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❆❣r❛❞❡❝✐♠❡♥t♦s

❆❣r❛❞❡ç♦ ❛♦s ♠❡✉s ♣❛✐s✱ ●❡r❛❧❞❛ ❡ ❏♦sé✱ ♣❡❧♦ ❛♠♦r✱ ❝❛r✐♥❤♦ ❡ ♣♦r t♦❞❛ ❛ ❞❡❞✐❝❛çã♦✳

❆♦s ♠❡✉s ✐r♠ã♦s✱ ❏♦sã♥❡ ❡ ❏♦s✐❛s✱ ♣❡❧♦ ❛♣♦✐♦✱ ✐♥❝❡♥t✐✈♦ ❡ ♣♦r t✉❞♦ q✉❡ ✜③❡r❛♠ ♣♦r

♠✐♠✳

➚ ♠✐♥❤❛ ❡s♣♦s❛✱ ❆♥❛ ❘❡❣✐♥❛✱ ♣❡❧♦ ❛♠♦r ❡ ❛♣♦✐♦ ♥♦s ♠♦♠❡♥t♦s ❞✐❢í❝❡✐s✳

➚ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ❡♠ ❡s♣❡❝✐❛❧ ❛♦s ♣r♦❢❡ss♦r❡s ❞♦ Pr♦❣r❛♠❛ ❞❡ Pós✲

●r❛❞✉❛çã♦ ❡♠ ❊st❛tíst✐❝❛ ❆♣❧✐❝❛❞❛ ❡ ❇✐♦♠❡tr✐❛✱ ♣❡❧♦s ❡♥s✐♥❛♠❡♥t♦s q✉❡ ❝♦♥tr✐❜✉ír❛♠

♣❛r❛ ❛ ♠✐♥❤❛ ❢♦r♠❛çã♦ ❛❝❛❞ê♠✐❝❛✳

❆♦s s❡❝r❡tár✐♦s ❞❛ ♣ós✲❣r❛❞✉❛çã♦ ❈❛r❧❛ ❩✐♥❛t♦ ❡ ❏ú♥✐♦r P✐r❡s✱ ♣❡❧♦ ❡♠♣❡♥❤♦ ❡ ❞❡❞✐✲

❝❛çã♦ ❡♠ ♥♦s ❛t❡♥❞❡r✳

❆♦s ♣r♦❢❡ss♦r❡s ❋❡r♥❛♥❞♦ ▲✉✐③ P❡r❡✐r❛ ❞❡ ❖❧✐✈❡✐r❛ ❡ ❚✐❛❣♦ ▼❛rt✐♥s P❡r❡✐r❛✱ ♣❡❧❛ ❝♦♥✲

✜❛♥ç❛ ❞❡♣♦s✐t❛❞❛ ❞✉r❛♥t❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ♠❡str❛❞♦✳ ❖❜r✐❣❛❞♦ ♣❡❧❛ ♦r✐❡♥t❛çã♦✱ ❞❡✲

❞✐❝❛çã♦✱ ✐♥❝❡♥t✐✈♦ ❡ ♣♦r t♦❞♦ ♦ ❛♣r❡♥❞✐③❛❞♦✳

❆♦s ♣r♦❢❡ss♦r❡s ❋r❡❞❡r✐❝♦ ❘♦❞r✐❣✉❡s ❇♦r❣❡s ❞❛ ❈r✉③ ❡ P❛✉❧♦ ❘♦❜❡rt♦ ❈❡❝♦♥✱ ♣♦r t❡r❡♠

❛❝❡✐t❛❞♦ ♦ ❝♦♥✈✐t❡ ♣❛r❛ ♣❛rt✐❝✐♣❛r ❞❛ ❜❛♥❝❛✳

➚ ❋❆P❊▼■● ♣❡❧♦ ❛♣♦✐♦ ✜♥❛♥❝❡✐r♦ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❡ tr❛❜❛❧❤♦✳

❆❣r❛❞❡ç♦ ❡s♣❡❝✐❛❧♠❡♥t❡ ❛ ❉❡✉s ♣♦r t❡r ♠❡ ♣r♦♣♦r❝✐♦♥❛❞♦ ❛❧❝❛♥ç❛r ♠❛✐s ❡ss❛ ❝♦♥q✉✐st❛

❡ ♣♦r t❡r ❝♦❧♦❝❛❞♦ t♦❞❛s ❡st❛s ♣❡ss♦❛s ♥♦ ♠❡✉ ❝❛♠✐♥❤♦✳
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✼ ●rá✜❝♦s ❞❡ ❛♥á❧✐s❡ ❞❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛✿ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❳ ✈❛❧♦r❡s ♣❛r❛♠é✲
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✷ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ❝♦♥s✐❞❡✲

r❛♥❞♦ p = 30✱ n = 500✱ δ = 0, 05 ❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❝♦rr❡❧❛çã♦ ✭ρ✮✱

❝♦♥t❡♥❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ✐♥❢❡r✐♦r ✭■❈ ✐♥❢✳✮✱ ♠é❞✐❛✱ ✐♥t❡r✈❛❧♦ ❞❡

❝♦♥✜❛♥ç❛ s✉♣❡r✐♦r ✭■❈ s✉♣✳✮✱ ❡st❛tíst✐❝❛ ❞❡ t❡st❡ ✭t✮ ❡ p✲✈❛❧♦r t❛♥t♦ ♣❛r❛

s❡♥s✐❜✐❧✐❞❛❞❡ ✭❙✮ q✉❛♥t♦ ♣❛r❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ✭❊✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✷✵

✸ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ s❡♥✲
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✹ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ ❡s✲
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✺ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ s❡♥✲

s✐❜✐❧✐❞❛❞❡ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ❝♦rr❡❧❛çã♦ ✭ρ✮ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ♣✳ ✷✷

✻ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ s❡♥✲
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✼ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ s❡♥✲

s✐❜✐❧✐❞❛❞❡ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ✭n✮ ✳ ✳ ✳ ✳ ♣✳ ✷✷

✽ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ s❡♥✲

s✐❜✐❧✐❞❛❞❡ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ✭p✮ ✳ ✳ ✳ ✳ ♣✳ ✷✸

✾ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ ❡s✲

♣❡❝✐✜❝✐❞❛❞❡ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ❝♦rr❡❧❛çã♦ ✭ρ✮ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ♣✳ ✷✹

✶✵ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ ❡s✲

♣❡❝✐✜❝✐❞❛❞❡ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ t❛①❛ ❞❡ ♠✐st✉r❛ ✭δ✮ ✳ ✳ ✳ ✳ ✳ ♣✳ ✷✹

✶✶ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ ❡s✲

♣❡❝✐✜❝✐❞❛❞❡ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ✭n✮ ✳ ✳ ✳ ♣✳ ✷✹



✶✷ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ ❡s✲

♣❡❝✐✜❝✐❞❛❞❡ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ✭p✮ ✳ ✳ ✳ ♣✳ ✷✹

✶✸ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞♦s ❞❛❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✷✾

✶✹ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞❛s ✈❛r✐á✈❡✐s ❞♦ ❣r✉♣♦ ✶ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✷✾

✶✺ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞❛s ✈❛r✐á✈❡✐s ❞♦ ❣r✉♣♦ ✷ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✵

✶✻ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ❝♦♥s✐❞❡✲

r❛♥❞♦ p = 5✱ n = 50 ❡ δ = 0 ❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❝♦rr❡❧❛çã♦ ✭ρ✮✱ ❝♦♥t❡♥❞♦

✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ✐♥❢❡r✐♦r ✭■❈ ✐♥❢✳✮✱ ♠é❞✐❛✱ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ s✉✲

♣❡r✐♦r ✭■❈ s✉♣✳✮✱ ❡st❛tíst✐❝❛ ❞❡ t❡st❡ ✭t✮ ❡ p✲✈❛❧♦r t❛♥t♦ ♣❛r❛ s❡♥s✐❜✐❧✐❞❛❞❡

✭❙✮ q✉❛♥t♦ ♣❛r❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ✭❊✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✺

✶✼ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 50 ❡ δ = 0, 05 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✺

✶✽ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 50 ❡ δ = 0, 10 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✻

✶✾ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 100 ❡ δ = 0 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✻

✷✵ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 100 ❡ δ = 0, 05 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✻

✷✶ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 100 ❡ δ = 0, 10 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✼

✷✷ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 200 ❡ δ = 0 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✼

✷✸ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 200 ❡ δ = 0, 05 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✼

✷✹ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 200 ❡ δ = 0, 10 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✽

✷✺ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 500 ❡ δ = 0 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✽

✷✻ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 500 ❡ δ = 0, 05 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✽

✷✼ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 500 ❡ δ = 0, 10 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✾

✷✽ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 50 ❡ δ = 0 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✾

✷✾ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 50 ❡ δ = 0, 05 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✾

✸✵ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 50 ❡ δ = 0, 10 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✵

✸✶ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 100 ❡ δ = 0 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✵

✸✷ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 100 ❡ δ = 0, 05 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✵

✸✸ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 100 ❡ δ = 0, 10 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✶

✸✹ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 200 ❡ δ = 0 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✶



✸✺ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 200 ❡ δ = 0, 05 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✶

✸✻ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 200 ❡ δ = 0, 10 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✷

✸✼ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 500 ❡ δ = 0 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✷

✸✽ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 500 ❡ δ = 0, 05 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✷

✸✾ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 500 ❡ δ = 0, 10 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✸



❘❊❙❯▼❖

❇❆❘❇❖❙❆✱ ❏♦s✐♥♦ ❏♦sé✱ ▼✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ❢❡✈❡r❡✐r♦ ❞❡ ✷✵✶✼✳ ■❞❡♥✲
t✐✜❝❛çã♦ ❞❡ ♦✉t❧✐❡rs ♠✉❧t✐✈❛r✐❛❞♦s ✲ ❯♠❛ ❛♣❧✐❝❛çã♦ ❡♠ ❞❛❞♦s ❞❡ s❛ú❞❡✳ ❖r✐❡♥✲
t❛❞♦r✿ ❋❡r♥❛♥❞♦ ▲✉✐③ P❡r❡✐r❛ ❞❡ ❖❧✐✈❡✐r❛✳ ❈♦♦r✐❡♥t❛❞♦r✿ ❚✐❛❣♦ ▼❛rt✐♥s P❡r❡✐r❛✳

❆ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♦✉t❧✐❡rs ❞❡s❡♠♣❡♥❤❛ ✉♠ ♣❛♣❡❧ ✐♠♣♦rt❛♥t❡ ♥❛ ❛♥á❧✐s❡ ❡st❛tíst✐❝❛✱ ♣♦✐s

t❛✐s ♦❜s❡r✈❛çõ❡s ♣♦❞❡♠ ❝♦♥t❡r ✐♥❢♦r♠❛çõ❡s ✐♠♣♦rt❛♥t❡s ❡♠ r❡❧❛çã♦ ❛♦s ❞❛❞♦s✳ ❙❡ ♠♦❞❡❧♦s

❡st❛tíst✐❝♦s ❝❧áss✐❝♦s sã♦ ❝❡❣❛♠❡♥t❡ ❛♣❧✐❝❛❞♦s ❛ ❞❛❞♦s ❝♦♥t❡♥❞♦ ✈❛❧♦r❡s ❛tí♣✐❝♦s✱ ♦s r❡s✉❧✲

t❛❞♦s ♣♦❞❡♠ s❡r ❡♥❣❛♥♦s♦s ❡ ❞❡❝✐sõ❡s ❡q✉✐✈♦❝❛❞❛s ♣♦❞❡♠ s❡r t♦♠❛❞❛s✳ ❆❧é♠ ❞✐ss♦✱ ❡♠

s✐t✉❛çõ❡s ♣rát✐❝❛s✱ ♦s ♣ró♣r✐♦s ♦✉t❧✐❡rs sã♦ ♠✉✐t❛s ✈❡③❡s ♦s ♣♦♥t♦s ❡s♣❡❝✐❛✐s ❞❡ ✐♥t❡r❡ss❡

❡ s✉❛ ✐❞❡♥t✐✜❝❛çã♦ ♣♦❞❡ s❡r ♦ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦ ❞❛ ✐♥✈❡st✐❣❛çã♦✳ P♦r ✐ss♦✱ ❛ ✜♥❛❧✐❞❛❞❡

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

❛♥á❧✐s❡ ❛❣r✉♣❛♠❡♥t♦ ❡ ❝♦♠♣❛r❛r ❡ss❛ té❝♥✐❝❛ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♦✉t❧✐❡rs

✈✐❛ ❉✐stâ♥❝✐❛ ❞❡ ▼❛❤❛❧❛♥♦❜✐s✳ P❛r❛ ❣❡r❛çã♦ ❞♦s ❞❛❞♦s ✉t✐❧✐③♦✉✲s❡ s✐♠✉❧❛çã♦ ❛tr❛✈és ❞♦

▼ét♦❞♦ ❞❡ ▼♦♥t❡ ❈❛r❧♦ ❡ ❛ té❝♥✐❝❛ ❞❡ ♠✐st✉r❛ ❞❡ ❞✐str✐❜✉✐çõ❡s ♥♦r♠❛✐s ♠✉❧t✐✈❛r✐❛❞❛s✳ ❖s

r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❛s s✐♠✉❧❛çõ❡s ♠♦str❛♠ q✉❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❢♦✐ s✉♣❡r✐♦r ❛♦

♠ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s t❛♥t♦ ♣❛r❛ s❡♥s✐❜✐❧✐❞❛❞❡ q✉❛♥t♦ ♣❛r❛ ❡s♣❡❝✐✜❝✐❞❛❞❡✱ ♦✉ s❡❥❛✱ ❡❧❡

❛♣r❡s❡♥t❛ ♠❛✐♦r ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❞✐❛❣♥♦st✐❝❛r ❝♦rr❡t❛♠❡♥t❡ ♦s ✐♥❞✐✈í❞✉♦s ♦✉t❧✐❡rs ❡ ♦s ♥ã♦

♦✉t❧✐❡rs✳ ❆❧é♠ ❞✐ss♦✱ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ❢♦✐ ✐❧✉str❛❞❛ ❝♦♠ ✉♠❛ ❛♣❧✐❝❛çã♦ ❡♠ ❞❛❞♦s

r❡❛✐s ♣r♦✈❡♥✐❡♥t❡s ❞❛ ár❡❛ ❞❡ s❛ú❞❡✳



❆❇❙❚❘❆❈❚

❇❆❘❇❖❙❆✱ ❏♦s✐♥♦ ❏♦sé✱ ▼✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ❋❡❜r✉❛r②✱ ✷✵✶✼✳ ❖✉t❧✐❡r
■❞❡♥t✐✜❝❛t✐♦♥ ▼✉❧t✐✈❛r✐❛t❡ ✲ ❆♥ ❛♣♣❧✐❝❛t✐♦♥ ❢♦r ❤❡❛❧t❤ ❞❛t❛✳ ❆❞✈✐s♦r✿ ❋❡r♥❛♥❞♦
▲✉✐③ P❡r❡✐r❛ ❞❡ ❖❧✐✈❡✐r❛✳ ❈♦✲❆❞✈✐s♦r✿ ❚✐❛❣♦ ▼❛rt✐♥s P❡r❡✐r❛✳

❚❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ ♦✉t❧✐❡rs ♣❧❛②s ❛♥ ✐♠♣♦rt❛♥t r♦❧❡ ✐♥ st❛t✐st✐❝❛❧ ❛♥❛❧②s✐s✱ ❛s s✉❝❤ ♦❜✲

s❡r✈❛t✐♦♥s ♠❛② ❝♦♥t❛✐♥ ✐♠♣♦rt❛♥t ✐♥❢♦r♠❛t✐♦♥ r❡❣❛r❞✐♥❣ t❤❡ ❞❛t❛✳ ■❢ ❝❧❛ss✐❝❛❧ st❛t✐st✐❝❛❧

♠♦❞❡❧s ❛r❡ ❜❧✐♥❞❧② ❛♣♣❧✐❡❞ t♦ ❞❛t❛ ❝♦♥t❛✐♥✐♥❣ ❛t②♣✐❝❛❧ ✈❛❧✉❡s✱ t❤❡ r❡s✉❧ts ♠❛② ❜❡ ♠✐s❧❡❛✲

❞✐♥❣ ❛♥❞ ♠✐st❛❦❡♥ ❞❡❝✐s✐♦♥s ❝❛♥ ❜❡ ♠❛❞❡✳ ▼♦r❡♦✈❡r✱ ✐♥ ♣r❛❝t✐❝❛❧ s✐t✉❛t✐♦♥s✱ t❤❡ ♦✉t❧✐❡rs

t❤❡♠s❡❧✈❡s ❛r❡ ♦❢t❡♥ t❤❡ s♣❡❝✐❛❧ ♣♦✐♥ts ♦❢ ✐♥t❡r❡st ❛♥❞ t❤❡✐r ✐❞❡♥t✐✜❝❛t✐♦♥ ♠❛② ❜❡ t❤❡

♠❛✐♥ ♦❜❥❡❝t✐✈❡ ♦❢ t❤❡ ✐♥✈❡st✐❣❛t✐♦♥✳ ❚❤❡r❡❢♦r❡✱ t❤❡ ♣✉r♣♦s❡ ♦❢ t❤✐s ✇♦r❦ ✐s t♦ ♣r♦♣♦s❡ ❛

t❡❝❤♥✐q✉❡ ♦❢ ❞❡t❡❝t✐♦♥ ♦❢ ♠✉❧t✐✈❛r✐❛t❡ ♦✉t❧✐❡rs ❜❛s❡❞ ♦♥ ❝❧✉st❡r ❛♥❛❧②s✐s ❛♥❞ t♦ ❝♦♠♣❛r❡

t❤✐s t❡❝❤♥✐q✉❡ ✇✐t❤ t❤❡ ♠❡t❤♦❞ ♦❢ ✐❞❡♥t✐❢②✐♥❣ ♦✉t❧✐❡rs ✈✐❛ ▼❛❤❛❧❛♥♦❜✐s ❉✐st❛♥❝❡✳ ❋♦r ❞❛t❛

❣❡♥❡r❛t✐♦♥✱ t❤❡ ▼♦♥t❡ ❈❛r❧♦ ♠❡t❤♦❞ ❛♥❞ t❤❡ ♠✐①❡❞✲♠✉❧t✐✈❛r✐❛t❡ ♥♦r♠❛❧ ❞✐str✐❜✉t✐♦♥ t❡❝❤✲

♥✐q✉❡ ✇❡r❡ ✉s❡❞✳ ❚❤❡ r❡s✉❧ts ♣r❡s❡♥t❡❞ ✐♥ t❤❡ s✐♠✉❧❛t✐♦♥s s❤♦✇ t❤❛t t❤❡ ♣r♦♣♦s❡❞ ♠❡t❤♦❞

✇❛s s✉♣❡r✐♦r t♦ t❤❡ ▼❛❤❛❧❛♥♦❜✐s ♠❡t❤♦❞ ❢♦r ❜♦t❤ s❡♥s✐t✐✈✐t② ❛♥❞ s♣❡❝✐✜❝✐t②✱ t❤❛t ✐s✱ ✐t

♣r❡s❡♥ts ❣r❡❛t❡r ❝❛♣❛❝✐t② t♦ ❝♦rr❡❝t❧② ❞✐❛❣♥♦s❡ ♦✉t❧✐❡rs ❛♥❞ ♥♦♥✲♦✉t❧✐❡rs ✐♥❞✐✈✐❞✉❛❧s✳ ■♥

❛❞❞✐t✐♦♥✱ t❤❡ ♣r♦♣♦s❡❞ ♠❡t❤♦❞♦❧♦❣② ✇❛s ✐❧❧✉str❛t❡❞ ✇✐t❤ ❛♥ ❛♣♣❧✐❝❛t✐♦♥ ✐♥ r❡❛❧ ❞❛t❛ ❢r♦♠

t❤❡ ❤❡❛❧t❤ ❛r❡❛✳
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❆♥❡①♦ ❆ ✲✲ ❘❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s ♣✳ ✸✺

❆♥❡①♦ ❇ ✲✲ Pr♦❣r❛♠❛ ✉t✐❧✐③❛❞♦ ♥❛s s✐♠✉❧❛çõ❡s ♣✳ ✹✹



✶

✶ ■♥tr♦❞✉çã♦

✶✳✶ ▼♦t✐✈❛çã♦

❆ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♦✉t❧✐❡rs ❞❡s❡♠♣❡♥❤❛ ✉♠ ♣❛♣❡❧ ✐♠♣♦rt❛♥t❡ ♥❛ ❛♥á❧✐s❡ ❡st❛tíst✐❝❛✳ ❙❡

♠♦❞❡❧♦s ❡st❛tíst✐❝♦s ❝❧áss✐❝♦s sã♦ ❝❡❣❛♠❡♥t❡ ❛♣❧✐❝❛❞♦s ❛ ❞❛❞♦s ❝♦♥t❡♥❞♦ ✈❛❧♦r❡s ❛tí♣✐❝♦s✱

♦s r❡s✉❧t❛❞♦s ♣♦❞❡♠ s❡r ❡♥❣❛♥♦s♦s ❡ ❞❡❝✐sõ❡s ❡q✉✐✈♦❝❛❞❛s ♣♦❞❡♠ s❡r t♦♠❛❞❛s✳ ❆❧é♠ ❞✐ss♦✱

❡♠ s✐t✉❛çõ❡s ♣rát✐❝❛s✱ ♦s ♣ró♣r✐♦s ♦✉t❧✐❡rs sã♦ ♠✉✐t❛s ✈❡③❡s ♦s ♣♦♥t♦s ❡s♣❡❝✐❛✐s ❞❡ ✐♥t❡r❡ss❡

❡ s✉❛ ✐❞❡♥t✐✜❝❛çã♦ ♣♦❞❡ s❡r ♦ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦ ❞❛ ✐♥✈❡st✐❣❛çã♦✳

❆ ❞❡t❡❝çã♦ ❞❡ ♦✉t❧✐❡rs t❡♠ s✐❞♦ ❡①t❡♥s✐✈❛♠❡♥t❡ ✉t✐❧✐③❛❞❛ ❡♠ ❞✐✈❡rs❛s ❛♣❧✐❝❛çõ❡s✳ ❙❡✲

❣✉♥❞♦ ❆❣❣❛r✇❛❧ ✭✷✵✶✸✮✱ ♥❛ ♠❛✐♦r✐❛ ❞❛s ❛♣❧✐❝❛çõ❡s✱ ♦s ❞❛❞♦s sã♦ ❝r✐❛❞♦s ♣♦r ✉♠ ♦✉ ♠❛✐s

♣r♦❝❡ss♦s ❞❡ ♣r♦❞✉çã♦✳ ◗✉❛♥❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ ❣❡r❛çã♦ s❡ ❝♦♠♣♦rt❛ ❞❡ ✉♠❛ ♠❛♥❡✐r❛ ✐♥❝♦✲

♠✉♠ r❡s✉❧t❛ ♥❛ ❝r✐❛çã♦ ❞❡ ♦✉t❧✐❡rs✳ P♦rt❛♥t♦✱ ✉♠ ♦✉t❧✐❡r ♠✉✐t❛s ✈❡③❡s ❝♦♥té♠ ✐♥❢♦r♠❛çõ❡s

út❡✐s s♦❜r❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❛♥♦r♠❛✐s ❞♦s s✐st❡♠❛s ❡ ❡♥t✐❞❛❞❡s✱ q✉❡ ✐♠♣❛❝t❛♠ ♥♦ ♣r♦✲

❝❡ss♦ ❞❡ ❣❡r❛çã♦ ❞❡ ❞❛❞♦s✳ ❖ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ t❛✐s ❝❛r❛❝t❡ríst✐❝❛s ✐♥❝♦♠✉♥s ❢♦r♥❡❝❡ ✉♠❛

sér✐❡ ❞❡ ❛♣❧✐❝❛çõ❡s út❡✐s✳ ❆❧❣✉♥s ❡①❡♠♣❧♦s ❞❡ ❛♣❧✐❝❛çõ❡s sã♦ ♦s s❡❣✉✐♥t❡s✿

• ❙✐st❡♠❛s ❞❡ ❞❡t❡❝çã♦ ❞❡ ✐♥tr✉sã♦✿ ❊♠ ♠✉✐t♦s s✐st❡♠❛s ❞❡ ❝♦♠♣✉t❛❞♦r✱ ✐♥s❡r✐❞♦s ❡♠

✉♠❛ ú♥✐❝❛ ♠áq✉✐♥❛ ♦✉ ❡♠ r❡❞❡✱ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❞❛❞♦s sã♦ r❡❝♦❧❤✐❞♦s ❛tr❛✈és ❞❛s

❝❤❛♠❛❞❛s ❞♦ s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧✱ ❞♦ trá❢❡❣♦ ❞❛ r❡❞❡✱ ♦✉ ❞❡ ♦✉tr❛s ❛t✐✈✐❞❛❞❡s ♥♦ s✐s✲

t❡♠❛✳ ❊st❡s ❞❛❞♦s ♣♦❞❡♠ ♠♦str❛r ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❛♥♦r♠❛❧ ❞❡✈✐❞♦ à ❛t✐✈✐❞❛❞❡s

♠❛❧✐❝✐♦s❛s✳ ❆ ❞❡t❡❝çã♦ ❞❡ t❛✐s ❛t✐✈✐❞❛❞❡s é r❡❢❡r✐❞❛ ❝♦♠♦ ❛ ❞❡t❡❝çã♦ ❞❡ ✐♥tr✉sã♦✳

• ❋r❛✉❞❡ ❞❡ ❝❛rtã♦ ❞❡ ❝ré❞✐t♦✿ ❛ ❢r❛✉❞❡ ❞❡ ❝❛rtã♦ ❞❡ ❝ré❞✐t♦ é ❜❛st❛♥t❡ ♣r❡✈❛❧❡♥t❡✱

❞❡✈✐❞♦ à ❢❛❝✐❧✐❞❛❞❡ ❝♦♠ q✉❡ ✐♥❢♦r♠❛çõ❡s ❝♦♥✜❞❡♥❝✐❛✐s✱ t❛❧ ❝♦♠♦ ♦ ♥ú♠❡r♦ ❞❡ ❝❛rtã♦

❞❡ ❝ré❞✐t♦✱ ♣♦❞❡♠ s❡r ❝♦♠♣r♦♠❡t✐❞❛s✳ ■ss♦ ♥♦r♠❛❧♠❡♥t❡ ❧❡✈❛ ❛ ✉t✐❧✐③❛çã♦ ♥ã♦ ❛✉t♦✲

r✐③❛❞❛ ❞♦ ❝❛rtã♦ ❞❡ ❝ré❞✐t♦✳ ❊♠ ♠✉✐t♦s ❝❛s♦s✱ ♦ ✉s♦ ♥ã♦ ❛✉t♦r✐③❛❞♦ ♣♦❞❡ ♠♦str❛r

♣❛❞rõ❡s ❞✐❢❡r❡♥t❡s✱ ❝♦♠♦ ✉♠❛ ♦♥❞❛ ❞❡ ❝♦♠♣r❛s ❛ ♣❛rt✐r ❞❡ ❧♦❝❛✐s ❣❡♦❣r❛✜❝❛♠❡♥t❡

♦❜s❝✉r♦s✳ ❚❛✐s ♣❛❞rõ❡s ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ♣❛r❛ ❞❡t❡❝t❛r ✈❛❧♦r❡s ❡①tr❡♠♦s ♥♦s ❞❛✲

❞♦s ❞❡ tr❛♥s❛çã♦ ❞♦ ❝❛rtã♦ ❞❡ ❝ré❞✐t♦✳
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• ❙❡♥s♦r❡s ❞❡ ❡✈❡♥t♦s✿ ❙❡♥s♦r❡s sã♦ ♠✉✐t❛s ✈❡③❡s ✉t✐❧✐③❛❞♦s ♣❛r❛ r❛str❡❛r ✈ár✐♦s ♣❛✲

râ♠❡tr♦s ❛♠❜✐❡♥t❛✐s ❡ ❧♦❝❛✐s ❡♠ ♠✉✐t❛s ❛♣❧✐❝❛çõ❡s r❡❛✐s✳ ❆s ♠✉❞❛♥ç❛s ❜r✉s❝❛s ♥♦s

♣❛❞rõ❡s s✉❜❥❛❝❡♥t❡s ♣♦❞❡♠ r❡♣r❡s❡♥t❛r ❡✈❡♥t♦s ❞❡ ✐♥t❡r❡ss❡✳ ❆ ❞❡t❡❝çã♦ ❞❡ ❡✈❡♥t♦s

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

• ❉✐❛❣♥óst✐❝♦ ♠é❞✐❝♦✿ ❊♠ ♠✉✐t❛s ❛♣❧✐❝❛çõ❡s ♠é❞✐❝❛s ♦s ❞❛❞♦s sã♦ r❡❝♦❧❤✐❞♦s ❛ ♣❛rt✐r

❞❡ ✉♠❛ ✈❛r✐❡❞❛❞❡ ❞❡ ❞✐s♣♦s✐t✐✈♦s✱ t❛✐s ❝♦♠♦ ❡①❛♠❡s ❞❡ r❡ss♦♥â♥❝✐❛ ♠❛❣♥ét✐❝❛✱ t♦♠♦✲

