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❏♦sé ■✈♦ ❘✐❜❡✐r♦ ❏ú♥✐♦r
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❞❡♣♦✐s q✉❡ ❞❡❝✐❞✐r ♥ã♦ r❡❝✉❡ ❛♥t❡

♥❡♥❤✉♠ ♣r❡t❡①t♦✱ ♣♦rq✉❡ ♦ ♠✉♥❞♦
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❆❣r❛❞❡❝✐♠❡♥t♦s

❊st❡ tr❛❜❛❧❤♦ ♥ã♦ s❡r✐❛ ♣♦ssí✈❡❧ s❡♠ ❛ ❛❥✉❞❛ ❞❡ ♠✉✐t❛s ♣❡ss♦❛s✱ às q✉❛✐s ❛❣r❛❞❡ç♦
✐♠❡♥s❛♠❡♥t❡✳

❆❣r❛❞❡ç♦ ❡♠ ♣r✐♠❡✐r♦ ❧✉❣❛r ❛ ❉❡✉s✱ ♣❡❧❛ ❢♦rç❛ ❡ s❛❜❡❞♦r✐❛✳

➚ ♠✐♥❤❛ ♠ã❡✱q✉❡ ❡st❡✈❡ s❡♠♣r❡ ❛♦ ♠❡✉ ❧❛❞♦ ♠❡ ❛♣♦✐❛♥❞♦ ❞✉r❛♥t❡ t♦❞❛ ❡st❛
❝❛♠✐♥❤❛❞❛✳ P♦r s❡♠♣r❡ ❛❝r❡❞✐t❛r q✉❡ ❡✉ s❡r✐❛ ❝❛♣❛③ ❞❡ ❝❤❡❣❛r ❛té ❛q✉✐✳

❆♦ ♠❡✉ ✐r♠ã♦ ❉❛♥✐❡❧ ❡ ❛♦ ♠❡✉ t✐♦ ❆✐rt♦♥ ♣❡❧♦ ❝❛r✐♥❤♦ ❡ t♦❞♦ ❛♣♦✐♦✳

❆♦s ♠❡✉s q✉❡r✐❞♦s ❝♦♠♣❛♥❤❡✐r♦s ❞♦ ♠❡str❛❞♦ ▼❛t❤❡✉s ❡ ❋✐❧✐♣❡ ♣❡❧❛ ❝♦♥✈✐✈ê♥❝✐❛
❡ ❛♠✐③❛❞❡✳

➪s ❛♠✐❣❛s ❞❡ ❱✐ç♦s❛✱ ❏✉❧✐❛♥❛ ❡ ▼✐❝❤❡r❧❛♥✐❛ ♣❡❧❛ ♠♦t✐✈❛çã♦ ❡ ♣❛❝✐ê♥❝✐❛ t♦❞♦s ♦s
❞✐❛s✳

❆♦s ❛♠✐❣♦s ▲á③❛r♦ ❡ ❘❛❢❛❡❧ ♣♦r ♠❡ ❛❥✉❞❛r❡♠ s❡♠♣r❡ q✉❡ ♣r❡❝✐s❡✐✳

❆♦ ♠❡✉ ♦r✐❡♥t❛❞♦r ❋❡r♥❛♥❞♦ ❖❧✐✈❡✐r❛✱ ♣❡❧❛ ♣❛❝✐ê♥❝✐❛✱ ❝♦♠♣r❡❡♥ssã♦ ❡ ♣❡❧♦
❛♣r❡♥❞✐③❛❞♦ ❞✉r❡♥t❡ ❡ss❡s ❛♥♦s✳

❆♦s ♠❡✉s ❝♦♦r✐❡♥t❛❞♦r❡s ❏♦sé ■✈♦ ❡ ▲✉♣ér❝✐♦ ♣❡❧❛ ❛❥✉❞❛ ❡ ❝♦♥tr✐❜✉✐çã♦✳

❆♦s ♣r♦❢❡ss♦r❡s ❞♦ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❊st❛tíst✐❝❛ ❞❛ ❯❋❱ ♣❡❧♦ ❝♦♥✈í✈✐♦ ❡ ♣❡❧♦s
❝♦♥❤❡❝✐♠❡♥t♦s q✉❡ ♠❡ ♣r♦♣♦r❝✐♦♥❛r❛♠✳

➚ t♦❞♦s ❛q✉❡❧❡s✱ ❛♠✐❣♦s ❡ ❢❛♠✐❧✐❛r❡s✱ q✉❡ t♦r❝❡r❛♠ ♣♦r ♠✐♠✳

❋✐♥❛❧♠❡♥t❡✱ ❛❣r❛❞❡ç♦ à ❈❆P❊❙ ♣❡❧♦ ❛♣♦✐♦ ✜♥❛♥❝❡✐r♦ ✐♥❞✐s♣❡♥sá✈❡❧ ♣❛r❛ ❛
r❡❛❧✐③❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✳
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✸✳✶✶ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✸✳✶✷ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

✸✳✶✸ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

✸✳✶✹ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶

✸✳✶✺ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✸

✸✳✶✻ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✸✳✶✼ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✸✳✶✽ Pr♦♣♦rçã♦ ❞❡ ✐t❡♥s ❢♦r❛ ❞♦s ❧✐♠✐t❡s ❡s♣❡❝✐✜❝❛❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✼
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❘❡s✉♠♦

❇❆◆❉❊■❘❆✱ ▼❛②r❛ ▼❛rq✉❡s✱ ▼✳❙❝✳ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ❏✉❧❤♦ ❞❡
✷✵✶✺✳ ❊st✐♠❛çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss♦s ✈✐❛ t❡st❡s ❞❡ ♣❡r♠✉t❛çã♦ ❡
❜♦♦tstr❛♣ ❡♠ ❛♣❧✐❝❛çõ❡s ✐♥❞✉str✐❛✐s✳ ❖r✐❡♥t❛❞♦r✿ ❋❡r♥❛♥❞♦ ▲✉✐③ P❡r❡✐r❛ ❞❡
❖❧✐✈❡✐r❛✳ ❈♦♦r✐❡♥t❛❞♦r❡s✿ ❏♦sé ■✈♦ ❘✐❜❡✐r♦ ❏✉♥✐♦r ❡ ▲✉♣ér❝✐♦ ❋r❛♥ç❛ ❇❡ss❡❣❛t♦✳

❆ ❝♦♠♣❡t✐t✐✈✐❞❛❞❡ ❞♦ ♠❡r❝❛❞♦ t❡♠ ❧❡✈❛❞♦ ❛s ❡♠♣r❡s❛s ❡ ✐♥❞ústr✐❛s ❛ ❡❧❡✈❛r

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

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

♣r♦❝❡ss♦ t♦r♥❛✲s❡ ✐♥❞✐s♣❡♥sá✈❡❧ ♣❛r❛ ❛s ❡♠♣r❡s❛s✳ ❖s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ sã♦

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

❡st❛❜❡❧❡❝✐❞❛s✳ ❆❧❣✉♥s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥í✈❡✐s ♥❛ ❧✐t❡r❛t✉r❛ sã♦

❛♣r❡s❡♥t❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳ ◆♦ss♦ ♦❜❥❡t✐✈♦ é ♦❜t❡r ❛s ❡st✐♠❛çõ❡s ♣♦♥t✉❛✐s ❡

✐♥t❡r✈❛❧❛r❡s✱ ❞❡ ❛❧❣✉♥s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❛✉①✐❧✐❛❞❛s ❛tr❛✈és ❞❡ té❝♥✐❝❛s ❞❡

r❡❛♠♦str❛❣❡♠✳ ❉❡♥tr❡ ❡st❛s té❝♥✐❝❛s ❞❡ r❡❛♠♦str❛❣❡♠✱ ♦s t❡st❡s ❞❡ ♣❡r♠✉t❛çã♦ ❡

❜♦♦tstr❛♣ sã♦ ✉t✐❧✐③❛❞♦s ❞❡ ❢♦r♠❛ ❛ r❡♦r❣❛♥✐③❛r ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s s❡♠ ❛❧t❡r❛r ❛s

✐♥❢♦r♠❛çõ❡s ❡①✐st❡♥t❡s ❡ ❛ss✐♠ ♦❜t❡r r❡❛♠♦str❛s ♣❛r❛ ❛✉①✐❧✐❛r♠♦s ♥❛s ❡st✐♠❛t✐✈❛s

✈✐❛ í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡✳ ◆❡st❛ ❞✐ss❡rt❛çã♦✱ ✉t✐❧✐③❛♥❞♦ ❞❛❞♦s r❡❛✐s✱ ❡st✐♠❛♠♦s

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

❡st❛s ❡st✐♠❛t✐✈❛s ♥ã♦ sã♦ ✈á❧✐❞❛s✳
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❆❜str❛❝t

❇❆◆❉❊■❘❆✱ ▼❛②r❛ ▼❛rq✉❡s✱ ▼✳❙❝✳ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ❏✉❧②✱ ✷✵✶✺✳
❊st✐♠❛t✐♦♥ ♦❢ ♣r♦❝❡ss ❝❛♣❛❜✐❧✐t② ✈✐❛ ♣❡r♠✉t❛t✐♦♥ ❛♥❞ ❜♦♦tstr❛♣ t❡sts
✐♥ ✐♥❞✉str✐❛❧ ❛♣♣❧✐❝❛t✐♦♥s✳ ❆❞✐✈✐s❡r✿ ❋❡r♥❛♥❞♦ ▲✉✐③ P❡r❡✐r❛ ❞❡ ❖❧✐✈❡✐r❛✳ ❈♦✲
❛❞✐✈✐s❡rs✿ ❏♦sé ■✈♦ ❘✐❜❡✐r♦ ❏✉♥✐♦r ❛♥❞ ▲✉♣ér❝✐♦ ❋r❛♥ç❛ ❇❡ss❡❣❛t♦✳

❚❤❡ ❝♦♠♣❡t✐t✐✈❡♥❡ss ♦❢ t❤❡ ♠❛r❦❡t ❤❛✈❡ ❧❡❞ ❝♦♠♣❛♥✐❡s ❛♥❞ ✐♥❞✉str✐❡s t♦ r❛✐s❡ t❤❡

q✉❛❧✐t② ♦❢ ♣r♦❞✉❝ts ❛♥❞ s❡r✈✐❝❡s✳ ❆s ❛ r❡s✉❧t✱ t❤❡ ♠♦♥✐t♦r✐♥❣ ❛♥❞ ❡✈❛❧✉❛t✐♦♥ ♦❢

t❤❡ ♣r♦❝❡ss ❝❛♣❛❜✐❧✐t② ❤❛s ❜❡❝♦♠❡ ❛♥ ✐♥❞✐s♣❡♥s❛❜❧❡ t♦♦❧ ❢♦r ❛♥② ❝♦♠♣❛♥②✳ ❚❤❡

♣r♦❝❡ss ❝❛♣❛❜✐❧✐t② ✐♥❞❡① ✐s ♠❡❛s✉r❡❞ ❢♦r ✉♥❞❡rst❛♥❞✐♥❣ t❤❡ ❛❜✐❧✐t② ♦❢ ❛ ♣r♦❝❡ss t♦

♣r♦❞✉❝❡ ♦✉t♣✉t ✇✐t❤✐♥ ❞❡t❡r♠✐♥❡❞ s♣❡❝✐✜❝❛t✐♦♥s✳ ❙♦♠❡ ♦❢ t❤❡ ♣r♦❝❡ss ❝❛♣❛❜✐❧✐t②

✐♥❞✐❝❡s ✇❤✐❝❤ ❛r❡ ❛✈❛✐❧❛❜❧❡ ✐♥ ❧✐t❡r❛t✉r❡ ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ t❤✐s ❞✐ss❡rt❛t✐♦♥✳ ❖✉r

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

t❡❝❤♥✐q✉❡s r❡s❛♠♣❧✐♥❣✳ ❆♠♦♥❣ t❤❡s❡ t❡❝❤♥✐q✉❡s✱ ♣❡r♠✉t❛t✐♦♥ ❛♥❞ ❜♦♦tstr❛♣ t❡sts

❛r❡ ✉s❡❞ t♦ r❡♦r❣❛♥✐③❡ t❤❡ ❞❛t❛ s❡t ✇✐t❤♦✉t ❝❤❛♥❣✐♥❣ t❤❡ ❡①✐st✐♥❣ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞

t♦ ♦❜t❛✐♥ ❡st✐♠❛t❡s ❢♦r t❤❡ ♣❛r❛♠❡t❡rs ♦❢ ✐♥t❡r❡st✳ ■♥ t❤✐s ❞✐ss❡rt❛t✐♦♥✱ ✉s✐♥❣ r❡❛❧

❞❛t❛✱ ✇❡ ❡st✐♠❛t❡ s♦♠❡ ♣r♦❝❡ss ❝❛♣❛❜✐❧✐t② ✐♥❞❡① ✐♥ s✐t✉❛t✐♦♥s ✐♥ ✇❤✐❝❤ t❤❡ ✉s✉❛❧

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

▼♦♥t❣♦♠❡r② ✭✷✵✵✹✮ ❞❡✜♥❡ q✉❡ ♦ ❝♦♥tr♦❧❡ ❞❛ q✉❛❧✐❞❛❞❡ ❝♦♠♣õ❡✲s❡ ❞❡ ❛çõ❡s
q✉❡ ❣❛r❛♥t❛♠ q✉❛❧✐❞❛❞❡ ❞♦s ♠❡✐♦s✱ q✉❡ ❝♦♥tr♦❧❛♠ ❡ ♠❡❞❡♠ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✉♠
✐t❡♠✱ ♣r♦❝❡ss♦ ♦✉ ✐♥st❛❧❛çã♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❡s♣❡❝✐✜❝❛çõ❡s ❡st❛❜❡❧❡❝✐❞❛s✳ ❱✐st♦
q✉❡ q✉❛❧✐❞❛❞❡ s✐❣♥✐✜❝❛ ❛t❡♥❞❡r às ❡s♣❡❝✐✜❝❛çõ❡s✱ s❡❣✉♥❞♦ ❘✐❜❡✐r♦ ✭✷✵✶✸✮✱ t♦❞♦s
♦s ✐t❡♥s ❞❡ ✉♠ ♠❡s♠♦ ♣r♦❞✉t♦ ♦✉ s❡r✈✐ç♦ ♣r♦❞✉③✐❞♦ ♣♦r ✉♠ ♠❡s♠♦ ♣r♦❝❡ss♦
t❡r q✉❡ ❛♣r❡s❡♥t❛r ✈❛❧♦r❡s ❞❛ ✈❛r✐á✈❡❧ r❡s♣♦st❛ ❧♦❝❛❧✐③❛❞♦s ❞❡♥tr♦ ❞♦s ❧✐♠✐t❡s
❡s♣❡❝✐✜❝❛❞♦s✳ ❙❡❣✉♥❞♦ ▼✐♥❣♦t✐ ❡t ❛❧✳ ✭✷✵✶✶✮✱ ❛ q✉❛❧✐❞❛❞❡ ❡stá ♥❛ ❝❛♣❛❝✐❞❛❞❡
❞❡ ♦ ♣r♦❞✉t♦ ❡♠ ❛t❡♥❞❡r ❛ ❞❡t❡r♠✐♥❛❞❛s ♥❡❝❡ss✐❞❛❞❡s ❞♦ ❝❧✐❡♥t❡✱ ♦✉ s❡❥❛✱ ❞❡
❛t❡♥❞❡r às ❡s♣❡❝✐✜❝❛çõ❡s ❡①✐❣✐❞❛s ♣❡❧♦ ❝❧✐❡♥t❡ ✭❝♦♥s✉♠✐❞♦r✮ ❞♦ ♣r♦❞✉t♦✴s❡r✈✐ç♦✳
❉❡ss❡ ♠♦❞♦✱ é ♥❡❝❡ssár✐♦ ✐♠♣❧❛♥t❛r ♠❡❝❛♥✐s♠♦s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦ ♣r♦❝❡ss♦ ❡
♠❡❞✐❞❛s q✉❡ q✉❛♥t✐✜q✉❡♠ s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❡♠ ❛t❡♥❞❡r às ❡①✐❣ê♥❝✐❛s ❞♦s ❝❧✐❡♥t❡s ❛
q✉❡ s❡✉s ♣r♦❞✉t♦s s❡ ❞❡st✐♥❛♠✳ ❚❛✐s ♠❡❞✐❞❛s ♣♦❞❡♠ s❡r ✐♠♣❧❡♠❡♥t❛❞❛s ❛tr❛✈és
❞♦ ❝♦♥tr♦❧❡ ❡st❛tíst✐❝♦ ❞♦ ♣r♦❝❡ss♦✱ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❈❊P✳

▼♦♥t❣♦♠❡r② ✭✷✵✵✹✮ ❞❡✜♥❡ ♦ ❈❊P ❝♦♠♦ ❛ ❛♣❧✐❝❛çã♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ té❝♥✐❝❛s
❡st❛tíst✐❝❛s ♣❛r❛ ❞❡t❡r♠✐♥❛r s❡ ♦ r❡s✉❧t❛❞♦ ❞♦ ♣r♦❝❡ss♦ s❡❣✉❡ ❛s ❡s♣❡❝✐✜❝❛çõ❡s
❡st❛❜❡❧❡❝✐❞❛s ♣❛r❛ ✉♠ ♣r♦❞✉t♦ ♦✉ s❡r✈✐ç♦✳ ❙❡❣✉♥❞♦ ❙♦✉③❛ ✭✷✵✶✵✮✱ ♦ ❈❊P é
✉t✐❧✐③❛❞♦ ♥♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ❞❡t❡❝çã♦ ❞❡ ❛❧t❡r❛çõ❡s ♥♦s ♣r♦❝❡ss♦s✳

❖ ❈❊P✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ P❛❡s❡ ❡t ❛❧✳ ✭✷✵✵✶✮✱ ♣❡r♠✐t❡ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛s
❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✐♥t❡r❡ss❡✱ ♣r♦♣♦r❝✐♦♥❛♥❞♦ s✉❛ ♠❛♥✉t❡♥çã♦ ❞❡♥tr♦ ❞❡ ❧✐♠✐t❡s
♣r❡❡st❛❜❡❧❡❝✐❞♦s ❡ ✐♥❞✐❝❛♥❞♦ q✉❛♥❞♦ ❛çõ❡s ❞❡ ❝♦rr❡çã♦ ❡ ♠❡❧❤♦r✐❛ ❞❡✈❡♠ s❡r
r❡❛❧✐③❞❛s✳ ❉♦ ♠❡s♠♦ ♠♦❞♦✱ ♣❡r♠✐t❡ ❛ r❡❞✉çã♦ ❞❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ♥❛s ❝❛r❛❝t❡ríst✐❝❛s
❞❛ q✉❛❧✐❞❛❞❡ ❞♦ ♣r♦❞✉t♦✳

◆✉♠ ❛♠❜✐❡♥t❡ ❝♦♠♣❡t✐t✐✈♦✱ s❡❣✉♥❞♦ P❛❡s❡ ❡t ❛❧✳ ✭✷✵✵✶✮✱ ♦ ❈❊P ❛❜r❡✲♥♦s
❝❛♠✐♥❤♦ ♣❛r❛ ♠❡❧❤♦r✐❛s ❝♦♥tí♥✉❛s✱ ❣❛r❛♥t✐♥❞♦ ✉♠ ♣r♦❝❡ss♦ ❡stá✈❡❧✱ ♣r❡✈✐sí✈❡❧ ❡
❝♦♠ ✉♠❛ ✐❞❡♥t✐❞❛❞❡ ❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡✜♥✐❞❛s✳ ❆tr❛✈és ❞♦ ❈❊P ♣♦❞❡ s❡ ♦❜t❡r ♠❡♥♦r
✈❛r✐❛❜✐❧✐❞❛❞❡ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ♠❡❧❤♦r❡s ♥í✈❡✐s ❞❡ q✉❛❧✐❞❛❞❡ ♥♦s ♣r♦❝❡ss♦s✳
P❛r❛ ❡ss❡s ♦❜❥❡t✐✈♦s✱ ▼♦♥t❣♦♠❡r② ✭✷✵✵✹✮ ❛✜r♠❛ q✉❡ ♦ ❈❊P é ❡①tr❡♠❛♠❡♥t❡
út✐❧✱ ❥á q✉❡ é ✉♠❛ ♣♦❞❡r♦s❛ ❝♦❧❡çã♦ ❞❡ ❢❡rr❛♠❡♥t❛s ♣❛r❛ ❛ ❝♦❧❡t❛✱ ❛♥á❧✐s❡
❡ ✐♥t❡r♣r❡t❛çã♦ ❞❡ ❞❛❞♦s✱ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♠❡❧❤♦r❛r ❛ q✉❛❧✐❞❛❞❡ ♣♦r ♠❡✐♦
❞❛ ❡❧✐♠✐♥❛çã♦ ❞❡ ❝❛✉s❛s ❡s♣❡❝✐❛✐s✱ ♣♦❞❡♥❞♦ s❡r ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞♦s
♣r♦❝❡ss♦s✳ ❆s ❝❛✉s❛s ❡s♣❡❝✐❛✐s sã♦ ❝❛✉s❛s ❝♦♥tr♦❧á✈❡✐s✱ ❝✉❥❛ ✐♥✢✉❡♥❝✐❛ é ❣r❛♥❞❡
♥❛ ✈❛r✐❛çã♦ ❞♦ ♣r♦❝❡ss♦✳ ❍á t❛♠❜é♠ ❛s ❝❛✉s❛s ♥❛t✉r❛✐s ✭❝❛✉s❛s ❝♦♠✉♥s✮ q✉❡ sã♦
❛s ❝❛✉s❛s ✐♥❡r❡♥t❡s ❛♦ ♣r♦❝❡ss♦✳

❉♦s ❞✐✈❡rs♦s ♠♦t✐✈♦s ♣❛r❛ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❈❊P✱ ▼♦♥t❣♦♠❡r② ✭✷✵✵✹✮ ❛✜r♠❛
q✉❡ ✿

✶



✷

• P❡r♠✐t❡ ♣r❡❞✐③❡r ❛té q✉❡ ♣♦♥t♦ ♦ ♣r♦❝❡ss♦ ♠❛♥t❡rá ❛s t♦❧❡râ♥❝✐❛s
❡st❛❜❡❧❡❝✐❞❛s❀

• ❆✉①✐❧✐❛ ♦s ❡❧❛❜♦r❛❞♦r❡s✴♣❧❛♥❡❥❛❞♦r❡s ❞❡ ✉♠ ♣r♦❞✉t♦ ♥❛ s❡❧❡çã♦ ❞❡
♠♦❞✐✜❝❛çõ❡s ❞❡ ✉♠ ♣r♦❝❡ss♦❀

• ❆✉①✐❧✐❛ ❛ ❡st❛❜❡❧❡❝❡r ✐♥t❡r✈❛❧♦s ❡♥tr❡ ❛♠♦str❛s ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ✉♠
♣r♦❝❡ss♦❀

• P❡r♠✐t❡ ❡s♣❡❝✐✜❝❛r ❡①✐❣ê♥❝✐❛s ❞❡ ❞❡s❡♠♣❡♥❤♦ ♣❛r❛ ✉♠ ❡q✉✐♣❛♠❡♥t♦ ♥♦✈♦❀

• P❡r♠✐t❡ ♣❧❛♥❡❥❛r ❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❝❡ss♦s ❞❡ ♣r♦❞✉çã♦ q✉❛♥❞♦ ❤á ✉♠ ❡❢❡✐t♦
✐♥t❡r❛t✐✈♦ ❞❡ ♣r♦❝❡ss♦ s♦❜r❡ ❛s t♦❧❡râ♥❝✐❛s❀

• P❡r♠✐t❡ r❡❞✉③✐r ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❡♠ ✉♠ ♣r♦❝❡ss♦✳

❖ ❈❊P t❛♠❜é♠ ♣❡r♠✐t❡ r❡❛❧✐③❛r ❛çõ❡s ❝♦rr❡t✐✈❛s ❛♥t❡s q✉❡ ♥ã♦✲❝♦♥❢♦r♠✐❞❛❞❡s
♦❝♦rr❛♠✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ▼♦♥t❣♦♠❡r② ✭✷✵✵✹✮✱ ❛ ♥ã♦✲❝♦♥❢♦r♠✐❞❛❞❡ é ❞❡✜♥✐❞❛
❝♦♠♦ ❞❡❢❡✐t♦ ♦✉ ❢❛❧❤❛ ❡♠ ❛❧❣✉♠ ♣r♦❞✉t♦ ♦✉ s❡r✈✐ç♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡s♣❡❝✐✜❝❛çã♦
❡st❛❜❡❧❡❝✐❞❛✱ ♣❡r♠✐t✐♥❞♦ ❛ ❛♥á❧✐s❡ ❞❡ ❝♦♠♦ ❞❡✈❡r✐❛ ❡st❛r ♦ ♣r♦❝❡ss♦✱ ♦✉ s❡ ♦
♣r♦❝❡ss♦ ❡stá ❢♦r❛ ❞❛s ❡s♣❡❝✐✜❝❛çõ❡s ❡ ❝♦♠♦ ♠❛♥t❡r ♦ ♣r♦❝❡ss♦ s♦❜ ❝♦♥tr♦❧❡
❡st❛tíst✐❝♦✳

❊♥tr❡ ❛s ❢❡rr❛♠❡♥t❛s ❞♦ ❈❊P✱ ✉♠❛ ♠✉✐t♦ ✉s✉❛❧ sã♦ ❛s ❝❛rt❛s ❞❡ ❝♦♥tr♦❧❡✱
t❛♠❜é♠ ❝♦♥❤❡❝✐❞❛s ❝♦♠♦ ❣rá✜❝♦s ❞❡ ❝♦♥tr♦❧❡✱ ♣r♦♣♦st❛s ❡♠ ✶✾✷✹ ♣♦r ❙❤❡✇❤❛rt✳
❆s ❝❛rt❛s ❞❡ ❝♦♥tr♦❧❡ sã♦ ❛♠♣❧❛♠❡♥t❡s ✉s❛❞❛s ♣❛r❛ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss♦s
❞❡ ❛❝♦r❞♦ ❝♦♠ ❈♦st❛ ❡t ❛❧✳ ✭✷✵✵✺✮✳ ❖❧✐✈❡✐r❛ ✭✷✵✵✼✮ ❛✜r♠❛ q✉❡ ❛s ❝❛rt❛s ❞❡
❝♦♥tr♦❧❡ ❞❡ ❙❤❡✇❤❛rt ♠♦str❛♠ ♦ q✉❡ ♦❝♦rr❡ ♥♦ ♣r❡♦❝❡ss♦✱ ✈✐st♦ q✉❡ ♦s ❧✐♠✐t❡s
❞❡ ❝♦♥tr♦❧❡ sã♦ ❝♦♥str✉í❞♦s ❝♦♠ ❜❛s❡ ♥❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❡①✐st❡♥t❡ ♥♦ ♣r♦❝❡ss♦ ❡♠
t❡r♠♦s ❞❛ ❝❛r❛❝t❡r✐st✐❝❛ ❞❡ ✐♥t❡r❡ss❡✳

❖s ❣rá✜❝♦s ❞❡ ❝♦♥tr♦❧❡ sã♦ té❝♥✐❝❛s ❞♦ ❈❊P q✉❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❲♦♦❞❛❧❧
❡ ▼♦♥t❣♦♠❡r② ✭✷✵✶✹✮✱ ❡stã♦ ❡♥tr❡ ❛s té❝♥✐❝❛s ♠❛✐s s✐♠♣❧❡s ❡ ❡✜❝✐❡♥t❡s✳ ❙❡✉
♦❜❥❡t✐✈♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❙♦✉③❛ ✭✷✵✶✵✮✱ é ✈❡r✐✜❝❛r ❛ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦✳
P♦ré♠✱ ❡❧❡s ♥ã♦ ✐♥❞✐❝❛♠ s❡ ❡st❡ ♣r♦❝❡ss♦ ❡stá ❛t❡♥❞❡♥❞♦ às ❡s♣❡❝✐✜❝❛çõ❡s
❡st❛❜❡❧❡❝✐❞❛s ❞❡ ✉♠ ♣r♦❞✉t♦ ♦✉ ❝❧✐❡♥t❡s✳ ■st♦ t♦r♥❛ ✐♠♣♦rt❛♥t❡ ♦ ✉s♦ ❞♦s í♥❞✐❝❡s
❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣♦✐s ❛tr❛✈és ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ❡❧❡s ♣♦❞❡♠♦s ❛♥❛❧✐s❛r ❛
❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦✳

❙❡❣✉♥❞♦ ❖❧✐✈❡✐r❛ ✭✷✵✵✼✮✱ ♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♠❡♥s✉r❛♠ s❡ ♦ ♣r♦❝❡ss♦
❡stá ❛t✉❛♥❞♦ ❝♦♥❢♦r♠❡ ❛s ❡s♣❡❝✐✜❝❛çõ❡s✱ q✉❡ ♣♦❞❡♠ s❡r ❢♦r♥❡❝✐❞❛s ♣❡❧♦s ❝❧✐❡♥t❡s
♦✉ ✐♥t❡r♥❛♠❡♥t❡ ♥♦ ♣r♦❝❡ss♦✳ ❙❡✉ ♦❜❥❡t✐✈♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❘❛♠♦s ❡ ❍♦ ✭✷✵✵✸✮✱ é
❛✈❛❧✐❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦ ♣r♦❞✉③✐r ♣r♦❞✉t♦s q✉❡ ❛t❡♥❞❛♠ às ❡s♣❡❝✐✜❝❛çõ❡s
❡st❛❜❡❧❡❝✐❞❛s✱ ❞❛❞♦ q✉❡ ♦ ♣r♦❝❡ss♦ ❡stá s♦❜ ❝♦♥tr♦❧❡ ❡st❛tíst✐❝♦ ✭❛♣r❡s❡♥t❛ s♦♠❡♥t❡
❝❛✉s❛s ♥❛t✉r❛✐s✮✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❘✐❜❡✐r♦ ✭✷✵✶✸✮✱ ♥ã♦ ❢❛③ s❡♥t✐❞♦ ❛ ❛✈❛❧✐❛çã♦ ❞❛
❝❛♣❛❝✐❞❛❞❡ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❢♦r❛ ❞❡ ❝♦♥tr♦❧❡ ❡st❛tíst✐❝♦✱ ♣♦✐s ♦ ♣r♦❝❡ss♦ ♣♦❞❡
❛♣r❡s❡♥t❛r ❝♦♠♣♦rt❛♠❡♥t♦ ♥ã♦ ♣r❡✈✐sí✈❡❧✳

