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❆❜str❛❝t

▼❡t❛❣❡♥♦♠✐❝s ✐s t❤❡ ❣❡♥❡t✐❝ st✉❞② ♦❢ ❛♥ ❡♥✈✐r♦♥♠❡♥t❛❧ s❛♠♣❧❡✱ ❛♥❞ ❛❧❧♦✇s t❤❡ ❛♥❛❧②s✐s ♦❢
♥♦♥✲❝✉❧t✉r❛❜❧❡ ♦r❣❛♥✐s♠s✳ ■t ✐s ❛ ♥❡✇ ❛r❡❛ ♦❢ ❣❡♥❡t✐❝ st✉❞② ❛♥❞ ❤❛s ♠❛♥② ❝♦♠♣✉t❛t✐♦♥❛❧
❝❤❛❧❧❡♥❣❡s✱ ✇✐t❤ ❢❡✇ ❞❡❞✐❝❛t❡❞ t♦♦❧s ❛✈❛✐❧❛❜❧❡✳ ❚❤❡ ♦❜❥❡❝t✐✈❡ ♦❢ t❤✐s ✇♦r❦ ✐s t♦ r❡❛❧✐③❡
❛ ♠❡t❛❣❡♥♦♠✐❝ st✉❞② ♦❢ t❤❡ ♠✐❝r♦❜✐❛❧ ❞✐✈❡rs✐t② ♦❢ s❛♠♣❧❡s ❢r♦♠ t❤❡ ❝♦♠♣♦st✐♥❣ ✉♥✐t ♦❢
❋✉♥❞❛çã♦ P❛rq✉❡ ❩♦♦❧ó❣✐❝♦ ❞❡ ❙ã♦ P❛✉❧♦✱ ❛♥❛❧②③✐♥❣ ❛♥❞ ❝♦♠♣❛r✐♥❣ ❡①✐st✐♥❣ ♣r♦❣r❛♠s ❛♥❞
♠❡t❤♦❞s✳ ❚❤❡ st✉❞② ♦❢ t❤❡ ♠✐❝r♦❜✐❛❧ ❝♦♠♠✉♥✐t✐❡s t❤❛t ❧✐✈❡ t❤❡r❡ ✐s ♦❢ ❣r❡❛t ✐♠♣♦rt❛♥❝❡
t♦ ❛ ❜❡tt❡r ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡ ❜✐♦❧♦❣✐❝❛❧ r♦❧❡ ♦❢ t❤❡s❡ ♦r❣❛♥✐s♠s✳ ❙✐♠✉❧❛t❡❞ ❞❛t❛ ✇❡r❡
t❡st❡❞ t♦ ✈❛❧✐❞❛t❡ t❤❡ ♠❡t❤♦❞s ✇❡ ✉s❡❞ ✇✐t❤ t❤❡ r❡❛❧ ❞❛t❛ ❛♥❞ t❤❡ r❡s✉❧ts s❤♦✇ t❤❛t ❡✈❡♥
✇❡❧❧✲❦♥♦✇♥ t♦♦❧s ❛r❡ ❜✐❛s❡❞ ❜② t❤❡ r❡❢❡r❡♥❝❡ ❞❛t❛❜❛s❡s ✐t ✉s❡s✳
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❘❡s✉♠♦

▼❡t❛❣❡♥ô♠✐❝❛ é ♦ ❡st✉❞♦ ❣❡♥ét✐❝♦ ❞❡ ✉♠❛ ❛♠♦str❛ ❛♠❜✐❡♥t❛❧✱ ❡ ♣❡r♠✐t❡ ❛ ❛♥á❧✐s❡ ❞❡
♦r❣❛♥✐s♠♦s ✐♥❝✉❧t✐✈á✈❡✐s ❡♠ ❧❛❜♦r❛tór✐♦✳ ➱ ✉♠❛ ár❡❛ ❞❡ ❡st✉❞♦ ♥♦✈❛ ❡ ♣♦ss✉✐ ♠✉✐t♦s
❞❡s❛✜♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s✱ ❝♦♠ ♣♦✉❝❛s ❢❡rr❛♠❡♥t❛s ❞❡❞✐❝❛❞❛s ❞✐s♣♦♥í✈❡✐s✳ ❖ ♦❜❥❡t✐✈♦ ❞❡st❡
tr❛❜❛❧❤♦ é r❡❛❧✐③❛r ✉♠ ❡st✉❞♦ ♠❡t❛❣❡♥ô♠✐❝♦ ❞❛ ❞✐✈❡rs✐❞❛❞❡ ❞❡ ♦r❣❛♥✐s♠♦s ♠✐❝r♦❜✐❛♥♦s
❞❡ ❛♠♦str❛s ❞❛ ✉♥✐❞❛❞❡ ❞❡ ❝♦♠♣♦st❛❣❡♠ ❞❛ ❋✉♥❞❛çã♦ P❛rq✉❡ ❩♦♦❧ó❣✐❝♦ ❞❡ ❙ã♦ P❛✉❧♦✱
❛♥❛❧✐s❛♥❞♦ ❡ ❝♦♠♣❛r❛♥❞♦ ♦s ♣r♦❣r❛♠❛s ❡ ♠ét♦❞♦s ❡①✐st❡♥t❡s✳ ❖ ❡st✉❞♦ ❞❛s ❝♦♠✉♥✐❞❛❞❡s
♠✐❝r♦❜✐❛♥❛s q✉❡ ❛❧✐ ✈✐✈❡♠ é ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ✉♠ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦ ❞♦ ♣❛♣❡❧
❜✐♦❧ó❣✐❝♦ ❞❡ss❡s ♦r❣❛♥✐s♠♦s✳ ❉❛❞♦s s✐♠✉❧❛❞♦s ❢♦r❛♠ t❡st❛❞♦s ♣❛r❛ ✈❛❧✐❞❛r ♦s ♠ét♦❞♦s
✉t✐❧✐③❛❞♦s ❝♦♠ ♦s ❞❛❞♦s r❡❛✐s ❡ ♦s r❡s✉❧t❛❞♦s ♠♦str❛♠ q✉❡ ♠❡s♠♦ ♣r♦❣r❛♠❛s ❝♦♥❤❡❝✐❞♦s
sã♦ s❡♥sí✈❡✐s ❛♦s ❜❛♥❝♦s ❞❡ ❞❛❞♦s ❞❡ r❡❢❡rê♥❝✐❛ q✉❡ ✉t✐❧✐③❛♠✳
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❆❣r❛❞❡❝✐♠❡♥t♦s

❉❡❞✐❝♦ ❡st❡ tr❛❜❛❧❤♦ ❛♦s ♠❡✉s ♣❛✐s✳ ❙❡♠ ❡❧❡s ♥❛❞❛ ❞✐ss♦ s❡r✐❛ ♣♦ssí✈❡❧✱ ♦ ❛♠♦r ❡ ♦ ❛♣♦✐♦
✐♥❝♦♥❞✐❝✐♦♥❛✐s ❞❡❧❡s ❢♦r❛♠ ♦ q✉❡ ♠❡ ❢❡③ ❝❤❡❣❛r ❛té ❛q✉✐✳

❆❣r❛❞❡ç♦ ❛♦s ♣r♦❢❡ss♦r❡s ❩❛♥♦♥✐ ❉✐❛s ❡ ●✉✐❧❤❡r♠❡ P✐♠❡♥t❡❧ ❚❡❧❧❡s ♣❡❧❛ ♣❛❝✐ê♥❝✐❛✱
❞✐s♣♦s✐çã♦ q✉❡ ❞❡♠♦♥str❛r❛♠ ❞✉r❛♥t❡ t♦❞♦ ❡ss❡ t❡♠♣♦✱ ❡ ♣❡❧♦s ✐♥❝❡♥t✐✈♦s q✉❡ ❞❡r❛♠
♥❡ss❡ ♣❡rí♦❞♦ ❞❡ ❣r❛♥❞❡ ❛♣r❡♥❞✐③❛❞♦✳

❆❣r❛❞❡ç♦ t❛♠❜é♠ ❛♦ ♣r♦❢❡ss♦r ❏♦ã♦ ❈❛r❧♦s ❙❡t✉❜❛❧✱ ♣❡❧♦ ❝♦♥✈✐t❡ ♣❛r❛ tr❛❜❛❧❤❛r ♥♦
♣r♦❥❡t♦ ❡ ♣❡❧♦ ❛♣♦✐♦ ♣r❡st❛❞♦ ❞✉r❛♥t❡ ❡ss❡ t❡♠♣♦✳

❆❣r❛❞❡ç♦ ❛♦s ♠❡✉s ✐r♠ã♦s ❡ ♠✐♥❤❛ ✐r♠ã✱ q✉❡ ♠❡s♠♦ ❞✐st❛♥t❡s ❡st✐✈❡r❛♠ s❡♠♣r❡ ♣r❡✲
s❡♥t❡s ❡ ❞✐s♣♦st♦s ❛ ❛❥✉❞❛r✳

❋✐♥❛❧♠❡♥t❡✱ ❛♦s ❛♠✐❣♦s q✉❡ ✈✐✈❡r❛♠ ❝♦♠✐❣♦✱ q✉❡ ♠❡ ❛❝♦♠♣❛♥❤❛r❛♠✱ q✉❡ s❡ t♦r♥❛r❛♠
✉♠❛ s❡❣✉♥❞❛ ❢❛♠í❧✐❛✱ ❛❣r❛❞❡ç♦ ♣♦r t♦❞♦ ♦ ❛♣♦✐♦ ❡ ♣♦r t♦r♥❛r❡♠ tã♦ ♣r♦✈❡✐t♦s❛ ❡ss❛
❥♦r♥❛❞❛✳ ❆s ❛♠✐③❛❞❡s q✉❡ ❢♦r❛♠ ❝♦♥str✉í❞❛s ❞✉r❛♥t❡ ❡ss❡ t❡♠♣♦ ❥❛♠❛✐s s❡rã♦ ❡sq✉❡❝✐❞❛s✳
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❡s♣é❝✐❡ ✉s❛❞❛ ♥❛ s✐♠✉❧❛çã♦✱ ❡ ♦ t❛♠❛♥❤♦ ❞♦ ❣❡♥♦♠❛ ❞❡ ❝❛❞❛ ❡s♣é❝✐❡✳ ✳ ✳ ✳ ✺✼

✻✳✼ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦ ♥ú♠❡r♦ ❞❡ r❡❛❞s s✐♠✉❧❛❞♦s ❞♦s ✺✵ ❣ê♥❡r♦s s✐♠✉❧❛❞♦s
❡ ♦s ❣ê♥❡r♦s ✐❞❡♥t✐✜❝❛❞♦s ❝♦♠ ♦s ❜❛♥❝♦s ❞❡ ❞❛❞♦s ❙✇✐ssPr♦t✱ ◆❈❇■✲◆❘ ❡
▼●✲❘❆❙❚✱ ❝♦♠ s✉❛s r❡s♣❡❝t✐✈❛s ❛❜✉♥❞â♥❝✐❛s r❡❧❛t✐✈❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✷

✻✳✽ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦ ♥ú♠❡r♦ ❞❡ r❡❛❞s t♦t❛✐s ❡ ✐❞❡♥t✐✜❝❛❞♦s ❝♦♠ ♦s ❜❛♥❝♦s
❞❡ ❞❛❞♦s ❘❉P✱ ❙✇✐ssPr♦t✱ ◆❈❇■✲◆❘ ❡ ▼●✲❘❆❙❚ ❡ ♣❡❧♦ ◆❇❈✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✼

①✐✐



▲✐st❛ ❞❡ ❋✐❣✉r❛s

✷✳✶ ❊str✉t✉r❛ ❞❛s ♠♦❧é❝✉❧❛s ❞❡ ❉◆❆ ❡ ❘◆❆✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹
✷✳✷ ❈ó❞✐❣♦ ❣❡♥ét✐❝♦ ✉t✐❧✐③❛❞♦ ♣❡❧❛ ♠❛✐♦r✐❛ ❞♦s ♦r❣❛♥✐s♠♦s✳ ❆ ♦r❞❡♠ ❞❛s ❜❛✲

s❡s ❞❡ ✉♠ ❝ó❞♦♥ é ❧✐❞❛ ❞♦ ❝❡♥tr♦ ♣❛r❛ ❛s ❡①tr❡♠✐❞❛❞❡s✳ ❖ ❛♠✐♥♦á❝✐❞♦
▼❡t✐♦♥✐♥❛✱ ❡♠ ❛③✉❧✱ é t❛♠❜é♠ ♦ ❝ó❞♦♥ ❞❡ ✐♥✐❝✐❛çã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺

✷✳✸ ❇❛♥❞❛s ❞❡ ❝❛❞❡✐❛s ❞❡ ❉◆❆ ❡♠ ✉♠ ❣❡❧ ✉s❛❞♦ ♥♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❙❛♥❣❡r
❝♦♠♣❛r❛❞♦ ❝♦♠ ♦s ♣✐❝♦s ✢✉♦r❡s❝❡♥t❡s ❞♦ ♣r♦❝❡ss♦ ❛✉t♦♠❛t✐③❛❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽

✺✳✶ ❈✉r✈❛ ❞❡ r❛r❡❢❛çã♦ ♣❛r❛ ❛ ❛♠♦str❛ ❋❙✸✾✻ ❜❛s❡❛❞❛ ❡♠ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♣❛r❡s✳
❆ r❛r❡❢❛çã♦ é ❛♣r❡s❡♥t❛❞❛ ♣❛r❛ ❖❚❯s q✉❡ ❝♦♥t❡♠ s❡q✉ê♥❝✐❛s ú♥✐❝❛ ❡ ♣❛r❛
❖❚❯s ❝♦♠ ❞✐❢❡r❡♥ç❛s ❞❡ ❛té ✶✪✱ ✷✪✱ ✸✪✱ ✺✪ ♦✉ ✶✵✪ ❬✻✾❪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✻✳✶ ❍✐st♦❣r❛♠❛ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❞❡ ❣ê♥❡r♦s ❞❛s s❡q✉ê♥❝✐❛s ❞❛ ❛♠♦str❛ ❩❈✶ ♦❜✲
t✐❞❛s ♣❡❧♦ ▼●✲❘❆❙❚✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✸

✻✳✷ ❍✐st♦❣r❛♠❛ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❞❡ ❣ê♥❡r♦s ❞❛s s❡q✉ê♥❝✐❛s ❞❛ ❛♠♦str❛ ❩❈✷ ♦❜✲
t✐❞❛s ♣❡❧♦ ▼●✲❘❆❙❚✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✸

✻✳✸ ❈✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ♦❜t✐❞❛s ♣❡❧♦ ▼●✲❘❆❙❚✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✹
✻✳✹ ●ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞❛ ❛♠♦str❛ ❩❈✶ ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ◆❇❈✳ ✳ ✳ ✳ ✳ ✳ ✹✺
✻✳✺ ●ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞❛ ❛♠♦str❛ ❩❈✷ ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ◆❇❈✳ ✳ ✳ ✳ ✳ ✳ ✹✻
✻✳✻ ❍✐st♦❣r❛♠❛ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❞❡ ❣ê♥❡r♦s ❞❛s s❡q✉ê♥❝✐❛s ❞❛ ❛♠♦str❛ ❩❈✶ ❡♥✲

❝♦♥tr❛❞❛s ♣❡❧♦ ■♥❢❡r♥❛❧ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❉❛❞♦s ❞♦ ❘❉P✱ ❡①tr❛í❞♦s ❞❛
❝❧❛ss✐✜❝❛çã♦ ❝♦♠ ✉♠ ❧✐♠✐t❡ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽

✻✳✼ ❍✐st♦❣r❛♠❛ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❞❡ ❣ê♥❡r♦s ❞❛s s❡q✉ê♥❝✐❛s ❞❛ ❛♠♦str❛ ❩❈✷ ❡♥✲
❝♦♥tr❛❞❛s ♣❡❧♦ ■♥❢❡r♥❛❧ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❉❛❞♦s ❞♦ ❘❉P✱ ❡①tr❛í❞♦s ❞❛
❝❧❛ss✐✜❝❛çã♦ ❝♦♠ ✉♠ ❧✐♠✐t❡ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽

✻✳✽ ❈✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❞❛ ❛♠♦str❛ ❩❈✶✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾
✻✳✾ ❈✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❞❛ ❛♠♦str❛ ❩❈✷✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾
✻✳✶✵ ●ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞❛ ❛♠♦str❛ ❩❈✶ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❙✇✐ss✲♣r♦t✳ ✳ ✳ ✳ ✺✶
✻✳✶✶ ●ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞❛ ❛♠♦str❛ ❩❈✷ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❙✇✐ss✲♣r♦t✳ ✳ ✳ ✳ ✺✶
✻✳✶✷ ❈✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ✺✵✵ s✉❜❛♠♦str❛s ❞❡ ❩❈✶ ❡ ❩❈✷ ❝♦♠ ♦s

r❡s✉❧t❛❞♦s ❞♦ ❇▲❆❙❚ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❙✇✐ss✲♣r♦t✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷
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✻✳✶✸ ❈✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ✶✵✵✵ s✉❜❛♠♦str❛s ❞❡ ❩❈✶ ❡ ❩❈✷ ❝♦♠
♦s r❡s✉❧t❛❞♦s ❞♦ ❇▲❆❙❚ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❙✇✐ss✲♣r♦t✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷

✻✳✶✹ ●ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞❛ ❛♠♦str❛ ❩❈✶ ❝♦♥tr❛ ✶✵✪ ❞♦ ❜❛♥❝♦ ◆❘✳ ✳ ✳ ✳ ✺✹
✻✳✶✺ ●ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞❛ ❛♠♦str❛ ❩❈✷ ❝♦♥tr❛ ✶✵✪ ❞♦ ❜❛♥❝♦ ◆❘✳ ✳ ✳ ✳ ✺✹
✻✳✶✻ ❈✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❣❡r❛❞❛ ❛ ♣❛rt✐r ❞❡ ✶✵✵✵ s✉❜❛♠♦str❛s ❞❡ ❩❈✶ ❡ ❩❈✷

❝♦♠ ♦s r❡s✉❧t❛❞♦s ❞♦ ❇▲❆❙❚ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ◆❘✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺
✻✳✶✼ ●ê♥❡r♦s ♠❛✐s ❢r❡q✉❡♥t❡s ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ◆❇❈ ♣❛r❛ ♦s ❞❛❞♦s s✐♠✉❧❛❞♦s✳ ✳ ✺✽
✻✳✶✽ ❖s ❞❡③ ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞♦s ❞❛❞♦s s✐♠✉❧❛❞♦s✱ ❡ s✉❛s r❡s♣❡❝t✐✈❛s

♣♦r❝❡♥t❛❣❡♥s ❞❡ ❛❜✉♥❞â♥❝✐❛✱ ❝♦♠♣❛r❛❞❛s ❝♦♠ ❛s ✐❞❡♥t✐✜❝❛❞❛s ♣❡❧♦ ◆❈❇■✲
◆❘✱ ❙✇✐ss✲Pr♦t ❡ ▼●✲❘❆❙❚✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

✻✳✶✾ ❊rr♦ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❝♦♥s✐❞❡r❛♥❞♦ ♦s n ♣r✐♠❡✐r♦s ❤✐ts ❞♦ ❙✇✐ss Pr♦t✳ ✳ ✳ ✳ ✳ ✻✸
✻✳✷✵ ❊rr♦ ❞❡ ♣♦s✐çã♦ r❡❧❛t✐✈❛ ❝♦♥s✐❞❡r❛♥❞♦ ♦s n ♣r✐♠❡✐r♦s ❤✐ts ❞♦ ❙✇✐ss Pr♦t✳ ✳ ✳ ✻✹
✻✳✷✶ ❊rr♦ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❝♦♥s✐❞❡r❛♥❞♦ ♦s n ♣r✐♠❡✐r♦s ❤✐ts ❞♦ ◆❈❇■✲◆❘✳ ✳ ✳ ✳ ✳ ✻✹
✻✳✷✷ ❊rr♦ ❞❡ ♣♦s✐çã♦ r❡❧❛t✐✈❛ ❝♦♥s✐❞❡r❛♥❞♦ ♦s n ♣r✐♠❡✐r♦s ❤✐ts ❞♦ ◆❈❇■✲◆❘✳ ✳ ✳ ✻✺
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❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

❉❡s❞❡ ❛ ❞é❝❛❞❛ ❞❡ ✶✾✼✵✱ ♦s ❡st✉❞♦s ❞❡ ❣❡♥♦♠❛s ✈ê♠ ♣❛ss❛♥❞♦ ♣♦r ❞✐✈❡rs♦s ❛✈❛♥ç♦s✳
❚❡❝♥♦❧♦❣✐❛s ♠❛✐s ❡✜❝✐❡♥t❡s ❛❝❡❧❡r❛r❛♠ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ♠✐❧❤❛r❡s ❞❡ ❡s♣é❝✐❡s✱ ❡ ❡ss❛
ár❡❛ ❝♦♥t✐♥✉❛ ❝r❡s❝❡♥❞♦✳ ❊ss❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❣❡♥♦♠❛s✱ ♥♦ ❡♥t❛♥t♦✱ é ❢❡✐t♦ ❛ ♣❛rt✐r
❞♦ ✐s♦❧❛♠❡♥t♦ ❞❡ ✉♠ ♦r❣❛♥✐s♠♦ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❡st✉❞á✲❧♦ ❛ ❢✉♥❞♦✱ ❞❡s❝♦❜r✐r ♦ ❣❡♥♦♠❛
❞❡ss❡ ♦r❣❛♥✐s♠♦✱ ♦s ❣❡♥❡s q✉❡ ♦ ❝♦♠♣õ❡ ❡ s✉❛s ❝♦♥tr✐❜✉✐çõ❡s ♣❛r❛ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ss❡
♦r❣❛♥✐s♠♦ ❡s♣❡❝í✜❝♦✳

❘❡❝❡♥t❡♠❡♥t❡✱ ✉♠❛ ♥♦✈❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❣❡♥♦♠❛s ✈❡♠ ❣❛✲
♥❤❛♥❞♦ ❢♦rç❛✱ ❝❤❛♠❛❞❛ ❞❡ ♠❡t❛❣❡♥ô♠✐❝❛✳ ❊♠ ♠❡t❛❣❡♥ô♠✐❝❛ ❡st✉❞❛♠♦s ✉♠ ❛♠❜✐❡♥t❡✳
❯♠❛ ❛♠♦str❛ ♥❛t✉r❛❧ é ❝♦❧❡t❛❞❛ ❡ ❞❡ss❛ ❛♠♦str❛✱ ♦ ♠❛t❡r✐❛❧ ❣❡♥ét✐❝♦ ❡♥❝♦♥tr❛❞♦ ♥❡❧❛ é
s❡q✉❡♥❝✐❛❞♦✳ ❆ ♣❛rt✐r ❞❡ss❡ s❡q✉❡♥❝✐❛♠❡♥t♦ é q✉❡ ❡st✉❞❛♠♦s ❛ ❝♦♠♣♦s✐çã♦ ❞❛ ♣♦♣✉❧❛çã♦
❞❡ s❡r❡s ✈✐✈♦s ❞❡ss❡ ❛♠❜✐❡♥t❡✱ ❛s ❢✉♥çõ❡s q✉❡ ❡❧❡s ❞❡s❡♠♣❡♥❤❛♠ ❡♥tr❡ s✐ ❡ ❝♦♠♦ ✐♥t❡r❛✲
❣❡♠ ❝♦♠ ♦ ❛♠❜✐❡♥t❡ ❡♠ q✉❡ ✈✐✈❡♠✳ ❊ss❛ ❛❜♦r❞❛❣❡♠ ❛❜r❡ ✉♠ ❧❡q✉❡ ❞❡ ♦♣♦rt✉♥✐❞❛❞❡s ❞❡
❡st✉❞♦ s♦❜r❡ ♦s ♠❛✐s ❞✐✈❡rs♦s ❛♠❜✐❡♥t❡s✳

▼♦t✐✈❛❞♦s ♣♦r ❡ss❛ ♥♦✈❛ ❛❜♦r❞❛❣❡♠✱ ❝♦❧❛❜♦r❛♠♦s ❝♦♠ ♦ ♣r♦❥❡t♦ ❊st✉❞♦s ❞❛ ❞✐✈❡r✲
s✐❞❛❞❡ ♠✐❝r♦❜✐❛♥❛ ❞♦ P❛rq✉❡ ❩♦♦❧ó❣✐❝♦ ❞♦ ❊st❛❞♦ ❞❡ ❙ã♦ P❛✉❧♦✱ ❞♦ ❞❡♣❛rt❛♠❡♥t♦ ❞❡
❜✐♦q✉í♠✐❝❛ ❞♦ ✐♥st✐t✉t♦ ❞❡ q✉í♠✐❝❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❞❡ ❙ã♦ P❛✉❧♦✳ ❚r❛❜❛❧❤❛♠♦s ❝♦♠ ❞♦✐s
❝♦♥❥✉♥t♦s ❞❡ ❛♠♦str❛s ❞❡ ✉♠❛ ✉♥✐❞❛❞❡ ❞❡ ❝♦♠♣♦st❛❣❡♠ ❞♦ ③♦♦❧ó❣✐❝♦✳ ❆ ❝♦♠♣♦st❛❣❡♠
é ✉♠ ♣r♦❝❡ss♦ q✉❡ ❛♣r♦✈❡✐t❛ ♠❛tér✐❛ ♦r❣â♥✐❝❛ ❞❡ ❞✐✈❡rs❛s ♦r✐❣❡♥s✱ ❞❡s❞❡ ❡①❝r❡♠❡♥t♦s ❞❡
❛♥✐♠❛✐s ❛ ❣❛❧❤♦s ❞❡ ár✈♦r❡s✱ ❡ tr❛♥s❢♦r♠❛ ❡♠ ❢❡rt✐❧✐③❛❞♦r ♣❛r❛ ár❡❛s ❛❣rí❝♦❧❛s✳ ❊ss❡ ♠❛✲
t❡r✐❛❧ t❡♠ ✉♠❛ ❣r❛♥❞❡ r✐q✉❡③❛ ♠✐❝r♦❜✐♦❧ó❣✐❝❛ ❡ ❝♦♥❤❡❝❡r ❛s ❡s♣é❝✐❡s q✉❡ ♦ ❝♦♠♣õ❡ ♣♦❞❡
r❡✈❡❧❛r ♠✉✐t♦ s♦❜r❡ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ss❡ ♣r♦❝❡ss♦✳

❆s ❝♦♠♣❧❡①❛s ❝♦♥❞✐çõ❡s ♥❛t✉r❛✐s ❡①✐st❡♥t❡s ❞✉r❛♥t❡ ❛ ❝♦♠♣♦st❛❣❡♠ t♦r♥❛♠ ♦ ❛♠❜✐❡♥t❡
❞✐❢í❝✐❧ ❞❡ s❡r r❡♣r♦❞✉③✐❞♦ ❡♠ ❧❛❜♦r❛tór✐♦✳ ❆❧é♠ ❞✐ss♦✱ ❛❧❣✉♥s ♦r❣❛♥✐s♠♦s ♥ã♦ ♣♦❞❡♠
s❡r ❝✉❧t✐✈❛❞♦s ✐s♦❧❛❞❛♠❡♥t❡✱ ❞❡♣❡♥❞❡♥❞♦ ❞❡ ♦✉tr♦s ♣❛r❛ s♦❜r❡✈✐✈❡r✳ P♦r ✐ss♦✱ ❛♥❛❧✐s❛r
❛♠♦str❛s ❡①tr❛í❞❛s ❞✐r❡t❛♠❡♥t❡ ❞♦ ❛♠❜✐❡♥t❡ ♥❛t✉r❛❧ é ✉♠❛ ♠❡❧❤♦r ♦♣çã♦✳

❆ ♠❡t❛❣❡♥ô♠✐❝❛ é ✉♠❛ ár❡❛ ❞❡ ❡st✉❞♦s ❡①t❡♥s❛ ❡ r❡❝❡♥t❡✱ ❡ tr❛③ ❞✐✈❡rs❛s ❞✐✜❝✉❧❞❛✲

✶



✷

❞❡s✳ ❖ ♦❜❥❡t✐✈♦ ❞❡st❡ tr❛❜❛❧❤♦ é ❢♦❝❛r ❡♠ ✉♠❛ ♣❛rt❡ ❞❡ss❡ ❡st✉❞♦✱ ♠❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡
♥❛ ❛♥á❧✐s❡ ❞❡ ❞✐✈❡rs✐❞❛❞❡✱ q✉❛✐s ♦r❣❛♥✐s♠♦s ❝♦♠♣õ❡♠ ❛s ❛♠♦str❛s ❡ q✉❛✐s s✉❛s ♣♦♣✉❧❛✲
çõ❡s r❡❧❛t✐✈❛s✱ ❜❡♠ ❝♦♠♦ ❛✈❛❧✐❛r ♠ét♦❞♦s ❥á ❡①✐st❡♥t❡s ❝♦♠ ❞❛❞♦s r❡❛✐s ❞♦ ♣r♦❝❡ss♦ ❞❡
❝♦♠♣♦st❛❣❡♠✳

❖ t❡①t♦ ❞❡ss❛ ❞✐ss❡rt❛çã♦ ❡stá ♦r❣❛♥✐③❛❞♦ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✳ ❖ ❈❛♣ít✉❧♦ ✷ ❛♣r❡s❡♥t❛
✉♠❛ sér✐❡ ❞❡ ❝♦♥❝❡✐t♦s ❜ás✐❝♦s ❛ ✜♠ ❞❡ ✐♥tr♦❞✉③✐r ♠❡❧❤♦r ♦ ❝♦♥t❡①t♦ ❡♠ q✉❡ ♦ tr❛❜❛❧❤♦
❡stá ✐♥s❡r✐❞♦✳ ❖ ❈❛♣ít✉❧♦ ✸ ❞❡s❝r❡✈❡ ♦s ❞✐✈❡rs♦s ♣❛ss♦s ❞❡ ✉♠ ♣r♦❥❡t♦ ❞❡ ♠❡t❛❣❡♥ô♠✐❝❛
❡ s✉❛s ❞✐❢❡r❡♥ç❛s ❝♦♠ ♣r♦❥❡t♦s ❞❡ ❣❡♥ô♠✐❝❛ tr❛❞✐❝✐♦♥❛✐s✳ ❖ ❈❛♣ít✉❧♦ ✹ ♠♦str❛ ❛❧❣✉♥s
♣r♦❣r❛♠❛s ❡ ❢❡rr❛♠❡♥t❛s ❥á ❞❡s❡♥✈♦❧✈✐❞❛s ♣❛r❛ ❛ ❝❧❛ss✐✜❝❛çã♦ ❡ ❛♥á❧✐s❡ ❞❡ ❞✐✈❡rs✐❞❛❞❡ ❞❡
♠❡t❛❣❡♥♦♠❛s✳ ❖ ❈❛♣ít✉❧♦ ✺ tr❛③ ❝♦♥❝❡✐t♦s ♠❛✐s ❡s♣❡❝í✜❝♦s s♦❜r❡ ❛ ❛♥á❧✐s❡ ❞❡ ❞✐✈❡rs✐❞❛❞❡ ❡
♠♦str❛ ✉♠❛ sér✐❡ ❞❡ ❡st✉❞♦s ❞❡ ❝❛s♦ ❡♠ q✉❡ ❡ss❡s ❝♦♥❝❡✐t♦s ❢♦r❛♠ ✉t✐❧✐③❛❞♦s✳ ❖ ❈❛♣ít✉❧♦ ✻
❞✐s❝✉t❡ ❛ ❛♥á❧✐s❡ ❞❡ ❞✐✈❡rs✐❞❛❞❡ ❢❡✐t❛ ❡♠ ❝✐♠❛ ❞♦s ❞❛❞♦s ❞❛ ❝♦♠♣♦st❛❣❡♠ ❞♦ ❩♦♦❧ó❣✐❝♦
❞❡ ❙ã♦ P❛✉❧♦✳ ❋✐♥❛❧♠❡♥t❡✱ ♦ ❈❛♣ít✉❧♦ ✼ ❛♣r❡s❡♥t❛ ❛s ❝♦♥❝❧✉sõ❡s ❞❛ ❞✐ss❡rt❛çã♦ ❡ ♣r♦♣õ❡
❛❧❣✉♠❛s ❡①t❡♥sõ❡s ♣❛r❛ ♦ tr❛❜❛❧❤♦✳



❈❛♣ít✉❧♦ ✷

❈♦♥❝❡✐t♦s ❇ás✐❝♦s

◆❡st❡ ❈❛♣ít✉❧♦ ❢❛r❡♠♦s ✉♠❛ ❜r❡✈❡ ❞❡s❝r✐çã♦ ❞❡ ❛❧❣✉♥s ❝♦♥❝❡✐t♦s ❜ás✐❝♦s ❝♦♠ ♦s q✉❛✐s
❧✐❞❛♠♦s ♥❡st❡ tr❛❜❛❧❤♦✳

✷✳✶ ●❡♥ét✐❝❛

❯♠ ♥✉❝❧❡♦tí❞❡♦ é ✉♠❛ ♠♦❧é❝✉❧❛ ❝♦♠♣♦st❛ ♣♦r ✉♠ ❛çú❝❛r ❝❤❛♠❛❞♦ ♣❡♥t♦s❡✱ ✉♠ ❣r✉♣♦
❢♦s❢❛t♦ ❡ ✉♠❛ ❜❛s❡ ♥✐tr♦❣❡♥❛❞❛ ❬✷✺❪✳ ◆✉❝❧❡♦tí❞❡♦s sã♦ ❞✐❢❡r❡♥❝✐❛❞♦s ♣❡❧❛ ❜❛s❡ ♥✐tr♦❣❡♥❛❞❛
q✉❡ ♦s ❝♦♠♣õ❡♠✱ q✉❡ ♣♦❞❡ s❡r✿ ❛❞❡♥✐♥❛✱ ❝✐t♦s✐♥❛✱ ❣✉❛♥✐♥❛✱ t✐♠✐♥❛ ♦✉ ✉r❛❝✐❧❛✳ ❆ ♣❡♥t♦s❡
❞❡ ✉♠ ♥✉❝❧❡♦tí❞❡♦ ♣♦❞❡ s❡ ❧✐❣❛r ❛♦ ❣r✉♣♦ ❢♦s❢❛t♦ ❞❡ ✉♠ ♦✉tr♦✱ ❢♦r♠❛♥❞♦ ✉♠❛ ❝❛❞❡✐❛✳
❯♠❛ ❝❛❞❡✐❛ ❢♦r♠❛❞❛ ♣♦r ✈ár✐♦s ♥✉❝❧❡♦tí❞❡♦s é ❝❤❛♠❛❞❛ ❞❡ ♣♦❧✐♥✉❝❧❡♦tí❞❡♦✳

❊①✐st❡♠ ❞♦✐s t✐♣♦s ❞❡ ♣♦❧✐♥✉❝❧❡♦tí❞❡♦s q✉❡ ❛r♠❛③❡♥❛♠ ✐♥❢♦r♠❛çõ❡s ❣❡♥ét✐❝❛s✿ ♦ ❉◆❆
✭á❝✐❞♦ ❞❡s♦①✐rr✐❜♦♥✉❝❧❡í❝♦✮ ❡ ♦ ❘◆❆ ✭á❝✐❞♦ r✐❜♦♥✉❝❧é✐❝♦✮✳ ❙✉❛s ❡str✉t✉r❛s sã♦ r❡♣r❡s❡♥✲
t❛❞❛s ♥❛ ❋✐❣✉r❛ ✷✳✶✳

❖ ❉◆❆ é ❢♦r♠❛❞♦ ♣♦r ❞✉❛s ✜t❛s ❞❡ ♥✉❝❧❡♦tí❞❡♦s✱ ❡ ❛ ♣❡♥t♦s❡ q✉❡ ♦ ❝♦♥st✐t✉✐ é ❛
❞❡s♦①✐rr✐❜♦s❡✳ ❆s ❞✉❛s ✜t❛s ❞♦ ❉◆❆ sã♦ ✉♥✐❞❛s ❛tr❛✈és ❞❡ ♣♦♥t❡s ❞❡ ❤✐❞r♦❣ê♥✐♦ ❢♦r♠❛❞❛s
❡♥tr❡ ❛s s✉❛s q✉❛tr♦ ❜❛s❡s ♥✐tr♦❣❡♥❛❞❛s✳ ❆ ❛❞❡♥✐♥❛ s❡♠♣r❡ ❢♦r♠❛ ♣♦♥t❡s ❞❡ ❤✐❞r♦❣ê♥✐♦
❝♦♠ ❛ t✐♠✐♥❛✱ ❡ ❛ ❝✐t♦s✐♥❛ ❝♦♠ ❛ ❣✉❛♥✐♥❛✳ ❆s ❞✉❛s ✜t❛s ❞❡ ❉◆❆ sã♦ ❞✐t❛s ❝♦♠♣❧❡♠❡♥t❛r❡s✱
❡ s❡♠♣r❡ é ♣♦ssí✈❡❧ ❝♦♥str✉✐r ✉♠❛ ✜t❛ ❛ ♣❛rt✐r ❞❛ ♦✉tr❛✳ ❆ s❡q✉ê♥❝✐❛ ❞❡ ❜❛s❡s ♥✐tr♦❣❡♥❛❞❛s
❛♦ ❧♦♥❣♦ ❞❛ ❝❛❞❡✐❛ ❞❡ ❉◆❆ ❝♦♥st✐t✉✐ ❛ ✐♥❢♦r♠❛çã♦ ❣❡♥ét✐❝❛✳

❖ ❘◆❆ é ❝♦♠♣♦st♦ ♣♦r ❛♣❡♥❛s ✉♠❛ ✜t❛ ❡ s✉❛ ♣❡♥t♦s❡ é ❛ r✐❜♦s❡✳ ❆ ❜❛s❡ ♥✐tr♦❣❡♥❛❞❛
t✐♠✐♥❛✱ ❡①❝❧✉s✐✈❛ ❞♦ ❉◆❆✱ é s✉❜st✐t✉í❞❛ ♣❡❧❛ ✉r❛❝✐❧❛✱ ❡①❝❧✉s✐✈❛ ❞♦ ❘◆❆✳ ❯♠❛ ✜t❛ ❞❡ ❘◆❆
♣♦❞❡ s❡ ❞♦❜r❛r ❞❡ t❛❧ ❢♦r♠❛ q✉❡ ♣❛rt❡ ❞❡ s✉❛s ♣ró♣r✐❛s ❜❛s❡s ♥✐tr♦❣❡♥❛❞❛s s❡ ♣❛r❡✐❛♠
✉♠❛s ❝♦♠ ❛s ♦✉tr❛✳ ❊ss❡ ♣❛r❡❛♠❡♥t♦ ✐♥tr❛♠♦❧❡❝✉❧❛r é ✉♠ ❢❛t♦r ✐♠♣♦rt❛♥t❡ ♥♦ ❢♦r♠❛t♦
tr✐❞✐♠❡♥s✐♦♥❛❧ ❞♦ ❘◆❆✱ q✉❡ é ❝❛♣❛③ ❞❡ ❛ss✉♠✐r ✉♠❛ ✈❛r✐❡❞❛❞❡ ♠❛✐♦r ❞❡ ❢♦r♠❛s ❝♦♠♣❧❡①❛s
❞♦ q✉❡ ❛ ❞✉♣❧❛ ❤é❧✐❝❡ ❞❡ ❉◆❆✳

●❡♥ét✐❝❛ é ✉♠ r❛♠♦ ❞❛ ❜✐♦❧♦❣✐❛ q✉❡ ❡st✉❞❛ ♦s ❣❡♥❡s✳ ●❡♥❡s sã♦ ❛s ✉♥✐❞❛❞❡s ♦r❣â♥✐❝❛s

✸
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❋✐❣✉r❛ ✷✳✶✿ ❊str✉t✉r❛ ❞❛s ♠♦❧é❝✉❧❛s ❞❡ ❉◆❆ ❡ ❘◆❆✳

❜ás✐❝❛s q✉❡ ❝♦♥té♠ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❢ís✐❝❛s ❡ ❝♦♠♣♦rt❛♠❡♥t❛✐s ❞❡ ✉♠
♦r❣❛♥✐s♠♦ ❡ sã♦ ♣❛ss❛❞❛s ❞❡ ❣❡r❛çã♦ ♣❛r❛ ❣❡r❛çã♦✳ ❊ss❛s ✐♥❢♦r♠❛çõ❡s sã♦ ✉s❛❞❛s ♣r❛ ❝r✐❛r
♣r♦t❡í♥❛s q✉❡ ❝♦♥str♦❡♠ ❡ r❡❣✉❧❛♠ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛s ❝é❧✉❧❛s ❡ ❞♦ ♦r❣❛♥✐s♠♦ ❝♦♠ ✉♠
t♦❞♦✳ ❖s ❣❡♥❡s sã♦ r❡❣✐õ❡s ❞❡ ♠♦❧é❝✉❧❛s ❞❡ ❉◆❆ q✉❡ s❡ ❡♥❝♦♥tr❛♠ ♥♦ ✐♥t❡r✐♦r ❞❡ ❝❛❞❛
❝é❧✉❧❛✳

✷✳✷ ❊①♣r❡ssã♦ ●ê♥✐❝❛

P❛r❛ ♣r♦❞✉③✐r ♣r♦t❡í♥❛s ❛ ♣❛rt✐r ❞♦ ❝ó❞✐❣♦ ❣❡♥ét✐❝♦✱ ❛❝♦♥t❡❝❡ ✉♠❛ sér✐❡ ❞❡ tr❛♥s❢♦r♠❛✲
çõ❡s ❜✐♦q✉í♠✐❝❛s ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❡①♣r❡ssã♦ ❣ê♥✐❝❛✳ ❯♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❜❛s❡s ❞♦ ❉◆❆
é ❧✐❞❛ ❡ s❡❣♠❡♥t♦s ❞♦ ❝ó❞✐❣♦ sã♦ tr❛❞✉③✐❞♦s ❡♠ ❛♠✐♥♦á❝✐❞♦s q✉❡ ❥✉♥t♦s ❢♦r♠❛rã♦ ✉♠❛
♣r♦t❡í♥❛ ❬✷✺❪✳

❖ ♣r♦❝❡ss♦ ❞❡ sí♥t❡s❡ ❞❡ ❘◆❆ ❛ ♣❛rt✐r ❞❡ ✉♠ ❣❡♥❡ ❝♦❞✐✜❝❛❞♦ ♥♦ ❉◆❆ é ❝❤❛♠❛❞♦ ❞❡
tr❛♥s❝r✐çã♦✳ ❯♠❛ ❡♥③✐♠❛ ❝❤❛♠❛❞❛ ❘◆❆ ♣♦❧✐♠❡r❛s❡ s❡ ❧✐❣❛ ❛♦ ❣❡♥♦♠❛ ❡♠ ✉♠ ♠❛r❝❛❞♦r
❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ♣r♦♠♦t♦r ❡ ❝♦♠❡ç❛ ❛ ♣r♦❝❡ss❛r ♦ ❉◆❆✱ ❢♦r♠❛♥❞♦ ✉♠ ❝♦♠♣❧❡①♦ ❞❡ tr❛♥s✲
❝r✐çã♦✳ ❆ ♣❛rt✐r ❞❡st❡ ❝♦♠♣❧❡①♦✱ ✉♠❛ ✜t❛ ❞❡ ❘◆❆ é ❢♦r♠❛❞❛ ❝♦♠ ❜❛s❡ ♥❛ s❡q✉ê♥❝✐❛ ❞❡
♥✉❝❧❡♦tí❞❡♦s ❞♦ ❉◆❆✳ ❊ss❡ ❘◆❆ é ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ♠❘◆❆ ♦✉ ❘◆❆ ♠❡♥s❛❣❡✐r♦✳ ❊①✐st❡♠
❞♦✐s ♦✉tr♦s t✐♣♦s ❞❡ ❘◆❆✿ r❘◆❆ ✭❘◆❆ r✐❜♦ss♦♠❛❧✮ ❡ t❘◆❆ ✭❘◆❆ tr❛♥s♣♦rt❛❞♦r✮✱ q✉❡
t❛♠❜é♠ sã♦ ❣❡r❛❞♦s ❛ ♣❛rt✐r ❞♦ ❉◆❆✱ ❡ sã♦ ✉t✐❧✐③❛❞♦s ♥❛ ❢❛s❡ ❞❡ tr❛❞✉çã♦✱ ❞❡s❝r✐t❛ ♠❛✐s
❛❞✐❛♥t❡✳

❊♠ ♦r❣❛♥✐s♠♦ ♣r♦❝❛r✐♦t♦s✱ ❝♦♠♦ ❛s ❜❛❝tér✐❛s ❡ ❛rq✉❡♦❜❛❝tér✐❛s✱ ♦ ♠❘◆❆ ♥ã♦ s♦❢r❡
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♠❛✐s ❛❧t❡r❛çõ❡s✳ ◆♦s ❡✉❝❛r✐♦t♦s ♦ ♠❘◆❆ é ♣r♦❝❡ss❛❞♦ ♣❛r❛ ❛ ❛❞✐çã♦ ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛
❞❡ ❜❛s❡s ❛❞❡♥✐♥❛✱ ❝❤❛♠❛❞❛ ❞❡ ♣♦❧✐✲❆✱ q✉❡ ❞á ♠❛✐♦r ❡st❛❜✐❧✐❞❛❞❡ ♣❛r❛ ♦ ❘◆❆✳ ❚❛♠❜é♠
é ❢❡✐t♦ ♦ s♣❧✐❝✐♥❣✱ ✉♠ ♣r♦❝❡ss♦ ❞❡ r❡♠♦çã♦ ❞❡ í♥tr♦♥s✱ q✉❡ sã♦ r❡❣✐õ❡s ♥ã♦✲❝♦❞✐✜❝❛❞♦r❛s
❞♦ ❉◆❆✱ ❞❡✐①❛♥❞♦ ❛♣❡♥❛s ❛s r❡❣✐õ❡s ❝♦❞✐✜❝❛❞♦r❛s✱ ❝❤❛♠❛❞❛s ❞❡ é①♦♥s✳ ◆❡ss❡ ♣r♦❝❡ss♦✱
♥❡♠ t♦❞♦s ♦s é①♦♥s sã♦ ♣r❡s❡r✈❛❞♦s✱ ❡ ✉♠❛ ♠❡s♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❉◆❆ é ❝❛♣❛③ ❞❡ ❣❡r❛r
❞✐❢❡r❡♥t❡s ♠❘◆❆s✱ ♦ q✉❡ ❛❝❛❜❛ ❛✉♠❡♥t❛♥❞♦ ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❣❡♥ét✐❝❛ ❞❡ss❡s ♦r❣❛♥✐s♠♦s✳

❋✐❣✉r❛ ✷✳✷✿ ❈ó❞✐❣♦ ❣❡♥ét✐❝♦ ✉t✐❧✐③❛❞♦ ♣❡❧❛ ♠❛✐♦r✐❛ ❞♦s ♦r❣❛♥✐s♠♦s✳ ❆ ♦r❞❡♠ ❞❛s ❜❛s❡s
❞❡ ✉♠ ❝ó❞♦♥ é ❧✐❞❛ ❞♦ ❝❡♥tr♦ ♣❛r❛ ❛s ❡①tr❡♠✐❞❛❞❡s✳ ❖ ❛♠✐♥♦á❝✐❞♦ ▼❡t✐♦♥✐♥❛✱ ❡♠ ❛③✉❧✱ é
t❛♠❜é♠ ♦ ❝ó❞♦♥ ❞❡ ✐♥✐❝✐❛çã♦✳

❆ tr❛❞✉çã♦ é ♦ ♣r♦❝❡ss♦ ❞❡ sí♥t❡s❡ ❞❡ ♣r♦t❡í♥❛s ❛ ♣❛rt✐r ❞❡ ✉♠ ♠❘◆❆✱ ❡ s❡ ❜❛s❡✐❛ ❡♠
❝♦♥❥✉♥t♦s ❞❡ tr✐♣❧❛s ❞❡ ♥✉❝❧❡♦tí❞❡♦s ❝❤❛♠❛❞♦s ❝ó❞♦♥s✳ ❊①✐st❡♠ 43 = 64 ❝ó❞♦♥s ❞✐❢❡r❡♥t❡s✱
❡ ❝❛❞❛ ✉♠ ✐❞❡♥t✐✜❝❛ ✉♠ ❛♠✐♥♦á❝✐❞♦✱ ♥♦ ❡♥t❛♥t♦✱ ✉♠ ❛♠✐♥♦á❝✐❞♦ ♣♦❞❡ s❡r ✐❞❡♥t✐✜❝❛❞♦
♣♦r ♠❛✐s ❞❡ ✉♠ ❝ó❞♦♥✱ ✉♠❛ ✈❡③ q✉❡ ❡①✐st❡♠ ✷✵ ❛♠✐♥♦á❝✐❞♦s ❞✐st✐♥t♦s✳ ❯♠ ❝ó❞♦♥ ♣♦❞❡
t❛♠❜é♠ t❡r ✉♠ s✐❣♥✐✜❝❛❞♦ ❡s♣❡❝✐❛❧✱ ♠❛r❝❛♥❞♦ ♦ ✐♥í❝✐♦ ♦✉ ✜♥❛❧ ❞❡ ✉♠❛ r❡❣✐ã♦ ❞❡ tr❛❞✉çã♦
✭st❛rt✲❝♦❞♦♥ ❡ st♦♣✲❝♦❞♦♥✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮✳

❊①✐st❡♠ t❛❜❡❧❛s q✉❡ ❞❡s❝r❡✈❡♠ ❛ r❡❧❛çã♦ ❡♥tr❡ ✉♠ ❝ó❞♦♥ ❡ ♦ s❡✉ ❛♠✐♥♦á❝✐❞♦ ❝♦rr❡s✲
♣♦♥❞❡♥t❡✳ ◆❛ ♣á❣✐♥❛ ❞♦ ◆❈❇■ ✶ ♣♦❞❡♠♦s ❡♥❝♦♥tr❛r ✶✼ t❛❜❡❧❛s✳ ❆ ❋✐❣✉r❛ ✷✳✷ ♠♦str❛ ✉♠❛
r❡♣r❡s❡♥t❛çã♦ ❞❛ ❚❛❜❡❧❛ ♥ú♠❡r♦ ✶ ❞❛ ♣á❣✐♥❛ ❞♦ ◆❈❇■✱ q✉❡ é ♦ ♣❛❞rã♦ ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞♦s
♦r❣❛♥✐s♠♦s✳

❆ tr❛❞✉çã♦ ❝♦♠❡ç❛ ❝♦♠ ❛ ❧✐❣❛çã♦ ❞♦ ♠❘◆❆ ❝♦♠ ♦ r✐❜♦ss♦♠♦✱ q✉❡ é ✉♠❛ ♦r❣❛♥❡❧❛ ♥♦
✐♥t❡r✐♦r ❞❛ ❝é❧✉❧❛ r❡s♣♦♥sá✈❡❧ ♣♦r ♣❡r❝♦rr❡r ♦ ♠❘◆❆ ❛ ♣❛rt✐r ❞♦ st❛rt✲❝♦❞♦♥✳ P❛r❛ ❝❛❞❛

✶❤tt♣✿✴✴✇✇✇✳♥❝❜✐✳♥❧♠✳♥✐❤✳❣♦✈✴❚❛①♦♥♦♠②
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❝ó❞♦♥✱ ✉♠ t❘◆❆ é ❛t✐✈❛❞♦✱ ❡ss❡ ❘◆❆ tr❛♥s♣♦rt❛❞♦r é r❡s♣♦♥sá✈❡❧ ♣♦r ❧✐❣❛r ✉♠ ❝ó❞♦♥
❡s♣❡❝í✜❝♦ ❛ ✉♠ ❛♠✐♥♦á❝✐❞♦✱ ❥✉♥t❛♥❞♦✲♦ à ❝❛❞❡✐❛ ❞❡ ❛♠✐♥♦á❝✐❞♦s ❥á ❡①✐st❡♥t❡ ❡ ❢♦r♠❛♥❞♦
❛ss✐♠ ❛ ♣r♦t❡í♥❛ ❝♦❞✐✜❝❛❞❛✳

✷✳✸ ❙❡q✉❡♥❝✐❛♠❡♥t♦ ●❡♥ô♠✐❝♦

❖ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ✉♠ ❣❡♥♦♠❛ é ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❝❛❞❡✐❛ ❞❡ ♥✉❝❧❡♦tí❞❡♦s q✉❡ ♦ ❝♦♠✲
♣õ❡✳ ❊st❡ ♣r♦❝❡ss♦ ❡♥✈♦❧✈❡ ✈ár✐❛s ❡t❛♣❛✱ q✉❡ s❡rã♦ ❜r❡✈❡♠❡♥t❡ ❞❡s❝r✐t❛s ❛ s❡❣✉✐r✳

✷✳✸✳✶ Pr❡♣❛r❛çã♦ ❞♦ ▼❛t❡r✐❛❧ ●❡♥ét✐❝♦

◆♦s ♠ét♦❞♦s ❛t✉❛✐s ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ❡①✐st❡ ✉♠❛ ❧✐♠✐t❛çã♦ ❢ís✐❝❛ q✉❡ ✐♠♣❡❞❡ q✉❡ s❡❥❛♠
s❡q✉❡♥❝✐❛❞❛s ❝❛❞❡✐❛s ❞❡ ♥✉❝❧❡♦tí❞❡♦s ♠❛✐♦r❡s q✉❡ ✶✵✵✵ ❜❛s❡s✳ ❉❡✈✐❞♦ ❛ ❡ss❛ ❧✐♠✐t❛çã♦✱ ❛
❝❛❞❡✐❛ ❞❡ ♥✉❝❧❡♦tí❞❡♦s ❛ s❡r ❡st✉❞❛ é ♣r✐♠❡✐r♦ ❢r❛❣♠❡♥t❛❞❛ ❡ ❞❡♣♦✐s r❡♠♦♥t❛❞❛ ♣❛r❛ ♦❜t❡r
❛ s❡q✉ê♥❝✐❛ ♦r✐❣✐♥❛❧✳ ❊①✐st❡♠ ❞♦✐s ♠ét♦❞♦s ♣r✐♥❝✐♣❛✐s ♣❛r❛ ❢r❛❣♠❡♥t❛r ♦ ❉◆❆✿ s❤♦t❣✉♥
❡ ❞✐❣❡stã♦✳

❖ ♠ét♦❞♦ s❤♦t❣✉♥ ❝♦♥s✐st❡ ❡♠ s✉❜♠❡t❡r ♦ ❉◆❆ ❛ ❛❧t❛s t❛①❛s ❞❡ ✈✐❜r❛çõ❡s✱ ❢❛③❡♥❞♦
❝♦♠ q✉❡ ❛ ❝❛❞❡✐❛ ❞❡ ♥✉❝❧❡♦tí❞❡♦s s❡ q✉❡❜r❡ ❡♠ ✈ár✐♦s ♣♦♥t♦s ❛❧❡❛tór✐♦s✳ ❖ ♠ét♦❞♦ ❞❛
❞✐❣❡stã♦ ✉t✐❧✐③❛ ❡♥③✐♠❛s ❡s♣❡❝✐❛✐s✱ ❝❤❛♠❛❞❛s ❡♥③✐♠❛s ❞❡ r❡str✐çã♦✱ q✉❡ ❝♦rt❛♠ ♦ ❉◆❆ ❡♠
r❡❣✐õ❡s ❡s♣❡❝í✜❝❛s✱ ❝♦♥❤❡❝✐❞❛s ❝♦♠♦ sít✐♦s ❞❡ r❡str✐çã♦✳

❖s ❢r❛❣♠❡♥t♦s ♦❜t✐❞♦s sã♦ r❡♣❧✐❝❛❞♦s ❛tr❛✈és ❞❡ ✉♠ ♣r♦❝❡ss♦ ❝❤❛♠❛❞♦ ❞❡ ❛♠♣❧✐✜❝❛çã♦✳
❆ ❛♠♣❧✐✜❝❛çã♦ ♣♦❞❡ s❡r ❢❡✐t❛ t❛♥t♦ ♣♦r P❈❘ ✭P♦❧②♠❡r❛s❡ ❈❤❛✐♥ ❘❡❛❝t✐♦♥✮✱ q✉❡ ✉t✐❧✐③❛
❡♥③✐♠❛s q✉❡ s✐♥t❡t✐③❛♠ ♥♦✈❛s ✜t❛s ❞❡ ❉◆❆ ❛ ♣❛rt✐r ❞♦s ❢r❛❣♠❡♥t♦s ❡①✐st❡♥t❡s✱ q✉❛♥t♦ ♣♦r
❝❧♦♥❛❣❡♠✱ q✉❡ ✐♥s❡r❡ ♦s ❢r❛❣♠❡♥t♦s ❡♠ ❜❛❝tér✐❛s ♣❛r❛ s❡r❡♠ r❡♣❧✐❝❛❞♦s ♣♦r ❡❧❛s✳

✷✳✸✳✷ ▼ét♦❞♦s ❞❡ ❙❡q✉❡♥❝✐❛♠❡♥t♦

❆t✉❛❧♠❡♥t❡ ❡①✐st❡♠ ✈ár✐♦s ♠ét♦❞♦s ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦✳ ❖ ♠ét♦❞♦ ♠❛✐s ❝❧áss✐❝♦ q✉❡ é
❡✜❝✐❡♥t❡ ❡ s✉❥❡✐t♦ ❛ ❛✉t♦♠❛t✐③❛çã♦ é ♦ ❞❛ t❡r♠✐♥❛çã♦ ❞❡ ❝❛❞❡✐❛✳ ❊❧❡ é ❝❛♣❛③ ❞❡ ❣❡r❛r
❝❡♥t❡♥❛s ❞❡ s❡q✉ê♥❝✐❛s✱ t❛♠❜é♠ ❝❤❛♠❛❞❛s ❞❡ r❡❛❞s✱ ❞❡ t❛♠❛♥❤♦s ❡♥tr❡ ✽✵✵ ❡ ✶✵✵✵ ♣❛r❡s
❞❡ ❜❛s❡s✳ ❘❡❝❡♥t❡♠❡♥t❡✱ ❛ ❣r❛♥❞❡ ❞❡♠❛♥❞❛ ♣♦r s❡q✉❡♥❝✐❛♠❡♥t♦s ♠❛✐s ❜❛r❛t♦s ❛❝❡❧❡r♦✉
♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ t❡❝♥♦❧♦❣✐❛s ❞❡ ❛❧t♦ r❡♥❞✐♠❡♥t♦✱ q✉❡ ♣❛r❛❧❡❧✐③❛♠ ♦ ♣r♦❝❡ss♦ ❞❡ s❡✲
q✉❡♥❝✐❛♠❡♥t♦ ❡ ❣❡r❛♠ ♠✐❧❤õ❡s ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ✉♠❛ ✈❡③✳ ◆♦ ❡♥t❛♥t♦✱ ❡ss❛s t❡❝♥♦❧♦❣✐❛s
❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ s❡❣✉♥❞❛ ❣❡r❛çã♦ ♣r♦❞✉③❡♠ s❡q✉ê♥❝✐❛s ♠✉✐t♦ ♠❡♥♦r❡s✱ ❞❡ ✺✵ ❛ ✺✵✵
♣❛r❡s ❞❡ ❜❛s❡s✳ ❆ s❡❣✉✐r ♦s ♠ét♦❞♦s ♠❛✐s ❝♦♥❤❡❝✐❞♦s sã♦ ❜r❡✈❡♠❡♥t❡ ❞❡s❝r✐t♦s✿

▼ét♦❞♦ ❞❛ t❡r♠✐♥❛çã♦ ❞❡ ❝❛❞❡✐❛ ❬✻✸❪✿ t❛♠❜é♠ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ s❡q✉❡♥❝✐❛♠❡♥t♦
❙❛♥❣❡r✱ ❣❡r❛ ✈ár✐❛s ❝ó♣✐❛s ❞❡ ❝❛❞❡✐❛s ❞❡ ♥✉❝❧❡♦tí❞❡♦s q✉❡ ❞✐❢❡r❡♠ ❞❡ t❛♠❛♥❤♦ ♣♦r ❛♣❡♥❛s
✉♠❛ ❜❛s❡✱ q✉❡ ♣♦❞❡♠ s❡r s❡♣❛r❛❞❛s ❡ ♦r❞❡♥❛❞❛s✳



✷✳✸✳ ❙❡q✉❡♥❝✐❛♠❡♥t♦ ●❡♥ô♠✐❝♦ ✼

Pr✐♠❡✐r♦✱ ♦s ❢r❛❣♠❡♥t♦s ❞❡ ❉◆❆ sã♦ ✉t✐❧✐③❛❞♦s ❝♦♠♦ ♠♦❧❞❡s ♣❛r❛ ❛ sí♥t❡s❡ ❞❡ ✉♠❛ ✜t❛
❞❡ ❉◆❆ ❝♦♠♣❧❡♠❡♥t❛r✳ P❛r❛ ✐ss♦✱ sã♦ ✉t✐❧✐③❛❞♦s ♣r✐♠❡rs✱ q✉❡ sã♦ ♦❧✐❣♦♥✉❝❧❡♦tí❞❡♦s q✉❡
s❡ ❛❝♦♣❧❛♠ ❛ r❡❣✐õ❡s ❡s♣❡❝í✜❝❛s ❞♦ ❉◆❆ ❡ s❡r✈❡♠ ❞❡ ✐♥✐❝✐❛❞♦r❡s ❞❛ r❡❛çã♦ ❞❡ sí♥t❡s❡ ❞♦
❉◆❆✳ ❖❧✐❣♦♥✉❝❧❡♦tí❞❡♦s sã♦ ❢r❛❣♠❡♥t♦s ❝✉rt♦s ❞❡ ✉♠❛ ❝❛❞❡✐❛ s✐♠♣❧❡s ❞❡ á❝✐❞♦ ♥✉❝❧é✐❝♦✱
❝♦♠✉♠❡♥t❡ s✐♥t❡t✐③❛❞♦s ❡♠ ❧❛❜♦r❛tór✐♦✳

❖ ♣r♦❝❡ss♦ ❞❡ sí♥t❡s❡ ❞♦ ❉◆❆ ❝♦♠♣❧❡♠❡♥t❛r ♦❝♦rr❡ ❡♠ ✉♠❛ s♦❧✉çã♦ q✉❡ ❝♦♥té♠✿ ✉♠❛
❡♥③✐♠❛ ❝❤❛♠❛❞❛ ❉◆❆ ♣♦❧✐♠❡r❛s❡❀ ♦s q✉❛tr♦ t✐♣♦s ❞❡ ❞❡s♦①✐r✐❜♦♥✉❝❧❡♦tí❞❡♦s ✭❝♦♥t❡♥❞♦
❛s q✉❛tr♦ ❜❛s❡s ❞♦ ❉◆❆✮❀ ❡ ❛❧❣✉♥s ❞✐❞❡♦①✐♥✉❝❧❡♦tí❞❡♦s ❡q✉✐✈❛❧❡♥t❡s✱ q✉❡ s❡r✈❡♠ ❝♦♠♦
t❡r♠✐♥❛❞♦r❡s ❞❡ ❝❛❞❡✐❛✱ ♣♦✐s q✉❛♥❞♦ ✉♠ ❞❡ss❡s ❞✐❞❡♦①✐♥✉❝❧❡♦tí❞❡♦s é ❛❝♦♣❧❛❞♦ ♥❛ ✜t❛ ❞❡
❉◆❆ ❝♦♠♣❧❡♠❡♥t❛r✱ ✐♠♣❡❞❡ ❛ r❡❛çã♦ ❞❡ ❝♦♥t✐♥✉❛r✳ ❆ss✐♠✱ ❢❛③ ❝♦♠ q✉❡ ❡①✐st❛♠ ✈ár✐♦s
❢r❛❣♠❡♥t♦s ❞❡ ❉◆❆ ❝♦♠♣❧❡♠❡♥t❛r ❞❡ t❛♠❛♥❤♦s ❞✐❢❡r❡♥t❡s✱ ♣♦✐s ♦ ❞✐❞❡♦①✐♥✉❝❧❡♦tí❞❡♦ ♣♦❞❡
t❡r s✐❞♦ ❛❝♦♣❧❛❞♦ ❡♠ q✉❛❧q✉❡r ♣♦s✐çã♦✱ ❡ ❝♦♠ ✉♠ ♥ú♠❡r♦ ❣r❛♥❞❡ ❞❡ ✜t❛s ❞❡ ❉◆❆ ❡ ❞❡
♥✉❝❧❡♦tí❞❡♦s✱ ♣♦❞❡♠♦s ❡s♣❡r❛r q✉❡ t♦❞♦s ♦s t❛♠❛♥❤♦s ❞❡ ❉◆❆ ❝♦♠♣❧❡♠❡♥t❛r ♣♦ssí✈❡✐s
s❡❥❛♠ ❝♦♥str✉í❞♦s ♣❡❧❛ ❉◆❆ ♣♦❧✐♠❡r❛s❡✳

❖s ❢r❛❣♠❡♥t♦s sã♦ s❡♣❛r❛❞♦s ♣♦r t❛♠❛♥❤♦ ❡♠ ✉♠ ♣r♦❝❡ss♦ ❝❤❛♠❛❞♦ ❡❧❡tr♦❢♦r❡s❡✳
◆❡ss❡ ♣r♦❝❡ss♦✱ ❛s ❝❛❞❡✐❛s sã♦ ❝♦❧♦❝❛❞❛s ❡♠ ✉♠ ❣❡❧ ❡ é ❛♣❧✐❝❛❞❛ ✉♠ ❝❛♠♣♦ ❡❧étr✐❝♦ q✉❡
❢❛③ ❝♦♠ q✉❡ ♦s ❢r❛❣♠❡♥t♦s ♠✐❣r❡♠ ♣❛r❛ ❛ ❞✐r❡çã♦ ♦♣♦st❛ ❞♦ ❣❡❧✳ ❖s ♠❡♥♦r❡s ❢r❛❣♠❡♥t♦s
t❡♥❞❡♠ ❛ ♠✐❣r❛r ❝♦♠ ♠❛✐s ❢❛❝✐❧✐❞❛❞❡✱ ❡ ❛♦ ✜♥❛❧ ❞♦ ❡①♣❡r✐♠❡♥t♦ ❡st❛rã♦ ♠❛✐s ♣ró①✐♠❛s
❞♦ ❧❛❞♦ ♦♣♦st♦ ❞♦ ❣❡❧✳

