ ❝❛❞❛ s❡r✈✐❞♦r ❞♦ ●r✉♣♦ ■■✳

❆♣ós ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠ét♦❞♦ ✐❣✉❛❧✐tár✐♦ ♥♦ss♦ ♣❛ss♦ é ❝❛❧❝✉❧❛r hostvm❴extra❴bw
❝♦♠ ❛ ❊q✉❛çã♦ ✭✺✳✺✮ ♣❛r❛ s❡r✈✐❞♦r❡s ❞♦s ❣r✉♣♦s ■ ❡ ■■✳ P❛r❛ ❝❛❧❝✉❧❛r hostvm❴extra❴bw✱ ♥ós
♣r❡❝✐s❛♠♦s ❡♥❝♦♥tr❛r ❛❧❣✉♥s ✈❛❧♦r❡s✿ hostbw é ✉♠❛ ✐♥❢♦r♠❛çã♦ ❞❛❞❛ ✕ ♣❛r❛ ♦ ●r✉♣♦ ■ é
✶ ●❜♣s ❡ ♣❛r❛ ♦ ●r✉♣♦ ■■ é ✶✵ ●❜♣s✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s s❡❥❛
❡❧❡✈❛❞♦✱ ♣♦❞❡♠♦s ❝♦♥s✐❞❡r❛r hostmax❴vms❴bw ❝♦♠♦ s❡♥❞♦ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❝♦♥s♦❧✐❞❛❞❛
♠á①✐♠❛ ❝♦♥s✉♠✐❞❛ ♣❡❧❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ♠❛✐s ❝♦♥s♦♠❡♠ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ♥❡st❡
❝❛s♦ ❚✐♣♦ ❇ ✖ ♣♦rt❛♥t♦✱ ❡st❛ q✉❛♥t✐❞❛❞❡ é hostmax❴vms❴bw = 10VMs × 250 ▼❜♣s=
2, 5 ●❜♣s ♣❛r❛ s❡r✈✐❞♦r❡s ❞♦ ●r✉♣♦ ■■✱ ❡♥q✉❛♥t♦ é hostmax❴vms❴bw = 4VMs×250 ▼❜♣s=
1 ●❜♣s ♣❛r❛ s❡r✈✐❞♦r❡s ❞♦ ●r✉♣♦ ■❀ ❡ hostmax❴vms ❥á ❢♦✐ ❝❛❧❝✉❧❛❞♦✳ P♦rt❛♥t♦✱ t❡♠♦s q✉❡
hostvm❴extra❴bw = (10 ●❜♣s−2.5 ●❜♣s)/10 = 750 ▼❜♣s ♣❛r❛ ❝❛❞❛ s❡r✈✐❞♦r ❞♦ ●r✉♣♦ ■■ ❡
hostvm❴extra❴bw = (1 ●❜♣s−1 ●❜♣s)/4 = 0 ▼❜♣s ♣❛r❛ ❝❛❞❛ s❡r✈✐❞♦r ❞♦ ●r✉♣♦ ■✳

❆❣♦r❛✱ ❜❛s❡❛❞♦s ♥❛ ❊q✉❛çã♦ ✭✺✳✶✶✮✱ q✉❡ ❞❡✜♥❡ ♦ ❛♣r♦✈❡✐t❛♠❡♥t♦ ♠í♥✐♠♦ ❞❡ ❜❛♥❞❛
BwHarnessing ♣❛r❛ ✉♠ host t♦t❛❧♠❡♥t❡ ❝❛rr❡❣❛❞♦✱ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ✉t✐❧✐③❛♠
❙▲❆s r❡str✐t✐✈♦s✱ ♦♥❞❡ lowestBwVm r❡♣r❡s❡♥t❛ ♦ t✐♣♦ ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❛❧♦❝á✈❡❧ q✉❡
❝♦♥s♦♠❡ ❛ ♠❡♥♦r q✉❛♥t✐❞❛❞❡ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ♥ós ♦❜s❡r✈❛♠♦s q✉❡ ♣❛r❛ ♦ ♠ét♦❞♦
✐❣✉❛❧✐tár✐♦ ♦ ❛♣r♦✈❡✐t❛♠❡♥t♦ é ❞❡ ((25 + 750) × 10)/(10 ●❜♣s) = 77.5% ♣❛r❛ s❡r✈✐❞♦r❡s
❞♦ ●r✉♣♦ ■■ ❡ s♦♠❡♥t❡ ((25 + 0)× 4)/(1 ●❜♣s) = 10% ♣❛r❛ s❡r✈✐❞♦r❡s ❞♦ ●r✉♣♦ ■✳ ◆♦t❡✱
♣♦rt❛♥t♦✱ q✉❡ ❛♣❡s❛r ❞♦ ♠ét♦❞♦ ✐❣✉❛❧✐tár✐♦ ❢✉♥❝✐♦♥❛r ❜❡♠ ❡♠ ❣r✉♣♦s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❝♦♠ ❝♦♥✜❣✉r❛çõ❡s s✐♠✐❧❛r❡s ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ❡❧❡ ♣♦❞❡ ❧❡✈❛r✱ ❡♠ ❛❧❣✉♥s ❝❡♥ár✐♦s✱ ❛
✉♠❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♥ã♦ ✉t✐❧✐③❛❞❛ ✖ ❞❡s♣❡r❞✐ç❛❞❛ ✖ ❡✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❡st❡ ❝❡♥ár✐♦✱
❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡s♣❡r❞✐ç❛❞❛ ♣♦❞❡ ❝❤❡❣❛r ❛ 100%− 10% = 90%✳

BwHarnessinghost =
❜✇❋♦r❱♠✭host✱ lowestBwVm✮× hostmax❴vms

hostbw
✭✺✳✶✶✮

❈♦♥s✐❞❡r❛♥❞♦ ❛s ❞❡✜❝✐ê♥❝✐❛s ❛♣r❡s❡♥t❛❞❛s ♣❡❧♦ ♠ét♦❞♦ ✐❣✉❛❧✐tár✐♦✱ ❡ ♦ ❢❛t♦ q✉❡ ♦ ♠é✲
t♦❞♦ ❞✐❢❡r❡♥❝✐❛❞♦ ♣♦❞❡ s❡r ❞✐❢í❝✐❧ ❞❡ ✐♠♣❧❡♠❡♥t❛r ❞❡✈✐❞♦ às ♣❡rs♦♥❛❧✐③❛çõ❡s ❞♦ ❛♠❜✐❡♥t❡
♦♥❞❡ ❡❧❡ s❡rá ❛♣❧✐❝❛❞♦✱ ♥ós ✐❞❡❛❧✐③❛♠♦s ❛q✉✐ ✉♠ ♠♦❞❡❧♦ ❤í❜r✐❞♦✴❛❞❛♣t❛t✐✈♦ ❞❡ ♣r♦✈✐s✐♦✲



✾✻

❆❧❣♦r✐t♠♦ ✷ ❇❛♥❞✇✐❞t❤✲❆✇❛r❡ ▲❛❣♦ ❆❧❧♦❝❛t♦r✿ ❛❞❛♣t✐✈❡❆❧❧♦❝❛t❡❇✇❋♦r❱♠✭vm✮

✶✿ ♣r♦❝❡❞✉r❡ ❛❞❛♣t✐✈❡❆❧❧♦❝❛t❡❇✇❋♦r❱♠✭vm✮
✷✿ hostmax❴remaining❴vms ← ❝❛❧❝❇✐♥P❛❝❦✐♥❣▼❛①❘❡♠❛✐♥✐♥❣❱▼s❋♦r❍♦st✭allV Ms✮
✸✿ hostvm❴extra❴bw = freeBwAfterAllocationvm/hostmax❴remaining❴vms

✹✿ bwToAllocate = vmbw + hostvm❴extra❴bw
✺✿ ❛❧❧♦❝❛t❡❇✇❋♦r❱▼✭bwToAllocate✱ vm✮

✻✿ ❡♥❞ ♣r♦❝❡❞✉r❡

♥❛♠❡♥t♦✳ ❊st❡ ♠♦❞❡❧♦ ♣♦❞❡ ❛t✉❛r ❡♠ ❝❡♥ár✐♦s ♦♥❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s s❡ ❝♦♠♣♦rt❛♠ ❞❡
♠♦❞♦ ♣ró①✐♠♦ ❡ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ✐❣✉❛❧✐tár✐♦ s❡r✐❛ ❛❝❡✐tá✈❡❧✱ ♠❛s é ❛❞❛♣t❛t✐✈♦✱ ❞❡
♠♦❞♦ ❛ t❡♥t❛r ❧✐❞❛r ❝♦♠ ❢✉t✉r❛s s✐t✉❛çõ❡s ❞❡ ♣r♦✈✐sõ❡s✱ s❡♥❞♦ ❣✉✐❛❞♦ ♣♦r ♣r✐♥❝í♣✐♦s ❞❡
✉♠❛ ❞✐str✐❜✉✐çã♦ ❜❛❧❛♥❝❡❛❞❛ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡♥tr❡ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛❧♦❝á✈❡✐s✱
♦❜❥❡t✐✈❛♥❞♦ ♠❛①✐♠✐③❛r ❛ ✉t✐❧✐③❛çã♦ ❞♦s s❡r✈✐❞♦r❡s ❞♦ ❞❛t❛ ❝❡♥t❡r✱ ❡ ❛♣❧✐❝á✈❡❧ ❛ ❝❡♥ár✐♦s
❣❡♥ér✐❝♦s✳ ◆ós ❛♣r❡s❡♥t❛♠♦s ♦ ❆❧❣♦r✐t♠♦ ✷✱ ❡①❡❝✉tá✈❡❧ ♣❡❧♦s s❡r✈✐❞♦r❡s ❞♦ ❞❛t❛ ❝❡♥t❡r

♣❛r❛ ♣r♦✈❡r ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ❝❡♥ár✐♦s ❝♦♠ ❙▲❆s r❡str✐t✐✈♦s ❡♠
♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♦♥❞❡ ♥ós ✐❞❡♥t✐✜❝❛♠♦s ♣♦r
host ♦ s❡r✈✐❞♦r ❛t✉❛❧ ❡①❡❝✉t❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ ❡ ♣♦r vm ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❛ s❡r ❛❧♦❝❛❞❛✳

❖ ❆❧❣♦r✐t♠♦ ✷ ♦♣❡r❛ ❞♦ s❡❣✉✐♥t❡ ♠♦❞♦✿ ♥❛ ▲✐♥❤❛ ✷ ♦ ❛❧❣♦r✐t♠♦ ❝❛❧❝✉❧❛✱ ❝♦♥s✐❞❡✲
r❛♥❞♦ ♦s t✐♣♦s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s r❡st❛♥t❡s✱ ❡♥tr❡ t♦❞❛s ❛s ❝♦♠❜✐♥❛çõ❡s ❞❡ t✐♣♦s ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s s✉♣♦rt❛❞❛s ♣❡❧♦ s❡r✈✐❞♦r✱ q✉❛♥t❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛✐♥❞❛ ♣♦❞❡♠ s❡r
❛❧♦❝❛❞❛s✱ ♦ q✉❡ ♣♦❞❡ s❡r ❢❡✐t♦ ✉t✐❧✐③❛♥❞♦ ✉♠❛ ❤❡✉ríst✐❝❛ ❞❡ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❇✐♥ P❛❝✲

❦✐♥❣✳ ❆ ♠❡❧❤♦r ♦♣çã♦ é ❡♥❝♦♥tr❛r ♦ ✈❛❧♦r ót✐♠♦ ♣❛r❛ ❡st❡ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❛✐♥❞❛ s✉♣♦rt❛❞❛s hostmax❴remaining❴vms✱ ♠❛s ♦ ❛❧❣♦r✐t♠♦ ♣♦❞❡ ❢✉♥❝✐♦♥❛r ♥♦r♠❛❧♠❡♥t❡
s❡ ❛ ❝♦♥❞✐çã♦ hostmax❴remaining❴vms ≤ hostoptimal❴max❴remaining❴vms ❢♦r s❛t✐s❢❡✐t❛✱ ♦♥❞❡
hostoptimal❴max❴remaining❴vms é ❛ s♦❧✉çã♦ ót✐♠❛ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞♦ ❇✐♥ P❛❝❦✐♥❣✳ ❯♠❛
❛♣r♦①✐♠❛çã♦ ❞❡ q✉❛❧✐❞❛❞❡ q✉❡st✐♦♥á✈❡❧ ♣♦❞❡ s❡r ❢❡✐t❛ ✉t✐❧✐③❛♥❞♦ ❛ ❊q✉❛çã♦ ✭✺✳✶✷✮✱ ♦♥❞❡
highestV mparameter r❡♣r❡s❡♥t❛ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ highestV m q✉❡ r❡q✉❡r ❛ ♠❛✐♦r q✉❛♥t✐✲
❞❛❞❡ ❞♦ r❡❝✉rs♦ parameter✱ ❡ hostremaining❴parameter r❡♣r❡s❡♥t❛ ♦s r❡❝✉rs♦s ❞✐s♣♦♥í✈❡✐s ❞❡
parameter ❞♦ s❡r✈✐❞♦r host✳ ◆♦ ♣ró①✐♠♦ ♣❛ss♦ ✭▲✐♥❤❛ ✸✮✱ ♦ ❛❧❣♦r✐t♠♦ ❡st✐♠❛ q✉❛♥t♦ ❞❡
❧❛r❣✉r❛ ❜❛♥❞❛ ❡①tr❛ ❞❡✈❡ s❡r ❛❧♦❝❛❞♦ ♣❛r❛ ❛ vm ❛ ✐♥❣r❡ss❛r✱ ♦ q✉❡ ♣♦❞❡ s❡r ❞❡t❡r♠✐♥❛❞♦
♣❡❧❛ r❛③ã♦ ❡♥tr❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞✐s♣♦♥í✈❡❧ ♥♦ s❡r✈✐❞♦r ❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❡ vm ❡ ♦ ♥ú♠❡r♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ❛✐♥❞❛ ♣♦❞❡rã♦ s❡r s✉♣♦rt❛❞❛s ♣❡❧♦ s❡r✈✐❞♦r ✖ ❝♦♠♦ ♦ s❡r✈✐❞♦r
❛✐♥❞❛ ♥ã♦ ❛❧♦❝♦✉ vm✱ ❡♥tã♦ ❡st❡ ✈❛❧♦r ✐♥❝❧✉✐ ❛s ❞❡♠❛♥❞❛s ❞❡ vm✳ ❆♣ós ✐ss♦✱ ♥❛ ▲✐♥❤❛ ✹ ♦
s❡r✈✐❞♦r ❝❛❧❝✉❧❛ q✉❛♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❝♦♥s♦❧✐❞❛❞❛✱ ❝♦♥st✐t✉í❞❛ ♣❡❧❛ ❜❛♥❞❛ ❜❛s❡ ❞❛
♠áq✉✐♥❛ ✈✐rt✉❛❧ ✖ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ r❡q✉❡r✐❞❛ ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✖ ❝♦♠ ❛ ❧❛r❣✉r❛
❞❡ ❜❛♥❞❛ ❡①tr❛ ✖ ❝❛❧❝✉❧❛❞❛ ♥❛ ▲✐♥❤❛ ✸ ✖ ❡❧❡ r❡s❡r✈❛rá ♣❛r❛ vm✳ ❖ ú❧t✐♠♦ ♣❛ss♦ é ♦
♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❢❛t♦ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ r❡❛❧✐③❛❞❛ ♥❛ ▲✐♥❤❛ ✺✳

hostmax❴remaining❴vms

= max

{

hostremaining❴mips

highestV mmips

,
hostremaining❴ram

highestV mram

,
hostremaining❴bw

highestV mbw

,
hostremaining❴stor

highestV mstor

}

✭✺✳✶✷✮
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◆♦t❡ q✉❡ ♦ ❆❧❣♦r✐t♠♦ ✷ ❣❛r❛♥t❡ ✶✵✵✪ ❞❡ ❛♣r♦✈❡✐t❛♠❡♥t♦ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦ s❡r✲
✈✐❞♦r✳ ■ss♦ ♣♦❞❡ s❡r ♣r♦✈❛❞♦ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿ ❛ss✉♠❛ q✉❡ ♦ s❡r✈✐❞♦r ♣♦❞❡ s✉♣♦rt❛r
s♦♠❡♥t❡ ❛ ú❧t✐♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ❡♥tã♦ ♦ ❞❡♥♦♠✐♥❛❞♦r ❞❛ ❡q✉❛çã♦ r❡❢❡r❡♥❝✐❛❞❛ ♥❛ ▲✐✲
♥❤❛ ✸ é ✶✱ ❡♥tã♦ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ ❝❛❧❝✉❧❛❞❛ s❡rá ✐❣✉❛❧ à ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❜❛s❡
❞❡♠❛♥❞❛❞❛ ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ❛❝r❡s❝✐❞❛ ❞❡ t♦❞❛ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ r❡st❛♥t❡ ❞♦ s❡r✈✐✲
❞♦r ❛♣ós ❛ ❛❧♦❝❛çã♦✱ ♣♦rt❛♥t♦ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❛ s❡r ❛❧♦❝❛❞❛✱ ❝❛❧❝✉❧❛❞❛ ❡♠ ✹✱ ❞❡✐①❛rá
✵ ▼❜♣s ❧✐✈r❡s ❛♣ós ❡st❛ ❛❧♦❝❛çã♦✱ ♣♦rt❛♥t♦ ❣❛r❛♥t✐♥❞♦ ✉♠❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶✵✵✪✳

❖❜s❡r✈❛♠♦s✱ ❝♦♥t✉❞♦✱ q✉❡ ❛ ❛t✉❛çã♦ ❞♦s ❇P❆s s❡ ❞á ❛♣❡♥❛s ♥♦s s❡r✈✐❞♦r❡s✱ ♥ã♦
❝♦♥t❡♠♣❧❛♥❞♦ ♦ ♥ú❝❧❡♦ ❞❛ r❡❞❡✳ ❊♠❜♦r❛ ❛s r❡s❡r✈❛s r❡❛❧✐③❛❞❛s ♥♦s s❡r✈✐❞♦r❡s ❝♦♥s✐❣❛♠
❣❛r❛♥t✐r ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣♦r ♣❛rt❡ ❞❡st❡s✱ ❡①✐st❡ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ q✉❡ ♦ ♥ú❝❧❡♦ ❞❛
r❡❞❡ ✖ ár❡❛ ❢♦r❛ ❞♦ ❡s❝♦♣♦ ❞❡ ❛t✉❛çã♦ ❞♦s ❇P❆s ✖ ❞❡♣❡♥❞❡♥❞♦ ❞❛ t♦♣♦❧♦❣✐❛ ✉t✐❧✐③❛❞❛✱
♥ã♦ ❝♦♥s✐❣❛ ❛t❡♥❞❡r ✶✵✵✪ ❞❛ ❞❡♠❛♥❞❛ ❝♦♥s♦❧✐❞❛❞❛✳ P♦rt❛♥t♦✱ ❝♦♥❤❡❝❡♥❞♦ ❛s ❧✐♠✐t❛çõ❡s
❞❛s r❡❞❡s ❞♦ ❞❛t❛ ❝❡♥t❡r✱ ✉♠ ❛❞♠✐♥✐str❛❞♦r ♣♦❞❡rá ❢❛③❡r ❛❞❡q✉❛çõ❡s ❡s♣❡❝í✜❝❛s ♣❛r❛ ❝❛❞❛
❝❛s♦✱ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♠✐♥✐♠✐③❛r ♦s ✐♠♣❛❝t♦s ❞❡ t❛✐s ❧✐♠✐t❛çõ❡s✳

✺✳✸ ■❧✉str❛çã♦

◆❛ ❋✐❣✉r❛ ✺✳✹ ♥ós ❛♣r❡s❡♥t❛♠♦s ✉♠ ❡①❡♠♣❧♦ s✐♠♣❧✐✜❝❛❞♦ ❞❡ ✉♠ ❝❡♥ár✐♦ ♦♣❡r❛❝✐♦♥❛❧ ♣❛r❛
♦ ♠ét♦❞♦ ❞❡ ❛❧♦❝❛çã♦ ♣r♦♣♦st♦✳ ❙❡❥❛ h0 ✉♠ s❡r✈✐❞♦r ❚✐♣♦ ✶✱ ❝♦♠ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ h0❴bw❀
❡ h1 ✉♠ s❡r✈✐❞♦r ❚✐♣♦ ✷✱ ♣♦ss✉✐♥❞♦ ❝♦♥✜❣✉r❛çã♦ ✐❞ê♥t✐❝❛ ❛ h0✱ ❡①❝❡t♦ ♣❡❧❛ ❧❛r❣✉r❛ ❞❡
❜❛♥❞❛✳ ❊st❛s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❡stã♦ r❡♣r❡s❡♥t❛❞❛s ❡♠ ✉♠❛ ❡s❝❛❧❛ ♥ã♦ ❧✐♥❡❛r ♥❛ ✜❣✉r❛✳
❙❡❥❛ h1❴bw ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡ h1✱ ❞❡ ♠♦❞♦ q✉❡ h1❴bw = 10×h0❴bw✳ ❈♦♥s✐❞❡r❡ q✉❡
t♦❞❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛♣r❡s❡♥t❛♠ ❛ ♠❡s♠❛ ❝♦♥✜❣✉r❛çã♦✱ ❡ q✉❡ t♦❞♦s ♦s ❙▲❆s s❡❥❛♠
r❡str✐t✐✈♦s ❡♠ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ✐✳❡✳ ✉♠❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ r❡q✉❡r✐❞❛ ♣♦r ✉♠❛ ♠áq✉✐♥❛
✈✐rt✉❛❧ ❞❡✈❡ s❡r ✶✵✵✪ s❛t✐s❢❡✐t❛✳ ❈♦♥s✐❞❡r❡ q✉❡ ♦ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❤♦s♣❡❞á✈❡✐s ♣♦r ✉♠ s❡r✈✐❞♦r ♥ã♦ s❡❥❛ ❞❛❞♦ ❡♠ ❢✉♥çã♦ ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳

h0 h1

vm_x vm_x vm_x

vm_x vm_x

vm_x

h0_bw

h1_bw

❋✐❣✉r❛ ✺✳✹✿ ❈❡♥ár✐♦ ❞❡ ❊①❡♠♣❧♦ ♣❛r❛ ♦ ❇❛♥❞✇✐❞t❤✲❆✇❛r❡ ▲❛❣♦ ❆❧❧♦❝❛t♦r
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◆♦t❛♠♦s q✉❡ ♥❡st❡ ❝❡♥ár✐♦ ❡①✐st❡ ✉♠ ❞❡s♣❡r❞í❝✐♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡♠ h1✱ ✉♠❛ ✈❡③
q✉❡ ♠❡s♠♦ q✉❡ t♦❞❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s s❡❥❛♠ ❛❧♦❝❛❞❛s ❥✉♥t❛♠❡♥t❡ ❡♠ ✉♠ s❡r✈✐❞♦r✱
❛✐♥❞❛ ❤❛✈❡rá ♠✉✐t♦ ❞❡ h1❴bw ♥ã♦ ✉t✐❧✐③❛❞♦✳ P♦r ❡①❡♠♣❧♦✱ s❡ ♦ ❧✐♠✐t❡ ❤♦s♣❡❞❛❣❡♠ ❡♠ ✉♠
s❡r✈✐❞♦r ❢♦r ❞❡ ✸ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❡ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❝♦♥s✉♠✐r ✷✺✵ ▼❜♣s ❞❡ ❧❛r❣✉r❛
❞❡ ❜❛♥❞❛✱ s❡♥❞♦ h0❴bw ✶ ●❜♣s ❡ h1❴bw ✶✵ ●❜♣s✱ ❡♥tã♦ h0❴bw s❡rá ❝❛♣❛③ ❞❡ ♣r♦✈❡r ❛
❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❝♦♥s♦❧✐❞❛❞❛ ❞❡♠❛♥❞❛❞❛ ♣❡❧❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ r❡st❛rã♦ ✷✺✵ ▼❜♣s✳
❙✉♣♦♥❞♦ ❛ ❛❧♦❝❛çã♦ ❞❡st❛s ♠❡s♠❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ h1✱ ❡♥tã♦ ❤❛✈❡rã♦ ✾✱✷✺ ●❜♣s
♥ã♦ ✉t✐❧✐③❛❞♦s✳ ❯♠❛ r❡❣r❛ s✐♠♣❧❡s ♣❛r❛ ♣❡r♠✐t✐r ❡✈✐t❛r ❡st❡ ❞❡s♣❡r❞í❝✐♦ ♥♦ s❡❣✉♥❞♦ ❝❛s♦
s❡r✐❛ ♣r♦✈❡r ♠❛✐s ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ❜❡♥❡✜❝✐❛r ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
♥♦ ❡♥t❛♥t♦ ❡st❛ ❛❜♦r❞❛❣❡♠ ✐♠♣❧✐❝❛ ❡♠ ❞♦✐s ♣r♦❜❧❡♠❛s✿ ✭✐✮ ✭✉♠ ♣r♦❜❧❡♠❛ ♣❡q✉❡♥♦✮ ❛
✈✐♦❧❛çã♦ ❞❡ ❙▲❆✱ ♣♦✐s ❡st❛rí❛♠♦s ❞❛♥❞♦ ♠❛✐s ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦ q✉❡ ♦ r❡q✉✐s✐t❛❞♦ ♣❡❧❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s❀ ❡ ✭✐✐✮ ✉♠❛ ✈❡③ q✉❡ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡①tr❛ s❡❥❛ r❡s❡r✈❛❞❛✱ s❡ t✐✈❡r♠♦s
q✉❡ ♠❛♥t❡r ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♥❡st❡ ♥í✈❡❧ ❛❧t♦✱ ♥ós ✐♠♣♦ss✐❜✐❧✐t❛rí❛♠♦s ❛ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛❧♦❝❛❞❛s ❡♠ h1 ♣❛r❛ h0✱ ♣♦✐s h0❴bw s❡r✐❛ ✐♥s✉✜❝✐❡♥t❡ ♣❛r❛ s✉♣♦rt❛r ❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞❡ h1✱ ✉♠❛ ✈❡③ q✉❡ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ r❡s❡r✈❛❞❛ ❡♠ h1❴bw s❡r✐❛
♠✉✐t♦ ♠❛✐♦r ❞♦ q✉❡ h0❴bw✳

❆❣♦r❛ ❝♦♥s✐❞❡r❛♠♦s ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❚✐♣♦ ✷✱ ❞❡✜♥✐❞❛ ♥❛ ❙❡çã♦ ✺✳✷✱ ❡ ❝♦♠ ✉♠❛
q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s ♣❛r❛ ♠✐❣r❛r ✐❣✉❛❧ à ❘❆▼ ❝♦♥s✉♠✐❞❛ ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ♥❡st❡
❝❛s♦✱ ✶ ●❇✳ ❈♦♠ ♦ ♠♦❞❡❧♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✉t✐❧✐③❛♥❞♦ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛
❜❛s❡ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡♠ q✉❡stã♦ ✭♥❡st❡ ❝❛s♦ ✺✵ ▼❜♣s✮✱ ♦ t❡♠♣♦ ❝♦♥s✉♠✐❞♦ s❡rá ❞❡
(1.000MB)/(50Mbps) = (1.000×8Mb)/(50Mbps) = 160 s ❝♦♥s✐❞❡r❛♥❞♦ ♦ ❝❡♥ár✐♦ ót✐♠♦✳
❙❡ ♦ ♠ét♦❞♦ ❞❡ ♠✐❣r❛çã♦ ♣r♦♣♦st♦ ♥❛ ❙❡çã♦ ✺✳✷ ❢♦r ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦ ♠❡s♠♦ ❝❡♥ár✐♦✱ ❡♥tã♦
♦ t❡♠♣♦ ❝♦♥s✉♠✐❞♦ s❡r✐❛ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ (1.000 MB)/(50 Mbps + 200 Mbps) =

(1.000× 8Mb)/(250 Mbps) = 32 s✱ ♦ q✉❡ r❡♣r❡s❡♥t❛✱ ❡♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ✉♠❛ r❡❞✉çã♦ ❞❡
✽✵✪ ♥♦ t❡♠♣♦ ❞❡ ♠✐❣r❛çã♦✳

✺✳✹ ❙✐♠✉❧❛çã♦

P❛r❛ ❛♥❛❧✐s❛r ♦s ❜❡♥❡❢í❝✐♦s ❞♦ ❋❍❆ ❇❆▲❆ ♣❛r❛ ❡♥❝♦♥tr❛r s❡r✈✐❞♦r❡s ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
❛t✉❛♥❞♦ ❥✉♥t❛♠❡♥t❡ ❛♦ ❊❇P❆ ❛♣r❡s❡♥t❛❞♦✱ ✉t✐❧✐③❛♠♦s ♦ s✐♠✉❧❛❞♦r ❈❧♦✉❞❙✐♠✱ r❡❛❧✐③❛♥❞♦
❛s s❡❣✉✐♥t❡s ♠♦❞✐✜❝❛çõ❡s ❡♠ s❡✉ ♥ú❝❧❡♦ ♣❛r❛ ♣♦ss✐❜✐❧✐t❛r ♦s ❡①♣❡r✐♠❡♥t♦s✿

• ❊st❡♥❞❡♠♦s ❛ ❝❧❛ss❡ ❱♠❆❧❧♦❝❛t✐♦♥P♦❧✐❝② ♣❛r❛ s✉♣♦rt❛r ♦s ❛❧❣♦r✐t♠♦s ❋❍❆ ❡st✉✲
❞❛❞♦s ♥❡st❛ s❡çã♦❀

• ▼♦❞✐✜❝❛♠♦s ❛s ❝❧❛ss❡s P♦✇❡r❉❛t❛❈❡♥t❡r ❡ P♦✇❡r❉❛t❛❈❡♥t❡r◆♦♥P♦✇❡r❆✇❛r❡ ♣❛r❛
♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣♦❞❡r❡♠ ✐♥t❡r❛❣✐r ❝♦♠ ♦ ❛❧✲
❣♦r✐t♠♦ ❇P❆ ❡st✉❞❛❞♦ ♥❡st❛ s❡çã♦✳

◆❛s ♣ró①✐♠❛s s✉❜s❡çõ❡s✱ ♥ós ❛♣r❡s❡♥t❛♠♦s ❡♠ ❞❡t❛❧❤❡s ❝♦♠♦ ❛s s✐♠✉❧❛çõ❡s ❢♦r❛♠
❝♦♥✜❣✉r❛❞❛s ❡ ❡①❡❝✉t❛❞❛s✳



✾✾

✺✳✺ ❈♦♥✜❣✉r❛çã♦ ❞♦ ❉❛t❛ ❈❡♥t❡r

❆ss✉♠✐♥❞♦ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s é s❡✐s ✈❡③❡s ♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s✱ ❡
q✉❡ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ♣r♦❝❡ss❛ ✉♠❛ ❝❧♦✉❞❧❡t✱ ❡♥tã♦ ♦ ♥ú♠❡r♦ ❞❡ ❝❧♦✉❞❧❡ts é ✐❣✉❛❧ ❛♦
♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡✱ ♣♦rt❛♥t♦✱ s❡✐s ✈❡③❡s ♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s✳ ❆♣r❡s❡♥t❛♠♦s
♥❛ ❚❛❜❡❧❛ ✺✳✶ ♦s t❛♠❛♥❤♦s ❞♦s ❞❛t❛ ❝❡♥t❡rs✱ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ t❛♠❛♥❤♦ ❞❛s
❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ✉t✐❧✐③❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳

❚❛❜❡❧❛ ✺✳✶✿ ❚❛♠❛♥❤♦s ❞❡ ❉❛t❛ ❈❡♥t❡rs ❡ ❈❛r❣❛s ❞❡ ❚r❛❜❛❧❤♦

❚❛♠❛♥❤♦ ★ ❙❡r✈✐❞♦r❡s
★ ▼áq✉✐♥❛s
❱✐rt✉❛✐s

❚♦t❛❧ ❞❡ ❈❛r❣❛s ❞❡ ❚r❛❜❛❧❤♦
❞♦ ❉❛t❛ ❈❡♥t❡r

✭❡♠ ▼✐❧❤õ❡s ❞❡ ■♥str✉çõ❡s✮

s10 ✶✵ ✻✵ ✶✷✷✳✼✻✵✳✵✵✵
s100 ✶✵✵ ✻✵✵ ✶✳✷✷✼✳✻✵✵✳✵✵✵
s1000 ✶✳✵✵✵ ✻✳✵✵✵ ✶✷✳✷✼✻✳✵✵✵✳✵✵✵

◆ós ❛❣♦r❛ ❝♦♠❡♥t❛♠♦s s♦❜r❡ ♦ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣♦r s❡r✈✐❞♦r ❡ ♦ r❡❧❛❝✐♦✲
♥❛♠❡♥t♦ ♣❛r❛ ❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✳ ❙❡ ✉♠ ❞❛t❛ ❝❡♥t❡r s1000 r❡❝❡❜❡ ✉♠ ♥ú♠❡r♦ ♠✉✐t♦
♣❡q✉❡♥♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ♣❛r❛ ♣r♦❝❡ss❛r✱ ❡❧❡ ♣♦❞❡rá t❡r♠✐♥á✲❧❛s
r❛♣✐❞❛♠❡♥t❡✱ ♣r❛t✐❝❛♠❡♥t❡ ♥ã♦ ❞❛♥❞♦ t❡♠♣♦ ♣❛r❛ ❛s ♠✐❣r❛çõ❡s ❡ ♥ã♦ ♣❡r♠✐t✐♥❞♦ ✉♠❛
❛✈❛❧✐❛çã♦ ❛❞❡q✉❛❞❛ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳ P♦r ♦✉tr♦ ❧❛❞♦✱ s❡ ✉♠ ❞❛t❛ ❝❡♥t❡r s10 r❡❝❡❜❡
✉♠ ♥ú♠❡r♦ ♠✉✐t♦ ❣r❛♥❞❡ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ♦ ♣r♦❝❡ss❛♠❡♥t♦
♣♦❞❡rá ❝♦♥s✉♠✐r t❡♠♣♦ ❞❡♠❛✐s✱ t❛♠❜é♠ ♥ã♦ ♣❡r♠✐t✐♥❞♦ ✉♠❛ ❛✈❛❧✐❛çã♦ ❛❞❡q✉❛❞❛ ❞♦
❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♥ós ❡♥❝♦♥tr❛♠♦s q✉❡ é ❛❞❡q✉❛❞♦ q✉❡ ♦ ♥ú♠❡r♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ s❡r❡♠ ♣r♦♣♦r❝✐♦♥❛✐s ❛♦ t❛♠❛♥❤♦ ❞♦ ❞❛t❛ ❝❡♥✲

t❡r✳ ❊s♣❡❝✐✜❝❛♠❡♥t❡✱ ♣❛r❛ ❡st❡s t❡st❡s ❝♦♥s✐❞❡r❛♠♦s q✉❡ ✉♠❛ ❜♦❛ r❡❣r❛ é ♦ ♥ú♠❡r♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s s❡r s❡✐s ✈❡③❡s ♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s✱ ❡ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ r❡❝❡❜❡
✉♠❛ ❝❧♦✉❞❧❡t ♣♦r ✈❡③✳

P♦rt❛♥t♦✱ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ sã♦ s✉❜♠❡t✐❞❛s às ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠♦ ❝❧♦✉❞❧❡ts✱ ❞❡
♠♦❞♦ q✉❡ ❝❛❞❛ ❝❧♦✉❞❧❡t t❡♥❤❛ ✸✵✳✵✵✵✳ ✶✷✵✳✵✵✵✳ ✹✽✵✳✵✵✵✳ ✶✳✾✷✵✳✵✵✵ ❡ ✼✳✻✽✵✳✵✵✵ ♠✐❧❤õ❡s
❞❡ ✐♥str✉çõ❡s ✭▼■✮ ❡♠ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✳ P♦r ❡①❡♠♣❧♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ❡st❡s ❝✐♥❝♦
t❛♠❛♥❤♦s ❞❡ ❝❧♦✉❞❧❡ts✱ ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r s10 ❝♦♠ ✻✵ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ t❡r❡♠♦s ✶✷
♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣r♦❝❡ss❛♥❞♦ ✶✷ ❝❧♦✉❞❧❡ts ❞❡ ✸✵✳✵✵✵ ▼■ ❝❛❞❛✱ ✶✷ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
♣r♦❝❡ss❛♥❞♦ ✶✷ ❝❧♦✉❞❧❡ts ❞❡ ✶✷✵✳✵✵✵ ▼■✱ ❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡✱ s❡❣✉✐♥❞♦ ♦ ♠❡❝❛♥✐s♠♦ r♦✉♥❞✲

r♦❜✐♥✳ P♦rt❛♥t♦✱ ♦ t♦t❛❧ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r s10 s❡rá ❞❡ ✶✷✷✳✼✻✵✳✵✵✵
▼■ ✭= ✶✷ × (✸✵✳✵✵✵ + ✶✷✵✳✵✵✵ + ✹✽✵✳✵✵✵ + ✶✳✾✷✵✳✵✵✵ + ✼✳✻✽✵✳✵✵✵)✮✳ ❉❡ ♠♦❞♦ s✐♠✐❧❛r✱ ♦s
t♦t❛✐s ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡t❡r♠✐♥❛❞❛s ♣❛r❛ ♦✉tr❛s ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❞❛t❛ ❝❡♥t❡rs ❡stã♦
❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✺✳✶✳

❋✐♥❛❧♠❡♥t❡✱ ♥ós ❝r✐❛♠♦s ❝❡♥ár✐♦s ❝♦♠ ❝❛❞❛ ✉♠ ❞❡st❡s ❞❛t❛ ❝❡♥t❡rs✱ ♦♣❡r❛♥❞♦ ❝♦♠
❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞❡ ✶✵✵ ▼❜♣s✱ ✶ ●❜♣s✱ ✶✵ ●❜♣s✱ ✶✵✵ ●❜♣s✱ ✶ ❚❜♣s ❡ ✶✵ ❚❜♣s❀ ❡
✉t✐❧✐③❛♥❞♦ ♦ ♠ét♦❞♦ ❞❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❜❛♥❞❛ ❡st❡♥❞✐❞❛ ✐❣✉❛❧✐tár✐♦ ✰❊✱ ❛♣r❡s❡♥t❛❞♦
♥❛ ❙✉❜s❡çã♦ ✺✳✷✱ ♣❛r❛ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳



✶✵✵

✺✳✺✳✶ ❈♦♥✜❣✉r❛çõ❡s ❞❡ ❙❡r✈✐❞♦r❡s ❡ ▼áq✉✐♥❛s ❱✐rt✉❛✐s

❆ ❝♦♥✜❣✉r❛çã♦ ❝♦♠✉♠ ♣❛r❛ t♦❞♦s ♦s s❡r✈✐❞♦r❡s é✿ ✽ ●✐❇ ❞❡ ❘❆▼ ❡ ✷✱✺ ●❇ ❞❡ t❛♠❛♥❤♦ ❞❡
✐♠❛❣❡♠✳ ❖s s❡r✈✐❞♦r❡s sã♦ ❞✐❢❡r❡♥❝✐❛❞♦s ♥♦s ❛❞❛♣t❛❞♦r❡s ❞❡ r❡❞❡s✱ q✉❡ ❛♣r❡s❡♥t❛♠ t❛①❛s
❞❡ tr❛♥s♠✐ssã♦ ❞❡✜♥✐❞❛s ♣❛r❛ ✶✵✵ ▼❜♣s✱ ✶ ●❜♣s✱ ✶✵ ●❜♣s✱ ✶✵✵ ●❜♣s✱ ✶ ❚❜♣s ❡ ✶✵ ❚❜♣s✱
❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✳ ❖s ✈❛❧♦r❡s ❞♦ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛ ❞♦s s❡r✈✐❞♦r❡s sã♦
❜❛s❡❛❞♦s ❡♠ ❬✶✵✻❪✳ ❆ ❚❛❜❡❧❛ ✺✳✷ s✉♠❛r✐③❛ ❛s ❢r❡q✉ê♥❝✐❛s ❡ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛ ♣❛r❛
❝❛❞❛ s❡r✈✐❞♦r ♣❛r❛ ❝❛❞❛ t✐♣♦ ❞❡ ❞❛t❛ ❝❡♥t❡r✳

❚❛❜❡❧❛ ✺✳✷✿ ❉✐str✐❜✉✐çã♦ ❞❡ ❙❡r✈✐❞♦r❡s ♣❛r❛ ❉❛t❛ ❈❡♥t❡rs

■❉ ❞♦ ❙❡r✈✐❞♦r P❛râ♠❡tr♦ ❍♦♠♦❣ê♥❡♦ ▼✐st♦ ❍❡t❡r♦❣ê♥❡♦

h0
❋r❡q✉ê♥❝✐❛ ✭●❍③✮ ✹×✸✱✵✻ ✹×✸✱✵✻ ✹×✶✱✻
P♦tê♥❝✐❛ ✭❲✮ ✷✺✵ ✷✵✵ ✷✵✵

h1
❋r❡q✉ê♥❝✐❛ ✭●❍③✮ ✹×✸✱✵✻ ✽×✸ ✹×✶✱✽✻
P♦tê♥❝✐❛ ✭❲✮ ✷✺✵ ✷✺✵ ✷✺✵

h2
❋r❡q✉ê♥❝✐❛ ✭●❍③✮ ✹×✸✱✵✻ ✹×✸✱✵✻ ✹×✸✱✵✻
P♦tê♥❝✐❛ ✭❲✮ ✷✺✵ ✸✵✵ ✸✵✵

h3
❋r❡q✉ê♥❝✐❛ ✭●❍③✮ ✹×✸✱✵✻ ✽×✸ ✹×✸✱✸
P♦tê♥❝✐❛ ✭❲✮ ✷✺✵ ✷✵✵ ✸✺✵

h4
❋r❡q✉ê♥❝✐❛ ✭●❍③✮ ✹×✸✱✵✻ ✹×✸✱✵✻ ✽×✸
P♦tê♥❝✐❛ ✭❲✮ ✷✺✵ ✷✺✵ ✷✵✵

h5
❋r❡q✉ê♥❝✐❛ ✭●❍③✮ ✹×✸✱✵✻ ✽×✸ ✹×✶✱✻
P♦tê♥❝✐❛ ✭❲✮ ✷✺✵ ✸✵✵ ✷✺✵

❈♦♠ r❡❧❛çã♦ às ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ s✉❛s ❘❆▼ ❢♦r❛♠ ❞❡✜♥✐❞❛s ♣❛r❛ ✺✶✷ ▼✐❇✳ ❆ ❧❛r❣✉r❛
❞❡ ❜❛♥❞❛ r❡q✉✐s✐t❛❞❛ ♣♦r ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ é ❞❡ ✽✱✸✸ ▼❜♣s ♣❛r❛ ❣❛r❛♥t✐r q✉❡ ❛ ❧❛r❣✉r❛
❞❡ ❜❛♥❞❛ ♥ã♦ s❡❥❛ ♦ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛❧♦❝á✈❡✐s ❡♠ ✉♠
s❡r✈✐❞♦r✱ ♠❛s t❛♠❜é♠ ♥ã♦ ♣❡q✉❡♥♦ ❞❡♠❛✐s ♣❛r❛ ❡✈✐t❛r q✉❡ ✉♠ ❣r✉♣♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
✉t✐❧✐③❡ ♠❡♥♦s ❞♦ q✉❡ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♠á①✐♠❛ ❣❛r❛♥t✐❞❛ ❞❡ q✉❛❧q✉❡r s❡r✈✐❞♦r ❞♦ ❞❛t❛

❝❡♥t❡r ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❆s ❝❛♣❛❝✐❞❛❞❡s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❢♦r❛♠ ❞❡✜♥✐❞❛s ♣❛r❛ ✶✳✵✵✵✱ ✷✳✵✵✵ ❡ ✸✳✵✵✵ ▼■P❙ ❡♠ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✳

✺✳✺✳✷ ❈♦♥✜❣✉r❛çõ❡s ❞❡ ❉❛t❛ ❈❡♥t❡r ❍♦♠♦❣ê♥❡♦s

P❛r❛ s✐♠✉❧❛r ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱ ♣❛r❛ ❝❛❞❛ s❡r✈✐❞♦r ❢♦r❛♠ ❡s❝♦❧❤✐❞♦s✱ ✉♥✐❢♦r♠❡✲
♠❡♥t❡✱ ♦ ♣r♦❝❡ss❛❞♦r ■♥t❡❧ ❳❡♦♥ ❳✺✻✻✼ ✭✹ × ✸✱✵✻ ●❍③✮✱ ✉♠ ❝♦♥s✉♠♦ ❞❡ ✷✺✵ ❲✳

✺✳✺✳✸ ❈♦♥✜❣✉r❛çõ❡s ❞❡ ❉❛t❛ ❈❡♥t❡rs ❍❡t❡r♦❣ê♥❡♦s

P❛r❛ s✐♠✉❧❛r ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✱ ❛s s❡❣✉✐♥t❡s ❝♦♥✜❣✉r❛çõ❡s ❢♦r❛♠ ❛❞♦t❛❞❛s✿

• Pr♦❝❡ss❛❞♦r → ❝❛❞❛ s❡r✈✐❞♦r ♣♦ss✉✐ ✉♠ ❞♦s s❡❣✉✐♥t❡s t✐♣♦s ❞❡ ♣r♦❝❡ss❛❞♦r❡s✱ ❡♠
✉♠❛ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✿ ■♥t❡❧ ❳❡♦♥ ❊✺✻✵✸ ✭✹ × ✶✱✻ ●❍③✮✱ ■♥t❡❧ ❳❡♦♥ ❊✼✺✷✵ ✭✹
× ✶✱✽✻ ●❍③✮✱ ■♥t❡❧ ❳❡♦♥ ❳✺✻✻✼ ✭✹ × ✸✱✵✻ ●❍③✮✱ ❆▼❉ ❖♣t❡r♦♥ ✻✷✵✹ ✭✹ × ✸✱✸ ●❍③✮
❡ ❆▼❉ ❖♣t❡r♦♥ ✻✷✷✵ ✭✽ × ✸ ●❍③✮❀
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• P♦tê♥❝✐❛→ ❝❛❞❛ s❡r✈✐❞♦r ♣♦ss✉✐ ✉♠❛ ❞❛s s❡❣✉✐♥t❡s ♣♦tê♥❝✐❛s✱ ❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦
r♦✉♥❞✲r♦❜✐♥✿ ✷✵✵✱ ✷✺✵✱ ✸✵✵ ❡ ✸✺✵ ❲✳

■❧✉str❛♠♦s ♥❛ ❚❛❜❡❧❛ ✺✳✸ ❝♦♠♦ ♦s ♣r♦❝❡ss❛❞♦r❡s ❡ ❛s ♣♦tê♥❝✐❛s ❞♦s s❡r✈✐❞♦r❡s ❡stã♦
❞✐str✐❜✉í❞♦s ♥❡st❡ t✐♣♦ ❞❡ ❞❛t❛ ❝❡♥t❡r✳

❚❛❜❡❧❛ ✺✳✸✿ ❊①❡♠♣❧♦ ❞❡ ❈♦♥✜❣✉r❛çã♦ ❞❡ ❙❡r✈✐❞♦r❡s ❡♠ ✉♠ ❉❛t❛ ❈❡♥t❡r ❍❡t❡r♦❣ê♥❡♦

❙❡r✈✐❞♦r h0 h1 h2 h3 h4 h5

▼■P❙×◆ú❝❧❡♦s ✶✳✻✵✵×✹ ✶✳✽✻✵×✹ ✸✳✵✻✻×✹ ✸✳✸✵✵×✹ ✸✳✵✵✵×✽ ✶✳✻✵✵×✹
P♦tê♥❝✐❛ ✭❲✮ ✷✵✵ ✷✺✵ ✸✵✵ ✸✺✵ ✷✵✵ ✷✺✵

✺✳✺✳✹ ❈♦♥✜❣✉r❛çã♦ ❞❡ ❉❛t❛ ❈❡♥t❡rs ▼✐st♦s

P❛r❛ s✐♠✉❧❛çõ❡s r❡❛❧✐③❛❞❛s ❡♠ ❞❛t❛ ❝❡♥t❡rs ♠✐st♦s✱ ❛s s❡❣✉✐♥t❡s ❝♦♥✜❣✉r❛çõ❡s ❢♦r❛♠ ❛❞♦✲
t❛❞❛s✿ ❝❛❞❛ s❡r✈✐❞♦r ♣♦ss✉✐ ✉♠ ❞♦s ❞♦✐s t✐♣♦s ❞❡ ♣r♦❝❡ss❛❞♦r❡s✱ ❡♠ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲

r♦❜✐♥✿ ■♥t❡❧ ❳❡♦♥ ❳✺✻✻✼ ✭✹ × ✸✱✵✻ ●❍③✮ ❡ ❆▼❉ ❖♣t❡r♦♥ ✻✷✷✵ ✭✽ × ✸ ●❍③✮✳ ◗✉❛♥t♦ à
♣♦tê♥❝✐❛ ❞♦s s❡r✈✐❞♦r❡s✱ t❛♠❜é♠ ❢♦✐ ❛❞♦t❛❞❛ ✉♠❛ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥ ❞❡ ✷✵✵✱ ✷✺✵ ❡
✸✵✵ ❲✳

■❧✉str❛♠♦s ♥❛ ❚❛❜❡❧❛ ✺✳✹ ❝♦♠♦ ♦ ▼■P❙✴♣♦tê♥❝✐❛ ❞♦s s❡r✈✐❞♦r❡s sã♦ ❞✐str✐❜✉í❞♦s ♥❡st❡
t✐♣♦ ❞❡ ❞❛t❛ ❝❡♥t❡r✳

❚❛❜❡❧❛ ✺✳✹✿ ❊①❡♠♣❧♦ ❞❡ ❈♦♥✜❣✉r❛çã♦ ❞❡ ❙❡r✈✐❞♦r❡s ❡♠ ✉♠ ❉❛t❛ ❈❡♥t❡r ▼✐st♦

❙❡r✈✐❞♦r h0 h1 h2 h3 h4 h5

▼■P❙×◆ú❝❧❡♦s ✸✳✵✻✻×✹ ✸✳✵✵✵×✽ ✸✳✵✻✻×✹ ✸✳✵✵✵×✽ ✸✳✵✻✻×✹ ✸✳✵✵✵×✽
P♦tê♥❝✐❛ ✭❲✮ ✷✵✵ ✷✺✵ ✸✵✵ ✷✵✵ ✷✺✵ ✸✵✵

✺✳✻ ❘❡❣r❛s ❞❡ ❙✐♠✉❧❛çã♦

❆♣❡s❛r ❞♦s ❋❍❆s ❝❧áss✐❝♦s ❍❯ ❡ ▼P❉ ❛t✉❛r❡♠ ❝♦♠♦ ❙❇P❆✱ ♥ós r❡❛❧✐③❛♠♦s ♠♦❞✐✜❝❛çõ❡s
♣❛r❛ q✉❡ ❡❧❡s ♣✉❞❡ss❡♠ s✉♣♦rt❛r ♦ ❊❇P❆ ♣r♦♣♦st♦ ♥❡st❡ tr❛❜❛❧❤♦✱ ❝♦♠ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡
❞❡ t♦r♥á✲❧♦s ♣♦ss✐✈❡❧♠❡♥t❡ ♠❡❧❤♦r❡s✱ ♣❛r❛ ❝♦♠♣❛rá✲❧♦s✱ ❞❡ ♠♦❞♦ ❥✉st♦✱ ❡♠ s✉❛s ♠❡❧❤♦r❡s
❝♦♥✜❣✉r❛çõ❡s✱ ❝♦♠ ♦ ❇❆▲❆✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❞❡t❡r♠✐♥❛r ❛ ♠❡❧❤♦r ♦♣çã♦ ❛ s❡r ✉s❛❞❛ ♣❛r❛
t♦❞♦s ♦s t✐♣♦s ❞❡ ❞❛t❛ ❝❡♥t❡rs ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛❜♦r❞❛❞♦s✳ ❖ ❋❍❆ r♦✉♥❞✲r♦❜✐♥ ♥ã♦ ❢♦✐
❝♦♥t❡♠♣❧❛❞♦✱ ✈✐st♦ q✉❡ s❡✉s r❡s✉❧t❛❞♦s ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s r✉✐♥s ❝♦♠♣❛r❛❞♦s ❛♦s ❞❡♠❛✐s
❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✳

✺✳✼ ❘❡s✉❧t❛❞♦s ❡ ❆♥á❧✐s❡

❖s ♣r✐♥❝✐♣❛✐s ❝r✐tér✐♦s ❡s❝♦❧❤✐❞♦s ♣❛r❛ ❛♥á❧✐s❡ ❡ ❝♦♠♣❛r❛çã♦ ❢♦r❛♠ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡
♠❛❦❡s♣❛♥✳ ❯♠ ❜♦♠ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡✈❡ s❡r ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛✱ ♠❛s ♥ã♦
❞❡✈❡ ❝♦♥s✉♠✐r ♠✉✐t♦ t❡♠♣♦ ♣❛r❛ ♣r♦❝❡ss❛r ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✳
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❈♦♠♦ ♣♦❞❡♠♦s ♦❜s❡r✈❛r✱ ❛ ❛❞✐çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣r♦♣♦st♦ ♥❡st❡ tr❛❜❛❧❤♦ ♠♦str❛ s✐❣♥✐✜❝❛t✐✈❛ ♠❡❧❤♦r❛ ♣❛r❛ ♦s ❋❍❆s
❍❯ ❡ ▼P❉✳ ❉❡ ❢❛t♦✱ ❡st❛ ♠❡❧❤♦r✐❛ ❢♦✐ tã♦ ✐♠♣❛❝t❛♥t❡ q✉❡ ♦ ❍❯✰❊ s✉♣❡r♦✉ ♦ ▼P❉ ♥❛ ♠❛✐♦r✐❛
❞♦s ❝❛s♦s✱ ❡✳❣✳ ♥♦s ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s ♦ ❍❯✰❊✲P❉▼ ❢♦✐ ❡♠ ♠é❞✐❛ ✹✸✪ ♠❛✐s ❡✜❝✐❡♥t❡
❡♠ ❡♥❡r❣✐❛ q✉❡ ♦ ▼P❉✲P❉▼✳
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❆❧é♠ ❞✐ss♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ❝♦♥✜❣✉r❛çã♦ P▼✱ ♦ ❇❆▲❆ s❡ ♠♦str♦✉ ♦ ♠❡❧❤♦r ❡♠ t♦❞♦s
♦s ❝❛s♦s ❞❡ ❞❛t❛ ❝❡♥t❡rs ♠✐st♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❛trás ❞♦ ▼P❉✰❊ s♦♠❡♥t❡ ❡♠ ❞❛t❛ ❝❡♥t❡rs

❝♦♠♣❧❡t❛♠❡♥t❡ ❤♦♠♦❣ê♥❡♦s✳ ❈♦♥s✐❞❡r❛♥❞♦ ❛ ❝♦♥✜❣✉r❛çã♦ P❉▼✱ ❛ q✉❛❧ ✖ ❞♦ ♣♦♥t♦ ❞❡
✈✐st❛ ❞❡ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ✖ é ❛ ♠❛✐s ✐♥❞✐❝❛❞❛ ♥❛ ♣rát✐❝❛✱ t❛❧ ♣❡r❞❛ ❞❡ ❢❛t♦ ♥ã♦
♦❝♦rr❡✱ ❡ ♥♦s ❝❛s♦s ❞❡ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s s1000✱ ♦ ❇❆▲❆✲P❉▼ ❞❡s❡♠♣❡♥❤❛ ♠❡❧❤♦r
❞♦ q✉❡ ♦ ▼P❉✰❊✲P❉▼ ❡♠ ❝❡r❝❛ ❞❡ ✶✱✼✪✳

❈♦♠ r❡❧❛çã♦ ❛♦ ♠❛❦❡s♣❛♥✱ ♥♦t❛♠♦s ♣❡q✉❡♥❛s ❞✐❢❡r❡♥ç❛s✳ ❊♠ ❛❧❣✉♥s ❝❛s♦s✱ ♦s ❋❍❆s
❝♦♠ ❛❞✐çã♦ ❞♦ r❡❝✉rs♦ ✰❊ ❝♦♥s✉♠✐r❛♠ ♠❛✐s t❡♠♣♦✱ ❡♠ ♦✉tr♦s ❡st❡ t❡♠♣♦ ❢♦✐ r❡❞✉③✐❞♦✳
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❉❡ ♠♦❞♦ ❣❡r❛❧✱ ❝♦♠ r❡❧❛çã♦ ❛♦ ❍❯✱ ❛ ❛❞✐çã♦ ❞♦ ✰❊ ❛✉♠❡♥t♦✉ ❧✐❣❡✐r❛♠❡♥t❡ ♦ ♠❛❦❡s♣❛♥ ❡♠
❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❡ ♦ r❡❞✉③✐✉ ❧✐❣❡✐r❛♠❡♥t❡ ❡♠ ❞❛t❛ ❝❡♥t❡rs ♠✐st♦s❀
❝♦♠ r❡❧❛çã♦ ❛♦ ▼P❉✱ ♦ ♠❛❦❡s♣❛♥ ❢♦✐ r❡❞✉③✐❞♦ ❡♠ t♦❞♦s ♦s ❞❛t❛ ❝❡♥t❡rs✱ ❡①❝❡t♦ ♥♦s s10 ❡
s100✳ ❈♦♠♣❛r❛❞♦ ❛ t♦❞♦s ♦s ❞❡♠❛✐s✱ ♦ ❇❆▲❆ ❞❡s❡♠♣❡♥❤♦✉ ♠❡❧❤♦r ❡♠ ❞❛t❛ ❝❡♥t❡rs ♥ã♦
❤♦♠♦❣ê♥❡♦s✳

◆ós ♦❜s❡r✈❛♠♦s q✉❡ ❞❡✈✐❞♦ às ♠✐❣r❛çõ❡s ♠❛✐s rá♣✐❞❛s✱ ♦❜t✐❞❛s ❝♦♠ ♦ ✉s♦ ❞❡ ❊❇P❆s✱
❡①✐st❡♠ ❞✉❛s ♣♦ssí✈❡✐s ❝♦♥s❡q✉ê♥❝✐❛s ✭❆✮ ❡ ✭❇✮✳ ❈♦♥s✐❞❡r❡ ❞♦✐s ❝❡♥ár✐♦s s✐♠✐❧❛r❡s✱ ✭✐✮ ❡ ✭✐✐✮✱
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❞✐❢❡r❡♥❝✐❛❞♦s s♦♠❡♥t❡ ♣❡❧♦ ❇P❆✿ ✭✐✮ ✉s❛♥❞♦ ❙❇P❆ ❡ ✭✐✐✮ ✉s❛♥❞♦ ✉♠ ❊❇P❆✱ ♣♦r ❡①❡♠♣❧♦✱
✰❊✳

❈❛s♦ ✭❆✮✿ ❙❡ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝❤❡❝❛❣❡♠ ❞❡ ♠✐❣r❛çõ❡s ❞♦ ❜r♦❦❡r ❢♦r ❣r❛♥❞❡ ♦ ❜❛st❛♥t❡
♣❛r❛ s✉♣♦rt❛r ♣❡❧♦ ♠❡♥♦s ♦ t❡♠♣♦ ❝♦♥s✉♠✐❞♦ ♣❡❧❛s ♠✐❣r❛çõ❡s ❞❡s♣❛❝❤❛❞❛s ♥❛ ✈❡r✐✜❝❛çã♦
❛♥t❡r✐♦r✱ ❡ ❡st❡ ✐♥t❡r✈❛❧♦ ❢♦r ♦ ♠❡s♠♦ ❡♠ ✭✐✮ ❡ ✭✐✐✮✱ ❡♥tã♦ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s s❡rá s❡♠❡✲
❧❤❛♥t❡ ❡♥tr❡ ✭✐✮ ❡ ✭✐✐✮✳ ❆❧é♠ ❞✐ss♦✱ ❞❡✈✐❞♦ às ♠✐❣r❛çõ❡s ♠❛✐s rá♣✐❞❛s✱ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❞♦ ❝❡♥ár✐♦ ✭✐✐✮ ❛♣r❡s❡♥t❛rã♦ ♠❡♥♦r ❞❡❣r❛❞❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞✉r❛♥t❡ s❡✉s ♣r♦❝❡ss♦s ❞❡
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♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❛❝❛rr❡t❛♥❞♦ ❡♠ ✉♠❛ ♣♦ssí✈❡❧ r❡❞✉çã♦ ❞♦ ♠❛❦❡s♣❛♥ ❡ ❞♦
❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♣❛r❛ ♦ ❝❡♥ár✐♦ ✭✐✐✮ ❡♠ r❡❧❛çã♦ ❛♦ ❝❡♥ár✐♦ ✭✐✮✳

