
❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s
❋❛❝✉❧❞❛❞❡ ❞❡ ❚❡❝♥♦❧♦❣✐❛

❉❛♥✐❧♦ ❈♦✈❛❡s ◆♦❣❛r♦tt♦

❆✈❛❧✐❛çã♦ ❞❡ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❞❡ tr❛❥❡tór✐❛s ♣❛r❛ ❛
♣r❡✈✐sã♦ ❞❡ ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s

▲✐♠❡✐r❛

✷✵✶✾



❉❛♥✐❧♦ ❈♦✈❛❡s ◆♦❣❛r♦tt♦

❆✈❛❧✐❛çã♦ ❞❡ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❞❡ tr❛❥❡tór✐❛s ♣❛r❛ ❛ ♣r❡✈✐sã♦

❞❡ ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s

❚❡s❡ ❛♣r❡s❡♥t❛❞❛ à ❋❛❝✉❧❞❛❞❡ ❞❡ ❚❡❝♥♦❧♦❣✐❛ ❞❛
❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s ❝♦♠♦
♣❛rt❡ ❞♦s r❡q✉✐s✐t♦s ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦ tít✉❧♦
❞❡ ❉♦✉t♦r ❡♠ ❚❡❝♥♦❧♦❣✐❛✱ ♥❛ ár❡❛ ❞❡ ❆♠❜✐❡♥t❡✳

❖r✐❡♥t❛❞♦r❛✿ Pr♦❢❛✳ ❉r❛✳ ❙✐♠♦♥❡ ❆♥❞r❡❛ P♦③③❛

❊st❡ tr❛❜❛❧❤♦ ❝♦rr❡s♣♦♥❞❡ à ✈❡rsã♦ ✜♥❛❧ ❞❛
❚❡s❡ ❞❡❢❡♥❞✐❞❛ ♣♦r ❉❛♥✐❧♦ ❈♦✈❛❡s ◆♦❣❛r♦tt♦
❡ ♦r✐❡♥t❛❞❛ ♣❡❧❛ Pr♦❢❛✳ ❉r❛✳ ❙✐♠♦♥❡ ❆♥❞r❡❛
P♦③③❛✳

▲✐♠❡✐r❛

✷✵✶✾





❉❛♥✐❧♦ ❈♦✈❛❡s ◆♦❣❛r♦tt♦

❆✈❛❧✐❛çã♦ ❞❡ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❞❡ tr❛❥❡tór✐❛s ♣❛r❛ ❛ ♣r❡✈✐sã♦

❞❡ ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s

❇❛♥❝❛ ❊①❛♠✐♥❛❞♦r❛✿

• Pr♦❢❛✳ ❉r❛✳ ❙✐♠♦♥❡ ❆♥❞r❡❛ P♦③③❛
❋❚✴❯◆■❈❆▼P

• Pr♦❢✳ ❉r✳ ▲❡♦♥❛r❞♦ ❍♦✐♥❛s❦✐
❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❙❛♥t❛ ❈❛t❛r✐♥❛

• Pr♦❢✳ ❉r✳ ❆♥tô♥✐♦ ❈❛r❧♦s ❙✐♠õ❡s P✐ã♦
❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ P❛✉❧✐st❛

• Pr♦❢✳ ❉r✳ ❏♦❤❛♥ ❍❡♥❞r✐❦ P♦❦❡r ❏✉♥✐♦r
❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s

• Pr♦❢✳ ❉r✳ ❇❡r♥❛r❞✐♥♦ ❘✐❜❡✐r♦ ❞❡ ❋✐❣✉❡✐r❡❞♦
❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞❡ ❈❛♠♣✐♥❛s

❆ ❛t❛ ❞❛ ❞❡❢❡s❛ ❝♦♠ ❛s r❡s♣❡❝t✐✈❛s ❛ss✐♥❛t✉r❛s ❞♦s ♠❡♠❜r♦s ❞❛ ❜❛♥❝❛ ❡♥❝♦♥tr❛✲s❡ ♥♦
❙■●❆✴❙✐st❡♠❛ ❞❡ ❋❧✉①♦ ❞❡ ❉✐ss❡rt❛çã♦✴❚❡s❡ ❡ ♥❛ ❙❡❝r❡t❛r✐❛ ❞♦ Pr♦❣r❛♠❛ ❞❛ ❯♥✐❞❛❞❡✳

▲✐♠❡✐r❛✱ ✷✶ ❞❡ ❢❡✈❡r❡✐r♦ ❞❡ ✷✵✶✾



❍á ♠✉✐t♦s ♣❧❛♥♦s ♥♦ ❝♦r❛çã♦ ❞♦ ❤♦♠❡♠✱
♠❛s é ❛ ✈♦♥t❛❞❡ ❞♦ ❙❡♥❤♦r q✉❡ s❡ r❡❛❧✐③❛✳
✭Pr♦✈ér❜✐♦s ✶✾✱ ✷✶✮



❆❣r❛❞❡❝✐♠❡♥t♦s

●♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝❡r ✐♠❡♥s❛♠❡♥t❡ ❛ ❉❡✉s✦
❆♦s ♠❡✉s ♣❛✐s✱ ♠✐♥❤❛ ❢❛♠í❧✐❛ ❡ ♠✐♥❤❛ ♥❛♠♦r❛❞❛✱ ♣❡❧♦ ❝❛r✐♥❤♦✱ ❛♣♦✐♦ ❡ ✐♥❝❡♥t✐✈♦ ❡♠

t♦❞❛ ❛ ♠✐♥❤❛ tr❛❥❡tór✐❛✦
➚ ❙✐♠♦♥❡✱ ♠✐♥❤❛ ♦r✐❡♥t❛❞♦r❛✱ ♣❡❧❛ ❝♦♥✜❛♥ç❛✱ ♣r❡s❡♥ç❛ ❡ ❝♦♥s❡❧❤♦s✦
❆♦s ❛♠✐❣♦s q✉❡ ❞✐r❡t❛ ❡ ✐♥❞✐r❡t❛♠❡♥t❡ ♠❡ ❛✉①✐❧✐❛r❛♠ ♥❡st❛ ❝❛♠✐♥❤❛❞❛✦
❆♦ ♣r♦❣r❛♠❛ ❞❛ ♣ós✲❣r❛❞✉❛çã♦ ❞❛ ❋❚✱ ♣❡❧♦ s✉♣♦rt❡ ♥❡ss❡s ❛♥♦s✦
➚ t♦❞❛ ❜❛♥❝❛ ❡①❛♠✐♥❛❞♦r❛✱ ♣❡❧❛s ❝rít✐❝❛s ❡ s✉❣❡stõ❡s ♥❡st❡ tr❛❜❛❧❤♦✦
P♦r ✜♠✱ ❛❣r❛❞❡ç♦ ❛ ❈❛♣❡s✱ ♣❡❧♦ ❛♣♦✐♦ ✜♥❛♥❝❡✐r♦✳



❘❡s✉♠♦

❖ ▼❛t❡r✐❛❧ P❛rt✐❝✉❧❛❞♦ ✐♥❛❧á✈❡❧ ✭▼P10✮ ❡ ♦ ▼❛t❡r✐❛❧ P❛rt✐❝✉❧❛❞♦ ✐♥❛❧á✈❡❧ ✜♥♦ ✭▼P2,5✮ sã♦
❞♦✐s ❞♦s ♣r✐♥❝✐♣❛✐s ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ❡st✉❞❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛✳ ❆ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛
❞❡ ▼P10 ❡ ▼P2,5 ❡♠ P✐r❛❝✐❝❛❜❛ ❡ ❙❛♥t♦s✱ ♠✉♥✐❝í♣✐♦s ❧♦❝❛❧✐③❛❞♦s ♥♦ ✐♥t❡r✐♦r ❡ ❧✐t♦r❛❧ ❞♦
❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣❛r❛ ♦s ❛♥♦s ❞❡ ✷✵✶✹ ❡ ✷✵✶✺✱ ❢♦✐ ❡st✉❞❛❞❛ ✉s❛♥❞♦
❛ ❆♥á❧✐s❡ ❞❡ ❘❡❣r❡ssã♦ ❞❡ ❚r❛❥❡tór✐❛ ✭❆❘❚✮✱ ❆♥á❧✐s❡ ❞❡ ❈❧✉st❡r ✭❆❈✮ ❡ ❆♥á❧✐s❡ ❞❡ ❈♦♠✲
♣♦♥❡♥t❡s Pr✐♥❝✐♣❛✐s ✭❆❈P✮✳ ❆ ❆❘❚ ❛♣❧✐❝❛❞❛ ❡♠ ❡st✉❞♦s ❛♥t❡r✐♦r❡s ❝♦♥s✐❞❡r♦✉ ❛♣❡♥❛s
♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❝♦♠ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✳ ❊st❛ t❡s❡ t❡♠ ♣♦r ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦
❛✈❛❧✐❛r ❞✐❢❡r❡♥t❡s ♠♦❞❡❧♦s ♥❛ ❆❘❚✳ ◆❛ ❆❘❚✱ ❛s tr❛❥❡tór✐❛s ❜❛❝❦✇❛r❞ ❢♦r❛♠ ♦❜t✐❞❛s ♥♦ ♠♦✲
❞❡❧♦ ❍❨❙P▲■❚✱ ❡ ✉s❛❞❛s ❝♦♠♦ ✈❛r✐á✈❡✐s r❡❣r❡ss♦r❛s ♥♦s ♠♦❞❡❧♦s ◆♦r♠❛❧✱ ◆♦r♠❛❧ ✐♥✈❡rs❛✱
●❛♠❛✱ ▲♦❣✲♥♦r♠❛❧ ❡ ❆✉t♦✲❘❡❣r❡ss✐✈♦ ❞❡ ▼é❞✐❛s ▼ó✈❡✐s ✭❆❘▼❆✮✳ ▼❡❞✐❞❛s ❝♦♠♣❛r❛t✐✈❛s
✭❝♦rr❡❧❛çã♦✱ r❛✐③ q✉❛❞r❛❞❛ ❞♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦✱ ❆■❈ ❡ ❧♦❣✲✈❡r♦ss✐♠✐❧❤❛♥ç❛✮ ❡ ✉♠❛
❛♥á❧✐s❡ ❞❡ r❡sí❞✉♦s ❢♦r❛♠ ✉s❛❞❛s ♣❛r❛ ❝♦♠♣❛r❛r ❝❛❞❛ ✉♠ ❞♦s ♠♦❞❡❧♦s✱ ♠♦str❛♥❞♦ q✉❡ ♦s
❆❘▼❆ t✐✈❡r❛♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦✳ ❘❡❣✐õ❡s ❧♦❝❛✐s ❝♦♥tr✐❜✉ír❛♠ ❝♦♠ ♠❛✐s ❞❡ ✼✵✪ ♥♦s
♥í✈❡✐s ❞♦ ▼P✱ ♣❛r❛ ❛s ❞✉❛s ❢r❛çõ❡s✱ ♥❛s ❞✉❛s ❝✐❞❛❞❡s✳ P✐r❛❝✐❝❛❜❛ t❡♠ ✐♥✢✉ê♥❝✐❛s ❞❡ ❡♠✐s✲
sõ❡s ✐♥❞✉str✐❛✐s✱ ✈❡✐❝✉❧❛r❡s ❡ q✉❡✐♠❛ ❞❡ ❝❛♥❛✲❞❡✲❛çú❝❛r✳ ❙❛♥t♦s ❛♣r❡s❡♥t❛ ✐♥✢✉ê♥❝✐❛s ❞❡
❡♠✐ssõ❡s ♣♦rt✉ár✐❛s ❡ ✐♥❞✉str✐❛❧✳ P♦r ♠❡✐♦ ❞❛ ❆❈✱ ♦s ❞✐❛s ❢♦r❛♠ ❛❣r✉♣❛❞♦s ❡♠ ✹ ❝❧✉st❡rs
✭❡♠ ❝❛❞❛ ❝✐❞❛❞❡ ❡ ♣❛r❛ ❝❛❞❛ ▼P✮✱ ✐❞❡♥t✐✜❝❛♥❞♦ ✉♠ ♣❡r✜❧ t❡♠♣♦r❛❧ ❝♦♠ ♦s ❞❛❞♦s ♦❜t✐❞♦s
❞❛ ❆❘❚ ❡ ❞❛❞♦s ♠❡t❡♦r♦❧ó❣✐❝♦s ❞♦ ♣❡rí♦❞♦✳ ❈♦♠ ✉s♦ ❞❛ ❆❈P✱ ❢♦✐ ♣♦ssí✈❡❧ ❝❛r❛❝t❡r✐③❛r
❛ r❡❧❛çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P ❝♦♠ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ✭✉♠✐❞❛❞❡ r❡❧❛t✐✈❛✱ ✈❡❧♦❝✐✲
❞❛❞❡ ❞♦ ✈❡♥t♦ ❡ t❡♠♣❡r❛t✉r❛✮✱ ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❣r✉♣♦✳ ❉❡ss❛ ❛♥á❧✐s❡✱ ♣❡r❝❡❜❡✉✲s❡ ♠❛✐♦r
✐♥✢✉ê♥❝✐❛ ❞❛ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❡♠ P✐r❛❝✐❝❛❜❛ ❡ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ♣❛r❛ ❙❛♥t♦s✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❆❘❚✱ ▼❛t❡r✐❛❧ P❛rt✐❝✉❧❛❞♦✱ ❚r❛❥❡tór✐❛s ❞❡ ♠❛ss❛s ❞❡ ❛r✱ ❆❈✱ ❆❈P✳



❆❜str❛❝t

❈♦❛rs❡ ✭P▼10✮ ❛♥❞ ✜♥❡ ✭P▼2.5✮ ✐♥❤❛❧❛❜❧❡ P❛rt✐❝✉❧❛t❡ ▼❛tt❡r ❛r❡ t✇♦ ♦❢ t❤❡ ♠❛✐♥ ❛t✲
♠♦s♣❤❡r✐❝ ♣♦❧❧✉t❛♥ts st✉❞✐❡❞ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡✳ ❉❛✐❧② P▼10 ❛♥❞ P▼2.5 ❝♦♥❝❡♥tr❛t✐♦♥s
❢r♦♠ P✐r❛❝✐❝❛❜❛ ❛♥❞ ❙❛♥t♦s✱ ✐♥t❡r✐♦r ❛♥❞ ❝♦❛st❛❧ ❝✐t✐❡s ♦❢ ❙ã♦ P❛✉❧♦ ❙t❛t❡✱ r❡s♣❡❝t✐✈❡❧②✱
❜❡t✇❡❡♥ ✷✵✶✹ ❛♥❞ ✷✵✶✺✱ ✇❡r❡ st✉❞✐❡❞ ✉s✐♥❣ ❚r❛❥❡❝t♦r② ❘❡❣r❡ss✐♦♥ ❆♥❛❧②s✐s ✭❚❘❆✮✱ ❈❧✉s✲
t❡r ❆♥❛❧②s✐s ✭❈❆✮ ❛♥❞ Pr✐♥❝✐♣❛❧ ❈♦♠♣♦♥❡♥t ❆♥❛❧②s✐s ✭P❈❆✮✳ ■♥ ♣r❡✈✐♦✉s st✉❞✐❡s✱ ❚❘❆
♦♥❧② ❝♦♥s✐❞❡r❡❞ r❡❣r❡ss✐♦♥ ♠♦❞❡❧s ✇✐t❤ ♥♦r♠❛❧ ❞✐str✐❜✉t✐♦♥✳ ❚❤✐s t❤❡s✐s ❛✐♠s✱ ♠❛✐♥❧②✱
t♦ ❡✈❛❧✉❛t❡ ❞✐✛❡r❡♥t ♠♦❞❡❧s ✐♥ ❚❘❆✳ ■♥ ❚❘❆✱ t❤❡ ❜❛❝❦✇❛r❞ tr❛❥❡❝t♦r✐❡s ✇❡r❡ ♦❜t❛✐♥❡❞
❜② t❤❡ ❍❨❙P▲■❚ ♠♦❞❡❧✱ ❛♥❞ ✉s❡❞ ❛s r❡❣r❡ss✐✈❡ ✈❛r✐❛❜❧❡s ✐♥ ◆♦r♠❛❧✱ ■♥✈❡rs❡ ◆♦r♠❛❧✱
●❛♠❛✱ ▲♦❣✲♥♦r♠❛❧ ❛♥❞ ❆✉t♦✲r❡❣r❡ss✐✈❡ ▼♦✈✐♥❣ ❆✈❡r❛❣❡ ✭❆❘▼❆✮ ♠♦❞❡❧s✳ ❈♦♠♣❛r❛t✐✈❡
♠❡❛s✉r❡♠❡♥ts ✭❝♦rr❡❧❛t✐♦♥✱ r♦♦t ♠❡❛♥ sq✉❛r❡ ❡rr♦r✱ ❆■❈ ❛♥❞ ❧♦❣✲❧✐❦❡❧✐❤♦♦❞ ✮ ❛♥❞ r❡s✐❞✉❛❧
❛♥❛❧②s✐s ✇❛s ✉s❡❞ t♦ ❝♦♠♣❛r❡ ❛❧❧ t❤❡ ♠♦❞❡❧s✳ ❆❢t❡r ❝♦♠♣❛r✐s♦♥✱ t❤❡ ❆❘▼❆ ♠♦❞❡❧s ♣❡r✲
❢♦r♠❡❞ ❜❡tt❡r✳ ▲♦❝❛❧ r❡❣✐♦♥ ❝♦♥tr✐❜✉t❡❞ ✇✐t❤ ♠♦r❡ t❤❛♥ ✼✵✪ ♦❢ P▼10 ❛♥❞ P▼2.5 ❧❡✈❡❧s
✐♥ ❜♦t❤ ❝✐t✐❡s✳ P✐r❛❝✐❝❛❜❛ ❤❛s ✐♥✢✉❡♥❝❡s ♦❢ ✐♥❞✉str✐❛❧ ❛♥❞ ✈❡❤✐❝✉❧❛r ❡♠✐ss✐♦♥s ❛♥❞ s✉❣❛r✲
❝❛♥❡ ❜✉r♥✐♥❣✳ ❙❛♥t♦s ♣r❡s❡♥t❡❞ ✐♥✢✉❡♥❝❡s ♦❢ ♣♦rt ❛♥❞ ✐♥❞✉str✐❛❧ ❡♠✐ss✐♦♥s✳ ❚❤r♦✉❣❤ ❈❆✱
❞❛②s ✇❡r❡ ❣r♦✉♣❡❞ ✐♥ ✹ ❝❧✉st❡rs ✭✐♥ ❡❛❝❤ ❝✐t② ❛♥❞ ❢♦r ❡❛❝❤ P▼✮✱ ✐❞❡♥t✐❢②✐♥❣ ❛ t❡♠♣♦r❛❧
♣r♦✜❧❡ ✇✐t❤ ♦❜t❛✐♥❡❞ ❞❛t❛ ♦❢ ❚❘❆✱ ❛♥❞ ♠❡t❡♦r♦❧♦❣✐❝❛❧ ❞❛t❛ ♦❢ ♣❡r✐♦❞✳ ❯s✐♥❣ P❈❆✱ ✐t
✇❛s ♣♦ss✐❜❧❡ t♦ ❝❤❛r❛❝t❡r✐③❡ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ P▼ ❝♦♥❝❡♥tr❛t✐♦♥ ❛♥❞ ♠❡t❡♦r♦❧♦❣✲
✐❝❛❧ ✈❛r✐❛❜❧❡s ✭r❡❧❛t✐✈❡ ❤✉♠✐❞✐t②✱ ✇✐♥❞ s♣❡❡❞ ❛♥❞ t❡♠♣❡r❛t✉r❡✮✱ ✇✐t❤✐♥ ❡❛❝❤ ❣r♦✉♣✳ ❚❤✐s
❛♥❛❧②s✐s r❡✈❡❛❧❡❞ ❣r❡❛t❡r ✐♥✢✉❡♥❝❡ ♦❢ r❡❧❛t✐✈❡ ❤✉♠✐❞✐t② ✐♥ P✐r❛❝✐❝❛❜❛ ❛♥❞ ✇✐♥❞ s♣❡❡❞ ✐♥
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♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛♣ós ♦ ❝r❡s❝✐♠❡♥t♦ ❞❛s ❝✐❞❛❞❡s✱ ❛✉♠❡♥t♦ ❞♦s ✈❡í❝✉❧♦s ❛✉t♦♠♦t♦r❡s✱ ❞❡✲
s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ✐♥❞ústr✐❛✱ ❡♥tr❡ ♦✉tr♦s ❢❛t♦r❡s✳ ▼✉✐t♦ s❡ t❡♠ ❞✐s❝✉t✐❞♦ ❛ r❡s♣❡✐t♦ ❞❛
❡♠✐ssã♦ ❞❡ ♣♦❧✉❡♥t❡s ♥❛ ❛t♠♦s❢❡r❛ ❡ ❝♦♠♦ ❜✉s❝❛r s♦❧✉çõ❡s ♣❛r❛ ❝♦♠❜❛tê✲❧❛✳ P❛r❛ ✐ss♦✱ ♦
♠♦♥✐t♦r❛♠❡♥t♦ ❡ ❛♥á❧✐s❡ ❞❡ s✉❜stâ♥❝✐❛s ♣r❡s❡♥t❡s ♥♦ ❛r sã♦ ✐♠♣♦rt❛♥t❡s ♣❛r❛ ❡♥❝♦♥tr❛r
t❛❧ s♦❧✉çã♦ ❡ t❛♠❜é♠ ♣❛r❛ ❡♥t❡♥❞❡r ♦s ✐♠♣❛❝t♦s ♥❛ s❛ú❞❡ ❡ ♦ ❜❡♠✲❡st❛r ❞❛ ♣♦♣✉❧❛çã♦✱ ❞❛
❢❛✉♥❛ ❡ ✢♦r❛✳ P♦❧✉❡♥t❡s ❞♦ ❛r ❛❢❡t❛♠ ❞✐r❡t❛♠❡♥t❡ ❛s ♣r♦♣r✐❡❞❛❞❡s ❞❛ ❛t♠♦s❢❡r❛✱ ❞❡ ✈ár✐❛s
♠❛♥❡✐r❛s✿ r❡❞✉çã♦ ❞❛ ✈✐s✐❜✐❧✐❞❛❞❡✱ ❢♦r♠❛çã♦ ❡ ❝♦♠♣♦s✐çã♦ ❞❛ ❝❤✉✈❛✱ r❡❞✉çã♦ ❞❛ r❛❞✐❛çã♦
s♦❧❛r✱ ❛❧t❡r❛çã♦ ♥❛ t❡♠♣❡r❛t✉r❛ ❡ ❢♦r♠❛çã♦ ❞❡ ♦③ô♥✐♦ ✭❙❊■◆❋❊▲❉❀ P❆◆❉■❙✱ ✷✵✵✻✮✳

❉❡♥tr❡ ♦s ♣r✐♥❝✐♣❛✐s ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ♣♦❞❡♠♦s ❝✐t❛r✿ ❞✐ó①✐❞♦ ❞❡ ❡♥①♦❢r❡ ✭❙❖2✮✱
♠♦♥ó①✐❞♦ ❞❡ ❝❛r❜♦♥♦ ✭❈❖✮✱ ♦①✐❞❛♥t❡s ❢♦t♦q✉í♠✐❝♦s ✭❝♦♠♦ ♦ ♦③ô♥✐♦✱ ❖3✮✱ ❤✐❞r♦❝❛r❜♦♥❡t♦s
✭❍❈✮✱ ó①✐❞♦s ❞❡ ♥✐tr♦❣ê♥✐♦ ✭◆❖①✮ ❡ ▼❛t❡r✐❛❧ P❛rt✐❝✉❧❛❞♦ ❆t♠♦s❢ér✐❝♦ ✭▼P❆✮ ♦✉ ❛♣❡♥❛s
▼❛t❡r✐❛❧ P❛rt✐❝✉❧❛❞♦ ✭▼P✮✳ ❖ ▼P é t♦❞♦ ♠❛t❡r✐❛❧ só❧✐❞♦ ❡ ❧íq✉✐❞♦ q✉❡ ✜❝❛ ❡♠ s✉s♣❡♥✲
sã♦ ♥♦ ❛r✱ ❞❡✈✐❞♦ ❛♦ s❡✉ ♣❡q✉❡♥♦ t❛♠❛♥❤♦ ✭❍■◆❉❙✱ ✶✾✾✽❀ ❙❊■◆❋❊▲❉❀ P❆◆❉■❙✱ ✷✵✵✻✮✳
❊♥❣❧♦❜❛♠ ♦ ▼P✿ ❛s P❛rtí❝✉❧❛s ❚♦t❛✐s ❡♠ ❙✉s♣❡♥sã♦ ✭P❚❙✮✱ P❛rtí❝✉❧❛s ■♥❛❧á✈❡✐s ✭▼P10✮✱
P❛rtí❝✉❧❛s ■♥❛❧á✈❡✐s ❋✐♥❛s ✭▼P2,5 ❡ ▼P1✮ ❡ ❋✉♠❛ç❛ ✭❋▼❈✮ ✭❍■◆❉❙✱ ✶✾✾✽❀ ❘❊❱❯❊▲❚❆
❡t ❛❧✳✱ ✷✵✶✹❀ ❈❊❚❊❙❇✱ ✷✵✶✻❛✮✳

❖ ▼P10 ❡ ♦ ▼P2,5 sã♦ ❞♦✐s ❞♦s ♣r✐♥❝✐♣❛✐s ♣♦❧✉❡♥t❡s ♠♦♥✐t♦r❛❞♦s ♥♦s ❞✐❛s ❞❡ ❤♦❥❡✳ ❖
▼P10 sã♦ ♣❛rtí❝✉❧❛s ❝✉❥♦ ❞✐â♠❡tr♦ ❛❡r♦❞✐♥â♠✐❝♦ é ♠❡♥♦r ♦✉ ✐❣✉❛❧ ❛ ✶✵ µ♠✱ ❡ q✉❡ ❣❡r❛❧✲
♠❡♥t❡ ✜❝❛♠ r❡t✐❞❛s ♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❞♦ s✐st❡♠❛ r❡s♣✐r❛tór✐♦✱ ♠❛s q✉❡ ♣♦❞❡♠ ♣❡♥❡tr❛r
♠❛✐s ♣r♦❢✉♥❞❛♠❡♥t❡✳ ❖ ▼P2,5 sã♦ ♣❛rtí❝✉❧❛s ❝✉❥♦ ❞✐â♠❡tr♦ ❛❡r♦❞✐♥â♠✐❝♦ é ♠❡♥♦r ♦✉ ✐❣✉❛❧
❛ ✷✱✺ µ♠✱ ❡ q✉❡ ❞❡✈✐❞♦ ❛♦ s❡✉ t❛♠❛♥❤♦ ❞✐♠✐♥✉t♦ ♣❡♥❡tr❛♠ ♣r♦❢✉♥❞❛♠❡♥t❡ ♥♦ s✐st❡♠❛
r❡s♣✐r❛tór✐♦✱ ♣♦❞❡♥❞♦ ❛❧❝❛♥ç❛r ♦s ❛❧✈é♦❧♦s ♣✉❧♠♦♥❛r❡s ❡ ❝♦rr❡♥t❡ s❛♥❣✉í♥❡❛ ✭❙❊■◆❋❊▲❉❀
P❆◆❉■❙✱ ✷✵✵✻❀ ❈❊❚❊❙❇✱ ✷✵✶✻❛❀ ❯❙✲❊P❆✱ ✷✵✶✼✮✳

❖ ▼P é s✐♠♣❧❡s ❞❡ ♠♦♥✐t♦r❛r✱ ❡♥tr❡t❛♥t♦✱ ❝♦♠♣❧✐❝❛❞♦ ❞❡ s❛❜❡r q✉❛❧ ❛ s✉❛ ♦r✐❣❡♠✳
❆s ❞✐✈❡rs❛s ❢♦♥t❡s ❞♦ ▼P ❝♦♥❢❡r❡♠ ❛♦ ♠❡s♠♦ ❝❛r❛❝t❡ríst✐❝❛s ❡ ❝♦♠♣♦s✐çõ❡s ❞✐❢❡r❡♥t❡s✱
♦ q✉❡ s✐❣♥✐✜❝❛ ✉♠❛ ❝♦♠♣❧❡①❛ ♠✐st✉r❛ ❞❡ s✉❜stâ♥❝✐❛s ♥♦s ❡st❛❞♦s só❧✐❞♦s ❡ ❧íq✉✐❞♦s ❝♦♠
❞✐❢❡r❡♥t❡s ♣r♦♣r✐❡❞❛❞❡s ✭❱❆▲▲❊❘❖✱ ✷✵✵✽✮✳ ❆❧é♠ ❞✐ss♦✱ ♣♦❞❡ s❡r ❢♦r♠❛❞♦ ❛ ♣❛rt✐r ❞❡
♦✉tr♦s ♣♦❧✉❡♥t❡s ✭❨◆❖❯❊ ❡t ❛❧✳✱ ✷✵✶✼✮ ❡ ❤á ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞♦ ▼P s❡r tr❛♥s♣♦rt❛❞♦ ❛
❧♦♥❣♦ ❛❧❝❛♥❝❡ ✭❑❆❱❖❯❘❆❙ ❡t ❛❧✳✱ ✷✵✶✸✮✳

❆ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P ♠❡❞✐❞♦ ♥♦ ♣♦♥t♦ ❞❡ ❛♠♦str❛❣❡♠ é ✐♥✢✉❡♥❝✐❛❞❛ ♣❡❧❛ ♦r✐❣❡♠
❞♦ ▼P ❡ t❛♠❜é♠ ♣❡❧❛ ❢♦r♠❛ ❝♦♠♦ ♦ ▼P é tr❛♥s♣♦rt❛❞♦ ♣❡❧❛s ♠❛ss❛s ❞❡ ❛r✳ ❍á ❡st✉❞♦s



✶✼

❡♠ q✉❡ ❛s ❢♦♥t❡s ❡♠✐ss♦r❛s ❞♦ ▼P sã♦ ♦r✐❣✐♥❛❞❛s ❞❡ ❞✐stâ♥❝✐❛s ♠❛✐♦r❡s q✉❡ ✺✵✵ ❦♠ ❞♦
❧♦❝❛❧ ❞❡ ♠❡❞✐çã♦ ✭❘❖❉❖P❖❯▲❖❯ ❡t ❛❧✳✱ ✷✵✶✹❀ ❉■▼■❚❘■❖❯❀ ❑❆❙❙❖▼❊◆❖❙✱ ✷✵✶✹❛✮✳
❆❧❣✉♥s ❡st✉❞♦s ❛♥❛❧✐s❛♠ ❛ ❝♦♥tr✐❜✉✐çã♦ r❡❣✐♦♥❛❧✱ ❛tr❛✈és ❞❛s tr❛❥❡tór✐❛s ❞❛s ♠❛ss❛s ❞❡ ❛r✱
♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s✳ ❯♠❛ ❞❛s ❢❡rr❛♠❡♥t❛s ♣❛r❛ ✐ss♦ é ❛ ❆♥á❧✐s❡
❞❡ ❘❡❣r❡ssã♦ ❞❡ ❚r❛❥❡tór✐❛ ✭❆❘❚✮ ✭❉■▼■❚❘■❖❯❀ ❑❆❙❙❖▼❊◆❖❙✱ ✷✵✶✹❛❀ ❑❆❱❖❯❘❆❙
❡t ❛❧✳✱ ✷✵✶✸❀ ❈❍❆▲❇❖❚❀ ▼❈❊▲❘❖❨❀ ❑❆❱❖❯❘❆❙✱ ✷✵✶✸✮✳ ◆❡st❛ ❛❜♦r❞❛❣❡♠ s✉♣õ❡✲s❡
q✉❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ t❡♠♣♦ q✉❡ ❛ ♠❛ss❛ ❞❡ ❛r ♣❛ss❛ s♦❜r❡ ✉♠❛ r❡❣✐ã♦ ❛❢❡t❛ ❧✐♥❡❛r♠❡♥t❡
❛ ❝♦♥tr✐❜✉✐çã♦ ❞❛ r❡❣✐ã♦ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♣♦❧✉❡♥t❡ ❛t♠♦s❢ér✐❝♦ ♠❡❞✐❞♦ ♥♦ ❧♦❝❛❧ ❞❡
❛♠♦str❛❣❡♠✳ ❖ ♦❜❥❡t✐✈♦ ❞❛ ❆❘❚ é ❛ss♦❝✐❛r ❛ r❡❣✐ã♦ ❞♦♠✐♥❛♥t❡ ❞❡t❡r♠✐♥❛❞❛ ♥❛ ❛♥á❧✐s❡
à ❢♦♥t❡s ❧♦❝❛❧✐③❛❞❛s ❞❡♥tr♦ ❞♦ ♣❡rí♠❡tr♦ ❞❡st❛ ♠❡s♠❛ r❡❣✐ã♦✳ ❖✉ s❡❥❛✱ é ❞❡t❡r♠✐♥❛r s❡
❛ ❢♦♥t❡ ❞♦♠✐♥❛♥t❡ ❞♦ ♣♦❧✉❡♥t❡ ❡stá ❧♦❝❛❧✐③❛❞❛ ♥✉♠❛ r❡❣✐ã♦ ♣ró①✐♠❛ ❛♦ r❡❝❡♣t♦r ✭❝♦♠♦
✐♥❞ústr✐❛s✱ r♦❞♦✈✐❛s✱ ❡t❝✳✮ ♦✉ ❡♠ r❡❣✐õ❡s ❝♦♥t✐♥❡♥t❛✐s ♦✉ ❧✐t♦râ♥❡❛s✱ ♦✉ ❛✐♥❞❛ tr❛♥s♣♦rt❛❞❛s
❞❡ ❧♦♥❣❛s ❞✐stâ♥❝✐❛s ✭❳❯ ❡t ❛❧✳✱ ✷✵✵✻✮✳

❱❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ✐♥t❡r❢❡r❡♠ ❞✐r❡t❛♠❡♥t❡ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦s ♣♦❧✉❡♥t❡s ❛t♠♦s✲
❢ér✐❝♦s✳ ❚❡♠♣❡r❛t✉r❛✱ ✉♠✐❞❛❞❡✱ ♣❧✉✈✐♦s✐❞❛❞❡✱ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❡①❡r❝❡♠ ❝♦♥s✐❞❡rá✈❡❧
✐♥✢✉ê♥❝✐❛ ♥♦s ♥í✈❡✐s ❞❡ ▼P ✭◗❯❊❘❖▲ ❡t ❛❧✳✱ ✷✵✵✹❀ ❘❖❙❆ ❡t ❛❧✳✱ ✷✵✶✵❀ ❉❖▼■◆■❈❑ ❡t ❛❧✳✱
✷✵✶✷✮✳ ❆ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P ♣♦❞❡ ❛✉♠❡♥t❛r ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❝❧✐♠át✐❝❛s✱
❝❛✉s❛♥❞♦ ♣r❡❥✉í③♦s ❛ s❛ú❞❡ ❡ ❜❡♠✲❡st❛r ❞❛s ♣❡ss♦❛s✳ P♦r ❡①❡♠♣❧♦✱ ❡♠ ♣❡rí♦❞♦s ❞❡ ❜❛✐①❛
✉♠✐❞❛❞❡ ❞♦ ❛r ❡ ❛❧t♦s í♥❞✐❝❡s ❞❡ ♣♦❧✉✐çã♦✱ ♦❝♦rr❡ ♦ ❛✉♠❡♥t♦ ❞❡ ❝♦♠♣❧✐❝❛çõ❡s r❡s♣✐r❛tór✐❛s
✭❇❘❊■❚◆❊❘ ❡t ❛❧✳✱ ✷✵✶✹✮✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ❛s ❝❤✉✈❛s sã♦ ✉♠❛ ✐♠♣♦rt❛♥t❡ ❢❡rr❛♠❡♥t❛ ❞❡
r❡♠♦çã♦ ❞❡ ♣♦❧✉❡♥t❡s ❞❛ ❛t♠♦s❢❡r❛✱ ❛ss✐♠ ❝♦♠♦ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✳ ❆❧t♦s ♥í✈❡✐s ❞❡
♣❧✉✈✐♦s✐❞❛❞❡ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ r❡s✉❧t❛♠ ❡♠ ❜❛✐①❛s ❝♦♥❝❡♥tr❛çõ❡s ❞♦ ♣♦❧✉❡♥t❡ ❛t♠♦s✲
❢ér✐❝♦✱ ❞❡✈✐❞♦ ❛ ❞✐s♣❡rsã♦ ❞♦s ♠❡s♠♦s ✭❱❆▲▲❊❘❖✱ ✷✵✵✽✮✳ ❋❡♥ô♠❡♥♦s q✉❡ ❡♥✈♦❧✈❡♠ ❛s
♠❛ss❛s ❞❡ ❛r ❞❛ ❛t♠♦s❢❡r❛ ♣♦❞❡♠ ❛❧t❡r❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s
❡ ♣♦r ❝♦♥s❡q✉ê♥❝✐❛ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P✳ P♦r ❡①❡♠♣❧♦✱ ❡♠ ♦✉t✉❜r♦ ❞❡ ✷✵✶✹✱ ❛ ❛t✉❛çã♦
❞❡ ❛♥t✐❝✐❝❧♦♥❡ s✉❜tr♦♣✐❝❛❧ ❞♦ ❛t❧â♥t✐❝♦ s✉❧ ♥♦ ❡st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✱ ✐♥✐❜✐✉ ❛ ❡♥tr❛❞❛ ❞❡
❢r❡♥t❡s ❢r✐❛s✱ q✉❡ ♣r♦✈♦❝❛r✐❛♠ ✐♥st❛❜✐❧✐❞❛❞❡✱ ❡ ♣♦r ❝♦♥s❡q✉ê♥❝✐❛ ❝❤✉✈❛s ✭❈❊❚❊❙❇✱ ✷✵✶✹❀
❨◆❖❯❊ ❡t ❛❧✳✱ ✷✵✶✼✮✳ ❖ q✉❡ ♦❝♦rr❡✉✱ ❛♦ ❝♦♥trár✐♦✱ ❢♦✐ ❜❛✐①♦s ♥í✈❡✐s ❞❡ ♣r❡❝✐♣✐t❛çã♦✱ ❡
♠❛✐♦r❡s ♥í✈❡✐s ❞❡ ▼P ✭❈❊❚❊❙❇✱ ✷✵✶✹✮✳

❖ ▼P ❡stá ❞✐r❡t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ❛ q✉❛❧✐❞❛❞❡ ❞♦ ❛r ❡ ❡st✉❞❛r ❝♦♠♦ ♣♦❧✉❡♥t❡s
❛t♠♦s❢ér✐❝♦s s❡ ❝♦♠♣♦rt❛♠✱ é ❞❡ ✈✐t❛❧ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❜✉s❝❛r ♠❡❧❤♦r✐❛s ♥❛ q✉❛❧✐❞❛❞❡ ❞❡
✈✐❞❛ ❤✉♠❛♥❛✱ ❞❛ ❢❛✉♥❛ ❡ ✢♦r❛✳ ❆❧é♠ ❞✐ss♦✱ ❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❡①❡r❝❡♠ ❢♦rt❡ r❡❧❛✲
çã♦ ❝♦♠ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦s ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s✱ ❡ ✈❡r✐✜❝❛r ❡ss❛ r❡❧❛çã♦ é ♠✉✐t♦ ✐♠♣♦r✲
t❛♥t❡✳ P♦r ✐ss♦✱ ❤á ♠✉✐t❛ ♣❡sq✉✐s❛ ✭❉❖▼■◆■❈❑ ❡t ❛❧✳✱ ✷✵✶✷❀ ▲❯◆❆ ❡t ❛❧✳✱ ✷✵✶✹❀ ❑❲❖◆
❡t ❛❧✳✱ ✷✵✶✺✮ ❡♠ q✉❡ sã♦ ❛♥❛❧✐s❛❞♦s ♦s ♥í✈❡✐s ❞❡ ♣♦❧✉❡♥t❡s ♥❛ ❛t♠♦s❢❡r❛ r❡❧❛❝✐♦♥❛♥❞♦✲♦s
❝♦♠ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❝♦♠ ♦ ✉s♦ ❞❛ ❡st❛tíst✐❝❛ s❡r✈✐♥❞♦ ❝♦♠♦ ❜❛s❡ ♥❛ t♦♠❛❞❛
❞❡ ❛çõ❡s✳ ❆ ❜✉s❝❛ ♣♦r s♦❧✉çõ❡s é ✐♠♣r❡s❝✐♥❞í✈❡❧ ♣❛r❛ ❛♠❡♥✐③❛r ❡✈❡♥t✉❛✐s ♣r♦❜❧❡♠❛s ❞♦
♣r❡s❡♥t❡ ❡ ❞♦ ❢✉t✉r♦✱ t❛♥t♦ ♣❛r❛ ♦ ♠❡✐♦ ❛♠❜✐❡♥t❡✱ q✉❛♥t♦ ♣❛r❛ ❛ s❛ú❞❡ ❤✉♠❛♥❛✳

❊st❡ tr❛❜❛❧❤♦ ♣r❡t❡♥❞❡ ❛♣❧✐❝❛r ❛ ❆❘❚ ♣❛r❛ ❡ss❡ ✜♠✱ ✉s❛♥❞♦ ♦ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦
♠ú❧t✐♣❧❛ ❡♠♣r❡❣❛❞♦ ❡♠ tr❛❜❛❧❤♦s ❛♥t❡r✐♦r❡s ✭❉■▼■❚❘■❖❯❀ ❑❆❙❙❖▼❊◆❖❙✱ ✷✵✶✹❛❀ ❘❖✲
❉❖P❖❯▲❖❯ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❊♥tr❡t❛♥t♦✱ t❛♠❜é♠ s❡ ❛❜♦r❞❛rá ❛ ❆❘❚ ❞❡ ❞✉❛s ♦✉tr❛s
♠❛♥❡✐r❛s✳ ❆ ♣r✐♠❡✐r❛✱ s❡rá ✉s❛♥❞♦ ✉♠ ♠♦❞❡❧♦ ❧✐♥❡❛r ❣❡♥❡r❛❧✐③❛❞♦ ❡ ✉♠ ♠♦❞❡❧♦ ❣❡♥❡r❛✲
❧✐③❛❞♦ ❞❡ ❧♦❝❛çã♦ ❡s❝❛❧❛ ❡ ❢♦r♠❛✳ ❊ ❛ s❡❣✉♥❞❛ s❡rá ✉s❛♥❞♦ ♠♦❞❡❧♦s ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳
❯♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ❛s ❛❜♦r❞❛❣❡♥s s❡rá ❢❡✐t❛✱ ❞❡s❝r❡✈❡♥❞♦ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❡❧❛s✳ P❡❧❛



✶✳✶✳ ❖❇❏❊❚■❱❖ ●❊❘❆▲ ✶✽

r❡✈✐sã♦ ❞❡ ❧✐t❡r❛t✉r❛ ❝♦♥❤❡❝✐❞❛ ❛té ♦ ♠♦♠❡♥t♦✱ ❡st❛ é ❛ ♣r✐♠❡✐r❛ t❡♥t❛t✐✈❛ ❞❡ ✉t✐❧✐③❛r
❡ss❡s ♠♦❞❡❧♦s ♣❛r❛ ❡ss❡ ✜♠✱ ❛❧é♠ ❞❡ s❡r ❛ ♣r✐♠❡✐r❛ t❡♥t❛t✐✈❛ ❞❡ ✉s❛r ❛ ❆❘❚ ❡♠ ❝✐❞❛❞❡s
❞♦ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✳ ❖s tr❛❜❛❧❤♦s ❛♥t❡r✐♦r❡s ♥ã♦ ❝♦♥s✐❞❡r❛r❛♠ ❛ ❡str✉t✉r❛ t❡♠♣♦r❛❧
❞♦s ❞❛❞♦s✱ ✈✐st♦ q✉❡ ♦s ♠♦❞❡❧♦s ❢♦r❛♠ ❛❥✉st❛❞♦s ❝♦♠ ♦s ❞❛❞♦s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞✐ár✐❛s
❞♦s ♣♦❧✉❡♥t❡s ✭❳❯ ❡t ❛❧✳✱ ✷✵✵✻❀ ❉■▼■❚❘■❖❯❀ ❑❆❙❙❖▼❊◆❖❙✱ ✷✵✶✹❛❀ ❘❖❉❖P❖❯▲❖❯
❡t ❛❧✳✱ ✷✵✶✹❀ ❑❆❱❖❯❘❆❙ ❡t ❛❧✳✱ ✷✵✶✸❀ ❈❍❆▲❇❖❚❀ ▼❈❊▲❘❖❨❀ ❑❆❱❖❯❘❆❙✱ ✷✵✶✸✮✳
❑❛✈♦✉r❛s ❡t ❛❧✳ ✭✷✵✶✸✮ ❛♣r❡s❡♥t❛ ❛❧❣✉♠❛s ❧✐♠✐t❛çõ❡s ❞♦s ♠♦❞❡❧♦s ❆❘❚✱ ✐♥❝❧✉✐♥❞♦ ❡rr♦s
♥❛s ❧♦❝❛❧✐③❛çõ❡s ❞❛s tr❛❥❡tór✐❛s✱ ❝♦♥❞✉③✐♥❞♦ ❛ ❣r❛♥❞❡s ❡rr♦s ♥♦ ❝á❧❝✉❧♦ ❞❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡
✉♠❛ r❡❣✐ã♦ ♣❛r❛ ❞✐❛s ❝♦♠ ❛❧t❛s ✭♦✉ ❜❛✐①❛s✮ ❝♦♥❝❡♥tr❛çõ❡s✱ ❡ t❛♠❜é♠ ♥❛ ✐♥st❛❜✐❧✐❞❛❞❡ ❞❛
❝♦♥tr✐❜✉✐çã♦ ✐♥❞✐✈✐❞✉❛❧ ❞✐ár✐❛✳ ❖ ♠♦❞❡❧♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s s✉❣❡r✐❞♦ ♥❡st❛ t❡s❡ ♣r❡t❡♥❞❡
♠❡❧❤♦r❛r ❡st❛s ❧✐♠✐t❛çõ❡s✳

❆❧é♠ ❞❛ ❆❘❚✱ ❡st❡ ❡st✉❞♦ ❛♣❧✐❝❛rá ♦✉tr❛s ❞✉❛s té❝♥✐❝❛s ❡st❛tíst✐❝❛s ♠✉❧t✐✈❛r✐❛❞❛s ♣❛r❛
❡♥t❡♥❞❡r ❛ r❡❧❛çã♦ ❡♥tr❡ ♦ ▼P ✭▼P10 ❡ ▼P2,5✮ ❡ ❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ✭✉♠✐❞❛❞❡
r❡❧❛t✐✈❛✱ t❡♠♣❡r❛t✉r❛ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✮✳ ❙ã♦ ❡❧❛s✱ ❛ ❆♥á❧✐s❡ ❞❡ ❈❧✉st❡r ✭❆❈✮ ❡ ❛
❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛✐s ✭❆❈P✮✳ ❆ ❆❈ s❡rá ✉t✐❧✐③❛❞❛ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ♣❛❞rõ❡s
t❡♠♣♦r❛✐s ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❡ ♦ ▼P✱ ❛❣r✉♣❛♥❞♦ ❞✐❛s ❞♦ ❛♥♦
❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦s s✐♠✐❧❛r❡s✳ ❆ ❆❈P s❡rá ✉t✐❧✐③❛❞❛ ♣❛r❛ q✉❛♥t✐✜❝❛r ❛ ♣r✐♥❝✐♣❛❧ r❡❧❛çã♦
❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ✭♠❡t❡♦r♦❧ó❣✐❝❛s ❡ ▼P✮✱ ❡♠ ❝❛❞❛ ❛❣r✉♣❛♠❡♥t♦ ♦❜t✐❞♦✳ ❊ss❛s ❛♥á❧✐s❡s
♠✉❧t✐✈❛r✐❛❞❛s ❛❥✉❞❛rã♦ ♥✉♠ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦ ❞❛ r❡❧❛çã♦ ❡①✐st❡♥t❡ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s✳

❉✐❛♥t❡ ❞✐ss♦✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♦❜❥❡t✐✈♦s ❞❡st❛ t❡s❡✱ q✉❡ ❞✐r❡❝✐♦♥❛rã♦ à ❛♥á❧✐s❡ r❡❛✲
❧✐③❛❞❛ ♥❡ss❡ ❡st✉❞♦✳ ❊❧❡s ❡stã♦ ❞✐✈✐❞✐❞♦s ❡♠ ✉♠ ♦❜❥❡t✐✈♦ ❣❡r❛❧ ❡ ✹ ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s✳

✶✳✶ ❖❜❥❡t✐✈♦ ●❡r❛❧

❆✈❛❧✐❛r ♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❞❡ tr❛❥❡tór✐❛s ♣❛r❛ ♣r❡✈✐sã♦ ❞♦ ▼P10 ❡ ▼P2,5✳

✶✳✷ ❖❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s

• ■❞❡♥t✐✜❝❛r ❛ ❧♦❝❛❧✐③❛çã♦ ❞❛s ❢♦♥t❡s ❡♠✐ss♦r❛s ❡ ❡st✐♠❛r ❛s ❝♦♥tr✐❜✉✐çõ❡s ❞❡ ❢♦♥t❡s
r❡❣✐♦♥❛✐s ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦s ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ✭▼P10 ❡ ▼P2,5✮ ✉s❛♥❞♦ ❆♥á❧✐s❡
❞❡ ❘❡❣r❡ssã♦ ❞❡ ❚r❛❥❡tór✐❛❀

• ❈♦♠♣❛r❛r três ❛❜♦r❞❛❣❡♥s ♣❛r❛ ❛ ❆❘❚✿ ♦s ♠♦❞❡❧♦s ✉s✉❛✐s ❞❡ r❡❣r❡ssã♦✱ ♠♦❞❡❧♦s
❧✐♥❡❛r❡s ❣❡♥❡r❛❧✐③❛❞♦s ❡ ♠♦❞❡❧♦s ❞❡ sér✐❡s t❡♠♣♦r❛✐s❀

• ■❞❡♥t✐✜❝❛r ♣❛❞rõ❡s t❡♠♣♦r❛✐s ❞❡ q✉❛❧✐❞❛❞❡ ❞♦ ❛r✱ ❝♦♠ ✉s♦ ❞❛ ❆♥á❧✐s❡ ❞❡ ❈❧✉st❡r❀

• ❉✐♠❡♥s✐♦♥❛r ❛s r❡❧❛çõ❡s ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❡ ♣♦❧✉❡♥t❡s✱ ✉t✐❧✐③❛♥❞♦
❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛✐s✳

❆❧é♠ ❞✐ss♦✱ ❡ss❡ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛ ✉♠❛ r❡✈✐sã♦ ❞❡ ❧✐t❡r❛t✉r❛ ✭❈❛♣ít✉❧♦ ✷✮✱ ❢♦❝❛❞❛ ❡♠
❡st✉❞♦s ❛♥t❡r✐♦r❡s s♦❜r❡ ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s✱ ❡♠ ❡s♣❡❝✐❛❧ ♦ ▼P✱ ❡ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó✲
❣✐❝❛s✱ ❝♦♠ ✉s♦ ❞❛ ❆❘❚✱ ❆❈ ❡ ❆❈P✳ ◆♦ ❈❛♣ít✉❧♦ ✸ é ❞❡s❝r✐t♦ ❝♦♠♦ s❡rã♦ ♦❜t✐❞♦s ♦s ❞❛❞♦s✱
❛❧é♠ ❞❡ ✉♠❛ ❜r❡✈❡ ❡①♣♦s✐çã♦ ❞❛s três ❛♥á❧✐s❡s ♠✉❧t✐✈❛r✐❛❞❛s✿ ❆❘❚✱ ❆❈ ❡ ❆❈P✳ ❊♥q✉❛♥t♦
q✉❡ ♥♦ ❈❛♣ít✉❧♦ ✹ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ❡ ❞✐s❝✉ssã♦ ♦❜t✐❞♦s ❞❛ ❛♥á❧✐s❡ ❞❡ ❞❛❞♦s



✶✳✷✳ ❖❇❏❊❚■❱❖❙ ❊❙P❊❈❮❋■❈❖❙ ✶✾

❞❡ ❞✉❛s ❝✐❞❛❞❡s ❞♦ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✱ P✐r❛❝✐❝❛❜❛ ❡ ❙❛♥t♦s✳ ❋✐♥❛❧♠❡♥t❡✱ ♥♦ ❈❛♣ít✉❧♦ ✺
t❡♠✲s❡ ❛ ❝♦♥❝❧✉sã♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ❛❧é♠ ❞❡ ❛❧❣✉♠❛s s✉❣❡stõ❡s ♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✱ ❡
♥♦ ❈❛♣ít✉❧♦ ✻ t❡♠✲s❡ ❛s ❛t✐✈✐❞❛❞❡s ❝✐❡♥tí✜❝❛s ❞❡s❡♥✈♦❧✈✐❞❛s ❞✉r❛♥t❡ ♦ ❞♦✉t♦r❛❞♦✳



✷✵

❈❛♣ít✉❧♦ ✷

❘❡✈✐sã♦ ❞❡ ▲✐t❡r❛t✉r❛

◆❡st❡ ❝❛♣ít✉❧♦ t❡♠♦s ✉♠❛ ❞❡s❝r✐çã♦ ❞♦ ❡st❛❞♦ ❞❛ ❛rt❡ r❡❢❡r❡♥t❡ ❛♦ ▼❛t❡r✐❛❧ P❛rt✐❝✉❧❛❞♦✱
♦✉tr♦s ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s✱ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❡ ❛♥á❧✐s❡s ♠✉❧t✐✈❛r✐❛❞❛s ✉s❛❞❛s ♥♦
❡st✉❞♦ ❞❡ss❛s ✈❛r✐á✈❡✐s✳ ❆ ❙❡çã♦ ✷✳✶ ❛♣r❡s❡♥t❛ ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ▼P✱ ✐♥❝❧✉✐♥❞♦ ❛❧❣✉♥s
❡st✉❞♦s s♦❜r❡ ♦s ❡❢❡✐t♦s ♥❛ s❛ú❞❡ ❤✉♠❛♥❛✳ ❊♠ s❡❣✉✐❞❛✱ ♥❛ ❙❡çã♦ ✷✳✷ sã♦ ❛♣r❡s❡♥t❛❞❛s
❛❧❣✉♥s ❧✐♠✐t❡s ♥❛❝✐♦♥❛✐s ❡ ✐♥t❡r♥❛❝✐♦♥❛✐s ♣❛r❛ ♦ ▼P✳ ◆❛ ❙❡çã♦ ✷✳✸ sã♦ ❛♣r❡s❡♥t❛❞♦s ❛❧❣✉♥s
❡st✉❞♦s q✉❡ r❡❧❛❝✐♦♥❛♠ ❛ ♣♦❧✉✐çã♦ ❛t♠♦s❢ér✐❝❛ ❝♦♠ ♣❛râ♠❡tr♦s ♠❡t❡♦r♦❧ó❣✐❝♦s✳

◆❛ s❡q✉ê♥❝✐❛✱ ♥❛ ❙❡çã♦ ✷✳✹ sã♦ ❛♣r❡s❡♥t❛❞♦s ❛❧❣✉♥s ♠♦❞❡❧♦s r❡❝❡♣t♦r❡s ❡ ♠♦❞❡❧♦s
❜❛s❡❛❞♦s ❡♠ tr❛❥❡tór✐❛s✱ ✉s❛❞♦s ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ❢♦♥t❡s ❡♠✐ss♦r❛s ❞❡ ♣♦❧✉✐çã♦✳ ❆
❙❡çã♦ ✷✳✺ ❞✐s❝✉t❡ s♦❜r❡ tr❛❜❛❧❤♦s q✉❡ ❛❜♦r❞❛♠ ❛ ❆❘❚ ✭♣r✐♥❝✐♣❛❧ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ❞❡st❛
t❡s❡✮ ❝♦♠♦ ❢❡rr❛♠❡♥t❛ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❢♦♥t❡s ❡♠✐ss♦r❛s ❞♦ ▼P ❡ ❞❡ ♦✉tr♦s ♣♦❧✉❡♥t❡s
❛t♠♦s❢ér✐❝♦s✳

P♦r ✜♠✱ ❛ ❙❡çã♦ ✷✳✻ ♠♦str❛ ❛❧❣✉♥s tr❛❜❛❧❤♦s q✉❡ ✉t✐❧✐③❛♠ ❛♥á❧✐s❡s ♠✉❧t✐✈❛r✐❛❞❛s✱ ❡s♣❡✲
❝✐✜❝❛♠❡♥t❡ ❛ ❆❈ ❡ ❆❈P✱ ♥✉♠ ❝♦♥t❡①t♦ ❞❡ ♣♦❧✉✐çã♦ ❛t♠♦s❢ér✐❝❛ ❡ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s✳

✷✳✶ ▼❛t❡r✐❛❧ P❛rt✐❝✉❧❛❞♦

❖ ▼❛t❡r✐❛❧ P❛rt✐❝✉❧❛❞♦ ✭▼P✮ é ✉♠ ❞♦s ♣♦❧✉❡♥t❡s ♠❛✐s ❡st✉❞❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛✳ ❉✐❢❡r❡♥t❡
❞❡ ♦✉tr♦s ♣♦❧✉❡♥t❡s✱ q✉❡ sã♦ ❝❧❛ss✐✜❝❛❞♦s ♣❡❧❛ ♣r♦♣r✐❡❞❛❞❡s q✉í♠✐❝❛s✱ ♦ ▼P é✱ ♣r✐♥❝✐♣❛❧✲
♠❡♥t❡✱ ❝❛r❛❝t❡r✐③❛❞♦ ✜s✐❝❛♠❡♥t❡✳ ❆ ❝❧❛ss✐✜❝❛çã♦ é ❞❡st❛ ❢♦r♠❛✱ ❞❡✈✐❞♦ ❛ ❝♦♠♣❧❡①✐❞❛❞❡
q✉í♠✐❝❛ ❞❛s ♣❛rtí❝✉❧❛s✱ s❡♥❞♦ ✉♠❛ ♠✐st✉r❛ ❞❡ ❞✐❢❡r❡♥t❡s ❢♦♥t❡s✱ t❛♠❛♥❤♦s✱ ❝♦♠♣♦s✐çõ❡s ❡
♣r♦♣r✐❡❞❛❞❡s ✭❱❆▲▲❊❘❖✱ ✷✵✵✽❀ ❙❊■◆❋❊▲❉❀ P❆◆❉■❙✱ ✷✵✵✻✮✳

❖ ▼P10 ❡ ♦ ▼P2,5 sã♦ ❞♦✐s ❞♦s ♣r✐♥❝✐♣❛✐s t✐♣♦s ❞♦ ▼P✳ ❆ ❢♦r♠❛çã♦ ❞❛ ♣❛rtí❝✉❧❛ ❞❡✲
t❡r♠✐♥❛♠ ♦ s❡✉ t❛♠❛♥❤♦✳ P❛rtí❝✉❧❛s ♠❛✐s ❣r♦ss❛s sã♦ ❣❡r❛❧♠❡♥t❡ ❢♦r♠❛❞❛s ♣♦r ♣r♦❝❡ss♦s
♠❡❝â♥✐❝♦s✱ ❥á ♣❛rtí❝✉❧❛s ♠❛✐s ✜♥❛s ♣♦❞❡♠ s❡r ❣❡r❛❞❛s ♣❡❧❛ ❝♦♠❜✉stã♦✳ ❙❡ ❛s ♣❛rtí❝✉❧❛s
sã♦ s✉✜❝✐❡♥t❡♠❡♥t❡s ♣❡q✉❡♥❛s✱ ❡❧❛s ♣♦❞❡♠ ✜❝❛r s✉s♣❡♥s❛s ♥♦ ❛r ♣♦r ✉♠ ❧♦♥❣♦ ♣❡rí♦❞♦
❞❡ t❡♠♣♦ ✭❍■◆❉❙✱ ✶✾✾✽❀ ❱❆▲▲❊❘❖✱ ✷✵✵✽✮✳ ❊ss❡ t❡♠♣♦ ❞❡ ♣❡r♠❛♥ê♥❝✐❛ ♣♦❞❡ ✈❛r✐❛r✱
❛ ❞❡♣❡♥❞❡r ❞♦ t❛♠❛♥❤♦ ❞♦ ▼P ❡ ❞❛ ♣r❡❝✐♣✐t❛çã♦✳ ❖ ♣r♦❝❡ss♦ ❞❡ ❞❡♣♦s✐çã♦ s❡❝❛ ♦❝♦rr❡
q✉❛♥❞♦ ❛s ♣❛rtí❝✉❧❛s s❡ ❞❡♣♦s✐t❛♠ ♥❛ s✉♣❡r❢í❝✐❡✱ ❡ ❛ ❞❡♣♦s✐çã♦ ú♠✐❞❛ ❡stá ❛ss♦❝✐❛❞❛ ❛
♣r♦❝❡ss♦s ❝♦♠ á❣✉❛ ✭❨◆❖❯❊ ❡t ❛❧✳✱ ✷✵✶✼✮✳

❖ ▼P t❛♠❜é♠ ♣r♦✈♦❝❛ ✐♠♣❛❝t♦s ♥♦ ❝❧✐♠❛✱ s❡♥❞♦ q✉❡ ♦s ❡❢❡✐t♦s sã♦ ❞✐✈✐❞✐❞♦s ❡♠ ❞✉❛s
❝❧❛ss❡s✿ ❡❢❡✐t♦s ❞✐r❡t♦s ❡ ✐♥❞✐r❡t♦s✳ ❖s ❡❢❡✐t♦s ❞✐r❡t♦s sã♦ r❡s✉❧t❛♥t❡s ❞♦ ❡s♣❛❧❤❛♠❡♥t♦ ❡



✷✳✶✳ ▼❆❚❊❘■❆▲ P❆❘❚■❈❯▲❆❉❖ ✷✶

❛❜s♦rçã♦ ❞❛ r❛❞✐❛çã♦ s♦❧❛r✱ ❡♥q✉❛♥t♦ q✉❡ ♦s ❡❢❡✐t♦s ✐♥❞✐r❡t♦s ♦❝♦rr❡♠ q✉❛♥❞♦ ♦ ▼P ❛❣❡
❝♦♠♦ ♥ú❝❧❡♦ ❞❡ ❝♦♥❞❡♥s❛çã♦ ❞❡ ♥✉✈❡♥s ✭❨◆❖❯❊ ❡t ❛❧✳✱ ✷✵✶✼✮✳

❖ ▼P é ♣r♦✈❡♥✐❡♥t❡ ❞❡ ❞✐✈❡rs❛s ❢♦♥t❡s ❡♠✐ss♦r❛s✱ s❡♥❞♦ ❛s ♣r✐♥❝✐♣❛✐s ❛ r❡✲s✉s♣❡♥ssã♦
❞♦ s♦❧♦✱ q✉❡✐♠❛ ❞❡ ❜✐♦♠❛ss❛✱ ♣r♦❝❡ss♦s ✐♥❞✉str✐❛✐s✱ ❡♠✐ssõ❡s ❞❡ ✈❡í❝✉❧♦s ❛✉t♦♠♦t♦r❡s✱
❡♥tr❡ ♦✉tr♦s ✭❱❆▲▲❊❘❖✱ ✷✵✵✽✮✳

❊♠ ❛❧❣✉♥s ❡st✉❞♦s ❢❡✐t♦s ♥♦ ❇r❛s✐❧✱ ♦ ✐♥t❡r❡ss❡ ❢♦✐ ✐❞❡♥t✐✜❝❛r ♣♦ssí✈❡✐s ❢♦♥t❡s ❞❡ ❡♠✐s✲
sã♦ ❞♦ ▼P ❡ ♦✉tr♦s ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s✳ ◆í✈❡✐s ❞❡ ❝❤✉♠❜♦ ❡ ▼P ❢♦r❛♠ ❛♥❛❧✐s❛❞♦s
♥❛ ❝✐❞❛❞❡ ❞❡ ❙ã♦ P❛✉❧♦ ❞✉r❛♥t❡ ✹ ❞✐❛s ♥♦ ✐♥✈❡r♥♦ ❞❡ ✷✵✵✺✱ ❡ ●✐♦✐❛ ❡t ❛❧✳ ✭✷✵✶✵✮ ❝♦♥❝❧✉✐✲
r❛♠ q✉❡ ❛s ❡♠✐ssõ❡s ✈❡✐❝✉❧❛r❡s sã♦ ✉♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ❢♦♥t❡s ❞❡ss❡s ♣♦❧✉❡♥t❡s✳ ❊st✉❞♦s
r❡❛❧✐③❛❞♦s ❡♠ s❡✐s ❝❛♣✐t❛✐s ❞❡ ❡st❛❞♦s ❜r❛s✐❧❡✐r♦s ✐♥❞✐❝❛r❛♠ q✉❡ ♦s ♣r✐♥❝✐♣❛✐s ❢❛t♦r❡s ❞❛
❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5 ❢♦r❛♠ ❛ r❡✲s✉s♣❡♥sã♦ ❞❛ ♣♦❡✐r❛ ❞♦ s♦❧♦✱ ❡♠✐ssã♦ ❡ q✉❡✐♠❛ ❞❡ ❜✐♦✲
♠❛ss❛✱ ❡ ❝♦♠❜✉stã♦ ❞❡ ó❧❡♦ ❡♠ ✐♥❞ústr✐❛s ✭❆◆❉❘❆❉❊ ❡t ❛❧✳✱ ✷✵✶✷❜❀ ▼■❘❆◆❉❆ ❡t ❛❧✳✱
✷✵✶✷✮✳

❆♥❞r❛❞❡ ❡t ❛❧✳ ✭✷✵✶✷❛✮ ❡♥❝♦♥tr❛r❛♠ q✉❡ ❡♠✐ssõ❡s ❧♦❝❛✐s ❞❡ ❝♦♠♣♦st♦s ♦r❣â♥✐❝♦s ✈♦✲
❧át❡✐s ✭❈❖❱✮ ❡ ó①✐❞♦s ❞❡ ♥✐tr♦❣ê♥✐♦ ✭◆❖①✮ tê♠ ♣❛♣❡❧ s✐❣♥✐✜❝❛t✐✈♦ s♦❜r❡ ❛ ❢♦r♠❛çã♦ ❞♦
♦③ô♥✐♦ ❞❛ r❡❣✐ã♦ ♠❡tr♦♣♦❧✐t❛♥❛ ❞❡ ❙ã♦ P❛✉❧♦ ❡♠ ❡st❛çõ❡s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ✉r❜❛♥❛s ❡
✐♥❞✉str✐❛✐s✳ ■st♦ é✱ ❞❡✈✐❞♦ ❛ ❛❧t❛ ❡♠✐ssã♦ ❞❡ ◆❖① ❡♠✐t✐❞♦s ♣❡❧❛ q✉❡✐♠❛ ❞❡ ❞✐❡s❡❧ ❞❛ ❢r♦t❛
✈❡✐❝✉❧❛r✱ ❤á ♠❡♥♦r ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❖3 ❡ ❈❖❱ ♥❛ r❡❣✐ã♦ ✉r❜❛♥❛✳ ❊♥tr❡t❛♥t♦✱ ❡♠ ✐♥❞ús✲
tr✐❛s ❧♦❝❛❧✐③❛❞❛s ❞✐st❛♥t❡s ❞❡ r♦❞♦✈✐❛s ✭❝♦♠ ❜❛✐①♦ trá❢❡❣♦ ❞❡ ✈❡í❝✉❧♦s✱ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱
♣♦✉❝❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ◆❖①✮✱ ❛ ❡♠✐ssã♦ ❞❡ ❈❖❱s✱ ❡ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❖3 sã♦ ♠❛✐s ❛❧t❛s✳

❉✐♠✐tr✐♦✉ ✭✷✵✶✻✮ ❛♥❛❧✐s♦✉ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ♥❛ ❝✐❞❛❞❡ ❞❡ ❇✐r♠✐♥❣❤❛♠✱ ■♥✲
❣❧❛t❡rr❛✱ ❞✉r❛♥t❡ ❥❛♥❡✐r♦ ❞❡ ✷✵✶✶ ❡ ❥✉❧❤♦ ✷✵✶✷✳ ❈♦♥s✐❞❡r♦✉✲s❡ ✉♠ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦
♠ú❧t✐♣❧❛ ❡♠ q✉❡ ❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡ ❢♦✐ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10✱ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ❡s✲
t✐♠❛r ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡✈✐❞♦ ❛ ❢♦♥t❡s ❧♦❝❛✐s✱ ❛ ❞✐s♣❡rsã♦ ❞♦ ✈❡♥t♦ ❡ ❛♦ tr❛♥s♣♦rt❡ ❞❡ ❧♦♥❣♦
❛❧❝❛♥❝❡✳ ❊♥❝♦♥tr♦✉✲s❡ q✉❡ ❛ ✐♥t❡♥s❛ ❡♠✐ssã♦ ❞❡ ✈❡í❝✉❧♦s ❢♦✐ ❛ ♣r✐♥❝✐♣❛❧ ❝♦♥tr✐❜✉✐çã♦ ♥♦s
♥í✈❡✐s ❞♦ ▼P10✳

❉✐✈❡rs❛s ♣❡sq✉✐s❛s ❥á ❢♦r❛♠ ❢❡✐t❛s ♣❛r❛ ♣r❡✈✐sã♦ ❞❡ ♥í✈❡✐s ❞❡ ♣♦❧✉✐çã♦ ❡ s✉❛ r❡❧❛çã♦ ❝♦♠
❛ s❛ú❞❡ ❤✉♠❛♥❛ ✭❈❆❘▼❖ ❡t ❛❧✳✱ ✷✵✶✵❀ ▼❆❚❨❆❙❖❱❙❩❑❨ ❡t ❛❧✳✱ ✷✵✶✶❀ ❘❖❉❖P❖❯▲❖❯
❡t ❛❧✳✱ ✷✵✶✺✮✳ ❙♣✐❡③✐❛ ❡t ❛❧✳ ✭✷✵✶✹✮✱ ♥❛ ❝✐❞❛❞❡ ❞❡ Pá❞✉❛✱ ■tá❧✐❛✱ ♠♦str❛r❛♠ q✉❡ ✐♥❞✐✈í❞✉♦s
❡①♣♦st♦s ❛ ❡❧❡✈❛❞♦s ♥í✈❡✐s ❞❡ ❞✐❢❡r❡♥t❡s ♣♦❧✉❡♥t❡s ✭▼P10✱ ❈❖✱ ❖3✱ ❙❖2✱ ❡♥tr❡ ♦✉tr♦s✮ ❛✉✲
♠❡♥t❛r❛♠ ♦ r✐s❝♦ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❡♠❜♦❧✐❛ ♣✉❧♠♦♥❛r ❛❣✉❞❛✱ s❡♥❞♦ ♦ r✐s❝♦ ✹ ✈❡③❡s
♠❛✐♦r ❞❡✈✐❞♦ ❛ ❡①♣♦s✐çã♦ ❛♦ ▼P10✳ ◆❛ ❝✐❞❛❞❡ ❉♦ñ❛ ❆♥❛ ❈♦✉♥t②✱ ♥♦s ❊st❛❞♦s ❯♥✐❞♦s✱
✐♥✈❡st✐❣♦✉✲s❡ ♦s ❡❢❡✐t♦s ❞♦ ▼P10✱ ▼P2,5 ❡ ❖3 ❡♠ ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ❡ ❝❛r❞✐♦✈❛s❝✉❧❛r❡s
✐♥✢✉❡♥❝✐❛❞❛s ♣♦r ♣❛rtí❝✉❧❛s ♠✐♥❡r❛✐s ❡ q✉❡✐♠❛❞❛s✳ ❆s ❡st✐♠❛t✐✈❛s ❞❡ ❛✉♠❡♥t♦ ❡♠ ✐♥t❡r✲
♥❛çõ❡s ❞❡✈✐❞♦ ❛♦ ▼P10 ❡ ▼P2,5 ❢♦r❛♠ ❞❡ ✸✱✶✪ ❡ ✷✱✽✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳✭❘❖❉❖P❖❯▲❖❯
❡t ❛❧✳✱ ✷✵✶✹✮✳

❈❛r♠♦ ❡t ❛❧✳ ✭✷✵✶✵✮ ✐♥✈❡st✐❣❛r❛♠ ♦s ❡❢❡✐t♦s ❞❛ ❡①♣♦s✐çã♦ ❞❡ ❝✉rt♦ ♣r❛③♦ ❛♦ ▼P2,5

❞❡❝♦rr❡♥t❡ ❞❡ q✉❡✐♠❛❞❛s ♥❛ ✢♦r❡st❛ ❛♠❛③ô♥✐❝❛✳ ❯♠ ✐♥❝r❡♠❡♥t♦ ❞❡ ✷✱✾✪ ❡ ✷✱✻✪ ♥❛s
✐♥t❡r♥❛çõ❡s ❞❡♣♦✐s ❞♦s ✻♦ ❡ ✼♦ ❞✐❛s s✉❜s❡q✉❛♥t❡s ❞❛ ❡①♣♦s✐çã♦✱ ❢♦✐ ❛ss♦❝✐❛❞♦ ❛ ✉♠ ❛✉♠❡♥t♦
❞❡ ✶✵ µ❣✴♠3 ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5✳ ❏á ❡♠ ❱✐tór✐❛✱ ♥♦ ❊s♣ír✐t♦ ❙❛♥t♦✱ ✉♠ ❛❝rés❝✐♠♦
❞❡ ✶✵ µ❣✴♠3 ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ❛❝❛rr❡t♦✉ ♥✉♠ ❛✉♠❡♥t♦ ❞❡ ✾✱✻✼✪ ♥♦ r✐s❝♦ r❡❧❛t✐✈♦
❞❡ ❤♦s♣✐t❛❧✐③❛çã♦ ♣♦r ❞♦❡♥ç❛s r❡s♣✐r❛tór✐❛s ✭❋❘❊■❚❆❙ ❡t ❛❧✳✱ ✷✵✶✻✮✳

❈♦♠♦ ✈✐st♦✱ ❛ ♣♦❧✉✐çã♦ ❞❡✈✐❞♦ ❛♦ ▼P ❡stá ♠✉✐t♦ r❡❧❛❝✐♦♥❛❞❛ ❛ ♣r♦❜❧❡♠❛s ❞❡ s❛ú❞❡
❤✉♠❛♥❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣r♦❜❧❡♠❛s r❡s♣✐r❛tór✐♦s ❡ ❝❛r❞✐♦✈❛s❝✉❧❛r❡s✳ P♦r ❡ss❛ r❛③ã♦✱ ✐♥ú✲



✷✳✷✳ ▲❊●■❙▲❆➬➹❖ ✷✷

♠❡r♦s sã♦ ♦s ❡s❢♦rç♦s ♣❛r❛✱ ❝❛❞❛ ✈❡③ ♠❛✐s✱ ❡♥t❡♥❞❡r s❡✉s ❡❢❡✐t♦s ♥❛ s❛ú❞❡ ❡ ❝♦♥tr♦❧❛r
❛s ❢♦♥t❡s ❡♠✐ss♦r❛s✳ ❖r❣ã♦s ❛♠❜✐❡♥t❛✐s✱ t❛♥t♦ ♥❛❝✐♦♥❛✐s✱ q✉❛♥t♦ ✐♥t❡r♥❛❝✐♦♥❛✐s✱ ❜✉s❝❛♠
❡st❛❜❡❧❡❝❡r ❧✐♠✐t❡s ♣❛r❛ ❝♦♥tr♦❧❡ ❞❛ ♣♦❧✉✐çã♦ ❞♦ ❛r✳