❊①✐st❡♠ ♥❛ ❧✐t❡r❛t✉r❛ ❞✐✈❡rs♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡✳ ❯♠❛ ❞❛s ❧✐♥❤❛s ❞❡
♣❡sq✉✐s❛ sã♦ ♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❜❛②❡s✐❛♥♦s q✉❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❲♦♦❞❛❧❧
❡ ▼♦♥t❣♦♠❡r② ✭✷✵✶✹✮✱ ♥ã♦ sã♦ ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞♦s ♥❛ ❛ré❛ ❞❡ ❝♦♥tr♦❧❡



✸

❞❡ q✉❛❧✐❞❛❞❡✱ ❛♣❡s❛r ❞♦ s✉❝❡ss♦ q✉❡ ❢❛③❡♠ ♥❛s ♦✉tr❛s ár❡❛s ❞❛ ❡st❛tíst✐❝❛✳
❉❡s✈❛♥t❛❣❡♥s ❞♦s ♠ét♦❞♦s ❜❛②❡s✐❛♥♦s ✐♥❝❧✉❡♠ s✉❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❡ ❛ q✉❛♥t✐❞❛❞❡
❞❡ ❝♦♠♣✉t❛çã♦ ♥❡❝❡ssár✐❛ ♣❛r❛ r❡❛❧✐③á✲❧❛✳ ❙❡❣✉♥❞♦ ❲♦♦❞❛❧❧ ❡ ▼♦♥t❣♦♠❡r②
✭✷✵✶✹✮✱ ♣♦✉❝♦s ♠ét♦❞♦s ❜❛②❡s✐❛♥♦s tê♠ s✐❞♦ ♣r♦♣♦st♦s ♣❛r❛ ♦ ♠♦♥✐t♦r❛♠❡♥t♦
❞❡ ♣r♦❝❡ss♦s✳

❙❡❣✉♥❞♦ P❛♥ ❡ ▲✐ ✭✷✵✶✹✮✱ ♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss♦ tê♠ s✐❞♦
♠✉✐t♦ ✉t✐❧✐③❛❞♦s ♥❛ ✐♥❞ústr✐❛ ♣❛r❛ ❡st✐♠❛r ♠❡❞✐❞❛s q✉❛♥t✐t❛t✐✈❛s ❞❡ ❞❡s❡♠♣❡♥❤♦
❞❡ ♣r♦❝❡ss♦s q✉❡ ❧❡✈❛♠ à ♠❡❧❤♦r✐❛ ❞❛ q✉❛❧✐❞❛❞❡✳ ❊♠ ❞✐✈❡rs❛s s✐t✉❛çõ❡s✱
♣❛r❛ q✉❡ ❡st❛s ❡st✐♠❛t✐✈❛s s❡❥❛♠ ❝♦♥✜á✈❡✐s✱ ❛❧❣✉♠❛s s✉♣♦s✐çõ❡s ♣r❡❝✐s❛♠ s❡r
❛♥❛❧✐s❛❞❛s✳ ❈♦♠♦ ❡①❡♠♣❧♦✱ ✉♠❛ ❢♦r♠❛ ❞❡ ♦❜t❡r ❡st✐♠❛t✐✈❛s ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡
♣r♦❝❡ss♦s✱ q✉❛♥❞♦ ❡st❛s s✉♣♦s✐çõ❡s ♥ã♦ sã♦ ❛t❡♥❞✐❞❛s✱ é ❛tr❛✈és ❞♦s ♠ét♦❞♦s ❞❡
r❡❛♠♦str❛❣❡♠✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❧✐t❡r❛t✉r❛ é ✉s✉❛❧ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠ét♦❞♦s ❞❡ r❡❛♠♦str❛❣❡♠✱
❝♦♠♦ ♦s t❡st❡s ❞❡ ♣❡r♠✉t❛çã♦ ❡ ❜♦♦tstr❛♣✱ ♣❛r❛ ♦❜t❡r ❞✐str✐❜✉✐çõ❡s ❡♠♣✐rí❝❛s✳
❙❡❣✉♥❞♦ ❈♦st❛ ✭✷✵✵✻✮✱ ❝♦♠ ♦ ✉s♦ ❞❛ r❡❛♠♦str❛❣❡♠✱ ❛ ❞✐str✐❜✉✐çã♦ ❛ss✉♠✐❞❛ ♣♦r
❛♠♦str❛❣❡♠ é ❞❡s❝♦♥s✐❞❡r❛❞❛ ❡ ❣❡r❛✲s❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❡♠♣ír✐❝❛✳ ❙❡♥❞♦ ❛ss✐♠
❛s ❡st✐♠❛t✐✈❛s sã♦ ♦❜t✐❞❛s ♥❡st❛s ❞✐str✐❜✉✐çõ❡s ❡♠♣ír✐❝❛s✳

❚❛✐s ♣r♦❝❡❞✐♠❡♥t♦s ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛✉①✐❧✐❛r ♥❛ ❡st✐♠❛t✐✈❛ ❞❛
❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss♦s✳

❖❜❥❡t✐✈♦s

• Pr♦♣♦r❝✐♦♥❛r ✉♠❛ r❡✈✐sã♦ s♦❜r❡ í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡❀

• ❖❜t❡r ❡st✐♠❛t✐✈❛s ✐♥t❡r✈❛❧❛r❡s ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss♦ ♣❛r❛ ❞♦✐s ❜❛♥❝♦s
❞❡ ❞❛❞♦s r❡❛✐s ♦♥❞❡ s✉♣♦s✐çõ❡s t❡ór✐❝❛s ♥ã♦ sã♦ s❛t✐s❢❡✐t❛s✱ ❢♦r♥❡❝❡♥❞♦ ❛ss✐♠
✐♥❢♦r♠❛çõ❡s ♣❛r❛ ❛❥✉❞❛r ❛s t♦♠❛❞❛s ❞❡ ❞❡❝✐sõ❡s ❞❡ ♣r♦✜ss✐♦♥❛✐s ❡♠ ❞✐✈❡rs❛s
ár❡❛s✳

❖r❣❛♥✐③❛çã♦ ❞❛ ❞✐ss❡rt❛çã♦

❊st❛ ❞✐ss❡rt❛çã♦ ❢♦✐ ♦r❣❛♥✐③❛❞❛ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✳ ◆♦ ❝❛♣ít✉❧♦ ✶
❛♣r❡s❡♥t❛♠♦s ✉♠❛ r❡✈✐sã♦ ❞❡ ❧✐t❡r❛t✉r❛ s♦❜r❡ ♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡✳ ◆♦
❝❛♣ít✉❧♦ ✷ ❛♣r❡s❡♥t❛♠♦s ♦s ♠ét♦❞♦s ❞❡ r❡❛♠♦str❛❣❡♥s ✉t✐❧✐③❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳
◆♦ ❝❛♣ít✉❧♦ ✸ ❛♣r❡s❡♥t❛♠✲s❡ ♦s ❞❛❞♦s r❡❛✐s ❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❞❛s ❡st✐♠❛t✐✈❛s
❞❛ ❝❛♣❛❝✐❞❛❞❡ ✉s❛♥❞♦ ♦s ♠ét♦❞♦s ✉s✉❛✐s ❡ ♣❡❧❛s ❞✐str✐❜✉✐çõ❡s ❡♠♣ír✐❝❛s ❣❡r❛❞❛s
♣❡❧❛s té❝♥✐❝❛s ❞❡ r❡❛♠♦str❛❣❡♠✳ ❋✐♥❛❧♠❡♥t❡ ♥♦ ❝❛♣ít✉❧♦ ✹ ❝♦♥t❡♥❞♦ ❛s
❝♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s ❡ ♣r♦♣♦st❛s ❞❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳



❈❛♣ít✉❧♦ ✶

❘❡❢❡r❡♥❝✐❛❧ ❚❡ór✐❝♦

✶✳✶ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡

❖s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ sã♦ ♠❡❞✐❞❛s ❛❞✐♠❡♥❝✐♦♥❛✐s q✉❡ tr❛❞✉③❡♠✱ ❡♠
♥ú♠❡r♦s✱ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❛t❡♥❞❡r às ❡s♣❡❝✐✜❝❛çõ❡s ❡st❛❜❡❧❡❝✐❞❛s
♣♦r s❡✉s ❝❧✐❡♥t❡s✱ ♦✉ s❡❥❛✱ ❛✈❛❧✐❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦ ♣r♦❞✉③✐r ♦✉ ♥ã♦
✐t❡♥s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❡s♣❡❝✐✜❝❛çõ❡s✳ ❙❡❣✉♥❞♦ ❇✉❧❜❛ ❡ ❍♦ ✭✷✵✵✹✮✱ ♦s í♥❞✐❝❡s
❞❡ ❝❛♣❛❝✐❞❛❞❡ ❢♦r❛♠ ✐♥tr♦❞✉③✐❞♦s ♥❛ ❞é❝❛❞❛ ❞❡ ✼✵✱ ❞❡s❞❡ q✉❡ ❏✉r❛♥ ✭✶✾✼✹✮
❛♣r❡s❡♥t♦✉ ♦ ♣✐♦♥❡✐r♦ í♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ Cp✳ ❆ s✉♣♦s✐çã♦ ✉s✉❛❧ é q✉❡ ❛
❝❛r❛❝t❡ríst✐❝❛ ❞❡ ✐♥t❡r❡ss❡ s❡❥❛ ♦❜s❡r✈á✈❡❧ ❝♦♠ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✳

❈❛♣❛❝✐❞❛❞❡ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❞✐③ r❡s♣❡✐t♦ à ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❡✱ ♣❛r❛
❡st✉❞❛r ❛ ❝❛♣❛❝✐❞❛❞❡✱ é ♥❡❝❡ssár✐♦ q✉❡ ♦ ♣r♦❝❡ss♦ ❡st❡❥❛ s♦❜ ❝♦♥tr♦❧❡ ❡st❛tíst✐❝♦✳
❯♠ ♣r♦❝❡ss♦ ❡♥❝♦♥tr❛✲s❡ s♦❜ ❝♦♥tr♦❧❡ ❡st❛tíst✐❝♦ q✉❛♥❞♦ ❡❧❡ ❛♣r❡s❡♥t❛ s♦♠❡♥t❡
❝❛✉s❛s ♥❛t✉r❛✐s✳

❙❡❣✉♥❞♦ ❍✉❜❡❧❡ ❡t ❛❧✳ ✭✷✵✵✺✮✱ ✉♠ í♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡✈❡ s❡r ❝❛❧❝✉❧❛❞♦
✉t✐❧✐③❛♥❞♦ ❞❛❞♦s ❛ ♣❛rt✐r ❞❡ ✉♠ ♣r♦❝❡ss♦ ❡stá✈❡❧✱ ❞❡t❡r♠✐♥❛♥❞♦ ❡st❛tíst✐❝❛s ❞❛s
❛♠♦str❛s ❛tr❛✈és ❞❡ ❣rá✜❝♦s ❞❡ ❝♦♥tr♦❧❡✳ ❯♠❛ ✈❡③ q✉❡ ♦s ❣rá✜❝♦s ♠♦str❛♠ ✉♠
❣r❛✉ r❛③♦á✈❡❧ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦ ♣♦❞❡ s❡r ❛✈❛❧✐❛❞❛✳

❆ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ✉t✐❧✐③❛çã♦ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ▼✐♥❣♦t✐
❡t ❛❧✳ ✭✷✵✶✶✮✱ é q✉❡ ♠❡s♠♦ ✉♠ ♣r♦❝❡ss♦ s♦❜ ❝♦♥tr♦❧❡ ❡st❛tíst✐❝♦ ♣r♦❞✉③ ✐t❡♥s
❢♦r❛ ❞❛s ❡s♣❡❝✐✜❝❛çõ❡s✳ ▲♦❣♦✱ ♥ã♦ é s✉✜❝✐❡♥t❡ ❝♦❧♦❝❛r ❡ ♠❛♥t❡r ✉♠ ♣r♦❝❡ss♦ s♦❜
❝♦♥tr♦❧❡✳ ➱ ❢✉♥❞❛♠❡♥t❛❧ ❛✈❛❧✐❛r s❡ ♦ ♣r♦❝❡ss♦ é ❝❛♣❛③ ❞❡ ❛t❡♥❞❡r às ❡s♣❡❝✐✜❝❛çõ❡s
❡st❛❜❡❧❡❝✐❞❛s ❛ ♣❛rt✐r ❞❛s ♥❡❝❡ss✐❞❛❞❡s ❞♦s ❝❧✐❡♥t❡s✳ ➱ ❡st❛ ❛✈❛❧✐❛çã♦ q✉❡ ❝♦♥st✐t✉✐
❛ ❛♥á❧✐s❡ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦✱ q✉❡ é ♠❡❞✐❞❛ ❛tr❛✈és ❞❛ r❡❧❛çã♦ ❡♥tr❡ ❛
✈❛r✐❛❜✐❧✐❞❛❞❡ ♥❛t✉r❛❧ ❞♦ ♣r♦❝❡ss♦ ❡♠ r❡❧❛çã♦ à ✈❛r✐❛❜✐❧✐❞❛❞❡ q✉❡ é ♣❡r♠✐t✐❞❛ ❛
❡ss❡ ♣r♦❝❡ss♦✱ ❞❛❞❛ ♣❡❧♦s ❧✐♠✐t❡s ❞❡ ❡s♣❡❝✐✜❝❛çã♦✳

❉✐✈❡rs♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛✳ ❙❡❣✉♥❞♦
❘❛♠♦s ✭✷✵✵✸✮✱ ❞♦✐s í♥❞✐❝❡s sã♦ ❢r❡q✉❡♥t❡♠❡♥t❡ ✉t✐❧✐③❛❞♦s ♣❛r❛ ♦ ❝❛s♦ ♦♥❞❡ s❡ tê♠
❛♣❡♥❛s ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ✐♥t❡r❡ss❡✿ Cp ❡ Cpk✳

❙❡❣✉♥❞♦ ●♦♥ç❛❧❡③ ❡ ❲❡r♥❡r ✭✷✵✵✾✮✱ ♦s í♥❞✐❝❡s ❡st❛❜❡❧❡❝✐❞♦s ♥♦s ❡st✉❞♦s

✹



✶✳✷✳ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡ ♣❛r❛ Pr♦❝❡ss♦s ❯♥✐✈❛r✐❛❞♦s ✺

tr❛❞✐❝✐♦♥❛✐s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss♦ ♣r♦❝✉r❛♠ ❞❡t❡❝t❛r ❞♦✐s t✐♣♦s ❞❡ ♣r♦❜❧❡♠❛s✿
♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞♦ ♣r♦❝❡ss♦✱ s❡ ♦ ♣r♦❝❡ss♦ ❛t❡♥❞❡ ❡♠ ♠é❞✐❛ ❛♦ ✈❛❧♦r ♥♦♠✐♥❛❧ ❞❡
❡s♣❡❝✐✜❝❛çã♦❀ ❡ ♦ ❞❡ ✈❛r✐❛❜✐❧✐❞❛❞❡✱ q✉❛♥❞♦ ♦ ♣r♦❝❡ss♦ ❛♣r❡s❡♥t❛ ♠✉✐t❛ ❞✐s♣❡rsã♦
❡ ♥ã♦ ❛t❡♥❞❡ às ❡s♣❡❝✐✜❝❛çõ❡s q✉❡ sã♦ ❡st❛❜❡❧❡❝✐❞❛s ♥♦ ♣r♦❥❡t♦✳ ❙❡❣✉♥❞♦
▼♦♥t❣♦♠❡r② ✭✷✵✵✹✮ ❡ ❉❡❧❡r②❞ ✭✶✾✾✾✮✱ sã♦ q✉❛tr♦ í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣❛r❛
❞❛❞♦s ♥♦r♠❛❧♠❡♥t❡ ❞✐str✐❜✉í❞♦s✱ Cp✱ Cpk✱ Cpm ❡ Cpkm✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❘✐❜❡✐r♦
✭✷✵✶✸✮✱ ♣❛r❛ ✈❡r✐✜❝❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❡ss❡s í♥❞✐❝❡s✱ é
♥❡❝❡sár✐♦ q✉❡ ♦ ♣r♦❝❡ss♦ ❡st❡❥❛ s♦❜ ❝♦♥tr♦❧❡ ❡st❛tíst✐❝♦ ❡ q✉❡ ❛ ❝❛r❛❝t❡r✐st✐❝❛ ❞❡
✐♥t❡r❡ss❡ s❡❥❛ ✐♥❞❡♣❡♥❞❡♥t❡ ❡ ♥♦r♠❛❧♠❡♥t❡ ❞✐str✐❜✉✐❞❛✱ ❝✉❥♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛
✈❛r✐❛❜✐❧✐❞❛❞❡ ♣♦❞❡ s❡r ♦❜t✐❞❛ ❛ ♣❛rt✐r ❞♦s ❣rá✜❝♦s ❞❡ ❝♦♥tr♦❧❡✳

❆t✉❛❧♠❡♥t❡✱ ♠✉✐t♦s ♣❡sq✉✐s❛❞♦r❡s tê♠ ❝r✐❛❞♦ ♦✉ ❛♣❡r❢❡✐ç♦❞♦ í♥❞✐❝❡s ❞❡
❝❛♣❛❝✐❞❛❞❡✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ P❛♥ ❡ ▲✐ ✭✷✵✶✹✮✱ ♥❛s ú❧t✐♠❛s ❞✉❛s ❞é❝❛❞❛s✱ ♠✉✐t♦s
♣❡sq✉✐s❛❞♦r❡s ❡ ♣r♦✜ss✐♦♥❛✐s tê♠ s❡ ❞❡❞✐❝❛❞♦ ❛ ❞❡s❡♥✈♦❧✈❡r í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡
❛♣r♦♣r✐❛❞♦ ♣❛r❛ ✈ár✐♦s ♣r♦❝❡ss♦s ❞❡ ❢❛❜r✐❝❛çã♦✱ ♣♦r ❡①❡♠♣❧♦✱ ❡♠ s✐t✉❛çõ❡s ♦♥❞❡
s❡ tê♠ ♠❛✐s ❞❡ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ✐♥t❡r❡ss❡✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ r❡s✉❧t❛❞♦ ❡ ❛ ✐♥t❡r♣r❡t❛çã♦ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡✱
s❡❣✉♥❞♦ ❙♦✉③❛ ✭✷✵✶✵✮✱ t❡♠✲s❡ ✉♠ ❣✉✐❛ ❡str❛té❣✐❝♦ ♣❛r❛ ♠❡❧❤♦r✐❛ ❞❛ q✉❛❧✐❞❛❞❡
❞♦ ♣r♦❝❡ss♦✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ ❞✐♠✐♥✉✐r ❝✉st♦s ❞❡ ♣r♦❞✉çã♦ ❜❡♠ ❝♦♠♦ ♦❜t❡r ❝❧✐❡♥t❡s
♠❛✐s s❛t✐s❢❡✐t♦s✳

✶✳✷ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡ ♣❛r❛ Pr♦❝❡ss♦s
❯♥✐✈❛r✐❛❞♦s

❖s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣❛r❛ ♣r♦❝❡ss♦s ♣♦❞❡♠ s❡r ✉♥✐✈❛r✐❛❞♦s✱ q✉❛♥❞♦ s❡
❡st✉❞❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✉♠❛ ú♥✐❝❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ q✉❛❧✐❞❛❞❡✳ ❊♠ ♣r♦❝❡ss♦s
✉♥✐✈❛r✐❛❞♦s ♦s í♥❞✐❝❡s Cp✱ Cpk✱ Cpm ❡ Cpkm sã♦ ❢r❡q✉❡♥t❡♠❡♥t❡ ✉t✐❧✐③❛❞♦s✳ ❊ss❡s
í♥❞✐❝❡s✱ s❡❣✉♥❞♦ ❖❧✐✈❡✐r❛ ✭✷✵✵✼✮✱ sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ♣r♦❝❡ss♦s ✉♥✐✈❛r✐❛❞♦s✱ ♦✉
s❡❥❛✱ q✉❛♥❞♦ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ q✉❛❧✐❞❛❞❡ ❡stá s❡♥❞♦ ❛✈❛❧✐❛❞❛ ❡ s✉♣♦♥❞♦ q✉❡
❛ s✉❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡s s❡❥❛ ♥♦r♠❛❧✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ▼♦♥t❣♦♠❡r②
✭✷✵✵✹✮✱ ♥♦ ❝♦♥tr♦❧❡ ❡st❛tíst✐❝♦ ❞❛ q✉❛❧✐❞❛❞❡ ✉♥✐✈❛r✐❛❞♦✱ ❡♠ ❣❡r❛❧✱ é ✉s❛❞❛
❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ♣❛r❛ ❞❡s❝r❡✈❡r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛
❞❡ q✉❛❧✐❞❛❞❡ ❝♦♥tí♥✉❛✳ ❆ ❢✉♥çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛ ♥♦r♠❛❧
✉♥✐✈❛r✐❛❞❛ é ❛ s❡❣✉✐♥t❡✿

f(x) =
1√
2πσ2

e−
1

2
(x−µ

σ )
2

,−∞ < x < ∞

❊♠ q✉❡ µ é ❛ ♠é❞✐❛ ❡ σ2✱ ❛ ✈❛r✐â♥❝✐❛✳

✶✳✷✳✶ ❮♥❞✐❝❡ ❞❡ ❈❛♣❛❝✐❞❛❞❡ Cp

➱ ❛ ❢♦r♠❛ ♠❛✐s s✐♠♣❧❡s ❞❡ ❛✈❛❧✐❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✉♠ ♣r♦❝❡ss♦✱ ❝❤❛♠❛❞♦ ❞❡
í♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣♦t❡♥❝✐❛❧ ❞♦ ♣r♦❝❡ss♦✳ ❊st❡ í♥❞✐❝❡✱ ❞❡✜♥✐❞♦ ✐♥✐❝❛❧♠❡♥t❡ ♣♦r



✶✳✷✳ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡ ♣❛r❛ Pr♦❝❡ss♦s ❯♥✐✈❛r✐❛❞♦s ✻

❏✉r❛♥ ✭✶✾✼✹✮✱ ❝♦♥s✐❞❡r❛ q✉❡ ♦ ♣r♦❝❡ss♦ ❡stá ❝❡♥tr❛❞♦✱ s❡❣✉♥❞♦ ●♦♥ç❛❧❡③ ❡ ❲❡r♥❡r
✭✷✵✵✾✮ ♥♦ ✈❛❧♦r ♥♦♠✐♥❛❧ ❞❛ ❡s♣❡❝✐✜❝❛çã♦✱ ❞❡s❝♦♥s✐❞❡r❛ ❛ ❝❡♥tr❛❧✐③❛çã♦ ✭♠é❞✐❛✮
❞♦ ♣r♦❝❡ss♦ tr❛t❛♥❞♦ ❛♣❡♥❛s ❞❛ s✉❛ ✈❛r✐❛çã♦✳ ◆ã♦ é s❡♥sí✈❡❧ ❛♦ ❞❡s❧♦❝❛♠❡♥t♦
✭❝❛✉s❛s ❡s♣❡❝✐❛✐s✮ ❞♦s ❞❛❞♦s q✉❡ ❛❢❡t❛♠ ❛ ♠é❞✐❛ ❞♦ ♣r♦❝❡ss♦✳ ❙❡❣✉♥❞♦ ❘❛♠♦s ❡
❍♦ ✭✷✵✵✸✮ ♦ Cp é ❞❡✜♥✐❞♦ ❝♦♠♦ s❡♥❞♦ ❛ r❛③ã♦ ❡♥tr❡ ❛ t♦❧❡râ♥❝✐❛ ❞❡ ❡♥❣❡♥❤❛r✐❛ ❡ ❛
❞✐s♣❡rsã♦ ❞♦ ♣r♦❝❡ss♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❏✉♥✐♦r ✭✷✵✶✸✮✱ ❡st❡ í♥❞✐❝❡ r❡❧❛❝✐♦♥❛ ❛q✉✐❧♦
q✉❡ ❞❡✈❡ s❡r ♣r♦❞✉③✐❞♦ ❝♦♠ ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡ ♥❛t✉r❛❧ ❞♦ ♣r♦❝❡ss♦✱ s❡♥❞♦ ❝❛❧❝✉❧❛❞♦
♣❡❧❛ s❡❣✉✐♥t❡ ❢ór♠✉❧❛✿

Cp =
LSE − LIE

6σ
,

❡♠ q✉❡✱

▲❙❊✿ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ❡s♣❡❝✐✜❝❛çã♦❀

▲■❊✿ ❧✐♠✐t❡ ✐♥❢❡r✐♦r ❞❡ ❡s♣❡❝✐✜❝❛çã♦❀

σ✿ ❞❡s✈✐♦✲♣❛❞rã♦ ❞♦ ♣r♦❝❡ss♦✳

❙❡ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ (σ) ❢♦r ❞❡s❝♦♥❤❡❝✐❞♦✱ ❞❡✈❡✲s❡ ✉t✐❧✐③❛r ✉♠❛ ❡st✐♠❛t✐✈❛ ❞❡
σ✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠❛ ❡st✐♠❛t✐✈❛ ❞♦ í♥❞✐❝❡ Cp✳ ❊♥tã♦✿

Ĉp =
LSE − LIE

6σ̂

P❛r❛ ✐❧✉str❛r ♦ ❝á❧❝✉❧♦ ❞❡ Cp✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ✉♠ ❡①❡♠♣❧♦ ✭▼♦♥t❣♦♠❡r② ❬✸✸❪✮
❞❡ ❞❛❞♦s ❞❡ ❞✐â♠❡tr♦ ❞❡ ❛♥é✐s ❞❡ ♣✐stã♦ ♣❛r❛ ♠♦t♦r❡s ❞❡ ❛✉t♦♠ó✈❡✐s q✉❡ sã♦
♣r♦❞✉③✐❞♦s ♣♦r ✉♠ ♣r♦❝❡ss♦ ❞❡ ❢♦r❥❛✳ ❱✐♥t❡ ❡ ❝✐♥❝♦ ❛♠♦str❛s✱ ❝❛❞❛ ✉♠❛ ❞❡
t❛♠❛♥❤♦ ❝✐♥❝♦✱ ❢♦r❛♠ ❡①tr❛í❞❛s ❞❡ss❡ ♣r♦❝❡ss♦ q✉❛♥❞♦ s❡ ♣❡♥s❛✈❛ q✉❡ ♦ ♠❡s♠♦
❡st❛✈❛ s♦❜ ❝♦♥tr♦❧❡✳

❈♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❣rá✜❝♦s ❞❡ ❝♦♥tr♦❧❡ X̄ ❡ R✱ ❛s ❡s♣❡❝✐✜❝❛çõ❡s ❞♦s ❛♥é✐s ❞❡
♣✐stã♦ sã♦ LSE = 74, 05 ♠♠ ❡ LIE = 73, 95 ♠♠ ❡ σ̂ = 0, 01 ✳ ❆ss✐♠✱ t❡♠♦s ✉♠❛
❡st✐♠❛t✐✈❛ ♣❛r❛ Cp✿

Ĉp =
LSE − LIE

6σ̂
=

74, 05− 73, 95

6× 0, 01
= 1, 667.

