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♦ t❡♠♣♦ ❞❡❝♦rr✐❞♦ ❡♥tr❡ ♦ ❝❤✉t❡ ✐♥✐❝✐❛❧ ❡ ❛ ❞❡✜♥✐çã♦ ❞❛ s♦❧✉çã♦ ✜♥❛❧✳ ✳ ✼✺

✹✳✶✽ ❙✉♣❡r❢í❝✐❡s ❞❡ ♣♦ssí✈❡✐s s♦❧✉çõ❡s ❞♦ í♥❞✐❝❡ PP ❝♦♠ ❞❡st❛q✉❡ ❡♠ ✈❡r♠❡❧❤♦

♣❛r❛ ❛s s♦❧✉çõ❡s ✐♥t❡r♠❡❞✐ár✐❛s ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❜✉s❝❛❀ Telapsed é ♦ t❡♠♣♦

❞❡❝♦rr✐❞♦ ❡♥tr❡ ♦ ❝❤✉t❡ ✐♥✐❝✐❛❧ ❡ ❛ ❞❡✜♥✐çã♦ ❞❛ s♦❧✉çã♦ ✜♥❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✺

✹✳✶✾ ❙✉♣❡r❢í❝✐❡s ❞❡ ♣♦ssí✈❡✐s s♦❧✉çõ❡s ❞♦ í♥❞✐❝❡ ❉P ❝♦♠ ❞❡st❛q✉❡ ❡♠ ✈❡r♠❡❧❤♦

♣❛r❛ ❛s s♦❧✉çõ❡s ✐♥t❡r♠❡❞✐ár✐❛s ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❜✉s❝❛❀ Telapsed é ♦ t❡♠♣♦

❞❡❝♦rr✐❞♦ ❡♥tr❡ ♦ ❝❤✉t❡ ✐♥✐❝✐❛❧ ❡ ❛ ❞❡✜♥✐çã♦ ❞❛ s♦❧✉çã♦ ✜♥❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✻

✹✳✷✵ ❈✉r✈❛s ❞❡ ♣r❡ssã♦ ❛órt✐❝❛ ♣❛r❛ ❛s s♦❧✉çõ❡s ót✐♠❛s ❞❡ ❝♦♥tr♦❧❡ ♦❜t✐❞❛s✳ ❖

❝❡♥ár✐♦ ❞❡ s✐♠✉❧❛çã♦ é ♦ ♠❡s♠♦ ❡st❛❜❡❧❡❝✐❞♦ ♥♦s ❙❡çã♦ ✶✭✈❡r ❛tr✐❜✉t♦s

❞❛ ❢✉♥çã♦ ✬♠♦❞❡❧♦✬✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✼

①✐
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❆s ❞♦❡♥ç❛s ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✭❙❈❍✮ sã♦ ❛ ♣r✐♥❝✐♣❛❧ ❝❛✉s❛ ❞❡ ♠♦rt❡

♣♦r ❞♦❡♥ç❛ ♥♦ ♠✉♥❞♦✱ ❡①❝❡t♦ ♥❛ ➪❢r✐❝❛ ❬✶❪✱ ❥✉♥t♦s✱ ❢♦r❛♠ r❡s♣♦♥sá✈❡✐s ♣❡❧❛ ♠♦rt❡ ❞❡ ✶✼✱✸

♠✐❧❤õ❡s ❞❡ ♣❡ss♦❛s ❡♠ ✷✵✶✸ ✭31,5%✮✱ ✉♠ ❛✉♠❡♥t♦ ❡♠ r❡❧❛çã♦ às ✶✷✱✸ ♠✐❧❤õ❡s ❡♠ ✶✾✾✵

✭25,8%✮ ❬✷❪✳ ❆s ❞♦❡♥ç❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s sã♦ ♣r♦❣r❡ss✐✈❛♠❡♥t❡ ♠❛✐s ❝♦♠✉♥s ❝♦♠ ♦ ❛✈❛♥ç♦

❞❛ ✐❞❛❞❡ ❡ tê♠ ❛✉♠❡♥t❛❞♦ ❡♠ ❣r❛♥❞❡ ♣❛rt❡ ♥♦s ♣❛ís❡s ❡♠ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✱ ❡♥q✉❛♥t♦ ♥♦s

♣❛ís❡s ❞❡s❡♥✈♦❧✈✐❞♦s tê♠ ❞✐♠✐♥✉í❞♦ ❞❡s❞❡ ❛ ❞é❝❛❞❛ ❞❡ ✶✾✼✵ ❬✸❪❬✶❪✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❞❛❞♦s ♦❜t✐❞♦s ♥♦ ❞❡♣❛rt❛♠❡♥t♦ ❞❡ ✐♥❢♦r♠át✐❝❛ ❞♦ s✐st❡♠❛ ú♥✐❝♦ ❞❡ s❛ú❞❡

❞♦ ❇r❛s✐❧ ✭❉❆❚❆❙❯❙✮ ❬✹❪✱ ❞♦❡♥ç❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ sã♦ ❛s ♣r✐♥❝✐♣❛✐s

❝❛✉s❛s ❞❡ ♠♦rt❡ ♥♦ ❇r❛s✐❧✳ ❊♠ ✷✵✶✼✱ ❢♦r❛♠ ✸✺✺✳✾✷✽ ó❜✐t♦s ♣♦r ❞♦❡♥ç❛ ❞❡ ✉♠ t♦t❛❧ ❞❡

✶✳✸✵✾✳✺✶✶✱ r❡♣r❡s❡♥t❛♥❞♦ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 27% ❞❡ss❡ t♦t❛❧✳ ❉♦❡♥ç❛s ✐sq✉ê♠✐❝❛s ❡ ❛ ✐♥s✉✲

✜❝✐ê♥❝✐❛ ❝❛r❞í❛❝❛ ✭■❈✮ ❣❛♥❤❛♠ ❞❡st❛q✉❡ ♥❡st❡ ❝❡♥ár✐♦✱ s❡♥❞♦ ❡st❛ ú❧t✐♠❛ ❛ ♣r✐♥❝✐♣❛❧ ❝❛✉s❛

❞❡ ✐♥t❡r♥❛çã♦ ❝❛r❞✐♦✈❛s❝✉❧❛r ♥♦ ♣❛ís✳ ❆♣❡s❛r ❞❛ ❡✈♦❧✉çã♦ ♥♦ tr❛t❛♠❡♥t♦ ❞❡ss❛s ❞♦❡♥ç❛s✱

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

ó❜✐t♦ ♦✉ r❡✐♥t❡r♥❛çõ❡s ❡♠ t♦r♥♦ ❞❡ 50% ❡♠ ✉♠ ♣❡rí♦❞♦ ❞❡ s❡✐s ♠❡s❡s ❬✺❪✳

❙❛❧✐♠ ❡t ❛❧ ❬✻❪ r❡❛❧✐③❛r❛♠ ✉♠ ❡st✉❞♦ ❞❡s❝r✐t✐✈♦ ❞❛s t❛①❛s ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♣♦r ❞♦❡♥ç❛s

❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ❡ ♠❛❧❢♦r♠❛çõ❡s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ❡♠ ❝r✐❛♥ç❛s ❡ ❛❞♦❧❡s❝❡♥t❡s

♥♦ ❡st❛❞♦ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ❇r❛s✐❧✱ ♥♦ ♣❡rí♦❞♦ ❞❡ ✶✾✾✻ ❛ ✷✵✶✷✳ ◆❡st❡ ♣❡rí♦❞♦ ♦❝♦rr❡r❛♠

✶✶✺✳✼✷✽ ó❜✐t♦s ❞❡ ✐♥❞✐✈í❞✉♦s ♠❡♥♦r❡s ❞❡ ✶✽ ❛♥♦s✱ s❡♥❞♦ ✶✳✾✽✻ ❞❡ss❡s ó❜✐t♦s ♣♦r ❞♦❡♥ç❛s

❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦ ✭1,7% ❡♠ r❡❧❛çã♦ ❛♦ t♦t❛❧✮ ❡ ✺✳✷✽✼ ó❜✐t♦s ❝✉❥❛ ❝❛✉s❛ ❜ás✐❝❛ ❢♦✐

❝♦❞✐✜❝❛❞❛ ❝♦♠♦ ♠❛❧❢♦r♠❛çã♦ ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✳ ❊ss❡ ❡st✉❞♦ t❛♠❜é♠ ♠♦str♦✉ q✉❡
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❛ ♣r✐♥❝✐♣❛❧ ❝❛✉s❛ ❞❡ ♠♦rt❛❧✐❞❛❞❡ ♥♦s ❛❞✉❧t♦s sã♦ ❛s ❞♦❡♥ç❛s ❞♦ ❛♣❛r❡❧❤♦ ❝✐r❝✉❧❛tór✐♦✱ ♣r✐♥✲

❝✐♣❛❧♠❡♥t❡ ❛s ❞♦❡♥ç❛s ❝❡r❡❜r♦✈❛s❝✉❧❛r❡s ❡ ❛s ❞♦❡♥ç❛s ✐sq✉ê♠✐❝❛s ❞♦ ❝♦r❛çã♦✱ q✉❡ ❥✉♥t❛s

❝♦rr❡s♣♦♥❞❡r❛♠ ❛ ♠❛✐s ❞❡ 60% ❞♦s ó❜✐t♦s ♥♦ ❡st❛❞♦ ❞♦ ❘✐♦ ❞❡ ❏❛♥❡✐r♦ ❡♠ ✷✵✶✷ ❬✻❪✳

◆♦s ♣❛ís❡s ♠❡♠❜r♦s ❞❛ ❊✉r♦tr❛♥s♣❧❛♥t ♥♦ ✜♥❛❧ ❞❡ ✷✵✶✶✱ ✶✷✷✷ ♣❛❝✐❡♥t❡s ❡st❛✈❛♠ ♥❛ ❧✐st❛

❞❡ ❡s♣❡r❛ ♣❛r❛ ✉♠ tr❛♥s♣❧❛♥t❡ ❞❡ ❝♦r❛çã♦✳ ■ss♦ é ♠❛✐s ❞♦ q✉❡ ♦ ❞♦❜r♦ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡

♣❛❝✐❡♥t❡s q✉❡ r❡❝❡❜❡r❛♠ ✉♠ tr❛♥s♣❧❛♥t❡ ❝❛r❞í❛❝♦✱ r❡❣✐str❛❞♦s ✺✺✸ ♣❛❝✐❡♥t❡s ❬✼❪✳

❊♠ ✷✵✶✵✱ 27,5% ❞♦s ♣❛❝✐❡♥t❡s q✉❡ ❛❣✉❛r❞❛✈❛♠ ♦ ❝♦r❛çã♦ ❞❡ ✉♠ ❞♦❛❞♦r ❡st❛✈❛♠ ♥❛

❧✐st❛ ❞❡ ❡s♣❡r❛ ❤❛✈✐❛ ♠❛✐s ❞❡ ✷✹ ♠❡s❡s ❬✼❪✳ P❛r❛ ❝❛s♦s ❞❡ ✜❧❛ ❞❡ ❡s♣❡r❛ ❞❡ tr❛♥s♣❧❛♥t❡✱ ❡

♦✉tr❛s ❞❡♠❛✐s ❝♦♠♣❧✐❝❛çõ❡s✱ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s ♠❡❝â♥✐❝♦s ❞❡ ❛ss✐stê♥❝✐❛ ❝✐r❝✉❧❛tór✐❛

✭❉▼❆❈✮ ❡♠ tr❛t❛♠❡♥t♦s ✐♥t❡♥s✐✈♦s é r❡❝♦rr❡♥t❡ ♥❛ ♣rát✐❝❛ ♠é❞✐❝❛✳

❆ t❡r❛♣✐❛ ✐♥t❡♥s✐✜❝❛❞❛ ❝♦♠ ❉▼❆❈ ♣♦❞❡ ♥ã♦ ❛♣❡♥❛s s❛❧✈❛r ❛ ✈✐❞❛ ❞♦ ♣❛❝✐❡♥t❡✱ ♠❛s

t❛♠❜é♠ ♠❡❧❤♦r❛r s✉❛ q✉❛❧✐❞❛❞❡ ❞❡ ✈✐❞❛ ♦✉ ❛té s❡ t♦r♥❛r ❛ t❡r❛♣✐❛ ❞❡ ❞❡st✐♥♦✳ ❊ss❡s s✐st❡♠❛s

sã♦ t✐♣✐❝❛♠❡♥t❡ ✉s❛❞♦s ♣❛r❛ tr❛t❛r ♣❛❝✐❡♥t❡s q✉❡ s♦❢r❡♠ ❞❡ ✐♥s✉✜❝✐ê♥❝✐❛ ❝❛r❞í❛❝❛ ❣r❛✈❡ ❡

q✉❡ ♥ã♦ r❡s♣♦♥❞❡♠ ❛❞❡q✉❛❞❛♠❡♥t❡ à t❡r❛♣✐❛ ❢❛r♠❛❝♦❧ó❣✐❝❛ ♦✉ ❝✐rúr❣✐❝❛✳ ❉✐✈✐❞❡♠✲s❡ ❡♠

três t✐♣♦s✿ ❉✐s♣♦s✐t✐✈♦s ❞❡ ❆ss✐stê♥❝✐❛ ❱❡♥tr✐❝✉❧❛r ✭❉❆❱✮✱ ❈♦r❛çã♦ ❆rt✐✜❝✐❛❧ ❚♦t❛❧ ✭❈❆❚✮ ❡

❇❛❧ã♦ ■♥tr❛✲❆órt✐❝♦ ✭❇■❆✮✳ ❆ ❝❛t❡❣♦r✐③❛çã♦ ❞❡ss❡s s✐st❡♠❛s ❡♠ r❡❧❛çã♦ ❛♦ s❡✉ ♣r✐♥❝í♣✐♦ ❞❡

♦♣❡r❛çã♦ ❡ ❝♦♥tr♦❧❡ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✶✳✶✳

❋✐❣✉r❛ ✶✳✶✿ ❈❧❛ss✐✜❝❛çã♦ ❞♦s ❉▼❆❈ s❡❣✉♥❞♦ ♣r✐♥❝✐♣✐♦ ❞❡ ♦♣❡r❛çã♦ ❡ ❞❡sí❣♥✐♦s ❞❡ ❝♦♥tr♦❧❡
✭❆❞❛♣t❛❞♦ ❞❡ ❲❛❧t❡r ❡t ❛❧ ❬✼❪✮✳
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❖s ❉❆❱s sã♦ ❜♦♠❜❛s ♠❡❝â♥✐❝❛s t✐♣✐❝❛♠❡♥t❡ ❝♦♥❡❝t❛❞❛s ❛♦ á♣✐❝❡ ❞♦ ✈❡♥trí❝✉❧♦ ♦✉ ❞♦

átr✐♦✳ ❉✐s♣♦s✐t✐✈♦s ❞❡ ❛ss✐stê♥❝✐❛ ✈❡♥tr✐❝✉❧❛r ❞✐r❡✐t❛ ✭❉❆❱❉✮ ❡❥❡t❛♠ ✢✉①♦ s❛♥❣✉í♥❡♦ ♣❛r❛

❞❡♥tr♦ ❞❛ ❛rtér✐❛ ♣✉❧♠♦♥❛r✱ ❡♥q✉❛♥t♦ ♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ❛ss✐stê♥❝✐❛ ✈❡♥tr✐❝✉❧❛r ❡sq✉❡r❞❛

✭❉❆❱❊✮ ❡❥❡t❛♠ ✢✉①♦ s❛♥❣✉í♥❡♦ ♣❛r❛ ❛ ❛rtér✐❛ ❛♦rt❛✳ ❉❆❱s sã♦ ✐♥❞✐❝❛❞♦s ❝♦♠♦ ♣♦♥t❡ ♣❛r❛

tr❛♥s♣❧❛♥t❡✱ t❡r❛♣✐❛ ❞❡ ❞❡st✐♥♦ ♦✉ ❞❡ r❡❝✉♣❡r❛çã♦ ❬✼❪✳ ❊♥❝♦♥tr❛✲s❡ ♥♦ ♠❡r❝❛❞♦ ❞✐s♣♦s✐t✐✈♦s

❝❛♣❛③❡s ❞❡ ♦♣❡r❛r ❡♠ ✢✉①♦ ❝♦♥tí♥✉♦ ❡ ♣✉❧sát✐❧✳

❆ ✐♥❞✐❝❛çã♦ ♣❛r❛ ✉♠ ❈❆❚ é ♣♦r ❡①❡♠♣❧♦ ✉♠ t✉♠♦r ❝❛r❞í❛❝♦ ♦✉ ❛ r❡❥❡✐çã♦ ❞❡ ✉♠ ❝♦r❛çã♦

❞♦❛❞♦r ♦✉ ❝❛s♦s ❡♠ q✉❡ ✉♠ ❉❆❱❊ ♦✉ s✉♣♦rt❡ ❜✐✈❡♥tr✐❝✉❧❛r ❝♦♠ ❉❆❱ ♥ã♦ é ♠❛✐s ♣♦ssí✈❡❧✳

❖s ❈❆❚ s✉❜st✐t✉❡♠ ❝♦♠♣❧❡t❛♠❡♥t❡ ♦s ✈❡♥trí❝✉❧♦s ❞♦ ♣❛❝✐❡♥t❡✳ ❙ã♦ ❝♦♥❡❝t❛❞♦s ❛♦s átr✐♦s ❡

❡❥❡t❛♠ ✢✉①♦ s❛♥❣✉í♥❡♦ ♥❛ ❛rtér✐❛ ♣✉❧♠♦♥❛r ❡ ♥❛ ❛rtér✐❛ ❛♦rt❛✳

❊♠ ♣❛❝✐❡♥t❡s ❝♦♠ ✐♥s✉✜❝✐ê♥❝✐❛ ❝❛r❞í❛❝❛ ❡ q✉❛❞r♦s ❞❡ ♣❛t♦❧♦❣✐❛ ❝❛r❞✐♦✈❛s❝✉❧❛r✱ ♦ ❇❛❧ã♦

■♥tr❛✲❆órt✐❝♦ ✭❇■❆✮ é ♦ ❉▼❆❈ ❞❡ ✉t✐❧✐③❛çã♦ t❡♠♣♦rár✐❛ ♠❛✐s ✉t✐❧✐③❛❞♦ ♥❛ ♣rát✐❝❛ ❝❧í♥✐❝❛

❬✽❪✳ ❖ ❇■❆ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛✉♠❡♥t❛r ♦ ✢✉①♦ ❞❡ s❛♥❣✉❡ q✉❡ ❝❤❡❣❛ ❛té ❛s ❛rtér✐❛s ❞♦ ♠ús❝✉❧♦

❝❛r❞í❛❝♦ ✭❛rtér✐❛s ❝♦r♦♥ár✐❛s✮✱ ♠❡❧❤♦r❛♥❞♦ ❛ ✐rr✐❣❛çã♦ ❞♦ ór❣ã♦ ❡ ♦ s❡✉ ❞❡s❡♠♣❡♥❤♦✳ ❯♠

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

r❡❣✐ã♦ ❞❛ ✈✐r✐❧❤❛ ❡ ♣♦s✐❝✐♦♥❛❞♦ ♥❛ ❛rtér✐❛ ❛♦rt❛✳ ❉❡♥tr❡ ♦s ❉▼❆❈✱ ♦ ❇■❆ é ❝♦♥s✐❞❡r❛❞♦ ♦

♠❡♥♦s ✐♥✈❛s✐✈♦ ❬✽❪✳

❖ ❇■❆ ❝♦st✉♠❛ s❡r ✐♥❞✐❝❛❞♦ t❛♠❜é♠ ❛♣ós ✉♠ q✉❛❞r♦ ❞❡ ✐♥❢❛rt♦ ❞♦ ♠✐♦❝ár❞✐♦✱ q✉❛♥❞♦ ♦

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

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

❛♥❣✐♦♣❧❛st✐❛ ❝♦r♦♥❛r✐❛♥❛✷ ♦✉ ❞❡♠❛✐s ❝✐r✉r❣✐❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s✳ ❊♠ ♣❛❝✐❡♥t❡s ❝♦♠ ❛♥❣✐♥❛

✐♥stá✈❡❧✸ ❣r❛✈❡ ❡ q✉❡ ♥ã♦ r❡s♣♦♥❞❡♠ ❛♦s tr❛t❛♠❡♥t♦s ❝♦♥✈❡♥❝✐♦♥❛✐s✱ ♦ ❇■❆ t❛♠❜é♠ ❡stá

✐♥❞✐❝❛❞♦✳

❖ ❇■❆ ❢✉♥❝✐♦♥❛ ♣♦r ❝♦♥tr❛♣✉❧s❛çã♦✱ ♦✉ s❡❥❛✱ ❡❧❡ ✐♥✢❛ ❛♣❡♥❛s q✉❛♥❞♦ ♦ ❝♦r❛çã♦ r❡❧❛①❛✳

❉❡ss❛ ❢♦r♠❛✱ ❤á ✉♠ ❛✉♠❡♥t♦ ❞♦ ✢✉①♦ ❞❡ s❛♥❣✉❡ ♣❛r❛ ❛s ❛rtér✐❛s ❝♦r♦♥ár✐❛s✳ ❖ ❇■❆ ❞❡s✐♥✢❛✱

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

✶❋❛❧ê♥❝✐❛ ❝❛r❞í❛❝❛✱ ❛❝❛rr❡t❛♥❞♦ q✉❡❞❛ s✐❣♥✐✜❝❛t✐✈❛ ❞❛ ♣r❡ssã♦ ❛rt❡r✐❛❧ ❡ ❞❛ ✐rr✐❣❛çã♦ s❛♥❣✉í♥❡❛ ♣❛r❛ ♦s
t❡❝✐❞♦s ❞♦ ♦r❣❛♥✐s♠♦

✷Pr♦❝❡❞✐♠❡♥t♦ ♠é❞✐❝♦ ♠✐♥✐♠❛♠❡♥t❡ ✐♥✈❛s✐✈♦ ♣❛r❛ ❞❡s♦❜str✉çã♦ ❞❛s ❛rtér✐❛s ❝♦r♦♥ár✐❛s✱ r❡st❛❜❡❧❡❝❡♥❞♦
❛ ♣❛ss❛❣❡♠ ♥♦r♠❛❧ ❞♦ s❛♥❣✉❡✳

✸❆♥❣✐♥❛ é ✉♠ t✐♣♦ ❞❡ ❞♦r ♥♦ ♣❡✐t♦ ❝❛✉s❛❞❛ ♣❡❧❛ r❡❞✉çã♦ ❞♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ♣❛r❛ ♦ ♠ús❝✉❧♦ ❝❛r❞í❛❝♦✳ ❆
♣r✐♥❝✐♣❛❧ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛♥❣✐♥❛ ❡stá✈❡❧ ❡ ✐♥stá✈❡❧ é q✉❡ ❛ ❛♥❣✐♥❛ ❡stá✈❡❧ ❣❡r❛❧♠❡♥t❡ ♦❝♦rr❡ ❡♠ s✐t✉❛çõ❡s ❞❡
❡s❢♦rç♦ ❡ ❛ ❞♦r ❞❡s❛♣❛r❡❝❡ ❝♦♠ ♦ r❡♣♦✉s♦✳ ❏á ❛ ❛♥❣✐♥❛ ✐♥stá✈❡❧ s✉r❣❡ ❞❡ r❡♣❡♥t❡ ❡ ♥ã♦ ❝❡ss❛ ❝♦♠ ♦ r❡♣♦✉s♦✱
♣♦❞❡♥❞♦ s❡r ✉♠ s✐♥❛❧ ❞❡ ❛t❛q✉❡ ❝❛r❞í❛❝♦ ✭✐♥❢❛rt♦ ❞♦ ♠✐♦❝ár❞✐♦✮✳



❈❛♣ít✉❧♦ ✶✳ ■♥tr♦❞✉çã♦ ✹

❙❡✉ ❢✉♥❝✐♦♥❛♠❡♥t♦ é ❝♦♥tr♦❧❛❞♦ ♣♦r ✉♠ ❝♦♠♣✉t❛❞♦r✱ ❛❝♦♣❧❛❞♦ ❛♦ ♠♦♥✐t♦r ❝❛r❞í❛❝♦ ❞♦

♣❛❝✐❡♥t❡✱ ♣❡r♠✐t✐♥❞♦ ✉♠❛ s✐♥❝r♦♥✐❛ ❡♥tr❡ ♦ ❜❛❧ã♦ ❡ ❛s ❢❛s❡s ❞❡ ❝♦♥tr❛çã♦ ✭síst♦❧❡✮ ❡ ❞❡

r❡❧❛①❛♠❡♥t♦ ✭❞✐ást♦❧❡✮✱ ❞♦ ❝♦r❛çã♦✳

❆s ✉♥✐❞❛❞❡s ❝♦♠❡r❝✐❛✐s ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆ ❛t✉❛❧♠❡♥t❡ ♦♣❡r❛♠ ✉s❛♥❞♦ ✉♠ ❣❛t✐❧❤♦ ❞❡

r❡❢❡rê♥❝✐❛ ♣❛r❛ ♠❛r❝❛r ♦ ✐♥í❝✐♦ ❞♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦✳ ❖ ❣❛t✐❧❤♦ ❞❡ r❡❢❡rê♥❝✐❛ ♣♦❞❡ s❡r ❞❡r✐✈❛❞♦

❞❛ ♦♥❞❛ ❘ ❞♦ ❡❧❡tr♦❝❛r❞✐♦❣r❛♠❛ ✭❊❈●✮ ♦✉ ❞❡r✐✈❛❞♦ ❞❛ ❜♦r❞❛ s✐stó❧✐❝❛ ❞♦ s✐♥❛❧ ❞❡ ♣r❡ssã♦

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

♠❛♥✉❛❧♠❡♥t❡ ♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆✳

❊♠ s❡ tr❛t❛♥❞♦ ❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ❝♦♥tr♦❧❡ ❞❡st✐♥❛❞♦s ❛♦ ❇■❆✱ ❞❡st❛❝❛♠✲s❡ ♥❛ ❧✐t❡r❛t✉r❛

❛s ❝♦♥tr✐❜✉✐çõ❡s ❞❡ ❈❧❛r❦ ❡t ❛❧ ❬✾❪✱ ❇❛✐ ❡t ❛❧❬✶✵❪✱ ❲❡❧❦♦✇✐t③ ❡t ❛❧ ❬✶✶❪✱ ❲❡❧❧❡r ❡t ❛❧ ❬✶✷❪ ❡

❇❛r♥❡❛ ❡t ❛❧ ❬✶✸❪✳ ▼✉✐t♦ ❡♠❜♦r❛ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠♦❞❡❧♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s s❡❥❛ ✉♠❛ ♣rát✐❝❛

❝♦♠✉♠ ♥❛ ✈❡r✐✜❝❛çã♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡ ❞❡ ❉▼❆❈✱ ♦s r❡❧❛t♦s ❡♥❝♦♥✲

tr❛❞♦s ❡♥✈♦❧✈❡♠ ❛♣❡♥❛s ❝♦♥❝❧✉sõ❡s ❡①tr❛í❞❛s ❞❡ ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s ❝♦♠ ❛♥✐♠❛✐s ❡✴♦✉

s✐♠✉❧❛❞♦r❡s ❤✐❞rá✉❧✐❝♦s ✹✳

❖s s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆ ♠♦♥✐t♦r❛♠ ❛ ❝♦♥❞✐çã♦ ❞♦ ♣❛❝✐❡♥t❡✱ ❝❛❧❝✉❧❛♠ ✉♠ í♥❞✐❝❡ ❞❡

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

❞♦ s✐st❡♠❛ ❛ ✉♠ ♣♦♥t♦ ót✐♠♦✳ ❊ss❡s s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡ sã♦ t✐♣✐❝❛♠❡♥t❡ ♣r♦❥❡t❛❞♦s ♣❛r❛

❢♦r♥❡❝❡r ♦t✐♠✐③❛çã♦ ❡♠ t❡♠♣♦ r❡❛❧✳ ❯♠ ❝♦♥tr♦❧❛❞♦r ♠❛①✐♠✐③❛ ❝♦♥t✐♥✉❛♠❡♥t❡ ✉♠ í♥❞✐❝❡ ❞❡

❞❡s❡♠♣❡♥❤♦ ❛♦ t❡♠♣♦ ❡♠ q✉❡ ❛t❡♥❞❡ r❡str✐çõ❡s ♦♣❡r❛❝✐♦♥❛✐s✳ ❖s í♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ sã♦

❝♦♠♣♦st♦s ♣♦r ✈❛r✐á✈❡✐s ❤❡♠♦❞✐♥â♠✐❝❛s ❞❡ s✐♠♣❧❡s ❛❝❡ss♦ ❝❛♣❛③❡s ❞❡ r❡✢❡t✐r ♦s ♦❜❥❡t✐✈♦s

❝❧í♥✐❝♦s ❞♦ ❇■❆✳

❖s ❡❢❡✐t♦s ❤❡♠♦❞✐♥â♠✐❝♦s ♦❜s❡r✈❛❞♦s ♣♦r ♠❡✐♦ ❞♦s í♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ♣♦❞❡♠ ✈❛r✐❛r

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ♣❛râ♠❡tr♦s ❢ís✐❝♦s ❞♦ ❇■❆✱ s✉❛ ❧♦❝❛❧✐③❛çã♦ ♥❛ ❛rtér✐❛ ❛♦rt❛✱ ♣r❡ssã♦ ❞❡

❡❥❡çã♦ ❞♦ ❣ás ❡ ♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆ ❝♦♠ r❡❧❛çã♦ ❛♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦✳ ◆♦ ❡♥t❛♥t♦✱ ♥♦

❝❡♥ár✐♦ ❝❧í♥✐❝♦✱ ❛♣❡♥❛s ♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆ ♣♦❞❡♠ s❡r ❝♦♥tr♦❧❛❞♦s ❬✶✸❪✳

◆♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ ❛♦s ♠♦❞❡❧♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❞♦ ❇■❆✱ ♦s ♠♦❞❡❧♦s ❛ ♣❛râ♠❡tr♦s ❝♦♥✲

❝❡♥tr❛❞♦s ✭✵❉✮✺✱ à s❡♠❡❧❤❛♥ç❛ ❞♦s ❞❡♠❛✐s ❉▼❆❈✱ r❡♣r❡s❡♥t❛♠ ♣❛rt❡ ✐♠♣♦rt❛♥t❡ ♥♦ ❡st✉❞♦

✹❖s s✐♠✉❧❛❞♦r❡s ❤✐❞rá✉❧✐❝♦s sã♦ ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞♦s ♣❛r❛ t❡st❛r ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ ❉▼❆❈ ❡ s✉❛
✐♥t❡r❛çã♦ ❝♦♠ ♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❬✶✹❪✱ ❬✶✺❪✳ ❊ss❡s s✐♠✉❧❛❞♦r❡s sã♦ r❡♣r❡s❡♥t❛çõ❡s ✐♥ ✈✐tr♦ ❞❛ ❝✐r❝✉❧❛çã♦
s❛♥❣✉í♥❡❛✱ ❝❛♣❛③❡s ❞❡ r❡♣r♦❞✉③✐r ✐♠♣♦rt❛♥t❡s ❝❛r❛❝t❡ríst✐❝❛s ✜s✐♦❧ó❣✐❝❛s ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦
✭❙❈❍✮ ❬✶✻❪✳

✺▼♦❞❛❧✐❞❛❞❡s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞♦ s✐st❡♠❛ ❝✐r❝✉❧❛tór✐♦ ❝♦♥❤❡❝✐❞❛s ♥❛ ❧✐t❡r❛t✉r❛ ❝♦♠♦ ♠♦❞❡❧♦ ✵❉✳ ➱ ✉♠
♠♦❞❡❧♦ ❛ ♣❛râ♠❡tr♦s ❝♦♥❝❡♥tr❛❞♦✱ ♥♦ s❡♥t✐❞♦ ❞❡ q✉❡ r❡❧❛❝✐♦♥❛ ❛s ❣r❛♥❞❡③❛s q✉❡ ❞❡s❝r❡✈❡♠ q✉❛♥t✐t❛t✐✈❛✲
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❞♦s ❛s♣❡❝t♦s t❡ór✐❝♦s ❞❡ ❝♦♥tr♦❧❡✳ ◆❡ss❡ s❡♥t✐❞♦✱ ❛ ❧✐t❡r❛t✉r❛ é ❝♦♥t❡♠♣❧❛❞❛ ♥♦t❛❞❛♠❡♥t❡

♣♦r ❞✐❢❡r❡♥t❡s ♠♦❞❡❧♦s ❞❡ ❇■❆✱ ❡✳❣✳ ❨✐♥❣ ❙✉♥ ❬✶✼❪✱ ❖❧s♦♥ ❡t ❛❧ ❬✶✽❪✱ P❤♦✉ ❡t ❛❧ ❬✶✾❪✱ ▲❛③③❛r✐

❡t ❛❧ ❬✷✵❪✱ ❡ ❙❝❤❛♠♣❛❡rt ❡t ❛❧ ❬✷✶❪✳

P❛r❛ ❛✈❛❧✐❛r ❛ ❝♦rr❡t✉❞❡ ✜s✐♦❧ó❣✐❝❛ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❇■❆✱ ♦s s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡ ♦❜s❡r✈❛♠

t✐♣✐❝❛♠❡♥t❡ ♥í✈❡✐s ❞❡ ♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ❬✽❪✳ ❊♠ s❡ tr❛t❛♥❞♦ ❞❡ ♠étr✐❝❛s ♣❛r❛ ❛✈❛❧✐❛çã♦ ❞❡

❉▼❆❈ ♣✉❧sát❡✐s✱ ❛ ❧✐t❡r❛t✉r❛ ❡st❛❜❡❧❡❝❡ ❝r✐tér✐♦s ❞❡ q✉❛♥t✐✜❝❛çã♦ ❞❛ ♣✉❧s❛t✐❧✐❞❛❞❡ ❡ ✈❡r✐✜❝❛

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

♥ã♦ é ❝❧❛r❛ ❛té ♦ ♠♦♠❡♥t♦ ❬✷✷❪✳

❚❡♥❞♦ ❡♠ ✈✐st❛ ❛ ♣✉❧s❛t✐❧✐❞❛❞❡ ♦♣❡r❛❝✐♦♥❛❧ ❞♦ ❇■❆✱ ♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛ ❛ ❛✈❛✲

❧✐❛çã♦ ❞❛ ❛ss♦❝✐❛çã♦ ❞❡ í♥❞✐❝❡s ❞❡ ♣✉❧s❛t✐❧✐❞❛❞❡ ♥❛ q✉❛♥t✐✜❝❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ✜s✐♦❧ó❣✐❝♦

r❡❧❛t✐✈❛ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❇■❆✳ ❖ ❝♦♥t❡ú❞♦ ♣❛r❛ ❛✈❛❧✐❛çã♦ é ❞❡s❡♥✈♦❧✈✐❞♦ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛

♠❡t♦❞♦❧♦❣✐❛ ❜❛s❡❛❞❛ ❡♠ ♠♦❞❡❧♦s ✵❉✱ q✉❡ ❡①♣❧♦r❛ ❛❧❣♦r✐t♠♦s ❞❡ ♦t✐♠✐③❛çã♦ ❡ ♣r♦♣♦r❝✐♦♥❛

♦♣çõ❡s ♣❛r❛ ❝♦♥tr♦❧❡ ❞♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆✳

✶✳✶ ❖❜❥❡t✐✈♦s

❖ ♦❜❥❡t✐✈♦ ❣❡r❛❧ ❞♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ é ❛✈❛❧✐❛r ❛ ❛ss♦❝✐❛çã♦ ❞❡ í♥❞✐❝❡s ❞❡ ♣✉❧s❛t✐❧✐❞❛❞❡

♥❛ q✉❛♥t✐✜❝❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ✜s✐♦❧ó❣✐❝♦ ❞♦ ❇■❆✳ ❖ ♣r♦♥✉♥❝✐❛♠❡♥t♦ ❞❡ss❛ ♣r♦♣♦s✐çã♦

❡①♣❧✐❝✐t❛ ♥♦ ❝♦♥t❡①t♦ ❛♣r❡s❡♥t❛❞♦ ♦s s❡❣✉✐♥t❡s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s✿

• ❋♦r♠✉❧❛r ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❜❛s❡❛❞❛ ❡♠ ♠♦❞❡❧♦s ✵❉ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s ❞❡ ❝♦♥tr♦❧❡

❞♦ ❇■❆❀

• ❋♦r♠✉❧❛r ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦ ♣❛r❛ ❝♦♥tr♦❧❡ ❞♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆❀

• ❆✈❛❧✐❛r ❛ s♦❧✉çã♦ ♠❡t♦❞♦❧ó❣✐❝❛ ♣r♦♣♦st❛✳

♠❡♥t❡ ❛ ❝✐r❝✉❧❛çã♦ s❡♠ ❧❡✈❛r ❡♠ ❝♦♥t❛ ❛s ❞✐♠❡♥sõ❡s ❣❡♦♠étr✐❝❛s ❞♦s s❡✉s ❝♦♠♣♦♥❡♥t❡s✳ ❯♠ ♠♦❞❡❧♦ ✵❉ ❢❛③
✉s♦ ❞❡ ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ♦r❞✐♥ár✐❛s ❡✱ ❡♠ ❣❡r❛❧✱ é ❛♣r♦①✐♠❛❞♦ ♥✉♠❡r✐❝❛♠❡♥t❡ ♣♦r ♠ét♦❞♦s ✐♠♣❧í❝✐t♦s ❞❡
❞✐❢❡r❡♥ç❛s ✜♥✐t❛s✳
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✶✳✷ ❊str✉t✉r❛ ❞♦ ❞♦❝✉♠❡♥t♦

❆s ❡t❛♣❛s ❞❡s❡♥✈♦❧✈✐❞❛s ♥♦ â♠❜✐t♦ ❞❡st❡ tr❛❜❛❧❤♦ ❡stã♦ ♦r❣❛♥✐③❛❞❛s s❡❣✉♥❞♦ ✉♠❛ s❡q✉ê♥✲

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

◆♦ ❈❛♣ít✉❧♦ ✷ ❛♣r❡s❡♥t❛✲s❡ ❝♦♥❝❡✐t♦s ❜ás✐❝♦s ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r q✉❡ ❛✉①✐❧✐❛♠ ❛

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

◆♦ ❈❛♣ít✉❧♦ ✸ ❛♣r❡s❡♥t❛✲s❡ ✉♠ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡❧✉❝✐❞❛t✐✈♦ ❛ r❡s♣❡✐t♦ ❞❛ ♠♦❞❡❧❛❣❡♠

✵❉ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❇■❆✳

◆♦ ❈❛♣ít✉❧♦ ✹ ❛♣r❡s❡♥t❛✲s❡ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s✱ ❛ ❢♦r♠✉❧❛çã♦

❡ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦ ❡str✉t✉r❛❞♦ ❡ ❛ ❛✈❛❧✐❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳ ◆❡st❡

❡s♣❛ç♦ t❛♠❜é♠ sã♦ ❞✐s❝✉t✐❞♦s í♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ❡ ♦❜❥❡t✐✈♦s ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆✳

◆♦ ❈❛♣ít✉❧♦ ✺ ✐t❡♥s ❞❡ r❡❧❡✈â♥❝✐❛ sã♦ ❞❡st❛❝❛❞♦s ♥❛ ❢♦r♠❛ ❞❡ ❝♦♥❝❧✉sõ❡s ✜♥❛✐s ❡ ♣❡rs✲

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

❤✉♠❛♥♦

❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ ❝❛♣ít✉❧♦ ❝♦♥❝❡✐t♦s ❞♦ ❙❈❍ ✐♠♣r❡s❝✐♥❞í✈❡✐s à ❝♦♠♣r❡❡♥sã♦ ❞♦

tr❛❜❛❧❤♦ ❞❡ ❡♥❣❡♥❤❛r✐❛ r❡❛❧✐③❛❞♦ ♥♦ ♣r❡s❡♥t❡ ❞♦❝✉♠❡♥t♦✳ ◆❡ss❛ ♦♣♦rt✉♥✐❞❛❞❡ ✐♥tr♦❞✉③✲s❡

❝❛r❛❝t❡ríst✐❝❛s ❣❡r❛✐s ❞♦ ❝♦r❛çã♦ ❡ ❞❛ ❛rtér✐❛ ❛♦rt❛✱ ❛s♣❡❝t♦s ❞♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦ ❡ ❞❛ t❡r❛♣✐❛

❞❡ ❝♦♥tr❛✲♣✉❧s❛çã♦✳ ❯♠❛ ❞✐s❝✉ssã♦ ❛❝❡r❝❛ ❞❛s ❞♦❡♥ç❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s ❡ s✉❛s ❝♦♠♣❧✐❝❛çõ❡s

t❛♠❜é♠ é ❛♣r❡s❡♥t❛❞❛✳

✷✳✶ ❈♦r❛çã♦ ❡ ❛rtér✐❛ ❛♦rt❛

❆ ❛♥❛t♦♠✐❛ ✐♥t❡r♥❛ ❞♦ ❝♦r❛çã♦ r❡✈❡❧❛ q✉❛tr♦ ❝â♠❛r❛s ❝♦♥st✐t✉í❞❛s ♣♦r ♠ús❝✉❧♦ ❝❛r❞í❛❝♦

✭♦✉ ♠✐♦❝ár❞✐♦✮✳ ❆s ❞✉❛s ❝â♠❛r❛s s✉♣❡r✐♦r❡s ✭♦✉ átr✐♦s✮ ❢✉♥❝✐♦♥❛♠ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❝♦♠♦

❝â♠❛r❛s ❝♦❧❡t♦r❛s❀ ❛s ❞✉❛s ❝â♠❛r❛s ✐♥❢❡r✐♦r❡s ✭♦✉ ✈❡♥trí❝✉❧♦s✮ sã♦ ♠✉✐t♦ ♠❛✐s ❢♦rt❡s ❡ ❢✉♥✲

❝✐♦♥❛♠ ♣❛r❛ ❜♦♠❜❡❛r s❛♥❣✉❡✳ ❖ ♣❛♣❡❧ ❞♦ átr✐♦ ❡ ✈❡♥trí❝✉❧♦ ❞✐r❡✐t♦ é ❝♦❧❡t❛r ♦ s❛♥❣✉❡ ❞♦

❝♦r♣♦ ❡ ❜♦♠❜❡á✲❧♦ ♣❛r❛ ♦s ♣✉❧♠õ❡s✳ ❖ ♣❛♣❡❧ ❞♦ átr✐♦ ❡ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦ é ❝♦❧❡t❛r s❛♥❣✉❡