✷✳✷ ▲❡❣✐s❧❛çã♦

❍á ✉♠❛ ❣r❛♥❞❡ ♣r❡♦❝✉♣❛çã♦✱ ❡♠ t❡r♠♦s ❧❡❣❛✐s✱ ❞❡ s❡ ❡st❛❜❡❧❡❝❡r ❧✐♠✐t❡s ♣❛r❛ ❛ ❝♦♥❝❡♥✲
tr❛çã♦ ❞♦ ▼P✳ ❊①✐st❡♠ ♦s ❧✐♠✐t❡s ❡st❛❜❡❧❡❝✐❞♦s ♣❡❧♦ ♣❛❞rã♦ ❢❡❞❡r❛❧ ❞♦ ❈♦♥s❡❧❤♦ ◆❛❝✐♦♥❛❧
❞♦ ▼❡✐♦ ❆♠❜✐❡♥t❡ ✭❈❖◆❆▼❆✮✱ ❘❡s♦❧✉çã♦ ✹✾✶✴✷✵✶✽ ✭❇❘❆❙■▲✱ ✷✵✶✽✮✳ ❊♠ ❙ã♦ P❛✉❧♦✱
❤á ♦ ❉❡❝r❡t♦ ❊st❛❞✉❛❧ ◆♦ ✺✾✳✶✶✸ ❞❡ ✷✸✴✵✹✴✷✵✶✸ ✭❙ã♦ P❛✉❧♦✱ ✷✵✶✸✮✱ q✉❡ ❞❡t❡r♠✐♥❛ ♦s
❧✐♠✐t❡s ✈✐❣❡♥t❡s ♥♦ ❡st❛❞♦✳ ❚❛♥t♦ ♦ ❈❖◆❆▼❆✱ q✉❛♥t♦ ♦ ❞❡❝r❡t♦ ❡st❛❜❡❧❡❝❡r❛♠ ✸ ♠❡t❛s
✐♥t❡r♠❡❞✐ár✐❛s ✭▼■✮ ♦✉ ♣❛❞rõ❡s ✐♥t❡r♠❡❞✐ár✐♦s ✭P■✮✱ ❛té q✉❡ s❡ ❡st❛❜❡❧❡ç❛ ♦s ♣❛❞rõ❡s ✜♥❛✐s
✭P❋✮ ❜❛s❡❛❞♦ ♥❛s ❞✐r❡tr✐③❡s ❞❛ ❖r❣❛♥✐③❛çã♦ ▼✉♥❞✐❛❧ ❞❛ ❙❛ú❞❡ ✭❖▼❙✮ ✭❲❍❖ ✕ ❲♦r❧❞
❍❡❛❧t❤ ❖r❣❛♥✐③❛t✐♦♥✱ ✷✵✵✻✮✳ ❆ ✐❞❡✐❛ é q✉❡ ❛ ♣♦❧✉✐çã♦ ❛t♠♦s❢ér✐❝❛ s❡❥❛ r❡❞✉③✐❞❛ ❣r❛❞❛✲
t✐✈❛♠❡♥t❡ ❡ ♣r♦❣r❡ss✐✈❛♠❡♥t❡✱ ♣❛ss❛♥❞♦ ❞❛ ▼■✲✶ ✭♦✉ P■✲✶✮ ❛té ❛t✐♥❣✐r ♦s ♣❛❞rõ❡s ✜♥❛✐s✳
❆t✉❛❧♠❡♥t❡✱ ❡stá ❡♠ ✈✐❣♦r ❛ ▼■✲✶ ♥♦ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✱ ❞❡s❞❡ ♦ ❡st❛❜❡❧❡❝✐♠❡♥t♦ ❞♦
❉❡❝r❡t♦ ❊st❛❞✉❛❧✳

■♥t❡r♥❛❝✐♦♥❛❧♠❡♥t❡✱ ❞❡♥tr❡ ♦s ♣r✐♥❝✐♣❛✐s✱ ❤á ♦s ❧✐♠✐t❡s ❡st❛❜❡❧❡❝✐❞♦s ♣❡❧❛ ❖▼❙ ✭❲❍❖
✕ ❲♦r❧❞ ❍❡❛❧t❤ ❖r❣❛♥✐③❛t✐♦♥✱ ✷✵✵✻✮✱ ♣❡❧❛ ❆❣ê♥❝✐❛ ❆♠❜✐❡♥t❛❧ ❊✉r♦♣❡✐❛ ✭❊❊❆✱ ✷✵✶✻✮ ❡ ♦s
❧✐♠✐t❡s ❞❛ ❆❣ê♥❝✐❛ ❆♠❜✐❡♥t❛❧ ❞♦s ❊st❛❞♦s ❯♥✐❞♦s ✭❯❙✲❊P❆✱ ✷✵✶✼✮✳ ❖s ❧✐♠✐t❡s ❡st❛❞✉❛✐s✱
♥❛❝✐♦♥❛✐s ❡ ✐♥t❡r♥❛❝✐♦♥❛✐s sã♦ ❛♣r❡s❡♥t❛❞♦s ❞❡ ❢♦r♠❛ ❝♦♠♣❛r❛t✐✈❛ ♥❛ ❚❛❜❡❧❛ ✷✳✶✳

❚❛❜❡❧❛ ✷✳✶✿ P❛❞rõ❡s ❞❡ q✉❛❧✐❞❛❞❡ ❞♦ ❛r ♣❛r❛ ▼P2,5 ❡ ▼P10

P❛❞rõ❡s ❞❡ ▼P2,5 ✭µ❣✴♠3✮ ▼P10 ✭µ❣✴♠3✮
◗✉❛❧✐❞❛❞❡ ❞♦ ❛r ✷✹ ❤♦r❛s1 ❆♥✉❛❧2 ✷✹ ❤♦r❛s1 ❆♥✉❛❧2

P■✲✶ ✻✵ ✷✵ ✶✷✵ ✹✵
❈❖◆❆▼❆ P■✲✷ ✺✵ ✶✼ ✶✵✵ ✸✺

P■✲✸ ✸✼ ✶✺ ✼✺ ✸✵
▼■✲✶ ✻✵ ✷✵ ✶✷✵ ✹✵

❉❡❝r❡t♦ ✺✾✶✶✸✴✶✸ ▼■✲✷ ✺✵ ✶✼ ✶✵✵ ✸✺
▼■✲✸ ✸✼ ✶✺ ✼✺ ✸✵

❖▼❙ ✷✺ ✶✵ ✺✵ ✷✵
❯♥✐ã♦ ❊✉r♦♣❡✐❛ ✲ ✷✺3 ✺✵ ✹✵3

❊❯❆ ✸✺4 ✶✷5 ✶✺✵ ✲
1✿ ▼é❞✐❛ ❞❡ ✷✹ ❤♦r❛s ❝♦♥s❡❝✉t✐✈❛s✳ ◆ã♦ ❞❡✈❡ s❡r ❡①❝❡❞✐❞♦ ♠❛✐s q✉❡ ✉♠❛ ✈❡③ ♥♦ ❛♥♦

2✿ ▼é❞✐❛ ❛r✐t♠ét✐❝❛ ❛♥✉❛❧✳

3✿ ◆ã♦ ❞❡✈❡ s❡r ❡①❝❡❞✐❞♦✳

4✿ ▼é❞✐❛ ❛r✐t♠ét✐❝❛ ❞❛ ♠é❞✐❛ ❛♥✉❛❧ ❞❡ ✸ ❛♥♦s✳

5✿ ▼é❞✐❛ ❞♦ ✾✽♦ ♣❡r❝❡♥t✐❧ ❞❡ ✸ ❛♥♦s✳

❊♠ r❡❧❛çã♦ ❛♦s ♥í✈❡✐s ❡st❛❜❡❧❡❝✐❞♦s ♥♦ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✱ ♥♦t❛✲s❡ q✉❡ ♣❛r❛ ♦ ▼P10✱ ♦
♠á①✐♠♦ ❡st✐♣✉❧❛❞♦ ♣❡❧❛ ▼■✲✶ ✭✶✷✵ µ❣✴♠3✮ é ♠❡♥♦r q✉❡ ♦ ✈✐❣❡♥t❡ ❡♠ ♣❛❞rõ❡s ❛♠❡r✐❝❛♥♦s✳
❊ss❡ ✈❛❧♦r✱ ❞❡✈❡rá ❝❤❡❣❛r ♣r♦❣r❡ss✐✈❛♠❡♥t❡ ❛té ♦ ❧✐♠✐t❡ ❞❡ ✺✵ µ❣✴♠3✱ ✐❣✉❛❧ ❛♦ ❞❡t❡r♠✐♥❛❞♦



✷✳✸✳ P❖▲❯❊◆❚❊❙ ❆❚▼❖❙❋➱❘■❈❖❙ ❊ ❱❆❘■➪❱❊■❙ ▼❊❚❊❖❘❖▲Ó●■❈❆❙ ✷✸

♣❡❧❛ ❖▼❙ ❡ t❛♠❜é♠ ❛♦s ♣❛❞rõ❡s ❛t✉❛✐s ❞❛ ❊✉r♦♣❛✳ ❏á ❡♠ r❡❧❛çã♦ ❛♦ ▼P2,5✱ ♦ ✈❛❧♦r
❞❡ ♠é❞✐❛ ❛♥✉❛❧ ❡st❛❜❡❧❡❝✐❞♦ ♣❡❧❛ ▼■✲✶ ✭✷✵ µ❣✴♠3✮ é ♠❡♥♦r q✉❡ ♦ ❞♦ ♣❛❞rã♦ ❡✉r♦♣❡✉
✭25 µ❣✴♠3✮✱ ❡♥tr❡t❛♥t♦ q✉❛s❡ ♦ ❞♦❜r♦ ❞♦ ❧✐♠✐t❡ ❛♠❡r✐❝❛♥♦ ✭✶✷ µ❣✴♠3✮✳ P❛r❛ ♣r❡✈❡♥çã♦
❞❡ ❡♣✐só❞✐♦s ❝rít✐❝♦s ❞❡ ♣♦❧✉✐çã♦ ❞♦ ❛r✱ s❡ ❢❛③ ♥❡❝❡ssár✐♦ ♦ ❡st✉❞♦ ❡ ♣r❡✈✐sã♦ ❞❛s ❝♦♥❞✐çõ❡s
♠❡t❡♦r♦❧ó❣✐❝❛s ❞❡s❢❛✈♦rá✈❡✐s ❛ ❞✐s♣❡rsã♦ ❞❛ ♣♦❧✉✐çã♦ ❛t♠♦❢ér✐❝❛✳

✷✳✸ P♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ❡ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s

❖ ❡♥t❡♥❞✐♠❡♥t♦ ❞❛s ❝♦♥❞✐çõ❡s ♠❡t❡♦r♦❧ó❣✐❝❛s ❞❛ ❛t♠♦s❢❡r❛ ❛✉①✐❧✐❛ ♥❛ ♣r❡✈❡♥çã♦ ❞❡ s✐✲
t✉❛çõ❡s ❝rít✐❝❛s ❞❡ ♣♦❧✉✐çã♦ ❛t♠♦s❢ér✐❝❛✳ ■♥ú♠❡r♦s tr❛❜❛❧❤♦s ♣r♦❝✉r❛♠ ❛♥❛❧✐s❛r ❛ r❡❧❛✲
çã♦ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❡ ♣♦❧✉❡♥t❡s ✭❙❚❆❚❍❊❘❖P❖❯▲❖❙❀ ❱❆❙❙■▲■❆❉■❙❀
P❆PP❆✱ ✶✾✾✽❀ ❇❆◆❊❘❏❊❊❀ ❙■◆●❍❀ ❙❘■❱❆❙❚❆❱❆✱ ✷✵✶✶❀ ❉❖▼■◆■❈❑ ❡t ❛❧✳✱ ✷✵✶✷✮✳

●♦♥ç❛❧✈❡s ❡t ❛❧✳ ✭✷✵✵✺✮ ❡st✉❞❛r❛♠ ♦s ❡❢❡✐t♦s ❞❛ ♣♦❧✉✐çã♦ ❞♦ ❛r ❡ ♣❛râ♠❡tr♦s ♠❡t❡♦r♦✲
❧ó❣✐❝♦s ❞✉r❛♥t❡ ♦ ✈❡rã♦ ❞❛ ❝✐❞❛❞❡ ❞❡ ❙ã♦ P❛✉❧♦✱ ❡♥❝♦♥tr❛♥❞♦ q✉❡ ❞✐❛s q✉❡♥t❡s ❡ ú♠✐❞♦s
❢❛✈♦r❡❝❡r❛♠ ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❙❖2✱ ▼P10 ❡ ❖3✳

◆❛ ❮♥❞✐❛✱ ❢♦r❛♠ ❛♥❛❧✐s❛❞❛s ❡st❛t✐st✐❝❛♠❡♥t❡✱ ♣♦r ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦✱ ✈❛r✐á✈❡✐s ❛♠❜✐✲
❡♥t❛✐s ❞♦ ❛r ✭❙❖2✱ ◆❖2 ❡ P❚❙✮ ❡♠ ❢✉♥çã♦ ❞❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s✿ ✉♠✐❞❛❞❡✱ ✈❡❧♦❝✐✲
❞❛❞❡ ❞♦ ✈❡♥t♦✱ ♣r❡❝✐♣✐t❛çã♦ ❡ t❡♠♣❡r❛t✉r❛✳ ❉❡st❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s✱ ❛ ✈❡❧♦❝✐❞❛❞❡
❞♦ ✈❡♥t♦ ❢♦✐ ❛ ❞❡ ♠❛✐♦r ✐♥✢✉ê♥❝✐❛ ♥❛ ❡q✉❛çã♦ ❞❡ r❡❣r❡ssã♦ ✭❇❆◆❊❘❏❊❊❀ ❙■◆●❍❀ ❙❘■✲
❱❆❙❚❆❱❆✱ ✷✵✶✶✮✳ ❚✐✇❛r✐ ❡t ❛❧✳ ✭✷✵✶✸✮✱ t❛♠❜é♠ ♥❛ ❮♥❞✐❛✱ ❡s♣❡❝✐✜❝❛♠❡♥t❡ ❡♠ ◆♦✈❛ ❉❡❧❤✐✱
♦❜t✐✈❡r❛♠ q✉❡ ❜❧❛❝❦ ❝❛r❜♦♥ ❢♦✐ ❝♦rr❡❧❛❝✐♦♥❛❞♦ ♥❡❣❛t✐✈❛♠❡♥t❡ ❝♦♠ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❡
t❡♠♣❡r❛t✉r❛✱ ❡♥q✉❛♥t♦ q✉❡ ❛ ♣r❡❝✐♣✐t❛çã♦ ♥ã♦ ❢♦✐ ❝♦rr❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ♦ ❜❧❛❝❦ ❝❛r❜♦♥✳

❆ ❞✐r❡çã♦ ❞♦ ✈❡♥t♦ ❢♦✐ ♦ ❢❛t♦r ♠❛✐s ✐♠♣♦rt❛♥t❡ ♥❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞♦s ♥í✈❡✐s ❞❡ ▼P ❡♠
❇❡✐❥✐♥❣✱ ♥❛ ❈❤✐♥❛ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡ ▼❛rç♦ ❞❡ ✷✵✶✷ ❛ ❆❜r✐❧ ❞❡ ✷✵✶✸✳ ❱❡♥t♦s ❞❛ ❞✐r❡çã♦
s✉❧ ❢♦r❛♠ ❛ss♦❝✐❛❞♦s ❝♦♠ ♦s ❞✐❛s ♠❛✐s s❡✈❡r♦s ❞❡ ♣♦❧✉✐çã♦✳ ▼♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ♠ú❧t✐♣❧❛
❡①♣❧✐❝❛r❛♠ ✻✷✪ ❞❛ ✈❛r✐❛çã♦ t♦t❛❧ ❞♦ ▼P ✭❩❍❖❯ ❡t ❛❧✳✱ ✷✵✶✺✮✳ ▲②r❛✱ ❙♦✉③❛ ❡ ❱✐♦❧❛ ✭✷✵✶✶✮
t❛♠❜é♠ ✉t✐❧✐③❛r❛♠ ❞❡ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❧✐♥❡❛r❡s ♣❛r❛ ❡st✐♠❛r ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ▼P10

♥❛ ❝✐❞❛❞❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ❡♥tr❡ ♦s ❛♥♦s ❞❡ ✷✵✵✷ ❡ ✷✵✵✸✳ ❆s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s
❞❛ ❯♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❡ Pr❡❝✐♣✐t❛çã♦ ♣❧✉✈✐❛❧ ❢♦r❛♠ ❛s ♠❛✐s r❡❧❡✈❛♥t❡s✱ ❡①♣❧✐❝❛♥❞♦ ♠❛✐s ❞❡
✺✵✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞♦ ▼P✳ ❏á ▼♦♥t❡✱ ❆❧❜✉q✉❡rq✉❡ ❡ ❘❡✐s❡♥ ✭✷✵✶✻✮ ✉s❛r❛♠ ❞♦s ♠♦❞❡❧♦s
▲♦❣✐t ♣❛r❛ ✐♥✈❡st✐❣❛r ❛ r❡❧❛çã♦ ❞❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ♥❛ ❝❤❛♥❝❡ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡
q✉❛❧✐❞❛❞❡ ❞♦ ❛r ❝❧❛ss✐✜❝❛❞❛ ❝♦♠♦ ✧♥ã♦ ❜♦❛✧✳ Pr❡❝✐♣✐t❛çã♦ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❛❧t❛s
❝♦♥tr✐❜✉ír❛♠ ♣❛r❛ ❛ r❡❞✉çã♦ ❞❛ ❝❤❛♥❝❡ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ❞✐❛s ❝♦♠ ❜❛✐①❛ q✉❛❧✐❞❛❞❡ ❞♦ ❛r✳

❋❛t♦r❡s ♠❡t❡♦r♦❧ó❣✐❝♦s ❝♦♠♦ ❜❛✐①♦s ✈❛❧♦r❡s ❞❡ t❡♠♣❡r❛t✉r❛ ❡ ✈❡♥t♦✱ ❡♠ ❇✐r♠✐♥❣❤❛♠✱
❡ ❡st❛❣♥❛çã♦ ❞❛s ♠❛ss❛s ❞❡ ❛r✱ ❡♠ ❆t❡♥❛s✱ ✐♥✢✉❡♥❝✐❛r❛♠ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ♥❡ss❛s
❝✐❞❛❞❡s✱ s❡♥❞♦ ❛ ❆❈P ✉t✐❧✐③❛❞❛ ♣❛r❛ t❛✐s ❝♦♥❝❧✉sõ❡s ✭❱❆❘❉❖❯▲❆❑■❙❀ ❑❆❙❙❖▼❊◆❖❙✱
✷✵✵✽✮✳ ❊st✉❞♦s r❡❛❧✐③❛❞♦s ♣♦r ❚♦❤✱ ▲✐♠ ❡ ●❧❛s♦✇ ✭✷✵✶✸✮ ❛♥❛❧✐s❛r❛♠ ♦s ❡❢❡✐t♦s ♠❡t❡♦r♦❧ó✲
❣✐❝♦s s♦❜r❡ ✈❛r✐❛çõ❡s ❞✐✉r♥❛✱ ♠❡♥s❛✐s ❡ s❛③♦♥❛✐s ❞❛s ❝♦♥❝❡♥tr❛çõ❡s ❞❡ ♦③ô♥✐♦ tr♦♣♦s❢ér✐❝♦
✭❖3✮ ❡ ♠❛t❡r✐❛❧ ♣❛rt✐❝✉❧❛❞♦ ✭▼P10✮ ♥❛ ❝✐❞❛❞❡ ❞❡ ❚❛♥❛❤ ❘❛t❛✱ ▼❛❧❛s✐❛✳ P❛r❛ ❛ ❢♦r♠❛çã♦
❞♦ ❖3✱ ❝♦♥tr✐❜✉✐r❛♠ ♣♦s✐t✐✈❛♠❡♥t❡ ❛ t❡♠♣❡r❛t✉r❛ ❡ ♥❡❣❛t✐✈❛♠❡♥t❡✱ ❛ ✉♠✐❞❛❞❡ ❡ ♣r❡ssã♦
❞❛s ♠❛ss❛s ❞❡ ❛r✱ ❛❧é♠ ❞❡ ❢♦rt❡ ❛ss♦❝✐❛çã♦ ❝♦♠ ❛s ♠♦♥çõ❡s ❛s✐át✐❝❛s✳

❆❧é♠ ❞❛ r❡❧❛çã♦ ❞❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❝♦♠ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♣♦❧✉❡♥t❡s ❛t♠♦s✲
❢ér✐❝♦s✱ t❛♠❜é♠ ❤á ✐♥t❡r❡ss❡ ❞❡ s❡ ✐❞❡♥t✐✜❝❛r ❢♦♥t❡s ❡♠✐ss♦r❛s ❞❡ ♣♦❧✉❡♥t❡s ❞♦ ❛r✳ ❍á
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❛❧❣✉♠❛s ❢❡rr❛♠❡♥t❛s ❞❡s❝r✐t❛s ♥❛ ❙❡çã♦ ✷✳✹✱ q✉❡ t❛♠❜é♠ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦s ✐❞❡♥t✐✜❝❛r
❛s ❢♦♥t❡s ❡♠✐ss♦r❛s ❞❡ ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s✳

✷✳✹ ❋❡rr❛♠❡♥t❛s ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ❢♦♥t❡s ❞❡ ♣♦❧✉✲
❡♥t❡s ❛t♠♦s❢ér✐❝♦s

❊①✐st❡♠ ❞✐✈❡rs❛s ❛❜♦r❞❛❣❡♥s ♣♦ssí✈❡✐s ♣❛r❛ s❡ ❡st✉❞❛r q✉❛✐s ❛s ♣♦ssí✈❡✐s ❢♦♥t❡s ❡♠✐ss♦r❛s
❞♦s ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s✳ P♦❞❡✲s❡ ❞❡st❛❝❛r ❞♦✐s t✐♣♦s ❞❡ ♠♦❞❡❧♦s✱ ♦s ♠♦❞❡❧♦s r❡❝❡♣t♦r❡s
✭s✉❜s❡çã♦ ✷✳✹✳✶✮✱ ❡ ♦s ♠♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠ tr❛❥❡tór✐❛s ❞❡ ♠❛ss❛s ❞❡ ❛r ✭s✉❜s❡çã♦ ✷✳✹✳✷✮✳

✷✳✹✳✶ ▼♦❞❡❧♦s r❡❝❡♣t♦r❡s

❖s ♠♦❞❡❧♦s r❡❝❡♣t♦r❡s sã♦ ✉s❛❞♦s ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❛s ♣♦ssí✈❡✐s ❢♦♥t❡s ❡♠✐ss♦r❛s ❞❡ ♣♦✲
❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s✳ ◆❡ss❡s ♠♦❞❡❧♦s ❛ ❝♦♠♣♦s✐çã♦ q✉í♠✐❝❛ ❞♦ ♣♦❧✉❡♥t❡ é ❛♥❛❧✐s❛❞❛✱ ❡
✐♥❢❡rê♥❝✐❛s ❛ r❡s♣❡✐t♦ ❞❛s ❢♦♥t❡s sã♦ ❢❡✐t❛s✳ ❆♣❡s❛r ❞❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❛ ❝♦♠♣♦s✐çã♦ q✉í✲
♠✐❝❛ ❞♦ ▼P✱ s❛❜❡r ❞❛ s✉❛ ❝♦♠♣♦s✐çã♦ ♥♦s ❞✐③ ♠✉✐t♦ ❛ r❡s♣❡✐t♦ ❞❡ s✉❛ ❢♦♥t❡✱ ❡ ♦s ♠♦❞❡❧♦s
r❡❝❡♣t♦r❡s ✉s❛♠ ❞❡st❛ ❝♦♠♣♦s✐çã♦ q✉í♠✐❝❛ ♣❛r❛ ❡ss❡ ✜♠ ✭❱❆▲▲❊❘❖✱ ✷✵✵✽✮✳

❊♠ ❙❛♥t❛ ❈❛t❛r✐♥❛✱ ♥❛s ❝✐❞❛❞❡s ❞❡ ❚✉❜❛rã♦ ❡ ❈❛♣✐✈❛r✐ ❞❡ ❇❛✐①♦ ❡♥tr❡ ❞❡③❡♠❜r♦ ❞❡
✷✵✵✽ ❡ ❞❡③❡♠❜r♦ ❞❡ ✷✵✵✾✱ ✐❞❡♥t✐✜❝♦✉✲s❡ q✉❡ ✐♥✢✉ê♥❝✐❛s ❧♦❝❛✐s ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10

❢♦r❛♠ ❛ r❡ss✉s♣❡♥sã♦ ❞❛ ♣♦❡✐r❛ ❞♦ s♦❧♦✴❡♠✐ssã♦ ❞❡ ♣♦❡✐r❛ ❞❛ ❡str❛❞❛ ✭❝♦♥tr✐❜✉✐çã♦ ❡♥tr❡
✻✺ ❛ ✼✺✪✮ ❡ q✉❡✐♠❛ ❞❡ ❝♦♠❜✉stí✈❡✐s ✭❝♦♥tr✐❜✉✐çã♦ ❞❡ ✶✺ ❛ ✷✺✪✮ ✭❍❖■◆❆❙❑■ ❡t ❛❧✳✱
✷✵✶✸✮✳ ❋♦r❛♠ ✉t✐❧✐③❛❞♦s ♦s ♠♦❞❡❧♦s r❡❝❡♣t♦r❡s ♣❛r❛ t❛❧ ❝♦♥❝❧✉sã♦✱ ♦ ❯◆▼■❳ ❡ ♦ P▼❋
✭P♦s✐t✐✈❡ ▼❛tr✐① ❋❛❝t♦r✐③❛t✐♦♥✮✳ ❚❛✐s ♠♦❞❡❧♦s sã♦ ✉s❛❞♦s ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❡ q✉❛♥t✐✜❝❛r
❢♦♥t❡s ❡♠✐ss♦r❛s ❛tr❛✈és ❞❛s ❝❛r❛❝t❡ríst✐❝❛s q✉í♠✐❝❛s ❡ ❢ís✐❝❛s ❞❛s ♣❛rtí❝✉❧❛s✱ ♠❡❞✐❞❛s ♥✉♠
❧♦❝❛❧ r❡❝❡♣t♦r ✭❯❙✲❊P❆✱ ✷✵✶✼✮✳

❈♦♠ ❞❛❞♦s ❢♦r❛♠ ❝♦❧❡t❛❞♦s ♥❛ ✐❧❤❛ ❞❡ ❇❡✐❤✉❛♥❣❝❤❡♥❣✱ ♥♦ ♥♦rt❡ ❞❛ ❈❤✐♥❛✱ ❡♥tr❡ ❛❣♦st♦
❞❡ ✷✵✶✹ ❡ s❡t❡♠❜r♦ ❞❡ ✷✵✶✺✱ ❩♦♥❣ ❡t ❛❧✳ ✭✷✵✶✽✮ ❛♣❧✐❝❛r❛♠ ♦ ♠♦❞❡❧♦ P▼❋ ❡ ♦❜s❡r✈❛r❛♠
q✉❡ ❛s ♣r✐♥❝✐♣❛✐s ❢♦♥t❡s ❞♦ ▼P2,5 ❢♦r❛♠✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❝♦♠❜✉stã♦ ❞❡ ❝❛r✈ã♦ ❡ q✉❡✐♠❛
❞❡ ❜✐♦♠❛ss❛ ✭✹✽✱✷✶✪✮ ❡ ❡♠✐ssã♦ ✈❡✐❝✉❧❛r ✭✸✵✱✸✸✪✮✳

❈❛♥t❡r❛s✱ ▼♦r❡✐r❛ ❡ ❋❛r✐❛ ✭✷✵✶✸✮ ✉t✐❧✐③❛r❛♠ ❞❛ ❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛✐s ❡
❆♥á❧✐s❡ ❞❡ ❈❧✉st❡r ♣❛r❛ ✐❞❡♥t✐✜❝❛r q✉❛✐s ❢♦r❛♠ ❛s ♣r✐♥❝✐♣❛✐s ❢♦♥t❡s ❡♠✐ss♦r❛s ❞♦ ▼P10 ♥❛
❝✐❞❛❞❡ ❞❡ ▲✐♠❡✐r❛✱ ❙ã♦ P❛✉❧♦✱ ❞✉r❛♥t❡ ❆❣♦st♦ ❞❡ ✷✵✵✽ ❛ ❏❛♥❡✐r♦ ❞❡ ✷✵✶✵✳ ❊♠ r❡❧❛çã♦ ❛♦
♠❛t❡r✐❛❧ ♣❛rt✐❝✉❧❛❞♦ ❣r♦ss♦ ✭▼P2,5−10✱ ❛ r❡ss✉s♣❡♥sã♦ ❞♦ s♦❧♦ ✭✺✼✪✮✱ ❡♠✐ssõ❡s ✈❡✐❝✉❧❛r❡s
✭✸✵✪✮ ❡ ❡♠✐ssõ❡s ✐♥❞✉str✐❛✐s ✭✶✸✪✮ ❢♦r❛♠ ❛s ♣r✐♥❝✐♣❛✐s ❢♦♥t❡s ❡♠✐ss♦r❛s✱ ❡♥q✉❛♥t♦ q✉❡
♣❛r❛ ♦ ♠❛t❡r✐❛❧ ♣❛rt✐❝✉❧❛❞♦ ✜♥♦ ✭▼P2,5✮ ❢♦r❛♠ ❛ r❡ss✉s♣❡♥sã♦ ❞♦ s♦❧♦ ✭✼✾✪✮✱ ❡♠✐ssõ❡s
✈❡✐❝✉❧❛r❡s ✭✶✸✪✮ ❡ ❡♠✐ssõ❡s ✐♥❞✉str✐❛✐s ✭✽✪✮✳

❏❛✐♥ ❡t ❛❧✳ ✭✷✵✶✽✮ ❛♥❛❧✐s❛r❛♠ ♦ ▼P10 ♠❡❞✐❞♦s ❡♠ ❉❡❧❤✐✱ ❮♥❞✐❛✱ ❝♦♠ ✉s♦ ❞♦ ❯◆■✲
▼■❳✱ ❆❈P ❡ P▼❋✳ ❖s ♠♦❞❡❧♦s r❡❝❡♣t♦r❡s ✐❞❡♥t✐✜❝❛r❛♠ ❝✐♥❝♦ ❢♦♥t❡s✱ s❡♥❞♦ ❛s ♣r✐♥❝✐♣❛✐s✿
❡♠✐ssõ❡s ✈❡✐❝✉❧❛r❡s✱ ❛❡r♦ssó✐s ♠❛r✐♥❤♦s✱ q✉❡✐♠❛ ❞❡ ❜✐♦♠❛ss❛ ❡ r❡ss✉s♣❡♥ssã♦ ❞♦ s♦❧♦✳

❖s ❡st✉❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❛ s✉❜s❡çã♦ ✷✳✹✳✶ ✉t✐❧✐③❛r❛♠ ❞❛ ❝♦♠♣♦s✐çã♦ q✉í♠✐❝❛ ♣❛r❛
✐❞❡♥t✐✜❝❛r ❛s ♣♦ssí✈❡✐s ❢♦♥t❡s ❡♠✐ss♦r❛s ❞♦ ▼P✳ P♦ré♠✱ ❡①✐st❡♠ ♦s ♠♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠
tr❛❥❡tór✐❛s✱ q✉❡ ❛♦ ✐♥✈és ❞❛ ❝♦♠♣♦s✐çã♦ q✉í♠✐❝❛✱ ❢❛③❡♠ ✉s♦s ❞❡ tr❛❥❡tór✐❛s r❡✈❡rs❛s ♣❛r❛
✐❞❡♥t✐✜❝❛r ♣♦ssí✈❡✐s ❧♦❝❛✐s ❞❛s ❢♦♥t❡s ❡♠✐ss♦r❛s✳
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✷✳✹✳✷ ▼♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠ tr❛❥❡tór✐❛s

❖s ♠♦❞❡❧♦s ❜❛s❡❛❞♦s ❡♠ tr❛❥❡tór✐❛s sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❛♦♥❞❡ ❡stã♦ ❧♦❝❛❧✐③❛❞❛s
❛s ❢♦♥t❡s ❡♠✐ss♦r❛s ❞♦s ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s✳ ❉✐❢❡r❡♥t❡ ❞♦s ♠♦❞❡❧♦s r❡❝❡♣t♦r❡s✱ q✉❡ sã♦
✉s❛❞♦s ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❛s ❢♦♥t❡s✳

■❞❡♥t✐✜❝❛r ❛s ❢♦♥t❡s ❡♠✐ss♦r❛s ❞♦ ▼P✱ s✉❛ ♦r✐❣❡♠✱ ❡ ❝♦♠♦ ❢✉♥❝✐♦♥❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❞✐s✲
♣❡rsã♦ ❞♦ ✈❡♥t♦ é ✐♠♣♦rt❛♥t❡ ♣❛r❛ ♣r❡s✉♠✐r ❛ r❡s♣❡✐t♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ▼P✱ ❛❧é♠
❞❡ ❛✉①✐❧✐❛r ♥❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❢♦♥t❡s ❡♠✐ss♦r❛s ❞❡ss❡ ♣♦❧✉❡♥t❡ ❛t♠♦s❢ér✐❝♦ ✭❉■▼■❚❘■❖❯❀
❑❆❙❙❖▼❊◆❖❙✱ ✷✵✶✹❜❀ ❑❆❱❖❯❘❆❙ ❡t ❛❧✳✱ ✷✵✶✸✮✳ ❆♥á❧✐s❡s ❡st❛tíst✐❝❛s ❜❛s❡❛❞❛s ♥♦
t❡♠♣♦ ❞❡ r❡s✐❞ê♥❝✐❛ ❞❛s ♠❛ss❛ ❞❡ ❛r tê♠ s✐❞♦ ✉s❛❞❛s✱ ❞❡♥tr❡ ❡❧❛s✱ ♣♦❞❡♠♦s ❝✐t❛r ♦ P❙❈❋
✭P♦t❡♥❝✐❛❧ ❙♦✉r❝❡ ❈♦♥tr✐❜✉t✐♦♥ ❋✉♥❝t✐♦♥✮ ✭❍❯❆◆● ❡t ❛❧✳✱ ✷✵✶✷❀ ❩❍❆◆●❀ ❲❖◆●❀ ▲❊❊✱
✷✵✶✺✮✱ ❈❲❚ ✭❈♦♥❝❡♥tr❛t✐♦♥ ❲❡✐❣❤t❡❞ ❚r❛❥❡❝t♦r②✮ ✭❉■▼■❚❘■❖❯ ❡t ❛❧✳✱ ✷✵✶✺✮ ❡ ❆❘❚
✭❆♥á❧✐s❡ ❞❡ ❘❡❣r❡ssã♦ ❞❡ ❚r❛❥❡tór✐❛✮ ✭❑❆❱❖❯❘❆❙ ❡t ❛❧✳✱ ✷✵✶✸❀ ❉■▼■❚❘■❖❯❀ ❑❆❙❙❖✲
▼❊◆❖❙✱ ✷✵✶✹❛✮✳ ◆❡ss❡s ♠♦❞❡❧♦s✱ ♦s t❡♠♣♦s ❞❡ r❡s✐❞ê♥❝✐❛ ♣❛r❛ ❝❛❞❛ ❝é❧✉❧❛ é ❝❛❧❝✉❧❛❞♦
❜❛s❡❛❞♦ ♥❛s tr❛❥❡tór✐❛s ❞❛s ♠❛ss❛s ❞❡ ❛r✱ q✉❡ sã♦ tr❛❥❡tór✐❛s r❡✈❡rs❛s ✭♦✉ ❜❛❝❦✇❛r❞✮ ♣♦r✲
q✉❡ sã♦ ❛s tr❛❥❡tór✐❛s ♦❜t✐❞❛s q✉❡ ❝❤❡❣❛r❛♠ ❡♠ ❞❡t❡r♠✐♥❛❞♦ ❧♦❝❛❧✳

❊♠ ❣❡r❛❧ ❛s tr❛❥❡tór✐❛s ❞❛s ♠❛ss❛s ❞❡ ❛r sã♦ ♦❜t✐❞❛s ♣♦r ♠❡✐♦ ❞❡ ♠♦❞❡❧♦s ♠❛t❡✲
♠át✐❝♦s✱ s❡♥❞♦ ✉♠ ❞♦s ♠❛✐s ✉s❛❞♦s ♦ ♠♦❞❡❧♦ ❍❨❙P▲■❚ ✭❍②❜r✐❞ ❙✐♥❣❧❡✲P❛rt✐❝❧❡ ▲❛♥✲

❣r❛♥❣✐❛♥ ■♥t❡❣r❛t❡❞ ❚r❛❥❡❝t♦r② ▼♦❞❡❧✮✱ ❞♦ ❧❛❜♦r❛tór✐♦ ◆❖❆❆ ✲ ❆❘▲ ✭◆❛t✐♦♥❛❧ ❖❝❡❛♥✐❝
❛♥❞ ❆t♠♦s♣❤❡r✐❝ ❆❞♠✐♥✐str❛t✐♦♥ ✲ ❆✐r ❘❡s♦✉r❝❡s ▲❛❜♦r❛t♦r②✮ ✭❉❘❆❳▲❊❘❀ ❍❊❙❙✱ ✶✾✾✽❀
❑❯▲❙❍❘❊❙❚❍❆❀ ❑❯▼❆❘✱ ✷✵✶✹❀ P❊❘❊❩ ❡t ❛❧✳✱ ✷✵✶✺❀ ❙❚❊■◆ ❡t ❛❧✳✱ ✷✵✶✺❀ ❘♦❧♣❤✱ ●✳❉✳✱
✷✵✶✻✮✳ ❊st❡ ♠♦❞❡❧♦ ❧❛❣r❛♥❣❡❛♥♦ ❝❛❧❝✉❧❛ ♦s ♣♦♥t♦s ❞❡ ❧❛t✐t✉❞❡ ❡ ❧♦♥❣✐t✉❞❡ ♣♦r ♦♥❞❡ ♣❛s✲
s❛r❛♠ ❛s tr❛❥❡tór✐❛s ❛té ❝❤❡❣❛r❡♠ ♥✉♠ ❞❡t❡r♠✐♥❛❞♦ ❧♦❝❛❧ r❡❝❡♣t♦r✳ ❆ ❡q✉❛çã♦ ❜❛s❡ ♣❛r❛
❝á❧❝✉❧♦ ❞❛s tr❛❥❡tór✐❛s é ❞❛❞❛ ♥❛ ❊q✉❛çã♦ ✷✳✶✱ q✉❡ ♠♦str❛ ❛ ♠✉❞❛♥ç❛ ❞❛ ♣♦s✐çã♦ ♥♦
t❡♠♣♦✱ ❞❛❞❛ ❛ ❛❞✈❡❝çã♦ ♣❡❧♦ ✈❡♥t♦✱ q✉❡ ❞❡t❡r♠✐♥❛rá ❛ tr❛❥❡tór✐❛ q✉❡ ❛ ♣❛rtí❝✉❧❛ s❡❣✉✐rá
✭❙❚❊■◆ ❡t ❛❧✳✱ ✷✵✶✺✮✳

Pmean(t+∆t) = Pmean(t) +
1

2
[V (Pmean, t)

+V ({Pmean(t) + [V (Pmean, t)∆t]}, t+∆t)]∆t ✭✷✳✶✮

♦♥❞❡ Pmean(t) é ❛ ♣♦s✐çã♦ ❞❛ tr❛❥❡tór✐❛ ♥♦ t❡♠♣♦ t✳ ❖ V (Pmean, t) é ♦ ✈❡t♦r ❞❡ ✈❡❧♦❝✐✲
❞❛❞❡ tr✐✲❞✐♠❡♥s✐♦♥❛❧✱ ♥❛ ♣♦s✐çã♦ ❡ t❡♠♣♦ ✐♥✐❝✐❛❧ ✭❉❘❆❳▲❊❘❀ ❍❊❙❙✱ ✶✾✾✽✮✳ ❆s tr❛❥❡tór✐❛s
sã♦ ❝❛❧❝✉❧❛❞❛s ❛ ❝❛❞❛ ✶ ❤♦r❛✳

❖ ♠♦❞❡❧♦ ❍❨❙P▲■❚ ✉s❛ ❞❛❞♦s ♠❡t❡♦r♦❧ó❣✐❝♦s ♣❛r❛ ❝❛❧❝✉❧❛r ❛s tr❛❥❡tór✐❛s ❞❛s ♠❛ss❛s
❞❡ ❛r✳ ❍á ❛❧❣✉♥s ❞✐s♣♦♥í✈❡✐s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ♦ ●❧♦❜❛❧ ❉❛t❛ ❆ss✐♠✐❧❛t✐♦♥ ❙②st❡♠

✭●❉❆❙✮✱ ◆❈❊P✴◆❈❆❘ ❣❧♦❜❛❧ r❡❛♥❛❧②s✐s ❞❛t❛✱ ❊❚❆ ❉❛t❛ ❆ss✐♠✐❧❛t✐♦♥ ❙②st❡♠ ✭❊❉❆❙✮
✭❙❚❊■◆ ❡t ❛❧✳✱ ✷✵✶✺✮✳ ❊st❡s ❛rq✉✐✈♦s ♠❡t❡♦r♦❧ó❣✐❝♦s ❝♦♥té♠ ❞❛❞♦s ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❛
✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ t❡♠♣❡r❛t✉r❛✱ ❡ ✈ár✐❛s ♦✉tr❛s ✈❛r✐á✈❡✐s✳ ❆❧é♠ ❞✐ss♦✱ ❡st❡s ❛rq✉✐✈♦s ❥á
❡stã♦ ♥♦ ❢♦r♠❛t♦ ♣❛r❛ ✉s♦ ♥♦ ❍❨❙P▲■❚✳

❖ ♠♦❞❡❧♦ P❙❈❋ ❝❛❧❝✉❧❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ q✉❡ ❛ ❢♦♥t❡ ❡st❡❥❛ ❧♦❝❛❧✐③❛❞❛ ❡♠ ❞❡t❡r♠✐♥❛❞❛
r❡❣✐ã♦✱ ❝♦♠❜✐♥❛♥❞♦ ❛s tr❛❥❡tór✐❛s r❡✈❡rs❛s ❞❛s ♠❛ss❛s ❞❡ ❛r ❝♦♠ ❛ ❝♦♥❝❡♥tr❛çã♦ ♠❡❞✐❞❛
♥✉♠ ❧♦❝❛❧✳ ❆ r❡❣✐ã♦ ❞♦ ❧♦❝❛❧ r❡❝❡♣t♦r é ❞✐✈✐❞✐❞❛ ❡♠ ✉♠ ❣r✐❞ ❞❡ ❝é❧✉❧❛s✳ ❆ ♣r♦❜❛❜✐❧✐❞❛❞❡
❞❡ ❝❛❞❛ ❝é❧✉❧❛ é ❝❛❧❝✉❧❛❞❛ ♣❡❧❛ r❛③ã♦ ❡♥tr❡ ♦ ♥ú♠❡r♦ ❞❡ ✈❡③❡s q✉❡ ❛ ❝♦♥❝❡♥tr❛çã♦ ❢♦✐



✷✳✺✳ ❆◆➪▲■❙❊ ❉❊ ❘❊●❘❊❙❙➹❖ ❉❊ ❚❘❆❏❊❚Ó❘■❆ ✲ ❆❘❚ ✷✻

❛❧t❛ q✉❛♥❞♦ ♣❛ss♦✉ ♣❡❧❛ ❝é❧✉❧❛✱ ❞✐✈✐❞✐❞♦ ♣❡❧♦ ♥ú♠❡r♦ ❞❡ ✈❡③❡s q✉❡ ❛ tr❛❥❡tór✐❛ ♣❛ss♦✉
♣❡❧❛ ❝é❧✉❧❛ ✭P❊❑◆❊❨ ❡t ❛❧✳✱ ✷✵✵✻❀ ❍❯❆◆● ❡t ❛❧✳✱ ✷✵✶✷✮✳ ❊st❡ ♠♦❞❡❧♦ t❡♠ ♣♦r ♦❜❥❡t✐✈♦
✐❞❡♥t✐✜❝❛r ❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ♣♦ssí✈❡✐s ❢♦♥t❡s ❡♠✐ss♦r❛s ❞❡ ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s✳

P❙❈❋ ❢♦✐ ✉s❛❞♦ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❢♦♥t❡s ❡♠✐ss♦r❛s ❞❡ ▼P2,5 ❡♠ ❇❡✐❥✐♥❣✱ ❈❤✐♥❛✳ ❙✉❧
❞❡ ❍❡❜❡✐✱ ◆♦rt❡ ❞❡ ❍❡♥❛♥ ❡ s✉❞♦❡st❡ ❞❡ ❙❤❛♥❞♦♥❣ ❢♦r❛♠ ❛s ❧♦❝❛❧✐③❛çã♦ ❞❛s ♣♦t❡♥❝✐❛✐s
❢♦♥t❡s✳ ❚❛✐s r❡❣✐õ❡s sã♦ ♦♥❞❡ ♠✉✐t❛s ✐♥❞ústr✐❛s ❡stã♦ ❧♦❝❛❧✐③❛❞❛s ❡ t❛♠❜é♠ ❝♦♠ ❛❧t♦
♣♦t❡♥❝✐❛❧ ❞❡ ❢♦♥t❡s ❞❡ ❝❛r❜♦♥♦ ♦r❣â♥✐❝♦ ✭❩❍❆◆●❀ ❲❖◆●❀ ▲❊❊✱ ✷✵✶✺✮✳ ❉✐✈❡rs❛s ♦✉tr❛s
❛♣❧✐❝❛çõ❡s✱ ❡♠ ❞✐❢❡r❡♥t❡s ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ❢♦r❛♠ ❡①♣❧♦r❛❞❛s✱ ❝♦♠♦ ♣❛r❛ ♦ ❖3 ❡ ◆❖2

❡♠ ❙❡✉❧✱ ❈♦ré✐❛ ❞♦ ❙✉❧ ✭❱❊▲▲■◆●■❘■ ❡t ❛❧✳✱ ✷✵✶✻✮ ❡ ❖3 ❡♠ ❆t❡♥❛s ❡ ■♦❛♥♥✐♥❛✱ ●ré❝✐❛
✭❉■▼■❚❘■❖❯❀ ❑❆❙❙❖▼❊◆❖❙✱ ✷✵✶✺✮✳

❖ ♠♦❞❡❧♦ ❈❲❚ é ✐♠♣❧❡♠❡♥t❛❞♦ ♣❛r❛ ❧♦❝❛❧✐③❛r ❛s ❢♦♥t❡s ♣r✐♥❝✐♣❛✐s ❞❡ ✉♠ ♣♦❧✉❡♥t❡
❛t♠♦s❢ér✐❝♦✳ ❇r❡✈❡♠❡♥t❡✱ ♥❡st❡ ♠♦❞❡❧♦ é ♦❜t✐❞♦✱ ♣❛r❛ ❝❛❞❛ ❝é❧✉❧❛✱ ❛ ♠é❞✐❛ ♣♦♥❞❡r❛❞❛
❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♣♦❧✉❡♥t❡ ❛t♠♦s❢ér✐❝♦ q✉❡ ❡stá ❛ss♦❝✐❛❞♦ ❛s tr❛❥❡tór✐❛s q✉❡ ♣❛ss❛r❛♠
♣♦r ❛q✉❡❧❛ r❡❣✐ã♦ ✭❉■▼■❚❘■❖❯ ❡t ❛❧✳✱ ✷✵✶✺❀ ❑❖◆● ❡t ❛❧✳✱ ✷✵✶✸✮✳ ❉✐♠✐tr✐♦✉ ❡t ❛❧✳ ✭✷✵✶✺✮
❛♣❧✐❝❛r❛♠ ♦ ♠♦❞❡❧♦ ❈❲❚ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5 ♥❛ ●ré❝✐❛✱ ❡♠ ❆t❡♥❛s✳ ❆ P❡♥í♥s✉❧❛
❞♦s ❇❛❧❝ãs ❡ ♦ ♠❛r ▼❡❞✐t❡rrâ♥❡♦ ❢♦r❛♠ ❝❛r❛❝t❡r✐③❛❞♦s ❝♦♠♦ r❡❣✐õ❡s ❞❡ ♣♦t❡♥❝✐❛✐s ❢♦♥t❡s
r❡❣✐♦♥❛✐s ❞❡ ❡♠✐ssã♦ ♥❡st❛ ❝✐❞❛❞❡✱ ❞❡✈✐❞♦ ❛ ❝♦♠❜✉stã♦ ❡ ❛♦ ❛❡r♦ss♦❧ ♠❛r✐♥❤♦✳

❑♦♥❣ ❡t ❛❧✳ ✭✷✵✶✸✮ ❝♦♠❜✐♥❛r❛♠ ♦s ♠ét♦❞♦s P❙❈❋ ❡ ✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥♦ ❈❲❚✱ ❝❤❛✲
♠❛❞❛ ❞❡ ❘❚❲❈ ✭❘❡s✐❞❡♥❝❡ ❚✐♠❡ ❲❡✐❣❤t❡❞ ❈♦♥❝❡♥tr❛t✐♦♥✮ ♥❛ ❛♥á❧✐s❡ ❞♦ ▼P10 ♥❛s ❝✐❞❛❞❡s
❞❡ ❍❡❢❡✐ ❡ ❈❤❛♦❤✉✱ ♥❛ ❈❤✐♥❛✳ ❆s ♣r♦✈í♥❝✐❛s ❞❡ ❍❡♥❛♥ ❡ ❙❤❛♥①✐✱ ♥♦ ♥♦r❞❡st❡ ❡ ♦ ❞❡❧t❛ ❞♦
r✐♦ ❨❛♥❣t③❡✱ ❢♦r❛♠ ❧♦❝❛❧✐③❛çã♦ ❞❛s r❡❣✐õ❡s ❞❡ ❡♠✐ssã♦ ❞♦ ▼P10✳ ❘❡❝♦♥❤❡❝✐❞❛♠❡♥t❡✱ ❡ss❛s
r❡❣✐õ❡s t❡♠ ❛❧t❛ ❡♠✐ssã♦ ❛♥tr♦♣♦❣ê♥✐❝❛✱ ❝♦♠♦ trá❢❡❣♦✳

❆ ❙❡çã♦ ✷✳✺ ❛❜♦r❞❛rá ❛❧❣✉♥s tr❛❜❛❧❤♦s s♦❜r❡ ❛ ❆❘❚✱ ❡♠ q✉❡ ❛ ✐❞❡✐❛ ♣r✐♥❝✐♣❛❧ é ✐❞❡♥t✐✲
✜❝❛r ❛ ❧♦❝❛❧✐③❛çã♦ ❞❛s ♣♦ssí✈❡✐s ❢♦♥t❡s ❡♠✐ss♦r❛s✱ ❜❛s❡❛❞♦ ♥❛ r❡❧❛çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦
♣♦❧✉❡♥t❡ ❛t♠♦s❢ér✐❝♦ ❡ ♦ t❡♠♣♦ ❞❡ r❡s✐❞ê♥❝✐❛ ❞❛ ♠❛ss❛ ❞❡ ❛r✳

✷✳✺ ❆♥á❧✐s❡ ❞❡ ❘❡❣r❡ssã♦ ❞❡ ❚r❛❥❡tór✐❛ ✲ ❆❘❚

❆ ❆♥á❧✐s❡ ❞❡ ❘❡❣r❡ssã♦ é ✉♠❛ ❢❡rr❛♠❡♥t❛ ♣❛r❛ ❞❡✜♥✐r ❡ q✉❛♥t✐✜❝❛r ❛ r❡❧❛çã♦ ❡♥tr❡ ✉♠❛
✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡ ♦✉ r❡s♣♦st❛ ✭❨✮ ❡ ✈ár✐❛s ♦✉tr❛s ✈❛r✐á✈❡✐s ✐♥❞❡♣❡♥❞❡♥t❡s ✭X1✱ X2✱ · · ·✱
Xm✮✳ ❆ ❡str✉t✉r❛ ❞❛ r❡❣r❡ssã♦ é ❞❛❞❛ ♣❡❧❛ ❊q✉❛çã♦ ✷✳✷✿

Yj =
m
∑

k=1

BkXjk ✭✷✳✷✮

❖♥❞❡ Yj é ❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡✱ Bk sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ❞♦ ♠♦❞❡❧♦ ❡Xjk sã♦ ❛s ✈❛r✐á✈❡✐s
✐♥❞❡♣❡♥❞❡♥t❡s✳

❖ ❢♦❝♦ ♣r✐♥❝✐♣❛❧✱ q✉❛♥❞♦ s❡ ❢❛❧❛ ❞❡ ❆♥á❧✐s❡ ❞❡ ❘❡❣r❡ssã♦ ❞❡ ❚r❛❥❡tór✐❛ ✭❆❘❚✮ é ❡♠
♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ q✉❡ ❝♦♠❜✐♥❛♠ ❛s tr❛❥❡tór✐❛s ❞❡ ♠❛ss❛ ❞❡ ❛r ❝♦♠ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡
♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s✳ ❖✉ s❡❥❛✱ ❛ ❆❘❚ sã♦ ♠♦❞❡❧♦s q✉❡ t❡♠ ♣♦r ✜♥❛❧✐❞❛❞❡ r❡❧❛❝✐♦♥❛r ❛
❝♦♥❝❡♥tr❛çã♦ ❞❡ ✉♠ ♣♦❧✉❡♥t❡ ❡♠ ❢✉♥çã♦ ❞♦ t❡♠♣♦ ❞❡ r❡s✐❞ê♥❝✐❛ ❞❛ ♠❛ss❛ ❞❡ ❛r s♦❜r❡ ✉♠❛
❞❡t❡r♠✐♥❛❞❛ r❡❣✐ã♦✱ s❡♥❞♦ ♦ r❡s✉❧t❛❞♦ ❞❡ss❡ ♠♦❞❡❧♦ ✉s❛❞♦ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❛ ❝♦♥tr✐❜✉✐çã♦
q✉❡ ❝❛❞❛ r❡❣✐ã♦ ✭♦✉ ♣♦t❡♥❝✐❛✐s ❢♦♥t❡s ❡♠✐ss♦r❛s✮ ❡①❡r❝❡ s♦❜r❡ ♦s ♥í✈❡✐s ❞❡ ❝♦♥❝❡♥tr❛çã♦
❞♦ ♣♦❧✉❡♥t❡ ❛t♠♦s❢ér✐❝♦✳



✷✳✺✳ ❆◆➪▲■❙❊ ❉❊ ❘❊●❘❊❙❙➹❖ ❉❊ ❚❘❆❏❊❚Ó❘■❆ ✲ ❆❘❚ ✷✼

❆ss✐♠✱ ♥❛ ❆❘❚✱ ❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡ é ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♣♦❧✉❡♥t❡ ❛t♠♦s❢ér✐❝♦ ✭Yj✮✱
❡♥q✉❛♥t♦ q✉❡ ♦ t❡♠♣♦ ❞❡ r❡s✐❞ê♥❝✐❛ ❞❛ ♠❛ss❛ ❞❡ ❛r s♦❜r❡ ❛ r❡❣✐ã♦ k é ❛ ✈❛r✐á✈❡❧ ✐♥❞❡✲
♣❡♥❞❡♥t❡ ✭❳❯ ❡t ❛❧✳✱ ✷✵✵✻❀ ❘❖❉❖P❖❯▲❖❯ ❡t ❛❧✳✱ ✷✵✶✹❀ ❉■▼■❚❘■❖❯❀ ❑❆❙❙❖▼❊◆❖❙✱
✷✵✶✹❛✮✳ ❖✉ ❛✐♥❞❛ ♣❡❧❛ ❊q✉❛çã♦ ✷✳✷✱ Yj é ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♣♦❧✉❡♥t❡ ❛t♠♦s❢ér✐❝♦ ♥♦
j✲és✐♠♦ ❞✐❛✱ Xjk é ♦ t❡♠♣♦ t♦t❛❧ ❞❡ r❡s✐❞ê♥❝✐❛ ❞❛ ♠❛ss❛ ❞❡ ❛r ♥❛ r❡❣✐ã♦ k ♥♦ ❞✐❛ j ❡✱
✜♥❛❧♠❡♥t❡✱ Bk é ♦ ❢❛t♦r ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ♣♦❧✉♥t❡ ♥❛ r❡❣✐ã♦ k✳

❖ t❡♠♣♦ t♦t❛❧ ❞❡ r❡s✐❞ê♥❝✐❛ é ♦❜t✐❞♦ ♣❡❧♦s ♣♦♥t♦s ❞❛ tr❛❥❡tór✐❛ ❞❛ ♣❛rtí❝✉❧❛ ♥❛ ♠❛ss❛
❞❡ ❛r✳ ❊❧❡ é ❝❛❧❝✉❧❛❞♦ ♣❡❧❛ s♦♠❛ ❞♦ ♥ú♠❡r♦ ❞❡ ✈❡③❡s q✉❡ ❛ tr❛❥❡tór✐❛ ♣❡r♠❛♥❡❝❡✉ ♣❡❧❛
r❡❣✐ã♦ ♣ré✲❞❡t❡r♠✐♥❛❞❛✱ ♦✉ s❡❥❛✱ s♦♠❛✲s❡ q✉❛♥t♦s ♣♦♥t♦s ❞❡ ❧❛t✐t✉❞❡ ❡ ❧♦♥❣✐t✉❞❡ ❡stã♦
❞❡♥tr♦ ❞❛ r❡❣✐ã♦ ✭❑❆❱❖❯❘❆❙ ❡t ❛❧✳✱ ✷✵✶✸✮✳ ❆ ❝♦♥tr✐❜✉✐çã♦ ❞❛ r❡❣✐ã♦ k ♥❛ ❝♦♥❝❡♥tr❛çã♦
❞♦ ♣♦❧✉❡♥t❡ ❛t♠♦s❢ér✐❝♦ é ♦❜t✐❞❛ ♣❡❧❛ ♠✉❧t✐♣❧✐❝❛çã♦ ❞❡ Bk ♣♦r Xjk ✭❊q✉❛çã♦ ✷✳✷✮✳

❆s tr❛❥❡tór✐❛s ❞❛s ♠❛ss❛s ❞❡ ❛r✱ ♣❛r❛ ✐♥♣✉t ❞❛ ❆❘❚✱ ♣♦❞❡♠ s❡r ♦❜t✐❞❛s ♣❡❧♦ ♠♦❞❡❧♦
❍❨❙P▲■❚✱ ❞♦ ❧❛❜♦r❛tór✐♦ ◆❖❆❆ ✲ ❆❘▲ ✭❙❚❊■◆ ❡t ❛❧✳✱ ✷✵✶✺❀ ❘♦❧♣❤✱ ●✳❉✳✱ ✷✵✶✻✮✳ ❖s
tr❛❜❛❧❤♦s ❞❡ ❳✉ ❡t ❛❧✳ ✭✷✵✵✻✮✱ ❈❤❛❧❜♦t✱ ▼❝❊❧r♦② ❡ ❑❛✈♦✉r❛s ✭✷✵✶✸✮✱ ❑❛✈♦✉r❛s ❡t ❛❧✳
✭✷✵✶✸✮✱ ❉✐♠✐tr✐♦✉ ❡ ❑❛ss♦♠❡♥♦s ✭✷✵✶✹❛✮ ❡ ❘♦❞♦♣♦✉❧♦✉ ❡t ❛❧✳ ✭✷✵✶✹✮ ✜③❡r❛♠ ✉s♦ ❞♦ ♠♦❞❡❧♦
❍❨❙P▲■❚ ♣❛r❛ ❛ ❆♥á❧✐s❡ ❞❡ ❘❡❣r❡ssã♦✳

❖ ♠♦❞❡❧♦ ❍❨❙P▲■❚ ✉s❛ ♣❛râ♠❡tr♦s ♠❡t❡♦r♦❧ó❣✐❝♦s ♣❛r❛ ❝❛❧❝✉❧❛r ❛s tr❛❥❡tór✐❛s ❞❛s
♠❛ss❛s ❞❡ ❛r q✉❡ ❛❧❝❛♥ç❛♠ ✉♠ ❧♦❝❛❧ r❡❝❡♣t♦r✳ ❊①✐st❡♠ ❞✐❢❡r❡♥t❡s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s
♠❡t❡♦r♦❧ó❣✐❝♦s q✉❡ ♣♦❞❡♠ s❡r ✉s❛❞♦s ❝♦♠ ♦ ♠♦❞❡❧♦ ❍❨❙P▲■❚✳ P♦r ❡①❡♠♣❧♦✱ ♦ ●❧♦❜❛❧

❉❛t❛ ❆ss✐♠✐❧❛t✐♦♥ ❙②st❡♠ ✭●❉❆❙✮ ❢♦✐ ✉s❛❞♦ ♣♦r ❑❛✈♦✉r❛s ❡t ❛❧✳ ✭✷✵✶✸✮✱ ❈❤❛❧❜♦t✱ ▼❝❊❧r♦②
❡ ❑❛✈♦✉r❛s ✭✷✵✶✸✮ ❡ ❈❤❛❧❜♦t ❡t ❛❧✳ ✭✷✵✶✸✮✳ ◆❈❊P✴◆❈❆❘ ❣❧♦❜❛❧ r❡❛♥❛❧②s✐s ❞❛t❛ ❢♦✐ ✉s❛❞♦
♣♦r ❍✉❛♥❣ ❡t ❛❧✳ ✭✷✵✶✵✮✳ ❳✉ ❡t ❛❧✳ ✭✷✵✵✻✮ ❡ ❘♦❞♦♣♦✉❧♦✉ ❡t ❛❧✳ ✭✷✵✶✹✮ ✉s❛r❛♠ ❊❚❆
❉❛t❛ ❆ss✐♠✐❧❛t✐♦♥ ❙②st❡♠ ✭❊❉❆❙✮✳ ◆ã♦ ❢♦✐ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r q✉❛❧ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s
♠❡t❡♦r♦❧ó❣✐❝♦s ❢♦✐ ✉s❛❞♦ ♣♦r ❉✐♠✐tr✐♦✉ ❡ ❑❛ss♦♠❡♥♦s ✭✷✵✶✹❛✮✳

❊♠ t♦❞♦s ♦s tr❛❜❛❧❤♦s ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✷✳✷✱ ❛s tr❛❥❡tór✐❛s r❡✈❡rs❛s ❢♦r❛♠ ♣r♦✲
❞✉③✐❞❛s ♣❛r❛ ❛❧❝❛♥ç❛r ✉♠ ❧♦❝❛❧ r❡❝❡♣t♦r ❛ ✺✵✵ ♠❡tr♦s ❛❝✐♠❛ ❞♦ ♥í✈❡❧ ❞♦ s♦❧♦✳ ❊st❡ ❧✐♠✐t❡
❢♦✐ s❡❧❡❝✐♦♥❛❞♦ ❜❛s❡❛❞♦ ♥❛s ♣r♦♣r✐❡❞❛❞❡s ❞❛ ❝❛♠❛❞❛ ❧✐♠✐t❡ ❛t♠♦s❢ér✐❝❛✱ ♣♦✐s é ❝♦♥s✐❞❡✲
r❛❞♦ ❛❞❡q✉❛❞♦ ♣❛r❛ ❞❡t❡❝çã♦ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❝✐r❝✉❧❛çã♦ ❛t♠♦s❢ér✐❝❛
✭❈❍❆▲❇❖❚❀ ▼❈❊▲❘❖❨❀ ❑❆❱❖❯❘❆❙✱ ✷✵✶✸❀ ❉■▼■❚❘■❖❯❀ ❑❆❙❙❖▼❊◆❖❙✱ ✷✵✶✹❛✮✳

❆ ❚❛❜❡❧❛ ✷✳✷ ❛♣r❡s❡♥t❛ ❛❧❣✉♥s ❡st✉❞♦s q✉❡ ✉s❛r❛♠ ❞❛ ❆❘❚✳ ❯♠ ❡st✉❞♦✱ ❢❡✐t♦ ❡♠ P❛r✐s✱
✐❞❡♥t✐✜❝♦✉ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❛s ♠❛ss❛s ❞❡ ❛r ❞❡ ❞✐✈❡rs❛s r❡❣✐õ❡s ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❞♦
▼P10 ❡ ▼P2,5✱ ✉s❛♥❞♦ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❧✐♥❡❛r ♠✉❧t✐✈❛r✐❛❞♦✳ ❖❜t❡✈❡✲s❡ q✉❡ ❝❡r❝❛ ❞❡
✺✵✪ ❞❛ ❝♦♥tr✐❜✉✐çã♦ ❞✐ár✐❛ ❞♦ ▼P ❢♦✐ ❞❡ ❢♦♥t❡s ❧♦❝❛✐s ✭❉■▼■❚❘■❖❯❀ ❑❆❙❙❖▼❊◆❖❙✱
✷✵✶✹❛✮✳ ❑❛✈♦✉r❛s ❡t ❛❧✳ ✭✷✵✶✸✮ ✉s❛r❛♠ ❆❘❚ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❛s ❢♦♥t❡s ❡♠✐ss♦r❛s ❞♦ ▼P2,5 ❡
▼P10−2,5 ❡♠ ❆♠st❡r❞ã✱ ❆t❡♥❛s✱ ❇✐r♠✐♥❣❤❛♠ ❡ ❍❡❧s✐♥❦✐ ❡♥tr❡ ❖✉t✉❜r♦ ❞❡ ✷✵✵✷ ❡ ❉❡③❡♠❜r♦
❞❡ ✷✵✵✹✳ ❊♥❝♦♥tr♦✉✲s❡ q✉❡✱ ♣❛r❛ ❆♠st❡r❞ã ❡ ❇✐r♠✐♥❣❤❛♠✱ ❛ ♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦ ❢♦r❛♠
❞❡ ♠❛ss❛s ❞❡ ❛r ❞❛ ❊✉r♦♣❛ ❈❡♥tr❛❧❀ ♣❛r❛ ❍❡❧s✐♥❦✐✱ ❞❛ ❘úss✐❛ ❡ ❊✉r♦♣❛ ❈❡♥tr❛❧❀ ❡ ♣❛r❛
❆t❡♥❛s✱ ❢♦✐ ❞♦ ◆♦rt❡ ❞❛ ➪❢r✐❝❛ ❡ ▼❛r ▼❡❞✐t❡rrâ♥❡♦✳

❇❛s❡❛❞♦ ❡♠ ❞❛❞♦s ❝♦❧❡t❛❞♦s ❡♥tr❡ ✷✵✵✷ ❡ ✷✵✵✹✱ ❈❤❛❧❜♦t ❡t ❛❧✳ ✭✷✵✶✸✮ ❛♣♦♥t❛r❛♠ ❛s
✐♥✢✉ê♥❝✐❛s ❧♦❝❛✐s ✭trá❢❡❣♦✱ ♣♦❡✐r❛ ❞❛ ❡str❛❞❛✱ ✉s✐♥❛ ❡❧étr✐❝❛✮ ❡ ❢♦♥t❡s r❡❣✐♦♥❛✐s ✭❡♠✐ssõ❡s
❞❡ ♥❛✈✐♦s ❡ tr❛♥s♣♦rt❡ ❞❛ ❊✉r♦♣❛ ❈❡♥tr❛❧ ❡ ❖❡st❡ ❊✉r♦♣❡✉✮ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ❡
▼P2,5 ♥❛ ❝✐❞❛❞❡ ❞❡ ❆t❡♥❛s✱ ●ré❝✐❛✱ ✉s❛♥❞♦ ❆❘❚✳

❖✉tr♦s tr❛❜❛❧❤♦s✱ ♥♦s ❊❯❆✱ ✉s❛r❛♠ ❞❛ ❆❘❚ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ❝♦♠♣♦♥❡♥t❡s ❧♦❝❛✐s
❡ r❡❣✐♦♥❛✐s ❞♦ ▼P ❡ ❞♦ ♦③ô♥✐♦ ✭❘❖❉❖P❖❯▲❖❯ ❡t ❛❧✳✱ ✷✵✶✹✮ ❡ t❛♠❜é♠ ❞❛ ❝♦♥❝❡♥tr❛çã♦
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❚❛❜❡❧❛ ✷✳✷✿ ❈❛r❛❝t❡ríst✐❝❛s ❞♦ ♠❛✐s r❡❧❡✈❛♥t❡s ❛rt✐❣♦s s♦❜r❡ ❆♥á❧✐s❡ ❞❡ ❘❡❣r❡ssã♦ ❞❡ ❚r❛❥❡tór✐❛✳
❆✉t♦r ✭❛♥♦✮ P♦❧✉❡♥t❡

❛t♠♦s❢ér✐❝♦
▲♦❝❛❧ Pr✐♥❝✐♣❛✐s r❡s✉❧t❛❞♦s

❳✉ ❡t ❛❧✳ ✭✷✵✵✻✮ ❙✉❧❢❛t♦ ❞❡ ❛♠ô♥✐❛ ❖❡st❡ ❞♦s ❊❯❆ ■❞❡♥t✐✜❝♦✉✲s❡ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞♦ tr❛♥s♣♦rt❡ ♠❛rít✐♠♦
❞♦ ♦❝❡❛♥♦ P❛❝í✜❝♦

❍✉❛♥❣ ❡t ❛❧✳ ✭✷✵✶✵✮ ❇❧❛❝❦ ❈❛r❜♦♥ ➪rt✐❝♦ ◆♦t♦✉✲s❡ q✉❡ ✻✼✪ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❇❧❛❝❦ ❈❛r❜♦♥
✈❡✐♦ ❞❛ ❘úss✐❛✳

❈❤❛❧❜♦t ❡t ❛❧✳ ✭✷✵✶✸✮ ▼P10 ❡ ▼P2,5 ❆t❡♥❛s✱ ●ré❝✐❛ ❋♦✐ ❡♥❝♦♥tr❛❞♦ q✉❡ ♠❛✐s q✉❡ ✹✵✪ ❞♦ ▼P ❢♦✐ ♦r✐❣✐♥❛❞♦
❞❡ r❡❣✐õ❡s ❞✐st❛♥t❡s ♠❛✐s q✉❡ ✺✵✵ ❑♠ ❞❡ ❆t❡♥❛s✳

❈❤❛❧❜♦t✱ ▼❝❊❧r♦② ❡
❑❛✈♦✉r❛s ✭✷✵✶✸✮

▼P2,5 ❆r❦❛♥s❛s✱ ❊❯❆ ❋♦✐ ✐❞❡♥t✐✜❝❛❞♦ ♦ ❡❢❡✐t♦ ❞❡ q✉❡✐♠❛❞❛s ♥❛ ❝♦♥❝❡♥tr❛çã♦
❞♦ ▼P2,5✳

❑❛✈♦✉r❛s ❡t ❛❧✳ ✭✷✵✶✸✮ ▼P2,5 ❡ ▼P10−2,5 ❆♠st❡r❞ã ✭❍♦❧❛♥❞❛✮✱
❆t❡♥❛s ✭●ré❝✐❛✮✱
❇✐r♠✐♥❣❤❛♠

✭■♥❣❧❛t❡rr❛✮✱ ❡ ❍❡❧s✐♥❦✐
✭❋✐♥❧â♥❞✐❛✮

❊♥❝♦♥tr♦✉✲s❡ q✉❡ ♣❛r❛ ❆♠st❡r❞ã ❡ ❇✐r♠✐♥❣❤❛♥ ❛
♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦ ❢♦✐ ❞❡ ♠❛ss❛s ❞❡ ❛r ❞❛ ❊✉r♦♣❛
❈❡♥tr❛❧✱ ♣❛r❛ ❍❡❧s✐♥❦✐✱ ♦ ▼P é ♦r✐❣✐♥❛❞♦ ♥❛ ❘úss✐❛ ❡
❊✉r♦♣❛ ❈❡♥tr❛❧ ❡ ♣❛r❛ ❆t❡♥❛s✱ ❞♦ ◆♦rt❡ ❞❛ ➪❢r✐❝❛ ❡
❞♦ ▼❛r ♠❡❞✐t❡rrâ♥❡♦✳

❉✐♠✐tr✐♦✉ ❡
❑❛ss♦♠❡♥♦s ✭✷✵✶✹❛✮

▼P10 ❡ ▼P2,5 P❛r✐s✱ ❋r❛♥ç❛ ♦❜s❡r✈♦✉✲s❡ q✉❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✺✵✪ ❞❛ ❝♦♥tr✐❜✉✐✲
çã♦ ❞❛s ♠❛ss❛s ❞❡ ❛r ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ❢♦r❛♠
❞❡ ❢♦♥t❡s ❧♦❝❛✐s✳

❘♦❞♦♣♦✉❧♦✉ ❡t ❛❧✳
✭✷✵✶✹✮

▼P10✱ ▼P2,5 ❡ ❖3 ❉♦ñ❛ ❆♥❛ ❈♦✉♥t②✱
❊❯❆

❋♦♥t❡s ❞❡♥tr♦ ❞❡ ✉♠ r❛✐♦ ❞❡ ✺✵✵ ❦♠ ❝♦♥tr✐❜✉ír❛♠
♣❛r❛ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P✱ ❡ ❛ ♣♦❡✐r❛ ❞❛ ❡str❛❞❛ ❢♦✐
✉♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ❢♦♥t❡s ❞♦ ▼P10 ❡ ▼P2,5✳
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❞♦ s✉❧❢❛t♦ ❞❡ ❛♠ô♥✐❛ ✭❳❯ ❡t ❛❧✳✱ ✷✵✵✻✮✳ ❘♦❞♦♣♦✉❧♦✉ ❡t ❛❧✳ ✭✷✵✶✹✮ ❡♥❝♦♥tr❛r❛♠ q✉❡ ❢♦♥t❡s
❞❡♥tr♦ ❞❡ ✺✵✵ ❦♠ ❞♦ s✉❧ ❞❛ ár❡❛ ❞❡ ❡st✉❞♦ ❝♦♥tr✐❜✉ír❛♠ ♥❛ ♠❛✐♦r ♣❛rt❡ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦
▼P10✱ ▼P2,5 ❡ ❖3✱ s❡♥❞♦ ❛ ♣♦❡✐r❛ ❞❛ ❡str❛❞❛ ❞❡ ✈✐❛s ♣❛r✈✐♠❡♥t❛❞❛s ❡ ♥ã♦✲♣❛✈✐♠❡♥t❛❞❛s
❛ ♣r✐♥❝✐♣❛❧ ❢♦♥t❡ ❞♦s ♣❛rt✐❝✉❧❛❞♦s✳ ❳✉ ❡t ❛❧✳ ✭✷✵✵✻✮ s✉❣❡r✐r❛♠ q✉❡ ❡♠❜❛r❝❛çõ❡s ❡ ♦✉✲
tr❛s ❡♠✐ssõ❡s ♣♦rt✉ár✐❛s ❞❛ ❝♦st❛ ❞♦ P❛❝í✜❝♦ sã♦ ❛ ♠❛✐s ✐♠♣♦rt❛♥t❡s ❝♦♥tr✐❜✉✐çõ❡s ♥❛
❝♦♥❝❡♥tr❛çã♦ ❞♦ s✉❧❢❛t♦ ❞❡ ❛♠ô♥✐❛ s♦❜r❡ ❣r❛♥❞❡s ár❡❛s ❞♦ ❖❡st❡ ❞♦s ❊❯❆✳

❈❤❛❧❜♦t✱ ▼❝❊❧r♦② ❡ ❑❛✈♦✉r❛s ✭✷✵✶✸✮ ✐❞❡♥t✐✜❝❛r❛♠ ♦ ❡❢❡✐t♦ ❞❛s q✉❡✐♠❛❞❛s ♥❛ ❝♦♥❝❡♥✲
tr❛çã♦ ❞♦ ▼P2,5 ✉s❛♥❞♦ ❛ ❆❘❚✱ ❡♠ ❆r❦❛♥s❛s✱ ♥♦ ✈❛❧❡ ❞♦ ▼✐ss✐ss✐♣✐✳ ❆❧é♠ ❞♦ ❡❢❡✐t♦ ❞❛s
q✉❡✐♠❛❞❛s✱ ♦ ✐♠♣❛❝t♦ ❞❡ ❛t✐✈✐❞❛❞❡s ♣♦rt✉ár✐❛s ❞♦ ●♦❧❢♦ ❞♦ ▼é①✐❝♦ ❡ ❝✐❞❛❞❡s ❝♦st❡✐r❛s
❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s✳ ❈❤❛❧❜♦t✱ ▼❝❊❧r♦② ❡ ❑❛✈♦✉r❛s ✭✷✵✶✸✮ ❝♦♥❝❧✉ír❛♠ q✉❡ ❛ q✉❛❧✐❞❛❞❡ ❞♦
❛r ❞❡ ár❡❛s ✉r❜❛♥❛s ❢♦✐ ❛❢❡t❛❞❛ ♣❡❧❛ ❡♠✐ssã♦ ❞❡ ❢♦♥t❡s ❛ ✶✵✵✵ ❦♠ ❞❡ ❞✐stâ♥❝✐❛✳

◆♦ ➪rt✐❝♦✱ ❍✉❛♥❣ ❡t ❛❧✳ ✭✷✵✶✵✮ ❡♥❝♦♥tr❛r❛♠ q✉❡ ✻✼✪ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❜❧❛❝❦ ❝❛r❜♦♥

é ♣r♦✈❡♥✐❡♥t❡ ❞❛ ❘úss✐❛✱ ❡♥q✉❛♥t♦ q✉❡ ✶✽✪ ❡ ✶✺✪ sã♦ ♣r♦✈❡♥✐❡♥t❡s ❞❛ ❯♥✐ã♦ ❊✉r♦♣❡✐❛ ❡
❆♠ér✐❝❛ ❞♦ ◆♦rt❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❖s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ✉s❛❞♦s ♥♦s ❡st✉❞♦s ❞❛ ❚❛❜❡❧❛ ✷✳✷✱ ❛ss✉♠❡♠ q✉❡ ❛ ✈❛r✐á✈❡❧
❞❡♣❡♥❞❡♥t❡ s❡❣✉❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ◆♦r♠❛❧ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦s t❡st❡s ❡st❛tíst✐❝♦s✳ ❈♦♠ ❛
s✉♣♦s✐çã♦ ❞❡ ♥♦r♠❛❧✐❞❛❞❡✱ ♦s ✈❛❧♦r❡s ♣♦ssí✈❡✐s ❞❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡ é ❛ss✉♠✐❞♦ q✉❛❧q✉❡r
✈❛❧♦r r❡❛❧✱ ♦✉ s❡❥❛✱ ♣♦❞❡ ❛ss✉♠✐r ✈❛❧♦r❡s ♥❡❣❛t✐✈♦s ❡ ♣♦s✐t✐✈♦s✳ ❆❧é♠ ❞✐ss♦✱ ✉♠❛ ❞❛s
s✉♣♦s✐çõ❡s ❞❡ss❡ ♠♦❞❡❧♦✱ é ❡♠ r❡❧❛çã♦ à ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞♦s ❞❛❞♦s✱ ♦✉ s♦❜r❡ ❛ s✉♣♦s✐çã♦
❞❡ ♥ã♦✲❝♦rr❡❧❛çã♦ ❞♦s ✈❛❧♦r❡s ❞❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡✳ ❊♥tr❡t❛♥t♦✱ ❞♦✐s ♣♦♥t♦s ♣♦❞❡♠ s❡r
♦❜s❡r✈❛❞♦s✳ Pr✐♠❡✐r♦✱ ❝♦♠♦ tr❛t❛✲s❡ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♣♦❧✉❡♥t❡s✱ ♦s ✈❛❧♦r❡s ♣♦ssí✈❡✐s
sã♦ s❡♠♣r❡ ♣♦s✐t✐✈♦s✳ ❊♠ s❡❣✉♥❞♦✱ ❛ s✉♣♦s✐çã♦ ❞❡ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ♣♦❞❡ ♥ã♦ s❡r ❛ ♠❛✐s
❛❞❡q✉❛❞❛✱ ♣♦✐s ♦s ❞❛❞♦s ❡stã♦ ❞✐s♣♦st♦s ♥✉♠❛ sér✐❡ t❡♠♣♦r❛❧✳ ❖s tr❛❜❛❧❤♦s s❡❧❡❝✐♦♥❛❞♦s
♥❛ ❚❛❜❡❧❛ ✷✳✷ ♥ã♦ ❛❜♦r❞❛♠ ❡ss❛s ❞✉❛s s✐t✉❛çõ❡s✳