■♥✐❝✐❛❧♠❡♥t❡✱ ❛s r❡❛çõ❡s ❝♦♠ ❛ ❉◆❆ ♣♦❧✐♠❡r❛s❡ ❡r❛♠ ❢❡✐t❛s ❡♠ q✉❛tr♦ r❡❝✐♣✐❡♥t❡s
s❡♣❛r❛❞♦s✱ ❝❛❞❛ ✉♠ ❝♦♠ ✉♠ ❞✐❞❡♦①✐♥✉❝❧❡♦tí❞❡♦ ❞✐❢❡r❡♥t❡✱ ❡ ❝♦❧♦❝❛❞❛s ♥♦ ❣❡❧ ❧❛❞♦ ❛ ❧❛❞♦✳
❆♣ós ♦ ♣r♦❝❡ss♦ ❞❡ ❡❧❡tr♦❢♦r❡s❡✱ ✉♠❛ ✐♠❛❣❡♠ ❞❡ r❛✐♦✲❳ ❡r❛ t✐r❛❞❛ ❡ ❛ ♣❛rt✐r ❞❡ss❛ ✐♠❛❣❡♠✱
♦❜s❡r✈á✈❛♠♦s ❢❛✐①❛s ♣r❡t❛s✱ q✉❡ r❡♣r❡s❡♥t❛✈❛♠ ❛s ❝❛❞❡✐❛s ❞❡ ❉◆❆ q✉❡ t✐♥❤❛ ♣❡r❝♦rr✐❞♦
♦ ❣❡❧ ❛té ✉♠❛ ❝❡rt❛ ❛❧t✉r❛✳ ❈♦♠♣❛r❛♥❞♦ ❛ ❛❧t✉r❛ ❝♦♠ q✉❡ ❛s ❝❛❞❡✐❛s t✐♥❤❛♠ ❝❤❡❣❛❞♦ ❡ ♦
❞✐❞❡♦①✐♥✉❝❧❡♦tí❞❡♦ ✉t✐❧✐③❛❞♦✱ ❡r❛ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ❛ ❜❛s❡ ♥✐tr♦❣❡♥❛❞❛ ♥❛q✉❡❧❛ ♣♦s✐çã♦✳

❯♠❛ té❝♥✐❝❛ ♠❛✐s r❡❝❡♥t❡ ❞✐s♣❡♥s❛ ❛ ✉t✐❧✐③❛çã♦ ❞❡ q✉❛tr♦ r❡❛çõ❡s ❞✐❢❡r❡♥t❡s✳ ❈❛❞❛
t✐♣♦ ❞❡ ❞✐❞❡♦①✐♥✉❝❧❡♦tí❞❡♦ é ❧✐❣❛❞♦ ❛ ✉♠ ♠❛r❝❛❞♦r q✉í♠✐❝♦ ✢✉♦r❡s❝❡♥t❡ ❞✐❢❡r❡♥t❡✱ ♦ q✉❡
♣❡r♠✐t❡ ❞✐❢❡r❡♥❝✐❛r ❡♠ q✉❛❧ ❜❛s❡ ❝❛❞❛ ❢r❛❣♠❡♥t♦ ❞❡ ❉◆❆ t❡r♠✐♥❛✳ ❆♦ ✜♥❛❧ ❞❛ ❡❧❡tr♦❢♦r❡s❡✱
é ❛♣❧✐❝❛❞❛ ❧✉③ ❞❡ ❢♦r♠❛ ❛ ❡①❝✐t❛r ❡ss❡s ♠❛r❝❛❞♦r❡s q✉í♠✐❝♦s✳ ❈♦♠♦ ❛s ❝❛❞❡✐❛s ❡stã♦
s❡♣❛r❛❞❛s ♣♦r t❛♠❛♥❤♦✱ é ♣♦ssí✈❡❧ s❡q✉❡♥❝✐❛r ♦ ❉◆❆ ❛ ♣❛rt✐r ❞❛ ú❧t✐♠❛ ❜❛s❡ ❞❡ ❝❛❞❛
❢r❛❣♠❡♥t♦✳ ❊ss❡ ♣r♦❝❡ss♦ ✢✉♦r❡s❝❡♥t❡ t♦r♥♦✉ ❛ ❛✉t♦♠❛t✐③❛çã♦ ❞♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ♠❛✐s
✈✐á✈❡❧ ❡ ❛✉♠❡♥t♦✉ s✉❛ ❡✜❝✐ê♥❝✐❛✳

❆ ❋✐❣✉r❛ ✷✳✸ ♠♦str❛ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ♣r♦❝❡ss♦s r❛❞✐♦❛t✐✈♦ ❡ ✢✉♦r❡s❝❡♥t❡ ❞♦ s❡✲
q✉❡♥❝✐❛♠❡♥t♦ ❙❛♥❣❡r✳ ❆ ♣❛rt❡ ❞❡ ❜❛✐①♦ ❞❛ ✐♠❛❣❡♠ r❡♣r❡s❡♥t❛ ♦ ✜♥❛❧ ❞♦ ❣❡❧✱ ❡ ❛s ♠❡♥♦r❡s
❝❛❞❡✐❛s ❝❤❡❣❛♠ ❧á ♠❛✐s r❛♣✐❞❛♠❡♥t❡✳ ◆♦ ♣r♦❝❡ss♦ r❛❞✐♦❛t✐✈♦✱ ❛s ❛❧t✉r❛s sã♦ ❝♦♠♣❛r❛❞❛s
❡♥tr❡ s✐ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❛ ❜❛s❡✳ ◆♦ ♣r♦❝❡ss♦ ✢✉♦r❡s❝❡♥t❡✱ ❝❛❞❛ ♠❛r❝❛❞♦r q✉í♠✐❝♦ q✉❛♥❞♦
❡①❝✐t❛❞♦ ♣r♦❞✉③ ♣✐❝♦s ❞❡ ❧✉③ q✉❡ sã♦ r❡❣✐str❛❞♦s ♣❡❧❛ ♠áq✉✐♥❛ ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦✳ ❖
♣✐❝♦ ❞❡ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❝♦r ✐❞❡♥t✐✜❝❛ ❛ ❜❛s❡✱ ♠❛s ❞❛ ♠❡s♠❛ ❢♦r♠❛✱ ❛s ❝❛❞❡✐❛s ♠❡♥♦r❡s



✷✳✸✳ ❙❡q✉❡♥❝✐❛♠❡♥t♦ ●❡♥ô♠✐❝♦ ✽

❝❤❡❣❛♠ ❛♦ ✜♥❛❧ ❞♦ ❣❡❧ ♠❛✐s r❛♣✐❞❛♠❡♥t❡✳

❋✐❣✉r❛ ✷✳✸✿ ❇❛♥❞❛s ❞❡ ❝❛❞❡✐❛s ❞❡ ❉◆❆ ❡♠ ✉♠ ❣❡❧ ✉s❛❞♦ ♥♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❙❛♥❣❡r
❝♦♠♣❛r❛❞♦ ❝♦♠ ♦s ♣✐❝♦s ✢✉♦r❡s❝❡♥t❡s ❞♦ ♣r♦❝❡ss♦ ❛✉t♦♠❛t✐③❛❞♦✳

P✐r♦s❡q✉❡♥❝✐❛♠❡♥t♦ ✹✺✹ ❬✻✵❪✿ P✐r♦s❡q✉❡♥❝✐❛♠❡♥t♦ é ✉♠ ♠ét♦❞♦ ❞❡ s❡q✉❡♥❝✐❛✲
♠❡♥t♦ ♣❛r❛❧❡❧✐③❛❞♦ q✉❡ ❞❡t❡❝t❛ ❛ ❛t✐✈✐❞❛❞❡ ❞❛ ❡♥③✐♠❛ ❉◆❆ ♣♦❧✐♠❡r❛s❡ ❝♦♠ ✉♠❛ ♦✉tr❛
❡♥③✐♠❛ q✉✐♠✐♦❧✉♠✐♥❡s❝❡♥t❡✳

❖ ❉◆❆ é ❛♠♣❧✐✜❝❛❞♦ ❞❡♥tr♦ ❞❡ ❣♦t❛s ❞❡ á❣✉❛ ❡♠ ✉♠❛ s♦❧✉çã♦ ❞❡ ó❧❡♦ ♦♥❞❡ ❝❛❞❛ ❣♦t❛
❝♦♥té♠ ✉♠ ú♥✐❝♦ ♠♦❧❞❡ ❞❡ ❉◆❆ ❛❝♦♣❧❛❞♦ ❛ ✉♠ ♣r✐♠❡r✳ ❈❛❞❛ ✉♠ ❞♦s ♠♦❧❞❡s ❞❡ ❉◆❆ é
❡♥tã♦ s✉❜♠❡t✐❞♦ ❛♦ ♠❡s♠♦ ♣r♦❝❡ss♦✳

❙♦❧✉çõ❡s ❞❡ ❝❛❞❛ t✐♣♦ ❞❡ ♥✉❝❧❡♦tí❞❡♦ ✭❆✱ ❈✱ ● ❡ ❚✮ ❡ ❉◆❆ ♣♦❧✐♠❡r❛s❡ sã♦ ❛❞✐❝✐♦♥❛✲
❞❛s ❡ r❡♠♦✈✐❞❛s ❡♠ s❡q✉ê♥❝✐❛ ❞❡ ❝❛❞❛ ❣♦t❛ ❞❡ á❣✉❛ ❝♦♥t❡♥❞♦ ✉♠ ♠♦❧❞❡ ❞❡ ❉◆❆✳ ❯♠❛
❡♠✐ssã♦ ❞❡ ❧✉③ é ♣r♦❞✉③✐❞❛ s♦♠❡♥t❡ q✉❛♥❞♦ ❛ s♦❧✉çã♦ ❝♦♠ ❛ ❉◆❆ ♣♦❧✐♠❡r❛s❡ ❡ ♦ ♥✉✲
❝❧❡♦tí❞❡♦ ❝♦rr❡t♦ ❝♦♠♣❧❡♠❡♥t❛ ❛ ♣r✐♠❡✐r❛ ❜❛s❡ ♥ã♦✲❡♠♣❛r❡❧❤❛❞❛ ❞♦ ♠♦❧❞❡✳ ❆ s❡q✉ê♥❝✐❛
❞❡ss❡s s✐♥❛✐s q✉✐♠✐♦❧✉♠✐♥❡s❝❡♥t❡s ❞❡t❡r♠✐♥❛ ❛ s❡q✉ê♥❝✐❛ ❞♦ ♠♦❧❞❡✱ ✉♠❛ ❜❛s❡ ❞❡ ❝❛❞❛ ✈❡③✳
❊✈❡♥t✉❛❧♠❡♥t❡✱ ✉♠ s✐♥❛❧ ♠❛✐s ❢♦rt❡ é ❞❡t❡❝t❛❞♦✱ ♦ q✉❡ s✐❣♥✐✜❝❛ q✉❡ ♠❛✐s ❞❡ ✉♠ ♥✉❝❧❡♦tí✲
❞❡♦ ❞♦ ♠❡s♠♦ t✐♣♦ ❢♦✐ ❛❞✐❝✐♦♥❛❞♦✳ ◗✉❛♥t♦ ♠❛✐s ❢♦rt❡ ♦ s✐♥❛❧✱ ♠❛✐s ♥✉❝❧❡♦tí❞❡♦s ❞❛q✉❡❧❡
t✐♣♦ ❢♦r❛♠ ❛❞✐❝✐♦♥❛❞♦s à ✜t❛ ❝♦♠♣❧❡♠❡♥t❛r✳



✷✳✸✳ ❙❡q✉❡♥❝✐❛♠❡♥t♦ ●❡♥ô♠✐❝♦ ✾

❊ss❡ ♠ét♦❞♦ é ❝❛♣❛③ ❞❡ ❣❡r❛r ♠✐❧❤õ❡s ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✹✵✵✲✺✵✵
♣❛r❡s ❞❡ ❜❛s❡s✳

❙❡q✉❡♥❝✐❛♠❡♥t♦ ■❧❧✉♠✐♥❛ ✭❙♦❧❡①❛✮ ❬✷❪✿ ❆ ❙♦❧❡①❛✱ ❛❣♦r❛ ♣❛rt❡ ❞❛ ❡♠♣r❡s❛ ■❧❧✉✲
♠✐♥❛✷✱ ❞❡s❡♥✈♦❧✈❡✉ ✉♠❛ t❡❝♥♦❧♦❣✐❛ ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ♣❛r❛❧❡❧♦ ❡♠ q✉❡ ♠♦❧é❝✉❧❛s ❞❡ ❉◆❆
sã♦ ♣r✐♠❡✐r♦ ❛❝♦♣❧❛❞❛s ❛ ♣r✐♠❡rs ❡ ❛♠♣❧✐✜❝❛❞❛s ❞❡ ♠♦❞♦ ❛ ❢♦r♠❛r ❝♦❧ô♥✐❛s ❞❡ ❝❧♦♥❛❣❡♠
❧♦❝❛✐s✳

◗✉❛tr♦ t✐♣♦s ❞❡ ❞✐❞❡♦①✐♥✉❝❧❡♦tí❞❡♦s ❝♦♠ ♠❛r❝❛❞♦r❡s ✢✉♦r❡s❝❡♥t❡s sã♦ ❛❞✐❝✐♦♥❛❞♦s✱
❡ ♦s ♥✉❝❧❡♦tí❞❡♦s ♥ã♦ ✐♥❝♦r♣♦r❛❞♦s ♥❛ s❡q✉ê♥❝✐❛ sã♦ r❡♠♦✈✐❞♦s ❞❛ s♦❧✉çã♦✳ ❉✐❢❡r❡♥t❡
❞♦ ♣✐r♦s❡q✉❡♥❝✐❛♠❡♥t♦✱ ♦ ❉◆❆ só é ❡st❡♥❞✐❞♦ ✉♠ ♥✉❝❧❡♦tí❞❡♦ ♣♦r ✈❡③✳ ❯♠❛ ❝â♠❡r❛
❢♦t♦❣r❛❢❛ ♦s ❞✐❞❡♦①✐♥✉❧❡♦tí❞❡♦s ♠❛r❝❛❞♦s ❡ ❡♥tã♦ ♦ ♠❛r❝❛❞♦r ❡ ♦ t❡r♠✐♥❛❧ q✉❡ ❜❧♦q✉❡✐❛ ❛
❝♦♥t✐♥✉❛çã♦ ❞❛ sí♥t❡s❡ ❞❡ ❉◆❆ sã♦ r❡♠♦✈✐❞♦s✱ ♣❡r♠✐t✐♥❞♦ ✉♠ ♥♦✈♦ ❝✐❝❧♦ ❬✸✾❪✳

❊ss❡ t✐♣♦ ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ❣❡r❛ ♠✐❧❤õ❡s ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ✺✵✲✶✵✵ ♣❛r❡s ❞❡ ❜❛s❡✳
❙❖▲✐❉ ❘© s❡q✉❡♥❝✐♥❣✿ ➱ ✉♠❛ t❡❝♥♦❧♦❣✐❛ ❞❛ ❆♣♣❧✐❡❞ ❇✐♦s②st❡♠s✸✱ q✉❡ ❛♣❧✐❝❛ s❡q✉❡♥✲

❝✐❛♠❡♥t♦ ♣♦r ❧✐❣❛çã♦✳ ❊♠ ✈❡③ ❞❡ ✉s❛r ❛ ❉◆❆ ♣♦❧✐♠❡r❛s❡✱ ✉♠❛ ♦✉tr❛ ❡♥③✐♠❛✱ ❝❤❛♠❛❞❛
❉◆❆ ❧✐❣❛s❡ é ✉s❛❞❛ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ♦ ♥✉❝❧❡♦tí❞❡♦ ♣r❡s❡♥t❡ ❡♠ ✉♠❛ ❞❛❞❛ ♣♦s✐çã♦ ❞♦ ❉◆❆✳

❉◆❆ ❧✐❣❛s❡ é ✉♠❛ ❡♥③✐♠❛ q✉❡ ✉♥❡ ❛s ♣♦♥t❛s ❞❡ ♠♦❧é❝✉❧❛s ❞❡ ❉◆❆✳ ❖ s❡q✉❡♥❝✐❛♠❡♥t♦
♣♦r ❧✐❣❛çã♦ s❡ ✉t✐❧✐③❛ ❞❛ s❡♥s✐t✐✈✐❞❛❞❡ ❞❡ss❛ ❡♥③✐♠❛ ♣❛r❛ ❛❧✐♥❤❛r ♣❛r❡s ❞❡ ❜❛s❡s✳

❖ ❉◆❆ ❛ s❡r s❡q✉❡♥❝✐❛❞♦ ♣❛ss❛ ♣♦r ✉♠ ♣r♦❝❡ss♦ ❞❡ ❛♠♣❧✐✜❝❛çã♦ P❈❘ ❡ ❝❛❞❛ ✜t❛
ú♥✐❝❛ ❞❡ ❉◆❆ ❣❡r❛❞❛ é ♣r♦❝❡ss❛❞❛ ♣❛r❛❧❡❧❛♠❡♥t❡✳ ❈❛❞❛ ✜t❛ é ❛❝♦♣❧❛❞❛ ❛ ✉♠❛ s❡q✉ê♥❝✐❛
❝♦♥❤❡❝✐❞❛ ❛tr❛✈és ❞❡ ✉♠❛ ♣❡q✉❡♥❛ s❡q✉ê♥❝✐❛ ✏â♥❝♦r❛✑✳ ❯♠❛ ♠✐st✉r❛ ❞❡ ♦❧✐❣♦♥✉❝❧❡♦tí❞❡♦s
✭❝♦♠ ♦✐t♦ ❛ ♥♦✈❡s ❜❛s❡s✮ sã♦ ❛❞✐❝✐♦♥❛❞♦ à r❡❛çã♦✱ ♠❛r❝❛❞♦s ❝♦♠ s✉❜stâ♥❝✐❛s ✢✉♦r❡s❝❡♥t❡s
❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♣♦s✐çã♦ q✉❡ s❡rá s❡q✉❡♥❝✐❛❞❛✳ ❊ss❛s ♠♦❧é❝✉❧❛s s❡ ✉♥❡♠ ❛♦ ❉◆❆ ❞❡s❝♦✲
♥❤❡❝✐❞♦ ♥❛s ♣r♦①✐♠✐❞❛❞❡s ❞❛ s❡q✉ê♥❝✐❛ â♥❝♦r❛✱ ❡ ❛ ❉◆❆ ❧✐❣❛s❡ ♣r❡❢❡r❡♥❝✐❛❧♠❡♥t❡ ✉♥❡ ❛s
♠♦❧é❝✉❧❛s q✉❛♥❞♦ ❛s ❜❛s❡s ❝❛s❛♠ ❝♦♠ às ❞♦ ❉◆❆ ❞❡s❝♦♥❤❡❝✐❞♦✳ ❇❛s❡❛❞♦ ♥❛ ✢✉♦r❡s❝ê♥❝✐❛
♣r♦❞✉③✐❞❛ ♣❡❧❛ ♠♦❧é❝✉❧❛✱ é ♣♦ssí✈❡❧ ✐♥❢❡r✐r q✉❛❧ ♥✉❝❧❡♦tí❞❡♦ ❢♦✐ ✉♥✐❞♦ ♥❛q✉❡❧❛ ♣♦s✐çã♦ ❞❛
s❡q✉ê♥❝✐❛✳

➱ ♣♦ssí✈❡❧ ❝♦♥str✉✐r ♦❧✐❣♦♥✉❝❧❡♦tí❞❡♦s ❞❡ t❛❧ ❢♦r♠❛ q✉❡ s❡ ♣♦ss❛ r❡♠♦✈❡r ♦ ♠❛r❝❛❞♦r
❡ ♣❡r♠✐t✐r ✉♠ ♥♦✈♦ ❝✐❝❧♦ ❞❡ ❧✐❣❛çã♦✱ ♣❛r❛ ❣❡r❛r s❡q✉ê♥❝✐❛s ♠❛✐s ❧♦♥❣❛s✳ ❊ss❡ ♠ét♦❞♦
s❡q✉❡♥❝✐❛ t♦❞❛ ♥✲és✐♠❛ ❜❛s❡✱ ♦♥❞❡ ♥ é ♦ t❛♠❛♥❤♦ ❞♦ ♦❧✐❣♦♥✉❝❧❡♦tí❞❡♦ ✉t✐❧✐③❛❞♦✳ P❛r❛
s❡q✉❡♥❝✐❛r ❛s ♣♦s✐çõ❡s ✐♥t❡r♠❡❞✐ár✐❛s✱ ❛ â♥❝♦r❛ ❡ ♦s ♦❧✐❣♦♥✉❝❧❡♦tí❞❡♦s ❧✐❣❛❞♦ sã♦ s❡♣❛r❛❞♦s
❞❛ ✜t❛ ❞❡ ❉◆❆ ❡ ✉♠❛ ♦✉tr❛ r♦❞❛❞❛ ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ♣♦❞❡ s❡r ✐♥✐❝✐❛❞❛ ❝♦♠ ✉♠❛ â♥❝♦r❛
♠❛✐s ❝✉rt❛✳

❊ss❡ ♠ét♦❞♦ ❣❡r❛ ❜✐❧❤õ❡s ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✺✵ ♣❛r❡s ❞❡ ❜❛s❡s✳

✷❤tt♣✿✴✴✇✇✇✳✐❧❧✉♠✐♥❛✳❝♦♠✴t❡❝❤♥♦❧♦❣②✴s❡q✉❡♥❝✐♥❣❴t❡❝❤♥♦❧♦❣②✳✐❧♠♥
✸❤tt♣✿✴✴✇✇✇✳❛♣♣❧✐❡❞❜✐♦s②st❡♠s✳❝♦♠



❈❛♣ít✉❧♦ ✸

❋❧✉①♦ ❞❡ ❚r❛❜❛❧❤♦ ❞❡ ✉♠ Pr♦❥❡t♦

▼❡t❛❣❡♥ô♠✐❝♦

❖s ♣r✐♠❡✐r♦s ❡st✉❞♦s ❞❡ ❣❡♥♦♠❛s q✉❡ ✉t✐❧✐③❛r❛♠ ♣r♦❝❡❞✐♠❡♥t♦s ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ❢♦r❛♠
❢❡✐t♦s ♥♦ ♠❡✐♦ ❞❛ ❞é❝❛❞❛ ❞❡ ✶✾✼✵✳ ❉❡s❞❡ ❡♥tã♦ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s té❝♥✐❝❛s ❞❡ s❡q✉❡♥✲
❝✐❛♠❡♥t♦ ♠❛✐s ❡✜❝✐❡♥t❡s✱ ♦s ❣❡♥♦♠❛s ❞❡ ♠✐❧❤❛r❡s ❞❡ ❡s♣é❝✐❡s s❡ ❡♥❝♦♥tr❛♠ ❡♠ ❜❛♥❝♦s ❞❡
❞❛❞♦s ❡ ❢❡rr❛♠❡♥t❛s ❝♦♠♦ ♦ ❇▲❆❙❚ ✭❇❛s✐❝ ▲♦❝❛❧ ❆❧✐❣♥♠❡♥t ❙❡❛r❝❤ ❚♦♦❧✮ ❬✶❪ ♣❡r♠✐t❡♠
❜✉s❝❛r ❡ ❝♦♠♣❛r❛r s❡q✉ê♥❝✐❛s ❝♦♠ ❛s ❥á ❡①✐st❡♥t❡s ♥❡ss❡s ❜❛♥❝♦s ❞❡ ❞❛❞♦s✳

❆✐♥❞❛ ❛ss✐♠✱ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❣❡♥♦♠❛s ❞❡ ♦r❣❛♥✐s♠♦s ✐s♦❧❛❞♦s t❡♠ s❡✉s ❧✐♠✐t❡s✳
Pr✐♠❡✐r♦✱ ❧✐♠✐t❛çõ❡s t❡❝♥♦❧ó❣✐❝❛s ✐♠♣õ❡♠ q✉❡ ♦ ♦r❣❛♥✐s♠♦ ❞❡✈❡ s❡r ❛♥t❡s ♠❛♥t✐❞♦ ❡♠
❝✉❧t✉r❛ ❡ ❝❧♦♥❛❞♦ ♣❛r❛ q✉❡ s❡ ❢❛ç❛ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ s❡✉ ❣❡♥♦♠❛ ❝♦♠♣❧❡t♦ ❬✼✼❪✳ ◆♦
❡♥t❛♥t♦✱ ❛♣❡♥❛s ✉♠❛ ♣❡q✉❡♥❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ♠✐❝ró❜✐♦s ♥❛ ♥❛t✉r❡③❛ ♣♦❞❡♠ s❡r ❝✉❧t✐✈❛✲
❞♦s✱ ♦ q✉❡ s✐❣♥✐✜❝❛ q✉❡ ♦s ❞❛❞♦s ❣❡♥ô♠✐❝♦s ❡①✐st❡♥t❡s sã♦ ❛❧t❛♠❡♥t❡ t❡♥❞❡♥❝✐♦s♦s ❡ ♥ã♦
r❡♣r❡s❡♥t❛♠ ✉♠❛ ✐♠❛❣❡♠ ✈❡r❞❛❞❡✐r❛ ❞❛s ❡s♣é❝✐❡s ♠✐❝r♦❜✐❛♥❛s ❬✺✹❪✳ ❙❡❣✉♥❞♦✱ r❛r❛♠❡♥t❡
♠✐❝ró❜✐♦s ✈✐✈❡♠ ❡♠ ❝♦♠✉♥✐❞❛❞❡s ✐s♦❧❛❞❛s ❞❡ ♦✉tr❛s ❡s♣é❝✐❡s✿ ❡s♣é❝✐❡s ✐♥t❡r❛❣❡♠ t❛♥t♦
❝♦♠ ♦✉tr❛s q✉❛♥t♦ ❝♦♠ ♦ s❡✉ ❤❛❜✐t❛t✱ ✐♥❝❧✉✐♥❞♦ ♦r❣❛♥✐s♠♦s ❤♦s♣❡❞❡✐r♦s ❬✼✼❪✳

◆♦✈❛s t❡❝♥♦❧♦❣✐❛s ❡ ❛ ❞rást✐❝❛ r❡❞✉çã♦ ❞♦s ❝✉st♦s ❞♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❛❥✉❞❛r❛♠ ❛
s✉♣❡r❛r ❡ss❛s ❧✐♠✐t❛çõ❡s✳ ❆t✉❛❧♠❡♥t❡ é ♣♦ssí✈❡❧ ♦❜t❡r ✐♥❢♦r♠❛çã♦ ❣❡♥ô♠✐❝❛ ❞✐r❡t❛♠❡♥t❡
❞❡ ❝♦♠✉♥✐❞❛❞❡s ♠✐❝r♦❜✐❛♥❛s ❡♠ s❡✉s ❤❛❜✐t❛ts ♥❛t✉r❛✐s✳ ❊ss❡s ❞❛❞♦s ❞❡ s❡q✉ê♥❝✐❛s ❞❡
❉◆❆ r❡t✐r❛❞♦s ❞✐r❡t❛♠❡♥t❡ ❞♦ ❛♠❜✐❡♥t❡ sã♦ ❝❤❛♠❛❞♦s ❞❡ ▼❡t❛❣❡♥♦♠❛ ❬✼✼❪✳

P♦r ♥ã♦ s❡r ♥❡❝❡ssár✐♦ ♦❜t❡r ❝✉❧t✉r❛s ♣✉r❛s ♣❛r❛ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦✱ ❛ ♠❡t❛❣❡♥ô♠✐❝❛
♣r♦♠❡t❡ r❡✈❡❧❛r ❣❡♥♦♠❛s ❞❛ ♠❛✐♦r✐❛ ❞♦s ♠✐❝r♦r❣❛♥✐s♠♦s ♣❛r❛ ♦s q✉❛✐s ♥ã♦ s❡ ♣♦❞❡ ❢❛③❡r
❝✉❧t✉r❛s ❬✸✶❪✳ ❆❧é♠ ❞✐ss♦✱ ❝♦♠♦ ❛s ❛♠♦str❛s sã♦ ♦❜t✐❞❛s ❞❡ ❝♦♠✉♥✐❞❛❞❡s ❡ ♥ã♦ ❞❡ ♣♦✲
♣✉❧❛çõ❡s ✐s♦❧❛❞❛s✱ ♠❡t❛❣❡♥ô♠✐❝❛ ♣♦❞❡ s❡r✈✐r ♣❛r❛ ❡st❛❜❡❧❡❝❡r ❤✐♣ót❡s❡s s♦❜r❡ ❛ ✐♥t❡r❛çã♦
❡♥tr❡ ♦s ♠❡♠❜r♦s ❞❛ ❝♦♠✉♥✐❞❛❞❡ ❬✸✽❪✳

❖ ♣r♦❝❡ss♦ ❞❡ ✉♠ ♣r♦❥❡t♦ ♠❡t❛❣❡♥ô♠✐❝♦ tí♣✐❝♦ é ❞❡s❝r✐t♦ ❜r❡✈❡♠❡♥t❡ ❛ s❡❣✉✐r✱ ♠♦s✲
tr❛♥❞♦ s✉❛s ❞✐❢❡r❡♥ç❛s ❡♠ r❡❧❛çã♦ ❛ ✉♠❛ ❛♥á❧✐s❡ ❣❡♥ô♠✐❝❛ tr❛❞✐❝✐♦♥❛❧✱ ❛❧❣✉♠❛s t❡❝♥♦❧♦❣✐❛s

✶✵



✸✳✶✳ ❆♠♦str❛❣❡♠ ✶✶

❡①✐st❡♥t❡s ❡ ♦s ❞❡s❛✜♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❛ss♦❝✐❛❞♦s✳

✸✳✶ ❆♠♦str❛❣❡♠

❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ♥♦ ❡st✉❞♦ ♠❡t❛❣❡♥ô♠✐❝♦ é ❛ ♦❜t❡♥çã♦ ❞❡ ❛♠♦str❛s ❛♠❜✐❡♥t❛✐s✳ ❆s
❛♠♦str❛s ❞❡✈❡♠ r❡♣r❡s❡♥t❛r ❛ ♣♦♣✉❧❛çã♦ ❞❡ ♦♥❞❡ ❡❧❛s ❢♦r❛♠ r❡t✐r❛❞❛s✳ ❖ ♣r♦❜❧❡♠❛ é
❞❡s❝♦❜r✐r q✉❛♥t❛s ❛♠♦str❛s sã♦ ♥❡❝❡ssár✐❛s ♣❛r❛ ♦❜t❡r ✉♠❛ ❜♦❛ r❡♣r❡s❡♥t❛t✐✈✐❞❛❞❡ ❬✼✼❪✳
❈✉r✈❛s ❞❡ r❛r❡❢❛çã♦ sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❡st✐♠❛r ❛ ❢r❛çã♦ ❞❡ ❡s♣é❝✐❡s s❡q✉❡♥❝✐❛❞❛s✳ ❊ss❛s
❝✉r✈❛s r❡❧❛❝✐♦♥❛♠ ♦ ♥ú♠❡r♦ ❞❡ ❡s♣é❝✐❡s ♦❜s❡r✈❛❞❛s ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s
❝♦❧❡t❛❞❛s✳

❆ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❛ ❝♦♠✉♥✐❞❛❞❡ ✐❞❡❛❧♠❡♥t❡ ❞❡✈❡ s❡r ❛✈❛❧✐❛❞❛ ❛♥t❡s ❞♦ s❡q✉❡♥❝✐❛✲
♠❡♥t♦ ❬✸✽❪✳ ❆ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❛ ❝♦♠✉♥✐❞❛❞❡ é ✉♠❛ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❡s♣é❝✐❡s ❡♠
✉♠❛ ❝♦♠✉♥✐❞❛❞❡ ✭r✐q✉❡③❛✮ ❡ s✉❛ ❛❜✉♥❞â♥❝✐❛ r❡❧❛t✐✈❛ ✭✐❣✉❛❧❞❛❞❡✮✳ ❯♠❛ ❝♦♠✉♥✐❞❛❞❡ ❝♦♠
♠✉✐t❛s ❡s♣é❝✐❡s q✉❡ sã♦ ♣ró①✐♠❛s ❡♠ ❛❜✉♥❞â♥❝✐❛ é ♠❛✐s ❝♦♠♣❧❡①❛ q✉❡ ✉♠❛ ❝♦♠✉♥✐❞❛❞❡
❝♦♠ ♠❡♥♦s ❡s♣é❝✐❡s q✉❡ t❡♠ ❛❜✉♥❞â♥❝✐❛s ❞❡s✐❣✉❛✐s✳

❆ ♣r❡s❡♥ç❛ ♦✉ ❛✉sê♥❝✐❛ ❞❡ ✉♠❛ ♣♦♣✉❧❛çã♦ ❞♦♠✐♥❛♥t❡ ❛❢❡t❛ ❜❛st❛♥t❡ ♦ t✐♣♦ ❞❡ ❛♥á❧✐s❡
q✉❡ ♣♦❞❡ s❡r ❢❡✐t❛✱ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❡s♣é❝✐❡s ❬✸✽❪✳ P♦♣✉❧❛çõ❡s
❞♦♠✐♥❛♥t❡s q✉❡ ❛❜r❛♥❣❡♠ ♠❛✐s q✉❡ ✉♠❛ ♣❡q✉❡♥❛ ♣♦r❝❡♥t❛❣❡♠ ❞♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❝é❧✉❧❛s
❡♠ ✉♠❛ ❝♦♠✉♥✐❞❛❞❡ t❡rã♦ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ♠❛✐♦r ♥♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✱ ❡ ♣♦❞❡♠ s❡r
❡st✉❞❛❞❛s ♠❛✐s ❛ ❢✉♥❞♦✳

✸✳✷ ❆♥♦t❛çã♦ ❞❡ ▼❡t❛❞❛❞♦s

❈♦❧❡t❛r ❞❛❞♦s ❛ss♦❝✐❛❞♦s ❝♦♠ ✉♠❛ ❛♠♦str❛ ❛♠❜✐❡♥t❛❧ ♠❡❧❤♦r❛ ❜❛st❛♥t❡ ❛ ❤❛❜✐❧✐❞❛❞❡ ❞❡
✐♥t❡r♣r❡t❛r ❛s s❡q✉ê♥❝✐❛s✱ ♣❛rt✐❝✉❧❛r♠❡♥t❡ ♣❛r❛ ✉♠❛ ❛♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛ ❞❡ ✉♠❛ sér✐❡
t❡♠♣♦r❛❧ ♦✉ ❡s♣❛❝✐❛❧ ❬✶✺✱ ✼✹❪✳ ❚❛✐s ♠❡t❛❞❛❞♦s ✐♥❝❧✉❡♠ ❞❛❞♦s ❜✐♦q✉í♠✐❝♦s✱ ❣❡♦❣rá✜❝♦s✱
❞❛t❛ ❞❡ ❝♦❧❡t❛✱ ♠ét♦❞♦ ❞❡ ❡①tr❛çã♦ ❞❡ ❉◆❆✱ ❞❡♥tr❡ ♦✉tr♦s✳ ▼❡t❛❞❛❞♦s ♣♦❞❡♠ s❡ t♦r♥❛r
♠✉✐t♦ ✐♠♣♦rt❛♥t❡s q✉❛♥❞♦ ❞❛❞♦s s✉✜❝✐❡♥t❡s sã♦ ❣❡r❛❞♦s ♣❛r❛ ❝♦♠♣❛r❛r ❝♦♠✉♥✐❞❛❞❡s ❬✸✽❪✳

◗✉❛♥t♦ ♠❛✐s ❝♦♥❞✐çõ❡s s♦❜r❡ ❛ ❛♠♦str❛❣❡♠ ❞♦s ♠❡t❛❣❡♥♦♠❛s ❢♦r❡♠ ❞❡s❝r✐t❛s✱ ♠❛✐s
❞❡t❛❧❤❛❞❛s ♣♦❞❡♠ s❡r ❛s ✐♥❢❡rê♥❝✐❛s ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❛♠❜✐❡♥t❛✐s s♦❜r❡ ❡❧❡s ❬✺✶❪✳ P❛r❛
❛✉①✐❧✐❛r ♥❛ ❞❡s❝r✐çã♦ ❞❡ ♠❡t❛❞❛❞♦s ❡①✐st❡ ✉♠ ♣❛❞rã♦✱ ❝❤❛♠❛❞♦ ❵▼✐♥✐♠✉♠ ■♥❢♦r♠❛t✐♦♥

❛❜♦✉t ❛ ▼❡t❛❣❡♥♦♠✐❝ ❙❡q✉❡♥❝❡ ✭▼■▼❙✮✬✱ q✉❡ ♣♦❞❡ s❡r s❡❣✉✐❞♦ q✉❛♥❞♦ ♦s ❞❛❞♦s ❢♦r❡♠
s✉❜♠❡t✐❞♦s ❛ ❜❛s❡s ♣ú❜❧✐❝❛s ❬✶✽❪✳
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✸✳✸ ❙❡q✉❡♥❝✐❛♠❡♥t♦

❊♠ ♠❡t❛❣❡♥ô♠✐❝❛✱ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ♣♦r s❤♦t❣✉♥ é ❢❡✐t♦ ❞❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ❡♠ ❣❡♥♦✲
♠❛s ❞❡ ❝✉❧t✉r❛s ❝❧♦♥❛❞❛s✳ ◆♦ ❡♥t❛♥t♦✱ ♦ ♠❛t❡r✐❛❧ ❣❡♥ét✐❝♦ ♦r✐❣✐♥❛❧ ♥ã♦ é ❞❡ ❛♣❡♥❛s ✉♠
♦r❣❛♥✐s♠♦✱ ♠❛s ❞❡ ✉♠❛ ❝♦♠✉♥✐❞❛❞❡✳ ❉❡♣❡♥❞❡♥❞♦ ❞❛ ❛♠♦str❛✱ ♦ ❉◆❆ ❢♦r♥❡❝❡ ❛♣❡♥❛s
✉♠ ❢r❛❣♠❡♥t♦ ❞♦ ❣❡♥♦♠❛ ❞♦s ♦r❣❛♥✐s♠♦s ❞❛q✉❡❧❡ ❛♠❜✐❡♥t❡✳

▼ét♦❞♦s ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ s❡❣✉♥❞❛ ❣❡r❛çã♦ ❝♦♠♦ ♦s ❞❡s❝r✐t♦s ♥❛ ❙❡çã♦ ✷✳✸✳✷ ❡stã♦
s✉❜st✐t✉✐♥❞♦ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❙❛♥❣❡r ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛ ❝♦♠✉♥✐❞❛❞❡s ✈✐r❛✐s ❡ ❜❛❝t❡✲
r✐❛♥❛s ❬✸✽❪✳ ❆❧❣✉♠❛s ✈❛♥t❛❣❡♥s ❞♦ ♣✐r♦s❡q✉❡♥❝✐❛♠❡♥t♦ s♦❜r❡ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❙❛♥❣❡r✱
♣♦r ❡①❡♠♣❧♦✱ ✐♥❝❧✉❡♠ ♦ ❝✉st♦ ♠❛✐s ❜❛✐①♦ ♣♦r ❜❛s❡ s❡q✉❡♥❝✐❛❞❛ ❡ ♦ ❢❛t♦ ❞❡ ♥ã♦ s❡r ♣r❡❝✐s♦
♣❛ss❛r ♣♦r ✉♠❛ ❡t❛♣❛ ❞❡ ❝❧♦♥❛❣❡♠ ❬✺✾❪✳ ◆♦ ❡♥t❛♥t♦✱ ♦ t❛♠❛♥❤♦ ♠é❞✐♦ ❞♦ r❡❛❞ é ❜❡♠
♠❡♥♦r✱ ❞✐✜❝✉❧t❛♥❞♦ ♦ tr❛❜❛❧❤♦ ❞❡ ♠♦♥t❛❣❡♠ ❡ ❞❡ ♣r❡❞✐çã♦ ❞❡ ❣❡♥❡s✱ ❡①♣❧✐❝❛❞♦s ❡♠ ♠❛✐s
❞❡t❛❧❤❡s ♣♦st❡r✐♦r♠❡♥t❡✳ ▼✉✐t♦s ❡st✉❞♦s q✉❡ ✉s❛r❛♠ ♦ ♣✐r♦s❡q✉❡♥❝✐❛♠❡♥t♦ ♣❛r❛ ❛♥á❧✐s❡s
♠❡t❛❣❡♥ô♠✐❝❛s ♥ã♦ t❡♥t❛r❛♠ ❢❛③❡r ♠♦♥t❛❣❡♠ ♦✉ ♣r❡❞✐çã♦ ❞❡ ❣❡♥❡s✱ ❝♦♥✜❛♥❞♦ ❛♣❡♥❛s ♥❛
❜✉s❝❛ ❞❡ s✐♠✐❧❛r✐❞❛❞❡s ❞♦s r❡❛❞s ♣❡q✉❡♥♦s ❝♦♠ ❜❛♥❝♦s ❞❡ ❞❛❞♦s ❞❡ r❡❢❡rê♥❝✐❛ ❝♦♠♦ ❜❛s❡
♣❛r❛ ❛s s✉❛s ❛♥á❧✐s❡s ❬✷✷✱ ✻✾✱✼✹❪✳

✸✳✹ ▼♦♥t❛❣❡♠

▼♦♥t❛❣❡♠ é ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♠❜✐♥❛r s❡q✉ê♥❝✐❛s ❧✐❞❛s ❡♠ tr❡❝❤♦s ❝♦♥tí♥✉♦s ❞❡ ❉◆❆✱ ❝❤❛✲
♠❛❞♦s ❝♦♥t✐❣s✱ ❜❛s❡❛❞♦ ♥❛s s✐♠✐❧❛r✐❞❛❞❡s ❞❛s s❡q✉ê♥❝✐❛s ❬✸✽❪✳ ❯♠ ❝♦♥t✐❣ é ✉♠❛ s❡q✉ê♥❝✐❛

❝♦♥s❡♥s♦ q✉❡ r❡♣r❡s❡♥t❛ ✉♠ ❛❧✐♥❤❛♠❡♥t♦ ♠ú❧t✐♣❧♦ ❞❡ r❡❛❞s✳ ❈❛❞❛ ♥✉❝❧❡♦tí❞❡♦ ❞❛ s❡q✉ê♥✲
❝✐❛ ❝♦♥s❡♥s♦ ✈❡♠ ❞❡ s✉❛ ♣♦s✐çã♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❞♦s r❡❛❞s ❛❧✐♥❤❛❞♦s ❡ ♣♦❞❡ s❡r ♦✉ ♦
♥✉❝❧❡♦tí❞❡♦ ❞❡ ♠❛✐♦r q✉❛❧✐❞❛❞❡ ♦✉ ♦ t✐♣♦ ❞❡ ♥✉❝❧❡♦tí❞❡♦ ♠❛✐s ❢r❡q✉❡♥t❡ ❞❡♥tr❡ t♦❞♦s ♦s
q✉❡ ❡stã♦ ♥❛q✉❡❧❛ ❞❡t❡r♠✐♥❛❞❛ ♣♦s✐çã♦✳ ❆ ❝♦❜❡rt✉r❛ ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❝♦♥s❡♥s♦ é ♦ ♥ú✲
♠❡r♦ ♠é❞✐♦ ❞❡ r❡❛❞s q✉❡ ❛ r❡♣r❡s❡♥t❛✳ ◗✉❛♥t♦ ♠❛✐♦r ❛ ❝♦❜❡rt✉r❛✱ ♠❛✐s ❝♦♥✜á✈❡❧ é ❛
♣♦s✐çã♦ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♥✉❝❧❡♦tí❞❡♦ ♥♦ ❝♦♥s❡♥s♦✳

◗✉❛♥❞♦ s❡ ❡stá s❡q✉❡♥❝✐❛♥❞♦ ✉♠ ❣❡♥♦♠❛ ❝♦♠♣❧❡t♦✱ ♦s r❡❛❞s sã♦ ♠♦♥t❛❞♦s ❡♠ s❡q✉ê♥✲
❝✐❛s ♦✉ ❝♦♥t✐❣s ❝❛❞❛ ✈❡③ ♠❛✐♦r❡s✱ ❡ ✜♥❛❧♠❡♥t❡ ♥♦ ❣❡♥♦♠❛ ❝♦♠♣❧❡t♦ ❬✼✼❪✳ ▲✐❞❛♥❞♦ ❝♦♠
❞❛❞♦s ❣❡♥ô♠✐❝♦s✱ é ❝♦♠✉♠ ❛♥❛❧✐s❛r ❣r❛♥❞❡s s❡q✉ê♥❝✐❛s✳ ❊♠ ❝♦♥tr❛st❡✱ ♥❛ ♠❛✐♦r✐❛ ❞♦s
♠❡t❛❣❡♥♦♠❛s✱ ✉♠❛ ♠♦♥t❛❣❡♠ ❝♦♠♣❧❡t❛ ♥ã♦ é ♣♦ssí✈❡❧✳ Pr✐♠❡✐r♦✱ ♣♦rq✉❡ ❛ ❛♠♦str❛❣❡♠
é ✐♥❝♦♠♣❧❡t❛ ❡ ♠✉✐t♦s✱ s❡ ♥ã♦ t♦❞♦s✱ ♦s ❣❡♥♦♠❛s ❞❛s ❡s♣é❝✐❡s ❡stã♦ ❛♣❡♥❛s ♣❛r❝✐❛❧♠❡♥t❡
❛♠♦str❛❞♦s✳ ❙❡❣✉♥❞♦✱ ♣♦rq✉❡ ❛s ✐♥❢♦r♠❛çõ❡s ❞❛s ❡s♣é❝✐❡s ❡♠ s✐ é ✐♥❝♦♠♣❧❡t❛✱ ❡ é ❞✐❢í❝✐❧
♠❛♣❡❛r r❡❛❞s ✐♥❞✐✈✐❞✉❛✐s ❛ s✉❛s ❡s♣é❝✐❡s ❞❡ ♦r✐❣❡♠✳ ❊①✐st❡ t❛♠❜é♠ ♦ ♣❡r✐❣♦ ❞❡ s❡ ♠♦♥t❛r
s❡q✉ê♥❝✐❛s ❛ ♣❛rt✐r ❞❡ r❡❛❞s ❞❡ ❡s♣é❝✐❡s ❞✐❢❡r❡♥t❡s✱ ❣❡r❛♥❞♦ q✉✐♠❡r❛s✳

●❡r❛❧♠❡♥t❡ é ♣♦ssí✈❡❧ ♠♦♥t❛r ❛ ♠❛✐♦r ♣❛rt❡ ❞♦s ❣❡♥♦♠❛s ❞❡ ❛♠❜✐❡♥t❡s q✉❡ t❡♥❤❛♠
✉♠ ♣❡q✉❡♥♦ ♥ú♠❡r♦ ❞❡ ❡s♣é❝✐❡s ❞♦♠✐♥❛♥t❡s ❬✷✵❪✱ ♣♦ré♠✱ ❛♠♦str❛s ❝♦♠ ❛❧t❛ r✐q✉❡③❛ ❞❡
❡s♣é❝✐❡s✱ ❝♦♠♦ s♦❧♦ ❬✼✷❪✱ ❞✐✜❝✐❧♠❡♥t❡ ♣♦❞❡♠ s❡r ♠♦♥t❛❞❛s✳
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▼♦♥t❛❞♦r❡s ❛t✉❛✐s ❝♦♠♦ P❤r❛♣ ❬✶✼❪✱ ❆r❛❝❤♥❡ ❬✸✺❪✱ ❈❆P✸ ❬✷✾❪✱ ❡ ❈❡❧❡r❛ ❬✹✺❪ ❡stã♦
s❡♥❞♦ ❛❞❛♣t❛❞♦s ❡ ✉s❛❞♦s ♣❛r❛ ♠♦♥t❛r ♠❡t❛❣❡♥♦♠❛s✳ ❆ ♠♦♥t❛❣❡♠ ❞❡ ♠❡t❛❣❡♥♦♠❛s é
✉♠ ♣r♦❝❡ss♦ ♣r♦❜❧❡♠át✐❝♦ ❡ q✉❛❧q✉❡r ♣r♦❣r❛♠❛ ❞❡ ♠♦♥t❛❣❡♠ ♣r♦❞✉③✐rá ✈ár✐♦s ❡rr♦s ❬✸✽❪✳
■❞❡❛❧♠❡♥t❡✱ t♦❞❛ ♠♦♥t❛❣❡♠ ♠❡t❛❣❡♥ô♠✐❝❛ ❞❡✈❡ s❡r ✐♥s♣❡❝✐♦♥❛❞❛ ♠❛♥✉❛❧♠❡♥t❡✳ ❊rr♦s ❞❡
♠♦♥t❛❣❡♠ ♣♦❞❡♠ s❡r ✐❞❡♥t✐✜❝❛❞♦s ❝♦♠ ❢❡rr❛♠❡♥t❛s ❞❡ ✈✐s✉❛❧✐③❛çã♦✱ ❝♦♠♦ ♦ ❈♦♥s❡❞ ❬✷✹❪✱
q✉❡ sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❢❛❝✐❧✐t❛r ❛ ✜♥❛❧✐③❛çã♦ ❞❡ ❣❡♥♦♠❛s✳ ❆✐♥❞❛ ❛ss✐♠✱ ❛ ❣r❛♥❞❡ q✉❛♥t✐✲
❞❛❞❡ ❞❡ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s ✐♠♣♦ss✐❜✐❧✐t❛ ❛ ✐♥s♣❡çã♦ ♠❛♥✉❛❧✱ ❡ ♣♦r s✉❛ ✈❡③ ❛ ❝♦rr❡çã♦
❞❡ t♦❞♦s ♦s ❡rr♦s ❞❡ ♠♦♥t❛❣❡♠ ✐❞❡♥t✐✜❝❛❞♦s✳

❯♠❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ❛❧✐✈✐❛r ♦s ♣r♦❜❧❡♠❛s ❞❡ ♠♦♥t❛❣❡♠ é ♦ ✉s♦ ❞❡ s❡q✉ê♥❝✐❛s ❞❡
r❡❢❡rê♥❝✐❛✳ ◆♦ ❡♥t❛♥t♦✱ ♦ ♥ú♠❡r♦ ❞❡ ❣❡♥♦♠❛s ❞❡ r❡❢❡rê♥❝✐❛ ❛✐♥❞❛ é ✐♥s✉✜❝✐❡♥t❡ ♣❛r❛ ♠♦♥✲
t❛❣❡♥s ❞❡ ♠❡t❛❣❡♥♦♠❛s ❝♦♠♣❧❡①♦s ❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦ só ♣❛r❡❝❡ s❡r s❛t✐s❢❛tór✐♦
❡♠ ❝♦♠✉♥✐❞❛❞❡s ♠✉✐t♦ s✐♠♣❧❡s ❬✺✶❪✳

❖✉tr❛ ❡str❛té❣✐❛ ♣❛r❛ ❧✐❞❛r ❝♦♠ ❡ss❛ ❧✐♠✐t❛çã♦ é ❢❛③❡r ❞✉❛s ♦✉ ♠❛✐s ♠♦♥t❛❣❡♥s ❞♦s
♠❡s♠♦s ❞❛❞♦s ✉t✐❧✐③❛♥❞♦ ❞✐❢❡r❡♥t❡s ♠♦♥t❛❞♦r❡s ❬✷✵❪ ♣❛r❛ ❢❛❝✐❧✐t❛r ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♠♦♥✲
t❛❣❡♥s ❡rrô♥❡❛s✳

❊①✐st❡♠ ❞✐✈❡rs❛s té❝♥✐❝❛s ✉t✐❧✐③❛❞❛s ♣❡❧♦s ❛❧❣♦r✐t♠♦s ❞❡ ♠♦♥t❛❣❡♠✱ ❡ ♠✉✐t♦s ❞❡❧❡s✱
♣♦r ❡①❡♠♣❧♦✱ ✉t✐❧✐③❛♠ ✉♠ ♠♦❞❡❧♦ ❜❛s❡❛❞♦ ❡♠ ❣r❛❢♦s✳ ❈❛❞❛ r❡❛❞ é r❡♣r❡s❡♥t❛❞♦ ❝♦♠♦
✉♠ ✈ért✐❝❡ ❡ ❝❛❞❛ s♦❜r❡♣♦s✐çã♦ ❡♥tr❡ r❡❛❞s é r❡♣r❡s❡♥t❛❞♦ ❝♦♠♦ ✉♠❛ ❛r❡st❛ ❡♥tr❡ ♦s ✈ér✲
t✐❝❡s q✉❡ s❡ s♦❜r❡♣õ❡♠✳ ❖ ♣r♦❜❧❡♠❛ ❞❡ ❡♥❝♦♥tr❛r ❛ ♠♦♥t❛❣❡♠ ❝♦rr❡t❛ é ❡♥tã♦ r❡❞✉③✐❞♦
❛ ✉♠ ❝♦♥❤❡❝✐❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❣r❛❢♦s✱ q✉❡ é ♦ ❞❡ ❡♥❝♦♥tr❛r ✉♠ ❝❛♠✐♥❤♦ ❤❛♠✐❧t♦♥✐❛♥♦ ❡♠
✉♠ ❣r❛❢♦✱ ✐st♦ é✱ ✉♠ ❝❛♠✐♥❤♦ ♦♥❞❡ ❝❛❞❛ ✈ért✐❝❡ é ✈✐s✐t❛❞♦ ❡①❛t❛♠❡♥t❡ ✉♠❛ ✈❡③ ❬✼✼❪✳
P❛r❛ r❡❛❞s ❝✉rt♦s✱ ♥♦ ❡♥t❛♥t♦✱ ❡ss❛ té❝♥✐❝❛ ♥ã♦ é ❛❞❡q✉❛❞❛✳ P❛r❛ ❡st❛❜❡❧❡❝❡r ✉♠❛ ❝♦❜❡r✲
t✉r❛ ❛❞❡q✉❛❞❛✱ r❡❛❞s ❝✉rt♦s ❞❡✈❡♠ s❡r ♣r♦❞✉③✐❞❛s ❡♠ ❣r❛♥❞❡s q✉❛♥t✐❞❛❞❡s✳ ❈♦♠ ❣r❛♥❞❡s
q✉❛♥t✐❞❛❞❡s ❞❡ r❡❛❞s✱ ♦ ❣r❛❢♦ ❝♦rr❡s♣♦♥❞❡♥t❡ t❡♠ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ✈ért✐❝❡s ❡ ❛r❡st❛s✱
❡ ♦ t❡♠♣♦ ♥❡❝❡ssár✐♦ ♣❛r❛ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛ ❞♦ ❝❛♠✐♥❤♦ ❤❛♠✐❧t♦♥✐❛♥♦ ❝r❡s❝❡ ❡①♣♦♥❡♥✲
❝✐❛❧♠❡♥t❡ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ✈ért✐❝❡s✳ ❈♦♠ ❛s ❣r❛♥❞❡s q✉❛♥t✐❞❛❞❡s ❞❡ s❡q✉ê♥❝✐❛s ❣❡r❛❞❛s
♣❡❧♦s s❡q✉❡♥❝✐❛❞♦r❡s ❞❡ s❡❣✉♥❞❛ ❣❡r❛çã♦✱ ♦ ♣r♦❜❧❡♠❛ s❡ t♦r♥❛ ✐♥tr❛tá✈❡❧✳

❯♠❛ s♦❧✉çã♦ ❛❞♦t❛❞❛ ♣❡❧♦ ♠♦♥t❛❞♦r ❱❡❧✈❡t ❬✼✾❪ é ❛ ❞❡ ✉s❛r ♦s ✈ért✐❝❡s ♣❛r❛ r❡♣r❡s❡♥✲
t❛r ♣❛❧❛✈r❛s✱ ✐st♦ é✱ tr❡❝❤♦s ❞❡ s❡q✉ê♥❝✐❛s✱ ❡ ♦s r❡❛❞s ❡♠ s✐ s❡r❡♠ ❛s ❛r❡st❛s ❝♦♥❡❝t❛♥❞♦ ♦s
✈ért✐❝❡s✳ ❆ss✐♠✱ ♦ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ r❡❛❞s ❡ s✉❛s r❡❞✉♥❞â♥❝✐❛s ♥ã♦ ❛❢❡t❛♠ ♦ ♥ú♠❡r♦ ❞❡
♥ós✱ ❡ ♦ ♣r♦❜❧❡♠❛ é r❡❞✉③✐❞♦ ♣❛r❛ ♦✉tr♦ ♣r♦❜❧❡♠❛ ❞❡ ❣r❛❢♦s✱ ♦ ❞❡ ❡♥❝♦♥tr❛r ✉♠ ❝❛♠✐♥❤♦
❡✉❧❡r✐❛♥♦✱ ♦✉ s❡❥❛✱ ✉♠ ❝❛♠✐♥❤♦ ♦♥❞❡ ❝❛❞❛ ❛r❡st❛ é ✈✐s✐t❛❞❛ ❡①❛t❛♠❡♥t❡ ✉♠❛ ✈❡③✳ ❆ ✈❛♥✲
t❛❣❡♠ ❞❡ss❛ ❛❜♦r❞❛❣❡♠ é q✉❡ ❡①✐st❡♠ ❛❧❣♦r✐t♠♦s ♠❛✐s ❡✜❝✐❡♥t❡s ♣❛r❛ ❡♥❝♦♥tr❛r ❝❛♠✐♥❤♦s
❡✉❧❡r✐❛♥♦s ❞♦ q✉❡ ♣❛r❛ ❡♥❝♦♥tr❛r ❝❛♠✐♥❤♦s ❤❛♠✐❧t♦♥✐❛♥♦s✳

❘❡❝❡♥t❡♠❡♥t❡✱ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ✉♠❛ ❡①t❡♥sã♦ ❞♦ ♠♦♥t❛❞♦r ❱❡❧✈❡t✱ ❝❤❛♠❛❞❛ ▼❡t❛❱❡❧✲
✈❡t ❬✹✻❪✱ ♣❛r❛ ❛ ♠♦♥t❛❣❡♠ ❞❡ r❡❛❞s ❝✉rt♦s ❞❡ ♠❡t❛❣❡♥♦♠❛s✳ ❆ ✐❞é✐❛ é ✉t✐❧✐③❛r ♦ ❣r❛❢♦
❝♦♥str✉í❞♦ ♣❡❧♦ ❱❡❧✈❡t✱ q✉❡ ♥♦ ❝❛s♦ ❞❡ ♠❡t❛❣❡♥♦♠❛s é ✉♠❛ ♠✐st✉r❛ ❞❡ s❡q✉ê♥❝✐❛s ❞❡
✈ár✐❛s ❡s♣é❝✐❡s✱ ❡ ❞❡❝♦♠♣ô✲❧♦ ❡♠ s✉❜❣r❛❢♦s ✐♥❞✐✈✐❞✉❛✐s✱ q✉❡ s❡r✈❡♠ ❞❡ ❡sq✉❡❧❡t♦ ♣❛r❛ ❛



✸✳✺✳ Pr❡❞✐çã♦ ❞❡ ●❡♥❡s ✶✹

❞✐❢❡r❡♥❝✐❛çã♦ ❞❡ ❡s♣é❝✐❡s ❞❡♥tr❡ ❛s s❡q✉ê♥❝✐❛s✳

✸✳✺ Pr❡❞✐çã♦ ❞❡ ●❡♥❡s

●❡♥❡s sã♦ ❛ ✉♥✐❞❛❞❡ ❜ás✐❝❛ ❢✉♥❝✐♦♥❛❧ ❡♠ ✉♠ ❣❡♥♦♠❛✱ q✉❡ ♣♦❞❡♠ ❝♦♠♣♦r ❣r❛♥❞❡s ✉♥✐❞❛❞❡s
❢✉♥❝✐♦♥❛✐s ❝♦♠♦ ♦♣❡r♦♥s✱ ✉♥✐❞❛❞❡s ❞❡ tr❛♥s❝r✐çã♦ ❡ r❡❞❡s ❢✉♥❝✐♦♥❛✐s ❬✼✼❪✳

Pr❡❞✐çã♦ ❞❡ ❣❡♥❡s é ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ✐❞❡♥t✐✜❝❛r ♣r♦t❡í♥❛s ❡ s❡q✉ê♥❝✐❛s ❞❡ ❘◆❆
❝♦❞✐✜❝❛♥t❡s ♥❛s ❛♠♦str❛s ❞❡ ❉◆❆ ❬✸✽❪✳ ❉✉❛s ❛❜♦r❞❛❣❡♥s ❞✐❢❡r❡♥t❡s sã♦ ❛♣❧✐❝❛❞❛s ♣❛r❛
♣r❡❞✐çã♦ ❞❡ ❣❡♥❡s✿ ♠ét♦❞♦s ✐♥trí♥s❡❝♦s ❡ ❡①trí♥s❡❝♦s✳ ▼ét♦❞♦s ✐♥trí♥s❡❝♦s ❛♥❛❧✐s❛♠ ♣r♦♣r✐✲
❡❞❛❞❡s ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ❣❡♥♦♠❛s ♣❛r❛ ❞✐❢❡r❡♥❝✐❛r ❡♥tr❡ s❡q✉ê♥❝✐❛s ❝♦❞✐✜❝❛❞♦r❛s ❡ r❡❣✐õ❡s
♥ã♦✲❝♦❞✐✜❝❛❞♦r❛s ❬✸✼❪✳ ❆s ❢❡rr❛♠❡♥t❛s q✉❡ ✉t✐❧✐③❛♠ ❡ss❡s ♠ét♦❞♦s sã♦✱ ❡♠ s✉❛ ♠❛✐♦r✐❛✱
❜❛s❡❛❞❛s ❡♠ ❛♣r❡♥❞✐③❛❞♦ s✉♣❡r✈✐s✐♦♥❛❞♦ ❡ ♠ét♦❞♦s ❡st❛tíst✐❝♦s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛✲
❞rõ❡s✳ ❯♠❛ ❣r❛♥❞❡ ✈❛♥t❛❣❡♠ ❞❡ ♠ét♦❞♦s ✐♥trí♥s❡❝♦s é q✉❡ ❡❧❡s ♣❡r♠✐t❡♠ ❛ ✐❞❡♥t✐✜❝❛çã♦
❞❡ ❣❡♥❡s s❡♠ ❤♦♠ó❧♦❣♦s ❡♠ ❜❛s❡s ❞❡ ❞❛❞♦s ❞✐s♣♦♥í✈❡✐s ❬✸✽❪✳

▼ét♦❞♦s ❡①trí♥s❡❝♦s ♣r❡❞✐③❡♠ ❣❡♥❡s ♣r♦❝✉r❛♥❞♦ ♣♦r ❢r❛❣♠❡♥t♦s ❞❡ ❉◆❆ q✉❡ ❢♦r❛♠
❝♦♥s❡r✈❛❞♦s ❞✉r❛♥t❡ ❛ ❡✈♦❧✉çã♦✳ ❆ ♠❛✐♦r✐❛ ❞♦s ♥♦✈♦s ❣❡♥❡s sã♦ ❢♦r♠❛❞♦s ♣♦r ❡✈❡♥t♦s ❞❡
❞✉♣❧✐❝❛çã♦✱ r❡❛rr❛♥❥♦s ❡ ♠✉t❛çõ❡s ❞❡ ❣❡♥❡s ❡①✐st❡♥t❡s ❬✾❪✳ ❊ss❡s ♠ét♦❞♦s ✉s❛♠ ❢❡rr❛♠❡♥t❛s
❝♦♠♦ ♦ ❇▲❆❙❚ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❣❡♥❡s s✐♠✐❧❛r❡s ❛♦s ♦❜s❡r✈❛❞♦s ❡ ✐♥❢♦r♠❛r ❛ ❡①✐stê♥❝✐❛ ❞❡
❢❛♠í❧✐❛s ❞❡ ❣❡♥❡s ❞❡♥tr❡ ♦ ♠❡t❛❣❡♥♦♠❛✳ ❊♥tr❡t❛♥t♦✱ ♦ ❇▲❆❙❚ ♣♦r s✐ só ♥ã♦ ♣♦❞❡ s❡r
✉s❛❞♦ ♣❛r❛ ❡♥❝♦♥tr❛r ♥♦✈❛s ❢❛♠í❧✐❛s ❡ ♥♦✈♦s ❣❡♥❡s ❬✼✼❪✳

◆♦✈❛♠❡♥t❡✱ ❛ ♥❛t✉r❡③❛ ✐♥❝♦♠♣❧❡t❛ ❡ ❢r❛❣♠❡♥t❛❞❛ ❞♦s ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s ❛♣r❡s❡♥t❛
❞❡s❛✜♦s ♥❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❣❡♥❡s✳ ▼✉✐t♦s r❡❛❞s ♣❡r♠❛♥❡❝❡♠ ✐♥t♦❝❛❞♦s✱ ❡♠ ✈❡③ ❞❡ s❡r❡♠
✉♥✐❞♦s ❛ ♦✉tr♦s ❡ ❢♦r♠❛r❡♠ ❝♦♥t✐❣s ♦✉ ❛✐♥❞❛ sã♦ q✉✐♠❡r❛s ❞❡✈✐❞♦ ❛ ❡rr♦s ❞❡ ♠♦♥t❛❣❡♠ ❬✼✼❪✳

❖s ♠ét♦❞♦s ❞❡ ♣r❡❞✐çã♦ ❞❡ ❣❡♥❡s t❡♠ ❞❡ s❡r ❛❞❛♣t❛❞♦s ♣❛r❛ ❧✐❞❛r ❝♦♠ ❛ ❡♥♦r♠❡
q✉❛♥t✐❞❛❞❡ ❞❡ ❣❡♥❡s ❢r❛❣♠❡♥t❛❞♦s ❡♠ s❡q✉ê♥❝✐❛s ❝✉rt❛s✱ ❜❡♠ ❝♦♠♦ ❝♦♠ ❛ ❞✐✈❡rs✐❞❛❞❡
✜❧♦❣❡♥ét✐❝❛ ❞❛s ❛♠♦str❛s✱ q✉❡ ❞✐✜❝✉❧t❛♠ ♦ ✉s♦ ❞❡ ❝♦♥❥✉♥t♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ❡s♣❡❝í✜❝♦ ❞❡
❡s♣é❝✐❡s✱ ❡ ❝♦♠ ❛ ❜❛✐①❛ q✉❛❧✐❞❛❞❡ ❞❡ s❡q✉ê♥❝✐❛s ❬✺✶❪✳

✸✳✻ ❈❧❛ss✐✜❝❛çã♦

❆♣ós ❛ ♣r❡❞✐çã♦ ❞❡ ❣❡♥❡s✱ é ✐♠♣♦rt❛♥t❡ ❛ss♦❝✐á✲❧♦s às s✉❛s ❡s♣é❝✐❡s ❞❡ ♦r✐❣❡♠ ✭♦✉ ❣r✉♣♦s
t❛①♦♥ô♠✐❝♦s ❞❡ ❛❧t♦ ♥í✈❡❧✮✳ ❊ss❛ ❛♥á❧✐s❡ é ❝❤❛♠❛❞❛ ❜✐♥♥✐♥❣ ♦✉ ❝❧❛ss✐✜❝❛çã♦ ❬✼✼❪✳