❞♦s ♣✉❧♠õ❡s ❡ ❜♦♠❜❡á✲❧♦ ♣❛r❛ t♦❞♦ ♦ ❝♦r♣♦✳

❍á ✉♠ ✢✉①♦ ✉♥✐❞✐r❡❝✐♦♥❛❧ ❞❡ s❛♥❣✉❡ ❛tr❛✈és ❞♦ ❝♦r❛çã♦❀ ❡ss❡ ✢✉①♦ é ♠❛♥t✐❞♦ ♣♦r ✉♠

❝♦♥❥✉♥t♦ ❞❡ q✉❛tr♦ ✈á❧✈✉❧❛s✳ ❆s ✈á❧✈✉❧❛s ❛tr✐♦✈❡♥tr✐❝✉❧❛r❡s ✭tr✐❝ús♣✐❞❡ ❡ ❜✐❝ús♣✐❞❡✮ ♣❡r♠✐✲

t❡♠ q✉❡ ♦ s❛♥❣✉❡ ✢✉❛ ❛♣❡♥❛s ❞❡ átr✐♦ ♣❛r❛ ✈❡♥trí❝✉❧♦s✳ ❆s ✈á❧✈✉❧❛s s❡♠✐❧✉♥❛r❡s ✭♣✉❧♠♦♥❛r

❡ ❛órt✐❝❛✮ ♣❡r♠✐t❡♠ q✉❡ ♦ s❛♥❣✉❡ ✢✉❛ ❛♣❡♥❛s ❞♦s ✈❡♥trí❝✉❧♦s ♣❛r❛ ❢♦r❛ ❞♦ ❝♦r❛çã♦✱ ❛tr❛✈és



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✽

❞❛s ❣r❛♥❞❡s ❛rtér✐❛s✳

❊♠ sí♥t❡s❡✱ ♦ ❝♦r❛çã♦ é ✉♠❛ ❜♦♠❜❛ ♠✉s❝✉❧❛r q✉❡ ♣♦ss✉✐ ❞✉❛s ❢✉♥çõ❡s ♣r✐♥❝✐♣❛✐s✿ ✭✶✮

❝♦❧❡t❛r s❛♥❣✉❡ ❞♦s t❡❝✐❞♦s ❞♦ ❝♦r♣♦ ❡ ❜♦♠❜❡❛r ♣❛r❛ ♦s ♣✉❧♠õ❡s❀ ❡ ✭✷✮ ❝♦❧❡t❛r s❛♥❣✉❡ ❞♦s

♣✉❧♠õ❡s ❡ ❜♦♠❜❡❛r ♣❛r❛ t♦❞♦s ♦s ♦✉tr♦s t❡❝✐❞♦s ❞♦ ❝♦r♣♦✳

❆ ✈✐❛ ❞♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ❛tr❛✈és ❞❛s ❝â♠❛r❛s ❞♦ ❝♦r❛çã♦ é ✐♥❞✐❝❛❞❛ ♥❛ ❋✐❣✉r❛ ✷✳✶✳ ❖

✢✉①♦ ❞❡ s❛♥❣✉❡ q✉❡ r❡t♦r♥❛ ❞♦s ór❣ã♦s s✐stê♠✐❝♦s ♣❛r❛ ♦ átr✐♦ ❞✐r❡✐t♦✱ ❛tr❛✈és ❞❛ ✈❡✐❛ ❝❛✈❛

s✉♣❡r✐♦r ❡ ✐♥❢❡r✐♦r✱ é ❝❤❛♠❛❞♦ ❞❡ s❛♥❣✉❡ ✈❡♥♦s♦✳ ❊♠ s❡❣✉✐❞❛✱ ❡ss❡ ✢✉①♦ ❞❡ s❛♥❣✉❡ ♣❛ss❛

❛tr❛✈és ❞❛ ✈á❧✈✉❧❛ tr✐❝ús♣✐❞❡ ❡ s❡❣✉❡ ♣❛r❛ ♦ ✈❡♥trí❝✉❧♦ ❞✐r❡✐t♦ ❡✱ ❛ ♣❛rt✐r ❞❛í✱ é ❜♦♠❜❡❛❞♦

❛tr❛✈és ❞❛ ✈á❧✈✉❧❛ ♣✉❧♠♦♥❛r ♣❛r❛ ❛ ❛rtér✐❛ ♣✉❧♠♦♥❛r✳ ❆♣ós ❛ ♣❛ss❛❣❡♠ ♣❡❧♦s ❧❡✐t♦s ❝❛♣✐❧❛r❡s

♣✉❧♠♦♥❛r❡s✱ ♦ s❛♥❣✉❡ ✈❡♥♦s♦ ♣✉❧♠♦♥❛r ♦①✐❣❡♥❛❞♦ r❡t♦r♥❛ ❛♦ átr✐♦ ❡sq✉❡r❞♦ ❛tr❛✈és ❞❛s

✈❡✐❛s ♣✉❧♠♦♥❛r❡s✳ ❖ ✢✉①♦ ❞❡ s❛♥❣✉❡ ♣❛ss❛ ❞❛ ✈á❧✈✉❧❛ ♠✐tr❛❧ ♣❛r❛ ♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦ ❡

é ❜♦♠❜❡❛❞♦ ❛tr❛✈és ❞❛ ✈á❧✈✉❧❛ ❛órt✐❝❛ ♣❛r❛ ❛ ❛rtér✐❛ ❛♦rt❛✳

❆ ✈✐❛ ❞❡ ✢✉①♦ s❛♥❣✉í♥❡♦ ❞✐r❡❝✐♦♥❛❞❛ ❞♦ ❝♦r❛çã♦ ❛té ♦ ♣✉❧♠ã♦ ❡✱ ♣♦st❡r✐♦r♠❡♥t❡✱ r❡t♦r✲

♥❛❞❛ ❛♦ ❝♦r❛çã♦✱ ❝♦♥✈❡♥❝✐♦♥♦✉✲s❡ ❝❤❛♠❛r ❞❡ ❝✐r❝✉❧❛çã♦ ♣✉❧♠♦♥❛r✳ ❆ ✈✐❛ ❞❡ ✢✉①♦ s❛♥❣✉í♥❡♦

❞✐r❡❝✐♦♥❛❞❛ ❞♦ ❝♦r❛çã♦ ♣❛r❛ ♦s t❡❝✐❞♦s ❞❡ t♦❞♦ ♦ ♦r❣❛♥✐s♠♦✱ ♣♦st❡r✐♦r♠❡♥t❡✱ r❡t♦r♥❛❞❛ ❛♦

❝♦r❛çã♦✱ ❝♦♥✈❡♥❝✐♦♥♦✉✲s❡ ❝❤❛♠❛r ❞❡ ❝✐r❝✉❧❛çã♦ s✐stê♠✐❝❛ ❬✷✸❪✳

❋✐❣✉r❛ ✷✳✶✿ ■❧✉str❛çã♦ ❞♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ♥♦ ❝♦r❛çã♦ ✭❆❞❛♣t❛❞♦ ❞❡ ●✉②t♦♥ ❡t ❛❧✳ ❬✷✸❪✮✳



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✾

❊♠ ❣❡r❛❧✱ ❛ ❛♥❛t♦♠✐❛ ❞♦ ❧❛❞♦ ❞✐r❡✐t♦ ❞♦ ❝♦r❛çã♦ é ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ❞✐❢❡r❡♥t❡ ❞♦ ❧❛❞♦

❡sq✉❡r❞♦ ❞♦ ❝♦r❛çã♦✳ ❈♦♥t✉❞♦✱ ♦s ♣r✐♥❝í♣✐♦s ❞❡ ❜♦♠❜❡❛♠❡♥t♦ ❞❡ ❝❛❞❛ ✉♠ sã♦ ♣r✐♥❝✐♣❛❧✲

♠❡♥t❡ ♦s ♠❡s♠♦s✳ ❖s ✈❡♥trí❝✉❧♦s sã♦ ❝â♠❛r❛s ❢❡❝❤❛❞❛s ❝❡r❝❛❞❛s ♣♦r ♣❛r❡❞❡s ♠✉s❝✉❧❛r❡s✱

❡ ❛s ✈á❧✈✉❧❛s sã♦ ❡str✉t✉r❛❧♠❡♥t❡ ♣r♦❥❡t❛❞❛s ♣❛r❛ ♣❡r♠✐t✐r ♦ ✢✉①♦ ❡♠ ❛♣❡♥❛s ✉♠❛ ❞✐r❡çã♦✳

❆s ✈á❧✈✉❧❛s ❝❛r❞í❛❝❛s ♣❛ss✐✈❛♠❡♥t❡ s❡ ❛❜r❡♠ ❡ s❡ ❢❡❝❤❛♠ ❡♠ r❡s♣♦st❛ à ❞✐r❡çã♦ ❞♦ ❣r❛❞✐❡♥t❡

❞❡ ♣r❡ssã♦ ❛tr❛✈és ❞❡❧❛s✳

❖ ❝♦r❛çã♦ ❡♠ ♦♣❡r❛çã♦ ♥♦r♠❛❧ ❞❡✈❡ ❢✉♥❝✐♦♥❛r ❞❡ ❢♦r♠❛ ❡✜❝✐❡♥t❡✳ ❆ tít✉❧♦ ❞❡ ✐♥❢♦r♠❛çã♦✱

❛s s❡❣✉✐♥t❡s ♣r♦♣r✐❡❞❛❞❡s sã♦ ♥❡❝❡ssár✐❛s ♣❛r❛ ♠❛♥t❡r ❡ss❛ ❡✜❝á❝✐❛✿ ✭✶✮ ❛s ❝♦♥tr❛çõ❡s ❞♦s

♠✐ó❝✐t♦s ✐♥❞✐✈✐❞✉❛✐s ❞❡✈❡♠ ♦❝♦rr❡r ❡♠ ✐♥t❡r✈❛❧♦s r❡❣✉❧❛r❡s ❡ s❡r s✐♥❝r♦♥✐③❛❞❛s ✭♥ã♦ ❛rrít♠✐✲

❝❛s✮❀ ✭✷✮ ❛s ✈á❧✈✉❧❛s ❞❡✈❡♠ ❛❜r✐r ❝♦♠♣❧❡t❛♠❡♥t❡ ✭♥ã♦ ❡st❡♥ót✐❝❛s✮❀ ✭✸✮ ❛s ✈á❧✈✉❧❛s ♥ã♦ ❞❡✈❡♠

✈❛③❛r ✭s❡r ✐♥s✉✜❝✐❡♥t❡s ♦✉ r❡❣✉r❣✐t❛♥t❡s✮❀ ✭✹✮ ❛s ❝♦♥tr❛çõ❡s ✈❡♥tr✐❝✉❧❛r❡s ❞❡✈❡♠ s❡r ✈✐❣♦r♦s❛s

✭s❡♠ ❢❛❧❤❛s ♦✉ ♣❡r❞❛s ❞❡✈✐❞♦ ❛ ❡✈❡♥t♦s ❞❡ ✐sq✉❡♠✐❛✮❀ ❡ ✭✺✮ ♦s ✈❡♥trí❝✉❧♦s ❞❡✈❡♠ ♣r❡❡♥❝❤❡r✲s❡

❛❞❡q✉❛❞❛♠❡♥t❡ ❞✉r❛♥t❡ ❛ ❞✐ást♦❧❡ ✭s❡♠ ❛rr✐t♠✐❛s ♦✉ r❡❧❛①❛♠❡♥t♦ r❡t❛r❞❛❞♦✮❬✷✸❪✳

✷✳✶✳✶ ❆rtér✐❛ ❛♦rt❛

❆ ❛rtér✐❛ ❛♦rt❛ é ❛ ♠❛✐♦r ✭❡♠ ❡①t❡♥sã♦ ❡ ❝❛❧✐❜r❡✮ ❡ ♠❛✐s ✐♠♣♦rt❛♥t❡ ❛rtér✐❛ ❞♦ s✐st❡♠❛

❝✐r❝✉❧❛tór✐♦ ❞♦ ❝♦r♣♦ ❤✉♠❛♥♦✳ ❉❡ss❛ s❡ ❞❡r✐✈❛♠ t♦❞❛s ❛s ♦✉tr❛s ❛rtér✐❛s ❞♦ ♦r❣❛♥✐s♠♦✱ ❝♦♠

❡①❝❡çã♦ ❞❛ ❛rtér✐❛ ♣✉❧♠♦♥❛r✳ ❆ ❛♦rt❛ s❡ ✐♥✐❝✐❛ ♥♦ ❝♦r❛çã♦✱ ♥❛ ❜❛s❡ ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✱ ❡

t❡r♠✐♥❛ à ❛❧t✉r❛ ❞❛ q✉❛rt❛ ✈ért❡❜r❛ ❧♦♠❜❛r✱ ♦♥❞❡ s❡ ❞✐✈✐❞❡ ♥❛s ❛rtér✐❛s ✐❧í❛❝❛s ❝♦♠✉♥s✳ ❊st❛

é r❡s♣♦♥sá✈❡❧ ♣♦r tr❛♥s♣♦rt❛r s❛♥❣✉❡ ♦①✐❣❡♥❛❞♦ ♣❛r❛ t♦❞❛s ❛s ♣❛rt❡s ❞♦ ❝♦r♣♦✳ ❆ ❛rtér✐❛

❛♦rt❛ ♣♦❞❡ s❡r ❞✐✈✐❞✐❞❛ ❡♠ três ❣r❛♥❞❡s ❣r✉♣♦s✿ ❛♦rt❛ ❛s❝❡♥❞❡♥t❡✱ ❛r❝♦ ❛órt✐❝♦

❆♦rt❛ ❛s❝❡♥❞❡♥t❡

➱ ✉♠❛ ♣❡q✉❡♥❛ ♣♦rçã♦ ❞❡st❛ ❛rtér✐❛✱ q✉❡ s❡ ✐♥✐❝✐❛ ❝♦♠ ❛ r❛✐③ ❞❛ ❛♦rt❛ ✭❡st❛ ♣♦r s✉❛ ✈❡③

❝♦♠✉♥✐❝❛✲s❡ ❝♦♠ ♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦ ❞♦ ❝♦r❛çã♦✮✱ ❡ s❡❣✉❡ ❛té ❛ ❛❧t✉r❛ ❞♦ â♥❣✉❧♦ ❡st❡r♥❛❧✱

♦♥❞❡ s❡ ✐♥✐❝✐❛ ♦ ❛r❝♦ ❞❛ ❛♦rt❛✳ ❙ã♦ r❛♠♦s ❞❛ ❛♦rt❛ ❛s❝❡♥❞❡♥t❡ ❛s ❛rtér✐❛s ❝♦r♦♥ár✐❛s✶ ❞✐r❡✐t❛

❡ ❡sq✉❡r❞❛✳

✶❆s ❛rtér✐❛s ❝♦r♦♥ár✐❛s sã♦ ♦s ✈❛s♦s r❡s♣♦♥sá✈❡✐s ♣❡❧❛ ❝❤❡❣❛❞❛ ❞❡ ♦①✐❣ê♥✐♦ ❡ ♦✉tr♦s ♥✉tr✐❡♥t❡s ❛♦ ♠ús❝✉❧♦
❝❛r❞í❛❝♦ ✭♠✐♦❝ár❞✐♦✮✳



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✶✵

❆r❝♦ ❛órt✐❝♦

➱ ♦ tr❡❝❤♦ ❞❛ ❛♦rt❛ ♥♦ q✉❛❧ s❡✉ tr❛❥❡t♦ ♠✉❞❛ ❞❡ ❛s❝❡♥❞❡♥t❡ ♣❛r❛ ❞❡s❝❡♥❞❡♥t❡✳ ◆❡st❡

tr❡❝❤♦✱ ❛ ❛rtér✐❛ ❝❛rót✐❞❛ ❝♦♠✉♠ ❡sq✉❡r❞❛ ❡ ❛ ❛rtér✐❛ s✉❜❝❧á✈✐❛ ❡sq✉❡r❞❛ s❡ ♦r✐❣✐♥❛♠✳

❆♦rt❛ ❞❡s❝❡♥❞❡♥t❡

❆ ♣♦rçã♦ t❡r♠✐♥❛❧ ❞❛ ❛♦rt❛✱ ✈❛✐ ❞♦ ❛r❝♦ ❞❛ ❛♦rt❛ ❛té s❡✉ ✜♥❛❧✳ ❆ ♣❛rt❡ ❞❛ ❛♦rt❛ ❞❡s❝❡♥✲

❞❡♥t❡ q✉❡ ✈❛✐ ❞❡s❞❡ ♦ ❛r❝♦ ❞❛ ❛♦rt❛ ❛té ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ♦ ♥í✈❡❧ ❞❛ ✶✷❛ ✈ért❡❜r❛ t♦rá❝✐❝❛✱

♦♥❞❡ ❛tr❛✈❡ss❛ ♦ ❤✐❛t♦ ❛órt✐❝♦ ❞♦ ❞✐❛❢r❛❣♠❛ ❡ s❡ t♦r♥❛ ❛ ❛♦rt❛ ❛❜❞♦♠✐♥❛❧✱ é ❝❤❛♠❛❞❛ ❞❡

❛♦rt❛ t♦rá❝✐❝❛ ✭✈❡r ❋✐❣✉r❛ ✷✳✷✮✳

❆ ♣❛rt❡ ❞❛ ❛♦rt❛ q✉❡ ✐♥✐❝✐❛✲s❡ ♥♦ ♥í✈❡❧ ❞❛ ✶✷❛ ✈ért❡❜r❛ t♦rá❝✐❝❛ ❡ t❡r♠✐♥❛ à ❛❧t✉r❛ ❞❛

q✉❛rt❛ ✈ért❡❜r❛ ❧♦♠❜❛r✱ q✉❛♥❞♦ s❡ ❞✐✈✐❞❡ ♥❛s ❛rtér✐❛s ✐❧í❛❝❛s ❝♦♠✉♥s ❞✐r❡✐t❛ ❡ ❡sq✉❡r❞❛✱ é

❝❤❛♠❛❞❛ ❞❡ ❛♦rt❛ ❛❜❞♦♠✐♥❛❧✳ ❉✉r❛♥t❡ s❡✉ tr❛❥❡t♦✱ ❛ ❛♦rt❛ ♣♦ss✉✐ ✈❛r✐❛s r❛♠✐✜❝❛çõ❡s✱ ❛

tít✉❧♦ ❞❡ ✐♥❢♦r♠❛çã♦ sã♦ ❧✐st❛❞♦s ♦s ♣r✐♥❝✐♣❛✐s r❛♠♦s ♥❛ ❚❛❜❡❧❛ ✷✳✶✳ ❆ ❋✐❣✉r❛ ✷✳✸ ❡①✐❜❡ ✉♠❛

✈✐sã♦ ❛♠♣❧❛ ❛❝❡r❝❛ ❞❛ ❡①t❡♥sã♦ ❞❛ ❛♦rt❛ ❡ s✉❛s r❛♠✐✜❝❛çõ❡s✳

❋✐❣✉r❛ ✷✳✷✿ ■❧✉str❛çã♦ ❛♠♣❧✐❛❞❛ ❞❛ ❛rtér✐❛ ❛♦rt❛ ❬✷✹❪✳



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✶✶

❋✐❣✉r❛ ✷✳✸✿ ■❧✉str❛çã♦ ❞❛ ❛rtér✐❛ ❛♦rt❛ ❝♦♠ ❞❡st❛q✉❡ ♣❛r❛ ❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ♣❛rt❡ ✐♠♣♦rt❛♥t❡
❞❡ s✉❛s r❛♠✐✜❝❛çõ❡s ❬✷✹❪✳



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✶✷

❚❛❜❡❧❛ ✷✳✶✿ ❊s♣❡❝✐✜❝❛çõ❡s ❞❛s ♣r✐♥❝✐♣❛✐s ❞✐✈✐sõ❡s ❞❛ ❛♦rt❛ ❡ s✉❛s r❡s♣❡❝t✐✈❛s ❢✉♥çõ❡s ❞❡
✐rr✐❣❛çã♦ ❬✷✹❪✳

P♦rçõ❡s ❡ r❛♠♦s
❆♦rt❛ ❛s❝❡♥❞❡♥t❡
❆rtér✐❛s ❝♦r♦♥ár✐❛s ❞✐r❡✐t❛ ❡ ❡sq✉❡r❞❛✿ ✐rr✐❣❛♠ ♦ ❝♦r❛çã♦
❆r❝♦ ❛órt✐❝♦
✶✳ ❚r♦♥❝♦ ❛rt❡r✐❛❧ ❜r❛q✉✐♦❝❡❢á❧✐❝♦

✶✳✶ ❛rtér✐❛ s✉❜❝❧á✈✐❛ ❞✐r❡✐t❛✿ ✐rr✐❣❛ ♦ ♠❡♠❜r♦ s✉♣❡r✐♦r ❞✐r❡✐t♦
✶✳✷ ❛rtér✐❛ ❝❛rót✐❞❛ ❝♦♠✉♠ ❞✐r❡✐t❛✿ ✐rr✐❣❛ ❛ ♠❡t❛❞❡ ❞✐r❡✐t❛ ❞❛ ❝❛❜❡ç❛ ❡ ♣❡s❝♦ç♦

✷✳ ❆rtér✐❛ ❝❛rót✐❞❛ ❝♦♠✉♠ ❡sq✉❡r❞❛✿ ✐rr✐❣❛ ❛ ♠❡t❛❞❡ ❡sq✉❡r❞❛ ❞❛ ❝❛❜❡ç❛ ❡ ♣❡s❝♦ç♦
✸✳ ❆rtér✐❛ s✉❜❝❧á✈✐❛ ❡sq✉❡r❞❛✿ ✐rr✐❣❛ ♦ ♠❡♠❜r♦ s✉♣❡r✐♦r ❡sq✉❡r❞♦
❆♦rt❛ t♦rá❝✐❝❛ ❞❡s❝❡♥❞❡♥t❡
✶✳ ❆rtér✐❛s ✐♥t❡r❝♦st❛✐s✿ ✐rr✐❣❛♠ ♦s ♠ús❝✉❧♦s ✐♥t❡r❝♦st❛✐s ❡ ❛ ♣❧❡✉r❛
✷✳ ❆rtér✐❛ ❞✐❛❢r❛❣♠át✐❝❛ s✉♣❡r✐♦r✿ ✐rr✐❣❛ ❛ ❢❛❝❡ ♣♦st❡r✐♦r ❡ s✉♣❡r✐♦r ❞♦ ❞✐❛❢r❛❣♠❛
✸✳ ❆rtér✐❛s ❜r♦♥q✉✐❛✐s✿ ✐rr✐❣❛♠ ♦s ❜rô♥q✉✐♦s
❆♦rt❛ ❛❜❞♦♠✐♥❛❧
✶✳ ❚r♦♥❝♦ ❝❡❧í❛❝♦

✶✳✶ ❆rtér✐❛ ❤❡♣át✐❝❛ ❝♦♠✉♠✿ ✐rr✐❣❛ ♦ ❢í❣❛❞♦
✶✳✷ ❆rtér✐❛ ❣ástr✐❝❛ ❡sq✉❡r❞❛✿ ✐rr✐❣❛ ♦ ❡stô♠❛❣♦ ❡ ♦ ❡sô❢❛❣♦
✶✳✸ ❆rtér✐❛ ❡s♣❧ê♥✐❝❛✿ ✐rr✐❣❛ ♦ ❜❛ç♦✱ ♣â♥❝r❡❛s ❡ ❡stô♠❛❣♦

✷✳ ❆rtér✐❛ ♠❡s❡♥tér✐❝❛ s✉♣❡r✐♦r✿ ✐rr✐❣❛ ♦ ✐♥t❡st✐♥♦ ❞❡❧❣❛❞♦✱ ❝❡❝♦ ❡ ❝ó❧♦♥ tr❛♥s✈❡rs♦✳
✸✳ ❆rtér✐❛s r❡♥❛✐s✿ ✐rr✐❣❛♠ ♦s r✐♥s
✹✳ ❆rtér✐❛s ❣♦♥❛❞❛✐s

✹✳✶ ❆rtér✐❛ ❡s♣❡r♠át✐❝❛✿ ✐rr✐❣❛ ♦s t❡stí❝✉❧♦s
✹✳✷ ❆rtér✐❛ ♦✈ár✐❝❛✿ ✐rr✐❣❛ ♦s ♦✈ár✐♦s

✺✳ ❆rtér✐❛ ♠❡s❡♥tér✐❝❛ ✐♥❢❡r✐♦r✿ ✐rr✐❣❛ ♦ ❝ó❧♦♥ tr❛♥s✈❡rs♦✱❞❡s❝❡♥❞❡♥t❡ ❡ s✐❣♠♦✐❞❡✱ ❡
♣♦rçã♦ s✉♣❡r✐♦r ❞♦ r❡t♦
❆♦rt❛ ✐❧í❛❝❛s ♣r✐♠✐t✐✈❛s
✶✳ ❆rtér✐❛s ✐❧í❛❝❛s ❡①t❡r♥❛s✿ ✐rr✐❣❛♠ ♠❡♠❜r♦s ✐♥❢❡r✐♦r❡s
✷✳ ❆rtér✐❛s ✐❧í❛❝❛s ✐♥t❡r♥❛s✿ ✐rr✐❣❛♠ út❡r♦✱ ♣róst❛t❛✱ ♠ús❝✉❧♦s ❞♦s ❣❧út❡♦s ❡ ✈❡✐❛ ✉r✐♥ár✐❛



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✶✸

✷✳✷ ❈✐❝❧♦ ❝❛r❞í❛❝♦

❈✐❝❧♦ ❝❛r❞í❛❝♦ é ❛ ❡①♣r❡ssã♦ r❡❢❡r❡♥t❡ ❛♦s ❡✈❡♥t♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦ ✢✉①♦ ❡ ♣r❡ssã♦ s❛♥❣✉í✲

♥❡❛ q✉❡ ♦❝♦rr❡♠ ❞❡s❞❡ ♦ ✐♥í❝✐♦ ❞❡ ✉♠ ❜❛t✐♠❡♥t♦ ❝❛r❞í❛❝♦ ❛té ♦ ♣ró①✐♠♦ ❜❛t✐♠❡♥t♦✳ ❈❛❞❛

❝♦♥tr❛çã♦ ❞♦ ❝♦r❛çã♦ ❡ s✉❜s❡q✉❡♥t❡ ❡❥❡çã♦ ❞❡ s❛♥❣✉❡ ❝r✐❛ ♣r❡ssõ❡s ✭❛s♣❡❝t♦s ♠❡❝â♥✐❝♦s✮✱

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

❝♦♥tr❛ ❛ r❡s✐stê♥❝✐❛ ❬✷✸❪✳

❆ s✉❝❡ssã♦ ❞❡ ❝♦♥tr❛çõ❡s rít♠✐❝❛s ❡ ❝♦♥tí♥✉❛s ♥♦ ♠ús❝✉❧♦ ❝❛r❞í❛❝♦✱ ❝♦♥❤❡❝✐❞❛s ❝♦♠♦

❜❛t✐♠❡♥t♦s ❝❛r❞í❛❝♦s✱ t❡♠ ♦r✐❣❡♠ ♥♦ ❝❤❛♠❛❞♦ ♥ó s✐♥♦❛tr✐❛❧✷✱ ❡str✉t✉r❛ ❝❛r❞í❛❝❛ r❡s♣♦♥sá✈❡❧

♣♦r ❣❡r❛r ♦s ✐♠♣✉❧s♦s ❡❧étr✐❝♦s ✐rr❛❞✐❛❞♦s ♥♦ ♠ús❝✉❧♦ ❝❛r❞í❛❝♦ ❡ ❞❡♠❛✐s ❡①t❡♥sõ❡s ❞♦ ❝♦r♣♦✳

✷✳✷✳✶ ❈❛r❛❝t❡ríst✐❝❛s ♠❡❝â♥✐❝❛s

❖s ❡✈❡♥t♦s ♠❡❝â♥✐❝♦s ♥♦r♠❛✐s ❞♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦ ❞♦ ❧❛❞♦ ❡sq✉❡r❞♦ ❞♦ ❝♦r❛çã♦ ❡stã♦ ❝♦r✲

r❡❧❛❝✐♦♥❛❞♦s ♥❛ ❋✐❣✉r❛ ✷✳✹✳ ❉✉r❛♥t❡ ✉♠ ú♥✐❝♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦✱ ♦s átr✐♦s ❡ ♦s ✈❡♥trí❝✉❧♦s ♥ã♦

❜❛t❡♠ s✐♠✉❧t❛♥❡❛♠❡♥t❡✱ ❞❡ ♠♦❞♦ q✉❡ ❛ ❝♦♥tr❛çã♦ ❛tr✐❛❧ ♦❝♦rr❡ ❛♥t❡s ❞❛ ❝♦♥tr❛çã♦ ✈❡♥✲

tr✐❝✉❧❛r✳ ❊st❡ ❛tr❛s♦ t❡♠♣♦r✐③❛❞♦r ♣❡r♠✐t❡ ♦ ♣r❡❡♥❝❤✐♠❡♥t♦ ❛❞❡q✉❛❞♦ ❞❡ t♦❞❛s ❛s q✉❛tr♦

❝â♠❛r❛s ❞♦ ❝♦r❛çã♦✳

❆ ❢❛s❡ ❞✐❛stó❧✐❝❛ ❞♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦ ✐♥✐❝✐❛✲s❡ ❝♦♠ ♦ ♣r♦❝❡ss♦ ❞❡ r❡❧❛①❛♠❡♥t♦ ❞♦ ♠ús❝✉❧♦

❝❛r❞í❛❝♦✳ ❆ ♣r❡ssã♦ ♥♦ ✐♥t❡r✐♦r ❞❛ ❝â♠❛r❛ ✈❡♥tr✐❝✉❧❛r ❡sq✉❡r❞❛ ❝❛✐ ❛❜r✉♣t❛♠❡♥t❡ ❡ ♦ ✈♦✲

❧✉♠❡ s❛♥❣✉í♥❡♦ ♣❡r♠❛♥❡❝❡ ❝♦♥st❛♥t❡ ✭❢❛s❡ ❞❡ r❡❧❛①❛♠❡♥t♦ ✐s♦✈♦❧✉♠étr✐❝♦✮✳ ◆❛ s❡q✉ê♥❝✐❛✱

♦s ♥í✈❡✐s ❞❡ ♣r❡ssã♦ ❡ ✈♦❧✉♠❡ s❛♥❣✉í♥❡♦ ♥♦ ✐♥t❡r✐♦r ❞♦s átr✐♦s ❡♥❝♦♥tr❛♠✲s❡ ❡❧❡✈❛❞♦s ♦ s✉✜✲

❝✐❡♥t❡ ♣❛r❛ ❢♦rç❛r ❛ ❛❜❡rt✉r❛ ❞❛ ✈á❧✈✉❧❛ ♠✐tr❛❧✱ ✐♥✐❝✐❛♥❞♦✲s❡ ❛ss✐♠ ❛ ❢❛s❡ ❞❡ ❡♥❝❤✐♠❡♥t♦ ❞♦

✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✳ ❊ss❡ ❢❛s❡ ❡♥❝❡rr❛✲s❡ ❝♦♠ ❛ ❝♦♥tr❛çã♦ ❛♥t❡❝✐♣❛❞❛ ❞♦ átr✐♦✳

❖ ❡stá❣✐♦ ❞❛ síst♦❧❡ ✐♥✐❝✐❛✲s❡ ❝♦♠ ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥tr❛çã♦ ✈❡♥tr✐❝✉❧❛r✱ q✉❡ ❡❧❡✈❛ r❛♣✐❞❛✲

♠❡♥t❡ ♦ ♥í✈❡❧ ❞❡ ♣r❡ssã♦ ♥♦ ✐♥t❡r✐♦r ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✱ ♦❝❛s✐♦♥❛♥❞♦ ♦ ❢❡❝❤❛♠❡♥t♦ ❞❛

✈á❧✈✉❧❛ ♠✐tr❛❧ ✭❢❛s❡ ❞❡ ❝♦♥tr❛çã♦ ✐s♦✈♦❧✉♠étr✐❝❛✮✳ ❈♦♠ ♦ ❝♦♥s❡q✉❡♥t❡ ❛✉♠❡♥t♦ ❞❛ ♣r❡ssã♦

♥♦ ✐♥t❡r✐♦r ❞♦ ✈❡♥trí❝✉❧♦✱ ♦❝♦rr❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❛❜❡rt✉r❛ ❞❛ ✈á❧✈✉❧❛ ❛órt✐❝❛ ❡ ♦ s❛♥❣✉❡ é

❜♦♠❜❡❛❞♦ ♣❛r❛ ❢♦r❛ ❞♦ ❝♦r❛çã♦ ✭❢❛s❡ ❞❡ ❡❥❡çã♦✮✳ ❉❡✈✐❞♦ ❛ ♣r♦♣r✐❡❞❛❞❡s ❡❧ást✐❝❛s✱ ❛s ♣❛r❡✲

❞❡s ❞❛ ❛♦rt❛ s♦❢r❡♠ ✉♠ ❣r❛♥❞❡ ❡st✐r❛♠❡♥t♦ ❞❡✈✐❞♦ às ❛❧t❛s ♣r❡ssõ❡s ♣r♦✈❡♥✐❡♥t❡s ❞♦ ✢✉①♦

✷❊str✉t✉r❛ ❛♥❛tô♠✐❝❛ ❞♦ ❝♦r❛çã♦ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❢✉♥çã♦ ❞❡ ♠❛r❝❛r ♦ ♣❛ss♦ ♥❛t✉r❛❧ ❞❛ ❢r❡q✉ê♥❝✐❛ ❝❛r✲
❞í❛❝❛✱ ♣r♦❞✉③ s❡✉ ♣ró♣r✐♦ ♣♦t❡♥❝✐❛❧ ❞❡ ❛çã♦✳ ➱ ❛ ❡str✉t✉r❛ ❝❛r❞í❛❝❛ ❝♦♠ ♠❛✐♦r ❛✉t♦♠❛t✐s♠♦✳



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✶✹

s❛♥❣✉í♥❡♦ ❜♦♠❜❡❛❞♦ ♣❡❧♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✳

❆♦ tér♠✐♥♦ ❞❛ ❡❥❡çã♦✱ ✉♠ ❧❡✈❡ ✢✉①♦ r❡tró❣r❛❞♦ ❞❛ ❛♦rt❛ ❡♠ ❞✐r❡çã♦ ❛♦ ✈❡♥trí❝✉❧♦ ❡s✲

q✉❡r❞♦ ❛❥✉❞❛ ❛ ❢❡❝❤❛r ❛ ✈á❧✈✉❧❛ ❛órt✐❝❛✱ ♠❛r❝❛♥❞♦ ♦ ✜♥❛❧ ❞❛ síst♦❧❡✳ ◆❡ss❡ ♠♦♠❡♥t♦✱ ❛s

♣❛r❡❞❡s ❞❛ ❛♦rt❛ q✉❡ ❡st❛✈❛♠ ❞✐st❡♥❞✐❞❛s r❡t♦r♥❛♠ ❛♦ s❡✉ ❞✐â♠❡tr♦ ♥♦r♠❛❧ ❢❛③❡♥❞♦ ❝♦♠

q✉❡ ❛ ♣r❡ssã♦ ♥❛ ❛♦rt❛ ♣❡r♠❛♥❡ç❛ ❡❧❡✈❛❞❛ ❡ ❞❡❝r❡sç❛ ❧❡♥t❛♠❡♥t❡✳ ❖ sú❜✐t♦ ❢❡❝❤❛♠❡♥t♦ ❞❛

✈á❧✈✉❧❛ ❛órt✐❝❛ ❣❡r❛ ✉♠❛ ♣❡rt✉r❜❛çã♦ ✈✐sí✈❡❧ ♥❛ ❝✉r✈❛ ❞❛ ♣r❡ssã♦ ❛órt✐❝❛ ✐♥st❛♥t❡s ❛♣ós ♦

❢❡❝❤❛♠❡♥t♦✳ ❊ss❡ ❢❡♥ô♠❡♥♦ é ❞❡♥♦♠✐♥❛❞♦ ❞❡ ♥ó ❞✐❝rót✐❝♦ ❡ ♣♦❞❡ s❡r ✈✐s✉❛❧✐③❛❞♦ ♥❛ ❋✐❣✉r❛

✷✳✹✳

❋✐❣✉r❛ ✷✳✹✿ ■❧✉str❛çã♦ ❞♦s ❡✈❡♥t♦s ♠❡❝â♥✐❝♦s ❞❡ ✉♠ ❝✐❝❧♦ ❝❛r❞í❛❝♦ ♥♦ ❧❛❞♦ ❡sq✉❡r❞♦ ❞♦
❝♦r❛çã♦ ✭❆❞❛♣t❛❞♦ ❞❡ ●✉②t♦♥ ❡t ❛❧ ❬✷✸❪✮✳

Pré✲❝❛r❣❛ ❡ Pós✲❝❛r❣❛

❆ ♣ré✲❝❛r❣❛ é ❞❡✜♥✐❞❛ ❝♦♠♦ ♦ ❛❧♦♥❣❛♠❡♥t♦ ❛ q✉❡ ❛s ✜❜r❛s ♠✉s❝✉❧❛r❡s ✭♠✐ó❝✐t♦s✮ ❡stã♦

s✉❥❡✐t❛s ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥tr❛çã♦ ♠✉s❝✉❧❛r✳ ❖ ❣r❛✉ ❞❡ss❡ ❛❧♦♥❣❛♠❡♥t♦ ♣♦❞❡r✐❛ s❡r

❞❡t❡r♠✐♥❛❞♦ ✐♥ ✈✐✈♦ s❡ ❢♦ss❡ ♣♦ssí✈❡❧ ♠❡♥s✉r❛r ♦ t❛♠❛♥❤♦ ❞❡ss❛s ✜❜r❛s ❡♠ t❡♠♣♦ r❡❛❧✳ ❊♠

s❡ tr❛t❛♥❞♦ ❞❛ ♣ré✲❝❛r❣❛ ❝❛r❞í❛❝❛✱ ❡ ❛ss✉♠✐♥❞♦ q✉❡ ♥ã♦ é ♣♦ssí✈❡❧ ♠❡❞✐r ❡ss❡ ❝♦♠♣r✐♠❡♥t♦

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



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✶✺

❞❛ ♣ré✲❝❛r❣❛ é ♦ ✈❛❧♦r ❞❛ ♣r❡ssã♦ ♥♦ ✐♥t❡r✐♦r ❞♦ ✈❡♥trí❝✉❧♦ ❛♣ós ♦ s❡✉ ❡♥❝❤✐♠❡♥t♦ ❡ ❛♥t❡s

❞♦ ✐♥í❝✐♦ ❞❡ s✉❛ ❝♦♥tr❛çã♦✳ ❊ss❡ ✈❛❧♦r é ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ✜♥❛❧ ✭P❉❋✮ ❬✷✸❪✳

P❡r❝❡❜❡✲s❡ ✉♠ ❛✉♠❡♥t♦ ♥❛ ♣ré✲❝❛r❣❛ s❡♠♣r❡ q✉❡ ❤♦✉✈❡r ✉♠ ❛✉♠❡♥t♦ ❞♦ r❡t♦r♥♦ ❞❡ s❛♥✲

❣✉❡ ✈❡♥♦s♦✱ ♣♦✐s ❛s ❝é❧✉❧❛s ❞❛ ♣❛r❡❞❡ ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦ s❡rã♦ ♠❛✐s ❛❧♦♥❣❛❞❛s✳ ❖✉tr♦s

❢❛t♦r❡s q✉❡ ❧❡✈❛♠ ❛♦ ❛✉♠❡♥t♦ ❞❛ ♣ré✲❝❛r❣❛ sã♦✿ r❡❞✉çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❝❛r❞í❛❝❛✱ q✉❡ ❛✉✲

♠❡♥t❛ ♦ t❡♠♣♦ ❞❡ ❡♥❝❤✐♠❡♥t♦ ❞♦ ✈❡♥trí❝✉❧♦❀ ❞♦❡♥ç❛s ❝❛r❞í❛❝❛s q✉❡ ❛❢❡t❛♠ ❛ ❢✉♥çã♦ s✐stó❧✐❝❛

❞♦ ✈❡♥trí❝✉❧♦ ♦✉ q✉❡ ❣❡r❛♠ ♦ ♠❛✉ ❢❡❝❤❛♠❡♥t♦ ❞❛ ✈á❧✈✉❧❛ ❛órt✐❝❛✱ ♣❡r♠✐t✐♥❞♦ ♦ ✢✉①♦ r❡tró✲

❣r❛❞♦ ♣❛r❛ ♦ ✈❡♥trí❝✉❧♦ ❛♦ ✜♥❛❧ ❞❛ ❢❛s❡ ❞❡ ❡❥❡çã♦ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❡❧❡✈❛♥❞♦ ♦ ✈♦❧✉♠❡

r❡s✐❞✉❛❧ ♥♦ ✐♥t❡r✐♦r ❞♦ ✈❡♥trí❝✉❧♦ ♥♦ ✐♥í❝✐♦ ❞❛ ❢❛s❡ ❞❡ ❡♥❝❤✐♠❡♥t♦✳

❯♠❛ ❞✐♠✐♥✉✐çã♦ ♥❛ ♣ré✲❝❛r❣❛ ♦❝♦rr❡rá s❡♠♣r❡ q✉❡ ♦ ♥í✈❡❧ ❞❡ P❉❋ ❢♦r r❡❞✉③✐❞♦✱ ✉♠❛

✈❡③ q✉❡ t❡♠✲s❡ ✉♠ ♠❡♥♦r ❛❧♦♥❣❛♠❡♥t♦ ❞♦s ♠✐ó❝✐t♦s ♥❛ ♣❛r❡❞❡ ✈❡♥tr✐❝✉❧❛r✳ ❖✉tr♦s ❢❛t♦r❡s

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

❞❡ ❤❡♠♦rr❛❣✐❛s❀ ❛✉♠❡♥t♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❝❛r❞í❛❝❛✱ r❡❞✉③✐♥❞♦ ♦ t❡♠♣♦ ❞❡ ❡♥❝❤✐♠❡♥t♦ ❞♦s

✈❡♥trí❝✉❧♦s❀ ♠❛✉ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ ✈á❧✈✉❧❛ ♠✐tr❛❧✱ ♣r❡❥✉❞✐❝❛♥❞♦ ❛ ♣❛ss❛❣❡♠ ❞❡ s❛♥❣✉❡ ❞♦