❈❛s♦ ✭❇✮✿ ❙❡ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❡ ♠✐❣r❛çõ❡s ❞♦ ❜r♦❦❡r ♦❝♦rr❡r ♠❛✐s ❢r❡q✉❡♥t❡✲
♠❡♥t❡ ❞♦ q✉❡ ✭❆✮✱ ❡✳❣✳ s❡ ❡❧❡ ❢♦r ♠✉✐t♦ ❝✉rt♦✱ ♦✉ s❡ ♦ ❜r♦❦❡r é ♥♦t✐✜❝❛❞♦ ♣❡❧♦s s❡r✈✐❞♦r❡s
♥♦ ❡✈❡♥t♦ ❞❡ ✜♥❛❧✐③❛çã♦ ❞❛ ♠✐❣r❛çã♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ♣♦❞❡
♣♦t❡♥❝✐❛❧♠❡♥t❡ ❛✉♠❡♥t❛r ❡♠ ✭✐✐✮ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛ ✭✐✮✳ ❊st❛ ♠❛✐♦r t❛①❛ ❞❡ ♠✐❣r❛çõ❡s
♣♦❞❡ ❝❛✉s❛r ✉♠❛ r❡❞✉çã♦ ♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ♣♦ss✐✈❡❧♠❡♥t❡ ❡♠ ✉♠❛ ♠❛✐♦r ❡s❝❛❧❛ ❞♦
q✉❡ ♥♦ ❈❛s♦ ✭❆✮✱ ❞❡✈✐❞♦ ❛♦ ❢❛t♦ q✉❡ ♦s s❡r✈✐❞♦r❡s✱ ❡♠ ♣❛rt✐❝✉❧❛r ❛q✉❡❧❡s q✉❡ sã♦ ♠❡♥♦s
❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛✱ ♣♦❞❡r❡♠ s❡r ❞❡s❧✐❣❛❞♦s ♠❛✐s ❝❡❞♦✳ ◆♦s ❝❡♥ár✐♦s s✐♠✉❧❛❞♦s✱ ♥ós
✈❡♠♦s ✉♠❛ ♣r❡❞♦♠✐♥â♥❝✐❛ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡st❡ ❝❛s♦✳

◆❛s ❋✐❣✉r❛s ✺✳✶✹✕✺✳✷✷✱ ❛♣r❡s❡♥t❛♠♦s ♦ ♠❛❦❡s♣❛♥ ♣❛r❛ ♦s ❝❡♥ár✐♦s s✐♠✉❧❛❞♦s✱ ❝♦♥st✐✲
t✉í❞♦s ♣♦r ❞❛t❛ ❤♦♠♦❣ê♥❡♦s✱ ♠✐st♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❝♦♠ t❛♠❛♥❤♦s s10✱ s100 ❡ s1000✳

❊♠ ♥♦ss❛ ❛♥á❧✐s❡✱ ❝♦♥t❡♠♣❧❛♠♦s ❝♦♠♣❛r❛çõ❡s s♦❜r❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡ ♠❛❦❡s♣❛♥✱
❜❛s❡❛❞♦s ♥❛s ✐♥❡q✉❛çõ❡s ❛♣r❡s❡♥t❛❞❛s✱ ❞✐✈✐❞✐❞❛ ❡♠ ❞♦✐s ❡stá❣✐♦s✳ Pr✐♠❡✐r♦✱ ❛♥❛❧✐s❛♠♦s ❡
❝♦♠♣❛r❛çã♦ ♦s ❋❍❆s ❜❡♠ ❝♦♥❤❡❝✐❞♦s ❡♠ s✉❛s ✈❡rsõ❡s ❝❧áss✐❝❛s ✖ ❍❯ ❡ ▼P❉ ✖ ❝♦♠ s✉❛s
r❡s♣❡❝t✐✈❛s ✈❡rsõ❡s ❝♦♠ ♦ ♦ ❊❇P❆ ♣r♦♣♦st♦ ✖ ❍❯✰❊ ❡ ▼P❉✰❊ ✖ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♦❜t❡r
❞❛❞♦s ❛♣✉r❛❞♦s s♦❜r❡ ♦♥❞❡ ❡①✐st❡♠ ♦✉ ♥ã♦ ♠❡❧❤♦r✐❛s ♥❛ ✐♥❝♦r♣♦r❛çã♦ ❞❡ ❊❇P❆✳ P♦st❡r✐✲
♦r♠❡♥t❡✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ✈❡r✐✜❝❛r s❡ ♦ ♠ét♦❞♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ♣r♦♣♦st♦ ✖ ❇❆▲❆ ✖ é
✉♠❛ ❜♦❛ ♦♣çã♦ ♣❛r❛ ❝❛❞❛ ❝❡♥ár✐♦✱ ♥ós ❝♦♠♣❛r❛♠♦s t♦❞♦s ❡st❡s ❛❧❣♦r✐t♠♦s ❡♥tr❡ s✐ ❡ ❝♦♠
♦ ❇❆▲❆✳ P❛r❛ ❢♦♠❡♥t❛r ❡st❛ ❛♥á❧✐s❡✱ ❛♣r❡s❡♥t❛♠♦s ♥❛ ❚❛❜❡❧❛ ✺✳✺ ❞❛❞♦s s♦❜r❡ ♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛ ♣❛r❛ t♦❞❛s ❛s s✐♠✉❧❛çõ❡s✳ ◆❛ ❝♦❧✉♥❛ ❉❈ ♦ t✐♣♦ ❞♦ ❞❛t❛ ❝❡♥t❡r é ❧✐st❛❞♦❀ ♦ ♥ú✲
♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s ❡stá ❡♠ ❙❡r✈✐❞♦r❡s ❀ ❈♦♥✜❣✉r❛çã♦ r❡♠❡t❡ à ❝♦♥✜❣✉r❛çã♦✴r❡❝✉rs♦s q✉❡
♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ♣♦❞❡rã♦ ✉t✐❧✐③❛r❀ ❍❯ ❡ ▼P❉ s❡ r❡❢❡r❡♠ ❛♦ ❝♦♥s✉♠♦ ♠é❞✐♦
❞❡ ❡♥❡r❣✐❛ ❞♦s ❛❧❣♦r✐t♠♦s ❝❧áss✐❝♦s ❍❯ ❡ ▼P❉ ♥♦s ❝❡♥ár✐♦s ❛♣r❡s❡♥t❛❞♦s ❡♠ ❝❛❞❛ ❧✐♥❤❛✱ ❜❡♠
❝♦♠♦ ❍❯ ❈■ ❡ ▼P❉ ❈■ s❡ r❡❢❡r❡♠ ❛♦s s❡✉s r❡s♣❡❝t✐✈♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪❀
❍❯✰❊ ❡ ▼P❉✰❊ ❛❧✉③ ❛♦ ❝♦♥s✉♠♦ ♠é❞✐♦ ❞❡ ❡♥❡r❣✐❛ ❞♦s ❛❧❣♦r✐t♠♦s ❍❯ ❡ ▼P❉ tr❛❜❛❧❤❛♥❞♦ ❡♠
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♣❛r❛❧❡❧♦ ❝♦♠♦ ♦ ✰❊✱ ❜❡♠ ❝♦♠♦ ❍❯✰❊ ❈■ ❡ ▼P❉✰❊ ❈■ sã♦ s❡✉s r❡s♣❡❝t✐✈♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✲
✜❛♥ç❛ ❡♠ ✾✺✪❀ ❇❆▲❆ r❡❢❡r❡ ❛♦ ❝♦♥s✉♠♦ ♠é❞✐♦ ❞❡ ❡♥❡r❣✐❛ ♣❡❧♦ ♠ét♦❞♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣r♦♣♦st♦ ♥❡st❡ ❝❛♣ít✉❧♦✱ ❡ ❇❆▲❆ ❈■ ❛♦ s❡✉ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛
❡♠ ✾✺✪✳ ◆ós t❛♠❜é♠ ❛♣r❡s❡♥t❛♠♦s ♥❛ ❚❛❜❡❧❛ ✺✳✺ ❛❧❣✉♠❛s ❝♦♠♣❛r❛çõ❡s✱ ❜❛s❡❛❞❛s ♥❛
■♥❡q✉❛çã♦ ✭✸✳✸✮✱ q✉❡ ♣❡r♠✐t❡ ❞❡t❡r♠✐♥❛r s❡ ✉♠ ❛❧❣♦r✐t♠♦ é ♠❡❧❤♦r ❞♦ q✉❡ ♦✉tr♦✿ ❈♠♣❍❯
s❡ r❡❢❡r❡ à ❝♦♠♣❛r❛çã♦ s❡ é ✈❡r❞❛❞❡✐r♦ q✉❡ ❍❯✰❊+ CI < ❍❯− CI❀ ❡♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ s❡
❛❞✐❝✐♦♥❛r ♦ ✰❊ ♦ t♦r♥❛✱ ♣❛r❛ ♦ ♠❡s♠♦ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s✱ ♠❡❧❤♦r ❞♦ q✉❡ ♦ ❛❧❣♦r✐t♠♦
❝❧áss✐❝♦ ❍❯❀ ❜❡♠ ❝♦♠♦ ❈♠♣▼P❉ r❡s♣♦♥❞❡ s❡ é ✈❡r❞❛❞❡✐r♦ q✉❡ ▼P❉✰❊ + CI < ▼P❉− CI✱
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✐✳❡✳✱ s❡ ❛❞✐❝✐♦♥❛r ♦ ✰❊ ♦ t♦r♥❛✱ ♣❛r❛ ♦ ♠❡s♠♦ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s✱ ♠❡❧❤♦r ❞♦ q✉❡
♦ ❛❧❣♦r✐t♠♦ ❝❧áss✐❝♦ ▼P❉✳ ◆❛ ❝♦❧✉♥❛ ❇✳❇❆▲❆ ♥ós ❛♣r❡s❡♥t❛♠♦s s❡ ♦ ♠ét♦❞♦ ❛♣r❡s❡♥t❛❞♦
♥❡st❡ ❝❛♣ít✉❧♦ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦✱ ❡♠ ❢r❡♥t❡ ❛♦s ♦✉tr♦s ♣❛râ♠❡tr♦s ❡st❛❜❡❧❡❝✐❞♦s✱ ♠❡✲
❧❤♦r ❞♦ q✉❡ t♦❞♦s ♦s ❞❡♠❛✐s ❛❧❣♦r✐t♠♦s✳ ✐✳❡✳✱ s❡ ❇❆▲❆ + CI < MIN(❆▲▲ − CI)✱ ♦♥❞❡
❆▲▲ r❡♣r❡s❡♥t❛ t♦❞♦s ♦s ♦✉tr♦s ❛❧❣♦r✐t♠♦s❀ ❡ ❛ ❝♦❧✉♥❛ ◆❇✳❇❆▲❆ r❡♣r❡s❡♥t❛ ♦ ♦♣♦st♦✱ s❡
❛❧❣✉♠ ♦✉tr♦ ❛❧❣♦r✐t♠♦ é ♠❡❧❤♦r ❞♦ q✉❡ ♦ ❇❆▲❆ ♣❛r❛ ♦ ❝❡♥ár✐♦ ❛♥❛❧✐s❛❞♦✿ ❛ ✐♥t❡r♣r❡t❛çã♦
q✉❡ ♣♦❞❡ s❡r ❢❡✐t❛ ❞❡st❛s ❞✉❛s ❝♦❧✉♥❛s é✿ s❡ ❇✳❇❆▲❆ ❡ ◆❇✳❇❆▲❆ sã♦ ❛♠❜❛s ❢❛❧s❛s✱ ❡♥tã♦
♦ ❇❆▲❆ ❡♠♣❛t❛ ❝♦♠ ♦ ❛❧❣♦r✐t♠♦ ♠❡❧❤♦r ❛✈❛❧✐❛❞♦ ✭❞❡♥tr❡ ❍❯✱ ▼P❉✱ ❍❯✰❊ ❡ ▼P❉✰❊✮ ♣❛r❛ ♦
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r❡❢❡r✐❞♦ ❝❡♥ár✐♦✱ ✐✳❡✳✱ s❡ ♥ã♦ é ♣♦ssí✈❡❧ ❞✐③❡r q✉❡ ✉♠ ❛❧❣♦r✐t♠♦ ❡s♣❡❝í✜❝♦ é ♠❡❧❤♦r ❞♦ q✉❡
♦ ♦✉tr♦ ♦✉ ✈✐❝❡✲✈❡rs❛❀ s❡ ◆❇✳❇❆▲❆ é ✈❡r❞❛❞❡✐r♦ ✭❡ ♣♦rt❛♥t♦ ❇✳❇❆▲❆ é ❢❛❧s♦✮ ❡♥tã♦ ❡①✐st❡
♣❡❧♦ ♠❡♥♦s ✉♠ ❛❧❣♦r✐t♠♦ ❝♦♠♣❡t✐❞♦ q✉❡ é ♠❡❧❤♦r ❞♦ q✉❡ ♦ ❇❆▲❆❀ s❡ ❇✳❇❆▲❆ é ✈❡r❞❛❞❡✐r♦

✭❡ ♣♦rt❛♥t♦ ◆❇✳❇❆▲❆ é ❢❛❧s♦✮ ❡♥tã♦ ♣❛r❛ ❛q✉❡❧❡ ❝❡♥ár✐♦ ♦ ❇❆▲❆ é ♦ ♠❡❧❤♦r ❛❧❣♦r✐t♠♦ ❛ s❡r
✉s❛❞♦✳ ◆ã♦ é ♣♦ssí✈❡❧ ♣❛r❛ ❇✳❇❆▲❆ ❡ ◆❇✳❇❆▲❆ s❡r❡♠ ❛♠❜♦s ✈❡r❞❛❞❡✐r♦s✱ ✉♠❛ ✈❡③ q✉❡ ♦
❇❆▲❆ ♥ã♦ ♣♦❞❡ s❡r ♠❡❧❤♦r ❞♦ q✉❡ ♦s ❞❡♠❛✐s ❡ ✈✐❝❡✲✈❡rs❛ s✐♠✉❧t❛♥❡❛♠❡♥t❡✳

❈♦♠♦ ♣♦❞❡♠♦s ♦❜s❡r✈❛r ♥❛s ❝♦❧✉♥❛s ❈♠♣❍❯ ❡ ❈♠♣▼P❉✱ ❛ ✐♥❝❧✉sã♦ ❞♦ ✰❊ tr♦✉①❡ ✉♠❛
s✐❣♥✐✜❝❛♥t❡ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✱ ♣❛r❛ t♦❞♦s ♦s ❝❡♥ár✐♦s ❡st✉❞❛❞♦s✱ ♣♦r ♣❡r♠✐t✐r ♠✐❣r❛çõ❡s
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♠❛✐s rá♣✐❞❛s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❉❡ ❢❛t♦✱ ♥♦ ❝❛s♦ ❞♦ ❍❯✱ ♥ós t✐✈❡♠♦s ✉♠❛ r❡❞✉çã♦
♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱ ♠✐st♦s ❡ ❤❡t❡r♦❣ê♥❡♦s ❞❡✱ ❡♠
♠é❞✐❛✱ ♣❡❧♦ ♠❡♥♦s ✶✹✪✱ ✷✾✪ ❡ ✷✻✪ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P❛r❛ ♦ ❝❛s♦ ❞♦ ▼P❉✱ ❛ r❡❞✉çã♦ ♥♦
❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱ ♠✐st♦s ❡ ❤❡t❡r♦❣ê♥❡♦s ❢♦✐✱ ❡♠ ♠é❞✐❛✱
❞❡ ♣❡❧♦ ♠❡♥♦s ✷✸✪✱ ✶✶✪ ❡ ✶✵✪ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P♦rt❛♥t♦✱ ❡♠ ♠é❞✐❛ ♦ ✰❊ r❡❞✉③✐✉ ♦
❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞♦ ❍❯ ❡♠ ♣❡❧♦ ♠❡♥♦s ✷✸✪✱ ❡ ❞❡ ✶✺✪ ♣❛r❛ ♦ ▼P❉✳ ❊♠ ♦✉tr❛s✱ ♣❛❧❛✈r❛s✱
❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ✰❊ ♣❛r❛ ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s tr♦✉①❡
❡❝♦♥♦♠✐❛ ❞❡ ❡♥❡r❣✐❛ ♣❛r❛ ♦s ❝❡♥ár✐♦s ❡st✉❞❛❞♦s✿ ♣❛r❛ ♦ ❍❯ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✺✹ ✭= ✷✱✽✼ −



✶✶✶

 15000

 15500

 16000

 16500

 17000

 17500

 18000

 18500

[PM]
[PDM]

s
e

c
o

n
d

s

[HU]
[MPD]

[HU+E]
[MPD+E]

[BALA]

❋✐❣✉r❛ ✺✳✷✷✿ ▼❛❦❡s♣❛♥✿ ❉❛t❛ ❈❡♥t❡r ❍❡t❡r♦❣ê♥❡♦✱ ✶✳✵✵✵ ❙❡r✈✐❞♦r❡s

✷✱✸✸✮ ❦❲❤ ♣❛r❛ ❞❛t❛ ❝❡♥t❡r s10 ❤♦♠♦❣ê♥❡♦ ✉s❛♥❞♦ P❉▼ ❛té ✾✶✱✶✼ ✭= ✸✷✾✱✾✵−✷✸✽✱✼✸✮ ❦❲❤
♣❛r❛ ❞❛t❛ ❝❡♥t❡r s1000 ❤❡t❡r♦❣ê♥❡♦ ❝♦♠ ❝♦♥✜❣✉r❛çã♦ P▼❀ ❡ ♣❛r❛ ♦ ▼P❉ ❡st❛ ✈❛r✐❛çã♦ ❢♦✐
❞❡ ✵✱✶✸ ✭= ✶✱✽✽− ✶✱✼✺✮ ❦❲❤ ♣❛r❛ ❞❛t❛ ❝❡♥t❡r s10 ♠✐st♦ ❝♦♠ ❝♦♥✜❣✉r❛çã♦ P❉▼ ❛té ✼✽✱✼✺
✭= ✷✻✶✱✺✸− ✶✽✷✱✼✽✮ ❦❲❤ ♣❛r❛ ❞❛t❛ ❝❡♥t❡r ❤♦♠♦❣ê♥❡♦ s1000 P❉▼✳

❈♦♠ r❡❧❛çã♦ ❛♦ ❋❍❆ ♣r♦♣♦st♦ ♥❡st❡ ❝❛♣ít✉❧♦✱ ❇❆▲❆✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛♦s ❞❡♠❛✐s✱
♦❜s❡r✈❛♠♦s q✉❡✿ ❡❧❡ ♥ã♦ é ❛ ♠❡❧❤♦r ♦♣çã♦ ❡♠ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s s♦❜ ❝♦♥✜❣✉r❛✲
çã♦ P▼✱ ♣♦✐s ❡❧❡ s❡ ❝♦♠♣♦rt❛ ♣✐♦r q✉❡ ♦ ▼P❉✲P▼ ❡♠ ♠é❞✐❛ ♣❡❧♦ ♠❡♥♦s ✶✷✪✱ ✾✪ ❡ ✽✪✱
♣❛r❛ t❛♠❛♥❤♦s s10✱ s100 ❡ s1000✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ◆♦ ❡♥t❛♥t♦✱ ♣❛r❛ ♦s ♠❡s♠♦s t✐♣♦s ❡
t❛♠❛♥❤♦s ❞❡ ❞❛t❛ ❝❡♥t❡rs✱ s♦❜ ❛ ❝♦♥✜❣✉r❛çã♦ P❉▼ ✖ ❛ ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛ ✖ ✉♠
❡♠♣❛t❡ ♦❝♦rr❡✳ P❛r❛ t♦❞♦s ♦s ♦✉tr♦s ❝❛s♦s✱ ✐st♦ é✱ ❞❛t❛ ❝❡♥t❡rs ♠✐st♦s✱ ❤❡t❡r♦❣ê♥❡♦s✱ ❞❡
q✉❛✐sq✉❡r t❛♠❛♥❤♦s ✖ s10✱ s100 ❡ s1000 ✖ ❡ ❝♦♠ q✉❛❧q✉❡r ❝♦♥✜❣✉r❛çã♦ ❞❡ ❝✐ê♥❝✐❛ ❞❡
❡♥❡r❣✐❛ ✖ P▼ ❡ P❉▼ ✖ ♦ ❇❆▲❆ s❡ ♠♦str♦✉ ❛ ♠❡❧❤♦r ♦♣çã♦✱ ❝♦♠ ✉♠❛ r❡❞✉çã♦ ♥♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛✱ ❡♠ ♠é❞✐❛✱ ❞❡ ♣❡❧♦ ♠❡♥♦s ✹✸✪ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛♦s ❞❡♠❛✐s✳

❈♦♠ r❡❧❛çã♦ ❛♦ ♠❛❦❡s♣❛♥✱ ♥ós r❡❛❧✐③❛♠♦s ✉♠❛ ❛♥á❧✐s❡ ❜❛s❡❛❞❛ ♥❛s ■♥❡q✉❛çõ❡s ✭✸✳✹✮
❡ ✭✸✳✺✮✱ ♣❛r❛ ✈❡r✐✜❝❛r ❝♦♠♦ ♦ ✰❊ ✐♠♣❛❝t❛ ♦s ❋❍❆s✳ ◆ós ❛♣r❡s❡♥t❛♠♦s ♥❛ ❚❛❜❡❧❛ ✺✳✻
✉♠❛ ❛♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛✱ ♦♥❞❡ ❝❛❞❛ ❧✐♥❤❛ r❡♣r❡s❡♥t❛ ❝❛❞❛ ❝❡♥ár✐♦✱ ❡ ❛s ❝♦❧✉♥❛s tê♠ ♦s
s❡❣✉✐♥t❡s s✐❣♥✐✜❝❛❞♦s✿ ❉❈ s❡r r❡❢❡r❡ t✐♣♦ ❞❡ ❞❛t❛ ❝❡♥t❡r ❀ ❙❡r✈✐❞♦r❡s ✐♥❞✐❝❛ ♦ ♥ú♠❡r♦ ❞❡
s❡r✈✐❞♦r❡s ♣❛r❛ ♦ ❝❡♥ár✐♦ ❡♠ q✉❡stã♦❀ ❍❯ ❡ ▼P❉ r❡❢❡r❡♥❝✐❛♠ ♦ ♠❛❦❡s♣❛♥ ♠é❞✐♦ ♠❡♥s✉r❛❞♦
♣❡❧♦s ❛❧❣♦r✐t♠♦s ❝❧áss✐❝♦s ❍❯ ❡ ▼P❉✱ ❜❡♠ ❝♦♠♦ s❡✉s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪ sã♦
❛♣r❡s❡♥t❛❞♦s ♥❛s ❝♦❧✉♥❛s ❍❯ ❈■ ❡ ▼P❉ ❈■ ❀ ❍❯✰❊ ❡ ▼P❉✰❊ s❡ r❡❢❡r❡♠ ❛♦ ♠❛❦❡s♣❛♥ ❞♦s
❛❧❣♦r✐t♠♦s ❍❯ ❡ ▼P❉✱ ❡①❡❝✉t❛❞♦s ❝♦♠ ♦ ❊❇P❆ ✰❊✱ ❜❡♠ ❝♦♠♦ ❍❯✰❊ ❈■ ❡ ▼P❉✰❊ ❈■ ✐♥❞✐❝❛♠
s❡✉s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪❀ ❇❆▲❆ s❡ r❡❢❡r❡ ❛♦ ♠ét♦❞♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ♣r♦♣♦st♦
♥❡st❡ ❝❛♣ít✉❧♦✱ ❡ ❇❆▲❆ ❈■ ✐♥❞✐❝❛ s❡✉ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪✳ ◆ós ♦❜s❡r✈❛♠♦s ♥❛
❝♦❧✉♥❛ ❈♠♣❍❯ s❡ é ✈❡r❞❛❞❡✐r♦ q✉❡ HU − CI > 2 × HU + E − CI ✭■♥❡q✉❛çã♦ ✭✸✳✹✮✮ ❡
HU+CI > 2×HU+E+CI ✭■♥❡q✉❛çã♦ ✭✸✳✺✮✮✱ ♦ q✉❡✱ s❡ ❢♦r ✈❡r❞❛❞❡✐r♦✱ ♣♦❞❡ s❡r ❡♥t❡♥❞✐❞♦
❝♦♠♦ ✏❛ ❛❞✐çã♦ ❞♦ ❊❇P❆ ✰❊ t♦r♥♦✉ ♦ ❍❯✰❊ ♠❡❧❤♦r ❞♦ q✉❡ s✉❛ ✈❡rsã♦ ❝❧áss✐❝❛ ✭❍❯✮✑❀ ❡
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♥❛ ❝♦❧✉♥❛ ❈♠♣▼P❉ é ✈❡r✐✜❝❛❞♦ s❡ ❛s ❛✜r♠❛çõ❡s MPD − CI > 2 ×MPD + E − CI

✭■♥❡q✉❛çã♦ ✭✸✳✹✮✮ ❡ MPD+CI > 2×MPD+E+CI ✭■♥❡q✉❛çã♦ ✭✸✳✺✮✮ sã♦ ✈❡r❞❛❞❡✐r❛s✳
❆ ❝♦❧✉♥❛ ❇✳❇❆▲❆ ✐♥❢♦r♠❛ s❡ é ✈❡r❞❛❞❡✐r♦ q✉❡ ♦ ❇❆▲❆ é ♦ ♠❡❧❤♦r ❡♥tr❡ ♦s ❛❧❣♦r✐t♠♦s
❛♣r❡s❡♥t❛❞♦s✱ ✐✳❡✳✱ s❡ ❛ ■♥❡q✉❛çã♦ ✭✺✳✶✸✮ é s❛t✐s❢❡✐t❛✱ ♦♥❞❡ MIN(ALL − CI) s❡ r❡❢❡r❡
❛♦ ♠❡♥♦r ✈❛❧♦r ❡♥❝♦♥tr❛❞♦ ❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❛✈❛❧✐❛❞♦s ✭❍❯✱ ▼P❉✱ ❍❯✰❊ ❡ ▼P❉✰❊✮
s✉❜tr❛í❞♦s ❞❡ s❡✉s r❡s♣❡❝t✐✈♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪✳

BALA+ CI < MIN(ALL− CI) ✭✺✳✶✸✮

❈♦♠♦ ♥ós ♣♦❞❡♠♦s ♦❜s❡r✈❛r✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛s ❝♦♠♣❛r❛çõ❡s ❞❡ ♠❛❦❡s♣❛♥ ❛♣r❡s❡♥t❛❞❛s
♥❛s ■♥❡q✉❛çõ❡s ✭✸✳✹✮ ❡ ✭✸✳✺✮✮✱ ❛ ❛❞✐çã♦ ❞♦ ❊❇P❆ ✰❊ ❛♦ ❍❯ ❡ ▼P❉ ♥ã♦ tr♦✉①❡ ♠✉❞❛♥ç❛s
s✐❣♥✐✜❝❛t✐✈❛s ♥♦ ♠❛❦❡s♣❛♥✳

P❛r❛ ❛s s✐♠✉❧❛çõ❡s ❡①❡❝✉t❛❞❛s✱ ♥ã♦ ❢♦r❛♠ ♦❜s❡r✈❛❞❛s ✈✐♦❧❛çõ❡s ❞❡ ❙▲❆ ♣r❡✈✐st❛s ♥❛
❙❡çã♦ ✺✳✹✳

❈♦♠♣❛r❛♥❞♦ ♦ ❇❆▲❆ ❝♦♠ ♦ ❍❯ ❡ ♦ ▼P❉✱ ♥ós ❝♦♥st❛t❛♠♦s q✉❡ ♥♦ ❝❛s♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs

❤♦♠♦❣ê♥❡♦s ❡❧❡ ❢♦✐✱ ❡♠ ♠é❞✐❛✱ ✶✪ ♠❛✐s ❧❡♥t♦✳ ◆♦ ❡♥t❛♥t♦✱ ❡❧❡ ❞❡s❡♠♣❡♥❤♦✉ ✼✪ ♠❛✐s
rá♣✐❞♦ ❡♠ ❞❛t❛ ❝❡♥t❡rs ♠✐st♦s ❡ ❤❡t❡r♦❣ê♥❡♦s ❡ ❝♦♥s✐❞❡r❛♥❞♦ ❛s ■♥❡q✉❛çõ❡s ❞❡✜♥✐❞❛s
♣❛r❛ ♠❛❦❡s♣❛♥✱ ♥ã♦ é ♣♦ssí✈❡❧ ❛✜r♠❛r q✉❡ ♦ ❇❆▲❆ é ✐♥❛❝❡✐t❛✈❡❧♠❡♥t❡ ♠❛✐s ❧❡♥t♦ q✉❡ ♦s
❞❡♠❛✐s ❛❧❣♦r✐t♠♦s ♦✉ ✈✐❝❡✲✈❡rs❛✳

❊♠ r❡s✉♠♦✱ ♦s r❡s✉❧t❛❞♦s s✉❣❡r❡♠ q✉❡✿

• ❖ ❡♠♣r❡❣♦ ❞❡ ❊❇P❆ ✭♥❡st❡ ❝❛s♦✱ ♦ ✰❊✮ ♣♦❞❡ ♣r♦✈❡r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✱ ❞❡✈✐❞♦ ❛
✉♠ ♠❡♥♦r ✐♠♣❛❝t♦ ♥♦ ❞❡s❡♠♣❡♥❤♦ ♣❡❧❛s ♠✐❣r❛çõ❡s❀

• P❛r❛ ♦s ❝❡♥ár✐♦s ❡st✉❞❛❞♦s✱ ♦ ❇❆▲❆✲P❉▼ é ❛r❣✉✐✈❡❧♠❡♥t❡ ✉♠❛ ❜♦❛ ♦♣çã♦ ♣❛r❛ r❡❞✉③✐r
♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ s❡ ❛ ❝♦♥✜❣✉r❛çã♦
P❉▼ ❢♦r ❛♣❧✐❝❛❞❛❀

• ◆♦s ❝❡♥ár✐♦s ❡st✉❞❛❞♦s✱ ❇❆▲❆✲P❉▼ é ❛ ♠❡❧❤♦r ♦♣çã♦ ♣❛r❛ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡
❡♥❡r❣✐❛ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ♠✐st♦s ❡ ❤❡t❡r♦❣ê♥❡♦s❀

• ◆♦s ❝❡♥ár✐♦s ❡st✉❞❛❞♦s✱ ♦ ❇❆▲❆✲P❉▼ é ❛ ♠❡❧❤♦r ♦♣çã♦ ♣❛r❛ r❡❞✉çã♦ ❞♦ ♠❛❦❡s♣❛♥

❡♠ t♦❞♦s ♦s ❞❛t❛ ❝❡♥t❡rs ♥ã♦✲❤♦♠♦❣ê♥❡♦s✳

P♦rt❛♥t♦✱ t❛♥t♦ ♦ ❇❆▲❆ q✉❛♥t♦ ♦ ✰❊ sã♦ ♦♣çõ❡s ✈✐á✈❡✐s ❡♠ t❡r♠♦s ❞❡ ❡✜❝✐ê♥❝✐❛ ❡♠
❡♥❡r❣✐❛✱ ❡♥q✉❛♥t♦ ♥ã♦ ✐♠♣❛❝t❛♥❞♦ ♥❡❣❛t✐✈❛♠❡♥t❡ ♦ ♠❛❦❡s♣❛♥✳

✺✳✽ ❈♦♠❡♥tár✐♦s ❋✐♥❛✐s

◆❡st❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t❛♠♦s ✉♠ ♠ét♦❞♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡♥✈♦❧✈❡♥❞♦ ❞♦✐s ❛❧❣♦r✐t♠♦s✿ ✭✐✮ ♦ ❋❍❆ ❇❆▲❆✱ ❡①❡❝✉t❛❞♦ ♣❡❧♦ ❜r♦❦❡r✱ ♣❛r❛ ❡♥❝♦♥✲
tr❛r s❡r✈✐❞♦r❡s ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s❀ ❡ ♦✉tr♦✱ ✭✐✐✮ ♦ ❇P❆ ✰❊✱ ❡①❡❝✉t❛❞♦ ♣❡❧♦s s❡r✈✐❞♦r❡s✱
♣❛r❛ ♣r♦✈❡r ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❛❞✐❝✐♦♥❛❧ ♣❛r❛ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ❝❡♥ár✐♦s
❝♦♠ ❙▲❆s r❡str✐t✐✈♦s ❡♠ ❧❛r❣✉r❛ ❞❡ ♠❛♥❞❛✳

❖ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❡♥❝♦♥tr❛r s❡r✈✐❞♦r❡s ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s é ❜❛s❡❛❞♦ ❡♠ ✉♠ ❛❧✲
❣♦r✐t♠♦ ♣r❡✈✐❛♠❡♥t❡ ❡①✐st❡♥t❡ ✭❬✼✷❪✮✱ ❡ ❝♦♠ ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♦❜t✐❞♦ s♦❜r❡ ♦s ♦s ✐♠♣❛❝t♦s
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❞♦ ❛✉♠❡♥t♦ ❞❛s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞♦s ❞❛t❛ ❝❡♥t❡rs✱ ♥ós ❝♦♥s❡❣✉✐♠♦s ♦ ♠❡❧❤♦r❛r ❝♦♠ ♦
♦❜❥❡t✐✈♦ ❞❡ ❛t✐♥❣✐r ♠❛✐♦r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✳

❆❧é♠ ❞✐ss♦✱ ♦ ❇P❆ ♣r♦♣♦st♦ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ❞❡ ✉♠ ♠♦❞♦ ✈❡rsát✐❧✱ ❞❡ ❛❧t❛ ❣r❛♥✉❧❛r✐✲
❞❛❞❡✱ ♣♦❞❡♥❞♦ s❡r ✐♥t❡❣r❛❞♦ ❝♦♠ r❡❧❛t✐✈❛ ❢❛❝✐❧✐❞❛❞❡ ❛ ♦✉tr♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳

❖ ♠ét♦❞♦ ❞❡ ❛❧♦❝❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛
é ✐♠♣❧❛♥tá✈❡❧ ❡♠ q✉❛❧q✉❡r ❞❛t❛ ❝❡♥t❡r ♦♣❡r❛♥❞♦ ❡♠ ♥✉✈❡♠✱ ❝♦♠ r❡s✉❧t❛❞♦s ❞❡ ❡✜❝✐ê♥❝✐❛
❡♠ ❡♥❡r❣✐❛ s✐♠✐❧❛r ❛ ♦✉tr♦s ♠ét♦❞♦s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱
♠❛s ❝♦♠ ❣❛♥❤♦s ♥♦tá✈❡✐s ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ♥ã♦ ❤♦♠♦❣ê♥❡♦s✱ s❡♠ ✐♠♣❛❝t♦ s✐❣♥✐✜❝❛t✐✈♦ ♥♦
♠❛❦❡s♣❛♥✳ ❖s ❣❛♥❤♦s ♦❜t✐❞♦s ❝♦♠ ❡st❡ ♠ét♦❞♦✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛♦s ♦✉tr♦s ❡st✉❞❛❞♦s✱
❢♦✐ ❝❛♣❛③ ❞❡ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ✹✸✪ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ♥ã♦✲❤♦♠♦❣ê♥❡♦s✳

P♦rt❛♥t♦✱ ❛ ❝✐ê♥❝✐❛ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✱ ❡♠ ❞❛t❛ ❝❡♥t❡rs ❡♠ s❡r✈✐❞♦r❡s q✉❡ ♦♣❡r❛♠
s♦❜ ❞✐st✐♥t❛s t❛①❛s ❞❡ tr❛♥s♠✐ssã♦✱ ♣♦❞❡ s❡r ✉s❛❞❛ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛✱ ♣♦✐s ❡❧❛ r❡❞✉③ ♦s t❡♠♣♦s ❞❡ ♠✐❣r❛çõ❡s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❊st❡s t❡♠♣♦s
r❡❞✉③✐❞♦s t♦r♥❛♠ ♣♦ssí✈❡❧ ❡✈✐t❛r s✉❜✲♣r♦❝❡ss❛♠❡♥t♦ ❞❡✈✐❞♦ à ✜♥❛❧✐③❛çã♦ ❛❝❡❧❡r❛❞❛ ❡ ♦
❝♦♥s❡q✉❡♥t❡ ❞❡s❧✐❣❛♠❡♥t♦ ❛❞✐❛♥t❛❞♦ ❞❡ s❡r✈✐❞♦r❡s✳ ❆ s♦♠❛ ❞❡st❡s ❛s♣❡❝t♦s ❝♦♥tr✐❜✉✐
s✉❜st❛♥❝✐❛❧♠❡♥t❡ ♣❛r❛ ♠❛✐♦r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✱ ❡ ❡st❡s ♣♦❞❡♠ s❡r ❡①♣❧♦r❛❞♦s ❝♦♠♦
♥ós ✜③❡♠♦s ♥♦s ♠ét♦❞♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✳
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❚❛❜❡❧❛ ✺✳✺✿ ❆♥á❧✐s❡ ❞♦ ❈♦♥s✉♠♦ ❞❡ ❊♥❡r❣✐❛ ✖ ❱❛❧♦r❡s ◆✉♠ér✐❝♦s ❡♠ ❦❲❤ ❝♦♠ ❈■ ❛♣r❡s❡♥t❛❞♦ ✉s❛♥❞♦ ±
❉❈ ★ ❙❡r✈s✳ ❈♦♥❢✳ ❍❯ ❍❯✰❊ ▼P❉ ▼P❉✰❊ ❇❆▲❆ ❈♠♣❍❯ ❈♠♣▼P❉ ❇✱❇❆▲❆ ◆❇✱❇❆▲❆

❍
♦♠

♦❣
ê♥
❡♦

✶✵
P▼ ✸✱✽✷ ± ✵✱✶✷ ✸✱✵✸ ± ✵✱✵✷ ✸✱✹✺ ± ✵✱✵✼ ✷✱✹✼ ± ✵✱✶✸ ✷✱✾✼ ± ✵✱✵✸ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦ ❱❡r❞❛❞❡
P❉▼ ✷✱✽✼ ± ✵✱✵✼ ✷✱✸✸ ± ✵✱✵✶ ✸✱✸✷ ± ✵✱✵✻ ✷✱✸✶ ± ✵✱✵✶ ✷✱✸✵ ± ✵✱✵✶ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦ ❋❛❧s♦

✶✵✵
P▼ ✷✼✱✼✺ ± ✵✱✶✵ ✷✹✱✵✺ ± ✵✱✶✶ ✷✹✱✸✶ ± ✵✱✵✽ ✷✶✱✷✽ ± ✵✱✵✼ ✷✸✱✻✼ ± ✵✱✶✷ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦ ❱❡r❞❛❞❡
P❉▼ ✷✶✱✹✻ ± ✵✱✵✽ ✶✽✱✾✸ ± ✵✱✵✽ ✷✻✱✽✻ ± ✵✱✶✾ ✶✽✱✾✻ ± ✵✱✵✽ ✶✽✱✾✾ ± ✵✱✵✻ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦ ❋❛❧s♦

✶✳✵✵✵
P▼ ✷✻✼✱✺✸ ± ✵✱✷✶ ✷✷✽✱✵✹ ± ✵✱✹✶ ✷✸✺✱✺✼ ± ✵✱✷✹ ✷✵✺✱✻✶ ± ✵✱✶✺ ✷✷✺✱✵✵ ± ✵✱✹✽ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦ ❱❡r❞❛❞❡
P❉▼ ✷✵✼✱✾✺ ± ✵✱✶✺ ✶✽✵✱✺✸ ± ✵✱✸✺ ✷✻✶✱✺✸ ± ✵✱✹✼ ✶✽✷✱✼✽ ± ✵✱✶✽ ✶✼✾✱✼✽ ± ✵✱✷✽ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦

▼
✐s
t♦

✶✵
P▼ ✸✱✼✷ ± ✵✱✶✷ ✷✱✹✹ ± ✵✱✵✶ ✷✱✽✵ ± ✵✱✵✾ ✶✱✾✽ ± ✵✱✶✶ ✶✱✸✸ ± ✵✱✵✸ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦
P❉▼ ✷✱✼✾ ± ✵✱✵✼ ✶✱✽✼ ± ✵✱✵✶ ✶✱✽✽ ± ✵✱✵✸ ✶✱✼✺ ± ✵✱✵✾ ✶✱✵✸ ± ✵✱✵✷ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦

✶✵✵
P▼ ✷✻✱✼✶ ± ✵✱✶✵ ✶✽✱✽✶ ± ✵✱✵✻ ✷✷✱✵✸ ± ✵✱✶✷ ✶✽✱✶✾ ± ✵✱✵✺ ✾✱✶✺ ± ✵✱✶✶ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦
P❉▼ ✷✵✱✺✽ ± ✵✱✵✾ ✶✹✱✻✺ ± ✵✱✵✻ ✶✺✱✹✹ ± ✵✱✵✽ ✶✹✱✺✵ ± ✵✱✵✼ ✼✱✸✸ ± ✵✱✵✽ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦

✶✳✵✵✵
P▼ ✷✺✸✱✵✹ ± ✵✱✸✷ ✶✽✷✱✸✵ ± ✵✱✶✾ ✷✶✺✱✸✵ ± ✵✱✷✼ ✶✼✻✱✻✶ ± ✵✱✶✶ ✽✺✱✵✹ ± ✵✱✵✽ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦
P❉▼ ✶✾✻✱✾✸ ± ✵✱✷✹ ✶✹✷✱✻✹ ± ✵✱✶✺ ✶✹✼✱✻✻ ± ✵✱✶✽ ✶✹✷✱✸✻ ± ✵✱✶✸ ✻✽✱✹✼ ± ✵✱✵✹ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦

❍
❡t
❡r
♦❣
ê♥
❡♦ ✶✵

P▼ ✹✱✹✺ ± ✵✱✶✸ ✸✱✹✸ ± ✵✱✵✷ ✸✱✼✸ ± ✵✱✵✻ ✸✱✶✹ ± ✵✱✵✽ ✶✱✺✵ ± ✵✱✵✸ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦
P❉▼ ✸✱✸✺ ± ✵✱✶✶ ✷✱✼✸ ± ✵✱✵✶ ✷✱✶✺ ± ✵✱✵✺ ✷✱✷✼ ± ✵✱✵✾ ✶✱✶✹ ± ✵✱✵✷ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦

✶✵✵
P▼ ✸✹✱✺✵ ± ✵✱✸✷ ✷✺✱✸✹ ± ✵✱✶✵ ✷✼✱✶✶ ± ✵✱✶✶ ✷✸✱✵✺ ± ✵✱✵✻ ✶✷✱✺✷ ± ✵✱✵✼ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦
P❉▼ ✷✼✱✶✶ ± ✵✱✷✵ ✷✵✱✸✻ ± ✵✱✵✽ ✶✽✱✾✺ ± ✵✱✵✽ ✶✼✱✹✼ ± ✵✱✵✹ ✾✱✽✻ ± ✵✱✵✹ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦

✶✳✵✵✵
P▼ ✸✷✾✱✾✵ ± ✵✱✽✼ ✷✸✽✱✼✸ ± ✵✱✷✻ ✷✻✷✱✵✹ ± ✵✱✷✽ ✷✷✼✱✶✹ ± ✵✱✶✹ ✶✷✼✱✺✾ ± ✵✱✶✼ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦
P❉▼ ✷✻✵✱✾✷ ± ✵✱✼✸ ✶✾✸✱✾✹ ± ✵✱✶✼ ✶✽✹✱✻✹ ± ✵✱✶✾ ✶✼✷✱✷✵ ± ✵✱✶✷ ✶✵✶✱✵✹ ± ✵✱✶✷ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❱❡r❞❛❞❡ ❋❛❧s♦



✶✶✺

❚❛❜❡❧❛ ✺✳✻✿ ❆♥á❧✐s❡ ❞❡ ▼❛❦❡s♣❛♥ ✖ ❱❛❧♦r❡s ♥✉♠ér✐❝♦s ❡♠ s❡❣✉♥❞♦s ❝♦♠ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ r❡♣♦rt❛❞♦ ❝♦♠♦ ±
❈♠♣

❉❈ ★ ❙❡r✈s✳ ❈♥❢✳ ❍❯ ❍❯✰❊ ▼P❉ ▼P❉✰❊ ❇❆▲❆ ❍❯ ▼P❉ ❇✱❇❆▲❆

❍
♦♠

♦❣
ê♥
❡♦

✶✵
P▼ ✶✼✳✷✻✽✱✹✹ ± ✶✹✽✱✼✼ ✶✼✳✸✹✾✱✸✸ ± ✺✵✱✶✾ ✶✼✳✵✸✶✱✵✻ ± ✶✵✼✱✵✷ ✶✻✳✽✸✼✱✼✽ ± ✶✺✺✱✼✷ ✶✼✳✷✹✹✱✶✶ ± ✼✻✱✺✼ ❋❛❧s♦ ❋❛❧s♦ ❋❛❧s♦
P❉▼ ✶✼✳✸✷✺✱✷✽ ± ✶✹✸✱✷✵ ✶✼✳✸✼✼✱✽✽ ± ✺✽✱✼✶ ✶✼✳✹✹✸✱✻✺ ± ✼✺✱✵✼ ✶✼✳✸✻✼✱✻✵ ± ✻✶✱✺✹ ✶✼✳✸✵✾✱✽✺ ± ✺✺✱✷✾ ❋❛❧s♦ ❋❛❧s♦ ❋❛❧s♦

✶✵✵
P▼ ✶✼✳✼✵✾✱✸✼ ± ✼✽✱✹✷ ✶✼✳✻✼✽✱✽✼ ± ✹✷✱✶✻ ✶✼✳✻✹✵✱✸✼ ± ✹✵✱✼✸ ✶✼✳✺✺✾✱✹✻ ± ✸✶✱✵✽ ✶✼✳✻✷✵✱✵✺ ± ✸✵✱✺✶ ❋❛❧s♦ ❋❛❧s♦ ❋❛❧s♦
P❉▼ ✶✼✳✻✶✵✱✵✸ ± ✼✸✱✹✺ ✶✼✳✻✾✶✱✵✸ ± ✸✺✱✻✻ ✶✼✳✻✾✽✱✺✸ ± ✼✻✱✶✺ ✶✼✳✻✽✽✱✵✸ ± ✹✷✱✷✽ ✶✼✳✻✼✼✱✽✵ ± ✸✷✱✸✾ ❋❛❧s♦ ❋❛❧s♦ ❋❛❧s♦

✶✳✵✵✵
P▼ ✶✼✳✽✽✼✱✺✸ ± ✹✱✹✺ ✶✼✳✽✷✺✱✷✵ ± ✷✹✱✻✻ ✶✼✳✽✻✵✱✵✸ ± ✸✷✱✷✾ ✶✼✳✻✾✸✱✸✼ ± ✷✺✱✻✼ ✶✼✳✽✶✺✱✾✻ ± ✷✹✱✷✼ ❋❛❧s♦ ❋❛❧s♦ ❋❛❧s♦
P❉▼ ✶✼✳✽✽✺✱✽✼ ± ✸✱✼✻ ✶✼✳✽✹✵✱✷✵ ± ✷✸✱✵✽ ✶✼✳✾✷✶✱✸✼ ± ✶✵✱✽✶ ✶✼✳✽✷✶✱✼✵ ± ✷✶✱✷✶ ✶✼✳✽✷✼✱✸✵ ± ✶✾✱✵✹ ❋❛❧s♦ ❋❛❧s♦ ❋❛❧s♦

▼
✐s
t♦

✶✵
P▼ ✶✼✳✸✸✾✱✾✹ ± ✶✷✵✱✼✻ ✶✼✳✸✵✽✱✷✶ ± ✺✵✱✻✵ ✶✻✳✾✻✶✱✶✹ ± ✶✷✻✱✹✸ ✶✻✳✻✺✶✱✽✷ ± ✶✼✵✱✹✵ ✶✺✳✺✸✷✱✼✺ ± ✹✷✱✾✹ ❋❛❧s♦ ❋❛❧s♦ ❱❡r❞❛❞❡
P❉▼ ✶✼✳✹✶✷✱✼✻ ± ✾✽✱✹✽ ✶✼✳✷✾✾✱✶✻ ± ✻✶✱✺✵ ✶✼✳✸✸✼✱✼✵ ± ✹✷✱✺✷ ✶✻✳✸✽✾✱✾✹ ± ✶✶✸✱✻✽ ✶✺✳✺✷✻✱✵✵ ± ✸✺✱✼✸ ❋❛❧s♦ ❋❛❧s♦ ❱❡r❞❛❞❡

✶✵✵
P▼ ✶✼✳✼✵✼✱✺✸ ± ✻✶✱✶✾ ✶✼✳✺✺✻✱✺✸ ± ✸✺✱✷✺ ✶✼✳✺✹✻✱✸✼ ± ✹✺✱✵✽ ✶✼✳✺✶✵✱✺✸ ± ✸✷✱✼✼ ✶✺✳✼✺✻✱✻✼ ± ✷✼✱✶✻ ❋❛❧s♦ ❋❛❧s♦ ❱❡r❞❛❞❡
P❉▼ ✶✼✳✼✹✻✱✽✼ ± ✺✽✱✸✼ ✶✼✳✺✻✺✱✵✸ ± ✸✽✱✷✼ ✶✼✳✻✻✼✱✵✸ ± ✸✽✱✵✶ ✶✼✳✵✵✵✱✽✸ ± ✷✽✱✸✽ ✶✺✳✼✻✸✱✵✽ ± ✸✵✱✷✽ ❋❛❧s♦ ❋❛❧s♦ ❱❡r❞❛❞❡

✶✳✵✵✵
P▼ ✶✼✳✾✷✼✱✷✵ ± ✶✶✱✹✸ ✶✼✳✼✵✽✱✼✵ ± ✸✷✱✻✷ ✶✼✳✽✹✵✱✵✸ ± ✷✾✱✾✺ ✶✼✳✻✻✵✱✽✼ ± ✶✽✱✾✸ ✶✺✳✾✹✷✱✺✵ ± ✷✹✱✾✷ ❋❛❧s♦ ❋❛❧s♦ ❱❡r❞❛❞❡
P❉▼ ✶✼✳✾✶✾✱✷✵ ± ✶✵✱✵✼ ✶✼✳✼✵✶✱✽✼ ± ✸✹✱✷✵ ✶✼✳✽✾✸✱✸✼ ± ✸✹✱✼✼ ✶✼✳✷✶✵✱✽✵ ± ✶✾✱✹✽ ✶✺✳✾✷✵✱✺✵ ± ✷✹✱✾✷ ❋❛❧s♦ ❋❛❧s♦ ❱❡r❞❛❞❡

❍
❡t
❡r
♦❣
ê♥
❡♦ ✶✵

P▼ ✶✼✳✷✾✶✱✼✸ ± ✶✹✹✱✸✺ ✶✼✳✽✼✷✱✸✸ ± ✾✹✱✺✺ ✶✼✳✶✽✵✱✸✻ ± ✶✵✶✱✶✶ ✶✼✳✺✽✻✱✶✾ ± ✶✶✷✱✵✸ ✶✺✳✺✺✸✱✽✸ ± ✸✾✱✷✸ ❋❛❧s♦ ❋❛❧s♦ ❱❡r❞❛❞❡
P❉▼ ✶✼✳✸✸✾✱✽✸ ± ✶✸✻✱✵✺ ✶✼✳✾✷✹✱✷✽ ± ✼✶✱✷✸ ✶✻✳✾✹✶✱✶✹ ± ✶✶✵✱✽✸ ✶✼✳✶✼✻✱✻✵ ± ✶✹✵✱✶✸ ✶✺✳✺✸✽✱✽✸ ± ✹✶✱✷✼ ❋❛❧s♦ ❋❛❧s♦ ❱❡r❞❛❞❡

✶✵✵
P▼ ✶✼✳✼✼✾✱✷✵ ± ✼✸✱✵✸ ✶✼✳✾✶✾✱✵✸ ± ✸✻✱✻✶ ✶✼✳✼✼✺✱✽✼ ± ✹✸✱✸✵ ✶✼✳✽✻✸✱✷✵ ± ✻✻✱✸✵ ✶✻✳✸✸✹✱✺✷ ± ✸✺✱✶✸ ❋❛❧s♦ ❋❛❧s♦ ❱❡r❞❛❞❡
P❉▼ ✶✼✳✻✽✾✱✹✽ ± ✽✵✱✽✾ ✶✼✳✽✽✸✱✼✵ ± ✹✶✱✼✼ ✶✼✳✻✾✹✱✸✼ ± ✹✷✱✻✽ ✶✼✳✻✾✻✱✵✸ ± ✹✷✱✵✷ ✶✻✳✸✷✾✱✺✻ ± ✹✸✱✹✽ ❋❛❧s♦ ❋❛❧s♦ ❱❡r❞❛❞❡

✶✳✵✵✵
P▼ ✶✼✳✾✵✾✱✵✸ ± ✸✱✹✸ ✶✽✳✶✸✵✱✼✵ ± ✸✻✱✸✵ ✶✽✳✶✷✶✱✼✵ ± ✷✻✱✺✼ ✶✼✳✾✾✻✱✼✵ ± ✸✵✱✵✻ ✶✻✳✻✻✼✱✼✶ ± ✷✹✱✸✵ ❋❛❧s♦ ❋❛❧s♦ ❱❡r❞❛❞❡
P❉▼ ✶✼✳✾✸✷✱✷✵ ± ✸✵✱✽✷ ✶✽✳✶✶✾✱✽✼ ± ✸✷✱✼✵ ✶✼✳✾✽✷✱✽✼ ± ✸✽✱✹✵ ✶✼✳✽✸✶✱✽✼ ± ✷✹✱✹✹ ✶✻✳✻✼✷✱✾✻ ± ✷✸✱✻✶ ❋❛❧s♦ ❋❛❧s♦ ❱❡r❞❛❞❡



✶✶✻

❈❛♣ít✉❧♦ ✻

❚♦♣♦❧♦❣② ❊♥❡r❣②✲❆✇❛r❡ ❆❧❧♦❝❛t♦r

❱✐♠♦s ❛té ❛q✉✐ ♦s ✐♠♣❛❝t♦s ❞❛s r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❋♦❝❛♠♦s ❡s♣❡❝✐❛❧♠❡♥t❡ ♥❛ ❡♥❡r❣✐❛✱ ♠❛s ❛♥❛❧✐s❛♠♦s✱ t❛♠❜é♠✱ ❢❛t♦r❡s
✐♠♣♦rt❛♥t❡s✱ ❝♦♠♦ ♠❛❦❡s♣❛♥✱ t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❡ ♥ú♠❡r♦ ❞❡
♠✐❣r❛çõ❡s✳ Pr♦♣♦♠♦s✱ ❛✐♥❞❛✱ ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❡s❝❛❧♦♥❛♠❡♥t♦ ❝✐❡♥t❡ ❞❡ ❧❛r❣✉r❛ ❞❡
❜❛♥❞❛✱ ❝♦♠ ê♥❢❛s❡ ♥❛ ♠✐♥✐♠✐③❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❡ ♦❜t✐✈❡♠♦s ❜♦♥s r❡s✉❧t❛❞♦s✱
s♦❜r❡t✉❞♦ ❡♠ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✳

◆♦ ❡♥t❛♥t♦✱ ♦❜s❡r✈❛♠♦s q✉❡ ♦ ❛✉♠❡♥t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛s r❡❞❡s ✐♠♣❛❝t❛ ♥ã♦ s♦♠❡♥t❡
❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦s s❡r✈✐❞♦r❡s✱ ♠❛s ❡♠ ♠✉✐t♦ ❛ ❛t✉❛çã♦ ❞❛ t♦♣♦❧♦❣✐❛ ❞❛ r❡❞❡ ❡♠
s✐✳ ❖❜❥❡t✐✈❛♥❞♦ ❧❡✈❛r ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛ ✉♠ ♥♦✈♦ ♣❛t❛♠❛r ❡♠
❡❝♦♥♦♠✐❛ ❞❡ ❡♥❡r❣✐❛✱ ❞❡❝✐❞✐♠♦s ❝♦♥s✐❞❡r❛r t❛♠❜é♠ ❡st❡ ♥í✈❡❧ ✐♠♣❛❝t❛❞♦ ♣❡❧❛s r❡❞❡s ❞❡
❛❧t❛ ✈❡❧♦❝✐❞❛❞❡✳

❈♦♠ ❜❛s❡ ♥♦s tr❛❜❛❧❤♦s ❡st✉❞❛❞♦s✱ ❡ ❝♦♠ ❛ ❛❞✐çã♦ ❞❡ ✉♠❛ ❣❛♠❛ ❞❡ ♥♦✈❛s ❡str❛té❣✐❛s
✈♦❧t❛❞❛s ❛♦s ❡❧❡♠❡♥t♦s ❞❡ ♥ú❝❧❡♦ ❞❛ r❡❞❡✱ ❡①♣❛♥❞✐♠♦s ❛ ✐♥t❡❧✐❣ê♥❝✐❛ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦✲
♥❛♠❡♥t♦ ♣❛r❛ t❡♥t❛r ♠✐♥✐♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❡s❧✐❣❛♥❞♦ ♥ã♦ s♦♠❡♥t❡ s❡r✈✐❞♦r❡s✱
♠❛s ✖ ❝♦♠ ❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ t♦♣♦❧♦❣✐❛ ✖ t❛♠❜é♠ ♣❛rt❡s ❞❛ r❡❞❡✳

◆❡st❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t❛♠♦s ❡ ❛✈❛❧✐❛♠♦s ♦ ❚♦♣♦❧♦❣② ❊♥❡r❣②✲❆✇❛r❡ ❆❧❧♦❝❛t♦r ✭❚❊❆✮✱
✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❡ ❞❛ t♦♣♦❧♦❣✐❛ ❞❛
r❡❞❡✱ ♣❛r❛ ❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠✱ q✉❡ ♦❜❥❡t✐✈❛ ♠✐♥✐♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ❞❛t❛

❝❡♥t❡rs✱ ❡ s❡ ♣♦ssí✈❡❧ t❛♠❜é♠ ♦ ♠❛❦❡s♣❛♥ ❡ ♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞❡ ❝❛r❣❛s ✐♥❞✐✈✐❞✉❛✐s✳
❊st❡ ❛❧❣♦r✐t♠♦ t❡♠ ❝♦♠♦ ❡s❝♦♣♦ ❛t✉❛r ❡♠ ❞❛t❛ ❝❡♥t❡rs ❞❡ t❛♠❛♥❤♦s ❛r❜✐trár✐♦s✱ ❤♦✲

♠♦❣ê♥❡♦s ♦✉ ❤❡t❡r♦❣ê♥❡♦s✱ ❣❡♦❞✐str✐❜✉í❞♦s ♦✉ ♥ã♦✱ ❝♦♠ t♦♣♦❧♦❣✐❛ ❞❡ r❡❞❡ ❝♦♥❤❡❝✐❞❛✳ P❛r❛
❛t✐♥❣✐r ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠✐♥✐♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♥❡st❡s ❞❛t❛ ❝❡♥t❡rs✱ ❡❧❡ ❧✐❞❛ ❝♦♠
r❡❝✉rs♦s ❝♦♠♦ ❛ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞✐str✐❜✉í❞♦ ❞❡ ❡♥❡r❣✐❛ ✖ ✐♥❝❧✉✐♥❞♦ ♦ ❞❡s❧✐❣❛♠❡♥t♦ ❞❡
s❡r✈✐❞♦r❡s ♦❝✐♦s♦s ❡ ❞❡ ❝♦♠✉t❛❞♦r❡s ❞❡ ♣❛❝♦t❡s ✖ ❡ ❉❱❋❙✳

P❛r❛ ❛t✐♥❣✐r ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠✐♥✐♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❡st❡ ❛❧❣♦r✐t♠♦✱ ❛❧é♠ ❞❡
❛❧❣✉♥s ❞♦s r❡❝✉rs♦s ❝❧áss✐❝♦s ❝♦♠✉♠❡♥t❡ ✐♥❝♦r♣♦r❛❞♦s ❡♠ ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦
❝✐❡♥t❡s ❞❡ ❡♥❡r❣✐❛✱ ✉t✐❧✐③❛ ♦ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ♦r❞❡♠ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✿ ❛ ❝❛❞❛ ✈❡✲
r✐✜❝❛çã♦ ❞♦ ❜r♦❦❡r✱ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣❛ss❛♠ ♣♦r ✉♠❛ ♦r❞❡♥❛çã♦ ❞❡ ♠♦❞♦ ❛ ❡s❝❛❧♦♥❛r✱
♣❡r❛♥t❡ ❝r✐tér✐♦s ♣ré✲❞❡✜♥✐❞♦s✱ ♣r✐♦r✐t❛r✐❛♠❡♥t❡ ❛❧❣✉♠❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ❞❡tr✐♠❡♥t♦
❞❡ ♦✉tr❛s✳ ❆❧é♠ ❞✐ss♦✱ ❡st❡ ❛❧❣♦r✐t♠♦ ♣♦❞❡ ❛❣✐r r❡❝♦♥❤❡❝❡♥❞♦ ❛ ♣r✐♦r✐❞❛❞❡ s♦❧✐❝✐t❛❞❛ ♣❡❧♦s
✉s✉ár✐♦s ♦❜❥❡t✐✈❛♥❞♦✱ ❛❧é♠ ❞❡ ♣r♦✈❡r q✉❛❧✐❞❛❞❡ ❞❡ s❡r✈✐ç♦ ❞❛♥❞♦ ♣r❡❢❡rê♥❝✐❛ às ❝❛r❣❛s ❞❡
♣r✐♦r✐❞❛❞❡s ♠❛✐s ❡❧❡✈❛❞❛s✱ ✉s❛r ❡ss❡ r❡❝✉rs♦ ♣❛r❛ ♣r♦✈❡r ❡❝♦♥♦♠✐❛ ❞❡ ❡♥❡r❣✐❛✱ ❞❡ ♠♦❞♦ ❛