❯♠❛ ❢♦r♠❛ ❞❡ ❝❧❛ss✐✜❝❛r s❡q✉ê♥❝✐❛s é ❡♥❝♦♥tr❛r s✐♠✐❧❛r✐❞❛❞❡s ❝♦♠ s❡q✉ê♥❝✐❛s ❞❡ r❡❢❡✲
rê♥❝✐❛ q✉❡ ♣♦❞❡♠ s❡r ✉s❛❞❛s ♣❛r❛ ❝♦♥str✉✐r ✉♠❛ ár✈♦r❡ ❬✼✼❪✳ ❊ss❛ té❝♥✐❝❛ é út✐❧ q✉❛♥❞♦
❛ ♠❛✐♦r✐❛ ❞❛s s❡q✉ê♥❝✐❛s ❞❛ ❛♠♦str❛ ♣♦ss✉❡♠ s✐♠✐❧❛r✐❞❛❞❡s s✐❣♥✐✜❝❛♥t❡s ❝♦♠ s❡q✉ê♥❝✐❛s
❞❡ r❡❢❡rê♥❝✐❛ ❝♦♥❤❡❝✐❞❛s✳ ❙❡q✉ê♥❝✐❛s ❞❡ ❣❡♥❡s ♣r❡❞✐t❛s✱ q✉❛♥❞♦ ♥ã♦ t❡♠ ❤♦♠ó❧♦❣♦s✱ sã♦
❛❞✐❝✐♦♥❛❞❛s ❡♠ s❡✉ ♣ró♣r✐♦ ♥ó ✐s♦❧❛❞♦ ♥❛ ár✈♦r❡✳ ❖ q✉❛❞r♦ r❡s✉❧t❛♥t❡ ❞❛s s❡q✉ê♥❝✐❛s ♥❛



✸✳✻✳ ❈❧❛ss✐✜❝❛çã♦ ✶✺

ár✈♦r❡ ❞❡ ❡s♣é❝✐❡s ♣♦❞❡ ♠♦str❛r ✉♠❛ ✈✐sã♦ ❣❡r❛❧ ❞❛s ❡s♣é❝✐❡s ❞♦♠✐♥❛♥t❡s ❞❛ ❛♠♦str❛✳
◆♦ ❡♥t❛♥t♦✱ ❡①✐st❡♠ ✈ár✐❛s ❧✐♠✐t❛çõ❡s ♣❛r❛ ❡ss❡ t✐♣♦ ❞❡ ❛❜♦r❞❛❣❡♠✳ Pr✐♠❡✐r♦✱ ❛ ❜❛s❡

❞❡ ❞❛❞♦s ❞♦ ❣❡♥♦♠❛ ❞❡ r❡❢❡rê♥❝✐❛ é ❛t✉❛❧♠❡♥t❡ ✐♥❝♦♠♣❧❡t❛ ❡ ❛❧t❛♠❡♥t❡ t❡♥❞❡♥❝✐♦s❛ ♣❛r❛
❛♣❡♥❛s três ✜❧♦s ❞❡ ❜❛❝tér✐❛s ✭Pr♦t❡♦❜❛❝t❡r✐❛✱ ❋✐r♠✐❝✉t❡s ❡ ❆❝t✐♥♦❜❛❝t❡r✐❛✮ ❞❡♥tr❡ ♣❡❧♦
♠❡♥♦s ✺✵ ✜❧♦s ❬✸✶❪✳ ❙❡❣✉♥❞♦✱ ❣❡♥❡s ❞❡r✐✈❛❞♦s ❞❡ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s✱ ♣❛rt✐❝✉❧❛r♠❡♥t❡
❛q✉❡❧❡s ❝♦♠ ♠♦♥t❛❣❡♠ ♠í♥✐♠❛✱ sã♦ ♥♦r♠❛❧♠❡♥t❡ ❢r❛❣♠❡♥t❛❞♦s ❡ ♣r♦❞✉③❡♠ ❛❧✐♥❤❛♠❡♥t♦s
✐♥❝♦♠♣❧❡t♦s✳ ❚❡r❝❡✐r♦✱ ✈ár✐♦s ❣❡♥❡s✱ ♣❛rt✐❝✉❧❛r♠❡♥t❡ ❞❡ ♣r♦t❡í♥❛s r✐❜♦ss♦♠❛✐s✱ às ✈❡③❡s
♥ã♦ sã♦ ❞❡t❡❝t❛❞♦s ♣♦r ♣r❡❞✐t♦r❡s ❞❡ ❣❡♥❡s ❛✉t♦♠át✐❝♦s ♣❡❧♦ s❡✉ t❛♠❛♥❤♦ r❡❞✉③✐❞♦ ❬✹✶❪✳
❋✐♥❛❧♠❡♥t❡✱ ❣❡♥❡s ✐♥❢♦r♠❛t✐✈♦s ❝♦♥s❡r✈❛❞♦s ✜❧♦❣❡♥❡t✐❝❛♠❡♥t❡ r❡♣r❡s❡♥t❛♠ ❛♣❡♥❛s ✉♠❛
♣❡q✉❡♥❛ ❢r❛çã♦ ❞♦ t♦t❛❧ ❞❡ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s ❬✸✽❪✳

▼❡s♠♦ ❝♦♠ t❛♥t❛s ❧✐♠✐t❛çõ❡s✱ ♦ ❛❧❣♦r✐t♠♦ ❙❖rt✲■❚❊▼❙ ❬✷✻❪ ❝♦♥s❡❣✉❡ ❜♦♥s r❡s✉❧t❛✲
❞♦s✳ ❖ ❛❧❣♦r✐t♠♦ ❛❞♦t❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❡①❛✉st✐✈❛ ♣❛r❛ ❥✉❧❣❛r ♣r✐♠❡✐r♦ ❛ q✉❛❧✐❞❛❞❡ ❞♦
❛❧✐♥❤❛♠❡♥t♦ ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❝♦♠ s❡✉s ❤✐ts ❡ ❝❤❡❣❛ ❛ ✉♠ ♥í✈❡❧ ❛♣r♦♣r✐❛❞♦ ♥❛ ár✈♦r❡
t❛①♦♥ô♠✐❝❛ ♣❛r❛ ♦ q✉❛❧ ❛ s❡q✉ê♥❝✐❛ ♣♦❞❡ s❡r ❛tr✐❜✉í❞❛✳ ❖ ❛❧❣♦r✐t♠♦ ❡♥tã♦ ✉s❛ ✉♠❛
❛❜♦r❞❛❣❡♠ ❞❡ ❣❡♥❡s ♦rtó❧♦❣♦s ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❤✐ts q✉❡ ♠♦str❛♠ ✉♠❛ s✐♠✐❧❛r✐❞❛❞❡ r❡❝í✲
♣r♦❝❛ ❝♦♠ ❛ s❡q✉ê♥❝✐❛ ❝♦♥s✉❧t❛❞❛✳ ●❡♥❡s ♦rtó❧♦❣♦s sã♦ ❣❡♥❡s ❞❡ ❞✐❢❡r❡♥t❡s ❡s♣é❝✐❡s q✉❡
❡✈♦❧✉ír❛♠ ❞❡ ✉♠ ❛♥❝❡str❛❧ ❝♦♠✉♠ ❛tr❛✈és ❞❡ ❡s♣❡❝✐❛çã♦✳ ◆♦r♠❛❧♠❡♥t❡ ❡ss❡s ❣❡♥❡s t❡♠
❛ ♠❡s♠❛ ❢✉♥çã♦ ❛tr❛✈és ❞❛ ❡✈♦❧✉çã♦✳ ❖ ❛❧❣♦r✐t♠♦ ❛✈❛❧✐❛ ♦s ❛❧✐♥❤❛♠❡♥t♦s ♦❜t✐❞♦s ❡♥✲
tr❡ ♦ r❡❛❞ ❡ s❡✉s ❤✐ts ❝♦rr❡s♣♦♥❞❡♥t❡s ♥❛ s❛í❞❛ ❞♦ ❇▲❆❙❚① ❬✶❪ ♣❛r❛ ❝r✐❛r s✉❜❝♦♥❥✉♥t♦s
❡s♣❡❝í✜❝♦ ❞❡ ❤✐ts q✉❡ ❝♦♠♣❛rt✐❧❤❛♠ ✉♠❛ r❡❧❛çã♦ ♦rtó❧♦❣❛ ❝♦♠ ♦ r❡❛❞ ❞❛❞♦✳

❯♠❛ ♦✉tr❛ ❛❜♦r❞❛❣❡♠ é ❛ ❝❧❛ss✐✜❝❛çã♦ ❜❛s❡❛❞❛ ❡♠ ❝♦♠♣♦s✐çã♦✱ q✉❡ ✉s❛ ❛♥á❧✐s❡s ❡s✲
t❛tíst✐❝❛s ❞❛s s❡q✉ê♥❝✐❛s ❬✼✼❪✳ ▼♦❞❡❧♦s ❞❡ ▼❛r❦♦✈ ❜❛s❡❛❞♦s ❡♠ ❢r❡q✉ê♥❝✐❛s ❞❡ ❦✲♠❡rs
s❡ ♠♦str❛r❛♠ ❜❡♠ ♣♦❞❡r♦s♦s ♣❛r❛ ❛♥á❧✐s❡s ❡st❛tíst✐❝❛s ❬✻✹❪✳ ❊ss❡s ♠ét♦❞♦s✱ ♣♦ré♠✱ ♥ã♦
sã♦ ❧✐✈r❡s ❞❡ ❡rr♦s✳ ◗✉❛♥t♦ ♠❛✐s ♣ró①✐♠❛s ✜❧♦❣❡♥❡t✐❝❛♠❡♥t❡ sã♦ ❛s ❡s♣é❝✐❡s ❡st✉❞❛❞❛s ♥♦
♠❡t❛❣❡♥♦♠❛✱ ❡ q✉❛♥t♦ ♠❛✐s ♥✉♠❡r♦s❛s ❡❧❛s sã♦✱ ♠❛✐♦r é ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❡rr♦s ❞❡ ❝❧❛ss✐✲
✜❝❛çã♦✳ ❆ ❢♦rç❛ ❞❛ ❝❧❛ss✐✜❝❛çã♦ ❜❛s❡❛❞❛ ❡♠ ❦✲♠❡rs é q✉❡ s❡q✉ê♥❝✐❛s ❞❡ r❡❢❡rê♥❝✐❛s ♥ã♦
sã♦ ♥❡❝❡ssár✐❛s ♣❛r❛ ❛ ❝❧❛ss✐✜❝❛çã♦ ❡♠ s✐✱ t♦❞❛ ❛ ✐♥❢♦r♠❛çã♦ é ♦❜t✐❞❛ ❞❛ ♣ró♣r✐❛ s❡q✉ê♥✲
❝✐❛✳ ■ss♦ ♣❡r♠✐t❡ ❝❧❛ss✐✜❝❛r s❡q✉ê♥❝✐❛s q✉❡ t❡♠ ♣♦✉❝♦s ♦✉ ♥❡♥❤✉♠ ❤♦♠ó❧♦❣♦ ❡ ♣♦rt❛♥t♦
♥❡♥❤✉♠❛ ❢✉♥çã♦ ❝♦♥❤❡❝✐❞❛✳

❖✉tr♦s ♠ét♦❞♦s ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦s✐çã♦ s❡❣✉❡♠ ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❞❡
q✉❡ ♣r♦❝❡ss♦s ❝❡❧✉❧❛r❡s ❝♦♠♦ ✉s♦ ❞❡ ❝ó❞♦♥s✱ s✐st❡♠❛s ❞❡ r❡str✐çã♦✲♠♦❞✐✜❝❛çã♦✱ ❡ ♠❡❝❛♥✐s✲
♠♦s ❞❡ r❡♣❛r♦ ❞❡ ❉◆❆ ♣r♦❞✉③❡♠ ❛ss✐♥❛t✉r❛s ❞❡ ❝♦♠♣♦s✐çã♦ ❞❡ s❡q✉ê♥❝✐❛s✱ ♣r✐♠❛r✐❛♠❡♥t❡
❢r❡q✉ê♥❝✐❛s ❞❡ ♦❧✐❣♦♥✉❝❧❡♦tí❞❡♦s ✭♣❛❧❛✈r❛s✮✱ q✉❡ sã♦ ❞✐st✐♥t❛s ❡♠ ❞✐❢❡r❡♥t❡s ❣❡♥♦♠❛s ❬✶✻❪✳

▼ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦s✐çã♦ ♣♦❞❡♠ s❡r ❞✐✈✐❞✐❞♦s ❡♠ ♣r♦❝❡❞✐♠❡♥t♦s ✭❞❡ ❝❧✉st❡✲
r✐③❛çã♦✮ s✉♣❡r✈✐s✐♦♥❛❞♦s ❡ ♥ã♦✲s✉♣❡r✈✐s✐♦♥❛❞♦s ❬✸✽❪✳ Pr♦❝❡❞✐♠❡♥t♦ ♥ã♦✲s✉♣❡r✈✐s✐♦♥❛❞♦s
❛❣r✉♣❛♠ ❢r❛❣♠❡♥t♦s ♠❡t❛❣❡♥ô♠✐❝♦s ❡♠ ✉♠ ❡s♣❛ç♦ ❞❡ ❛ss✐♥❛t✉r❛s ❞❡ ❝♦♠♣♦s✐çõ❡s s❡♠
❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉♠ ♠♦❞❡❧♦ ❞❡ tr❡✐♥❛♠❡♥t♦ ❝♦♠ s❡q✉ê♥❝✐❛s ❞❡ r❡❢❡rê♥❝✐❛✳ ❯♠❛ ✈❛♥t❛✲
❣❡♠ ❞❛ ❝❧❛ss✐✜❝❛çã♦ ♥ã♦✲s✉♣❡r✈✐s✐♦♥❛❞❛ é q✉❡ ♥♦✈❛s ♣♦♣✉❧❛çõ❡s ♣♦❞❡♠ s❡r ❝❧❛ss✐✜❝❛❞❛s
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♣♦r ❝♦♠♣❛rt✐❧❤❛r❡♠ s❡♠❡❧❤❛♥ç❛s ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❝♦♠♣♦s✐çã♦✱ ❡♠❜♦r❛ ❛ ✐❞❡♥t✐✜❝❛çã♦
❞❡ ❢r❛❣♠❡♥t♦s ❛✐♥❞❛ ♥❡❝❡ss✐t❡ ❞❛ s✐♠✐❧❛r✐❞❛❞❡ ❞❡ s❡q✉ê♥❝✐❛s ♣❛r❛ r❡❢❡r❡♥❝✐❛r ♦r❣❛♥✐s♠♦s✳
❯♠❛ ❞❡s✈❛♥t❛❣❡♠ é q✉❡ ❡ss❡s ♠ét♦❞♦s t❡♥❞❡♠ ❛ ❢♦❝❛r ❡♠ ❝❧❛ss❡s ♠❛❥♦r✐tár✐❛s ❞❡ ✉♠
❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❡ ♥ã♦ ❢♦r♥❡❝❡r❛♠ ❜♦♥s r❡s✉❧t❛❞♦s ❡♠ ♣♦♣✉❧❛çõ❡s ❞❡ ❜❛✐①❛ ❛❜✉♥❞â♥❝✐❛✳

▼ét♦❞♦s s✉♣❡r✈✐s✐♦♥❛❞♦s ❝❧❛ss✐✜❝❛♠ ❢r❛❣♠❡♥t♦s ♠❡t❛❣❡♥ô♠✐❝♦s ❝♦♥tr❛ ♠♦❞❡❧♦s tr❡✐✲
♥❛❞♦s ❡♠ s❡q✉ê♥❝✐❛s ❞❡ r❡❢❡rê♥❝✐❛ ❝❧❛ss✐✜❝❛❞❛s ❡✱ ❛ ♣r✐♥❝í♣✐♦✱ ♣♦❞❡♠ ❝❧❛ss✐✜❝❛r ❢r❛❣♠❡♥t♦s
❞❡ ♣♦♣✉❧❛çõ❡s ❞❡ ❜❛✐①❛ ❛❜✉♥❞â♥❝✐❛✱ s❡ ❤á ✉♠ ♠♦❞❡❧♦ ♣❛r❛ tr❡✐♥❛r✳ ❈♦♠♦ sã♦ ❝❛♣❛③❡s
❞❡ ❛♣r❡♥❞❡r ❝❛r❛❝t❡ríst✐❝❛s r❡❧❡✈❛♥t❡s q✉❡ ❞✐st✐♥❣✉❡♠ ✉♠❛ ♣♦♣✉❧❛çã♦ ❡♠ ♣❛rt✐❝✉❧❛r ❞❛s
♦✉tr❛s✱ ♠ét♦❞♦s s✉♣❡r✈✐s✐♦♥❛❞♦s ❣❡r❛❧♠❡♥t❡ t❡♠ ✉♠❛ ❛❝✉rá❝✐❛ ✭s❡♥s✐t✐✈✐❞❛❞❡ ❡ ❡s♣❡❝✐✜❝✐✲
❞❛❞❡✮ ♠❛✐♦r q✉❡ ♠♦❞❡❧♦s ♥ã♦✲s✉♣❡r✈✐s✐♦♥❛❞♦s✱ ♠❛s ❞❡♣❡♥❞❡♠ ❞❡ ✉♠ ❝♦♥❤❡❝✐♠❡♥t♦ ♣ré✈✐♦
s♦❜r❡ ❛s ❡s♣é❝✐❡s s❡q✉❡♥❝✐❛❞❛s ❬✸✽❪✳

✸✳✼ ❆♥á❧✐s❡ ❞❡ ❉❛❞♦s

❖s ♣r✐♠❡✐r♦s ♣❛ss♦s ❞❛ ❛♥á❧✐s❡ ❞❡ q✉❛❧q✉❡r ♠❡t❛❣❡♥♦♠❛ ❡♥✈♦❧✈❡♠ ❝♦♠♣❛r❛r ❛s s❡q✉ê♥❝✐❛s
❧✐❞❛s ❞❡ ✉♠❛ ❛♠♦str❛ ❝♦♠ ❜❛s❡s ❞❡ ❞❛❞♦s ❞❡ s❡q✉ê♥❝✐❛s ❝♦♥❤❡❝✐❞❛s✳ ❊ss❛ t❛r❡❢❛ ❝♦♠♣✉t❛✲
❝✐♦♥❛❧♠❡♥t❡ ✐♥t❡♥s❛ ♣r♦✈ê ♦s t✐♣♦s ❜ás✐❝♦s ❞❡ ❞❛❞♦s ♣❛r❛ ✈ár✐❛s ❛♥á❧✐s❡s ♣♦st❡r✐♦r❡s ❬✹✹❪✳

❆ ❛♥á❧✐s❡ ❞❡ ❝♦♠✉♥✐❞❛❞❡s ❞❡ ❜❛✐①❛ ❝♦♠♣❧❡①✐❞❛❞❡ é✱ ❡♠ ✈ár✐♦s ❛s♣❡❝t♦s✱ s✐♠✐❧❛r à ❛♥á✲
❧✐s❡ ❞❡ ❣❡♥♦♠❛s ✐s♦❧❛❞♦s✳ ●❡♥♦♠❛s ❞❡ ♣♦♣✉❧❛çõ❡s ❞♦♠✐♥❛♥t❡s t❡♠ ❝♦❜❡rt✉r❛ s✉✜❝✐❡♥t❡ ❡
❝♦♥t❡①t♦ ❣❡♥ét✐❝♦ ♣❛r❛ ♣❡r♠✐t✐r ✉♠❛ r❡❝♦♥str✉çã♦ ♠❡t❛❜ó❧✐❝❛ r❛③♦❛✈❡❧♠❡♥t❡ ❝♦♠♣r❡❡♥sí✲
✈❡❧ ❬✸✽❪✳ ❯♠❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ❝♦♠♣♦s✐çã♦ ❞❡ s❡q✉ê♥❝✐❛s✱ ❝❧❛ss✐✜❝❛çã♦ ❡ ♠♦♥t❛❣❡♠ ♣❛r❡❝❡
s❡r s✉✜❝✐❡♥t❡ ♣❛r❛ s❡q✉❡♥❝✐❛r q✉❛s❡ q✉❡ ❝♦♠♣❧❡t❛♠❡♥t❡ ♦s ♠❡♠❜r♦s ❞❛ ❝♦♠✉♥✐❞❛❞❡✳ ■ss♦
♣❡r♠✐t❡ ❛ ❛tr✐❜✉✐çã♦ ❞❡ ❛❧❣✉♠❛s ❛t✐✈✐❞❛❞❡s ♠❡t❛❜ó❧✐❝❛s ♣❛r❛ ♠❡♠❜r♦s ✐♥❞✐✈✐❞✉❛✐s ❞♦ ❡❝♦s✲
s✐st❡♠❛ ❬✺✶❪✳ ❙❡ ♠❛✐s ❞❡ ✉♠❛ ♣♦♣✉❧❛çã♦ ❞♦♠✐♥❛♥t❡ é s❡q✉❡♥❝✐❛❞❛✱ ❛ ♣♦t❡♥❝✐❛❧ ✐♥t❡r❛çã♦
♠❡t❛❜ó❧✐❝❛ ❞❡ss❛s ♣♦♣✉❧❛çõ❡s t❛♠❜é♠ ♣♦❞❡ ✜❝❛r ❛♣❛r❡♥t❡ ❬✸✽❪✳

❖s s❡q✉❡♥❝✐❛♠❡♥t♦s ❞❡ ❝♦♠✉♥✐❞❛❞❡s ♠✐❝r♦❜✐❛♥❛s ❞❡ ❛❧t❛ ❝♦♠♣❧❡①✐❞❛❞❡ r❡s✉❧t❛♠ ❡♠
♣♦✉❝❛ ♦✉ ♥❡♥❤✉♠❛ ♠♦♥t❛❣❡♠ ❞❡ ❢r❛❣♠❡♥t♦s ❬✼✷❪✳ ❆ ❛❜♦r❞❛❣❡♠ ♠❛✐s ❝♦♠✉♠ ♣❛r❛ ❛ ❛♥♦✲
t❛çã♦ ❢✉♥❝✐♦♥❛❧ é ❜❛s❡❛❞❛ ♥♦ ❇▲❆❙❚✱ ✉t✐❧✐③❛♥❞♦ s❡q✉ê♥❝✐❛s ❞❡ r❡❢❡rê♥❝✐❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡
❞❡ ❜❛❝tér✐❛s✳

❆ ❛❧t❛ ❞❡♥s✐❞❛❞❡ ❞❡ ár❡❛s ❝♦❞✐✜❝❛❞♦r❛s ❡♠ ❣❡♥♦♠❛s ❞❡ ❜❛❝tér✐❛s ❡ ♦ t❛♠❛♥❤♦ ♠é❞✐♦
❞❡ ✉♠ ❣❡♥❡ s✐❣♥✐✜❝❛ q✉❡ ❛ ♠❛✐♦r✐❛ ❞♦s r❡❛❞s ♦❜t✐❞♦s ♣❡❧♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❜❛❝tér✐❛s ✐rã♦
❝❛♣t✉r❛r ✉♠❛ s❡q✉ê♥❝✐❛ ❝♦❞✐✜❝❛❞♦r❛ ❬✸✽❪✳ ❆ss✐♠✱ é ♣♦ssí✈❡❧ ❛♥❛❧✐s❛r ♦s ❞❛❞♦s ♦❜s❡r✈❛♥❞♦
❛♣❡♥❛s ♦s ❣❡♥❡s ❛❧✐ ❡①✐st❡♥t❡s ❡ tr❛t❛♥❞♦ ❛ ❝♦♠✉♥✐❞❛❞❡ ❝♦♠♦ ✉♠ ❛❣r❡❣❛❞♦✱ ✐❣♥♦r❛♥❞♦
q✉❛✐s ❡s♣é❝✐❡s ❝♦♥tr✐❜✉ír❛♠ ❝♦♠ q✉❛❧ ❣❡♥❡✳

❉❡ss❛ ❢♦r♠❛✱ ♣♦❞❡✲s❡ ❡st✉❞❛r ♦ ♣♦t❡♥❝✐❛❧ ❢✉♥❝✐♦♥❛❧ ❞❛ ❝♦♠✉♥✐❞❛❞❡ ♠✐❝r♦❜✐❛♥❛ ❞♦ q✉❛❧
♦ ♠❡t❛❣❡♥♦♠❛ ❢♦✐ ❞❡r✐✈❛❞♦ ❬✼✼❪✳ Pr✐♠❡✐r♦ sã♦ ❛tr✐❜✉í❞❛s ❢✉♥çõ❡s ❜✐♦❧ó❣✐❝❛s ♣❛r❛ ♦s ❣❡♥❡s✳
❉❡♣♦✐s sã♦ ❞❡s❝♦❜❡rt♦s ❣❡♥❡s q✉❡ ❝♦♥st✐t✉❡♠ r❡❞❡s ❜✐♦❧ó❣✐❝❛s✱ ❝♦♠♦ ✈✐❛s ♠❡t❛❜ó❧✐❝❛s✱ ♥♦s
❞❛❞♦s✳ ❱ár✐♦s ❡st✉❞♦s ❢♦r❛♠ ❢❡✐t♦s ❡ ❧❡✈❛r❛♠ à ❞❡s❝♦❜❡rt❛ ❞❡ ✈✐❛s ♠❡t❛❜ó❧✐❝❛s ❝♦♠♣❧❡✲



✸✳✽✳ ▼❡t❛❣❡♥ô♠✐❝❛ ❈♦♠♣❛r❛t✐✈❛ ✶✼

♠❡♥t❛r❡s ❞❡ ♠✐❝ró❜✐♦s q✉❡ ❝♦♥st✐t✉❡♠ ❛ ❝♦♠✉♥✐❞❛❞❡✳
❊♥tr❡t❛♥t♦✱ ❡ss❛ té❝♥✐❝❛ ❜❛s❡❛❞❛ ❡♠ s❡q✉ê♥❝✐❛s ❞❡ r❡❢❡rê♥❝✐❛ só ♣❡r♠✐t❡ ❛♥♦t❛r ❢✉♥❝✐✲

♦♥❛❧♠❡♥t❡ ✷✺✲✺✵✪ ❞❛s ♣r♦t❡í♥❛s ♣♦r ♠❡t❛❣❡♥♦♠❛ ♣✉❜❧✐❝❛❞♦ ❬✺✷❪✳

✸✳✽ ▼❡t❛❣❡♥ô♠✐❝❛ ❈♦♠♣❛r❛t✐✈❛

❆ ❛♥á❧✐s❡ ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ❣❡♥♦♠❛s ♠♦str♦✉ q✉❡ ♠✉✐t♦ s❡ ❣❛♥❤❛ ❝♦♠ ❛❜♦r❞❛❣❡♥s ❝♦♠✲
♣❛r❛t✐✈❛s✱ ✉♠❛ ✈❡③ q✉❡ ❡❧❛s ❣❡r❛♠ ❝♦♥t❡①t♦ ♣❛r❛ ❛♠♦str❛s ✐♥❞✐✈✐❞✉❛✐s ❬✺✶❪✳ ❈♦♠♣❛r❛çõ❡s
❞❡ ❛♠♦str❛s ❞✐❢❡r❡♥t❡s ❞♦ ♠❡s♠♦ ❛♠❜✐❡♥t❡ ♦✉ ✉♠ ❛♠❜✐❡♥t❡ s✐♠✐❧❛r✱ ♣♦❞❡♠ r❡✈❡❧❛r ❛ ✐♥✲
✢✉ê♥❝✐❛ ❞❡ ❢❛t♦r❡s ❛♠❜✐❡♥t❛✐s ♣❛rt✐❝✉❧❛r❡s ❡♠ ❝♦♠✉♥✐❞❛❞❡s ♠✐❝r♦❜✐❛♥❛s✳ ❆ ❝♦♠♣❛r❛çã♦
❞❡ ♠❡t❛❣❡♥♦♠❛s ❞❡ ❞✐❢❡r❡♥t❡s ❤❛❜✐t❛ts ♣❡r♠✐t❡ ❛ ❞❡s❝♦❜❡rt❛ ❞❡ t❡♥❞ê♥❝✐❛s ❣❡r❛✐s q✉❡
❧✐❣❛♠ ♠❡t❛❣❡♥♦♠❛s ❡ ♣r♦♣r✐❡❞❛❞❡s ❞❛s ❝♦♠✉♥✐❞❛❞❡s ❝♦♠ ❝❛r❛❝t❡ríst✐❝❛s ❢❡♥♦tí♣✐❝❛s ❞♦s
❛♠❜✐❡♥t❡s✳

❖ ❢r❛♠❡✇♦r❦ ❙❊❊❉ ❬✹✽❪ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ ❣❡♥ô♠✐❝❛ ❝♦♠♣❛r❛t✐✈❛ ❡ ❢♦✐ ✉s❛❞♦ ❝♦♠♦
❜❛s❡ ♣❛r❛ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ❞♦ s❡r✈✐❞♦r ❘❆❙❚ ❬✹✹❪✳ ❙ã♦ ❝♦♥str✉í❞♦s ♠❛♣❛s ❞❡ t❛①♦♥♦♠✐❛s
❡ s✉❜s✐st❡♠❛s ♣❛r❛ ❡♥❝❛♣s✉❧❛r ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ❛s ❛♠♦str❛s ❡ ❝♦♠♣❛r❛r s✉❛s s✐♠✐❧❛r✐❞❛❞❡s✳

❆♣❡s❛r ❞♦ ❣r❛♥❞❡ ♣♦t❡♥❝✐❛❧ ❞❡ ❛❜♦r❞❛❣❡♥s ♠❡t❛❣❡♥ô♠✐❝❛s ❝♦♠♣❛r❛t✐✈❛s✱ ❡❧❛s ❞❡✈❡♠
s❡r ❛♣❧✐❝❛❞❛s ❝♦♠ ❝❛✉t❡❧❛ ❬✺✶❪✳ ❱ár✐♦s ❢❛t♦r❡s ❜✐♦❧ó❣✐❝♦s ❡s♣❡❝í✜❝♦s ❞♦ ❛♠❜✐❡♥t❡ ❡ ✈ár✐♦s
♣r♦❜❧❡♠❛s té❝♥✐❝♦s ❞✐✜❝✉❧t❛♠ ❛ ❝♦♠♣❛r❛çã♦ ❞✐r❡t❛ ❞❡ ❛♠❜✐❡♥t❡s✱ ♣♦✐s ❡❧❡s ✐♥✢✉❡♥❝✐❛♠ ✉♠
❛♦ ♦✉tr♦ ❡ ❛ ♠❛✐♦r✐❛ ❞♦s r❡s✉❧t❛❞♦s ❞❡r✐✈❛❞♦s✳ ❉✐❢❡r❡♥ç❛s ♥♦ t❛♠❛♥❤♦ ♠é❞✐♦ ❞❡ ❣❡♥♦♠❛s
❞❛s ❛♠♦str❛s ✐♠♣❧✐❝✐t❛♠❡♥t❡ ❧❡✈❛♠ ❛ ❞✐❢❡r❡♥ç❛s ❞❛ ❝♦♠♣♦s✐çã♦ ❢✉♥❝✐♦♥❛❧ r❡❧❛t✐✈❛ ❞❛s
❛♠♦str❛s✳ ❆ ❝♦♠♣❧❡①✐❞❛❞❡ ✜❧♦❣❡♥ét✐❝❛ ❞❛s ❛♠♦str❛s ✐♥✢✉❡♥❝✐❛♠ ❢♦rt❡♠❡♥t❡ ❛ ❛♥á❧✐s❡✱
❡ ❞✐❢❡r❡♥t❡s ❝❛r❛❝t❡ríst✐❝❛s ❢✉♥❝✐♦♥❛✐s ❞♦s ❛♠❜✐❡♥t❡s ♣♦❞❡♠ r❡s✉❧t❛r ❡♠ ❞✐❢❡r❡♥t❡s t❛①❛s
❡✈♦❧✉❝✐♦♥ár✐❛s✱ ❞✐st♦r❝❡♥❞♦ ❛ ❞❡t❡❝çã♦ ❞❡ ❣❡♥❡s ❡ ❢✉♥çõ❡s✳ ❆ ❝♦❜❡rt✉r❛ ❧✐♠✐t❛❞❛ ❞❛s
❛♠♦str❛s ❡ ❛ ❞✐✈❡rs✐❞❛❞❡ ✜❧♦❣❡♥ét✐❝❛ ♣♦❞❡♠ ❞✐✜❝✉❧t❛r ❛ ❝♦♠♣❛r❛çã♦ ❞✐r❡t❛ ❞❡ ♣❛râ♠❡tr♦s
❣❡♥ét✐❝♦s ♣♦♣✉❧❛❝✐♦♥❛✐s✱ ✉♠❛ ✈❡③ q✉❡ ❡st✐♠❛t✐✈❛s r♦❜✉st❛s ❜❛s❡❛❞❛s ❡♠ ♣♦✉❝♦s ❞❛❞♦s
sã♦ ❞✐❢í❝❡✐s ❡ ❛s ❡s♣é❝✐❡s ❛❜✉♥❞❛♥t❡s ♣♦❞❡♠ ♦❝✉❧t❛r ❛ r❡❛❧ ❡str✉t✉r❛ ♣♦♣✉❧❛❝✐♦♥❛❧ ❞❛s
❛♠♦str❛s✳ ❆❧é♠ ❞♦s ✈ár✐♦s ❢❛t♦r❡s ❜✐♦❧ó❣✐❝♦s✱ ♠✉✐t♦s ♣r♦❜❧❡♠❛s té❝♥✐❝♦s r❡❧❛❝✐♦♥❛❞♦s ❛
❛♠♦str❛❣❡♠✱ s❡q✉❡♥❝✐❛♠❡♥t♦ ❡ ❛♥♦t❛çã♦ ✐♥✢✉❡♥❝✐❛♠ t♦❞❛ ❛ ❛♥á❧✐s❡✳



❈❛♣ít✉❧♦ ✹

Pr♦❣r❛♠❛s ♣❛r❛ ❆♥á❧✐s❡ ❞❡

▼❡t❛❣❡♥♦♠❛s

▼✉✐t♦s ♣r♦❣r❛♠❛s ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ♣❛r❛ ❛✉①✐❧✐❛r ❛ ❛♥á❧✐s❡ ❞❡ ♠❡t❛❣❡♥♦♠❛s✳ ▼♦♥t❛❞♦✲
r❡s ❢♦r❛♠ ❛❞❛♣t❛❞♦s ♣❛r❛ ❧✐❞❛r ❝♦♠ ❛ ♠❛✐♦r ❢r❛❣♠❡♥t❛çã♦ ❞♦s ❞❛❞♦s✱ ♦✉tr♦s ♠♦♥t❛❞♦r❡s
❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ❡s♣❡❝✐✜❝❛♠❡♥t❡ ♣❛r❛ tr❛❜❛❧❤❛r ❝♦♠ ♠❡t❛❣❡♥♦♠❛s✳ ◆♦✈♦s ♠ét♦❞♦s
❞❡ ♣r❡❞✐çã♦ ❞❡ ❣❡♥❡s t❛♠❜é♠ s✉r❣✐r❛♠✱ ❜❡♠ ❝♦♠♦ ✉♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❧❛ss✐✜✲
❝❛❞♦r❡s q✉❡ s❡ ✉t✐❧✐③❛♠ ❞❡ ❞✐✈❡rs♦s ♠ét♦❞♦s ♣❛r❛ ❝♦♥s❡❣✉✐r ✉♠ r❡tr❛t♦ ❞❛ ❝♦♠✉♥✐❞❛❞❡
❡st✉❞❛❞❛✳ ◆❡st❡ ❈❛♣ít✉❧♦ ❢❛r❡♠♦s ✉♠ ❜r❡✈❡ r❡s✉♠♦ ❞❡ ❛❧❣✉♥s ♣r♦❣r❛♠❛s✱ ❝♦♠ ê♥❢❛s❡ ❡♠
♠♦str❛r ♦ q✉❡ ❡❧❡s s❡ ♣r♦♣õ❡♠ ❛ ❢❛③❡r ❡ ♦s ❞✐❢❡r❡♥t❡s ♠ét♦❞♦s q✉❡ ✉t✐❧✐③❛♠ ♣❛r❛ t❛❧✳ ❖s
s❡✐s ♣r♦❣r❛♠❛s ❡st✉❞❛❞♦s sã♦✿

• ▼❊●❆◆ ❬✸✹❪ ✲ ❯t✐❧✐③❛ ✉♠❛ sér✐❡ ❞❡ ❜✉s❝❛s ❜❛s❡❛❞❛s ♥♦ ❇▲❆❙❚✳

• ❙❖rt✲■❚❊▼❙ ❬✷✻❪ ✲ ❊✈♦❧✉✐ ♦s r❡s✉❧t❛❞♦s ❞❡ ❜✉s❝❛s ❞♦ ❇▲❆❙❚ ✐❞❡♥t✐✜❝❛♥❞♦ ❣❡♥❡s
♦rtó❧♦❣♦s✳

• ◆❇❈ ❬✻✶❪ ✲ ❯t✐❧✐③❛ ✉♠ ❝❧❛ss✐✜❝❛❞♦r ❇❛②❡s✐❛♥♦ ✐♥❣ê♥✉♦✳

• ❈❆❘▼❆ ❬✸✻❪ ✲ ❈♦♥stró✐ ✉♠❛ ár✈♦r❡ ✜❧♦❣❡♥ét✐❝❛ ❜❛s❡❛❞❛ ❡♠ ❝♦♠♣❛r❛çõ❡s ❝♦♠ ❢❛✲
♠í❧✐❛s ❞❡ ♣r♦t❡í♥❛s✳

• P❤②♠♠ ❡ P❤②♠♠❇▲ ❬✹❪ ✲ ❯t✐❧✐③❛ ♠♦❞❡❧♦s ❞❡ ▼❛r❦♦✈ ✐♥t❡r♣♦❧❛❞♦s ❡ ❢❛③ ✉♠ ❤í❜r✐❞♦
❝♦♠ r❡s✉❧t❛❞♦s ❞♦ ❇▲❆❙❚✳

• P❤②❧❖❚❯ ❬✻✽❪ ✲ ❈♦♥stró✐ ✉♠❛ ár✈♦r❡s ✜❧♦❣❡♥ét✐❝❛ ❡ ✉t✐❧✐③❛ ❛s ❞✐stâ♥❝✐❛s ❞❡ss❛ ár✈♦r❡
♣❛r❛ ❝❧✉st❡r✐③❛çã♦✳ ❊st❡ ♠ét♦❞♦ ✉t✐❧✐③❛ ❛♣❡♥❛s r❘◆❆ ✶✻❙ ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦✳

✶✽



✹✳✶✳ ▼❊●❆◆ ✶✾

✹✳✶ ▼❊●❆◆

❖ ▼❊●❆◆ ✭▼❡t❛❣❡♥♦♠❡ ❆♥❛❧②s❡r✮ ❬✸✹❪ é ✉♠❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ♦ ❡st✉❞♦ ✐♥✐❝✐❛❧ ❞❡ ✉♠
❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s ❡ ♣❡r♠✐t❡ ❛ ❛♥á❧✐s❡ ❞❡ ❣r❛♥❞❡s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s
♣♦r ✉♠ ú♥✐❝♦ ❝✐❡♥t✐st❛✳ ❊♠ ✉♠❛ ❡t❛♣❛ ❞❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦✱ ♦s r❡❛❞s ✭♦✉ ❝♦♥t✐❣s✮
sã♦ ❝♦♠♣❛r❛❞♦s ❝♦♠ ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❝♦♥❤❡❝✐❞❛ ✉t✐❧✐③❛♥❞♦ ♦ ❇▲❆❙❚✳ ❆ ♣r✐♥❝✐♣❛❧
❛♣❧✐❝❛çã♦ ❞♦ ▼❊●❆◆ é ♣r♦❝❡ss❛r ♦s r❡s✉❧t❛❞♦s ❞❡ss❛s ❝♦♠♣❛r❛çõ❡s✱ ❛tr❛✈és ❞❡ ❡st✐♠❛t✐✈❛s
❡ ❡①♣❧♦r❛çõ❡s ✐♥t❡r❛t✐✈❛s ❞♦ ❝♦♥t❡ú❞♦ t❛①♦♥ô♠✐❝♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✳ ❆ t❛①♦♥♦♠✐❛ ❞♦
◆❈❇■ é ✉s❛❞❛ ♣❛r❛ r❡s✉♠✐r ❡ ♦r❞❡♥❛r ♦s r❡s✉❧t❛❞♦s✳

❖ ♣r♦❣r❛♠❛ ✉s❛ ✉♠ ❛❧❣♦r✐t♠♦ s✐♠♣❧❡s q✉❡ ❛tr✐❜✉✐ ❛ ❝❛❞❛ ❧❡✐t✉r❛ ♦ ❧♦✇❡st ❈♦♠♠♦♥

❆♥❝❡st♦r ✭▲❈❆✮ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ t❛①❛ q✉❡ ❢♦r❛♠ ❡♥❝♦♥tr❛❞♦s ♥❛ ❝♦♠♣❛r❛çã♦✳ ❈♦♠♦ r❡✲
s✉❧t❛❞♦✱ r❡❛❞s ♠❛✐s ❡s♣❡❝í✜❝♦s✱ ♠❛✐s s❡♠❡❧❤❛♥t❡s ❛ s❡q✉ê♥❝✐❛s ❞❡ ❡s♣é❝✐❡s ❝♦♥❤❡❝✐❞❛s✱ sã♦
❛tr✐❜✉í❞❛s ❛ t❛①❛ ♣ró①✐♠❛s às ❢♦❧❤❛s ❞❛ ár✈♦r❡ ◆❈❇■✱ ❡ s❡q✉ê♥❝✐❛s ❛♠♣❧❛♠❡♥t❡ ❝♦♥s❡r✈❛✲
❞❛s sã♦ ❛tr✐❜✉í❞❛s ❛ t❛①❛ ❞❡ ❛❧t❛ ♦r❞❡♠✱ ♣ró①✐♠❛s à r❛✐③✳ ❊ss❛ ❛❜♦r❞❛❣❡♠ ✉s❛ ❞✐✈❡rs♦s
✈❛❧♦r❡s ❧✐♠✐t❛♥t❡s✿

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

• t♦♣✲♣❡r❝❡♥t é ✉♠ ✜❧tr♦ q✉❡ r❡té♠ ❛♣❡♥❛s ❛q✉❡❧❡s ❤✐ts ♣❛r❛ ✉♠ ❞❛❞❛ ❧❡✐t✉r❛ r q✉❡
t❡♥❤❛♠ ✉♠❛ ♣♦♥t✉❛çã♦ ❞❡♥tr♦ ❞❡ ✉♠❛ ♣♦r❝❡♥t❛❣❡♠ ❞❛ ♠❛✐♦r ♣♦♥t✉❛çã♦ ❡♥✈♦❧✈❡♥❞♦
r✳ ■ss♦ ❛❥✉❞❛ ❛ ❞✐st✐♥❣✉✐r ❡♥tr❡ ❤✐ts ❞❡ ✐❞❡♥t✐❞❛❞❡ ❡ ❞❡ ❤♦♠♦❧♦❣✐❛✳

• ✇✐♥✲s❝♦r❡ ♣♦❞❡ s❡r ❞❡t❡r♠✐♥❛❞♦ ❞❡ ❢♦r♠❛ q✉❡ ♣❛r❛ ❛q✉❡❧❛ ❧❡✐t✉r❛✱ ❛♣❡♥❛s ❤✐ts ❝♦♠
♣♦♥t✉❛çã♦ ♠❛✐♦r q✉❡ ❡ss❡ ❧✐♠✐t❡ s❡❥❛♠ ❛❝❡✐t❛s✳

• ♠✐♥✲s✉♣♣♦rt é ✉♠ ✜❧tr♦ ✉s❛❞♦ ♣❛r❛ r❡❞✉③✐r ❢❛❧s♦s✲♣♦s✐t✐✈♦s✱ ♠❛r❝❛♥❞♦ ✉♠ ♥ú♠❡r♦
♠í♥✐♠♦ ❞❡ ❧❡✐t✉r❛s q✉❡ ❞❡✈❡ s❡r ❛tr✐❜✉í❞♦ ❛ ✉♠ ❝❡rt♦ tá①♦♥ ♦✉ q✉❛❧q✉❡r ✉♠ ❞❡ s❡✉s
❞❡s❝❡♥❞❡♥t❡s ♥❛ ár✈♦r❡ t❛①♦♥ô♠✐❝❛✳

❖ r❡s✉❧t❛❞♦ ❞♦ ❛❧❣♦r✐t♠♦ ▲❈❆ é ❛♣r❡s❡♥t❛❞❛ ❛♦ ✉s✉ár✐♦ ❝♦♠♦ ✉♠❛ t❛①♦♥♦♠✐❛ ♣❛r❝✐❛❧
✐♥❞✉③✐❞❛ ♣❡❧♦ ❝♦♥❥✉♥t♦ ❞❡ t❛①❛ q✉❡ ❢♦✐ ✐❞❡♥t✐✜❝❛❞♦✳ ❖ ♣r♦❣r❛♠❛ ♣❡r♠✐t❡ ❛♦ ✉s✉ár✐♦
❡①♣❧♦r❛r ♦s r❡s✉❧t❛❞♦s ✐♥t❡r❛❣✐♥❞♦ ❝♦♠ ❛ ár✈♦r❡ t❛①♦♥ô♠✐❝❛✳

❊ss❡ ♣r♦❝❡ss♦ ❢♦✐ ❛♣❧✐❝❛❞♦ ❛ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞♦s ❞❛❞♦s ❞♦ ▼❛r ❞❡ ❙❛r❣❛ss♦ ❞❡ ❱❡♥t❡r
❡t ❛❧✳ ❬✼✹❪✳ ❆ ❛♥á❧✐s❡ ❢❡✐t❛ ♣❡❧♦ ▼❊●❆◆ ✉s♦✉ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❡st❛tíst✐❝❛ ✐♥❞❡♣❡♥❞❡♥t❡ ❡
❛❧❝❛♥ç♦✉ r❡s✉❧t❛❞♦s ♠✉✐t♦ s✐♠✐❧❛r❡s ❛♦s ❞❡ ❱❡♥t❡r ❡t ❛❧✳ ♣❛r❛ ❛ ❞✐str✐❜✉✐çã♦ ❞❛s ❡s♣é❝✐❡s✳
❋♦✐ ✉t✐❧✐③❛❞♦ t♦❞♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❞❛s ❛♠♦str❛s ✶✲✹ ❞♦ ▼❛r ❞❡ ❙❛r❣❛ss♦✱ s❡❧❡❝✐♦♥❛❞❛s
❛❧❣✉♠❛s ❧❡✐t✉r❛s ❡ ❢❡✐t♦s ❞♦✐s ❝♦♥❥✉♥t♦s✱ ✉♠ ❝♦♠ ❧❡✐t✉r❛s ❞❛ ❛♠♦str❛ ✶ ❡ ♦✉tr♦ ❝♦♠ ❧❡✐t✉r❛s
❞❛s ❛♠♦str❛s ✷✲✹✳ ❖ ❝♦♥❥✉♥t♦ ❞❡ ❧❡✐t✉r❛s ❞❡ ❉◆❆ ♦✉ ❝♦♥t✐❣s ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ❝♦♥tr❛
✉♠ ❜❛♥❝♦ ❞❡ ❞❛❞♦ ❞❡ s❡q✉ê♥❝✐❛s ❝♦♥❤❡❝✐❞❛s✱ ◆❈❇■✲◆❘✱ ✉s❛♥❞♦ ♦ ❇▲❆❙❚✳
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P❛r❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ r❡❛❞s ❞❛ ❛♠♦str❛ ✶✱ 83% ❞❡ t♦❞❛s ♦s r❡❛❞s ❢♦r❛♠ ❛tr✐❜✉í❞♦s ❛ t❛①❛
♠❛✐s ❡s♣❡❝í✜❝❛s q✉❡ ♦ ♥í✈❡❧ ❞❡ r❡✐♥♦✱ ❛ ♠❛✐♦r✐❛ s❡♥❞♦ ❛tr✐❜✉í❞♦ ♣❛r❛ ❣r✉♣♦s ❜❛❝t❡r✐❛♥♦s✳
P❛r❛ ❛s ❛♠♦str❛s ✷✲✹✱ ♦ ♠❡s♠♦ ❛❝♦♥t❡❝❡✉ ♣❛r❛ 59% ❞♦s r❡❛❞s✳

P❛r❛ ✈❛❧✐❞❛r ♦ ♣r♦❣r❛♠❛ ❝♦♠ t❡❝♥♦❧♦❣✐❛s ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦ r❡❝❡♥t❡s✱ q✉❡ ♣r♦❞✉③❡♠
r❡❛❞s ♠❡♥♦r❡s✱ ❞❡ ❛té ✶✵✵ ❜♣✱ ✉♠❛ ❛❜♦r❞❛❣❡♠ s✐♠♣❧❡s ❢♦✐ ❝♦❧❡t❛r r❡❛❞s ❞❡ ✉♠ ❣❡♥♦♠❛
❝♦♥❤❡❝✐❞♦ ❡ ♣r♦❝❡ss❛r ❝♦♠♦ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s✳ ❙❡q✉ê♥❝✐❛s ❞❡ ❞♦✐s ♦r❣❛♥✐s♠♦s ❢♦r❛♠
✉s❛❞❛s✿ ❊✳ ❝♦❧✐ ❑✶✷ ❡ ❇✳ ❜❛❝t❡r✐♦✈♦r✉s ❍❉✶✵✵✳ ❊✳ ❝♦❧✐ ❢♦✐ ❡s❝♦❧❤✐❞♦ ♣♦r s❡r ✉s❛❞♦ ❝♦♠♦
❤♦s♣❡❞❡✐r♦ ❞❡ ❝❧♦♥❛❣❡♠ ♥❛ ♠❛✐♦r✐❛ ❞♦s ♣r♦❥❡t♦s ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦✱ ❡ é ♠❛✐s ♣r♦✈á✈❡❧
q✉❡ ♦❝♦rr❛ ❡♠ ✈ár✐❛s s❡q✉ê♥❝✐❛s ❞❛s ❜❛s❡s ❞❡ ❞❛❞♦s ♣♦r ❡♥❣❛♥♦✳ ❖ s❡❣✉♥❞♦ ♦r❣❛♥✐s♠♦
❞❡ t❡st❡✱ ❇✳ ❜❛❝t❡r✐♦✈♦r✉s✱ t❡♠ s❡q✉ê♥❝✐❛s ❜❡♠ ❞✐st✐♥t❛s ❞❡ ♦✉tr❛s Pr♦t❡♦❜❛❝tér✐❛s ❡ ♥ã♦
t❡♠ ♣❛r❡♥t❡s ♣ró①✐♠♦s ❛t✉❛❧♠❡♥t❡ r❡♣r❡s❡♥t❛❞♦s ♥❛s ❜❛s❡s ❞❡ ❞❛❞♦s✳

❋♦r❛♠ s✐♠✉❧❛❞♦s r❡❛❞s ❛❧❡❛tór✐♦s ❡ ❝♦♠♣❛r❛❞♦s ❝♦♠ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ◆❈❇■✲◆❘
✉s❛♥❞♦ ♦ ❇▲❆❙❚✱ ❡ ♣r♦❝❡ss❛❞♦s ♦s r❡s✉❧t❛❞♦s ❝♦♠ ♦ ▼❊●❆◆✳ ◆ã♦ ❢♦r❛♠ ❞❡t❡❝t❛❞♦s
❢❛❧s♦s✲♣♦s✐t✐✈♦s✱ ❞❡♠♦♥str❛♥❞♦ q✉❡ ❧❡✐t✉r❛s ❝✉rt❛s ❡♠ ❣❡r❛❧ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s ❡♠ ❛♥á✲
❧✐s❡s ♠❡t❛❣❡♥ô♠✐❝❛s✱ ♠❡s♠♦ ❝♦♠ ♦ ❝✉st♦ ❞❡ ✉♠❛ ❜❛✐①❛ t❛①❛ ❞❡ ♣r❡❞✐çã♦✳

❯♠❛ ❛♥á❧✐s❡ s✐♠✐❧❛r à ❞♦ ▼❊●❆◆ ❢♦✐ ♦❜t✐❞❛ ✉s❛♥❞♦ ✉♠❛ ❝ó♣✐❛ ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ◆❈❇■✲
◆❘ ♥❛ q✉❛❧ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s r❡♣r❡s❡♥t❛♥❞♦ ♦ ❣❡♥♦♠❛ ❞♦ ❇✳ ❜❛❝t❡r✐♦✈♦r✉s ❍❉✶✵✵ ❢♦r❛♠
r❡♠♦✈✐❞❛s✳ ■ss♦ s✐♠✉❧❛ ♦ ❝❛s♦ ❞❡ r❡❛❞s q✉❡ ♥ã♦ t❡♠ ❣❡♥♦♠❛s r❡♣r❡s❡♥t❛❞♦s ❡♠ ❜❛s❡s ❞❡
❞❛❞♦s✳ 65% ❞♦s r❡❛❞s ♥ã♦ t✐✈❡r❛♠ ❤✐ts✱ ❡ 13% ♥ã♦ t✐✈❡r❛♠ ❛tr✐❜✉✐çõ❡s t❛①♦♥ô♠✐❝❛s✳ ❯♠
♣❡q✉❡♥♦ ♥ú♠❡r♦ ❞❡ ❢❛❧s♦s✲♣♦s✐t✐✈♦s ♦❝♦rr❡✉ ♣♦r t♦❞❛ ❛ ár✈♦r❡ t❛①♦♥ô♠✐❝❛✱ ❛té ♦ ♥í✈❡❧ ❞❡
✜❧♦✳

❊♥q✉❛♥t♦ ❡ss❡s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s ❝♦♠ ♦r❣❛♥✐s♠♦ ❞❡ ❞✐stâ♥❝✐❛s ✜❧♦❣❡♥ét✐❝❛s ❝♦✲
♥❤❡❝✐❞❛s ❞❡♠♦♥str❛♠ ❛ r♦❜✉st❡③ ❞♦ ❛❧❣♦r✐t♠♦ ▲❈❆✱ ❛ s✉❛ ♣❡r❢♦r♠❛♥❝❡ ♥ã♦ é ❝♦♥❤❡❝✐❞❛✱
s❡q✉ê♥❝✐❛s ❞❡ ❞✐stâ♥❝✐❛s ♠❛✐♦r❡s ♣♦❞❡♠ s❡r ❛♣❡♥❛s ❡st✐♠❛❞❛s✳
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❍❛q✉❡ ❡t ❛❧✳ ❬✷✻❪ ❛♣r❡s❡♥t❛♠ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❜✐♥♥✐♥❣ ❜❛s❡❛❞♦ ❡♠ s✐♠✐❧❛r✐❞❛❞❡✱ ❝❤❛♠❛❞♦
❙❖rt✲■❚❊▼❙ ✭❙❡q✉❡♥❝❡ ❖❘❚❤♦❧♦❣ ❜❛s❡❞ ❛♣♣r♦❛❝❤ ❢♦r ❜✐♥♥✐♥❣ ❛♥❞ ■♠♣r♦✈❡❞ ❚❛①♦♥♦♠✐❝
❊st✐♠❛t✐♦♥ ♦❢ ▼❡t❛❣❡♥♦♠✐❝ ❙❡q✉❡♥❝❡s✮✳ ❊ss❡ ❛❧❣♦r✐t♠♦ ❛❞♦t❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❡①❛✉st✐✈❛
♣❛r❛ ❥✉❧❣❛r ♣r✐♠❡✐r♦ ❛ q✉❛❧✐❞❛❞❡ ❞♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❝♦♠ s❡✉s ❤✐ts ❡ ❝❤❡❣❛
❛ ✉♠ ♥í✈❡❧ ❛♣r♦♣r✐❛❞♦ ♥❛ ár✈♦r❡ t❛①♦♥ô♠✐❝❛ ♣❛r❛ ♦ q✉❛❧ ❛ s❡q✉ê♥❝✐❛ ♣♦❞❡ s❡r ❛tr✐❜✉í❞❛✳
❖ ❛❧❣♦r✐t♠♦ ❡♥tã♦ ✉s❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❜❛s❡❛❞❛ ❡♠ ❣❡♥❡s ♦rtó❧♦❣♦s✱ q✉❡ sã♦ ❣❡♥❡s ❞❡
❞✐❢❡r❡♥t❡ ❡s♣é❝✐❡s q✉❡ ❡✈♦❧✉ír❛♠ ❞❡ ✉♠ ❛♥❝❡str❛❧ ❝♦♠✉♠ ❛tr❛✈és ❞❡ ❡s♣❡❝✐❛çã♦✳ ❖rtó❧♦❣♦s
♥♦r♠❛❧♠❡♥t❡ ✲♠❛s ♥❡♠ s❡♠♣r❡✲ t❡♠ ❛ ♠❡s♠❛ ❢✉♥çã♦ ❛tr❛✈és ❞❛ ❡✈♦❧✉çã♦✳ ❆ ✐❞❡♥t✐✜❝❛çã♦
❞❡ ❤✐ts q✉❡ ♠♦str❛♠ ✉♠❛ ♦rt♦❧♦❣✐❛ s✐❣♥✐✜❝❛t✐✈❛ é tr❛t❛❞❛ ❝♦♠♦ ✉♠❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❤✐ts
q✉❡ t❡♥❤❛♠ s✐♠✐❧❛r✐❞❛❞❡ r❡❝í♣r♦❝❛ ❝♦♠ ❛ s❡q✉ê♥❝✐❛ ❝♦♥s✉❧t❛❞❛✳ ❊ss❡s ❤✐ts sã♦ ❡♥tã♦
✐❞❡♥t✐✜❝❛❞♦s ❝♦♠♦ ♦rtó❧♦❣♦s ❡ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛ ❛tr✐❜✉✐çã♦ ✜♥❛❧ ❞❛ s❡q✉ê♥❝✐❛✳
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❆ ❛tr✐❜✉✐çã♦ ❞❡ ✉♠ r❡❛❞ ❛ ✉♠ tá①♦♥ ❡♠ ✉♠❛ ár✈♦r❡ ✜❧♦❣❡♥ét✐❝❛ ♣❡❧♦ ❙❖rt✲■❚❊▼❙
♣♦❞❡ s❡r ❞✐✈✐❞✐❞♦ ❡♠ ❞✉❛s ❢❛s❡s ♣r✐♥❝✐♣❛✐s✳ ❆ ♣r✐♠❡✐r❛ ❢❛s❡ ❡♥✈♦❧✈❡ ✉♠❛ ❛✈❛❧✐❛çã♦ ❞♦s
❛❧✐♥❤❛♠❡♥t♦s ♦❜t✐❞♦s ❡♥tr❡ ❛ ❧❡✐t✉r❛ ❡ s❡✉s ❤✐ts ❝♦rr❡s♣♦♥❞❡♥t❡s ♥❛ s❛í❞❛ ❞♦ ❇▲❆❙❚ ❬✶❪✳
❖s ♣❛râ♠❡tr♦s ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ✉s❛❞♦s ♣❛r❛ ❛ ❛✈❛❧✐❛çã♦ ❞❛ s✐❣♥✐✜❝â♥❝✐❛ ❞❡ ✉♠ ❛❧✐♥❤❛✲
♠❡♥t♦ ✐♥❝❧✉❡♠ ❜✐t✲s❝♦r❡✱ t❛♠❛♥❤♦ ❞♦ ❛❧✐♥❤❛♠❡♥t♦✱ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ✐❞❡♥t✐❞❛❞❡✱ ❡ ♣♦s✐t✐✲
✈♦s✳ ❊♥q✉❛♥t♦ ❵✐❞❡♥t✐❞❛❞❡s✬ ✐♥❞✐❝❛♠ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ r❡sí❞✉♦s ✐❞ê♥t✐❝♦s ♥♦ ❛❧✐♥❤❛♠❡♥t♦✱
❵♣♦s✐t✐✈♦s✬ ❝♦rr❡s♣♦♥❞❡♠ à ♣♦r❝❡♥t❛❣❡♠ ❞❡ r❡sí❞✉♦s ♥♦ ❛❧✐♥❤❛♠❡♥t♦ ♣❛r❛ ♦s q✉❛✐s ❛s ♣♦♥✲
t✉❛çõ❡s ❞❡ ❛❧✐♥❤❛♠❡♥t♦ t❡♠ ✈❛❧♦r❡s ♣♦s✐t✐✈♦s✳ ▲❡✐t✉r❛s ❝♦♠ ❛❧✐♥❤❛♠❡♥t♦s ✐♥s✐❣♥✐✜❝❛♥t❡s
sã♦ ♣r✐♠❡✐r♦ ✐❞❡♥t✐✜❝❛❞❛s ❡ ❝❛t❡❣♦r✐③❛❞❛s ❝♦♠♦ ❵◆ã♦✲❛✈❛❧✐❛❞❛s✬✳

❙✉♣♦♥❞♦ q✉❡ s❡q✉ê♥❝✐❛s ❞❡ ❞✐❢❡r❡♥t❡s ♦r❣❛♥✐s♠♦s t❡♥❤❛♠ s❡ ❞✐❢❡r❡♥❝✐❛❞♦ ✭❡✈♦❧✉ír❛♠✮
❞❡ ❛♥❝❡str❛✐s ❝♦♠✉♥s✱ ❛ ✐❞❡♥t✐❞❛❞❡ ❡♥tr❡ s❡q✉ê♥❝✐❛s ❞❡ ♦r❣❛♥✐s♠♦s ❞✐❢❡r❡♥t❡s ❞❡❝r❡s❝❡
♣r♦❣r❡ss✐✈❛♠❡♥t❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❡ss❡s ♦r❣❛♥✐s♠♦s✳ ❖ ❛❧✐✲
♥❤❛♠❡♥t♦ ❡♥tr❡ ❞✉❛s s❡q✉ê♥❝✐❛s ♣❡rt❡♥❝❡♥t❡s ❛ ♦r❣❛♥✐s♠♦s q✉❡ s❡ ❞✐❢❡r❡♥❝✐❛r❛♠ ❡♠ ♥í✈❡✐s
r❡❧❛t✐✈❛♠❡♥t❡ ❛❧t♦s ❞❛ ár✈♦r❡ t❛①♦♥ô♠✐❝❛ ✐rá ♠♦str❛r ✈❛❧♦r❡s r❡❧❛t✐✈❛♠❡♥t❡ ❜❛✐①♦s ❞❡ ✐❞❡♥✲
t✐❞❛❞❡ ❡ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ♠✐s♠❛t❝❤❡s✱ ❡ ✈✐❝❡✲✈❡rs❛✳ ❙✉♣♦♥❞♦ ✉♠❛ t❛①❛ ✉♥✐❢♦r♠❡
❞❡ ❡✈♦❧✉çã♦✱ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ✐rã♦ ❡♥tã♦ ✐♥❞✐❝❛r ♦ ♣r♦✈á✈❡❧ ♥í✈❡❧ t❛①♦♥ô♠✐❝♦ ❞❡ ♦♥❞❡ ❛s
s❡q✉ê♥❝✐❛s ❞✐✈❡r❣✐r❛♠✳ ❆ ❛tr✐❜✉✐çã♦ ❞♦ r❡❛❞ é ❡♥tã♦ ❧✐♠✐t❛❞❛ ❛ ❡ss❡ ♥í✈❡❧ t❛①♦♥ô♠✐❝♦✱ ❥á
q✉❡ ❡ss❡ ♥í✈❡❧ ♥ã♦ só s❡r✐❛ ❝♦♥s❡r✈❛t✐✈♦✱ ❡✈✐t❛♥❞♦ ❛ss✐♠ ❢❛❧s♦s✲♣♦s✐t✐✈♦s✱ ❝♦♠♦ t❛♠❜é♠ é
♦ ♥í✈❡❧ ♠❛✐s ❡s♣❡❝í✜❝♦ ♣❛r❛ ♦ q✉❛❧ ❛ ❛tr✐❜✉✐çã♦ ♣♦❞❡r✐❛ s❡r ❢❡✐t❛✳

❯♠❛ ✈❡③ q✉❡ ♦ ♥í✈❡❧ t❛①♦♥ô♠✐❝♦ ❛♣r♦♣r✐❛❞♦ é ❞❡t❡r♠✐♥❛❞♦✱ ♦ ❛❧❣♦r✐t♠♦ ❡♥tr❛ ♥❛
s❡❣✉♥❞❛ ❢❛s❡✳ ❖s ♣❛ss♦s ❞❡ss❛ ❢❛s❡ t❡♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠❡❧❤♦r❛r ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❞❛ ❛tr✐✲
❜✉✐çã♦ ❞❡ ❝❛❞❛ r❡❛❞✱ ❜❛s❡❛❞♦ ♥❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❡s♣❡❝í✜❝♦ ❞❡ ❤✐ts q✉❡
❝♦♠♣❛rt✐❧❤❛♠ ✉♠❛ r❡❧❛çã♦ ♦rtó❧♦❣❛ ❝♦♠ ♦ r❡❛❞ ❞❛❞♦✳ ❉♦✐s ♣❛râ♠❡tr♦s sã♦ ✉t✐❧✐③❛❞♦s ♣❡❧♦
❙❖rt✲■❚❊▼❙ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ♦ s✉❜❝♦♥❥✉♥t♦ ❡s♣❡❝í✜❝♦✱ sã♦ ❡❧❡s ✭✶✮ ♦ ❣r❛✉ ❞❡ ♦rt♦❧♦❣✐❛ ❡♥✲
tr❡ ♦ r❡❛❞ ❡ s❡✉s ❤✐ts ❡ ✭✷✮ ♦ ❣r❛✉ ❞❡ ♦rt♦❧♦❣✐❛ ❡♥tr❡ ❝❛❞❛ ❤✐t✳