❣r❛✜❛ ♦✉ ❡❧❡tr♦❝❛r❞✐♦❣r❛♠❛✳ P❛❞rõ❡s ✐♥❝♦♠✉♥s ❡♠ t❛✐s ❞❛❞♦s ♥♦r♠❛❧♠❡♥t❡ r❡✢❡t❡♠

❛s ❝♦♥❞✐çõ❡s ❞❡ ✉♠❛ ❞♦❡♥ç❛✳

• P♦❧í❝✐❛✿ ❆ ❞❡t❡❝çã♦ ❞❡ ♦✉t❧✐❡r ♣♦ss✉✐ ✈ár✐❛s ✉t✐❧✐❞❛❞❡s ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❞❛ ❧❡✐✱ ❡s✲

♣❡❝✐❛❧♠❡♥t❡ ❡♠ ❝❛s♦s ♦♥❞❡ ♣❛❞rõ❡s ✐♥❝♦♠✉♥s só ♣♦❞❡♠ s❡r ❞❡s❝♦❜❡rt♦s ❛♦ ❧♦♥❣♦

❞♦ t❡♠♣♦ ❛tr❛✈és ❞❡ ✈ár✐❛s ❛çõ❡s ❞❡ ✉♠ ✐♥❞✐✈í❞✉♦ ♦✉ ❡♥t✐❞❛❞❡✳ ❉❡t❡r♠✐♥❛r ❢r❛✉❞❡s

❡♠ tr❛♥s✐çõ❡s ✜♥❛♥❝❡✐r❛s✱ ❛t✐✈✐❞❛❞❡s ❝♦♠❡r❝✐❛✐s ♦✉ r❡✐✈✐♥❞✐❝❛çã♦ ❞❡ s❡❣✉r♦s ♥♦r♠❛❧✲

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

❞❛ ❡♥t✐❞❛❞❡ ❝r✐♠✐♥❛❧✳

• ❈✐ê♥❝✐❛s ❞❛ ❚❡rr❛✿ ❯♠❛ q✉❛♥t✐❞❛❞❡ s✐❣♥✐✜❝❛t✐✈❛ ❞❡ ❞❛❞♦s ❡♠ ✉♠ ❡s♣❛ç♦ t❡♠♣♦r❛❧

s♦❜r❡ ♣❛❞rõ❡s ❝❧✐♠át✐❝♦s✱ ♠✉❞❛♥ç❛s ❝❧✐♠át✐❝❛s ♦✉ ♣❛❞rõ❡s ❞❡ ♦❝✉♣❛çã♦ ❞♦ s♦❧♦ é

r❡❝♦❧❤✐❞❛ ❛tr❛✈és ❞❡ ✉♠❛ ✈❛r✐❡❞❛❞❡ ❞❡ ♠❡❝❛♥✐s♠♦s✱ t❛✐s ❝♦♠♦ s❛té❧✐t❡s ♦✉ s❡♥s♦r✐❛✲

♠❡♥t♦ r❡♠♦t♦✳ ❆♥♦♠❛❧✐❛s ❡♠ t❛✐s ❞❛❞♦s ❢♦r♥❡❝❡♠ ✉♠❛ ✈✐sã♦ s✐❣♥✐✜❝❛t✐✈❛ s♦❜r❡ ❛s

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

❆✐♥❞❛ s❡❣✉♥❞♦ ❆❣❣❛r✇❛❧ ✭✷✵✶✸✮✱ ❡♠ t♦❞❛s ❡st❛s ❛♣❧✐❝❛çõ❡s ♦s ❞❛❞♦s tê♠ ✉♠ ♠♦❞❡❧♦

✏♥♦r♠❛❧✑ ❡ ❛♥♦♠❛❧✐❛s sã♦ r❡❝♦♥❤❡❝✐❞❛s ❝♦♠♦ ❞❡s✈✐♦s ❞❡st❡ ♠♦❞❡❧♦ ♥♦r♠❛❧✳ ❊♠ ♠✉✐t♦s ❝❛✲

s♦s✱ t❛✐s ❝♦♠♦ ❞❡t❡❝çã♦ ❞❡ ✐♥tr✉sã♦ ♦✉ ❢r❛✉❞❡✱ ♦s ✈❛❧♦r❡s ❛tí♣✐❝♦s só ♣♦❞❡♠ s❡r ❞❡s❝♦❜❡rt♦s

❝♦♠ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈ár✐❛s ♦❜s❡r✈❛çõ❡s ❞❡ ❞❛❞♦s✱ ❛♦ ✐♥✈és ❞❡ ✉♠❛ ♦❜s❡r✈❛çã♦ ✐♥❞✐✈✐❞✉❛❧✳

P♦r ❡①❡♠♣❧♦✱ ✉♠ ❡✈❡♥t♦ ❞❡ ❢r❛✉❞❡ ♣♦❞❡ ♠✉✐t❛s ✈❡③❡s r❡✢❡t✐r ❛s ❛çõ❡s ❞❡ ✉♠ ✐♥❞✐✈í❞✉♦ ❡♠

✉♠❛ ❞❡t❡r♠✐♥❛❞❛ s❡q✉ê♥❝✐❛✳ ❆ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❞❛ s❡q✉ê♥❝✐❛ é r❡❧❡✈❛♥t❡ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ♦

❡✈❡♥t♦ ❛♥ô♠❛❧♦✳ ❚❛✐s ❛♥♦♠❛❧✐❛s sã♦ t❛♠❜é♠ r❡❢❡r✐❞❛s ❝♦♠♦ ❛♥♦♠❛❧✐❛s ❝♦❧❡t✐✈❛s✱ ♣♦rq✉❡

só ♣♦❞❡♠ s❡r ✐♥❢❡r✐❞❛s ❛ ♣❛rt✐r ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ♦✉ s❡q✉ê♥❝✐❛ ❞❡ ❞❛❞♦s✳ ❚❛✐s ❛♥♦♠❛❧✐❛s

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

❞♦s ❞❛❞♦s✳

❊♠ ❢✉♥çã♦ ❞❡ s✉❛ ❛♠♣❧❛ ❣❛♠❛ ❞❡ ❛♣❧✐❝❛çõ❡s✱ ♠✉✐t❛s té❝♥✐❝❛s tê♠ s✐❞♦ ❞❡s❡♥✈♦❧✈✐❞❛s

♣❛r❛ ❛ ❞❡t❡❝çã♦ ❞❡ ♦✉t❧✐❡rs✳ ❱❡❧♦s♦ ❡ ❈✐r✐❧❧♦ ✭✷✵✶✻✮ ♣r♦♣✉s❡r❛♠ ✉♠❛ té❝♥✐❝❛ ♣❛r❛ ❞❡t❡❝çã♦

❞❡ ♦✉t❧✐❡rs ❜❛s❡❛❞❛ ❡♠ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ❝♦♠ ❛♠♦str❛s ❝♦rr✐❣✐❞❛s ♣♦r ❞✐stâ♥❝✐❛

❞♦ t✐♣♦ q✉✐✲q✉❛❞r❛❞♦✳ ❈r✐t❝❤❧❡② ✭✶✾✽✺✮ ❞✐s❝✉t✐✉ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦s ♦✉t❧✐❡rs ♣❡❧❛ ❈✉r✈❛ ❞❡
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■♥✢✉ê♥❝✐❛ ❜❛s❡❛❞❛ ♥❛ ■♥✢✉ê♥❝✐❛ ●❧♦❜❛❧✱ q✉❡ ❡♥✈♦❧✈❡ ❛ ❞❡❧❡çã♦ ❞❡ ❛❧❣✉♠❛s ♦❜s❡r✈❛çõ❡s

✉t✐❧✐③❛♥❞♦ ❛ té❝♥✐❝❛ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s✳ ❯♠ ♠ét♦❞♦ ❛❧t❡r♥❛t✐✈♦ ♣❛r❛ ❛✈❛❧✐❛r ♦

❡❢❡✐t♦ ❧♦❝❛❧ ❞❡ ♣❡q✉❡♥❛s ♣❡rt✉r❜❛çõ❡s ♥♦s ❞❛❞♦s ❢♦✐ ♣r♦♣♦st♦ ♣♦r ❈♦♦❦ ✭✶✾✽✻✮✱ t❡♥❞♦ ♣♦r

❜❛s❡ ❛ ❝✉r✈❛t✉r❛ ♥♦r♠❛❧✱ ❡str✉t✉r❛❞❛ ♥❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛✳

❇✉s❝❛♥❞♦ s✉♣❡r❛r ❛s ❧✐♠✐t❛çõ❡s ❞♦s ♣r♦❝❡❞✐♠❡♥t♦s ❝❧áss✐❝♦s ♥❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♦✉t❧✐✲

❡rs✱ ❋✐❧③♠♦s❡r✱ ▼❛r♦♥♥❛ ❡ ❲❡r♥❡r ✭✷✵✵✽✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠ét♦❞♦ ❞❡ ❢á❝✐❧ ✐♠♣❧❡♠❡♥t❛çã♦

❝♦♠♣✉t❛❝✐♦♥❛❧✱ ❝❛♣❛③ ❞❡ ✐❞❡♥t✐✜❝❛r ♦✉t❧✐❡rs ❡♠ ❛❧t❛s ❞✐♠❡♥sõ❡s✳ ❈♦♥t✉❞♦✱ ✈❛❧❡ r❡ss❛❧t❛r

q✉❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♣♦r ❡ss❡s ❛✉t♦r❡s ❝♦♥s✐st❡ ♥❛ ❞❡s❝r✐çã♦ ❞❡ ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ♥♦

q✉❛❧ s❡ ❛♣❧✐❝♦✉ ✉♠❛ r❡❡s❝❛❧♦♥❛❣❡♠ ❞♦s ❞❛❞♦s ♣♦r ♠❡✐♦ ❞❛ ♠❡❞✐❛♥❛ ✭♠❡❞✮ ❡ ❞♦ ❉❡s✈✐♦

❆❜s♦❧✉t♦ ❞❛ ▼❡❞✐❛♥❛ ✭▼❡❞✐❛♥ ❆❜s♦❧✉t❡ ❉❡✈✐❛t✐♦♥ ✲ ▼❆❉✮✳

❇❡rt♦♥ ❡t ❛❧✳ ✭✷✵✶✵✮ ❛♣r❡s❡♥t❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ ♠ét♦❞♦ ❜❛s❡❛❞♦ ❡♠ r❡❞❡s

❝♦♠♣❧❡①❛s ♣❛r❛ ❞❡t❡❝çã♦ ❞❡ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ♦✉t❧✐❡rs q✉❡ ✉t✐❧✐③❛ ❛ ❝❛♠✐♥❤❛❞❛ ❛❧❡❛tór✐❛

❡ ✉♠ í♥❞✐❝❡ ❞❡ ❞✐ss✐♠✐❧❛r✐❞❛❞❡✳ ❏á ❱❛❧❛❞❛r❡s✱ ❆q✉✐♥♦ ❡ ❏✉♥✐♦r ✭✷✵✶✷✮ ♣r♦♣✉s❡r❛♠ ✉♠

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

♣r♦✈❡♥✐❡♥t❡ ❞❡ r❡❞❡ ❞❡ s❡♥s♦r❡s✳

✶✳✷ Pr✐♥❝✐♣❛✐s ❈♦♥tr✐❜✉✐çõ❡s

❉✐❛♥t❡ ❞❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♦✉t❧✐❡rs✱ ♦s ♦❜❥❡t✐✈♦s ❞❡ss❡ tr❛❜❛❧❤♦ sã♦✿

• Pr♦♣♦r ✉♠❛ té❝♥✐❝❛ ❞❡ ❞❡t❡❝çã♦ ❞❡ ♦✉t❧✐❡rs ♠✉❧t✐✈❛r✐❛❞♦s✱ ❜❛s❡❛❞❛ ❡♠ ❛♥á❧✐s❡ ❛❣r✉✲

♣❛♠❡♥t♦❀

• ❊st✐♠❛r ♦ ♣♦❞❡r ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ♣❛r❛ ✈ár✐♦s ❝❡♥ár✐♦s ❤✐♣♦tét✐❝♦s❀

• ❈♦♠♣❛r❛r ❡ss❛ té❝♥✐❝❛ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♦✉t❧✐❡rs ✈✐❛ ❞✐stâ♥❝✐❛ ❞❡

▼❛❤❛❧❛♥♦❜✐s❀

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

✶✳✸ ❖r❣❛♥✐③❛çã♦

❖ r❡st❛♥t❡ ❞❡st❛ ❞✐ss❡rt❛çã♦ ❡stá ♦r❣❛♥✐③❛❞❛ ❝♦♥❢♦r♠❡ s❡ s❡❣✉❡✳

❈♦♠♦ ❢♦r♠❛ ❞❡ ❛✉①✐❧✐❛r ♦ ❧❡✐t♦r✱ ❛ s❡❣✉♥❞❛ s❡çã♦ ❛♣r❡s❡♥t❛ ✉♠❛ ❜r❡✈❡ r❡✈✐sã♦ ❜✐✲

❜❧✐♦❣rá✜❝❛ s♦❜r❡ ♦s ❛ss✉♥t♦s ❡ té❝♥✐❝❛s q✉❡ s❡rã♦ ❛❜♦r❞❛❞♦s ♥♦ ❞❡❝♦rr❡r ❞♦ tr❛❜❛❧❤♦✳ ❆



✹

t❡r❝❡✐r❛ s❡çã♦ ❛♣r❡s❡♥t❛ ❛ ♠❡t♦❞♦❧♦❣✐❛ ✉t✐❧✐③❛❞❛ ♥❛ ❣❡r❛çã♦ ❞❛s ♣♦♣✉❧❛çõ❡s ❝♦♥t❛♠✐♥❛✲

❞❛s ♣❡❧♦s ♦✉t❧✐❡rs✱ ❛ss✐♠ ❝♦♠♦ ✉♠❛ ❞❡s❝r✐çã♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡ ❛❧❣✉♠❛s ♠❡❞✐❞❛s

✉t✐❧✐③❛❞❛ ♣❛r❛ t❡st❛r ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ♠ét♦❞♦✳ ❆ q✉❛rt❛ s❡çã♦ ❛♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s ❞❛s

s✐♠✉❧❛çõ❡s ❡ ❛ ❝♦♠♣❛r❛çã♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❝♦♠ ♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s✱ ❛❧é♠ ❞❡ ✉♠❛

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

♣r♦✈❡♥✐❡♥t❡s ❞❛ ár❡❛ ❞❡ s❛ú❞❡✳ ❊ ♣♦r ✜♠✱ ❛ q✉✐♥t❛ s❡çã♦ ❛♣r❡s❡♥t❛ ❛s ❝♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s

s♦❜r❡ ❛ ❞✐ss❡rt❛çã♦ ❡ ✐♥❞✐❝❛ ❛❧❣✉♥s ♣♦ssí✈❡✐s tr❛❜❛❧❤♦s ❢✉t✉r♦s✳



✺

✷ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛

✷✳✶ ❖✉t❧✐❡r

❖✉t❧✐❡r é ✉♠❛ ♦❜s❡r✈❛çã♦✱ ♦✉ ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ ♦❜s❡r✈❛çõ❡s✱ q✉❡ ♣❛r❡❝❡ s❡r ✐♥❝♦♥s✐s✲

t❡♥t❡ q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛ ❛♦ r❡st❛♥t❡ ❞♦ ❝♦♥❥✉♥t♦ ✭❍❆❲❑■◆❙✱ ✶✾✽✵✮✳ ❙❡❣✉♥❞♦ ❇❛♠♥❡tt ❡

▲❡✇✐s ✭✶✾✾✹✮✱ ♦✉t❧✐❡r é ✉♠❛ ♦❜s❡r✈❛çã♦ q✉❡ ❞❡s✈✐❛ ♠✉✐t♦ ❞❡ ♦✉tr❛s ♦❜s❡r✈❛çõ❡s ❡ ❞❡s♣❡rt❛

s✉s♣❡✐t❛s ❞❡ q✉❡ é ❣❡r❛❞❛ ♣♦r ✉♠ ♠❡❝❛♥✐s♠♦ ❞✐❢❡r❡♥t❡✳ ❊st❛s ♦❜s❡r✈❛çõ❡s sã♦ t❛♠❜é♠

❞❡s✐❣♥❛❞❛s ♣♦r ♦❜s❡r✈❛çõ❡s ❛♥♦r♠❛✐s✱ ❝♦♥t❛♠✐♥❛♥t❡s✱ ❡str❛♥❤❛s✱ ❡①tr❡♠❛s ♦✉ ❛❜❡rr❛♥t❡s✳

❖ tr❛t❛♠❡♥t♦ ❞❡ ♦✉t❧✐❡rs✱ s❡❥❛ ♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦✱ r❡♠♦çã♦ ♦✉ ❛♠❜♦s✱ t❡♠ s✐❞♦ ❡①✲

t❡♥s✐✈❛♠❡♥t❡ ♣❡sq✉✐s❛❞♦ ❡♠ ❞✐✈❡rs❛s ár❡❛s ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦✱ t❛✐s ❝♦♠♦ ❛ ❡st❛tíst✐❝❛✱ ❛

♠✐♥❡r❛çã♦ ❞❡ ❞❛❞♦s✱ ♦ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ♠áq✉✐♥❛ ❡ ❛ t❡♦r✐❛ ❞❛ ✐♥❢♦r♠❛çã♦✳ ❆❧❣✉♠❛s ❞❛s

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

tr✉sã♦ ❞❡ r❡❞❡s✱ ❛ ❛♥á❧✐s❡ ❞❡ ❞❡s❡♠♣❡♥❤♦✱ ❛ ♣r❡✈✐sã♦ ❞♦ t❡♠♣♦✱ ❡♥tr❡ ♦✉tr❛s ✭❈❍❆◆❉❖▲❆❀

❇❆◆❊❘❏❊❊❀ ❑❯▼❆❘✱ ✷✵✵✾✮✳

❊♠ s❡ tr❛t❛♥❞♦ ❞♦ ❡s♣❛ç♦ ♠✉❧t✐✈❛r✐❛❞♦✱ ✉♠❛ ♦❜s❡r✈❛çã♦ é ❝♦♥s✐❞❡r❛❞❛ ❛♥♦r♠❛❧ s❡ ❡stá

♠✉✐t♦ ❞✐st❛♥t❡ ❞❛s ♦✉tr❛s ♥♦ ❡s♣❛ç♦ p✲❞✐♠❡♥s✐♦♥❛❧ ❞❡✜♥✐❞♦ ♣❡❧❛s ✈❛r✐á✈❡✐s✳ ❯♠❛ ♦❜s❡r✈❛✲

çã♦ ♣♦❞❡ ♥ã♦ s❡r ✉♠ ♦✉t❧✐❡r ❡♠ ♥❡♥❤✉♠❛ ❞❛s ✈❛r✐á✈❡✐s ♦r✐❣✐♥❛✐s ❡st✉❞❛❞❛s ✐s♦❧❛❞❛♠❡♥t❡

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

❞♦ r❡st❛♥t❡ ❞♦s ❞❛❞♦s ✭❏❖▲▲■❋❋❊✱ ✷✵✵✷✮✳

▼✉✐t❛s ❞❛s ♣r✐♠❡✐r❛s ♣r♦♣♦st❛s ♣❛r❛ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♦✉t❧✐❡rs ♠✉❧t✐✈❛r✐❛❞♦s r❡❢❡r❡♠✲

s❡ ❛ ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ❛♥á❧✐s❡s ❣rá✜❝❛s✳ ❯♠❛ ❞❛s ❝♦♥tr✐❜✉✐çõ❡s ♠❛✐s ✐♠♣♦rt❛♥t❡s

❞❡✈❡✲s❡ ❛ ●♥❛♥❛❞❡s✐❦❛♥ ❡ ❑❡tt❡♥r✐♥❣ ✭✶✾✼✷✮ q✉❡ tr❛❜❛❧❤❛r❛♠ ❝♦♠ ❞❡t❡❝çã♦ ❞❡ ♦✉t❧✐❡rs

❡♠ ❞❛❞♦s ❞❡ r❡s♣♦st❛ ♠ú❧t✐♣❧❛✳ ❊♥tr❡t❛♥t♦✱ ♣❛r❛ ❣r❛♥❞❡s ✈❛❧♦r❡s ❞❡ p é ♣r❡❝✐s♦ ❝♦♥s✐❞❡r❛r

❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ q✉❡ ♦✉t❧✐❡rs ✐rã♦ s❡ ♠❛♥✐❢❡st❛r ❡♠ ❞✐r❡çõ❡s ❞✐❢❡r❡♥t❡s ❞❛s q✉❡ sã♦

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

❯♠ ♠ét♦❞♦ ❝❧áss✐❝♦ ♣❛r❛ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦✉t❧✐❡rs é ❛ ❞✐stâ♥❝✐❛ ❞❡ ▼❛❤❛❧❛♥♦❜✐s✱

q✉❡ ✉t✐❧✐③❛ ❝♦♠♦ ❡st✐♠❛❞♦r❡s ❞❡ ❧♦❝❛çã♦ ❡ ❞✐s♣❡rsã♦✱ ❛ ♠é❞✐❛ ❛r✐t♠ét✐❝❛ s✐♠♣❧❡s ❡ ❛ ♠❛tr✐③



✻

❞❡ ❝♦✈❛r✐â♥❝✐❛ ❛♠♦str❛❧✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ✭❍❆❩❊❲■◆❑❊▲✱ ✶✾✾✺✮✳

✷✳✷ ▼ét♦❞♦ ❞❡ ▼♦♥t❡ ❈❛r❧♦

❖ ▼ét♦❞♦ ❞❡ ▼♦♥t❡ ❈❛r❧♦ é ✉♠ ♠ét♦❞♦ ♥✉♠ér✐❝♦ q✉❡ ♣❡r♠✐t❡ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s

❢ís✐❝♦s ♦✉ ♠❛t❡♠át✐❝♦s ❛tr❛✈és ❞❛ s✐♠✉❧❛çã♦ ❞❡ ♣r♦❝❡ss♦s ❛❧❡❛tór✐♦s ✭❙❖❇❖▲✱ ✶✾✾✹✮✳ ❆

❝r✐❛çã♦ ❞❡st❡ ♠ét♦❞♦ ❡stá ❧✐❣❛❞❛ ❛♦s ♠❛t❡♠át✐❝♦s ♥♦rt❡✲❛♠❡r✐❝❛♥♦s ❏✳ ✈♦♥ ◆❡✉♠❛♥♥ ❡ ❙✳

❯❧❛♠✱ q✉❡ ❢♦r❛♠ ♦s ♣r✐♥❝✐♣❛✐s r❡s♣♦♥sá✈❡✐s ♣❡❧❛ ❣r❛♥❞❡ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ▼♦♥t❡

❈❛r❧♦ ❡♠ ❋ís✐❝❛ ❡ ❊♥❣❡♥❤❛r✐❛ ♠♦❞❡r♥❛s✱ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❢✉♥❞❛♠❡♥t♦s s♦✜st✐❝❛❞♦s

❞❛ t❡♦r✐❛ ❡st❛tíst✐❝❛ ✭❙❖❇❖▲✱ ✶✾✾✹✮✳

❆ ❣❡r❛çã♦ ❞❡ ♥ú♠❡r♦s ❛❧❡❛tór✐♦s é ❢❡✐t❛ ❛tr❛✈és ❞❡ ❛❧❣♦r✐t♠♦s ❡ ❡ss❡s ✈❛❧♦r❡s ❣❡r❛❞♦s

♥♦r♠❛❧♠❡♥t❡ s❡❣✉❡♠ ❛s ❞✐str✐❜✉✐çõ❡s ❡st❛tíst✐❝❛s ❞❛s r❡s♣❡❝t✐✈❛s ✈❛r✐á✈❡✐s ❞❡ ✐♥t❡r❡ss❡✳ ❖

▼ét♦❞♦ ❞❡ ▼♦♥t❡ ❈❛r❧♦ t❡♠ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❡str✉t✉r❛ r❡❧❛t✐✈❛♠❡♥t❡ s✐♠♣❧❡s✳ ❊❧❛❜♦r❛✲s❡

♣r✐♠❡✐r♦ ✉♠ ♣r♦❣r❛♠❛ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡ ✉♠ ❡✈❡♥t♦ ❛❧❡❛tór✐♦ ❡ ❞❡♣♦✐s ❡ss❡ ❡✈❡♥t♦ s❡

r❡♣❡t❡ N ✈❡③❡s ❞❡ ♠♦❞♦ q✉❡ ❝❛❞❛ ❡①♣❡r✐ê♥❝✐❛ s❡❥❛ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛s ♦✉tr❛s✳

✷✳✸ ❉✐str✐❜✉✐çã♦ ◆♦r♠❛❧

■♥tr♦❞✉③✐❞❛ ❡♠ ✶✼✸✸ ♣❡❧♦ ♠❛t❡♠át✐❝♦ ❆❜r❛❤❛♠ ❞❡ ▼♦✐✈r❡ ❡ ♣♦st❡r✐♦r♠❡♥t❡ r❡❞❡s❝♦✲

❜❡rt❛ ♣♦r ▲❛♣❧❛❝❡ ✭✶✼✼✹✮ ❡ ●❛✉ss ✭✶✽✵✾✮✱ ♣♦r ✐ss♦ t❛♠❜é♠ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❞✐str✐❜✉✐çã♦

❣❛✉ss✐❛♥❛✱ ❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ é ❛ ♠❛✐s ✐♠♣♦rt❛♥t❡ ❞❛s ❞✐str✐❜✉✐çõ❡s ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✳

❯♠❛ ❛♣❧✐❝❛çã♦ ❞❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ é ♥❛ ❛♣r♦①✐♠❛çã♦ ♣r♦❜❛❜✐❧íst✐❝❛ ❞❡ ✈❛r✐á✈❡✐s

❛❧❡❛tór✐❛s ❜✐♥♦♠✐❛✐s q✉❛♥❞♦ ♦ ♥ú♠❡r♦ n ❞❡ ❡①♣❡r✐♠❡♥t♦s ❞❡ ❇❡r♥♦✉❧❧✐ é s✉✜❝✐❡♥t❡♠❡♥t❡

❣r❛♥❞❡✳ ■ss♦ ❞❡❝♦rr❡ ❞♦ ❚❡♦r❡♠❛ ❈❡♥tr❛❧ ❞♦ ▲✐♠✐t❡✱ ♦ q✉❛❧ ❛✜r♠❛ q✉❡ ❛ ♠é❞✐❛ ❞❡ ✉♠❛

❛♠♦str❛ ❞❡ n ❡❧❡♠❡♥t♦s ❞❡ ✉♠❛ ♣♦♣✉❧❛çã♦ ❛♣r♦①✐♠❛✲s❡ ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❣❛✉ss✐❛♥❛✳

▼✉✐t❛s ✈❛r✐á✈❡✐s ❝♦♥tí♥✉❛s q✉❡ ❞❡s❝r❡✈❡♠ ❢❡♥ô♠❡♥♦s ♥❛t✉r❛✐s ❡ s♦❝✐❛✐s ❛♣r❡s❡♥t❛♠ ❞✐str✐✲

❜✉✐çõ❡s ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s ♣ró①✐♠❛s ❞❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✳

❆ ❞✐str✐❜✉✐çã♦ ❞❡ ●❛✉ss s❡r✈❡ ❞❡ ❜❛s❡ t❡ór✐❝❛ ♣❛r❛ ❛ ❡st❛tíst✐❝❛ ✐♥❢❡r❡♥❝✐❛❧ ❡ t❡♠

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

❞❛ ❞✐str✐❜✉✐çã♦ ❡ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ r❡❢❡r❡✲s❡ à ❞✐s♣❡rsã♦✳ ❯♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❝♦♥tí♥✉❛

X t❡♠ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ s❡ s✉❛ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❢♦r ❞❛❞❛ ♣♦r✿

f(x) =
1

σ
√
2π

exp

[

−1

2

(

x− µ

σ

)2
]

, −∞ < x < ∞. ✭✷✳✶✮



✼

❡♠ q✉❡ µ é ❛ ♠é❞✐❛ ❡ σ é ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❞❛ ❞✐str✐❜✉✐çã♦✳

❖ ❣rá✜❝♦ ❞❛ ❞✐str✐❜✉✐çã♦ t❡♠ ♦ ❢♦r♠❛t♦ ❞❡ ✉♠ s✐♥♦ ❡ ❞❡♣❡♥❞❡ ❞♦s ✈❛❧♦r❡s ❞♦s ♣❛râ✲

♠❡tr♦s µ ❡ σ✳ ❆ ❋✐❣✉r❛ ✶ ❡①❡♠♣❧✐✜❝❛ ♦ ❣rá✜❝♦ ❞❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✿

❋✐❣✉r❛ ✶✿ ●rá✜❝♦ ❞❛ ❉✐str✐❜✉✐çã♦ ◆♦r♠❛❧

✷✳✹ ❉✐str✐❜✉✐çã♦ ◆♦r♠❛❧ ▼✉❧t✐✈❛r✐❛❞❛

❆ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ♠✉❧t✐✈❛r✐❛❞❛ é ✉♠❛ ❣❡♥❡r❛❧✐③❛çã♦ ♣❛r❛ ✈ár✐❛s ❞✐♠❡♥sõ❡s ❞❛

