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Ficha catalográfica preparada pela Biblioteca Central da Universidade
Federal de Viçosa - Câmpus Viçosa

T

Silveira, Jaqueline Alvarenga, 1988-

S587b
2014

        Uma biblioteca para auxiliar o desenvolvimento de
aplicações que processam grandes matrizes armazenadas em
memória externa / Jaqueline Alvarenga Silveira. – Viçosa, MG,
2014.

        xi, 69f. : il. (algumas color.) ; 29 cm.

        Inclui apêndice.

        Orientador: Marcus Vinícius Alvim Andrade.

        Dissertação (mestrado) - Universidade Federal de Viçosa.

        Referências bibliográficas: f.58-61.

        1. Processamento de dados. 2. Algoritmos. 3.  Memória
cache. 4.  Sistemas de Informação. I. Universidade Federal de
Viçosa. Departamento de Informática. Programa de
Pós-graduação em Ciência da Computação. II. Título.
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✹✳✻✳✺ ❆✈❛❧✐❛çã♦ ❞❛ t❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ❞❛ ❜✐❜❧✐♦t❡❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾

✹✳✻✳✻ ❈♦♠♣❛r❛çã♦ ❛❧❣♦r✐t♠♦ ▲❩✹ ❙❡q✉❡♥❝✐❛❧ ❡ ▲❩✹ P❛r❛❧❡❧♦ ✳ ✳ ✳ ✳ ✺✷

✺ ❈♦♥❝❧✉sõ❡s ✺✻

❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s ✺✽

❆ ❈♦♠♦ ✉t✐❧✐③❛r ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✻✷

✈



▲✐st❛ ❞❡ ❋✐❣✉r❛s

✶✳✶ ❍✐❡r❛rq✉✐❛ ❞❡ ▼❡♠ór✐❛✳ ❋♦♥t❡✿ ❬✷✸❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶

✷✳✶ ❈♦♠♣♦♥❡♥t❡s ❞❡ ✉♠❛ ✉♥✐❞❛❞❡ ❞♦ ❞✐s❝♦✳ ❋♦♥t❡✿ ❬✸✻❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻

✷✳✷ ❖ ❛❧❣♦r✐t♠♦ ❡♠ ✭❛✮ ✐♠♣r✐♠❡ ✉♠❛ ♠❛tr✐③ ♣♦r ❧✐♥❤❛s ❡ ♦ ❛❧❣♦r✐t♠♦ ❡♠ ✭❜✮

✐♠♣r✐♠❡ ✉♠❛ ♠❛tr✐③ ♣♦r ❝♦❧✉♥❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼

✷✳✸ ▼♦❞♦ ❞❡ ❛❝❡ss♦ ❛ ♠❛tr✐③ ❢❡✐t♦ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✷ ❞❡

✭❛✮ ❛té ✭✐✮✱ s❡♥❞♦ q✉❡ ❛ ♠❛tr✐③ é ❞✐✈✐❞✐❞❛ ❡♠ ❜❧♦❝♦s ❞❡ ✺ ❝é❧✉❧❛s✳ ❋♦♥t❡✿ ❬✹❪ ✽

✷✳✹ ▼♦❞♦ ❞❡ ❛❝❡ss♦ ❛ ♠❛tr✐③ ❢❡✐t♦ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ♠♦str❛❞♦ ♥❛s ❋✐❣✉r❛ ✷✳✷ ❞❡

✭❛✮ ❛té ✭✐✮✱ s❡♥❞♦ q✉❡ ❛ ♠❛tr✐③ é ❞✐✈✐❞✐❞❛ ❡♠ ❜❧♦❝♦s ❞❡ ✺ ❝é❧✉❧❛s✳ ❋♦♥t❡✿ ❬✹❪ ✾

✷✳✺ ❚r❛♥s❢❡rê♥❝✐❛ ❞❡ ✉♠ ❜❧♦❝♦ ❞♦ ❞✐s❝♦ ♣❛r❛ ♦✉tr♦s ♥í✈❡✐s ❞❛ ❤✐❡r❛rq✉✐❛ ❞❡

♠❡♠ór✐❛✳ ❋♦♥t❡✿ ❬✹❪ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸

✷✳✻ ❋♦r♠❛ ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞❡ t❡rr❡♥♦s ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❉❊▼✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺

✸✳✶ ▼♦❞♦ ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❛s s✉❜♠❛tr✐③❡s ♥♦ ❞✐s❝♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾

✸✳✷ ❊str✉t✉r❛ ❞❡ ❞❛❞♦s ✐♠♣❧❡♠❡♥t❛❞❛ ♥❛ ❚✐❧❡❞▼❛tr✐① ♣❛r❛ ❛✉①✐❧✐❛r ♦ ❛❧❣♦✲

r✐t♠♦ ▲❩✹✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✸✳✸ ❊①❡♠♣❧♦ ❞❡ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s q✉❡ s❡rá ✉s❛❞❛ ♣❡❧❛ ❜✐❜❧✐♦t❡❝❛ ♣r♦♣♦st❛

♥❡st❡ ♣r♦❥❡t♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✸✳✹ ❊str✉t✉r❛ ❞❡ ❞❛❞♦s ❛♣ós ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ✉♠ ❜❧♦❝♦ ❞♦ ❞✐s❝♦ ♣❛r❛▼❡♠✲

❇❧♦❝❦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸

✸✳✺ ❊str✉t✉r❛ ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛ ♥❛ ❚✐❧❡❞▼❛tr✐① ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ♦ ❛❧❣♦✲

r✐t♠♦ ▲❩✹ P❛r❛❧❡❧♦✱ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ❝♦♠♣✉t❛❞♦r t❡♥❤❛ ✹ ♥ú❝❧❡♦s ❞❛

❈P❯ ❞✐s♣♦♥í✈❡✐s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹

✸✳✻ Pr♦❝❡ss♦ ❞❡ r❡♠♦çã♦ ❞❡ ❧✐①♦ ❡ ✉♥✐ã♦ ❞♦s s✉❜❜❧♦❝♦s ❡♠ ✉♠ ❛rr❛②✱ ❝♦♥✲

s✐❞❡r❛♥❞♦ q✉❡ ♦ ❝♦♠♣✉t❛❞♦r t❡♥❤❛ ✹ ♥ú❝❧❡♦s ❞❛ ❈P❯ ❞✐s♣♦♥í✈❡✐s✳ ✳ ✳ ✳ ✳ ✷✹

✸✳✼ ❇❧♦❝♦ ♥❛ ❢r♦♥t❡✐r❛ ❞❡ ✉♠❛ ♠❛tr✐③✱ ❡♠ q✉❡ ❛ ❞✐✈✐sã♦ ♥ã♦ é ✐♥t❡✐r❛✱

♣r❡❡♥❝❤✐❞♦ ❝♦♠ ✈❛❧♦r❡s ◆❖❉❆❚❆✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺

✹✳✶ ❱✐s✐❜✐❧✐❞❛❞❡ ❞♦ ❛❧✈♦✿ T2 é ✈✐sí✈❡❧✱ ♠❛s T1 ❡ T3 ♥ã♦ sã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✽

✈✐



✹✳✷ P❡r❝♦rr❡♥❞♦ ♦ t❡rr❡♥♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✾

✹✳✸ ❈á❧❝✉❧♦ ❞❛ r❡❞❡ ❞❡ ❞r❡♥❛❣❡♠✿ ✭❛✮ ❉✐r❡çã♦ ❞❡ ✢✉①♦❀ ✭❜✮ ❋❧✉①♦ ❛❝✉♠✉❧❛❞♦✳ ✸✵

✹✳✹ ❈❛❧❝✉❧❛♥❞♦ ♦ ✜❧tr♦ ❞❛ ♠❡❞✐❛♥❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶

✹✳✺ ❘❡❣✐õ❡s ❙❘❚▼ ♣❛r❛ ❊❯❆✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✷

✹✳✻ ❈❛❧❝✉❧❛♥❞♦ ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❡♠ ✉♠❛ ♠❛tr✐③ ❞❡ 18×18 ❝é❧✉❧❛s ✭❞✐✈✐❞✐❞❛

❡♠ ❜❧♦❝♦s ❝♦♠ 3 × 3 ❝é❧✉❧❛s✮✳ ❆ ❝❛❞❡✐❛ ❞❡ ❝é❧✉❧❛s ❞❡st❛❝❛❞❛s ❝♦♠ ✉♠❛

❧✐♥❤❛ ♣♦♥t✐❧❤❛❞❛ é ♣r♦❝❡ss❛❞❛ q✉❛♥❞♦ ❛ ❝é❧✉❧❛ c é ✈✐s✐t❛❞❛ ♣♦r ✉♠ ❛❝❡ss♦
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✹✳✼ ●rá✜❝♦ ❞❡ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ♣❛r❛ ❛ tr❛♥s♣♦s✐çã♦ ❞❛ ♠❛tr✐③ ❝♦♥✲

s✐❞❡r❛♥❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❝✉❥❛s ♠❛tr✐③❡s t❡♠ t❛♠❛♥❤♦s ❞✐st✐♥t♦s
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✹✳✽ ●rá✜❝♦ ❞❡ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ✈✐❡✇s❤❡❞ ❝♦♥s✐❞❡r❛♥❞♦ ❞✐❢❡r✲

❡♥t❡s t❛♠❛♥❤♦s ❞♦ t❡rr❡♥♦ ❞❛ r❡❣✐ã♦ ✷✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

✹✳✾ ●rá✜❝♦ ❞❡ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❝♦♥✲
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❆✳✹ ❘❡t♦r♥❛ ✉♠ ❡❧❡♠❡♥t♦ ❞❛ ♠❛tr✐③✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✺

❆✳✺ ❙t❛t✉s ❞♦ ❜❧♦❝♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✻
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▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✹✳✶ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ tr❛♥s♣♦r ✉♠❛ ♠❛tr✐③ ✉s❛♥❞♦ ❛s ❜✐❜❧✐♦t❡❝❛s

❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❡ s❡♠ ❝♦♠♣r❡ssã♦✮ ❡ ❙❡❣♠❡♥t✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✹✳✷ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✈✐❡✇s❤❡❞ ❡♠ ✉♠ t❡rr❡♥♦ ✉t✐❧✐③❛♥❞♦

❛s ❜✐❜❧✐♦t❡❝❛s ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❡ s❡♠ ❝♦♠♣r❡ssã♦✮ ❡ ❙❡❣♠❡♥t✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✹✳✸ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❡♠ ✉♠ t❡rr❡♥♦

✉t✐❧✐③❛♥❞♦ ❛s ❜✐❜❧✐♦t❡❝❛s ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❡ s❡♠ ❝♦♠♣r❡ssã♦✮ ❡ ❙❡❣♠❡♥t✳ ✸✼

✹✳✹ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✈✐❡✇s❤❡❞ ❡♠ ✉♠ t❡rr❡♥♦ ✉t✐❧✐③❛♥❞♦

❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❡ ❆r❝●■❙✳✶ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✵

✹✳✺ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❡♠ ✉♠ t❡rr❡♥♦

✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❡ ❆r❝●■❙✳✶ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶

✹✳✻ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ❛ tr❛♥s♣♦st❛ ❞❛ ♠❛tr✐③ ❡♠ ✉♠ t❡r✲

r❡♥♦ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❝♦♥✜❣✉r❛❞❛ ♣❛r❛ ✉s❛r ❛s ♣♦❧ít✐✲

❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ▲❘❯✱ ❋■❋❖ ❡ ❘❛♥❞♦♠✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✹

✹✳✼ ◆ú♠❡r♦ ❞❡ ❜❧♦❝♦s ❧✐❞♦s✱ ❝❛rr❡❣❛❞♦s✱ r❡♠♦✈✐❞♦s ❡ ❡s❝r✐t♦s ♣❛r❛ ❝❛❧❝✉❧❛r

❛ tr❛♥s♣♦st❛ ❞❛ ♠❛tr✐③ ✉t✐❧✐③❛♥❞♦ ❛s ♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ❜❧♦❝♦

▲❘❯✱ ❋■❋❖ ❡ ❘❛♥❞♦♠✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✹

✹✳✽ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ❛ ✈✐❡✇s❤❡❞ ❞❛ ♠❛tr✐③ ❡♠ ✉♠ t❡rr❡♥♦

✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❝♦♥✜❣✉r❛❞❛ ♣❛r❛ ✉s❛r ❛s ♣♦❧ít✐❝❛s ❞❡

s✉❜st✐t✉✐çã♦ ▲❘❯✱ ❋■❋❖ ❡ ❘❛♥❞♦♠✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✹✳✾ ◆ú♠❡r♦ ❞❡ ❜❧♦❝♦s ❧✐❞♦s✱ ❝❛rr❡❣❛❞♦s✱ r❡♠♦✈✐❞♦s ❡ ❡s❝r✐t♦s ♣❛r❛ ❝❛❧❝✉❧❛r

❱✐❡✇s❤❡❞ ✉t✐❧✐③❛♥❞♦ ❛ ♣♦❧ít✐❝❛ ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ❜❧♦❝♦s ▲❘❯✱ ❋■❋❖ ❡

❘❛♥❞♦♠✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻

✹✳✶✵ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❞❛ ♠❛tr✐③ ❡♠

✉♠ t❡rr❡♥♦ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❝♦♥✜❣✉r❛❞❛ ♣❛r❛ ✉s❛r ❛s

♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ▲❘❯✱ ❋■❋❖ ❡ ❘❛♥❞♦♠✳✷ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✼

✈✐✐✐



✹✳✶✶ ◆ú♠❡r♦ ❞❡ ❜❧♦❝♦s ❧✐❞♦s✱ ❝❛rr❡❣❛❞♦s✱ r❡♠♦✈✐❞♦s ❡ ❡s❝r✐t♦s ♣❛r❛ ❝❛❧❝✉❧❛r

♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ✉t✐❧✐③❛♥❞♦ ❛ ♣♦❧ít✐❝❛ ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ❜❧♦❝♦s ▲❘❯✱

❋■❋❖ ❡ ❘❛♥❞♦♠✳✸ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽

✹✳✶✷ ❚❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ❡♠ ▼❇✴s ❞✉r❛♥t❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❜❧♦❝♦s ♣❛r❛ ❡

❞❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ♣❛r❛ ❛ ❧❡✐t✉r❛ ❡ ❡s❝r✐t❛

❛❧❡❛tór✐❛ ✉s❛♥❞♦ t❡rr❡♥♦s ❛❧❡❛tór✐♦s ❞❡ t❛♠❛♥❤♦ ✶✱✺✱ ✸✱✹✱ ✻✱✶✱ ✾✱✺ ●❇✱ ❡♠

q✉❡ ❇ é ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵

✹✳✶✸ ❚❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ❡♠ ▼❇✴s ❞✉r❛♥t❡ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❜❧♦❝♦s ♣❛r❛ ❡

❞❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ♣❛r❛ ❛ ❧❡✐t✉r❛ ❡ ❡s❝r✐t❛

❛❧❡❛tór✐❛ ✉s❛♥❞♦ t❡rr❡♥♦s ❛❧❡❛tór✐♦s ❞❡ t❛♠❛♥❤♦ ✶✱✺✱ ✸✱✹✱ ✻✱✶✱ ✾✱✺ ●❇✱ ❡♠

q✉❡ ❇ é ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✶

✹✳✶✹ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ❣❛st♦ ♣❛r❛ ❝❛❧❝✉❧❛r ❛ tr❛♥s♣♦st❛ ❞❡ ✉♠❛ ♠❛tr✐③✱

✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❝♦♠♣r❡ssã♦ ♣❛r❛❧❡❧❛ ❡ s❡q✉❡♥❝✐❛❧✮✳ ✺✸

✹✳✶✺ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ❣❛st♦ ♣❛r❛ ❝❛rr❡❣❛r ❜❧♦❝♦s ❞✉r❛♥t❡ ♦ ❝á❝✉❧♦ ❞❛

tr❛♥s♣♦st❛ ❞❡ ✉♠❛ ♠❛tr✐③✱ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❝♦♠✲

♣r❡ssã♦ ♣❛r❛❧❡❧❛ ❡ s❡q✉❡♥❝✐❛❧✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✸

✹✳✶✻ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ❣❛st♦ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✈✐❡✇s❤❡❞ ❞❡ ✉♠ t❡rr❡♥♦✱

✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❝♦♠♣r❡ssã♦ ♣❛r❛❧❡❧❛ ❡ s❡q✉❡♥❝✐❛❧✮✳ ✺✹

✹✳✶✼ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ❣❛st♦ ♣❛r❛ ❝❛rr❡❣❛r ❜❧♦❝♦s ❞✉r❛♥t❡ ♦ ❝á❧❝✉❧♦ ❞♦

✈✐❡✇s❤❡❞ ❞❡ ✉♠ t❡rr❡♥♦✱ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❝♦♠✲

♣r❡ssã♦ ♣❛r❛❧❡❧❛ ❡ s❡q✉❡♥❝✐❛❧✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✹✳✶✽ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ❣❛st♦ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✜❧tr♦ ❞❛ ♠❡❞✐❛♥❛ ❞❡ ✉♠

t❡rr❡♥♦✱ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❝♦♠♣r❡ssã♦ ♣❛r❛❧❡❧❛ ❡

s❡q✉❡♥❝✐❛❧✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✹✳✶✾ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ❣❛st♦ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✜❧tr♦ ❞❛ ♠❡❞✐❛♥❛ ❞❡ ✉♠

t❡rr❡♥♦✱ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❝♦♠♣r❡ssã♦ ♣❛r❛❧❡❧❛ ❡

s❡q✉❡♥❝✐❛❧✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺

❆✳✶ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✶✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✸

❆✳✷ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✷✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✹

❆✳✸ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✷✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✺

❆✳✹ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✹✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✺

❆✳✺ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✻✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✺

❆✳✻ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✼✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✻

❆✳✼ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✼✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✻

❆✳✽ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✼✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✽
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❘❡s✉♠♦

❙■▲❱❊■❘❆✱ ❏❛q✉❡❧✐♥❡ ❆❧✈❛r❡♥❣❛✱ ▼✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ❥✉♥❤♦ ❞❡
✷✵✶✹✳ ❯♠❛ ❜✐❜❧✐♦t❡❝❛ ♣❛r❛ ❛✉①✐❧✐❛r ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛♣❧✐❝❛çõ❡s q✉❡
♣r♦❝❡ss❛♠ ❣r❛♥❞❡s ♠❛tr✐③❡s ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✳ ❖r✐❡♥t❛❞♦r✿ ▼❛r❝✉s ❱✐♥í✲
❝✐✉s ❆❧✈✐♠ ❆♥❞r❛❞❡✳

❊st❡ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛ ✉♠❛ ❜✐❜❧✐♦t❡❝❛✱ ❝❤❛♠❛❞❛ ❚✐❧❡❞▼❛tr✐①✱ ♣❛r❛ ❛✉①✐❧✐❛r ♦ ❞❡s❡♥✲

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

❡①t❡r♥❛✳ ❆ ❜✐❜❧✐♦t❡❝❛ é ❜❛s❡❛❞❛ ❡♠ ❛❧❣✉♠❛s ❡str❛té❣✐❛s s✐♠✐❧❛r❡s ❛♦ ❣❡r❡♥❝✐❛♠❡♥t♦

❞❡ ✉♠❛ ♠❡♠ór✐❛ ❝❛❝❤❡ ❡ s❡✉ ♦❜❥❡t✐✈♦ ❜ás✐❝♦ é ♣❡r♠✐t✐r q✉❡ ✉♠❛ ❛♣❧✐❝❛çã♦✱ ❞❡✲

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

♣r♦❝❡ss❛❞❛ ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✳ ❊❧❛ ♦❢❡r❡❝❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ♣❛r❛ ❛❝❡ss❛r ❛ ♠❡♠ór✐❛

❡①t❡r♥❛ s✐♠✐❧❛r ❛♦ tr❛❞✐❝✐♦♥❛❧ ♠ét♦❞♦ ❞❡ ❛❝❡ss♦ ❛ ✉♠❛ ♠❛tr✐③✳ ❆❧é♠ ❞✐ss♦✱ ❡❧❛ ❞✐✈✐❞❡

❛ ♠❛tr✐③ ❡♠ ❜❧♦❝♦s ❜✐❞✐♠❡♥s✐♦♥❛✐s✱ s❡♥❞♦ q✉❡ ♦s ❜❧♦❝♦s sã♦ ♦r❣❛♥✐③❛❞♦s ♥♦ ❞✐s❝♦ ❞❡

♠♦❞♦ ❛ t✐r❛r ♣r♦✈❡✐t♦ ❞♦ ♣❛❞rã♦ ❞❡ ❛❝❡ss♦ ❞❛s ❛♣❧✐❝❛çõ❡s✳ ❆ ✜♠ ❞❡ r❡❞✉③✐r ♦ t❡♠♣♦

❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞♦ ❜❧♦❝♦ ♣❛r❛ ❡ ❞♦ ❞✐s❝♦✱ ❛ ❚✐❧❡❞▼❛tr✐① ✉t✐❧✐③❛ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡

❝♦♠♣r❡ssã♦✴❞❡s❝♦♠♣r❡ssã♦ ❞❡ ❞❛❞♦s q✉❡ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ❡♠ ♣❛r❛❧❡❧♦ ♣❛r❛ ♠❡❧❤♦✲

r❛r ❛✐♥❞❛ ♠❛✐s ❛ ❡✜❝✐ê♥❝✐❛ ❞❛ ❜✐❜❧✐♦t❡❝❛✳ ❆ss✐♠✱ ❛ ❚✐❧❡❞▼❛tr✐① ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞❛ ❡

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

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

❛❝✉♠✉❧❛❞♦ ❡ ✜❧tr♦ ❞❛ ♠❡❞✐❛♥❛✳ ❊st❛s ❛♣❧✐❝❛çõ❡s ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞❛s ❡♠ ❞✉❛s ✈❡r✲

sõ❡s✿ ✉♠❛ ✉s❛♥❞♦ ❛ ❚✐❧❡❞▼❛tr✐① ❡ ♦✉tr❛ ✉s❛♥❞♦ ❛ ❙❡❣♠❡♥t✱ ✉♠❛ ❜✐❜❧✐♦t❡❝❛ q✉❡ ❡stá

✐♥❝❧✉í❞❛ ♥♦ ●❘❆❙❙✱ ✉♠ s✐st❡♠❛ ❞❡ ✐♥❢♦r♠❛çã♦ ❣❡♦❣rá✜❝❛ ♦♣❡♥ s♦✉r❝❡✳ ❊♠ ♠é❞✐❛✱

❡❧❛s ❢♦r❛♠ ✼ ✈❡③❡s ♠❛✐s rá♣✐❞❛s ❝♦♠ ❛ ❚✐❧❡❞▼❛tr✐① ❡✱ ❡♠ ❛❧❣✉♥s ❝❛s♦s✱ ❢♦r❛♠ ❡♠

t♦r♥♦ ❞❡ ✶✽ ✈❡③❡s ♠❛✐s rá♣✐❞❛s✳ ❆ ❚✐❧❡❞▼❛tr✐① t❛♠❜é♠ ❢♦✐ ❛✈❛❧✐❛❞❛ ❝♦♠ ♦ ❆r❝●■❙

❡ ❝♦♥s✐❞❡r♦✉✲s❡ ❞✉❛s ❛♣❧✐❝❛çõ❡s q✉❡ ❡stã♦ ✐♥❝❧✉í❞❛s ♥♦ ❆r❝●■❙✿ ❝❛❧❝✉❧❛r ❛ ár❡❛ ❞❡

✈✐s✐❜✐❧✐❞❛❞❡ ❡ ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦✳ ❈♦♠♦ ♦s t❡st❡s ♠♦str❛r❛♠✱ ❡♠ ❛❧❣✉♥s ❝❛s♦s✱ ❛s

❛♣❧✐❝❛çõ❡s ❢♦r❛♠ ♠❛✐s ❞♦ q✉❡ ✷✵✵ ✈❡③❡s ♠❛✐s rá♣✐❞❛s ❛♦ ✉t✐❧✐③❛r❡♠ ❛ ❚✐❧❡❞▼❛tr✐①✳
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❆❜str❛❝t

❙■▲❱❊■❘❆✱ ❏❛q✉❡❧✐♥❡ ❆❧✈❛r❡♥❣❛✱ ▼✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ❏✉♥❡ ♦❢
✷✵✶✹✳ ❆ ❧✐❜r❛r② t♦ s✉♣♣♦rt t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ ❛♣♣❧✐❝❛t✐♦♥s t❤❛t ♣r♦❝❡ss
❤✉❣❡ ♠❛tr✐❝❡s ✐♥ ❡①t❡r♥❛❧ ♠❡♠♦r②✳ ❆❞✈✐s❡r✿ ▼❛r❝✉s ❱✐♥í❝✐✉s ❆❧✈✐♠ ❆♥❞r❛❞❡✳

❚❤✐s ✇♦r❦ ♣r❡s❡♥ts ❛ ♥❡✇ ❧✐❜r❛r②✱ ♥❛♠❡❞ ❚✐❧❡❞▼❛tr✐①✱ t♦ s✉♣♣♦rt t❤❡ ❞❡✈❡❧♦♣♠❡♥t

♦❢ ❛♣♣❧✐❝❛t✐♦♥s t❤❛t ♣r♦❝❡ss ❧❛r❣❡ ♠❛tr✐❝❡s st♦r❡❞ ✐♥ ❡①t❡r♥❛❧ ♠❡♠♦r②✳ ❚❤❡ ❧✐❜r❛r②

✐s ❜❛s❡❞ ♦♥ s♦♠❡ str❛t❡❣✐❡s s✐♠✐❧❛r t♦ ❝❛❝❤❡ ♠❡♠♦r② ♠❛♥❛❣❡♠❡♥t ❛♥❞ ✐ts ❜❛s✐❝

♣✉r♣♦s❡ ✐s t♦ ❛❧❧♦✇ t❤❛t ❛♥ ❛♣♣❧✐❝❛t✐♦♥✱ ❞❡s✐❣♥❡❞ ❢♦r ✐♥t❡r♥❛❧ ♠❡♠♦r② ♣r♦❝❡ss✐♥❣✱

❝❛♥ ❜❡ ❛❞❛♣t❡❞ ❢♦r ❡①t❡r♥❛❧ ♠❡♠♦r②✳ ■t ♣r♦✈✐❞❡s ❛♥ ✐♥t❡r❢❛❝❡ ❢♦r ❡①t❡r♥❛❧ ♠❡♠♦r②

❛❝❝❡ss t❤❛t ✐s s✐♠✐❧❛r t♦ t❤❡ tr❛❞✐t✐♦♥❛❧ ♠❡t❤♦❞ t♦ ❛❝❝❡ss ❛ ♠❛tr✐①✳ ▼♦r❡♦✈❡r✱ ✐t

❞✐✈✐❞❡s t❤❡ ♠❛tr✐① ✐♥t♦ t✇♦✲❞✐♠❡♥s✐♦♥❛❧ ❜❧♦❝❦s✱ ✇❤❡r❡ t❤❡ ❜❧♦❝❦s ❛r❡ ♦r❣❛♥✐③❡❞ ✐♥

t❤❡ ❞✐s❦ t♦ t❛❦❡ ❛❞✈❛♥t❛❣❡ ♦❢ ❛❝❝❡ss ♣❛tt❡r♥ ♦❢ ❛♣♣❧✐❝❛t✐♦♥s✳ ■♥ ♦r❞❡r t♦ r❡❞✉❝❡

t❤❡ tr❛♥s❢❡r t✐♠❡ ♦❢ ❛ ❜❧♦❝❦ t♦ ❛♥❞ ❢r♦♠ t❤❡ ❞✐s❦✱ ❚✐❧❡❞▼❛tr✐① ✉s❡s ❛♥ ❛❧❣♦r✐t❤♠

❢♦r ❝♦♠♣r❡ss✐♦♥✴❞❡❝♦♠♣r❡ss✐♦♥ ♦❢ ❞❛t❛ t❤❛t ✇❛s ✐♠♣❧❡♠❡♥t❡❞ ✐♥ ♣❛r❛❧❧❡❧ t♦ ❢✉rt❤❡r

✐♠♣r♦✈❡ t❤❡ ❡✣❝✐❡♥❝② ♦❢ t❤❡ ❧✐❜r❛r②✳ ❚❤❡ ❚✐❧❡❞▼❛tr✐① ✇❛s ✐♠♣❧❡♠❡♥t❡❞ ❛♥❞ t❡st❡❞

✐♥ s♦♠❡ ❛♣♣❧✐❝❛t✐♦♥s t❤❛t r❡q✉✐r❡ ✐♥t❡♥s✐✈❡ ♠❛tr✐① ♣r♦❝❡ss✐♥❣ s✉❝❤ ❛s✿ ❝♦♠♣✉t✐♥❣ t❤❡

tr❛♥s♣♦s❡❞ ♠❛tr✐① ❛♥❞ t❤❡ ❝♦♠♣✉t❛t✐♦♥ ♦❢ ✈✐❡✇s❤❡❞✱ ✢♦✇ ❛❝❝✉♠✉❧❛t✐♦♥ ❛♥❞ ♠❡❞✐❛♥✳

❚❤❡s❡ ❛♣♣❧✐❝❛t✐♦♥s ✇❡r❡ ✐♠♣❧❡♠❡♥t❡❞ ✐♥ t✇♦ ✈❡rs✐♦♥s✿ ♦♥❡ ✉s✐♥❣ ❚✐❧❡❞▼❛tr✐① ❛♥❞

❛♥♦t❤❡r ♦♥❡ ✉s✐♥❣ t❤❡ ❙❡❣♠❡♥t ❧✐❜r❛r② t❤❛t ✐s ✐♥❝❧✉❞❡❞ ✐♥ ●❘❆❙❙✱ ❛♥ ♦♣❡♥ s♦✉r❝❡

●■❙✳ ■♥ ❛✈❡r❛❣❡✱ t❤❡② ✇❡r❡ ✼ t✐♠❡s ❢❛st❡r ✇✐t❤ ❚✐❧❡❞▼❛tr✐① ❛♥❞✱ ✐♥ s♦♠❡ ❝❛s❡s✱ ♠♦r❡

t❤❛♥ ✶✽ t✐♠❡s ❢❛st❡r✳ ❚❤❡ ❚✐❧❡❞▼❛tr✐① ♣❡r❢♦r♠❛♥❝❡ ✇❛s ❛❧s♦ ❝♦♠♣❛r❡❞ ✇✐t❤ t❤❡

❆r❝●■❙✳ ❋♦r t❤❡s❡ t❡sts✱ ✐t ✇❛s ❝♦♥s✐❞❡r❡❞ ♦♥❧② t✇♦ ❛♣♣❧✐❝❛t✐♦♥s t❤❛t ❛r❡ ✐♥❝❧✉❞❡❞

✐♥ ❆r❝●■❙✿ t❤❡ ✈✐❡✇s❤❡❞ ❛♥❞ t❤❡ ✢♦✇ ❛❝❝✉♠✉❧❛t✐♦♥✳ ❆s t❡sts ❤❛✈❡ s❤♦✇♥✱ ✐♥ s♦♠❡

❝❛s❡s✱ t❤❡ ❛♣♣❧✐❝❛t✐♦♥s ✇❡r❡ ♠♦r❡ t❤❛♥ ✷✵✵ t✐♠❡s ❢❛st❡r ✉s✐♥❣ t❤❡ ❚✐❧❡❞▼❛tr✐①✳

①✐



❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

◆❛ ❡r❛ ❞♦s ❣r❛♥❞❡s ✈♦❧✉♠❡s ❞❡ ❞❛❞♦s✱ é ♠✉✐t♦ ✐♠♣♦rt❛♥t❡ q✉❡ ❛♣❧✐❝❛çõ❡s s❡❥❛♠

❞❡s❡♥✈♦❧✈✐❞❛s ♣❛r❛ ♣r♦❝❡ss❛r ❞❛❞♦s q✉❡ ❡①❝❡❞❡♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧✳

◆❛ ♣rát✐❝❛ ❡st❛ t❛r❡❢❛ ♥ã♦ é ♠✉✐t♦ ❢á❝✐❧✱ ✈✐st♦ q✉❡✱ ❛rq✉✐t❡t✉r❛s ❝♦♥s✐st❡♠ ❞❡ t✐♣♦s

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

♠♦❞♦s ❞❡ ❛❝❡ss♦ ❞✐st✐♥t♦s✳ ✭❱❡r ❋✐❣✉r❛ ✶✳✶✮✳

❋✐❣✉r❛ ✶✳✶✳ ❍✐❡r❛rq✉✐❛ ❞❡ ▼❡♠ór✐❛✳ ❋♦♥t❡✿ ❬✷✸❪

❆ ♠❡♠ór✐❛ ♠❛✐s ♣ró①✐♠❛ ❞❛ ❝❡♥tr❛❧ ♣r♦❝❡ss✐♥❣ ✉♥✐t ❈P❯ é ❛ ♠❡♠ór✐❛ ❝❛❝❤❡

q✉❡ ❝♦♥s♦♠❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✉♠ ❛ ❞♦✐s ❝✐❝❧♦s ❞❡ ❝❧♦❝❦ ♣❛r❛ s❡r ❛❝❡ss❛❞❛✳ ❖

t❛♠❛♥❤♦ ❞❛ ♠❡♠ór✐❛ ❝❛❝❤❡ ♣♦❞❡ ✈❛r✐❛r ❡♥tr❡ ♣♦✉❝♦s ❑✐❧♦❜②t❡s ❡ ❞✐✈❡rs♦s ▼❡❣❛❜②t❡s✳

❆ ♠❡♠ór✐❛ ❝❛❝❤❡ ❛r♠❛③❡♥❛ ❝ó♣✐❛s ❞❡ ✐t❡♥s ❝♦♥t✐❞♦s ♥❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ❡ ❛ss✐♠✱

♣❡r♠✐t❡ ❛ ❈P❯ ❛❝❡ss❛r ❞❛❞♦s ♦✉ ✐♥str✉çõ❡s ❞♦ ♣r♦❣r❛♠❛ ❞❡ ♠❛♥❡✐r❛ ♠✉✐t♦ ♠❛✐s

rá♣✐❞❛✳ ❖ t❡♠♣♦ ❞❡ ❛❝❡ss♦ à ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ é ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✺✵ ❛ ✶✺✵

♥❛♥♦s❡❣✉♥❞♦s ❡ ❡❧❛ ♣♦❞❡ ❛❧❝❛♥ç❛r ❛❧❣✉♥s ❣✐❣❛❜②t❡s✳ ❆ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ é ♦ ❧♦❝❛❧

❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❝❡♥tr❛❧ ♣❛r❛ ❝ó❞✐❣♦s ❡ ❞❛❞♦s ❞❡ ♣r♦❣r❛♠❛s✳ ❆ ♠❛✐♦r ❡ ♠❛✐s ❧❡♥t❛

♠❡♠ór✐❛ é ❛ s❡❝✉♥❞ár✐❛ ✭♠❡♠ór✐❛ ❡①t❡r♥❛✮ ❡ ♦ t❡♠♣♦ ❞❡ ❛❝❡ss♦ ❛ ❡❧❛ é ♠❡♥s✉r❛❞♦

✶



✶✳ ■♥tr♦❞✉çã♦ ✷

❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✷ ❛ ✻✵ ♠✐❧✐ss❡❣✉♥❞♦s✳ ◆♦s ú❧t✐♠♦s ❛♥♦s✱ ❛s ♣❡sq✉✐s❛s t❡♠

❢♦❝❛❞♦ ♥❛ ♦t✐♠✐③❛çã♦ s♦❜r❡ ♦s ♣r♦❝❡ss❛❞♦r❡s ❡ t❡♠ ✐❣♥♦r❛❞♦ ♦s ❡❢❡✐t♦s ❞♦ s✉❜s✐st❡♠❛

❞❡ ♠❡♠ór✐❛✳ ❉❡st❡ ♠♦❞♦✱ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss❛❞♦r t❡♠ ❛✉♠❡♥t❛❞♦ ❞❡ ✸✵✪ ❛

✺✵✪ ♣♦r ❛♥♦ ❡♥q✉❛♥t♦ q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ s✉❜s✐st❡♠❛ ❞❡ ♠❡♠ór✐❛ t❡♠ ❝r❡s❝✐❞♦

❛♣❡♥❛s ❞❡ ✼✪ ❛ ✶✵✪ ♣♦r ❛♥♦ ❬✶✵❪✳

❖ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ♠❛tr✐③❡s é ✉♠ r❡q✉✐s✐t♦ ❝❡♥tr❛❧ ♣❛r❛ ♠✉✐t❛s ❛♣❧✐❝❛çõ❡s

❝♦♠♦ ❛♥á❧✐s❡ ❞❡ ✐♠❛❣❡♥s✱ ❛♣❧✐❝❛çõ❡s ❞❡ ❛♥✐♠❛çã♦ ❣rá✜❝❛✱ ♠♦❞❡❧❛❣❡♠ ♥✉♠ér✐❝❛

❞❡ t❡rr❡♥♦✱ ❡t❝✳ ❊♠ ♠✉✐t♦s ❝❛s♦s✱ ❛ ♠❛tr✐③ é ♠✉✐t♦ ❣r❛♥❞❡ ❡ ♥ã♦ ♣♦❞❡ s❡r ❛r✲

♠❛③❡♥❛❞❛✴♣r♦❝❡ss❛❞❛ ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛ ❡①✐❣✐♥❞♦ ✉♠ ♣r♦❝❡ss❛♠❡♥t♦ ❡①t❡r♥♦✳ P♦r

❡①❡♠♣❧♦✱ ❡♠ ♠♦❞❡❧❛❣❡♠ ❞❡ t❡rr❡♥♦✱ ♦s r❡❝❡♥t❡s ❛✈❛♥ç♦s t❡❝♥♦❧ó❣✐❝♦s ♥❛ ❝♦❧❡t❛ ❞❡

❞❛❞♦s t❛✐s ❝♦♠♦ ▲✐❣❤t ❉❡t❡❝t✐♦♥ ❛♥❞ ❘❛♥❣✐♥❣ ✭▲■❉❆❘✮ ❡ ■♥t❡r❢❡r♦♠❡tr✐❝ ❙②♥t❤❡t✐❝

❆♣❡rt✉r❡ ❘❛❞❛r ✭■❋❙❆❘✮ t❡♠ ♣r♦❞✉③✐❞♦ ✉♠ ❣r❛♥❞❡ ✈♦❧✉♠❡ ❞❡ ❞❛❞♦s ❡ ♠✉✐t♦s ❝♦♠✲

♣✉t❛❞♦r❡s ♥ã♦ ♣♦❞❡♠ ❛r♠❛③❡♥❛r ♦✉ ♣r♦❝❡ssá✲❧♦s ✐♥t❡r♥❛♠❡♥t❡✳

◆❡st❡ ❝♦♥t❡①t♦✱ ❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛ ❞♦s ❝♦♠♣✉t❛❞♦r❡s ♣♦❞❡ ♠❛♥t❡r ❛♣❡♥❛s

✉♠ ❢r❛çã♦ ❞❡ ❣r❛♥❞❡s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s✳ ❉✉r❛♥t❡ ♦ ♣r♦❝❡ss❛♠❡♥t♦✱ ❛s ❛♣❧✐❝❛çõ❡s

♣r❡❝✐s❛♠ ❛❝❡ss❛r ❛ ♠❡♠ór✐❛ ❡①t❡r♥❛ ♣♦r ❞✐✈❡rs❛s ✈❡③❡s✳ ❚❛✐s ❛❝❡ss♦s ♣♦❞❡♠ s❡r ❡♠

t♦r♥♦ ❞❡ 106 ✈❡③❡s ♠❛✐s ❧❡♥t♦ ❞♦ q✉❡ ✉♠ ❛❝❡ss♦ ❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧✳ P♦rt❛♥t♦✱

❛s ♦♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ sã♦ ✉♠ ❣❛r❣❛❧♦ ♥❛ ❝♦♠♣✉t❛çã♦✱ s❡ ❛s ❛♣❧✐❝❛çõ❡s

r❡❛❧✐③❛♠ ❣r❛♥❞❡s q✉❛♥t✐❞❛❞❡s ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✱ ♦✉ ❛ ❛♣❧✐❝❛çã♦ ♥ã♦ é

❞❡s❡♥✈♦❧✈✐❞❛ ♣❛r❛ tr❛❜❛❧❤❛r ❞❡ ♠❛♥❡✐r❛ ❡✜❝✐❡♥t❡ ♥❛ ♠❡♠ór✐❛ s❡❝✉♥❞ár✐❛✳ ❆❧❣✉♠❛s

❛♣❧✐❝❛çõ❡s ❝♦♥✜❛♠ ♥♦ s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧ ♣❛r❛ ♠✐♥✐♠✐③❛r ♦ ❣❛r❣❛❧♦ ❞❡ ♦♣❡r❛çõ❡s

❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✳

❙✐st❡♠❛s ♦♣❡r❛❝✐♦♥❛✐s ✐♠♣❧❡♠❡♥t❛♠ ♦ ♠❡❝❛♥✐s♠♦ ❞❡ ♠❡♠ór✐❛ ✈✐rt✉❛❧ q✉❡ ❡s✲

t❡♥❞❡ ♦ ❡s♣❛ç♦ ❞❡ tr❛❜❛❧❤♦ ♣❛r❛ ❛♣❧✐❝❛çõ❡s✱ ♠❛♣❡❛♥❞♦ ✉♠ ❛rq✉✐✈♦ ❛r♠❛③❡♥❛❞♦ ♥❛

♠❡♠ór✐❛ ❡①t❡r♥❛ ♣❛r❛ ❡♥❞❡r❡ç♦s ♥❛ ♠❡♠ór✐❛ ✈✐rt✉❛❧✳ ❊st❛ ✐❞❡✐❛ s✉♣♦rt❛ ♦ ♠♦❞❡❧♦

❞❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ❬✸✼❪✳ ❈♦♠ ❛ ♠❡♠ór✐❛ ✈✐rt✉❛❧ ❛ ❛♣❧✐❝❛çã♦ ♥ã♦ ♣r❡❝✐s❛ s❡ ♣r❡✲

♦❝✉♣❛r ♦♥❞❡ s❡✉s ❞❛❞♦s ❡stã♦ ❧♦❝❛❧✐③❛❞♦s ✭♥❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ♦✉ ♥❛ ♠❡♠ór✐❛

❡①t❡r♥❛✮✳ ❊st❛ ❛❜str❛çã♦ ♥ã♦ t❡♠ ❣r❛♥❞❡s ♣❡♥❛❧✐❞❛❞❡s ♣❛r❛ ♣❛❞rõ❡s ❞❡ ❛❝❡ss♦ s❡✲

q✉❡♥❝✐❛❧ s✐♠♣❧❡s✱ ♦✉ s❡❥❛✱ ♦ s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧ é ❝❛♣❛③ ❞❡ ♣r❡❞✐③❡r t❛✐s ♣❛❞rõ❡s

❡ ❝❛rr❡❣❛r ♦s ❞❛❞♦s ❡♠ s❡❣✉✐❞❛✳ ◆♦ ❡♥t❛♥t♦✱ ♣❛r❛ ♣❛❞rõ❡s ♠❛✐s ❝♦♠♣❧❡①♦s ❡st❛

s♦❧✉çã♦ ♥ã♦ é ♠✉✐t♦ ✉s✉❛❧ ❡ ❛té ♥ã♦ ✐♥❞✐❝❛❞❛✱ ♣♦rq✉❡ ♦ ❛rq✉✐✈♦ ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛

é ♣❛rt✐❝✐♦♥❛❞♦ ❡♠ ❜❧♦❝♦s ❡ ♣♦rt❛♥t♦ ♠✉✐t❛s ♦♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❛❧❡❛tór✐❛s

sã♦ ♥❡❝❡ssár✐❛s ❞✉r❛♥t❡ ❛ ❡①❡❝✉çã♦ ❞❡ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❛♣❧✐❝❛çã♦✳

P❛r❛ ❡✈✐t❛r ❡st❛ ❞❡s✈❛♥t❛❣❡♠✱ ✈ár✐♦s ♣❡sq✉✐s❛❞♦r❡s ♣❛ss❛r❛♠ ❛ ❞❡s❡♥✈♦❧✈❡r

❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❡ ❛❧❣♦r✐t♠♦s q✉❡ ❡①♣❧✐❝✐t❛♠❡♥t❡ ❢❛③❡♠ ❛ ❝♦♠✉♥✐❝❛çã♦ ❞❡ ♦♣❡r❛✲

çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✳ ❊st❡s sã♦ ❝❤❛♠❛❞♦s ❞❡ ❛❧❣♦r✐t♠♦s ❡①t❡r♥♦s ♦✉ ❛❧❣♦r✐t♠♦s

❞❡ ♠❡♠ór✐❛ ❡①t❡r♥❛ q✉❡ ❝♦♥s✐❞❡r❛♠ ❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛ ❝♦♠ t❛♠❛♥❤♦ ❧✐♠✐t❛❞♦ ❡ ✉♠
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♥ú♠❡r♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ ♠❡♠ór✐❛ s❡❝✉♥❞ár✐❛✳ ◆♦ ♠♦❞❡❧♦ ❞❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✱

♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦ é ♠❡♥s✉r❛❞♦ ❛♦ ❝♦♥t❛r ✭✐✮ ♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡

❈P❯ ✭✉s❛♥❞♦ ♦ ♠♦❞❡❧♦ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧✮✱ ✭✐✐✮ ♦ ♥ú♠❡r♦ ❞❡ ❛❝❡ss♦s à ♠❡♠ór✐❛

s❡❝✉♥❞ár✐❛ ❡ ✭✐✐✐✮ ♦ ❡s♣❛ç♦ ❞❡ tr❛❜❛❧❤♦ ♦❝✉♣❛❞♦ ♥❛ ♠❡♠ór✐❛ s❡❝✉♥❞ár✐❛✳

◆❡st❡ ❝♦♥t❡①t♦✱ ❞✐✈❡rs❛s ❜✐❜❧✐♦t❡❝❛s ♣❛r❛ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❞❛❞♦s ♥❛ ♠❡♠ór✐❛

❡①t❡r♥❛✱ t❛✐s ❝♦♠♦ ❚P■❊ ✭❚r❛♥s♣❛r❡♥t P❛r❛❧❧❡❧ ■✴❖ ❊♥✈✐r♦♥♠❡♥t✮ ❬✸❪✱ ▲❊❉❆✲❙▼

❬✶✶❪✱ ❙❡❣♠❡♥t ❬✷✵❪ ❡ ❙❚❳❳▲ ❬✶✸❪✱ tê♠ s✐❞♦ ❞❡s❡♥✈♦❧✈✐❞❛s ♣❛r❛ t❡♥t❛r r❡❞✉③✐r ♦

♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❛❝❡ss♦ ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✱ ❡ ❛ss✐♠✱ ❛t✉❛♠ ❝♦♠♦ ✉♠❛ ❝❛❝❤❡

❡♥tr❡ ❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ❡ ♦ ❞✐s❝♦✳ ❆s ❜✐❜❧✐♦t❡❝❛s ❙❚❳❳▲ ❡ ▲❊❉❆✲❙▼ ❢♦r♥❡❝❡♠

❡str✉t✉r❛s ❞❡ ❞❛❞♦s t❛✐s ❝♦♠♦ ✈❡t♦r❡s✱ ✜❧❛s✱ ár✈♦r❡s ❡ ❢✉♥çõ❡s ❜ás✐❝❛s ❝♦♠♦ ❜✉s❝❛ ❡