P❛r❛ ❞❡t❡r♠✐♥❛r ♦s ✈❛❧♦r❡s ❞❡ ❧✐♠✐t❡ ♣❛r❛ ✈ár✐♦s ♣❛râ♠❡tr♦s ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ♣❛r❛ ♦s
r❡❛❞s ♦❜t✐❞♦s ❞❛s t❡❝♥♦❧♦❣✐❛s ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ✹✺✹ ✭✶✵✵✲✹✵✵ ♣❛r❡s ❞❡ ❜❛s❡s✮ ❡ ❙❛♥❣❡r
✭✽✵✵✲✶✶✵✵ ♣❛r❡s ❞❡ ❜❛s❡✮✱ ❞♦✐s ❝♦♥❥✉♥t♦s ❞❡ ❧❡✐t✉r❛s s✐♠✉❧❛❞❛s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛ ❡ss❛s
❞✉❛s t❡❝♥♦❧♦❣✐❛s ❢♦r❛♠ ❣❡r❛❞❛s ✉s❛♥❞♦ ♦ s♦❢t✇❛r❡ ▼❡t❛❙✐♠ ❬✺✻❪✳ ❙❡✐s ✈❛r✐❛♥t❡s ❞❛ ❜❛s❡
❞❡ ❞❛❞♦s ◆❈❇■✲◆❘ ❢♦r❛♠ ❝r✐❛❞❛s r❡♠♦✈❡♥❞♦ s❡q✉ê♥❝✐❛s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛ ❡s♣é❝✐❡✱ ❣ê✲
♥❡r♦✱ ❢❛♠í❧✐❛✱ ♦r❞❡♠✱ ❝❧❛ss❡ ❡ ✜❧♦ ❞♦s ♦r❣❛♥✐s♠♦s ❞❡ ♦r✐❣❡♠ ❞❛s ❧❡✐t✉r❛s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
❯s❛♥❞♦ ❇▲❆❙❚ ❝♦♠ ♦s ♣❛râ♠❡tr♦s ♣❛❞rõ❡s✱ t♦❞❛s ❛s ❧❡✐t✉r❛s s✐♠✉❧❛❞❛s ♣❡rt❡♥❝❡♥t❡s ❛
✉♠ ❝♦♥❥✉♥t♦ ❢♦r❛♠ ❝♦♥s✉❧t❛❞❛s ❝♦♥tr❛ ♦ ◆❈❇■✲◆❘ ❡ ❝♦♥tr❛ t♦❞❛s ❛s s❡✐s ✈❛r✐❛♥t❡s q✉❡
❢♦r❛♠ ❝r✐❛❞❛s ❛ ♣❛rt✐r ❞❡❧❡ ❞❛ ❢♦r♠❛ ❛♥t❡r✐♦r♠❡♥t❡ ❞❡s❝r✐t❛✳ ❉❡ ❝❛❞❛ ✉♠❛ ❞❛s s❡t❡ s❛í❞❛s
❞♦ ❇▲❆❙❚✱ ♣❛râ♠❡tr♦s ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦s ♠❡❧❤♦r❡s ❤✐ts ❞❡ ❝❛❞❛ r❡❛❞
❢♦r❛♠ ❛♥❛❧✐s❛❞♦s✳

❙❡ ♦ ♥♦♠❡ ❞♦ tá①♦♥ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♠❡❧❤♦r ❤✐t ♣❡rt❡♥❝❡ à ♠❡s♠❛ ❡s♣é❝✐❡ q✉❡ ♦
♦r❣❛♥✐s♠♦ ❞❡ ♦r✐❣❡♠ ❞♦ r❡❛❞✱ ♦ r❡❛❞ é ♠❛r❝❛❞♦ ❝♦♠♦ ❵❞✐✈❡r❣❡ ❞❡ ❡s♣é❝✐❡✬✱ ✐♥❞✐❝❛♥❞♦ q✉❡
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♦ ♥í✈❡❧ t❛①♦♥ô♠✐❝♦ ♠❛✐s ❜❛✐①♦ ❞❡ ❞✐❢❡r❡♥❝✐❛çã♦ ❞♦ ♦r❣❛♥✐s♠♦ ❞❡ ♦♥❞❡ ✈❡✐♦ ♦ r❡❛❞ ❡ ❛q✉❡❧❡
q✉❡ s❡ ❡♥❝♦♥tr❛ ♥❛ ❜❛s❡ ❞❛ ❞❛❞♦s é ♦ ❞❡ ❡s♣é❝✐❡✳ ❙✐♠✐❧❛r♠❡♥t❡✱ ❛s ♠❛r❝❛çõ❡s ❞❡ ❣ê♥❡r♦✱
❢❛♠í❧✐❛✱ ♦r❞❡♠✱ ❝❧❛ss❡ ❡ ✜❧♦ sã♦ ❛tr✐❜✉í❞❛s ❛♦s r❡❛❞s✳

❘❡❛❞s ❝♦♠ ♠❛r❝❛çõ❡s s✐♠✐❧❛r❡s sã♦ ❛❣r✉♣❛❞♦s ❡ ♣♦r s✉❛ ✈❡③✱ r❡❛❞s ❞❡ ❝❛❞❛ ❣r✉♣♦
sã♦ s✉❜✲❛❣r✉♣❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ✈❛❧♦r❡s ❞❡ ✐❞❡♥t✐❞❛❞❡ ❡♥tr❡ ♦ r❡❛❞ ❡ ♦ ❤✐t✳ ❉❡ss❡s
r❡s✉❧t❛❞♦s✱ ♦s ❧✐♠✐t❡s ❞❡ ✈ár✐♦s ♣❛râ♠❡tr♦s ❞❡ ❛❧✐♥❤❛♠❡♥t♦ sã♦ ✐❞❡♥t✐✜❝❛❞♦s ♣❛r❛ r❡str✐♥❣✐r
❛ ❛tr✐❜✉✐çã♦ ❞❡ r❡❛❞s à ♥í✈❡✐s t❛①♦♥ô♠✐❝♦s ❡s♣❡❝í✜❝♦s✱ ❛♣❧✐❝á✈❡✐s ♣❛r❛ r❡❛❞s ❞❡ ✹✺✹ ❡
❙❛♥❣❡r✳

❊♠ r❡s✉♠♦✱ ♦s ♣❛ss♦s ❞♦ ❛❧❣♦r✐t♠♦ ♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦ ❡ ❛tr✐❜✉✐çã♦ t❛①♦♥ô♠✐❝❛ ❞❡
❧❡✐t✉r❛s sã♦✿

• ❆♥❛❧✐s❛r ✐♥❢♦r♠❛çõ❡s ❞❡ s❛í❞❛ ❞♦ ❇▲❆❙❚✿ ❱ár✐♦s ♣❛râ♠❡tr♦s ❞❡ ❛❧✐♥❤❛♠❡♥✲
t♦s sã♦ ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞♦ ❇▲❆❙❚✳ ❊ss❡s ♣❛râ♠❡tr♦s sã♦ r❡❝♦♠♣✉t❛❞♦s ❞❡♣♦✐s ❞❛
r❡♠♦çã♦ ❞❡ r❡❣✐õ❡s ❞❡ ❜❛✐①❛ ❝♦♠♣❧❡①✐❞❛❞❡ ♠❛s❝❛r❛❞❛s ❞♦ ❛❧✐♥❤❛♠❡♥t♦✳ ❘❡❛❞s q✉❡
♥ã♦ ❣❡r❛r❛♠ ♥❡♥❤✉♠ ❤✐t sã♦ ❝❧❛ss✐✜❝❛❞❛s ♥❛ ❝❛t❡❣♦r✐❛ ❵◆♦ ❍✐ts✬✳

• ❈❛t❡❣♦r✐③❛r r❡❛❞s ❵◆ã♦✲❛tr✐❜✉í❞♦s✬✿ ❍✐ts ❝♦rr❡s♣♦♥❞❡♥t❡s ❛ ✉♠ r❡❛❞ q✉❡ t❡✲
♥❤❛♠ ♣♦♥t✉❛çõ❡s ♠❡♥♦r❡s q✉❡ ✸✺ ♦✉ t❛♠❛♥❤♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ♠❡♥♦r q✉❡ ✷✺ sã♦
r❡♠♦✈✐❞♦s✳ ❙❡ ♦ r❡❛❞ ♥ã♦ t❡♠ ♠❛✐s ❤✐ts ❞❡♣♦✐s ❞❡ss❡ ♣❛ss♦✱ é ❝❛t❡❣♦r✐③❛❞♦ ❝♦♠♦
❵♥ã♦✲❛tr✐❜✉í❞♦✬✳

• ❘❡❞✉③✐r ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❤✐ts ✐♥s✐❣♥✐✜❝❛♥t❡s✿ P❛r❛ ♦s ♦✉tr♦s r❡❛❞s✱ ❛♣❡♥❛s ♦s
❤✐ts q✉❡ t❡♥❤❛♠ ♣♦♥t✉❛çõ❡s ❞❡♥tr❡ ✶✵✪ ❞♦ ❜✐t s❝♦r❡ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♠❡❧❤♦r ❤✐t
❇▲❆❙❚ ♣❛r❛ ❛q✉❡❧❡ r❡❛❞ sã♦ ♠❛♥t✐❞♦s✳ ■ss♦ r❡❞✉③ ♦ ♥ú♠❡r♦ ❞❡ ❤✐ts ✐♥s✐❣♥✐✜❝❛♥t❡s✳

• ❖❜t❡r ✉♠ ♥í✈❡❧ t❛①♦♥ô♠✐❝♦ ❛♣r♦♣r✐❛❞♦ ♣❛r❛ ❛tr✐❜✉✐r✿ ❱ár✐♦s ♣❛râ♠❡tr♦s ❞❡
❛❧✐♥❤❛♠❡♥t♦ ♦❜t✐❞♦s ♣❛r❛ ♦ ♠❡❧❤♦r ❤✐t ❞♦ r❡❛❞ sã♦ ✉s❛❞♦s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❝❤❡❣❛r
❛ ✉♠ ♥í✈❡❧ t❛①♦♥ô♠✐❝♦ ❛♣r♦♣r✐❛❞♦✱ ♦♥❞❡ ❛ ❛tr✐❜✉✐çã♦ ❞♦ r❡❛❞ ♣♦❞❡ s❡r r❡str✐♥❣✐❞❛✳
❯♠❛ ✈❡③ q✉❡ ♦ ♥í✈❡❧ t❛①♦♥ô♠✐❝♦ é ✐❞❡♥t✐✜❝❛❞♦✱ ♦ ♥♦♠❡ ❞♦ tá①♦♥ q✉❡ ♦❝♦rr❡ ♥❡ss❡
♥í✈❡❧ é ♦❜t✐❞♦✱ ❡ ✉s❛❞♦ ❝♦♠♦ s✉❜st✐t✉t♦ ♣❛r❛ ♦ ♥♦♠❡ ❞♦ tá①♦♥ ❞❡ ♠❡❧❤♦r ❤✐t✳ ❖s
♥♦♠❡s ❞♦s tá①♦♥s ❞❡ ♦✉tr♦s ❤✐ts t❛♠❜é♠ sã♦ s✉❜st✐t✉í❞♦s ❝♦♠ s❡✉s r❡s♣❡❝t✐✈♦s
♥♦♠❡s q✉❡ ♦❝♦rr❡♠ ♥♦ ♥í✈❡❧ t❛①♦♥ô♠✐❝♦✳

• ■❞❡♥t✐✜❝❛r ♦ ♦rtó❧♦❣♦ ❡ ❛tr✐❜✉✐çã♦ t❛①♦♥ô♠✐❝❛ ✜♥❛❧ ❞♦ r❡❛❞✿ ❯♠❛ ❜✉s❝❛
❇▲❆❙❚ r❡❝í♣r♦❝❛ ❞♦ r❡❛❞ ❡ s❡✉ ♠❡❧❤♦r ❤✐t é ❢❡✐t❛ ❝♦♥tr❛ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s q✉❡ ❝♦♥té♠
♦ r❡❛❞ ❡ ❛s s❡q✉ê♥❝✐❛s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦s ♦✉tr♦s ❤✐ts✳ ❆ ♦r❞❡♠ ❞♦s ❤✐ts ♥❛ s❛í❞❛
❇▲❆❙❚ ❞❡ss❛ ❜✉s❝❛ r❡❝í♣r♦❝❛ é ♦❜t✐❞❛ ❡ ♦s ❤✐ts q✉❡ ♣r❡❝❡❞❡♠ ❛q✉❡❧❡ ♦❜t✐❞♦ ❝♦♠
♦ r❡❛❞ sã♦ ✐❞❡♥t✐✜❝❛❞♦s ❝♦♠♦ ❝♦♠♣❛rt✐❧❤❛❞♦r❡s ❞❛ ♠❡s♠❛ r❡❧❛çã♦ ♦rtó❧♦❣❛ ❝♦♠ ♦
r❡❛❞✳ ❖s ♥♦♠❡s ❞♦s tá①♦♥s s✉❜st✐t✉í❞♦s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛ ❡ss❡s ❤✐ts sã♦ ♦❜t✐❞♦s ❡
✉s❛❞♦s ❝♦♠♦ ❛tr✐❜✉✐çã♦ ✜♥❛❧ ❞♦ r❡❛❞✳
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❖s r❡s✉❧t❛❞♦s ❞♦ ❙❖rt✲■❚❊▼❙ ❢♦r❛♠ ✈❛❧✐❞❛❞♦s ✉t✐❧✐③❛♥❞♦ s❡q✉ê♥❝✐❛s ❝♦♥❤❡❝✐❞❛s ❡
❜❛s❡s ❞❡ ❞❛❞♦s ❝♦♥tr♦❧❛❞❛s✳ ❋♦r❛♠ ❢❡✐t♦s t❡st❡s t❛♠❜é♠ ❡♠ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s r❡❛✐s✱
✉t✐❧✐③❛♥❞♦ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞♦ ▼❛r ❞❡ ❙❛r❣❛ss♦ ❬✼✹❪✳ ❋♦✐ ♦❜s❡r✈❛❞♦ q✉❡ ❣❡r❛❧♠❡♥t❡ ♦ ❙❖rt✲
■❚❊▼❙ t❡♠ ✉♠❛ ♣♦r❝❡♥t❛❣❡♠ ♠❛✐♦r ❞❡ ❛tr✐❜✉✐çõ❡s ❝♦rr❡t❛s ❝♦♠♣❛r❛❞❛ ❝♦♠ ♦ ▼❊●❆◆✳
❆ ú♥✐❝❛ ❡①❝❡çã♦ é ♣❛r❛ ♦ ❝❡♥ár✐♦ ❞❡ ❵❡s♣é❝✐❡s ❝♦♥❤❡❝✐❞❛s✬ ❝♦rr❡s♣♦♥❞❡♥t❡s às ❧❡✐t✉r❛s ❞❡
✹✺✹✳ ❊♥tr❡t❛♥t♦✱ q✉❛♥❞♦ ❛s ❧❡✐t✉r❛s ❝♦rr❡s♣♦♥❞❡♠ ❛ ♥♦✈❛s ❡s♣é❝✐❡s ♦✉ ❣ê♥❡r♦s✱ ♦ ❙❖rt✲
■❚❊▼❙ ❛tr✐❜✉✐ ❝♦rr❡t❛♠❡♥t❡ ✉♠ ♥ú♠❡r♦ r❡❧❛t✐✈❛♠❡♥t❡ ♠❛✐♦r ❞❡ ❧❡✐t✉r❛s q✉❡ ♦ ▼❊●❆◆✱
✐♥❞✐❝❛♥❞♦ ❛ ♣r❡❝✐sã♦ ♠❡❧❤♦r❛❞❛ ❞♦ ❙❖rt✲■❚❊▼❙✳

P❛r❛ ❛♠❜♦s ♦s ♠ét♦❞♦s✱ ❡♥tr❡ 91% ❡ 93% ❞♦s r❡❛❞s ❞❡ ❙❛♥❣❡r ♦r✐❣✐♥ár✐♦s ❞❡ ❡s♣é✲
❝✐❡s ❝♦♥❤❡❝✐❞❛s sã♦ ❛tr✐❜✉í❞❛s ❝♦rr❡t❛♠❡♥t❡ ♥♦ ♥í✈❡❧ ❞❡ ❡s♣é❝✐❡✳ P❛r❛ ♦s r❡❛❞s ❞❡ ✹✺✹✱
❙❖rt✲■❚❊▼❙ ❛tr✐❜✉✐✉ 64.4% ❝♦rr❡t❛♠❡♥t❡ ♥♦ ♥í✈❡❧ ❞❡ ❡s♣é❝✐❡✱ ❝♦♠♣❛r❛❞♦ ❝♦♠ 83.2% ❞♦
▼❊●❆◆✳ ◆♦ ❡♥t❛♥t♦✱ ♣❛r❛ ♦s ❝❡♥ár✐♦s ❡♠ q✉❡ ❛s s❡q✉ê♥❝✐❛s ❞♦s ❜❛♥❝♦s ❞❡ ❞❛❞♦s ❝♦rr❡s✲
♣♦♥❞❡♥t❡s ❛ ❡s♣é❝✐❡ ♦✉ ❣ê♥❡r♦ ❞♦ r❡❛❞ ❢♦r❛♠ r❡t✐r❛❞❛s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✱ ♦ ♥ú♠❡r♦ ❞❡
❛tr✐❜✉✐çõ❡s ❝♦rr❡t❛s ❞♦ ❙❖rt✲■❚❊▼❙ é ❡q✉✐✈❛❧❡♥t❡ ❛♦ ❞♦ ▼❊●❆◆✳ ❈❡r❝❛ ❞❡ 5% ❞♦s r❡❛❞s
sã♦ ❛tr✐❜✉í❞♦s ❝♦rr❡t❛♠❡♥t❡ ❡♠ ♥í✈❡✐s ❡s♣❡❝í✜❝♦s q✉❛♥❞♦ s❡q✉ê♥❝✐❛s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦
❣ê♥❡r♦ sã♦ r❡♠♦✈✐❞❛s ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s✳ ❆ ♠❛✐♦r ♣❛rt❡ ❞❛s ❛tr✐❜✉✐çõ❡s ♥❡ss❡ ❝❛s♦ ♦❝♦rr❡♠
❡♠ ♥í✈❡✐s ✐♥t❡r♠❡❞✐ár✐♦s ❞❛ ár✈♦r❡ t❛①♦♥ô♠✐❝❛✱ ✜❝❛♥❞♦ ❡♥tr❡ 15% ❡ 20% ♣❛r❛ r❡❛❞s ❞❡ ✹✺✹
❡ ❡♥tr❡ 40% ❡ 60% ♣❛r❛ r❡❛❞s ❙❛♥❣❡r✱ t❛♥t♦ ❝♦♠ ♦ ❙❖rt✲■❚❊▼❙ q✉❛♥t♦ ❝♦♠ ♦ ▼❊●❆◆✳
❆ ❣r❛♥❞❡ ✈❛♥t❛❣❡♠ ❞♦ ❙❖rt✲■❚❊▼❙ ♥♦ ❡♥t❛♥t♦✱ é ♥❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❛tr✐❜✉✐çõ❡s ❡rr❛❞❛s✱
q✉❡ é ❞❡ ✸ ❛ ✶✶ ✈❡③❡s ♠❡♥♦r q✉❡ ❛s ❞♦ ▼❊●❆◆ ♣❛r❛ ♦s r❡❛❞s ❞❡ ✹✺✹ ❡ ❞❡ ✹ ❛ ✺ ✈❡③❡s
♠❡♥♦r ♣❛r❛ ♦s r❡❛❞s ❙❛♥❣❡r✳
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▼ét♦❞♦s ❞❡ ❝❧❛ss✐✜❝❛çã♦ tr❛❞✐❝✐♦♥❛❧♠❡♥t❡ s❡ ❜❛s❡✐❛♠ ♥♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ s❡q✉ê♥❝✐❛s ♣❛r❛
❝♦♠♣❛r❛r s✉❛ s✐♠✐❧❛r✐❞❛❞❡✳ ❘♦s❡♥ ❡t ❛❧✳ ❬✻✶❪ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ♠ét♦❞♦ q✉❡ ✉s❛ ✉♠ ❝❧❛ss✐✜✲
❝❛❞♦r ❞❡ ❇❛②❡s ✐♥❣ê♥✉♦ ✭♥❛✐✈❡ ❇❛②❡s✮ q✉❡ é ❝❛♣❛③ ❞❡ ✐❞❡♥t✐✜❝❛r ❝❛r❛❝t❡ríst✐❝❛s s✐❣♥✐✜❝❛♥t❡s
❞♦ ❉◆❆ s❡♠ ❝♦♠♣❛r❛çõ❡s ❞✐r❡t❛s ♣❛r ❛ ♣❛r✳ ❖ ♠ét♦❞♦ ✉t✐❧✐③❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ N ✲♠❡rs✱
♦✉ ♣❛❧❛✈r❛s✱ ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❝♦♠♦ ❝❛r❛❝t❡ríst✐❝❛ ❝❤❛✈❡ ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦✳

❖ t❡r♠♦ ❵❝❧❛ss✐✜❝❛❞♦r✬ é ✉s❛❞♦ ♥♦ s❡♥t✐❞♦ ❞❡ ✉♠❛ ❢❡rr❛♠❡♥t❛ ❡st❛tíst✐❝❛✱ tr❡✐♥❛❞♦
✉s❛♥❞♦ t♦❞♦s ♦s ❞❛❞♦s ❣❡♥ô♠✐❝♦s✱ ♣❛r❛ ❞✐s❝r✐♠✐♥❛r ❡♥tr❡ ❝❧❛ss❡s✳ ❈❛❞❛ ❝❧❛ss❡ é ✉♠❛
❝❡♣❛✱ ❡s♣é❝✐❡✱ ❢❛♠í❧✐❛✱ ❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛ ❞❡✜♥✐çã♦ ❞♦ rót✉❧♦✳ ◆❡ss❡
tr❛❜❛❧❤♦✱ ♦s ❝❛s♦s ❡st✉❞❛❞♦s ❢♦r❛♠ ❝♦♠ ❝❡♣❛s✱ ❡s♣é❝✐❡s ❡ ❣ê♥❡r♦s✳

❖ ❝❧❛ss✐✜❝❛❞♦r ❞❡ ❇❛②❡s ✐♥❣ê♥✉♦ ✭◆❇❈✱ ❞♦ ✐♥❣❧ês ♥❛✐✈❡ ❇❛②❡s ❝❧❛ss✐✜❡r✮ é ❜❛s❡❛❞♦
♥❛ ❛♣❧✐❝❛çã♦ ❞♦ t❡♦r❡♠❛ ❞❡ ❇❛②❡s s✉♣♦♥❞♦ q✉❡ ❝❛❞❛ ❝❛r❛❝t❡ríst✐❝❛ ♥❛ ❝❧❛ss✐✜❝❛çã♦ é
✐♥❞❡♣❡♥❞❡♥t❡✳ ❊ss❛ ❢♦rt❡ s✉♣♦s✐çã♦ é ❛ ✐♥❣❡♥✉✐❞❛❞❡ ❞♦ ❛❧❣♦r✐t♠♦✱ ♠❛s ❡ss❡ ❝❧❛ss✐✜❝❛❞♦r
❥á ♠♦str♦✉ ❜♦❛ ♣❡r❢♦r♠❛♥❝❡ ❡♠ s✐t✉❛çõ❡s ❝♦♠♣❧❡①❛s ❬✺✼❪✳

◆♦ ❝❛s♦ ❡st✉❞❛❞♦✱ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s s❡q✉ê♥❝✐❛s sã♦ ❝♦♠♣♦st❛s ❞❡ ♣❛❧❛✈r❛s ❞❡
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❉◆❆✭N ✲♠❡rs✮✳ N ✲♠❡rs sã♦ ♣❛❧❛✈r❛s ❞❡ t❛♠❛♥❤♦ N ❞❡ ❉◆❆ q✉❡ ♣♦❞❡♠ ♦✉ ♥ã♦ s❡
s♦❜r❡♣♦r✳ ❖ ❢✉♥❞❛♠❡♥t♦ ❞❛ ❛♥á❧✐s❡ ❢❡✐t❛ ♣♦r ❘♦s❡♥ ❡t ❛❧✳ é ❝♦rr❡❧❛❝✐♦♥❛r ❛ ❢r❡q✉ê♥❝✐❛
❞❡ss❡s N ✲♠❡rs ♥✉♠❛ s❡q✉ê♥❝✐❛ ❝♦♠ s✉❛ ✐❞❡♥t✐❞❛❞❡ ❣❡r❛❧✳ ➱ ❛♥á❧♦❣♦ ❛ ♣r❡❞✐③❡r ♦ ❣ê♥❡r♦
❞❡ ✉♠ ❧✐✈r♦ ♣❡❧❛s ♣❛❧❛✈r❛s ❝♦♥t✐❞❛s ♥❡❧❡✳ P♦r ❡①❡♠♣❧♦✱ ✉♠ ❧✐✈r♦ s♦❜r❡ ❧❡✐s t❡♠ ♠❛✐s
❝❤❛♥❝❡s ❞❡ ❝♦♥t❡r ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ❞❡ ♣❛❧❛✈r❛s ❝♦♠♦ ❵❧❡✐✬✱ ❵tr✐❜✉♥❛❧✬✱ ❵✈❡r❡❞✐❝t♦✬ ❞♦ q✉❡
✉♠ t❡①t♦ s♦❜r❡ ♠❡t❛❣❡♥ô♠✐❝❛✱ q✉❡ ❞❡♥tr❡ ❛s ♣❛❧❛✈r❛s ♠❛✐s ❢r❡q✉❡♥t❡s ❡stã♦ ❵❣❡♥♦♠❛✬✱
❵❢r❛❣♠❡♥t♦✬✱ ❵s❡q✉ê♥❝✐❛✬✳

❖ ❝❧❛ss✐✜❝❛❞♦r ❞❡ ❇❛②❡s ❡s❝♦❧❤❡ ✉♠❛ ❝❧❛ss❡ ♣r❡❞✐t❛ C✱ ❝♦♠♦ ❛ ❝❧❛ss❡ ❞❡ ♠❛✐♦r ♣r♦❜❛✲
❜✐❧✐❞❛❞❡✱ ❞❛❞♦ ✉♠ ✈❡t♦r ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♦❜s❡r✈❛❞❛s ✇✳ ❆ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠❛ ❞❛❞❛
s❡q✉ê♥❝✐❛ ♣❡rt❡♥❝❡r ❛ ✉♠❛ ❝❧❛ss❡ Ci é ❝❛❧❝✉❧❛❞❛ ✉s❛♥❞♦ ❛ ❢ór♠✉❧❛ ❞❡ ❇❛②❡s✿

P (Ci|w) =
P (w|Ci) · P (Ci)

P (w)
.

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

❞❛❞❛ s❡✉ ✈❡t♦r ❞❡ ♣❛❧❛✈r❛s ✇ é ✐❣✉❛❧ à ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ss❛s ♣❛❧❛✈r❛s ❛♣❛r❡❝❡r❡♠✱ ❞❛❞❛
✉♠❛ ❝❧❛ss❡ Ci✱ ✈❡③❡s ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞♦ ❣❡♥♦♠❛ ♦❜s❡r✈❛❞♦ ❝♦♥t❡r ❡ss❛ ❝❧❛ss❡ Ci✱ ❞✐✈✐❞✐❞♦
♣❡❧❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✐♥❝♦♥❞✐❝✐♦♥❛❧ ❞❡ ♦❜s❡r✈❛r ❛s ♣❛❧❛✈r❛s ✇ q✉❡ ❝♦♠♣õ❡♠ ♦ ❢r❛❣♠❡♥t♦ f ✳

❆ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞♦ ❣❡♥♦♠❛ ♦❜s❡r✈❛❞♦ ❝♦♥t❡r ✉♠❛ ❝❡rt❛ ❝❧❛ss❡ Ci é ❞❛❞❛ ♣r❡✈✐❛♠❡♥t❡
♣❡❧❛ ❛♠♦str❛ ❛♠❜✐❡♥t❛❧ ❤✐♣♦tét✐❝❛✳ ❘♦s❡♥ ❡t ❛❧✳ ✜③❡r❛♠ ✉♠❛ s✉♣♦s✐çã♦ ❞❡ q✉❡ ❛ ❛♠♦str❛
❡r❛ ✉♥✐❢♦r♠❡✱ ♦✉ s❡❥❛✱ ❝❛❞❛ ❣❡♥♦♠❛ é ✐❣✉❛❧♠❡♥t❡ ♣r♦✈á✈❡❧ ❞❡ ♣❡rt❡♥❝❡r à ❛♠♦str❛✳ ❈♦♠
✉♠ ❝♦♥❤❡❝✐♠❡♥t♦ ♣ré✈✐♦ ❞♦ ❛♠❜✐❡♥t❡✱ ✉♠❛ ❡st✐♠❛t✐✈❛ ♠❡❧❤♦r ♣♦❞❡ s❡r ♦❜t✐❞❛✳

❈♦♠♦ é ♣r❡❝✐s♦ ❝♦♥❤❡❝❡r ❛s ♣❛❧❛✈r❛s ✭N ✲♠❡rs✮ ❝♦♠♦ ❝❛r❛❝t❡ríst✐❝❛s ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦✱
✉♠❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡✜❝✐❡♥t❡ ❢♦✐ ♣❡♥s❛❞❛ ♣❛r❛ ❝❛❧❝✉❧❛r ❛s ❢r❡q✉ê♥❝✐❛s ❞❡ t♦❞♦s ♦s N ✲♠❡rs✳
❯♠ ♠ét♦❞♦ ❣❡r❛❧ q✉❡ s❡r✈❡ ♣❛r❛ q✉❛❧q✉❡r t❛♠❛♥❤♦ ❞❡ s❡q✉ê♥❝✐❛ é ❣❡r❛r t♦❞♦s ♦s ♣♦ssí✈❡✐s
N ✲♠❡rs q✉❡ s❡ s♦❜r❡♣õ❡♠ ♣♦r N−1 ♥✉❝❧❡♦tí❞❡♦s✳ ❯♠❛ ✈❡③ q✉❡ t♦❞♦s ♦s ♣♦ssí✈❡✐s N ✲♠❡rs
sã♦ ❣❡r❛❞♦s✱ ❡❧❡s sã♦ ♦r❞❡♥❛❞♦s ❡ s✉❛s ❝❛r❞✐♥❛❧✐❞❛❞❡s ❡ r❡♣❡t✐çõ❡s sã♦ ❝♦♥t❛❞❛s✳

❖ ❝❧❛ss✐✜❝❛❞♦r ❢♦✐ t❡st❛❞♦ ❡♠ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s ♠✐❝r♦❜✐❛♥❛s ❝♦♠♣❧❡t❛s ❞♦ ●❡♥❜❛♥❦
❞♦ ◆❈❇■ ❞❡ ❢❡✈❡r❡✐r♦ ❞❡ ✷✵✵✽✱ ♦ q✉❡ ❡r❛♠ ✻✸✺ ❞✐❢❡r❡♥t❡s ❝❡♣❛s✱ ♣❡rt❡♥❝❡♥t❡s ❛ ✹✼✵ ❡s♣é❝✐❡s
❞✐st✐♥t❛s ❡ ✷✻✵ ❣ê♥❡r♦s✳ ❖s t❛♠❛♥❤♦s ❞♦s ❢r❛❣♠❡♥t♦s ❢♦r❛♠ ❡s❝♦❧❤✐❞♦s ❝♦♠♦ ✺✵✵❜♣✱ ✶✵✵❜♣✱
❡ ✷✺❜♣✳ ❖ t❛♠❛♥❤♦ ❞❡ N ✲♠❡r ✈❛r✐♦✉ ❡♥tr❡ ✸✱✻✱✾✱✶✵✱✶✶✱✶✷✱✶✸✱✶✹✱ ❡ ✶✺✲♠❡r✳

P❛r❛ ✈❛❧✐❞❛r ♦ ♠ét♦❞♦✱ ❢♦r❛♠ ❡s❝♦❧❤✐❞♦s ✶✵✵ ❢r❛❣♠❡♥t♦s ❛❧❡❛tór✐♦s ❞❡ ❝❛❞❛ ❣❡♥♦♠❛
❞♦ ❝♦♥❥✉♥t♦ ❞❡ tr❡✐♥❛♠❡♥t♦✱ t♦t❛❧✐③❛♥❞♦ ✻✸✺✵✵ ❢r❛❣♠❡♥t♦s✳ ❆✉♠❡♥t❛r ♦ t❛♠❛♥❤♦ ❞❡ N

❛✉♠❡♥t❛ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ❛ t❛①❛ ❞❡ ❛❝❡rt♦ ❞♦ ❛❧❣♦r✐t♠♦✱ ❝♦♠ ❢r❛❣♠❡♥t♦s ❞❡ ✷✺❜♣✱ ♣❛r❛
N = 9✱ ❛ ♠❛✐♦r✐❛ ❞❛s ❝❡♣❛s ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ t❛①❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❡♥tr❡ ✵ ❡ ✺✪✱ ♠❛s
❡ss❛ t❛①❛ s♦❜❡ ♣❛r❛ ✺✵✪ ❝♦♠ N = 12✳ ❈♦♠♦ ❡s♣❡r❛❞♦✱ ❢r❛❣♠❡♥t♦s ❞❡ ✺✵✵❜♣ ♠♦str❛r❛♠
r❡s✉❧t❛❞♦s ❜❡♠ ♠❡❧❤♦r❡s✱ ❝♦♥s❡❣✉✐♥❞♦ t❛①❛s ❞❡ ❛❝❡rt♦ ♣ró①✐♠❛s ❛ ✾✵✪ ♣❛r❛ ✶✷✲♠❡rs✳
❋r❛❣♠❡♥t♦s ❞❡ ✷✺❜♣ ❝♦♥s❡❣✉❡♠ í♥❞✐❝❡s ♠❡❧❤♦r❡s ❞❡ ❛❝❡rt♦ ❝♦♠ ✶✺✲♠❡rs✱ ❝❤❡❣❛♥❞♦ ❛
✼✺✳✽✪✳ ❆ t❛①❛ ❞❡ ❛❝❡rt♦ ♣❛r❛ ❣ê♥❡r♦ t❛♠❜é♠ é ❛ ♠❡❧❤♦r✱ ❡ ♠❛♥té♠ ❛ t❡♥❞ê♥❝✐❛ ❞❡



✹✳✸✳ ◆❛✐✈❡ ❇❛②❡s ❈❧❛ss✐✜❡r ✭◆❇❈✮ ✷✺

❛✉♠❡♥t❛r ❞❡ ❛❝♦r❞♦ ❝♦♠ N ✳ ❊ss❛ t❛①❛ ❝❤❡❣❛ ❛ ✉♠ ♣♦♥t♦ ❞❡ ✐♥✢❡①ã♦ ❡ ♥✐✈❡❧❛ ❡♠ ✾✾✳✽✪
♣❛r❛ ✺✵✵❜♣✱ ✾✾✳✸✪ ♣❛r❛ ✶✵✵❜♣✱ ❡ ✾✼✳✺✪ ♣❛r❛ ❢r❛❣♠❡♥t♦s ❞❡ ✷✺❜♣✳

❘♦s❡♥ ❡t ❛❧✳ t❛♠❜é♠ ✜③❡r❛♠ ❝♦♠♣❛r❛çõ❡s ❝♦♠ ♦ ❇▲❆❙❚✳ P❛r❛ ❝♦♥❞✉③✐r ❡ss❡ ❡①♣❡✲
r✐♠❡♥t♦✱ ❢♦✐ r♦❞❛❞♦ ♦ ❇▲❆❙❚ ❝♦♠ ♦s ✻✸✺✵✵ ❢r❛❣♠❡♥t♦s ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❞❡ ✻✸✺
❣❡♥♦♠❛s ✉s❛❞♦ ❝♦♠♦ ❜❛s❡ ❡ ❝♦♥s✐❞❡r❛❞♦s ♦s r❡s✉❧t❛❞♦s ❝♦rr❡t♦s ♥♦ ♥í✈❡❧ ❞❡ ❝❡♣❛✳ ❖s
r❡s✉❧t❛❞♦s ❢♦r❛♠ ❝♦♠♣❛r❛❞♦s ❝♦♠ ♦ ❝❛s♦ ❞❡ N = 15 ❞♦ ◆❇❈✳ ❖ ❇▲❆❙❚ ❝❛❧❝✉❧❛ ❛ s✐❣♥✐✜✲
❝â♥❝✐❛ ❞❡ ✉♠ ❛❧✐♥❤❛♠❡♥t♦ ❛tr❛✈és ❞❡ ✉♠ e✲✈❛❧✉❡✱ q✉❡ é ♦ ♥ú♠❡r♦ ❞❡ ❍❙Ps ✭❤✐❣❤❡st s❝♦r✐♥❣
♣❛✐rs✮ ❡s♣❡r❛❞♦s ❛♦ ❛❝❛s♦✳ ◆♦s t❡st❡s✱ ❞❡s❡❥❛r❛♠ q✉❡ ♦ ❇▲❆❙❚ r❡t♦r♥❛ss❡ ♦ ♠❛✐♦r ♥ú♠❡r♦
♣♦ssí✈❡❧ ❞❡ ❤✐ts✱ ♣♦rt❛♥t♦✱ ♦ ✐❞❡❛❧ s❡r✐❛ ✉♠ E✲✈❛❧✉❡ ✐♥✜♥✐t♦✳ P♦ré♠✱ ♠✉✐t♦s ❤✐ts ❢♦r❛♠
♣r♦❞✉③✐❞♦s ♣❡❧♦ ♣r♦❣r❛♠❛ ♣❛r❛ E✲✈❛❧✉❡s ❛❝✐♠❛ ❞❡ ✸✵✵✵✱ ❝❛✉s❛♥❞♦ ❡rr♦s ❞❡ ♠❡♠ór✐❛✱ ♣♦r
✐ss♦✱ ♦ E✲✈❛❧✉❡ ❢♦✐ ❧✐♠✐t❛❞♦ ❛ ✸✵✵✵✳

▼❡s♠♦ ❝♦♠ ♦ ❛❧t♦ E✲✈❛❧✉❡✱ ✷✽✼✱ ♦✉ ✵✳✺✪ ❞♦s ❢r❛❣♠❡♥t♦s ♥ã♦ t✐✈❡r❛♠ ❤✐ts ❞♦ ❇▲❆❙❚✳
▼✉✐t♦s ❞❡ss❡s ❢r❛❣♠❡♥t♦s sã♦ ❡♥❝♦♥tr❛❞♦s ❛♣❡♥❛s ✉♠❛ ✈❡③ ❡♠ ❛♣❡♥❛s ✉♠ ❣❡♥♦♠❛ ❡♠ t♦❞♦
♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✳ P♦r ❝❛✉s❛ ❞❡ss❛ ✉♥✐❝✐❞❛❞❡✱ ♦ ◆❇❈ ❢♦✐ ❝❛♣❛③ ❞❡ ❝❧❛ss✐✜❝❛r ♦ ❣❡♥♦♠❛
❝♦rr❡t♦ q✉❡ ♦ ♦r✐❣✐♥♦✉✱ ✼✶✪ ❞❛s ✈❡③❡s✳ ❖ ❇▲❆❙❚ ❝❧❛ss✐✜❝♦✉ ❛♣❡♥❛s ✻✻✪ ❞♦s ❢r❛❣♠❡♥t♦s
❝♦♠ ✉♠ ❤✐t ú♥✐❝♦ ❝♦♠ ❛❧t❛ ♣♦♥t✉❛çã♦✱ ❡ ❛❝❡rt♦✉ t♦❞♦s ❡❧❡s✳ ❈♦♠♣❛r❛t✐✈❛♠❡♥t❡✱ ♦ ❝❧❛ss✐✲
✜❝❛❞♦r ❞❡ ❇❛②❡s ❛❝❡rt♦✉ ✾✾✪ ❞❡ss❡s ❢r❛❣♠❡♥t♦s✳ ◆❛s s✐t✉❛çõ❡s ❡♠ q✉❡ ❡①✐st❡♠ ✈ár✐♦s ❤✐ts
❝♦♠ ❛❧t❛ ♣♦♥t✉❛çã♦✱ ♦ ❇▲❆❙❚ ❡rr♦✉ ✶✸ ❞❡❧❡s✱ ♦✉ s❡❥❛✱ ❤á ✈ár✐♦s ❤✐ts ❝♦♠ ❛❧t❛ ♣♦♥t✉❛çã♦✱
♠❛s ♦ ❝♦rr❡t♦ ♥ã♦ ❡stá ♥❡ss❛ ❧✐st❛✳ ❖ r❡st❛♥t❡ ❞♦s ❢r❛❣♠❡♥t♦s t❡♠ ❛ ❝❧❛ss✐✜❝❛çã♦ ❝♦rr❡t❛
❡♠ ✉♠❛ ❧✐st❛ q✉❡ ✈❛r✐❛ ❡♥tr❡ ✷ ❡ ✷✵✵ ❤✐ts ❞❡ ❛❧t❛ ♣♦♥t✉❛çã♦✳ ❙❡ ❡s❝♦❧❤✐❞♦ ❛❧❡❛t♦r✐❛♠❡♥t❡
✉♠ ❞❡ss❡s ❤✐ts✱ ♦ ❣❡♥♦♠❛ ❝♦rr❡t♦ ♣♦❞❡ s❡r ❛❞✐✈✐♥❤❛❞♦ ✷✾✪ ❞❛s ✈❡③❡s ❡♠ ♠é❞✐❛✳ ❉❡ss❡
❝♦♥❥✉♥t♦✱ ♦ ◆❇❈ ❡s❝♦❧❤❡ ♦ ❣❡♥♦♠❛ ❝♦rr❡t♦ ✸✶✪ ❞❛s ✈❡③❡s✳

❊♠ r❡s✉♠♦✱ ♦ ❇▲❆❙❚ ❝♦♥s❡❣✉❡ ❡♥❝♦♥tr❛r ♦ ❣❡♥♦♠❛ ❝♦rr❡t♦ ✭♠❡s♠♦ q✉❡ ❛♠❜í❣✉♦✮
❞❡ ✻✸✷✵✵ ❢r❛❣♠❡♥t♦s✱ ♠❛s só r❡s♦❧✈❡ ✹✶✻✹✶ ❞❡❧❡s ✉♥✐❝❛♠❡♥t❡✳ ❈♦♠ ♦s t♦♣ ❤✐ts ❡ ❡s❝♦✲
❧❤❡♥❞♦ ❛❧❡❛t♦r✐❛♠❡♥t❡ ♦s ❤✐ts ❛♠❜í❣✉♦s✱ ♦ ❇▲❆❙❚ ❝♦♥s❡❣✉✐r✐❛ ✹✼✽✽✾ ✭✼✺✳✹✪✮ ❝♦rr❡t♦s✳
❖ ◆❇❈ ❝♦♥s❡❣✉✐✉ ✹✽✶✶✽ ✭✼✺✳✽✪✮ ❝♦rr❡t♦s✳ ❈♦♠ ✉♠ N ♠❛✐♦r✱ ♦ ◆❇❈ ♣♦t❡♥❝✐❛❧♠❡♥t❡
❝♦♥s❡❣✉❡ r❡s✉❧t❛❞♦s ♠❡❧❤♦r❡s ♥♦ ♥í✈❡❧ ❞❡ ❝❡♣❛✳ P❛r❛ ❢r❛❣♠❡♥t♦s ❞❡ ✷✺❜♣✱ ♦ ◆❇❈ t❡♠
✉♠❛ ♣❡r❢♦r♠❛♥❝❡ ♥♦ ♠í♥✐♠♦ tã♦ ❜♦❛ q✉❛♥t♦ ♦ ❇▲❆❙❚✳

❊♥q✉❛♥t♦ ♦ ❇▲❆❙❚ ♣♦♥t✉❛ ✈ár✐♦s ♦r❣❛♥✐s♠♦s ❝♦♠ ♦ ♠❡s♠♦ ✈❛❧♦r✱ ♦ ◆❇❈ ❢❛③ ✉♠
r❛♥❦✐♥❣ ❞♦s r❡s✉❧t❛❞♦s ❡ ♥✉♥❝❛ r❡♣♦rt♦✉ ✉♠ ❡♠♣❛t❡ ❡♠ t♦❞♦s ♦s ✻✸✺✵✵ ❢r❛❣♠❡♥t♦s✳

❚❛♠❜é♠ ❢♦r❛♠ ❢❡✐t♦s ❡①♣❡r✐♠❡♥t♦s ❝♦♠ ♦s ❞❛❞♦s s♦❜r❡ ♦ ▼❛r ❞❡ ❙❛r❣❛ss♦ ❞❡ ❱❡♥t❡r
❡t ❛❧✳ ❬✼✹❪✳ ◆❡ss❛ ❛♥á❧✐s❡✱ ❢♦r❛♠ s❡❧❡❝✐♦♥❛❞♦s ✶✵✵✵✵ r❡❛❞s ❞❛ ❛♠♦str❛ ✶✱ ♦ ♠❡s♠♦ ✉t✐❧✐③❛❞♦
♣♦r ❍✉s♦♥ ❡t ❛❧✳ ♥❛ ❛♥á❧✐s❡ ❞♦ ▼❊●❆◆ ❬✸✹❪✳ ◆♦ ❝❛s♦✱ é ❢❡✐t❛ ✉♠❛ ❝❧❛ss✐✜❝❛çã♦ ❞❛ ❝❡♣❛
❡①❛t❛✱ ❝♦♠ N = 9 ❡ N = 15 ❡ ❝♦♠♣❛r❛❞❛ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❞♦ ▼❊●❆◆✳

❆ ❛♥á❧✐s❡ ❞❡ ❱❡♥t❡r ❞♦ ❣ê♥❡r♦ ❇✉r❦❤♦❧❞❡r✐❛ ♥❛ ❛♠♦str❛ ✶ é ❞❡ ❝❡r❝❛ ❞❡ ✸✽✳✺✪ ❞❛
♣♦♣✉❧❛çã♦✳ ❈♦♠ ♦s ♠❡s♠♦s ✶✵✵✵✵ r❡❛❞s ❞❛ ❛♠♦str❛ ✶✱ ▼❊●❆◆ r❡♣♦rt♦✉ ❇✉r❦❤♦❧❞❡r✐❛

❝♦♠♦ ✷✺✳✷✪ ❞❛ ❛♠♦str❛✳ ❖ ◆❇❈ ♠♦str♦✉ ✷✶✪ ♣❛r❛ ✾✲♠❡rs ❡ ✷✹✳✻✪ ♣❛r❛ ✶✺✲♠❡rs✳ ❱❡♥t❡r
❡t ❛❧✳ ❡st✐♠❛r❛♠ ✶✹✳✹✪ ♣❛r❛ ♦ ❣ê♥❡r♦ ❙❤❡✇❛♥❡❧❧❛✳ ❖ ▼❊●❆◆ ❡♥❝♦♥tr♦✉ ✶✼✳✹✪ ❞❛ ❛♠♦str❛
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❡ ♦ ◆❇❈ ❝❧❛ss✐✜❝♦✉ ✶✶✳✹✪ ❞❛ ❛♠♦str❛ ❝♦♠♦ ❙❤❡✇❛♥❡❧❧❛ ♣❛r❛ ✾✲♠❡rs ❡ ✶✼✳✹✪ ♣❛r❛ ✶✺✲♠❡rs✳
❖ ❝❧❛ss✐✜❝❛❞♦ ❞❡ ❇❛②❡s ✐♥❣ê♥✉♦ ❢✉♥❝✐♦♥❛ ❜❡♠ ♥♦ ❝♦♥❥✉♥t♦ ❞❡ tr❡✐♥❛♠❡♥t♦✱ é ❝♦♠♣❛✲

rá✈❡❧ ❛♦ ❇▲❆❙❚✱ ❡ ❝♦♥s❡❣✉❡ ❝❧❛ss✐✜❝❛r ❣❡♥♦♠❛s ❞❡ ❛♠♦str❛s ❛♠❜✐❡♥t❛✐s✳ ❖s ✾✲♠❡rs t❡♠
✉♠❛ ❜❛✐①❛ t❛①❛ ❞❡ ❛❝❡rt♦ ♣❛r❛ ❢r❛❣♠❡♥t♦s ❞❡ ✷✺❜♣✱ ♠❛s ❡ss❛ t❛①❛ ❛✉♠❡♥t❛ ❝♦♥s✐❞❡r❛✲
✈❡❧♠❡♥t❡ ♣❛r❛ ✶✺✲♠❡rs✳ ◆♦ ❝♦♥❥✉♥t♦ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ♦ ❝❧❛ss✐✜❝❛❞♦r ❛❧❝❛♥ç❛ ✉♠❛ t❛①❛ ❞❡
❛❝❡rt♦ ❞❡ ✽✾✪ ❡♠ ❝❡♣❛s ❡ ✾✾✳✽✪ ❡♠ ❣ê♥❡r♦s ♣❛r❛ ❢r❛❣♠❡♥t♦s ❞❡ ✺✵✵❜♣✳
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❑r❛✉s❡ ❡t ❛❧✳ ❬✸✻❪ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦ ✜❧♦❣❡♥ét✐❝❛ ❝❤❛♠❛❞♦
❈❆❘▼❆ ❡♠ ✷✵✵✽✳ ❉❡s❞❡ ❡♥tã♦ ♦ ❛❧❣♦r✐t♠♦ ❢♦✐ ♦t✐♠✐③❛❞♦ ❡ s♦❢r❡✉ ❛❧❣✉♠❛s ❛❧t❡r❛çõ❡s✱
✐♥❝❧✉s✐✈❡ ❛❞❛♣t❛çõ❡s ♣❛r❛ ❛ ❲❡❜ ❡ ❡♠ ✷✵✶✶ ●❡r❧❛❝❤ ❡ ❙t♦②❡ ❛♣r❡s❡♥t❛r❛♠ ♦ ❈❆❘▼❆✸ ❬✷✶❪✳
❆q✉✐✱ ✐r❡♠♦s ♥♦s ❝♦♥❝❡♥tr❛r ♥❛ ✐❞❡✐❛ ♦r✐❣✐♥❛❧ ❞❡ ❑r❛✉s❡ ❡t ❛❧✳ q✉❡ ♠♦str❛ ♦s ♣r✐♥❝✐♣❛✐s
❝♦♥❝❡✐t♦s ♣♦r trás ❞❡ss❡ ❝❧❛ss✐✜❝❛❞♦r✳

❖ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ✉s❛ t♦❞♦s ♦s ❞♦♠í♥✐♦s ❡ ❢❛♠í❧✐❛s ❞❡ ♣r♦t❡í♥❛s ❞♦ P❢❛♠ ❬✶✾❪
❝♦♠♦ ♠❛r❝❛❞♦r❡s ✜❧♦❣❡♥ét✐❝♦s ♣❛r❛ ✐❞❡♥t✐✜❝❛r ♦s ♦r❣❛♥✐s♠♦s ❞❡ ❢r❛❣♠❡♥t♦s ❞❡ ❉◆❆ ❞❡
✉♠❛ ❛♠♦str❛ ❛♠❜✐❡♥t❛❧ tã♦ ♣❡q✉❡♥♦s q✉❛♥t♦ ✽✵ ❜♣✳ ❈❛❞❛ ❢❛♠í❧✐❛ ❞♦ P❢❛♠ é r❡♣r❡s❡♥✲
t❛❞❛ ♣♦r ✉♠ ❛❧✐♥❤❛♠❡♥t♦ ♠ú❧t✐♣❧♦ ❝♦♠♣❧❡t♦ ❞❡ t♦❞♦s ♦s ♠❡♠❜r♦s ❞❛ ❢❛♠í❧✐❛✱ ❜❡♠ ❝♦♠♦
✉♠ P❢❛♠ ♣r♦✜❧❡ ❤✐❞❞❡♥ ▼❛r❦♦✈ ♠♦❞❡❧ ✭♣❍▼▼✮✱ q✉❡ ♣♦❞❡ s❡r ✉s❛❞♦ ♥✉♠❛ ❜✉s❝❛ ♣♦r
♠❡♠❜r♦s ♥♦✈♦s ❞❡s❝♦♥❤❡❝✐❞♦s✳ ❖ ♠ét♦❞♦ t❡♠ ❞♦✐s ❝♦♠♣♦♥❡♥t❡s✿ ♦ ♣r✐♠❡✐r♦ ✐❞❡♥t✐✜❝❛ ♦
❞♦♠í♥✐♦ ❡ ❢r❛❣♠❡♥t♦s ❞❡ ❢❛♠í❧✐❛s ❞❡ ♣r♦t❡í♥❛s ❡♠ r❡❛❞s ♥ã♦ ♠♦♥t❛❞♦s ❞❡ ✉♠❛ ❛♠♦str❛
✉s❛♥❞♦ ♣❍▼▼s✳ ❊ss❡s ♠♦❞❡❧♦s sã♦ ❜♦♥s ♣❛r❛ ❞❡t❡❝t❛r s✐♥❛✐s ❢✉♥❝✐♦♥❛✐s ❢r❛❝♦s ❡ ♣❡q✉❡✲
♥❛s s❡q✉ê♥❝✐❛s ❢✉♥❝✐♦♥❛✐s ❝♦♥s❡r✈❛❞❛s✳ ◆❡ss❡ ❡st✉❞♦✱ ♦ ❞♦♠í♥✐♦ ❛♠❜✐❡♥t❛❧ ❡ ♦s ❢r❛❣♠❡♥t♦s
❞❡ ❢❛♠í❧✐❛s ❞❡ ♣r♦t❡í♥❛s ✐❞❡♥t✐✜❝❛❞♦s ♥♦s r❡❛❞s ❞❡ ✉♠❛ ❛♠♦str❛ ❛♠❜✐❡♥t❛❧ sã♦ ❞❡✜♥✐❞♦s
❝♦♠♦ ❡♥✈✐r♦♥♠❡♥t❛❧ ❣❡♥❡ t❛❣s ✭❊●❚s✮✱ q✉❡ ♣♦❞❡♠ s❡r ✉s❛❞♦s ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ✉♠ ♠❡t❛✲
❣❡♥♦♠❛ q✉❛♥t✐t❛t✐✈❛♠❡♥t❡✳ ◆♦ s❡❣✉♥❞♦ ❝♦♠♣♦♥❡♥t❡ ❞♦ ♠ét♦❞♦✱ ✉♠❛ ár✈♦r❡ ✜❧♦❣❡♥ét✐❝❛
é r❡❝♦♥str✉í❞❛ ♣❛r❛ ❝❛❞❛ ❢❛♠í❧✐❛ P❢❛♠ ❡♥❝♦♥tr❛❞❛✳ ❊●❚s sã♦ ❝❧❛ss✐✜❝❛❞❛s ❡♠ t❛①♦♥♦✲
♠✐❛s ❞❡ ❛❧t♦ ♥í✈❡❧ ❜❛s❡❛❞♦ ❡♠ s✉❛s r❡❧❛çõ❡s ✜❧♦❣❡♥ét✐❝❛s ❝♦♠ ♦s ♠❡♠❜r♦s ❞❛ ❢❛♠í❧✐❛ ❝♦♠
❛✜❧✐❛çõ❡s t❛①♦♥ô♠✐❝❛s ❝♦♥❤❡❝✐❞❛s✱ ❝❤❛♠❛❞♦s ❞❡ ♠❡♠❜r♦s t❛①❛❦♥♦✇♥✳

P❛r❛ ❛✈❛❧✐❛r ♦ ❛❧❣♦r✐t♠♦✱ ❢♦r❛♠ ✉s❛❞♦s ✼✼ ❣❡♥♦♠❛s ❝♦♠♣❧❡t♦s ❞♦ ●❡♥❇❛♥❦✳ ❯♠ ♠❡✲
t❛❣❡♥♦♠❛ s✐♥tét✐❝♦ ❢♦✐ ❝♦♥str✉í❞♦ ❢r❛❣♠❡♥t❛♥❞♦ ♦s ✼✼ ❣❡♥♦♠❛s ❡♠ s❡q✉ê♥❝✐❛s ❞❡ t❛♠❛♥❤♦
❡♥tr❡ ✽✵ ❡ ✶✷✵ ❜♣✱ ❝♦♠ ♦ t❛♠❛♥❤♦ ♠é❞✐♦ s❡♥❞♦ ❞❡t❡r♠✐♥❛❞♦ ❡♠ ✶✵✵ ❜♣✳

◆♦ ♣r✐♠❡✐r♦ ♣❛ss♦ ❞♦ ❛❧❣♦r✐t♠♦✱ ✉♠❛ ❜✉s❝❛ ♣♦r s✐♠✐❧❛r✐❞❛❞❡ ❞❡ ❝❛❞❛ r❡❛❞ é ❢❡✐t❛
❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❞♦ P❢❛♠ ✉s❛♥❞♦ ❇▲❆❙❚✳ ❘❡❛❞s s❡♠ ✉♠ ❤✐t ❞♦ ❇▲❆❙❚ ♦✉
E✲✈❛❧✉❡ ♠❡♥♦r q✉❡ ✶✵ sã♦ ❡①❝❧✉í❞♦s ❞❡ ❛♥á❧✐s❡s ❢✉t✉r❛s✳ ❊ss❡ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ r❡❞✉③
♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ q✉❡ ♣r❡❝✐s❛ s❡r ❢❡✐t♦ ♥❛s ❜✉s❝❛s ❝♦♠ ♦s ♣❍▼▼s✳ ❊♠ s❡❣✉✐❞❛✱
t♦❞♦s ♦s r❡❛❞s sã♦ ❛♥❛❧✐s❛❞♦s ♣❡❧♦s P❢❛♠ ♣❍▼▼s ❡♠ ❜✉s❝❛ ❞❡ ❢❛♠í❧✐❛s ❞❡ ♣r♦t❡í♥❛s
❝♦♥s❡r✈❛❞❛s✳ ❈❛❞❛ r❡❛❞ é tr❛❞✉③✐❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ s❡✉ ♠❡❧❤♦r ❤✐t ❞♦ ❇▲❆❙❚✳ ◆♦ ❝❛s♦
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❞❡ ✉♠ r❡❛❞ t❡r ❤✐ts ❡♠ ♠❛✐s ❞❡ ✉♠❛ ❢❛♠í❧✐❛ P❢❛♠✱ ❡❧❡ é s❡♣❛r❛❞❛♠❡♥t❡ tr❛❞✉③✐❞♦ ♣❛r❛
❝❛❞❛ ❢❛♠í❧✐❛✳ ❉❡♣♦✐s✱ ❛s s❡q✉ê♥❝✐❛s tr❛❞✉③✐❞❛s sã♦ ❛❧✐♥❤❛❞❛s ❝♦♠ s✉❛s r❡s♣❡❝t✐✈❛s ❢❛♠í❧✐❛s
✉s❛♥❞♦ ♦ s❡✉ ♣❍▼▼ ❧♦❝❛❧✱ ♦ q✉❡ ❢❛③ ❝♦♠ q✉❡ ❢❛♠í❧✐❛s ❞❡ ♣r♦t❡í♥❛s q✉❡ sã♦ ❝♦❜❡rt❛s ❛♣❡♥❛s
♣❛r❝✐❛❧♠❡♥t❡ ♣♦r ✉♠ r❡❛❞ ♣♦ss❛♠ s❡r ✐❞❡♥t✐✜❝❛❞❛s✳ ❆s s❡q✉ê♥❝✐❛s ❞❡ t♦❞♦s ♦s ❢r❛❣♠❡♥t♦s
❞❡ ❢❛♠í❧✐❛s P❢❛♠ ✐❞❡♥t✐✜❝❛❞♦s ✭❊●❚s✮ sã♦ ❛❞✐❝✐♦♥❛❞❛s ❛♦ ❛❧✐♥❤❛♠❡♥t♦ ♠ú❧t✐♣❧♦ ❞❡ s✉❛
r❡s♣❡❝t✐✈❛ ❢❛♠í❧✐❛✳

❖s ❛❧✐♥❤❛♠❡♥t♦s ♠ú❧t✐♣❧♦s ❞❡ ♠❡♠❜r♦s t❛①❛❦♥♦✇♥ ❡ ♦s ❊●❚s ❞❡ ❝❛❞❛ ❢❛♠í❧✐❛ P❢❛♠
sã♦ ✉s❛❞♦s ♣❛r❛ ❝❛❧❝✉❧❛r ❛ ❞✐stâ♥❝✐❛ ♣❛r ❛ ♣❛r ❞❡ t♦❞❛s ❛s ❝♦♠❜✐♥❛çõ❡s ❡♥tr❡ ♠❡♠❜r♦s
t❛①❛❦♥♦✇♥ ❡ s❡✉s r❡s♣❡❝t✐✈♦s ❊●❚s✳ ❆ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❞✉❛s s❡q✉ê♥❝✐❛s é ❞❡✜♥✐❞❛ ❝♦♠♦
♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ✐❞❡♥t✐❞❛❞❡ ❞❡ s❡q✉ê♥❝✐❛s ✭P■❉✮✳ ❯♠❛ ár✈♦r❡ ✜❧♦❣❡♥ét✐❝❛ s❡♠ r❛✐③ é r❡✲
❝♦♥str✉í❞❛ ❛ ♣❛rt✐r ❞❡ss❛s ❞✐stâ♥❝✐❛s ✉s❛♥❞♦ ♦ ♠ét♦❞♦ ♥❡✐❣❤❜♦r✲❥♦✐♥✐♥❣✳ ❆ss✐♠✱ ❊●❚s sã♦
❝❧❛ss✐✜❝❛❞♦s ❞❡♣❡♥❞❡♥❞♦ ❞❡ s✉❛s r❡❧❛çõ❡s ✜❧♦❣❡♥ét✐❝❛s ❝♦♠ r❡s♣❡✐t♦ ❛♦s ♠❡♠❜r♦s t❛①❛❦✲

♥♦✇♥✳ ❙❡ ✉♠ ❊●❚ g ❡stá ❧♦❝❛❧✐③❛❞♦ ❡♠ ✉♠ ❣r✉♣♦ ❞❡ ♠❡♠❜r♦s t❛①❛❦♥♦✇♥ q✉❡ ❞✐✈✐❞❡♠
✉♠ ♠❡s♠♦ t❛①♦♥ t✱ ❡♥tã♦ g é ❝❧❛ss✐✜❝❛❞♦ ❝♦♠♦ t✳ ❈❛s♦ ❝♦♥trár✐♦✱ é ❝❧❛ss✐✜❝❛❞♦ ❝♦♠♦
✬t❛①♦♥ ❞❡s❝♦♥❤❡❝✐❞♦✬

❖ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s s✐♠✉❧❛❞♦s r❡♣r❡s❡♥t❛ ✉♠❛ ❝♦♠✉♥✐❞❛❞❡ ♠✐❝r♦❜✐❛♥❛ ❝♦♠ ❢r❛❣♠❡♥✲
t♦s ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ❆r❝❤❛❡❛ ❡ ❇❛❝t❡r✐❛✱ ✶✵ ✜❧♦s✱ ✶✶ ❝❧❛ss❡s✱ ✷✾ ♦r❞❡♥s ❡ ✻✷ ❣ê♥❡r♦s✳ ❯♠
❊●❚ ❢♦✐ ❡♥❝♦♥tr❛❞♦ ❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 15% ❞❡ ❝❡r❝❛ ❞❡ ✷✳✼ ♠✐❧❤õ❡s ❞❡ ❢r❛❣♠❡♥t♦s
❛♥❛❧✐s❛❞♦s✳ ◆❛ ♠é❞✐❛✱ ❛ ♦r✐❣❡♠ t❛①♦♥ô♠✐❝❛ ❢♦✐ ❝♦rr❡t❛♠❡♥t❡ ♣r❡❞✐t❛ ♣❛r❛ 84% ♥♦ ♥í✈❡❧
❞❡ ❞♦♠í♥✐♦ ❡ 61% ♥♦ ♥í✈❡❧ ❞❡ ♦r❞❡♠ ❞♦s ❊●❚s ✐❞❡♥t✐✜❝❛❞♦s✳ ❊♥q✉❛♥t♦ ❛ ♣r♦♣♦rçã♦ ❞❡
❊●❚s ❝❧❛ss✐✜❝❛❞♦s ❝♦rr❡t❛♠❡♥t❡ ❝❛✐ ❞❡ ❞♦♠í♥✐♦ ♣❛r❛ ♦r❞❡♠✱ ❛ ♣r♦♣♦rçã♦ ❞❡ ❊●❚s ❝❧❛s✲
s✐✜❝❛❞♦s ❡rr♦♥❡❛♠❡♥t❡ s❡ ♠❛♥té♠ ❡♠ 7% ♣❛r❛ t♦❞♦s ♦s ♥í✈❡✐s t❛①♦♥ô♠✐❝♦s✳ P♦r ♦✉tr♦
❧❛❞♦✱ ❛ ♣r♦♣♦rçã♦ ❞❡ ❊●❚s q✉❡ ♥ã♦ ❢♦r❛♠ ❛tr✐❜✉í❞♦s ❛ ♥❡♥❤✉♠ ❣r✉♣♦ t❛①♦♥ô♠✐❝♦ ✭tá①♦♥
❞❡s❝♦♥❤❡❝✐❞♦✮✱ ❛✉♠❡♥t❛ ❞❡ 10% ♥♦ ♥í✈❡❧ ❞❡ ❞♦♠í♥✐♦ ♣❛r❛ 31% ♥♦ ♥í✈❡❧ ❞❡ ♦r❞❡♠✳

❖s r❡s✉❧t❛❞♦s ♠♦str❛♠ q✉❡ ❢r❛❣♠❡♥t♦s ❞❡ ❢❛♠í❧✐❛s ❞❡ ♣r♦t❡í♥❛s P❢❛♠ sã♦ ✈✐á✈❡✐s ❝♦♠♦
♠❛r❝❛❞♦r❡s ✜❧♦❣❡♥ét✐❝♦s ♣❛r❛ ✐♥❢❡r✐r ❛✜❧✐❛çõ❡s t❛①♦♥ô♠✐❝❛s ❡♠ ♣❡q✉❡♥♦s ❢r❛❣♠❡♥t♦s ❞❡
❉◆❆ ❛♠❜✐❡♥t❛❧✳ ➱ ✉♠❛ ❜♦❛ ❛❧t❡r♥❛t✐✈❛ ❛ ♠ét♦❞♦s q✉❡ ✉t✐❧✐③❛♠ ♣♦✉❝♦s ♠❛r❝❛❞♦r❡s✱
❝♦♠♦ ♦ r❉◆❆ ✶✻❙✱ ♣♦✐s ♦ ✉s♦ ❞❡ t♦❞❛s ❛s ❢❛♠í❧✐❛s P❢❛♠ ♣r♦♣♦r❝✐♦♥❛ ✉♠ r❡tr❛t♦ ♠❡❧❤♦r
❞❛ ❝♦♠♣♦s✐çã♦ t❛①♦♥ô♠✐❝❛ ❞❛ ❛♠♦str❛ ❛♠❜✐❡♥t❛❧✳