✶✶✼

❡✈✐t❛r ❡s❝❛❧♦♥❛r ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ♥ã♦ t❡♥❤❛♠ ♣r✐♦r✐❞❛❞❡s ❡❧❡✈❛❞❛s ❡♠ ✉♠ ♣❡r❝❡♥t✉❛❧
❞❡ s❡r✈✐❞♦r❡s ❝♦♠ ❜❛✐①❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✳ ◗✉❛♥t♦ à ❝✐ê♥❝✐❛ ❞❡ t♦♣♦❧♦❣✐❛✱ ❞✐③❡♠♦s q✉❡
❡st❡ ❛❧❣♦r✐t♠♦ ❛♥❛❧✐s❛ ❛s♣❡❝t♦s ❞❛ t♦♣♦❧♦❣✐❛✱ ❡♠ ❡s♣❡❝✐❛❧ ❛s r♦t❛s ❡♥tr❡ ♦s s✐st❡♠❛s ✜♥❛✐s
❝♦♠✉♥✐❝❛♥t❡s ❞❡♥tr♦ ❞♦s ❞❛t❛ ❝❡♥t❡rs q✉❡ ❝♦♠♣õ❡♠ ❛ ♥✉✈❡♠ ❡ s✉❛s r❡s♣❡❝t✐✈❛s ❡✜❝✐ê♥❝✐❛s
❡♠ ❡♥❡r❣✐❛✱ ♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ s❡r✈✐❞♦r❡s ♣❛r❛ ❤♦s♣❡❞❛r❡♠ ♠áq✉✐♥❛ ✈✐rt✉❛✐s✳

❖ ❚❊❆ t❛♠❜é♠ é ♣r♦❥❡t❛❞♦ ♣❛r❛ ✉t✐❧✐③❛r ✖ ♦✉ ♥ã♦✱ ❛ ❞❡♣❡♥❞❡r ❞♦ ✉s✉ár✐♦ ❞❛ ♥✉✈❡♠ ✖
✉♠ ❡st✐♠❛❞♦r ❞❡ t❡♠♣♦ ♣❛r❛ ✜♥❛❧✐③❛çã♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♦❜❥❡t✐✈❛♥❞♦ t❡♥t❛r ♣r❡✈❡r
❡ ❡✈✐t❛r ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ♣♦t❡♥❝✐❛❧♠❡♥t❡ ❞❡✈❡rã♦ s❡r ✜♥❛❧✐③❛❞❛s ❧♦❣♦✳
❯♠ ❡st✐♠❛❞♦r ✐❞❡❛❧ é ❛q✉❡❧❡ q✉❡ s❡r✐❛ ❝❛♣❛③ ❞❡ ❞❡t❡r♠✐♥❛r✱ ❝♦♠ ♣r❡❝✐sã♦ ❛❜s♦❧✉t❛✱ q✉❛❧ é
♦ t❡♠♣♦ r❡❛❧ q✉❡ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❝♦♥s✉♠✐rá ♣❛r❛ t❡r♠✐♥❛r ❞❡ ♣r♦❝❡ss❛r s✉❛s ❝❛r❣❛s
❡ s❡r❡♠ ❞❡s❛❧♦❝❛❞❛s✳ ■ss♦ é ✉♠❛ t❛r❡❢❛ ❡①tr❡♠❛♠❡♥t❡ ❞✐❢í❝✐❧ ✖ s❡♥ã♦ ✐♠♣♦ssí✈❡❧✳ ❯♠❛
❛❜♦r❞❛❣❡♠ ❝♦♠✉♠ ♣❛r❛ ❡st❛ ✜♥❛❧✐❞❛❞❡ ✈❡r✐✜❝❛❞❛ ❡♠ ❝❧✉st❡rs é s♦❧✐❝✐t❛r ❛♦s ♣ró♣r✐♦s
✉s✉ár✐♦s ❞♦ s✐st❡♠❛ ❡st❛ ❡st✐♠❛t✐✈❛✳ ❊st❛ ❛❜♦r❞❛❣❡♠ ♣♦❞❡ s❡r r✉✐♠✱ ♣♦r ✈ár✐❛s r❛③õ❡s✿ ✭✐✮
♦ ✉s✉ár✐♦ ♣♦❞❡ ♥ã♦ t❡r ✉♠❛ ✐❞❡✐❛ r❛③♦á✈❡❧ ❞❡st❡ t❡♠♣♦✱ ✭✐✐✮ ❛✉♠❡♥t♦ ❞❛ ❜✉r♦❝r❛❝✐❛ ♣❛r❛
✉s♦ ❞♦ ❞❛t❛ ❝❡♥t❡r✱ ✭✐✐✐✮ ♣❛r❛ ♦ ✉s✉ár✐♦ ❢❛③❡r ❡st❛ ❡st✐♠❛t✐✈❛ ♣♦❞❡✲s❡ ❝♦♥s✉♠✐r ✉♠ t❡♠♣♦
♣r❡❝✐♦s♦✳ ◆♦ss❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❚❊❆ é r❡❛❧✐③❛❞❛ ✉s❛♥❞♦ ✉♠ ♠♦❞❡❧♦ ❡st❛tíst✐❝♦ ❛✉t♦✲
♠❛t✐③❛❞♦ ♣❛r❛ ❝á❧❝✉❧♦ ❞♦ t❡♠♣♦ r❡st❛♥t❡ ♣❛r❛ ✜♥❛❧✐③❛çã♦ ❞❡ ✉♠❛ ❞❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳
❆s ♣r✐♥❝✐♣❛✐s ❡ ✈✐sí✈❡✐s ✈❛♥t❛❣❡♥s ❞❡st❡ ♠♦❞❡❧♦ sã♦ ❛ ❛❣✐❧✐❞❛❞❡ ♦❜t✐❞❛ ♣❡❧❛ ❡❧✐♠✐♥❛çã♦ ❞❛
❜✉r♦❝r❛❝✐❛ ❞♦ ❞❛t❛ ❝❡♥t❡r ❡ ❛ r❡❞✉çã♦ ❞♦ ❡rr♦ ❤✉♠❛♥♦ ✐♥❡r❡♥t❡✳

✻✳✶ ❚❊❆ ✖ ❋✉♥çõ❡s ❆✉①✐❧✐❛r❡s

❈♦♠♦ ✈✐♠♦s✱ ❛ ❛rq✉✐t❡t✉r❛ ❞♦ ❚❊❆ ❛t✉❛ ❡♠ ❞✉❛s ♣r✐♥❝✐♣❛✐s ❢r❡♥t❡s✱ q✉❡ sã♦ ❛ ♦r❞❡♥❛çã♦ ❞♦
❝♦♥❥✉♥t♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ❛s q✉❛✐s ♦ ❜r♦❦❡r ❧✐❞❛ ❡ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ♠áq✉✐♥❛s
❢ís✐❝❛s ♣❛r❛ ❤♦s♣❡❞❛r❡♠ t❛✐s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❖s ❛❧❣♦r✐t♠♦s ❡①❡❝✉t❛❞♦s ❡♠ ❛♠❜❛s ❛s
❢r❡♥t❡s ✉t✐❧✐③❛♠ ❢✉♥çõ❡s ❛✉①✐❧✐❛r❡s✱ ❛s q✉❛✐s tr❛t❛♠♦s ♥❡st❛ s❡çã♦✳

❆ ❢✉♥çã♦ ❣❡t❘♦✉t❡✭source✱ destination✮ r❡t♦r♥❛ ✉♠❛ r♦t❛✱ ✐st♦ é✱ ✉♠ ❝♦♥❥✉♥t♦ ❞❡
✐♥t❡r❢❛❝❡s ❞❡ r❡❞❡ ♣❡❧❛s q✉❛✐s ♣❛❝♦t❡s sã♦ r❡❝❡❜✐❞♦s ♥♦ trá❢❡❣♦ ❞❡ ❞❛❞♦s ❞❡ ✉♠ s✐st❡♠❛
✜♥❛❧ ❞❡ ♦r✐❣❡♠ source ♣❛r❛ ✉♠ s✐st❡♠❛ ✜♥❛❧ ❞❡ ❞❡st✐♥♦ destination✳ ◆♦t❡ q✉❡✱ ♣♦r ❡ss❛
❞❡✜♥✐çã♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ❞♦✐s s✐st❡♠❛s ✜♥❛✐s ❞✐st✐♥t♦s h0 ❡ h1✱ t❡♠♦s q✉❡ ❣❡t❘♦✉t❡✭h0✱

h1✮ 6= ❣❡t❘♦✉t❡✭h1✱ h0✮✳ ❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡st❛ ❢✉♥çã♦ é s✐♠♣❧❡s ❡ ❞❡♣❡♥❞❡♥t❡ ❞❡
❡st❛r r❡❣✐str❛❞♦ ♥♦ ❜r♦❦❡r ❛ t♦♣♦❧♦❣✐❛ ❞❛ r❡❞❡✳ ❊st❛ ❞❡✜♥✐çã♦ q✉❡ ❛♣r❡s❡♥t❛♠♦s é ✈♦❧t❛❞❛
♣❛r❛ r❡❞❡s ❢✉❧❧✲❞✉♣❧❡①✱ ♠❛s é ♣♦ssí✈❡❧ r❡❛❧✐③❛r ❛❞❛♣t❛çõ❡s ♣❛r❛ ❤❛❧❢✲❞✉♣❧❡①✳ ❆♣r❡s❡♥t❛♠♦s
♥♦ ❆❧❣♦r✐t♠♦ ✸ ✉♠ ❡①❡♠♣❧♦ ❝ó❞✐❣♦✲❢♦♥t❡ q✉❡ ♣♦❞❡ s❡r ❡①❡❝✉t❛❞♦ ♣♦r ❡st❛ ❢✉♥çã♦✳

◆❡st❡ ❛❧❣♦r✐t♠♦✱ ♦ ♠ét♦❞♦ ❣❡t❈♦♥♥❡❝t❛❜❧❡✭✮ r❡t♦r♥❛ ❛ ✐♥t❡r❢❛❝❡ ❞❡ r❡❞❡ ❛❞❥❛❝❡♥t❡ ❛♦
♦❜❥❡t♦ q✉❡ ❛ ❡①❡❝✉t❛❀ ♦ ♠ét♦❞♦ ❣❡t❖✇♥❡r✭✮ r❡t♦r♥❛ ♦ ❝♦♠✉t❛❞♦r ❞❡ ♣❛❝♦t❡s ❛♦ q✉❛❧ ♦ ♦❜✲
❥❡t♦ q✉❡ r❡♣r❡s❡♥t❛ ❛ ✐♥t❡r❢❛❝❡ ❞❡ r❡❞❡ ♣❡rt❡♥❝❡❀ ❡ ♦ ♠ét♦❞♦ ❣❡tP♦rt❊①✐t❚♦✭destination✮
♦❜s❡r✈❛ ❛ t❛❜❡❧❛ ❞❡ ❡♥❝❛♠✐♥❤❛♠❡♥t♦✴r♦t❡❛♠❡♥t♦ ❞♦ ❝♦♠✉t❛❞♦r ❞❡ ♣❛❝♦t❡s ❡♠ q✉❡stã♦
❡ r❡t♦r♥❛ ❛ ♣♦rt❛ ❞❡ s❛í❞❛ ♣❛r❛ destination✳ ◆♦t❡ q✉❡ ❡st❛ ❢✉♥çã♦ é ✉s❛❞❛ ✉♠ ♥ú♠❡r♦
❣r❛♥❞❡ ❞❡ ✈❡③❡s ♣❡❧♦s ❛❧❣♦r✐t♠♦s ❛♣r❡s❡♥t❛❞♦s ♥❛s ♣ró①✐♠❛s s❡çõ❡s✱ ❡♥tã♦✱ ♣♦r q✉❡stõ❡s
❞❡ ❡s❝❛❧❛❜✐❧✐❞❛❞❡✱ é r❡❝♦♠❡♥❞❛❞♦ q✉❡ ❡❧❡ s❡❥❛ ✐♠♣❧❡♠❡♥t❛❞♦ ❝♦♠ ✉s♦ ❞❡ ❝❛❝❤❡ ❤✐stór✐❝♦✱
❞❡ ❢♦r♠❛ ❛ ❛r♠❛③❡♥❛r ❛s r♦t❛s ❡♥tr❡ source ❡ destination ❡♠ ✉♠ ♠❛♣❛ ❞❡ ❛❝❡ss♦ rá♣✐❞♦
♣❛r❛ ❢✉t✉r❛s ❝♦♥s✉❧t❛s✳ ❈❛s♦ ❡st❡❥❛♠ s❡♥❞♦ ❡①❡❝✉t❛❞♦s ♣r♦t♦❝♦❧♦s q✉❡ ♠♦❞✐✜❝❛♠ ❛s r♦t❛s
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❆❧❣♦r✐t♠♦ ✸ ❚❊❆✿ ❣❡t❘♦✉t❡✭source✱ destination✮
✶✿ ❢✉♥❝t✐♦♥ ❣❡t❘♦✉t❡✭source✱ destination✮
✷✿ route← ∅
✸✿ currentConnectable← source✳❣❡t❈♦♥♥❡❝t❛❜❧❡✭✮
✹✿ ✇❤✐❧❡ currentConnectable 6= destination ❞♦

✺✿ route✳❛❞❞✭currentConnectable✮
✻✿ currentConnectable← ✭✭P♦rt✮ currentConnectable✮✳❣❡t❖✇♥❡r✭✮
✼✿ ✳❣❡tP♦rt❊①✐t❚♦✭destination✮✳❣❡t❈♦♥♥❡❝t❛❜❧❡✭✮
✽✿ ❡♥❞ ✇❤✐❧❡

✾✿ route✳❛❞❞✭destination✮
✶✵✿ r❡t✉r♥ route
✶✶✿ ❡♥❞ ❢✉♥❝t✐♦♥

❆❧❣♦r✐t♠♦ ✹ ❚❊❆✿ ❝❛❧❝✉❧❛t❡❘♦✉t❡▼❛①❇✇✭source✱ destination✮
✶✿ ❢✉♥❝t✐♦♥ ❝❛❧❝✉❧❛t❡❘♦✉t❡▼❛①❇✇✭source✱ destination✮
✷✿ bandwidth←∞
✸✿ ❢♦r ❛❧❧ connectable ∈ ❣❡t❘♦✉t❡✭source✱ destination✮ ❞♦

✹✿ linkbw ← min{connectablebw❴down, connectable✳❣❡t❈♦♥♥❡❝t❛❜❧❡✭✮.bw❴up}
✺✿ bandwidth← min{bandwidth, linkbw}
✻✿ ❡♥❞ ❢♦r

✼✿ r❡t✉r♥ bandwidth
✽✿ ❡♥❞ ❢✉♥❝t✐♦♥

❡♥tr❡ source ❡ destination ✖ ❝♦♠♦ ❙❚Ps q✉❡ ❛❧t❡r❛♠ ❛s r♦t❛s ❞✐♥❛♠✐❝❛♠❡♥t❡ ✖ ❞❡✈❡✲s❡
t♦r♥❛r ♦ ❝✉✐❞❛❞♦ ❞❡ ③❡r❛r ❡st❡ ❝❛❝❤❡ ♣❛r❛ ♠❛♥✉t❡♥çã♦ ❞❡ ❝♦❡rê♥❝✐❛✳

❆ s❡❣✉✐r ❛♣r❡s❡♥t❛♠♦s ♦ ❆❧❣♦r✐t♠♦ ✹✱ ✉t✐❧✐③❛❞♦ ♣❡❧♦ ❚❊❆ ♣❛r❛ ♦❜t❡♥çã♦ ❞❛ t❛①❛ ❞❡
tr❛♥s♠✐ssã♦ ♠á①✐♠❛ ❡♥tr❡ ♦s s✐st❡♠❛s ✜♥❛✐s ❞❡ ♦r✐❣❡♠ source ❡ ❞❡ ❞❡st✐♥♦ destination✳
❊st❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♠á①✐♠❛ é ✐❣✉❛❧ à ♠❡♥♦r t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ❞♦s ❡♥❧❛❝❡s connectable✕
connectable✳❣❡t❈♦♥♥❡❝t❛❜❧❡✭✮ ✖ ✐♥t❡r❢❛❝❡ ❞❡ r❡❞❡ ✕ ✐♥t❡r❢❛❝❡ ❞❡ r❡❞❡ ❛❞❥❛❝❡♥t❡ ✖ q✉❡
❝♦♠♣õ❡♠ ✉♠❛ r♦t❛✳

❈♦♠♦ ✈❡r❡♠♦s ♥❛s ♣ró①✐♠❛s s❡çõ❡s✱ ❡st❡ ❛❧❣♦r✐t♠♦ é ✉s❛❞♦ ♣♦r ❞✐✈❡rs♦s ♦✉tr♦s ❛❧❣♦✲
r✐t♠♦s ♣❛r❛ ♣♦ss✐❜✐❧✐t❛r ♦ ❝á❧❝✉❧♦ ❞❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞❛ r❡❞❡ ❡♥tr❡ ✉♠ s✐st❡♠❛ ✜♥❛❧
❞❡ ♦r✐❣❡♠ ❡ ✉♠ s✐st❡♠❛ ✜♥❛❧ ❞❡ ❞❡st✐♥♦✳

❆♣r❡s❡♥t❛♠♦s ❛ s❡❣✉✐r ♦ ❆❧❣♦r✐t♠♦ ✺✱ q✉❡ t❡♠ ♣♦r ✜♥❛❧✐❞❛❞❡ ❡st✐♠❛r ♦ t❡♠♣♦ ♠é❞✐♦
r❡st❛♥t❡ ♣❛r❛ ✜♥❛❧✐③❛r ✉♠❛ ❞❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ❡♠ s❡❣✉♥❞♦s✳

❖ ❛❧❣♦r✐t♠♦ ❛♣r❡s❡♥t❛❞♦ ✐♥✐❝✐❛ ❢❛③❡♥❞♦ ❛ s✐♠♣❧❡s ✈❡r✐✜❝❛çã♦ s❡✱ ❞❡ ❢❛t♦✱ ♦ ❡st✐♠❛❞♦r
❡stá ❝♦♥✜❣✉r❛❞♦ ❝♦♠♦ ❛t✐✈❛❞♦ ✭▲✐♥❤❛ ✷✮✳ ❈❛s♦ ♥ã♦ ❡st❡❥❛✱ é r❡t♦r♥❛❞♦ ✉♠ ✈❛❧♦r ✐♥✜♥✐t♦
♣♦s✐t✐✈♦ q✉❡✱ ♣❛r❛ ❡❢❡✐t♦s ♣rát✐❝♦s✱ s✐❣♥✐✜❝❛ q✉❡ ♦ ❡st✐♠❛❞♦r ♥ã♦ ❡stá ❢✉♥❝✐♦♥❛♥❞♦✳

◆❛ s❡q✉ê♥❝✐❛ ✭▲✐♥❤❛ ✺✮✱ é ✈❡r✐✜❝❛❞♦ s❡ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡♠ q✉❡stã♦ ❡stá ♣r♦❝❡ss❛♥❞♦
♦✉ r❡❝❡❜❡♥❞♦ ❛❧❣✉♠❛ ❝❛r❣❛✳ ❈❛s♦ ♥ã♦ ❡st❡❥❛ ✖ ❡✳❣✳ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❥á t❡♥❤❛ t❡r♠✐♥❛❞♦
❞❡ ♣r♦❝❡ss❛r t♦❞❛s ❛s ❝❛r❣❛s à ❡❧❛ ❞❡s✐❣♥❛❞❛ ✖ é r❡t♦r♥❛❞♦ ✉♠ ✈❛❧♦r ✵✳

❆ s❡❣✉✐r ✭▲✐♥❤❛ ✽✮✱ ❞❡✜♥✐♠♦s ❛ ✈❛r✐á✈❡❧ vmMips✱ q✉❡ r❡♣r❡s❡♥t❛ ♦ ▼■P❙ ❞❡ ✉♠❛
♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ❊①✐st❡♠ ❞✉❛s s✐t✉❛çõ❡s ❛q✉✐✿ ❝❛s♦ ✭❆✮ ❛ ♠áq✉✐♥❛ ❡st❡❥❛ ❛❧♦❝❛❞❛ ❡♠
✉♠ s❡r✈✐❞♦r✱ ❡ss❛ ✈❛r✐á✈❡❧ r❡❝❡❜❡rá ♦ ▼■P❙ ❡❢❡t✐✈♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡♠ q✉❡stã♦✱ ♦✉
s❡❥❛✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ▼■P❙ q✉❡ ♦ s❡r✈✐❞♦r ❤♦s♣❡❞❡✐r♦ ❞❡ ❢❛t♦ ❡♥tr❡❣❛❀ ♦✉ ❝❛s♦ ✭❇✮ ❛
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❆❧❣♦r✐t♠♦ ✺ ❚❊❆✿ ❡st✐♠❛t❡❆✈❡r❛❣❡❚✐♠❡❘❡♠❛✐♥✐♥❣❚♦❋✐♥✐s❤✭vm✮
✶✿ ❢✉♥❝t✐♦♥ ❡st✐♠❛t❡❆✈❡r❛❣❡❚✐♠❡❘❡♠❛✐♥✐♥❣❚♦❋✐♥✐s❤✭vm✮
✷✿ ✐❢ ¬ ✜♥✐s❤❚✐♠❡❊st✐♠❛t♦r❊♥❛❜❧❡❞ t❤❡♥

✸✿ r❡t✉r♥ ∞
✹✿ ❡♥❞ ✐❢

✺✿ ✐❢ vm✳❣❡t❲♦r❦❧♦❛❞s✭✮✳✐s❊♠♣t②✭✮ t❤❡♥

✻✿ r❡t✉r♥ ✵✳✵
✼✿ ❡♥❞ ✐❢

✽✿ ✐❢ vm✳❣❡t❙t❛t❡✭✮ = ❖P❊❘❆❚■❖◆❆▲ t❤❡♥

✾✿ vmMips← vm✳❣❡t▼✐♣s❊❢❢❡❝t✐✈❡✭✮

✶✵✿ ❡❧s❡

✶✶✿ vmMips← vm✳❣❡t▼✐♣s❚♦t❛❧✭✮

✶✷✿ ❡♥❞ ✐❢

✶✸✿ r❡t✉r♥ ❣❡t❍✐st❆✈❣▼✐P❡r❲❧✭userId✮ × vm✳❣❡t❲♦r❦❧♦❛❞s✭✮total/vmMips
✶✹✿ ❡♥❞ ❢✉♥❝t✐♦♥

♠áq✉✐♥❛ ❡st❡❥❛ ♦✤✐♥❡ ✖ ❡✳❣✳ ❛✐♥❞❛ ♥ã♦ t❡♥❤❛ s✐❞♦ s✉❜♠❡t✐❞❛ ♣❛r❛ ♣r♦❝❡ss❛♠❡♥t♦ ✖
♥❡ss❛ s✐t✉❛çã♦✱ ❛ ✈❛r✐á✈❡❧ ✈❛✐ r❡❝❡❜❡r ♦ ✈❛❧♦r ❞❡ ▼■P❙ r❡q✉✐s✐t❛❞♦ ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧
❡♠ q✉❡stã♦✳

❯♠❛ ✈❡③ ❞❡✜♥✐❞❛ ❡ss❛ ✈❛r✐á✈❡❧✱ ✜♥❛❧♠❡♥t❡ ✈❛♠♦s ❛♦ ♣❛ss♦ ✜♥❛❧ ✭▲✐♥❤❛ ✶✸✮✳ ◆❡st❡
♣❛ss♦✱ ❛ ❢✉♥çã♦ ❣❡t❍✐st❆✈❣▼✐P❡r❲❧✭userId✮ r❡t♦r♥❛ ❛ ♠é❞✐❛ ❤✐stór✐❝❛ r❡❢❡r❡♥t❡ ❛♦ ✐❞❡♥✲
t✐✜❝❛❞♦r ❞♦ ✉s✉ár✐♦ userId r❡s♣♦♥sá✈❡❧ ♣❡❧❛ s♦❧✐❝✐t❛çã♦ ❞❡ vm✳ ❈❛s♦ ♦ ❞❛t❛ ❝❡♥t❡r ♥ã♦
❡st❡❥❛ ♣r♦❣r❛♠❛❞♦ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ✉s✉ár✐♦s✱ ♦✉ q✉❡ ♦ ✉s✉ár✐♦ ✐❞❡♥t✐✜❝❛❞♦ ♣♦r userId ♥ã♦
t❡♥❤❛ ♣r♦❝❡ss❛❞♦ ♥❡♥❤✉♠❛ ❝❛r❣❛ ♥♦ ❞❛t❛ ❝❡♥t❡r✱ ❡♥tã♦ ❡st❛ ❢✉♥çã♦ ♣♦❞❡rá r❡t♦r♥❛r ♦s
❞❛❞♦s ❤✐stór✐❝♦s ❞❡ t♦❞♦s ♦s ✉s✉ár✐♦s✳ ❖ ♣❛râ♠❡tr♦ vm✳❣❡t❲♦r❦❧♦❛❞s✭✮total r❡t♦r♥❛ ♦
♥ú♠❡r♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ q✉❡ vm ❡stá ♣r♦❝❡ss❛♥❞♦ ❡♠ ♣❛r❛❧❡❧♦✳

❖ ❚❊❆ tr❛❜❛❧❤❛ ❝♦♠ ✉♠ ❝♦♥❝❡✐t♦ ♠❛✐s ❛♠♣❧♦ ❞❡ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞♦ q✉❡ ♦s ❛❧✲
❣♦r✐t♠♦s ❛♥t❡r✐♦r❡s✳ ❖ ❝♦♥❝❡✐t♦ ❝❧áss✐❝♦ ❞❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ é ❞❛❞♦ ❡♠ ❢✉♥çã♦ ❞❛
❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✉♠ s❡r✈✐❞♦r✱ ❝♦♥❢♦r♠❡ ❛ ❊q✉❛çã♦ ✭✺✳✹✮✳ ❖ ❚❊❆ ♣♦❞❡
❝♦♥s✐❞❡r❛r ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ EnergyEfficiency ❡♠ ❢✉♥çã♦ ❞❡ r❡❝✉rs♦s ❝♦♠♣✉t❛❝✐✲
♦♥❛✐s Resource ❡ ❞❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ Power✱ ❝♦♥❢♦r♠❡ ❛ ❊q✉❛çã♦ ✭✻✳✶✮✳

EnergyEfficiency =
Resource

Power
✭✻✳✶✮

❉❡♥tr❡ ♦s r❡❝✉rs♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s q✉❡ ♣♦❞❡♠ s❡r tr❛❜❛❧❤❛❞♦s ♣❡❧♦ ❚❊❆ ❡stã♦✿ ▼■P❙✱
❘❆▼ ❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳ ❆s ❢✉♥çõ❡s ❡①♣❧í❝✐t❛s q✉❡ r❡❛❧✐③❛♠ ❝á❧❝✉❧♦s ❞❡ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r✲
❣✐❛ ✖ ❝❛❧❝✉❧❛t❡❊♥❡r❣②❊❢❢✐❝✐❡♥❝②▼✐♣s✭host✮✱ ❝❛❧❝✉❧❛t❡❊♥❡r❣②❊❢❢✐❝✐❡♥❝②❘❛♠✭host✮
❡ ❝❛❧❝✉❧❛t❡❊♥❡r❣②❊❢❢✐❝✐❡♥❝②❇✇✭host✮ ✖ ❝❛❧❝✉❧❛♠ ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❝♦♥❢♦r♠❡ ❛
❊q✉❛çã♦ ✭✻✳✶✮✳

❆❧é♠ ❞♦s r❡❝✉rs♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❜ás✐❝♦s s✉♣r❛♠❡♥❝✐♦♥❛❞♦s✱ ♦ ❚❊❆ t❛♠❜é♠ r❡❛❧✐③❛
♦ ❝á❧❝✉❧♦ ❞❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❝♦♥s♦❧✐❞❛❞❛ ❞❛ r❡❞❡ ♣❛r❛ ✉♠❛ r♦t❛ ❡♥tr❡ ❞♦✐s s✐st❡♠❛s
✜♥❛✐s source ❡ destination✳ ❊st❡ ❝á❧❝✉❧♦ é ❢❡✐t♦ ❝♦♥❢♦r♠❡ ♦ ❆❧❣♦r✐t♠♦ ✻✳

❙✉♠❛r✐③❛❞❛♠❡♥t❡✱ ♦ ❆❧❣♦r✐t♠♦ ✻ tr❛t❛✱ ♣♦rt❛♥t♦✱ ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞❡ ✉♠❛
❞❛❞❛ r♦t❛ ❝♦♠♦ s❡♥❞♦ ♣r♦♣♦r❝✐♦♥❛❧ à ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ q✉❡ ❡❧❛ ♦❢❡r❡❝❡ ❡ ✐♥✈❡rs❛♠❡♥t❡
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❆❧❣♦r✐t♠♦ ✻ ❚❊❆✿ ❝❛❧❝✉❧❛t❡❊♥❡r❣②❊✣❝✐❡♥❝②◆❡t✇♦r❦✭source✱ destination✮
✶✿ ❢✉♥❝t✐♦♥ ❝❛❧❝✉❧❛t❡❊♥❡r❣②❊❢❢✐❝✐❡♥❝②◆❡t✇♦r❦✭source✱ destination✮
✷✿ route← ❣❡t❘♦✉t❡✭source✱ destination✮
✸✿ powerSum← 0
✹✿ ❢♦r ❛❧❧ connectable ∈ route ❞♦
✺✿ switch← connectable✳❣❡t❖✇♥❡r✭✮
✻✿ powerSum← powerSum+ switchmax❴power

✼✿ ❡♥❞ ❢♦r

✽✿ r❡t✉r♥ ❝❛❧❝✉❧❛t❡❘♦✉t❡▼❛①❇✇✭source✱ destination✮ ✴ powerSum
✾✿ ❡♥❞ ❢✉♥❝t✐♦♥

❆❧❣♦r✐t♠♦ ✼ ❚❊❆✿ ❡stP✇❆❢t❡r❆❧❧♦❝✭host✱ vm✮
✶✿ ❢✉♥❝t✐♦♥ ❡stP✇❆❢t❡r❆❧❧♦❝✭host✱ vm✮
❘❡q✉✐r❡✿ vm /∈ host
✷✿ mipsAfterAlloc← hostmips❴requested❴by❴vms + vm✳❣❡t▼✐♣s❚♦t❛❧✭✮

✸✿ usageAfterAlloc← min{1.0,mipsAfterAlloc/host✳❣❡t▼✐♣s❚♦t❛❧✭✮}
✹✿ r❡t✉r♥ host✳❣❡tP♦✇❡r▼♦❞❡❧✭✮✳❣❡tP♦✇❡r✭usageAfterAlloc✮❀
✺✿ ❡♥❞ ❢✉♥❝t✐♦♥

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

❖ ❚❊❆ t❛♠❜é♠ t❡♥t❛ ♣r❡✈❡r ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣♦r ✉♠ s❡r✈✐❞♦r ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦
❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✳ ❊st❛ ♣r❡✈✐sã♦ ♣♦❞❡ s❡r ❢❡✐t❛ ❞❡ ✈ár✐❛s ♠❛♥❡✐r❛s ❡✱ ❞❡♥tr❡ ❡❧❛s✱ ❝♦♥s✐✲
❞❡r❛♠♦s r❛③♦á✈❡❧ t❡r ✉♠ ♠♦❞❡❧♦ ❞❡ ♣♦tê♥❝✐❛ ♣❛r❛ ♦ s❡r✈✐❞♦r ❡♠ q✉❡stã♦✳ ❆♣r❡s❡♥t❛♠♦s
♦ ❆❧❣♦r✐t♠♦ ✼ q✉❡ t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ❡st✐♠❛r ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣♦r ✉♠ s❡r✈✐❞♦r host
❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❡ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ vm✳

❙❛❜❡✲s❡ q✉❡ ♦ ♣r✐♥❝✐♣❛❧ ❡❧❡♠❡♥t♦ ❞❡ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣♦r ✉♠ s❡r✈✐❞♦r ✉s✉❛❧♠❡♥t❡
é ♦ ♣r♦❝❡ss❛❞♦r✳ ❖ ❛❧❣♦r✐t♠♦ ❛♣r❡s❡♥t❛❞♦ ✈✐s❛ ❡st✐♠❛r ♦ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛ ❞❡ ✉♠
s❡r✈✐❞♦r ❡♠ ❢✉♥çã♦ ❞♦s ▼■P❙ r❡q✉✐s✐t❛❞♦s ♣♦r ✉♠❛ ❞❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ■♥✐❝✐❛❧♠❡♥t❡✱
é ✈❡r✐✜❝❛❞♦ ♦ t♦t❛❧ ❞❡ ▼■P❙ mipsAfterAlloc q✉❡ s❡rá r❡q✉✐s✐t❛❞♦ ❞♦ s❡r✈✐❞♦r ❛♣ós ❛
❛❧♦❝❛çã♦ ❞❡ vm✱ ♦ q✉❡ ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞♦ ♣❡❧❛ s♦♠❛ ❞♦ t♦t❛❧ ❞❡ ▼■P❙ r❡q✉✐s✐t❛❞♦ ♣♦r t♦❞❛s
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ❡st❡ s❡r✈✐❞♦r ❤♦s♣❡❞❛ ❝♦♠ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ▼■P❙ r❡q✉✐s✐t❛❞❛
♣♦r vm✳ ◆♦t❡ q✉❡ ❡st❡ ✈❛❧♦r ❞❡ r❡q✉✐s✐çã♦ ♣♦❞❡ s❡r ♠❛✐♦r q✉❡ ♦ ✈❛❧♦r t♦t❛❧ ❞❡ ▼■P❙ ❞♦
s❡r✈✐❞♦r ✖ ♦ q✉❡ ♥❡st❡ ❝❛s♦ ❛❝❛rr❡t❛ ❡♠ ✉♠❛ ♣❡r❞❛ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s
♣❡❧♦ ❢❛t♦ ❞♦ s❡r✈✐❞♦r ♥ã♦ ❝♦♥s❡❣✉✐r ♣r♦✈❡r t♦❞♦s ♦s ▼■P❙ s♦❧✐❝✐t❛❞♦s✳ ◆❛ s❡q✉ê♥❝✐❛✱ é
❝❛❧❝✉❧❛❞❛ ❛ ✉t✐❧✐③❛çã♦ ♣❡r❝❡♥t✉❛❧ usageAfterAlloc q✉❡ ♦ s❡r✈✐❞♦r t❡rá ❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❡
vm✳ P♦r ✜♠✱ é ❡st✐♠❛❞♦ ✉t✐❧✐③❛♥❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡ ♣♦tê♥❝✐❛ q✉❛❧ é ♦ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛
q✉❡ ♦ s❡r✈✐❞♦r ✜❝❛rá ❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ❈♦♥s✐❞❡r❛♥❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡
♣♦tê♥❝✐❛ ❝♦♠ ❉❱❋❙✱ ♣♦r ❡①❡♠♣❧♦✱ ♣♦❞❡✲s❡ ❡st✐♠❛r ❡st❡ ❝♦♥s✉♠♦ ❝♦♠ ❛ ❊q✉❛çã♦ ✭✺✳✸✮✳

❉❡ ❢♦r♠❛ ❛♥á❧♦❣❛ à ❛♥á❧✐s❡ ❞❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❡ ✉♠❛ ❞❛❞❛
♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ♣♦❞❡♠♦s t❛♠❜é♠ ❡st✐♠❛r ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ❛♣ós ❛ ❞❡s❛❧♦❝❛çã♦ ❞❡
✉♠❛ ❞❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❝♦♥❢♦r♠❡ ♠♦str❛♠♦s ♥♦ ❆❧❣♦r✐t♠♦ ✽✳

■♥✐❝✐❛❧♠❡♥t❡✱ é ✈❡r✐✜❝❛❞♦ ♦ t♦t❛❧ ❞❡ ▼■P❙ mipsEstAfterDealloc q✉❡ s❡rá r❡q✉✐s✐t❛❞♦
❞♦ s❡r✈✐❞♦r ❛♣ós ❛ ❞❡s❛❧♦❝❛çã♦ ❞❡ vm✱ q✉❡ ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞♦ ♣❡❧❛ s✉❜tr❛çã♦ ❞♦ t♦t❛❧
❞❡ ▼■P❙ r❡q✉✐s✐t❛❞♦ ♣♦r t♦❞❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ❡st❡ s❡r✈✐❞♦r ❤♦s♣❡❞❛ ❝♦♠ ❛
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❆❧❣♦r✐t♠♦ ✽ ❚❊❆✿ ❡st✐♠❛t❡P♦✇❡r❆❢t❡r❉❡❛❧❧♦❝❛t✐♦♥✭host✱ vm✮
✶✿ ❢✉♥❝t✐♦♥ ❡st✐♠❛t❡P♦✇❡r❆❢t❡r❉❡❛❧❧♦❝❛t✐♦♥✭host✱ vm✮
❘❡q✉✐r❡✿

vm ∈ host
✷✿ mipsEstAfterDealloc← min{host✳❣❡t▼✐♣s❚♦t❛❧✭✮,
✸✿ hostmips❴requested❴by❴vms − vm✳❣❡t▼✐♣s❚♦t❛❧✭✮}
✹✿ utilizationAfterDealloc← mipsEstAfterDealloc/host✳❣❡t▼✐♣s❚♦t❛❧✭✮
✺✿ r❡t✉r♥ host✳❣❡tP♦✇❡r▼♦❞❡❧✭✮✳❣❡tP♦✇❡r✭utilizationAfterDealloc✮
✻✿ ❡♥❞ ❢✉♥❝t✐♦♥

q✉❛♥t✐❞❛❞❡ ❞❡ ▼■P❙ r❡q✉✐s✐t❛❞❛ ♣♦r vm✳ ◆❛ s❡q✉ê♥❝✐❛✱ é ❝❛❧❝✉❧❛❞❛ ❛ ✉t✐❧✐③❛çã♦ ♣❡r❝❡♥t✉❛❧
usageAfterAlloc q✉❡ ♦ s❡r✈✐❞♦r ✜❝❛rá ❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❡ vm✳ P♦r ✜♠✱ é ❡st✐♠❛❞♦
✉t✐❧✐③❛♥❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡ ♣♦tê♥❝✐❛ q✉❛❧ é ♦ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛ q✉❡ ♦ s❡r✈✐❞♦r ✜❝❛rá
❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ❈♦♥s✐❞❡r❛♥❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡ ♣♦tê♥❝✐❛ ❝♦♠ ❉❱❋❙✱
♣♦r ❡①❡♠♣❧♦✱ ♣♦❞❡✲s❡ ❡st✐♠❛r ❡st❡ ❝♦♥s✉♠♦ ❝♦♠ ❛ ❊q✉❛çã♦ ✭✺✳✸✮✱ ❝♦♠ ✉♠❛ ❝♦♥s✐❞❡r❛çã♦
❛❞✐❝✐♦♥❛❧✿ ❝❛s♦ ♦ s❡r✈✐❞♦r ✜q✉❡ ❝♦♠ ✉♠❛ ✉t✐❧✐③❛çã♦ ❞❡ ✵✪ ✖ ❡✳❣✳ ♥ã♦ ❤♦s♣❡❞❛r ♥❡♥❤✉♠❛
♠áq✉✐♥❛ ✈✐rt✉❛❧ ✖ ❡❧❡ ♣♦❞❡rá s❡r ❞❡s❧✐❣❛❞♦ ✖ ♦✉ s❡❥❛✱ ♦ ❝♦♥s✉♠♦ s❡rá ❞❡ ✵ ❲ ❛♣ós ♦
❞❡s❧✐❣❛♠❡♥t♦ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ❡♠♣r❡❣♦ ❞❡ P ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✳

✻✳✷ ❚❊❆ ✖ Pré✲♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ▼áq✉✐♥❛s ❱✐rt✉❛✐s

◗✉❛♥❞♦ ✉♠ ❜r♦❦❡r ❡stá tr❛❜❛❧❤❛♥❞♦ ❝♦♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❡♠ ♣r♦❝❡s✲
s❛♠❡♥t♦ ♦✉ ♥ã♦✱ ♦ ❚❊❆ ❛t✉❛ ✐♥✐❝✐❛❧♠❡♥t❡ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♥ã♦ tr❛❜❛❧❤❛r ❝❡❣❛♠❡♥t❡ ❝♦♠
❛ ❛❜♦r❞❛❣❡♠ ❋■❋❖✳ ❉✐❢❡r❡♥t❡♠❡♥t❡ ❞❡ ♦✉tr♦s ❛❧❣♦r✐t♠♦s✱ q✉❡ q✉❛♥❞♦ r❡❛❧✐③❛♠ s♦♠❡♥t❡
✉♠❛ ♦r❞❡♥❛çã♦ ✖ ✐✳❡✳ s❡ r❡❛❧✐③❛♠ ✖ ❝♦♠ ❜❛s❡ ♥❛ ♣r✐♦r✐❞❛❞❡ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♦ ❚❊❆
❢❛③ ✉♠ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❝♦♠♣❧❡t♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣❛r❛ ❞❡✜♥✐r ❛ ♦r❞❡♠
❝♦♠ ❛ q✉❛❧ ❡❧❡ ❧✐❞❛rá✳ ❆♣r❡s❡♥t❛♠♦s ♥♦ ❆❧❣♦r✐t♠♦ ✾ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❝♦♠♣❛r❛çã♦ ✉s❛❞♦
♣❛r❛ ❛ ♦r❞❡♥❛çã♦ ❞❡st❡ ❝♦♥❥✉♥t♦✳ ❊ss❡ ❛❧❣♦r✐t♠♦ r❡❝❡❜❡ ❝♦♠♦ ♣❛râ♠❡tr♦ ❞✉❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❛ s❡r❡♠ ❝♦♠♣❛r❛❞❛s✱ ❡ r❡t♦r♥❛ ✉♠ ✈❛❧♦r ♥❡❣❛t✐✈♦ ❝❛s♦ ❛ ♣r✐♠❡✐r❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧
❞❡✈❡ s❡r ♦r❞❡♥❛❞❛ ❝♦♠ ♣r✐♦r✐❞❛❞❡✱ ✉♠ ✈❛❧♦r ♣♦s✐t✐✈♦ ❝❛s♦ ❛ s❡❣✉♥❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❞❡✈❛
t❡r ♣r✐♦r✐❞❛❞❡✱ ♦✉ ✵ ❝❛s♦ ❛ ♣r✐♦r✐❞❛❞❡ ❞❡ ❛♠❜❛s ❞❡✈❛ s❡r ❛ ♠❡s♠❛✳

❖ ❛❧❣♦r✐t♠♦ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ✐♥✐❝✐❛ ✈❡r✐✜❝❛♥❞♦ s❡ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stã♦
♦♥❧✐♥❡ ♦✉ ♦✤✐♥❡ ✭▲✐♥❤❛ ✷✮✳ ❆ ♣r✐♦r✐❞❛❞❡ ♥❡ss❛ s✐t✉❛çã♦ é ❞❛❞❛ ♣❛r❛ ♠áq✉✐♥❛s q✉❡
❡st❡❥❛♠ ♦✤✐♥❡✱ ❞❡ ♠♦❞♦ ❛ ♣❡r♠✐t✐r ✉♠ ❞❡s♣❛❝❤♦ ❛❝❡❧❡r❛❞♦ ❞❡❧❛s ✖ ♠❛✐♦r r❡s♣♦♥s✐✈✐❞❛❞❡
❞♦ ❞❛t❛ ❝❡♥t❡r✳ ❊st❛ é ✉♠❛ ❞❡❝✐sã♦ q✉❡ ♥❛ ✈❡r❞❛❞❡ ✈❛✐ ❝♦♥tr❛ ♦s ♣r✐♥❝í♣✐♦s ❞❛ ❡✜❝✐ê♥❝✐❛
❡♠ ❡♥❡r❣✐❛✱ ♣♦✐s t❡♥❞❡ ❛ ❧✐❣❛r ✉♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s ♣❛r❛ ❤♦s♣❡❞❛r ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ❡st❡ ❝♦♠♣♦rt❛♠❡♥t♦ ❢❛③ ❝♦♠ q✉❡ ❛s r❡q✉✐s✐çõ❡s ❞❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s s❡❥❛♠ ❛t❡♥❞✐❞❛s ♠❛✐s r❛♣✐❞❛♠❡♥t❡ ❡✱ ❛ss✐♠✱ ❝♦♥s✐❞❡r❛♠♦s q✉❡ ❡st❡ tr❛❞❡✲♦✛ é
❞❡s❡❥á✈❡❧ ✖ ♣♦✐s t❡♥❞❡ ❛ r❡❞✉③✐r s✉❜st❛♥❝✐❛❧♠❡♥t❡ ♦ ♠❛❦❡s♣❛♥✳ ❈❛s♦ ♥ã♦ ❤❛❥❛ ✉♠❛ s❛í❞❛
♥❡st❡ ❞❡s✈✐♦ ❝♦♥❞✐❝✐♦♥❛❧✱ ❡♥tã♦ ❡①✐st❡ ❛ ✐♠♣❧✐❝❛çã♦ q✉❡ ❞❡st❡ ♣♦♥t♦ ♣❛r❛ ❢r❡♥t❡ ♥♦ ❝ó❞✐❣♦
♦ ❡st❛❞♦ ❞❡ ❛♠❜❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s é ♦ ♠❡s♠♦✱ ♦✉ s❡❥❛✱ ❛♠❜❛s ❡stã♦ ♦✤✐♥❡ ♦✉ ❛♠❜❛s
❡stã♦ ♦♥❧✐♥❡✳

◆❛ s❡q✉ê♥❝✐❛ ✭▲✐♥❤❛ ✶✵✮✱ é ❝❤❡❝❛❞❛ ❛ ♣r✐♦r✐❞❛❞❡ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♦✤✐♥❡✱ ❡ ❛q✉❡❧❛
q✉❡ ♣♦ss✉✐r ♣r✐♦r✐❞❛❞❡ ♠❛✐s ❛❧t❛ r❡❝❡❜❡rá ❛ ♣r❡❢❡rê♥❝✐❛✳ ■ss♦ ❣❛r❛♥t❡ ✉♠❛ s✉❜♠✐ssã♦



✶✷✷

❆❧❣♦r✐t♠♦ ✾ ❚❊❆✿ ❝♦♠♣❛r❡✭✈♠✵✱ ✈♠✶✮
✶✿ ❢✉♥❝t✐♦♥ ❝♦♠♣❛r❡✭vm0✱ vm1✮
✷✿ ✐❢ vm0✳❣❡t❙t❛t❡✭✮ 6= vm1✳❣❡t❙t❛t❡✭✮ t❤❡♥

✸✿ ✐❢ vm0✳❣❡t❙t❛t❡✭✮ = ■◆❖P❊❘❆❇▲❊❴❖❋❋▲■◆❊ t❤❡♥

✹✿ r❡t✉r♥ ✲✶
✺✿ ❡❧s❡ ⊲ ✐❢ vm1✳❣❡t❙t❛t❡✭✮ = ■◆❖P❊❘❆❇▲❊❴❖❋❋▲■◆❊
✻✿ r❡t✉r♥ ✶
✼✿ ❡♥❞ ✐❢

✽✿ ❡♥❞ ✐❢

✾✿ ✐❢ ✭vm0✳❣❡t❙t❛t❡✭✮ = ■◆❖P❊❘❆❇▲❊❴❖❋❋▲■◆❊✮
✶✵✿ & ✭vm0✳❣❡tPr✐♦r✐t②✭✮ 6= vm1✳❣❡tPr✐♦r✐t②✭✮✮ t❤❡♥
✶✶✿ ✐❢ vm0✳❣❡tPr✐♦r✐t②✭✮ = ❍■●❍ t❤❡♥

✶✷✿ r❡t✉r♥ ✲✶
✶✸✿ ❡♥❞ ✐❢

✶✹✿ ✐❢ vm1✳❣❡tPr✐♦r✐t②✭✮ = ❍■●❍ t❤❡♥

✶✺✿ r❡t✉r♥ ✶
✶✻✿ ❡♥❞ ✐❢

✶✼✿ ✐❢ vm0✳❣❡tPr✐♦r✐t②✭✮ = ◆❖❘▼❆▲ t❤❡♥

✶✽✿ r❡t✉r♥ ✲✶
✶✾✿ ❡♥❞ ✐❢

✷✵✿ ✐❢ vm1✳❣❡tPr✐♦r✐t②✭✮ = ◆❖❘▼❆▲ t❤❡♥

✷✶✿ r❡t✉r♥ ✶
✷✷✿ ❡♥❞ ✐❢

✷✸✿ ❡♥❞ ✐❢

❛❝❡❧❡r❛❞❛ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ♠❛✐♦r ♣r✐♦r✐❞❛❞❡ ❞❡✜♥✐❞❛ ♣❡❧♦ ✉s✉ár✐♦✳ ❊st❛ t❛♠❜é♠
♥ã♦ é ✉♠❛ ❞❡❝✐sã♦ ❜❛s❡❛❞❛ ♥❛ ❡❝♦♥♦♠✐❛ ❞❡ ❡♥❡r❣✐❛✱ ♠❛s ❡♠ ❛t❡♥❞✐♠❡♥t♦ rá♣✐❞♦ ❛♦s
❛♥s❡✐♦s ❞♦s ✉s✉ár✐♦s ❞❛ ♥✉✈❡♠✱ ♥♦ s❡♥t✐❞♦ ❞❡ ♠✐♥✐♠✐③❛r ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ❛❧t❛ ♣r✐♦r✐❞❛❞❡✳ ◆♦t❡ q✉❡ ❝♦♠♦ ❛ss✉♠✐♠♦s três ♣r✐♦r✐❞❛❞❡s ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ✭❛❧t❛✱ ♠é❞✐❛ ❡ ❜❛✐①❛✮✱ ♥ã♦ ♣r❡❝✐s❛♠♦s ❢❛③❡r ❛ ❝♦♠♣❛r❛çã♦ ❞❡♥tr♦ ❞♦
❛♥✐♥❤❛♠❡♥t♦ ♣❛r❛ ✈❡r✐✜❝❛r s❡ ❛ ♣r✐♦r✐❞❛❞❡ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ é ❜❛✐①❛✱ ♣♦✐s ❡st❛ é ✉♠❛
❝♦♥❞✐çã♦ ✐♠♣♦ssí✈❡❧ ✖ ❞✉❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ❞✐❢❡r❡♥t❡s ♣r✐♦r✐❞❛❞❡s ❡ ✉♠❛ ❞❡❧❛s
♥ã♦ s❡r ❛❧t❛ ♦✉ ♥♦r♠❛❧ ❛♣ós ♣❛ss❛r ♣♦r t♦❞♦s ♦s ❝r✐tér✐♦s ❞❡ ❞❡s❡♠♣❛t❡ ♥❡st❡ ♥í✈❡❧ ❞❡
❛♥✐♥❤❛♠❡♥t♦✳

❆♣ós ✐ss♦✱ é ✈❡r✐✜❝❛❞♦✱ ♥❛ ▲✐♥❤❛ ✷✺✱ ❛ ♣r✐♦r✐❞❛❞❡ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♦♥❧✐♥❡ ❡✱ ❛♦
❝♦♥trár✐♦ ❞❛ s✐t✉❛çã♦ ❛♥t❡r✐♦r✱ ❛q✉❡❧❛ q✉❡ ♣♦ss✉✐r ♣r✐♦r✐❞❛❞❡ ♠❛✐s ❜❛✐①❛ r❡❝❡❜❡rá ❛ ♣r❡✲
❢❡rê♥❝✐❛✳ ❊ss❛ ❞❡❝✐sã♦ é t♦♠❛❞❛ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠✐❣r❛r ♣r❡❢❡r❡♥❝✐❛❧♠❡♥t❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❞❡ ♣r✐♦r✐❞❛❞❡s ♠❛✐s ❜❛✐①❛s ♣❛r❛ ❡✈✐t❛r ♦ ✐♠♣❛❝t♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ♥❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❞❡ ♣r✐♦r✐❞❛❞❡s ♠❛✐s ❛❧t❛s✳ ▼❛✐s ✉♠❛ ✈❡③✱ ❡st❛ ❞❡❝✐sã♦ ♥ã♦ é ❜❛s❡❛❞❛ ♥❛ ❡❝♦✲
♥♦♠✐❛ ❞❡ ❡♥❡r❣✐❛✱ ♠❛s ❡♠ ❛t❡♥❞✐♠❡♥t♦ rá♣✐❞♦ ❛♦s ❛♥s❡✐♦s ❞♦s ✉s✉ár✐♦s ❞❛ ♥✉✈❡♠✱ ♥♦
s❡♥t✐❞♦ t❛♠❜é♠ ❞❡ ♠✐♥✐♠✐③❛r ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ❛❧t❛
♣r✐♦r✐❞❛❞❡✳

❈❛s♦ ❛ ❡①❡❝✉çã♦ ♣❛ss❡ ❞❡st❡ ♣♦♥t♦✱ ❡①✐st❡♠ ❞✉❛s ❣❛r❛♥t✐❛s✿ ❛♠❜❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉✲
❛✐s q✉❡ ❡stã♦ s❡♥❞♦ ❝♦♠♣❛r❛❞❛s ❛♣r❡s❡♥t❛♠ ✭✐✮ ♦ ♠❡s♠♦ ❡st❛❞♦ ❡ ✭✐✐✮ ❛ ♠❡s♠❛ ♣r✐♦r✐❞❛❞❡✳



✶✷✸

✷✹✿ ✐❢ ✭vm0✳❣❡t❙t❛t❡✭✮ = ❖P❊❘❆❚■❖◆❆▲✮
✷✺✿ & ✭vm0✳❣❡tPr✐♦r✐t②✭✮ 6= vm1✳❣❡tPr✐♦r✐t②✭✮✮ t❤❡♥
✷✻✿ ✐❢ vm0✳❣❡tPr✐♦r✐t②✭✮ = ❍■●❍ t❤❡♥

✷✼✿ r❡t✉r♥ ✶
✷✽✿ ❡♥❞ ✐❢

✷✾✿ ✐❢ vm1✳❣❡tPr✐♦r✐t②✭✮ = ❍■●❍ t❤❡♥

✸✵✿ r❡t✉r♥ ✲✶
✸✶✿ ❡♥❞ ✐❢

✸✷✿ ✐❢ vm0✳❣❡tPr✐♦r✐t②✭✮ = ◆❖❘▼❆▲ t❤❡♥

✸✸✿ r❡t✉r♥ ✶
✸✹✿ ❡♥❞ ✐❢

✸✺✿ ✐❢ vm1✳❣❡tPr✐♦r✐t②✭✮ = ◆❖❘▼❆▲ t❤❡♥

✸✻✿ r❡t✉r♥ ✲✶
✸✼✿ ❡♥❞ ✐❢

✸✽✿ ❡♥❞ ✐❢

✸✾✿ ✐❢ vm0✳❣❡t❙t❛t❡✭✮ = ❖P❊❘❆❚■❖◆❆▲ t❤❡♥

✹✵✿ h0 ← vm0✳❣❡t❍♦stPr♦❝❡ss✐♥❣✭✮
✹✶✿ h1 ← vm1✳❣❡t❍♦stPr♦❝❡ss✐♥❣✭✮
✹✷✿ h0EE ← ❝❛❧❝✉❧❛t❡❊♥❡r❣②❊❢❢✐❝✐❡♥❝②▼✐♣s✭h0✮
✹✸✿ h1EE ← ❝❛❧❝✉❧❛t❡❊♥❡r❣②❊❢❢✐❝✐❡♥❝②▼✐♣s✭h1✮
✹✹✿ ✐❢ h0EE > h1EE t❤❡♥

✹✺✿ r❡t✉r♥ ✶
✹✻✿ ❡❧s❡ ✐❢ h0❊❊ < h1❊❊ t❤❡♥

✹✼✿ r❡t✉r♥ ✲✶
✹✽✿ ❡♥❞ ✐❢

✹✾✿ h0EE ← ❝❛❧❝✉❧❛t❡❊♥❡r❣②❊❢❢✐❝✐❡♥❝②❘❛♠✭h0✮
✺✵✿ h1EE ← ❝❛❧❝✉❧❛t❡❊♥❡r❣②❊❢❢✐❝✐❡♥❝②❘❛♠✭h1✮
✺✶✿ ✐❢ h0EE > h1EE t❤❡♥

✺✷✿ r❡t✉r♥ ✶
✺✸✿ ❡❧s❡ ✐❢ h0❊❊ < h1❊❊ t❤❡♥

✺✹✿ r❡t✉r♥ ✲✶
✺✺✿ ❡♥❞ ✐❢

❖ ❛❧❣♦r✐t♠♦ ❝♦♠❡ç❛ ❛✱ ❞❡ ❢❛t♦✱ s❡ ♣r❡♦❝✉♣❛r ❝♦♠ ❛ ❡✜❝✐ê♥❝✐❛ ❛ ♣❛rt✐r ❞❛ ▲✐♥❤❛ ✸✾✳
◆❡st❡ tr❡❝❤♦✱ ❡❧❡ ✈❡r✐✜❝❛ s❡✱ ❝❛s♦ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡st❡❥❛♠ ♦♣❡r❛❝✐♦♥❛✐s✱ ♦✉ s❡❥❛✱
❤♦s♣❡❞❛❞❛s ❡ ❛t✐✈❛s✱ q✉❛❧ ♦ s❡r✈✐❞♦r é ♦ ♠❡♥♦s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛✳ Pr✐♠❡✐r❛♠❡♥t❡✱ é ✈❡✲
r✐✜❝❛❞♦ ❡♥tr❡ ♦s s❡r✈✐❞♦r❡s q✉❡ ❤♦s♣❡❞❛♠ vm0 ❡ vm1✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ h0 ❡ h1✱ s❡ ❛❧❣✉♠
❞❡❧❡s é ♠❛✐s ❡✜❝✐❡♥t❡ ❡♥❡r❣❡t✐❝❛♠❡♥t❡ q✉❡ ♦ ♦✉tr♦✳ ❆q✉✐ ♦ ❛❧❣♦r✐t♠♦ ♣r✐♠❡✐r♦ ❝♦♠♣❛r❛ ❛
❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❝❛❧❝✉❧❛❞❛ t♦♠❛♥❞♦ ❝♦♠♦ ❜❛s❡ ♦ ▼■P❙ ❞♦s s❡r✈✐❞♦r❡s ✭▲✐♥❤❛ ✹✷✮✱ ❞❡
❛❝♦r❞♦ ❝♦♠ ❛ ❊q✉❛çã♦ ✭✺✳✹✮ ❡✱ ❝❛s♦ ♦❝♦rr❛ ✉♠ ❡♠♣❛t❡✱ ✉s❛✲s❡ ❛ ❊q✉❛çã♦ ✭✻✳✷✮ ✖ ♦♥❞❡
hostram r❡♣r❡s❡♥t❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❘❆▼ q✉❡ ✉♠ s❡r✈✐❞♦r ♣♦ss✉✐ ✖ ♣❛r❛ ❝♦♠♣❛r❛r ❛ ❡✜✲
❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ EnergyEfficiency ♣r♦♣♦r❝✐♦♥❛❧ à q✉❛♥t✐❞❛❞❡ ❞❡ ❘❆▼ ❞♦s s❡r✈✐❞♦r❡s
❡♠ r❡❧❛çã♦ à ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣♦r ❡st❡s hostmax❴pow ✭▲✐♥❤❛ ✹✾✮✳

EnergyEfficiency =
hostram

hostmax❴pow

✭✻✳✷✮



✶✷✹

✺✻✿ ✐❢ ❡st✐♠❛t❡❆✈❡r❛❣❡❚✐♠❡❘❡♠❛✐♥✐♥❣❚♦❋✐♥✐s❤✭vm0✮
✺✼✿ < ❡st✐♠❛t❡❆✈❡r❛❣❡❚✐♠❡❘❡♠❛✐♥✐♥❣❚♦❋✐♥✐s❤✭vm1✮ t❤❡♥

✺✽✿ r❡t✉r♥ ✶
✺✾✿ ❡♥❞ ✐❢

✻✵✿ ✐❢ ❡st✐♠❛t❡❆✈❡r❛❣❡❚✐♠❡❘❡♠❛✐♥✐♥❣❚♦❋✐♥✐s❤✭vm0✮
✻✶✿ > ❡st✐♠❛t❡❆✈❡r❛❣❡❚✐♠❡❘❡♠❛✐♥✐♥❣❚♦❋✐♥✐s❤✭vm1✮ t❤❡♥