❑❛✈♦✉r❛s ❡t ❛❧✳ ✭✷✵✶✸✮ ❡ ❘♦❞♦♣♦✉❧♦✉ ❡t ❛❧✳ ✭✷✵✶✹✮ ❞❡s❝r❡✈❡r❛♠ ❛❧❣✉♠❛s ❧✐♠✐t❛çõ❡s ❞♦
♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ ❞❛ ❆❘❚✳ Pr✐♠❡✐r♦✱ ♦s ❡rr♦s ♥❛ ❧♦❝❛❧✐③❛çã♦ ❞❛s tr❛❥❡tór✐❛s ♣♦❞❡♠ ♥ã♦
s❡r ❛❧❡❛tór✐♦s ❡ ❝♦♥❞✉③✐r ❛ ❣r❛♥❞❡s ❡rr♦s ♥♦ ❝á❧❝✉❧♦ ❞❛ ❝♦♥tr✐❜✉✐çã♦ ♠é❞✐❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡
❡♠ ❞✐❛s ❝♦♠ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ♠✉✐t♦ ❛❧t❛ ✭♦✉ ♠✉✐t♦ ❜❛✐①❛✮✳ ❊♠ s❡❣✉♥❞♦✱ ❝♦♥tr✐❜✉✐çõ❡s
♠é❞✐❛s ♣❛r❛ ❞✐❛s ✐♥❞✐✈✐❞✉❛✐s ♣♦❞❡♠ s❡r ❛❧t❛♠❡♥t❡ ✐♥stá✈❡✐s✳

❆ ❆❘❚ é ✉♠❛ té❝♥✐❝❛ ♠✉✐t♦ ✐♥t❡r❡ss❛♥t❡ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❢♦♥t❡s ❡♠✐ss♦r❛s ❞❡ ♣♦❧✉❡♥t❡s
❛t♠♦s❢ér✐❝♦s✳ ❊♥tr❡t❛♥t♦✱ ❤á ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ♠❡❧❤♦r✐❛ ♥♦s ♠♦❞❡❧♦s ❥á ✉t✐❧✐③❛❞♦s✱ ❝♦♠♦
✐♥❝♦r♣♦r❛r ✉♠❛ ❡str✉t✉r❛ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ✭▼❖❘❊❚❚■◆❀ ❚❖▲❖■✱ ✷✵✵✻✮✱ ♦✉ ❛✐♥❞❛ ✉t✐✲
❧✐③❛r ❞❡ ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❣❡♥❡r❛❧✐③❛❞♦s ✭❈❖❘❉❊■❘❖✱ ✶✾✽✻❀ ▼❈❈❯▲▲❆●❍❀ ◆❊▲❉❊❘✱
✶✾✽✾❀ P❆❯▲❆✱ ✷✵✶✸✮✱ ♣❛r❛ ❛❞❡q✉❛r ♠❡❧❤♦r ❛♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♣♦❧✉✲
❡♥t❡✳ ❆ ❛♣❧✐❝❛çã♦ ❞❛ ♠♦❞❡❧❛❣❡♠ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ♦✉ ❞❡ ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❣❡♥❡r❛❧✐③❛❞♦s
sã♦ ✉♠❛ t❡♥t❛t✐✈❛ ❞❡ s✉♣❡r❛r ❛s ❧✐♠✐t❛çõ❡s ♠❡♥❝✐♦♥❛❞❛s ♣♦r ❑❛✈♦✉r❛s ❡t ❛❧✳ ✭✷✵✶✸✮ ❡
❘♦❞♦♣♦✉❧♦✉ ❡t ❛❧✳ ✭✷✵✶✹✮✳

❆♥á❧✐s❡ ❞❡ sér✐❡s t❡♠♣♦r❛✐s é ✉s❛❞❛ ♣❛r❛ ♣r❡✈❡r ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♣♦❧✉❡♥t❡ ❡♠ ❞✐✲
✈❡rs♦s ❧♦❝❛✐s✳ ▼❡t♦❞♦❧♦❣✐❛s ❞❡ ❇♦①✲❏❡♥❦✐♥s✱ ❝♦♠♦ ♦s ♠♦❞❡❧♦s✱ ❆❘▼❆ ✭❆✉t♦✲❘❡❣r❡ss✐✈❡
▼♦✈✐♥❣ ❆✈❡r❛❣❡✮✱ ❆❘■▼❆ ✭❆✉t♦✲❘❡❣r❡ss✐✈❡ ■♥t❡❣r❛t❡❞ ▼♦✈✐♥❣ ❆✈❡r❛❣❡✮ ❡ ❙❆❘■▼❆ ✭❙❡✲
❛s♦♥❛❧ ❆✉t♦✲❘❡❣r❡ss✐✈❡ ■♥t❡❣r❛t❡❞ ▼♦✈✐♥❣ ❆✈❡r❛❣❡✮ ✭▼❖❘❊❚❚■◆❀ ❚❖▲❖■✱ ✷✵✵✻❀ ▲❊■❚❊
❡t ❛❧✳✱ ✷✵✶✸✮✱ ❡ ❛s r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s ✭❍❆◆❀ ❑❆▼❇❊❘✱ ✷✵✵✻✮ sã♦ ❛❧❣✉♥s ❡①❡♠♣❧♦s
❞❡ ♠♦❞❡❧♦s ❞❡ ❛♥á❧✐s❡ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✳



✷✳✺✳ ❆◆➪▲■❙❊ ❉❊ ❘❊●❘❊❙❙➹❖ ❉❊ ❚❘❆❏❊❚Ó❘■❆ ✲ ❆❘❚ ✸✵

◆❛ ❝✐❞❛❞❡ ❞❡ ❙ã♦ ❈❛r❧♦s✱ ❙ã♦ P❛✉❧♦✱ P♦③③❛ ❡t ❛❧✳ ✭✷✵✶✵✮ ✉s❛r❛♠ ♦s ♠♦❞❡❧♦s ❙❆❘■▼❆
❡ s✉❛✈✐③❛çã♦ ❞❡ ❍♦❧t✲❲✐♥t❡rs ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞♦ ▼P2,5 ❡ ▼P10−2,5✳ ❖s ♠♦❞❡❧♦s s❛③♦♥❛✐s
❙❆❘■▼❆ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦✳ ❙♦✉③❛ ❡t ❛❧✳ ✭✷✵✶✺✮ ❝♦♠♣❛r❛r❛♠ r❡❞❡s
♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s ✐♥❞✐✈✐❞✉❛✐s ❝♦♠ ❡♥s❡♠❜❧❡s ❞❡ r❡❞❡s ♥❡✉r❛✐s ❛rt✐✜❝✐❛✐s ♣❛r❛ ❛ ♣r❡✈✐sã♦
❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ♥❛ ❝✐❞❛❞❡ ❞❡ P✐r❛❝✐❝❛❜❛✱ ❙ã♦ P❛✉❧♦✳ ❆ ❛❜♦r❞❛❣❡♠ ❜❛s❡❛❞❛ ♥♦s
❡♥s❡♠❜❧❡s ❝♦♥❞✉③✐r❛♠ ❛ r❡s✉❧t❛❞♦s ♠❡❧❤♦r❡s ❡♠ r❡❧❛çã♦ ❛ ♣r❡✈✐sã♦✳ ❖s ♠♦❞❡❧♦s ❙❆❘✲
❋■▼❆ ✭❙❡❛s♦♥❛❧ ❆✉t♦✲❘❡❣r❡ss✐✈❡ ❋r❛❝t✐♦♥❛❧ ■♥t❡❣r❛t❡❞ ▼♦✈✐♥❣ ❆✈❡r❛❣❡✮ ❝♦♠ ♠♦❞❡❧❛❣❡♠
❞❛ ✈❛r✐â♥❝✐❛✱ ✉s❛♥❞♦ ♣r♦❝❡ss♦s ●❆❘❈❍ ✭●❡♥❡r❛❧✐③❡❞ ❆✉t♦rr❡❣r❡ss✐✈❡ ❈♦♥❞✐t✐♦♥❛❧ ❍❡t❡✲
r♦s❝❡❞❛t✐❝✮ ❢♦r❛♠ ❡st✉❞❛❞♦s ♥❛ sér✐❡ t❡♠♣♦r❛❧ ❞♦ ▼P10 ♥❛ ❝✐❞❛❞❡ ❞❡ ❈❛r✐❛❝✐❝❛✱ ❊s♣✐rít♦
❙❛♥t♦✳ ❊st❡s ♠♦❞❡❧♦s ❛❥✉st❛♠ sér✐❡s t❡♠♣♦r❛✐s ❝♦♠ ✈♦❧❛t✐❧✐❞❛❞❡✱ ❡♠ q✉❡ s❡ ❝♦♥s✐❞❡r❛
q✉❡ ❛ ✈❛r✐â♥❝✐❛ ❞♦ ❡rr♦ s❡ ❛❧t❡r❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❡♠♣♦ ✭❘❊■❙❊◆ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❖s
♠♦❞❡❧♦s ❞❡st❡s ❡st✉❞♦s ✭P❖❩❩❆ ❡t ❛❧✳✱ ✷✵✶✵❀ ❙❖❯❩❆ ❡t ❛❧✳✱ ✷✵✶✺❀ ❘❊■❙❊◆ ❡t ❛❧✳✱ ✷✵✶✹✮
❝♦♥s✐❞❡r❛♠ ♥♦ ❛❥✉st❡ ❞❛ sér✐❡ ❛♣❡♥❛s ♦s ♣ró♣r✐♦s ❞❛❞♦s ❞❛ ❝♦♥❝❡♥tr❛çã♦ ▼P✱ s❡♠ ✐♥❝❧✉✐r
♥❡♥❤✉♠❛ ✈❛r✐á✈❡❧ ✐♥❞❡♣❡♥❞❡♥t❡ ♥♦ ♠♦❞❡❧♦✱ ♦✉ s❡❥❛✱ ❛♣❡♥❛s ♠♦❞❡❧❛♥❞♦ ❛ sér✐❡ ❛♦ ❧♦♥❣♦
❞♦ t❡♠♣♦✳

●♦②❛❧✱ ❈❤❛♥ ❡ ❏❛✐s✇❛❧ ✭✷✵✵✻✮ ✉t✐❧✐③❛r❛♠ ❞❡ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦✱ ♠♦❞❡❧♦s ❆❘■▼❆
❡ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞♦ ▼P10 ♥❛ ❝✐❞❛❞❡s ❞❡ ❉❡❧❤✐ ❡ ❍♦♥❣
❑♦♥❣✳ ❊♥❝♦♥tr❛r❛♠ q✉❡ ♦ ♠♦❞❡❧♦ ❝♦♠❜✐♥❛❞♦ ❞❛s ❞✉❛s té❝♥✐❝❛s ❢♦✐ ♠❡❧❤♦r✱ ❝♦♥s❡❣✉✐♥❞♦
❡①♣❧✐❝❛r ♠❛✐s ❞❡ ✼✵✪ ❞❛ ✈❛r✐❛çã♦ t♦t❛❧✳ ▲✐✉ ❡ ❏♦❤♥s♦♥ ✭✷✵✵✷✮ t❛♠❜é♠ ✉s❛r❛♠ ♦s ♠♦❞❡❧♦s
❞❡ r❡❣r❡ssã♦ ❝♦♠❜✐♥❛❞♦s ❝♦♠ ♠♦❞❡❧♦s ❆❘■▼❆ ♣❛r❛ ♣r❡✈❡r ♣✐❝♦s ❞✐ár✐♦s ❞❡ ❝♦♥❝❡♥tr❛çã♦
❞❡ ❖3 ♥❛ ❝✐❞❛❞❡ ❞❡ ▼✐❧✇❛✉❦❡❡✱ ❊❯❆✳ ◆❡st❡ ❡st✉❞♦✱ ❡ss❡ ♠♦❞❡❧♦ ❝♦♥s❡❣✉✐✉ ❡①♣❧✐❝❛r ✽✵✱✾✪
❞❛ ✈❛r✐❛çã♦ t♦t❛❧✳ ◆✉♠ ❡st✉❞♦ ♥❛ ❝✐❞❛❞❡ ❞❡ ❱✐tór✐❛✱ ❡ss❡s ♠♦❞❡❧♦s ❝♦♠❜✐♥❛❞♦s ❢♦r❛♠
❝❤❛♠❛❞♦s ❞❡ ❆❘▼❆❳✱ ❡ ✉s❛❞♦s ♣❛r❛ ♣r❡✈❡r ❛ ❝♦♥❝❡♥tr❛çã♦ ❤♦rár✐❛ ❞❡ ♦③ô♥✐♦ ✭▼❖◆❚❊❀
❆▲❇❯◗❯❊❘◗❯❊❀ ❘❊■❙❊◆✱ ✷✵✶✺✮✳ ❈♦♠♦ ✈❛r✐á✈❡✐s r❡❣r❡ss♦r❛s ❢♦r❛♠ ✉s❛❞❛s ❛ t❡♠♣❡✲
r❛t✉r❛✱ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛✱ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ◆❖2✳ P✐♥t♦✱ ❘❡✐s❡♥ ❡
▼♦♥t❡ ✭✷✵✶✽✮ ✉t✐❧✐③❛r❛♠ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ♠♦❞❡❧♦s ❙❆❘■▼❆ ❝♦♠ ✈❛r✐á✈❡✐s r❡❣r❡ss♦✲
r❛s✱ ❝❤❛♠❛❞♦ ❞❡ ❙❆❘■▼❆❳✱ ♣❛r❛ ❛ ♣r❡✈✐sã♦ ❞♦ ▼P10 ❞✐ár✐♦ ♥❛ r❡❣✐ã♦ ❞❛ ❣r❛♥❞❡ ❱✐tór✐❛✳
❉❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❛✈❛❧✐❛❞❛s✱ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❡ ♣r❡❝✐♣✐t❛çã♦ ♣❧✉✈✐❛❧
❢♦r❛♠ s✐❣♥✐✜❝❛t✐✈❛s ♣❛r❛ ❡①♣❧✐❝❛r ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10✳

❏á ♦s ♠♦❞❡❧♦s ♣r♦♣♦st♦s ♣♦r ✭●❖❨❆▲❀ ❈❍❆◆❀ ❏❆■❙❲❆▲✱ ✷✵✵✻❀ ▲■❯❀ ❏❖❍◆❙❖◆✱
✷✵✵✷❀ ▼❖◆❚❊❀ ❆▲❇❯◗❯❊❘◗❯❊❀ ❘❊■❙❊◆✱ ✷✵✶✺❀ P■◆❚❖❀ ❘❊■❙❊◆❀ ▼❖◆❚❊✱ ✷✵✶✽✮
❝♦♥s✐❞❡r❛r❛♠ ✈❛r✐á✈❡✐s ✐♥❞❡♣❡♥❞❡♥t❡s ❝♦♠❜✐♥❛♥❞♦ ❝♦♠ ♠♦❞❡❧♦s ❆❘■▼❆ ♦✉ ❙❆❘■▼❆✳
P♦ré♠✱ ♥❡♥❤✉♠ ❞❡❧❡s ❝♦♥s✐❞❡r♦✉ ❝♦♠♦ ✈❛r✐á✈❡✐s ✐♥❞❡♣❡♥❞❡♥t❡s ♦ t❡♠♣♦ ❞❡ r❡s✐❞ê♥❝✐❛ ❞❛s
♠❛ss❛s ❞❡ ❛r✱ ♦✉ s❡❥❛✱ ♦ ✉s♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ❆❘❚✳

▼♦❞❡❧♦s ❧✐♥❡❛r❡s ❣❡♥❡r❛❧✐③❛❞♦s sã♦ ✉♠❛ ❡①t❡♥sã♦ ❞♦s ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❞❡ r❡❣r❡ssã♦✳
❚❛✐s ♠♦❞❡❧♦s ✢❡①✐❜✐❧✐③❛♠ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡✳ ◆❡ss❡s
♠♦❞❡❧♦s ❛ ✈❛r✐á✈❡❧ r❡s♣♦st❛ ♣♦❞❡ t❡r ❛s ❞✐str✐❜✉✐çõ❡s ♥♦r♠❛❧✱ ❣❛♠❛✱ ❜✐♥♦♠✐❛❧✱ ♣♦✐ss♦♥✱ ♥♦r✲
♠❛❧ ✐♥✈❡rs❛✱ ❡♥tr❡ ♦✉tr❛s ✭▼❈❈❯▲▲❆●❍❀ ◆❊▲❉❊❘✱ ✶✾✽✾❀ P❆❯▲❆✱ ✷✵✶✸❀ ❈❖❘❉❊■❘❖✱
✶✾✽✻✮✳ ❖✉tr❛ ❝❧❛ss❡ ❞❡ ♠♦❞❡❧♦s sã♦ ♦s ♠♦❞❡❧♦s ❛❞✐t✐✈♦s ❣❡♥❡r❛❧✐③❛❞♦s ♣❛r❛ ❧♦❝❛çã♦✱ ❡s❝❛❧❛
❡ ❢♦r♠❛ ✭●❆▼▲❙❙✱ ❞♦ ✐♥❣❧ês ●❡♥❡r❛❧✐③❡❞ ❆❞❞✐t✐✈❡ ▼♦❞❡❧s ❢♦r ▲♦❝❛t✐♦♥✱ ❙❝❛❧❡ ❛♥❞ ❙❤❛♣❡✮✱
q✉❡ ❛❜r❛♥❣❡♠ ♦✉tr❛s ❞✐str✐❜✉✐çõ❡s ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s✱ ❝♦♠♦ ❛ ▲♦❣✲♥♦r♠❛❧✱ ❲❡✐❜✉❧❧✱ ❡♥tr❡
♦✉tr❛s ✭❘■●❇❨❀ ❙❚❆❙■◆❖P❖❯▲❖❙✱ ✷✵✵✺❀ ❙❚❆❙■◆❖P❖❯▲❖❙❀ ❘■●❇❨✱ ✷✵✵✼✮✳ ❆❣❛r✇❛❧
❡ ◆❛❣❡♥❞r❛ ✭✷✵✶✻✮ ❛❥✉st❛r❛♠ ❛ ❞✐str✐❜✉✐çã♦ ❧♦❣✲♥♦r♠❛❧ ♣❛r❛ ❞❛❞♦s ❞❡ ▼P10✱ ▼P2,5 ❡
▼P1✳ ❙❤❛r♠❛ ❡t ❛❧✳ ✭✷✵✶✸✮ ❝♦♠♣❛r❛r❛♠ ❞✐✈❡rs❛s ❞✐tr✐❜✉✐çõ❡s ❛ss✐♠étr✐❝❛s ♣❛r❛ ❛❥✉st❡ ❞❡



✷✳✻✳ ❯❙❖ ❉❊ ❆❈ ❊ ❆❈P ◆❖ ❊❙❚❯❉❖ ❉❊ ❱❆❘■➪❱❊■❙ ▼❊❚❊❖❘❖▲Ó●■❈❆❙ ❊
P❖▲❯❊◆❚❊❙ ❆❚▼❖❙❋➱❘■❈❖❙ ✸✶

❞❛❞♦s ❞❡ ❙❖2✱ ◆❖2✱ ▼P10 ❡ P❚❙ ❡♠ ❉❡❧❤✐✱ ♥❛ ❮♥❞✐❛✳ P❛r❛ ♦ ▼P10 ❛s ❞✐str✐❜✉✐çõ❡s ●❛♠❛
❡ ▲♦❣✲♥♦r♠❛❧ s❡ ❛❥✉st❛r❛♠ ♠❡❧❤♦r✳

❍✉❡❜♥❡r♦✈❛ ❡ ▼✐❝❤❛❧❡❦ ✭✷✵✶✹✮ ✉t✐❧✐③❛r❛♠ ✉♠ ♠♦❞❡❧♦ ❧✐♥❡❛r ❣❡♥❡r❛❧✐③❛❞♦ ❝♦♠ ❞✐str✐✲
❜✉✐çã♦ ❣❛♠❛ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ♦s ❢❛t♦r❡s ♠❡t❡♦r♦❧ó❣✐❝♦s q✉❡ ❛❢❡t❛♠ ❛ ♣♦❧✉✐çã♦ ❞♦ ❛r✱ ♠❛✐s
❡s♣❡❝✐✜❝❛♠❡♥t❡✱ ♦ ▼P10 ❡♠ ❇r♥♦✱ ♥❛ ❘❡♣ú❜❧✐❝❛ ❈❤❡❝❛✳ ❆s ♠❡❞✐çõ❡s ♦❝♦rr❡r❛♠ ❡♠ ❞✉❛s
❡st❛çõ❡s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦✱ ❧♦❝❛❧✐③❛❞❛s ❡♠ ✈✐❛s ❞❡ ❛❧t♦ trá❢❡❣♦ ❞❡ ✈❡í❝✉❧♦s ❡ ♥✉♠❛ ár❡❛
✐♥❞✉str✐❛❧✳ ◆❛ ❝✐❞❛❞❡ ❞❡ ❇❛rr❡✐r♦✱ ❡♠ P♦rt✉❣❛❧✱ ●❛r❝✐❛ ❡t ❛❧✳ ✭✷✵✶✻✮ ❛♣❧✐❝❛r❛♠ ✉♠ ♠♦❞❡❧♦
❧✐♥❡❛r ❣❡♥❡r❛❧✐③❛❞♦ ❝♦♠ ❞✐str✐❜✉✐çã♦ ❞❡ P♦✐ss♦♥ ♣❛r❛ ❛♥❛❧✐s❛r ❛ r❡❧❛çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦
❞♦ ▼P10 ❡♠ r❡❧❛çã♦ ❛ ❣❛s❡s ♣♦❧✉❡♥t❡s ✭❈❖✱ ◆❖2✱ ◆❖①✱ ❖3✱ ❙❖2✮ ❡ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó✲
❣✐❝❛s ✭t❡♠♣❡r❛t✉r❛✱ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✮✳ ❯♠ ♠♦❞❡❧♦ ❧✐♥❡❛r ❣❡♥❡r❛✲
❧✐③❛❞♦ t❛♠❜é♠ ❢♦✐ ✉s❛❞♦ ❡♠ ❇❡✐❥✐♥❣✱ ♥❛ ❈❤✐♥❛✱ ♣❛r❛ r❡❧❛❝✐♦♥❛r ♦ ▼P2,5 ❝♦♠ ♣❛râ♠❡tr♦s
♠❡t❡♦r♦❧ó❣✐❝♦s ✭❉✐r❡çã♦ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ t❡♠♣❡r❛t✉r❛✱ ♣r❡ssã♦✱ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛✱
♣r❡❝✐♣✐t❛çã♦✮✳ ❈♦♥s❡❣✉✐✉✲s❡ ❡①♣❧✐❝❛r ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✽✵✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ t♦t❛❧ ❝♦♠
❡ss❡ ♠♦❞❡❧♦ ✭▲■❆◆● ❡t ❛❧✳✱ ✷✵✶✼✮✳ ◆ã♦ ❢♦✐ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ❛ ❞✐str✐❜✉✐çã♦ ✉s❛❞❛ ♥❡ss❡
❡st✉❞♦✳

◆♦s ❡st✉❞♦s ❞❡ ✭❆●❆❘❲❆▲❀ ◆❆●❊◆❉❘❆✱ ✷✵✶✻❀ ❙❍❆❘▼❆ ❡t ❛❧✳✱ ✷✵✶✸❀ ❍❯❊❇◆❊✲
❘❖❱❆❀ ▼■❈❍❆▲❊❑✱ ✷✵✶✹❀ ●❆❘❈■❆ ❡t ❛❧✳✱ ✷✵✶✻❀ ▲■❆◆● ❡t ❛❧✳✱ ✷✵✶✼✮✱ ❞✐str✐❜✉✐çõ❡s
❞✐❢❡r❡♥t❡s ❞❛ ♥♦r♠❛❧✱ ❢♦r❛♠ ✉s❛❞❛s ♣❛r❛ ❛❥✉st❡ ❞❡ ❞❛❞♦s ❞❡ ❝♦♥❝❡♥tr❛çã♦✱ ♠❛s ♥❡♥❤✉♠
❞❡❧❡s ❝♦♠❜✐♥♦✉ ❝♦♠ ❞❛❞♦s ❞❡ tr❛❥❡tór✐❛s ❞❡ ♠❛ss❛s ❞❡ ❛r✳

❖ ♣r❡s❡♥t❡ ❡st✉❞♦ ♣r❡t❡♥❞❡ ✉t✐❧✐③❛r três ❛❜♦r❞❛❣❡♥s ♣❛r❛ ❛ ❆❘❚✳ ❆ ♣r✐♠❡✐r❛ é ♦ ♠♦❞❡❧♦
✉s✉❛❧ ❞❡ r❡❣r❡ssã♦ ✭♠♦❞❡❧♦ ♥♦r♠❛❧✮ ❥á ❡♠♣r❡❣❛❞♦ ♥♦s tr❛❜❛❧❤♦s ❛♥t❡r✐♦r❡s ✭❚❛❜❡❧❛ ✷✳✷✮✳
❆ s❡❣✉♥❞❛ é ✉t✐❧✐③❛r ✉♠ ♠♦❞❡❧♦ ❧✐♥❡❛r ❣❡♥❡r❛❧✐③❛❞♦ ♦✉ ✉♠ ♠♦❞❡❧♦ ❛❞✐t✐✈♦ ❣❡♥❡r❛❧✐③❛❞♦
♣❛r❛ ❧♦❝❛çã♦ ❡s❝❛❧❛ ❡ ❢♦r♠❛✱ q✉❡ ❝♦♥s✐❞❡r❡ ❛ ❡str✉t✉r❛ ❞❛ ✈❛r✐á✈❡❧ r❡s♣♦st❛ ✭❝♦♥❝❡♥tr❛çã♦
❞♦ ▼P✮✱ ✐st♦ é✱ ❝♦♥s✐❞❡r❡ q✉❡ ❡ss❛ ✈❛r✐á✈❡❧ é ✉♠ ✈❛❧♦r s❡♠♣r❡ ♣♦s✐t✐✈♦✳ ❆ t❡r❝❡✐r❛ é
✉♠ ♠♦❞❡❧♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❜❛s❡❛❞♦ ♥❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❇♦①✲❏❡♥❦✐♥s✳ ❆s ❞✐❢❡r❡♥t❡s
❛❜♦r❞❛❣❡♥s s✉❣❡r✐❞❛s ♣❛r❛ ♦s ♠♦❞❡❧♦s ❆❘❚ ♥❡st❡ tr❛❜❛❧❤♦ sã♦ ✉♠❛ t❡♥t❛t✐✈❛ ❞❡ ❝♦rr✐❣✐r
❛s ❧✐♠✐t❛çõ❡s ❞❡s❝r✐t❛s ♥♦s ❡st✉❞♦s ❞❡ ❑❛✈♦✉r❛s ❡t ❛❧✳ ✭✷✵✶✸✮ ❡ ❘♦❞♦♣♦✉❧♦✉ ❡t ❛❧✳ ✭✷✵✶✹✮✳

❆❧é♠ ❞❛ ❆❘❚✱ ❡①✐st❡♠ ♦✉tr❛s ❢❡rr❛♠❡♥t❛s ❡st❛tíst✐❝❛s q✉❡ ♣♦❞❡♠ ❛✉①✐❧✐❛r ♥♦ ❡♥t❡❞✐✲
♠❡♥t♦ ❞❛s r❡❧❛çõ❡s ❡①✐st❡♥t❡s ❡♥tr❡ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P ❡ ❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s✳
❉✉❛s ✐♠♣♦rt❛♥t❡s ❢❡rr❛♠❡♥t❛s ❡st❛tíst✐❝❛s s❡ ❞❡st❛❝❛♠ ♥❡st❛ ❛♣❧✐❝❛çã♦✿ ❛ ❆♥á❧✐s❡ ❞❡ ❈❧✉s✲
t❡r ✭❆❈✮ ❡ ❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛✐s ✭❆❈P✮✱ q✉❡ s❡rã♦ ❞✐s❝✉t✐❞❛s ♥❛ ❙❡çã♦ ✷✳✻✳

✷✳✻ ❯s♦ ❞❡ ❆❈ ❡ ❆❈P ♥♦ ❡st✉❞♦ ❞❡ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦✲
❧ó❣✐❝❛s ❡ ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s

❆s ❛♥á❧✐s❡s ♠✉❧t✐✈❛r✐❛❞❛s ❞❡ ❆❈ ❡ ❆❈P tê♠ ♣♦r ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ ❡♥❝♦♥tr❛r r❡❧❛çõ❡s
♠✉❧t✐✈❛r✐❛❞❛s ❝♦♠♣❧❡①❛s✱ q✉❡ ❛ ♣r✐♥❝í♣✐♦ sã♦ ❞✐❢í❝❡✐s ❞❡ s❡r❡♠ ♥♦t❛❞❛s✳

❆ ❆♥á❧✐s❡ ❞❡ ❈❧✉st❡r ✭❆❈✮ é ❛♠♣❧❛♠❡♥t❡ ❛♣❧✐❝❛❞❛ ♣❛r❛ ❛❣r✉♣❛r ✈ár✐♦s ♦❜❥❡t♦s ❡♠
❣r✉♣♦s ❤♦♠♦❣ê♥❡♦s✱ s❡♥❞♦ q✉❡ ♦ ♥í✈❡❧ ❞❡ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ♦❜❥❡t♦s ♥♦ ♠❡s♠♦ ❝❧✉st❡r s❡rá
♠❛✐s ❢♦rt❡ ❞♦ q✉❡ ♦ ♥í✈❡❧ ❞❡ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ♦❜❥❡t♦s ❞❡ ❞✐❢❡r❡♥t❡s ❝❧✉st❡rs ✭❉❖▼■◆■❈❑
❡t ❛❧✳✱ ✷✵✶✷❀ P❆❱Ó◆✲❉❖▼❮◆●❯❊❩❀ ❏■▼➱◆❊❩✲❍❖❘◆❊❘❖❀ ❘❆❱➱✱ ✷✵✶✹✮✳

❆❈ é ✉♠❛ té❝♥✐❝❛ ✉s❛❞❛ ♣❛r❛ ❛❣r✉♣❛r ♦❜s❡r✈❛çõ❡s ♦♥❞❡✱ ♥❡♥❤✉♠❛ s✉♣♦s✐çõ❡s sã♦
❢❡✐t❛s s♦❜r❡ ♦ ♥ú♠❡r♦ ❞❡ ❣r✉♣♦s ♦✉ ❡str✉t✉r❛ ❞♦s ❣r✉♣♦s✳ ➱ ❜❛s❡❛❞❛ ❡♠ s✐♠✐❧❛r✐❞❛❞❡s ♦✉



✷✳✻✳ ❯❙❖ ❉❊ ❆❈ ❊ ❆❈P ◆❖ ❊❙❚❯❉❖ ❉❊ ❱❆❘■➪❱❊■❙ ▼❊❚❊❖❘❖▲Ó●■❈❆❙ ❊
P❖▲❯❊◆❚❊❙ ❆❚▼❖❙❋➱❘■❈❖❙ ✸✷

❞✐stâ♥❝✐❛s✱ ❝♦♠♦ ❛ ❊✉❝❧✐❞✐❛♥❛✱ ♠á①✐♠❛✱ ▼❛♥❤❛t❛♥✱ ▼✐♥❦♦✇s❦✐✱ ❡♥tr❡ ♦✉tr❛s✳ ❆ ✜♠ ❞❡
❝r✐❛r ❣r✉♣♦s ♥❛ ❆❈✱ ❡①✐st❡♠ ♠ét♦❞♦s ❤✐❡rárq✉✐❝♦s ❡ ♥ã♦ ❤✐❡rárq✉✐❝♦s✳ P❛r❛ ♦ ♣r✐♠❡✐r♦
♠ét♦❞♦ ❡①✐st❡♠ ✈ár✐♦s ❛❧❣♦r✐t♠♦s ❝♦♠♦ ❧✐❣❛çã♦ s✐♠♣❧❡s✱ ❧✐❣❛çã♦ ❝♦♠♣❧❡t❛✱ ❲❛r❞✱ ❡t❝✳
P❛r❛ ♦ s❡❣✉♥❞♦ ♠ét♦❞♦✱ ♦ ♠❛✐s ❝♦♥❤❡❝✐❞♦ é ♦ ❦✲♠❡❛♥s ✭❏❖❍◆❙❖◆❀ ❲■❈❍❊❘◆✱ ✶✾✽✽❀
❆❯❙❚■◆ ❡t ❛❧✳✱ ✷✵✶✷❀ ❉❖▼■◆■❈❑ ❡t ❛❧✳✱ ✷✵✶✷✮✳

❆ ❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛✐s ✭❆❈P✮ é ✉♠❛ ❢❡rr❛♠❡♥t❛ ❡st❛tíst✐❝❛ q✉❡ ✈✐s❛
♦❜t❡r ✉♠ ♥ú♠❡r♦ r❡❞✉③✐❞♦ ❞❡ ❝♦♠❜✐♥❛çõ❡s ❧✐♥❡❛r❡s ♥ã♦✲❝♦rr❡❧❛❝✐♦♥❛❞❛s ❞❛s ✈❛r✐á✈❡✐s ♦r✐✲
❣✐♥❛✐s✱ ❝❤❛♠❛❞❛s ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ✭❈P✮✳ ❆s ❈Ps sã♦ ♦r❞❡♥❛❞❛s ❞❡ ❢♦r♠❛ q✉❡
❛ ✶❛ ❈P ❡①♣❧✐❝❛ ❛ ♠❛✐♦r ❢r❛çã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s✳ ❆ ✷❛ ❈P ❡①♣❧✐❝❛ ❛
s❡❣✉♥❞❛ ♠❛✐♦r ❢r❛çã♦✱ ❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡✳ ❆ ✐❞❡✐❛ é q✉❡ ❛s ❈Ps ❝♦♥s✐❣❛♠ ❡①♣❧✐❝❛r ✉♠❛
❣r❛♥❞❡ ♣❛rt❡ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ t♦t❛❧ ❞❛s ✈❛r✐á✈❡✐s ♦r✐❣✐♥❛✐s✱ s❡♠ ♠✉✐t❛ ♣❡r❞❛ ❞❡ ✐♥❢♦r♠❛çã♦
✭❏❖❍◆❙❖◆❀ ❲■❈❍❊❘◆✱ ✶✾✽✽❀ ❍❊❀ ▲❯✱ ✷✵✶✷❀ ❉❖▼■◆■❈❑ ❡t ❛❧✳✱ ✷✵✶✷❀ ❑❆❙❙❖▼❊◆❖❙
❡t ❛❧✳✱ ✷✵✶✹✮✳

❆❈P ♣♦❞❡ s❡r ❞❛❞❛ ♣❡❧❛ ❊q✉❛çã♦ ✷✳✸✳

Zi = a1ix1 + a2ix2 + a3ix3 + · · ·+ anixn ✭✷✳✸✮

❖♥❞❡ Z é ❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧✱ a sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧✱ x é
♦ ✈❛❧♦r ❞❛ ✈❛r✐á✈❡❧✱ i é ♦ ♥ú♠❡r♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❡ n é ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ✭❉❖▼■◆■❈❑
❡t ❛❧✳✱ ✷✵✶✷✮✳

❖ ✉s♦ ❞❛ ❆❈ ❡ ❆❈P ♣♦❞❡♠ ❣❡r❛r ✐♠♣♦rt❛♥t❡ ✐♥❢♦r♠❛çã♦ ♣❛r❛ ♣❡r♠✐t✐r ✐❞❡♥t✐✜❝❛r
❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ♣♦❧✉❡♥t❡s ❡ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s✳ ❆ ❚❛❜❡❧❛ ✷✳✸ ❛♣r❡s❡♥t❛ ❛❧❣✉♥s
❡st✉❞♦s q✉❡ ✉s❛r❛♠ ❛ ❆❈ ❡✴♦✉ ❆❈P✳

◆♦s ❊❯❆✱ ✉♠ ❡st✉❞♦ ✉t✐❧✐③♦✉ ❞❛ ❆❈ ♣❛r❛ ❛❣r✉♣❛r ❧♦❝❛✐s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝♦♠♣♦s✐çã♦
❞♦ ▼P2,5✳ ❖s ♣❡sq✉✐s❛❞♦r❡s ♦❜t✐✈❡r❛♠ ✹ ❝❧✉st❡rs✿ ▲❡st❡ ❞♦s ❊❯❆✱ ár❡❛s ✐♥❞✉str✐❛❧✐③❛❞❛s✱
❖❡st❡✴❈❡♥tr♦ ❞♦s ❊❯❆✱ ❡ ♦ ú❧t✐♠♦✱ ♥❛s ár❡❛s ❞❛ ❝♦st❛ ✭❆❯❙❚■◆ ❡t ❛❧✳✱ ✷✵✶✸✮✳ ❯s❛♥❞♦
❛ ❆❈ ❤✐❡rárq✉✐❝❛✱ ✽ ❡st❛çõ❡s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛ r❡❣✐ã♦ ♠❡tr♦♣♦❧✐t❛♥❛ ❞❡ ❙❡✈✐❧❧❛ ❢♦r❛♠
❛❣r✉♣❛❞❛s ❡♠ ✸ ❝❧✉st❡rs ❞✐❢❡r❡♥t❡s ❜❛s❡❛❞♦s ♥♦ ♣❛❞rã♦ ❞❡ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ❖3 ✭P❆❱Ó◆✲
❉❖▼❮◆●❯❊❩❀ ❏■▼➱◆❊❩✲❍❖❘◆❊❘❖❀ ❘❆❱➱✱ ✷✵✶✹✮✳ ❊♠ ❳✐✬❛♥✱ ♥❛ ❈❤✐♥❛✱ ❍✉❛♥❣ ❡t ❛❧✳
✭✷✵✶✺✮ ❡st✉❞❛r❛♠ ✶✸ ❧♦❝❛✐s ❝♦♠ s✐♠✐❧❛r✐❞❛❞❡ ❜❛s❡❛❞♦s ♥♦ ♣❡r✜❧ ❞♦ ▼P2,5✳ ❚rês ❝❧✉st❡rs
❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s✱ s❡♥❞♦ ♦s ❝❧✉st❡rs ✶ ❡ ✷ ❢♦r♠❛❞♦s ♣♦r ❧♦❝❛✐s ❞❡ ❛t✐✈✐❞❛❞❡s ✐♥❞✉str✐❛✐s
❡ ✉♠❛ ❛♠♣❧❛ ❡str✉t✉r❛ ❞❡ ♣r♦❞✉çã♦✱ ♣♦ré♠ ♥♦ ❝❧✉st❡r ✷ ❢♦✐ ❢♦r♠❛❞♦ ♣♦r ❧♦❝❛✐s ❝♦♠
❛t✐✈✐❞❛❞❡s ✐♥❞✉str✐❛✐s ❞❡ ❛❧t❛ t❡❝♥♦❧♦❣✐❛✱ ❝♦♠♦ ❡❧étr✐❝❛s ❡ ❞❡ ❡q✉✐♣❛♠❡♥t♦s ❞❡ ♣❡tró❧❡♦✱
♣♦r ❡①❡♠♣❧♦✳ P♦r ✜♠✱ ♦ ❝❧✉st❡r ✸ ❛❣r✉♣♦✉✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❧♦❝❛✐s ❝♦♠ ✐♥t❡♥s❛ ❛t✐✈✐❞❛❞❡
❛❣rí❝♦❧❛ ❡ ❛t✐✈✐❞❛❞❡s t✉ríst✐❝❛s✳

❆✉st✐♥ ❡t ❛❧✳ ✭✷✵✶✷✮ ❝❧❛ss✐✜❝❛r❛♠ ❞✐❛s ❡♠ ❣r✉♣♦s ❜❛s❡❛❞♦s ♥♦s ♣❡r✜s ❞❡ ❝♦♥❝❡♥tr❛çã♦
❞♦s ♣♦❧✉❡♥t❡s ✭❣❛s❡s ❡ ♣❛rt✐❝✉❧❛❞♦s✮✱ ♥❛ ❝✐❞❛❞❡ ❞❡ ❇♦st♦♥✱ ❡♥tr❡ ✷✵✵✹ ❡ ✷✵✵✾✳ ❊❧❡s ✐❞❡♥t✐✲
✜❝❛r❛♠ ❡ ❝❛r❛❝t❡r✐③❛r❛♠ ✺ ❣r✉♣♦s ❞❡ ❞✐❛s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♣r♦♣r✐❡❞❛❞❡s q✉í♠✐❝❛s✱ ❢ís✐❝❛s
❡ ♠❡t❡♦r♦❧ó❣✐❝❛s✳ ❖s ❞✐❛s ❞♦ ❝❧✉st❡r ✶ s✉❣❡r✐r❛♠ ♠❛✐♦r ✐♠♣❛❝t♦ ❞❛s ❡♠✐ssõ❡s ❞❡ trá❢❡❣♦❀
❞✐❛s ❞♦ ❝❧✉st❡r ✷ s✉❣❡r✐r❛♠ s✉s♣❡♥sã♦ ❡ r❡✲s✉s♣❡♥sã♦ ❞❡ ♠❛t❡r✐❛✐s ❝r✉st❛✐s❀ ❖ ❝❧✉st❡r ✸
✐♥❞✐❝♦✉ ❛ ♣r❡s❡♥ç❛ ❞❡ ❡♠✐ssõ❡s ♣r✐♠ár✐❛s❀ ❖ ❝❧✉st❡r ✹ r❡✢❡t✐✉ ❡♣✐só❞✐♦s ❞❡ s✉❧❢❛t♦❀ ❡ ♦ ❝❧✉s✲
t❡r ✺ ✐♥❞✐❝♦✉ ✉♠❛ ❢♦rt❡ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ♣♦❡✐r❛ ❡ q✉❡✐♠❛ ❞❡ ♠❛❞❡✐r❛✳ ❊ss❛ ❝❧❛ss✐✜❝❛çã♦
❢♦✐ ❢❡✐t❛ ✉t✐❧✐③❛♥❞♦ ❆❈ ❤✐❡rárq✉✐❝❛ ❝♦♠ ♠ét♦❞♦ ❞❡ ❦✲♠❡❛♥s✳
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❚❛❜❡❧❛ ✷✳✸✿ ❈❛r❛❝t❡ríst✐❝❛s ❞❡ ❛❧❣✉♥s ❛rt✐❣♦s r❡❧❡✈❛♥t❡s✱ ❛ss♦❝✐❛❞♦s ❝♦♠ ❆❈ ❡ ❆❈P✳
❆✉t♦r ✭❛♥♦✮ ▲♦❝❛❧ ❚é❝♥✐❝❛

❡♠♣r❡❣❛❞❛
❈❧✉st❡r ✭❆❈✮ ❱❛r✐á✈❡✐s r❡❧❛❝✐♦♥❛❞❛s ♣♦r ❆❈P

❙t❛t❤❡r♦♣♦✉❧♦s✱
❱❛ss✐❧✐❛❞✐s ❡ P❛♣♣❛

✭✶✾✾✽✮

❆t❡♥❛s✱ ●ré❝✐❛ ❆❈P ✕ P♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ❡ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦✲
❧ó❣✐❝❛s

▲✉✱ ❍❡ ❡ ❉♦♥❣
✭✷✵✶✶✮

❍♦♥❣ ❑♦♥❣✱ ❈❤✐♥❛ ❆❈ ❡ ❆❈P ❊st❛çõ❡s ❞❡
♠♦♥✐t♦r❛♠❡♥t♦

❊st❛çõ❡s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦

❉♦♠✐♥✐❝❦ ❡t ❛❧✳
✭✷✵✶✷✮

▼❛❧ás✐❛ ❆❈ ❡ ❆❈P ❊st❛çõ❡s ❞❡
♠♦♥✐t♦r❛♠❡♥t♦

P♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ❡ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦✲
❧ó❣✐❝❛s

❆✉st✐♥ ❡t ❛❧✳ ✭✷✵✶✷✮ ❇♦st♦♥✱ ❊❯❆ ❆❈ ❉✐❛s ❞♦ ❛♥♦ ✕
❍❡ ❡ ▲✉ ✭✷✵✶✷✮ ❍♦♥❣ ❑♦♥❣ ❆❈P ✕ ❱❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s

❆✉st✐♥ ❡t ❛❧✳ ✭✷✵✶✸✮ ❊❯❆ ❆❈ ▲♦❝❛✐s ❞❡
♠♦♥✐t♦r❛♠❡♥t♦

✕

❉✐♠✐tr✐♦✉ ❡
❑❛ss♦♠❡♥♦s
✭✷✵✶✹❜✮

❆❧❡♠❛♥❤❛ ❆❈P ✕ P♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s

❑❛ss♦♠❡♥♦s ❡t ❛❧✳
✭✷✵✶✹✮

❆t❡♥❛s✱ ●ré❝✐❛✱
▲♦♥❞r❡s✱ ■♥❣❧❛t❡rr❛

❛♥❞ ▼❛❞r✐✱
❊s♣❛♥❤❛

❆❈P ✕ P♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s

▲❛t✐❢ ❡t ❛❧✳ ✭✷✵✶✹✮ ▼❛❧ás✐❛ ❆❈ ❡ ❆❈P ❍♦r❛s ❞♦ ❞✐❛ P♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s
▲✉♥❛ ❡t ❛❧✳ ✭✷✵✶✹✮ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱

❇r❛s✐❧
❆❈P ✕ P♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ❡ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦✲

❧ó❣✐❝❛s
P❛✈ó♥✲❉♦♠í♥❣✉❡③✱
❏✐♠é♥❡③✲❍♦r♥❡r♦ ❡

❘❛✈é ✭✷✵✶✹✮

❙❡✈✐❧❤❛✱ ❊s♣❛♥❤❛ ❆❈ ❊st❛çõ❡s ❞❡
♠♦♥✐t♦r❛♠❡♥t♦

✕

❙♦✉③❛ ❡t ❛❧✳ ✭✷✵✶✹✮ ❱✐tór✐❛✱ ❇r❛s✐❧ ❆❈P ✕ P♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s
❍✉❛♥❣ ❡t ❛❧✳ ✭✷✵✶✺✮ ❈❤✐♥❛ ❆❈ ▲♦❝❛✐s ❞❡

♠♦♥✐t♦r❛♠❡♥t♦
✕

❑✇♦♥ ❡t ❛❧✳ ✭✷✵✶✺✮ ❙❡✉❧✱ ❈♦ré✐❛ ❞♦ ❙✉❧ ❆❈P ✕ ❱❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❡ ▼P
❚❛r❣✐♥♦ ❡ ❑r❡❝❧

✭✷✵✶✻✮
▲♦♥❞r✐♥❛✱ ❇r❛s✐❧ ❆❈ ❉✐❛s ❞♦ ❛♥♦ ✕

❇✐♥❛❦✉ ❡ ❙❝❤♠❡❧✐♥❣
✭✷✵✶✼✮

❈❤✐❝❛❣♦✱ ❯❙❆ ❆❈P ✕ P♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ❡ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦✲
❧ó❣✐❝❛s

❙♦✉③❛ ❡t ❛❧✳ ✭✷✵✶✼✮ ❈❛♠♣♦ ●r❛♥❞❡✱
❇r❛s✐❧

❆❈P ✕ P♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ❡ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦✲
❧ó❣✐❝❛s



✷✳✻✳ ❯❙❖ ❉❊ ❆❈ ❊ ❆❈P ◆❖ ❊❙❚❯❉❖ ❉❊ ❱❆❘■➪❱❊■❙ ▼❊❚❊❖❘❖▲Ó●■❈❆❙ ❊
P❖▲❯❊◆❚❊❙ ❆❚▼❖❙❋➱❘■❈❖❙ ✸✹

◆❛ ❝✐❞❛❞❡ ❞❡ ▲♦♥❞r✐♥❛✲P❘✱ ❇r❛s✐❧✱ ❚❛r❣✐♥♦ ❡ ❑r❡❝❧ ✭✷✵✶✻✮ ✉t✐❧✐③❛r❛♠ ❛ ❆❈ ♣❛r❛ ❛❣r✉✲
♣❛r ❞✐❛s ❝♦♠ ♣❡r✜s s✐♠✐❧❛r❡s ❡♠ r❡❧❛çã♦ ❛s ✈❛r✐á✈❡✐s ♠❡t❡r♦❧ó❣✐❝❛s ✭t❡♠♣❡r❛t✉r❛✱ ✉♠✐❞❛❞❡
r❡❧❛t✐✈❛ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✮✱ ❡ ♣♦st❡r✐♦r♠❡♥t❡ ✐❞❡♥t✐✜❝❛r❛♠ ❛ r❡❧❛çã♦ ❝♦♠ ♦ ♣❛❞rã♦
❞✐✉r♥♦ ❞♦ ❜❧❛❝❦ ❝❛r❜♦♥✳ ❊♥❝♦♥tr❛r❛♠ q✉❡ ♦ ❜❧❛❝❦ ❝❛r❜♦♥ é r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ❛ q✉❡✐♠❛ ❞❡
❜✐♦♠❛ss❛ ❡ tr❛♥s♣♦rt❡ ❞❛ ❢✉♠❛ç❛ ❞❡ ❧♦♥❣♦ ❛❧❝❛♥❝❡✳ ❊♥tr❡t❛♥t♦✱ ♦s ❛✉t♦r❡s s✉❣❡r❡♠ q✉❡
♦ ❝♦♥tr♦❧❡ ❞❡ ❢♦♥t❡s ❧♦❝❛✐s✱ ❝♦♠♦ q✉❡✐♠❛ ❞❡ ❜✐♦♠❛ss❛ ❡ trá❢❡❣♦ ✐♥t❡♥s♦ ♣♦❞❡♠ ❝♦♥❞✉③✐r ❛
❞✐♠✐♥✉✐çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❜❧❛❝❦ ❝❛r❜♦♥ ♥❡st❛ ❝✐❞❛❞❡✳

◆❛ ❝✐❞❛❞❡ ❞❡ ❆t❡♥❛s✱ ♥❛ ●ré❝✐❛✱ ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ♦s ♥í✈❡✐s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♣♦✲
❧✉❡♥t❡s ❈❖✱ ◆❖✱ ◆❖2✱ ❖3 ❡ ❙❖2✱ ✉t✐❧✐③❛♥❞♦ ❞❛ ❆❈P✳ ❋♦r❛♠ ❧❡✈❛❞❛s ❡♠ ❝♦♥s✐❞❡r❛çã♦
t❛♠❜é♠ ❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❞❡ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛✱ t❡♠♣❡r❛t✉r❛✱ ❞✉r❛çã♦ ❞♦ t❡♠♣♦
❞❡ s♦❧ ❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ❞✐r❡çã♦ ❞♦ ✈❡♥t♦✳ ❖s ♣♦❧✉❡♥t❡s ❢♦r❛♠ r❡❧❛❝✐♦♥❛❞♦s à ❝♦♠❜✉stã♦ ❞❡ ❣❛✲
s♦❧✐♥❛ ❡ ó❧❡♦✱ ❡ ✐♥t❡r❛çõ❡s ❝♦♠ ♦ ♦③ô♥✐♦✱ ❡♥q✉❛♥t♦ q✉❡ ♦s ♣r✐♥❝✐♣❛✐s ❢❛t♦r❡s ♠❡t❡♦r♦❧ó❣✐❝♦s
❢♦r❛♠ ❝♦♥❞✐çõ❡s s❡❝❛s ✭♥♦ ✈❡rã♦✮ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ✭♥♦ ✐♥✈❡r♥♦✮ ✭❙❚❆❚❍❊❘❖P❖❯✲
▲❖❙❀ ❱❆❙❙■▲■❆❉■❙❀ P❆PP❆✱ ✶✾✾✽✮✳

❊♠ ❙❡✉❧✱ ❈♦ré✐❛ ❞♦ ❙✉❧✱ ♦ ▼P ❢♦✐ ❝♦❧❡t❛❞♦ ❡♠ ✻ ❡st❛çõ❡s ❞❡ ♠❡trô ♣❛r❛ ❡st✉❞❛r s✉❛
✐♥✢✉ê♥❝✐❛ ❞❡♥tr♦ ❡ ❢♦r❛ ❞♦s tr❡♥s✱ ❡ ❛ ❆❈P ❢♦✐ ✉s❛❞❛ ♣❛r❛ r❡❧❛❝✐♦♥á✲❧♦ ❝♦♠ ✈❛r✐á✈❡✐s
♠❡t❡♦r♦❧ó❣✐❝❛s✳ ❖❜t✐✈❡r❛♠ q✉❡ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P é ✐♥✢✉❡♥❝✐❛❞❛ ♣❡❧❛ ✈❡♥t✐❧❛çã♦✱
❛❢❡t❛♥❞♦ t❛♥t♦ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P ❞❡♥tr♦ ❡ ❢♦r❛ ❞♦s tr❡♥s ✭❑❲❖◆ ❡t ❛❧✳✱ ✷✵✶✺✮✳ ❊♥tr❡
♦s ❛♥♦s ❞❡ ✷✵✶✶ ❡ ✷✵✶✷✱ ▲✉♥❛ ❡t ❛❧✳ ✭✷✵✶✹✮ ✉s❛r❛♠ ❞❛ ❆❈P ♣❛r❛ r❡❧❛❝✐♦♥❛r ✈❛r✐á✈❡✐s
♠❡t❡♦r♦❧ó❣✐❝❛s ✭✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ r❛❞✐❛çã♦ s♦❧❛r✱ t❡♠♣❡r❛t✉r❛ ❡ ✉♠✐❞❛❞❡✮ ❡ ♣♦❧✉❡♥t❡s
❛t♠♦s❢ér✐❝♦s ✭◆❖2✱ ◆❖✱ ◆❖①✱ ❈❖ ❡ ❖3✮ ❡♠ ✸ ❡st❛çõ❡s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ♥❛ ❝✐❞❛❞❡ ❞♦
❘✐♦ ❞❡ ❏❛♥❡✐r♦✳ ❊♥❝♦♥tr❛r❛♠ q✉❡ ♦ ◆❖✱ ◆❖① ❡ r❛❞✐❛çã♦ s♦❧❛r t❡♠ ❢♦rt❡ ✐♠♣❛❝t♦ ♥❛
❝♦♥❝❡♥tr❛çã♦ ❞♦ ❖3✳

❆ ❆❈P ❢♦✐ ✉t✐❧✐③❛❞❛ ♣❛r❛ r❡❧❛❝✐♦♥❛r ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ✭▼P10✱ ▼P2,5✱ ◆❖✱ ◆❖2✱
◆❖①✱ ❙❖2✱ ❖3 ❡ ❈❖✮ ♥❛s ❝✐❞❛❞❡s ❞❡ ❆t❡♥❛s✱ ▲♦♥❞r❡s ❡ ▼❛❞r✐✱ ♥♦s ♣❡rí♦❞♦s ❞❡ ❢r✐♦ ❡ ❝❛❧♦r✱
❡♠ ❞✉❛s ❡st❛çõ❡s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s ❝✐❞❛❞❡s✳ ❆s ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐✲
♣❛✐s ✭❈P✮ ❢♦r❛♠ ❛ss♦❝✐❛❞❛s ❛ ❝♦♥❞✐çõ❡s ❞❡ trá❢❡❣♦✱ ❛t✐✈✐❞❛❞❡s ❢♦t♦✲q✉í♠✐❝❛s ❡ ❝♦♠❜✉stã♦
❞❡ ❝♦♠❜✉stí✈❡✐s ✭❑❆❙❙❖▼❊◆❖❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❉✐♠✐tr✐♦✉ ❡ ❑❛ss♦♠❡♥♦s ✭✷✵✶✹❜✮ ✉t✐❧✐✲
③❛r❛♠ ❞❛ ❆❈P ♣❛r❛ ❛❣r✉♣❛r ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❡♥❝♦♥tr❛r ❢♦♥t❡s
❡♠✐ss♦r❛s✳ ■❞❡♥t✐✜❝❛r❛♠ ✹ ❢♦♥t❡s ❡♠✐ss♦r❛s✱ s❡♥❞♦✿ ❡♠✐ssõ❡s ✈❡✐❝✉❧❛r❡s ✭❈P ✶✮❀ ♣♦❧✉✐çã♦
❢♦t♦q✉í♠✐❝❛ ✭❈P ✷✮❀ ❡♠✐ssõ❡s ✐♥❞✉str✐❛✐s ✭❈P ✸✮ ❡ ♣❛rt✐❝✉❧❛❞♦s ❡♠✐t✐❞♦s ❞❡ ✐♥❞✉str✐❛s ❡
trá❢❡❣♦ ✈❡✐❝✉❧❛r ✭❈P ✹✮✳

❙♦✉③❛ ❡t ❛❧✳ ✭✷✵✶✹✮ ✉t✐❧✐③❛r❛♠ ❛ ❆❈P ❝♦♠♦ ✐♥♣✉t ❛♦ ♠♦❞❡❧♦ ❛❞✐t✐✈♦ ❣❡♥❡r❛❧✐③❛❞♦ ❞❡
P♦✐ss♦♥✳ ❆ ❆❈P ❛❣r✉♣♦✉ ♦s ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ✭❈❖✱ ◆❖2✱ ❖3✱ ▼P10 ❡ ❙❖2✮ ❡♠ ✸ ❈Ps✱
❡ ❡♥tã♦ ❢♦r❛♠ ✉s❛❞❛s ❝♦♠♦ ✈❛r✐á✈❡✐s ✐♥❞❡♣❡♥❞❡♥t❡s ♥♦ ♠♦❞❡❧♦ ❞❡ P♦✐ss♦♥✱ s❡♥❞♦ ♦ ♥ú♠❡r♦
❞❡ ✐♥t❡r♥❛çõ❡s✱ ❛ ✈❛r✐á✈❡❧ r❡s♣♦st❛✳ ❊♥❝♦♥tr❛r❛♠ q✉❡ ✉♠ ❛✉♠❡♥t♦ ❞❡ 10, 49 µ❣/m3 ❞❡
▼P10✱ r❡s✉❧t♦✉ ♥✉♠ ❛✉♠❡♥t♦ ❞❡ ✸✪ ♥♦ r✐s❝♦ r❡❧❛t✐✈♦ ❞❡ ❛❞♠✐ssõ❡s ❤♦s♣✐t❛❧❛r❡s ♣❛r❛ ❛
r❡❣✐ã♦ ❞❡ ❱✐tór✐❛✲❊❙✱ ❇r❛s✐❧✳

❊♠ ✷✵✶✷✱ ❍❡ ❡ ▲✉ ✭✷✵✶✷✮ ✉t✐❧✐③❛r❛♠ ❞❛ ❆❈P ♣❛r❛ r❡❧❛❝✐♦♥❛r ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s✱
❡ ♣♦st❡r✐♦r♠❡♥t❡ ✭♣♦r ♠❡✐♦ ❞❡ ✉♠ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦✮ r❡❧❛❝✐♦♥❛r ❝♦♠ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦
❖3✱ ❡♠ ❡st❛çõ❡s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❡♠ ❍♦♥❣ ❑♦♥❣✳ ❆s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❡①♣❧✐❝❛r❛♠
✸✶✪ ❡ ✸✹✪ ✭♥❛s ❡st❛çõ❡s ❙❤❛ ❚✐♥ ❡ ❑✇✉♥ ❚♦♥❣✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮ ❞❛ ✈❛r✐❛çã♦ ❞♦ ♦③ô♥✐♦✱
s❡♥❞♦ q✉❡ ❛ ♠❛✐s r❡❧❡✈❛♥t❡ ❢♦✐ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♥✉✈❡♥s✳



✷✳✻✳ ❯❙❖ ❉❊ ❆❈ ❊ ❆❈P ◆❖ ❊❙❚❯❉❖ ❉❊ ❱❆❘■➪❱❊■❙ ▼❊❚❊❖❘❖▲Ó●■❈❆❙ ❊
P❖▲❯❊◆❚❊❙ ❆❚▼❖❙❋➱❘■❈❖❙ ✸✺

◆❛ ❝✐❞❛❞❡ ❞❡ ❈❛♠♣♦ ●r❛♥❞❡✲▼❙✱ ❞✉r❛♥t❡ ✷✵✶✹✱ ❙♦✉③❛ ❡t ❛❧✳ ✭✷✵✶✼✮ ✉s❛r❛♠ ❆❈P
♣❛r❛ r❡❧❛❝✐♦♥❛r ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ✭t❡♠♣❡r❛t✉r❛✱ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛✱ ♣r❡❝✐♣✐t❛çã♦✱
✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ r❛❞✐❛çã♦ s♦❧❛r ❡ í♥❞✐❝❡ ❞❡ ❝❧❛r✐❞❛❞❡✮ ❝♦♠ ❞♦✐s ♣♦❧✉❡♥t❡s ❞♦ ❛r ✭♦③ô♥✐♦
❡ ♠♦♥ó①✐❞♦ ❞❡ ❝❛r❜♦♥♦✮✳ ❚❡♠♣❡r❛t✉r❛✱ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❡ r❛❞✐❛çã♦ s♦❧❛r ❢♦r❛♠ ❛
♣r✐♥❝✐♣❛❧ ❝♦♥tr✐❜✉✐çã♦ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♦③ô♥✐♦ ✭✸✽✱✷✪✮✳

❉✉r❛♥t❡ ♦ ✈❡rã♦ ✭❏✉❧❤♦ ❡ ❆❣♦st♦✮ ❞❡ ✷✵✶✵✱ ✷✵✶✶ ❡ ✷✵✶✷✱ ❡♠ ❈❤✐❝❛❣♦✱ ♥♦s ❊❯❆✱ ❞❛❞♦s
♠❡t❡♦r♦❧ó❣✐❝♦s✱ ❛❡r♦só✐s ❡ ❣❛s❡s tr❛ç♦s ❢♦r❛♠ ♦❜t✐❞♦s ♣♦r ❇✐♥❛❦✉ ❡ ❙❝❤♠❡❧✐♥❣ ✭✷✵✶✼✮✳ ❖s
❛✉t♦r❡s ✉s❛r❛♠ ❆❈P ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❛ r❡❧❛çã♦ ❡♥tr❡ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❡ ❞❡ ♣♦❧✉✐çã♦
❛t♠♦s❢ér✐❝❛✳ ◗✉❛tr♦ ❈Ps ❡①♣❧✐❝❛r❛♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✼✵✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞♦s ❞❛❞♦s✱
❡♠ q✉❡ ❛ ❈P✶ ❢♦✐ ❛ss♦❝✐❛❞❛ ❝♦♠ ❛ r❡❧❛çã♦ ❞♦ ♦③ô♥✐♦ ❡ ♥✐tr❛t♦ ❝♦♠ r❡s♣❡✐t♦ ❛ t❡♠♣❡r❛t✉r❛ ❡
✉♠✐❞❛❞❡✱ ❡♥q✉❛♥t♦ ❛ ❈P✷ ❢♦✐ r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ❛ ♣r❡s❡♥ç❛ ❞❡ ❛❝❡t❛t♦ ❡ ❢♦r♠❛t♦✱ r❡s✉❧t❛♥t❡s
❞❡ ❡♠✐ssõ❡s ♣r✐♠ár✐❛s ♦✉ tr❛♥s♣♦rt❡✳ ❋✐♥❛❧♠❡♥t❡✱ ❈P✸ ❡ ❈P✹ r❡♣r❡s❡♥t♦✉ tr❛♥s♣♦rt❡ ❞❡
✈❡♥t♦ ❞♦ ♥♦rt❡ ❞❡ ❝❧♦r❡t♦✱ ♥✐tr❛t♦ ❡ ♦③ô♥✐♦✳

❆ ❆❈ ❡ ❆❈P ❢♦r❛♠ ❝♦♠♣❛r❛❞❛s ❛ ✜♠ ❞❡ ♦❜t❡r ár❡❛s ❞❛ ❝✐❞❛❞❡ ❞❡ ❍♦♥❣ ❑♦♥❣ ❝♦♠
❝♦♠♣♦rt❛♠❡♥t♦s ❞❡ ♣♦❧✉✐çã♦ s✐♠✐❧❛r❡s✳ ❊♥❝♦♥tr❛r❛♠ q✉❡ ❛ ❞✐r❡çã♦ ❞♦ ✈❡♥t♦ ❡ ❡♠✐s✲
sõ❡s ✈❡✐❝✉❧❛r❡s ❢♦r❛♠ ❛s ♣r✐♥❝✐♣❛✐s ✐♥✢✉ê♥❝✐❛s ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♣♦❧✉❡♥t❡s✳ ❆❧é♠ ❞✐ss♦✱
❝♦♥❝❧✉ír❛♠ q✉❡ ❛s ❞✉❛s ❢❡rr❛♠❡♥t❛s sã♦ ót✐♠♦s ♠ét♦❞♦s ❞❡ s❡ ❣❡r❡♥❝✐❛r s✐st❡♠❛s ❞❡ ♠♦✲
♥✐t♦r❛♠❡♥t♦ ❞❛ q✉❛❧✐❞❛❞❡ ❞♦ ❛r ✭▲❯❀ ❍❊❀ ❉❖◆●✱ ✷✵✶✶✮✳

❉♦♠✐♥✐❝❦ ❡t ❛❧✳ ✭✷✵✶✷✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ ❛✈❛❧✐❛çã♦ ❞❛ q✉❛❧✐❞❛❞❡ ❞♦ ❛r ♥❛ ▼❛❧ás✐❛✱
✉s❛♥❞♦ ❛♥á❧✐s❡ ❡st❛tíst✐❝❛ ♠✉❧t✐✈❛r✐❛❞❛✱ ❝♦♠♦ ❆❈✱ ❆❈P ❡ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ♠ú❧t✐♣❧❛✳
❆s ♣r✐♥❝✐♣❛✐s ❢♦♥t❡s ❞❡t❡❝t❛❞❛s ❢♦r❛♠ ✈❡í❝✉❧♦s✱ ✐♥❞ústr✐❛s ❡ ár❡❛s ❝♦♠ ❛❧t❛ ❞❡♥s✐❞❛❞❡
♣♦♣✉❧❛❝✐♦♥❛❧✳ ❖ ▼P10 ❢♦✐ ♦ ♣♦❧✉❡♥t❡ q✉❡ ♠❛✐s ❝♦♥tr✐❜✉✐✉ ♥❛ ♣♦❧✉✐çã♦ ❞♦ ❛r✱ ❡ ♥♦t♦✉✲
s❡ q✉❡ ❢❛t♦r❡s ♠❡t❡♦r♦❧ó❣✐❝♦s ❝♦♠♦ t❡♠♣❡r❛t✉r❛ ❞♦ ❛♠❜✐❡♥t❡ ❡ ✉♠✐❞❛❞❡ ✐♥✢✉❡♥❝✐❛r❛♠
♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ❡ ❞❡ ♦✉tr♦s ♣♦❧✉❡♥t❡s✳ ❯♠✐❞❛❞❡ ❡ t❡♠♣❡r❛t✉r❛ t✐✈❡r❛♠ ✉♠❛
❝♦rr❡❧❛çã♦ ✐♥✈❡rs❛✱ ♦✉ s❡❥❛✱ ❜❛✐①❛ ✉♠✐❞❛❞❡ ✭r❡❧❛❝✐♦♥❛❞❛ ❛ ❜❛✐①♦s í♥❞✐❝❡s ❞❡ ❝❤✉✈❛✮✱ ❧❡✈❛r❛♠
❛ ❛❧t❛s t❡♠♣❡r❛t✉r❛s ❡ ❛❧t❛s ❝♦♥❝❡♥tr❛çõ❡s ❞♦s ♣♦❧✉❡♥t❡s✳

❯♠ ♦✉tr♦ ❡st✉❞♦✱ t❛♠❜é♠ ❝♦♥❞✉③✐❞♦ ♥❛ ▼❛❧ás✐❛ ✭▲❆❚■❋ ❡t ❛❧✳✱ ✷✵✶✹✮✱ ✉s❛r❛♠ ❆❈
❡ ❘❡❣r❡ssã♦ ♣♦r ❈♦♠♣♦♥❡♥t❡ Pr✐♥❝✐♣❛❧ ✭❘❈P✮✳ ❊st❛ ú❧t✐♠❛ ❛♥á❧✐s❡ é ✉♠❛ ❝♦♠❜✐♥❛çã♦
❞❡ ❆❈P ❝♦♠ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦✱ ❡♠ q✉❡ ❛ ❈P é ✉s❛❞❛ ❝♦♠♦ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡ ♥❛
r❡❣r❡ssã♦✳ Pr✐♠❡✐r❛♠❡♥t❡✱ ❆❈ ❢♦✐ ✉s❛❞❛ ♣❛r❛ ❛✈❛❧✐❛r ♣❛❞rõ❡s ❞✐✉r♥♦s ❜❛s❡❛❞♦s ♥❛ ❝♦♥✲
❝❡♥tr❛çã♦ ♠é❞✐❛ ❛♥✉❛❧ ❞❡ ✈ár✐♦s ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ✭◆❖✱ ◆❖2✱ ◆❖①✱ ▼P10✱ ❈❖ ❡
❙❖2✮✳ ❊♠ s❡❣✉♥❞♦ ❧✉❣❛r✱ ❘❈P ❢♦✐ ✉s❛❞❛ ♣❛r❛ ❛✈❛❧✐❛r ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ✭t❡♠♣❡r❛✲
t✉r❛✱ ✉♠✐❞❛❞❡✱ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❡ r❛❞✐❛çã♦ ✉❧tr❛✈✐♦❧❡t❛✮ ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛s✳ ❖✉ s❡❥❛✱
❛ ❛♥á❧✐s❡ ❞❡ r❡❣r❡ssã♦ ❢♦✐ r❡❛❧✐③❛❞❛ ♣❡❧❛s ❈Ps✱ ❢♦r♠❛❞❛ ♣❡❧♦s ♣♦❧✉❡♥t❡s ❛t♠♦❢ér✐❝♦s✱ ❡♠
❢✉♥çã♦ ❞❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s✳ ❋♦✐ ❡♥❝♦♥tr❛❞♦ q✉❡ ❢♦♥t❡s ❞❡ ❡♠✐ssã♦✱ ❝♦♠♦ ✈❡í❝✉✲
❧♦s ❛✉t♦♠♦t♦r❡s✱ ❢♦r❛♠ ♦s q✉❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❝♦♥tr✐❜✉ír❛♠ ❝♦♠ ❛ ♣♦❧✉✐çã♦ ❞♦ ❛r✳ ❆❧é♠
❞✐ss♦✱ ♣❛râ♠❡tr♦s ♠❡t❡♦r♦❧ó❣✐❝♦s ❢♦r❛♠ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡s ♥❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❛ ♣♦❧✉✐çã♦
❞♦ ❛r✱ ✐♥✢✉❡♥❝✐❛♥❞♦ ♥❛ s✉❛ ❞✐s♣❡rsã♦ ❡ r❡❛çõ❡s q✉í♠✐❝❛s ❢♦t♦s❡♥sí✈❡✐s✳

❈♦♠♦ ✈✐st♦✱ ❛ ❆❈ ❡ ❆❈P sã♦ ❛♥á❧✐s❡s ❜❛st❛♥t❡ ✉t✐❧✐③❛❞❛s ❡♠ ❞✐✈❡rs♦s tr❛❜❛❧❤♦s✳ P♦r
❡①❡♠♣❧♦✱ é ♣♦ssí✈❡❧✱ ❡♥❝♦♥tr❛r ♣❡r✜s ❡s♣❛❝✐❛✐s ❡ t❡♠♣♦r❛✐s ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ♣♦❧✉❡♥✲
t❡s✳

❆ ❆❈ ❡ ❆❈P ✉s❛❞❛s ❡♠ ❝♦♥❥✉♥t♦✱ ♣♦❞❡♠ ❣❡r❛r ✐♥❢♦r♠❛çõ❡s ✐♠♣♦rt❛♥t❡s ♥❛ ✐❞❡♥t✐✜✲
❝❛çã♦ ❞❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ♣♦❧✉❡♥t❡s ❡ ♠❡t❡♦r♦❧ó❣✐❝❛s✳ P♦✉❝♦s ❡st✉❞♦s ✉t✐❧✐③❛♠
❝♦♥❥✉♥t❛♠❡♥t❡ ❡ss❛s ❞✉❛s té❝♥✐❝❛s✱ ❝♦♠♦ ❆✉st✐♥ ❡t ❛❧✳ ✭✷✵✶✷✮✱ ❉♦♠✐♥✐❝❦ ❡t ❛❧✳ ✭✷✵✶✷✮✳



✷✳✻✳ ❯❙❖ ❉❊ ❆❈ ❊ ❆❈P ◆❖ ❊❙❚❯❉❖ ❉❊ ❱❆❘■➪❱❊■❙ ▼❊❚❊❖❘❖▲Ó●■❈❆❙ ❊
P❖▲❯❊◆❚❊❙ ❆❚▼❖❙❋➱❘■❈❖❙ ✸✻

◆✉♠ ❝♦♥t❡①t♦ ❡st❛❞✉❛❧✱ ♥❡♥❤✉♠ ❡st✉❞♦ ❢♦✐ ❢❡✐t♦ ❛q✉✐ ♥♦ ❡st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦ ✭♣❡❧♦ ❝♦✲
♥❤❡❝✐♠❡♥t♦ ❛❞q✉✐r✐❞♦✮✱ ✉t✐❧✐③❛♥❞♦ ❞❡ss❛s té❝♥✐❝❛s ❝♦♥❥✉♥t❛♠❡♥t❡ ❡♠ ❞✐❢❡r❡♥t❡s ❡st❛çõ❡s
❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ♦✉ ♠❡s♠♦ ❝✐❞❛❞❡s✳

❯♠❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ✐♥t❡r❡ss❛♥t❡ s❡r✐❛ ❡❧❛❜♦r❛r ✉♠❛ ❛❜♦r❞❛❣❡♠ ✉s❛♥❞♦ ❛s ✸ té❝♥✐❝❛s
❡♠ ❝♦♥❥✉♥t♦ ✭❆❘❚✱ ❆❈ ❡ ❆❈P✮✳ ◆✉♠ ♣r✐♠❡✐r♦ ♠♦♠❡♥t♦✱ ❛ ❆♥á❧✐s❡ ❞❡ ❘❡❣r❡ssã♦ ❞❡
❚r❛❥❡tór✐❛✱ ♣♦❞❡r✐❛ ✐❞❡♥t✐✜❝❛r ♦s ❧♦❝❛✐s ❞❛s ❢♦♥t❡s ❡♠✐ss♦r❛s ❞♦s ♣♦❧✉❡♥t❡s ✭▼P10 ❡ ▼P2,5✮✳
❊♠ s❡❣✉✐❞❛✱ ❛ ❆❈ ♣♦ss✐❜✐❧✐t❛r✐❛ ❛❣r✉♣❛r ♦s ❞✐❛s✱ ❜❛s❡❛❞♦ ♥❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ❝❛❞❛ r❡❣✐ã♦
♦❜t✐❞❛ ♥❛ ❆❘❚✱ ♥♦ ♣❡r✜❧ ♠❡t❡♦r♦❧ó❣✐❝♦ ❡ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s✱
♦❜t❡♥❞♦ ✉♠ ♣❛❞rã♦ t❡♠♣♦r❛❧✳ P♦r ✜♠✱ ❛ ❆❈P q✉❛♥t✐✜❝❛r✐❛ ❛ r❡❧❛çã♦ ❡①✐st❡♥t❡ ❡♥tr❡ ❛s
✈❛r✐á✈❡✐s ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❝❧✉st❡r ♦❜t✐❞♦✳ ❉♦♠✐♥✐❝❦ ❡t ❛❧✳ ✭✷✵✶✷✮✱ ❡♠ s❡✉ ❡st✉❞♦✱ ❝♦♥s✐❞❡r♦✉
♦ ✉s♦ ❝♦♥❥✉♥t♦ ❞❛ ❆❈✱ ❆❈P ❡ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦✱ ❝♦♠ ♦❜❥t✐✈♦ ❞❡ ✐❞❡♥t✐✜❝❛r ♣❛❞rõ❡s
❡s♣❛❝✐❛✐s ❞❛ q✉❛❧✐❞❛❞❡ ❞♦ ❛r ❡ t❛♠❜é♠ ❡st✐♠❛r ♣r✐♥❝✐♣❛✐s ❢♦♥t❡s ❞❛ ♣♦❧✉✐çã♦ ❞♦ ❛r ♥❛
▼❛❧ás✐❛✳ P♦ré♠✱ ♥ã♦ ❢♦✐ ❡♠♣r❡❣❛❞♦ ❛s tr❛❥❡tór✐❛s ❞❡ ♠❛ss❛s ❞❡ ❛r ❡♠ ♥❡♥❤✉♠❛ ❛♥á❧✐s❡✳