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

♣❛r❛ ❛r♠❛③❡♥❛r ❣r❛♥❞❡s ♠❛tr✐③❡s ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✳

❊♠❜♦r❛ ❡ss❛s ❜✐❜❧✐♦t❡❝❛s ❛✉①✐❧✐❡♠ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛♣❧✐❝❛çõ❡s ❡♥✈♦❧✈❡♥❞♦

♦ ♣r♦❝❡ss❛♠❡♥t♦ ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✱ ❡❧❛s sã♦ ❜❛st❛♥t❡ ❣❡♥ér✐❝❛s ❡ tê♠ ❝♦♠♦ ♣r✐♥❝✐✲

♣❛❧ ♦❜❥❡t✐✈♦ ❢♦r♥❡❝❡r ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❝♦♠♦ ✈❡t♦r❡s✱ ✜❧❛s✱ ár✈♦r❡s✱ ❡t❝ ❡ ❢✉♥çõ❡s

❜ás✐❝❛s ❝♦♠♦ ❜✉s❝❛ ❡ ♦r❞❡♥❛çã♦✳ ❖✉ s❡❥❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♥♦ss♦s ❝♦♥❤❡❝✐♠❡♥t♦s✱

♥ã♦ ❡①✐st❡ ❜✐❜❧✐♦t❡❝❛ ♣r♦❥❡t❛❞❛✴❞❡s❡♥✈♦❧✈✐❞❛ ❝♦♠ ♦ ♣r♦♣ós✐t♦ ❡s♣❡❝í✜❝♦ ❞❡ ❛✉①✐❧✐❛r

♦ ♣r♦❝❡ss❛♠❡♥t♦ ♣r♦♣r✐❛♠❡♥t❡ ❞✐t♦ ❞❡ ❣r❛♥❞❡s ♠❛tr✐③❡s ❛r♠❛③❡♥❛❞❛s ♥❛ ♠❡♠ór✐❛

❡①t❡r♥❛✳

✶✳✵✳✶ ❖❜❥❡t✐✈♦s

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

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

❡①t❡r♥❛✳ ❊st❛ ❜✐❜❧✐♦t❡❝❛ é ❜❛s❡❛❞❛ ❡♠ ❛❧❣✉♠❛s ❡str❛té❣✐❛s s✐♠✐❧❛r❡s ❛♦ ❣❡r❡♥❝✐❛✲

♠❡♥t♦ ❞❡ ♠❡♠ór✐❛ ❝❛❝❤❡ ❡ s❡✉ ♣r♦♣ós✐t♦ ❜ás✐❝♦ é ♣❡r♠✐t✐r q✉❡ ✉♠❛ ❛♣❧✐❝❛çã♦✱ ♦r✐❣✐✲

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

❞❡s❡♥✈♦❧✈✐❞❛ ♣❛r❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✳

P❛r❛ ❛❧❝❛♥ç❛r ♦ ♦❜❥❡t✐✈♦ ❣❡r❛❧✱ tê♠✲s❡ ❛❧❣✉♥s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s ❛ s❡r❡♠

❛t✐♥❣✐❞♦s✱ ❝♦♠♦✿

✶✳ ❯s♦ ❞❡ ❛❧❣✉♠❛s ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❡s♣❡❝✐❛✐s ♣❛r❛ ❣❡r❡♥❝✐❛r ❛❝❡ss♦s ❛♦ ❞✐s❝♦

❡✱ ❛ss✐♠✱ r❡❞✉③✐r ♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✳

✷✳ ❯s❛r ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❝♦♠♣r❡ssã♦ ❞❡ ❞❛❞♦s ✭❡ ❛❞❛♣tá✲❧♦ ♣❛r❛ q✉❡ ❡❧❡ ✉t✐❧✐③❡

♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛❧❡❧♦✮ ♣❛r❛ r❡❞✉③✐r ♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛

❞✉r❛♥t❡ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞❛❞♦s ♣❛r❛ ❡ ❞♦ ❞✐s❝♦✳
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✸✳ ❆❞❛♣t❛r ❛s ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛s ♣❡❧♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ♣❡r♠✐t✐r q✉❡

❛ ❜✐❜❧✐♦t❡❝❛ ♣r♦♣♦st❛ ♥❡st❡ tr❛❜❛❧❤♦ ❡ ❜✐❜❧✐♦t❡❝❛s ❞❡ ♣r♦♣ós✐t♦ s❡♠❡❧❤❛♥t❡

❣❡r❡♥❝✐❡♠ ♦s ❛❝❡ss♦s ❛♦ ❞✐s❝♦ ♣❛r❛ ❛s ❛♣❧✐❝❛çõ❡s✱ ❛ ✜♠ ❞❡ ❞✐♠✐♥✉✐r ❛ ❧❛tê♥❝✐❛

❞♦s ❛❝❡ss♦s ❢❡✐t♦s ♣❡❧❛s ❛♣❧✐❝❛çõ❡s✳

✹✳ ❈♦♠♣r♦✈❛r ❛ ❡✜❝✐ê♥❝✐❛ ❞❛ ❜✐❜❧✐♦t❡❝❛✱ ❝♦♠♣❛r❛♥❞♦ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦

❣❛st♦ ♥❛ ❡①❡❝✉çã♦ ❞❡ ❛❧❣✉♠❛s ❛♣❧✐❝❛çõ❡s q✉❡ ❛ ✉t✐❧✐③❛rã♦ ❝♦♠ ♦ t❡♠♣♦ ❣❛st♦ ♥❛

❡①❡❝✉çã♦ ❞❡ t❛✐s ❛♣❧✐❝❛çõ❡s ✉t✐❧✐③❛♥❞♦ ♦✉tr❛ ❜✐❜❧✐♦t❡❝❛ ❞❡ ♣r♦♣ós✐t♦ s❡♠❡❧❤❛♥t❡

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

✶✳✵✳✷ ❖r❣❛♥✐③❛çã♦ ❞❛ ❞✐ss❡rt❛çã♦

◆♦ ❈❛♣ít✉❧♦ ✷ sã♦ ❞❡s❝r✐t♦s ♦s ♣r✐♥❝✐♣❛✐s ❝♦♥❝❡✐t♦s ✉t✐❧✐③❛❞♦s ♥❡ss❡ tr❛❜❛❧❤♦ q✉❡

s❡r✈✐r❛♠ ❞❡ ❜❛s❡ ♣❛r❛ ♦ ♣r♦❥❡t♦✳ ◆❛ s❡çã♦ ✷✳✶✱ ❛♣r❡s❡♥t❛♠♦s ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s

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

✈✐s❡♠ r❡❞✉③✐r ♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✳ ◆❛ s❡çã♦ ✷✳✷ ❞❡s❝r❡✈❡♠♦s

♦s ♥í✈❡✐s✱ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❛ ♠❡♠ór✐❛ ❝❛❝❤❡

♥♦s ❝♦♠♣✉t❛❞♦r❡s ❛t✉❛✐s✳ ◆❛ s❡çã♦ ✷✳✸ ❞❡s❝r❡✈❡♠♦s ♦ ♣r✐♥❝í♣✐♦ ❞❛ ❧♦❝❛❧✐❞❛❞❡ ❞❡

r❡❢❡rê♥❝✐❛ ❞❡✜♥✐♥❞♦ ♦s ❝♦♥❝❡✐t♦s ❞❡ ❧♦❝❛❧✐❞❛❞❡ t❡♠♣♦r❛❧ ❡ ❡s♣❛❝✐❛❧✳ ◆❛ s❡çã♦ ✷✳✹

❞❡s❝r❡✈❡♠♦s ❛❧❣✉♠❛s ♣♦❧ít✐❝❛s ❞❡ s✉❜st✐✉✐çã♦ ❞❡ ❜❧♦❝♦s ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛✳ ◆❛

s❡çã♦ ✷✳✺ ❞❡s❝r❡✈❡♠♦s ❛s ♣♦❧ít✐❝❛s ❞❡ ❡s❝r✐t❛ ♥♦ ❞✐s❝♦✳ ◆❛ s❡çã♦ ✷✳✻ ❛♣r❡s❡♥t❛♠♦s

♠❡t♦❞♦s ❞❡ ❛❝❡ss♦ ❛♦ ❞✐s❝♦✳ ◆❛ s❡çã♦ ✷✳✼ ❛♣r❡s❡♥t❛♠♦s ♦ ♠♦❞❡❧♦ ❞❡ r❡♣r❡s❡♥t❛çã♦

❞❡ t❡rr❡♥♦ ✉t✐❧✐③❛❞♦ ♥❡st❡ ♣r♦❥❡t♦✳ ◆❛ s❡çã♦ ✷✳✽ ❛♣r❡s❡♥t❛♠♦s ❛s ❜✐❜❧✐♦t❡❝❛s ❝r✐❛❞❛s

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

♠❡♠ór✐❛ ❡①t❡r♥❛✳

❆ ♣r✐♥❝✐♣❛❧ ❢✉♥çã♦ ❞♦ ❈❛♣ít✉❧♦ ✸ é ❞❡s❝r❡✈❡r ❛ ❜✐❜❧✐♦t❡❝❛ ❞❡s❡♥✈♦❧✈✐❞❛ ♥❡st❡

♣r♦❥❡t♦✳ ❆ s❡çã♦ ✸✳✶ ❞❡s❝r❡✈❡ ❛ ♠❛♥❡✐r❛ ❝♦♠♦ é ❢❡✐t♦ ♦ ♣❛rt✐❝✐♦♥❛♠❡♥t♦ ❞❛ ♠❛tr✐③

❞❡ ❡♥tr❛❞❛ ❡♠ ❜❧♦❝♦s ♣❡❧❛ ❜✐❜❧✐♦t❡❝❛✳ ❆ s❡çã♦ ✸✳✷ ❛♣r❡s❡♥t❛ ❛ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s

✐♠♣❧❡♠❡♥t❛❞❛ ♥❛ ❜✐❜❧✐♦t❡❝❛✳ ◆❛ s❡çã♦ ✸✳✸ ❛♣r❡s❡♥t❛♠♦s ❛ ❜✐❜❧✐♦t❡❝❛ ❙❡❣❡♠❡♥t q✉❡

s❡rá ✉s❛❞❛ ♥❛ s✉❜s❡çã♦ ✹✳✻✳✷ ♣❛r❛ ❛✈❛❧✐❛r ❛ ❜✐❜❧✐♦t❡❝❛ ❝r✐❛❞❛ ♥❡st❡ ♣r♦❥❡t♦✳

❖ ❈❛♣ít✉❧♦ ✹ ♠♦str❛ ❛ ❛♥á❧✐s❡ ❞❡ ❡✜❝✐ê♥❝✐❛ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❛♣r❡s❡♥t❛♥❞♦ ♦s

r❡s✉❧t❛❞♦s ❞❛s ❝♦♠♣❛r❛çõ❡s r❡❛❧✐③❛❞❛s ♣❛r❛ ❛t❡st❛r s❡✉ ❞❡s❡♠♣❡♥❤♦✳ ◆❛s s❡çõ❡s ✹✳✶✱

✹✳✷✱ ✹✳✸ ❡ ✹✳✹ ❞❡s❝r❡✈❡♠♦s ❛s ❛♣❧✐❝❛çõ❡s q✉❡ s❡rã♦ ✉t✐❧✐③❛❞❛s ♥❛s ♣ró①✐♠❛s s❡çõ❡s ♣❛r❛

❛ ❛✈❛❧✐❛çã♦ ❞❡ ❡✜❝✐ê♥❝✐❛ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❞❡st❡ ♣r♦❥❡t♦✳ ◆❛ s❡çã♦ ✹✳✺ ❛♣r❡s❡♥t❛♠♦s

❛s ❢♦♥t❡s ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛s ♥♦s t❡st❡s r❡❛❧✐③❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳ ◆❛ s❡çã♦ ✹✳✻

♣r✐♠❡✐r❛♠❡♥t❡✱ ❥✉st✐✜❝❛♠♦s ❛ ❡s❝♦❧❤❛ ❞♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ ♣❛r❛ ❛s ❛♣❧✐❝❛çõ❡s✳ ❊♠

s❡❣✉✐❞❛✱ ♠♦str❛♠♦s ❛ ❡✜❝✐ê♥❝✐❛ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❞❡st❡ ♣r♦❥❡t♦✳



❈❛♣ít✉❧♦ ✷

❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛

✷✳✶ ❆❧❣♦r✐t♠♦s ♣❛r❛ ♠❡♠ór✐❛ ❡①t❡r♥❛

❖ ❞✐s❝♦ rí❣✐❞♦ é ✉♠ ❞✐s♣♦s✐t✐✈♦ ♠❛❣♥ét✐❝♦ ♦✉ ó♣t✐❝♦ ✉t✐❧✐③❛❞♦ ❝♦♠♦ s✐st❡♠❛ ❞❡ ❛r✲

♠❛③❡♥❛♠❡♥t♦ s❡❝✉♥❞ár✐♦✱ q✉❡ ❝♦♥s✐st❡ ❡♠ ❞✐✈❡rs♦s ♣r❛t♦s q✉❡ ❣✐r❛♠ ❡♠ t♦r♥♦ ❞❡

✉♠ ❡✐①♦✳ ❆ s✉♣❡r❢í❝✐❡ ❞❡ ❝❛❞❛ ♣r❛t♦ é ♦r❣❛♥✐③❛❞❛ ❝♦♠♦ ❝♦♦r❞❡♥❛❞❛s ❡ ♦s ❞❛❞♦s sã♦

❛r♠❛③❡♥❛❞♦s ❡♠ tr✐❧❤❛s ❝♦♥❝ê♥tr✐❝❛s ♥❛s s✉♣❡r❢í❝✐❡s ❞❡ ❝❛❞❛ ♣r❛t♦✳ ❈❛❞❛ tr✐❧❤❛ é

❞✐✈✐❞✐❞❛ ❡♠ ✉♥✐❞❛❞❡s ❞❡ t❛♠❛♥❤♦ ✜①♦ ✭❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✺✶✷ ❜②t❡s✮ ❞❡♥♦♠✐♥❛❞❛s

s❡t♦r❡s❬✶✸❪ ❡ ❝❛❞❛ tr✐❧❤❛ ♣♦ss✉✐ ✉♠ ♥ú♠❡r♦ ❞✐❢❡r❡♥t❡s ❞❡ s❡t♦r❡s ♣♦r s❡r❡♠ ❝♦♥❝❡♥✲

tr✐❝❛s✳

❖s s❡t♦r❡s sã♦ ❛s ♠❡♥♦r❡s ✉♥✐❞❛❞❡s ✐♥❞✐✈✐❞✉❛✐s ❡♥❞❡r❡çá✈❡✐s ❞♦ ♠❡❝❛♥✐s♠♦

❞♦ ❞✐s❝♦✳ ❖♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ s❡♠♣r❡ tr❛♥s❢❡r❡♠ ❞❛❞♦s ❡♠ ♠ú❧t✐♣❧♦s ❞♦

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

❛ ✉♠❛ ♣♦s✐çã♦ ❡s♣❡❝í✜❝❛ ♣♦r ♠❡✐♦ ❞❡ t♦❞♦s ♦s ♣r❛t♦s✳ ❯♠❛ ✉♥✐❞❛❞❡ ❞❡ ❞✐s❝♦ r❡✲

♣r❡s❡♥t❛t✐✈❛ ❝♦♥té♠ ❛❝✐♠❛ ❞❡ ✷✵ ♣r❛t♦s ❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷✵✵✵ ❛ ✸✵✵✵ tr✐❧❤❛s ♣♦r

♣♦❧❡❣❛❞❛ ❡ ♦ ♥ú♠❡r♦ ❞❡ s❡t♦r❡s ♣♦r tr✐❧❤❛ ♥ã♦ é ✜①♦❬✶✵❪✳ ◆❛ ❋✐❣✉r❛ ✷✳✶ ♣♦❞❡✲s❡

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

◆❡st❡ ❝♦♥t❡①t♦✱ ❛ ✐♥❢♦r♠❛çã♦ é ❛r♠❛③❡♥❛❞❛ ❛♣❧✐❝❛♥❞♦✲s❡ ✉♠ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦

❛ ♣❛rt✐r ❞❡ ✉♠❛ ❝❛❜❡ç❛ ❞❡ ❧❡✐t✉r❛✴❡s❝r✐t❛ ♣♦s✐❝✐♦♥❛❞❛ ♠✉✐t♦ ♣❡rt♦ ❞❛ s✉♣❡r❢í❝✐❡ ❞❡

✉♠ ❞✐s❝♦ ♠❛♥❣♥ét✐❝♦✱ ❝✉❥❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ r♦t❛çã♦ ✈❛r✐❛ ❞❡ ✹✳✷✵✵ ❛ ✶✺✳✵✵✵ r♦t❛çõ❡s

♣♦r ♠✐♥✉t♦ ✭❘P▼✮❬✶✷❪✳ ❈❛❞❛ s✉♣❡r❢í❝✐❡ ❞♦ ♣r❛t♦ t❡♠ ✉♠❛ ❝❛❜❡ç❛ ❞♦ ❞✐s❝♦ ❛ss♦❝✐❛❞❛

r❡s♣♦♥sá✈❡❧ ♣♦r ❡s❝r❡✈❡r ♦✉ ❧❡r ❛s ✈❛r✐❛çõ❡s ❞♦ ✢✉①♦ ♠❛❣♥ét✐❝♦ s♦❜r❡ ❛ s✉♣❡r❢í❝✐❡ ❞♦s

♣r❛t♦s ❬✶✵❪✳ ❆ ✜♠ ❞❡ ❧❡r ♦✉ ❣r❛✈❛r ✉♠❛ ♣♦s✐çã♦ ❞❡t❡r♠✐♥❛❞❛ ♥♦ ❞✐s❝♦✱ ♦ ❝♦♥tr♦❧❛❞♦r

❞❡ ❞✐s❝♦ ♠♦✈❡ ❤♦r✐③♦♥t❛❧♠❡♥t❡ ♦ ❜r❛ç♦ ❞❡ ❧❡✐t✉r❛✴❡s❝r✐t❛ ❞❡ t❛❧ ♠♦❞♦ q✉❡ ❛ ❢❛✐①❛

❝♦♠ ♦s ❞❛❞♦s ❞❡s❡❥❛❞♦s ❡st❡❥❛ s♦❜ ❛ ❝❛❜❡ç❛✳ ❉❡♣♦✐s ❞✐ss♦✱ é ♥❡❝❡ssár✐♦ ❡s♣❡r❛r ❛té

q✉❡ ♦ s❡❣♠❡♥t♦ ✜q✉❡ s♦❜ ❛ ❝❛❜❡ç❛ ✭❧❛tê♥❝✐❛ r♦t❛❝✐♦♥❛❧✮✳ ❆ ♣❛rt✐r ❞❡st❡ ♠♦♠❡♥t♦ ❛

✺



✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✻

❋✐❣✉r❛ ✷✳✶✳ ❈♦♠♣♦♥❡♥t❡s ❞❡ ✉♠❛ ✉♥✐❞❛❞❡ ❞♦ ❞✐s❝♦✳ ❋♦♥t❡✿ ❬✸✻❪

❧❡✐t✉r❛ ♦✉ ❡s❝r✐t❛ é ♣♦ssí✈❡❧✳

❖ ♣r♦❝❡ss♦ ❞❡ ❧❡✐t✉r❛✴❡s❝r✐t❛ ❝♦♥s✐st❡ ❡♠ três ❡stá❣✐♦s✿

▲❛tê♥❝✐❛ ❘♦t❛❝✐♦♥❛❧✿ ❯♠❛ ✈❡③ q✉❡ ❛ ❝❛❜❡ç❛ ❡stá ♣♦s✐❝✐♦♥❛❞❛ ♥❛ tr✐❧❤❛

❞❡s❡❥❛❞❛✱ ❛ ❝❛❜❡ç❛ t❡♠ q✉❡ ❡s♣❡r❛r ❝❤❡❣❛r ❛té ♦ s❡t♦r ❞❡s❡❥❛❞♦✳ ❊st❡ t❡♠♣♦ é

❞❡♥♦♠✐♥❛❞♦ ▲❛tê♥❝✐❛ ❘♦t❛❝✐♦♥❛❧ ❡ é ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ à ✈❡❧♦❝✐❞❛❞❡

❛♥❣✉❧❛r ✭❡①♣r❡ss❛ ❡♠ r❡✈♦❧✉çõ❡s ♣♦r ♠✐♥✉t♦ ✭❘P▼✮✮ ❬✻❪✳ ❊♠ ♠é❞✐❛✱ ❛ ❧❛tê♥❝✐❛

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

♠♦str❛ ❉❡♥❣ ❬✶✹❪✳ ❖ t❡♠♣♦ ❣❛st♦ ♥❡st❛ ♦♣❡r❛çã♦ é ✺✱✼ ♠s ♣❛r❛ ✉♠ ❞✐s❝♦ ❝♦♠

✺✹✵✵ r♣♠s ❡ ✹✱✷ ♠s ♣❛r❛ ✉♠ ❞✐s❝♦ ❝♦♠ ✼✷✵✵ r♣♠s✳

❙❡❡❦ ❚✐♠❡ ✭❚❡♠♣♦ ❞❡ ❜✉s❝❛✮✿ ❚❡♠♣♦ ❣❛st♦ ♣❛r❛ ♣♦s✐❝✐♦♥❛r ❛ ❝❛❜❡ç❛ ❞❡

❧❡✐t✉r❛✴❡s❝r✐t❛ s♦❜r❡ ✉♠❛ tr✐❧❤❛ ❡s♣❡❝í✜❝❛✳ ❙❡❡❦ t✐♠❡ é ❧✐♠✐t❛❞♦ ♣❡❧❛ ♥❛t✉r❡③❛

♠❡❝â♥✐❝❛ ❞❛ t❡❝♥♦❧♦❣✐❛ ❞♦s ❞✐s❝♦s rí❣✐❞♦s✳ ❯♠❛ ♦♣❡r❛çã♦ ❞❡ s❡❡❦ é ❝♦♠♣♦st❛

❞❡ ✉♠ s♣❡❡❞✉♣✱ ♦♥❞❡ ♦ ❜r❛ç♦ é ❛❝❡❧❡r❛❞♦✱ ✉♠❛ ❝♦❛st ✭♣❛r❛ ❧♦♥❣❛s s❡❡❦✮✱ ♦♥❞❡

♦ ❜r❛ç♦ ♠♦✈❡ ❝♦♠ ✉♠❛ ✈❡❧♦❝✐❞❛❞❡ ♠á①✐♠❛✱ s❧♦✇❞♦✇♥✱ ♦♥❞❡ ❛ ❝❛❜❡ç❛ é ♣♦s✐✲

❝✐♦♥❛❞❛ ♣ró①✐♠❛ à ✉♠❛ tr✐❧❤❛ ❞❡s❡❥❛❞❛ ❡ ✉♠❛ s❡tt❧❡ ♦♥❞❡ ♦ ❝♦♥tr♦❧❛❞♦r ❞❡

❞✐s❝♦ ❛❥✉st❛ ❛ ❝❛❜❡ç❛ ❬✶✶❪✳ ❖ t❡♠♣♦ ❣❛st♦ ♥❡st❡ ♠♦✈✐♠❡♥t♦ é ❡♥tr❡ ✽ ❛ ✶✷

♠✐❧✐ss❡❣✉♥❞♦s ❡ é ♥ã♦ ❧✐♥❡❛r ❛♦ ❧♦♥❣♦ ❞♦ r❛✐♦✳

❚❛①❛ ❞❡ tr❛♥s❢❡rê♥❝✐❛✿ ▼❡❞❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s q✉❡ ♦ ❞✐s❝♦ ♣♦❞❡

tr❛♥s❢❡r✐r ♣❛r❛ ❛ ♠❡♠ór✐❛ ❡♠ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦✳ ❆ t❛①❛ ❞❡ tr❛♥s❢❡rê♥❝✐❛

❞❡ ❞❛❞♦s ❣❡r❛❧♠❡♥t❡ é ❡①♣r❡ss❛ ❡♠ ▼❡❣❛❜②t❡s ♣♦r s❡❣✉♥❞♦✳

❚❡♠♣♦ ❞❡ tr❛♥s✐çã♦ ❞❡ ❝❛❜❡ç❛✿ ❖ ❜r❛ç♦ ♠♦✈❡ t♦❞❛s ❛s ❝❛❜❡ç❛s ❞❡ ♠❛♥❡✐r❛

sí♥❝r♦♥❛✳ ◆♦ ❡♥t❛♥t♦✱ ❛♣❡♥❛s ✉♠❛ ❝❛❜❡ç❛ ❡stá ❛t✐✈❛ ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦



✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✼

♠♦♠❡♥t♦✳ ❖ t❡♠♣♦ ♥❡❝❡ssár✐♦ ♣❛r❛ tr❛♥s✐t❛r ❡♥tr❡ ❞✉❛s ❝❛❜❡ç❛s ❞✐st✐♥t❛s é

♠❡♥s✉r❛❞♦ ❡♠ ♠s✳

❚❡♠♣♦ ❞❡ tr❛♥s✐çã♦ ❞❡ tr✐❧❤❛✴❝✐❧✐♥❞r♦✿ ❯♠❛ tr❛♥s✐çã♦ ❞❡ tr✐❧❤❛✴❝✐❧✐♥❞r♦

r❡q✉❡r ♠♦✈❡r ♦ ❜r❛ç♦ ❞♦ ❝♦♥tr♦❧❛❞♦r ❞♦ ❞✐s❝♦ ♣❛r❛ ❛ ♣ró①✐♠❛ tr✐❧❤❛✳ ◆❡st❡

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

❝❛❜❡ç❛ ♣❛r❛ ♦ ♣ró①✐♠♦ ❝✐❧✐♥❞r♦✴tr✐❧❤❛ q✉❛♥❞♦ ❧ê ♦✉ ❡s❝r❡✈❡ ❞❛❞♦s✳ ❊st❡ t❡♠♣♦

é ♠❡♥s✉r❛❞♦ ❡♠ ♠s✳

❚❡♠♣♦ ❞❡ ❛❝❡ss♦ ❛♦s ❞❛❞♦s✿ ▼❡♥s✉r❛✲s❡ ♦ t❡♠♣♦ ❣❛st♦ ♣❛r❛ ❧❡r✴❡s❝r❡✈❡r

❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ s❡t♦r✳ P♦rt❛♥t♦✱ ♦ t❡♠♣♦ ❞❡ ❛❝❡ss♦ ❛♦s ❞❛❞♦s é ❛ s♦♠❛

❞❡ t❡♠♣♦ ❞❡ ❜✉s❝❛✱ t❡♠♣♦ ❞❡ tr❛♥s✐çã♦ ❞❡ ❝❛❜❡ç❛ ❡ ❧❛tê♥❝✐❛ r♦t❛❝✐♦♥❛❧✳

◆♦t❡✲s❡✱ q✉❡ ❞❡♣♦✐s ❞❡ s❡ ❡♥❝♦♥tr❛r ❛ ♣♦s✐çã♦ r❡q✉❡r✐❞❛ s♦❜r❡ ♦ ❞✐s❝♦✱ ♦s ❞❛❞♦s

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

❞❛ ✐♥t❡r❢❛❝❡ ❞❡ ❝♦♥❡①ã♦ ❞❛ ❈P❯ ❝♦♠ ♦ ❞✐s❝♦ rí❣✐❞♦✳ P❛r❛ ❛♠♦rt✐③❛r ❛ ❧❛tê♥❝✐❛✱ ♦s

❞❛❞♦s sã♦ ❧✐❞♦s ♦✉ ❡s❝r✐t♦s ❡♠ ❜❧♦❝♦s✳

❙❡♥❞♦ ❛ss✐♠ é ♣♦ssí✈❡❧ ❝❛❧❝✉❧❛r ♦ t❡♠♣♦ t♦t❛❧ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ✉♠ ❜❧♦❝♦

❝♦♠♦ s❡♥❞♦ ❛ s♦♠❛ ❞♦s t❡♠♣♦s ❞❡ ❧❛tê♥❝✐❛✱ ❞❡ ❜✉s❝❛ ❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛✳ ❈♦♠♦

s❡ ♣♦❞❡ ♣❡r❝❡❜❡r✱ ♦ t❡♠♣♦ ❞❡ ❜✉s❝❛ é ♦ ❡stá❣✐♦ ♠❛✐s ❞❡♠♦r❛❞♦ ❞♦ ♣r♦❝❡ss♦ ❞❡

❧❡✐t✉r❛✴❡s❝r✐t❛ ♥♦ ❞✐s❝♦✳ ❆ ✜♠ ❞❡ ❡✈✐❞❡♥❝✐❛r ♦ ✐♠♣❛❝t♦ q✉❡ ❛s ♦♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛

❡ s❛í❞❛ tê♠ ♥♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ✜♥❛❧ ❞❡ ✉♠❛ ❛♣❧✐❝❛çã♦✱ ❝♦♥s✐❞❡r❡ ❞♦✐s ❛❧❣♦r✐t♠♦s

❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✷✳✷ ✭❛✮ ❡ ✭❜✮✱ ❝♦♥s✐st✐♥❞♦ ❡♠ ✐♠♣r✐♠✐r ✉♠❛ ♠❛tr✐③ W ❝♦♠

♥ × ♥ ❝é❧✉❧❛s ❛r♠❛③❡♥❛❞❛s ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✳

✭❛✮ ✭❜✮

❋✐❣✉r❛ ✷✳✷✳ ❖ ❛❧❣♦r✐t♠♦ ❡♠ ✭❛✮ ✐♠♣r✐♠❡ ✉♠❛ ♠❛tr✐③ ♣♦r ❧✐♥❤❛s ❡ ♦ ❛❧❣♦r✐t♠♦
❡♠ ✭❜✮ ✐♠♣r✐♠❡ ✉♠❛ ♠❛tr✐③ ♣♦r ❝♦❧✉♥❛s✳

❆ ♣r✐♥❝✐♣❛❧ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ❞♦✐s ❛❧❣♦r✐t♠♦s ❡stá ♥♦ ♠♦❞♦ ❞❡ ❛❝❡ss♦ à ♠❛tr✐③✳

❖ ❛❧❣♦r✐t♠♦ ❡♠ ✭❛✮ ❛❝❡ss❛ ❛ ♠❛tr✐③ ❧✐♥❤❛ ♣♦r ❧✐♥❤❛✱ ❥á ♦ ❛❧❣♦r✐t♠♦ ❡♠ ✭❜✮ ❝♦❧✉♥❛ ♣♦r



✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✽

❋✐❣✉r❛ ✷✳✸✳ ▼♦❞♦ ❞❡ ❛❝❡ss♦ ❛ ♠❛tr✐③ ❢❡✐t♦ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ♠♦str❛❞♦ ♥❛
❋✐❣✉r❛ ✷✳✷ ❞❡ ✭❛✮ ❛té ✭✐✮✱ s❡♥❞♦ q✉❡ ❛ ♠❛tr✐③ é ❞✐✈✐❞✐❞❛ ❡♠ ❜❧♦❝♦s ❞❡ ✺ ❝é❧✉❧❛s✳
❋♦♥t❡✿ ❬✹❪

❝♦❧✉♥❛✳ ❈♦♠ ❜❛s❡ ❡♠ ✐♥str✉çõ❡s ❞❡ ❈P❯✱ ♦s ❞♦✐s ❛❧❣♦r✐t♠♦s sã♦ θ✭n2✮✳ ◆♦ ❡♥t❛♥t♦✱

❛♦ ❝♦♥s✐❞❡r❛r ♦♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✱ ❝❛s♦ ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ B ❢♦ss❡ ♠❡♥♦r

❞♦ q✉❡ ♦ t❛♠❛♥❤♦ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ W ♦ ❛❧❣♦r✐t♠♦ ❡♠ ✭❛✮ ❡①❡❝✉t❛r✐❛ θ✭n2/B✮

♦♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❡ ♦ ❛❧❣♦r✐t♠♦ ❡♠ ✭❜✮ ❡①❡❝✉t❛r✐❛ θ✭n2✮ ♦♣❡r❛çõ❡s ❞❡

❡♥tr❛❞❛ ❡ s❛í❞❛✳ ■ss♦ ♣♦rq✉❡ ♦ ❛❧❣♦r✐t♠♦ ❡♠ ✭❛✮✱ ❛♦ ❝❛rr❡❣❛r ✉♠❛ ❝é❧✉❧❛✱ ❝❛rr❡❣❛

t❛♠❜é♠ ❛s ♣ró①✐♠❛s ❝é❧✉❧❛s ❛ s❡r❡♠ ♣r♦❝❡ss❛❞❛s ♣❡❧❛ ❛♣❧✐❝❛çã♦✱ ✐st♦ é✱ ✉♠ ❜❧♦❝♦

❞❡ ❝é❧✉❧❛s é ❝❛rr❡❣❛❞♦ ❡ ❛s ❝é❧✉❧❛s ❞♦ ❜❧♦❝♦ s❡rã♦ ❛s ♣ró①✐♠❛s ❛ s❡r❡♠ ♣r♦❝❡ss❛❞❛s

✭✐♠♣r❡ss❛s✮✱ ❝♦♠♦ ♠♦str❛ ❛ ❋✐❣✉r❛ ✷✳✸✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦ ❛❧❣♦r✐t♠♦ ❡♠ ✭❜✮ ❝❛rr❡❣❛

✉♠ ❜❧♦❝♦ ♣❛r❛ ❝❛❞❛ ❝é❧✉❧❛ q✉❡ s❡rá ♣r♦❝❡ss❛❞❛✱ s❡♥❞♦ ♥❡❝❡ssár✐♦ ❝❛rr❡❣❛r ♦ ♠❡s♠♦

❜❧♦❝♦ ✈ár✐❛s ✈❡③❡s ♥❛ ♠❡♠ór✐❛✱ ❝♦♠♦ ♠♦str❛ ❛ ❋✐❣✉r❛ ✷✳✹✳



✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✾

❋✐❣✉r❛ ✷✳✹✳ ▼♦❞♦ ❞❡ ❛❝❡ss♦ ❛ ♠❛tr✐③ ❢❡✐t♦ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ♠♦str❛❞♦ ♥❛s
❋✐❣✉r❛ ✷✳✷ ❞❡ ✭❛✮ ❛té ✭✐✮✱ s❡♥❞♦ q✉❡ ❛ ♠❛tr✐③ é ❞✐✈✐❞✐❞❛ ❡♠ ❜❧♦❝♦s ❞❡ ✺ ❝é❧✉❧❛s✳
❋♦♥t❡✿ ❬✹❪

P❛r❛ s❡ t❡r ✉♠❛ ✐❞❡✐❛ ❞❛ ❞✐❢❡r❡♥ç❛ ♥❡st❡ ♣r♦❝❡ss♦✱ s✉♣♦♥❤❛ ✉♠❛ ♠áq✉✐♥❛ ❡♠

q✉❡ ❛ ♠❡♠ór✐❛ ❝❛❝❤❡ ♣♦❞❡ ❛r♠❛③❡♥❛r ✶✵ ♠✐❧ ❝é❧✉❧❛s ❡ q✉❡ ♦ t❡♠♣♦ ♣❛r❛ ❧❡r ✉♠ ❜❧♦❝♦

é ❞❡ ✶✵ ♠✐❧✐ss❡❣✉♥❞♦s ✭✾ ❞❡ ❧❛tê♥❝✐❛ ❡ ✶ ♣❛r❛ ❧❡r✮✳ ❆ss✐♠✱ ♦ t❡♠♣♦ ♣❛r❛ ✐♠♣r✐♠✐r

✉♠❛ ♠❛tr✐③ ❝♦♠ 500002 ❝é❧✉❧❛s ♣♦r ♠❡✐♦ ❞♦ ❛❧❣♦r✐t♠♦ ❡♠ ✭❛✮ é ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡

✹ ♠✐♥✉t♦s ❡✱ ♣♦r ♠❡✐♦ ❞♦ ❛❧❣♦r✐t♠♦ ❡♠ ✭❜✮ é ❞❡ ❝❡r❝❛ ❞❡ ✶✵ ♠❡s❡s✳ ❙❡♥❞♦ ❛ss✐♠✱ ✜❝❛

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

♦♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✳



✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✵

✷✳✶✳✶ ❖ ♠♦❞❡❧♦ ❞❛ ♠❡♠ór✐❛ s❡❝✉♥❞ár✐❛

❆❣❣❛r✇❛❧ ❡ ❱✐tt❡r ❬✶❪ ❢♦r❛♠ ♦s ♣r✐♠❡✐r♦s ♣❡sq✉✐s❛❞♦r❡s ❛ ✐♥tr♦❞✉③✐r❡♠ ✉♠ ♠♦❞❡❧♦

❞❛ ♠❡♠ór✐❛ s❡❝✉♥❞ár✐❛✳ ❊♠ s❡✉ ♠♦❞❡❧♦✱ ✉♠❛ ♠áq✉✐♥❛ ❝♦♥s✐st❡ ❞❡ ✉♠❛ ❈P❯ ❡

✉♠❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛ rá♣✐❞❛ ❞❡ t❛♠❛♥❤♦ M ✳ ❆ ♠❡♠ór✐❛ s❡❝✉♥❞ár✐❛ é ♠♦❞❡❧❛❞❛

♣♦r ✉♠ ❞✐s❝♦ t❡♥❞♦ P ≥ 1 ❝❛❜❡ç❛s ✐♥❞❡♣❡♥❞❡♥t❡s✳ ❯♠❛ ♦♣❡r❛çã♦ ❞❡ ❡♥tr❛❞❛ ❡

s❛í❞❛ ♠♦✈❡ B ✐t❡♥s ❞♦ ❞✐s❝♦ ♣❛r❛ ❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛ ♦✉ ✈✐❝❡ ✈❡rs❛✳ ❙❡ P > 1✱

P ∗B ✐t❡♥s ♣♦❞❡♠ s❡r ♠♦✈✐❞♦s ❞❡ ♣♦s✐çõ❡s ✐♥❞❡♣❡♥❞❡♥t❡s ❞♦ ❞✐s❝♦ ♣❛r❛ ❛ ♠❡♠ór✐❛

✐♥t❡r♥❛ ❡♠ ✉♠❛ ♦♣❡r❛çã♦ ❞❡ ❊✴❙✳ ❉♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ♣rát✐❝♦✱ P > 1 ♥ã♦ ❡①✐st❡ ❡♠

❞✐s❝♦ ♠♦❞❡r♥♦s✳ ❊♠❜♦r❛ ❝❛❞❛ ❞✐s❝♦ ♣♦ss✉❛ ❞✐✈❡rs❛s ❝❛❜❡ç❛s✱ ❡❧❛s ♥ã♦ ♣♦❞❡♠ s❡r

♠♦✈✐❞❛s ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ✉♠❛ ❞❛ ♦✉tr❛✳ ❖s ♣r✐♥❝✐♣❛✐s ♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s ♣♦r

❡st❡ ♠♦❞❡❧♦ sã♦✿

N ❂ ♥ú♠❡r♦ ❞❡ ❡❧❡♠❡♥t♦s ♥❛ ✐♥stâ♥❝✐❛ ❞♦ ♣r♦❜❧❡♠❛❀

M ❂ ♥ú♠❡r♦ ❞❡ ❡❧❡♠❡♥t♦s q✉❡ ♣♦❞❡♠ s❡r ❛r♠❛③❡♥❛❞♦s ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛❀

B ❂ ♥ú♠❡r♦ ❞❡ ❡❧❡♠❡♥t♦s ♣♦r ❜❧♦❝♦ ❞❡ ❞✐s❝♦❀

♦♥❞❡ M ❁ N ❡ ✶ ≤ B ≤ M
2
✳ ❯♠❛ ♦♣❡r❛çã♦ ❞❡ ❊✴❙ é ❞❡✜♥✐❞❛ ❝♦♠♦ ♦ ♣r♦❝❡ss♦ ❡♠

q✉❡ ✉♠ ❞✐s❝♦ ♣♦❞❡ tr❛♥s❢❡r✐r ✉♠ ❜❧♦❝♦ ❞❡ B ✐t❡♥s ❝♦♥tí❣✉♦s✳ ❆ ♣r✐♥❝✐♣❛❧ ♠❡❞✐❞❛

❞❡ ❞❡s❡♠♣❡♥❤♦ ♣❛r❛ ❛❧❣♦r✐t♠♦s ❡ ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ♥❡st❡ ♠♦❞❡❧♦ é ♦ ♥ú♠❡r♦ ❞❡

♦♣❡r❛çõ❡s ❞❡ ❊✴❙ r❡❛❧✐③❛❞❛s✱ q✉❡ ❣❡r❛❧♠❡♥t❡ é ❡①♣r❡ss♦ ❡♠ ❢✉♥çã♦ ❞♦s ❧✐♠✐t❡s ♣❛r❛

❛❧❣✉♠❛s ♦♣❡r❛çõ❡s ❢✉♥❞❛♠❡♥t❛✐s✱ t❛✐s ❝♦♠♦✿

✶✳ ❙❝❛♥♥✐♥❣ ♦✉ ✈❛rr❡❞✉r❛ ❞❡ N ✐t❡♥s ❝♦♥tí❣✉♦s ❞♦ ❞✐s❝♦✱ ❝✉❥❛ ❝♦♠♣❧❡①✐❞❛❞❡ é

Θ✭N
B
✮❀

✷✳ ❙♦rt✐♥❣ ♦✉ ♦r❞❡♥❛çã♦ ❞❡ N ✐t❡♥s ❝♦♥tí❣✉♦s ❞♦ ❞✐s❝♦✱ ❝✉❥❛ ❝♦♠♣❧❡①✐❞❛❞❡ é

Θ✭N
B
logM

B

N
B
✮❀

➱ ✐♠♣♦rt❛♥t❡ s❛❧✐❡♥t❛r q✉❡ ♥♦r♠❛❧♠❡♥t❡ scan(N) < sort(N) << N ❡✱ ❡♥tã♦✱

é s✐❣♥✐✜❝❛♥t❡♠❡♥t❡ ♠❡❧❤♦r t❡r ✉♠ ❛❧❣♦r✐t♠♦ q✉❡ r❡❛❧✐③❛ sort(N) ❡♠ ✈❡③ ❞❡ N ♦♣❡✲

r❛çõ❡s ❞❡ ❊✴❙✳ ❆ss✐♠✱ ♠✉✐t♦s ❛❧❣♦r✐t♠♦s t❡♥t❛♠ r❡♦r❣❛♥✐③❛r ♦s ❞❛❞♦s ♥❛ ♠❡♠ór✐❛

❡①t❡r♥❛ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❞✐♠✐♥✉✐r ♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❊✴❙ r❡❛❧✐③❛❞❛s✳

✷✳✷ ▼❡♠ór✐❛ ❝❛❝❤❡

❆ ♠❡♠ór✐❛ ❝❛❝❤❡ é ❛ ♠❡♠ór✐❛ ♠❛✐s ✧♣ró①✐♠❛✧✭✈❡❥❛ ❛ ❋✐❣✉r❛ ✶✳✶✮ ❞❛ ❈P❯ ❡ ♣♦❞❡ s❡r

❛❝❡ss❛❞❛✱ ❡♠ ❣❡r❛❧✱ ❡♠ ✉♠ ❛ ❞♦✐s ❝✐❝❧♦s ❞❡ ❝❧♦❝❦ ❞❡ ❈P❯✳ ❖ t❛♠❛♥❤♦ ❞❛ ♠❡♠ór✐❛
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❝❛❝❤❡ ♣♦❞❡ ✈❛r✐❛r ❡♥tr❡ ♣♦✉❝♦s ❦✐❧♦❜②t❡s ❡ ✈ár✐♦s ♠❡❣❛❜②t❡s s❡♥❞♦ q✉❡✱ ❛r♠❛③❡♥❛

❝ó♣✐❛s ❞❡ ❛❧❣✉♥s ❞❛❞♦s ❛r♠❛③❡♥❛❞♦s ♥❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧✳ ❆ ♠❡♠ór✐❛ ❝❛❝❤❡ é

❞✐✈✐❞✐❞❛ ❡♠ ❞♦✐s ❣r✉♣♦s✱ ❝❛❝❤❡s ❞❡ ♥í✈❡❧ ✶ ❡ ♥í✈❡❧ ✷✱ ❝♦♠✉♠❡♥t❡ ❝❤❛♠❛❞❛s ❞❡ ❝❛❝❤❡

▲✶ ❡ ▲✷✳ ❆ ❝❛❝❤❡ ▲✶ é ✉♠ t✐♣♦ ❞❡ ♠❡♠ór✐❛ q✉❡ é ✐♥❝♦r♣♦r❛❞❛ à ♠❡s♠❛ ❈P❯ ❡

é ♦ ♣r✐♠❡✐r♦ ❧♦❝❛❧ q✉❡ ❛ ❈P❯ t❡♥t❛ ❛❝❡ss❛r✳ ❆ ❝❛❝❤❡ ▲✷ é ♦✉tr❛ ♠❡♠ór✐❛ q✉❡✱ ❛♦

✐♥✈és ❞❡ ❛❧✐♠❡♥t❛r ❛ ❈P❯✱ ❛❧✐♠❡♥t❛ ❛ ❝❛❝❤❡ ▲✶ ❡✱ ❞❡st❛ ♠❛♥❡✐r❛✱ ❛ ❝❛❝❤❡ ▲✷ ♣♦❞❡

s❡r ❝♦♠♣r❡❡♥❞✐❞❛ ❝♦♠♦ ✉♠❛ ❝❛❝❤❡ ❞❛ ❝❛❝❤❡ ▲✶✳ ❆ ♣r✐♥❝✐♣❛❧ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s ❞✉❛s

♠❡♠ór✐❛s é ♦ t❛♠❛♥❤♦✱ s❡♥❞♦ q✉❡ ❛ ❝❛❝❤❡ ▲✶ é ♠❡♥♦r ❞♦ q✉❡ ❛ ❝❛❝❤❡ ▲✷ ❡ ♣♦rt❛♥t♦✱

♦ ❞❛❞♦ é ♠❛✐s ❢á❝✐❧ ❞❡ s❡r ❡♥❝♦♥tr❛❞♦ ♥❛ ❝❛❝❤❡ ▲✶ ❞♦ q✉❡ ♥❛ ❝❛❝❤❡ ▲✷✳

◆❡st❡ ❝♦♥t❡①t♦✱ ❛ ♠❡♠ór✐❛ ❝❛❝❤❡ é ❝♦♥✜❣✉r❛❞❛ ❞❡ ♠❛♥❡✐r❛ q✉❡ s❡ ♦ ❞❛❞♦ ❡stá

♣❛r❛ s❡r ❧✐❞♦ ❞❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧✱ ♣r✐♠❡✐r❛♠❡♥t❡ ✈❡r✐✜❝❛✲s❡ s❡ ♦ ❞❛❞♦ ❡stá ❝♦♥t✐❞♦