✻✷✿ r❡t✉r♥ ✲✶
✻✸✿ ❡♥❞ ✐❢

✻✹✿ ❡♥❞ ✐❢

✻✺✿ ✐❢ vm0✳❣❡t❙t❛t❡✭✮ = ■◆❖P❊❘❆❇▲❊❴❖❋❋▲■◆❊ t❤❡♥

✻✻✿ ✐❢ vm0✳❣❡t❘❛♠✭✮ < vm1✳❣❡t❘❛♠✭✮ t❤❡♥

✻✼✿ r❡t✉r♥ ✲✶
✻✽✿ ❡♥❞ ✐❢

✻✾✿ ✐❢ vm0✳❣❡t❘❛♠✭✮ > vm1✳❣❡t❘❛♠✭✮ t❤❡♥

✼✵✿ r❡t✉r♥ ✶
✼✶✿ ❡♥❞ ✐❢

✼✷✿ ✐❢ vm0✳❣❡t▼✐♣s❚♦t❛❧✭✮ < vm1✳❣❡t▼✐♣s❚♦t❛❧✭✮ t❤❡♥

✼✸✿ r❡t✉r♥ ✲✶
✼✹✿ ❡♥❞ ✐❢

✼✺✿ ✐❢ vm0✳❣❡t▼✐♣s❚♦t❛❧✭✮ > vm1✳❣❡t▼✐♣s❚♦t❛❧✭✮ t❤❡♥

✼✻✿ r❡t✉r♥ ✶
✼✼✿ ❡♥❞ ✐❢

❘❡❛❧✐③❛❞❛s ❛s ❞❡✈✐❞❛s ✈❡r✐✜❝❛çõ❡s✱ ♥❡st❡ ♣♦♥t♦ ♦ ❛❧❣♦r✐t♠♦ ❥á ❝♦♥s✐❞❡r❛ q✉❡ ❛♠❜❛s
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ❡stã♦ s❡♥❞♦ ❝♦♠♣❛r❛❞❛s ❛♣r❡s❡♥t❛♠ ✭✐✮ ♦ ♠❡s♠♦ ❡st❛❞♦✱ ✭✐✐✮
❛ ♠❡s♠❛ ♣r✐♦r✐❞❛❞❡ ❡ ✭✐✐✐✮ s❡ ❡stã♦ ♦♣❡r❛❝✐♦♥❛✐s✱ ❡♥tã♦ ♦s s❡r✈✐❞♦r❡s q✉❡ ❛s ❤♦s♣❡❞❛♠
❛♣r❡s❡♥t❛♠ ❛ ♠❡s♠❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❝♦♥s✐❞❡r❛♥❞♦ t❛♥t♦ ▼■P❙ q✉❛♥t♦ ❘❆▼✳

◆❛ s❡q✉ê♥❝✐❛✱ ♦ ❛❧❣♦r✐t♠♦ r❡❛❧✐③❛ ✉♠ ♣❛ss♦ ✭♦♣❝✐♦♥❛❧✮ ♥❛ ▲✐♥❤❛ ✺✼✳ ❊st❡ ♣❛ss♦ ✈✐s❛
✉t✐❧✐③❛r ✉♠ ❡st✐♠❛❞♦r ♣❛r❛ ❝❛❧❝✉❧❛r ♦ t❡♠♣♦ ❡st✐♠❛❞♦ r❡st❛♥t❡ ♣❛r❛ ♣r♦❝❡ss❛r ❛ ♠áq✉✐♥❛
✈✐rt✉❛❧✳ ❆♣r❡s❡♥t❛♠♦s ♥♦ ❆❧❣♦r✐t♠♦ ✺ ✉♠❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠ ♣♦ssí✈❡❧ ❡st✐♠❛❞♦r
❡st❛tíst✐❝♦ ♣❛r❛ ❡st❛ ✜♥❛❧✐❞❛❞❡✳ ◆❡st❡ ♣❛ss♦ ✉♠❛ ✈❡r✐✜❝❛çã♦ é r❡❛❧✐③❛❞❛ ♣❛r❛ ♦ ❝❛s♦ ❞❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s s❡♥❞♦ ❝♦♠♣❛r❛❞❛s ❡st❛r❡♠ ♦♣❡r❛❝✐♦♥❛✐s✱ ❞❛♥❞♦ ♣r❡❢❡rê♥❝✐❛ àq✉❡❧❛ q✉❡
♣r♦✈❛✈❡❧♠❡♥t❡ ❧❡✈❛rá ♠❛✐s t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉✐r ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛✳ ❊st❛ ❞❡❝✐sã♦ é
❜❛s❡❛❞❛ ❡♠ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✱ ♣♦✐s ♣r✐♦r✐③❛ ♠✐❣r❛r ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ q✉❡ ❞❡♠❛♥❞❛rá
♠❛✐s t❡♠♣♦ ❛ s❡r ♣r♦❝❡ss❛❞❛ ♣r✐♠❡✐r♦✱ ♣♦❞❡♥❞♦ ❞❡✐①❛r ❡st❛ ❛❧♦❝❛❞❛ ♣♦r ♠❛✐s t❡♠♣♦ ❡♠
✉♠ s❡r✈✐❞♦r ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛✳

❆ ♣❛rt✐r ❞❛ ▲✐♥❤❛ ✻✺✱ ♣❛rt✐♠♦s ♣❛r❛ ♦✉tr♦s ❝r✐tér✐♦s ❞❡ ♣r✐♦r✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐r✲
t✉❛✐s ❛✐♥❞❛ ♥ã♦ s✉❜♠❡t✐❞❛s✳ Pr✐♠❡✐r♦✱ t❡♥t❛♠♦s ❞❛r ♣r✐♦r✐❞❛❞❡ à ♠áq✉✐♥❛ ✈✐rt✉❛❧ q✉❡
❝♦♥s♦♠❡ ♠❡♥♦s ❘❆▼✳ ❊st❛ ❞❡❝✐sã♦ é t♦♠❛❞❛ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ t❡♥t❛r ❝♦♥s♦❧✐❞❛r ✉♠
♠❛✐♦r ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ s❡r✈✐❞♦r❡s ♠❛✐s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛✳ ❈❛s♦ ♦❝♦rr❛
❡♠♣❛t❡ ♥❡st❛ ❞❡❝✐sã♦✱ ♣❛ss❛♠♦s ❛ ❝♦♥s✐❞❡r❛r ♦ ▼■P❙ r❡q✉✐s✐t❛❞♦ ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱
♣❡❧❛ ♠❡s♠❛ r❛③ã♦✳

Pr♦ss❡❣✉✐♥❞♦✱ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ✈❡r✐✜❝❛ q✉❛❧ é ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧
q✉❡ ♣♦ss✉✐ ♦ ♠❡♥♦r t❛♠❛♥❤♦ ❞❡ ❛rq✉✐✈♦ ❞❡ ✐♠❛❣❡♠✳ ❊ss❛ ❞❡❝✐sã♦ é t♦♠❛❞❛ ❝♦♠ ❜❛s❡
❡♠ ✉♠❛ ❤❡✉ríst✐❝❛ ♣❛r❛ ♠✐♥✐♠✐③❛r ♦ t❡♠♣♦ ♠é❞✐♦ ❞❡ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱



✶✷✺

✼✽✿ ✐❢ vm0✳❣❡t■♠❛❣❡❋✐❧❡s✐③❡✭✮ < vm1✳❣❡t■♠❛❣❡❋✐❧❡s✐③❡✭✮ t❤❡♥

✼✾✿ r❡t✉r♥ ✲✶
✽✵✿ ❡♥❞ ✐❢

✽✶✿ ✐❢ vm0✳❣❡t■♠❛❣❡❋✐❧❡s✐③❡✭✮ > vm1✳❣❡t■♠❛❣❡❋✐❧❡s✐③❡✭✮ t❤❡♥

✽✷✿ r❡t✉r♥ ✶
✽✸✿ ❡♥❞ ✐❢

✽✹✿ ❡♥❞ ✐❢

✽✺✿ ✐❢ vm0✳❣❡t❙t❛t❡✭✮ = ❖P❊❘❆❚■❖◆❆▲ t❤❡♥

✽✻✿ ✐❢ vm0✳❣❡t❘❛♠✭✮ < vm1✳❣❡t❘❛♠✭✮ t❤❡♥

✽✼✿ r❡t✉r♥ ✲✶
✽✽✿ ❡♥❞ ✐❢

✽✾✿ ✐❢ vm0✳❣❡t❘❛♠✭✮ > vm1✳❣❡t❘❛♠✭✮ t❤❡♥

✾✵✿ r❡t✉r♥ ✶
✾✶✿ ❡♥❞ ✐❢

✾✷✿ vm0Mips ← vm0✳❣❡t▼✐♣s❊❢❢❡❝t✐✈❡✭✮
✾✸✿ vm1Mips ← vm1✳❣❡t▼✐♣s❊❢❢❡❝t✐✈❡✭✮
✾✹✿ ✐❢ vm0Mips < vm1Mips t❤❡♥

✾✺✿ r❡t✉r♥ ✲✶
✾✻✿ ❡❧s❡ ✐❢ vm0Mips > vm1Mips t❤❡♥

✾✼✿ r❡t✉r♥ ✶
✾✽✿ ❡♥❞ ✐❢

✾✾✿ ✐❢ vm0✳❣❡t❲♦r❦❧♦❛❞sPr♦❝❡ss❡❞▼✐✭✮
✶✵✵✿ < vm1✳❣❡t❲♦r❦❧♦❛❞sPr♦❝❡ss❡❞▼✐✭✮ t❤❡♥

✶✵✶✿ r❡t✉r♥ ✲✶
✶✵✷✿ ❡♥❞ ✐❢

✶✵✸✿ ✐❢ vm0✳❣❡t❲♦r❦❧♦❛❞sPr♦❝❡ss❡❞▼✐✭✮
✶✵✹✿ > vm1✳❣❡t❲♦r❦❧♦❛❞sPr♦❝❡ss❡❞▼✐✭✮ t❤❡♥

✶✵✺✿ r❡t✉r♥ ✶
✶✵✻✿ ❡♥❞ ✐❢

✶✵✼✿ ❡♥❞ ✐❢

✶✵✽✿ r❡t✉r♥ ✵
✶✵✾✿ ❡♥❞ ❢✉♥❝t✐♦♥

✉♠❛ ✈❡③ q✉❡ ♠áq✉✐♥❛s ❝♦♠ t❛♠❛♥❤♦s ❞❡ ❛rq✉✐✈♦s ♠❡♥♦r❡s ❧❡✈❛♠ ♠❡♥♦s t❡♠♣♦ ♣❛r❛ s❡r
❝❛rr❡❣❛❞❛s ❞♦ ❧♦❝❛❧ ♦♥❞❡ ❡stã♦ ❛r♠❛③❡♥❛❞❛s ❛♦ s❡r✈✐❞♦r✳ ■ss♦ ❛❥✉❞❛ ♣❛rt✐❝✉❧❛r♠❡♥t❡ ♥♦s
❝❛s♦s ❞❡ ✐♠❛❣❡♥s ♠✉✐t♦ ❣r❛♥❞❡s ❡♠ ❞❛t❛ ❝❡♥t❡rs q✉❡ ❤♦s♣❡❞❛♠ ♦s ❛rq✉✐✈♦s ❞❡ ✐♠❛❣❡♥s
❡♠ ◆❡t✇♦r❦ ❆tt❛❝❤❡❞ ❙t♦r❛❣❡s ✭◆❆❙❡s✮✳

❙❡ ♦❝♦rr❡r❡♠ ❡♠♣❛t❡s ❛té ❡st❡ ♠♦♠❡♥t♦✱ ❝♦♥s✐❞❡r❛♠♦s t❡r ❡①❛✉r✐❞♦ t♦❞♦s ♦s ❝r✐tér✐♦s
q✉❡ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❝♦♥s✐❞❡r❛ r❡❧❡✈❛♥t❡ ♣❛r❛ ♦ ❞❡s❡♠♣❛t❡ ♣❛r❛ ♠áq✉✐♥❛s
✈✐rt✉❛✐s q✉❡ ❡st❡❥❛♠ ♦✤✐♥❡✳ ❆ ♣❛rt✐r ❞❡st❡ ♣♦♥t♦ ♦ ❛❧❣♦r✐t♠♦ ❢❛③ ♦s ú❧t✐♠♦s ❞❡s❡♠♣❛t❡s
❡♠ s✐t✉❛çõ❡s ♥❛s q✉❛✐s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡st❡❥❛♠ ♦♥❧✐♥❡✳

❖ ♣ró①✐♠♦ ❝r✐tér✐♦ ❞❡ ❞❡s❡♠♣❛t❡✱ ✈✐st♦ ♥❛ ▲✐♥❤❛ ✽✻✱ ✈✐s❛ ❞❛r ♣r✐♦r✐❞❛❞❡ ❞❡ ♠✐❣r❛çã♦
às ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ❝♦♥s♦♠❡♠ ♠❡♥♦s ♠❡♠ór✐❛ ❘❆▼✳ ❆ ✐♠♣♦rtâ♥❝✐❛ ❞❡st❡ ❝r✐tér✐♦
é r❡❛❧✐③❛r ♠✐❣r❛çõ❡s ♠❛✐s rá♣✐❞❛s ✖ ♣♦✐s t❡r❡♠♦s ✉♠❛ ♠❡♥♦r q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s ♣❛r❛
♠✐❣r❛r ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♦♣❡r❛❝✐♦♥❛✐s ♥❛ ♠✐❣r❛çã♦ ❧✐✈❡ ✖ r❡❞✉③✐♥❞♦ ♦s ✐♠♣❛❝t♦s ❞❡
❞❡s❡♠♣❡♥❤♦ ♣❛r❛ ❡st❛s ♠áq✉✐♥❛s✳



✶✷✻

❆❧❣♦r✐t♠♦ ✶✵ ❚❊❆✿ ❉❡❛❞ ❈♦❞❡ ❊st✐♠❛t❡ ❚✐♠❡ ❘❡♠❛✐♥✐♥❣
✶✿ ✐❢ vm0✳❣❡t❙t❛t❡✭✮ = ■◆❖P❊❘❆❇▲❊❴❖❋❋▲■◆❊ t❤❡♥

✷✿ ✐❢ ❡st✐♠❛t❡❆✈❡r❛❣❡❚✐♠❡❘❡♠❛✐♥✐♥❣❚♦❋✐♥✐s❤✭vm0✮
✸✿ < ❡st✐♠❛t❡❆✈❡r❛❣❡❚✐♠❡❘❡♠❛✐♥✐♥❣❚♦❋✐♥✐s❤✭vm1✮ t❤❡♥

✹✿ r❡t✉r♥ ✲✶
✺✿ ❡♥❞ ✐❢

✻✿ ✐❢ ❡st✐♠❛t❡❆✈❡r❛❣❡❚✐♠❡❘❡♠❛✐♥✐♥❣❚♦❋✐♥✐s❤✭vm0✮
✼✿ > ❡st✐♠❛t❡❆✈❡r❛❣❡❚✐♠❡❘❡♠❛✐♥✐♥❣❚♦❋✐♥✐s❤✭vm1✮ t❤❡♥

✽✿ r❡t✉r♥ ✶
✾✿ ❡♥❞ ✐❢

✶✵✿ ❡♥❞ ✐❢

❆ s❡❣✉✐r✱ ♥❛ ▲✐♥❤❛ ✾✷ ❝♦♠♣❛r❛♠♦s ♦ ▼■P❙ ❡❢❡t✐✈♦ ✖ ♦✉ s❡❥❛✱ ❛q✉❡❧❡ ❡♥tr❡❣✉❡ ♣❡❧♦
s❡r✈✐❞♦r ❤♦s♣❡❞❡✐r♦ à ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ❊st❡ ❝r✐tér✐♦ ✈✐s❛ ❞❛r ♣r❡❢❡rê♥❝✐❛ à ♠áq✉✐♥❛ ✈✐rt✉❛❧
❝♦♠ ♠❡♥♦r ▼■P❙✱ ♥❡ss❛ s✐t✉❛çã♦✱ ♦ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ♦❜❥❡t✐✈❛rá ❛ ❝♦♥s♦❧✐❞❛çã♦ ❞♦ ♠❛✐♦r
♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ s❡r✈✐❞♦r❡s ♠❛✐s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛✳

❖ ❝r✐tér✐♦ ✜♥❛❧ ❞❡ ❝♦♠♣❛r❛çã♦ ♥♦ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ é ❞❛❞♦ ♥❛ ▲✐♥❤❛ ✶✵✵ ♦♥❞❡ ✈❡r✐✜✲
❝❛♠♦s ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛r❣❛ q✉❡ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❥á ♣r♦❝❡ss♦✉✳ ➱ ❞❛❞❛ ♣r✐♦r✐❞❛❞❡
à ♠áq✉✐♥❛ ✈✐rt✉❛❧ q✉❡ t❡♥❤❛ ♣r♦❝❡ss❛❞♦ ♠❡♥♦s ❝❛r❣❛✱ ❡♠ ✈✐rt✉❞❡ ❞❛ ❡①♣❡❝t❛t✐✈❛ ❞❛ ♠á✲
q✉✐♥❛ ✈✐rt✉❛❧ q✉❡ ♣r♦❝❡ss♦✉ ♠❛✐s ❝❛r❣❛ ❞✉r❛r ♠❡♥♦s t❡♠♣♦✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡❞✉③✐r ♦
✐♠♣❛❝t♦ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡st❛✳

❈♦♠ ❜❛s❡ ♥❡st❡s ❝r✐tér✐♦s ❞❡ ❝♦♠♣❛r❛çã♦✱ ♣♦❞❡✲s❡ ✉s❛r q✉❛❧q✉❡r ❛❧❣♦r✐t♠♦ ❞❡ ♦r❞❡♥❛✲
çã♦ ♣❛r❛ ❞❡✜♥✐r ❛ ♦r❞❡♠ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦ ❝♦♥❥✉♥t♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳

❆ ✈❡rsã♦ ♦r✐❣✐♥❛❧ ❞♦ ❛❧❣♦r✐t♠♦ ♣❛ss♦✉ ♣♦r ❞✐✈❡rs❛s ♦t✐♠✐③❛çõ❡s ❛ ✜♠ ❞❡ t♦r♥á✲❧♦
♠❛✐s ❡s❝❛❧á✈❡❧✳ ❊♠ ♣r✐♥❝í♣✐♦✱ ♣❛r❡❝❡✉ s❡r ✉♠❛ ❜♦❛ ✐❞❡✐❛ ❝♦❧♦❝❛r ♥♦ ❛❧❣♦r✐t♠♦ ❞❡ ♣ré✲
♣r♦❝❡ss❛♠❡♥t♦✱ ❛♥t❡s ❞❛ ▲✐♥❤❛ ✺✼✱ ✉♠ ♣❛ss♦ ❛❞✐❝✐♦♥❛❧ ♣❛r❛ ♣r✐♦r✐③❛r ♥♦ ♣r♦❝❡ss♦ ❞❡
s❡❧❡çã♦ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛✐♥❞❛ ♥ã♦ ✐♥st❛♥❝✐❛❞❛s ❛s q✉❡ ♣♦t❡♥❝✐❛❧♠❡♥t❡ ✜♥❛❧✐③❛rã♦ ♣r✐✲
♠❡✐r♦✱ ❞❡ ♠♦❞♦ ❛ ♠✐♥✐♠✐③❛r ♦ t❡♠♣♦ ♠é❞✐♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✳ ◆♦
❡♥t❛♥t♦✱ ♦❜s❡r✈❛♠♦s q✉❡ ❡st❡ ❝ó❞✐❣♦✱ ❝♦♠ ❡s♣❡❝✐❛❧ ❞❡♣❡♥❞ê♥❝✐❛ ❞♦ ❡st✐♠❛❞♦r ❞❡ t❡♠♣♦
r❡st❛♥t❡ ♣❛r❛ ✜♥❛❧✐③❛çã♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✉t✐❧✐③❛❞♦✱ ❡♠ ❡①❡❝✉çã♦ ♣rát✐❝❛✱ ♣❛r❛ ✉♠
❡♥♦r♠❡ ♥ú♠❡r♦ ❞❡ ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✱ tr♦✉①❡ ❣❛♥❤♦s ✐♥s✐❣♥✐✜❝❛♥t❡s✱ ❛❧é♠ ❞❡ ❞❡♠❛♥❞❛r
✉♠ ♥í✈❡❧ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♠❛✐s ❛❝❡♥t✉❛❞♦ ❞♦s ❜r♦❦❡rs ❡✱ ♣♦r ✐ss♦✱ ❢♦✐ r❡♠♦✈✐❞♦ ❞♦ ❝ó❞✐❣♦
❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦✳ ❆♣r❡s❡♥t❛♠♦s✱ ♣❛r❛ ❛♣r❡❝✐❛çã♦✱ ❡st❡ ❝ó❞✐❣♦ ♠♦rt♦
♥♦ ❆❧❣♦r✐t♠♦ ✶✵✳

✻✳✸ ❚❊❆ ✖ ❊♥❝♦♥tr❛r ❙❡r✈✐❞♦r ♣❛r❛ ✉♠❛ ▼áq✉✐♥❛ ❱✐r✲

t✉❛❧ ✭❋❍❆✮

❆♣r❡s❡♥t❛❞♦ ♦ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ r❡❛❧✐③❛❞♦ ♣❡❧♦ ❜r♦❦❡r✱ ❛❧é♠ ❞♦ ❡st✐♠❛❞♦r ♦♣❝✐♦♥❛❧✱ ❞❛✲
♠♦s ✐♥í❝✐♦ à ❡①♣❧✐❝❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝♦❧❤❛ ❞❡ s❡r✈✐❞♦r ♣❛r❛ ❤♦s♣❡❞❛r ✉♠❛ ❞❛❞❛
♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✳

❖ ❚❊❆ ❛❣❡ ❡♠ ♣❡❧♦ ♠❡♥♦s ❝✐♥❝♦ ❝r✐tér✐♦s ❝r✉❝✐❛✐s ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦ ♠❡❧❤♦r s❡r✈✐❞♦r
♣❛r❛ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ❙ã♦ ❡❧❡s✿ ✭✐✮ ♠❡♥♦r ❞✐❢❡r❡♥ç❛ ❞❡ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛ ❛♥t❡s ❡
❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✱ ✭✐✐✮ s❡r✈✐❞♦r ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛ ❝♦♠



✶✷✼

❆❧❣♦r✐t♠♦ ✶✶ ❚❊❆✿ ✜♥❞❍♦st❋♦r❱♠✭vm✮
✶✿ ❢✉♥❝t✐♦♥ ❢✐♥❞❍♦st❋♦r❱♠✭vm✮
✷✿ bestHost ← vm✳❣❡t❍♦stPr♦❝❡ss✐♥❣✭✮

✸✿ ✐❢ vm✳❣❡t❙t❛t❡✭✮ = ■◆❖P❊❘❆❇▲❊❴❖❋❋▲■◆❊ t❤❡♥

✹✿ source ← ❣❡t❙t♦r❛❣❡❋♦r❱♠✭vm✮

✺✿ ❡❧s❡

✻✿ source ← bestHost
✼✿ ❡♥❞ ✐❢

✽✿ ❢♦r ❛❧❧ ❝❛♣❛❜❧❡ host ∈ ❝❧♦✉❞ ❞♦

✾✿ ✐❢ host = bestHost t❤❡♥
✶✵✿ ❝♦♥t✐♥✉❡

✶✶✿ ❡♥❞ ✐❢

✶✷✿ hostEnergyEfficiencyMips← ❝❛❧❝✉❧❛t❡❊♥❡r❣②❊❢❢✐❝✐❡♥❝②▼✐♣s✭host✮
✶✸✿ ✐❢ vm✳❣❡tPr✐♦r✐t②✭✮ 6= ❍■●❍ &
✶✹✿ hostEnergyEfficiencyMips <

minimumAcceptableEnergyEfficiencyForGeneralUsage t❤❡♥
✶✺✿ ❝♦♥t✐♥✉❡

✶✻✿ ❡♥❞ ✐❢

✶✼✿ hostPowerDiff ←
✶✽✿ ❡stP✇❆❢t❡r❆❧❧♦❝✭host✱ vm✮ ✲ hostcur❴power

✶✾✿ ✐❢ hostPowerDiff < bestHost✳❣❡tP♦✇❡r❉✐❢❢✭✮ t❤❡♥

✷✵✿ bestHost← host
✷✶✿ ❝♦♥t✐♥✉❡

✷✷✿ ❡❧s❡ ✐❢ hostPowerDiff > bestHost✳❣❡tP♦✇❡r❉✐❢❢✭✮ t❤❡♥

✷✸✿ ❝♦♥t✐♥✉❡

✷✹✿ ❡♥❞ ✐❢

✷✺✿ ✐❢ host✳❡♥❡r❣②❊✣❝✐❡♥❝②▼✐♣s > bestHost✳❡♥❡r❣②❊✣❝✐❡♥❝②▼✐♣s t❤❡♥
✷✻✿ bestHost ← host
✷✼✿ ❝♦♥t✐♥✉❡

✷✽✿ ❡❧s❡ ✐❢ host✳❡♥❡r❣②❊✣❝✐❡♥❝②▼✐♣s < bestHost✳❡♥❡r❣②❊✣❝✐❡♥❝②▼✐♣s t❤❡♥
✷✾✿ ❝♦♥t✐♥✉❡

✸✵✿ ❡♥❞ ✐❢

r❡❧❛çã♦ ❛♦ ▼■P❙✱ ✭✐✐✐✮ s❡r✈✐❞♦r ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛ ❝♦♠ r❡❧❛çã♦ à ❘❆▼✱ ✭✐✈✮ s❡r✈✐❞♦r
♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛ ❝♦♠ r❡❧❛çã♦ à ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡ ✭✈✮ ♠❛✐♦r ❡✜❝✐ê♥❝✐❛ ❡♥❡r❣ét✐❝❛
❝♦♠ r❡❧❛çã♦ à ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦s ❝♦♠✉t❛❞♦r❡s ❞❡ ♣❛❝♦t❡s ❞❛ ♦r✐❣❡♠ ❛♦ ❞❡st✐♥♦✳

❆♦ r❡❝❡❜❡r ❛ s♦❧✐❝✐t❛çã♦ ♣❛r❛ ❞❡t❡r♠✐♥❛r ✉♠ s❡r✈✐❞♦r ♣❛r❛ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ vm✱
♦ ❋❍❆ ❚❊❆ ✭❆❧❣♦r✐t♠♦ ✶✶✮ ✐♥✐❝✐❛ ❝♦♥st❛t❛♥❞♦ q✉❛❧ s❡r✈✐❞♦r ❛ ❡stá ♣r♦❝❡ss❛♥❞♦ ❡✱ ♥❛
❡①✐stê♥❝✐❛ ❞❡st❡✱ ❝♦♠❡ç❛ tr❛t❛♥❞♦✲♦ ❝♦♠♦ ♦ ♠❡❧❤♦r s❡r✈✐❞♦r bestHost ❡♥❝♦♥tr❛❞♦ ❛té ♦
♠♦♠❡♥t♦ ♣❛r❛ ❤♦s♣❡❞á✲❧❛ ✭▲✐♥❤❛ ✷✮✳ ❊st❛ s❡❧❡çã♦ ✈✐s❛ ❡✈✐t❛r ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s q✉❡ ❥á t❡♥❤❛♠ s✐❞♦ ❛❧♦❝❛❞❛s ♥♦ ❞❛t❛ ❝❡♥t❡r✳

❉❡♣♦✐s✱ ❞❡✜♥✐♠♦s ❛ ✈❛r✐á✈❡❧ source✱ q✉❡ r❡♣r❡s❡♥t❛ ♦ ❧♦❝❛❧ ♦♥❞❡ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ s❡
❡♥❝♦♥tr❛ ✭▲✐♥❤❛ ✸✮✳ P❛r❛ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❛✐♥❞❛ ♥ã♦ ❛❧♦❝❛❞❛✱ ❡st❛ ✈❛r✐á✈❡❧ r❡♣r❡s❡♥✲
t❛rá ♦ ❧♦❝❛❧ ✭st♦r❛❣❡✮ ♦♥❞❡ ❡❧❛ ❡stá ❛r♠❛③❡♥❛❞❛❀ ❝❛s♦ ❡❧❛ ❡st❡❥❛ ❛❧♦❝❛❞❛ ❡♠ ✉♠ s❡r✈✐❞♦r✱
❡♥tã♦ ❡st❛ ✈❛r✐á✈❡❧ r❡♣r❡s❡♥t❛rá ♦ s❡r✈✐❞♦r q✉❡ ❛ ♣r♦❝❡ss❛✳ ❊ss❛ ✈❛r✐á✈❡❧ é ✉s❛❞❛ ♣❛r❛



✶✷✽

✸✶✿ ✐❢ host✳❡♥❡r❣②❊✣❝✐❡♥❝②❘❛♠ > bestHost✳❡♥❡r❣②❊✣❝✐❡♥❝②❘❛♠ t❤❡♥

✸✷✿ bestHost ← host
✸✸✿ ❝♦♥t✐♥✉❡

✸✹✿ ❡❧s❡ ✐❢ host✳❡♥❡r❣②❊✣❝✐❡♥❝②❘❛♠ < bestHost✳❡♥❡r❣②❊✣❝✐❡♥❝②❘❛♠ t❤❡♥

✸✺✿ ❝♦♥t✐♥✉❡

✸✻✿ ❡♥❞ ✐❢

✸✼✿ ✐❢ host✳❡♥❡r❣②❊✣❝✐❡♥❝②❇✇ > bestHost✳❡♥❡r❣②❊✣❝✐❡♥❝②❇✇ t❤❡♥

✸✽✿ bestHost ← host
✸✾✿ ❝♦♥t✐♥✉❡

✹✵✿ ❡❧s❡ ✐❢ host✳❡♥❡r❣②❊✣❝✐❡♥❝②❇✇ < bestHost✳❡♥❡r❣②❊✣❝✐❡♥❝②❇✇ t❤❡♥

✹✶✿ ❝♦♥t✐♥✉❡

✹✷✿ ❡♥❞ ✐❢

✹✸✿ hostEnergyEfficiencyNetwork ←
✹✹✿ ❝❛❧❝✉❧❛t❡❊♥❡r❣②❊❢❢✐❝✐❡♥❝②◆❡t✇♦r❦✭source✱ host✮
✹✺✿ ✐❢ hostEnergyEfficiencyNetwork
✹✻✿ > bestHost✳❣❡t❊♥❡r❣②❊❢❢✐❝✐❡♥❝②◆❡t✇♦r❦✭✮ t❤❡♥

✹✼✿ bestHost ← host
✹✽✿ ❡♥❞ ✐❢

✹✾✿ ❡♥❞ ❢♦r

✺✵✿ r❡t✉r♥ bestHost
✺✶✿ ❡♥❞ ❢✉♥❝t✐♦♥

♣♦ss✐❜✐❧✐t❛r ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❛ r❡❞❡ ✭❡✳❣✳ r♦t❛✮ ♣❛r❛ tr❛♥s♠✐ssã♦ ✖ s✉❜✲
♠✐ssã♦ ♦✉ ♠✐❣r❛çã♦ ✖ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳

❆ ♣❛rt✐r ❞❛q✉✐✱ ♦ ❛❧❣♦r✐t♠♦ ❝♦♠❡ç❛ ❛ r❡❛❧✐③❛r ✉♠❛ ✈❛rr❡❞✉r❛ ❡♠ t♦❞♦s ♦s s❡r✈✐❞♦r❡s
❞❛ ♥✉✈❡♠ ❝❛♣❛③❡s ❞❡ s✉♣♦rt❛r ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❝♦♠ ♦s q✉❛✐s ♦ ❜r♦❦❡r ❡st❡❥❛ ♣r♦❣r❛✲
♠❛❞♦ ♣❛r❛ tr❛❜❛❧❤❛r ✭▲✐♥❤❛ ✽✮✳ ❊♥t❡♥❞❡✲s❡ ✉♠ s❡r✈✐❞♦r ❝♦♠♦ s❡♥❞♦ ❝❛♣❛③ ❞❡ s✉♣♦rt❛r ❛
♠áq✉✐♥❛ ✈✐rt✉❛❧ s❡ ❡❧❡ t✐✈❡r ❝♦♥❞✐çõ❡s ❞❡ ♣r♦✈❡r r❡❝✉rs♦s s✉✜❝✐❡♥t❡s à s✉❛ ❤♦s♣❡❞❛❣❡♠ ✖
❡✳❣✳ ▼■P❙✱ ❘❆▼✱ ❡t❝✳ ◆♦t❛♠♦s q✉❡ ❛❧❣✉♠❛s ♣❧❛t❛❢♦r♠❛s ❞❡ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠
♣♦❞❡♠ ♥ã♦ ❞❛r s✉♣♦rt❡ ♥❛t✐✈♦ à ❞❡t❡❝çã♦ ❞❡ s✉✜❝✐ê♥❝✐❛ ❞❡ r❡❝✉rs♦s ❡♠ s❡r✈✐❞♦r❡s ♣❛r❛
❛ ❤♦s♣❡❞❛❣❡♠ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ◆❡st❡s ❝❛s♦s✱ ♦ ✉s♦ ❞❡ ❢❡rr❛♠❡♥t❛s ❛❞✐❝✐♦♥❛✐s ♣❛r❛
♣r♦✈❡r t❛❧ s✉♣♦rt❡ às ♣❧❛t❛❢♦r♠❛s s❡ ❢❛③ ♥❡❝❡ssár✐♦✳ ❯♠ ❡①❡♠♣❧♦ ❞❡st❡ t✐♣♦ ❞❡ ❢❡rr❛♠❡♥t❛
é ❛ VM2T ❬✸✺❪✳

❈❛s♦ ♦ ❜r♦❦❡r ❡st❡❥❛ ♣r♦❝❡ss❛♥❞♦ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ♣r❡✈✐❛♠❡♥t❡ ❤♦s♣❡❞❛❞❛ ✖ ✐✳❡✳✱
✈❡r✐✜❝❛♥❞♦ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♠✐❣rá✲❧❛ ✖ ♦ s❡r✈✐❞♦r ♦♥❞❡ ❡❧❛ s❡ ❡♥❝♦♥tr❛ ♣♦❞❡ s❡r s❛❧t❛❞♦
✭▲✐♥❤❛ ✾✮ ♥❡ss❛ ✈❡r✐✜❝❛çã♦✱ ♣♦✐s ❥á ❢♦✐ ❞❡✜♥✐❞♦ ❝♦♠♦ s❡♥❞♦ ♦ bestHost ✐♥✐❝✐❛❧♠❡♥t❡✳

◆❛ ▲✐♥❤❛ ✶✹ ✈❡♠♦s ❡♠ ❛çã♦ ✉♠❛ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡ q✉❡ ♦❜❥❡t✐✈❛ ♣r♦✈❡r ✭✐✮ ✉♠❛ r❡s❡r✈❛
❞❡ ♠áq✉✐♥❛s ❢ís✐❝❛s ❞❡❞✐❝❛❞❛s ❛♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞❡ ♣r✐♦r✐❞❛❞❡s ♠❛✐s
❡❧❡✈❛❞❛s ❡ ✭✐✐✮ ♠❛✐♦r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✳ ➱ ♣❡r♠✐t✐❞♦ ❛♦ ✉s✉ár✐♦ ❞♦ ❚❊❆ ❞❡✜♥✐r ✉♠
♣❛râ♠❡tr♦ minimumAcceptableEnergyEfficiencyForGeneralUsage✱ q✉❡ r❡♣r❡s❡♥t❛ ❛
❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ♠í♥✐♠❛ ❛❝❡✐tá✈❡❧ q✉❡ ✉♠ s❡r✈✐❞♦r ❞❡✈❡ t❡r ♣❛r❛ ❤♦s♣❡❞❛r ♠áq✉✐✲
♥❛s ✈✐rt✉❛✐s ❞❡ ♣r✐♦r✐❞❛❞❡s q✉❡ ♥ã♦ s❡❥❛♠ ❛❧t❛s✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♣♦❞❡♠♦s ❞❡✐①❛r ♦
❡s❝❛❧♦♥❛♠❡♥t♦ ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛ ♦✉ ❝♦♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ❢❛❝✐❧♠❡♥t❡ ♠♦❞✐✜✲
❝❛♥❞♦ ❡st❡ ♣❛râ♠❡tr♦✳ P♦❞❡♠♦s✱ ♣♦r ❡①❡♠♣❧♦✱ ❢❛③❡r ❝♦♠ q✉❡ ♦ ❚❊❆ s❡❥❛ ❡①❡❝✉t❛❞♦ ❡♠
♠♦❞♦ ❡❝♦♥ô♠✐❝♦ ✭❚❊❆❡✮ ❡s♣❡❝✐✜❝❛♥❞♦ ❡st❛ ✈❛r✐á✈❡❧ ♣❛r❛ q✉❡ ♦ ❚❊❆ ✉t✐❧✐③❡ ♥♦ ♠á①✐♠♦ ✺✵✪
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❞♦s s❡r✈✐❞♦r❡s ♣❛r❛ ❤♦s♣❡❞❛r❡♠ ♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ♥ã♦ t❡♥❤❛♠ ♣r✐♦r✐❞❛❞❡s ❡❧❡✈❛❞❛s❀
♣♦❞❡♠♦s ❢❛③❡r ❝♦♠ q✉❡ ♦ ❚❊❆ s❡❥❛ ❡①❡❝✉t❛❞♦ ✈♦❧t❛❞♦ ♣❛r❛ ♠á①✐♠♦ ❞❡s❡♠♣❡♥❤♦ ✭❚❊❆♣✮
❝♦♥✜❣✉r❛♥❞♦✲♦ ♣❛r❛ ✉t✐❧✐③❛r ✶✵✵✪ ❞♦s s❡r✈✐❞♦r❡s ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦❀ ♦✉ ♣♦❞❡✲
♠♦s ❢❛③❡r ✉♠❛ ♦♣❡r❛çã♦ ❜❛❧❛♥❝❡❛❞❛ ❝♦♥✜❣✉r❛♥❞♦ ♦ ❚❊❆ ♣❛r❛ ✉t✐❧✐③❛r ♥♦ ♠á①✐♠♦ ✼✺✪ ❞♦s
s❡r✈✐❞♦r❡s ♣❛r❛ ❡ss❛ ✜♥❛❧✐❞❛❞❡ ✭❚❊❆❜✮✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ❝❛s♦ ♦ ❚❊❆ ❡st❡❥❛ ♣r♦❣r❛♠❛❞♦
♣❛r❛ ♦♣❡r❛r ✉t✐❧✐③❛♥❞♦ ✉♠ ♣❡r❝❡♥t✉❛❧ ♠✉✐t♦ ❡❧❡✈❛❞♦ ✭❡✳❣✳ ✶✵✵✪✮ ❞♦s s❡r✈✐❞♦r❡s✱ ❡ ❛ ♥✉✈❡♠
❡st❡❥❛ s❛t✉r❛❞❛✱ ❡ ✐♥❣r❡ss❛r ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡✱ ❡♥tã♦ ❡st❛s ♣♦❞❡rã♦ t❡r
s✉❛ ✐♥✐❝✐❛❧✐③❛çã♦ ♣♦st❡r❣❛❞❛s✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛s ❛♦s ❝❛s♦s ♠❛✐s ❡❝♦♥ô♠✐❝♦s✳

❙❡❥❛ leedec ✉♠❛ ❧✐st❛ ♦r❞❡♥❛❞❛ ❞❡ ♠♦❞♦ ❞❡❝r❡s❝❡♥t❡ ♣♦r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞♦s s❡r✲
✈✐❞♦r❡s q✉❡ ❝♦♠♣õ❡♠ ❛ ♥✉✈❡♠✱ leesize ♦ t❛♠❛♥❤♦ ❞❡st❛ ❧✐st❛✱ ❡ general❴hosts% ♦ ✈❛❧♦r
♣❡r❝❡♥t✉❛❧ ❞❡s❡❥❛❞♦✳ ❈♦♠ ❡st❡s ❞❛❞♦s✱ ♣♦❞❡♠♦s ✉s❛r ❛ ❋✉♥çã♦ ✭✻✳✸✮✱ q✉❡ r❡❝❡❜❡ ❝♦♠♦
❡♥tr❛❞❛ ♦ ♣❡r❝❡♥t✉❛❧ ❞❡ s❡r✈✐❞♦r❡s ♣❛r❛ ✉s♦ ❣❡r❛❧✱ ♣❛r❛ ❝❛❧❝✉❧❛r ❢❛❝✐❧♠❡♥t❡ ♦ ✈❛❧♦r ❞❡
minimumAcceptableEnergyEfficiencyForGeneralUsage✳ ❖❜s❡r✈❡ q✉❡✱ ♣♦r ❡ss❛ ❢ór✲
♠✉❧❛✱ q✉❛♥t♦ ♠❛✐♦r ❢♦r ♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s ♣❛r❛ ✉s♦ ❣❡r❛❧✱ ♠❡♥♦r s❡rá ❛ ❡✜❝✐ê♥❝✐❛ ❡♠
❡♥❡r❣✐❛ ❡①✐❣✐❞❛✳

❝❛❧❝✉❧❛t❡▼✐♥✐♠✉♠❆❝❝❡♣t❛❜❧❡❊♥❡r❣②❊❢❢✐❝✐❡♥❝②❋♦r●❡♥❡r❛❧❯s❛❣❡✭general❴hosts%✮

= leedec✳❣❡t✭r♦✉♥❞✭✭leesize − 1✮× general❴hosts%✮✮ ✭✻✳✸✮

❆ s❡❣✉✐r✱ ♦ ❛❧❣♦r✐t♠♦ ✉s❛ ❝♦♠♦ ❝r✐tér✐♦ ❞❡ ❝♦♠♣❛r❛çã♦ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ ♣♦tê♥❝✐❛ ❝♦♥✲
s✉♠✐❞❛ ❡st✐♠❛❞❛ ❛♥t❡s ❡ ❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✭▲✐♥❤❛ ✶✽✮✳ ◆❡st❡ ❝r✐tér✐♦
❝♦♠♣❛r❛✲s❡ ❛ ❞✐❢❡r❡♥ç❛ ❞♦ ✐♥❝r❡♠❡♥t♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛ ❛❝❛rr❡t❛❞♦ ♣❡❧❛ ❛❧♦❝❛çã♦
❞❡ vm ❡♠ host ❝♦♠ ♦ ❞❡ vm ❛❧♦❝❛❞❛ ❡♠ bestHost✳ ❙❡ vm ❛❧♦❝❛❞❛ ❡♠ host t✐✈❡r ✉♠❛
♠❡♥♦r ✈❛r✐❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛ ❞♦ q✉❡ vm ❛❧♦❝❛❞❛ ❡♠ bestHost✱ ❡♥tã♦ bestHost

é ❛t✉❛❧✐③❛❞♦✳ ❈❛s♦ bestHost ♥ã♦ ❡st❡❥❛ ❞❡✜♥✐❞♦✱ ❡♥tã♦ ❛ ❢✉♥çã♦ ❡stP✇❆❢t❡r❆❧❧♦❝✭✮

✭❆❧❣♦r✐t♠♦ ✼✮ r❡t♦r♥❛rá ♦ ✈❛❧♦r ∞✳ ❈❛s♦ ❛ ♠áq✉✐♥❛ ❡st❡❥❛ ♣r❡✈✐❛♠❡♥t❡ ❤♦s♣❡❞❛❞❛ ♥❛
♠áq✉✐♥❛ ❛ q✉❛❧ ❞❡s❡❥❛ s❡ ❝❛❧❝✉❧❛r ❛ ❞✐❢❡r❡♥ç❛ ❞❡ ❡♥❡r❣✐❛ ❞♦ s❡r✈✐❞♦r ❝♦♠ ❡ s❡♠ ❛ ♠áq✉✐♥❛
✈✐rt✉❛❧✱ ❛ ❢✉♥çã♦ ❡st✐♠❛t❡P♦✇❡r❆❢t❡r❉❡❛❧❧♦❝❛t✐♦♥✭✮ ✭✽✮ ♣♦❞❡rá s❡r ✉t✐❧✐③❛❞❛✳ ❖ ♠é✲
t♦❞♦ ❣❡tP♦✇❡r❉✐❢❢✭✮ ❝❛❧❝✉❧❛ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣♦r bestHost ❞❡ ❛❝♦r❞♦
❝♦♠ ♦ ❝❛s♦ ❛♣❧✐❝á✈❡❧✳

❆ s❡❣✉✐r ✭▲✐♥❤❛ ✷✺✮✱ ♦ ❚❊❆ ✈❡r✐✜❝❛ s❡ ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞♦ s❡r✈✐❞♦r host é ♠❡❧❤♦r
❞♦ q✉❡ ♦ ♠❡❧❤♦r s❡r✈✐❞♦r ❡♥❝♦♥tr❛❞♦ bestHost✳ ❈❛s♦ ❛✜r♠❛t✐✈♦✱ ❡❧❡ ❛t✉❛❧✐③❛ ♦ bestHost

❝♦♠♦ s❡♥❞♦ host ❡ ✐❣♥♦r❛ ❛s ❞❡♠❛✐s ❝♦♠♣❛r❛çõ❡s ❡ ❝♦♥t✐♥✉❛ ❛ ✐t❡r❛çã♦✳ ❈❛s♦ ❛ ❡✜❝✐ê♥❝✐❛
❡♠ ❡♥❡r❣✐❛ ❞❡ host s❡❥❛ ♣✐♦r ❞♦ q✉❡ bestHost✱ ❡♥tã♦ ♥ã♦ ❝♦♠♣❡♥s❛ ❛t✉❛❧✐③❛r ❡ ♥❡♠ ✈❡r✐✜❝❛r
♦s ❝r✐tér✐♦s ❛❞✐❛♥t❡✱ ♣♦rt❛♥t♦ ♥❡st❛ s✐t✉❛çã♦ ❡❧❡ t❛♠❜é♠ ✐❣♥♦r❛ ❛s ❞❡♠❛✐s ❝♦♠♣❛r❛çõ❡s ❡
❝♦♥t✐♥✉❛ ❛ ✐t❡r❛çã♦✳

❚♦❞❛s ❛s ❝♦♠♣❛r❛çõ❡s ❛ s❡❣✉✐r t❛♠❜é♠ ♦❝♦rr❡♠ ❞❡ ♠♦❞♦ ❛♥á❧♦❣♦ à ❡✜❝✐ê♥❝✐❛ ❡♠
❡♥❡r❣✐❛ ❝♦♠♣❛r❛♥❞♦ ♦ ▼■P❙✿ ✭✐✮ s❡ host ❢♦r ♠❡❧❤♦r ❞♦ q✉❡ bestHost ♥♦ ❝r✐tér✐♦ ✈❛❧✐❛❞♦
❡♥tã♦ bestHost é s✉❜st✐t✉í❞♦ ♣♦r host✱ ♥ã♦ sã♦ ❢❡✐t❛s ♠❛✐s ❝♦♠♣❛r❛çõ❡s ❡ ❛ ✐t❡r❛çã♦
❝♦♥t✐♥✉❛❀ ✭✐✐✮ s❡ host ❢♦r ♣✐♦r ❞♦ q✉❡ bestHost ♥♦ ❝r✐tér✐♦ ❛✈❛❧✐❛❞♦ ❡♥tã♦ ♥ã♦ sã♦ ❢❡✐t❛s
♠❛✐s ❝♦♠♣❛r❛çõ❡s ❡ ❛ ✐t❡r❛çã♦ ❝♦♥t✐♥✉❛❀ ✭✐✐✐✮ s❡ ❡♠♣❛t❛r❡♠ ♥♦ q✉❡s✐t♦ ❝♦rr❡♥t❡ ❡♥tã♦ ♦
♣ró①✐♠♦ q✉❡s✐t♦ ♣❛ss❛ ❛ s❡r ❛✈❛❧✐❛❞♦✳
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❆ ♣ró①✐♠❛ ❛✈❛❧✐❛çã♦ é ❢❡✐t❛ ❝♦♠♣❛r❛♥❞♦ ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❝♦♠ ❜❛s❡ ♥❛ ❘❆▼
✭▲✐♥❤❛ ✸✶✮✱ ❡ ♥❛ s❡q✉ê♥❝✐❛ ❝♦♠♣❛r❛✲s❡ ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❝♦♠ ❜❛s❡ ♥❛ ❧❛r❣✉r❛ ❞❡
❜❛♥❞❛ ✭▲✐♥❤❛ ✸✼✮✳ ❆ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞❡ t♦❞♦s ❡st❡s r❡❝✉rs♦s é ❢❡✐t❛ ❝♦♠ ❜❛s❡ ♥❛
❊q✉❛çã♦ ✭✻✳✶✮✳

❆ ú❧t✐♠❛ ❛✈❛❧✐❛çã♦ r❡❛❧✐③❛❞❛ ✭▲✐♥❤❛ ✹✻✮ é ✉♠ ♣♦✉❝♦ ♠❛✐s ❝♦♠♣❧❡①❛✳ ◆❡❧❛✱ ♦❜❥❡t✐✈❛♠♦s
❝❛❧❝✉❧❛r ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞❛ r❡❞❡ ❞❡ ✉♠ s✐st❡♠❛ ✜♥❛❧ ❞❡ ♦r✐❣❡♠ source✱ ♦♥❞❡ ❛
♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡stá ❤♦s♣❡❞❛❞❛✱ ❛té ✉♠ s✐st❡♠❛ ✜♥❛❧ ❞❡ ❞❡st✐♥♦ host✱ ♣❛r❛ ♦♥❞❡ ❡❧❛
❞❡✈❡rá s❡r s✉❜♠❡t✐❞❛✳ P❛r❛ ❝❛❧❝✉❧❛r ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞❛ r❡❞❡ ✖ r♦t❛ ✖ ❡♥tr❡
source ❡ host✱ ❡♠♣r❡❣❛♠♦s✱ ♣❛r❛ ❝❛❞❛ ❝♦♠✉t❛❞♦r ❞❡ ♣❛❝♦t❡s ✐♥t❡r♠❡❞✐ár✐♦✱ ♣❡rt❡♥❝❡♥t❡ à
♥✉✈❡♠✱ ❛ ❊q✉❛çã♦ ✭✻✳✶✮✱ ❞❡✜♥✐♥❞♦ ❝♦♠♦ r❡❝✉rs♦ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♠á①✐♠❛ ❡♥tr❡ ♦r✐❣❡♠
❡ ❞❡st✐♥♦✳ ❆ ❢ór♠✉❧❛ ♣❛r❛ ❝❛❧❝✉❧❛r ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞❛ r❡❞❡ network❴ee s❡❣✉❡
❛ ❛♣r❡s❡♥t❛❞❛ ♥♦ ❆❧❣♦r✐t♠♦ ✻✱ ♠❛s ♣♦❞❡♠♦s t❛♠❜é♠ ❡s❝r❡✈❡r ❞❡ ❢♦r♠❛ s✐♠♣❧✐✜❝❛❞❛ ❛
❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❡♥tr❡ source ❡ host ❝♦♠♦ ♥❛ ❊q✉❛çã♦ ✭✻✳✹✮✳

network❴ee(source, destination) =
max❴bw(source, host)

∑

∀ports∈route port.getOwner()max❴power

✭✻✳✹✮

◆❡ss❛ ❡q✉❛çã♦✱ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♠á①✐♠❛ ❡♥tr❡ ✉♠ s✐st❡♠❛ ✜♥❛❧ ❞❡ ♦r✐❣❡♠ source

❡ ✉♠ s✐st❡♠❛ ✜♥❛❧ ❞❡ ❞❡st✐♥♦ destination ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❊q✉❛çã♦ ✭✻✳✺✮✳ ◆❡st❛
❡q✉❛çã♦✱ max❴bw(source, destination) r❡♣r❡s❡♥t❛ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♠á①✐♠♦ ❡♥tr❡ ✉♠
s✐st❡♠❛ ✜♥❛❧ ❞❡ ♦r✐❣❡♠ source ❡ ✉♠ s✐st❡♠❛ ✜♥❛❧ ❞❡ ❞❡st✐♥♦ destination❀ port r❡♣r❡s❡♥t❛
❝❛❞❛ ♣♦rt❛ ❞❛ r♦t❛ route ♣❡❧❛ q✉❛❧ ♦s ♣❛❝♦t❡s ❞❡✈❡rã♦ tr❛❢❡❣❛r ❡♥tr❡ source ❡ destination❀
bw r❡♣r❡s❡♥t❛ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦ tr❛❥❡t♦ ❞♦ trá❢❡❣♦ ♥❛ ♣♦rt❛ ❡♠ q✉❡stã♦✱ s❡♥❞♦
r❡❢❡r❡♥t❡ ❛♦ ✉♣❧♦❛❞ s❡ ♦ s❡♥t✐❞♦ ❞♦ trá❢❡❣♦ ❢♦r ❞❡ ❡♥✈✐♦ ♦✉ ❞♦✇♥❧♦❛❞ s❡ ♦ s❡♥t✐❞♦ ❞♦
trá❢❡❣♦ ♥❛ ♣♦rt❛ ❢♦r ❞❡ ❞♦✇♥❧♦❛❞✳

max❴bw(source, destination) = min{∀ports ∈ route bw} ✭✻✳✺✮

❆ ♦r❞❡♠ ❞❛s ❝♦♠♣❛r❛çõ❡s✴❝r✐tér✐♦s ✉s❛❞♦s ♥♦ ❋❍❆ ❢♦✐ ❞❡✜♥✐❞❛ ❛♣ós ✉♠❛ ❡①t❡♥s❛
❡①♣❡r✐♠❡♥t❛çã♦✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠❛①✐♠✐③❛r ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✳

◆ós t❡♥t❛♠♦s ❞✐✈❡rs♦s ♦✉tr♦s r❡❝✉rs♦s ❡ ❝r✐tér✐♦s ♥❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❋❍❆ ❚❊❆✱ ❝♦♠
♦ ♦❜❥❡t✐✈♦ ❞❡ t♦r♥á✲❧♦ ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛✳ ◆♦ ❡♥t❛♥t♦✱ t❛✐s ❝r✐tér✐♦s ❢♦r❛♠ r❡♠♦✈✐✲
❞♦s ❞♦ ❛❧❣♦r✐t♠♦✳ ❚r❛t❛♠✲s❡ ❞❡ r❡❝✉rs♦s q✉❡ ❡♠ ♣r✐♥❝í♣✐♦ ♣❛r❡❝✐❛♠ ❢❛③❡r s❡♥t✐❞♦ s❡r❡♠
✉t✐❧✐③❛❞♦s✱ ♠❛s q✉❡ q✉❛♥❞♦ ❝♦❧♦❝❛❞♦s ❡♠ t❡st❡ ✖ ♥❛ ❛✈❛❧✐❛çã♦ ♣rát✐❝❛ ♣♦r ✉♠❛ ❡①t❡♥s❛
s✐♠✉❧❛çã♦ ♣❛r❛ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ❝❡♥ár✐♦s ✖ ❝♦♥st❛t❛♠♦s q✉❡ ❡❧❡s ♥ã♦ ❝♦♠♣❡♥s❛✲
✈❛♠ ✖ s❡❥❛ ♣♦r ♣r❡❥✉❞✐❝❛r ❛ ❡s❝❛❧❛❜✐❧✐❞❛❞❡ ❛ ♣♦♥t♦ ❞❡ s❡ t♦r♥❛r❡♠ ✐♠♣❧❛✉sí✈❡✐s ❡✴♦✉ ♥ã♦
tr❛③❡r❡♠ ❜❡♥❡❢í❝✐♦s ❝♦♥s✐❞❡rá✈❡✐s✳ ❆ s❡❣✉✐r✱ ❡❧❡♥❝❛♠♦s ❛❧❣✉♥s ❞❡st❡s r❡❝✉rs♦s✳

❯♠ r❡❝✉rs♦ q✉❡ t❡♥t❛♠♦s ✉t✐❧✐③❛r ❢♦✐ ❡✈✐t❛r ♠✐❣r❛r ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝❛s♦ ♦ t❡♠♣♦
❡st✐♠❛❞♦ ♣❛r❛ ❛ ♠✐❣r❛çã♦ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❢♦ss❡ ♠❛✐♦r ❞♦ q✉❡ ♦ t❡♠♣♦ r❡st❛♥t❡
❡st✐♠❛❞♦ ♣❛r❛ ❛ ✜♥❛❧✐③❛çã♦ ❞❡st❛s✳ ❈♦♥s✐❞❡r❛♥❞♦ ♦ ❝♦♥t❡①t♦ ❞❡ ♠✐❣r❛çõ❡s ♣ré✲❝ó♣✐❛✱
❛♣r❡s❡♥t❛♠♦s ♥❛ ❊q✉❛çã♦ ✭✻✳✻✮ ✉♠❛ ❢ór♠✉❧❛ s✐♠♣❧✐✜❝❛❞❛ ♣❛r❛ ❡st✐♠❛r ♦ t❡♠♣♦ ❞❡ ♠✐✲
❣r❛çã♦ ❞❡ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❞❡ ✉♠ s❡r✈✐❞♦r ❞❡ ♦r✐❣❡♠ source ♣❛r❛ ✉♠ s❡r✈✐❞♦r ❞❡
❞❡st✐♥♦ destination✳ ◆❡st❛ ❢ór♠✉❧❛✱ estimated❴migration❴time r❡♣r❡s❡♥t❛ ♦ t❡♠♣♦ ❡s✲
t✐♠❛❞♦ ♣❛r❛ ❛ ♠✐❣r❛çã♦✱ vmram r❡♣r❡s❡♥t❛ ❛ q✉❛♥t✐❞❛❞❡ t♦t❛❧ ❞❡ ❘❆▼ q✉❡ ❛ ♠áq✉✐♥❛



✶✸✶

✈✐rt✉❛❧ vm ♦❝✉♣❛✱ ❡ estimated❴bwsource❴destination r❡♣r❡s❡♥t❛ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞✐s♣♦✲
♥í✈❡❧ ❡st✐♠❛❞❛ ❡♥tr❡ source ❡ destination ♣❛r❛ r❡❛❧✐③❛çã♦ ❞❛ ♠✐❣r❛çã♦✳ ❊st❡ ❝r✐tér✐♦ s❡
♠♦str♦✉ ✐♥❛❞❡q✉❛❞♦ ♣♦r ✈ár✐♦s ♠♦t✐✈♦s✱ ❡♠ ❡s♣❡❝✐❛❧ ♥♦ ❝♦♥t❡①t♦ ❞❛ ❣r❛♥❞❡ ❡s❝❛❧❛✿ ✭✐✮ ♦
❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ ❛♥❛❧✐s❛r ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡st✐♠❛❞❛ ❡♥tr❡ ❞♦✐s s✐st❡♠❛s ✜♥❛✐s
❡♠ ✉♠❛ r❡❞❡ ❝♦♠♣❧❡①❛ é ❣r❛♥❞❡✱ ✭✐✐✮ ♣r❡❝✐s❛✲s❡ t❡r ✉♠ ♠❡❝❛♥✐s♠♦ ❞❡ ❛❧t❛ ❝♦♠♣❧❡①✐❞❛❞❡
♣❛r❛ q✉❡✱ ✉♠❛ ✈❡③ ❛ ♠✐❣r❛çã♦ ✐♥✐❝✐❛❞❛✱ ♥ã♦ s❡ ♠♦❞✐✜q✉❡ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡♠ ♥❡♥❤✉♠
tr❛❥❡t♦ ❞❛ t♦♣♦❧♦❣✐❛ ❡♥tr❡ ♦s s✐st❡♠❛s q✉❡ ♣❛rt✐❝✐♣❛♠ ❞❛ ♠✐❣r❛çã♦❀ ✭✐✐✐✮ ♦ ✐t❡♠ ✭✐✐✮ t❡♠
❝♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛ tr❛✈❛r ❛ r❡❞❡ ♣❛r❛ ♣♦ssí✈❡✐s ♥♦✈❛s s✉❜♠✐ssõ❡s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡
❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❡❧❡✈❛❞❛s❀ ✭✐✈✮ ♦ ❡st✐♠❛❞♦r ❞❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞✐s♣♦♥í✈❡❧ ❡♥tr❡ source
❡ destination ♣♦❞❡ t❡r ✉♠❛ ❝♦♠♣❧❡①✐❞❛❞❡ ♠✉✐t♦ ❛❧t❛ ❡ ❢❛❧❤❛r❀ ✭✈✮ ❡st❛ é ✉♠❛ ❡st✐♠❛t✐✈❛
s✐♠♣❧✐✜❝❛❞❛ ❡ ♣♦❞❡ ❢❛❧❤❛r ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ❡♠ ❛♠❜✐❡♥t❡s r❡❛✐s✱ ❡♠ ❡s♣❡❝✐❛❧ ♥♦ ❝♦♥t❡①t♦
❞❡ ♠✐❣r❛çõ❡s ♣ós✲❝ó♣✐❛ ❡♠ ❝❡♥ár✐♦s ❝♦♠ ❣r❛♥❞❡s ❛❧t❡r❛çõ❡s ♥♦ ❝♦♥t❡ú❞♦ ❞❛ ❘❆▼ ❞❛
♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡♠ q✉❡stã♦✳

estimated❴migration❴time =
vmram

estimated❴bwsource❴destination

✭✻✳✻✮

❖✉tr♦ ❝r✐tér✐♦ q✉❡ ❢♦✐ r❡♠♦✈✐❞♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ ♦t✐♠✐③❛çã♦ ❞♦ ❚❊❆✱ ❢♦✐ ♦ ❞❡ t❡♥t❛r ❞❛r
♣r❡❢❡rê♥❝✐❛ ❡①♣❧í❝✐t❛ ♣❛r❛ r♦t❛s q✉❡ ❛♣r❡s❡♥t❡♠ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❝♦♠✉t❛❞♦r❡s ❞❡ ♣❛❝♦t❡s
❧✐❣❛❞♦s ❡♥tr❡ ♦ s✐st❡♠❛ ✜♥❛❧ ❞❡ ♦r✐❣❡♠ ❡ ♦ s✐st❡♠❛ ✜♥❛❧ ❞❡ ❞❡st✐♥♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳
❊st❡ ❝r✐tér✐♦ ❢♦✐ r❡♠♦✈✐❞♦✱ ♣♦✐s ✭✐✮ ❛ ❛♥á❧✐s❡ ❞❡st❡s ♣❡r❝✉rs♦s ❝♦♥s♦♠❡ ✉♠ ♣r♦❝❡ss❛♠❡♥t♦
❝♦♥s✐❞❡rá✈❡❧ ❡♠ ❝♦♥t❡①t♦s ❞❡ ❡s❝❛❧❛s ♠❛✐♦r❡s ❡ ✭✐✐✮ ♥❛ ♣rát✐❝❛ ✐ss♦ ❥á t❡♥❞❡ ❛ ♦❝♦rr❡r
❡♠ ✈✐rt✉❞❡ ❞♦ ❝r✐tér✐♦ ❞❡ ❞❡s❡♠♣❛t❡ ♣♦r ♠❛①✐♠✐③❛çã♦ ❞❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞❛ r♦t❛✱
♣r❡s❡♥t❡ ♥❛ ▲✐♥❤❛ ✹✻ ❞♦ ❆❧❣♦r✐t♠♦ ✶✶✳