◗✉❛♥❞♦ ✉♠ ♣r♦❝❡ss♦ ❛♣r❡s❡♥t❛r s♦♠❡♥t❡ ✉♠ ❧✐♠✐t❡ ❞❡ ❡s♣❡❝í✜❝❛çã♦ ✭❧✐♠✐t❡
❞❡ ❡s♣❡❝í✜❝❛çã♦ ✉♥✐❧❛t❡r❛❧✮✱ ❑❛♥❡ ✭✶✾✾✻✮ ♣r♦♣ôs ♦s í♥❞✐❝❡s ✉♥✐❧❛t❡r❛✐s✱ CpS✱ ♣❛r❛
♦ ❝❛s♦ ❞♦ ♣r♦❝❡ss♦ ❛♣r❡s❡♥t❛r ❧✐♠✐t❡ s✉♣❡r✐♦r✱ ❡ ♦ í♥❞✐❝❡ CpI ✱ ♥♦ ❝❛s♦ ❞❡ s❡ t❡r ♦
❧✐♠✐t❡ ✐♥❢❡r✐♦r✳ ❉❡✜♥✐❞♦s ❛ s❡❣✉✐r✿

CpS =
LSE − µ

3σ
,

CpI =
µ− LIE

3σ
.
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✶✳✷✳✷ ❮♥❞✐❝❡ ❞❡ ❈❛♣❛❝✐❞❛❞❡ Cpk

➱ ✉♠ ❛❥✉st❡ ❞♦ í♥❞✐❝❡ Cp✱ ❝❤❛♠❛❞♦ ❞❡ í♥❞✐❝❡ ❞❡ ❞❡s❡♠♣❡♥❤♦✳ ❊st❡ í♥❞✐❝❡✱
✐♥✐❝✐❛❧♠❡♥t❡ ♣r♦♣♦st♦ ♣♦r ❑❛♥❡ ✭✶✾✾✻✮✱ ♥ã♦ ❝♦♥s✐❞❡r❛ ❛ ❝❡♥tr❛❧✐③❛çã♦ ❞♦ ♣r♦❝❡ss♦
❡ é s❡♥sí✈❡❧ ❛♦ ❞❡s❧♦❝❛♠❡♥t♦ ❞♦s ❞❛❞♦s ❡♠ r❡❧❛çã♦ ❛ ♠é❞✐❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠
●♦♥ç❛❧❡③ ❡ ❲❡r♥❡r ✭✷✵✵✾✮✱ ♥❛ ♣rát✐❝❛ ♥❡♠ s❡♠♣r❡ ♦ ♣r♦❝❡ss♦ ❡stá ❝❡♥tr❛❞♦ ♥♦
✈❛❧♦r ♥♦♠✐♥❛❧ ❞❛ ❡s♣❡❝✐✜❝❛çã♦✱ ❡♥tã♦✱ ♦ ✉s♦ ❞♦ í♥❞✐❝❡ Cp ♣♦❞❡ ❧❡✈❛r ❛ ❝♦♥❝❧✉sõ❡s
❡rr❛❞❛s✳ ❖ í♥❞✐❝❡ Cpk é ❞❡✜♥✐❞♦ ❝♦♠♦ ♦ ♠í♥✐♠♦ ❞♦s í♥❞✐❝❡s✱ CpI ❡ CpS✱ ❞❡✜♥✐❞♦
♣❡❧❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

Cpk = min (CpI , CpS)

Cpk = min

(
µ− LIE

3σ
,
LSE − µ

3σ

)

❡♠ q✉❡✱ ▲❙❊✿ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ❡s♣❡❝✐✜❝❛çã♦❀

▲■❊✿ ❧✐♠✐t❡ ✐♥❢❡r✐♦r ❞❡ ❡s♣❡❝✐✜❝❛çã♦❀

µ✿ ♠é❞✐❛ ❞♦ ♣r♦❝❡ss♦✳

❙❡ ♦ ❞❡s✈✐♦✲♣❛❞rã♦ ❡ ❛ ♠é❞✐❛ ❞♦ ♣r♦❝❡ss♦ ❢♦r❡♠ ❞❡s❝♦♥❤❡❝✐❞♦s✱ ❛ ❡st✐♠❛t✐✈❛
♣❛r❛ ♦ í♥❞✐❝❡ Cpk é ❝❛❧❝✉❧❛❞❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

Ĉpk = min

(
µ− LIE

3σ̂
,
LSE − µ

3σ̂

)

❊♠ ❝❛s♦s ❞❡ ♣r♦❝❡ss♦s ❡♠ q✉❡ ❛ ♠é❞✐❛ é ❝❡♥tr❛❧✐③❛❞❛ ♥❛ ❡s♣❡❝✐✜❝❛çã♦✱ s❡❣✉♥❞♦
❘❛♠♦s ❡ ❍♦ ✭✷✵✵✸✮ ❡ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ✐♥t❡r❡ss❡ ♦❜❡❞❡❝❡ ❛ ✉♠❛ ❞✐str✐❜✉✐çã♦
♥♦r♠❛❧✱ é ✈á❧✐❞❛ ❛ ✐❣✉❛❧❞❛❞❡ ❡♥tr❡ Cp ❡ Cpk ❡st✐♠❛❞♦s✳

P❛r❛ ✐❧✉str❛r ♦ ❝á❧❝✉❧♦ ❞❡ ❈♣❦ ✭▼♦♥t❣♦♠❡r② ✭✷✵✵✹✮✮✱ ❢♦✐ s✉♣♦st♦ q✉❡ ✉♠
♣r♦❝❡ss♦ ❡stá s♦❜ ❝♦♥tr♦❧❡ ❝♦♠ µ̂ = 100✱ σ̂ = 1, 05 ❡ n = 5✳ ❆s ❡s♣❡❝✐✜❝❛çõ❡s ❞♦
♣r♦❝❡ss♦ sã♦ LSE = 105 ❡ LIE = 85✳ ❆ss✐♠✱ t❡♠✲s❡ ✉♠❛ ❡st✐♠❛t✐✈❛ ♣❛r❛ Cpk✿

Ĉpk = min

(
µ− LIE

3σ̂
,
LSE − µ

3σ̂

)

min

(
(100− 85)

3× 1, 05
,
(105− 100)

3× 1, 05

)
= min(4, 76; 1, 59) = 1, 587.

❉❡ ❛❝♦r❞♦ ❝♦♠ ▼♦♥t❣♦♠❡r② ✭✷✵✵✹✮✱ s❡ Cp = Cpk✱ ♦ ♣r♦❝❡ss♦ ❡stá ❝❡♥tr❛❞♦ ♥♦
♣♦♥t♦ ♠é❞✐♦ ❞❛s ❡s♣❡❝í✜❝❛çõ❡s ❡✱ q✉❛♥❞♦ Cpk < Cp✱ ♦ ♣r♦❝❡ss♦ ❡stá ❞❡s❝❡♥tr❛❞♦✳
▼♦♥t❣♦♠❡r② ✭✷✵✵✹✮ t❛♠❜é♠ ❛✜r♠❛ q✉❡✱ ♦ í♥❞✐❝❡ Cp ♠❡❞❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ♣♦t❡♥❝✐❛❧
❞♦ ♣r♦❝❡ss♦ ❡♥q✉❛♥t♦ ♦ í♥❞✐❝❡ Cpk ♠❡❞❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❡❢❡t✐✈❛✳
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◆❛ ❧✐t❡r❛t✉r❛ ❤á ❞✐✈❡rs♦s í♥❞✐❝❡s ♣❛r❛ ❛♥á❧✐s❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡✳ P♦ré♠ ♦s í♥❞✐❝❡s
❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦ ❢r❡q✉❡♥t❡♠❡♥t❡ ✉t✐❧✐③❛❞♦s ♣❛r❛ ♣r♦❝❡ss♦s ✉♥✐✈❛r✐❛❞♦s
sã♦ ♦ Cp ✭í♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣♦t❡♥❝✐❛❧✮ ❡ ♦ Cpk ✭í♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❡❢❡t✐✈❛✮✱
❝❧❛ss✐✜❝❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❚❛❜❡❧❛ ✶✳✶✳

❚❛❜❡❧❛ ✶✳✶✿ ❈❧❛ss✐✜❝❛çã♦ ❞♦ ♣r♦❝❡ss♦ ❝♦♠ r❡s♣❡✐t♦ ❛ s✉❛ ❝❛♣❛❝✐❞❛❞❡

❈❧❛ss✐✜❝❛çã♦ ❱❛❧♦r ❞❡
❈♣✴❈♣❦

✐t❡♥s ♥ã♦
❝♦♥❢♦r♠❡s
✭♣♣♠✮

❉❡s❝r✐çã♦

❈❛♣❛③ ≥ ✶✱✸✸ ≤ ✻✹♣♣♠

❊stá ❞❡♥tr♦ ❞♦s ❧✐♠✐t❡s
❡s♣❡❝✐✜❝❛❞♦s✱ ♣r♦❞✉③✐♥❞♦
♣r❛t✐❝❛♠❡♥t❡ t♦❞♦s ♦s
♣r♦❞✉t♦s ❝♦♠ q✉❛❧✐❞❛❞❡✳

❘❛③♦❛✈❡❧♠❡♥t❡
❈❛♣❛③

✶ ≤ ❈♣❦ ≤ ✶✱✸✸ ❞❡ ✻✹♣♣♠ ❛
✶✸✺✵♣♣♠

❊stá s✉❥❡✐t♦ ❛ ❢r❡q✉❡♥t❡s
♦❝♦rrê♥❝✐❛s ❞❡ ❝❛✉s❛s
❡s♣❡❝✐❛✐s✱ ♥❡❝❡ss✐t❛♥❞♦ s❡r
r✐❣✐❞❛♠❡♥t❡ ❝♦♥tr♦❧❛❞♦✳

■♥❝❛♣❛③ ≤ ✶ > ✶✸✺✵♣♣♠

❊stá ♣r♦❞✉③✐♥❞♦ ✉♠❛
♣♦r❝❡♥t❛❣❡♠ ❝♦♥s✐❞❡rá✈❡❧
❞❡ ✐t❡♥s ❢♦r❛ ❞❛s
❡s♣❡❝✐✜❝❛çõ❡s✱ ♦ ♣r♦❝❡ss♦
❡stá ❢♦r❛ ❞❡ ❝♦♥tr♦❧❡✳

❋❖◆❚❊✿ ❆❞❛♣t❛❞♦ ❞❡ ❈♦st❛ ❡t ❛❧✳ ✭✷✵✵✽✮

✶✳✷✳✸ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡ Cpm ❡ Cpkm

❖ í♥❞✐❝❡ ❈♣♠✱ ♣r♦♣♦st♦ ♣♦r ❈❤❛♥ ❡t ❛❧✳ ✭✶✾✽✽✮ ✱ é ♦✉tr❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❛♦s
í♥❞✐❝❡ Cp✱ s❡♥❞♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❘✐❜❡✐r♦ ✭✷✵✶✸✮✱ ✉♠❛ ❛❧t❡r♥❛t✐✈❛ ♠❡❧❤♦r✱ ♣♦✐s
❡st❡ ❝♦♥s✐❞❡r❛ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❛ ♠é❞✐❛ ❡ ♦ ✈❛❧♦r✲❛❧✈♦ ✭❚✮✱ ❛❧é♠ ❞❡ ❝♦♥s✐❞❡r❛r
❛ ✈❛r✐❛çã♦ ❞♦ ♣r♦❝❡ss♦✳ ❙❡❣✉♥❞♦ ❙♦✉③❛ ✭✷✵✶✵✮✱ ♥ã♦ ❜❛st❛ ♣r♦❞✉③✐r ♣❡ç❛s ❞❡♥tr♦
❞♦s ❧✐♠✐t❡s✱ ♠❛s t❛♠❜é♠ é ♣r❡❝✐s♦ q✉❡ ♦ ♣r♦❝❡ss♦ ❡st❡❥❛ ♦ ♠❛✐s ♣ró①✐♠♦ ♣♦ssí✈❡❧
❞♦ ❛❧✈♦✳ ❖ ✈❛❧♦r ❛❧✈♦ é ♦ ✈❛❧♦r ❡s♣❡❝✐✜❝❛❞♦ q✉❡ ♦ ♣r♦❞✉t♦r✴❡♠♣r❡s❛ ❞❡s❡❥❛ q✉❡
t❡♥❤❛ s❡✉ ♣r♦❞✉t♦ ♦✉ ♣r♦❝❡ss♦✳

❖ í♥❞✐❝❡ Cpm ♣♦ss✉✐ ✉♠❛ ✈❛♥t❛❣❡♠ ❡♠ r❡❧❛çã♦ ❛♦ í♥❞✐❝❡Cp✳ ❙❡❣✉♥❞♦ ●♦♥ç❛❧❡③
❡ ❲❡r♥❡r ✭✷✵✵✾✮✱ ❡❧❡ ♣r♦♣♦r❝✐♦♥❛ ✉♠❛ ❜♦❛ ✐❞❡✐❛ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦✱ t❛♥t♦
♣❛r❛ ♦s ♣r♦❝❡ss♦s ❝♦♠ ✈❛❧♦r❡s ♣ró①✐♠♦s ❛♦ ✈❛❧♦r ♥♦♠✐♥❛❧ q✉❛♥t♦ ♣❛r❛ ♦s q✉❡ s❡
❛♣r❡s❡♥t❛♠ ♠❛✐s ❞✐st❛♥t❡ ❞❡❧❡✳

❉❛ ♠❡s♠❛ ❢♦r♠❛✱ ♦ í♥❞✐❝❡ Cpkm ♣r♦♣♦st♦ ♣♦r P❡❛r♥ ❡t ❛❧✳ ✭✶✾✾✷✮✱ é ♦✉tr❛
♣♦ss✐❜✐❧✐❞❛❞❡ ❛♦ í♥❞✐❝❡ Cpk✱ s❡♥❞♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❘✐❜❡✐r♦ ✭✷✵✶✸✮✱ ✉♠❛ ❛❧t❡r♥❛t✐✈❛
♠❡❧❤♦r✱ ♣♦✐s ❛❧é♠ ❞❡ ❝♦♥s✐❞❡r❛r ❛ ♠❡♥♦r ❞✐stâ♥❝✐❛ ❡♥tr❡ ❛ ♠é❞✐❛ ❡ ♦ ✈❛❧♦r✲❛❧✈♦
✭❚✮ ❡❧❡ ❛ ♣♦♥❞❡r❛ ❡♠ r❡❧❛çã♦ ❛♦ ✈❛❧♦r✲❛❧✈♦ ✭❚✮✳

●♦♥ç❛❧❡③ ❡ ❲❡r♥❡r ✭✷✵✵✾✮ ❛✜r♠❛♠ q✉❡ ❛♠❜♦s sã♦ ❛❧t❡r♥❛t✐✈♦s ❛♦s í♥❞✐❝❡s Cp

❡ Cpk ❡ ❝♦♥s✐❞❡r❛♠ ❛❧é♠ ❞❛ ✈❛r✐❛çã♦ ❞♦ ♣r♦❝❡ss♦✱ ❛ ❞✐stâ♥❝✐❛ ❞❡ s✉❛ ♠é❞✐❛ ❡♠



✶✳✷✳ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡ ♣❛r❛ Pr♦❝❡ss♦s ❯♥✐✈❛r✐❛❞♦s ✾

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

Cpm =
(LSE − LIE)

6
√

σ2 + (µ− T )2
,

Cpkm = min

(
(µ− LIE)

3
√
σ2 + (µ− T )2

,
(LSE − µ)

3
√

σ2 + (µ− T )2

)

❡

T =
LSE + LIE

2
,

❡♠ q✉❡✱

▲❙❊✿ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ❡s♣❡❝✐✜❝❛çã♦❀

▲■❊✿ ❧✐♠✐t❡ ✐♥❢❡r✐♦r ❞❡ ❡s♣❡❝✐✜❝❛çã♦❀

µ✿ é ❛ ♠é❞✐❛ ❞♦ ♣r♦❝❡ss♦❀

σ✿ ❞❡s✈✐♦✲♣❛❞rã♦ ❞♦ ♣r♦❝❡ss♦❀

T ✿ é ♦ ✈❛❧♦r✲❛❧✈♦ ✳

❆ ❡st✐♠❛çã♦ ❞♦s í♥❞✐❝❡s ❈♣♠ ❡ ❈♣♠❦ sã♦ ❞❛❞❛s ♣♦r✿

Ĉpm =
(LSE − LIE)

6
√
s2 + (x− T )2

,

Ĉpkm = min

(
(µ− LIE)

3
√
σ2 + (µ− T )2

,
(LSE − µ)

3
√
σ2 + (µ− T )2

)

❡

T =
LSE + LIE

2
,

❡♠ q✉❡✱

▲❙❊✿ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ❡s♣❡❝✐✜❝❛çã♦❀

▲■❊✿ ❧✐♠✐t❡ ✐♥❢❡r✐♦r ❞❡ ❡s♣❡❝✐✜❝❛çã♦❀

µ✿ é ❛ ❡st✐♠❛t✐✈❛ ❞❛ ♠é❞✐❛ ✭µ✮ ❞♦ ♣r♦❝❡ss♦❀

σ✿ é ❛ ❡st✐♠❛t✐✈❛ ❞❡s✈✐♦✲♣❛❞rã♦ ✭σ✮ ❞♦ ♣r♦❝❡ss♦❀

T ✿ é ♦ ✈❛❧♦r✲❛❧✈♦✳

P❛r❛ ✐❧✉str❛r ♦ ❝á❧❝✉❧♦ ❞♦s í♥❞✐❝❡ Cpm ❡ Cpkm✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ❝♦♠♦ ❡①❡♠♣❧♦ ✉♠
♣r♦❝❡ss♦ s♦❜ ❝♦♥tr♦❧❡ ❡st❛tíst✐❝♦ ❝♦♥st✐t✉í❞♦ ♣♦r µ = 70 ✱ σ = 1 ✱ LIE = 65✱
LSE = 75✱ T = 70 ✭❘✐❜❡✐r♦ ✭✷✵✶✸✮✮✳



✶✳✷✳ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡ ♣❛r❛ Pr♦❝❡ss♦s ❯♥✐✈❛r✐❛❞♦s ✶✵

Cpm =
(75− 65)

6
√

12 + (70− 70)2
= 1, 667.

Cpkm = min

(
(70− 65)

3
√
12 + (70− 70)2

,
(75− 70)

3
√
12 + (70− 70)2

)
=

= min (3, 333; 1, 667) = 1, 667.

✶✳✷✳✹ ❮♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ Cpi ❡ Cps

❖s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ Cpi ❡ Cps sã♦ ✉t✐❧✐③❛❞♦s✱ s❡❣✉♥❞♦ ❘✐❜❡✐r♦ ✭✷✵✶✸✮✱
q✉❛♥❞♦ ♦ ♣r♦❝❡ss♦ ❛♣r❡s❡♥t❛r s♦♠❡♥t❡ ✉♠ ❞♦s ❧✐♠✐t❡s ❞❡ ❡s♣❡❝í✜❝❛çã♦ ✭▲❙❊ ♦✉
▲■❊✮✳

◗✉❛♥❞♦ s♦♠❡♥t❡ ♦ ▲■❊ é ❞❡t❡r♠✐♥❛❞♦✱ ♣♦❞❡♠♦s ✉t✐❧✐③❛r ♦ í♥❞✐❝❡ Cpi✱ ❞❡✜♥✐❞♦
♣♦r✿

Cpi =
µ− LIE

3σ
.

◗✉❛♥❞♦ s♦♠❡♥t❡ ♦ ▲❙❊ é ❞❡t❡r♠✐♥❛❞♦✱ ♣♦❞❡♠♦s ✉t✐❧✐③❛r ♦ í♥❞✐❝❡ Cps ❞❡✜♥✐❞♦
♣♦r✿

Cps =
LSE − µ

3σ
,

❡♠ q✉❡✱ µ é ❛ ♠é❞✐❛ ❞♦ ♣r♦❝❡ss♦❀ σ é ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❞♦ ♣r♦❝❡ss♦✳

❆ ❡st✐♠❛çã♦ ❞♦s í♥❞✐❝❡s Cpi ❡ Cpssã♦ ❞❛❞❛s ♣♦r✿

Ĉpi =
x− LIE

3sx
,

Ĉps =
LSE − x

3sx
,

❡♠ q✉❡✱

x é ❛ ♠é❞✐❛ ❛♠♦str❛❧❀ s é ♦ ❞❡s✈✐♦✲♣❛❞rã♦ ❛♠♦tr❛❧✳

❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♥♦✈♦s í♥❞✐❝❡s ❡ ♦ s✉r❣✐♠❡♥t♦ ❞❡ ♥♦✈❛s ❛❜♦r❞❛❣❡♥s✱
s❡❣✉♥❞♦ ❙♦✉③❛ ✭✷✵✶✵✮✱ ❡stã♦ r❡❧❛❝✐♦♥❛❞♦s às ♥❡❝❡ss✐❞❛❞❡s ❞❛s ❡♠♣r❡s❛s✱
❝♦♥s✐❞❡r❛♥❞♦ ❛ ✈❛♥t❛❣❡♠ q✉❡ ♣♦❞❡ s❡r ♦❜t✐❞❛ ❛tr❛✈és ❞❛ q✉❛❧✐❞❛❞❡ ❞♦s ♣r♦❞✉t♦s ❡
♣r♦❝❡ss♦s✳ ◆❛ ♣ró①✐♠❛ s❡çã♦ ✐r❡♠♦s ❞❡✜♥✐r ❛❧❣✉♥s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ✉t✐❧✐③❛❞♦s
❡♠ s✐t✉❛çõ❡s ❡♠ q✉❡ t❡♠♦s ♠❛✐s ❞❡ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ✐♥t❡r❡ss❡✳
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✶✳✸ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡ ▼✉❧t✐✈❛r✐❛❞♦s

◆❛ ❛♥❛❧✐s❡ ❞❡ ✉♠ ♣r♦❝❡ss♦✱ ❡①✐st❡♠ ♦❝❛s✐õ❡s ❡♠ q✉❡ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡
✈❛r✐á✈❡✐s ❞❡✈❡ s❡r ❛♥❛❧✐s❛❞♦ s✐♠✉❧t❛♥❡❛♠❡♥t❡ ✐♥❝♦r♣♦r❛♥❞♦ ❛ ❝♦rr❡❧❛çã♦ ❡①✐st❡♥t❡
❡♥tr❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✐♥t❡r❡ss❡✳ ❙❡❣✉♥❞♦ ▼✐♥❣♦t✐ ❡t ❛❧✳ ✭✷✵✶✶✮✱ é ♠✉✐t♦
❝♦♠✉♠ q✉❡ ❛ q✉❛❧✐❞❛❞❡ ❞❡ ✉♠ ♣r♦❝❡ss♦ s❡❥❛ ❞❡t❡r♠✐♥❛❞❛ ♣♦r ♠❛✐s ❞❡ ✉♠❛
❝❛r❛❝t❡ríst✐❝❛✱ s❡♥❞♦ ❡♥tã♦ ❞❡s❡❥á✈❡❧ ❛✈❛❧✐❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦ ♣♦r ♠❡❞✐❞❛s
q✉❡ ❧❡✈❡♠ ❡♠ ❝♦♥s✐❞❡r❛çã♦ t♦❞❛s ❛s ❝❛r❛❝t❡ríst✐❝❛s s✐♠✉❧t❛♥❡❛♠❡♥t❡✳ P❛r❛
❝♦♥t♦r♥❛r ❡ss❛ s✐t✉❛çã♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❖❧✐✈❡✐r❛ ✭✷✵✵✼✮✱ ❡①✐st❡ ✉♠❛ t❡♥❞ê♥❝✐❛
♠♦❞❡r♥❛ ♣❛r❛ ♦ ✉s♦ ❞♦s ♠ét♦❞♦s ❡st❛tíst✐❝♦s ♠✉❧t✐✈❛r✐❛❞♦s✳

❙❡❣✉♥❞♦ ❋❡rr❡✐r❛ ✭✷✵✶✶✮✱ ❝♦♠ ♦s ♠ét♦❞♦s ❡st❛tíst✐❝♦s ♠✉❧t✐✈❛r✐❛❞♦s✱ ❛s
❛♥á❧✐s❡s✱ ❞❡s❝r✐çõ❡s ❡ ✐♥❢❡rê♥❝✐❛s sã♦ r❡❛❧✐③❛❞❛s ❝♦♠ ❜❛s❡ ♥❛s r❡s♣♦st❛s
s✐♠✉❧tâ♥❡❛s✱ ✈❛❧❡♥❞♦✲s❡ ❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s✳ ❊♥tã♦ ❛ ❛✈❛❧✐❛çã♦ ❞❛
❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦ ❞❡✈❡ s❡r ❢❡✐t❛ ❛tr❛✈és ❞♦s í♥❞✐❝❡s ♠✉❧t✐✈❛r✐❛❞♦s✱ ❡♠ q✉❡
♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s é r❡♣r❡s❡♥t❛❞♦ ♥❛ ❢♦r♠❛ ❞❡ ✈❡t♦r❡s✳ ❆ ♥♦t❛çã♦ ❞❡ ✈❡t♦r
❛❧❡❛tór✐♦ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ❝❛❞❛ ✉♥✐❞❛❞❡ ❛♠♦str❛❧✳ ❯♠ ✈❡t♦r ❛❧❡❛tór✐♦ é ✉♠ ✈❡t♦r
❝✉❥♦s ❡❧❡♠❡♥t♦s sã♦ ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s✱ ✐st♦ é✿

X̃ t = (x1, x2, . . . , xp) ,

❡♠ q✉❡✱ xi é ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛✳

❯♠❛ ♠❛tr✐③ ❛❧❡❛tór✐❛ é ✉♠❛ ♠❛tr✐③ ❝✉❥♦s ❡❧❡♠❡♥t♦s sã♦ ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s✱
✐st♦ é✿

X = [xij] ,

❡♠ q✉❡✱ xij sã♦ ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s✳

◆❛ ❛♥á❧✐s❡ ♠✉❧t✐✈❛r✐❛❞❛✱ ✉♠❛ ❛♠♦str❛ ❛❧❡❛tór✐❛ ❞❡ t❛♠❛♥❤♦ n ❝♦♥s✐st❡ ❡♠ n
♦❜s❡r✈❛çõ❡s ✐♥❞❡♣❡♥❞❡♥t❡s ❝♦♠ ♠❡s♠❛ ❞✐str✐❜✉✐çã♦ ❝♦♥❥✉♥t❛ ❞❛s p ✈❛r✐á✈❡✐s ❡♠
❝❛❞❛ r❡♣❡t✐çã♦✳

❆ ❛❜♦r❞❛❣❡♠ ✉s❛❞❛ ♥♦ ❝❛s♦ ✉♥✐✈❛r✐❛❞♦ t❛♠❜é♠ ♣♦❞❡ s❡r ✉s❛❞❛ ♥♦ ❝❛s♦
♠✉❧t✐✈❛r✐❛❞♦✳ ❙✉♣♦♥❞♦ q✉❡ t❡♥❤❛♠♦s p ✈❛r✐á✈❡✐s✱ ❞❛❞❛s ♣♦r x1, x2, . . . , xp ✱
❛rr❛♥❥❛♠♦s ❡ss❛s ✈❛r✐á✈❡✐s ❡♠ ✉♠ ✈❡t♦r ❞❡ p ❝♦♠♣♦♥❡♥t❡s x✬= [x1, x2, . . . , xp]✳
❆ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❛ ♥♦r♠❛❧ ♠✉❧t✐✈❛r✐❛❞❛ é ❛ s❡❣✉✐♥t❡✿

f(x) =
1

(2π)
p

2 |Σ|
1

2

e−
1

2
(x−µ)′Σ−1(x−µ),

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

❚❡♠♦s ❡♥tã♦ ❛ ❞✐stâ♥❝✐❛ ♣❛❞r♦♥✐③❛❞❛ ❛♦ q✉❛❞r❛❞♦ ❞❡ x à ♠é❞✐❛ ♣❛r❛ ♦ ❝❛s♦
♠✉❧t✐✈❛r✐❛❞♦ ❞❡✜♥✐❞❛ ♣♦r✿
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(x− µ)′Σ−1(x− µ).

❆ ♠❛tr✐③ ❞❡ ❝♦♥✈❛r✐â♥❝✐❛ Σ é ❞❡♥♦t❛❞❛ ♣♦r✿

Σpxp =




σ11 σ12 . . . σ1p

σ21 σ22 . . . σ2p

· · · · · · · · · · · ·
σp1 σp2 . . . σpp


 ,

♥♦ q✉❛❧ σij é ❛ ❝♦✈❛r✐â♥❝✐❛ ❡♥tr❡ Xi ❡ Xj✱ ♣❛r❛ i 6= k ❡ σij é ❛ ✈❛r✐â♥❝✐❛ ❞❡ Xi

s❡ i = k✳

❖ tr❛❜❛❧❤♦ ♦r✐❣✐♥❛❧ ❡♠ ❝♦♥tr♦❧❡ ❞❛ q✉❛❧✐❞❛❞❡ ♠✉❧t✐✈❛r✐❛❞♦ ❢♦✐ ❢❡✐t♦ ♣♦r
❍♦t❡❧❧✐♥❣ ✭✶✾✹✼✮✱ q✉❡ ❛♣❧✐❝♦✉ s❡✉s ♣r♦❝❡❞✐♠❡♥t♦s ❛ ❞❛❞♦s ❞❡ ✈✐s♦r❡s ❞❡
❜♦♠❜❛r❞❡✐r♦s ❞✉r❛♥t❡ ❛ ❙❡❣✉♥❞❛ ●✉❡rr❛ ▼✉♥❞✐❛❧✱ s❡❣✉♥❞♦ ▼♦♥t❣♦♠❡r② ✭✷✵✵✹✮✳
P♦st❡r✐♦r♠❡♥t❡✱ s✉r❣✐r❛♠ ✈ár✐♦s ❛rt✐❣♦s s♦❜r❡ ♣r♦❝❡❞✐♠❡♥t♦s ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛
✈ár✐❛s ✈❛r✐á✈❡✐s r❡❧❛❝✐♦♥❛❞❛s✳

◆♦s ❞✐❛s ❞❡ ❤♦❥❡✱ ♦ ❝♦♥tr♦❧❡ ❞❛ q✉❛❧✐❞❛❞❡ ♠✉❧t✐✈❛r✐❛❞♦ é ♠✉✐t♦ ✐♠♣♦rt❛♥t❡
❞❡✈✐❞♦ à ❣r❛♥❞❡ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❝♦♥tr♦❧❡ ❞❡ ❞✉❛s ♦✉ ♠❛✐s ❝❛r❛❝t❡ríst✐❝❛s
s✐♠✉❧t❛♥❡❛♠❡♥t❡✱ ❥✉st✐✜❝❛♥❞♦ ♦ ❛✉♠❡♥t♦ ❞♦ ✉s♦ ❞♦s ♠ét♦❞♦s ♠✉❧t✐✈❛r✐❛❞♦s ♥♦s
ú❧t✐♠♦s ❛♥♦s✳ ❖s ♠ét♦❞♦s ♠✉❧t✐✈❛r✐❛❞♦s✱ s❡❣✉♥❞♦ ❲♦♦❞❛❧❧ ❡ ▼♦♥t❣♦♠❡r② ✭✷✵✶✹✮✱
sã♦ ❢✉♥❞❛♠❡♥t❛✐s q✉❛♥❞♦ s❡ q✉❡r ♠♦♥✐t♦r❛r ✈ár✐❛s ✈❛r✐á✈❡✐s ❞❡ q✉❛❧✐❞❛❞❡ ❡ t✐r❛r
♣r♦✈❡✐t♦ ❞❡ t♦❞❛s ❛s r❡❧❛çõ❡s ❡♥tr❡ ❡❧❛s✳

➱ ♣♦ssí✈❡❧ ❛✈❛❧✐❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦ ♠✉❧t✐✈❛r✐❛❞♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠
▼✐♥❣♦t✐ ❡t ❛❧✳ ✭✷✵✶✶✮✱ ❛tr❛✈és ❞♦ ❝á❧❝✉❧♦ ❞♦s í♥❞✐❝❡s ❈♣✱ ❈♣❦ ❡ ❈♣♠ ♣❛r❛ ❝❛❞❛
✉♠❛ ❞❛s ✈❛r✐á✈❡✐s s❡♣❛r❛❞❛♠❡♥t❡✳ P♦ré♠✱ ❞❡ss❛ ♠❛♥❡✐r❛ ♥ã♦ s❡ ❝♦♥s✐❞❡r❛ ❛
❝♦rr❡❧❛çã♦ ❡①✐st❡♥t❡ ❡♥tr❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✐♥t❡r❡ss❡✳

✶✳✸✳✶ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡ ▼é❞✐❛ ●❡♦♠étr✐❝❛

❆ ♠é❞✐❛ ❣❡♦♠étr✐❝❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ✉♥✐✈❛r✐❛❞♦s é ✉♠❛ ❞❛s ❢♦r♠❛s
❞❡ ♦❜t❡r ♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣❛r❛ ♣r♦❝❡ss♦s ♠✉❧t✐✈❛r✐❛❞♦s✱ ❞❡✜❞♦s ♣♦r✿

Cpgeom =

(
p∏

i=1

Cp(xi)

)1/p

,

Cpkgeom =

(
p∏

i=1

Cpk(xi)

)1/p

.