♥❛ ❝❛❝❤❡✳ ❙❡ ♦ ❞❛❞♦ ❡st✐✈❡r ♥❛ ❝❛❝❤❡✱ é r❡❝✉♣❡r❛❞♦ ❡ ✉s❛❞♦ ♣❡❧❛ ❈P❯✳ ❈♦♥t✉❞♦✱ s❡

♦ ❞❛❞♦ ♥ã♦ ❡stá ♥❛ ❝❛❝❤❡✱ ❡❧❡ é ❧✐❞♦ ❞❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ❡✱ ❡♥q✉❛♥t♦ ❡stá s❡♥❞♦

tr❛♥s❢❡r✐❞♦ ♣❛r❛ ❛ ❈P❯✱ é ❝❛rr❡❣❛❞♦ ♥❛ ❝❛❝❤❡✳ P♦rt❛♥t♦✱ ♦ ♦❜❥❡t✐✈♦ ❞❛ ♠❡♠ór✐❛

❝❛❝❤❡ é ❛t✉❛r ❝♦♠♦ ✉♠ ❜✉✛❡r ❡♥tr❡ ♦s r❡❣✐str❛❞♦r❡s ❝♦♥t✐❞♦s ♥❛ ❈P❯ ❡ ❛ ♠❡♠ór✐❛

♣r✐♥❝✐♣❛❧✳

❊♠ t❡r♠♦s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦✱ ❛ ♠❡♠ór✐❛ ❝❛❝❤❡ é ♠✉✐t♦ ♠❡♥♦r

❞♦ q✉❡ ❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ❡✱ ♣♦rt❛♥t♦✱ é ♥❡❝❡ssár✐♦ ❡st❛❜❡❧❡❝❡r ❝r✐tér✐♦s ♣❛r❛ ♦

❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ss❛ ♠❡♠ór✐❛✳ ◗✉❛♥❞♦ ❢♦r ♥❡❝❡ssár✐♦ ❝❛rr❡❣❛r ✉♠ ♥♦✈♦ ✐t❡♠ ❡

♥ã♦ ❤♦✉✈❡r ♠❛✐s ❡s♣❛ç♦ ♣❛r❛ ❝❛rr❡❣á✲❧♦✱ é ♥❡❝❡ssár✐♦ r❡♠♦✈❡r ❛❧❣✉♠ ✐t❡♠ q✉❡ ❡stá

❛r♠❛③❡♥❛❞♦✳ P❛r❛ r❡s♦❧✈❡r ❡st❛ q✉❡stã♦✱ ✉♠❛ ♣♦❧ít✐❝❛ ❞❡✈❡ s❡r ❞❡✜♥✐❞❛ ♣❛r❛ r❡♠♦✈❡r

♦ ✐t❡♠✳ ❈♦♠♦ s❡rá ❞❡s❝r✐t♦ ♥❛s ♣ró①✐♠❛s s❡çõ❡s✱ ❤á ❞✐❢❡r❡♥t❡s ♣♦❧ít✐❝❛s ♣❛r❛ r❡❛❧✐③❛r

❡ss❡ ❣❡r❡♥❝✐❛♠❡♥t♦✳

✷✳✷✳✶ ▼❡♠ór✐❛ ❝❛❝❤❡ ♥♦s ❞✐s❝♦s rí❣✐❞♦s

◆♦s ❞✐s❝♦s rí❣✐❞♦s ✭❤❛r❞ ❞r✐✈❡s ♦✉ ❍❉❄s✮ ❛t✉❛✐s ❡①✐st❡♠ ❛s ♠❡♠ór✐❛s ❝❛❝❤❡ q✉❡

❛✉①✐❧✐❛♠ ❛ ♠❡❧❤♦r✐❛ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ♠❡s♠♦s✳ ❉❡ss❛ ❢♦r♠❛✱ s✉♣♦♥❤❛ q✉❡ ❛

❧❡✐t✉r❛ ❞❡ ✉♠ ❛rq✉✐✈♦ s❡❥❛ r❡❛❧✐③❛❞❛ ❞❡ ♠❛♥❡✐r❛ s❡q✉❡♥❝✐❛❧✱ ❡♠ q✉❡ s❡rã♦ ❧✐❞♦s

✈ár✐♦s s❡t♦r❡s s❡q✉❡♥❝✐❛✐s✳ ◆❛ t❡♦r✐❛✱ ❛ ♠❛♥❡✐r❛ ♠❛✐s rá♣✐❞❛ ❞❡ ❧❡r ❡ss❡s ❞❛❞♦s é

❢❛③❡r ❝♦♠ q✉❡ ❛ ❝❛❜❡ç❛ ❞❡ ❧❡✐t✉r❛ ❧❡✐❛ ❞❡ ✉♠❛ ✈❡③ t♦❞♦s ♦s s❡t♦r❡s ❞❡ ✉♠❛ tr✐❧❤❛✱

♣❛ss❡ ♣❛r❛ ❛ ♣ró①✐♠❛ tr✐❧❤❛ s❡❣✉✐♥t❡✱ ❧❡✐❛ t♦❞♦s ♦s s❡✉s s❡t♦r❡s✱ ❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡✳

■ss♦ ♣❡r♠✐t✐r✐❛ ♦❜t❡r ♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♣♦ssí✈❡❧✳ ❊♥tr❡t❛♥t♦✱ ♥❛ ♣rát✐❝❛ ♥ã♦ é

❛ss✐♠ q✉❡ ❢✉♥❝✐♦♥❛✳ ❖ s✐st❡♠❛ ♣❡❞❡ ♦ ♣r✐♠❡✐r♦ s❡t♦r ❞♦ ❛rq✉✐✈♦ ❡ s♦♠❡♥t❡ s♦❧✐❝✐t❛ ♦

♣ró①✐♠♦ ❛♣ós r❡❝❡❜ê✲❧♦ ❡ ❝❡rt✐✜❝❛r✲s❡ ❞❡ q✉❡ ♥ã♦ ❡①✐st❡♠ ❡rr♦s✳ ❈❛s♦ ♥ã♦ ❤♦✉✈❡ss❡

❝❛❝❤❡✱ ❛ ❝❛❜❡ç❛ ❞❡ ❧❡✐t✉r❛ ❞♦ ❍❉ ❛❝❛❜❛r✐❛ t❡♥❞♦ q✉❡ ♣❛ss❛r ✈ár✐❛s ✈❡③❡s s♦❜r❡ ❛

♠❡s♠❛ tr✐❧❤❛✱ ❧❡♥❞♦ ✉♠ s❡t♦r ❛ ❝❛❞❛ ♣❛ss❛❣❡♠✱ ❥á q✉❡ ♥ã♦ ❞❛r✐❛ t❡♠♣♦ ❞❡ ❧❡r ♦s
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s❡t♦r❡s s❡q✉❡♥❝✐❛❧♠❡♥t❡ ❞❡♣♦✐s ❞♦ t❡♠♣♦ tr❛♥s❝♦rr✐❞♦ ❛♥t❡s ❞❡ ❝❛❞❛ ♥♦✈♦ ♣❡❞✐❞♦

❬✶✵❪✳

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

♣❛ss❛❣❡♠✱ ❛ ❝❛❜❡ç❛ ❞❡ ❧❡✐t✉r❛ ❧ê t♦❞♦s ♦s s❡t♦r❡s ♣ró①✐♠♦s✱ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❡

t❡r❡♠ s✐❞♦ s♦❧✐❝✐t❛❞♦s ♦✉ ♥ã♦✳ ❆♣ós ❢❛③❡r ❛ ✈❡r✐✜❝❛çã♦ ❞❡ r♦t✐♥❛✱ ♦ s✐st❡♠❛ s♦❧✐❝✐t❛rá

♦ ♣ró①✐♠♦ s❡t♦r q✉❡✱ ♣♦r ❥á ❡stá ❝❛rr❡❣❛❞♦ ♥❛ ❝❛❝❤❡✱ s❡rá r❡❝✉♣❡r❛❞♦ ♠✉✐t♦ ♠❛✐s

r❛♣✐❞❛♠❡♥t❡✳ ❉❡st❛ ❢♦r♠❛✱ ❛ ❝❛❝❤❡ ❞❡ ❧❡✐t✉r❛ t❡♥t❛ t✐r❛r ✈❛♥t❛❣❡♠ ❞♦ ❢❛t♦ ❞❡ q✉❡

♠✉✐t♦s ❛❝❡ss♦s sã♦ s❡q✉❡♥❝✐❛✐s ❡✱ ♣♦rt❛♥t♦✱ ♦s ❞❛❞♦s ❝♦♥t✐❣✉❛♠❡♥t❡ ♣ró①✐♠♦s ♠✉✐t♦

♣r♦✈❛✈❡❧♠❡♥t❡ s❡rã♦ r❡q✉✐s✐t❛❞♦s ❛ s❡❣✉✐r✳ ■st♦ ♣❡r♠✐t❡ q✉❡ ♦ t❡♠♣♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛

❞❡ ❞❛❞♦s s❡❥❛ ❡♠ t♦r♥♦ ❞❡ ♠✐❝r♦s❡❣✉♥❞♦s✱ ❥á q✉❡ ♦s ❞❛❞♦s r❡q✉✐s✐t❛❞♦s r❡s✐❞❡♠ ♥❛

❝❛❝❤❡✳

✷✳✸ Pr✐♥❝í♣✐♦ ❞❛ ❧♦❝❛❧✐❞❛❞❡ ❞❡ r❡❢❡rê♥❝✐❛

❆ ❧♦❝❛❧✐❞❛❞❡ ❞❡ r❡❢❡rê♥❝✐❛ é ❛ t❡♥❞ê♥❝✐❛ ❞❡ ♦ ♣r♦❝❡ss❛❞♦r ❛♦ ❧♦♥❣♦ ❞❡ ✉♠❛ ❡①❡❝✉✲

çã♦ r❡❢❡r❡♥❝✐❛r ✐♥str✉çõ❡s ❡ ❞❛❞♦s ❞❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ❧♦❝❛❧✐③❛❞♦s ❡♠ ❡♥❞❡r❡ç♦s

♣ró①✐♠♦s✳ ▼✉✐t❛s ❛♣❧✐❝❛çõ❡s ❞❡ ❝♦♠♣✉t❛❞♦r sã♦ r❡❣✐❞❛s ♣♦r ❛❝❡ss♦s ❛ ❞❛❞♦s q✉❡

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

❛❝❡ss❛❞♦s✳ ❊①✐st❡♠ ❞♦✐s t✐♣♦s ❞✐❢❡r❡♥t❡s ❞❡ ❧♦❝❛❧✐❞❛❞❡✿ t❡♠♣♦r❛❧ ❡ ❡s♣❛❝✐❛❧ ❬✶✾✱ ✸✵❪✳

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

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

q✉❡ s❡ ✉♠ ✐t❡♠ é r❡❢❡r❡♥❝✐❛❞♦✱ ♦✉tr♦s ✐t❡♥s✱ ❝✉❥♦s ❡♥❞❡r❡ç♦s ❡st❡❥❛♠ ♣ró①✐♠♦s ❛ ❡❧❡

t❡♥❞❡♠ ❛ s❡r ❛❝❡ss❛❞♦s ❡♠ ❜r❡✈❡✳

❆ss✐♠✱ q✉❛♥❞♦ ♦s ❝♦♥❝❡✐t♦s ❞❡ ❧♦❝❛❧✐❞❛❞❡ sã♦ ❛♣❧✐❝❛❞♦s ♥❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧✱

❝♦♥s❡❣✉❡✲s❡ ♦❜t❡r ✉♠❛ ♠❡❧❤♦r✐❛ ♥❛ ❡✜❝✐ê♥❝✐❛ ❞❛ ♠❡♠ór✐❛✱ s❡♥❞♦ q✉❡ ❛s ❝é❧✉❧❛s

♣r❡s❡♥t❡s ♥❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ sã♦ ❝♦♥st❛♥t❡♠❡♥t❡ r❡❢❡r❡♥❝✐❛❞❛s ❬✷✹❪✳ ❈❛s♦ ♦s

❝♦♥❝❡✐t♦s ❞❡ ❧♦❝❛❧✐❞❛❞❡ ♥ã♦ s❡❥❛♠ ❛♣❧✐❝❛❞♦s✱ ❡①✐st❡ ✉♠❛ ❣r❛♥❞❡ ❝❤❛♥❝❡ ❞❡ ✉♠ ❜❧♦❝♦

q✉❡ ❡stá s❡♥❞♦ ♠✉✐t♦ r❡❢❡r❡♥❝✐❛❞♦✱ s❡r r❡♠♦✈✐❞♦ ❞❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧❀ ♠❛s ❡st❡

❜❧♦❝♦ ❞❡✈❡rá r❡t♦r♥❛r à ♠❡♠ór✐❛ ❡♠ ✉♠ ❝✉rt♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦✱ ❛✉♠❡♥t❛♥❞♦

❛ss✐♠ ♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❊✴❙ ❡ r❡❞✉③✐♥❞♦ ❛ ❡✜❝✐ê♥❝✐❛ ❞❛ ❛♣❧✐❝❛çã♦✳

❈♦♥t✉❞♦✱ ❛ ❧♦❝❛❧✐❞❛❞❡ ❡s♣❛❝✐❛❧ ♣❛r❛ ✉♠ ❞❛❞♦ t❛♠❛♥❤♦ ❞❡ ♠❡♠ór✐❛ ✈❛r✐❛ s✐❣✲

♥✐✜❝❛t✐✈❛♠❡♥t❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❝❛❞❛ ❛♣❧✐❝❛çã♦✳ ❆ ❧♦❝❛❧✐❞❛❞❡

❡s♣❛❝✐❛❧ ✈❛r✐❛ ♥ã♦ ❛♣❡♥❛s ♣♦r ♠❡✐♦ ❞❡ ❞✐❢❡r❡♥t❡s ❛♣❧✐❝❛çõ❡s ♠❛s t❛♠❜é♠ ❞❡♥tr♦ ❞❛s

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

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

♠❡♠ór✐❛ ❬✷✹❪✳ ❆❧é♠ ❞✐ss♦✱ ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞❛s ❛♣❧✐❝❛çõ❡s✱ ❛ ❧♦❝❛❧✐❞❛❞❡ ❡s♣❛❝✐❛❧ é



✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✸

♥ã♦✲✉♥✐❢♦r♠❡✳ ❊st❛ ✈❛r✐❛çã♦ é ❞✐❢í❝✐❧ ❞❡ ♣r❡❞✐③❡r ❡st❛t✐st✐❝❛♠❡♥t❡✱ s❡♥❞♦ q✉❡ ❡①♣❧♦✲

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

❞❡ ❡①❡❝✉çã♦✳

❱✐st♦ q✉❡ ♦s ❜❧♦❝♦s ♠❛✐s ❛❝❡ss❛❞♦s ❡stã♦ ♥❛ ❝❛❝❤❡ ▲✶ ❡ ♦s ♠❡♥♦s ❛❝❡ss❛❞♦s

❡stã♦ ♥❛ ❝❛❝❤❡ ▲✷ ❬✸✽❪✱ ❝❛s♦ ✉♠ ❜❧♦❝♦ s❡❥❛ r❡q✉✐s✐t❛❞♦ ❞❛ ❈P❯✱ ♣r✐♠❡✐r❛♠❡♥t❡ t❛❧

❜❧♦❝♦ é ❜✉s❝❛❞♦ ♥❛ ❝❛❝❤❡ ▲✶❀ s❡ ❛ ♣á❣✐♥❛ é ❡♥❝♦♥tr❛❞❛ ♥❛ ❝❛❝❤❡ ▲✶✱ ❛ ♣á❣✐♥❛ ❡♥tã♦

é tr❛♥s❢❡r✐❞❛ ❡♠ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ♣❛r❛ ❛ ❈P❯✳ ❙❡ ♦ ❜❧♦❝♦ ♥ã♦ ❡st✐✈❡r ♥❛ ❝❛❝❤❡ ▲✶✱

❡♥tã♦ ❛ ❝❛❝❤❡ ▲✷ é ❛❝❡ss❛❞❛✳ ❈❛s♦ ♦ ❜❧♦❝♦ ♥ã♦ ❡st❡❥❛ ❡♠ ♥❡♥❤✉♠❛ ❞❛s ❝❛❝❤❡s✱ ❛

❈P❯ ♣r♦❝✉r❛ ♦ ❜❧♦❝♦ ♥❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧✳ ❖ ❜❧♦❝♦ ♣♦❞❡r✐❛ ♥ã♦ ❡st❛r ♥❛ ♠❡♠ór✐❛

♣r✐♥❝✐♣❛❧ t❛♠❜é♠ ❡✱ ♥❡st❡ ❝❛s♦✱ é ♥❡❝❡ssár✐♦ r❡❝✉♣❡rá✲❧♦ tr❛♥s❢❡r✐♥❞♦ ✉♠❛ ❝ó♣✐❛ ❞♦

❜❧♦❝♦ ♣❛r❛ ❛ ❝❛❝❤❡ ▲✶✱ ♣r❡✈❡♥❞♦ ✉♠ ♥♦✈♦ ❛❝❡ss♦ ❜❛s❡❛❞♦ ♥♦ ♣r✐♥❝í♣✐♦ ❞❡ ❧♦❝❛❧✐❞❛❞❡

❡s♣❛❝✐❛❧✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✺✳

❋✐❣✉r❛ ✷✳✺✳ ❚r❛♥s❢❡rê♥❝✐❛ ❞❡ ✉♠ ❜❧♦❝♦ ❞♦ ❞✐s❝♦ ♣❛r❛ ♦✉tr♦s ♥í✈❡✐s ❞❛ ❤✐❡r❛r✲
q✉✐❛ ❞❡ ♠❡♠ór✐❛✳ ❋♦♥t❡✿ ❬✹❪

✷✳✹ P♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ♠❡♠ór✐❛

❆ ❡str❛té❣✐❛ ✭❛ ♣♦❧ít✐❝❛✮ ❞❡ ❝♦♠♦ ♦s ❜❧♦❝♦s ❝♦♥t✐❞♦s ♥❛ ♠❡♠ór✐❛ sã♦ s✉❜st✐t✉í❞♦s ♣♦r

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

❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❡♠ ✉♠❛ ❈P❯✳ ❆s ♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ♠❛✐s

❢r❡q✉❡♥t❡♠❡♥t❡ ❛❞♦t❛❞❛s sã♦✿

• ▲❘❯ ✭▲❡❛st✲❘❡❝❡♥t❧② ❯s❡❞✮ ❬✽❪ r❡♠♦✈❡ ♦ ❜❧♦❝♦ ♠❡♥♦s r❡❝❡♥t❡♠❡♥t❡ ✉s❛❞♦✱

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



✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✹

• ❋■❋❖ ✭✜rst✲✐♥✲✜rst✲♦✉t✮ ❬✸✷❪ r❡♠♦✈❡ ♦ ❜❧♦❝♦ q✉❡ ❢♦✐ ❝❛rr❡❣❛❞♦ ♥❛ ❝❛❝❤❡ ❤á

♠❛✐s t❡♠♣♦✳ ❊st❡ ♠ét♦❞♦ r❡❢❡r❡✲s❡ ❛♣❡♥❛s ❛♦ ❝❛rr❡❣❛♠❡♥t♦✱ ❡ ♥❡♠ s❡♠♣r❡

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

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

❈❤r♦❜❛❦ ❡ ◆♦❣❛ ❬✼❪✱ ❛ ♣♦❧ít✐❝❛ ❞❡ s✉❜st✐t✉✐çã♦ ♥❛ ♠❡♠ór✐❛ ▲❘❯ é ♠❡❧❤♦r ❞♦

q✉❡ ❛ ❋■❋❖❀

• ❆❧❡❛tór✐♦ ✭r❛♥❞♦♠✮ ❬✺❪ ❝❛r❛❝t❡r✐③❛✲s❡ ♣♦r ❡s❝♦❧❤❡r ✉♠ ❜❧♦❝♦ ❛♦ ❛❝❛s♦✳ ❘❡s✉❧✲

t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❡ s✐♠✉❧❛çõ❡s ♠♦str❛♠ q✉❡ ❡st❡ ♠ét♦❞♦ ❢✉♥❝✐♦♥❛ r❛③♦❛✈❡❧✲

♠❡♥t❡✱ ♦✉ s❡❥❛✱ ♦ ♣❡s♦ ❞❡ ❡✈❡♥t✉❛✐s s✐t✉❛çõ❡s ❞❡ ✐♥❥✉st✐ç❛✱ ❡♠ q✉❡ ✉♠ ❜❧♦❝♦

✏út✐❧✑ é ❡s❝♦❧❤✐❞♦ ♣❛r❛ s❡r r❡t✐r❛❞♦ ❞❛ ♠❡♠ór✐❛✱ ♥ã♦ é ♠✉✐t♦ ❣r❛♥❞❡✳

✷✳✺ P♦❧ít✐❝❛s ❞❡ ❡s❝r✐t❛ ♥♦ ❞✐s❝♦

◗✉❛♥❞♦ ✉♠ ❜❧♦❝♦ ❝♦♥t✐❞♦ ♥❛ ♠❡♠ór✐❛ é ♠♦❞✐✜❝❛❞♦✱ ❡①✐st❡♠ ❞✉❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡

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

♣r❡❝✐s❛ s❡r r❡♠♦✈✐❞♦ ❞❛ ♠❡♠ór✐❛✳ ❊st❛ ♣♦❧ít✐❝❛ é ❝❤❛♠❛❞❛ ✇r✐t❡✲❜❛❝❦ ✭❡s❝r✐t❛ r❡✲

t❛r❞❛❞❛✮✳ ❯♠❛ s❡❣✉♥❞❛ ♣♦ss✐❜✐❧✐❞❛❞❡ é ❡s❝r❡✈❡r ♦ ❜❧♦❝♦ ♥♦ ❞✐s❝♦ ♥♦ ♠♦♠❡♥t♦ q✉❡

❡❧❡ ❢♦r ♠♦❞✐✜❝❛❞♦✳ ❊st❛ ♣♦❧ít✐❝❛ é ♥♦♠❡❛❞❛ ✇r✐t❡✲t❤r♦✉❣❤ ✭❡s❝r✐t❛ ✐♠❡❞✐❛t❛✮ ❡✱ ❡♠

❣❡r❛❧✱ ❡❧❛ ❡①✐❣❡ ✉♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✳

✷✳✻ ▼ét♦❞♦s ❞❡ ❛❝❡ss♦ ❛♦ ❞✐s❝♦

❉✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡ ❞❛❞♦s ♥♦ ❞✐s❝♦ ❞❡✈❡✲s❡ ❡s❝♦❧❤❡r ❡♥tr❡ ♦s

❞♦✐s ♠ét♦❞♦s ❞❡ ❛❝❡ss♦ ❛♦s ❞❛❞♦s✿ s❡q✉❡♥❝✐❛❧ ♦✉ ❛❧❡❛tór✐♦✳ ◆♦ ❛❝❡ss♦ s❡q✉❡♥❝✐❛❧ ♦s

❞❛❞♦s sã♦ ❛❝❡ss❛❞♦s ♥✉♠❛ s❡q✉ê♥❝✐❛ ♦r❞❡♥❛❞❛✱ ✉♠ ❛♣ós ♦ ♦✉tr♦✱ ♥❛ s❡q✉ê♥❝✐❛ ❡♠

q✉❡ ❢♦r❛♠ ❡s❝r✐t♦s ♥♦ ❞✐s❝♦✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦ ❛❝❡ss♦ ❛❧❡❛tór✐♦ ♣❡r♠✐t❡ ♦ ❛❝❡ss♦ ❛

✉♠ ❡❧❡♠❡♥t♦ ❛r❜✐trár✐♦ ❛r♠❛③❡♥❛❞♦ ♥♦ ❞✐s❝♦✳

❈♦♠♣❛r❛r ♦♣❡r❛çõ❡s ❛❧❡❛tór✐❛s ❡ s❡q✉❡♥❝✐❛✐s é ✉♠❛ ♠❛♥❡✐r❛ ❞❡ s❡ ❛✈❛❧✐❛r ❛

❡✜❝✐ê♥❝✐❛ ❞❡ ✉♠❛ ❛♣❧✐❝❛çã♦ ❡♠ t❡r♠♦s ❞♦ ✉s♦ ❞♦ ❞✐s❝♦✳ ❆❝❡ss❛r ♦s ❞❛❞♦s s❡q✉❡♥✲

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

❡♠ q✉❡ ♦ ❞✐s❝♦ tr❛❜❛❧❤❛✳ ▲❡✐t✉r❛s ❛❧❡❛tór✐❛s ✐♠♣❧✐❝❛♠ ✉♠❛ t❛①❛ ❞❡ tr❛♥s❢❡rê♥❝✐❛

❜❛✐①❛✱ ♣♦✐s ♦ ♣r♦❝❡ss♦ ❞❡ ❧❡✐t✉r❛ ❛❧❡❛tór✐❛ ❡♥✈♦❧✈❡ ✉♠ ♥ú♠❡r♦ ❡❧❡✈❛❞♦ ❞❡ ♦♣❡r❛çõ❡s

❞❡ s❡❡❦✳ ■ss♦ t❛♠❜é♠ ♦❝♦rr❡ ♥❛ ❡s❝r✐t❛ ❛❧❡❛tór✐❛ ❬✸✹❪✳



✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✺

✷✳✼ ❘❡♣r❡s❡♥t❛çã♦ ❞❡ s✉♣❡r❢í❝✐❡s ❞❡ t❡rr❡♥♦

❉❡♥tr❡ ❛s ✈ár✐❛s ❛♣❧✐❝❛çõ❡s q✉❡ s❡ ❜❛s❡✐❛♠ ♥♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ♠❛tr✐③❡s ✉♠❛ q✉❡

é ❜❛st❛♥t❡ ✐♠♣♦rt❛♥t❡ é ❛ ♠♦❞❡❧❛❣❡♠ ❞❡ t❡rr❡♥♦s✳ ❯♠ ▼♦❞❡❧♦ ❉✐❣✐t❛❧ ❞❡ ❚❡rr❡♥♦

✭▼❉❚✮ é ✉♠ ♠♦❞❡❧♦ ❡♠ q✉❡ ❛ s✉♣❡r❢í❝✐❡ ❞♦ t❡rr❡♥♦ S é ❝♦♥str✉í❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠

❝♦♥❥✉♥t♦ ✜♥✐t♦ ❞❡ ❞❛❞♦s ❞✐❣✐t❛✐s ✭✈❛❧♦r❡s ❞❡ ❡❧❡✈❛çã♦✮ ❡✱ ♣♦ss✐✈❡❧♠❡♥t❡✱ ✉♠ ❝♦♥❥✉♥t♦

❞❡ s❡❣♠❡♥t♦s ❞❡ ❧✐♥❤❛ ♥ã♦✲s♦❜r❡♣♦st♦s ❝✉❥❛s ❡①tr❡♠✐❞❛❞❡s ♣❡rt❡♥❝❡♠ ❛ S✳ ❯♠ ▼❉❚

❝♦♥str✉í❞♦ ❝♦♠ ♣♦♥t♦s ❞❡ S r❡♣r❡s❡♥t❛ ✉♠❛ s✉♣❡r❢í❝✐❡ q✉❡ ✐♥t❡r♣♦❧❛✱ ♦✉ ❛♣r♦①✐♠❛✱

❛s ♠❡❞✐❞❛s ❞❡ ❡❧❡✈❛çã♦ ❞♦s ♣♦♥t♦s ❞❡ S✳

❖ t✐♣♦ ❞❡ ♠♦❞❡❧♦ ❞❡♣❡♥❞❡ ❞❛ ❢♦r♠❛ ❝♦♠♦ ♦s ♣♦♥t♦s ❞❡ S sã♦ ❡s❝♦❧❤✐❞♦s ♥♦

t❡rr❡♥♦✳ ❆ ❡s❝♦❧❤❛ ❞❡ ♣♦♥t♦s ❞✐str✐❜✉í❞♦s s♦❜r❡ ✉♠❛ ❣r❛❞❡ r❡❣✉❧❛r ❝❛r❛❝t❡r✐③❛ ♦

♠♦❞❡❧♦ ❞✐❣✐t❛❧ ❞❡ ❡❧❡✈❛çã♦ r❛st❡r✱ t❛♠❜é♠ ❝❤❛♠❛❞♦ ❞❡ ▼❛tr✐③ ❞❡ ❊❧❡✈❛çã♦ q✉❡

♠✉✐t❛s ✈❡③❡s é ❝❤❛♠❛❞♦ ❞❡ ❉❊▼✳ ❯♠❛ ❢♦r♠❛ ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞❡ t❡rr❡♥♦s s❡ ❜❛s❡✐❛

❡♠ ❛r♠❛③❡♥❛r ❛ ❡❧❡✈❛çã♦ ❞❡ ♣♦♥t♦s r❡❣✉❧❛r♠❡♥t❡ ❡s♣❛ç❛❞♦s ♥✉♠❛ ❉❊▼✳ ❱❡r ❋✐❣✉r❛

✷✳✻✳

❋✐❣✉r❛ ✷✳✻✳ ❋♦r♠❛ ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞❡ t❡rr❡♥♦s ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❉❊▼✳

✷✳✽ ❇✐❜❧✐♦t❡❝❛s ♣❛r❛ ♣r♦❥❡t♦ ❞❡ ❛❧❣♦r✐t♠♦s ♥❛

♠❡♠ór✐❛ ❡①t❡r♥❛

❆❧❣✉♠❛s ❜✐❜❧✐♦t❡❝❛s t❛✐s ❝♦♠♦ ❚P■❊ ❬✸❪✱ ▲❊❉❆✲❙▼ ❬✶✶❪✱ ❙❚❳❳▲ ❬✶✸❪ ❡ ❙❡❣♠❡♥t

❬✷✵❪ t❡♠ s✐❞♦ ❝r✐❛❞❛s ♣❛r❛ ❛✉①✐❧✐❛r ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛♣❧✐❝❛çõ❡s q✉❡ r❡q✉❡r❡♠



✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✻

♣r♦❝❡ss❛♠❡♥t♦ ❡♠ ♠❡♠ór✐❛ ❡①t❡r♥❛✳ ❆ ✐❞❡✐❛ é q✉❡ ❡st❛s ❜✐❜❧✐♦t❡❝❛s s❡❥❛♠ ❞❡s❡♥✲

✈♦❧✈✐❞❛s ♣❛r❛ t❡♥t❛r r❡❞✉③✐r ♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❛❝❡ss♦ ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✳

❆ ❚P■❊ ❢♦✐ ♦ ♣r✐♠❡✐r♦ ❣r❛♥❞❡ ♣r♦❥❡t♦ ❞❡ s♦❢t✇❛r❡ ❛ ✐♠♣❧❡♠❡♥t❛r ❛❧❣♦r✐t♠♦s ❡

❡str✉t✉r❛s ❞❡ ❞❛❞♦s ♣❛r❛ r❡❛❧✐③❛r ♦♣❡r❛çõ❡s ❞❡ ❊✴❙ ❞❡ ♠❛♥❡✐r❛ ❡✜❝✐❡♥t❡✳ ❆ ❜✐❜❧✐♦t❡❝❛

❢♦r♥❡❝❡ ✐♠♣❧❡♠❡♥t❛çõ❡s ❞❡ ❛❧❣♦r✐t♠♦s ❞❡ ♦r❞❡♥❛çã♦✱ ♠❡r❣✐♥❣ ❡ ♠✉✐t❛s ❡str✉t✉r❛s ❞❡

❞❛❞♦s ❞❡ ❜✉s❝❛ ✭B+✲tree✱ persistentB+−tree✱ R−tree✱ K−D−B−tree✱ KD−tree✱

Bkd− tree✮✳

❆ ❜✐❜❧✐♦t❡❝❛ ▲❊❉❆✲❙▼ ❬✶✶❪ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ❝♦♠♦ ✉♠❛ ❡①t❡♥sã♦ ♣❛r❛ ❛ ❜✐✲

❜❧✐♦t❡❝❛ ▲❊❉❆ ❬✷✽❪ ♣❛r❛ ♠❛♥✐♣✉❧❛r ❣r❛♥❞❡s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s✳ ❊❧❛ ❢♦r♥❡❝❡ ✐♠✲

♣❧❡♠❡♥t❛çõ❡s ❞❡ ❛❧❣✉♥s ❛❧❣♦r✐t♠♦s ❡✜❝✐❡♥t❡s ❞❡ ❊✴❙ ❝♦♠♦ ♦r❞❡♥❛çã♦ ❡ ❛❧❣♦r✐t♠♦s

❡♠ ❣r❛❢♦s ❡ ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛ t❛✐s ❝♦♠♦ ♣✐❧❤❛✱ ✜❧❛✱ ❤❡❛♣ ❡

B+✲tree✳ ◆♦ ❡♥t❛♥t♦✱ ❛s ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❡ ❛❧❣♦r✐t♠♦s ♥ã♦ ♣♦❞❡♠ ♠❛♥✐♣✉❧❛r

♠❛✐s ❞♦ q✉❡ 231 ❡❧❡♠❡♥t♦s✳

❙❚❳❳▲ ❬✶✸❪ é ✉♠❛ ❜✐❜❧✐♦t❡❝❛ ♦♣❡♥ s♦✉r❝❡ ♣❛r❛ ♠❛♥✐♣✉❧❛r ❣r❛♥❞❡s ❝♦♥❥✉♥t♦s

❞❡ ❞❛❞♦s❀ ❡❧❛ ❢♦r♥❡❝❡ ❛❧❣♦r✐t♠♦s ♣❛r❛ ✈❛rr❡❞✉r❛✱ ♦r❞❡♥❛çã♦ ❡ ✉♥✐ã♦ ❞❡ ❞❛❞♦s ❡ ❞✐✈❡r✲

s♦s ❝♦♥tê✐♥❡rs ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✳ ➱ ✉♠❛ ✐♠♣❧❡♠❡♥t❛çã♦ ♦r✐❡♥t❛❞❛ à ❢r❛♠❡✇♦r❦

❞❛ ❙❚▲ ✭❙t❛♥❞❛r❞ ❚❡♠♣❧❛t❡ ▲✐❜r❛r②✮ ❡♠ ❈✰✰ ♣❛r❛ ❛ ♠❛♥✐♣✉❧❛çã♦ ❞❡ ❞❛❞♦s ♥❛

♠❡♠ór✐❛ ❡①t❡r♥❛✳

❙❡❣♠❡♥t ❬✷✵❪ é ✉♠❛ ❜✐❜❧✐♦t❡❝❛ ✐♥❝❧✉í❞❛ ❡♠ ●❘❆❙❙ ❬✷✵❪ ✭✉♠ ❙✐st❡♠❛ ❞❡ ■♥❢♦r✲

♠❛çõ❡s ●❡♦❣rá✜❝❛s ✭❙■●✮ ♦♣❡♥ s♦✉r❝❡✮ q✉❡ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ♣❛r❛ ♠❛♥✐♣✉❧❛r ❣r❛♥❞❡s

♠❛tr✐③❡s ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✳ ❇❛s✐❝❛♠❡♥t❡✱ ❡❧❛ s✉❜❞✐✈✐❞❡ ❛ ♠❛tr✐③ ♦r✐❣✐♥❛❧ ❡♠ ♣❡✲

q✉❡♥❛s s✉❜♠❛tr✐③❡s ✭s❡❣♠❡♥t♦s✮ ♦s q✉❛✐s sã♦ ❛r♠❛③❡♥❛❞♦s ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛ ❡

❛❧❣✉♥s ❞❡st❡s s❡❣♠❡♥t♦s sã♦ ❝♦❧♦❝❛❞♦s ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛ ❡ ❣❡r❡♥❝✐❛❞♦s ❝♦♠♦ ✉♠❛

♠❡♠ór✐❛ ❝❛❝❤❡✳

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

❙❡❣♠❡♥t✱ ♥ã♦ ♣❡r♠✐t❡♠ ♦♣❡r❛çõ❡s ❝♦♠ ♠❛tr✐③❡s ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✳ ❙❡♥❞♦ ❛ss✐♠✱

❛ ♣r♦♣♦st❛ ❞❡st❡ tr❛❜❛❧❤♦ é ❞❡s❡♥✈♦❧✈❡r ✉♠❛ ❜✐❜❧✐♦t❡❝❛ ❞❡♥♦♠✐♥❛❞❛ ❚✐❧❡❞▼❛tr✐①

♣❛r❛ ❛✉①✐❧✐❛r ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛♣❧✐❝❛çõ❡s q✉❡ ♣r♦❝❡ss❛♠ ❣r❛♥❞❡s ♠❛tr✐③❡s ❛r✲

♠❛③❡♥❛❞❛s ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛ ❛ ✜♠ ❞❡ r❡❞✉③✐r ♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛

❡ s❛í❞❛ ❞♦ ❞✐s❝♦ ❡ t❡♥t❛r t♦r♥❛r ❛s ❛♣❧✐❝❛çõ❡s ♠❛✐s ❡✜❝✐❡♥t❡s✳

✷✳✾ ❈♦♠♣r❡ssã♦ ❞❡ ❞❛❞♦s

❆ ❝♦♠♣r❡ssã♦ ❞❡ ❞❛❞♦s ❝♦♥s✐st❡ ❡♠ r❡❞✉③✐r ♦ ♥ú♠❡r♦ ❞❡ ❜✐ts ♥❡❝❡ssár✐♦s ♣❛r❛ ❛r✲

♠❛③❡♥❛r ♦✉ tr❛♥s♠✐t✐r ❞❛❞♦s✳ ❆ ❝♦♠♣r❡ssã♦ ♣♦❞❡ s❡r ❝♦♠ ♣❡r❞❛s ♦✉ s❡♠ ♣❡r❞❛s✳

❉❛❞♦s ❝♦♠♣r✐♠✐❞♦s s❡♠ ♣❡r❞❛s✱ q✉❛♥❞♦ sã♦ ❞❡s❝♦♠♣r✐♠✐❞♦s✱ ♠❛♥té♠ ♦s ♠❡s♠♦s



✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✼

✈❛❧♦r❡s ❞❡ ❛♥t❡s ❞❛ ❝♦♠♣r❡ssã♦✳ ❯♠ ❡①❡♠♣❧♦ é ♦ ❝ó❞✐❣♦ ❞❡ ▼♦rs❡ ❬✸✺❪✳

❚♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❞❡ ❝♦♠♣r❡ssã♦ ❞❡ ❞❛❞♦s ❝♦♥s✐st❡♠ ❞❡ ♣❡❧♦ ♠❡♥♦s ❞❡ ✉♠

♠♦❞❡❧♦ ❡ ❞❡ ✉♠ ❝♦❞✐✜❝❛❞♦r✳ ❯♠ ♠♦❞❡❧♦ ❡st✐♠❛ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡

✭❊ é ♠❛✐s ❝♦♠✉♠ ❞♦ q✉❡ ❩ ✮✳ ❖ ❝♦❞✐✜❝❛❞♦r ❛tr✐❜✉✐ ❝ó❞✐❣♦s ❛ sí♠❜♦❧♦s✱ s❡♥❞♦ q✉❡

❡①✐st❡♠ s♦❧✉çõ❡s ót✐♠❛s ❡ ❡✜❝✐❡♥t❡s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❝♦❞✐✜❝❛çã♦✳ ◆♦ ❡♥t❛♥t♦✱

♦ ♣r♦❜❧❡♠❛ ❞❡ ♠♦❞❡❧❛❣❡♠ é ♥ã♦✲❝♦♠♣✉tá✈❡❧✱ ❝❛r❛❝t❡r✐③❛♥❞♦✲s❡ ❝♦♠♦ ✉♠ ♣r♦❜❧❡♠❛

❞❡ ✐♥t❡❧✐❣ê♥❝✐❛ ❛rt✐✜❝✐❛❧ ❬✷✼❪✳

❆ ❝♦♠♣r❡ssã♦ ❝♦♠ ♣❡r❞❛s✱ ❞❡s❝❛rt❛ ❞❛❞♦s ✏s❡♠ ✐♠♣♦rtâ♥❝✐❛✑✱ ♣♦r ❡①❡♠♣❧♦✱ ❞❡✲

t❛❧❤❡s ❞❡ ✉♠❛ ✐♠❛❣❡♠✱ q✉❡ ♥ã♦ sã♦ ♣❡r❝❡♣tí✈❡✐s ❛ ♦❧❤♦ ♥✉✳ ❯♠ ❡①❡♠♣❧♦ é ♦ ♣❛❞rã♦

♣❛r❛ tr❛♥s♠✐ssã♦ ❞❡ ❚❱ ❛ ❝♦r❡s✳ ❖ ♦❧❤♦ ❤✉♠❛♥♦ é ♠❡♥♦s s❡♥sí✈❡❧ ❛ ♣❡q✉❡♥♦s ❞❡t❛✲

❧❤❡s ❡♥tr❡ ❛s ❝♦r❡s ❞❡ ❜r✐❧❤♦ ✐❣✉❛❧ ✭❝♦♠♦ ♦ ✈❡r♠❡❧❤♦ ❡ ♦ ✈❡r❞❡✮ ❞♦ q✉❡ é ♣❛r❛ ❜r✐❧❤♦

✭♣r❡t♦ ❡ ❜r❛♥❝♦✮✳ ❆ss✐♠✱ ♦ s✐♥❛❧ ❞❛ ❝♦r é tr❛♥s♠✐t✐❞♦ ❝♦♠ ♠❡♥♦s r❡s♦❧✉çã♦ s♦❜r❡

✉♠❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ❧✐♠✐t❛❞❛ ❞♦ q✉❡ ♦ s✐♥❛❧ ♠♦♥♦❝r♦♠át✐❝♦✳ ❆ ❝♦♠♣r❡ssã♦ ❝♦♠

♣❡r❞❛s ❝♦♥s✐st❡ ❡♠ s❡♣❛r❛r ❞❛❞♦s ✐♠♣♦rt❛♥t❡s ❞❡ ❞❛❞♦s ♥ã♦✲✐♠♣♦rt❛♥t❡s✱ s❡❣✉✐❞❛

❝♦♠♣r❡ssã♦ s❡♠ ♣❡r❞❛s ❞❛ ♣❛rt❡ ✐♠♣♦rt❛♥t❡ ❞❡s❝❛rt❛♥❞♦ ♦ r❡st♦✳



❈❛♣ít✉❧♦ ✸

❇✐❜❧✐♦t❡❝❛ ♣❛r❛ ♦ ♣r♦❝❡ss❛♠❡♥t♦

❞❡ ❣r❛♥❞❡s ♠❛tr✐③❡s ♥❛ ♠❡♠ór✐❛

❡①t❡r♥❛

❆ ❚✐❧❡❞▼❛tr✐① ❢♦✐ ♣r♦❥❡t❛❞❛ ♣❛r❛ ❛✉①✐❧✐❛r ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛♣❧✐❝❛çõ❡s q✉❡ r❡✲

q✉❡r❡♠ ❛ ♠❛♥✐♣✉❧❛çã♦ ❞❡ ❣r❛♥❞❡s ♠❛tr✐③❡s✱ q✉❡ ♥ã♦ ♣♦❞❡♠ s❡r ❛r♠❛③❡♥❛❞❛s ♦✉

♣r♦❝❡ss❛❞❛s ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛✳ ❚❛❧ ❜✐❜❧♦t❡❝❛ ♣❡r♠✐t❡ ❢á❝✐❧ ❛❞❛♣t❛çã♦ ❞❡ ❛❧❣♦✲

r✐t♠♦s ♦r✐❣✐♥❛❧♠❡♥t❡ ❞❡s❡♥✈♦❧✈✐❞♦s ♣❛r❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛✱ ♣❛r❛ ♣r♦❝❡ss❛r ❣r❛♥❞❡s

♠❛tr✐③❡s ❛r♠❛③❡♥❛❞❛s ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✳ ❆ ✐❞é✐❛ é t♦r♥❛r ♦s ❛❝❡ss♦s à ♠❛tr✐③

tr❛♥s♣❛r❡♥t❡ ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦✱ ✐st♦ é✱ ♦s ❛❝❡ss♦s ❛ ♠❛tr✐③ s❡rã♦ ❣❡r❡♥❝✐❛❞♦s ♣❡❧❛

❚✐❧❡❞▼❛tr✐①✳

✸✳✶ P❛rt✐❝✐♦♥❛♠❡♥t♦ ❞❛ ♠❛tr✐③ ❡♠ ❜❧♦❝♦s

❆ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ❞♦s ❝♦♠♣✉t❛❞♦r❡s✱ ❡♠ ❣❡r❛❧✱ ♣♦❞❡ ❛r♠❛③❡♥❛r ❛♣❡♥❛s ✉♠❛

❢r❛çã♦ ❞❡ ❣r❛♥❞❡s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s✳ ❆ss✐♠✱ ♣❛r❛ ♣r♦❝❡ss❛r ❣r❛♥❞❡s ♠❛tr✐③❡s ♥❛

♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧✱ t❛✐s ♠❛tr✐③❡s ♣r❡❝✐s❛♠ s❡r ♣❛rt✐❝✐♦♥❛❞❛s ❡♠ ♣❡q✉❡♥♦s ❜❧♦❝♦s✱

❝✉❥♦ t❛♠❛♥❤♦ ♣❡r♠✐t❡ q✉❡ ♣♦ss❛♠ s❡r ❝❛rr❡❣❛❞♦s ♥❛ ♠❡♠ór✐❛✳ ❆ss✐♠✱ q✉❛♥❞♦ ✉♠❛

❝é❧✉❧❛ ❞❛ ♠❛tr✐③ ♣r❡❝✐s❛ s❡r ❛❝❡ss❛❞❛✱ ♦ ❜❧♦❝♦ ❝♦♥t❡♥❞♦ ❛q✉❡❧❛ ❝é❧✉❧❛ é ❝❛rr❡❣❛❞♦ ♥❛

♠❡♠ór✐❛ ❡ ❡♥tã♦ q✉❛❧q✉❡r ❛❝❡ss♦ ♥❛ ❝é❧✉❧❛ ♥❛q✉❡❧❡ ❜❧♦❝♦ ♣♦❞❡ s❡r ❢❡✐t♦ ❞❡ ♠❛♥❡✐r❛

❡✜❝✐❡♥t❡✳

❈♦♥t✉❞♦✱ ♠✉✐t❛s ❛♣❧✐❝❛çõ❡s ♣♦ss✉❡♠ ✉♠ ♣❛❞rã♦ ❞❡ ❛❝❡ss♦ ♥ã♦ s❡q✉❡♥❝✐❛❧ ❡

sã♦ r❡❣✐❞❛s ♣♦r ❛❝❡ss♦s ❛ ❞❛❞♦s q✉❡ ❛♣r❡s❡♥t❛♠ ✉♠ ♣❛❞rã♦ ❞❡ ❧♦❝❛❧✐❞❛❞❡ ❝♦♠♦

❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✷✳✸✳ ❆ ✜♠ ❞❡ t✐r❛r ✈❛♥t❛❣❡♠ ❞♦ ♣❛❞rã♦ ❞❡ ❧♦❝❛❧✐❞❛❞❡✱ ❛ ❜✐❜❧✐♦t❡❝❛

✶✽



✸✳ ❇✐❜❧✐♦t❡❝❛ ♣❛r❛ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❣r❛♥❞❡s ♠❛tr✐③❡s ♥❛ ♠❡♠ór✐❛