❞❡♥s✐❞❛❞❡ ♥♦r♠❛❧ ✉♥✐✈❛r✐❛❞❛✳ ◆♦ ❝❛♠♣♦ ❞❡ ❡st✉❞♦s ❞❛ ❛♥á❧✐s❡ ♠✉❧t✐✈❛r✐❛❞❛✱ ❛ ❞✐str✐❜✉✐✲

çã♦ ♥♦r♠❛❧ ♣❛r❛ p ≥ 2 ❞✐♠❡♥sõ❡s ❞❡s❡♠♣❡♥❤❛ ✉♠ ♣❛♣❡❧ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡✱ ❥á q✉❡ ❡st❛

❞✐str✐❜✉✐çã♦ r❡♣r❡s❡♥t❛ ✉♠❛ ❛♣r♦①✐♠❛çã♦ ❛❞❡q✉❛❞❛ ❞❡ ❞✐str✐❜✉✐çõ❡s ♣♦♣✉❧❛❝✐♦♥❛✐s ❡ ❞❛✲

❞♦s ❡①♣❡r✐♠❡♥t❛✐s✱ ❛❧é♠ ❞❡ s❡r ✉t✐❧✐③❛❞❛ ❡♠ ✈ár✐❛s ár❡❛s ❝♦♠♦ ❡♥❣❡♥❤❛r✐❛✱ ♣s✐❝♦❧♦❣✐❛ ❡

❡❝♦♥♦♠✐❛✱ ❡ ❞❡ s❡r✈✐r ♣❛r❛ ❞❡s❝r❡✈❡r q✉❛❧q✉❡r ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s ❞❡ ✈❛❧♦r❡s

r❡❛✐s ❝♦rr❡❧❛❝✐♦♥❛❞♦s✳

❉✐③❡♠♦s q✉❡ ♦ ✈❡t♦r X ′ ❂ [X1, X2, ..., Xp] t❡♠ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ♠✉❧t✐✈❛r✐❛❞❛ s❡

s✉❛ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ é ❞❛❞❛ ♣♦r✿

f(x) = (2π)−
p

2 |Σ| 12 exp
[

−1

2
(x− µ)′|Σ|−1(x− µ)

]

✭✷✳✷✮



✽

❡♠ q✉❡ µ é ♦ ✈❡t♦r ❞❡ ♠é❞✐❛s✱ Σ ❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛s ❡ p é ♦ í♥❞✐❝❡ ❞❛ ❞✐♠❡♥sã♦ ❞❛

❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ p✲✈❛r✐❛❞❛ ❡ ✐♥❞✐❝❛ ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ❡♥✈♦❧✈✐❞❛s✳

❖ t❡r♠♦
(

X−µ

σ

)2

é ❣❡♥❡r❛❧✐③❛❞♦ ♣❛r❛ (x − µ)′Σ−1(x − µ)✱ q✉❡ é ❞❡✜♥✐❞❛ ❝♦♠♦ ❛

❞✐stâ♥❝✐❛ ❞❡ ▼❛❤❛❧❛♥♦❜✐s✳ ◗✉❛♥❞♦ X ∼ Np(µ,Σ)✱ ♦✉ s❡❥❛✱ t❡♠ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ♠✉❧✲

t✐✈❛r✐❛❞❛✱ ❡♥tã♦ ❝❛❞❛ ✉♠ ❞♦s ❡❧❡♠❡♥t♦s ❞❡ X t❡♠ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ✉♥✐✈❛r✐❛❞❛✳

❆ ❋✐❣✉r❛ ✷ ♠♦str❛ ♦ ❣rá✜❝♦ ❞❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ♠✉❧t✐✈❛r✐❛❞❛ ♣❛r❛ ♦ ❝❛s♦ ❜✐❞✐♠❡♥✲

s✐♦♥❛❧✱ ♦✉ s❡❥❛✱ p = 2✳

❋✐❣✉r❛ ✷✿ ●rá✜❝♦ ❞❛ ❉✐str✐❜✉✐çã♦ ◆♦r♠❛❧ ▼✉❧t✐✈❛r✐❛❞❛

✷✳✺ ❉✐str✐❜✉✐çã♦ ◆♦r♠❛❧ ▼✉❧t✐✈❛r✐❛❞❛ ❈♦♥t❛♠✐♥❛❞❛

❉❛❞♦ ♦ ✈❡t♦r ❛❧❡❛tór✐♦ X ′ = [X1, X2, ..., Xp] ∈ ℜp ❝♦♠ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ♠✉❧t✐✈❛r✐✲

❛❞❛ ❝♦♥t❛♠✐♥❛❞❛✱ s✉❛ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ s❡rá✿

f(x) = (1− δ)(2π)−
p

2 |Σ1|
1

2 exp

[

−1

2
(x− µ1)

′|Σ1|−1(x− µ1)

]

+

+δ(2π)−
p

2 |Σ2|
1

2 exp

[

−1

2
(x− µ2)

′|Σ2|−1(x− µ2)

]

✭✷✳✸✮



✾

❡♠ q✉❡ (1− δ✮ é ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ q✉❡ ♦ ♣r♦❝❡ss♦ t❡♠ ❞❡ s❡r r❡❛❧✐③❛❞♦ ♣♦r Np(µ1,Σ1)✱

δ é ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ q✉❡ ♦ ♣r♦❝❡ss♦ t❡♠ ❞❡ s❡r r❡❛❧✐③❛❞♦ ♣♦r Np(µ2,Σ2)✱ Σi é ✉♠❛ ♠❛tr✐③

♣♦s✐t✐✈❛ ❞❡✜♥✐❞❛✱ µi ∈ ℜp é ♦ ✈❡t♦r ❞❡ ♠é❞✐❛s✱ i = 1, 2 ❡ 0 ≤ δ ≤ 1✳

❙❡❣✉♥❞♦ ❏♦❤♥s♦♥ ✭✷✵✶✶✮✱ ❛ ❣❡r❛çã♦ ❞❡ ✈❛r✐á✈❡✐s ❡st❛tíst✐❝❛s ❛ ♣❛rt✐r ❞❛ ❡q✉❛çã♦ 2.3 é

❢á❝✐❧ ❡ ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ❝♦♠♦ ❛ s❡❣✉✐r✿

■✳ ●❡r❛r ✉♠ ✈❛❧♦r u ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ✉♥✐❢♦r♠❡ ❝♦♥tí♥✉❛✱ ❝♦♠ ✈❛❧♦r❡s ❡♥tr❡ ✵ ❡ ✶✳

❙❡ u ≥ δ✱ ❛✈❛♥❝❡ ♣❛r❛ ♦ ♣❛ss♦ ■■✳ ❈❛s♦ ❝♦♥trár✐♦✱ ❡①❡❝✉t❡ ♦ ♣❛ss♦ ■■■✳

■■✳ ●❡r❛r X ∼ Np(µ1,Σ1)✳

■■■✳ ●❡r❛r X ∼ Np(µ2,Σ2)✳

✷✳✻ ❆♥á❧✐s❡ ❞❡ ❆❣r✉♣❛♠❡♥t♦s ✭❆❆✮

❙❡❣✉♥❞♦ ▼❛❧❤♦tr❛ ✭✷✵✶✷✮✱ ❛ ❛♥á❧✐s❡ ❞❡ ❛❣r✉♣❛♠❡♥t♦✱ ♦✉ ❛♥á❧✐s❡ ❞❡ ❝❧✉st❡rs✱ é ✉♠❛ té❝✲

♥✐❝❛ ✉s❛❞❛ ♣❛r❛ ❝❧❛ss✐✜❝❛r ♦❜❥❡t♦s ♦✉ ❝❛s♦s ❡♠ ❣r✉♣♦s r❡❧❛t✐✈❛♠❡♥t❡ ❤♦♠♦❣ê♥❡♦s✱ ❝❤❛♠❛✲

❞♦s ❞❡ ❛❣r✉♣❛♠❡♥t♦s ♦✉ ❝♦♥❣❧♦♠❡r❛❞♦s✳ ❆ss✐♠✱ ♦s ♦❜❥❡t♦s ❡♠ ❝❛❞❛ ❛❣r✉♣❛♠❡♥t♦ t❡♥❞❡♠

❛ s❡r s❡♠❡❧❤❛♥t❡s ❡♥tr❡ s✐✱ ♠❛s ❞✐❢❡r❡♥t❡s ❞❡ ♦❜❥❡t♦s ❡♠ ♦✉tr♦s ❛❣r✉♣❛♠❡♥t♦s✳

❈♦♥❢♦r♠❡ ❍❛✐r ❡t ❛❧✳ ✭✷✵✵✾✮✱ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❝❛❞❛ ♦❜❥❡t♦ sã♦ ❝♦♠❜✐♥❛❞❛s ❡♠

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

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

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

❛♥á❧✐s❡ ❞❡ ❛❣r✉♣❛♠❡♥t♦✳ ❆s ♠❡❞✐❞❛s ❞❡ ❞✐stâ♥❝✐❛ r❡♣r❡s❡♥t❛♠ ❛ s✐♠✐❧❛r✐❞❛❞❡✱ q✉❡ ✐♥❞✐❝❛

❛ ♣r♦①✐♠✐❞❛❞❡ ❡♥tr❡ ❛s ♦❜s❡r✈❛çõ❡s✳

❉❡ ✉♠❛ ♠❛♥❡✐r❛ ❣❡r❛❧✱ ♦s ♠ét♦❞♦s ❞❡ ❛❣r✉♣❛♠❡♥t♦ sã♦ ❞✐✈✐❞✐❞♦s ❡♠✿

• ▼ét♦❞♦s ❤✐❡rárq✉✐❝♦s ❛❣❧♦♠❡r❛t✐✈♦s ❡ ❞✐✈✐s✐✈♦s✿ ❊♥✈♦❧✈❡♠ ❛ ❝♦♥str✉çã♦ ❞❡ ✉♠❛ ❤✐✲

❡r❛rq✉✐❛ ❛tr❛✈és ❞❡ ✉♠❛ ❡str✉t✉r❛ ❞♦ t✐♣♦ ár✈♦r❡✳ ◆♦s ♠ét♦❞♦s ❤✐❡rárq✉✐❝♦s ❛❣❧♦✲

♠❡r❛t✐✈♦s ♦s ❛❣r✉♣❛♠❡♥t♦s sã♦ ❢♦r♠❛❞♦s ❛ ♣❛rt✐r ❞❡ ✉♠❛ ♠❛tr✐③ ❞❡ ♣❛r❡❝❡♥ç❛✱ q✉❡

é ❛t✉❛❧✐③❛❞❛ ❛ ❝❛❞❛ ✉♥✐ã♦ ❞❡ ✉♠ ♣❛r ❞❡ ♦❜❥❡t♦s✳ ◆❡st❡ ♣r♦❝❡❞✐♠❡♥t♦✱ ♦s ♦❜❥❡t♦s ✐♥✲

❞✐✈✐❞✉❛✐s ✈ã♦ s❡ ❥✉♥t❛♥❞♦ s✉❝❡ss✐✈❛♠❡♥t❡ ❡ ✉♠❛ ✈❡③ q✉❡ ❞♦✐s ❡❧❡♠❡♥t♦s sã♦ ✉♥✐❞♦s

❡❧❡s ♣❡r♠❛♥❡❝❡♠ ❥✉♥t♦s ❛té ♦ ✜♥❛❧ ❞♦ ♣r♦❝❡ss♦✳ ❏á ♦s ♠ét♦❞♦s ❤✐❡rárq✉✐❝♦s ❞✐✈✐s✐✈♦s

❢❛③❡♠ ♦ ❝❛♠✐♥❤♦ ♦♣♦st♦ ❛♦s ♠ét♦❞♦s ❤✐❡rárq✉✐❝♦s ❛❣❧♦♠❡r❛t✐✈♦s✳ ◆❡st❡ ♠ét♦❞♦✱ ✉♠
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ú♥✐❝♦ ❣r✉♣♦ ❞❡ ♦❜❥❡t♦s é ♣❛rt✐❝✐♦♥❛❞♦ s✉❝❡ss✐✈❛♠❡♥t❡ ❛té s❡ ♦❜t❡r ♦s ♦❜❥❡t♦s ✐♥❞✐✲

✈✐❞✉❛✐s✳ ❆❧é♠ ❞✐ss♦✱ ✉♠❛ ✈❡③ q✉❡ ❞♦✐s ❡❧❡♠❡♥t♦s sã♦ s❡♣❛r❛❞♦s ❡❧❡s ❥❛♠❛✐s ✈♦❧t❛rã♦

❛ ❢❛③❡r ♣❛rt❡ ❞♦ ♠❡s♠♦ ❛❣r✉♣❛♠❡♥t♦✳

• ▼ét♦❞♦s ♥ã♦✲❤✐❡rárq✉✐❝♦s✿ Pr♦❞✉③❡♠ ✉♠❛ ♣❛rt✐çã♦ ❡♠ ✉♠ ♥ú♠❡r♦ ✜①♦ ❞❡ ❝❧❛ss❡s✱

s❡♥❞♦ ♥❡❝❡ssár✐♦ ❞❡✜♥✐r ♦ ♥ú♠❡r♦ ❞❡ ❣r✉♣♦s à ♣r✐♦r✐✳ ❊ss❡s ♠ét♦❞♦s t❡♠ ♣♦r ♦❜❥❡t✐✈♦

❞❡t❡r♠✐♥❛r ❛ ❝❧❛ss✐✜❝❛çã♦ ❞♦s n ✐♥❞✐✈í❞✉♦s ❡♠ k ❣r✉♣♦s q✉❡ ♦t✐♠✐③❡ ❛❧❣✉♠ ❝r✐tér✐♦

❞❡ ❤♦♠♦❣❡♥❡✐❞❛❞❡ ✐♥t❡r♥❛ ❡ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡ ❡①t❡r♥❛✳

✷✳✻✳✶ ▼ét♦❞♦ ❦✲♠é❞✐❛s

❖ ♠ét♦❞♦ ❦ ✲♠é❞✐❛s é ✉♠ ♠ét♦❞♦ ❞❡ ♣❛rt✐çã♦ ♥ã♦✲❤✐❡rárq✉✐❝♦ q✉❡ ❢♦r♥❡❝❡ ✐♥❞✐❝❛çõ❡s

♠❛✐s ♣r❡❝✐s❛s s♦❜r❡ ♦ ♥ú♠❡r♦ ❞❡ ❝♦♥❣❧♦♠❡r❛❞♦s ❛ s❡r ❢♦r♠❛❞♦✳ ❊st❡ ♠ét♦❞♦ t❛❧✈❡③ s❡❥❛ ✉♠

❞♦s ♠❛✐s ✉t✐❧✐③❛❞♦s q✉❛♥❞♦ s❡ tê♠ ♠✉✐t♦s ♦❜❥❡t♦s ♣❛r❛ ❛❣r✉♣❛r✱ ❝♦♠ ♣❡q✉❡♥❛s ✈❛r✐❛çõ❡s✳

❖ ❝r✐tér✐♦ ♠❛✐s ✉t✐❧✐③❛❞♦ ❞❡ ❤♦♠♦❣❡♥❡✐❞❛❞❡ ❞❡♥tr♦ ❞♦ ❣r✉♣♦ ❡ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡ ❡♥tr❡ ♦s

❣r✉♣♦s é ♦ ❞❛ s♦♠❛ ❞♦s q✉❛❞r❛❞♦s r❡s✐❞✉❛✐s✱ ❜❛s❡❛❞♦ ♥❛ ❛♥á❧✐s❡ ❞❡ ✈❛r✐â♥❝✐❛✳ ❆ss✐♠✱

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

❡ ♠❡❧❤♦r s❡rá ❛ ♣❛rt✐çã♦ ✭❇❯❙❙❆❇✱ ✶✾✾✵✮✳ ◆❡ss❡ ♠ét♦❞♦✱ ❞❡✈❡♠♦s ❝♦♥❤❡❝❡r ❛ ♣r✐♦r✐ ♦

♥ú♠❡r♦ ❞❡ ❣r✉♣♦s k ❡ ♦s n ♦❜❥❡t♦s sã♦ ❛❣❧♦♠❡r❛❞♦s ♥♦s k ❣r✉♣♦s✳

❙❡❣✉♥❞♦ ❋❡rr❡✐r❛ ✭✷✵✶✶✮✱ ♦ ♠ét♦❞♦ k✲♠é❞✐❛s é ❜❛s❡❛❞♦ ♥♦s s❡❣✉✐♥t❡s ♣❛ss♦s✱ ✉t✐❧✐③❛♥❞♦

✉♠❛ ❞❛s ♠❛✐s s✐♠♣❧❡s ❡♥tr❡ ❛s ✈ár✐❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ s❡ ✐♠♣❧❡♠❡♥t❛r ❡ss❡ ❛❧❣♦r✐t♠♦✿

❛✮ ❆❧♦❝❛r ❛r❜✐tr❛r✐❛♠❡♥t❡ ♦s n ♦❜❥❡t♦s ❛♦s k ❣r✉♣♦s ❡ ❝❛❧❝✉❧❛r ♦s ❝❡♥tr♦✐❞❡s✳ ❆❧t❡r♥❛✲

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

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

n ♦❜❥❡t♦s ❛♦s ❣r✉♣♦s q✉❡ ❛♣r❡s❡♥t❛♠ ❛ ♠❡♥♦r ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ❝♦♠ ♦ r❡s♣❡❝✲

t✐✈♦ ♦❜❥❡t♦✳ ❆ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ♦❜❥❡t♦ ❡ ♦ ❣r✉♣♦ é ♦❜t✐❞❛✱ ❡♠ ❣❡r❛❧✱ ♣❡❧❛ ❞✐stâ♥❝✐❛

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

❜✮ ❘❡❝❛❧❝✉❧❛r ♦s ❝❡♥tr♦✐❞❡s ❞❡ ❝❛❞❛ ❣r✉♣♦✳

❝✮ ❘❡❛❧♦❝❛r ♦ ♣r✐♠❡✐r♦ ♦❜❥❡t♦ ❞❡ s❡✉ ❣r✉♣♦ ♣❛r❛ ✉♠ ♦✉tr♦ ❣r✉♣♦ ❡♠ q✉❡ ❛ ❞✐stâ♥❝✐❛

❡✉❝❧✐❞✐❛♥❛ s❡❥❛ ♠í♥✐♠❛ ❡✱ ♣♦r r❛③õ❡s ó❜✈✐❛s✱ ♠❡♥♦r ❞♦ q✉❡ ❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛

❞❡ss❡ ♦❜❥❡t♦ ♣❛r❛ ♦ s❡✉ ♣ró♣r✐♦ ❣r✉♣♦ ❞❡ ♦r✐❣❡♠✳

❞✮ ❘❡♣❡t✐r ♦s ♣❛ss♦s ✭❜✮ ❡ ✭❝✮ ❛té q✉❡ ♥ã♦ ♦❝♦rr❛♠ ♠❛✐s ♠✉❞❛♥ç❛s ❞❡ ♦❜❥❡t♦s ❞❡ ✉♠

❣r✉♣♦ ♣❛r❛ ♦✉tr♦✳ ◆❡ss❡ ♣r♦❝❡ss♦ é r❡❛❧✐③❛❞❛ ❛♣❡♥❛s ❛ tr❛♥s❢❡rê♥❝✐❛ ♣♦r ✐t❡r❛çã♦✳
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❆ ❋✐❣✉r❛ ✸ ✐❧✉str❛ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ♠ét♦❞♦ ❞❡ ❛❣r✉♣❛♠❡♥t♦ ❦ ✲♠é❞✐❛s ♣❛r❛ ♦ ❝❛s♦

❡♠ q✉❡ k = 2✳

❋✐❣✉r❛ ✸✿ ❘❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❞♦ ♠ét♦❞♦ ❞❡ ❛❣r✉♣❛♠❡♥t♦ ❦ ✲♠é❞✐❛s

❆❜❛✐①♦✱ s❡❣✉❡ ✉♠❛ ❜r❡✈❡ ❞❡s❝r✐çã♦ ❞❛ ❋✐❣✉r❛ ✸✿

• ◗✉❛❞r♦ ✶✿ ✐❧✉str❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s❀

• ◗✉❛❞r♦ ✷✿ ❡s❝♦❧❤❛ ❛r❜✐trár✐❛ ❞♦s ❞♦✐s ❝❡♥tr♦✐❞❡s❀

• ◗✉❛❞r♦ ✸✿ ❛❣r✉♣❛ ♦s ♦❜❥❡t♦s ♥♦s ❞♦✐s ❣r✉♣♦s❀

• ◗✉❛❞r♦ ✹✿ r❡❝❛❧❝✉❧❛ ♦s ❝❡♥tr♦✐❞❡s❀

• ◗✉❛❞r♦ ✺✿ r❡❛❣r✉♣❛ ♦s ♦❜❥❡t♦s❀

• ◗✉❛❞r♦ ✻✿ r❡❝❛❧❝✉❧❛ ♦s ❝❡♥tr♦✐❞❡s❀

• ◗✉❛❞r♦ ✼✿ r❡❛❣r✉♣❛ ♦s ♦❜❥❡t♦s❀

• ◗✉❛❞r♦ ✽✿ r❡❝❛❧❝✉❧❛ ♦s ❝❡♥tr♦✐❞❡s❀

• ◗✉❛❞r♦ ✾✿ ♣❛rt✐çã♦ ✜♥❛❧✳



✶✷

✷✳✼ ❉✐stâ♥❝✐❛s

❆ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❞♦✐s ♦❜❥❡t♦s é ✉s❛❞❛ ♣❛r❛ ♠❡❞✐r q✉ã♦ s❡♠❡❧❤❛♥t❡s ❡ss❡s ♦❜❥❡t♦s

sã♦✳ ❊♠ ♠✉✐t❛s s✐t✉❛çõ❡s ♣♦❞❡♠♦s ✉s❛r ❞✐stâ♥❝✐❛s ♣❛r❛ ❛❣r✉♣❛r ♦❜❥❡t♦s ♦✉ ✐♥❞✐✈í❞✉♦s

s❡♠❡❧❤❛♥t❡s✳

❆ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❞♦✐s ✈❡t♦r❡s X ❡ Y ♣♦❞❡ s❡r ❞❡✜♥✐❞❛ ❝♦♠♦ ✉♠❛ ❢✉♥çã♦ d q✉❡ ❛ss♦❝✐❛

✉♠ ♥ú♠❡r♦ r❡❛❧ ♣♦s✐t✐✈♦ d(x,y)✱ ❝♦♠ ❛s s❡❣✉✐♥t❡s ♣r♦♣r✐❡❞❛❞❡s✿

✐✳ d(x,y) = 0✱ s❡ ❡ s♦♠❡♥t❡ s❡✱ x❂y

✐✐✳ d(x,y) > 0 ∀ x 6= y

✐✐✐✳ d(x,y) ≤ d(x, z) + d(y, z) ∀ x,y ❡ z✱ ♦♥❞❡ z é ✉♠ ✈❡t♦r q✉❛❧q✉❡r ❞♦ ℜp✳

❈♦♥s✐❞❡r❡ ❞♦✐s ✈❡t♦r❡s X ❡ Y ❡ ❛ ♠❛tr✐③ ♣♦s✐t✐✈❛ ❞❡✜♥✐❞❛ A✳ ❖ ❣r❛✉ ❞❡ ❛❢❛st❛♠❡♥t♦

❞❛s ♦❜s❡r✈❛çõ❡s✱ ♦✉ s❡❥❛✱ ❛ ❞✐stâ♥❝✐❛✱ ❝❤❛♠❛❞❛ ❞❡ ♠étr✐❝❛✱ é ✉t✐❧✐③❛❞❛ t❛♠❜é♠ ♣❛r❛ ❞❡✲

t❡❝çã♦ ❞❡ ♦✉t❧✐❡rs✳ ❆ ❡①♣r❡ssã♦ ♣❛r❛ ❛ ❞✐stâ♥❝✐❛ q✉❛❞rát✐❝❛ ❡♥tr❡ ♦s ✈❡t♦r❡s X ❡ Y é ❞❛❞❛

❛♥❛❧✐t✐❝❛♠❡♥t❡ ♣♦r✿

d2(x,y) = (X − Y )′A(X − Y ) ✭✷✳✹✮

❆s ♠❡❞✐❞❛s ❞❡ ❞✐stâ♥❝✐❛ ♣♦❞❡♠ s❡r ❞❡✜♥✐❞❛s ❝♦♠♦ ♠❡❞✐❞❛s ❞❡ s✐♠✐❧✐r✐❞❛❞❡ ❡ ❞✐ss✐♠✐✲

❧❛r✐❞❛❞❡✱ ♥❛ q✉❛❧ ❛ ♣r✐♠❡✐r❛ é ♣❛r❛ ❞❡✜♥✐r ♦ ❣r❛✉ ❞❡ s❡♠❡❧❤❛♥ç❛ ❡ ❛ s❡❣✉♥❞❛ ♣❛r❛ ♠❡❞✐r

♦ ❣r❛✉ ❞❡ ❞✐❢❡r❡♥ç❛✳ ❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛çã♦ é ✉♠❛ ♠❡❞✐❞❛ ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ❡ q✉❛♥t♦

♠❛✐♦r ❢♦r ❡ss❛ ♠❡❞✐❞❛ ♠❛✐♦r ❛ s❡♠❡❧❤❛♥ç❛ ❡♥tr❡ ♦s ✐♥❞✐✈í❞✉♦s✳ ❊♥tr❡ ♦✉tr❛s ♠❡❞✐❞❛s

❞❡ ❞✐ss✐♠✐❧❛r✐❞❛❞❡ q✉❡ sã♦ ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛✱ ❝♦♠♦ ❛ ❞✐stâ♥❝✐❛ ❞❡ ▼❛♥❤❛tt❛♥ ❡

❛ ❞✐stâ♥❝✐❛ ❞❡ ▼✐♥❦♦✇s❦②✱ ♥❡ss❡ ❡st✉❞♦ s❡rã♦ ❞❛❞❛s ê♥❢❛s❡ ♥❛s ❞✐stâ♥❝✐❛s ❡✉❝❧✐❞✐❛♥❛ ❡

❡✉❝❧✐❞✐❛♥❛ ♣♦♥❞❡r❛❞❛✳

✷✳✼✳✶ ❉✐stâ♥❝✐❛ ❊✉❝❧✐❞✐❛♥❛

❆ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ é ❛ ♠❡❞✐❞❛ ❞❡ ❞✐stâ♥❝✐❛ ♠❛✐s ❢r❡q✉❡♥t❡♠❡♥t❡ ❡♠♣r❡❣❛❞❛ q✉❛♥❞♦

t♦❞❛s ❛s ✈❛r✐á✈❡✐s sã♦ q✉❛♥t✐t❛t✐✈❛s✳ ❆ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ❝❛❧❝✉❧❛r ♠❡✲

❞✐❞❛s ❡s♣❡❝í✜❝❛s✱ ❛ss✐♠ ❝♦♠♦ ❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ s✐♠♣❧❡s ❡ ❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ q✉❛✲

❞rát✐❝❛ ♦✉ ❛❜s♦❧✉t❛✳

❆ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ é ❞❛❞❛ ♣♦r✿



✶✸

d2(x,y) = (X − Y )′(X − Y ) ✭✷✳✺✮

❊ss❛ ❞✐stâ♥❝✐❛ é ❛ ♠❛✐s s✐♠♣❧❡s ❡♥tr❡ ❞♦✐s ✈❡t♦r❡s ❡ ❞❡✈❡ s❡r ✉t✐❧✐③❛❞❛ q✉❛♥❞♦ ❛ ♠étr✐❝❛

❢♦r ❞❡✜♥✐❞❛ ♣♦r✿

A = I =















1 0 · · · 0

0 1 · · · 0
✳✳✳

✳✳✳
✳ ✳ ✳

✳✳✳

0 0 · · · 1















✭✷✳✻✮

❆ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ❡♥tr❡ ❞♦✐s ♣♦♥t♦s é ❞❛❞❛ ♣♦r✿

d =
√

(x2 − x1)2 + (y2 − y1)2 ✭✷✳✼✮

❆ ❋✐❣✉r❛ ✹ r❡♣r❡s❡♥t❛ ❡ss❛ ♠❡❞✐❞❛ ❞❡ ❞✐ss✐♠✐❧❛r✐❞❛❞❡✳

❋✐❣✉r❛ ✹✿ ❘❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❞❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ❡♥tr❡ ❞♦✐s ♣♦♥t♦s



✶✹

✷✳✽ ❉❡s✈✐♦ P❛❞rã♦

❖ ❞❡s✈✐♦ ♣❛❞rã♦ é ✉♠❛ ♠❡❞✐❞❛ ❞❡ ❞✐s♣❡rsã♦ ❞♦s ❞❛❞♦s ❡♠ r❡❧❛çã♦ à ♠é❞✐❛✳ ❯♠ ❜❛✐①♦

❞❡s✈✐♦ ♣❛❞rã♦ ✐♥❞✐❝❛ q✉❡ ♦s ❞❛❞♦s t❡♥❞❡♠ ❛ ❡st❛r ♣ró①✐♠♦s ❞❛ ♠é❞✐❛✱ ❡♥q✉❛♥t♦ q✉❡ ✉♠