P♦ré♠✱ ❝❛s♦ ❤❛❥❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛s ❝❛r❛❝t❡r✐st✐❝❛s ❞❡ ✐♥t❡r❡ss❡✱ ❡❧❛ ♥ã♦ ❡st❛rá
s❡♥❞♦ ❧❡✈❛❞❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦✳

❍á ❛❧❣✉♥s í♥❞✐❝❡s ♠✉❧t✐✈❛r✐❛❞♦s ❝♦♠♦ ♦s ❞❡ ❈❤❡♥ ✭✶✾✾✹✮✱ ❱❡❡✈❡rs ✭✶✾✾✽✮✱



✶✳✸✳ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡ ▼✉❧t✐✈❛r✐❛❞♦s ✶✸

◆✐✈❡rt❤✐ ❡ ❉❡② ✭✷✵✵✵✮✱ ▼✐♥❣♦t✐ ❡ ●❧ór✐❛ ✭✷✵✵✽✮✱ ❇❡r♥❛r❞♦ ❡ ■r♦♥② ✭✶✾✾✻✮✱ ❞❡♥tr❡
♦✉tr♦s✱ q✉❡ sã♦ ❡①t❡♥çõ❡s ❞♦s í♥❞✐❝❡s ❈♣ ❡ ❈♣❦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ▼✐♥❣♦t✐ ❡t ❛❧✳
✭✷✵✶✶✮✳

✶✳✸✳✷ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡ ❞❡ ◆✐✈❡rt❤✐ ❡ ❉❡②

❖s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♠✉❧t✐✈❛r✐❛❞♦s ❞❡ ◆✐✈❡rt❤✐ ❡ ❉❡② ✭✷✵✵✵✮✱ sã♦ ❞❡✜♥✐❞♦s
♣♦r✿

CpND =
1

2m
Σ−1/2(LSE − LIE),

CpkND = Σ−1/2min

[(
(LSE − µ0)

m
;
(µ0 − LIE)

m

)]
,

❡♠ q✉❡✱

Σ−1/2Σ−1/2 = Σ−1 ❡ Σ−1/2 é ♠❛tr✐③ q✉❡ q✉❡ ❝♦♥té♠ ♦s ♣❡s♦s ✉s❛❞♦s ♥❛
❝♦♠♣♦s✐çã♦ ❞❛s ❝♦♠❜✐♥❛çõ❡s ❧✐♥❡❛r❡s❀

µ0 ♦ ✈❡t♦r ❞❡ ♠é❞✐❛s ❝❡♥tr❛❞❛s ❡

m = 3 ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ✐❣✉❛❧ ❛ ✵✱✾✾✼✱ ♦✉ ✉♠ ♥í✈❡❧ ❞❡
s✐❣♥✐✜❝â♥❝✐❛ α = 0, 003✳

❊♥tã♦ t❡♠♦s q✉❡ ♦s í♥❞✐❝❡s CpND ❡ CpkND sõ❛ ✈❡t♦r❡s ❞❡ ❞✐♠❡♥sã♦ p × 1✱
s❡♥❞♦ p ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s✳ ❯♠❛ ♠❡❞✐❛ ❣❧♦❜❛❧ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦
♣♦❞❡ s❡r ❛♣r❡s❡♥t❛❞❛ ❝♦♠♦ ♦ ♠í♥✐♠♦ ❞♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♥♦s ✈❡t♦r❡s CpND ❡
CpkND✱ s❡❣✉♥❞♦ ▼✐♥❣♦t✐ ❡ ●❧ór✐❛ ✭✷✵✵✽✮✳

❯♠ ♣r♦❜❧❡♠❛ ❛t✉❛❧ é q✉❡ ❡st❡ í♥❞✐❝❡ ❛✐♥❞❛ ♥ã♦ ♣♦ss✉✐ ✈❛❧♦r❡s ❞❡ r❡❢❡rê♥❝✐❛s
♣❛r❛ ❝♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✱ ❝♦♠♦ ♦s í♥❞✐❝❡s ✉♥✐✈❛r✐❛❞♦s ♣♦ss✉❡♠✳

✶✳✸✳✸ ❮♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♠✉❧t✐✈❛r✐❛❞♦s ❞❡ ▼✐♥❣♦t✐ ❡
●❧ór✐❛

❖s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♠✉❧t✐✈❛r✐❛❞♦s ❞❡ ▼✐♥❣♦t✐ ❡ ●❧ór✐❛ ✭✷✵✵✽✮ sã♦
❞❡✜♥✐❞♦s ♣♦r✿

Cm
p = min

{
Cm

pi ; i = 1, . . . , p
}
,

Cm
pi =

[
LSEi − LIEi

2σiCrα

]
=

[
r2i + r1i
2σiCrα

]
,

❡♠ q✉❡✱



✶✳✸✳ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡ ▼✉❧t✐✈❛r✐❛❞♦s ✶✹

Crα é ♦ ♣♦♥t♦ ❝rít✐❝♦ ✉s❛❞♦ ♥♦ t❡st❡ ❡st❛tíst✐❝♦ ❞❡ ❍❛②t❡r ❡ ❚s✉✐ ❬✷✷❪ ♣❛r❛ ♦
✈❡t♦r ❞❡ ♠é❞✐❛s ♣♦♣✉❧❛❝✐♦♥❛❧❀

µs
i é ♦ ✈❛❧♦r ♥♦♠✐♥❛❧ ❞❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ Xi ✱ i = 1, . . . , p❀

σi ❞❡s✈✐♦✲♣❛❞rã♦ ❞❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ Xi❀

r1i = µs
i − LIE ❀

r2i = LSE − µs
i ❀

▲❙❊✿ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ❡s♣❡❝✐✜❝❛çã♦❀

▲■❊✿ ❧✐♠✐t❡ ✐♥❢❡r✐♦r ❞❡ ❡s♣❡❝✐✜❝❛çã♦✳

Cm
pk = min

{
Cm

pki; i = 1, . . . , p
}
,

Cm
pki = min

(
µ0
i − LIEi

σiCrα

,
LSEi − µ0

i

σiCrα

)
, i = 1, . . . , p,

❡♠ q✉❡✱

µ0
i é ♦ ✈❡t♦r ❞❡ ♠é❞✐❛s ❝❡♥tr❛❞❛s ❀

σi ♦ ❞❡s✈✐♦✲♣❛❞rã♦ ❞❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ Xi ❀

LIE = µs
i − r1i ❡ LSE = µs

i + r2i ✳

❖ ♣r♦❝❡ss♦ é ❝♦♥s✐❞❡r❛❞♦ ❝❛♣❛③ q✉❛♥❞♦ ❡ss❡s Cm
pki ♦✉ Cm

p ❢♦r❡♠ ♠❛✐♦r❡s ♦✉
✐❣✉❛✐s ❛ ✶ ❝♦♠ ✉♠ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ (1 − α)100%✳ ❆ ✈❛♥t❛❣❡♠ ❞❡ss❡s í♥❞✐❝❡s
é q✉❡ ❡❧❡s ❝♦♥s✐❞❡r❛♠ ♣♦ss✐✈é✐s ❞❡s✈✐♦s ♠é❞✐♦s ❡♠ r❡❧❛çã♦ ❛♦s ✈❛❧♦r❡s ♠é❞✐♦s
❡s♣❡❝í✜❝❛❞♦s✳

✶✳✸✳✹ ❊①t❡♥sõ❡s ❞♦s í♥❞✐❝❡s ◆✐✈❡rt❤✐ ❡ ❉❡② ❡ ▼✐♥❣♦t✐ ❡
●❧ór✐❛

▼✐♥❣♦t✐ ❡t ❛❧✳ ✭✷✵✶✶✮✱ ♣r♦♣✉s❡r❛♠ ❞♦✐s ♥♦✈♦s í♥❞✐❝❡s ❢✉♥❞❛♠❡♥t❛❞♦s ♥❛s
♣r♦♣♦s✐çõ❡s ❞❡ ◆✐✈❡rt❤✐ ❡ ❉❡② ✭✷✵✵✵ ❡ ▼✐♥❣♦t✐ ❡ ●❧ór✐❛ ✭✷✵✵✽✮q✉❡ sã♦ ❡①t❡♥sõ❡s
❞♦ í♥❞✐❝❡ Cpm ✉♥✐✈❛r✐❛❞♦ ♣❛r❛ ♦ ❝❛s♦ ♠✉❧t✐✈❛r✐❛❞♦ ✈✐❛ ◆✐✈❡rt❤✐ ❡ ❉❡② ❡ ▼✐♥❣♦t✐ ❡
●❧ór✐❛✳ ❆ ✐❞❡✐❛ ❢♦✐ ❝♦♥str✉✐r í♥❞✐❝❡s ♠✉❧t✐✈❛r✐❛❞♦s q✉❡ ❧❡✈❛ss❡♠ ❡♠ ❝♦♥s✐❞❡r❛çã♦
❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ✈❡t♦r❡s ❞❡ ♠é❞✐❛s ❞♦ ♣r♦❝❡ss♦ ❡ ❞❡ ❡s♣❡❝✐✜❝❛çã♦✱ ❛ ❡str✉t✉r❛
❞❡ ✈❛r✐❛❜✐❧✐❞❛❞❡ ❡ ❞❡ ❝♦rr❡❧❛çã♦ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ q✉❛❧✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦ ❡ ♦s
❧✐♠✐t❡s ❞❡ ❡s♣❡❝✐✜❝❛çã♦ ❞❡ ❝❛❞❛ ✈❛r✐á✈❡❧✳ ❖ ♣r✐♠❡✐r♦ í♥❞✐❝❡ q✉❡ ❞❡ ❛❝♦r❞♦ ❝♦♠
▼✐♥❣♦t✐ ❡t ❛❧✳ ✭✷✵✶✶✮✱ s❡❣✉❡ ❛ ❢♦r♠✉❧❛çã♦ ❞❡ í♥❞✐❝❡ ❞❡ ◆✐✈❡rt❤✐ ❡ ❉❡② ✭✷✵✵✵✮ é
❞❡✜♥✐❞♦ ♣♦r✿

CM
pmA = (Σp×p + A)−1/2

[
LSE − LIE

2m

]
,



✶✳✸✳ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡ ▼✉❧t✐✈❛r✐❛❞♦s ✶✺

❡♠ q✉❡✱

A = (µs − µ0)(µs − µ0)′ é ✉♠❛ ♠❛tr✐③ r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ♦s ❞❡s✈✐♦s ❞❛s ♠é❞✐❛s
❞❡ ❡s♣❡❝✐✜❝❛çã♦ ❡ ❞❡ ♣r♦❝❡ss♦ ❞❡ ❝❛❞❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ q✉❛❧✐❞❛❞❡ ❝♦♠ ❞✐♠❡♥sã♦
♣①♣❀

µs = (µs
1, µ

s
2, . . . , µ

s
p) ❡ µo = (µ0

1, µ
0
2, . . . , µ

0
p)✳

P❛r❛ ♣r♦❝❡ss♦s ❝❡♥tr❛❞♦s ♥❛s ♠é❞✐❛s ❞❡ ❡s♣❡❝✐✜❝❛çã♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ▼✐♥❣♦t✐
❡t ❛❧✳ ✭✷✵✶✶✮✱ ♦ ✈❛❧♦r ❞❡ CM

pmA s❡rá ✐❣✉❛❧ ❛♦s ❞♦s í♥❞✐❝❡s CpND ❡ CpkND✳ m✿ é
✉♠❛ ❝♦♥st❛♥t❡ r❡s✉❧t❛♥t❡ ❞❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ✉♥✐✈❛r✐❛❞❛ ♣❛❞r♦♥✐③❛❞❛ s❡♥❞♦
❞❡t❡r♠✐♥❛❞❛ ❝♦♥❢♦r♠❡ ♦ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ q✉❡ ♦ ✉s✉ár✐♦ ❞❡s❡❥❛ ✉t✐❧✐③❛r ♣❛r❛
♠❡❞✐r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦✳

❖ s❡❣✉♥❞♦ í♥❞✐❝❡ q✉❡ ✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ▼✐♥❣♦t✐ ❡t ❛❧✳ ✭✷✵✶✶✮✱ s❡❣✉❡ ❛
❢♦r♠✉❧❛çã♦ ❞♦ í♥❞✐❝❡ ❞❡ ▼✐♥❣♦t✐ ❡ ●❧ór✐❛ ✭✷✵✵✽✮ ❞❡✜♥✐❞♦ ♣♦r✿

CM
pmB = min

{
CM

pmiB; i = 1, 2, . . . , p
}
,

CM
pmiB =

LSE − LIE

2Crα(σ2
i + (µs

i − µ0
i )

2)1/2
=

r1i + r2i
2Crα(σ2

i + (µs
i − µ0

i )
2)1/2

.

❙❡❣✉♥❞♦ ▼✐♥❣♦t✐ ❡t ❛❧✳ ✭✷✵✶✶✮✱ q✉❛♥❞♦ ♦ ♣r♦❝❡ss♦ é ❝❡♥tr❛❞♦ ♥♦ ✈❡t♦r ❞❡
♠é❞✐❛s ♦ ✈❛❧♦r ❞❡ CM

pmB s❡rá ✐❣✉❛❧ Cm
p ❡ Cm

pk✳

✶✳✸✳✺ ❮♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣r♦♣♦st♦ ♣♦r ❱❡❡✈❡rs

❖s í♥❞✐❝❡s ♣r♦♣♦st♦s ♣♦r ❱❡❡✈❡s ✭✶✾✾✽✮ sã♦ ❞❡✜♥✐❞♦s ♣❡❧♦ ♣r♦❞✉t♦ ❞♦s í♥❞✐❝❡s
✉♥✐✈❛r✐❛❞♦s✳ ❉❡✜♥✐❞♦s ❝♦♠♦✿

Cpv =
n∏

i=1

Cp(Xi)
Ii ,

❡♠ q✉❡✱ n é ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ❡

Ii =

{
0 s❡ Cp(xi) ≥ 1;
1 s❡ Cp(xi) < 1.

❊♥tã♦ ♦ í♥❞✐❝❡ Cpv ❡①✐st❡ s❡ ❤♦✉✈❡r ♣❡❧♦ ♠❡♥♦s ✉♠ Cp(xi) ♠❡♥♦r q✉❡ ✶✳

P❛r❛ ♦ ❝❛s♦ ❞❡ t♦❞♦s ♦s í♥❞✐❝❡s Cp(xi) ♠❛✐♦r❡s q✉❡ ✶✱ ❞❡✈❡✲s❡ ✉t✐❧✐③❛r ✿

Cpv =

∏n
i=1 Cp(xi)∏n

i=1 Cp(xi)−
∏n

i=1 [Cp(xi)− 1]
.



✶✳✸✳ ❮♥❞✐❝❡s ❞❡ ❈❛♣❛❝✐❞❛❞❡ ▼✉❧t✐✈❛r✐❛❞♦s ✶✻

✶✳✸✳✻ ❮♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣r♦♣♦st♦ ♣♦r ❚❛❛♠✱ ❙✉❜❜❛✐❛❤
❡ ▲✐❞❞②

❚❛❛♠ ❡t ❛❧✳ ✭✶✾✾✸✮ ♣r♦♣✉s❡r❛♠ í♥❞✐❝❡s ❞❡ ♣r♦❝❡ss♦s ♠✉❧t✐✈❛r✐❛❞♦s✱ ▼❈P ❡
▼❈P▼✱ ❞❡✜♥✐❞♦s ♣♦r✿

Cpt =
(
∏c

i=1 ri) π
c/2(Γ( c

2
+ 1))−1

|Σ|1/2 (πχ2
1−α,c)

c/2(Γ( c
2
+ 1))−1

,

❡♠ q✉❡✱ ❝ é ♦ ♥ú♠❡r♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ q✉❛❧✐❞❛❞❡❀

Σ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛❀

❡ Γ é ✉♠❛ ❢✉♥çã♦ ●❛♠♠❛✳

◗✉❛♥❞♦ ❛ ♠é❞✐❛ ♣r♦❝❡ss♦ é ❞✐st❛♥t❡ ❞♦ ✈❛❧♦r ❛❧✈♦✱ ♦ í♥❞✐❝❡ ❞❡ Cpt ♣♦❞❡ s❡r
r❡❡s❝r✐t♦ ❞❛ s❡❣✉♥t❡ ♠❛♥❡✐r❛✿

Cpt =
Cpt

d
,

♥♦ q✉❛❧ d = (1 + (µ− T )′Σ−1(µ− T )1/2,

µ é ❛ ♠é❞✐❛ ❞♦ ♣r❡♦❝❡ss♦ ❡ T é ♦ ✈❛❧♦r✲❛❧✈♦✳

✶✳✸✳✼ ❮♥❞✐❝❡s ♣r♦♣♦st♦s ♣♦r P❛♥ ❡ ▲✐

❆ ✜♠ ❞❡ ❛✈❛❧✐❛r ❛❞❡q✉❛❞❛♠❡♥t❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ♣r❡❝✐sã♦✱ P❛♥ ❡
▲✐ ✭✷✵✶✹✮ ♣r♦♣✉s❡r❛♠ ♦ s❡❣✉✐♥t❡ í♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss♦s ❝♦♠ ✈❛r✐â♥❝✐❛s
❤❡t❡r♦❣ê♥❡❛s✿

NPCa =

∑p
i=1(µi − Ti)

2

R2
,

❡♠ q✉❡✱

µ é ❛ ♠é❞✐❛ ❞♦ ♣r❡♦❝❡ss♦❀

T é ♦ ✈❛❧♦r ❛❧✈♦ ❡

U é ❛ ár❡❛ ❞❛ r❡❣✐ã♦ ❞❡ ❡s♣❡❝✐✜❝❛çã♦✳

❯♠❛ ✈❡③ q✉❡ ♦ ✈❛❧♦r ❞♦ í♥❞✐❝❡ NPCa é ❣r❛♥❞❡ s✐❣♥✐✜❝❛ q✉❡ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡
♦ ♣r♦❝❡ss♦ ❡ ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦ ❛❧✈♦ é ❣r❛♥❞❡✳ ◗✉❛♥❞♦ ♦ ✈❛❧♦r ❞♦ í♥❞✐❝❡ é ♣❡q✉❡♥♦✱
s✐❣♥✐✜❝❛ q✉❡ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ♣r♦❝❡ss♦ ❡ ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦ ❛❧✈♦ é ♣❡q✉❡♥♦✳ ❖
í♥❞✐❝❡ NPCa ♣♦❞❡ ❢♦r♥❡❝❡r ❛ ✐♥❢♦r♠❛çã♦ r❡❧❛t✐✈❛ ❞❡ ♣r❡❝✐sã♦ ❞♦ ♣r♦❝❡ss♦✳ P❛r❛
♠❡❞✐r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♣r❡❝✐sã♦ ❞♦ ♣r♦❝❡ss♦✱ P❛♥ ❡ ▲✐ ✭✷✵✶✵✮ ♣r♦♣✉s❡r❛♠✿



✶✳✹✳ ❮♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣❛r❛ ♣r♦❝❡ss♦s ❛✉t♦❝♦rr❡❧❛❝✐♦♥❛❞♦s ✶✼

NPCp =
U2

Cp

∑p
i=1 σ

2
i

,

❡♠ q✉❡✱

Cp = (χ2
p,0.9973)

p/2/p ❡ χ2
p,0.9973 é ♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ❞✐str✐❜✉✐çã♦ q✉✐✲q✉❛❞r❛❞♦

❝♦♠ ♣ ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡❀

σ ❞❡s✈✐♦ ♣❛❞rã♦ ❞♦ ♣r♦❝❡ss♦ ❡

U é ❛ ár❡❛ ❞❛ r❡❣✐ã♦ ❞❡ ❡s♣❡❝✐✜❝❛çã♦✳

❙❡✉s r❡s♣❡❝t✐✈♦s ❡st✐♠❛❞♦rr❡s sã♦ ❞❛❞♦s ♣♦r✿

N̂PCa =

∑p
i=1(X̂i − ti)

2

U2
,

❡♠ q✉❡✱ X̂i é ❛ ♠é❞✐❛ ❞❛ ❛♠♦str❛ ❞❡ Xi ❝❛r❛❝t❡ríst✐❝❛ ❞❡ q✉❛❧✐❞❛❞❡✳

N̂PCp =
U2

Cp

∑p
i=1 s

2
i

,

❡♠ q✉❡✱ s2i =
∑n

j=1(xj − x̂2
i )/(n − 1) é ❛ ✈❛r✐❛♥❝✐❛ ❛♠♦str❛❧ ❞❛ ✐✲és✐♠❛

❝❛r❛❝t❡r✐st✐❝❛ ❞❛ q✉❛❧✐❞❛❞❡✳

✶✳✹ ❮♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣❛r❛ ♣r♦❝❡ss♦s
❛✉t♦❝♦rr❡❧❛❝✐♦♥❛❞♦s

❉❡✈✐❞♦ ❛ ❛✉t♦❝♦rr❡❧❛çã♦✱ ❛ ❡st✐♠❛çã♦ ❞♦s ♣❛râ♠tr♦s ♣♦❞❡♠ s❡r ❛❢❡t❛❞❛s✱
s❡❣✉♥❞♦ ❘❛♠♦s ❡ ❍♦ ✭✷✵✵✸✮✱ s❡♥❞♦ ❛ss✐♠ ❛s ❡st✐♠❛t✐✈❛s ❞♦s í♥❞✐❝❡s ❈♣ ❡
❈♣❦ ❡st❛rã♦ ✈✐❡s❛❞❛s✳ ❙❡❣✉♥❞♦ ❖❧✐✈❡✐r❛ ✭✷✵✵✼✮✱ ❛ ♣r❡s❡♥ç❛ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦
❛❝❛rr❡t❛ ♥♦ ♣r♦❜❧❡♠❛ ♣❛r❛ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss♦s ❛tr❛✈és ❞♦s ❣rá✜❝♦s
❞❡ ❝♦♥tr♦❧❡ ❞❡ ❙❤❡✇❛rt✱ ♣♦✐s ❡❧❡✈❛ ❛s ❡st✐♠❛t✐✈❛s ❞♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❞♦ ♣r♦❝❡ss♦✳
❆✉t♦❝♦rr❡❧❛çã♦ é ❛ ❝♦rr❡❧❛çã♦ ❞❡ ✉♠❛ ✈❛r✐á✈❡❧✱ ❝♦♥s✐❣♦ ♠❡s♠❛ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳

❆ ❝♦rr❡❧❛çã♦ ❡ s✉❛ ✐♥t❡♥s✐❞❛❞❡ ❡①✐st❡♥t❡ ♥♦s ❞❛❞♦s ♣♦❞❡ s❡r ♠❡❞✐❞❛✱ s❡❣✉♥❞♦
❘❛♠♦s ❡ ❍♦ ✭✷✵✵✸✮ ✉t✐❧✐③❛♥❞♦ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛çã♦✱ ❞❡✜♥✐❞♦ ❝♦♠♦✿

ρL =
Cov(Xt, Xt−1)

σ2(Xt)
, L = 1, 2, ...n− 1.

▼✐♥❣♦t✐ ❡ ❖❧✐✈❡✐r❛ ✭✷✵✶✶✮ ♠♦str❛r❛♠ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ ❝♦♥s✐❞❡r❛r ♦ ❡❢❡✐t♦ ❞❛
❛✉t♦❝♦rr❡❧❛çã♦ ♥♦ ♣r♦❝❡ss♦ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♠✉❧t✐✈❛r✐❛❞♦s✳
❙❡❣✉♥❞♦ ❡st❡s ❛✉t♦r❡s✱ ❛ ♣r❡s❡♥ç❛ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦ é ❝❛♣❛③ ❞❡ ❛❢❡t❛r ♦ r❡s✉❧t❛❞♦
❢♦r♥❡❝✐❞♦ ♣❡❧♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ q✉❛♥❞♦ ❛ ❛✉t♦❝♦rr❡❧❛çã♦ ♥ã♦ ❡stá s❡♥❞♦
❝♦♥s✐❞❡r❛❞❛✳



✶✳✹✳ ❮♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣❛r❛ ♣r♦❝❡ss♦s ❛✉t♦❝♦rr❡❧❛❝✐♦♥❛❞♦s ✶✽

✶✳✹✳✶ ❮♥❞✐❝❡s Pr♦♣♦st♦s ♣♦r P❛♥ ❡ ❍✉❛♥❣

❙❡ ✉♠ ♣r♦❝❡ss♦ ❛✉t♦❝♦rr❡❧❛❝✐♦♥❛❞♦ é tr❛t❛❞♦ ❝♦♠♦ ✉♠ ♣r♦❝❡ss♦ ✐♥❞❡♣❡♥❞❡♥t❡✱
✐ss♦ ✐rá r❡s✉❧t❛r ❡♠ ✉♠❛ ❞❡❝✐sã♦ ✐♥❛❞❡q✉❛❞❛ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❧❡✈❛rá ❛ ✉♠❛
♣❡r❞❛ ❞❡ q✉❛❧✐❞❛❞❡✱ ♦ q✉❡ ♠♦t✐✈♦✉ P❛♥ ❡ ❍✉❛♥❣ ✭✷✵✶✸✮ ❛ ❞❡s❡♥✈♦❧✈❡r❡♠ ♥♦✈♦s
í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♠✉❧t✐✈❛r✐❛❞♦s ♣❛r❛ ❞❛❞♦s ❛✉t♦❝♦rr❡❧❛❝✐♦♥❛❞♦s✳ ❉❡✜♥✐❞♦s
♣♦r✿

MACp =

∏ri
i=1

(χ2
1−α,v) |Γ(0)|1/2

,

❡♠ q✉❡✱

Γ(0) = ΦΓΦ′ +ΘΣΘ′ −ΘΣΦ′ + Σ ✭ ❞❡✜♥✐❞♦ ♣♦r ▼✐♥❣♦t✐ ❡ ❖❧✐✈❡✐r❛ ✭✷✵✶✶✮✮✱

ri = LSE − LIE/2 i = 1, . . . , v ✱

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

MACpm =
MACp

DΓ
=

MACp[
1 + (µ− T )TΓ(0)−1(µ− T )

]1/2 ,

❡♠ q✉❡✱ DΓ é ♦ ♥♦✈♦ ❢❛t♦r ❞❡ ❝♦rr❡çã♦ ❝♦♠ ♠❛tr✐③ ❛✉t♦❝♦✈❛r✐â♥❝✐❛✱ µ é ❛
♠é❞✐❛ ❞♦ ♣r♦❝❡ss♦✱ ❡ ❚ é ♦ ✈❡t♦r ❛❧✈♦✳

✶✳✹✳✷ ❮♥❞✐❝❡s Pr♦♣♦st♦s ♣♦r ▼✐♥❣♦t✐ ❡ ❖❧✐✈❡✐r❛

▼✐♥❣♦t✐ ❡ ❖❧✐✈❡✐r❛ ✭✷✵✶✶✮ ♣r♦♣✉s❡r❛♠ ✉♠❛ ❛ ❡①t❡♥sã♦ ❞♦ í♥❞✐❝❡ ❞❡ ❱❡❡✈❡rs
✭✶✾✾✽✮ ♣❛r❛ ♣r♦❝❡ss♦s ♥ã♦✲❝❡♥tr❛❞♦s✱ ❞❡✜♥✐❞♦s ♣♦r✿

Cpkv =
n∏

i=1

Cpk(Xi)
Ii ,

❡♠ q✉❡✱ ♥ é ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ❡

Ii =

{
0 s❡ Cpk(xi) ≥ 1;
1 s❡ Cpk(xi) < 1.