◆♦ ❈❆❘▼❆✸✱ ●❡r❧❛❝❤ ❡ ❙t♦②❡ ✉t✐❧✐③❛♠ ✈ár✐❛s té❝♥✐❝❛s ♣❛r❛ ♦t✐♠✐③❛r ♦s r❡s✉❧t❛❞♦s ❞♦
❈❆❘▼❆✱ ❡ ✉♠❛ ❞❡❧❛s é ❛ ❜✉s❝❛ r❡❝í♣r♦❝❛ ❢❡✐t❛ ♣❡❧♦ ❙❖rt✲■❚❊▼❙✳ ❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ❞♦
❈❆❘▼❆✸ é ✉s❛r ♦ ❇▲❆❙❚ ♣❛r❛ ❜✉s❝❛r ❤♦♠ó❧♦❣♦s ♥❛ ❜❛s❡ ❞❛❞♦s ◆❈❇■ ◆❘ ❡ ❛ ❜✉s❝❛
r❡❝í♣r♦❝❛ é ✉s❛❞❛ ♣❛r❛ ❡❧✐♠✐♥❛r ❤✐ts✳

✹✳✺ P❤②♠♠ ❡ P❤②♠♠❇▲

P❤②♠♠ ❬✹❪ é ✉♠ ♣r♦❣r❛♠❛ q✉❡ ✉s❛ ♠♦❞❡❧♦s ❞❡ ▼❛r❦♦✈ ✐♥t❡r♣♦❧❛❞♦s ✭■▼▼s✮ ♣❛r❛ ❝❛r❛❝✲
t❡r✐③❛r ♦❧✐❣♦♥✉❝❧❡♦tí❞❡♦s ❞❡ t❛♠❛♥❤♦s ✈❛r✐á✈❡✐s tí♣✐❝♦s ❞❡ ✉♠ ❣r✉♣♦ ✜❧♦❣❡♥ét✐❝♦✳ ❇r❛❞② ❡



✹✳✺✳ P❤②♠♠ ❡ P❤②♠♠❇▲ ✷✽

❙❛❧③❜❡r❣ ❛♣r❡s❡♥t❛r❛♠ t❛♠❜é♠ ✉♠ ♠ét♦❞♦ ❤í❜r✐❞♦ P❤②♠♠❇▲✱ q✉❡ ✉t✐❧✐③❛ ✐♥❢♦r♠❛çõ❡s
t❛♥t♦ ❞♦ P❤②♠♠ q✉❛♥t♦ ❞♦ ❇▲❆❙❚ ❡ ♣r♦❞✉③ r❡s✉❧t❛❞♦s ♠❡❧❤♦r❡s q✉❡ ❝❛❞❛ ✉♠ ❞❡❧❡s
✐s♦❧❛❞❛♠❡♥t❡✳

❇r❛❞② ❡ ❙❛❧③❜❡r❣ ❝♦♥❞✉③✐r❛♠ ❡①♣❡r✐♠❡♥t♦s ❝♦♠ r❡❛❞s ♠❡t❛❣❡♥ô♠✐❝♦s s✐♥tét✐❝♦s ❡
❛ss♦❝✐❛r❛♠ rót✉❧♦s t❛①♦♥ô♠✐❝♦s ✉t✐❧✐③❛♥❞♦ ♦ P❤②♠♠✱ ❇▲❆❙❚ ❡ P❤②♠♠❇▲✳ ❖ P❤②♠♠
❝♦♥t❡♠ ■▼▼s tr❡✐♥❛❞♦s ❝♦♠ ❝r♦♠♦ss♦♠♦s ❡ ♣❧❛s♠í❞❡♦s ❞❡ ♦r❣❛♥✐s♠♦s ♦❜t✐❞♦s ❞♦ ❜❛♥❝♦
❞♦ ◆❈❇■✳

◗✉❛♥❞♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ♣♦♥t✉❛r ✉♠❛ s❡q✉ê♥❝✐❛ x ❞❡ ❉◆❆✱ ✉♠ ■▼▼ ❝❛❧❝✉❧❛ ✉♠❛ ♣♦♥✲
t✉❛çã♦ ❝♦rr❡s♣♦♥❞❡♥t❡ à ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛ ■▼▼ t❡r ❣❡r❛❞♦ ❛q✉❡❧❛ s❡q✉ê♥❝✐❛ x✱ ♦ q✉❡ ♣♦❞❡
s❡r ✉s❛❞♦ ♣❛r❛ ❡st✐♠❛r ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛ s❡q✉ê♥❝✐❛ x ♣❡rt❡♥❝❡r à ❝❧❛ss❡ ❞❡ s❡q✉ê♥❝✐❛s
❝♦♠ ❛s q✉❛✐s ❛ ■▼▼ ❢♦✐ tr❡✐♥❛❞❛✳

◆♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ♦ P❤②♠♠✱ ❝❛❞❛ r❡❛❞ ❢♦✐ ♣♦♥t✉❛❞♦ ♣♦r ❝❛❞❛ ■▼▼ ♥❛ ❜✐❜❧✐♦t❡❝❛
❞❡ r❡❢❡rê♥❝✐❛✳ ❖ r❡❛❞ ❡♥tã♦ ❢♦✐ ❝❧❛ss✐✜❝❛❞♦ ✉s❛♥❞♦ ♦ rót✉❧♦ ♣❡rt❡♥❝❡♥t❡ ❛♦ ♦r❣❛♥✐s♠♦ ❝✉❥❛
■▼▼ ❣❡r♦✉ ❛ ♠❡❧❤♦r ♣♦♥t✉❛çã♦ ♣❛r❛ ❛q✉❡❧❡ r❡❛❞✳ ◆♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ♦ ❇▲❆❙❚✱ ❝❛❞❛
r❡❛❞ ❢♦✐ s✉❜♠❡t✐❞♦ ❛ ✉♠❛ ❜✉s❝❛ ❝♦♠ ♦ ❇▲❆❙❚ ❝♦♥tr❛ ✉♠ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❝♦♥str✉í❞♦
❝♦♠ ♦s ♠❡s♠♦s ❣❡♥♦♠❛s ✉s❛❞♦s ♣❛r❛ ❣❡r❛r ♦s ■▼▼s ❡ ♦ rót✉❧♦ ❢♦✐ ❛tr✐❜✉í❞♦ ❛ ❝❛❞❛ r❡❛❞
✉s❛♥❞♦ ♦ rót✉❧♦ ❞♦ ♠❡❧❤♦r ❤✐t ❞♦ ❇▲❆❙❚✳

❏á ♦ P❤②♠♠❇▲ ♣♦♥t✉♦✉ ❝❛❞❛ r❡❛❞ ✉s❛♥❞♦ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♠ét♦❞♦s✳ ❆ ❢ór♠✉❧❛✱
❞❡t❡r♠✐♥❛❞❛ ❡♠♣✐r✐❝❛♠❡♥t❡✱ ✉s❛❞❛ ♣❛r❛ ♣♦♥t✉❛r ❢♦✐✿

Score = IMM + 1.2(4− log(E))

❖♥❞❡ IMM é ❛ ♣♦♥t✉❛çã♦ ❞♦ ♠❡❧❤♦r ■▼▼ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ r❡❛❞ ❡ E é ♦ ♠❡♥♦r
✭♠❡❧❤♦r✮ ❊✲✈❛❧✉❡ r❡t♦r♥❛❞♦ ♣❡❧♦ ❇▲❆❙❚✳ ❖ ■▼▼ ✉s❛❞♦ ♣♦r ❇r❛❞② ❡ ❙❛❧③❜❡r❣ r❡t♦r♥❛
♣♦♥t✉❛çõ❡s ❧♦❣❛rít♠✐❝❛s✱ ❣❡r❛❧♠❡♥t❡ ❡♥tr❡ −500 ❡ −100✱ ❝♦♠ ♦s ✈❛❧♦r❡s ♠❛✐♦r❡s r❡♣r❡✲
s❡♥t❛♥❞♦ ♠❡❧❤♦r❡s ♣♦♥t✉❛çõ❡s✳ ❆ ❝♦♥st❛♥t❡ ✹ ❢♦✐ ❞❡t❡r♠✐♥❛❞❛ ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡ ❝♦♠♦
ót✐♠❛ ❛tr❛✈és ❞❡ ✉♠❛ ❜✉s❝❛ ❜✐♥ár✐❛ ❡♠ ♣❡q✉❡♥♦s ✐♥t❡✐r♦s ♣♦s✐t✐✈♦s ✭❡♥tr❡ ✵ ❡ ✺✮ ❡ ♦ ♣❡s♦
✶✳✷ ❢♦✐ ❡♥tã♦ ❞❡t❡r♠✐♥❛❞♦ ❝♦♠♦ ót✐♠♦ ❛tr❛✈és ❞❡ ✉♠❛ ❜✉s❝❛ ❜✐♥ár✐❛ ♥♦s ✈❛❧♦r❡s ❡♥tr❡
✶ ❡ ✸✳ ❖s ❛❧❝❛♥❝❡s ❞❡ss❛s ❜✉s❝❛s ❢♦r❛♠ ❡st❛❜❡❧❡❝✐❞♦s ✐❞❡♥t✐✜❝❛♥❞♦ ♦s ✈❛❧♦r❡s ♥♦s q✉❛✐s
❛s ♣r❡❞✐çõ❡s ❞❡ ✉♠ ♠ét♦❞♦ ❝♦♠♣❧❡t❛♠❡♥t❡ ❞♦♠✐♥❛✈❛ ❛s ❞♦ ♦✉tr♦✳ P♦r ❡①❡♠♣❧♦✱ ♣❡s♦s
♠✉❧t✐♣❧✐❝❛t✐✈♦s ♠❡♥♦r❡s q✉❡ ✶ ❣❡r❛r❛♠ ♣♦♥t✉❛çõ❡s ❝♦♠❜✐♥❛❞❛s ❡ss❡♥❝✐❛❧♠❡♥t❡ ✐❞ê♥t✐❝❛s
às ♦❜t✐❞❛s ♣❡❧♦s ■▼▼s s♦③✐♥❤♦✱ ❡♥q✉❛♥t♦ ❛q✉❡❧❡s ♠❛✐♦r❡s q✉❡ ✸ ❣❡r❛r❛♠ ♣♦♥t✉❛çõ❡s ❝♦♠✲
❜✐♥❛❞❛s q✉❡ ❡r❛♠ ❛s ♠❡s♠❛s ❞❛s ♦❜t✐❞❛s ❛♣❡♥❛s ♣❡❧♦ ❇▲❆❙❚✳ ❊ss❡s ♣❛râ♠❡tr♦s ♣♦❞❡♠
r❡♣r❡s❡♥t❛r ❛♣❡♥❛s ✉♠ ót✐♠♦ ❧♦❝❛❧✱ ♠❛s ✈❛❧♦r❡s ❞✐❢❡r❡♥t❡s ❞♦s ♣❡s♦s t✐✈❡r❛♠ ✉♠ ❡❢❡✐t♦
♠❛r❣✐♥❛❧ ♥♦ ❛❝❡rt♦ ❣❡r❛❧ ❞♦ ❛❧❣♦r✐t♠♦✳

❖ ♦❜❥❡t✐✈♦ ❝❡♥tr❛❧ ❞♦ tr❛❜❛❧❤♦ ❡r❛ ♦ ❞❡ ♠♦❞❡❧❛r ♦ ♣r♦❜❧❡♠❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ s❡q✉ê♥✲
❝✐❛s ♣❛r❛ ❡s♣é❝✐❡s ♥✉♥❝❛ ❛♥t❡s ♦❜s❡r✈❛❞❛s✳ P♦r ❞❡✜♥✐çã♦✱ ❞❛❞♦ ✉♠ r❡❛❞ ❞❡ ✉♠ ♦r❣❛♥✐s♠♦
q✉❡ ♥✉♥❝❛ ❢♦✐ s❡q✉❡♥❝✐❛❞♦✱ ♥❡♥❤✉♠ ♠ét♦❞♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ♣♦❞❡ ♣r❡❞✐③❡r ❝♦rr❡t❛♠❡♥t❡ ♦
rót✉❧♦ ❞❡ ❡s♣é❝✐❡✱ ♣♦✐s ♦ ♠❡s♠♦ ♥ã♦ ❡①✐st❡✳ P❛r❛ ❝❧❛ss✐✜❝❛çõ❡s ✜❧♦❣❡♥ét✐❝❛s ❞❡ ❛❧t♦ ♥í✈❡❧✱
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♥♦ ❡♥t❛♥t♦✱ é ♣♦ssí✈❡❧ ❡①✐st✐r ♦ ❣ê♥❡r♦✱ ❢❛♠í❧✐❛ ♦✉ ♦✉tr♦ ♥í✈❡❧ t❛①♦♥ô♠✐❝♦ ♠❛✐s ❛❧t♦✳ ❈❛❞❛
❣r✉♣♦ ❞❡ ❡①♣❡r✐♠❡♥t♦s ❢♦✐ ❡♥tã♦ r❡♣❡t✐❞♦ ❞✐✈❡rs❛s ✈❡③❡s✱ ❝♦♠ ❝❛❞❛ ✐t❡r❛çã♦ ❝♦♥✜❣✉r❛❞❛
♣❛r❛ ❡①♣❧✐❝✐t❛♠❡♥t❡ ❡①❝❧✉✐r ❝♦♠♣❛r❛çõ❡s ❞❡ ❝❛❞❛ r❡❛❞ ❞❡ ❡♥tr❛❞❛ ❝♦♠ ❡s♣é❝✐❡s r❡❧❛❝✐♦♥❛❞❛
❛ ❡❧❡ ❡♠ ♥í✈❡✐s ❝❛❞❛ ✈❡③ ♠❛✐s ❛❧t♦s✳

❖s r❡s✉❧t❛❞♦s ❞❛ ❝❧❛ss✐✜❝❛çã♦ ❞♦s ❞❛❞♦s s✐♠✉❧❛❞♦s ❝♦♠ ♦ P❤②♠♠ ♠♦str❛r❛♠ q✉❡
❛ ❝❧❛ss✐✜❝❛çã♦ ♥♦ ♥í✈❡❧ ❞❡ ❣ê♥❡r♦ é ❛ t❛r❡❢❛ ♠❛✐s ❞✐❢í❝✐❧✳ ❖s ❡①♣❡r✐♠❡♥t♦s ❢♦r❛♠ ❢❡✐t♦s
♠❛s❝❛r❛♥❞♦ ♠❛t❝❤❡s ❞❡ ♥í✈❡❧ ❞❡ ❡s♣é❝✐❡✱ ❡ r❡♣❡t✐❞♦s ❝♦♠ r❡❛❞s ❞❡ t❛♠❛♥❤♦ ✶✵✵✱ ✷✵✵✱ ✹✵✵✱
✽✵✵ ❡ ✶✵✵✵ ❜♣✳ ◆♦ ♥í✈❡❧ ❞❡ ❣ê♥❡r♦✱ ♦ ❛❧❣♦r✐t♠♦ ❝❧❛ss✐✜❝♦✉ ❝♦rr❡t❛♠❡♥t❡ 32.8% ❞♦s r❡❛❞s
❞❡ t❛♠❛♥❤♦ ✶✵✵✱ ♠❛s ♦ ❛❝❡rt♦ ♣✉❧❛ ♣❛r❛ 89.8% ❝♦♠ r❡❛❞s ❞❡ t❛♠❛♥❤♦ ✶✵✵✵✳ ❈♦♠ ✹✵✵
❜♣✱ ♦ t❛♠❛♥❤♦ ❞❡ r❡❛❞ ♠é❞✐♦ ❞❡ ✉♠ ♣✐r♦s❡q✉❡♥❝✐❛❞♦r ✹✺✹✱ ♦ ❛❝❡rt♦ ❞♦ ❛❧❣♦r✐t♠♦ é ❞❡
60.3%✳ ❊ss❡s r❡s✉❧t❛❞♦s sã♦ ❣r❛♥❞❡s ♠❡❧❤♦r❛s ❝♦♠♣❛r❛❞❛s ❝♦♠ ♠ét♦❞♦s ❛♥t❡r✐♦r❡s ❝♦♠♦
P❤②❧♦P②t❤✐❛ ❬✹✸❪✱ ♠ét♦❞♦ ❜❛s❡❛❞♦ ❡♠ ❙❱▼ ✭❙✉♣♣♦rt ❱❡❝t♦r ▼❛❝❤✐♥❡✮✱ q✉❡ r❡♣♦rt♦✉ ✉♠
❛❝❡rt♦ ❞❡ ❛♣❡♥❛s 7.1% ♣❛r❛ ♦ ♥í✈❡❧ ❞❡ ❣ê♥❡r♦ ❡♠ r❡❛❞s ❞❡ t❛♠❛♥❤♦ ✶✵✵✵ ❡ ❈❆❘▼❆ ❬✸✻❪✱
q✉❡ ❝❧❛ss✐✜❝♦✉ ❝♦rr❡t❛♠❡♥t❡ 6% ❞♦s r❡❛❞s ❞❡ ✶✵✵ ❜♣ ♥♦ ♥í✈❡❧ ❞❡ ❣ê♥❡r♦✳

◆❛ ♠❛✐♦r ♣❛rt❡ ❞♦s ❝❛s♦s✱ ♦ ❇▲❆❙❚ s♦③✐♥❤♦ ❢♦✐ s✉♣❡r✐♦r ❛♦ P❤②♠♠✱ ♠❛s ♣❛r❛ s❡q✉ê♥✲
❝✐❛s ❞❡ t❛♠❛♥❤♦ ✽✵✵ ❡ ✶✵✵✵✱ ❖ P❤②♠♠ s✉♣❡r❛ ♦s r❡s✉❧t❛❞♦s ❞♦ ❇▲❆❙❚ ♥♦s ♥í✈❡✐s ❞❡
❝❧❛ss❡ ❡ ✜❧♦✳

❖ ❝❧❛ss✐✜❝❛❞♦r ❤í❜r✐❞♦ P❤②♠♠❇▲ ♣r♦❞✉③ r❡s✉❧t❛❞♦s ❛✐♥❞❛ ♠❡❧❤♦r❡s✳ P❛r❛ t♦❞♦s ♦s
t❛♠❛♥❤♦s ❞❡ r❡❛❞s ❡ ❡♠ t♦❞♦s ♦s ♥í✈❡✐s t❛①♦♥ô♠✐❝♦s✱ P❤②♠♠❇▲ é ♠❡❧❤♦r q✉❡ ♦ P❤②♠♠ ❡
♦ ❇▲❆❙❚ ✉s❛❞♦s ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡✱ ♠♦str❛♥❞♦ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 6% ❛ ♠❛✐s ❞❡ ❛❝❡rt♦
q✉❡ ♦ ❇▲❆❙❚ ♣❛r❛ t♦❞♦s ♦s ♥í✈❡✐s t❛①♦♥ô♠✐❝♦s ❝♦♠ r❡❛❞s ❞❡ t❛♠❛♥❤♦ ✶✵✵✵✳ ❊ss❡s
r❡s✉❧t❛❞♦s ✐♥❞✐❝❛♠ q✉❡ ♦s ❞♦✐s ♠ét♦❞♦s sã♦ ❝♦♠♣❧❡♠❡♥t❛r❡s ❡ q✉❡ ♦ P❤②♠♠❇▲ é ❝❛♣❛③
❞❡ ✉s❛r ✐♥❢♦r♠❛çã♦ ❞❡ ❛♠❜♦s✳ ❚❛♥t♦ ♦ P❤②♠♠ q✉❛♥t♦ ♦ P❤②♠♠❇▲ r❡t♦r♥❛r❛♠ r❡s✉❧t❛❞♦s
r♦❜✉st♦s✱ ❡♠ t♦❞♦s ♦s ❝❛s♦s✱ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❞❛ t❛①❛ ❞❡ ❛❝❡rt♦ ❢♦✐ ♠❡♥♦r q✉❡ 1%✳

❖s ♠ét♦❞♦s t❛♠❜é♠ ❢♦r❛♠ t❡st❛❞♦s ❝♦♠ ✉♠ ♠❡t❛❣❡♥♦♠❛ r❡❛❧ ❡①tr❛í❞♦ ❞❡ ✉♠❛ ❞r❡✲
♥❛❣❡♠ á❝✐❞❛ ❞❡ ♠✐♥❛ ✭❉❆▼✮ ❬✼✸❪ ❝♦♠♣♦st❛ ♣♦r três ♣♦♣✉❧❛çõ❡s ❞♦♠✐♥❛♥t❡s✱ ✉♠❛ ❞❡
❆r❝❤❛❡❛ ❡ ❞✉❛s ❞❡ ❇❛❝t❡r✐❛✳ ❖ P❤②♠♠❇▲ ❛❝❡rt♦✉ ♦ ✜❧♦ ❞❛ ♣♦♣✉❧❛çã♦ ❞❡ ❆r❝❤❛❡❛ ❡♠
61% ❞❛s ✈❡③❡s ❡ ❛s ♣♦♣✉❧❛çõ❡s ❞❡ ❇❛❝t❡r✐❛ ❡♠ 80% ❞♦s ❝❛s♦s✳

❯♠❛ ❞❛s ✈❛♥t❛❣❡♥s ❞❡ ✉s❛r ♠♦❞❡❧♦s ❞❡ ▼❛r❦♦✈ ✐♥t❡r♣♦❧❛❞♦s é q✉❡ ❡❧❡s ✉s❛♠ ✐♥❢♦r✲
♠❛çõ❡s ❞❡ ♠ú❧t✐♣❧♦s ♦❧✐❣♦♥✉❝❧❡♦tí❞❡♦s ❞❡ ❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦ ❡ ✐♥t❡❣r❛♠ ♦s r❡s✉❧t❛❞♦s✳
❊♥tã♦✱ ❡♠ ✈❡③ ❞❡ t❡r q✉❡ ❡s❝♦❧❤❡r ❡♥tr❡ ✺✲♠❡rs ❡ ✻✲♠❡rs ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦ ♥♦ ♥í✈❡❧ ❞❡
❝❧❛ss❡ ♦✉ ✜❧♦ ✭❝♦♠♦ é ❢❡✐t♦ ♣❡❧♦ P❤②❧♦P②t❤✐❛✮✱ P❤②♠♠ ♣♦❞❡ ✉s❛r ♦s ❞♦✐s✳ ◆♦s ❡①♣❡r✐♠❡♥✲
t♦s✱ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s k✲♠❡rs ✈❛r✐❛♥❞♦ ❞❡ ✶ ❛ ✶✷ ❡ ♦ P❤②♠♠ ❛✉t♦♠❛t✐❝❛♠❡♥t❡ s❡❧❡❝✐♦♥❛
❛q✉❡❧❡s q✉❡ ♠❡❧❤♦r ❝❛r❛❝t❡r✐③❛♠ ❝❛❞❛ ❡s♣é❝✐❡✳

❖ ❇▲❆❙❚ é ✉♠ ♠ét♦❞♦ ♠❡❧❤♦r ♣♦r s✐ só✱ ♠❛s q✉❛♥❞♦ ✐♥t❡❣r❛❞♦ ❛♦ P❤②♠♠ é ❝❛♣❛③
❞❡ ❣❡r❛r r❡s✉❧t❛❞♦s ❛✐♥❞❛ ♠❡❧❤♦r❡s✳
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✹✳✻ P❤②❧❖❚❯

❙❤❛r♣t♦♥ ❡t ❛❧✳ ❬✻✽❪ ❛r❣✉♠❡♥t❛r❛♠ q✉❡ ♦ ❘◆❆ r✐❜♦ss♦♠❛❧ ✶✻❙ é tr❛❞✐❝✐♦♥❛❧♠❡♥t❡ ❛♠♣❧✐✲
✜❝❛❞♦ ♣♦r P❈❘ ✉s❛♥❞♦ ♣r✐♠❡rs ✉♥✐✈❡rs❛✐s✳ ❈❛❞❛ ♣r♦❞✉t♦ ❞♦ P❈❘ é ❡♥tã♦ s❡q✉❡♥❝✐❛❞♦
✐♥❞✐✈✐❞✉❛❧♠❡♥t❡✳ ❯♠❛ ❞❛s ❣r❛♥❞❡s ❞❡s✈❛♥t❛❣❡♥s ❞✐ss♦ é q✉❡ ♦ P❈❘ t❡♠ ♠♦str❛❞♦ ✈✐és
r❡❧❛❝✐♦♥❛❞♦ ❛ s❡q✉ê♥❝✐❛s ❞❡ ♣r✐♠❡rs✳ ❆❧é♠ ❞✐ss♦✱ ♦s ♣r✐♠❡rs ❞✐t♦s ✉♥✐✈❡rs❛✐s ❢❛❧❤❛♠ ❛♦
❛♠♣❧✐✜❝❛r s❡q✉ê♥❝✐❛s s✉✜❝✐❡♥t❡♠❡♥t❡ ❞✐st✐♥t❛s ❞❛q✉❡❧❛s ✉t✐❧✐③❛❞❛s ♣❛r❛ ❝r✐á✲❧♦s✳ ❖ r❡s✉❧✲
t❛❞♦ ❞✐ss♦ é q✉❡ ❛❧❣✉♠❛s ❡s♣é❝✐❡s ♣♦❞❡♠ s❡r ❛♠♣❧✐✜❝❛❞❛s ❞❡s♣r♦♣♦r❝✐♦♥❛❧♠❡♥t❡ ♦✉ ❛té
♠❡s♠♦ ♣❡r❞✐❞❛s✳ ▼ét♦❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s ❡❧✐♠✐♥❛♠ ❡ss❡ ✈✐és ❝♦♠ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡
❢r❛❣♠❡♥t♦s ❛❧❡❛tór✐♦s ❞❡ ✉♠❛ ❛♠♦str❛ ❛♠❜✐❡♥t❛❧✱ ❡ ♠❡s♠♦ t❡♥❞♦ s❡✉s ♣ró♣r✐♦s ✈✐❡s❡s✱
❛✐♥❞❛ ♣♦❞❡♠ ❢♦r♥❡❝❡r ✉♠❛ ❝❛r❛❝t❡r✐③❛çã♦ ♠❛✐s r❡❛❧✐st❛ ❞❛ ❞✐✈❡rs✐❞❛❞❡ ♠✐❝r♦❜✐❛♥❛✳

P♦r ❝❛✉s❛ ❞❛ ♥❛t✉r❡③❛ ❢r❛❣♠❡♥t❛❞❛✱ ❛s s❡q✉ê♥❝✐❛s ❞❡ ♠❡t❛❣❡♥♦♠❛s r❛r❛♠❡♥t❡ ❛♣r❡✲
s❡♥t❛♠ s♦❜r❡♣♦s✐çõ❡s✳ P❤②❧❖❚❯ é ✉♠ ♣r♦❣r❛♠❛ q✉❡ ♣❡r♠✐t❡ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❖❚❯s
♠✐❝r♦❜✐❛♥❛s ❞✐r❡t❛♠❡♥t❡ ❞❡ s❡q✉ê♥❝✐❛s ♠❡t❛❣❡♥ô♠✐❝❛s ♥ã♦✲s♦❜r❡♣♦st❛s✳

❆ ♣❛rt✐r ❞❡ s❡q✉ê♥❝✐❛s ❝♦♠♣❧❡t❛s ❝♦♠♦ r❡❢❡rê♥❝✐❛✱ ♦ ♣r♦❣r❛♠❛ ❝♦♥stró✐ ✉♠ ♣❡r✜❧ ♣r♦✲
❜❛❜✐❧íst✐❝♦ ❞♦ r❘◆❆ ✶✻❙✳ ❊ss❡ ♣❡r✜❧ é ✉s❛❞♦ ♣❛r❛ ❛❧✐♥❤❛r r❡❛❞s ♠❡t❛❣❡♥ô♠✐❝♦s ❝♦♠ ❛s
s❡q✉ê♥❝✐❛s ❞❡ r❡❢❡rê♥❝✐❛ ❡ ❡ss❡ ❛❧✐♥❤❛♠❡♥t♦ é ❡♥tã♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦♠♣✉t❛r ❛ ❞✐stâ♥❝✐❛
✜❧♦❣❡♥ét✐❝❛ ❡♥tr❡ ❝❛❞❛ ♣❛r ❞❡ r❡❛❞s ❝♦♠♦ ❡♥tr❛❞❛ ♣❛r❛ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❝❧✉st❡r✐③❛çã♦✳

Pr✐♠❡✐r♦✱ ♠♦❞❡❧♦s ♣r♦❜❛❜✐❧íst✐❝♦s q✉❡ ❝♦❞✐✜❝❛♠ ❛ ❞✐✈❡rs✐❞❛❞❡ ❡✈♦❧✉❝✐♦♥ár✐❛ ❡ ❡str✉t✉r❛
s❡❝✉♥❞ár✐❛ ❞♦ r❘◆❆ ✶✻❙ ❞❡ ❇❛❝t❡r✐❛s ❡ ❆r❝❤❛❡❛s sã♦ ❝♦♥str✉í❞♦s ❝♦♠ ❛❧✐♥❤❛♠❡♥t♦s ❞❡
s❡q✉ê♥❝✐❛s ❝♦♠♣❧❡t❛s ❞❡ r❡❢❡rê♥❝✐❛ ❛tr❛✈és ❞♦ ■♥❢❡r♥❛❧ ❬✹✼❪✳

P❛r❛ ✉♠ ❞❛❞♦ ❝♦♥❥✉♥t♦ ♠❡t❛❣❡♥ô♠✐❝♦✱ r❡❛❞s ❤♦♠ó❧♦❣♦s ❞❡ ✶✻❙ sã♦ ✐❞❡♥t✐✜❝❛❞♦s ❛tr❛✲
✈és ❞❡ ✉♠❛ ❜✉s❝❛ ♣♦r ❇▲❆❙❚ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❙❚❆P ❬✼✽❪✱ q✉❡ é ✉♠ ❜❛♥❝♦
❞❡ ❞❛❞♦s ♥ã♦✲r❡❞✉♥❞❛♥t❡ ❡s♣❡❝✐❛❧✐③❛❞♦ ❡♠ s❡q✉ê♥❝✐❛s ❞❡ r❘◆❆ ✶✻❙✳ ❊ss❛ ❜✉s❝❛ ♣❡r♠✐t❡
❞✐❢❡r❡♥❝✐❛r ❆r❝❤❛❡❛ ❞❡ ❇❛❝t❡r✐❛✱ ♦ q✉❡ ❛❝❡❧❡r❛ ♦ ❛❧✐♥❤❛♠❡♥t♦ ❡ ❛ ❛♥á❧✐s❡ ✜❧♦❣❡♥ét✐❝❛✳

❆❧✐♥❤❛♠❡♥t♦s ♠ú❧t✐♣❧♦s ❞❡ r❡❛❞s ♠❡t❛❣❡♥ô♠✐❝♦s sã♦ ❝r✐❛❞♦s ❡♥tr❡ ❝❛❞❛ r❡❛❞ ❞❡ ✶✻❙
❝♦♠ ♦ r❡s♣❡❝t✐✈♦ ♣❡r✜❧✱ ❞❡ ❆r❝❤❛❡❛ ♦✉ ❞❡ ❇❛❝t❡r✐❛✳ ❊ss❡ ❛❧✐♥❤❛♠❡♥t♦ é ❡♥tã♦ ♠❛♣❡❛❞♦
♥♦s ❛❧✐♥❤❛♠❡♥t♦s ❞❡ r❡❢❡rê♥❝✐❛ ❝♦♥str✉í❞♦s ❝♦♠ ♦ ■♥❢❡r♥❛❧✳ ❖ ♣❛ss♦ ✜♥❛❧ ❞❡ss❡ ♣r♦❝❡ss♦
é ✉♠ ✜❧tr♦ ❞❡ ❝♦♥tr♦❧❡ ❞❡ q✉❛❧✐❞❛❞❡ q✉❡ ❣❛r❛♥t❡ q✉❡ ❛♣❡♥❛s ❛s s❡q✉ê♥❝✐❛s ❤♦♠ó❧♦❣❛s
❞❡ r❘◆❆ ✶✻❙ ❞♦ ❞♦♠í♥✐♦ ✜❧♦❣❡♥ét✐❝♦ ❛♣r♦♣r✐❛❞♦ s❡❥❛♠ ✐♥❝❧✉í❞❛s ♥♦ ❛❧✐♥❤❛♠❡♥t♦ ✜♥❛❧ ❡
♠❛s❝❛r❛ ❝♦❧✉♥❛s ❞♦ ❛❧✐♥❤❛♠❡♥t♦ ❝♦♠ ♠✉✐t♦s ❜✉r❛❝♦s✳

❙❤❛r♣t♦♥ ❡t ❛❧✳ ✉s❛♠ ❡ss❡s ❛❧✐♥❤❛♠❡♥t♦s ♣❛r❛ ❝♦♥str✉✐r ✉♠❛ ár✈♦r❡ ✜❧♦❣❡♥ét✐❝❛ t♦t❛❧✲
♠❡♥t❡ r❡s♦❧✈✐❞❛ ❡ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛ r❡❧❛çã♦ ❡✈♦❧✉❝✐♦♥ár✐❛ ❡♥tr❡ ♦s r❡❛❞s✳ ❆s s❡q✉ê♥❝✐❛s
❞❡ r❡❢❡rê♥❝✐❛ t❛♠❜é♠ sã♦ ✐♥❝❧✉í❞❛s ♥❡ss❡ ❡stá❣✐♦ ❞❛ ❛♥á❧✐s❡ ♣❛r❛ ❣✉✐❛r ❛ ♣♦s✐çã♦ ❞❡ r❡❛❞s
♠✉✐t♦ ❝✉rt♦s✳

❆♣ós ❛ ❝♦♥str✉çã♦ ❞❛ ár✈♦r❡✱ ❛s s❡q✉ê♥❝✐❛s ❞❡ r❡❢❡rê♥❝✐❛ sã♦ r❡♠♦✈✐❞❛s ❡ ❛ ✜❧♦❣❡♥✐❛
r❡s✉❧t❛♥t❡ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ❝❛❧❝✉❧❛r ✉♠❛ ♠❛tr✐③ ❞❡ ❞✐stâ♥❝✐❛s ✜❧♦❣❡♥ét✐❝❛s✱ ❡♠ q✉❡ ❛
❞✐stâ♥❝✐❛ ❡♥tr❡ ✉♠ ♣❛r ❞❡ r❡❛❞s é ❞❡✜♥✐❞❛ ❝♦♠♦ ❛ ❞✐stâ♥❝✐❛ t♦t❛❧ ❞♦ ❝❛♠✐♥❤♦ ❡♥tr❡ ❡❧❡s



✹✳✻✳ P❤②❧❖❚❯ ✸✶

♥❛ ár✈♦r❡✳ ❊ss❛ ♠❛tr✐③ é ❡♥tã♦ ✉t✐❧✐③❛❞❛ ❝♦♠♦ ❡♥tr❛❞❛ ♣❛r❛ ♦ ▼♦t❤✉r ❬✻✻❪✱ ♣❛r❛ ❛ ❣❡r❛çã♦
❞❡ ❝❧✉st❡rs✳

❆ ✐♥♦✈❛çã♦ ❞♦ ♠ét♦❞♦ é ❥✉st❛♠❡♥t❡ ♦ ❝á❧❝✉❧♦ ❞❛ ❞✐stâ♥❝✐❛ ✜❧♦❣❡♥ét✐❝❛ ✭P❉ ✲ P❤②✲
❧♦❣❡♥❡t✐❝ ❉✐st❛♥❝❡✮ s❡r ✉t✐❧✐③❛❞♦ ❝♦♠♦ ♠❡❞✐❞❛ ❞❡ ❞✐stâ♥❝✐❛ ♣❛r❛ ❝❧✉st❡r✐③❛çã♦✱ ❡♠ ✈❡③
❞♦ tr❛❞✐❝✐♦♥❛❧ ♣❡r❝❡♥t✉❛❧ ❞❡ ✐❞❡♥t✐❞❛❞❡ ❞❡ s❡q✉ê♥❝✐❛s ✭P■❉ ✲ P❡r❝❡♥t ❙❡q✉❡♥❝❡ ■❞❡♥t✐❢②✮✳
◗✉❛♥❞♦ ❛♣❧✐❝❛❞♦s ♦s ♠❡s♠♦s ❧✐♠✐t❛♥t❡s ❞❡ ❞✐stâ♥❝✐❛ ❞❡ ❝❧✉st❡r ♣❛r❛ ❛s ❞✐stâ♥❝✐❛s P❉ ❡
P■❉✱ ❛ ❝❧✉st❡r✐③❛çã♦ ❝♦♠ ❛ ♠❛tr✐③ P■❉ ♣r♦❞✉③ ✉♠❛ ❡st✐♠❛t✐✈❛ ❞❡ r✐q✉❡③❛ ♠❛✐♦r✱ ♦✉ s❡❥❛✱
✉♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❖❚❯s✱ q✉❡ ❛ ❝❧✉st❡r✐③❛çã♦ ❢❡✐t❛ ❝♦♠ ❛ ❞✐stâ♥❝✐❛ P❉✳ ◆♦ ❡♥t❛♥t♦✱ ❛
❝♦♠♣♦s✐çã♦ ❣❡r❛❧ ❞♦s ❝❧✉st❡rs é ♠✉✐t♦ s✐♠✐❧❛r✳

❖ ♠ét♦❞♦ ❞♦ ♣❤②❧❖❚❯ ❢♦✐ t❡st❛❞♦ ❝♦♠ ❞❛❞♦s s✐♠✉❧❛❞♦s✱ ❢♦r❛♠ ❣❡r❛❞♦s ✷✺ ❝♦♥❥✉♥t♦s ❞❡
❞❛❞♦s✱ ❝❛❞❛ ✉♠ ❣❡r❛❞♦ ❛ ♣❛rt✐r ❞❡ ✺✵ s❡q✉ê♥❝✐❛s ❞❡ r❘◆❆ ✶✻❙ ❡s❝♦❧❤✐❞❛s ❛❧❡❛t♦r✐❛♠❡♥t❡
❞❡ ✉♠ t♦t❛❧ ❞❡ ✺✵✽✳ ❊♠ ❝❛❞❛ s✐♠✉❧❛çã♦✱ ❛s ✺✵ s❡q✉ê♥❝✐❛s ✉s❛❞❛s ♣❛r❛ ❣❡r❛r ♦s ❞❛❞♦s
❢♦r❛♠ r❡t✐r❛❞❛s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❞❡ r❡❢❡rê♥❝✐❛✳ ❈♦♠ ✉♠ ❧✐♠✐t❛♥t❡ ❞❡ ❞✐stâ♥❝✐❛ P❉ ❞❡
0.15✱ q✉❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❛♥á❧✐s❡s ❞❡ s✐♠✉❧❛çã♦✱ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ❞✐stâ♥❝✐❛ P■❉ ❞❡
0.03✱ ♦✉ s❡❥❛✱ 97 ❞❡ ✐❞❡♥t✐❞❛❞❡ ❡♥tr❡ ❛s s❡q✉ê♥❝✐❛s ❝♦♠♣❧❡t❛s✱ ♦ ♣r♦❣r❛♠❛ ♦❜t❡✈❡ ✉♠❛
t❛①❛ ❞❡ ❛❝❡rt♦ ❞❡ 80% ❝♦♠ r❡❛❞s ♠❡t❛❣❡♥ô♠✐❝♦s✳

❖ ♣❤②❧❖❚❯ t❛♠❜é♠ ❢♦✐ ✉s❛❞♦ ♣❛r❛ ❛♥❛❧✐s❛r ♦s r❡❛❞s ❞♦ ●❧♦❜❛❧ ❖❝❡❛♥ ❙✉r✈❡② ❬✻✷❪✳
❈♦♠ ✉♠ ❧✐♠✐t❛♥t❡ ❞❡ ❞✐stâ♥❝✐❛ P❉ ❞❡ 0.15✱ ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s ✶✵✼✽ ❖❚❯s✱ ❝♦♠♣❛r❛❞♦s
❝♦♠ ♦s ✽✶✶ ❖❚❯s ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ♣r♦❥❡t♦ ♦r✐❣✐♥❛❧ ❝♦♠ 97% ❞❡ ✐❞❡♥t✐❞❛❞❡✳



❈❛♣ít✉❧♦ ✺

❆♥á❧✐s❡ ❞❡ ❉✐✈❡rs✐❞❛❞❡

❆ ♣❛rt✐r ❞♦ ❡st✉❞♦ ❞❡ ❞✐✈❡rs✐❞❛❞❡ ❞❡ ♠❛❝r♦✲♦r❣❛♥✐s♠♦s✱ ❢♦r❛♠ ❛❞❛♣t❛❞❛s ❛❜♦r❞❛❣❡♥s
❞❡ ❞♦❝✉♠❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞❡ ♣❛❞rõ❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡ ❛♠❜✐❡♥t❛❧ ♣❛r❛ s❡r❡♠ ❛♣❧✐❝❛❞❛s ❛
♠✐❝r♦✲♦r❣❛♥✐s♠♦s ❬✶✷✱✼✺❪✳ ❈♦♠♣❛r❛çõ❡s ❞❡ ❝♦♠✉♥✐❞❛❞❡s ❡♠ q✉❡ ♦s ♠❛❝r♦✲♦r❣❛♥✐s♠♦s sã♦
tã♦ ❞✐✈❡rs♦s q✉❛♥t♦ ♥✉♠❛ ❝♦♠✉♥✐❞❛❞❡ ♠✐❝r♦❜✐❛♥❛ s✉❣❡r❡♠ q✉❡ ♠ét♦❞♦s ❞❡ ❡st✐♠❛t✐✈❛ ❞❡
r✐q✉❡③❛ ❞❡ ❝♦♠✉♥✐❞❛❞❡ ❞❡s❡♥✈♦❧✈✐❞♦s ♣❛r❛ ♠❛❝r♦✲♦r❣❛♥✐s♠♦s ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ♣❛r❛
❛♠♦str❛s ♠✐❝r♦❜✐❛♥❛s ❬✸✷❪✳

❊♠ q✉❛❧q✉❡r ❛♠♦str❛❣❡♠ ❞❡ ✉♠❛ ❝♦♠✉♥✐❞❛❞❡✱ ♦ ♥ú♠❡r♦ ❞❡ t✐♣♦s ❞❡ ♦r❣❛♥✐s♠♦s ♦❜✲
s❡r✈❛❞♦s ❛✉♠❡♥t❛ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s✱ ❛té q✉❡ t♦❞♦s ♦s t✐♣♦s s❡❥❛♠ ♦❜s❡r✈❛❞♦s✳
❊ss❛ r❡❧❛çã♦ ❢♦r♥❡❝❡ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛ ❞✐✈❡rs✐❞❛❞❡ t♦t❛❧ ❞❛ ❝♦♠✉♥✐❞❛❞❡ ❛♠♦str❛❞❛✳
❊ss❡ ♣❛❞rã♦ ♣♦❞❡ s❡r ✈✐s✉❛❧✐③❛❞♦ ❛tr❛✈és ❞❡ ✉♠❛ ❝✉r✈❛ ❝✉♠✉❧❛t✐✈❛ ♦✉ ❞❡ ✉♠❛ ❝✉r✈❛ ❞❡
❛❜✉♥❞â♥❝✐❛✳

❯♠❛ ❝✉r✈❛ ❝✉♠✉❧❛t✐✈❛ é ♦ ❣rá✜❝♦ ❞♦ ♥ú♠❡r♦ ❛❝✉♠✉❧❛❞♦ ❞❡ t✐♣♦s ♦❜s❡r✈❛❞♦s ♣❡❧♦
♥ú♠❡r♦ ❞❡ ✐♥❞✐✈í❞✉♦s ❛♠♦str❛❞♦s✳ ❈♦♠♦ t♦❞❛s ❛s ❝♦♠✉♥✐❞❛❞❡s ❝♦♥tê♠ ✉♠ ♥ú♠❡r♦ ✜♥✐t♦
❞❡ ❡s♣é❝✐❡s✱ s❡ ♦s ♣❡sq✉✐s❛❞♦r❡s ❝♦♥t✐♥✉❛ss❡♠ ❛ ❝♦❧❡t❛r ❛♠♦str❛s✱ ❛s ❝✉r✈❛s ❡✈❡♥t✉❛❧♠❡♥t❡
❛❧❝❛♥ç❛r✐❛♠ ✉♠❛ r❡t❛ ♥♦ ♥ú♠❡r♦ r❡❛❧ ❞❡ r✐q✉❡③❛ ❞❛ ❝♦♠✉♥✐❞❛❞❡✳ ❆ss✐♠✱ ❡ss❛s ❝✉r✈❛s
❝♦♥tê♠ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ q✉ã♦ ❜♦❛ é ❛ ❛♠♦str❛❣❡♠ ❞❛ ❝♦♠✉♥✐❞❛❞❡ ❡st✉❞❛❞❛✳ ◗✉❛♥t♦
♠❛✐s ❛ ❝✉r✈❛ s❡ ❛♣r♦①✐♠❛r ❞❡ ✉♠❛ r❡t❛ ❤♦r✐③♦♥t❛❧✱ ♠❡❧❤♦r é ❛ ❛♠♦str❛❣❡♠ ❬✸✷❪✳

❯♠❛ ❢♦r♠❛ ♠❛✐s ♣♦♥t✉❛❧ ❞❡ s❡ ❛♥❛❧✐s❛r ❛ ❞✐✈❡rs✐❞❛❞❡ ❞❡ ✉♠❛ ❝♦♠✉♥✐❞❛❞❡ é ❝♦♥str✉✐♥❞♦
✉♠ ❤✐st♦❣r❛♠❛ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❞❛s ❛♠♦str❛s✳ ❆s ❡s♣é❝✐❡s sã♦ ♦r❞❡♥❛❞❛s ❞❡ ♠❛✐s ♣❛r❛
♠❡♥♦s ❛❜✉♥❞❛♥t❡ ♥♦ ❡✐①♦ x ❡ ❛ ❛❜✉♥❞â♥❝✐❛ ❞❡ ❝❛❞❛ t✐♣♦ ♦❜s❡r✈❛❞♦ ♠❛r❝❛❞❛ ♥♦ ❡✐①♦ y✳

✺✳✶ ❘❛r❡❢❛çã♦ ❡ ❡st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡

❆ r❛r❡❢❛çã♦ ❝♦♠♣❛r❛ ❛ r✐q✉❡③❛ ❜✐♦❧ó❣✐❝❛ ♦❜s❡r✈❛❞❛ ❡♥tr❡ ❛♠♦str❛s ❞❡s✐❣✉❛✐s ❞❡ ✉♠ ♠❡s♠♦
❤❛❜✐t❛t✳ ❯♠❛ ❝✉r✈❛ ❞❡ r❛r❡❢❛çã♦ é ❝❛❧❝✉❧❛❞❛ ❛ ♣❛rt✐r ❞♦ ♥ú♠❡r♦ ❞❡ ❡s♣é❝✐❡s ♦❜s❡r✈❛❞❛s
❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❝♦❧❡t❛❞❛s ❬✷✼❪✳ ◆♦ ❡♥t❛♥t♦✱ ❡ss❛ ❝✉r✈❛ ♥ã♦ ❢♦r♥❡❝❡

✸✷



✺✳✶✳ ❘❛r❡❢❛çã♦ ❡ ❡st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡ ✸✸

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

❊st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡✱ ♣♦r s✉❛ ✈❡③✱ ❡st✐♠❛♠ ❛ r✐q✉❡③❛ t♦t❛❧ ❞❡ ✉♠❛ ❝♦♠✉♥✐❞❛❞❡
❛ ♣❛rt✐r ❞❡ ✉♠❛ ❛♠♦str❛ ❡ ♣♦❞❡♠ s❡r ❝♦♠♣❛r❛❞♦s ❡♥tr❡ ❞✐❢❡r❡♥t❡s ❛♠♦str❛s✳ ❉✉❛s ❛❜♦r✲
❞❛❣❡♥s ♣r✐♥❝✐♣❛✐s sã♦ ✉s❛❞❛s ♣❛r❛ ❡ss❡ ❝á❧❝✉❧♦✿ ❡st✐♠❛❞♦r❡s ♣❛r❛♠étr✐❝♦s ❡ ❡st✐♠❛❞♦r❡s
♥ã♦✲♣❛r❛♠étr✐❝♦s✳

▼ét♦❞♦s ♣❛r❛♠étr✐❝♦s ✉s❛♠ ♠♦❞❡❧♦s ❞❡ ❛❜✉♥❞â♥❝✐❛ r❡❧❛t✐✈❛ ❞❡ ❡s♣é❝✐❡s ❡ t❡♥t❛♠ ❡♥✲
❝❛✐①❛r ♦s ❞❛❞♦s ♦❜s❡r✈❛❞♦s ❡♠ ❛❧❣✉♠ ♠♦❞❡❧♦✳ ❉❡♥tr❡ ♦s ♠♦❞❡❧♦s ✉s❛❞♦s✱ ❡stã♦ ♦s ♠♦❞❡❧♦s
❧♦❣♥♦r♠❛❧✱ P♦✐ss♦♥ ❧♦❣♥♦r♠❛❧ ❡ ❛ ●❛✉ss✐❛♥❛ ✐♥✈❡rs❛✳ P♦r ❡①❡♠♣❧♦✱ P✐❡❧♦✉ ❬✹✾❪ ❞❡r✐✈♦✉
✉♠ ❡st✐♠❛❞♦r q✉❡ s✉♣õ❡ q✉❡ ❛ ❛❜✉♥❞â♥❝✐❛ ❞❛s ❡s♣é❝✐❡s é ❞✐str✐❜✉í❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠❛
❧♦❣♥♦r♠❛❧✱ ♦✉ s❡❥❛✱ s❡ ❛s ❡s♣é❝✐❡s sã♦ ❛tr✐❜✉í❞❛s ❛ ❝❧❛ss❡s ❞❡ ❛❜✉♥❞â♥❝✐❛s ❧♦❣❛rít♠✐❝❛s✱
❛ ❞✐str✐❜✉✐çã♦ ❞❛s ❡s♣é❝✐❡s ♣♦r ❡ss❛s ❝❧❛ss❡s é ♥♦r♠❛❧✳ ❆♦ ❛❥✉st❛r ♦s ❞❛❞♦s ♦❜s❡r✈❛❞♦s ❛
❡ss❛ ❞✐str✐❜✉✐çã♦✱ ♦s ♣❛râ♠❡tr♦s ❞❛ ❝✉r✈❛ ♣♦❞❡♠ s❡r ❛♥❛❧✐s❛❞♦s✱ ❡ ♦ ❡st✐♠❛❞♦r ❞❡ P✐❡❧♦✉
✉s❛ ❡ss❡s ♣❛râ♠❡tr♦s ♣❛r❛ ❡st✐♠❛r ♦ ♥ú♠❡r♦ ❞❡ ❡s♣é❝✐❡s q✉❡ ♥ã♦ ❢♦r❛♠ ♦❜s❡r✈❛❞♦s ♣❡❧❛
❛♠♦str❛ ❡ ❝♦♠ ✐ss♦ ❡st✐♠❛r ♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❡s♣é❝✐❡s ♥❛ ❝♦♠✉♥✐❞❛❞❡✳

❆ ✈❛♥t❛❣❡♠ ❞❡ss❡s ♠ét♦❞♦s é q✉❡✱ ❞❛❞❛s ❛❧❣✉♠❛s s✉♣♦s✐çõ❡s s✐♠♣❧✐✜❝❛❞♦r❛s✱ ♦ ♠♦❞❡❧♦
♣♦❞❡ s❡r ✉s❛❞♦ ♣❛r❛ ❡st✐♠❛t✐✈❛s ❛ ♣❛rt✐r ❞❡ ❛♠♦str❛s r❡❧❛t✐✈❛♠❡♥t❡ ♣❡q✉❡♥❛s ❞❡ ✐♥❞✐✈í❞✉♦s
❞❡ ✉♠ ❛♠❜✐❡♥t❡✱ ♦ q✉❡ t♦r♥❛ ❡ss❛ ❛❜♦r❞❛❣❡♠ ✐❞❡❛❧ ♣❛r❛ ❡st✐♠❛t✐✈❛s ❞❡ ❛♠❜✐❡♥t❡s ❝♦♠
❣r❛♥❞❡ ❞✐✈❡rs✐❞❛❞❡ ❬✸❪✳

◆♦ ❡♥t❛♥t♦✱ ❡①✐st❡♠ ✈ár✐❛s ❧✐♠✐t❛çõ❡s ♥♦ ✉s♦ ❞❡ ♠ét♦❞♦s ♣❛r❛♠étr✐❝♦s ♣❛r❛ ❡st✐♠❛r
❝♦♠✉♥✐❞❛❞❡s ♠✐❝r♦❜✐❛♥❛s✳ ❖ ♣r✐♠❡✐r♦ ❞❡❧❡s é q✉❡ ♥ã♦ ❡①✐st❡♠ ♠✉✐t♦s ❞❛❞♦s s♦❜r❡ ❞✐✲
✈❡rs✐❞❛❞❡ ♠✐❝r♦❜✐❛♥❛ ♣❛r❛ ❛♣♦✐❛r ♦ ✉s♦ ❞❡ ✈ár✐♦s ♠♦❞❡❧♦s ❞❡ ❛❜✉♥❞â♥❝✐❛ ❡①✐st❡♥t❡s✳ ◆❛
❢❛❧t❛ ❞❡ ❞❛❞♦s ❡♠♣ír✐❝♦s✱ ❛♣❡♥❛s ❛r❣✉♠❡♥t♦s t❡ór✐❝♦s ♣♦❞❡♠ s❡r ❢❡✐t♦s ♣❛r❛ ❞❡❢❡♥❞❡r ✉♠
♠♦❞❡❧♦ ❡s♣❡❝í✜❝♦ s♦❜r❡ ♦s ♦✉tr♦s✱ ❝♦♠♦ ❢♦✐ ❢❡✐t♦ ❝♦♠ ♦ ♠♦❞❡❧♦ ❧♦❣♥♦r♠❛❧ ❬✶✹❪✳ ❆✐♥❞❛
❛ss✐♠✱ ❡①✐st❡♠ ❝♦♥tr♦✈érs✐❛s s♦❜r❡ q✉❛❧ ♠♦❞❡❧♦ é ♦ ♠❛✐s ❛♣r♦♣r✐❛❞♦ ♣❛r❛ r❡♣r❡s❡♥t❛r ✉♠❛
❝♦♠✉♥✐❞❛❞❡ ❬✸✸✱✼✻❪✳

❋✐♥❛❧♠❡♥t❡✱ ♠❡s♠♦ q✉❡ ✉♠ ♠♦❞❡❧♦ ❡s♣❡❝í✜❝♦ s❡❥❛ ✉♠❛ ❜♦❛ ❛♣r♦①✐♠❛çã♦ ❞❛ ❛❜✉♥✲
❞â♥❝✐❛ r❡❧❛t✐✈❛ ❞❛s ❡s♣é❝✐❡s ❡♠ ✉♠❛ ❝♦♠✉♥✐❞❛❞❡✱ ❡st✐♠❛❞♦r❡s ♣❛r❛♠étr✐❝♦s ♣r❡❝✐s❛♠ ❞❡
❣r❛♥❞❡s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s ♣❛r❛ ❝❛❧❝✉❧❛r ♦s ♣❛râ♠❡tr♦s ❞❡ ❞✐str✐❜✉✐çã♦ ❬✸✷❪✳

▼ét♦❞♦s ♥ã♦✲♣❛r❛♠étr✐❝♦s ❡st✐♠❛♠ ❛ ❞✐✈❡rs✐❞❛❞❡ s❡♠ s✉♣♦r ✉♠ ♠♦❞❡❧♦ ❡s♣❡❝í✜❝♦ ❞❡
❛❜✉♥❞â♥❝✐❛✳ ▼✉✐t♦s ❞❡ss❡s ❡st✐♠❛❞♦r❡s sã♦ ❛❞❛♣t❛❞♦s ❞❡ ❡st❛tíst✐❝❛s ❞❡ ♠❛r❝❛✲r❡❝❛♣t✉r❛
✭❞♦ ✐♥❣❧ês ♠❛r❦✲r❡❧❡❛s❡✲r❡❝❛♣t✉r❡✱ ♦✉ ▼❘❘✮ ♣❛r❛ ❡st✐♠❛r ♦ t❛♠❛♥❤♦ ❞❡ ♣♦♣✉❧❛çõ❡s ❛♥✐✲
♠❛✐s ❬✻✼❪✳ ❊ss❛s ❛❜♦r❞❛❣❡♥s ❝♦♥s✐❞❡r❛♠ ❛ ♣r♦♣♦rçã♦ ❞❡ ❖❚❯s q✉❡ ❢♦r❛♠ ♦❜s❡r✈❛❞❛s
❛♥t❡r✐♦r♠❡♥t❡ ✭r❡❝❛♣t✉r❛❞❛s✮ r❡❧❛t✐✈❛ àq✉❡❧❛s q✉❡ ❢♦r❛♠ ♦❜s❡r✈❛❞❛s ❛♣❡♥❛s ✉♠❛ ✈❡③✳ ❊♠
✉♠❛ ❝♦♠✉♥✐❞❛❞❡ ♠✉✐t♦ ❞✐✈❡rs✐✜❝❛❞❛✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠❛ ♠❡s♠❛ ❡s♣é❝✐❡ s❡r ♦❜s❡r✲
✈❛❞❛ ♠❛✐s ❞❡ ✉♠❛ ✈❡③ é ❜❛✐①❛✱ ❡ ❛ ♠❛✐♦r✐❛ ❞❛s ❡s♣é❝✐❡s s❡rã♦ r❡♣r❡s❡♥t❛❞❛s ♣♦r ❛♣❡♥❛s
✉♠ ✐♥❞✐✈í❞✉♦✳ ❊♠ ❝♦♠✉♥✐❞❛❞❡s ♠❡♥♦s ❞✐✈❡rs✐✜❝❛❞❛s✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠❛ ❡s♣é❝✐❡ s❡r
♦❜s❡r✈❛❞❛ ♠❛✐s ❞❡ ✉♠❛ ✈❡③ é ♠❛✐♦r ❬✸❪✳



✺✳✶✳ ❘❛r❡❢❛çã♦ ❡ ❡st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡ ✸✹

❊st✐♠❛❞♦r❡s ❝♦♠♦ ❈❤❛♦✶ ❬✻❪ ❡ ❡st✐♠❛❞♦r❡s ❜❛s❡❛❞♦s ❡♠ ❝♦❜❡rt✉r❛ ❞❡ ❛❜✉♥❞â♥❝✐❛
✭❆❈❊✮ ✉s❛♠ ❡ss❛ ♣r♦♣♦rçã♦ ❞❡ ♠❛r❝❛✲r❡❝❛♣t✉r❛ ♣❛r❛ ❝❛❧❝✉❧❛r ❛ r✐q✉❡③❛✱ ❛❞✐❝✐♦♥❛♥❞♦
❛❧❣✉♠ ❢❛t♦r ❞❡ ❝♦rr❡çã♦ ❛♦ ♥ú♠❡r♦ ❞❡ ❡s♣é❝✐❡s ♦❜s❡r✈❛❞❛s✳ ❖ ❡st✐♠❛❞♦r ❈❤❛♦✶ ❝❛❧❝✉❧❛ ♦
t♦t❛❧ ❞❡ ❞✐✈❡rs✐❞❛❞❡ ❞❡ ❡s♣é❝✐❡s ❝♦♠♦✿

SChao1 = Sobs +
n2

1

2n2

♦♥❞❡ Sobs é ♦ ♥ú♠❡r♦ ❞❡ ❡s♣é❝✐❡s ♦❜s❡r✈❛❞❛s✱ n1 é ♦ ♥ú♠❡r♦ ❞❡ s✐♥❣❧❡t♦♥s ✭❡s♣é❝✐❡s ❝❛♣t✉✲
r❛❞❛s ❛♣❡♥❛s ✉♠❛ ✈❡③✮✱ ❡ n2 é ♦ ♥ú♠❡r♦ ❞❡ ❞♦✉❜❧❡t♦♥s ✭❡s♣é❝✐❡s ❝❛♣t✉r❛❞❛s ❞✉❛s ✈❡③❡s✮✳
❊ss❡ í♥❞✐❝❡ é ♣❛rt✐❝✉❧❛r♠❡♥t❡ út✐❧ ♣❛r❛ ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s ✐♥❝❧✐♥❛❞♦s ❛ t❡r❡♠ ♠✉✐t❛s
❝❧❛ss❡s ❝♦♠ ❜❛✐①❛ ❛❜✉♥❞â♥❝✐❛✱ ♦ q✉❡ é ❛ t❡♥❞ê♥❝✐❛ ❣❡r❛❧ ❞❡ ❝♦♠✉♥✐❞❛❞❡s ♠✐❝r♦❜✐❛♥❛s✳

❖ ❆❈❊ ❬✽❪ ❝♦♥s✐❞❡r❛ ❞❛❞♦s ❞❡ t♦❞❛s ❛s ❡s♣é❝✐❡s ❝♦♠ ♠❡♥♦s ❞❡ ✶✵ ✐♥❞✐✈í❞✉♦s✱ ❡♠ ✈❡③
❞❡ ✉s❛r ❛♣❡♥❛s s✐♥❣❧❡t♦♥s ♦✉ ❞♦✉❜❧❡t♦♥s✳ ❆ ❞✐✈❡rs✐❞❛❞❡ é ❡♥tã♦ ❡st✐♠❛❞❛ ❝♦♠♦✿

SACE = Sabund +
Srare

CACE
+ F1

CACE
γ2
ACE

♦♥❞❡ Sabund é ♦ ♥ú♠❡r♦ ❞❡ ❡s♣é❝✐❡s ❛❜✉♥❞❛♥t❡s ✭❛❜✉♥❞â♥❝✐❛ ❛♠♦str❛❞❛ ♠❛✐♦r q✉❡ ✶✵✮✱ ❡
Srare é ♦ ♥ú♠❡r♦ ❞❡ ❡s♣é❝✐❡s r❛r❛s ✭❛❜✉♥❞â♥❝✐❛ ❛♠♦str❛❞❛ ♠❡♥♦r ♦✉ ✐❣✉❛❧ ❛ ✶✵✮✳ CACE =

1 − Fi/Nrare ❡st✐♠❛ ❛ ❝♦❜❡rt✉r❛ ❞❛ ❛♠♦str❛✱ ♦♥❞❡ Fi é ♦ ♥ú♠❡r♦ ❞❡ ❡s♣é❝✐❡s ❝♦♠ i

✐♥❞✐✈í❞✉♦s ❡ Nrare =
∑10

i=1 iFi✳ ❋✐♥❛❧♠❡♥t❡✱

γ2
ACE = max





Srare

10∑

i=1

i(i−1)Fi

CACE(Nrare)(Nrare−1)
− 1, 0





❡st✐♠❛ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ✈❛r✐❛çã♦ ❞❡ ❝❛❞❛ Fi ❬✶✶❪✳
❈❤❛♦✶ é ✉♠ ❡st✐♠❛❞♦r ♣❛rt✐❝✉❧❛r♠❡♥t❡ út✐❧ ♣♦r ❝❛✉s❛ ❞❡ ✉♠❛ ❢ór♠✉❧❛ ❞❡ ✈❛r✐â♥❝✐❛

q✉❡ ❢♦✐ ❞❡r✐✈❛❞❛ ♣❛r❛ ❡❧❡ ❬✼❪✳ ❊ss❛ ✈❛r✐â♥❝✐❛ é ✉♠❛ ❡st✐♠❛t✐✈❛ ❞❛ ♣r❡❝✐sã♦ ❞❡ ❈❤❛♦✶✱ ♦✉
s❡❥❛✱ ❡st✐♠❛ ✉♠❛ ✈❛r✐â♥❝✐❛ ❞❛s ❡st✐♠❛t✐✈❛s ❞❡ ❞✐✈❡rs✐❞❛❞❡ ❝❛s♦ ✈ár✐❛s ❛♠♦str❛s ❞✐❢❡r❡♥t❡s
s❡❥❛♠ r❡t✐r❛❞❛s ❞❡ ✉♠❛ ♠❡s♠❛ ❝♦♠✉♥✐❞❛❞❡ ❬✸❪✳ ❆ ✈❛r✐â♥❝✐❛ ❞❡ SChao1 é ❝❛❧❝✉❧❛❞❛ ❝♦♠♦✿

V ar(SChao1) = n2

(

m4

4
+m3 + m2

2

)

♦♥❞❡ m = n1

n2

❡ ♣♦❞❡ s❡r ✉s❛❞❛ ♣❛r❛ ❝❛❧❝✉❧❛r ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❞❛ ❡st✐♠❛t✐✈❛✱ q✉❡ ♣♦r
s✉❛ ✈❡③ ❞❡t❡r♠✐♥❛♠ s❡ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ ❞✐✈❡rs✐❞❛❞❡ ❡♥tr❡ ❞✉❛s ❛♠♦str❛s é ❡st❛t✐st✐❝❛♠❡♥t❡
s✐❣♥✐✜❝❛♥t❡✳ ❆✐♥❞❛ ♥ã♦ ❢♦✐ ❞❡r✐✈❛❞❛ ✉♠❛ ❢ór♠✉❧❛ ♣❛r❛ ❛ ✈❛r✐â♥❝✐❛ ❞♦ ❆❈❊✳

❆❜♦r❞❛❣❡♥s ♥ã♦✲♣❛r❛♠étr✐❝❛s t❛♠❜é♠ t❡♠ s✉❛s ❞❡s✈❛♥t❛❣❡♥s✿ ❝♦♠♣❛r❛çõ❡s ❞❡ ❞✐✈❡r✲
s✐❞❛❞❡ ❡①✐❣❡♠ ❞❡✜♥✐çõ❡s ❝❧❛r❛s ❞♦ q✉❡ é ✉♠❛ ❖❚❯✱ ❞♦ ✐♥❣❧ês✱ ❖♣❡r❛t✐♦♥❛❧ ❚❛①♦♥♦♠✐❝

❯♥✐t✳ ❯♠❛ ❖❚❯ ♣♦❞❡ s❡ r❡❢❡r✐r ❛ q✉❛❧q✉❡r ♥í✈❡❧ ❞❛ ❤✐❡r❛rq✉✐❛ t❛①♦♥ô♠✐❝❛✱ ✐♥❝❧✉✐♥❞♦ ✐♥✲
❞✐✈í❞✉♦s ❞❡ ✉♠❛ ❡s♣é❝✐❡✱ ♦✉ ❡s♣é❝✐❡s ❞✐❢❡r❡♥t❡s✱ ♦✉ ❣ê♥❡r♦s ❞✐❢❡r❡♥t❡s✱ ❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡✳



✺✳✷✳ ❊st✉❞♦s ❞❡ ❈❛s♦ ✸✺

●❡r❛❧♠❡♥t❡ ✉♠❛ s✉♣♦st❛ ❡s♣é❝✐❡ ♦✉ ❖❚❯ é ❞❡✜♥✐❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ♣❡r❝❡♥t✉❛❧ ❞❡ s✐♠✐❧❛✲
r✐❞❛❞❡ ❞❡♥tr❡ ❛s s❡q✉ê♥❝✐❛s ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❛♠♦str❛s✱ ❧❡✈❛♥❞♦ ❛ ❞✐❢❡r❡♥t❡s ✐♥t❡r♣r❡t❛çõ❡s
❞♦ q✉❡ s❡r✐❛ ✉♠❛ ❡s♣é❝✐❡ ♦✉ ❖❚❯ ❬✼✵❪✳

❆ ♠❛✐♦r✐❛ ❞♦s ♠ét♦❞♦s ♥ã♦✲♣❛r❛♠étr✐❝♦s ✉t✐❧✐③❛♠ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛s ❢r❡q✉ê♥❝✐❛s
r❡❧❛t✐✈❛s ❞❡ ❖❚❯s✱ ♣♦ré♠ ♠✉✐t♦s ❡st✉❞♦s r❡✈❡❧❛♠ q✉❡ t❡♥❞ê♥❝✐❛s ❣❡r❛❞❛s ❞✉r❛♥t❡ ❛
❛♠♦str❛❣❡♠ ♣♦❞❡♠ s❡ ♣r♦♣❛❣❛r ♣❛r❛ ❛s ❛♥á❧✐s❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡✳ ❆ ❛❜✉♥❞â♥❝✐❛ ❞❡ ❣❡✲
♥❡s ❛♠♣❧✐❛❞♦s ♣♦r P❈❘ ♣♦❞❡ ♥ã♦ r❡✢❡t✐r ❛ ❛❜✉♥❞â♥❝✐❛ ❞♦ ❉◆❆ ♦r✐❣✐♥❛❧ ♣♦r ❝❛✉s❛ ❞❡
❞✐❢❡r❡♥ç❛s ♥❛s ❧✐❣❛çõ❡s ❞♦s ♣r✐♠❡rs ❡ ❛ ❡✜❝✐ê♥❝✐❛ ❞❡ ❡❧♦♥❣❛♠❡♥t♦ ❬✺✸✱ ✺✺✱ ✼✶❪✳ ❙♦♠❡♥t❡
q✉❛♥❞♦ ❛s ✉♥✐❞❛❞❡s ❞❡ ♠❡❞✐❞❛ sã♦ ❜❡♠ ❞❡✜♥✐❞❛s ❡ ♠❛♥t✐❞❛s ❝♦♥st❛♥t❡s✱ ❝♦♠♣❛r❛çõ❡s
✉s❛♥❞♦ ♠ét♦❞♦s ♥ã♦✲♣❛r❛♠étr✐❝♦s ♣♦❞❡♠ s❡r ❢❡✐t❛s ❬✸✷❪✳

❖✉tr❛ ❞❡s✈❛♥t❛❣❡♠ ❞❡ ❡st✐♠❛❞♦r❡s ♥ã♦✲♣❛r❛♠étr✐❝♦s é q✉❡ ❡❧❡s ❢♦r♥❡❝❡♠ ❛♣❡♥❛s ✉♠
❧✐♠✐t❛♥t❡ ✐♥❢❡r✐♦r ♣❛r❛ ❛ ❞✐✈❡rs✐❞❛❞❡ ❞❡ ❖❚❯s q✉❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s é ❜❛✐①♦✳ P♦r
❡①❡♠♣❧♦✱ ♦ ✈❛❧♦r ♠á①✐♠♦ ❞❡ SChao1 é (S2

obs + 1)/2✱ q✉❡ ❛❝♦♥t❡❝❡ q✉❛♥❞♦ ✉♠❛ ❡s♣é❝✐❡ ♥❛
❛♠♦str❛ é ✉♠ ❞♦✉❜❧❡t♦♥ ✭n2 = 1✮ ❡ t♦❞❛s ❛s ♦✉tr❛s sã♦ s✐♥❣❧❡t♦♥s ✭n1 = Sobs− 1✮✳ ❆ss✐♠✱
SChao1 ✈❛✐ s❡ ❝♦rr❡❧❛❝✐♦♥❛r ❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❛té Sobs s❡r ♣❡❧♦ ♠❡♥♦s ❞♦ t❛♠❛♥❤♦
❞❛ r❛✐③ q✉❛❞r❛❞❛ ❞❡ ❞✉❛s ✈❡③❡s ❛ r✐q✉❡③❛ t♦t❛❧ ❬✶✷❪✳

▼ét♦❞♦s ♥ã♦✲♣❛r❛♠étr✐❝♦s ✉t✐❧✐③❛♠ ❛♣❡♥❛s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❖❚❯s ♦❜s❡r✈❛❞❛s ❡ ♥ã♦
❢❛③❡♠ s✉♣♦s✐çõ❡s s♦❜r❡ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ s✉❛s ❛❜✉♥❞â♥❝✐❛s✱ ❝♦♠♦ ❢❛③❡♠ ♦s ♠ét♦❞♦s ♣❛✲
r❛♠étr✐❝♦s✳ ■ss♦ s✐❣♥✐✜❝❛ q✉❡ ❡❧❡s ♥ã♦ ❝♦♥t❛♠ ❝❧❛ss❡s ❞❡ ❖❚❯s r❛r❛s✱ q✉❡ ♣♦❞❡♠ ♥ã♦ t❡r
❛♣❛r❡❝✐❞♦ ♥❛s ❛♠♦str❛s✱ ❡ ❡stã♦ ❧✐❣❛❞♦s ❛♦ ♣ró♣r✐♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❬✸❪✳

✺✳✷ ❊st✉❞♦s ❞❡ ❈❛s♦

▼✉✐t♦s ❡st✉❞♦s ♠✐❝r♦❜✐♦❧ó❣✐❝♦s ✉s❛♠ ❡st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡ ♣❛r❛ ♠♦str❛r ❛ ❣r❛♥❞❡
r✐q✉❡③❛ ❞❡ ❡s♣é❝✐❡s ♥♦s ♠❛✐s ❞✐✈❡rs♦s ❛♠❜✐❡♥t❡s✳

✺✳✷✳✶ ▼✐❝r♦❜✐❛❧ ❞✐✈❡rs✐t② ✐♥ t❤❡ ❞❡❡♣ s❡❛ ❛♥❞ t❤❡ ✉♥❞❡r❡①♣❧♦r❡❞

r❛r❡ ❜✐♦s♣❤❡r❡ ❬✻✾❪✳

◆❡st❡ tr❛❜❛❧❤♦✱ ❙♦❣✐♥ ❡t ❛❧✳ ❛♥❛❧✐s❛r❛♠ ❝♦♠✉♥✐❞❛❞❡s ♦❝❡â♥✐❝❛s ❞♦ ❆t❧â♥t✐❝♦ ◆♦rt❡ ❡ ❞❡
✉♠ ✈✉❧❝ã♦ s✉❜♠❛r✐♥♦ ♥♦ ♥♦r❞❡st❡ ❞♦ P❛❝í✜❝♦✳ ❖✐t♦ ❛♠♦str❛s ❢♦r❛♠ ❡①tr❛í❞❛s ❡ ❢❡✐t♦
♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ r❘◆❆ ❞❡❧❛s✳ ❆s s❡q✉ê♥❝✐❛s ♦❜t✐❞❛s ❢♦r❛♠ ❡♥tã♦ ❝❧✉st❡r✐③❛❞❛s ❡♠
❣r✉♣♦s ❞❡✜♥✐❞♦s ♣❡❧❛ s✐♠✐❧❛r✐❞❛❞❡ ❞❛s s❡q✉ê♥❝✐❛s✳ P♦r ❡①❡♠♣❧♦✱ ❞❡✜♥✐r ✉♠❛ ❝❧✉st❡r✐③❛çã♦
❝♦♠ ✉♠❛ ❞✐stâ♥❝✐❛ ❣❡♥ét✐❝❛ ❞❡ ✶✵✪ s✐❣♥✐✜❝❛ ❞✐③❡r q✉❡ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s ♣❡rt❡♥❝❡♥t❡s
❛ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❝❧✉st❡r ♥ã♦ sã♦ ♠❛✐s q✉❡ ✶✵✪ ❞✐st✐♥t❛s ❡♥tr❡ s✐✳ ❉❡ss❛ ❢♦r♠❛✱ ❢♦r❛♠
❣❡r❛❞♦s ❞✐❢❡r❡♥t❡s ❝♦♥❥✉♥t♦s ❞❡ ❝❧✉st❡rs✱ ❞❡✜♥✐❞♦s ❝♦♠♦ t❡♥❞♦ ❞✐stâ♥❝✐❛s ❣❡♥ét✐❝❛s ❞❡s❞❡
✵✪ ✭s❡q✉ê♥❝✐❛ ú♥✐❝❛✮ ❛té ✶✵✪✳ ❈❛❞❛ ❝❧✉st❡r ❞❡♥tr♦ ❞❡ ✉♠❛ ❝❧✉st❡r✐③❛çã♦ ❞❡✜♥❡ ✉♠❛
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❖❚❯✱ ❡ ❢♦r❛♠ ✉s❛❞♦s ♣❛r❛ ❣❡r❛r ❝✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❡ ♣❛r❛ ♦s ❝á❧❝✉❧♦s ❞❡ ❡st✐♠❛❞♦r❡s ❞❡
❞✐✈❡rs✐❞❛❞❡ ❝♦♠♦ ❆❈❊ ❡ ❈❤❛♦✶✳

❯♠❛ ❞❛s ❛♠♦str❛s ❞♦ ✈✉❧❝ã♦ s✉❜♠❛r✐♥♦ ✭✐❞❡♥t✐✜❝❛❞❛ ❝♦♠♦ ❋❙✸✾✻✮ ❝♦♠ ✻✳✸✷✻ ❖❚❯s
✐❞❡♥t✐✜❝❛❞❛s ❛ ♣❛rt✐r ❞❡ ❝❧✉st❡rs ❞❡✜♥✐❞♦s ❝♦♠ ❞✐stâ♥❝✐❛ ❞❡ ✸✪ é ❡st✐♠❛❞❛ ♣❡❧♦ ❆❈❊ ❝♦♠♦
t❡♥❞♦ ✉♠❛ ❞✐✈❡rs✐❞❛❞❡ t♦t❛❧ ❞❡ ✷✸✳✸✶✺ ❖❚❯s✱ ❡ ♣❡❧♦ ❈❤❛♦✶ ❝♦♠♦ t❡♥❞♦ ✷✵✳✾✹✾ ❖❚❯s✳
❆s ❝✉r✈❛s ❞❡ r❛r❡❢❛çã♦✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ❛ ❞❛ ❋✐❣✉r❛ ✺✳✶✱ ✐♥❞✐❝❛r❛♠ q✉❡ ♠❡s♠♦ q✉❛♥❞♦
♦s ❝❧✉st❡rs sã♦ ❞❡✜♥✐❞♦s ❝♦♠ ❣r❛♥❞❡s ❞✐stâ♥❝✐❛s ✭✶✵✪ ❞❡ ❞✐stâ♥❝✐❛✮✱ ❛♠♦str❛s ❛❞✐❝✐♦♥❛✐s
❛✉♠❡♥t❛r✐❛♠ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❛s ❡st✐♠❛t✐✈❛s ❞❡ ❞✐✈❡rs✐❞❛❞❡ t♦t❛❧ ❞❛ ❝♦♠✉♥✐❞❛❞❡✳

❋✐❣✉r❛ ✺✳✶✿ ❈✉r✈❛ ❞❡ r❛r❡❢❛çã♦ ♣❛r❛ ❛ ❛♠♦str❛ ❋❙✸✾✻ ❜❛s❡❛❞❛ ❡♠ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♣❛r❡s✳
❆ r❛r❡❢❛çã♦ é ❛♣r❡s❡♥t❛❞❛ ♣❛r❛ ❖❚❯s q✉❡ ❝♦♥t❡♠ s❡q✉ê♥❝✐❛s ú♥✐❝❛ ❡ ♣❛r❛ ❖❚❯s ❝♦♠
❞✐❢❡r❡♥ç❛s ❞❡ ❛té ✶✪✱ ✷✪✱ ✸✪✱ ✺✪ ♦✉ ✶✵✪ ❬✻✾❪✳

✺✳✷✳✷ ▼♦❧❡❝✉❧❛r ❆♥❛❧②s✐s ♦❢ ❇❛❝t❡r✐❛❧ ❈♦♠♠✉♥✐t② ❙tr✉❝t✉r❡ ❛♥❞

❉✐✈❡rs✐t② ✐♥ ❯♥✐♠♣r♦✈❡❞ ❛♥❞ ■♠♣r♦✈❡❞ ❯♣❧❛♥❞ ●r❛ss P❛s✲

t✉r❡s ❬✹✷❪✳

◆❡st❡ tr❛❜❛❧❤♦ ♦ ❛♠❜✐❡♥t❡ ❡st✉❞❛❞♦ é ♦ s♦❧♦✳ ▼❝❈❛✐❣ ❡t ❛❧✳ ❝♦❧❡t❛r❛♠ ❛♠♦str❛s ❞❡ ❞✉❛s
♣❛st❛❣❡♥s✱ ✉♠❛ ♣r❡✈✐❛♠❡♥t❡ ❢❡rt✐❧✐③❛❞❛ ❡ ❛ ♦✉tr❛ ♥ã♦✱ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ❝♦♠♣❛r❛r ❛ r✐q✉❡③❛
❞❡ ❡s♣é❝✐❡s ❞❡ss❡s ❛♠❜✐❡♥t❡s✳ ❖ ❉◆❆ r✐❜♦ss♦♠❛❧ ✭✶✻❙ r❉◆❆✮ ❞❡ ❜❛❝tér✐❛s ❢♦✐ ❛♠♣❧✐❛❞♦
♣♦r P❈❘ ❡ ❝❧♦♥❛❞♦✱ s❡q✉❡♥❝✐❛♥❞♦ ✉♠ t♦t❛❧ ❞❡ ✶✸✼ ❝❧♦♥❡s ❞♦ s♦❧♦ ❢❡rt✐❧✐③❛❞♦ ❡ ✶✸✽ ❞♦ ♥ã♦✲
❢❡rt✐❧✐③❛❞♦✳ P❡❧❛ ❞❡✜♥✐çã♦ ❞❡ ❖❚❯ ✉t✐❧✐③❛❞❛ ♣♦r ❡❧❡s✱ ❞❡ ♣❡❧♦ ♠❡♥♦s ✾✼✪ ❞❡ s✐♠✐❧❛r✐❞❛❞❡✱
❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞❛s ✶✶✸ ❖❚❯s ♥♦ ❤❛❜✐t❛t ❢❡rt✐❧✐③❛❞♦ ❡ ✶✶✼ ♥♦ ♥ã♦✲❢❡rt✐❧✐③❛❞♦✳ ❖ ❡st✐♠❛✲
❞♦r ❈❤❛♦✶ ❡st❛❜✐❧✐③❛ ❡♠ ❛♠❜♦s ❤❛❜✐t❛ts q✉❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❝❧♦♥❡s ❛♥❛❧✐s❛❞♦s ❛❧❝❛♥ç❛
❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✼✵✱ ✐st♦ é✱ ❛ ♣❛rt✐r ❞❡ ❛♠♦str❛s ❝♦♠ ♠❛✐s ❞❡ ✼✵ ❝❧♦♥❡s✱ ♦ r❡s✉❧t❛❞♦
❞♦s ❡st✐♠❛❞♦r❡s ♥ã♦ ❛♣r❡s❡♥t❛ ♠✉❞❛♥ç❛s s✐❣♥✐✜❝❛t✐✈❛s✳ ❆ r✐q✉❡③❛ ❡st✐♠❛❞❛ ❛♣❛r❡♥t❛ s❡r
♠❛✐♦r ♥♦ s♦❧♦ ♥ã♦✲❢❡rt✐❧✐③❛❞♦✱ ✉♠ t♦t❛❧ ❞❡ ✺✾✵ ❖❚❯s ❝♦♥tr❛ ✹✻✼ ♥♦ s♦❧♦ ❢❡rt✐❧✐③❛❞♦✱ ♠❛s
❛ ❞✐❢❡r❡♥ç❛ ♥ã♦ é s✐❣♥✐✜❝❛t✐✈❛✳
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❊st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡ t❛♠❜é♠ ❞✐♠✐♥✉❡♠ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦s✲
tr❛ ♥❡❝❡ssár✐❛ ♣❛r❛ s❡ t❡r ✉♠❛ ❜♦❛ ❡st✐♠❛t✐✈❛ ❞❛ r✐q✉❡③❛ ❞❡ ✉♠❛ ❝♦♠✉♥✐❞❛❞❡✳

✺✳✷✳✸ ❚♦✇❛r❞ ❛ ❈❡♥s✉s ♦❢ ❇❛❝t❡r✐❛ ✐♥ ❙♦✐❧ ❬✻✺❪✳

❙❝❤❧♦ss ❡ ❍❛♥❞❡❧s♠❛♥ ❛♥❛❧✐s❛r❛♠ ♦ s♦❧♦ ❞♦ ❆❧❛s❦❛✳ ❆ ♣❛rt✐r ❞❡ ✉♠❛ ❜✐❜❧✐♦t❡❝❛ ❞❡ ✶✳✵✸✸
s❡q✉ê♥❝✐❛s ❞❡ r❘◆❆ ✶✻❙✱ ❡❧❡s ✉s❛r❛♠ ✉♠❛ ❝❧✉st❡r✐③❛çã♦ ❜❛s❡❛❞❛ ❡♠ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♣❛r❡s
♣❛r❛ ❛tr✐❜✉✐r ❖❚❯s às s❡q✉ê♥❝✐❛s✳ ❈❛❞❛ ❣r✉♣♦ r❡♣r❡s❡♥t❛ ✉♠❛ ❖❚❯ ❡ é ❞❡✜♥✐❞♦ ❝♦♠
s❡q✉ê♥❝✐❛s ❝♦♠ ♣❡❧♦ ♠❡♥♦s ✾✼✪ ❞❡ s✐♠✐❧❛r✐❞❛❞❡✱ r❡♣r❡s❡♥t❛♥❞♦ ♦ ♥í✈❡❧ ❞❡ ❡s♣é❝✐❡✳ ❈♦♠
❡ss❡ ♠ét♦❞♦✱ ❡❧❡s ♦❜s❡r✈❛r❛♠ ✻✸✸ ❖❚❯s✱ s❡♥❞♦ q✉❡ ♦ ✜❧♦ ♠❛✐s ❛❜✉♥❞❛♥t❡ ❡r❛ r❡♣r❡s❡♥t❛❞♦
♣♦r ✷✸ s❡q✉ê♥❝✐❛s✱ ❡ ♦ s❡❣✉♥❞♦ ♠❛✐s ❛❜✉♥❞❛♥t❡ ♣♦r ✶✼ s❡q✉ê♥❝✐❛s✳

❊❧❡s ♥ã♦ t✐✈❡r❛♠ s✉❝❡ss♦ ❡♠ ♦❜t❡r ✉♠ ♠♦❞❡❧♦ ♣❛r❛♠étr✐❝♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❢r❡q✉ê♥✲
❝✐❛s q✉❡ s❡ ❛❥✉st❛ss❡ ❜❡♠ ❝♦♠ ♦s ❞❛❞♦s ♦❜s❡r✈❛❞♦s✱ ♠❛s ✉s❛♥❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡ ❞✐str✐❜✉✐çã♦
❞❡ ❢r❡q✉ê♥❝✐❛s ❧♦❣♥♦r♠❛❧✱ ❡❧❡s ❤❡✉ríst✐❝❛♠❡♥t❡ ✐❞❡♥t✐✜❝❛r❛♠ ✉♠❛ ♠é❞✐❛ ♣❛r❛ ❛ ♥♦r♠❛❧✱
✉♠ ❞❡s✈✐♦ ♣❛❞rã♦ ❡ ✉♠❛ r✐q✉❡③❛ ❞❡ ❖❚❯ ♣❛r❛ ✉♠❛ ❞✐str✐❜✉✐çã♦ s✐♠✉❧❛❞❛ ❝✉❥❛ ❞✐str✐❜✉✐✲
çã♦ ❞❡ ❛♠♦str❛s s❡ ❛ss❡♠❡❧❤❛✈❛ à ❞✐str✐❜✉✐çã♦ ♦❜s❡r✈❛❞❛ ❝♦♠ ♦s ❞❛❞♦s ❝♦❧❡t❛❞♦s ❞♦ s♦❧♦
❞♦ ❆❧❛s❦❛✳ ❖✉tr❛s ♠étr✐❝❛s ❢♦r❛♠ ❛♥❛❧✐s❛❞❛s ♣❛r❛ ❝♦♥✜r♠❛r ❛ ♣❧❛✉s✐❜✐❧✐❞❛❞❡ ❞❡ss❛ ❝♦♠✉✲
♥✐❞❛❞❡ s✐♠✉❧❛❞❛✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞♦ t♦t❛❧ ❞❛ ❝♦♠✉♥✐❞❛❞❡ r❡♣r❡s❡♥t❛❞❛
♣❡❧❛ ❖❚❯ ♠❛✐s ❛❜✉♥❞❛♥t❡ ✭✷✳✾✪ ♥❛ ❝♦♠✉♥✐❞❛❞❡ s✐♠✉❧❛❞❛✱ ❝♦♥tr❛ ✷✳✷✪ ♥❛ ♦❜s❡r✈❛❞❛✮✳
❖ t♦t❛❧ ❞❡ ❖❚❯s ♣❛r❛ ❡ss❛ ❝♦♠✉♥✐❞❛❞❡ s✐♠✉❧❛❞❛ ❢♦✐ ❞❡ ✺✳✵✵✵ ❖❚❯s✱ ❞❡✜♥✐❞❛s ❝♦♠ ✾✼✪
❞❡ s✐♠✐❧❛r✐❞❛❞❡✳

❈♦♠ ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ r✐q✉❡③❛ t♦t❛❧ ❞❡ss❛ ❝♦♠✉♥✐❞❛❞❡ s✐♠✉❧❛❞❛✱ ❢♦✐ ♣♦ssí✈❡❧ ❝❛❧❝✉❧❛r
q✉❡ ♣❛r❛ s❡ ❛♠♦str❛r t♦❞❛s ❛s ❖❚❯s ❞❡ss❛ ❝♦♠✉♥✐❞❛❞❡ ♣❡❧♦ ♠❡♥♦s ❞✉❛s ✈❡③❡s ❝♦♠ ✾✺✪ ❞❡
❝♦♥✜❛♥ç❛✱ s❡r✐❛♠ ♥❡❝❡ssár✐♦s ✹✽✵✳✵✵✵ ❢r❛❣♠❡♥t♦s ❞❡ r❘◆❆ ✶✻❙✳ P❛r❛ s❡ ❛♠♦str❛r ✾✺✪ ❞❛
r✐q✉❡③❛ t♦t❛❧✱ s❡r✐❛♠ ♥❡❝❡ssár✐♦s ✼✶✳✵✵✵ ❢r❛❣♠❡♥t♦s ❞❡ r❘◆❆✶✻❙✳ ◆♦ ❡♥t❛♥t♦✱ ♣❛rt✐♥❞♦ ❞❡
❛♠♦str❛s ❜❡♠ ♠❡♥♦r❡s✱ ❞❡ ✶✽✳✵✵✵ ❡ ✸✾✳✵✵✵ ❢r❛❣♠❡♥t♦s ❞❡ r❘◆❆ ✶✻❙✱ ♦s ❡st✐♠❛❞♦r❡s ❆❈❊
❡ ❈❤❛♦✶✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✐♥❝❧✉❡♠ ♦ ✈❛❧♦r ❞❡ ✺ ♠✐❧ ❖❚❯s ♥♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❞❡
s✉❛s ❡st✐♠❛t✐✈❛s ♣❛r❛ ❛ r✐q✉❡③❛ t♦t❛❧ ❞❛ ❝♦♠✉♥✐❞❛❞❡✳ ❈♦♠ ✶✽✳✵✵✵ ❢r❛❣♠❡♥t♦s ❞❡ r❘◆❆
✶✻❙✱ sã♦ ❡❢❡t✐✈❛♠❡♥t❡ ❛♠♦str❛❞❛s ✻✺✪ ❞❛ r✐q✉❡③❛ t♦t❛❧✱ ♠♦str❛♥❞♦ q✉❡ ❡ss❡s ❡st✐♠❛❞♦r❡s
❝♦♥s❡❣✉❡♠ ❜♦♥s r❡s✉❧t❛❞♦s tr❛❜❛❧❤❛♥❞♦ ❡♠ ❝✐♠❛ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❞♦✐s t❡rç♦s ❞❛
r✐q✉❡③❛ t♦t❛❧ ❞❡ ✉♠❛ ❝♦♠✉♥✐❞❛❞❡✳ ❖ ❈❤❛♦✶ ❛❧❝❛♥ç♦✉ ❛ ❡st✐♠❛t✐✈❛ ❞❡ ✺ ♠✐❧ ❖❚❯s ❝♦♠ ♦s
✸✾✳✵✵✵ ❢r❛❣♠❡♥t♦s ❞❡ r❘◆❆ ✶✻❙✱ q✉❡ ❡❢❡t✐✈❛♠❡♥t❡ r❡♣r❡s❡♥t❛ ✽✺✪ ❞❛ r✐q✉❡③❛ t♦t❛❧✳

▼✉✐t♦s ❡st✉❞♦s ❝♦♠♣❛r❛♠ ❡st✐♠❛❞♦r❡s ❡♠ ❜✉s❝❛ ❞❡ ✉♠❛ ♠❡❧❤♦r r❡♣r❡s❡♥t❛çã♦ ❞❛
❞✐✈❡rs✐❞❛❞❡ ❞♦ ❛♠❜✐❡♥t❡✳ ▼ét♦❞♦s ♣❛r❛♠étr✐❝♦s t❛♠❜é♠ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ❡ ♠♦str❛r❛♠
♥ú♠❡r♦s ♠❛✐s ❡❧❡✈❛❞♦s ♣❛r❛ ❛ ❡st✐♠❛t✐✈❛ ❞❛ r✐q✉❡③❛ ❞❡ ✉♠ ❛♠❜✐❡♥t❡✳



✺✳✷✳ ❊st✉❞♦s ❞❡ ❈❛s♦ ✸✽

✺✳✷✳✹ Pr❡❞✐❝t✐♥❣ ♠✐❝r♦❜✐❛❧ s♣❡❝✐❡s r✐❝❤♥❡ss ❬✷✽❪✳

❍♦♥❣ ❡t ❛❧✳ ❛♥❛❧✐s❛r❛♠ ❛♠♦str❛s ❞❡ ✉♠ ❜❛♥❝♦ ❞❡ ❛r❡✐❛ ❞❛ ❇❛í❛ ❞❡ ▼❛ss❛❝❤✉ss❡ts✳ ❆s
s❡q✉ê♥❝✐❛s ❞❡ r❘◆❆ ✶✻❙ ❢♦r❛♠ ❛♠♣❧✐❛❞❛s ❡ ❝❧♦♥❛❞❛s✱ ❣❡r❛♥❞♦ ✺✺✻ s❡q✉ê♥❝✐❛s✱ ❡ ❞❡♣♦✐s
❛❣r✉♣❛❞❛s ❡♠ ❖❚❯s ❞❡✜♥✐❞❛s ♣♦r ✈❛❧♦r❡s ❞❡ ✺✵✪✱ ✻✵✪✱ ✼✵✪✱ ✽✵✪✱ ✾✵✪✱ ✾✺✪✱ ✾✻✪✱ ✾✼✪✱
✾✽✪ ❡ ✾✾✪ ❞❡ s✐♠✐❧❛r✐❞❛❞❡✳ ❙❡✐s ♠♦❞❡❧♦s ♣❛r❛♠étr✐❝♦s ❢♦r❛♠ t❡st❛❞♦s ♣❛r❛ ❞❡s❝r❡✈❡r ❛
❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❛s ❢r❡q✉ê♥❝✐❛s ❞❛s ❖❚❯s✿ P♦✐ss♦♥✱ ❣❛♠♠❛✱ ●❛✉ss✐❛♥❛
✐♥✈❡rs❛✱ ❧♦❣♥♦r♠❛❧✱ P❛r❡t♦ ❡ ♦ ♠✐st♦ ❞❡ ✷ ❡①♣♦♥❡♥❝✐❛✐s✳ ❊ss❡s ♠♦❞❡❧♦s ❢♦r❛♠ ❛❥✉st❛❞♦s
❛♦s ❞❛❞♦s ♦❜s❡r✈❛❞♦s ♣❡❧♦ ♠ét♦❞♦ ▼▲ ✭♠❛①✐♠✉♠ ❧✐❦❡❧✐❤♦♦❞✮✳

●❡r❛❧♠❡♥t❡ ♥❡♥❤✉♠ ♠♦❞❡❧♦ ♣❛r❛♠étr✐❝♦ ❛t✉❛❧ s❡ ❛❥✉st❛ ❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❝♦♠✲
♣❧❡t❛♠❡♥t❡✱ ❡♥tã♦ ❡❧❡s s❡♣❛r❛r❛♠ s❡✉s ❞❛❞♦s ❡♠ ❝♦♥❥✉♥t♦s ❞❡ ❡s♣é❝✐❡s ❵r❛r❛s✬ ❡ ❵❛❜✉♥❞❛♥✲
t❡s✬✱ ♦✉ s❡❥❛✱ t♦❞❛s ❛s ❡s♣é❝✐❡s q✉❡ t✐♥❤❛♠ ❛❜✉♥❞â♥❝✐❛ ♠❡♥♦r q✉❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣♦♥t♦
❞❡ tr✉♥❝❛♠❡♥t♦ ❡r❛♠ ❝♦♥s✐❞❡r❛❞❛s ❵r❛r❛s✬ ❡ ❛s q✉❡ ❡st❛✈❛♠ ❛❝✐♠❛ ❞❡ss❡ ♣♦♥t♦✱ ❵❛❜✉♥✲
❞❛♥t❡s✬✳ ❚♦❞♦s ♦s ♠♦❞❡❧♦s ❢♦r❛♠ ❛❥✉st❛❞♦s ❛ t♦❞❛s ❛s ♣♦ssí✈❡✐s ❝♦❧❡çõ❡s ❞❡ ❢r❡q✉ê♥❝✐❛s
❵r❛r❛s✬✱ ❡ ❝❛❧❝✉❧❛❞♦s ♦ ▼▲✲❙❊ ✭s❡q✉❡♥❝❡ ✈❛r✐❛t✐♦♥ ❡st✐♠❛t✐♦♥✮✱ q✉❡ sã♦ ❞♦✐s ♠ét♦❞♦s ♣❛r❛
❝❛❧❝✉❧❛r ♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ q✉❡ ♠❛✐s s❡ ❛❥✉st❛♠ ❛♦s ❞❛❞♦s ♦❜s❡r✈❛❞♦s✳ ❋✐♥❛❧♠❡♥t❡
❢♦r❛♠ s❡❧❡❝✐♦♥❛❞♦s ♦s ♠❡❧❤♦r❡s ♣❛râ♠❡tr♦s✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ♠❡♥♦r ❙❊✱ ♦ ♠❛✐♦r ♣♦♥t♦ ❞❡
tr✉♥❝❛♠❡♥t♦✱ ❡ ♦ ♠❡❧❤♦r ❛❥✉st❡ ❞❛❞♦ ♣❡❧♦ ▼▲✳

❖s ✈❛❧♦r❡s ❞♦s ❡st✐♠❛❞♦r❡s ♥ã♦✲♣❛r❛♠étr✐❝♦s ❆❈❊ ❡ ❆❈❊✶ t❛♠❜é♠ ❢♦r❛♠ ✉s❛❞♦s ♥❛
❝♦♠♣❛r❛çã♦✳ ❆❈❊✶ é ✉♠❛ ♠♦❞✐✜❝❛çã♦ ❞♦ ❆❈❊ ♣❛r❛ ❝♦♠✉♥✐❞❛❞❡s ♠✉✐t♦ ❞✐✈❡rs✐✜❝❛❞❛s ❬✽❪✳
❋♦r❛♠ ❝❛❧❝✉❧❛❞♦s ♦s ✈❛❧♦r❡s ❞❡ss❡s ❡st✐♠❛❞♦r❡s ❡ s✉❛s r❡s♣❡❝t✐✈❛s ❙❊s ♣❛r❛ ❛ ❝♦❧❡çã♦ ❞❡
❢r❡q✉ê♥❝✐❛s ❵r❛r❛s✬ ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦s ♣♦♥t♦s ❞❡ tr✉♥❝❛♠❡♥t♦ ❡s❝♦❧❤✐❞♦s ❝♦♠♦ ♠❡❧❤♦r❡s
❛❥✉st❡s ❞♦s ♠♦❞❡❧♦s ♣❛r❛♠étr✐❝♦s✳ ❈♦♠♦ ♦s ✈❛❧♦r❡s ❞❡ ▼▲ ♥ã♦ s❡ ❛♣❧✐❝❛♠ ❛ ❡st✐♠❛❞♦r❡s
♥ã♦✲♣❛r❛♠étr✐❝♦s✱ ❢♦✐ s❡❧❡❝✐♦♥❛❞♦ ♦ ❵♠❡❧❤♦r✬ ❡st✐♠❛❞♦r ❜❛s❡❛❞♦ ♥❛ ❧✐t❡r❛t✉r❛✳

❈♦♠ ✐ss♦✱ ♦s r❡s✉❧t❛❞♦s ❛♣♦♥t❛♠ q✉❡ ♦ ♠♦❞❡❧♦ ❧♦❣♥♦r♠❛❧ ❢♦✐ ♠❡❧❤♦r q✉❛♥❞♦ ♦ ♥ú♠❡r♦
❞❡ ❖❚❯s ❢♦✐ ♠á①✐♠♦✱ ♥♦ ❛❣r✉♣❛♠❡♥t♦ ❞❡✜♥✐❞♦ ❝♦♠ ✾✾✪ ❞❡ s✐♠✐❧❛r✐❞❛❞❡✳ ◆♦ ❛❣r✉♣❛♠❡♥t♦
❞❡✜♥✐❞♦ ❝♦♠ ✾✽✪ ❡ ✾✼✪✱ ❛ ❞✐str✐❜✉✐çã♦ P❛r❡t♦ ❢♦r♥❡❝❡✉ ✉♠❛ ♠❡❧❤♦r ❡st✐♠❛t✐✈❛✱ ❡ ♣❛r❛
♦s ❛❣r✉♣❛♠❡♥t♦s ❝♦♠ ✾✻✪✱ ✾✺✪ ❡ ✾✵✪ ❞❡ s✐♠✐❧❛r✐❞❛❞❡✱ ♦ ♠♦❞❡❧♦ ❡①♣♦♥❡♥❝✐❛❧ ♠✐st♦
♠♦str♦✉ r❡s✉❧t❛❞♦s ♠❡❧❤♦r❡s✳ ❖s ❡st✐♠❛❞♦r❡s ❆❈❊ ❡ ❆❈❊✶ ♠♦str❛r❛♠ ✈❛❧♦r❡s ❡♥tr❡ ✶✵✪
❡ ✺✵✪ ❛❜❛✐①♦ ❞♦s ♠ét♦❞♦s ♣❛r❛♠étr✐❝♦s✳ ◆♦ ❛❣r✉♣❛♠❡♥t♦ ❝♦♠ ✾✼✪ ❞❡ s✐♠✐❧❛r✐❞❛❞❡✱ ♣♦r
❡①❡♠♣❧♦✱ ❝♦♠ ✸✽✵ ❖❚❯s ❞❡t❡❝t❛❞❛s✱ ♦ ♠❡❧❤♦r ♠♦❞❡❧♦ ♣❛r❛♠étr✐❝♦ ❡st✐♠♦✉ ✉♠❛ r✐q✉❡③❛
❞❡ ✷✳✹✸✹ ❖❚❯s✱ ❡♥q✉❛♥t♦ ♦ ❆❈❊ ❡st✐♠♦✉ ✶✳✸✽✺ ❡ ♦ ❆❈❊✶ ❡st✐♠♦✉ ✷✳✷✾✻✳

✺✳✷✳✺ ❚❤❡ r❛t✐♦♥❛❧ ❡①♣❧♦r❛t✐♦♥ ♦❢ ♠✐❝r♦❜✐❛❧ ❞✐✈❡rs✐t② ❬✺✵❪✳

◗✉✐♥❝❡ ❡t ❛❧✳ ❝♦♠♣❛r❛r❛♠ ❡st✐♠❛❞♦r❡s ♣❛r❛♠étr✐❝♦s ❝♦♠ ♦ ❈❤❛♦ ❡ ❝❤❡❣❛r❛♠ ❛ r❡s✉❧t❛✲
❞♦s s✐♠✐❧❛r❡s✳ ❊❧❡s ✉t✐❧✐③❛r❛♠ ❞♦✐s ❝♦♥❥✉♥t♦s ❞❡ s❡q✉ê♥❝✐❛s ❞❡ r❉◆❆ ✶✻❙✱ ✉♠ ❞❡ á❣✉❛s
♦❝❡â♥✐❝❛s ♣r♦❢✉♥❞❛s ❞♦ tr❛❜❛❧❤♦ ❞❡ ❍✉❜❡r ❡t ❛❧✳ ❬✸✵❪✱ ❡ ♦✉tr♦ ❞❡ s♦❧♦s ❞❡r✐✈❛❞♦s ❞❡ q✉❛tr♦
❧♦❝❛✐s ❞✐❢❡r❡♥t❡s✱ ❡st✉❞❛❞♦ ♣♦r ❘♦❡s❝❤ ❡t ❛❧✳ ❬✺✽❪✳ ❖❚❯s ❢♦r❛♠ ❞❡✜♥✐❞❛s ❝♦♠♦ ❝♦♥❥✉♥t♦s



✺✳✷✳ ❊st✉❞♦s ❞❡ ❈❛s♦ ✸✾

❞❡ s❡q✉ê♥❝✐❛s ❝♦♠ ♣❡❧♦ ♠❡♥♦s ✾✼✪ ❞❡ s✐♠✐❧❛r✐❞❛❞❡✳ ❖ ❡st✐♠❛❞♦r ❈❤❛♦ ❢♦r♥❡❝❡✉ ✈❛❧♦r❡s
❡♥tr❡ ✷✼✪ ❡ ✾✼✪ ❛❜❛✐①♦ ❞♦s ♦❜t✐❞♦s ♣♦r ♠ét♦❞♦s ♣❛r❛♠étr✐❝♦s✳ ◆❛ ❛♠♦str❛ ❞❡ ❜❛❝tér✐❛s
❋❙✸✾✻ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ á❣✉❛s ♦❝❡â♥✐❝❛s✱ ❝♦♠ ✺✳✽✺✸ ❖❚❯s ♦❜s❡r✈❛❞❛s✱ ♦ ❈❤❛♦ ❡st✐♠♦✉ ✉♠❛
❞✐✈❡rs✐❞❛❞❡ ❞❡ ✶✵✳✺✻✾ ❖❚❯s ❡ ♦ ♠♦❞❡❧♦ ❧♦❣♥♦r♠❛❧ ❡st✐♠♦✉ ✸✵✻✳✺✽✾ ❖❚❯s✳



❈❛♣ít✉❧♦ ✻

❆♥á❧✐s❡ ❞❡ ❞✐✈❡rs✐❞❛❞❡ ❞❛s ❛♠♦str❛s ❞❡

❝♦♠♣♦st❛❣❡♠ ❞♦ ❩♦♦❧ó❣✐❝♦ ❞❡ ❙ã♦

P❛✉❧♦

❆ ❋✉♥❞❛çã♦ P❛rq✉❡ ❩♦♦❧ó❣✐❝♦ ❞❡ ❙ã♦ P❛✉❧♦ ✭❋P❩❙P✮ ♣♦ss✉✐ ✉♠❛ ✉♥✐❞❛❞❡ ❞❡ ❝♦♠♣♦s✲
t❛❣❡♠ q✉❡ ❛♣r♦✈❡✐t❛ ♠❛tér✐❛ ♦r❣â♥✐❝❛ ❞❡ ✈ár✐❛s ♦r✐❣❡♥s✱ ❝♦♠♦ ❡①❝r❡♠❡♥t♦s ❞❡ ❛♥✐♠❛✐s✱
❢♦❧❤❛s ❡ ❣❛❧❤♦s ❞❡ ár✈♦r❡s ❡ r❡st♦s ❞❡ ❛❧✐♠❡♥t♦s✳ ❊ss❡ ♠❛t❡r✐❛❧✱ ❛t✉❛❧♠❡♥t❡ ✉t✐❧✐③❛❞♦ ❝♦♠♦
❢❡rt✐❧✐③❛❞♦r ❞❡ ár❡❛s ❛❣rí❝♦❧❛s ❞♦ ♣ró♣r✐♦ ③♦♦❧ó❣✐❝♦✱ t❡♠ ✉♠❛ ❣r❛♥❞❡ r✐q✉❡③❛ ♠✐❝r♦❜✐♦❧ó✲
❣✐❝❛✱ ♣♦❞❡♥❞♦ ❝♦♥t❡r ✈ár✐❛s ❡s♣é❝✐❡s ❛✐♥❞❛ ♥ã♦ ❞❡s❝r✐t❛s✳

❊st✐♠❛✲s❡ q✉❡ ❛ ♠❛✐♦r ♣❛rt❡ ❞♦s ♠✐❝r♦r❣❛♥✐s♠♦s q✉❡ ❤❛❜✐t❛♠ ❡ss❡ ♠❛t❡r✐❛❧ ♥ã♦ s❡❥❛
❝✉❧t✐✈á✈❡❧✱ ❞❡✈✐❞♦ às ❞✐✈❡rs❛s ❝♦♥❞✐çõ❡s ♥❛t✉r❛✐s ❞❡s❝♦♥❤❡❝✐❞❛s✱ ✐♠♣♦ss✐❜✐❧✐t❛♥❞♦ ❛ r❡✲
♣r♦❞✉çã♦ ❞♦ ❤❛❜✐t❛t ❡♠ ❧❛❜♦r❛tór✐♦✱ ❡ t❛♠❜é♠ ♣❡❧❛ ❞✐✜❝✉❧❞❛❞❡ ❞❡ s❡ ✐s♦❧❛r ♦r❣❛♥✐s♠♦s
q✉❡ ❞❡♣❡♥❞❡♠ ❞❡ ♦✉tr♦s ♣❛r❛ s♦❜r❡✈✐✈❡r✳ ❆ss✐♠✱ ❛ ❛❜♦r❞❛❣❡♠ ♠❡t❛❣❡♥ô♠✐❝❛ é ❛ ♠❛✐s
✐♥❞✐❝❛❞❛ ♣❛r❛ ❡ss❡ ❡st✉❞♦✳

P❛r❛ ❡①♣❧♦r❛r ❛ ❞✐✈❡rs✐❞❛❞❡ ❞❛s ❛♠♦str❛s ❡①tr❛í❞❛s✱ ✉t✐❧✐③❛♠♦s ❛s s❡q✉ê♥❝✐❛s ♦❜t✐❞❛s
❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ♣✐r♦s❡q✉❡♥❝✐❛♠❡♥t♦ ✹✺✹ ❡ ❝♦♥❞✉③✐♠♦s ✈ár✐♦s ❡①♣❡r✐♠❡♥t♦s ❝♦♠ ❡❧❛s✳

❆s ❛♥á❧✐s❡s ❢♦r❛♠ ❢❡✐t❛s ❡♠ ❞♦✐s ❝♦♥❥✉♥t♦s ✐♥❞❡♣❡♥❞❡♥t❡s ❞❡ ❛♠♦str❛s✱ ❩♦♦ ❈♦♠♣♦st
✶ ✭❩❈✶✮ ❡ ❩♦♦ ❈♦♠♣♦st ✷ ✭❩❈✷✮✱ r❡t✐r❛❞❛s ❞❡ ❡stá❣✐♦s ❞✐❢❡r❡♥t❡s ❞♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♠♣♦s✲
t❛❣❡♠✳ ❆s ❞✉❛s ❛♠♦str❛s ❞❡ ❉◆❆ ❢♦r❛♠ s✉❜♠❡t✐❞❛s ❛ ✉♠ ♣✐r♦s❡q✉❡♥❝✐❛♠❡♥t♦✱ s❡❣✉✐♥❞♦
♣r♦t♦❝♦❧♦s ♣❛❞rõ❡s ❞❛ ❘♦❝❤❡ ✹✺✹ ●❙ ❋▲❳ ❚✐t❛♥✐✉♠ ✭❘♦❝❤❡ ❆♣♣❧✐❡❞ ❙❝✐❡♥❝❡✮✳ ❈❛❞❛
❛♠♦str❛ ♣❛ss♦✉ ♣♦r q✉❛tr♦ ❝♦rr✐❞❛s ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ❡ ♦s r❡❛❞s s✉❜♠❡t✐❞♦s ❛ ✉♠ ✜❧tr♦
❞❡ q✉❛❧✐❞❛❞❡ ❡ ♠♦♥t❛❞♦s ♣❡❧♦ s♦❢t✇❛r❡ ✹✺✹ ◆❡✇❜❧❡r ❛ss❡♠❜❧❡r✱ ✈❡rsã♦ ✷✳✺✳✸✳ ❆ ❚❛❜❡❧❛ ✻✳✶
♠♦str❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♠étr✐❝❛s ❝❛❧❝✉❧❛❞❛s ♣❡❧♦ ◆❡✇❜❧❡r ♣❛r❛ ❛s ❞✉❛s ❛♠♦str❛s✳

❖s ❞❛❞♦s ❞❛s ❛♠♦str❛s ❩❈✶ ❡ ❩❈✷ ❞❡ ♠❡t❛❣❡♥ô♠✐❝❛ ❞❛ ❝♦♠♣♦st❛❣❡♠ ❞♦ ♣❛rq✉❡
③♦♦❧ó❣✐❝♦ ❞❡ ❙ã♦ P❛✉❧♦ ❢♦r❛♠ ♦❜t✐❞♦s ❣r❛ç❛s ❛♦ ♣r♦❥❡t♦ ✏❊st❛❜❡❧❡❝✐♠❡♥t♦ ❞❡ ✉♠ ❧❛❜♦r❛✲
tór✐♦ ❞❡ ▼✐❝r♦❜✐♦❧♦❣✐❛ ❆♣❧✐❝❛❞❛ ♥♦ ❩♦♦❧ó❣✐❝♦ ❞❡ ❙ã♦ P❛✉❧♦✿ ■❞❡♥t✐✜❝❛çã♦ ❡ ✐s♦❧❛♠❡♥t♦

✹✵



✹✶

❞❡ ♠✐❝r♦r❣❛♥✐s♠♦s q✉❡ ♣r♦❞✉③❛♠ ❡♥③✐♠❛s ❡ s❡✉s ✐♥✐❜✐❞♦r❡s ❞❡ ❛♣❧✐❝❛çã♦ ♥❛s ár❡❛s ♠é✲
❞✐❝❛✱ ✈❡t❡r✐♥ár✐❛ ❡ ✐♥❞✉str✐❛❧✑✱ ❝♦♦r❞❡♥❛❞♦ ♣❡❧♦ ♣r♦❢❡s♦r ▲✉✐③ ❏✉❧✐❛♥♦ ◆❡t♦ ✭❯◆■❋❊❙P✮✱ ❡
✜♥❛♥❝✐❛❞♦ ♣❡❧❛ ❋❆P❊❙P ✭♣r♦❝❡ss♦ ♥ú♠❡r♦ ✵✾✴✺✷✵✸✵✲✺✮✳

❆ ❝♦♠♣♦st❛❣❡♠ ❞♦ ❩♦♦❧ó❣✐❝♦ ❞❡ ❙ã♦ P❛✉❧♦ é s✉♣❡r✈✐s✐♦♥❛❞❛ ♣❡❧♦ ❉r✳ ❏♦ã♦ ❇❛t✐st❛
❈r✉③✱ ❞✐r❡t♦r ❝✐❡♥tí✜❝♦ ❞❛ ❋✉♥❞❛çã♦ P❛rq✉❡ ❩♦♦❧ó❣✐❝♦ ❞❡ ❙ã♦ P❛✉❧♦✳ ❆ ❝♦❧❡t❛ ❞❛s ❛♠♦str❛s
❡ ❛ ❡①tr❛çã♦ ❞♦ ❉◆❆ ♠❡t❛❣❡♥ô♠✐❝♦ ❢♦✐ r❡❛❧✐③❛❞❛ ♣♦r ▲✉❝✐❛♥❛ Pr✐♥❝✐♣❛❧ ❆♥t✉♥❡s✱ ♥❛ é♣♦❝❛
❛❧✉♥❛ ❞❡ ✐♥✐❝✐❛çã♦ ❝✐❡♥tí✜❝❛ ❞❛ ♣r♦❢❡ss♦r❛ ❘❡♥❛t❛ P❛s❝♦♥✱ ❞❛ ❯◆■❋❊❙P✳ ❖ s❡q✉❡♥❝✐❛♠❡♥t♦
❢♦✐ r❡❛❧✐③❛❞♦ ♥❛ ♠áq✉✐♥❛ ❘♦❝❤❡ ●❙✴❋▲❳ ❞♦ ❈❡♥tr♦ ❆✈❛♥ç❛❞♦ ❞❡ ❚❡❝♥♦❧♦❣✐❛ ●❡♥ô♠✐❝❛
✭❈❆❚●✮ ❞♦ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❇✐♦q✉í♠✐❝❛ ❞♦ ■♥st✐t✉t♦ ❞❡ ◗✉í♠✐❝❛ ❞❛ ❯❙P✳

❖ s❡q✉❡♥❝✐❛♠❡♥t♦ ♣r♦♣r✐❛♠❡♥t❡ ❞✐t♦ ❢♦✐ r❡❛❧✐③❛❞♦ ♣❡❧❛ ❉r❛✳ ▲❛②❧❛ ❋❛r❛❣❡ ▼❛rt✐♥s✱
♣❡sq✉✐s❛❞♦r❛ ❞♦ ❈❆❚● s♦❜ ❛ s✉♣❡r✈✐sã♦ ❞♦s ♣r♦❢❡ss♦r❡s ❆❧✐♥❡ ▼❛r✐❛ ❞❛ ❙✐❧✈❛ ❡ ❙❡r❣✐♦
❱❡r❥♦✈s❦✐ ❆❧♠❡✐❞❛ ✭❝♦♦r❞❡♥❛❞♦r ❞♦ ❈❆❚●✮✱ ❛♠❜♦s ❞♦ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❇✐♦q✉í♠✐❝❛ ❞♦
■♥st✐t✉t♦ ❞❡ ◗✉í♠✐❝❛ ❞❛ ❯❙P✳ ❆s s❡q✉ê♥❝✐❛s ♦❜t✐❞❛s ❢♦r❛♠ ✐♠❡❞✐❛t❛♠❡♥t❡ ❝❛rr❡❣❛❞❛s ♥❛
♣❧❛t❛❢♦r♠❛ ▼●✲❘❆❙❚✱ ❧✐♠✐t❛♥❞♦✲s❡ ♦ ❛❝❡ss♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❛♦s ♣❛rt✐❝✐♣❛♥t❡s ❞♦ ♣r♦❥❡t♦✳

❖ ♣r♦❥❡t♦ ❞♦ ♣r♦❢❡ss♦r ▲✉✐③ ❏✉❧✐❛♥♦ ❢♦✐ s❡❣✉✐❞♦ ❡♠ ✷✵✶✷ ❞❡ ✉♠ s❡❣✉♥❞♦ ♣r♦❥❡t♦✱
❛✐♥❞❛ ✈✐❣❡♥t❡✱ ✐♥t✐t✉❧❛❞♦ ✏❊st✉❞♦s ❞❛ ❞✐✈❡rs✐❞❛❞❡ ♠✐❝r♦❜✐❛♥❛ ❞♦ P❛rq✉❡ ❩♦♦❧ó❣✐❝♦ ❞❡ ❙ã♦
P❛✉❧♦✑✱ ❝♦♦r❞❡♥❛❞♦ ♣❡❧♦ ♣r♦❢❡ss♦r ❏♦ã♦ ❈❛r❧♦s ❙❡t✉❜❛❧ ❞♦ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❇✐♦q✉í♠✐❝❛ ❞♦
■♥st✐t✉t♦ ❞❡ ◗✉í♠✐❝❛ ❞❛ ❯❙P✱ ❡ ✜♥❛♥❝✐❛❞♦ ♣❡❧❛ ❋❆P❊❙P ✭♣r♦❝❡ss♦ ♥ú♠❡r♦ ✷✵✶✶✴✺✵✽✼✵✲✻✮✳

❖✉tr♦s ♣❡sq✉✐s❛❞♦r❡s q✉❡ ❛❥✉❞❛r❛♠ ♥❛ ❞✐s♣♦♥✐❜✐❧✐③❛çã♦ ❞♦s ❞❛❞♦s sã♦ ♦ ♣r♦❢❡ss♦r ▲✉❝✐✲
❛♥♦ ❉✐❣✐❛♠♣✐❡tr✐ ✭❊❆❈❍✴❯❙P✮ ❡ ♦ ♣r♦❢❡ss♦r ❏✉❧✐♦ ❈❡③❛r ❋r❛♥❝♦ ❞❡ ❖❧✐✈❡✐r❛ ✭❯◆■❋❊❙P✮✳
❚♦❞♦s ♦s ♣r♦❢❡ss♦r❡s ❡ ♣❡sq✉✐s❛❞♦r❡s ♠❡♥❝✐♦♥❛❞♦s ❢♦r❛♠ ♦✉ sã♦ ❝♦❧❛❜♦r❛❞♦r❡s ❞♦s ❞♦✐s
♣r♦❥❡t♦s✳

❖s r❡s✉❧t❛❞♦s ❞❛s ❛♥á❧✐s❡s ❞❛s ❛♠♦str❛s ❩❈✶ ❡ ❩❈✷ r❡❛❧✐③❛❞♦s ♣❡❧❛s ❡q✉✐♣❡s ❞♦s ❞♦✐s
♣r♦❥❡t♦s ❢♦r❛♠ ♣✉❜❧✐❝❛❞♦s ❡♠ ❛❜r✐❧ ❞❡ ✷✵✶✸ ❬✹✵❪✳
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P❛râ♠❡tr♦ ❩♦♦ ❈♦♠♣♦st ✶ ❩♦♦ ❈♦♠♣♦st ✷

◆ú♠❡r♦ t♦t❛❧ ❞❡ r❡❛❞s ✸✱✶✻✼✱✵✹✹ ✷✱✾✻✻✱✷✹✹

❚❛♠❛♥❤♦ ♠é❞✐♦ ❞♦ r❡❛❞ ✷✼✻ ♥t ✷✾✾ ♥t

❚❛♠❛♥❤♦ ❞♦ ▼❡t❛❣❡♥♦♠❛ ✽✸✻ ▼❜♣ ✽✹✷ ▼❜♣

✭r❡❛❞s ♥ã♦✲♠♦♥t❛❞♦s✮

❚❛♠❛♥❤♦ ❞♦ ▼❡t❛❣❡♥♦♠❛ ✺✵✻✳✵ ▼❜♣ ✹✸✸✳✼ ▼❜♣

✭r❡❛❞s ♠♦♥t❛❞♦s✮

◆ú♠❡r♦ ❞❡ r❡❛❞s ❡♠ ❝♦♥t✐❣s ✶✱✶✼✽✱✺✼✽ ✭✸✼✳✷✪✮ ✶✱✹✹✽✱✺✵✷ ✭✹✽✳✽✪✮

◆ú♠❡r♦ ❞❡ ❝♦♥t✐❣s ✺✷✱✾✺✸ ✺✷✱✶✽✷

❘❡❛❞s✴❝♦♥t✐❣ ✷✷✳✷✻ ✷✼✳✼✻

▼❛✐♦r ❝♦♥t✐❣ ✭❜♣✮ ✸✾✱✽✻✶ ✻✺✱✾✽✽

❚❛♠❛♥❤♦ ♠é❞✐♦ ❞♦ ❝♦♥t✐❣ ✭❜♣✮ ✶✱✸✽✹ ✶✱✸✸✷

◆ú♠❡r♦ ❞❡ s✐♥❣❧❡t♦♥s ✶✱✽✹✷✱✾✹✹ ✶✱✹✵✹✱✻✼✾

❚❛❜❡❧❛ ✻✳✶✿ ▼étr✐❝❛s ❝❛❧❝✉❧❛❞❛s ♣❡❧♦ ◆❡✇❜❧❡r ♣❛r❛ ♦s ❝♦♥❥✉♥t♦s ❞❡ ❛♠♦str❛s s❡q✉❡♥❝✐❛❞❛s
❩❈✶ ❡ ❩❈✷✳

✻✳✶ ▼●✲❘❆❙❚

❊♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ♣r❡❧✐♠✐♥❛r✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♦s s❡r✈✐ç♦s ❞♦ ▼●✲❘❆❙❚ ❬✹✹❪✳ ❈♦♠ ❡❧❡✱
♣✉❞❡♠♦s t❡r ✉♠❛ ♣r✐♠❡✐r❛ ✈❡rsã♦ ❞❛ ❛♥á❧✐s❡ ❞♦s ❞❛❞♦s✳ ❖s ❞❛❞♦s ❞♦ ▼●✲❘❆❙❚ ❛q✉✐ ❛♣r❡✲
s❡♥t❛❞♦s ❢♦r❛♠ ♦❜t✐❞♦s ❞❡ ✉♠❛ ❛♥á❧✐s❡ ❢❡✐t❛ ❝♦♠ ♦ ▼✺◆❘ ✭▼✺ ♥♦♥✲r❡❞✉♥❞❛♥t ♣r♦t❡✐♥ ❞❛✲
t❛❜❛s❡✮✱ q✉❡ é ✉♠❛ ❝♦♠♣♦s✐çã♦ ❞❡ ✈ár✐♦s ❜❛♥❝♦s ❞❡ ❞❛❞♦s✳ ▼✺ é ✉♠ ♣r♦❥❡t♦ ❞❡ ✐♥✐❝✐❛t✐✈❛ ❞♦
●❡♥♦♠✐❝s ❙t❛♥❞❛r❞s ❈♦♥s♦rt✐✉♠ ❡ ✈✐s❛ s♦❧✉çõ❡s ♣❛r❛ ❛s ♥❡❝❡ss✐❞❛❞❡s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❞❛
❝♦♠✉♥✐❞❛❞❡ ❝✐❡♥tí✜❝❛ ❞❡ ♠❡t❛❣❡♥ô♠✐❝❛ ❬✷✸❪✳ ❖ ♥♦♠❡ ▼✺ r❡♣r❡s❡♥t❛ ✧▼❡t❛❣❡♥ô♠✐❝❛✱ ▼❡✲
t❛❞❛❞♦s✱ ▼❡t❛✲❛♥á❧✐s❡s✱ ▼♦❞❡❧♦s ❡ ▼❡t❛✲✐♥❢r❛❡str✉t✉r❛✧✳ ❖ ▼✺◆❘ é ❝♦♠♣♦st♦ ♣♦r ❜❛♥❝♦s
❞❡ ❞❛❞♦s ❞❡ ❘◆❆✱ ❞❡ ♣r♦t❡í♥❛s ❡ ♦♥t♦❧♦❣✐❛s✱ ❞❡♥tr❡ ❡❧❡s✿ ✶✻❙ r❘◆❆ ●r❡❡♥❣❡♥❡s ❉❛t❛❜❛s❡✱
❙■▲❱❆ r❘◆❆ ❉❛t❛❜❛s❡ Pr♦❥❡❝t✱ ❘✐❜♦ss♦♠❛❧ ❉❛t❛❜❛s❡ Pr♦❥❡❝t ✭❘❉P✮✱ ◆❈❇■ ●❡♥❇❛♥❦✱
❏♦✐♥t ●❡♥♦♠❡ ■♥st✐t✉t❡ ■♥t❡❣r❛t❡❞ ▼✐❝r♦❜✐❛❧ ●❡♥♦♠❡s ✭❏●■✴■▼●✮✱ ❑②♦t♦ ❊♥❝②❝❧♦♣❡❞✐❛
♦❢ ●❡♥❡s ❛♥❞ ●❡♥♦♠❡s ✭❑❊●●✮✱ ❯♥✐♣r♦t ❑♥♦✇❧❡❞❣❡❜❛s❡ ❙✇✐ssPr♦t ❡ ❚r❊▼❇▲✱ ❊✈♦❧✉✲
t✐♦♥❛r② ●❡♥❡❛❧♦❣② ♦❢ ●❡♥❡s✿ ◆♦♥✲s✉♣❡r✈✐s❡❞ ❖rt❤♦❧♦❣♦✉s ●r♦✉♣s ✭❡❣❣◆❖●✮ ❡ ♦ ❙❊❊❉
Pr♦❥❡❝t ❉❛t❛❜❛s❡✳

❆s ❋✐❣✉r❛s ✻✳✶ ❡ ✻✳✷ ♠♦str❛♠ ♦s ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ♥❛s ❛♠♦str❛s ❩❈✶ ❡ ❩❈✷✱
♦r❞❡♥❛❞❛s ❞♦ ♠❛✐s ❛❜✉♥❞❛♥t❡ ♣❛r❛ ♦ ♠❡♥♦s ❛❜✉♥❞❛♥t❡✳ ❙ó ♦s ✷✵ ♠❛✐s ❛❜✉♥❞❛♥t❡s sã♦
♠♦str❛❞♦s✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ❛❜✉♥❞â♥❝✐❛ r❡❧❛t✐✈❛ ❞❡ ❝❛❞❛ ✉♠✳ ◆♦ ❝♦♥✲
❥✉♥t♦ ❩❈✶✱ ♦s ✷✵ ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s r❡♣r❡s❡♥t❛♠ ✺✵✪ ❞❛s s❡q✉ê♥❝✐❛s ✐❞❡♥t✐✜❝❛❞❛s✳
◆♦ ❝♦♥❥✉♥t♦ ❩❈✷✱ ♦ ❣ê♥❡r♦ ▲❛❝t♦❜❛❝✐❧❧✉s ❝♦rr❡s♣♦♥❞❡ s♦③✐♥❤♦ ❛ ✸✸✪ ❞❡ t♦❞❛s ❛s s❡q✉ê♥✲
❝✐❛s ✐❞❡♥t✐✜❝❛❞❛s✳ ❖ ▼●✲❘❆❙❚ ❝❧❛ss✐✜❝♦✉ ✷✳✻✻✽✳✾✻✹ ❞❡ s❡q✉ê♥❝✐❛s ❡♠ ❩❈✶ ❡ ✷✳✼✽✻✳✸✾✷
❞❡ s❡q✉ê♥❝✐❛s ❡♠ ❩❈✷✳
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❋✐❣✉r❛ ✻✳✶✿ ❍✐st♦❣r❛♠❛ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❞❡ ❣ê♥❡r♦s ❞❛s s❡q✉ê♥❝✐❛s ❞❛ ❛♠♦str❛ ❩❈✶ ♦❜t✐❞❛s
♣❡❧♦ ▼●✲❘❆❙❚✳

❋✐❣✉r❛ ✻✳✷✿ ❍✐st♦❣r❛♠❛ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❞❡ ❣ê♥❡r♦s ❞❛s s❡q✉ê♥❝✐❛s ❞❛ ❛♠♦str❛ ❩❈✷ ♦❜t✐❞❛s
♣❡❧♦ ▼●✲❘❆❙❚✳

❆ ❋✐❣✉r❛ ✻✳✸ ♠♦str❛ ❛ ❝✉r✈❛ ❞❡ r❛r❡❢❛çã♦ ❞❛s ❡s♣é❝✐❡s ❛♥♦t❛❞❛s✳ ❊ss❡ é ✉♠ ❣rá✜❝♦
❞♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❡s♣é❝✐❡s ❞✐st✐♥t❛s ❡♠ ❢✉♥çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ s❡q✉ê♥❝✐❛s ❛♠♦str❛❞❛s✳
❆s ♣r✐♠❡✐r❛s ❛♠♦str❛s ❝♦st✉♠❛♠ ❝♦♥t❡r ♠✉✐t❛s ❡s♣é❝✐❡s ❞✐❢❡r❡♥t❡s✱ ❡ ❝♦♥❢♦r♠❡ ♦ ♥ú♠❡r♦
❞❡ ❛♠♦str❛s ❝r❡s❝❡✱ ♦ ♥ú♠❡r♦ ❞❡ ♥♦✈❛s ❡s♣é❝✐❡s ❞❡s❝♦❜❡rt❛s ❞✐♠✐♥✉✐✱ ♣♦r ✐ss♦ ❣❡r❛❧♠❡♥t❡
❛s ❝✉r✈❛s ❞❡ r❛r❡❢❛çã♦ s♦❜❡♠ r❛♣✐❞❛♠❡♥t❡ ♥♦ ✐♥í❝✐♦ ❡ t❡♥❞❡♠ ❛ s❡ ❡st❛❜✐❧✐③❛r q✉❛♥❞♦ ♦
♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❝r❡s❝❡✳ ❊ss❛s ❝✉r✈❛s sã♦ ❝❛❧❝✉❧❛❞❛s ❛ ♣❛rt✐r ❞❛ ❚❛❜❡❧❛ ❞❡ ❛❜✉♥❞â♥❝✐❛
❞❡ ❡s♣é❝✐❡s ❡ r❡♣r❡s❡♥t❛♠ ♦ ♥ú♠❡r♦ ♠é❞✐♦ ❞❡ ❡s♣é❝✐❡s ❞✐st✐♥t❛s ♣❛r❛ ❝❛❞❛ s✉❜✲❛♠♦str❛
❞♦ ❝♦♥❥✉♥t♦ ❝♦♠♣❧❡t♦ ❞❡ ❞❛❞♦s✳
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❋✐❣✉r❛ ✻✳✸✿ ❈✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ♦❜t✐❞❛s ♣❡❧♦ ▼●✲❘❆❙❚✳