❞❡s✈✐♦ ♣❛❞rã♦ ❛❧t♦ ✐♥❞✐❝❛ q✉❡ ♦s ❞❛❞♦s ❡stã♦ ❡s♣❛❧❤❛❞♦s ♣♦r ✉♠❛ ❣r❛♥❞❡ ❣❛♠❛ ❞❡ ✈❛❧♦r❡s✳

❉❛❞❛ ✉♠❛ ❛♠♦str❛ ❛❧❡❛tór✐❛ x1, x2, ..., xn✱ ❝♦♠♣♦st❛ ♣♦r n ❡❧❡♠❡♥t♦s✱ ♣♦❞❡♠♦s ❝❛❧❝✉✲

❧❛r ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❛♠♦str❛❧ ❛ ♣❛rt✐r ❞❛ s❡❣✉✐♥t❡ ❡①♣r❡ssã♦✿

s =

√

√

√

√

1

n− 1

n
∑

i=1

(xi − x̄)2 ✭✷✳✽✮

❡♠ q✉❡ x̄ é ❛ ♠é❞✐❛ ❛♠♦str❛❧ ❞❛❞❛ ♣♦r✿

x̄ =
1

n

n
∑

i−1

xi ✭✷✳✾✮

✷✳✾ ❆♥á❧✐s❡ ❞❡ ❈♦rr❡s♣♦♥❞ê♥❝✐❛

❆ ❛♥á❧✐s❡ ❞❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛✱ té❝♥✐❝❛ ❡①♣❧♦r❛tór✐❛ ❞❡ s✐♠♣❧✐✜❝❛çã♦ ❞❛ ❡str✉t✉r❛ ❞❛

✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❡ ❞❛❞♦s ♠✉❧t✐✈❛r✐❛❞♦s✱ ✉t✐❧✐③❛ ❞❡ ✈❛r✐á✈❡✐s ❝❛t❡❣ór✐❝❛s ❞✐s♣♦st❛s ❡♠ t❛❜❡❧❛s

❞❡ ❝♦♥t✐♥❣ê♥❝✐❛✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ♠❡❞✐❞❛s ❞❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❡♥tr❡ ❛s ❧✐♥❤❛s ❡ ❝♦❧✉♥❛s

❞❛ ♠❛tr✐③ ❞❡ ❞❛❞♦s✳

❙❡❣✉♥❞♦ ▲❯❈■❖✱ ❚❖❙❈❆◆❖ ❡ ❆❇❘❊❯ ✭✶✾✾✾✮ ❛ ❛♥á❧✐s❡ ❞❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ é ✉♠

♠ét♦❞♦ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ♦s ❡❧❡♠❡♥t♦s ❞❡ ❞♦✐s ♦✉ ♠❛✐s

❝♦♥❥✉♥t♦s✱ ❜✉s❝❛♥❞♦ ❡①♣❧✐❝❛r ❛ ❡str✉t✉r❛ ❞❡ ❛ss♦❝✐❛çã♦ ❞♦s ❢❛t♦r❡s ❡♠ q✉❡stã♦✳ ❆ss✐♠✱ sã♦

❝♦♥str✉í❞♦s ❣rá✜❝♦s ❝♦♠ ❛s ❝♦♦r❞❡♥❛❞❛s ♣r✐♥❝✐♣❛✐s ❞❛s ❧✐♥❤❛s ❡ ❞❛s ❝♦❧✉♥❛s ♣❡r♠✐t✐♥❞♦ ❛

✈✐s✉❛❧✐③❛çã♦ ❞❛ r❡❧❛çã♦ ❡♥tr❡ ♦s ❝♦♥❥✉♥t♦s✱ ❡♠ q✉❡ ❛ ♣r♦①✐♠✐❞❛❞❡ ❞♦s ♣♦♥t♦s r❡❢❡r❡♥t❡s

à ❧✐♥❤❛ ❡ à ❝♦❧✉♥❛ ✐♥❞✐❝❛ ✉♠❛ ❛ss♦❝✐❛çã♦ ❡ ♦ ❞✐st❛♥❝✐❛♠❡♥t♦ ❞❡ss❡s ♣♦♥t♦s ✐♥❞✐❝❛ ✉♠❛

r❡♣✉❧sã♦✳



✶✺

✷✳✶✵ ▼ét♦❞♦ ❞❡ ■❞❡♥t✐✜❝❛çã♦ ❞❡❖✉t❧✐❡rs ✈✐❛ ❉✐stâ♥❝✐❛

❞❡ ▼❛❤❛❧❛♥♦❜✐s

❖ ✉s♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡ ▼❛❤❛❧❛♥♦❜✐s ✭▼❉✮ é s✉❣❡r✐❞♦ ♣♦r ♠✉✐t♦s ❛✉t♦r❡s ❝♦♠♦ ✉♠

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

P♦❞❡✲s❡ ❞❡✜♥✐r ❛ ❞✐stâ♥❝✐❛ ❞❡ ▼❛❤❛❧❛♥♦❜✐s ❛♠♦str❛❧ ❝♦♠♦✿

MDi =

√

(xi − x̄)′S−1(xi − x̄) ✭✷✳✶✵✮

❡♠ q✉❡ x̄ é ♦ ✈❡t♦r ❞❡ ♠é❞✐❛s ❛♠♦str❛✐s ❞♦ ❝♦♥❥✉♥t♦ X✱ ❡

S =

∑n

i=1
(xi − x̄)(xi − x̄)′

n− 1
✭✷✳✶✶✮

é ❛ ♠❛tr✐③ ❞❡ ✈❛r✐â♥❝✐❛s ❡ ❝♦✈❛r✐â♥❝✐❛s ❛♠♦str❛✐s ❞❡ X✳

❆s ♠❡❞✐❞❛s ❞❡ ❞✐stâ♥❝✐❛✱ ❡♠ ❡s♣❡❝✐❛❧ ❛ ❞❡ ▼❛❤❛❧❛♥♦❜✐s✱ sã♦ ♠✉✐t♦ s❡♥sí✈❡✐s à ♣r❡✲

s❡♥ç❛ ❞❡ ♦✉t❧✐❡rs✳ ❱❛❧♦r❡s ❡①tr❡♠♦s✱ ♦✉ ❣r✉♣♦ ❞❡ ✈❛❧♦r❡s ❛❜❡rr❛♥t❡s✱ ♣♦❞❡♠ ✐♥✢✉❡♥❝✐❛r

s❡✈❡r❛♠❡♥t❡ ❡st❛s ♠❡❞✐❞❛s ❞❡ ❞✐stâ♥❝✐❛✳

❊♥tr❡t❛♥t♦✱ ❝♦♠♦ ✉♠❛ ❞✐stâ♥❝✐❛ ❢❛❝✐❧♠❡♥t❡ ✐♥✢✉❡♥❝✐❛❞❛ ♣♦r ♦✉t❧✐❡rs✱ ♣♦❞❡ s❡r ❝❛♣❛③ ❞❡

✐❞❡♥t✐✜❝á✲❧♦s❄ ❆ r❡s♣♦st❛ é s✐♠♣❧❡s✳ ❇❛st❛ tr❛t❛r ❞❛s ♣❛rt❡s ♠❛✐s s❡♥sí✈❡✐s ❞❡st❛ ♠❡❞✐❞❛✱

❛ ♠é❞✐❛ ❡ ❛ ♠❛tr✐③ ❞❡ ✈❛r✐â♥❝✐❛s✱ ❝❛❧❝✉❧❛♥❞♦✲❛s ❞❡ ❢♦r♠❛ r♦❜✉st❛✱ ❡♠ q✉❡ ❛ ❡①♣r❡ssã♦

❵r♦❜✉st❛✬ s✐❣♥✐✜❝❛ r❡s✐stê♥❝✐❛ ❛ ♦❜s❡r✈❛çõ❡s ❛tí♣✐❝❛s✳

❖ ❞❡t❡r♠✐♥❛♥t❡ ♠í♥✐♠♦ ❞❛ ✈❛r✐â♥❝✐❛ ❡st✐♠❛❞❛ ✭MCD✮ é ♣r♦✈❛✈❡❧♠❡♥t❡ ♦ ♠ét♦❞♦

♠❛✐s ✉t✐❧✐③❛❞♦ ♥❛ ♣rát✐❝❛ ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞❡ ❡st✐♠❛❞♦r❡s r♦❜✉st♦s✱ ♣♦r s❡ tr❛t❛r ❞❡

✉♠ ❛❧❣♦r✐t♠♦ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ rá♣✐❞♦ ✭❘❖❯❙❙❊❊❯❲❀ ❉❘■❊❙❙❊◆✱ ✶✾✾✾✮✳ ❖ ❡st✐♠❛❞♦r

MCD é ❞❡t❡r♠✐♥❛❞♦ ♣♦r ✉♠ s✉❜❝♦♥❥✉♥t♦ ❞❡ t❛♠❛♥❤♦ h✱ q✉❡ ♠✐♥✐♠✐③❡ ♦ ❞❡t❡r♠✐♥❛♥t❡

❞❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛s ❞❛ ❛♠♦str❛✱ ❝❛❧❝✉❧❛❞♦ ❛♣❡♥❛s s♦❜ ♦s h ♣♦♥t♦s✳ ❆ ❡st✐♠❛t✐✈❛ ❞❡

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

à s✉❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛✱ ❡♠ q✉❡ ❛ ❡s❝♦❧❤❛ ❞♦ t❛♠❛♥❤♦ ❞❡ h ❞❡t❡r♠✐♥❛ ❛ r♦❜✉st❡③ ❞♦

❡st✐♠❛❞♦r✳

P❛r❛ ✐♥❞✐❝❛r ♣♦ssí✈❡✐s ❝❛♥❞✐❞❛t♦s ❛ ♦✉t❧✐❡rs✱ ❜❛s❡❛❞♦s ❡♠ MDi✱ ❘♦✉ss❡❡✉✇ ❡ ❩♦♠❡r❡♥

✭✶✾✾✵✮ s✉❣❡r❡♠ ❞❡t❡r♠✐♥❛r ❛q✉❡❧❛s ♦❜s❡r✈❛çõ❡s ❝✉❥❛ ❞✐stâ♥❝✐❛ q✉❛❞rát✐❝❛ ❞❡ ▼❛❤❛❧❛♥♦❜✐s

✭MD2✮ s❡❥❛ ♠❛✐♦r q✉❡ χ2

p(α)✱ ❡♠ q✉❡ p sã♦ ♦s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❡ ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s

❝♦♥s✐❞❡r❛❞❛s✱ ❝♦♠ ✈❛❧♦r ❞❡ α s✉❣❡r✐❞♦ ✐❣✉❛❧ ❛ 0, 975✳
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✸ ▼❛t❡r✐❛❧ ❡ ▼ét♦❞♦s

✸✳✶ ●❡r❛çã♦ ❞♦s ❉❛❞♦s

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

③❛❞❛ ❛tr❛✈és ❞❛ té❝♥✐❝❛ ❞❡ ♠✐st✉r❛ ❞❡ ❞✐str✐❜✉✐çõ❡s ♥♦r♠❛✐s ✈✐❛ s✐♠✉❧❛çã♦ ♣❡❧♦ ▼ét♦❞♦

❞❡ ▼♦♥t❡ ❈❛r❧♦✳

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

r❛♠étr✐❝♦s ❛ss✉♠✐❞♦s ♥❛s s✐♠✉❧❛çõ❡s ❢♦r❛♠ ❞❡✜♥✐❞♦s ♥♦s ✈❡t♦r❡s ❞❡ ♠é❞✐❛s µ1 ❡ µ2 ❞❡

❞✐♠❡♥sõ❡s (p× 1)✱ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

µ1 =















0

0
✳✳✳

0















µ2 =















2

2
✳✳✳

2















✭✸✳✶✮

❈♦♥s✐❞❡r♦✉✲s❡✱ t❛♠❜é♠✱ ❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ Σ✱ ❞❡ ♦r❞❡♠ p✱ ❞❡✜♥✐❞❛ ❞❛ s❡❣✉✐♥t❡

❢♦r♠❛✿

Σ =





















1 ρ ρ · · · ρ

ρ 1 ρ · · · ρ
✳✳✳

✳✳✳
✳ ✳ ✳

✳✳✳
✳✳✳

ρ ρ · · · 1 ρ

ρ ρ · · · ρ 1





















✭✸✳✷✮

❡♠ q✉❡ ρ é ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛çã♦ ❛ss✉♠✐❞♦✳

◆❛s s✐♠✉❧❛çõ❡s r❡❛❧✐③❛❞❛s r❡❝♦rr❡r❛♠✲s❡ ❛✿
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• ❚❛♠❛♥❤♦s ❞❡ ❛♠♦str❛s✿ n = ✺✵✱ ✶✵✵✱ ✷✵✵ ❡ ✺✵✵❀

• ◆ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s✿ p = ✺ ❡ ✸✵❀

• ❚❛①❛s ❞❡ ♠✐st✉r❛s✿ δ = ✵❀ ✵✱✵✺ ❡ ✵✱✶✵❀

• ❈♦❡✜❝✐❡♥t❡s ❞❡ ❝♦rr❡❧❛çã♦✿ ρ = ✵❀ ✵✱✷❀ ✵✱✺❀ ✵✱✼ ❡ ✵✱✾❀

• ◆ú♠❡r♦ ❞❡ ré♣❧✐❝❛s ❡♠ ❝❛❞❛ ❝❛s♦✿ nr = 100✳

❆❧t❡r♥❛♥❞♦ ♦s ✈❛❧♦r❡s ♣❛r❛♠étr✐❝♦s ❞❡s❝r✐t♦s ❛♥t❡r✐♦r♠❡♥t❡✱ ❞✐❢❡r❡♥t❡s ♣♦♣✉❧❛çõ❡s ❞❡

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

♣r♦❝❡ss♦✿

■✳ ●❡r❛r ✉♠ ✈❛❧♦r u ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ✉♥✐❢♦r♠❡ ❝♦♥tí♥✉❛✱ ❝♦♠ ✈❛❧♦r❡s ❡♥tr❡ ✵ ❡ ✶✳

■■✳ ❙❡ u ≥ δ✱ ❡♥tã♦ ♦s ❞❛❞♦s ❛ss✉♠✐rã♦ ✈❛❧♦r❡s ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ p✲✈❛r✐❛❞❛

❝♦♠ ❛ ❝♦♥✜❣✉r❛çã♦ X ∼ Np(µ1,Σ)✳

■■■✳ ❙❡ u < δ✱ ❡♥tã♦ ♦s ❞❛❞♦s ❛ss✉♠✐rã♦ ✈❛❧♦r❡s ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ p✲✈❛r✐❛❞❛

❝♦♠ ❛ ❝♦♥✜❣✉r❛çã♦ X ∼ Np(µ2,Σ)✳

✸✳✷ ❉❡s❝r✐çã♦ ❞♦ ▼ét♦❞♦ Pr♦♣♦st♦

❯♠❛ ✈❡③ ♦❜t✐❞❛ ❛ ♣♦♣✉❧❛çã♦ ❞❡ ✐♥t❡r❡ss❡ ❝♦♠ ❛ ♣r❡s❡♥ç❛ ❞❡ ♦✉t❧✐❡rs✱ ✉t✐❧✐③♦✉✲s❡ ♦

♠ét♦❞♦ ❞❡ ❛♥á❧✐s❡ ❞❡ ❛❣r✉♣❛♠❡♥t♦ k✲♠é❞✐❛s✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❛❣r✉♣❛r ♦s ✐♥❞✐✈í❞✉♦s

s❡♠❡❧❤❛♥t❡s✳ ❖ ♥ú♠❡r♦ ❞❡ ❣r✉♣♦s ✭k✮ ❞❛ ❛♥á❧✐s❡ ❞❡ ❛❣r✉♣❛♠❡♥t♦ ❢♦r❛♠ ❞❡✜♥✐❞♦s ❝♦♠

❜❛s❡ ♥♦ t❛♠❛♥❤♦ ❞❛s ❛♠♦str❛s✱ s❡♥❞♦ k = n
10

❣r✉♣♦s✳ ❯♠❛ ♣❡❝✉❧✐❛r✐❞❛❞❡ ❞♦ ♠ét♦❞♦ ❞❡

❛❣r✉♣❛♠❡♥t♦ k✲♠é❞✐❛s é q✉❡✱ ♣❛r❛ ✐♥✐❝✐❛r s❡✉ ♣r♦❝❡ss♦✱ ❡s❝♦❧❤❡✲s❡ ❛❧❡❛t♦r✐❛♠❡♥t❡ k ✈❛❧♦r❡s

❝♦♠♦ ❝❡♥tr♦✐❞❡s✳ ❈♦♠♦ ❡st❛ ❡s❝♦❧❤❛ é ❛❧❡❛tór✐❛✱ ♦ ♠ét♦❞♦ ♣♦❞❡ ♣r♦❞✉③✐r ♣❛rt✐çõ❡s ❞✐✈❡rs❛s✱

♦❝❛s✐♦♥❛♥❞♦ r❡s♣♦st❛s ❞✐❢❡r❡♥t❡s ❡♠ ✉♠❛ ♠❡s♠❛ ❛♥á❧✐s❡✳ P❛r❛ ❡①❝❧✉✐r ❡ss❛ ❛❧❡❛t♦r✐❡❞❛❞❡

❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ ✜①♦✉✲s❡ ❛ s❡♠❡♥t❡ ❞♦ ♣r♦❝❡ss♦ ❛❧❡❛tór✐♦ ❞♦ ♠ét♦❞♦ ❞❡ ❛❣r✉♣❛♠❡♥t♦

k✲♠é❞✐❛s✳ ❊ss❛ ✜①❛çã♦ ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛✱ ♥♦ s♦❢t✇❛r❡ ❘ ❈♦r❡ ❚❡❛♠ ✭✷✵✶✹✮✱ ♣♦r ♠❡✐♦ ❞❛

❢✉♥çã♦ ✧s❡t✳s❡❡❞✭✶✮✧✱ q✉❡ é ✐♥s❡r✐❞❛ ❛♥t❡s ❞❛ ❢✉♥çã♦ ✧❦♠❡❛♥s✧✳ ❉❡ss❛ ❢♦r♠❛✱ ♦ ♠ét♦❞♦ ❞❡

❛❣r✉♣❛♠❡♥t♦ k✲♠é❞✐❛s ♣r♦❞✉③✐rá s❡♠♣r❡ ❛ ♠❡s♠❛ ♣❛rt✐çã♦ ♣❛r❛ ✉♠ ♠❡s♠♦ ❝♦♥❥✉♥t♦ ❞❡

❞❛❞♦s✳

❊♠ s❡❣✉✐❞❛✱ ❝❛❧❝✉❧♦✉✲s❡ ♦ ❝❡♥tr♦✐❞❡ ❞❡ ❝❛❞❛ ❣r✉♣♦✱ ❛ss✐♠ ❝♦♠♦ ❛ ♠❡❞✐❛♥❛ ❞♦s ❞❛❞♦s

❡ ❛tr❛✈és ❞❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ♦❜t❡✈❡✲s❡ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ❝❡♥tr♦✐❞❡ ❞❡ ❝❛❞❛ ❣r✉♣♦ ❡
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❛ ♠❡❞✐❛♥❛ ❞♦s ✐♥❞✐✈í❞✉♦s ❣❡r❛❞♦s ♥❛ ♣♦♣✉❧❛çã♦✳ P❛r❛ t❡st❛r s❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❣r✉♣♦

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

❞❡s✈✐♦ ♣❛❞rã♦ ❛♠♦str❛❧ ✭s✮ ❞❛s ❞✐stâ♥❝✐❛s ❡♥tr❡ ♦s ❝❡♥tr♦✐❞❡s ❞♦s ❣r✉♣♦s ❡ ❛ ♠❡❞✐❛♥❛ ❞♦s

❞❛❞♦s✳ P♦rt❛♥t♦✱ ❝❛s♦ ❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ❡♥tr❡ ♦ ❝❡♥tr♦✐❞❡ ❞❡ ✉♠ ❣r✉♣♦ ❡ ❛ ♠❡❞✐❛♥❛

❞♦s ❞❛❞♦s s❡❥❛ s✉♣❡r✐♦r ❛ 2, 5s✱ ❡st❡ ❣r✉♣♦ é ❞❡✜♥✐❞♦ ❝♦♠♦ ♦✉t❧✐❡r✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛ ❛

❋✐❣✉r❛ ✺✳ ◆♦ ❝❛s♦ ✐❧✉str❛❞♦✱ ♦ ❣r✉♣♦ ✹ s❡r✐❛ ❞❡✜♥✐❞♦ ❝♦♠♦ ✉♠ ❣r✉♣♦ ♦✉t❧✐❡r✱ ✉♠❛ ✈❡③ q✉❡

d(C4,Md) > 2, 5s✳

❋✐❣✉r❛ ✺✿ ❘❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❞♦ ♠ét♦❞♦

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

♠❡❞✐❞❛s s❡♥s✐❜✐❧✐❞❛❞❡ ✭S✮ ❡ ❡s♣❡❝✐✜❝✐❞❛❞❡ ✭E✮✱ ❞❡s❝r✐t❛s ❝♦♠ ❜❛s❡ ♥❛ ❚❛❜❡❧❛ ✶✳ ❆ s❡♥s✐✲

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

♣♦s✐t✐✈♦s✱ ♦✉ s❡❥❛✱ ❞❡ ❞✐❛❣♥♦st✐❝❛r ❝♦rr❡t❛♠❡♥t❡ ♦s ♦✉t❧✐❡rs✱ ❡♥q✉❛♥t♦ q✉❡ ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡

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

❝♦rr❡t❛♠❡♥t❡ ♦s ✐♥❞✐✈í❞✉♦s ♥ã♦ ♦✉t❧✐❡rs✳



✶✾

❚❛❜❡❧❛ ✶✿ ▼❡❞✐❞❛s ❞❡ ❡✜❝✐ê♥❝✐❛ ❞♦ ♠ét♦❞♦

▼ét♦❞♦
❖✉t❧✐❡r

❙✐♠ ◆ã♦ ❚♦t❛❧

P♦s✐t✐✈♦ a b a+ b
✭✈❡r❞❛❞❡✐r♦s ♣♦s✐t✐✈♦s✮ ✭❢❛❧s♦s ♣♦s✐t✐✈♦s✮ ✭♣♦s✐t✐✈♦s✮

◆❡❣❛t✐✈♦ c d c+ d
✭❢❛❧s♦s ♥❡❣❛t✐✈♦s✮ ✭✈❡r❞❛❞❡✐r♦s ♥❡❣❛t✐✈♦s✮ ✭♥❡❣❛t✐✈♦s✮

❚♦t❛❧ a+ c b+ d a+ b+ c+ d
✭♦✉t❧✐❡rs✮ ✭♥ã♦ ♦✉t❧✐❡rs✮ ✭♥✮

❆ ♣❛rt✐r ❞❛ ❚❛❜❡❧❛ ✶ ♣♦❞❡♠♦s ❞❡✜♥✐r ❛s ♠❡❞✐❞❛s ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❞❛

s❡❣✉✐♥t❡ ❢♦r♠❛✿

S =
a

a+ c
✭✸✳✸✮

❡

E =
d

b+ d
✭✸✳✹✮

P❛r❛ q✉❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ s❡❥❛ ❝♦♥s✐❞❡r❛❞♦ ❡✜❝✐❡♥t❡ ♥❛ ❞❡t❡❝çã♦ ❞❡ ♦✉t❧✐❡rs✱ ❡s♣❡r❛✲

s❡ q✉❡ ♦s ✈❛❧♦r❡s ❞♦s ✈❡r❞❛❞❡✐r♦s ♣♦s✐t✐✈♦s ❡st❡❥❛♠ ♣ró①✐♠♦s ❞♦ t♦t❛❧ ❞❡ ♦✉t❧✐❡r ❡ ♦s ✈❛❧♦r❡s

❞♦s ✈❡r❞❛❞❡✐r♦s ♥❡❣❛t✐✈♦s ❡st❡❥❛♠ ♣ró①✐♠♦s ❞♦ t♦t❛❧ ❞❡ ♥ã♦ ♦✉t❧✐❡r✱ ♦✉ s❡❥❛✱ ❡s♣❡r❛✲s❡ q✉❡

♦s ✈❛❧♦r❡s ❞❡ S ❡ E ❡st❡❥❛♠ ♣ró①✐♠♦s ❞❡ ✶✳

❚♦❞♦s ♦s ❝á❧❝✉❧♦s ❡ s✐♠✉❧❛çõ❡s ❢♦r❛♠ ❢❡✐t♦s ✉t✐❧✐③❛♥❞♦ ♦ s♦❢t✇❛r❡ ❘ ❈♦r❡ ❚❡❛♠ ✭✷✵✶✹✮

♣♦r ♠❡✐♦ ❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ ♣r♦❣r❛♠❛ q✉❡ s❡ ❡♥❝♦♥tr❛ ❧✐st❛❞♦ ♥♦s ❛♥❡①♦s✳



✷✵

✹ ❘❡s✉❧t❛❞♦s ❡ ❉✐s❝✉ssã♦

✹✳✶ ❘❡s✉❧t❛❞♦s ❞❛s ❙✐♠✉❧❛çõ❡s ❡ ❈♦♠♣❛r❛çã♦ ❞♦s ▼é✲

t♦❞♦s

❈♦♥s✐❞❡r❛♥❞♦ ❛s ♣♦ssí✈❡✐s ✈❛r✐❛çõ❡s ❞❡ n✱ p✱ δ ❡ ρ ❢♦r❛♠ s✐♠✉❧❛❞♦s ✶✷✵ ❝❡♥ár✐♦s ❤✐✲

♣♦tét✐❝♦s ❡ ♣❛r❛ ❝❛❞❛ ❝❡♥ár✐♦ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ✶✵✵ ré♣❧✐❝❛s✳ P❛r❛ ❡❢❡✐t♦ ❞❡ ❝♦♠♣❛r❛çã♦✱

❝❛❞❛ ❝❛s♦ ❢♦✐ s✉❜♠❡t✐❞♦ ❛♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡ss❡ tr❛❜❛❧❤♦ ❡ t❛♠❜é♠ ❛♦ ♠ét♦❞♦ ❞❡ ✐❞❡♥✲

t✐✜❝❛çã♦ ❞❡ ♦✉t❧✐❡rs ✈✐❛ ❞✐stâ♥❝✐❛ ❞❡ ▼❛❤❛❧❛♥♦❜✐s✳ ❊♠ ❝❛❞❛ ❝❛s♦✱ ♦❜t✐✈❡r❛♠✲s❡ ❛s ♠é❞✐❛s

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

✶✵✵ ré♣❧✐❝❛s✱ ❜❡♠ ❝♦♠♦ ❢♦✐ r❡❛❧✐③❛❞♦ ✉♠ t❡st❡ ♣❛r❛ ✈❡r✐✜❝❛r s❡ ❛s ♠é❞✐❛s sã♦ ❡st❛t✐st✐❝❛✲

♠❡♥t❡ ✐❣✉❛✐s✱ ❛♦ ♥í✈❡❧ ❞❡ ✺✪ ❞❡ s✐❣♥✐✜❝â♥❝✐❛✳ ❈♦♠♦ ❛s ❛♠♦str❛s ❢♦r❛♠ s✉❜♠❡t✐❞❛s ❛♦s

❞♦✐s ♠ét♦❞♦s✱ ✉t✐❧✐③♦✉✲s❡ ♦ t❡st❡ t ❞❡ ❙t✉❞❡♥t ♣❛r❡❛❞♦✱ ❝♦♠ nr − 1 ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡✱

s❡♥❞♦ nr ♦ ♥ú♠❡r♦ ❞❡ ré♣❧✐❝❛s✳ ❆ ❚❛❜❡❧❛ ✷ ❛♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ ♦

❝❛s♦ ❤✐♣♦tét✐❝♦ ❡♠ q✉❡ p = 30✱ n = 500 ❡ δ = 0, 05✳

❚❛❜❡❧❛ ✷✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ❝♦♥s✐❞❡r❛♥❞♦
p = 30✱ n = 500✱ δ = 0, 05 ❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❝♦rr❡❧❛çã♦ ✭ρ✮✱ ❝♦♥t❡♥❞♦ ✐♥t❡r✈❛❧♦ ❞❡
❝♦♥✜❛♥ç❛ ✐♥❢❡r✐♦r ✭■❈ ✐♥❢✳✮✱ ♠é❞✐❛✱ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ s✉♣❡r✐♦r ✭■❈ s✉♣✳✮✱ ❡st❛tíst✐❝❛
❞❡ t❡st❡ ✭t✮ ❡ p✲✈❛❧♦r t❛♥t♦ ♣❛r❛ s❡♥s✐❜✐❧✐❞❛❞❡ ✭❙✮ q✉❛♥t♦ ♣❛r❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ✭❊✮

▼ét♦❞♦ Pr♦♣♦st♦ ▼ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s

■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ ■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ t ♣✲✈❛❧♦r