❖ í♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ Cpkv✱ s❡❣✉♥❞♦ ▼✐♥❣♦t✐ ❡ ❖❧✐✈❡✐r❛ ✭✷✵✶✶✮✱ é ❞❡✜♥✐❞♦ ❞❡
♠♦❞♦ q✉❡ ♦ s❡✉ ✈❛❧♦r s❡❥❛ s❡♠♣r❡ ♠❡♥♦r ❞♦

∏n
i=1 Cpk(Xi)✳

▼✐♥❣♦t✐ ❡ ❖❧✐✈❡✐r❛ ✭✷✵✶✶✮ ♣r♦♣✉s❡r❛♠ ❝♦rr❡çõ❡s ♣❛r❛ ❛❧❣✉♥s í♥❞✐❝❡s ❞❡
❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss♦s ♠✉❧t✐✈❛r✐❛❞♦s ❛✉t♦❝♦rr❡❧❛❝✐♦♥❛❞♦s s✉❣❡r✐♥❞♦ ✉♠❛
❛❧t❡r♥❛t✐✈❛ q✉❡ é r❡❛❧✐③❛r ♦ ❝á❧❝✉❧♦ ❞♦s í♥❞✐❝❡s ✉s❛♥❞♦ ❛ ✈❛r✐â♥❝✐❛ ❡ ❝♦✈❛r✐â♥❝✐❛✱ ♦✉
s❡❥❛✱ ✉s❛r ❛s ✐♥❢♦r♠❛çõ❡s ❝♦♥t✐❞❛s Γ(0)✱ ❡♠ ✈❡③ ❞❛ ♠❛tr✐③ Σpxp✱ ❛ ✜♠ ❞❡ ❝❛❧❝✉❧❛r
♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡✳



❈❛♣ít✉❧♦ ✷

▼ét♦❞♦s ❞❡ ❘❡❛♠♦str❛❣❡♠

❚❛✐s ♠ét♦❞♦s sã♦ ♠❛♥❡✐r❛s ❞❡ r❡♦r❣❛♥✐③❛r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❞❡✜♥✐❞♦ s❡♠
❛❧t❡r❛r ❛s ✐♥❢♦r♠❛çõ❡s ❡①✐st❡♥t❡s✳

❘❡♦r❣❛♥✐③❛r ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ♦❜s❡r✈❛❞♦s✱ s❡❣✉♥❞♦ ●❡♥t❧❡ ✭✷✵✵✾✮✱ ♣♦❞❡ ❞❛r
✉♠❛ ✐♥❞✐❝❛çã♦ ❞❡ ❝♦♠♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s é ✐♥❝♦♠✉♠ ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ ❛ ✉♠❛
❞❛❞❛ ❤✐♣ót❡s❡ ♥✉❧❛✳ ❊①✐st❡♠ ♠✉✐t♦s ♣r♦❝❡❞✐♠❡♥t♦s út❡✐s ♣❛r❛ ❛ ❛♥á❧✐s❡ ❞♦s ❞❛❞♦s
q✉❡ ❡♥✈♦❧✈❡♠ ♣❛rt✐❝✐♦♥❛♠❡♥t♦ ❛ ❛♠♦str❛ ♦r✐❣✐♥❛❧✱ ❝♦♠♦ ♦ t❡st❡ ❞❡ ♣❡r♠✉t❛çã♦ ❡
♦ ❜♦♦tstr❛♣✳ ❯s❛♥❞♦ ♦s s✉❜❣r✉♣♦s ❞❛ ❛♠♦str❛ ❝♦♠♣❧❡t❛✱ s♦♠♦s ❝❛♣❛③❡s ❞❡ ♦❜t❡r
❡st✐♠❛t✐✈❛s ♦✉ ❡st❛tíst✐❝❛s ❞❡ t❡st❡ s❡♠ ❞❡♣❡♥❞❡r ❞♦s ♣r❡ss✉♣♦st♦s q✉❡ ❧❡✈❛r❛♠
❛ ❡s❝♦❧❤❛ ❞❡st❡s✳ ❙❡❣✉♥❞♦ ❈♦st❛ ✭✷✵✵✻✮✱ ❝♦♠ ♦ ✉s♦ ❞❛ r❡❛♠♦str❛❣❡♠ ♦❜té♠✲
s❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❡♠♣ír✐❝❛ ❞❡s❝♦♥s✐❞❡r❛♥❞♦ ❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ❛ss✉♠✐❞❛
❞❡ ✉♠❛ ❡st❛tíst✐❝❛✳ ❆ ✜♠ ❞❡ q✉❡ ❛ ❛♣❧✐❝❛çã♦ ❞❛s té❝♥✐❝❛s ❞❡ r❡❛♠♦str❛❣❡♠
r❡s✉❧t❡♠ ❡♠ ✈❛❧♦r❡s ❝♦♥✜❛✈é✐s✱ s❡❣✉♥❞♦ ❉♦♠✐♥❣✉❡s ✭✷✵✶✹✮✱ é ♥❡❝❡ssár✐♦ q✉❡ ❛
♣❛rt✐r ❞❡ ✉♠❛ ❛♠♦str❛ ♠❡str❡ s❡❥❛♠ ❢❡✐t❛s ♠✐❧❤❛r❡s ♦✉ ❛té ❝❡♥t❡♥❛s ❞❡ ♠✐❧❤❛r❡s
❞❡ r❡❛♠♦str❛❣❡♥s ❞❡ t❛♠❛♥❤♦s ✐❣✉❛✐s✳ ◆❛ ❧✐t❡r❛t✉r❛ é r❡❝♦♠❡♥❞❛❞♦ ♦ ✉s♦ ❞❡ ✶✵✵✵
r❡❛♠♦str❛❣❡♥s✳

✷✳✶ ❚❡st❡ ❞❡ P❡r♠✉t❛çã♦

❖ t❡st❡ ❞❡ ♣❡r♠✉t❛çã♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❊❢r♦♥ ❡ ❚✐❜s❤✐r❛♥✐ ✭✶✾✾✸✮✱ ❢♦✐
✐♥tr♦❞✉③✐❞♦ ♣♦r ❘✳❆✳ ❋✐s❤❡r ❡♠ ✶✾✸✵✱ ❝♦♠♦ ✉♠ ❛r❣✉♠❡♥t♦ t❡ór✐❝♦ ❞❡ s✉♣♦rt❡
❛♦ t❡st❡ t ❞❡ ❙t✉❞❡♥t✱ tr❛t❛♥❞♦✲s❡ ❞❛ r❡❛♠♦str❛❣❡♠ ♠❛✐s s✐♠♣❧❡s✱ ♥♦ ❝❛s♦ ♥ã♦
♣❛r❛♠étr✐❝♦✱ s❡❣✉♥❞♦ ❉❛✈✐s♦♥ ❡ ❍✐♥❦❧❡② ✭✶✾✾✼✮✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❉❛✈✐s♦♥ ❡ ❍✐♥❦❧❡② ✭✶✾✾✼✮ ✉♠ t❡st❡ ❞❡ ♣❡r♠✉t❛çã♦ é ✉♠ t❡st❡
❝♦♠♣❛r❛t✐✈♦✱ ♦♥❞❡ ❛ ❡st❛tíst✐❝❛ ❞❡ t❡st❡ ❡♥✈♦❧✈❡ ❛❧❣✉♠ t✐♣♦ ❞❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡
❛s ❢✉♥çõ❡s ❞❡ ❞✐str✐❜✉✐çõ❡s ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✱ s❡♥❞♦ ❛♣❧✐❝❛❞♦ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛
♦ ❝❛s♦ ❞❡ ❞✉❛s ♣♦♣✉❧❛çõ❡s✱ s❡❣✉♥❞♦ ❙✐❧✈❡✐r❛ ✭✷✵✵✽✮✳

❆ ✐❞❡✐❛ ❜ás✐❝❛ é✱ ♣❛r❛ ❝❛❞❛ ♣❡r♠✉t❛çã♦✱ ❝❛❧❝✉❧❛r ✉♠❛ ❡st❛tíst✐❝❛ ❞❡ t❡st❡✳
❙❡❣✉♥❞♦ ❋❡rr❡✐r❛ ✭✷✵✶✸✮✱ ♣❛r❛ ✉t✐❧✐③❛r ♦ t❡st❡ ❞❡✈❡♠♦s ♣r✐♠❡✐r❛♠❡♥t❡ ❝♦♠♣✉t❛r
✉♠❛ ❡st❛tíst✐❝❛ ❝♦♠ ♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s✳

✶✾



✷✳✷✳ ❚❡st❡ ❜♦♦tstr❛♣ ✷✵

❆ ✈❛♥t❛❣❡♠ ❞❡ s❡ ✉t✐❧✐③❛r ♦s ♠ét♦❞♦s ❞❡ ♣❡r♠✉t❛çã♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ P♦❧❛♥s❦②
✭✷✵✵✻✮✱ é q✉❡ ♦s ♥í✈❡✐s ❞❡ s✐❣♥✐✜❝â♥❝✐❛ ❞♦s t❡st❡s ❞❡ ♣❡r♠✉t❛çã♦ sã♦ ❡①❛t❛s✱
✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❛ ❞✐str✐❜✉✐çã♦ ❞♦s ❞❛❞♦s ❞❡ ♣r♦❝❡ss♦✳

◆♦ t❡st❡ ❞❡ ♣❡r♠✉t❛çã♦ é ❝♦♠♣❛r❛❞♦ ♦ ✈❛❧♦r ❞❛ ❡st❛tíst✐❝❛ ♦❜s❡r✈❛❞❛ ❝♦♠
❛s s❛í❞❛s ❛♣r❡s❡♥t❛❞❛s ❛tr❛✈és ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ q✉❡ ❝♦♥s✐st❡ ❡♠
❝r✐❛r✱ ❛ ♣❛rt✐r ❞♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s✱ r❡❛♠♦str❛s ♣♦r s✐♠♣❧❡s ♣❡r♠✉t❛çõ❡s✳

P♦♥t❡s ❡ ❈♦rr❡♥t❡ ✭✷✵✵✶✮ ❞❡✜♥❡♠ ♦s s❡❣✉✐♥t❡s ♣❛ss♦s ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦
♠ét♦❞♦ ❞❡ ♣❡r♠✉t❛çã♦✳

Pr✐♠❡✐r♦ ♣❛ss♦✿ ❈❛❧❝✉❧❛✲s❡ ✉♠❛ ❡st❛tíst✐❝❛ ❞❡ t❡st❡ ♣❛r❛ ♦s ❞❛❞♦s
❡①♣❡r✐♠❡♥t❛✐s✳ ❙❡❣✉♥❞♦ ♣❛ss♦✿ ❖s ❞❛❞♦s sã♦ ♣❡r♠✉t❛❞♦s r❡♣❡t✐❞❛♠❡♥t❡ ❡ ❛
❡st❛tíst✐❝❛ ❞❡ t❡st❡ é ❝❛❧❝✉❧❛❞❛ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ♣❡r♠✉t❛çõ❡s✳

❖s ❞❛❞♦s ♣❡r♠✉t❛❞♦s ❝♦♥st✐t✉❡♠ ♦ ❝♦♥❥✉♥t♦ r❡❢❡rê♥❝✐❛ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛
s✐❣♥✐✜❝â♥❝✐❛✳ ❆ ♣r♦♣♦rçã♦ ❞❡ ❞❛❞♦s ♣❡r♠✉t❛❞♦s ♥♦ ❝♦♥❥✉♥t♦ r❡❢❡rê♥❝✐❛ q✉❡ tê♠
❛ ❡st❛tíst✐❝❛ ❞❡ t❡st❡ ❝♦♠ ✈❛❧♦r❡s ♠❛✐♦r❡s ♦✉ ✐❣✉❛✐s ✭♦✉ ♠❡♥♦r❡s ♦✉ ✐❣✉❛✐s✮ ❛♦ ✈❛❧♦r
❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡ ❢♦r♥❡❝❡ ♦ ♣✲✈❛❧♦r ✭s✐❣♥✐✜❝â♥❝✐❛✮✳ ❈❛❞❛
❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ♣❡r♠✉t❛❞♦s ♥♦ ❝♦♥❥✉♥t♦ ❞❡ r❡❢❡rê♥❝✐❛ r❡♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s
q✉❡ t❡r✐❛♠ s✐❞♦ ♦❜t✐❞♦s ♣❛r❛ ✉♠❛ ♣❛rt✐❝✉❧❛r ❛tr✐❜✉✐çã♦ ♥♦ ❝❛s♦ ❞❛ ❤✐♣ót❡s❡ ♥✉❧❛
s❡r ✈❡r❞❛❞❡✐r❛✳

❖ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ♣❡r♠✉t❛çõ❡s é ❞❡✜♥✐❞♦ ♣♦r✿

NPerm =
N !

n1!, n2, . . . , nk!
,

❡♠ q✉❡✱ n1!, n2, . . . , nk r❡♣❡t✐çõ❡s ❡ N =
∑k

i=1 ni✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❊❢r♦♥ ❡ ❚✐❜s❤✐r❛♥✐ ✭✶✾✾✸✮ ❛ ♠♦❞❡r♥✐❞❛❞❡ ❞♦s ❝♦♠♣✉t❛❞♦r❡s
❢❛③ ❝♦♠ q✉❡ ♦s t❡st❡s ❞❡ ♣❡r♠✉t❛çã♦ s❡❥❛♠ ♣rát✐❝♦s ♣❛r❛ ✉s❛r ❡♠ ✉♠❛ ❜❛s❡ ❞❡
r♦t✐♥❛✱ s❡♥❞♦ ❛ ✐❞é✐❛ ❜ás✐❝❛✱ s✐♠♣❧❡s ❡ ❧✐✈r❡ ❞❡ s✉♣♦s✐çõ❡s ♠❛t❡♠át✐❝❛s✳

❯♠❛ ❞❡ s✉❛s ✈❛♥t❛❣❡♠✱ é ❛ ❢á❝✐❧ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ t❡st❡s ❝♦♠♣❧❡①♦s✳ ❙❡❣✉♥❞♦
❋❡rr❡✐r❛ ✭✷✵✶✸✮✱ ❛ ✈❡rs❛t✐❧✐❞❛❞❡ é ❛ ♣r✐♥❝✐♣❛❧ ✈❛♥t❛❣❡♠✱ ♣♦✐s ♣♦❞❡♠ s❡r ❛♣❧✐❝❛❞♦s
❡♠ ❞✐✈❡rs❛s s✐t✉❛çõ❡s✳

✷✳✷ ❚❡st❡ ❜♦♦tstr❛♣

❖ ♠ét♦❞♦ ❜♦♦tstr❛♣ é ✉♠ ♠ét♦❞♦ ❞❡ r❡❛♠♦str❛❣❡♠ q✉❡✱ s❡❣✉♥❞♦ ❊❢r♦♥ ❡
❚✐❜s❤✐r❛♥✐ ✭✶✾✾✸✮✱ é ❞❡✜♥✐❞♦ ❝♦♠♦ ✉♠ ♠ét♦❞♦ ❞❡ s✐♠✉❧❛çã♦ ❞❡ ❞❛❞♦s ❜❛s❡❛❞♦ ❡♠
✐♥❢❡rê♥❝✐❛ ❡st❛tíst✐❝❛✱ q✉❡ ♣♦❞❡ s❡r ✉s❛❞♦ ♣❛r❛ ♣r♦❞✉③✐r ✐♥❢❡rê♥❝✐❛s✳ ❊st❡ ❝♦♥s✐st❡
♥❛ r❡❛♠♦str❛❣❡♠ ❝♦♠ r❡♣♦s✐çã♦ ❞❛ ❛♠♦str❛ ♦r✐❣✐♥❛❧✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❋❡rr❡✐r❛
✭✷✵✶✸✮✱ s❡♥❞♦ ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ✐♥t❡♥s✐✈♦ ❞❡ r❡❛♠♦str❛❣❡♠✱
❜❛s❡❛❞♦ ♥❛ té❝♥✐❝❛ ❞❛ s✉❜st✐t✉✐çã♦✱ q✉❡ ♣♦ss✐❜✐❧✐t❛ ❡st✐♠❛r ❛ ❞✐str✐❜✉✐çã♦ ❛♠♦str❛❧
❞❡ ❡st❛tíst✐❝❛s ❞❡ ✐♥t❡r❡ss❡✱ s❡❣✉♥❞♦ ❋✐❧❤♦ ❡t ❛❧✳ ✭✷✵✵✷✮✳



✷✳✷✳ ❚❡st❡ ❜♦♦tstr❛♣ ✷✶

❙✉❛ ✐❞é✐❛✱ s❡❣✉♥❞♦ ❘❛♠♦s ❡ ❍♦ ✭✷✵✵✸✮✱ ❝♦♥s✐st❡ ❡♠ q✉❡✱ ♣♦r ❞❡trás ❞❡ t♦❞♦
♣r♦❝❡❞✐♠❡♥t♦ ❡st❛tíst✐❝♦✱ ❡①✐st❡ s❡♠♣r❡ ✉♠ ♣r♦❝❡ss♦ ❢ís✐❝♦ q✉❡ ❣❡r❛ ♦s ❞❛❞♦s ❡♠
❛♥á❧✐s❡ ❡✱ ♣♦rt❛♥t♦✱ ♣❡r♠✐t❡ q✉❡ s❡ tr❛❜❛❧❤❡ ❞✐r❡t❛♠❡♥t❡ ❝♦♠ ❡st❡ ♠♦❞❡❧♦ ❢ís✐❝♦✱
❛tr❛✈és ❞❡ s✐♠✉❧❛çã♦✱ ❛♦ ✐♥✈és ❞❛ ❢♦r♠❛ t❡ór✐❝❛ ❞❛ ❡st❛tíst✐❝❛ ✐♥❞✉t✐✈❛ ❝❧áss✐❝❛✳
❉❡ ❛❝♦r❞♦ ❝♦♠ ▼❛❝✐❡❧ ❡t ❛❧✳ ✭✷✵✶✸✮✱ ♦ ♠ét♦❞♦ ❜♦♦tstr❛♣ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦rr❡çã♦
❞❡ ✈✐és ❞❡ ❡st✐♠❛❞♦r❡s✱ ❝♦♥str✉çã♦ ❞❡ ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛✱ t❡st❡s ❞❡ ❤✐♣ót❡s❡s✱
❡st✐♠❛çã♦ ❞♦ ❡rr♦✲♣❛❞rã♦ ❞❡ ✉♠ ❡st✐♠❛❞♦r✱ ❡♥tr❡ ♦✉tr♦s✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ●❡♥t❧❡ ✭✷✵✵✾✮✱ ♦s ♠ét♦❞♦s ❞❡ r❡❛♠♦str❛❣❡♠ ❡♥✈♦❧✈❡♠ ♦ ✉s♦
❞❡ ✈ár✐❛s ❛♠♦str❛s✱ t♦♠❛❞❛s ❛ ♣❛rt✐r ❞❡ ✉♠❛ ú♥✐❝❛ ❛♠♦str❛ q✉❡ ❢♦✐ ❢❡✐t❛ ❛ ♣❛rt✐r
❞❛ ♣♦♣✉❧❛çã♦ ❞❡ ✐♥t❡r❡ss❡✱ ♦✉ s❡❥❛✱ ❛ ✐❞é✐❛ é ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❛♠♦str❛ ♦r✐❣✐♥❛❧
♦❜t❡r ✈ár✐❛s ❛♠♦str❛s ❡ ❡♥tã♦ ❡①tr❛✐r ✐♥❢♦r♠❛çõ❡s ❞❡st❛s q✉❡ s❡❥❛♠ ❞❡ ✐♥t❡r❡ss❡
♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❛ ✐♥❢❡rê♥❝✐❛✳

P❛r❛ ❡st✐♠❛r ♣❛râ♠❡tr♦s ❡st❛tíst✐❝♦s ❞❡s❝♦♥❤❡❝❡♥❞♦ ❛ ❞✐str✐❜✉✐çã♦ ❞♦s ✈❛❧♦r❡s
♦❜s❡r✈❛❞♦s✱ ✉♠❛ ♠❛♥❡✐r❛ é ✉t✐❧✐③❛r ❛ té❝♥✐❝❛ ❞❛ r❡❛♠♦str❛❣❡♠ ❛❧❡❛tór✐❛✱ ♥❛ q✉❛❧
❝❛❞❛ ♦❜s❡r✈❛çã♦ ❞❡ ✉♠❛ ♣♦♣✉❧❛çã♦ t❡♠ ❛ ♠❡s♠❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s❡r ✐♥❝❧✉í❞❛
♥✉♠ ❝♦♥❥✉♥t♦ r❡❛♠♦str❛❞♦ s❡❣✉♥❞♦ ❋✐❧❤♦ ❡t ❛❧✳ ✭✷✵✵✷✮✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ●❡♥t❧❡ ✭✷✵✵✾✮✱ ❛ ✐♥❢❡rê♥❝✐❛ é ❜❛s❡❛❞❛ ❡♠ ✉♠❛ r❡❛♠♦str❛❣❡♠
✉t✐❧✐③❛♥❞♦ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❛♠♦str❛❣❡♠ ❝♦♥❞✐❝✐♦♥❛❧ ❞❡ ✉♠❛ ♥♦✈❛ ❛♠♦str❛ t✐r❛❞❛
❛ ♣❛rt✐r ❞❡ ✉♠❛ ❞❛❞❛ ❛♠♦str❛✳ ❋✉♥çõ❡s ❡st❛tíst✐❝❛s s♦❜r❡ ❛ ❛♠♦str❛ ❞❛❞❛✱
✉♠ ❝♦♥❥✉♥t♦ ✜♥✐t♦✱ ♣♦❞❡ s❡r ❢❛❝✐❧♠❡♥t❡ ❛✈❛❧✐❛❞❛✳ ▼ét♦❞♦s ❞❡ r❡❛♠♦str❛❣❡♠✱
♣♦rt❛♥t♦✱ ♣♦❞❡ s❡r út✐❧✱ ♠❡s♠♦ q✉❛♥❞♦ ♠✉✐t♦ ♣♦✉❝♦ s❡ s❛❜❡ s♦❜r❡ ❛ ❞✐str✐❜✉✐çã♦✳

P❛r❛ ❘❛♠♦s ❡ ❍♦ ✭✷✵✵✸✮ ❡st❛ é ✉♠❛ té❝♥✐❝❛ ❣❡r❛❧ q✉❡ ♣❡r♠✐t❡ ❛✈❛❧✐❛r ❛
✐♥❝❡rt❡③❛ ♥❛ ❡st✐♠❛çã♦ ❞❡ ♣❛râ♠❡tr♦s✱ ♣♦ré♠ s✉❜st✐t✉✐ ❛ ❛♥á❧✐s❡ ♠❛t❡♠át✐❝❛ ♣❡❧❛
❛♠♦str❛❣❡♠ ✭❝♦♠ r❡♣♦s✐çã♦✮ ❞♦s ❞❛❞♦s ❛♠♦str❛✐s ♦r✐❣✐♥❛✐s✳ ◆❛ r❡❛❧✐❞❛❞❡✱ ❡st❡
♠ét♦❞♦ ♥ã♦ ❞❡✐①❛ ❞❡ s❡r ✉♠❛ ❢♦r♠❛ ❞✐❢❡r❡♥t❡ ❞❡ s✐♠✉❧❛çã♦ ▼♦♥t❡ ❈❛r❧♦✱ ❞❡✜♥✐❞♦
♣♦r ♠ét♦❞♦s ❡st❛tíst✐❝♦s q✉❡ ❝♦♥s✐st❡♠ ❡♠ ❛♠♦str❛❣❡♥s ❛❧❡❛tór✐❛s ♣❛r❛ ♦❜t❡r
r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s✱ ♣♦ré♠ ♦ ♠ét♦❞♦ ❜♦♦tstr❛♣ ✉t✐❧✐③❛ ❛ ♣ró♣r✐❛ ❞✐str✐❜✉✐çã♦
❡♠♣ír✐❝❛ ❞♦s ❞❛❞♦s✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ●❡♥t❧❡ ✭✷✵✵✾✮✱ ❛ ✐❞❡✐❛ ❜ás✐❝❛ é q✉❡✱ ♣♦rq✉❡ ❛ ❛♠♦str❛
♦❜s❡r✈❛❞❛ ❝♦♥té♠ t♦❞❛ ❛ ✐♥❢♦r♠❛çã♦ ❞✐s♣♦♥í✈❡❧ s♦❜r❡ ❛ ♣♦♣✉❧❛çã♦ s✉❜❥❛❝❡♥t❡✱
❛ ❛♠♦str❛ ♦❜s❡r✈❛❞❛ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞❛ ❛ ♣♦♣✉❧❛çã♦✱ ❛ss✐♠✱ ❛ ❞✐str✐❜✉✐çã♦ ❞❡
q✉❛❧q✉❡r t❡st❡ ❡st❛tíst✐❝♦ r❡❧❡✈❛♥t❡ ♣♦❞❡ s❡r s✐♠✉❧❛❞❛ ✉s❛♥❞♦ ❛♠♦str❛s ❛❧❡❛tór✐❛s
❞❛ ♣♦♣✉❧❛çã♦ q✉❡ ❝♦♥s✐st❡ ♥❛ ❛♠♦str❛ ♦r✐❣✐♥❛❧✳

❆s ✈❛♥t❛❣❡s ❞♦ ♠ét♦❞♦ sã♦ s✉❛s ❛♣❧✐❝❛çõ❡s ❡♠ s✐t✉❛çõ❡s ♥❛ q✉❛❧ ♦s ♠ét♦❞♦s
tr❛❞✐❝✐♦♥❛✐s ♥ã♦ ♣♦❞❡r✐❛♠ s❡r ❛♣❧✐❝❛❞♦s✱ s❡❣✉♥❞♦ ❋❡rr❡✐r❛ ✭✷✵✶✸✮✱ ❝♦♠♦ ♥♦ ❝❛s♦
❞❡ ❞✐st✐❜✉✐çõ❡s ✐♥❛❞❡q✉❛❞❛s✱ ❞✐str✐❜✉✐çã♦ ❞❡ ❛♠♦str❛❣❡♠ ❞❛ q✉❛♥t✐❞❛❞❡ ❛♠♦str❛❧
❞❡ ✐♥t❡r❡ss❡ ❞❡s❝♦♥❤❡❝✐❞❛ ❡♥tr❡ ♦✉tr❛s✳ ❙❡♥❞♦ ❞❡s✈❛t❛❣❡♠ ❛ s✉❛ r❡❛❧✐③❛çã♦ ❡♠
❛♠♦str❛s ♣❡q✉❡♥❛s✱ ♣♦✐s ❣❛r❛♥t✐❛s ♥ã♦ ♣♦❞❡♠ s❡r ❢♦r♥❡❝✐❞❛s✱ s❡❣✉♥❞♦ ❋❡rr❡✐r❛
✭✷✵✶✸✮✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❉❛✈✐s♦♥ ❡ ❍✐♥❦❧❡② ✭✶✾✾✼✮✱ ♣❛r❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❜♦♦tstr❛♣
é ♥❡❝❡ssár✐♦ ❛ r❡❛❧✐③❛çã♦ ❞❡ ✉♠ ♥ú♠❡r♦ ❣r❛♥❞❡ ❞❡ r❡❛♠♦str❛❣❡♥s ❡ ♦ ❝á❧❝✉❧♦ ❞❡
❞✐✈❡rs❛s ❡st❛tíst✐❝❛s ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❡st❛s r❡❛♠♦str❛❣❡♥s✳

❆ ❛t✉❛❧ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ r❡❝✉rs♦s ❞❡ ✐♥❢♦r♠át✐❝❛ ❡ ♦ ❛✈❛♥ç♦ ❞♦s s♦❢t✇❛r❡s✱



✷✳✷✳ ❚❡st❡ ❜♦♦tstr❛♣ ✷✷

s❡❣✉♥❞♦ ❋✐❧❤♦ ❡t ❛❧✳ ✭✷✵✵✷✮✱ ♣❡r♠✐t✐✉ q✉❡ ❢♦ss❡♠ ❞❡s❡♥✈♦❧✈✐❞❛s ♣♦❞❡r♦s❛s
♠❡t♦❞♦❧♦❣✐❛s ❞❡ r❡❛♠♦str❛❣❡♠✳ ❖ q✉❡ ❛❣✐❧✐③❛ ♦s ❝á❧❝✉❧♦s ❡ ❛ r❡❛❧✐③❛çã♦ ❞❛s
r❡❛♠♦str❛❣❡♥s✱ ❝♦♥tr✐❜✉✐♥❞♦ ♣❛r❛ ♦ ❛✉♠❡♥t♦ ❞♦ ✉s♦ ❞❡ss❛ té❝♥✐❝❛✳

◆❛ ❧✐t❡r❛t✉r❛ ❡①✐st❡♠ ♠✉✐t♦s tr❛❜❛❧❤♦s q✉❡ ❢❛③❡♠ ✉s♦ ❞❡ ♠❡t♦❞♦❧♦❣✐❛s
❜♦♦tstr❛♣✳ ❊♠ ❣❡r❛❧✱ ♦ ♠ét♦❞♦ ❜♦♦tstr❛♣ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦rr❡çã♦ ❞❡ ✈✐és ❞❡
❡st✐♠❛❞♦r❡s✱ ❝♦♥str✉çã♦ ❞❡ ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛✱ t❡st❡s ❞❡ ❤✐♣ót❡s❡s✱ ❡st✐♠❛❝ã♦
❞♦ ❡rr♦✲♣❛❞rã♦ ❞❡ ✉♠ ❡st✐♠❛❞♦r✱ ❡♥tr❡ ♦✉tr♦s✳

❆s ♠❡t♦❞♦❧♦❣✐❛s ❜♦♦tstr❛♣ ❛♣r❡s❡♥t❛♠ ❞♦✐s ❡♥❢♦q✉❡s✱ s❡♥❞♦ ❡❧❡s ♦ ♣❛r❛♠étr✐❝♦
❡ ♦ ♥ã♦✲♣❛r❛♠étr✐❝♦✳ ❙❡❣✉♥❞♦ ▼❛❝✐❡❧ ❡t ❛❧✳ ✭✷✵✶✸✮ ♦ ❜♦♦tstr❛♣ ♣❛r❛♠étr✐❝♦
r❡❢❡r❡✲s❡ ❛♦ ❝❛s♦ ❡♠ q✉❡ ❛ r❡❛♠♦str❛❣❡♠ é ❢❡✐t❛ ❝♦♠ ❜❛s❡ ❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦
❝♦♥❤❡❝✐❞❛ ♦✉ ❡st❛❜❡❧❡❝✐❞❛ ❡ ♥♦ ❜♦♦tstr❛♣ ♥ã♦✲♣❛r❛♠étr✐❝♦ ♥ã♦ ❤á ♦ ❝♦♥❤❡❝✐♠❡♥t♦
❞❛ ❞✐str✐❜✉✐çã♦ ✈❡r❞❛❞❡✐r❛ ❞♦s ❞❛❞♦s✳