❡①t❡r♥❛ ✶✾

❚✐❧❡❞▼❛tr✐① ♣❛rt✐❝✐♦♥❛ ❛ ♠❛tr✐③ ❞❡ ♠♦❞♦ q✉❡ ❛s ❝é❧✉❧❛s ❝✉❥♦s ❡♥❞❡r❡ç♦s ❡st❡❥❛♠

♣ró①✐♠♦s ♥❛ ♠❛tr✐③ sã♦ ❛r♠❛③❡♥❛❞♦s ❞❡ ♠❛♥❡✐r❛ s❡q✉❡♥❝✐❛❧ ♥♦ ❞✐s❝♦✱ ❝♦♠♦ ♣♦❞❡ s❡r

♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶✳

❋✐❣✉r❛ ✸✳✶✳ ▼♦❞♦ ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❛s s✉❜♠❛tr✐③❡s ♥♦ ❞✐s❝♦✳

❉❡st❛ ♠❛♥❡✐r❛✱ é ♣♦ssí✈❡❧ r❡❞✉③✐r ♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❛♦

r❡♦r❞❡♥❛r ♦s ❞❛❞♦s ❝♦♥s✐❞❡r❛♥❞♦ ❛ s❡q✉ê♥❝✐❛ ❞❡ ❛❝❡ss♦ ❬✷✱ ✹✱ ✶✼✱ ✷✶❪ ♦✉ ❛♦ ❛❞❛♣t❛r

♦ ❛❧❣♦r✐t♠♦ ♣❛r❛ ✉s❛r ✉♠ ♣❛❞rã♦ ❞❡ ❛❝❡ss♦ ♠❛✐s ❡✜❝✐❡♥t❡ ❬✷✷✱ ✷✾❪✳

✸✳✷ ❊str✉t✉r❛ ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛ ♣❡❧❛ ❚✐❧❡❞▼❛tr✐①

❆ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① é ❝♦♠♣♦st❛ ♣♦r✿

• ✉♠ ✈❡t♦r ❞❡t❡r♠✐♥❛❞♦ ▼❡♠❇❧♦❝❦s q✉❡ ❛r♠❛③❡♥❛ ♦s ❜❧♦❝♦s ♥❛ ♠❡♠ór✐❛ ♣r✐♥✲

❝✐♣❛❧✳

• ✉♠ ✈❡t♦r ♥♦♠❡❛❞♦ ❉✐rt② q✉❡ s❡r✈❡ ❝♦♠♦ ✉♠❛ ✢❛❣ ♣❛r❛ ❝❛❞❛ ❜❧♦❝♦ ♥❛ ♠❡♠ór✐❛

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

é r❡♠♦✈✐❞♦✳

• ✉♠❛ ♠❛tr✐③ ♥♦♠❡❛❞❛ P♦s✐t✐♦♥ q✉❡ ❛r♠❛③❡♥❛ ❛ ♣♦s✐çã♦ ♦♥❞❡ ♦ ❜❧♦❝♦ ❞❛ ♠❛✲

tr✐③ ❝♦rr❡s♣♦♥❞❡♥t❡ ❡stá ❛r♠❛③❡♥❛❞♦ ♥♦ ✈❡t♦r ▼❡♠❇❧♦❝❦s ✭♦ ✈❛❧♦r −1 ✐♥❞✐❝❛

q✉❡ ♦ ❜❧♦❝♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ♥ã♦ ❡stá ❝❛rr❡❣❛❞♦ ♥❛ ♠❡♠ór✐❛✮✳ ❆❧é♠ ❞✐ss♦✱

s❡ ✉♠❛ ❝é❧✉❧❛ ❡♠ ✉♠ ❜❧♦❝♦ é ❛❝❡ss❛❞❛✱ ❛ ♠❛tr✐③ P♦s✐t✐♦♥ ✐♥❞✐❝❛ s❡ ♦ ❜❧♦❝♦

❡stá ❛r♠❛③❡♥❛❞♦ ❡♠ ▼❡♠❇❧♦❝❦s ♦✉ s❡ ♦ ❜❧♦❝♦ ♣r❡❝✐s❛ s❡r r❡❝❛rr❡❣❛❞♦ ♣❛r❛ ❛

♠❡♠ór✐❛✳



✸✳ ❇✐❜❧✐♦t❡❝❛ ♣❛r❛ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❣r❛♥❞❡s ♠❛tr✐③❡s ♥❛ ♠❡♠ór✐❛

❡①t❡r♥❛ ✷✵

✸✳✷✳✶ P♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ✐♠♣❧❡♠❡♥t❛❞❛s ♥❛ ❜✐❜❧✐♦t❡❝❛

❚✐❧❡❞▼❛tr✐①

❆ ❜✐❜❧✐♦t❡❝❛ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ♣❛r❛ s❡r ❣❡r❛❧ ❡ ♦❢❡r❡❝❡ ♠✉✐t❛s ♦♣çõ❡s ♣❛r❛ ♦ ❞❡s❡♥✲

✈♦❧✈✐♠❡♥t♦ ❞❛ ❛♣❧✐❝❛çã♦✳ ➱ ♣♦ssí✈❡❧ ❞❡✜♥✐r ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ ✭✐st♦ é✱ ♦ ♥ú♠❡r♦

❞❡ ❧✐♥❤❛s ❡ ❝♦❧✉♥❛s✮✱ ♦ t❛♠❛♥❤♦ ❞❡ ▼❡♠❇❧♦❝❦s✱ ✐st♦ é✱ ♦ ♥ú♠❡r♦ ❞❡ ❜❧♦❝♦s q✉❡

s❡rã♦ ❛r♠❛③❡♥❛❞♦s ♥❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ❡✱ t❛♠❜é♠✱ é ♣♦ssí✈❡❧ s❡❧❡❝✐♦♥❛r ❛ ♣♦❧ít✐❝❛

❞❡ s✉❜st✐t✉✐çã♦✳ ❱✐st♦ q✉❡ ♥ã♦ é ♣♦ssí✈❡❧ ❛r♠❛③❡♥❛r t♦❞♦s ♦s ❜❧♦❝♦s ♥❛ ♠❡♠ór✐❛

✐♥t❡r♥❛✱ ❛ ❡str✉t✉r❛ ▼❡♠❇❧♦❝❦s é ❣❡r❡♥❝✐❛❞❛ ❝♦♠♦ ✉♠❛ ♠❡♠ór✐❛ ❝❛❝❤❡ ❛❞♦t❛♥❞♦

✉♠❛ ♣♦❧ít✐❝❛ ❞❡ s✉❜st✐t✉✐çã♦✳ ❆ ❜✐❜❧✐♦t❡❝❛ ❢♦r♥❡❝❡ ❛s s❡❣✉✐♥t❡s ♣♦❧ít✐❝❛s✿ ▲❘❯ ✲

▲❡❛st ❘❡❝❡♥t❧② ❯s❡❞ ❬✽❪✱ ❋■❋❖ ✲ ✜rst ✐♥ ✜rst ♦✉t ❬✸✷❪ ❡ s❡❧❡çã♦ ❛❧❡tór✐❛ ❬✺❪✳

❆ ♣♦❧ít✐❝❛ ▲❘❯ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞❛ ✉t✐❧✐③❛♥❞♦ ✉♠ t✐♠❡st❛♠♣ ❛tr✐❜✉í❞♦ ♣❛r❛

❝❛❞❛ ❜❧♦❝♦ ♥❛ ♠❡♠ór✐❛✳ ❆ss✐♠✱ q✉❛♥❞♦ ✉♠❛ ❝é❧✉❧❛ ❝♦♥t✐❞❛ ❡♠ ✉♠ ❜❧♦❝♦ ❇ ♣r❡❝✐s❛

s❡r ❛❝❡ss❛❞❛✱ ❜❛st❛ ❛❝❡ss❛r ❛ ♣♦s✐çã♦ ❞♦ ❜❧♦❝♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ♥❛ ♠❛tr✐③ P♦s✐t✐♦♥✱

s❡ ♦ ❜❧♦❝♦ ❡st✐✈❡r ❝❛rr❡❣❛❞♦ ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛ ❛ ♠❛tr✐③ P♦s✐t✐♦♥ ✐♥❢♦r♠❛ ❡♠ q✉❛❧

♣♦s✐çã♦ ♦ ❜❧♦❝♦ ❡stá ❝❛rr❡❣❛❞♦✳ ❉❡st❛ ♠❛♥❡✐r❛✱ ❜❛st❛ ❛t✉❛❧✐③❛r ♦ t✐♠❡st❛♠♣ ❞❡ ❇ ♥❛

♣♦s✐çã♦ ✐♥❢♦r♠❛❞❛ ♣❡❧❛ ♠❛tr✐③ P♦s✐t✐♦♥ s❡♥❞♦ q✉❡ ♦ t✐♠❡st❛♠♣ ❞❛q✉❡❧❡ ❜❧♦❝♦ ♣❛ss❛

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

♠❡♠ór✐❛ ✐♥t❡r♥❛✱ ♦ ❜❧♦❝♦ ❝♦♠ ♦ ♠❡♥♦r t✐♠❡st❛♠♣ é ❡s❝♦❧❤✐❞♦✳ ◆❛ ♣♦❧ít✐❝❛ ❋■❋❖

❢♦✐ ✉t✐❧✐③❛❞♦ ✉♠ ♣♦♥t❡✐r♦ ♣❛r❛ ú❧t✐♠♦ ❡❧❡♠❡♥t♦ ✐♥s❡r✐❞♦ ♥❛ ❋■❋❖✱ ❛ss✐♠ ❡✈✐t❛✲s❡ t❡r

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

✸✳✷✳✷ P♦❧ít✐❝❛ ❞❡ ❡s❝r✐t❛

❆ ♣♦❧ít✐❝❛ ❞❡ ❡s❝r✐t❛ ✐♠♣❧❡♠❡♥t❛❞❛ ♥❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① é ❛ ❲r✐t❡ ❜❛❝❦ ✭❡s✲

❝r✐t❛ s♦♠❡♥t❡ ♥♦ r❡t♦r♥♦✮✳ ❚❛❧ ♣♦❧ít✐❝❛ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞❛ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠❛ ✢❛❣

❞✐rt② ❛tr✐❜✉í❞❛ ♣❛r❛ ❝❛❞❛ ❜❧♦❝♦ ♥❛ ♠❡♠ór✐❛✳ ❆ss✐♠✱ q✉❛♥❞♦ ✉♠ ❜❧♦❝♦ ♣r❡❝✐s❛ s❡r

r❡♠♦✈✐❞♦ ❞❛ ♠❡♠ór✐❛✱ ❛ ❚✐❧❡❞▼❛tr✐① ✈❡r✐✜❝❛ s❡ ❛ ✢❛❣ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛♦ ❜❧♦❝♦ ❡stá

♠❛r❝❛❞❛ ❝♦♠ tr✉❡ ♦✉ ❢❛❧s❡✳ ❈❛s♦ ❡st❡❥❛ ♠❛r❝❛❞❛ ❝♦♠ tr✉❡✱ ♦ ❜❧♦❝♦ é ❡s❝r✐t♦ ♣❛r❛ ♦

❞✐s❝♦✱ ♣♦r ♦✉tr♦ ❧❛❞♦✱ ❝❛s♦ ❡st❡❥❛ ♠❛r❝❛❞❛ ❝♦♠ ❢❛❧s❡✱ ♦ ❜❧♦❝♦ é ❛♣❡♥❛s ❞❡s❝❛rt❛❞♦✱

r❡❞✉③✐♥❞♦ ♦♣❡r❛çõ❡s ❞❡ ❡s❝r✐t❛✳

✸✳✷✳✸ ❆❧❣♦r✐t♠♦ ❞❡ ❝♦♠♣r❡ssã♦ ▲❩✹

❆❞✐❝✐♦♥❛❧♠❡♥t❡✱ ❛ ✜♠ ❞❡ r❡❞✉③✐r ♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❊✴❙ ❞✉r❛♥t❡ ❛ tr❛♥s✲

❢❡rê♥❝✐❛ ❞❡ ❜❧♦❝♦ ♣❛r❛ ❡ ❞♦ ❞✐s❝♦✱ ❛ ❜✐❜❧✐♦t❡❝❛ ✉s❛ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❝♦♠♣r❡ssã♦ ❞❡

❞❛❞♦s ❡✱ ♣♦r q✉❡stõ❡s ❡ ❡✜❝✐ê♥❝✐❛✱ ❢♦✐ ❡s❝♦❧❤✐❞♦ ♦ ❛❧❣♦r✐t♠♦ ▲❩✹ ❬✷✺❪✳ ❆ ✐❞é✐❛ é

❝♦♠♣r✐♠✐r ♦ ❜❧♦❝♦ ❛♥t❡s ❞❡ ❡s❝r❡✈ê✲❧♦ ♥♦ ❞✐s❝♦ ❡ ❞❡s❝♦♠♣r✐♠✐✲❧♦ q✉❛♥❞♦ é ❝❛rr❡❣❛❞♦



✸✳ ❇✐❜❧✐♦t❡❝❛ ♣❛r❛ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❣r❛♥❞❡s ♠❛tr✐③❡s ♥❛ ♠❡♠ór✐❛

❡①t❡r♥❛ ✷✶

♣❛r❛ ❛ ♠❡♠ór✐❛✳ ❆ ♣r✐♥❝✐♣❛❧ ✈❛♥t❛❣❡♠ ❞❡st❡ ❛❧❣♦r✐t♠♦ é q✉❡ é ♣♦ssí✈❡❧ ❛❧❝❛♥ç❛r

✉♠❛ ❝♦♠♣r❡ssã♦ ❞❡ ❞❛❞♦s rá♣✐❞❛ ❡ s❡♠ ♣❡r❞❛s ❞❡ ✐♥❢♦r♠❛çã♦ ❛ ✉♠❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡

✹✵✵ ▼❇✴s ♣♦r ♥ú❝❧❡♦ ❞❛ ❈P❯✳ ❖ ❛❧❣♦r✐t♠♦ ▲❩✹ ♣♦ss✉✐✱ ❛✐♥❞❛✱ ✉♠ ❞❡❝♦❞✐✜❝❛❞♦r

❜❛st❛♥t❡ rá♣✐❞♦✱ q✉❡ ❛t✐♥❣❡ ✉♠❛ ✈❡❧♦❝✐❞❛❞❡ ❛❝✐♠❛ ❞❡ ✶●❇✴s ♣♦r ♥ú❝❧❡♦ ❞❛ ❈P❯✱

t✐♣✐❝❛♠❡♥t❡ ❛❧❝❛♥ç❛♥❞♦ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ ❘❛♥❞♦♠ ❆❝❡ss ▼❡♠♦r② ✭❘❆▼✮ ❡♠ s✐st❡♠❛s

♠✉❧t✐✲♥ú❝❧❡♦s❬✷✺❪✳ ❚❛✐s ❝❛r❛❝t❡ríst✐❝❛s ✐♥✢✉❡♥❝✐❛r❛♠ ♥❛ ❡s❝♦❧❤❛ ❞❡st❡ ❛❧❣♦r✐t♠♦ ♣❛r❛

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

❛ t❛①❛ q✉❡ ♦✉tr♦s ❛❧❣♦r✐t♠♦s ♣r❡s❡♥t❡s ♥❛ ❧✐t❡r❛t✉r❛ ♦❢❡r❡❝❡♠ ❬✾❪✳ ❈♦♠♦ ♦s t❡st❡s

♠♦str❛r❛♠✱ ❡st❛ ❡stré❣✐❛ t♦r♥❛ ❛ ❜✐❜❧✐♦t❡❝❛ ♠❛✐s ❡✜❝✐❡♥t❡ ❡✱ ❡♠ ❛❧❣✉♥s ❝❛s♦s✱ ❛s

❛♣❧✐❝❛çõ❡s ❡①❡❝✉t❛♠ ❞✉❛s ✈❡③❡s ♠❛✐s rá♣✐❞♦ q✉❛♥❞♦ ❛ ❝♦♠♣r❡ssã♦ é ✉s❛❞❛✳

◆♦ ❛❧❣♦r✐t♠♦ ▲❩✹ ❡①✐st❡ ✉♠❛ ❢✉♥çã♦ q✉❡ r❡t♦r♥❛ ♦ t❛♠❛♥❤♦ ♠á①✐♠♦ ❞♦ ❜❧♦❝♦

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

❝♦♠♣r✐♠✐❞♦ ♥♦ ❛rq✉✐✈♦ ❡♠ ❞✐s❝♦ ♠❡s♠♦ q✉❡ ♦ ❜❧♦❝♦ ♥ã♦ ❛❧❝❛♥❝❡ ❡ss❡ t❛♠❛♥❤♦✳

❆❞✐❝✐♦♥❛❧♠❡♥t❡✱ ❞✉r❛♥t❡ ❛ ❝♦♠♣r❡ssã♦ ❞❡ ✉♠ ❜❧♦❝♦✱ ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ ❝♦♠♣r✐♠✐❞♦

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

♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ ❝♦♠♣r✐♠✐❞♦ ❡ ♥ã♦ ♦ ❡s♣❛ç♦ t♦t❛❧ r❡s❡r✈❛❞♦ ♣❛r❛ ♦ ❜❧♦❝♦✳ ◆❛

❋✐❣✉r❛ ✸✳✷ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ✉♠ ❡①❡♠♣❧♦ ❞❡ ♣✐♦r ❡ ♠❡❧❤♦r ❝❛s♦ ❡♠ q✉❡ ♥♦ ♠❡❧❤♦r

❝❛s♦ ✉♠ ❜❧♦❝♦ ❞❡ ✶✵✵ ❜②t❡s ♣❛ss❛ ❛ t❡r ✉♠ t❛♠❛♥❤♦ ❞❡ ✸✵ ❜②t❡s ❡✱ ♥♦ ♣✐♦r ❝❛s♦✱

♣❛ss❛ ❛ t❡r ✉♠ t❛♠❛♥❤♦ ❞❡ ✶✵✶ ❜②t❡s ✭♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ t♦r♥♦✉✲s❡ ♠❛✐♦r ❝♦♠ ❛

❝♦♠♣r❡ssã♦ ♣♦rq✉❡ ♦s ❞❛❞♦s ✐♥❝❧✉í❞♦s ♥❛q✉❡❧❡ ❜❧♦❝♦ ♥ã♦ ♣❡r♠✐t❡♠ r❡❛❧✐③❛r ✉♠❛ ❜♦❛

❝♦♠♣r❡ssã♦ ❡ ❞❡✈✐❞♦ às ✐♥❢♦r♠❛çõ❡s ❛❞✐❝✐♦♥❛✐s q✉❡ ♦ ❛❧❣♦r✐t♠♦ ▲❩✹ ❞❡✈❡ ✐♥❝❧✉✐r ❡♠

❝❛❞❛ ❜❧♦❝♦ ❝♦♠♣r✐♠✐❞♦✮✳ ❆❧é♠ ❞✐ss♦✱ ❤á t❛♠❜é♠ ✉♠❛ ♠❛tr✐③ ❝♦♥t❡♥❞♦ ♦ t❛♠❛♥❤♦

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

❡s♣❛ç♦ ❛❧♦❝❛❞♦✱ ♦❝✉♣❛♠ ❛♣❡♥❛s ♦s ♣r✐♠❡✐r♦s ❜②t❡s ❞❛ ♣♦s✐çã♦ ❞❡s✐❣♥❛❞❛ ❛♦ ❜❧♦❝♦

♥♦ ❛rq✉✐✈♦ ❡♠ ❞✐s❝♦✳



✸✳ ❇✐❜❧✐♦t❡❝❛ ♣❛r❛ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❣r❛♥❞❡s ♠❛tr✐③❡s ♥❛ ♠❡♠ór✐❛

❡①t❡r♥❛ ✷✷

❋✐❣✉r❛ ✸✳✷✳ ❊str✉t✉r❛ ❞❡ ❞❛❞♦s ✐♠♣❧❡♠❡♥t❛❞❛ ♥❛ ❚✐❧❡❞▼❛tr✐① ♣❛r❛ ❛✉①✐❧✐❛r

♦ ❛❧❣♦r✐t♠♦ ▲❩✹✳

◆❛ ❋✐❣✉r❛ ✸✳✸ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ❛ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s ✉s❛❞❛ ♣❡❧❛ ❜✐❜❧✐♦t❡❝❛

❚✐❧❡❞▼❛tr✐① ✿ ♥❡st❡ ❡①❡♠♣❧♦✱ ❛ ♠❛tr✐③ ♥♦ ❞✐s❝♦ é ♣❛rt✐❝✐♦♥❛❞❛ ❡♠ ✶✻ ❜❧♦❝♦s q✉❛❞r❛✲

❞♦s ❡ ♦ ✈❡t♦r ▼❡♠❇❧♦❝❦s é ❝❛♣❛③ ❞❡ ❛r♠❛③❡♥❛r ✺ ❜❧♦❝♦s❀ ❛ ♣♦❧ít✐❝❛ ❞❡ s✉❜st✐t✉✐çã♦

✉s❛❞❛ ❢♦✐ ❛ ▲❘❯✳ ❙✉♣♦♥❤❛ q✉❡▼❡♠❇❧♦❝❦s ❡st❡❥❛ ❝❤❡✐❛✳ ❙❡ ✉♠❛ ❝é❧✉❧❛ ♥♦ ❜❧♦❝♦ (1, 2)

é ❛❝❡ss❛❞❛✱ ❡st❡ ❜❧♦❝♦ ♣r❡❝✐s❛ s❡r ❝❛rr❡❣❛❞♦ ❡✱ ♥❡st❡ ❝❛s♦✱ ✉♠ ❜❧♦❝♦ ❛r♠❛③❡♥❛❞♦ ❡♠

▼❡♠❇❧♦❝❦s é ❡①♣✉❧s♦ ♣❛r❛ ❛❜r✐r ❡s♣❛ç♦ ♣❛r❛ ♦ ♥♦✈♦ ❜❧♦❝♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ✈❡✲

t♦r t✐♠❡st❛♠♣✱ ♦ ❜❧♦❝♦ (2, 3) t❡♠ ♦ ♠❡♥♦r t✐♠❡st❛♠♣✳ ❆ss✐♠✱ ♦ ❜❧♦❝♦ s❡rá ❡s❝r✐t♦

♣❛r❛ ♦ ❞✐s❝♦ ❡ ❛ ❝é❧✉❧❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ♥❛ ♠❛tr✐③ P♦s✐t✐♦♥ é ❛t✉❛❧✐③❛❞❛ ❝♦♠♦ −1✳

❊♠ s❡❣✉✐❞❛✱ ♦ ❜❧♦❝♦ (1, 2) é ❝❛rr❡❣❛❞♦✱ ❞❡s❝♦♠♣r✐♠✐❞♦✱ ❛r♠❛③❡♥❛❞♦ ♥♦ s❧♦t ✹ ❞❡

▼❡♠❇❧♦❝❦s ❡ ❛ ♠❛tr✐③ P♦s✐t✐♦♥ é ❛t✉❛❧✐③❛❞❛ ♣❛r❛ ✐♥❞✐❝❛r ❛ ♣♦s✐çã♦ ❞♦ ❜❧♦❝♦ ❡♠

▼❡♠❇❧♦❝❦s ❝♦♠♦ ♠♦str❛ ♥❛ ❋✐❣✉r❛ ✸✳✹✳

❋✐❣✉r❛ ✸✳✸✳ ❊①❡♠♣❧♦ ❞❡ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s q✉❡ s❡rá ✉s❛❞❛ ♣❡❧❛ ❜✐❜❧✐♦t❡❝❛
♣r♦♣♦st❛ ♥❡st❡ ♣r♦❥❡t♦✳



✸✳ ❇✐❜❧✐♦t❡❝❛ ♣❛r❛ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❣r❛♥❞❡s ♠❛tr✐③❡s ♥❛ ♠❡♠ór✐❛

❡①t❡r♥❛ ✷✸

❋✐❣✉r❛ ✸✳✹✳ ❊str✉t✉r❛ ❞❡ ❞❛❞♦s ❛♣ós ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ✉♠ ❜❧♦❝♦ ❞♦ ❞✐s❝♦
♣❛r❛ ▼❡♠❇❧♦❝❦s✳

✸✳✷✳✸✳✶ ❆❧❣♦r✐t♠♦ ▲❩✹ ♣❛r❛❧❡❧♦

❆ ✜♠ ❞❡ ♠❡❧❤♦r❛r ❛✐♥❞❛ ♠❛✐s ❛ ❡✜❝✐ê♥❝✐❛ ❞❛ ❜✐❜❧✐♦t❡❝❛✱ ♦ ❛❧❣♦r✐t♠♦ ▲❩✹ ❢♦✐ ✐♠✲

♣❧❡♠❡♥t❛❞♦ ❡♠ P❛r❛❧❡❧♦✳ ❆ ✐❞❡✐❛ ❞♦ ▲❩✹ ♣❛r❛❧❡❧♦ ❝♦♥s✐st❡ ✉♠ ❞✐✈✐❞✐r ✉♠ ❜❧♦❝♦

♣❡❧♦ ♥ú♠❡r♦ ❞❡ ♥ú❝❧❡♦s ❞❛ ❈P❯✱ ❣❡r❛♥❞♦ s✉❜❜❧♦❝♦s✱ ❡ ❡♥tã♦ ❝♦♠♣r✐♠✐r ❡ ❞❡s❝♦♠✲

♣r✐♠✐r ❡ss❡s s✉❜❜❧♦❝♦s ❡♠ ♣❛r❛❧❡❧♦✳ ◆❛ ❋✐❣✉r❛ ✸✳✺ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ❛ ❡str✉t✉r❛ ❞❡

❞❛❞♦s ✉t✐❧✐③❛❞❛ ♥❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ♦ ❛❧❣♦r✐t♠♦ ▲❩✹ P❛✲

r❛❧❡❧♦✳ Pr✐♠❡✐r❛♠❡♥t❡ ❛ ❚✐❧❡❞▼❛tr✐① ♣❛rt✐❝✐♦♥❛ ✉♠ ❜❧♦❝♦ ♣❡❧♦ ♥ú♠❡r♦ ❞❡ ♥ú❝❧❡♦s

❞✐s♣♦♥í✈❡✐s ♥❛ ❈P❯ ❡ ❝❤❛♠❛ ❛ ❢✉♥çã♦ t❛♠❛♥❤♦▼❛①✐♠♦❇❧♦❝♦❈♦♠♣r✐♠✐❞♦✭✮ ❝♦♥t✐❞❛

♥♦ ❛❧❣♦r✐t♠♦ ▲❩✹✳ P♦r ♠❡✐♦ ❞♦ ✈❛❧♦r r❡t♦r♥❛❞♦ ♣♦r ❡st❛ ❢✉♥çã♦✱ r❡s❡r✈❛✲s❡ ✉♠ ❡s✲

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

s❡❥❛ ♠❡♥♦r ❞♦ q✉❡ ♦ t❛♠❛♥❤♦ r❡s❡r✈❛❞♦✳ ❊♠ s❡❣✉✐❞❛✱ ❛ ❜✐❜❧✐♦t❡❝❛ ❝♦♠♣r✐♠❡ ♦s

s✉❜❜❧♦❝♦s ❡♠ ♣❛r❛❧❡❧♦✳

❖ t❛♠❛♥❤♦ ❞♦s s✉❜❜❧♦❝♦s ❝♦♠♣r✐♠✐❞♦s é ❣✉❛r❞❛❞♦ ❡♠ ✉♠ ❛rr❛② ❜②t❡s❈♦♠✲

♣r❡ss❛♦❇❧♦❝♦✳ ❈♦♠♦ ♥ã♦ s❡ s❛❜❡ ♦ t❛♠❛♥❤♦ ❞♦s s✉❜❜❧♦❝♦s ❝♦♠♣r✐♠✐❞♦s✱ ✈✐st♦ q✉❡

♦s ❜❧♦❝♦s ❛✐♥❞❛ s❡rã♦ ❝♦♠♣r✐♠✐❞♦s✱ ✉t✐❧✐③❛✲s❡ ✉♠ ❛rr❛② ❜❧♦❝♦s❈♦♠♣r✐♠✐❞♦s ♣❛r❛ ❛r✲

♠❛③❡♥❛r ♦s s✉❜❜❧♦❝♦s ❝♦♠♣r✐♠✐❞♦s✱ ❝✉❥♦ t❛♠❛♥❤♦ é ♦ ♥ú♠❡r♦ ❞❡ ♥ú❝❧❡♦s ❞❛ ❈P❯

❞✐s♣♦♥í✈❡✐s ♥♦ ❝♦♠♣✉t❛❞♦r ♠✉❧t✐♣❧✐❝❛❞♦ ♣❡❧♦ t❛♠❛♥❤♦ ♠á①✐♠♦ q✉❡ ✉♠ s✉❜❜❧♦❝♦

❝♦♠♣r✐♠✐❞♦ ♣♦❞❡ ❛❧❝❛♥ç❛r✳ ◆❛ ❋✐❣✉r❛ ✸✳✻ ✭❛✮ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ❝♦♠♦ ♦s ❜❧♦❝♦s ✜❝❛♠

♣♦s✐❝✐♦♥❛❞♦s ♥♦ ❛rr❛② ❜❧♦❝♦s❈♦♠♣r✐♠✐❞♦s✳ ◆♦t❡ q✉❡ ♦ ❡s♣❛ç♦ à ❞✐r❡✐t❛ ❞♦ tr❛❝❡❥❛❞♦ é

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

♥♦ ❞✐s❝♦✳ P❛r❛ ❡❧✐♠✐♥❛r ♦ ❧✐①♦ ♥♦ ✜♥❛❧ ❞❡ ❝❛❞❛ ♣♦s✐çã♦ ❞♦ ❛rr❛② ❜❧♦❝♦s❈♦♠♣r✐♠✐❞♦s✱

♣♦r ♠❡✐♦ ❞♦ ❛rr❛② ❜②t❡s❈♦♠♣r❡ss❛♦❇❧♦❝♦✱ r❡❛❧✐③❛✲s❡ ✉♠❛ ❝ó♣✐❛ ❛♣❡♥❛s ❞♦s s✉❜❜❧♦✲

❝♦s ❝♦♠♣r✐♠✐❞♦s ♣❛r❛ ♦✉tr♦ ❛rr❛② ❛✉①❇❧♦❝♦s❈♦♠♣r❡ss❛♦ ❞❡ ♠♦❞♦ q✉❡✱ ❡♥tr❡ ❝❛❞❛

s✉❜❜❧♦❝♦ ❛r♠❛③❡♥❛❞♦ ♥♦ ❛rr❛② ❛✉①❇❧♦❝♦s❈♦♠♣r❡ss❛♦✱ ♥ã♦ ❡①✐st❛ ❧✐①♦✱ ❝♦♠♦ ♠♦str❛

❛ ❋✐❣✉r❛ ✸✳✻ ✭❜✮✳ ❆ss✐♠✱ ♣❛r❛ ❡s❝r❡✈❡r ♦s s✉❜❜❧♦❝♦s ♥♦ ❞✐s❝♦✱ ❛ ❚✐❧❡❞▼❛tr✐① s♦♠❛

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

❞❡ ❜②t❡s r❡s✉❧t❛♥t❡ ❞❡ss❛ s♦♠❛✱ q✉❡ sã♦ ♦s s✉❜❜❧♦❝♦s ❝♦♠♣r✐♠✐❞♦s✳ ❖ ♣r♦❝❡ss♦ ❞❡
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❧❡✐t✉r❛ ❞♦s s✉❜❜❧♦❝♦s é s❡♠❡❧❤❛♥t❡✿ s♦♠❛✲s❡ ♦ t❛♠❛♥❤♦ ❞❡ ❝❛❞❛ s✉❜❜❧♦❝♦ ❡♠ ❜②t❡s ❡

❧ê✲s❡ s♦♠❡♥t❡ ❡ss❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜②t❡s ❞♦ ❞✐s❝♦✱ q✉❡ sã♦ ♦s s✉❜❜❧♦❝♦s ❝♦♠♣r✐♠✐❞♦s✳

❖s s✉❜❜❧♦❝♦s sã♦ ❛r♠❛③❡♥❛❞♦s ♥♦ ❛rr❛② ❜❧♦❝♦s❈♦♠♣r✐♠✐❞♦s ❡ ❞❡s❝♦♠♣r✐♠✐❞♦s ❡♠

♣❛r❛❧❡❧♦ ❡ ✉♥✐❞♦s ❡♠ ✉♠❛ ♠❛tr✐③ q✉❡ ❛r♠❛③❡♥❛ ♦s ❜❧♦❝♦s ❝❛rr❡❣❛❞♦s ♥❛ ♠❡♠ór✐❛✱

❞❡ ♠♦❞♦ q✉❡ t♦❞♦s ♦s s✉❜❜❧♦❝♦s ❢♦r♠❡♠ ✉♠ ú♥✐❝♦ ❜❧♦❝♦ ♥❛ ♠❡♠ór✐❛✳

❋✐❣✉r❛ ✸✳✺✳ ❊str✉t✉r❛ ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛ ♥❛ ❚✐❧❡❞▼❛tr✐① ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r

♦ ❛❧❣♦r✐t♠♦ ▲❩✹ P❛r❛❧❡❧♦✱ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ❝♦♠♣✉t❛❞♦r t❡♥❤❛ ✹ ♥ú❝❧❡♦s ❞❛

❈P❯ ❞✐s♣♦♥í✈❡✐s✳

❋✐❣✉r❛ ✸✳✻✳ Pr♦❝❡ss♦ ❞❡ r❡♠♦çã♦ ❞❡ ❧✐①♦ ❡ ✉♥✐ã♦ ❞♦s s✉❜❜❧♦❝♦s ❡♠ ✉♠ ❛rr❛②✱

❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ❝♦♠♣✉t❛❞♦r t❡♥❤❛ ✹ ♥ú❝❧❡♦s ❞❛ ❈P❯ ❞✐s♣♦♥í✈❡✐s✳

P❛r❛ ❝❛s♦s ❡♠ q✉❡ ❛ ❞✐✈✐sã♦ ❞❛ ♠❛tr✐③ ♥ã♦ s❡❥❛ ✐♥t❡✐r❛ ✭✈❡r ❋✐❣✉r❛ ✸✳✼✮✱ ❛

❜✐❜❧✐♦t❡❝❛ ❝♦♠♣❧❡t❛ ♦s ❜❧♦❝♦s ♥❛ ❢r♦♥t❡✐r❛ ❞❛ ♠❛tr✐③ ❝♦♠ ✈❛❧♦r❡s ♥✉❧♦s ✲ ♥♦ ❝❛s♦ ❞❡

♣r♦❝❡ss❛♠❡♥t♦ ❞❡ t❡rr❡♥♦s ❡st❛s ❝é❧✉❧❛s ❝♦♥té♠ ✈❛❧♦r❡s ◆❖❉❆❚❆✶✳

✶❱❛❧♦r❡s ◆❖❉❆❚❆ r❡♣r❡s❡♥t❛♠ ❛ ❛✉sê♥❝✐❛ ❞❡ ❞❛❞♦s✳
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❋✐❣✉r❛ ✸✳✼✳ ❇❧♦❝♦ ♥❛ ❢r♦♥t❡✐r❛ ❞❡ ✉♠❛ ♠❛tr✐③✱ ❡♠ q✉❡ ❛ ❞✐✈✐sã♦ ♥ã♦ é ✐♥t❡✐r❛✱
♣r❡❡♥❝❤✐❞♦ ❝♦♠ ✈❛❧♦r❡s ◆❖❉❆❚❆✳

✸✳✸ ❚✐❧❡❞▼❛tr✐① ✈❡rs✉s ❙❡❣♠❡♥t

➱ ✐♠♣♦rt❛♥t❡ ♠❡♥❝✐♦♥❛r q✉❡✱ ❡♠❜♦r❛ ❛ ❜✐❜❧✐♦t❡❝❛ ❙❡❣♠❡♥t✱ ✐♥❝❧✉í❞❛ ❡♠ ●❘❆❙❙ ❬✷✵❪✱

s❡❥❛ ❜❛s❡❛❞❛ ❡♠ ❝♦♥❝❡✐t♦s s✐♠✐❧❛r❡s ❞❛ ❚✐❧❡❞▼❛tr✐①✱ ♥❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛ ❚✐❧❡❞▼❛✲

tr✐① ❢♦r❛♠ ✉s❛❞❛s ❛❧❣✉♠❛s ❡str❛té❣✐❛s ❞✐❢❡r❡♥t❡s q✉❡ ❛ t♦r♥❛♠ ♠❛✐s ❡✣❝✐❡♥t❡ ❞♦ q✉❡

❛ ❙❡❣♠❡♥t✳

Pr✐♠❡✐r❛♠❡♥t❡✱ ❙❡❣♠❡♥t ♥ã♦ ✉s❛ ❝♦♠♣r❡ssã♦ ❞❛ ❞❛❞♦s ♣❛r❛ r❡❞✉③✐r ♦♣❡r❛çõ❡s

❞❡ ❊✴❙ ❞♦ ❞✐s❝♦✳ ❆❧é♠ ❞✐ss♦✱ ❛ ❙❡❣♠❡♥t ♣❡r♠✐t❡ ❛♣❡♥❛s ❛ ♣♦❧ít✐❝❛ ❞❡ s✉❜st✐t✉✐çã♦

▲❘❯✳ ❊✱ ❛❧é♠ ❞✐ss♦✱ ❡st❛ ♣♦❧ít✐❝❛ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞❛ ❜❛s❡❛❞❛ ❞❡ ❢♦r♠❛ ❞✐❢❡r❡♥t❡ ♥❛s

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

◆❛ ❙❡❣♠❡♥t✱ ♦s ❜❧♦❝♦s sã♦ ♠❛r❝❛❞♦s ❝♦♠ ✉♠ t✐♠❡st❛♠♣ ✭✉♠ ✈❛❧♦r ♥✉♠ér✐❝♦✮ q✉❡ é

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

③❡r❛❞♦ ❡ t♦❞♦s ♦s ♦✉tr♦s t✐♠❡st❛♠♣ ❞♦s ❜❧♦❝♦s ✭♥❛ ♠❡♠ór✐❛✮ sã♦ ✐♥❝r❡♠❡♥t❛❞♦s ❡♠

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

é s❡❧❡❝✐♦♥❛❞♦✳ ❈♦♠♦ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r✱ s❡ ❡①✐st❡♠ n ❜❧♦❝♦s ♥❛ ♠❡♠ór✐❛✱ ❝❛❞❛ ♣❛ss♦

❞❡ ♠❛r❝❛çã♦ ❞♦ ❜❧♦❝♦ t❡♠ ❝✉st♦ O(n)✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♥❛ ❚✐❧❡❞▼❛tr✐①✱ q✉❛♥❞♦ ✉♠

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

q✉❡ t❡♠ ♦ ♠❡♥♦r t✐♠❡st❛♠♣ é ❡①♣✉❧s♦✳ ◆❡st❡ ❝❛s♦✱ ♦ ♣r♦❝❡ss♦ ❞❡ ♠❛r❝❛çã♦ ❞♦ ❜❧♦❝♦

r❡q✉❡r t❡♠♣♦ ❝♦♥st❛♥t❡✳

❖✉tr❛ ✐♠♣♦rt❛♥t❡ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❚✐❧❡❞▼❛tr✐① ❡ ❙❡❣♠❡♥t é ♦ ♣r♦❝❡ss♦ ♣❛r❛

❞❡t❡r♠✐♥❛r s❡ ✉♠ ❜❧♦❝♦ ❥á ❡stá ❝❛rr❡❣❛❞♦ ♥❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ❡✱ s❡ s✐♠✱ ♦♥❞❡

❡❧❡ ❡stá ❛r♠❛③❡♥❛❞♦✳ ◆❛ ❚✐❧❡❞▼❛tr✐①✱ q✉❛♥❞♦ ✉♠❛ ❝é❧✉❧❛ ❡♠ ✉♠ ❜❧♦❝♦ ♣r❡❝✐s❛

s❡r ❛❝❡ss❛❞❛✱ é ❢á❝✐❧ ✭❡ rá♣✐❞♦✮ ❞❡t❡r♠✐♥❛r s❡ ✉♠ ❜❧♦❝♦ ❡stá ❝❛rr❡❣❛❞♦ ♥❛ ♠❡♠ór✐❛

✐♥t❡r♥❛ ✭❡ ♦♥❞❡ ♦ ❜❧♦❝♦ ❡stá ❛r♠❛③❡♥❛❞♦✮ ✈✐st♦ q✉❡ ❜❛st❛ ❛❝❡ss❛r ❛ ♣♦s✐çã♦ ❞♦

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

❡♠ t❡♠♣♦ ❝♦♥st❛♥t❡✳ ▼❛s✱ ♥❛ ❙❡❣♠❡♥t✱ é ♥❡❝❡ssár✐♦ ✈❛rr❡r ♦ ✈❡t♦r q✉❡ ❛r♠❛③❡♥❛ ♦s
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❜❧♦❝♦s ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛ ♣❛r❛ ✈❡r✐✜❝❛r ✭❡ ❛❝❡ss❛r✮ ♦ ❜❧♦❝♦❀ ♣❛r❛ t❡♥t❛r r❡❞✉③✐r ❡st❡

♦✈❡r❤❡❛❞✱ ❛ ❜✐❜❧✐♦t❡❝❛ ♠❛♥té♠ ❛ ♣♦s✐çã♦ ❞♦ ú❧t✐♠♦ ❜❧♦❝♦ ❝❛rr❡❣❛❞♦✳ ◆♦✈❛♠❡♥t❡✱ ♥♦

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

P♦rt❛♥t♦✱ ♥❛ ❚✐❧❡❞▼❛tr✐①✱ ✉♠ ❛❝❡ss♦ ❛ ✉♠ ❜❧♦❝♦ ❝❛rr❡❣❛❞♦ ♥❛ ♠❡♠ór✐❛✱ ❡♠

t♦❞♦s ♦s ❝❛s♦s✱ t❡♠ ❝✉st♦ O(1)✱ ❡♥q✉❛♥t♦ ♥❛ ❙❡❣♠❡♥t t❡♠ ❝✉st♦ O(n)✳ ◆♦t❡ q✉❡

❡st❛ ♠❡❧❤♦r✐❛ ❞❛ ❡✜❝✐ê♥❝✐❛ ♥❛ ♦♣❡r❛çã♦ ❞❡ ❛❝❡ss♦ ❛♦ ❜❧♦❝♦ t♦r♥❛ ❛ ❚✐❧❡❞▼❛tr✐① ♠❛✐s

❡✜❝✐❡♥t❡ ❞♦ q✉❡ ❛ ❙❡❣♠❡♥t✱ ✈✐st♦ q✉❡ ♦ ❛❝❡ss♦ ❛♦s ❜❧♦❝♦s é ✉♠❛ ♦♣❡r❛çã♦ ❜ás✐❝❛ q✉❡

é ❡①❡❝✉t❛❞❛ ✈ár✐❛s ✈❡③❡s✳



❈❛♣ít✉❧♦ ✹

❆✈❛❧✐❛çã♦ ❞❡ ❊✜❝✐ê♥❝✐❛

❆ ✜♠ ❞❡ ❛✈❛❧✐❛r ❛ ❡✜❝✐ê♥❝✐❛ ❞❛ ❚✐❧❡❞▼❛tr✐①✱ ❛❧❣✉♥s t❡st❡s ❡①♣❡r✐♠❡♥t❛✐s ❢♦r❛♠

r❡❛❧✐③❛❞♦s ♣❛r❛ ❝♦♠♣❛rá✲❧❛ ❝♦♠ ❛ ❜✐❜❧✐♦t❡❝❛ ❙❡❣♠❡♥t✳ ❖s t❡st❡s ❢♦r❛♠ ❜❛s❡❛❞♦s

❡♠ três ❛♣❧✐❝❛çõ❡s q✉❡ r❡q✉❡r❡♠ ✐♥t❡♥s✐✈♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ♠❛tr✐③❡s✿ ❝❛❧❝✉❧❛r ❛

tr❛♥s♣♦st❛ ❞❛ ♠❛tr✐③✱ ❝❛❧❝✉❧❛r ♦ ✈✐❡✇s❤❡❞ ✭♠❛♣❛ ❞❡ ✈✐s✐❜✐❧✐❞❛❞❡✮ ❡ ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦

❡♠ t❡rr❡♥♦s r❡♣r❡s❡♥t❛❞♦s ♣♦r ✉♠❛ ♠❛tr✐③ ❞❡ ❡❧❡✈❛çã♦✳ P❛r❛ ❝❛❞❛ ❛♣❧✐❝❛çã♦ ❢♦✐

s❡❧❡❝✐♦♥❛❞♦ ✉♠ ❛❧❣♦r✐t♠♦ q✉❡ ❢♦✐ ❛❞❛♣t❛❞♦ ♣❛r❛ ♣r♦❝❡ss❛♠❡♥t♦ ❡♠ ♠❡♠ór✐❛ ❡①t❡r♥❛✱

✐st♦ é✱ ♣❛r❛ ♣r♦❝❡ss❛r ❛ ♠❛tr✐③ ❛r♠❛③❡♥❛❞❛ ❡♠ ❞✐s❝♦✳ ❆ss✐♠✱ ♣❛r❛ ❝❛❞❛ ❛❧❣♦r✐t♠♦

❢♦✐ ❣❡r❛❞❛ ❞✉❛s ✈❡rsõ❡s✿ ✉♠❛ ✉s❛♥❞♦ ❚✐❧❡❞▼❛tr✐① ♣❛r❛ ❣❡r❡♥❝✐❛r ♦ ❛❝❡ss♦ ❛ ♠❛tr✐③

❛r♠❛③❡♥❛❞❛ ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛ ❡ ♦✉tr❛ ✉s❛♥❞♦ ❛ ❙❡❣♠❡♥t✳

❖s ❛❧❣♦r✐t♠♦s ✉s❛❞♦s ♥♦s t❡st❡s sã♦ ❞❡s❝r✐t♦s ❛❜❛✐①♦✳ ❚❛✐s ❛❧❣♦r✐t♠♦s ❢♦r❛♠

✐♠♣❧❡♠❡♥t❛❞♦s ❡♠ ❈✰✰✱ ❝♦♠♣✐❧❛❞♦s ✉s❛♥❞♦ ❣❝❝ ✹✳✺✳✷ ❡ ♦s t❡st❡s ❢♦r❛♠ ❡①❡❝✉t❛❞♦s

❡♠ ✉♠ ❝♦♠♣✉t❛❞♦r ❈♦r❡ ✐✺✱ ♠❡♠ór✐❛ ❘❆▼ ❞❡ ✹●❇✱ ✶❚❇ ❞❡ ❞✐s❝♦ ❙❛t❛ ❡①❡❝✉✲

t❛♥❞♦ ♥♦ s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧ ▲✐♥✉① ❯❜✉♥t✉ ✶✷✳✶✵ ✻✹❜✐ts✳ ❊♠ t♦❞❛s ❛s ❛♣❧✐❝❛çõ❡s ❛s