ρ = 0
S ✶ ✶ ✶ ✶ ✶ ✶ ✲ ✲

E ✵✱✼✵✷✷✻ ✵✱✼✼✷✷✾ ✵✱✽✹✷✸✷ ✵✱✽✾✺✸✶ ✵✱✽✾✼✼✷ ✵✱✾✵✵✶✹ ✲✸✱✺✷✼✻✽ ✵✱✵✵✵✻✹

ρ = 0, 2
S ✵✱✾✺✽✸✼ ✵✱✾✻✼✼✼ ✵✱✾✼✼✶✽ ✵✱✺✸✽✵✾ ✵✱✺✻✺✹✼ ✵✱✺✾✷✽✺ ✷✾✱✵✶✶✾✼ ✵

E ✵✱✽✼✺✺✾ ✵✱✽✾✹✶✺ ✵✱✾✶✷✼✶ ✵✱✽✽✽✽✽ ✵✱✽✾✶✹✷ ✵✱✽✾✸✾✻ ✵✱✷✽✾✹✹ ✵✱✼✼✷✽✺

ρ = 0, 5
S ✵✱✼✾✸✷✻ ✵✱✽✶✷✻ ✵✱✽✸✶✾✹ ✵✱✷✾✷ ✵✱✸✶✶✺✹ ✵✱✸✸✶✵✼ ✸✻✱✻✷✹✾ ✵

E ✵✱✾✶✵✼✻ ✵✱✾✶✽✹✺ ✵✱✾✷✻✶✹ ✵✱✽✽✺✷✹ ✵✱✽✽✼✼✼ ✵✱✽✾✵✸ ✼✱✶✾✶✶✻ ✵

ρ = 0, 7
S ✵✱✻✺✼✷✼ ✵✱✻✽✶✸✸ ✵✱✼✵✺✸✾ ✵✱✷✸✼✽✹ ✵✱✷✺✻✼ ✵✱✷✼✺✺✻ ✷✼✱✷✵✺✽✸ ✵

E ✵✱✾✶✺✹✷ ✵✱✾✷✷✾✸ ✵✱✾✸✵✹✹ ✵✱✽✽✸✵✻ ✵✱✽✽✺✽✹ ✵✱✽✽✽✻✸ ✾✱✺✶✻✼✸ ✵

ρ = 0, 9
S ✵✱✺✶✾✼ ✵✱✺✹✸✽ ✵✱✺✻✼✾ ✵✱✶✾✺✾✶ ✵✱✷✶✷✸✾ ✵✱✷✷✽✽✽ ✷✷✱✹✷✹✷✹ ✵

E ✵✱✾✸✶✻✽ ✵✱✾✸✼✷✶ ✵✱✾✹✷✼✺ ✵✱✽✽✷✻✺ ✵✱✽✽✺✶✻ ✵✱✽✽✼✻✻ ✶✼✱✻✷✷✽✷ ✵

❖s r❡s✉❧t❛❞♦s ❞♦s ❞❡♠❛✐s ❝❡♥ár✐♦s ❤✐♣♦tét✐❝♦s ❡♥❝♦♥tr❛♠✲s❡ ♥♦s ❛♥❡①♦s✳

❆♥❛❧✐s❛♥❞♦ ❛ ❚❛❜❡❧❛ ✷✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ♣❛r❛ ρ = 0 ❛♠❜♦s ♦s ♠ét♦❞♦s ♦❜t✐✈❡r❛♠



✷✶

♠é❞✐❛ ✶ ✭✶✵✵✪ ❞❡ ❛❝❡rt♦✮ ♣❛r❛ ❛ s❡♥s✐❜✐❧✐❞❛❞❡✱ ❡♥q✉❛♥t♦ q✉❡ ♣❛r❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ♦ ♠é✲

t♦❞♦ ♣r♦♣♦st♦ ♦❜t❡✈❡ ♠é❞✐❛ ❞❡ ✵✱✼✼✷✷✾ ❡ ♦ ♠ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s ❞❡ ✵✱✽✾✼✼✷✳ ❖ t❡st❡ t

❞❡ ❙t✉❞❡♥t ❛♣r❡s❡♥t♦✉ ✉♠ ♣✲✈❛❧♦r ❞❡ ✵✱✵✵✵✻✹✱ ♣♦rt❛♥t♦✱ ♣❛r❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❡ ❝♦rr❡❧❛çã♦

♥✉❧❛✱ ♣♦❞❡✲s❡ ❝♦♥❝❧✉✐r q✉❡ ♦ ♠ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s ♦❜t❡✈❡ ✉♠❛ ♠é❞✐❛ ❞❡ ❛❝❡rt♦s ❡st❛t✐s✲

t✐❝❛♠❡♥t❡ s✉♣❡r✐♦r ❛♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ ❝♦♠ s✐❣♥✐✜❝â♥❝✐❛ s✉♣❡r✐♦r ❛ 0, 1%✳ ❈♦♥s✐❞❡r❛♥❞♦

ρ = 0, 2✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❛♣r❡s❡♥t♦✉ ♠é❞✐❛ s✉♣❡r✐♦r ❛♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s ♣❛r❛ s❡♥s✐❜✐❧✐✲

❞❛❞❡✱ ❡♥q✉❛♥t♦ q✉❡ ♣❛r❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❛s ♠é❞✐❛s ❢♦r❛♠ ❡st❛t✐st✐❝❛♠❡♥t❡ ✐❣✉❛✐s✳ ❏á ♣❛r❛

ρ = 0, 5✱ ρ = 0, 7 ❡ ρ = 0, 9 ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❛♣r❡s❡♥t♦✉ ♠é❞✐❛s s✉♣❡r✐♦r❡s t❛♥t♦ ♣❛r❛

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

❊♠ r❡❧❛çã♦ às ♠é❞✐❛s ♣❛r❛ ❛ s❡♥s✐❜✐❧✐❞❛❞❡✱ ♥♦t❛✲s❡ q✉❡ à ♠❡❞✐❞❛ q✉❡ ρ ❛✉♠❡♥t❛✱

❛ q✉❛❧✐❞❛❞❡ ❞❡ ❛♠❜♦s ♦s ♠ét♦❞♦s r❡❞✉③✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ q✉❛♥❞♦ ρ ≥ 0, 7✳ ❊♥tr❡t❛♥t♦✱

❡♠ ✉♠❛ s✐t✉❛çã♦ ♣rát✐❝❛✱ ❝❛s♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❛♣r❡s❡♥t❡ ✈❛r✐á✈❡✐s ❝♦rr❡❧❛❝✐♦♥❛❞❛s✱

✉♠❛ ♣♦ssí✈❡❧ s♦❧✉çã♦ s❡r✐❛ ♣r✐♠❡✐r❛♠❡♥t❡ ❛♣❧✐❝❛r ✉♠❛ té❝♥✐❝❛ ♠✉❧t✐✈❛r✐❛❞❛ ❞❡ r❡❞✉çã♦ ❞❡

❞✐♠❡♥sõ❡s✱ t❛✐s ❝♦♠♦ ❛♥á❧✐s❡ ❢❛t♦r✐❛❧ ♦✉ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s✱ ❡ ♣♦st❡r✐♦r♠❡♥t❡ ❢❛③❡r ❛

❛♥á❧✐s❡ ❞❡ ♦✉t❧✐❡rs✳

❆s ❚❛❜❡❧❛s ✸ ❡ ✹ ❛♣r❡s❡♥t❛♠ ✉♠ r❡s✉♠♦ ❞♦s r❡s✉❧t❛❞♦s ❞❛s ❝♦♠♣❛r❛çõ❡s ❞❛s ♠é❞✐❛s

❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ ❡s♣❡❝✐✜❝✐❞❛❞❡ ♦❜t✐❞❛s ♣❡❧♦s ♠ét♦❞♦s ♣r♦♣♦st♦ ❡ ❞❡ ▼❛❤❛❧❛♥♦❜✐s✳

❚❛❜❡❧❛ ✸✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ s❡♥s✐❜✐❧✐❞❛❞❡
❘❡s✉❧t❛❞♦ ❋r❡q✉ê♥❝✐❛ ❆❜s♦❧✉t❛ ❋r❡q✉ê♥❝✐❛ ❘❡❧❛t✐✈❛
■❣✉❛✐s ✶✷ ✶✺✪
▼❛❤❛❧❛♥♦❜✐s s✉♣❡r❛ ✹ ✺✪
Pr♦♣♦st♦ s✉♣❡r❛ ✻✹ ✽✵✪
❚♦t❛❧ ✽✵✯ ✶✵✵✪

✯◆ã♦ s❡ ❝❛❧❝✉❧❛ s❡♥s✐❜✐❧✐❞❛❞❡ q✉❛♥❞♦ δ = 0✱ ♣♦✐s ♥❡ss❡ ❝❛s♦ ♥ã♦ ❤á ✈❡r❞❛❞❡✐r♦s ♣♦s✐✲

t✐✈♦s ❡ ♥❡♠ ♦✉t❧✐❡rs✳ P♦rt❛♥t♦✱ t❡♠♦s ✽✵ ❝❡♥ár✐♦s✳

❚❛❜❡❧❛ ✹✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ ❡s♣❡❝✐✜❝✐❞❛❞❡
❘❡s✉❧t❛❞♦ ❋r❡q✉ê♥❝✐❛ ❆❜s♦❧✉t❛ ❋r❡q✉ê♥❝✐❛ ❘❡❧❛t✐✈❛
■❣✉❛✐s ✽ ✻✱✻✼✪
▼❛❤❛❧❛♥♦❜✐s s✉♣❡r❛ ✷✾ ✷✹✱✶✼✪
Pr♦♣♦st♦ s✉♣❡r❛ ✽✸ ✻✾✱✶✼✪
❚♦t❛❧ ✶✷✵ ✶✵✵✪

❖s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♠♦str❛♠ q✉❡✱ ♣❛r❛ ❛ s❡♥s✐❜✐❧✐❞❛❞❡✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❢♦✐

s✉♣❡r✐♦r ❡♠ ✽✵✪ ❞♦s ❝❛s♦s ❡ ♦ ♠ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s ❡♠ ❛♣❡♥❛s ✺✪✳ ❏á ♣❛r❛ ❡s♣❡❝✐✜❝✐✲

❞❛❞❡✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❢♦✐ s✉♣❡r✐♦r ❡♠ ✻✾✱✶✼✪✱ ❡♥q✉❛♥t♦ q✉❡ ♦ ♠ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s



✷✷

❡♠ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷✹✪✳ ❊ss❡s r❡s✉❧t❛❞♦s ♠♦str❛♠ q✉❡✱ ♥♦s ❝❡♥ár✐♦s s✐♠✉❧❛❞♦s✱ ❞❡ ✉♠

♠♦❞♦ ❣❡r❛❧✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❢♦✐ s✉♣❡r✐♦r ❛♦ ♠ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s✳

P❛r❛ ❛✈❛❧✐❛r ♦s r❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ✈❛r✐❛çõ❡s ❞❡ ρ✱ δ ✱ n ❡

p✱ ❢♦r❛♠ ❝♦♥str✉í❞❛s ❛s t❛❜❡❧❛s ❞❡ ❝♦♥t✐♥❣ê♥❝✐❛ ❞♦s r❡s✉❧t❛❞♦s t❛♥t♦ ♣❛r❛ ❛ s❡♥s✐❜✐❧✐❞❛❞❡

q✉❛♥t♦ ♣❛r❛ ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡✳ ❆s ❚❛❜❡❧❛s ✺✱ ✻✱ ✼ ❡ ✽ ❛♣r❡s❡♥t❛♠ ♦s r❡s✉❧t❛❞♦s ❞❛s s✐✲

♠✉❧❛çõ❡s ♣❛r❛ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ❝♦rr❡❧❛çã♦ ❡①✐st❡♥t❡ ❡♥tr❡ ❛s

✈❛r✐á✈❡✐s✱ ❛ t❛①❛ ❞❡ ♠✐st✉r❛ ❛tr✐❜✉í❞❛✱ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❡ ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❚❛❜❡❧❛ ✺✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ s❡♥s✐❜✐❧✐❞❛❞❡
❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ❝♦rr❡❧❛çã♦ ✭ρ✮ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s

❘❡s✉❧t❛❞♦
ρ

✵ ✵✱✷ ✵✱✺ ✵✱✼ ✵✱✾ ❚♦t❛❧

■❣✉❛✐s ✽ ✶ ✵ ✶ ✷ ✶✷
▼❛❤❛❧❛♥♦❜✐s s✉♣❡r❛ ✹ ✵ ✵ ✵ ✵ ✹
Pr♦♣♦st♦ s✉♣❡r❛ ✹ ✶✺ ✶✻ ✶✺ ✶✹ ✻✹
❚♦t❛❧ ✶✻ ✶✻ ✶✻ ✶✻ ✶✻ ✽✵

◆❛ ❚❛❜❡❧❛ ✺ ♣♦❞❡✲s❡ ✈❡r✐✜❝❛r q✉❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ✶✻ ❝❡♥ár✐♦s ❡♠ q✉❡ ρ = 0✱ ❡♠ ✽

❝❡♥ár✐♦s ❛s ♠é❞✐❛s ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦s ❞♦✐s ♠ét♦❞♦s ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s ❡st❛t✐st✐❝❛♠❡♥t❡

✐❣✉❛✐s✱ ❡♥q✉❛♥t♦ q✉❡ ♥♦s ❞❡♠❛✐s ♥í✈❡✐s ❞❡ ρ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❢♦✐ s✉♣❡r✐♦r ❡♠ ♣❡❧♦ ♠❡♥♦s

✶✹ ❝❡♥ár✐♦s✳

❚❛❜❡❧❛ ✻✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ s❡♥s✐❜✐❧✐❞❛❞❡
❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ t❛①❛ ❞❡ ♠✐st✉r❛ ✭δ✮

❘❡s✉❧t❛❞♦
δ

✵ ✵✱✵✺ ✵✱✶ ❚♦t❛❧

■❣✉❛✐s ✵ ✽ ✹ ✶✷
▼❛❤❛❧❛♥♦❜✐s s✉♣❡r❛ ✵ ✶ ✸ ✹
Pr♦♣♦st♦ s✉♣❡r❛ ✵ ✸✶ ✸✸ ✻✹
❚♦t❛❧ ✵ ✹✵ ✹✵ ✽✵

❚❛❜❡❧❛ ✼✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ s❡♥s✐❜✐❧✐❞❛❞❡
❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ✭n✮

❘❡s✉❧t❛❞♦
n

✺✵ ✶✵✵ ✷✵✵ ✺✵✵ ❚♦t❛❧

■❣✉❛✐s ✶ ✻ ✷ ✸ ✶✷
▼❛❤❛❧❛♥♦❜✐s s✉♣❡r❛ ✵ ✶ ✷ ✶ ✹
Pr♦♣♦st♦ s✉♣❡r❛ ✶✾ ✶✸ ✶✻ ✶✻ ✻✹
❚♦t❛❧ ✷✵ ✷✵ ✷✵ ✷✵ ✽✵



✷✸

❚❛❜❡❧❛ ✽✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ s❡♥s✐❜✐❧✐❞❛❞❡
❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ✭p✮

❘❡s✉❧t❛❞♦
p

✺ ✸✵ ❚♦t❛❧

■❣✉❛✐s ✼ ✺ ✶✷
▼❛❤❛❧❛♥♦❜✐s s✉♣❡r❛ ✹ ✵ ✹
Pr♦♣♦st♦ s✉♣❡r❛ ✷✾ ✸✺ ✻✹
❚♦t❛❧ ✹✵ ✹✵ ✽✵

❆ ❋✐❣✉r❛ ✻ ♠♦str❛ ❝♦♠♦ ♦s r❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s s❡ ❝♦♠♣♦rt❛♠ ❧❡✈❛♥❞♦✲s❡ ❡♠

❝♦♥s✐❞❡r❛çã♦ ❛s r❡❧❛çõ❡s ❡①✐st❡♥t❡s ❡♥tr❡ ❛s t❛①❛s ❞❡ ❛❝❡rt♦ ❞❛s ♠é❞✐❛s ❞❛ s❡♥s✐❜✐❧✐❞❛❞❡

♣❛r❛ ♦s ❞♦✐s ♠ét♦❞♦s ❡ ♦s ✈❛❧♦r❡s ♣❛r❛♠étr✐❝♦s ρ✱ δ✱ n ❡ p✳

❋✐❣✉r❛ ✻✿ ●rá✜❝♦s ❞❡ ❛♥á❧✐s❡ ❞❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛✿ s❡♥s✐❜✐❧✐❞❛❞❡ ❳ ✈❛❧♦r❡s ♣❛r❛♠étr✐❝♦s

❆ ♣❛rt✐r ❞❛ ❛♥á❧✐s❡ ❞❛s ❚❛❜❡❧❛s ✺✱ ✻✱ ✼✱ ✽ ❡ ❞❛ ❋✐❣✉r❛ ✻ é ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r q✉❡ ♦

♠ét♦❞♦ ♣r♦♣♦st♦ ❛♣r❡s❡♥t❛ r❡s✉❧t❛❞♦s ❛✐♥❞❛ ♠❡❧❤♦r❡s q✉❛♥❞♦ ❤á ❛ ♣r❡s❡♥ç❛ ❞❡ ❝♦rr❡❧❛çã♦

❡♥tr❡ ❛s ✈❛r✐á✈❡✐s✱ ♦✉ s❡❥❛✱ q✉❛♥❞♦ ρ > 0✱ ❛ss✐♠ ❝♦♠♦ q✉❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s é

♠❛✐♦r✳
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❆s ❚❛❜❡❧❛s ✾✱ ✶✵✱ ✶✶ ❡ ✶✷ ❛♣r❡s❡♥t❛♠ ♦s r❡s✉❧t❛❞♦s ❞❛s ❝♦♠♣❛r❛çõ❡s ❞❛s ♠é❞✐❛s ❞❡

❡s♣❡❝✐✜❝✐❞❛❞❡ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ρ✱ δ✱ n ❡ p✱ r❡s♣❡❝t✐✈❛✲

♠❡♥t❡✳

❚❛❜❡❧❛ ✾✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ ❡s♣❡❝✐✜❝✐❞❛❞❡
❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ❝♦rr❡❧❛çã♦ ✭ρ✮ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s

❘❡s✉❧t❛❞♦
ρ

✵ ✵✱✷ ✵✱✺ ✵✱✼ ✵✱✾ ❚♦t❛❧

■❣✉❛✐s ✷ ✺ ✶ ✵ ✵ ✽
▼❛❤❛❧❛♥♦❜✐s ✶✸ ✶✵ ✹ ✷ ✵ ✷✾
Pr♦♣♦st♦ ✾ ✾ ✶✾ ✷✷ ✷✹ ✽✸
❚♦t❛❧ ✷✹ ✷✹ ✷✹ ✷✹ ✷✹ ✶✷✵

❚❛❜❡❧❛ ✶✵✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ ❡s♣❡❝✐✜❝✐✲
❞❛❞❡ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ t❛①❛ ❞❡ ♠✐st✉r❛ ✭δ✮

❘❡s✉❧t❛❞♦
δ

✵ ✵✱✵✺ ✵✱✶ ❚♦t❛❧

■❣✉❛✐s ✶ ✺ ✷ ✽
▼❛❤❛❧❛♥♦❜✐s ✷✷ ✺ ✷ ✷✾
Pr♦♣♦st♦ ✶✼ ✸✵ ✸✻ ✽✸
❚♦t❛❧ ✹✵ ✹✵ ✹✵ ✶✷✵

❚❛❜❡❧❛ ✶✶✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ ❡s♣❡❝✐✜❝✐✲
❞❛❞❡ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ✭n✮

❘❡s✉❧t❛❞♦
n

✺✵ ✶✵✵ ✷✵✵ ✺✵✵ ❚♦t❛❧

■❣✉❛✐s ✸ ✷ ✶ ✷ ✽
▼❛❤❛❧❛♥♦❜✐s ✹ ✺ ✽ ✶✷ ✷✾
Pr♦♣♦st♦ ✷✸ ✷✸ ✷✶ ✶✻ ✽✸
❚♦t❛❧ ✸✵ ✸✵ ✸✵ ✸✵ ✶✷✵

❚❛❜❡❧❛ ✶✷✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ♣❛r❛ ❡s♣❡❝✐✜❝✐✲
❞❛❞❡ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ✭p✮

❘❡s✉❧t❛❞♦
p

✺ ✸✵ ❚♦t❛❧

■❣✉❛✐s ✼ ✶ ✽
▼❛❤❛❧❛♥♦❜✐s ✶✽ ✶✶ ✷✾
Pr♦♣♦st♦ ✸✺ ✹✽ ✽✸
❚♦t❛❧ ✻✵ ✻✵ ✶✷✵
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❆ ❋✐❣✉r❛ ✼ ♠♦str❛ ❝♦♠♦ ♦s r❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s s❡ ❝♦♠♣♦rt❛♠ ❧❡✈❛♥❞♦✲s❡ ❡♠

❝♦♥s✐❞❡r❛çã♦ ❛s r❡❧❛çõ❡s ❡♥tr❡ ❛s t❛①❛s ❞❡ ❛❝❡rt♦ ❞❛s ♠é❞✐❛s ❞❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ♣❛r❛ ♦s ❞♦✐s

♠ét♦❞♦s ❡ ♦s ✈❛❧♦r❡s ♣❛r❛♠étr✐❝♦s ρ✱ δ✱ n ❡ p✳

❋✐❣✉r❛ ✼✿ ●rá✜❝♦s ❞❡ ❛♥á❧✐s❡ ❞❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛✿ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❳ ✈❛❧♦r❡s ♣❛r❛♠étr✐❝♦s

❆ss✐♠ ❝♦♠♦ ♦❝♦rr❡✉ ♣❛r❛ ❛ s❡♥s✐❜✐❧✐❞❛❞❡✱ ❛♥❛❧✐s❛♥❞♦ ❛s ❚❛❜❡❧❛s ✾✱ ✶✵✱ ✶✶✱ ✶✷ ❡ ❛ ❋✐❣✉r❛

✼✱ é ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r q✉❡ ♣❛r❛ ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❛♣r❡s❡♥t❛ r❡s✉❧t❛❞♦s

❛✐♥❞❛ ♠❡❧❤♦r❡s q✉❛♥❞♦ ❤á ❛ ♣r❡s❡♥ç❛ ❞❡ ❝♦rr❡❧❛çã♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ q✉❛♥❞♦ ρ > 0, 5✱

❛ss✐♠ ❝♦♠♦ q✉❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s é ♠❛✐♦r ❡ t❛♠❜é♠ q✉❛♥❞♦ ❛ t❛①❛ ❞❡ ♠✐st✉r❛ é

❞✐❢❡r❡♥t❡ ❞❡ ✵✳

❉❡ ✉♠ ♠♦❞♦ ❣❡r❛❧ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❢♦✐ s✉♣❡r✐♦r ❛♦ ♠ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s t❛♥t♦

♣❛r❛ s❡♥s✐❜✐❧✐❞❛❞❡ q✉❛♥t♦ ♣❛r❛ ❡s♣❡❝✐✜❝✐❞❛❞❡✱ ♠❛s ✈❛❧❡ ❞❡st❛❝❛r q✉❡ q✉❛♥❞♦ ❤á ❝♦rr❡❧❛çã♦

❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ❛♥❛❧✐s❛❞❛s✱ ♦ q✉❡ ♥♦r♠❛❧♠❡♥t❡ ♦❝♦rr❡ ♥❛ ♣rát✐❝❛✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦

❛♣r❡s❡♥t❛ r❡s✉❧t❛❞♦s ❛✐♥❞❛ ♠❡❧❤♦r❡s✳
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✹✳✷ ❆♥á❧✐s❡ ❞❡ ❉❛❞♦s ❘❡❛✐s

❆ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛✱ ❛♣r❡s❡♥t❛❞❛ ♥❛ s❡çã♦ ✸✳✷✱ ❢♦✐ ✐❧✉str❛❞❛ ❝♦♠ ✉♠❛ ❛♣❧✐❝❛çã♦

❡♠ ❞❛❞♦s r❡❛✐s✱ ♦❜t✐❞♦s ❛tr❛✈és ❞❡ ❝♦❧❡t❛ r❡❛❧✐③❛❞❛ ❡♠ ♠✐♥❡r❛❞♦r❛s ❞❛ ❘❡❣✐ã♦ ❞♦s ■♥❝♦♥✲

✜❞❡♥t❡s✱ ▼✐♥❛s ●❡r❛✐s✱ ♥♦ ❛♥♦ ❞❡ ✷✵✶✺✳ ❖ ♣r♦❥❡t♦ ❞❡ ♣❡sq✉✐s❛ r❡❢❡r❡♥t❡ à ❝♦❧❡t❛ ❞♦s ❞❛❞♦s

❢♦✐ s✉❜♠❡t✐❞♦ ❡ ❛♣r♦✈❛❞♦ ♣❡❧♦ ❈♦♠✐tê ❞❡ ➱t✐❝❛ ❡♠ P❡sq✉✐s❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡

❖✉r♦ Pr❡t♦ ✭❈❆❆❊✿ ✸✾✻✽✷✵✶✹✳✼✳✵✵✵✵✳✺✶✺✵✮✱ s♦❜ ♦ ♣❛r❡❝❡r ❞❡ ♥ú♠❡r♦ ✶✳✸✽✶✳✸✼✻✳ ❆ ❛♠♦s✲

tr❛ ❢♦✐ ❝♦♠♣♦st❛ ❞❡ ✷✶✹ ♦♣❡r❛❞♦r❡s ❞❡ ❝❛♠✐♥❤ã♦ ❢♦r❛✲❞❡✲❡str❛❞❛✱ ❞♦ s❡①♦ ♠❛s❝✉❧✐♥♦✱ ❝♦♠

✐❞❛❞❡ ♠é❞✐❛ ❞❡ ✸✹ ❛♥♦s✱ q✉❡ tr❛❜❛❧❤❛✈❛♠ ❡♠ r❡❣✐♠❡ ❞❡ t✉r♥♦s ❛❧t❡r♥❛♥t❡s✱ ❝♦♠ ❥♦r♥❛❞❛

❞❡ tr❛❜❛❧❤♦ ❞❡ ✻ ❤♦r❛s ♣♦r t✉r♥♦ ❡ ❞❡s❝❛♥s♦ ❞❡ ✶✷ ❤♦r❛s✳ ❆ ❝♦❧❡t❛ ❞♦s ❞❛❞♦s ❢♦✐ r❡❛❧✐③❛❞❛

♥♦s ❛♠❜✉❧❛tór✐♦s ❞❛s ♠✐♥❛s ❡ ❢♦✐ r❡❛❧✐③❛❞♦ ✉♠ t❡st❡ ♣✐❧♦t♦ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦s ♣r♦❝❡✲

❞✐♠❡♥t♦s✳ ❖ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❛♣r❡s❡♥t❛ ✶✷ ✈❛r✐á✈❡✐s✱ ❞✐str✐❜✉í❞❛s ❡♠ ✾ ❢❛t♦r❡s ❞❡ r✐s❝♦✱

❝✉❥♦s ❧✐♠✐t❡s ❢♦r❛♠ ❞❡✜♥✐❞♦s ❡①❝❧✉s✐✈❛♠❡♥t❡ ♣❛r❛ ❡ss❡ ❡st✉❞♦ ❡ ❡stã♦ ❞❡s❝r✐t♦s ❛ s❡❣✉✐r✿

• P❆❙ ❡ P❆❉✿ ❆ ♣r❡ssã♦ ❛rt❡r✐❛❧ é ❛ ♣r❡ssã♦ q✉❡ ♦ s❛♥❣✉❡ ❡①❡r❝❡ ♥❛ ♣❛r❡❞❡ ❞❛s ❛rtér✐❛s✳

❊❧❛ é ♠❡❞✐❞❛ ❡♠ ♠✐❧í♠❡tr♦s ❞❡ ♠❡r❝úr✐♦ ✭♠♠❍❣✮ ❡ ❡♠ ❞✉❛s ❡t❛♣❛s✿ ♣r❡ssã♦ ❛rt❡r✐❛❧

s✐stó❧✐❝❛ ✭P❆❙✮ ❡ ♣r❡ssã♦ ❛rt❡r✐❛❧ ❞✐❛stó❧✐❝❛ ✭P❆❉✮✳ ❆ P❆❙ é q✉❛♥❞♦ ♦ ❝♦r❛çã♦ s❡

❝♦♥tr❛✐ ❡ é t❛♠❜é♠ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ♣r❡ssã♦ ♠á①✐♠❛✳ ❏á ❛ P❆❉ é q✉❛♥❞♦ ❡❧❡ s❡ ❞✐❧❛t❛

❡ é t❛♠❜é♠ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ♣r❡ssã♦ ♠í♥✐♠❛✳ ❖ ✈❛❧♦r ót✐♠♦ ❞❡ ♣r❡ssã♦ ❛rt❡r✐❛❧ é

120 ① 80mmHg ✭✶✷ ♣♦r ✽✮ ❡ ✐♥❞✐✈í❞✉♦s ❝♦♠ ♣r❡ssã♦ ❛❝✐♠❛ ❞❡ 140 ① 90mmHg sã♦

❝♦♥s✐❞❡r❛❞♦s ❤✐♣❡rt❡♥s♦s✳

• ●❧✐❝♦s❡✿ ❆ ❣❧✐❝❡♠✐❛ é ❛ ❣❧✐❝♦s❡ q✉❡ ❝✐r❝✉❧❛ ♣❡❧❛ ❝♦rr❡♥t❡ s❛♥❣✉í♥❡❛✳ P❛r❛ ♦ ❜♦♠ ❢✉♥✲