❈❛rr❛s❝♦ ❡t ❛❧✳ ✭✷✵✶✷✮ t❛♠❜é♠ ❛✜r♠❛ q✉❡ ❡①✐st❡♠ ❜❛s✐❝❛♠❡♥t❡ ❞♦✐s t✐♣♦s
❞❡ ❜♦♦tstr❛♣✿ ♦ ♣❛r❛♠étr✐❝♦✱ ♥♦ q✉❛❧ ♦s ❡st✐♠❛❞♦r❡s ❞❡ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛
✭❊▼❱✮ sã♦ ♦❜t✐❞♦s ❛tr❛✈és ❞♦ ♠♦❞❡❧♦ ❛❥✉st❛❞♦✱ ✐st♦ é ✱ ❣❡r❛♠♦s ❞❛❞♦s ❞♦ ♠♦❞❡❧♦
❛❥✉st❛❞♦ ❝♦♠ ♦s ✈❛❧♦r❡s ❞♦s ♣❛râ♠❡tr♦s ✜①❛❞♦s ♥♦s ❊▼❱ ♦❜t✐❞♦s ❞❛ ❛♠♦str❛
♦r✐❣✐♥❛❧❀ ❡ ♦ ❜♦♦tstr❛♣ ♥ã♦ ♣❛r❛♠êtr✐❝♦✱ ♦♥❞❡ ♦s ❊▼❱ sã♦ ❜❛s❡❛❞♦s ❡♠ r❡❛♠♦str❛s
❝♦♠ r❡♣♦s✐çã♦ ♦❜t✐❞❛s ❞❛ ❛♠♦str❛ ♦r✐❣✐♥❛❧✳

❖ q✉❡ ❛s ❞✐❢❡r❡✱ s❡❣✉♥❞♦ ❉♦♠✐♥❣✉❡s ✭✷✵✶✹✮ é ❛ ❢♦r♠❛ ❞❡ ♦❜t❡♥çã♦ ❞❛
❛♠♦str❛✱ ♣♦✐s ♥♦ ❝❛s♦ ♣❛r❛♠étr✐❝♦✱ ❛ ❛♠♦str❛ s❡rá ❝♦♠♣♦st❛ r❡❛❧✐③❛♥❞♦✲s❡ ❛
❛♠♦str❛❣❡♠ ❞✐r❡t❛♠❡♥t❡ ❞❡ss❛ ❞✐str✐❜✉✐çã♦ ❡ ♦s ♣❛râ♠❡tr♦s ❞❡s❝♦♥❤❡❝✐❞♦s s❡rã♦
s✉❜st✐t✉í❞♦s ♣♦r ❡st✐♠❛t✐✈❛s ♣❛r❛♠étr✐❝❛s✳ ❏á ♥♦ ❝❛s♦ ♥ã♦ ♣❛r❛♠étr✐❝♦ ❛ ❛♠♦str❛
s❡rá ❝♦♠♣♦st❛ r❡t✐r❛♥❞♦ ✉♠❛ ❛♠♦str❛ ❝♦♠ r❡♣♦s✐çã♦ ❞❡ t❛♠❛♥❤♦ ♥✱ ❞❛ ❛♠♦str❛
♦r✐❣✐♥❛❧✳

❆ ❢♦r♠❛ ♥ã♦ ♣❛r❛♠étr✐❝❛✱ s❡❣✉♥❞♦ ❈②♠r♦t ❡ ❘✐③③♦ ✭✷✵✵✻✮✱ é ❛ ♠❛✐s ✉t✐❧✐③❛❞❛
❡ ✉♠❛ ✈❛♥t❛❣❡♠ é ♣♦❞❡r ❛♣❧✐❝❛✲❧á ❞❡ ♠❛♥❡✐r❛ ❣❡r❛❧✱ ♣♦✐s ❡st❛ r❡q✉❡r q✉❡ ♠❡♥♦s
s✉♣♦s✐çõ❡s s❡❥❛♠ ❢❡✐t❛s✱ t♦r♥❛♥❞♦ ❛ té❝♥✐❝❛ ♠✉✐t♦ út✐❧✳

❘❛♠♦s ❡ ❍♦ ✭✷✵✵✸✮ ❞❡✜♥❡♠ ♦s s❡❣✉✐♥t❡s ♣❛ss♦s ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦ ♠ét♦❞♦
❞❡ r❡❛♠♦str❛❣❡♠✿

Pr✐♠❡✐r♦ ♣❛ss♦✿ ❞❡✈❡✲s❡ ❝♦♥s✐❞❡r❛r ✉♠❛ ❛♠♦str❛ ❝♦♥st✐t✉í❞❛ ❞❡ ♥ ❡❧❡♠❡♥t♦s
❞❛ ♣♦♣✉❧❛çã♦ ❡♠ ❡st✉❞♦ (xi, i = 1, 2, 3, . . . , n)✳

❙❡❣✉♥❞♦ ♣❛ss♦✿ ❛tr❛✈és ❞❡ s♦rt❡✐♦ ❝♦♠ r❡♣♦s✐çã♦✱ r❡t✐r❛✲s❡ ♥♦✈❛s ❛♠♦str❛s
✭❝❤❛♠❛❞❛s ❞❡ r❡❛♠♦str❛s✮ ❞❡ r ✈❛❧♦r❡s ✭r ❁ ♥✮ ❛ ♣❛rt✐r ❞❛ ❛♠♦str❛ ♦r✐❣✐♥❛❧
(x∗

ij, i = 1, 2, 3, . . . , r; j = 1, 2, ..., B)✳

❚❡r❝❡✐r♦ ♣❛ss♦ ✿ ❝❛❧❝✉❧❛✲s❡ ✉♠❛ ❡st✐♠❛t✐✈❛ ♣♦♥t✉❛❧ ❞♦ ♣❛râ♠❡tr♦ ❞❡ ✐♥t❡r❡ss❡
❝♦♠ ❜❛s❡ ♥❛s ♦❜s❡r✈❛çõ❡s r❡❛♠♦str❛❞❛s ♥♦ ♣❛ss♦ ✷✳

◗✉❛rt♦ ♣❛ss♦ ✿ r❡♣❡t❡♠✲s❡ ♦s ♣❛ss♦s ✶ ❛ ✸ ❇ ✈❡③❡s✳

◗✉✐♥t♦ ♣❛ss♦ ✿ ❝❛❧❝✉❧❛✲s❡ ❛ ♠é❞✐❛ ❛♠♦str❛❧ ❡ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❛♠♦str❛❧ ❞❛s
❡st✐♠❛t✐✈❛s✳

❋✐❧❤♦ ❡t ❛❧✳ ✭✷✵✵✷✮✱ ❛ r❡❛♠♦str❛❣❡♠ ❝♦♠ r❡♣♦s✐çã♦ ❞♦s ❞❛❞♦s r❡❛❧✐③❛❞❛
✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ✈❡③❡s✱ s❡♥❞♦ ❡st✐♠❛❞♦s✱ ♣❛r❛ ❝❛❞❛ r❡❛♠♦str❛❣❡♠✱ ♦s



✷✳✷✳ ❚❡st❡ ❜♦♦tstr❛♣ ✷✸

♣❛râ♠❡tr♦s ❞❡ ✐♥t❡r❡ss❡ t♦r♥❛✲s❡ ♣♦ssí✈❡❧ ♦❜t❡r ✉♠❛ ❞✐str✐❜✉✐çã♦ ❡♠♣ír✐❝❛ ♣❛r❛
❡st❛s ❡st✐♠❛t✐✈❛s ❜♦♦tstr❛♣✱ ❜❡♠ ❝♦♠♦ ♥♦✈❛s ❡st✐♠❛t✐✈❛s ❞♦s ♣❛râ♠❡tr♦s ❞❡
✐♥t❡r❡ss❡✱ ❝♦♠♦ ❛ ♠é❞✐❛✱ ✈❛r✐â♥❝✐❛✱ ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛✱ ❞❡♥tr❡ ♦✉tr♦s✳ ❊ss❛
té❝♥✐❝❛ é ❝❤❛♠❛❞❛ ❜♦♦tstr❛♣ ♥ã♦ ♣❛r❛♠étr✐❝♦✱ ✉♠❛ ✈❡③ q✉❡ ❛s ❡st✐♠❛t✐✈❛s
❜♦♦tstr❛♣ sã♦ ❜❛s❡❛❞❛s ❛♣❡♥❛s ♥♦s ❞❛❞♦s✱ ♥ã♦ s❡♥❞♦ ❡s♣❡r❛❞❛ ❞✐str✐❜✉✐çã♦ ❞❡
♣r♦❜❛❜✐❧✐❞❛❞❡ ♣❛r❛ ❡ss❡s ❞❛❞♦s✳

❖ t❡st❡ ❜♦♦tstr❛♣ ❡ ♦ t❡st❡ ❞❡ ♣❡r♠✉t❛çã♦ sã♦ ❡✜❝✐❡♥t❡s ♣❛r❛ ❛♥❛❧✐s❛r t❡st❡s
❞❡ ❤✐♣ót❡s❡s s❡❣✉♥❞♦ ❙✐❧✈❡✐r❛ ✭✷✵✵✽✮✳ ❆♠❜♦s ❝♦♥s✐st❡♠ ♥✉♠❛ ❡st❛tíst✐❝❛ ❞❡ t❡st❡
t❡♥❞♦ ❝♦♠♦ ✈❛♥t❛❣❡♠ ❛ ♥ã♦ ✐♠♣♦s✐çã♦ ❞❛s s✉♣♦s✐çõ❡s s♦❜r❡ ❛ ❞✐str✐❜✉✐çã♦ ❞♦s
❞❛❞♦s✳

❙❡❣✉♥❞♦ ❊❢r♦♥ ❡ ❚✐❜s❤✐r❛♥✐ ✭✶✾✾✸✮✱ ♦s t❡st❡s ❜♦♦tstr❛♣ ❡ ♦s t❡st❡s ❞❡
♣❡r♠✉t❛çã♦ ❛♣r❡s❡♥t❛♠ r❡s✉❧t❛❞♦s s✐♠✐❧❛r❡s✳ ◆♦ t❡st❡ ❞❡ ♣❡r♠✉t❛çã♦ ❛
r❡❛♠♦str❛❣❡♠ é r❡❛❧✐③❛❞❛ s❡♠ r❡♣♦s✐çã♦ ❡ ♥♦ t❡st❡ ❜♦♦tstr❛♣ ❛ r❡❛♠♦str❛❣❡♠
é r❡❛❧✐③❛❞❛ ❝♦♠ r❡♣♦s✐çã♦✳

✷✳✷✳✶ ■♥t❡r✈❛❧♦s ❞❡ ❈♦♥✜❛♥ç❛ ❜♦♦tstr❛♣

❆ ❛✈❛❧✐❛çã♦ ❞❛ ✐♥❝❡rt❡③❛ s♦❜r❡ ♦s ✈❛❧♦r❡s ❞♦s ♣❛râ♠❡tr♦s ♦❜t✐❞♦s é ❢❡✐t❛
❛tr❛✈és ❞❡ ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛✱ s❡❣✉♥❞♦ ❈✉♥❤❛ ❡ ❈♦❧♦s✐♠♦ ✭✷✵✵✸✮✱ ✐♥t❡r✈❛❧♦s
❛♣r♦①✐♠❛❞♦s ❞❡ 100(1−α)% ❞❡ ❝♦♥✜❛♥ç❛ ♣❛r❛ ♦ ♣❛râ♠❡tr♦ ❞❡ ✐♥t❡r❡ss❡ β ♣♦❞❡♠
s❡r ♦❜t✐❞♦s ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣✳

❖ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ ❜♦♦tstr❛♣ é ✉t✐❧✐③❛❞♦ ❡♠ s✐t✉❛çõ❡s q✉❡ ♦✉tr❛s té❝♥✐❝❛s
♥ã♦ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞❛s ✱ s❡❣✉♥❞♦ ❈♦st❛ ✭✷✵✵✻✮✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ♥❛s ♦❝❛s✐õ❡s ❡♠ q✉❡
♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s é ♣❡q✉❡♥♦✳

❯♠ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♥✜❛♥ç❛ s❡rá ❞❡✜♥✐❞♦ ♣♦r ❧✐♠✐t❡s ✱ t❛❧ q✉❡ ♣❛r❛ q✉❛❧q✉❡r
✉♠ α✱

P (θ < θ̂α) = α.

❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✉♠ ✐♥t❡r✈❛❧♦ é ❞❡✜♥✐❞♦ ♣♦r γ = 1 − (α1 + α2)✱
❡ α1 ❡ α2 sã♦ ❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ ❡rr♦ ♣❡rt❡♥❝❡♥t❡s ❛ ❝❛✉❞❛ ❡sq✉❡❞❛ ❡ ❞✐r❡✐t❛
✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ✳ P❛r❛ ❛❧❣✉♠❛s ❛♣❧✐❝❛çõ❡s é ♥❡❝❡ssár✐♦ ❛♣❡♥❛s ✉♠ ❧✐♠✐t❡✱ ✉♠
❧✐♠✐t❡ ❞❡ ❝♦♥✜❛♥ç❛ ✐♥❢❡r✐♦r θ̂α ♦✉ ❧✐♠✐t❡ ❞❡ ❝♦♥✜❛♥ç❛ s✉♣❡r✐♦r θ̂1−α ✱ ❛♠❜♦s ❝♦♠
❝♦❡✜❝✐❡♥t❡ ❞❡ ❝♦♥✜❛♥ç❛ 1− α✳

❙❡❣✉♥❞♦ ❉❛✈✐s♦♥ ❡ ❍✐♥❦❧❡♥ ✭✶✾✾✼✮✱ ❛ r❡❣✐ã♦ ❞❡ ❝♦♥✜❛♥ç❛ ú♥✐❝❛ ♣♦❞❡ ♥ã♦ ♥♦s
❢♦r♥❡❝❡r ✉♠ r❡s✉♠♦ ❛❞❡q✉❛❞♦ ❞❛ ✐♥❝❡rt❡③❛ s♦❜r❡ β✱ ♣♦r ✐ss♦✱ ♥❛ ♣rát✐❝❛✱ ❞❡✈❡✲s❡
❞❛r r❡❣✐õ❡s ♣❛r❛ três ♦✉ q✉❛tr♦ ♥í✈❡✐s ❞❡ ❝♦♥✜❛♥ç❛ ❡♥tr❡ ✵✱✺✵ ❡ ✵✱✾✾✱ ❥✉♥t❛♠❡♥t❡
❝♦♠ ❛ ❡st✐♠❛t✐✈❛ ♣♦♥t✉❛❧ ♣❛r❛ θ✳ ❯♠❛ ✈❛♥t❛❣❡♠✱ s❡❣✉♥❞♦ ❉❛✈✐s♦♥ ❡ ❍✐♥❦❧❡♥
✭✶✾✾✼✮✱ é q✉❡ q✉❛❧q✉❡r ❛ss✐♠❡tr✐❛ ♥❛ ✐♥❝❡rt❡③❛ s♦❜r❡ ♦ ♣❛r❛♠êtr♦ s❡rá ❜❛st❛♥t❡
❝❧❛r❛✳

❖ ❞❡s❡❥❛✈❡❧ é ♦❜t❡r ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ♠❡♥♦r❡s ♣♦ssí✈❡✐s ❡ ♥í✈❡❧ ❞❡
❝♦♥✜❛♥ç❛ ♠❛✐♦r ♣♦ssí✈❡❧✱ ♦✉ s❡❥❛✱ ♣ró①✐♠♦ ❞❡ 100%✳



✷✳✷✳ ❚❡st❡ ❜♦♦tstr❛♣ ✷✹

❖ ✐♥t❡r✈❛❧♦ 100(1 − α)% ❞❡ ❝♦♥✜❛♥ç❛ ❜♦♦tstr❛♣✲t ♣❛r❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛
❡st❛tíst✐❝❛✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❈②♠r♦t ❡ ❘✐③③♦ ✭✷✵✵✻✮✱ é ❞❛❞♦ ♣♦r✱

ICboot.t = [estatstica± t× Ŝboot],

❡♠ q✉❡✱ t é ❡♥❝♦♥tr❛❞♦ ✉t✐❧✐③❛♥❞♦✲s❡ (n − 1) ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡✱ s❡♥❞♦ n ♦
t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ♠❡str❡ ❡ Ŝboot ✱ ♦ ❞❡s✈✐♦ ♣❛❞rã♦ ❜♦♦tstr❛♣✱ ♦❜t✐❞♦ ❞❛ s❡❣✉✐♥t❡
♠❛♥❡✐r❛✿

Ŝboot =

√∑B
b=1(θ̂(b)− θ̂(·))2

B − 1

❖ ✐♥t❡r✈❛❧♦ 100(1 − α)% ❞❡ ❝♦♥✜❛♥ç❛ ❜♦♦tstr❛♣ ♣❡r❝❡♥t✐❧ ♣♦❞❡ s❡r ♦❜t✐❞♦ ❞❡
❞✉❛s ♠❛♥❡✐r❛s✿

❆ ♣r✐♠❡✐r❛✱ s❡❣✉♥❞♦ ❊❢r♦♥ ✭✶✾✽✻✮✱ é ❡♥❝♦♥tr❛r ♦s ♣❡r❝❡♥tí❧✐❝♦ ❞❛ ♠é❞✐❛✱ ♦✉
s❡❥❛✱ ❡♥❝♦♥tr❛r 100(1−α/2)% ❡ 100(α/2)% ❞❛ ♠é❞✐❛ ❞❛s r❡❛♠♦str❛s ❞❛ ❡st❛tíst✐❝❛
❞♦ ♣❛râ♠❡tr♦ q✉❡ ♣r❡t❡♥❞❡ ❡st✐♠❛r✳

❆ s❡❣✉♥❞❛ ♠❛♥❡✐r❛✱ ❞❡ ❛❝♦r❞♦ ▼♦♥t❣♦♠❡r② ❡ ❘✉♥❣❡r ✭✷✵✵✸✮✱ é ❛tr❛✈és ❞♦s
♣❡r❝❡♥t✐s ❞❛s ❞✐❢❡r❡♥ç❛s ❞♦s ✈❛❧♦r❡s ❞❛s ❡st❛tíst✐❝❛s ❞❛s r❡❛♠♦str❛s ❡♠ r❡❧❛çã♦ ❛♦
✈❛❧♦r ♠é❞✐♦ ❞❛ ❡st❛tíst✐❝❛ ♥❛s r❡❛♠♦str❛s✳ ❊♥tã♦✱ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❡ss❡s ✈❛❧♦r❡s✱
♣❛r❛ ❝❛❞❛ r❡❛♠♦str❛ ✐ ✱ é ♦❜t✐❞❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

dif = θ̂(b)− θ̂(.),

ICboot.percentil = [θ̂ − P97,5dif ; θ̂ − P2,5dif ].

❍á t❛♠❜é♠ ♦✉tr♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❜❛s❡❛❞♦s ♥❛ té❝♥✐❝❛ ❜♦♦tstr❛♣ ❝♦♠♦
♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ♣❡r❝❡♥tí❧✐❝♦ ❇❈❛ ✱ ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❇❈P❇ ❡
✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❇❈❛✱ ♠❛✐s ❞❡t❛❧❤❡s ❡♠ ❈✉♥❤❛ ❡ ❈♦❧♦s✐♥♦ ✭✷✵✵✸✮ ❡ ❊❢r♦♥
❡ ❚✐❜s❤✐r❛♥✐ ✭✶✾✾✸✮✳

❆ ♣❛rt✐r ❞♦s ♠ét♦❞♦s ❞❡ r❡❛♠♦str❛❣❡♠ ❞❡s❝r✐t♦s✱ ✐r❡♠♦s ♦❜t❡r ✐♥t❡r✈❛❧♦s ❞❡
❝♦♥✜❛♥ç❛ ❜♦♦tstr❛♣ ♣❡r❝❡♥tí❧✐❝♦ ♣❛r❛ ♦❜t❡r ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ♣❛r❛ ❛ ♠é❞✐❛
❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❡st✐♠❛❞♦s✳



❈❛♣ít✉❧♦ ✸

❆♥á❧✐s❡ ❞❡ ❉❛❞♦s

❉❡♥tr❡ ♦s ♦❜❥❡t✐✈♦s ❞❡st❛ ❞✐ss❡rt❛çã♦ ❡♥❝♦♥tr❛✲s❡ ❛ ♦❜t❡♥çã♦ ❞❡ ❡st✐♠❛t✐✈❛s ❞❡
❛❧❣✉♥s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡✱ ❛✉①✐❧✐❛❞❛ ♣❡❧♦s ♠ét♦❞♦s ❞❡ r❡❛♠♦str❛❣❡♠ ❜♦♦tstr❛♣
❡ ❞❡ ♣❡r♠✉t❛çã♦✳ ❆❝r❡❞✐t❛✲s❡ q✉❡ ❡st❛ ❛❜♦r❞❛❣❡♠✱ ❞❡ ❛♥á❧✐s❡ ❞❡ ❞❛❞♦s✱ ♣♦❞❡
❢♦r♥❡❝❡r ✉♠ ❛✉①í❧✐♦ ♣❛r❛ ❛ ✐♥t❡rtr❡t❛çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss♦ ❡♠ s❡t♦r❡s
✐♥❞✉tr✐❛✐s✳ P❡❧♦ ✉s♦ ❞♦s ♣r♦❝❡❞✐♠❡♥t♦s ❞❡s❝r✐t♦s ♥♦s ❝❛♣ít✉❧♦s ❛♥t❡r✐♦r❡s✱ ♦s ❞♦✐s
❜❛♥❝♦s ❞❡ ❞❛❞♦s ❛♣r❡s❡♥t❛❞♦s ❛ s❡❣✉✐r s❡rã♦ ♦❜❥❡t♦s ❞❡ ❛♥á❧✐s❡✳

✸✳✶ ❇❛♥❝♦ ❞❡ ❉❛❞♦s

❇❛♥❝♦ ✶✿ ❖ ♣r✐♠❡✐r♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s é ❝♦♠♣♦st♦ ♣♦r ✹✳✷✷✾ ❞❛❞♦s r❡❢❡r❡♥t❡s ❛♦
♣r♦❝❡ss♦ ❞❡ ✢♦t❛çã♦ ❞❛ ✉s✐♥❛ ❞❡ tr❛t❛♠❡♥t♦ ❞❡ ♠✐♥ér✐♦ ❞❡ ❢❡rr♦ ■❇✸✱ ❞♦
❈♦♠♣❧❡①♦ ▼✐♥❡r❛❞♦r ❞❡ ▼❛r✐❛♥❛✱ ▼●✱ ♣❡rt❡♥❝❡♥t❡ à ❈♦♠♣❛♥❤✐❛ ❱❛❧❡ ❞♦
❘✐♦ ❉♦❝❡ ✭❱❆▲❊✮✱ ♠❛✐♦r ♠✐♥❡r❛❞♦r❛ ❞♦ ❇r❛s✐❧ ❡ s❡❣✉♥❞❛ ♠❛✐♦r ♠✐♥❡r❛❞♦r❛
♠✉♥❞✐❛❧✱ r❡❢❡r❡♥t❡ ❛♦ ❛♥♦ ❞❡ ✷✵✶✷✳ ❖ ♦❜❥❡t✐✈♦ é t♦r♥❛r ✐❣✉❛❧ ❛ ③❡r♦ ♦ t❡♦r
❞❡ sí❧✐❝❛ ♣r❡s❡♥t❡ ♥♦ ♣r♦❞✉t♦ ✜♥❛❧ ✭♠✐♥ér✐♦ ❞❡ ❢❡rr♦✮✱ ♦ q✉❡ é ❥✉st✐✜❝❛❞♦
♣❡❧♦ ❢❛t♦ ❞❛ sí❧✐❝❛ s❡r ✉♠ ❞♦s ♣r✐♥❝✐♣❛✐s ❝♦♥t❛♠✐♥❛♥t❡s ❞♦ ♠✐♥ér✐♦ ❞❡ ❢❡rr♦✳
❆ ✈❛r✐á✈❡❧✲r❡s♣♦st❛ ✭Y ✮ é ♦ t❡♦r ❞❡ sí❧✐❝❛ ♥♦ ❝♦♥❝❡♥tr❛❞♦ ♦❜t✐❞♦ ❞❡ ✉♠
♣r♦❝❡ss♦ ❞❡ ✢♦t❛çã♦ ❝♦♠ ♥♦✈❡ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❝♦♥tr♦❧á✈❡✐s✱ s❡♠ ❧✐♠✐t❡
✐♥❢❡r✐♦r ❞❡ ❡s♣❡❝✐✜❝❛çã♦ ✭▲■❊✮ ❡ ❝♦♠ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ❡s♣❡❝✐✜❝❛çã♦ ✭▲❙❊✮
✐❣✉❛❧ ❛ ✶✱✶✵✪✳

❇❛♥❝♦ ✷✿ ❖ s❡❣✉♥❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s é ❝♦♥st✐t✉í❞♦ ♣♦r ✸✶ ❞❛❞♦s r❡❢❡r❡♥t❡s à
♣r♦❞✉çã♦ ❞❡ ❧❡✐t❡ ❞❡ ❢❛③❡♥❞❡✐r♦s ❞❛ r❡❣✐ã♦ ❞❡ ❱✐ç♦s❛ ♥♦ ❛♥♦ ❞❡ ✷✵✶✹✱
♣❡rt❡♥❝❡♥t❡s ❛♦ Pr♦❣r❛♠❛ ❞❡ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ P❡❝✉ár✐❛ ▲❡✐t❡✐r❛ ❞❛
❘❡❣✐ã♦ ❞❡ ❱✐ç♦s❛ ✭P❉P▲✮✱ r❡❢❡r❡♥t❡ ❛♦ ❛♥♦ ❞❡ ✷✵✶✹✳ ❖ P❉P▲ ✈✐s❛
♣r♦♠♦✈❡r ❛ ❡✈♦❧✉çã♦ ❛❝❡❧❡r❛❞❛ ❞❛ ♣r♦❞✉çã♦ ❡❝♦♥ô♠✐❝❛ ❞❡ ❧❡✐t❡✳ ❚❡♠ ❝♦♠♦
♦❜❥❡t✐✈♦ ❛ ♠❛①✐♠✐③❛çã♦ ❞♦ r❡t♦r♥♦ ❡❝♦♥ô♠✐❝♦ ❞♦s ♣r♦❞✉t♦r❡s ❞❡ ❧❡✐t❡✱ ❝♦♠
s✉st❡♥t❛❜✐❧✐❞❛❞❡ ❡❝♦♥ô♠✐❝❛✱ ✜♥❛♥❝❡✐r❛✱ s♦❝✐❛❧✱ ❝✉❧t✉r❛❧ ❡ ❛♠❜✐❡♥t❛❧✳ ❆s
✈❛r✐á✈❡✐s ❛♥❛❧✐s❛❞❛s sã♦ ❞❡♥♦♠✐♥❛❞❛s ♣♦r A✱ B ❡ C✳ ❆ ✈❛r✐á✈❡❧ A ❛♣r❡s❡♥t❛
▲■❊ ✐❣✉❛❧ ❛ ✺✸✶✱✺✼ ❡ ▲❙❊ ✐❣✉❛❧ ❛ ✹✳✾✵✼✱✾✸❀ B ❛♣r❡s❡♥t❛ ▲■❊ ✐❣✉❛❧ ❛ ✶✺✱✵✹ ❡
▲❙❊ ✐❣✉❛❧ ✷✽✱✽✸❀ C t❡♠ ▲■❊ é ✐❣✉❛❧ ❛ ✵✱✽✻ ❡ ▲❙❊ ✐❣✉❛❧ ✶✱✶✸✳

✷✺
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✸✳✷ ❆♥á❧✐s❡ ❞♦s ❉❛❞♦s ❞❛ ❱❆▲❊

❆♥á❧✐s❡ ❉❡s❝r✐t✐✈❛

❉❡✈✐❞♦ ❛♦ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ✈❛❧♦r❡s ❞✐s❝r❡♣❛♥t❡s ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✱ r❡t✐r❛♠♦s
♦s ✈❛❧♦r❡s ❛❝✐♠❛ ❞❡ ✶✱✻✼✳ P♦rt❛♥t♦✱ ✉t✐❧✐③❛♠♦s ✸✳✻✽✵ ❞❛❞♦s ♣❛r❛ ❡st❛ ❛♥á❧✐s❡✳
❈♦♥❢♦r♠❡ ✈✐st♦ ♥❛ ❚❛❜❡❧❛ ✸✳✷✱ ❛ ♠é❞✐❛ ❞♦ t❡♦r ❞❡ sí❧✐❝❛ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ❞❛❞♦s
♠❡♥♦r❡s q✉❡ ✶✱✻✼ é ✐❣✉❛❧ ✵✱✽✵✹✽ ❝♦♠ ❞❡s✈✐♦ ♣❛❞rã♦ ✐❣✉❛❧ ❛ ✵✱✷✻✼✾✳ ❖ ❝♦❡✜❝✐❡♥t❡ ❞❡
✈❛r✐❛çã♦ ✭❈❱✮ é ✐❣✉❛❧ ✸✸✱✷✾✪✱ ♦ q✉❡ í♥❞✐❝❛ q✉❡ ♦s ❞❛❞♦s ❛✐♥❞❛ sã♦ ❤❡t❡r♦❣ê♥❡♦s✱
❝♦♥❢♦r♠❡ ❝♦♥✜r♠❛❞♦ ♣❡❧❛s ❋✐❣✉r❛s ✸✳✶ ❡ ✸✳✷✳

❚❛❜❡❧❛ ✸✳✶✿ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞♦ t❡♦r ❞❡ sí❧✐❝❛ ♥♦ ❝♦♥❝❡♥tr❛❞♦ s❡♠ ❛❧❣✉♥s ♣♦♥t♦s
❞✐s❝r❡♣❛♥t❡s

❚❡♦r ❞❡ sí❧✐❝❛ ♥♦ ❝♦♥❝❡♥tr❛❞♦ ✭Y ✮
❱❛❧♦r ▼í♥✐♠♦✿ ✵✱✸✺✵
▼❡❞✐❛♥❛✿ ✵✱✼✹✵
▼é❞✐❛✿ ✵✱✽✵✺
❱❛❧♦r ▼á①✐♠♦✿ ✶✱✻✼✵
❉❡s✈✐♦ ♣❛❞rã♦✿ ✵✱✷✻✽

❚❛❜❡❧❛ ✸✳✷✿ Pr♦♣♦rçã♦ ❞❡ ✐t❡♥s ❢♦r❛ ❞♦ ❧✐♠✐t❡ ❞❡ ❡s♣❡❝✐✜❝❛çã♦

Pr♦♣♦rçã♦
❚❡♦r ❞❡ ❙í❧✐❝❛ ✵✱✶✺✶

❋✐❣✉r❛ ✸✳✶✿ ❇♦①♣❧♦t ❞♦ t❡♦r ❞❡ sí❧✐❝❛ ♣r❡s❡♥t❡ ♥♦ ❝♦♥❝❡♥tr❛❞♦ ❛♣ós r❡t✐r❛❞❛ ❞❡
❛❧❣✉♥s ♣♦♥t♦s ❞✐s❝r❡♣❛♥t❡s

▼❡s♠♦ ❛♣ós ❛ r❡t✐r❛❞❛ ❞♦s ✈❛❧♦r❡s ♠❛✐♦r❡s q✉❡ ✶✱✻✼ ❛✐♥❞❛ ❤á ✈❛❧♦r❡s
❞✐s❝r❡♣❛♥t❡s ✭♦✉t❧✐❡rs✮✱ ♦ q✉❡ ❡①♣❧✐❝❛ ♦ ✈❛❧♦r ❛❧t♦ ♦❜t✐❞♦ ♣❡❧♦ ❝♦❡✜❝✐❡♥t❡ ❞❡
✈❛r✐❛çã♦✳
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❋✐❣✉r❛ ✸✳✷✿ ❍✐st♦❣r❛♠❛ ❞♦ t❡♦r ❞❡ sí❧✐❝❛ ♣r❡s❡♥t❡ ♥♦ ❝♦♥❝❡♥tr❛❞♦ ❛♣ós r❡t✐r❛❞❛
❞❡ ❛❧❣✉♥s ♣♦♥t♦s ❞✐s❝r❡♣❛♥t❡s

❚❡st❡ ❞❡ ◆♦r♠❛❧✐❞❛❞❡

P❛r❛ ✈❡r✐✜❝❛r s❡ ♦s ❞❛❞♦s s❡❣✉❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ✉t✐❧✐③❛♠♦s ♦ t❡st❡
❙❤❛♣✐r♦ ❲✐❧❦✳ ❆s ❤✐♣ót❡s❡s t❡st❛❞❛s sã♦✿

{
H0 : ♦s ❞❛❞♦s s❡❣✉❡♠ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧❀
Ha : ♦s ❞❛❞♦s ♥ã♦ s❡❣✉❡♠ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✳

❆ ❡st❛tíst✐❝❛ ❞❡ t❡st❡ ✭W ✮ é ❞❛❞❛ ♣❡❧❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✳

W =
b2

n∑

i=1

(xi − x̄)2
,

❡♠ q✉❡ xi sã♦ ♦s ✈❛❧♦r❡s ❞❛ ❛♠♦str❛✱ ♦r❞❡♥❛❞♦s ❞❡ ❢♦r♠❛ ❝r❡s❝❡♥t❡✱ ❡ b é
❞❡t❡r♠✐♥❛❞♦ ♣♦r✿

b =





n/2∑

i=1

an−i+1 × (x(n−i+1) − xi), s❡ n é ♣❛r,

(n+1)/2∑

i=1

an−i+1 × (x(n−i+1) − xi), s❡ n é í♠♣❛r.