átr✐♦ ♣❛r❛ ♦ ✈❡♥trí❝✉❧♦✳

❆ ♣ós✲❝❛r❣❛ é ❞❡✜♥✐❞❛ ❝♦♠♦ ❛ t❡♥sã♦ ❡①❡r❝✐❞❛ s♦❜r❡ ♦ ♠ús❝✉❧♦ ❞❡♣♦✐s q✉❡ ❡st❡ ✐♥✐❝✐❛

❛ s✉❛ ❝♦♥tr❛çã♦✱ ♣♦❞❡♥❞♦ s❡r ❝♦♠♣r❡❡♥❞✐❞❛ ❝♦♠♦ ❛ s♦♠❛ ❞❛s ❝❛r❣❛s ✭r❡s✐stê♥❝✐❛s✮ q✉❡ ♦

♠ús❝✉❧♦ t❡♠ q✉❡ ✈❡♥❝❡r ❛♦ r❡t♦r♥❛r à s✉❛ ❝♦♥❞✐çã♦ ❞❡ r❡♣♦✉s♦✳ ❉❡♥tr❡ ♦s ❢❛t♦r❡s q✉❡

♠❛✐s ✐♥✢✉❡♥❝✐❛♠ ❛ ♣ós✲❝❛r❣❛ ✈❡♥tr✐❝✉❧❛r ❡sq✉❡r❞❛ ♣♦❞❡✲s❡ ❝✐t❛r ❛s r❡s✐stê♥❝✐❛s ✈❛s❝✉❧❛r❡s

♣❡r✐❢ér✐❝❛s✱ ❛ r❡s✐stê♥❝✐❛ q✉❡ ♦ ✈♦❧✉♠❡ ♣r❡❝✐s❛ ✈❡♥❝❡r ♣❛r❛ ♣❛ss❛r ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦

♣❛r❛ ❛ ❛♦rt❛✱ ♦ ✈♦❧✉♠❡ ❞❡ s❛♥❣✉❡ ♣r❡s❡♥t❡ ♥❛ ❛♦rt❛ ❛♥t❡s ♠❡s♠♦ ❞❛ ❡❥❡çã♦ ✈❡♥tr✐❝✉❧❛r ❡ ❛

✐♥♦tr♦♣✐❛✳

❱❛r✐❛çõ❡s ♥❛ ♣r❡ssã♦ ❛rt❡r✐❛❧ ❡ ♥❛ ♣r❡ssã♦ ❛órt✐❝❛ ♣r♦✈♦❝❛♠ ❛❧t❡r❛çõ❡s ♥❛ ♣ós✲❝❛r❣❛ ❡

❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ♥♦ ❞é❜✐t♦ ❝❛r❞í❛❝♦✳ ◗✉❛♥❞♦ ❡ss❛s ♣r❡ssõ❡s ❛✉♠❡♥t❛♠✱ ♦ q✉❡ s✐❣♥✐✜❝❛ ✉♠

❛✉♠❡♥t♦ ❞❛ ♣ós✲❝❛r❣❛✱ ♦❝♦rr❡ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ❞♦ ✈♦❧✉♠❡ ❞❡ ❡❥❡çã♦✳ ❆ ❞✐♠✐♥✉✐çã♦ ❞♦ ✈♦❧✉♠❡

❞❡ ❡❥❡çã♦ ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦ ❧❡✈❛ ❛ ✉♠ ❛❝ú♠✉❧♦ ❞❡ s❛♥❣✉❡ ♥♦ átr✐♦ ❡sq✉❡r❞♦ ✭❡❧❡✈❛çã♦

❞❛ ♣ré✲❝❛r❣❛ ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✮✱ ♦ q✉❡ ♣r♦✈♦❝❛ ✉♠ ❛✉♠❡♥t♦ ❞❛ ♣ós✲❝❛r❣❛ ❞♦ ✈❡♥trí❝✉❧♦

❞✐r❡✐t♦ ❡ ❝♦♥s❡q✉❡♥t❡ ❞✐♠✐♥✉✐çã♦ ❞♦ ✈♦❧✉♠❡ ❞❡ ❡❥❡çã♦ ❞❡st❡✳ ❆ss✐♠✱ ❛ ♣ós✲❝❛r❣❛ ❞❡s❡♠♣❡♥❤❛

✉♠ ♣❛♣❡❧ ✐♠♣♦rt❛♥t❡ ♥♦ ❡q✉✐❧í❜r✐♦ ❞❛ s❛í❞❛ ❞❡ ✢✉①♦ s❛♥❣✉í♥❡♦ ❞♦s ❞♦✐s ✈❡♥trí❝✉❧♦s✳ ❊♠

❝❛s♦s ❞❡ ❞✐♠✐♥✉✐çã♦ ❞❛ ♣ós✲❝❛r❣❛✱ ♦❜s❡r✈❛✲s❡ ✉♠❛ ❡❧❡✈❛çã♦ ❞♦ ✈♦❧✉♠❡ s✐stó❧✐❝♦✱ q✉❡ é ♦

✈♦❧✉♠❡ ❞❡ s❛♥❣✉❡ ❜♦♠❜❡❛❞♦ ♣❡❧♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦ ♣♦r ❜❛t✐♠❡♥t♦✱ ❡ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ❞♦



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✶✻

✈♦❧✉♠❡ ✈❡♥tr✐❝✉❧❛r ❛♣ós ❛ síst♦❧❡ ❝❛r❞í❛❝❛✳

P❛r❛ ♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✱ ✉♠❛ ❜♦❛ ❛♣r♦①✐♠❛çã♦ ❞♦ ✈❛❧♦r ❞❛ ♣ós✲❝❛r❣❛ é ❛ ♣r❡ssã♦ ❛ór✲

t✐❝❛✳ ❙❡ ❛ ♣r❡ssã♦ ❛órt✐❝❛ ❡st✐✈❡r ♠✉✐t♦ ❡❧❡✈❛❞❛ ♥♦ ♠♦♠❡♥t♦ ❞❛ ❡❥❡çã♦✱ ❛s ✜❜r❛s ♠✉s❝✉❧❛r❡s

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

❡♠ ❞✐r❡çã♦ à ❛♦rt❛✳ ❊♠ ❝❛s♦s ❞❡ ❡st❡♥♦s❡ ❛órt✐❝❛✱ ❞♦❡♥ç❛ ❝❛r❛❝t❡r✐③❛❞❛ ♣❡❧❛ ❝❛❧❝✐✜❝❛çã♦

✭❡♥❞✉r❡❝✐♠❡♥t♦✮ ❞❛ ✈á❧✈✉❧❛ ❛órt✐❝❛✱ t❛♠❜é♠ ♦❜s❡r✈❛✲s❡ ✉♠ ❛✉♠❡♥t♦ ♥❛ ♣ós✲❝❛r❣❛✳

✷✳✷✳✷ ❈❛r❛❝t❡ríst✐❝❛s ❡❧étr✐❝❛s

❯♠ ❡❧❡tr♦❝❛r❞✐♦❣r❛♠❛ ✭❊❈●✮ é ❛ r❡♣r♦❞✉çã♦ ❣rá✜❝❛ ❞❛ ❛t✐✈✐❞❛❞❡ ❡❧étr✐❝❛ ❞♦ ❝♦r❛çã♦

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

s✉♣❡r❢í❝✐❡ ❞♦ ❝♦r♣♦✱ ♦ r❡❣✐str♦ é r❡s✉❧t❛❞♦s ❞❛s ❛❧t❡r❛çõ❡s ❞❡ ♣♦t❡♥❝✐❛❧ ❡❧étr✐❝♦ ❡♥tr❡ ❞♦✐s

♣♦♥t♦s ❞♦ ❝♦r♣♦✳ ❯♠ tr❛ç♦ ❊❈● tí♣✐❝♦ ♣♦ss✉✐ três s❡çõ❡s ❞✐st✐♥t❛s✱ ❛ ♦♥❞❛ P✱ ♦ ❝♦♠♣❧❡①♦

◗❘❙ ✭❝♦♥❥✉♥t♦ ❞❡ três ♦♥❞❛s✮ ❡ ❛ ♦♥❞❛ ❚✳ ❆ ♦♥❞❛ P ♦❝♦rr❡ ♥♦ ✐♥í❝✐♦ ❞❛ ❝♦♥tr❛çã♦ ❞♦ átr✐♦✳

❖ ❝♦♠♣❧❡①♦ ◗❘❙ ♦❝♦rr❡ ♥♦ ✐♥í❝✐♦ ❞❛ ❝♦♥tr❛çã♦ ✈❡♥tr✐❝✉❧❛r ❡ ❛ ❢❛s❡ ❞❡ ❡❥❡çã♦ s❡ ❡♥❝❡rr❛ ❛té

♦ ✜♠ ❞❛ ♦♥❞❛ ❚ ✭❋✐❣✉r❛ ✷✳✺✮✳

❋✐❣✉r❛ ✷✳✺✿ ■❧✉str❛çã♦ ❞♦ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❞❛ ❜♦♠❜❛ ❞❡ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✭❆❞❛♣t❛❞♦ ❞❡
●✉②♦♥t❡ ❡t ❛❧ ❬✷✸❪✮✳

❊♠ ✉♠ ❝♦r❛çã♦ s❛✉❞á✈❡❧✱ ♦ ♣♦t❡♥❝✐❛❧ ❞❡ ❛çã♦ ♦r✐❣✐♥❛❞♦ ♥♦ ♥ó s✐♥♦❛tr✐❛❧✱ ✈✐❛❥❛ ♣❛r❛ ♦

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

✸➱ ❛ ✐♥✈❡rsã♦ ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ í♦♥s ❡s♣♦♥tâ♥❡❛ ♦✉ ♣♦r ❡stí♠✉❧♦ ❡❧étr✐❝♦ ❡①t❡r♥♦✳ ❖ ♠ús❝✉❧♦ ❝❛r❞í❛❝♦



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✶✼

❊❈●✳ ❆♣ós ♦ ♥ó ❛tr✐♦✈❡♥tr✐❝✉❧❛r✱ ♦ ♣♦t❡♥❝✐❛❧ ❞❡ ❛çã♦ ❞❡s♣♦❧❛r✐③❛ ♦ s❡♣t♦ ✐♥t❡r✈❡♥tr✐❝✉❧❛r✱

s❡❣✉✐❞♦ ♣❡❧♦ r❡st♦ ❞❛s ✜❜r❛s ❝♦♥trát❡✐s ❞♦ ✈❡♥trí❝✉❧♦✱ r❡s✉❧t❛♥❞♦ ♥♦ ❝♦♠♣❧❡①♦ ◗❘❙ ❞♦

tr❛ç❛❞♦ ❞❡ ❊❈●✳ ➚ ♠❡❞✐❞❛ q✉❡ ♦s ✈❡♥trí❝✉❧♦s r❡❧❛①❛♠✱ ❛ r❡♣♦❧❛r✐③❛çã♦ ❡①✐❜❡ ♥♦ tr❛ç❛❞♦ ❞❡

❊❈● ❛ ♦♥❞❛ ❚✳

❯♠❛ ✈❡③ q✉❡ ❛ ❞✉r❛çã♦ ❞❡ ✉♠ ❜❛t✐♠❡♥t♦ ❝❛r❞í❛❝♦ é ✐❣✉❛❧ ❛♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❡♥tr❡

❞♦✐s ❝♦♠♣❧❡①♦s ◗❘❙ ❝♦♥s❡❝✉t✐✈♦s✱ ♦✉ ❡♥tr❡ ♦ ✈❛❧♦r ♠á①✐♠♦ ✭♣✐❝♦✮ ❞❡ ❞✉❛s ♦♥❞❛s ❘ ❝♦♥✲

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

❊❈●✳ ❉♦ s✐♥❛❧ ❞❡ ❊❈● t❛♠❜é♠ é ♣♦ssí✈❡❧ ❡①tr❛✐r ✐♥❢♦r♠❛çõ❡s ✐♠♣♦rt❛♥t❡s ❛❝❡r❝❛ ❞♦ ❝✐❝❧♦

❝❛r❞í❛❝♦✱ ❝♦♠♦ ♦ ❢❡❝❤❛♠❡♥t♦ ❡ ❛❜❡rt✉r❛ ❞❛s ✈á❧✈✉❧❛s ❝❛r❞í❛❝❛s ♦✉ ✐♥í❝✐♦ ❡ tér♠✐♥♦ ❞❛ ❢❛s❡s

❞❡ ❡♥❝❤✐♠❡♥t♦ ❡ ❡s✈❛③✐❛♠❡♥t♦ ❞♦ ❝♦r❛çã♦ ❬✷✸❪✳

❆ ❋✐❣✉r❛ ✷✳✻ ❡①✐❜❡ ❛ ✐❧✉str❛çã♦ ❞♦ s✐st❡♠❛ ❞❡ ❝♦♥❞✉çã♦ ❡❧étr✐❝❛ ❞♦ ♠ús❝✉❧♦ ❝❛r❞í❛❝♦✳

◆❡ss❛ ✐❧✉str❛çã♦ ❞❡st❛❝❛♠✲s❡✿ ❛s ❝♦♥❡①õ❡s ❡♥tr❡ ♦ ♥ó s✐♥♦❛tr✐❛❧ ❡ ♦ ♥ó ❛tr✐♦✈❡♥tr✐❝✉❧❛r❀ ♦

❝❤❛♠❛❞♦ ❢❡✐①❡ ❞❡ ❍✐s✱ ♦✉ ❢❛s❝í❝✉❧♦ ❛tr✐♦✈❡♥tr✐❝✉❧❛r✱ q✉❡ é ✉♠❛ ❝♦❧❡çã♦ ❞❡ ❝é❧✉❧❛s ♠✉s❝✉✲

❧❛r❡s ❝❛r❞í❛❝❛s ❡s♣❡❝✐❛❧✐③❛❞❛s ♥❛ ❝♦♥❞✉çã♦ ❡❧étr✐❝❛ ❞♦s ✐♠♣✉❧s♦s ❡❧étr✐❝♦s ❛❞✈✐♥❞♦s ❞♦ ♥ó

❛tr✐♦✈❡♥tr✐❝✉❧❛r❀ ❡ ❛s ✜❜r❛s ❞❡ P✉r❦✐♥❥❡ q✉❡ ♣❡r♠✐t❡♠ ❛ ❝♦♥tr❛çã♦ ❞♦ ❝♦r❛çã♦ ❞❡ ♠❛♥❡✐r❛

❝♦♦r❞❡♥❛❞❛✳

❋✐❣✉r❛ ✷✳✻✿ ■❧✉str❛çã♦ ❞❛s ❡str✉t✉r❛s ❞❡ ❝♦♥❞✉çã♦ ❞❡ ❛t✐✈✐❞❛❞❡ ❡❧étr✐❝❛ ❞♦ ♠ús❝✉❧♦ ❝❛r❞í❛❝♦✳
❬✷✺❪✳

❡♠ r❡♣♦✉s♦ ❝♦♥s❡r✈❛ í♦♥s ✰ ❞♦ ❧❛❞♦ ❡①t❡r♥♦ ❡ í♦♥s ✲ ❞♦ ❧❛❞♦ ✐♥t❡r♥♦ ❞❛ ♠❡♠❜r❛♥❛ ❝❡❧✉❧❛r✳



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✶✽

✷✳✸ ❉♦❡♥ç❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s

❉♦❡♥ç❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s sã♦ ✉♠❛ ❝❧❛ss❡ ❞❡ ❞♦❡♥ç❛s q✉❡ ❛❢❡t❛♠ ♦ ❝♦r❛çã♦ ♦✉ ♦s ✈❛✲

s♦s s❛♥❣✉í♥❡♦s✳ ❊♥tr❡ ❡ss❛s ❞♦❡♥ç❛s ❡stã♦✿ ❞♦❡♥ç❛s ❛rt❡r✐❛✐s ❝♦r♦♥ár✐❛s✱ ❝♦♠♦ ❛ ❛♥❣✐♥❛ ❞❡

♣❡✐t♦ ❡ ♦ ✐♥❢❛rt♦ ❛❣✉❞♦ ❞♦ ♠✐♦❝ár❞✐♦❀ ❛❝✐❞❡♥t❡s ✈❛s❝✉❧❛r❡s ❝❡r❡❜r❛✐s ✭❆❱❈✮✹✱ ❝❛r❞✐♦♣❛t✐❛ ❤✐✲

♣❡rt❡♥s✐✈❛✺✱ ❛rr✐t♠✐❛ ❝❛r❞í❛❝❛✱ ❝❛r❞✐♦♣❛t✐❛ ❝♦♥❣ê♥✐t❛✻✱ ✈❛❧✈✉❧♦♣❛t✐❛s✼✱ ❛♥❡✉r✐s♠❛✽ ❞❛ ❛♦rt❛✱

❞♦❡♥ç❛ ❛rt❡r✐❛❧ ♣❡r✐❢ér✐❝❛ ❡ tr♦♠❜♦s❡ ✈❡♥♦s❛ ❬✶❪✳

❊♠ s❡ tr❛t❛♥❞♦ ❞❛ ✐♥❞✐❝❛çã♦ ❞♦ ✉s♦ ❞❡ ❉▼❆❈✱ ❞❡st❛❝❛♠✲s❡ ❛s ❝♦♠♣❧✐❝❛çõ❡s ❛ss♦❝✐❛❞❛s

às ❞♦❡♥ç❛s ❛rt❡r✐❛✐s ❝♦r♦♥ár✐❛s✱ às ❞♦❡♥ç❛s ✐sq✉ê♠✐❝❛s ❞♦ ❝♦r❛çã♦ ❡ q✉❛❞r♦s ❞❡ ✐♥s✉✜❝✐ê♥❝✐❛

❝❛r❞í❛❝❛✳ ❆ ❞♦❡♥ç❛ ❛rt❡r✐❛❧ ❝♦r♦♥ár✐❛ ❡ ♦ ❆❱❈ sã♦ r❡s♣♦♥sá✈❡✐s ♣♦r 80% ❞❛s ♠♦rt❡s ♣♦r

❞♦❡♥ç❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s ❡♠ ❤♦♠❡♥s ❡ 75% ❡♠ ♠✉❧❤❡r❡s ❬✶❪✳

❉♦❡♥ç❛s ✐sq✉ê♠✐❝❛s ❞♦ ❝♦r❛çã♦ ♦❝♦rr❡♠ q✉❛♥❞♦ ❤á ✉♠❛ ❞✐♠✐♥✉✐çã♦ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡

s❛♥❣✉❡ q✉❡ ✐rr✐❣❛ ♦ ♠ús❝✉❧♦ ❝❛r❞í❛❝♦✳ ❆s ❛rtér✐❛s q✉❡ ✐rr✐❣❛♠ ♦ ♠ús❝✉❧♦ ❝❛r❞í❛❝♦ sã♦ ❛s

❛rtér✐❛s ❝♦r♦♥ár✐❛s ❡✱ ♣♦r ❡ss❡ ♠♦t✐✈♦✱ ❡ss❛s ❞♦❡♥ç❛s t❛♠❜é♠ sã♦ ❝❤❛♠❛❞❛s ❞❡ ❞♦❡♥ç❛s ❛rt❡✲

r✐❛✐s ❝♦r♦♥❛r✐❛♥❛s✳ ❊ss❛ ❝♦♥❞✐çã♦ ♣r❡❥✉❞✐❝❛ ♦ ♠❡t❛❜♦❧✐s♠♦ ❞♦ ❝♦r❛çã♦ ❞❡✈✐❞♦ à ❞✐♠✐♥✉✐çã♦

❞❡ ♦①✐❣ê♥✐♦ ✭❝♦♥s❡q✉❡♥t❡ ❛❝ú♠✉❧♦ ❞❡ ❞✐ó①✐❞♦ ❞❡ ❝❛r❜♦♥♦✮ ❡ à ♣❡r❞❛ ❞❡ ♥✉tr✐❡♥t❡s✳ ❖ ❞é❜✐t♦

❝❛r❞í❛❝♦ é ❡♥tã♦ ♣r❡❥✉❞✐❝❛❞♦✱ ♣♦✐s ♦ ❝♦r❛çã♦ ♥ã♦ ❝♦♥s❡❣✉❡ ♠❛✐s ❜♦♠❜❡❛r ♦ s❛♥❣✉❡ ♣r❡s❡♥t❡

❡♠ s❡✉ ✐♥t❡r✐♦r✳ ❙❡♠ ♥❡♥❤✉♠ tr❛t❛♠❡♥t♦✱ é ❝♦♠✉♠ q✉❡ ❛ ❞♦❡♥ç❛ ❡✈♦❧✉❛ ♣❛r❛ ✉♠ q✉❛❞r♦

❣r❛✈❡ ❞❡ ✐♥s✉✜❝✐ê♥❝✐❛ ❝❛r❞í❛❝❛ ✭■❈✮ ❬✺❪✳

❆ ■❈ é ✉♠❛ ❝♦♥❞✐çã♦ ❡♠ q✉❡ ♦ ❝♦r❛çã♦ é ✐♥❝❛♣❛③ ❞❡ ❜♦♠❜❡❛r s❛♥❣✉❡ ♥❛ ❝♦rr❡♥t❡ s❛♥✲

❣✉í♥❡❛ ❡♠ q✉❛♥t✐❞❛❞❡ s✉✜❝✐❡♥t❡ ♣❛r❛ ❞❛r r❡s♣♦st❛ às ♥❡❝❡ss✐❞❛❞❡s ❞♦ ❝♦r♣♦✳ ❊♠ ❝❛s♦s

❛✐♥❞❛ ♠❛✐s ❡①tr❡♠♦s✱ ♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ♥❛s ❛rtér✐❛s ❝♦r♦♥ár✐❛s é ❜❧♦q✉❡❛❞♦ ❝♦♠♣❧❡t❛♠❡♥t❡

❡ ♣❛rt❡ ❞♦ ♠ús❝✉❧♦ ❝❛r❞í❛❝♦ ❛ s❡r ✐rr✐❣❛❞❛ ♣❡❧♦ s❡❣♠❡♥t♦ ♦❜str✉í❞♦ s♦❢r❡ ❧❡sõ❡s ❞❡✈✐❞♦ à ♠á

♣❡r❢✉sã♦✱ s✐t✉❛çã♦ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ✐♥❢❛rt♦ ❛❣✉❞♦ ❞♦ ♠✐♦❝ár❞✐♦✳

❆s ✐♥❞✐❝❛çõ❡s ❞♦ ❇■❆ ❡stã♦ ♥♦ r❡s❣❛t❡ ❡ ❛♣♦✐♦ ❞♦ ♠✐♦❝ár❞✐♦ ✐sq✉ê♠✐❝♦ ❡✴♦✉ ✐♥❢❛rt❛❞♦✳

P♦❞❡ s❡r ✉s❛❞♦ ♣r♦✜❧❛t✐❝❛♠❡♥t❡✾ ❡♠ ♣❛❝✐❡♥t❡s ❞❡ ❛❧t♦ r✐s❝♦ ❝♦♠ ❢✉♥çã♦ ✈❡♥tr✐❝✉❧❛r ❡sq✉❡r❞❛

✹❉❛♥♦ ❛♦ ❝ér❡❜r♦ ❞❡✈✐❞♦ à ✐♥t❡rr✉♣çã♦ ❞♦ ❢♦r♥❡❝✐♠❡♥t♦ ❞❡ s❛♥❣✉❡✳
✺❝♦♥❞✐çã♦ ❡♠ q✉❡ ❛ ❢♦rç❛ ❞♦ s❛♥❣✉❡ ❝♦♥tr❛ ❛ ♣❛r❡❞❡ ❞❛s ❛rtér✐❛s é ❡❧❡✈❛❞❛✳
✻❆♥♦r♠❛❧✐❞❛❞❡ ♥❛ ❡str✉t✉r❛ ❞♦ ❝♦r❛çã♦ ♣r❡s❡♥t❡ ❛♥t❡s ❞♦ ♥❛s❝✐♠❡♥t♦✳
✼❉♦❡♥ç❛s q✉❡ ❛t✐♥❣❡♠ ❛s ✈á❧✈✉❧❛s ❝❛r❞í❛❝❛s✳
✽❆♥❡✉r✐s♠❛ é ❝❛r❛❝t❡r✐③❛❞♦ ♣❡❧❛ ❞✐❧❛t❛çã♦ ❛♥♦r♠❛❧ ❞❡ ✉♠ ✈❛s♦ s❛♥❣✉í♥❡♦ ❝❛✉s❛❞♦ ♣❡❧♦ ❡♥❢r❛q✉❡❝✐♠❡♥t♦

❞❛s ♣❛r❡❞❡s ❞♦ ✈❛s♦✱ ♣♦r tr❛✉♠❛ ♦✉ ♣♦r ❞♦❡♥ç❛ ✈❛s❝✉❧❛r✳
✾◗✉❡ s❡ r❡❢❡r❡ ❛ ♣r♦✜❧❛①✐❛ ✭♣r❡✈❡♥çã♦ ❞❡ ❞♦❡♥ç❛s✮✳ ◗✉❡ ♣♦❞❡ s❡r ✉s❛❞♦ ♥❛ ♣r❡✈❡♥çã♦ ❞❡ ❞♦❡♥ç❛s❀

♣r❡✈❡♥t✐✈♦✳



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✶✾

❞❡✜❝✐❡♥t❡✳ ❚❛♠❜é♠ é ✉s❛❞♦ ♣❛r❛ ❡st❛❜✐❧✐③❛r ♣❛❝✐❡♥t❡s ❡♠ ❝❤♦q✉❡ ❝❛r❞✐♦❣ê♥✐❝♦✶✵ ❝♦♠ ❝♦♠✲

♣❧✐❝❛çõ❡s r❡s✉❧t❛♥t❡s ❞❡ ✐♥❢❛rt♦ ❞♦ ♠✐♦❝ár❞✐♦✳

❖✉tr❛s ✐♥❞✐❝❛çõ❡s ✐♥❝❧✉❡♠ ♣❛❝✐❡♥t❡s ❞❡ ❞❡s♠❛♠❡ ❞❛ ❝✐r❝✉❧❛çã♦ ❡①tr❛❝♦r♣ór❡❛ ❡ ❝♦♠♦

♣♦♥t❡ ♣❛r❛ tr❛♥s♣❧❛♥t❡s✳ ❖ ❇■❆ ♣♦❞❡ s❡r ✉s❛❞♦ ♣❛r❛ s✉♣♦rt❡ ❧❛❜♦r❛t♦r✐❛❧ ❞❡ ❝❛t❡t❡r✐s♠♦ ❡

❛♥❣✐♥❛ r❡❢r❛tár✐❛ ❬✽❪✳ ❈♦♥tr❛✲✐♥❞✐❝❛çõ❡s r❡❧❛t✐✈❛s ✐♥❝❧✉❡♠ ❞✐ss❡❝çã♦ ❛órt✐❝❛✱ ✐♥s✉✜❝✐ê♥❝✐❛ ❞❡

✈á❧✈✉❧❛ ❛órt✐❝❛ ❡ ❞♦❡♥ç❛ ✈❛s❝✉❧❛r ♣❡r✐❢ér✐❝❛ ❣r❛✈❡✳

❆s ❝♦♠♣❧✐❝❛çõ❡s sã♦ ✐♥❝♦♠✉♥s✱ ♠❛s ♣♦❞❡♠ s❡r ❝♦♥s✐❞❡r❛❞❛s ❣r❛✈❡s✳ ■♥❝❧✉❡♠ ❞✐ss❡❝✲

çã♦ ❛órt✐❝❛✱ ✐sq✉❡♠✐❛ ❞♦ ♠❡♠❜r♦ ♣♦r tr♦♠❜♦s❡✱ ❡♠❜♦❧✐❛ ♦✉ ❡st❡♥♦s❡ q✉❡ ♣♦❞❡ ♥❡❝❡ss✐✲

t❛r ❞❡ ❛♠♣✉t❛çã♦ ♦✉ r❡❝♦♥str✉çã♦ ✈❛s❝✉❧❛r✳ ❖✉tr❛s ❝♦♠♣❧✐❝❛çõ❡s ✐♥❝❧✉❡♠ ❝❧❛✉❞✐❝❛çã♦

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

t✉r❛✴❛♣r✐s✐♦♥❛♠❡♥t♦ ❞❡ ❜❛❧ã♦ ❡ ✐sq✉❡♠✐❛ r❡♥❛❧✴♠❡s❡♥tér✐❝❛ ❬✽❪✳

✷✳✹ ❇❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ❡ ❛ t❡r❛♣✐❛ ❞❡ ❝♦♥tr❛♣✉❧s❛çã♦

❆ ♣r✐♠❡✐r❛ ❞❡s❝r✐çã♦ ❞♦ ♣r✐♥❝í♣✐♦ ❞❛ ❝♦♥tr❛♣✉❧s❛çã♦ ❢♦✐ r❡❛❧✐③❛❞❛ ❡♠ ❡①♣❡r✐♠❡♥t♦s ❝♦♠

❛♥✐♠❛✐s ♣♦r ❆❞r✐❛♥ ❑❛♥tr♦✇✐t③✱ ❡♠ ✶✾✺✷ ❬✷✻❪✳ ❊st❡ ❛✉t♦r ✉t✐❧✐③♦✉ ✉♠ ❤❡♠✐❞✐❛❢r❛❣♠❛✶✶

❡♥r♦❧❛❞♦ ❡♠ t♦r♥♦ ❞❛ ❛♦rt❛ t♦rá❝✐❝❛ ❞❡ ❝ã❡s✱ ❡❧❡tr✐❝❛♠❡♥t❡ ❡st✐♠✉❧❛❞♦ ✈✐❛ ♥❡r✈♦ ❢rê♥✐❝♦

❞✉r❛♥t❡ ❛ ❞✐ást♦❧❡ ❞♦ ❛♥✐♠❛❧✱ ♣❛r❛ ♣r♦❞✉③✐r ♦ ❡❢❡✐t♦ ❞❡ ❝♦♥tr❛♣✉❧s❛çã♦ ❛órt✐❝❛✳ ❊♠ ✶✾✻✷✱

▼♦✉❧♦♣♦✉❧♦s ❡t ❛❧ ❬✷✼❪✱ ✉t✐❧✐③❛♥❞♦ ♦ ♣r✐♥❝í♣✐♦ ❞❛ ❝♦♥tr❛♣✉❧s❛çã♦✱ ❞❡s❡♥✈♦❧✈❡r❛♠ ♦ ❇■❆

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

♠♦♥t❛❞♦ ❡♠ ✉♠ ❝❛t❡t❡r ✢❡①í✈❡❧ ❝♦♠ ❞♦✐s ❧ú♠❡♥s✱ ❝❛♣❛③ ❞❡ ✐♥✢❛r ❡ ❞❡s✐♥✢❛r ♥❛ ❛♦rt❛ t♦rá❝✐❝❛

❞❡s❝❡♥❞❡♥t❡ ❞✉r❛♥t❡ ❝❛❞❛ ❝✐❝❧♦ ❝❛r❞í❛❝♦✱ ❛✉♠❡♥t❛♥❞♦ ❛ ♦❢❡rt❛ ❞❡ ♦①✐❣ê♥✐♦ ❡ ❞✐♠✐♥✉✐♥❞♦ ❛

❞❡♠❛♥❞❛ ❞❡ ♦①✐❣ê♥✐♦ ♣❡❧♦ ♠✐♦❝ár❞✐♦✳

■♥tr♦❞✉③✐❞❛ ♥❛ ♣rát✐❝❛ ❝❧í♥✐❝❛ ♥♦ ✜♥❛❧ ❞♦s ❛♥♦s ✻✵ ❬✷✽❪✱ ❛ ❝♦♥tr❛♣✉❧s❛çã♦ é ✉♠❛ t❡r❛♣✐❛

❡st❛❜❡❧❡❝✐❞❛ ♣❛r❛ ✐♥ú♠❡r♦s tr❛t❛♠❡♥t♦s ♠é❞✐❝♦s ❡ ❝✐rúr❣✐❝♦s✳ ❖ ❇■❆ é ✉♠ ❡q✉✐♣❛♠❡♥t♦

❞❡ ❛ss✐stê♥❝✐❛ ❝❛r❞í❛❝❛ t❡♠♣♦rár✐❛ q✉❡ ♣❡r♠✐t❡ ❛ s♦❜r❡✈✐✈ê♥❝✐❛ ❞♦ ♣❛❝✐❡♥t❡ ❡♥q✉❛♥t♦ ♦

tr❛t❛♠❡♥t♦ ❞❡✜♥✐t✐✈♦ é ❡①❡❝✉t❛❞♦✳ ❖ ❇■❆ ❝♦♥s✐st❡ ❞❡ ✉♠ ❜❛❧ã♦ ❞❡ ♣♦❧✐✉r❡t❛♥♦ ♠♦♥t❛❞♦ ♥♦

❝❛t❡t❡r ❝♦♠ ✉♠ s❡♥s♦r ❞❡ ♣r❡ssã♦ ❞❡ ✜❜r❛ ót✐❝❛ ❧♦❝❛❧✐③❛❞♦ ♥❛ ♣♦♥t❛ ❞♦ ❝❛t❡t❡r✳ ❆ ❋✐❣✉r❛

✷✳✼ ❡①✐❜❡ ✉♠ ♠♦❞❡❧♦ ❝♦♠❡r❝✐❛❧ ❛t✉❛❧ ❞♦ ❇■❆✳
✶✵❙✐t✉❛çã♦ ❞❡ ❤✐♣♦♣❡r❢✉sã♦ t❡❝✐❞✉❛❧ s✐stê♠✐❝❛ ❞❡✈✐❞♦ à ✐♥❝❛♣❛❝✐❞❛❞❡ ❞♦ ♠ús❝✉❧♦ ❝❛r❞í❛❝♦ ❢♦r♥❡❝❡r ❞é❜✐t♦

❛❞❡q✉❛❞♦ às ♥❡❝❡ss✐❞❛❞❡s ❞♦ ♦r❣❛♥✐s♠♦✳
✶✶❯♠❛ ❞❛s ❞✉❛s ♠❡t❛❞❡s ❞♦ ❞✐❛❢r❛❣♠❛✳



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✷✵

✭❛✮ ❋♦t♦❣r❛✜❛ ❞♦ ❇■❆ ❬✷✾❪✳

✭❜✮ ■❧✉str❛çã♦ ❞♦ ❇■❆ ❞❡st❛❝❛♥❞♦ ♦s ♣r✐♥❝✐♣❛✐s ❝♦♠♣♦♥❡♥t❡s ❬✷✾❪✳

❋✐❣✉r❛ ✷✳✼✿ ■❧✉str❛çã♦ ❞❡s❝r✐t✐✈❛ ❞♦ ❇■❆✳

❆ ♠❛✐♦r✐❛ ❞♦s ❝❛t❡t❡r❡s ❞♦ ❇■❆ é ✐♥s❡r✐❞❛ ♣♦r ✈✐❛ ♣❡r❝✉tâ♥❡❛ ♣❡❧❛ té❝♥✐❝❛ ❞❡ ❙❡❧❞✐♥❣❡r✶✷✳

❖ ❧♦❝❛❧ ♠❛✐s ❝♦♠✉♠ ❞❡ ✐♥s❡rçã♦ é ❛tr❛✈és ❞❛ ❛rtér✐❛ ❢❡♠♦r❛❧✳ ❆ ♣♦♥t❛ ❞♦ ❝❛t❡t❡r ❜❛❧ã♦

❞❡✈❡ s❡r ♣♦s✐❝✐♦♥❛❞❛ ❞✐st❛❧♠❡♥t❡ à ❛rtér✐❛ s✉❜❝❧á✈✐❛ ❡sq✉❡r❞❛✳ P♦s✐❝✐♦♥❛r ♦ ❝❛t❡t❡r ❛❧é♠

❞❛ ❛rtér✐❛ s✉❜❝❧á✈✐❛ ♣♦❞❡ ✐♠♣❡❞✐r ♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ❝❡r❡❜r❛❧❀ ♣♦s✐❝✐♦♥❛r ♦ ❜❛❧ã♦ ♠✉✐t♦

✐♥❢❡r✐♦r♠❡♥t❡ ♣♦❞❡ ♦❜str✉✐r ❛ ♣❡r❢✉sã♦ ♠❡s❡♥tér✐❝❛ ❡ r❡♥❛❧ ❞✉r❛♥t❡ ❛ ✐♥s✉✢❛çã♦ ✭❋✐❣✉r❛

✶✷Pr♦❝❡❞✐♠❡♥t♦ ♠é❞✐❝♦ ♠✐♥✐♠❛♠❡♥t❡ ✐♥✈❛s✐✈♦ ♣❛r❛ s❡ ❝♦♥s❡❣✉✐r ❛❝❡ss♦ s❡❣✉r♦ ❛♦s ✈❛s♦s s❛♥❣✉í♥❡♦s ❡
♦✉tr♦s ór❣ã♦s ❝♦♠ ❝❛✈✐❞❛❞❡s✳



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✷✶

✷✳✽✮✳

❋✐❣✉r❛ ✷✳✽✿ ■❧✉str❛çã♦ ❞♦ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ✐❞❡❛❧ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✭❆❞❛♣t❛❞♦ ❞❡ ❇r✐❞✲
❣❡✇❛t❡r ❡t ❛❧ ❬✽❪✮✳

❖ t❡♠♣♦ ❞❡ ✐♥✢❛çã♦ ❡ ❞❡✢❛çã♦ ❞♦ ❜❛❧ã♦ é ❝♦♥tr♦❧❛❞♦ ♣♦r ✉♠ ❝♦♥s♦❧❡ ❞❡ ❝♦♥tr♦❧❡✳ ❖

❜❛❧ã♦ ❞❡✈❡ ✐♥✢❛r ♥♦ ✜♥❛❧ ❞❛ síst♦❧❡ ✭q✉❛♥❞♦ ❛ ✈á❧✈✉❧❛ ❛órt✐❝❛ s❡ ❢❡❝❤❛✮ ❡ ❞❡s✐♥✢❛r ♥♦ ✐♥í❝✐♦

❞❛ síst♦❧❡ ✭✐♠❡❞✐❛t❛♠❡♥t❡ ❛♥t❡s ❞❛ ❛❜❡rt✉r❛ ❞❛ ✈á❧✈✉❧❛ ❛órt✐❝❛✮✳ ❖ ❝♦♥s♦❧❡ ♠♦♥✐t♦r❛ ♦ ❊❈●

❡ ❞❡s✐♥✢❛ ♦ ❜❛❧ã♦ q✉❛♥❞♦ r❡❝♦♥❤❡❝❡ ❛ ♦♥❞❛ ❘ ♥♦ ❝♦♠♣❧❡①♦ ◗❘❙ ✭❛ ❞❡s♣♦❧❛r✐③❛çã♦ ♣r❡❝❡❞❡

❛ ❝♦♥tr❛çã♦ ♠❡❝â♥✐❝❛✮ ❡ ✐♥✢❛ ♦ ❜❛❧ã♦ ♥♦ ♠❡✐♦ ❞❛ ♦♥❞❛ ❚✳ ❆ ✐♥✢❛çã♦ ❡ ❛ ❞❡✢❛çã♦ ❞♦ ❜❛❧ã♦

t❛♠❜é♠ ♣♦❞❡♠ s❡r ❞✐s♣❛r❛❞♦s s❡❣✉♥❞♦ ❛❧t❡r❛çõ❡s ♥❛ ♣r❡ssã♦ ❛rt❡r✐❛❧ s❡ ♦ ❊❈● ♥ã♦ ❢♦r

❝❛♣t✉r❛❞♦ ♣♦r q✉❛❧q✉❡r ♠♦t✐✈♦ ❛❞✈❡rs♦✳

❆ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çã♦ é ❝♦♥tr♦❧❛❞❛ ♣❡❧♦ ❝♦♥s♦❧❡✳ ❊ss❛ ❢✉♥çã♦ é út✐❧ ❞✉r❛♥t❡ ❛s ❛rr✐t✲

♠✐❛s ❡ t❛♠❜é♠ ♥♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ r❡t✐r❛❞❛ ❞♦ ♣❛❝✐❡♥t❡ ❞♦ ❇■❆✳ ❆ ❞❡✜♥✐çã♦ ❞❡ ❞♦✐s ❝✐❝❧♦s

❝❛r❞í❛❝♦s ♣❛r❛ ✉♠❛ ✐♥t❡r✈❡♥çã♦ ♣❡r♠✐t❡ ✉♠❛ ✐♥t❡r♣r❡t❛çã♦ ♣r❡❝✐s❛ ❞♦s ❜❛t✐♠❡♥t♦s ❛ss✐st✐✲



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✷✷

❞♦s ❡ ♥ã♦ ❛ss✐st✐❞♦s✱ ❢❛❝✐❧✐t❛♥❞♦ ♦ ❛❥✉st❡ ♠❛♥✉❛❧ ❞♦ t❡♠♣♦ ❞❡ ✐♥s✉✢❛çã♦ ❡ ❞❡✢❛çã♦✳ ❖ ❤é❧✐♦

é ✉s❛❞♦ ♣❛r❛ ❛ ✐♥✢❛çã♦ ❞♦ ❜❛❧ã♦ ❞❡✈✐❞♦ à s✉❛ ❜❛✐①❛ ❞❡♥s✐❞❛❞❡✱ ♣❡r♠✐t✐♥❞♦ ✉♠❛ ✐♥t❡r❛çã♦

s✉✜❝✐❡♥t❡♠❡♥t❡ rá♣✐❞❛ ❡♥tr❡ ♦ ❝♦♥s♦❧❡ ❡ ♦ ❜❛❧ã♦✳ ❆ ❋✐❣✉r❛ ✷✳✾ ✐❧✉str❛ ❛ ❝♦♥✜❣✉r❛çã♦ ❞❡

♦♣❡r❛çã♦ ❞♦ ❇■❆ ❡ ❞✐s♣♦s✐t✐✈♦s ❛ss♦❝✐❛❞♦s✳ ❆ ❋✐❣✉r❛ ✷✳✶✵✭❛✮ ✐❧✉str❛ ❛ ♦♣❡r❛çã♦ ❞❡ ✐♥✢❛çã♦

❡ ❞❡✢❛çã♦ ❞♦ ❇■❆✳

❋✐❣✉r❛ ✷✳✾✿ ■❧✉str❛çã♦ ❞❛ ❝♦♥✜❣✉r❛çã♦ ♦♣❡r❛❝✐♦♥❛❧ ❞♦ ❇■❆ ❬✷✾❪✳

✷✳✹✳✶ ❈♦♥tr❛♣✉❧s❛çã♦

❆ ❝♦♥tr❛♣✉❧s❛çã♦ ❞✐❛stó❧✐❝❛ ✭✐st♦ é✱ ❛ ✐♥✢❛çã♦ ❞♦ ❜❛❧ã♦ ❞✉r❛♥t❡ ❛ ❞✐ást♦❧❡✮ é ♦ ♣r✐♥❝í♣✐♦