❉❡st❡ ♠♦❞♦✱ ❡st❡ tr❛❜❛❧❤♦ ♣r❡t❡♥❞❡ ❛❜♦r❞❛r ❡ss❛s ✸ té❝♥✐❝❛s ✭❆❘❚✱ ❆❈ ❡ ❆❈P✮✱ ❞❡
❢♦r♠❛ ❛ ❝♦♥tr✐❜✉✐r ♥❛ ✐♥✈❡st✐❣❛çã♦ ❞❡ ♣r♦❜❧❡♠❛s ♥❛ ♣♦❧✉✐çã♦ ❞♦ ❛r ❡♠ ❝✐❞❛❞❡s ♣❛✉❧✐st❛s✳
❊ss❛s ❛♥á❧✐s❡s s❡rã♦ ❞❡s❝r✐t❛s ❝♦♠ ♠❛✐♦r❡s ❞❡t❛❧❤❡s ❛♦ ❧♦♥❣♦ ❞♦ tr❛❜❛❧❤♦✱ ♥♦ ❈❛♣ít✉❧♦ ✸✳



✸✼

❈❛♣ít✉❧♦ ✸

▼ét♦❞♦s

❊st❡ ❝❛♣ít✉❧♦ é ❞✐✈✐❞✐❞♦ ❡♠ ✻ s❡çõ❡s✳ ◆❛ ♣r✐♠❡✐r❛✱ ❙❡çã♦ ✸✳✶✱ sã♦ ❞❡s❝r✐t♦s ❛s ❞✉❛s
❝✐❞❛❞❡s ❞❡ ❡st✉❞♦✳ ◆❛ ❙❡çã♦ ✸✳✷✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ❝♦♠♦ ♦s ❞❛❞♦s ❢♦r❛♠ ♦❜t✐❞♦s✱ ❞❛ ❜❛s❡
❞♦ ◗❯❆▲❆❘✳ ◆❛ ❙❡çã♦ ✸✳✸ sã♦ ❞❡s❝r✐t♦s ❝♦♠♦ ❢♦r❛♠ ♦❜t✐❞❛s ❛s tr❛❥❡tór✐❛s ❞❛s ♠❛ss❛s ❞❡
❛r ❞♦ ♠♦❞❡❧♦ ❍❨❙P▲■❚✳ ◆❛s ❙❡çã♦ ✸✳✹✱ ❙❡çã♦ ✸✳✺ ❡ ❙❡çã♦ ✸✳✻ sã♦ ❞❡s❝r✐t❛s ❛s ❢❡rr❛♠❡♥t❛s
❡st❛tíst✐❝❛s ✭❆❘❚✱ ❆❈ ❡ ❆❈P✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮ ✉t✐❧✐③❛❞❛s ♥❛ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ❞❡st❡
tr❛❜❛❧❤♦✳

✸✳✶ ➪r❡❛ ❞❡ ❡st✉❞♦

❆s ❝✐❞❛❞❡s ❡st✉❞❛❞❛s ❢♦r❛♠✿ P✐r❛❝✐❝❛❜❛ ❡ ❙❛♥t♦s✳ ❊ss❛s ❝✐❞❛❞❡s ♣♦ss✉❡♠ ♠♦♥✐t♦r❛♠❡♥t♦
t❛♥t♦ ❞♦ ▼P10✱ q✉❛♥t♦ ❞♦ ▼P2,5✳ ❊ss❡ é ✉♠ ❞♦s ♠♦t✐✈♦s ♣❛r❛ ❡s❝♦❧❤❛ ❞❛s ♠❡s♠❛s✳ ❙❛♥t♦s
♣♦ss✉✐ ❞✉❛s ❡st❛çõ❡s ❛✉t♦♠át✐❝❛s✱ ♣♦ré♠ ♦s ❞❛❞♦s ❢♦r❛♠ ♦❜t✐❞♦s ❞❛ ❡st❛çã♦ ❞❛ P♦♥t❛ ❞❛
Pr❛✐❛✳ ❊st❛ ❡st❛çã♦ t❡♠ ❝♦♠♦ ✉♠ ❞♦s s❡✉s ♦❜❥❡t✐✈♦s✱ ❛✈❛❧✐❛r ♦s ✐♠♣❛❝t♦s ❞❛s ❡♠✐ssõ❡s
❞♦s ♣♦❧✉❡♥t❡s ♣r♦✈❡♥✐❡♥t❡s ❞♦ ♣♦rt♦ ✭❈❊❚❊❙❇✱ ✷✵✶✺❛✮✳ ❈♦♠ ❛ ❡s❝♦❧❤❛ ❞❡ss❛s ❝✐❞❛❞❡s✱ ❤á
✉♠❛ ❝♦❜❡rt✉r❛ ❞❡ ❞✉❛s ❞✐❢❡r❡♥t❡s r❡❣✐õ❡s ❞♦ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✱ ❛❜r❛♥❣❡♥❞♦ ♦ ■♥t❡r✐♦r
❡ ▲✐t♦r❛❧✳ ◆♦ t♦t❛❧ s❡rã♦ ✷ ❡st❛çõ❡s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❛✈❛❧✐❛❞❛s✱ ✉♠❛ ♣❛r❛ ❝❛❞❛ ❝✐❞❛❞❡✳
❱❛❧❡ r❡ss❛❧t❛r q✉❡ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡s❝r✐t❛ ♥❡st❡ ❈❛♣ít✉❧♦ ✸✱ ❢♦✐ ❛♣❧✐❝❛❞❛ ❡♠ ❝❛❞❛ ❝✐❞❛❞❡
s❡♣❛r❛❞❛♠❡♥t❡✳

◆❛s ❋✐❣✉r❛s ✸✳✶ ❡ ✸✳✷ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♠❛♣❛s ❝♦♠ ❛s ♠❛♥❝❤❛s ✉r❜❛♥❛s ❡ ❛ ♠❛❧❤❛
r♦❞♦✈✐ár✐❛ ♣ró①✐♠❛ ❛s ❝✐❞❛❞❡s ❞❡ P✐r❛❝✐❝❛❜❛ ✭❋✐❣✉r❛ ✸✳✶✮ ❡ ❙❛♥t♦s ✭❋✐❣✉r❛ ✸✳✷✮✳ ❚❛♠❜é♠
sã♦ ♠♦str❛❞♦s ❛ ❧♦❝❛❧✐③❛çã♦ ❞❛s ❡st❛çõ❡s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❛✉t♦♠át✐❝❛s ❞❛ ❈❊❚❊❙❇✳
❊ss❡s ♠❛♣❛s ❢♦r❛♠ ❢❡✐t♦s ♥♦ s✐st❡♠❛ ❉❛t❛●❊❖✱ ❞❛ ❙❡❝r❡t❛r✐❛ ❞❡ ■♥❢r❛❡str✉t✉r❛ ❡ ▼❡✐♦
❆♠❜✐❡♥t❡ ❞♦ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦ ✭❉❆❚❆●❊❖✱ ✷✵✶✾✮✳

P✐r❛❝✐❝❛❜❛ é ✉♠❛ ❝✐❞❛❞❡ ❞♦ ✐♥t❡r✐♦r✱ ❞✐str✐❜✉í❞❛ ❡♠ ✶✸✼✽✱✵✻✾ ❑♠2✱ ❝♦♠ ✉♠❛ ♣♦♣✉❧❛çã♦
❡st✐♠❛❞❛ ❡♠ ✷✵✶✽ ❞❡ ✹✵✵✾✹✾ ❤❛❜✐t❛♥t❡s ✭■❇●❊✱ ✷✵✶✾✮✳ P✐r❛❝✐❝❛❜❛ ✜❝❛ ♣ró①✐♠❛ ❛ ▲✐♠❡✐r❛✱
❘✐♦ ❈❧❛r♦✱ ❆♠❡r✐❝❛♥❛ ❡ ❛ r❡❣✐ã♦ ♠❡tr♦♣♦❧✐t❛♥❛ ❞❡ ❈❛♠♣✐♥❛s ✭❋✐❣✉r❛ ✸✳✶✮✳ ❆s ♣r✐♥❝✐♣❛✐s
r♦❞♦✈✐❛s ♣ró①✐♠❛s ❛ P✐r❛❝✐❝❛❜❛ sã♦ ❙P✶✹✼ ✭❉❡♣✉t❛❞♦ ▲❛ér❝✐♦ ❈♦rt❡✮✱ ❙P✶✷✼ ✭❈♦r♥é❧✐♦
P✐r❡s✮✱ ❙P✸✵✹ ✭▲✉✐③ ❞❡ ◗✉❡✐r♦③✮ ❡ ❙P✸✵✽ ✭❘♦❞♦✈✐❛ ❞♦ ❆çú❝❛r✮✱ ❛❧é♠ ❞❡ ❡st❛r ❜❡♠ ♣ró①✐♠❛
❞❛ r♦❞♦✈✐❛ ❙P✸✹✽ ✭❇❛♥❞❡✐r❛♥t❡s✮ ✭❋✐❣✉r❛ ✸✳✶✮✳ ❖ ❝❧✐♠❛ ❞❡ P✐r❛❝✐❝❛❜❛ é s✉❜tr♦♣✐❝❛❧ ú♠✐❞♦
❝♦♠ ✐♥✈❡r♥♦ s❡❝♦ ❡ ✈❡rã♦ q✉❡♥t❡ ✭❈✇❛✮✱ s❡❣✉♥❞♦ ❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❑ö♣♣❡♥✭❆▲❱❆❘❊❙ ❡t
❛❧✳✱ ✷✵✶✸❀ ❋❘❆◆➬❆ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ❏❛♥❡✐r♦ é ♦ ♠ês ♠❛✐s ❝❤✉✈♦s♦ ✭♠é❞✐❛ ❤✐stór✐❝❛ ❞❡ ✷✺✺✱✺✺
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❈♦♥s✐❞❡r♦✉✲s❡ ♦s ❞❛❞♦s ♠é❞✐♦s ❞✐ár✐♦s ♥❛s ❛♥á❧✐s❡s✳ ❈♦♠ ♦s ❞❛❞♦s ❤♦rár✐♦s✱ ❢♦✐ ❝❛❧❝✉✲
❧❛❞❛ ❛ ♠é❞✐❛ ❞✐ár✐❛ ❞❛s ✈❛r✐á✈❡✐s✳ ❊♥tr❡t❛♥t♦✱ ♥❛s ❜❛s❡s ❞❡ ❞❛❞♦s✱ r❡t✐r❛❞❛s ❞❛s ❡st❛çõ❡s
❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❛✉t♦♠át✐❝♦✱ ❤á ❝❛s♦s ❞❡ ❞❛❞♦s ❢❛❧t❛♥t❡s✳ ◆❛ ❚❛❜❡❧❛ ✸✳✶ sã♦ ❛♣r❡s❡♥t❛✲
❞♦s ♦s ♣❡r❝❡♥t✉❛✐s ❞❡ ❞❛❞♦s ❢❛❧t❛♥t❡s ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s ❡st❛çõ❡s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ♣❛r❛
❝❛❞❛ ✈❛r✐á✈❡❧✳ ❈♦♠♦ ✈✐st♦✱ ♥ã♦ ❤á ♠✉✐t♦s ❞❛❞♦s ❢❛❧t❛♥t❡s ♥❛ ❜❛s❡ ❞❡ ❞❛❞♦s✱ s❡♥❞♦ ♦
♠á①✐♠♦ ✸✱✻✪ ♣❛r❛ ♦ ▼P2,5 ♥❛ ❝✐❞❛❞❡ ❞❡ ❙❛♥t♦s✳ ❊ss❡ ♣❡r❝❡♥t✉❛❧ ❝♦rr❡s♣♦♥❞❡ ❛ ✷✻ ❞✐❛s
s❡♠ ♠❡❞✐çã♦✳

❆ ❛♥á❧✐s❡ ❞❡ sér✐❡s t❡♠♣♦r❛✐s✱ ❜❛s❡❛❞❛ ♥❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❇♦①✲❏❡♥❦✐♥s✱ s✉♣õ❡ q✉❡
❛ sér✐❡ ❡st❡❥❛ ❝♦♠♣❧❡t❛ ♣❛r❛ s❡ ♦❜t❡r ♦ ❛❥✉st❡s ❞❡ss❡s ♠♦❞❡❧♦s ✭▼❖❘❊❚❚■◆❀ ❚❖▲❖■✱
✷✵✵✻✮✳ ❉❡st❡ ♠♦❞♦✱ ❡ss❛s ❧❛❝✉♥❛s ❞❡ ❞❛❞♦s ❢❛❧t❛♥t❡s ❢♦r❛♠ ♣r❡❡♥❝❤✐❞❛s✱ ♣❛r❛ q✉❡ ❛ sér✐❡
❤✐stór✐❝❛ ✜q✉❡ ❝♦♠♣❧❡t❛✳ ❖ ♣r❡❡♥❝❤✐♠❡♥t♦ ❢♦✐ ❢❡✐t♦ ♣❡❧♦ ♠ét♦❞♦ ❧❛st ❛♥❞ ♥❡①t✱ ♦♥❞❡ ♦s
✈❛❧♦r❡s ❢❛❧t❛♥t❡s sã♦ s✉❜st✐t✉í❞♦s ♣❡❧❛ ♠é❞✐❛ ❞♦ ú❧t✐♠♦ ❡ ❞♦ ♣ró①✐♠♦ ✈❛❧♦r ❞❛ ✈❛r✐á✈❡❧
✭P▲❆■❆❀ ❇❖◆❉■✱ ✷✵✵✻✮✳

❚❛❜❡❧❛ ✸✳✶✿ ❘❡❣✐ã♦✱ ❈✐❞❛❞❡s ❡ P❡r❝❡♥t✉❛❧ ❞❡ ❞❛❞♦s ❢❛❧t❛♥t❡s ♣♦r ✈❛r✐á✈❡❧

❘❡❣✐ã♦ ❈✐❞❛❞❡s ▼P10 ▼P2,5 ❯❘ ❱❱ ❚❡♠♣
■♥t❡r✐♦r P✐r❛❝✐❝❛❜❛ ✶✱✶✪ ✷✱✼✪ ✶✱✶✪ ✶✱✶✪ ✶✱✶✪
▲✐t♦r❛❧ ❙❛♥t♦s ✸✱✷✪ ✸✱✻✪ ✸✱✷✪ ✸✱✸✪ ✸✱✷✪

✸✳✸ ❚r❛❥❡tór✐❛s ❞❛s ♠❛ss❛s ❞❡ ❛r

❖ ♠♦❞❡❧♦ ❍❨❙P▲■❚ ✭❍②❜r✐❞ ❙✐♥❣❧❡✲P❛rt✐❝❧❡ ▲❛❣r❛♥❣✐❛♥ ■♥t❡❣r❛t❡❞ ❚r❛❥❡❝t♦r②✮✱ ❞♦ ❧❛❜♦✲
r❛tór✐♦ ◆❖❆❆ ✕ ❆❘▲ ✭◆❛t✐♦♥❛❧ ❖❝❡❛♥✐❝ ❛♥❞ ❆t♠♦s♣❤❡r✐❝ ❆❞♠✐♥✐str❛t✐♦♥ ✕ ❆✐r ❘❡s♦✉r❝❡s

▲❛❜♦r❛t♦r②✮ ✭❉❘❆❳▲❊❘❀ ❍❊❙❙✱ ✶✾✾✽❀ ❙❚❊■◆ ❡t ❛❧✳✱ ✷✵✶✺❀ ❘♦❧♣❤✱ ●✳❉✳✱ ✷✵✶✻✮ ❝♦♠ ❝♦♥✲
❥✉♥t♦ ❞❡ ❞❛❞♦s ♠❡t❡♦r♦❧ó❣✐❝♦s ◆❈❊P✴◆❈❆❘ ●❧♦❜❛❧ ❘❡❛♥❛❧②s✐s ✭❑❆▲◆❆❨ ❡t ❛❧✳✱ ✶✾✾✻❀
❍❖■◆❆❙❑■ ❡t ❛❧✳✱ ✷✵✶✹✮ ❢♦✐ ✉s❛❞♦ ♣❛r❛ ♦❜t❡r ❛s tr❛❥❡tór✐❛s ❞❡ ♠❛ss❛s ❞❡ ❛r q✉❡ ❛t✐♥✲
❣❡♠ ✉♠ ❞❛❞♦ ❞❡st✐♥♦ ✭♥♦ ❝❛s♦✱ ❛s ❝♦♦r❞❡♥❛❞❛s ❞❛s ❡st❛çõ❡s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ❝❛❞❛
❝✐❞❛❞❡✮✳ ❊ss❛s tr❛❥❡tór✐❛s sã♦ ❝❤❛♠❛❞❛s ❞❡ r❡✈❡rs❛s ♦✉ ❜❛❝❦✇❛r❞✳ ❈♦♥s✐❞❡r♦✉✲s❡ três ❞✐❛s
❞❡ tr❛❥❡tór✐❛s r❡✈❡rs❛s ✭✼✷ ❤✮✱ q✉❛tr♦ ✈❡③❡s ♣♦r ❞✐❛ ✭❛ ❝❛❞❛ s❡✐s ❤♦r❛s✮✱ ✐♥✐❝✐❛♥❞♦✲s❡ ❛s
✸✿✵✵ ❤ ✭✸✿✵✵ ❤✱ ✾✿✵✵ ❤✱ ✶✺✿✵✵ ❤ ❡ ✷✶✿✵✵ ❤ ❯❚❈ ✭❯♥✐✈❡rs❛❧ ❚✐♠❡ ❈♦♦r❞✐♥❛t❡❞✮✱ ♦✉ ✵✿✵✵ ❤✱
✻✿✵✵ ❤✱ ✶✷✿✵✵ ❤ ❡ ✶✽✿✵✵ ❤ ❤♦rár✐♦ ❧♦❝❛❧✮✳ ❆s tr❛❥❡tór✐❛s ❢♦r❛♠ ❝❛❧❝✉❧❛❞❛s ♣❛r❛ ❛❧❝❛♥ç❛r ❛
❝✐❞❛❞❡ ❛ ✺✵✵ ♠ ❛❝✐♠❛ ❞♦ s♦❧♦✳ ❊st❡ ❧✐♠✐t❡ ❢♦✐ s❡❧❡❝✐♦♥❛❞♦ ❝♦♠♦ ❛❞❡q✉❛❞♦ ♣❛r❛ ❞❡t❡❝t❛r ❛
✐♥✢✉ê♥❝✐❛ ❞❡ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❝✐r❝✉❧❛çã♦ ❛t♠♦s❢ér✐❝❛ ♥♦s ♥í✈❡✐s ❞♦ ▼P ✭❉■▼■❚❘■❖❯❀
❑❆❙❙❖▼❊◆❖❙✱ ✷✵✶✹❛❀ ❑❆❱❖❯❘❆❙ ❡t ❛❧✳✱ ✷✵✶✸❀ ❘❖❉❖P❖❯▲❖❯ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❆s
❝♦♦r❞❡♥❛❞❛s ❞♦s ♣♦♥t♦s ❞❡ tr❛❥❡tór✐❛s sã♦ ♦❜t✐❞❛s ♣❡❧♦ ♠♦❞❡❧♦ ❍❨❙P▲■❚✱ ❡♠ ✉♠❛ ❜❛s❡
❤♦rár✐❛✱ ♦✉ s❡❥❛✱ ❝❛❞❛ tr❛❥❡tór✐❛ é ❝♦♥st✐t✉í❞❛ ❞❡ ✼✸ ♣♦♥t♦s ❞❡ tr❛❥❡tór✐❛ ✭✸ ❞✐❛s ❜❛❝❦✇❛r❞
♣♦r tr❛❥❡tór✐❛ × ✷✹ ❤ ♣♦r ❞✐❛ ❞❡ tr❛❥❡tór✐❛ + ✉♠ ♣♦♥t♦ ❞❡ ❝❤❡❣❛❞❛✮✳

P♦r ❡①❡♠♣❧♦✱ ❛ ❋✐❣✉r❛ ✸✳✸ ♠♦str❛ ✉♠❛ tr❛❥❡tór✐❛ r❡✈❡rs❛ ♣❛r❛ ❛ ❝✐❞❛❞❡ ❞❡ P✐r❛❝✐❝❛❜❛✳
❙ã♦ ✼✸ ♣♦♥t♦s ❞❡ ❧❛t✐t✉❞❡ ❡ ❧♦♥❣✐t✉❞❡ ✭❝♦♦r❞❡♥❛❞❛s✮ ❣❡r❛❞♦s ♣❡❧♦ ♠♦❞❡❧♦ ❍❨❙P▲■❚✳ ❊st❛
tr❛❥❡tór✐❛ ❝♦rr❡s♣♦♥❞❡ ❛♦ ❞✐❛ ✵✶✴✵✶✴✷✵✶✹ ❛s ✸✿✵✵ ❤ ✭❯❚❈✮ ♦✉ ✵✿✵✵ ❤ ✭❧♦❝❛❧✮✳
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Yj =
m
∑

k=1

BkXjk ✭✸✳✶✮

❖♥❞❡ Yj é ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♣♦❧✉❡♥t❡ ❛t♠♦s❢ér✐❝♦ ♥♦ j✲és✐♠♦ ❞✐❛✱ Xjk é ♦ t❡♠♣♦
t♦t❛❧ ❞❡ r❡s✐❞ê♥❝✐❛ ❞❛ ♠❛ss❛ ❞❡ ❛r ♥❛ r❡❣✐ã♦ k ♥♦ ❞✐❛ j ❡✱ ✜♥❛❧♠❡♥t❡✱ Bk é ♦ ❢❛t♦r ❞❡
❝♦♥tr✐❜✉✐çã♦ ❞♦ ♣♦❧✉♥t❡ ♥❛ r❡❣✐ã♦ k✳ ❖ Xjk é ♦❜t✐❞♦ ♣❡❧❛ ❝♦♥t❛❣❡♠ ❞❛s ❝♦♦r❞❡♥❛❞❛s q✉❡
♣❡r♠❛♥❡❝❡r❛♠ ❡♠ ❝❛❞❛ r❡❣✐ã♦ ❡♠ ❝❛❞❛ ❞✐❛✳ ❖ ♣❛râ♠❡tr♦ Bk é ♦❜t✐❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦
♠♦❞❡❧♦ ❡s❝♦❧❤✐❞♦✱ q✉❡ s❡rá ❞❡s❝r✐t♦ ❛ s❡❣✉✐r✳

◆❡st❡ tr❛❜❛❧❤♦ ❝♦♥s✐❞❡r♦✉✲s❡ ✺ ♠♦❞❡❧♦s ❞✐❢❡r❡♥t❡s ♣❛r❛ ❛❜♦r❞❛❣❡♠ ❞❛ ❆❘❚✳ ❈❛❞❛ ✉♠
❞♦s ♠♦❞❡❧♦s✱ ❛ ♣❛rt✐r ❞❡ ❛❣♦r❛✱ s❡rã♦ ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ♥♦♠❡ ❝♦♠♦ ❢♦r❛♠ s✉❜❧✐♥❤❛❞♦s✳
❖s ✺ ♠♦❞❡❧♦s sã♦ ♦s s❡❣✉✐♥t❡s✿

• ▼♦❞❡❧♦ ◆♦r♠❛❧✿ é ♦ ♠♦❞❡❧♦ ✉s✉❛❧ ❞❡ r❡❣r❡ssã♦ ✭❲❊■❙❇❊❘●✱ ✷✵✵✺✮✱ ❝♦♥s✐❞❡r❛♥❞♦
q✉❡ ❛ ✈❛r✐á✈❡❧ r❡s♣♦st❛ ✭MPj✮ ♣♦❞❡ ❛ss✉♠✐r q✉❛❧q✉❡r ✈❛❧♦r r❡❛❧✱ s❡❣✉♥❞♦ ✉♠❛ ❞✐s✲
tr✐❜✉✐çã♦ ♥♦r♠❛❧✳ ❖s tr❛❜❛❧❤♦s ❞❡ ❳✉ ❡t ❛❧✳ ✭✷✵✵✻✮✱ ❍✉❛♥❣ ❡t ❛❧✳ ✭✷✵✶✵✮✱ ❈❤❛❧❜♦t✱
▼❝❊❧r♦② ❡ ❑❛✈♦✉r❛s ✭✷✵✶✸✮✱ ❑❛✈♦✉r❛s ❡t ❛❧✳ ✭✷✵✶✸✮✱ ❈❤❛❧❜♦t ❡t ❛❧✳ ✭✷✵✶✸✮✱ ❉✐♠✐tr✐♦✉
❡ ❑❛ss♦♠❡♥♦s ✭✷✵✶✹❛✮ ❡ ❘♦❞♦♣♦✉❧♦✉ ❡t ❛❧✳ ✭✷✵✶✹✮✱ ✉s❛r❛♠ ❛ ❡str✉t✉r❛ ❞♦ ♠♦❞❡❧♦ ❞❡
r❡❣r❡ssã♦ ♥♦r♠❛❧✳ ◆❡st❡ ❝❛s♦✱ ❛s ❡st✐♠❛t✐✈❛s ❞❡ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❞♦s ♣❛râ✲
♠❡tr♦s Bk sã♦ ♦❜t✐❞♦s ♣❡❧♦ ♠ét♦❞♦ ❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s ♦r❞✐♥ár✐♦s ✭❲❊■❙❇❊❘●✱
✷✵✵✺✮✳ ❖ ♠♦❞❡❧♦ ◆♦r♠❛❧ é ❜❛s❡❛❞♦ ♥❛ ❊q✉❛çã♦ ✸✳✶✳

• ▼♦❞❡❧♦ ◆♦r♠❛❧ ■♥✈❡rs❛✿ é ✉♠❛ ❞❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ❛❥✉st❡ ❞❡ ✉♠ ♠♦❞❡❧♦ ❧✐♥❡❛r
❣❡♥❡r❛❧✐③❛❞♦ ✭▼▲●✮ ✭❈❖❘❉❊■❘❖✱ ✶✾✽✻❀ ▼❈❈❯▲▲❆●❍❀ ◆❊▲❉❊❘✱ ✶✾✽✾❀ P❆❯▲❆✱
✷✵✶✸✮✳ ◆❡st❡ ❝❛s♦✱ ❝♦♥s✐❞❡r❛✲s❡ q✉❡ ❛ ✈❛r✐á✈❡❧ r❡s♣♦st❛ s❡❣✉❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ◆♦r✲
♠❛❧ ■♥✈❡rs❛✳ ◆❡st❡ ♠♦❞❡❧♦✱ ❧❡✈❛✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ q✉❡ ❛ ✈❛r✐á✈❡❧ r❡s♣♦st❛ ✭MPj✮
s❡♠♣r❡ é ✉♠❛ ✈❛r✐á✈❡❧ ♣♦s✐t✐✈❛ ✭❝♦♠ ✈❛❧♦r❡s ♣♦ssí✈❡✐s ♠❛✐♦r❡s q✉❡ ③❡r♦✮✳ ◆♦s ▼▲●
❛s ❡st✐♠❛t✐✈❛s ❞❡ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❞♦s ♣❛râ♠❡tr♦s Bk sã♦ ♦❜t✐❞♦s ♣❡❧♦ ♠é✲
t♦❞♦ ✐t❡r❛t✐✈♦ ❞❡ ◆❡✇t♦♥✲❘❛♣❤s♦♥ ✭P❆❯▲❆✱ ✷✵✶✸✮✳

• ▼♦❞❡❧♦ ●❛♠❛✿ s✐♠✐❧❛r ❛♦ ♠♦❞❡❧♦ ◆♦r♠❛❧ ■♥✈❡rs❛✱ ♣♦ré♠ ❝♦♥s✐❞❡r❛♥❞♦ ♦✉tr❛
❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ r❡s♣♦st❛✳ ◆❡st❡ ❝❛s♦ ❛ ❞✐str✐❜✉✐çã♦
●❛♠❛✱ q✉❡ t❛♠❜é♠ é ✉♠❛ ❞✐str✐❜✉✐çã♦ q✉❡ s♦♠❡♥t❡ ❛ss✉♠❡ ✈❛❧♦r❡s ♣♦s✐t✐✈♦s✳ ❖
♠ét♦❞♦ ❞❡ ❡st✐♠❛çã♦ ❞♦s ♣❛râ♠❡tr♦s Bk é ♦ ♠❡s♠♦ ❞♦ ▼♦❞❡❧♦ ◆♦r♠❛❧ ■♥✈❡rs❛✳

• ▼♦❞❡❧♦ ▲♦❣✲◆♦r♠❛❧✿ ♣❛r❡❝✐❞♦ ❝♦♠ ♦s ♠♦❞❡❧♦s ◆♦r♠❛❧ ■♥✈❡rs❛ ❡ ●❛♠❛✱ ❡♥✲
tr❡t❛♥t♦✱ ❛q✉✐ t❡♠♦s ✉♠❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ q✉❡ ♣❡rt❡♥❝❡ ❛ ❝❧❛ss❡ ❞♦s
♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❣❡♥❡r❛❧✐③❛❞♦s ❛❞✐t✐✈♦s ♣❛r❛ ❧♦❝❛çã♦✱ ❡s❝❛❧❛ ❡ ❢♦r♠❛ ♦✉ ●❆▼▲❙❙
✭❣❡♥❡r❛❧✐③❡❞ ❛❞❞✐t✐✈❡ ♠♦❞❡❧ ❢♦r ❧♦❝❛t✐♦♥✱ s❝❛❧❡ ❛♥❞ s❤❛♣❡✮ ✭❘■●❇❨❀ ❙❚❆❙■◆❖P❖❯✲
▲❖❙✱ ✷✵✵✺✮✳ ◆♦s ♠♦❞❡❧♦s ●❆▼▲❙❙✱ ❛s ❡st✐♠❛t✐✈❛s ❞♦s ♣❛râ♠❡tr♦s Bk ❢♦r❛♠ ♦❜✲
t✐❞❛s ♣❡❧♦ ❛❧❣♦rt✐♠♦ ❘❙ ✭❘■●❇❨❀ ❙❚❆❙■◆❖P❖❯▲❖❙✱ ✷✵✵✺❀ ❙❚❆❙■◆❖P❖❯▲❖❙❀
❘■●❇❨✱ ✷✵✵✼✮✳

❖s ♠♦❞❡❧♦s ◆♦r♠❛❧ ■♥✈❡rs❛✱ ●❛♠❛ ❡ ▲♦❣✲♥♦r♠❛❧ ✭♦s ●▲▼ ❡ ●❆▼▲❙❙✮ t❡♠ ♣♦r ❝❛✲
r❛❝t❡ríst✐❝❛ ❛❥✉st❛r ✉♠❛ ❢✉♥çã♦ ❞❛ ♠é❞✐❛ ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❡s❝♦❧❤✐❞❛
✭♥♦ ❝❛s♦✱ ◆♦r♠❛❧ ■♥✈❡rs❛✱ ●❛♠❛ ♦✉ ▲♦❣✲♥♦r♠❛❧✮✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ❝♦♥s✐❞❡r♦✉✲s❡
❛❥✉st❛r ❛ ❢✉♥çã♦ ✐❞❡♥t✐❞❛❞❡✱ ♦✉ s❡❥❛✱ ❛ ♣ró♣r✐❛ ♠é❞✐❛ ♦✉ ✈❛❧♦r ❡s♣❡r❛❞♦✳ ❖✉ s❡❥❛✱



✸✳✹✳ ❆◆➪▲■❙❊ ❉❊ ❘❊●❘❊❙❙➹❖ ❉❊ ❚❘❆❏❊❚Ó❘■❆ ✹✹

♥♦s ♠♦❞❡❧♦s ●▲▼ ❡ ●❆▼▲❙❙ ♦ ✈❛❧♦r ♠é❞✐♦ ❞❛ ❞✐str✐❜✉✐çã♦ ❡s❝♦❧❤✐❞❛ ✭µj✮ é ❢✉♥çã♦
❞❛ ❡str✉t✉r❛ ❞❡ r❡❣r❡ssã♦✱ ❜❛s❡❛❞❛ ♥❛ ❆❘❚✱ ❝♦♥❢♦r♠❡ ❛ ❊q✉❛çã♦ ✸✳✷✳

µj =
m
∑

k=1

BkXjk ✭✸✳✷✮

• ▼♦❞❡❧♦ ❆❘▼❆✭♣✱q✮ ✭❆✉t♦✲❘❡❣r❡ss✐✈♦ ❞❡ ▼é❞✐❛s ▼ó✈❡✐s✮✿ ♥❡st❡ ú❧t✐♠♦
♠♦❞❡❧♦ ❧❡✈❛✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ q✉❡ ❛ ✈❛r✐á✈❡❧ r❡s♣♦st❛ é ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ ✭●❖❨❆▲❀
❈❍❆◆❀ ❏❆■❙❲❆▲✱ ✷✵✵✻❀ ▼❖❘❊❚❚■◆❀ ❚❖▲❖■✱ ✷✵✵✻✮✳ ❆ ✐❞❡✐❛ ❢♦✐ ✉s❛r ❛ ❛❜♦r❞❛✲
❣❡♠ ❞❡ ❇♦①✲❏❡♥❦✐♥s ♣❛r❛ ♠♦❞❡❧❛r ❛ ❡str✉t✉r❛ t❡♠♣♦r❛❧ ❞♦s ❞❛❞♦s✱ ❛tr❛✈és ❞❡ ✉♠
♣r♦❝❡ss♦ ❆❘▼❆✱ q✉❡ ♥ã♦ ❢♦✐ ❧❡✈❛❞❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♥♦s ♠♦❞❡❧♦s ❛♥t❡r✐♦r❡s✳ ◆♦s
♠♦❞❡❧♦s ❆❘▼❆✱ ❛s ❡st✐♠❛t✐✈❛s ❞❡ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❞♦s ♣❛râ♠❡tr♦s Bk ❢♦✲
r❛♠ ♦❜t✐❞❛s ♣❡❧♦ ♠ét♦❞♦ ✐t❡r❛t✐✈♦ ❇❋●❙ ✭❇r♦②❞❡♥✱ ❋❧❡t❝❤❡r✱ ●♦❧❞❢❛r❜ ❡ ❙❤❛♥♥♦✮
✭❍❖◆●❋❆◆●❀ ❘❯■✱ ✷✵✶✵✮ ✳ ❊♠ ♦✉tr♦s t❡r♠♦s✱ ❡st❡ ú❧t✐♠♦ ♠♦❞❡❧♦ é ✉♠❛ ❝♦♠✲
❜✐♥❛çã♦ ❞♦s ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❝♦♠ ✉♠ ♣r♦❝❡ss♦ ❆❘▼❆✭♣✱q✮✱ ♦✉ s❡❥❛✱ ✉♠ ♠♦✲
❞❡❧♦ ❛✉t♦✲r❡❣r❡ss✐✈♦ ❞❡ ♠é❞✐❛s ♠ó✈❡✐s ❝♦♠ ✈❛r✐á✈❡✐s ❡①♣❧✐❝❛t✐✈❛s✱ t❛♠❜é♠ ❝❤❛♠❛✲
❞♦s ❞❡ ❆❘▼❆❳ ✭▼❖◆❚❊❀ ❆▲❇❯◗❯❊❘◗❯❊❀ ❘❊■❙❊◆✱ ✷✵✶✺❀ P■◆❚❖❀ ❘❊■❙❊◆❀
▼❖◆❚❊✱ ✷✵✶✽✮✳ ❖ ♠♦❞❡❧♦ ❆❘▼❆✭♣✱q✮✱ ❝♦♠❜✐♥❛ ❛ ❡str✉t✉r❛ ❞❡ r❡❣r❡ssã♦ ❞❛ ❊q✉❛✲
çã♦ ✸✳✶ ❝♦♠ ✉♠ ♣r♦❝❡ss♦ ❆❘▼❆✭♣✱q✮✱ ✐st♦ é✱ ✉♠ ♣r♦❝❡ss♦ ❞❡ ♦r❞❡♠ ♣ ✭♥❛ ♣❛rt❡
❆✉t♦✲❘❡❣r❡ss✐✈❛✮ ❡ ♦r❞❡♠ q ✭♥❛ ♣❛rt❡ ❞❡ ▼é❞✐❛s✲▼ó✈❡✐s✮✱ ❝♦♥❢♦r♠❡ ❛ ❊q✉❛çã♦ ✸✳✸✳

Yj =
m
∑

k=1

BkXjk + ARMA(p, q) ✭✸✳✸✮

❖♥❞❡ Yj é ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♣♦❧✉❡♥t❡ ❛t♠♦s❢ér✐❝♦ ♥♦ j✲és✐♠♦ ❞✐❛✱ Xjk é ♦ t❡♠♣♦
t♦t❛❧ ❞❡ r❡s✐❞ê♥❝✐❛ ❞❛ ♠❛ss❛ ❞❡ ❛r ♥❛ r❡❣✐ã♦ k ♥♦ ❞✐❛ j ❡✱ ✜♥❛❧♠❡♥t❡✱ Bk é ♦ ❢❛✲
t♦r ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ♣♦❧✉♥t❡ ♥❛ r❡❣✐ã♦ k✳ ❖ ♣r♦❝❡ss♦ ❆❘▼❆✭♣✱q✮ é ❞❛❞♦ ♣❡❧❛
❊q✉❛çã♦ ✸✳✹✳

ARMA(p, q) = α1Yj−1 + . . .+ αpYj−p + ǫj + β1ǫj−1 + . . .+ βqǫj−q ✭✸✳✹✮

❉❡t❛❧❤❡s ❞♦ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ ❝♦♠❜✐♥❛❞♦ ❝♦♠ ✉♠ ♣r♦❝❡ss♦ ❆❘▼❆ ♣♦❞❡♠ s❡r
❡♥❝♦♥tr❛❞♦s ❡♠ ●♦②❛❧✱ ❈❤❛♥ ❡ ❏❛✐s✇❛❧ ✭✷✵✵✻✮✱ ▼♦♥t❡✱ ❆❧❜✉q✉❡rq✉❡ ❡ ❘❡✐s❡♥ ✭✷✵✶✺✮✱
P✐♥t♦✱ ❘❡✐s❡♥ ❡ ▼♦♥t❡ ✭✷✵✶✽✮✳ ❖ ♣r♦❝❡ss♦ ❆❘▼❆✭♣✱q✮ ❞❡✈❡ ♣❛ss❛r ♣♦r ✉♠ ♣r♦❝❡ss♦ ❞❡
✐❞❡♥t✐✜❝❛çã♦✳ ◆❡ss❡ ♣r♦❝❡ss♦ ❞❡✈❡♠ s❡r ❡s❝♦❧❤✐❞♦s ♦s ✈❛❧♦r❡s ❞❡ ♣ ❡ q✱ ✉s❛♥❞♦ ❛s ❢✉♥çõ❡s
❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ ❡ ❛✉t♦❝♦rr❡❧❛çã♦ ♣❛r❝✐❛❧ ❞❛ sér✐❡ ❞✐ár✐❛ ❞♦ ▼P ✭▼❖❘❊❚❚■◆❀ ❚❖▲❖■✱
✷✵✵✻✮✳ ❚❛♠❜é♠ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♦ ✈❛❧♦r ❞♦ ❈r✐tér✐♦ ❞❡ ■♥❢♦r♠❛çã♦ ❞❡ ❆❦❛✐❦❡ ✭❆■❈✮✳ ❊ss❛
♠❡❞✐❞❛ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ❝♦♠♣❛r❛r ♠♦❞❡❧♦s✱ s❡♥❞♦ q✉❡ q✉❛♥t♦ ♠❡♥♦r s❡✉ ✈❛❧♦r✱ ♠❡❧❤♦r ♦
♠♦❞❡❧♦✳ ❆❧é♠ ❞♦ ❆■❈✱ ❞❛❞♦ ♦s ✈❛❧♦r❡s ❞❡ ♣ ❡ q✱ ♦s r❡sí❞✉♦s ❢♦r❛♠ ❛♥❛❧✐s❛❞♦s ♣❡❧❛ ❢✉♥çã♦
❞❡ ❛✉t♦✲❝♦rr❡❧❛çã♦ ❡ ♦ t❡st❡ ❞❡ ▲❥✉♥❣✲❇♦①✱ ❛ ✜♠ ❞❡ ✈❡r✐✜❝❛r ❛ ❛✉sê♥❝✐❛ ❞❡ ❛✉t♦✲❝♦rr❡❧❛çã♦
❞♦s r❡sí❞✉♦s ✭▼❖❘❊❚❚■◆❀ ❚❖▲❖■✱ ✷✵✵✻✮✳ ❉❡st❛ ❢♦r♠❛✱ ❢♦✐ ❡s❝♦❧❤✐❞♦ ✉♠❛ ❝♦♠❜✐♥❛çã♦
❞❡ ✈❛❧♦r❡s ❞❡ ♣ ❡ q✱ ❡ ❛ss✐♠✱ ❡ss❡ ❢♦✐ ♦ ♠♦❞❡❧♦ ❆❘▼❆✭♣✱q✮ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦s ❞❡♠❛✐s
♠♦❞❡❧♦s ✭◆♦r♠❛❧✱ ◆♦r♠❛❧ ■♥✈❡rs❛✱ ●❛♠❛ ❡ ▲♦❣✲♥♦r♠❛❧✮✳

❈♦♠ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✱ ❢♦✐ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ♦s ❧♦❝❛✐s ❞❡ ♦r✐❣❡♥s ❞❛s ❢♦♥t❡s ❞❡
❡♠✐ssã♦ ❞♦ ▼P✱ ❡ t❛♠❜é♠ ❝♦♠♦ ❢♦✐ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ tr❛♥s♣♦rt❡ ♣❡❧❛s



✸✳✹✳ ❆◆➪▲■❙❊ ❉❊ ❘❊●❘❊❙❙➹❖ ❉❊ ❚❘❆❏❊❚Ó❘■❆ ✹✺

♠❛ss❛s ❞❡ ❛r ♥❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P✳ ❆♦ s❡ ❢♦r♠✉❧❛r ❛s s❡❣✉✐♥t❡s ❤✐♣ót❡s❡
♥✉❧❛ ✭H0✮ ❡ ❤✐♣ót❡s❡ ❛❧t❡r♥❛t✐✈❛ ✭H1✮✿

{

H0 : Bk = 0

H1 : Bk 6= 0

é ♣♦ssí✈❡❧ t❡st❛r q✉❛✐s ❛s r❡❣✐õ❡s q✉❡ sã♦ r❡❧❡✈❛♥t❡s ❡st❛t✐st✐❝❛♠❡♥t❡✳ ❖✉ s❡❥❛✱ ❝❛s♦ ❛
H0 s❡❥❛ r❡❥❡✐t❛❞❛✱ ♣♦❞❡♠♦s ❛✜r♠❛r q✉❡ ❛ r❡❣✐ã♦ k é s✐❣♥✐✜❝❛t✐✈❛ ❡st❛t✐st✐❝❛♠❡♥t❡✱ ❡ ❡❧❛
❝♦♥tr✐❜✉✐ ♥❛ ❝♦♠♣♦s✐çã♦ ❞♦ ▼P✳ ❈❛s♦ ❝♦♥trár✐♦✱ ❛✜r♠❛♠♦s q✉❡ ❛ r❡❣✐ã♦ k ♥ã♦ ❝♦♥tr✐❜✉✐
♥❛ ❝♦♠♣♦s✐çã♦ ❞♦ ▼P✳

❆❧é♠ ❞✐ss♦✱ t❡♥❞♦ ❡♠ ✈✐st❛ ❛s ❝✐❞❛❞❡s ❡s❝♦❧❤✐❞❛s✱ ♣♦❞❡r❡♠♦s ✈❡r ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡
❢♦♥t❡s ❧♦❝❛✐s✱ r❡❣✐♦♥❛✐s✱ ❝♦♥t✐♥❡♥t❛✐s ❡ ❧✐t♦râ♥❡❛s ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P ❡♠ ❞✐❢❡r❡♥t❡s
r❡❣✐õ❡s ✭✐♥t❡r✐♦r ❡ ❧✐t♦r❛❧✮ ❞♦ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✳ ❚❛✐s ❝♦♥tr✐❜✉✐çõ❡s ❝❛❧❝✉❧❛❞❛s ❞❡
❝❛❞❛ r❡❣✐ã♦✱ r❡✢❡t❡♠ ❛ ❝♦♥tr✐❜✉✐çã♦ ❛♣ós ❛ ♦❝♦rrê♥❝✐❛ ❞❡ t♦❞❛s ❛s ♣r♦✈á✈❡✐s ♣❡r❞❛s ❝♦♠♦
❞❡♣♦s✐çã♦ ú♠✐❞❛✱ ❞✐s♣❡rsã♦ ❞♦ ✈❡♥t♦✱ ❞✐❧✉✐çã♦ q✉í♠✐❝❛✱ ❡♥tr❡ ♦✉tr❛s ✭❳❯ ❡t ❛❧✳✱ ✷✵✵✻❀
❑❆❱❖❯❘❆❙ ❡t ❛❧✳✱ ✷✵✶✸❀ ❉■▼■❚❘■❖❯❀ ❑❆❙❙❖▼❊◆❖❙✱ ✷✵✶✹❛✮✳

P❛r❛ ❝♦♠♣❛r❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ✺ ♠♦❞❡❧♦s✱ ❛ ❈♦rr❡❧❛çã♦ ❞❡ P❡❛rs♦♥ ✭❈P✮ ❡ ❛ r❛✐③
q✉❛❞r❛❞❛ ❞♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦ ✭❘❊◗▼✮ ❡♥tr❡ ♦ ✈❛❧♦r ♦❜s❡r✈❛❞♦ ❡ ♦ ✈❛❧♦r ❛❥✉st❛❞♦
❢♦r❛♠ ❝❛❧❝✉❧❛❞♦s✳ ❚❛♠❜é♠ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♦ ✈❛❧♦r ❞♦ ❈r✐tér✐♦ ❞❡ ■♥❢♦r♠❛çã♦ ❞❡ ❆❦❛✐❦❡
✭❆■❈✮ ❡ ❛ ❧♦❣✲✈❡r♦ss✐♠✐❧❤❛♥ç❛ ✭▲❖●✮✳ ❉❡st❛s ♠❡❞✐❞❛s✱ ✈❛❧♦r❡s ♠❡♥♦r❡s ❞♦ ❘❊◗▼ ❡ ❆■❈✱
❡♥q✉❛♥t♦ q✉❡ ✈❛❧♦r❡s ♠❛✐♦r❡s ❞❡ ❈P ❡ ▲❖● sã♦ ❡s♣❡r❛❞♦s ♣❛r❛ ♦s ♠♦❞❡❧♦s ❝♦♠ ♠❡❧❤♦r
❞❡s❡♠♣❡♥❤♦✳

❖ ❞❡s❡♠♣❡♥❤♦ s❛t✐s❢❛tór✐♦ ❞❡ q✉❛❧q✉❡r ♠♦❞❡❧♦ ❡ s✉❛ ❛❞❡q✉❛çã♦ ♣♦❞❡♠ s❡r ❛✈❛❧✐❛❞♦s
❡♠ t❡r♠♦s ❞♦s r❡sí❞✉♦s ✭●❖❨❆▲❀ ❈❍❆◆❀ ❏❆■❙❲❆▲✱ ✷✵✵✻✮✳ ❆ ✜♠ ❞❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡
♦s ♠♦❞❡❧♦s t❛♠❜é♠ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ✉♠❛ ❛♥á❧✐s❡ ❞♦s r❡sí❞✉♦s✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s r❡sí❞✉♦s
♣❛❞r♦♥✐③❛❞♦s ✭❲❊■❙❇❊❘●✱ ✷✵✵✺❀ ●❖❨❆▲❀ ❈❍❆◆❀ ❏❆■❙❲❆▲✱ ✷✵✵✻❀ ▼❖❘❊❚❚■◆❀ ❚❖✲
▲❖■✱ ✷✵✵✻❀ P❆❯▲❆✱ ✷✵✶✸✮✳ ●rá✜❝♦ ❞♦s r❡sí❞✉♦s ✈❡rs✉s ❛ ♦r❞❡♠ ❢♦r❛♠ ❝♦♥str✉í❞♦s✳ ❙❡ ♥ã♦
❤♦✉✈❡r ♥❡♥❤✉♠ t✐♣♦ ❞❡ ♣❛❞rã♦ ♥❡ss❡s r❡sí❞✉♦s✱ ♦✉ s❡❥❛✱ s❡ ❡❧❡s t✐✈❡r❡♠ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦
❛❧❡❛tór✐♦ ✭❣❛✉ss✐❛♥♦✮✱ ♣♦❞❡♠♦s ❝♦♥❝❧✉✐r q✉❡ t❡♠♦s ✉♠ ❛❥✉st❡ ❛❞❡q✉❛❞♦ ❞♦s ❞❛❞♦s✳

❖✉tr♦ ❣rá✜❝♦ ❞♦s r❡sí❞✉♦s ✉t✐❧✐③❛❞♦s ❢♦✐ ♦ ❣rá✜❝♦ ♥♦r♠❛❧ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✭♦✉ ◗◗✲

♣❧♦t✮✱ ♦✉ ❛✐♥❞❛✱ ❞♦s r❡sí❞✉♦s ❝♦♥tr❛ ♦s ♣❡r❝❡♥t✐s ❞❛ ❞✐str✐❜✉✐çã♦ ◆♦r♠❛❧ P❛❞rã♦✳ ◆❡ss❡
❣rá✜❝♦✱ ❡s♣❡r❛✲s❡ q✉❡ ♦s ♣♦♥t♦s ✜q✉❡♠ ♣ró①✐♠♦s ❛ ❧✐♥❤❛ ❞❡ t❡♥❞ê♥❝✐❛ ❞❛ ♥♦r♠❛❧✱ ✐♥❞✐❝❛♥❞♦
❛ss✐♠✱ q✉❡ ♥ã♦ ❤á ❢❛❧t❛ ❞❡ ❛❥✉st❡ ♥♦ ♠♦❞❡❧♦ ✭❲❊■❙❇❊❘●✱ ✷✵✵✺❀ P❆❯▲❆✱ ✷✵✶✸✮✳

❆❧é♠ ❞❛ ❛♥á❧✐s❡ ❞♦s r❡sí❞✉♦s✱ ♦ ♠♦❞❡❧♦ ❞❛ ❆❘❚ ❢♦✐ ❝♦♠♣❛r❛❞♦ ❡♠ t❡r♠♦s ❞❡ ♣r❡✈✐sã♦✳
P❛r❛ ✐ss♦✱ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❡ ♦ t❡♠♣♦ ❞❡ r❡s✐❞ê♥❝✐❛ ❞✐ár✐♦ ❞♦ ♠ês ❞❡ ❏❛♥❡✐r♦ ❞❡
✷✵✶✻✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛✈❛❧✐❛r ❛ ♣r❡✈✐sã♦ ❞♦ ♠♦❞❡❧♦✳ ❉❡st❛ ❢♦r♠❛✱ ♣♦❞❡✲s❡ ❛♥❛❧✐s❛r
♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠♦❞❡❧♦✱ ♣❛r❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ✭❞❡ ❏❛♥❡✐r♦ ❞❡ ✷✵✶✻✮ q✉❡ ♥ã♦ ❢♦✐
✉s❛❞♦ ♣❛r❛ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦✳

P❛r❛ t❡♥t❛r ✐❞❡♥t✐✜❝❛r ♦s ❧♦❝❛✐s ❞❛s ♣♦ssí✈❡✐s ❢♦♥t❡s ❡♠✐ss♦r❛s ❞♦ ▼P✱ ❢♦✐ ❡❧❛❜♦r❛❞♦ ♦
♠❛♣❛ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❛s tr❛❥❡tór✐❛s r❡✈❡rs❛s ♦❜t✐❞❛s ♥♦ ❍❨❙P▲■❚✳ ❋♦✐ ✉s❛❞❛ ❛ ❞❡♥s✐❞❛❞❡
❑❡r♥❡❧✱ ♣❛r❛ ✈✐s✉❛❧✐③❛çã♦ ❞❛ s✉♣❡r❢í❝✐❡ s✉❛✈✐③❛❞❛ ❞❡ t♦❞♦s ❛s ❝♦♦r❞❡♥❛❞❛s ❞❛s tr❛❥❡tór✐❛s
✭▼❈●❖❲❆◆❀ ❈▲❆❘❑✱ ✷✵✵✽❀ ●❊ ❡t ❛❧✳✱ ✷✵✶✻❀ ❙❆▲▼❆❇❆❉■❀ ❙❆❊❊❉■✱ ✷✵✶✽✮✱ ♥❛s r❡❣✐õ❡s
❞❡ ♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦✳



✸✳✺✳ ❆◆➪▲■❙❊ ❉❊ ❈▲❯❙❚❊❘ ✹✻

✸✳✺ ❆♥á❧✐s❡ ❞❡ ❈❧✉st❡r

❊♠ s❡❣✉✐❞❛✱ ♦s ❞✐❛s ❢♦r❛♠ ❛❣r✉♣❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♥í✈❡✐s ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ❞❛s ✈❛r✐á✈❡✐s
♠❡t❡♦r♦❧ó❣✐❝❛s ❡ ❝♦♥tr✐❜✉✐çã♦ ❞❛s r❡❣✐õ❡s s✐❣♥✐✜❝❛t✐✈❛s✳ ❆ ❝♦♥tr✐❜✉✐çã♦ ❞❛s r❡❣✐õ❡s ❢♦✐
♦❜t✐❞❛ ❞❛ ❆❘❚✱ ❛ ♣❛rt✐r ❞♦ ♠♦❞❡❧♦ ❡s❝♦❧❤✐❞♦ ♣❡❧♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦✳

❋♦✐ ✉t✐❧✐③❛❞❛ ❛ ❆♥á❧✐s❡ ❞❡ ❈❧✉st❡r ❍✐❡rárq✉✐❝❛ ❆❣❧♦♠❡r❛t✐✈❛✱ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ❲❛r❞✱
❡♥q✉❛♥t♦ q✉❡ ❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ❢♦✐ ✉s❛❞❛ ♣❛r❛ ♠❡❞✐r s✐♠✐❧❛r✐❞❛❞❡ ✭❍❆◆❀ ❑❆▼❇❊❘✱
✷✵✵✻❀ ❆❯❙❚■◆ ❡t ❛❧✳✱ ✷✵✶✷✮✳ ◆❡ss❡ t✐♣♦ ❞❡ ❛❣r✉♣❛♠❡♥t♦✱ ♣r✐♠❡✐r❛♠❡♥t❡ ❝❛❞❛ ✉♥✐❞❛❞❡
❡stá ❡♠ ❝❧✉st❡rs ❞✐❢❡r❡♥t❡s✳ ❊♥tã♦✱ ❛s ❞✐stâ♥❝✐❛s ❡♥tr❡ ♦s ❝❧✉st❡rs sã♦ ❝❛❧❝✉❧❛❞❛s✱ ❡ ♦
♣❛r ❝♦♠ ❛ ♠❡♥♦r ❞✐stâ♥❝✐❛ é ❛❣r✉♣❛❞♦✱ ❢♦r♠❛♥❞♦ ✉♠ ♥♦✈♦ ❝❧✉st❡r ✭▲❯❀ ❍❊❀ ❉❖◆●✱
✷✵✶✶❀ ❉❖▼■◆■❈❑ ❡t ❛❧✳✱ ✷✵✶✷❀ ▲❆❚■❋ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❯♠❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡st❡ ♠ét♦❞♦ é
q✉❡ ♦s r❡s✉❧t❛❞♦s ❞❡ ✉♠ ❡stá❣✐♦ ❛♥t❡r✐♦r sã♦ s❡♠♣r❡ ❛♥✐♥❤❛❞♦s ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❞❡ ✉♠
❡stá❣✐♦ ♣♦st❡r✐♦r✱ ❛♣r❡s❡♥t❛♥❞♦ s❡♠❡❧❤❛♥ç❛ ❝♦♠ ❛ ❡str✉t✉r❛ ❞❡ ✉♠❛ ár✈♦r❡ ✭❏❖❍◆❙❖◆❀
❲■❈❍❊❘◆✱ ✶✾✽✽❀ ❋❆❱❊❘❖ ❡t ❛❧✳✱ ✷✵✵✾✮✳ ❊ss❛ ❡str✉t✉r❛ é ❝❤❛♠❛❞❛ ❞❡ ❞❡♥❞♦❣r❛♠❛✱ ♦
q✉❛❧ ♠♦str❛ ♦s ♥í✈❡✐s ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ✐♥❞✐❝❛❞♦ ♥♦ s❡✉ ❡✐①♦ ✈❡rt✐❝❛❧ ✭❇❆❙❙❆❇❀ ▼■❆❩❆❑■❀
❆◆❉❘❆❉❊✱ ✶✾✾✵✮✳

◆❡ss❛ ❡t❛♣❛✱ ❛ ✐❞❡✐❛ ❢♦✐ ✐❞❡♥t✐✜❝❛r ✭❛❣r✉♣❛r✮ ❞✐❛s ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦s s✐♠✐❧❛r❡s ❡♠
r❡❧❛çã♦ às ✈❛r✐á✈❡✐s ❞♦ ❡st✉❞♦✳ ❆ ❆❈ ❢♦✐ ❢❡✐t❛ ❜❛s❡❛❞❛ ♥♦s ❞❛❞♦s ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ❝❛❞❛
r❡❣✐ã♦✱ ♦❜t✐❞♦s ♣❡❧♦ ♠♦❞❡❧♦ ❡s❝♦❧❤✐❞♦ ❞❡♥tr❡ ♦s ✺ ❝♦♠♣❛r❛❞♦s✳ ❆s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s
✭t❡♠♣❡r❛t✉r❛✱ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✮ t❛♠❜é♠ ❢♦r❛♠ ✉s❛❞❛s ♣❛r❛ ♦❜t❡r
♦s ❣r✉♣♦s✳ ❆❧é♠ ❞✐ss♦✱ ❢♦✐ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ✉♠ ♣❡r✜❧ t❡♠♣♦r❛❧ ❞♦s ❞❛❞♦s ❞♦ ▼P✱ ❞❡
❛❝♦r❞♦ ❝♦♠ ♦s ❣r✉♣♦s ❞❡ ❞✐❛s ❡♥❝♦♥tr❛❞♦s✳

✸✳✻ ❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛✐s

❉❡♣♦✐s ❞❡ ❛❣r✉♣❛❞♦s ♦s ❞✐❛s✱ ❢♦✐ r❡❛❧✐③❛❞❛ ❛ ❆❈P✱ ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❣r✉♣♦ ✭❝❧✉st❡r✮✳ ❋♦✐
❝♦♥s✐❞❡r❛❞❛ ❛ r♦t❛çã♦ ✈❛r✐♠❛① ♣❛r❛ ♣r♦❞✉③✐r ♦ ♠❡❧❤♦r r❡❧❛❝✐♦♥❛♠❡♥t♦ ❡♥tr❡ ❛s ❈P ✭❈♦♠✲
♣♦♥❡♥t❡s Pr✐♥❝✐♣❛✐s✮ ❡ ❛s ✈❛r✐á✈❡✐s ♦r✐❣✐♥❛✐s✳ ◆❡st❡ ❝❛s♦✱ ❛ r♦t❛çã♦ ❣❛r❛♥t❡ q✉❡ ❝❛❞❛
✈❛r✐á✈❡❧ é ♠❛①✐♠❛♠❡♥t❡ ❝♦rr❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ❛♣❡♥❛s ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ❡ t❡♠ ✉♠❛ ❛ss♦❝✐✲
❛çã♦ ♣ró①✐♠❛ ❞❡ ③❡r♦ ❝♦♠ ❛s ❞❡♠❛✐s✳ ❆s ❝❛r❣❛s ❢❛t♦r✐❛✐s ❛♣ós ❛ r♦t❛çã♦ sã♦ ✐♠♣♦rt❛♥t❡s
♣❛r❛ s❛❜❡r ♦ q✉❛♥t♦ ❛ ✈❛r✐á✈❡❧ ❝♦♥tr✐❜✉✐ ❡♠ ♣❛rt✐❝✉❧❛r ♣❛r❛ ❛ ❈P ❡ ❡♠ q✉❡ ♠❡❞✐❞❛ ✉♠❛
✈❛r✐á✈❡❧ é s❡♠❡❧❤❛♥t❡ às ♦✉tr❛s✳ ◗✉❛♥t♦ ♠❛✐♦r ♦ ❢❛t♦r ❞❡ ❝❛r❣❛ ❞❛ ✈❛r✐á✈❡❧✱ ♠❛✐♦r é ❛
❝♦♥tr✐❜✉✐çã♦ ❞❡❧❛ ♣❛r❛ ❛ ❈P ❡♠ ♣❛rt✐❝✉❧❛r ✭❏❖❍◆❙❖◆❀ ❲■❈❍❊❘◆✱ ✶✾✽✽❀ ❙❚❆❚❍❊❘❖✲
P❖❯▲❖❙❀ ❱❆❙❙■▲■❆❉■❙❀ P❆PP❆✱ ✶✾✾✽✮✳ ❉♦♠✐♥✐❝❦ ❡t ❛❧✳ ✭✷✵✶✷✮ s✉❣❡r❡♠ q✉❡ s❡ ♦ ❢❛t♦r
❢♦r ♠❛✐♦r q✉❡ ✵✱✼✺✱ é ❝♦♥s✐❞❡r❛❞♦ ✉♠❛ ❢♦rt❡ ❝♦rr❡❧❛çã♦❀ ❡♥tr❡ ✵✱✺✵ ❡ ✵✱✼✺ ❝❧❛ss✐✜❝❛✲s❡ ❝♦♠♦
♠♦❞❡r❛❞❛❀ ✵✱✸✵ ❛ ✵✱✺✵ ❝♦♠♦ ❢r❛❝❛✳

◆❡st❛ ♣❛rt❡ ❞❛ ❛♥á❧✐s❡✱ ❢♦r❛♠ q✉❛♥t✐✜❝❛❞❛s ❛s r❡❧❛çõ❡s ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó✲
❣✐❝❛s ❡ ❛s ✈❛r✐á✈❡✐s ♣♦❧✉❡♥t❡s ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❝❧✉st❡r✱ ✐❞❡♥t✐✜❝❛♥❞♦ q✉❛✐s ❞❡ss❛s ✈❛r✐á✈❡✐s
♠❡t❡♦r♦❧ó❣✐❝❛s ♠❛✐s ✐♥✢✉❡♥❝✐❛♠ ♥♦ ▼P✱ ❡ ❝♦♠♦ ✐♥✢✉❡♥❝✐❛♠✳



✹✼

❈❛♣ít✉❧♦ ✹

❘❡s✉❧t❛❞♦s ❡ ❉✐s❝✉ssã♦

❊st❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s ❡ ❞✐s❝✉ssã♦ ❞❛ ❛♥á❧✐s❡ ❞♦ ▼P10 ❡ ▼P2,5✱ ❞✐✈✐❞✐❞♦s
❡♠ ❞✉❛s s❡çõ❡s✳ ❆ ❙❡çã♦ ✹✳✶ ♠♦str❛ ♦s r❡s✉❧t❛❞♦s ♣❛r❛ ♦ ▼P10 ❡ ❛ ❙❡çã♦ ✹✳✷ ❛♣r❡s❡♥t❛
♦s r❡s✉❧t❛❞♦s ♣❛r❛ ♦ ▼P2,5✳ ❈❛❞❛ ❙❡çã♦ é ❞✐✈✐❞✐❞❛ ❡♠ ❞✉❛s s✉❜✲s❡çõ❡s✱ r❡❢❡r❡♥t❡s ❛s ❞✉❛s
❝✐❞❛❞❡s ❞❡ ❡st✉❞♦✱ P✐r❛❝✐❝❛❜❛ ❡ ❙❛♥t♦s✳ P♦r ✜♠✱ ❛ ❙❡çã♦ ✹✳✸ ❛♣r❡s❡♥t❛ ✉♠❛ ❝♦♠♣❛r❛çã♦
❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ❛s ❞✉❛s ❝✐❞❛❞❡s✳

❆❧❣✉♥s ❣rá✜❝♦s ❢♦r❛♠ ✐♥s❡r✐❞♦s ♥♦ ❛♣❡♥❞✐❝❡✱ ❞✐✈✐❞✐❞♦s ❡♠ três ❝❛♣ít✉❧♦s✳ ◆♦ ❈❛♣í✲
t✉❧♦ ❆ ❡stã♦ ♦s ❣rá✜❝♦s ❞♦s r❡sí❞✉♦s ❞♦s ♠♦❞❡❧♦s ◆♦r♠❛❧✱ ◆♦r♠❛❧ ✐♥✈❡rs❛✱ ●❛♠❛ ❡ ▲♦❣✲
♥♦r♠❛❧✳ ❆ss✐♠ ❝♦♠♦ ♥♦ ❈❛♣ít✉❧♦ ❇ ❡stã♦ ♦s ❣rá✜❝♦s ❞❛s ❝♦♥tr✐❜✉✐çõ❡s ♣♦r r❡❣✐ã♦ ❞❡st❡s
♠❡s♠♦s ♠♦❞❡❧♦s✳ P♦r ✜♠✱ ♥♦ ❈❛♣ít✉❧♦ ❈ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣rá✜❝♦s ❞♦s ❞❡♥❞♦❣r❛♠❛s
r❡s✉❧t❛♥t❡s ❞❛ ❆❈✳ ❆♦ ❧♦♥❣♦ ❞♦ t❡①t♦✱ ❛s ❋✐❣✉r❛s ❡stã♦ ❞❡✈✐❞❛♠❡♥t❡ r❡❢❡r❡♥❝✐❛❞❛s✳

✹✳✶ ▼❛t❡r✐❛❧ P❛rt✐❝✉❧❛❞♦ ✐♥❛❧á✈❡❧ ✲ ▼P10

✹✳✶✳✶ P✐r❛❝✐❝❛❜❛

❖s r❡s✉❧t❛❞♦s sã♦ r❡❢❡r❡♥t❡s ❛ ❝✐❞❛❞❡ ❞❡ P✐r❛❝✐❝❛❜❛✱ ❧♦❝❛❧✐③❛❞❛ ♥♦ ■♥t❡r✐♦r ❞♦ ❊st❛❞♦ ❞❡
❙ã♦ P❛✉❧♦✱ t♦t❛❧✐③❛♥❞♦ ✼✸✵ ❞✐❛s ♥❡ss❡ ♣❡rí♦❞♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❛s tr❛❥❡tór✐❛s ♦❜t✐❞❛s
♣❡❧♦ ♠♦❞❡❧♦ ❍❨❙P▲■❚ ❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s r❡❣✐õ❡s ❣❡♦❣rá✜❝❛s✱ ❢♦r❛♠ ❞❡✜♥✐❞❛s ❛s ✶✷
r❡❣✐õ❡s✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✹✳✶ ❡ ❚❛❜❡❧❛ ✹✳✶✳

◆♦t❡ q✉❡ ❛s r❡❣✐õ❡s ❞❡ ✶ ❛ ✹ sã♦ ✐♥✢✉ê♥❝✐❛s ❧♦❝❛✐s✳ ❆ r❡❣✐ã♦ ✹ t❛♠❜é♠ t❡♠ ✐♥✢✉ê♥❝✐❛
❞♦ ❧✐t♦r❛❧ ❞♦ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✳ ❆s r❡❣✐õ❡s ✺✱ ✻ ❡ ✶✷ sã♦ ✐♥✢✉ê♥❝✐❛s ❧✐t♦râ♥❡❛s✱ s❡♥❞♦
r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❞♦ ❧✐t♦r❛❧ ❞❛ r❡❣✐ã♦ ❙✉❞❡st❡✱ ❞❛ r❡❣✐ã♦ ◆♦r❞❡st❡ ❡ ❞♦ ❆t❧â♥t✐❝♦ ❙✉❧✳
P♦r ✜♠✱ ❛s r❡❣✐õ❡s ✼✱ ✽✱ ✾✱ ✶✵ ❡ ✶✶ r❡♣r❡s❡♥t❛♠ ❛s r❡❣✐õ❡s ❜r❛s✐❧❡✐r❛s ❡ t❛♠❜é♠ ♣❛ís❡s
s✉❧✲❛♠❡r✐❝❛♥♦s✳

❈♦♠ ♦s ❞❛❞♦s ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❞♦ ▼P10✱ ❡♠ ♣r✐♠❡✐r♦ ❧✉❣❛r✱ ❡s❝♦❧❤❡✉✲s❡ ♦s
✈❛❧♦r❡s ❞❡ ♣ ❡ q ✭r❡❧❛t✐✈♦ ❛s ♦r❞❡♥s ❞♦ ♣r♦❝❡ss♦ ❆❘ ❡ ▼❆✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮ ❞❛ sér✐❡
t❡♠♣♦r❛❧✳ ❈♦♥s✐❞❡r♦✉✲s❡ ❞✐✈❡rs❛s ❝♦♠❜✐♥❛çõ❡s✱ ❛ ✜♠ ❞❡ s❡❧❡❝✐♦♥❛r ❛♣❡♥❛s ✉♠❛ ❞❡❧❛s✳
❈♦♥❢♦r♠❡ ❚❛❜❡❧❛ ✹✳✷✱ ♦ ♠❡♥♦r ✈❛❧♦r ❞❡ ❆■❈ ❢♦✐ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆❘✭✷✮✱ ♦✉ s❡❥❛✱ ♣❂✷ ❡ q❂✵✳
❆ss✐♠✱ ♦ ♠♦❞❡❧♦ ❆❘✭✷✮ ❢♦✐ ❡s❝♦❧❤✐❞♦✱ ❡ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦s ❞❡♠❛✐s ♠♦❞❡❧♦s ✭◆♦r♠❛❧✱
◆♦r♠❛❧ ■♥✈❡rs❛✱ ●❛♠❛ ❡ ▲♦❣✲♥♦r♠❛❧✮✳ ❱❛❧❡ r❡ss❛❧t❛r✱ q✉❡ ❡st❡ ♠♦❞❡❧♦ ♥ã♦ ❛♣r❡s❡♥t♦✉
r❡s✉❧t❛❞♦s r❛③♦á✈❡✐s ♣❛r❛ ♦s r❡sí❞✉♦s✱ ♥❛ ❛♥á❧✐s❡ ❞❛ ❢✉♥çã♦ ❞❡ ❛✉t♦✲❝♦rr❡❧❛çã♦ ❡ ♦ t❡st❡ ❞❡
▲❥✉♥❣✲❇♦① ❋✐❣✉r❛ ❆✳✶✳ P♦ré♠✱ ❞❡♥tr❡ ♦s ❝♦♥s✐❞❡r❛❞♦s✱ ❢♦✐ ♦ ♠❡❧❤♦r✳
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❚❛❜❡❧❛ ✹✳✶✿ ❉❡s❝r✐çã♦ ❞❛s r❡❣✐õ❡s ❞❡ r❡s✐❞ê♥❝✐❛ ❞❡ ♠❛ss❛ ❞❡ ❛r ❡♠ P✐r❛❝✐❝❛❜❛

❘❡❣✐ã♦ ❉❡s❝r✐çã♦ ❋♦♥t❡
✶ ■♥t❡r✐♦r ❡ s✉❧ ❞❡ ▼✐♥❛s ●❡r❛✐s ❡ ♣❛rt❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦ ▲♦❝❛❧
✷ ■♥t❡r✐♦r ❞❡ ❙ã♦ P❛✉❧♦ ❡ ❚r✐â♥❣✉❧♦ ♠✐♥❡✐r♦ ▲♦❝❛❧
✸ ❙✉❧ ❞❡ ❙ã♦ P❛✉❧♦✱ P❛r❛♥á ❡ ❙❛♥t❛ ❈❛t❛r✐♥❛ ▲♦❝❛❧
✹ ❘❡❣✐ã♦ ♠❡tr♦♣♦❧✐t❛♥❛ ❡ ▲✐t♦r❛❧ P❛✉❧✐st❛ ▲♦❝❛❧✴▲✐t♦râ♥❡❛
✺ ❊s♣ír✐t♦ ❙❛♥t♦ ❡ ▲✐t♦r❛❧ ❞♦ ❙✉❞❡st❡ ▲✐t♦râ♥❡❛
✻ ▲✐t♦r❛❧ ❞♦ ◆♦r❞❡st❡ ▲✐t♦râ♥❡❛
✼ ◆♦rt❡✴◆♦r❞❡st❡✴❈❡♥tr♦✲❖❡st❡ ❈♦♥t✐♥❡♥t❛❧
✽ ▼❛t♦ ●r♦ss♦ ❞♦ ❙✉❧ ❡ P❛r❛❣✉❛✐ ❈♦♥t✐♥❡♥t❛❧
✾ ❆❝r❡ ❡ ❘♦♥❞ô♥✐❛✱ ❡ ❇♦❧í✈✐❛✱ P❡r✉✱ ❈❤✐❧❡ ❡ ❆r❣❡♥t✐♥❛ ❈♦♥t✐♥❡♥t❛❧
✶✵ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧ ❡ ❯r✉❣✉❛✐ ❈♦♥t✐♥❡♥t❛❧
✶✶ ❙✉❧ ❞❛ ❆r❣❡♥t✐♥❛ ❡ ❧✐t♦r❛❧ ❛r❣❡♥t✐♥♦ ❈♦♥t✐♥❡♥t❛❧
✶✷ ❆t❧â♥t✐❝♦ ❙✉❧ ▲✐t♦râ♥❡❛

❚❛❜❡❧❛ ✹✳✷✿ ❈r✐tér✐♦ ❞❡ ❙❡❧❡çã♦ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❆❘▼❆✭♣✱q✮ ✲ ▼P10 ✲ P✐r❛❝✐❝❛❜❛

▼♦❞❡❧♦ ◗✉❛♥t✐❞❛❞❡ ❞❡ ♣❛râ♠❡tr♦s ❆■❈
❆❘▼❆✭✶✱✵✮ ❂ ❆❘✭✶✮ ✶ ✺✽✵✺✱✶✼✷
❆❘▼❆✭✷✱✵✮ ❂ ❆❘✭✷✮ ✷ ✺✼✾✼✱✵✾✼
❆❘▼❆✭✵✱✶✮ ❂ ▼❆✭✶✮ ✶ ✻✵✹✾✱✵✽✵
❆❘▼❆✭✵✱✷✮ ❂ ▼❆✭✷✮ ✷ ✺✾✶✻✱✸✼✼

❆❘▼❆✭✶✱✶✮ ✷ ✺✼✾✼✱✵✾✽
❆❘▼❆✭✷✱✶✮ ✸ ✺✼✾✾✱✵✼✶
❆❘▼❆✭✶✱✷✮ ✸ ✺✼✾✾✱✵✻✻
❆❘▼❆✭✷✱✷✮ ✹ ✺✽✵✵✱✽✼✶
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❚❛❜❡❧❛ ✹✳✸✿ ▼❡❞✐❞❛s ❝♦♠♣❛r❛t✐✈❛s ✲ ▼P10 ✲ P✐r❛❝✐❝❛❜❛

▼♦❞❡❧♦ ❈P ❘❊◗▼ ▲❖● ❆■❈
◆♦r♠❛❧ ✵✱✸✻✵ ✶✽✱✻✽✸ ✲✸✶✼✷✱✾✻✹ ✻✸✼✶✱✾✷✽

◆♦r♠❛❧ ■♥✈❡rs❛ ✵✱✸✺✸ ✶✽✱✼✸✸ ✲✸✵✶✺✱✼✶✹ ✻✵✺✼✱✹✷✽
●❛♠❛ ✵✱✸✺✼ ✶✽✱✼✵✷ ✲✸✵✹✵✱✶✺✻ ✻✶✵✻✱✸✶✷