▼❛✐s ✉♠ ❝r✐tér✐♦ q✉❡ ♥ã♦ ❡♥tr♦✉ ♥♦ ❚❊❆ ❢♦✐ ❛ ♠✐♥✐♠✐③❛çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ s❛❧t♦s ❡♥tr❡ ♦
s✐st❡♠❛ ✜♥❛❧ ❞❡ ♦r✐❣❡♠ ❡ ♦ s✐st❡♠❛ ✜♥❛❧ ❞❡ ❞❡st✐♥♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ❊st❡ ❝r✐tér✐♦ ♥ã♦
❢♦✐ ✐♥❝❧✉í❞♦ ♣♦✐s ✭✐✮ ❛ ❛♥á❧✐s❡ ❞❡st❡s ♣❡r❝✉rs♦s ❝♦♥s♦♠❡ ✉♠ ♣r♦❝❡ss❛♠❡♥t♦ ❝♦♥s✐❞❡rá✈❡❧ ❡♠
❝♦♥t❡①t♦s ❞❡ ❡s❝❛❧❛s ♠❛✐♦r❡s ❡ ✭✐✐✮ ♦ ❝á❧❝✉❧♦ ❞❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❞❛ r♦t❛✱ ♣r❡s❡♥t❡ ♥❛
▲✐♥❤❛ ✹✻ ❞♦ ❆❧❣♦r✐t♠♦ ✶✶✱ ❝♦♥t❡♠♣❧❛✱ ✐♠♣❧✐❝✐t❛♠❡♥t❡✱ ❛ ♠❛✐♦r ♣❛rt❡ ❞♦s ❜❡♥❡❢í❝✐♦s q✉❡
♣♦❞❡r✐❛♠ s❡r ♣r♦✈✐❞♦s ♣♦r ✉t✐❧✐③❛r ❡st❡ ❝r✐tér✐♦✳

❋♦✐ ❞❡s❝❛rt❛❞♦✱ t❛♠❜é♠✱ ♥♦ ❚❊❆ ❛ ✉t✐❧✐③❛çã♦ ❞❡ r♦t❛s ❞❡❞✐❝❛❞❛s ♣❛r❛ ❛s ❝♦♥❡①õ❡s
✭❞❡ s✉❜♠✐ssã♦✴♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✮✳ ❊♠❜♦r❛ ❡st❡ ❝r✐tér✐♦✱ ❡♠ ♣r✐♥❝í♣✐♦✱ t❡♥❤❛
♣❛r❡❝✐❞♦ ❜♦♠ ♥♦ s❡♥t✐❞♦ ❞❡ t❡r ♣♦t❡♥❝✐❛❧ ♣❛r❛ ♠✐♥✐♠✐③❛r ♦ t❡♠♣♦ ♠é❞✐♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♥❛ ♣rát✐❝❛✱ ❡♠ ❣r❛♥❞❡ ❡s❝❛❧❛✱ ✭✐✮ ❛♣r❡s❡♥t❛ ✉♠❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❡❧❡✈❛❞❛✱
✭✐✐✮ tr❛✈❛ ♣❛rt❡s ❞❛ t♦♣♦❧♦❣✐❛✱ ✭✐✐✐✮ ❡♠ ❝♦♥s❡q✉ê♥❝✐❛ ❛ ✭✐✐✮ ✐♥✈✐❛❜✐❧✐③❛ ✉♠❛ q✉❛♥t✐❞❛❞❡ ❞❡
s❡r✈✐❞♦r❡s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛✱ ❛❝❡ssí✈❡✐s ❛tr❛✈és ❞❡ ♣❛rt❡s ❞❛ r❡❞❡ ♣❡❧❛s q✉❛✐s ♣❛ss❛♠
trá❢❡❣♦✱ ❞❡ r❡❝❡❜❡r❡♠ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ P❛r❛ ✐❧✉str❛r ❡st❡ ♣r♦❜❧❡♠❛✱ ❞❛♠♦s ✉♠ ❡①❡♠♣❧♦✿
❝♦♥s✐❞❡r❡✱ ♣♦r ❡①❡♠♣❧♦✱ ❞✉❛s r♦t❛s✱ ✭❛✮ ❡ ✭❜✮✱ ❞✐st✐♥t❛s✱ ❝♦♠ ♣❛rt❡s ❝♦✐♥❝✐❞❡♥t❡s✳ ❈♦♥s✐❞❡r❡
q✉❡ ✉♠❛ ✐♠❛❣❡♠ ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❞❡ ✽ ●❇ ❝♦♠❡ç❛ ❛ s❡r tr❛♥s♠✐t✐❞❛ ♣❡❧❛ r♦t❛ ✭❛✮
❡✱ ♣♦st❡r✐♦r♠❡♥t❡✱ s❡r✐❛ ❞❡s❡❥á✈❡❧ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ❛ s✉❜♠✐ssã♦ ❞❡ ✉♠❛ ♦✉tr❛ ♠áq✉✐♥❛
✈✐rt✉❛❧✱ ❞❡ ✺✵✵ ▼❇✱ ♣❡❧❛ r♦t❛ ✭❜✮✳ ◆♦ ❡♥t❛♥t♦✱ ❡st❛ s❡❣✉♥❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✈❛✐ ♣r❡❝✐s❛r
s❡r ♣♦st❡r❣❛❞❛ ✖ ♦✉ ♣✐♦r✱ ♣r❡❝✐s❛r ✉s❛r ♦✉tr❛ r♦t❛ ♣❛r❛ ♦✉tr♦ s✐st❡♠❛ ✜♥❛❧ ❞❡ ❞❡st✐♥♦✱
♣♦t❡♥❝✐❛❧♠❡♥t❡ ♠❡♥♦s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛ ✖ ❡♠ ✈✐rt✉❞❡ ❞❛ ♦❝✉♣❛çã♦ ❞❛ r♦t❛✱ ❛✐♥❞❛ q✉❡
t❡♥❤❛ ✉♠ t❛♠❛♥❤♦ ♠✉✐t♦ ♠❡♥♦r ❞♦ q✉❡ ❛ ♣r✐♠❡✐r❛✳ ❖ ♠❡s♠♦ ♦❝♦rr❡ ♣❛r❛ ♠✐❣r❛çõ❡s ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ❞✐❢❡r❡♥ç❛s ❞❡ t❛♠❛♥❤♦s ❞❡ ❘❆▼s s✐❣♥✐✜❝❛t✐✈❛s✳ ❆❧é♠ ❞✐ss♦✱ ✉♠❛



✶✸✷

s♦❧✉çã♦ ❞❡ ❝♦♠♣❧❡①✐❞❛❞❡ ❜❛✐①❛ ❡ s❛t✐s❢❛tór✐❛✱ ✐♥❞✐❝❛❞❛ ♣❛r❛ ♦ ✉s♦ ❞♦ ❚❊❆ ✖ ❡ t❛♠❜é♠ ❞❡
♦✉tr♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ✖ é ❛ ❧✐♠✐t❛çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝♦♥❡①õ❡s s✐♠✉❧tâ♥❡❛s
♣❛r❛ s✉❜♠✐ssã♦ ♦✉ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳

❖✉tr♦ ❝r✐tér✐♦ q✉❡ ❞❡s❝♦♥s✐❞❡r❛♠♦s ♣❛r❛ ♦ ❚❊❆ ❢♦✐ ♦ ❞❡ ❞❛r ♣r❡❢❡rê♥❝✐❛ ❛♦s s❡r✈✐❞♦r❡s
q✉❡ ❥á ❡stã♦ ❤♦s♣❡❞❛♥❞♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ❆ ✐❞❡✐❛ ✐♥✐❝✐❛❧ ❞❡st❡ ❝r✐tér✐♦
❡r❛ q✉❡✱ ✉♠ s❡r✈✐❞♦r ❤♦s♣❡❞❛♥❞♦ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s t❡♥❞❡rá ❛
♣❡r♠❛♥❡❝❡r ❧✐❣❛❞♦ ❡♠ ✈✐rt✉❞❡ ❞❛ ❝♦♥s♦❧✐❞❛çã♦✱ ❡✈✐t❛♥❞♦ ♠✐❣r❛çõ❡s✳ ◆♦ ❡♥t❛♥t♦✱ ❛✈❛❧✐❛♥❞♦
♦s ❞✐✈❡rs♦s ❝❡♥ár✐♦s ❡st✉❞❛❞♦s ♣❡r❝❡❜❡♠♦s q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s q✉❡ ❡st❡ r❡❝✉rs♦
❡✈✐t❛ é ❞❡s♣r❡③í✈❡❧✱ ♣♦✐s ✈✐❛ ❞❡ r❡❣r❛ ❝♦♠♣❡♥s❛ r❡❛❧✐③❛r ♠✐❣r❛çõ❡s q✉❛♥❞♦ ❡①✐st❡♠ ♦✉tr♦s
s❡r✈✐❞♦r❡s ♠❛✐s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛✳

◆♦ ♠❡s♠♦ s❡♥t✐❞♦ ❞❛ ✐❞❡✐❛ ❡ ❞❛ ❞✐s♣❡♥s❛ ❞♦ ❝r✐tér✐♦ ❛♥t❡r✐♦r✱ ❞✐s♣❡♥s❛♠♦s t❛♠❜é♠
❞❛r ♣r❡❢❡rê♥❝✐❛ ❛♦s s❡r✈✐❞♦r❡s q✉❡ ♣♦ss✉❡♠ ♠❛✐♦r q✉❛♥t✐❞❛❞❡ ❞❡ ❘❆▼✳ ▼❛✐s ❞♦ q✉❡ ✐ss♦✱
✉s✉❛❧♠❡♥t❡ ♦ ❝r✐tér✐♦ ♣r❡s❡♥t❡ ♥❛ ▲✐♥❤❛ ✸✶ ❞♦ ❆❧❣♦r✐t♠♦ ✶✶ ❡♥❣❧♦❜❛✱ ✐♥❞✐r❡t❛♠❡♥t❡✱ ♥❛
♠❛✐♦r✐❛ ❞♦s ❝❛s♦s✱ ❡st❡ ❞❡s❡♠♣❛t❡✳

❯♠ ♦✉tr♦ ❢❛t♦r q✉❡ ❢♦✐ ❞❡s❝❛rt❛❞♦ t❛♠❜é♠ ❢♦✐ ♦ ❞❡ ♠❡♥♦r ❧❛tê♥❝✐❛ ❡st✐♠❛❞❛ ❡♥tr❡ ♦
s✐st❡♠❛ ✜♥❛❧ ❞❡ ♦r✐❣❡♠ ❡ ♦ s✐st❡♠❛ ✜♥❛❧ ❞❡ ❞❡st✐♥♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ❊st❡ ❝r✐tér✐♦ ❢♦✐
❞❡s❝❛rt❛❞♦✱ ♣♦✐s ✭✐✮ ♠✐♥✐♠✐③❛r ❧❛tê♥❝✐❛ ❣❡r❛ ✐♠♣❛❝t♦ ♣♦♥t✉❛❧ ❝♦♠ ❛rq✉✐✈♦s ❣r❛♥❞❡s ❝♦♠♦
sã♦ ♦s ❝❛s♦s ❞❛s ✐♠❛❣❡♥s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♦✉ ❝♦♠ ❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s q✉❡
é ♥❡❝❡ssár✐♦ tr❛♥s♠✐t✐r ❞✉r❛♥t❡ ❛ ♠✐❣r❛çã♦ ❞❡ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ❛❧é♠ ✭✐✐✮ ❞❛ ❝♦♠♣❧❡✲
①✐❞❛❞❡ ❡♥✈♦❧✈✐❞❛ ♣❛r❛ ❡st✐♠❛r ❡ss❛ ❧❛tê♥❝✐❛✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ❛ ❡st✐♠❛t✐✈❛ ❞❛ s♦♠❛
❞❛s ❡st✐♠❛t✐✈❛s ❞❡ ❛tr❛s♦ ♥♦❞❛❧✱ ❛tr❛s♦ ❞❡ ❡♥✜❧❡✐r❛♠❡♥t♦✱ ❛tr❛s♦ ❞❡ ♣r♦♣❛❣❛çã♦ ❡ ❛tr❛s♦
❞❡ tr❛♥s♠✐ssã♦ ♣♦r t♦❞❛ ❛ t♦♣♦❧♦❣✐❛✱ ❛❧é♠ ❞❡ ❝♦♥s✉♠✐r ✉♠ ♣r♦❝❡ss❛♠❡♥t♦ ❝♦♥s✐❞❡rá✈❡❧
❡♠ ✉♠ ♣r♦❝❡ss♦ ❝♦♠♣❧❡①♦✱ trás ✉♠ ❜❡♥❡❢í❝✐♦ ♠✉✐t♦ ♣❡q✉❡♥♦ ♣❛r❛ ❣r❛♥❞❡s q✉❛♥t✐❞❛❞❡s ❞❡
❞❛❞♦s ✖ ♦ ♦✈❡r❤❡❛❞ ♣♦r ❛tr❛s♦ é ♠✉✐t♦ ♣❡q✉❡♥♦ ♥❡st❛ s✐t✉❛çã♦✳

✻✳✹ ❙✐♠✉❧❛çã♦

❆❞♦t❛♠♦s ❛ s✐♠✉❧❛çã♦ ❝♦♠♦ ♠ét♦❞♦ ♣❛r❛ ✈❛❧✐❞❛çã♦ ❡ ♣♦ss✐❜✐❧✐t❛r ❛ ❛♥á❧✐s❡ ❞❡ r❡s✉❧t❛❞♦s✳
P♦r r❛③õ❡s ❤✐stór✐❝❛s ❡ ❞❡ ❛♣r♦✈❡✐t❛♠❡♥t♦ ❞❡ ❝ó❞✐❣♦s ♣r❡❡①✐st❡♥t❡s✱ ✐♥✐❝✐❛❧♠❡♥t❡ ❝♦❣✐t❛✲
♠♦s ✉t✐❧✐③❛r ♦ ❈❧♦✉❞❙✐♠✳ ◆♦ ❡♥t❛♥t♦✱ ♦❜s❡r✈❛♠♦s s❡✈❡r❛s ❧✐♠✐t❛çõ❡s ♥❡ss❡ s✐♠✉❧❛❞♦r✱ t❛✐s
❝♦♠♦✿ ✐♥❡①✐stê♥❝✐❛ ❞❡ s✉♣♦rt❡ ♦✜❝✐❛❧ ❛♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♥♦ ♥ú❝❧❡♦ ❞❛ r❡❞❡❀ q✉❡stõ❡s
té❝♥✐❝❛s r❡❧❛t❛❞❛s ❡♠ ❢ór✉♥s ♠♦str❛♥❞♦ ❛ ❞✐✜❝✉❧❞❛❞❡ ❡❧❡✈❛❞❛ ❞❡ ♣r♦✈❡r t❛❧ s✉♣♦rt❡ ♥❛t✐✲
✈❛♠❡♥t❡❀ q✉❡stõ❡s ❞❡ ❡s❝❛❧❛❜✐❧✐❞❛❞❡ ✖ ❛❜r❛♥❣ê♥❝✐❛ ♠✉✐t♦ ❧❛r❣❛ ♣❛r❛ ✉♠ ❝♦♥t❡①t♦ ■❛❛❙
q✉❡ t♦r♥❛ ❛s s✐♠✉❧❛çõ❡s ♣❡s❛❞❛s ✖ ♣❛r❛ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ s✐♠✉❧❛çõ❡s ♥❡❝❡ssár✐❛s
♣❛r❛ ❛ ❛✈❛❧✐❛çã♦ ❞❡s❡❥á✈❡❧ ❞♦ ❚❊❆❀ ❢✉♥❝✐♦♥❛♠❡♥t♦ ♣❛❞rã♦ ❞❡ ♥ã♦ ✉s❛r st♦r❛❣❡s ♣❛r❛ ❛r♠❛✲
③❡♥❛r ❛s ✐♠❛❣❡♥s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s❀ ♠♦❞❡❧♦s ❞❡ ♣♦tê♥❝✐❛ s❡✈❡r❛♠❡♥t❡ ❧✐♠✐t❛❞♦s ✖ ❡①✿
♥ã♦ ❝♦♥s✐❞❡r❛♠ t❡♠♣♦s ❞❡ ❧✐❣❛♠❡♥t♦✴❞❡s❧✐❣❛♠❡♥t♦ ❡ ♥❡♠ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞✉r❛♥t❡ ❡st❡
t❡♠♣♦ ❞❡ s❡r✈✐❞♦r❡s ❡ ❡❧❡♠❡♥t♦s ❞❡ r❡❞❡❀ ✐♥❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛✈❛❧✐❛r ♥❛t✐✈❛♠❡♥t❡ t❛♥t♦ ♦
t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s q✉❛♥t♦ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡
❝❛r❣❛s ✖ ♠❡♥s✉r❛❞♦ ❛ ♣❛rt✐r ❞♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ ❝❛r❣❛ ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧❀ ❡♥tr❡ ❞✐✈❡rs❛s
♦✉tr❛s q✉❡stõ❡s✳
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P♦r ❡st❡ ♠♦t✐✈♦✱ ❝♦♥s✐❞❡r❛♠♦s ✉♠❛ s✉❜st✐t✉✐çã♦ ❞❡ s✐♠✉❧❛❞♦r ❡✱ ❞❡♥tr❡ ✉♠❛ ❣❛♠❛
❞❡ ♦✉tr♦s s✐♠✉❧❛❞♦r❡s✱ ❝♦♥s✐❞❡r❛♠♦s ♦ ♠❛✐s ❛❞❡q✉❛❞♦ ♣❛r❛ ❡ss❛ s✐♠✉❧❛çã♦ ♦ ❙✐♥❡r❣②✲

❈❧♦✉❞ ❬✷✺❪✱ ❞❡s❝r✐t♦ ❝♦♠ ♠❛✐s ❞❡t❛❧❤❡s ♥♦ ❈❛♣ít✉❧♦ ❆✳

✻✳✹✳✶ P❛râ♠❡tr♦s ❞❛s ❙✐♠✉❧❛çõ❡s

◆❛s t♦♣♦❧♦❣✐❛s ❣❡r❛❞❛s ❝♦♠ ❧✐♠✐t❛çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ♣♦rt❛s ❞♦s s✇✐t❝❤❡s✱ ❝❛❞❛ s✇✐t❝❤

♣♦ss✉✐ ✉♠ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ✷✹ ♣♦rt❛s✳
❈♦♥s✐❞❡r❛♠♦s ❛s s❡❣✉✐♥t❡s ♣♦ss✐❜✐❧✐❞❛❞❡s ♣❛r❛ ❝♦♠♣ôr ♦s ❝❡♥ár✐♦s ❞❡ s✐♠✉❧❛çã♦✿ ❞❛t❛

❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦s❀ ❝♦♠ t♦♣♦❧♦❣✐❛s ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ❋❧❛t✲❚r❡❡✱
❇✐♥❛r② ❚r❡❡ ❡ ❑✲❆r② ❋❛t ❚r❡❡❀ ❝♦♠ ♠✐❣r❛çõ❡s ❛t✐✈❛❞❛s ❡ ❞❡s❛t✐✈❛❞❛s❀ ❤♦♠♦❣ê♥❡♦s ❡ ❤❡✲
t❡r♦❣ê♥❡♦s❀ ❝♦♠ ♥✉✈❡♥s ❝♦♥st✐t✉í❞❛s ♣♦r ✶✵✱ ✶✵✵ ❡ ✶✳✵✵✵ s❡r✈✐❞♦r❡s❀ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛
❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❛t✐✈❛❞♦ ❡ ❞❡s❛t✐✈❛❞♦❀ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡
✉s✉ár✐♦s s❡❣✉✐♥❞♦ ✉♠ ♣❛❞rã♦ ❤✐stór✐❝♦ ♦✉ ♥ã♦❀ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♦✉
❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s ❡ ❛s ♠✐❣r❛çõ❡s ♣♦❞❡♠ s❡r ❡①❡❝✉t❛❞❛s q✉❛♥❞♦ ♦❝♦rr❡♠ ❛t✉❛❧✐③❛✲
çõ❡s ❞♦ ❜r♦❦❡r✱ ❡st❛s ❞❡✜♥✐❞❛s ♣❛r❛ ♦❝♦rr❡r ♥♦s s❡❣✉✐♥t❡s ❡✈❡♥t♦s✿ ✐♥✐❝✐❛❧✐③❛çã♦ ❞♦ ❜r♦❦❡r✱
✐♥✐❝✐❛❧✐③❛çã♦ ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ✜♥❛❧✐③❛çã♦ ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ✐♥✐❝✐❛❧✐③❛çã♦ ❞❡ ❝❛r❣❛ ❞❡
tr❛❜❛❧❤♦✱ ✜♥❛❧✐③❛çã♦ ❞❡ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦✱ ✜♥❛❧✐③❛çã♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡
❛❜♦rt❛♠❡♥t♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳

❖s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s s❡❧❡❝✐♦♥❛❞♦s ♣❛r❛ ❛s ❝♦♠♣❛r❛✲
çõ❡s ❢♦r❛♠ ♦ ❘♦✉♥❞✲❘♦❜✐♥ ✭❘❘✮✱ ❘❛♥❞♦♠ ✭❘◆❉✮✱ ❋✐rst ❆✈❛✐❧❛❜❧❡ ✭❋❆✮✱ ❇❡st ❘❡s♦✉r❝❡ ❙❡✲
❧❡❝t✐♦♥ ✖ ❍✐❣❤❡st ❯t✐❧✐③❛t✐♦♥ ✭❍❯✮✱ ❇❡st ❘❡s♦✉r❝❡ ❙❡❧❡❝t✐♦♥ ✖ ❍✐❣❤❡st ❘❡q✉✐s✐t✐♦♥ ✭❍❘✮✱
▼✐♥✐♠✉♠ P♦✇❡r ❉✐✛ ✭▼P❉✮✱ ▲❛❣♦ ❆❧❧♦❝❛t♦r ✭▲❆✮✱ ❇❛♥❞✇✐❞t❤✲❆✇❛r❡ ▲❛❣♦ ❆❧❧♦❝❛t♦r ✭❇❆▲❆✮
❡ s❡✐s s❛❜♦r❡s ❞♦ ❚❊❆✱ ❛ s❡❣✉✐r ❡❧❡♥❝❛❞❛s✿

• ❚❊❆♣→ ❚❊❆ P❡r❢♦♠❛♥❝❡✱ ❚❊❆ ❝♦♠ ✉t✐❧✐③❛çã♦ ❞❡ ✶✵✵✪ ❞♦s s❡r✈✐❞♦r❡s ♣❛r❛ ✉s♦ ❣❡r❛❧
❡ s❡♠ ❡st✐♠❛❞♦r ❞❡ t❡♠♣♦ ❞❡ ✜♥❛❧✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s❀

• ❚❊❆♣❢ → ❚❊❆ P❡r❢♦♠❛♥❝❡ ❝♦♠ ❡st✐♠❛❞♦r ❞❡ t❡♠♣♦ ❞❡ ❋✐♥❛❧✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s❀

• ❚❊❆❜ → ❚❊❆ ❇❛❧❛♥❝❡❞✱ ❚❊❆ ❝♦♠ ✉t✐❧✐③❛çã♦ ❞❡ ✼✺✪ ❞♦s s❡r✈✐❞♦r❡s ♣❛r❛ ✉s♦ ❣❡r❛❧ ❡
s❡♠ ❡st✐♠❛❞♦r ❞❡ t❡♠♣♦ ❞❡ ✜♥❛❧✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s❀

• ❚❊❆❜❢ → ❚❊❆ ❇❛❧❛♥❝❡❞ ❝♦♠ ❡st✐♠❛❞♦r ❞❡ t❡♠♣♦ ❞❡ ❋✐♥❛❧✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐r✲
t✉❛✐s❀

• ❚❊❆❡ → ❚❊❆ ❊❝♦✱ ❚❊❆ ❝♦♠ ✉t✐❧✐③❛çã♦ ❞❡ ✺✵✪ ❞♦s s❡r✈✐❞♦r❡s ♣❛r❛ ✉s♦ ❣❡r❛❧ ❡ s❡♠
❡st✐♠❛❞♦r ❞❡ t❡♠♣♦ ❞❡ ✜♥❛❧✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s❀

• ❚❊❆❡❢ → ❚❊❆ ❊❝♦ ❝♦♠ ❡st✐♠❛❞♦r ❞❡ t❡♠♣♦ ❞❡ ❋✐♥❛❧✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳

❖❜s❡r✈❛♠♦s q✉❡ ♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✉t✐❧✐③❛❞♦s ♣❛r❛
❝♦♠♣❛r❛çã♦ ✉s✉❛❧♠❡♥t❡ sã♦ ❡♠♣r❡❣❛❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r✱ ♣♦r ✉♠ ❜r♦❦❡r✱ ♣❛r❛ ❞❡✲
t❡r♠✐♥❛r ✉♠ s❡r✈✐❞♦r ❢ís✐❝♦✱ ❞❡♥tr♦ ❞❡st❡ ❞❛t❛ ❝❡♥t❡r✱ ♣❛r❛ ❤♦s♣❡❞❛r ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧
✐♥❣r❡ss❛♥t❡✳ P♦rt❛♥t♦✱ ❡st❡ ❝❡♥ár✐♦ ❝❧áss✐❝♦ ♥ã♦ ❧✐❞❛ ❝♦♠ ❛ ❣❡♦❞✐str✐❜✉✐çã♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs✳
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P❛r❛ ❧✐❞❛r ❝♦♠ ❡st❛ ❧✐♠✐t❛çã♦ ❡♠ ❝❡♥ár✐♦s ❣❡♦❞✐str✐❜✉í❞♦s✱ ✐♠♣❧❡♠❡♥t❛♠♦s ❡st❡s ❛❧❣♦r✐t✲
♠♦s ❝❧áss✐❝♦s ♣❛r❛ s❡❧❡❝✐♦♥❛r s❡r✈✐❞♦r❡s ♥ã♦ s♦♠❡♥t❡ ❞❡♥tr♦ ❞❡ ✉♠ ❞❛t❛ ❝❡♥t❡r✱ ♠❛s ❞❛
♥✉✈❡♠ ❝♦♠♦ ✉♠ t♦❞♦✳

❈♦♥t❡♠♣❧❛♠♦s t♦❞♦s ♦s ❝♦♥❥✉♥t♦s ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡s ❛♣r❡s❡♥t❛❞❛s ❡♠ ❝❡♥ár✐♦s✳ ❈❛❞❛
❝❡♥ár✐♦ ❢♦✐ ❡①❡❝✉t❛❞♦ ✸✵ ✈❡③❡s ♣❛r❛ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳
❖✉ s❡❥❛✱ t♦❞❛s ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ s✐♠✉❧❛çõ❡s ♣❛r❛ q✉❛tr♦ ♠♦❞❡❧♦s ❞❡ t♦♣♦❧♦❣✐❛s✱ ❞✉❛s
♣♦ss✐❜✐❧✐❞❛❞❡s q✉❛♥t♦ ♦ s✉♣♦rt❡ à ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❞✉❛s ♣♦ss✐❜✐❧✐❞❛❞❡s
q✉❛♥t♦ ❛♦ ✉s♦ ❞❡ ❙▲❆✱ ❞✉❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ✉s♦ q✉❛♥t♦ à ❞❡✜♥✐çã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦
❞❡ ✉s✉ár✐♦s✱ ❞✉❛s ♣♦ss✐❜✐❧✐❞❛❞❡s q✉❛♥t♦ ❛♦ ✉s♦ ❞❡ ♣r✐♦r✐❞❛❞❡s✱ ❞✉❛s ♣♦ss✐❜✐❧✐❞❛❞❡s q✉❛♥t♦
❛♦ ✉s♦ ❞❡ ❣❡♦❞✐str✐❜✉✐çã♦✱ q✉❛t♦r③❡ ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✱ ❞♦✐s t✐♣♦s ❞❡ ❞❛t❛ ❝❡♥t❡rs

❡ três t❛♠❛♥❤♦s ❞❡ ❞❛t❛ ❝❡♥t❡rs✱ r❡s✉❧t❛♥❞♦ ✉♠ t♦t❛❧ ❞❡ 4×2×2×2×2×2×14×2×3 =

10.752 ❝❡♥ár✐♦s s✐♠✉❧❛❞♦s✱ ♣♦rt❛♥t♦✱ ✉♠ t♦t❛❧ ❞❡ ✸✷✷✳✺✻✵ s✐♠✉❧❛çõ❡s r❡❛❧✐③❛❞❛s ❢♦r❛♠
❝♦♥s✐❞❡r❛❞❛s✳

❈♦♥s✐❞❡r❛♠♦s ♣❛r❛ ❝❛❞❛ ❝❡♥ár✐♦ ✉♠❛ r❡❧❛çã♦ ✶✿✹ ❡♥tr❡ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s ❡ ♥ú♠❡r♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s❀ ❜❡♠ ❝♦♠♦ ✶✿✹ ❡♥tr❡ ♥ú♠❡r♦ ❞❡ ✉s✉ár✐♦s ❡ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ✖ ❡✱ ♣♦r ❝♦♥s❡q✉ê♥❝✐❛✱ ♦ ♥ú♠❡r♦ ❞❡ ✉s✉ár✐♦s é ✐❞ê♥t✐❝♦ ❛♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s
q✉❡ ❝♦♠♣õ❡♠ ❛ ♥✉✈❡♠ ✖ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ r❡❝❡❜❡ ✉♠❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦❀ ❡ ❛ ✐♠❛❣❡♠
❞❡ ❝❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ é ❛r♠❛③❡♥❛❞❛ ❡♠ ✉♠ st♦r❛❣❡ ♥❛ ♣r♦♣♦rçã♦ ✸✺✿✶✱ ♦✉ s❡❥❛✱ ❝❛❞❛
st♦r❛❣❡ ✜❝❛ r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡ ✸✺ ✐♠❛❣❡♥s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ P♦r
q✉❡stõ❡s ❞❡ ♠❛①✐♠✐③❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❡ ♣❛r❛ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❥✉st❛✱ ♦ ♥ú♠❡r♦ ❞❡
s✉❜♠✐ssõ❡s ❡ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s é ✐❣✉❛❧ ❛♦ ♥ú♠❡r♦ ❞❡ st♦r❛❣❡s ✖
✐ss♦ ❡✈✐t❛✱ ♣♦r ❡①❡♠♣❧♦✱ s♦❜r❡❝❛r❣❛ ❞❛ r❡❞❡ ♣♦r ❡①❝❡ss♦ ❞❡ ♠✐❣r❛çõ❡s ♦✉ ✉♠ ♥ú♠❡r♦
♠✉✐t♦ ❣r❛♥❞❡ ❞❡ ❝♦♥❡①õ❡s s✐♠✉❧tâ♥❡❛s ❞❡ ❡♥✈✐♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛ ♣❛rt✐r ❞❡ ✉♠
♠❡s♠♦ st♦r❛❣❡✱ ❛❝❛rr❡t❛♥❞♦ ❡♠ ✉♠ ❛✉♠❡♥t♦ ❞❡ t❡♠♣♦ ❝♦♥s✐❞❡rá✈❡❧ ♣❛r❛ tr❛♥s♠✐ssã♦ ❞❛s
✐♠❛❣❡♥s ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳

❈♦♥s✐❞❡r❛♠♦s ♦s t❡♠♣♦s ❞❡ ❧✐❣❛♠❡♥t♦ ❞❡ s❡r✈✐❞♦r❡s✱ ❞❡s❧✐❣❛♠❡♥t♦ ❞❡ s❡r✈✐❞♦r❡s✱ ❧✐✲
❣❛♠❡♥t♦s ❞❡ s✇✐t❝❤❡s ❡ ❞❡s❧✐❣❛♠❡♥t♦ ❞❡ s✇✐t❝❤❡s ♣❛r❛ s❡r❡♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✷✵✱ ✶✵✱
✶✵ ❡ ✺ s❡❣✉♥❞♦s✳ ❈♦♥✜❣✉r❛♠♦s ❝❛❞❛ s✇✐t❝❤ ♣❛r❛ s❡r ❞❡s❧✐❣❛❞♦ ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ❛♣ós ✸✵
♠✐♥✉t♦s s❡♠ ❛t✐✈✐❞❛❞❡ ❞❡ ❝♦♥❡①ã♦✱ ❡ ❝❛❞❛ s❡r✈✐❞♦r ♣❛r❛ s❡r ❞❡s❧✐❣❛❞♦ ❛♣ós ✸✵ ♠✐♥✉t♦s
❞❡ ♦❝✐♦s✐❞❛❞❡✳ ❙❡ ❡st❡ ✈❛❧♦r ❢♦r ♠✉✐t♦ ❜❛✐①♦✱ ❡♥tã♦ t❡rí❛♠♦s s✉❝❡ss✐✈♦s ❞❡s❧✐❣❛♠❡♥t♦s ❡
r❡❧✐❣❛♠❡♥t♦s✱ ♦ q✉❡ ❛❝❛rr❡t❛r✐❛ ❡♠ ✉♠ ♦✈❡r❤❡❛❞ ♠✉✐t♦ ❣r❛♥❞❡❀ ♠❛s s❡ ❢♦r ♠✉✐t♦ ❛❧t♦ ❡♥tã♦
♥ã♦ ❝♦♥s❡❣✉✐rí❛♠♦s ✉♠❛ ❜♦❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✳ ❈♦♥s✐❞❡r❛♠♦s q✉❡ s❡r✈✐❞♦r❡s ❡ s✇✐t✲

❝❤❡s ♣♦❞❡♠ s❡r ❞❡s❧✐❣❛❞♦s✱ ❡♥q✉❛♥t♦ r♦t❡❛❞♦r❡s ❞❡ ❜♦r❞❛✱ ❜r♦❦❡rs ❡ st♦r❛❣❡s ♥ã♦ ✖ ♦✉
s❡❥❛✱ ❡st❡s ❡stã♦ ♣❡r♠❛♥❡♥t❡♠❡♥t❡ ❧✐❣❛❞♦s✳

❈❛❞❛ st♦r❛❣❡ ❢♦✐ ❞❡✜♥✐❞♦ ♣❛r❛ t❡r ✶✵ ●❜♣s ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❡ ✹ ❦❚❇ ❞❡ ❡s♣❛ç♦ ❞❡
❛r♠❛③❡♥❛♠❡♥t♦✳ ❖ ♠♦❞❡❧♦ ❞❡ ♣♦tê♥❝✐❛ ✉s❛❞♦ ♥♦s st♦r❛❣❡s é ♦ ❉❱❋❙ ❧✐♥❡❛r✱ ❝♦♠ ❝♦♥s✉♠♦
♠í♥✐♠♦ ❞❡ ✶✼✺ ❲ ❡ ♠á①✐♠♦ ❞❡ ✷✺✵ ❲✱ ❡ ❞❡s❧✐❣❛♠❡♥t♦ ❞❡s❛t✐✈❛❞♦✳

❆s ♥✉✈❡♥s ♥ã♦ ❣❡♦❞✐str✐❜✉í❞❛s sã♦ ❝♦♥st✐t✉í❞❛s ♣♦r ✉♠ ❞❛t❛ ❝❡♥t❡r ♦♥❞❡ ✜❝❛♠ t♦❞♦s
♦s s✐st❡♠❛s ✜♥❛✐s✱ ❛s ♥✉✈❡♥s ❣❡♦❞✐str✐❜✉í❞❛s sã♦ ❝♦♥st✐t✉í❞❛s ♣♦r ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❝♦♠
❞✐str✐❜✉✐çã♦ ✐❣✉❛❧✐tár✐❛ ❞♦s s✐st❡♠❛s ✜♥❛✐s ❡♥tr❡ ♦s ❞❛t❛ ❝❡♥t❡rs✳ ❆s t❛①❛s ❞❡ tr❛♥s♠✐ssã♦
❡♥tr❡ ♦s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s é ❞❡ ✶✵✵ ▼❜♣s✳

◆♦s ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱ ❝♦♥s✐❞❡r❛♠♦s t♦❞♦s ♦s s❡r✈✐❞♦r❡s ♣♦ss✉✐♥❞♦ ❛ ♠❡s♠❛
❝♦♥✜❣✉r❛çã♦✿ ✶ ●❜♣s ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛❀ ✶✻ ●✐❇ ❞❡ ❘❆▼❀ ♣r♦❝❡ss❛❞♦r ✐✼ ✻✼✵✵❑ ✭4 ×



✶✸✺

4.000 ▼❍③✮❀ ❡ ✉♠ ♠♦❞❡❧♦ ❞❡ ♣♦tê♥❝✐❛ ❉❱❋❙ ❧✐♥❡❛r ❝♦♠ ❝♦♥s✉♠♦ ♠á①✐♠♦ ❞❡ ♣✐❝♦ ❞❡
✹✵✵ ❲✳

◆♦s ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✱ ❛❞♦t❛♠♦s ❛s s❡❣✉✐♥t❡s ❝♦♥✜❣✉r❛çõ❡s ♣❛r❛ ♦s s❡r✈✐❞♦r❡s✿

• ▲❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡ ✶✵✵ ▼❜♣s✱ ✶ ●❜♣s ❡ ✶✵ ●❜♣s✱ ❡♠ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥❀

• ✶✻ ●✐❇ ❞❡ ❘❆▼ ♣♦r s❡r✈✐❞♦r❀

• Pr♦❝❡ss❛❞♦r❡s ❜❛s❡❛❞♦s ♥♦s ♠♦❞❡❧♦s ❳❡♦♥ ❊✸✲✶✺✵✺▼ ✈✻ ✭4×3.000 ▼❍③✮✱ ❳❡♦♥ ❊✼✲
✽✽✾✸ ✈✹ ✭4× 3.500 ▼❍③✮ ❡ ✐✼ ✻✼✵✵❑ ✭4× 4.000 ▼❍③✮✱ ❡♠ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥❀

• ▼♦❞❡❧♦s ❞❡ ♣♦tê♥❝✐❛ ❉❱❋❙ ❧✐♥❡❛r✱ ❜❛s❡❛❞♦ ♥❛s ♠áq✉✐♥❛s ❍P ❉▲✸✽✵✱ ■❇▼ ❇❧❛✲
❞❡❈❡♥t❡r ❍ ❇❧❛❞❡ ❙❡r✈❡r✱ ❉❡❧❧ P♦✇❡r❊❞❣❡ ❘✼✶✵✱ ■❇▼ ✐✺✲✺✷✵ ❡ ❙✉♥ ❱✹✾✵✱ ❝♦♠
❝♦♥s✉♠♦s ♠á①✐♠♦s ❞❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✷✻✷✱ ✸✷✵✱ ✺✼✵✱ ✺✽✷ ❡ ✻✺✶ ❲✱ ❡ ♠í♥✐♠♦s ❞❡
✼✵✪ ❞❡st❡ ✈❛❧♦r❀ ❝♦♠ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✳

P❛r❛ ♣♦❞❡r ❛✈❛❧✐❛r ❞❡ ❢♦r♠❛ ♠❛✐s ❞❡❞✐❝❛❞❛ ♦s ❡❢❡✐t♦s ❞❛ ❝✐ê♥❝✐❛ ❞❛ t♦♣♦❧♦❣✐❛ ♥♦ ♣r♦✲
❝❡ss♦ ❞♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ✖ ♣❛r❛ ✐♥st❛♥❝✐❛çã♦ ❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✖ ❝♦♥s✐✲
❞❡r❛♠♦s ♣♦♥t✉❛❧ ♦ ❝♦♥s✉♠♦ ❞❡ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ✉t✐❧✐③❛❞❛ ♣❡❧♦s s✐st❡♠❛s ❡♠ ♦♣❡r❛çã♦
❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ q✉❡ ♦s s❡r✈✐❞♦r❡s ♥ã♦ r♦❞❛♠ ♥❡♥❤✉♠ t✐♣♦ ❞❡ ❊❇P❆✱ ♦✉ s❡❥❛✱
✐♥❡①✐st❡ ❛ r❡s❡r✈❛ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡❞✐❝❛❞❛ ♦✉ ❡①tr❛ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳

❆ ❞✐str✐❜✉✐çã♦ ❞♦ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❛s ✐♠❛❣❡♥s ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣❡❧♦s st♦r❛❣❡s é
❢❡✐t❛ ❡♠ r♦✉♥❞✲r♦❜✐♥✳

❆ ❝♦❧♦❝❛çã♦ ❞♦s s✇✐t❝❤❡s ♦❜❡❞❡❝❡ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✱ s❡♥❞♦ q✉❡ ❝❛❞❛ s✇✐t❝❤

♣♦❞❡ ♣♦ss✉✐r t♦❞❛s ❛s ♣♦rt❛s ❝♦♠ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡ ✶ ●❜♣s ♦✉ t♦❞❛s ❛s ♣♦rt❛s ❝♦♠
❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡ ✶✵ ●❜♣s✳ ❊st❡s ✈❛❧♦r❡s ❢♦r❛♠ ❡s❝♦❧❤✐❞♦s ✐♥t❡♥❝✐♦♥❛❧♠❡♥t❡ ♣❛r❛ t❡♥t❛r
♠♦str❛r ❛ ✐♠♣♦rtâ♥❝✐❛ ❡♠ ❝♦♥❤❡❝❡r ❛s ❧❛r❣✉r❛s ❞❡ ❜❛♥❞❛ ❞♦s ❡❧❡♠❡♥t♦s q✉❡ ❝♦♠♣õ❡♠ ♦
♥ú❝❧❡♦ ❞❛ t♦♣♦❧♦❣✐❛ ✖ ❡ ♥ã♦ s♦♠❡♥t❡ ♦s ❡❧❡♠❡♥t♦s ❞❡ ❜♦r❞❛✳ P♦r ❝♦♥s❡q✉ê♥❝✐❛✱ ❡st❛
❞❡❝✐sã♦ ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦ ❛❢❡t❛ ❞❡ ❢♦r♠❛ ♥❡❣❛t✐✈❛ ❛❧❣♦r✐t♠♦s q✉❡ ❝♦♥s✐❞❡r❛♠ s♦♠❡♥t❡ ❛
❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦s ❡❧❡♠❡♥t♦s ❞❡ ❜♦r❞❛✱ ❝♦♠♦ ♦ ❇❆▲❆✳

❖ ♠♦❞❡❧♦ ❞❡ ♣♦tê♥❝✐❛ ❞♦s s✇✐t❝❤❡s ❢♦✐ ♦ ❉❱❋❙ ❧✐♥❡❛r ❡ ❜❛s❡❛❞♦ ♥♦s ♠♦❞❡❧♦s ❈✐s❝♦
❙P❙✷✵✷✹✱ ❈✐s❝♦ ❙●❊✷✵✵✵P ❡ ◆❊❚●❊❆❘ Pr♦❙❆❋❊ ▼✼✶✵✵✲✷✹❳✱ ❝♦♠ ❝♦♥s✉♠♦ ♠á①✐♠♦
r❡s♣❡❝t✐✈❛♠❡♥t❡ ❞❡ ✸✸✱ ✶✵✷ ❡ ✶✾✺✱✷ ❲✱ ❡ ♠í♥✐♠♦s ❛ ✼✵✪ ❞❡st❡ ✈❛❧♦r❀ ❝♦♠ ❞✐str✐❜✉✐çã♦
r♦✉♥❞✲r♦❜✐♥✳

❖s r♦t❡❛❞♦r❡s ❞❡ ❜♦r❞❛ ❛♣r❡s❡♥t❛♠ ✐♥t❡r❢❛❝❡ ✐♥t❡r♥❛ ❞❡ ✶✵ ●❜♣s ❡ ♠♦❞❡❧♦ ❞❡ ♣♦tê♥❝✐❛
❉❱❋❙ ❧✐♥❡❛r ❞❡ ✶✷✵ ❲✱ ❜❛s❡❛❞♦ ♥♦ ♠♦❞❡❧♦ ❈✐s❝♦ ✷✽✵✶✳

❆ ♣✐❧❤❛ ❞❡ ♣r♦t♦❝♦❧♦s ✉t✐❧✐③❛❞❛ ❢♦✐ ❝♦♥st✐t✉í❞❛ ❞❡ ❊t❤❡r♥❡t✱ ■P✈✻ ❡ ❚❈P✳
❆s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❢♦r❛♠ ✐♥s♣✐r❛❞❛s ♥♦s ♠♦❞❡❧♦s ❞♦ ❆♠❛③♦♥ ❆❲❙ ♠✸✳♠❡❞✐✉♠✱

♠✹✳❧❛r❣❡ ❡ t✷✳♠❡❞✐✉♠✱ ♣♦ss✉✐♥❞♦✱ ♣r♦❝❡ss❛❞♦r❡s ❝♦♠ ♥ú❝❧❡♦s × ❝❧♦❝❦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱
1× 2.500✱ 2× 2.400 ❡ 2× 3.300 ❡♠ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥✳ ❙❡❣✉✐♥❞♦ ❡st❛ ✐♥s♣✐r❛çã♦✱ ❛
❘❆▼ ♦❜❡❞❡❝❡ ❛ ❞✐str✐❜✉✐çã♦ r♦✉♥❞✲r♦❜✐♥ ❝♦♠ t❛♠❛♥❤♦s ❞❡ ✹ ●✐❇ ❡ ✽ ●✐❇✳

◆♦s ❝❡♥ár✐♦s ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✱ t♦❞❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛♣r❡s❡♥t❛♠
♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧✳ ◆♦s ❝❡♥ár✐♦s ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✱ é ❢❡✐t❛ ❛ s❡❣✉✐♥t❡ ❞✐str✐❜✉✐çã♦
r♦✉♥❞✲r♦❜✐♥ ❡♥tr❡ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✿ ❛❧t❛✱ ❛❧t❛✱ ♥♦r♠❛❧✱ ♥♦r♠❛❧✱ ♥♦r♠❛❧✱ ❜❛✐①❛✱ ❜❛✐①❛✳



✶✸✻

❆s ✐♠❛❣❡♥s ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❢♦r❛♠ ❜❛s❡❛❞❛s ♥❛s ❛t✉❛✐s ❞✐str✐❜✉✐çõ❡s ▲✐♥✉① ❉❡✲
❜✐❛♥✱ ❯❜✉♥t✉ ❙❡r✈❡r ❈▲■✱ ❖♣❡♥❙❯❙❊✱ ❯❜✉♥t✉ ❙❡r✈❡r ❡ ❋❡❞♦r❛✱ ♣♦ss✉✐♥❞♦✱ r❡s♣❡❝t✐✈❛✲
♠❡♥t❡✱ ✺✵✵ ▼❇✱ ✶✱✺ ●❇✱ ✸ ●❇✱ ✺ ●❇ ❡ ✶✵ ●❇✳

❆s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ tê♠ t❛♠❛♥❤♦ ♠é❞✐♦ ❞❡ ✶✷ ♠✐❧❤õ❡s ❞❡ ▼■✱ s❡♥❞♦ ❛❧❡❛tór✐♦ ♥♦
✐♥t❡r✈❛❧♦ ❞❡ ✷ ♠✐❧❤õ❡s ✕ ✼✷ ♠✐❧❤õ❡s ❞❡ ▼■✳ ◆♦s ❝❡♥ár✐♦s s❡♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦
❞❡✜♥✐❞♦ ❡st❛ ❞✐str✐❜✉✐çã♦ é t♦t❛❧♠❡♥t❡ ❛❧❡❛tór✐❛✱ ❡ ♥♦s ❝❡♥ár✐♦s ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡
✉s✉ár✐♦ ❞❡✜♥✐❞♦ ❡ss❛ ❞✐str✐❜✉✐çã♦ é ❢❡✐t❛ ❞❡ ♠♦❞♦ q✉❡ ❝❛❞❛ ❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ t❡♥❤❛♠
✉♠❛ ❞✐s❝r❡♣â♥❝✐❛ ♠á①✐♠❛ ❞❡ ± ✺✵✪ ❡♠ r❡❧❛çã♦ à ♠é❞✐❛ ❞❛s ❝❛r❣❛s ♣♦r ✉s✉ár✐♦✳

P♦r ✜♠✱ ♦ ❜r♦❦❡r ❛♣r❡s❡♥t❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞❡ ✶✵ ●❜♣s✱ ♠♦❞❡❧♦ ❞❡ ♣♦tê♥❝✐❛ ❉❱❋❙
❧✐♥❡❛r ❝♦♠ ❝♦♥s✉♠♦ ♠í♥✐♠♦ ❞❡ ✶✼✺ ❲ ❡ ♠á①✐♠♦ ❞❡ ✷✺✵ ❲✳

❆ s❡❣✉✐r✱ ✐♥✐❝✐❛♠♦s ❛ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ s✐♠✉❧❛çã♦✳ ❊♠ ♣r♦❧ ❞❛ sí♥t❡s❡
❡ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ❡♥♦r♠❡ ❣❛♠❛ ❞❡ ♣♦ss✐❜✐❧✐❞❛❞❡s ❛❜♦r❞❛❞❛s ♣❛r❛ t♦r♥❛r ❡st❡ tr❛❜❛❧❤♦
❝♦♠♣❧❡t♦✱ ♦♣t❛♠♦s ♣♦r ✐♥✐❝✐❛r ❛♣r❡s❡♥t❛♥❞♦ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ r❡♣r❡s❡♥t❛t✐✈❛ ❞♦ ❞❛t❛

❝❡♥t❡r ♣♦r ✈❡③ ❛♦ ✐♥✈és ❞❡ ❛❜♦r❞❛r t♦❞♦s ♦s ❝❡♥ár✐♦s s✐♠✉❧❛❞♦s✳ ◆♦s ❤✐st♦❣r❛♠❛s r❡❢❡r❡♥t❡s
❛♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ♥ã♦ ❝♦♥t❡♠♣❧❛♠♦s ♦s ❛❧❣♦r✐t♠♦s ❘❘ ❡ ❘◆❉✱ ♣♦✐s ❝♦♠♦ s❡ ♣♦❞✐❛
❡s♣❡r❛r ❡st❡s ❛❧❣♦r✐t♠♦s ✖ ♥ã♦ ❝✐❡♥t❡s ❞❡ ❡♥❡r❣✐❛ ✖ ❛♣r❡s❡♥t❛r❛♠ ✈❛❧♦r❡s ❞❡ ❝♦♥s✉♠♦
♠✉✐t♦ ❛❧t♦✱ ♣r❡❥✉❞✐❝❛♥❞♦ ❛ ❜♦❛ ✈✐s✉❛❧✐③❛çã♦ ❞♦s r❡s✉❧t❛❞♦s✳ ❈❛❞❛ ❡♥tr❛❞❛ ♥❛ t❛❜❡❧❛✱
♣♦rt❛♥t♦✱ s❡ r❡❢❡r❡ ❛♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❝❡♥ár✐♦s ✭♥♦ ❝❛s♦✱ ✶✵✳✼✺✷✮ ❞✐✈✐❞✐❞♦ ♣❡❧♦ ♥ú♠❡r♦
❞❡ ✈❛❧♦r❡s ♣♦ssí✈❡✐s ♣❛r❛ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❛✈❛❧✐❛❞❛✿ ❡①❡♠♣❧♦ ✭✐✮✱ ❣❡♦❞✐str✐❜✉✐çã♦ ❞❡ ❞❛t❛

❝❡♥t❡rs ♣♦❞❡ ❛ss✉♠✐r ❞♦✐s ✈❛❧♦r❡s✿ ❣❡♦❞✐str✐❜✉í❞♦s ♦✉ ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦s✱ ❧♦❣♦ ❝❛❞❛
❧✐♥❤❛ ♣❛r❛ ❡st❡ ❝r✐tér✐♦ ❛❜r❛♥❣❡ 10.752/2 = 5.376 ❝❡♥ár✐♦s❀ ❡①❡♠♣❧♦ ✭✐✐✮ ❛ ♥✉✈❡♠ ♣♦❞❡
❛♣r❡s❡♥t❛r três t❛♠❛♥❤♦s✱ ❝♦♠ ✶✵✱ ✶✵✵ ❡ ✶✳✵✵✵ s❡r✈✐❞♦r❡s✱ ❧♦❣♦ ❝❛❞❛ ❧✐♥❤❛ ♣❛r❛ ❡st❡ ❝r✐tér✐♦
❛❜r❛♥❣❡ 10.752/3 = 3.584 ❝❡♥ár✐♦s✳ ❘❡s✉❧t❛❞♦s ❝♦♥s♦❧✐❞❛❞♦s s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♠❛✐s à
❢r❡♥t❡✳

✻✳✹✳✷ ❆♥á❧✐s❡ ❞❡ ❘❡s✉❧t❛❞♦s✿ ❊♥❡r❣✐❛ ❚♦t❛❧

❆ ❋✐❣✉r❛ ✻✳✶ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡✲
♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs

❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧✲
t❛❞♦s ✭✶✽✱✹✾ ± ✵✱✷✷ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦
♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥✲
tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✶✺✱✾✪ ❛ ✷✶✱✽✪
❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❇❆▲❆✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✷ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧❛ ♥✉✲
✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠
❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳
❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡
✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✲
✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦
q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✷✳✼✺✸✱✸✽ ± ✸✵✱✻✺ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆
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❋✐❣✉r❛ ✻✳✶✿ ❊♥❡r❣✐❛ ❚♦t❛❧✿ ❉❈ ●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱
❙✴▼✉❧t Pr
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❋✐❣✉r❛ ✻✳✷✿ ❊♥❡r❣✐❛ ❚♦t❛❧✿ ❉❈ ●❡♦✳ ❍❡t✳✱ ✶✳✵✵✵ sr✈s✱ ❑✲❆r② ❋❛t ❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣
❯sr ❉❡❢✱ ❙✴▼✉❧t Pr

✭❚❊❆♣❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s
✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛
♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✸✺✺✱✺✪ ❛ ✸✻✻✱✶✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭▼P❉✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✸ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧❛ ♥✉✈❡♠✳
◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛
❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦
❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦✲
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❋✐❣✉r❛ ✻✳✸✿ ❊♥❡r❣✐❛ ❚♦t❛❧✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱ ✶✵✵ sr✈s✱ ❑✲❆r② ❋❛t ❚r❡❡✱ ❙✴▼✐❣✱ ❙✴❙▲❆✱
❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡✲
❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✷✼✽✱✵✵ ± ✺✱✵✽ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❛♣r❡s❡♥t❛♥❞♦✱
❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦
❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡
✸✸✱✹✪ ❛ ✸✾✱✵✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭▼P❉✮✳
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❋✐❣✉r❛ ✻✳✹✿ ❊♥❡r❣✐❛ ❚♦t❛❧✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱ ✶✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ▼✐❣✱ ❙▲❆✱ ❈♦♠♣
❯sr ❉❡❢✱ ▼✉❧t Pr



✶✸✾

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✹ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧❛ ♥✉✈❡♠✳
◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛

❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦
❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡s✲
s❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡✲
❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✾✱✶✻ ± ✵✱✷✽ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❋❆✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡
♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❍❘ ✭✶✾✱✸✼ ± ✵✱✸✸ ❦❲❤✮✳

 21

 22

 23

 24

 25

 26

 27

 28

 29

k
W

h

FA
HU
HR

MPD
LA

BALA
TEAp
TEApf
TEAb
TEAbf
TEAe
TEAef

❋✐❣✉r❛ ✻✳✺✿ ❊♥❡r❣✐❛ ❚♦t❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❇✐♥❛r② ❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣
❯sr ❉❡❢✱ ▼✉❧t Pr

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✺ ✉♠ ❣rá✜❝♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡✲
♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦
❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧✲
t❛❞♦s ✭✷✶✱✺✼ ± ✵✱✷✾ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦
♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥✲
tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✷✸✱✸✪ ❛ ✸✶✱✶✪
❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❯✮✳

❆ ❋✐❣✉r❛ ✻✳✻ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡✲
♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦
❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧✲
t❛❞♦s ✭✶✹✱✹✷ ± ✵✱✶✸ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦
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❋✐❣✉r❛ ✻✳✻✿ ❊♥❡r❣✐❛ ❚♦t❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr
■♥❞✱ ❙✴▼✉❧t Pr

♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥✲
tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✷✺✱✹✪ ❛ ✸✺✱✶✪
❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❇❆▲❆✮✳
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❋✐❣✉r❛ ✻✳✼✿ ❊♥❡r❣✐❛ ❚♦t❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr
❉❡❢✱ ▼✉❧t Pr

❆ ❋✐❣✉r❛ ✻✳✼ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧❛ ♥✉✈❡♠✳ ◆❡st❡
❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦
❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
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♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✶✹✱✻✷ ± ✵✱✶✹ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦
✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡
t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✸✺✱✻✪ ❛ ✹✹✱✼✪
❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❇❆▲❆✮✳
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❋✐❣✉r❛ ✻✳✽✿ ❊♥❡r❣✐❛ ❚♦t❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr
■♥❞✱ ▼✉❧t Pr

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✽ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧❛ ♥✉✈❡♠✳
◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛

❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡
♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡s✲
s❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉
♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✹✱✻✼ ± ✵✱✶✸ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡✮✱ ❛♣r❡s❡♥t❛♥❞♦✱
❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦
❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡
✸✹✱✶✪ ❛ ✹✷✱✺✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❇❆▲❆✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✾ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧❛ ♥✉✈❡♠✳
◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛

❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡✲
❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡
♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r✲
❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉
♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✷✸✱✺✹ ± ✵✱✸✾ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡✮✱ ❛♣r❡s❡♥t❛♥❞♦✱
❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦
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❋✐❣✉r❛ ✻✳✾✿ ❊♥❡r❣✐❛ ❚♦t❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❑✲❆r② ❋❛t ❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣
❯sr ❉❡❢✱ ▼✉❧t Pr

❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡
✷✵✱✾✪ ❛ ✷✾✱✽✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❋❆✮✳
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❋✐❣✉r❛ ✻✳✶✵✿ ❊♥❡r❣✐❛ ❚♦t❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ❙✴▼✐❣✱ ❙✴❙▲❆✱
❈♦♠♣ ❯sr ■♥❞✱ ❙✴▼✉❧t Pr

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✵ ✉♠ ❣rá✜❝♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧❛ ♥✉✈❡♠✳ ◆❡st❡
❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r

♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡
♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛✲
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♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡✲
❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✹✱✹✷ ± ✵✱✶✼ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱
❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦
❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡
✸✵✱✻✪ ❛ ✸✾✱✹✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❋❆✮✳
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❋✐❣✉r❛ ✻✳✶✶✿ ❊♥❡r❣✐❛ ❚♦t❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ❙✴▼✐❣✱ ❙▲❆✱
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❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✶ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧❛ ♥✉✈❡♠✳
◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥✲

t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦
❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦✲
❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡✲
❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✹✱✼✺ ± ✵✱✶✽ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱
❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦
❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡
✸✻✱✾✪ ❛ ✹✻✱✵✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❇❆▲❆✮✳

✻✳✹✳✸ ❆♥á❧✐s❡ ❞❡ ❘❡s✉❧t❛❞♦s✿ ❊♥❡r❣✐❛ ✖ ❙❡r✈✐❞♦r❡s

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✷ ✉♠ ❣rá✜❝♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s❡r✈✐❞♦r❡s ❞❛
♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠
❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖
r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡
♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡
❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡✲
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s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✼✶✱✶✸ ± ✵✱✸✵ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❛♣r❡s❡♥t❛♥❞♦✱
❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦
❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡
✵✱✷✪ ❛ ✶✱✾✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❇❆▲❆✮✳
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❋✐❣✉r❛ ✻✳✶✸✿ ❊♥❡r❣✐❛ ❙❡r✈✐❞♦r❡s✿ ❉❈ ●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr
■♥❞✱ ❙✴▼✉❧t Pr