❢✉♥❞❛♠❡♥t❛❧ ♣♦r trás ❞♦ ❇■❆✱ ❡ t❡♠ ❞♦✐s ❡❢❡✐t♦s ♣r✐♥❝✐♣❛✐s✿ ❛✉♠❡♥t❛♠ ❛ ♣r❡ssã♦ ❞✐❛stó✲

❧✐❝❛✱ ❛✉♠❡♥t❛♥❞♦ ❛ ♣❡r❢✉sã♦ ❝♦r♦♥ár✐❛ ❡ ♦ ❢♦r♥❡❝✐♠❡♥t♦ ❞❡ ♦①✐❣ê♥✐♦❀ r❡❞✉③ ❛ ✐♠♣❡❞â♥❝✐❛ ❞♦

✢✉①♦ ♣❛r❛ ❛ ❢r❡♥t❡ ❞✉r❛♥t❡ ❛ síst♦❧❡✱ ❞✐♠✐♥✉✐♥❞♦ ❛ss✐♠ ❛ ♣ós✲❝❛r❣❛ ❡ ♦ ❝♦♥s✉♠♦ ❞❡ ♦①✐❣ê✲

♥✐♦ ♠✐♦❝ár❞✐❝♦ ✭❋✐❣✉r❛ ✷✳✶✵✭❜✮✮✳ ❊ss❡ ❝❡♥ár✐♦ r❡s✉❧t❛ ❡♠ ❞✐♠✐♥✉✐çã♦ ❞❛ t❡♥sã♦ ♥❛ ♣❛r❡❞❡

✈❡♥tr✐❝✉❧❛r ❡sq✉❡r❞❛✱ ♠❡❧❤♦r❛ ❞❛ ❝♦♥tr❛t✐❧✐❞❛❞❡ ❡ ❛✉♠❡♥t♦ ❞♦ ❞é❜✐t♦ ❝❛r❞í❛❝♦✳

❆ ❋✐❣✉r❛ ✷✳✶✵✭❜✮ ♠♦str❛ q✉❡ ❛ ♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ♥♦ ❝✐❝❧♦ ❞❡ ❛ss✐stê♥❝✐❛ ❞♦ ❇■❆ é ❛✐♥❞❛

♠❛✐♦r ❞♦ q✉❡ ❛ ♣r❡ssã♦ s✐stó❧✐❝❛ ♥♦ ❝✐❝❧♦ ♥ã♦✲❛ss✐st✐❞♦✳ ◆❛ s❡q✉ê♥❝✐❛✱ ✈❡r✐✜❝❛✲s❡ ✉♠❛ q✉❡❞❛

❛❝❡♥t✉❛❞❛ q✉❡ r❡❞✉③ ♦s ♥í✈❡✐s ❞❡ ♣r❡ssã♦ ❛ ♥í✈❡✐s ❛❜❛✐①♦ ❞♦s ♥í✈❡✐s ❞❡ ♦♣❡r❛çã♦ ♥ã♦✲❛ss✐st✐❞♦✳



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✷✸

Sístole Diástole

✭❛✮ ■❧✉str❛çã♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ✐♥✢❛çã♦ ❡ ❞❡✢❛çã♦ ❞♦
❇■❆ ❬✷✾❪✳

✭❜✮ ■❧✉str❛çã♦ ❡♠ ❝♦♥tr❛st❡ ❞♦s ♣❡r✜s ❞❡ ♣r❡ssã♦ ❛órt✐❝❛ q✉❛♥❞♦ ❛ss✐st✐❞♦s
❡ ♥ã♦✲❛ss✐st✐❞♦s ♣❡❧♦ ❇■❆ ✭❆❞❛♣t❛❞♦ ❞❡ ❇r✐❞❣❡✇❛t❡r ❡t ❛❧ ❬✽❪✮✳

❋✐❣✉r❛ ✷✳✶✵✿ ■❧✉str❛çã♦ ❞❡s❝r✐t✐✈❛ ❞♦ ❇■❆✳



❈❛♣ít✉❧♦ ✷✳ ■♥tr♦❞✉çã♦ ❛♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ✷✹

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

♣❛r❛ s✉♣❡r❛r ❛ r❡s✐stê♥❝✐❛ ❞❡ ❝♦♥tr❛çã♦✳ ❆ ♣r❡ssã♦ s✐stó❧✐❝❛ ❛ss✐st✐❞❛ t❛♠❜é♠ é ✈❡r✐✜❝❛❞❛

❡♠ ♥í✈❡❧ ♠❡♥♦r q✉❡ ♦ ♥í✈❡❧ ❞❡ ♦♣❡r❛çã♦ ♥ã♦✲❛ss✐st✐❞♦✳

✷✳✺ ❈♦♥❝❧✉sõ❡s

❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♦❢❡r❡❝❡r ✉♠❛ ✈✐sã♦ ❣❡r❛❧ ❞♦ ❛ss✉♥t♦ ❡ ❛✉①✐❧✐❛r ♦s ❧❡✐t♦r❡s q✉❡ ♣♦ss✉❡♠

♣♦✉❝♦ ♦✉ ♥❡♥❤✉♠ ❝♦♥❤❡❝✐♠❡♥t♦ s♦❜r❡ ❛ ár❡❛✱ ❛♣r❡s❡♥t♦✉✲s❡ ♥❡ss❡ ❝❛♣ít✉❧♦✱ ✉♠❛ r❡✈✐sã♦

❞♦s ❡❧❡♠❡♥t♦s ❞❡ ✐♥t❡r❡ss❡ ❞♦ ❙❈❍✳ ❖s ♣r✐♥❝✐♣❛✐s t❡r♠♦s té❝♥✐❝♦s ❜❡♠ ❝♦♠♦ ❛s ♣r✐♥❝✐♣❛✐s

✈❛r✐á✈❡✐s q✉❡ ❢❛③❡♠ ♣❛rt❡ ❞❡ss❡ tr❛❜❛❧❤♦ ❢♦r❛♠ ❞❡✜♥✐❞❛s ♥❡st❡ ❝❛♣ít✉❧♦✳ ❆❧❣✉♠❛s ❞♦❡♥ç❛s

❝❛r❞í❛❝❛s ❢♦r❛♠ ❝♦♠❡♥t❛❞❛s✱ ❞❛♥❞♦ ê♥❢❛s❡ à ✐♥s✉✜❝✐ê♥❝✐❛ ❝❛r❞í❛❝❛ ❡ à ✉t✐❧✐③❛çã♦ ❞♦ ❇■❆✳

❖ ♣ró①✐♠♦ ❝❛♣ít✉❧♦ ✐♥tr♦❞✉③ ♦s ❛s♣❡❝t♦s ❞❡ ♠♦❞❡❧❛❣❡♠ r❡❧❛❝✐♦♥❛❞♦s ❛♦ ❙❈❍ ❡ ❛♦ ❇■❆✳

▼♦❞❡❧♦s ✵❉ ❞✐s♣♦♥í✈❡✐s ♥❛ ❧✐t❡r❛t✉r❛ sã♦ ❛♣r❡s❡♥t❛❞♦s ♣❛r❛ ♣♦st❡r✐♦r ❝♦♠♣♦s✐çã♦ ❞❡ ❝❛s♦s

❞❡ s✐♠✉❧❛çã♦✳



❈❛♣ít✉❧♦ ✸

▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r

❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦

❊st❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t❛ ♦s ❝♦♥❝❡✐t♦s ❞❡ ♠♦❞❡❧❛❣❡♠ ✉t✐❧✐③❛❞♦s ♥♦ ❞❡❝♦rr❡r ❞♦ tr❛❜❛❧❤♦✱

❞❡s❝r❡✈❡♥❞♦ ♣♦r ❝♦♥s❡❣✉✐♥t❡✱ ♦s ♠♦❞❡❧♦s ❞♦ ❙❈❍ ❡ ❞♦ ❇■❆ ❛❞♦t❛❞♦s ❝♦♠♦ r❡❢❡rê♥❝✐❛ ♣❛r❛

❡st✉❞♦ ❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❝❛s♦s ❞❡ s✐♠✉❧❛çã♦✳ ❖ ❝❛♣ít✉❧♦ ✐♥✐❝✐❛✲s❡ ❝♦♠ ❛ ❛♣r❡s❡♥t❛çã♦

❞♦ r❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦ ❛❝❡r❝❛ ❞♦s ♠♦❞❡❧♦s ✵❉ ❞♦ ❇■❆ ✈❡r✐✜❝❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛✳

✸✳✶ ❘❡❢❡r❡♥❝✐❛❧ ❚❡ór✐❝♦

❯♠❛ ❞❛s r❡♣r❡s❡♥t❛çõ❡s s✐♠♣❧✐✜❝❛❞❛s ❞♦s ♠♦❞❡❧♦s ❞♦ ❙❈❍ sã♦ ♦s ❝❤❛♠❛❞❛s ♠♦❞❡❧♦s

❛ ♣❛râ♠❡tr♦s ❝♦♥❝❡♥tr❛❞♦s✱ ♦✉ ♠♦❞❡❧♦s ✵❉✳ ❊ss❛ ♠♦❞❛❧✐❞❛❞❡ ❞❡ r❡♣r❡s❡♥t❛çã♦ é ❞✐t❛ ❝♦♥✲

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

❧❡✈❛r ❡♠ ❝♦♥t❛ ❛s ❞✐♠❡♥sõ❡s ❣❡♦♠étr✐❝❛s ❞♦s s❡✉s ❝♦♠♣♦♥❡♥t❡s✳ ❯♠ ♠♦❞❡❧♦ ✵❉ ❢❛③ ✉s♦

❞❡ ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ♦r❞✐♥ár✐❛s ❡✱ ❡♠ ❣❡r❛❧✱ é ❛♣r♦①✐♠❛❞♦ ♥✉♠❡r✐❝❛♠❡♥t❡ ♣♦r ♠ét♦❞♦s

✐♠♣❧í❝✐t♦s ❞❡ ❞✐❢❡r❡♥ç❛s ✜♥✐t❛s ❬✸✵❪✳

❆ ✉t✐❧✐③❛çã♦ ❞❡ss❛s r❡♣r❡s❡♥t❛çõ❡s ♣❡r♠✐t❡ ❛❢❡r✐r ❛s♣❡❝t♦s ❢✉♥❝✐♦♥❛✐s ❞♦ ❙❈❍✳ ❆ ❧✐t❡r❛✲

t✉r❛ ❡①♣❧✐❝✐t❛ ❛ ❛ss♦❝✐❛çã♦ ❞❡ss❡s ♠♦❞❡❧♦s ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❡str❛t❡❣✐❛s ❞❡ ❝♦♥tr♦❧❡

❞❡st✐♥❛❞❛s ❛♦s ❉▼❆❈ ❬✸✶❪✱ ❬✸✷❪✱ ❬✸✸❪✳

❆ ✐♥t❡r❛çã♦ ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ❡♥tr❡ ♦s ❉▼❆❈ ❡ ♦ ❙❈❍ é ✈❡r✐✜❝❛❞❛ ♥❛ ❧✐t❡r❛t✉r❛ ♣♦r

♠❡✐♦ ❞❡ ❞✐❢❡r❡♥t❡s ♠♦❞❡❧♦s✳ ❊♠ s❡ tr❛t❛♥❞♦ ❞❡ ♠♦❞❡❧♦s ✵❉ ❞♦ ❙❈❍ ❛s ♣r✐♥❝✐♣❛✐s ❞✐❢❡✲



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✷✻

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

❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ♥❡❝❡ssár✐❛s à ❞✐st✐♥çã♦ ❞❡ ♣❛❝✐❡♥t❡s ❛❞✉❧t♦s ❡ ♣❡❞✐átr✐❝♦s✳

❊♠ s❡ tr❛t❛♥❞♦ ❞♦ ❙❈❍ ❛❞✉❧t♦ ❞❡st❛❝❛♠✲s❡ ♥❛ ❧✐t❡r❛t✉r❛ ♦s ♠♦❞❡❧♦s ❛♣r❡s❡♥t❛❞♦s ♣♦r

❙✐♠❛❛♥ ❡t ❛❧ ❬✸✶❪ ❡ ❨✉ ❡t ❛❧ ❬✸✹❪✳ ❊ss❡s ♠♦❞❡❧♦s ❞❡s❝♦♥s✐❞❡r❛♠ ❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ ❧❛❞♦

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

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

❤❡♠♦❞✐♥â♠✐❝♦ ❞♦ ❧❛❞♦ ❡sq✉❡r❞♦ ❞♦ ❝♦r❛çã♦✳ ❖ ❧❛❞♦ ❡sq✉❡r❞♦ ♣♦r s✉❛ ✈❡③✱ ❛❧é♠ ❞❡ ❝♦♠♣♦rt❛r

♠❛✐♦r ❣r❛✉ ❞❡ ✐♥t❡r❛çã♦ ❝♦♠ ♦s ❉▼❆❈✱ ❝♦♥st✐t✉✐✲s❡ ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✱ ❝♦♥s✐❞❡r❛❞❛ ❛

♠❛✐s ❢♦rt❡ ❞❛s ❝â♠❛r❛s ❞♦ ❝♦r❛çã♦ ❡ r❡s♣♦♥sá✈❡❧ ♣♦r ❜♦♠❜❡❛r s❛♥❣✉❡ ♣❛r❛ t♦❞❛s ❛s ♣❛rt❡s

❞♦ ❝♦r♣♦✳

❖ ♠♦❞❡❧♦ ❞❡ ❙✐♠❛❛♥ ❡t ❛❧ ❬✸✶❪ é r❡❝♦♥❤❡❝✐❞♦ ♣♦r s❡r ❝❛♣❛③ ❞❡ r❡♣r♦❞✉③✐r ❞❡ ♠❛♥❡✐r❛

✜s✐♦❧♦❣✐❝❛♠❡♥t❡ s❛t✐s❢❛tór✐❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ♣r❡ssã♦ ♥♦ átr✐♦ ❡ ♥♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✱

❛ ♣r❡ssã♦ ❡ ♦ ✢✉①♦ ♥❛ ❛♦rt❛✱ ❡ ❛ ❝✐r❝✉❧❛çã♦ s✐stê♠✐❝❛✳ ❙✉❛ r❡♣r❡s❡♥t❛çã♦ s❡ ❞á ♣♦r ♠❡✐♦ ❞❡

✉♠ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ ♥ã♦✲❧✐♥❡❛r ❞❡ ✺❛ ♦r❞❡♠✱ ♥♦ q✉❛❧ ❛ ❝♦♠♣❧❛❝ê♥❝✐❛ ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦

é r❡♣r❡s❡♥t❛❞❛ ♣❡❧♦ ✐♥✈❡rs♦ ❞❛ ❢✉♥çã♦ ❊❧❛stâ♥❝✐❛✳

◆❡ss❡ tr❛❜❛❧❤♦ r❡♣r♦❞✉③✐♠♦s ❛ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ♠♦❞❡❧♦ ✵❉ ❛♣r❡s❡♥t❛❞♦ ♣♦r ❙✐♠❛❛♥ ❡t ❛❧

❬✸✶❪✱ ♣♦✐s ✉♠❛ ✈❡③ q✉❡ ❞❡s❡❥❛✲s❡ ❝♦♠♣r❡❡♥❞❡r ♦s ❡❢❡✐t♦s ❞❛ ✐♥t❡r❛çã♦ ❡♥tr❡ ♦ ❇■❆ ❡ ♦ ❙❈❍✱

❝♦♥s✐❞❡r❛✲s❡ ✐♥❞✐s♣❡♥sá✈❡❧ ❛ ❛♣r❡s❡♥t❛çã♦ ♣ré✈✐❛ ❞❡ ✉♠ ♠♦❞❡❧♦ r❡♣r❡s❡♥t❛t✐✈♦ ❞♦ ❙❈❍✳ ❆

❡s❝♦❧❤❛ ❞❡ss❡ ♠♦❞❡❧♦ ❞❡✈❡✲s❡ ❛ s✉❛ s✐♠♣❧✐❝✐❞❛❞❡ ❡ à ❝❛♣❛❝✐❞❛❞❡ ❞❡ r❡♣r♦❞✉çã♦ ❞❛s ❣r❛♥❞❡③❛s

♥❡❝❡ssár✐❛s ❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ tr❛❜❛❧❤♦✳

❆s ❝♦♥tr✐❜✉✐çõ❡s ❞❡ ♠♦❞❡❧♦s ✵❉ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ ❛❝❡r❝❛ ❞♦ ❡st✉❞♦ ❞❛ ✐♥t❡r❛çã♦

❡♥tr❡ ♦ ❇■❆ ❡ ♦ ❙❈❍ ✐♥✐❝✐❛♠✲s❡ ❡♠ ✶✾✽✹ ❝♦♠ ❑✉❦❧✐♥s❦✐ ❡t ❛❧ ❬✸✺❪✳ ❖ ♠♦❞❡❧♦ ❢♦✐ ✉s❛❞♦ ♣❛r❛

❡st✉❞❛r ♦s ❡❢❡✐t♦s ❞❡ ❛❥✉st❡s ❞❡ t❡♠♣♦ ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆ s♦❜ ❝♦♥❞✐çõ❡s ❝♦rr❡s♣♦♥❞❡♥t❡s

às ♠❡❞✐❞❛s ❞✉r❛♥t❡ ❡①♣❡r✐♠❡♥t♦s ❝♦♠ ❛♥✐♠❛✐s✳ ❖s ❛✉t♦r❡s ❞❡❝❧❛r❛♠ q✉❡ ❛s ❡q✉❛çõ❡s ❞❡s✲

❝r✐t✐✈❛s ❞♦ ♠♦❞❡❧♦ sã♦ ♦❜t✐❞❛s ♣♦r ♠❡✐♦ ❞❛ ❛♣❧✐❝❛çã♦ ❞❛s ❡q✉❛çõ❡s ❞❡ ◆❛✈✐❡r ❙t♦❦❡s✱ ♥❡ss❡

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

❊♠ ✶✾✽✾ ❨✐♥❣ ❙✉♥ ❬✶✼❪✱ ♣r♦♣õ❡ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ s✐♠♣❧✐✜❝❛❞❛ ✉t✐❧✐③❛♥❞♦ ❛ r❡♣r❡s❡♥t❛✲

çã♦ ❡♠ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦s ♣❛r❛ ♦ ❡st✉❞♦ ❞❛ ✐♥t❡r❛çã♦ ❡♥tr❡ ♦ ❇■❆ ♦ ❙❈❍✳ ❊♠ ✶✾✾✶ ♦ ♠❡s♠♦

❛✉t♦r ❞✐s♣♦♥✐❜✐❧✐③❛ ✈❡rsã♦ ❡①♣❛♥❞✐❞❛ ❞♦ ❡st✉❞♦ ❬✶✼❪✳ ❊ss❛ ✈❡rsã♦ ❝♦♥t❛ ❝♦♠ ❛ ❞❡s❝r✐çã♦

❞❡ ❡①♣❡r✐♠❡♥t❛çõ❡s q✉❡ ❡❧✉❝✐❞❛♠ ❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡ r❡♣r♦❞✉çã♦ ❞♦ ♠♦❞❡❧♦✳ ❖ ❡st✉❞♦ é

❛✈❛❧✐❛❞♦ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ❛❞❡q✉❛çã♦ ❜✐♦❧ó❣✐❝❛ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✷✼

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

❨✐♥❣ ❙✉♥ ❛♣r❡s❡♥t❛ ❜❛✐①❛ ❝♦♠♣❧❡①✐❞❛❞❡ s❡ ❝♦♠♣❛r❛❞♦ ❛ ♦✉tr♦s ♠♦❞❡❧♦s ❡ r❡❞❛çã♦ ♣r❡❝✐s❛

❞❡ ♣❛rt❡ ✐♠♣♦rt❛♥t❡ ❞♦s ♣❛râ♠❡tr♦s✳

❊♠ ✶✾✾✵✱ ❖❧s♦♥ ❡t ❛❧ ❬✶✽❪ ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ ✈❡rsã♦ s✐♠♣❧✐✜❝❛❞❛ ❞❡ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ ♣❛r❛

r❡♣r❡s❡♥t❛r ♦ ❇■❆✳ ❖ tr❛❜❛❧❤♦ ♣r♦♣õ❡ ❛✉①✐❧✐❛r ❡st✉❞♦s ❛❝❡r❝❛ ❞♦ ❇■❆ ♣♦r ♠❡✐♦ ❞❛ ✐♥s❡rçã♦

❞♦ ♠♦❞❡❧♦ ♣r♦♣♦st♦ ❡♠ r❡♣r❡s❡♥t❛çõ❡s ♠❛✐s ❝♦♠♣❧❡①❛s ❞♦ ❙❈❍✳

❊♠ ✶✾✾✷✱ P❤♦✉ ❡t ❛❧ ❬✶✾❪ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ♠♦❞❡❧♦ ❞❡ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ ❝❛♣❛③ ❞❡ s✐♠✉❧❛r ❛

♦♣❡r❛çã♦ ❞♦ ❇■❆ ❡ ❛ ❝♦rr❡s♣♦♥❞❡♥t❡ r❡s♣♦st❛ ❞❡ ✉♠ ♣❛❝✐❡♥t❡✳ ❖ ❡st✉❞♦ ❡♥s❡❥❛ ❛ ❢❛❝✐❧✐t❛çã♦

❞❛ ♣rát✐❝❛ ❞❡ ♠❛♥✉s❡✐♦ ❞♦ ❝♦♥s♦❧❡ ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆ ❛ ♣r♦✜ss✐♦♥❛✐s ❞❡ s❛ú❞❡✱ ❛t❡♥✉❛♥❞♦

❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠♦❞❡❧♦s ❝♦♠❡r❝✐❛✐s ♣❛r❛ ❡st❡ ✜♠✳

❊♠ ✶✾✾✺✱ ▲❛③③❛r✐ ❡t ❛❧ ❬✷✵❪ ♣r♦♣✉s❡r❛♠ ✉♠❛ ✈❡rsã♦ s✐♠♣❧✐✜❝❛❞❛ ❞❡ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ ♣❛r❛

♦ ❇■❆✳ ❊♠ ✷✵✶✵✱ ❆❜❞♦❧r❛③❛❣❤✐ ❡t ❛❧ ❬✸✻❪ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ ❡q✉✐✈❛❧❡♥t❡ ♣❛r❛

♦ ❙❈❍ ❞❡ ✉♠ ♦✈✐♥♦✱ ♥❡ss❛ ❝♦♥t❡①t♦ ✉♠❛ ✈❡rsã♦ s✐♠♣❧✐✜❝❛❞❛ ❞❡ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ ♣❛r❛ ♦ ❇■❆

t❛♠❜é♠ é ❛♣r❡s❡♥t❛❞❛✳

❖ ❡st✉❞♦ ♠❛✐s r❡❝❡♥t❡ ❛❝❡r❝❛ ❞❡ ♠♦❞❡❧♦s ✵❉ ❞♦ ❇■❆ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✷✵✶✸ ♣♦r ❙❝❤❛♠✲

♣❛❡rt ❡t ❛❧ ❬✷✶❪✳ ❊ss❡ ❡st✉❞♦ ❛♣♦♥t❛ ❧✐♠✐t❛çõ❡s ✐♠♣♦rt❛♥t❡s r❡❧❛❝✐♦♥❛❞❛s ❛♦s ♠♦❞❡❧♦s ♣r❡✈✐✲

❛♠❡♥t❡ ❞❡s❡♥✈♦❧✈✐❞♦s✱ ❡✳❣✳✱ ❢❛❧t❛ ❞❡ s✐❣♥✐✜❝❛❞♦ ✜s✐♦❧ó❣✐❝♦ ❛tr✐❜✉í❞❛s ❛♦s ♣❛râ♠❡tr♦s❀ ❡❧✐♠✐✲

♥❛çã♦ ❞❛ ✐♥t❡r❛çã♦ ♠❡❝â♥✐❝❛ ❡♥tr❡ ❛ ❜♦♠❜❛ ✭❝♦♥s♦❧❡✮ ❞♦ ❇■❆ ❡ ♦ ❙❈❍ ♣♦r ♠❡✐♦ ❞❛ s✐♠♣❧❡s

♣r❡s❝r✐çã♦ ❞❡ ✈❛r✐❛çã♦ ♥♦ r❛✐♦ ❞❛ ❛♦rt❛✳

▼✉✐t♦ ❡♠❜♦r❛ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♣♦r ❙❝❤❛♠♣❛❡rt ❡t ❛❧ ❬✷✶❪ r❡♣r❡s❡♥t❡♠ ❛✈❛♥ç♦s

s✐❣♥✐✜❝❛t✐✈♦s ♥♦s ❡st✉❞♦s ❞❡ ♠♦❞❡❧❛❣❡♠ ✵❉ ❞♦ ❇■❆✱ ❛ r❡❞❛çã♦ ❛♣r❡s❡♥t❛❞❛ ♥ã♦ ❞❡✜♥❡ ❞❡

❢♦r♠❛ ♣r❡❝✐s❛ ❞❡t❡r♠✐♥❛❞♦s ♣❛râ♠❡tr♦s ❞♦ ❝✐r❝✉✐t♦ ♣r♦♣♦st♦✳ P♦r ❝❡rt♦✱ ❡ à s❡♠❡❧❤❛♥ç❛ ❞♦s

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

✜❞❡❞✐❣♥❛ ❞♦s r❡s✉❧t❛❞♦s✳

P❛r❛ ❛ ❝♦♠♣♦s✐çã♦ ❞♦s ❝❛s♦s ❞❡ s✐♠✉❧❛çã♦ ✐♥❡r❡♥t❡s ❛♦s ♦❜❥❡t✐✈♦s ❞♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦

❛❞♦t♦✉✲s❡ ♦ ♠♦❞❡❧♦ ♣r♦♣♦st♦ ♣♦r ❨✐♥❣ ❙✉♥ ❬✶✼❪✳ ❆ ❡s❝♦❧❤❛ ❞❡ss❡ ♠♦❞❡❧♦ s❡ ❞á ❞❡✈✐❞♦ ❛ s✉❛

s✐♠♣❧✐❝✐❞❛❞❡ ✭♥ú♠❡r♦ r❡❞✉③✐❞♦ ❞❡ ♣❛râ♠❡tr♦s✮✱ ❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ r❡♣r♦❞✉çã♦ ❞❛s ❣r❛♥❞❡③❛s

♥❡❝❡ssár✐❛s ❛♦ ❡st✉❞♦ q✉❡ s❡ ❞❡s❡❥❛ r❡❛❧✐③❛r✳ ➱ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ❛✉t♦r✱ ♦ ❝♦♥t❡ú❞♦ ❞❛ ❙✉❜s❡çã♦

✸✳✹✳✶✱ r❡❢❡r❡♥t❡ à r❡♣r❡s❡♥t❛çã♦ ❡♠ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦s ❞♦ ♠♦❞❡❧♦ ✵❉ ❞♦ ❇■❆ ❛❞♦t❛❞♦✳



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✷✽

✸✳✷ ▼♦❞❡❧❛❣❡♠ ❞♦ ❙❈❍

❖ ❡st✉❞♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ❞♦ ❙❈❍ é ❝♦♠♣r❡❡♥❞✐❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛♥á❧✐s❡ ❡♥s❡❥❛❞❛✱ ❞❡

♠♦❞♦ ❛ ❛ss✉♠✐r r❡♣r❡s❡♥t❛çõ❡s ❞❡ ❞✐❢❡r❡♥t❡s ❞✐♠❡♥sõ❡s ✭✵❉✱ ✶❉✱ ✷❉ ❡ ✸❉✮✳ ❖ ♠♦❞❡❧♦ ✵❉✱

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

✉♥✐❢♦r♠❡ ❞❛s ✈❛r✐á✈❡✐s ❢✉♥❞❛♠❡♥t❛✐s ✭♣r❡ssã♦✱ ✢✉①♦ ❡ ✈♦❧✉♠❡✮ ❡♠ q✉❛❧q✉❡r ❝♦♠♣❛rt✐♠❡♥t♦

❡s♣❡❝í✜❝♦ ✭ór❣ã♦✱ ♦✉ r❡♣r❡s❡♥t❛çõ❡s ❞❡ ✈❛s♦s s❛♥❣✉í♥❡♦s✮ ❞♦ ♠♦❞❡❧♦✱ ❡ ❡♠ q✉❛❧q✉❡r ✐♥st❛♥t❡

❞❡ t❡♠♣♦✳

❖s ♠♦❞❡❧♦s ❞❡ ❞✐♠❡♥sõ❡s s✉♣❡r✐♦r❡s ✭✶❉✱ ✷❉ ♦✉ ✸❉✮ sã♦ ❞❡s✐❣♥❛❞♦s ❝♦♠♦ ♠♦❞❡❧♦s ❛

♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s✱ ✉♠❛ ✈❡③ q✉❡ ❛ ❞✐♠❡♥sã♦ ❛ss♦❝✐❛❞❛ ♣❡r♠✐t❡ ❛❢❡r✐r ❛♥á❧✐s❡s q✉❡

❝♦♥s✐❞❡r❛♠ ❛ ✈❛r✐❛çã♦ ❞❡ss❡s ♣❛râ♠❡tr♦s ♥♦ ❡s♣❛ç♦ ❬✸✼❪✱ ❝♦♥❢♦r♠❡ ❡①❡♠♣❧✐✜❝❛❞♦ ♥❛ ❋✐❣✉r❛

✸✳✶✳

❋✐❣✉r❛ ✸✳✶✿ ❘❡♣r❡s❡♥t❛çã♦ ❣❡♥ér✐❝❛ ❞♦s ♠♦❞❡❧♦s ✵✲❉✱ ✶✲❉✱ ✷✲❉ ❡ ✸❉ ✭❆❞❛♣t❛❞♦ ❞❡✿ ❑♦❦❛❧❛r✐
❡t ❛❧ ❬✸✵❪✮✳

❯♠ r❡s✉♠♦ s♦❜r❡ ❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❝❛❞❛ ♠♦❞❡❧♦ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❚❛❜❡❧❛

✸✳✶✳ ❖ ✉s♦ ❞❡ ♠♦❞❡❧♦s ✸❉ é ♥❡❝❡ssár✐♦ ♣❛r❛ ❞❡s❝r✐çã♦ ❝♦♠♣❧❡①❛ ❞♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ❡♠

❜✐❢✉r❝❛çõ❡s ❞❡ ✈❛s♦s s❛♥❣✉í♥❡♦s ❡ ❝❛r❛❝t❡r✐③❛✲s❡ ♣♦r ❡①✐❣✐r ✉♠ ❡❧❡✈❛❞♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳

❖s ♠♦❞❡❧♦s ✷❉ sã♦ ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ❞❡s❝r❡✈❡r ♠✉❞❛♥ç❛s r❛❞✐❛✐s ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✢✉①♦ ❡♠

❝♦♠♣❛rt✐♠❡♥t♦s ❝♦♠ s✐♠❡tr✐❛ ❛①✐❛❧✳ ❖s ♠♦❞❡❧♦s ✶❉✱ ♦♥❞❡ ♦ ❡❢❡✐t♦ ❞❡ tr❛♥s♣♦rt❡ ❞❡ ♦♥❞❛s é

❢❛❝✐❧♠❡♥t❡ r❡♣r❡s❡♥t❛❞♦✱ é ❛❞❡q✉❛❞♦ ♣❛r❛ ❞❡s❝r❡✈❡r ❛ ✈❛r✐❛çã♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✢✉①♦ ❛tr❛✈és



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✷✾

❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞♦ ✈❛s♦ s❛♥❣✉í♥❡♦ ❬✸✼❪❬✸✵❪✳

P❛r❛ s✐♠✉❧❛r ❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❣❧♦❜❛❧✱ ❛s♣❡❝t♦ ❞❡ ✐♥t❡r❡ss❡ ♥♦ ❡st✉❞♦ ❞❡ s✐st❡♠❛s ❞❡

❝♦♥tr♦❧❡ ❞♦ ❙❈❍✱ ❛ ♠♦❞❡❧❛❣❡♠ ✵❉ é ❛ ♠❛✐s ✉t✐❧✐③❛❞❛ ♣♦r ✉t✐❧✐③❛r ✉♠ ♥ú♠❡r♦ r❡❞✉③✐❞♦ ❞❡

♣❛râ♠❡tr♦s ❬✸✼❪✳

❚❛❜❡❧❛ ✸✳✶✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♠♦❞❡❧♦s ♣❛r❛ ❡st✉❞♦ ❞❛ ❞✐♥â♠✐❝❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❬✸✼❪✳

▼ét♦❞♦ ❞❡ ❡st✉❞♦ ❆❧✈♦ ❞❡ ♣❡sq✉✐s❛ ❛❞❡q✉❛❞♦

▼♦❞❡❧♦ ✵❉ ❈❛♣❛❝✐❞❛❞❡ ❞❡ r❡♣r❡s❡♥t❛çã♦ ❣❧♦❜❛❧ ❞❛ ❞✐♥â♠✐❝❛ ❝❛r❞✐♦✈❛s✲

❝✉❧❛r❀ ❈❛♣❛❝✐❞❛❞❡ ❞❡ r❡♣r♦❞✉③✐r ❛❧t❡r❛çõ❡s ❞❛s t❛①❛s ❞❡ ✢✉①♦

❡ ♣r❡ssã♦ ❡♠ ✉♠❛ ♠❛❧❤❛ ❞❡ ❝✐r❝✉❧❛çã♦ ❧♦❝❛❧✳

▼♦❞❡❧♦ ✶❉ ❊st✉❞♦ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ♦♥❞❛ ♣✉❧s❛♥t❡❀

❈❛♣❛❝✐❞❛❞❡ ❞❡ ❝❛♣t✉r❛r ❡❢❡✐t♦s ❞❡ r❡✢❡①ã♦ ❞❡ ♦♥❞❛s✳

▼♦❞❡❧♦ ✷❉ ❊st✉❞♦ ❞❡ ❝❛♠♣♦ ❞❡ ✢✉①♦ ❧♦❝❛❧ ❡♠ ❞♦♠í♥✐♦s ❛①✐ss✐♠étr✐❝♦s❀

❊st✉❞♦ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❢r♦♥t❡✐r❛ ♣❛r❛ ♠♦❞❡❧♦s ✸❉ ❧♦❝❛✐s✳

▼♦❞❡❧♦ ✸❉ ❊st✉❞♦ ❞❡ ❝❛♠♣♦ ❞❡ ✢✉①♦ ❧♦❝❛❧ ❡♠ ❞♦♠í♥✐♦s ✸❉ ❝♦♠♣❧❡t♦s✳

◆❛ r❡❛❧✐③❛çã♦ ❞❛ ♠♦❞❡❧❛❣❡♠ ✵❉ ❞♦ ❙❈❍✱ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❝✐r❝✉✐t♦s ❡❧étr✐❝♦s ❛♥á❧♦❣♦s é

❡①t❡♥s✐✈❛♠❡♥t❡ ❛♣❧✐❝❛❞♦✳ ❖ ❝♦♥❝❡✐t♦ ❝♦♥s✐❞❡r❛ q✉❡ ❛s ❝♦rr❡♥t❡s ❡❧étr✐❝❛s r❡♣r❡s❡♥t❛♠ ♦

✢✉①♦ ❞❡ s❛♥❣✉❡ ♥♦s ✈❛s♦s s❛♥❣✉í♥❡♦s ❡ ❛s t❡♥sõ❡s ❡❧étr✐❝❛s r❡♣r❡s❡♥t❛♠ ❛s ♣r❡ssõ❡s ❞♦

s✐st❡♠❛ ❝✐r❝✉❧❛tór✐♦ ❬✸✽❪✳ ❖s ♣r✐♥❝✐♣❛✐s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❝✐r❝✉✐t♦ sã♦✿

• ♦s r❡s✐st♦r❡s ✭❋✐❣✉r❛ ✸✳✷ ✭❛✮✮✱ q✉❡ r❡♣r❡s❡♥t❛♠ ❛ ✈✐s❝♦s✐❞❛❞❡ ❞♦ ✈❛s♦ s❛♥❣✉í♥❡♦✱ ♦✉

s❡❥❛✱ ❛ r❡s✐stê♥❝✐❛ q✉❡ ♦ ✈❛s♦ s❛♥❣✉í♥❡♦ ♦❢❡r❡❝❡ à ♣❛ss❛❣❡♠ ❞♦ s❛♥❣✉❡❀

• ♦s ❝❛♣❛❝✐t♦r❡s ✭❋✐❣✉r❛ ✸✳✷ ✭❜✮✮✱ q✉❡ r❡♣r❡s❡♥t❛♠ ❛ ❝♦♠♣❧❛❝ê♥❝✐❛ ❞♦s ❣r❛♥❞❡s ✈❛s♦s✱ ♦s

q✉❛✐s tê♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛r♠❛③❡♥❛r ❣r❛♥❞❡s ✈♦❧✉♠❡s ❞❡ s❛♥❣✉❡❀

• ♦s ✐♥❞✉t♦r❡s ✭❋✐❣✉r❛ ✸✳✷ ✭❝✮✮✱ r❡♣r❡s❡♥t❛♠ ❛ ✐♥❡rtâ♥❝✐❛ ❞♦ s❛♥❣✉❡ ♥♦s ✈❛s♦s✱ ♦✉ s❡❥❛✱

❛ t❡♥❞ê♥❝✐❛ ❞♦ s✐st❡♠❛ ❡♠ r❡s✐st✐r às ♠✉❞❛♥ç❛s ♥♦ ✢✉①♦ s❛♥❣✉í♥❡♦❀

• ♦s ❞✐♦❞♦s ✭❋✐❣✉r❛ ✸✳✷ ✭❞✮✮✱ q✉❡ r❡♣r❡s❡♥t❛♠ ❛s ✈á❧✈✉❧❛s ❝❛r❞í❛❝❛s✱ ♣♦r ♣❡r♠✐t✐r❡♠ ❛

♣❛ss❛❣❡♠ ❞❡ ✢✉①♦ ❡♠ ❛♣❡♥❛s ✉♠ s❡♥t✐❞♦✳

❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♠♦❞❡❧♦s ❡q✉✐✈❛❧❡♥t❡s ❡❧étr✐❝♦s✱ ❜❛s❡❛❞♦s ❡♠ ❝✐r❝✉✐t♦s ❡❧étr✐❝♦s

♣❛r❛ ♦ ❙❈❍✱ ❢♦✐ s✐♥t❡t✐③❛❞♦ ✐♥✐❝✐❛❧♠❡♥t❡ ♥♦s ❡st✉❞♦s ❛♣r❡s❡♥t❛❞♦s ♣♦r ❋r❛♥❦ ❬✸✽❪✱ ❬✹✵❪✳ ❊ss❡s

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



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✸✵

❋✐❣✉r❛ ✸✳✷✿ ❘❡♣r❡s❡♥t❛çã♦ ❣❡♥ér✐❝❛ ❞♦s ❝♦♠♣♦♥❡♥t❡s ❛♥á❧♦❣♦s ❡❧étr✐❝♦s✿ ✭❛✮ r❡s✐st♦r ✲ ✈✐s✲
❝♦s✐❞❛❞❡ ❞♦ ✈❛s♦ s❛♥❣✉í♥❡♦❀ ✭❜✮ ❝❛♣❛❝✐t♦r ✲ ❝♦♠♣❧❛❝ê♥❝✐❛ ❞♦ ✈❛s♦ s❛♥❣✉í♥❡♦❀ ✭❝✮ ✐♥❞✉t♦r ✲
✐♥❡rtâ♥❝✐❛ ❞♦ ✈❛s♦ s❛♥❣✉í♥❡♦❀ ✭❞✮ ❞✐♦❞♦ ✲ ✈á❧✈✉❧❛ ❝❛r❞í❛❝❛ ✭❆❞❛♣t❛❞♦ ❞❡✿ ❈❡❜❛❧❧♦s ❬✸✾❪✳✮

❝❛♣❛③❡s ❞❡ r❡♣r❡s❡♥t❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ❛tr❛✈és ❞❛ ❝✐r❝✉❧❛çã♦ s✐stê♠✐❝❛✳

❊ss❡s ♠♦❞❡❧♦s sã♦ ❢♦r♠❛❧♠❡♥t❡ ❞❡♥♦♠✐♥❛❞♦s ❞❡ ▼♦❞❡❧♦s ❲✐♥❞❦❡ss❡❧ ❬✹✶❪✳

✸✳✷✳✶ ▼♦❞❡❧❛❣❡♠ ❛ ♣❛râ♠❡tr♦s ❝♦♥❝❡♥tr❛❞♦s ✲ ✵❉

❖ ♠♦❞❡❧♦ ❡q✉✐✈❛❧❡♥t❡ ❡❧étr✐❝♦ ♠❛✐s s✐♠♣❧❡s ✜❝♦✉ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ▼♦❞❡❧♦ ❲✐♥❞❦❡ss❡❧ ❞❡

✷ ❡❧❡♠❡♥t♦s✱ s❡♥❞♦ r❡♣r❡s❡♥t❛❞♦ ♣♦r ✉♠ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ ❛♥á❧♦❣♦ ❝♦♠ ❞♦✐s ❝♦♠♣♦♥❡♥t❡s✿

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

❛órt✐❝❛ ❡stá ❢❡❝❤❛❞❛✱ ❛ ♣r❡ssã♦ ❛rt❡r✐❛❧ ❝❛✐ ❡①♣♦♥❡♥❝✐❛❧♠❡♥t❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝♦♥st❛♥t❡ ❘❈

❞❡ss❡ ❝✐r❝✉✐t♦ ✭❋✐❣✉r❛ ✸✳✸✭❛✮✮✳

✭❛✮ ▼♦❞❡❧♦ ❞❡ ✷ ❡❧❡♠❡♥t♦s✳ ✭❜✮ ▼♦❞❡❧♦ ❞❡ ✸ ❡❧❡♠❡♥t♦s✳

✭❝✮ ▼♦❞❡❧♦ ❞❡ ✹ ❡❧❡♠❡♥t♦s✳

❋✐❣✉r❛ ✸✳✸✿ ❘❡♣r❡s❡♥t❛çã♦ ❞♦s ▼♦❞❡❧♦s ❲✐♥❞❦❡ss❡❧✳



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✸✶

❲❛♥❣ ❡t ❛❧ ❬✹✷❪ r❡❛❧✐③❛r❛♠ ✉♠❛ ❛♥á❧✐s❡ ❞❛ ♣r❡ssã♦ ❡ ❞♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ♥❛ ❛♦rt❛ ❞✉r❛♥t❡

t♦❞♦ ♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦✱ ❞❡st❛rt❡ ❛✈❡r✐❣✉❛r❛♠ ❝❛r❛❝t❡ríst✐❝❛s ✐♥s❛t✐s❢❛tór✐❛s ❞❛ r❡♣r❡s❡♥t❛çã♦✳