▲♦❣✲◆♦r♠❛❧ ✵✱✸✺✻ ✶✾✱✶✸✸ ✲✸✵✶✼✱✸✺✽ ✻✵✻✵✱✼✶✺
❆❘✭✷✮ ✵✱✼✼✾ ✶✷✱✺✻✵ ✲✷✽✽✸✱✺✹✾ ✺✼✾✼✱✵✾✼

P❛r❛ ✜♥❛❧✐③❛r ❛ ❛♥á❧✐s❡ ❞♦s r❡sí❞✉♦s✱ ❛s ❋✐❣✉r❛s ❆✳✻✱ ❆✳✼✱ ❆✳✽✱ ❆✳✾ ❡ ✹✳✸ ❛♣r❡s❡♥t❛♠
✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦s r❡sí❞✉♦s ♣❛❞r♦♥✐③❛❞♦s ❝♦♠ ❛ ❞✐str✐❜✉✐çã♦ ◆♦r♠❛❧ P❛❞rã♦✱ ✐st♦ é✱
❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ❝♦♠ ♠é❞✐❛ ③❡r♦ ❡ ✈❛r✐â♥❝✐❛ ✶✳ ❊ss❡ ❣rá✜❝♦ é ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ s❡♥❞♦
♦ ❣rá✜❝♦ ♥♦r♠❛❧ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s✱ ❡ q✉❛♥t♦ ♠❛✐s ♣ró①✐♠♦s ❞❛ r❡t❛✱ ♠❡❧❤♦r ♦ ❛❥✉st❡ ❞♦
♠♦❞❡❧♦ ✭❲❊■❙❇❊❘●✱ ✷✵✵✺❀ P❆❯▲❆✱ ✷✵✶✸✮✳ ❖❜s❡r✈❡ q✉❡ ♣❛r❛ ♦ ♠♦❞❡❧♦ ♥♦r♠❛❧ ■♥✈❡rs❛
♦s r❡sí❞✉♦s ✜❝❛r❛♠ ❜❡♠ ♣ró①✐♠♦s ❞❛ r❡t❛✱ ❛ss✐♠ ❝♦♠♦ ♣❛r❛ ♦s ♠♦❞❡❧♦s ●❛♠❛ ❡ ▲♦❣✲
♥♦r♠❛❧✳ ❖s r❡sí❞✉♦s ❞♦ ♠♦❞❡❧♦ ◆♦r♠❛❧ ❢♦r❛♠ ♦s q✉❡ ❛♣r❡s❡♥t❛r❛♠ ♣✐♦r ❞❡s❡♠♣❡♥❤♦✳ ❏á
♦s r❡sí❞✉♦s ❞♦ ♠♦❞❡❧♦ ❆❘✭✷✮ s❡ ❞✐st❛♥❝✐❛r❛♠ ❞❛ r❡t❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦s ❡①tr❡♠♦s✱ ♦✉
s❡❥❛✱ ♥♦s ✈❛❧♦r❡s ♠❛✐s ❜❛✐①♦s ♦✉ ♠❛✐s ❛❧t♦s ❞♦s r❡sí❞✉♦s✳

❋✐❣✉r❛ ✹✳✷✿ ❘❡sí❞✉♦s ♣❛❞r♦♥✐③❛❞♦s ♣❡❧❛ ♦r❞❡♠ ❞❛s ♦❜s❡r✈❛çõ❡s ✭▼P10✮ ✲ ▼♦❞❡❧♦ ❆❘✭✷✮ ✲
P✐r❛❝✐❝❛❜❛

P❡❧❛ ❛♥á❧✐s❡ ❞❛s ♠❡❞✐❞❛s ❝♦♠♣❛r❛t✐✈❛s ❡ ❛ ❛♥á❧✐s❡ ❞♦s r❡sí❞✉♦s ♣♦❞❡✲s❡ ♥♦t❛r q✉❡
❡①✐st❡♠ ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ♦ ❛❥✉st❡ ❞❡ ❝❛❞❛ ✉♠ ❞♦s ♠♦❞❡❧♦s✳ ❆♣❛r❡♥t❡♠❡♥t❡✱ ♦ ♠♦❞❡❧♦
❆❘✭✷✮ ❝♦♥s❡❣✉❡ ❝❛♣t✉r❛r ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ r❡❧❡✈❛♥t❡✱ q✉❡ é ❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧
❞♦s ❞❛❞♦s✳ ❖s r❡s✉❧t❛❞♦s ❞❛ ❚❛❜❡❧❛ ✹✳✸ ❡ ❋✐❣✉r❛ ✹✳✷ ❛♣♦♥t❛♠ ♥❡ss❡ s❡♥t✐❞♦✳ P♦ré♠✱
❡ss❡ ♠♦❞❡❧♦ ♥ã♦ ❝♦♥s✐❞❡r❛ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❛ ✈❛r✐á✈❡❧ r❡s♣♦st❛✱ q✉❡ é ✉♠ ✈❛❧♦r s❡♠♣r❡
♣♦s✐t✐✈♦✱ ✭❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10✮✳ P♦r ❝♦♥s✐❞❡r❛r ❡ss❛ ❝❛r❛❝t❡ríst✐❝❛✱ ♦ ♠♦❞❡❧♦ ◆♦r♠❛❧
✐♥✈❡rs❛ ❛♣r❡s❡♥t❛ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ♠❛✐s ❛❞❡q✉❛❞♦ ❞♦s r❡sí❞✉♦s ♥❛ ❋✐❣✉r❛ ❆✳✼✳
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❋✐❣✉r❛ ✹✳✸✿ ●rá✜❝♦ ♥♦r♠❛❧ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s ✲ qq✲♣❧♦t ✲ ✭▼P10✮ ✲ ▼♦❞❡❧♦ ❆❘✭✷✮ ✲ P✐r❛✲
❝✐❝❛❜❛

❋✐♥❛❧♠❡♥t❡✱ ❛s ❋✐❣✉r❛s ❇✳✶✱ ❇✳✷✱ ❇✳✸✱ ❇✳✹ ❡ ✹✳✹ ♠♦str❛♠ ❛ ♣r♦♣♦rçã♦ ❞❡ ❝♦♥tr✐❜✉✐çã♦
❞❡ ❝❛❞❛ r❡❣✐ã♦ ♣ré✲❞❡t❡r♠✐♥❛❞❛ ❛♥t❡r✐♦r♠❡♥t❡ ♣❛r❛ ♦s ♠♦❞❡❧♦s ◆♦r♠❛❧✱ ◆♦r♠❛❧ ✐♥✈❡rs❛✱
●❛♠❛✱ ▲♦❣✲♥♦r♠❛❧ ❡ ❆❘✭✷✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊♠ r❡❧❛çã♦ à ♣r♦♣♦rçã♦ ❞❡ ❝♦♥tr✐❜✉✐çã♦
♦❜t✐❞❛ ❡♠ ❝❛❞❛ ✉♠ ❞♦s ♠♦❞❡❧♦s ❤♦✉✈❡ ❛❧❣✉♠❛s ♣❡q✉❡♥❛s ❞✐❢❡r❡♥ç❛s ♥♦s ✈❛❧♦r❡s ❡st✐♠❛❞♦s✳
❯♠❛ ❞✐❢❡r❡♥ç❛ ♥♦t❛❞❛ ❡stá ♥❛s r❡❣✐õ❡s q✉❡ sã♦ s✐❣♥✐✜❝❛t✐✈❛s ❡st❛t✐st✐❝❛♠❡♥t❡✳ ❖❜s❡r✈❛✲s❡
q✉❡ ❛s ❝♦r❡s ❞❛ ❜❛rr❛ ✐♥❞✐❝❛♠ s❡ ❛ r❡❣✐ã♦ é s✐❣♥✐✜❝❛t✐✈❛ ♦✉ ♥ã♦ ❛ ✉♠ ♥í✈❡❧ ❞❡ ✺✪✳ ❙❡
❛ r❡❣✐ã♦ é s✐❣♥✐✜❝❛t✐✈❛✱ t❡♠✲s❡ q✉❡ ❡ss❛ r❡❣✐ã♦ ✐♥✢✉❡♥❝✐❛ ♥❛ ❝♦♠♣♦s✐çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦
❞✐ár✐❛ ❞♦ ▼P10✱ ❝❛s♦ ❝♦♥trár✐♦✱ ♥ã♦ ❤á ❝♦♥tr✐❜✉✐çã♦ s✐❣♥✐✜❝❛t✐✈❛ ❞❛ r❡❣✐ã♦✳ ❆ss✐♠✱ ♥♦t❛✲
s❡ q✉❡ ♥♦ ❛❥✉st❡ ❞♦s três ♣r✐♠❡✐r♦s ♠♦❞❡❧♦s✱ ❛s r❡❣✐õ❡s ✾ ❡ ✶✶ ♥ã♦ ❢♦r❛♠ s✐❣♥✐✜❝❛t✐✈❛s✱
❡♥q✉❛♥t♦ q✉❡ ♣❛r❛ ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❆❘✭✷✮✱ ❛s r❡❣✐õ❡s ✾✱ ✶✵ ❡ ✶✶ ♥ã♦ ❢♦r❛♠ s✐❣♥✐✜❝❛t✐✲
✈❛s✳ ◆♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✱ t♦❞❛s ❛s r❡❣✐õ❡s ❢♦r❛♠ s✐❣♥✐✜❝❛t✐✈❛s ❡st❛t✐st✐❝❛♠❡♥t❡✳ ❊ss❛
❞✐❢❡r❡♥ç❛ ♥♦ r❡s✉❧t❛❞♦ ❞♦ ❛❥✉st❡ ❞♦s ♠♦❞❡❧♦s ♣♦❞❡ s❡r ♠❛✐s ✉♠ ✐♥❞✐❝❛t✐✈♦ ❞❛s ❞✐❢❡r❡♥ç❛s
❡♥tr❡ ❛s ❛❜♦r❞❛❣❡♥s ❛❞♦t❛❞❛s✳

❈♦♠♦ ✈✐st♦ ❛té ❛❣♦r❛✱ ♦s ♠♦❞❡❧♦s ◆♦r♠❛❧ ✐♥✈❡rs❛ ❡ ❆❘✭✷✮ ❢♦r❛♠ ♦s q✉❡ s❡ ♠♦str❛r❛♠
♠❡❧❤♦r❡s✳ ❖ ♠♦❞❡❧♦ ◆♦r♠❛❧ ✐♥✈❡rs❛ é ✐♥t❡r❡ss❛♥t❡ ♣♦r ❝♦♥s✐❞❡r❛r ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❛
❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ❝♦♠♦ s❡♥❞♦ s❡♠♣r❡ ✉♠ ✈❛❧♦r ♠❛✐♦r q✉❡ ③❡r♦✱ ❡ ♦ ♠♦❞❡❧♦ ❆❘✭✷✮
é ✐♥t❡r❡ss❛♥t❡ ♣♦r ❝♦♥s✐❞❡r❛r ❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❞❛s ♦❜s❡r✈❛çõ❡s✳ ❱❛♠♦s ❛♥❛❧✐s❛r ❛
❝♦♥tr✐❜✉✐çã♦ ♠é❞✐❛ ❡st✐♠❛❞❛ ♣♦r r❡❣✐ã♦ ♥❡ss❡s ❞♦✐s ♠♦❞❡❧♦s✱ ♦❧❤❛♥❞♦ ❛s ❋✐❣✉r❛s ❇✳✷✱ ✹✳✹
❡ ❛ ❋✐❣✉r❛ ✹✳✺✳ ◆❛ ❋✐❣✉r❛ ✹✳✺ sã♦ ❝♦♠♣❛r❛❞♦s ♦s ❞♦✐s ♠♦❞❡❧♦s ❡s❝♦❧❤✐❞♦s✱ s❡♥❞♦ q✉❡✱ s❡
❛ r❡❣✐ã♦ t❡♠ ✉♠❛ ❝♦r ♠❛✐s q✉❡♥t❡✱ ♠❛✐♦r ❛ ❝♦♥tr✐❜✉✐çã♦✱ ❡ s❡ ❛ ❝♦r é ♠❛✐s ❢r✐❛✱ ♠❡♥♦r é
❛ ❝♦♥tr✐❜✉✐çã♦✳

❈♦♥s✐❞❡r❛♥❞♦ ❛s ✸ r❡❣✐õ❡s ❞❡ ♠❡♥♦r ❝♦♥tr✐❜✉✐çã♦ ✭✾✱ ✶✵ ❡ ✶✶✮ ❡❧❛s r❡♣r❡s❡♥t❛♠ ❛♣❡♥❛s
✶✱✸✪ ❡ ✵✱✺✪ ♣❛r❛ ♦ ❛❥✉st❡ ❞♦s ♠♦❞❡❧♦s ◆♦r♠❛❧ ✐♥✈❡rs❛ ❡ ❆❘✭✷✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆❧é♠
❞✐ss♦✱ ♥♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ◆♦r♠❛❧ ✐♥✈❡rs❛✱ ❛ r❡❣✐ã♦ ✶✵ ✭q✉❡ é s✐❣♥✐✜❝❛t✐✈❛✮ r❡♣r❡s❡♥t❛
❛♣❡♥❛s ✶✪ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ♥❛ ❝♦♠♣♦s✐çã♦ ❞✐ár✐❛ ❞♦ ▼P10 ❡♠ P✐r❛❝✐❝❛❜❛✳ ❆ss✐♠✱ ♦s
❊st❛❞♦s ❞♦ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✱ ❆❝r❡ ❡ ❘♦♥❞ô♥✐❛✱ ❛❧é♠ ❞♦s ♣❛ís❡s s✉❧✲❛♠❡r✐❝❛♥♦s ❈❤✐❧❡✱
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❋✐❣✉r❛ ✹✳✹✿ ❈♦♥tr✐❜✉✐çã♦ ♠é❞✐❛ ❞♦ ▼P10 ♣♦r ár❡❛ ✲ ▼♦❞❡❧♦ ❆❘✭✷✮ ✲ P✐r❛❝✐❝❛❜❛

❋✐❣✉r❛ ✹✳✺✿ ▼❛♣❛ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞❛s r❡❣✐õ❡s ♥♦ ♠♦❞❡❧♦ ◆♦r♠❛❧ ✐♥✈❡rs❛ ❡ ❆❘✭✷✮✱ r❡s♣❡❝✲
t✐✈❛♠❡♥t❡ ✲ P✐r❛❝✐❝❛❜❛ ✲ ▼P10

P❡r✉✱ ❯r✉❣✉❛✐ ❡ ❆r❣❡♥t✐♥❛ ♣♦✉❝♦ ❝♦♥tr✐❜✉❡♠ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ♣❛r❛ ❛ ❝✐❞❛❞❡ ❞❡
P✐r❛❝✐❝❛❜❛✳ ❘❡ss❛❧t❛♥❞♦ q✉❡ ❡ss❛ r❡❣✐ã♦ ❢♦✐ ♥ã♦ s✐❣♥✐✜❝❛t✐✈❛ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆❘✭✷✮✳

❆s ♠❛✐♦r❡s ❝♦♥tr✐❜✉✐çõ❡s ♦❝♦rr❡r❛♠ ❞❛s r❡❣✐õ❡s ❧♦❝❛✐s ✭❘❡❣✐õ❡s ✶ ❛ ✹✮✱ ❝♦♠ ✼✺✪ ❡
✼✺✱✼✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ♣❛r❛ ♦ ♠♦❞❡❧♦ ◆♦r♠❛❧ ✐♥✈❡rs❛ ❡ ❆❘✭✷✮✳ ❙❡♥❞♦ q✉❡ ❛ ❘❡❣✐ã♦ ✶
✭■♥t❡r✐♦r ❡ ❙✉❧ ❞❡ ▼✐♥❛s ●❡r❛✐s ❡ ♣❛rt❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✮ é ❛ ❞❡ ♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦ ✭✹✼✪
♣❛r❛ ♦ ♠♦❞❡❧♦ ◆♦r♠❛❧ ✐♥✈❡rs❛ ❡ ✹✸✪ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆❘✭✷✮✮✳ ❉❡♥tr❡ ❛s ❢♦♥t❡s ❧♦❝❛✐s✱ ❛
r❡❣✐ã♦ ✸ ❢♦✐ ❛ ❞❡ ♠❡♥♦r ❝♦♥tr✐❜✉✐çã♦✱ ❝♦♠ ✺✱✻✪ ♣❛r❛ ♦ ♠♦❞❡❧♦ ◆♦r♠❛❧ ✐♥✈❡rs❛ ❡ ✹✱✼✪ ♣❛r❛
♦ ♠♦❞❡❧♦ ❆❘✭✷✮✳

❆s r❡❣✐õ❡s ✶ ❛ ✹ r❡♣r❡s❡♥t❛♠ ❣r❛♥❞❡ ♣❛r❝❡❧❛ ❞❛ r❡❣✐ã♦ s✉❞❡st❡ ❡ s✉❧ ❞♦ ❇r❛s✐❧✱ ❝♦♥❤❡❝✐✲
❞❛♠❡♥t❡ ❛s r❡❣✐õ❡s ♠❛✐s ❞❡s❡♥✈♦❧✈✐❞❛s ❞♦ ♣❛ís✱ ❝♦♠ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ✐♥❞ústr✐❛s ❡ ❛❧t♦
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trá❢❡❣♦ ❞❡ ✈❡í❝✉❧♦s ❛✉t♦♠♦t♦r❡s✱ q✉❡ ❝♦♥tr✐❜✉❡♠ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦
▼P10✳ ❆s r❡❣✐õ❡s ✺✱ ✻ ❡ ✶✷ sã♦ ❢♦r♠❛❞❛s ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❡❧♦ ❧✐t♦r❛❧✳ ❏✉♥t❛s r❡♣r❡s❡♥t❛♠
✶✼✱✺✪ ❡ ✷✶✱✸✪ ❞❛ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ▼P10 ♣❛r❛ ♦s ♠♦❞❡❧♦s ◆♦r♠❛❧ ✐♥✈❡rs❛ ❡ ❆❘✭✷✮✱ r❡s✲
♣❡❝t✐✈❛♠❡♥t❡✳ ❉❡ss❛s ♣r♦♣♦rçõ❡s✱ ❛ r❡❣✐ã♦ ✺ t❡♠ ❛ ♠❛✐♦r r❡♣r❡s❡♥t❛t✐✈✐❞❛❞❡✱ ❝♦♠ ✶✵✱✹✪
❡ ✶✷✱✷✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❡♠ ❝❛❞❛ ♠♦❞❡❧♦✳ ❊ss❛ r❡❣✐ã♦ é ❝♦♠♣♦st❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ♣❡❧♦
❧✐t♦r❛❧ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦ ❡ ❊s♣ír✐t♦ ❙❛♥t♦✳

P♦r ✜♠✱ ❛s r❡❣✐õ❡s ✼ ❡ ✽ r❡♣r❡s❡♥t❛♠ ❛s ❝♦♥tr✐❜✉✐çõ❡s ❞❡ ❢♦♥t❡s r❡❣✐♦♥❛✐s ❡ ❝♦♥t✐♥❡♥t❛✐s✱
t♦t❛❧✐③❛♥❞♦ ✽✱✵✪ ❡ ✼✱✶✪ ❞❛ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ▼P10 ♣❛r❛ ♦s ❛❥✉st❡s ❞♦s ♠♦❞❡❧♦s ◆♦r♠❛❧
✐♥✈❡rs❛ ❡ ❆❘✭✷✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❙♦③✐♥❤❛✱ ❛ r❡❣✐ã♦ ✼ r❡♣r❡s❡♥t❛ ✺✱✶✪ ❞❛ ❝♦♥tr✐❜✉✐çã♦ ♥♦
♠♦❞❡❧♦ ◆♦r♠❛❧ ✐♥✈❡rs❛ ❡ ✻✱✵✪ ♥♦ ♠♦❞❡❧♦ ❆❘✭✷✮✳

❘❡s✉♠✐♥❞♦✱ ❛s ❢♦♥t❡s ❧♦❝❛✐s ❢♦r❛♠ ❛s q✉❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❝♦♥tr✐❜✉ír❛♠ ♥❛ ❝♦♥❝❡♥✲
tr❛çã♦ ❞✐ár✐❛ ❞♦ ▼P10✱ ❡♠ s❡❣✉✐❞❛ ❞❛s ❢♦♥t❡s ❧✐t♦râ♥❡❛s ❡ ♣♦r ✜♠ ❞❛s ❢♦♥t❡s r❡❣✐♦♥❛✐s ❡
❝♦♥t✐♥❡♥t❛✐s✳

❆ ❋✐❣✉r❛ ✹✳✻ ❛♣r❡s❡♥t❛ ♦ ♠❛♣❛ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❛s tr❛❥❡tór✐❛s ❞❛s três r❡❣✐õ❡s ❞❡ ♠❛✐♦r
❝♦♥tr✐❜✉✐çã♦✱ r❡❣✐õ❡s ✶✱ ✷ ❡ ✹✳ ◆❡st❡ ♠❛♣❛✱ ❛s ♣♦t❡♥❝✐❛✐s r♦t❛s ❞❛s tr❛❥❡tór✐❛s q✉❡ ♣❛ss❛✲
r❛♠ ♥❡ss❛s r❡❣✐õ❡s ❢♦r❛♠ ❝❛❧❝✉❧❛❞❛s ✉s❛♥❞♦ ✉♠❛ ❞❡♥s✐❞❛❞❡ ❦❡r♥❡❧ ✭▼❈●❖❲❆◆❀ ❈▲❆❘❑✱
✷✵✵✽❀ ●❊ ❡t ❛❧✳✱ ✷✵✶✻❀ ❙❆▲▼❆❇❆❉■❀ ❙❆❊❊❉■✱ ✷✵✶✽✮✳ ❈♦♠ ✐ss♦✱ ♦❜t❡✈❡✲s❡ ✉♠❛ s✉♣❡r❢í❝✐❡
s✉❛✈✐③❛❞❛ ❞♦s ♣♦♥t♦s ❞❡ ❝♦♦r❞❡♥❛❞❛s ❞❛s tr❛❥❡tór✐❛s ❞❡ ♠❛ss❛ ❞❡ ❛r q✉❡ ❝❤❡❣❛r❛♠ ❡♠
P✐r❛❝✐❝❛❜❛✱ ♦♥❞❡ ♦ ✈❡r♠❡❧❤♦ ✐♥❞✐❝❛ ✉♠❛ ❛❧t❛ ❞❡♥s✐❞❛❞❡✱ ❡ ♦ ❛③✉❧✱ ✉♠❛ ❜❛✐①❛ ❞❡♥s✐❞❛❞❡✳
◗✉❛♥t♦ ♠❛✐♦r ❛ ❞❡♥s✐❞❛❞❡✱ ♠❛✐s t❡♠♣♦ ❛ ♠❛ss❛ ❞❡ ❛r ♣❡r♠❛♥❡❝❡✉ ♥❛q✉❡❧❛ ár❡❛✳ ◆♦t❡
q✉❡✱ ❛s tr❛❥❡tór✐❛s ♣❛r❡❝❡♠ ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❝❤❡❣❛r ❞❛ ❞✐r❡çã♦ ♥♦r❞❡st❡ ❞❡ P✐r❛❝✐❝❛❜❛✱
❞❡s❞❡ ❇❡❧♦ ❍♦r✐③♦♥t❡✱ ♣❛ss❛♥❞♦ ♣♦r ❙✉❧ ❞❡ ▼✐♥❛s✱ ❡ ❝♦♠ ❛s ♠❛✐s ❛❧t❛s ❞❡♥s✐❞❛❞❡ ♥❛ r❡❣✐ã♦
❞❡ ❈❛♠♣✐♥❛s✱ ❆r❛r❛s✱ ❆r❛r❛q✉❛r❛ ❡ ❏✉♥❞✐❛í ✭❋✐❣✉r❛ ✹✳✻✮✳ ❊ss❛s r❡❣✐õ❡s s❡ ❝❛r❛❝t❡r✐③❛♠
♣♦r ✐♥t❡♥s❛ ❛t✐✈✐❞❛❞❡ ✐♥❞✉str✐❛❧ ❡ ❛❧t♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❛❣rí❝♦❧❛✳ ❍á t❛♠❜é♠ ✈ár✐❛s ár❡❛s
❡♠ q✉❡ sã♦ r❡❛❧✐③❛❞❛s q✉❡✐♠❛ ❞❡ ♣❛❧❤❛ ❞❡ ❝❛♥❛✲❞❡✲❛çú❝❛r ✭●❖◆➬❆▲❱❊❙ ❡t ❛❧✳✱ ✷✵✶✼❀
❈❊❚❊❙❇✱ ✷✵✶✽✮✳ ❆❧é♠ ❞✐ss♦✱ ✐♠♣♦rt❛♥t❡s r♦❞♦✈✐❛s✱ ❝♦♠♦ ❆♥❤❛♥❣✉❡r❛ ❡ ❇❛♥❞❡✐r❛♥t❡s✱
❡stã♦ ❧♦❝❛❧✐③❛❞❛s ♥❡ss❛s ár❡❛s ❞❡ ♠❛✐♦r ❞❡♥s✐❞❛❞❡✱ ♦♥❞❡ ♦ tr❛♥s♣♦rt❡ ❞❡ ❝❛r❣❛✱ ❞❡ ✈❡í❝✉❧♦s
♣❡s❛❞♦s ❛ ❉✐❡s❡❧✱ ❝♦rr❡s♣♦♥❞❡♠ ❛ ♠❛✐♦r ♣❛rt❡ ❞❛ ❡♠✐ssã♦ ❞♦ ▼P ✭▼▼❆✱ ✷✵✶✹✮✳ P♦r ✜♠✱
❡st❛ r❡❣✐ã♦ ❞❡ ❛❧t❛ ❞❡♥s✐❞❛❞❡ ♣♦ss✉✐ ❛s ❝✐❞❛❞❡s ❞❡ P❛✉❧í♥✐❛ ✭❝♦♠ ❡♥♦r♠❡ ♣❛rq✉❡ ✐♥❞✉s✲
tr✐❛❧ ♣❡tr♦q✉í♠✐❝♦✮ ❡ ❙❛♥t❛ ●❡rtr✉❞❡s ❡ ❘✐♦ ❈❧❛r♦✱ ❢♦r♠❛♥❞♦ ✐♠♣♦rt❛♥t❡ ♣♦❧♦ ❝❡râ♠✐❝♦
✭❈❊❚❊❙❇✱ ✷✵✶✽✮✳

❆✐♥❞❛ ❝♦♠♣❛r❛♥❞♦ ♦s ❞♦✐s ♠♦❞❡❧♦s ✭◆♦r♠❛❧ ■♥✈❡rs❛ ❡ ❆❘✭✷✮✮✱ t❡♠♦s ❛s ❋✐❣✉r❛s ✹✳✼ ❡
✹✳✽✱ q✉❡ ♠♦str❛♠ ♦s ✈❛❧♦r❡s ♦❜s❡r✈❛❞♦s ❞✐❛r✐❛♠❡♥t❡ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ♥♦s ❛♥♦s ❞❡
✷✵✶✹ ❡ ✷✵✶✺✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ◆❡st❛s ❋✐❣✉r❛s✱ sã♦ ❝♦♠♣❛r❛❞❛s ♦s ✈❛❧♦r❡s r❡❛✐s ✭♦❜s❡r✈❛✲
❞♦s✮ ❝♦♠ ♦s ❛❥✉st❡s ❞✐ár✐♦s ❞♦ ♠♦❞❡❧♦ ◆♦r♠❛❧ ✐♥✈❡rs❛ ❡ ❆❘✭✷✮✳ ❖❜s❡r✈❛✲s❡ q✉❡ ♦ ❛❥✉st❡
❞♦ ♠♦❞❡❧♦ ◆♦r♠❛❧ ✐♥✈❡rs❛✱ ♥ã♦ ❝♦♥s❡❣✉❡ ❛❝♦♠♣❛♥❤❛r ❛ sér✐❡✱ ♣❡r♠❛♥❡❝❡♥❞♦ ♣ró①✐♠♦ ❛
✉♠❛ ♠é❞✐❛ ❣❡r❛❧ ❞♦s ❞❛❞♦s✳ ❉✐❢❡r❡♥t❡ ❞♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❆❘✭✷✮✱ ❡♠ q✉❡ ♥♦t❛✲s❡ ✉♠
❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❜❡♠ ♣ró①✐♠♦ ❞❛ sér✐❡ r❡❛❧✳ ❖s ✈❛❧♦r❡s ❞❡ ♣✐❝♦s✱ ♦✉ ✈❛❧♦r❡s ♠✉✐t♦ ❜❛✐①♦s
❞❛ ❝♦♥❝❡♥tr❛çã♦ só sã♦ ♦❜s❡r✈❛❞♦s ♥♦ ♠♦❞❡❧♦ ❆❘✭✷✮✳ P❡r❝❡❜❛ q✉❡ ❛♣❡♥❛s ♦ ♠♦❞❡❧♦ ❆❘✭✷✮
❛♣♦♥t❛ ❛ ♠❛✐♦r✐❛ ❞♦s ❞✐❛s ❛❝✐♠❛ ❞♦ ❧✐♠✐t❡ ❡st❛❜❡❧❡❝✐❞♦s ♣❡❧❛ ❖▼❙✳

◗✉❛♥❞♦ s❡ ❝♦♥s✐❞❡r❛ ❛ ❝♦♥tr✐❜✉✐çã♦ ♠é❞✐❛ ❣❡r❛❧✱ ♦s ♠♦❞❡❧♦s ✜❝❛r❛♠ ❜❡♠ ♣ró①✐♠♦s✱
❝♦♥❢♦r♠❡ ✈✐st♦ ♥❛s ❋✐❣✉r❛s ❇✳✶✱ ❇✳✷✱ ❇✳✸✱ ❇✳✹ ❡ ✹✳✹✳ P♦ré♠✱ q✉❛♥❞♦ s❡ ♦❜s❡r✈❛ ❞✐❛r✐♠❡♥t❡✱
♦ ♠♦❞❡❧♦ ❆❘✭✷✮ é ♠❡❧❤♦r q✉❡ ♦s ❞❡♠❛✐s✳ ❆♣❡s❛r ❞✐ss♦✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ❤á ✉♠❛ ❞❡❢❛s❛❣❡♠
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GCS Corrego Alegre 1961

®

❋✐❣✉r❛ ✹✳✻✿ ▼❛♣❛ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❛s tr❛❥❡tór✐❛s ❜❛❝❦✇❛r❞ ❞❛s r❡❣✐õ❡s ✶✱ ✷ ❡ ✹ ✲ P✐r❛❝✐❝❛❜❛

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

❖s ❞❛❞♦s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ❡ ♦s t❡♠♣♦s ❞❡ r❡s✐❞ê♥❝✐❛ ❞❡ ❝❛❞❛ r❡❣✐ã♦ ❞♦ ♠ês
❞❡ ❏❛♥❡✐r♦ ❞❡ ✷✵✶✻ ❢♦r❛♠ ✉s❛❞♦s ♣❛r❛ ❛✈❛❧✐❛r ♦ ♣♦❞❡r ❞❡ ♣r❡✈✐sã♦ ❞♦ ♠♦❞❡❧♦ ❆❘✭✷✮✳ ◆♦t❡
q✉❡ ♥❛ ❋✐❣✉r❛ ✹✳✾ sã♦ ♠♦str❛❞♦s ♦s ✈❛❧♦r❡s ♣r❡✈✐st♦s ♣❡❧♦ ♠♦❞❡❧♦✱ ❡ ♦s ✈❛❧♦r❡s r❡❛✐s ❞❛
❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10✳ ❉❡ ♠♦❞♦ ❣❡r❛❧✱ ❛ ♣r❡✈✐sã♦ s✉♣❡r❡st✐♠♦✉ ❛ ❝♦♥❝❡♥tr❛çã♦ ❛♦ ❧♦♥❣♦
❞♦ ♠ês✳

❉❡st❡ ♠♦❞♦✱ ❝♦♥❢♦r♠❡ ♦ ❞✐s❝✉t✐❞♦✱ ♦ ♠♦❞❡❧♦ ❆❘✭✷✮ é ❛ ♠❡❧❤♦r ❡s❝♦❧❤❛ ❞❡♥tr❡ ♦s ❝✐♥❝♦
♠♦❞❡❧♦s ❝♦♠♣❛r❛❞♦s✳ ❈♦♠ ♦ ❛❥✉st❡ ❞❡st❡ ♠♦❞❡❧♦✱ ♣r♦ss❡❣✉✐r❡♠♦s ❝♦♠ ❛ ❆❈ ❡ ❛ ❆❈P✳

❆ ❆❈ ❢♦✐ r❡❛❧✐③❛❞❛ ❝♦♥s✐❞❡r❛♥❞♦ ❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ✭❚❡♠♣❡r❛t✉r❛✱ ❯♠✐❞❛❞❡
❘❡❧❛t✐✈❛ ❡ ❱❡❧♦❝✐❞❛❞❡ ❞♦ ❱❡♥t♦✮ ❡ ❛ ♣r♦♣♦rçã♦ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞✐ár✐❛ ❞♦ ▼P10 ♣♦r r❡❣✐ã♦
✭s♦♠❡♥t❡ ❛s r❡❣✐õ❡s s✐❣♥✐✜❝❛t✐✈❛s ✶✲✽ ❡ ✶✷✮✳ ❚♦❞♦s ♦s ✼✸✵ ❞✐❛s ❞♦ ♣❡rí♦❞♦ ✭❛♥♦s ✷✵✶✹
❡ ✷✵✶✺✮ ❞❡ ♠❡❞✐çã♦ ❢♦r❛♠ ❞✐✈✐❞✐❞♦s ❡♠ ✹ ❣r✉♣♦s✱ ❜❛s❡❛❞♦s ♥❛ ❛♥á❧✐s❡ ❞♦ ❞❡♥❞♦❣r❛♠❛
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❋✐❣✉r❛ ✹✳✼✿ ❆❥✉st❡ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❞♦ ▼P10 ❡♠ ✷✵✶✹ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ✈❛❧♦r❡s
♦❜s❡r✈❛❞♦s ✲ P✐r❛❝✐❝❛❜❛

❋✐❣✉r❛ ✹✳✽✿ ❆❥✉st❡ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❞♦ ▼P10 ❡♠ ✷✵✶✺ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ✈❛❧♦r❡s
♦❜s❡r✈❛❞♦s ✲ P✐r❛❝✐❝❛❜❛

✭❋✐❣✉r❛ ❈✳✶✮✳ ❖ ❣r✉♣♦ ✶ ❢♦✐ ❢♦r♠❛❞♦ ♣♦r ✶✶✶ ❞✐❛s✱ ♦ ❣r✉♣♦ ✷ ♣♦r ✷✷✽ ❞✐❛s✱ ♦ ❣r✉♣♦ ✸ ♣♦r
✷✶✾ ❞✐❛s ❡✱ ♣♦r ✜♠✱ ♦ ❣r✉♣♦ ✹ ❢♦✐ ❢♦r♠❛❞♦ ♣♦r ✶✼✷ ❞✐❛s✳

❆ ❚❛❜❡❧❛ ✹✳✹ ♠♦str❛ ♦s ♣❡r❝❡♥t✉❛✐s ❞❡ ❞✐❛s ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❡st❛çã♦ ❞♦ ❛♥♦ ❡♠ ❝❛❞❛ ✉♠
❞♦s q✉❛tr♦ ❣r✉♣♦s ❢♦r♠❛❞♦s ♥❛ ❆❈✳ ◆❛ ❞✐✈✐sã♦ ❡♠ ❝❛❞❛ ❡st❛çã♦ ❞♦ ❛♥♦✱ ❝♦♥s✐❞❡r♦✉✲s❡ ♦s
♠❡s❡s ❞❡ ❉❡③❡♠❜r♦✱ ❏❛♥❡✐r♦ ❡ ❋❡✈❡r❡✐r♦✱ ❝♦♠♦ ❛ ❡st❛çã♦ ❞❡ ✈❡rã♦✳ ❖s ♠❡s❡s ❞❡ ▼❛rç♦✱
❆❜r✐❧ ❡ ▼❛✐♦✱ ❝♦♠♦ ♦✉t♦♥♦✳ ❖s ♠❡s❡s ❞❡ ❏✉♥❤♦✱ ❏✉❧❤♦ ❡ ❆❣♦st♦ ❝♦♠♦ ✐♥✈❡r♥♦✳ ❊ ♣♦r ✜♠✱
♦s ♠❡s❡s ❞❡ ❙❡t❡♠❜r♦✱ ❖✉t✉❜r♦ ❡ ◆♦✈❡♠❜r♦ ❝♦♠♦ ♣r✐♠❛✈❡r❛ ✭■❆●✱ ✷✵✶✽✮✳
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❋✐❣✉r❛ ✹✳✾✿ Pr❡✈✐sã♦ ❞♦ ▼P10 ❡ ✈❛❧♦r❡s r❡❛✐s ♣❛r❛ ♦ ♠ês ❞❡ ❏❛♥❡✐r♦ ❞❡ ✷✵✶✻ ✲ P✐r❛❝✐❝❛❜❛

❆ ❚❛❜❡❧❛ ✹✳✺ ❛♣r❡s❡♥t❛ ♦s ♣❡r❝❡♥t✉❛✐s ❞❡ ❝❛❞❛ ❣r✉♣♦ ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s r❡❣✐õ❡s q✉❡
❝♦♥tr✐❜✉ír❛♠ ♥❛ ❝♦♠♣♦s✐çã♦ ❞♦s ♥í✈❡✐s ❞♦ ▼P10 ❡♠ P✐r❛❝✐❝❛❜❛✳

❚❛❜❡❧❛ ✹✳✹✿ P❡r❝❡♥t✉❛❧ ❞❡ ❞✐❛s ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❡st❛çã♦ ❞♦ ❛♥♦ ♣♦r ❣r✉♣♦ ✭▼P10 ✲ P✐r❛❝✐✲
❝❛❜❛✮

Pr✐♠❛✈❡r❛ ❱❡rã♦ ❖✉t♦♥♦ ■♥✈❡r♥♦
●r✉♣♦ ✶ ✷✻✱✶✪ ✸✸✱✸✪ ✷✸✱✹✪ ✶✼✱✶✪
●r✉♣♦ ✷ ✷✼✱✷✪ ✶✾✱✼✪ ✷✷✱✽✪ ✸✵✱✸✪
●r✉♣♦ ✸ ✷✹✱✷✪ ✷✸✱✸✪ ✷✸✱✼✪ ✷✽✱✽✪
●r✉♣♦ ✹ ✷✷✱✶✪ ✷✼✱✸✪ ✸✶✱✹✪ ✶✾✱✷✪

❆s ❋✐❣✉r❛s ✹✳✶✵✱ ✹✳✶✶✱ ✹✳✶✷ ❡ ✹✳✶✸ ♠♦str❛♠ ❛ ❞✐str✐❜✉✐çã♦ ❞♦s ❞❛❞♦s✱ ♣♦r ♠❡✐♦ ❞♦s ❜♦①✲
♣❧♦ts✱ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10✱ ❡ ❞❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ✭❚❡♠♣❡r❛t✉r❛✱ ❯♠✐❞❛❞❡
r❡❧❛t✐✈❛ ❡ ❱❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❞✐✈✐❞✐❞♦s ♥♦s ✹ ❣r✉♣♦s✳

❆ ❚❛❜❡❧❛ ✹✳✻ ♠♦str❛ ❛ ♣r♦♣♦rçã♦ ❞❛ ✈❛r✐â♥❝✐❛ ❡①♣❧✐❝❛❞❛ ♣♦r ❝❛❞❛ ❈P ✭❈♦♠♣♦♥❡♥t❡
Pr✐♥❝✐♣❛❧✮ ♥❛ ❆❈P✳ ❊st❛ ❛♥á❧✐s❡ ❢♦✐ ❢❡✐t❛ ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❣r✉♣♦ ♦❜t✐❞♦ ♥❛ ❆❈✱ ❝♦♥s✐❞❡r❛♥❞♦
❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❡ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10✳ P❡r❝❡❜❛ q✉❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛♣❡♥❛s
✷ ❈Ps✱ ♠❛✐s ❞❡ ✼✵✪ ❞❛ ✈❛r✐â♥❝✐❛ é ❡①♣❧✐❝❛❞❛ ❡♠ t♦❞♦s ♦s ❣r✉♣♦s✳ ❙❡♥❞♦ q✉❡✱ ♥♦s ❣r✉♣♦s
✸ ❡ ✹✱ ♠❛✐s ❞❡ ✼✽✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ t♦t❛❧ é ❡①♣❧✐❝❛❞❛ ♣♦r ✷ ❝♦♠♣♦♥❡♥t❡s✳ ❆s ❋✐❣✉r❛s ✹✳✶✹✱
✹✳✶✺✱ ✹✳✶✻ ❡ ✹✳✶✼ ❛♣r❡s❡♥t❛♠ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ ❆❈P ❛♣ós ❛ r♦t❛çã♦ ✈❛r✐♠❛①✳ ◗✉❛♥t♦
♠❛✐♦r s❡✉ ✈❛❧♦r ❛❜s♦❧✉t♦✱ ♠❛✐♦r s✉❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡♥tr♦ ❞❛ ❈P✳

◆❛s ❋✐❣✉r❛s ✹✳✶✹✱ ✹✳✶✺✱ ✹✳✶✻ ❡ ✹✳✶✼ ❛s ✈❛r✐á✈❡✐s ❢♦r❛♠ ♥♦♠❡❛❞❛s ❞❡ ♦✉tr❛ ❢♦r♠❛ ♣❛r❛
❢❛❝✐❧✐t❛r ❛ ✈✐s✉❛❧✐③❛çã♦ ♥♦ ❣rá✜❝♦ ❞❡ ❜❛rr❛s✳ ❆ss✐♠✱ ❚❡♠♣✱ ❯❘ ❡ ❱❱✱ ❝♦rr❡s♣♦♥❞❡♠ ❛
❚❡♠♣❡r❛t✉r❛✱ ❯♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❡ ❱❡❧♦❝✐❞❛❞❡ ❞♦ ❱❡♥t♦ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
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❚❛❜❡❧❛ ✹✳✺✿ P❡r❝❡♥t✉❛❧ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ❣r✉♣♦ ❞❡♥tr♦ ❞❡ ❝❛❞❛ r❡❣✐ã♦ ❞❡ r❡s✐❞ê♥❝✐❛ ❞❛
♠❛ss❛ ❞❡ ❛r ✭▼P10 ✲ P✐r❛❝✐❝❛❜❛✮

●r✉♣♦ ✶ ●r✉♣♦ ✷ ●r✉♣♦ ✸ ●r✉♣♦ ✹
❘❡❣✐ã♦ ✶ ✹✱✹✪ ✶✵✱✶✪ ✹✸✱✹✪ ✹✷✱✷✪
❘❡❣✐ã♦ ✷ ✺✾✱✹✪ ✶✹✱✻✪ ✹✱✸✪ ✷✶✱✻✪
❘❡❣✐ã♦ ✸ ✷✺✱✶✪ ✻✷✱✼✪ ✷✱✺✪ ✾✱✼✪
❘❡❣✐ã♦ ✹ ✸✱✽✪ ✻✽✱✺✪ ✶✸✱✶✪ ✶✹✱✻✪
❘❡❣✐ã♦ ✺ ✶✱✶✪ ✶✺✱✵✪ ✼✹✱✾✪ ✾✱✵✪
❘❡❣✐ã♦ ✻ ✼✱✺✪ ✷✸✱✶✪ ✹✷✱✵✪ ✷✼✱✹✪
❘❡❣✐ã♦ ✼ ✸✽✱✽✪ ✶✽✱✻✪ ✶✺✱✻✪ ✷✼✱✶✪
❘❡❣✐ã♦ ✽ ✹✻✱✻✪ ✺✷✱✺✪ ✵✱✷✪ ✵✱✻✪
❘❡❣✐ã♦ ✶✷ ✵✱✷✪ ✼✹✱✹✪ ✷✹✱✷✪ ✶✱✷✪

❚❛❜❡❧❛ ✹✳✻✿ ❘❡s✉♠♦ ❞❛ ❆❈P ✲ ▼P10 ✲ P✐r❛❝✐❝❛❜❛

●r✉♣♦ ✶ ❈P✶ ❈P✷ ❈P✸ ❈P✹
Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✹✷✾ ✵✱✷✾✾ ✵✱✶✾✾ ✵✱✵✼✸

Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✹✷✾ ✵✱✼✷✽ ✵✱✾✷✼ ✶✱✵✵✵
●r✉♣♦ ✷

Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✹✵✹ ✵✱✸✵✾ ✵✱✷✵✾ ✵✱✵✼✽
Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✹✵✹ ✵✱✼✶✸ ✵✱✾✷✷ ✶✱✵✵✵

●r✉♣♦ ✸
Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✺✷✷ ✵✱✷✻✺ ✵✱✶✺✹ ✵✱✵✺✾

Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✺✷✷ ✵✱✼✽✼ ✵✱✾✹✶ ✶✱✵✵✵
●r✉♣♦ ✹

Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✹✶✹ ✵✱✸✻✻ ✵✱✶✻✵ ✵✱✵✺✾
Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✹✶✹ ✵✱✼✽✶ ✵✱✾✹✶ ✶✱✵✵✵
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❋✐❣✉r❛ ✹✳✶✵✿ ❇♦①✲♣❧♦t ❞♦ ▼P10 ✭µ❣✴♠3✮ ♣♦r ❣r✉♣♦ ✲ ▼P10 ✲ P✐r❛❝✐❝❛❜❛

❋✐❣✉r❛ ✹✳✶✶✿ ❇♦①✲♣❧♦t ❞❛ ❚❡♠♣❡r❛t✉r❛ ✭♦❈✮ ♣♦r ❣r✉♣♦ ✲ ▼P10 ✲ P✐r❛❝✐❝❛❜❛

❖ ❣r✉♣♦ ✶ é ♦ ♠❡♥♦r ❣r✉♣♦✱ ❢♦r♠❛❞♦ ♣♦r ✶✶✶ ❞✐❛s✳ ◆❡st❡ ❣r✉♣♦✱ ♦s ❞✐❛s sã♦ ♣r❡❞♦✲
♠✐♥❛♥t❡♠❡♥t❡ ❞❛ ❡st❛çã♦ ❞♦ ✈❡rã♦ ✭❚❛❜❡❧❛ ✹✳✹✮ ❡ ♦❝♦rr❡ ♦s ♠❛✐♦r❡s ✈❛❧♦r❡s ❞❡ ❯♠✐❞❛❞❡
❘❡❧❛t✐✈❛✱ ♦ q✉❡ ❢❛❝✐❧✐t❛ ❛ ✏❧✐♠♣❡③❛✑ ❞❛ ❛t♠♦s❢❡r❛✱ ♣♦✐s ♦ ♥í✈❡❧ ♠❡❞✐❛♥♦ ❞❡ ▼P10 é ♠❡♥♦r
❞❡♥tr❡ t♦❞♦s ♦s ❣r✉♣♦s ✭❋✐❣✉r❛s ✹✳✶✵ ❡ ✹✳✶✷✮✳ ◆♦t❡ q✉❡ ♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛
é ♣ró①✐♠♦ ❛ ✽✵✪ ♥❡st❡ ❣r✉♣♦✳ ❊ss❛ r❡❧❛çã♦ ❞❛ ❯♠✐❞❛❞❡ ❘❡❧❛t✐✈❛ ❡ ▼P10 é ✐♥✈❡rs❛♠❡♥t❡
♣r♦♣♦r❝✐♦♥❛❧✱ ❝♦♠♦ ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛ ✹✳✶✹✱ ♥❛ ❈P✶✳ ❊st❛ ❝♦♠♣♦♥❡♥t❡ ❡①♣❧✐❝❛ ✹✷✱✾✪
❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ t♦t❛❧ ❞♦ ❣r✉♣♦ ✶ ✭❚❛❜❡❧❛ ✹✳✻✮✳ ❆ ❈P✷ ❡①♣❧✐❝❛ ✉♠ ♣❡r❝❡♥t✉❛❧ ❞❡ ✷✾✱✾✪✱
♦♥❞❡ ❛ r❡❧❛çã♦ ♣r❡❞♦♠✐♥❛♥t❡ é ❞❛ ❱❡❧♦❝✐❞❛❞❡ ❞♦ ❱❡♥t♦ ❝♦♠ ❛ ❚❡♠♣❡r❛t✉r❛✳ ❆s r❡❣✐õ❡s
✷✱ ✼ ❡ ✽ sã♦ ❛s q✉❡ t❡♠ ❛s ♠❛✐♦r❡s ❝♦♥tr✐❜✉✐çõ❡s ♥❡ss❡ ❣r✉♣♦ ✭❚❛❜❡❧❛ ✹✳✺✮✱ ♣♦rt❛♥t♦ ❝♦♠
❝♦♥tr✐❜✉✐çõ❡s ❞❡s❞❡ ♦ ❖❡st❡ ❛♦ ◆♦rt❡ ❞❡ P✐r❛❝✐❝❛❜❛✱ ♦✉ ♠❛✐s ❞❡t❛❧❤❛❞♦✱ ❞♦ ■♥t❡r✐♦r ❞❡
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❋✐❣✉r❛ ✹✳✶✷✿ ❇♦①✲♣❧♦t ❞❛ ❯♠✐❞❛❞❡ ❘❡❧❛t✐✈❛ ✭✪✮ ♣♦r ❣r✉♣♦ ✲ ▼P10 ✲ P✐r❛❝✐❝❛❜❛

❋✐❣✉r❛ ✹✳✶✸✿ ❇♦①✲♣❧♦t ❞❛ ❱❡❧♦❝✐❞❛❞❡ ❞♦ ❱❡♥t♦ ✭♠✴s✮ ♣♦r ❣r✉♣♦ ✲ ▼P10 ✲ P✐r❛❝✐❝❛❜❛

❙ã♦ P❛✉❧♦✱ ❚r✐â♥❣✉❧♦ ♠✐♥❡✐r♦✱ ◆♦rt❡✱ ◆♦r❞❡st❡ ❡ ❈❡♥tr♦✲♦❡st❡ ❞♦ ❇r❛s✐❧✱ ❛❧é♠ ❞♦ ▼❛t♦
●r♦ss♦ ❞♦ ❙✉❧ ❡ P❛r❛❣✉❛✐ ✭❋✐❣✉r❛ ✹✳✶ ❡ ❚❛❜❡❧❛ ✹✳✶✮✳

❖ ❣r✉♣♦ ✷ é ♦ ♠❛✐♦r ❣r✉♣♦✱ ❝♦♠ ✷✷✽ ❞✐❛s✳ ❖ s❡❣✉♥❞♦ ♠❛✐♦r ✈❛❧♦r ♠❡❞✐❛♥♦ ❞❛ ❝♦♥❝❡♥✲
tr❛çã♦ ❞♦ ▼P10 ♦❝♦rr❡ ♥❡st❡ ❣r✉♣♦ ✭❋✐❣✉r❛ ✹✳✶✵✮✳ ❊st❡ ❣r✉♣♦ t❡♠ ♣r❡❞♦♠✐♥â♥❝✐❛ ❞♦s ❞✐❛s
♥♦ ✐♥✈❡r♥♦ ✭❚❛❜❡❧❛ ✹✳✹✮✱ ❝♦♠ ♦s ♠❡♥♦r❡s ✈❛❧♦r❡s ♥❛ t❡♠♣❡r❛t✉r❛ ❡ ♠❛✐♦r❡s ✈❡❧♦❝✐❞❛❞❡ ❞♦
✈❡♥t♦ ✭❋✐❣✉r❛s ✹✳✶✶ ❡ ✹✳✶✸✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮✳ ❆ r❡❧❛çã♦ ♠❛✐s ❢♦rt❡ ✭✈✐st❛ ♥❛ ❈P✶✮ é ❞❛
❯♠✐❞❛❞❡ ❘❡❧❛t✐✈❛ ❝♦♠ ❛ ❚❡♠♣❡r❛t✉r❛ ✭✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧✮✱ r❡♣r❡s❡♥t❛♥❞♦ ✹✵✱✹✪
✭❚❛❜❡❧❛ ✹✳✻ ❡ ❋✐❣✉r❛ ✹✳✶✺✮✳ ❊♥q✉❛♥t♦ q✉❡✱ ♥❛ ❈P✷✱ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❛t✉❛ ❞✐s♣❡r✲
s❛♥❞♦ ♦ ▼P✱ ♦✉ s❡❥❛✱ ❝♦♥❢♦r♠❡ ❛✉♠❡♥t❛✲s❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ ❞✐♠✐♥✉✐ ❛ ❝♦♥❝❡♥tr❛çã♦
❞♦ ▼P10 ✭❋✐❣✉r❛ ✹✳✶✺✮✳ ❆s r❡❣✐õ❡s ✸✱ ✹✱ ✽ ❡ ✶✷ ❢♦r❛♠ ❛s ❞❡ ♠❛✐♦r❡s ❝♦♥tr✐❜✉✐çõ❡s ♥❡ss❡
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❋✐❣✉r❛ ✹✳✶✹✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✶ ✲ ▼P10 ✲ P✐r❛❝✐❝❛❜❛

❋✐❣✉r❛ ✹✳✶✺✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✷ ✲ ▼P10 ✲ P✐r❛❝✐❝❛❜❛

❣r✉♣♦ ✭❚❛❜❡❧❛ ✹✳✺✮✳ ❊ss❛s r❡❣✐õ❡s ❡stã♦ ❧♦❝❛❧✐③❛❞❛s ♠❛✐s ❛♦ s✉❧ ❞❡ P✐r❛❝✐❝❛❜❛✱ ✐♥❝❧✉✐♥❞♦
❝♦♥tr✐❜✉✐çã♦ ❧✐t♦râ♥❡❛✱ ❞♦ ❆t❧â♥t✐❝♦ ❙✉❧✳

◆♦t❡ q✉❡✱ ❡♠ r❡❧❛çã♦ ❛♦ ♥í✈❡❧ ♠❡❞✐❛♥♦ ❞❡ ▼P10✱ ♦ ❣r✉♣♦ ✸ ❢♦✐ ♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♠❛✐♦r
✈❛❧♦r ✭❋✐❣✉r❛ ✹✳✶✵✮✳ ❊st❡ ❣r✉♣♦✱ ❢♦r♠❛❞♦ ♣♦r ✷✶✾ ❞✐❛s✱ s❡♥❞♦ ❛ ♠❛✐♦r✐❛ ♥♦ ♣❡rí♦❞♦ ❞❡
✐♥✈❡r♥♦ ✭❚❛❜❡❧❛ ✹✳✹✮✱ ♦ q✉❡ ❛✉♠❡♥t❛ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10✱ ❞❡✈✐❞♦ ❛♦ t❡♠♣♦ s❡❝♦✱
✐st♦ é✱ ❝♦♠ ❜❛✐①❛ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛✱ ♣ró①✐♠❛s ❛ ✻✵✪ ✭❋✐❣✉r❛ ✹✳✶✷✮✳ ❆ ❆❈P ✐❞❡♥t✐✜❝♦✉
❛ ❯♠✐❞❛❞❡ ❘❡❧❛t✐✈❛ ❝♦♠♦ ♦ ♣r✐♥❝✐♣❛❧ ❢❛t♦r ♣❛r❛ ♦s ❛❧t♦s ✈❛❧♦r❡s ❞♦ ▼P10 ♥❡st❡ ❣r✉♣♦
✭❋✐❣✉r❛ ✹✳✶✻✱ ❈P✶✮ ❝♦♠ ✺✷✱✷✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❡①♣❧✐❝❛❞❛ ♣♦r ❡st❛ r❡❧❛çã♦✳ ❆s r❡❣✐õ❡s ✶✱
✺ ❡ ✻ ♠❛✐s ❝♦♥tr✐❜✉❡♠✱ ❢♦r♠❛❞❛s ♣❡❧♦ ✐♥t❡r✐♦r ❞❡ ▼✐♥❛s ●❡r❛✐s ❡ ♣❛rt❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱
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❋✐❣✉r❛ ✹✳✶✻✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✸ ✲ ▼P10 ✲ P✐r❛❝✐❝❛❜❛

❋✐❣✉r❛ ✹✳✶✼✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✹ ✲ ▼P10 ✲ P✐r❛❝✐❝❛❜❛

❊s♣ír✐t♦ ❙❛♥t♦✱ ❛❧é♠ ❞♦ ❧✐t♦r❛❧ ❞❛s r❡❣✐õ❡s ❙✉❞❡st❡ ❡ ◆♦r❞❡st❡✳ ❙ã♦ r❡❣✐õ❡s ❞❡s❞❡ ♦ ◆♦rt❡✱
❛té ♦ ▲❡st❡ ❞❡ P✐r❛❝✐❝❛❜❛✳

P♦r ✜♠✱ ♦ ❣r✉♣♦ ✹ é ❢♦r♠❛❞♦ ♣♦r ✶✼✷ ❞✐❛s✳ ❆ ❡st❛çã♦ ❞♦ ❛♥♦ ♣r❡❞♦♠✐♥❛♥t❡ é ♦ ♦✉t♦♥♦✱
s❡❣✉✐❞❛ ❞♦ ✈❡rã♦ ✭❚❛❜❡❧❛ ✹✳✹✮✱ ❝♦♠ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❛❧t❛ ✭❋✐❣✉r❛ ✹✳✶✷✮ ❡ ♥í✈❡✐s ❞♦ ▼P10

♥ã♦ tã♦ ❛❧t♦s ✭❋✐❣✉r❛ ✹✳✶✵✮✳ ❈♦♠♦ ♥♦ ✈❡rã♦ ♦❝♦rr❡♠ ❛s ♠❛✐♦r❡s t❡♠♣❡r❛t✉r❛s✱ ❡st❛ ✈❛r✐á✈❡❧
❢♦✐ ❛ ♠❛✐s ✐♠♣♦rt❛♥t❡ ♥❡st❡ ❣r✉♣♦✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ ❡①♣❧✐❝❛♥❞♦
✹✶✱✹✪ ❞❛ ✈❛r✐â♥❝✐❛ ✭❚❛❜❡❧❛ ✹✳✻ ❡ ❋✐❣✉r❛ ✹✳✶✼✮✳ ✸✻✱✻✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ é ❡①♣❧✐❝❛❞❛ ♣❡❧❛
r❡❧❛çã♦ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ ❡♥tr❡ ▼P10 ❡ ❯♠✐❞❛❞❡ ❘❡❧❛t✐✈❛✳ ❆ r❡❣✐ã♦ q✉❡ ♣r❡✈❛❧❡❝❡
é ❛ ✶✱ r❡❧❛t✐✈❛ ❛♦ ✐♥t❡r✐♦r ❞❡ ▼✐♥❛s ●❡r❛✐s ❡ ♣❛rt❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ❝♦♠ ❝♦♥tr✐❜✉✐çõ❡s
❞❡ ❢♦♥t❡s ❧♦❝❛✐s✳ ❊st❛ ❢♦✐ ❛ r❡❣✐ã♦ ❞❡ ♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦ ✭❚❛❜❡❧❛ ✹✳✶✮✳
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❚❛❜❡❧❛ ✹✳✼✿ ❉❡s❝r✐çã♦ ❞❛s r❡❣✐õ❡s ❞❡ r❡s✐❞ê♥❝✐❛ ❞❡ ♠❛ss❛ ❞❡ ❛r ❡♠ ❙❛♥t♦s

❘❡❣✐ã♦ ❉❡s❝r✐çã♦ ❋♦♥t❡
✶ ▲✐t♦r❛❧ ◆♦rt❡ ♣❛✉❧✐st❛✱ ❙✉❧ ❞❡ ▼✐♥❛s ●❡r❛✐s ▲♦❝❛❧

❡ ❘✐♦ ❞❡ ❏❛♥❡✐r♦
✷ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦ ✭✐♥t❡r✐♦r ❡ ❝❛♣✐t❛❧✮ ▲♦❝❛❧
✸ ▲✐t♦r❛❧ ❙✉❧ ❞❡ ❙ã♦ P❛✉❧♦✱ ▲❡st❡ ❡ ▲✐t♦r❛❧ ❞♦ P❛r❛♥á ▲♦❝❛❧✴▲✐t♦râ♥❡❛

❡ ❙❛♥t❛ ❈❛t❛r✐♥❛
✹ ▲✐t♦r❛❧ P❛✉❧✐st❛ ▲♦❝❛❧✴▲✐t♦râ♥❡❛
✺ ❊s♣ír✐t♦ ❙❛♥t♦ ❡ ▲✐t♦r❛❧ ❞♦ ❙✉❞❡st❡ ▲✐t♦râ♥❡❛
✻ ▲✐t♦r❛❧ ❞♦ ◆♦r❞❡st❡ ▲✐t♦râ♥❡❛
✼ ◆♦rt❡✴◆♦r❞❡st❡✴❈❡♥tr♦✲❖❡st❡ ❈♦♥t✐♥❡♥t❛❧
✽ ▲❡st❡ ❞♦ P❛r❛♥á ❡ ❙❛♥t❛ ❈❛♥t❛r✐♥❛✱ ▼❛t♦ ●r♦ss♦ ❞♦ ❙✉❧ ❈♦♥t✐♥❡♥t❛❧

❡ P❛r❛❣✉❛✐
✾ ❆❝r❡ ❡ ❘♦♥❞ô♥✐❛✱ ❡ ❇♦❧í✈✐❛✱ P❡r✉✱ ❈❤✐❧❡ ❡ ❆r❣❡♥t✐♥❛ ❈♦♥t✐♥❡♥t❛❧
✶✵ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✱ ❧✐t♦r❛❧ ❣❛ú❝❤♦ ❡ ❯r✉❣✉❛✐ ❈♦♥t✐♥❡♥t❛❧
✶✶ ❆r❣❡♥t✐♥❛ ❡ ❧✐t♦r❛❧ ❛r❣❡♥t✐♥♦ ❈♦♥t✐♥❡♥t❛❧
✶✷ ❆t❧â♥t✐❝♦ ❙✉❧ ▲✐t♦râ♥❡❛

♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮✳ ❆❧é♠ ❞✐ss♦✱ ❡ss❡ ♠♦❞❡❧♦ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❡♠
r❡❧❛çã♦ ❛ ❢✉♥çã♦ ❞❡ ❛✉t♦✲❝♦rr❡❧❛çã♦ ❡ ♦ t❡st❡ ❞❡ ▲❥✉♥❣✲❇♦① ❞♦s r❡sí❞✉♦s ❋✐❣✉r❛ ❆✳✶✵✳

❚❛❜❡❧❛ ✹✳✽✿ ❈r✐tér✐♦ ❞❡ ❙❡❧❡çã♦ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❆❘▼❆✭♣✱q✮ ✲ ▼P10 ✲ ❙❛♥t♦s

▼♦❞❡❧♦ ◗✉❛♥t✐❞❛❞❡ ❞❡ ♣❛râ♠❡tr♦s ❆■❈
❆❘▼❆✭✶✱✵✮ ❂ ❆❘✭✶✮ ✶ ✻✸✺✾✱✺✽✹
❆❘▼❆✭✷✱✵✮ ❂ ❆❘✭✷✮ ✷ ✻✸✻✶✱✺✽✵
❆❘▼❆✭✵✱✶✮ ❂ ▼❆✭✶✮ ✶ ✻✹✶✽✱✽✾✷
❆❘▼❆✭✵✱✷✮ ❂ ▼❆✭✷✮ ✷ ✻✸✽✷✱✷✸✵

❆❘▼❆✭✶✱✶✮ ✷ ✻✸✻✶✱✺✼✾
❆❘▼❆✭✷✱✶✮ ✸ ✻✸✻✷✱✻✹✼
❆❘▼❆✭✶✱✷✮ ✸ ✻✸✸✹✱✺✼✶
❆❘▼❆✭✷✱✷✮ ✹ ✻✸✷✻✱✻✾✻

❉❡st❡ ♠♦❞♦✱ ♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮ ❢♦✐ ❡s❝♦❧❤✐❞♦✱ ❞❡♥tr❡ ♦s ♠♦❞❡❧♦s ❞❡ sér✐❡s t❡♠♣♦✲
r❛✐s✱ ❡ ❢♦✐ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦s ♠♦❞❡❧♦s ◆♦r♠❛❧✱ ◆♦r♠❛❧ ■♥✈❡rs❛✱ ●❛♠❛ ❡ ▲♦❣✲♥♦r♠❛❧✳ ❆
❚❛❜❡❧❛ ✹✳✾ ♠♦str❛ ♦s ✈❛❧♦r❡s ❞❡ ❈P✱ ❘❊◗▼✱ ▲❖● ❡ ❆■❈ ♣❛r❛ ♦s ❝✐♥❝♦ ♠♦❞❡❧♦s ♣❛r❛
❛❥✉st❡ ❞✐ár✐♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ❡♠ ❙❛♥t♦s✳ ❖ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮ ❛♣r❡s❡♥t♦✉ ♦s
♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❞❡♥tr❡ ❛s q✉❛tr♦ ♠❡❞✐❞❛s ❝♦♠♣❛r❛t✐✈❛s✱ ♦✉ s❡❥❛✱ ♠❛✐♦r❡s ✈❛❧♦r❡s ♣❛r❛
❈P ❡ ▲❖●✱ ❡ ♠❡♥♦r❡s ✈❛❧♦r❡s ❞❡ ❘❊◗▼ ❡ ❆■❈✳ ❆♦ ❝♦♠♣❛r❛r ♦s ♦✉tr♦s q✉❛tr♦ ♠♦❞❡❧♦s✱
♥♦t❛✲s❡ q✉❡ ♦ ♠♦❞❡❧♦ ◆♦r♠❛❧ é ♠❡❧❤♦r ❡♠ r❡❧❛çã♦ ❛♦ ❈P ❡ ❘❊◗▼✱ ❡♥q✉❛♥t♦ q✉❡ ♦ ♠♦❞❡❧♦
▲♦❣✲♥♦r♠❛❧ é ♠❡❧❤♦r ❡♠ r❡❧❛çã♦ ❛♦ ▲❖● ❡ ❆■❈✳ ❆ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ❞♦✐s ♠♦❞❡❧♦s é q✉❡
♦ s❡❣✉♥❞♦✱ ❝♦♥s✐❞❡r❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ✈❛r✐á✈❡❧ r❡s♣♦st❛ ✭❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P✮ s❡r ✉♠
✈❛❧♦r s❡♠♣r❡ ♣♦s✐t✐✈♦✱ ❞✐❢❡r❡♥t❡ ❞♦ ♠♦❞❡❧♦ ◆♦r♠❛❧✳
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❚❛❜❡❧❛ ✹✳✾✿ ▼❡❞✐❞❛s ❝♦♠♣❛r❛t✐✈❛s ✲ ▼P10 ✲ ❙❛♥t♦s

▼♦❞❡❧♦ ❈P ❘❊◗▼ ▲❖● ❆■❈
◆♦r♠❛❧ ✵✱✹✹✶ ✷✷✱✷✾✾ ✲✸✸✵✷✱✶✸✷ ✻✻✸✵✱✷✻✹

◆♦r♠❛❧ ■♥✈❡rs❛ ✵✱✹✷✼ ✷✷✱✹✽✼ ✲✸✶✻✻✱✷✶✹ ✻✸✺✽✱✹✷✼
●❛♠❛ ✵✱✹✸✻ ✷✷✱✸✻✷ ✲✸✶✺✹✱✹✼✽ ✻✸✸✹✱✾✺✻

▲♦❣✲◆♦r♠❛❧ ✵✱✹✸✵ ✷✷✱✾✵✶ ✲✸✶✹✺✱✸✵✼ ✻✸✶✻✱✻✶✹
❆❘▼❆✭✷✱✷✮ ✵✱✻✽✾ ✶✽✱✵✵✷ ✲✸✶✹✻✱✸✹✽ ✻✸✷✻✱✻✾✻

❆s ❋✐❣✉r❛s ❆✳✶✶✱ ❆✳✶✷✱ ❆✳✶✸✱ ❆✳✶✹ ❡ ✹✳✶✾ ♠♦str❛♠ ♦s r❡sí❞✉♦s ♣❛❞r♦♥✐③❛❞♦s ♣❡❧❛ ♦r❞❡♠
❞❛s ♦❜s❡r✈❛çõ❡s✳ ❊s♣❡r❛✲s❡ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❛❧❡❛tór✐♦ ❞♦s r❡sí❞✉♦s ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳
❖s r❡sí❞✉♦s ❞♦s ♠♦❞❡❧♦s ◆♦r♠❛❧ ✭❋✐❣✉r❛ ❆✳✶✶✮✱ ◆♦r♠❛❧ ✐♥✈❡rs❛ ✭❋✐❣✉r❛ ❆✳✶✷✮✱ ●❛♠❛
✭❋✐❣✉r❛ ❆✳✶✸✮ ❡ ▲♦❣✲♥♦r♠❛❧ ✭❋✐❣✉r❛ ❆✳✶✹✮ ♣❛r❡❝❡♠ ❛♣r❡s❡♥t❛r ✉♠❛ t❡♥❞ê♥❝✐❛ ❡♠ ❢♦r♠❛
❞❡ ✏♦♥❞❛s✑✱ ❞✐❢❡r❡♥t❡ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s r❡sí❞✉♦s ♥❛ ❋✐❣✉r❛ ✹✳✶✾✱ ❞♦ ♠♦❞❡❧♦ ❆❘▼❆✱
q✉❡ s❡ ❛♣r❡s❡♥t❛♠ ❞❡ ❢♦r♠❛ ♠❛✐s ❛❧❡❛tór✐❛ ✭❣❛✉ss✐❛♥❛✮ ❞❡♥tr♦ ❞♦s ❧✐♠✐t❡s ✲✷ ❛ ✷✳ ❊st❛
❝❛r❛❝t❡ríst✐❝❛✱ ✐♥❞✐❝❛ ✉♠ ♠❡❧❤♦r ❛❥✉st❡ ❞♦s ❞❛❞♦s ♦❜s❡r✈❛❞♦s ❝♦♠ ♦s ❞❛❞♦s ♠♦❞❡❧❛❞♦s✳

❋✐❣✉r❛ ✹✳✶✾✿ ❘❡sí❞✉♦s ♣❛❞r♦♥✐③❛❞♦s ♣❡❧❛ ♦r❞❡♠ ❞❛s ♦❜s❡r✈❛çõ❡s ✭▼P10✮ ✲ ▼♦❞❡❧♦
❆❘▼❆✭✷✱✷✮ ✲ ❙❛♥t♦s

❆❧é♠ ❞♦s ❣rá✜❝♦s ❞♦s r❡sí❞✉♦s ♣❡❧❛ ♦r❞❡♠✱ t❛♠❜é♠ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣rá✜❝♦s ♥♦r✲
♠❛❧ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ♣❛r❛ ♦s r❡sí❞✉♦s✱ ♥❛s ❋✐❣✉r❛s ❆✳✶✺✱ ❆✳✶✻✱ ❆✳✶✼✱ ❆✳✶✽ ❡ ✹✳✷✵✳ ◆❡st❡s
❣rá✜❝♦s é ❢❡✐t❛ ❛ ❝♦♠♣❛r❛çã♦ ❞♦s r❡sí❞✉♦s ♣❛❞r♦♥✐③❛❞♦s ❝♦♠ ♦s ♣❡r❝❡♥t✐s ❞❛ ❞✐str✐❜✉✐çã♦
♥♦r♠❛❧ ♣❛❞rã♦✳ ❖s r❡sí❞✉♦s ❞♦s ♠♦❞❡❧♦s ●❛♠❛✱ ◆♦r♠❛❧ ■♥✈❡rs❛ ❡ ▲♦❣✲♥♦r♠❛❧ ✜❝❛r❛♠
❜❡♠ ♣ró①✐♠♦s ❞❛ r❡t❛✱ ✐♥❞✐❝❛♥❞♦ ✉♠❛ ❛❞❡q✉❛çã♦ ❞❛ ❞✐str✐❜✉✐çã♦ ♣r♦♣♦st❛ ♣❛r❛ ❛ ✈❛r✐á✈❡❧
r❡s♣♦st❛ ✭▼P10✮✳ ❊♥q✉❛♥t♦ ♦s r❡sí❞✉♦s ❞♦s ♠♦❞❡❧♦s ◆♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✷✮ ✜❝❛r❛♠ ♠❛✐s
❞✐s♣❡rs♦s ❡♠ r❡❧❛çã♦ ❛ r❡t❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦s ❡①tr❡♠♦s✳

▼❛✐s ✉♠❛ ❡✈✐❞ê♥❝✐❛ ❞❡ q✉❡ ❤á ❞✐❢❡r❡♥ç❛ ♥❛s ❛❜♦r❞❛❣❡♥s ❡♥tr❡ ♦s ❝✐♥❝♦ ♠♦❞❡❧♦s ❢♦r❛♠
❛s ❝♦♥tr✐❜✉✐çõ❡s ♠é❞✐❛s ❞❡ ❝❛❞❛ ✉♠✱ ♠♦str❛❞♦s ♥❛s ❋✐❣✉r❛s ❇✳✺✱ ❇✳✻✱ ❇✳✼✱ ❇✳✽ ❡ ✹✳✷✶✱ r❡s✲
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❋✐❣✉r❛ ✹✳✷✵✿ ●rá✜❝♦ ♥♦r♠❛❧ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s ✲ qq✲♣❧♦t ✲ ✭▼P10✮ ✲ ▼♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮ ✲
❙❛♥t♦s

♣❡❝t✐✈❛♠❡♥t❡ ♣❛r❛ ♦s ♠♦❞❡❧♦s ◆♦r♠❛❧✱ ◆♦r♠❛❧ ✐♥✈❡rs❛✱ ●❛♠❛✱ ▲♦❣✲♥♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✷✮✳
❆s ♣r♦♣♦rçõ❡s ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ❝❛❞❛ r❡❣✐ã♦ ❡ ❛s r❡❣✐õ❡s s✐❣♥✐✜❝❛t✐✈❛s ❡st❛t✐st✐❝❛♠❡♥t❡
❢♦r❛♠ ❞✐❢❡r❡♥t❡s ❡♥tr❡ ♦s ♠♦❞❡❧♦s✳ ◆♦ ♠♦❞❡❧♦ ◆♦r♠❛❧ ❡ ▲♦❣✲♥♦r♠❛❧✱ t♦❞❛s ❛s r❡❣✐õ❡s
❢♦r❛♠ s✐❣♥✐✜❝❛t✐✈❛s✳ ◆♦s ♠♦❞❡❧♦s ◆♦r♠❛❧ ✐♥✈❡rs❛ ❡ ●❛♠❛✱ ❛ r❡❣✐ã♦ ✾ ♥ã♦ ❢♦✐ s✐❣♥✐✜❝❛t✐✈❛✳
❊ ♣♦r ✜♠✱ ♥♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮✱ ❛ r❡❣✐ã♦ ✶✶ ♥ã♦ ❢♦✐ s✐❣♥✐✜❝❛t✐✈❛ ❛ ✺✪ ❞❡ s✐❣♥✐✜❝â♥❝✐❛✳
◆❡st❡ ❝❛s♦✱ ♦s ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❣❡♥❡r❛❧✐③❛❞♦s ✭◆♦r♠❛❧ ✐♥✈❡rs❛ ❡ ●❛♠❛✮✱ q✉❡ t❡♠ s✉♣♦s✐✲
çõ❡s ❜❡♠ s✐♠✐❧❛r❡s ✭❡①❝❡t♦ ♣❡❧❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✮✱ t✐✈❡r❛♠ r❡s✉❧t❛❞♦s ✐❣✉❛✐s
❡♠ t❡r♠♦s ❞❡ r❡❣✐õ❡s s✐❣♥✐✜❝❛t✐✈❛s✳

❇❛s❡❛❞♦ ♥❛ ❛♥á❧✐s❡ ❞♦s r❡sí❞✉♦s✱ ❡ ♥❛s ♠❡❞✐❞❛s ❝♦♠♣❛r❛t✐✈❛s ✭❚❛❜❡❧❛ ✹✳✾✮✱ ♦ ♠♦❞❡❧♦
❆❘▼❆✭✷✱✷✮ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✳ ◆❛ s❡q✉ê♥❝✐❛✱ ♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧ ❢♦✐ ♦
q✉❡ ❛♣r❡s❡♥t♦✉ ♠❡❞✐❞❛s ❝♦♠♣❛r❛t✐✈❛s ♠❡❧❤♦r❡s ✭▲❖● ❡ ❆■❈✮✱ ❡ r❡sí❞✉♦s ❝♦♠♣❛r❛❞♦ ❝♦♠
♣❡r❝❡♥t✐s ❞❛ ♥♦r♠❛❧ ♣❛❞rã♦ ✭❋✐❣✉r❛ ❆✳✶✽✮ ♠❛✐s ❛❞❡q✉❛❞♦s✳ ❉❡st❛ ❢♦r♠❛✱ ♦s ♠♦❞❡❧♦s
❆❘▼❆✭✷✱✷✮ ❡ ▲♦❣✲♥♦r♠❛❧ ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ♥❛ ❝♦♥tr✐❜✉✐çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ♠é❞✐❛ ❞♦
▼P10 ❞♦s ❛♥♦s ❞❡ ✷✵✶✹ ❡ ✷✵✶✺ ♣❛r❛ ❛ ❝✐❞❛❞❡ ❞❡ ❙❛♥t♦s✳ ◆❛ ❋✐❣✉r❛ ✹✳✷✷ sã♦ ❝♦♠♣❛r❛❞♦s
♦s ❞♦✐s ♠♦❞❡❧♦s ❡s❝♦❧❤✐❞♦s ✭▲♦❣✲♥♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✷✮✮✳ ❙❡ ❛ r❡❣✐ã♦ ❡stá ♣r❡❡♥❝❤✐❞❛ ❝♦♠ ❛
❝♦r ✈❡r♠❡❧❤❛✱ ❤á ♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦✱ ❡ s❡ ❛ r❡❣✐ã♦ ❡stá ♣r❡❡♥❝❤✐❞❛ ❝♦♠ ❛ ❝♦r ❛③✉❧✱ ♠❡♥♦r
é ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❛ r❡❣✐ã♦ ♥♦s ♥í✈❡✐s ❞♦ ▼P10✳