❜✐❜❧✐♦t❡❝❛s ❢♦r❛♠ ❝♦♥✜❣✉r❛❞❛s ♣❛r❛ ✉s❛r✱ ♥♦ ♠á①✐♠♦ ✸●❇ ❞❡ ❘❆▼✳ ❖s r❡s✉❧t❛❞♦s

❞❡st❡s t❡st❡s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ s❡çã♦ ✹✳✻✳✷✳

✹✳✶ ❚r❛♥s♣♦s✐çã♦ ❞❛ ♠❛tr✐③

❖ ❛❧❣♦r✐t♠♦ ♣❛r❛ tr❛♥s♣♦s✐çã♦ ❞❛ ♠❛tr✐③ é ❜❛s❡❛❞♦ ♥♦ ♠ét♦❞♦ tr✐✈✐❛❧ ♦♥❞❡ ❛ ♠❛✲

tr✐③ ❞❡ ❡♥tr❛❞❛ é ❧✐❞❛ s❡q✉❡♥❝✐❛❧♠❡♥t❡ ✭❧✐♥❤❛ ♣♦r ❧✐♥❤❛✮ ❞♦ ❞✐s❝♦ ❡ ❝❛❞❛ ❝é❧✉❧❛ ✭✐✱❥✮

é ❛r♠❛③❡♥❛❞❛ ♥❛ ♣♦s✐çã♦ ✭❥✱✐✮ ❡♠ ✉♠❛ ♠❛tr✐③ t❡♠♣♦rár✐❛ ▼ ♠❛♥✐♣✉❧❛❞❛ ♣❡❧❛ ❜✐✲

❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ♦✉ ♣❡❧❛ ❜✐❜❧✐♦t❡❝❛ ❙❡❣♠❡♥t✳ ❊♥tã♦✱ ❛ ♠❛tr✐③ tr❛♥s♣♦st❛ ▼ é

❡s❝r✐t❛ ♣❛r❛ ♦ ❞✐s❝♦✳

✷✼
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✹✳✷ ❱✐❡✇s❤❡❞

❉❛❞♦ ✉♠ t❡rr❡♥♦ r❡♣r❡s❡♥t❛❞♦ ♣♦r ✉♠❛ ♠❛tr✐③ ❞❡ ❡❧❡✈❛çã♦✱ s❡❥❛ O ✉♠ ♣♦♥t♦ ♥♦

❡s♣❛ç♦ ✭♦ ♦❜s❡r✈❛❞♦r✮ ❞❡ ♦♥❞❡ s❡ ❞❡s❡❥❛ ✈✐s✉❛❧✐③❛r ✭♦✉ ❝♦♠✉♥✐❝❛r✮ ❝♦♠ ♦✉tr♦s ♣♦♥t♦s

❞♦ t❡rr❡♥♦ ✭♦s ❛❧✈♦s✮✳ ❚❛♥t♦ ♦ ♦❜s❡r✈❛❞♦r ❝♦♠♦ ♦ ❛❧✈♦ ♣♦❞❡♠ ❡st❛r ❛ ✉♠❛ ❞❛❞❛

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

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

❞❛❞❛ ❞✐stâ♥❝✐❛ ρ✳ ❆ss✐♠✱ ✉♠ ❛❧✈♦ T é ✈✐sí✈❡❧ ❛ ♣❛rt✐r ❞❡ O s❡ ❡ ❛♣❡♥❛s s❡ ❛ ❞✐stâ♥❝✐❛

❞❡ T ❞❡ O é✱ ♥♦ ♠á①✐♠♦ ρ✱ ❡ ❛ ❧✐♥❤❛ ❞❡ ✈✐sã♦ ❞❡ O ❛ T é s❡♠♣r❡ ❡str✐t❛♠❡♥t❡ ❛❝✐♠❛

❞♦ t❡rr❡♥♦✱ ✐st♦ é✱ ♥ã♦ ❡①✐st❡ ✉♠ ♣♦♥t♦ ♥❡st❛ ❧✐♥❤❛ ❝✉❥❛ ❛❧t✉r❛ é ♠❡♥♦r ♦✉ ✐❣✉❛❧ ❞♦

q✉❡ ❛ ❡❧❡✈❛çã♦ ❞♦ ♣♦♥t♦ ❞♦ t❡rr❡♥♦ ❝♦rr❡s♣♦♥❞❡♥t❡✳ ❱❡r ❋✐❣✉r❛ ✹✳✶✳

❋✐❣✉r❛ ✹✳✶✳ ❱✐s✐❜✐❧✐❞❛❞❡ ❞♦ ❛❧✈♦✿ T2 é ✈✐sí✈❡❧✱ ♠❛s T1 ❡ T3 ♥ã♦ sã♦✳

❖ ✈✐❡✇s❤❡❞ ❞❡ O ❝♦rr❡s♣♦♥❞❡ ❛ t♦❞♦s ♦s ♣♦♥t♦s ❞♦ t❡rr❡♥♦ q✉❡ ♣♦❞❡♠ s❡r

✈✐st♦s ♣♦r O❀ ❢♦r♠❛❧♠❡♥t❡✱

viewshed(O) = {p ∈ T | ✉♠ ❛❧✈♦ ❡♠ p é ✈✐sí✈❡❧ ❞❡ O} ✭✹✳✶✮

♦♥❞❡ ♦ r❛✐♦ ❞❡ ✐♥t❡r❡ss❡ ρ é ❞❡✐①❛❞♦ ✐♠♣❧í❝✐t♦✳ ❱✐st♦ q✉❡ ♦ t❡rr❡♥♦ é r❡♣r❡s❡♥t❛❞♦

♣♦r ▼❉❊s✱ ♦ ✈✐❡✇s❤❡❞ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♣♦r ✉♠❛ ♠❛tr✐③ (2ρ + 1) × (2ρ + 1)

q✉❛❞r❛❞❛ ❞❡ ❜✐ts ♦♥❞❡ 1 ✐♥❞✐❝❛ q✉❡ ♦ ♣♦♥t♦ ❝♦rr❡s♣♦♥❞❡♥t❡ é ✈✐sí✈❡❧ ❡ O ♥ã♦ é✳ P♦r

❞❡✜♥✐çã♦✱ ♦ ♦❜s❡r✈❛❞♦r ❡stá ♥♦ ❝❡♥tr♦ ❞❡st❛ ♠❛tr✐③✳

❊♥tã♦✱ ❛ ✈✐s✐❜✐❧✐❞❛❞❡ ❞❡ ✉♠ ❛❧✈♦ s♦❜r❡ ✉♠❛ ❝é❧✉❧❛ ct ♣♦❞❡ s❡r ❞❡t❡r♠✐♥❛❞❛

❛♦ ✈❡r✐✜❝❛r ❛ ✐♥❝❧✐♥❛çã♦ ❞❛ ❧✐♥❤❛ ❝♦♥❡❝t❛♥❞♦ ♦ ♦❜s❡r✈❛❞♦r ❡ ♦ ❛❧✈♦ ❡ ❛ ❡❧❡✈❛çã♦ ❞❛

❝é❧✉❧❛ s♦❜r❡ ♦ s❡❣♠❡♥t♦ r❛st❡r✐③❛❞♦✳ ▼❛✐s ♣r❡❝✐s❛♠❡♥t❡✱ s✉♣♦♥❤❛ q✉❡ ♦ s❡❣♠❡♥t♦

é ❝♦♠♣♦st♦ ♣❡❧❛s ❝é❧✉❧❛s c0, c1, · · · , ct ♦♥❞❡ c0 ❡ ct sã♦ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❛s ❝é❧✉❧❛s

❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦ ♦❜s❡r✈❛❞♦r ❡ ♣♦s✐çõ❡s ❞♦ ❛❧✈♦✳ ❙❡❥❛ α ❛ ✐♥❝❧✐♥❛çã♦ ❞❛ ❧✐♥❤❛

❝♦♥❡❝t❛♥❞♦ ♦ ♦❜s❡r✈❛❞♦r ❛ ❝é❧✉❧❛ ci✱ ✐st♦ é✱
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αi =
ζ(ci)− (ζ(c0) + ho)

dist(c0, ci)
✭✹✳✷✮

♦♥❞❡ ζ(c0) ❡ ζ(ci) sã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛ ❡❧❡✈❛çã♦ ❞❛s ❝é❧✉❧❛s c0 ❡ ci ❡ dist(c0, ci)

é ❛ ✏❞✐stâ♥❝✐❛✑ ✭♦ ♥ú♠❡r♦ ❞❡ ❝é❧✉❧❛s✮ ❡♥tr❡ ❡st❛s ❞✉❛s ❝é❧✉❧❛s ❡ ho ❡ ht é ❛ ❛❧t✉r❛

❞♦ ♦❜s❡r✈❛❞♦r ❡ ❞♦ ❛❧✈♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ss✐♠✱ ♦ t❛r❣❡t s♦❜r❡ ct é ✈✐sí✈❡❧ s❡ ❡

❛♣❡♥❛s s❡ ❛ ✐♥❝❧✐♥❛çã♦ ζ(ct)+ht−(ζ(c0)+ho)
dist(c0,cp)

é ♠❛✐♦r ❞♦ q✉❡ α✱ ♣❛r❛ t♦❞♦ 0 < i < t✳ ❙❡

s✐♠✱ ❛ ❝é❧✉❧❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ♥❛ ♠❛tr✐③ ✈✐❡✇s❤❡❞ é ♠❛r❝❛❞❛ ❝♦♠♦ 1❀ ❝❛s♦ ❝♦♥trár✐♦✱

é ♠❛r❝❛❞❛ ❝♦♠♦ 0✳

◆♦t❡ q✉❡ ♦ ❝á❧❝✉❧♦ ❞♦ ✈✐❡✇s❤❡❞ ❞❡♠❛♥❞❛ ✉♠ ♣r♦❝❡ss❛♠❡♥t♦ ✐♥t❡♥s✐✈♦ ❞❛ ♠❛✲

tr✐③✳ P❛r❛ t❡rr❡♥♦s ❝✉❥❛ ♠❛tr✐③ ♥ã♦ ❝❛❜❡ ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛✱ é ♥❡❝❡ssár✐♦ ✉♠

❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ❛❝❡ss♦s à ♠❡♠ór✐❛ ❡①t❡r♥❛✱ ✈✐st♦ q✉❡ ❛ ♠❛tr✐③ é ❛❝❡ss❛❞❛ ♥ã♦✲

s❡q✉❡♥❝✐❛❧♠❡♥t❡✳

❊①✐st❡♠ ♠✉✐t♦s ♠ét♦❞♦s ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ✈✐❡✇s❤❡❞ ❬✶✽✱ ✷✶❪ ❡✱ ❡♠ ♣❛rt✐❝✉❧❛r✱

❡♠ ❬✶✽❪ é ♣r♦♣♦st♦ ✉♠ ♠ét♦❞♦ ❞❡ t❡♠♣♦ ❧✐♥❡❛r ❡♠ q✉❡ ❛ ✈✐s✐❜✐❧✐❞❛❞❡ é ❝❛❧❝✉❧❛❞❛ ❛♦

❧♦♥❣♦ ❞❡ ✉♠ r❛✐♦ ✭s❡❣♠❡♥t♦✮ ❝♦♥❡❝t❛♥❞♦ ♦ ♦❜s❡r✈❛❞♦r O ❛♦ ❝❡♥tr♦ ❞❛ ✉♠❛ ❝é❧✉❧❛ ♥❛

❜♦r❞❛ ❞❡ ✉♠ q✉❛❞r❛❞♦ ❞❡ ❧❛❞♦ 2R+ 1 ❝❡♥tr❛❞♦ ❡♠ O✳ ❊st❡ r❛✐♦ s❡rá r♦t❛❝✐♦♥❛♥❞♦

❡♠ s❡♥t✐❞♦ ❛♥t✐✲❤♦rár✐♦ ❡♠ t♦r♥♦ ❞♦ ♦❜s❡r✈❛❞♦r s❡❣✉✐♥❞♦ ❛s ❝é❧✉❧❛s ♥❛ ❜♦r❞❛ ✭✈❡r

❋✐❣✉r❛ ✹✳✷✮✳

❋✐❣✉r❛ ✹✳✷✳ P❡r❝♦rr❡♥❞♦ ♦ t❡rr❡♥♦✳

❊st❡ ❛❧❣♦r✐t♠♦ ♣♦❞❡ s❡r ❢❛❝✐❧♠❡♥t❡ ❛❞❛♣t❛❞♦ ♣❛r❛ ♣r♦❝❡ss❛♠❡♥t♦ ❡♠ ♠❡♠ór✐❛

❡①t❡r♥❛ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ♦✉ ❙❡❣♠❡♥t✳ ❆ ✐❞é✐❛ ❜ás✐❝❛ é✱ q✉❡

q✉❛♥❞♦ ✉♠❛ ❝é❧✉❧❛ ❞❛ ♠❛tr✐③ ♣r❡❝✐s❛ s❡r ❛❝❡ss❛❞❛✱ ❡st❡ ❛❝❡ss♦ é ❣❡r❡♥❝✐❛❞♦ ♣♦r

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



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✸✵

✹✳✸ ❋❧✉①♦ ❛❝✉♠✉❧❛❞♦

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

❝á❧❝✉❧♦ ❞❛ r❡❞❡ ❞❡ ❞r❡♥❛❣❡♠ ❡♠ t❡rr❡♥♦s✳ ■♥❢♦r♠❛❧♠❡♥t❡✱ ❛ r❡❞❡ ❞❡ ❞r❡♥❛❣❡♠ ❞❡

✉♠ t❡rr❡♥♦ ❞❡❧✐♥❡✐❛ ♦ ❝❛♠✐♥❤♦ q✉❡ ❛ á❣✉❛ ❞❡✈❡ s❡❣✉✐r ❛♦ ❧♦♥❣♦ ❞❡ ✉♠ t❡rr❡♥♦ ✭❛

❞✐r❡çã♦ ❞❡ ✢✉①♦✮ ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ á❣✉❛ q✉❡ ✢✉✐ ❡♠ ❝❛❞❛ ❝é❧✉❧❛ ❞♦ t❡rr❡♥♦ ✭♦ ✢✉①♦

❛❝✉♠✉❧❞♦✮✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ❛ ❞✐r❡çã♦ ❞❡ ✢✉①♦ ❝♦♥s✐st❡ ❡♠ ❛tr✐❜✉✐r ❞✐r❡çõ❡s

♣❛r❛ ❝é❧✉❧❛s ❞♦ t❡rr❡♥♦ t❛❧ q✉❡ ❡st❛s ❞✐r❡çõ❡s ❞✐t❛♠ ♦ ❝❛♠✐♥❤♦ ❞❛ á❣✉❛ ♥♦ t❡rr❡♥♦

❬✸✸❪✳ ❆ ❞✐r❡çã♦ ♥❛ ❝é❧✉❧❛ c ♣♦❞❡ s❡r ❞❡✜♥✐❞❛ ❝♦♠♦ ❛ ❞✐r❡çã♦ ❞❛ ❝é❧✉❧❛ ✈✐③✐♥❤❛ ❞❡

♠❡♥♦r ❡❧❡✈❛çã♦ ❞❡♥tr❡ ❛s q✉❡ tê♠ ❡❧❡✈❛çã♦ ♠❡♥♦r ❞♦ q✉❡ c✳ ❆❞✐❝✐♦♥❛❧♠❡♥t❡✱ ♦

✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❞❡ ✉♠❛ ❝é❧✉❧❛ c é ♦ ♥ú♠❡r♦ ❞❡ ♦✉tr❛s ❝é❧✉❧❛s ❝✉❥♦ ✢✉①♦ ❛❧❝❛♥ç❛

c ✭✐♥❢♦r♠❛❧♠❡♥t❡✱ ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ s✐❣♥✐✜❝❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ á❣✉❛ q✉❡ ❛❧❝❛♥ç❛

❝❛❞❛ ❝é❧✉❧❛✮ s✉♣♦♥❞♦ q✉❡ ❝❛❞❛ ❝é❧✉❧❛ r❡❝❡❜❡ ✉♠❛ ❣♦t❛ ❞❡ ❝❤✉✈❛✳ ◆❛ ❋✐❣✉r❛ ✹✳✸

♣♦❞❡✲s❡ ♦❜s❡r✈❛r ✉♠ ❡①❡♠♣❧♦ ❞❡ ✉♠❛ ♠❛tr✐③ ❞❡ ❞✐r❡çã♦ ❞❡ ✢✉①♦ ❡ ❛ ♠❛tr✐③ ❞❡ ✢✉①♦

❛❝✉♠✉❧❛❞♦ ❝❛❧❝✉❧❛❞❛ ❛ ♣❛rt✐r ❞❛ ♠❛tr✐③ ❞❡ ❞✐r❡çã♦ ❞❡ ✢✉①♦✳

❋✐❣✉r❛ ✹✳✸✳ ❈á❧❝✉❧♦ ❞❛ r❡❞❡ ❞❡ ❞r❡♥❛❣❡♠✿ ✭❛✮ ❉✐r❡çã♦ ❞❡ ✢✉①♦❀ ✭❜✮ ❋❧✉①♦
❛❝✉♠✉❧❛❞♦✳

➱ ✐♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡ ♦ ❝á❧❝✉❧♦ ❞❛ ❞✐r❡çã♦ ❞❡ ✢✉①♦ ♣r❡❝✐s❛ ✐♥❝❧✉✐r ❛❧❣✉♥s

♣❛ss♦s ♣❛r❛ tr❛t❛r ❞❡♣r❡ssõ❡s ❡ ár❡❛s ♣❧❛♥❛s s♦❜r❡ ♦s t❡rr❡♥♦s ❡✱ ❡♠ ❣❡r❛❧✱ ❡st❡s

♣❛ss♦s ♥ã♦ sã♦ ♠✉✐t♦ s✐♠♣❧❡s ❡ ✉s❛♠ ❛❧❣✉♠❛s ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❝♦♠♣❧❡①❛s✳ ❆ss✐♠✱

❛ ❛❞❛♣t❛çã♦ ❞❡ ❛❧❣♦r✐t♠♦s ❞❡ ❞✐r❡çã♦ ❞❡ ✢✉①♦ ♣❛r❛ ♠❡♠ór✐❛ ❡①t❡r♥❛ ♥ã♦ é ♠✉✐t♦

❢á❝✐❧✱ ♣♦✐s ❡①✐❣❡ ❛❧❣✉♠❛s ♠♦❞✐✜❝❛çõ❡s ✐♠♣♦rt❛♥t❡s ♥❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦✳

❱✐st♦ q✉❡ ♦ ♦❜❥❡t✐✈♦ ❞♦s t❡st❡s é ❛✈❛❧✐❛r ❛ ❡✜❝✐ê♥❝✐❛ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐①✱ ❡♥tã♦

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

♣❛rt✐r ❞❛ ❞✐r❡çã♦ ❞❡ ✢✉①♦✳

❆ss✐♠✱ ❞❛❞❛ ✉♠❛ ♠❛tr✐③ ❞❡ ❞✐r❡çã♦ ❞❡ ✢✉①♦ ♦❜t✐❞❛ ♣❡❧♦ ❛❧❣♦r✐t♠♦

❘❲❋❧♦♦❞ ❬✷✻❪✱ ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ♣♦❞❡ s❡r ♦❜t✐❞♦ r❡❛❧✐③❛♥❞♦ ✉♠❛ ♦r❞❡♥❛çã♦ t♦✲



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✸✶

♣♦❧ó❣✐❝❛ ♥✉♠ ❣r❛❢♦ ❝r✐❛❞♦ ❛ ♣❛rt✐r ❞❛s ❞✐r❡çõ❡s ❞❡ ✢✉①♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ ❝❛❞❛

❝é❧✉❧❛ é ✉♠ ✈ért✐❝❡ ❡ ❡①✐st❡ ✉♠❛ ❛r❡st❛ ❞✐r❡❝✐♦♥❛❞❛ ❝♦♥❡❝t❛♥❞♦ ✉♠❛ ❝é❧✉❧❛ c1 ❛ ✉♠❛

❝é❧✉❧❛ c2 s❡ ❡ ❛♣❡♥❛s s❡ c1 ✢✉✐ ♣❛r❛ c2✳ ■♥✐❝✐❛❧♠❡♥t❡✱ t♦❞♦s ♦s ✈ért✐❝❡s ♥♦ ❣r❛❢♦ t❡♠

1 ✉♥✐❞❛❞❡ ❞❡ ✢✉①♦✳ ❊♥tã♦✱ ❡♠ ❝❛❞❛ ♣❛ss♦✱ ✉♠❛ ❝é❧✉❧❛ c ❝♦♠ ❣r❛✉ ✵ é ♠❛r❝❛❞❛

❝♦♠♦ ✈✐s✐t❛❞❛ ❡ s❡✉ ✢✉①♦ é ❛❞✐❝✐♦♥❛❞♦ ❛♦ ✢✉①♦ ❞❡ next(c)✱ q✉❡ é ❛ ❝é❧✉❧❛ s❡❣✉✐♥t❡

c ♥♦ ❣r❛❢♦✳ ❉❡♣♦✐s ❞❡ ♣r♦❝❡ss❛r c✱ ❛ ❛r❡st❛ ❝♦♥❡❝t❛♥❞♦ c ❛ next(c) é r❡♠♦✈✐❞❛ ✭♦✉

s❡❥❛✱ ♦ ❣r❛✉ ❞❡ next(c) é ❞❡❝r❡♠❡♥t❛❞♦✮✳ P❛r❛ ♦s t❡st❡s✱ ♥ós ❛❞❛♣t❛♠♦s ♦ ❛❧❣♦r✐t♠♦

❛♣r❡s❡♥t❛❞♦ ♣♦r ❍❛✈❡r❦♦rt ❡ ❏❛♥ss❡♥ ❬✷✷❪ ♣❛r❛ ✉s❛r ❛ ❚✐❧❡❞▼❛tr✐① ❡ ❙❡❣♠❡♥t✳

✹✳✹ ❋✐❧tr♦ ❞❛ ♠❡❞✐❛♥❛

❖ ✜❧tr♦ ❞❛ ♠❡❞✐❛♥❛ é ✉♠ ♠ét♦❞♦ ♥ã♦✲❧✐♥❡❛r ✉s❛❞♦ ♣❛r❛ r❡❞✉③✐r r✉í❞♦s ❡♠ ✐♠❛❣❡♠✳

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

♠❡❞✐❛♥♦ ❞♦s ♣✐①❡❧s ✈✐③✐♥❤♦s ❬✸✾❪ ❝♦♠♦ ♠♦str❛ ♥❛ ❋✐❣✉r❛ ✹✳✹✳

❋✐❣✉r❛ ✹✳✹✳ ❈❛❧❝✉❧❛♥❞♦ ♦ ✜❧tr♦ ❞❛ ♠❡❞✐❛♥❛✳

✹✳✺ ❋♦♥t❡s ❞❡ ❞❛❞♦s

❖s t❡st❡s r❡❛❧✐③❛❞♦s ❝♦♠ ❛ ❚✐❧❡❞▼❛tr✐① ❡ ❛ ❙❡❣♠❡♥t ✉t✐❧✐③❛r❛♠ ♠❛tr✐③❡s r❡♣r❡s❡♥✲

t❛♥❞♦ t❡rr❡♥♦s ♦❜t✐❞❛s ❛ ♣❛rt✐r ❞❛ ♣á❣✐♥❛ ◆❛s❛ ❬✸✶❪ ❝♦♠ r❡s♦❧✉çã♦ ❤♦r✐③♦♥t❛❧ ❞❡ ✸✵

♠❡tr♦s✳ ❖s ❞❛❞♦s ✉t✐❧✐③❛❞♦s ♥♦s t❡st❡s ❢♦r❛♠ ❡①tr❛í❞♦s ❞❛s ❘❡❣✐õ❡s ✷ ❡ ✸ ✭❝♦♠♦

♠♦str❛ ♥❛ ❋✐❣✉r❛ ✹✳✺✮ ♣♦✐s ❡st❛s r❡❣✐õ❡s ❡stã♦ ♥♦ ❝❡♥tr♦ ❞♦ ❝♦♥t✐♥❡♥t❡ ❡ ♣♦rt❛♥t♦

♦s t❡rr❡♥♦s ♥ã♦ ✐♥❝❧✉❡♠ ♣❛rt❡ ❞♦ ♦❝❡❛♥♦ q✉❡ ♥♦r♠❛❧♠❡♥t❡ sã♦ ❞❡✜♥✐❞❛s ❝♦♠♦ ◆❖✲

❉❆❚❆✳ ❆ ❘❡❣✐ã♦ ✷ ❝❛r❛❝t❡r✐③❛✲s❡ ♣♦r s❡r ♠❛✐s ♠♦♥t❛♥❤♦s❛ ❡ ❛ ❘❡❣✐ã♦ ✸ ♣♦r s❡r ♠❛✐s

s✉❛✈❡✳
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❋✐❣✉r❛ ✹✳✺✳ ❘❡❣✐õ❡s ❙❘❚▼ ♣❛r❛ ❊❯❆✳

◆♦s t❡st❡s ♣❛r❛ ❛✈❛❧✐❛r ❛s ♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ✭✈❡r s❡çã♦ ✹✳✻✳✹✮ ❣❡r❛r❛♠✲

s❡ t❡rr❡♥♦s ✜❝tí❝✐♦s ❛ ✜♠ ❞❡ ♠♦str❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s ❛♣❧✐❝❛çõ❡s ❡♠ t❡rr❡♥♦s

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

❝❛❧❝✉❧❛r ♦ ✈✐❡✇s❤❡❞ ❡ ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❞❡♣❡♥❞❡ ❞❛ t♦♣♦❣r❛✜❛ ❞♦ t❡rr❡♥♦✳ ❖s

t❡rr❡♥♦s ❛❧❡❛tór✐♦s ❢♦r❛♠ ❣❡r❛❞♦s ❝♦♥s✐❞❡r❛♥❞♦ ✉♠ t❛♠❛♥❤♦ ❞❡ ❜❧♦❝♦ ❞❡ 1000×1000

❡ ❢♦✐ ✉t✐❧✐③❛❞❛ ❛ ❢✉♥çã♦ r❛♥❞✭✮ ❞♦ ❈✰✰ ♣❛r❛ ❣❡r❛r ♥ú♠❡r♦s ❛❧❡❛tór✐♦s✱ ♦ q✉❛✐s

❢♦r❛♠ ❛tr✐❜✉í❞♦s ♣❛r❛ ❝❛❞❛ ❝é❧✉❧❛ ❞♦ t❡rr❡♥♦✳ ❖s t❡rr❡♥♦s s✉❛✈❡s ❢♦r❛♠ ❣❡r❛❞♦s

❝♦♥s✐❞❡r❛♥❞♦ ✉♠ t❛♠❛♥❤♦ ❞❡ ❜❧♦❝♦ 1000× 1000✱ s❡♥❞♦ q✉❡ ❛s ❡❧❡✈❛çõ❡s ❞♦s ✈❛❧♦r❡s

❛tr✐❜✉✐❞♦s às ❝é❧✉❧❛s ❢♦r❛♠ ❣❡r❛❞❛s ❞❡ ♠♦❞♦ ❛ t❡r ♣♦✉❝❛ ✈❛r✐❛çã♦ ❞❡ ✉♠❛ ❡❧❡✈❛çã♦

♣❛r❛ ♦✉tr❛✳

✹✳✻ ❊①♣❡r✐♠❡♥t♦s ❡ ❛✈❛❧✐❛çã♦ ❞❡ ❡✜❝✐ê♥❝✐❛

✹✳✻✳✶ ❈á❧❝✉❧♦ ❞♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ ❞❛ ❚✐❧❡❞▼❛tr✐①

❆ ❡✜❝✐ê♥❝✐❛ ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ q✉❡ ✉t✐❧✐③❛ ❛ ❚✐❧❡❞▼❛tr✐① ♣❛r❛ ♣r♦❝❡ss❛r ✉♠❛ ♠❛tr✐③

❛r♠❛③❡♥❛❞❛ ♥❛ ♠❡♠ór✐❛ ❡①t❡r♥❛ é ❛❢❡t❛❞❛ ♣♦r ❛❧❣✉♥s ❡❧❡♠❡♥t♦s ❝♦♠♦✿ ♦ t❛♠❛♥❤♦

❞❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛✱ ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ ❜❧♦❝♦ ❛❞♦t❛❞♦ ♣❡❧❛ ❚✐❧❡❞▼❛tr✐① ❡ ❛ ❢♦r♠❛

❞❛ ♠❛tr✐③ ✭♥ú♠❡r♦ ❞❡ ❝é❧✉❧❛s ♥❛s ❧✐♥❤❛s ❡ ❝♦❧✉♥❛s✮✳ ■❞❡❛❧♠❡♥t❡✱ ♦ ♠❡❧❤♦r ❝❛s♦ ♣❛r❛

♦ ❛❧❣♦r✐t♠♦ s❡r✐❛ t❡r q✉❛❧q✉❡r ❜❧♦❝♦ ❥á ❝❛rr❡❣❛❞♦ ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛ q✉❛♥❞♦ ✉♠❛ ❞❡

s✉❛s ❝é❧✉❧❛s ❢♦r ❛❝❡ss❛❞❛ ❡ ✉♠ ❜❧♦❝♦ ❞❡✈❡r✐❛ s❡r r❡♠♦✈✐❞♦ ❛♣❡♥❛s q✉❛♥❞♦ ♦ ♠❡s♠♦

♥ã♦ ❢♦ss❡ ♠❛✐s ♥❡❝❡ssár✐♦✳ ▼❛s✱ ✉s✉❛❧♠❡♥t❡✱ ♥ã♦ é ❢á❝✐❧ ❛❧❝❛♥ç❛r ❡st❡ ❝❛s♦ q✉❛♥❞♦ ♦

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

♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛✳

❆❧é♠ ❞✐ss♦✱ q✉❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ♣r❡❝✐s❛ ❛r♠❛③❡♥❛r ✭❝❛rr❡❣❛r✮ ✉♠ ❜❧♦❝♦ ♣❛r❛
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❡ ❞♦ ❞✐s❝♦✱ é ♥❡❝❡ssár✐♦ ❡①❡❝✉t❛r ✉♠❛ ♦♣❡r❛çã♦ ❞❡ s❡❡❦ ♣❛r❛ ❛❧❝❛♥ç❛r ❛ ♣♦s✐çã♦ ❞♦

❜❧♦❝♦ ♥♦ ❞✐s❝♦ ❡✱ ❡♥tã♦✱ tr❛♥s❢❡r✐✲❧♦ ♣❛r❛ ❡ ❞♦ ❞✐s❝♦✳ ▼❛s✱ ♥♦t❡ q✉❡✱ ♦ ❝✉st♦ ❞❛

♦♣❡r❛çã♦ s❡❡❦ ♣♦❞❡ s❡r ❛♠♦rt✐③❛❞♦ ✉s❛♥❞♦ ✉♠ ❜❧♦❝♦ ❞❡ t❛♠❛♥❤♦ ❣r❛♥❞❡✱ ✐st♦ é✱

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

s❡❡❦ ♣❛r❛ ❛ ♦♣❡r❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞❛❞♦s✳ P♦r ♦✉tr♦ ❧❛❞♦✱ t❛♠❛♥❤♦s ❞❡ ❜❧♦❝♦s

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

t❡♠♣♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ❛r♠❛③❡♥❛r ✭❝❛rr❡❣❛r✮ ✉♠ ❣r❛♥❞❡ ❜❧♦❝♦ ♣❛r❛ ❡ ❞❛ ♠❡♠ór✐❛ é

❛❧t❛✳

❆ss✐♠✱ ♣❛r❛ ❛❧❝❛♥ç❛r ✉♠❛ ❜♦❛ ❡✜❝✐ê♥❝✐❛ ❛♦ s❡ ✉s❛r ❛ ❚✐❧❡❞▼❛tr✐①✱ ♦ t❛♠❛♥❤♦

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

❜❧♦❝♦ é r❡♠♦✈✐❞♦ ❡ r❡❝❛rr❡❣❛❞♦ ❡♥q✉❛♥t♦ ❛❧❝❛♥ç❛ ✉♠❛ ❛❧t❛ t❛①❛ ❞❡ tr❛♥s❢❡rê♥❝✐❛

❞❡ ❞✐s❝♦✳ ❊✱ é ✐♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡ ❡st❛ ❞❡✜♥✐çã♦ ❞❡♣❡♥❞❡ ❞❛ ❛♣❧✐❝❛çã♦✱ ♣♦rq✉❡

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

❛♣❧✐❝❛çõ❡s✳ P❛r❛ ✐❧✉str❛r ❝♦♠♦ ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ❜❛s❡❛❞♦ ♥❛

❛♥á❧✐s❡ ❞❛ ❛♣❧✐❝❛çã♦✱ ✈❛♠♦s ❞❡s❝r❡✈❡r ❛ ❞❡✜♥✐çã♦ ❞♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ ♣❛r❛ três

❛♣❧✐❝❛çõ❡s ✉s❛❞❛s ♥♦s t❡st❡s✳

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

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

♣♦ssí✈❡❧ ❛r♠❛③❡♥❛r✱ ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛✱ ♦s ❜❧♦❝♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ❝♦❜r✐r ✉♠❛ ❧✐♥❤❛

❞❛ ♠❛tr✐③✳ ❈♦♠♦ ❛ ♠❛✐♦r ♠❛tr✐③ ✉s❛❞❛ ♥♦s t❡st❡s t❡♠ ✻✵✳✵✵✵ ❝é❧✉❧❛s ♣♦r ❧✐♥❤❛ ❡

❝♦♠♦ ♦ t❛♠❛♥❤♦ ❞❛ ♠❡♠ór✐❛ ❞✐s♣♦♥í✈❡❧ é ✸●❇✱ ❞❡✜♥✐♠♦s ❝❛❞❛ ❜❧♦❝♦ ❝♦♠ ✶✵✵✵ ①

✶✵✵✵ ❝é❧✉❧❛s t♦t❛❧✐③❛♥❞♦ ✹✳✵✵✵✳✵✵✵✵ ❞❡ ❜②t❡s ♣♦r ❜❧♦❝♦✱ ♣♦✐s ✉♠❛ ❝é❧✉❧❛ r❡q✉❡r ✹

❜②t❡s✳

◆♦ ❝á❧❝✉❧♦ ❞♦ ✈✐❡✇s❤❡❞✱ ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ ❢♦✐ ❞❡✜♥✐❞♦ ❜❛s❡❛❞♦ ♥♦s ♣❛❞rõ❡s

❞❡ ❛❝❡ss♦ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❋r❛♥❦❧✐♥ ❡ ❘❛②✳ ▼❛✐s ♣r❡❝✐s❛♠❡♥t❡✱ ❝♦♠♦ ❢♦✐ ♠♦str❛❞♦

❡♠ ❬✶✻❪✱ s❡ ❛ ♠é♠♦r✐❛ ✐♥t❡r♥❛ ❢♦r ❝❛♣❛③ ❞❡ ❛r♠❛③❡♥❛r 2
(

ρ

ω
+ 2

)

❜❧♦❝♦s ♦♥❞❡ ρ é

♦ r❛✐♦ ❞❡ ✐♥t❡r❡ss❡ ❡ ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ é ω × ω ❝é❧✉❧❛s ❡♥tã♦ q✉❛♥❞♦ ✉♠ ❜❧♦❝♦ é

r❡♠♦✈✐❞♦ ♣❡❧❛ ♣♦❧ít✐❝❛ ▲❘❯✱ ❡❧❡ ♥ã♦ s❡rá ♠❛✐s ♥❡❝❡ssár✐♦✳ ❆ss✐♠✱ ❝♦♠♦ ♦ t❛♠❛♥❤♦

❞❛ ♠❡♠ór✐❛ é ✸●❇✱ ♥ós ❞❡✜♥✐♠♦s ❜❧♦❝♦s ❝♦♠ 1000× 1000 ❝é❧✉❧❛s ♣❛r❛ ♣❡r♠✐t✐r q✉❡

♦ ♥ú♠❡r♦ r❡q✉❡r✐❞♦ ❞❡ ❜❧♦❝♦s ♣♦ss❛ s❡r ❛r♠❛③❡♥❛❞♦ ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛✳

❋✐♥❛❧♠❡♥t❡✱ ♥♦ ♣r♦❜❧❡♠❛ ❞♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦✱ ❛ ❞❡✜♥✐çã♦ ❞♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦

é ✉♠ ♣♦✉❝♦ ♠❛✐s ❝♦♠♣❧❡①❛ ✈✐st♦ q✉❡ ♦ ♣❛❞rã♦ ❞❡ ❛❝❡ss♦ à ♠❛tr✐③ ♥ã♦ é ♠✉✐t♦ ❜❡♠

❞❡✜♥✐❞♦ ♣♦r ❝❛✉s❛ ❞❛ ♦r❞❡♥❛çã♦ t♦♣♦❧ó❣✐❝❛✱ q✉❡ é ❜❛s❡❛❞❛ ♥❛ ❞✐r❡çã♦ ❞❡ ✢✉①♦✱ q✉❡

♣♦❞❡ s❡r ♠✉✐t♦ ❞✐❢❡r❡♥t❡ ♣❛r❛ ❝❛❞❛ t❡rr❡♥♦✳ ◆♦t❡ q✉❡ ♦ ❛❧❣♦r✐t♠♦ ✉s❛❞♦ ♣❛r❛ ❛

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

♠❛tr✐③ é ❛❝❡ss❛❞❛ ❧✐♥❤❛ ♣♦r ❧✐♥❤❛ ❡✱ ♦❝❛s✐♦♥❛❧♠❡♥t❡✱ ❛ s❡q✉ê♥❝✐❛ ❞❡ ❛❝❡ss♦ s❡❣✉❡

✉♠❛ ❝❛❞❡✐❛ ❞❡ ❝é❧✉❧❛s ❝✉❥♦ ❣r❛✉ ❞❡ ❡♥tr❛❞❛ é 1✳ ◆❛ ❋✐❣✉r❛ ✹✳✻ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✸✹

❡st❡s ❛❝❡ss♦s✿ ✐♥✐❝✐❛❧♠❡♥t❡✱ ❛ ♠❛tr✐③ é ♣r♦❝❡ss❛❞❛ ❧✐♥❤❛ ♣♦r ❧✐♥❤❛ ✭❡ t♦❞♦s ❜❧♦❝♦s

q✉❡ ✐♥t❡r❝❡♣t❛♠ ❛ ♣r✐♠❡✐r❛ ❧✐♥❤❛ sã♦ ❝❛rr❡❣❛❞♦ ♥❛ ♠❡♠ór✐❛✮ ❡ q✉❛♥❞♦ ❛ ❝é❧✉❧❛ c é

♣r♦❝❡ss❛❞❛✱ ✈✐st♦ q✉❡ s❡✉ ❣r❛✉ é 0✱ ♦ ❛❝❡ss♦ s❡q✉❡♥❝✐❛❧ ♣r❡❝✐s❛ s❡❣✉✐r s✉❛ ❞✐r❡çã♦ ❞❡

✢✉①♦ ✈✐st♦ q✉❡ ♦ ❣r❛✉ ❞♦ s❡✉ ✈✐③✐♥❤♦ t❛♠❜é♠ t♦r♥❛ 0✳ ❊st❡ ♣r♦❝❡ss♦ é r❡♣❡t✐❞♦ ♣❛r❛

t♦❞❛s ❛s ❝é❧✉❧❛s ✐♥❞✐❝❛❞❛s ✉s❛♥❞♦ ✉♠❛ ❝♦♠ ❛ ❝♦r ♣r❡t❛ ✭♠❛✐s ❡s❝✉r❛✮ q✉❡ r❡q✉❡r q✉❡

8 ❜❧♦❝♦s s❡❥❛♠ ❛❝❡ss❛❞♦s ✭❝❛rr❡❣❛❞♦s✮✳ ❉❡♣♦✐s ❞❡ ♣r♦❝❡ss❛r ❡st❛ ❝❛❞❡✐❛✱ ♦ ❛❝❡ss♦

s❡q✉❡♥❝✐❛❧ ❧✐♥❤❛ ♣♦r ❧✐♥❤❛ é r❡st❛✉r❛❞♦ ♥❛ ❝é❧✉❧❛ d✳

❋✐❣✉r❛ ✹✳✻✳ ❈❛❧❝✉❧❛♥❞♦ ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❡♠ ✉♠❛ ♠❛tr✐③ ❞❡ 18× 18 ❝é❧✉❧❛s
✭❞✐✈✐❞✐❞❛ ❡♠ ❜❧♦❝♦s ❝♦♠ 3 × 3 ❝é❧✉❧❛s✮✳ ❆ ❝❛❞❡✐❛ ❞❡ ❝é❧✉❧❛s ❞❡st❛❝❛❞❛s ❝♦♠
✉♠❛ ❧✐♥❤❛ ♣♦♥t✐❧❤❛❞❛ é ♣r♦❝❡ss❛❞❛ q✉❛♥❞♦ ❛ ❝é❧✉❧❛ c é ✈✐s✐t❛❞❛ ♣♦r ✉♠ ❛❝❡ss♦
❧✐♥❤❛ ♣♦r ❧✐♥❤❛✳

◆♦t❡ q✉❡ q✉❛♥❞♦ ✉♠❛ ❝❛❞❡✐❛ ❞❡ ❝é❧✉❧❛s ❝♦♠ ❣r❛✉ 0 é s❡❣✉✐❞❛✱ ❛ s❡q✉ê♥❝✐❛

❞❡ ❛❝❡ss♦ ♣♦❞❡r✐❛ r❡q✉❡r❡r ✈ár✐♦s ❜❧♦❝♦s ❝❛rr❡❣❛❞♦s ❡ ❡st❡ ♣r♦❝❡ss♦ ♣♦❞❡r✐❛ ❢♦rç❛r

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

❋✐❣✉r❛ ✹✳✻✱ ♦ ❜❧♦❝♦ ❝♦♥t❡♥❞♦ ❛ ❝é❧✉❧❛ d ❢♦✐ ❝❛rr❡❣❛❞♦ ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛

♣r✐♠❡✐r❛ ❧✐♥❤❛ ❡ s❡rá ❛❝❡ss❛❞♦ ♥♦✈❛♠❡♥t❡ ❞❡♣♦✐s ❞❡ ♣r♦❝❡ss❛r ❛ s❡q✉ê♥❝✐❛ r❡❢❡r❡r✐❞❛✳

❆ss✐♠✱ s❡ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛ s❡q✉ê♥❝✐❛ ❢♦rç❛ q✉❡ ♦ ❜❧♦❝♦ ❝♦♥t❡♥❞♦ ❛ ❝é❧✉❧❛ d s❡❥❛

r❡♠♦✈✐❞♦✱ ❡st❡ ❜❧♦❝♦ s❡rá r❡❝❛rr❡❣❛❞♦ ♣❛r❛ ♣r♦❝❡ss❛r d✳

P♦rt❛♥t♦✱ ♥♦ ♣r♦❜❧❡♠❛ ❞♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦✱ ♥ós ❡s❝♦❧❤❡♠♦s ✉♠ ♣❡q✉❡♥♦

t❛♠❛♥❤♦ ❞❡ ❜❧♦❝♦ ❛ ✜♠ ❞❡ ❛✉♠❡♥t❛r ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜❧♦❝♦s q✉❡ ♣♦❞❡♠ s❡r ❛r✲

♠❛③❡♥❛❞♦s ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❛❧❣✉♥s ❡①♣❡r✐♠❡♥t♦s ❡♠♣ír✐❝♦s✱ ✉♠

❜♦♠ t❛♠❛♥❤♦ ❞❡ ❜❧♦❝♦ ♣❛r❛ ❡st❡ ♣r♦❜❧❡♠❛ é ❛q✉❡❧❡ q✉❡ ❝♦♥t❡♠ 250 × 250 ❝é❧✉❧❛s✱

✈✐st♦ q✉❡ ❜❧♦❝♦s ♠❛✐♦r❡s ❡✈✐t❛♠ ♦♣❡r❛çõ❡s ❞❡ ❊✴❙ ❡ ❜❧♦❝♦s ♠❡♥♦r❡s t♦r♥❛♠ ❛ t❛①❛

❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞♦ ❞✐s❝♦ ❜❛✐①❛✳

✹✳✻✳✷ ❆✈❛❧✐❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦

❈♦♠♦ ❞✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❛ ❚✐❧❡❞▼❛tr✐① ❢♦✐ ❛✈❛❧✐❛❞❛ ❝♦♠♣❛r❛♥❞♦ ♦ t❡♠♣♦ ❞❡ ❡①❡❝✉✲

çã♦ ❞❛s três ❛♣❧✐❝❛çõ❡s ✉s❛♥❞♦ ❞✉❛s ❜✐❜❧✐♦t❡❝❛s✿ ❚✐❧❡❞▼❛tr✐① ❡ ❙❡❣♠❡♥t✳ ❆❧é♠ ❞✐ss♦✱
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♣❛r❛ ❛✈❛❧✐❛r ♦ ✐♠♣❛❝t♦ ❞❛ ❝♦♠♣r❡ssã♦ ❞♦ ❜❧♦❝♦ ♣❛r❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ ❚✐❧❡❞▼❛tr✐①✱

♥ós ✉s❛♠♦s ❞✉❛s ✈❡rsõ❡s ❞❛ ❚✐❧❡❞▼❛tr✐① ✿ ✉♠❛ ✐♥❝❧✉✐♥❞♦ ❝♦♠♣r❡ssã♦ ❡ ♦✉tr❛ ♥ã♦

✐♥❝❧✉✐♥❞♦✳ ❊♠ t♦❞♦s ♦s ❝❛s♦s✱ ❛s ❜✐❜❧✐♦t❡❝❛s ❚✐❧❡❞▼❛tr✐① ❡ ❙❡❣♠❡♥t ❢♦r❛♠ ❝♦♥✜❣✉✲

r❛❞❛s ♣❛r❛ ✉t✐❧✐③❛r ❛ ♣♦❧ít✐❝❛ ▲❘❯ ❝♦♠♦ ❛ ♣♦❧ít✐❝❛ ❞❡ s✉❜st✐t✉✐çã♦ ❡ ♦ t❛♠❛♥❤♦ ❞♦

❜❧♦❝♦ ❢♦✐ ❞❡✜♥✐❞♦ ❝♦♠♦ s❡❣✉❡✿ ♣❛r❛ ❛ tr❛♥s♣♦s✐çã♦ ❞❛ ♠❛tr✐③ ❡ ✈✐❡✇s❤❡❞✱ ❢♦✐ ✉s❛❞♦

✉♠ ❜❧♦❝♦ q✉❛❞r❛❞♦ ❝♦♠ ❝é❧✉❧❛s ✶✵✵✵ ① ✶✵✵✵ ❡ ♥♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦✱ ❜❧♦❝♦s ❞❡ ✷✺✵ ①

✷✺✵ ❝é❧✉❧❛s✳

❆s ♠❛tr✐③❡s ✉s❛❞❛s ♥♦s t❡st❡s ❢♦r❛♠ ♦❜t✐❞❛s ❞♦ s✐t❡ ❙❚❘▼ ❬✸✶❪ ❡ ❡❧❛s r❡♣r❡✲

s❡♥t❛♠ t❡rr❡♥♦s ❝♦♠ r❡s♦❧✉çã♦ ❞❡ 30m×30m ❝♦rr❡s♣♦♥❞❡♥❞♦ ❛ r❡❣✐õ❡s ❞♦s ❊st❛❞♦s

❯♥✐❞♦s ❞❛ ❆♠ér✐❝❛✳ P❛r❛ ❛ tr❛♥s♣♦s✐çã♦ ❞❛ ♠❛tr✐③✱ ♥ós ✉s❛♠♦s ❞✐❢❡r❡♥t❡s t❛♠❛♥✲

❤♦s ❞❡ ♠❛tr✐③❡s ❞❡ ✉♠❛ ♠❡s♠❛ r❡❣✐ã♦ ❡✱ ✈✐st♦ q✉❡ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♣❛r❛