✻✳✷ ◆❛✐✈❡ ❇❛②❡s ❈❧❛ss✐✜❡r ✭◆❇❈✮

❯♠❛ ❛❧t❡r♥❛t✐✈❛ ❛♦ ♠ét♦❞♦ ❞♦ ▼●✲❘❆❙❚ é ✉t✐❧✐③❛r ♦s ♣r♦❣r❛♠❛s ❞✐s❝✉t✐❞♦s ♥♦ ❈❛♣ít✉❧♦ ✹✳
❊♠ ❡s♣❡❝í✜❝♦✱ t❡st❛♠♦s ♦ ❝❧❛ss✐✜❝❛❞♦r ❇❛②❡s✐❛♥♦ ❝♦♠ ♦s ❞❛❞♦s ❞♦ ❩♦♦❧ó❣✐❝♦✳ P❛r❛ ✐ss♦✱
✉t✐❧✐③❛♠♦s ✉♠❛ ♠áq✉✐♥❛ ■♥t❡❧❘© ❈♦r❡❚▼ ✐✼✲✷✻✵✵❑✱ ✸✳✹✵●❍③✱ ❝♦♠ ✽ ♥ú❝❧❡♦s ❡ ✶✻●❇ ❞❡
♠❡♠ór✐❛ ❘❆▼✱ r♦❞❛♥❞♦ ♣♦r ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷✺✵ ❤♦r❛s✳ ❆♥t❡s ❞❡ r♦❞❛r ❝♦♠ ♦s ❞❛❞♦s
❞♦ ❩♦♦❧ó❣✐❝♦✱ ♥♦ ❡♥t❛♥t♦✱ ♦ ❝❧❛ss✐✜❝❛❞♦r ♣r❡❝✐s❛ s❡r tr❡✐♥❛❞♦ ❝♦♠ ✉♠ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❞❡
r❡❢❡rê♥❝✐❛✳ ❚r❡✐♥❛♠♦s ❝♦♠ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ♣❛❞rã♦ s✉❣❡r✐❞♦ ♣❡❧♦s ❞❡s❡♥✈♦❧✈❡❞♦r❡s✱ ♦
❞❡ ❣❡♥♦♠❛s ❝♦♠♣❧❡t♦s ❞❡ ❜❛❝tér✐❛s ❞♦ ◆❈❇■✱ q✉❡ ♥❛ ✈❡rsã♦ ✉t✐❧✐③❛❞❛✱ ❝♦♥t❛✈❛ ❝♦♠ ✷✷✻✷
❣❡♥♦♠❛s✳

❖ ♣r♦❣r❛♠❛ ❝♦♠♣❛r❛ ❝❛❞❛ s❡q✉ê♥❝✐❛ ❞❡ ❡♥tr❛❞❛ ❝♦♠ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s q✉❡ ❢♦✐ tr❡✐♥❛❞♦
❡ ❞á ✉♠❛ ♣♦♥t✉❛çã♦ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❛❧✐♥❤❛♠❡♥t♦s✱ ❞❛♥❞♦ ✉♠❛ ♣♦♥t✉❛çã♦ ❞❡ ❵✐♥✜♥✐t♦✬
♣❛r❛ ♦s ♠❡❧❤♦r❡s ❛❧✐♥❤❛♠❡♥t♦s✱ ♠❛s ♦ ♣r♦❣r❛♠❛ ♥ã♦ ❡s♣❡❝✐✜❝❛ ❛s r❡str✐çõ❡s ♣❛r❛ ♣♦♥t✉❛r
✉♠ ❛❧✐♥❤❛♠❡♥t♦ ❝♦♠♦ t❛❧✳ ❖s r❡s✉❧t❛❞♦s sã♦ ♦r❣❛♥✐③❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❝❛❞❛ ❝❡♣❛ ❞❡
❡s♣é❝✐❡ ✉t✐❧✐③❛❞❛ ♥♦ tr❡✐♥❛♠❡♥t♦✱ ❡ q✉❛✐s ❛s ♣♦♥t✉❛çõ❡s ❞♦s ❛❧✐♥❤❛♠❡♥t♦s ❞❛q✉❡❧❛ ❝❡♣❛
❝♦♠ ❝❛❞❛ ✉♠❛ ❞❛s s❡q✉ê♥❝✐❛s ❞❡ ❡♥tr❛❞❛✳ ❊♠ s✉❛ ♠❛✐♦r✐❛✱ ✉♠ ❣❡♥♦♠❛ r❡❝❡❜❡✉ ✉♠❛
♣♦♥t✉❛çã♦ ❵✐♥✜♥✐t❛✬ ❝♦♠ ❞✐✈❡rs❛s s❡q✉ê♥❝✐❛s ❞❡ ❡♥tr❛❞❛✳ ❆❧é♠ ❞✐ss♦✱ ♠✉✐t❛s s❡q✉ê♥❝✐❛s
t✐✈❡r❛♠ ❡ss❛ ♣♦♥t✉❛çã♦ ❝♦♠ ✈ár✐♦s ❣❡♥♦♠❛s ❞✐st✐♥t♦s✳

P❛r❛ s✐♠♣❧✐✜❝❛r ❛ ❛♥á❧✐s❡✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ s❡q✉ê♥❝✐❛s q✉❡ ♦❜t✐✈❡r❛♠ ♣♦♥t✉❛çã♦ ❵✐♥✜✲
♥✐t❛✬ ♣❛r❛ ❝❛❞❛ ❣❡♥♦♠❛ ❢♦r❛♠ s♦♠❛❞❛s✱ ❡ ❡ss❡ ♥ú♠❡r♦ é ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❞❛ ❛❜✉♥❞â♥❝✐❛
❞❛q✉❡❧❛ ❡s♣é❝✐❡ ♥❛ ❛♠♦str❛✳ ▼✉✐t❛s s❡q✉ê♥❝✐❛s ❞❛ ❡♥tr❛❞❛✱ ♥♦ ❡♥t❛♥t♦✱ ♦❜t✐✈❡r❛♠ ♣♦♥✲
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t✉❛çõ❡s ❵✐♥✜♥✐t❛s✬ ❝♦♠ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s ♣❡rt❡♥❝❡♥t❡s ❛ ✉♠ ♠❡s♠♦ ❣ê♥❡r♦✳ P❛r❛ ❡✈✐t❛r
r❡❞✉♥❞â♥❝✐❛s✱ ❛ ❡s♣é❝✐❡ ♠❛✐s ❛❜✉♥❞❛♥t❡ ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❣ê♥❡r♦ ❢♦✐ s❡❧❡❝✐♦♥❛❞❛ ❡ ❛ s✉❛
❛❜✉♥❞â♥❝✐❛ ♣❛ss♦✉ ❛ r❡♣r❡s❡♥t❛r ❛ ❛❜✉♥❞â♥❝✐❛ ❞♦ ❣ê♥❡r♦ ❝♦rr❡s♣♦♥❞❡♥t❡✳

❆s ✜❣✉r❛s ✻✳✹ ❡ ✻✳✺ ♠♦str❛♠ ♦s ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞❛s ❛♠♦str❛s ❩❈✶ ❡ ❩❈✷✱
r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖ ❣ê♥❡r♦ ♠❛✐s ❛❜✉♥❞❛♥t❡ ❞❡ ❩❈✶ ❝♦♥t❛ ❝♦♠ ✸✳✶✹✹✳✾✼✷ s❡q✉ê♥❝✐❛s✱ q✉❡
sã♦ q✉❛s❡ t♦❞❛s ❛s ✸✳✶✻✼✳✵✻✾ s❡q✉ê♥❝✐❛s ❞❛ ❛♠♦str❛✱ ♠❛s ❛♦ ♠❡s♠♦ t❡♠♣♦✱ ✐ss♦ ❝♦rr❡s✲
♣♦♥❞❡ ❛ ❛♣❡♥❛s ✵✳✺✸✪ ❞❡ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s ✐❞❡♥t✐✜❝❛❞❛s✳ ❉❡ ❢♦r♠❛ s❡♠❡❧❤❛♥t❡✱ ♦ ❣ê♥❡r♦
♠❛✐s ❛❜✉♥❞❛♥t❡ ❞❡ ❩❈✷ ❝♦♥t❛ ❝♦♠ ✷✳✾✸✽✳✵✾✵ ❞❡ ✉♠ t♦t❛❧ ❞❡ ✷✳✾✻✻✳✷✻✵ s❡q✉ê♥❝✐❛s✱ ♠❛s
❝♦rr❡s♣♦♥❞❡ ❛ ❛♣❡♥❛s ✵✳✹✽✪ ❞❛s s❡q✉ê♥❝✐❛s ✐❞❡♥t✐✜❝❛❞❛s✳ ◆♦ t♦t❛❧✱ ♦ ◆❇❈ ✐❞❡♥t✐✜❝♦✉
✺✾✵✳✻✶✷✳✹✵✺ s❡q✉ê♥❝✐❛s ❡♠ ❩❈✶✱ ❡ ✻✹✵✳✺✵✵✳✵✸✻ s❡q✉ê♥❝✐❛s ❡♠ ❩❈✷✱ ♥ú♠❡r♦s ♠✉✐t♦ ❛❝✐♠❛
❞❛s ✸ ♠✐❧❤õ❡s ❞❡ s❡q✉ê♥❝✐❛s ♦r✐❣✐♥❛✐s✳ ■ss♦ ✐♥❞✐❝❛ q✉❡ ♠❡s♠♦ ❡♥tr❡ ❞✐❢❡r❡♥t❡s ❣ê♥❡r♦s✱
❡①✐st❡ ✉♠❛ ❣r❛♥❞❡ ✐♥t❡rs❡❝çã♦ ❞❡ s❡q✉ê♥❝✐❛s✳

❊①✐st❡ ✉♠❛ ❣r❛♥❞❡ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛ ♦r❞❡♥❛çã♦ ❞♦s ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ✐❞❡♥t✐✜❝❛✲
❞♦s ♣❡❧♦ ◆❇❈ ❝♦♠ r❡❧❛çã♦ ❛♦ ▼●✲❘❆❙❚✳ ❆ ❣r❛♥❞❡ ❞✐❢❡r❡♥ç❛✱ t❛♥t♦ ❞♦ ♠ét♦❞♦ q✉❛♥t♦ ❞♦
❜❛♥❝♦ ❞❡ ❞❛❞♦s ❞❡ r❡❢❡rê♥❝✐❛✱ ♣♦❞❡ ❡①♣❧✐❝❛r ❡ss❛ ❞✐s♣❛r✐❞❛❞❡✳ ▼❡s♠♦ q✉❡ ♣♦✉❝♦s ❣ê♥❡r♦s
♠❛✐s ❛❜✉♥❞❛♥t❡s ❛✐♥❞❛ s❡❥❛♠ ❝♦♠✉♥s✱ ❝♦♠♦ ❇❛❝t❡r♦✐❞❡s ♥♦ ❝❛s♦ ❞❡ ❩❈✶ ❡ ▲❛❝t♦❜❛❝✐❧❧✉s

♥♦ ❝❛s♦ ❞❡ ❩❈✷✱ ❛ ❞✐str✐❜✉✐çã♦ é ♠✉✐t♦ ❞✐❢❡r❡♥t❡✱ ❡♠ ❡s♣❡❝✐❛❧ ❝♦♠ ♦ ❣ê♥❡r♦ ▲❛❝t♦❜❛❝✐❧❧✉s✱
✉♠❛ ✈❡③ q✉❡ ✸✸✪ ❞❛s s❡q✉ê♥❝✐❛s ❞❡ ❩❈✷ ❢♦r❛♠ ❛tr✐❜✉í❞❛s ❛ ❡ss❡ ❣ê♥❡r♦ ♣❡❧♦ ▼●✲❘❆❙❚✳

❋✐❣✉r❛ ✻✳✹✿ ●ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞❛ ❛♠♦str❛ ❩❈✶ ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ◆❇❈✳
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❋✐❣✉r❛ ✻✳✺✿ ●ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞❛ ❛♠♦str❛ ❩❈✷ ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ◆❇❈✳

❖ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ s❡q✉ê♥❝✐❛s ❝♦♠ ♣♦♥t✉❛çõ❡s ❵✐♥✜♥✐t❛s✬ ♣♦❞❡ t❡r ❛tr❛♣❛❧❤❛❞♦ ♦
r❡s✉❧t❛❞♦ ❞♦ ◆❇❈✳ ❖s ❛❧✐♥❤❛♠❡♥t♦s sã♦ ❢❡✐t♦s ❡♥tr❡ s❡q✉ê♥❝✐❛s ❣❡r❛❧♠❡♥t❡ ❝✉rt❛s ❝♦♥tr❛
❣❡♥♦♠❛s ❝♦♠♣❧❡t♦s✱ ♦ q✉❡ ♣♦❞❡ ❡①♣❧✐❝❛r ❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ❡♥tr❛❞❛
q✉❡ t❡♥❤❛♠ ✉♠❛ ❜♦❛ ♣♦♥t✉❛çã♦ ❝♦♠ ❝❛❞❛ ✉♠ ❞♦s ❣❡♥♦♠❛s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✳

✻✳✸ ❖✉tr♦s ♣r♦❣r❛♠❛s

❆❧é♠ ❞♦ ◆❇❈✱ ♦✉tr♦s ♣r♦❣r❛♠❛s ❝✐t❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✹ ❢♦r❛♠ t❡st❛❞♦s✱ ♠❛s s❡♠ s✉❝❡ss♦✳
❖ ♣r♦❣r❛♠❛ P❤②♠♠❇▲ ❛♣r❡s❡♥t♦✉ ❞✐✈❡rs♦s ❡rr♦s ❞❡ ❝♦♠♣✐❧❛çã♦ ♥♦ ♥♦ss♦ ❛♠❜✐❡♥t❡✱ ❡
❝♦♠♦ ♦s ♣ró♣r✐♦s ❞❡s❡♥✈♦❧✈❡❞♦r❡s ❛✜r♠❛♠ q✉❡ ❛ ✐♥st❛❧❛çã♦ é ❜❡♠ ❞❡♠♦r❛❞❛✱ ❞❡❝✐❞✐♠♦s
❛❜❛♥❞♦♥❛r ♦s t❡st❡s ❝♦♠ ❡ss❡ ♣r♦❣r❛♠❛✳

❖ ♣r♦❣r❛♠❛ ❈❆❘▼❆ t❛♠❜é♠ ❢♦✐ t❡st❛❞♦✱ ♠❛s ❡rr♦s ❞❡ ❡①❡❝✉çã♦ ✐♠♣❡❞✐r❛♠ ❛ ❝♦♥t✐✲
♥✉❛çã♦ ❞♦s t❡st❡s✱ ✐♥✈❡st✐❣❛♠♦s s❡ ♦ ♣r♦❜❧❡♠❛ ❡r❛ ❞♦ ♥♦ss♦ ❛♠❜✐❡♥t❡✱ ❞♦s ♥♦ss♦s ❞❛❞♦s ♦✉
❞❡ ❛❧❣✉♠❛ ✐♥❝♦♠♣❛t✐❜✐❧✐❞❛❞❡✱ ♠❛s ♥ã♦ ❝❤❡❣❛♠♦s ❛ ✉♠❛ ❝♦♥❝❧✉sã♦ ❡ ❞❡❝✐❞✐♠♦s ❛❜❛♥❞♦♥❛r
♦s t❡st❡s ❝♦♠ ❡ss❡ ♣r♦❣r❛♠❛ t❛♠❜é♠✳

❖ P❤②❧❖❚❯ ❛♣r❡s❡♥t♦✉ ✐♥❝♦♠♣❛t✐❜✐❧✐❞❛❞❡ ❝♦♠ ❛ ✈❡rsã♦ ❞♦ ❇▲❆❙❚ q✉❡ ✉t✐❧✐③❛♠♦s
♥❛ ❝♦♠♣❛r❛çã♦ ❞♦s ❜❛♥❝♦s ❞❡ ❞❛❞♦s✳ ❆té ♦ ♠♦♠❡♥t♦ ❞❡ ❝♦♥❝❧✉sã♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ♦
♣r♦❣r❛♠❛ ♥ã♦ ❢♦✐ ❛t✉❛❧✐③❛❞♦✳

❖ ❙❖rt✲■❚❊▼❙ ❢♦r♥❡❝❡✉ r❡s✉❧t❛❞♦s ✐♥t❡r♠❡❞✐ár✐♦s✱ ❡ ❡♠ ♥♦ss♦ ❛♠❜✐❡♥t❡ ♥ã♦ ❢♦✐ ♣♦s✲
sí✈❡❧ ❝♦♠♣❧❡t❛r ❛ ❛♥á❧✐s❡ ❛tr❛✈és ❞❡❧❡✳

❉✐❛♥t❡ ❞❡ss❡s ♣r♦❜❧❡♠❛s✱ r❡s♦❧✈❡♠♦s r❡t♦♠❛r ✉♠❛ ❛♥á❧✐s❡ ♣ró♣r✐❛ ❡ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡
♣r♦❣r❛♠❛ ♣r♦♥t♦s ❡s♣❡❝í✜❝♦s ♣❛r❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ♠❡t❛❣❡♥♦♠❛s✳



✻✳✹✳ ❘✐❜♦s♦♠❛❧ ❉❛t❛❜❛s❡ Pr♦❥❡❝t ✭❘❉P✮ ✹✼

✻✳✹ ❘✐❜♦s♦♠❛❧ ❉❛t❛❜❛s❡ Pr♦❥❡❝t ✭❘❉P✮

P❛r❛ ♥♦s ❛♣r♦❢✉♥❞❛r♠♦s ❝♦♠ r❡❧❛çã♦ às ❛♥á❧✐s❡s ❢❡✐t❛s ♣❡❧♦ ▼●✲❘❆❙❚✱ ✜③❡♠♦s ✉♠❛ ♠❛✐s
❞❡t❛❧❤❛❞❛✱ ✉t✐❧✐③❛♥❞♦ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞♦ ❘✐❜♦s♦♠❛❧ ❉❛t❛❜❛s❡ Pr♦❥❡❝t ✭❘❉P✮ ❬✶✵❪✱ r❡❧❡❛s❡
✶✵✱ ✉♣❞❛t❡ ✷✼✱ q✉❡ ❝♦♥té♠ s❡q✉ê♥❝✐❛s ❛♥♦t❛❞❛s ❞❡ r❘◆❆✳

P❛r❛ ❝♦♠♣❛r❛r ❡ss❡ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❝♦♠ ❛s s❡q✉ê♥❝✐❛s ❞♦ ❩♦♦❧ó❣✐❝♦✱ ✉t✐❧✐③❛♠♦s ♦
■♥❢❡r♥❛❧ ❬✹✼❪✳ ❊ss❛ ❢❡rr❛♠❡♥t❛ ♠♦♥t❛ ♠♦❞❡❧♦s ❞❡ ❝♦✈❛r✐â♥❝✐❛ ♣❛r❛ r❡♣r❡s❡♥t❛r ❝♦♥s❡♥s♦s ❞❡
❡str✉t✉r❛s s❡❝✉♥❞ár✐❛s ❞❡ ❘◆❆ ❡ ♦s ✉t✐❧✐③❛ ♣❛r❛ ❜✉s❝❛r ❘◆❆s ❤♦♠ó❧♦❣♦s ❡♠ ♦✉tr♦s ❜❛♥❝♦s
❞❡ ❞❛❞♦s✳ ➱ ♣♦ssí✈❡❧ tr❡✐♥❛r ♦ ■♥❢❡r♥❛❧ ♣❛r❛ ❝♦♥str✉✐r ♦s ♠♦❞❡❧♦s ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❛ ♣❛rt✐r
❞❡ q✉❛❧q✉❡r ❜❛♥❝♦ ❞❡ ❞❛❞♦s✱ ♦ q✉❡ ✜③❡♠♦s ❝♦♠ ♦ ❞♦ ❘❉P✳ ❈♦♠ ❡ss❡s ♠♦❞❡❧♦s tr❡✐♥❛❞♦s✱
❜✉s❝❛♠♦s ❘◆❆s ❤♦♠ó❧♦❣♦s ♥❛s s❡q✉ê♥❝✐❛s ❞♦ ❩♦♦❧ó❣✐❝♦ ❡ ❝❧❛ss✐✜❝❛♠♦s ♦s r❡s✉❧t❛❞♦s ❝♦♠
♦ ♣ró♣r✐♦ ❝❧❛ss✐✜❝❛❞♦r ❞♦ ❘❉P✱ ✈❡rsã♦ ✷✳✹✳

❖ ❝❧❛ss✐✜❝❛❞♦r ✉t✐❧✐③❛ ❧✐♠✐t❡s ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✺✵✪✱ ✻✵✪✱ ✼✵✪✱ ✽✵✪✱ ✾✵✪ ❡ ✾✺✪
♣❛r❛ ❛tr✐❜✉✐r ✉♠ ❞❡t❡r♠✐♥❛❞♦ t❛①♦♥ ❛ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❜✉s❝❛✱ ♣♦r ✐ss♦ ♥❡♠ t♦❞❛s ❛s
s❡q✉ê♥❝✐❛s ❢♦r❛♠ ❝❧❛ss✐✜❝❛❞❛s ❛té ♦ ♥í✈❡❧ ❞❡ ❣ê♥❡r♦✳ ❆ ❚❛❜❡❧❛ ✻✳✷ ✐♥❞✐❝❛ q✉❛♥t❛s s❡q✉ê♥✲
❝✐❛s✴✐♥❞✐✈í❞✉♦s ❢♦r❛♠ ❝❧❛ss✐✜❝❛❞❛s ❛té ♥♦ ♠á①✐♠♦ ❝❛❞❛ ♥í✈❡❧ t❛①ô♥♦♠✐❝♦ ♣❛r❛ ❛s ❛♠♦str❛s
❩❈✶ ❡ ❩❈✷✱ ❝♦♠ ❧✐♠✐t❡ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪✱ ❜❡♠ ❝♦♠♦ q✉❛♥t❛s ❖❚❯s ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞❛s
❡♠ ❝❛❞❛ ♥í✈❡❧ t❛①♦♥ô♠✐❝♦✳ ❆s ❋✐❣✉r❛s ✻✳✻ ❡ ✻✳✼ ♠♦str❛♠ ❤✐st♦❣r❛♠❛s ❞❡ ❢r❡q✉ê♥❝✐❛s ❞❡
s❡q✉ê♥❝✐❛s q✉❡ ❢♦r❛♠ ❝❧❛ss✐✜❝❛❞❛s ♥♦ ♥í✈❡❧ ❞❡ ❣ê♥❡r♦ ❝♦♠ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛✱ t❛♥t♦ ♣❛r❛
❛s ❛♠♦str❛s ❞❡ ❩❈✶ q✉❛♥t♦ ♣❛r❛ ❩❈✷✳ ❊♠ ❩❈✶✱ ♦ ❘❉P ❝❧❛ss✐✜❝♦✉ ✶✺✻✾ s❡q✉ê♥❝✐❛s✱ ❡ ♦
❩❈✷ ❝❧❛ss✐✜❝♦✉ ✸✺✹✵✳
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❋✐❣✉r❛ ✻✳✻✿ ❍✐st♦❣r❛♠❛ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❞❡ ❣ê♥❡r♦s ❞❛s s❡q✉ê♥❝✐❛s ❞❛ ❛♠♦str❛ ❩❈✶ ❡♥❝♦♥✲
tr❛❞❛s ♣❡❧♦ ■♥❢❡r♥❛❧ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❉❛❞♦s ❞♦ ❘❉P✱ ❡①tr❛í❞♦s ❞❛ ❝❧❛ss✐✜❝❛çã♦ ❝♦♠ ✉♠
❧✐♠✐t❡ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪✳

❋✐❣✉r❛ ✻✳✼✿ ❍✐st♦❣r❛♠❛ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❞❡ ❣ê♥❡r♦s ❞❛s s❡q✉ê♥❝✐❛s ❞❛ ❛♠♦str❛ ❩❈✷ ❡♥❝♦♥✲
tr❛❞❛s ♣❡❧♦ ■♥❢❡r♥❛❧ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❉❛❞♦s ❞♦ ❘❉P✱ ❡①tr❛í❞♦s ❞❛ ❝❧❛ss✐✜❝❛çã♦ ❝♦♠ ✉♠
❧✐♠✐t❡ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪✳

❘❛✐③ ❉♦♠í♥✐♦ ❋✐❧♦ ❈❧❛ss❡ ❖r❞❡♠ ❋❛♠í❧✐❛ ●ê♥❡r♦

❩❈✶

❖❚❯s ✲ ✷ ✶✼ ✶✷✵ ✹✽ ✽✶ ✶✵✾

■♥❞✐✈í❞✉♦s ✷✻✺ ✶✻✼✺ ✺✾✻ ✸✸✵ ✹✺✻ ✶✷✾✷ ✶✺✻✾

❩❈✷

❖❚❯s ✲ ✷ ✶✹ ✶✶✽ ✹✻ ✽✸ ✶✸✽

■♥❞✐✈í❞✉♦s ✸✹✼ ✶✶✾✽ ✹✷✸ ✹✸✾ ✽✼✼ ✼✾✽ ✸✺✹✵

❚❛❜❡❧❛ ✻✳✷✿ ◆ú♠❡r♦ ❞❡ ❖❚❯s ✐❞❡♥t✐✜❝❛❞❛s ❡♠ ❝❛❞❛ ♥í✈❡❧ t❛①♦♥ô♠✐❝♦ ❡ ♥ú♠❡r♦ ❞❡ s❡q✉ê♥✲
❝✐❛s ♥ã♦ ❝❧❛ss✐✜❝❛❞❛s ❛❧é♠ ❞♦ tá①♦♥ ❝♦rr❡s♣♦♥❞❡♥t❡

P❛r❛ ❣❡r❛r ♦s ❣rá✜❝♦s ❞❡ r❛r❡❢❛çã♦ ❡ ♦s ❡st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦
♠♦t❤✉r ❬✻✻❪ ✈❡rsã♦ ✶✳✷✸✳✵✳ ❖ ♠♦t❤✉r é ✉♠❛ ❢❡rr❛♠❡♥t❛ q✉❡ ❝❛❧❝✉❧❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♣❛r❡s
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❞❡ s❡q✉ê♥❝✐❛s ❡ ❣❡r❛ ❝❧✉st❡rs ❜❛s❡❛❞♦s ❡♠ ❧✐♠✐t❛♥t❡s ♣❛r❛ ❡ss❛ ❞✐stâ♥❝✐❛✳ P♦r ❡①❡♠♣❧♦✱ s❡
❧✐♠✐t❛r♠♦s ❛ ❞✐stâ♥❝✐❛ ❛ ✵✳✵✺✱ ✉♠❛ s❡q✉ê♥❝✐❛ só ❢❛rá ♣❛rt❡ ❞❡ ✉♠ ❝❧✉st❡r ❝❛s♦ ❛ ❞✐stâ♥❝✐❛
❞❡❧❛ ♣❛r❛ q✉❛❧q✉❡r ♦✉tr❛ ❞❡♥tr♦ ❞❡ss❡ ❝❧✉st❡r s❡❥❛ ♠❡♥♦r ♦✉ ✐❣✉❛❧ ❛ ✵✳✵✺✱ ♦✉ s❡❥❛✱ t♦❞❛s ❛s
s❡q✉ê♥❝✐❛s ♥♦ ❝❧✉st❡r ♣♦ss✉❡♠ ✾✺✪ ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ❡♥tr❡ s✐✱ ❡ ❝❛❞❛ ❝❧✉st❡r é ❝♦♥s✐❞❡r❛❞♦
✉♠❛ ❖❚❯✳

❈♦♠ ❡ss❡s ❝❧✉st❡rs✱ é ♣♦ssí✈❡❧ ❣❡r❛r ❝✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❡ ❝❛❧❝✉❧❛r ❡st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡r✲
s✐❞❛❞❡✱ ❝r✐❛♥❞♦ s✉❜✲❛♠♦str❛s ❛❧❡❛tór✐❛s ❡♠ ❝✐♠❛ ❞♦s ❝❧✉st❡rs ❡♥❝♦♥tr❛❞♦s✳ ❆s ❋✐❣✉r❛s ✻✳✽
❡ ✻✳✾ ♠♦str❛♠ ❝✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❢❡✐t❛s ❝♦♥s✐❞❡r❛♥❞♦ ❞✐stâ♥❝✐❛s ❞❡ ✵✳✵ ✭❯♥✐q✉❡✮✱ ❝❛s♦
♦♥❞❡ ❝❛❞❛ ❝❧✉st❡r ✭❖❚❯✮ ♣♦ss✉✐ ❛♣❡♥❛s ✉♠❛ s❡q✉ê♥❝✐❛✱ ❞✐stâ♥❝✐❛s ❞❡ ✵✳✵✸✱ ✵✳✵✺ ❡ ✵✳✶✵✳
❛ ❚❛❜❡❧❛ ✻✳✸ ♠♦str❛ ♦s r❡s✉❧t❛❞♦s ❞❡ ❞♦✐s ❡st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡ ♥ã♦✲♣❛r❛♠étr✐❝♦s✱
❆❈❊ ❡ ❈❤❛♦✶✱ ♣❛r❛ ♦s ❝❧✉st❡rs ❞❡✜♥✐❞♦s ♣❡❧❛s ❞✐stâ♥❝✐❛s ❞❡ ✵✳✵✸✱ ✵✳✵✺ ❡ ✵✳✶✵✳

❋✐❣✉r❛ ✻✳✽✿ ❈✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❞❛ ❛♠♦str❛ ❩❈✶✳

❋✐❣✉r❛ ✻✳✾✿ ❈✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❞❛ ❛♠♦str❛ ❩❈✷✳



✻✳✺✳ ❙✇✐ss✲♣r♦t ✺✵

❉✐stâ♥❝✐❛ ❞❡✜♥✐❞❛ ♣❛r❛ ♦ ❈❧✉st❡r

✉♥✐q✉❡ 0.03 0.05 0.10

❖❚❯s ❆❈❊ ❈❤❛♦✶ ❖❚❯s ❆❈❊ ❈❤❛♦✶ ❖❚❯s ❆❈❊ ❈❤❛♦✶ ❖❚❯s ❆❈❊ ❈❤❛♦✶

❩❈✶ ✻✶✸✸ ✸✷✼✸✷✷ ✸✶✽✽✹✶ ✷✼✼✹ ✶✵✸✼✼ ✻✷✼✼ ✷✶✷✾ ✸✾✺✻ ✸✻✵✻ ✶✸✻✼ ✶✾✺✺ ✶✽✷✹

❩❈✷ ✼✺✺✸ ✹✵✺✺✷✶ ✸✾✻✷✺✸ ✷✺✺✾ ✶✶✻✾✺ ✻✹✵✽ ✶✽✺✻ ✺✷✻✹ ✸✸✺✶ ✶✶✸✸ ✷✶✻✶ ✶✻✽✵

❚❛❜❡❧❛ ✻✳✸✿ ❖❚❯s ❜❛s❡❛❞❛s ❡♠ s✐♠✐❧❛r✐❞❛❞❡ ❡ ❡st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡ ❞❡ ❡s♣é❝✐❡s✳

✻✳✺ ❙✇✐ss✲♣r♦t

❈♦♠♣❧❡♠❡♥t❛♥❞♦ ❛s ❛♥á❧✐s❡s ❢❡✐t❛s ❝♦♠ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❞♦ ❘❉P✱ ❛♥❛❧✐s❛♠♦s ❛s ❛♠♦str❛s
❞♦ ③♦♦❧ó❣✐❝♦ ❞❡ ✉♠ ♣♦♥t♦ ❞❡ ✈✐st❛ ♠❛✐s ❛❜r❛♥❣❡♥t❡✱ ❝♦♠♣❛r❛♥❞♦✲❛s ❝♦♠ ❜❛♥❝♦s ❞❡ ❞❛❞♦s
q✉❡ ♥ã♦ ❢♦ss❡♠ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❞❡ r❘◆❆✳ ❯♠ ❞❡ss❡s ❜❛♥❝♦s é ♦ ❙✇✐ss✲♣r♦t ❬✶✸❪✳ ◆♦ss❛s
❛♥á❧✐s❡s ❢♦r❛♠ ❢❡✐t❛s ❝♦♠ ❛ ✈❡rsã♦ ✷✵✶✷❴✵✸ ❞♦ ❙✇✐ss✲♣r♦t✳

P❛r❛ ❣❡r❛r ♦s ❣rá✜❝♦s ❞❡ ❛❜✉♥❞â♥❝✐❛✱ ❝♦♥s✐❞❡r❛♠♦s ♦ ♣r✐♠❡✐r♦ ❤✐t ❞♦ ❇▲❆❙❚ ❞❡
❝❛❞❛ s❡q✉ê♥❝✐❛ ❝♦♠ ✉♠ ❛❧✐♥❤❛♠❡♥t♦ ❞❡ ♣❡❧♦ ♠❡♥♦s ✹✵ ❜❛s❡s ❡ ✾✺✪ ❞❡ ✐❞❡♥t✐❞❛❞❡✳ ❆s
❋✐❣✉r❛s ✻✳✶✵ ❡ ✻✳✶✶ ♠♦str❛♠ ♦s ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❡♥❝♦♥tr❛❞♦s ♥❛s ❛♠♦str❛s ❩❈✶
❡ ❩❈✷ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖ ❙✇✐ss✲♣r♦t ❝❧❛ss✐✜❝♦✉ ✸✷✳✶✸✷ s❡q✉ê♥❝✐❛s ❡♠ ❩❈✶ ❡ ✺✵✳✺✸✹
s❡q✉ê♥❝✐❛s ❡♠ ❩❈✷✳



✻✳✺✳ ❙✇✐ss✲♣r♦t ✺✶

❋✐❣✉r❛ ✻✳✶✵✿ ●ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞❛ ❛♠♦str❛ ❩❈✶ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❙✇✐ss✲♣r♦t✳

❋✐❣✉r❛ ✻✳✶✶✿ ●ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞❛ ❛♠♦str❛ ❩❈✷ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❙✇✐ss✲♣r♦t✳

P❛r❛ ❣❡r❛r ❛s ❝✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❡ ❝❛❧❝✉❧❛r ♦s ❡st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡✱ ✜③❡♠♦s
✉♠❛ sér✐❡ ❞❡ s✉❜✲❛♠♦str❛❣❡♥s ❛❧❡❛tór✐❛s✳ ❚♦♠❛♥❞♦ ❝♦♠♦ ❜❛s❡ ♦s ♣r✐♠❡✐r♦s ❤✐ts ❞♦
❇▲❆❙❚ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❣❡r❛r ♦s ❤✐st♦❣r❛♠❛s ❞❡ ❛❜✉♥❞â♥❝✐❛✱ ✜③❡♠♦s ❞♦✐s ❝♦♥❥✉♥t♦s ❞❡
s✉❜✲❛♠♦str❛❣❡♥s ❛❧❡❛tór✐❛s✿ ✉♠❛ ❞❡❧❡s ❝♦♠ ✶✵✵✵ s✉❜✲❛♠♦str❛s ❞❡ ✸✵✵ ❤✐ts ❛❧❡❛tór✐♦s ❝❛❞❛✱
❡ ♦✉tr♦ ❝♦♠ ✺✵✵ s✉❜✲❛♠♦str❛s ❞❡ ✸✵✵ ❤✐ts ❛❧❡❛tór✐♦s ❝❛❞❛✳ ❈♦♠ ✐ss♦✱ ❣❡r❛♠♦s ✉♠❛ ❚❛❜❡❧❛
❞❡ ❡♥tr❛❞❛ ♣❛r❛ ❛ ❢❡rr❛♠❡♥t❛ ❊st✐♠❛t❡❙ ❬✶✶❪✱ ✈❡rsã♦ ✽✳✷✳✵✳ ❖ ❊st✐♠❛t❡❙ ❝❛❧❝✉❧❛ ✈ár✐❛s
❡st❛tíst✐❝❛s ❞❡ ❞✐✈❡rs✐❞❛❞❡✱ ❜❡♠ ❝♦♠♦ ♣♦♥t♦s ❞❛ ❝✉r✈❛ ❛❝✉♠✉❧❛❞❛ ❞♦ ♥ú♠❡r♦ ❞❡ ♦r❣❛♥✐s✲
♠♦s ✐❞❡♥t✐✜❝❛❞♦s ♣♦r ❛♠♦str❛✱ q✉❡ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❣❡r❛r ❛s ❝✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❞❛
❋✐❣✉r❛ ✻✳✶✸✳



✻✳✺✳ ❙✇✐ss✲♣r♦t ✺✷

❋✐❣✉r❛ ✻✳✶✷✿ ❈✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ✺✵✵ s✉❜❛♠♦str❛s ❞❡ ❩❈✶ ❡ ❩❈✷ ❝♦♠ ♦s
r❡s✉❧t❛❞♦s ❞♦ ❇▲❆❙❚ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❙✇✐ss✲♣r♦t✳

❋✐❣✉r❛ ✻✳✶✸✿ ❈✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ✶✵✵✵ s✉❜❛♠♦str❛s ❞❡ ❩❈✶ ❡ ❩❈✷ ❝♦♠ ♦s
r❡s✉❧t❛❞♦s ❞♦ ❇▲❆❙❚ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❙✇✐ss✲♣r♦t✳

➱ ♣♦ssí✈❡❧ ♣❡r❝❡❜❡r q✉❡ ❛s ❝✉r✈❛s ❝♦♠ ✶✵✵✵ ❛♠♦str❛s s❡ ❛♣r♦①✐♠❛♠ ❞❡ ✉♠❛ r❡t❛



✻✳✻✳ ◆❈❇■✲◆❘ ✺✸

❤♦r✐③♦♥t❛❧✱ ❡st❛❜✐❧✐③❛♥❞♦ ♥♦ ♥ú♠❡r♦ ❞❡ ♦r❣❛♥✐s♠♦s ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ❙✇✐ss✲♣r♦t✳
❖ ♥ú♠❡r♦ ❞❡ ❖❚❯s ✐❞❡♥t✐✜❝❛❞❛s ❝♦♠ ❡ss❛ ❛♥á❧✐s❡ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❙✇✐ss✲♣r♦t

❢♦✐ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ♠❡♥♦r q✉❡ ♦s ✐❞❡♥t✐✜❝❛❞♦s ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❞♦ ❘❉P ♣♦r
t❡r♠♦s ❝♦♥s✐❞❡r❛❞♦s ❛♣❡♥❛s ♦s ❤✐ts ❞♦ ❇▲❆❙❚ ❝♦♠ ♣❡❧♦ ♠❡♥♦s ✾✺✪ ❞❡ ✐❞❡♥t✐❞❛❞❡✳ ❖
❝❧❛ss✐✜❝❛❞♦r ❞♦ ❘❉P ♣❡r♠✐t❡ ❝♦♥t❛r ✉♠❛ ❖❚❯ ❝♦♠ ✉♠❛ ♣♦r❝❡♥t❛❣❡♠ ♠❡♥♦r ❞❡ ✐❞❡♥t✐✲
❞❛❞❡ ❝♦♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❣ê♥❡r♦✱ ♠❛s ❛✐♥❞❛ ❝❧❛ss✐✜❝á✲❧♦ ❝♦♠♦ ✐♥t❡❣r❛♥t❡ ❞❡ ✉♠ ♥í✈❡❧
t❛①♦♥ô♠✐❝♦ ♠❛✐s ❡❧❡✈❛❞♦✳ ❊ss❛ ❞✐❢❡r❡♥ç❛ ♥❛ ❛❜♦r❞❛❣❡♠ t❛♠❜é♠ r❡✢❡t❡ ♥♦s ❝á❧❝✉❧♦s ❢❡✐t♦s
❝♦♠ ♦s ❡st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡✱ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✹✱ q✉❡ ✐♥❝❧✉✐ t❛♠❜é♠ ♦s ♥ú♠❡✲
r♦s ❢❡✐t♦s q✉❛♥❞♦ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ♦s ❤✐ts ❝♦♠ ♣❡❧♦ ♠❡♥♦s ✾✵✪ ❞❡ ✐❞❡♥t✐❞❛❞❡✳ ❆✐♥❞❛
❛ss✐♠✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ❧✐♠✐t❡ ❞❡ ✾✺✪ ❞❡ ✐❞❡♥t✐❞❛❞❡✱ ♦ ❇▲❆❙❚ ❝♦♠ ♦ ❜❛♥❝♦ ❞♦ ❙✇✐ss✲Pr♦t
✐❞❡♥t✐✜❝♦✉ ✹✵✾ ❡ ✸✺✼ ❣ê♥❡r♦s ❞✐st✐♥t♦s ♣❛r❛ ♦ ❩❈✶ ❡ ❩❈✷ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❝♦♥tr❛ ✶✵✾ ❡
✶✸✽ ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ❘❉P✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✷✳

P♦r❝❡♥t❛❣❡♠ ❞❡ ✐❞❡♥t✐❞❛❞❡

✾✵✪ ✾✺✪

❆♠♦str❛ ❍✐ts ❖❚❯s ❆❈❊ ❈❤❛♦✶ ❍✐ts ❖❚❯s ❆❈❊ ❈❤❛♦✶

❩❈✶ ✻✾✽✹✶ ✺✹✺ ✻✸✻ ✻✸✾ ✸✷✶✸✷ ✹✵✾ ✹✼✺ ✹✼✼
❩❈✷ ✽✸✺✹✽ ✹✺✾ ✺✻✷ ✺✻✺ ✺✵✺✸✹ ✸✺✼ ✹✼✸ ✹✼✽

❚❛❜❡❧❛ ✻✳✹✿ ❖❚❯❙ ✐❞❡♥t✐✜❝❛❞❛s ♣❡❧♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❯♥✐♣r♦t✴❙✇✐ss✲♣r♦t ❝♦♠ ♦ ❝♦rt❡ ♥❛
♣♦r❝❡♥t❛❣❡♠ ❞❡ ✐❞❡♥t✐❞❛❞❡ ❡ ❡st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡ ❞❡ ❡s♣é❝✐❡s ❝♦rr❡s♣♦♥❞❡♥t❡s✳

✻✳✻ ◆❈❇■✲◆❘

❆❧é♠ ❞♦ ❜❛♥❝♦ ❯♥✐♣r♦t✴❙✇✐ss✲♣r♦t✱ ✜③❡♠♦s ✉♠ ❇▲❆❙❚ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ◆❘✳
❉❡✈✐❞♦ ❛♦ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ s❡q✉ê♥❝✐❛s q✉❡ t❡♠♦s✱ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✸ ♠✐❧❤õ❡s ❡♠ ❝❛❞❛
❛♠♦str❛ ❡ ❛♦ ❛❧t♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞♦ ❇▲❆❙❚✱ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ♣r♦❝❡ss❛r ♦s ❞❛❞♦s ❝♦♠
t♦❞♦ ♦ ◆❘✳ ❈♦♠ q✉❛tr♦ ♠áq✉✐♥❛s ■♥t❡❧❘© ❈♦r❡❚▼ ✷ ❉✉♦✱ ✷✳✶✸●❍③✱ r♦❞❛♥❞♦ ❡♠ ♣❛r❛❧❡❧♦✱
❧❡✈♦✉ ✹✵ ❞✐❛s ♣❛r❛ ♣r♦❝❡ss❛r ✶✵✪ ❞❛s s❡q✉ê♥❝✐❛s✳ P♦rt❛♥t♦✱ ✉t✐❧✐③❛♠♦s ♦ r❡s✉❧t❛❞♦ ❞♦
❇▲❆❙❚ ❝♦♠ ❛♣❡♥❛s ❡ss❡s ✶✵✪ ❞❛s s❡q✉ê♥❝✐❛s ❛♠♦str❛❞❛s ♣❡❧♦ ♣r♦❥❡t♦ ❞♦ ❩♦♦❧ó❣✐❝♦ ❡
✜③❡♠♦s ♦s ♠❡s♠♦s ♣r♦❝❡❞✐♠❡♥t♦s ❞❛s ❛♥á❧✐s❡s r❡❛❧✐③❛❞❛s ❡♠ ❝✐♠❛ ❞♦s r❡s✉❧t❛❞♦s ❝♦♠ ♦
❜❛♥❝♦ ❞♦ ❯♥✐♣r♦t✳

❆s ❋✐❣✉r❛s ✻✳✶✹ ❡ ✻✳✶✺ ♠♦str❛♠ ♦s ✷✵ ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ◆❘✱
❝♦♥s✐❞❡r❛♥❞♦ ✾✺✪ ❞❡ ✐❞❡♥t✐❞❛❞❡ ❝♦♠♦ ❝r✐tér✐♦ ♠í♥✐♠♦ ♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ✉♠ ♦r❣❛♥✐s♠♦✳
❈♦♠♣❛r❛♥❞♦ ❝♦♠ ♦ ◆❘✱ ❢♦r❛♠ ❝❧❛ss✐✜❝❛❞❛s ✼✳✼✶✽ s❡q✉ê♥❝✐❛s ❡♠ ❩❈✶ ❡ ✷✵✳✸✽✵ s❡q✉ê♥❝✐❛s
❡♠ ❩❈✷✳



✻✳✻✳ ◆❈❇■✲◆❘ ✺✹

❆ ❋✐❣✉r❛ ✻✳✶✻ ♠♦str❛ ❛s ❝✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❣❡r❛❞❛s ♣❛r❛ ❩❈✶ ❡ ❩❈✷✳ ❆ ❚❛❜❡❧❛ ✻✳✺
♠♦str❛ ♦s ✈❛❧♦r❡s ❞♦s ❡st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡ ♥ã♦✲♣❛r❛♠étr✐❝♦s ❆❈❊ ❡ ❈❤❛♦✶ ♣❛r❛ ♦s
♦r❣❛♥✐s♠♦s ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ◆❈❇■✲◆❘ ❝♦♥s✐❞❡r❛♥❞♦ ♣❡❧♦ ♠❡♥♦s ✾✵✪ ❡ ✾✺✪ ❞❡ ✐❞❡♥t✐✲
❞❛❞❡✳

❋✐❣✉r❛ ✻✳✶✹✿ ●ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞❛ ❛♠♦str❛ ❩❈✶ ❝♦♥tr❛ ✶✵✪ ❞♦ ❜❛♥❝♦ ◆❘✳

❋✐❣✉r❛ ✻✳✶✺✿ ●ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞❛ ❛♠♦str❛ ❩❈✷ ❝♦♥tr❛ ✶✵✪ ❞♦ ❜❛♥❝♦ ◆❘✳



✻✳✻✳ ◆❈❇■✲◆❘ ✺✺

❋✐❣✉r❛ ✻✳✶✻✿ ❈✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❣❡r❛❞❛ ❛ ♣❛rt✐r ❞❡ ✶✵✵✵ s✉❜❛♠♦str❛s ❞❡ ❩❈✶ ❡ ❩❈✷ ❝♦♠
♦s r❡s✉❧t❛❞♦s ❞♦ ❇▲❆❙❚ ❝♦♥tr❛ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ◆❘✳

P♦r❝❡♥t❛❣❡♠ ❞❡ ✐❞❡♥t✐❞❛❞❡

✾✵✪ ✾✺✪

❆♠♦str❛ ❍✐ts ❖❚❯s ❆❈❊ ❈❤❛♦✶ ❍✐ts ❖❚❯s ❆❈❊ ❈❤❛♦✶

❩❈✶ ✶✺✺✷✵ ✺✶✾ ✻✼✵ ✻✼✸ ✽✶✾✵ ✸✼✾ ✺✵✽ ✺✶✶

❩❈✷ ✸✶✺✼✾ ✹✷✾ ✺✽✸ ✺✽✼ ✷✶✻✺✹ ✸✶✹ ✹✺✷ ✹✺✼

❚❛❜❡❧❛ ✻✳✺✿ ❖❚❯❙ ✐❞❡♥t✐✜❝❛❞❛s ♣❡❧♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ◆❈❇■✲◆❘ ❝♦♠ ♦ ❝♦rt❡ ♥❛ ♣♦r❝❡♥t❛✲
❣❡♠ ❞❡ ✐❞❡♥t✐❞❛❞❡ ❡ ❡st✐♠❛❞♦r❡s ❞❡ ❞✐✈❡rs✐❞❛❞❡ ❞❡ ❡s♣é❝✐❡s ❝♦rr❡s♣♦♥❞❡♥t❡s✳

❈♦♠ ✶✵✪ ❞❛s s❡q✉ê♥❝✐❛s ❛♥❛❧✐s❛❞❛s✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ❧✐♠✐t❡ ❞❡ ✾✺✪ ❞❡ s✐♠✐❧❛r✐❞❛❞❡✱
♦ ◆❈❇■✲◆❘ ✐❞❡♥t✐✜❝♦✉✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❡♠ ❩❈✶ ❡ ❩❈✷✱ ✷✺✪ ❡ ✹✸✪ ❞♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡
❤✐ts ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ❙✇✐ss✲♣r♦t✱ ♠❛s ❝♦♠ ✾✸✪ ❡ ✽✽✪ ❞❛s ❖❚❯s ✐❞❡♥t✐✜❝❛❞❛s ❝♦♠ ♦s
r❡s✉❧t❛❞♦s ❞♦ ❙✇✐ss✲♣r♦t✳

❊♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❞♦ ▼●✲❘❆❙❚✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ❩❈✶ ❝♦♠ ✾✵✪
❞❡ s✐♠✐❧❛r✐❞❛❞❡✱ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❞♦ ◆❈❇■✲◆❘ ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s ✺✻ ❣ê♥❡r♦s ♥ã♦✲
✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ▼●✲❘❆❙❚✳ ❆♦ s❡ ❝♦♥s✐❞❡r❛r ✾✺✪ ❞❡ s✐♠✐❧❛r✐❞❛❞❡✱ ♦ ♥ú♠❡r♦ ❞❡ ❣ê♥❡r♦s
✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ◆❈❇■✲◆❘ ♠❛s ♥ã♦ ♣❡❧♦ ▼●✲❘❆❙❚ ♣❛ss❛ ♣❛r❛ ✹✶✳ ◆♦ ❝❛s♦ ❞❡ ❩❈✷✱ ❝♦♠
✾✵✪ ❞❡ s✐♠✐❧❛r✐❞❛❞❡✱ ♦ ◆❈❇■✲◆❘ ✐❞❡♥t✐✜❝♦✉ ✸✽ ❣ê♥❡r♦s q✉❡ ♦ ▼●✲❘❆❙❚ ♥ã♦ ✐❞❡♥t✐✜❝♦✉
❡ ❛♦ s❡ ❝♦♥s✐❞❡r❛r ✾✺✪ ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ❡ss❡ ♥ú♠❡r♦ ♣❛ss❛ ♣❛r❛ ✷✷✳



✻✳✼✳ ▼❡t❛❙✐♠ ✲ ❙✐♠✉❧❛❞♦r ❞❡ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s ✺✻

✻✳✼ ▼❡t❛❙✐♠ ✲ ❙✐♠✉❧❛❞♦r ❞❡ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s

P❛r❛ ❛✉①✐❧✐❛r ♥❛ ❝♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s s✐♠✉❧❛❞♦s✱
❜❛s❡❛❞♦s ♥❛ ❞✐str✐❜✉✐çã♦ ❞♦ ♠❡t❛❣❡♥♦♠❛ ❞❡ r✉♠❡♥ ❞❡ ✈❛❝❛ ❞❡s❝r✐t♦ ♣♦r ❇r✉❧❝ ❡t ❛❧✳ ❬✺❪✳
P❛r❛ ❣❡r❛r ♦s ❞❛❞♦s✱ ✉t✐❧✐③❛♠♦s ♦ s♦❢t✇❛r❡ ▼❡t❛❙✐♠ ❬✺✻❪✳ ❖ ▼❡t❛❙✐♠ ❣❡r❛ s❡q✉ê♥❝✐❛s
s✐♠✉❧❛❞❛s ❞❡ ♠❡t❛❣❡♥♦♠❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❡s♣é❝✐❡s ♣ré✲❞❡✜♥✐❞❛s ♣❡❧♦ ✉s✉ár✐♦
✉t✐❧✐③❛♥❞♦ ♠♦❞❡❧♦s ❞❡ ❞✐str✐❜✉✐çã♦ ❡ ❡rr♦s ❞❡ ❞✐✈❡rs❛s t❡❝♥♦❧♦❣✐❛s ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦✱
✐♥❝❧✉s✐✈❡ ❞❡ ♣✐r♦s❡q✉❡♥❝✐❛♠❡♥t♦ ✹✺✹✱ q✉❡ ❢♦✐ ❛ ✉t✐❧✐③❛❞❛ ♥❛s s❡q✉ê♥❝✐❛s ❞♦ ❩♦♦❧ó❣✐❝♦✳

❆ ♣❛rt✐r ❞❛ ❛♥á❧✐s❡ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❞❡ ❣ê♥❡r♦s ❞♦ tr❛❜❛❧❤♦ ❞❡ ❇r✉❧❝ ❡t ❛❧✳ ❢❡✐t❛ ♣❡❧♦
▼●✲❘❆❙❚✱ s❡❧❡❝✐♦♥❛♠♦s ♦s ✺✵ ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s✱ ❡s❝♦❧❤❡♠♦s ❛❧❡❛t♦r✐❛♠❡♥t❡ ✉♠
❣❡♥♦♠❛ ❝♦♠♣❧❡t♦ ❞❡ ✉♠❛ ❡s♣é❝✐❡ ❞❡ ❝❛❞❛ ❣ê♥❡r♦ ❡ ❞❡♠♦s ❝♦♠♦ ❡♥tr❛❞❛ ♣❛r❛ ♦ ▼❡t❛❙✐♠✳
❆ ❚❛❜❡❧❛ ✻✳✻ ♠♦str❛ ♦ ♥ú♠❡r♦ ❞❡ r❡❛❞s ❡ ❞❡ q✉❛❧ ❡s♣é❝✐❡ ❢♦✐ ❞❡r✐✈❛❞♦ ♦ ❣❡♥♦♠❛ ❞❡ ❝❛❞❛
❣ê♥❡r♦ ✉t✐❧✐③❛❞♦ ♥❛ s✐♠✉❧❛çã♦✱ ❜❡♠ ❝♦♠♦ ♦ ♥ú♠❡r♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ♥♦ ●❡♥❇❛♥❦✱ ♦ ♥ú♠❡r♦
❞♦ ❚❛①♦♥♦♠② ■❉ ❞♦ ◆❈❇■✱ ♦ t❛♠❛♥❤♦ ❞♦ ❣❡♥♦♠❛ ✭t♦❞♦s ❡❧❡s ❝✐r❝✉❧❛r❡s✮✱ ❜❡♠ ❝♦♠♦ ♦
♥ú♠❡r♦ ❞❡ ❝ó♣✐❛s q✉❡ ♦ s✐♠✉❧❛❞♦r ✉t✐❧✐③♦✉ ♣❛r❛ ❣❡r❛r ♦s ❞❛❞♦s✳ ❯♠ ❚❛①♦♥♦♠② ■❉ ❞❡ −1

✐♥❞✐❝❛ q✉❡ ❛q✉❡❧❛ ❞❡t❡r♠✐♥❛❞❛ ❡s♣é❝✐❡ ♥ã♦ t❡♠ ✉♠ ■❉ ❛ss♦❝✐❛❞♦ ❛ ❡❧❡✳
❖ ▼❡t❛❙✐♠ ❢♦✐ ❝♦♥✜❣✉r❛❞♦ ♣❛r❛ ❢r❛❣♠❡♥t❛r ♦s ❣❡♥♦♠❛s ❞❡ ❡♥tr❛❞❛ ❡ ❣❡r❛r ✉♠ ❝♦♥❥✉♥t♦

❞❡ ✶✵✵✳✵✵✵ r❡❛❞s ❝♦♠ ✉♠❛ r❡♣r❡s❡♥t❛t✐✈✐❞❛❞❡ ❞❡ ❝❛❞❛ ❣ê♥❡r♦ ♣r♦♣♦r❝✐♦♥❛❧ à ❛❜✉♥❞â♥❝✐❛
✐❞❡♥t✐✜❝❛❞❛ ♣❡❧♦ ▼●✲❘❆❙❚ ♣❛r❛ ♦ ♣r♦❥❡t♦ ❞❡ ❇r✉❧❝ ❡t ❛❧✳✳ ❈♦♠ ✐ss♦✱ t❡♠♦s ✉♠ ♠❡t❛❣❡✲
♥♦♠❛ s✐♠✉❧❛❞♦ ❜❛s❡❛❞♦ ❡♠ ❛❜✉♥❞â♥❝✐❛s ❞❡r✐✈❛❞❛s ❞❡ ❞❛❞♦s r❡❛✐s✳ ❉❡✈✐❞♦ às ❞✐❢❡r❡♥ç❛s
❞♦s ❜❛♥❝♦s ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞♦s ❡♥tr❡t❛♥t♦✱ ♥❡♠ t♦❞♦s ♦s ❣ê♥❡r♦s ❞❡♥tr❡ ♦s ✺✵ ♠❛✐s ❛❜✉♥✲
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✶✵ ✸✸✸✾✾✷✾✽✼ ✺✹✺✻✾✺ ❚r❡♣♦♥❡♠❛ ❛③♦t♦♥✉tr✐❝✐✉♠ ❩❆❙✲✾ ✷✷✶ ✸✽✺✺✻✼✶

✾ ✷✷✼✽✸✶✽✸✵ ✺✹✽✹✼✻ ❈♦r②♥❡❜❛❝t❡r✐✉♠ ❛✉r✐♠✉❝♦s✉♠ ❆❚❈❈ ✼✵✵✾✼✺ ✷✷✷ ✷✼✾✵✶✽✾

✺ ✷✺✼✼✽✸✽✶✹ ✺✷✶✵✾✺ ❆t♦♣♦❜✐✉♠ ♣❛r✈✉❧✉♠ ❉❙▼ ✷✵✹✻✾ ✷✻✺ ✶✺✹✸✽✵✺

✹ ✸✸✶✺✶✷✽✷ ✷✸✸✹✶✷ ❍❛❡♠♦♣❤✐❧✉s ❞✉❝r❡②✐ ✸✺✵✵✵❍P ✷✶✷ ✶✻✾✽✾✺✺

✹ ✷✽✾✺✼✼✷✻✺ ✺✽✵✸✸✶ ❚❤❡r♠♦❛♥❛❡r♦❜❛❝t❡r ✐t❛❧✐❝✉s ❆❜✾ ✷✹✵ ✷✹✺✶✵✻✶

❚❛❜❡❧❛ ✻✳✻✿ ❊s♣é❝✐❡s ✉t✐❧✐③❛❞❛s ♣❛r❛ ❣❡r❛r ♦s ❞❛❞♦s s✐♠✉❧❛❞♦s✱ ❝❛❞❛ ✉♠❛ ❝♦♠ s❡✉s r❡s✲
♣❡❝t✐✈♦s ♥ú♠❡r♦s ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ♥♦ ●❡♥❇❛♥❦✱ ❚❛①♦♥♦♠② ■❉✱ ♦ ♥ú♠❡r♦ ❞❡ r❡❛❞s ❣❡r❛❞♦s
♣❛r❛ ♦ ❝♦♥❥✉♥t♦ s✐♠✉❧❛❞♦✱ ♦ ♥ú♠❡r♦ ❞❡ ❝ó♣✐❛s ❞❡ ❝❛❞❛ ❡s♣é❝✐❡ ✉s❛❞❛ ♥❛ s✐♠✉❧❛çã♦✱ ❡ ♦
t❛♠❛♥❤♦ ❞♦ ❣❡♥♦♠❛ ❞❡ ❝❛❞❛ ❡s♣é❝✐❡✳



✻✳✼✳ ▼❡t❛❙✐♠ ✲ ❙✐♠✉❧❛❞♦r ❞❡ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s ✺✽

❆ ♣r✐♥❝í♣✐♦✱ s✉❜♠❡t❡♠♦s ♦s ❞❛❞♦s s✐♠✉❧❛❞♦s ❛♦ ◆❇❈✳ ❖s ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s
❡♥❝♦♥tr❛❞♦s✱ ♠♦str❛❞♦s ♥❛ ✜❣✉r❛ ✻✳✶✼✱ sã♦ ❜❡♠ ❞✐❢❡r❡♥t❡s ❞♦s ❞❛❞♦s ❣❡r❛❞♦s ♣❡❧♦ ▼❡t❛✲
❙✐♠✳ ❉❡ss❛ ❢♦r♠❛✱ ♣♦❞❡♠♦s ❝♦♥❝❧✉✐r q✉❡ ♣❛r❛ ♦s ♥♦ss♦s ❞❛❞♦s✱ ♦ ◆❇❈ ♥ã♦ s❡ ♠♦str♦✉
✉♠❛ ❢❡rr❛♠❡♥t❛ ❝♦♥✜á✈❡❧ ♣❛r❛ ❛ ❛♥á❧✐s❡ ❞❡ ❞✐✈❡rs✐❞❛❞❡✳ ❊ss❛ ❞✐❢❡r❡♥ç❛ ♣♦❞❡ s❡r ❞❡✈✐❞♦ ❛♦
❞✐❢❡r❡♥t❡ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❞❡ r❡❢❡rê♥❝✐❛ q✉❡ ❢♦✐ ✉t✐❧✐③❛❞♦ ❝♦♠ ♦ ◆❇❈✱ ♦✉ ❞❡✈✐❞♦ ❛♦ ♣ró♣r✐♦
♠ét♦❞♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦♠♣❛r❛çã♦✱ q✉❡ ♥ã♦ s❡ tr❛t❛ ❞❡ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞✐r❡t❛ ❝♦♠ ❛s
s❡q✉ê♥❝✐❛s ❞❡ ❡♥tr❛❞❛✳

❋✐❣✉r❛ ✻✳✶✼✿ ●ê♥❡r♦s ♠❛✐s ❢r❡q✉❡♥t❡s ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ◆❇❈ ♣❛r❛ ♦s ❞❛❞♦s s✐♠✉❧❛❞♦s✳

❆ ❚❛❜❡❧❛ ✻✳✼ ♠♦str❛ t♦❞♦s ♦s ✺✵ ❣ê♥❡r♦s ❞♦ ❝♦♥❥✉♥t♦ s✐♠✉❧❛❞♦ ❡ ♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s
✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ◆❈❇■✲◆❘✱ ♣❡❧♦ ❙✇✐ssPr♦t ❡ ♣❡❧♦ ▼●✲❘❆❙❚✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛s ♣♦r✲
❝❡♥t❛❣❡♥s ❞❡ ❛❜✉♥❞â♥❝✐❛ r❡❧❛t✐✈❛ ❞❡ ❝❛❞❛ ❣ê♥❡r♦✳ ❖❜s❡r✈❛♠♦s q✉❡ s❡t❡ ❞♦s ❣ê♥❡r♦s ♠❛✐s
❛❜✉♥❞❛♥t❡s ❡stã♦ ❡♥tr❡ ♦s ❞❡③ ♠❛✐s ❞♦ ❙✇✐ss♣r♦t✱ ❝♦♠ ♦s três ♣r✐♠❡✐r♦s ❛♣❛r❡❝❡♥❞♦ ♥❛
♠❡s♠❛ ♦r❞❡♠✱ ❡♥q✉❛♥t♦ q✉❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦ ◆❈❇■✲◆❘ ♠♦str❛♠ ♦s ♦✐t♦ ❣ê♥❡✲
r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❡①❛t❛♠❡♥t❡ ♥❛ ♠❡s♠❛ ♦r❞❡♠ q✉❡ ♦s ❞❛❞♦s s✐♠✉❧❛❞♦s✳ ❖ ▼●✲❘❆❙❚
t❛♠❜é♠ ✐❞❡♥t✐✜❝♦✉ ♦✐t♦ ❞❡♥tr❡ ♦s ❞❡③ ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s✱ ♠❛s só ♦ ♠❛✐s ❛❜✉♥✲
❞❛♥t❡✱ Ps②❝❤r♦❜❛❝t❡r✱ ❛♣❛r❡❝❡ ♥❛ ♠❡s♠❛ ♣♦s✐çã♦✱ ❡ ♠❡s♠♦ ❛ss✐♠ ❝♦♠ ✉♠❛ ♣♦r❝❡♥t❛❣❡♠
❞❡ ❛❜✉♥❞â♥❝✐❛ ❜❡♠ ❞✐st✐♥t❛✳ ❡♥q✉❛♥t♦ ♥❛ s✐♠✉❧❛çã♦✱ ♦ ❣ê♥❡r♦ Ps②❝❤r♦❜❛❝t❡r r❡♣r❡s❡♥t❛
❡♠ t♦r♥♦ ❞❡ ✺✻✪ ❞❛ ❛♠♦str❛✱ ♦ ▼●✲❘❆❙❚ ✐❞❡♥t✐✜❝♦✉ ❡ss❡ ❣ê♥❡r♦ ❝♦♠♦ t❡♥❞♦ ✸✹✪ ❞❡
r❡♣r❡s❡♥t❛t✐✈✐❞❛❞❡✳

❖s r❡s✉❧t❛❞♦s ❝♦♠ ♦ ◆❈❇■✲◆❘ ♠♦str❛♠ ♣♦r❝❡♥t❛❣❡♥s ❞❡ ❛❜✉♥❞â♥❝✐❛ ♠✉✐t♦ ♣ró①✐✲
♠❛s ❞♦ ❝♦♥❥✉♥t♦ ♦r✐❣✐♥❛❧✱ ♦ ❣ê♥❡r♦ Ps②❝❤r♦❜❛❝t❡r✱ ❝❤❡❣♦✉ ❛ s❡r ✐❞❡♥t✐✜❝❛❞♦ ❡♠ ✺✻✳✼✺✸✪
❞❛s s❡q✉ê♥❝✐❛s ♣❡❧♦ ◆❈❇■✲◆❘✱ ❜❡♠ ♣ró①✐♠♦ ❞♦s ✺✻✳✼✸✽✪ ♦r✐❣✐♥❛✐s✳ ❖ ❣ê♥❡r♦ ❈❧♦str✐✲

❞✐✉♠ t❛♠❜é♠ t❡♠ ✉♠❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ❛❜✉♥❞â♥❝✐❛ ♣ró①✐♠❛ ❞♦ ♦r✐❣✐♥❛❧✱ ✐❞❡♥t✐✜❝❛❞♦ ❡♠
✶✸✳✷✹✷✪ ❞❛s s❡q✉ê♥❝✐❛s ❞❡ ✉♠ ♦r✐❣✐♥❛❧ ❞❡ ✶✹✳✽✻✵✪✳ ❆♣❡s❛r ❞❡ t❡r ♥ú♠❡r♦ ♠❛✐s ❞✐st❛♥t❡s
❞♦s ♦r✐❣✐♥❛✐s✱ ❛ ❞✐str✐❜✉✐çã♦ ❞♦s ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ❙✇✐ss✲Pr♦t é



✻✳✼✳ ▼❡t❛❙✐♠ ✲ ❙✐♠✉❧❛❞♦r ❞❡ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s ✺✾

❜❡♠ ♣ró①✐♠❛ ❞❛ ❞✐str✐❜✉✐çã♦ ♦r✐❣✐♥❛❧✱ ❝♦♠ ♦ ❣ê♥❡r♦ ♠❛✐s ❛❜✉♥❞❛♥t❡ t❡♥❞♦ ✻✸✳✸✼✾✪ ❞❡
r❡♣r❡s❡♥t❛çã♦✱ ❡ ♦ s❡❣✉♥❞♦ ❝♦♠ ✶✼✳✶✻✻✪✳