❆ r❡❣✐ã♦ ❞❡ ♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦ ♥♦s ❞♦✐s ♠♦❞❡❧♦s ❢♦✐ ❛ r❡❣✐ã♦ ✶✱ ❝♦♠ ✸✺✱✸✪ ✭♠♦❞❡❧♦
▲♦❣✲♥♦r♠❛❧✮ ❡ ✹✵✱✾✪ ✭♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮✮✳ ❊ss❛ r❡❣✐ã♦ é r❡❢❡r❡♥t❡ ❛♦ ❙✉❧ ❞❡ ▼✐♥❛s ●❡✲
r❛✐s✱ ▲✐t♦r❛❧ ◆♦rt❡ ❞❡ ❙ã♦ P❛✉❧♦ ❡ ♦ ❊st❛❞♦ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✳ ❆ s❡❣✉♥❞❛ r❡❣✐ã♦ ❞❡
♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦ ❢♦✐ ❛ ✹✱ ❝♦♠ ✶✺✱✺✪ ✭♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✮ ❡ ❛ r❡❣✐ã♦ ✷✱ ❝♦♠ ✶✺✱✹✪
✭♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮✮✳ ❆ r❡❣✐ã♦ ✹ ❝♦♥tr✐❜✉✐✉ ❝♦♠ ✶✵✱✺✪ ♥♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮✱ ❡ ❛ r❡✲
❣✐ã♦ ✷ ❝♦♥tr✐❜✉✐✉ ❝♦♠ ✶✷✱✸✪ ♥♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✳ ❆ r❡❣✐ã♦ ✷ ❝♦rr❡s♣♦♥❞❡ ❛ ✐♥✢✉ê♥❝✐❛
❞❡ ♣r❛t✐❝❛♠❡♥t❡ t♦❞♦ ♦ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✱ ✐♥t❡r✐♦r ❡ r❡❣✐ã♦ ♠❡tr♦♣♦❧✐t❛♥❛✳ ❆ r❡❣✐ã♦
✹ ❡✈✐❞❡♥❝✐❛ ❡①❝❧✉s✐✈❛♠❡♥t❡ ✐♥✢✉ê♥❝✐❛ ❧✐t♦râ♥❡❛ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ✭❚❛❜❡❧❛ ✹✳✼ ❡
❋✐❣✉r❛ ✹✳✶✽✮✳ ❉❡♥tr❡ ❛s q✉❛tr♦ r❡❣✐õ❡s ❞❡ ✐♥✢✉ê♥❝✐❛ ❧♦❝❛❧✱ ❛ r❡❣✐ã♦ ✸ ❢♦✐ ❛ ❞❡ ♠❡♥♦r



✹✳✶✳ ▼❆❚❊❘■❆▲ P❆❘❚■❈❯▲❆❉❖ ■◆❆▲➪❱❊▲ ✲ ▼P10 ✻✻

❋✐❣✉r❛ ✹✳✷✶✿ ❈♦♥tr✐❜✉✐çã♦ ♠é❞✐❛ ❞♦ ▼P10 ♣♦r ár❡❛ ✲ ▼♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮ ✲ ❙❛♥t♦s

❋✐❣✉r❛ ✹✳✷✷✿ ▼❛♣❛ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞❛s r❡❣✐õ❡s ♥♦ ♠♦❞❡❧♦ ▲♦❣✲◆♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✷✮✱
r❡s♣❡❝t✐✈❛♠❡♥t❡ ✲ ❙❛♥t♦s ✲ ▼P10

♣❡r❝❡♥t✉❛❧✳ ❊ss❛ r❡❣✐ã♦ r❡✢❡t❡ ✐♥✢✉ê♥❝✐❛ ❞❡ ♠❛ss❛ ❞❡ ❛r ❞♦s ❡st❛❞♦s ❞♦ P❛r❛♥á ❡ ❙❛♥t❛
❈❛t❛r✐♥❛✱ ❡ s❡✉s ❧✐t♦r❛✐s✱ ❛❧é♠ ❞♦ ❙✉❧ ❞♦ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✳ ❖ ♣❡r❝❡♥t✉❛❧ ❞❡ ❝♦♥tr✐✲
❜✉✐çã♦ ❢♦✐ ❞❡ ✺✱✺✪ ❡ ✸✱✸✪ ♣❛r❛ ♦s ♠♦❞❡❧♦s ▲♦❣✲♥♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✷✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
❉❡ ♠♦❞♦ ❣❡r❛❧✱ ❛s r❡❣✐õ❡s ❝♦♠ ❢♦♥t❡s ❧♦❝❛✐s ❝♦rr❡s♣♦♥❞❡r❛♠ ❛ ✻✽✱✺✪ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ♥♦
♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✱ ❡ ✼✵✱✶✪ ♥♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮✳ ❉❡♥tr♦ ❞❡ss❛ ❝♦♥tr✐❜✉✐çã♦ t♦t❛❧✱
✈❛❧❡ ❞❡st❛❝❛r ♦ ♣♦rt♦ ❞❡ ❙❛♥t♦s✱ q✉❡ t❡♠ ✐♠♣♦rt❛♥t❡ r❡❧❡✈â♥❝✐❛ ♥❛s ❛t✐✈✐❞❛❞❡s ❞❛ r❡❣✐ã♦
❞❛ ❜❛✐①❛❞❛ s❛♥t✐st❛✱ ❛❧é♠ ❞❛ ✐♥t❡♥s❛ ♠♦✈✐♠❡♥t❛çã♦ ❞❡ ❝❛♠✐♥❤õ❡s ♥♦ ❧♦❝❛❧ ✭❈❊❚❊❙❇✱
✷✵✶✺❛✮✳

❆s r❡❣✐õ❡s ✺✱ ✻ ❡ ✶✷ t❡♠ ❡♠ s✉❛s ár❡❛s ♣r❛t✐❝❛♠❡♥t❡ ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦ ❧✐t♦r❛❧ ❞♦
❆t❧â♥t✐❝♦✳ ◆♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✱ ❛ ❝♦♥tr✐❜✉✐çã♦ t♦t❛❧ ❞❡ss❛s ár❡❛s ❢♦✐ ❞❡ ✶✻✱✹✪✱ ❡♥q✉❛♥t♦
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q✉❡ ♥♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮ ❢♦✐ ❞❡ ✶✻✱✸✪✳ ❖ ❧✐t♦r❛❧ ❞❛ r❡❣✐ã♦ ❙✉❞❡st❡ ❞♦ ❇r❛s✐❧ ✭ár❡❛ ✺✮
❢♦✐ ❛ ❞❡ ♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦✱ ❝♦♠ ✾✱✵✪ ✭♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✮ ❡ ✾✱✼✪ ✭♠♦❞❡❧♦ ❆❘▼❆✮✳ ❊♠
s❡❣✉✐❞❛✱ ❛ r❡❣✐ã♦ ✶✷ ✭❧✐t♦r❛❧ ❞♦ ❆t❧â♥t✐❝♦ ❙✉❧✮ ❝♦rr❡s♣♦♥❞❡ ❛ ♣♦✉❝♦ ♠❛✐s ❞❡ ✹✪ ♥♦ ♠♦❞❡❧♦
❆❘▼❆✭✷✱✷✮ ❡ q✉❛s❡ ✻✪ ♥♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✳ ❊ ♦ ▲✐t♦r❛❧ ◆♦r❞❡st✐♥♦✱ ár❡❛ ✻✱ ❢♦✐ ❛
❞❡ ♠❡♥♦r ❝♦♥tr✐❜✉✐çã♦ ❞❡♥tr❡ ❡ss❛s r❡❣✐õ❡s✱ ❝♦♠ ✶✱✹✪ ❡ ✷✱✶✪ ♥♦s ♠♦❞❡❧♦s ▲♦❣✲♥♦r♠❛❧ ❡
❆❘▼❆✭✷✱✷✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆ r❡❣✐ã♦ ❞❡ ♠❡♥♦r ❝♦♥tr✐❜✉✐çã♦ ❢♦✐ ❛ ✾ ✭r❡❢❡r❡♥t❡ ❛♦s ❡st❛❞♦s ❞♦ ❆❝r❡ ❡ ❘♦♥❞ô♥✐❛✱ ❛❧é♠
❞❛ ❇♦❧í✈✐❛✱ ♥♦rt❡ ❞❛ ❆r❣❡♥t✐♥❛ ❡ ❈❤✐❧❡✱ ❡ s✉❧ ❞♦ P❡r✉✳ ❙✉❛ ❝♦♥tr✐❜✉✐çã♦ ❢♦✐ ♠❡♥♦r q✉❡ ✶✪
♥♦s ❞♦✐s ♠♦❞❡❧♦s✳ ◆❛ s❡q✉ê♥❝✐❛✱ ❛ r❡❣✐ã♦ ✶✶ t❛♠❜é♠ t❡✈❡ ♣♦✉❝❛ ❝♦♥tr✐❜✉✐çã♦✱ s❡♥❞♦ q✉❡
♥ã♦ ❢♦✐ s✐❣♥✐✜❝❛t✐✈❛ ♥♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮✳ ◆♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✱ s✉❛ ❝♦♥tr✐❜✉✐çã♦ ❢♦✐
❞❡ ✶✱✾✪✳

❆ ❡st✐♠❛t✐✈❛ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ♠é❞✐❛ ❞✐ár✐❛ ❞❛ r❡❣✐ã♦ ✶✵ ✭❊st❛❞♦ ❞♦ ❘✐♦
●r❛♥❞❡ ❞♦ ❙✉❧ ❡ ▲✐t♦r❛❧✱ ❯r✉❣✉❛✐ ❡ ♦ ❧✐t♦r❛❧✮ ❢♦✐ ❞❡ ✸✱✵✪ ❡ ✷✱✻✪ ♥♦s ♠♦❞❡❧♦s ▲♦❣✲♥♦r♠❛❧
❡ ❆❘▼❆✭✷✱✷✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❋✐♥❛❧♠❡♥t❡✱ ❛s r❡❣✐õ❡s ✼ ❡ ✽ ❝♦rr❡s♣♦♥❞❡♠ ❛ ♠❛✐♦r ♣❛rt❡ ♣♦r ✐♥✢✉ê♥❝✐❛s ❞❡ ♠❛ss❛s ❞❡
❛r ❝♦♥t✐♥❡♥t❛✐s✱ t❡♥❞♦ ❝♦♥tr✐❜✉í❞♦ ❝♦♠ ✶✵✪ ❡ ✾✱✸✪ ♥♦s ♠♦❞❡❧♦s ▲♦❣✲♥♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✷✮✳
❉❡ss❛s ❞✉❛s✱ ❛ r❡❣✐ã♦ ✼ t❡✈❡ r❡❧❡✈❛♥t❡ ❝♦♥tr✐❜✉✐çã♦✱ ❝♦♠ ✼✱✹✪ ✭♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✮ ❡ ✼✱✽✪
✭♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮✮✳ ❆ r❡❣✐ã♦ ✼ ❝♦rr❡s♣♦♥❞❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❛s ár❡❛s ❞♦s ❊st❛❞♦s ❞❛
❇❛❤✐❛✱ ●♦✐ás✱ ❉✐str✐t♦ ❋❡❞❡r❛❧✱ ▼❛t♦ ●r♦ss♦✱ ❚♦❝❛♥t✐♥s ✭♠❛✐♦r ♣❛rt❡✱ ❞♦ ❝❡♥tr♦ ❛♦ ❙✉❧ ❞♦
❊st❛❞♦✮ ❡ ◆♦rt❡ ❞❡ ▼✐♥❛s ●❡r❛✐s✳ ❆ r❡❣✐ã♦ ✽ ✭P❛r❛❣✉❛✐✱ ▼❛t♦ ●r♦ss♦ ❞♦ ❙✉❧✱ ❡ ♦❡st❡ ❞♦
P❛r❛♥á ❡ ❙❛♥t❛ ❈❛t❛r✐♥❛✮ t❡✈❡ ✉♠❛ ♠❡♥♦r ❝♦♥tr✐❜✉✐çã♦✱ s❡♥❞♦ ❛ ❡st✐♠❛t✐✈❛ ♥♦ ♠♦❞❡❧♦
▲♦❣✲♥♦r♠❛❧ ❞❡ ✷✱✻✪ ❡ ♥♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮ ❢♦✐ ❞❡ ✶✱✺✪✳

❆ ❋✐❣✉r❛ ✹✳✷✸ ❛♣r❡s❡♥t❛ ♦ ♠❛♣❛ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❛s tr❛❥❡tór✐❛s ❞❛s ❞✉❛s r❡❣✐õ❡s ❞❡
♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦✱ r❡❣✐õ❡s ✶ ❡ ✷✳ ❖ ♠❛♣❛ ❢♦✐ ❢❡✐t♦ ❝♦♠ ♦s ♣♦♥t♦s ❞❡ ❝♦♦r❞❡♥❛❞❛s ❞❛s
tr❛❥❡tór✐❛s ❞❡ ♠❛ss❛ ❞❡ ❛r ✉s❛♥❞♦ ✉♠❛ ❞❡♥s✐❞❛❞❡ ❦❡r♥❡❧ ✭▼❈●❖❲❆◆❀ ❈▲❆❘❑✱ ✷✵✵✽❀ ●❊
❡t ❛❧✳✱ ✷✵✶✻❀ ❙❆▲▼❆❇❆❉■❀ ❙❆❊❊❉■✱ ✷✵✶✽✮✳ ❖ r❡s✉❧t❛❞♦ ❞❛ ❞❡♥s✐❞❛❞❡ é ✉♠❛ s✉♣❡r❢í❝✐❡
s✉❛✈✐③❛❞❛ ❞❛s ❝♦♦r❞❡♥❛❞❛s ❞❛s tr❛❥❡tór✐❛s ❜❛❝❦✇❛r❞ ❡♠ ❙❛♥t♦s✳

◆♦t❡ q✉❡✱ ❛s tr❛❥❡tór✐❛s ♣❛r❡❝❡♠ ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ✈✐r ❞❛ ❞✐r❡çã♦ ♥♦r❞❡st❡ ❞❡ ❙❛♥✲
t♦s✱ ❞❡s❞❡ ❛s ❝✐❞❛❞❡s ♠✐♥❡✐r❛s ❞❡ ❏✉✐③ ❞❡ ❋♦r❛ ❡ ❱❛r❣✐♥❤❛✱ ♣❛ss❛♥❞♦ ♣♦r ❙✉❧ ❞♦ ❘✐♦ ❞❡
❏❛♥❡✐r♦✱ ✐♥❝❧✉✐♥❞♦ ❝♦♥tr✐❜✉✐çã♦ ❞❛ ❘❡❣✐ã♦ ♠❡tr♦♣♦❧✐t❛♥❛ ❞❡ ❈❛♠♣✐♥❛s✳ ❆s ♠❛✐s ❛❧t❛s
❞❡♥s✐❞❛❞❡s s❡ ❧♦❝❛❧✐③❛♠ ♥♦ ❧❡st❡ ❡ s✉❧ ❞❛ r❡❣✐ã♦ ♠❡tr♦♣♦❧✐t❛♥❛ ❞❡ ❙ã♦ P❛✉❧♦✱ ❡ t❛♠❜é♠
r❡❣✐ã♦ ❞❡ ❙ã♦ ❏♦sé ❞♦s ❈❛♠♣♦s✱ ❡ ❣r❛♥❞❡ ♣❛rt❡ ❞❛ ❜❛✐①❛❞❛ ❙❛♥t✐st❛ ✭❋✐❣✉r❛ ✹✳✷✸✮✳ ❊s✲
s❛s r❡❣✐õ❡s s❡ ❝❛r❛❝t❡r✐③❛♠ ♣♦r ✐♥t❡♥s❛ ❛t✐✈✐❞❛❞❡ ✐♥❞✉str✐❛❧✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣♦r ✐♥❝❧✉✐r ♦
♣♦❧♦ ✐♥❞✉str✐❛❧ ❞❡ ❈✉❜❛tã♦✱ ❝♦♠ ❡♠♣r❡s❛s ❞♦ s❡t♦r s✐❞❡rúr❣✐❝♦✱ ♣❡tr♦q✉í♠✐❝♦ ❡ ❞❡ ❢❡rt✐✲
❧✐③❛♥t❡s ✭❈❊❚❊❙❇✱ ✷✵✶✺❛✮✳ ❆ ❝✐r❝✉❧❛çã♦ ❞❡ ❝❛♠✐♥❤õ❡s ❡♠ ❞✐r❡çã♦ ❛♦ ♣♦❧♦ ✐♥❞✉str✐❛❧ ❞❡
❈✉❜❛tã♦ ❡ ❛♦ ♣♦rt♦ ❞❡ ❙❛♥t♦s✱ ♣r♦✈♦❝❛♠ r❡ss✉s♣❡♥sã♦ ❞❡ ♠❛t❡r✐❛❧ ♣❡❧❛ ❛çã♦ ❞♦s ✈❡♥t♦s✱
❡ ♣❡❧❛ ♣ró♣r✐❛ ♠♦✈✐♠❡♥t❛çã♦ ❞♦s ❝❛♠✐♥❤õ❡s✱ q✉❡ t❛♠❜é♠ ❡♠✐t❡♠ ♣❛rt✐❝✉❧❛❞♦s ❞❡✈✐❞♦ ❛
q✉❡✐♠❛ ❞♦ ❞✐❡s❡❧ ✭❈❊❚❊❙❇✱ ✷✵✶✻❜❀ ❈❊❚❊❙❇✱ ✷✵✶✽✮✳ ❍á t❛♠❜é♠ ❡♠✐ssõ❡s ♣r♦✈❡♥✐❡♥t❡s
❞❡ ♠♦✈✐♠❡♥t❛çã♦ ❞❡ ❣rã♦s ✭♠✐❧❤♦ ❡ s♦❥❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡✮ ❞❡✈✐❞♦ ❛s ❛t✐✈✐❞❛❞❡s ♣♦rt✉ár✐❛s
✭❈❊❚❊❙❇✱ ✷✵✶✺❛❀ ❈❊❚❊❙❇✱ ✷✵✶✽✮✳ ❆❧é♠ ❞✐ss♦✱ ❡♠✐ssõ❡s ✈❡✐❝✉❧❛r❡s t❛♠❜é♠ ✐♠♣❛❝t❛♠
♥♦s ♥í✈❡✐s ❞♦ ▼P10 ❡♠ ❙❛♥t♦s✱ ❞❡✈✐❞♦ ❛♦ ✐♥t❡♥s♦ trá❢❡❣♦ ✈❡✐❝✉❧❛r ✭❈❊❚❊❙❇✱ ✷✵✶✺❛✮✳
P♦r ✜♠✱ ❡ ❞❛❞❛ ❛ ♣r♦①✐♠✐❞❛❞❡ ❝♦♠ ♦ ♠❛r✱ ♦ ❛❡r♦ss♦❧ ♠❛r✐♥❤♦ t❛♠❜é♠ ❝♦♥tr✐❜✉✐ ♣❛r❛ ❛
❝♦♠♣♦s✐çã♦ ❞♦ ▼P ❡♠ ❙❛♥t♦s ✭❈❊❚❊❙❇✱ ✷✵✶✺❛✮✳
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Mapa de densidade de tragetória - Santos-SP

GCS Corrego Alegre 1961
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❋✐❣✉r❛ ✹✳✷✸✿ ▼❛♣❛ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❛s tr❛❥❡tór✐❛s ❜❛❝❦✇❛r❞ ❞❛s r❡❣✐õ❡s ✶ ❡ ✷ ✲ ❙❛♥t♦s

❋✐❣✉r❛ ✹✳✷✹✿ ❆❥✉st❡ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❞♦ ▼P10 ❡♠ ✷✵✶✹ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ✈❛❧♦r❡s
♦❜s❡r✈❛❞♦s ✲ ❙❛♥t♦s

❈♦♠ ♦s ❞❛❞♦s ❞♦ ▼P10 ❡ ♦s t❡♠♣♦s ❞❡ r❡s✐❞ê♥❝✐❛ ❞❡ ❝❛❞❛ r❡❣✐ã♦ ❞♦ ♠ês ❞❡ ❏❛♥❡✐r♦ ❞❡
✷✵✶✻✱ ❡♠ ❙❛♥t♦s✱ ♦ ♣♦❞❡r ❞❡ ♣r❡✈✐sã♦ ❞♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮ ❢♦✐ ❛✈❛❧✐❛❞♦✳ ◆❛ ❋✐❣✉r❛ ✹✳✷✻
sã♦ ♠♦str❛❞♦s ♦s ✈❛❧♦r❡s ♣r❡✈✐st♦s ♣❡❧♦ ♠♦❞❡❧♦✱ ❡ ♦s ✈❛❧♦r❡s r❡❛✐s ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10

❡♠ ❙❛♥t♦s✳ ◆❡st❡ ❝❛s♦✱ ❛s ❝♦♥❝❡♥tr❛çõ❡s ♣r❡✈✐st❛s ✜❝❛r❛♠ ❜❡♠ ♣ró①✐♠❛s ❛s ❝♦♥❝❡♥tr❛çõ❡s
r❡❛✐s✱ ✐♥❞✐❝❛♥❞♦ ✉♠❛ ♣r❡✈✐sã♦ s❛t✐s❢❛tór✐❛✳
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❋✐❣✉r❛ ✹✳✷✺✿ ❆❥✉st❡ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❞♦ ▼P10 ❡♠ ✷✵✶✺ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ✈❛❧♦r❡s
♦❜s❡r✈❛❞♦s ✲ ❙❛♥t♦s

❋✐❣✉r❛ ✹✳✷✻✿ Pr❡✈✐sã♦ ❞♦ ▼P10 ❡ ✈❛❧♦r❡s r❡❛✐s ♣❛r❛ ♦ ♠ês ❞❡ ❏❛♥❡✐r♦ ❞❡ ✷✵✶✻ ✲ ❙❛♥t♦s

❆ ❝♦♥tr✐❜✉✐çã♦ ♠é❞✐❛ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❢♦✐ ❜❡♠ s✐♠✐❧❛r ♥❛ ❝♦♠♣❛r❛çã♦ ❞♦s ❞♦✐s ♠♦✲
❞❡❧♦s✳ ❆s ♠❛✐♦r❡s ❞✐❢❡r❡♥ç❛s ❢♦r❛♠ ♥❛s r❡❣✐õ❡s ✶✱ ✷ ❡ ✹✳ ◆❛s ❞❡♠❛✐s✱ ❛s ❡st✐♠❛t✐✈❛s ❞♦
♣❡r❝❡♥t✉❛❧ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ♥♦s ♥í✈❡✐s ❞♦ ▼P10 ❢♦✐ ❜❡♠ ♣❡q✉❡♥♦✳ ❈♦♥❝❧✉✐✲s❡ q✉❡✱ ♥❛ ♠é❞✐❛✱
♦s ♠♦❞❡❧♦s ♥ã♦ ❛♣r❡s❡♥t❛♠ ❞✐❢❡r❡♥ç❛s ♥❛s ❡st✐♠❛t✐✈❛s✳ P♦ré♠✱ ❛s ❋✐❣✉r❛s ✹✳✷✹ ❡ ✹✳✷✺ ❛♣r❡✲
s❡♥t❛♠ ♦ ❛❥✉st❡ ❞✐ár✐♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ♥♦s ♠♦❞❡❧♦s ▲♦❣✲♥♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✷✮
❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦s ✈❛❧♦r❡s ❞✐ár✐♦s ♦❜s❡r✈❛❞♦s ♥♦s ❛♥♦s ❞❡ ✷✵✶✹ ❡ ✷✵✶✺✳ ❖s ✈❛❧♦r❡s
❛❥✉st❛❞♦s ♣❡❧♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮✱ ❝♦♥s❡❣✉❡♠ ❝❛♣t✉r❛r ❛ ❞❡♣❡❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❞♦s ❞❛✲
❞♦s✱ ❛❝♦♠♣❛♥❤❛♥❞♦ ❛ sér✐❡ ❞♦s ✈❛❧♦r❡s ♦❜s❡r✈❛❞♦s✳ ❉✐❢❡r❡♥t❡ ❞♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧ q✉❡
❛♣❡♥❛s s❡ ❛❥✉st❛ ❡♠ t♦r♥♦ ❞❡ ✉♠❛ ♠é❞✐❛ ❣❡r❛❧ ❞♦s ❞❛❞♦s✳ ❖✉ s❡❥❛✱ q✉❛♥❞♦ ❤á ❡❧❡✈❛❞❛s ♦✉
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❜❛✐①❛s ❝♦♥❝❡♥tr❛çõ❡s ❞✐ár✐❛s ❞♦ ▼P10✱ ❛♣❡♥❛s ♦ ♠♦❞❡❧♦ ❆❘▼❆ ✐❞❡♥t✐✜❝❛ ❡ss❡s ♣♦♥t♦s✳ ❆
❧✐♥❤❛ ✈❡r❞❡ r❡♣r❡s❡♥t❛ ♦s ✈❛❧♦r❡s ❞♦ ▲✐♠✐t❡ ❡st❛❜❡❧❡❝✐❞♦ ❞❛ ❖▼❙ ♣❛r❛ ❛ ♠é❞✐❛ ❞❡ ✷✹ ❤♦r❛s
❝♦♥s❡❝✉t✐✈❛✳ ◆♦t❛✲s❡ q✉❡✱ ❡♠ ❛❧❣✉♥s ❞✐❛s ♥♦ ✐♥í❝✐♦ ❞❡ ❝❛❞❛ ❛♥♦✱ ♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧
❡st✐♠❛ ✉♠❛ ❝♦♥❝❡♥tr❛çã♦ ❛❝✐♠❛ ❞♦ ❧✐♠✐t❡✱ q✉❛♥❞♦ ♥❛ ✈❡r❞❛❞❡ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10

❡stá ❛❜❛✐①♦✳ ❉❡st❡ ♠♦❞♦✱ ❞❛❞♦s ❛s ❡✈✐❞ê♥❝✐❛s ❛♣r❡s❡♥t❛❞❛s✱ ♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✷✮ é ♦
♠❡❧❤♦r ❞❡♥tr❡ ♦s ❝✐♥❝♦ ♠♦❞❡❧♦s ♣r♦♣♦st♦s✳ ❆ ❆❈ ❡ ❆❈P ❢♦✐ ❢❡✐t❛ ❝♦♠ ♦s ❞❛❞♦s ❛❥✉st❛❞♦s
❞❡st❡ ♠♦❞❡❧♦✳

◆❛ ❆❈✱ ♦s ✈❛❧♦r❡s ❞❛s ❡st✐♠❛t✐✈❛s ❞✐ár✐❛s ❞❛ ♣r♦♣♦rçã♦ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ❝❛❞❛ r❡✲
❣✐ã♦ ✭❡①❝❡t♦ ❛ r❡❣✐ã♦ ✶✶✱ q✉❡ ♥ã♦ ❢♦✐ s✐❣♥✐✜❝❛t✐✈❛✮✱ ❡ ♦s ✈❛❧♦r❡s ♦❜s❡r✈❛❞♦s ❞❛s ✈❛r✐á✈❡✐s
♠❡t❡♦r♦❧ó❣✐❝❛s✱ t❡♠♣❡r❛t✉r❛✱ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❢♦r❛♠ ✉s❛❞❛s ♣❛r❛
♦❜t❡r ♦s ❣r✉♣♦s✳ ❖s ❞✐❛s ❢♦r❛♠ ❞✐✈✐❞✐❞♦s ❡♠ q✉❛tr♦ ❣r✉♣♦s ❞✐st✐♥t♦s ✭❋✐❣✉r❛ ❈✳✸✮✱ s❡♥❞♦
♦ ❣r✉♣♦ ✶ ❢♦r♠❛❞♦ ♣♦r ✶✶✺ ❞✐❛s✱ ♦ ❣r✉♣♦ ✷ ♣♦r ✷✺✼ ❞✐❛s✱ ♦ ❣r✉♣♦ ✸ ♣♦r ✾✼ ❞✐❛s✱ ❡ ♦ ❣r✉♣♦
✹ ♣♦r ✷✻✶ ❞✐❛s✳

❆ ❚❛❜❡❧❛ ✹✳✶✵ ❡ ❛ ❚❛❜❡❧❛ ✹✳✶✶ ❛♣r❡s❡♥t❛♠ ♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ❞✐❛s ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❣r✉♣♦✱
❡♠ ❝❛❞❛ ❡st❛çã♦ ❞♦ ❛♥♦✱ ❡ ♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ❝❛❞❛ ❣r✉♣♦ ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s r❡❣✐õ❡s q✉❡
❝♦♥tr❜✉ír❛♠ ♥❛ ❝♦♠♣♦s✐çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ❡♠ ❙❛♥t♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❚❛❜❡❧❛ ✹✳✶✵✿ P❡r❝❡♥t✉❛❧ ❞❡ ❞✐❛s ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❡st❛çã♦ ❞♦ ❛♥♦ ♣♦r ❣r✉♣♦ ✭▼P10 ✲ ❙❛♥t♦s✮

Pr✐♠❛✈❡r❛ ❱❡rã♦ ❖✉t♦♥♦ ■♥✈❡r♥♦
●r✉♣♦ ✶ ✷✻✱✶✪ ✷✹✱✸✪ ✶✻✱✺✪ ✸✸✱✵✪
●r✉♣♦ ✷ ✷✽✱✽✪ ✶✻✱✸✪ ✷✾✱✷✪ ✷✺✱✼✪
●r✉♣♦ ✸ ✷✶✱✻✪ ✷✵✱✻✪ ✸✵✱✾✪ ✷✻✱✽✪
●r✉♣♦ ✹ ✷✶✱✽✪ ✸✹✱✺✪ ✷✸✱✵✪ ✷✵✱✼✪

❚❛❜❡❧❛ ✹✳✶✶✿ P❡r❝❡♥t✉❛❧ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ❣r✉♣♦ ❞❡♥tr♦ ❞❡ ❝❛❞❛ r❡❣✐ã♦ ❞❡ r❡s✐❞ê♥❝✐❛ ❞❛
♠❛ss❛ ❞❡ ❛r ✭▼P10 ✲ ❙❛♥t♦s✮

●r✉♣♦ ✶ ●r✉♣♦ ✷ ●r✉♣♦ ✸ ●r✉♣♦ ✹
❘❡❣✐ã♦ ✶ ✺✱✹✪ ✶✶✱✶✪ ✶✷✱✾✪ ✼✵✱✻✪
❘❡❣✐ã♦ ✷ ✻✼✱✹✪ ✾✱✺✪ ✵✱✽✪ ✷✷✱✸✪
❘❡❣✐ã♦ ✸ ✷✶✱✼✪ ✻✼✱✹✪ ✶✱✸✪ ✾✱✻✪
❘❡❣✐ã♦ ✹ ✷✱✶✪ ✼✶✱✾✪ ✶✵✱✻✪ ✶✺✱✺✪
❘❡❣✐ã♦ ✺ ✵✱✽✪ ✶✵✱✼✪ ✻✷✱✼✪ ✷✺✱✽✪
❘❡❣✐ã♦ ✻ ✹✱✷✪ ✵✱✶✪ ✻✱✸✪ ✽✾✱✹✪
❘❡❣✐ã♦ ✼ ✹✷✱✹✪ ✺✱✺✪ ✵✱✽✪ ✺✶✱✸✪
❘❡❣✐ã♦ ✽ ✸✽✱✻✪ ✺✾✱✼✪ ✵✱✵✪ ✶✱✼✪
❘❡❣✐ã♦ ✾ ✸✱✹✪ ✾✻✱✻✪ ✵✱✵✪ ✵✱✵✪
❘❡❣✐ã♦ ✶✵ ✸✱✸✪ ✾✸✱✹✪ ✵✱✹✪ ✷✱✾✪
❘❡❣✐ã♦ ✶✷ ✵✱✸✪ ✽✵✱✹✪ ✶✻✱✾✪ ✷✱✹✪
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◆❛s ❋✐❣✉r❛s ✹✳✷✼✱ ✹✳✷✽✱ ✹✳✷✾ ❡ ✹✳✸✵ ❡stã♦ ❡❧❛❜♦r❛❞♦s ♦s ❣rá✜❝♦s ❞❡ ❜♦①✲♣❧♦t ♣♦r ❣r✉♣♦✱
♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ✭t❡♠♣❡r❛t✉r❛✱ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❡ ✈❡❧♦❝✐❞❛❞❡
❞♦ ✈❡♥t♦✮ ♠❛✐s ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10✳

❋✐❣✉r❛ ✹✳✷✼✿ ❇♦①✲♣❧♦t ❞♦ ▼P10 ✭µ❣✴♠3✮ ♣♦r ❣r✉♣♦ ✲ ▼P10 ✲ ❙❛♥t♦s

❋✐❣✉r❛ ✹✳✷✽✿ ❇♦①✲♣❧♦t ❞❛ ❚❡♠♣❡r❛t✉r❛ ✭♦❈✮ ♣♦r ❣r✉♣♦ ✲ ▼P10 ✲ ❙❛♥t♦s

❆ ❚❛❜❡❧❛ ✹✳✶✷ ❡①✐❜❡ ❛ ♣r♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❡①♣❧✐❝❛❞❛ ♥❛ ❆❈P✱ ♣❛r❛ ❝❛❞❛ ❈P✱ ❡
t❛♠❜é♠ ❛ ♣r♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛✱ ❡♠ ❝❛❞❛ ❣r✉♣♦ ❞❡ ❞✐❛s✱ ♦❜t✐❞♦s ❞❛ ❆❈✳ ◆❛ ❆❈P ❢♦r❛♠
❝♦♥s✐❞❡r❛❞♦s ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ❡ ❛s ♠❡❞✐çõ❡s ❞✐ár✐❛s ❞❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s
✭✸ ♥♦ t♦t❛❧✮✱ ♣♦r ✐ss♦ ♥♦ ♠á①✐♠♦ sã♦ q✉❛tr♦ ❈Ps✳ ◆♦s ❣r✉♣♦s ✶ ❡ ✹✱ ❡s❝♦❧❤❡♥❞♦ ✷ ❈Ps✱
t❡♠♦s ✉♠ ❛❝ú♠✉❧♦ ❞❡ ♠❛✐s ❞❡ ✵✱✽✵ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❡①♣❧✐❝❛❞❛✳ ◆♦s ❣r✉♣♦s ✷ ❡ ✸✱ ❛s ❞✉❛s
♣r✐♠❡✐r❛s ❈Ps r❡té♠ ♠❛✐s ❞❡ ✵✱✼✵ ❞❛ ♣r♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡✳ ❆ss✐♠✱ ❛ ✐♥t❡r♣r❡t❛çã♦
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❋✐❣✉r❛ ✹✳✷✾✿ ❇♦①✲♣❧♦t ❞❛ ❯♠✐❞❛❞❡ ❘❡❧❛t✐✈❛ ✭✪✮ ♣♦r ❣r✉♣♦ ✲ ▼P10 ✲ ❙❛♥t♦s

❋✐❣✉r❛ ✹✳✸✵✿ ❇♦①✲♣❧♦t ❞❛ ❱❡❧♦❝✐❞❛❞❡ ❞♦ ❱❡♥t♦ ✭♠✴s✮ ♣♦r ❣r✉♣♦ ✲ ▼P10 ✲ ❙❛♥t♦s

❞❛ r❡❧❛çã♦ ❡①✐st❡♥t❡ ❡♥tr❡ ❡ss❛s ✈❛r✐á✈❡✐s ❢♦✐ ❢❡✐t❛ ❝♦♥s✐❞❡r❛♥❞♦ ❛♣❡♥❛s ❛s ❞✉❛s ♣r✐♠❡✐r❛s
❈Ps ♣♦r ❣r✉♣♦✳

❖ ❣r✉♣♦ ✶ ❢♦✐ ❢♦r♠❛❞♦ ♣♦r ✶✶✺ ❞✐❛s✱ ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ♥♦ ✐♥✈❡r♥♦✱ ❝♦♠ ✸✸✪ ❞♦s
❞✐❛s ♥❡st❛ ❡st❛çã♦ ✭❚❛❜❡❧❛ ✹✳✶✵✮✳ ❆s ♠❛ss❛s ❞❡ ❛r ❞❛s r❡❣✐õ❡s ✷✱ ✼ ❡ ✽ ❢♦r❛♠ ❞❡ ♠❛✐♦r
✐♥✢✉ê♥❝✐❛ ♥❡ss❡s ❞✐❛s ✭❚❛❜❡❧❛ ✹✳✶✶✮✱ ♦✉ s❡❥❛✱ ✐♥✢✉ê♥❝✐❛s ❞❡ ❢♦♥t❡s ♣r♦✈❡♥✐❡♥t❡s ❞♦ ♥♦rt❡
❛té ♦ ♦❡st❡ ❞❡ ❙❛♥t♦s ✭❋✐❣✉r❛ ✹✳✶✽✱ ❚❛❜❡❧❛ ✹✳✼✮✳ ❙ã♦ ✐♥✢✉ê♥❝✐❛s ♠❛✐s ❝♦♥t✐♥❡♥t❛✐s✱ ♦✉
s❡❥❛✱ ❞❡ ♠❛ss❛s ❞❡ ❛r ♠❛✐s s❡❝❛s✳ ❆ r❡❧❛çã♦ ❞❡st❛❝❛❞❛ ♥❛ ❈P✶ ❢♦✐ ❞❛ t❡♠♣❡r❛t✉r❛ ❝♦♠ ❛
✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ✭❋✐❣✉r❛ ✹✳✸✶✮✳ ❆ ❈P✷ ♠♦str❛ ❛ ✈❛r✐á✈❡❧ ♠❛✐s r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ♦s ♥í✈❡✐s
❞♦ ▼P10✱ q✉❡ é ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ✭❋✐❣✉r❛ ✹✳✸✶✮✳ ❊st❡ ❣r✉♣♦ ❛♣r❡s❡♥t❛ ♦s ♠❛✐♦r❡s
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❚❛❜❡❧❛ ✹✳✶✷✿ ❘❡s✉♠♦ ❞❛ ❆❈P ✲ ▼P10 ✲ ❙❛♥t♦s

●r✉♣♦ ✶ ❈P✶ ❈P✷ ❈P✸ ❈P✹
Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✹✾✼ ✵✱✸✷✾ ✵✱✶✷✷ ✵✱✵✺✷

Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✹✾✼ ✵✱✽✷✻ ✵✱✾✹✽ ✶✱✵✵✵
●r✉♣♦ ✷

Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✸✼✼ ✵✱✸✺✹ ✵✱✶✽✺ ✵✱✵✽✹
Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✸✼✼ ✵✱✼✸✶ ✵✱✾✶✻ ✶✱✵✵✵

●r✉♣♦ ✸
Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✹✹✾ ✵✱✸✸✼ ✵✱✶✷✼ ✵✱✵✽✼

Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✹✹✾ ✵✱✼✽✻ ✵✱✾✶✸ ✶✱✵✵✵
●r✉♣♦ ✹

Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✺✸✸ ✵✱✸✵✵ ✵✱✵✾✻ ✵✱✵✼✶
Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✺✸✸ ✵✱✽✸✸ ✵✱✾✷✾ ✶✱✵✵✵

✈❛❧♦r❡s ♠❡❞✐❛♥♦s ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ✭❋✐❣✉r❛ ✹✳✸✵✮✱ ❛❧é♠ ❞❛s ♠á①✐♠❛s ❝♦♥❝❡♥tr❛çõ❡s
❞♦ ▼P10 ✭❋✐❣✉r❛ ✹✳✷✼✮✳

❋✐❣✉r❛ ✹✳✸✶✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✶ ✲ ▼P10 ✲ ❙❛♥t♦s

❖ ❣r✉♣♦ ✷✱ ❛❣r✉♣❛❞♦ ❝♦♠ ✷✺✼ ❞✐❛s✱ t❡♠ ❛ ♠❛✐♦r✐❛ ❞♦s ❞✐❛s ♥♦ ♦✉t♦♥♦ ✭✷✾✱✷✪✮ ❡ ❛
♠✐♥♦r✐❛ ❞♦s ❞✐❛s ♥♦ ✈❡rã♦ ✭✶✻✱✸✪✮✱ ❝♦♥❢♦r♠❡ ❚❛❜❡❧❛ ✹✳✶✵✳ ◆❡st❡ ❣r✉♣♦✱ ✜❝❛r❛♠ ♦s ❞✐❛s
❝♦♠ ♠❡♥♦r ✈❛❧♦r ♠❡❞✐❛♥♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ✭❋✐❣✉r❛ ✹✳✷✼✮ ❡ ♠❡♥♦r❡s t❡♠♣❡r❛t✉r❛s
✭❋✐❣✉r❛ ✹✳✷✽✮✳ ❆ss✐♠ ❝♦♠♦ ♥♦ ❣r✉♣♦ ✶✱ ❛ r❡❧❛çã♦ ♠❛✐s ✐♠♣♦rt❛♥t❡ ❢♦✐ ❞❛ t❡♠♣❡r❛t✉r❛ ❝♦♠
❛ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛✱ ❝♦♠ ✸✼✱✼✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✭❚❛❜❡❧❛ ✹✳✶✷✮✳ ❆ s❡❣✉♥❞❛ ❈P ♥❡st❡ ❣r✉♣♦✱
t❡✈❡ ✉♠❛ ♣r♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❡①♣❧✐❝❛❞❛ ♠✉✐t♦ ♣ró①✐♠❛✱ ❝♦♠ ✸✺✱✹✪✱ ❡①♣❧✐❝✐t❛♥❞♦
❛ r❡❧❛çã♦ ❡♥tr❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❡ ▼P10 ✭❋✐❣✉r❛ ✹✳✸✷✮✳ ❆s r❡❣✐õ❡s ❞❡ ♠❛ss❛ ❞❡ ❛r
♠❛✐s ♣r❡❞♦♠✐♥❛♥t❡ ♥♦ ❣r✉♣♦ ✷ ❢♦r❛♠ ❛s ✸✱ ✹✱ ✽✱ ✾✱ ✶✵ ❡ ✶✷ ✭❚❛❜❡❧❛ ✹✳✶✶✮✳ ❉❡st❡ ♠♦❞♦✱
❛s ✐♥✢✉ê♥❝✐❛s ❢♦r❛♠ ❞❡s❞❡ ❢♦♥t❡s ♠❛r✐♥❤❛s ✭r❡❣✐õ❡s ✹ ❡ ✶✷✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✮✱ ❛té ❞❡ ❢♦♥t❡s
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❝♦♥t✐♥❡♥t❛✐s ✭r❡❣✐õ❡s ✸✱ ✽✱ ✾ ❡ ✶✵✮✱ ❝♦♠♦ ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✶✽ ❡ ❚❛❜❡❧❛ ✹✳✼✳ ❙ã♦
♠❛ss❛s ❞❡ ❛r ♣r♦✈❡♥✐❡♥t❡s ❞♦ s✉❧ ❛té ♦ ♦❡st❡ ❞❛ ❝✐❞❛❞❡ ❞❡ ❙❛♥t♦s✳

❋✐❣✉r❛ ✹✳✸✷✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✷ ✲ ▼P10 ✲ ❙❛♥t♦s

❋✐❣✉r❛ ✹✳✸✸✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✸ ✲ ▼P10 ✲ ❙❛♥t♦s

❖ ❣r✉♣♦ ✸✱ ❝♦♠ ✾✼ ❞✐❛s✱ é ♦ ♠❡♥♦r ❞♦s q✉❛tr♦ ❣r✉♣♦s ♦❜t✐❞♦s ♥❛ ❆❈✳ ◆❡st❡s ❞✐❛s✱ ❛s
♠❛ss❛s ❞❡ ❛r ❢♦r❛♠ ❜❛s✐❝❛♠❡♥t❡ ❞❛ r❡❣✐ã♦ ✺ ✭❚❛❜❡❧❛ ✹✳✶✶✮✱ q✉❡ é q✉❛s❡ ❡①❝❧✉s✐✈❛♠❡♥t❡
❧✐t♦râ♥❡❛✱ ♦ ❧✐t♦r❛❧ ❞♦ s✉❞❡st❡✱ ❛♦ ❧❡st❡ ❞❡ ❙❛♥t♦s ✭❋✐❣✉r❛ ✹✳✶✽ ❡ ❚❛❜❡❧❛ ✹✳✼✮✳ ❆ ❡st❛çã♦
♣r❡❞♦♠✐♥❛♥t❡ ♥❡st❡s ❞✐❛s ❢♦✐ ♦ ♦✉t♦♥♦✱ ❝♦♠ ✸✵✱✾✪ ✭❚❛❜❡❧❛ ✹✳✶✵✮✳ ❆ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❢♦✐
❛ ♠❛✐♦r ✭♥❛ ♠❡❞✐❛♥❛✮ ♥❡st❡ ❣r✉♣♦ ❡♠ r❡❧❛çã♦ ❛♦ ❞❡♠❛✐s ❣r✉♣♦s ✭❋✐❣✉r❛ ✹✳✷✾✮✱ ❡♥q✉❛♥t♦
♦ ♠❡♥♦r ♥í✈❡❧ ♠❡❞✐❛♥♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ♦❝♦rr❡✉ ♥❡st❡ ❣r✉♣♦ ✭❋✐❣✉r❛ ✹✳✸✵✮✳ ❆ ❆❈P
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❋✐❣✉r❛ ✹✳✸✹✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✹ ✲ ▼P10 ✲ ❙❛♥t♦s

✐♥❞✐❝♦✉ q✉❡ ❛ r❡❧❛çã♦ ♠❛✐s r❡❧❡✈❛♥t❡ ♥♦ ❣r✉♣♦ ✸ ❢♦✐ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❝♦♠ ❛ ❝♦♥❝❡♥✲
tr❛çã♦ ❞♦ ▼P10✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✹✳✸✸✱ s❡♥❞♦ ✹✹✱✾✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ t♦t❛❧ ✭❚❛❜❡❧❛ ✹✳✶✷✮✳
❆ s❡❣✉♥❞❛ r❡❧❛çã♦ ✜❝♦✉ ❝♦♠ t❡♠♣❡r❛t✉r❛ ❡ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛✱ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛✐s✳

P♦r ú❧t✐♠♦✱ t❡♠♦s ♦ ❣r✉♣♦ ✹✱ ❝♦♠ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❞✐❛s ✭✷✻✶✮✳ ❆ ❡st❛çã♦ ♣r❡❞♦✲
♠✐♥❛♥t❡ ♥❡st❡s ❞✐❛s ❢♦✐ ♦ ✈❡rã♦ ✭❚❛❜❡❧❛ ✹✳✶✵✱ ❝♦♠ ✸✹✱✺✪✱ ❡ ❝♦♠ ♠❛✐♦r ♥í✈❡❧ ♠❡❞✐❛♥♦ ❞❡
t❡♠♣❡r❛t✉r❛ ✭❋✐❣✉r❛ ✹✳✷✽✮ ❡ ♠❡♥♦r ♥í✈❡❧ ♠❡❞✐❛♥♦ ❞❡ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ✭❋✐❣✉r❛ ✹✳✷✾✮✱ ❡
♠❛✐♦r ♥í✈❡❧ ♠❡❞✐❛♥♦ ❞❡ ▼P10 ✭❋✐❣✉r❛ ✹✳✷✼✮✳ ❆s r❡❣✐õ❡s ❞❡ ♠❛ss❛ ❞❡ ❛r ♣r✐♥❝✐♣❛✐s ❢♦r❛♠ ❛
✶✱ ✻ ❡ ✼✱ ♦✉ s❡❥❛✱ ♣r♦✈❡♥✐❡♥t❡s ❞♦ ❧✐t♦r❛❧ ♥♦r❞❡st✐♥♦ ✭r❡❣✐ã♦ ✻✮✱ ❧✐t♦r❛❧ ♥♦rt❡ ♣❛✉❧✐st❛✱ ❘✐♦ ❞❡
❏❛♥❡✐r♦ ❡ ❙✉❧ ❞❡ ▼✐♥❛s ●❡r❛✐s ✭r❡❣✐ã♦ ✶✮ ❡ ❞♦ s✉❧ ❞❛s r❡❣✐õ❡s ◆♦rt❡ ❡ ◆♦r❞❡st❡ ❞♦ ❇r❛s✐❧✱
❡ ♥♦rt❡ ❞❡ ▼✐♥❛s ●❡r❛✐s ✭r❡❣✐ã♦ ✼✮✳ ❙ã♦ r❡❣✐õ❡s ❞♦ ❧❡st❡ ❛♦ ♥♦rt❡ ❞❡ ❙❛♥t♦s✳ ◆❛ ❈P✶✱
♥♦✈❛♠❡♥t❡ ❛ t❡♠♣❡r❛t✉r❛ ❡ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ sã♦ ❛s ✈❛r✐á✈❡✐s r❡❧❛❝✐♦♥❛❞❛s ✐♥✈❡rs❛♠❡♥t❡
✭❋✐❣✉r❛ ✹✳✸✹✮✱ ❛ss✐♠ ❝♦♠♦ ♥♦s ❣r✉♣♦s ✶ ❡ ✷✳ ◆❛ ❈P✷✱ ❛ r❡❧❛çã♦ ❝♦♠ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦
▼P10 é ❝♦♠ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ t❛♠❜é♠ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ ✭❋✐❣✉r❛ ✹✳✸✹✮✳

◆♦t❡ q✉❡ t♦❞♦s ♦s q✉❛tr♦ ❣r✉♣♦s ❞❡st❛❝❛r❛♠ ❛ r❡❧❛çã♦ ❞♦ ▼P10 ❝♦♠ ❛ ✈❡❧♦❝✐❞❛❞❡
❞♦ ✈❡♥t♦✱ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧✱ ♦✉ s❡❥❛✱ ♦ ✈❡♥t♦ ❛t✉❛ ❞✐s♣❡rs❛♥❞♦ ❛s ♣❛rtí❝✉❧❛s
✭❨◆❖❯❊ ❡t ❛❧✳✱ ✷✵✶✼✮✳ ❆❧é♠ ❞✐ss♦✱ r❡❣✐õ❡s ♣ró①✐♠❛s ✜❝❛r❛♠ ❛❣r✉♣❛❞❛s ❞❡♥tr♦ ❞❡ ✉♠
♠❡s♠♦ ❣r✉♣♦✱ ✐♥❞✐❝❛♥❞♦ ✉♠ ❛❣r✉♣❛♠❡♥t♦ ❛❞❡q✉❛❞♦✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ❙❛♥t♦s é ✉♠❛
❝✐❞❛❞❡ ❧✐t♦râ♥❡❛✱ q✉❡ s❡ ❧♦❝❛❧✐③❛ ♣ró①✐♠♦ ❛ s❡rr❛ q✉❡ ✐♥t❡r❢❡r❡ ❞✐r❡t❛♠❡♥t❡ ♥❛s ❝♦♥❞✐çõ❡s
❝❧✐♠át✐❝❛s ❞❛ r❡❣✐ã♦✱ ❡ ♣♦r ❝♦♥s❡q✉ê♥❝✐❛ ♥❛ q✉❛❧✐❞❛❞❡ ❞♦ ❛r✳

✹✳✷ ▼❛t❡r✐❛❧ P❛rt✐❝✉❧❛❞♦ ✐♥❛❧á✈❡❧ ✜♥♦ ✲ ▼P2,5

❆s s✉❜s❡çõ❡s ✹✳✷✳✶ ❡ ✹✳✷✳✷ ❛♣r❡s❡♥t❛♠ ♦s r❡s✉❧t❛❞♦s ❞❛ ❛♥á❧✐s❡ ❞♦s ❞❛❞♦s ❞❡ ▼P2,5✳ P❛r❛
✐ss♦✱ ❛s r❡❣✐õ❡s ❞❡ r❡s✐❞ê♥❝✐❛ ❞❛ ♠❛ss❛ ❞❡ ❛r ❝♦♥s✐❞❡r❛❞❛s ❛q✉✐ ❢♦r❛♠ ❝♦♥❢♦r♠❡ ❛ ❋✐✲
❣✉r❛ ✹✳✶✱ ♥❛ ❝✐❞❛❞❡ ❞❡ P✐r❛❝✐❝❛❜❛✱ ❡ ♣❛r❛ ❙❛♥t♦s✱ ❛s r❡❣✐õ❡s ❢♦r❛♠ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞❛s
♥❛ ❋✐❣✉r❛ ✹✳✶✽✳
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✹✳✷✳✶ P✐r❛❝✐❝❛❜❛

◆❡st❛ s❡çã♦ t❡♠✲s❡ ❛ ❛♥á❧✐s❡ ❞♦ ▼P2,5 ♦✉ ▼❛t❡r✐❛❧ P❛rt✐❝✉❧❛❞♦ ✜♥♦ ♣❛r❛ ❛ ❝✐❞❛❞❡ ❞❡
P✐r❛❝✐❝❛❜❛✳ ❆ ❚❛❜❡❧❛ ✹✳✶✸ ❛♣r❡s❡♥t❛ ♦s ✈❛❧♦r❡s ❞❡ ❆■❈ ♣❛r❛ ❞✐✈❡rs❛s ❡s❝♦❧❤❛s ❞❡ ♣ ❡ q✳
◆♦✈❛♠❡♥t❡ ❢♦✐ ❡s❝♦❧❤✐❞♦ ❛♣❡♥❛s ✉♠❛ ❝♦♠❜✐♥❛çã♦✳ ❖s ♠♦❞❡❧♦s ❆❘▼❆✭✷✱✶✮ ❡ ❆❘▼❆✭✷✱✷✮
t✐✈❡r❛♠ ✈❛❧♦r❡s ♠✉✐t♦s ♣ró①✐♠♦s ❞♦ ❆■❈✳ ◆❡st❡ ❝❛s♦✱ ♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ ❢♦✐ ❡s❝♦❧❤✐❞♦✱
♣♦r ❛♣r❡s❡♥t❛r ✉♠ ♠❡♥♦r ♥ú♠❡r♦ ❞❡ ♣❛râ♠❡tr♦s ❡ ♠❡♥♦r ❆■❈✱ ❡ ❡♥tã♦ ❝♦♠♣❛r❛❞♦ ❝♦♠
♦s ♦✉tr♦s q✉❛tr♦ ♠♦❞❡❧♦s✳ ❊st❡ ♠♦❞❡❧♦ ❛♣r❡s❡♥t♦✉ ❜♦♥s r❡s✉❧t❛❞♦s ♣❛r❛ ❛ ❢✉♥çã♦ ❞❡
❛✉t♦✲❝♦rr❡❧❛çã♦ ❡ ♦ t❡st❡ ❞❡ ▲❥✉♥❣✲❇♦①✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ♦s r❡sí❞✉♦s ♥ã♦ ❛♣r❡s❡♥t❛♠ ❛✉t♦✲
❝♦rr❡❧❛çã♦ ❋✐❣✉r❛ ❆✳✶✾✳

❚❛❜❡❧❛ ✹✳✶✸✿ ❈r✐tér✐♦ ❞❡ ❙❡❧❡çã♦ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❆❘▼❆✭♣✱q✮ ✲ ▼P2,5 ✲ P✐r❛❝✐❝❛❜❛

▼♦❞❡❧♦ ◗✉❛♥t✐❞❛❞❡ ❞❡ ♣❛râ♠❡tr♦s ❆■❈
❆❘▼❆✭✶✱✵✮ ❂ ❆❘✭✶✮ ✶ ✹✸✷✷✱✹✺✻
❆❘▼❆✭✷✱✵✮ ❂ ❆❘✭✷✮ ✷ ✹✸✶✹✱✶✸✹
❆❘▼❆✭✵✱✶✮ ❂ ▼❆✭✶✮ ✶ ✹✻✶✾✱✸✷✵
❆❘▼❆✭✵✱✷✮ ❂ ▼❆✭✷✮ ✷ ✹✹✻✶✱✻✻✾

❆❘▼❆✭✶✱✶✮ ✷ ✹✸✶✷✱✺✺✾
❆❘▼❆✭✷✱✶✮ ✸ ✹✷✾✽✱✷✵✹
❆❘▼❆✭✶✱✷✮ ✸ ✹✸✶✵✱✻✸✵
❆❘▼❆✭✷✱✷✮ ✹ ✹✷✾✽✱✻✵✹

❆ ❚❛❜❡❧❛ ✹✳✶✹ ♠♦str❛ ♦s ✈❛❧♦r❡s ❞❡ ❈P✱ ❘❊◗▼✱ ▲❖● ❡ ❆■❈ ♣❛r❛ ♦s ❝✐♥❝♦ ♠♦❞❡❧♦s✳
◆♦✈❛♠❡♥t❡ ♦ ♠♦❞❡❧♦ ❞❡ sér✐❡s t❡♠♣♦r❛✐s ✭❆❘▼❆✮ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s✳ ❆ ❈P
é ♠❛✐♦r q✉❡ ✵✱✽✱ ❡♥q✉❛♥t♦ ♦s ❞❡♠❛✐s ♠♦❞❡❧♦s ✭◆♦r♠❛❧✱ ◆♦r♠❛❧ ■♥✈❡rs❛✱ ●❛♠❛ ❡ ▲♦❣✲
♥♦r♠❛❧✮ ✜❝❛r❛♠ ♣ró①✐♠♦s ❞❡ ✵✱✸✻✳ ❖ ♠❡s♠♦ ♦❝♦rr❡ ❝♦♠ ♦ ❘❊◗▼✱ ❡♠ q✉❡ ♦ ♠♦❞❡❧♦
❆❘▼❆✭✷✱✶✮ ✜❝♦✉ ❛❜❛✐①♦ ❞❡ ✺✱ ❡ ♦s ❞❡♠❛✐s ♠❛✐♦r❡s ❞♦ q✉❡ ✼✳ ▲❖● ❡ ❆■❈ t❛♠❜é♠ ❢♦r❛♠
♠❡❧❤♦r❡s ♥♦ ♠♦❞❡❧♦ ❆❘▼❆✳ ❈♦♠♣❛r❛♥❞♦ ❛♣❡♥❛s ♦s ♠♦❞❡❧♦s ◆♦r♠❛❧✱ ◆♦r♠❛❧ ✐♥✈❡rs❛✱
●❛♠❛ ❡ ▲♦❣✲♥♦r♠❛❧✱ ❈P ❡ ❘❊◗▼ ✜❝❛r❛♠ ♠✉✐t♦ ♣ró①✐♠♦s✳ ❊♥tr❡t❛♥t♦✱ ❡♠ r❡❧❛çã♦ ❛♦
▲❖● ❡ ❆■❈✱ ❤♦✉✈❡ ✉♠❛ ❧✐❣❡✐r❛ ✈❛♥t❛❣❡♠ ♣❛r❛ ♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✳

❚❛❜❡❧❛ ✹✳✶✹✿ ▼❡❞✐❞❛s ❝♦♠♣❛r❛t✐✈❛s ✲ ▼P2,5 ✲ P✐r❛❝✐❝❛❜❛

▼♦❞❡❧♦ ❈P ❘❊◗▼ ▲❖● ❆■❈
◆♦r♠❛❧ ✵✱✸✻✺ ✼✱✶✹✸ ✲✷✹✼✶✱✶✶✵ ✹✾✻✽✱✷✶✾

◆♦r♠❛❧ ■♥✈❡rs❛ ✵✱✸✻✶ ✼✱✶✺✹ ✲✷✸✸✼✱✵✺✹ ✹✼✵✵✱✶✵✼
●❛♠❛ ✵✱✸✻✸ ✼✱✶✹✽ ✲✷✸✺✵✱✹✷✻ ✹✼✷✻✱✽✺✷

▲♦❣✲◆♦r♠❛❧ ✵✱✸✻✶ ✼✱✸✶✻ ✲✷✸✸✺✱✸✷✶ ✹✻✾✻✱✻✹✶
❆❘▼❆✭✷✱✶✮ ✵✱✽✶✶ ✹✱✹✾✷ ✲✷✶✸✸✱✶✵✷ ✹✷✾✽✱✷✵✹

P❛rt✐♥❞♦ ♣❛r❛ ❛ ❛♥á❧✐s❡ ❞♦s r❡sí❞✉♦s✱ ❛s ❋✐❣✉r❛s ❆✳✷✵✱ ❆✳✷✶✱ ❆✳✷✷✱ ❆✳✷✸ ❡ ✹✳✸✺ ♠♦str❛♠
♦s ❣rá✜❝♦s ❞♦s r❡sí❞✉♦s ♣❛❞r♦♥✐③❛❞♦s ♣❡❧❛ ♦r❞❡♠ ❞❛s ♦❜s❡r✈❛çõ❡s✳ ❖s r❡sí❞✉♦s ❞♦ ♠♦❞❡❧♦
❞❡ sér✐❡s t❡♠♣♦r❛✐s ✭❆❘▼❆✭✷✱✶✮✮ ♣❛r❡❝❡♠ ♠❛✐s ❛❧❡❛tór✐♦s ❡♠ t♦r♥♦ ❞♦ ③❡r♦ ✭❣❛✉ss✐❛♥♦s✮✱
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s❡ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦s ❞❡♠❛✐s✳ ❙❡♥❞♦ q✉❡ ♦s r❡sí❞✉♦s ❞♦s ♠♦❞❡❧♦s ◆♦r♠❛❧✱ ◆♦r♠❛❧ ✐♥✲
✈❡rs❛✱ ●❛♠❛ ❡ ▲♦❣✲♥♦r♠❛❧ ❢♦r♠❛r❛♠ ❝♦♠♦ s❡ ❢♦ss❡♠ ❝✐❝❧♦s✳ ❊ss❡s ❝✐❝❧♦s ♣♦❞❡♠ ❡st❛r
r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ❢❡♥ô♠❡♥♦s ♠❡t❡♦r♦❧ó❣✐❝♦s q✉❡ ❛t✉❛r❛♠ ❛♦ ❧♦♥❣♦ ❞❡ ✷✵✶✹ ❡ ✷✵✶✺✳ ◆♦ ✶♦

tr✐♠❡str❡ ❞❡ ✷✵✶✺ ✭❡♥tr❡ ♦s ❞✐❛s ✸✻✻ ❡ ✹✺✵✮✱ ❤♦✉✈❡ ❛t✉❛çã♦ ❞♦s ❢❡♥ô♠❡♥♦s ❩❈❆❙ ❡ ❩❈❖❯✱
♦ q✉❡ ♣r♦✈♦❝♦✉ ❛✉♠❡♥t♦ ❞❛s ❝❤✉✈❛s ♥❛ r❡❣✐ã♦ s✉❞❡st❡ ✭❈❊❚❊❙❇✱ ✷✵✶✺❜✮✱ ❡ ❝♦✐♥❝✐❞❡ ❝♦♠
✉♠ ❝✐❝❧♦ ❡♠ q✉❡ ♦s r❡sí❞✉♦s ✜❝❛r❛♠ ❛❜❛✐①♦ ❞❡ ③❡r♦ ✭❋✐❣✉r❛s ❆✳✷✵✱ ❆✳✷✶✱ ❆✳✷✷ ❡ ❆✳✷✸✮✳

❋✐❣✉r❛ ✹✳✸✺✿ ❘❡sí❞✉♦s ♣❛❞r♦♥✐③❛❞♦s ♣❡❧❛ ♦r❞❡♠ ❞❛s ♦❜s❡r✈❛çõ❡s ✭▼P2,5✮ ✲ ▼♦❞❡❧♦
❆❘▼❆✭✷✱✶✮ ✲ P✐r❛❝✐❝❛❜❛

❖s ♣ró①✐♠♦s ❣rá✜❝♦s ❞♦s r❡sí❞✉♦s sã♦ ♦s qq✲♣❧♦t✱ ❝♦♥❢♦r♠❡ ❛s ❋✐❣✉r❛s ❆✳✷✹✱ ❆✳✷✺✱
❆✳✷✻✱ ❆✳✷✼ ❡ ✹✳✸✻✳ ❖ ♠❡❧❤♦r ❛❥✉st❡✱ ♥❡st❡ ❝❛s♦✱ sã♦ ❞♦s ♠♦❞❡❧♦s ◆♦r♠❛❧ ✐♥✈❡rs❛ ❡ ▲♦❣✲
♥♦r♠❛❧✱ s❡❣✉✐❞♦ ♣❡❧♦ ♠♦❞❡❧♦ ●❛♠❛✳ ❖s r❡sí❞✉♦s ❞❡ ❛♠❜♦s ♦s ❛❥✉st❡s ❡stã♦ ♣ró①✐♠♦s ❛
r❡t❛✳ ❖s r❡sí❞✉♦s ❞♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ s❡ ❞✐st❛♥❝✐❛r❛♠ ❞❛ r❡t❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦s
❡①tr❡♠♦s ✭❋✐❣✉r❛ ✹✳✸✻✮✳ ❉❛s ❝✐♥❝♦ ❋✐❣✉r❛s✱ ♦s r❡sí❞✉♦s ❞♦ ♠♦❞❡❧♦ ◆♦r♠❛❧✱ ❢♦r❛♠ ♦s q✉❡
❛♣r❡s❡♥t❛r❛♠ ♣✐♦r r❡s✉❧t❛❞♦✳

▼❛✐s ✉♠❛ ✈❡③ é ♣♦ssí✈❡❧ ♥♦t❛r q✉❡ ❤á ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ♦s ❛❥✉st❡s ❞♦s ❝✐♥❝♦ ♠♦❞❡❧♦s✳
❖ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ ❝♦♥s❡❣✉❡ ❝❛♣t✉r❛r ❛ ❞❡♣❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❞♦s ❞❛❞♦s✱ ❝♦♥❢♦r♠❡ ♦s
r❡s✉❧t❛❞♦s ❞❛ ❚❛❜❡❧❛ ✹✳✶✹ ❡ ❋✐❣✉r❛ ✹✳✸✺✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦s ♠♦❞❡❧♦s ▲♦❣✲♥♦r♠❛❧ ❡ ◆♦r♠❛❧
✐♥✈❡rs❛ ✭q✉❡ sã♦ ❞✐str✐❜✉✐çõ❡s ❛ss✐♠étr✐❝❛s ❡ ♣♦s✐t✐✈❛s✮ s❡ ♠♦str❛r❛♠ ♠❛✐s ❛❞❡q✉❛❞♦ ♣❛r❛
❛❥✉st❛r ♦✉tr❛ ❝❛r❛❝t❡ríst✐❝❛ ✐♠♣♦rt❛♥t❡ ❞♦s ❞❛❞♦s✱ q✉❡ ❞✐③ r❡s♣❡✐t♦ ❛♦ ❢❛t♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦
❞♦ ▼P s❡r ✉♠ ✈❛❧♦r s❡♠♣r❡ ♣♦s✐t✐✈♦✳ P♦r ✐ss♦ ♦s r❡sí❞✉♦s ❞❛s ❋✐❣✉r❛s ❆✳✷✺ ❡ ❆✳✷✼ ❢♦r❛♠
♠❡❧❤♦r❡s q✉❡ ♦s ❞❡♠❛✐s✳

❆s ❝✐♥❝♦ ❋✐❣✉r❛s✱ ❛s ❇✳✾✱ ❇✳✶✵✱ ❇✳✶✶✱ ❇✳✶✷ ❡ ✹✳✸✼ ❛♣r❡s❡♥t❛♠ ❛ ❝♦♥tr✐❜✉✐çã♦ ✭❡♠ ♣r♦✲
♣♦rçã♦✮ ❞❡ ❝❛❞❛ r❡❣✐ã♦ ❞❡✜♥✐❞❛ ❛♥t❡r✐♦r♠❡♥t❡ ♣❛r❛ ♦s ♠♦❞❡❧♦s ◆♦r♠❛❧✱ ◆♦r♠❛❧ ✐♥✈❡rs❛✱
●❛♠❛✱ ▲♦❣✲♥♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✶✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊♠ ❝❛❞❛ ♠♦❞❡❧♦ ❛ ❡st✐♠❛t✐✈❛ é ✉♠
♣♦✉❝♦ ❞✐❢❡r❡♥t❡✱ ♣♦ré♠✱ ❡♠ ♠é❞✐❛✱ ❡❧❛s ✜❝❛r❛♠ ❜❡♠ ♣ró①✐♠❛s✳ ◆♦ ❛❥✉st❡ ❞♦ ▼P2,5✱ ❛s
r❡❣✐õ❡s s✐❣♥✐✜❝❛t✐✈❛s ❡st❛t✐st✐❝❛♠❡♥t❡ ✭❛ ✺✪✮ ❢♦r❛♠ ❛s ♠❡s♠❛s ♥♦s ♠♦❞❡❧♦s ◆♦r♠❛❧✱ ◆♦r✲
♠❛❧ ✐♥✈❡rs❛✱ ●❛♠❛ ❡ ❆❘▼❆✭✷✱✶✮✳ ❊♠ t♦❞♦s ❡❧❡s✱ ❛s r❡❣✐õ❡s ✾✱ ✶✵ ❡ ✶✶ ♥ã♦ ❝♦♥tr✐❜✉ír❛♠
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❋✐❣✉r❛ ✹✳✸✻✿ ●rá✜❝♦ ♥♦r♠❛❧ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s ✲ qq✲♣❧♦t ✲ ✭▼P2,5✮ ✲ ▼♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ ✲
P✐r❛❝✐❝❛❜❛

♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♠❛t❡r✐❛❧ ♣❛rt✐❝✉❧❛❞♦ ✜♥♦✳ ❊♥tr❡t❛♥t♦✱ ♥♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✱ ❛♣❡♥❛s
❛ r❡❣✐ã♦ ✾ ♥ã♦ ❢♦✐ s✐❣♥✐✜❝❛t✐✈❛✱ ♦✉ s❡❥❛✱ ♥ã♦ ❝♦♥tr✐❜✉✐✉ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5✳

❋✐❣✉r❛ ✹✳✸✼✿ ❈♦♥tr✐❜✉✐çã♦ ♠é❞✐❛ ❞♦ ▼P2,5 ♣♦r ár❡❛ ✲ ▼♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ ✲ P✐r❛❝✐❝❛❜❛

◆❡st❛ s❡çã♦✱ ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ♦s ♠♦❞❡❧♦s ▲♦❣✲♥♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✶✮✱ ♣♦r ❛♣r❡s❡♥t❛✲
r❡♠ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❞✐s❝✉t✐❞♦s ❛té ❛❣♦r❛✳ ❖ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧ ❢♦✐ ❡s❝♦❧❤✐❞♦ ❛♦
s❡ ♦❜s❡r✈❛r ♦s r❡s✉❧t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✹✳✶✹✳ ❉❡st❡ ♠♦❞♦✱ ❢♦r❛♠ ❛♥❛❧✐s❛❞❛s ❛ ❝♦♥tr✐❜✉✐çã♦
♠é❞✐❛ ❡st✐♠❛❞❛ ♣♦r r❡❣✐ã♦ ♥❡ss❡s ❞♦✐s ♠♦❞❡❧♦s✱ ♦❧❤❛♥❞♦ ❛s ❋✐❣✉r❛s ❇✳✶✷ ❡ ✹✳✸✼✳ ◆❛ ❋✐✲
❣✉r❛ ✹✳✸✽ sã♦ ❝♦♠♣❛r❛❞♦s ♦s ❞♦✐s ♠♦❞❡❧♦s ▲♦❣✲♥♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✶✮✳ ❆s ❝♦r❡s ✐♥❞✐❝❛♠
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❋✐❣✉r❛ ✹✳✸✽✿ ▼❛♣❛ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞❛s r❡❣✐õ❡s ♥♦ ♠♦❞❡❧♦ ▲♦❣✲◆♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✶✮✱
r❡s♣❡❝t✐✈❛♠❡♥t❡ ✲ P✐r❛❝✐❝❛❜❛ ✲ ▼P2,5

❞✐❢❡r❡♥t❡s ♣❡r❝❡♥t✉❛✐s ❞❡ ❝♦♥tr✐❜✉✐çã♦✱ s❡♥❞♦ ♦ ✈❡r♠❡❧❤♦✱ ♣❛r❛ ✐♥❞✐❝❛r r❡❣✐õ❡s ❞❡ ♠❛✐♦r
❝♦♥tr✐❜✉✐çã♦✱ ❡ ❛té ❛❧❝❛♥ç❛r ❛ ❝♦r ❛③✉❧✱ q✉❡ r❡♣r❡s❡♥t❛ ✉♠❛ ♠❡♥♦r ❝♦♥tr✐❜✉✐çã♦✳

P❡❧♦s r❡s✉❧t❛❞♦s ❞♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮✱ ❛s r❡❣✐õ❡s ✾✱ ✶✵ ❡ ✶✶ ♥ã♦ ❢♦r❛♠ s✐❣♥✐✜❝❛t✐✈❛s
❡st❛t✐st✐❝❛♠❡♥t❡✱ ♦✉ s❡❥❛✱ ❡❧❛s ♥ã♦ ✐♥✢✉❡♥❝✐❛♠ ♥❛ ❝♦♠♣♦s✐çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❞♦
▼P2,5 ❡♠ P✐r❛❝✐❝❛❜❛✳ ❖✉ ❛✐♥❞❛✱ ♦s ❊st❛❞♦s ❞♦ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✱ ❆❝r❡ ❡ ❘♦♥❞ô♥✐❛✱
❛❧é♠ ❞♦s ♣❛ís❡s s✉❧✲❛♠❡r✐❝❛♥♦s ❈❤✐❧❡✱ P❡r✉✱ ❯r✉❣✉❛✐ ❡ ❆r❣❡♥t✐♥❛ ♥ã♦ ❝♦♥tr✐❜✉❡♠ ♥❛
❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5✳ ❉✐❢❡r❡♥t❡ ❞♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✱ ❡♠ q✉❡ ❛♣❡♥❛s ❛ r❡❣✐ã♦ ✾ ✭❆❝r❡✱
❘♦♥❞ô♥✐❛✱ P❡r✉✱ ❇♦❧í✈✐❛✱ ❈❤✐❧❡ ❡ ❆r❣❡♥t✐♥❛✮ ♥ã♦ ❝♦♥tr✐❜✉✐✉ ♣❛r❛ ♦s ♥í✈❡✐s ❞♦ ▼P2,5✳ ◆❡st❡
♠♦❞❡❧♦✱ ♦s r❡s✉❧t❛❞♦s ❛♣♦♥t❛r❛♠ ♣❛r❛ ✉♠❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡ q✉❛s❡ ✷✪ ♣❛r❛ ❛s r❡❣✐õ❡s ✶✵
❡ ✶✶✳

❆s r❡❣✐õ❡s ✶ ❛ ✹ ✭❢♦♥t❡s ❧♦❝❛✐s✮ ❝♦♥tr✐❜✉ír❛♠ ❝♦♠ ✼✸✱✸✪ ❡ ✼✻✱✺✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ♣❛r❛
♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✶✮✳ ❆ss✐♠ ❝♦♠♦ ♥❛ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ▼P10✱ ❛ ❘❡❣✐ã♦ ✶
✭■♥t❡r✐♦r ❡ ❙✉❧ ❞❡ ▼✐♥❛s ●❡r❛✐s ❡ ♣❛rt❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✮ é ❛ ♠❛✐s r❡❧❡✈❛♥t❡ ♥❛ ❝♦♥✲
tr✐❜✉✐çã♦ ❞♦ ▼P✷✱✺✱ s❡♥❞♦ ✸✽✱✾✪ ♣❛r❛ ♦ ♠♦❞❡❧♦ ◆♦r♠❛❧ ✐♥✈❡rs❛ ❡ ✹✸✱✹✪ ♣❛r❛ ♦ ♠♦❞❡❧♦
❆❘▼❆✭✷✱✶✮✳ ❊♠ s❡q✉ê♥❝✐❛ ❞❡❝r❡s❝❡♥t❡✱ ❝♦♥tr✐❜✉ír❛♠ ❛s ❘❡❣✐õ❡s ✹ ✭✶✼✱✺✪✮✱ ✷ ✭✶✶✱✺✪✮ ❡
✸ ✭✺✱✺✪✮ ♣❛r❛ ♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✱ ❡ ❛s ❘❡❣✐õ❡s ✹ ✭✶✼✱✷✪✮✱ ✷ ✭✶✶✱✽✪✮ ❡ ✸ ✭✹✱✶✪✮ ♣❛r❛ ♦
♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮✳

❆ ❝♦♥tr✐❜✉✐çã♦ s✐❣♥✐✜❝❛t✐✈❛ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ♠é❞✐❛ ❞♦ ▼P2,5 ❞❡ss❛s r❡❣✐õ❡s
✭✶ ❛ ✹✮✱ r❡♣r❡s❡♥t❛♥❞♦ ❣r❛♥❞❡ ♣❛rt❡ ❞❛s r❡❣✐õ❡s s✉❧ ❡ s✉❞❡st❡ ❞♦ ❇r❛s✐❧✱ sã♦ ❞❡✈✐❞♦ ❛♦
s❡✉ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✱ s❡♥❞♦ ❝♦♥st✐t✉í❞❛ ♣♦r ❡❧❡✈❛❞♦ ♥ú♠❡r♦ ❞❡ ✐♥❞ústr✐❛s ❡ t❛♠❜é♠ ♣❡❧♦
❡♥♦r♠❡ trá❢❡❣♦ ❞❡ ✈❡í❝✉❧♦s✳

❊♠ r❡❧❛çã♦ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ❧✐t♦r❛❧✱ ❛s r❡❣✐õ❡s ✺✱ ✻ ❡ ✶✷✱ r❡♣r❡s❡♥t❛♠ ✶✼✱✸✪ ❡ ✶✻✱✷✪
❞❛ ❝♦♥tr✐❜✉✐çã♦ ❞✐ár✐❛ ♠é❞✐❛ ❞♦ ▼P2,5 ♣❛r❛ ♦s ♠♦❞❡❧♦s ▲♦❣✲♥♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✶✮✱ r❡s♣❡❝✲
t✐✈❛♠❡♥t❡✳ ❖ ❧✐t♦r❛❧ ❞❛ r❡❣✐ã♦ s✉❞❡st❡ ✭❘❡❣✐ã♦ ✺✮ r❡♣r❡s❡♥t❛ ❛ ♠❛✐♦r ♣❛r❝❡❧❛ ❝♦♠ ✶✷✱✼✪
✭♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧✮ ❡ ✶✶✱✾✪ ✭♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮✮✳