❆ ❋✐❣✉r❛ ✻✳✶✸ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s❡r✈✐❞♦r❡s ❞❛
♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠
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❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖
r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪
❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦
❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡
❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✼✱✶✸ ± ✵✱✵✽ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡✮✱
❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦
♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛
✈❛r✐❛♥❞♦ ❞❡ ✶✷✱✹✪ ❛ ✷✵✱✹✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭▲❆✮✳
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▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✹ ✉♠ ❣rá✜❝♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s❡r✈✐❞♦r❡s ❞❛
♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠
❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳
❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪
❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦
❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡
❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✽✸✶✱✼✽ ± ✶✼✱✸✸ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡❢✮✱
❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦
♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛
✈❛r✐❛♥❞♦ ❞❡ ✺✹✱✺✪ ❛ ✻✶✱✸✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❘✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✺ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s❡r✈✐✲
❞♦r❡s ❞❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s
❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤♦♠♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳
❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪
❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡
❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡✲
s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✻✱✺✹ ± ✵✱✵✺ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❋❆✱ ❛♣r❡s❡♥t❛♥❞♦✱
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❋✐❣✉r❛ ✻✳✶✺✿ ❊♥❡r❣✐❛ ❙❡r✈✐❞♦r❡s✿ ❉❈ ◆✳●❡♦✳ ❍♦♠♦✳✱ ✶✵ sr✈s✱ ❇✐♥❛r② ❚r❡❡✱ ▼✐❣✱ ❙✴❙▲❆✱
❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦
❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡
✶✱✷✪ ❛ ✺✱✶✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❘✮✳
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❋✐❣✉r❛ ✻✳✶✻✿ ❊♥❡r❣✐❛ ❙❡r✈✐❞♦r❡s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❇✐♥❛r② ❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱
❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✻ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s❡r✈✐❞♦✲
r❡s ❞❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s
❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳
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❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡
✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜✲
♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡
❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✻✱✸✸ ± ✵✱✵✽ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡❢✮✱
❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦
♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛
✈❛r✐❛♥❞♦ ❞❡ ✹✵✱✺✪ ❛ ✺✷✱✵✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❇❆▲❆✮✳
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❋✐❣✉r❛ ✻✳✶✼✿ ❊♥❡r❣✐❛ ❙❡r✈✐❞♦r❡s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣
❯sr ■♥❞✱ ❙✴▼✉❧t Pr

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✼ ✉♠ ❣rá✜❝♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s❡r✈✐❞♦r❡s ❞❛
♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠
✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖
r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪
❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦
❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡
❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✻✱✵✺ ± ✵✱✵✺ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡✮✱
❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦
♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛
✈❛r✐❛♥❞♦ ❞❡ ✸✵✱✼✪ ❛ ✹✷✱✸✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❇❆▲❆✮✳

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✽ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s❡r✈✐❞♦✲
r❡s ❞❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s
❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳
❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡
✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜✲
♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡
❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✻✱✸✵ ± ✵✱✵✻ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡✮✱
❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦
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❋✐❣✉r❛ ✻✳✶✽✿ ❊♥❡r❣✐❛ ❙❡r✈✐❞♦r❡s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣
❯sr ❉❡❢✱ ▼✉❧t Pr

♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛
✈❛r✐❛♥❞♦ ❞❡ ✹✶✱✵✪ ❛ ✺✶✱✵✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❇❆▲❆✮✳
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❋✐❣✉r❛ ✻✳✶✾✿ ❊♥❡r❣✐❛ ❙❡r✈✐❞♦r❡s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❑✲❆r② ❋❛t ❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱
❈♦♠♣ ❯sr ■♥❞✱ ▼✉❧t Pr

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✾ ✉♠ ❣rá✜❝♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s❡r✈✐❞♦r❡s
❞❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s
❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t

❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛
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❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s
✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦
q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✻✱✸✵ ± ✵✱✵✻ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡✮✱
❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦
♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛
✈❛r✐❛♥❞♦ ❞❡ ✸✾✱✵✪ ❛ ✹✼✱✾✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❇❆▲❆✮✳
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❋✐❣✉r❛ ✻✳✷✵✿ ❊♥❡r❣✐❛ ❙❡r✈✐❞♦r❡s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ❙✴▼✐❣✱
❙✴❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ❙✴▼✉❧t Pr

❆ ❋✐❣✉r❛ ✻✳✷✵ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s❡r✈✐❞♦r❡s ❞❛
♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠
❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖
r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪
❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦
❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡
❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✻✱✶✹ ± ✵✱✵✻ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡❢✮✱
❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦
♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛
✈❛r✐❛♥❞♦ ❞❡ ✸✹✱✻✪ ❛ ✹✹✱✻✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❋❆✮✳

✻✳✹✳✹ ❆♥á❧✐s❡ ❞❡ ❘❡s✉❧t❛❞♦s✿ ❊♥❡r❣✐❛ ✖ ❙✇✐t❝❤❡s

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✷✶ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s✇✐t❝❤❡s ❞♦s
❞❛t❛ ❝❡♥t❡rs ❞❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s
❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛
❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛
❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s
❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦
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❋✐❣✉r❛ ✻✳✷✶✿ ❊♥❡r❣✐❛ ❙✇✐t❝❤❡s✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱ ✶✵✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ▼✐❣✱ ❙▲❆✱ ❈♦♠♣
❯sr ❉❡❢✱ ▼✉❧t Pr

q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✱✵✼ ± ✵✱✵✵ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❇❆▲❆✱
❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❍❯ ✭✶✱✵✼ ± ✵✱✵✵ ❦❲❤✮✳
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❋✐❣✉r❛ ✻✳✷✷✿ ❊♥❡r❣✐❛ ❙✇✐t❝❤❡s✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱ ✶✳✵✵✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱
❈♦♠♣ ❯sr ❉❡❢✱ ❙✴▼✉❧t Pr

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✷✷ ✉♠ ❣rá✜❝♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s✇✐t❝❤❡s ❞♦s
❞❛t❛ ❝❡♥t❡rs ❞❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s
❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛
❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡
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❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡
✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✻✼✱✼✼ ± ✸✱✼✹ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦
❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s
♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱
❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✼✹✶✱✶✪ ❛ ✽✹✵✱✺✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❋❆✮✳
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❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✷✸ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s✇✐t❝❤❡s
❞♦s ❞❛t❛ ❝❡♥t❡rs ❞❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s
❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛
❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡
❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡
✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✱✸✵ ± ✵✱✵✽ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦
❢♦✐ ♦ ❋❆✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s
✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛
♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✶✱✵✪ ❛ ✶✷✱✸✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❘✮✳

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✷✹ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s✇✐t❝❤❡s
❞♦s ❞❛t❛ ❝❡♥t❡rs ❞❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s
❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛
❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆
❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦
❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✱✵✽ ± ✵✱✵✼ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦
❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜❢✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❍❘ ✭✸✱✶✽ ±
✵✱✵✽ ❦❲❤✮✳
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❋✐❣✉r❛ ✻✳✷✺✿ ❊♥❡r❣✐❛ ❙✇✐t❝❤❡s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ❙✴▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣
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❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✷✺ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s✇✐t❝❤❡s
❞♦s ❞❛t❛ ❝❡♥t❡rs ❞❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s
❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛
❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡
❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡
✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✵✱✵✽ ± ✵✱✵✵ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦
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❋✐❣✉r❛ ✻✳✷✻✿ ❊♥❡r❣✐❛ ❙✇✐t❝❤❡s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❑✲❆r② ❋❛t ❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱
❈♦♠♣ ❯sr ■♥❞✱ ❙✴▼✉❧t Pr

❆ ❋✐❣✉r❛ ✻✳✷✻ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s✇✐t❝❤❡s ❞♦s
❞❛t❛ ❝❡♥t❡rs ❞❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s
❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛
❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆
❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦
❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✹✱✶✻ ± ✵✱✵✼ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦
❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣❢✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❋❆ ✭✹✱✶✻ ±
✵✱✶✷ ❦❲❤✮✳

❆ ❋✐❣✉r❛ ✻✳✷✼ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s✇✐t❝❤❡s ❞♦s
❞❛t❛ ❝❡♥t❡rs ❞❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s
❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛
❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡
❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡
✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✵✱✶✵ ± ✵✱✵✵ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦
❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s
♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱
❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✵✪ ❛ ✾✱✻✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❘✮✳

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✷✽ ✉♠ ❣rá✜❝♦ ❞❛ ❡♥❡r❣✐❛ t♦t❛❧ ❝♦♥s✉♠✐❞❛ ♣❡❧♦s s✇✐t❝❤❡s ❞♦s
❞❛t❛ ❝❡♥t❡rs ❞❛ ♥✉✈❡♠✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s
❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛
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❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆
❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦
❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✵✱✵✽ ± ✵✱✵✵ ❦❲❤✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦
❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s
♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱
❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✶✷✱✼✪ ❛ ✷✺✱✷✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭▼P❉✮✳
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❆ ❋✐❣✉r❛ ✻✳✷✾ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦♠❛❦❡s♣❛♥✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠
♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá
❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳
❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✹✻✳✹✺✵✱✵✻± ✶✳✺✻✸✱✶✺ s✮
♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱
✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s
♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✻✹✱✽✪ ❛ ✼✻✱✾✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦
♠❡❧❤♦r ✭▲❆✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✸✵ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ ♠❛❦❡s♣❛♥✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛✲
♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐✲
❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s
r❡s✉❧t❛❞♦s ✭✾✼✳✺✶✹✱✶✼ ± ✺✳✷✼✽✱✽✸ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱
❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦
❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡
✺✻✾✱✾✪ ❛ ✻✹✻✱✼✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭▲❆✮✳

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✸✶ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ ♠❛❦❡s♣❛♥✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡
❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
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✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✹✳✼✾✶✱✶✹
± ✹✼✹✱✼✺ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦
s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❋❆ ✭✶✺✳✶✼✻✱✵✺ ± ✼✺✸✱✽✶ s✮✳

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✸✷ ✉♠ ❣rá✜❝♦ ❞♦ ♠❛❦❡s♣❛♥✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛
♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤❡✲
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t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛
♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✽✳✻✵✽✱✻✸
± ✺✸✹✱✶✶ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦
s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❍❯ ✭✶✽✳✾✼✵✱✷✹ ± ✼✾✸✱✸✶ s✮✳
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✶✺✽

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✸✸ ✉♠ ❣rá✜❝♦ ❞♦ ♠❛❦❡s♣❛♥✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛
♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡✲
r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐r✲
t✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛
♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✸✳✻✵✾✱✻✶
± ✻✷✻✱✺✺ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✶✷✱✹✪ ❛ ✸✸✱✼✪ ❝♦♠♣❛r❛❞♦
❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭▼P❉✮✳
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❆ ❋✐❣✉r❛ ✻✳✸✹ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦♠❛❦❡s♣❛♥✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠
♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá
❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳
❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✷✳✾✼✻✱✷✵ ± ✷✹✻✱✻✼ s✮
♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱
✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s
♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✸✱✶✪ ❛ ✶✵✱✺✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦
♠❡❧❤♦r ✭❘❘✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✸✺ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ ♠❛❦❡s♣❛♥✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦
❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐✲
♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
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s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛✲
❞♦s ✭✶✷✳✻✸✺✱✸✻ ± ✹✷✶✱✾✹ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦
♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥✲
tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✶✵✱✺✪ ❛ ✷✺✱✾✪
❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭▼P❉✮✳
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❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✸✻ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ ♠❛❦❡s♣❛♥✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛
♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡✲
r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐r✲
t✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛
♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✸✳✻✺✺✱✽✾
± ✷✽✺✱✵✻ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✹✱✶✪ ❛ ✶✹✱✾✪ ❝♦♠♣❛r❛❞♦ ❛♦
s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❘✮✳
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❆ ❋✐❣✉r❛ ✻✳✸✼ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ ♠❛❦❡s♣❛♥✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛
♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡✲
t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐r✲
t✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛
♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✷✳✶✻✵✱✶✷
± ✸✵✼✱✸✵ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✶✺✱✼✪ ❛ ✷✾✱✺✪ ❝♦♠♣❛r❛❞♦
❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭▼P❉✮✳

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✸✽ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ ♠❛❦❡s♣❛♥✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦
❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐✲
♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
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s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛✲
❞♦s ✭✶✷✳✺✼✺✱✶✺ ± ✹✺✶✱✸✷ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦
♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥✲
tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✾✱✾✪ ❛ ✷✹✱✵✪
❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭▼P❉✮✳
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▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✸✾ ✉♠ ❣rá✜❝♦ ❞♦ ♠❛❦❡s♣❛♥✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✲
✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê✲
♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉✲
❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛
♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✹✳✸✾✹✱✷✾
± ✸✻✼✱✹✵ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✽✪ ❛ ✶✶✱✵✪ ❝♦♠♣❛r❛❞♦ ❛♦
s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❘✮✳
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❆ ❋✐❣✉r❛ ✻✳✹✵ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦♠❛❦❡s♣❛♥✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠
♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá
❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐✲
♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✷✳✷✽✾✱✽✼
± ✸✼✽✱✵✸ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✶✷✱✸✪ ❛ ✷✻✱✸✪ ❝♦♠♣❛r❛❞♦
❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭▼P❉✮✳

✻✳✹✳✻ ❆♥á❧✐s❡ ❞❡ ❘❡s✉❧t❛❞♦s✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✹✶ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛✲
❜❛❧❤♦ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠
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❋✐❣✉r❛ ✻✳✹✶✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❇✐♥❛r② ❚r❡❡✱
❙✴▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡✲
s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠
❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖
❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✵✾✹✱✻✹ ± ✹✱✵✼ s✮ ♣❛r❛
❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s
♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱
❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✸✪ ❛ ✶✱✶✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭▼P❉✮✳

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✹✷ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛✲
❜❛❧❤♦ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠
♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡✲
s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠
❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳
❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✵✽✼✱✵✸ ± ✹✱✶✶ s✮
♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❇❆▲❆✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱
❘❘ ✭✸✳✵✽✾✱✸✵ ± ✹✱✹✻ s✮✳

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✹✸ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠
♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✲
✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠
❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖
❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✶✵✶✱✷✻ ± ✹✱✵✹ s✮ ♣❛r❛
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❋✐❣✉r❛ ✻✳✹✷✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱ ✶✵ sr✈s✱ ❇✐♥❛r② ❚r❡❡✱
❙✴▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ❙✴▼✉❧t Pr
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❋✐❣✉r❛ ✻✳✹✸✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱ ✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱
▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ❙✴▼✉❧t Pr

❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❇❆▲❆
✭✸✳✶✵✾✱✸✼ ± ✹✱✻✼ s✮✳

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✹✹ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛✲
❜❛❧❤♦ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦s✲
s✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá
❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠
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❋✐❣✉r❛ ✻✳✹✹✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ●❡♦✳ ❍❡t✳✱ ✶✵✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣
❙t❛r✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ❙✴▼✉❧t Pr

❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳
❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✵✽✼✱✾✵ ± ✶✱✻✻ s✮
♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❇❆▲❆✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱
▲❆ ✭✸✳✵✽✾✱✷✸ ± ✶✱✼✽ s✮✳
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❋✐❣✉r❛ ✻✳✹✺✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱ ✶✳✵✵✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣
❙t❛r✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ❙✴▼✉❧t Pr

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✹✺ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛✲
❜❛❧❤♦ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦s✲



✶✻✻

s✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá
❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠
❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖
❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✵✹✻✱✺✻ ± ✵✱✶✷ s✮ ♣❛r❛
❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ▲❆✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❇❆▲❆
✭✸✳✵✹✻✱✺✽ ± ✵✱✵✾ s✮✳
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❋✐❣✉r❛ ✻✳✹✻✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❇✐♥❛r② ❚r❡❡✱
▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✹✻ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠
♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá
❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠
❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖
❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✶✺✵✱✷✾ ± ✽✱✷✸ s✮ ♣❛r❛
❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ▼P❉
✭✸✳✶✺✶✱✺✺ ± ✶✷✱✾✺ s✮✳

❆ ❋✐❣✉r❛ ✻✳✹✼ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦
✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡✲
❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱
s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠✲
♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖
❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✵✽✸✱✹✻ ± ✷✱✼✺ s✮ ♣❛r❛
❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ▼P❉
✭✸✳✵✾✹✱✾✾ ± ✶✶✱✶✷ s✮✳
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❋✐❣✉r❛ ✻✳✹✽✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❑✲❆r② ❋❛t
❚r❡❡✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ▼✉❧t Pr

❆ ❋✐❣✉r❛ ✻✳✹✽ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦s✲
s✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá
❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠
❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳
❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✶✸✻✱✾✻ ± ✽✱✻✻ s✮



✶✻✽

♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ▼P❉
✭✸✳✶✺✵✱✻✻ ± ✶✷✱✵✸ s✮✳
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❋✐❣✉r❛ ✻✳✹✾✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣
❙t❛r✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ▼✉❧t Pr

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✹✾ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛✲
❜❛❧❤♦ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦s✲
s✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá
❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠
❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳
❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✶✹✹✱✵✹ ± ✾✱✶✽ s✮
♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ▼P❉
✭✸✳✶✹✽✱✸✸ ± ✶✶✱✵✷ s✮✳

✻✳✹✳✼ ❆♥á❧✐s❡ ❞❡ ❘❡s✉❧t❛❞♦s✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r✲

❣❛s ✖ Pr✐♦r✐❞❛❞❡ ❆❧t❛

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✺✵ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛✲
❜❛❧❤♦ ❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡
❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✷✳✽✶✶✱✽✵
± ✷✵✱✹✶ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❇❆▲❆✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦
♠❡❧❤♦r✱ ▲❆ ✭✷✳✽✶✷✱✾✾ ± ✶✾✱✾✾ s✮✳
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❆ ❋✐❣✉r❛ ✻✳✺✶ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s
❡ ❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✷✳✽✶✷✱✹✸
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❆ ❋✐❣✉r❛ ✻✳✺✷ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡
❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✷✳✽✵✺✱✼✻
± ✶✶✱✶✼ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❇❆▲❆✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦
♠❡❧❤♦r✱ ❋❆ ✭✷✳✽✶✼✱✹✸ ± ✶✺✱✽✸ s✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✺✸ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r✲
❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐s✲
tr✐❜✉í❞♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✸✳✵✹✺✱✸✻ ± ✵✱✸✸ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ▲❆✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦
s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❇❆▲❆ ✭✸✳✵✹✺✱✺✺ ± ✵✱✸✻ s✮✳

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✺✹ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛✲
❜❛❧❤♦ ❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s
❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠á✲
q✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s
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❋✐❣✉r❛ ✻✳✺✸✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❆❧t❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ●❡♦✳ ❍❡t✳✱ ✶✳✵✵✵
sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ▼✉❧t Pr
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❋✐❣✉r❛ ✻✳✺✹✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❆❧t❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ●❡♦✳ ❍❡t✳✱ ✶✵✵
sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ❙✴▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✸✳✵✺✻✱✺✽ ± ✶✱✶✼ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦
s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❘◆❉ ✭✸✳✵✺✼✱✸✺ ± ✶✱✺✸ s✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✺✺ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r✲
❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦✲
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❋✐❣✉r❛ ✻✳✺✺✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❆❧t❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ◆✳●❡♦✳ ❍♦♠♦✳✱
✶✵ sr✈s✱ ❇✐♥❛r② ❚r❡❡✱ ❙✴▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❞✐str✐❜✉í❞♦ ❡ ❤♦♠♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛✲
❞♦s ✭✷✳✼✾✺✱✻✸ ± ✷✼✱✺✸ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦
♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❘❘ ✭✷✳✽✵✹✱✺✾ ± ✷✻✱✼✹ s✮✳
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❋✐❣✉r❛ ✻✳✺✻✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❆❧t❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵
sr✈s✱ ❑✲❆r② ❋❛t ❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr



✶✼✸

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✺✻ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r✲
❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦✲
❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡✲
s✉❧t❛❞♦s ✭✷✳✼✼✹✱✶✶ ± ✷✸✱✺✾ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡
♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❇❆▲❆ ✭✷✳✼✽✽✱✼✵ ± ✷✸✱✽✽ s✮✳
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❋✐❣✉r❛ ✻✳✺✼✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❆❧t❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵
sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✺✼ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦✲
❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✷✳✽✹✹✱✹✺ ± ✷✵✱✵✷ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣❢✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦
♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ▲❆ ✭✷✳✽✺✵✱✽✺ ± ✷✼✱✷✸ s✮✳

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✺✽ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦✲
❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
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❋✐❣✉r❛ ✻✳✺✽✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❆❧t❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵
sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

✭✷✳✼✾✺✱✾✽ ± ✷✸✱✶✶ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣❢✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦
♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❋❆ ✭✷✳✽✵✽✱✺✷ ± ✷✶✱✹✹ s✮✳
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❋✐❣✉r❛ ✻✳✺✾✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❆❧t❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵
sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ❙✴▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❆ ❋✐❣✉r❛ ✻✳✺✾ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡
❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s



✶✼✺

✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✷✳✽✵✶✱✶✵
± ✷✻✱✾✵ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣❢✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠
♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ▼P❉ ✭✷✳✽✶✶✱✸✺ ± ✶✽✱✹✶ s✮✳

✻✳✹✳✽ ❆♥á❧✐s❡ ❞❡ ❘❡s✉❧t❛❞♦s✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r✲

❣❛s ✖ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧

 3180
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❋✐❣✉r❛ ✻✳✻✵✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧✿ ❉❈ ●❡♦✳ ❍❡t✳✱ ✶✵
sr✈s✱ ❑✲❆r② ❋❛t ❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✻✵ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐s✲
tr✐❜✉í❞♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡✲
s✉❧t❛❞♦s ✭✸✳✷✶✸✱✽✵ ± ✷✶✱✸✵ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❡✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡
♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ▲❆ ✭✸✳✷✶✾✱✶✸ ± ✷✵✱✺✷ s✮✳

❆ ❋✐❣✉r❛ ✻✳✻✶ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡
❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✵✹✼✱✹✼
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❋✐❣✉r❛ ✻✳✻✶✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱
✶✳✵✵✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ▼✉❧t Pr

± ✵✱✶✼ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❇❆▲❆✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦
♠❡❧❤♦r✱ ▲❆ ✭✸✳✵✹✼✱✺✼ ± ✵✱✶✸ s✮✳

 3200
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❋✐❣✉r❛ ✻✳✻✷✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱
✶✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✻✷ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡
❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s



✶✼✼

✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✷✸✸✱✼✽
± ✷✷✱✵✻ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ▲❆✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦
♠❡❧❤♦r✱ ▼P❉ ✭✸✳✷✸✾✱✸✽ ± ✷✾✱✵✹ s✮✳
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❋✐❣✉r❛ ✻✳✻✸✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱
✶✵ sr✈s✱ ❇✐♥❛r② ❚r❡❡✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✻✸ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡✲
♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✸✳✷✼✾✱✹✽ ± ✷✺✱✷✹ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ▼P❉✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠
♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❘◆❉ ✭✸✳✷✾✼✱✷✵ ± ✸✶✱✹✹ s✮✳

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✻✹ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦
❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✷✸✾✱✼✹
± ✷✹✱✼✷ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜❢✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠
♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❍❘ ✭✸✳✷✹✸✱✾✵ ± ✷✽✱✷✻ s✮✳

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✻✺ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱
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❋✐❣✉r❛ ✻✳✻✹✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱
✶✵ sr✈s✱ ❇✐♥❛r② ❚r❡❡✱ ▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

 3040

 3060

 3080

 3100

 3120

 3140

 3160

 3180

 3200

 3220

s
e

c
s

RND
RR
FA
HU
HR

MPD
LA

BALA
TEAp
TEApf
TEAb
TEAbf
TEAe
TEAef

❋✐❣✉r❛ ✻✳✻✺✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱
✶✵✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ▼✉❧t Pr

❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡✲
♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✸✳✵✹✽✱✺✹ ± ✵✱✺✵ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
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❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✵✪ ❛ ✵✱✷✪ ❝♦♠♣❛r❛❞♦ ❛♦
s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❘◆❉✮✳
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❋✐❣✉r❛ ✻✳✻✻✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱
✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ❙✴▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✻✻ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦
❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐r✲
t✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✷✹✻✱✶✼
± ✷✺✱✽✺ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ▼P❉✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦
♠❡❧❤♦r✱ ❋❆ ✭✸✳✷✽✼✱✷✺ ± ✸✶✱✶✾ s✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✻✼ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥á✲
r✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦
❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s
r❡s✉❧t❛❞♦s ✭✸✳✵✽✸✱✹✻ ± ✷✱✼✺ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦
♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ▼P❉ ✭✸✳✵✾✹✱✾✾ ± ✶✶✱✶✷ s✮✳

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✻✽ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦✲
❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
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❋✐❣✉r❛ ✻✳✻✼✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱
✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ❙✴▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ❙✴▼✉❧t Pr
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❋✐❣✉r❛ ✻✳✻✽✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱
✶✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ▼✉❧t Pr

❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✸✳✷✸✹✱✼✽ ± ✶✼✱✹✵ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠
♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ▼P❉ ✭✸✳✷✸✽✱✹✾ ± ✷✸✱✵✻ s✮✳



✶✽✶

✻✳✹✳✾ ❆♥á❧✐s❡ ❞❡ ❘❡s✉❧t❛❞♦s✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r✲
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❋✐❣✉r❛ ✻✳✻✾✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ●❡♦✳ ❍❡t✳✱ ✶✵
sr✈s✱ ❇✐♥❛r② ❚r❡❡✱ ❙✴▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✻✾ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡
❤❡t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐✲
♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✶✼✹✱✺✾
± ✷✽✱✷✽ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦
♠❡❧❤♦r✱ ❚❊❆❜ ✭✸✳✶✽✺✱✽✻ ± ✸✺✱✸✵ s✮✳

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✼✵ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡
❤❡t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐r✲
t✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✶✺✾✱✹✶
± ✹✺✱✶✺ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ▼P❉✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦
♠❡❧❤♦r✱ ❘◆❉ ✭✸✳✶✾✵✱✾✾ ± ✹✶✱✽✼ s✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✼✶ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐✲
❜✉í❞♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
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❋✐❣✉r❛ ✻✳✼✵✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ●❡♦✳ ❍❡t✳✱ ✶✵
sr✈s✱ ❋❧❛t✲❚r❡❡✱ ❙✴▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr
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❋✐❣✉r❛ ✻✳✼✶✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ●❡♦✳ ❍❡t✳✱ ✶✵
sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ▼✉❧t Pr

♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✸✳✷✺✷✱✵✷ ± ✷✶✱✷✸ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠
♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ▼P❉ ✭✸✳✷✼✺✱✺✼ ± ✸✵✱✺✷ s✮✳

❆ ❋✐❣✉r❛ ✻✳✼✷ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛
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❋✐❣✉r❛ ✻✳✼✷✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱
✶✳✵✵✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ❙✴▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡
❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✵✹✵✱✶✺
± ✵✱✵✸ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦
♠❡❧❤♦r✱ ❘◆❉ ✭✸✳✵✹✵✱✷✵ ± ✵✱✵✼ s✮✳

❆ ❋✐❣✉r❛ ✻✳✼✸ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦
❡ ❤♦♠♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐✲
♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✶✷✾✱✷✺
± ✷✽✱✾✼ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦
s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❘◆❉ ✭✸✳✶✺✺✱✵✻ ± ✷✹✱✼✵ s✮✳

❆ ❋✐❣✉r❛ ✻✳✼✹ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦
❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✵✼✶✱✼✽
± ✵✱✼✵ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱
✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s
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❋✐❣✉r❛ ✻✳✼✸✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ◆✳●❡♦✳ ❍♦♠♦✳✱
✶✵ sr✈s✱ ❇✐♥❛r② ❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr
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❋✐❣✉r❛ ✻✳✼✹✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱
✶✵✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ▼✉❧t Pr

♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✵✪ ❛ ✵✱✸✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦
♠❡❧❤♦r ✭❘◆❉✮✳

❆ ❋✐❣✉r❛ ✻✳✼✺ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦
❡ ❤♦♠♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐r✲
t✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
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❋✐❣✉r❛ ✻✳✼✺✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ◆✳●❡♦✳ ❍♦♠♦✳✱
✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ❙✴▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✶✻✸✱✼✼
± ✸✽✱✺✷ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ▼P❉✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦
♠❡❧❤♦r✱ ❍❯ ✭✸✳✶✻✹✱✷✸ ± ✸✷✱✽✹ s✮✳
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❋✐❣✉r❛ ✻✳✼✻✿ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ❈❛r❣❛s✿ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱
✶✵ sr✈s✱ ❑✲❆r② ❋❛t ❚r❡❡✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✼✻ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❛♣ós ❛ ✐♥st❛♥❝✐❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◆❡st❡ ❝❡♥ár✐♦✱



✶✽✻

❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦✲
❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✸✳✶✸✽✱✼✵ ± ✹✹✱✽✶ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ▼P❉✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠
♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❘❘ ✭✸✳✷✵✼✱✻✻ ± ✸✺✱✶✼ s✮✳

✻✳✹✳✶✵ ❆♥á❧✐s❡ ❞❡ ❘❡s✉❧t❛❞♦s✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s
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❋✐❣✉r❛ ✻✳✼✼✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱ ✶✵✵ sr✈s✱ ❑✲❆r② ❋❛t
❚r❡❡✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✼✼ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡
❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✷✺✳✾✼✾✱✼✶
± ✾✺✽✱✾✺ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✹✷✱✽✪ ❛ ✺✹✱✷✪ ❝♦♠♣❛r❛❞♦
❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❇❆▲❆✮✳

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✼✽ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦s✲
s✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá
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❋✐❣✉r❛ ✻✳✼✽✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱ ✶✳✵✵✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣
❙t❛r✱ ▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ❙✴▼✉❧t Pr

❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠
❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖
❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✹✵✳✾✶✼✱✺✾ ± ✷✳✶✷✼✱✻✽ s✮
♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱
✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s
♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✻✼✾✱✽✪ ❛ ✼✻✺✱✹✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦
♠❡❧❤♦r ✭❍❯✮✳

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✼✾ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛
♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡✲
r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐r✲
t✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛
♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✺✳✻✵✶✱✶✺
± ✶✸✷✱✶✵ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ▼P❉✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦
♠❡❧❤♦r✱ ❇❆▲❆ ✭✺✳✻✺✽✱✺✷ ± ✶✹✹✱✻✹ s✮✳

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✽✵ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠
♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡✲
s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠
❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖
❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✺✳✹✹✷✱✵✼ ± ✶✹✱✵✶ s✮ ♣❛r❛
❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s
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❋✐❣✉r❛ ✻✳✽✵✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❇✐♥❛r② ❚r❡❡✱
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♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱
❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✶✱✵✪ ❛ ✹✱✶✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❚❊❆❜❢✮✳

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✽✶ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛✲
❜❛❧❤♦ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠
♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡✲
s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠
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❋✐❣✉r❛ ✻✳✽✶✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❇✐♥❛r② ❚r❡❡✱
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❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳
❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✺✳✹✾✻✱✻✷ ± ✶✶✺✱✺✷ s✮
♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛✲
♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡
❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✸✪ ❛ ✻✱✷✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❯✮✳
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❋✐❣✉r❛ ✻✳✽✷✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱ ▼✐❣✱
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✶✾✵

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✽✷ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛
♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡✲
t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐✲
♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✺✳✼✵✹✱✻✶ ±
✶✷✸✱✷✾ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦
♠❡❧❤♦r✱ ❍❯ ✭✺✳✽✵✵✱✼✽ ± ✽✾✱✵✵ s✮✳
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❋✐❣✉r❛ ✻✳✽✸✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱
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❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✽✸ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛✲
❜❛❧❤♦ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠
♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛✲
t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠
❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳
❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✺✳✷✻✷✱✼✽ ± ✶✵✷✱✻✶ s✮
♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛✲
♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡
❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✾✪ ❛ ✽✱✾✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❯✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✽✹ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛
♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡✲
t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s
❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐r✲
t✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛
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❋✐❣✉r❛ ✻✳✽✹✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❋❧❛t✲❚r❡❡✱
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♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✺✳✷✸✺✱✽✾±
✶✷✼✱✼✷ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱
✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s
♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✷✱✽✪ ❛ ✶✵✱✸✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦
♠❡❧❤♦r ✭❍❯✮✳
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❋✐❣✉r❛ ✻✳✽✺✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❑✲❆r② ❋❛t
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✶✾✷

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✽✺ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦
❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐✲
♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧✲
t❛❞♦s ✭✺✳✹✺✺✱✶✽ ± ✼✹✱✾✽ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s
❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❍❯ ✭✺✳✻✶✾✱✾✷ ± ✾✷✱✹✷ s✮✳
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❋✐❣✉r❛ ✻✳✽✻✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣
❙t❛r✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ❙✴▼✉❧t Pr

❆ ❋✐❣✉r❛ ✻✳✽✻ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦s✲
s✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱
❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá
❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦✲
r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✺✳✷✶✵✱✷✵ ±
✶✷✺✱✻✾ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱
✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s
♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✹✱✶✪ ❛ ✶✷✱✹✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦
♠❡❧❤♦r ✭❍❯✮✳



✶✾✸

 10000

 20000

 30000

 40000

 50000

 60000

 70000

 80000

 90000

 100000

 110000

s
e

c
s

RND
RR
FA
HU
HR

MPD
LA

BALA
TEAp
TEApf
TEAb
TEAbf
TEAe
TEAef

❋✐❣✉r❛ ✻✳✽✼✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❆❧t❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱ ✶✳✵✵✵
sr✈s✱ ❇✐♥❛r② ❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

✻✳✹✳✶✶ ❆♥á❧✐s❡ ❞❡ ❘❡s✉❧t❛❞♦s✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r✲

❣❛s ✖ Pr✐♦r✐❞❛❞❡ ❆❧t❛

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✽✼ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡
❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s
❡ ❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐✲
♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✶✺✳✼✺✾✱✷✵
± ✺✶✾✱✽✷ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✹✸✺✱✾✪ ❛ ✹✾✶✱✸✪ ❝♦♠♣❛r❛❞♦
❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❘◆❉✮✳

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✽✽ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s
❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✷✽✳✵✶✶✱✶✺
± ✻✽✺✱✹✵ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✷✵✶✱✷✪ ❛ ✷✷✽✱✸✪ ❝♦♠♣❛r❛❞♦
❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❘◆❉✮✳
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❋✐❣✉r❛ ✻✳✽✾✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❆❧t❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱ ✶✵✵
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▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✽✾ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡
❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉✲
❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✼✳✶✹✾✱✸✻



✶✾✺

± ✷✸✻✱✽✵ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✻✽✱✹✪ ❛ ✽✵✱✵✪ ❝♦♠♣❛r❛❞♦
❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❋❆✮✳
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❋✐❣✉r❛ ✻✳✾✵✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❆❧t❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱ ✶✵✵
sr✈s✱ ❑✲❆r② ❋❛t ❚r❡❡✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ▼✉❧t Pr

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✾✵ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐s✲
tr✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✼✳✷✵✼✱✶✸ ± ✷✻✹✱✶✼ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦
✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥✲
tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✼✹✱✽✪ ❛ ✽✽✱✼✪
❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❘✮✳

❆ ❋✐❣✉r❛ ✻✳✾✶ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡
❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡
❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✻✳✺✼✽✱✺✼
± ✶✾✻✱✵✾ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
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❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❇❆▲❆✮✳
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❆ ❋✐❣✉r❛ ✻✳✾✷ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡
❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡
❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s



✶✾✼

✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✸✳✻✵✽✱✻✾
± ✻✻✱✺✶ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱
✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s
♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✶✱✺✪ ❛ ✾✱✾✪ ❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦
♠❡❧❤♦r ✭❚❊❆♣❢✮✳

✻✳✹✳✶✷ ❆♥á❧✐s❡ ❞❡ ❘❡s✉❧t❛❞♦s✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r✲
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✶✳✵✵✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ❙✴▼✉❧t Pr

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✾✸ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐s✲
tr✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s
♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦✲
♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✹✵✳✾✶✼✱✺✾ ± ✷✳✶✷✼✱✻✽ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦
✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡
t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✻✼✾✱✽✪ ❛ ✼✻✺✱✹✪
❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❯✮✳

❆ ❋✐❣✉r❛ ✻✳✾✹ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡
♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s
✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡
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❋✐❣✉r❛ ✻✳✾✹✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱ ✶✵✵
sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ▼✉❧t Pr

❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s
✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s
♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✷✸✳✾✵✶✱✶✵
± ✶✳✸✺✹✱✷✻ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣❢✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✹✼✱✵✪ ❛ ✻✹✱✽✪ ❝♦♠♣❛r❛❞♦
❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❇❆▲❆✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✾✺ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡
❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦
❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s
r❡s✉❧t❛❞♦s ✭✺✳✻✵✶✱✶✺ ± ✶✸✷✱✶✵ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ▼P❉✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦
♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❇❆▲❆ ✭✺✳✻✺✽✱✺✷ ± ✶✹✹✱✻✹ s✮✳

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✾✻ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡✲
♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦
❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s
r❡s✉❧t❛❞♦s ✭✺✳✹✾✻✱✻✷ ± ✶✶✺✱✺✷ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦
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♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥✲
tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✸✪ ❛ ✻✱✷✪
❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❯✮✳

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✾✼ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡✲
♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
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♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s
r❡s✉❧t❛❞♦s ✭✺✳✼✵✹✱✻✶ ± ✶✷✸✱✷✾ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦
♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❍❯ ✭✺✳✽✵✵✱✼✽ ± ✽✾✱✵✵ s✮✳
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❋✐❣✉r❛ ✻✳✾✽✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵
sr✈s✱ ❋❧❛t✲❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ❙✴▼✉❧t Pr



✷✵✶

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✾✽ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡
❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r

♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s
r❡s✉❧t❛❞♦s ✭✺✳✷✻✷✱✼✽ ± ✶✵✷✱✻✶ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦
♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥✲
tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✾✪ ❛ ✽✱✾✪
❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❯✮✳
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❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✾✾ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡✲
♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦
❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s
r❡s✉❧t❛❞♦s ✭✺✳✷✸✺✱✽✾ ± ✶✷✼✱✼✷ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦
♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥✲
tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✷✱✽✪ ❛ ✶✵✱✸✪
❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❍❯✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✵✵ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡
❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r
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❋✐❣✉r❛ ✻✳✶✵✵✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱
✶✵ sr✈s✱ ❑✲❆r② ❋❛t ❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ❙✴▼✉❧t Pr

♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡
♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡s✲
s❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉
♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✺✳✹✺✺✱✶✽± ✼✹✱✾✽ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡
♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❍❯ ✭✺✳✻✶✾✱✾✷ ± ✾✷✱✹✷ s✮✳
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❋✐❣✉r❛ ✻✳✶✵✶✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱
✶✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ▼✉❧t Pr
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❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✵✶ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡
❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r

♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡
♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡s✲
s❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦✲
r❡s r❡s✉❧t❛❞♦s ✭✺✳✺✸✷✱✾✸ ± ✶✻✱✵✻ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦
♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥✲
tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✹✪ ❛ ✸✱✻✪
❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❚❊❆♣❢✮✳

✻✳✹✳✶✸ ❆♥á❧✐s❡ ❞❡ ❘❡s✉❧t❛❞♦s✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r✲

❣❛s ✖ Pr✐♦r✐❞❛❞❡ ❇❛✐①❛
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❋✐❣✉r❛ ✻✳✶✵✷✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ●❡♦✳ ❍❡t✳✱ ✶✵
sr✈s✱ ❑✲❆r② ❋❛t ❚r❡❡✱ ▼✐❣✱ ❙✴❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❆ ❋✐❣✉r❛ ✻✳✶✵✷ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐s✲
tr✐❜✉í❞♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✶✵✳✺✶✵✱✻✶ ± ✸✵✾✱✼✺ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❯✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠
♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❍❘ ✭✶✵✳✾✸✽✱✺✵ ± ✸✼✷✱✺✻ s✮✳
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❋✐❣✉r❛ ✻✳✶✵✸✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ●❡♦✳ ❍♦♠♦✳✱
✶✳✵✵✵ sr✈s✱ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱ ▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❆ ❋✐❣✉r❛ ✻✳✶✵✸ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs ❣❡♦✲
❞✐str✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✺✾✳✻✹✶✱✽✾ ± ✷✳✺✷✶✱✻✹ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆♣✮✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦
✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡
t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✽✷✽✱✼✪ ❛ ✾✶✵✱✽✪
❝♦♠♣❛r❛❞♦ ❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭▲❆✮✳

❚❡♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✵✹ ✉♠ ❤✐st♦❣r❛♠❛ s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥á✲
r✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦
❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✷✷✳✵✼✶✱✺✹ ± ✷✺✺✱✹✻ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❇❆▲❆✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s
❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ▲❆ ✭✷✷✳✸✷✽✱✷✸ ± ✷✶✺✱✺✵ s✮✳

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✵✺ ✉♠ ❣rá✜❝♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛✲
❜❛❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡✲
♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
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❋✐❣✉r❛ ✻✳✶✵✺✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵
sr✈s✱ ❇✐♥❛r② ❚r❡❡✱ ▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ❉❡❢✱ ▼✉❧t Pr

❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✼✳✺✷✻✱✼✵ ± ✶✺✷✱✷✷ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ▲❆✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠
♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❇❆▲❆ ✭✼✳✺✸✾✱✸✽ ± ✶✼✷✱✶✼ s✮✳

❆ ❋✐❣✉r❛ ✻✳✶✵✻ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦✲
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❋✐❣✉r❛ ✻✳✶✵✻✿ ❚❡♠♣♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❡ ❈❛r❣❛s✿ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡✿ ❉❈ ◆✳●❡♦✳ ❍❡t✳✱ ✶✵
sr✈s✱ ❇✐♥❛r② ❚r❡❡✱ ❙✴▼✐❣✱ ❙▲❆✱ ❈♦♠♣ ❯sr ■♥❞✱ ▼✉❧t Pr

❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✼✳✺✹✼✱✺✺ ± ✺✼✱✽✼ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✵✪ ❛ ✺✱✷✪ ❝♦♠♣❛r❛❞♦ ❛♦
s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❚❊❆❜❢✮✳

❆ ❋✐❣✉r❛ ✻✳✶✵✼ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡✲
♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✼✳✹✶✻✱✾✹ ± ✹✶✱✷✻ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✶✱✻✪ ❛ ✼✱✶✪ ❝♦♠♣❛r❛❞♦ ❛♦
s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❚❊❆❜❢✮✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✵✽ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡
❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r

♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡
♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡s✲
s❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s
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❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡✲
❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✼✳✺✻✹✱✸✶ ± ✺✸✱✸✸ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡
♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❚❊❆❜❢ ✭✼✳✼✾✹✱✶✷ ± ✶✽✺✱✶✼ s✮✳

❆ ❋✐❣✉r❛ ✻✳✶✵✾ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡ ❝❡♥ár✐♦✱
❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦ ❣❡♦✲
❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
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❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✽✳✷✼✶✱✶✷ ± ✸✶✷✱✻✷ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦
♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❘❘ ✭✽✳✸✸✹✱✼✵ ± ✷✶✺✱✵✽ s✮✳
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❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✶✵ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ❞❡s❞❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ s♦❧✐❝✐t❛çã♦ ♣❡❧♦ ❜r♦❦❡r✳ ◆❡st❡
❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r

♥ã♦ ❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤❡t❡r♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡
♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❞❡s❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡s✲
s❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦✲
r❡s r❡s✉❧t❛❞♦s ✭✼✳✹✺✷✱✺✸ ± ✺✵✱✾✾ s✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❘❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦
♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥✲
tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✵✱✺✪ ❛ ✺✱✽✪
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▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✶✶ ✉♠ ❣rá✜❝♦ ❞♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❛❜♦rt❛❞❛s✳ ◆❡st❡ ❝❡✲
♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✳✵✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs

❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤♦♠♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡✲
s✉❧t❛❞♦s ✭✹✷✱✷✵ ± ✷✱✺✷✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❛♣r❡s❡♥t❛♥❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦
❞❡ ❝♦♥✜❛♥ç❛✱ ✐s♦❧❛❞❛♠❡♥t❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ❞♦ ♣❛râ♠❡tr♦ ❝♦♠♣❛r❛❞♦ ❞❡♥tr❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ♣❛r❛ ❡st❡ ❝❡♥ár✐♦✱ ❝♦♠ ✉♠❛ ♠❡❧❤♦r❛ ✈❛r✐❛♥❞♦ ❞❡ ✻✷✼✱✹✪ ❛ ✼✹✻✱✵✪ ❝♦♠♣❛r❛❞♦
❛♦ s❡❣✉♥❞♦ ♠❡❧❤♦r ✭❋❆✮✳
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▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✶✷ ✉♠ ❣rá✜❝♦ ❞♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❛❜♦rt❛❞❛s✳ ◆❡st❡
❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥t❡rs

❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❋❧❛t✲❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s
r❡s✉❧t❛❞♦s ✭✷✱✽✵ ± ✵✱✹✼✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s
❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ▲❆ ✭✷✱✾✸ ± ✵✱✹✼✮✳

▼♦str❛♠♦s ♥❛ ❋✐❣✉r❛ ✻✳✶✶✸ ✉♠ ❣rá✜❝♦ ❞♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❛❜♦rt❛❞❛s✳ ◆❡st❡
❝❡♥ár✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ❞♦✐s ❞❛t❛ ❝❡♥✲

t❡rs ❣❡♦❞✐str✐❜✉í❞♦s ❡ ❤❡t❡r♦❣ê♥❡♦s✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❑✲❆r② ❋❛t ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡
♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ ❝♦♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡s✲
s❛♠❡♥t♦ ♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ✐♥❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦ ❝♦♠ s♦♠❡♥t❡ ✉♠❛ ♣r✐♦r✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉
♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭✷✱✺✵ ± ✵✱✺✹✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ▲❆✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦
♠❡♥♦s ❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❍❘ ✭✷✱✺✸ ± ✵✱✹✺✮✳

❆ ❋✐❣✉r❛ ✻✳✶✶✹ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❛❜♦rt❛❞❛s✳ ◆❡st❡ ❝❡♥á✲
r✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦
❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤♦♠♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❇✐♥❛r② ❚r❡❡✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦
❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛
❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❝♦♠
♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s
✭✼✱✼✸ ± ✵✱✾✸✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❚❊❆ ✭❚❊❆❜❢✮✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s
❝♦♠ ♦ s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❍❘ ✭✾✱✻✵ ± ✶✱✶✵✮✳
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❆ ❋✐❣✉r❛ ✻✳✶✶✺ tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❛❜♦rt❛❞❛s✳ ◆❡st❡ ❝❡♥á✲
r✐♦✱ ❛✈❛❧✐❛♠♦s ✉♠❛ ♥✉✈❡♠ ♣♦ss✉✐♥❞♦ ✶✵✵ s❡r✈✐❞♦r❡s ❞✐str✐❜✉í❞♦s ❡♠ ✉♠ ❞❛t❛ ❝❡♥t❡r ♥ã♦
❣❡♦❞✐str✐❜✉í❞♦ ❡ ❤♦♠♦❣ê♥❡♦✱ ❡♠♣r❡❣❛♥❞♦ t♦♣♦❧♦❣✐❛ ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✳ ❖ r❡❝✉rs♦ ❞❡ ♠✐❣r❛✲
çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡stá ❛t✐✈❛❞♦✱ s❡♠ ❙▲❆ ❞❡ ❣❛r❛♥t✐❛ ❞❡ ✶✵✵✪ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
♣❛r❛ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉s✉ár✐♦s ❞❡✜♥✐❞♦ ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❝♦♠ ♠ú❧t✐♣❧❛s ♣r✐♦r✐❞❛❞❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧✲
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t❛❞♦s ✭✼✱✵✵ ± ✶✱✵✻✮ ♣❛r❛ ❡st❡ q✉❡s✐t♦ ❢♦✐ ♦ ❍❘✱ ❡♠♣❛t❛❞♦ t❡❝♥✐❝❛♠❡♥t❡ ♣❡❧♦ ♠❡♥♦s ❝♦♠ ♦
s❡❣✉♥❞♦ ♠❡❧❤♦r✱ ❚❊❆♣❢ ✭✼✱✶✸ ± ✵✱✻✾✮✳

✻✳✹✳✶✺ ❆♥á❧✐s❡ ❞❡ ❘❡s✉❧t❛❞♦s✿ ❉✐s❝✉ssã♦

❈♦♥❢r♦♥t❛♥❞♦ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♣❡❧♦s ♠❡❧❤♦r❡s ❛❧❣♦r✐t♠♦s✱ ♥ã♦ ♦❜s❡r✈❛♠♦s ✈✐✲
♦❧❛çõ❡s ❞♦s ❝r✐tér✐♦s ❞❡ ❛♥á❧✐s❡ ❞❡✜♥✐❞♦s ♣❡❧❛s ■♥❡q✉❛çõ❡s ✭✸✳✸✮✱ ✭✸✳✹✮ ❡ ✭✸✳✺✮✳ ❊♠ ♦✉tr❛s
♣❛❧❛✈r❛s✱ ♣❛r❛ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s t✐❞♦s ❝♦♠♦ ♦s ♠❡❧❤♦r❡s ❡♠ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♥♦s
❝❡♥ár✐♦s ❡st✉❞❛❞♦s✱ ♥❡♥❤✉♠ ❛♣r❡s❡♥t♦✉ ✉♠ ❞❡s❡♠♣❡♥❤♦ ❞❡ t❡♠♣♦ ❣❧♦❜❛❧ ✖ ♠❛❦❡s♣❛♥ ✖
✐♥❛❝❡✐t❛✈❡❧♠❡♥t❡ ✐♥❢❡r✐♦r ❛♦s ❞❡♠❛✐s✳ ❘❡❛❧✐③❛♠♦s ♥❛ ❚❛❜❡❧❛ ✻✳✶ ✉♠❛ ❛♥á❧✐s❡ ♣♦r ❝❛r❛❝t❡✲
ríst✐❝❛s ✐♥❞✐✈✐❞✉❛✐s ❞♦s ❞❛t❛ ❝❡♥t❡rs q✉❡ ❝♦♠♣õ❡♠ ❛ ♥✉✈❡♠ ♣❛r❛ ♦s ❝❡♥ár✐♦s s✐♠✉❧❛❞♦s✱
❛♣r❡s❡♥t❛♥❞♦ ✈❛❧♦r❡s r❡❧❛t✐✈♦s ♣❡r❝❡♥t✉❛✐s ❞♦ ♥ú♠❡r♦ ❞❡ ✈❡③❡s ❡♠ q✉❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦
❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s ♠é❞✐♦s ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✱ ❞❡st❛❝❛♥❞♦ ♦ r❡s✉❧t❛❞♦
❞♦ ♠❡❧❤♦r ❛❧❣♦r✐t♠♦✳ ❘❡ss❛❧t❛♠♦s q✉❡ ♦ t♦t❛❧ ❞❡ ❝❡♥ár✐♦s s✐♠✉❧❛❞♦s ❢♦✐ ❞❡ ✶✵✳✼✺✷✱ ♣♦r✲
t❛♥t♦✱ ❝❛❞❛ ❡♥tr❛❞❛ ♥♦ t❛❜❡❧❛ r❡♣r❡s❡♥t❛ ♦ ♥ú♠❡r♦ ❞❡ ❝❡♥ár✐♦s r❡❢❡r❡♥t❡ ❛♦ ✐t❡♠ ❛✈❛❧✐❛❞♦✳
P♦r ❡①❡♠♣❧♦✱ t❡♠♦s q✉❛tr♦ ♦♣çõ❡s ♣♦ssí✈❡✐s ♣❛r❛ t♦♣♦❧♦❣✐❛s✱ ❧♦❣♦ ❝❛❞❛ ❡♥tr❛❞❛ ♥❛ t❛❜❡❧❛
✐♥❞✐❝❛rá ♦ r❡s✉❧t❛❞♦ ❝♦♥s♦❧✐❞❛❞♦ ❞❛ s✐♠✉❧❛çã♦ ❞❡ 10.752/4 = 2.688 ❝❡♥ár✐♦s✳
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✼✱✻✪ ✷✽✱✻✪ ✸✱✶✪ ✷✱✾✪ ✷✶✱✾✪ ✷✱✾✪ ✶✶✱✷✪ ✶✵✱✷✪
✶✱✵✪ ✷✱✸✪ ✶✱✸✪ ✸✱✶✪ ✷✱✶✪ ✶✱✽✪ ✶✶✱✼✪

❚❡♠♣♦ ▼é❞✐♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❛s ❈❛r❣❛s ✖ ❆❧t❛ Pr✐♦r✐❞❛❞❡

▼áq✉✐♥❛s ❱✐rt✉❛✐s P♦ss✉✐♥❞♦ ▼ú❧t✐♣❧❛s Pr✐♦r✐❞❛❞❡s

✺✱✼✪ ✷✶✱✶✪ ✷✱✻✪ ✷✱✶✪ ✶✺✱✹✪ ✷✱✻✪ ✶✵✱✼✪ ✶✹✱✸✪
✹✱✹✪ ✹✱✷✪ ✸✱✾✪ ✹✱✷✪ ✺✱✷✪ ✸✱✻✪ ✷✺✱✺✪

❚❡♠♣♦ ▼é❞✐♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❛s ❈❛r❣❛s ✖ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧

▼áq✉✐♥❛s ❱✐rt✉❛✐s P♦ss✉✐♥❞♦ ▼ú❧t✐♣❧❛s Pr✐♦r✐❞❛❞❡s

✼✱✵✪ ✷✼✱✶✪ ✷✱✾✪ ✹✱✷✪ ✶✻✱✶✪ ✻✱✽✪ ✾✱✹✪ ✾✱✶✪
✸✱✶✪ ✸✱✾✪ ✷✱✸✪ ✶✱✽✪ ✸✱✹✪ ✷✱✾✪ ✶✼✱✹✪

❚❡♠♣♦ ▼é❞✐♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❛s ❈❛r❣❛s ✖ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡

▼áq✉✐♥❛s ❱✐rt✉❛✐s P♦ss✉✐♥❞♦ ▼ú❧t✐♣❧❛s Pr✐♦r✐❞❛❞❡s

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

❚❡♠♣♦ ▼é❞✐♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❛s ❈❛r❣❛s

▼áq✉✐♥❛s ❱✐rt✉❛✐s P♦ss✉✐♥❞♦ ▼ú❧t✐♣❧❛s Pr✐♦r✐❞❛❞❡s

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

❚❡♠♣♦ ▼é❞✐♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❛s ❈❛r❣❛s ✖ ❆❧t❛ Pr✐♦r✐❞❛❞❡

▼áq✉✐♥❛s ❱✐rt✉❛✐s P♦ss✉✐♥❞♦ ▼ú❧t✐♣❧❛s Pr✐♦r✐❞❛❞❡s

✶✱✸✪ ✷✱✾✪ ✶✶✱✷✪ ✶✵✱✷✪ ✾✱✾✪ ✽✱✾✪ ✸✱✻✪ ✻✱✵✪
✼✱✸✪ ✶✷✱✷✪ ✹✱✼✪ ✼✱✻✪ ✾✱✻✪ ✹✱✼✪ ✹✻✱✶✪
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❘◆❉ ❘❘ ❋❆ ❍❯ ❍❘ ▼P❉ ▲❆ ❇❆▲❆

❚❊❆♣ ❚❊❆♣❢ ❚❊❆❜ ❚❊❆❜❢ ❚❊❆❡ ❚❊❆❡❢ ❚❊❆

❚❡♠♣♦ ▼é❞✐♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❛s ❈❛r❣❛s ✖ Pr✐♦r✐❞❛❞❡ ◆♦r♠❛❧

▼áq✉✐♥❛s ❱✐rt✉❛✐s P♦ss✉✐♥❞♦ ▼ú❧t✐♣❧❛s Pr✐♦r✐❞❛❞❡s

✵✱✵✪ ✺✱✺✪ ✶✻✱✼✪ ✶✸✱✺✪ ✸✱✹✪ ✼✱✸✪ ✻✱✺✪ ✼✱✸✪
✻✱✸✪ ✼✱✽✪ ✻✱✽✪ ✼✱✻✪ ✺✱✺✪ ✻✱✵✪ ✸✾✱✽✪

❚❡♠♣♦ ▼é❞✐♦ ♣❛r❛ ❈♦♥❝❧✉sã♦ ❞❛s ❈❛r❣❛s ✖ ❇❛✐①❛ Pr✐♦r✐❞❛❞❡

▼áq✉✐♥❛s ❱✐rt✉❛✐s P♦ss✉✐♥❞♦ ▼ú❧t✐♣❧❛s Pr✐♦r✐❞❛❞❡s

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

❊st✉❞❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ t♦t❛❧ ♠é❞✐♦ ❞❛ ♥✉✈❡♠✱ ❛♥❛❧✐s❛♠♦s ♦s
✈❛❧♦r❡s r❡❧❛t✐✈♦s ❛♦ ♣❡r❝❡♥t✉❛❧ ❞♦ ♥ú♠❡r♦ ❞❡ ✈❡③❡s ❡♠ q✉❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦
♦ ♠❡❧❤♦r ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✿

• ❇❆▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✺✱✷✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❋❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✶✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✺✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❯ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✵✱✹✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✾✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▼P❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✱✹✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✱✹✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✼✱✼✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✺✱✺✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✺✱✹✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✱✾✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✽✱✷✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• P♦rt❛♥t♦✱ ♦ ❚❊❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✵✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❡st❡ ❝r✐tér✐♦✳

❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ♦ ♠❛❦❡s♣❛♥ ♠é❞✐♦ ❞❛ ♥✉✈❡♠✱ ❛♥❛❧✐s❛♠♦s ♦s ✈❛❧♦r❡s r❡✲
❧❛t✐✈♦s ❞♦ ♣❡r❝❡♥t✉❛❧ ❞♦ ♥ú♠❡r♦ ❞❡ ✈❡③❡s ❡♠ q✉❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♦ ♠❡❧❤♦r
♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✿

• ❇❆▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❋❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✺✱✺✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀
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• ❍❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✼✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❯ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✺✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▼P❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘◆❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✵✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✵✱✾✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✵✱✾✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✺✱✺✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✷✱✽✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✷✱✽✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✸✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✷✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• P♦rt❛♥t♦✱ ♦ ❚❊❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✼✼✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❡st❡ ❝r✐tér✐♦✳

❊♠ ✉♠❛ r❡✢❡①ã♦ ❡①❝❧✉s✐✈❛ s♦❜r❡ ♦ t❡♠♣♦ ♠é❞✐♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ♥❛ ♥✉✈❡♠✱ ♦❜s❡r✈❛♠♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❞♦ ♣❡r❝❡♥t✉❛❧ ❞♦ ♥ú♠❡r♦ ❞❡ ✈❡③❡s ❡♠
q✉❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♦ ♠❡❧❤♦r ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✿

• ❇❆▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✵✱✼✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❋❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✼✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✶✱✺✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❯ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✷✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▼P❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘◆❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✱✹✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✽✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✼✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀
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• ❚❊❆♣ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• P♦rt❛♥t♦✱ ♦ ❚❊❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✸✱✹✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❡st❡ ❝r✐tér✐♦✳

❊♠ ✉♠❛ r❡✢❡①ã♦ ❡①❝❧✉s✐✈❛ s♦❜r❡ ♦ t❡♠♣♦ ♠é❞✐♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ♥❛ ♥✉✈❡♠✱ ♦❜s❡r✈❛♠♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❞♦ ♣❡r❝❡♥t✉❛❧ ❞♦ ♥ú♠❡r♦
❞❡ ✈❡③❡s ❡♠ q✉❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♦ ♠❡❧❤♦r ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✿

• ❇❆▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✼✱✷✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❋❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✼✱✼✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❯ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✺✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▼P❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘◆❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✺✷✱✾✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✵✱✺✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✽✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✷✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• P♦rt❛♥t♦✱ ♦ ❚❊❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✷✱✽✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❡st❡ ❝r✐tér✐♦✳

❊♠ ✉♠❛ r❡✢❡①ã♦ ❡①❝❧✉s✐✈❛ s♦❜r❡ ♦ t❡♠♣♦ ♠é❞✐♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ♥❛ ♥✉✈❡♠✱ ♦❜s❡r✈❛♠♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❞♦ ♣❡r❝❡♥t✉❛❧
❞♦ ♥ú♠❡r♦ ❞❡ ✈❡③❡s ❡♠ q✉❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♦ ♠❡❧❤♦r ♣❛r❛ ♦s ❝❡♥ár✐♦s
❛✈❛❧✐❛❞♦s✿

• ❇❆▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✵✱✷✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❋❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✽✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❯ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀
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• ▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✶✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▼P❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘◆❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✱✷✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✼✱✾✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✹✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• P♦rt❛♥t♦✱ ♦ ❚❊❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✻✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❡st❡ ❝r✐tér✐♦✳

❊♠ ✉♠❛ r❡✢❡①ã♦ ❡①❝❧✉s✐✈❛ s♦❜r❡ ♦ t❡♠♣♦ ♠é❞✐♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ♥❛ ♥✉✈❡♠✱ ♦❜s❡r✈❛♠♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❞♦ ♣❡r❝❡♥t✉❛❧
❞♦ ♥ú♠❡r♦ ❞❡ ✈❡③❡s ❡♠ q✉❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♦ ♠❡❧❤♦r ♣❛r❛ ♦s ❝❡♥ár✐♦s
❛✈❛❧✐❛❞♦s✿

• ❇❆▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✱✼✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❋❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✵✱✺✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✾✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❯ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✷✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▼P❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✾✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘◆❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✺✺✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✸✱✹✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✹✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✷✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✵✱✺✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✵✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀
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• ❚❊❆♣❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• P♦rt❛♥t♦✱ ♦ ❚❊❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✺✱✼✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❡st❡ ❝r✐tér✐♦✳

❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ♦ t❡♠♣♦ ♠é❞✐♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
♥❛ ♥✉✈❡♠✱ ♦❜s❡r✈❛♠♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❞♦ ♣❡r❝❡♥t✉❛❧ ❞♦ ♥ú♠❡r♦ ❞❡ ✈❡③❡s ❡♠ q✉❡ ❝❛❞❛
❛❧❣♦r✐t♠♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♦ ♠❡❧❤♦r ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✿