P❛r❛ ❝♦♠♣❡♥s❛r ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ✈❛❧♦r❡s ♠❡❞✐❞♦s ❡ ♦s ✈❛❧♦r❡s s✐♠✉❧❛❞♦s✱ ❢♦✐ ♥❡❝❡ssár✐❛ ❛

✐♥❝❧✉sã♦ ❞❡ ✉♠❛ r❡s✐stê♥❝✐❛✱ ❡♠ sér✐❡ ❛♦ ❝♦♥❥✉♥t♦ ❞❡ ✷ ❡❧❡♠❡♥t♦s✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡♣r❡s❡♥✲

t❛r ❛ r❡s✐stê♥❝✐❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❛ ♣ró♣r✐❛ ❛♦rt❛✳ P♦r ♠❡✐♦ ❞❡ss❡s r❡s✉❧t❛❞♦s✱ ❡✈✐❞❡♥❝✐♦✉✲s❡

q✉❡ ❛ ✐♥❝❧✉sã♦ ❞♦ ❡❧❡♠❡♥t♦ r❡s✐st✐✈♦ ✭Rc✮ ❛♣r✐♠♦r❛ ❛ r❡♣r❡s❡♥t❛çã♦ ❞❛ r❡s✐stê♥❝✐❛ ❛♦s ✢✉✲

①♦s ❡ ❞❛s ♣r❡ssõ❡s ❡♠ s✐♠✉❧❛çõ❡s ❞♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦✳ ❊ss❡ ♠♦❞❡❧♦ é ❝❤❛♠❛❞♦ ❞❡ ▼♦❞❡❧♦

❲✐♥❞❦❡ss❡❧ ❞❡ ✸ ❡❧❡♠❡♥t♦s ✭❋✐❣✉r❛ ✸✳✸✭❜✮✮✳

❆♣❡s❛r ❞❛ ♠❡❧❤♦r❛ s✐❣♥✐✜❝❛t✐✈❛ ♥♦s r❡s✉❧t❛❞♦s ❞❡ s✐♠✉❧❛çã♦ ❛♦ ✉t✐❧✐③❛r ♦ ♠♦❞❡❧♦ ✇✐♥❞✲

❦❡ss❡❧ ❞❡ ✸ ❡❧❡♠❡♥t♦s✱ ❛ ✐♥❝❧✉sã♦ ❞♦ ❘❡s✐st♦r Rc ♥ã♦ ♠♦str♦✉✲s❡ ✉♠❛ ❜♦❛ ❛♣r♦①✐♠❛çã♦ ♣❛r❛

s✐♥❛✐s ❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛✳ P❛r❛ ♠✐♥✐♠✐③❛r ❡ss❡s ❡rr♦s✱ ❙t❡r❣✐♦♣✉❧♦s ❡t ❛❧ ❬✹✸❪ ♣r♦♣✉s❡r❛♠ ♦

♠♦❞❡❧♦ ✇✐♥❞❦❡ss❡❧ ❞❡ ✹ ❡❧❡♠❡♥t♦s✱ s❡♥❞♦ ♦ q✉❛rt♦ ❡❧❡♠❡♥t♦ ✉♠ ✐♥❞✉t♦r r❡♣r❡s❡♥t❛t✐✈♦ ❞❛

✐♥ér❝✐❛ ❛rt❡r✐❛❧ t♦t❛❧ ❞♦ s✐st❡♠❛ ❝✐r❝✉❧❛tór✐♦✳

▼❛✐s t❛r❞❡✱ ❙❤✐ ❡t ❛❧ ❬✸✼❪ ♣r♦✈❛r❛♠ q✉❡ ❛ ✐♥❝❧✉sã♦ ❞❡ss❡ ✐♥❞✉t♦r ❛❥✉❞❛ ❛ ♠❡❧❤♦r❛r

❛✐♥❞❛ ♠❛✐s ❛ ♣r❡❝✐sã♦ ❞❛ ♠♦❞❡❧❛❣❡♠ ❞❛ ✐♠♣❡❞â♥❝✐❛ ❞❛s ❛rtér✐❛s✳ ❊♠ ❬✹✹❪✱ ❙❤❛r♣ ❡t ❛❧

❞❡♠♦♥str❛r❛♠ q✉❡ ♦s ♠♦❞❡❧♦s ✇✐♥❞❦❡ss❡❧ ❝♦♠ ✹ ❡❧❡♠❡♥t♦s ✭❘▲❈❘✮ ❝♦♥st✐t✉❡♠ ❛ ♠❡❧❤♦r

❡str✉t✉r❛ ♣❛r❛ r❡♣r❡s❡♥t❛r ❛ ✐♠♣❡❞â♥❝✐❛ ❞♦ ❙❈❍ ❛❞✉❧t♦ ✭❋✐❣✉r❛ ✹✳✶✭❝✮✮✳

▼♦❞❡❧❛❣❡♠ ❞❡ ✈á❧✈✉❧❛s ❝❛r❞í❛❝❛s

❆s ✈á❧✈✉❧❛s ❝❛r❞í❛❝❛s ♣♦❞❡♠ s❡r r❡♣r❡s❡♥t❛❞❛s ❡♠ ♠♦❞❡❧♦s ❛ ♣❛râ♠❡tr♦s ❝♦♥❝❡♥tr❛❞♦s

♣♦r ✉♠ ❞✐♦❞♦ ❡♠ sér✐❡ ❝♦♠ ✉♠❛ r❡s✐stê♥❝✐❛✱ ♣❡r♠✐t✐♥❞♦ ❛ ♣❛ss❛❣❡♠ ❞❡ ✢✉①♦ s❛♥❣✉í♥❡♦

❛♣❡♥❛s ❡♠ ✉♠ ú♥✐❝♦ s❡♥t✐❞♦ ✭❋✐❣✉r❛ ✸✳✹✮✳ ❆ ❝♦rr❡♥t❡ ❡❧étr✐❝❛ q✉❡ ✢✉✐ ❞♦ ♣♦t❡♥❝✐❛❧ P1 ♣❛r❛ ♦

♣♦t❡♥❝✐❛❧ P2 ❝♦rr❡s♣♦♥❞❡ ❛♦ ✢✉①♦ s❛♥❣✉í♥❡♦ Q q✉❡ ♣❛ss❛ ♣❡❧❛ ✈á❧✈✉❧❛ ❝❛r❞í❛❝❛ r❡♣r❡s❡♥t❛❞❛

♣❡❧♦ ❞✐♦❞♦ D ❡ ♣❡❧❛ r❡s✐stê♥❝✐❛ R✳

❋✐❣✉r❛ ✸✳✹✿ ■❧✉str❛çã♦ ❞♦ ❝✐r❝✉✐t♦ r❡♣r❡s❡♥t❛t✐✈♦ ❞❡ ✉♠❛ ✈á❧✈✉❧❛ ❝❛r❞í❛❝❛✳

❖ ✢✉①♦ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ❡①♣r❡ssã♦ ❛ s❡❣✉✐r✿



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✸✷

Q =
D(P1 − P2)

R

[ml]

[s]
✭✸✳✶✮

♥❛ q✉❛❧

D =







1 se P1 > P2

0 se P1 ≤ P2

✭✸✳✷✮

❆ ✈❛r✐á✈❡❧ D r❡❝❡❜❡ ✉♠ ✈❛❧♦r ✐❣✉❛❧ ❛ ✶ s❡♠♣r❡ q✉❡ ❛ t❡♥sã♦ ♥♦ ♣♦t❡♥❝✐❛❧ P1 ❢♦r ♠❛✐♦r

♦✉ ✐❣✉❛❧ ❞♦ q✉❡ ❛ t❡♥sã♦ ♥♦ ♣♦t❡♥❝✐❛❧ P2 ♣❛r❛ r❡♣r❡s❡♥t❛r q✉❡ ❛ ✈á❧✈✉❧❛ ❡stá ❛❜❡rt❛❀ ❡ ✉♠

✈❛❧♦r ✐❣✉❛❧ ❛ ✵ s❡♠♣r❡ q✉❡ ❛ t❡♥sã♦ ♥♦ ♣♦♥t♦ P1 ❢♦r ♠❡♥♦r ❞♦ q✉❡ ❛ t❡♥sã♦ ♥♦ ♣♦♥t♦ P2 ♣❛r❛

r❡♣r❡s❡♥t❛r q✉❡ ❛ ✈á❧✈✉❧❛ ❡stá ❢❡❝❤❛❞❛✳ ❊ss❛ ❝♦♥s✐❞❡r❛çã♦ só é ✈á❧✐❞❛ s❡ ❛s ✈á❧✈✉❧❛s ❢♦r❡♠

❝♦♥s✐❞❡r❛❞❛s ✐❞❡❛✐s✳ ❊♥tr❡t❛♥t♦✱ ❡ss❡ ❝♦♠♣♦rt❛♠❡♥t♦ ✐❞❡❛❧ ♥ã♦ s❡ r❡♣r♦❞✉③ ❡♠ ❝❛s♦s r❡❛✐s✱

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

❞♦ ❢❡❝❤❛♠❡♥t♦ t♦t❛❧ ❞❛ ✈á❧✈✉❧❛✳ P❛r❛ r❡♣r♦❞✉③✐r ❡ss❡ ❢❡♥ô♠❡♥♦✱ ✉♠ ✈❛❧♦r ♠✉✐t♦ ♣❡q✉❡♥♦

❡♥tr❡ ✵ ❡ ✶ ♣♦❞❡ s❡r ❛tr✐❜✉í❞♦ à ✈❛r✐á✈❡❧ D✱ ♦ q✉❡ ♣❡r♠✐t❡ q✉❡ ♦❝♦rr❛ ✉♠❛ ♣❡q✉❡♥❛ ❝♦rr❡♥t❡

s❛✐♥❞♦ ❞♦ ♣♦♥t♦ P2 ♣❛r❛ ♦ ♣♦♥t♦ P1✱ r❡♣r❡s❡♥t❛♥❞♦ ♦ ✢✉①♦ r❡tró❣r❛❞♦ ❛tr❛✈és ❞❛ ✈á❧✈✉❧❛✳

▼♦❞❡❧❛❣❡♠ ❞♦s ✈❡♥trí❝✉❧♦s

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

✐♠♣✉❧s♦s ❡❧étr✐❝♦s ❣❡r❛❞♦s ♥♦ ♥ó s✐♥♦❛tr✐❛❧✳ ❆ ❝❛❞❛ ✐♠♣✉❧s♦✱ ❛ ♠✉s❝✉❧❛t✉r❛ ❞♦s ✈❡♥trí❝✉❧♦s s❡

❝♦♥tr❛✐ ❢♦rt❡♠❡♥t❡✱ ❡❥❡t❛♥❞♦ ♦ ✈♦❧✉♠❡ s❛♥❣✉í♥❡♦ ♣r❡s❡♥t❡ ♥♦ ✐♥t❡r✐♦r ❞❡ss❛ ❝â♠❛r❛✳ ❆ss✐♠✱

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

s❛♥❣✉í♥❡♦ ♥❛ ❢❛s❡ ❞❡ ❡♥❝❤✐♠❡♥t♦✱ ❡ ❞❡ ❜♦♠❜❡❛r ❡ss❡ ✈♦❧✉♠❡ ♥❛ ❢❛s❡ ❞❡ ❡❥❡çã♦✱ ❡♠ ✈✐rt✉❞❡

❞❛ ❢♦rç❛ ❞❡ ❝♦♥tr❛çã♦ ❛ q✉❡ ♦ ✈❡♥trí❝✉❧♦ é s✉❜♠❡t✐❞♦✳

❊♠ ♠♦❞❡❧♦s ❛ ♣❛râ♠❡tr♦s ❝♦♥❝❡♥tr❛❞♦s✱ ❡ss❡ ❝♦♠♣♦rt❛♠❡♥t♦ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦

♣♦r ✉♠ ❝❛♣❛❝✐t♦r ✈❛r✐á✈❡❧✱ C(t)✱ q✉❡ é ❝❛♣❛③ ❞❡ ❛r♠❛③❡♥❛r ❞❡t❡r♠✐♥❛❞❛ q✉❛♥t✐❞❛❞❡ ❞❡

❝❛r❣❛ ✭✈♦❧✉♠❡ s❛♥❣✉í♥❡♦✮ ❡ ❞❡s❝❛rr❡❣á✲❧❛ ❡♠ ❢♦r♠❛ ❞❡ ❝♦rr❡♥t❡ ❡❧étr✐❝❛ ✭✢✉①♦ s❛♥❣✉í♥❡♦✮

q✉❛♥❞♦ ♥❡❝❡ssár✐♦✳ ❆ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ❝❛♣❛❝✐t♦r ♥ã♦ ❧✐♥❡❛r é ❛♣r♦♣r✐❛❞❛ ✉♠❛ ✈❡③ q✉❡ ❛

✈❛r✐❛çã♦ ❞❛ ❝❛♣❛❝✐tâ♥❝✐❛ ✭❡✳❣✳✱ ❛❧t❡r❛çã♦ ♥❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❛s ♣❧❛❝❛s ❞♦ ❝❛♣❛❝✐t♦r✮ ♣r♦❞✉③

✉♠❛ ✈❛r✐❛çã♦ ❞❡ t❡♥sã♦ ✭♣r❡ssã♦ s❛♥❣✉í♥❡❛✮ ♥♦s t❡r♠✐♥❛✐s ❞♦ ❝❛♣❛❝✐t♦r ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛

❡q✉❛çã♦ ❞❡ ❝❛r❣❛✿ Q(t) = C(t) · V (t)✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ❡①✐st❡ ✉♠❛ ❝❛r❣❛ ✐♥✐❝✐❛❧ ❝♦♥st❛♥t❡



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✸✸

♥♦ ❝❛♣❛❝✐t♦r C(t)✱ ❞❡♥♦♠✐♥❛❞❛ Q(t)✱ ♦ q✉❡ é ❛♥á❧♦❣♦ ❛ ✉♠ ✈♦❧✉♠❡ ✐♥✐❝✐❛❧ ♥♦ ✐♥t❡r✐♦r ❞❡ ✉♠

✈❡♥trí❝✉❧♦✱ q✉❛❧q✉❡r ❛❧t❡r❛çã♦ ♥❛ ❝❛♣❛❝✐tâ♥❝✐❛ ♠♦❞✐✜❝❛ ♦ ✈❛❧♦r ❞❛ t❡♥sã♦✳ ❉✉r❛♥t❡ ❛ ❢❛s❡ ❞❡

❝♦♥tr❛çã♦ ✐s♦✈♦❧✉♠étr✐❝❛✱ ❛ ♣r❡ssã♦ ♥♦ ✐♥t❡r✐♦r ❞♦ ✈❡♥trí❝✉❧♦ ❛✉♠❡♥t❛ ❛❜r✉♣t❛♠❡♥t❡✱ ❝♦♠

♦ ✈♦❧✉♠❡ s❛♥❣✉í♥❡♦ ❝♦♥st❛♥t❡✳ ❊ss❡ ❝♦♠♣♦rt❛♠❡♥t♦ é ❛♥á❧♦❣♦ ❛ ✉♠ ❝❛♣❛❝✐t♦r ✈❛r✐á✈❡❧✱ ❡♠

❝✐r❝✉✐t♦ ❛❜❡rt♦✱ q✉❡ t❡♠ s✉❛ ❝❛♣❛❝✐tâ♥❝✐❛ r❡❞✉③✐❞❛✳ ❖ ❛✉♠❡♥t♦ ❞❛ t❡♥sã♦ ♥♦s t❡r♠✐♥❛✐s

❞❡ ✉♠ ❝❛♣❛❝✐t♦r ✈❛r✐á✈❡❧✱ ❡♠ ❝✐r❝✉✐t♦ ❛❜❡rt♦ ✭❝❛r❣❛ ❝♦♥st❛♥t❡✮✱ ❞❡✈✐❞♦ à ❞✐♠✐♥✉✐çã♦ ❞❛

❝❛♣❛❝✐tâ♥❝✐❛✱ ❣❡r❛ ✉♠❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❡♥❡r❣✐❛ q✉❡ é ❢♦r♥❡❝✐❞❛ ❛♦ s✐st❡♠❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛

❡q✉❛çã♦ ✸✳✸✳

∆E =
1

2
Qo∆Vc, ✭✸✳✸✮

♥❛ q✉❛❧ ∆E é ❛ ✈❛r✐❛çã♦ ❞❛ ❡♥❡r❣✐❛ ❣❡r❛❞❛ ♣❡❧❛ ✈❛r✐❛çã♦ ❞❛ t❡♥sã♦ ∆Vc✱ ❛ss✉♠✐♥❞♦ q✉❡ ♦

❝❛♣❛❝✐t♦r ✈❛r✐á✈❡❧ ❡stá ❡♠ ❝✐r❝✉✐t♦ ❛❜❡rt♦ ❡ ❝♦♠ ❝❛r❣❛ ❝♦♥st❛♥t❡ Q0✳

❯♠❛ ✈❡③ q✉❡ ❛ ✈❛r✐❛çã♦ ❞❛ ♣r❡ssã♦ ♥♦ ✐♥t❡r✐♦r ❞♦ ✈❡♥trí❝✉❧♦ ❞❡♣❡♥❞❡ ❞❛ s✉❛ ❢♦rç❛ ❞❡

❝♦♥tr❛çã♦✱ ♦ ❝❛♣❛❝✐t♦r ✈❛r✐á✈❡❧ ✉t✐❧✐③❛❞♦ ♣❛r❛ ♠♦❞❡❧❛✲❧♦ ❞❡✈❡ t❡r s✉❛ ❝❛♣❛❝✐tâ♥❝✐❛ ❛❧t❡r❛❞❛

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

❞❛ t❡♥sã♦ ♥♦s t❡r♠✐♥❛✐s ❞❡ss❡ ❝❛♣❛❝✐t♦r ♣♦ss❛ r❡♣r❡s❡♥t❛r ❛ ♣r❡ssã♦ ♥♦ ✈❡♥trí❝✉❧♦✳ ❆ ❢✉♥çã♦

q✉❡ r❡♣r♦❞✉③ ❡ss❡ ❝♦♠♣♦rt❛♠❡♥t♦ é ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ♣r❡ssã♦ ❡ ♦ ✈♦❧✉♠❡ ❞❡ ✉♠ ✈❡♥trí❝✉❧♦

❡ é ❝❤❛♠❛❞❛ ❞❡ ❢✉♥çã♦ ❊❧❛stâ♥❝✐❛✱ ♣r♦♣♦st❛ ❡♠ ✶✾✼✹ ♣♦r ❙✉❣❛ ❡t ❛❧ ❬✹✺❪ ❝♦♠♦

E(t) =
Pv(t)

Vv(t)− Vo

, ✭✸✳✹✮

s❡♥❞♦ Pv(t) ❛ ♣r❡ssã♦ ♥♦ ✈❡♥trí❝✉❧♦✱ Vv(t) ♦ ✈♦❧✉♠❡ ♥♦ ✈❡♥trí❝✉❧♦ ❡ Vo ✉♠ ✈♦❧✉♠❡ ✈❡♥tr✐❝✉❧❛r

✐♥✐❝✐❛❧✱ ❛♥á❧♦❣♦ à ❝❛r❣❛ ✐♥✐❝✐❛❧ ❞♦ ❝❛♣❛❝✐t♦r ✈❛r✐á✈❡❧✱ Qo✳ ❊st❛ ❢✉♥çã♦ ❢♦✐ ❞❡✜♥✐❞❛ ♣♦r ❙✉❣❛

❝♦♠♦ ♦ ✐♥✈❡rs♦ ❞❛ ❝♦♠♣❧❛❝ê♥❝✐❛ ✈❡♥tr✐❝✉❧❛r ✭C(t) = 1/E(t)✮✱ ❡ é ❛ ❢✉♥çã♦ ✉t✐❧✐③❛❞❛ ♣❛r❛

♣r♦❞✉③✐r ❛ ✈❛r✐❛çã♦ ❞❛ ❝❛♣❛❝✐tâ♥❝✐❛ ❡ r❡♣r❡s❡♥t❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉♠ ✈❡♥trí❝✉❧♦✳

❊①✐st❡♠ ✈ár✐❛s ❢✉♥çõ❡s q✉❡ ❛♣r♦①✐♠❛♠ ♦ ❢♦r♠❛t♦ ❞❛ ❢✉♥çã♦ ❡❧❛stâ♥❝✐❛✳ ❙✐♠❛❛♥ ❡t ❛❧

❬✹✻❪ ❛♣r❡s❡♥t❛♠ ❢✉♥çã♦✿

E(tn) = (Emax − Emin)En(tn) + Emin, ✭✸✳✺✮

❡♠ q✉❡ Emax ❡ Emin sã♦ ❝♦♥st❛♥t❡s r❡❧❛❝✐♦♥❛❞❛s à ❛♠♣❧✐t✉❞❡ ❞❛ ❢✉♥çã♦ ❡❧❛stâ♥❝✐❛✱ ♦✉ s❡❥❛✱



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✸✹

à ❝♦♥❞✐çã♦ ❞♦ ♣❛❝✐❡♥t❡✱ ♠❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡ à ❝♦♥tr❛t✐❧✐❞❛❞❡ ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✳ ❖

t❡r♠♦ En(tn) ❝♦♥s✐st❡ ❡♠ ✉♠❛ ❢✉♥çã♦ ❡❧❛stâ♥❝✐❛ ♥♦r♠❛❧✐③❛❞❛ ♥♦ t❡♠♣♦ ❡ ♥❛ ❛♠♣❧✐t✉❞❡ ❡

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

❛❧❝❛♥ç❛ ♦ ✈❛❧♦r ♠á①✐♠♦ ✉♥✐tár✐♦ ❡♠ tn = 1✱ s❡♥❞♦ r❡♣r❡s❡♥t❛❞❛ ♣❡❧❛ ❡①♣r❡ssã♦✿

En(t) = 1,55 ·
[

(tn/0,7)1,9

1+(tn/0,7)1,9

]

·
[

1
1+(tn/1,17)21,9

]

, ✭✸✳✻✮

❡♠ q✉❡ tn = t/Tmax é ♦ t❡♠♣♦ ♥♦r♠❛❧✐③❛❞♦ ♣❛r❛ ✉♠ ❝✐❝❧♦ ❝❛r❞í❛❝♦✱ Tmax = 0,2+ 0,15T ❡ T

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

❝♦♠♦ T = 60/(FC)✱ s❡♥❞♦ FC ✐❣✉❛❧ à ❢r❡q✉ê♥❝✐❛ ❝❛r❞í❛❝❛ ❬✹✼❪✳ ❆ ❋✐❣✉r❛ ✸✳✺ ❡①✐❜❡ ♦

❢♦r♠❛t♦ ❞❛ ❢✉♥çã♦ ❊❧❛stâ♥❝✐❛ ◆♦r♠❛❧✐③❛❞❛ En(tn)✳

❋✐❣✉r❛ ✸✳✺✿ ❋✉♥çã♦ ❡❧❛stâ♥❝✐❛ ♥♦r♠❛❧✐③❛❞❛ ♥♦ t❡♠♣♦ ❡ ♥❛ ❛♠♣❧✐t✉❞❡ q✉❡ ❞❡s❝r❡✈❡ ❛ r❡❧❛çã♦
❡♥tr❡ ❛ ♣r❡ssã♦ ❡ ♦ ✈♦❧✉♠❡ ✈❡♥tr✐❝✉❧❛r✳

P❛r❛ s✐♠✉❧❛çã♦ ❞❡ ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ✜s✐♦❧ó❣✐❝❛s ♦✉ ♣❛t♦❧ó❣✐❝❛s ❞❡ ✉♠ ♣❛❝✐❡♥t❡✱ ♣♦❞❡✲

s❡ ❛❧t❡r❛r ♦s ✈❛❧♦r❡s ❞❡ ❛❧❣✉♥s ♣❛râ♠❡tr♦s ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ❛ Emax ♦✉ ❛ ❋❈✳ ◗✉❛♥t♦ ♠❡♥♦r

♦ ✈❛❧♦r ❞❡ Emax✱ ♠❛✐s ❞❡✜❝✐❡♥t❡ s❡ ❡♥❝♦♥tr❛ ♦ ✈❡♥trí❝✉❧♦ ❞❡ ✉♠ ♣❛❝✐❡♥t❡✳ ❯♠ ❡①❡♠♣❧♦ ♣♦❞❡

s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✸✳✻✱ ❡♠ q✉❡ três ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s sã♦ ❛♣r❡s❡♥t❛❞❛s ♣❛r❛ três ❞✐❢❡r❡♥t❡s

❝♦♠❜✐♥❛çõ❡s ❞❡ ✈❛❧♦r❡s ❞♦s ♣❛râ♠❡tr♦s FC ❡ Emax✳ ❆ ❝♦♥❞✐çã♦ ✶ ♣♦❞❡ s❡r ✐♥t❡r♣r❡t❛❞❛

❝♦♠♦ ❛ ❝✉r✈❛ ❞❛ ❢✉♥çã♦ ❊❧❛stâ♥❝✐❛ ❞❡ ✉♠ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦ s❛✉❞á✈❡❧✱ s❡♥❞♦ FC = 60bpm

❡ Emax = 2,0✳ ❊❧❡✈❛♥❞♦ ❛ ❢r❡q✉ê♥❝✐❛ ❝❛r❞í❛❝❛ ❞♦ ♣❛❝✐❡♥t❡ ♣❛r❛ FC = 75bpm ♣♦❞❡✲s❡

♣❡r❝❡❜❡r ♦ ❞❡s❧♦❝❛♠❡♥t♦ ❞♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ♦ ✈❛❧♦r ♠á①✐♠♦ ❞❛ ❢✉♥çã♦ ❡❧❛stâ♥❝✐❛ ♦❝♦rr❡✱

❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝♦♥❞✐çã♦ ✷✳ ❉✐♠✐♥✉✐♥❞♦ ♦ ✈❛❧♦r ❞❡ Emax ♣❛r❛ ✶ ❡ ♠❛♥t❡♥❞♦ FC = 75bpm✱



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✸✺

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

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

❝❛r❞í❛❝❛✳

❆ ❛❧t❡r❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❞❡ss❡ ♠♦❞❡❧♦ ✐♥✢✉❡♥❝✐❛ ❞✐r❡t❛♠❡♥t❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛

❝♦♥❞✐çã♦ ❝❧í♥✐❝❛ ❞❡ ✉♠ ♣❛❝✐❡♥t❡✳ ■ss♦ ♣♦❞❡ s❡r ♣❡r❝❡❜✐❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✼✱ ❡♠ q✉❡ ❡stã♦

❛♣r❡s❡♥t❛❞❛s ❞✉❛s ❝✉r✈❛s ❞❛ ♣r❡ssã♦ ♥❛ ❛♦rt❛ r❡❢❡r❡♥t❡s às ❝♦♥❞✐çõ❡s ✶ ❡ ✸ ❛♣r❡s❡♥t❛❞❛s ♥❛

❋✐❣✉r❛ ✸✳✻✳ P❡r❝❡❜❡✲s❡ ❝❧❛r❛♠❡♥t❡ q✉❡ ❛ ♣r❡ssã♦ ♥❛ ❆♦rt❛ é ❞✐♠✐♥✉í❞❛ ♥❛ ❝♦♥❞✐çã♦ ✸✱ ✉♠❛

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

❞♦❡♥t❡✳

❋✐❣✉r❛ ✸✳✻✿ ❉✐❢❡r❡♥t❡s ❝✉r✈❛s ❞❛ ❢✉♥çã♦ ❡❧❛stâ♥❝✐❛ ♣❛r❛ três ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ✈❛r✐❛♥❞♦
♦s ♣❛râ♠❡tr♦s Emax ❡ ❋❈✳ ❈♦♥❞✐çã♦ ✶✿ ❋❈ ❂ ✻✵ ❜♣♠ ❡ Emax ❂ ✷❀ ❈♦♥❞✐çã♦ ✷✿ ❋❈ ❂ ✼✺
❜♣♠ ❡ Emax ❂ ✷❀ ❈♦♥❞✐çã♦ ✸✿ ❋❈ ❂ ✼✺ ❜♣♠ ❡ Emax ❂ ✶✳ ❈❡♥ár✐♦s ❞❡ s✐♠✉❧❛çã♦ ❛❞♦t❛❞♦s
♣♦r ❈♦r❞❡✐r♦ ❬✺❪✳

❋✐❣✉r❛ ✸✳✼✿ ❉✐❢❡r❡♥t❡s ❝✉r✈❛s ❞❛ ♣r❡ssã♦ ♥❛ ❛♦rt❛ ♣❛r❛ ❞✉❛s ❝♦♥❞✐çõ❡s ❞✐st✐♥t❛s ❞❡ ❢✉♥❝✐♦✲
♥❛♠❡♥t♦ ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✳ ❈❡♥ár✐♦ ❞❡ s✐♠✉❧❛çã♦ ❛❞♦t❛❞♦ ♣♦r ❈♦r❞❡✐r♦ ❬✺❪✳



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✸✻

✸✳✸ ▼♦❞❡❧♦ ✵❉ ❞♦ ❙❈❍

❖ ♠♦❞❡❧♦ ❞❡ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ ♣r♦♣♦st♦ ♣♦r ❙✐♠❛❛♥ ❡t ❛❧ ❬✹✻❪ é ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✽✳

❊ss❡ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ r❡♣r♦❞✉③✐r ❛ ❤❡♠♦❞✐♥â♠✐❝❛ ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✳

P♦r ❡ss❡ ♠♦t✐✈♦✱ ❛ss✉♠❡✲s❡ q✉❡ ♦ ✜♥❛❧ ❞❛ ❝✐r❝✉❧❛çã♦ s✐stê♠✐❝❛ s❡ ❞á ♥♦ átr✐♦ ❡sq✉❡r❞♦ ❡ ♥ã♦

♥♦ átr✐♦ ❞✐r❡✐t♦✳

❋✐❣✉r❛ ✸✳✽✿ ✭❛✮ ❆♥❛❧♦❣✐❛ ❞♦ ❝♦r❛çã♦ ❤✉♠❛♥♦✱ ✭❜✮ ❉✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ❛♥á❧♦❣♦ ✭❝✮ ❝✐r❝✉✐t♦
❡❧étr✐❝♦ ❡q✉✐✈❛❧❡♥t❡ ♣r♦♣♦st♦ ♣♦r ❙✐♠❛❛♥ ❬✹✻❪❀ ✭■✮ átr✐♦ ❡sq✉❡r❞♦❀ ✭■■✮ ✈á❧✈✉❧❛ ♠✐tr❛❧❀ ✭■■■✮
✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦❀ ✭■❱✮ ✈á❧✈✉❧❛ ❛órt✐❝❛❀ ✭❱✮ ❛♦rt❛❀ ✭❱■✮ r❡♣r❡s❡♥t❛çã♦ ❞❛ ❝✐r❝✉❧❛çã♦ s✐stê✲
♠✐❝❛ ♣❛rt✐♥❞♦ ❞❛ ❛♦rt❛ ❡ r❡t♦r♥❛♥❞♦ ❛♦ átr✐♦ ❡sq✉❡r❞♦✳ ✭❆❞❛♣t❛❞♦ ❞❡ ❈♦r❞❡✐r♦ ❬✺❪✮✳

◆❡st❡ ❝✐r❝✉✐t♦✱ ♦ átr✐♦ ❡sq✉❡r❞♦ é r❡♣r❡s❡♥t❛❞♦ ♣❡❧♦ ❝❛♣❛❝✐t♦r Cae❀ ❛ ✈á❧✈✉❧❛ ♠✐tr❛❧ é

r❡♣r❡s❡♥t❛❞❛ ♣❡❧♦ r❡s✐st♦r Rm ❡ ♣❡❧♦ ❞✐♦❞♦ ✐❞❡❛❧ Dm❀ ❛ ✈á❧✈✉❧❛ ❛órt✐❝❛ é r❡♣r❡s❡♥t❛❞❛ ♣❡❧♦

r❡s✐st♦r Ra ❡ ♣❡❧♦ ❞✐♦❞♦ ✐❞❡❛❧ Da❀ ❛ ❝♦♠♣❧❛❝ê♥❝✐❛ ❞❛ ❛♦rt❛ é r❡♣r❡s❡♥t❛❞❛ ♣❡❧♦ ❝❛♣❛❝✐t♦r

Cao ❡ ❛ ♣ós✲❝❛r❣❛ é r❡♣r❡s❡♥t❛❞❛ ♣❡❧♦ ♠♦❞❡❧♦ ❲✐♥❞❦❡ss❡❧ ❞❡ ✹ ❡❧❡♠❡♥t♦s ❝♦♠ ♦s s❡❣✉✐♥✲

t❡s ❝♦♠♣♦♥❡♥t❡s✿ Rc ✭r❡s✐stê♥❝✐❛ ❝❛r❛❝t❡ríst✐❝❛✮✱ L ✭✐♥❞✉tâ♥❝✐❛ ❞♦ s❛♥❣✉❡ ♥❛ ❛♦rt❛✮✱ Cs

✭❝♦♠♣❧❛❝ê♥❝✐❛ s✐stê♠✐❝❛✮ ❡ Rs ✭r❡s✐stê♥❝✐❛ s✐stê♠✐❝❛✮✳ ❆ ❚❛❜❡❧❛ ✸✳✷ ❧✐st❛ ♦s ♣❛râ♠❡tr♦s ❞♦

❝✐r❝✉✐t♦ ❡ ♦s s❡✉s ✈❛❧♦r❡s✳



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✸✼

❚❛❜❡❧❛ ✸✳✷✿ P❛râ♠❡tr♦s ❞♦ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ ❛♣r❡s❡♥t❛❞♦ ♣♦r ❙✐♠❛❛♥ ❡t ❛❧ ❬✹✻❪✳

P❛râ♠❡tr♦ ❱❛❧♦r ❙✐❣♥✐✜❝❛❞♦ ❋✐s✐♦❧ó❣✐❝♦
❘❡s✐stê♥❝✐❛s ✭♠♠❍❣✳s✴♠❧✮
Rs ✶✱✵✵✵✵ ❘❡s✐stê♥❝✐❛ s✐stê♠✐❝❛
Rm ✵✱✵✵✺✵ ❘❡s✐stê♥❝✐❛ ❞❛ ✈á❧✈✉❧❛ ♠✐tr❛❧
Ra ✵✱✵✵✶✵ ❘❡s✐stê♥❝✐❛ ❞❛ ✈❛❧✈✉❧❛ ❛órt✐❝❛
Rc ✵✱✵✸✾✽ ❘❡s✐stê♥❝✐❛ ❝❛r❛❝t❡ríst✐❝❛
❈♦♠♣❧❛❝ê♥❝✐❛s ✭♠❧✴♠♠❍❣✮
C(t) = (Vve(t)− Vo)/Pve(t) ✲ ❈♦♠♣❧❛❝ê♥❝✐❛ ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦
Cae ✹✱✹✵✵✵ ❈♦♠♣❧❛❝ê♥❝✐❛ ❞♦ átr✐♦ ❡sq✉❡r❞♦
Cs ✶✱✸✸✸✸ ❈♦♠♣❧❛❝ê♥❝✐❛ s✐stê♠✐❝❛
Cao ✵✱✵✽✵✵ ❈♦♠♣❧❛❝ê♥❝✐❛ ❞❛ ❛♦rt❛
■♥❡rtâ♥❝✐❛ ✭♠♠❍❣✳s✷✴♠❧✮
▲ ✵✱✵✵✵✺ ■♥❞✉tâ♥❝✐❛ ❞♦ s❛♥❣✉❡ ♥❛ ❛♦rt❛
❱á❧✈✉❧❛s
Dm ✲ ❱á❧✈✉❧❛ ♠✐tr❛❧
Da ✲ ❱á❧✈✉❧❛ ❛órt✐❝❛

✸✳✸✳✶ ❘❡♣r❡s❡♥t❛çã♦ ❡♠ ✈❛r✐á✈❡✐s ❞❡ ❡st❛❞♦

❖ ♠♦❞❡❧♦ ❛♣r❡s❡♥t❛❞♦ é ❞❡s❝r✐t♦ ♣♦r ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ♥ã♦ ❧✐♥❡❛r❡s ❡ ✈❛r✐❛♥t❡s ♥♦

t❡♠♣♦✳ ❆ r❡♣r❡s❡♥t❛çã♦ ❡♠ ✈❛r✐á✈❡✐s ❞❡ ❡st❛❞♦ ❞♦ s✐st❡♠❛ é ❞❛ ❢♦r♠❛ ❬✹✻❪

ẋ = A(t)x+ p(t). ✭✸✳✼✮

❆s ❡q✉❛çõ❡s q✉❡ ❞❡s❝r❡✈❡♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛ sã♦ ♦❜t✐❞❛s ♣♦r ♠❡✐♦ ❞❛ ❛♣❧✐✲

❝❛çã♦ ❞❛s ❧❡✐s ❞❡ ❑✐r❝❤♦✛ ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✳ ❆s ✈❛r✐á✈❡✐s ❞❡ ❡st❛❞♦ sã♦ ❞❡✜♥✐❞❛s ❞❡ ♠♦❞♦

q✉❡

x =























x1

x2

x3

x4

x5























=























Pao

Qa

Vve

Ps

Pae























. ✭✸✳✽✮

❆ ♠❛tr✐③ A(t) é ✈❛r✐❛♥t❡ ♥♦ t❡♠♣♦ ❞❡✈✐❞♦ à ❢✉♥çã♦ ❡❧❛stâ♥❝✐❛ ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✱

E(t)✱ ❡ ❝❛r❛❝t❡r✐③❛✱ ♣♦r ♠❡✐♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ❞✐♦❞♦s✱ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❞♦ s✐st❡♠❛✳



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✸✽

❊ss❛ ♠❛tr✐③ é ❞❛❞❛ ♣♦r

A(t) =























− Da

RaCao
− 1

Cao

Da

RaCao
E(t) 0 0

1
L

−Rc

L
0 − 1

L
0

Da

Ra
0 −[Dm

Rm
+ Da

Ra
]E(t) 0 Dm

Rm

0 1
Cs

0 − 1
RsCs

1
RsCs

0 0 Dm

RmCae
E(t) 1

RsCae
− 1

Cae
[ 1
Rs

+ Dm

Rm
]























✭✸✳✾✮

❡ ♦ ✈❡t♦r p(t)✱ t❛♠❜é♠ ✈❛r✐❛♥t❡ ♥♦ t❡♠♣♦✱ ❝♦♥té♠ ♦s t❡r♠♦s ✐♥❞❡♣❡♥❞❡♥t❡s ❞❛s ✈❛r✐á✈❡✐s

❞❡ ❡st❛❞♦s✱ ❞❛❞♦ ♣♦r ❬✹✻❪

p(t) =























− Da

RaCao
E(t)Vo

0

[Dm

Rm
+ Da

Ra
]E(t)Vo

0

− Dm

RmCae
E(t)Vo























. ✭✸✳✶✵✮

◆❛ ❋✐❣✉r❛ ✸✳✾ ❡stã♦ r❡♣r❡s❡♥t❛❞❛s ❛s ❝✉r✈❛s ❞❡ ♣r❡ssã♦ ♥❛ ❛♦rt❛ ✭Pao✮✱ ♣r❡ssã♦ ♥♦ ✈❡♥✲

trí❝✉❧♦ ❡sq✉❡r❞♦ ✭Pve✮ ❡ ♣r❡ssã♦ ♥♦ átr✐♦ ❡sq✉❡r❞♦ ✭Pae✮ ♦❜t✐❞❛s ❝♦♠ ❛ s✐♠✉❧❛çã♦ ❞♦ ♠♦❞❡❧♦

❛♣r❡s❡♥t❛❞♦✳

❆s ❝✉r✈❛s r❡♣r❡s❡♥t❛❞❛s ♥❛ ❋✐❣✉r❛ ✸✳✾✱ ♦❜t✐❞❛s ❝♦♠ ♦ ♠♦❞❡❧♦ ❞❡ ✺❛ ♦r❞❡♠ ♣r♦♣♦st♦ ♣♦r

❙✐♠❛❛♥ ❡t ❛❧ ❬✹✻❪✱ r❡♣r♦❞✉③❡♠ ✉♠❛ ❜♦❛ ❛♣r♦①✐♠❛çã♦ ❞❛s ❝✉r✈❛s ❞♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦ ❞♦ ❙❈❍

❛♣r❡s❡♥t❛❞❛s ♣♦r ●✉②t♦♥ ❡t ❛❧ ❬✹✼❪✳

❋✐❣✉r❛ ✸✳✾✿ ❈✉r✈❛s ❞❡ ♣r❡ssõ❡s ♦❜t✐❞❛s ♣♦r ✐♥t❡r♠é❞✐♦ ❞♦ ♠♦❞❡❧♦ ❛♣r❡s❡♥t❛❞♦ ♣♦r ❙✐♠❛♥ ❡t
❛❧✳ ❆ ❧❡❣❡♥❞❛ ❞♦s ❣rá✜❝♦s ❞✐❢❡r❡♥❝✐❛ ♦s ❡st❛❞♦ ❞❡ ♣r❡ssã♦ ♥♦✿ átr✐♦ ❡sq✉❡r❞♦ ✭Pae✮✱ ✈❡♥trí❝✉❧♦
❡sq✉❡r❞♦ ✭Pve✮ ❡ ♣r❡ssã♦ ♥❛ ❛♦rt❛ ✭Pao✮✳ ❈❡♥ár✐♦ ❞❡ s✐♠✉❧❛çã♦ ❛❞♦t❛❞♦ ♣♦r ❈♦r❞❡✐r♦ ❬✺❪✳



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✸✾

✸✳✹ ▼♦❞❡❧♦ ✵❉ ❞♦ ❇■❆

❖ ♠♦❞❡❧♦ ❞❡ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ ♣r♦♣♦st♦ ♣♦r ❨✐♥❣ ❙✉♥ ❬✶✼❪ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐✲

❣✉r❛ ✸✳✶✵✳ ❊ss❡ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ ♣❡r♠✐t❡ ✐♥✈❡st✐❣❛r ♦ ❡❢❡✐t♦ ❞❡ ❝♦♠♦ ❛ ❛❧t❡r❛çã♦ ❞❡ ❛❧❣✉♥s

♣❛râ♠❡tr♦s ❞♦ ❇■❆ ❛❢❡t❛♠ ♦ ❛❝♦♣❧❛♠❡♥t♦ ❡♥tr❡ ♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦ ❡ ❛ ❛♦rt❛✳