❆s r❡❣✐õ❡s ✼ ❡ ✽ ❝♦♥tr✐❜✉ír❛♠ ❝♦♥❥✉♥t❛♠❡♥t❡ ✉♠ ♣❡r❝❡♥t✉❛❧ ♠✉✐t♦ ♣ró①✐♠♦ ❡♠ ❝❛❞❛
✉♠ ❞♦s ♠♦❞❡❧♦s✱ s❡♥❞♦ ✼✱✹✪ ♣❛r❛ ♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧ ❡ ✼✱✷✪ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮✳
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P♦ré♠✱ ❤♦✉✈❡ ✉♠❛ ♣❡q✉❡♥❛ ❞✐❢❡r❡♥ç❛ ♥❛ ❞✐✈✐sã♦ ❡♥tr❡ ❛s ❞✉❛s r❡❣✐õ❡s✳ ◆♦ ♠♦❞❡❧♦ ◆♦r♠❛❧
✐♥✈❡rs❛✱ ❛ ❘❡❣✐ã♦ ✼ r❡♣r❡s❡♥t❛ ✺✱✶✪✱ ❡♥q✉❛♥t♦ q✉❡ ♥♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮✱ ❛ ❘❡❣✐ã♦ ✼
r❡♣r❡s❡♥t❛ ✺✱✽✪✳ ▲❡♠❜r❛♥❞♦ q✉❡ ❡ss❛s ❞✉❛s r❡❣✐õ❡s r❡♣r❡s❡♥t❛♠ ❛s ✐♥✢✉ê♥❝✐❛s ❞❡ ❢♦♥t❡s
r❡❣✐♦♥❛✐s ❡ ❝♦♥t✐♥❡♥t❛✐s✳

❈♦♠♣❛r❛♥❞♦✲s❡ ♦s ❞♦✐s ♠♦❞❡❧♦s✱ ♥♦t❛✲s❡ ♣❡q✉❡♥❛s ❞✐❢❡r❡♥ç❛s ♥❛ ♣r♦♣♦rçã♦ ❞❡ ❝♦♥tr✐✲
❜✉✐çã♦ ❞❡ ❝❛❞❛ r❡❣✐ã♦✳ ❊ss❛ ❞✐❢❡r❡♥ç❛ ♣♦❞❡ s❡r ❡①♣❧✐❝❛❞❛ ♣❡❧❛s ❞✐❢❡r❡♥t❡s ❝❛r❛❝t❡ríst✐❝❛s
❞❛s ❞✉❛s ❛❜♦r❞❛❣❡♥s✳ ■♥t❡r❡ss❛♥t❡ r❡❢♦rç❛r q✉❡ ❛ ❛♥á❧✐s❡ ❞♦s r❡sí❞✉♦s ❛♣r❡s❡♥t❛❞❛ ✐♥❞✐❝❛
q✉❡ ♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ é ♦ ♠❛✐s ✐♥❞✐❝❛❞♦ ♥❡ss❛ s✐t✉❛çã♦✳

❆ss✐♠ ❝♦♠♦ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10✱ ❛s ♣r✐♥❝✐♣❛✐s ❢♦♥t❡s ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞❛ ❝♦♥✲
❝❡♥tr❛çã♦ ❞✐ár✐❛ ♠é❞✐❛ ❞♦ ▼P2,5 ❢♦r❛♠ ❛s ❢♦♥t❡s ❧♦❝❛✐s✳ ❈♦♠♦ ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✹✳✻✱ ❛s
❢♦♥t❡s ❞❡ ♣r♦❝❡ss♦s ❞❡ ❝♦♠❜✉stã♦✱ ❝♦♠♦ ❡♠✐ssõ❡s ✈❡✐❝✉❧❛r ❡ ✐♥❞✉str✐❛❧ ❛♣❛r❡♥t❡♠❡♥t❡ sã♦
❛s ♣r✐♥❝✐♣❛✐s ♣❛r❛ ❛ r❡❣✐ã♦ ❞❡ P✐r❛❝✐❝❛❜❛✳ ❆❧é♠ ❞✐ss♦✱ ♦ ▼P2,5 ♣♦❞❡ t❡r s✉❛ ❢♦♥t❡ ❞❡
❛❡r♦ssó✐s s❡❝✉♥❞ár✐♦s✱ ❝♦♠♦ ♥✐tr❛t♦s ❡ s✉❧❢❛t♦s ✭❈❊❚❊❙❇✱ ✷✵✶✽✮✳

❋✐❣✉r❛ ✹✳✸✾✿ ❆❥✉st❡ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❞♦ ▼P2,5 ❡♠ ✷✵✶✹ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ✈❛❧♦r❡s
♦❜s❡r✈❛❞♦s ✲ P✐r❛❝✐❝❛❜❛

❈♦♠ ♦s ❞❛❞♦s ❞♦ ♠ês ❞❡ ❏❛♥❡✐r♦ ❞❡ ✷✵✶✻ ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5 ❡ ♦s t❡♠♣♦s
❞❡ r❡s✐❞ê♥❝✐❛ ❞❡ ❝❛❞❛ r❡❣✐ã♦✱ ♦ ♣♦❞❡r ❞❡ ♣r❡✈✐sã♦ ❞♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ ❢♦✐ ❛♥❛❧✐s❛❞♦✳
◆❛ ❋✐❣✉r❛ ✹✳✹✶ sã♦ ♠♦str❛❞♦s ♦s ✈❛❧♦r❡s r❡❛✐s ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5 ❡♠ P✐r❛❝✐❝❛❜❛
❝♦♠♣❛r❛❞♦s ❝♦♠ ♦s ✈❛❧♦r❡s ♣r❡✈✐st♦s ♣❡❧♦ ♠♦❞❡❧♦✳ ❖❜s❡r✈❡ q✉❡ ❛s ❝♦♥❝❡♥tr❛çõ❡s ♣r❡✈✐st❛s
❝♦♥s❡❣✉✐r❛♠ ❛❝♦♠♣❛♥❤❛r ❛s ❝♦♥❝❡♥tr❛çõ❡s r❡❛✐s ❛♦ ❧♦♥❣♦ ❞♦ ♠ês✱ ✐♥❞✐❝❛♥❞♦ ✉♠❛ ❜♦♠
❛❥✉st❡✳

◆❛ ❝♦♠♣❛r❛çã♦ ❞♦ ❛❥✉st❡ ❞✐ár✐♦ ❞♦s ❞♦✐s ♠♦❞❡❧♦s ✭▲♦❣✲♥♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✶✮✮✱ t❡♠♦s
❛s ❋✐❣✉r❛s ✹✳✸✾ ❡ ✹✳✹✵✱ ❛♣r❡s❡♥t❛♥❞♦ ♦s ✈❛❧♦r❡s ♦❜s❡r✈❛❞♦s ❡ ❛s ❡st✐♠❛t✐✈❛s ❞✐ár✐❛s ❞❛
❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5 ♥♦s ❛♥♦s ❞❡ ✷✵✶✹ ❡ ✷✵✶✺✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ◆♦t❡ ♠❛✐s ✉♠❛ ✈❡③
q✉❡ ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧ ♥ã♦ ❝♦♥s❡❣✉❡ ❝❛♣t✉r❛r ❛ t❡♥❞ê♥❝✐❛ t❡♠♣♦r❛❧ ❞♦s
❞❛❞♦s✳ ◆❛ ❛♥á❧✐s❡ ❞❛ ♠é❞✐❛ ❣❡r❛❧ ❞❡ ❝♦♥tr✐❜✉✐çã♦ t♦❞♦s ♦s ♠♦❞❡❧♦s sã♦ ♠✉✐t♦ ♣❛r❡❝✐❞♦s✳
❊♥tr❡t❛♥t♦✱ ♥♦ ❛❥✉st❡ ❞✐ár✐♦✱ ❛♣❡♥❛s ♦s ♠♦❞❡❧♦s ❞❡ sér✐❡s t❡♠♣♦r❛✐s ❝♦♥s❡❣✉❡♠ ❝❛♣t✉r❛r
❛ t❡♥❞ê♥❝✐❛✱ s❡❥❛ ♥♦ ❛❥✉st❡ ❞♦ ▼P10✱ ♦✉ ♥♦ ❛❥✉st❡ ❞♦ ▼P2,5✳ ◗✉❛♥❞♦ s❡ ❝♦♠♣❛r❛ ❝♦♠
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❋✐❣✉r❛ ✹✳✹✵✿ ❆❥✉st❡ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❞♦ ▼P2,5 ❡♠ ✷✵✶✺ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ✈❛❧♦r❡s
♦❜s❡r✈❛❞♦s ✲ P✐r❛❝✐❝❛❜❛

❋✐❣✉r❛ ✹✳✹✶✿ Pr❡✈✐sã♦ ❞♦ ▼P2,5 ❡ ✈❛❧♦r❡s r❡❛✐s ♣❛r❛ ♦ ♠ês ❞❡ ❏❛♥❡✐r♦ ❞❡ ✷✵✶✻ ✲ P✐r❛❝✐❝❛❜❛

♦s ❧✐♠✐t❡s ❞❛ ❖▼❙✱ ❛♣❡♥❛s ♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ ❝♦♥s❡❣✉❡ ✐♥❞✐❝❛r ❞✐❛s q✉❡ ♦❝♦rr❡r❛♠
❝♦♥❝❡♥tr❛çõ❡s ❛❝✐♠❛ ❞♦ ❧✐♠✐t❡✳ ❖s ❞❡♠❛✐s ♠♦❞❡❧♦s✱ ♥ã♦ ❝♦♥s❡❣✉❡♠ ❛❝♦♠♣❛♥❤❛r ❛ sér✐❡
♦❜s❡r✈❛❞❛✱ ❡ ♣♦r ❝♦♥s❡q✉ê♥❝✐❛ ♥ã♦ ❡st✐♠❛ ♦s ❞✐❛s ❛❝✐♠❛ ❞♦ ❧✐♠✐t❡✳

❆ss✐♠✱ ♣❛r❛ ♦ ❛❥✉st❡ ❞♦ ▼P2,5 ♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ é ♠❡❧❤♦r q✉❡ ♦s ❞❡♠❛✐s✳ ❆ ❞❡s✲
✈❛♥t❛❣❡♠ é q✉❡ t❛♠❜é♠ ♥♦t❛✲s❡ q✉❡ ❤á ✉♠❛ ❞❡❢❛s❛❣❡♠ ♥♦ ❛❥✉st❡✳ ❖ ♣✐❝♦ ♦❜s❡r✈❛❞♦ ❡♠
❞❡t❡r♠✐♥❛❞♦ ❞✐❛✱ s♦♠❡♥t❡ é ❛❥✉st❛❞♦ ♥♦ ❞✐❛ s❡❣✉✐♥t❡✱ ♣❡❧♦ ♠♦❞❡❧♦✳ ❈♦♠♦ ♠❡❞✐❞❛ ❝♦rr❡✲
t✐✈❛✱ ♥❡st❡ ❝❛s♦✱ ❤á ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❛❥✉st❡ ❞♦s ♠♦❞❡❧♦s ❆❘❋■▼❆ ✭❆✉t♦✲❘❡❣r❡ss✐✈❡ ❋r❛❝✲
t✐♦♥❛❧❧② ■♥t❡❣r❛t❡❞ ▼♦✈✐♥❣ ❆✈❡r❛❣❡✮✳ ❘❡✐s❡♥ ❡t ❛❧✳ ✭✷✵✶✹✮ ✉t✐❧✐③❛r❛♠ ♦s ♠♦❞❡❧♦s ❆❘❋■▼❆
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s❛③♦♥❛✐s✱ ♣❛r❛ ♠♦❞❡❧❛r ❡ ♣r❡✈❡r ❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❞♦ ▼P10 ♥❛ ❝✐❞❛❞❡ ❞❡ ❈❛r✐❛❝✐❝❛
✭❊❙✮✳

❚❛❜❡❧❛ ✹✳✶✺✿ P❡r❝❡♥t✉❛❧ ❞❡ ❞✐❛s ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❡st❛çã♦ ❞♦ ❛♥♦ ♣♦r ❣r✉♣♦ ✭▼P2,5 ✲ P✐r❛✲
❝✐❝❛❜❛✮

Pr✐♠❛✈❡r❛ ❱❡rã♦ ❖✉t♦♥♦ ■♥✈❡r♥♦
●r✉♣♦ ✶ ✷✵✱✹✪ ✷✺✱✶✪ ✸✹✱✻✪ ✶✾✱✾✪
●r✉♣♦ ✷ ✷✵✱✻✪ ✷✷✱✸✪ ✷✼✱✹✪ ✷✾✱✼✪
●r✉♣♦ ✸ ✶✼✱✽✪ ✷✶✱✽✪ ✸✸✱✵✪ ✷✼✱✹✪
●r✉♣♦ ✹ ✹✸✱✶✪ ✷✾✱✾✪ ✸✱✵✪ ✷✹✱✵✪

❈♦♠ ♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮✱ ❝♦♥t✐♥✉❛r❡♠♦s ❝♦♠ ❛ ❆❈ ❡ ❆❈P✳ ▼❛✐s ✉♠❛ ✈❡③✱ ♦ ♠♦❞❡❧♦
❞❡ sér✐❡s t❡♠♣♦r❛✐s ✭♠♦❞❡❧♦s ❆❘▼❆✮ ♠♦str❛♠✲s❡ ❝♦♠♦ ❛ ♠❡❧❤♦r ❛❧t❡r♥❛t✐✈❛✱ ❞❡♥tr❡ ♦s
❝✐♥❝♦ ♠♦❞❡❧♦s ❝♦♥s✐❞❡r❛❞♦s✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❡ ❛ ♣r♦♣♦rçã♦ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞✐ár✐❛ ❞♦
▼P2,5 ♣♦r r❡❣✐ã♦ ✭s♦♠❡♥t❡ ❛s r❡❣✐õ❡s s✐❣♥✐✜❝❛t✐✈❛s ✶✲✽ ❡ ✶✷✮ ❢♦✐ r❡❛❧✐③❛❞❛ ❛ ❆❈✳ ❚♦❞♦s ♦s
❞✐❛s ❞♦ ♣❡rí♦❞♦ ❢♦r❛♠ ❞✐✈✐❞✐❞♦s ❡♠ ✹ ❣r✉♣♦s ✭❋✐❣✉r❛ ❈✳✷✮✳ ❖ ❣r✉♣♦ ✶ ❢♦✐ ❝♦♠♣♦st♦ ♣♦r
✶✾✶ ❞✐❛s ❡ ♦ ❣r✉♣♦ ✷ ❢♦✐ ❝♦♠♣♦st♦ ♣♦r ✶✼✺ ❞✐❛s✳ ❖ ❣r✉♣♦ ✸ ❡ ✹ ❢♦r❛♠ ❢♦r♠❛❞♦s ♣♦r ✶✾✼ ❡
✶✻✼ ❞✐❛s ❝❛❞❛ ✉♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆ ❚❛❜❡❧❛ ✹✳✶✺ ❛♣r❡s❡♥t❛ ♦s ♣❡r❝❡♥t✉❛✐s ❞❡ ❞✐❛s ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❡st❛çã♦ ❞♦ ❛♥♦ ❡♠ ❝❛❞❛
✉♠ ❞♦s q✉❛tr♦ ❣r✉♣♦s ❢♦r♠❛❞♦s ♥❛ ❆❈✳ ❆ ❞✐✈✐sã♦ ❡♠ ❝❛❞❛ ❡st❛çã♦ ❞♦ ❛♥♦ ❢♦✐ ♠❛♥t✐❞❛ ❛
♠❡s♠❛ ✉s❛❞❛ ❛♥t❡r✐♦r♠❡♥t❡✱ ❝♦♥❢♦r♠❡ ■❆● ✭✷✵✶✽✮✳

❆ ❚❛❜❡❧❛ ✹✳✶✻ ♠♦str❛ ♦s ♣❡r❝❡♥t✉❛✐s ❞❡ ❝❛❞❛ ❣r✉♣♦ ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s r❡❣✐õ❡s q✉❡
❢♦r❛♠ ❡st❛t✐st✐❝❛♠❡♥t❡ s✐❣♥✐✜❝❛t✐✈❛s ♥♦ ❛❥✉st❡ ❞♦ ▼P2,5 ❡♠ P✐r❛❝✐❝❛❜❛✳

❚❛❜❡❧❛ ✹✳✶✻✿ P❡r❝❡♥t✉❛❧ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ❣r✉♣♦ ❞❡♥tr♦ ❞❡ ❝❛❞❛ r❡❣✐ã♦ ❞❡ r❡s✐❞ê♥❝✐❛ ❞❛
♠❛ss❛ ❞❡ ❛r ✭▼P2,5 ✲ P✐r❛❝✐❝❛❜❛✮

●r✉♣♦ ✶ ●r✉♣♦ ✷ ●r✉♣♦ ✸ ●r✉♣♦ ✹
❘❡❣✐ã♦ ✶ ✷✸✱✻✪ ✻✱✷✪ ✹✷✱✹✪ ✷✼✱✽✪
❘❡❣✐ã♦ ✷ ✹✷✱✽✪ ✸✶✱✽✪ ✶✹✱✺✪ ✶✵✱✾✪
❘❡❣✐ã♦ ✸ ✷✺✱✷✪ ✹✾✱✵✪ ✽✱✵✪ ✶✼✱✽✪
❘❡❣✐ã♦ ✹ ✷✵✱✻✪ ✹✸✱✺✪ ✶✺✱✶✪ ✷✵✱✽✪
❘❡❣✐ã♦ ✺ ✷✷✱✸✪ ✽✱✹✪ ✹✵✱✺✪ ✷✽✱✽✪
❘❡❣✐ã♦ ✻ ✶✶✱✽✪ ✺✱✵✪ ✸✷✱✹✪ ✺✵✱✽✪
❘❡❣✐ã♦ ✼ ✹✶✱✷✪ ✶✽✱✺✪ ✶✽✱✻✪ ✷✶✱✼✪
❘❡❣✐ã♦ ✽ ✹✶✱✶✪ ✸✾✱✵✪ ✵✱✻✪ ✶✾✱✷✪
❘❡❣✐ã♦ ✶✷ ✶✸✱✶✪ ✺✶✱✶✪ ✶✼✱✷✪ ✶✽✱✻✪

❋♦r❛♠ ❢❡✐t♦s ❣rá✜❝♦s ❞♦ ❜♦①♣❧♦t ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5 ✭❋✐❣✉r❛ ✹✳✹✷✮✱ ❞❛ t❡♠♣❡✲
r❛t✉r❛ ✭❋✐❣✉r❛ ✹✳✹✸✮✱ ❞❛ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ✭❋✐❣✉r❛ ✹✳✹✹✮ ❡ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ✭❋✐✲
❣✉r❛ ✹✳✹✺✮ ❞✐✈✐❞✐❞♦ ♥♦s q✉❛tr♦ ❣r✉♣♦s ♦❜t✐❞♦s ♥❛ ❆❈✳
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❋✐❣✉r❛ ✹✳✹✷✿ ❇♦①✲♣❧♦t ❞♦ ▼P2,5 ✭µ❣✴♠3✮ ♣♦r ❣r✉♣♦ ✲ ▼P2,5 ✲ P✐r❛❝✐❝❛❜❛

❋✐❣✉r❛ ✹✳✹✸✿ ❇♦①✲♣❧♦t ❞❛ ❚❡♠♣❡r❛t✉r❛ ✭♦❈✮ ♣♦r ❣r✉♣♦ ✲ ▼P2,5 ✲ P✐r❛❝✐❝❛❜❛

❆ ❚❛❜❡❧❛ ✹✳✶✼ ❛♣r❡s❡♥t❛ ♦ r❡s✉♠♦ ❞❛ ❆❈P✱ ❝♦♠ ❛ ♣r♦♣♦rçã♦ ❞❛ ✈❛r✐â♥❝✐❛ ❡①♣❧✐❝❛❞❛ ♣♦r
❝❛❞❛ ❈P✱ ♥♦s q✉❛tr♦ ❣r✉♣♦s✳ ❆ ❆❈P ❢♦✐ r❡❛❧✐③❛❞❛ ❝♦♥s✐❞❡r❛♥❞♦ ❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s
❡ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5✳ ❚♦❞♦s ♦s ❣r✉♣♦s t✐✈❡r❛♠ ♠❛✐s ❞❡ ✻✹✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ t♦t❛❧
s❡♥❞♦ ❡①♣❧✐❝❛❞❛ ♣❡❧❛s ❞✉❛s ♣r✐♠❡✐r❛s ❈P✳ ❖ ❣r✉♣♦ ✸✱ ❛s ❞✉❛s ♣r✐♠❡✐r❛s ❈P ❛❝✉♠✉❧❛♠
✼✹✱✺✪✳ ❆ss✐♠✱ ❡♠ t♦❞♦s ♦s ❣r✉♣♦s ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s ❛♣❡♥❛s ❛s ❞✉❛s ♣r✐♠❡✐r❛s ❈Ps ♥❛
❞✐s❝✉ssã♦ ❞♦s r❡s✉❧t❛❞♦s✳

❆s ❋✐❣✉r❛s ✹✳✹✻✱ ✹✳✹✼✱ ✹✳✹✽ ❡ ✹✳✹✾ ♠♦str❛♠ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ ❆❈P✱ ♣❛r❛ ❛s ❈P✶ ❡ ❈P✷
❞❡♣♦✐s ❞❛ r♦t❛çã♦ ✈❛r✐♠❛①✱ ❡♠ t♦❞♦s ♦s q✉❛tr♦ ❣r✉♣♦s✳ ❉❡ ♥♦✈♦✱ ❛s ✈❛r✐á✈❡✐s ❚❡♠♣❡r❛t✉r❛✱
❯♠✐❞❛❞❡ ❘❡❧❛t✐✈❛ ❡ ❱❡❧♦❝✐❞❛❞❡ ❞♦ ❱❡♥t♦ ❢♦r❛♠ ❛❜r❡✈✐❛❞❛s ✉s❛♥❞♦ ❚❡♠♣✱ ❯❘ ❡ ❱❱✳
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❋✐❣✉r❛ ✹✳✹✹✿ ❇♦①✲♣❧♦t ❞❛ ❯♠✐❞❛❞❡ ❘❡❧❛t✐✈❛ ✭✪✮ ♣♦r ❣r✉♣♦ ✲ ▼P2,5 ✲ P✐r❛❝✐❝❛❜❛

❋✐❣✉r❛ ✹✳✹✺✿ ❇♦①✲♣❧♦t ❞❛ ❱❡❧♦❝✐❞❛❞❡ ❞♦ ❱❡♥t♦ ✭♠✴s✮ ♣♦r ❣r✉♣♦ ✲ ▼P2,5 ✲ P✐r❛❝✐❝❛❜❛

❖ ❣r✉♣♦ ✶ é ❛❣r✉♣❛❞♦ ❝♦♠ ✶✾✶ ❞✐❛s✱ ❝♦♠ ♣r❡❞♦♠í♥✐♦ ❞♦s ❞✐❛s ♥❛ ❡st❛çã♦ ❞♦ ♦✉t♦♥♦✱
❝♦♠ ✸✹✱✻✪ ✭❚❛❜❡❧❛ ✹✳✶✺✮✳ ◆❡st❡ ❣r✉♣♦✱ t❡♠✲s❡ ♦s ♠❡♥♦r❡s ♥í✈❡✐s ♠❡❞✐❛♥♦ ❞❡ ▼P2,5 ❡
♠❛✐♦r❡s ✈❛❧♦r❡s ♣❛r❛ ❛ ❯♠✐❞❛❞❡ ❘❡❧❛t✐✈❛ ✭❋✐❣✉r❛s ✹✳✹✷ ❡ ✹✳✹✹✮✱ ♠♦str❛♥❞♦ ✉♠❛ r❡❧❛çã♦
✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧✳ ❆ r❡❧❛çã♦ ❡♥tr❡ ❯❘ ❡ ▼P2,5 ❡q✉✐✈❛❧❡ ❛ ✸✵✱✸✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡
t♦t❛❧ ❞♦s ❞❛❞♦s ♥❡st❡ ❣r✉♣♦✱ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✹✳✶✼✱ ♣♦ré♠✱ ❡st❛ r❡❧❛çã♦
é s❡❣✉♥❞❛ ♠❛✐s ✐♠♣♦rt❛♥t❡✱ ♣♦✐s ❡stá ♥❛ ❈P✷ ✭❋✐❣✉r❛ ✹✳✹✻✮✳ ❆ r❡❧❛çã♦ ❞❛ ❈P✶ ✭❝♦♠
✸✼✱✻✪✮ é ❞❛ t❡♠♣❡r❛t✉r❛ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✳ ❉❡♥tr❡ ❛s r❡❣✐õ❡s ❞❡✜♥✐❞❛s ♥❛ ❚❛❜❡❧❛ ✹✳✶✱
❞❡st❛❝❛♠✲s❡ ❛s ✷✱ ✼ ❡ ✽ ✭❚❛❜❡❧❛ ✹✳✶✻✮✳

❖ ❣r✉♣♦ ✷ é ❢♦r♠❛❞♦ ♣♦r ✶✼✺ ❞✐❛s✱ ❝♦♠ ♣r❡❞♦♠✐♥â♥❝✐❛ ❞♦ ✐♥✈❡r♥♦ ❡ ♦✉t♦♥♦✱ ❝♦♠ ♠❡♥♦r
♥í✈❡❧ ♠❡❞✐❛♥♦ ❞❡ t❡♠♣❡r❛t✉r❛ ✭❋✐❣✉r❛ ✹✳✹✸✮ ❡ ❛❧t❛s ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ✭❋✐❣✉r❛ ✹✳✹✺✮✳ ❆s
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❚❛❜❡❧❛ ✹✳✶✼✿ ❘❡s✉♠♦ ❞❛ ❆❈P ✲ ▼P2,5 ✲ P✐r❛❝✐❝❛❜❛

●r✉♣♦ ✶ ❈P✶ ❈P✷ ❈P✸ ❈P✹
Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✸✼✻ ✵✱✸✵✸ ✵✱✶✾✼ ✵✱✶✷✹

Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✸✼✻ ✵✱✻✼✾ ✵✱✽✼✻ ✶✱✵✵✵
●r✉♣♦ ✷

Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✸✹✼ ✵✱✷✾✹ ✵✱✷✷✼ ✵✱✶✸✷
Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✸✹✼ ✵✱✻✹✶ ✵✱✽✻✽ ✶✱✵✵✵

●r✉♣♦ ✸
Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✹✻✽ ✵✱✷✼✼ ✵✱✶✹✶ ✵✱✶✶✹

Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✹✻✽ ✵✱✼✹✺ ✵✱✽✽✻ ✶✱✵✵✵
●r✉♣♦ ✹

Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✸✾✾ ✵✱✷✾✶ ✵✱✷✵✷ ✵✱✶✵✽
Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✸✾✾ ✵✱✻✾✵ ✵✱✽✾✷ ✶✱✵✵✵

❋✐❣✉r❛ ✹✳✹✻✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✶ ✲ ▼P2,5 ✲ P✐r❛❝✐❝❛❜❛

r❡❣✐õ❡s ❞❡ ♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦ ♥❡st❡ ❣r✉♣♦ ❢♦r❛♠ ❛ ✸✱ ✹ ❡ ✶✷ ✭❚❛❜❡❧❛ ✹✳✶✻✮✳ ❙ã♦ ✐♥✢✉ê♥❝✐❛s
❞❡ ♠❛ss❛s ❞❡ ❛r ✈✐♥❞❛s ❞♦ ❡st❛❞♦ ❞♦ P❛r❛♥á ❡ ❙❛♥t❛ ❈❛t❛r✐♥❛✱ ❛❧é♠ ❞❡ ♠❛ss❛s ❞♦ ♦❝❡❛♥♦
❆t❧â♥t✐❝♦✱ ♠❛✐s ❛♦ s✉❧✳ ❉❡✈✐❞♦ ❛s ❛❧t❛s ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ ♦ ♥í✈❡❧ ♠❡❞✐❛♥♦ ❞❡ ▼P2,5

♥❡st❡ ❣r✉♣♦ é ♦ s❡❣✉♥❞♦ ♠❡♥♦r✱ ♣♦✐s ♦ ✈❡♥t♦ ❛✉①✐❧✐❛ ♥❛ ❞✐s♣❡rsã♦ ❞♦ ▼P✳ ❆ ❆❈P✱ ♠♦str❛
❛ ♣r✐♥❝✐♣❛❧ r❡❧❛çã♦ ❞❡st❡ ❣r✉♣♦ ❝♦♠ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❡ ❛ t❡♠♣❡r❛t✉r❛✱ ❝♦♠ ✸✹✱✼✪ ❞❛
✈❛r✐❛❜✐❧✐❞❛❞❡ t♦t❛❧✳ ❆ ❈P✷ ❡✈✐❞❡♥❝✐❛ ❛ r❡❧❛çã♦ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ ❡♥tr❡ ✉♠✐❞❛❞❡
r❡❧❛t✐✈❛ ❡ ▼P2,5✳

❖ ♠❛✐♦r ❣r✉♣♦ é ♦ ✸✱ ❝♦♠ ✶✾✼ ❞✐❛s✱ ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❞♦ ♦✉t♦♥♦ ✭✸✸✱✵✪✱ ❚❛✲
❜❡❧❛ ✹✳✶✺✮✳ ❆♣r❡s❡♥t❛ ♦ s❡❣✉♥❞♦ ♠❛✐♦r ♥í✈❡❧ ♠❡❞✐❛♥♦ ❞❡ ▼P2,5 ✭❋✐❣✉r❛ ✹✳✹✷✮✳ ❆ r❡❧❛çã♦
❞❛ ❈P✶ ❢♦✐ ❞❛ t❡♠♣❡r❛t✉r❛ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ✐♥✈❡rs❛♠❡♥t❡s ♣r♦♣♦r❝✐♦♥❛✐s ❛ ❝♦♥❝❡♥✲
tr❛çã♦ ❞♦ ▼P✱ ❝♦♠ ✉♠❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❡ q✉❛s❡ ✺✵✪ ✭❚❛❜❡❧❛ ✹✳✶✼✮✳ ◆❛ ❈P✷✱ ❛♣❡♥❛s ❛
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❋✐❣✉r❛ ✹✳✹✼✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✷ ✲ ▼P2,5 ✲ P✐r❛❝✐❝❛❜❛

❋✐❣✉r❛ ✹✳✹✽✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✸ ✲ ▼P2,5 ✲ P✐r❛❝✐❝❛❜❛

✈❛r✐á✈❡❧ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❢♦✐ ❞❡st❛❝❛❞❛✱ ❝♦♠ ✷✼✱✼✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ t♦t❛❧✳ ❆s r❡❣✐õ❡s ✶
❡ ✺ ♠❛✐s ❝♦♥tr✐❜✉❡♠ ♥❡st❡ ❣r✉♣♦✳ ❙ã♦ r❡❣✐õ❡s ❞♦ ❧✐t♦r❛❧ ❞♦ s✉❞❡st❡✱ ✐♥t❡r✐♦r ❞❡ ▼✐♥❛s
●❡r❛✐s✱ ❊s♣ír✐t♦ ❙❛♥t♦ ❡ ♣❛rt❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦ ✭❚❛❜❡❧❛ ✹✳✶✻✮✳

❖ ♠❡♥♦r ❣r✉♣♦ é ♦ ✹✱ ❝♦♠ ✶✻✼ ❞✐❛s✱ ❡ ♣r❡❞♦♠✐♥â♥❝✐❛ ❞❛ ❡st❛çã♦ ❞❛ ♣r✐♠❛✈❡r❛ ✭✹✸✱✶✪✮
❡ t❛♠❜é♠ ❞♦ ✈❡rã♦ ✭✷✾✱✾✪✮✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❚❛❜❡❧❛ ✹✳✶✺✳ ◆❡st❡ ❣r✉♣♦ ✹ ♣❡r❝❡❜❡✲s❡
q✉❡ q✉❛s❡ ♥ã♦ ❤á ❞✐❛s ♥❛ ❡st❛çã♦ ❞❡ ♦✉t♦♥♦✱ ❝♦♠ ❛♣❡♥❛s ✸✪ ✭❚❛❜❡❧❛ ✹✳✶✺✮✳ ❈♦♠♦ ❤á
♦ ♣r❡❞♦♠í♥✐♦ ❞❛s ❡st❛çõ❡s q✉❡♥t❡s✱ ♥♦t❛✲s❡ ♠❛✐♦r ✈❛❧♦r ♠❡❞✐❛♥♦ ❞❡ t❡♠♣❡r❛t✉r❛ ♥❡st❡
❣r✉♣♦ ✭❋✐❣✉r❛ ✹✳✹✸✮✱ ♣♦ré♠ ❛♣r❡s❡♥t♦✉ ♠❡♥♦r ✈❛❧♦r ❞❡ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ✭❋✐❣✉r❛ ✹✳✹✹✮✱ ❡
♦ ♠❛✐♦r ♥í✈❡❧ ♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ♠❛t❡r✐❛❧ ♣❛rt✐❝✉❧❛❞♦ ✜♥♦✳ ◗✉❛s❡ ✹✵✪ é ❡①♣❧✐❝❛❞❛ ♣❡❧❛
♣r✐♠❡✐r❛ ❈P✱ q✉❡ ✐♥❞✐❝❛ q✉❡ ❛ ♣r✐♥❝✐♣❛❧ r❡❧❛çã♦ é ❡♥tr❡ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❡ ▼P2,5✱ ✐♥✈❡r✲
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❋✐❣✉r❛ ✹✳✹✾✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✹ ✲ ▼P2,5 ✲ P✐r❛❝✐❝❛❜❛

s❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧✳ ◆❡st❡ ❣r✉♣♦ t❛♠❜é♠ ❤á ✉♠❛ r❡❧❛çã♦ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧
❡♥tr❡ t❡♠♣❡r❛t✉r❛ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❈P✷ ✭❋✐❣✉r❛ ✹✳✹✼✮✳ ❆ r❡❣✐ã♦ ✻✱
❢♦r♠❛❞❛ ♣❡❧♦ ❧✐t♦r❛❧ ♥♦r❞❡st✐♥♦✱ é ❛ q✉❡ ♠❛✐s ❝♦♥tr✐❜✉✐ ♥♦ ❣r✉♣♦ ✹✱ ❝♦♥❢♦r♠❡ ❚❛❜❡❧❛ ✹✳✶✻✳

❆ss✐♠ ❝♦♠♦ ♦❜s❡r✈❛❞♦ ♥❛ ❆❈ ❞♦ ▼P10✱ ❛s r❡❣✐õ❡s ♣ró①✐♠❛s ✜❝❛r❛♠ ❞❡♥tr♦ ❞❡ ✉♠
♠❡s♠♦ ❣r✉♣♦✳ ❘❡❣✐õ❡s ✷✱ ✼ ❡ ✽ ♥♦ ❣r✉♣♦ ✶✱ r❡❣✐õ❡s ✸✱ ✹ ❡ ✶✷ ♥♦ ❣r✉♣♦ ✷✱ r❡❣✐õ❡s ✶ ❡ ✺ ♥♦
❣r✉♣♦ ✸✱ ❡ r❡❣✐ã♦ ✻ ♥♦ ❣r✉♣♦ ✹✳

❉♦s ✹ ❣r✉♣♦s✱ três ❞❡❧❡s ♠♦str❛r❛♠ t❡♠♣❡r❛t✉r❛ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❝♦♠♦ ❛ ♣r✐♥❝✐♣❛❧
r❡❧❛çã♦ ♦❜t✐❞❛ ❞❛ ❆❈P✳ ❖✉ s❡❥❛✱ ❤á ✐♥❞í❝✐♦s q✉❡ ❡ss❛s ✈❛r✐á✈❡✐s ♣♦❞❡♠ ✐♥✢✉❡♥❝✐❛r ❞❡ ♠♦❞♦
♠❛✐s ✐♥t❡♥s♦ ♥♦s ♥í✈❡✐s ❞♦ ▼P2,5✳ ❉✐❢❡r❡♥t❡ ❞♦ ♦❜s❡r✈❛❞♦ ♥❛ ❛♥á❧✐s❡ ❞♦ ▼P10✱ ❡♠ q✉❡
❛ ✈❛r✐á✈❡❧ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ✜❝♦✉ ♥❛ ❈P✶ ❡♠ três ❣r✉♣♦s✱ ✐♥❞✐❝❛♥❞♦ ❡ss❛ ✈❛r✐á✈❡❧ ❝♦♠♦
♠❛✐s r❡❧❡✈❛♥t❡✳ ❆♣❡s❛r ❞✐ss♦✱ ❡♠ ✸ ❣r✉♣♦s✱ ♦ ▼P2,5 ✜❝♦✉ ♥✉♠❛ ♠❡s♠❛ ❈P ❝♦♠ ✉♠✐❞❛❞❡
r❡❧❛t✐✈❛✳

✹✳✷✳✷ ❙❛♥t♦s

❊st❛ s❡çã♦ ❛♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❞❛ ❛♥á❧✐s❡ ❞♦ ▼P2,5 ♣❛r❛ ❛ ❝✐❞❛❞❡ ❞❡ ❙❛♥t♦s✳
Pr✐♠❡✐r❛♠❡♥t❡✱ é ♣r❡❝✐s♦ ❡st✐♠❛r ❛s ♦r❞❡♥s ❞♦ ♣r♦❝❡ss♦ ❛✉t♦✲r❡❣r❡ss✐✈♦ ✭♣✮ ❡ ❞♦ ♣r♦❝❡ss♦
❞❡ ♠é❞✐❛s✲♠ó✈❡✐s ✭q✮ ❞♦ ♠♦❞❡❧♦ ❆❘▼❆✭♣✱q✮✳ ❆ ❚❛❜❡❧❛ ✹✳✶✽ ♠♦str❛ ♦s ✈❛❧♦r❡s ❞♦ ❝r✐tér✐♦
❞❡ ✐♥❢♦r♠❛çã♦ ❆■❈ ♣❛r❛ ❛❧❣✉♥s ♠♦❞❡❧♦ ❆❘▼❆ ♣ré✲❡s❝♦❧❤✐❞♦s✳ ❖ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮
❛♣r❡s❡♥t❛ ♦ ♠❡♥♦r ✈❛❧♦r ❞♦ ❆■❈✱ ❛❧é♠ ❞♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❡♠ r❡❧❛çã♦ ❛ ❢✉♥çã♦ ❞❡
❛✉t♦✲❝♦rr❡❧❛çã♦ ❡ ♦ t❡st❡ ❞❡ ▲❥✉♥❣✲❇♦① ❞♦s r❡sí❞✉♦s✱ ♦✉ s❡❥❛✱ ♦s r❡sí❞✉♦s ♦❜t✐❞♦s ❞❡ss❡
♠♦❞❡❧♦ sã♦ ♥ã♦✲❛✉t♦✲❝♦rr❡❧❛❝✐♦♥❛❞♦s ✭❋✐❣✉r❛ ❆✳✷✽✮✳

◆❛ ❚❛❜❡❧❛ ✹✳✶✾ t❡♠✲s❡ ♦s ✈❛❧♦r❡s ❞❡ ❈P✱ ❘❊◗▼✱ ▲❖● ❡ ❆■❈ ♣❛r❛ ♦s ❝✐♥❝♦ ♠♦❞❡❧♦s✳ ❖
♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❡♠ t♦❞❛s ❛s ♠❡❞✐❞❛s ❝♦♠♣❛r❛t✐✈❛s✱
✐st♦ é✱ ♠❛✐♦r❡s ✈❛❧♦r❡s ❞❡ ❈P ❡ ▲❖●✱ ❡ ♠❡♥♦r❡s ✈❛❧♦r❡s ❞❡ ❘❊◗▼ ❡ ❆■❈✳ ◗✉❛♥❞♦ s❡
♦❜s❡r✈❛ ❛♣❡♥❛s ♦s r❡s✉❧t❛❞♦s ❞♦s ♠♦❞❡❧♦s ◆♦r♠❛❧✱ ◆♦r♠❛❧ ✐♥✈❡rs❛✱ ●❛♠❛ ❡ ▲♦❣✲♥♦r♠❛❧✱
❡♠ r❡❧❛çã♦ ❛♦ ❈P ❡ ❘❊◗▼✱ ♦ ♠♦❞❡❧♦ ◆♦r♠❛❧ t❡✈❡ ♦s ♠❡❧❤♦r❡s ✈❛❧♦r❡s✱ ❡♥q✉❛♥t♦ q✉❡
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❚❛❜❡❧❛ ✹✳✶✽✿ ❈r✐tér✐♦ ❞❡ ❙❡❧❡çã♦ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❆❘▼❆✭♣✱q✮ ✲ ▼P2,5 ✲ ❙❛♥t♦s

▼♦❞❡❧♦ ◗✉❛♥t✐❞❛❞❡ ❞❡ ♣❛râ♠❡tr♦s ❆■❈
❆❘▼❆✭✶✱✵✮ ❂ ❆❘✭✶✮ ✶ ✹✼✶✽✱✷✵✷
❆❘▼❆✭✷✱✵✮ ❂ ❆❘✭✷✮ ✷ ✹✼✶✹✱✼✺✹
❆❘▼❆✭✵✱✶✮ ❂ ▼❆✭✶✮ ✶ ✹✼✽✾✱✾✻✵
❆❘▼❆✭✵✱✷✮ ❂ ▼❆✭✷✮ ✷ ✹✼✹✾✱✷✼✹

❆❘▼❆✭✶✱✶✮ ✷ ✹✼✶✸✱✶✷✽
❆❘▼❆✭✷✱✶✮ ✸ ✹✻✾✻✱✵✷✺
❆❘▼❆✭✶✱✷✮ ✸ ✹✼✵✺✱✾✶✺
❆❘▼❆✭✷✱✷✮ ✹ ✹✻✾✼✱✽✹✹

♦ ♠♦❞❡❧♦ ●❛♠❛ ♠♦str♦✉✲s❡ ♠❡❧❤♦r q✉❡ ♦s ❞❡♠❛✐s ♥❛ ❝♦♠♣❛r❛çã♦ ❞♦ ❆■❈ ❡ ▲❖●✳ ❖s
r❡s✉❧t❛❞♦s ❞♦ ♠♦❞❡❧♦ ▲♦❣✲♥♦r♠❛❧ ✜❝❛r❛♠ ❜❡♠ ♣ró①✐♠♦s ❛♦s r❡s✉❧t❛❞♦s ❞♦ ♠♦❞❡❧♦ ●❛♠❛✳

❚❛❜❡❧❛ ✹✳✶✾✿ ▼❡❞✐❞❛s ❝♦♠♣❛r❛t✐✈❛s ✲ ▼P2,5 ✲ ❙❛♥t♦s

▼♦❞❡❧♦ ❈P ❘❊◗▼ ▲❖● ❆■❈
◆♦r♠❛❧ ✵✱✺✸✽ ✼✱✶✹✾ ✲✷✹✼✶✱✻✻✾ ✹✾✻✾✱✸✸✽

◆♦r♠❛❧ ■♥✈❡rs❛ ✵✱✺✷✻ ✼✱✷✷✹ ✲✷✹✸✵✱✼✹✾ ✹✽✽✼✱✹✾✼
●❛♠❛ ✵✱✺✸✹ ✼✱✶✼✷ ✲✷✹✵✶✱✷✸✶ ✹✽✷✽✱✹✻✷

▲♦❣✲◆♦r♠❛❧ ✵✱✺✸✷ ✼✱✸✶✶ ✲✷✹✵✸✱✸✻✾ ✹✽✸✷✱✼✸✽
❆❘▼❆✭✷✱✶✮ ✵✱✼✶✽ ✺✱✾✵✶ ✲✷✸✸✷✱✵✶✷ ✹✻✾✻✱✵✷✺

❖s ❣rá✜❝♦s ❞♦s r❡sí❞✉♦s ♣❛❞r♦♥✐③❛❞♦s ♣❡❧❛ ♦r❞❡♠ ❞❛s ♦❜s❡r✈❛çõ❡s ❡stã♦ ♥❛s ❋✐❣✉r❛s
❆✳✷✾✱ ❆✳✸✵✱ ❆✳✸✶✱ ❆✳✸✷ ❡ ✹✳✺✵✳ ❖s r❡sí❞✉♦s ♣❛❞r♦♥✐③❛❞♦s ❞♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ s❡ ❞✐s✲
♣õ❡ ❞❡ ♠♦❞♦ ❛❧❡❛tór✐♦ ❡♠ t♦r♥♦ ❞♦ ③❡r♦✱ ❡♠ s✉❛ ♠❛✐♦r✐❛ ❞❡♥tr♦ ❞♦s ❧✐♠✐t❡s ❞❡ ✲✷ ❛ ✷
✭❝♦♠♣♦rt❛♠❡♥t♦ ❣❛✉ss✐❛♥♦✮✳ ▼❛✐s ✉♠❛ ✈❡③✱ ♦s r❡sí❞✉♦s ❞♦s ❞❡♠❛✐s ♠♦❞❡❧♦s ✭◆♦r♠❛❧✱
◆♦r♠❛❧ ✐♥✈❡rs❛✱ ●❛♠❛ ❡ ▲♦❣✲♥♦r♠❛❧✮✱ s❡ ❝♦♠♣♦rt❛r❛♠ ❢♦r♠❛♥❞♦ ❝♦♠♦ s❡ ❢♦ss❡ ✉♠❛ ♦♥❞❛
s❡♥♦✐❞❛❧✳ ■ss♦ ✐♥❞✐❝❛✱ q✉❡ ♣♦r ✉♠ ❝❡rt♦ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦✱ ❛s ❝♦♥❝❡♥tr❛çõ❡s ❞✐ár✐❛s ❞♦
▼P2,5 ❢♦r❛♠ s✉❜❡st✐♠❛❞❛s✱ ❡ ♥✉♠ ♣ró①✐♠♦ ♣❡rí♦❞♦ ❢♦r❛♠ s✉♣❡r❡st✐♠❛❞❛s✱ ❡ ❛ss✐♠ s✉❝❡s✲
s✐✈❛♠❡♥t❡✳ ▼❛✐s ✉♠❛ ✈❡③✱ ❤á ❡✈✐❞ê♥❝✐❛ ❞❛ ❛t✉❛çã♦ ❞♦s ❢❡♥ô♠❡♥♦s ♠❡t❡♦r♦❧ó❣✐❝♦s✳ ❊♠
❙❡t❡♠❜r♦✴✷✵✶✺ ✭❛ ♣❛rt✐r ❞♦ ❞✐❛ ✻✵✾✮ ♥ã♦ ♦❝♦rr❡r❛♠ ♠✉✐t❛s ❝❤✉✈❛s ❞❡✈✐❞♦ ❛ ✉♠❛ ♠❛ss❛
❞❡ ❛r q✉❡♥t❡ ✭s✐st❡♠❛ ❞❡ ❛❧t❛ ♣r❡ssã♦ s✉❜tr♦♣✐❝❛❧✮ ❛t✉❛♥❞♦ ♥♦ ❡st❛❞♦✱ ♦ q✉❡ ✐♠♣❡❞✐✉ ❛
❡♥tr❛❞❛ ❞❡ ✉♠ s✐st❡♠❛ ✐♥stá✈❡✐s ✭s✐st❡♠❛ ❞❡ ❜❛✐①❛ ♣r❡ssã♦✮ ✭❈❊❚❊❙❇✱ ✷✵✶✺❜✮✳

❆s ❋✐❣✉r❛s ❆✳✸✸✱ ❆✳✸✹✱ ❆✳✸✺✱ ❆✳✸✻ ❡ ✹✳✺✶ ♠♦str❛♠ ♦s r❡sí❞✉♦s ♣❛❞r♦♥✐③❛❞♦s ❝♦♠♣❛✲
r❛❞♦s ❝♦♠ ♦ ♣❡r❝❡♥t✐❧ ❞❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ♣❛❞rã♦ ✭❣rá✜❝♦ qq✲♣❧♦t✳ ❖s ♠♦❞❡❧♦s ●▲▼ ❡
●❆▼▲❙❙ ✭◆♦r♠❛❧ ✐♥✈❡rs❛✱ ●❛♠❛ ❡ ▲♦❣✲♥♦r♠❛❧✮ t✐✈❡r❛♠ ❝♦♠♣♦rt❛♠❡♥t♦ ♠✉✐t♦ s✐♠✐❧❛r✱
❝♦♠ ♦s ♣♦♥t♦s ✜❝❛♥❞♦ ❜❡♠ ♣ró①✐♠♦s ❞❛ r❡t❛✳ ◆❛ ❋✐❣✉r❛ ✹✳✺✶ ✭♠♦❞❡❧♦ ❆❘▼❆✮✱ ♦s r❡sí❞✉♦s
✜❝❛r❛♠ ♣ró①✐♠♦s t❛♠❜é♠ ❞❛ r❡t❛✱ ❛♣❡♥❛s s❡ ❞✐st❛♥❝✐❛♥❞♦ ♥♦ ❡①tr❡♠♦ ♣♦s✐t✐✈♦✳ ❏á ♥❛ ❋✐✲
❣✉r❛ ❆✳✸✸ ✭♠♦❞❡❧♦ ♥♦r♠❛❧✮✱ ♦s r❡sí❞✉♦s ❛♣r❡s❡♥t❛r❛♠ ♦ ♣✐♦r ❞❡s❡♠♣❡♥❤♦✱ ♣❡r♠❛♥❡❝❡♥❞♦
❞✐st❛♥t❡ ❞❛ r❡t❛ ♥♦s ❞♦✐s ❡①tr❡♠♦s✳
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❋✐❣✉r❛ ✹✳✺✵✿ ❘❡sí❞✉♦s ♣❛❞r♦♥✐③❛❞♦s ♣❡❧❛ ♦r❞❡♠ ❞❛s ♦❜s❡r✈❛çõ❡s ✭▼P2,5✮ ✲ ▼♦❞❡❧♦
❆❘▼❆✭✷✱✶✮ ✲ ❙❛♥t♦s

❋✐❣✉r❛ ✹✳✺✶✿ ●rá✜❝♦ ♥♦r♠❛❧ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s ✲ qq✲♣❧♦t ✲ ✭▼P2,5✮ ✲ ▼♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ ✲
❙❛♥t♦s

❖s r❡s✉❧t❛❞♦s ❛té ❛q✉✐ ❛♣r❡s❡♥t❛♠ ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ♦s ♠♦❞❡❧♦s✳ ❖s r❡s✉❧t❛❞♦s ❞❛
❚❛❜❡❧❛ ✹✳✶✾ ❡ ❋✐❣✉r❛ ✹✳✺✵ ✈ã♦ ❛♦ ❡♥❝♦♥tr♦ ❞♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮✱ ♣♦r ❛❥✉st❛r ❛ ❡str✉✲
t✉r❛ t❡♠♣♦r❛❧ ❞♦s ❞❛❞♦s✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦s r❡s✉❧t❛❞♦s ❞♦ qq✲♣❧♦t ❞♦s ♠♦❞❡❧♦s ❧✐♥❡❛r❡s
❣❡♥❡r❛❧✐③❛❞♦s ✭❋✐❣✉r❛s ❆✳✸✹✱ ❆✳✸✺ ❡ ❆✳✸✻✮ s❡ ♠♦str❛r❛♠ ♠❛✐s ❛❥✉st❛❞♦s✳

❆ ❝♦♥tr✐❜✉✐çã♦ ♣r♦♣♦r❝✐♦♥❛❧ ♠é❞✐❛ ❞❡ ❝❛❞❛ r❡❣✐ã♦ ❡stã♦ ♥❛s ❋✐❣✉r❛s ❇✳✶✸✱ ❇✳✶✹✱ ❇✳✶✺✱
❇✳✶✻ ❡ ✹✳✺✷✱ ♣❛r❛ ♦s ♠♦❞❡❧♦s ◆♦r♠❛❧✱ ◆♦r♠❛❧ ✐♥✈❡rs❛✱ ●❛♠❛✱ ▲♦❣✲♥♦r♠❛❧ ❡ ❆❘▼❆✭✷✱✶✮✱
r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ r❡❣✐ã♦ ✾ ♥ã♦ ❢♦✐ s✐❣♥✐✜❝❛t✐✈❛ ❛ ✺✪ ♥♦s ♠♦❞❡❧♦s ◆♦r♠❛❧✱ ◆♦r♠❛❧
✐♥✈❡rs❛✱ ●❛♠❛ ❡ ❆❘▼❆✭✷✱✶✮✳ ❆ r❡❣✐ã♦ ✾✱ ❝♦rr❡s♣♦♥❞❡ ❛♦s ❡st❛❞♦s ❞♦ ❆❝r❡ ❡ ❘♦♥❞ô♥✐❛✱
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❡ ♦s ♣❛ís❡s ❇♦❧í✈✐❛✱ P❡r✉✱ ❈❤✐❧❡ ❡ ❆r❣❡♥t✐♥❛ ✭❋✐❣✉r❛ ✹✳✶✽ ❡ ❚❛❜❡❧❛ ✹✳✼✮✳◆♦ ♠♦❞❡❧♦ ▲♦❣✲
♥♦r♠❛❧✱ t♦❞❛s ❛s r❡❣✐õ❡s ❢♦r❛♠ s✐❣♥✐✜❝❛t✐✈❛s✳

❋✐❣✉r❛ ✹✳✺✷✿ ❈♦♥tr✐❜✉✐çã♦ ♠é❞✐❛ ❞♦ ▼P2,5 ♣♦r ár❡❛ ✲ ▼♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ ✲ ❙❛♥t♦s

❋✐❣✉r❛ ✹✳✺✸✿ ▼❛♣❛ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞❛s r❡❣✐õ❡s ♥♦ ♠♦❞❡❧♦ ●❛♠❛ ❡ ❆❘▼❆✭✷✱✶✮✱ r❡s♣❡❝t✐✲
✈❛♠❡♥t❡ ✲ ❙❛♥t♦s ✲ ▼P2,5

❇❛s❡❛❞♦ ♥♦s r❡s✉❧t❛❞♦s ❞❛ ❛♥á❧✐s❡ ❞❡ r❡sí❞✉♦s ❡ ❞❛s ♠❡❞✐❞❛s ❝♦♠♣❛r❛t✐✈❛s ❡♥tr❡ ♦s
♠♦❞❡❧♦s ✭❚❛❜❡❧❛ ✹✳✶✾✮✱ ♦s ♠♦❞❡❧♦s ●❛♠❛ ❡ ❆❘▼❆✭✷✱✶✮ ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ❡♠ r❡❧❛çã♦
❛ ❝♦♥tr✐❜✉✐çã♦ ♠é❞✐❛ ❞❡ ❝❛❞❛ r❡❣✐ã♦ ✭❋✐❣✉r❛s ❇✳✶✺ ❡ ✹✳✺✷✮✳ ❆ ❋✐❣✉r❛ ✹✳✺✸ ♠♦str❛ ♦s
♣❡r❝❡♥t✉❛✐s ❞❡ ❝♦♥tr✐❜✉✐çã♦ ♣♦r r❡❣✐ã♦ ♥♦s ♠♦❞❡❧♦s ●❛♠❛ ❡ ❆❘▼❆✭✷✱✶✮✱ ♣❛r❛ ♦ ▼P2,5

♥❛ ❝✐❞❛❞❡ ❞❡ ❙❛♥t♦s✳ ❆s ❝♦r❡s ♠❛✐s q✉❡♥t❡s ✐♥❞✐❝❛♠ ♣❡r❝❡♥t✉❛✐s ❞❡ ❝♦♥tr✐❜✉✐çã♦ ♠❛✐♦r✱
❡♥q✉❛♥t♦ ❛s ❝♦r❡s ♠❛✐s ❢r✐❛s r❡♣r❡s❡♥t❛♠ ✉♠❛ ♠❡♥♦r ❝♦♥tr✐❜✉✐çã♦ ❞❛ r❡❣✐ã♦ ♥♦s ♥í✈❡✐s ❞♦
▼P2,5✳
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❆s ❢♦♥t❡s ❧♦❝❛✐s ✭r❡❣✐õ❡s ✶ ❛ ✹✮ ❝♦♥tr✐❜✉❡♠ ❝♦♠ ♠❛✐s ❞❡ ✼✵✪ ♥♦s ❞♦✐s ♠♦❞❡❧♦s✱ s❡♥❞♦
✼✻✱✵✪ ♥♦ ♠♦❞❡❧♦ ●❛♠❛ ❡ ✼✷✱✽✪ ♥♦ ♠♦❞❡❧♦ ❆❘▼❆✳ ❆s r❡❣✐õ❡s ✶ ❡ ✷ ❢♦r❛♠ ❛s ❞❡ ♠❛✐♦r
❝♦♥tr✐❜✉✐çã♦✱ ❡ ❝♦rr❡s♣♦♥❞❡♠ ❛ ♣r❛t✐❝❛♠❡♥t❡ ♠❛ss❛s ❞❡ ❛r ❞♦ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦ ✐♥t❡✐r♦✱
❛❧é♠ ❞♦ ❙✉❧ ❞❡ ▼✐♥❛s✱ ❡ ♦ ❊st❛❞♦ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✳ ◆♦ ♠♦❞❡❧♦ ●❛♠❛✱ ♦s ♣❡r❝❡♥t✉❛✐s
❝♦rr❡s♣♦♥❞❡♠ ❛ ✹✼✱✾✪ ❡ ✶✷✱✼✪ ♥❛s r❡❣✐õ❡s ✶ ❡ ✷✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊♥q✉❛♥t♦ q✉❡✱ ♥♦
♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮✱ ❛s ❡st✐♠❛t✐✈❛s ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞❛s r❡❣✐õ❡s ✶ ❡ ✷ ❢♦r❛♠ ❞❡ ✹✸✱✾✪
❡ ✶✸✱✹✪✳ ❆ r❡❣✐ã♦ ✸ r❡✢❡t❡✱ ♥❛ ♠❛✐♦r ♣❛rt❡✱ ✐♥✢✉ê♥❝✐❛ ❞❡ ♠❛ss❛ ❞❡ ❛r ❞♦s ❡st❛❞♦s ❞♦
P❛r❛♥á ❡ ❙❛♥t❛ ❈❛t❛r✐♥❛✱ ❡ s❡✉s ❧✐t♦r❛✐s✳ ❆ ❝♦♥tr✐❜✉✐çã♦ ❞❡st❛ r❡❣✐ã♦ ❢♦✐ ❞❡ ✹✱✹✪✱ ♥♦
♠♦❞❡❧♦ ●❛♠❛✱ ❡ ✸✱✸✪ ♥♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮✳ ❆ r❡❣✐ã♦ ✹✱ ❝♦♠ ✶✶✱✵✪ ✭♠♦❞❡❧♦ ●❛♠❛✮
❡ ✶✷✱✷✪ ✭♠♦❞❡❧♦ ❆❘▼❆✮✱ ✐♥❞✐❝❛ ❛ ❝♦♥tr✐❜✉✐çã♦ ♠é❞✐❛ ❞♦ ▲✐t♦r❛❧ ♣❛✉❧✐st❛✱ ♥❡st❡ ❝❛s♦✱
❝♦rr❡s♣♦♥❞❡♠ ❛ ♠❛ss❛s ❞❡ ❛r ú♠✐❞❛s✱ ♣r♦✈❡♥✐❡♥t❡s ❞♦ ♦❝❡❛♥♦✳

❆❧é♠ ❞❛ r❡❣✐ã♦ ✹✱ ❛s r❡❣✐õ❡s ✺✱ ✻ ❡ ✶✷ t❛♠❜é♠ ❡st✐♠❛♠ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ♠❛ss❛s ❞❡
❛r ✈✐♥❞❛s ❞♦ ❧✐t♦r❛❧ ✭❋✐❣✉r❛ ✹✳✶✽ ❡ ❚❛❜❡❧❛ ✹✳✼✮✳ ❆ ❝♦♥tr✐❜✉✐çã♦ ♥♦ ♠♦❞❡❧♦ ●❛♠❛✱ ❞❡st❛s
r❡❣✐õ❡s ❢♦✐ ❞❡ ✶✶✱✾✪✱ ❡ ♥♦ ♠♦❞❡❧♦ ❆❘▼❆ ❢♦✐ ❞❡ ✶✺✱✷✪✳ ❆ r❡❣✐ã♦ ✺✱ ❧✐t♦r❛❧ ❞❛ r❡❣✐ã♦
s✉❞❡st❡✱ t❡✈❡ ♦ ♠❛✐♦r ✈❛❧♦r ❡st✐♠❛❞♦✱ ❝♦♠ ✻✱✻✪ ✭●❛♠❛✮ ❡ ✾✱✷✪ ✭❆❘▼❆✮✳ ❆ r❡❣✐ã♦ ✶✷
t❡✈❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✸✱✺✪ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ♥♦s ❞♦✐s ♠♦❞❡❧♦s✱ ❛♦ ♣❛ss♦ q✉❡✱ ❛ r❡❣✐ã♦ ✻
t❡✈❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷✪✳

❆s r❡❣✐õ❡s ✶✵ ❡ ✶✶✱ ❞❡ ♠❛ss❛s ♣r♦✈❡♥✐❡♥t❡s ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❡ ❢♦♥t❡s ❝♦♥t✐♥❡♥t❛✐s✱
❛♣r❡s❡♥t❛r❛♠ ❡st✐♠❛t✐✈❛ ❞❡ ✷✱✾✪ ♥♦ ♠♦❞❡❧♦ ●❛♠❛✱ ❡ ✸✱✵✪ ♥♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮✳ ❉❡st❡
t♦t❛❧ ❞❛s ❞✉❛s r❡❣✐õ❡s✱ ♦ ♠❛✐♦r ♣❡r❝❡♥t✉❛❧ é ❞❛ r❡❣✐ã♦ ✶✵✱ ❝♦♠ ✶✱✾✪ ❡ ✷✱✵✪ ♥♦s ♠♦❞❡❧♦s
●❛♠❛ ❡ ❆❘▼❆✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

P♦r ✜♠✱ r❡st❛♠ ❛s r❡❣✐õ❡s ✼ ❡ ✽✳ ❆ r❡❣✐ã♦ ✼ ✭❊st❛❞♦s ❞❛ ❇❛❤✐❛✱ ●♦✐ás✱ ❉✐str✐t♦
❋❡❞❡r❛❧✱ ▼❛t♦ ●r♦ss♦✱ ❚♦❝❛♥t✐♥s✮ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ❡st✐♠❛t✐✈❛ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ✻✱✶✪
♥♦ ♠♦❞❡❧♦ ●❛♠❛✱ ❡ ✼✱✸✪ ♥♦ ♠♦❞❡❧♦ ❆❘▼❆✳ ❆ r❡❣✐ã♦ ✽ ✭P❛r❛❣✉❛✐✱ ▼❛t♦ ●r♦ss♦ ❞♦ ❙✉❧✱
❡ ♦❡st❡ ❞♦ P❛r❛♥á ❡ ❙❛♥t❛ ❈❛t❛r✐♥❛✮ ❛♣r❡s❡♥t♦✉ ❡st✐♠❛t✐✈❛ ❞❡ ✸✱✵✪ ♥♦ ♠♦❞❡❧♦ ●❛♠❛✱ ❡
✶✱✺✪ ♥♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮✳ ❈♦♠ ✐ss♦✱ ♦ ♣❡r❝❡♥t✉❛❧ ❡st✐♠❛❞♦ ❞❛s ❞✉❛s r❡❣✐õ❡s ❢♦✐ ❞❡
✾✱✵✪ ❡ ✽✱✽✪ ♥♦s ♠♦❞❡❧♦s ●❛♠❛ ❡ ❆❘▼❆✭✷✱✶✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❊st❡s ♣❡r❝❡♥t✉❛✐s✱ r❡♣r❡s❡♥t❛♠ ✉♠❛ ❝♦♥tr✐❜✉✐çã♦ ♠é❞✐❛ ❞♦ ♣❡rí♦❞♦ ❞❡ ✷✵✶✹ ❛ ✷✵✶✺✳
❚❛♥t♦ ♣❛r❛ ♦ ▼P10✱ q✉❛♥t♦ ♣❛r❛ ♦ ▼P2,5✱ ♥♦t❛✲s❡ q✉❡ ❛s r❡❣✐õ❡s ✶ ❡ ✷ ❢♦r❛♠ ❛ ❞❡ ♠❛✐♦r
❝♦♥tr✐❜✉✐çã♦✳ ❆ ❋✐❣✉r❛ ✹✳✷✸ ♠♦str❛ ♦ ♠❛♣❛ ❞❡ ❞❡♥s✐❞❛❞❡ ❦❡r♥❡❧ ❞♦s ♣♦♥t♦s ❞❡ ❝♦♦r❞❡♥❛❞❛s
❞❛s tr❛❥❡tór✐❛s✳ ❊♠✐ssõ❡s ❞♦ ♣♦rt♦✱ ❛ss✐♠ ❝♦♠♦ ♠♦✈✐♠❡♥t❛çã♦ ❞❡ ❝❛♠✐♥❤õ❡s ❡♠ ❞✐r❡çã♦
❛ ❈✉❜❛tã♦ ❡ ❙❛♥t♦s✱ t❡♠ ✐♥✢✉ê♥❝✐❛ ♥♦ ♠❛t❡r✐❛❧ ♣❛rt✐❝✉❧❛❞♦ ♠❡❞✐❞♦ ❡♠ ❙❛♥t♦s ✭❈❊❚❊❙❇✱
✷✵✶✺❛❀ ❈❊❚❊❙❇✱ ✷✵✶✽✮✳ Pr♦❝❡ss♦s ❞❡ ❝♦♠❜✉stã♦✱ ❝♦♠♦ q✉❡✐♠❛ ❞❡ ❝♦♠❜✉stí✈❡✐s ♥♦s
✈❡í❝✉❧♦s t❡♠ ✐♥✢✉ê♥❝✐❛ ♥❛ ❝♦♠♣♦s✐çã♦ ❞♦ ▼P2,5 ❡♠ ❙❛♥t♦s ✭❈❊❚❊❙❇✱ ✷✵✶✺❛✮✳

❖s ❞❛❞♦s ❞♦ ♠ês ❞❡ ❏❛♥❡✐r♦ ❞❡ ✷✵✶✻ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5 ❡ ♦s t❡♠♣♦s ❞❡ r❡s✐❞ê♥❝✐❛
❞❡ ❝❛❞❛ r❡❣✐ã♦✱ ♥❛ ❝✐❞❛❞❡ ❞❡ ❙❛♥t♦s✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛✈❛❧✐❛r ❛ ♣r❡✈✐sã♦ ❞♦ ♠♦❞❡❧♦
❆❘▼❆✭✷✱✶✮✳ ◆❛ ❋✐❣✉r❛ ✹✳✺✻ sã♦ ♠♦str❛❞♦s ♦s ✈❛❧♦r❡s r❡❛✐s ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5

❝♦♠♣❛r❛❞♦s ❝♦♠ ♦s ✈❛❧♦r❡s ♣r❡✈✐st♦s ♣❡❧♦ ♠♦❞❡❧♦✳ ◆♦t❡ q✉❡ ❛s ❝♦♥❝❡♥tr❛çõ❡s ♣r❡✈✐st❛s
❝♦♥s❡❣✉✐r❛♠ ❛❝♦♠♣❛♥❤❛r ❛s ❝♦♥❝❡♥tr❛çõ❡s r❡❛✐s ❛♦ ❧♦♥❣♦ ❞♦ ♠ês✱ ✐♥❞✐❝❛♥❞♦ ✉♠ ❜♦♠
♣♦❞❡r ❞❡ ♣r❡✈✐sã♦✳

◆♦✈❛♠❡♥t❡✱ ❛ ❝♦♥tr✐❜✉✐çã♦ ♠é❞✐❛ ❞♦ ♣❡rí♦❞♦ ❞❡ ✷✵✶✹ ❡ ✷✵✶✺ ❢♦✐ ❜❡♠ s✐♠✐❧❛r ❡♥tr❡ ♦s
❞♦✐s ♠♦❞❡❧♦s✱ ♦✉ s❡❥❛✱ ❤á ♣❡q✉❡♥❛s ❞✐❢❡r❡♥ç❛s ♥❛s ❡st✐♠❛t✐✈❛s ❞❛s ❝♦♥tr✐❜✉✐çõ❡s✱ ❝♦♥❢♦r♠❡
✈✐st♦ ♥❛s ❋✐❣✉r❛s ❇✳✶✺ ❡ ✹✳✺✷✳ ❚♦❞❛✈✐❛✱ ❛♦ ❝♦♠♣❛r❛r ❛s ❡st✐♠❛t✐✈❛s ❞✐ár✐❛s ❞❛ ❝♦♥❝❡♥tr❛çã♦
❞♦ ▼P2,5 ♥♦s ❞♦✐s ♠♦❞❡❧♦s ❝♦♠ ♦ ✈❛❧♦r r❡❛❧ ❞❛ ❝♦♥❝❡♥tr❛çã♦✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♦ ♠♦❞❡❧♦
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❋✐❣✉r❛ ✹✳✺✹✿ ❆❥✉st❡ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❞♦ ▼P2,5 ❡♠ ✷✵✶✹ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ✈❛❧♦r❡s
♦❜s❡r✈❛❞♦s ✲ ❙❛♥t♦s

❋✐❣✉r❛ ✹✳✺✺✿ ❆❥✉st❡ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❞♦ ▼P2,5 ❡♠ ✷✵✶✺ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ✈❛❧♦r❡s
♦❜s❡r✈❛❞♦s ✲ ❙❛♥t♦s

❆❘▼❆✭✷✱✶✮ é ♠❡❧❤♦r q✉❡ ♦ ♠♦❞❡❧♦ ●❛♠❛✳ ❆s ❋✐❣✉r❛s ✹✳✺✹ ❡ ✹✳✺✺ ❛♣r❡s❡♥t❛ ♦s ❛❥✉st❡s
❞✐ár✐♦s ❞♦s ❞♦✐s ♠♦❞❡❧♦s ❡ ♦ ✈❛❧♦r ♦❜s❡r✈❛❞♦ ♥♦s ❛♥♦s ❞❡ ✷✵✶✹ ❡ ✷✵✶✺✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
❆❧é♠ ❞✐ss♦✱ ♥❛s ❞✉❛s ✜❣✉r❛s ♦ ❧✐♠✐t❡ ❡st❛❜❡❧❡❝✐❞♦ ♣❡❧❛ ❖▼❙ é tr❛ç❛❞♦✳ ❆♣❡♥❛s ♦ ♠♦❞❡❧♦
❆❘▼❆✭✷✱✶✮ ❝♦♥s❡❣✉❡ ❛❝♦♠♣❛♥❤❛r ❛ sér✐❡ r❡❛❧✱ ✐♥❝❧✉s✐✈❡ ❞❡t❡❝t❛♥❞♦ ❞✐❛s ❝♦♠ ✈❛❧♦r❡s ❜❡♠
❛❝✐♠❛ ❞♦s ❧✐♠✐t❡s✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ●❛♠❛✱ ❛♣❡♥❛s ❛❝♦♠♣❛♥❤❛ ❛ sér✐❡
❡♠ t♦r♥♦ ❞❡ ✉♠❛ ♠é❞✐❛ ❣❡r❛❧✳ P♦r ✐ss♦✱ q✉❡ ♥❛ ♠é❞✐❛ ♦s ❞♦✐s ♠♦❞❡❧♦s sã♦ ❜❡♠ ♣❛r❡❝✐❞♦s✱
♠❛s ❛♦ s❡ ♣❡r❝❡❜❡r ❞✐❛r✐❛♠❡♥t❡✱ ❤á ❣❛♥❤♦s r❛③♦á✈❡✐s ❡♠ s❡ ✉t✐❧✐③❛r ♦ ♠♦❞❡❧♦ ❆❘▼❆✳
❆ss✐♠✱ ❛ ❆❈ ❡ ❆❈P ❢♦✐ r❡❛❧✐③❛❞❛ ❜❛s❡❛❞❛ ♥♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ❡ss❡ ♠♦❞❡❧♦✳
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❋✐❣✉r❛ ✹✳✺✻✿ Pr❡✈✐sã♦ ❞♦ ▼P2,5 ❡ ✈❛❧♦r❡s r❡❛✐s ♣❛r❛ ♦ ♠ês ❞❡ ❏❛♥❡✐r♦ ❞❡ ✷✵✶✻ ✲ ❙❛♥t♦s

❈♦♠ ❛s ❡st✐♠❛t✐✈❛s ❞✐ár✐❛s ♦❜t✐❞❛s ❞♦ ♠♦❞❡❧♦ ❆❘▼❆✭✷✱✶✮ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s r❡❣✐õ❡s
s✐❣♥✐✜❝❛t✐✈❛s ❛ ✺✪ ✭❡①❝❡çã♦ ❛ r❡❣✐ã♦ ✾✮✱ ❡ t❛♠❜é♠ ❝♦♠ ❛s ♠é❞✐❛s ❞✐ár✐❛s ❞❛s três ✈❛r✐á✈❡✐s
♠❡t❡♦r♦❧ó❣✐❝❛s ❢♦✐ ❢❡✐t❛ ❛ ❆❈✱ ❛ ✜♠ ❞❡ ♦❜t❡r ♦s ❣r✉♣♦s✳ ❉❡ss❛s ✈❛r✐á✈❡✐s✱ ❛ ❆❈ ♦❜t❡✈❡
q✉❛tr♦ ❣r✉♣♦s ❞❡ ❞✐❛s✱ ❡s❝♦❧❤✐❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❞❡♥❞♦❣r❛♠❛ ✭❋✐❣✉r❛ ❈✳✹✮✳ ❖ ❣r✉♣♦ ✶
❢♦✐ ❢♦r♠❛❞♦ ♣♦r ✶✹✷ ❞✐❛s✱ ♦ ❣r✉♣♦ ✷ ♣♦r ✷✻✶ ❞✐❛s✱ ♦ ❣r✉♣♦ ✸ ♣♦r ✷✵✸ ❞✐❛s✱ ❡ ♦ ❣r✉♣♦ ✹ ❢♦✐
❢♦r♠❛❞♦ ♣♦r ✶✷✹ ❞✐❛s✳

❆ ❚❛❜❡❧❛ ✹✳✷✵ ❛♣r❡s❡♥t❛ ♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ❞✐❛s ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❣r✉♣♦✱ ❡♠ ❝❛❞❛ ❡st❛çã♦
❞♦ ❛♥♦✱ ❡ ❛ ❚❛❜❡❧❛ ✹✳✷✶ ♠♦str❛ ♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ❝❛❞❛ ❣r✉♣♦ ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s r❡❣✐õ❡s q✉❡
❝♦♥tr✐❜✉ír❛♠ ♥❛ ❝♦♠♣♦s✐çã♦ ❞❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5 ❡♠ ❙❛♥t♦s ❞✉r❛♥t❡ ♦s ❛♥♦s ❞❡ ✷✵✶✹
❡ ✷✵✶✺✳

❚❛❜❡❧❛ ✹✳✷✵✿ P❡r❝❡♥t✉❛❧ ❞❡ ❞✐❛s ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❡st❛çã♦ ❞♦ ❛♥♦ ♣♦r ❣r✉♣♦ ✭▼P2,5 ✲ ❙❛♥t♦s✮

Pr✐♠❛✈❡r❛ ❱❡rã♦ ❖✉t♦♥♦ ■♥✈❡r♥♦
●r✉♣♦ ✶ ✶✷✱✵✪ ✻✷✱✼✪ ✶✷✱✼✪ ✶✷✱✼✪
●r✉♣♦ ✷ ✷✼✱✷✪ ✶✺✱✼✪ ✷✺✱✸✪ ✸✶✱✽✪
●r✉♣♦ ✸ ✷✻✱✻✪ ✶✹✱✽✪ ✸✶✱✵✪ ✷✼✱✻✪
●r✉♣♦ ✹ ✸✷✱✸✪ ✶✻✱✶✪ ✷✾✱✽✪ ✷✶✱✽✪

◆❛s ❋✐❣✉r❛s ✹✳✺✼✱ ✹✳✺✽✱ ✹✳✺✾ ❡ ✹✳✻✵ t❡♠✲s❡ ❛ ❞✐str✐❜✉✐çã♦ ❞❛s ♠❡❞✐çõ❡s ❞❡ ▼P2,5✱ t❡♠✲
♣❡r❛t✉r❛✱ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣♦r ♠❡✐♦ ❞♦s ❣rá✜❝♦s
❞❡ ❜♦①✲♣❧♦t ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ✹ ❣r✉♣♦s ♦❜t✐❞♦s ♥❛ ❆❈✳