❖ ❣ê♥❡r♦ ❆❝✐♥❡t♦❜❛❝t❡r ❢♦✐ ♦ ❣ê♥❡r♦ ♠❛✐s ❛❜✉♥❞❛♥t❡ q✉❡ ♠❛✐s s❡ ❛♣r♦①✐♠♦✉ ❞❛ ❛❜✉♥✲
❞â♥❝✐❛ r❡❧❛t✐✈❛ r❡❛❧ ♥♦s r❡s✉❧t❛❞♦s ❞♦ ❙✇✐ss✲Pr♦t✱ ❝♦♠ ✷✳✼✷✻✪ ❞❡ r❡♣r❡s❡♥t❛çã♦✱ ❝♦♠♣❛✲
r❛❞♦ ❝♦♠ ♦s ♦r✐❣✐♥❛✐s ✷✳✻✽✻✪✳ ❖s r❡s✉❧t❛❞♦s ❞♦ ◆❈❇■✲◆❘✱ ♥♦ ❡♥t❛♥t♦✱ ♥ã♦ ✜❝❛r❛♠ ❧♦♥❣❡✱
❛♣♦♥t❛♥❞♦ ✸✳✶✸✹✪ ❞❡ r❡♣r❡s❡♥t❛çã♦✳ ❖ ▼●✲❘❆❙❚✱ ♥♦ ❡♥t❛♥t♦✱ s❡ ❞✐st❛♥❝✐❛ ♠❛✐s ❡ ❝❤❡❣❛
❛ ✻✳✻✵✶✪ ❞❡ r❡♣r❡s❡♥t❛çã♦ ♣❛r❛ ❡ss❡ ❣ê♥❡r♦✳

❆ ❞✐❢❡r❡♥ç❛ ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❣ê♥❡r♦s ❞♦ ▼●✲❘❆❙❚ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞❛ ♥❛ ❋✐✲
❣✉r❛ ✻✳✶✽✱ q✉❡ ♠♦str❛ ♦s ❞❡③ ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞♦s ❞❛❞♦s s✐♠✉❧❛❞♦s ❡ s✉❛s r❡s✲
♣❡❝t✐✈❛s ♣♦r❝❡♥t❛❣❡♥s ❞❡ ❛❜✉♥❞â♥❝✐❛✳ ❊♠ ❝♦♥❥✉♥t♦✱ ♣♦❞❡♠♦s ✈❡r ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❛❜✉♥✲
❞â♥❝✐❛ ❞❡ss❡s ♠❡s♠♦s ❞❡③ ❣ê♥❡r♦s ❡♠ ❝❛❞❛ ✉♠ ❞♦s três ❜❛♥❝♦s ❞❡ ❞❛❞♦s t❡st❛❞♦s✳ ❖
◆❈❇■✲◆❘ s❡♠♣r❡ s❡ ♠❛♥té♠ ♣ró①✐♠♦ ❛♦s r❡s✉❧t❛❞♦s ♦r✐❣✐♥❛✐s✳ ❊♠❜♦r❛ ♦ ❙✇✐ss✲Pr♦t
♥ã♦ t❡♥❤❛ ✐❞❡♥t✐✜❝❛❞♦ ♦s ❣ê♥❡r♦s Pr❡✈♦t❡❧❧❛ ❡ ❘✉♠✐♥♦❝♦❝❝✉s ❞❡♥tr❡ ♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s
✭❛♣❡♥❛s ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❝❛❞❛ ✉♠ ❞❡ss❡s ❣ê♥❡r♦s ❢♦✐ ✐❞❡♥t✐✜❝❛❞❛ ♣❡❧♦ ❙✇✐ss✲Pr♦t✮✱ t♦❞♦s
♦s ♦✉tr♦s s❡ ♠❛♥tê♠ ♣ró①✐♠♦s ❞♦ ♦r✐❣✐♥❛❧✱ ❝♦♠ ❛ ♠❛✐♦r ❞✐❢❡r❡♥ç❛ s❡♥❞♦ ♥♦ ❣ê♥❡r♦ ♠❛✐s
❛❜✉♥❞❛♥t❡✱ Ps②❝❤r♦❜❛❝t❡r✳ ❏á ♦ ▼●✲❘❆❙❚ ♠♦str❛ ✉♠❛ ❞✐str✐❜✉✐çã♦ ♠❛✐s ❞✐❢❡r❡♥❝✐❛❞❛✱
❝♦♠ ❛❧❣✉♥s ❣ê♥❡r♦s ♠❡♥♦s ❛❜✉♥❞❛♥t❡s ✭Ps②❝❤r♦❜❛❝t❡r ❡ ❈❧♦str✐❞✐✉♠✮✱ ❛❧❣✉♥s ♠❛✐s ❛❜✉♥✲
❞❛♥t❡s ✭❇❛❝t❡r♦✐❞❡s ❡ ❆❝✐♥❡t♦❜❛❝t❡r✮✱ ❡ ♦✉tr♦s ♠❛✐s ♣ró①✐♠♦s ❞♦ ♦r✐❣✐♥❛❧ ✭Pr❡✈♦t❡❧❧❛ ❡
❘✉♠✐♥♦❝♦❝❝✉s✮✳



✻✳✼✳ ▼❡t❛❙✐♠ ✲ ❙✐♠✉❧❛❞♦r ❞❡ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s ✻✵

❋✐❣✉r❛ ✻✳✶✽✿ ❖s ❞❡③ ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞♦s ❞❛❞♦s s✐♠✉❧❛❞♦s✱ ❡ s✉❛s r❡s♣❡❝t✐✈❛s
♣♦r❝❡♥t❛❣❡♥s ❞❡ ❛❜✉♥❞â♥❝✐❛✱ ❝♦♠♣❛r❛❞❛s ❝♦♠ ❛s ✐❞❡♥t✐✜❝❛❞❛s ♣❡❧♦ ◆❈❇■✲◆❘✱ ❙✇✐ss✲Pr♦t
❡ ▼●✲❘❆❙❚✳

❖ ▼●✲❘❆❙❚ t❛♠❜é♠ ✐❞❡♥t✐✜❝♦✉ ✉♠ ♥ú♠❡r♦ ♠❛✐♦r ❞❡ ❤✐ts ❞♦ q✉❡ ♦ q✉❡ r❡❛❧♠❡♥t❡
❡①✐st✐❛✱ ❝♦♠♦ é ♥♦t❛❞♦ ♥♦ ♥ú♠❡r♦ ❞❡ ❤✐ts ❞♦ ❣ê♥❡r♦ ❇❛❝t❡r♦✐❞❡s✱ ♦ s❡❣✉♥❞♦ ♠❛✐s ❛❜✉♥✲
❞❛♥t❡ s❡❣✉♥❞♦ ♦ ▼●✲❘❆❙❚✳ ◆❛ s✐♠✉❧❛çã♦✱ ✶✸✳✾✹✸ r❡❛❞s ❡r❛♠ ❞♦ ❣ê♥❡r♦ ❇❛❝t❡r♦✐❞❡s✱ ❡
♦ ▼●✲❘❆❙❚ ✐❞❡♥t✐✜❝♦✉ ✶✾✳✸✺✶ r❡❛❞s ♣❛r❛ ❡ss❡ ♠❡s♠♦ ❣ê♥❡r♦✳ ❊ss❛ ❞✐❢❡r❡♥ç❛ ♣♦❞❡ s❡r
❞❡✈✐❞♦ à ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❜❛♥❝♦s ❞❡ ❞❛❞♦s ❞❡ r❡❢❡rê♥❝✐❛ ✉t✐❧✐③❛❞♦s ♣❡❧♦ ▼●✲❘❆❙❚
♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦✱ ❛❧❣✉♠❛s s❡q✉ê♥❝✐❛s ❞❡ ❡♥tr❛❞❛ sã♦ ✐❞❡♥t✐✜❝❛❞❛s ❝♦♠♦ ❤✐ts ❡♠ ♠❛✐s ❞❡
✉♠ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✳ ◆♦ t♦t❛❧✱ ♦ ▼●✲❘❆❙❚ ✐❞❡♥t✐✜❝♦✉ ✶✶✾✳✾✻✽ s❡q✉ê♥❝✐❛s ❞❛s ✶✵✵✳✵✵✵
♦r✐❣✐♥❛✐s✱ ❞✐str✐❜✉í❞❛s ❡♠ ✽✹✸ ❣ê♥❡r♦s✳ ❖ ❙✇✐ss✲Pr♦t ✐❞❡♥t✐✜❝♦✉ ✷✳✾✼✶ s❡q✉ê♥❝✐❛s ❡ ✼✷
❣ê♥❡r♦s✱ ❡ ♦ ◆❈❇■✲◆❘ ✶✹✳✹✷✹ s❡q✉ê♥❝✐❛s ❡ ✾✻ ❣ê♥❡r♦s✳

▼❡s♠♦ ❝♦♠ ✉♠ ♥ú♠❡r♦ ❞❡ ❤✐ts ✐♥❢❡r✐♦r ❛♦ ❞♦ ▼●✲❘❆❙❚✱ 96% ❞♦s ❣ê♥❡r♦s s✐♠✉❧❛❞♦s
❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ◆❈❇■✲◆❘✱ ❡ 62% ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ❙✇✐ss✲Pr♦t✳ ❚♦❞♦s
♦s ❣ê♥❡r♦s ✐❞❡♥t✐✜❝❛❞♦s ❝♦rr❡t❛♠❡♥t❡ ♣❡❧♦ ❙✇✐ss✲Pr♦t ❢♦r❛♠ t❛♠❜é♠ ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦
◆❈❇■✲◆❘✱ ❛♣❡♥❛s ♦s ❣ê♥❡r♦s ❚r❡♣♦♥❡♠❛ ❡ ❆t♦♣♦❜✐✉♠ ♥ã♦ ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s ♣♦r ♥❡✲
♥❤✉♠❛ ❞❛s ❞✉❛s ❜❛s❡s✳ ❖ ▼●✲❘❆❙❚ ✐❞❡♥t✐✜❝♦✉ t♦❞♦s ♦s ❣ê♥❡r♦s s✐♠✉❧❛❞♦s✱ ❝♦♠♦ ❡r❛
❞❡ s❡ ❡s♣❡r❛r✱ ♣♦ré♠ ♦ ú❧t✐♠♦ ❣ê♥❡r♦ ✐❞❡♥t✐✜❝❛❞♦✱ ❆t♦♣♦❜✐✉♠✱ ✜❝♦✉ ♥❛ 327❛ ♣♦s✐çã♦✳ ❖



✻✳✼✳ ▼❡t❛❙✐♠ ✲ ❙✐♠✉❧❛❞♦r ❞❡ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s ✻✶

♦✉tr♦ ❣ê♥❡r♦ ♥ã♦✲✐❞❡♥t✐✜❝❛❞♦ ♣❡❧❛s ♦✉tr❛s ❞✉❛s ❜❛s❡s✱ ❚r❡♣♦♥❡♠❛✱ ✜❝♦✉ ♥❛ 179❛ ♣♦s✐çã♦
❞♦ ▼●✲❘❆❙❚✳

❚❛♠❜é♠ é ✐♥t❡r❡ss❛♥t❡ ♦❜s❡r✈❛r q✉❡ ♦ ❣ê♥❡r♦ ❊♥❤②❞r♦❜❛❝t❡r✱ ❞✐t♦ ❝♦♠♦ ♦ s❡①t♦ ♠❛✐s
❛❜✉♥❞❛♥t❡ ♣❡❧♦ ▼●✲❘❆❙❚ ❡ ✶✹♦ ❞♦ ◆❈❇■✲◆❘✱ ♥ã♦ ❢❡③ ♣❛rt❡ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s s✐♠✉✲
❧❛❞♦s✱ ♠❛s ❛♣❛r❡❝❡✉ ❞❡♥tr❡ ❛s ♣r✐♠❡✐r❛s ♣♦s✐çõ❡s ♥❡ss❡s ❜❛♥❝♦s ❞❡ ❞❛❞♦s✳

❖s r❡s✉❧t❛❞♦s ❞❛ ❚❛❜❡❧❛ ✻✳✼ ❝♦♥s✐❞❡r❛♠ ♦ ♣r✐♠❡✐r♦ ❤✐t ❞♦ ❇▲❆❙❚✱ ♥♦ ❡♥t❛♥t♦✱ ❛ s❛í❞❛
♣❛❞rã♦ ❞♦ ❇▲❆❙❚ ♦❢❡r❡❝❡ ❛té ✷✺✵ ❤✐ts ♣❛r❛ ❝❛❞❛ s❡q✉ê♥❝✐❛ ❞❡ ❡♥tr❛❞❛✳ ➱ ✐♥t❡r❡ss❛♥t❡
✈❡r✐✜❝❛r ♦s r❡s✉❧t❛❞♦s ❝❛s♦ ♠❛✐s ❞❡ ✉♠ ❤✐t s❡❥❛ ❝♦♥s✐❞❡r❛❞♦✳ P♦r ❡①❡♠♣❧♦✱ s❡ ✉♠ ❣ê♥❡r♦
G ❛♣❛r❡❝❡ ❢r❡q✉❡♥t❡♠❡♥t❡ ❝♦♠♦ ♦ s❡❣✉♥❞♦ ❤✐t ❞❡ ❞✐✈❡rs❛s s❡q✉ê♥❝✐❛s ❞❡ ❡♥tr❛❞❛ ❡ ♣♦✉❝❛s
✈❡③❡s ❝♦♠♦ ♦ ♣r✐♠❡✐r♦ ❤✐t✱ ❛♦ ❝♦♥s✐❞❡r❛r ❛♣❡♥❛s ♦ ♣r✐♠❡✐r♦ ❤✐t✱ ♣♦❞❡♠♦s ❝♦♥❝❧✉✐r q✉❡ G

♥ã♦ é tã♦ ❛❜✉♥❞❛♥t❡ ♥❛ ❛♠♦str❛✱ ♠❡s♠♦ ❡❧❡ s❡♥❞♦ ❝♦♥s✐❞❡r❛❞♦ s❡❣✉♥❞♦ ❤✐t ♣❡❧♦ ❇▲❆❙❚✱
♦ q✉❡ ❛✐♥❞❛ é s✐❣♥✐✜❝❛t✐✈♦✳

❈♦♠ ❡ss❡ ♣❡♥s❛♠❡♥t♦ ❡♠ ♠❡♥t❡✱ ❝♦♥s✐❞❡r❛♠♦s t♦❞♦s ♦s n ♣r✐♠❡✐r♦s ❤✐ts ❞♦ ❇▲❆❙❚✱
❝♦♥ n ✈❛r✐❛♥❞♦ ❞❡ ✶ ❛ ✷✺✵✱ ❡ ❝❛❧❝✉❧❛♠♦s ❞✉❛s ♠❡❞✐❞❛s ❞❡ ❝♦♠♣❛r❛çã♦✿

• ❊rr♦ ❞❡ ❛❜✉♥❞â♥❝✐❛✿ P❛r❛ ❝❛❞❛ n✱ ♦ ❡rr♦ ❞❡ ❛❜✉♥❞â♥❝✐❛ ea ❢♦✐ ❝❛❧❝✉❧❛❞♦ ❝♦♠♦✿

ea =

(

k
∑

i=1

[(

Aiobs ∗ 100

Atobs

)

−

(

Aisim ∗ 100

Atsim

)]2
)

1

2

❖♥❞❡ k é ♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❣ê♥❡r♦s✱ Aiobs é ♦ ✈❛❧♦r ❞❡ ❛❜✉♥❞â♥❝✐❛ ♦❜s❡r✈❛❞❛ ♣❛r❛
♦ ❣ê♥❡r♦ i✱ Atobs é ❛ s♦♠❛ ❞❛s ❛❜✉♥❞â♥❝✐❛s ❞❡ t♦❞♦s ♦s ❣ê♥❡r♦s ♦❜s❡r✈❛❞♦s✱ Aisim é
❛ ❛❜✉♥❞â♥❝✐❛ s✐♠✉❧❛❞❛ ❞♦ ❣ê♥❡r♦ i ❡ Atsim é ❛ s♦♠❛ ❞❛s ❛❜✉♥❞â♥❝✐❛s ❞❡ t♦❞♦s ♦s
❣ê♥❡r♦s s✐♠✉❧❛❞♦s✳ ➱ ✐♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡ ❝❛❞❛ ❣ê♥❡r♦ ❞♦ ❝♦♥❥✉♥t♦ ♦❜s❡r✈❛❞♦ só
❢♦✐ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦ s❡✉ ❝♦rr❡s♣♦♥❞❡♥t❡ ❞♦ ❝♦♥❥✉♥t♦ s✐♠✉❧❛❞♦✳ P❛r❛ ♦s ❣ê♥❡r♦s q✉❡
♥ã♦ t✐♥❤❛♠ ❝♦rr❡s♣♦♥❞❡♥t❡s ❡♠ ❛❧❣✉♠ ❝♦♥❥✉♥t♦✱ ❛ ❛❜✉♥❞â♥❝✐❛ ❞❡❧❡s ❢♦✐ ❝♦♥s✐❞❡r❛❞❛
③❡r♦ ♥♦ ❝♦♥❥✉♥t♦ ❡♠ q✉❡ ❡❧❡s ♥ã♦ ❡①✐st✐❛♠✳

• ❊rr♦ ❞❡ ♣♦s✐çã♦ r❡❧❛t✐✈❛✿ ❉❡ ❢♦r♠❛ s❡♠❡❧❤❛♥t❡✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ✈❡r✐✜❝❛r q✉ã♦
❞✐st❛♥t❡s ♦s ❣ê♥❡r♦s ❡stã♦ ❞♦s ❞❛❞♦s s✐♠✉❧❛❞♦s ❡♠ t❡r♠♦s ❞❡ ♣♦s✐çã♦✱ ❝❛❧❝✉❧❛♠♦s ♦
❡rr♦ ❞❡ ♣♦s✐çã♦ r❡❧❛t✐✈❛✱ ep✱ ❜❛s❡❛❞♦ ♥❛s ❞✐❢❡r❡♥ç❛s ❞❡ ♣♦s✐çõ❡s ❞❡ ❝❛❞❛ ❣ê♥❡r♦✳ P♦r
❡①❡♠♣❧♦✱ ❛ ♣♦s✐çã♦ ❞♦ ❣ê♥❡r♦ Ps❡✉❞♦♠♦♥❛s ♥♦s r❡s✉❧t❛❞♦s ♦❜s❡r✈❛❞♦s ❞♦ ◆❈❇■✲◆❘
♣❛r❛ n = 1 é ✾✱ ❡♥q✉❛♥t♦ q✉❡ ♥♦s ❞❛❞♦s s✐♠✉❧❛❞♦s✱ ❛ ♣♦s✐çã♦ r❡❛❧ ❞❡❧❡ é ✶✵✱ ♦✉ s❡❥❛✱
♦ ❡rr♦ ❞❡ ♣♦s✐çã♦ r❡❧❛t✐✈❛ ♥❡ss❡ ❝❛s♦ é ✶✳ ❆ss✐♠✱ ♣❛r❛ ❝❛❞❛ n✱ s❡✉ ep ❝♦rr❡s♣♦♥❞❡♥t❡
é ❞❛❞♦ ❝♦♠♦✿

ep =

(

k
∑

i=1

(Piobs − Pisim)
2

)

1

2



✻✳✼✳ ▼❡t❛❙✐♠ ✲ ❙✐♠✉❧❛❞♦r ❞❡ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s ✻✷

❘❡❛❞s ❙✐♠✉❧❛❞♦s ❆❜✉♥❞â♥❝✐❛ ◆❈❇■✲◆❘ ❆❜✉♥❞â♥❝✐❛ ❙✇✐ss✲Pr♦t ❆❜✉♥❞â♥❝✐❛ ▼●✲❘❆❙❚

●ê♥❡r♦ ✭✪✮ ●ê♥❡r♦ ✭✪✮ ●ê♥❡r♦ ✭✪✮ ●ê♥❡r♦ ✭✪✮

Ps②❝❤r♦❜❛❝t❡r ✺✻✳✼✸✽ Ps②❝❤r♦❜❛❝t❡r ✺✻✳✼✺✸ Ps②❝❤r♦❜❛❝t❡r ✻✸✳✸✼✾ Ps②❝❤r♦❜❛❝t❡r ✸✹✳✵✸✸
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❆t♦♣♦❜✐✉♠ ✵✳✵✵✺ ❍❛❡♠♦♣❤✐❧✉s ✵✳✵✶✹ ❈❤❧❛♠②❞♦♠♦♥❛s ✵✳✵✸✹ ❘♦s❡❜✉r✐❛ ✵✳✵✾✶

❍❛❡♠♦♣❤✐❧✉s ✵✳✵✵✹ Ps❡✉❞♦❛❧t❡r♦♠♦♥❛s ✵✳✵✶✹ ❇✉❝❤♥❡r❛ ✵✳✵✸✹ ❆❧❦❛❧✐♣❤✐❧✉s ✵✳✵✽✽

❚❤❡r♠♦❛♥❛❡r♦❜❛❝t❡r ✵✳✵✵✹ ●❛❧❧✐❜❛❝t❡r✐✉♠ ✵✳✵✶✹ ▼②①♦❝♦❝❝✉s ✵✳✵✸✹ ❈✉♣r✐❛✈✐❞✉s ✵✳✵✽✻

❚❛❜❡❧❛ ✻✳✼✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦ ♥ú♠❡r♦ ❞❡ r❡❛❞s s✐♠✉❧❛❞♦s ❞♦s ✺✵ ❣ê♥❡r♦s s✐♠✉❧❛❞♦s ❡
♦s ❣ê♥❡r♦s ✐❞❡♥t✐✜❝❛❞♦s ❝♦♠ ♦s ❜❛♥❝♦s ❞❡ ❞❛❞♦s ❙✇✐ssPr♦t✱ ◆❈❇■✲◆❘ ❡ ▼●✲❘❆❙❚✱ ❝♦♠
s✉❛s r❡s♣❡❝t✐✈❛s ❛❜✉♥❞â♥❝✐❛s r❡❧❛t✐✈❛s✳



✻✳✼✳ ▼❡t❛❙✐♠ ✲ ❙✐♠✉❧❛❞♦r ❞❡ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s ✻✸

❖♥❞❡ Piobs é ❛ ♣♦s✐çã♦ ❞♦ ❣ê♥❡r♦ i ♦❜s❡r✈❛❞❛ ❡ Pisim é ❛ ♣♦s✐çã♦ ❞♦ ❣ê♥❡r♦ i

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❞❛❞♦s s✐♠✉❧❛❞♦s✳ ❆ ♠❛✐♦r ❞✐❢❡r❡♥ç❛ ❞❡ss❡ ❝á❧❝✉❧♦ ♣❛r❛ ♦ ❞♦
❡rr♦ ❞❡ ❛❜✉♥❞â♥❝✐❛✱ é ♥♦ ❝❛s♦ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❣ê♥❡r♦ ♥ã♦ t❡r ❝♦rr❡s♣♦♥❞❡♥t❡
❡♠ ✉♠ ❞♦s ❝♦♥❥✉♥t♦s✳ ❈♦♠♦ ❛ ♣♦s✐çã♦ ❞❡ ✉♠ ❣ê♥❡r♦ ♥ã♦ ♣♦❞❡ s❡r tr❛❞✉③✐❞❛ ❡♠
♣♦r❝❡♥t❛❣❡♥s✱ ❝♦♥s✐❞❡r❛♠♦s q✉❡ ❛ ♣♦s✐çã♦ ❞♦ ❣ê♥❡r♦ q✉❡ ♥ã♦ ♣♦ss✉✐ ❝♦rr❡s♣♦♥❞❡♥t❡
é maxPos+1✱ ♦♥❞❡ maxPos é ❝❛❧❝✉❧❛❞❛ ❝♦♠♦ ♦ ♠á①✐♠♦ ❡♥tr❡ ❛ ♠❛✐♦r ♣♦s✐çã♦ ❞♦s
❣ê♥❡r♦s s✐♠✉❧❛❞♦s ❡ ❛ ♠❛✐♦r ♣♦s✐çã♦ ❡♥tr❡ ♦s ❣ê♥❡r♦s ♦❜s❡r✈❛❞♦s✳ P♦r ❡①❡♠♣❧♦✱ ❝❛s♦
♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ♦ ❙✇✐ssPr♦t t❡♥❤❛ ✐❞❡♥t✐✜❝❛❞♦ ✽✵ ❣ê♥❡r♦s✱ ✉♠ ❣ê♥❡r♦ q✉❡ ♥ã♦
♣❡rt❡♥❝❡ ❛ ✉♠ ❞♦s ❝♦♥❥✉♥t♦s ✭s✐♠✉❧❛❞♦s ♦✉ ♦❜s❡r✈❛❞♦s✮✱ é ❞✐t♦ ❡st❛r ♥❛ ♣♦s✐çã♦ ✽✶
❞❛q✉❡❧❡ ❝♦♥❥✉♥t♦ ❡♠ q✉❡ ❡❧❡ ♥ã♦ ♣❡rt❡♥❝❡✳

❆s ✜❣✉r❛s ✻✳✶✾ ❡ ✻✳✷✵ ♠♦str❛♠ ❣rá✜❝♦s ❝♦♠ ♦s ❡rr♦s ❞❡ ❛❜✉♥❞â♥❝✐❛ ❡ ❞❡ ♣♦s✐çã♦ r❡❧❛t✐✈❛
r❡s♣❡❝t✐✈❛♠❡♥t❡ ♣❛r❛ ♦s r❡s✉❧t❛❞♦s ❝♦♠ ♦ ❙✇✐ss Pr♦t✳ ❖ ♠❡♥♦r ❡rr♦ ❞❡ ❛❜✉♥❞â♥❝✐❛ é
❛❧❝❛♥ç❛❞♦ q✉❛♥❞♦ ♦s ✾ ♣r✐♠❡✐r♦s ❤✐ts sã♦ ❝♦♥s✐❞❡r❛❞♦s✱ 8.72✱ s❡♥❞♦ q✉❡ ♦ ❡rr♦ ❝♦♥s✐❞❡r❛♥❞♦
❛♣❡♥❛s ♦ ♣r✐♠❡✐r♦ ❤✐t ❢♦✐ ❞❡ 9.49✳ ❖ ♠❡♥♦r ❡rr♦ ❞❡ ♣♦s✐çã♦ é ❛❧❝❛♥ç❛❞♦ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ✷
♣r✐♠❡✐r♦s ❤✐ts✱ ❞❡ 151.00✱ ❡ ♦ ❡rr♦ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠ ❤✐t é ❞❡ 159.15✳ ❆❧é♠ ❞❡ss❡s ♣♦♥t♦s
♠❛✐s ❜❛✐①♦s✱ ♦s ❡rr♦s ❛✉♠❡♥t❛♠ ❥✉♥t♦ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ❤✐ts ❝♦♥s✐❞❡r❛❞♦s✳

❋✐❣✉r❛ ✻✳✶✾✿ ❊rr♦ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❝♦♥s✐❞❡r❛♥❞♦ ♦s n ♣r✐♠❡✐r♦s ❤✐ts ❞♦ ❙✇✐ss Pr♦t✳



✻✳✼✳ ▼❡t❛❙✐♠ ✲ ❙✐♠✉❧❛❞♦r ❞❡ ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s ✻✹

❋✐❣✉r❛ ✻✳✷✵✿ ❊rr♦ ❞❡ ♣♦s✐çã♦ r❡❧❛t✐✈❛ ❝♦♥s✐❞❡r❛♥❞♦ ♦s n ♣r✐♠❡✐r♦s ❤✐ts ❞♦ ❙✇✐ss Pr♦t✳

❆s ✜❣✉r❛s ✻✳✷✶ ❡ ✻✳✷✷ ♠♦str❛♠ ❣rá✜❝♦s ❝♦♠ ♦s ❡rr♦s ♣❛r❛ ♦s r❡s✉❧t❛❞♦s ❝♦♠ ♦ ◆❈❇■✲
◆❘✳ ❖ ♠❡♥♦r ❡rr♦ ❞❡ ❛❜✉♥❞â♥❝✐❛ ♥❡ss❡ ❝❛s♦ é ❛❧❝❛♥ç❛❞♦ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ✸ ♣r✐♠❡✐r♦s
❤✐ts✱ ❞❡ 4.47✱ ♠✉✐t♦ ♣ró①✐♠♦ ❞♦ ❡rr♦ ❞❡ 5.48✱ q✉❡ ❢♦✐ ♦ ❝❛❧❝✉❧❛❞♦ ❝♦♥s✐❞❡r❛♥❞♦ ❛♣❡♥❛s
♦ ♣r✐♠❡✐r♦ ❤✐t✳ ❖ ♠❡♥♦r ❡rr♦ ❞❡ ♣♦s✐çã♦ r❡❧❛t✐✈❛ ♦❝♦rr❡ q✉❛♥❞♦ ❝♦♥s✐❞❡r❛♠♦s ❛♣❡♥❛s ♦
♣r✐♠❡✐r♦ ❤✐t✱ q✉❡ é ❞❡ 101.00✳ ❉❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♦ ❙✇✐ss✲Pr♦t✱ ❛❧é♠ ❞❡ss❡s ♠í♥✐♠♦s✱
♦ ❡rr♦ só ❛✉♠❡♥t❛ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ❤✐ts ❝♦♥s✐❞❡r❛❞♦s✳

❋✐❣✉r❛ ✻✳✷✶✿ ❊rr♦ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❝♦♥s✐❞❡r❛♥❞♦ ♦s n ♣r✐♠❡✐r♦s ❤✐ts ❞♦ ◆❈❇■✲◆❘✳



✻✳✽✳ ❆♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛ ✻✺

❋✐❣✉r❛ ✻✳✷✷✿ ❊rr♦ ❞❡ ♣♦s✐çã♦ r❡❧❛t✐✈❛ ❝♦♥s✐❞❡r❛♥❞♦ ♦s n ♣r✐♠❡✐r♦s ❤✐ts ❞♦ ◆❈❇■✲◆❘✳

❖s ❝á❧❝✉❧♦s ❞❡ss❡s ❡rr♦s ✐♥❞✐❝❛♠ q✉❡ ❝♦♥s✐❞❡r❛r ♠✉✐t♦s ❤✐ts ❞♦ ❇▲❆❙❚ ♥ã♦ ♥❡❝❡ss❛r✐❛✲
♠❡♥t❡ ❣❡r❛ r❡s✉❧t❛❞♦s ♠❡❧❤♦r❡s✱ ❡ ❛ ♣r♦♣♦st❛ ❞❡ ❝♦♥s✐❞❡r❛r ❛♣❡♥❛s ♦ ♣r✐♠❡✐r♦ ❤✐t ❢✉♥❝✐♦♥❛
❜❡♠ ❡ t❡♠ ✉♠ ❡rr♦ ❜❛✐①♦✳ ❖s r❡s✉❧t❛❞♦s ❞♦ ▼●✲❘❆❙❚ ♥ã♦ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ♣❛r❛ ❛
❝♦♥str✉çã♦ ❞♦s ❣rá✜❝♦s ❞❡ ❡rr♦s ♣♦✐s ❛ ❢❡rr❛♠❡♥t❛ só ❢♦r♥❡❝❡ r❡s✉❧t❛❞♦s ❝♦♠ ♦ ♠❡❧❤♦r ❤✐t✳
❯s❛♥❞♦ ❛ ❢ór♠✉❧❛✱ ♦ ❡rr♦ ❞❡ ♣♦s✐çã♦ ♣❛r❛ ♦ ▼●✲❘❆❙❚ ❝♦♠ ♦ ♠❡❧❤♦r ❤✐t ✜❝♦✉ ❡♠ 10822.62

❡ ♦ ❡rr♦ ❞❡ ❛❜✉♥❞â♥❝✐❛ ❡♠ 23.04✳ ❆♠❜♦s sã♦ ♥ú♠❡r♦s ❜❡♠ ♠❛✐♦r❡s q✉❡ ♦s ❝❛❧❝✉❧❛❞♦s
♣❛r❛ ❙✇✐ss✲Pr♦t ❡ ◆❈❇■✲◆❘✱ ♦ q✉❡ ❧❡✈❛ à ❝♦♥❝❧✉sã♦ ❞❡ q✉❡ ♦ ▼●✲❘❆❙❚✱ q✉❡ ✉t✐❧✐③❛ ♦
♠ét♦❞♦ ❞❡ ♠❡❧❤♦r ❤✐t✱ ♦✉ ✉s❛ ♠❛✐s ❞♦ q✉❡ ❛♣❡♥❛s ♦ ♣r✐♠❡✐r♦ ❤✐t✱ ♦✉ ❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡
❞❡ ❜❛♥❝♦s ❞❡ ❞❛❞♦s ✉s❛❞❛s ♣❡❧❛ ❢❡rr❛♠❡♥t❛ ❝❛✉s❛ ❡ss❡ ❞❡s✈✐♦✳

✻✳✽ ❆♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛

❆s s❡q✉ê♥❝✐❛s ❞♦ ❩♦♦❧ó❣✐❝♦ ❢♦r❛♠ ❝♦♠♣❛r❛❞❛s ❝♦♠ ✈ár✐♦s ❜❛♥❝♦s ❞❡ ❞❛❞♦s ❞✐❢❡r❡♥t❡s✱ ❡ ❛s
❞✐✜❝✉❧❞❛❞❡s ❞❡ s❡ tr❛t❛r ❞❛❞♦s ♠❡t❛❣❡♥ô♠✐❝♦s s❡ t♦r♥❛ ❛♣❛r❡♥t❡✳ ◆ã♦ ❡①✐st❡ ✉♠ ♠ét♦❞♦
100% ❝♦♥✜á✈❡❧✱ ♠❛s ❛s ❝♦♠♣❛r❛çõ❡s ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♣♦❞❡ s❡r✈✐r ♣❛r❛ ✐♥❞✐❝❛r ✉♠❛
❝♦♠♣♦s✐çã♦ ♠❛✐s ♣r♦✈á✈❡❧ ❞❛s ♣♦♣✉❧❛çõ❡s✳

❖s ♠ét♦❞♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❝♦♠♣❛r❛r ❛s s❡q✉ê♥❝✐❛s ❝♦♠ ♦s ❜❛♥❝♦s ◆❈❇■✲◆❘ ❡ ❙✇✐ss✲
Pr♦t sã♦ ♦s ♠❡s♠♦s✱ ♠❛s ♦ ♠ét♦❞♦ ✉t✐❧✐③❛❞♦ ❝♦♠ ♦ ❘❉P é s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❞✐❢❡r❡♥t❡✳
❆s s❡q✉ê♥❝✐❛s sã♦ ❛❣r✉♣❛❞❛s ❡♠ ❝❧✉st❡rs q✉❡ ✐❞❡♥t✐✜❝❛♠ ✉♠❛ ❖❚❯ ❣❡♥ér✐❝❛✱ ♥ã♦ ♥❡❝❡ss❛✲
r✐❛♠❡♥t❡ ✉♠❛ ❡s♣é❝✐❡✳ ❆s ❝♦♠♣❛r❛çõ❡s sã♦ ❢❡✐t❛s ❝♦♠ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ 95% ❞❡
✐❞❡♥t✐❞❛❞❡✱ q✉❡ ❢♦✐ ❛ ♠❛✐♦r ♣♦r❝❡♥t❛❣❡♠ ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ✉t✐❧✐③❛❞❛ ❡♠ t♦❞♦s ♦s ♠ét♦❞♦s✳

❈♦♥s✐❞❡r❛♥❞♦ ♦s ❞❡③ ❣ê♥❡r♦s ♠❛✐s ❛❜✉♥❞❛♥t❡s ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ▼●✲❘❆❙❚ ♣❛r❛ ❩❈✶✱
♦❜s❡r✈❛♠♦s q✉❡ s❡✐s ❞❡❧❡s ❛♣❛r❡❝❡♠ ❡♥tr❡ ♦s ❞❡③ ♣r✐♠❡✐r♦s ✐❞❡♥t✐✜❝❛❞♦s s♦♠❡♥t❡ ♣❡❧♦



✻✳✽✳ ❆♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛ ✻✻

◆❈❇■✲◆❘✳ ❆❧é♠ ❞✐ss♦✱ ♦ ❣ê♥❡r♦ ♠❛✐s ❛❜✉♥❞❛♥t❡✱ ❆❝✐♥❡t♦❜❛❝t❡r✱ é ♦ ♠❡s♠♦✳ ❊ss❡s ♠❡s♠♦s
s❡✐s ❣ê♥❡r♦s ❛♣❛r❡❝❡♠ ❡♥tr❡ ♦s ❞❡③ ♠❛✐s ❛❜✉♥❞❛♥t❡s ♥❛ ❛♥á❧✐s❡ ❢❡✐t❛ ❝♦♠ ♦ ❙✇✐ss✲♣r♦t✱
❝♦♠ ♣♦✉❝❛s ❛❧t❡r❛çõ❡s ♥❛ ♦r❞❡♠✱ ♠❛s ❆❝✐♥❡t♦❜❛❝t❡r ❝♦♥t✐♥✉❛ s❡♥❞♦ ♦ ♠❛✐s ❛❜✉♥❞❛♥t❡✳
❏á ❝♦♠ ♦ ❘❉P✱ ❛♣❡♥❛s três ❞❡ss❡s ❡stã♦ ❡♥tr❡ ♦s ❞❡③ ♠❛✐s ❛❜✉♥❞❛♥t❡s✱ ❡ ❆❝✐♥❡t♦❜❛❝t❡r

❛♣❛r❡❝❡ ❝♦♠♦ ♦ s❡❣✉♥❞♦ ❣ê♥❡r♦ ♠❛✐s ❛❜✉♥❞❛♥t❡✳
❈♦♥s✐❞❡r❛♥❞♦ ❩❈✷✱ t♦❞❛s ❛s ❛♥á❧✐s❡s ✐❞❡♥t✐✜❝❛r❛♠ ♦ ❣ê♥❡r♦ ▲❛❝t♦❜❛❝✐❧❧✉s ❝♦♠♦ ♦ ♠❛✐s

❛❜✉♥❞❛♥t❡✱ ❝♦♠ s✐❣♥✐✜❝❛t✐✈❛ ❞✐❢❡r❡♥ç❛ ♣❛r❛ ♦ s❡❣✉♥❞♦ ❝♦❧♦❝❛❞♦✳ ❉♦s ❞❡③ ♠❛✐s ❛❜✉♥❞❛♥t❡s
✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ▼●✲❘❆❙❚✱ s❡✐s ❞❡❧❡s ❡stã♦ t❛♠❜é♠ ❡♥tr❡ ♦s ❞❡③ ♠❛✐s ❛❜✉♥❞❛♥t❡s ♥❛s
❛♥á❧✐s❡s ❢❡✐t❛s ❝♦♠ ♦ ◆❈❇■✲◆❘✱ ❡ ❝✐♥❝♦ ❞❡❧❡s ♥❛s r❡❛❧✐③❛❞❛s ❝♦♠ ♦ ❙✇✐ss✲♣r♦t✳ ❖s ♠❡s♠♦s
❝✐♥❝♦ ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ❙✇✐ss✲♣r♦t ❡stã♦ t❛♠❜é♠ ❡♥tr❡ ♦s ❞❡③ ♠❛✐s ❛❜✉♥❞❛♥t❡s ❞♦ ❘❉P✳

❉❡ ❢♦r♠❛ ♠❛✐s ❣❡r❛❧✱ ❝♦♠♣❛r❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❖❚❯s ✐❞❡♥t✐✜❝❛❞♦s✱ ♥♦ ❝❛s♦ ❞♦ ▼●✲
❘❆❙❚✱ ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s ✷✶✵✸ ❣ê♥❡r♦s ❡♠ ❩❈✶ ❡ ✶✾✷✽ ❣ê♥❡r♦s ❡♠ ❩❈✷✳ ❈♦♥s✐❞❡r❛♥❞♦
✉♠❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ✐❞❡♥t✐❞❛❞❡ ❞❡ 95%✱ ♦ ❘❉P s❡ ❛♣r♦①✐♠❛ ❞❡ss❡s ♥ú♠❡r♦s✱ ❝♦♠ ✷✶✷✾
❖❚❯s ✐❞❡♥t✐✜❝❛❞♦s ❡♠ ❩❈✶ ❡ ✶✽✺✻ ❖❚❯s ❡♠ ❩❈✷✳ ◆♦ ❝❛s♦ ❞♦ ❙✇✐ss✲♣r♦t✱ ♣♦✉❝♦s ❤✐ts
❛❧❝❛♥ç❛r❛♠ 95% ❞❡ ✐❞❡♥t✐❞❛❞❡✱ ❛♣❡♥❛s ✹✵✾ ❡♠ ❩❈✶ ❡ ✸✺✼ ❡♠ ❩❈✷✳ ❏á ❝♦♠ ♦ ◆❈❇■✲
◆❘✱ ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s ✸✼✾ ❖❚❯s ❝♦♠ 95% ❞❡ ✐❞❡♥t✐❞❛❞❡ ♣❛r❛ ❩❈✶ ❡ ✸✶✹ ♣❛r❛ ❩❈✷✳ ➱
✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡ ❛s s❡q✉ê♥❝✐❛s ❞♦ ❩♦♦❧ó❣✐❝♦ só ❢♦r❛♠ ❝♦♠♣❛r❛❞❛s ❝♦♠ ✶✵✪ ❞♦
◆❈❇■✲◆❘✱ r❡s✉❧t❛❞♦s ♠❛✐s ✐♥t❡r❡ss❛♥t❡s ♣♦❞❡♠ ✈✐r ❞❡ ✉♠❛ ❝♦♠♣❛r❛çã♦ ♠❛✐s ❝♦♠♣❧❡t❛✳

➱ ✐♥t❡r❡ss❛♥t❡ ♥♦t❛r q✉❡ ♥♦s ❞♦✐s ❝❛s♦s ❡♠ q✉❡ ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s ♠❛✐s ❣ê♥❡r♦s✱
❛s ❝✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ♥ã♦ ❛t✐♥❣❡♠ ✉♠ ♣❧❛tô✱ s✉❣❡r✐♥❞♦ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ s❡q✉ê♥❝✐❛s
❛♠♦str❛❞❛s ♥ã♦ ❢♦✐ s✉✜❝✐❡♥t❡ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ✉♠❛ q✉❛♥t✐❞❛❞❡ s✐❣♥✐✜❝❛t✐✈❛ ❞❡ ❡s♣é❝✐❡s
q✉❡ r❡♣r❡s❡♥t❛♠ ♦ ❛♠❜✐❡♥t❡✳ ❖ ♠❡s♠♦ ♥ã♦ ❛❝♦♥t❡❝❡ ♥♦s ❝❛s♦s ❞♦ ❙✇✐ss✲♣r♦t ❡ ❞♦ ◆❈❇■✲
◆❘✱ ❛s ❝✉r✈❛s ❞❡ r❛r❡❢❛çã♦ ❞♦s ❞♦✐s ❝❛s♦s ❛t✐♥❣❡♠ ✉♠ ❝❧❛r♦ ♣❧❛t❡❛✉✳

▼❡s♠♦ ❝♦♠ ❛ ❞✐❢❡r❡♥ç❛ ♥✉♠ér✐❝❛✱ t♦❞♦s ♦s r❡s✉❧t❛❞♦s ❛♣♦♥t❛♠ ✉♠❛ ♠❛✐♦r ❞✐✈❡rs✐❞❛❞❡
❞❛ ❛♠♦str❛ ❩❈✶ ❡♠ r❡❧❛çã♦ à ❩❈✷✱ ♦ q✉❡ ♣♦❞❡ s❡r ❞❡✈✐❞♦ à ♣r❡s❡♥ç❛ ❞❡ ✉♠ ♦r❣❛♥✐s♠♦
❞♦♠✐♥❛♥t❡ ♥❛ ❛♠♦str❛ ❩❈✷✳

❉❡ t♦❞♦s ♦s ♠ét♦❞♦s ✉t✐❧✐③❛❞♦s✱ ♦s r❡s✉❧t❛❞♦s ❞♦ ◆❇❈ sã♦ ♦s q✉❡ ♠❛✐s ❞✐✈❡r❣❡♠
❞♦ q✉❡ ❢♦✐ ♦❜s❡r✈❛❞♦ ♥♦s ♦✉tr♦s✱ ♠❡s♠♦ ❝♦♠ ♦s ❞❛❞♦s s✐♠✉❧❛❞♦s✱ ♦s r❡s✉❧t❛❞♦s ❢♦r❛♠
❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ❞✐❢❡r❡♥t❡s ❞♦ ❡s♣❡r❛❞♦✳ ❖s r❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s ❝♦♠ ♦s ❜❛♥❝♦s ❞❡
❞❛❞♦s ❙✇✐ss✲Pr♦t ❡ ◆❈❇■✲◆❘ ♥♦ ❡♥t❛♥t♦✱ s✉❣❡r❡♠ q✉❡ ❛s ❛♥á❧✐s❡s ❝♦♠ ❡ss❡s ❞♦✐s ❜❛♥❝♦s
sã♦ ❝♦♥✜á✈❡✐s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♦s r❡s✉❧t❛❞♦s ❝♦♠ ❡st❡ ú❧t✐♠♦✳

❖ ▼●✲❘❆❙❚ t❛♠❜é♠ ✐❞❡♥t✐✜❝♦✉ ❜❡♠ ♦s ❣ê♥❡r♦s ✉t✐❧✐③❛❞♦s ♥❛ s✐♠✉❧❛çã♦✱ ♠❛s ❡♠
❝♦♥tr❛♣❛rt✐❞❛✱ ✐❞❡♥t✐✜❝♦✉ ✉♠❛ q✉❛♥t✐❞❛❞❡ ❡♥♦r♠❡ ❞❡ ❣ê♥❡r♦s q✉❡ ♥ã♦ ❡①✐st✐❛♠ ♥♦ ❝♦♥✲
❥✉♥t♦ ♦r✐❣✐♥❛❧✳ ❊♥q✉❛♥t♦ ♦ ◆❈❇■✲◆❘✱ ✐❞❡♥t✐✜❝♦✉ ❤✐ts ♣❛r❛ ✾✻ ❣ê♥❡r♦s ❛ ♣❛rt✐r ❞❡ ✉♠
❝♦♥❥✉♥t♦ ❝♦♠ ✺✵✱ ♦ ▼●✲❘❆❙❚ ✐❞❡♥t✐✜❝♦✉ ❤✐ts ♣❛r❛ ✽✹✸ ❣ê♥❡r♦s ♣❛r❛ ♦ ♠❡s♠♦ ❝♦♥❥✉♥t♦✳
■ss♦ ❧❡✈❛ à ❝♦♥❝❧✉sã♦ ❞❡ q✉❡ ❛ ❛♥á❧✐s❡ ❞♦ ▼●✲❘❆❙❚ ♣♦r ♠❡❧❤♦r ❤✐t é ✐♥s❛t✐s❢❛tór✐❛✱ t❛♥t♦
♥♦ ♥ú♠❡r♦ ❞❡ ❤✐ts ❞❡ ❝❛❞❛ ❣ê♥❡r♦ ❝♦♠♦ ♥❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❣ê♥❡r♦s ✐❞❡♥t✐✜❝❛❞♦s✳

❆ ❚❛❜❡❧❛ ✻✳✽ ♠♦str❛ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦ ♥ú♠❡r♦ ❞❡ r❡❛❞s ❝❧❛ss✐✜❝❛❞♦s ♣♦r ❝❛❞❛



✻✳✽✳ ❆♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛ ✻✼

♠ét♦❞♦✳ P♦❞❡♠♦s ♦❜s❡r✈❛r ❛ ❡♥♦r♠❡ q✉❛♥t✐❞❛❞❡ ❞❡ r❡❛❞s ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧♦ ◆❇❈✳ ❚❛♠✲
❜é♠ ♣♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ ❡♠ t♦❞❛s ❛s s✐t✉❛çõ❡s✱ ♠❛✐s r❡❛❞s ❢♦r❛♠ ✐❞❡♥t✐✜❝❛❞♦s ❡♠
❩❈✷✳

❘❡❛❞s ❚♦t❛✐s ▼●✲❘❆❙❚ ❘❉P ❙✇✐ss✲♣r♦t ◆❈❇■✲◆❘ ◆❇❈

❩❈✶ ✸✳✶✻✼✳✵✹✹ ✷✳✻✻✽✳✾✻✹ ✶✳✺✻✾ ✸✷✳✶✸✷ ✼✳✼✶✽ ✺✾✵✳✻✶✷✳✹✵✺

❩❈✷ ✷✳✾✻✻✳✷✹✹ ✷✳✼✽✻✳✸✾✷ ✸✳✺✹✵ ✺✵✳✺✸✹ ✷✵✳✸✽✵ ✻✹✵✳✺✵✵✳✵✸✻

❚❛❜❡❧❛ ✻✳✽✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦ ♥ú♠❡r♦ ❞❡ r❡❛❞s t♦t❛✐s ❡ ✐❞❡♥t✐✜❝❛❞♦s ❝♦♠ ♦s ❜❛♥❝♦s ❞❡
❞❛❞♦s ❘❉P✱ ❙✇✐ssPr♦t✱ ◆❈❇■✲◆❘ ❡ ▼●✲❘❆❙❚ ❡ ♣❡❧♦ ◆❇❈✳



❈❛♣ít✉❧♦ ✼

❈♦♥❝❧✉sõ❡s ❡ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s

▼♦t✐✈❛❞♦s ♣❡❧♦ ❝r❡s❝✐♠❡♥t♦ ❞❛ ♠❡t❛❣❡♥ô♠✐❝❛✱ ❜✉s❝❛♠♦s tr❛❜❛❧❤❛r ♠❛✐s ❛ ❢✉♥❞♦ ♥❡ss❡
✐♠♣♦rt❛♥t❡ ♣❛ss♦ q✉❡ é ❛ ❛♥á❧✐s❡ ❞❡ ❞✐✈❡rs✐❞❛❞❡✳ ❖ ▼●✲❘❆❙❚ é ✉♠ ❜♦❛ ❢❡rr❛♠❡♥t❛ ♣❛r❛
✉♠ ❡st✉❞♦ ✐♥✐❝✐❛❧✱ ♠❛s ❛❝❛❜❛ ♣♦r ❣❡r❛r ♠✉✐t♦ r✉í❞♦ ♥♦s r❡s✉❧t❛❞♦s✱ t❛❧✈❡③ ♣❡❧❛ ❣r❛♥❞❡
q✉❛♥t✐❞❛❞❡ ❞❡ ❜❛♥❝♦s ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞♦s✳ ❖ ♥♦ss♦ tr❛❜❛❧❤♦ ❢♦✐ r❡✜♥❛r ❡ss❡s r❡s✉❧t❛❞♦s✱
✉s❛♥❞♦ ❞✐❢❡r❡♥t❡s ♠ét♦❞♦s ❡ ❜❛♥❝♦s ❞❡ ❞❛❞♦s✳

❖s ♣r♦❣r❛♠❛s ♣❛r❛ ❛♥á❧✐s❡ ❞❡ ❞✐✈❡rs✐❞❛❞❡ ❡st✉❞❛❞♦s ❢♦r♥❡❝❡♠ ❞✐✈❡rs❛s ❢♦r♠❛s ♣❛r❛
❛❜♦r❞❛r♠♦s ♦ ♣r♦❜❧❡♠❛✳ ■♥❢❡❧✐③♠❡♥t❡✱ ♦ ú♥✐❝♦ ♣r♦❣r❛♠❛ q✉❡ ♣ô❞❡ s❡r t❡st❛❞♦ ♥ã♦ ❛♣r❡✲
s❡♥t♦✉ r❡s✉❧t❛❞♦s s❛t✐s❢❛tór✐♦s ❝♦♠ ♦s ❞❛❞♦s ❞♦ ❩♦♦❧ó❣✐❝♦✱ ❡ ♦s r❡s✉❧t❛❞♦s ❝♦♠ ♦s ❞❛❞♦s
s✐♠✉❧❛❞♦s r❡❢♦rç❛r❛♠ ❛ ❢❛❧t❛ ❞❡ ❝♦♥✜❛♥ç❛ ❞♦ ◆❛✐✈❡ ❇❛②❡s ❈❧❛ss✐✜❡r ❝♦♠ ♦s ♥♦ss♦s ❞❛❞♦s✳

❖ ❘❉P ♣r♦♣♦r❝✐♦♥♦✉ ✉♠ ❡st✉❞♦ ♠❛✐s ❢♦❝❛❞♦ ♥♦ r❘◆❆ ✶✻❙✱ ❛❧é♠ ❞❡ t❡r ✉♠ ♣r♦❝❡ss❛✲
♠❡♥t♦ ♣ré✈✐♦ ❝♦♠ ♦ ■♥❢❡r♥❛❧✱ q✉❡ ❛♥❛❧✐s♦✉ ❛ ❡str✉t✉r❛ s❡❝✉♥❞ár✐❛ ❞♦ ❘◆❆✳ ❖s r❡s✉❧t❛❞♦s
❝♦♠ ♦ ❘❉P ❢♦r❛♠ ♣r♦❝❡ss❛❞♦s ♣❡❧♦ ♠♦t❤✉r✱ q✉❡ ❢♦r♠♦✉ ❝❧✉st❡rs ❞❡ ❖❚❯s✳ ❆♣❡s❛r ❞❡ss❡s
❝❧✉st❡rs ♥ã♦ r❡♣r❡s❡♥t❛r❡♠ ✉♠ ú♥✐❝♦ ❣r✉♣♦ t❛①♦♥ô♠✐❝♦✱ ❡❧❡s sã♦ ❛❣r✉♣❛❞♦s ♣♦r ♣♦r❝❡♥✲
t❛❣❡♠ ❞❡ s✐♠✐❧❛r✐❞❛❞❡✱ ❡ é ❡ss❛ ♣♦r❝❡♥t❛❣❡♠ q✉❡ é ♦ ♣❛râ♠❡tr♦ ♣❛r❛ ❝❧❛ss✐✜❝❛r ✉♠❛
s❡q✉ê♥❝✐❛ ❡♠ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❡s♣é❝✐❡✱ ❣ê♥❡r♦✱ ❢❛♠í❧✐❛ ♦✉ ♦✉tr♦ ❣r✉♣♦✳

❆s ❛♥á❧✐s❡s ❝♦♠ ♦ ❯♥✐♣r♦t ❙✇✐ss✲Pr♦t ❡ ◆❈❇■✲◆❘ ❢♦r❛♠ ❛s ♠❛✐s ♣ró①✐♠❛s ❡♥tr❡ s✐✱
❡ ♦s r❡s✉❧t❛❞♦s ❝♦♠ ♦s ❞❛❞♦s s✐♠✉❧❛❞♦s ❢♦r❛♠ ❜❛st❛♥t❡s s❛t✐s❢❛tór✐♦s ♣❛r❛ ❛✉♠❡♥t❛r ❛
❝♦♥✜❛♥ç❛ ❞♦s r❡s✉❧t❛❞♦s ❝♦♠ ♦s ❞❛❞♦s r❡❛✐s✳ ❆ s✐♠✉❧❛çã♦ ❢♦✐ ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ♠♦str❛r
q✉❡ é ♣♦ssí✈❡❧ ♦❜t❡r r❡s✉❧t❛❞♦s ❝♦♥✜á✈❡✐s ✉t✐❧✐③❛♥❞♦ ✉♠ ♠ét♦❞♦ s✐♠♣❧❡s ❞❡ ❝♦♠♣❛r❛çã♦
❝♦♠ ♦ ♠❡❧❤♦r ❤✐t✱ ❡ ❡♠❜♦r❛ ❡ss❡ s❡❥❛ ✉♠ ♠ét♦❞♦ ❛♠♣❧❛♠❡♥t❡ ❞✐❢✉♥❞✐❞♦ ♥❛ ❧✐t❡r❛t✉r❛✱ ♥ã♦
♣❛ss♦✉ ♣♦r ❡ss❡ t❡st❡ ❞❡ ❢♦r♠❛ ❛ ✈❛❧✐❞❛r s✉❛ ❡✜❝á❝✐❛✳

❯♠❛ ❝♦♠♣❛r❛çã♦ ♠❛✐s ❝♦♠♣❧❡t❛ ❞❛s s❡q✉ê♥❝✐❛s ❞♦ ❩♦♦❧ó❣✐❝♦ ❝♦♠ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s
◆❈❇■✲◆❘ ♣♦❞❡ r❡✈❡❧❛r r❡s✉❧t❛❞♦s ♠❛✐s ♣r❡❝✐s♦s✳ ❊ss❡ ❢♦✐ ♦ ❜❛♥❝♦ q✉❡ ♠❛✐s s❡ ❛♣r♦①✐♠♦✉
❞❛ ❝♦♠♣♦s✐çã♦ r❡❛❧ ❞♦s ❞❛❞♦s s✐♠✉❧❛❞♦s ❡ q✉❡✱ ♣♦r ❝♦♥s❡q✉ê♥❝✐❛✱ é ♦ ♠❡❧❤♦r ✐♥❞✐❝❛❞♦r ❞❛
❝♦♠♣♦s✐çã♦ ❞❛ ♣♦♣✉❧❛çã♦ ♥♦s ❞❛❞♦s r❡❛✐s✳

❖ ❝♦♥t❡①t♦ q✉❡ ♥♦ss♦ tr❛❜❛❧❤♦ s❡ ✐♥s❡r❡ s❡ ♣r❡♦❝✉♣❛ ❡♠ ♦❜t❡r ✉♠❛ ❛♥á❧✐s❡ ❞❡ ❞✐✈❡rs✐✲

✻✽



✻✾

❞❛❞❡ ❝♦♥✜á✈❡❧✱ ♣♦✐s ❡ss❡ ❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ ❝♦♠♣♦s✐çã♦ ❞❛ ♣♦♣✉❧❛çã♦ é ♠✉✐t♦ ✐♠♣♦rt❛♥t❡
♣❛r❛ ❛♥á❧✐s❡s ❢✉t✉r❛s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ ♣♦♣✉❧❛çã♦ ❡ ✐♥t❡r❛çã♦ ❝♦♠ ♦ ❛♠❜✐❡♥t❡✱ ❜❡♠
❝♦♠♦ ♣❛r❛ ✉♠ ♠❛✐♦r ❡♥t❡♥❞✐♠❡♥t♦ ❞❛ ❞✐♥â♠✐❝❛ ♠✐❝r♦❜✐♦❧ó❣✐❝❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♠♣♦s✲
t❛❣❡♠✳ ❆s ❛♠♦str❛s ❝♦❧❡t❛❞❛s ❡ ✉t✐❧✐③❛❞❛s ❛♦ ❧♦♥❣♦ ❞❡ss❡ tr❛❜❛❧❤♦ ♥ã♦ ♣♦ss✉❡♠ r❡❧❛çõ❡s
❞✐r❡t❛s ❡♥tr❡ s✐✱ ❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s ♣♦❞❡♠ ❛♥❛❧✐s❛r ❛♠♦str❛s ❝♦❧❡t❛❞❛s ❛♦ ❧♦♥❣♦ ❞❡ ✉♠
♠❡s♠♦ ♣r♦❝❡ss♦✱ ❛ ✜♠ ❞❡ ♠♦♥t❛r ✉♠❛ sér✐❡ t❡♠♣♦r❛❧ ❞❛ ❝♦♠♣♦st❛❣❡♠ ❡ t✐r❛r ♠❛✐s ❝♦♥✲
❝❧✉sõ❡s ❛ r❡s♣❡✐t♦ ❞♦ ♣r♦❝❡ss♦✳ P♦r ❡①❡♠♣❧♦✱ ❛ ❞♦♠✐♥â♥❝✐❛ ❞❡ ▲❛❝t♦❜❛❝✐❧❧✉s ♥❛ ❛♠♦str❛
❩❈✷ ♣♦❞❡ ❢❛③❡r ♣❛rt❡ ❞❛ ❞✐♥â♠✐❝❛ ♠✐❝r♦❜✐♦❧ó❣✐❝❛ ❞❛ ❝♦♠♣♦st❛❣❡♠✱ ♠❛s ❛♣❡♥❛s ❝♦♠ ♦s
❞❛❞♦s q✉❡ t✐✈❡♠♦s ❞✐s♣♦♥í✈❡✐s ♥ã♦ é ♣♦ssí✈❡❧ ❢❛③❡r ❡ss❛ ❝♦♥❝❧✉sã♦✳

❆ ♠❡t❛❣❡♥ô♠✐❝❛ é ✉♠❛ ár❡❛ q✉❡ ❡stá ❝r❡s❝❡♥❞♦ ❛❝❡❧❡r❛❞❛♠❡♥t❡ ❡ ♣♦✉❝♦s ❡st✉❞♦s s♦❜r❡
✐ss♦ sã♦ ❢❡✐t♦s ♥♦ ❇r❛s✐❧✳ ❆♣❡s❛r ❞❛s ❞✐✜❝✉❧❞❛❞❡s ✐♥❡r❡♥t❡s ❛♦ ♣r♦❜❧❡♠❛✱ é ♣♦ssí✈❡❧ ♦❜t❡r
r❡s✉❧t❛❞♦s ✐♥t❡r❡ss❛♥t❡s✱ ❜✉s❝❛♥❞♦ s❡♠♣r❡ ✉♠ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦ ❞♦ ♠✉♥❞♦ ❡♠ q✉❡
✈✐✈❡♠♦s✳



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❬✶❪ ❙✳ ❋✳ ❆❧ts❝❤✉❧✱ ❚✳ ▲✳ ▼❛❞❞❡♥✱ ❆✳ ❆✳ ❙❝❤ä✛❡r✱ ❏✳ ❩❤❛♥❣✱ ❩✳ ❩❤❛♥❣✱ ❲✳ ▼✐❧❧❡r✱ ❛♥❞
❉✳ ❏✳ ▲✐♣♠❛♥✳ ●❛♣♣❡❞ ❇▲❆❙❚ ❛♥❞ P❙■✲❇▲❆❙❚✿ ❛ ♥❡✇ ❣❡♥❡r❛t✐♦♥ ♦❢ ♣r♦t❡✐♥ ❞❛t❛❜❛s❡
s❡❛r❝❤ ♣r♦❣r❛♠s✳ ◆✉❝❧❡✐❝ ❆❝✐❞s ❘❡s❡❛r❝❤✱ ✷✺✭✶✼✮✿✸✸✽✾✕✸✹✵✷✱ ❙❡♣t❡♠❜❡r ✶✾✾✼✳

❬✷❪ ❘✳ ❉✳ ❇❡♥t❧❡②✳ ❲❤♦❧❡✲❣❡♥♦♠❡ r❡✲s❡q✉❡♥❝✐♥❣✳ ❈✉rr❡♥t ❖♣✐♥✐♦♥ ✐♥ ●❡♥❡t✐❝s ✫ ❉❡✈❡✲

❧♦♣♠❡♥t✱ ✶✻✭✻✮✿✺✹✺✕✺✺✷✱ ✷✵✵✻✳

❬✸❪ ❇✳ ❇♦❤❛♥♥❛♥ ❛♥❞ ❏✳ ❍✉❣❤❡s✳ ◆❡✇ ❛♣♣r♦❛❝❤❡s t♦ ❛♥❛❧②③✐♥❣ ♠✐❝r♦❜✐❛❧ ❜✐♦❞✐✈❡rs✐t②
❞❛t❛✳ ❈✉rr❡♥t ❖♣✐♥✐♦♥ ✐♥ ▼✐❝r♦❜✐♦❧♦❣②✱ ✻✭✸✮✿✷✽✷✕✷✽✼✱ ❏✉♥❡ ✷✵✵✸✳

❬✹❪ ❆✳ ❇r❛❞② ❛♥❞ ❙✳ ❙❛❧③❜❡r❣✳ P❤②♠♠ ❛♥❞ P❤②♠♠❇▲✿ ♠❡t❛❣❡♥♦♠✐❝ ♣❤②❧♦❣❡♥❡t✐❝ ❝❧❛s✲
s✐✜❝❛t✐♦♥ ✇✐t❤ ✐♥t❡r♣♦❧❛t❡❞ ▼❛r❦♦✈ ♠♦❞❡❧s✳ ◆❛t✉r❡ ▼❡t❤♦❞s✱ ✻✭✾✮✿✻✼✸✕✻✼✻✱ ✷✵✵✾✳

❬✺❪ ❏✳ ❇r✉❧❝✱ ❉✳ ❆♥t♦♥♦♣♦✉❧♦s✱ ▼✳ ❇❡r❣ ▼✐❧❧❡r✱ ▼✳ ❲✐❧s♦♥✱ ❆✳ ❨❛♥♥❛r❡❧❧✱ ❊✳ ❉✐♥s❞❛❧❡✱
❘✳ ❊❞✇❛r❞s✱ ❊✳ ❋r❛♥❦✱ ❏✳ ❊♠❡rs♦♥✱ P✳ ❲❛❝❦❧✐♥✱ P✳ ❈♦✉t✐♥❤♦✱ ❇✳ ❍❡♥r✐ss❛t✱ ❑✳ ◆❡❧✲
s♦♥✱ ❛♥❞ ❇✳ ❲❤✐t❡✳ ●❡♥❡✲❝❡♥tr✐❝ ♠❡t❛❣❡♥♦♠✐❝s ♦❢ t❤❡ ✜❜❡r✲❛❞❤❡r❡♥t ❜♦✈✐♥❡ r✉♠❡♥
♠✐❝r♦❜✐♦♠❡ r❡✈❡❛❧s ❢♦r❛❣❡ s♣❡❝✐✜❝ ❣❧②❝♦s✐❞❡ ❤②❞r♦❧❛s❡s✳ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ◆❛t✐♦♥❛❧

❆❝❛❞❡♠② ♦❢ ❙❝✐❡♥❝❡s ✭P◆❆❙✮✱ ✶✵✻✭✻✮✿✶✾✹✽✕✶✾✺✸✱ ✷✵✵✾✳

❬✻❪ ❆✳ ❈❤❛♦✳ ◆♦♥♣❛r❛♠❡tr✐❝ ❊st✐♠❛t✐♦♥ ♦❢ t❤❡ ◆✉♠❜❡r ♦❢ ❈❧❛ss❡s ✐♥ ❛ P♦♣✉❧❛t✐♦♥✳
❙❝❛♥❞✐♥❛✈✐❛♥ ❏♦✉r♥❛❧ ♦❢ ❙t❛t✐st✐❝s✱ ✶✶✿✷✻✺✕✷✼✵✱ ✶✾✽✹✳

❬✼❪ ❆✳ ❈❤❛♦✳ ❊st✐♠❛t✐♥❣ t❤❡ P♦♣✉❧❛t✐♦♥ ❙✐③❡ ❢♦r ❈❛♣t✉r❡✲❘❡❝❛♣t✉r❡ ❉❛t❛ ✇✐t❤ ❯♥❡q✉❛❧
❈❛t❝❤❛❜✐❧✐t②✳ ❇✐♦♠❡tr✐❝s✱ ✹✸✿✼✽✸✕✼✾✶✱ ✶✾✽✼✳
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