❝❛❧❝✉❧❛r ♦ ✈✐❡✇s❤❡❞ ❡ ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❞❡♣❡♥❞❡ ❞❛ t♦♣♦❣r❛✜❛ ❞♦ t❡rr❡♥♦✱ ♥❡st❡s

❞♦✐s ❝❛s♦s ♥ós ✉s❛♠♦s ❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s ❞♦ t❡rr❡♥♦ ❞❡ ❞✉❛s ❞✐❢❡r❡♥t❡s r❡❣✐õ❡s✿

✉♠❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛ ✉♠ t❡rr❡♥♦ ♠♦♥t❛♥❤♦s♦ ❡ ❛ ♦✉tr❛✱ ❛ ✉♠ t❡rr❡♥♦ ♠❛✐s s✉❛✈❡✳

▼❛✐s ♣r❡❝✐s❛♠❡♥t❡✱ ♥♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦✱ ❛s ❡♥tr❛❞❛s sã♦ ❛s ♠❛tr✐③❡s ❞❡ ❞✐r❡çã♦ ❞❡

✢✉①♦ ♦❜t✐❞❛s ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❘❲❋❧♦♦❞ ❬✷✻❪ ✉s❛♥❞♦✲s❡ ❡st❡s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s ❞❡

t❡rr❡♥♦s✳ ❊✱ ♥♦ ❝á❧❝✉❧♦ ❞♦ ✈✐❡✇s❤❡❞✱ ❢♦✐ ✉s❛❞♦ ♦ r❛✐♦ ❞❡ ✐♥t❡r❡ss❡ tã♦ ❣r❛♥❞❡ q✉❛♥t♦

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

♣♦s✐❝✐♦♥❛❞♦ ✺✵ ♠❡tr♦s ❛❝✐♠❛ ❞♦ t❡rr❡♥♦✳

➱ ✐♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡✱ ❡♠❜♦r❛ ✉♠❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛ ♣♦ss❛ s❡r ❛r♠❛③❡♥❛❞❛

♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛✱ t❛❧✈❡③ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♥ã♦ ♣♦ss❛ s❡r ❡①❡❝✉t❛❞♦

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

❆ss✐♠✱ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ❛s ♠❛tr✐③❡s ❞♦ t❡rr❡♥♦ sã♦ r❡♣r❡s❡♥t❛❞❛s ✉s❛♥❞♦ 2bytes

♣♦r ❝é❧✉❧❛✱ ✉♠ t❡rr❡♥♦ ❝♦♠ N ❝é❧✉❧❛s r❡q✉❡r 2Nbytes✳ ◆♦s t❡st❡s✱ ♦ ❛❧❣♦r✐t♠♦ ❞❛

tr❛♥s♣♦s✐çã♦ ❞❛ ♠❛tr✐③ ✉s❛ ❞✉❛s ♠❛tr✐③❡s✿ ❛ ♠❛tr✐③ ❞♦ t❡rr❡♥♦ ❞❡ ✭❡♥tr❛❞❛✮ ❝♦♠

2Nbytes ❡ ❛ ♠❛tr✐③ ❞❡ ✈✐❡✇s❤❡❞ ✭s❛í❞❛✮ ❝♦♠ Nbytes ✭✉♠ byte ♣♦r ❝é❧✉❧❛✮✱ ❛ss✐♠

r❡q✉❡r❡♥❞♦ 3Nbytes ♥♦ t♦t❛❧✳ ❊✱ ✜♥❛❧♠❡♥t❡✱ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ✉s❛

✸ ♠❛tr✐③❡s✿ ❛ ♠❛tr✐③ ❞❡ ❞✐r❡çã♦ ❞❡ ✢✉①♦ ✭Nbytes✮✱ ♦ ❣r❛✉ ❞❛ ♠❛tr✐③ ✭Nbytes✮ ❡ ❛

♠❛tr✐③ ❞❡ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ✭4Nbytes✮ r❡q✉❡r✐♥❞♦ 6Nbytes ♥♦ t♦t❛❧✳

❖s r❡s✉❧t❛❞♦s ❞♦s t❡st❡s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❚❛❜❡❧❛s ✹✳✶✱ ✹✳✷ ❡ ✹✳✸ ❡ t❛♠❜é♠✱

♥♦s ❣rá✜❝♦s ♥❛s ❋✐❣✉r❛s ✹✳✼✱ ✹✳✽ ❡ ✹✳✾✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s✱ t♦❞❛s ❛s

❛♣❧✐❝❛çõ❡s ❡①❡❝✉t❛♠ ♠❛✐s r❛♣✐❞❛♠❡♥t❡ ✉s❛♥❞♦ ❚✐❧❡❞▼❛tr✐① ❞♦ q✉❡ ❙❡❣♠❡♥t ❡✱ ❡♠

❣❡r❛❧✱ ❢♦r❛♠ ✼ ✈❡③❡s ♠❛✐s rá♣✐❞❛s ❝♦♠ ❛ ❚✐❧❡❞▼❛tr✐①✳ ▼❛s✱ ♥♦t❡ q✉❡✱ ❡♠ ❛❧❣✉♥s ❝❛s♦s✱

❛ ❚✐❧❡❞▼❛tr✐① ♣♦❞❡ t♦r♥❛r ❛ ❛♣❧✐❝❛çã♦ ✶✽ ✈❡③❡s ♠❛✐s rá♣✐❞♦ ✭♣♦r ❡①❡♠♣❧♦✱ ✢✉①♦

❛❝✉♠✉❧❛❞♦ ❡♠ t❡rr❡♥♦s ❞❡ ✸✳✹ ●❇✮✳ ❊st❡ ❛✉♠❡♥t♦ ♥❛ ❡✜❝✐ê♥❝✐❛ ♣♦❞❡ s❡r ❡①♣❧✐❝❛❞♦

♣♦r ❞✉❛s r❛③õ❡s✿ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞❛❞♦s é r❡❞✉③✐❞❛ ♣♦r ❝❛✉s❛ ❞❛ ❝♦♠♣r❡ssã♦

❞♦ ❜❧♦❝♦ ❡ ♦ ✉s♦ ❞❛ ❡str❛té❣✐❛s ♠❛✐s ❡✜❝✐❡♥t❡s ♣❛r❛ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞♦ ❜❧♦❝♦ ✭✈❡r



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✸✻

s❡çã♦ ✸✳✸✮✳

❚❛❜❡❧❛ ✹✳✶✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ tr❛♥s♣♦r ✉♠❛ ♠❛tr✐③ ✉s❛♥❞♦ ❛s
❜✐❜❧✐♦t❡❝❛s ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❡ s❡♠ ❝♦♠♣r❡ssã♦✮ ❡ ❙❡❣♠❡♥t✳

❚r❛♥s♣♦st❛ ❞❛ ♠❛tr✐③

❚❛♠❛♥❤♦ ❞❛ ▼❛tr✐③ ❚✐❧❡❞▼❛tr✐①

❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ s❡♠ ❝♦♠♣✳ ❝♦♠ ❝♦♠♣✳ ❙❡❣♠❡♥t

5000
2 ✵✳✶ ✶✳✸✹ ✶✳✵✽ ✷✳✾✼

10000
2 ✵✳✹ ✺✳✹✼ ✹✳✵✾ ✶✶✳✺✾

20000
2 ✶✳✺ ✷✺✳✹✾ ✶✽✳✹✾ ✻✷✳✾✼

30000
2 ✸✳✹ ✾✷✳✶✽ ✼✾✳✷✽ ✷✺✶✳✺✶

40000
2 ✻✳✶ ✷✸✹✳✸✷ ✶✼✽✳✻✼ ✹✽✻✳✸✺

50000
2 ✾✳✺ ✸✻✺✳✸✽ ✷✹✾✳✼✷ ✽✵✵✳✹✷

60000
2 ✶✸✳✼ ✺✵✼✳✻✸ ✸✸✺✳✸✾ ✶✷✹✻✳✶✽

❚❛❜❡❧❛ ✹✳✷✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✈✐❡✇s❤❡❞ ❡♠ ✉♠ t❡rr❡♥♦

✉t✐❧✐③❛♥❞♦ ❛s ❜✐❜❧✐♦t❡❝❛s ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❡ s❡♠ ❝♦♠♣r❡ssã♦✮ ❡ ❙❡❣♠❡♥t✳

❱✐❡✇s❤❡❞

❚❡rr❡♥♦s ❚✐❧❡❞▼❛tr✐①

❘❡❣✐ã♦ ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ s❡♠ ❝♦♠♣✳ ❝♦♠ ❝♦♠♣✳ ❙❡❣♠❡♥t

5000
2 ✵✳✶ ✸✳✻✾ ✸✳✶✺ ✻✳✸✸

10000
2 ✵✳✹ ✶✹✳✷✹ ✶✷✳✸✺ ✷✻✳✾✻

20000
2 ✶✳✺ ✺✽✳✺✵ ✹✾✳✹✾ ✶✶✺✳✻✻

✷ 30000
2 ✸✳✹ ✶✽✷✳✼✻ ✶✹✼✳✶✻ ✸✹✹✳✷✹

40000
2 ✻✳✶ ✸✻✺✳✽✷ ✷✼✽✳✹✺ ✻✹✽✳✹✼

50000
2 ✾✳✺ ✺✾✶✳✹✶ ✹✷✻✳✸✾ ✶✵✸✻✳✺✼

60000
2 ✶✸✳✼ ✾✵✻✳✶✾ ✻✵✾✳✼✻ ✶✺✻✽✳✺✶

5000
2 ✵✳✶ ✸✳✾✵ ✸✳✶✾ ✼✳✵✸

10000
2 ✵✳✹ ✶✺✳✵✽ ✶✷✳✻✺ ✷✽✳✼✻

20000
2 ✶✳✺ ✻✶✳✷✶ ✺✶✳✹✻ ✶✸✷✳✽✶

✸ 30000
2 ✸✳✹ ✷✶✶✳✽✺ ✶✺✶✳✺✻ ✸✼✽✳✻✺

40000
2 ✻✳✶ ✸✺✷✳✹✶ ✷✼✵✳✵✹ ✻✸✶✳✼✺✵

50000
2 ✾✳✺ ✻✹✸✳✾✶ ✹✸✹✳✺✽ ✶✶✵✻✳✷✷

60000
2 ✶✸✳✼ ✽✼✷✳✻✾ ✺✼✺✳✼✷ ✶✺✺✷✳✹✵



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✸✼

❚❛❜❡❧❛ ✹✳✸✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❡♠ ✉♠

t❡rr❡♥♦ ✉t✐❧✐③❛♥❞♦ ❛s ❜✐❜❧✐♦t❡❝❛s ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❡ s❡♠ ❝♦♠♣r❡ssã♦✮ ❡ ❙❡❣✲

♠❡♥t✳

❋❧✉①♦ ❆❝✉♠✉❧❛❞♦

❚❡rr❡♥♦s ❚✐❧❡❞▼❛tr✐①

❘❡❣✐ã♦ ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ s❡♠ ❝♦♠♣✳ ❝♦♠ ❝♦♠♣✳ ❙❡❣♠❡♥t

5000
2 ✵✳✶ ✼✳✶✵ ✸✳✽✻ ✻✺✳✷✺

10000
2 ✵✳✹ ✷✻✳✼✾ ✶✺✳✷✾ ✷✼✼✳✼✺

20000
2 ✶✳✺ ✶✶✾✳✼ ✻✺✳✷✻ ✶✵✸✽✳✶✺

✷ 30000
2 ✸✳✹ ✻✶✷✳✶✶ ✷✹✷✳✼✽ ✹✸✸✻✳✺✹

40000
2 ✻✳✶ ✶✻✽✺✳✻✺ ✾✸✽✳✺✼ ✽✺✹✷✳✾✸

50000
2 ✾✳✺ ✷✾✷✼✳✻✵ ✶✾✷✼✳✷✽ ✶✹✻✹✵✳✺✶

60000
2 ✶✸✳✼ ✹✼✸✻✳✷✼ ✸✷✹✸✳✶✺ ✷✷✾✼✼✳✶✸

5000
2 ✵✳✶ ✻✳✽✷ ✸✳✽✾ ✻✺✳✵✸

10000
2 ✵✳✹ ✷✻✳✶✵ ✶✺✳✵✼ ✷✼✻✳✺✶

20000
2 ✶✳✺ ✶✶✸✳✻✵ ✻✹✳✾✽ ✶✵✸✷✳✷✸

✸ 30000
2 ✸✳✹ ✻✹✷✳✷✼ ✷✸✼✳✷✹ ✹✸✵✺✳✵✹

40000
2 ✻✳✶ ✶✺✺✼✳✸✸ ✼✾✽✳✵✸ ✽✼✵✸✳✵✺

50000
2 ✾✳✺ ✷✻✷✹✳✵✼ ✶✼✶✸✳✶✻ ✶✹✷✾✾✳✹✶

60000
2 ✶✸✳✼ ✹✵✺✻✳✼✸ ✷✻✻✸✳✹✶ ✷✵✻✷✺✳✾✶

❋✐❣✉r❛ ✹✳✼✳ ●rá✜❝♦ ❞❡ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ♣❛r❛ ❛ tr❛♥s♣♦s✐çã♦ ❞❛ ♠❛tr✐③

❝♦♥s✐❞❡r❛♥❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❝✉❥❛s ♠❛tr✐③❡s t❡♠ t❛♠❛♥❤♦s ❞✐st✐♥t♦s

✭❡♠ ♥ú♠❡r♦ ❞❡ ❝é❧✉❧❛s✮✳



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✸✽

❋✐❣✉r❛ ✹✳✽✳ ●rá✜❝♦ ❞❡ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ✈✐❡✇s❤❡❞ ❝♦♥✲

s✐❞❡r❛♥❞♦ ❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s ❞♦ t❡rr❡♥♦ ❞❛ r❡❣✐ã♦ ✷✳

❋✐❣✉r❛ ✹✳✾✳ ●rá✜❝♦ ❞❡ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦

❝♦♥s✐❞❡r❛♥❞♦ ❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s ❞♦ t❡rr❡♥♦ ❞❛ r❡❣✐ã♦ ✷✳

❖✉tr❛ ♦❜s❡r✈❛çã♦ ✐♥t❡r❡ss❛♥t❡ é ❛ ✈❡❧♦❝✐❞❛❞❡ ❛❧❝❛♥ç❛❞❛ q✉❛♥❞♦ ❛ ❝♦♠♣r❡ssã♦

❢♦✐ ✉s❛❞❛ ♥❛ ❚✐❧❡❞▼❛tr✐①✳ ❊♠ t♦❞♦s ♦s ❝❛s♦s✱ ❛ ❡✜❝✐ê♥❝✐❛ ❞❛ ❛♣❧✐❝❛çã♦ ✉s❛♥❞♦ ❛

❚✐❧❡❞▼❛tr✐① ❢♦✐ ♠❡❧❤♦r q✉❛♥❞♦ ❛ ❝♦♠♣r❡ssã♦ ❢♦✐ ❧✐❣❛❞❛ ❞♦ q✉❡ q✉❛♥❞♦ ♥ã♦ ❢♦✐✳ ❊♠

♠é❞✐❛✱ ♦ ✉s♦ ❞❛ ❝♦♠♣r❡ssã♦ ♠❡❧❤♦r♦✉ ❛ ❡✜❝✐ê♥❝✐❛ ❞❛ ❛♣❧✐❝❛çã♦ ❡♠ ✺✵✪ ❡✱ ❡♠ ❛❧❣✉♠❛s

s✐t✉❛çõ❡s✱ ❡st❛ ♠❡❧❤♦r✐❛ ❞❛ ❡✜❝✐ê♥❝✐❛ ❢♦✐ ♠❛✐s ❞❡ ✷✵✵✪✱ ❝♦♠♦ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♥❛

❚❛❜❡❧❛ ✹✳✸ ♥❛s ❘❡❣✐õ❡s ✷ ❡ ✸ ♣❛r❛ ♦s t❡rr❡♥♦s ❞❡ t❛♠❛♥❤♦ 30.000× 30.000 ❝é❧✉❧❛s✳



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✸✾

✹✳✻✳✸ ❆✈❛❧✐❛çã♦ ❞❛ ❚✐❧❡❞▼❛tr✐① ❝♦♠ ♦ ❆r❝●■❙

❆ ❚✐❧❡❞▼❛tr✐① t❛♠❜é♠ ❢♦✐ ❛✈❛❧✐❛❞❛ ❝♦♠♣❛r❛♥❞♦ ♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞❡ ❞✉❛s ❛♣❧✐✲

❝❛çõ❡s q✉❡ ✉s❛♠ ❛ ❚✐❧❡❞▼❛tr✐① ❡ ♦ ❆r❝●■❙ ❬✶✺❪✳ ❆s ❛♣❧✐❝❛çõ❡s ❡s❝♦❧❤✐❞❛s ❢♦r❛♠

✈✐❡✇s❤❡❞ ❡ ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦✱ ✈✐st♦ q✉❡ ❡st❛s ❛♣❧✐❝❛çõ❡s ❡stã♦ ❝♦♥t✐❞❛s ♥♦ ❆r❝●■❙

❡ ❡①✐❣❡♠ ♠❛✐♦r ♣r♦❝❡ss❛♠❡♥t♦✳ ❆ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❢♦✐ ❝♦♥✜❣✉r❛❞❛ ♣❛r❛ ✉t✐✲

❧✐③❛r ❛ ♣♦❧ít✐❝❛ ▲❘❯ ❝♦♠♦ ❛ ♣♦❧ít✐❝❛ ❞❡ s✉❜st✐t✉✐çã♦ ❡ ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ ❢♦✐ ❞❡✜♥✐❞♦

❝♦♠♦ s❡❣✉❡✿ ♣❛r❛ ✈✐❡✇s❤❡❞✱ ❢♦✐ ✉s❛❞♦ ✉♠ ❜❧♦❝♦ q✉❛❞r❛❞♦ ❝♦♠ ✶✵✵✵ ① ✶✵✵✵ ❝é❧✉❧❛s

❡ ♥♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦✱ ❜❧♦❝♦s ❞❡ ✷✺✵ ① ✷✺✵ ❝é❧✉❧❛s✳

❆s ♠❛tr✐③❡s ✉s❛❞❛s ♥♦s t❡st❡s ❢♦r❛♠ ♦❜t✐❞❛s ❞♦ s✐t❡ ❙❚❘▼ ❬✸✶❪ ❡ ❡❧❛s r❡♣r❡✲

s❡♥t❛♠ t❡rr❡♥♦s ❝♦♠ r❡s♦❧✉çã♦ ❞❡ 30m×30m ❝♦rr❡s♣♦♥❞❡♥❞♦ ❛ r❡❣✐õ❡s ❞♦s ❊st❛❞♦s

❯♥✐❞♦s ❞❛ ❆♠ér✐❝❛✳ ❆s ❡♥tr❛❞❛s ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ q✉❡ ❝❛❧❝✉❧❛ ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦

✉t✐❧✐③❛♥❞♦ ❛ ❚✐❧❡❞▼❛tr✐①✱ sã♦ ❛s ♠❛tr✐③❡s ❞❡ ❞✐r❡çã♦ ❞❡ ✢✉①♦ ♦❜t✐❞❛s ♣❡❧♦ ❛❧❣♦r✐t♠♦

❘❲❋❧♦♦❞ ❬✷✻❪ ✉s❛♥❞♦✲s❡ ❡st❡s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s ❞❡ t❡rr❡♥♦s✳ ❊✱ ♥♦ ❝á❧❝✉❧♦ ❞♦

✈✐❡✇s❤❡❞✱ ❢♦✐ ✉s❛❞♦ ♦ r❛✐♦ ❞❡ ✐♥t❡r❡ss❡ tã♦ ❣r❛♥❞❡ q✉❛♥t♦ ♣♦ssí✈❡❧✱ ✐st♦ é✱ ✉♠ r❛✐♦

❞❡ ✐♥t❡r❡ss❡ ❝♦❜r✐♥❞♦ t♦❞♦ ♦ t❡rr❡♥♦ ❡ ♦ ♦❜s❡r✈❛❞♦r ❢♦✐ ♣♦s✐❝✐♦♥❛❞♦ ✺✵ ♠❡tr♦s ❛❝✐♠❛

❞♦ t❡rr❡♥♦✳

❖s r❡s✉❧t❛❞♦s ❞♦s t❡st❡s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❚❛❜❡❧❛s ✹✳✹ ❡ ✹✳✺✳ ❉❡ ❛❝♦r❞♦ ❝♦♠

♦s r❡s✉❧t❛❞♦s✱ t♦❞❛s ❛s ❛♣❧✐❝❛çõ❡s ❡①❡❝✉t❛♠ ♠❛✐s r❛♣✐❞❛♠❡♥t❡ ✉s❛♥❞♦ ❚✐❧❡❞▼❛tr✐①

❞♦ q✉❡ ❆r❝●■❙ ❡✱ ❡♠ ❣❡r❛❧✱ ♦ ✈✐❡✇s❤❡❞ ❡ ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❢♦r❛♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱

✼ ❡ ✶✸✸ ✈❡③❡s ♠❛✐s rá♣✐❞♦ ❝♦♠ ❛ ❚✐❧❡❞▼❛tr✐①✳ ▼❛s✱ ♥♦t❡ q✉❡✱ ❡♠ ❛❧❣✉♥s ❝❛s♦s✱

❛ ❚✐❧❡❞▼❛tr✐① ♣♦❞❡ t♦r♥❛r ❛ ❛♣❧✐❝❛çã♦ ✷✶✹ ✈❡③❡s ♠❛✐s rá♣✐❞❛ ✭♣♦r ❡①❡♠♣❧♦✱ ✢✉①♦

❛❝✉♠✉❧❛❞♦ ♥♦ t❡rr❡♥♦ ❞❛ r❡❣✐ã♦ ✷ ❞❡ t❛♠❛♥❤♦ ✶✳✺ ●❇✮✳ ❊st❡ ❛✉♠❡♥t♦ ♥❛ ❡✜❝✐ê♥❝✐❛

♣♦❞❡ s❡r ❡①♣❧✐❝❛❞♦ ♣♦r ❞✉❛s r❛③õ❡s✿ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞❛❞♦s é r❡❞✉③✐❞❛ ♣♦r ❝❛✉s❛

❞❛ ❝♦♠♣r❡ssã♦ ❞♦ ❜❧♦❝♦ ❡ ♦ ✉s♦ ❞❛ ❡str❛té❣✐❛s ♠❛✐s ❡✜❝✐❡♥t❡s ♣❛r❛ ❣❡r❡♥❝✐❛♠❡♥t♦

❞♦ ❜❧♦❝♦ ✭✈❡r s❡çã♦ ✸✳✸✮✳



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✹✵

❚❛❜❡❧❛ ✹✳✹✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✈✐❡✇s❤❡❞ ❡♠ ✉♠ t❡rr❡♥♦

✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❡ ❆r❝●■❙✳✶

❱✐❡✇s❤❡❞

❚❡rr❡♥♦s

❘❡❣✐ã♦ ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ ❚✐❧❡❞▼❛tr✐① ❆r❝●■❙

5000
2 ✵✳✶ ✸✳✶✺ ✷✵✳✻✵

10000
2 ✵✳✹ ✶✷✳✸✺ ✻✼

20000
2 ✶✳✺ ✹✾✳✹✾ ✸✶✺

✷ 30000
2 ✸✳✹ ✶✹✼✳✶✻ ✾✾✾

40000
2 ✻✳✶ ✷✼✽✳✹✺ ✶✼✾✻

50000
2 ✾✳✺ ✹✷✻✳✸✾ ∞

60000
2 ✶✸✳✼ ✻✵✾✳✼✻ ∞

5000
2 ✵✳✶ ✸✳✶✾ ✶✾✳✼✸

10000
2 ✵✳✹ ✶✷✳✻✺ ✻✽

20000
2 ✶✳✺ ✺✶✳✹✻ ✸✻✶

✸ 30000
2 ✸✳✹ ✶✺✶✳✺✻ ✽✻✼

40000
2 ✻✳✶ ✷✼✵✳✵✹ ✶✼✽✷

50000
2 ✾✳✺ ✹✸✹✳✺✽ ∞

60000
2 ✶✸✳✼ ✺✼✺✳✼✷ ∞



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✹✶

❚❛❜❡❧❛ ✹✳✺✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❡♠ ✉♠

t❡rr❡♥♦ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❡ ❆r❝●■❙✳✶

❋❧✉①♦ ❆❝✉♠✉❧❛❞♦

❚❡rr❡♥♦s

❘❡❣✐ã♦ ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ ❚✐❧❡❞▼❛tr✐① ❆r❝●■❙

5000
2 ✵✳✶ ✸✳✽✻ ✹✺✷

10000
2 ✵✳✹ ✶✺✳✷✾ ✷✸✺✹

20000
2 ✶✳✺ ✻✺✳✷✻ ✶✸✾✼✺

✷ 30000
2 ✸✳✹ ✷✹✷✳✼✽ ✺✵✸✺✽

40000
2 ✻✳✶ ✾✸✽✳✺✼ ✶✹✷✽✽✷

50000
2 ✾✳✺ ✶✾✷✼✳✷✽ ∞

60000
2 ✶✸✳✼ ✸✷✹✸✳✶✺ ∞

5000
2 ✵✳✶ ✸✳✽✾ ✸✼✶

10000
2 ✵✳✹ ✶✺✳✵✼ ✷✸✸✺

20000
2 ✶✳✺ ✻✹✳✾✽ ✶✵✺✵✼

✸ 30000
2 ✸✳✹ ✷✸✼✳✷✹ ✸✷✻✻✾

40000
2 ✻✳✶ ✼✾✽✳✵✸ ✻✺✼✾✷

50000
2 ✾✳✺ ✶✼✶✸✳✶✻ ∞

60000
2 ✶✸✳✼ ✷✻✻✸✳✹✶ ∞

✹✳✻✳✹ ❆✈❛❧✐❛çã♦ ❞❛s ♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ❜❧♦❝♦ ▲❘❯✱

❋■❋❖ ❡ ❘❛♥❞♦♠ ♥❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐①

◆❡st❛ s✉❜s❡çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ❞❡ ✉♠❛ ❛♥á❧✐s❡ ❡①♣❡r✐♠❡♥t❛❧ ♣❛r❛

❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ♦❜t❡r ❛ tr❛♥s♣♦st❛ ❞❛ ♠❛tr✐③✱ ✈✐❡✇s❤❡❞

❡ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ✉t✐❧✐③❛♥❞♦ três ♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ❜❧♦❝♦ ▲❘❯✱ ❋■❋❖ ❡

❘❛♥❞♦♠ ✐♠♣❧❡♠❡♥t❛❞❛s ♥❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐①✳ ❖s t❡st❡s ❡①♣❡r✐♠❡♥t❛✐s ❢♦r❛♠

❝♦♥st✐t✉í❞♦s ❞❡ t❡rr❡♥♦s ✜❝tí❝✐♦s ✭❘❛♥❞♦♠ ❡ P❧❛♥♦✮ ❡ ✉♠ t❡rr❡♥♦ r❡❛❧ ❝♦rr❡s♣♦♥❞❡♥t❡

❛ ✉♠❛ r❡❣✐ã♦ ❞♦s ❊st❛❞♦s ❯♥✐❞♦s ❞❛ ❆♠ér✐❝❛✳ ❖ t❡rr❡♥♦ ❘❛♥❞♦♠ ❢♦✐ ❣❡r❛❞♦ ❝♦♠

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

✈✐st♦ q✉❡ ❝❛❞❛ ❝é❧✉❧❛ ❞♦ t❡rr❡♥♦ ♣♦ss✉✐ ✉♠ ✈❛❧♦r ❞❡ ❡❧❡✈❛çã♦ ❡s❝♦❧❤✐❞♦ ❞❡ ♠❛♥❡✐r❛

❛❧❡❛tór✐❛✳ ❖ t❡rr❡♥♦ P❧❛♥♦ ❢♦✐ ❣❡r❛❞♦ ♣❛r❛ q✉❡ ❛ ❛♣❧✐❝❛çã♦ t❡♥❤❛ ♠❡♥♦s ❛❝❡ss♦s ❛♦

❞✐s❝♦✱ ❥á q✉❡ ❛s ❝é❧✉❧❛s ❞♦ t❡rr❡♥♦ ♣♦ss✉❡♠ ✈❛❧♦r❡s ❞❡ ❡❧❡✈❛çã♦ s✐♠✐❧❛r❡s✳ ❖ t❛♠❛♥❤♦

❞♦s ❜❧♦❝♦s ❡s❝♦❧❤✐❞♦s ♣❛r❛ ❛s ❛♣❧✐❝❛çõ❡s tr❛♥s♣♦st❛ ❡ ✈✐❡✇s❤❡❞ ❢♦r❛♠ ✶✵✵✵ × ✶✵✵✵

✶❖ ✈❛❧♦r ∞ ✐♥❞✐❝❛ q✉❡ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ♣r♦❝❡ss❛r t❡rr❡♥♦s ❞❡ t❛♠❛♥❤♦ s✉♣❡r✐♦r❡s ❛ ✻✱✶●❇ ♥♦
❆r❝●■❙✳



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✹✷

❝é❧✉❧❛s ❡ ♣❛r❛ ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❢♦✐ ❞❡ ✹✵✵ × ✹✵✵ ❝é❧✉❧❛s✳ ❊♠ t♦❞❛s ❛s ❛♣❧✐❝❛çõ❡s

❛ ❜✐❜❧✐♦t❡❝❛ ❢♦✐ ❝♦♥✜❣✉r❛❞❛ ♣❛r❛ ✉s❛r✱ ♥♦ ♠á①✐♠♦ ✸●❇ ❞❡ ❘❆▼✳ ❈❛❞❛ t❡st❡ ❢♦✐

❡①❡❝✉t❛❞♦ três ✈❡③❡s ❡ ❡♥tã♦ t✐r♦✉✲s❡ ❛ ♠é❞✐❛ t❛♥t♦ ♣❛r❛ ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦

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

◆❛ ❚❛❜❡❧❛ ✹✳✻ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❣❛st♦ ♣❛r❛ ❡①❡❝✉t❛r

❛ tr❛♥s♣♦st❛ ✉t✐❧✐③❛♥❞♦ ❞✐❢❡r❡♥t❡s ♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ❜❧♦❝♦s ❝♦♠♦ ▲❘❯✱

❋■❋❖ ❡ ❘❛♥❞♦♠✳ ❆ ❚❛❜❡❧❛ ✹✳✼ ♠♦str❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜❧♦❝♦s ❧✐❞♦s✱ ❝❛rr❡❣❛❞♦s✱

r❡♠♦✈✐❞♦s ❡ ❡s❝r✐t♦s ♣❛r❛ ❛s ♣♦❧ít✐❝❛s ▲❘❯✱ ❋■❋❖ ❡ ❘❛♥❞♦♠ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆♦

✉t✐❧✐③❛r ❛ ♣♦❧ít✐❝❛ ▲❘❯✱ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s rá♣✐❞❛ ♣❛r❛ ♦s t❡rr❡♥♦s ❞❡ t❛♠❛♥❤♦

5000 × 5000✱ 20000 × 20000 ❡ 50000 × 50000✳ P❛r❛ ❛ ❋■❋❖ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s

rá♣✐❞❛ ❝♦♠ ♦s t❡rr❡♥♦s ❞❡ t❛♠❛♥❞♦ 30000×30000 ❡ 40000×40000✳ ❊ ♣♦r ú❧t✐♠♦✱ ❛♦

✉t✐❧✐③❛r ❛ ♣♦❧ít✐❝❛ ❘❛♥❞♦♠✱ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s rá♣✐❞❛ ♣❛r❛ ♦ t❡rr❡♥♦ ❞❡ t❛♠❛♥❤♦

10.000× 10.000✳ ◆♦t❛✲s❡ q✉❡✱ ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ tr❛♥s♣♦st❛ ♦ ✉s♦ ❞❛ ♣♦❧ít✐❝❛ ▲❘❯ é

♦ ♠❛✐s ✐♥❞✐❝❛❞♦✱ ✈✐st♦ q✉❡ ❛ ❛♣❧✐❝❛çã♦ é ♠❛✐s rá♣✐❞❛ ❛♦ ✉t✐❧✐③❛r ❛ ♣♦❧ít✐❝❛ ▲❘❯ ♥❛

♠❛✐♦r✐❛ ❞♦s ❝❛s♦s✳

◆❛ ❚❛❜❡❧❛ ✹✳✽ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❣❛st♦ ♣❛r❛ ❡①❡❝✉t❛r ♦

✈✐❡✇s❤❡❞ ✉t✐❧✐③❛♥❞♦ ❞✐❢❡r❡♥t❡s ♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ❜❧♦❝♦s ❝♦♠♦ ▲❘❯✱ ❋■❋❖

❡ ❘❛♥❞♦♠ ❡♠ t❡rr❡♥♦s ❞✐st✐♥t♦s✳ ❆ ❚❛❜❡❧❛ ✹✳✾ ♠♦str❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜❧♦❝♦s ❧✐❞♦s✱

❝❛rr❡❣❛❞♦s✱ r❡♠♦✈✐❞♦s ❡ ❡s❝r✐t♦s ♣❛r❛ ❛s ♣♦❧ít✐❝❛s ▲❘❯✱ ❋■❋❖ ❡ ❘❛♥❞♦♠ r❡s♣❡❝✲

t✐✈❛♠❡♥t❡✳ P❛r❛ ♦ t❡rr❡♥♦ ❘❛♥❞♦♠✱ ❛♦ ✉t✐❧✐③❛r ❛ ♣♦❧ít✐❝❛ ▲❘❯✱ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉

♠❛✐s rá♣✐❞❛ ♣❛r❛ ♦s t❡rr❡♥♦s ❞❡ t❛♠❛♥❤♦ 20.000 × 20.000 ❡ 30.000 × 30.000✳ P❛r❛

❛ ❋■❋❖ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s rá♣✐❞❛ ❝♦♠ ♦s t❡rr❡♥♦s ❞❡ t❛♠❛♥❞♦ 5.000 × 5.000✱

10.000×10.000✱ 40.000×40.000 ❡ 50.000×50.000✳ ❊ ♣♦r ú❧t✐♠♦✱ ❛♦ ✉t✐❧✐③❛r ❛ ♣♦❧ít✐❝❛

❘❛♥❞♦♠ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s ❧❡♥t❛ ♣❛r❛ t♦❞♦s ♦s t❛♠❛♥❤♦s ❞❡ t❡rr❡♥♦✳ P❛r❛ ♦s

t❡rr❡♥♦s ❞❛ ❘❡❣✐ã♦ ✷✱ ❛♦ ✉t✐❧✐③❛r ❛ ♣♦❧ít✐❝❛ ▲❘❯ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s rá♣✐❞❛ ♣❛r❛

♦s t❡rr❡♥♦s ❞❡ t❛♠❛♥❤♦ 40.000 × 40.000 ❡ 50.000 × 50.000✳ ❈♦♠ ✉s♦ ❞❛ ♣♦❧ít✐❝❛

❋■❋❖ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s rá♣✐❞❛ ♣❛r❛ ♦s t❡rr❡♥♦s ❞❡ t❛♠❛♥❤♦ 5.000 × 5.000✱

10.000× 10.000✱ 20.000× 20.000 ❡ 30.000× 30.000✳ ❆♦ ✉t✐❧✐③❛r ❛ ♣♦❧ít✐❝❛ ❘❛♥❞♦♠ ❛

❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s ❧❡♥t❛ ♣❛r❛ t♦❞♦s ♦s t❡rr❡♥♦s✳ P❛r❛ ♦ t❡rr❡♥♦ P❧❛♥♦✱ ❛ ❛♣❧✐❝❛çã♦

✜❝♦✉ ❡♠ t♦❞♦s ♦s t❡st❡s ♠❛✐s ❧❡♥t❛ ❛♦ ✉t✐❧✐③❛r ❛ ♣♦❧ít✐❝❛ ▲❘❯✳ ❈♦♠ ✉s♦ ❞❛ ♣♦❧ít✐❝❛

❋■❋❖ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s rá♣✐❞❛ ♣❛r❛ ♦s t❡rr❡♥♦s 5.000× 5.000✱ 10.000× 10.000✱

20.000× 20.000 ❡ 30.000× 30.000✳ ❈♦♠ ♦ ✉s♦ ❞❛ ♣♦❧ít✐❝❛ ❘❛♥❞♦♠ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉

♠❛✐s rá♣✐❞❛ ♣❛r❛ ♦s t❡rr❡♥♦s ❞❡ 40.000 × 40.000 ❡ 50.000 × 50.000✳ ➱ ✐♠♣♦rt❛♥t❡

s❛❧✐❡♥t❛r q✉❡ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s rá♣✐❞❛ ❝♦♠ ✉s♦ ❞❛ ♣♦❧ít✐❝❛ ❋■❋❖ ❞♦ q✉❡ ❝♦♠ ♦

✉s♦ ❞❛s ♣♦❧ít✐❝❛s ▲❘❯ ❡ ❘❛♥❞♦♠ ♥❛ ♠❛✐♦r✐❛ ❞♦s t❡st❡s ♣❛r❛ t♦❞♦s ♦s t✐♣♦s ❞❡ t❡rr❡♥♦

✉s❛❞♦s✳ P♦rt❛♥t♦✱ ♦s t❡st❡s ✐♥❞✐❝❛♠ q✉❡ é ♠❛✐s ✐♥t❡r❡ss❛♥t❡ ♦ ✉s♦ ❞❛ ♣♦❧ít✐❝❛ ❋■❋❖

♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ✈✐❡✇s❤❡❞ ❞♦ q✉❡ ♦ ✉s♦ ❞❛s ♣♦❧ít✐❝❛s ▲❘❯ ❡ ❘❛♥❞♦♠✳



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✹✸

◆❛ ❚❛❜❡❧❛ ✹✳✶✵ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❣❛st♦ ♣❛r❛ ❡①❡❝✉t❛r

♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ✉t✐❧✐③❛♥❞♦ ❞✐❢❡r❡♥t❡s ♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ❜❧♦❝♦s✱ ❡✳❣✳✱

▲❘❯✱ ❋■❋❖ ❡ ❘❛♥❞♦♠ ❡♠ t❡rr❡♥♦s ❞✐st✐♥t♦s✳ ❆ ❚❛❜❡❧❛ ✹✳✶✶ ♠♦str❛ ❛ q✉❛♥t✐❞❛❞❡

❞❡ ❜❧♦❝♦s ❧✐❞♦s✱ ❝❛rr❡❣❛❞♦s✱ r❡♠♦✈✐❞♦s ❡ ❡s❝r✐t♦s ♣❛r❛ ❛s ♣♦❧ít✐❝❛s ▲❘❯✱ ❋■❋❖ ❡

❘❛♥❞♦♠ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P❛r❛ ♦ t❡rr❡♥♦ ❘❛♥❞♦♠✱ ❛♦ ✉t✐❧✐③❛r ❛ ♣♦❧ít✐❝❛ ▲❘❯✱ ❛

❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s rá♣✐❞❛ ♣❛r❛ ♦s t❡rr❡♥♦s ❞❡ t❛♠❛♥❤♦ 10.000× 10.000✱ 20.000×

20.000 ❡ 30.000 × 30.000✳ P❛r❛ ❛ ❋■❋❖✱ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s ❧❡♥t❛ ♣❛r❛ t♦❞♦s

♦s t❡rr❡♥♦s✳ ❊✱ ♣♦r ú❧t✐♠♦✱ ❛♦ ✉t✐❧✐③❛r ❛ ♣♦❧ít✐❝❛ ❘❛♥❞♦♠✱ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s

rá♣✐❞❛ ♣❛r❛ ♦ t❡rr❡♥♦ ❞❡ t❛♠❛♥❤♦ 5.000 × 5.000✳ P❛r❛ ♦s t❡rr❡♥♦s ❘❛♥❞♦♠ ❞❡

t❛♠❛♥❤♦ 40.000×40.000 ❡ 50.000×50.000✱ ♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❣❛st♦ ♣❡❧❛ ❛♣❧✐❝❛çã♦

✉❧tr❛♣❛ss♦✉ ✶✵✵✳✵✵✵ s❡❣✉♥❞♦s✳ ❆ss✐♠✱ ♣❛r❛ ❡st❡s ❝❛s♦s ❝♦♥s✐❞❡r♦✉✲s❡ ♦ t❡♠♣♦ ❣❛st♦

♣❡❧❛ ❛♣❧✐❝❛çã♦ ❝♦♠♦ s❡♥❞♦ ✐♥✜♥✐t♦✳ P❛r❛ ♦s t❡rr❡♥♦s ❞❛ ❘❡❣✐ã♦ ✷✱ ❛♦ ✉t✐❧✐③❛r ❛

♣♦❧ít✐❝❛ ▲❘❯✱ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s ❧❡♥t❛ ♣❛r❛ t♦❞♦s ♦s t❛♠❛♥❤♦s ❞❡ t❡rr❡♥♦✳ ❈♦♠

✉s♦ ❞❛ ♣♦❧ít✐❝❛ ❋■❋❖✱ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s rá♣✐❞❛ ♣❛r❛ ♦s t❡rr❡♥♦s ❞❡ t❛♠❛♥❤♦

5.000×5.000✱ 10.000×10.000✱ 20.000×20.000✱ 40.000×40.000 ❡ 50.000×50.000✳ ❆♦

✉t✐❧✐③❛r ❛ ♣♦❧ít✐❝❛ ❘❛♥❞♦♠✱ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s rá♣✐❞❛ ♣❛r❛ ♦ t❡rr❡♥♦ ❞❡ t❛♠❛♥❤♦

30.000 × 30.000✳ P❛r❛ ♦ t❡rr❡♥♦ P❧❛♥♦✱ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉✱ ❡♠ t♦❞♦s ♦s t❡st❡s✱ ♠❛✐s

❧❡♥t❛ ❛♦ s❡ ✉t✐❧✐③❛r ❛ ♣♦❧ít✐❝❛ ▲❘❯✳ ❈♦♠ ✉s♦ ❞❛ ♣♦❧ít✐❝❛ ❋■❋❖✱ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s

rá♣✐❞❛ ♣❛r❛ ♦s t❡rr❡♥♦s 5.000×5.000✱ 10.000×10.000✱ 20.000×20.000✱ 30.000×30.000

❡ 40.000 × 40.000✳ ❈♦♠ ♦ ✉s♦ ❞❛ ♣♦❧ít✐❝❛ ❘❛♥❞♦♠✱ ❛ ❛♣❧✐❝❛çã♦ ✜❝♦✉ ♠❛✐s rá♣✐❞❛

♣❛r❛ ♦ t❡rr❡♥♦ ❞❡ 50.000× 50.000✳

➱ ✐♠♣♦rt❛♥t❡ s❛❧✐❡♥t❛r q✉❡ ❛ ❛♣❧✐❝❛çã♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ✜❝♦✉ ♠❛✐s rá♣✐❞❛ ❝♦♠

✉s♦ ❞❛ ♣♦❧ít✐❝❛ ❋■❋❖ ❞♦ q✉❡ ❝♦♠ ♦ ✉s♦ ❞❛s ♣♦❧ít✐❝❛s ▲❘❯ ❡ ❘❛♥❞♦♠ ♥❛ ♠❛✐♦r✐❛

❞♦s t❡st❡s ♣❛r❛ t♦❞♦s ♦s t❡rr❡♥♦s ❞❛ ❘❡❣✐ã♦ ✷ ❡ ♣❛r❛ ♦s t❡rr❡♥♦s P❧❛♥♦s✳ P♦rt❛♥t♦✱

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

♣♦❧ít✐❝❛ ❋■❋❖ ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❞♦ q✉❡ ♦ ✉s♦ ❞❛s ♣♦❧ít✐❝❛s ▲❘❯ ❡

❘❛♥❞♦♠✳ P❛r❛ t❡rr❡♥♦s ❘❛♥❞♦♠✱ ❛ ♣♦❧ít✐❝❛ ▲❘❯ ♠♦str♦✉ t♦r♥❛r ❛ ❛♣❧✐❝❛çã♦ ♠❛✐s

❡✜❝✐❡♥t❡ ❡♠ r❡❧❛çã♦ às ♦✉tr❛s ♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ✐♠♣❧❡♠❡♥t❛❞❛s ♥❛ ❜✐❜❧✐♦t❡❝❛

❡✱ ♣♦rt❛♥t♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s t❡st❡s✱ ♦ ✉s♦ ❞❛ ♣♦❧ít✐❝❛ ▲❘❯ é ♠❛✐s ✐♥t❡r❡ss❛♥t❡ ♥♦

t❡rr❡♥♦ ❘❛♥❞♦♠✳



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✹✹

❚❛❜❡❧❛ ✹✳✻✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ❛ tr❛♥s♣♦st❛ ❞❛ ♠❛tr✐③

❡♠ ✉♠ t❡rr❡♥♦ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❝♦♥✜❣✉r❛❞❛ ♣❛r❛ ✉s❛r ❛s

♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ▲❘❯✱ ❋■❋❖ ❡ ❘❛♥❞♦♠✳

❚❛♠❛♥❤♦ ❞❛ ♠❛tr✐③

❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ ▲❘❯ ❋■❋❖ ❘❛♥❞♦♠

5000
2 ✵✱✶ ✶✱✵✺ ✶✱✶✽ ✶✱✶✹

10000
2 ✵✱✹ ✻✱✷✺ ✻✱✹✺ ✺✱✽✹

20000
2 ✶✱✺ ✶✽✱✾✹ ✷✶✱✽✷ ✷✺✱✶✻

30000
2 ✸✱✹ ✽✷✱✾✶ ✼✸✱✶✸ ✾✹✱✶✸

40000
2 ✻✱✶ ✷✶✾✱✺✼ ✷✶✵✱✽✺ ✷✺✶✱✼✸

50000
2 ✾✱✺ ✸✺✾✱✺✻ ✹✶✾✱✼✼ ✹✸✶✱✷✵

❚❛❜❡❧❛ ✹✳✼✳ ◆ú♠❡r♦ ❞❡ ❜❧♦❝♦s ❧✐❞♦s✱ ❝❛rr❡❣❛❞♦s✱ r❡♠♦✈✐❞♦s ❡ ❡s❝r✐t♦s ♣❛r❛

❝❛❧❝✉❧❛r ❛ tr❛♥s♣♦st❛ ❞❛ ♠❛tr✐③ ✉t✐❧✐③❛♥❞♦ ❛s ♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ❜❧♦❝♦

▲❘❯✱ ❋■❋❖ ❡ ❘❛♥❞♦♠✳

❚❛♠❛♥❤♦ ❞❛ ♠❛tr✐③

❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ ❇✳ ❧✐❞♦s ❇✳ ❝❛rr❡❣❛❞♦s ❇✳ ❘❡♠♦✈✐❞♦s ❇✳ ❊s❝r✐t♦s