❖ r❡s✉♠♦ ❞❛ ❆❈P✱ ♣♦r ❣r✉♣♦✱ é ♠♦str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✹✳✷✷✱ ❡♠ q✉❡ s❡ t❡♠ ❛ ♣r♦♣♦rçã♦
❞❛ ✈❛r✐â♥❝✐❛ ❡①♣❧✐❝❛❞❛ ♣♦r ❝❛❞❛ ❈P✳ ◆❛ ❆❈P✱ ❝♦♥s✐❞❡r♦✉✲s❡ ❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s
♠❡❞✐❞❛s ❞✐❛r✐❛♠❡♥t❡ ❡ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞✐ár✐❛ ❞♦ ▼P2,5✳ ❊♠ t♦❞♦s ♦s ❣r✉♣♦s ❢♦r❛♠ ❛♥❛✲
❧✐s❛❞❛s ❛s ❞✉❛s ♣r✐♠❡✐r❛s ❈P✱ ♣♦✐s ❡st❛s ❛❝✉♠✉❧❛r❛♠ ♠❛✐s ❞❡ ✼✵✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ t♦t❛❧



✹✳✷✳ ▼❆❚❊❘■❆▲ P❆❘❚■❈❯▲❆❉❖ ■◆❆▲➪❱❊▲ ❋■◆❖ ✲ ▼P2,5 ✾✹

❚❛❜❡❧❛ ✹✳✷✶✿ P❡r❝❡♥t✉❛❧ ❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ❣r✉♣♦ ❞❡♥tr♦ ❞❡ ❝❛❞❛ r❡❣✐ã♦ ❞❡ r❡s✐❞ê♥❝✐❛ ❞❛
♠❛ss❛ ❞❡ ❛r ✭▼P2,5 ✲ ❙❛♥t♦s✮

●r✉♣♦ ✶ ●r✉♣♦ ✷ ●r✉♣♦ ✸ ●r✉♣♦ ✹
❘❡❣✐ã♦ ✶ ✷✽✱✵✪ ✶✹✱✶✪ ✺✷✱✷✪ ✺✱✼✪
❘❡❣✐ã♦ ✷ ✷✽✱✼✪ ✺✻✱✶✪ ✶✶✱✽✪ ✸✱✸✪
❘❡❣✐ã♦ ✸ ✹✱✶✪ ✺✶✱✺✪ ✻✱✶✪ ✸✽✱✸✪
❘❡❣✐ã♦ ✹ ✻✱✹✪ ✺✸✱✸✪ ✶✶✱✶✪ ✷✾✱✷✪
❘❡❣✐ã♦ ✺ ✶✹✱✸✪ ✷✹✱✹✪ ✺✹✱✺✪ ✻✱✽✪
❘❡❣✐ã♦ ✻ ✻✼✱✵✪ ✼✱✶✪ ✷✺✱✽✪ ✵✱✵✪
❘❡❣✐ã♦ ✼ ✹✺✱✻✪ ✸✶✱✸✪ ✷✶✱✹✪ ✶✱✽✪
❘❡❣✐ã♦ ✽ ✾✱✽✪ ✹✻✱✺✪ ✵✱✷✪ ✹✸✱✺✪
❘❡❣✐ã♦ ✶✵ ✵✱✷✪ ✺✹✱✶✪ ✶✱✸✪ ✹✹✱✸✪
❘❡❣✐ã♦ ✶✶ ✵✱✵✪ ✺✼✱✷✪ ✵✱✵✪ ✹✷✱✽✪
❘❡❣✐ã♦ ✶✷ ✵✱✼✪ ✹✹✱✻✪ ✾✱✼✪ ✹✺✱✶✪

❋✐❣✉r❛ ✹✳✺✼✿ ❇♦①✲♣❧♦t ❞♦ ▼P2,5 ✭µ❣✴♠3✮ ♣♦r ❣r✉♣♦ ✲ ▼P2,5 ✲ ❙❛♥t♦s

❞♦s ❞❛❞♦s✳ ❖ ❣r✉♣♦ ✷ ❛❝✉♠✉❧♦✉ ✼✺✱✷✪ ❝♦♠ ❛s ❞✉❛s ♣r✐♠❡✐r❛s ❈Ps✱ ❡ ♦ ❣r✉♣♦ ✹✱ ❛❝✉♠✉❧♦✉
✼✵✱✽✪ ❝♦♠ ❛s ❞✉❛s ♣r✐♠❡✐r❛s ❈Ps✳ ❊st❛s ❢♦r❛♠ ❛ ♠❛✐♦r ❡ ♠❡♥♦r ♣r♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛
❡♥tr❡ ♦s ❣r✉♣♦s ✭❚❛❜❡❧❛ ✹✳✷✷✮✳

◆❛s ❋✐❣✉r❛s ✹✳✻✶✱ ✹✳✻✷✱ ✹✳✻✸ ❡ ✹✳✻✹ ❛s ✈❛r✐á✈❡✐s ❚❡♠♣❡r❛t✉r❛✱ ❯♠✐❞❛❞❡ ❘❡❧❛t✐✈❛ ❡
❱❡❧♦❝✐❞❛❞❡ ❞♦ ❱❡♥t♦ ❢♦r❛♠ ❛❜r❡✈✐❛❞❛s ✉s❛♥❞♦ ❚❡♠♣✱ ❯❘ ❡ ❱❱✳ ❊st❛s ❋✐❣✉r❛s ❞❡st❛❝❛♠
♦s ❝♦❡✜❝✐❡♥t❡s ♦❜t✐❞♦s ♥❛ ❆❈P✱ ♣❛r❛ ❛ ❈P✶ ❡ ❈P✷ ❛♣ós ❛ r♦t❛çã♦ ✈❛r✐♠❛①✱ ❞❡♥tr♦ ❞❡ ❝❛❞❛
✉♠ ❞♦s ✹ ❣r✉♣♦s✳

❖ ♣r✐♠❡✐r♦ ❣r✉♣♦✱ ❣r✉♣♦ ✶✱ é ❢♦r♠❛❞♦ ♣♦r ✶✹✷ ❞✐❛s✱ s❡♥❞♦ ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ♥❛
❡st❛çã♦ ❞♦ ✈❡rã♦✱ ❝♦♠ ✻✷✱✼✪ ✭❚❛❜❡❧❛ ✹✳✷✵✮✱ ❡ ♣♦r ❝❛✉s❛ ❞✐st♦✱ ❤á ♦s ♠❛✐♦r❡s ✈❛❧♦r❡s ❞❡
t❡♠♣❡r❛t✉r❛ ✭❋✐❣✉r❛ ✹✳✺✽✮✳ ❖s ❞✐❛s ❞❡st❡ ❣r✉♣♦ ❛♣r❡s❡♥t❛r❛♠ ♦ s❡❣✉♥❞♦ ♠❛✐♦r ✈❛❧♦r ❞❛
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❋✐❣✉r❛ ✹✳✺✽✿ ❇♦①✲♣❧♦t ❞♦ ❚❡♠♣❡r❛t✉r❛ ✭♦❈✮ ♣♦r ❣r✉♣♦ ✲ ▼P2,5 ✲ ❙❛♥t♦s

❋✐❣✉r❛ ✹✳✺✾✿ ❇♦①✲♣❧♦t ❞❛ ❯♠✐❞❛❞❡ ❘❡❧❛t✐✈❛ ✭✪✮ ♣♦r ❣r✉♣♦ ✲ ▼P2,5 ✲ ❙❛♥t♦s

♠❡❞✐❛♥❛ ❞♦ ▼P ✭❋✐❣✉r❛ ✹✳✺✼✮✱ ♣r♦✈❛✈❡❧♠❡♥t❡ ✐♥✢✉❡♥❝✐❛❞♦ ♣♦r ✈❛❧♦r❡s ❜❛✐①♦s ❞❡ ❯❘ ✭❋✐✲
❣✉r❛ ✹✳✺✾✮✱ ♠❡s♠♦ ❝♦♠ ♦ s❡❣✉♥❞♦ ♥í✈❡❧ ♠❡❞✐❛♥♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ✭❋✐❣✉r❛ ✹✳✻✵✮✳ ❆
❈P✶ ✐♥❞✐❝♦✉ ❛ ♠❛✐♦r r❡❧❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r✲
❝✐♦♥❛✐s ❝♦♠ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5 ✭❋✐❣✉r❛ ✹✳✻✶✮✱ ❝♦♠ ✹✾✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❡①♣❧✐❝❛❞❛
✭❚❛❜❡❧❛ ✹✳✷✷✮✳ ❆ ❈P✷ ♠♦str♦✉ ❞❡st❛❝❛❞❛ ❛♣❡♥❛s ❛ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛✱ ❝♦♠ ✷✹✱✻✪ ❞❛ ✈❛✲
r✐❛❜✐❧✐❞❛❞❡ ❡①♣❧✐❝❛❞❛ ✭❚❛❜❡❧❛ ✹✳✷✷✮✳ ❆s r❡❣✐õ❡s ❞❡ ♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦ ❢♦r❛♠ ❛s ✻ ❡ ✼
✭❚❛❜❡❧❛ ✹✳✷✶✮✱ ❝♦rr❡s♣♦♥❞❡♥t❡s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ♣❡❧♦ ♥♦r❞❡st❡ ❡ s❡✉ ❧✐t♦r❛❧ ✭❋✐❣✉r❛ ✹✳✶✽ ❡
❚❛❜❡❧❛ ✹✳✼✮✳

❖ ❣r✉♣♦ ✷✱ ❢♦r♠❛❞♦ ♣♦r ✷✻✶ ❞✐❛s✱ é ♦ ♠❛✐♦r ❞❡♥tr❡ ♦s q✉❛tr♦ ❣r✉♣♦s✱ s❡♥❞♦ q✉❡ ♦s ❞✐❛s
❢♦r❛♠ ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ ❞♦ ✐♥✈❡r♥♦ ❡ ♣r✐♠❛✈❡r❛ ✭❚❛❜❡❧❛ ✹✳✷✵✮✳ ❆ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❢♦✐
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❋✐❣✉r❛ ✹✳✻✵✿ ❇♦①✲♣❧♦t ❞❛ ❱❡❧♦❝✐❞❛❞❡ ❞♦ ❱❡♥t♦ ✭♠✴s✮ ♣♦r ❣r✉♣♦ ✲ ▼P2,5 ✲ ❙❛♥t♦s

❚❛❜❡❧❛ ✹✳✷✷✿ ❘❡s✉♠♦ ❞❛ ❆❈P ✲ ▼P2,5 ✲ ❙❛♥t♦s

●r✉♣♦ ✶ ❈P✶ ❈P✷ ❈P✸ ❈P✹
Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✹✾✵ ✵✱✷✹✻ ✵✱✶✽✵ ✵✱✵✽✹

Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✹✾✵ ✵✱✼✸✻ ✵✱✾✶✻ ✶✱✵✵✵
●r✉♣♦ ✷

Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✸✾✹ ✵✱✸✺✼ ✵✱✶✺✻ ✵✱✵✾✸
Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✸✾✹ ✵✱✼✺✷ ✵✱✾✵✼ ✶✱✵✵✵

●r✉♣♦ ✸
Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✹✹✹ ✵✱✷✼✵ ✵✱✶✼✶ ✵✱✶✶✺

Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✹✹✹ ✵✱✼✶✹ ✵✱✽✽✺ ✶✱✵✵✵
●r✉♣♦ ✹

Pr♦♣♦rçã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ✵✱✹✹✹ ✵✱✷✻✹ ✵✱✷✵✹ ✵✱✵✽✽
Pr♦♣♦rçã♦ ❛❝✉♠✉❧❛❞❛ ✵✱✹✹✹ ✵✱✼✵✽ ✵✱✾✶✷ ✶✱✵✵✵

❛ ♠❛✐♦r ❞♦s q✉❛tr♦ ❣r✉♣♦s ✭❋✐❣✉r❛ ✹✳✺✾✮✱ ♦ q✉❡ ❛✉①✐❧✐♦✉ ♥♦ ♠❡♥♦r ♥í✈❡❧ ♠❡❞✐❛♥♦ ❞❡ ▼P2,5

✭❋✐❣✉r❛ ✹✳✺✼✮✳ ❆ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ t❛♠❜é♠ ❛♣r❡s❡♥t♦✉ ❛❧t♦s ✈❛❧♦r❡s ✭❋✐❣✉r❛ ✹✳✻✵✮✱ q✉❡
❛✉①✐❧✐❛ ♥❛ ❞✐s♣❡rsã♦ ❞♦ ▼P✳ ❆s ❈P✶ ❡ ❈P✷ t✐✈❡r❛♠ ♣❡r❝❡♥t✉❛✐s ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❡①♣❧✐❝❛❞❛
♠✉✐t♦ ♣ró①✐♠♦s✱ ❝♦♠ ✸✾✱✹✪ ❡ ✸✺✱✼✪ ✭❚❛❜❡❧❛ ✹✳✷✷✮✳ ❆ ❈P✶ ❛♣r❡s❡♥t♦✉ ❛ r❡❧❛çã♦ ✐♥✈❡rs❛
❡♥tr❡ ♦ ▼P2,5 ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ ❡♥q✉❛♥t♦ q✉❡ ❛ ❈P✷ ♠♦str♦✉ ❛ r❡❧❛çã♦ ✐♥✈❡rs❛ ❞❛
t❡♠♣❡r❛t✉r❛ ❡ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ✭❋✐❣✉r❛ ✹✳✻✷✮✳ ❱ár✐❛s r❡❣✐õ❡s t✐✈❡r❛♠ ❝♦♥tr✐❜✉✐çã♦ ♥❛
❝♦♠♣♦s✐çã♦ ❞♦ ▼P2,5 ♥❡st❡ ❣r✉♣♦✱ ❝♦♠♦ ❛s r❡❣✐õ❡s ❞❡ ❢♦♥t❡s ❧♦❝❛✐s ❡ ❧✐t♦râ♥❡❛s ✭✷✱ ✸ ❡
✹✮✱ ❢♦♥t❡s ❝♦♥t✐♥❡♥t❛✐s ❡ ❧✐t♦râ♥❡❛s ✭✽✱ ✶✵✱ ✶✶ ❡ ✶✷✮✱ ❝♦♥❢♦r♠❡ ♦❜s❡r✈❛❞♦ ♥❛ ❚❛❜❡❧❛ ✹✳✷✶✳
❊ss❛s r❡❣✐õ❡s ❝♦rr❡s♣♦♥❞❡♠ ❛ ♠❛ss❛s ❞❡ ❛r ✈✐♥❞❛s ❞❡s❞❡ ♦ ♦❡st❡ ❛té ♦ s✉❞❡st❡ ❞❡ ❙❛♥t♦s
✭❋✐❣✉r❛ ✹✳✶✽✮✳
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❋✐❣✉r❛ ✹✳✻✶✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✶ ✲ ▼P2,5 ✲ ❙❛♥t♦s

❋✐❣✉r❛ ✹✳✻✷✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✷ ✲ ▼P2,5 ✲ ❙❛♥t♦s

❖ ❣r✉♣♦ ✸ ❢♦✐ ❢♦r♠❛❞♦ ♣♦r ✷✵✸ ❞✐❛s✱ ❝♦♠ ♣r❡❞♦♠✐♥â♥❝✐❛ ❞♦s ❞✐❛s ♥❛s ❡st❛çõ❡s ❞♦
♦✉t♦♥♦ ❡ ✐♥✈❡r♥♦ ✭❚❛❜❡❧❛ ✹✳✷✵✮✳ ❉❡✈✐❞♦ ❛ ✐ss♦✱ ♣r♦✈❛✈❡❧♠❡♥t❡✱ t❡♠✲s❡ ♦s ♠❛✐♦r❡s ♥í✈❡✐s
❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P2,5 ♥❡st❡ ❣r✉♣♦ ✭❋✐❣✉r❛ ✹✳✺✼✮✱ ❡ ♦s ♠❡♥♦r❡s ✈❛❧♦r❡s ❞❡ t❡♠♣❡r❛t✉r❛
✭❋✐❣✉r❛ ✹✳✺✽✮✳ ❆ ❈P✶ ✐♥❞✐❝♦✉ ❛ r❡❧❛çã♦ ✐♥✈❡rs❛ ❞♦ ▼P2,5 ❝♦♠ t❡♠♣❡r❛t✉r❛ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦
✈❡♥t♦ ✭❋✐❣✉r❛ ✹✳✻✸✮✱ ❝♦♠ ✹✹✱✹✪ ✭❚❛❜❡❧❛ ✹✳✷✷✮✳ ❆ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❢♦✐ ♦ ❢❛t♦r ❞❡st❛❝❛❞♦ ♥❛
❈P✷✱ ❡ ✜❝♦✉ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ ❛s ❞❡♠❛✐s ✈❛r✐á✈❡✐s ✭❋✐❣✉r❛ ✹✳✻✸✮✳ ❆s r❡❣✐õ❡s ✶ ❡
✺ ♠❛✐s ❝♦♥tr✐❜✉❡♠ ♥❡st❡ ❣r✉♣♦ ✭❚❛❜❡❧❛ ✹✳✷✶✮✱ ❝♦♠ ♠❛ss❛s ❞❡ ❛r ♣r♦✈❡♥✐❡♥t❡s ❞♦ ❧✐t♦r❛❧ ❞♦
s✉❞❡st❡✱ ✐♥t❡r✐♦r ❞❡ ▼✐♥❛s ●❡r❛✐s✱ ❊s♣ír✐t♦ ❙❛♥t♦ ❡ ♣❛rt❡ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦ ✭❋✐❣✉r❛ ✹✳✶✽✮✳

P♦r ✜♠✱ ♦ ❣r✉♣♦ ✹ ❢♦✐ ❢♦r♠❛❞♦ ♣♦r ✶✷✹ ❞✐❛s✱ ♦ ♠❡♥♦r ❣r✉♣♦✳ ❆s ❡st❛çõ❡s ♣r❡❞♦♠✐♥❛♥t❡s
❢♦r❛♠ ♣r✐♠❛✈❡r❛ ❡ ♦✉t♦♥♦ ✭❚❛❜❡❧❛ ✹✳✷✵✮✳ ❆s r❡❣✐õ❡s ✽✱ ✶✵✱ ✶✶ ❡ ✶✷ ❢♦r❛♠ ❛ ❞❡ ♠❛✐♦r ❝♦♥tr✐✲
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❋✐❣✉r❛ ✹✳✻✸✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✸ ✲ ▼P2,5 ✲ ❙❛♥t♦s

❋✐❣✉r❛ ✹✳✻✹✿ ■♠♣♦rtâ♥❝✐❛ ❞❛s ❈P ✶ ❡ ❈P ✷ ♥♦ ❣r✉♣♦ ✹ ✲ ▼P2,5 ✲ ❙❛♥t♦s

❜✉✐çã♦ ✭❚❛❜❡❧❛ ✹✳✷✶✮✱ ❝♦♠ ✐♥✢✉ê♥❝✐❛s ❝♦♥t✐♥❡♥t❛✐s ❡ ❧✐t♦râ♥❡❛s✱ ❞♦ ♦❡st❡ ❛♦ s✉❧ ❞❡ ❙❛♥t♦s
✭❋✐❣✉r❛ ✹✳✶✽ ❡ ❚❛❜❡❧❛ ✹✳✼✮✳ ❊st❡ ❣r✉♣♦ ❛♣r❡s❡♥t❛ ♦s ♠❡♥♦r❡s ♥í✈❡✐s ❞❡ ▼P2,5 ✭❋✐❣✉r❛ ✹✳✺✼✮
❡ ❛ s❡❣✉♥❞❛ ♠❡❞✐❛♥❛ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ ❡♥tr❡ ♦s q✉❛tr♦ ❣r✉♣♦s ✭❋✐❣✉r❛ ✹✳✻✵✮✳ ❆
❈P✶ t❛♠❜é♠ ❛♣♦♥t❛ ❡st❛ r❡❧❛çã♦✱ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ ❡♥tr❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦
❡ ▼P2,5 ✭❋✐❣✉r❛ ✹✳✻✹✮✱ ❝♦♠ ✹✹✱✹✪ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❡①♣❧✐❝❛❞❛ ♣♦r ❡❧❛ ✭❚❛❜❡❧❛ ✹✳✷✷✮✳ ▼❛✐s
✉♠❛ ✈❡③✱ ♥♦t❛✲s❡ q✉❡ ♦ ✈❡♥t♦ ❛t✉❛ ❞✐s♣❡rs❛♥❞♦ ♦ ▼P2,5✳ ❆ ❈P✷✱ ❝♦♠ ✷✻✱✹✪ ✭❚❛❜❡❧❛ ✹✳✷✷✮✱
✐♥❞✐❝♦✉ t❡♠♣❡r❛t✉r❛ ❡ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ♣r♦♣♦r❝✐♦♥❛✐s✱ ♣r♦✈❛✈❡❧♠❡♥t❡ ❞❡✈✐❞♦ ❛ ❡st❛çã♦ ❞❛
♣r✐♠❛✈❡r❛✱ ♠❛✐s q✉❡♥t❡ ❡ ú♠✐❞❛✳

❉❡ ♠♦❞♦ ❣❡r❛❧✱ ❛ ❆❈ ❝♦♥s❡❣✉✐✉✱ ♥♦✈❛♠❡♥t❡✱ ❛❣r✉♣❛r r❡❣✐õ❡s ♣ró①✐♠❛s ♥✉♠ ♠❡s♠♦
❣r✉♣♦✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ❛ ❡str✉t✉r❛ ❡s♣❛❝✐❛❧ ❞♦s ❞❛❞♦s é r❡❧❡✈❛♥t❡ ♣❛r❛ ❛♥á❧✐s❡ ❞♦ ▼P2,5✳
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P❛r❛ ♦ ▼P2,5✱ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ é ❛ ✈❛r✐á✈❡❧ ♠❛✐s r❡❧❡✈❛♥t❡✱ ♣♦✐s ✜❝♦✉ ♥✉♠❛ ♠❡s♠❛
❈P✱ ❝♦♠ ✐♠♣♦rtâ♥❝✐❛ ❛❧t❛✱ ❡♠ t♦❞♦s ♦s q✉❛tr♦ ❣r✉♣♦s✳ ■st♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♣♦rq✉❡
♣❛rtí❝✉❧❛s ❞❡ ▼P2,5 sã♦ ♠❛✐s ❧❡✈❡s ❡ s♦❢r❡♠ ♠❛✐♦r ✐♥✢✉ê♥❝✐❛ ❞♦s ✈❡♥t♦s✱ ♣♦❞❡♥❞♦ ♣❡r❝♦rr❡r
❣r❛♥❞❡s ❞✐stâ♥❝✐❛s ❛té s❡ ❞❡♣♦s✐t❛r❡♠ ✭❨◆❖❯❊ ❡t ❛❧✳✱ ✷✵✶✼✮✳
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✹✳✸ ❈♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ❞❡ P✐r❛❝✐❝❛❜❛ ❡ ❙❛♥t♦s

❆s r❡❣✐õ❡s ❧♦❝❛✐s ❢♦r❛♠ ❛s ❞❡ ♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦ ♥♦s ♥í✈❡✐s ❞♦s ❞♦✐s ▼Ps✱ ♥❛s ❞✉❛s ❝✐❞❛✲
❞❡s✳ ❊♠ P✐r❛❝✐❝❛❜❛✱ ❛s ❢♦♥t❡s ❧♦❝❛✐s ❝♦♥tr✐❜✉ír❛♠ ✼✺✪ ♣❛r❛ ♦ ▼P10 ❡ ✼✻✱✺✪ ♣❛r❛ ♦ ▼P2,5✳
❊♠ ❙❛♥t♦s✱ ❛s ❢♦♥t❡s ❧♦❝❛✐s ❝♦♥tr✐❜✉ír❛♠ ✼✵✪ ♣❛r❛ ♦ ▼P10 ❡ ✼✷✱✽✪ ♣❛r❛ ♦ ▼P2,5✳ ❋♦♥t❡s
❞❡ r❡❣✐õ❡s ❝♦♥t✐♥❡♥t❛✐s ❡ ❧✐t♦râ♥❡❛s t❛♠❜é♠ ❝♦♥tr✐❜✉❡♠✱ ♣♦ré♠ ♥✉♠❛ ♠❡♥♦r ♣r♦♣♦rçã♦✳
❆s ♠❛ss❛s ❞❡ ❛r ♣r❡❞♦♠✐♥❛♥t❡♠❡♥t❡ t❡♠ ♦r✐❣❡♠ ♥❛ ❞✐r❡çã♦ ♥♦r❞❡st❡ t❛♥t♦ ❞❡ P✐r❛❝✐❝❛❜❛
✭❋✐❣✉r❛ ✹✳✻✮✱ q✉❛♥t♦ ❞❡ ❙❛♥t♦s ✭❋✐❣✉r❛ ✹✳✷✸✮✳ ❖s r❡s✉❧t❛❞♦s ❞❛s ♣♦ssí✈❡✐s ❢♦♥t❡s ❢♦r❛♠
❞✐❢❡r❡♥t❡s ♣❛r❛ ❛s ❞✉❛s ❝✐❞❛❞❡s✳ P✐r❛❝✐❝❛❜❛✱ ❧♦❝❛❧✐③❛❞❛ ♥♦ ✐♥t❡r✐♦r✱ s♦❢r❡ ♠❛✐♦r ✐♥✢✉ê♥❝✐❛
❞❛ q✉❡✐♠❛ ❞❡ ❝❛♥❛✲❞❡✲❛çú❝❛r✱ ❛❧é♠ ❞❡ ❡♠✐ssõ❡s ✐♥❞✉str✐❛✐s ❡ ✈❡✐❝✉❧❛r❡s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡
♦s ♠♦✈✐❞♦s ❛ ❞✐❡s❡❧ ✭❈❊❚❊❙❇✱ ✷✵✶✽✮✳ ❈✐❞❛❞❡s ❝♦♠♦ ❘✐♦ ❈❧❛r♦ ❡ ❙❛♥t❛ ●❡rtr✉❞❡s ✭♣♦❧♦
❝❡râ♠✐❝♦✮✱ P❛✉❧í♥✐❛ ✭♣♦❧♦ ♣❡tr♦q✉í♠✐❝♦✮ t❛♠❜é♠ ✐♥✢✉❡♥❝✐❛♠ ♥♦s ♥í✈❡✐s ❞♦ ▼P ❡♠ P✐r❛❝✐✲
❝❛❜❛ ✭❈❊❚❊❙❇✱ ✷✵✶✽✮✳ ❙❛♥t♦s✱ ♥♦ ❧✐t♦r❛❧✱ s♦❢r❡ ❝♦♠ ❡♠✐ssõ❡s ✈✐♥❞❛s ❞♦ ♣♦rt♦✱ ❡ t❛♠❜é♠
❞❡ ❡♠✐ssõ❡s ✐♥❞✉str✐❛✐s ♣r♦✈❡♥✐❡♥t❡s ❞♦ ♣♦❧♦ ❞❡ ❈✉❜❛tã♦✳ Pr♦❝❡ss♦s ❞❡ ❝♦♠❜✉stã♦✱ ❞❡
❡♠✐ssõ❡s ✈❡✐❝✉❧❛r❡s✱ t❛♠❜é♠ t❡♠ ✐♠♣♦rt❛♥t❡ ✐♥✢✉ê♥❝✐❛ ♥❛ ❝♦♠♣♦s✐çã♦ ❞♦ ▼P✱ ❡✱ ❞❛❞❛ ❛
♣r♦①✐♠✐❞❛❞❡ ❝♦♠ ♦ ♠❛r✱ ❛❡r♦ssó✐s ♠❛r✐♥❤♦s t❛♠❜é♠ é ✉♠❛ ❞❛s ❢♦♥t❡s ❞♦ ▼P ❞❡ ❙❛♥t♦s
✭❈❊❚❊❙❇✱ ✷✵✶✺❛✮✳

❊♠ P✐r❛❝✐❝❛❜❛✱ ❛ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ✐♥t❡r❢❡r❡ ♠❛✐s ❞✐r❡t❛♠❡♥t❡ ♥♦ ▼P✱ ❞❡ ♠♦❞♦ q✉❡✱
❝♦♥❢♦r♠❡ ♠❛✐♦r ❛ ✉♠✐❞❛❞❡✱ ♠❡♥♦r ♦s ♥í✈❡✐s ❞♦ ▼P✳ ❊♠ ❙❛♥t♦s✱ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦
✐♥t❡r❢❡r❡ ♠❛✐s ❞✐r❡t❛♠❡♥t❡ ♥♦ ▼P✱ t❛♠❜é♠ ✐♥✈❡rs❛♠❡♥t❡✱ ♦✉ s❡❥❛✱ ❝♦♥❢♦r♠❡ ❛✉♠❡♥t❛✲s❡
❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ ❞✐♠✐♥✉✐✲s❡ ♦s ♥í✈❡✐s ❞♦ ▼P✳ ❊ss❡ ❢❛t♦ ♣♦❞❡ ❡st❛r ❧✐❣❛❞♦ ❛s ❞✐❢❡✲
r❡♥t❡s ❝♦♥❞✐çõ❡s ❝❧✐♠át✐❝❛s ❞❡ ❝❛❞❛ r❡❣✐ã♦✳ ◆❛❦❛③❛t♦ ❡t ❛❧✳ ✭✷✵✶✽✮ ❛♣r❡s❡♥t♦✉ ❛ ❞❡s❝r✐çã♦
❞♦s ❝❧✐♠❛s ❞❡ ❈✉❜❛tã♦ ✭s✐♠✐❧❛r ❛ ❙❛♥t♦s✮ ❡ ❈❛♠♣✐♥❛s ✭s✐♠✐❧❛r ❛ P✐r❛❝✐❝❛❜❛✮✳ ❈✉❜❛tã♦
❝❛r❛❝t❡r✐③❛✲s❡ ♣♦r ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❛❧t❛s ❞✉r❛♥t❡ ♦ ❛♥♦ ✐♥t❡✐r♦✱ ❡ ❛✉sê♥❝✐❛ ❞❡ ♣❡rí♦❞♦ ❞❡
s❡❝❛✱ ❡ ❛❧t❛s ♣r❡❝✐♣✐t❛çõ❡s✱ ❡♥q✉❛♥t♦ q✉❡ ❛ ❘❡❣✐ã♦ ❞❡ ❈❛♠♣✐♥❛s✱ ❛♣r❡s❡♥t❛ ♣❡rí♦❞♦s ❞❡ ❢r✐♦
❡ s❡❝❛ ✭❡♥tr❡ ❛❜r✐❧ ❡ s❡t❡♠❜r♦✮ ❡ q✉❡♥t❡ ❡ ú♠✐❞♦ ✭❡♥tr❡ ♦✉t✉❜r♦ ❡ ♠❛rç♦✮ ❜❡♠ ❞❡✜♥✐❞♦s✳

◆♦t❡ ♦s ❣rá✜❝♦s ❞♦s ❜♦①♣❧♦t✱ ♣❛r❛ ❛ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❡♠ P✐r❛❝✐❝❛❜❛ ✭❋✐❣✉r❛s ✹✳✶✷ ❡
✹✳✹✹✮ ❡ ❡♠ ❙❛♥t♦s ✭❋✐❣✉r❛s ✹✳✷✾ ❡ ✹✳✺✾✮✳ P✐r❛❝✐❝❛❜❛ t❡♠ ✈❛❧♦r❡s ♠❡❞✐❛♥♦s ✈❛r✐❛♥❞♦ ❞❡
✺✵ ❛ ✽✵✱ ❡♥q✉❛♥t♦ ❙❛♥t♦s ✈❛r✐❛ ❡♥tr❡ ✼✵ ❡ ✽✵✳ ❙❛♥t♦s ♣r❛t✐❝❛♠❡♥t❡ ❛♣r❡s❡♥t❛ ✉♠✐❞❛❞❡
r❡❧❛t✐✈❛ ❛❧t❛s ♦ ❛♥♦ ✐♥t❡✐r♦✱ ❞✐❢❡r❡♥t❡ ❞❡ P✐r❛❝✐❝❛❜❛✱ q✉❡ ❛♣r❡s❡♥t❛ ♣❡rí♦❞♦s ❞❡ s❡❝❛✳

❊♠ r❡❧❛çã♦ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ ❙❛♥t♦s ❛♣r❡s❡♥t❛ ♠❡♥♦r❡s ✈❛❧♦r❡s s❡ ❝♦♠♣❛r❛❞♦ ❝♦♠
P✐r❛❝✐❝❛❜❛✳ ❊ss❡s ♣❡rí♦❞♦s ❞❡ ❝❛❧♠❛r✐❛✱ ❞✐✜❝✉❧t❛♠ ❛ ❞✐s♣❡rsã♦ ❞♦s ♣♦❧✉❡♥t❡s ✭❈❊❚❊❙❇✱
✷✵✶✺❛✮✳ ❖s ❜♦①♣❧♦ts ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ♣❛r❛ P✐r❛❝✐❝❛❜❛ ✭❋✐❣✉r❛s ✹✳✶✸ ❡ ✹✳✹✺✮ ♠♦str❛
✈❛❧♦r❡s ♠❡❞✐❛♥♦s ❡♠ t♦r♥♦ ❞❡ ✷ ♠✴s ♦✉ ♠❛✐♦r✳ ❏á ❡♠ ❙❛♥t♦s ✭❋✐❣✉r❛s ✹✳✸✵ ❡ ✹✳✻✵✮✱ ♦s
✈❛❧♦r❡s ♠❡❞✐❛♥♦s ✜❝❛♠ ♣ró①✐♠♦s ♦✉ ❛❜❛✐①♦ ❞❡ ✶✱✺ ♠✴s✳ ❆❧é♠ ❞✐ss♦✱ ❡♠ ❙❛♥t♦s✱ ♣❛r❛
❝❛❞❛ ❞✐❛✱ ❢♦✐ ❝❛❧❝✉❧❛❞♦ ❛ ❝❧❛ss❡ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❝❧❛ss❡s ❞❡ P❛sq✉✐❧❧
✭❙❊■◆❋❊▲❉❀ P❆◆❉■❙✱ ✷✵✵✻❀ ▼❖❘❊■❘❆❀ ❚■❘❆❇❆❙❙■❀ ▼❖❘❆❊❙✱ ✷✵✵✽✮✳ ❖ ❝á❧❝✉❧♦ ❞❛s
❝❧❛ss❡s ❞❡ P❛sq✉✐❧❧ ❢♦✐ ❜❛s❡❛❞♦ ❡♠ ❞❛❞♦s ❞❡ r❛❞✐❛çã♦ s♦❧❛r ✭▼❖❘❊■❘❆❀ ❚■❘❆❇❆❙❙■❀
▼❖❘❆❊❙✱ ✷✵✵✽✮ ❡ ❝♦❜❡rt✉r❛ ❞❡ ♥✉✈❡♥s ✭❩❍❆❖❀ ❇▲❆❈❑❀ ❇❆▲❉❲■◆✱ ✶✾✾✼✮✱ ♣❛r❛ ♦s
♣❡rí♦❞♦s ❞✐✉r♥♦ ❡ ♥♦t✉r♥♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❈♦♥s✐❞❡r❛♥❞♦ ♦ ♣❡rí♦❞♦ ❞✐✉r♥♦✱ ❞♦s ✼✸✵ ❞✐❛s
❞❛ ❛♠♦str❛✱ ✺✶✻ ❞✐❛s ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦ ✐♥stá✈❡✐s ♦✉ ❧❡✈❡♠❡♥t❡ ✐♥stá✈❡✐s✱ ❝♦♥❞✐çõ❡s
q✉❡ ♣♦❞❡♠ ❞✐✜❝✉❧t❛r ❛ ❞✐s♣❡rsã♦ ❞♦ ▼P✳ ❏á ♣❛r❛ ♦ ♣❡rí♦❞♦ ♥♦t✉r♥♦✱ t♦❞♦s ♦s ❞✐❛s ❢♦r❛♠
❝❧❛ss✐✜❝❛❞♦s ❝♦♠♦ ♥❡✉tr♦ ♦✉ ❡stá✈❡✐s✳



✶✵✶

❈❛♣ít✉❧♦ ✺

❈♦♥❝❧✉sõ❡s

❖s ♠♦❞❡❧♦s ❛❥✉st❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦ ♣✉❞❡r❛♠ ✐❞❡♥t✐✜❝❛r ❛s ❝♦♥tr✐❜✉✐çõ❡s ❞❡ ❝❛❞❛ r❡❣✐ã♦
♥❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P10 ❡ ▼P2,5 ♥❛s ❝✐❞❛❞❡s ❞❡ P✐r❛❝✐❝❛❜❛ ❡ ❙❛♥t♦s ❝♦♠ ✉s♦ ❞❛ ❆♥á❧✐s❡
❞❡ ❘❡❣r❡ssã♦ ❞❡ ❚r❛❥❡tór✐❛✳ ❚❛✐s ❝♦♥tr✐❜✉✐çõ❡s ❝❛❧❝✉❧❛❞❛s ❞❡ ❝❛❞❛ r❡❣✐ã♦✱ r❡✢❡t❡♠ ❛ ❝♦♥✲
tr✐❜✉✐çã♦ ❛♣ós ❛ ♦❝♦rrê♥❝✐❛ ❞❡ t♦❞❛s ❛s ♣r♦✈á✈❡✐s ♣❡r❞❛s ❝♦♠♦ ❞❡♣♦s✐çã♦ ú♠✐❞❛✱ ❞✐s♣❡rsã♦
❞♦ ✈❡♥t♦✱ ❞✐❧✉✐çã♦ q✉í♠✐❝❛✱ ❡♥tr❡ ♦✉tr❛s✳

◆♦t❛✲s❡ q✉❡ ♦s ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❣❡♥❡r❛❧✐③❛❞♦s ✭♥♦r♠❛❧ ✐♥✈❡rs❛ ❡ ❣❛♠❛✮ ❡ ♠♦❞❡❧♦s
❣❡♥❡r❛❧✐③❛❞♦s ❞❡ ❧♦❝❛çã♦✱ ❡s❝❛❧❛ ❡ ❢♦r♠❛ ✭❧♦❣✲♥♦r♠❛❧✮ ♦❜t✐✈❡r❛♠ ✉♠ ♠❡❧❤♦r ❛❥✉st❡ s❡
❝♦♠♣❛r❛❞♦ ❛♦ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ ♠ú❧t✐♣❧❛ ♥♦r♠❛❧✳ ❊♥tr❡t❛♥t♦✱ ♦s ♠♦❞❡❧♦s ❞❡ sér✐❡s
t❡♠♣♦r❛✐s✱ ❜❛s❡❛❞♦s ♥❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❇♦①✲❏❡♥❦✐♥s✱ ♦s ♠♦❞❡❧♦s ❆❘▼❆✱ ❢♦r❛♠ ♠❡❧❤♦r❡s
q✉❡ ♦s ♠♦❞❡❧♦s ●▲▼ ❡ ●❆▼▲❙❙✳ ❚♦❞♦s ♦s tr❛❜❛❧❤♦s ❛♥t❡r✐♦r❡s ✉t✐❧✐③❛r❛♠ ❞♦ ♠♦❞❡❧♦
♥♦r♠❛❧ ♥❛ ❆❘❚✳ ❆ ♣r✐♥❝✐♣❛❧ ❝♦♥tr✐❜✉✐çã♦ ❞❡st❡ tr❛❜❛❧❤♦ ♣r❡t❡♥❞❡ ❛❜♦r❞❛r ❛ ♦♣çã♦ ❞♦s
♠♦❞❡❧♦s ❆❘▼❆ ♣❛r❛ ❛ ❆❘❚✳ ❖s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ❞❛s ♠❡❞✐❞❛s ❝♦♠♣❛r❛t✐✈❛s ❡ ❞❛
❛♥á❧✐s❡ ❞❡ r❡sí❞✉♦s ✐♥❞✐❝❛r❛♠ ❡ss❛ ♦♣çã♦ ❝♦♠♦ s❛t✐s❢❛tór✐❛✳

❆s r❡❣✐õ❡s ❧♦❝❛✐s ❢♦r❛♠ ❛s q✉❡ ♠❛✐s ❝♦♥tr✐❜✉ír❛♠ ♥❛ ❝♦♠♣♦s✐çã♦ ❞♦s ❞♦✐s ▼Ps ❡st✉❞❛✲
❞♦s✱ t❛♥t♦ ❡♠ P✐r❛❝✐❝❛❜❛✱ q✉❛♥t♦ ❡♠ ❙❛♥t♦s✳ ❋♦♥t❡s ❞❡ r❡❣✐õ❡s ❝♦♥t✐♥❡♥t❛✐s ❡ ❧✐t♦râ♥❡❛s
t❛♠❜é♠ ❝♦♥tr✐❜✉ír❛♠✱ ❡♥tr❡t❛♥t♦✱ ♥✉♠ ♠❡♥♦r ♣❡r❝❡♥t✉❛❧✳ ❆s tr❛❥❡tór✐❛s ❞❛s ♠❛ss❛s ❞❡ ❛r
✐♥❞✐❝❛♠ ♦r✐❣❡♠ ♥❛ ❞✐r❡çã♦ ♥♦r❞❡st❡ ♥❛s ❞✉❛s ❝✐❞❛❞❡s✳ ❆s ♣♦ssí✈❡✐s ❢♦♥t❡s ❢♦r❛♠ ❞✐❢❡r❡♥t❡s
♣❛r❛ ❛s ❞✉❛s ❝✐❞❛❞❡s✳ P✐r❛❝✐❝❛❜❛✱ ♥♦ ✐♥t❡r✐♦r✱ s♦❢r❡ ♠❛✐♦r ✐♥✢✉ê♥❝✐❛ ❞❛ q✉❡✐♠❛ ❞❡ ❝❛♥❛✲
❞❡✲❛çú❝❛r✱ ❡♠✐ssõ❡s ✐♥❞✉str✐❛✐s ❡ ✈❡✐❝✉❧❛r❡s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♦s ♠♦✈✐❞♦s ❛ ❞✐❡s❡❧✳ ❖s ♣♦❧♦s
❝❡râ♠✐❝♦s ❞❛s ❝✐❞❛❞❡s ❞❡ ❘✐♦ ❈❧❛r♦ ❡ ❙❛♥t❛ ●❡rtr✉❞❡s✱ ❡ ♦ ♣♦❧♦ ✐♥❞✉str✐❛❧ ♣❡tr♦q✉í♠✐❝♦
❞❡ P❛✉❧í♥✐❛ t❛♠❜é♠ ✐♥✢✉❡♥❝✐❛♠ ♥♦s ♥í✈❡✐s ❞♦ ▼P ❡♠ P✐r❛❝✐❝❛❜❛✳ ❙❛♥t♦s✱ ♥♦ ❧✐t♦r❛❧✱ ♣♦r
s✉❛ ✈❡③✱ s♦❢r❡ ❝♦♠ ❡♠✐ssõ❡s ♣r♦✈❡♥✐❡♥t❡s ❞♦ ♣♦rt♦ ❡ ❡♠✐ssõ❡s ✐♥❞✉str✐❛✐s ✈✐♥❞❛s ❞♦ ♣♦❧♦ ❞❡
❈✉❜❛tã♦✳ ❖s ♣r♦❝❡ss♦s ❞❡ ❝♦♠❜✉stã♦ ❞❡ ❡♠✐ssõ❡s ✈❡✐❝✉❧❛r❡s✱ t❛♠❜é♠ tê♠ ✐♥✢✉ê♥❝✐❛ ♥♦s
♥í✈❡✐s ❞♦ ▼P✱ ❡✱ ♣❡❧❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❙❛♥t♦s✱ ♣ró①✐♠❛ ❛♦ ♠❛r✱ ❛❡r♦ssó✐s ♠❛r✐♥❤♦s t❛♠❜é♠
é ✉♠❛ ❞❛s ♣♦ssí✈❡✐s ❢♦♥t❡s ❞♦ ▼P✳

❆ ❆❈ ❢♦✐ ✐♥t❡r❡ss❛♥t❡ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❣r✉♣♦s ❞❡ ❞✐❛s ❝♦♠ ❝♦♠♣♦rt❛♠❡♥t♦s s✐♠✐❧❛r❡s ❡♠
r❡❧❛çã♦ ❛s ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ✭t❡♠♣❡r❛t✉r❛✱ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✮✱
❡ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ▼P ❞❡ ❝❛❞❛ r❡❣✐ã♦ ♣ré✲❞❡t❡r♠✐♥❛❞❛✳ ❆ ❆❈P ✐❞❡♥t✐✜❝♦✉ ❛ r❡❧❛çã♦ ❞♦
▼P ❝♦♠ ❛s ✈❛r✐á✈❡✐s ♠❡t❡r♦❧ó❣✐❝❛s ♠❛✐s r❡❧❡✈❛♥t❡s ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❣r✉♣♦ ♦❜t✐❞♦✳

❉❡ ♠♦❞♦ ❣❡r❛❧✱ ❛ ❆❈ ❛❣r✉♣♦✉ ❞✐❛s ❝♦♠ ❝♦♥tr✐❜✉✐çõ❡s ♠❛✐♦r❡s ♣r♦✈❡♥✐❡♥t❡s ❞❡ r❡❣✐õ❡s
♣ró①✐♠❛s✳ ❆❧é♠ ❞✐ss♦✱ ❝❛❞❛ ❣r✉♣♦ ❢♦✐ ❝❛r❛❝t❡r✐③❛❞♦ ♣♦r ❛❧❣✉♠❛ ❡st❛çã♦ ❞♦ ❛♥♦ ♣r❡❞♦♠✐✲
♥❛♥t❡✳ ❊♠ P✐r❛❝✐❝❛❜❛✱ ❛ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ✐♥t❡r❢❡r❡ ♠❛✐s ❞✐r❡t❛♠❡♥t❡ ♥♦ ▼P✱ ❞❡ ♠♦❞♦
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q✉❡✱ ❝♦♥❢♦r♠❡ ♠❛✐♦r ❛ ✉♠✐❞❛❞❡ r❡❧❛t✐✈❛✱ ♠❡♥♦r❡s ♦s ♥í✈❡s ❞♦ ▼P✳ ❏á ❡♠ ❙❛♥t♦s✱ ❛ ✈❡❧♦✲
❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ✐♥t❡r❢❡r❡ ♠❛✐s ❞✐r❡t❛♠❡♥t❡ ♥♦ ▼P✱ ❞❡ ♠❛♥❡✐r❛ ✐♥✈❡rs❛✱ ♦✉ s❡❥❛✱ ❝♦♥❢♦r♠❡
❛✉♠❡♥t❛ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ ❞✐♠✐♥✉✐ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ▼P✳ ❊ss❡ ❢❛t♦ ♣♦❞❡ ❡st❛r ❧✐✲
❣❛❞♦ ❛s ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ❝❧✐♠át✐❝❛s ❞❛s ❞✉❛s ❝✐❞❛❞❡s✳ ❙❛♥t♦s ♣r❛t✐❝❛♠❡♥t❡ ❛♣r❡s❡♥t❛
✉♠✐❞❛❞❡ r❡❧❛t✐✈❛ ❛❧t❛s ♦ ❛♥♦ ✐♥t❡✐r♦✱ ❞✐❢❡r❡♥t❡ ❞❡ P✐r❛❝✐❝❛❜❛✱ q✉❡ ❛♣r❡s❡♥t❛ ♣❡rí♦❞♦s ❞❡
s❡❝❛✳ ❊♠ r❡❧❛çã♦ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ ❙❛♥t♦s ❛♣r❡s❡♥t❛ ♠❡♥♦r❡s ✈❛❧♦r❡s s❡ ❝♦♠♣❛r❛❞♦
❝♦♠ P✐r❛❝✐❝❛❜❛✳ ❊ss❡s ♣❡rí♦❞♦s ❞❡ ❜❛✐①❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦✱ ❞❡s❢❛✈♦r❡❝❡♠ ❛ ❞✐s♣❡rsã♦
❞♦s ♣♦❧✉❡♥t❡s✳

◆❡st❡ tr❛❜❛❧❤♦✱ ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❣❡♥❡r❛❧✐③❛❞♦s ✭●▲▼ ❡ ●❆▼▲❙❙✮ ❡ ♠♦❞❡❧♦s ❆❘▼❆
❢♦r❛♠ ❛❜♦r❞❛❞♦s s❡♣❛r❛❞❛♠❡♥t❡✳ ❯♠❛ ❞❛s s✉❣❡stõ❡s ❞❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s é ♦ ✉s♦ ❞❡
♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❣❡♥❡r❛❧✐③❛❞♦s ❝♦♠ sér✐❡s t❡♠♣♦r❛✐s✱ ♥✉♠ ú♥✐❝♦ ♠♦❞❡❧♦ ✭❇❊◆❏❆▼■◆❀
❘■●❇❨❀ ❙❚❆❙■◆❖P❖❯▲❖❙✱ ✷✵✵✸✮✳ ❈♦r❞❡✐r♦ ❡ ❆♥❞r❛❞❡ ✭✷✵✵✾✮ ❛♣r❡s❡♥t❛♠ ❡st❡ t✐♣♦ ❞❡
♠♦❞❡❧♦✱ ❝❤❛♠❛❞♦ ❞❡ ❆❘▼❆ ❣❡♥❡r❛❧✐③❛❞♦ ✭♦✉ ●❆❘▼❆✮✱ ❝♦♠ ❛♣❧✐❝❛çõ❡s ❡♠ ❞❛❞♦s r❡❛✐s
s❡❣✉✐♥❞♦ ❞✐str✐❜✉✐çõ❡s ●❛♠❛ ❡ ◆♦r♠❛❧ ■♥✈❡rs❛✳

❆ ❆❘❚ t❛♠❜é♠ ♣♦❞❡r✐❛ s❡r ❛❜♦r❞❛❞❛ s❡♣❛r❛❞❛♠❡♥t❡ ♣♦r ❡st❛çõ❡s ❞♦ ❛♥♦✳ ◆❡st❡
tr❛❜❛❧❤♦✱ ❛s ❡st❛çõ❡s ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞❛s ❛♣❡♥❛s ❛♣ós ❛ ❆❈✱ ❝♦♠ ♦s ❣r✉♣♦s ♦❜t✐❞♦s✳ ❯♠❛
s✉❣❡stã♦ s❡r✐❛ s❡♣❛r❛r ♦s ❞✐❛s ❞❡♥tr♦ ❞❛s ❡st❛çõ❡s ❞♦ ❛♥♦✱ ❡ ❞❡♣♦✐s ❛♣❧✐❝❛r ❛ ❆❘❚ ♥❡ss❡s
❞✐❛s✳ ❯♠❛ ❞❡s✈❛♥t❛❣❡♠✱ é q✉❡ ♥ã♦ s❡ t❡r✐❛ ♠❛✐s ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ ✭❝♦♥s✐❞❡r❛♥❞♦✲s❡ q✉❡
s❡r✐❛♠ ❞❛❞♦s ❞❡ ✈ár✐♦s ❛♥♦s✮✱ ❡ ♥❡st❡ ❝❛s♦✱ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❇♦①✲❏❡♥❦✐♥s ♥ã♦ s❡r✐❛ ♠❛✐s
❛♣❧✐❝á✈❡❧✳ P♦ré♠✱ ♦s ♠♦❞❡❧♦s ❧✐♥❡❛r❡s ❣❡♥❡r❛❧✐③❛❞♦s ❝♦♥t✐♥✉❛r✐❛♠ ❛❞❡q✉❛❞♦s✱ ❛ss✐♠ ❝♦♠♦
♦ ♠♦❞❡❧♦ ♥♦r♠❛❧✳

❖✉tr❛ s✉❣❡stã♦ ❞❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s é ♥❛ ❛❜r❛♥❣ê♥❝✐❛ ❞❡ ♦✉tr❛s ❝✐❞❛❞❡s✱ ❛❧é♠ ❞❡
P✐r❛❝✐❝❛❜❛ ❡ ❙❛♥t♦s✳ P♦r ❡①❡♠♣❧♦✱ ❛ ❈❊❚❊❙❇ ♣♦ss✉✐ ❞✐✈❡rs❛s ❡st❛çõ❡s ❞❡ ♠♦♥✐t♦r❛✲
♠❡♥t♦ ❛✉t♦♠át✐❝❛s ❞❡ ▼P ♥❛ ❝✐❞❛❞❡ ❞❡ ❙ã♦ P❛✉❧♦✱ ❛❧é♠ ❞❡ ♦✉tr❛s ♥♦ ✐♥t❡r✐♦r✱ ♦✉ ♠❡s♠♦
❈✉❜❛tã♦✱ ❝✐❞❛❞❡ ♣ró①✐♠❛ ❞❡ ❙❛♥t♦s ❝♦♥❤❡❝✐❞❛♠❡♥t❡ ♣♦r ❣r❛✈❡s ♣r♦❜❧❡♠❛s ❞❡ ♣♦❧✉✐çã♦
✭❆◆❉❘❆❉❊ ❡t ❛❧✳✱ ✷✵✶✼✮✳
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❈❛♣ít✉❧♦ ✻

❆t✐✈✐❞❛❞❡s ❉❡s❡♥✈♦❧✈✐❞❛s ❡

P❡rs♣❡❝t✐✈❛s ❋✉t✉r❛s

❆té ♦ ♠♦♠❡♥t♦ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s ❛❧❣✉♠❛s ❛t✐✈✐❞❛❞❡s ❝✐❡♥tí✜❝❛s ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞♦
❞♦✉t♦r❛❞♦✱ ❝♦♠♦ ♣✉❜❧✐❝❛çã♦ ❞❡ ✉♠ ❛rt✐❣♦✱ ♣❛rt✐❝✐♣❛çã♦ ❡♠ ❡✈❡♥t♦s ❝✐❡♥tí✜❝♦s ❡ ❛✉①í❧✐♦ ♥❛
♦r✐❡♥t❛çã♦ ❞❡ três ❛❧✉♥❛s ❞❡ ■♥✐❝✐❛çã♦ ❈✐❡♥tí✜❝❛ ✭■❈✮ ♥♦ ❛♥♦ ❞❡ ✷✵✶✻✱ ✉♠❛ ❛❧✉♥❛ ♥♦ ❛♥♦
❞❡ ✷✵✶✼ ❡ ✉♠❛ ❛❧✉♥❛ ♥♦ ❛♥♦ ❞❡ ✷✵✶✽✳

❖ ❛rt✐❣♦ ✏❈❤❡♠✐❝❛❧ ❈♦♠♣♦s✐t✐♦♥ ♦❢ ❘❛✐♥✇❛t❡r ✐♥ ❛♥ ❯r❜❛♥ ❆r❡❛ ♦❢ t❤❡ ❙♦✉t❤❡❛st
♦❢ ❇r❛③✐❧✑ ❢♦✐ ♣✉❜❧✐❝❛❞♦ ♥♦ ❏♦✉r♥❛❧ ✏❆t♠♦s♣❤❡r✐❝ P♦❧❧✉t✐♦♥ ❘❡s❡❛r❝❤✑ ♥♦ ❛♥♦ ❞❡ ✷✵✶✽
✭❁❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴❥✳❛♣r✳✷✵✶✽✳✶✵✳✵✵✸❃✮✳ ❆❧é♠ ❞✐ss♦✱ ♦ ❛rt✐❣♦ ✏❯♠ ♥♦✈♦ ♠ét♦❞♦
❞❡ ♣r❡❡♥❝❤✐♠❡♥t♦ ❞❡ ❞❛❞♦s ❢❛❧t❛♥t❡s ❛♣❧✐❝❛❞♦ ❛ sér✐❡s t❡♠♣♦r❛✐s ❞❡ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ▼P✶✵✑
❢♦✐ ❛❝❡✐t♦ ♣❛r❛ ♣✉❜❧✐❝❛çã♦ ♥❛ ✏❘❡✈✐st❛ ❚❡❝♥♦❧♦❣✐❛ ❡ ❙♦❝✐❡❞❛❞❡✑✱ t❛♠❜é♠ ❡♠ ✷✵✶✽✳

◆♦ ❳❳■ ❈♦♥❣r❡ss♦ ❇r❛s✐❧❡✐r♦ ❞❡ ◗✉í♠✐❝❛ ✭❈❖❇❊◗✲✷✵✶✻✮ r❡❛❧✐③❛❞♦ ❡♠ ❋♦rt❛❧❡③❛✲❈❊✱
❢♦✐ ❛♣r❡s❡♥t❛❞♦ ♦ tr❛❜❛❧❤♦✿ ✏❊st✉❞♦ ❞❡ r❡❧❛çã♦ ❡♥tr❡ ✈❛r✐á✈❡✐s ♠❡t❡♦r♦❧ó❣✐❝❛s ❡ ♣♦❧✉❡♥t❡s
❛t♠♦s❢ér✐❝♦s ✉s❛♥❞♦ té❝♥✐❝❛s ♠✉❧t✐✈❛r✐❛❞❛s✑✳ ❊♠ ❱✐tór✐❛✲❊❙✱ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❢♦r♠❛
❞❡ ♣♦st❡r✱ ♦ tr❛❜❛❧❤♦✿ ❙t✉❞② ♦❢ ❞✐✉r♥❛❧ ♣❛tt❡r♥ ♦❢ ❛✐r q✉❛❧✐t② ✉s✐♥❣ ❈❧✉st❡r ❆♥❛❧②s✐s✱ ♥♦
❆✐r ◗✉❛❧✐t② ❈♦♥❢❡r❡♥❝❡ ❇r❛③✐❧ ✸rd ❈▼❆❙ ✭❈♦♠♠✉♥✐t② ▼♦❞❡❧✐♥❣ ❛♥❞ ❆♥❛❧②s✐s ❙②st❡♠✮
❙♦✉t❤ ❆♠❡r✐❝❛✲✷✵✶✼✳

❊♠▼❛r✐♥❣á✲P❘✱ ♥♦ ❈♦♥❣r❡ss♦ ❇r❛s✐❧❡✐r♦ ❞❡ ❙✐st❡♠❛s P❛rt✐❝✉❧❛❞♦s ✭❳❳❳❱■■■ ❊◆❊▼P✲
✷✵✶✼✮ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ♦ tr❛❜❛❧❤♦✿ ✏❊st✉❞♦ ❞❛ ❈♦♥tr✐❜✉✐çã♦ ❘❡❣✐♦♥❛❧ ♥♦s ◆í✈❡✐s ❞❡ ▼P10

❡♠ P✐r❛❝✐❝❛❜❛ ✉s❛♥❞♦ ❆♥á❧✐s❡ ❞❡ ❘❡❣r❡ssã♦ ❞❡ ❚r❛❥❡tór✐❛✑✳ ❆✐♥❞❛ ♥❡st❡ ❡✈❡♥t♦✱ ♦ tr❛❜❛❧❤♦
✐♥t✐t✉❧❛❞♦ ✏▼♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❞❛ ❞✐s♣❡rsã♦ ❞❡ ▼❛t❡r✐❛❧ P❛rt✐❝✉❧❛❞♦ ✭▼P10✮ ♦r✐✉♥❞♦
❞❛ ✐♥❞ústr✐❛ ❝❡râ♠✐❝❛✑ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❢♦r♠❛ ❞❡ ♣♦st❡r✳

◆♦ ❳■❱ ❙■❇❊❙❆ ✭❙✐♠♣ós✐♦ ❮t❛❧♦ ❇r❛s✐❧❡✐r♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❙❛♥✐tár✐❛ ❡ ❆♠❜✐❡♥t❛❧✮✱
r❡❛❧✐③❛❞♦ ❡♠ ❏✉♥❤♦ ❞❡ ✷✵✶✽ ♥❛ ❝✐❞❛❞❡ ❞❡ ❋♦③ ❞♦ ■❣✉❛ç✉✱ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ♦ tr❛❜❛❧❤♦✱ ❡♠
❢♦r♠❛t♦ ❞❡ ♣♦st❡r✱ ✐♥t✐t✉❧❛❞♦✿ ✏❊st✉❞♦ ❞❛ ❝♦♥tr✐❜✉✐çã♦ r❡❣✐♦♥❛❧ ♥♦s ♥í✈❡✐s ❞♦ ▼P✶✵ ❡♠
P✐r❛❝✐❝❛❜❛ ✉s❛♥❞♦ ❛♥á❧✐s❡ ♠✉❧t✐✈❛r✐❛❞❛✑✳
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❊♥❣❡♥❤❛r✐❛ ❙❛♥✐tár✐❛ ❡ ❆♠❜✐❡♥t❛❧✱ ✷✵✶✽✱ ❋♦③ ❞♦ ■❣✉❛ç✉✲P❘✳
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❙❖❯❙❆✱ ❏✳ ❇✳❀ ❘❖❙❙■◆■✱ ❆✳ ❏✳❀ ◆❖●❆❘❖❚❚❖✱ ❉✳ ❈✳❀ P❖❩❩❆✱ ❙✳ ❆✳ ▼♦❞❡❧❛❣❡♠
♠❛t❡♠át✐❝❛ ♥❛ ❞✐s♣❡rsã♦ ❞❡ ▼❛t❡r✐❛❧ P❛rt✐❝✉❧❛❞♦ ✭▼P✶✵✮ ♦r✐✉♥❞♦ ❞❛ ✐♥❞ústr✐❛ ❝❡râ♠✐❝❛
■♥ ❊◆❊▼P ✷✵✶✼✱ ✷✵✶✼✱ ▼❛r✐♥❣á✲P❘✳
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❈❧✉st❡r ❆♥❛❧②s✐s ■♥✿ ❆✐r ◗✉❛❧✐t② ❈♦♥❢❡r❡♥❝❡ ❇r❛③✐❧ ✲ ✸❘❉ ❈▼❆❙ ❙❖❯❚❍ ❆▼❊❘■❈❆✱
✷✵✶✼✱ ❱✐tór✐❛✲❊❙✲❇r❛s✐❧✳

▲■▼❆✱ ▼✳ ❘✳ ●✳❀ ◆❖●❆❘❖❚❚❖✱ ❉✳ ❈✳❀ P❖❩❩❆✱ ❙✳ ❆✳ ❯s♦ ❞❡ ❆♥á❧✐s❡ ❞❡ ❈♦r✲
r❡❧❛çã♦ ❈❛♥ô♥✐❝❛✿ P♦❧✉❡♥t❡s ❆t♠♦s❢ér✐❝♦s ① ❱❛r✐á✈❡✐s ▼❡t❡♦r♦❧ó❣✐❝❛s ■♥✿ ❊◆❊▼P ✷✵✶✼✱
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❝❛s ❡ ♣♦❧✉❡♥t❡s ❛t♠♦s❢ér✐❝♦s ✉s❛♥❞♦ té❝♥✐❝❛s ♠✉❧t✐✈❛r✐❛❞❛s✳ ■♥✿ ❳❳■ ❈♦♥❣r❡ss♦ ❇r❛s✐❧❡✐r♦
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❊s♣✐r✐t♦ ❙❛♥t♦✱ ❇r❛③✐❧✳ ❘❡✈✐st❛ ❞❡ ❙❛✉❞❡ P✉❜❧✐❝❛✱ s❝✐❡❧♦✱ ✈✳ ✺✵✱ ✷✵✶✻✳ ❁❤tt♣s✿
✴✴❞♦✐✳♦r❣✴✶✵✳✶✺✾✵✴❙✶✺✶✽✲✽✼✽✼✳✷✵✶✻✵✺✵✵✵✺✾✵✾❃✳

●❆❘❈■❆✱ ❏✳ ▼✳ ❡t ❛❧✳ ❉❡✈❡❧♦♣✐♥❣ ❛ ♠❡t❤♦❞♦❧♦❣② t♦ ♣r❡❞✐❝t P▼10 ❝♦♥❝❡♥tr❛t✐♦♥s
✐♥ ✉r❜❛♥ ❛r❡❛s ✉s✐♥❣ ❣❡♥❡r❛❧✐③❡❞ ❧✐♥❡❛r ♠♦❞❡❧s✳ ❊♥✈✐r♦♥♠❡♥t❛❧ ❚❡❝❤♥♦❧♦❣②✱ ✈✳ ✸✼✱ ♣✳
✷✸✶✻✕✷✸✷✺✱ ✷✵✶✻✳ ❁❤tt♣✿✴✴❞①✳❞♦✐✳♦r❣✴✶✵✳✶✵✽✵✴✵✾✺✾✸✸✸✵✳✷✵✶✻✳✶✶✹✾✷✷✽❃✳

●❊✱ ❨✳ ❡t ❛❧✳ P♦t❡♥❝✐❛❧ tr❛♥s♣♦rt ♣❛t❤✇❛②s ♦❢ ❞✉st ❡♠❛♥❛t✐♥❣ ❢r♦♠ t❤❡ ♣❧❛②❛ ♦❢ ❊❜✐♥✉r
▲❛❦❡✱ ❳✐♥❥✐❛♥❣✱ ✐♥ ❛r✐❞ ♥♦rt❤✇❡st ❈❤✐♥❛✳ ❆t♠♦s♣❤❡r✐❝ ❘❡s❡❛r❝❤✱ ✈✳ ✶✼✽✕✶✼✾✱ ♣✳ ✶✾✻✕✷✵✻✱
✷✵✶✻✳ ❁❤tt♣✿✴✴❞①✳❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴❥✳❛t♠♦sr❡s✳✷✵✶✻✳✵✹✳✵✵✷❃✳

●■❖■❆✱ ❙✳ ▼✳ ❈✳ ▲✳ ❡t ❛❧✳ ■♥s✐❣❤ts ✐♥t♦ t❤❡ ❞②♥❛♠✐❝s ❛♥❞ s♦✉r❝❡s ♦❢ ❛t♠♦s♣❤❡r✐❝ ❧❡❛❞
❛♥❞ ♣❛rt✐❝✉❧❛t❡ ♠❛tt❡r ✐♥ ❙ã♦ P❛✉❧♦✱ ❇r❛③✐❧✱ ❢r♦♠ ❤✐❣❤ t❡♠♣♦r❛❧ r❡s♦❧✉t✐♦♥ s❛♠♣❧✐♥❣✳
❆t♠♦s♣❤❡r✐❝ ❘❡s❡❛r❝❤✱ ✈✳ ✾✽✱ ♣✳ ✹✼✽✕✹✽✺✱ ✷✵✶✵✳ ❁❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴❥✳❛t♠♦sr❡s✳
✷✵✶✵✳✵✽✳✵✶✻❃✳

●❖◆➬❆▲❱❊❙✱ ❈✳ ❡t ❛❧✳ ❙✐③❡✲s❡❣r❡❣❛t❡❞ ❛❡r♦s♦❧ ❝❤❡♠✐❝❛❧ ❝♦♠♣♦s✐t✐♦♥ ❢r♦♠ ❛♥
❛❣r♦✲✐♥❞✉str✐❛❧ r❡❣✐♦♥ ♦❢ ❙ã♦ P❛✉❧♦ st❛t❡✱ ❇r❛③✐❧✳ ❆✐r ◗✉❛❧✐t②✱ ❆t♠♦s♣❤❡r❡ ✫ ❍❡❛❧t❤✱
✈✳ ✶✵✱ ♣✳ ✹✽✸✕✹✾✻✱ ✷✵✶✼✳ ❁❤tt♣✿✴✴❞①✳❞♦✐✳♦r❣✴✶✵✳✶✵✵✼✴s✶✶✽✻✾✲✵✶✻✲✵✹✹✶✲✵❃✳

●❖◆➬❆▲❱❊❙✱ ❋✳ ▲✳ ❚✳ ❡t ❛❧✳ ❚❤❡ ❡✛❡❝ts ♦❢ ❛✐r ♣♦❧❧✉t✐♦♥ ❛♥❞ ♠❡t❡♦r♦❧♦❣✐❝❛❧ ♣❛r❛♠❡t❡rs
♦♥ r❡s♣✐r❛t♦r② ♠♦r❜✐❞✐t② ❞✉r✐♥❣ s✉♠♠❡r ✐♥ ❙ã♦ P❛✉❧♦ ❈✐t②✳ ❊♥✈✐r♦♥♠❡♥t ■♥t❡r♥❛t✐♦♥❛❧✱
✈✳ ✸✶✱ ♣✳ ✸✹✸✕✸✹✾✱ ✷✵✵✺✳ ❁❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴❥✳❡♥✈✐♥t✳✷✵✵✹✳✵✽✳✵✵✹❃✳

●❖❨❆▲✱ P✳❀ ❈❍❆◆✱ ❆✳❀ ❏❆■❙❲❆▲✱ ◆✳ ❙t❛t✐st✐❝❛❧ ♠♦❞❡❧s ❢♦r t❤❡ ♣r❡❞✐❝t✐♦♥ ♦❢ r❡s♣✐r❛❜❧❡
s✉s♣❡♥❞❡❞ ♣❛rt✐❝✉❧❛t❡ ♠❛tt❡r ✐♥ ✉r❜❛♥ ❝✐t✐❡s✳ ❆t♠♦s♣❤❡r✐❝ ❊♥✈✐r♦♥♠❡♥t✱ ✈✳ ✹✵✱ ♣✳
✷✵✻✽✕✷✵✼✼✱ ✷✵✵✻✳ ❁❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴❥✳❛t♠♦s❡♥✈✳✷✵✵✺✳✶✶✳✵✹✶❃✳

❍❆◆✱ ❏✳❀ ❑❆▼❇❊❘✱ ▼✳ ❉❛t❛ ▼✐♥✐♥❣✿ ❈♦♥❝❡♣ts ❛♥❞ ❚❡❝❤♥✐q✉❡s✳ ✷✳ ❡❞✳ ❬❙✳❧✳❪✿ ▼♦r❣❛♥
❑❛✉❢♠❛♥♥✱ ✷✵✵✻✳

❍❊✱ ❍✳❀ ▲❯✱ ❲✳ ❉❡❝♦♠♣♦s✐t✐♦♥ ♦❢ ♣♦❧❧✉t✐♦♥ ❝♦♥tr✐❜✉t♦rs t♦ ✉r❜❛♥ ♦③♦♥❡ ❧❡✈❡❧s
❝♦♥❝❡r♥✐♥❣ r❡❣✐♦♥❛❧ ❛♥❞ ❧♦❝❛❧ s❝❛❧❡s✳ ❇✉✐❧❞✐♥❣ ❛♥❞ ❊♥✈✐r♦♥♠❡♥t✱ ✈✳ ✹✾✱ ♣✳ ✾✼✕✶✵✸✱ ✷✵✶✷✳
❁❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴❥✳❜✉✐❧❞❡♥✈✳✷✵✶✶✳✵✾✳✵✶✾❃✳

❍■◆❉❙✱ ❲✳ ❆❡r♦s♦❧ ❚❡❝❤♥♦❧♦❣②✳ ✷✳ ❡❞✳ ❬❙✳❧✳❪✿ ❲✐❧❡②✱ ✶✾✾✽✳

❍❖■◆❆❙❑■✱ ▲✳ ❡t ❛❧✳ ■♥✈❡st✐❣❛t✐♦♥ ♦❢ r❛✐♥✇❛t❡r ❝♦♥t❛♠✐♥❛t✐♦♥ s♦✉r❝❡s ✐♥ t❤❡
s♦✉t❤❡r♥ ♣❛rt ♦❢ ❇r❛③✐❧✳ ❊♥✈✐r♦♥♠❡♥t❛❧ ❚❡❝❤♥♦❧♦❣②✱ ✈✳ ✸✺✱ ♥✳ ✼✱ ♣✳ ✽✻✽✕✽✽✶✱ ✷✵✶✹✳
❁❤tt♣✿✴✴❞①✳❞♦✐✳♦r❣✴✶✵✳✶✵✽✵✴✵✾✺✾✸✸✸✵✳✷✵✶✸✳✽✺✹✹✶✷❃✳

❍❖■◆❆❙❑■✱ ▲✳ ❡t ❛❧✳ ■♥✈❡st✐❣❛t✐♦♥ ♦❢ P▼10 s♦✉r❝❡s ✐♥ ❙❛♥t❛ ❈❛t❛r✐♥❛✱ ❇r❛③✐❧ t❤r♦✉❣❤
❣r❛♣❤✐❝❛❧ ✐♥t❡r♣r❡t❛t✐♦♥ ❛♥❛❧②s✐s ❝♦♠❜✐♥❡❞ ✇✐t❤ r❡❝❡♣t♦r ♠♦❞❡❧❧✐♥❣✳ ❊♥✈✐r♦♥♠❡♥t❛❧
❚❡❝❤♥♦❧♦❣②✱ ✈✳ ✸✹✱ ♣✳ ✷✹✺✸✕✷✹✻✸✱ ✷✵✶✸✳ ❁❤tt♣✿✴✴❞①✳❞♦✐✳♦r❣✴✶✵✳✶✵✽✵✴✷✶✻✷✷✺✶✺✳✷✵✶✸✳
✼✼✷✻✺✾❃✳



❘❊❋❊❘✃◆❈■❆❙ ❇■❇▲■❖●❘➪❋■❈❆❙ ✶✵✾

❍❖◆●❋❆◆●✱ ❈✳❀ ❘❯■✱ ❙✳ ❆❘▼❆ ♠♦❞❡❧ ♣❛r❛♠❡t❡r ♦♣t✐♠✐③❡❞ ❡st✐♠❛t❡ ♠❡t❤♦❞✳ ■♥✿
✷✵✶✵ ❋✐rst ❆❈■❙ ■♥t❡r♥❛t✐♦♥❛❧ ❙②♠♣♦s✐✉♠ ♦♥ ❈r②♣t♦❣r❛♣❤②✱ ❛♥❞ ◆❡t✇♦r❦ ❙❡❝✉r✐t②✱ ❉❛t❛
▼✐♥✐♥❣ ❛♥❞ ❑♥♦✇❧❡❞❣❡ ❉✐s❝♦✈❡r②✱ ❊✲❈♦♠♠❡r❝❡ ❛♥❞ ■ts ❆♣♣❧✐❝❛t✐♦♥s✱ ❛♥❞ ❊♠❜❡❞❞❡❞
❙②st❡♠s✳ ■❊❊❊✱ ✷✵✶✵✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿ ❁❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✶✵✾✴❝❞❡❡✳✷✵✶✵✳✶✸❃✳

❍❯❆◆●✱ ❑✳ ❡t ❛❧✳ ■♠♣❛❝t ♦❢ ❛♥t❤r♦♣♦❣❡♥✐❝ ❡♠✐ss✐♦♥ ♦♥ ❛✐r q✉❛❧✐t② ♦✈❡r ❛
♠❡❣❛❝✐t② ✲ r❡✈❡❛❧❡❞ ❢r♦♠ ❛♥ ✐♥t❡♥s✐✈❡ ❛t♠♦s♣❤❡r✐❝ ❝❛♠♣❛✐❣♥ ❞✉r✐♥❣ t❤❡ ❈❤✐♥❡s❡
❙♣r✐♥❣ ❋❡st✐✈❛❧✳ ❆t♠♦s♣❤❡r✐❝ ❈❤❡♠✐str② ❛♥❞ P❤②s✐❝s✱ ✈✳ ✶✷✱ ♣✳ ✶✶✻✸✶✕✶✶✻✹✺✱ ✷✵✶✷✳
❁❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✺✶✾✹✴❛❝♣✲✶✷✲✶✶✻✸✶✲✷✵✶✷❃✳

❍❯❆◆●✱ ▲✳ ❡t ❛❧✳ ❆ tr❛❥❡❝t♦r② ❛♥❛❧②s✐s ♦❢ ❛t♠♦s♣❤❡r✐❝ tr❛♥s♣♦rt ♦❢ ❜❧❛❝❦ ❝❛r❜♦♥ ❛❡r♦s♦❧s
t♦ ❈❛♥❛❞✐❛♥ ❤✐❣❤ ❆r❝t✐❝ ✐♥ ✇✐♥t❡r ❛♥❞ s♣r✐♥❣ ✭✶✾✾✵✕✷✵✵✺✮✳ ❆t♠♦s♣❤❡r✐❝ ❈❤❡♠✐str② ❛♥❞
P❤②s✐❝s✱ ✈✳ ✶✵✱ ♣✳ ✺✵✻✺✕✺✵✼✸✱ ✷✵✶✵✳ ❁❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✺✶✾✹✴❛❝♣✲✶✵✲✺✵✻✺✲✷✵✶✵❃✳

❍❯❆◆●✱ P✳ ❡t ❛❧✳ ❙♣❛t✐❛❧ ❛♥❞ ❚❡♠♣♦r❛❧ ❉✐str✐❜✉t✐♦♥ ♦❢ P▼✷✳✺ P♦❧❧✉t✐♦♥ ✐♥ ❳✐á♥ ❈✐t②✱
❈❤✐♥❛✳ ■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ♦❢ ❊♥✈✐r♦♥♠❡♥t❛❧ ❘❡s❡❛r❝❤ ❛♥❞ P✉❜❧✐❝ ❍❡❛❧t❤✱ ✈✳ ✶✷✱ ♣✳
✻✻✵✽✕✻✻✷✺✱ ✷✵✶✺✳ ❁❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✸✸✾✵✴✐❥❡r♣❤✶✷✵✻✵✻✻✵✽❃✳

❍❯❊❇◆❊❘❖❱❆✱ ❩✳❀ ▼■❈❍❆▲❊❑✱ ❏✳ ❆♥❛❧②s✐s ♦❢ ❞❛✐❧② ❛✈❡r❛❣❡ P▼10 ♣r❡❞✐❝t✐♦♥s ❜②
❣❡♥❡r❛❧✐③❡❞ ❧✐♥❡❛r ♠♦❞❡❧s ✐♥ ❇r♥♦✱ ❈③❡❝❤ ❘❡♣✉❜❧✐❝✳ ❆t♠♦s♣❤❡r✐❝ P♦❧❧✉t✐♦♥ ❘❡s❡❛r❝❤✱ ✈✳ ✺✱
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