✭❛✮ ❆♥❛❧♦❣✐❛ ❞♦ ❝♦r❛çã♦ ❤✉♠❛♥♦ ✭❆❞❛♣t❛❞♦ ❞❡ ❨✐♥❣ ❙✉♥ ❬✶✼❪✮✳

✭❜✮ ❉✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ❛♥á❧♦❣♦❀ ✭■✮ átr✐♦ ❡sq✉❡r❞♦❀ ✭■■✮ ✈á❧✈✉❧❛ ♠✐tr❛❧❀ ✭■■■✮ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦❀
✭■❱✮ ✈á❧✈✉❧❛ ❛órt✐❝❛❀ ✭❱✱❱■✮ ❛♦rt❛ ❛s❝❡♥❞❡♥t❡❀ ✭❱■■✮ ❛rtér✐❛s ❝❛rót✐❞❛s✴s✉❜❝❧á✈✐❛s❀ ✭❱■■■✱■❳✮ ❛♦rt❛
❞❡s❝❡♥❞❡♥t❡❀ ✭❳✱❳■✮ ✈❛s♦s ♣❡r✐❢ér✐❝♦s✳

✭❝✮ ❈✐r❝✉✐t♦ ❡❧étr✐❝♦ ❡q✉✐✈❛❧❡♥t❡✳

❋✐❣✉r❛ ✸✳✶✵✿ ■❧✉str❛çã♦ ❞♦ ♠♦❞❡❧♦ ❞❡ ❇■❆ ❛❝♦♣❧❛❞♦ ❛♦ ❙❈❍ ❬✶✼❪✳

◆❡st❡ ❝✐r❝✉✐t♦✱ ♦ átr✐♦ ❡sq✉❡r❞♦ é r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ❢♦♥t❡ ❉❈ Pla❀ ❛ ✈á❧✈✉❧❛ ♠✐tr❛❧

é r❡♣r❡s❡♥t❛❞❛ ♣♦r ✉♠ ❞✐♦❞♦ ✐❞❡❛❧ ❡♠ sér✐❡ ❝♦♠ ❛ ❛❞♠✐tâ♥❝✐❛ gmv❀ ❛ ✈á❧✈✉❧❛ ❛órt✐❝❛ é

r❡♣r❡s❡♥t❛❞❛ ♣♦r ✉♠ ❞✐♦❞♦ ✐❞❡❛❧ ❡♠ sér✐❡ ❝♦♠ ❛ ❛❞♠✐tâ♥❝✐❛ gav❀ ❛ ❝♦♠♣❧❛❝ê♥❝✐❛ ❞❛ ❛♦rt❛



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✹✵

é r❡♣r❡s❡♥t❛❞❛ ♣❡❧♦ ❝❛♣❛❝✐t♦r Caa❀ ❛ ❝✐r❝✉❧❛çã♦ ❞♦s ✈❛s♦s ❝❛r♦tí❞❡♦s é r❡♣r❡s❡♥t❛❞❛ ♣❡❧❛

r❡s✐stê♥❝✐❛ Rca❀ ❛ ❝♦♠♣❧❛❝ê♥❝✐❛ ❞♦ ❜❛❧ã♦ é r❡♣r♦❞✉③✐❞❛ ♣♦r ♠❡✐♦ ❞♦ ❝❛♣❛❝✐t♦r ✈❛r✐á✈❡❧ eda

❡ ❞❛ ❛❞♠✐tâ♥❝✐❛ gbp❀ ❛ ❝✐r❝✉❧❛çã♦ ♣❡r✐❢ér✐❝❛ é r❡♣r❡s❡♥t❛❞❛ ♣❡❧❛ ❝♦♠♣❧❛❝ê♥❝✐❛ ❞♦ ❝❛♣❛❝✐t♦r

Cpc ❡ ❞❛ r❡s✐stê♥❝✐❛ Rpc✳

❖ ♠♦❞❡❧♦ ❞❡ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦ ♣r♦♣♦st♦ ♣♦r ❨✐♥❣ ❙✉♥ ❬✶✼❪ é r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ❡❧❛stâ♥✲

❝✐❛ ✈❛r✐❛♥t❡ ♥♦ t❡♠♣♦ elv(t) ❡♠ sér✐❡ ❝♦♠ ❛ r❡s✐stê♥❝✐❛ Rlv✳ ❆ r❡❧❛çã♦ ❞❡ ♣r❡ssã♦ ❡ ✈♦❧✉♠❡

❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦ ♥♦ ♠♦❞❡❧♦ é ❞❛❞❛ ♣♦r plv = elv(t) · vlv✳

❆ ❢♦r♠❛ ❞❡ ♦♥❞❛ elv(t) é r❡♣r♦❞✉③✐❞❛ ♥❛ ❋✐❣✉r❛ ✸✳✶✶✳ ❆ r❡♣r♦❞✉çã♦ é ♦❜t✐❞❛ ♣♦r ♠❡✐♦

❞❛ ❛♣❧✐❝❛çã♦ ❞❛ ❞❡s❝r✐çã♦ ♠❛t❡♠át✐❝❛ ❞❛ ❝✉r✈❛ ❬✶✼❪✱ ❞❛❞❛ ♣♦r

elv(t) =







Elva(1− expt/τ1) + Elvb

(elv|tee − Elvb) exp
−(t−tee/τ2) +Elvb

✭✸✳✶✶✮
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❋✐❣✉r❛ ✸✳✶✶✿ ❈✉r✈❛ ❞❡ ❡❧❛stâ♥❝✐❛ ♣r♦♣♦st❛ ♣♦r ❨✐♥❣ ❙✉♥ ❬✶✼❪✳

❆ ❣❡♦♠❡tr✐❛ ❞♦ ❇■❆ ❡ s✉❛ ♣♦s✐çã♦ r❡❧❛t✐✈❛ ♥❛ ❛♦rt❛ ❞❡s❝❡♥❞❡♥t❡ sã♦ ❞❡s❝r✐t❛s ♣❡❧♦ ✉s♦

❞♦ ♠♦❞❡❧♦ ❞❡ ❝✐❧✐♥❞r♦ ❝♦♥❝ê♥tr✐❝♦ ❡①✐❜✐❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶✷✳ ❊ss❡ ♠♦❞❡❧♦ é ✉t✐❧✐③❛❞♦ ♣❛r❛

❛✉①✐❧✐❛r ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❝♦♥❞✉tâ♥❝✐❛ ✭gbp✮ ❡ ❡❧❛stâ♥❝✐❛ ✭eda✮ ♥♦ ❝✐r❝✉✐t♦

❡❧étr✐❝♦ ❡q✉✐✈❛❧❡♥t❡✳ ❖ ♠♦❞❡❧♦ ❛ss✉♠❡ q✉❡ ❛s ❛çõ❡s ❞❡ ✐♥✢❛çã♦ ❡ ❞❡✢❛çã♦ ❞♦ ❜❛❧ã♦ ❞❡✜♥❡♠

❛té ❞♦✐s ✈❛❧♦r❡s ♣❛r❛ ❝❛❞❛ ✉♠ ❞❡ss❡s ♣❛râ♠❡tr♦s✱ ❝♦♥❢♦r♠❡ ❊q✉❛çõ❡s ✭✸✳✶✷✮ ❡ ✭✸✳✶✸✮ ❬✶✼❪✳



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✹✶

❋✐❣✉r❛ ✸✳✶✷✿ ■❧✉str❛çã♦ ❞♦ ❝✐❧✐♥❞r♦ ❝♦♥❝ê♥tr✐❝♦ ✉t✐❧✐③❛❞♦ ♥❛ ♣❛r❛♠❡tr✐③❛çã♦ ❞♦ ❇■❆ ❬✶✼❪✳

gbp =































{[16/3(ra − rc)
4 + 32/3rc(ra − rc)

3]/81µlb}

·1333 ✭♠❧✳♠♠❍❣−1✳s−1✮ ❈♦♠♣❧❡t❛♠❡♥t❡ ❞❡s✐♥✢❛❞♦

{[16/3(ra − rb)
4 + 32/3rb(ra − rb)

3]/81µlb}

·1333 ✭♠❧✳♠♠❍❣−1✳s−1✮ ❈♦♠♣❧❡t❛♠❡♥t❡ ✐♥✢❛❞♦

✭✸✳✶✷✮

eda =







2Y h/3πr3alb/1333 ✭♠♠❍❣✴♠❧✮ ❈♦♠♣❧❡t❛♠❡♥t❡ ❞❡s✐♥✢❛❞♦

2Y h(r2a − r2c )/[3πr
3
alb(r

2
ar

2
b )]/1333 ♠♠❍❣✴♠❧ ❈♦♠♣❧❡t❛♠❡♥t❡ ✐♥✢❛❞♦

✭✸✳✶✸✮



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✹✷

✸✳✹✳✶ ❘❡♣r❡s❡♥t❛çã♦ ❡♠ ✈❛r✐á✈❡✐s ❞❡ ❡st❛❞♦

❖ ♠♦❞❡❧♦ é ❞❡s❝r✐t♦ ♣♦r ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ♥ã♦ ❧✐♥❡❛r❡s ❡ ✈❛r✐❛♥t❡s ♥♦ t❡♠♣♦✳ ❆

r❡♣r❡s❡♥t❛çã♦ ❡♠ ✈❛r✐á✈❡✐s ❞❡ ❡st❛❞♦ ♣r♦♣♦st❛ ♣❛r❛ ♦ s✐st❡♠❛ é ❞❛ ❢♦r♠❛

ẋ = A(t)x+ g. ✭✸✳✶✹✮

❆s ❡q✉❛çõ❡s q✉❡ ❞❡s❝r❡✈❡♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛ sã♦ ♦❜t✐❞❛s ♣♦r ♠❡✐♦ ❞❛ ❛♣❧✐✲

❝❛çã♦ ❞❛s ❧❡✐s ❞❡ ❑✐r❝❤♦✛ ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✳ ❆s ✈❛r✐á✈❡✐s ❞❡ ❡st❛❞♦ sã♦ ❞❡✜♥✐❞❛s ❞❡ ♠♦❞♦

q✉❡

x =























x1
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x3

x4

x5























=























vlv

paa

qao

vda

ppc























. ✭✸✳✶✺✮

❖ ✈❡t♦r g ❝♦♥té♠ ♦s t❡r♠♦s ✐♥❞❡♣❡♥❞❡♥t❡s ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❡st❛❞♦s ❡ é ❞❛❞♦ ♣♦r

g =























Plagmv

0

0

0

0























✭✸✳✶✻✮

❆ ♠❛tr✐③ A(t) é ✈❛r✐❛♥t❡ ♥♦ t❡♠♣♦ ❞❡✈✐❞♦ à ❢✉♥çã♦ ❡❧❛stâ♥❝✐❛ ❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✱

elv(t)✱ ❡ ❝❛r❛❝t❡r✐③❛✱ ♣♦r ♠❡✐♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ❞✐♦❞♦s✱ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❞♦ s✐st❡♠❛✳

❊ss❛ ♠❛tr✐③ é ❞❛❞❛ ♣♦r

A(t) =























a1,1(t) a1,2(t) a1,3(t) 0 0

a2,1(t) a2,2(t) a2,3(t) 0 0

a3,1(t) a3,2(t) a3,3(t) a3,4(t) a3,5(t)

0 0 a4,3(t) a4,4(t) a4,5(t)

0 0 a5,3(t) a5,4(t) a5,5(t)























✭✸✳✶✼✮
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❖s t❡r♠♦s ♥ã♦ ♥✉❧♦s ai,j(t) ♥❛ ♠❛tr✐③ A(t)✱ sã♦ ❡s❝r✐t♦s ❝♦♠♦✿

a1,1(t) = elv(t)(gmv +
gav

RLvgav + 1
)−

gavRaaelvgav
τvlv

, ✭✸✳✶✽✮

a1,2(t) = −
gavRaagav

τvlv
+

gav
Rlvgav + 1

, ✭✸✳✶✾✮

a1,3(t) =
−gavRaa − gavRaaRlvgav

τvlv
, ✭✸✳✷✵✮

a2,1(t) =
elv(t)gav
τpaa

, ✭✸✳✷✶✮

a2,2(t) =
−gav
τpaa

, ✭✸✳✷✷✮

a2,3(t) =
−Rlvgav − 1

τpaa
, ✭✸✳✷✸✮

a3,1(t) =
Raaelv(t)gav

Lao(Raagav +Rlvgav + 1)
, ✭✸✳✷✹✮

a3,2(t) =
1

Lao

−
Raagav

Lao(Raagav +Rlvgav + 1)
, ✭✸✳✷✺✮

a3,3(t) =
−Raa −Rlvgav

Lao(Raagav +Rlvgav + 1)
−

Rao

Lao

−
RdaRcaRpr

τqao
− ✭✸✳✷✻✮

RdaRcaRpc

τqao
−

RdaRcaRpcRprgbp(t)

τqao
,

a3,4(t) =
−eda(t)

Lao

+
Rda(Rpceda(t) +Rpreda(t) +RcaRpceda(t)gbp(t)

τqao
+ ✭✸✳✷✼✮

RcaRpreda(t)gbp(t) +RpcRpreda(t)gbp(t))

τqao
,

a3,5(t) =
−RdaRcaRprgbp(t)

τqao
, ✭✸✳✷✽✮

a4,3(t) =
RcaRpr +RcaRpc +RcaRpcRprgbp(t)

τvda
, ✭✸✳✷✾✮
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a4,4(t) =
−Rpceda(t)−Rpreda(t)−RcaRpceda(t)gbp(t)−RcaRpreda(t)gbp(t)

τvda
− ✭✸✳✸✵✮

RpcRpreda(t)gbp(t)

τvda
,

a4,5(t) =
RcaRprgbp(t)

τvda
, ✭✸✳✸✶✮

a5,3(t) =
RcaRdaRprgbp(t)

τppc
, ✭✸✳✸✷✮

a5,4(t) =
RcaRpr +RcaRpc +RcaRpcRprgbp(t)

τppc
, ✭✸✳✸✸✮

❡

a5,5(t) =
−(Rca +Rda +RcaRdagbp(t) +RcaRprgbp(t) +RdaRprgbp(t))

τppc
. ✭✸✳✸✹✮

❆s ✈❛r✐á✈❡✐s ❛✉①✐❧✐❛r❡s τvlv(t)✱ τpaa(t)✱ τqao(t)✱ τvda(t)✱ τppc(t) sã♦ r❡s♣❡❝t✐✈❛♠❡♥t❡

τvlv(t) = (Raagav +Rlvgav + 1)(Rlvgav + 1), ✭✸✳✸✺✮

τpaa(t) = Caa(Raagav +Rlvgav + 1), ✭✸✳✸✻✮

τqao(t) = Lao(RcaRpc +RcaRpr +RdaRpc +RdaRpr +RcaRdaRpcgbp(t)+ ✭✸✳✸✼✮

RcaRdaRprgbp(t) +RcaRpcRprgbp(t) +RdaRpcRpqgbp(t)),

τvda(t) = RcaRpc +RcaRpr +RdaRpc +RdaRpr +RcaRdaRpcgbp(t)+ ✭✸✳✸✽✮

RcaRdaRprgbp(t) +RcaRpcRprgbp +RdaRpcRprgbp,

❡

τppc(t) = Cpc(RcaRpc +RcaRpr +RdaRpc +RdaRpr +RcaRdaRpcgbp(t)+ ✭✸✳✸✾✮

RcaRdaRprgbp(t) +RcaRpcRprgbp +RdaRpcRprgbp(t)).



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✹✺

❊♥tr❛❞❛ ❞❡ ❝♦♥tr♦❧❡

❖ ❡st✉❞♦ ❞♦ ♠♦❞❡❧♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❊q✉❛çã♦ ✸✳✶✹ ❝♦♥tr✐❜✉✐ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦

tr❛❜❛❧❤♦ ♥❛ ♠❡❞✐❞❛ ❡♠ q✉❡ ❡①♣❧✐❝✐t❛ ❛s ♥ã♦✲❧✐♥❡❛r✐❞❛❞❡s ❞♦ s✐st❡♠❛ ♣♦r ♠❡✐♦ ❞❛ r❡♣r❡s❡♥✲

t❛çã♦ ❡♠ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦✳ P❛r❛ ❛t✉❛r ♥♦ ♠♦❞❡❧♦✱ t♦❞❛✈✐❛✱ é ♥❡❝❡ssár✐♦ ❞❡✜♥✐r ❛s ✈❛r✐á✈❡✐s

eda ❡ gbp ❡♥q✉❛♥t♦ ❡♥tr❛❞❛s ❞❡ ❝♦♥tr♦❧❡ ❞♦ s✐st❡♠❛✱ ❞❡ ♠♦❞♦ q✉❡

u(t) =





gbp(t,TB)

eda(t,TB)



 . ✭✸✳✹✵✮

❉❡ss❛ ❢♦r♠❛✱ ❛ r❡♣r❡s❡♥t❛çã♦ ❡♠ ❡s♣❛ç♦ ❞❡ ❡st❛❞♦ ❛ss✉♠❡ ❛ ❢♦r♠❛ ♥ã♦ ❧✐♥❡❛r ❞❛❞❛ ♣♦r

ẋ = f(t,x(t),u(t),g). ✭✸✳✹✶✮

❖ ♣❡rí♦❞♦ ❞❡ ❛çã♦ ✭TB✮ ❞♦ ❇■❆ é ❝❛r❛❝t❡r✐③❛❞♦ ♣❡❧❛ ❞✉r❛çã♦ ❞♦s t❡♠♣♦s ❞❡ ✐♥✢❛çã♦

✭tINF ✮✱ ❞❡✢❛çã♦ ✭tDEF ✮ ❡ ❛t✉❛çã♦ ✭tON✮✳ ❖ ✐♥st❛♥t❡ ❞❡ ❛t✐✈❛çã♦ ❞♦ ❇■❆ é ❞❡♥♦t❛❞♦ t0B✳ ❆

r❡❧❛çã♦ ❞❡ ❞✉r❛çã♦ ❡♥tr❡ ♦s t❡♠♣♦s ❞♦ ❇■❆ é ❞❡✜♥✐❞❛ ♥❡ss❡ tr❛❜❛❧❤♦ ❞❡ ♠❛♥❡✐r❛ q✉❡

TB = TINF + TON + TDEF . ✭✸✳✹✷✮

❆ ❋✐❣✉r❛ ✸✳✶✸ ❡st❛❜❡❧❡❝❡ ❛ r❡❧❛çã♦ ❡♥tr❡ ♦ ♣❡rí♦❞♦ ❝❛r❞í❛❝♦ ❡ ♦s ✐♥st❛♥t❡s ❞❡ ❛t✉❛çã♦

❞♦ ❇■❆✳ ❖s ✐♥st❛♥t❡s t0✱tS ❡ tD ❞❡✜♥❡♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♦s ✐♥st❛♥t❡ ❞❡ ✐♥í❝✐♦✿ ❞♦ ❝✐❝❧♦

❝❛r❞í❛❝♦✱ ❞❛ síst♦❧❡ ❡ ❞❛ ❞✐ást♦❧❡✳ ❊ss❡s ✐♥st❛♥t❡s ♦❝♦rr❡♠ ♥♦ ✐♥t❡r✈❛❧♦ ❞❡ ❞✉r❛çã♦ ❞❡ ✉♠

❝✐❝❧♦ ❝❛r❞í❛❝♦ ✭❚✮✳

❋✐❣✉r❛ ✸✳✶✸✿ ❘❡❧❛çã♦ ❞❡✜♥✐❞❛ ❡♥tr❡ ♦ ♣❡rí♦❞♦ ❝❛r❞í❛❝♦ ❡ ♦s ✐♥st❛♥t❡s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆✳

❖ ♠♦❞❡❧♦ ❝♦♥s✐❞❡r❛ q✉❡ t❛♥t♦ ❛ ❝♦♥❞✉tâ♥❝✐❛ ✭gbp✮ q✉❛♥t♦ ❛ ❡❧❛stâ♥❝✐❛ ✭eda✮ ✈❛r✐❛♠

❧✐♥❡❛r♠❡♥t❡ ❞✉r❛♥t❡ ❛s ❢❛s❡s ❞❡ tr❛♥s✐çã♦ ❞❡ ✐♥✢❛çã♦ ❡ ❞❡✢❛çã♦✳ ❆ ❋✐❣✉r❛ ✸✳✶✹ ❡①♣❧✐❝✐t❛ ❛
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r❡❧❛çã♦ t❡♠♣♦r❛❧ ❡♥tr❡ ❛ ♣r❡ssã♦ ♥♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✱ ♣r❡ssã♦ ♥❛ ❛♦rt❛ ❡ ♦s ❡✈❡♥t♦s ❞❡

✐♥✢❛çã♦ ❡ ❞❡✢❛çã♦ ❞♦ ❇■❆✳
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❋✐❣✉r❛ ✸✳✶✹✿ ❘❡❧❛çã♦ ❡♥tr❡ ♦s ❡✈❡♥t♦s ❞♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦ ❡ ♦s ✐♥st❛♥t❡s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆✳

✸✳✹✳✷ ❆s♣❡❝t♦s ❢✉♥❝✐♦♥❛✐s ❞♦ ♠♦❞❡❧♦

❖ ♠♦❞❡❧♦ ❞❡ ✺❛ ♦r❞❡♠ ❛♣r❡s❡♥t❛❞♦ ♣❡r♠✐t❡ r❡♣r♦❞✉③✐r ✉♠❛ ❛♣r♦①✐♠❛çã♦ ❞♦ ❡❢❡✐t♦ ❞♦

❇■❆ ♥♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦ ❞♦ ❙❈❍✳ ❆❧é♠ ❞✐ss♦✱ ♦ ♠♦❞❡❧♦ ♣❡r♠✐t❡ r❡♣r♦❞✉çã♦ ❞❡ ❛❧❣✉♠❛s ❝❛r❞✐♦✲

♣❛t✐❛s✳ ◆❛ ❋✐❣✉r❛ ✸✳✶✺ sã♦ r❡♣r♦❞✉③✐❞♦s ♣❛r❛ ✉♠ ú♥✐❝♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦ ♦s s❡❣✉✐♥t❡s ❝❡♥ár✐♦s✿

❝♦♥tr♦❧❡ ✭s❡♠ ♣❛t♦❧♦❣✐❛s✮✱ ❛ss✐st❡♥❝✐❛❧ ❞♦ ❇■❆✱ ❤✐♣❡rt❡♥sã♦ ❡ ✈á❧✈✉❧❛ ❛órt✐❝❛ ❡st❡♥♦s❛❞❛✳

❖ ❝❡♥ár✐♦ ❞❡ ❤✐♣❡rt❡♥sã♦ é ✈❡r✐✜❝❛❞♦ ❛♦ ♦❜s❡r✈❛r✲s❡ ❛ ❡❧❡✈❛çã♦ ❞♦ ♣✐❝♦ ❞❡ ♣r❡ssã♦ s✐stó❧✐❝❛

❡ ❞❛ ♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ✜♥❛❧✳ ❖ ❝❡♥ár✐♦ ❞❛ ✈á❧✈✉❧❛ ❛órt✐❝❛ ❡st❡♥♦s❛❞❛ ♣r♦✈♦❝❛ ❛ r❡❞✉çã♦ ❞♦s

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

❞♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦✳

❖ ❝❡♥ár✐♦ ❞❡ ❝♦♥tr♦❧❡ ❡①✐❜❡ ❛s ❝✉r✈❛s ❞❡ ♣r❡ssã♦ ❞❡ ✉♠ ♣❛❝✐❡♥t❡ s❛✉❞á✈❡❧✳ ❖ ❝❡♥ár✐♦

❛ss✐st❡♥❝✐❛❧ ❞♦ ❇■❆ ❡①♣❧✐❝✐t❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ r❡♣r♦❞✉çã♦ ❞♦ ♠♦❞❡❧♦ ❛❝❡r❝❛ ❞♦s ❡❢❡✐t♦s ❞♦

❇■❆ ♥♦ ❙❈❍✱ s❡♥❞♦ ❡ss❡ ❝❡♥ár✐♦ ♦ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ❞♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦✳ ◆❛ ❋✐❣✉r❛ ✸✳✶✻
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sã♦ r❡♣r♦❞✉③✐❞♦s ❝✐♥❝♦ ❝✐❝❧♦s ❡st❛❝✐♦♥ár✐♦s ❞❡ss❡ ❝❡♥ár✐♦✳
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❋✐❣✉r❛ ✸✳✶✻✿ ❈✉r✈❛s ❞❡ ♣r❡ssã♦ ❝✐❝❧♦ ❡st❛❝✐♦♥ár✐❛s ♦❜t✐❞❛s ♥❛ s✐♠✉❧❛çã♦ ❞♦ ❝❡♥ár✐♦ ❛ss✐st❡♥✲
❝✐❛❧ ❝♦♠ ❇■❆✳
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P❛r❛ ❛ ✐♥✐❝✐❛❧✐③❛çã♦ ❞❛s r❡❢❡r✐❞❛s s✐♠✉❧❛çõ❡s ❝♦♥s✐❞❡r♦✉✲s❡ ❛s ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s ❞♦s ❡❧❡✲

♠❡♥t♦s Caa✱ Lao✱ Cpc ✐❣✉❛✐s ❛ ③❡r♦✳ ❆ ❚❛❜❡❧❛ ✸✳✸ ❧✐st❛ ♦s ♣❛râ♠❡tr♦s ❞❡✜♥✐❞♦s ♣❛r❛ ❝❛❞❛ ❝❛s♦

❞❡ s✐♠✉❧❛çã♦ ❛♣r❡s❡♥t❛❞♦ ❡ s❡✉s r❡s♣❡❝t✐✈♦s ✈❛❧♦r❡s✳ ❆s ❧❛❝✉♥❛s ❞❡ ✈❛❧♦r ❞❡ Rda ✐♥❞✐❝❛♠

q✉❡ ♦ r❛♠♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❞♦ ❝✐r❝✉✐t♦ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ❡♠ ❛❜❡rt♦ ♣❛r❛ ♦ r❡s♣❡❝t✐✈♦ ❝❡♥ár✐♦

❞❡ s✐♠✉❧❛çã♦✳ ◆❡ss❡s ♠❡s♠♦s ❝❡♥ár✐♦s ♦ r❛♠♦ ❝♦rr❡s♣♦♥❞❡♥t❡ à r❡s✐stê♥❝✐❛ ✈❛r✐á✈❡❧ gbp ❢♦✐

❝✉rt♦ ❝✐r❝✉✐t❛❞♦✳ ❆s ✈❛r✐á✈❡✐s ❞❡ ❝♦♥tr♦❧❡ gbp ❡ eda ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦ ❝❡♥ár✐♦ ❛ss✐st❡♥❝✐❛❧

❞♦ ❇■❆ ❛ss✉♠❡♠ ❞♦✐s ✈❛❧♦r❡s

gbp =







100,0000 ✭♠❧✳♠♠❍❣−1✳s−1✮ ❈♦♠♣❧❡t❛♠❡♥t❡ ❞❡s✐♥✢❛❞♦

0,1100 ✭♠❧✳♠♠❍❣−1✳s−1✮ ❈♦♠♣❧❡t❛♠❡♥t❡ ✐♥✢❛❞♦
✭✸✳✹✸✮

❡

eda =







1,0000 ✭♠♠❍❣✴♠❧✮ ❈♦♠♣❧❡t❛♠❡♥t❡ ❞❡s✐♥✢❛❞♦

2,0000 ✭♠♠❍❣✴♠❧✮ ❈♦♠♣❧❡t❛♠❡♥t❡ ✐♥✢❛❞♦✳
✭✸✳✹✹✮

❚❛❜❡❧❛ ✸✳✸✿ P❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ s✐♠✉❧❛çã♦ ❞♦ ❝❡♥ár✐♦ ❞❡ ❝♦♥tr♦❧❡ ✭❈❈✮✱❝❡♥ár✐♦ ❛s✲
s✐st❡♥❝✐❛❧ ❞♦ ❇■❆✭❈❆❇■❆✮✱ ❝❡♥ár✐♦ ❞❡ ❤✐♣❡rt❡♥sã♦ ✭❈❍✮ ❡ ❞♦ ❝❡♥ár✐♦ ❞❡ ✈á❧✈✉❧❛ ❛órt✐❝❛
❡st❡♥♦s❛❞❛ ✭❈❱❆❊✮✳

P❛râ♠❡tr♦ ❱❛❧♦r ❱❛❧♦r ❱❛❧♦r ❱❛❧♦r
❈❈ ❈❆❇■❆ ❈❍ ❈❱❆❊

❋♦♥t❡s ✭♠♠❍❣✮
Pla ✺✱✵✵✵✵ ✺✱✵✵✵✵ ✺✱✵✵✵✵ ✺✱✵✵✵✵
❘❡s✐stê♥❝✐❛s ✭♠♠❍❣✳s✴♠❧✮
1/gmv ✵✱✵✵✺✵ ✵✱✵✵✺✵ ✵✱✵✵✺✵ ✵✱✵✵✺✵
1/gav ✵✱✵✵✶✵ ✵✱✵✵✶✵ ✵✱✵✵✶✵ ✵✱✵✻✵✵
Raa ✶✱✵✵✵✵ ✶✱✵✵✵✵ ✶✱✵✵✵✵ ✶✱✵✵✵✵
Rao ✵✳✵✻✾✼ ✵✱✵✵✷✵ ✵✱✵✻✾✼ ✵✱✵✵✷✵
Rca ✶✵✱✵✵✵ ✶✱✺✵✵✵ ✶✵✱✵✵✵ ✶✵✱✵✵✵
Rda ✲ ✵✱✵✵✶✵ ✲ ✲
Rpc ✵✱✵✵✶✵ ✵✱✵✵✶✵ ✵✱✵✵✶✵ ✵✱✵✵✶✵
Rpr ✶✱✺✵✵ ✶✱✺✵✵✵ ✶✱✺✵✵✵ ✶✱✺✵✵✵
❈♦♠♣❧❛❝ê♥❝✐❛s ✭♠❧✴♠♠❍❣✮
Caa ✵✱✺✵✵ ✵✱✺✵✵ ✵✱✺✵✵ ✵✱✺✵✵
Cpc ✵✱✺✵✵ ✵✱✺✵✵ ✵✱✺✵✵ ✵✱✺✵✵
■♥❡rtâ♥❝✐❛ ✭♠♠❍❣✳s✷✴♠❧✮
Lao ✵✱✵✵✷✵ ✵✱✵✵✸✵ ✵✱✵✵✷✵ ✵✱✵✵✷✵

❆ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ♣❛rt❡ ❞♦s ♣❛râ♠❡tr♦s ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✸✳✸ ❢♦✐ r❡❛❧✐③❛❞❛ ❡♠✲



❈❛♣ít✉❧♦ ✸✳ ▼♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤✉♠❛♥♦ ❡ ❞♦ ❜❛❧ã♦ ✐♥tr❛✲❛órt✐❝♦ ✹✾

♣✐r✐❝❛♠❡♥t❡✱ ✉♠❛ ✈❡③ q✉❡ ❛ r❡❞❛çã♦ ❞✐s♣♦st❛ ♣♦r ❨✐♥❣ ❙✉♥ ❬✶✼❪ ♥ã♦ ❝♦♥❢❡r❡ ♣r❡❝✐s❛♠❡♥t❡

❝♦♠ ❡ss❡s ✈❛❧♦r❡s✳

✸✳✺ ❈♦♥❝❧✉sõ❡s

❊st❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t❛ ✉♠❛ ✐♥tr♦❞✉çã♦ à ♠♦❞❡❧❛❣❡♠ ❞♦ ❙❈❍ ❡ ❛❜♦r❞❛ ❛s♣❡❝t♦s ❢✉♥✲

❞❛♠❡♥t❛✐s s♦❜r❡ ❛s ❣❡♦♠❡tr✐❛s ♠✉❧t✐✲♥í✈❡❧ ✵❉✱ ✶❉✱ ✷❉ ❡ ✸❉✳ ▼♦❞❡❧♦s ✵❉ ❞♦ ❙❈❍ ❡ ❞♦

❇■❆ ❞✐s♣♦♥í✈❡✐s ♥❛ ❧✐t❡r❛t✉r❛ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ♣❛r❛ ♣♦st❡r✐♦r ❝♦♠♣♦s✐çã♦ ❞❡ ❝❛s♦s ❞❡

s✐♠✉❧❛çã♦✳ ❖ ❝❛♣ít✉❧♦ s❡❣✉✐♥t❡ ❛♣r❡s❡♥t❛ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s ❞❡ ❝♦♥tr♦❧❡

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



❈❛♣ít✉❧♦ ✹

▼❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s ❞❡

❝♦♥tr♦❧❡

❊st❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t❛ ❛ ❢♦r♠✉❧❛çã♦ ♠❡t♦❞♦❧ó❣✐❝❛ ♣r♦♣♦st❛ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s ❞❡

❝♦♥tr♦❧❡ ❞♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆✳ ◆❡st❡ ❡s♣❛ç♦ ❛♣r❡s❡♥t❛✲s❡ t❛♠❜é♠ ❛ ❢♦r♠✉❧❛çã♦

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

❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s sã♦ ❛✈❛❧✐❛❞♦s ♣♦r ♠❡✐♦ ❞❡ ❝❛s♦s ❞❡ s✐♠✉❧❛çã♦✳

✹✳✶ ❘❡❢❡r❡♥❝✐❛❧ ❚❡ór✐❝♦

❖s ❛❧❣♦r✐t♠♦s ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆ ❞❡t❡r♠✐♥❛♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ três

✈❛r✐á✈❡✐s ♦♣❡r❛❝✐♦♥❛✐s✿ ♦ t❡♠♣♦ ❞❡ ❛t✉❛çã♦ ❡ ♦s t❡♠♣♦s ❞❡ ✐♥✢❛çã♦ ❡ ❞❡✢❛çã♦✳ ❆ ❧✐t❡r❛t✉r❛

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

❝♦♥tr♦❧❡ ❞♦ ❇■❆ ♥♦s ❡st✉❞♦s ❛♣r❡s❡♥t❛❞♦s ♣♦r ❈❧❛r❦ ❡t ❛❧ ❬✾❪ ❡ ❇❛r♥❡❛ ❡t ❛❧ ❬✶✸❪✳

❈❧❛r❦ ❛♣r❡s❡♥t♦✉ ❡♠ ✶✾✼✸ ✉♠❛ ❡str❛té❣✐❛ ❞❡ ❝♦♥tr♦❧❡ ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛ ♣❛r❛ ♦ ❝♦♥tr♦❧❡

❞♦ ❇■❆ t❡st❛❞♦ ❡♠ ❡①♣❡r✐♠❡♥t♦s ❝♦♠ ❝ã❡s✳ ❖ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ ❞♦ tr❛❜❛❧❤♦ é ✐♥❞✐❝❛r ❛

✈✐❛❜✐❧✐❞❛❞❡ ❞♦ ❝♦♥tr♦❧❡ ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛ ❞♦ ❇■❆ ❡✱ ♣❛rt✐❝✉❧❛r♠❡♥t❡✱ s✉❛ ✢❡①✐❜✐❧✐❞❛❞❡ ❡♠

❛❧❝❛♥ç❛r t❛♥t♦ ♦ ❛✉♠❡♥t♦ ❞✐❛stó❧✐❝♦ ❞❛ ♣r❡ssã♦ ♠é❞✐❛ ❛órt✐❝❛ q✉❛♥t♦ ♦ ❝♦♥tr♦❧❡ ❞♦ ♥í✈❡❧ ❞❡

♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ✜♥❛❧✳

❇❛r♥❡❛ ❛♣r❡s❡♥t♦✉ ❡♠ ✶✾✾✷ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❝♦♥tr♦❧❡ ót✐♠♦ ❛❞❛♣t❛❞♦ ♣❛r❛ ✐❞❡♥t✐✜❝❛r

❡ r❛str❡❛r ♦ t❡♠♣♦ ✐❞❡❛❧ ❞❡ ❞❡✢❛çã♦ ❞♦ ❇■❆✳ ❖ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧❡ ❢♦✐ ♣r♦❥❡t❛❞♦ ♣❛r❛



❈❛♣ít✉❧♦ ✹✳ ▼❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s ❞❡ ❝♦♥tr♦❧❡ ✺✶

❢♦r♥❡❝❡r ♦t✐♠✐③❛çã♦ ❡♠ t❡♠♣♦ r❡❛❧✳ ❖ ❝♦♥tr♦❧❛❞♦r ♠❛①✐♠✐③❛ ❝♦♥t✐♥✉❛♠❡♥t❡ ✉♠ í♥❞✐❝❡ ❞❡

❞❡s❡♠♣❡♥❤♦ ❡♥q✉❛♥t♦ ♦❜s❡r✈❛ r❡str✐çõ❡s✳ ❖ í♥❞✐❝❡ ❞❡ ❞❡s❡♠♣❡♥❤♦ é ❝♦♠♣♦st♦ ♣♦r ✈❛r✐á✈❡✐s

❤❡♠♦❞✐♥â♠✐❝❛s ❝❧✐♥✐❝❛♠❡♥t❡ ❞✐s♣♦♥í✈❡✐s q✉❡ ✐♥❞✐❝❛♠ ❛❧t❡r❛çõ❡s ♥♦ ❜❛❧❛♥ç♦ ❡♥❡r❣ét✐❝♦ ❞♦

♠ús❝✉❧♦ ❝❛r❞í❛❝♦✳ ❱❛❧♦r❡s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ ♦s ♣❛râ♠❡tr♦s ❞♦ ❛❧❣♦r✐t♠♦ ❢♦r❛♠ ❞❡t❡r♠✐♥❛❞♦s

❡♠ t❡st❡s ❡①♣❡r✐♠❡♥t❛✐s ❝♦♠ ❛♥✐♠❛✐s✳

❊♠ sí♥t❡s❡✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛♠❜❛s ❛s ♣r♦♣♦st❛s ❝♦♥s✐st❡♠ ♥♦ r❛str❡❛♠❡♥t♦ ❞♦ ♣♦♥t♦

ót✐♠♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❇■❆ ♣♦r ♠❡✐♦ ❞❛ ♠❛♥✐♣✉❧❛çã♦ ❞♦s t❡♠♣♦s ❞❡ ✐♥✢❛çã♦ ❡ ❞❡✢❛çã♦✳

◆❡ss❡ s❡♥t✐❞♦✱ ✈ár✐♦s í♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ sã♦ ❝♦♠♣♦st♦s ♣♦r ✈❛r✐á✈❡✐s ❤❡♠♦❞✐♥â♠✐❝❛s ❡

♣♦rt❛♥t♦ ❝❛♣❛③❡s ❞❡ r❡✢❡t✐r ♦❜❥❡t✐✈♦s ❝❧í♥✐❝♦s ❞❛ ✉t✐❧✐③❛çã♦ ❞♦ ❇■❆✳ ❊ss❡s í♥❞✐❝❡s t❛♠❜é♠

sã♦ ✈❡r✐✜❝❛❞♦s ❞❡ ♠♦❞♦ s❡♠❡❧❤❛♥t❡s ❡♠ r❡❧❛t♦s ♠❛✐s ❜r❡✈❡s ❞❛ ❧✐t❡r❛t✉r❛✱ ❝♦♠♦ ♦s ❞❡s❝r✐t♦s

♣♦r ❙♠✐t❤ ❡t ❛❧ ❡♠ ✶✾✽✾ ❬✹✽❪✱ ❇❛r♥❡❛ ❡t ❛❧ ❡♠ ✶✾✾✵ ❬✹✾❪✱ ❇❛✐ ❡t ❛❧ ❡♠ ✶✾✾✷ ❬✶✵❪ ❡ ❲❡❧❧❡r ❡t

❛❧ ❡♠ ✷✵✵✷ ❬✶✷❪✳

❖✉tr♦ ♣r♦❜❧❡♠❛ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❧✐t❡r❛t✉r❛ ❛❝❡r❝❛ ❞♦s ❛s♣❡❝t♦s ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆ ❞✐③

r❡s♣❡✐t♦ à s✐♥❝r♦♥✐③❛çã♦ ❞♦s t❡♠♣♦s ❞❡ ✐♥✢❛çã♦ ❡ ❞❡✢❛çã♦ ❡♠ r❡❧❛çã♦ ❛♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦✳

❊ss❡s ❡✈❡♥t♦s ❞❡ s✐♥❝r♦♥✐③❛çã♦ sã♦ ❞✐s♣❛r❛❞♦s ❝♦♠✉♠❡♥t❡ ♣♦r ♠❡✐♦ ❞♦ s✐♥❛❧ ❞❡ ❊❈● ❡✴♦✉

s❡❣✉♥❞♦ ♦❜s❡r✈❛çã♦ ❞♦s ♥í✈❡✐s ❞❛ ❝✉r✈❛ ❞❛ ♣r❡ssã♦ ❛órt✐❝❛✳ ◆♦ ❡♥t❛♥t♦ ❡ss❡s ❣❛t✐❧❤♦s✱ ❞❛✲

t❛❞♦s ❞❡ ✶✾✾✵✱ ❡r❛♠ ❝♦♥s✐❞❡r❛❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ♠❛❧❤❛ ❛❜❡rt❛ q✉❡ ♥ã♦ ❧❡✈❛✈❛♠ ❡♠ ❝♦♥t❛

❛❥✉st❡s ✜s✐♦❧ó❣✐❝♦s ❞♦ ❝♦r❛çã♦ ❡✴♦✉ ❛❧t❡r❛çõ❡s ❞❛ ❢r❡q✉ê♥❝✐❛ ❝❛r❞í❛❝❛✳ ❊ss❡ t✐♣♦ ❞❡ ♣r♦✲

❜❧❡♠❛ ❛ss♦❝✐❛❞♦ ❛♦ ❇■❆ é ❛♣r❡❝✐❛❞♦ ♥❛ ❧✐t❡r❛t✉r❛ ♣♦r ❩❡❧❛♥♦ ❡t ❛❧ ❬✺✵❪✱ q✉❡ ✐♥tr♦❞✉③✐✉ ✉♠

❡sq✉❡♠❛ ❝❛♣❛③ ❞❡ ❝♦♠♣❡♥s❛r ❛s ♠✉❞❛♥ç❛s ♥♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆ t❡♥❞♦ ❡♠ ✈✐st❛

❛❧t❡r❛çõ❡s ❞❡ ❢r❡q✉ê♥❝✐❛s ❝❛r❞í❛❝❛s ✐♥stá✈❡✐s✳ ❊ss❛ ❝♦♥tr✐❜✉✐çã♦ ❡stá ❛ss♦❝✐❛❞❛ à ❝❛♣❛❝✐❞❛❞❡

❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ❞❡ ❞❡t❡❝t❛r ♦ s✐♥❛❧ ❞♦ ✧s❡❣✉♥❞♦ s♦♠ ❝❛r❞í❛❝♦✧✱ S2✱ ❡♠ t❡♠♣♦ r❡❛❧✱

❡ ❛❥✉st❛r ❞✐♥❛♠✐❝❛♠❡♥t❡ ♦ t❡♠♣♦ ❞❡ ✐♥✢❛çã♦ ❞♦ ❇■❆ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♠✉❞❛♥ç❛s ✈❡r✐✜❝❛❞❛s

♥❛ ❢r❡q✉ê♥❝✐❛ ❝❛r❞í❛❝❛✳

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

♣r♦♣õ❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠♦❞❡❧♦s ✵❉ ♣❛r❛ ❛ ❢♦r♠✉❧❛çã♦ ❞❡ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❣❡r❛çã♦

❞❡ ♦♣çõ❡s ❞❡ ❝♦♥tr♦❧❡✳ ◆❡ss❡ ❝♦♥t❡①t♦✱ sã♦ ❡①♣❧♦r❛❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ❝♦♥tr♦❧❡ ❡ ♦t✐♠✐③❛çã♦

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

❛t✉❛çã♦ ❞♦ ❇■❆✳ P❛r❛ t❛♥t♦✱ ✉t✐❧✐③❛✲s❡ ♦ ♠♦❞❡❧♦ ✵❉ ❞♦ ❇■❆ ❛♣r❡s❡♥t❛❞❛ ♣♦r ❨✐♥❣ ❙✉♥ ❬✶✼❪

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



❈❛♣ít✉❧♦ ✹✳ ▼❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s ❞❡ ❝♦♥tr♦❧❡ ✺✷

✹✳✷ ❊str✉t✉r❛ ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆

❖s ❛s♣❡❝t♦s ❣❡r❛✐s ❞♦ ❝♦♥tr♦❧❡ ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛ ❞♦ ❇■❆ ❡stã♦ ✐♥❞✐❝❛❞♦s ♥❛ ❋✐❣✉r❛ ✹✳✶✳

❆ ❡str✉t✉r❛ ❞❡ ❝♦♥tr♦❧❡ ❝♦♥s✐❞❡r❛ ✉♠ ❙❈❍ ❝♦♠ ✉♠ ❇■❆ ✐♠♣❧❛♥t❛❞♦ ♥❛ ❛rtér✐❛ ❛♦rt❛✳ ❆

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

❡st❛❞♦ ❞♦ s✐st❡♠❛ ❝❛r❞✐♦✈❛s❝✉❧❛r ✭♣r❡ssã♦ ❛órt✐❝❛✱ ❢r❡q✉ê♥❝✐❛ ❝❛r❞í❛❝❛✱ ❡t❝✳✮✳

❋✐❣✉r❛ ✹✳✶✿ ❉✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ❞♦ ❝♦♥tr♦❧❡ ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛ ❞♦ ❇■❆✳

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

❜❛s❡❛❞♦ ♥❛s ✈❛r✐á✈❡✐s ❤❡♠♦❞✐♥â♠✐❝❛s ♠❡♥s✉r❛❞❛s ❡ ❛♣❧✐❝❛ ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ s❡❧❡❝✐♦♥❛r ✉♠

♥♦✈♦ ♣♦♥t♦ ♦♣❡r❛❝✐♦♥❛❧✳

❖s ❡❢❡✐t♦s ❤❡♠♦❞✐♥â♠✐❝♦s ♦❜s❡r✈❛❞♦s ♣♦r ♠❡✐♦ ❞♦s í♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ♣♦❞❡♠ ✈❛r✐❛r

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ♣❛râ♠❡tr♦s ❢ís✐❝♦s ❞♦ ❇■❆✱ s✉❛ ❧♦❝❛❧✐③❛çã♦ ♥❛ ❛rtér✐❛ ❛♦rt❛✱ ♣r❡ssã♦ ❞❡

❡❥❡çã♦ ❞♦ ❣ás ❡ ♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆ ❝♦♠ r❡❧❛çã♦ ❛♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦✳ ◆♦ ❡♥t❛♥t♦✱

♥♦ ❝❡♥ár✐♦ ❝❧í♥✐❝♦✱ ❛♣❡♥❛s ♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆ ♣♦❞❡♠ s❡r ❝♦♥tr♦❧❛❞♦s ❬✶✸❪✳ ❆

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

❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆ ❬✾❪✱ ❬✶✼❪✱ ❬✶✸❪✱ ❬✺✵❪✱ ❬✺✶❪✳

❖s s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡ ❛ss♦❝✐❛❞♦s ❛♦ ❇■❆ ❝♦♥t❡♠♣❧❛♠ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ♦s ♠♦❞♦s

❞❡ ❝♦♥tr♦❧❡ ❛✉t♦♠át✐❝♦ ❡ ♠❛♥✉❛❧ ❬✾❪✳ ❖ ♠♦❞♦ ♠❛♥✉❛❧ é ❝♦♥st❛♥t❡♠❡♥t❡ ❛❥✉st❛❞♦ ♣♦r ✉♠

♣r♦✜ss✐♦♥❛❧ tr❡✐♥❛❞♦✳ ❖ ♠♦❞♦ ❛✉t♦♠át✐❝♦ ❞✐s♣♦st♦ ♥♦s ❡q✉✐♣❛♠❡♥t♦s ❝♦♠❡r❝✐❛✐s ✉t✐❧✐③❛

❛❧❣♦r✐t♠♦s ❞❡ ❝♦♥tr♦❧❡ ❡♠ t❡♠♣♦ r❡❛❧✱ q✉❡ ❛ ♣❛rt✐r ❞♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛s ✈❛r✐á✈❡✐s ❤❡♠♦❞✐✲



❈❛♣ít✉❧♦ ✹✳ ▼❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s ❞❡ ❝♦♥tr♦❧❡ ✺✸

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

❝❧í♥✐❝♦s ❞❛ t❡r❛♣✐❛ ❞❡ ❝♦♥tr❛♣✉❧s❛çã♦ ❛ss♦❝✐❛❞❛ à ✉t✐❧✐③❛çã♦ ❞♦ ❇■❆✳

❊♠ s❡ tr❛t❛♥❞♦ ❞♦s ❛s♣❡❝t♦s t❡ór✐❝♦s ❞❡ss❡s ❛❧❣♦r✐t♠♦s✱ ❛ ❧✐t❡r❛t✉r❛ ❞✐s♣õ❡ ❞❡ r❛r❛s

❛♣r❡s❡♥t❛çõ❡s ❬✾❪ ❬✶✸❪✳ ❊♠ r❡❞❛çõ❡s ❝♦♠❡r❝✐❛✐s✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛s ✐♥❢♦r♠❛çõ❡s ❞✐s♣♦♥í✈❡✐s

❡♠ ♠❛♥✉❛✐s ❞❡ ❢❛❜r✐❝❛♥t❡s ❬✺✷❪✱ ✈❡r✐✜❝❛✲s❡ ❛ ❛✉sê♥❝✐❛ ❞❡ ✐♥❢♦r♠❛çõ❡s r❡❧❡✈❛♥t❡s s♦❜r❡ ♦

❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ss❡s ♠♦❞♦s✳

❚❡♥❞♦ ❡♠ ✈✐st❛ ♦s ❛s♣❡❝t♦s ❛♣r❡s❡♥t❛❞♦s✱ ♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ ♣r♦♣õ❡ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛

♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s ❞❡ ❝♦♥tr♦❧❡✳ ❊st❛ ♣r♦♣♦st❛ ❡♥s❡❥❛ ❛✉①✐❧✐❛r ❛ ♦♣❡r❛çã♦ ❡♠ ♠♦❞♦

♠❛♥✉❛❧ ❞❡ss❡s ❞✐s♣♦s✐t✐✈♦s✳

◆❛ ❋✐❣✉r❛ ✹✳✷ sã♦ ❡①✐❜✐❞♦s ❛ ❞✐s♣♦s✐çã♦ ❞♦s ♠♦❞♦s ❞❡ ♦♣❡r❛çã♦ s✉♣r❛❝✐t❛❞♦s ❡ ❛ ❧♦❝❛❧✐✲

③❛çã♦ ❞❛ ♣r♦♣♦st❛ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s✳ ◆❡ss❡ ❝♦♥t❡①t♦ ❞❡st❛❝❛✲s❡ q✉❡ ❛ ♣r♦♣♦st❛ ♣❛r❛

❣❡r❛çã♦ ❞❡ ♦♣çõ❡s é ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ ♦♣❡r❛çã♦ ❞♦ ❝♦♥s♦❧❡ ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆✳

❋✐❣✉r❛ ✹✳✷✿ ❊str✉t✉r❛ ❞❡ ❛♣❧✐❝❛çã♦ ❞♦ ❣❡r❛❞♦r ❞❡ ♦♣çõ❡s✳



❈❛♣ít✉❧♦ ✹✳ ▼❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s ❞❡ ❝♦♥tr♦❧❡ ✺✹

✹✳✸ ●❡r❛❞♦r ❞❡ ♦♣çõ❡s

❆ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ♣❛r❛ ❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✹✳✸ ❡ ♣♦ss✉✐

❞✉❛s ❡str✉t✉r❛s ♣r✐♥❝✐♣❛✐s✿ ♠❛♣❡❛♠❡♥t♦ ❡ ♦t✐♠✐③❛çã♦✳

❋✐❣✉r❛ ✹✳✸✿ ❉✐❛❣r❛♠❛ ❞♦ ❣❡r❛❞♦r ❞❡ ♦♣çõ❡s✳

❆ ❡t❛♣❛ ❞❡ ♠❛♣❡❛♠❡♥t♦ é r❡s♣♦♥sá✈❡❧ ♣♦r r❡s♦❧✈❡r ❛s ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ❛ss♦❝✐❛❞❛s

❛♦ ♠♦❞❡❧♦ ✵❉ ❞♦ ❇■❆✱ ❡♠ ❝♦♠♣r♦♠✐ss♦ ❝♦♠ ❛s r❡str✐çõ❡s ❢ís✐❝❛s ✐♠♣♦st❛s às ✈❛r✐á✈❡✐s ❞❡

❝♦♥tr♦❧❡✱ ❡ ✱ ♠❛♣❡❛r t♦❞♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ ♣♦ssí✈❡✐s s♦❧✉çõ❡s ✭t❡♥❞♦ ❡♠ ✈✐st❛ ♦s ✐♥❞✐❝❛❞♦r❡s ❞❡

❞❡s❡♠♣❡♥❤♦ ❛❞♦t❛❞♦s✮✳ ❆ ❡t❛♣❛ ❞❡ ♦t✐♠✐③❛çã♦ ❢♦r♠✉❧❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦ ❛ss♦❝✐❛❞♦

❛♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆✳

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

❞♦r❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❇■❆✳ ◆❡ss❡ s❡♥t✐❞♦✱ ❛♣r❡s❡♥t❛♠♦s ❛ s❡❣✉✐r ✉♠❛ ❞✐s❝✉ssã♦ ❛❝❡r❝❛

❞❡ss❡s ✐♥❞✐❝❛❞♦r❡s✳ ◆❛s s✉❜s❡çõ❡s s❡❣✉✐♥t❡s sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♣r♦❝❡❞✐♠❡♥t♦s q✉❡ ❞❡t❛✲

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

r❡s♣❡❝t✐✈❛s ❛♥á❧✐s❡s✳



❈❛♣ít✉❧♦ ✹✳ ▼❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s ❞❡ ❝♦♥tr♦❧❡ ✺✺

✹✳✸✳✶ ❖❜❥❡t✐✈♦s ❞❡ ❝♦♥tr♦❧❡

❖ ❣❡r❛❞♦r ❞❡ ♦♣çõ❡s ♣r♦♣♦st♦ ❛✈❛❧✐❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s ❡♥tr❛❞❛s ❞❡ ❝♦♥tr♦❧❡ ✐♠♣♦st❛s ❛♦

♠♦❞❡❧♦ ✵❉ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳ ❆ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ é r❡s♣♦♥sá✈❡❧ ♣♦r tr❛❞✉③✐r

♦s ♦❜❥❡t✐✈♦s ❞❡ ❝♦♥tr♦❧❡ ❞❛ ❡str❛té❣✐❛✳ ◆♦ ❝❛s♦ ❞♦ ❇■❆✱ ♦s ♦❜❥❡t✐✈♦s ❞❡ ❝♦♥tr♦❧❡ ❞❡✈❡♠ s❡r

❝♦♥s✐st❡♥t❡s ❝♦♠ s❡✉s ♦❜❥❡t✐✈♦s ❝❧í♥✐❝♦s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦✳

❉❡s❡♠♣❡♥❤♦ ❝❧í♥✐❝♦

❖s ♦❜❥❡t✐✈♦s ❝❧í♥✐❝♦s ❣❡r❛✐s ❞♦ ❇■❆ sã♦ ❡♠ sí♥t❡s❡✿ ✶✮ ❛ r❡❞✉çã♦ ❞♦ ♥í✈❡❧ ❞❡ ♣r❡ssã♦

r❡q✉❡r✐❞♦ ♣❡❧♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦ ♣❛r❛ ✐♥✐❝✐❛r ♦ ♣ró①✐♠♦ ❝✐❝❧♦ ❝❛r❞í❛❝♦ ✭♣ré✲❝❛r❣❛✮✱ ❡ ✷✮ ♦

❛✉♠❡♥t♦ ❞♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ❛tr❛✈és ❞❛s ❝✐r❝✉❧❛çõ❡s ❝♦r♦♥❛r✐❛♥❛ ❡ ❝❛r♦tí❞❡❛ ❡ ❛ ❝♦♥s❡q✉❡♥t❡

r❡❞✉çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ♦①✐❣ê♥✐♦ ❞♦ ♠ús❝✉❧♦ ❝❛r❞í❛❝♦✳

❆ ♠❡♥s✉r❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ♦①✐❣ê♥✐♦ ❞♦ ♠ús❝✉❧♦ ❝❛r❞í❛❝♦✱ ❛ss✐♠ ❝♦♠♦ ❛ ♠❡❞✐çã♦ ❞♦

✢✉①♦ ♥♦s ✈❛s♦s s❛♥❣✉í♥❡♦s✱ é ✱ ❛❧é♠ ❞❡ ♣♦t❡♥❝✐❛❧♠❡♥t❡ ♣❡r✐❣♦s❛✱ ❞❡ ❝♦♠♣❧❡①❛ ❛❢❡r✐çã♦✳ ◆❡ss❡

❝♦♥t❡①t♦✱ ♦s í♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡r✐✈❛❞♦s ❞♦ s✐♥❛❧ ❞❡ ♣r❡ssã♦ ❛órt✐❝❛✿ ♣r❡ssã♦ ❞✐❛stó❧✐❝❛

♠é❞✐❛ ❡✴♦✉ ♣✐❝♦ ❞❡ ♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ✭PP❉✮✱ sã♦ ❜❡♠ ❛❝❡✐t♦s ❡ s✉❜st✐t✉t♦s ❛♣r♦♣r✐❛❞♦s

♣❛r❛ ❡ss❛ ♠❡❞✐❞❛ ✉♠❛ ✈❡③ q✉❡ ❡stã♦ ❞✐r❡t❛♠❡♥t❡ ❝♦rr❡❧❛❝✐♦♥❛❞♦s à ♣❡r❢✉sã♦ ❝❛r❞í❛❝❛ ❡ à

r❡❞✉çã♦ ❞❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ r❡q✉❡r✐❞❛ ♣❛r❛ ♦ ❝♦r❛çã♦ ♣✉❧s❛r ❬✽❪✳

❖ ❛✉♠❡♥t♦ ❞✐❛stó❧✐❝♦ ♠é❞✐♦ ❞❛ ♣r❡ssã♦ ❛órt✐❝❛ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦ s❡❣✉♥❞♦

♦❜❥❡t✐✈♦✳ ❊♠ r❡❧❛çã♦ ❛♦ ♣r✐♠❡✐r♦✱ s♦❜ ❛s r❡str✐çõ❡s ❛tr❛✉♠át✐❝❛s ✐♠♣♦st❛s ♣❡❧♦ ✉s♦ ❝❧í♥✐❝♦ ❞♦

❇■❆✱ ❛ ♣r❡ssã♦ ✈❡♥tr✐❝✉❧❛r ❡sq✉❡r❞❛ ♥ã♦ ♣♦❞❡ s❡r ♠❡❞✐❞❛✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ♣r❡ssã♦ ❛órt✐❝❛ ♣♦❞❡

s❡r ❢❛❝✐❧♠❡♥t❡ ♠❡♥s✉r❛❞❛✱ ❡ ❛♠❜❛s ❛s ♠❡❞✐❞❛s ❞❡ ❣❛st♦ ❞❡ ❡♥❡r❣✐❛ ♠✐♦❝ár❞✐❝❛ ♠❡♥❝✐♦♥❛❞❛s

❛❝✐♠❛ ✭❝♦♥s✉♠♦ ❞❡ ♦①✐❣ê♥✐♦ ❡ ♣ré✲❝❛r❣❛✮ sã♦ r❡❞✉③✐❞❛s q✉❛♥❞♦ ❛ ♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ✜♥❛❧

✭P❉❋✮ é r❡❞✉③✐❞❛ ✭✈❡r ❋✐❣✉r❛ ✷✳✼✮ ❬✽❪✳

◆❡ss❡ ❝♦♥t❡①t♦✱ ❛ ❞✉r❛çã♦ ❞♦ ♣❡rí♦❞♦ ❞❡ ❝♦♥tr❛çã♦ ✐s♦✈♦❧✉♠étr✐❝❛ é r❡❞✉③✐❞♦ ❡ ♦ ✈❛❧♦r

❞❡ ♣✐❝♦ ❞❛ ♣r❡ssã♦ ♥♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦ t❛♠❜é♠✳ ❆ r❡❞✉çã♦ ❞❛ P❉❋ ❛ss❡❣✉r❛ ❛✐♥❞❛ q✉❡

♦ ✈❡♥trí❝✉❧♦ ❡sq✉❡r❞♦ ❞❡✈❡rá ❝♦♥tr❛♣♦r✲s❡ ❛ ✉♠ ♥í✈❡❧ ♠❡♥♦r ❞❡ ♣ré✲❝❛r❣❛ ♣❛r❛ ✐♥✐❝✐❛r ✉♠

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

❞♦ ❝♦r❛çã♦✳

❆ss✐♠✱ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ❇■❆ ♣❛r❛✿ ✶✮ r❡❞✉③✐r ♦ ♥í✈❡❧ ❞❛ P❉❋ ❡ ✷✮ ❛✉♠❡♥t❛r ♦ ♣✐❝♦

❞❛ ♣r❡ssã♦ ❛órt✐❝❛ ✭PP❉✮ ❞✉r❛♥t❡ ❛ ❞✐ást♦❧❡ tr❛❞✉③❡♠ ♦s ♦❜❥❡t✐✈♦s ❝❧í♥✐❝♦s ❞♦ ❇■❆ ♥♦
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s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧❡ ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛✳ ❆ ✐♥❞✐❝❛çã♦ ❞♦s í♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡s❝r✐t♦s é

❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✹✳✹✳
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❋✐❣✉r❛ ✹✳✹✿ ❈✉r✈❛s ❞❡ ♣r❡ssã♦ ❝♦♠ ✐♥❞✐❝❛çã♦ ❞♦s í♥❞✐❝❡s PP❉ ❡ P❉❋✳

❉❡s❡♠♣❡♥❤♦ ♣✉❧sát✐❧

❊♠ s❡ tr❛t❛♥❞♦ ❞❡ ♦❜❥❡t✐✈♦s ❞❡ ❝♦♥tr♦❧❡ ❛ss♦❝✐❛❞♦s ❛♦s ❉▼❆❈s✱ ❛ ❧✐t❡r❛t✉r❛ ❛❞♠✐t❡

❛✐♥❞❛ ❝r✐tér✐♦s ♣❛r❛ ❛✈❛❧✐❛çã♦ ❞❛ ♣✉❧s❛t✐❧✐❞❛❞❡✳ ❆ ❚❛❜❡❧❛ ✹✳✶ ❞❡st❛❝❛ ❛s q✉❛♥t✐✜❝❛çõ❡s ♠❛✐s

❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ q✉❛♥❞♦ s❡ ❛✈❛❧✐❛ ❛ ❤❡♠♦❞✐♥â♠✐❝❛ ♣✉❧sát✐❧✳

❱❡r✐✜❝❛✲s❡ ❡♠ ❡st✉❞♦s ❛♥t❡r✐♦r❡s q✉❡ ♥ã♦ ❤á ❝♦♥s❡♥s♦ s♦❜r❡ q✉❛❧ ♠❡❞✐❞❛ é ♠❛✐s ❛❞❡q✉❛❞❛

♣❛r❛ q✉❛♥t✐✜❝❛r ❛ ♣✉❧s❛t✐❧✐❞❛❞❡ ❤❡♠♦❞✐♥â♠✐❝❛✱ ❥á q✉❡ ♥❡♥❤✉♠❛ ❞❛s ❣r❛♥❞❡③❛s ❞✐s❝✉t✐❞❛s ♣❛✲

r❡❝❡ ❝❛♣t✉r❛r t♦❞♦s ♦s ❛s♣❡❝t♦s r❡❧❡✈❛♥t❡s ❞❛s ❢♦r♠❛s ❞❡ ♦♥❞❛ ♣✉❧sát❡✐s ❡♠ ✉♠ ú♥✐❝♦ ♥ú♠❡r♦

❬✷✷❪✳ ❊st✉❞♦s ❝❧í♥✐❝♦s ❞❡ ❧♦♥❣♦ ♣r❛③♦ r❡ss❛❧t❛♠ q✉❡ ♦ s✐❣♥✐✜❝❛❞♦ ✐♥❞✐✈✐❞✉❛❧ ❞❡ q✉❛♥t✐❞❛❞❡s

❡s♣❡❝í✜❝❛s✱ ❝♦♠ r❡❧❛çã♦ à s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ tr❛❞✉③✐r ❛❞❡q✉❛❞❛♠❡♥t❡ ❛ ♣✉❧s❛t✐❧✐❞❛❞❡ ❡ s✉❛

✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❛ ✜s✐♦❧♦❣✐❛ ❤✉♠❛♥❛✱ ♥ã♦ ❡①✐st❡♠ ❛té ♦ ♠♦♠❡♥t♦ ❬✷✷❪✳

❆s q✉❛♥t✐✜❝❛çõ❡s ♠❛✐s s✐♠♣❧❡s ❞❡ ♣✉❧s❛t✐❧✐❞❛❞❡✱ ❝♦♠♦ ♣r❡ssã♦ ❞❡ ♣✉❧s♦ ✭PP✮ ❡ í♥❞✐❝❡

❞❡ ♣✉❧s❛t✐❧✐❞❛❞❡ ✭P■✮✱ sã♦ ❜❛s❡❛❞❛s ❡♠ ✈❛❧♦r❡s ♠á①✐♠♦s✱ ♠í♥✐♠♦s ❡✴♦✉ ♠é❞✐♦s ❞❛s ❢♦r♠❛s

❞❡ ♦♥❞❛ ❞❡ ♣r❡ssã♦ ❡ ✢✉①♦✳ PP é ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛ ♣r❡ssã♦ ❛rt❡r✐❛❧ ♠í♥✐♠❛ ❡ ♠á①✐♠❛ ❡✱

♣♦rt❛♥t♦✱ ❞❡s❝r❡✈❡ ❛ ❛♠♣❧✐t✉❞❡ ❞♦ ♣✉❧s♦ ❞❡ ♣r❡ssã♦✳ P■ é ♣✉❧s❛t✐❧✐❞❛❞❡ ❞♦ ✢✉①♦ ♥♦r♠❛❧✐③❛❞❛

♣❡❧❛ t❛①❛ ❞❡ ✢✉①♦ ♠é❞✐❛✳ ❬✷✷❪✳
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❚❛❜❡❧❛ ✹✳✶✿ ❮♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♣✉❧s❛t✐❧✐❞❛❞❡ ❤❡♠♦❞✐♥â♠✐❝❛ ∗ ❬✷✷❪✳

◗✉❛♥t✐❞❛❞❡ ❊q✉❛çã♦ ❯♥✐❞❛❞❡

Pr❡ssã♦ ❞❡ P✉❧s♦ PP = max
t∈[nT,(n+1)T ]

P (t)− min
t∈[nT,(n+1)T ]

P (t) ♠♠❍❣

❮♥❞✐❝❡ ❞❡ P✉❧s❛t✐❧✐❞❛❞❡ PI =

max
t∈[nT,(n+1)T ]

Q(t)− min
t∈[nT,(n+1)T ]

Q(t)

medio
t∈[nT,(n+1)T ]

Q(t)
❛❞✐♠❡♥s✐♦♥❛❧

❉❡r✐✈❛❞❛ ❞❡ Pr❡ssã♦ DP =

(

d

dt
P (t)

)

max

♠♠❍❣✴s

❊♥❡r❣✐❛ ❡q✉✐✈❛❧❡♥t❡ Pr❡ssã♦ EEP =

∫ ((n+1)T

nT
P (t) ·Q(t)dt

∫ (n+1)T

nT
Q(t)dt

♠♠❍❣

Pr❡ssã♦ ❆rt❡r✐❛❧ ▼é❞✐❛ MAP =
1

T

∫ (n+1)T

nT
P (t)dt ♠♠❍❣

❊♥❡r❣✐❛ ❍❡♠♦❞✐♥â♠✐❝❛ ❊①❝❡❞❡♥t❡ SHE = 1332 · (EEP −MAP ) ❡r❣✴❝♠✸

✯◗✭t✮ é ♦ ✢✉①♦ s❛♥❣✉í♥❡♦ ✐♥st❛♥tâ♥❡♦ ✭♠▲✴s✮❀ P✭t✮ é ❛ ♣r❡ssã♦ ❛rt❡r✐❛❧ ✐♥st❛♥tâ♥❡❛ ✭♠♠❍❣✮❀
dt é ♦ ✐♥❝r❡♠❡♥t♦ ♥♦ t❡♠♣♦❀ nT é ♦ t❡♠♣♦ ✐♥✐❝✐❛❧ ❛ ❝❛❞❛ ❝✐❝❧♦ ❝❛r❞í❛❝♦ T ✳ ◆❡st❡ tr❛❜❛❧❤♦✱
P (t) = Pao(t)✱ Q(t) = Qao(t)✳

❖ DP ♠á①✐♠♦ ❝❛r❛❝t❡r✐③❛ ❛ ✐♥❝❧✐♥❛çã♦ ❞♦ ❛✉♠❡♥t♦ ❞❛ ♣r❡ssã♦ ❛rt❡r✐❛❧ s✐stó❧✐❝❛✱ q✉❡

é ✉♠❛ ✈❛r✐á✈❡❧ ❞❡t❡r♠✐♥❛♥t❡ ♥❛ r❡s♣♦st❛ ❛✉t♦r❡❣✉❧❛tór✐❛ ❞❡s❡♥❝❛❞❡❛❞❛ ♣❡❧♦ ❜❛r♦rr❡✢❡①♦

❬✷✷❪✳ ❖ ❊❊P ❡ ♦ ❙❍❊ q✉❛♥t✐✜❝❛♠ ♦ ❝♦♥t❡ú❞♦ ❞❡ ❡♥❡r❣✐❛ ♥❛s ❢♦r♠❛s ❞❡ ♦♥❞❛ ✢✉①♦ ❡

♣r❡ssã♦ ❛rt❡r✐❛❧✳ ❖ ❊❊P ❞❡s❝r❡✈❡ ♦ q✉♦❝✐❡♥t❡ ❞❛ ✐♥t❡❣r❛❧ ❞❡ t❡♠♣♦ ❞❛ ♣♦tê♥❝✐❛ ❤✐❞rá✉❧✐❝❛

✐♥st❛♥tâ♥❡❛✱ ❡✱ ❞❛ ✐♥t❡❣r❛❧ ❞❡ t❡♠♣♦ ❞❛ ✈❛③ã♦ q✉❡ ♣❛ss❛ ♣❡❧❛ ár❡❛ ❞❛ s❡çã♦ tr❛♥s✈❡rs❛❧ ❞❡

✉♠ ✈❛s♦ s❛♥❣✉í♥❡♦✳ P♦rt❛♥t♦✱ ❝♦rr❡s♣♦♥❞❡ à ❡♥❡r❣✐❛ ❤✐❞rá✉❧✐❝❛ t♦t❛❧ tr❛♥s♠✐t✐❞❛ ❝♦♠ ✉♠

✈♦❧✉♠❡ ❞❡ s❛♥❣✉❡✳

❙❍❊ é ❛ ❞✐❢❡r❡♥ç❛ ❞❡ ❊❊P ❡ ♣r❡ssã♦ ❛rt❡r✐❛❧ ♠é❞✐❛ ✭P❆▼✮✱ q✉❡ é ❝♦♥✈❡rt✐❞❛ ♣❛r❛ ❛

✉♥✐❞❛❞❡ ❞❡ ❡r❣✴❝♠✸ ♣♦r ♠❡✐♦ ❞♦ ❢❛t♦r ❝♦♥st❛♥t❡ ✶✸✸✷✱ ❡ q✉❛♥t✐✜❝❛ ❛ ❡♥❡r❣✐❛ ❤❡♠♦❞✐♥â♠✐❝❛

❛❞✐❝✐♦♥❛❧ ❣❡r❛❞❛ ❛♣❡♥❛s ♣❡❧♦ ✢✉①♦ ♣✉❧sát✐❧✳
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✹✳✸✳✷ ▼❛♣❡❛♠❡♥t♦

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

✉t✐❧✐③❛✲s❡ ❛ s♦❧✉çã♦ ❞✐s♣♦st❛ ♥♦ ❆❧❣♦r✐t♠♦ ✶✳ ❆ ♣r❡s❡♥t❡ r♦t✐♥❛ é r❡s♣♦♥sá✈❡❧ ♣♦r ❝❛❧❝✉❧❛r

♦s í♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ❡♠ ❝♦♠♣r♦♠✐ss♦ ❝♦♠ ❛s r❡str✐çõ❡s ♣❛r❛♠étr✐❝❛s ❞❛s ✈❛r✐á✈❡✐s ❞❡

❝♦♥tr♦❧❡✳ ❊ss❡ ♣r♦❝❡❞✐♠❡♥t♦ ♣❡r♠✐t❡ ♠❛♣❡❛r ♦ ❝♦♥❥✉♥t♦ ❞❡ ♣♦ssí✈❡✐s s♦❧✉çõ❡s ❞♦ ♠♦❞❡❧♦ ❡

❡❧❡♥❝❛r✱ ❞❡♥tr❡ ♦s ❞✐✈❡rs♦s í♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦✱ ❛q✉❡❧❡s q✉❡ ♠❡❧❤♦r r❡✢❡t❡♠ ♦s ♦❜❥❡t✐✈♦s

❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆✳

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

✜❝❛❞♦s✱ ❛ s❡♠❡❧❤❛♥ç❛ ❞❛ ❛♣r❡s❡♥t❛çã♦ ❞✐s♣♦st❛ ♣♦r ❨✐♥❣ ❙✉♥ ❬✶✼❪✳

❆❧❣♦r✐t❤♠ ✶ ▼❛♣❡❛♠❡♥t♦ ❞❛s s♦❧✉çõ❡s

✶✿ p← ✈❛❧♦r❡s ✐♥✐❝✐❛✐s ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦❀
✷✿ q1 ← q✉❛♥t✐③❛çã♦ ♣❛r❛ ✈❡t♦r ~tINF/DEF ❀
✸✿ q2 ← q✉❛♥t✐③❛çã♦ ♣❛r❛ ✈❡t♦r ~tON ❀
✹✿ ~tINF/DEF (q1)← r❡str✐çã♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❞❡ ✐♥✢❛çã♦✴❞❡✢❛çã♦❀
✺✿ ~tON(q2)← r❡str✐çã♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❞❡ ❛t✐✈❛çã♦❀
✻✿ tamanho← ♥ú♠❡r♦ ❞❡ ❡❧❡♠❡♥t♦s ❞♦ ✈❡t♦r ❞❡ r❡str✐çõ❡s❀
✼✿ ❢♦r i← 1 ❛té tamanho ❞♦
✽✿ [PDFi, PPDi, PPi, P Ii, DPi, EEPi, SHEi] = modelo(tINF/DEF (i), tON(i), p)
✾✿ ⊲ ❆ ❝❤❛♠❛❞❛ ❞❛ ❧✐♥❤❛ ✽ ❡①❡❝✉t❛ ❛ ❢✉♥çã♦ ✬♠♦❞❡❧♦✬

✶✵✿ ~PDF ← PDFi ⊲ ❊♠♣✐❧❤❛ ♦ ✈❛❧♦r ❞❡ PDFi

✶✶✿ ~PPD ← PPDi ⊲ ❊♠♣✐❧❤❛ ♦ ✈❛❧♦r ❞❡ PPDi

✶✷✿ ~PP ← PPi ⊲ ❊♠♣✐❧❤❛ ♦ ✈❛❧♦r ❞❡ PPi

✶✸✿ ~PI ← PIi ⊲ ❊♠♣✐❧❤❛ ♦ ✈❛❧♦r ❞❡ PIi
✶✹✿ ~DP ← DPi ⊲ ❊♠♣✐❧❤❛ ♦ ✈❛❧♦r ❞❡ DPi

✶✺✿ ~EEP ← EEPi ⊲ ❊♠♣✐❧❤❛ ♦ ✈❛❧♦r ❞❡ EEPi

✶✻✿ ~SHE ← SHEi ⊲ ❊♠♣✐❧❤❛ ♦ ✈❛❧♦r ❞❡ SHEi

✶✼✿ ❡♥❞ ❢♦r
✶✽✿ ♣❧♦t ( ~PPD, ~tINF/DEF , ~tON) ⊲ ❊①✐❜❡ ❡♠ três ❡✐①♦s ❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ✈❡t♦r❡s
✶✾✿ ♣❧♦t ( ~PDF, ~tINF/DEF , ~tON) ⊲ ❊①✐❜❡ ❡♠ três ❡✐①♦s ❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ✈❡t♦r❡s
✷✵✿ ♣❧♦t( ~PP , ~tINF/DEF , ~tON) ⊲ ❊①✐❜❡ ❡♠ três ❡✐①♦s ❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ✈❡t♦r❡s
✷✶✿ ♣❧♦t ( ~PI, ~tINF/DEF , ~tON) ⊲ ❊①✐❜❡ ❡♠ três ❡✐①♦s ❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ✈❡t♦r❡s
✷✷✿ ♣❧♦t ( ~DP, ~tINF/DEF , ~tON) ⊲ ❊①✐❜❡ ❡♠ três ❡✐①♦s ❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ✈❡t♦r❡s
✷✸✿ ♣❧♦t ( ~EEP, ~tINF/DEF , ~tON) ⊲ ❊①✐❜❡ ❡♠ três ❡✐①♦s ❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ✈❡t♦r❡s
✷✹✿ ♣❧♦t ( ~SHE, ~tINF/DEF , ~tON) ⊲ ❊①✐❜❡ ❡♠ três ❡✐①♦s ❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ✈❡t♦r❡s
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❖ ❛❧❣♦r✐t♠♦ ❞❡✜♥❡ ✐♥✐❝✐❛❧♠❡♥t❡ ♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦ ✭❧✐♥❤❛ ✶✮✱ ❡♠ s❡❣✉✐❞❛✱ ❞❡✜♥❡

♦s ✐♥t❡r✈❛❧♦s ❞❡ q✉❛♥t✐③❛çã♦ q✉❡ sã♦ ✉t✐❧✐③❛❞❛s ♥❛ ❣❡r❛çã♦ ❞♦s ✈❡t♦r❡s ❝♦rr❡s♣♦♥❞❡♥t❡ às

✈❛r✐á✈❡✐s ❞❡ ❝♦♥tr♦❧❡ ✭❧✐♥❤❛ ✷ ❡ ✸✮✳ P❛r❛ ❡①❡❝✉çã♦ ❞♦ ❛❧❣♦r✐t♠♦ é ♥❡❝❡ssár✐♦ q✉❡ ❛ ❞❡t❡r✲

♠✐♥❛çã♦ ❞❡ss❡s ✈❛❧♦r❡s ❛t❡♥❞❛♠ ❞♦✐s ❝r✐tér✐♦s✿ ♦ ♥ú♠❡r♦ ❞❡ ❡❧❡♠❡♥t♦s ❞❡ ❛♠❜♦s ♦s ✈❡t♦r❡s

❞❡ r❡str✐çã♦ ❞❡✈❡ s❡r ✐❣✉❛❧❀ ❞❡✈❡ s❡r ❞❡ ✈❛❧♦r s✉✜❝✐❡♥t❡♠❡♥t❡ r❡❞✉③✐❞♦ ❞❡ ♠♦❞♦ ❛ ❝♦❜r✐r

✈❛r✐❛çõ❡s s✉❝✐♥t❛s ❞♦ ♠♦❞❡❧♦✳ ◆♦ ❡st✉❞♦ r❡❛❧✐③❛❞♦✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ♦s ✈❛❧♦r❡s q1 = 5e − 3 ❡

q2 = 12,5e− 3 ❛t❡♥❞❡♠ ❛♠❜♦s ♦s ❝r✐tér✐♦s ❞❡ ♠❛♥❡✐r❛ s❛t✐s❢❛tór✐❛✳

❖s ✐♥t❡r✈❛❧♦s ❞❡ ✈❛r✐❛çã♦ ❞♦s ✈❡t♦r❡s ❛ss♦❝✐❛❞♦s às ✈❛r✐á✈❡✐s ❞❡ ❝♦♥tr♦❧❡ sã♦ ❞❡✜♥✐❞♦s ♥❛s

❧✐♥❤❛ ✹ ❡ ✺✳ ❊ss❡s ✈❛❧♦r❡s sã♦ ❞❡✜♥✐❞♦s ❡♠ ❝♦♠♣r♦♠✐ss♦ ❝♦♠ ❛s r❡str✐çõ❡s ❢ís✐❝❛s ❞♦ ❝♦♥s♦❧❡

❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆✳ ➚ s❡♠❡❧❤❛♥ç❛ ❞♦ ♣r♦♣♦st♦ ♣♦r ❨✐♥❣ ❙✉♥ ❬✶✼❪✱ ❝♦♥s✐❞❡r❛✲s❡ ♥♦ ♣r❡s❡♥t❡

tr❛❜❛❧❤♦ q✉❡ ♦s t❡♠♣♦s ❞❡ ✐♥✢❛çã♦ ❡ ❞❡✢❛çã♦ ❢♦r♠✉❧❛♠ ✉♠❛ ú♥✐❝❛ ✈❛r✐á✈❡❧ ❞❡ ❝♦♥tr♦❧❡

✭TINF/DEF ✮✳ P❛r❛ r❡♣r♦❞✉çã♦ ❞♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ❝♦♥s✐❞❡r❛✲s❡ ♦s ✐♥t❡r✈❛❧♦s ❞❡

✈❛r✐❛çã♦ t❛♠❜é♠ ♣r♦♣♦st♦s ♣♦r ❨✐♥❣ ❙✉♥ ✭TINF/DEF (min) = 20ms✱ TINF/DEF (max) = 180ms✱

TON(min) = 0,6 ❡ TON(max) = 1,0✮✳

❖ ❧❛ç♦ ❞❡ r❡♣❡t✐çã♦ é ♣❡r❝♦rr✐❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ❡❧❡♠❡♥t♦s ✈❡r✐✜❝❛❞♦ ♥♦s

✈❡t♦r❡s r❡❢❡r❡♥t❡s às ✈❛r✐á✈❡✐s ❞❡ ❝♦♥tr♦❧❡✱ ❝♦♥❢♦r♠❡ ❡①♣❧✐❝✐t❛❞♦ ♥❛s ❧✐♥❤❛s ✻ ❡ ✼✳

❆ ❢✉♥çã♦ ✬♠♦❞❡❧♦✬ ❝❤❛♠❛❞❛ ❞❡♥tr♦ ❞♦ ❧❛ç♦ ❞❡ r❡♣❡t✐çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ✭❧✐♥❤❛ ✽✮ ❞❡✈❡

s❡r ❝❛♣❛③ ❞❡ r❡s♦❧✈❡r ❛s ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ❛ss♦❝✐❛❞❛s ❛♦ ❇■❆ ❡ ❝❛❧❝✉❧❛r ♦s í♥❞✐❝❡s ❞❡

❞❡s❡♠♣❡♥❤♦ ❡♠ q✉❡stã♦✳

• ❆tr✐❜✉t♦s ❞❛ ❋✉♥çã♦ ✬♠♦❞❡❧♦✬✿ P❛r❛ r❡s♦❧✉çã♦ ❞❛s ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ❞♦ ♠♦❞❡❧♦

✉t✐❧✐③♦✉✲s❡ ❛ r❡❣r❛ ❞♦s tr❛♣é③✐♦s ❛♣❧✐❝❛❞❛ ❛♦ ♠ét♦❞♦ ❞❡ ♥❡✇t♦♥✲❡✉❧❡r ❬✺✸❪✳

❆s ❝♦♥❞✐çõ❡s ✐♥✐❝✐❛✐s ❞♦ s✐st❡♠❛ sã♦ ❛❞♦t❛❞❛s ♥✉❧❛s✳ P❛r❛ ❝❛❧❝✉❧❛r ♦s í♥❞✐❝❡s ❞❡ ❞❡✲

s❡♠♣❡♥❤♦ é ♥❡❝❡ssár✐♦ q✉❡ ❛ s✐♠✉❧❛çã♦ ♦❝♦rr❛ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✳ ◆❡st❡ tr❛❜❛❧❤♦

✈❡r✐✜❝❛♠✲s❡ ❝✐♥❝♦ ❝✐❝❧♦s ❞❡ r❡❣✐♠❡ ✭✶✵✱✷ s❡❣✉♥❞♦s ❞❡ s✐♠✉❧❛çã♦ ❛♣r♦①✐♠❛❞❛♠❡♥t❡✮✱

t♦♠❛♥❞♦ ♦ q✉✐♥t♦ ❝✐❝❧♦ ❝♦♠♦ r❡❢❡r❡♥❝✐❛ ♣❛r❛ r❡❛❧✐③❛çã♦ ❞♦s ❝á❧❝✉❧♦s✳

❖ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ é ❛ss✉♠✐❞♦ q✉❛♥❞♦ ♦ ✈❛❧♦r ❛❜s♦❧✉t♦ ❞♦ ❡rr♦ ❡♥tr❡ ♦s ✈❛❧♦r❡s