▲❘❯ ❋■❋❖ ❘❆▼ ▲❘❯ ❋■❋❖ ❘❆▼ ▲❘❯ ❋■❋❖ ❘❆▼

5000
2 ✵✳✶ ✷✺ ✷✺ ✷✺ ✷✺ ✵ ✵ ✵ ✵ ✵ ✵

10000
2 ✵✳✹ ✶✵✵ ✶✵✵ ✶✵✵ ✶✵✺ ✵ ✵ ✻ ✵ ✵ ✻

20000
2 ✶✳✺ ✹✵✵ ✹✵✵ ✹✵✵ ✺✶✼ ✵ ✵ ✶✹✼ ✵ ✵ ✶✸✻

30000
2 ✸✳✹ ✾✵✵ ✶✳✷✼✺ ✶✳✶✵✸ ✶✳✹✶✶ ✹✽✾ ✸✶✼ ✼✹✷ ✹✼✵ ✸✶✼ ✻✶✾

40000
2 ✻✳✶ ✶✳✻✵✵ ✷✳✾✽✸ ✷✳✾✷✻ ✷✳✾✷✶ ✷✳✶✾✼ ✷✳✶✹✵ ✷✳✶✹✼ ✶✳✻✵✵ ✶✳✻✵✵ ✶✳✺✵✶

50000
2 ✾✳✺ ✷✳✺✵✵ ✹✳✽✼✹ ✹✳✽✻✵ ✹✳✾✶✾ ✹✳✵✽✽ ✹✳✵✼✹ ✹✳✶✸✸ ✷✳✺✵✵ ✷✳✺✵✵ ✷✳✺✺✶



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✹✺

❚❛❜❡❧❛ ✹✳✽✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ❛ ✈✐❡✇s❤❡❞ ❞❛ ♠❛tr✐③ ❡♠ ✉♠

t❡rr❡♥♦ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❝♦♥✜❣✉r❛❞❛ ♣❛r❛ ✉s❛r ❛s ♣♦❧ít✐❝❛s

❞❡ s✉❜st✐t✉✐çã♦ ▲❘❯✱ ❋■❋❖ ❡ ❘❛♥❞♦♠✳

❚❡rr❡♥♦s ▲❘❯ ❋■❋❖ ❘❛♥❞♦♠

❉❛❞♦s ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇

5000
2 ✵✱✶ ✸✱✵✷ ✷✱✼✵ ✸✱✶✵

10000
2 ✵✱✹ ✶✷✱✺✹ ✶✷✱✹✸ ✶✷✱✻✾

20000
2 ✶✱✺ ✺✷✱✸✶ ✺✶✱✽✺ ✺✻✱✸✻

❘❛♥❞♦♠ 30000
2 ✸✱✹ ✶✸✽✱✶✽ ✶✹✶✱✺✻ ✶✹✾✱✷✶

40000
2 ✻✱✶ ✸✵✾✱✺✺ ✷✾✽✱✽✽ ✷✾✼✱✹✷

50000
2 ✾✱✺ ✹✽✽✱✸✵ ✹✼✵✱✼✻ ✹✽✺✱✷✸

5000
2 ✵✱✶ ✸✱✶✵ ✸✱✵✺ ✸✱✵✾

10000
2 ✵✱✹ ✶✷✱✻✹ ✶✷✱✺✺ ✶✷✱✼✼

20000
2 ✶✱✺ ✺✵✱✺✸ ✺✵✱✷✷ ✺✸✱✹✸

❘❡❣✐ã♦ ✷ 30000
2 ✸✱✹ ✶✸✸✱✷✺ ✶✸✸✱✷✷ ✶✹✺✱✽✻

40000
2 ✻✱✶ ✷✽✷✱✶✷ ✷✾✽✱✽✸ ✷✽✸✱✺✸

50000
2 ✾✱✺ ✹✸✺✱✺✺ ✹✺✾✱✽✹ ✹✺✺✱✼✾

5000
2 ✵✱✶ ✸✱✻✻ ✸✱✷✷ ✸✱✷✺

10000
2 ✵✱✹ ✶✸✱✻✾ ✶✸✱✸✶ ✶✸✱✺✷

20000
2 ✶✱✺ ✺✸✱✵✻ ✺✶✱✼✾ ✺✷✱✽✼

P❧❛♥♦ 30000
2 ✸✱✹ ✶✷✶✱✽✷ ✶✶✾✱✵✹ ✶✷✶✱✵✸

40000
2 ✻✱✶ ✷✷✾✱✽✷ ✷✷✻✱✽✼ ✷✷✹✱✺✺

50000
2 ✾✱✺ ✸✼✻✱✽✽ ✸✻✽✱✼✶ ✸✻✻✱✸✺



✹
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❆
✈
❛
❧
✐❛
ç
ã
♦
❞
❡
❊
❢
✐❝
✐ê
♥
❝
✐❛

✹✻

❚❛❜❡❧❛ ✹✳✾✳ ◆ú♠❡r♦ ❞❡ ❜❧♦❝♦s ❧✐❞♦s✱ ❝❛rr❡❣❛❞♦s✱ r❡♠♦✈✐❞♦s ❡ ❡s❝r✐t♦s ♣❛r❛

❝❛❧❝✉❧❛r ❱✐❡✇s❤❡❞ ✉t✐❧✐③❛♥❞♦ ❛ ♣♦❧ít✐❝❛ ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ❜❧♦❝♦s ▲❘❯✱ ❋■❋❖

❡ ❘❛♥❞♦♠✳

❚❡rr❡♥♦s

❉❛❞♦s ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ ❇✳ ❧✐❞♦s ❇✳ ❝❛rr❡❣❛❞♦s ❇✳ ❘❡♠♦✈✐❞♦s ❇✳ ❊s❝r✐t♦s

▲❘❯ ❋■❋❖ ❘❆▼ ▲❘❯ ❋■❋❖ ❘❆▼ ▲❘❯ ❋■❋❖ ❘❆▼

5000
2 ✵✳✶ ✷✺ ✺✵ ✺✵ ✺✶ ✵ ✵ ✷ ✵ ✵ ✷

10000
2 ✵✳✹ ✶✵✵ ✷✵✵ ✷✵✵ ✷✵✼ ✵ ✵ ✶✻ ✵ ✵ ✶✻

20000
2 ✶✳✺ ✹✵✵ ✽✵✵ ✽✵✵ ✶✳✵✽✸ ✵ ✵ ✸✻✹ ✵ ✵ ✸✹✺

❘❛♥❞♦♠ 30000
2 ✸✳✹ ✾✵✵ ✷✳✸✵✷ ✷✳✷✾✺ ✷✳✸✾✽ ✶✳✵✹✹ ✶✳✵✸✼ ✶✳✸✸✷ ✶✳✵✹✹ ✶✳✵✸✼ ✶✳✶✸✾

40000
2 ✻✳✶ ✶✳✻✵✵ ✹✳✸✸✽ ✹✳✸✹✵ ✹✳✻✶✾ ✸✳✵✽✵ ✸✳✵✽✷ ✸✳✹✵✼ ✷✳✺✼✶ ✷✳✺✼✶ ✷✳✻✶✻

50000
2 ✾✳✺ ✷✳✺✵✵ ✼✳✶✺✶ ✼✳✶✵✶ ✼✳✺✶✵ ✺✳✽✾✸ ✺✳✽✹✸ ✻✳✷✻✶ ✹✳✸✼✶ ✹✳✸✼✶ ✹✳✹✽✼

5000
2 ✵✳✶ ✷✺ ✺✵ ✺✵ ✺✷ ✵ ✵ ✷ ✵ ✵ ✷

10000
2 ✵✳✹ ✶✵✵ ✷✵✵ ✷✵✵ ✷✶✺ ✵ ✵ ✶✽ ✵ ✵ ✶✽

20000
2 ✶✳✺ ✹✵✵ ✽✵✵ ✽✵✵ ✾✻✽ ✵ ✵ ✸✵✼ ✵ ✵ ✷✽✸

❘❡❣✐ã♦ ✷ 30000
2 ✸✳✹ ✾✵✵ ✷✳✸✹✷ ✷✳✸✸✻ ✷✳✹✺✷ ✶✳✵✽✹ ✶✳✵✼✽ ✶✳✸✻✻ ✶✳✵✽✹ ✶✳✵✼✽ ✶✳✶✻✹

40000
2 ✻✳✶ ✶✳✻✵✵ ✹✳✺✽✼ ✹✳✺✽✾ ✹✳✽✵✸ ✸✳✸✷✾ ✸✳✸✸✶ ✸✳✺✽✶ ✷✳✻✺✶ ✷✳✻✺✶ ✷✳✻✾✺

50000
2 ✾✳✺ ✷✳✺✵✵ ✼✳✷✽✾ ✼✳✷✸✾ ✼✳✺✾✶ ✻✳✵✸✶ ✺✳✾✽✶ ✻✳✸✹✵ ✹✳✸✼✶ ✹✳✸✼✶ ✹✳✹✾✻

5000
2 ✵✳✶ ✷✺ ✺✵ ✺✵ ✺✷ ✵ ✵ ✷ ✵ ✵ ✷

10000
2 ✵✳✹ ✶✵✵ ✷✵✵ ✷✵✵ ✶✶✼ ✵ ✵ ✶✼ ✵ ✵ ✶✼

20000
2 ✶✳✺ ✹✵✵ ✽✵✵ ✽✵✵ ✶✳✵✽✼ ✵ ✵ ✸✼✷ ✵ ✵ ✸✹✾

P❧❛♥♦ 30000
2 ✸✳✹ ✾✵✵ ✷✳✾✺✵ ✷✳✻✵✹ ✷✳✾✺✵ ✶✳✼✾✶ ✶✳✸✹✻ ✺✳✾✼✺ ✶✳✹✸✵ ✶✳✸✹✻ ✸✳✶✽✺

40000
2 ✻✳✶ ✶✳✻✵✵ ✺✳✽✽✶ ✺✳✽✷✸ ✺✳✾✼✺ ✹✳✻✷✸ ✹✳✺✻✺ ✹✳✼✷✼ ✸✳✷✷✵ ✸✳✷✷✵ ✸✳✶✽✺

50000
2 ✾✳✺ ✷✳✺✵✵ ✾✳✻✼✷ ✾✳✻✷✺ ✾✳✾✹✽ ✽✳✹✶✹ ✽✳✸✻✼ ✽✳✻✾✵ ✺✳✵✷✺ ✺✳✵✷✽ ✺✳✷✸✶



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✹✼

❚❛❜❡❧❛ ✹✳✶✵✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❞❛

♠❛tr✐③ ❡♠ ✉♠ t❡rr❡♥♦ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❝♦♥✜❣✉r❛❞❛ ♣❛r❛

✉s❛r ❛s ♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦ ▲❘❯✱ ❋■❋❖ ❡ ❘❛♥❞♦♠✳✷

❚❡rr❡♥♦s ▲❘❯ ❋■❋❖ ❘❛♥❞♦♠

❉❛❞♦s ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇

5000
2 ✵✱✶ ✶✽✱✸✶ ✶✽✱✷✼ ✶✽✱✵✶

10000
2 ✵✱✹ ✹✻✱✵✸ ✼✷✱✸✹ ✼✷✱✹✻

20000
2 ✶✱✺ ✷✻✻✱✻✹ ✸✽✶✱✹✺ ✸✽✶✱✻✺

❘❛♥❞♦♠ 30000
2 ✸✱✹ ✻✶✵✱✻✽ ✽✼✼✱✶✶ ✾✶✶✱✵✷

40000
2 ✻✱✶ ∞ ∞ ∞

50000
2 ✾✱✺ ∞ ∞ ∞

5000
2 ✵✱✶ ✶✵✱✹✷ ✾✱✷✼ ✾✱✽✶

10000
2 ✵✱✹ ✹✹✱✷✶ ✹✵✱✾✷ ✹✶✱✾✻

20000
2 ✶✱✺ ✷✻✹✱✾✵ ✷✺✼✱✸✶ ✷✺✽✱✼✺

❘❡❣✐ã♦ ✷ 30000
2 ✸✱✹ ✺✾✻✱✸✵ ✺✾✶✱✵✼ ✺✽✾✱✻✹

40000
2 ✻✱✶ ✶✳✶✵✽✱✼✷ ✶✳✵✺✾✱✼✸ ✶✳✵✼✵✱✷✺

50000
2 ✾✱✺ ✶✳✼✸✻✱✷✷ ✶✳✻✷✷✱✶✺ ✶✳✻✾✾✱✵✵

5000
2 ✵✱✶ ✽✱✽✷ ✽✱✶✸ ✽✱✹✶

10000
2 ✵✱✹ ✸✻✱✽✶ ✸✶✱✼✸ ✸✷✱✵✾

20000
2 ✶✱✺ ✷✷✼✱✺✾ ✷✶✺✱✻✽ ✷✶✼✱✶✺

P❧❛♥♦ 30000
2 ✸✱✹ ✺✷✷✱✵✵ ✹✽✼✱✷✺ ✹✾✻✱✻✷

40000
2 ✻✱✶ ✾✸✵✱✼✺ ✾✵✺✱✻✵ ✾✵✽✱✵✵

50000
2 ✾✱✺ ✶✳✺✸✵✱✵✵ ✶✳✹✽✶✱✺✸ ✶✳✹✹✻✱✸✼

✷P❛r❛ t❡rr❡♥♦s ❘❛♥❞♦♠ ❞❡ t❛♠❛♥❤♦ ✻✱✶ ❡ ✾✱✺ ●❇✱ ♦ t❡♠♣♦ ✉❧tr❛♣❛ss♦✉ ✶✵✵✳✵✵✵ s❡❣✉♥❞♦s ❡
❡♥tã♦✱ ❛tr✐❜✉✐✉✲s❡ t❡♠♣♦ ✐♥✜♥✐t♦ ♣❛r❛ ❡st❡s t❡rr❡♥♦s✳



✹
✳
❆
✈
❛
❧
✐❛
ç
ã
♦
❞
❡
❊
❢
✐❝
✐ê
♥
❝
✐❛

✹✽

❚❛❜❡❧❛ ✹✳✶✶✳ ◆ú♠❡r♦ ❞❡ ❜❧♦❝♦s ❧✐❞♦s✱ ❝❛rr❡❣❛❞♦s✱ r❡♠♦✈✐❞♦s ❡ ❡s❝r✐t♦s ♣❛r❛

❝❛❧❝✉❧❛r ♦ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ✉t✐❧✐③❛♥❞♦ ❛ ♣♦❧ít✐❝❛ ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ❜❧♦❝♦s ▲❘❯✱

❋■❋❖ ❡ ❘❛♥❞♦♠✳✸

❚❡rr❡♥♦s

❉❛❞♦s ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ ❇✳ ❧✐❞♦s ❇✳ ❝❛rr❡❣❛❞♦s ❇✳ ❘❡♠♦✈✐❞♦s ❇✳ ❊s❝r✐t♦s

▲❘❯ ❋■❋❖ ❘❆▼ ▲❘❯ ❋■❋❖ ❘❆▼ ▲❘❯ ❋■❋❖ ❘❆▼

5000
2 ✵✳✶ ✹✾ ✷✵✹ ✶✾✻ ✷✵✹ ✵ ✵ ✽ ✵ ✵ ✽

10000
2 ✵✳✹ ✶✻✾ ✻✼✻ ✻✼✻ ✼✷✶ ✵ ✵ ✹✼ ✵ ✵ ✹✼

20000
2 ✶✳✺ ✻✷✺ ✸✳✼✺✵ ✸✳✼✺✵ ✹✳✵✼✾ ✷✳✹✾✽ ✷✳✹✾✽ ✷✳✽✷✼ ✵ ✵ ✸✷✾

❘❛♥❞♦♠ 30000
2 ✸✳✹ ✶✳✵✹✹ ✽✳✻✻✹ ✽✳✻✻✹ ✶✷✳✷✽✹ ✺✳✼✼✹ ✺✳✼✼✹ ✶✵✳✽✸✽ ✵ ✵ ✸✳✻✶✶

40000
2 ✻✳✶ ✷✳✺✵✵ ∞ ∞ ∞ ∞ ∞ ∞ ∞ ∞ ∞

50000
2 ✾✳✺ ✸✳✾✻✾ ∞ ∞ ∞ ∞ ∞ ∞ ∞ ∞ ∞

5000
2 ✵✳✶ ✹✾ ✶✾✻ ✶✾✻ ✷✵✹ ✵ ✵ ✽ ✵ ✵ ✽

10000
2 ✵✳✹ ✶✻✾ ✻✼✻ ✻✼✻ ✼✷✸ ✵ ✵ ✹✽ ✵ ✵ ✹✽

20000
2 ✶✳✺ ✻✷✺ ✸✳✼✺✵ ✸✳✼✺✵ ✹✳✵✹✵ ✷✳✹✾✽ ✷✳✹✾✽ ✷✳✼✾✾ ✵ ✵ ✸✵✶

❘❡❣✐ã♦ ✷ 30000
2 ✸✳✹ ✶✳✵✹✹ ✽✳✻✻✹ ✽✳✻✻✹ ✶✵✳✽✺✾ ✺✳✼✼✹ ✺✳✼✼✹ ✽✳✷✸✺ ✵ ✵ ✷✳✷✾✷

40000
2 ✻✳✶ ✷✳✺✵✵ ✷✶✳✻✽✶ ✷✶✳✻✸✷ ✷✷✳✹✾✺ ✶✽✳✸✷✺ ✶✽✳✷✼✻ ✶✾✳✷✶✷ ✺✳✹✸✷ ✺✳✼✷✵ ✼✳✹✵✾

50000
2 ✾✳✺ ✸✳✾✻✾ ✸✹✳✺✻✻ ✸✺✳✷✶✵ ✸✼✳✷✼✷ ✸✶✳✷✶✵ ✸✶✳✽✺✹ ✸✸✳✾✷✹ ✾✳✷✽✷ ✶✵✳✵✽✺ ✶✷✳✻✻✾

5000
2 ✵✳✶ ✹✾ ✶✾✻ ✶✾✻ ✷✵✹ ✵ ✵ ✽ ✵ ✵ ✽

10000
2 ✵✳✹ ✶✻✾ ✻✼✻ ✻✼✻ ✼✶✾ ✵ ✵ ✹✺ ✵ ✵ ✹✺

20000
2 ✶✳✺ ✻✷✺ ✸✳✼✺✵ ✸✳✼✺✵ ✸✳✾✾✺ ✷✳✹✾✽ ✷✳✹✾✽ ✷✳✼✻✺ ✵ ✵ ✷✻✵

P❧❛♥♦ 30000
2 ✸✳✹ ✶✳✵✹✹ ✽✳✻✻✹ ✽✳✻✻✹ ✶✵✳✹✹✷ ✺✳✼✼✹ ✺✳✼✼✹ ✼✳✾✷✹ ✵ ✵ ✶✳✽✼✼

40000
2 ✻✳✶ ✷✳✺✵✵ ✷✵✳✾✵✶ ✶✾✳✶✶✶ ✷✵✳✷✹✻ ✶✼✳✺✹✺ ✶✺✳✼✺✺ ✶✼✳✵✼✷ ✺✳✵✹✷ ✹✳✾✸✹ ✺✳✵✽✷

50000
2 ✾✳✺ ✸✳✾✻✾ ✸✺✳✵✻✾ ✸✺✳✵✽✺ ✸✹✳✾✹✽ ✸✶✳✼✶✸ ✸✶✳✼✷✾ ✸✶✳✻✶✵ ✾✳✺✼✽ ✾✳✺✾✹ ✶✵✳✶✺✶



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✹✾

✹✳✻✳✺ ❆✈❛❧✐❛çã♦ ❞❛ t❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ❞❛ ❜✐❜❧✐♦t❡❝❛

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

♣r❡ssã♦ ✭▼❇✴s✮ ❛❧❝❛♥ç❛❞♦ ♣❡❧❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❞✉r❛♥t❡ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡

❞❛❞♦s✳ P❛r❛ ✐ss♦ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ♣r♦❣r❛♠❛s ❞❡ ❧❡✐t✉r❛ ❡ ❡s❝r✐t❛ ❝♦♥s❡❝✉t✐✈❛ ❞❡

❜❧♦❝♦s ❡ ❧❡✐t✉r❛ ❡ ❞❡ ❡s❝r✐t❛ ❛❧❡❛tór✐❛ ❞❡ ❜❧♦❝♦s ♣❛r❛ ♦ ❞✐s❝♦✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ❛ ♠❡♠ór✐❛

é ✐♥✐❝✐❛❧✐③❛❞❛ ❡✱ ❡♠ s❡❣✉✐❞❛✱ ♦s ❜❧♦❝♦s sã♦ ❝❛rr❡❣❛❞♦s ♥❛ ♠❡♠ór✐❛✱ ❞❡ ♠❛♥❡✐r❛ ❝♦♥s❡✲

❝✉t✐✈❛✳ ❊ss❡ ❛❧❣♦r✐t♠♦ t❛♠❜é♠ é ✈á❧✐❞♦ ♣❛r❛ ❝❛rr❡❣❛r ❜❧♦❝♦s ❞❡ ♠❛♥❡✐r❛ ❛❧❡❛tór✐❛❀

♣♦ré♠ ❛ ♦r❞❡♠ ❡♠ q✉❡ ♦s ❜❧♦❝♦s s❡rã♦ ❝❛rr❡❣❛❞♦s é ❢❡✐t❛ ❞❡ ♠❛♥❡✐r❛ ❛❧❡❛tór✐❛✳

◆♦s ♣r♦❣r❛♠❛s ✏❡s❝r❡✈❡ ❜❧♦❝♦ s❡q✉❡♥❝✐❛❧♠❡♥t❡✑ ❡ ✏❝❛rr❡❣❛ ❜❧♦❝♦s ❛❧❡❛t♦r✐❛♠❡♥t❡✑✱ ❛

♠❡♠ór✐❛ é ❧✐♠♣❛ ♣❛r❛ ❣❛r❛♥t✐r q✉❡ ♥ã♦ ❡①✐st❡♠ ❜❧♦❝♦s ❝❛rr❡❣❛❞♦s ♥❛ ♠❡♠ór✐❛❀ ♦s

❜❧♦❝♦s sã♦ ❝❛rr❡❣❛❞♦s ❞❡ ♠❛♥❡✐r❛ s❡q✉❡♥❝✐❛❧ ❡ ❛❧❡❛tór✐❛ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❡ ❛ ♠❡♠ór✐❛

♥♦✈❛♠❡♥t❡ é ❧✐♠♣❛✳ ◆❡st❡ ú❧t✐♠♦ ♣❛ss♦ ❡♠ q✉❡ ❛ ♠❡♠ór✐❛ é ❧✐♠♣❛✱ ♦s ❜❧♦❝♦s sã♦

❡s❝r✐t♦s ♥♦ ❞✐s❝♦✳

❆ ❚❛❜❡❧❛ ✹✳✶✷ ❛♣r❡s❡♥t❛ ❛ t❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ❞✉r❛♥t❡ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡

❜❧♦❝♦s ❞❡ ♠♦❞♦ s❡q✉❡♥❝✐❛❧ ❡ ❛❧❡❛tór✐♦ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❡♠ ✉♠ t❡rr❡♥♦

✜❝tí❝✐♦✭❣❡r❛❞♦ ❞❡ ♠❛♥❡✐r❛ ❛❧❡❛tór✐❛ ♣♦r ✉♠ ♣r♦❣r❛♠❛ ❞❡ ❝♦♠♣✉t❛❞♦r✮✳ ➱ ✐♠♣♦r✲

t❛♥t❡ s❛❧✐❡♥t❛r q✉❡ ❛ ❧❡✐t✉r❛ ❝♦♥s❡❝✉t✐✈❛ é ✶✱✸✸ ✈❡③❡s ♠❛✐s rá♣✐❞❛ ❞♦ q✉❡ ❛ ❧❡✐t✉r❛

❛❧❡❛tór✐❛✳ ❆ ❡s❝r✐t❛ s❡q✉❡♥❝✐❛❧ é ✶✱✸✾ ✈❡③❡s ♠❛✐s rá♣✐❞❛ ❞♦ q✉❡ ❛ ❡s❝r✐t❛ ❛❧❡❛tór✐❛✳

❆ ❝♦♠♣r❡ssã♦ ❞✉r❛♥t❡ ❛ ❧❡✐t✉r❛ s❡q✉❡♥❝✐❛❧ ❢♦✐ ❡♠ ♠é❞✐❛ ✻✻✱✹✻ ▼❇✴s ❡ ♥❛ ❡s❝r✐t❛

s❡q✉❡♥❝✐❛❧ ❢♦✐ ❞❡ ✻✺✱✽✷ ▼❇✴s✳ ❆ ❝♦♠♣r❡ssã♦ ♣❛r❛ ♦♣❡r❛çõ❡s ❛❧❡❛tór✐❛s ❞✐♠✐♥✉❡♠

♣❛r❛ ✹✾✱✾✺ ▼❇✴s ♣❛r❛ ❛ ❧❡✐t✉r❛ ✭✹✼✱✷✶ ▼❇✴s ♣❛r❛ ❡s❝r✐t❛✮✳

✸P❛r❛ t❡rr❡♥♦s ❘❛♥❞♦♠ ❞❡ t❛♠❛♥❤♦ ✻✱✶ ❡ ✾✱✺ ●❇✱ ♦ t❡♠♣♦ ✉❧tr❛♣❛ss♦✉ ✶✵✵✳✵✵✵ s❡❣✉♥❞♦s ❡
❡♥tã♦✱ ❛tr✐❜✉✐✉✲s❡ t❡♠♣♦ ✐♥✜♥✐t♦ ♣❛r❛ ❡st❡s t❡rr❡♥♦s✳



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✺✵

❚❛❜❡❧❛ ✹✳✶✷✳ ❚❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ❡♠ ▼❇✴s ❞✉r❛♥t❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❜❧♦❝♦s

♣❛r❛ ❡ ❞❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ♣❛r❛ ❛ ❧❡✐t✉r❛ ❡ ❡s❝r✐t❛

❛❧❡❛tór✐❛ ✉s❛♥❞♦ t❡rr❡♥♦s ❛❧❡❛tór✐♦s ❞❡ t❛♠❛♥❤♦ ✶✱✺✱ ✸✱✹✱ ✻✱✶✱ ✾✱✺ ●❇✱ ❡♠ q✉❡

❇ é ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦✳

❆❧❡❛tór✐♦✲❚❡rr❡♥♦ ❛❧❡❛tór✐♦

❇ ❧❡✐t✉r❛ ❡s❝r✐t❛

❚❛♠❛♥❤♦ ❞♦ t❡rr❡♥♦ ❚❛♠❛♥❤♦ ❞♦ t❡rr❡♥♦

✶✱✺ ✸✱✹ ✻✱✶ ✾✱✺ ✶✱✺ ✸✱✹ ✻✱✶ ✾✱✺

✶✵✵ ✺✵ ✷✸ ✶✸ ✽ ✷✻ ✶✸ ✼ ✺

✷✵✵ ✺✵ ✷✹ ✶✻ ✶✸ ✷✽ ✶✺ ✶✵ ✽

✹✵✵ ✺✹ ✸✸ ✷✽ ✷✻ ✸✺ ✷✶ ✶✽ ✶✽

✽✵✵ ✻✻ ✺✵ ✺✵ ✹✷ ✺✵ ✹✵ ✸✺ ✸✺

✶✵✵✵ ✻✻ ✻✵ ✺✵ ✺✵ ✺✹ ✹✻ ✹✻ ✹✷

✶✺✵✵ ✻✻ ✻✵ ✺✹ ✺✹ ✻✻ ✺✹ ✺✹ ✺✵

✷✵✵✵ ✻✻ ✻✵ ✻✵ ✻✵ ✼✺ ✻✻ ✻✵ ✻✵

✹✵✵✵ ✻✻ ✻✻ ✻✻ ✻✻ ✽✺ ✽✺ ✼✺ ✼✺

✺✵✵✵ ✽✺ ✻✻ ✻✻ ✻✻ ✽✺ ✽✺ ✼✺ ✼✺

❙❡q✉❡♥❝✐❛❧✲❚❡rr❡♥♦ ❛❧❡❛tór✐♦

❇ ❧❡✐t✉r❛ ❡s❝r✐t❛

❚❛♠❛♥❤♦ ❞♦ t❡rr❡♥♦ ❚❛♠❛♥❤♦ ❞♦ t❡rr❡♥♦

✶✱✺ ✸✱✹ ✻✱✶ ✾✱✺ ✶✱✺ ✸✱✹ ✻✱✶ ✾✱✺

✶✵✵ ✻✵ ✻✵ ✻✵ ✻✵ ✸✼ ✸✼ ✸✺ ✸✼

✷✵✵ ✻✵ ✻✵ ✻✵ ✻✻ ✹✷ ✹✵ ✸✼ ✹✵

✹✵✵ ✻✵ ✻✵ ✻✵ ✻✻ ✺✹ ✺✵ ✺✵ ✺✵

✽✵✵ ✻✻ ✻✻ ✻✵ ✻✻ ✻✻ ✻✵ ✻✻ ✻✻

✶✵✵✵ ✻✻ ✻✻ ✻✻ ✼✺ ✼✺ ✻✻ ✻✻ ✻✻

✶✺✵✵ ✻✻ ✻✻ ✻✻ ✼✺ ✽✺ ✼✺ ✼✺ ✼✺

✷✵✵✵ ✻✻ ✻✻ ✻✻ ✼✺ ✽✺ ✽✺ ✽✺ ✽✺

✹✵✵✵ ✼✺ ✻✻ ✻✻ ✽✺ ✽✺ ✽✺ ✽✺ ✽✺

✺✵✵✵ ✼✺ ✻✻ ✻✻ ✽✺ ✽✺ ✽✺ ✽✺ ✽✺

❆ ❚❛❜❡❧❛ ✹✳✶✸ ❛♣r❡s❡♥t❛ ❛ t❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ❞✉r❛♥t❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❜❧♦❝♦s

❞❡ ♠♦❞♦ s❡q✉❡♥❝✐❛❧ ❡ ❛❧❡❛tór✐♦ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❡♠ ✉♠ t❡rr❡♥♦ r❡❛❧ ❝♦r✲

r❡s♣♦♥❞❡♥t❡ à r❡❣✐ã♦ ✷ ❞♦ ♠❛♣❛ ❝♦♠♦ ♠♦str❛ ♥❛ ❋✐❣✉r❛ ✹✳✺✳ ➱ ✐♠♣♦rt❛♥t❡ s❛❧✐❡♥t❛r

q✉❡ ❛ ❧❡✐t✉r❛ ❝♦♥s❡❝✉t✐✈❛ é ✶✱✶✶ ✈❡③❡s ♠❛✐s rá♣✐❞❛ ❞♦ q✉❡ ❛ ❧❡✐t✉r❛ ❛❧❡❛tór✐❛✳ ❆

❡s❝r✐t❛ s❡q✉❡♥❝✐❛❧ é ✶✱✵✵✸ ✈❡③❡s ♠❛✐s rá♣✐❞❛ ❞♦ q✉❡ ❛ ❡s❝r✐t❛ ❛❧❡❛tór✐❛✳ ❆ ✈❡❧♦❝✐❞❛❞❡

❞❛ t❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ❞✉r❛♥t❡ ❛ ❧❡✐t✉r❛ s❡q✉❡♥❝✐❛❧ ❢♦✐ ❡♠ ♠é❞✐❛ ✻✸✱✺✵✼✺ ▼❇✴s ❡



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✺✶

♥❛ ❡s❝r✐t❛ s❡q✉❡♥❝✐❛❧ ❢♦✐ ❞❡ ✺✹✱✷✼ ▼❇✴s✳ ❆ ✈❡❧♦❝✐❞❛❞❡ ❞❛ t❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ♣❛r❛

♦♣❡r❛çõ❡s ❛❧❡❛tór✐❛s ❞✐♠✐♥✉❡♠ ♣❛r❛ ✺✻✱✼✼✺ ▼❇✴s ♣❛r❛ ❛ ❧❡✐t✉r❛ ✭✺✹✱✶✵✼✺ ▼❇✴s ♣❛r❛

❡s❝r✐t❛✮✳

❚❛❜❡❧❛ ✹✳✶✸✳ ❚❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ❡♠ ▼❇✴s ❞✉r❛♥t❡ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❜❧♦❝♦s

♣❛r❛ ❡ ❞❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ♣❛r❛ ❛ ❧❡✐t✉r❛ ❡ ❡s❝r✐t❛

❛❧❡❛tór✐❛ ✉s❛♥❞♦ t❡rr❡♥♦s ❛❧❡❛tór✐♦s ❞❡ t❛♠❛♥❤♦ ✶✱✺✱ ✸✱✹✱ ✻✱✶✱ ✾✱✺ ●❇✱ ❡♠ q✉❡

❇ é ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦✳

❆❧❡❛tór✐♦✲❘✷

❇ ❧❡✐t✉r❛ ❡s❝r✐t❛

❚❛♠❛♥❤♦ ❞♦ t❡rr❡♥♦ ❚❛♠❛♥❤♦ ❞♦ t❡rr❡♥♦

✶✱✺ ✸✱✹ ✻✱✶ ✾✱✺ ✶✱✺ ✸✱✹ ✻✱✶ ✾✱✺

✶✵✵ ✺✵ ✷✹ ✶✸ ✾ ✷✷ ✶✸ ✼ ✺

✷✵✵ ✺✵ ✷✺ ✶✽ ✶✻ ✷✼ ✶✺ ✶✵ ✶✵

✹✵✵ ✺✵ ✸✸ ✸✶ ✷✷ ✸✵ ✷✶ ✷✵ ✷✶

✽✵✵ ✺✵ ✸✺ ✹✻ ✼✺ ✸✺ ✹✵ ✸✶ ✸✼

✶✵✵✵ ✺✵ ✺✹ ✺✹ ✼✺ ✹✻ ✹✻ ✹✷ ✺✵

✶✺✵✵ ✻✻ ✻✻ ✻✵ ✼✺ ✻✵ ✺✹ ✻✵ ✼✺

✷✵✵✵ ✻✻ ✼✺ ✻✻ ✶✵✵ ✼✺ ✻✻ ✼✺ ✽✺

✹✵✵✵ ✼✺ ✼✺ ✼✺ ✶✷✵ ✶✵✵ ✽✺ ✶✵✵ ✶✺✵

✺✵✵✵ ✼✺ ✼✺ ✼✺ ✶✷✵ ✶✵✵ ✽✺ ✶✵✵ ✶✺✵

❙❡q✉❡♥❝✐❛❧✲❘✷

❇ ❧❡✐t✉r❛ ❡s❝r✐t❛

❚❛♠❛♥❤♦ ❞♦ t❡rr❡♥♦ ❚❛♠❛♥❤♦ ❞♦ t❡rr❡♥♦

✶✱✺ ✸✱✹ ✻✱✶ ✾✱✺ ✶✱✺ ✸✱✹ ✻✱✶ ✾✱✺

✶✵✵ ✻✵ ✻✵ ✺✹ ✺✵ ✷✺ ✷✺ ✷✺ ✷✺

✷✵✵ ✻✵ ✻✵ ✺✹ ✺✵ ✸✼ ✸✼ ✸✸ ✸✸

✹✵✵ ✻✵ ✻✻ ✺✹ ✺✵ ✹✵ ✹✵ ✹✵ ✸✸

✽✵✵ ✻✵ ✻✻ ✺✹ ✺✵ ✹✵ ✹✵ ✹✵ ✸✼

✶✵✵✵ ✻✵ ✻✻ ✺✹ ✻✵ ✹✻ ✹✻ ✺✵ ✹✷

✶✺✵✵ ✻✵ ✻✻ ✻✻ ✻✵ ✻✵ ✻✻ ✻✵ ✺✹

✷✵✵✵ ✻✵ ✻✻ ✻✻ ✼✺ ✻✻ ✻✻ ✻✻ ✼✺

✹✵✵✵ ✼✺ ✼✺ ✼✺ ✽✺ ✽✺ ✽✺ ✽✺ ✶✵✵

✺✵✵✵ ✼✺ ✼✺ ✼✺ ✽✺ ✶✵✵ ✽✺ ✶✵✵ ✶✵✵

❈♦♠♦ ❡s♣❡r❛❞♦✱ ❛♦ ❛✉♠❡♥t❛r ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦✱ ❛ t❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ❞❛

❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❞✉r❛♥t❡ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞❛❞♦s t❛♠❜é♠ ❛✉♠❡♥t❛✳ ■ss♦

♣♦rq✉❡ ♦ ❝✉st♦ ❞❛ ♦♣❡r❛çã♦ ❞❡ s❡❡❦ ♣♦❞❡ s❡r ❛♠♦rt✐③❛❞♦ à ♠❡❞✐❞❛ q✉❡ s❡ ✉s❛ ✉♠



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✺✷

t❛♠❛♥❤♦ ❞❡ ❜❧♦❝♦ ♠❛✐♦r✳

✹✳✻✳✻ ❈♦♠♣❛r❛çã♦ ❛❧❣♦r✐t♠♦ ▲❩✹ ❙❡q✉❡♥❝✐❛❧ ❡ ▲❩✹ P❛r❛❧❡❧♦

❈♦♠♦ ❢♦✐ ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✹✳✻✳✷✱ ❛ ❝♦♠♣r❡ssã♦ r❡❞✉③ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞❛❞♦s ♠❡✲

❧❤♦r❛♥❞♦ ❛ ❡✜❝✐ê♥❝✐❛ ❞❡ ✉♠❛ ❛♣❧✐❝❛çã♦✳ ❙❡♥❞♦ ❛ss✐♠✱ ♣❛r❛ t❡♥t❛r ♠❡❧❤♦r❛r ❛✐♥❞❛

♠❛✐s ❡ss❛ ❡✜❝✐ê♥❝✐❛✱ ♦ ❛❧❣♦r✐t♠♦ ▲❩✹ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ❡♠ ♣❛r❛❧❡❧♦✳ ❆ ✐❞é✐❛ é q✉❡

♦s ❜❧♦❝♦s s❡❥❛♠ ♣❛rt✐❝✐♦♥❛❞♦s ❡♠ s✉❜✲❜❧♦❝♦s✱ s❡♥❞♦ q✉❡ ❝❛❞❛ ✉♠ ❞❡ss❡s s✉❜✲❜❧♦❝♦s

s❡rá ❝♦♠♣r✐♠✐❞♦ ♣♦r ✉♠❛ ❞❛s t❤r❡❛❞s ❞✐s♣♦♥í✈❡✐s✱ ✐st♦ é✱ s✉♣♦♥❞♦ q✉❡ ❡①✐st❛♠ k

t❤r❡❛❞s✱ ♦ ❜❧♦❝♦ s❡rá ♣❛rt✐❝✐♦♥❛❞♦ ❡♠ k s✉❜✲❜❧♦❝♦s✳ ❉❡st❛ ❢♦r♠❛✱ ❛ ❝♦♠♣r❡ssã♦ ❡ ❛

❞❡s❝♦♠♣r❡ssã♦ s❡rã♦ r❡❛❧✐③❛❞❛s ❡♠ ♣❛r❛❧❡❧♦✳

❆ ✜♠ ❞❡ ❛✈❛❧✐❛r ♦ ❣❛♥❤♦ q✉❡ ❡st❛ ❡str❛té❣✐❛ ♣r♦❞✉③ ❡♠ r❡❧❛çã♦ ❛♦ ✉s♦ ❞❛

❝♦♠♣r❡ssã♦ ❙❡q✉❡♥❝✐❛❧✱ ❛❧❣✉♥s t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ❡♠ ❛❧❣✉♠❛s ❛♣❧✐❝❛çõ❡s ❝♦♠♦✿

tr❛♥s♣♦st❛✱ ✈✐❡✇s❤❡❞ ❡ ♠❡❞✐❛♥❛✳ ❖ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ ❡s❝♦❧❤✐❞♦ ♣❛r❛ ❛ tr❛♥s♣♦st❛✱

✈✐❡✇s❤❡❞ ❡ ✜❧tr♦ ❞❛ ♠❡❞✐❛♥❛ ❢♦✐ ❞❡ 1000 × 1000 ❝é❧✉❧❛s✳ ❊♠ t♦❞❛s ❛s ❛♣❧✐❝❛çõ❡s ❛

❜✐❜❧✐♦t❡❝❛ ❢♦✐ ❝♦♥✜❣✉r❛❞❛ ♣❛r❛ ✉s❛r✱ ♥♦ ♠á①✐♠♦✱ ✷●❇ ❞❡ ❘❆▼✳ P❛r❛ ❛ tr❛♥s♣♦s✐çã♦

❞❛ ♠❛tr✐③ ❡ ♦ ❝á❧❝✉❧♦ ❞❛ ♠❡❞✐❛♥❛ ✉t✐❧✐③❛r❛♠✲s❡ ❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s ❞❡ ♠❛tr✐③❡s ❡

♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ✈✐❡✇s❤❡❞✱ ✉t✐❧✐③♦✉✲s❡ ❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s ❞❡ t❡rr❡♥♦s✳ ◆♦ ❝á❧❝✉❧♦

❞♦ ✈✐❡✇s❤❡❞✱ ❢♦✐ ✉s❛❞♦ ♦ r❛✐♦ ❞❡ ✐♥t❡r❡ss❡ tã♦ ❣r❛♥❞❡ q✉❛♥t♦ ♣♦ssí✈❡❧✱ ✐st♦ é✱ ✉♠ r❛✐♦

❞❡ ✐♥t❡r❡ss❡ ❝♦❜r✐♥❞♦ t♦❞♦ ♦ t❡rr❡♥♦✱ ❡ ♦ ♦❜s❡r✈❛❞♦r ♣♦s✐❝✐♦♥❛❞♦ ✺✵ ♠❡tr♦s ❛❝✐♠❛

❞♦ t❡rr❡♥♦✳

❖s t❡st❡s ❝♦♥s✐st✐r❛♠ ❡♠ ♠❡♥s✉r❛r ♦ t❡♠♣♦ t♦t❛❧ ❣❛st♦ ♣❛r❛ ❛ ❡①❡❝✉çã♦ ❞❡

❝❛❞❛ ❛♣❧✐❝❛çã♦ ❡ ♦ t❡♠♣♦ ❣❛st♦ ♣❛r❛ ❝❛rr❡❣❛r ♦s ❜❧♦❝♦s ❞✉r❛♥t❡ ❛ ❡①❡❝✉çã♦ ❞❡

❝❛❞❛ ❛♣❧✐❝❛çã♦✳ ❖s r❡s✉❧t❛❞♦s ❞❡st❡s t❡st❡s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❚❛❜❡❧❛s ✹✳✶✹✱ ✹✳✶✻

❡ ✹✳✶✽✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s✱ ❛s ❛♣❧✐❝❛çõ❡s ❡①❡❝✉t❛♠ ♠❛✐s ♠❛✐s rá♣✐❞❛s

✉s❛♥❞♦ ▲❩✹ ❡♠ P❛r❛❧❡❧♦ ❞♦ q✉❡ ▲❩✹ s❡q✉❡♥❝✐❛❧ ♥❛ ♠❛✐♦r✐❛ ❞♦s t❡st❡s✳ ❖ ✉s♦ ❞❛

❝♦♠♣r❡ssã♦ P❛r❛❧❡❧❛ ♠❡❧❤♦r♦✉ ❛ ❡✜❝✐ê♥❝✐❛ ❞❛s ❛♣❧✐❝❛çõ❡s✱ ❡♠ ♠é❞✐❛✱ ❡♠ 4%✳ ❊♠

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

■ss♦ ❛❝♦♥t❡❝❡ ♣♦rq✉❡ ❡st❡s t❡rr❡♥♦s ❝❛❜❡♠ ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛ ❡✱ ♣♦rt❛♥t♦✱ ♥ã♦ ❤á

♦♣❡r❛çõ❡s ❞❡ tr♦❝❛✱ ❧♦❣♦ ♦ ✉s♦ ❞❛ ❝♦♠♣r❡ssã♦ ❞❡ ❞❛❞♦s ♣❛r❛❧❡❧❛ t♦r♥❛ ❛ ❚✐❧❡❞▼❛tr✐①

♠❡♥♦s ❡✜❝✐❡♥t❡✱ ♣♦✐s ❛❧♦❝❛✲s❡ ♠❛✐s ♠❡♠ór✐❛ ♣❛r❛ ❛ ❝♦♠♣r❡ssã♦ ♣❛r❛❧❡❧❛ ❞♦ q✉❡ ♣❛r❛

❛ ❝♦♠♣r❡ssã♦ s❡q✉❡♥❝✐❛❧✳ ◆❛s ❚❛❜❡❧❛s ✹✳✶✺✱ ✹✳✶✼ ❡ ✹✳✶✾ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡✱ ❡♠

t♦❞♦s ♦s t❡st❡s✱ ♦ t❡♠♣♦ ♣❛r❛ ❝❛rr❡❣❛r ♦s ❜❧♦❝♦s ❞✉r❛♥t❡ ❛ ❡①❡❝✉çã♦ ❞❛s ❛♣❧✐❝❛çõ❡s é

♠❡♥♦r q✉❛♥❞♦ ❛ ❝♦♠♣r❡ssã♦ P❛r❛❧❡❧❛ é ✉t✐❧✐③❛❞❛ ❞♦ q✉❡ q✉❛♥❞♦ s❡ ✉s❛ ❛ ❝♦♠♣r❡ssã♦

❙❡q✉❡♥❝✐❛❧✳

◆♦t❡ q✉❡ ♦s ❣❛♥❤♦s ♦❜t✐❞♦s ♥♦s t❡st❡s ♣♦❞❡♠ s❡r ❡①♣❧✐❝❛❞♦s ❞❡✈✐❞♦ à r❡❞✉çã♦

♥❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞❛❞♦s✱ ✈✐st♦ q✉❡ ♦s s✉❜❜❧♦❝♦s sã♦ ❝♦♠♣r✐♠✐❞♦s✱ r❡❞✉③✐♥❞♦ ♦



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✺✸

t❛♠❛♥❤♦ ❞❡❧❡s✳ ▼❛✐s ♣r❡❝✐s❛♠❡♥t❡✱ s❡❥❛♠ b1, b2, ..., bi ♦s t❛♠❛♥❤♦s ❡♠ ❜②t❡s ❞❡ ❝❛❞❛

s✉❜❜❧♦❝♦✱ S ❂ b1 ✰ b2 ✰ ✳✳✳ ✰ bi ❛ s♦♠❛ ❞♦ t❛♠❛♥❤♦ ❞♦s s✉❜❜❧♦❝♦s ❝♦♠♣r✐♠✐❞♦s

❡ B ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ ♦r✐❣✐♥❛❧ ❝♦♠♣r✐♠✐❞♦✳ ❱✐st♦ q✉❡ t❛♥t♦ ♥❛ ✐♠♣❧❡♠❡♥t❛çã♦

❞♦ ❛❧❣♦r✐t♠♦ ▲❩✹ ♣❛r❛❧❡❧♦ q✉❛♥t♦ ♥❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ▲❩✹ s❡q✉❡♥❝✐❛❧

sã♦ r❡❛❧✐③❛❞❛s ✉♠❛ ú♥✐❝❛ ❡s❝r✐t❛ ♣❛r❛ ❡s❝r❡✈❡r t♦❞♦s ♦s s✉❜❜❧♦❝♦s ♥♦ ❞✐s❝♦ ❡ ✉♠❛

ú♥✐❝❛ ❧❡✐t✉r❛ ♣❛r❛ ❧❡r t♦❞♦s ♦s s✉❜❜❧♦❝♦s ❞♦ ❞✐s❝♦✱ s❡ S ❁ B ❡♥tã♦ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡

❞❛❞♦s ♥♦ ❛❧❣♦r✐t♠♦ P❛r❛❧❡❧♦ é ♠❡♥♦r ❞♦ q✉❡ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞❛❞♦s ♥♦ ❛❧❣♦r✐t♠♦

❙❡q✉❡♥❝✐❛❧ ❡ ♣♦rt❛♥t♦ ♦ ❛❧❣♦r✐t♠♦ ▲❩✹ ❡♠ P❛r❛❧❡❧♦ t❡♥❞❡ ❛ ♠❡❧❤♦r❛r ❛ ❡✜❝✐ê♥❝✐❛

❞❛s ❛♣❧✐❝❛çõ❡s✳

❚❛❜❡❧❛ ✹✳✶✹✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ❣❛st♦ ♣❛r❛ ❝❛❧❝✉❧❛r ❛ tr❛♥s♣♦st❛ ❞❡
✉♠❛ ♠❛tr✐③✱ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❝♦♠♣r❡ssã♦ ♣❛r❛❧❡❧❛ ❡
s❡q✉❡♥❝✐❛❧✮✳

❚❡rr❡♥♦s ❚✐❧❡❞▼❛tr✐① ●❛♥❤♦ ❝♦♠ ❛
❘❡❣✐ã♦ ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ ❝♦♠♣✳ ❙❡q✉❡♥❝✐❛❧ ❝♦♠♣✳ P❛r❛❧❡❧❛ P❛r❛❧❡❧✐③❛çã♦

5000
2 ✵✳✶ ✶✱✵✼ ✶✱✻✼ ✲✺✻✪

10000
2 ✵✳✹ ✹✱✾✼ ✻✱✷✼ ✲✷✻✪

20000
2 ✶✳✺ ✶✾✱✾✻ ✷✶✱✺✷ ✲✼✪

✷ 30000
2 ✸✳✹ ✾✽✱✼✾ ✾✺✱✵✷ ✹✪

40000
2 ✻✳✶ ✶✾✺✱✽✼ ✶✽✷✱✵✻ ✼✪

50000
2 ✾✳✺ ✸✵✸✱✾✺ ✷✽✵✱✵✷ ✽✪

❚❛❜❡❧❛ ✹✳✶✺✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ❣❛st♦ ♣❛r❛ ❝❛rr❡❣❛r ❜❧♦❝♦s ❞✉r❛♥t❡ ♦
❝á❝✉❧♦ ❞❛ tr❛♥s♣♦st❛ ❞❡ ✉♠❛ ♠❛tr✐③✱ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✭❝♦♠
❝♦♠♣r❡ssã♦ ♣❛r❛❧❡❧❛ ❡ s❡q✉❡♥❝✐❛❧✮✳

❚❡rr❡♥♦s ❚✐❧❡❞▼❛tr✐① ●❛♥❤♦ ❝♦♠ ❛
❘❡❣✐ã♦ ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ ❝♦♠♣✳ ❙❡q✉❡♥❝✐❛❧ ❝♦♠♣✳ P❛r❛❧❡❧❛ P❛r❛❧❡❧✐③❛çã♦

5000
2 ✵✳✶ ✵✱✵ ✵✱✵ ✵✪

10000
2 ✵✳✹ ✵✱✵ ✵✱✵ ✵✪

20000
2 ✶✳✺ ✵✱✵ ✵✱✵ ✵✪

✷ 30000
2 ✸✳✹ ✺✵ ✹✹ ✶✷✪

40000
2 ✻✳✶ ✾✷ ✼✾ ✶✹✪

50000
2 ✾✳✺ ✶✸✶ ✶✵✼ ✶✽✪



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✺✹

❚❛❜❡❧❛ ✹✳✶✻✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ❣❛st♦ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✈✐❡✇s❤❡❞ ❞❡ ✉♠
t❡rr❡♥♦✱ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❝♦♠♣r❡ssã♦ ♣❛r❛❧❡❧❛ ❡ s❡✲
q✉❡♥❝✐❛❧✮✳

❚❡rr❡♥♦s ❚✐❧❡❞▼❛tr✐① ●❛♥❤♦ ❝♦♠ ❛
❘❡❣✐ã♦ ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ ❝♦♠♣✳ ❙❡q✉❡♥❝✐❛❧ ❝♦♠♣✳ P❛r❛❧❡❧❛ P❛r❛❧❡❧✐③❛çã♦

5000
2 ✵✳✶ ✸✱✵✽ ✸✱✶✾ ✲✸✪

10000
2 ✵✳✹ ✶✷✱✻✷ ✶✷✱✼✸ ✲✶✷✱✻✷✪

20000
2 ✶✳✺ ✻✷✱✸✹ ✺✼✱✽✶ ✼✪

✷ 30000
2 ✸✳✹ ✶✹✾✱✺✾ ✶✹✻✱✷ ✷✪

40000
2 ✻✳✶ ✷✽✺✱✷✾ ✷✼✼✱✶✼ ✸✪

50000
2 ✾✳✺ ✹✹✵✱✶✺ ✹✸✵✱✼✽ ✷✪

❚❛❜❡❧❛ ✹✳✶✼✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ❣❛st♦ ♣❛r❛ ❝❛rr❡❣❛r ❜❧♦❝♦s ❞✉r❛♥t❡ ♦

❝á❧❝✉❧♦ ❞♦ ✈✐❡✇s❤❡❞ ❞❡ ✉♠ t❡rr❡♥♦✱ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✭❝♦♠

❝♦♠♣r❡ssã♦ ♣❛r❛❧❡❧❛ ❡ s❡q✉❡♥❝✐❛❧✮✳

❚❡rr❡♥♦s ❚✐❧❡❞▼❛tr✐① ●❛♥❤♦ ❝♦♠ ❛

❘❡❣✐ã♦ ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ ❝♦♠♣✳ ❙❡q✉❡♥❝✐❛❧ ❝♦♠♣✳ P❛r❛❧❡❧❛ P❛r❛❧❡❧✐③❛çã♦

5000
2 ✵✳✶ ✵✱✵ ✵✱✵ ✵✪

10000
2 ✵✳✹ ✵✱✵ ✵✱✵ ✵✪

20000
2 ✶✳✺ ✼✱✵ ✷✱✵ ✼✶✪

✷ 30000
2 ✸✳✹ ✷✷✱✵ ✶✻✱✵ ✷✼✪

40000
2 ✻✳✶ ✹✽✱✵ ✸✼✱✵ ✷✸✪

50000
2 ✾✳✺ ✼✺✱✵ ✺✺✱✵ ✷✼✪

❚❛❜❡❧❛ ✹✳✶✽✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ❣❛st♦ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✜❧tr♦ ❞❛ ♠❡❞✐❛♥❛
❞❡ ✉♠ t❡rr❡♥♦✱ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❝♦♠♣r❡ssã♦ ♣❛r❛❧❡❧❛
❡ s❡q✉❡♥❝✐❛❧✮✳

❚❡rr❡♥♦s ❚✐❧❡❞▼❛tr✐① ●❛♥❤♦ ❝♦♠ ❛
❘❡❣✐ã♦ ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ ❝♦♠♣✳ ❙❡q✉❡♥❝✐❛❧ ❝♦♠♣✳ P❛r❛❧❡❧❛ P❛r❛❧❡❧✐③❛çã♦

5000
2 ✵✳✶ ✽✱✽✸ ✽✱✼✻ ✵✱✽✪

10000
2 ✵✳✹ ✸✹✱✷✸ ✸✹✱✵✻ ✵✱✺✪

20000
2 ✶✳✺ ✶✹✹✱✽✻ ✶✹✶✱✹✾ ✷✪

✷ 30000
2 ✸✳✹ ✸✺✹✱✹✽ ✸✸✼✱✼✵ ✺✪

40000
2 ✻✳✶ ✻✼✶✱✹✻ ✻✻✵✱✵✸ ✷✪

50000
2 ✾✳✺ ✶✵✵✷✱✵✹ ✾✾✹✱✽ ✵✱✼✪



✹✳ ❆✈❛❧✐❛çã♦ ❞❡ ❊❢✐❝✐ê♥❝✐❛ ✺✺

❚❛❜❡❧❛ ✹✳✶✾✳ ❚❡♠♣♦ ✭❡♠ s❡❣✉♥❞♦s✮ ❣❛st♦ ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ✜❧tr♦ ❞❛ ♠❡❞✐❛♥❛
❞❡ ✉♠ t❡rr❡♥♦✱ ✉t✐❧✐③❛♥❞♦ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✭❝♦♠ ❝♦♠♣r❡ssã♦ ♣❛r❛❧❡❧❛
❡ s❡q✉❡♥❝✐❛❧✮✳

❚❡rr❡♥♦s ❚✐❧❡❞▼❛tr✐① ●❛♥❤♦ ❝♦♠ ❛
❘❡❣✐ã♦ ❧✐♥❤❛ × ❝♦❧✉♥❛ ●❇ ❝♦♠♣✳ ❙❡q✉❡♥❝✐❛❧ ❝♦♠♣✳ P❛r❛❧❡❧❛ P❛r❛❧❡❧✐③❛çã♦

5000
2 ✵✳✶ ✵✱✵ ✵✱✵ ✵✪

10000
2 ✵✳✹ ✵✱✵ ✵✱✵ ✵✪

20000
2 ✶✳✺ ✺✱✵ ✷✱✵ ✻✵✪

✷ 30000
2 ✸✳✹ ✷✸✱✵ ✺✱✵ ✼✽✪

40000
2 ✻✳✶ ✺✾✱✵ ✺✵✱✵ ✶✺✪

50000
2 ✾✳✺ ✽✸✱✵ ✻✺✱✵ ✷✷✪



❈❛♣ít✉❧♦ ✺

❈♦♥❝❧✉sõ❡s

◆ós ❛♣r❡s❡♥t❛♠♦s ✉♠❛ ♥♦✈❛ ❜✐❜❧✐♦t❡❝❛✱ ♥♦♠❡❛❞❛ ❚✐❧❡❞▼❛tr✐①✱ ♣❛r❛ ❛✉①✐❧✐❛r ♦ ❞❡s❡♥✲

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

❡①t❡r♥❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❞✐s❝♦s✳ ❊st❛ ❜✐❜❧✐♦t❡❝❛ ✉s❛ ❛❧❣✉♠❛s ❡str✉t✉r❛s ❞❡ ❞❛❞♦s

❡s♣❡❝✐❛✐s ❡ ❛❧❣♦r✐t♠♦s ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ♠❡♠ór✐❛ ❝❛❝❤❡ ♣❛r❛ r❡❞✉③✐r ♦ ♥ú♠❡r♦

❞❡ ❛❝❡ss♦s ❛♦ ❞✐s❝♦ rí❣✐❞♦✳ ❖ ♦❜❥❡t✐✈♦ ❜ás✐❝♦ é ♣❡r♠✐t✐r q✉❡ ✉♠❛ ❛♣❧✐❝❛çã♦ ♦r✐❣✐✲

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

❛❞❛♣t❛❞❛ ♣❛r❛ ❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✳ ❆ ❜✐❜❧✐♦t❡❝❛ ❢♦r♥❡❝❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ♣❛r❛ ❛❝❡ss❛r ❛

♠❡♠ór✐❛ ❡①t❡r♥❛ q✉❡ é s✐♠✐❧❛r ❛♦ tr❛❞✐❝✐♦♥❛❧ ❛❝❡ss♦ ❛ ♠❛tr✐③❡s ♥❛ ♠❡♠ór✐❛ ✐♥t❡r♥❛✳

❯♠❛ ✐♥t❡r❡ss❛♥t❡ ❡str❛té❣✐❛ ✐♥❝❧✉í❞❛ ♥❡st❛ ❜✐❜❧✐♦t❡❝❛ ❢♦✐ ♦ ✉s♦ ❞❛ ❝♦♠♣r❡ssã♦ ❞❡

❞❛❞♦s ♣❛r❛ r❡❞✉③✐r ❛ tr❛♥s❢❡rê♥❝✐❛ ❡♥tr❡ ❛s ♠❡♠ór✐❛s ✐♥t❡r♥❛ ❡ ❡①t❡r♥❛✳

❆♣r❡s❡♥t❛♠♦s ♥♦ ❈❛♣ít✉❧♦ ✸ ❛ ❞❡s❝r✐çã♦ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ♠♦str❛♥❞♦

❛ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛ ♣❡❧❛ ❚✐❧❡❞▼❛tr✐①✱ ✐♥❝❧✉✐♥❞♦ ❛ ❞❡s❝r✐çã♦ ❞❡ ❝♦♠♦ ❛

❚✐❧❡❞▼❛tr✐① ❢❛③ ✉s♦ ❞♦ ❛❧❣♦r✐t♠♦ ▲❩✹ ❬✾❪✱ ✉♠ ❛❧❣♦r✐t♠♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ✉♠❛ ❝♦♠✲

♣r❡ssã♦ ❞❡ ❞❛❞♦s ♠❛✐s rá♣✐❞❛ ❡ s❡♠ ♣❡r❞❛s r❡❞✉③✐♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❊✴❙

❞✉r❛♥t❡ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❜❧♦❝♦ ♣❛r❛ ❡ ❞♦ ❞✐s❝♦✳ ❆✐♥❞❛ ♥♦ ❈❛♣ít✉❧♦ ✸✱ ♠♦str❛♠♦s

✉♠❛ ♠❡❧❤♦r✐❛ ♥♦ ❛❧❣♦r✐t♠♦ ▲❩✹ r❡❛❧✐③❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦ q✉❡ ♣❡r♠✐t❡ q✉❡ ❛ ❝♦♠✲

♣r❡ssã♦ ❞♦s ❜❧♦❝♦s s❡❥❛ ❢❡✐t❛ ❞❡ ♠❛♥❡✐r❛ ♣❛r❛❧❡❧❛✳

❖s ❝r✐tér✐♦s ❡ ❛❧❣♦r✐t♠♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ♠♦str❛r ❛ ❡✜❝✐ê♥❝✐❛ ❞❛ ❚✐❧❡❞▼❛tr✐①

❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✹✳ ❆ ❚✐❧❡❞▼❛tr✐① ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞❛ ❡ t❡st❛❞❛ ❡♠

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

❝❛❧❝✉❧❛r ❛ tr❛♥s♣♦st❛ ❞❛ ♠❛tr✐③ ❡ ♦ ❝á❧❝✉❧♦ ❞♦ ✈✐❡✇s❤❡❞ ❡ ✢✉①♦ ❛❝✉♠✉❧❛❞♦ ❡♠ t❡r✲

r❡♥♦s r❡♣r❡s❡♥t❛❞♦s ♣♦r ✉♠❛ ♠❛tr✐③ ❞❡ ❡❧❡✈❛çã♦✳ ❊st❛s ❛♣❧✐❝❛çõ❡s ❢♦r❛♠ ✐♠♣❧❡✲

♠❡♥t❛❞❛s ❡♠ ❞✉❛s ✈❡rsõ❡s✿ ✉♠❛ ✉s❛♥❞♦ ❛ ❜✐❜❧✐t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❡ ♦✉tr❛ ✉s❛♥❞♦ ❛

❜✐❜❧✐♦t❡❝❛ ❙❡❣♠❡♥t✱ s❡♥❞♦ q✉❡ t♦❞❛s ❡st❛s ❛♣❧✐❝❛çõ❡s ❢♦r❛♠ ❞❡s❝r✐t❛s ♥❡st❡ ♠❡s♠♦

❝❛♣ít✉❧♦✳ ❆s ❛♣❧✐❝❛çõ❡s ❢♦r❛♠ ❡①❡❝✉t❛❞❛s ✉t✐❧✐③❛♥❞♦ ♠✉✐t♦s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s ❝♦♠

✺✻



✺✳ ❈♦♥❝❧✉sõ❡s ✺✼

❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s ❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s t❡st❡s✱ t♦❞❛s ❛s ❛♣❧✐❝❛çõ❡s ❡①❡❝✉t❛r❛♠ ♠❛✐s

rá♣✐❞♦s ✉t✐❧✐③❛♥❞♦ ❛ ❚✐❧❡❞▼❛tr✐① ❞♦ q✉❡ ❝♦♠ ❛ ❙❡❣♠❡♥t✳ ❊♠ ♠é❞✐❛✱ ♦s t❡st❡s ❢♦r❛♠

✼ ✈❡③❡s ♠❛✐s rá♣✐❞♦ ❝♦♠ ❛ ❚✐❧❡❞▼❛tr✐① ❡✱ ❡♠ ❛❧❣✉♥s ❝❛s♦s✱ ✶✽ ✈❡③❡s ♠❛✐s rá♣✐❞♦s✳

❆❧é♠ ❞✐ss♦✱ ♦s t❡st❡s ♠♦str❛r❛♠ q✉❡ ♦ ✉s♦ ❞❛ ❝♦♠♣r❡ssã♦ ♠❡❧❤♦r♦✉ ❛ ❡✜❝ê♥❝✐❛ ❞❛

❛♣❧✐❝❛çã♦ ❡♠ ✺✵✪ ❡✱ ❡♠ ❛❧❣✉♠❛s s✐t✉❛çõ❡s✱ q✉❛s❡ ✷✵✵✪✳ ◆❡st❡ ♠❡s♠♦ ❈❛♣ít✉❧♦✱

❛✈❛❧✐❛♠♦s ❛ t❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ❞❛ ❚✐❧❡❞▼❛tr✐① ❞✉r❛♥t❡ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞❛❞♦s

♣❛r❛ ❡ ❞♦ ❞✐s❝♦ r❡❛❧✐③❛♥❞♦ ❧❡✐t✉r❛s ❡ ❡s❝r✐t❛s ❛❧❡❛tór✐❛s ❡ ❝♦♥s❡❝✉t✐✈❛s ❞❡ ❜❧♦❝♦s✳ P♦r

♠❡✐♦ ❞❡st❛ ❛✈❛❧✐❛çã♦ ❢♦✐ ♣♦ssí✈❡❧ ❝♦♥❝❧✉✐r q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ t❛①❛ ❞❡ ❝♦♠♣r❡ssã♦

❞✉r❛♥t❡ ❛ ❧❡✐t✉r❛ ❝♦♥s❡❝✉t✐✈❛ ❢♦✐ ✶✱✸✸ ♠❛✐s rá♣✐❞❛ ❞♦ q✉❡ ❛ ❧❡✐t✉r❛ ❛❧❡❛tór✐❛ ❡ ❛

t❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ❞✉r❛♥t❡ ❛ ❡s❝r✐t❛ ❝♦♥s❡❝✉t✐✈❛ ❢♦✐ ✶✱✸✾ ✈❡③❡s ♠❛✐s rá♣✐❞❛ ❞♦ q✉❡

❛ ❡s❝r✐t❛ ❛❧❡❛tór✐❛✳ ❆❧é♠ ❞✐ss♦✱ ♠♦str❛✲s❡ q✉❡ ❛ ❝♦♠♣r❡ssã♦ ❞❡ ❞❛❞♦s ♣❛r❛❧❡❧❛ ❡♠

♠é❞✐❛ ♠❡❧❤♦r♦✉ ❛ ❡✜❝✐ê♥❝✐❛ ❞❛s ❛♣❧✐❝❛çõ❡s q✉❡ ❢♦r❛♠ t❡st❛❞❛s ❡♠ ✸✱✻✪✳ ❈♦♥t✉❞♦✱

❛ ❚✐❧❡❞▼❛tr✐① ❢♦✐ ❝♦♠♣❛r❛❞❛ ❝♦♠ ♦ ❆r❝●■❙ ❡ ❡❧❛ ❢♦✐ ❜❡♠ ♠❛✐s ❡✜❝✐❡♥t❡ ❞♦ q✉❡ ❡❧❡✱
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❝❛r❛❝t❡ríst✐❝❛s ❞❛ ❜✐❜❧✐♦t❡❝❛ sã♦ ❢❛❝✐❧✐❞❛❞❡ ❞❡ ✉s♦✱ ♣♦rt❛❜✐❜❧✐❞❛❞❡ ❡ ❡✜❝✐ê♥❝✐❛✳

✶✳ ❋❛❝✐❧✐❞❛❞❡ ❞❡ ✉s♦

P❛r❛ ✉s❛r ❛ ❜✐❜❧✐♦t❡❝❛ ♣❛r❛ ❛✉①✐❧✐❛r ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❛♣❧✐❝❛çã♦ ❛ ❧✐❞❛r ❝♦♠

q✉❛♥t✐❞❛❞❡ ❡♥♦r♠❡s ❞❡ ❞❛❞♦s✱ é ♥❡❝❡ssár✐♦ ❞❡✜♥✐r ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦✱ ❛

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

❝❧❛ss❡ t✐❧❡❞▼❛tr✐①✳❝♣♣✱ ❡s❝♦❧❤❡r ❛ ♣♦❧ít✐❝❛ ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ❜❧♦❝♦s ❛❞❡q✉❛❞❛

♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❡ ✉t✐❧✐③❛r ♦s ♠ét♦❞♦s ❣❡t ❡ s❡t ♣❛r❛ r❡t♦r♥❛r ✉♠ ❜❧♦❝♦ ❡

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

✷✳ P♦rt❛❜✐❧✐❞❛❞❡

❆ ❜✐❜❧✐♦t❡❝❛ é ♣♦rtá✈❡❧ ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞♦s s✐st❡♠❛s ♦♣❡r❛❝✐♦♥❛✐s ❡ ♣❧❛t❛❢♦r✲

♠❛s ❞❡ ❤❛r❞✇❛r❡✳ ■ss♦ ✐♠♣❧✐❝❛ q✉❡ ♦ ❣❡r❡♥❝✐♠❡♥t♦ ❞❡ ♠❡♠ór✐❛ s❡❝✉♥❞ár✐❛ é

♣♦rtá✈❡❧ ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞❛s ♣❧❛t❛❢♦r♠❛s ❞❡ ❝♦♠♣✉t❛çã♦✳

✸✳ ❊✜❝✐ê♥❝✐❛

❆ ❜✐❜❧✐♦t❡❝❛ é ❡✜❝✐❡♥t❡ ✈✐st♦ q✉❡ r❡❞✉③ ♦ ✉s♦ ❞❡ ❈P❯✱ ❛ ♠❡♠ór✐❛ ✉s❛❞❛ ✐♥t❡r✲

♥❛♠❡♥t❡✱ ♦ ❡s♣❛ç♦ ❞❡ ❞✐s❝♦ ❡ ♦ ♥ú♠❡r♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❊✴❙✳

P❛r❛ ❛❝❡❧❡r❛r ♦ ♣r♦❝❡ss♦ ❞❡ ❜✉s❝❛ ❞❡ ❜❧♦❝♦s ❡♥tr❡ ❛ ❈P❯ ❡ ❛ ♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧

❡①✐st❡♠ ❛s ♠❡♠ór✐❛s ❝❛❝❤❡✳ ◆♦ ❡♥t❛♥t♦✱ ♥❛s ❛rq✉✐t❡t✉r❛s ❛t✉❛✐s✱ ❡♥tr❡ ♦ ❞✐s❝♦ ❡ ❛

♠❡♠ór✐❛ ♣r✐♥❝✐♣❛❧✱ ♥ã♦ ❡①✐st❡ ✉♠ ♠❡❝❛♥✐s♠♦ q✉❡ t♦r♥❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❜✉s❝❛ ❞❡

❜❧♦❝♦ ❛♦ ❞✐s❝♦ ❡✜❝✐❡♥t❡✳ P❛r❛ ✐st♦✱ ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ❝♦♠ ♦

✻✷



❆✳ ❈♦♠♦ ✉t✐❧✐③❛r ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✻✸

♣r♦♣ós✐t♦ ❞❡ t♦r♥❛r ♦ ♣r♦❝❡ss♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❜❧♦❝♦ ♣❛r❛ ❡ ❞♦ ❞✐s❝♦ ❡✜❝✐❡♥t❡✳

❙❡♥❞♦ ❛ss✐♠✱ ♥❡st❛ s❡çã♦ ❞❡s❝r❡✈❡♠✲s❡ ♦s tr❡❝❤♦s ❞❡ ❝ó❞✐❣♦s ♠❛✐s r❡❧❡✈❛♥t❡s ♣❛r❛

q✉❡ ♦ ✉s✉ár✐♦ ♣♦ss❛ ✉t✐❧✐③❛r ❛ ❜✐❜❧✐♦t❡❝❛✳

P❛r❛ ✉t✐❧✐③❛r ❛ ❚✐❧❡❞▼❛tr✐①✱ ♦ ✉s✉ár✐♦ ♣r❡❝✐s❛ ✐♥st❛♥❝✐❛r ✉♠ ♦❜❥❡t♦ ❞♦ t✐♣♦

❚✐❧❡❞▼❛tr✐① ♣♦r ♠❡✐♦ ❞♦ ❝♦♥str✉t♦r✱ ❝♦♠♦ s❡ ❛♣r❡s❡♥t❛ ♥❛ ❋✐❣✉r❛ ❆✳✶✳ ❈♦♠♦

♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦✱ ♥♦ ❝♦♥str✉t♦r ❞❛ ❜✐❜❧✐♦t❡❝❛ ❡①✐❣❡✲s❡ q✉❡ ♦ ✉s✉ár✐♦ ♣❛ss❡ ❛❧✲

❣✉♥s ♣❛râ♠❡tr♦s✳ ❆ ❞❡s❝r✐çã♦ ❞❡ss❡s ♣❛râ♠❡tr♦s ❡♥❝♦♥tr❛✲s❡ ♥❛ ❚❛❜❡❧❛ ❆✳✶✳ P❛r❛

❡s❝♦❧❤❡r ❛ ♣♦❧ít✐❝❛ ❞❡ s✉❜st✐t✉✐çã♦✱ ♦ ✉s✉ár✐♦ ❞❡✈❡ ❞✐❣✐t❛r ✏▲✑ ♣❛r❛ ❡s❝♦❧❤❡r ❛ ♣♦❧ít✐❝❛

▲❘❯✱ ✏❋✑ ♣❛r❛ ❡s❝♦❧❤❡r ❋■❋❖ ❡ ✏❘✑ ♣❛r❛ ❡s❝♦❧❤❡r ❛ ♣♦❧ít✐❝❛ ❛❧❡❛tór✐❛✳

❋✐❣✉r❛ ❆✳✶✳ ❈♦♥str✉t♦r ❞❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐①✳

❚❛❜❡❧❛ ❆✳✶✳ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✶✳

❚✐♣♦ ◆♦♠❡ ❉❡s❝r✐çã♦

✐♥t ♥❘♦✇s ◆ú♠❡r♦ ❞❡ ❧✐♥❤❛s q✉❡ ❝♦♥t❡♠ ❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛✳
✐♥t ♥❈♦❧✉♠s ◆ú♠❡r♦ ❞❡ ❝♦❧✉♥❛s q✉❡ ❝♦♥t❡♠ ❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛✳
✐♥t t✐❧❡s❘♦✇s ◆ú♠❡r♦ ❞❡ ❧✐♥❤❛s q✉❡ ❝♦♥t❡♠ ♦ ❜❧♦❝♦✳
✐♥t t✐❧❡s❈♦❧✉♠s ◆ú♠❡r♦ ❞❡ ❝♦❧✉♥❛s q✉❡ ❝♦♥t❡♠ ♦ ❜❧♦❝♦✳
✐♥t ♥❚✐❧❡s▼❡♠♦r✐❛ ◆ú♠❡r♦ ❞❡ ❜❧♦❝♦s ♥❛ ♠❡♠ór✐❛✳

str✐♥❣ ♣♦❧✐❝② P♦❧ít✐❝❛ ❞❡ s✉❜st✐t✉✐çã♦ ❞❡ ❜❧♦❝♦s ❡s❝♦❧❤✐❞❛ ♣❡❧♦ ✉s✉ár✐♦✳
str✐♥❣ ✜❧❡❇❛s❡ ❆rq✉✐✈♦ q✉❡ ❛r♠❛③❡♥❛ ♦s ✈❛❧♦r❡s ❞❛s ❝é❧✉❧❛s ❞❛ ♠❛tr✐③ ❞❡

❡♥tr❛❞❛ ♥❛s ❝é❧✉❧❛s ❞♦ ❜❧♦❝♦s✳
str✐♥❣ ✜❧❡▼❛tr✐① ❆rq✉✐✈♦ ♣❛r❛ ❛r♠❛③❡♥❛r ❞❛❞♦s t❡♠♣♦r❛r✐❛♠❡♥t❡✳

❆♣ós ✐♥st❛♥❝✐❛r ✉♠ ♦❜❥❡t♦ ❚✐❧❡❞▼❛tr✐① ♦ ✉s✉ár✐♦ ❞❡✈❡ ❧❡r ❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛✳

❖s ✈❛❧♦r❡s ❧✐❞♦s ❞❡✈❡♠ s❡r ❛tr✐❜✉✐❞♦s ❛♦ ❜❧♦❝♦s ♣♦r ♠❡✐♦ ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛

❋✐❣✉r❛ ❆✳✷✳ ❆ ❚❛❜❡❧❛ ❆✳✷ ♠♦str❛ ❡ ❞❡s❝r❡✈❡ q✉❛✐s ♣❛râ♠❡tr♦s ❞❡✈❡♠ s❡r ♣❛ss❛❞♦s

♣❛r❛ ♠ét♦❞♦✳

❆ ❜✐❜❧✐♦t❡❝❛ ❞✐s♣♦♥✐❜✐❧✐③❛ t❛♠❜é♠ ✉♠ ♠ét♦❞♦ ♣❛r❛ ✐♥✐❝✐❛❧✐③❛r t♦❞❛s ❛s ❝é❧✉❧❛s

❞❡ ✉♠ ❜❧♦❝♦ ❝♦♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ✈❛❧♦r ❝♦♠♦ ♠♦str❛ ♥❛ ❋✐❣✉r❛ ❆✳✸✳



❆✳ ❈♦♠♦ ✉t✐❧✐③❛r ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✻✹

❋✐❣✉r❛ ❆✳✷✳ ❈❛rr❡❣❛ ✉♠ ❜❧♦❝♦ ✐✱❥ ♥❛ ♠❛tr✐③ ❡ ❛tr✐❜✉✐ ✉♠ ✈❛❧♦r✳

❚❛❜❡❧❛ ❆✳✷✳ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✷✳

❚✐♣♦ ◆♦♠❡ ❉❡s❝r✐çã♦

✐♥t ✐ P♦s✐çã♦ ❞❛ ❝é❧✉❧❛ ♥❛ ✐✲és✐♠❛ ❧✐♥❤❛ ❞❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛✳
✐♥t ❥ P♦s✐çã♦ ❞❛ ❝é❧✉❧❛ ♥❛ ❥✲és✐♠❛ ❝♦❧✉♥❛ ❞❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛✳
✐♥t ✈❛❧♦r ❱❛❧♦r ❞❛ ❝é❧✉❧❛ ♥❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛✳

❋✐❣✉r❛ ❆✳✸✳ ❆tr✐❜✉✐ ✉♠ ✈❛❧♦r q✉❛❧q✉❡r ❛ t♦❞♦s ♦s ❜❧♦❝♦s✳

❖ ♠ét♦❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✹ r❡t♦r♥❛ ✉♠ ❜❧♦❝♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ♣❛râ♠❡tr♦s ♣❛s✲

s❛❞♦s ♣❡❧♦ ✉s✉ár✐♦✳ ❆ t❛❜❡❧❛ ❆✳✹ ❞❡s❝r❡✈❡ ❡ss❡s ♣❛râ♠❡tr♦s✳

❆ ❚✐❧❡❞▼❛tr✐① ❢♦r♥❡❝❡ três st❛t✉s ♣❛r❛ ♦ ❜❧♦❝♦✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛

❋✐❣✉r❛ ❆✳✺✳ ❖ ❙❚❆❚❯❙ ◆➹❖ ■◆■❈■❆▲■❩❆❉❖ s✐❣♥✐✜❝❛ q✉❡ ♦ ❜❧♦❝♦ ❛✐♥❞❛ ♥ã♦ ❢♦✐

✐♥✐❝✐❛❧✐③❛❞♦ ❝♦♠ ♥❡♥❤✉♠ ✈❛❧♦r✱ ♦ ❙❚❆❚❯❙ ■◆■❈■❆▲■❩❆❉❖ s✐❣♥✐✜❝❛ q✉❡ ♦ ❜❧♦❝♦ ❥á

❡stá ✐♥✐❝✐❛❧✐③❛❞♦ ❝♦♠ ✉♠ ✈❛❧♦r ❡ ♣♦❞❡ s❡r ❝❛rr❡❣❛❞♦✳ ❏á ♦ ❙❚❆❚❯❙ ■◆■❈■❆▲■❩❆❉❖

❱❆▲❖❘ ❈❖◆❙❚❆◆❚❊ s✐❣♥✐✜❝❛ q✉❡ t♦❞❛s ❛s ❝é❧✉❧❛s ❞♦ ❜❧♦❝♦ r❡❝❡❜❡r❛♠ ✉♠ ✈❛❧♦r

❝♦♥st❛♥t❡ ❞❡✜♥✐❞♦ ♣❡❧❛ ❛♣❧✐❝❛çã♦✳



❆✳ ❈♦♠♦ ✉t✐❧✐③❛r ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✻✺

❚❛❜❡❧❛ ❆✳✸✳ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✷✳

❚✐♣♦ ◆♦♠❡ ❉❡s❝r✐çã♦

✐♥t ✈❛❧♦r ❱❛❧♦r ❛tr✐❜✉í❞♦ ❛ t♦❞❛s ❛s ❝é❧✉❧❛s ❞♦ ❜❧♦❝♦✳

❋✐❣✉r❛ ❆✳✹✳ ❘❡t♦r♥❛ ✉♠ ❡❧❡♠❡♥t♦ ❞❛ ♠❛tr✐③✳

❚❛❜❡❧❛ ❆✳✹✳ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✹✳

❚✐♣♦ ◆♦♠❡ ❉❡s❝r✐çã♦

✐♥t ✐ P♦s✐çã♦ ❞❛ ❝é❧✉❧❛ ♥❛ ✐✲és✐♠❛ ❧✐♥❤❛ ❞❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛✳
✐♥t ❥ P♦s✐çã♦ ❞❛ ❝é❧✉❧❛ ♥❛ ❥✲és✐♠❛ ❝♦❧✉♥❛ ❞❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛✳

P❛r❛ ❝❛rr❡❣❛r ✉♠ ❜❧♦❝♦ ❡①✐st❡ ♦ ♠ét♦❞♦ ❧♦❛❞❚✐❧❡✷ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦

♥❛ ❋✐❣✉r❛ ❆✳✻✳ ■♥✐❝✐❛❧♠❡♥t❡ ♦ ♠ét♦❞♦ ✉t✐❧✐③❛ ✉♠❛ ❞❛s ♣♦❧ít✐❝❛s ❞❡ s✉❜st✐t✉✐çã♦

❞❡ ❜❧♦❝♦ ❞❡✜♥✐❞❛ ♥♦ ❝♦♥str✉t♦r ♣❡❧♦ ✉s✉ár✐♦ ♣❛r❛ r❡♠♦✈❡r ✉♠ ❜❧♦❝♦ ❞❛ ♠❡♠ór✐❛

q✉❛♥❞♦ ♥ã♦ ❤♦✉✈❡r ♠❛✐s ❡s♣❛ç♦ ♥❛ ♠❡♠ór✐❛ ♣❛r❛ ❛r♠❛③❡♥❛r ✉♠ ❜❧♦❝♦✳ ❊♠ s❡❣✉✐❞❛✱

❛t✉❛❧✐③❛✲s❡ ♦ ✈❡t♦r ♠❡♠❇❧♦❝❦s ❝♦♠ ♦s ❞❛❞♦s ❞♦ ❜❧♦❝♦ ❡ ❛ ♠❛tr✐③ P♦s✐t✐♦♥ ❝♦♠

❛ ♣♦s✐çã♦ ❡♠ q✉❡ ♦ ❜❧♦❝♦ ❢♦✐ ✐♥s❡r✐❞♦ ♥♦ ✈❡t♦r ♠❡♠❇❧♦❝❦s✳ ❈❛s♦ ♦ st❛t✉s ❞♦

❜❧♦❝♦ s❡❥❛ ❙❚❆❚❯❙ ■◆■❈■❆▲■❩❆❉❖✱ ♦ ❜❧♦❝♦ é ❧✐❞♦ ❞♦ ❞✐s❝♦ ❝♦♠♣r✐♠✐❞♦ ❡ ❞❡✲

s❝♦♠♣r✐♠✐❞♦ ❡ ❛r♠❛③❡♥❛❞♦ ♥❛ ♠❡♠ór✐❛✳ ◆♦ ❡♥t❛♥t♦✱ ❝❛s♦ ♦ st❛t✉s ❞♦ ❜❧♦❝♦ s❡❥❛

❙❚❆❚❯❙ ◆➹❖ ■◆■❈■❆▲■❩❆❉❖ ♦ ❜❧♦❝♦ é ❝❛rr❡❣❛❞♦ ♥❛ ♠❡♠ór✐❛ ♣❡❧❛ ♣r✐♠❡✐r❛ ✈❡③✳

❈❛s♦ ♦ st❛t✉s ❞♦ ❜❧♦❝♦ s❡❥❛ ❙❚❆❚❯❙ ■◆■❈■❆▲■❩❆❉❖ ❱❆▲❖❘ ❈❖◆❙❚❆◆❚❊✱ t♦✲

❞❛s ❛s ❝é❧✉❧❛s ❞♦ ❜❧♦❝♦ sã♦ ✐♥✐❝✐❛❧✐③❛❞❛s ❝♦♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ✈❛❧♦r ❞❡✜♥✐❞♦ ♣❡❧❛

❛♣❧✐❝❛çã♦✳ ❖ st❛t✉s ❞♦ ❜❧♦❝♦ ✜♥❛❧♠❡♥t❡ é ♠❛r❝❛❞♦ ❝♦♠♦ ❙❚❆❚❯❙ ■◆■❈■❆▲■❩❆❉❖

❡ ❛t✉❛❧✐③❛❞♦ ♣❛r❛ s✉❥♦✳ ❆ ❞❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ❡stá ♥❛ ❚❛❜❡❧❛ ❆✳✺✳

❚❛❜❡❧❛ ❆✳✺✳ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✻✳

❚✐♣♦ ◆♦♠❡ ❉❡s❝r✐çã♦

✐♥t ✐ P♦s✐çã♦ ❞❛ ❝é❧✉❧❛ ♥❛ ✐✲és✐♠❛ ❧✐♥❤❛ ❞❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛✳
✐♥t ❥ P♦s✐çã♦ ❞❛ ❝é❧✉❧❛ ♥❛ ❥✲és✐♠❛ ❝♦❧✉♥❛ ❞❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛✳



❆✳ ❈♦♠♦ ✉t✐❧✐③❛r ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✻✻

❋✐❣✉r❛ ❆✳✺✳ ❙t❛t✉s ❞♦ ❜❧♦❝♦✳

P❛r❛ r❡♠♦✈❡r ✉♠ ❜❧♦❝♦ ❡①✐st❡ ♦ ♠ét♦❞♦ r❡♠♦✈❡❚✐❧❡❉❛▼❡♠♦r✐❛ ❝♦♠♦ ♣♦❞❡

s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✼✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ♦ ♠ét♦❞♦ ✈❡r✐✜❝❛ s❡ ♥❛ ♣♦s✐çã♦ id ❞❡

♠❡♠❜❧♦❝❦s ❡①✐st❡ ✉♠ ❜❧♦❝♦ ♣❛r❛ s❡r r❡♠♦✈✐❞♦✳ ❈❛s♦ ✉♠ ❜❧♦❝♦ ♥ã♦ ❡st❡❥❛ ❝❛rr❡❣❛❞♦

♥❛ ♣♦s✐çã♦ id ✉♠❛ ♠❡♥s❛❣❡♠ é ✐♠♣r❡ss❛ ♣❛r❛ ♦ ✉s✉ár✐♦ ❡ ♦ ♣r♦❣r❛♠❛ é ✐♥t❡r✲

r♦♠♣✐❞♦✳ ❈❛s♦ ❡①✐st❛ ✉♠ ❜❧♦❝♦ ♥❛ ♣♦s✐çã♦ id✱ ❡♥tã♦ ❜❧♦❝♦ ♣r❡❝✐s❛ s❡r r❡♠♦✈✐❞♦✳

Pr✐♠❡✐r❛♠❡♥t❡✱ ❡♥❝♦♥tr❛✲s❡ ❛ ♣♦s✐çã♦ ❞♦ ❜❧♦❝♦ ♥♦ ❞✐s❝♦✳ ❙❡ ♦ st❛t✉s ❞♦ ❜❧♦❝♦ ❢♦r

❙❚❆❚❯❙ ■◆■❈■❆▲■❩❆❉❖ ❱❆▲❖❘ ❈❖◆❙❚❆◆❚❊ ❡ s✉❥♦✱ t♦❞❛s ❛s ❝é❧✉❧❛s ❞♦ ❜❧♦❝♦

❞❡✈❡r❛♠ r❡❝❡❜❡r ✉♠ ✈❛❧♦r ❞❡✜♥✐❞♦ ♣❡❧♦ ✉s✉ár✐♦✳ ❈❛s♦ ♦ ❜❧♦❝♦ ❡st❡❥❛ ♠❛r❝❛❞♦ ❝♦♠♦

s✉❥♦ ♦ ❜❧♦❝♦ ❞❡✈❡ s❡r ❣r❛✈❛❞♦ ♥♦ ❞✐s❝♦ ❝♦♠ ❝♦♠♣r❡ssã♦ ❡ ❛ ♣♦s✐çã♦ ❞♦ ❜❧♦❝♦ ♥❛

♠❛tr✐③ P♦s✐t✐♦♥ é ♠❛r❝❛❞❛ ❝♦♠ −1✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ♦ ❜❧♦❝♦ ♥ã♦ ❡stá ♠❛✐s ❝❛rr❡❣❛❞♦

♥❛ ♠❡♠ór✐❛✳ ❆ ❚❛❜❡❧❛ ❆✳✻ ❞❡s❝r❡✈❡ ♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦✳

❚❛❜❡❧❛ ❆✳✻✳ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✼✳

❚✐♣♦ ◆♦♠❡ ❉❡s❝r✐çã♦

✐♥t ✐ P♦s✐çã♦ ❞❛ ❝é❧✉❧❛ ♥❛ ✐✲és✐♠❛ ❧✐♥❤❛ ❞❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛✳
✐♥t ❥ P♦s✐çã♦ ❞❛ ❝é❧✉❧❛ ♥❛ ❥✲és✐♠❛ ❝♦❧✉♥❛ ❞❛ ♠❛tr✐③ ❞❡ ❡♥tr❛❞❛✳

P❛r❛ ❝❛rr❡❣❛r ✉♠ ❜❧♦❝♦ ❞❡ ♠❛♥❡✐r❛ ❛❧❡❛tór✐❛ ❡①✐st❡ ♦ ♠ét♦❞♦ ❝❛rr❡❣❛❇❧♦✲

❝♦❆❧❡❛t♦r✐♦ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✽✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ♦ ♠ét♦❞♦ s♦rt❡✐❛

♣♦s✐çõ❡s i, j ❛té ❛t✐♥❣✐r ♦ ❧✐♠✐t❡ ❞❡ ❜❧♦❝♦s q✉❡ ❝❛❜❡♠ ♥❛ ♠❡♠ór✐❛✳ ❊♠ s❡❣✉✐❞❛✱

❝❛rr❡❣❛ ♦s ❜❧♦❝♦s ❝✉❥❛s ♣♦s✐çõ❡s ❢♦r❛♠ s♦rt❡❛❞❛s ♥♦ ♣❛ss♦ ❛♥t❡r✐♦r✳ ❆ ❞❡s❝r✐çã♦

❞♦s ♣❛râ♠❡tr♦s ❡stá ♥❛ ❚❛❜❡❧❛ ❆✳✼✳ ▼❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡✱ ❡st❡ ♠ét♦❞♦ ❢♦✐ ✉t✐❧✐③❛❞♦

♣❛r❛ ♠❡❞✐r ❛ t❛①❛ ❞❡ ❝♦♠♣r❡ssã♦ ❞✉r❛♥t❡ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❜❧♦❝♦s ❞♦ ❞✐s❝♦ ♣❛r❛ ❛

♠❡♠ór✐❛ ❞❛ ❚✐❧❡❞▼❛tr✐①✳ ❆ ❞❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ❡stá ♥❛ ❚❛❜❡❧❛ ❆✳✼✳

❚❛❜❡❧❛ ❆✳✼✳ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✼✳

❚✐♣♦ ◆♦♠❡ ❉❡s❝r✐çã♦

✐♥t ♥✉♠❇❧♦❝♦s ◆ú♠❡r♦ ❞❡ ❜❧♦❝♦s q✉❡ ❝❛❜❡♠ ♥❛ ♠❡♠ór✐❛✳

P❛r❛ ❝❛rr❡❣❛r ✉♠ ❜❧♦❝♦ ❞❡ ♠❛♥❡✐r❛ s❡q✉❡♥❝✐❛❧ ❡①✐st❡ ♦ ♠ét♦❞♦ ❝❛rr❡❣❛❇❧♦✲

❝♦❙❡q✉❡♥❝✐❛❧✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✾✳ ❖ ♠ét♦❞♦ ❝❛rr❡❣❛ ♦s ❜❧♦❝♦s



❆✳ ❈♦♠♦ ✉t✐❧✐③❛r ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✻✼

❋✐❣✉r❛ ❆✳✻✳ ▼ét♦❞♦ ♣❛r❛ ❝❛rr❡❣❛r ✉♠ ❜❧♦❝♦✳

♥❛ ♠❡♠ór✐❛ ❞❡ ♠❛♥❡✐r❛ ❝♦♥s❡❝✉t✐✈❛ ❛té ❛t✐♥❣✐r ♦ ❧✐♠✐t❡ ❞❡ ❜❧♦❝♦s q✉❡ ❝❛❜❡♠ ♥❛

♠❡♠ór✐❛✳ ❖s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ❡stã♦ ❞❡s❝r✐t♦s ♥❛ ❚❛❜❡❧❛ ❆✳✽



❆✳ ❈♦♠♦ ✉t✐❧✐③❛r ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✻✽

❋✐❣✉r❛ ❆✳✼✳ ▼ét♦❞♦ ♣❛r❛ r❡♠♦✈❡r ✉♠ ❜❧♦❝♦✳

❚❛❜❡❧❛ ❆✳✽✳ ❉❡s❝r✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ♠ét♦❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❆✳✼✳

❚✐♣♦ ◆♦♠❡ ❉❡s❝r✐çã♦

✐♥t ♥✉♠❇❧♦❝♦s ◆ú♠❡r♦ ❞❡ ❜❧♦❝♦s q✉❡ ❝❛❜❡♠ ♥❛ ♠❡♠ór✐❛✳



❆✳ ❈♦♠♦ ✉t✐❧✐③❛r ❛ ❜✐❜❧✐♦t❡❝❛ ❚✐❧❡❞▼❛tr✐① ✻✾
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