• ❇❆▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✱✺✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❋❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✼✱✷✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✼✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❯ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✽✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▼P❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✽✱✺✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✽✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✼✱✹✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✼✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✽✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• P♦rt❛♥t♦✱ ♦ ❚❊❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✸✱✾✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❡st❡ ❝r✐tér✐♦✳

❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ♦ t❡♠♣♦ ♠é❞✐♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ♥❛ ♥✉✈❡♠✱ ♦❜s❡r✈❛♠♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❞♦ ♣❡r❝❡♥t✉❛❧ ❞♦ ♥ú♠❡r♦ ❞❡
✈❡③❡s ❡♠ q✉❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♦ ♠❡❧❤♦r ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✿

• ❇❆▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❋❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✺✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✱✾✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❯ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✺✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✽✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▼P❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✱✹✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘◆❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✺✵✱✼✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀
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• ❘❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✱✹✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✽✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✱✽✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• P♦rt❛♥t♦✱ ♦ ❚❊❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✸✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❡st❡ ❝r✐tér✐♦✳

❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ♦ t❡♠♣♦ ♠é❞✐♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧ ♥❛ ♥✉✈❡♠✱ ♦❜s❡r✈❛♠♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❞♦ ♣❡r❝❡♥t✉❛❧ ❞♦ ♥ú♠❡r♦
❞❡ ✈❡③❡s ❡♠ q✉❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♦ ♠❡❧❤♦r ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✿

• ❇❆▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✱✺✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❋❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✻✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❯ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✽✱✾✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✱✾✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▼P❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✽✱✷✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✱✽✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✽✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✼✱✷✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✼✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✼✱✷✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✽✱✻✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• P♦rt❛♥t♦✱ ♦ ❚❊❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✹✹✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❡st❡ ❝r✐tér✐♦✳

❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ♦ t❡♠♣♦ ♠é❞✐♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦
❞❡ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡ ♥❛ ♥✉✈❡♠✱ ♦❜s❡r✈❛♠♦s ♦s ✈❛❧♦r❡s r❡❧❛t✐✈♦s ❞♦ ♣❡r❝❡♥t✉❛❧ ❞♦ ♥ú♠❡r♦
❞❡ ✈❡③❡s ❡♠ q✉❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♦ ♠❡❧❤♦r ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✿

• ❇❆▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✹✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀



✷✹✵

• ❋❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✾✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✺✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❍❯ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✻✱✺✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▲❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✼✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ▼P❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✷✱✼✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘◆❉ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✺✵✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❘❘ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✶✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❜❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆❡❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✵✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✸✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• ❚❊❆♣❢ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✸✱✽✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s❀

• P♦rt❛♥t♦✱ ♦ ❚❊❆ ❢♦✐ ♦ ♠❡❧❤♦r ❡♠ ✶✾✱✽✪ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❡st❡ ❝r✐tér✐♦✳

❈♦♥s✐❞❡r❛♥❞♦ ♦ ❚❊❆ ❡ ❝♦♠♣❛r❛♥❞♦ s✉❛s ❞✐❢❡r❡♥t❡s ✐♠♣❧❡♠❡♥t❛çõ❡s ❡♥tr❡ s✐ ❡ ❝♦♠ ♦s
♠❡❧❤♦r❡s ❛❧❣♦r✐t♠♦s ♥♦s ❝r✐tér✐♦s ❡st✉❞❛❞♦s✱ ♦❜s❡r✈❛♠♦s q✉❡✿

• ❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❛ ♠é❞✐❛ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❛ ♠❡❧❤♦r ✈❡rsã♦ ❞♦
❚❊❆ ❢♦✐ ❛ ❚❊❆❡ ✭❡♠ ✶✺✱✺✪ ❞♦s ❝❛s♦s✮❀

• ❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ♦ ♠❛❦❡s♣❛♥ ♠é❞✐♦✱ ❛ ♠❡❧❤♦r ✈❡rsã♦ ❞♦ ❚❊❆ ❢♦✐ ❛ ❚❊❆❜❢
✭❡♠ ✶✺✱✺✪ ❞♦s ❝❛s♦s✮❀

• ❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦✱ ❛ ♠❡❧❤♦r ✈❡rsã♦ ❞♦ ❚❊❆ ❢♦✐ ❛ ❚❊❆❜❢ ✭❡♠ ✸✱✵✪ ❞♦s ❝❛s♦s✮❀

• ❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❝♦♠ ❛❧t❛ ♣r✐♦r✐❞❛❞❡✱ ❛ ♠❡❧❤♦r ✈❡rsã♦ ❞♦ ❚❊❆ ❢♦✐ ❛ ❚❊❆❡ ✭❡♠ ✷✱✻✪ ❞♦s
❝❛s♦s✮❀

• ❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❝♦♠ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧✱ ❛ ♠❡❧❤♦r ✈❡rsã♦ ❞♦ ❚❊❆ ❢♦✐ ❛ ❚❊❆♣❢ ✭❡♠ ✸✱✹✪ ❞♦s
❝❛s♦s✮❀

• ❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦ ❝♦♠ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡✱ ❛ ♠❡❧❤♦r ✈❡rsã♦ ❞♦ ❚❊❆ ❢♦✐ ❛ ❚❊❆❜ ✭❡♠ ✶✱✹✪ ❞♦s
❝❛s♦s✮❀
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• ❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦✱ ❛ ♠❡❧❤♦r ✈❡rsã♦ ❞♦ ❚❊❆ ❢♦✐ ❛ ❚❊❆❜❢ ✭❡♠ ✽✱✸✪ ❞♦s ❝❛s♦s✮❀

• ❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❝♦♠ ❛❧t❛ ♣r✐♦r✐❞❛❞❡✱ ❛ ♠❡❧❤♦r ✈❡rsã♦ ❞♦ ❚❊❆ ❢♦✐ ❛ ❚❊❆♣❢ ✭❡♠ ✻✱✶✪ ❞♦s ❝❛s♦s✮❀

• ❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛✲
❜❛❧❤♦ ❝♦♠ ♣r✐♦r✐❞❛❞❡ ♥♦r♠❛❧✱ ❛ ♠❡❧❤♦r ✈❡rsã♦ ❞♦ ❚❊❆ ❢♦✐ ❛ ❚❊❆♣❢ ✭❡♠ ✽✱✻✪ ❞♦s
❝❛s♦s✮❀

• ❈♦♥s✐❞❡r❛♥❞♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛✲
❧❤♦ ❝♦♠ ❜❛✐①❛ ♣r✐♦r✐❞❛❞❡✱ ❛ ♠❡❧❤♦r ✈❡rsã♦ ❞♦ ❚❊❆ ❢♦✐ ❛ ❚❊❆♣❢ ✭❡♠ ✸✱✽✪ ❞♦s ❝❛s♦s✮✳

• ❆♥❛❧✐s❛♥❞♦ ❛ ♠é❞✐❛ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛
❡♠ ✾✺✪ ❞❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✱ ❛ ✈❡rsã♦ ❞♦ ❚❊❆ q✉❡ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛✲
❞♦s ❢♦✐ ❚❊❆❡ ✭❝♦♠ ♦ ❚❊❆ s❡♥❞♦ ♠❡❧❤♦r ❡♠ ✻✸✱✵✪ ❞♦s ❝❛s♦s ❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s
❛✈❛❧✐❛❞♦s✮❀

• ❆♥❛❧✐s❛♥❞♦ ♦ ♠❛❦❡s♣❛♥ ♠é❞✐♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪ ❞❡
t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✱ ❛ ✈❡rsã♦ ❞♦ ❚❊❆ q✉❡ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❢♦✐ ❚❊❆❜
✭❝♦♠ ♦ ❚❊❆ s❡♥❞♦ ♠❡❧❤♦r ❡♠ ✽✵✱✻✪ ❞♦s ❝❛s♦s ❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❛✈❛❧✐❛❞♦s✮❀

• ❆♥❛❧✐s❛♥❞♦ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ❝♦♥s✐❞❡r❛♥❞♦
♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪ ❞❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✱ ❛ ✈❡rsã♦ ❞♦ ❚❊❆ q✉❡
❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❢♦✐ ❚❊❆❜❢ ✭❝♦♠ ♦ ❚❊❆ s❡♥❞♦ ♠❡❧❤♦r ❡♠ ✷✽✱✹✪ ❞♦s
❝❛s♦s ❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❛✈❛❧✐❛❞♦s✮❀

• ❆♥❛❧✐s❛♥❞♦ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡ ❛❧t❛ ♣r✐✲
♦r✐❞❛❞❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪ ❞❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✱
❛ ✈❡rsã♦ ❞♦ ❚❊❆ q✉❡ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❢♦✐ ❚❊❆♣ ✭❝♦♠ ♦ ❚❊❆ s❡♥❞♦
♠❡❧❤♦r ❡♠ ✷✸✱✼✪ ❞♦s ❝❛s♦s ❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❛✈❛❧✐❛❞♦s✮❀

• ❆♥❛❧✐s❛♥❞♦ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡
♥♦r♠❛❧✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪ ❞❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✱ ❛
✈❡rsã♦ ❞♦ ❚❊❆ q✉❡ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❢♦✐ ❚❊❆❜❢ ✭❝♦♠ ♦ ❚❊❆ s❡♥❞♦
♠❡❧❤♦r ❡♠ ✸✺✱✷✪ ❞♦s ❝❛s♦s ❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❛✈❛❧✐❛❞♦s✮❀

• ❆♥❛❧✐s❛♥❞♦ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡ ❜❛✐①❛
♣r✐♦r✐❞❛❞❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪ ❞❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✱
❛ ✈❡rsã♦ ❞♦ ❚❊❆ q✉❡ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❢♦✐ ❚❊❆♣ ✭❝♦♠ ♦ ❚❊❆ s❡♥❞♦
♠❡❧❤♦r ❡♠ ✶✻✱✶✪ ❞♦s ❝❛s♦s ❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❛✈❛❧✐❛❞♦s✮❀

• ❆♥❛❧✐s❛♥❞♦ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ❝♦♥s✐❞❡r❛♥❞♦
♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪ ❞❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✱ ❛ ✈❡rsã♦ ❞♦ ❚❊❆ q✉❡
❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❢♦✐ ❚❊❆♣ ✭❝♦♠ ♦ ❚❊❆ s❡♥❞♦ ♠❡❧❤♦r ❡♠ ✹✺✱✹✪ ❞♦s
❝❛s♦s ❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❛✈❛❧✐❛❞♦s✮❀
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• ❆♥❛❧✐s❛♥❞♦ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡ ❛❧t❛ ♣r✐♦✲
r✐❞❛❞❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪ ❞❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✱ ❛
✈❡rsã♦ ❞♦ ❚❊❆ q✉❡ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❢♦✐ ❚❊❆♣ ✭❝♦♠ ♦ ❚❊❆ s❡♥❞♦
♠❡❧❤♦r ❡♠ ✷✺✱✹✪ ❞♦s ❝❛s♦s ❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❛✈❛❧✐❛❞♦s✮❀

• ❆♥❛❧✐s❛♥❞♦ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡ ♣r✐♦r✐❞❛❞❡
♥♦r♠❛❧✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪ ❞❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✱ ❛
✈❡rsã♦ ❞♦ ❚❊❆ q✉❡ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❢♦✐ ❚❊❆♣ ✭❝♦♠ ♦ ❚❊❆ s❡♥❞♦
♠❡❧❤♦r ❡♠ ✹✻✱✵✪ ❞♦s ❝❛s♦s ❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❛✈❛❧✐❛❞♦s✮❀

• ❆♥❛❧✐s❛♥❞♦ ❛ ♠é❞✐❛ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡ ❜❛✐①❛ ♣r✐✲
♦r✐❞❛❞❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❡♠ ✾✺✪ ❞❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✱
❛ ✈❡rsã♦ ❞♦ ❚❊❆ q✉❡ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❢♦✐ ❚❊❆♣ ✭❝♦♠ ♦ ❚❊❆ s❡♥❞♦
♠❡❧❤♦r ❡♠ ✷✶✱✵✪ ❞♦s ❝❛s♦s ❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❛✈❛❧✐❛❞♦s✮✳

✻✳✺ ❈♦♠❡♥tár✐♦s ❋✐♥❛✐s

◆❡st❡ ❝❛♣ít✉❧♦ ❡①♣❛♥❞✐♠♦s ♥♦ss♦ ❢♦❝♦ ♣❛r❛ ♣r♦✈❡r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❝♦♥s✐❞❡r❛♥❞♦ ♥ã♦
s♦♠❡♥t❡ ♦s ❡❧❡♠❡♥t♦s ❞❡ ❜♦r❞❛✱ ♠❛s t❛♠❜é♠ tr❛③❡♥❞♦ ❛♦ ❛❧❣♦r✐t♠♦ ❛ ❝✐ê♥❝✐❛ ❞❛ t♦♣♦❧♦❣✐❛
❡♠ s✐✳

❊♠♣r❡❣❛♥❞♦ ♦s ❝♦♥❤❡❝✐♠❡♥t♦s ♦❜t✐❞♦s ❝♦♠ ♦s ❡st✉❞♦s ❛♥t❡r✐♦r❡s✱ ♣r♦♣♦♠♦s ✉♠ ♥♦✈♦
❡ ❡s❝❛❧á✈❡❧ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♦ ❚❊❆✳ ❊st❡ ❛❧❣♦r✐t♠♦ ❢♦✐
♣r♦❥❡t❛❞♦ ♣❛r❛ ❛t✉❛r ❡♠ ❞✉❛s ❢r❡♥t❡s✿ ✭❛✮ ♥❛s ❛t✉❛❧✐③❛çõ❡s ❞♦ ❜r♦❦❡r✱ r❡❛❧✐③❛♥❞♦ ✉♠ ♣ré✲
♣r♦❝❡ss❛♠❡♥t♦ ❞❛ ♦r❞❡♠ ♥❛ q✉❛❧ ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s s❡rã♦ tr❛t❛❞❛s✱ ❞❡ ♠♦❞♦ ❡str❛té❣✐❝♦
♣❛r❛ ♣r♦✈❡r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ s❡♠ ♣r❡❥✉❞✐❝❛r ❛s ♣r✐♦r✐❞❛❞❡s❀ ❡ ✭❜✮ ♥❛ ❡s❝♦❧❤❛ ❞♦ s❡r✈✐✲
❞♦r ♣❛r❛ ❤♦s♣❡❞❛r ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♦❜❥❡t✐✈❛♥❞♦ ♣r♦✈❡r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❛tr❛✈és
❞❡ ❝✐♥❝♦ ❝r✐tér✐♦s✿ ✭✐✮ ♠❡♥♦r ❞✐❢❡r❡♥ç❛ ❡♠ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ❛♥t❡s ❡ ❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❛
♠áq✉✐♥❛ ✈✐rt✉❛❧❀ s❡r✈✐❞♦r ❝♦♠ ♠❛✐♦r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❝♦♠ r❡❧❛çã♦ ✭✐✐✮ ❛♦ ▼■P❙✱ ✭✐✐✐✮
à q✉❛♥t✐❞❛❞❡ ❞❡ ❘❆▼✱ ✭✐✈✮ à ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛❀ ❡ ✭✈✮ r♦t❛ ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ ❡♥❡r❣✐❛ ❡♥tr❡
♦ s✐st❡♠❛ ✜♥❛❧ ♥♦ q✉❛❧ ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ s❡ ❡♥❝♦♥tr❛ ❡ ♦ s❡r✈✐❞♦r ❞❡ ❞❡st✐♥♦✳

❊st❡ ❛❧❣♦r✐t♠♦ t❛♠❜é♠ ❛t✉❛ ❝♦♠ ❞✉❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ♣❡rs♦♥❛❧✐③❛çã♦✿ ✭✐✮ ❧✐♠✐t❛çã♦
❞♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s ❧✐❣❛❞♦s ✖ ♦s ♠❛✐s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛ ✖ ♣❛r❛ ❝❛r❣❛s ♥ã♦
♣r✐♦r✐tár✐❛s ❡ ✭✐✐✮ ✉s♦ ❞❡ ✉♠ ❡st✐♠❛❞♦r ❞❡ t❡♠♣♦ r❡st❛♥t❡ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣❛r❛ t❡♥t❛r
♦t✐♠✐③❛r ♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✳ ❈♦♠ ❜❛s❡ ♥❡st❛s ♣❡rs♦♥❛❧✐③❛çõ❡s✱ ♦❢❡r❡❝❡♠♦s ❡
t❡st❛♠♦s s❡✐s s❛❜♦r❡s ❞♦ ❛❧❣♦r✐t♠♦✿ q✉❛♥t♦ à ❧✐♠✐t❛çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ s❡r✈✐❞♦r❡s ♣❛r❛ ✉s♦
❣❡r❛❧ ❧✐❣❛❞♦s ♦❢❡r❡❝❡♠♦s ✭✐✮ ✉♠❛ ✈❡rsã♦ ❡❝♦♥ô♠✐❝❛ ❚❊❆❡✱ ❝♦♠ ♦ ❧✐♠✐t❡ ❞❡ ✺✵✪❀ ✭✐✐✮ ✉♠❛
✈❡rsã♦ ❜❛❧❛♥❝❡❛❞❛ ❚❊❆❜✱ ❝♦♠ ❧✐♠✐t❡ ❞❡ ✼✺✪❀ ❡ ✭✐✐✐✮ ✉♠❛ ✈❡rsã♦ ❢♦❝❛❞❛ ❡♠ ❞❡s❡♠♣❡♥❤♦
❚❊❆♣✱ q✉❡ ❛❞♠✐t❡ ❧✐❣❛r t♦❞♦s ♦s s❡r✈✐❞♦r❡s✳ ❆❧é♠ ❞❡st❡s✱ ♦❢❡r❡❝❡♠♦s ♠❛✐s três s❛❜♦r❡s✱
q✉❡ t❡♥t❛♠ ❡st✐♠❛r ♦ t❡♠♣♦ r❡st❛♥t❡ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ✉♠ ❛❧❣♦r✐t♠♦ ❡st❛tíst✐❝♦
❞❡ ♠♦❞♦ ❛ t❡♥t❛r ♦t✐♠✐③❛r ♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✱ ❛ s❛❜❡r✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❚❊❆❡❢✱
❚❊❆❜❢ ❡ ❚❊❆♣❢✳

◆♦ss♦s t❡st❡s ♠♦str❛r❛♠ q✉❡ t♦❞♦s ♦s s❛❜♦r❡s ❞♦ ❚❊❆ s❡ ❝♦♠♣♦rt❛r❛♠ ❞❡ ❢♦r♠❛ s❛✲
t✐s❢❛tór✐❛ ❡♠ t♦❞♦s ♦s ❝❡♥ár✐♦s✱ ❝♦♠ ❣❛♥❤♦s ♥♦tá✈❡✐s ❡♠ ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s✱
❤❡t❡r♦❣ê♥❡♦s ❡ ❝♦♠ t♦♣♦❧♦❣✐❛s ❝♦♥st✐t✉í❞❛s ♣♦r ✉♠❛ ♥✉♠❡r♦s❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦♠✉t❛❞♦✲
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r❡s ❞❡ ♣❛❝♦t❡s ♦✉ ❝✉❥❛s r♦t❛s ♣♦ss❛♠ ♣❛ss❛r ♣♦r ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ❝♦♠✉t❛❞♦r❡s ❞❡
♣❛❝♦t❡s✳ ❱❛❧❡ ❛q✉✐ r❡ss❛❧t❛r q✉❡ ♦ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦ ❞❛ ❛t✉❛çã♦ ❞♦ ❚❊❆ é ♥❛ ♠✐♥✐♠✐③❛✲
çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳ ◆♦ ❡♥t❛♥t♦✱ ❞♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞❡ ❝✉st♦s ♦♣❡r❛❝✐♦♥❛✐s✱ ❡♠
❡s♣❡❝✐❛❧ ♥♦ ❝❛s♦ ❞❡ ❣❡♦❞✐str✐❜✉✐çã♦✱ t❛①❛s ✐♥❡r❡♥t❡s à ♠❛♥✉t❡♥çã♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs ✖ ❡✳❣✳
✐♥t❡r❧✐❣❛çã♦ ✖ t❛♠❜é♠ ♣♦❞❡♠ s❡r ♣❛ssí✈❡✐s ❞❡ ❛♥á❧✐s❡ ♣❡❧♦ ❛❞♠✐♥✐str❛❞♦r ❞❛ ♥✉✈❡♠✳

❆ ♠❡❧❤♦r ✈❡rsã♦ ❞♦ ❚❊❆ ♣❛r❛ ❡❝♦♥♦♠✐❛ ❞❡ ❡♥❡r❣✐❛ ❢♦✐ ❛ ❚❊❆❡ ❡ ♣❛r❛ ♦ ♠❛❦❡s♣❛♥ ❢♦✐
❛ ❚❊❆❜✳ ◗✉❛♥t♦ ❛♦s t❡♠♣♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ ♣r✐♦r✐❞❛❞❡ ❛
♠❡❧❤♦r ✈❡rsã♦ ❢♦✐ ❛ ❚❊❆❜❢✱ ❡♥q✉❛♥t♦ ❝♦♠ ♣r✐♦r✐❞❛❞❡s ❛❧t❛✱ ♠é❞✐❛ ❡ ❜❛✐①❛ ❢♦r❛♠✱ r❡s♣❡❝✲
t✐✈❛♠❡♥t❡✱ ❚❊❆♣✱ ❚❊❆❜❢ ❡ ❚❊❆♣✳ ❙♦❜r❡ ♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s✱ ♣❛r❛ t♦❞♦s ♦s
❝❛s♦s ❛ ♠❡❧❤♦r ✈❡rsã♦ ❢♦✐ ❛ ❚❊❆♣✳

❈♦♥s✐❞❡r❛♥❞♦ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛✱ ♦ ❚❊❆ s❡ ♠♦str♦✉ ♠❡❧❤♦r ❞♦ q✉❡ t♦❞♦s ♦s
❛❧❣♦r✐t♠♦s ❡♠ ✻✸✪ ❞♦s ❝❛s♦s ❞❡ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✳

❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r s✐♠✉❧❛çã♦ ♠♦str❛r❛♠ q✉❡✱ t❛♥t♦ ♥♦s ❝❛s♦s ❞❛ ❛♥á❧✐s❡ ❡①✲
❝❧✉s✐✈❛ ❞❡ ♠é❞✐❛✱ q✉❛♥t♦ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛✱ ♦ r❡❝✉rs♦ ❞❡ ❡st✐♠❛t✐✈❛
❞♦ t❡♠♣♦ ♣❛r❛ ✜♥❛❧✐③❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✉t✐❧✐③❛❞♦ ❢ ❣❡r♦✉ ♦s ♠❡❧❤♦r❡s✱ ♣♦ré♠ ❧✐✲
♠✐t❛❞♦s✱ r❡s✉❧t❛❞♦s ♥♦s t❡♠♣♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ ♣r✐♦r✐❞❛❞❡✱
s✉❣❡r✐♥❞♦ q✉❡ ❡st❡ r❡❝✉rs♦ ♣♦❞❡ tr❛③❡r ♠❡❧❤♦r❛s ♥❡st❡ s❡♥t✐❞♦✳ ❆♣❡s❛r ❞✐ss♦✱ ♥ã♦ ♣♦❞❡♠♦s
t❡❝❡r ❛ ♠❡s♠❛ ❛✜r♠❛çã♦ ❛❝❡r❝❛ ❞♦ ♠❛❦❡s♣❛♥ ❡ ❞♦ t❡♠♣♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❡ ❝❛r❣❛s ❞❡
tr❛❜❛❧❤♦✳

P♦rt❛♥t♦✱ ♣♦❞❡♠♦s ❞✐③❡r q✉❡ ♦ ❚❊❆ tr♦✉①❡ ❣❛♥❤♦s ❝♦♥s✐❞❡rá✈❡✐s ♣❛r❛ ♦ ♣r♦❝❡ss♦ ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛✱ ❝♦rr♦❜♦r❛♥❞♦ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ s❡ ♦❧❤❛r ♣❛r❛ ♦ ♥ú❝❧❡♦ ❞❛
r❡❞❡ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ ♥✉✈❡♥s ❝♦♠♣✉t❛❝✐♦♥❛✐s✳



✷✹✹

❈❛♣ít✉❧♦ ✼

❈♦♥❝❧✉sã♦

◆❡st❡ tr❛❜❛❧❤♦ ♦❜s❡r✈❛♠♦s ❛s ❝♦♥s❡q✉ê♥❝✐❛s ✖ ♥❛ ❢♦r♠❛ ❞❡ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡ ✖ ❞❛ rá♣✐❞❛
❡✈♦❧✉çã♦ ❞♦s ❤❛r❞✇❛r❡s ✉s❛❞♦s ♥❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠✱ ❛♣r❡s❡♥t❛♥❞♦ ♥♦ss❛s ❝♦♥tr✐✲
❜✉✐çõ❡s ♣❛r❛ ♠❛①✐♠✐③❛r ❛ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❡ ❛ r❡❞✉çã♦ ❞❛ ♣♦❧✉✐çã♦ ❣❡r❛❞❛ ♣♦r ❞❛t❛
❝❡♥t❡rs ❛tr❛✈és ❞♦ ❡st✉❞♦ ❡ ♣r♦♣♦st❛s ❞❡ s✐st❡♠❛s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s q✉❡ ♦♣❡r❛♠ ❡♠ ♥✉✈❡♠✳

❊♥tr❡❣❛♠♦s✱ ❝♦♠♦ ♣r✐♠❡✐r❛s ❝♦♥tr✐❜✉✐çõ❡s✱ ♦ r❡s✉❧t❛❞♦ ❞❡ ✉♠ ❡①t❡♥s♦ ❡st✉❞♦ ❛❝❡r❝❛
❞♦s ✐♠♣❛❝t♦s ❞❛s r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ❡♠ ❞❛t❛ ❝❡♥t❡rs q✉❡ ♦♣❡r❛♠ ❡♠ ♥✉✈❡♠✱ q✉❡
❝♦♥t✐♥✉❛♠ ❡♠❡r❣✐♥❞♦ ❝♦♥❢♦r♠❡ ❛ ❝♦♥s✐st❡♥t❡ ❡✈♦❧✉çã♦ ❞❛ t❡❝♥♦❧♦❣✐❛ ❊t❤❡r♥❡t✳ ❱✐♠♦s q✉❡
❛s r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ♣♦❞❡♠ ✐♠♣❛❝t❛r ❞❡ ❢♦r♠❛ s✐❣♥✐✜❝❛t✐✈❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛✲
♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❡♠ ❡s♣❡❝✐❛❧ ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ s♦❜r❡ ❛ s✉❜♠✐ssã♦ ❞❡ ♠áq✉✐✲
♥❛s ✈✐rt✉❛✐s ✖ ♣♦ss✐❜✐❧✐t❛♥❞♦ ✐♥st❛♥❝✐❛çõ❡s ♠❛✐s rá♣✐❞❛s ❞❡st❛s ❡♠ ❝❡♥ár✐♦s ❞❡ ❛r♠❛③❡♥❛✲
♠❡♥t♦ ❞✐str✐❜✉í❞♦s ❞❡ ✐♠❛❣❡♥s ✖ ❡ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✖ t♦r♥❛♥❞♦✲❛s ♠❛✐s
rá♣✐❞❛s✳ ❱✐♠♦s q✉❡ ♦s ✐♠♣❛❝t♦s ❞❡♣❡♥❞❡♠ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❡♠♣r❡❣❛❞♦ ❡
q✉❡ ❛❧❣♦r✐t♠♦s q✉❡ ✉t✐❧✐③❛♠ ♠❡♥♦s ❛ r❡❞❡ ✖ ❡✳❣✳✱ ♦s q✉❡ r❡❛❧✐③❛♠ ♠❡♥♦s ♠✐❣r❛çõ❡s ✖ sã♦
♠❡♥♦s ❜❡♥❡✜❝✐❛❞♦s✳ ◆♦t❛♠♦s q✉❡ ❛s r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ♣♦❞❡♠ tr❛③❡r ✉♠ ❝✉st♦
❡♥❡r❣ét✐❝♦ ❛ss♦❝✐❛❞♦✱ ♠❛s q✉❡ ♦s ❣❛♥❤♦s ♦❜t✐❞♦s ❝♦♠ ♦s ✐♠♣❛❝t♦s ❞❡st❛s ♣♦❞❡♠ ❝♦♠♣❡♥✲
s❛r✳ ◆♦rt❡❛♠♦s s♦❜r❡ ❝♦♠♦ ❝❛❧❝✉❧❛r s❡ ❝♦♠♣❡♥s❛ ♦✉ ♥ã♦ ❛ s✉❜st✐t✉✐çã♦ ❞❛s r❡❞❡s ❞❡ ❛❧t❛
✈❡❧♦❝✐❞❛❞❡ ♥❡ss❛s s✐t✉❛çõ❡s✳ ❆♣r❡s❡♥t❛♠♦s ✉♠ ♠♦❞❡❧♦ ❡♠♣ír✐❝♦ ♣❛r❛ ❡st✐♠❛r ♦ ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛ ❞❡ ❞❛t❛ ❝❡♥t❡rs ❝♦♠ t❛✐s r❡❞❡s✱ ♠♦str❛♥❞♦ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ❞❛t❛ ❝❡♥t❡rs

s♦❜ r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡✳ ❱✐♠♦s q✉❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❞♦
♠❛❦❡s♣❛♥ ❡ ❞♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞❡ ❝❛r❣❛s é ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧ ❡♠ ❢✉♥çã♦ ❞❛
✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡ ✖ q✉❛♥❞♦ ❛❞♠✐t✐♠♦s ❛ ♣♦tê♥❝✐❛ ❝♦♥st❛♥t❡ ❞❛ r❡❞❡ ✖ ❡ q✉❡ ❡①✐st❡ ✉♠
❧✐♠✐t❡ s✉♣❡r✐♦r ❛♣ós ♦ q✉❛❧ ♦ ❛✉♠❡♥t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ r❡❞❡ ♥ã♦ trás ❜❡♥❡❢í❝✐♦s s✉❜st❛♥❝✐✲
❛✐s ✖ ♣❛r❛ ♦s ❝❡♥ár✐♦s ❡st✉❞❛❞♦s ❜❡♥❡❢í❝✐♦s ♠✉✐t♦ ♣❡q✉❡♥♦s ❢♦r❛♠ ♦❜s❡r✈❛❞♦s ♣❛r❛ r❡❞❡s
❝♦♠ ✈❡❧♦❝✐❞❛❞❡s ❛❝✐♠❛ ❞❡ ✶✵✵ ●❜♣s✳ ❖❜s❡r✈❛♠♦s q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❡♠ r❡❞❡s ❞❡
❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ t❡♥❞❡♠ ❛ ❛✉♠❡♥t❛r ❛té ✉♠ ❧✐♠✐t❡ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡✱ ❛♣ós ❡st❡✱ t❛❧ ♥ú♠❡r♦
♣♦❞❡ s♦❢r❡r ❣r❛♥❞❡ q✉❡❞❛✱ ♠❛s ✐ss♦ é ❞❡♣❡♥❞❡♥t❡ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ✉t✐❧✐③❛❞♦
❡ ✉♠❛ ♣♦ssí✈❡❧ ❤✐♣ót❡s❡ ♣❛r❛ ❡①♣❧✐❝❛r ✐ss♦ é q✉❡ r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ♣♦ss✐❜✐❧✐t❛♠
❞✐s♣♦♥✐❜✐❧✐③❛çã♦ ♠❛✐s rá♣✐❞❛ ❞❡ s❡r✈✐❞♦r❡s ❡✱ ❝♦♠ t❛❧ ❞✐s♣♦♥✐❜✐❧✐③❛çã♦✱ ♦s ❛❧❣♦r✐t♠♦s ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ sã♦ ❝❛♣❛③❡s ❞❡ r❡❛❧✐③❛r ❛❧♦❝❛çõ❡s ♦t✐♠✐③❛❞❛s✳

◆♦t❛♥❞♦ ♦s ✐♠♣❛❝t♦s ❞❛ ❡✈♦❧✉çã♦ ❞♦s ❡q✉✐♣❛♠❡♥t♦s ❞❡ ❤❛r❞✇❛r❡ ❡♠ ❣❡r❛❧✱ ✐♥❝❧✉s✐✈❡
r❡❞❡s✱ ♦❜s❡r✈❛♠♦s ♦ ♣♦t❡♥❝✐❛❧ s✉r❣✐♠❡♥t♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs ❝❛❞❛ ✈❡③ ♠❛✐s ❤❡t❡r♦❣ê♥❡♦s✱ ✐♥✲
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❝❧✉s✐✈❡ ❡♠ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳ ❉❡ ♣♦ss❡ ❞♦s ❛♣r❡♥❞✐③❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦s ❡st✉❞♦s ❛♥t❡r✐♦r❡s
❡ ❛ ❡①♣❡r✐ê♥❝✐❛ ♣ré✈✐❛ ❡♠ ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❝✐❡♥t❡s ❞❡ ❡♥❡r❣✐❛✱ ♣r♦♣♦♠♦s ✉♠
♥♦✈♦ ❛❧❣♦r✐t♠♦✱ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛✱ q✉❡ ❝♦♥s✐❞❡r❛✈❛ ❞✐✈❡rs♦s ❛s♣❡❝t♦s ❞♦s s✐st❡♠❛s ✜♥❛✐s✱ ❡
❝♦♠♦ ❝♦♥tr✐❜✉✐çã♦ ♣❛ss♦✉ ❛ ♣♦♥❞❡r❛r t❛♠❜é♠ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳ ❚❛❧ ❛❧❣♦r✐t♠♦✱ ♦ ❇❆▲❆✱
❛t✉❛ ❛tr❛✈és ❞❡ s✉❝❡ss✐✈♦s ❝r✐tér✐♦s ❞❡ ❞❡s❡♠♣❛t❡ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡♥tr❡ ♦s s❡r✈✐❞♦r❡s
❞❡ ✉♠❛ ♥✉✈❡♠ ♣❛r❛ ❞❡✜♥✐r q✉❛❧ é ♦ ♠❡❧❤♦r ♣❛r❛ ✉♠❛ ❞❛❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✐♥❣r❡ss❛♥t❡✱
❛ s❛❜❡r✿ ✭✐✮ ❛ ♠❛✐♦r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛✱ ✭✐✐✮ ♠❡♥♦r ❞✐❢❡r❡♥ç❛ ❞♦ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛
❡st✐♠❛❞❛ ❛♥t❡s ❡ ❛♣ós ❛ ❛❧♦❝❛çã♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ❡♠ q✉❡stã♦✱ ✭✐✐✐✮ s❡r✈✐❞♦r ❝♦♠ ♠❛✐♦r
✉t✐❧✐③❛çã♦✱ ✭✐✈✮ s❡r✈✐❞♦r ❝♦♠ ♠❛✐♦r ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡ ✭✈✮ s❡r✈✐❞♦r ❝♦♠ ♠❛✐♦r
❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳ ❖r✐❣✐♥❛❧♠❡♥t❡ ❡st❡ ❛❧❣♦r✐t♠♦ ❢♦✐ ♣r♦❥❡t❛❞♦ ♣❛r❛ tr❛❜❛❧❤❛r ❥✉♥t❛♠❡♥t❡
❛ ❛❧❣♦r✐t♠♦s ❞❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❡①❡❝✉t❛❞♦s
♣♦r s❡r✈✐❞♦r❡s✱ ♠❛s t❛♠❜é♠ ❛♣r❡s❡♥t❛♠♦s ♣♦st❡r✐♦r♠❡♥t❡ ❡st❡ ❛❧❣♦r✐t♠♦ ❛t✉❛♥❞♦ s❡♠ t❛❧
s✐♠❜✐♦s❡✳ ❆♣r❡s❡♥t❛♠♦s ✉♠ ❡①❡♠♣❧♦ ❞❡ ❛❧❣♦r✐t♠♦ ❞❡ r❡s❡r✈❛ ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♣❛r❛
❧✐❞❛r ❝♦♠ ♦ t❛✐s r❡s❡r✈❛s✱ ♦ ✰❊✱ q✉❡ t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ❢❛③❡r r❡s❡r✈❛s ❞❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛
♥ã♦ ✉t✐❧✐③❛❞❛ ✐❣✉❛❧✐t❛r✐❛♠❡♥t❡ ❡♥tr❡ t♦❞❛s ❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❛❧♦❝❛❞❛s ❡♠ ✉♠ ❞❛❞♦
s❡r✈✐❞♦r✱ ♣❛r❛ ❛❝❡❧❡r❛r ♦ ♣r♦❝❡ss♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✳ ▼♦str❛♠♦s t❛♠❜é♠
❝♦♠♦ ❛ r❡s❡r✈❛ ❛❞✐❝✐♦♥❛❧ ❞❡ ❜❛♥❞❛ ♣♦❞❡ s❡r ♠❡❧❤♦r❛❞❛ ❝♦♠ ❞✉❛s ✐❞❡✐❛s ❞❡ ❛❧❣♦r✐t♠♦s✿
✭✐✮ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ r❡s❡r✈❛ ❞❡ ❜❛♥❞❛ ❞✐❢❡r❡♥❝✐❛❞♦✱ ❝♦♠♣❧❡①♦✱ ❝✉st♦♠✐③á✈❡❧ ♣❛r❛ ❛t❡♥❞❡r
às s♦❧✐❝✐t❛çõ❡s ❞♦ ❛❞♠✐♥✐str❛❞♦r ❞❛ ♥✉✈❡♠✱ ♦✉ ✭✐✐✮ ✉♠ s✉❜✲t✐♣♦ ❞♦ ❛❧❣♦r✐t♠♦ ✭✐✮✱ ❛❞❛♣t❛✲
t✐✈♦✱ ❝❛♣❛③ ❞❡ r❡s♦❧✈❡r ✉♠❛ ❧✐♠✐t❛çã♦ ✈✐st❛ ♥♦ ✰❊ q✉❡ é✱ ❡♠ ❛❧❣✉♥s ❝❛s♦s✱ ♥ã♦ ❝♦♥s❡❣✉✐r
❢❛③❡r r❡s❡r✈❛ ❞❡ t♦❞❛ ❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❛❞✐❝✐♦♥❛❧ ♣❛r❛ ❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉✲
❛✐s✳ ◗✉❛♥t♦ ❛♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡ ❛♦ ♠❛❦❡s♣❛♥✱ ♠♦str❛♠♦s q✉❡ ♦ ❇❆▲❆ é ✉♠❛ ♦♣çã♦
❛❝❡✐tá✈❡❧ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s✱ ♠❛s ❞❡♥tr❡ ♦s ❛❧❣♦r✐t♠♦s ❡st✉❞❛❞♦s s❡ ♠♦str♦✉
❛ ♠❡❧❤♦r ♦♣çã♦ ♣❛r❛ ❞❛t❛ ❝❡♥t❡rs ❤❡t❡r♦❣ê♥❡♦s✳ ❱✐♠♦s q✉❡✱ ❝♦♠ r❡❧❛çã♦ ❛♦ ❝♦♥s✉♠♦ ❞❡
❡♥❡r❣✐❛✱ ♥♦s ❝❛s♦s ❡♠ q✉❡ ♦ ❇❆▲❆ s❡ ♠♦str♦✉ ♣✐♦r ❞♦ q✉❡ ♦s ❞❡♠❛✐s ✖ ♥♦t❛✈❡❧♠❡♥t❡ ❡♠
❞❛t❛ ❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s ✖ ❡st❛ ♣✐♦r❛ ❢♦✐ ❡♠ ♠é❞✐❛ ❞❡ ✶✵✪❀ ♠❛s ♥♦s ❝❡♥ár✐♦s ❡♠ q✉❡ ❡❧❡
❢♦✐ ♠❡❧❤♦r✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❢♦✐ s✉♣❡r✐♦r ❛ ✹✸✪✳ ◆♦ ❝❛s♦ ❞♦ ♠❛❦❡s♣❛♥✱ ❡st❛ ♣✐♦r❛ ❡ ♠❡❧❤♦r❛
❣✐r❛r❛♠ ❡♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✶✪ ❡ ✼✪✳

❊♠ ♦✉tr❛ ❝♦♥tr✐❜✉✐çã♦✱ ❛✉♠❡♥t❛♠♦s ❛ ❛❜r❛♥❣ê♥❝✐❛ ❞❡ ♥♦ss♦ ❢♦❝♦ ♣❛r❛ ❝♦♥s✐❞❡r❛r ♥ã♦
s♦♠❡♥t❡ ♦s s❡r✈✐❞♦r❡s✱ ♠❛s t❛♠❜é♠ ♦ ♥ú❝❧❡♦ ❞❛ r❡❞❡✱ ❡♠ ❞✐✈❡rs❛s t♦♣♦❧♦❣✐❛s ❡ ♦s ✐♠♣❛❝t♦s
❞❛s r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡✳ ◆❡st❡ s❡♥t✐❞♦✱ ♣r♦♣♦♠♦s ♦ ♥♦ss♦ ú❧t✐♠♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡s❝❛✲
❧♦♥❛♠❡♥t♦✱ ♦ ❚❊❆✱ ❜❛s❡❛❞♦ ❡♠ ❞♦✐s ♣✐❧❛r❡s✿ ✭❛✮ ❡♠ t♦❞❛ ❛ ❛t✉❛❧✐③❛çã♦ ❞♦ ❜r♦❦❡r✱ r❡❛❧✐③❛r
✉♠ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❡str❛té❣✐❝♦ ❞❛ ♦r❞❡♠ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♣♦r ❡st❡ ❛t❡♥❞✐❞❛s❀
❡ ✭❜✮ ♦ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❡♥❝♦♥tr❛r s❡r✈✐❞♦r❡s ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❡
❞❡ t♦♣♦❧♦❣✐❛ ❞❡ r❡❞❡✳ ❖ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❞❛ ♦r❞❡♠ ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✈✐s♦✉ ❞❛r
♣r❡❢❡rê♥❝✐❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✭✐✮ q✉❡ ♥❡❝❡ss✐t❛♠ ❞❡ ♠❛✐♦r ♣r✐♦r✐❞❛❞❡✱ ✭✐✐✮ q✉❡ ❛♣r❡s❡♥t❛♠
♠❛✐♦r ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ✖ ❝♦♥s✐❞❡r❛♥❞♦ ▼■P❙✱ ❘❆▼ ❡ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ✖ ✭✐✐✐✮ ❛
♠áq✉✐♥❛ ✈✐rt✉❛❧ q✉❡ ❛♣r❡s❡♥t❛ ♠❛✐♦r t❡♠♣♦ r❡st❛♥t❡ ❡st✐♠❛❞♦ ♣❛r❛ s❡r ✜♥❛❧✐③❛❞❛✱ ✭✐✈✮
s♦❧✐❝✐t❛çã♦ ❞❡ r❡❝✉rs♦s ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ ✖ ❘❆▼ ❡ ▼■P❙ ✖ ✭✈✮ t❛♠❛♥❤♦ ❞♦ ❛rq✉✐✈♦
❞❡ ✐♠❛❣❡♠ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ✭✈✐✮ ▼■P❙ ❡❢❡t✐✈♦ ❞❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ✭✈✐✐✮ q✉❛♥t✐❞❛❞❡
❞❡ ❝❛r❣❛ ❥á ♣r♦❝❡ss❛❞❛ ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✳ ◗✉❛♥t♦ ❛♦ ❛❧❣♦r✐t♠♦ ❞❡ ❞❡t❡r♠✐♥❛çã♦ ❞❡
s❡r✈✐❞♦r ♣❛r❛ r❡❝❡❜❡r ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ♦s ♣r✐♥❝í♣✐♦s ❢♦r❛♠✿ ✭✐✮ ♠❡♥♦r ❞✐❢❡r❡♥ç❛ ❞❡
❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛ ❡st✐♠❛❞❛ ❛♥t❡s ❡ ❛♣ós ❛❧♦❝❛r ❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ ✭✐✐✮ ❡✜❝✐ê♥❝✐❛ ❡♠
❡♥❡r❣✐❛ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ s❡r✈✐❞♦r✱ ✭✐✐✐✮ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛



✷✹✻

❝♦♥s✐❞❡r❛♥❞♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❘❆▼ ❞♦ s❡r✈✐❞♦r✱ ✭✐✈✮✱ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❝♦♥s✐❞❡r❛♥❞♦
❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ❞♦ s❡r✈✐❞♦r✱ ✭✈✮ ❡✜❝✐ê♥❝✐❛ ❡♠ ❡♥❡r❣✐❛ ❝♦♥s✐❞❡r❛♥❞♦ ❛ r♦t❛ ❡♥tr❡ ♦
s✐st❡♠❛ ✜♥❛❧ ♦♥❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧ s❡ ❡♥❝♦♥tr❛ ❡ ♦ s❡r✈✐❞♦r ❞❡ ❞❡st✐♥♦✳ ❖ ❚❊❆ s❡ ♠♦str♦✉
❝❛♣❛③ ❞❡ ❛t✉❛r ❡♠ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ❝❡♥ár✐♦s✱ ❝♦♠♦ ❡♠ ♥✉✈❡♥s ❝♦♥st✐t✉í❞❛s ♣♦r ❞❛t❛
❝❡♥t❡rs ❤♦♠♦❣ê♥❡♦s ♦✉ ❤❡t❡r♦❣ê♥❡♦s✱ ❣❡♦❞✐str✐❜✉í❞♦s ♦✉ ♥ã♦✱ ❝♦♠ t♦♣♦❧♦❣✐❛s ❛r❜✐trár✐❛s✱
❝♦♠ t❛①❛s ❞❡ tr❛♥s♠✐ssã♦ ❛r❜✐trár✐❛s ❞❡ q✉❛✐sq✉❡r ❡❧❡♠❡♥t♦s ❞❡ ♥ú❝❧❡♦ ❡ ❞❡ ❜♦r❞❛✱ ❝♦♠
❛❧❣✉♥s ❙▲❆s✱ ❝♦♠ ♦✉ s❡♠ ♦ r❡❝✉rs♦ ❞❡ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ ❡s❝❛❧á✈❡❧✳ ❖s
r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r s✐♠✉❧❛çã♦✱ ♣❛r❛ ✉♠❛ ❡♥♦r♠❡ ❣❛♠❛ ❞❡ ❝❡♥ár✐♦s✱ ♠♦str♦✉ ❛ ❡✜❝✐✲
ê♥❝✐❛ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡s❡♥✈♦❧✈✐❞♦✱ s❡♥❞♦ ❝❛♣❛③ ❞❡✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛ ❞✐✈❡rs♦s ♦✉tr♦s
❛❧❣♦r✐t♠♦s ❡✜❝✐❡♥t❡s ❡♠ ❡♥❡r❣✐❛✱ s❡r ❛ ♠❡❧❤♦r ♦♣çã♦ ❡♠ ✭✐✮ ♠❛✐s ❞❛ ♠❡t❛❞❡ ❞♦s ❝❡♥ár✐♦s
q✉❛♥t♦ ❛♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ✭✐✐✮ r❡❞✉çã♦ ❞♦ ♠❛❦❡s♣❛♥ ❡♠ ✸✴✹ ❞♦s ❝❛s♦s✱ ✭✐✐✐✮ r❡❞✉çã♦
❞♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❡♠ ✉♠ ❞é❝✐♠♦ ❞♦s ❝❛s♦s ❡ ✭✐✈✮ r❡❞✉çã♦
❞♦ t❡♠♣♦ ♠é❞✐♦ ♣❛r❛ ❝♦♥❝❧✉sã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❡♠ ✉♠ ❞é❝✐♠♦ ❞♦s ❝❛s♦s❀ ♥ã♦
s❡♥❞♦ ✐♥❛❝❡✐t❛✈❡❧♠❡♥t❡ ♠❛✐s ❧❡♥t♦ q✉❡ ♦s ❞❡♠❛✐s ❡♠ ❝❛s♦ ❛❧❣✉♠✳ ❈♦♠♣❛r❛❞♦ ❛♦s ❞❡♠❛✐s
❛❧❣♦r✐t♠♦s✱ ♦❜s❡r✈❛♠♦s ❣❛♥❤♦s ♥♦tá✈❡✐s ❡♠ ❞❛t❛ ❝❡♥t❡rs ❣❡♦❞✐str✐❜✉í❞♦s✱ ❤❡t❡r♦❣ê♥❡♦s ❡
❝♦♠ t♦♣♦❧♦❣✐❛s ❝♦♥st✐t✉í❞❛s ♣♦r ✉♠ ♥ú♠❡r♦ ❣r❛♥❞❡ ❞❡ ❝♦♠✉t❛❞♦r❡s ❞❡ ♣❛❝♦t❡s ♦✉ ❝✉❥❛s
r♦t❛s ♣♦ss❛♠ ♣❛ss❛r ♣♦r ✉♠ ❡❧❡✈❛❞♦ ♥ú♠❡r♦ ❞❡ ❝♦♠✉t❛❞♦r❡s ❞❡ ♣❛❝♦t❡s✳

❆❧é♠ ❞♦s tr❛❜❛❧❤♦s ❛♣r❡s❡♥t❛❞♦s✱ ❞❡✐①❛♠♦s ❝♦♠♦ ❧❡❣❛❞♦ t❛♠❜é♠ ♦ ❙✐♥❡r❣②❈❧♦✉❞✱ ✉♠
❢r❛♠❡✇♦r❦ ♦♣❡♥✲s♦✉r❝❡ ❞❡ s✐♠✉❧❛çã♦ ♣❛r❛ ♥✉✈❡♥s✱ ♣r♦❥❡t❛❞♦ ❝♦♠ ❛❧t❛ ❣r❛♥✉❧❛r✐❞❛❞❡✱ ❡
❝♦♥s✐❞❡r❛♥❞♦ ❡♠ ❡s♣❡❝✐❛❧ ❛ r❡❞❡✳ ❖ ❙✐♥❡r❣②❈❧♦✉❞ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ s❡r ❢❛❝✐❧♠❡♥t❡
✉s❛❞♦ ❡♠ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ❝❡♥ár✐♦s ❞❡ ♥✉✈❡♥s✱ ♣r♦✈❡♥❞♦ s✉♣♦rt❡ ❛ ✉♠ ❣r❛♥❞❡
♥ú♠❡r♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡ r❡❝✉rs♦s ❞❡ ♥✉✈❡♥s✱ ❝♦♠♦ ❣❡♦❞✐str✐❜✉✐çã♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs✱
t♦♣♦❧♦❣✐❛s ❛r❜✐trár✐❛s ❡ ♠✐❣r❛çõ❡s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ ❛♦s ♣❡sq✉✐s❛❞♦r❡s
t❡st❛r ❞❡t❛❧❤❛❞❛♠❡♥t❡ s✉❛s s♦❧✉çõ❡s ❝♦♠ ê♥❢❛s❡ ❡♠ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ■❛❛❙✱ ❡♠ ❡s♣❡❝✐❛❧
❝♦♠ r❡❧❛çã♦ ❛♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✳ ❖ t♦♦❧❦✐t ❞❡ s✐♠✉❧❛çã♦ ♣r♦♣♦st♦ é ❢❛❝✐❧♠❡♥t❡
❡①t❡♥sí✈❡❧✱ ❝♦♠ ✉♠ ♣r♦❥❡t♦ ♠♦❞✉❧❛r q✉❡ ❣❛r❛♥t❡ ❛ ❢á❝✐❧ ❛❞✐çã♦ ❞❡ ♥♦✈♦s ♠ó❞✉❧♦s✱ ❛❧é♠ ❞❡
♣❡r♠✐t✐r ✉s✉ár✐♦s ❞❡ ❝♦♥✜❣✉r❛r r❛♣✐❞❛♠❡♥t❡ s✉❛s s✐♠✉❧❛çõ❡s ❝♦♠ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡ ❢á❝✐❧
✉s♦✳ ❈♦♠♦ ✈✐st♦ ♥❡st❡ tr❛❜❛❧❤♦✱ ♦ ❙✐♥❡r❣②❈❧♦✉❞ t❛♠❜é♠ ♣r♦✈ê ✉♠ ❣r❛♥❞❡ ❡s♣❡❝tr♦ ❞❡
❡❧❡♠❡♥t♦s ❞❡ ♠♦❞❡❧❛❣❡♠ ❡ ♣❡r❝❡♣çã♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ s✐♠✉❧❛çã♦✱ ❡♥q✉❛♥t♦ ❛♣r❡s❡♥t❛♥❞♦
❜♦❛s ♠étr✐❝❛s ❞❡ ❞❡s❡♠♣❡♥❤♦✱ ♠❡s♠♦ ❡♠ s✐♠✉❧❛çõ❡s ❞❡ ❧❛r❣❛ ❡s❝❛❧❛✳

❈♦♠♦ ♣r♦♣♦st❛s ❞❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s✱ ♣r❡t❡♥❞❡♠♦s tr❛❜❛❧❤❛r ❝♦♠ ♦✉tr♦s ♠♦❞❡❧♦s ❞❡
❞✐str✐❜✉✐çã♦ ❞❡ ❝❛r❣❛s ❛❧é♠ ❞♦ ❜❛❣✲♦❢✲t❛s❦s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ✇♦r❦✢♦✇s ❡ ❝♦♠ tr❛❝❡s

❞❡ ♦r❣❛♥✐③❛çõ❡s❀ tr❛❜❛❧❤❛r ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♠❛①✐♠✐③❛r ❛ ❡✜❝✐ê♥❝✐❛ ❞❡ ❡str✉t✉r❛s q✉❡
❝♦♥s♦♠❡♠ ❡♥❡r❣✐❛ ❡①t❡r♥❛s ❛♦ ♥ú❝❧❡♦ ❞♦s ❞❛t❛ ❝❡♥t❡rs✱ ❡♠ ❡s♣❡❝✐❛❧ às r❡❧❛❝✐♦♥❛❞❛s ❝♦♠
r❡s❢r✐❛♠❡♥t♦✱ ♦t✐♠✐③❛♥❞♦ ♦ P❯❊ ❀ ❝♦♥s✐❞❡r❛r ❣❡♦❞✐str✐❜✉✐çã♦ ❝♦♠ ❞❛t❛ ❝❡♥t❡rs ❝♦♠ ❞✐❢❡r❡♥✲
t❡s ❢♦♥t❡s ❞❡ ❡♥❡r❣✐❛ ✭❡①✿ r❡♥♦✈á✈❡✐s ❡ ♥ã♦ r❡♥♦✈á✈❡✐s✮✱ ❢✉s♦s ❤♦rár✐♦s ❡ ③♦♥❛s ❝❧✐♠át✐❝❛s❀
♦❜❥❡t✐✈❛r ❛ ❞✐s♣♦s✐çã♦ ♣ró①✐♠❛ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❝♦♠ ❡❧❡✈❛❞❛ ✐♥t❡r✲❝♦♠✉♥✐❝❛çã♦❀ ❡
r❡❛❧✐③❛r ♦t✐♠✐③❛çõ❡s ♥♦ ❝♦♥t❡①t♦ ❞❡ ❙t♦r❛❣❡ ❆r❡❛ ◆❡t✇♦r❦s✳
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❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❬✶❪ ●r❡❡♥ ●r✐❞✿ ✼①✷✹ ❈❤❛♥❣❡ ■♥t❡r♥❛t✐♦♥❛❧✱ ❆s❤r❛❡✱ ❙✐❧✐❝♦♥ ❱❛❧❧❡② ▲❡❛❞❡rs❤✐♣ ●r♦✉♣✱
Pr♦❣r❛♠✱ ❊♥❡r❣② ❙✳ ❊♣❛✱ ●❜❝✱ ❛♥❞ ✷✵✶✵✳ ❘❡❝♦♠♠❡♥❞❛t✐♦♥s ❢♦r ♠❡❛s✉r✐♥❣ ❛♥❞
r❡♣♦rt✐♥❣ ♦✈❡r❛❧❧ ❞❛t❛ ❝❡♥t❡r ❡✣❝✐❡♥❝②✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱ ❯♣t✐♠❡ ■♥st✐t✉t❡✱ ✷✵✶✵✳

❬✷❪ P✳ ❆❣r❛✇❛❧ ❛♥❞ ❙✳ ❘❛♦✳ ❊♥❡r❣②✲❛✇❛r❡ s❝❤❡❞✉❧✐♥❣ ♦❢ ❞✐str✐❜✉t❡❞ s②st❡♠s✳ ❆✉t♦♠❛t✐♦♥

❙❝✐❡♥❝❡ ❛♥❞ ❊♥❣✐♥❡❡r✐♥❣✱ ■❊❊❊ ❚r❛♥s❛❝t✐♦♥s ♦♥✱ ✶✶✭✹✮✿✶✶✻✸✕✶✶✼✺✱ ❖❝t ✷✵✶✹✳

❬✸❪ ❆♠❛③♦♥✳ ❆♠❛③♦♥ ❡❧❛st✐❝ ❝♦♠♣✉t❡ ❝❧♦✉❞ ✭❆♠❛③♦♥ ❊❈✷✮✳
❤tt♣✿✴✴❛✇s✳❛♠❛③♦♥✳❝♦♠✴❡❝✷✴✱ ❆❝❡ss❛❞♦ ❡♠ ✶✺✴✵✶✴✷✵✶✽✳

❬✹❪ ■♥❝✳ ❆♠❛③♦♥ ❲❡❜ ❙❡r✈✐❝❡s✳ ❆♠❛③♦♥ ❡❝✷ ✐♥st❛♥❝❡ t②♣❡s✳
❤tt♣s✿✴✴❛✇s✳❛♠❛③♦♥✳❝♦♠✴❡❝✷✴✐♥st❛♥❝❡✲t②♣❡s✴✱ ❆❝❡ss❛❞♦ ❡♠ ✶✺✴✵✶✴✷✵✶✽✳

❬✺❪ ❆▼❉✳ ❈♦♦❧ ♥ q✉✐❡t t❡❝❤♥♦❧♦❣② ✐♥st❛❧❧❛t✐♦♥
❣✉✐❞❡ ❢♦r ❛♠❞ ❛t❤❧♦♥ ✻✹ ♣r♦❝❡ss♦r ❜❛s❡❞ s②st❡♠s✳
❤tt♣✿✴✴✇✇✇✳❛♠❞✳❝♦♠✴❉♦❝✉♠❡♥ts✴❈♦♦❧❴◆❴◗✉✐❡t❴■♥st❛❧❧❛t✐♦♥❴●✉✐❞❡✸✳♣❞❢✱
✷✵✶✵✳ ❆❝❡ss❛❞♦ ❡♠ ✶✺✴✵✶✴✷✵✶✽✳

❬✻❪ ▼✐❝❤❛❡❧ ❆r♠❜r✉st✱ ❆r♠❛♥❞♦ ❋♦①✱ ❘❡❛♥ ●r✐✣t❤✱ ❆♥t❤♦♥② ❉ ❏♦s❡♣❤✱ ❘❛♥❞② ❑❛t③✱
❆♥❞② ❑♦♥✇✐♥s❦✐✱ ●✉♥❤♦ ▲❡❡✱ ❉❛✈✐❞ P❛tt❡rs♦♥✱ ❆r✐❡❧ ❘❛❜❦✐♥✱ ■♦♥ ❙t♦✐❝❛✱ ❡t ❛❧✳ ❆
✈✐❡✇ ♦❢ ❝❧♦✉❞ ❝♦♠♣✉t✐♥❣✳ ❈♦♠♠✉♥✐❝❛t✐♦♥s ♦❢ t❤❡ ❆❈▼✱ ✺✸✭✹✮✿✺✵✕✺✽✱ ✷✵✶✵✳

❬✼❪ ▼✐❝❤❛❡❧ ❆r♠❜r✉st✱ ❆r♠❛♥❞♦ ❋♦①✱ ❘❡❛♥ ●r✐✣t❤✱ ❆♥t❤♦♥② ❉✳ ❏♦s❡♣❤✱ ❘❛♥❞② ❑❛t③✱
❆♥❞② ❑♦♥✇✐♥s❦✐✱ ●✉♥❤♦ ▲❡❡✱ ❉❛✈✐❞ ❆✳ P❛tt❡rs♦♥✱ ❆r✐❡❧ ❘❛❜❦✐♥✱ ■♦♥ ❙t♦✐❝❛✱ ❛♥❞
▼❛t❡✐ ❩❛❤❛r✐❛✳ ❆❜♦✈❡ t❤❡ ❈❧♦✉❞s✿ ❆ ❇❡r❦❡❧❡② ❱✐❡✇ ♦❢ ❈❧♦✉❞ ❈♦♠♣✉t✐♥❣✳ ❚❡❝❤♥✐❝❛❧
❘❡♣♦rt ❯❈❇✴❊❊❈❙✲✷✵✵✾✲✷✽✱ ❊❊❈❙ ❉❡♣❛rt♠❡♥t✱ ❯♥✐✈❡rs✐t② ♦❢ ❈❛❧✐❢♦r♥✐❛✱ ❇❡r❦❡❧❡②✱
❋❡❜ ✷✵✵✾✳