❖❜t✐✈❡♠♦s W = 0, 919 ❡ p✲✈❛❧♦r < 2, 2 × 10−16✳ ❈♦♥s✐❞❡r❛♥❞♦ α = 0, 05✱
r❡❥❡✐t❛♠♦s ❛ ❤✐♣ót❡s❡ ♥✉❧❛ ✭p✲✈❛❧♦r < α✮✱ ❧♦❣♦ ♣♦❞❡♠♦s ❛❝r❡❞✐t❛r q✉❡ ♦s ❞❛❞♦s
♥ã♦ s❡❣✉❡♠ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✳

❮♥❞✐❝❡ ❞❡ ❈❛♣❛❝✐❞❛❞❡ Cps

❈♦♠♦ ♦ ♣r♦❝❡ss♦ ❛♣r❡s❡♥t❛ s♦♠❡♥t❡ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ ❡s♣❡❝✐✜❝❛çã♦ ✭▲❙❊✮✱
✉t✐❧✐③❛♠♦s ❛♣❡♥❛s ♦ í♥❞✐❝❡ Cps✳
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Cps =
1, 100− 0, 805

3× 0, 268
= 0, 367.

❖ ♣r♦❝❡ss♦ é ❝♦♥s✐❞❡r❛❞♦ ❝❛♣❛③ q✉❛♥❞♦ ♦ ✈❛❧♦r ❞❡ Ĉps é ♠❛✐♦r q✉❡ ✶✱✷✺✳
◆❡st❡ ❝❛s♦✱ ♥♦ss♦ ♣r♦❝❡ss♦ ♥ã♦ é ❝♦♥s✐❞❡r❛❞♦ ❝❛♣❛③ ❞❡ ❛t❡♥❞❡r ❛s ❡s♣❡❝✐✜❝❛çõ❡s
❡st❛❜❡❧❡❝✐❞❛s ♠❡s♠♦ ❛♣ós ❛ r❡t✐r❛❞❛ ❞♦s ✈❛❧♦r❡s ❛❝✐♠❛ ❞❡ ✶✱✻✼✳

❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ▼ét♦❞♦ ❞❛ P❡r♠✉t❛çã♦

❘❡❛❧✐③❛♠♦s ✶✳✵✵✵ r❡❛♠♦str❛❣❡♥s ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦ ♣❛r❛ ❝✐♥❝♦
t❛♠❛♥❤♦s ✭n✮ ❞✐❢❡r❡♥t❡s ❞❡ ❛♠♦str❛ ♣❛r❛ ♦s ❞❛❞♦s ♠❡♥♦r❡s ♦✉ ✐❣✉❛✐s ❛ ✶✱✻✼✳
❆ ❋✐❣✉r❛ ✸✳✸ ❛♣r❡s❡♥t❛ ♦s ❤✐st♦❣r❛♠❛s q✉❡ ♣❡r♠✐t❡♠ ✈✐s✉❛❧✐③❛r ❛s ❞✐str✐❜✉✐çõ❡s
❡♠♣ír✐❝❛s ♣❛r❛ ❛s ✶✳✵✵✵ r❡❛♠♦str❛❣❡♥s ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦✱ ♣❛r❛ ♦s ❞❛❞♦s
♠❡♥♦r❡s q✉❡ ✶✱✻✼✳

❋✐❣✉r❛ ✸✳✸✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣❛r❛ ✶✳✵✵✵ r❡❛♠♦str❛❣❡♥s ♣❡❧♦
♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦
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❆ ❚❛❜❡❧❛ ✸✳✸ ❛♣r❡s❡♥t❛ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣❛r❛ ❛ ♠❡❞✐❛ ❞♦s Ĉps✱ ❞❡ ❛❝♦r❞♦
❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛✱ ❜❡♠ ❝♦♠♦ ♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦ ❛ss♦❝✐❛❞♦ ✭❊◗▼✮
❛ ❡❧❛s✱ t♦❞❛s r❡❛❧✐③❛❞❛s ❝♦♠ r❡❛♠♦str❛❣❡♠ ❜♦♦tstr❛♣ ❞❡ t❛♠❛♥❤♦ ✶✳✵✵✵✳ ❖
❊◗▼ é ♣❡q✉❡♥♦✱ ♦ s✐❣♥✐✜❝❛ q✉❡ ♦ ❡st✐♠❛❞♦r ❡stá ❝♦♠ ❜♦❛ ♣r❡❝✐sã♦✳ ◗✉❛♥❞♦
❛✉♠❡♥t❛♠♦s ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ♠❡♥♦r é ♦ ✈❛❧♦r ❞♦ ❊◗▼✳ ❖s ✐♥t❡r✈❛❧♦s
❞❡ ❝♦♥✜❛♥ç❛ ♣❡r❝❡♥t✐❧ ❞❡ ✾✺✪ ♣❛r❛ ♦s í♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦ ❢♦r❛♠
❝♦♥str✉í❞♦s ❛ ♣❛rt✐r ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ❜♦♦tstr❛♣✱ ✉t✐❧✐③❛♥❞♦✲s❡ ✶✳✵✵✵ r❡❛♠♦str❛❣❡♥s
❞❡ t❛♠❛♥❤♦s n = ✶✵✵✱ ✷✵✵✱ ✸✵✵✱ ✺✵✵ ❡ ✶✵✵✵✳ P❡❧♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❜♦♦tstr❛♣
♣❡r❝❡♥tí❧✐❝♦s ❝♦♥str✉í❞♦s✱ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ q✉❡ ♦ ♣r♦❝❡ss♦ é ✐♥❝❛♣❛③ ❞❡ ❛t❡♥❞❡r
❛s ❡s♣❡❝✐✜❝❛çõ❡s✳

❚❛❜❡❧❛ ✸✳✸✿ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦

Ĉps

n ▼é❞✐❛ ❊◗▼ IC♣❡r❝❡♥tí❧✐❝♦
✶✵✵ ✵✱✸✻✼ ✵✱✵✵✸ ✭✵✱✸✻✸ ❀ ✵✱✸✼✵✮
✷✵✵ ✵✱✸✼✷ ✵✱✵✵✷ ✭✵✱✸✻✾ ❀ ✵✱✸✼✺✮
✸✵✵ ✵✱✸✻✽ ✵✱✵✵✶ ✭✵✱✸✻✻ ❀ ✵✱✸✼✵✮
✺✵✵ ✵✱✸✻✽ ✵✱✵✵✶ ✭✵✱✸✻✼ ❀ ✵✱✸✼✵✮
✶✳✵✵✵ ✵✱✸✻✽ ✵✱✵✵✶ ✭✵✱✸✻✼ ❀ ✵✱✸✻✽✮

❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ▼ét♦❞♦ ❇♦♦tstr❛♣

❘❡❛❧✐③❛♠♦s r❡❛♠♦str❛❣❡♥s ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣✱ ♣❛r❛ ❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s
❞❡ ❛♠♦str❛✳ ❖s ❤✐st♦❣r❛♠❛s q✉❡ ♣❡r♠✐t❡♠ ✈✐s✉❛❧✐③❛r ❛s ❞✐str✐❜✉✐çõ❡s ❡♠♣ír✐❝❛s
♣♦❞❡♠ s❡r ✈✐st♦s ♥❛ ❋✐❣✉r❛ ✸✳✹✳

❆ ❚❛❜❡❧❛ ✸✳✹ ❛♣r❡s❡♥t❛ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣❛r❛ ❛ ♠❡❞✐❛ ❞♦s Cps✱ ❞❡ ❛❝♦r❞♦
❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❡ ♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦ ❛ss♦❝✐❛❞♦ ✭❊◗▼✮ ❛ ❡❧❛s✱
t♦❞♦s ♦❜t✐❞♦s ♣❛r❛ r❡❛♠♦str❛❣❡♠ ❜♦♦tstr❛♣ ❞❡ t❛♠❛♥❤♦ ✶✳✵✵✵✳ ❖ ❊◗▼ é ♣❡q✉❡♥♦
♦ q✉❡ s✐❣♥✐✜❝❛ q✉❡ ♦ ❡st✐♠❛❞♦r ❡stá ❝♦♠ ❜♦❛ ♣r❡❝✐sã♦✳ ❖s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛
♣❡r❝❡♥tí❧✐❝♦ ♥♦s ♠♦str❛♠ q✉❡ ❝♦♠ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ♦ ♣r♦❝❡ss♦ ♥ã♦ é ❝❛♣❛③✳

❚❛❜❡❧❛ ✸✳✹✿ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣

Ĉps

n ▼é❞✐❛ ❊◗▼ IC♣❡r❝❡♥tí❧✐❝♦
✶✵✵ ✵✱✸✼✶ ✵✱✵✵✸ ✭✵✱✸✻✼ ❀ ✵✱✸✼✹✮
✷✵✵ ✵✱✸✻✾ ✵✱✵✵✷ ✭✵✱✸✻✻ ❀ ✵✱✸✼✶✮
✸✵✵ ✵✱✸✻✾ ✵✱✵✵✶ ✭✵✱✸✻✼ ❀ ✵✱✸✼✶✮
✺✵✵ ✵✱✸✻✽ ✵✱✵✵✶ ✭✵✱✸✻✻ ❀ ✵✱✸✻✾✮
✶✳✵✵✵ ✵✱✸✻✼ ✵✱✵✵✵ ✭✵✱✸✻✻ ❀ ✵✱✸✻✽✮
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❋✐❣✉r❛ ✸✳✹✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♣❛r❛ ✶✳✵✵✵ r❡❛♠♦str❛❣❡♥s
❜♦♦str❛♣ ❝♦♠ n = ✶✵✵✱ ✷✵✵✱ ✸✵✵✱ ✺✵✵ ❡ ✶✵✵✵
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✸✳✸ ❆♥á❧✐s❡ ❞♦s ❉❛❞♦s P❉P▲

❆♥á❧✐s❡ ❉❡s❝r✐t✐✈❛

❈♦♥❢♦r♠❡ ✈✐st♦ ♥❛ ❚❛❜❡❧❛ ✸✳✺✱ ❛ ♠é❞✐❛ ❞❛ ✈❛r✐á✈❡❧ ❆ é ✐❣✉❛❧ ✼✺✽✱✺✵✵ ❝♦♠
❞❡s✈✐♦ ♣❛❞rã♦ ✐❣✉❛❧ ❛ ✺✼✾✱✷✷✸✳ ❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ ✈❛r✐❛çã♦ ✭❈❱✮ é ✐❣✉❛❧ ✼✻✱✸✻✹✪ ✱ ♦
q✉❡ ✐♥❞✐❝❛ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡ ❞♦s ❞❛❞♦s ❡ é ❥✉st✐✜❝❛❞♦ ♣❡❧❛ ❣r❛♥❞❡ ❞✐❢❡r❡♥ç❛ ❡♥tr❡
♦s ✈❛❧♦r❡s ♠í♥✐♠♦ ❡ ♠á①✐♠♦ ♥♦ ♣r♦❝❡ss♦ ✭❋✐❣✉r❛s ✸✳✺ ❡ ✸✳✻✮✳

❚❛❜❡❧❛ ✸✳✺✿ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞❛ ✈❛r✐á✈❡❧ A

❱❛r✐á✈❡❧ A
❱❛❧♦r ▼í♥✐♠♦✿ ✶✼✽✱✵✵✵
▼❡❞✐❛♥❛✿ ✺✸✷✱✽✵✵
▼é❞✐❛✿ ✼✺✽✱✺✵✵
❱❛❧♦r ▼á①✐♠♦✿ ✷✸✵✺✱✵✵✵
❉❡s✈✐♦ ♣❛❞rã♦✿ ✺✼✾✱✷✷✸

❋✐❣✉r❛ ✸✳✺✿ ❇♦①♣❧♦t ❞❛ ✈❛r✐á✈❡❧ A

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❚❛❜❡❧❛ ✸✳✻✱ ❛ ♠é❞✐❛ ❞❛ ✈❛r✐á✈❡❧ B é ✐❣✉❛❧ ✶✺✱✼✼✵ ❝♦♠ ❞❡s✈✐♦
♣❛❞rã♦ ✐❣✉❛❧ ❛ ✸✱✼✶✽✱ ♦ q✉❡ ♣r♦❞✉③ ✉♠ ❝♦❡✜❝✐❡♥t❡ ❞❡ ✈❛r✐❛çã♦ ✭❈❱✮ ✐❣✉❛❧ ❛
✷✸✱✺✼✻✪✳ ❖ ❈❱ ✐♥❞✐❝❛ ❤♦♠♦❣❡♥❡✐❞❛❞❡ ❞♦s ❞❛❞♦s✱ ❝♦♥❢♦r♠❡ ✈✐st♦ ♥❛s ❋✐❣✉r❛s ✸✳✼
❡ ✸✳✽✳

❚❛❜❡❧❛ ✸✳✻✿ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞❛ ✈❛r✐á✈❡❧ B

❱❛r✐á✈❡❧ B
❱❛❧♦r ▼í♥✐♠♦✿ ✽✱✹✹✵
▼❡❞✐❛♥❛✿ ✶✺✱✹✻✵
▼é❞✐❛✿ ✶✺✱✼✼✵
❱❛❧♦r ▼á①✐♠♦✿ ✷✹✱✹✽✵
❉❡s✈✐♦ ♣❛❞rã♦✿ ✸✱✼✶✽
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❋✐❣✉r❛ ✸✳✻✿ ❍✐st♦❣r❛♠❛ ❞❛ ✈❛r✐á✈❡❧ A

❋✐❣✉r❛ ✸✳✼✿ ❇♦①♣❧♦t ❞❛ ✈❛r✐á✈❡❧ B

❋✐❣✉r❛ ✸✳✽✿ ❍✐st♦❣r❛♠❛ ❞❛ ✈❛r✐á✈❡❧ B

❈♦♥❢♦r♠❡ ✈✐st♦ ♥❛ ❚❛❜❡❧❛ ✸✳✼✱ ❛ ♠é❞✐❛ ❞❛ ✈❛r✐á✈❡❧ C é ✐❣✉❛❧ ✶✱✵✽✹ ❝♦♠
❞❡s✈✐♦ ♣❛❞rã♦ ✐❣✉❛❧ ❛ ✵✱✶✶✸✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠ ❝♦❡✜❝✐❡♥t❡ ❞❡ ✈❛r✐❛çã♦ ✭❈❱✮ ✐❣✉❛❧
✶✵✱✹✷✹✪✳ ❆ ❤♦♠♦❣❡♥❡✐❞❛❞❡ ❞♦s ❞❛❞♦s ✜❝❛ ❛♣❛r❡♥t❡ ♣❡❧♦ ❈❱ ❡ ♣❡❧❛s ❋✐❣✉r❛s ✸✳✾
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❡ ✸✳✶✵✳

❚❛❜❡❧❛ ✸✳✼✿ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞❛ ✈❛r✐á✈❡❧ C

❱❛r✐á✈❡❧ C
❱❛❧♦r ▼í♥✐♠♦✿ ✵✱✽✻✵
▼❡❞✐❛♥❛✿ ✶✱✶✶✵
▼é❞✐❛✿ ✶✱✵✽✹
❱❛❧♦r ▼á①✐♠♦✿ ✶✱✷✾✵
❉❡s✈✐♦ ♣❛❞rã♦✿ ✵✱✶✶✸

❋✐❣✉r❛ ✸✳✾✿ ❇♦①♣❧♦t ❞❛ ✈❛r✐á✈❡❧ C

❋✐❣✉r❛ ✸✳✶✵✿ ❍✐st♦❣r❛♠❛ ❞❛ ✈❛r✐á✈❡❧ C

❖s ❧✐♠✐t❡ ❞❡ ❡s♣❡❝✐✜❝❛çã♦ ❞❡✜♥✐❞♦s ♣❛r❛ ❛s ✈❛r✐á✈❡✐s A✱ B ❡ C ♣♦❞❡♠ s❡r
✈✐st♦s ♥❛ ❚❛❜❡❧❛ ✸✳✾✳
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❚❛❜❡❧❛ ✸✳✽✿ ▲✐♠✐t❡s ❞❡ ❡s♣❡❝✐✜❝❛çõ❡s

❱❛r✐á✈❡❧ ▲■❊ ▲❙❊
❆ ✺✸✶✱✺✼ ✹✾✵✼✱✾✸
❇ ✶✺✱✵✹✵ ✷✽✱✽✸✵
❈ ✵✱✽✻✵ ✶✱✶✸✵

❚❛❜❡❧❛ ✸✳✾✿ Pr♦♣♦rçã♦ ❞❡ ✐t❡♥s ❢♦r❛ ❞♦s ❧✐♠✐t❡s ❞❡ ❡s♣❡❝✐✜❝❛çõ❡s

❱❛r✐á✈❡❧ Pr♦♣♦rçã♦
❆ ✵✱✹✻✵
❇ ✵✱✺✽✻
❈ ✵✱✻✺✺

❚❡st❡ ❞❡ ◆♦r♠❛❧✐❞❛❞❡

P❛r❛ ✈❡r✐✜❝❛r s❡ ♦s ❞❛❞♦s s❡❣✉❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ✉t✐❧✐③❛♠♦s ♦ t❡st❡
❙❤❛♣✐r♦ ❲✐❧❦✱ ❝♦♥s✐❞❡r❛♥❞♦ α = 0, 05✳ P❛r❛ ❛ ✈❛r✐á✈❡❧ A ♦❜t✐✈❡♠♦s W = 0, 845 ❡
p✲✈❛❧♦r = 0, 001✳ ❈♦♠♦ p✲✈❛❧♦r ♠❡♥♦r q✉❡ α✱ r❡❥❡✐t❛♠♦s H0 ❡ ♣♦❞❡♠♦s ❞✐③❡r q✉❡
♦s ❞❛❞♦s ❞❛ ✈❛r✐á✈❡❧ A ♥ã♦ s❡❣✉❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✳ P❛r❛ ❛ ✈❛r✐á✈❡❧
B t❡♠♦s W = 0, 9731 ❡ p✲✈❛❧♦r = 0, 647✳ ❈♦♠♦ ♦ p✲✈❛❧♦r é ♠❛✐♦r q✉❡ α✱
♥ã♦ r❡❥❡✐t❛♠♦s H0 ❡ ♣♦❞❡♠♦s ❞✐③❡r q✉❡ ♦s ❞❛❞♦s ❞❛ ✈❛r✐á✈❡❧ B s❡❣✉❡♠ ✉♠❛
❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✳ ❋✐♥❛❧♠❡♥t❡✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ C t❡♠♦s W = 0, 968 ❡ p✲✈❛❧♦r
= 0, 514✳ ❈♦♠♦ ♦ p✲✈❛❧♦r é ♠❛✐♦r q✉❡ α✱ ♥ã♦ r❡❥❡✐t❛♠♦s H0 ❡ ♣♦❞❡♠♦s ❞✐③❡r q✉❡
♦s ❞❛❞♦s ❞❛ ✈❛r✐á✈❡❧ C s❡❣✉❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✳

❘❡❛❧✐③❛♠♦s ❛ tr❛♥s❢♦r♠❛çã♦ r❛✐③ q✉❛❞r❛❞❛ ♥♦s ❞❛❞♦s ❞❛ ✈❛r✐á✈❡❧ A✳
❱❡r✐✜❝❛♠♦s ❛ ♥♦r♠❛❧✐❞❛❞❡ ❞♦s ❞❛❞♦s tr❛♥s❢♦r♠❛❞♦s ✭A∗✮✱ ✉t✐❧✐③❛♥❞♦ ♦ t❡st❡
❙❤❛♣✐r♦ ❲✐❧❦✱ ❝♦♥s✐❞❡r❛♥❞♦ α = 0, 01✳ P❛r❛ ❛ ✈❛r✐á✈❡❧ A∗ ♦❜t✐✈❡♠♦s W = 0, 913
❡ p✲✈❛❧♦r = 0, 020✳ ❈♦♠♦ p✲✈❛❧♦r ♠❛✐♦r q✉❡ α✱ ♥ã♦ r❡❥❡✐t❛♠♦s H0 ❡ ♣♦❞❡♠♦s ❞✐③❡r
q✉❡ ♦s ❞❛❞♦s ❞❛ ✈❛r✐á✈❡❧ A∗ s❡❣✉❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧✳

❈á❧❝✉❧♦ ❞♦ ❮♥❞✐❝❡ ❞❡ ❈❛♣❛❝✐❞❛❞❡ Cp ●❡♦♠étr✐❝♦

❖s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❣❡♦♠étr✐❝♦✱ Cpgeom✱ ❞❡✜♥✐❞♦s ❛❜❛✐①♦✱ ❢♦r❛♠ ♦❜t✐❞♦s
♣❛r❛ ❛s ✈❛r✐á✈❡✐s A∗✱ B ❡ C✱ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❤✐st♦❣r❛♠❛ ❞❛ ❋✐❣✉r❛ ✸✳✶✶
❛ ✹✳✶✽✳

Cpgeom =

(
p∏

i=1

Cp(xi)

)1/p

= 0, 581.

❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✸✳✶✵ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s Ĉpgeom

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❡ ♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦ ❛ss♦❝✐❛❞♦
✭❊◗▼✮ ❛ ❡❧❛s✱ t♦❞❛s r❡❛❧✐③❛❞❛s ❝♦♠ r❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦ ❞❡
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❋✐❣✉r❛ ✸✳✶✶✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ Ĉpgeom ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵✱ ♣❛r❛ ❛s ✈❛r✐á✈❡✐s ❆✯✱❇ ❡ ❈✳

t❛♠❛♥❤♦ ✶✳✵✵✵✳ ❖ ❊◗▼ ❞✐♠✐♥✉✐ q✉❛♥❞♦ ❛✉♠❡♥t❛♠♦s ♦ t❛♠❛♥❤♦ ✭n✮ ❞❛ ❛♠♦str❛✳
❖s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ♣❡r❝❡♥t✐❧ ❞❡ ✾✺✪ ♣❛r❛ ♦s í♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞♦
♣r♦❝❡ss♦ ❢♦r❛♠ ❝♦♥str✉í❞♦s ❛ ♣❛rt✐r ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ❜♦♦tstr❛♣✱ ✉t✐❧✐③❛♥❞♦✲s❡ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❞❡ t❛♠❛♥❤♦s n = ✶✵✱ ✶✺ ❡ ✷✵✳ ❖s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❜♦♦tstr❛♣
♣❡r❝❡♥tí❧✐❝♦s ♥♦s ♠♦str❛♠ ❝♦♠ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ q✉❡ ♦ ♣r♦❝❡ss♦ ♥ã♦ é ❝❛♣❛③✳

❚❛❜❡❧❛ ✸✳✶✵✿ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦

Ĉpgeom

n ▼é❞✐❛ ❊◗▼ IC♣❡r❝❡♥tí❧✐❝♦
✶✵ ✵✱✻✵✻ ✵✱✵✵✷ ✭ ✵✱✻✵✶ ❀ ✵✱✻✶✶ ✮
✶✺ ✵✱✺✾✸ ✵✱✵✵✷ ✭ ✵✱✺✾✵ ❀ ✵✱✺✾✻ ✮
✷✵ ✵✱✺✽✻ ✵✱✵✵✷ ✭ ✵✱✺✽✹ ❀ ✵✱✺✽✽ ✮

◆❛ ❋✐❣✉r❛ ✸✳✶✷ t❡♠♦s ❛♣r❡s❡♥t❛❞♦s ♦s ❤✐st♦❣r❛♠❛s q✉❡ ♣❡r♠✐t❡♠ ✈✐s✉❛❧✐③❛r ❛s
❞✐str✐❜✉✐çõ❡s ❡♠♣ír✐❝❛s ♣❛r❛ ❛s ✶✳✵✵✵ r❡❛♠♦str❛❣❡♥s ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦✱
❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵ r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

◆❛ ❚❛❜❡❧❛ ✸✳✶✶✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s Ĉpgeom

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❡ ♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦ ❛ss♦❝✐❛❞♦ ✭❊◗▼✮
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❋✐❣✉r❛ ✸✳✶✷✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ Ĉpgeom✱ ♣❛r❛ ❛s ✈❛r✐á✈❡✐s ❆✱❇
❡ ❈✳

❛ ❡❧❛s✱ t♦❞❛s r❡❛❧✐③❛❞❛s ❝♦♠ r❡❛♠♦str❛❣❡♠ ❜♦♦tstr❛♣ ❞❡ t❛♠❛♥❤♦ ✶✳✵✵✵✳ ❖
❊◗▼ ❞✐♠✐♥✉✐ q✉❛♥❞♦ ❛✉♠❡♥t❛♠♦s ♦ t❛♠❛♥❤♦ ✭n✮ ❞❛ ❛♠♦str❛✳ ❖s ✐♥t❡r✈❛❧♦s
❞❡ ❝♦♥✜❛♥ç❛ ♣❡r❝❡♥tí❧✐❝♦s ♥♦s ♠♦str❛♠ q✉❡ ❝♦♠ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ♦ ♣r♦❝❡ss♦ ♥ã♦
é ❝❛♣❛③✳

❚❛❜❡❧❛ ✸✳✶✶✿ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣

Ĉpgeom

n ▼é❞✐❛ ❊◗▼ ICpercentil

✶✵ ✵✱✻✸✸ ✵✱✵✵✸ ✭ ✵✱✺✽✹ ❀ ✵✱✺✽✽ ✮
✶✺ ✵✱✻✶✻ ✵✱✵✵✶ ✭ ✵✱✻✶✷ ❀ ✵✱✻✷✵ ✮
✷✵ ✵✱✻✶✵ ✻✱✻✹✶e−5 ✭ ✵✱✻✵✼ ❀ ✵✱✻✶✹ ✮
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❈á❧❝✉❧♦ ❞♦ ❮♥❞✐❝❡ ❞❡ ❈❛♣❛❝✐❞❛❞❡ Cpk ●❡♦♠étr✐❝♦

❖s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❣❡♦♠étr✐❝♦s Ĉpkgeom✱ ❋✐❣✉r❛ ✸✳✶✸✱ ♣❛r❛ ❛s ✈❛r✐á✈❡✐s
A✱ B ❡ C sã♦ ❞❛❞♦s ♣♦r✿

Cpkgeom =

(
p∏

i=1

Cpk(xi)

)1/p

= 0, 028.