❝✐♦♥❛♠❡♥t♦ ❞♦ ♦r❣❛♥✐s♠♦ ❡ ♣❛r❛ ♦ ❡q✉✐❧í❜r✐♦ ❞❡ ✉♠ ❡st❛❞♦ ❞❡ s❛ú❞❡✱ é ♥❡❝❡ssár✐♦ q✉❡

s❡✉s ♥í✈❡✐s ❡st❡❥❛♠ ❡stá✈❡✐s✳ ❱❛❧♦r❡s ♥♦r♠❛✐s ❞❡ ❣❧✐❝♦s❡ ♥♦ s❛♥❣✉❡ ❞❡ ✉♠ ✐♥❞✐✈í❞✉♦

❞❡✈❡♠ ❡st❛r ❡♥tr❡ 60 ❡ 100mg/dL✳ ❱❛❧♦r❡s ✐♥❢❡r✐♦r❡s ❛ 60mg/dL ❝♦rr❡s♣♦♥❞❡♠ ❛

♣r♦❜❧❡♠❛s r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ❛ ❤✐♣♦❣❧✐❝❡♠✐❛✱ ❡♥q✉❛♥t♦ q✉❡ s✉♣❡r✐♦r❡s ❛ 100 ❛ ♣r♦✲

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

• ❱✐t❛♠✐♥❛ ❉✿ ❆ ✈✐t❛♠✐♥❛ ❉ é ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ♦ ❡q✉✐❧í❜r✐♦ ❞♦ ❝á❧❝✐♦ ❡ ❞♦ ❢ós❢♦r♦

♥♦ ♦r❣❛♥✐s♠♦ ❡ ♣❛r❛ ❛ s❛ú❞❡ ❞♦ ❡sq✉❡❧❡t♦✳ ❆ ❞❡✜❝✐ê♥❝✐❛ ❞❡ss❛ ✈✐t❛♠✐♥❛ ♣r❡❥✉❞✐❝❛ ❛

♠✐♥❡r❛❧✐③❛çã♦ óss❡❛ ❡♠ t♦❞❛s ❛s ❢❛s❡s ❞❛ ✈✐❞❛✱ ❝❛✉s❛♥❞♦ ♦ r❛q✉✐t✐s♠♦ ❡♠ ❝r✐❛♥ç❛s

❡ ❛ ♦st❡♦♣♦r♦s❡ ❡ ♦✉tr❛s ❞♦❡♥ç❛s ❡♠ ❛❞✉❧t♦s✳ ■♥❞✐✈í❞✉♦s ❝♦♠ ✈❛❧♦r❡s ❞❡ ✈✐t❛♠✐♥❛

❉ ♥♦ s❛♥❣✉❡ ✐♥❢❡r✐♦r❡s ❛ ✸✵ ♥❛♥♦❣r❛♠❛s ♣♦r ♠✐❧✐❧✐tr♦s ✭♥❣✴♠▲✮ ❡stã♦ ♣r♦♣❡♥s♦s ❛

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

• ❈♦❧❡st❡r♦❧ ♥ã♦✲❍❉▲✿ ❖ ❝♦❧❡st❡r♦❧ ♥ã♦✲❍❉▲ é ❛ s♦♠❛ ❞❡ t♦❞♦s ♦s t✐♣♦s ❞❡ ❝♦❧❡st❡r♦❧

❝♦♥s✐❞❡r❛❞♦s r✉✐♥s✿ ■❉▲✰▲❉▲✰❱▲❉▲✳ ❙✉♣õ❡✲s❡ q✉❡ ♦ ❝♦❧❡st❡r♦❧ ♥ã♦✲❍❉▲ s❡❥❛ ✉♠
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♠❛r❝❛❞♦r ♠❛✐s s❡♥sí✈❡❧ ❞❡ r✐s❝♦ ❞❡ ❛t❡r♦s❝❧❡r♦s❡ ✭❛❝✉♠✉❧♦ ❞❡ ❣♦r❞✉r❛ ♥❛ ♣❛r❡❞❡ ❞♦s

✈❛s♦s s❛♥❣✉í♥❡♦s✮ ❞♦ q✉❡ ♦ ▲❉▲ ✐s♦❧❛❞❛♠❡♥t❡✳ ❱❛❧♦r❡s s✉♣❡r✐♦r❡s ❛ 200mg/dL ❞❡

❝♦❧❡st❡r♦❧ ♥ã♦✲❍❉▲ sã♦ ❝♦♥s✐❞❡r❛❞♦s r✉✐♥s✳

• ❍❉▲✿ ❖ ❍❉▲ ♣r♦♠♦✈❡ ❛ r❡t✐r❛❞❛ ❞♦ ❡①❝❡ss♦ ❞❡ ❝♦❧❡st❡r♦❧ ❞❛s ❝é❧✉❧❛s✱ ✐♥❝❧✉s✐✈❡ ❞❛s

♣❧❛❝❛s ❛rt❡r✐❛✐s✳ P♦r ✐ss♦✱ ❞❡♥♦♠✐♥❛✲s❡ ♦ ❍❉▲ ❝♦♠♦ ❝♦❧❡st❡r♦❧ ❜♦♠✳ ❱❛❧♦r❡s ❞❡ ❍❉▲

✐♥❢❡r✐♦r❡s ❛ 40mg/dL sã♦ ❝♦♥s✐❞❡r❛❞♦s r✉✐♥s✳

• ▲❉▲✿ ❖ ▲❉▲ ❧❡✈❛ ❝♦❧❡st❡r♦❧ ♣❛r❛ ❛s ❝é❧✉❧❛s ❡ ❢❛❝✐❧✐t❛ ❛ ❞❡♣♦s✐çã♦ ❞❡ ❣♦r❞✉r❛ ♥♦s

✈❛s♦s s❛♥❣✉í♥❡♦s✳ P♦r ✐ss♦✱ ❞❡♥♦♠✐♥❛✲s❡ ♦ ▲❉▲ ❝♦♠♦ ✉♠ ❝♦❧❡st❡r♦❧ r✉✐♠✳ ❱❛❧♦r❡s ❞❡

▲❉▲ s✉♣❡r✐♦r❡s ❛ 130mg/dL sã♦ ❝♦♥s✐❞❡r❛❞♦s ❡❧❡✈❛❞♦s✳

• ❚r✐❣❧✐❝ér✐❞❡s✿ ❆ ❤✐♣❡rtr✐❣❧✐❝❡r✐❞❡♠✐❛✱ ♥♦♠❡ q✉❡ s❡ ❞á ❛♦ ❛✉♠❡♥t♦ ❞♦s tr✐❣❧✐❝❡rí❞❡♦s

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

❛❞♦s ❛ ♥í✈❡✐s ❜❛✐①♦s ❞❡ ❍❉▲✳ ❱❛❧♦r❡s ❞❡ tr✐❣❧✐❝ér✐❞❡s s✉♣❡r✐♦r❡s ❛ 150mg/dL sã♦

❝♦♥s✐❞❡r❛❞♦s r✉✐♥s✳

• ❈❈✱ ❈◗ ❡ ❘❈◗✿ ❊st✉❞♦s ❝✐❡♥tí✜❝♦s r❡❧❛❝✐♦♥❛♠ ❢✉t✉r❛s ❞♦❡♥ç❛s ❡ r✐s❝♦ à s❛ú❞❡ ❝♦♠

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

r❡❣✐ã♦ ❛❜❞♦♠✐♥❛❧✳ ❆ ❝✐r❝✉♥❢❡rê♥❝✐❛ ❞❛ ❝✐♥t✉r❛ ✭❈❈✮ é ✉♠❛ ♠❡❞✐❞❛ ♦❜t✐❞❛ ❛❢❡r✐❞♦✲s❡

❛ ❝✐r❝✉♥❢❡rê♥❝✐❛ ❞♦ ❛❜❞ô♠❡♥ ♥❛ ❛❧t✉r❛ ❞♦ ✉♠❜✐❣♦✳ ❏á ❛ ❝✐r❝✉♥❢❡rê♥❝✐❛ ❞♦ q✉❛❞r✐❧

✭❈◗✮ é ✉♠❛ ♠❡❞✐❞❛ ♦❜t✐❞❛ ❛❢❡r✐❞♦✲s❡ ❛ ❝✐r❝✉♥❢❡rê♥❝✐❛ ❞♦ q✉❛❞r✐❧✳ ❆ ❘❈◗ é ❛ r❡❧❛çã♦

❝✐♥t✉r❛ ✲ q✉❛❞r✐❧ ❡ q✉❛♥t♦ ♠❛✐s ❛❧t♦ ❢♦r ♦ ✈❛❧♦r ❞❡ss❛ r❡❧❛çã♦ ♠❛✐♦r é ♦ r✐s❝♦ à s❛ú❞❡✳

P❛r❛ ❤♦♠❡♥s✱ ♦ í♥❞✐❝❡ ❞❡ ❝♦rt❡ ♣❛r❛ r✐s❝♦ ❝❛r❞✐♦✈❛s❝✉❧❛r é 0, 90✱ ♦✉ s❡❥❛✱ ✐♥❞✐✈í❞✉♦s

❝♦♠ ❘❈◗ ♠❛✐♦r q✉❡ 0, 90 ❡stã♦ ♣r♦♣❡♥s♦s ❛ ❡ss❡ t✐♣♦ ❞❡ r✐s❝♦✳

• ❈P✿ ❆ ❝✐r❝✉♥❢❡rê♥❝✐❛ ❞♦ ♣❡s❝♦ç♦ ✭❈P✮ t❡♠ s✐❞♦ ✉t✐❧✐③❛❞❛ ♣♦r s❡r ✉♠❛ ♠❡❞✐❞❛ s✐♠✲

♣❧❡s✱ q✉❡ ♣♦ss✐❜✐❧✐t❛ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s♦❜r❡♣❡s♦ ❡ ❞❡ ♦❜❡s✐❞❛❞❡✳ ❆ ❈P ❛✉♠❡♥t❛❞❛

❧❡✈❛ ❛ ✉♠ ❛❝ú♠✉❧♦ ❞❡ ♠♦❧é❝✉❧❛s ❞❡ ❣♦r❞✉r❛ ♥❛ ♣❛r❡❞❡ ❞❛s ❛rtér✐❛s ❝❛rót✐❞❛s✱ ❢❛✈♦✲

r❡❝❡♥❞♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❞♦❡♥ç❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s✳ ■♥❞✐✈í❞✉♦s ❝♦♠ ❈P ❛❝✐♠❛

❞❡ 40cm sã♦ ❝♦♥s✐❞❡r❛❞♦s ❡❧❡✈❛❞♦s✳

❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ s❡ ✐❞❡♥t✐✜❝❛r ♦s ✐♥❞✐✈í❞✉♦s q✉❡ ❛♣r❡s❡♥t❛♠ ♠❛✐♦r ♣♦ss✐❜✐❧✐❞❛❞❡

❞❡ ❞❡s❡♥✈♦❧✈❡r❡♠ ❞♦❡♥ç❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s✱ t❛✐s ❝♦♠♦ ■♥❢❛rt♦ ❞♦ ▼✐♦❝ár❞✐♦ ❡ ❆❝✐❞❡♥t❡

❱❛s❝✉❧❛r ❈❡r❡❜r❛❧ ✭❆❱❈✮✱ ❡ q✉❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❛♣r❡s❡♥t❛♠ ♠❛✐♦r ❝❤❛♥❝❡ ❞❡ ♦❝♦rrê♥❝✐❛

❞❡ ❛❝✐❞❡♥t❡s ❞❡ tr❛❜❛❧❤♦✱ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❢♦✐ s✉❜♠❡t✐❞♦ ❛♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡ss❡

tr❛❜❛❧❤♦✳
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P❛r❛ ✈❡r✐✜❝❛r s❡ ❡①✐st❡ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ❝♦♥str✉✐✉✲s❡ ❛ ♠❛tr✐③ ❞❡ ❝♦rr❡❧❛çõ❡s

❡✱ ❝♦♠ ❜❛s❡ ♥❛ ♠❡s♠❛✱ ♦ ❣rá✜❝♦ ❞❡ ❝♦rr❡❧❛çõ❡s✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛ ❛ ❋✐❣✉r❛ ✽✳ ◆❡ss❡ ❣rá✜❝♦✱

q✉❛♥t♦ ♠❛✐s ❝♦rr❡❧❛❝✐♦♥❛❞❛s ❢♦r❡♠ ❛s ✈❛r✐á✈❡✐s ♠❛✐s ❛❝❤❛t❛❞❛ s❡rá ❛ ❡❧✐♣s❡✳ ❆❧é♠ ❞✐ss♦✱

q✉❛♥t♦ ♠❛✐s ♣ró①✐♠♦ ❞❡ ✶ ❢♦r ❛ ❝♦rr❡❧❛çã♦ ♠❛✐s ❛③✉❧ ❡s❝✉r♦ s❡rá ❛ ❡❧✐♣s❡ ❡ q✉❛♥t♦ ♠❛✐s

♣ró①✐♠♦ ❞❡ ✲✶ ♠❛✐s ✈❡r♠❡❧❤♦ ❛ ❡❧✐♣s❡ s❡rá✳

❋✐❣✉r❛ ✽✿ ●rá✜❝♦ ❞❡ ❝♦rr❡❧❛çõ❡s ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s

❆♥❛❧✐s❛♥❞♦ ❛ ❋✐❣✉r❛ ✽ ♣♦❞❡✲s❡ ♥♦t❛r q✉❡ ❡①✐st❡ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛ ♠❛✐♦r✐❛ ❞❛s ✈❛r✐á✲

✈❡✐s✳ ❉✐❛♥t❡ ❞❛ ❡✈✐❞ê♥❝✐❛ ❞❡ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ❡ ❞♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s

♥❛s s✐♠✉❧❛çõ❡s✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♣❛r❡❝❡ s❡r ✐♥❞✐❝❛❞♦ ♣❛r❛ ❛ ❛♥á❧✐s❡ ❞❡ss❡ ❝♦♥❥✉♥t♦ ❞❡

❞❛❞♦s✳

❆ ❚❛❜❡❧❛ ✶✸ ❛♣r❡s❡♥t❛ ✉♠❛ ❛♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞❛s ✈❛r✐á✈❡✐s ❡♠ ❡st✉❞♦✱ ❝♦♥t❡♥❞♦ ✈❛❧♦r
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❊♠ ❢✉♥çã♦ ❞❛ ♥ã♦ ❤♦♠♦❣❡♥❡✐❞❛❞❡ ❞❛s ✈❛r✐á✈❡✐s ♦♣t♦✉✲s❡ ♣♦r ♣❛❞r♦♥✐③á✲❧❛s✳ ❆♣ós ❛

❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❡ ❛ ❞❡✜♥✐çã♦ ❞♦ ❣r✉♣♦ ❞❡ ♦✉t❧✐❡rs✱ ❝♦♠♣♦st♦ ✐♥✐❝✐❛❧♠❡♥t❡ ♣♦r ✼✻

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

♣♦✉❝♦ ❞✐✈❡r❣❡♥t❡s✳ ❈♦♠♦ ♦ ♠ét♦❞♦ ❜❛s❡✐❛✲s❡ ♥❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ❡♥tr❡ ♦s ❝❡♥tr♦✐❞❡s

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

✈❛❧♦r❡s ♥❛s ✈❛r✐á✈❡✐s ❡♠ ❡st✉❞♦ ❡stã♦ s✉❥❡✐t♦s ❛ s❡r❡♠ ❝❛♣t❛❞♦s ♣❡❧♦ ♠ét♦❞♦✳ P♦rt❛♥t♦✱

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

❛❣r✉♣❛♠❡♥t♦ ♣❡❧♦ ♠ét♦❞♦ k✲♠é❞✐❛s✱ ❝♦♠ k = 2 ❣r✉♣♦s✳

❆♣ós ❛ ❛♥á❧✐s❡✱ ♦ ❣r✉♣♦ ✶ ✜❝♦✉ ❝♦♠♣♦st♦ ♣♦r ✸✹ ✐♥❞✐✈í❞✉♦s✱ ❡♥q✉❛♥t♦ q✉❡ ♦ ❣r✉♣♦ ✷

❝♦♠♣♦st♦ ♣♦r ✹✷✳ ❆s ❚❛❜❡❧❛s ✶✹ ❡ ✶✺ ❛♣r❡s❡♥t❛♠ ✉♠❛ ❛♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞❛s ✈❛r✐á✈❡✐s ❞♦s

❞♦✐s ❣r✉♣♦s✱ ❝♦♥t❡♥❞♦ ✈❛❧♦r ♠í♥✐♠♦✱ ♠❡❞✐❛♥❛✱ ♠é❞✐❛✱ ♠á①✐♠♦ ❡ ❞❡s✈✐♦ ♣❛❞rã♦ ♣❛r❛ ❝❛❞❛

✈❛r✐á✈❡❧✳
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❆♥❛❧✐s❛♥❞♦ ❛s ❚❛❜❡❧❛s ✶✹ ❡ ✶✺ ♣♦❞❡✲s❡ ✈❡r✐✜❝❛r q✉❡ ♦ s❡❣✉♥❞♦ ❣r✉♣♦ ❛♣r❡s❡♥t❛ ♠❛✐♦r❡s

✈❛❧♦r❡s✱ ❝♦♠ ❡①❝❡çã♦ ❞❛s ✈❛r✐á✈❡✐s ❱✐t❛♠✐♥❛ ❉ ❡ ❍❉▲✱ t❛♥t♦ ♣❛r❛ ♠❡❞✐❛♥❛ q✉❛♥t♦ ♣❛r❛

♠é❞✐❛ ♥❛s ✈❛r✐á✈❡✐s ❡♠ ❡st✉❞♦✳

❈♦♥s✐❞❡r❛♥❞♦✲s❡ ♦s ❧✐♠✐t❡s ❞❡ r✐s❝♦ ❡s♣❡❝✐✜❝❛❞♦s ♥❛ ❞❡s❝r✐çã♦ ❞❛s ✈❛r✐á✈❡✐s✱ ❛ ♣❛rt✐r

❞❛s ✶✷ ✈❛r✐á✈❡✐s ❡♠ ❡st✉❞♦✱ t❡♠✲s❡ ✾ ❢❛t♦r❡s ❞❡ r✐s❝♦✳ P❛r❛ ❢❛❝✐❧✐t❛r ❛ ✈✐s✉❛❧✐③❛çã♦ ❞❛

❞✐st✐♥çã♦ ❞♦s ❣r✉♣♦s s♦♠♦✉✲s❡ ♦ ♥ú♠❡r♦ ❞❡ ❢❛t♦r❡s ❞❡ r✐s❝♦ ❞❡ ❝❛❞❛ ✐♥❞✐✈í❞✉♦ ❡ ❝❛❧❝✉❧♦✉✲

s❡ ❛s ❢r❡q✉ê♥❝✐❛s ❞❡ss❛s s♦♠❛s✱ q✉❡ ♣♦❞❡♠ s❡r ♦❜s❡r✈❛❞❛s ♥❛ ❋✐❣✉r❛ ✾✳ P♦r ❡①❡♠♣❧♦✱ ✶✷

✐♥❞✐✈í❞✉♦s ✭✸✺✱✸✪✮ ❞♦ ❣r✉♣♦ ✶ ❛♣r❡s❡♥t❛♠ ✸ ❢❛t♦r❡s ❞❡ r✐s❝♦✱ ❡♥q✉❛♥t♦ q✉❡ ✶✺ ✐♥❞✐✈í❞✉♦s

✭✸✺✱✼✪✮ ❞♦ ❣r✉♣♦ ✷ ❛♣r❡s❡♥t❛♠ ✺ ❢❛t♦r❡s ❞❡ r✐s❝♦✳

❋✐❣✉r❛ ✾✿ ●rá✜❝♦s ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❛s s♦♠❛s ❞♦s ❢❛t♦r❡s ❞❡ r✐s❝♦



✸✶

❈♦♥❢♦r♠❡ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✾✱ 82, 35% ❞♦s ✐♥❞✐✈í❞✉♦s ❞♦ ❣r✉♣♦ ✶ ❛♣r❡s❡♥t❛♠

r✐s❝♦ ❡♠ ♥♦ ♠á①✐♠♦ ✸ ❢❛t♦r❡s✱ ❡♥q✉❛♥t♦ q✉❡ 85, 71% ❞♦s ✐♥❞✐✈í❞✉♦s ❞♦ ❣r✉♣♦ ✷ ❛♣r❡s❡♥t❛♠

r✐s❝♦ ❡♠ ♣❡❧♦ ♠❡♥♦s ✹ ❢❛t♦r❡s✳ P♦rt❛♥t♦✱ ♦ ❣r✉♣♦ ✷ é ♦ ❣r✉♣♦ ❞♦s ♦✉t❧✐❡rs✱ ♦ q✉❡ s✉❣❡r❡

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

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

❝❤❛♥❝❡ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ❛❝✐❞❡♥t❡s ❞❡ tr❛❜❛❧❤♦✳
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✺ ❈♦♥❝❧✉sõ❡s

✺✳✶ ❈♦♥s✐❞❡r❛çõ❡s ❋✐♥❛✐s

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

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

♦✉ s❡❥❛✱ ❡❧❡ ❛♣r❡s❡♥t❛ ♠❛✐♦r ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❞✐❛❣♥♦st✐❝❛r ❝♦rr❡t❛♠❡♥t❡ ♦s ✐♥❞✐✈í❞✉♦s ♦✉t❧✐✲

❡rs ❡ ♦s ♥ã♦ ♦✉t❧✐❡rs✳ ❆❧é♠ ❞✐ss♦✱ ❢♦✐ ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r q✉❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❛♣r❡s❡♥t❛

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

❞❡ ❝♦rr❡❧❛çã♦✱ ❛ss✐♠ ❝♦♠♦ q✉❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ❡♠ ❡st✉❞♦ é ♠❛✐♦r✳

❊♠ r❡❧❛çã♦ à ❛♣❧✐❝❛çã♦ ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ❡♠ ❞❛❞♦s ❞❡ s❛ú❞❡✱ ❢♦✐ ♣♦ssí✈❡❧

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

❛♥á❧✐s❡ ❞❡ ♦✉t❧✐❡rs ❡♠ ❞❛❞♦s r❡❛✐s✳

✺✳✷ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s

❈♦♠♦ s✉❣❡stã♦ ♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✱ ♣♦❞❡✲s❡ ❞❡st❛❝❛r✿

• ❊st✉❞❛r ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ s❡ ✉t✐❧✐③❛r ❛ té❝♥✐❝❛ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s✱ ❛♥t❡s ❞❡

❛♣❧✐❝❛r ♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ ♣❛r❛ q✉❡❜r❛r ❛ ❡str✉t✉r❛ ❞❡ ❝♦rr❡❧❛çã♦ ❞❛s ✈❛r✐á✈❡✐s✱ ❞❡

♠♦❞♦ ❛ ❝♦♥✈❡rt❡r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♦❜s❡r✈❛çõ❡s ❞❡ ✈❛r✐á✈❡✐s ♣♦ss✐✈❡❧♠❡♥t❡ ❝♦rr❡❧❛❝✐✲

♦♥❛❞❛s ♥✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❛❧♦r❡s ❞❡ ✈❛r✐á✈❡✐s ❧✐♥❡❛r♠❡♥t❡ ♥ã♦ ❝♦rr❡❧❛❝✐♦♥❛❞❛s✳

• ❆❧é♠ ❞♦ ❞❡s✈✐♦ ♣❛❞rã♦✱ ❜✉s❝❛r ♦✉tr❛s ❛❧t❡r♥❛t✐✈❛s ❛ s❡r❡♠ ✉t✐❧✐③❛❞❛s ❝♦♠♦ ❝r✐tér✐♦

♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s ♦✉t❧✐❡rs✳
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❈❍❆◆❉❖▲❆✱ ❱✳❀ ❇❆◆❊❘❏❊❊✱ ❆✳❀ ❑❯▼❆❘✱ ❱✳ ❆♥♦♠❛❧② ❞❡t❡❝t✐♦♥✿ ❆ s✉r✈❡②✳ ❆❈▼
❝♦♠♣✉t✐♥❣ s✉r✈❡②s ✭❈❙❯❘✮✱ ❆❈▼✱ ✈✳ ✹✶✱ ♥✳ ✸✱ ♣✳ ✶✺✱ ✷✵✵✾✳

❈❖❖❑✱ ❘✳ ❉✳ ❆ss❡ss♠❡♥t ♦❢ ❧♦❝❛❧ ✐♥✢✉❡♥❝❡✳ ❏♦✉r♥❛❧ ♦❢ t❤❡ ❘♦②❛❧ ❙t❛t✐st✐❝❛❧ ❙♦❝✐❡t②✳
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❚r✉st✱ ✈✳ ✼✷✱ ♥✳ ✸✱ ♣✳ ✻✷✼✕✻✸✻✱ ✶✾✽✺✳

❋❊❘❘❊■❘❆✱ ❉✳ ❋✳ ❊st❛tíst✐❝❛ ♠✉❧t✐✈❛r✐❛❞❛✳ ✷✳ ❡❞✳ ❬❙✳❧✳❪✿ ❯❋▲❆✱ ✷✵✶✶✳

❋■▲❩▼❖❙❊❘✱ P✳❀ ▼❆❘❖◆◆❆✱ ❘✳❀ ❲❊❘◆❊❘✱ ▼✳ ❖✉t❧✐❡r ✐❞❡♥t✐✜❝❛t✐♦♥ ✐♥ ❤✐❣❤
❞✐♠❡♥s✐♦♥s✳ ❈♦♠♣✉t❛t✐♦♥❛❧ ❙t❛t✐st✐❝s ✫ ❉❛t❛ ❆♥❛❧②s✐s✱ ❊❧s❡✈✐❡r✱ ✈✳ ✺✷✱ ♥✳ ✸✱ ♣✳ ✶✻✾✹✕✶✼✶✶✱
✷✵✵✽✳

●◆❆◆❆❉❊❙■❑❆◆✱ ❘✳❀ ❑❊❚❚❊◆❘■◆●✱ ❏✳ ❘✳ ❘♦❜✉st ❡st✐♠❛t❡s✱ r❡s✐❞✉❛❧s✱ ❛♥❞ ♦✉t❧✐❡r
❞❡t❡❝t✐♦♥ ✇✐t❤ ♠✉❧t✐r❡s♣♦♥s❡ ❞❛t❛✳ ❇✐♦♠❡tr✐❝s✱ ❏❙❚❖❘✱ ♣✳ ✽✶✕✶✷✹✱ ✶✾✼✷✳

❍❆■❘✱ ❏✳ ❋✳ ❡t ❛❧✳ ❆♥á❧✐s❡ ♠✉❧t✐✈❛r✐❛❞❛ ❞❡ ❞❛❞♦s✳ ❬❙✳❧✳❪✿ ❇♦♦❦♠❛♥ ❊❞✐t♦r❛✱ ✷✵✵✾✳

❍❆❲❑■◆❙✱ ❉✳ ▼✳ ■❞❡♥t✐✜❝❛t✐♦♥ ♦❢ ♦✉t❧✐❡rs✳ ❬❙✳❧✳❪✿ ❈❤❛♣♠❛♥ ❛♥❞ ❍❛❧❧✱ ✶✾✽✵✳

❍❆❩❊❲■◆❑❊▲✱ ▼✳ ❊♥❝②❝❧♦♣❛❡❞✐❛ ♦❢ ▼❛t❤❡♠❛t✐❝s✳ ❬❙✳❧✳❪✿ ❑❧✉✇❡r ❆❝❛❞❡♠✐❝✱ ✶✾✾✺✳

❏❖❍◆❙❖◆✱ ▼✳ ❊✳ ▼✉❧t✐✈❛r✐❛t❡ st❛t✐st✐❝❛❧ s✐♠✉❧❛t✐♦♥✳ ■♥✿ ■♥t❡r♥❛t✐♦♥❛❧ ❊♥❝②❝❧♦♣❡❞✐❛ ♦❢
❙t❛t✐st✐❝❛❧ ❙❝✐❡♥❝❡✳ ❬❙✳❧✳❪✿ ❙♣r✐♥❣❡r✱ ✷✵✶✶✳ ♣✳ ✾✸✵✕✾✸✷✳