❞❡ ♣✐❝♦ ❞❛ ✈❛r✐á✈❡❧ ✜s✐♦❧ó❣✐❝❛ ❡♠ ❞♦✐s ❝✐❝❧♦s ❝❛r❞í❛❝♦s ❝♦♥s❡❝✉t✐✈♦s é ♠❡♥♦r q✉❡ ✉♠❛

t♦❧❡râ♥❝✐❛ ❡st❛❜❡❧❡❝✐❞❛✱ ❞❡ ♠♦❞♦ q✉❡

|ǫ(nT )| < tol, ✭✹✳✶✮
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❡♠ q✉❡ tol é ❛ t♦❧❡râ♥❝✐❛✱ ❞❛❞❛ ♣♦r tol = 10−3✱ ❡ ǫ(nT ) é ♦ ❡rr♦ ❡♥tr❡ ♦s ✈❛❧♦r❡s ❞❡

♣✐❝♦✱ ❝♦♥❢♦r♠❡ ❡①♣❧✐❝✐t❛❞♦ ❛ s❡❣✉✐r

ǫ(nT ) = Pp1 − Pp2, n = 1,2,3,4..., ✭✹✳✷✮

♥❛ q✉❛❧

Pp1 = max Pao(t)
t∈[nT,(n+1)T ]

✭✹✳✸✮

❡

Pp2 = max Pao(t)
t∈[(n+1)T,(n+2)T ]

. ✭✹✳✹✮

❯♠❛ r❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❞♦ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ ❞❛ ✈❛r✐á✈❡❧ ❞❡ ♣r❡ssã♦ ❛órt✐❝❛ é ✐❧✉s✲

tr❛❞❛ ♥❛ ❋✐❣✉r❛ ✹✳✺✳ ❆♦ s❡r ❛❧❝❛♥ç❛❞♦ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✱ ♦s í♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦

sã♦ ❝❛❧❝✉❧❛❞♦s✳

❋✐❣✉r❛ ✹✳✺✿ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ ❞❛ ✈❛r✐á✈❡❧ ✜s✐♦❧ó❣✐❝❛ Pao(t)✱ ❡✈✐❞❡♥❝✐❛♥❞♦
♦ ❡rr♦ ❡♥tr❡ ♦s ✈❛❧♦r❡s ❞❡ ♣✐❝♦ ❡♠ ❞♦✐s ❝✐❝❧♦s ❝❛r❞í❛❝♦s ❝♦♥s❡❝✉t✐✈♦s✳

❖ ✐♥t❡r✈❛❧♦ ❡♥tr❡ ❛s ❧✐♥❤❛s ✶✵ ❡ ✶✻ ❡①♣❧✐❝✐t❛♠ ♦ ❡♠♣✐❧❤❛♠❡♥t♦ ❞♦s í♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦

❝❛❧❝✉❧❛❞♦s✳ ❆ ❋✐❣✉r❛ ✹✳✻ ❡①✐❜❡ ❛ ✈❛r✐❛çã♦ ❞♦s ♥í✈❡✐s ❞❡ ♣r❡ssã♦ ❛órt✐❝❛ ❞♦ ♠♦❞❡❧♦ ❢r❡♥t❡ ♦s

♥í✈❡✐s ❞❡ ✈❛r✐❛çã♦ ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❝♦♥tr♦❧❡✱ t❡♥❞♦ ❡♠ ✈✐st❛ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❆❧❣♦r✐t♠♦ ✶✳

❖ ✐♥t❡r✈❛❧♦s ❡♥tr❡ ❛s ❧✐♥❤❛s ✶✽ ❡ ✷✹ ❡①♣❧✐❝✐t❛♠ ❛ ❡①✐❜✐çã♦ ❞♦s r❡s✉❧t❛❞♦s✳ ❖ ❡♠♣✐❧❤❛♠❡♥t♦

❝♦rr❡s♣♦♥❞❡♥t❡ ❞♦s í♥❞✐❝❡s ❝❛❧❝✉❧❛❞♦s ❝♦♥✜❣✉r❛ ♦s r❡s✉❧t❛❞♦s ❡①♣❧✐❝✐t❛❞♦s ❞❛ ❋✐❣✉r❛s ✹✳✼✲

✹✳✶✹✳
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❋✐❣✉r❛ ✹✳✻✿ ❱❛r✐❛çã♦ ❞♦s ♥í✈❡✐s ❞❡ ♣r❡ssã♦ ❛órt✐❝❛ ❢r❡♥t❡ ✈❛r✐❛çã♦ ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❝♦♥tr♦❧❡
♥♦s ❝✐❝❧♦s ❞❡ s✐♠✉❧❛çã♦ ❞❛ ❡t❛♣❛ ❞❡ ♠❛♣❡❛♠❡♥t♦✳

❆♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s

✶✳ ❮♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ✜s✐♦❧ó❣✐❝♦✿ ❆s ❋✐❣✉r❛s ✹✳✼ ❡ ✹✳✽ ❛♣r❡s❡♥t❛♠ ❛s s✉♣❡r❢í❝✐❡s

❞❡ ♣♦ssí✈❡✐s s♦❧✉çõ❡s ❛ss♦❝✐❛❞❛s ❛♦s í♥❞✐❝❡s ✜s✐♦❧ó❣✐❝♦s ❞❡ ❞❡s❡♠♣❡♥❤♦ PP❉ ❡ P❉❋✳

❚❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ❡♥q✉❛♥t♦ ♦❜❥❡t✐✈♦ ❞❡ ❝♦♥tr♦❧❡✱ ❞❡s❡❥❛✲s❡ ❛ ♠❛①✐♠✐③❛çã♦ ❞♦ í♥❞✐❝❡

PP❉✱ ❛ ❋✐❣✉r❛ ✹✳✼ ❡①♣❧✐❝✐t❛ q✉❡ ♦s ❛❥✉st❡s ♥❡❝❡ssár✐♦s ♣❛r❛ ❛t❡♥❞❡r ❡ss❛ ❞❡♠❛♥❞❛

s❡ r❡❛❧✐③❛ ♥♦ s❡♥t✐❞♦ ❞❡ r❡❞✉③✐r ♦ t❡♠♣♦ ❞❡ ❛t✉❛çã♦ ❞❛ ✈❛r✐á✈❡❧ ❞❡ ❝♦♥tr♦❧❡ TON ❡

❛✉♠❡♥t❛r ♦ t❡♠♣♦ ❞❡ ❛t✉❛çã♦ ❞❛ ✈❛r✐á✈❡❧ TINF/DEF ✳

P❛r❛ ♦ í♥❞✐❝❡ P❉❋✱ ❞❡s❡❥❛✲s❡ ❛ ♠✐♥✐♠✐③❛çã♦✳ ❆ ❋✐❣✉r❛ ✹✳✽ ❡①♣❧✐❝✐t❛ q✉❡ ♦s ❛❥✉st❡s

♥❡❝❡ssár✐♦s ♥❡ss❡ ❝♦♥t❡①t♦ tr❛❞✉③❡♠✲s❡ ♣♦r ♠❡✐♦ ❞❛ r❡❞✉çã♦ ❞♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦

❞❡ ❛♠❜❛s ❛s ✈❛r✐á✈❡✐s ❞❡ ❝♦♥tr♦❧❡ TON ❡ TINF/DEF ✳

❆ ❋✐❣✉r❛ ✹✳✾ ❡①♣❧✐❝✐t❛ q✉❡ ♦ í♥❞✐❝❡ ▼❆P✱ r❡❧❛t✐✈♦ ❛♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ ♣r❡ssã♦ ❛órt✐❝❛

♠é❞✐❛✱ ❡♥❝♦♥tr❛✲s❡ ✈✐♥❝✉❧❛❞♦ ❛♦ ❛❥✉st❡ ❞❛ ✈❛r✐á✈❡❧ ❞❡ ❝♦♥tr♦❧❡ TINF/DEF ✳
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✭❝✮ ❱✐st❛ ❞♦ ❡✐①♦ TINF/DEF ❞❛s ♣♦ssí✈❡✐s s♦❧✉çõ❡s
❞❡ ♠á①✐♠♦ ❞❛ PP❉✳

❋✐❣✉r❛ ✹✳✼✿ ❙♦❧✉çõ❡s ❞♦ í♥❞✐❝❡ PP❉✳
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❝♦♠ ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ♦t✐♠✐③❛çã♦ ❞❛ s✉♣❡r❢í❝✐❡ ❛ss♦❝✐❛❞❛ ❛♦ í♥❞✐❝❡ P■✳

❆ ❋✐❣✉r❛ ✹✳✶✷ ❡①✐❜❡ ❛ s✉♣❡r❢í❝✐❡ ❞❡ ♣♦ssí✈❡✐s s♦❧✉çõ❡s ♣❛r❛ ♦ í♥❞✐❝❡ ❊❊P✳ ❖ r❡s✉❧t❛❞♦
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✸✳ Pr♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦✿ ❚❡♥❞♦ ❡♠ ✈✐st❛ ❛ ❢♦r♠✉❧❛çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦

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

q✉❡ ❛ ❞❡✜♥✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆ ✈✐s❛♥❞♦ ❛t❡♥❞❡r ♦❜❥❡t✐✈♦s ❝❧í♥✐❝♦s

♣♦❞❡♠ s❡r tr❛❞✉③✐❞♦s ♣♦r ♠❡✐♦ ❞❛ ♠✐♥✐♠✐③❛çã♦ ❞♦s í♥❞✐❝❡s P❉❋ ♦✉ ❊❊P✱ ♦✉ t❛♠❜é♠

♣♦r ♠❡✐♦ ❞❛ ♠❛①✐♠✐③❛çã♦ ❞❡ ❛❧❣✉♠ ❞♦s s❡❣✉✐♥t❡s í♥❞✐❝❡s✿ PP✱ ❉P ♦✉ PP❉✳

✹✳✸✳✸ ❖t✐♠✐③❛çã♦ ❞♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆

❆ s♦❧✉çã♦ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦✱ ❞❡ ❢♦r♠❛ ❣❡r❛❧✱ ♠❛①✐♠✐③❛ ♦✉ ♠✐♥✐♠✐③❛ ✉♠❛

❢✉♥çã♦ ♦❜❥❡t✐✈♦ ✭❋❖✮ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ✈❛❧♦r❡s ❞❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦✳ ❆ s♦❧✉çã♦ ❞❡ ✉♠

♣r♦❜❧❡♠❛ ❞❡ ♠✐♥✐♠✐③❛çã♦ r❡s✉❧t❛ ❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❛❧♦r❡s✱ q✉❡ t♦r♥❛♠ ❛ ❋❖ ♠í♥✐♠❛ ♥♦

❡s♣❛ç♦ ❞❡ s♦❧✉çõ❡s✱ ❞❡✜♥✐❞♦ ♣❡❧♦s ✈❛❧♦r❡s ♣♦ssí✈❡✐s ♣❛r❛ ①n✳ ◗✉❛♥❞♦ ❡ss❡ ❡s♣❛ç♦ é ✜♥✐t♦✱ ♦

♣r♦❜❧❡♠❛ ♣♦ss✉✐ r❡str✐çõ❡s✱ q✉❡ ♣♦❞❡♠ s❡r ✉♠ ✈❡t♦r ❞❡ r❡str✐çã♦ ❞❡ ✐❣✉❛❧❞❛❞❡ ✭❊❈✮✱ ✹✳✻✱ ♦✉

❞❡ r❡str✐çã♦ ❞❡ ❞❡s✐❣✉❛❧❞❛❞❡ ✭■♥❈✮✱ ✹✳✼✳ ▼❛t❡♠❛t✐❝❛♠❡♥t❡✱ ❛ ♦t✐♠✐③❛çã♦ é✿

min ou max FO(xn) ✭✹✳✺✮

s✉❥❡✐t♦ ❛✿

ECj(①n) = 0, ✭✹✳✻✮

InCi(①n) ≤ 0, ✭✹✳✼✮

❡♠ q✉❡ ①n é ✉♠ ✈❡t♦r ❞❡ n ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ q✉❡ ♠✐♥✐♠✐③❛♠ ♦✉ ♠❛①✐♠✐③❛♠ FO(xn)✱

✹✳✺✳ ❙❡ ①n✱ ✈❛r✐á✈❡❧ ✐♥❞❡♣❡♥❞❡♥t❡ ♦✉ ❞❡ ❝♦♥tr♦❧❡✱ ❢♦r ✉♠ ❡s❝❛❧❛r✱ ❛ ♦t✐♠✐③❛çã♦ é ✉♥✐❞✐♠❡♥✲

s✐♦♥❛❧✳ ❉♦ ❝♦♥tr❛r✐♦✱ s❡ ①n ❢♦r ✉♠ ✈❡t♦r✱ ❛ ♦t✐♠✐③❛çã♦ é ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧❀ l = [1,2,...,Ll]

❞❡✜♥❡ ♦ ♥ú♠❡r♦ ❞❡ r❡str✐çõ❡s ❞❡ ✐❣✉❛❧❞❛❞❡✱ ✈❛r✐❛♥❞♦ ❞❡ 1 ❛té ♦ ✈❛❧♦r ♠á①✐♠♦ ❞❡ r❡str✐çõ❡s

Ll❀ j = [1,2,...,Jj] ❞❡✜♥❡ ♦ ♥ú♠❡r♦ ❞❡ r❡str✐çõ❡s ❞❡ ❞❡s✐❣✉❛❧❞❛❞❡✱ ✈❛r✐❛♥❞♦ ❞❡ ✶ ❛té ♦ ✈❛❧♦r

♠á①✐♠♦ ❞❡ r❡str✐çõ❡s Jj✳

❋♦r♠✉❧❛çã♦ ❞♦ ♣r♦❜❧❡♠❛

❆ ♦t✐♠✐③❛çã♦ ❞❛ t❡♠♣♦r✐③❛çã♦ ❞♦ ❇■❆ ❝♦♥st✐t✉✐ ✉♠ ♣r♦❜❧❡♠❛ ❝❧áss✐❝♦ ❞❡ ♠✐♥✐♠✐③❛çã♦

♠✉❧t✐✈❛r✐á✈❡❧ ✭✉♠❛ ✈❡③ q✉❡ ❛s ✈❛r✐á✈❡✐s ❞❡ ❝♦♥tr♦❧❡ sã♦ ♦s t❡♠♣♦s ❞❡ ✐♥✢❛çã♦✱ ❞❡✢❛çã♦ ❡
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❛t✉❛çã♦✮✱ ♥ã♦✲❧✐♥❡❛r ✭❝♦♥s✐❞❡r❛♥❞♦ ❛ ♥❛t✉r❡③❛ ❞❛s ❡q✉❛çõ❡s q✉❡ ❞❡s❝r❡✈❡♠ ♦ ♠♦❞❡❧♦✮ ❡

❝♦♠ r❡str✐çõ❡s ✭❞❡✈✐❞♦ às ❧✐♠✐t❛çõ❡s ♦♣❡r❛❝✐♦♥❛✐s ❝♦♠✉♠❡♥t❡ ❛❞♦t❛❞❛s ♥♦ ♠❛♥✉s❡✐♦ ❞❡ss❡s

❞✐s♣♦s✐t✐✈♦s✮ ❬✶✼❪✱ ❬✷✶❪✳

✶✳ ❋✉♥çã♦ ❖❜❥❡t✐✈♦✿ ❋✉♥❞❛♠❡♥t❛❞♦ ♥❛s ❝♦♥s✐❞❡r❛çõ❡s ❛♣r❡s❡♥t❛❞❛s ♥❛ s✉❜s❡çã♦ ✹✳✸✳✶✱

✐❞❡♥t✐✜❝❛♠✲s❡ ❞♦✐s ♦❜❥❡t✐✈♦s ❝❧í♥✐❝♦s ♥♦ ❝♦♥tr♦❧❡ ❞♦ ❇■❆✱ ❛ ♠✐♥✐♠✐③❛çã♦ ❞♦ ✈❛❧♦r ❞❡

♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ✜♥❛❧ ✭P❉❋✮ ❡ ❛ ♠❛①✐♠✐③❛çã♦ ❞♦ ♣✐❝♦ ❞❡ ♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ✭PP❉✮✳

❈♦♥❢♦r♠❡ ❡✈✐❞❡♥❝✐❛❞♦ ♥❛ ❙✉❜s❡çã♦ ✹✳✸✳✷✱ ♦s ♦❜❥❡t✐✈♦s ❝❧í♥✐❝♦s ♣♦❞❡♠ s❡r s❛t✐s❢❡✐t♦ ♣♦r

♠❡✐♦ ❞❡ ❞✐❢❡r❡♥t❡s í♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦✳ ❆ ❢♦r♠✉❧❛çã♦ ❣❡r❛❧ ♣r♦♣♦st❛ ♣❛r❛ ❛❥✉st❡

❞♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆ é ❞❛❞❛ ♣♦r

θi = arg min
θ∈Dθ⊂Rdim(θ)

FOi, i ∈ {PDF,EEP} ✭✹✳✽✮

θi = arg max
θ∈Dθ⊂Rdim(θ)

FOi, i ∈ {PPD,PP,DP} ✭✹✳✾✮

θ = [TINF/DEF TON ]
T ✭✹✳✶✵✮

✷✳ ❘❡str✐çõ❡s✿ ❆s r❡str✐çõ❡s sã♦ ❞❡✜♥✐❞❛s ❡♠ r❡❧❛çã♦ ❛♦ ❧✐♠✐t❡ ♦♣❡r❛❝✐♦♥❛❧ q✉❡ ♦ ❝♦♥s♦❧❡

❞♦ ❇■❆ ✐♠♣õ❡ ❛♦s t❡♠♣♦s ❞❡ ✐♥✢❛çã♦ ✭TINF ✮✱ ❞❡✢❛çã♦ ✭TDEF ✮ ❡ ❛t✉❛çã♦ ✭TON✮✳ ❈♦♥✲

s✐❞❡r❛♥❞♦✱ q✉❡ ❛s r❡str✐çõ❡s ❞❡ss❛s ✈❛r✐á✈❡✐s ❞❡t❡r♠✐♥❛♠ ❧✐♠✐t❡s ♠á①✐♠♦s ❡ ♠í♥✐♠♦s

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

TINF/DEF (min) ≤ tINF/DEF ≤ TINF/DEF (max), ✭✹✳✶✶✮

TON(min) ≤ tON ≤ TON(max), ✭✹✳✶✷✮

❡ ∀ [tINF/DEF , tON ] ∈ R✳

✸✳ ❙♦❧✉çã♦✿ P❛r❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦ ❛♣r❡s❡♥t❛❞♦✱ ❡①♣❡r✐♠❡♥t♦✉✲s❡ ♦

♠ét♦❞♦ ❞❡ ♣♦♥t♦s ✐♥t❡r✐♦r❡s ❞❡s❝r✐t♦ ♣♦r ❲❛❧t③ ❡t ❛❧ ❬✺✹❪✳
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❆♥á❧✐s❡ ❞❛s s♦❧✉çõ❡s

❆s ❋✐❣✉r❛ ✹✳✶✺ ❡ ✹✳✶✻✱ r❡❢❡r❡♥t❡s ❛♦s í♥❞✐❝❡s P❉❋ ❡ ❊❊P✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❞❡♠♦♥str❛♠

✈✐s✉❛❧♠❡♥t❡ ❛ ❜✉s❝❛ ♣❡❧♦ ♣♦♥t♦ ♠í♥✐♠♦ ♥❛s s✉♣❡r❢í❝✐❡s ❝♦rr❡s♣♦♥❞❡♥t❡s✳ ❱❡r✐✜❝❛✲s❡ q✉❡

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

♥í✈❡❧ ❞❛ ♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ✜♥❛❧ ✭P❉❋✮ ❡♥s❡❥❛❞♦✳

❆s ❋✐❣✉r❛ ✹✳✶✼✱ ✹✳✶✽ ❡ ✹✳✶✾✱ r❡❢❡r❡♥t❡s ❛♦s í♥❞✐❝❡s PP❉✱ PP ❡ ❉P✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❞❡✲

♠♦♥str❛♠ ✈✐s✉❛❧♠❡♥t❡ ❛ ❜✉s❝❛ ♣❡❧♦ ♣♦♥t♦ ♠á①✐♠♦ ♥❛s s✉♣❡r❢í❝✐❡s ❝♦rr❡s♣♦♥❞❡♥t❡s✳ ❉❡st❛❝❛✲

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

❛✉♠❡♥t♦ ❞♦ ♣✐❝♦ ❞❡ ♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ✭PP❉✮ ❡♥s❡❥❛❞♦✳

P❛r❛ ❡♥❝♦♥tr❛r ♦ ♠á①✐♠♦ ❣❧♦❜❛❧ ♣❛r❛ ♦ í♥❞✐❝❡ ❉P ✈❡r✐✜❝♦✉✲s❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❛ss♦❝✐❛r

✉♠❛ ❡str❛té❣✐❛ ♠✉❧t✐✲st❛rt ❬✺✺❪ ❬✺✻❪ ❛♦ ♠ét♦❞♦ ❞❡ ♣♦♥t♦s ✐♥t❡r✐♦r❡s✳ ■ss♦ é ❡✈✐❞❡♥❝✐❛❞♦ ❛♦

♦❜s❡r✈❛r ♦s ♣♦♥t♦s ✐♥t❡r♠❡❞✐ár✐♦s ❞❡ ❜✉s❝❛ ✭❝ír❝✉❧♦s ✈❡r♠❡❧❤♦s✮ ❞♦ ♠ét♦❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✶✾✳

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

❜✉s❝❛ é ✐♥✐❝✐❛❧✐③❛❞♦ ❝♦♠ ♦s ✈❛❧♦r❡s ✐♥✐❝✐❛✐s ❞❡ TON = 0,8s ❡ TINF/DEF = 180ms✳ P❛r❛ ♦s

❝❛s♦s ❡♠ q✉❡ ❛ s♦❧✉çã♦ ❞❡ ♠á①✐♠♦ é ❞❡s❡❥❛❞❛ ❛❞♦t❛✲s❡ ♦s ✈❛❧♦r❡s ✐♥✐❝✐❛✐s ❞❡ TON = 0,8s ❡

TINF/DEF = 20ms✳ ❆ ❡s❝♦❧❤❛ ❞❡ss❡s ✈❛❧♦r❡s é ❛r❜✐tr❛❞❛ ♥♦ ♣r❡s❡♥t❛ tr❛❜❛❧❤♦ ❛♣❡♥❛s ❛ ✜♠

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

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

❞♦ ❇■❆✳

❆s ♦♣çõ❡s ❞❡ ❝♦♥tr♦❧❡ ♦❜t✐❞❛s ♣❛r❛ ♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆ sã♦ ❞❡st❛❝❛❞❛s ♥❛

❚❛❜❡❧❛ ✹✳✷✳ ❆ ✐❣✉❛❧❞❛❞❡ ❞❡ ✈❛❧♦r❡s ✈❡r✐✜❝❛❞❛ ❡♥tr❡ ♦s í♥❞✐❝❡s P❉❋ ❡ ❊❊P✱ ❜❡♠ ❝♦♠♦ ❛

✐❣✉❛❧❞❛❞❡ ❞❡ ✈❛❧♦r❡s t❛♠❜é♠ ✈❡r✐✜❝❛❞❛ ❡♥tr❡ ♦s í♥❞✐❝❡s PP❉✱ PP ❡ ❉P✱ ❡①♣❧✐❝✐t❛♠ ♥✉♠❡✲

r✐❝❛♠❡♥t❡ ❛ ❡q✉✐✈❛❧ê♥❝✐❛s ❞❡ ♦♣çõ❡s ❞❡ ❝♦♥tr♦❧❡✳

❚❛❜❡❧❛ ✹✳✷✿ ❖♣çõ❡s ♣❛r❛ ❝♦♥tr♦❧❡ ót✐♠♦ ❞♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆✳

❮♥❞✐❝❡ TON ❬s❡❣❪ TINF/DEF ❬♠s❡❣❪

P❉❋ ✵✱✻ ✷✵

❊❊P ✵✱✻ ✷✵

PP❉ ✵✱✻ ✶✽✵

PP ✵✱✻ ✶✽✵

❉P ✵✱✻ ✶✽✵
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❋✐❣✉r❛ ✹✳✶✺✿ ❙✉♣❡r❢í❝✐❡s ❞❡ ♣♦ssí✈❡✐s s♦❧✉çõ❡s ❞♦ í♥❞✐❝❡ P❉❋ ❝♦♠ ❞❡st❛q✉❡ ❡♠ ✈❡r♠❡❧❤♦
♣❛r❛ ❛s s♦❧✉çõ❡s ✐♥t❡r♠❡❞✐ár✐❛s ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❜✉s❝❛❀ Telapsed é ♦ t❡♠♣♦ ❞❡❝♦rr✐❞♦ ❡♥tr❡ ♦
❝❤✉t❡ ✐♥✐❝✐❛❧ ❡ ❛ ❞❡✜♥✐çã♦ ❞❛ s♦❧✉çã♦ ✜♥❛❧✳
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❋✐❣✉r❛ ✹✳✶✻✿ ❙✉♣❡r❢í❝✐❡s ❞❡ ♣♦ssí✈❡✐s s♦❧✉çõ❡s ❞♦ í♥❞✐❝❡ ❊❊P ❝♦♠ ❞❡st❛q✉❡ ❡♠ ✈❡r♠❡❧❤♦
♣❛r❛ ❛s s♦❧✉çõ❡s ✐♥t❡r♠❡❞✐ár✐❛s ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❜✉s❝❛❀ Telapsed é ♦ t❡♠♣♦ ❞❡❝♦rr✐❞♦ ❡♥tr❡ ♦
❝❤✉t❡ ✐♥✐❝✐❛❧ ❡ ❛ ❞❡✜♥✐çã♦ ❞❛ s♦❧✉çã♦ ✜♥❛❧✳
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❋✐❣✉r❛ ✹✳✶✼✿ ❙✉♣❡r❢í❝✐❡s ❞❡ ♣♦ssí✈❡✐s s♦❧✉çõ❡s ❞♦ í♥❞✐❝❡ PP❉ ❝♦♠ ❞❡st❛q✉❡ ❡♠ ✈❡r♠❡❧❤♦
♣❛r❛ ❛s s♦❧✉çõ❡s ✐♥t❡r♠❡❞✐ár✐❛s ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❜✉s❝❛❀ Telapsed é ♦ t❡♠♣♦ ❞❡❝♦rr✐❞♦ ❡♥tr❡ ♦
❝❤✉t❡ ✐♥✐❝✐❛❧ ❡ ❛ ❞❡✜♥✐çã♦ ❞❛ s♦❧✉çã♦ ✜♥❛❧✳
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❋✐❣✉r❛ ✹✳✶✽✿ ❙✉♣❡r❢í❝✐❡s ❞❡ ♣♦ssí✈❡✐s s♦❧✉çõ❡s ❞♦ í♥❞✐❝❡ PP ❝♦♠ ❞❡st❛q✉❡ ❡♠ ✈❡r♠❡❧❤♦ ♣❛r❛
❛s s♦❧✉çõ❡s ✐♥t❡r♠❡❞✐ár✐❛s ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❜✉s❝❛❀ Telapsed é ♦ t❡♠♣♦ ❞❡❝♦rr✐❞♦ ❡♥tr❡ ♦ ❝❤✉t❡
✐♥✐❝✐❛❧ ❡ ❛ ❞❡✜♥✐çã♦ ❞❛ s♦❧✉çã♦ ✜♥❛❧✳
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❋✐❣✉r❛ ✹✳✶✾✿ ❙✉♣❡r❢í❝✐❡s ❞❡ ♣♦ssí✈❡✐s s♦❧✉çõ❡s ❞♦ í♥❞✐❝❡ ❉P ❝♦♠ ❞❡st❛q✉❡ ❡♠ ✈❡r♠❡❧❤♦ ♣❛r❛
❛s s♦❧✉çõ❡s ✐♥t❡r♠❡❞✐ár✐❛s ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❜✉s❝❛❀ Telapsed é ♦ t❡♠♣♦ ❞❡❝♦rr✐❞♦ ❡♥tr❡ ♦ ❝❤✉t❡
✐♥✐❝✐❛❧ ❡ ❛ ❞❡✜♥✐çã♦ ❞❛ s♦❧✉çã♦ ✜♥❛❧✳

❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✹✳✷✵ ❛ s✉♣❡r♣♦s✐çã♦ ❞❡ q✉❛tr♦ ❝✐❝❧♦s ❡st❛❝✐♦♥ár✐♦s r❡s✉❧t❛❞♦s

❞❛ ❛♣❧✐❝❛çã♦ ❞❛s ♦♣çõ❡s ót✐♠❛s ❞❡ ❝♦♥tr♦❧❡ ❛♣♦♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✹✳✷✳ ❖❜s❡r✈❛✲s❡ q✉❡ ❛

s♦❧✉çã♦ ❞❡ ♠❛①✐♠✐③❛çã♦ ✭TON = 0,6s ❡ TINF/DEF = 180ms✮ ❛♠♣❧✐❛ ♦ ✈❛❧♦r ❞❡ ♣✐❝♦

❞❛ ♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ✭P❉❋✮ ❡ ❛ s♦❧✉çã♦ ❞❡ ♠✐♥✐♠✐③❛çã♦ ✭TON = 0,6s ❡ TINF/DEF = 20ms✮

r❡❞✉③ ♦ ✈❛❧♦r ❞❛ ♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ✜♥❛❧ ✭P❉❋✮✳ ◆♦t❛❞❛♠❡♥t❡✱ ❛ ❛❞♦çã♦ ❞❡ ✉♠❛ ❞❛s s♦❧✉çõ❡s

❞❡❣r❛❞❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ ♦✉tr❛✳
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❋✐❣✉r❛ ✹✳✷✵✿ ❈✉r✈❛s ❞❡ ♣r❡ssã♦ ❛órt✐❝❛ ♣❛r❛ ❛s s♦❧✉çõ❡s ót✐♠❛s ❞❡ ❝♦♥tr♦❧❡ ♦❜t✐❞❛s✳ ❖
❝❡♥ár✐♦ ❞❡ s✐♠✉❧❛çã♦ é ♦ ♠❡s♠♦ ❡st❛❜❡❧❡❝✐❞♦ ♥♦s ❙❡çã♦ ✶✭✈❡r ❛tr✐❜✉t♦s ❞❛ ❢✉♥çã♦ ✬♠♦❞❡❧♦✬✮✳
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✹✳✹ ❈♦♥❝❧✉sõ❡s

◆❡st❡ ❝❛♣ít✉❧♦ ❢♦r❛♠ ❞❡s❝r✐t♦s ♦s ♣r✐♥❝✐♣❛✐s ❛s♣❡❝t♦s ❛ss♦❝✐❛❞♦s às ❡str✉t✉r❛s ❞❡ ❝♦♥✲

tr♦❧❡ ❞♦ ❇■❆✳ ❆ ❡str✉t✉r❛ ♠❡t♦❞♦❧ó❣✐❝❛ ♣r♦♣♦st❛ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣çõ❡s ❞❡ ❝♦♥tr♦❧❡ ❢♦✐

❛♣r❡s❡♥t❛❞❛✳ ❮♥❞✐❝❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ❢♦r❛♠ ❞✐s❝✉t✐❞♦s ❡ t♦♠❛❞♦s ❝♦♠♦ ✜❣✉r❛s ❞❡ ♠ér✐t♦ ♥❛

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



❈❛♣ít✉❧♦ ✺

❈♦♥s✐❞❡r❛çõ❡s ❋✐♥❛✐s

❊st❡ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❜❛s❡❛❞❛ ❡♠ ♠♦❞❡❧♦s ✵❉ ♣❛r❛ ❣❡r❛çã♦ ❞❡ ♦♣✲

çõ❡s ❞❡ ❝♦♥tr♦❧❡ ❞♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s s✉❣❡r❡♠ q✉❡ ❛ ♠❡✲

t♦❞♦❧♦❣✐❛ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞❛ à ❛♥á❧✐s❡ ❡ ❞❡✜♥✐çã♦ ❞❡ ♣❛râ♠❡tr♦s ❞❡ ❝♦♥tr♦❧❡ ❞♦ ❇■❆ ✈✐s❛♥❞♦

❛t❡♥❞❡r ♦❜❥❡t✐✈♦s ❝❧í♥✐❝♦s✳

❯♠❛ r❡✈✐sã♦ ❞♦s ❡❧❡♠❡♥t♦s ❞❡ ✐♥t❡r❡ss❡ ❞♦ ❙❈❍ é ❛♣r❡s❡♥t❛❞❛ ❛ ✜♠ ❞❡ ♦❢❡r❡❝❡r ✉♠❛

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

s♦❜r❡ ♦ ár❡❛✳ ◆❡ss❛ ♦♣♦rt✉♥✐❞❛❞❡✱ ❛❧❣✉♠❛s ❞♦❡♥ç❛s ❝❛r❞í❛❝❛s sã♦ ❝♦♠❡♥t❛❞❛s✱ ❞❛♥❞♦ ê♥❢❛s❡

à ✐♥s✉✜❝✐ê♥❝✐❛ ❝❛r❞í❛❝❛ ❡ à ✉t✐❧✐③❛çã♦ ❞♦ ❇■❆✳

❯♠❛ ✐♥tr♦❞✉çã♦ à ♠♦❞❡❧❛❣❡♠ ❣❡♦♠étr✐❝❛ ♠✉❧t✐♥í✈❡❧ ✭✵❉✱ ✶❉✱ ✷❉ ❡ ✸❉✮ ❞♦ ❙❈❍ é ❛♣r❡✲

s❡♥t❛❞❛ ❞❛♥❞♦ ❡♥❢❛s❡ à ♠♦❞❡❧❛❣❡♠ ✵❉ ❡ ❛♦s ♠♦❞❡❧♦s ❞♦ ❇■❆ ❞✐s♣♦st♦s ♥❛ ❧✐t❡r❛t✉r❛✳ ❯♠❛

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

❛t✉❛çã♦ ❞♦ ❇■❆ é ❛♣r❡s❡♥t❛❞❛✳

❱❡r✐✜❝♦✉✲s❡✱ ♣♦r ♠❡✐♦ ❞❛s ❡t❛♣❛s ❞❡ ♠❛♣❡❛♠❡♥t♦ ❡ ♦t✐♠✐③❛çã♦ ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛✱

q✉❡ ♦s í♥❞✐❝❡s ❞❡ ♣✉❧s❛t✐❧✐❞❛❞❡ PP✱ ❉P ❡ ❊❊P ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ♣❛r❛ ❣❡r❛r ♦♣çõ❡s ❞❡

❝♦♥tr♦❧❡ ❡♠ ❝♦♠♣r♦♠✐ss♦s ❝♦♠ ♦s ♦❜❥❡t✐✈♦s ❝❧í♥✐❝♦s ❞❡ ✉t✐❧✐③❛çã♦ ❞♦ ❇■❆✳

❉❡st❛❝❛✲s❡ q✉❡ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ✐♥❞❡♣❡♥❞❡ ❞❛ ❡s❝♦❧❤❛ ❞♦ ♠♦❞❡❧♦ ✵❉ ❛❞♦t❛❞♦ ❡

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

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

❖ ♠♦❞❡❧♦ ✵❉ ❛❞❡q✉❛❞♦ à ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ❞❡✈❡ s❡r ❝❛♣❛③ ❞❡ r❡✢❡t✐r ❝❛r❛❝t❡ríst✐❝❛s

♣❛rt✐❝✉❧❛r❡s ❞♦ ♣❛❝✐❡♥t❡ ❡♠ s✉❛ ♣❛r❛♠❡tr✐③❛çã♦✱ ❡♥s❡❥❛♥❞♦ ❛ss✐♠ ✉♠❛ ♠❡❧❤♦r ♣r❡❝✐sã♦ ❞❛



❈❛♣ít✉❧♦ ✺✳ ❈♦♥s✐❞❡r❛çõ❡s ❋✐♥❛✐s ✽✵

❛♣❧✐❝❛çã♦ ❞♦s ❝❛s♦s ❞❡ s✐♠✉❧❛çã♦✳

❊♠ s❡ tr❛t❛♥❞♦ ❞♦ ♠ét♦❞♦ ❞❡ ♣♦♥t♦s ✐♥t❡r✐♦r❡s ✉t✐❧✐③❛❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ s♦❜r❡t✉❞♦ ❛s

❝❛r❛❝t❡ríst✐❝❛s ❞❛s s✉♣❡r❢í❝✐❡s ❞❡ ♣♦ssí✈❡✐s s♦❧✉çõ❡s ♦❜t✐❞❛s ❡ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❞❛ s♦❧✉çã♦ à

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

❡①♣❡r✐♠❡♥t❛çã♦ ❞❡ ♦✉tr♦s ♠ét♦❞♦s ❞❡ ♦t✐♠✐③❛çã♦✳

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

♠✉❧❛çã♦ ♠✉❧t✐♦❜❥❡t✐✈♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦ ❞♦s t❡♠♣♦s ❞❡ ❛t✉❛çã♦ ❞♦ ❇■❆✳ ❊ss❛

♣♦ss✐❜✐❧✐❞❛❞❡ é ❝♦♠♣r❡❡♥❞✐❞❛ ❛♦ ♣♦♥❞❡r❛r ♦ ❞❡s❛❝♦♣❧❛♠❡♥t♦ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ❞❡ ❝♦♥tr♦❧❡

TINF ❡ TDEF ✱ ❝♦♥s✐❞❡r❛❞❛s ♥♦ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ ❝♦♠♦ ✉♠❛ ú♥✐❝❛ ✈❛r✐á✈❡❧ TINF/DEF ✳ ➱

❡s♣❡r❛❞♦ q✉❡ ❡st❛ ❢♦r♠✉❧❛çã♦ ❡st❛❜❡❧❡ç❛ ♥♦✈♦s ❝❡♥ár✐♦s ❞❡ ❛♥á❧✐s❡ ♣♦r ♠❡✐♦ ❞♦ tr❛ç❛❞♦ ❞❡

❝✉r✈❛s ❞❡ ♣❛r❡t♦✳

❙ã♦ t❡♠❛s ♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✿ ❛ s✉❜st✐t✉✐çã♦ ❞♦ ♠♦❞❡❧♦ ✵❉ ❛❞♦t❛❞♦ ❡✴♦✉ ♣r♦♣♦s✐çã♦

❞❡ ✉♠ ♥♦✈♦ ♠♦❞❡❧♦❀ ❛✈❛❧✐❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ♣♦♥t♦s ✐♥t❡r✐♦r❡s ❡ ❛ ❡①♣❡✲

r✐♠❡♥t❛çã♦ ❞❡ ♦✉tr♦s ❛❧❣♦r✐t♠♦s ❞❡ ♦t✐♠✐③❛çã♦❀ ✐♥✈❡st✐❣❛çã♦ ❞❛ ❢♦r♠✉❧❛çã♦ ♠✉❧t✐♦❜❥❡t✐✈♦

♣❛r❛ ❛ ❡t❛♣❛ ❞❡ ♦t✐♠✐③❛çã♦ ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛✳



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

✶ ▼❊◆❉■❙✱ ❙❤❛♥t❤✐❀ P❯❙❑❆✱ P❡❦❦❛❀ ◆❖❘❘❱■◆●✱ ❇♦❀ ❖❘●❆◆■❩❆❚■❖◆✱ ❲♦r❧❞ ❍❡❛❧t❤
❡t ❛❧✳ ●❧♦❜❛❧ ❛t❧❛s ♦♥ ❝❛r❞✐♦✈❛s❝✉❧❛r ❞✐s❡❛s❡ ♣r❡✈❡♥t✐♦♥ ❛♥❞ ❝♦♥tr♦❧✳ ❬❙✳❧✳❪✿ ●❡♥❡✈❛✿ ❲♦r❧❞
❍❡❛❧t❤ ❖r❣❛♥✐③❛t✐♦♥✱ ✷✵✶✶✳

✷ ❆❇❯❇❆❑❆❘✱ ■■❀ ❚■▲▲▼❆◆◆✱ ❚❀ ❇❆◆❊❘❏❊❊✱ ❆✳ ●❧♦❜❛❧✱ r❡❣✐♦♥❛❧✱ ❛♥❞ ♥❛t✐♦♥❛❧
❛❣❡✲s❡① s♣❡❝✐✜❝ ❛❧❧✲❝❛✉s❡ ❛♥❞ ❝❛✉s❡✲s♣❡❝✐✜❝ ♠♦rt❛❧✐t② ❢♦r ✷✹✵ ❝❛✉s❡s ♦❢ ❞❡❛t❤✱ ✶✾✾✵✲✷✵✶✸✿
❛ s②st❡♠❛t✐❝ ❛♥❛❧②s✐s ❢♦r t❤❡ ❣❧♦❜❛❧ ❜✉r❞❡♥ ♦❢ ❞✐s❡❛s❡ st✉❞② ✷✵✶✸✳ ▲❛♥❝❡t✱ ✈✳ ✸✽✺✱ ♥✳ ✾✾✻✸✱
♣✳ ✶✶✼✕✶✼✶✱ ✷✵✶✺✳

✸ ❑❊▲▲❨✱ ❇r✐❞❣❡t ❇❀ ❋❯❙❚❊❘✱ ❱❛❧❡♥t✐♥ ❡t ❛❧✳ Pr♦♠♦t✐♥❣ ❝❛r❞✐♦✈❛s❝✉❧❛r ❤❡❛❧t❤ ✐♥ t❤❡
❞❡✈❡❧♦♣✐♥❣ ✇♦r❧❞✿ ❛ ❝r✐t✐❝❛❧ ❝❤❛❧❧❡♥❣❡ t♦ ❛❝❤✐❡✈❡ ❣❧♦❜❛❧ ❤❡❛❧t❤✳ ❬❙✳❧✳❪✿ ◆❛t✐♦♥❛❧ ❆❝❛❞❡♠✐❡s
Pr❡ss✱ ✷✵✶✵✳

✹ ❉❆❚❆❙❯❙✳ ▼✐♥✐stér✐♦ ❞❛ s❛ú❞❡✿ ❙✐st❡♠❛ ❞❡ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♠♦rt❛❧✐❞❛❞❡ ✲ ❙■▼✳
❝❛♣ít✉❧♦ ❈■❉✲✶✵✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿ ❤tt♣✿✴✴t❛❜♥❡t✳❞❛t❛s✉s✳❣♦✈✳❜r✱ ✷✵✶✻✳

✺ ❈❖❘❉❊■❘❖✱ ❚❤✐❛❣♦ ❉❛♠❛s❝❡♥♦✳ ❙✐st❡♠❛s ❞❡ ❈♦♥tr♦❧❡ ❋✐s✐♦❧ó❣✐❝♦ ❙í♥❝r♦♥♦ ❆♣❧✐❝❛❞♦
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