❬✽❪ ❆♠❛③♦♥ ❆❲❙✳ ❆♠❛③♦♥ ✇❡❜ s❡r✈✐❝❡s ✫ ✐♥t❡❧✱ ✷✵✶✼✳

❬✾❪ P❛✉❧ ❇❛r❤❛♠✱ ❇♦r✐s ❉r❛❣♦✈✐❝✱ ❑❡✐r ❋r❛s❡r✱ ❙t❡✈❡♥ ❍❛♥❞✱ ❚✐♠ ❍❛rr✐s✱ ❆❧❡① ❍♦✱ ❘♦❧❢
◆❡✉❣❡❜❛✉❡r✱ ■❛♥ Pr❛tt✱ ❛♥❞ ❆♥❞r❡✇ ❲❛r✜❡❧❞✳ ❳❡♥ ❛♥❞ t❤❡ ❛rt ♦❢ ✈✐rt✉❛❧✐③❛t✐♦♥✳
❙■●❖P❙ ❖♣❡r✳ ❙②st✳ ❘❡✈✳✱ ✸✼✿✶✻✹✕✶✼✼✱ ❖❝t♦❜❡r ✷✵✵✸✳

❬✶✵❪ ❆♥t♦♥ ❇❡❧♦❣❧❛③♦✈✱ ❏❡♠❛❧ ❆❜❛✇❛❥②✱ ❛♥❞ ❘❛❥❦✉♠❛r ❇✉②②❛✳ ❊♥❡r❣②✲❛✇❛r❡ r❡s♦✉r❝❡ ❛❧✲
❧♦❝❛t✐♦♥ ❤❡✉r✐st✐❝s ❢♦r ❡✣❝✐❡♥t ♠❛♥❛❣❡♠❡♥t ♦❢ ❞❛t❛ ❝❡♥t❡rs ❢♦r ❝❧♦✉❞ ❝♦♠♣✉t✐♥❣✳ ❋✉✲
t✉r❡ ●❡♥❡r❛t✐♦♥ ❈♦♠♣✉t❡r ❙②st❡♠s✱ ✷✽✭✺✮✿✼✺✺ ✕ ✼✻✽✱ ✷✵✶✷✳ ❙♣❡❝✐❛❧ ❙❡❝t✐♦♥✿ ❊♥❡r❣②
❡✣❝✐❡♥❝② ✐♥ ❧❛r❣❡✲s❝❛❧❡ ❞✐str✐❜✉t❡❞ s②st❡♠s✳
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❬✶✶❪ ❆♥t♦♥ ❇❡❧♦❣❧❛③♦✈ ❛♥❞ ❘❛❥❦✉♠❛r ❇✉②②❛✳ ❊♥❡r❣② ❡✣❝✐❡♥t r❡s♦✉r❝❡ ♠❛♥❛❣❡♠❡♥t
✐♥ ✈✐rt✉❛❧✐③❡❞ ❝❧♦✉❞ ❞❛t❛ ❝❡♥t❡rs✳ ■♥ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ✷✵✶✵ ✶✵t❤ ■❊❊❊✴❆❈▼

■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ❈❧✉st❡r✱ ❈❧♦✉❞ ❛♥❞ ●r✐❞ ❈♦♠♣✉t✐♥❣✱ ❈❈●❘■❉ ✬✶✵✱
♣❛❣❡s ✽✷✻✕✽✸✶✱ ❲❛s❤✐♥❣t♦♥✱ ❉❈✱ ❯❙❆✱ ✷✵✶✵✳ ■❊❊❊ ❈♦♠♣✉t❡r ❙♦❝✐❡t②✳

❬✶✷❪ ❆♥❞r❡❛s ❇❡r❣❡♥✱ ❘♦♥❛❧❞ ❉❡s♠❛r❛✐s✱ ❙✉❞❤❛❦❛r ●❛♥t✐✱ ❛♥❞ ❯❧r✐❦❡ ❙t❡❣❡✳ ❚♦✇❛r❞s
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❬✶✸✷❪ ◗✐ ❩❤❛♥❣✱ ▲✉ ❈❤❡♥❣✱ ❛♥❞ ❘❛♦✉❢ ❇♦✉t❛❜❛✳ ❈❧♦✉❞ ❝♦♠♣✉t✐♥❣✿ st❛t❡✲♦❢✲t❤❡✲❛rt ❛♥❞
r❡s❡❛r❝❤ ❝❤❛❧❧❡♥❣❡s✳ ❏♦✉r♥❛❧ ♦❢ ■♥t❡r♥❡t ❙❡r✈✐❝❡s ❛♥❞ ❆♣♣❧✐❝❛t✐♦♥s✱ ✶✭✶✮✿✼✕✶✽✱ ✷✵✶✵✳

❬✶✸✸❪ ❩❤✐♠✐♥❣ ❩❤❛♥❣✱ ❈❤❛♥✲❈❤✐♥❣ ❍s✉✱ ❛♥❞ ▼♦rr✐s ❈❤❛♥❣✳ ❈♦♦❧ ❝❧♦✉❞✿ ❆ ♣r❛❝t✐❝❛❧
❞②♥❛♠✐❝ ✈✐rt✉❛❧ ♠❛❝❤✐♥❡ ♣❧❛❝❡♠❡♥t ❢r❛♠❡✇♦r❦ ❢♦r ❡♥❡r❣② ❛✇❛r❡ ❞❛t❛ ❝❡♥t❡rs✳ ■♥
❈❧♦✉❞ ❈♦♠♣✉t✐♥❣ ✭❈▲❖❯❉✮✱ ✷✵✶✺ ■❊❊❊ ✽t❤ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥✱ ♣❛❣❡s
✼✺✽✕✼✻✺✱ ❏✉♥❡ ✷✵✶✺✳

❬✶✸✹❪ ❲❡✐ ❩❤❛♦✱ ❨♦♥❣ P❡♥❣✱ ❋❡♥❣ ❳✐❡✱ ❛♥❞ ❩❤♦♥❣❤✉❛ ❉❛✐✳ ▼♦❞❡❧✐♥❣ ❛♥❞ s✐♠✉❧❛t✐♦♥ ♦❢
❝❧♦✉❞ ❝♦♠♣✉t✐♥❣✿ ❆ r❡✈✐❡✇✳ ■♥ ❈❧♦✉❞ ❈♦♠♣✉t✐♥❣ ❈♦♥❣r❡ss ✭❆P❈❧♦✉❞❈❈✮✱ ✷✵✶✷

■❊❊❊ ❆s✐❛ P❛❝✐✜❝✱ ♣❛❣❡s ✷✵✕✷✹✳ ■❊❊❊✱ ✷✵✶✷✳

❬✶✸✺❪ ❆♦ ❩❤♦✉✱ ❙❤❛♥❣❣✉❛♥❣ ❲❛♥❣✱ ❈❤❡♥❝❤❡♥ ❨❛♥❣✱ ▲❡✐ ❙✉♥✱ ◗✐❜♦ ❙✉♥✱ ❛♥❞ ❋❛♥❣❝❤✉♥
❨❛♥❣✳ ❋t❝❧♦✉❞s✐♠✿ s✉♣♣♦rt ❢♦r ❝❧♦✉❞ s❡r✈✐❝❡ r❡❧✐❛❜✐❧✐t② ❡♥❤❛♥❝❡♠❡♥t s✐♠✉❧❛t✐♦♥✳
■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ♦❢ ❲❡❜ ❛♥❞ ●r✐❞ ❙❡r✈✐❝❡s✱ ✶✶✭✹✮✿✸✹✼✕✸✻✶✱ ✷✵✶✺✳
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❆♣ê♥❞✐❝❡ ❆

❙✐♥❡r❣②❈❧♦✉❞

P❛r❛ ♣♦❞❡r ❛✈❛❧✐❛r ♦ ❚❊❆✱ ✐♥✐❝✐❛❧♠❡♥t❡ ❝♦❣✐t❛♠♦s✱ ♣♦r r❛③õ❡s ❤✐stór✐❝❛s✱ ✉s❛r ♦ s✐♠✉❧❛❞♦r
❈❧♦✉❞❙✐♠✳ ◆♦ ❡♥t❛♥t♦✱ ♥♦s ❞❡♣❛r❛♠♦s ❝♦♠ ✉♠❛ sér✐❡ ❞❡ ❧✐♠✐t❛çõ❡s ❞❡st❡ s✐♠✉❧❛❞♦r✱
✐♥❝❧✉✐♥❞♦✱ ♠❛s ♥ã♦ s❡ ❧✐♠✐t❛♥❞♦ ❛✿ q✉❡stõ❡s ❞❡ ❡s❝❛❧❛❜✐❧✐❞❛❞❡ ♣❛r❛ ❝❡♥ár✐♦s ❝♦♠♣❧❡①♦s ✖
♦ s✐♠✉❧❛❞♦r ❛♣r❡s❡♥t❛ ♠✉✐t♦s r❡❝✉rs♦s q✉❡ ❞❡♠❛♥❞❛♠ ♣r♦❝❡ss❛♠❡♥t♦ ❢♦r❛ ❞♦ ♥♦ss♦ ❡s❝♦♣♦
❞❡ ❛♥á❧✐s❡❀ ✐♠♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ r❡❛❧✐③❛r ❡st✉❞♦s ❞❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞♦s ❡❧❡♠❡♥t♦s ❞❡
♥ú❝❧❡♦ ❞❛ r❡❞❡❀ ✐♠♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ✉s❛r ♠♦❞❡❧♦s ❞❡ ♣♦tê♥❝✐❛ ❡♠ t♦❞♦s ♦s ❡❧❡♠❡♥t♦s ❞❡
♥ú❝❧❡♦ ❡ ❞❡ ❜♦r❞❛❀ ❞✐✜❝✉❧❞❛❞❡s ❡♠ ♠❡♥s✉r❛r ❛❜♦rt❛♠❡♥t♦s ❞❡ ♠✐❣r❛çõ❡s ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡♠ ✈✐rt✉❞❡ ❞❛ ✜♥❛❧✐③❛çã♦ ❞❡st❛s❀ ✉s♦ ♣❛❞rã♦ ❞❡ t♦♣♦❧♦❣✐❛s ❝♦♠ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡
♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡♠ s❡r✈✐❞♦r❡s ❡ ♥ã♦ ❡♠ st♦r❛❣❡s✳ ❊♠ ✈✐rt✉❞❡ ❞✐ss♦✱ ✜③❡♠♦s ✉♠❛ ❡①t❡♥s❛
♣❡sq✉✐s❛ s♦❜r❡ s✐♠✉❧❛❞♦r❡s ✭❝♦♥❢♦r♠❡ ❙❡çã♦ ✸✮✱ ♠❛s ♥ã♦ ❡♥❝♦♥tr❛♠♦s ♥❡♥❤✉♠ s✐♠✉❧❛❞♦r
q✉❡ ❢♦ss❡ ❝❛♣❛③ ❞❡ ♣♦ss✐❜✐❧✐t❛r s❛t✐s❢❛t♦r✐❛♠❡♥t❡ ❛s ❛♥á❧✐s❡s ❞❡s❡❥á✈❡✐s ♣❛r❛ ♠❡♥s✉r❛r ♦
❞❡s❡♠♣❡♥❤♦ ❞♦ ❚❊❆✳ ❚❛♠❜é♠ ❝♦♥s✐❞❡r❛♠♦s ♠♦❞✐✜❝❛r ♦ ❈❧♦✉❞❙✐♠ ♣❛r❛ s✉♣♦rt❛r t♦❞♦s
♦s r❡❝✉rs♦s ❞❡s❡❥❛❞♦s✱ ♠❛s ❛♣ós ♠✐♥✉❝✐♦s❛ ❛♥á❧✐s❡ té❝♥✐❝❛ ❝♦♥s✐❞❡r❛♠♦s s❡r t❡❝♥✐❝❛♠❡♥t❡
♠❛✐s ✈✐á✈❡❧ ❛ ❝r✐❛çã♦ ❞❡ ✉♠ ♥♦✈♦ s✐♠✉❧❛❞♦r q✉❡ ♣♦ss✐❜✐❧✐t❛ss❡ t❛✐s ❛♥á❧✐s❡s✱ ♥ã♦ só ♣❛r❛
❡st❡ tr❛❜❛❧❤♦✱ ♠❛s ♣❛r❛ ✉s♦ ❣❡r❛❧ ❞❛ ❝♦♠✉♥✐❞❛❞❡ ❝✐❡♥tí✜❝❛✳

❉✐❛♥t❡ ❞♦ ❡①♣♦st♦✱ ♦♣t❛♠♦s ♣♦r ❞❡s❡♥✈♦❧✈❡r ♦ ❙✐♥❡r❣②❈❧♦✉❞ ❬✷✺❪✱ q✉❡ é ✉♠ t♦♦❧❦✐t ❞❡
s✐♠✉❧❛çã♦ q✉❡ ❢♦❝❛ ♥❛ ❛✈❛❧✐❛çã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs ♥♦s ♣r♦❝❡ss♦s ❞❡ ❡s❝❛✲
❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✳ ❊st❛ ❢❡rr❛♠❡♥t❛✱ ❞❡s❡♥✈♦❧✈✐❞❛
❡♠ ❏❛✈❛✱ ♦r✐❡♥t❛❞❛ ❛ ❡✈❡♥t♦s ❡ ❡♠ ♥í✈❡❧ ❞❡ ♣❛❝♦t❡s t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❛♥❛❧✐s❛r ❝♦♥s✉♠♦
❞❡ ❡♥❡r❣✐❛✱ ♠❛❦❡s♣❛♥✱ t❡♠♣♦ ❞❡ ✜♥❛❧✐③❛çã♦ ❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱
❡♥tr❡ ♦✉tr❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡s❡❥á✈❡✐s ♣❛r❛ ❡st❡ tr❛❜❛❧❤♦✳

❆✳✶ ■♥tr♦❞✉çã♦

❊♥tr❡ ❛s ♠✉✐t❛s ❛❜♦r❞❛❣❡♥s ✈♦❧t❛❞❛s ♣❛r❛ ❛ ❡❝♦♥♦♠✐❛ ❞❡ ❡♥❡r❣✐❛ ❡♠ ❞❛t❛ ❝❡♥t❡rs ❡stá
♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❝✐❡♥t❡ ❞❡ ❡♥❡r❣✐❛ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❬✽✵❪✳
❆❧❣✉♥s ❢❛t♦r❡s ❞♦s ❞❛t❛ ❝❡♥t❡rs✱ t❛✐s ❝♦♠♦ t❛♠❛♥❤♦❀ ✐♥❝❛♣❛❝✐❞❛❞❡ ❞❡ ❞❡s❧✐❣❛r ♠áq✉✐♥❛s
❡♠ ❢✉♥❝✐♦♥❛♠❡♥t♦❀ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❣r❛♥❞❡s ♠♦❞✐✜❝❛çõ❡s ♥❛ ❡str✉t✉r❛ ❞♦ ❞❛t❛ ❝❡♥t❡r

♣❛r❛ t❡st❡s ❡ ♣❡sq✉✐s❛s❀ ❡♥tr❡ ♦✉tr♦s❀ t♦r♥❛♠ ✐rr❡❛❧✐③á✈❡❧ ❛ ✐♠♣❧❛♥t❛çã♦ ❞✐r❡t❛ ❞❡ s✐st❡♠❛s
❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦s ✐♥♦✈❛❞♦r❡s✳ P❛r❛ ❧✐❣❛r ❝♦♠ ❡st❛s ❧✐♠✐t❛çõ❡s✱ r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ❛ r✐❣✐❞❡③
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❞❛ ✐♥❢r❛❡str✉t✉r❛✱ ♣❛r❛ ❛✈❛❧✐❛çã♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s ❛♣❧✐❝❛çõ❡s s♦❜ ❝♦♥❞✐çõ❡s ✈❛r✐á✈❡✐s✱
♦ ✉s♦ ❞❡ s✐♠✉❧❛❞♦r❡s é ❝♦♠✉♠❡♥t❡ ❡♠♣r❡❣❛❞♦ ❝♦♠♦ ❢❡rr❛♠❡♥t❛ ❝r✉❝✐❛❧ ♣❛r❛ ♣❡sq✉✐s❛✳

❆q✉✐ ❛♣r❡s❡♥t❛♠♦s ♦ ❙✐♥❡r❣②❈❧♦✉❞✱ ✉♠ ❢r❛♠❡✇♦r❦ ♣❛r❛ ♠♦❞❡❧❛r ❡ s✐♠✉❧❛r ♦ ❛♠❜✐❡♥t❡
❞❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠✱ ❝♦♠ ❢♦❝♦ ♣r✐♥❝✐♣❛❧ ♥♦ ❡s❝❛❧♦♥❛♠❡♥t♦✱ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱
♠❛❦❡s♣❛♥ ❡ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞❡ ❝❛r❣❛s✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❞✐♠✐♥✉✐r ❛ ❝♦♠♣❧❡①✐❞❛❞❡
♥♦s t❡st❡s ❞❡ s✐st❡♠❛s ❞❡ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠✳ ❖ ♦❜❥❡t✐✈♦ ❞♦ ❙✐♥❡r❣②❈❧♦✉❞ é ♣❡r♠✐t✐r
❞❡s❡♥✈♦❧✈❡❞♦r❡s ❡ ♣❡sq✉✐s❛❞♦r❡s ❛♥❛❧✐s❛r❡♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ♥✉✈❡♥s ❝♦♠♣✉t❛❝✐♦♥❛✐s✱
❝♦♠ ❣r❛♥✉❧❛r✐❞❛❞❡ ❞✐♥â♠✐❝❛✱ ❞❡ ♠♦❞♦ ❢á❝✐❧ ❡ ❝♦♠ ✉♠❛ ♠❡♥♦r ❝✉r✈❛ ❞❡ ❛♣r❡♥❞✐③❛❞♦ q✉❡
♦✉tr♦s s✐♠✉❧❛❞♦r❡s✱ s❡♠ s❡ ♣r❡♦❝✉♣❛r❡♠ ❝♦♠ ❞❡t❛❧❤❡s r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ❛ ✐♥❢r❛❡str✉t✉r❛
❞❛s ♥✉✈❡♥s✱ ❛❜r✐♥❞♦ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❛✈❛❧✐❛r ❤✐♣ót❡s❡s ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❝♦♥tr♦❧❛❞♦✳

➱ ♣♦ssí✈❡❧ ❡❞✐t❛r ❝♦♠ ♣♦✉❝♦ ❡s❢♦rç♦ ❡✈❡♥t♦s✱ ♣♦r ❡①❡♠♣❧♦✱ ❝♦♠♦ ✉♠❛ ❝♦♥❡①ã♦ é ❡st❛❜❡✲
❧❡❝✐❞❛❀ ❝♦♠♦ ✉♠❛ ♠✐❣r❛çã♦ ❞❡ ♠áq✉✐♥❛ ✈✐rt✉❛❧ é ✐♥✐❝✐❛❞❛ ❡ t❡r♠✐♥❛❞❛✱ q✉❛❧ é ♦ s❡r✈✐❞♦r ❞❡
♦r✐❣❡♠✱ s❡r✈✐❞♦r ❞❡ ❞❡st✐♥♦ ❡ ♦ ❜r♦❦❡r r❡s♣♦♥sá✈❡❧❀ ❝♦♠♦ ✉♠❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❝♦♠❡ç❛
❛ s❡r s✉❜♠❡t✐❞❛ ♣❡❧♦ ❜r♦❦❡r✱ ♣r♦❝❡ss❛❞❛ ❡ r❡t♦r♥❛❞❛ ♣❡❧❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧❀ ♦ q✉❡ ❢❛③❡r
q✉❛♥❞♦ ✉♠ ♣❛❝♦t❡ ❞❡ ✉♠❛ ❞❛❞❛ ❝♦♥❡①ã♦ ❛t✐♥❣❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ s✇✐t❝❤❀ ❡t❝✳ ❚❛♠❜é♠ é
♣♦ssí✈❡❧ ♦♣❡r❛r ❡♠ ✈ár✐♦s ♥í✈❡✐s ❞❛ ❛rq✉✐t❡t✉r❛✱ ❝♦♠♦ ❝r✐❛r ♠♦❞❡❧♦s ❞❡ ❝♦♥s✉♠♦ ❞❡ ♣♦✲
tê♥❝✐❛✱ ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦
❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ❛❧❣♦r✐t♠♦s ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛s✱
❛❧❣♦r✐t♠♦s ♣❡rs♦♥❛❧✐③❛❞♦s ❞❡ ❙❚P✱ ❡t❝✳

❖ ❙✐♥❡r❣②❈❧♦✉❞✱ ♣♦rt❛♥t♦✱ s✉r❣❡ ❝♦♠♦ ✉♠❛ ♦♣çã♦ ❛♦ ♥ú♠❡r♦ r❡❧❛t✐✈❛♠❡♥t❡ ❧✐♠✐t❛❞♦
❞❡ s✐♠✉❧❛❞♦r❡s ♣❛r❛ ❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ ❬✽✷❪✱ ❡♠ ❡s♣❡❝✐❛❧ àq✉❡❧❡s q✉❡ sã♦ ❝❛♣❛③❡s ❞❡
❧✐❞❛r ❝♦♠ ❡s❝❛❧♦♥❛♠❡♥t♦ ❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ❛♣r❡s❡♥t❛♥❞♦ ✉♠❛ ❛rq✉✐t❡t✉r❛ ✢❡①í✈❡❧ ❡
❢❛❝✐❧♠❡♥t❡ ❡st❡♥❞í✈❡❧ ♣❛r❛ ❛❞❛♣t❛r às ♥❡❝❡ss✐❞❛❞❡s ❞♦ ♣❡sq✉✐s❛❞♦r✳ ◆ós ♦❜s❡r✈❛♠♦s q✉❡✱
♣❛r❛ ♦ ♠❡❧❤♦r ❞❡ ♥♦ss♦ ❝♦♥❤❡❝✐♠❡♥t♦✱ ♥ã♦ ❝♦♥s❡❣✉✐♠♦s ❡♥❝♦♥tr❛r ✉♠ s✐♠✉❧❛❞♦r ❝❛♣❛③
❞❡ tr❛❜❛❧❤❛r ♥♦ ❝♦♥t❡①t♦ ❞❡ ■❛❛❙ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♣❡r♠✐t✐r ❛♥❛❧✐s❛r ♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛✲
❧♦♥❛♠❡♥t♦ ♥❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠✱ ❞❡s❡♥✈♦❧✈✐❞♦ ❡♠ ✉♠❛ ❧✐♥❣✉❛❣❡♠ ❞❡ ♣r♦❣r❛♠❛çã♦
❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞❛✱ ❢♦❝❛❞♦ ♥❛ ❛♥á❧✐s❡ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❛ ♥✉✈❡♠✱ s❡♥❞♦ ❡st❛ ♥✉✲
✈❡♠ ❝♦♥st✐t✉í❞❛ ❞❡ ❞❛t❛ ❝❡♥t❡rs ✐♥❞✐✈✐❞✉❛✐s ♦✉ ❣❡♦❞✐str✐❜✉í❞♦s✱ ❡ ✐♥❝❧✉✐♥❞♦ ♥❡st❛ ❛♥á❧✐s❡
♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ t❛♥t♦ ❞❡ ❡❧❡♠❡♥t♦s ❞❡ ❜♦r❞❛ q✉❛♥t♦ ❡❧❡♠❡♥t♦s ❞❡ ♥ú❝❧❡♦✳

❆✳✷ ❈❛r❛❝t❡ríst✐❝❛s

❖ ❙✐♥❡r❣②❈❧♦✉❞ é ✉♠ ❢r❛♠❡✇♦r❦ q✉❡ ♣♦ss✐❜✐❧✐t❛ ❛ ❡①❡❝✉çã♦ ❞❡ s✐♠✉❧❛çõ❡s s✉❛✈❡s ❡ ❝♦♥tí✲
♥✉❛s✱ ♣❛r❛ ✉♠ ❛♠♣❧♦ ❡s♣❡❝tr♦ ❞❡ ❝❡♥ár✐♦s✱ ❢♦❝❛❞♦ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡
♥❛ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ ❡♠ ♥í✈❡❧ ❞❛ ✐♥❢r❛❡str✉t✉r❛✳ ❊st❡ t♦♦❧❦✐t ❞❡ s✐♠✉❧❛çã♦ ❢♦✐ ❞❡s❡♥✲
✈♦❧✈✐❞♦ ♣❛r❛ ❧✐❞❛r ❝♦♠ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❛✈❛❧✐❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❡♠ ❛♠❜✐❡♥t❡s ❞✐str✐❜✉í❞♦s✱
♣♦ss✉✐♥❞♦ ❝♦♠♦ ❝❛r❛❝t❡ríst✐❝❛s ♣r✐♥❝✐♣❛✐s✿

• ❉❡s❡♥✈♦❧✈✐❞♦ ❡♠ ❏❛✈❛ → ❡st❡ ❢r❛♠❡✇♦r❦ ❞❡ s✐♠✉❧❛çã♦ é ❝♦♥str✉í❞♦ s♦❜r❡ ❛ ❧✐♥❣✉❛✲
❣❡♠ ❞❡ ♣r♦❣r❛♠❛çã♦ ❏❛✈❛✱ ❛ ♣r✐♠❡✐r❛ ❝♦❧♦❝❛❞❛ ♥♦ r❛♥❦✐♥❣ ❞❡ ✉s♦ ❚■❖❇❊ ❬✶✶✽❪❀

• ❉✐r✐❣✐❞♦ ❛ ❊✈❡♥t♦s→ ❙✐♠✉❧❛çõ❡s ❞❡ ❊✈❡♥t♦s ❉✐s❝r❡t♦s ✭❉❊❙✮ sã♦ ✉♠ t✐♣♦ ❞❡ s✐♠✉✲
❧❛çã♦ ♦♥❞❡ ❡✈❡♥t♦s sã♦ ♠❛♥t✐❞♦s ❡♠ ✉♠❛ ✜❧❛ ♦r❞❡♥❛❞❛ ♣❡❧♦ t❡♠♣♦ ❡ ♣r♦❝❡ss❛❞♦s ❡♠
✉♠ ❞❛❞♦ t❡♠♣♦ ❞❡ s✐♠✉❧❛çã♦ ❬✶✸✹❪✳ ❖ ❙✐♥❡r❣②❈❧♦✉❞ ❛♣r❡s❡♥t❛ t♦❞♦s ♦s r❡❝✉rs♦s ❞❡



✷✻✶

✉♠ s✐♠✉❧❛❞♦r ♦r✐❡♥t❛❞♦ ❛ ❡✈❡♥t♦s✿ ❡❧❡ ♣♦ss✉✐ ✈❛r✐á✈❡✐s ✐♥t❡r♥❛s q✉❡ ♠❛♥tê♠ r❡❣✐s✲
tr♦ ❞♦ t❡♠♣♦ ❞❡ s✐♠✉❧❛çã♦❀ ♦ ❡st❛❞♦ ❞♦ s✐st❡♠❛ ✭✴s❡✉s ❝♦♠♣♦♥❡♥t❡s✮ é ❛r♠❛③❡♥❛❞♦❀
❡①✐st❡♠ ♣♦♥t♦s q✉❡ ✐♥❞✐❝❛♠ ❛ ♠✉❞❛♥ç❛ ❞❡ ❡st❛❞♦ ❞♦ s✐st❡♠❛✱ ❡ ❝❛❞❛ ❡✈❡♥t♦ ♣♦ss✉✐
s❡✉ t❡♠♣♦ ❛ss♦❝✐❛❞♦✳ ❖ ♠♦t♦r tr❛❜❛❧❤❛ s♦❜r❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡✈❡♥t♦s ♦r❞❡♥❛❞♦
♣♦r t❡♠♣♦✱ ❞❡ ♠♦❞♦ q✉❡ ❡❧❡s sã♦ ♣r♦❝❡ss❛❞♦s ❡♥q✉❛♥t♦ ❛ s✐♠✉❧❛çã♦ ♥ã♦ ❡st✐✈❡r
❝♦♥❝❧✉í❞❛❀

• ◆í✈❡❧ ❞❡ P❛❝♦t❡s → ❉✐❢❡r❡♥t❡♠❡♥t❡ ❞❡ s✐♠✉❧❛❞♦r❡s ❞❡ ❝♦♠♣✉t❛çã♦ ❡♠ ♥✉✈❡♠ q✉❡
tr❛❜❛❧❤❛♠ s♦♠❡♥t❡ ❝♦♠ ❣r❛❢♦s ❞✐r❡❝✐♦♥❛❞♦s q✉❡ ✐♥❞✐❝❛♠ ♦ ✢✉①♦ ❞❡ ❞❛❞♦s ♥❛s r❡❞❡s✱
♦ ❙✐♥❡r❣②❈❧♦✉❞ ✐♠♣❧❡♠❡♥t❛ trá❢❡❣♦ ❡♠ ♥í✈❡❧ ❞❡ ♣❛❝♦t❡✳ ❈❛❞❛ ♣❛❝♦t❡ ❡♠ trâ♥s✐t♦
é r❡♣r❡s❡♥t❛❞♦ ♣♦r ✉♠ ♦❜❥❡t♦ ❝♦♠ ❡str✉t✉r❛ ❛❜str❛í❞❛ ❞♦ ❢♦r♠❛t♦ ❞❡ q✉❛❞r♦s ❞❛
❛rq✉✐t❡t✉r❛ ❚❈P✴■P✳ ◆❛t✐✈❛♠❡♥t❡✱ ♦ ❙✐♥❡r❣②❈❧♦✉❞ ♣r♦✈ê s✉♣♦rt❡ ♣❛r❛ ♦s s❡❣✉✐♥t❡s
❢♦r♠❛t♦s ❞❡ q✉❛❞r♦s✿ ❊t❤❡r♥❡t ♥♦ ♥í✈❡❧ ❞❡ ❡♥❧❛❝❡❀ ■P✈✹ ❡ ■P✈✻ ♥♦ ♥í✈❡❧ ❞❡ r❡❞❡❀ ❡
❚❈P ❡ ❯❉P ♥♦ ♥í✈❡❧ ❞❡ tr❛♥s♣♦rt❡✳

❊st❡ ❢r❛♠❡✇♦r❦ ❞❡ s✐♠✉❧❛çã♦ ♣r♦✈ê ❝❧❛ss❡s ❜ás✐❝❛s ♣❛r❛ ❞❡s❝r❡✈❡r ✉♠ ❛♠❜✐❡♥t❡ ❞❡
♥✉✈❡♠✱ ✐♥❝❧✉✐♥❞♦ ❞❛t❛ ❝❡♥t❡rs✱ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ r❡❝✉rs♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s✱ ♣♦❧ít✐❝❛s ❞❡
❡s❝❛❧♦♥❛♠❡♥t♦ ❡ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ ❞✐✈❡rs❛s ♣❛rt❡s ❞♦ s✐st❡♠❛✱ ❡t❝✳ ❊st❡s ❝♦♠♣♦♥❡♥t❡s
♣♦❞❡♠ s❡r ✉s❛❞♦s ♣❛r❛ ❛✈❛❧✐❛r ♥♦✈❛s t♦♣♦❧♦❣✐❛s✱ ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s
✈✐rt✉❛✐s ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✱ ❡t❝✳✱ ❝♦♠ ❢♦❝♦ ♣r✐♥❝✐♣❛❧ ♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ♠❛❦❡s♣❛♥ ❡
t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ✐♥❞✐✈✐❞✉❛✐s✳ ❊st❡ t♦♦❧❦✐t ♣♦ss✐❜✐❧✐t❛ ❝♦♥s✲
tr✉✐r ❝❡♥ár✐♦s s✐♠♣❧❡s♠❡♥t❡ ♣♦r ❡st❡♥❞❡r ♦✉ s✉❜st✐t✉✐r ❛s ❝❧❛ss❡s ❡①✐st❡♥t❡s ❡ ❝♦❞✐✜❝❛♥❞♦
♦ ❝❡♥ár✐♦ ❞❡s❡❥❛❞♦✳

❆✳✸ ❆rq✉✐t❡t✉r❛

❆s ♣r✐♥❝✐♣❛✐s ❢✉♥çõ❡s ❞♦ ❙✐♥❡r❣②❈❧♦✉❞ sã♦ ✐♠♣❧❡♠❡♥t❛❞❛s ❡♠ ✉♠ ♣❛❝♦t❡ ❈♦r❡✳ ◆❡❧❡
❡①✐st❡♠ ❛❜str❛çõ❡s ❝♦♥✜❣✉rá✈❡✐s ♣❡❧♦ ✉s✉ár✐♦ ♣❛r❛ ❡①❡❝✉t❛r s✐♠✉❧❛çõ❡s✱ t❛✐s ❝♦♠♦ ❞❛t❛

❝❡♥t❡rs ✖ ❝♦♥st✐t✉í❞♦s ❞❡ ❜r♦❦❡rs✱ st♦r❛❣❡s✱ s❡r✈✐❞♦r❡s✱ s✇✐t❝❤❡s✱ r♦t❡❛❞♦r❡s ❞❡ ❜♦r❞❛✱
❙▲❆s✱ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ✖ ❜❡♠ ❝♦♠♦ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ❝♦♠✲
♣♦♥❡♥t❡s ❞❡ ♥ú❝❧❡♦✱ ❝♦♠♦ ❣❡♦❞✐str✐❜✉✐çã♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs✱ ❝♦♥❡①õ❡s✱ ♣❛❝♦t❡s ❞❡ r❡❞❡ ❡
❡✈❡♥t♦s✳

❆♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ❆✳✶ ✉♠ r❡❧❛❝✐♦♥❛♠❡♥t♦ ❡♥tr❡ ❡st❡s ❝♦♠♣♦♥❡♥t❡s✱ q✉❡ sã♦✿

• ❈❛r❣❛ ❞❡ ❚r❛❜❛❧❤♦ → r❡♣r❡s❡♥t❛ ✉♠❛ ❝❛r❣❛ ❛ s❡r ♣r♦❝❡ss❛❞❛❀

• ▼áq✉✐♥❛ ❱✐rt✉❛❧ → ♣r♦❝❡ss❛ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦❀

• ❙▲❆ → r❡str✐çã♦ ❞❡ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧ q✉❡ ❞❡✈❡ s❡r ❛t❡♥❞✐❞❛ ♣❡❧❛ ♥✉✈❡♠❀

• ❙❡r✈✐❞♦r → s❡r✈✐❞♦r r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ♣r♦✈✐s✐♦♥❛♠❡♥t♦ ❞❡ r❡❝✉rs♦s ✭❡①✿ ♣r♦❝❡ss❛✲
♠❡♥t♦✱ ❘❆▼✱ ❡t❝✳✮ ♣❛r❛ às ♠áq✉✐♥❛s ✈✐rt✉❛✐s❀

• ❙t♦r❛❣❡ → r❡s♣♦♥sá✈❡❧ ♣♦r ❛r♠❛③❡♥❛r ✐♠❛❣❡♥s ❞❛s ♠áq✉✐♥❛s ✈✐rt✉❛✐s❀
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er0

b0 st0
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sw0 sw1
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wl0 wl1

❋✐❣✉r❛ ❆✳✶✿ ❙✐♥❡r❣②❈❧♦✉❞ ✿ ❘❡❧❛❝✐♦♥❛♠❡♥t♦ ❡♥tr❡ ❈♦♠♣♦♥❡♥t❡s

• ❇r♦❦❡r → r❡s♣♦♥sá✈❡❧ ♣♦r s❡❧❡❝✐♦♥❛r s❡r✈✐❞♦r❡s ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❡♥✈✐❛r ❝❛r✲
❣❛s ❞❡ tr❛❜❛❧❤♦ ♣❛r❛ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♦♣❡r❛❝✐♦♥❛✐s✱ ❡ ♣♦r r❡❝❡❜❡r ❝❛r❣❛s ♣r♦❝❡ss❛✲
❞❛s❀

• ❙✇✐t❝❤ → ✐♥t❡r❝♦♥❡❝t❛ ♥ós ❢ís✐❝♦s ❞❡ r❡❞❡✱ q✉❡ ♣♦❞❡♠ s❡r r♦t❡❛❞♦r❡s ❞❡ ❜♦r❞❛✱
s✇✐t❝❤❡s✱ ❜r♦❦❡rs✱ st♦r❛❣❡s ♦✉ s❡r✈✐❞♦r❡s❀

• ❘♦t❡❛❞♦r ❞❡ ❇♦r❞❛ → ♣❡r♠✐t❡ ❛ ✐♥t❡r❝♦♥❡①ã♦ ❞❡ ❞❛t❛ ❝❡♥t❡rs✳

❯♠ ❝❡♥ár✐♦ ❞❡ s✐♠✉❧❛çã♦ ✉s✉❛❧♠❡♥t❡ é ❝♦♥st✐t✉í❞♦ ❞❡ ♣❡❧♦ ♠❡♥♦s ✉♠ ❜r♦❦❡r✱ ✉♠
st♦r❛❣❡✱ ✉♠ s❡r✈✐❞♦r✱ ❞❡ ♠♦❞♦ q✉❡ t♦❞♦s ❡st❡s ❡❧❡♠❡♥t♦s ❡stã♦ ✐♥t❡r❝♦♥❡❝t❛❞♦s✳ ◆ós
❛♣r❡s❡♥t❛♠♦s ♥❛ ❋✐❣✉r❛ ❆✳✷ ✉♠ ❡sq✉❡♠❛ ❞❡st❡s ❡❧❡♠❡♥t♦s ❞❡ ♥ú❝❧❡♦ ❡ s✉❛s ✐♥t❡r❛çõ❡s✳

❖ ❙✐♥❡r❣②❈❧♦✉❞ ✉s❛ ✉♠❛ s✐♠✉❧❛çã♦ ♦r✐❡♥t❛❞❛ ❛ ❡✈❡♥t♦s✳ ❊st❛ ❞❡❝✐sã♦ ❞❡ ✐♠♣❧❡♠❡♥t❛✲
çã♦ tr❛③ ♠✉✐t❛s ✈❛♥t❛❣❡♥s ❞❡ ❞❡s❡♠♣❡♥❤♦ ❝♦♠♣❛r❛❞❛ ❛♦s s✐♠✉❧❛❞♦r❡s ♦r✐❡♥t❛❞♦s ❛ ♣❛ss♦s
❞❡ t❡♠♣♦✱ ♣♦✐s ♦ ❙✐♥❡r❣②❈❧♦✉❞ ♣♦❞❡ ❝♦♥❝❡♥tr❛r ✉♠ ♥ú♠❡r♦ ❣r❛♥❞❡ ❞❡ ♦♣❡r❛çõ❡s ❛ s❡r❡♠
r❡❛❧✐③❛❞❛s ❡ ✉♠❛ ú♥✐❝❛ ✈❡③✱ ♦ q✉❡ ♥ã♦ s❡r✐❛ ♣♦ssí✈❡❧ s❡ ❛ s❡❣✉♥❞❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❢♦ss❡
✉t✐❧✐③❛❞❛✳

P❛r❛ ❞❡♠♦♥str❛r ❡st❛ ✈❛♥t❛❣❡♠ ❞❛ ♦r✐❡♥t❛çã♦ ❛ ❡✈❡♥t♦s✱ ✈❡❥❛ ♦ s❡❣✉✐♥t❡ ❡①❡♠♣❧♦✿
s✉♣♦♥❤❛ q✉❡ ✉♠ s❡r✈✐❞♦r✱ q✉❡ ♣♦ss✉✐ s♦♠❡♥t❡ ✉♠❛ ♠áq✉✐♥❛ ✈✐rt✉❛❧✱ r❡❝❡❜❡ ✉♠❛ ❝❛r❣❛
❞❡ tr❛❜❛❧❤♦ ❣r❛♥❞❡ ✭q✉❡ ❧❡✈❛r✐❛✱ ♣♦r ❡①❡♠♣❧♦✱ ✺ ❤♦r❛s ♣❛r❛ ❝♦♥❝❧✉✐r✮✳ ❯♠ s✐♠✉❧❛❞♦r
♦r✐❡♥t❛❞♦ ❛ ♣❛ss♦s ❞❡ t❡♠♣♦✱ ❝♦♠ ✖ ♣♦r ❡①❡♠♣❧♦ ✖ ✐♥t❡r✈❛❧♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡
✶ s❡❣✉♥❞♦✱ ♣r❡❝✐s❛r✐❛✱ ♥❡st❡ ❝❛s♦✱ ❞❡ r❡❛❧✐③❛r ❛t✉❛❧✐③❛çõ❡s ❞♦s ❝á❧❝✉❧♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
❞❡st❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ 5×60×60×1 = 18.000 ✈❡③❡s✳ ◆♦ ❡♥t❛♥t♦✱ ♥♦ ❝❛s♦ ❞❛ ♦r✐❡♥t❛çã♦
❛ ❡✈❡♥t♦s✱ ❝♦♠♦ ♥❛❞❛ ♦❝♦rr❡ ♥❡st❡ ✐♥t❡r✈❛❧♦ ❡♥tr❡ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❛ ❝❛r❣❛ ♣❡❧❛ ♠áq✉✐♥❛
✈✐rt✉❛❧ ❡ ❛ ❝♦♥❝❧✉sã♦ ❞❡st❡ ♣r♦❝❡ss❛♠❡♥t♦✱ s♦♠❡♥t❡ ✉♠ ❡✈❡♥t♦ é ❡s❝❛❧♦♥❛❞♦✱ ♣❛r❛ ♦ t❡♠♣♦
❡st✐♠❛❞♦ ❞❡ ❝♦♥❝❧✉sã♦ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡st❛ ❝❛r❣❛✱ ♣♦rt❛♥t♦✱ s♦♠❡♥t❡ ✶ ♣r♦❝❡ss❛♠❡♥t♦
s❡r✐❛ ♥❡❝❡ssár✐♦ ✭❝♦♥tr❛ ✶✽✳✵✵✵ r❡q✉❡r✐❞♦s ♣❡❧❛ s✐♠✉❧❛çã♦ ♦r✐❡♥t❛❞❛ ❛ ♣❛ss♦s ❞❡ t❡♠♣♦✮✳

◆ós ❡♥❢❛t✐③❛♠♦s✱ ♣♦ré♠✱ q✉❡ s❡ ♦ ✉s✉ár✐♦ ❞❡s❡❥❛r ✉♠❛ s✐♠✉❧❛çã♦ ♦r✐❡♥t❛❞❛ ❛ ♣❛ss♦s
❞❡ t❡♠♣♦✱ é ♣♦ssí✈❡❧✱ ❣❡r❛♥❞♦ ❡✈❡♥t♦s ❝♦♠ ❛s ❛t✉❛❧✐③❛çõ❡s ❞❡s❡❥❛❞❛s✱ ♣❛r❛ ♦s ✐♥t❡r✈❛❧♦s
q✉❡ ♦ ✉s✉ár✐♦ ❞❡s❡❥❛r✳
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❋✐❣✉r❛ ❆✳✷✿ ❙✐♥❡r❣②❈❧♦✉❞ ✿ ❆rq✉✐t❡t✉r❛ ❞♦ ◆ú❝❧❡♦

◆ós ❛♣r❡s❡♥t❛♠♦s ♥❛ ❚❛❜❡❧❛ ❆✳✶ ♦s ❡✈❡♥t♦s s✉♣♦rt❛❞♦s ♣❡❧♦ ❙✐♥❡r❣②❈❧♦✉❞✳ ➱ ♣♦s✲
sí✈❡❧ ❛♦ ✉s✉ár✐♦ ❞♦ ❙✐♥❡r❣②❈❧♦✉❞ ♣❡rs♦♥❛❧✐③❛r q✉❛❧q✉❡r ✉♠ ❞❡❧❡s✱ ❛❞✐❝✐♦♥❛♥❞♦ r❡❝✉rs♦s
♥❡❝❡ssár✐♦s ♣❛r❛ ❛ s✉❛ ♣❡sq✉✐s❛✳

❖ ♠♦t♦r ❞❡ s✐♠✉❧❛çã♦ ♣❡r♠✐t❡ ❛♦ ✉s✉ár✐♦ ❛❝❡ss❛r ❛s s❡❣✉✐♥t❡s ✐♥❢♦r♠❛çõ❡s✿ ✐♥❞✐❝❛çã♦
❞❡ q✉❛♥❞♦ ❛ s✐♠✉❧❛çã♦ ❢♦✐ ✐♥✐❝✐❛❞❛✱ ♥ú♠❡r♦ ❞❡ ❞❡s❧✐❣❛♠❡♥t♦s ❞❡ s❡r✈✐❞♦r❡s✱ ♥ú♠❡r♦ ❞❡ ❧✐❣❛✲
çõ❡s ❞❡ s❡r✈✐❞♦r❡s✱ ♥ú♠❡r♦ ❞❡ ❞❡s❧✐❣❛♠❡♥t♦s ❞❡ s✇✐t❝❤❡s✱ ♥ú♠❡r♦ ❞❡ ❧✐❣❛çõ❡s ❞❡ s✇✐t❝❤❡s✱
♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ✐♥✐❝✐❛❞❛s✱ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s ❝♦♥❝❧✉í❞❛s✱ ♥ú♠❡r♦ ❞❡ ♠✐❣r❛çõ❡s
❛❜♦rt❛❞❛s✱ ❡ ✉♠❛ ❧✐st❛ ❝♦♥t❡♥❞♦ ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞❡ ❝❛❞❛ ♠✐❣r❛çã♦✳ ❖ ♠♦t♦r ❞❡
s✐♠✉❧❛❞♦r t❛♠❜é♠ ❡①❡❝✉t❛ ✉♠ ❙❚P ♥♦s ❞❛t❛ ❝❡♥t❡rs ❡♠ ✉♠ ♥ú♠❡r♦ ♣❡rs♦♥❛❧✐③❛❞♦ ❞❡
t❡♠♣♦✱ ♣♦r ♣❛❞rã♦✱ ✸✵ s❡❣✉♥❞♦s✳

❆s ♣r✐♥❝✐♣❛✐s ❢✉♥çõ❡s ❞♦ ♠♦t♦r ❞❡ s✐♠✉❧❛çã♦ sã♦ ❙❡t ❯♣ ❡ ❘✉♥✳

❙❡t ❯♣ ❈♦♥✜❣✉r❛ ♦ ❙✐♥❡r❣②❈❧♦✉❞ ♣❛r❛ r❡❛❧✐③❛r ✉♠❛ ♥♦✈❛ s✐♠✉❧❛çã♦✳ ❆❧❣✉♥s ♣❛râ♠❡✲
tr♦s q✉❡ ♣♦❞❡♠ s❡r ❞❡✜♥✐❞♦s ♣❡❧♦ ✉s✉ár✐♦ sã♦✿ ❞❛t❛ ❝❡♥t❡rs✱ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❝❛r❣❛s
❞❡ tr❛❜❛❧❤♦✱ ❛r♠❛③❡♥❛❞♦r ❞❡ ✐♠❛❣❡♥s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ❣❡r❛❞♦r ❞❡ ❙❚P✱ ❣❡r❛❞♦r ❞❡
r❡❧❛tór✐♦s✱ t❛♠❛♥❤♦ ❞❡ ♦✈❡r❤❡❛❞ ❞❛ ❝❛♠❛❞❛ ❞❡ ❡♥❧❛❝❡ ❡ t❛♠❛♥❤♦ ❞♦ ❝❛❜❡ç❛❧❤♦ ❞❛s ❝❛♠❛✲
❞❛s ❞❡ r❡❞❡ ❡ ❞❡ tr❛♥s♣♦rt❡✳ ❖ ❙✐♥❡r❣②❈❧♦✉❞ t❛♠❜é♠ ♣❡r♠✐t❡ ♦ ✉s♦ ❞❡ ✉♠❛ ❤❡✉ríst✐❝❛ ❞❡
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❚❛❜❡❧❛ ❆✳✶✿ ❙✐♥❡r❣②❈❧♦✉❞ ✿ ❊✈❡♥t♦s ❙✉♣♦rt❛❞♦s

❊❧❡♠❡♥t♦ ❆çõ❡s ◗✉❛♥❞♦

❇r♦❦❡r ■♥✐❝✐❛r❀ ❆t✉❛❧✐③❛r

❈♦♥❡①ã♦
❊st❛❜❡❧❡❝❡r❀ ❋✐♥❛❧✐③❛r❀
❆❜♦rt❛r❀ ❆t✉❛❧✐③❛r

❉✐s♣♦s✐t✐✈♦ ❆❧t❡r❛r ❊st❛❞♦

P❛❝♦t❡
❈❤❡❣❛r ❛♦ ♣ró①✐♠♦ ♥ó❀
P❛rt✐r ❞❡ ✉♠❛ ♣♦rt❛ ❲❆◆

▼áq✉✐♥❛ ❱✐rt✉❛❧ ■♥✐❝✐❛r ❆♥t❡s✴❆♣ós ❡♥✈✐♦

▼áq✉✐♥❛ ❱✐rt✉❛❧ ▼✐❣r❛çã♦ ■♥✐❝✐❛r❀ ❋✐♥❛❧✐③❛r❀ ❆❜♦rt❛r

▼áq✉✐♥❛ ❱✐rt✉❛❧ ❋✐♥❛❧✐③❛r ❆♥t❡s✴❆♣ós r❡❝❡❜✐♠❡♥t♦

❈❛r❣❛ ❞❡ ❚r❛❜❛❧❤♦ ■♥✐❝✐❛r ❆♥t❡s✴❆♣ós ❡♥✈✐♦ ♣❡❧♦ ❇r♦❦❡r

❈❛r❣❛ ❞❡ ❚r❛❜❛❧❤♦ ❋✐♥❛❧✐③❛r ❆♥t❡s✴❆♣ós r❡❝❡❜✐♠❡♥t♦ ♣❡❧♦ ❇r♦❦❡r

❈❛r❣❛ ❞❡ ❚r❛❜❛❧❤♦
❆t✉❛❧✐③❛r✴❋✐♥❛❧✐③❛r
Pr♦❝❡ss❛♠❡♥t♦

❛❣r✉♣❛♠❡♥t♦ ❞❡ ♣❛❝♦t❡s✱ q✉❡ ♣♦❞❡ r❡❞✉③✐r ♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞❡ ✉♠❛ s✐♠✉❧❛çã♦ t❡♥❞♦
❝♦♠♦ tr❛❞❡✲♦✛ ✉♠❛ ♣❡q✉❡♥❛ ♣❡r❞❛ ❞❡ ❛❝✉rá❝✐❛ ♥❛s ❞✉r❛çõ❡s ❞❛s ❝♦♥❡①õ❡s✳

❘✉♥ ❆ s✐♠✉❧❛çã♦ ♣♦❞❡ s❡r ❡①❡❝✉t❛❞❛ ❛♣ós ❛ ❝♦♥✜❣✉r❛çã♦✳ ❖ ❙✐♥❡r❣②❈❧♦✉❞ ❜❛s✐❝❛♠❡♥t❡
✈❡r✐✜❝❛ ❛❧❣✉♠❛s ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s ♣❛r❛ t♦r♥❛r ❛ s✐♠✉❧❛çã♦ ♣♦ssí✈❡❧ ❡✱ ✉♠❛ ✈❡③ ❛t❡♥❞✐❞❛s✱
✐♥✐❝✐❛❧✐③❛ ♦ ❣❡r❛❞♦r ❞❡ r❡❧❛tór✐♦s ❡ ❡①❡❝✉t❛ ♦s ❡✈❡♥t♦s ❞❡ s✐♠✉❧❛çã♦ ❡♥q✉❛♥t♦ ♦s ❜r♦❦❡rs

❛✐♥❞❛ t✐✈❡r❡♠ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ♦✉ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ♣❛r❛ ♣r♦❝❡ss❛r✳ ❆♣ós ♦s tr❛❜❛❧❤♦s
❞♦s ❜r♦❦❡rs s❡r❡♠ t❡r♠✐♥❛❞♦s✱ ❛ s✐♠✉❧❛çã♦ ✜♥❛❧✐③❛ ❛ ❝♦♥t❛❜✐❧✐③❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛
❡ ♥❛ s❡q✉ê♥❝✐❛ ✉♠ r❡❧❛tór✐♦ é ❝r✐❛❞♦ ♣❡❧♦ ❣❡r❛❞♦r ❞❡ r❡❧❛tór✐♦s ❡s♣❡❝✐✜❝❛❞♦ ♣❡❧♦ ✉s✉ár✐♦✳
❆ ♠❡❞✐❞❛ ❡♠ q✉❡ ❛ s✐♠✉❧❛çã♦ é ❡①❡❝✉t❛❞❛✱ ✉♠ ❧♦❣❣❡r ✐♠♣r✐♠❡ ♦ ♣r♦❣r❡ss♦ ❞❛ s✐♠✉❧❛çã♦✳

❋✉♥çõ❡s s❡❝✉♥❞ár✐❛s ✉s❛❞❛s ♣❡❧♦ ❙✐♥❡r❣②❈❧♦✉❞ sã♦ ✐♠♣❧❡♠❡♥t❛❞❛s ❢♦r❛ ❞♦ ♣❛❝♦t❡ ❈♦r❡✳
❊♥tr❡ ❡st❛s ❢✉♥çõ❡s ♣♦❞❡♠♦s ❝✐t❛r ❣❡r❛❞♦r❡s ❞❡ ár✈♦r❡ ❣❡r❛❞♦r❛✱ ♠♦❞❡❧♦s ❞❡ ❝♦♥s✉♠♦
❞❡ ♣♦tê♥❝✐❛✱ ❣❡r❛❞♦r❡s ❞❡ r❡❧❛tór✐♦s✱ ❛r♠❛③❡♥❛❞♦r❡s ❞❡ ✐♠❛❣❡♥s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱
❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ❡ ✉t✐❧✐tár✐♦s✳

❖ ❙✐♥❡r❣②❈❧♦✉❞ ❛❝♦♠♣❛♥❤❛ ❛❧❣♦r✐t♠♦s ♣❛❞rõ❡s ❞❡ ❣❡r❛❞♦r❡s ❞❡ ár✈♦r❡ ❣❡r❛❞♦r❛ ✭❝♦♠
♣r♦♣❛❣❛çã♦ ❡♠ ❧❛r❣✉r❛✮✱ ❛r♠❛③❡♥❛❞♦r❡s ❞❡ ✐♠❛❣❡♥s ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s ✭r♦✉♥❞✲r♦❜✐♥✮
❡ ❡s❝❛❧♦♥❛❞♦r❡s ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ✭r♦✉♥❞✲r♦❜✐♥✮✳ ◆❛t✐✈❛♠❡♥t❡✱ ♦ ❙✐♥❡r❣②❈❧♦✉❞ ♣r♦✈ê
s✉♣♦rt❡ ❛♦s ♠♦❞❡❧♦s ❞❡ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛ ❙✐♠♣❧❡s ✖ ❝♦♥s✐❞❡r❛ s♦♠❡♥t❡ ❞✉❛s ♣♦✲
tê♥❝✐❛s✿ ✉♠❛ ♣❛r❛ ♦ ❡st❛❞♦ ❧✐❣❛❞♦ ❡ ♦✉tr❛ ♣❛r❛ ♦ ❡st❛❞♦ ❞❡s❧✐❣❛❞♦ ✖ ❉❱❋❙ ❧✐♥❡❛r ❡
❉❱❋❙ st❡♣♣❡❞✳ ❖s ❣❡r❛❞♦r❡s ❞❡ r❡❧❛tór✐♦ q✉❡ ❛❝♦♠♣❛♥❤❛♠ ♦ ❙✐♥❡r❣②❈❧♦✉❞ ♣❡r♠✐t❡♠
❣❡r❛r r❡❧❛tór✐♦s ❡♠ t❡❧❛ ♦✉ ❡♠ ❛rq✉✐✈♦s ❈❙❱ ✖ ❝♦♠ ♣♦ssí✈❡❧ ❣❡r❛çã♦ ❞❡ ♣❧t ♣❛r❛ ❣♥✉✲

♣❧♦t✳ ❈♦♠ r❡❧❛çã♦ ❛♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♠áq✉✐♥❛s ✈✐rt✉❛✐s✱ ♦ ❙✐♥❡r❣②❈❧♦✉❞

✐♠♣❧❡♠❡♥t❛ ♥❛t✐✈❛♠❡♥t❡ ♦ ❘◆❉✱ ❘❘✱ ❋❆✱ ❍❯✱ ❍❘✱ ▼P❉✱ ▲❆ ❡ ❇❆▲❆✳ ◗✉❛♥t♦ ❛♦s ✉t✐❧✐tár✐♦s✱ ♦
❙✐♥❡r❣②❈❧♦✉❞ ♣♦ss✉✐ ✉♠❛ ❝❛❧❝✉❧❛❞♦r❛ ❝♦♠ ✉t✐❧✐❞❛❞❡s ♣❛r❛ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦✱ ✉♠ ❣❡r❛❞♦r
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❛✉t♦♠❛t✐③❛❞♦ ❞❡ ❡❧❡♠❡♥t♦s ✭❜r♦❦❡rs✱ st♦r❛❣❡s✱ s❡r✈✐❞♦r❡s✱ ♣r♦❝❡ss❛❞♦r❡s✱ ♠áq✉✐♥❛s ✈✐rt✉✲
❛✐s ❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦✮✱ ❡ ✉♠ ❣❡r❛❞♦r ❛✉t♦♠❛t✐③❛❞♦ ♣❛r❛ ❛s t♦♣♦❧♦❣✐❛s ❙✐♥❣❧❡✲❍♦♣ ❙t❛r✱
❋❧❛t✲❚r❡❡✱ ❇✐♥❛r② ❚r❡❡ ❡ ❑✲❆r② ❋❛t ❚r❡❡✳

❖ ❢r❛♠❡✇♦r❦ ❙✐♥❡r❣②❈❧♦✉❞ ❢♦✐ ❝♦♥str✉í❞♦ ❡♠ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡
❡s♣❡❝✐✜❝❛çõ❡s ♣❛❞rã♦ ❡stá✈❡❧ ✉s❛♥❞♦ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❞❡ t❡st❡s ❡ ❝♦♥str✉çã♦ ❞✐s❝✐♣❧✐♥❛❞❛
❡ r✐❣♦r♦s❛✱ ❜❛s❡❛❞♦ ♥❛ ♣rát✐❝❛ ❚❡st✲❉r✐✈❡♥ ❉❡✈❡❧♦♣♠❡♥t ✭❚❉❉✮✳ ❖ ✉s♦ ❞❡st❛ ♠❡t♦❞♦❧♦❣✐❛
é ❝❛♣❛③ ❞❡ r❡❞✉③✐r ❞r❛st✐❝❛♠❡♥t❡ ❛s t❛①❛s ❞❡ ❞❡❢❡✐t♦ ❞♦ ❢r❛♠❡✇♦r❦✱ ❛❧é♠ ❞❡ ♠❛♥t❡r ♦s
❝❛s♦s ❞❡ t❡st❡s ✉♥✐tár✐♦s ❝r✐❛❞♦s ❝♦♠♦ ✉♠ ❛t✐✈♦ r❡✉sá✈❡❧ ❡ ❡①t❡♥sí✈❡❧ ❞❡ ♠♦❞♦ ❛ ❝♦♥t✐♥✉❛r
♣r♦✈❡♥❞♦ q✉❛❧✐❞❛❞❡ ♣♦r t♦❞❛ ❛ s✉❛ ✈✐❞❛✳

◆✉♠❡r♦s♦s t❡st❡s ❢♦r❛♠ ❡s❝r✐t♦s ♣❛r❛ ❣❛r❛♥t✐r ❛ ❝♦rr❡çã♦ ❡ q✉❛❧✐❞❛❞❡ ❞♦ ❢r❛♠❡✇♦r❦

❞❡ s✐♠✉❧❛çã♦✱ s❡❣✉✐❞♦s ♣♦r s✉❛s s♦❧✉çõ❡s✱ ❡ ❡st❡s ♣r♦❝❡❞✐♠❡♥t♦s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ❡♠
s✉❝❡ss✐✈❛s ✐t❡r❛çõ❡s✳ ❉❡ ❢❛t♦✱ ♠✐❧❤❛r❡s ❞❡ ❛ss❡rçõ❡s ❢♦r❛♠ ❝♦❞✐✜❝❛❞❛s ❞❡ ♠♦❞♦ ❛ ♠❛♥t❡r
s✉❛ r♦❜✉st❡③✳ ❈❛❞❛ ✉♠ ❞❡st❡s t❡st❡s ❢♦✐ ❝✉✐❞❛❞♦s❛♠❡♥t❡ ♣❧❛♥❡❥❛❞♦✱ ❜❛s❡❛❞♦ ❡♠ ♠♦❞❡❧♦s
❢♦r♠❛✐s✱ ❡ ❝♦❞✐✜❝❛❞♦ ♥♦ r❡♥♦♠❛❞♦ ❢r❛♠❡✇♦r❦ ❞❡ t❡st❡s ❏❯♥✐t ❬✹✷❪✱ ❡ ♦ t♦♦❧❦✐t ❢♦✐ ❝❛♣❛③ ❞❡
s❛t✐s❢❛③❡r t♦❞❛s ❛ ❛ss❡rçõ❡s ♣r♦❣r❛♠❛❞❛s✳

❖s t❡st❡s ❢♦r❛♠ ❡s❝r✐t♦s ♣❛r❛ t♦❞♦s ♦s ❛s♣❡❝t♦s ❡♥❝♦♥tr❛❞♦s ♥♦ ❢r❛♠❡✇♦r❦ ❞❡ s✐♠✉❧❛✲
çã♦✳ ❈❛❞❛ t❡st❡ ❝♦♥s✐st✐✉ ♥❛ ✈❡r✐✜❝❛çã♦ ❞❡ s❛í❞❛s ❡s♣❡r❛❞❛s ♣♦ssí✈❡✐s ♣❛r❛ ❛ s✐♠✉❧❛çã♦✳
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