❏❖▲▲■❋❋❊✱ ■✳ Pr✐♥❝✐♣❛❧ ❝♦♠♣♦♥❡♥t ❛♥❛❧②s✐s✳ ❬❙✳❧✳❪✿ ❲✐❧❡② ❖♥❧✐♥❡ ▲✐❜r❛r②✱ ✷✵✵✷✳

▲❯❈■❖✱ P✳ ❙✳❀ ❚❖❙❈❆◆❖✱ ❊✳ ▼✳ ▼✳❀ ❆❇❘❊❯✱ ▼✳ ▲✳ ❈❛r❛❝t❡r✐③❛çã♦ ❞❡ sér✐❡s
❝❧✐♠❛t♦❧ó❣✐❝❛s ♣♦♥t✉❛✐s ✈✐❛ ❛♥á❧✐s❡ ❝❛♥ô♥✐❝❛ ❞❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ✲ ❡st✉❞♦ ❞❡ ❝❛s♦✳ ❘❡✈✐st❛
❇r❛s✐❧❡✐r❛ ❞❡ ●❡♦❢ís✐❝❛✱ ✈✳ ✶✼✱ ♣✳ ✹✶✱ ✶✾✾✾✳
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❘ ❈♦r❡ ❚❡❛♠✳ ❘✿ ❆ ▲❛♥❣✉❛❣❡ ❛♥❞ ❊♥✈✐r♦♥♠❡♥t ❢♦r ❙t❛t✐st✐❝❛❧ ❈♦♠♣✉t✐♥❣✳ ❱✐❡♥♥❛✱
❆✉str✐❛✱ ✷✵✶✹✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿ <❤tt♣✿✴✴✇✇✇✳❘✲♣r♦❥❡❝t✳♦r❣✴>✳

❘❖❯❙❙❊❊❯❲✱ P✳ ❏✳❀ ❉❘■❊❙❙❊◆✱ ❑✳ ❱✳ ❆ ❢❛st ❛❧❣♦r✐t❤♠ ❢♦r t❤❡ ♠✐♥✐♠✉♠ ❝♦✈❛r✐❛♥❝❡
❞❡t❡r♠✐♥❛♥t ❡st✐♠❛t♦r✳ ❚❡❝❤♥♦♠❡tr✐❝s✱ ✈✳ ✹✶✱ ♥✳ ✸✱ ♣✳ ✷✶✷✕✷✷✸✱ ✶✾✾✾✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿
<❤tt♣✿✴✴✇✇✇✳t❛♥❞❢♦♥❧✐♥❡✳❝♦♠✴❞♦✐✴❛❜s✴✶✵✳✶✵✽✵✴✵✵✹✵✶✼✵✻✳✶✾✾✾✳✶✵✹✽✺✻✼✵>✳

❘❖❯❙❙❊❊❯❲✱ P✳ ❏✳❀ ❩❖▼❊❘❊◆✱ ❇✳ ❈✳ ✈❛♥✳ ❯♥♠❛s❦✐♥❣ ♠✉❧t✐✈❛r✐❛t❡ ♦✉t❧✐❡rs ❛♥❞
❧❡✈❡r❛❣❡ ♣♦✐♥ts✳ ❏♦✉r♥❛❧ ♦❢ t❤❡ ❆♠❡r✐❝❛♥ ❙t❛t✐st✐❝❛❧ ❆ss♦❝✐❛t✐♦♥✱ ❬❆♠❡r✐❝❛♥ ❙t❛t✐st✐❝❛❧
❆ss♦❝✐❛t✐♦♥✱ ❚❛②❧♦r ✫ ❋r❛♥❝✐s✱ ▲t❞✳❪✱ ✈✳ ✽✺✱ ♥✳ ✹✶✶✱ ♣✳ ✻✸✸✕✻✸✾✱ ✶✾✾✵✳ ■❙❙◆ ✵✶✻✷✶✹✺✾✳
❉✐s♣♦♥í✈❡❧ ❡♠✿ <❤tt♣✿✴✴✇✇✇✳❥st♦r✳♦r❣✴st❛❜❧❡✴✷✷✽✾✾✾✺>✳

❙❖❇❖▲✱ ■✳ ▼✳ ❆ Pr✐♠❡r ❢♦r t❤❡ ▼♦♥t❡ ❈❛r❧♦ ▼❡t❤♦❞✳ ❬❙✳❧✳❪✿ ❈❘❈ P❘❊❙❙✱ ✶✾✾✹✳

❱❆▲❆❉❆❘❊❙✱ ❋✳ ●✳❀ ❆◗❯■◆❖✱ ❆✳ ▲✳ ▲✳ ❞❡❀ ❏❯◆■❖❘✱ ❆✳ ❘✳ P✳ ❉❡t❡❝çã♦ ❞❡ ♦✉t❧✐❡rs
♠✉❧t✐✈❛r✐❛❞♦s ❡♠ r❡❞❡s ❞❡ s❡♥s♦r❡s✳ ■♥✿ ❙❇P❖✳ ❳▲■❱ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦ ❞❡ P❡sq✉✐s❛
❖♣❡r❛❝✐♦♥❛❧✳ ❬❙✳❧✳❪✱ ✷✵✶✷✳

❱❊▲❖❙❖✱ ▼✳ ❱✳ ❞❡ ❙✳❀ ❈■❘■▲▲❖✱ ▼✳ ❆✳ Pr✐♥❝✐♣❛❧ ❝♦♠♣♦♥❡♥ts ✐♥ t❤❡ ❞✐s❝r✐♠✐♥❛t✐♦♥ ♦❢
♦✉t❧✐❡rs✿ ❆ st✉❞② ✐♥ s✐♠✉❧❛t✐♦♥ s❛♠♣❧❡ ❞❛t❛ ❝♦rr❡❝t❡❞ ❜② ♣❡❛rs♦♥✬s ❛♥❞ ②❛t❡s✬s ❝❤✐✲sq✉❛r❡
❞✐st❛♥❝❡✳ ❆❝t❛ ❙❝✐❡♥t✐❛r✉♠✳ ❚❡❝❤♥♦❧♦❣②✱ ✈✳ ✸✽✱ ♥✳ ✷✱ ♣✳ ✶✾✸✕✷✵✵✱ ✷✵✶✻✳



✸✺

❆◆❊❳❖ ❆ ✲✲ ❘❡s✉❧t❛❞♦s ❞❛s s✐♠✉❧❛çõ❡s

❚❛❜❡❧❛ ✶✻✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❞♦✐s ♠ét♦❞♦s ❝♦♥s✐❞❡r❛♥❞♦
p = 5✱ n = 50 ❡ δ = 0 ❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❝♦rr❡❧❛çã♦ ✭ρ✮✱ ❝♦♥t❡♥❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛
✐♥❢❡r✐♦r ✭■❈ ✐♥❢✳✮✱ ♠é❞✐❛✱ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ s✉♣❡r✐♦r ✭■❈ s✉♣✳✮✱ ❡st❛tíst✐❝❛ ❞❡ t❡st❡ ✭t✮
❡ p✲✈❛❧♦r t❛♥t♦ ♣❛r❛ s❡♥s✐❜✐❧✐❞❛❞❡ ✭❙✮ q✉❛♥t♦ ♣❛r❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ✭❊✮

▼ét♦❞♦ Pr♦♣♦st♦ ▼ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s

■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ ■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ t ♣✲✈❛❧♦r

ρ = 0
S ✲ ✲ ✲ ✲ ✲ ✲ ✲ ✲

E ✵✱✶✾✸✹✻ ✵✱✷✺✻✷ ✵✱✸✶✽✾✹ ✵✱✼✽✽✶ ✵✱✽✵✵✹ ✵✱✽✶✷✼ ✲✶✻✱✹✽✹✽✹ ✵

ρ = 0, 2
S ✲ ✲ ✲ ✲ ✲ ✲ ✲ ✲

E ✵✱✸✹✺✺✼ ✵✱✹✶✵✻ ✵✱✹✼✺✻✸ ✵✱✼✾✷✾✹ ✵✱✽✵✹✻ ✵✱✽✶✻✷✻ ✲✶✶✱✷✷✷✼✷ ✵

ρ = 0, 5
S ✲ ✲ ✲ ✲ ✲ ✲ ✲ ✲

E ✵✱✼✸✾✼✾ ✵✱✼✼✹✽ ✵✱✽✵✾✽✶ ✵✱✼✽✻✺✻ ✵✱✼✾✾✷ ✵✱✽✶✶✽✹ ✲✶✱✷✻✻✶✼ ✵✱✷✵✽✹✷

ρ = 0, 7
S ✲ ✲ ✲ ✲ ✲ ✲ ✲ ✲

E ✵✱✽✷✹✷✼ ✵✱✽✹✽✽ ✵✱✽✼✸✸✸ ✵✱✼✾✶✼✸ ✵✱✽✵✹✷ ✵✱✽✶✻✻✼ ✸✱✶✷✷✹✶ ✵✱✵✵✷✸✺

ρ = 0, 9
S ✲ ✲ ✲ ✲ ✲ ✲ ✲ ✲

E ✵✱✾✵✷✺✸ ✵✱✾✶✻✹ ✵✱✾✸✵✷✼ ✵✱✼✽✼✺✺ ✵✱✼✾✽✽ ✵✱✽✶✵✵✺ ✶✷✱✾✽✸✸✻ ✵

❚❛❜❡❧❛ ✶✼✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 50 ❡ δ = 0, 05
▼ét♦❞♦ Pr♦♣♦st♦ ▼ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s

■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ ■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ t ♣✲✈❛❧♦r

ρ = 0
S ✵✱✾✷✽✺✶ ✵✱✾✺✻✽✸ ✵✱✾✽✺✶✻ ✵✱✾✺✵✷✸ ✵✱✾✼✶✶✼ ✵✱✾✾✷✶ ✲✵✱✽✼✻✵✼ ✵✱✸✽✸✶✶

E ✵✱✼✷✹✺✻ ✵✱✼✽✾✶✹ ✵✱✽✺✸✼✸ ✵✱✽✶✹✵✺ ✵✱✽✷✽✻✼ ✵✱✽✹✸✷✾ ✲✶✱✷✷✵✻✹ ✵✱✷✷✺✶✷

ρ = 0✱✷
S ✵✱✾✵✺✸✾ ✵✱✾✸✾✼✹ ✵✱✾✼✹✵✽ ✵✱✼✾✹✸✽ ✵✱✽✺✶✹ ✵✱✾✵✽✹✸ ✷✱✺✽✷✵✶ ✵✱✵✶✶✷✾

E ✵✱✼✹✾✽✸ ✵✱✽✵✼✻✻ ✵✱✽✻✺✹✾ ✵✱✽✵✾✺✻ ✵✱✽✷✷✶✸ ✵✱✽✸✹✻✾ ✲✵✱✹✽✷✹ ✵✱✻✸✵✺✽

ρ = 0✱✺
S ✵✱✼✻✾✸✻ ✵✱✽✷✷✺ ✵✱✽✼✺✻✹ ✵✱✺✺✼✺✽ ✵✱✻✸✶✻✼ ✵✱✼✵✺✼✺ ✹✱✺✶✺✷✹ ✵✱✵✵✵✵✷

E ✵✱✽✶✾✸✼ ✵✱✽✺✷✺✸ ✵✱✽✽✺✻✾ ✵✱✽✵✸✺✸ ✵✱✽✶✺✽✹ ✵✱✽✷✽✶✹ ✷✱✶✻✶✽✹ ✵✱✵✸✸✵✹

ρ = 0✱✼
S ✵✱✻✷✺✼✶ ✵✱✼✵✶✸✸ ✵✱✼✼✻✾✺ ✵✱✺✷✽✺✾ ✵✱✻✵✵✻✼ ✵✱✻✼✷✼✹ ✷✱✶✵✾✼✻ ✵✱✵✸✼✹

E ✵✱✽✽✷✼✽ ✵✱✾✵✶✹✻ ✵✱✾✷✵✶✺ ✵✱✼✾✺✽✶ ✵✱✽✵✾✼✺ ✵✱✽✷✸✻✽ ✽✱✵✶✷✼✸ ✵

ρ = 0✱✾
S ✵✱✹✼✸✹✸ ✵✱✺✺✹ ✵✱✻✸✹✺✼ ✵✱✸✼✵✷✶ ✵✱✹✸✽✺✺ ✵✱✺✵✻✽✽ ✷✱✹✾✽✷✽ ✵✱✵✶✹✶✸

E ✵✱✾✷✹✽✻ ✵✱✾✸✻✸✹ ✵✱✾✹✼✽✷ ✵✱✼✾✽✻✽ ✵✱✽✶✵✼✹ ✵✱✽✷✷✽✶ ✶✻✱✵✵✶✼✶ ✵



✸✻

❚❛❜❡❧❛ ✶✽✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 50 ❡ δ = 0, 10
▼ét♦❞♦ Pr♦♣♦st♦ ▼ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s

■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ ■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ t ♣✲✈❛❧♦r

ρ = 0
S ✵✱✾✶✶✹✷ ✵✱✾✸✼✻✾ ✵✱✾✻✸✾✻ ✵✱✽✵✶✺✹ ✵✱✽✺✵✻✻ ✵✱✽✾✾✼✽ ✸✱✸✺✽✷✺ ✵✱✵✵✶✶✶

E ✵✱✾✵✽✻✹ ✵✱✾✸✽✽✼ ✵✱✾✻✾✶✶ ✵✱✽✸✸✽ ✵✱✽✹✻✺✶ ✵✱✽✺✾✷✸ ✺✱✽✹✵✼✻ ✵

ρ = 0, 2
S ✵✱✽✷✷✼✶ ✵✱✽✻✶✺✷ ✵✱✾✵✵✸✹ ✵✱✻✶✺✵✸ ✵✱✻✼✹✵✷ ✵✱✼✸✸✵✷ ✺✱✼✺✵✶✷ ✵

E ✵✱✽✼✽✶✾ ✵✱✾✶✷✻✾ ✵✱✾✹✼✶✾ ✵✱✽✹✷✻✼ ✵✱✽✺✸✼✽ ✵✱✽✻✹✽✽ ✸✱✷✾✽✽✶ ✵✱✵✵✶✸✺

ρ = 0, 5
S ✵✱✼✶✶✷✶ ✵✱✼✺✽✻✾ ✵✱✽✵✻✶✼ ✵✱✹✽✼✾✸ ✵✱✺✹✻✷✶ ✵✱✻✵✹✺ ✻✱✺✾✻✷ ✵

E ✵✱✾✵✾✺✹ ✵✱✾✷✾✾✼ ✵✱✾✺✵✹ ✵✱✽✸✶✶✸ ✵✱✽✹✸✻✹ ✵✱✽✺✻✶✹ ✼✱✵✻✽✵✼ ✵

ρ = 0, 7
S ✵✱✺✹✾✾✹ ✵✱✻✶✷✺✶ ✵✱✻✼✺✵✾ ✵✱✹✸✸✸✷ ✵✱✹✾✺✽✽ ✵✱✺✺✽✹✹ ✷✱✾✵✽✻✹ ✵✱✵✵✹✹✽

E ✵✱✾✷✸✹ ✵✱✾✸✽✺✺ ✵✱✾✺✸✼ ✵✱✽✶✻✹✷ ✵✱✽✷✽✽✹ ✵✱✽✹✶✷✼ ✶✶✱✽✶✻✸✻ ✵

ρ = 0, 9
S ✵✱✹✸✷✺✹ ✵✱✺✵✷✵✹ ✵✱✺✼✶✺✸ ✵✱✸✸✺✽ ✵✱✸✾✷✾✻ ✵✱✹✺✵✶✸ ✷✱✺✼✷✾✶ ✵✱✵✶✶✺✼

E ✵✱✾✹✶✶✼ ✵✱✾✺✶✼✹ ✵✱✾✻✷✸ ✵✱✽✶✶✼ ✵✱✽✷✸✼✻ ✵✱✽✸✺✽✶ ✶✺✱✽✻✽✾✽ ✵
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S ✵✱✹✼✽✾ ✵✱✺✶✼✺✼ ✵✱✺✺✻✷✸ ✵✱✹✸✶✾✸ ✵✱✹✻✺✶✶ ✵✱✹✾✽✷✾ ✷✱✶✹✼✵✽ ✵✱✵✸✹✷✸

E ✵✱✾✹✵✻✼ ✵✱✾✹✼✹ ✵✱✾✺✹✶✹ ✵✱✽✹✼✻✷ ✵✱✽✺✶✸✸ ✵✱✽✺✺✵✸ ✷✺✱✻✷✻✺ ✵



✸✽

❚❛❜❡❧❛ ✷✹✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 200 ❡ δ = 0, 10
▼ét♦❞♦ Pr♦♣♦st♦ ▼ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s

■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ ■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ t ♣✲✈❛❧♦r

ρ = 0
S ✵✱✾✷✻✹✸ ✵✱✾✹✶✶✺ ✵✱✾✺✺✽✼ ✵✱✾✹✾✼✾ ✵✱✾✺✾✽✸ ✵✱✾✻✾✽✽ ✲✷✱✸✹✼✾✽ ✵✱✵✷✵✽✻

E ✵✱✼✾✾✶✶ ✵✱✽✸✺✷✾ ✵✱✽✼✶✹✻ ✵✱✽✽✸✺ ✵✱✽✽✼✽✸ ✵✱✽✾✷✶✻ ✲✷✱✽✺✻✹✶ ✵✱✵✵✺✷✷

ρ = 0, 2
S ✵✱✽✶✾✺ ✵✱✽✹✻✻✷ ✵✱✽✼✸✼✺ ✵✱✼✸✶✻✺ ✵✱✼✺✼✷ ✵✱✼✽✷✼✺ ✺✱✷✼✶✹✺ ✵

E ✵✱✽✼✵✷✾ ✵✱✽✾✵✻✾ ✵✱✾✶✶✵✾ ✵✱✽✼✷✶✼ ✵✱✽✼✻✷✻ ✵✱✽✽✵✸✹ ✶✱✸✾✾✾✹ ✵✱✶✻✹✻✻

ρ = 0, 5
S ✵✱✻✻✹✼✶ ✵✱✻✾✻✵✼ ✵✱✼✷✼✹✷ ✵✱✺✵✽✽✽ ✵✱✺✸✻✺✽ ✵✱✺✻✹✷✽ ✽✱✺✶✾✻✼ ✵

E ✵✱✾✵✾✺✸ ✵✱✾✷✵✽✶ ✵✱✾✸✷✵✾ ✵✱✽✻✹✷✸ ✵✱✽✻✽✷✾ ✵✱✽✼✷✸✺ ✽✱✼✹✸✼✽ ✵

ρ = 0, 7
S ✵✱✺✹✻✺✷ ✵✱✺✼✻✽✽ ✵✱✻✵✼✷✺ ✵✱✹✶✷✸ ✵✱✹✸✽✽✺ ✵✱✹✻✺✹ ✻✱✼✺✹✻✾ ✵

E ✵✱✾✷✹✾ ✵✱✾✸✹✶✷ ✵✱✾✹✸✸✸ ✵✱✽✺✽✼✼ ✵✱✽✻✷✽✾ ✵✱✽✻✼✵✶ ✶✹✱✺✼✽✽✽ ✵

ρ = 0, 9
S ✵✱✸✾✽✷✻ ✵✱✹✷✾✽✸ ✵✱✹✻✶✹ ✵✱✸✺✼✼✸ ✵✱✸✽✵✶✻ ✵✱✹✵✷✺✾ ✷✱✾✹✽✹✼ ✵✱✵✵✸✾✽

E ✵✱✾✺✸✵✽ ✵✱✾✺✾✷✷ ✵✱✾✻✺✸✻ ✵✱✽✺✶✷✶ ✵✱✽✺✺✺✺ ✵✱✽✺✾✽✾ ✷✽✱✶✺✻✼✷ ✵

❚❛❜❡❧❛ ✷✺✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 500 ❡ δ = 0
▼ét♦❞♦ Pr♦♣♦st♦ ▼ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s

■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ ■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ t ♣✲✈❛❧♦r

ρ = 0
S ✲ ✲ ✲ ✲ ✲ ✲ ✲ ✲

E ✵✱✶✽✷✼ ✵✱✷✵✶✷✽ ✵✱✷✶✾✽✻ ✵✱✽✸✶✽✻ ✵✱✽✸✹✶✷ ✵✱✽✸✻✸✽ ✲✻✹✱✾✽✵✻✸ ✵

ρ = 0, 2
S ✲ ✲ ✲ ✲ ✲ ✲ ✲ ✲

E ✵✱✷✽✶✷✺ ✵✱✸✵✹✺✽ ✵✱✸✷✼✾✶ ✵✱✽✸✵✼✼ ✵✱✽✸✷✾✽ ✵✱✽✸✺✶✾ ✲✹✸✱✺✼✶✼ ✵

ρ = 0, 5
S ✲ ✲ ✲ ✲ ✲ ✲ ✲ ✲

E ✵✱✼✵✵✶✷ ✵✱✼✶✸✽✽ ✵✱✼✷✼✻✹ ✵✱✽✸✶✾✹ ✵✱✽✸✸✾ ✵✱✽✸✺✽✻ ✲✶✻✱✼✺✻✺✾ ✵

ρ = 0, 7
S ✲ ✲ ✲ ✲ ✲ ✲ ✲ ✲

E ✵✱✽✵✼✸✹ ✵✱✽✶✻✹✻ ✵✱✽✷✺✺✽ ✵✱✽✸✶✼ ✵✱✽✸✸✽✽ ✵✱✽✸✻✵✻ ✲✸✱✹✹✻✽✸ ✵✱✵✵✵✽✸

ρ = 0, 9
S ✲ ✲ ✲ ✲ ✲ ✲ ✲ ✲

E ✵✱✽✼✵✾✷ ✵✱✽✼✼✹✷ ✵✱✽✽✸✾✷ ✵✱✽✸✵✼✼ ✵✱✽✸✷✾✷ ✵✱✽✸✺✵✼ ✶✷✱✹✺✶✼✹ ✵

❚❛❜❡❧❛ ✷✻✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 500 ❡ δ = 0, 05
▼ét♦❞♦ Pr♦♣♦st♦ ▼ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s

■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ ■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ t ♣✲✈❛❧♦r

ρ = 0
S ✵✱✾✼✵✹✺ ✵✱✾✼✻✾✹ ✵✱✾✽✸✹✸ ✵✱✾✼✺ ✵✱✾✽✵✹✶ ✵✱✾✽✺✽✷ ✲✵✱✽✺✽✽✾ ✵✱✸✾✷✹✼

E ✵✱✻✸✵✺✶ ✵✱✻✻✺✻ ✵✱✼✵✵✻✾ ✵✱✽✻✸✶✶ ✵✱✽✻✺✽✶ ✵✱✽✻✽✺✶ ✲✶✶✱✶✽✽✻✷ ✵

ρ = 0, 2
S ✵✱✾✷✻✽✹ ✵✱✾✸✽✷✹ ✵✱✾✹✾✻✹ ✵✱✽✸✶✼✶ ✵✱✽✹✼✻✻ ✵✱✽✻✸✻✷ ✾✱✽✶✸✶ ✵

E ✵✱✼✹✵✾✶ ✵✱✼✻✼✹ ✵✱✼✾✸✾ ✵✱✽✺✾✹✻ ✵✱✽✻✶✽✽ ✵✱✽✻✹✸ ✲✼✱✵✵✹✹ ✵

ρ = 0, 5
S ✵✱✽✵✸✵✺ ✵✱✽✷✸✷✸ ✵✱✽✹✸✹✶ ✵✱✺✾✷✹✶ ✵✱✻✶✼✻✷ ✵✱✻✹✷✽✹ ✶✺✱✷✼✺✵✻ ✵

E ✵✱✽✺✹✷✺ ✵✱✽✻✻✾✻ ✵✱✽✼✾✻✻ ✵✱✽✺✵✾✼ ✵✱✽✺✸✶✻ ✵✱✽✺✺✸✺ ✷✱✶✼✹✶✷ ✵✱✵✸✷✵✽

ρ = 0, 7
S ✵✱✻✻✺✻✺ ✵✱✻✽✾✻✾ ✵✱✼✶✸✼✸ ✵✱✺✷✼✶✹ ✵✱✺✹✼✼✻ ✵✱✺✻✽✸✽ ✾✱✽✺✶✹✶ ✵

E ✵✱✽✾✺✹ ✵✱✾✵✸ ✵✱✾✶✵✻✶ ✵✱✽✹✽✹✸ ✵✱✽✺✵✻✶ ✵✱✽✺✷✼✽ ✶✸✱✷✸✽✻✺ ✵

ρ = 0, 9
S ✵✱✺✻✼✸✽ ✵✱✺✾✶✺✾ ✵✱✻✶✺✼✾ ✵✱✹✺✹✶✼ ✵✱✹✼✶✷✽ ✵✱✹✽✽✸✽ ✽✱✷✵✼✾✻ ✵

E ✵✱✾✷✷✼✼ ✵✱✾✷✽✾✹ ✵✱✾✸✺✶ ✵✱✽✹✹✹✾ ✵✱✽✹✻✻✷ ✵✱✽✹✽✼✹ ✷✺✱✶✼✹✶✸ ✵



✸✾

❚❛❜❡❧❛ ✷✼✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 5✱ n = 500 ❡ δ = 0, 10
▼ét♦❞♦ Pr♦♣♦st♦ ▼ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s

■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ ■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ t ♣✲✈❛❧♦r

ρ = 0
S ✵✱✾✹✽✼✾ ✵✱✾✺✻✶✹ ✵✱✾✻✸✺ ✵✱✾✺✽✾✸ ✵✱✾✻✹✼✶ ✵✱✾✼✵✹✾ ✲✷✱✶✸✶✵✸ ✵✱✵✸✺✺✻

E ✵✱✼✽✾✷✹ ✵✱✽✶✺✶✽ ✵✱✽✹✶✶✶ ✵✱✽✽✼✾✾ ✵✱✽✾✵✺✹ ✵✱✽✾✸✵✽ ✲✺✱✼✹✼✹✼ ✵

ρ = 0, 2
S ✵✱✽✼✵✽✶ ✵✱✽✽✸✾✶ ✵✱✽✾✼ ✵✱✼✹✸✷✻ ✵✱✼✺✾✼✶ ✵✱✼✼✻✶✻ ✶✷✱✼✹✶✽✺ ✵

E ✵✱✽✺✷✸✷ ✵✱✽✻✼✶✻ ✵✱✽✽✷✵✶ ✵✱✽✼✻✵✹ ✵✱✽✼✽✺✽ ✵✱✽✽✶✶✷ ✲✶✱✺✷✷✹✶ ✵✱✶✸✶✵✾

ρ = 0, 5
S ✵✱✼✵✷✾✾ ✵✱✼✷✵✷✹ ✵✱✼✸✼✹✾ ✵✱✺✵✼✺✺ ✵✱✺✷✹✹✷ ✵✱✺✹✶✷✽ ✶✼✱✸✵✸✸✷ ✵

E ✵✱✾✵✶✺ ✵✱✾✶✵✵✶ ✵✱✾✶✽✺✷ ✵✱✽✻✸✹✻ ✵✱✽✻✺✻✷ ✵✱✽✻✼✼✼ ✶✵✱✷✸✹✷✶ ✵

ρ = 0, 7
S ✵✱✻✵✷✻✸ ✵✱✻✷✺✽✸ ✵✱✻✹✾✵✸ ✵✱✹✹✺✹ ✵✱✹✻✷✶✶ ✵✱✹✼✽✽✸ ✶✺✱✵✵✺✺✾ ✵

E ✵✱✾✶✹✾ ✵✱✾✷✶✾✽ ✵✱✾✷✾✵✻ ✵✱✽✺✼✾✶ ✵✱✽✻✵✶✸ ✵✱✽✻✷✸✺ ✶✻✱✻✺✻✽✹ ✵

ρ = 0, 9
S ✵✱✹✽✶✷ ✵✱✺✵✵✻✻ ✵✱✺✷✵✶✷ ✵✱✸✽✽✶ ✵✱✹✵✵✾✻ ✵✱✹✶✸✽✷ ✾✱✶✼✾✸✹ ✵

E ✵✱✾✹✵✵✼ ✵✱✾✹✹✽✸ ✵✱✾✹✾✺✾ ✵✱✽✺✸✼✷ ✵✱✽✺✺✽✶ ✵✱✽✺✼✾✶ ✸✺✱✵✸✵✾✷ ✵

❚❛❜❡❧❛ ✷✽✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 50 ❡ δ = 0
▼ét♦❞♦ Pr♦♣♦st♦ ▼ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s

■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ ■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ t ♣✲✈❛❧♦r

ρ = 0
S ✲ ✲ ✲ ✲ ✲ ✲ ✲ ✲

E ✵✱✵✻✽✽✷ ✵✱✶✷✻ ✵✱✶✽✸✶✽ ✵✱✼✺✻✺✸ ✵✱✼✼✶✷ ✵✱✼✽✺✽✼ ✲✷✶✱✹✻✹✶✾ ✵

ρ = 0, 2
S ✲ ✲ ✲ ✲ ✲ ✲ ✲ ✲

E ✵✱✺✻✵✽✼ ✵✱✻✶✹✷ ✵✱✻✻✼✺✸ ✵✱✼✸✵✷✹ ✵✱✼✺✺✹ ✵✱✼✽✵✺✻ ✲✺✱✶✻✻✸✷ ✵

ρ = 0, 5
S ✲ ✲ ✲ ✲ ✲ ✲ ✲ ✲

E ✵✱✼✾✹✹✻ ✵✱✽✷✵✹ ✵✱✽✹✻✸✹ ✵✱✼✵✾✵✸ ✵✱✼✸✾✷ ✵✱✼✻✾✸✼ ✸✱✾✸✵✼✼ ✵ ✵✱✵✵✵✶✻
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E ✵✱✾✶✺✹✷ ✵✱✾✷✷✾✸ ✵✱✾✸✵✹✹ ✵✱✽✽✸✵✻ ✵✱✽✽✺✽✹ ✵✱✽✽✽✻✸ ✾✱✺✶✻✼✸ ✵