❋✐❣✉r❛ ✸✳✶✸✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ Ĉpkgeom✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ ❆✳

◆❛ ❚❛❜❡❧❛ ✸✳✶✷✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s Ĉpkgeom

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❡ ♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦ ❛ss♦❝✐❛❞♦ ✭❊◗▼✮
❛ ❡❧❛s✱ t♦❞♦s ♦❜t✐❞♦s ❝♦♠ r❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦ ❞❡ t❛♠❛♥❤♦
✶✳✵✵✵✳ ❖ ❊◗▼ é ❜❡♠ ♣ró①✐♠♦ ♣❛r❛ ♦s ❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s ✭n✮ ❞❡ ❛♠♦str❛✳
❖s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ♣❡r❝❡♥tí❧✐❝♦s ♥♦s ♠♦str❛ q✉❡ ❝♦♠ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ♦
♣r♦❝❡ss♦ ♥ã♦ é ❝❛♣❛③✳ ❖ ❤✐st♦❣r❛♠❛ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶✹✳

❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✸✳✶✸ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s Ĉpkgeom✱
♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❡ ♦ ❡rr♦ q✉❛❞rát✐❝♦
♠é❞✐♦ ❛ss♦❝✐❛❞♦ ✭❊◗▼✮ ❛ ❡❧❛s✱ r❡❛❧✐③❛❞❛s ♣♦r r❡❛♠♦str❛❣❡♠ ❜♦♦tstr❛♣ ❞❡ t❛♠❛♥❤♦
✶✵✵✵✳ ❖ ❊◗▼ é ❜❡♠ ♣ró①✐♠♦ ♣❛r❛ ♦s ❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s ✭n✮ ❞❡ ❛♠♦str❛✳ ❖s
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❚❛❜❡❧❛ ✸✳✶✷✿ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦

Ĉpkgeom

n ▼é❞✐❛ ❊◗▼ ICpercentil

✶✵ ✵✱✵✶✸ ✵✱✵✵✶ ✭ ✵✱✵✶✶ ❀ ✵✱✵✶✺ ✮
✶✺ ✵✱✵✶✾ 4, 634E−5 ✭ ✵✱✵✶✽ ❀ ✵✱✵✷✶ ✮
✷✵ ✵✱✵✷✹ 2, 421E−5 ✭ ✵✱✵✷✸ ❀ ✵✱✵✷✺ ✮

❋✐❣✉r❛ ✸✳✶✹✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ Ĉpkgeom ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵✱ ♣❛r❛❛ ✈❛r✐á✈❡❧ ❇

✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ♣❡r❝❡♥tí❧✐❝♦s ♥♦s ♠♦str❛ q✉❡ ♦ ♣r♦❝❡ss♦ ♥ã♦ é ❝❛♣❛③✱ ❝♦♠
✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛✳

❚❛❜❡❧❛ ✸✳✶✸✿ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣

Ĉpkgeom

n ▼é❞✐❛ ❊◗▼ ICpercentil

✶✵ ✵✱✵✶✵ ✵✱✵✵✷ ✭ ✵✱✵✵✼ ❀ ✵✱✵✶✷ ✮
✶✺ ✵✱✵✶✷ ✵✱✵✵✶ ✭ ✵✱✵✶✵ ❀ ✵✱✵✶✹ ✮
✷✵ ✵✱✵✶✼ ✵✱✵✵✶ ✭ ✵✱✵✶✺ ❀ ✵✱✵✶✽ ✮

❈á❧❝✉❧♦ ❞♦ ❮♥❞✐❝❡ ❞❡ ❈❛♣❛❝✐❞❛❞❡ Cp ❞❡ ◆✐✈❡rt❤✐✲❉❡②

P❛r❛ t♦❞♦s ♦s ❞❛❞♦s✱ t❡♠♦s ♦ í♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpND ❞❡✜♥✐❞♦ ❛❜❛✐①♦✿
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ĈpND =




0, 771
0, 502
0, 417


 .

❈♦♠♦ ❡st❛♠♦s ❛♥❛❧✐s❛♥❞♦ três ✈❛r✐á✈❡✐s ✭A✱ B ❡ C✮✱ ♦ í♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡
ĈpND é ✉♠ ✈❡t♦r ❞❡ ❞✐♠❡♥sã♦ 3× 1✳ ◆ã♦ ❤á ✈❛❧♦r❡s r❡❢❡rê♥❝✐❛ ♣❛r❛ ❡st❡ í♥❞✐❝❡✱
s❡♥❞♦ ✉s✉❛❧ ❝♦♥s✐❞❡r❛r ♦ ✈❛❧♦r ♠í♥✐♠♦ ❡♥tr❡s✱ ❝❤❛♠❛❞♦ ❞❡ í♥❞✐❝❡ ❣❧♦❜❛❧✳ ◆❡st❡
❝❛s♦ ♦ í♥❞✐❝❡ ❣❧♦❜❛❧ é ✐❣✉❛❧ 0, 417✱ ♦ q✉❡ ✐♥❞✐❝❛ q✉❡ ♦ ♣r♦❝❡ss♦ ♥ã♦ ❡stá ❛t❡♥❞❡♥❞♦
às ❡s♣❡❝✐✜❝❛çõ❡s✳

❘❡❛❧✐③❛♠♦s ✶✳✵✵✵ r❡❛♠♦str❛❣❡♥s ♣❡❧♦ ♠ét♦❞♦ ❞❡ ♣❡r♠✉t❛çã♦ ♣❛r❛ três
t❛♠❛♥❤♦s ✭n✮ ❞✐❢❡r❡♥t❡s ❞❡ ❛♠♦str❛ ♣❛r❛ ❛s ✈❛r✐á✈❡✐s A✱ B ❡ C✳ ❆ ❋✐❣✉r❛ ✸✳✶✺
❛♣r❡s❡♥t❛ ♦s ❤✐st♦❣r❛♠❛s q✉❡ ♣❡r♠✐t❡♠ ✈✐s✉❛❧✐③❛r ❛s ❞✐str✐❜✉✐çõ❡s ❡♠♣ír✐❝❛s ♣❛r❛
❛s ✶✳✵✵✵ r❡❛♠♦str❛❣❡♥s ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦ ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s í♥❞✐❝❡s
ĈpND ♣❛r❛ ❛ ✈❛r✐á✈❡❧ A✱ ❛ ❋✐❣✉r❛ ✸✳✶✻✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ ❇✱ ❡ ❛ ❋✐❣✉r❛ ✸✳✶✼✱ ♣❛r❛ ❛
✈❛r✐á✈❡❧ ❈✳

❋✐❣✉r❛ ✸✳✶✺✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpND ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵

❚❡♠♦s ♥❛ ❚❛❜❡❧❛ ✸✳✶✹ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s ĈpND ❞❡ ❛❝♦r❞♦
❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❡ ♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦ ❛ss♦❝✐❛❞♦ ✭❊◗▼✮ ❛ ❡❧❛s✱
♣❛r❛ r❡❛♠♦str❛❣❡♥s ♣❡❧❛ ♣❡r♠✉t❛çã♦ ❞❡ t❛♠❛♥❤♦ ✶✳✵✵✵✳ ❖ ❊◗▼ ♥ã♦ ❞✐♠✐♥✉✐
♠✉✐t♦ q✉❛♥❞♦ ❛✉♠❡♥t❛♠♦s ♦ t❛♠❛♥❤♦ ✭n✮ ❞❛ ❛♠♦str❛✱ s❡♥❞♦ ♣ró①✐♠♦ ♦s ✈❛❧♦r❡s
❞❛s ♠é❞✐❛s ❞♦s ĈpND ♦❜t✐❞♦s ♣❛r❛ ❛♠♦str❛s ❞❡ t❛♠❛♥❤♦ ✶✺ ❡ ✷✵✳ ❖s ✐♥t❡r✈❛❧♦s
❞❡ ❝♦♥✜❛♥ç❛ ♣❡r❝❡♥tí❧✐❝♦ ♥♦s ♠♦str❛♠ q✉❡ ❝♦♠ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ♦ ♣r♦❝❡ss♦ ♥ã♦
é ❝❛♣❛③✳

❘❡❛❧✐③❛♠♦s ✶✵✵✵ r❡❛♠♦str❛❣❡♥s ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣ ♣❛r❛ três t❛♠❛♥❤♦s
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❋✐❣✉r❛ ✸✳✶✻✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpND ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵

❋✐❣✉r❛ ✸✳✶✼✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpND ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵

✭♥✮ ❞✐❢❡r❡♥t❡s ❞❡ ❛♠♦str❛ ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s ĈpND ❞❛s ✈❛r✐á✈❡✐s A✱ B ❡ C✳ ❆
❋✐❣✉r❛ ✸✳✶✽ ❛♣r❡s❡♥t❛ ♦s ❤✐st♦❣r❛♠❛s q✉❡ ♣❡r♠✐t❡♠ ✈✐s✉❛❧✐③❛r ❛s ❞✐str✐❜✉✐çõ❡s
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❚❛❜❡❧❛ ✸✳✶✹✿ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦

ĈpND

n ▼❡❞✐❛ ❊◗▼ ICpercentlico

✶✵ ✵✱✹✾✶ ✵✱✵✾✷ ✭ ✵✱✹✺✽ ❀ ✵✱✺✷✸ ✮
✶✺ ✵✱✹✺✷ ✵✱✷✵✶ ✭ ✵✱✹✸✶ ❀ ✵✱✹✼✺ ✮
✷✵ ✵✱✹✷✸ ✵✱✶✵✸ ✭ ✵✱✹✵✻ ❀ ✵✱✹✹✵ ✮

❡♠♣ír✐❝❛s ♣❛r❛ ❛s ✶✳✵✵✵ r❡❛♠♦str❛❣❡♥s ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣ ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s
í♥❞✐❝❡s ĈpND ♣❛r❛ ✈❛r✐á✈❡❧ A✱ ❛ ❋✐❣✉r❛✸✳✶✾✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ B✱ ❡ ❛ ❋✐❣✉r❛✸✳✷✵✱
♣❛r❛ ❛ ✈❛r✐á✈❡❧ C✳

❋✐❣✉r❛ ✸✳✶✽✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpND ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ ❆✳

❚❡♠♦s ♥❛ ❚❛❜❡❧❛ ✸✳✶✺ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s ĈpND ❞❡ ❛❝♦r❞♦
❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❡ ♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦ ❛ss♦❝✐❛❞♦ ✭❊◗▼✮ ❛ ❡❧❛s✳
❚♦❞❛s r❡❛❧✐③❛❞❛s ❝♦♠ r❡❛♠♦str❛❣❡♠ ♣❡❧❛ ♣❡r♠✉t❛çã♦ ❞❡ t❛♠❛♥❤♦ ✶✳✵✵✵✳ ❖ ❊◗▼
❞✐♠✐♥✉✐ ♥ã♦ ❞✐♠✐♥✉✐ ♠✉✐t♦ q✉❛♥❞♦ ❛✉♠❡♥t❛♠♦s ♦ t❛♠❛♥❤♦ ✭n✮ ❞❛ ❛♠♦str❛✳
❙❡♥❞♦ ♣ró①✐♠♦ ♦s ✈❛❧♦r❡s ❞❛s ♠é❞✐❛s ❞♦s ĈpND ♦❜t✐❞♦s ♣❛r❛ t♦❞❛s ❛s ❛♠♦str❛s✳
❖s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ♣❡r❝❡♥t✐❧ ♥♦s ♠♦str❛♠ q✉❡ ❝♦♠ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ♦
♣r♦❝❡ss♦ ♥ã♦ é ❝❛♣❛③✳

❈á❧❝✉❧♦ ❞♦ ❮♥❞✐❝❡ ❞❡ ❈❛♣❛❝✐❞❛❞❡ Cpk ❞❡ ◆✐✈❡rt❤✐✲❉❡②

P❛r❛ t♦❞♦s ♦s ❞❛❞♦s✱ t❡♠♦s ♦ í♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpkND ❞❡✜♥✐❞♦ ❛❜❛✐①♦✿
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❋✐❣✉r❛ ✸✳✶✾✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpND ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ ❇✳

❋✐❣✉r❛ ✸✳✷✵✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpND ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ ❈✳

ĈpkND =




−0, 239
−0, 152
0, 728


 .
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❚❛❜❡❧❛ ✸✳✶✺✿ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣

ĈpND

n ▼❡❞✐❛ ❊◗▼ ICpercentlico

✶✵ ✵✱✺✵✻ ✭ ✵✱✹✻✾ ❀ ✵✱✺✹✽ ✮
✶✺ ✵✱✹✼✸ ✭ ✵✱✹✺✶ ❀ ✵✱✹✾✼ ✮
✷✵ ✵✱✹✸✼ ✭ ✵✱✹✶✾ ❀ ✵✱✹✺✻ ✮

❖ í♥❞✐❝❡ ❣❧♦❜❛❧✱ ❞❡✜♥✐❞♦ ❝♦♠♦ ♦ ✈❛❧♦r ♠í♥✐♠♦ ❞♦s í♥❞✐❝❡s ♣r❡s❡♥t❡s ♥♦ ✈❡t♦r✱
é ✐❣✉❛❧ ❛ −0, 239✱ ♦ q✉❡ t❛♠❜é♠ ✐♥❞✐❝❛ q✉❡ ♦ ♣r♦❝❡ss♦ ♥ã♦ ❡stá ❝❛♣❛③ ❞❡ ❛t❡♥❞❡r
às ❡s♣❡❝✐✜❝❛çõ❡s✳

❘❡❛❧✐③❛♠♦s ✶✳✵✵✵ r❡❛♠♦str❛❣❡♥s ♣❡❧♦ ♠ét♦❞♦ ❞❡ ♣❡r♠✉t❛çã♦ ♣❛r❛ três
t❛♠❛♥❤♦s ✭n✮ ❞✐❢❡r❡♥t❡s ❞❡ ❛♠♦str❛ ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s ĈpkND ❞❛s ✈❛r✐á✈❡✐s A✱
B ❡ C✳ ❆ ❋✐❣✉r❛ ✸✳✷✶ ❛♣r❡s❡♥t❛ ♦s ❤✐st♦❣r❛♠❛s q✉❡ ♣❡r♠✐t❡♠ ✈✐s✉❛❧✐③❛r ❛s
❞✐str✐❜✉✐çõ❡s ❡♠♣ír✐❝❛s ♣❛r❛ ❛s ✶✳✵✵✵ r❡❛♠♦str❛❣❡♥s ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦
♣❛r❛ ❛ ♠é❞✐❛ ❞♦s í♥❞✐❝❡s ĈpkND✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ A✱ ❛ ❋✐❣✉r❛ ✸✳✷✷✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧
B✱ ❡ ❛ ❋✐❣✉r❛ ✸✳✷✸✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ C✳

❋✐❣✉r❛ ✸✳✷✶✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpkND ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ ❆✳

❚❡♠♦s ♥❛ ❚❛❜❡❧❛ ✸✳✶✻ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s ĈpkND ❞❡ ❛❝♦r❞♦
❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❡ ♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦ ❛ss♦❝✐❛❞♦ ✭❊◗▼✮ ❛ ❡❧❛s✱
r❡❛❧✐③❛❞❛s ❝♦♠ r❡❛♠♦str❛❣❡♠ ♣❡❧❛ ♣❡r♠✉t❛çã♦ ❞❡ t❛♠❛♥❤♦ ✶✳✵✵✵✳ ❖ ❊◗▼ ♥ã♦
❞✐♠✐♥✉✐ ♠✉✐t♦ q✉❛♥❞♦ ❛✉♠❡♥t❛♠♦s ♦ t❛♠❛♥❤♦ ✭n✮ ❞❛ ❛♠♦str❛ ❡ sã♦ ♣ró①✐♠♦s ♦s
✈❛❧♦r❡s ❞❛s ♠é❞✐❛s ❞♦s ĈpkND ♦❜t✐❞♦s ♣❛r❛ t♦❞❛s ❛s ❛♠♦str❛s✳ ❖s ✐♥t❡r✈❛❧♦s ❞❡
❝♦♥✜❛♥ç❛ ♣❡r❝❡♥tí❧✐❝♦ ♥♦s ♠♦str❛♠ q✉❡ ❝♦♠ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛ ♦ ♣r♦❝❡ss♦ ♥ã♦ é
❝❛♣❛③✳
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❋✐❣✉r❛ ✸✳✷✷✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpkND ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ ❇✳

❋✐❣✉r❛ ✸✳✷✸✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpkND ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ ❈✳

❘❡❛❧✐③❛♠♦s t❛♠❜é♠ r❡❛♠♦str❛❣❡♥s ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣ ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s
ĈpkND ❞❛s ✈❛r✐á✈❡✐s A✱ B ❡ C✳ ❆ ❋✐❣✉r❛ ✸✳✷✹ ❛♣r❡s❡♥t❛ ♦s ❤✐st♦❣r❛♠❛s ♣❛r❛ ❛
✈❛r✐á✈❡❧ A✱ ❛ ❋✐❣✉r❛ ✸✳✷✺✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ B✱ ❡ ❛ ❋✐❣✉r❛ ✸✳✷✻✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ C✳
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❚❛❜❡❧❛ ✸✳✶✻✿ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❞❛ ♣❡r♠✉t❛çã♦

ĈpkND

n ▼❡❞✐❛ ❊◗▼ ICpercentlico

✶✵ ✲✵✱✷✻✽ ✵✱✵✵✸ ✭✲✵✱✷✼✹ ❀ ✲✵✱✷✻✸ ✮
✶✺ ✲✵✱✷✺✹ ✵✱✵✵✷ ✭✲✵✱✷✺✼ ❀ ✲✵✱✷✺✶ ✮
✷✵ ✲✵✱✷✹✾ ✵✱✵✵✶ ✭✲✵✱✷✺✷ ❀ ✲✵✱✷✹✽ ✮

❋✐❣✉r❛ ✸✳✷✹✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpkND ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ ❆✳

❆ ❚❛❜❡❧❛ ✸✳✶✽ ❛♣r❡s❡♥t❛ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s ĈpkND ❡ ♦ ❡rr♦
q✉❛❞rát✐❝♦ ♠é❞✐♦ ❛ss♦❝✐❛❞♦ ✭❊◗▼✮✱ ❡♠ ❢✉♥çã♦ ❞♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛✳ ❚♦❞❛s
❢♦r❛♠ r❡❛❧✐③❛❞❛s ❝♦♠ r❡❛♠♦str❛❣❡♠ ♣❡❧❛ ♣❡r♠✉t❛çã♦ ❞❡ t❛♠❛♥❤♦ ✶✳✵✵✵✳ ❖ ❊◗▼
♥ã♦ ❞✐♠✐♥✉✐ ♠✉✐t♦ q✉❛♥❞♦ ❛✉♠❡♥t❛♠♦s ♦ t❛♠❛♥❤♦ ✭n✮ ❞❛ ❛♠♦str❛ ❡ sã♦ ♣ró①✐♠♦s
♦s ✈❛❧♦r❡s ❞❛s ♠é❞✐❛s ❞♦s ĈpkND ♦❜t✐❞♦s ♣❛r❛ t♦❞❛s ♦s t❛♠❛♥❤♦s ❞❡ ❛♠♦str❛s✳
❖s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ♣❡r❝❡♥tí❧✐❝♦s ♥♦s ♠♦str❛♠ q✉❡ ♦ ♣r♦❝❡ss♦ ♥ã♦ é ❝❛♣❛③
❝♦♠ ✾✺✪ ❞❡ ❝♦♥✜❛♥ç❛✳

❚❛❜❡❧❛ ✸✳✶✼✿ ❘❡❛♠♦str❛❣❡♠ ♣❡❧♦ ♠ét♦❞♦ ❜♦♦tstr❛♣

ĈpkND

n ▼❡❞✐❛ ❊◗▼ ICpercentlico

✶✵ ✲✵✱✷✼✾ ✵✱✵✵✷ ✭✲✵✱✷✽✺ ❀ ✲✵✱✷✼✸✮
✶✺ ✲✵✱✷✼✶ ✵✱✵✵✶ ✭✲✵✱✷✼✻ ❀ ✲✵✱✷✻✻ ✮
✷✵ ✲✵✱✷✺✽ ✵✱✵✵✶ ✭✲✵✱✷✻✷✱ ✲✵✱✷✺✺✮
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❋✐❣✉r❛ ✸✳✷✺✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpkND ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ ❇✳

❋✐❣✉r❛ ✸✳✷✻✿ ❍✐st♦❣r❛♠❛ ❞♦s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ĈpkND ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ✶✳✵✵✵
r❡❛♠♦str❛❣❡♥s ❝♦♠ n = ✶✵✱ ✶✺ ❡ ✷✵✱ ♣❛r❛ ❛ ✈❛r✐á✈❡❧ ❈✳

P❛r❛ ❛s ✈❛r✐á✈❡✐s A✱ B ❡ C ❝❛❧❝✉❧❛♠♦s ❛s ♣r♦♣♦rçõ❡s ❞❡ ✐t❡♥s ❢♦r❛ ❞❛
❡s♣❡❝í✜❝❛çã♦ ♣❛r❛ ✶✵✵ r❡❛♠♦str❛❣❡♥s ❞❡ t❛♠❛♥❤♦ ✶✵ ❡ ♦ ❊◗▼ ❛ss♦❝✐❛❞♦ ❛ ❡❧❛s✳
❈♦♠ ❡st❛ ✐♥❢♦r♠❛çã♦ ♦ ♣r♦✜ss✐♦♥❛❧ t❡♠ ✉♠❛ r❡❢❡rê♥❝✐❛ ❞❛ ✪ ❞❡ ♥ã♦ ❝♦♥❢♦r♠✐❞❛❞❡
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❝♦♠ ♦s ✈❛❧♦r❡s ❡st✐♠❛❞♦s ❞❛ ❝❛♣❛❝✐❞❛❞❡ ♥❡st❡ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✳

❚❛❜❡❧❛ ✸✳✶✽✿ Pr♦♣♦rçã♦ ❞❡ ✐t❡♥s ❢♦r❛ ❞♦s ❧✐♠✐t❡s ❡s♣❡❝✐✜❝❛❞♦s

❱❛r✐á✈❡❧ ▼❡❞✐❛ ❊◗▼
❆ ✺✾✱✷✪ ✵✱✵✶✼
❇ ✺✾✱✶✪ ✸✱✵✷✺e−5

❈ ✻✹✱✻ ✪ ✵✱✵✶✺



❈❛♣ít✉❧♦ ✹

❈♦♥❝❧✉sã♦

✹✳✶ ❈♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s

❆♣ós ❛ r❡❛❧✐③❛çã♦ ❞❛s r❡❛♠♦str❛❣❡♥s ♣❡❧♦s ♠ét♦❞♦s ❞❛ ♣❡r♠✉t❛çã♦ ❡
❜♦♦tstr❛♣ ♣♦❞❡♠♦s ❝♦♥❝❧✉✐r q✉❡ ♦s ❞♦✐s ♣r♦❝❡ss♦s ♥ã♦ sã♦ ❝❛♣❛③❡s ❞❡ ❛t❡♥❞❡r às
❡s♣❡❝í✜❝❛çõ❡s ❡st❛❜❡❧❡❝✐❞❛s✳ ❆ r❡t✐r❛❞❛ ❞❡ ❛❧❣✉♥s ♣♦♥t♦s ❞✐s❝r❡♣❛♥t❡s ♥♦ ❜❛♥❝♦
❞❡ ❞❛❞♦s ❞♦ ♣r♦❝❡ss♦ ❞❡ ✢♦t❛çã♦ ❞❛ ✉s✐♥❛ ❞❡ tr❛t❛♠❡♥t♦ ❞❡ ♠✐♥ér✐♦ ❞❡ ❢❡rr♦
r❡s✉❧t❛ ❡♠ ✉♠❛ ♠❡❧❤♦r❛ ❞♦ ♣r♦❝❡ss♦✱ ♣♦ré♠ ✐st♦ ♥ã♦ ♦ t♦r♥❛ ❝❛♣❛③ ❞❡ ❛t❡♥❞❡r
❛s ❡s♣❡❝í✜❝❛çõ❡s ❡st❛❜❡❧❡❝✐❞❛s✳ ■ss♦ ✐♥❞✐❝❛ q✉❡ ♠❡❞✐❞❛s ❞❡✈❡♠ s❡r r❡❛❧✐③❛❞❛s
♣❛r❛ ✐❞❡♥t✐✜❝❛r ♦ q✉❡ ❡stá ❛❢❡t❛♥❞♦ ♦ ♣r♦❝❡ss♦✳ ◆❛ ♣r♦❞✉çã♦ ❞❡ ❧❡✐t❡✱ ❛ ✈❛r✐❛çã♦
❞♦ t❛♠❛♥❤♦ ❞❡ ♣r♦❞✉t♦r❡s ♣♦❞❡ t❡r ♦❝❛s✐♦♥❛❞♦ ❛ ♥ã♦ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛t❡♥❞❡r ❛s
❡s♣❡❝í✜❝❛çõ❡s✳ ❖❜s❡r✈❛♠♦s q✉❡ q✉❛♥t♦ ♠❛✐♦r ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ✭♥✮✱ ♠❛✐s
s✐♠étr✐❝❛ é ❛ ❞✐str✐❜✉✐çã♦ ❡♠♣ír✐❝❛✱ ♣❡r♠✐t✐♥❞♦ ❛ r❡❛❧✐③❛çã♦ ❞❡ ✐♥❢❡rê♥❝✐❛s✳ ❍á
✉♠❛ s❡♥sí✈❡❧ r❡❞✉çã♦ ❞♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦ ✭❊◗▼✮ q✉❛♥❞♦ ❛✉♠❡♥t❛♠♦s ♦
t❛♠❛♥❤♦ ✭♥✮ ❞❛ ❛♠♦str❛✳ ❖s í♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❣❡♦♠étr✐❝♦s ❛♣r❡s❡♥t❛r❛♠
✈❛❧♦r❡s ♠✉✐t♦ ♣ró①✐♠♦s ❞❡ ③❡r♦✱ ❡♥q✉❛♥t♦ ✈❛❧♦r❡s ♥❡❣❛t✐✈♦s ❢♦r❛♠ ♦❜t✐❞♦s ♣❡❧♦s
í♥❞✐❝❡s ❞❡ ◆✐✈❡rt❤✐ ❉❡②✳ ❉❡ss❛ ❢♦r♠❛ ❝♦♥st❛t❛♠♦s ♦ q✉❛♥t♦ ♦ í♥❞✐❝❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡
❞❡ ◆✐✈❡rt❤✐ ❉❡② ♣❡♥❛❧✐③❛ ♦ ♣r♦❝❡ss♦✱ ❝♦♥❢♦r♠❡ ✈❡r✐✜❝❛❞♦ ❡♠ ♦✉tr♦s tr❛❜❛❧❤♦s✳
❊♠ ✈✐st❛ ❞✐ss♦✱ s✉❣❡r✐♠♦s ✉♠ ❡st✉❞♦ q✉❡ ❞❡t❡r♠✐♥❡ ✈❛❧♦r❡s r❡❢❡rê♥❝✐❛ ♣❛r❛ ♦
í♥❞✐❝❡ ❞❡ ◆✐✈❡rt❤✐ ❉❡②✳ ❖s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ♣❡r❝❡♥t✐❧ ♦❜t✐❞♦s ✈❛r✐❛♠
♣♦✉❝♦ ♣❛r❛ ❝❛❞❛ í♥❞✐❝❡ ❡st✐♠❛❞♦✳ P❡❧❛ ♥❛t✉r❡③❛ ❞♦s ❞❛❞♦s r❡❛✐s✱ ♦s ✈❛❧♦r❡s
❝❛❧❝✉❧❛❞♦s ❞♦s í♥❞✐❝❡s ♣♦❞❡♠ ❞❛r ✉♠❛ ✐❞❡✐❛ s♦❜r❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦s ♣r♦❝❡ss♦s✱
♠✉✐t♦ ❡♠❜♦r❛ ♥ã♦ ✐♠♣❧✐q✉❡♠ q✉❡ s❡rã♦ ♦❜s❡r✈❛❞❛s ❛s ♠❡s♠❛s ♣r♦♣♦rçõ❡s ❞❡ ♥ã♦✲
❝♦♥❢♦r♠✐❞❛❞❡ q✉❡ s❡r✐❛♠ ❡s♣❡r❛❞❛s ♣❛r❛ ❞❛❞♦s q✉❡ s❡❣✉✐ss❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦
♥♦r♠❛❧✳ ■♥✈❡st✐❣❛çõ❡s ❢✉t✉r❛s ❞❡✈❡rã♦ s❡r ❝♦♥❞✉③✐❞❛s✱ ❡♥✈♦❧✈❡♥❞♦ ❡st❛s ❡ ♦✉tr❛s
q✉❡stõ❡s ❝♦rr❡❧❛t❛s✳

✹✽
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❬✶❪ ❇❊❘◆❆❘❉❖✱ ❏✳ ▼✳❀ ■❘❖◆❨✱ ❚✳ ❳✳ ❆ ❣❡♥❡r❛❧ ♠✉❧t✐✈❛r✐❛t❡ ❜❛②❡s✐❛♥
♣r♦❝❡ss ❝❛♣❛❜✐❧✐t② ✐♥❞❡①✳ ❙t❛t✐st✐❝✐❛♥✱ ✈✳ ✹✺✱ ♥✳ ✸✱ ♣✳ ✹✽✼✲✺✵✷✱ ✶✾✾✻✳

❬✷❪ ❇❯▲❇❆✱ ❊✳ ❆✳✱ ❍❖✳ ▲✳ ▲✳ ❮♥❞✐❝❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ r❡❧❛çõ❡s
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