ρ = 0, 9
S ✵✱✺✶✾✼ ✵✱✺✹✸✽ ✵✱✺✻✼✾ ✵✱✶✾✺✾✶ ✵✱✷✶✷✸✾ ✵✱✷✷✽✽✽ ✷✷✱✹✷✹✷✹ ✵

E ✵✱✾✸✶✻✽ ✵✱✾✸✼✷✶ ✵✱✾✹✷✼✺ ✵✱✽✽✷✻✺ ✵✱✽✽✺✶✻ ✵✱✽✽✼✻✻ ✶✼✱✻✷✷✽✷ ✵



✹✸

❚❛❜❡❧❛ ✸✾✿ ❘❡s✉❧t❛❞♦ ❞❛s s✐♠✉❧❛çõ❡s ♣❛r❛ p = 30✱ n = 500 ❡ δ = 0, 10
▼ét♦❞♦ Pr♦♣♦st♦ ▼ét♦❞♦ ❞❡ ▼❛❤❛❧❛♥♦❜✐s

■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ ■❈ ✐♥❢✳ ▼é❞✐❛ ■❈ s✉♣✳ t ♣✲✈❛❧♦r

ρ = 0
S ✶ ✶ ✶ ✶ ✶ ✶ ✲ ✲

E ✵✱✾✻✷✶✻ ✵✱✾✼✼✸✾ ✵✱✾✾✷✻✷ ✵✱✾✶✵✼✸ ✵✱✾✶✸✹✺ ✵✱✾✶✻✶✼ ✽✱✵✶✼✷✼ ✵

ρ = 0, 2
S ✵✱✾✷✸✵✸ ✵✱✾✸✸✻✼ ✵✱✾✹✹✸✶ ✵✱✸✻✼✻✸ ✵✱✸✾✷✾✶ ✵✱✹✶✽✶✾ ✹✵✱✻✸✺✹✾ ✵

E ✵✱✾✹✷✾✷ ✵✱✾✺✷✷✺ ✵✱✾✻✶✺✽ ✵✱✽✾✹✶✽ ✵✱✽✾✻✽✶ ✵✱✽✾✾✹✹ ✶✵✱✾✻✽✵✺ ✵

ρ = 0, 5
S ✵✱✼✶✶✽✽ ✵✱✼✸✺✹✶ ✵✱✼✺✽✾✺ ✵✱✷✷✶ ✵✱✷✸✺✸✺ ✵✱✷✹✾✻✾ ✸✻✱✸✷✽✵✽ ✵

E ✵✱✾✷✽✺✾ ✵✱✾✸✺✼✽ ✵✱✾✹✷✾✼ ✵✱✽✽✽✺✾ ✵✱✽✾✶✵✹ ✵✱✽✾✸✹✾ ✶✷✱✵✽✺✽✻ ✵

ρ = 0, 7
S ✵✱✺✺✾✷✻ ✵✱✺✽✸✸✷ ✵✱✻✵✼✸✾ ✵✱✶✾✽✶✹ ✵✱✷✶✶✺✹ ✵✱✷✷✹✾✹ ✷✺✱✺✶✼✻✾ ✵

E ✵✱✾✹✵✸✶ ✵✱✾✹✻✺✹ ✵✱✾✺✷✼✼ ✵✱✽✽✻✺✹ ✵✱✽✽✾✷✹ ✵✱✽✾✶✾✹ ✶✻✱✸✻✷✽✷ ✵

ρ = 0, 9
S ✵✱✹✹✷✺ ✵✱✹✻✷✼✶ ✵✱✹✽✷✾✷ ✵✱✶✼✶✷✹ ✵✱✶✽✶✺✶ ✵✱✶✾✶✼✼ ✷✹✱✸✶✾✺✸ ✵

E ✵✱✾✹✺✸✸ ✵✱✾✺✵✷✼ ✵✱✾✺✺✷✶ ✵✱✽✽✸✸✸ ✵✱✽✽✺✼✻ ✵✱✽✽✽✶✾ ✷✷✱✼✶✵✸✻ ✵



✹✹

❆◆❊❳❖ ❇ ✲✲ Pr♦❣r❛♠❛ ✉t✐❧✐③❛❞♦ ♥❛s

s✐♠✉❧❛çõ❡s

❈❛s♦ ❤✐♣♦tét✐❝♦ ❡♠ q✉❡ p = 5✱ n = 100✱ δ = 0, 05 ❡ ρ = 0.2✳

★★★★★★★★★★ P❛❝♦t❡s ♥❡❝❡ss❛r✐♦s ★★★★★★★★★★

❧✐❜r❛r②✭✧♠✈t♥♦r♠✧✮

❧✐❜r❛r②✭✧s♥✧✮

❧✐❜r❛r②✭✧♠✈♦✉t❧✐❡r✧✮

❧✐❜r❛r②✭✧r❣❧✧✮

❧✐❜r❛r②✭✧❙t❛t▼❛t❝❤✧✮

❧✐❜r❛r②✭▼❱❆✮

❧✐❜r❛r②✭❝❧✉st❡r✮

❧✐❜r❛r②✭♠❝❧✉st✮

❧✐❜r❛r②✭♣r♦①②✮

❧✐❜r❛r②✭❞❡♣t❤✮

❧✐❜r❛r②✭r♦❜✉st❜❛s❡✮

❧✐❜r❛r②✭❢♣❝✮

❧✐❜r❛r②✭♠✐s❝❚♦♦❧s✮

★★★★★★ ■♥✐❝✐♦ ❞❛ ❣❡r❛❝❛♦ ❞❛s ♣♦♣✉❧❛❝♦❡s ❝♦♥t❛♠✐♥❛❞❛s ♣♦r ♦✉t❧✐❡rs ★★★★★★

★★★★★★★★★★ ❉❡❢✐♥❡ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐❛♥❝✐❛ ♣♦♣✉❧❛❝✐♦♥❛❧ ★★★★★★★★★★

❞❡❢♣❛r❂❢✉♥❝t✐♦♥✭♥✱♣✱♣❤♦✮ ④

s✐❣❛r✶❂❞✐❛❣✭♣✮

❡❝♦❂❞✐❛❣✭♣✮

❢♦r ✭✐ ✐♥ ✶✿♣✮ ④

❢♦r ✭❥ ✐♥ ✶✿♣✮ ④



✹✺

★★★★★★★★★★ ❊str✉t✉r❛ ❆❘✭✶✮ ★★★★★★★★★★

✐❢ ✭✐❂❂❥✮ s✐❣❛r✶❬✐✱❥❪❂✶

★★★★★★★★★★ ❊str✉t✉r❛ ❊❝♦ ★★★★★★★★★★

✐❢ ✭✐❂❂❥✮ ❡❝♦❬✐✱❥❪❂✶

✐❢ ✭✐✦❂❥✮ ❡❝♦❬✐✱❥❪❂♣❤♦

⑥

⑥

r❡t✉r♥✭❧✐st✭♠❛r✶❂s✐❣❛r✶✱ ♠❡❝♦❂❡❝♦✮✮

⑥

★★★★★★★★★★ P❛r❛♠❡tr♦s ♣❛r❛ ❣❡r❛❝❛♦ ❞♦s ❞❛❞♦s ★★★★★★★★★★

★ P❛r❛♠❡tr♦s ♣r✐♥❝✐♣❛✐s

♣ ❂ ✺ ❀ ♥ ❂ ✶✵✵ ❀ ❞❡❧t❛ ❂ ✵✳✵✺ ❀ ♣❤♦✷ ❂ ✵✳✷

★ P❛r❛♠❡tr♦s ❝♦♠♣❧❡♠❡♥t❛r❡s

♠✐✶ ❂ r❡♣✭✵✱♣✮ ❀ ♠✐✷ ❂ r❡♣✭✷✱♣✮ ❀ ♥s✐♠ ❂ ✶✵✵ ❀ ❦ ❂ ♠❛①✭✷✱❝❡✐❧✐♥❣✭♥✴✶✵✮✮

❞❛❞♦s❝ ❂ ♠❛tr✐①✭✵✱♥✱♣✮ ❀ ♦✉t✈❡r ❂ ♠❛tr✐①✭✵✱♥✱✶✮ ❀ ✈✈ ❂ ♠❛tr✐①✭✵✱♥s✐♠✱❦✮

s❞✷ ❂ ✶ ❀ ❘❡s✉❧t❛❞♦P❘❖P ❂ ♠❛tr✐①✭✵✱♥s✐♠✱✹✮ ❀ ❘❡s✉❧t❛❞♦▼ ❂ ♠❛tr✐①✭✵✱♥s✐♠✱✹✮

❣r✉♣♦❴♦✉t ❂ ♠❛tr✐①✭♥✱♥❝♦❧❂✭♣✰✷✮✮

❙❉✷ ❂ ♠❛tr✐①✭r❡♣✭s❞✷✱♣✮✱♥❝♦❧❂✶✮

r❤♦✷ ❂ ❞❡❢♣❛r✭♥✱♣✱♣❤♦✷✮✩♠❡❝♦

❝r♦ss✷ ❂ ❙❉✷✪✯✪t✭❙❉✷✮

❙✐❣♠❛✷ ❂ r❤♦✷✯❝r♦ss✷

★★★★★★★★★★ ■♥✐❝✐♦ ❞❛s s✐♠✉❧❛❝♦❡s ★★★★★★★★★★

❢♦r ✭s ✐♥ ✶✿♥s✐♠✮

④

❢♦r ✭r ✐♥ ✶✿♥✮

④

✉❂r✉♥✐❢✭✶✮

✐❢ ✭✉❃❂❞❡❧t❛✮ ④

❞❛❞♦s❝❬r✱❪ ❁✲ r♠✈♥♦r♠✭✶✱♠❡❛♥❂♠✐✶✱s✐❣♠❛❂❙✐❣♠❛✷✮



✹✻

♦✉t✈❡r❬r❪ ❂ ✵

⑥

✐❢ ✭✉❁❞❡❧t❛✮ ④

❞❛❞♦s❝❬r✱❪ ❁✲ r♠✈♥♦r♠✭✶✱♠❡❛♥❂♠✐✷✱s✐❣♠❛❂❙✐❣♠❛✷✮

♦✉t✈❡r❬r❪ ❂ ✶

⑥

⑥

★★★★★★★ ❋✐♥❛❧ ❞❛ ●❡r❛❝❛♦ ❞❛s ♣♦♣✉❧❛❝♦❡s ❝♦♥t❛♠✐♥❛❞❛s ♣♦r ♦✉t❧✐❡rs ★★★★★★★

★★★★★★★★★★ ■♥✐❝✐♦ ▼❡t♦❞♦ Pr♦♣♦st♦ ★★★★★★★★★★

♣♦♣ ❂ ❝❜✐♥❞✭❞❛❞♦s❝✱♦✉t✈❡r✮

★★ ❯t✐❧✐③❛♥❞♦ ♦ ♠❡t♦❞♦ ❑✲♠❡❞✐❛s

s❡t✳s❡❡❞✭✶✮

❑▼ ❂ ❦♠❡❛♥s✭❞❛❞♦s❝✱❦✮

★★ ❈❛❧❝✉❧❛♥❞♦ ♦s ❝❡♥tr♦✐❞❡s

❞❦ ❂ ❑▼✩❝❡♥t❡rs

★★ ■❞❡♥t✐❢✐❝❛ ♦s ✐♥❞✐✈✐❞✉♦s ♣♦r ❣r✉♣♦

❝❧ ❂ ❑▼✩❝❧✉st❡r

❞❛❞♦s❆ ❂ ❝❜✐♥❞✭♣♦♣✱❝❧✮

★★ ▼❡❞✐❛♥❛ ❞♦s ❞❛❞♦s

♠❡❞✐❛♥❆ ❂ ❝♦❧▼❡❞✐❛♥s✭❞❛❞♦s❝✮

★★ ❈❛❧❝✉❧❛♥❞♦ ❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ♦s ❝❡♥tr♦✐❞❡s ❡ ❛ ♠❡❞✐❛♥❛

❞ ❂ ❞✐st✭r❜✐♥❞✭❞❦✱♠❡❞✐❛♥❆✮✮

❞ ❂ ❛s✳♠❛tr✐①✭❞✮

❞✐ ❂ ❞❬✭❦✰✶✮✱✲✭❦✰✶✮❪

★★ ❚❡st❡

✈✈✈❂❛s✳♥✉♠❡r✐❝✭❞✐ ❃ ✷✳✺✯s❞✭❞✐✮✮

✈✈❬s✱❪❂❛s✳♥✉♠❡r✐❝✭❞✐ ❃ ✷✳✺✯s❞✭❞✐✮✮

★★ ■❞❡♥t✐❢✐❝❛❝❛♦ ❞♦s ♦✉t❧✐❡rs

❣r✉♣♦❴♦✉t ❂ ◆❯▲▲

❢♦r✭❥ ✐♥ ✶✿❧❡♥❣t❤✭✈✈✈✮✮④

✐❢✭✈✈✈❬❥❪❂❂✶✮④



✹✼

❣r✉♣♦❴♦✉t ❂ r❜✐♥❞✭❣r✉♣♦❴♦✉t✱❞❛❞♦s❆❬❞❛❞♦s❆❬✱✭♣✰✷✮❪❂❂❥✱❪✮

⑥

⑥

★★ ❈❛❧❝✉❧❛♥❞♦ ♦ ♥✉♠❡r♦ ❞❡ ✈❡r❞❛❞❡✐r♦s✴❢❛❧s♦s ♣♦s✐t✐✈♦s✴♥❡❣❛t✐✈♦s

❝♦♥t✈♣❂✵

❝♦♥t❢♣❂✵

✐❢✭s✉♠✭✈✈✈✮✦❂ ✵✮④

❢♦r ✭✐ ✐♥ ✶✿❞✐♠✭❣r✉♣♦❴♦✉t✮❬✶❪✮

④

✐❢ ✭❣r✉♣♦❴♦✉t❬✐✱✭♣✰✶✮❪❂❂✶✮④

❝♦♥t✈♣ ❂ ❝♦♥t✈♣✰✶

⑥

❡❧s❡ ④

✐❢✭❣r✉♣♦❴♦✉t❬✐✱✭♣✰✶✮❪❂❂✵✮

❝♦♥t❢♣❂❝♦♥t❢♣✰✶

⑥

⑥

⑥❡❧s❡④

❝♦♥t✈♣ ❂ ✵

❝♦♥t❢♣ ❂ ✵

⑥

✈❡r❞❴♣♦s❂❝♦♥t✈♣

❢❛❧s❴♣♦s❂❝♦♥t❢♣

❢❛❧s❴♥❡❣❂s✉♠✭♦✉t✈❡r✮✲✈❡r❞❴♣♦s

✈❡r❞❴♥❡❣❂✭♥✲s✉♠✭♦✉t✈❡r✮✮ ✲ ❢❛❧s❴♣♦s

✐❢✭s✉♠✭♦✉t✈❡r✮✦❂ ✵✮④

♣✶ ❂ ✈❡r❞❴♣♦s✴s✉♠✭♦✉t✈❡r✮

♣✷ ❂ ❢❛❧s❴♣♦s✴✭♥✲s✉♠✭♦✉t✈❡r✮✮

♣✸ ❂ ❢❛❧s❴♥❡❣✴s✉♠✭♦✉t✈❡r✮

♣✹ ❂ ✈❡r❞❴♥❡❣✴✭♥✲s✉♠✭♦✉t✈❡r✮✮

⑥❡❧s❡④

♣✶ ❂ ✶

♣✷ ❂ ❢❛❧s❴♣♦s✴✭♥✲s✉♠✭♦✉t✈❡r✮✮

♣✸ ❂ ✵

♣✹ ❂ ✈❡r❞❴♥❡❣✴✭♥✲s✉♠✭♦✉t✈❡r✮✮



✹✽

⑥

★★ ❘❡s✉❧t❛❞♦s

❘❡s✉❧t❛❞♦P❘❖P❬s✱✶❪ ❂ ♣✶ ❀ ❘❡s✉❧t❛❞♦P❘❖P❬s✱✷❪ ❂ ♣✷

❘❡s✉❧t❛❞♦P❘❖P❬s✱✸❪ ❂ ♣✸ ❀ ❘❡s✉❧t❛❞♦P❘❖P❬s✱✹❪ ❂ ♣✹

★★★★★★★★★★ ❋✐♥❛❧ ▼❡t♦❞♦ Pr♦♣♦st♦ ★★★★★★★★★★

★★★★★★★★★★ ■♥✐❝✐♦ ▼❡t♦❞♦ ▼❛❤❛❧❛♥♦❜✐s ★★★★★★★★★★

♠❡❞❘♦❜✉st❛ ❂ ❝♦✈▼❝❞✭❞❛❞♦s❝✮✩❝❡♥t❡r

❝♦✈❘♦❜✉st❛ ❂ ❝♦✈▼❝❞✭❞❛❞♦s❝✮✩❝♦✈

❋♦❜s ❂ ✭♠❛❤❛❧❛♥♦❜✐s✭❞❛❞♦s❝✱♠❡❞❘♦❜✉st❛✱❝♦✈❘♦❜✉st❛✮✮

❋t❛❜ ❂ q❝❤✐sq✭✵✳✾✵✱♣✲✶✮

♦✉t❧✐❡r▼ ❂ ◆❯▲▲

❢♦r ✭✐ ✐♥ ✶✿❧❡♥❣t❤✭❋♦❜s✮✮④

✐❢ ✭❋♦❜s❬✐❪ ❃❂ ❋t❛❜✮④

♦✉t❧✐❡r▼❬✐❪❂✶

⑥

❡❧s❡ ✭♦✉t❧✐❡r▼❬✐❪❂✵✮

⑥

✈❡r❞❴♣♦s ❂ ✵

❢❛❧s❴♥❡❣ ❂ ✵

❢❛❧s❴♣♦s ❂ ✵

✈❡r❞❴♥❡❣ ❂ ✵

❢♦r✭✐ ✐♥ ✶✿❧❡♥❣t❤✭♦✉t✈❡r✮✮④

✐❢✭♦✉t❧✐❡r▼❬✐❪❂❂✶ ✫ ♦✉t✈❡r❬✐❪❂❂✶✮④

✈❡r❞❴♣♦s ❂ ✈❡r❞❴♣♦s ✰ ✶

⑥

✐❢✭♦✉t❧✐❡r▼❬✐❪❂❂✵ ✫ ♦✉t✈❡r❬✐❪❂❂✶✮④

❢❛❧s❴♥❡❣ ❂ ❢❛❧s❴♥❡❣ ✰ ✶

⑥

✐❢✭♦✉t❧✐❡r▼❬✐❪❂❂✶ ✫ ♦✉t✈❡r❬✐❪❂❂✵✮④

❢❛❧s❴♣♦s ❂ ❢❛❧s❴♣♦s ✰ ✶

⑥



✹✾

✐❢✭♦✉t❧✐❡r▼❬✐❪❂❂✵ ✫ ♦✉t✈❡r❬✐❪❂❂✵✮④

✈❡r❞❴♥❡❣ ❂ ✈❡r❞❴♥❡❣ ✰ ✶

⑥

⑥

✐❢✭s✉♠✭♦✉t✈❡r✮✦❂ ✵✮④

♣✶▼ ❂ ✈❡r❞❴♣♦s✴s✉♠✭♦✉t✈❡r✮

♣✷▼ ❂ ❢❛❧s❴♣♦s✴✭♥✲s✉♠✭♦✉t✈❡r✮✮

♣✸▼ ❂ ❢❛❧s❴♥❡❣✴s✉♠✭♦✉t✈❡r✮

♣✹▼ ❂ ✈❡r❞❴♥❡❣✴✭♥✲s✉♠✭♦✉t✈❡r✮✮

⑥❡❧s❡④

♣✶▼ ❂ ✶

♣✷▼ ❂ ❢❛❧s❴♣♦s✴✭♥✲s✉♠✭♦✉t✈❡r✮✮

♣✸▼ ❂ ✵

♣✹▼ ❂ ✈❡r❞❴♥❡❣✴✭♥✲s✉♠✭♦✉t✈❡r✮✮

⑥

★★ ❘❡s✉❧t❛❞♦s

❘❡s✉❧t❛❞♦▼❬s✱✶❪ ❂ ♣✶▼ ❀ ❘❡s✉❧t❛❞♦▼❬s✱✷❪ ❂ ♣✷▼

❘❡s✉❧t❛❞♦▼❬s✱✸❪ ❂ ♣✸▼ ❀ ❘❡s✉❧t❛❞♦▼❬s✱✹❪ ❂ ♣✹▼

⑥

★★★★★★★★★★ ❋✐♥❛❧ ▼❡t♦❞♦ ▼❛❤❛❧❛♥♦❜✐s ★★★★★★★★★★

★★★★★★★★ ■❈ ♣❛r❛ ❛s ♠❡❞✐❛s ✲ Pr♦♣♦st♦ ★★★★★★★★

♠❡❞✐❛P❘❖P ❂ ❝♦❧▼❡❛♥s✭❘❡s✉❧t❛❞♦P❘❖P✮

s❞P❘❖P♣✶ ❂ s❞✭❘❡s✉❧t❛❞♦P❘❖P❬✱✶❪✮

s❞P❘❖P♣✷ ❂ s❞✭❘❡s✉❧t❛❞♦P❘❖P❬✱✷❪✮

s❞P❘❖P♣✸ ❂ s❞✭❘❡s✉❧t❛❞♦P❘❖P❬✱✸❪✮

s❞P❘❖P♣✹ ❂ s❞✭❘❡s✉❧t❛❞♦P❘❖P❬✱✹❪✮

❛❧♣❤❛ ❂ ✵✳✵✷✺

③t❛❜ ❂ q♥♦r♠✭✭✶ ✲ ❛❧♣❤❛✮✱❧♦✇❡r✳t❛✐❧❂❚✮

■❈P❘❖P♣✶✐♥❢ ❂ ♠❡❞✐❛P❘❖P❬✶❪ ✲ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞P❘❖P♣✶

■❈P❘❖P♣✶s✉♣ ❂ ♠❡❞✐❛P❘❖P❬✶❪ ✰ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞P❘❖P♣✶

■❈P❘❖P♣✶ ❂ ❝❜✐♥❞✭■❈P❘❖P♣✶✐♥❢✱ ♠❡❞✐❛P❘❖P❬✶❪✱ ■❈P❘❖P♣✶s✉♣✮



✺✵

■❈P❘❖P♣✷✐♥❢ ❂ ♠❡❞✐❛P❘❖P❬✷❪ ✲ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞P❘❖P♣✷

■❈P❘❖P♣✷s✉♣ ❂ ♠❡❞✐❛P❘❖P❬✷❪ ✰ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞P❘❖P♣✷

■❈P❘❖P♣✷ ❂ ❝❜✐♥❞✭■❈P❘❖P♣✷✐♥❢✱ ♠❡❞✐❛P❘❖P❬✷❪✱ ■❈P❘❖P♣✷s✉♣✮

■❈P❘❖P♣✸✐♥❢ ❂ ♠❡❞✐❛P❘❖P❬✸❪ ✲ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞P❘❖P♣✸

■❈P❘❖P♣✸s✉♣ ❂ ♠❡❞✐❛P❘❖P❬✸❪ ✰ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞P❘❖P♣✸

■❈P❘❖P♣✸ ❂ ❝❜✐♥❞✭■❈P❘❖P♣✸✐♥❢✱ ♠❡❞✐❛P❘❖P❬✸❪✱ ■❈P❘❖P♣✸s✉♣✮

■❈P❘❖P♣✹✐♥❢ ❂ ♠❡❞✐❛P❘❖P❬✹❪ ✲ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞P❘❖P♣✹

■❈P❘❖P♣✹s✉♣ ❂ ♠❡❞✐❛P❘❖P❬✹❪ ✰ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞P❘❖P♣✹

■❈P❘❖P♣✹ ❂ ❝❜✐♥❞✭■❈P❘❖P♣✹✐♥❢✱ ♠❡❞✐❛P❘❖P❬✹❪✱ ■❈P❘❖P♣✹s✉♣✮

■❈P❘❖P♣ ❂ r❜✐♥❞✭■❈P❘❖P♣✶✱■❈P❘❖P♣✷✱■❈P❘❖P♣✸✱■❈P❘❖P♣✹✮

★★★★★★★ ■❈ ♣❛r❛ ❛s ♠❡❞✐❛s ✲ ▼❛❤❛❧❛♥♦❜✐s ★★★★★★★

♠❡❞✐❛▼ ❂ ❝♦❧▼❡❛♥s✭❘❡s✉❧t❛❞♦▼✮

s❞▼♣✶ ❂ s❞✭❘❡s✉❧t❛❞♦▼❬✱✶❪✮

s❞▼♣✷ ❂ s❞✭❘❡s✉❧t❛❞♦▼❬✱✷❪✮

s❞▼♣✸ ❂ s❞✭❘❡s✉❧t❛❞♦▼❬✱✸❪✮

s❞▼♣✹ ❂ s❞✭❘❡s✉❧t❛❞♦▼❬✱✹❪✮

❛❧♣❤❛ ❂ ✵✳✵✷✺

③t❛❜ ❂ q♥♦r♠✭✭✶ ✲ ❛❧♣❤❛✮✱❧♦✇❡r✳t❛✐❧❂❚✮

■❈▼♣✶✐♥❢ ❂ ♠❡❞✐❛▼❬✶❪ ✲ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞▼♣✶

■❈▼♣✶s✉♣ ❂ ♠❡❞✐❛▼❬✶❪ ✰ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞▼♣✶

■❈▼♣✶ ❂ ❝❜✐♥❞✭■❈▼♣✶✐♥❢✱ ♠❡❞✐❛▼❬✶❪✱ ■❈▼♣✶s✉♣✮

■❈▼♣✷✐♥❢ ❂ ♠❡❞✐❛▼❬✷❪ ✲ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞▼♣✷

■❈▼♣✷s✉♣ ❂ ♠❡❞✐❛▼❬✷❪ ✰ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞▼♣✷

■❈▼♣✷ ❂ ❝❜✐♥❞✭■❈▼♣✷✐♥❢✱ ♠❡❞✐❛▼❬✷❪✱ ■❈▼♣✷s✉♣✮

■❈▼♣✸✐♥❢ ❂ ♠❡❞✐❛▼❬✸❪ ✲ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞▼♣✸

■❈▼♣✸s✉♣ ❂ ♠❡❞✐❛▼❬✸❪ ✰ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞▼♣✸

■❈▼♣✸ ❂ ❝❜✐♥❞✭■❈▼♣✸✐♥❢✱ ♠❡❞✐❛▼❬✸❪✱ ■❈▼♣✸s✉♣✮

■❈▼♣✹✐♥❢ ❂ ♠❡❞✐❛▼❬✹❪ ✲ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞▼♣✹

■❈▼♣✹s✉♣ ❂ ♠❡❞✐❛▼❬✹❪ ✰ ③t❛❜ ✯ s♦❧✈❡✭sqrt✭♥s✐♠✮✮ ✯ s❞▼♣✹

■❈▼♣✹ ❂ ❝❜✐♥❞✭■❈▼♣✹✐♥❢✱ ♠❡❞✐❛▼❬✹❪✱ ■❈▼♣✹s✉♣✮

■❈▼♣ ❂ r❜✐♥❞✭■❈▼♣✶✱■❈▼♣✷✱■❈▼♣✸✱■❈▼♣✹✮
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★★★★★★★★★★ ■❈ ♣❛r❛ ❛s ♠❡❞✐❛s ❡ t❡st❡ t ★★★★★★★★★★

r♦t✉❧♦❴❝♦❧✉♥❛s❂❝✭✧■❈❴■♥❢❴P✧✱✧▼❡❞✐❛❴P✧✱✧■❈❴❙✉♣❴P✧✱✧■❈❴■♥❢❴▼✧✱

✧▼❡❞✐❛❴▼✧✱✧■❈❴❙✉♣❴▼✧✱✧❚✧✱✧♣❴✈❛❧♦r✧✮

r♦t✉❧♦❴❧✐♥❤❛s❂❝✭✧♣✶✧✱✧♣✷✧✱✧♣✸✧✱✧♣✹✧✮

❙❚❂r❡♣✭✵✱✹✮ ❀ P❱❂r❡♣✭✵✱✹✮

❢♦r✭✐ ✐♥ ✶✿✹✮④

❙❚❬✐❪❂t✳t❡st✭①❂❘❡s✉❧t❛❞♦P❘❖P❬✱✐❪✱ ②❂❘❡s✉❧t❛❞♦▼❬✱✐❪✱ ♣❛✐r❡❞ ❂ ❚✮✩st❛t✐st✐❝

P❱❬✐❪❂t✳t❡st✭①❂❘❡s✉❧t❛❞♦P❘❖P❬✱✐❪✱ ②❂❘❡s✉❧t❛❞♦▼❬✱✐❪✱ ♣❛✐r❡❞ ❂ ❚✮✩♣✳✈❛❧✉❡

⑥
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