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❆♦ ❝❛s❛❧ ♠❛✐s ❞❡s❝♦❧❛❞♦ q✉❡ ❝♦♥❤❡ç♦ ❚✐❛❣♦ ❡ ❚❤❛ís ❋❡❧✐①✱ ✈♦❝ês ♠♦r❛♠ ♥♦ ♠❡✉ ❝♦r❛çã♦✳

❙♦♠❡♥t❡ ♦ ❝é✉ ✐rá ♣❛❣❛r t✉❞♦ q✉❡ ✈♦❝ês ✜③❡r❛♠ ❡ ❢❛③❡♠ ♣♦r ♠✐♠✳

❆♦s ♠❡✉s ❛♠❛❞♦s ♣❛st♦r❡s ❲❡❜❡r ❋✐r♠✐♥♦ ❡ ❢❛♠í❧✐❛ ❡ ❛♦ ♣❛st♦r ▼❛r❝♦♥❡ ❇♦r❜❛ ❡

❢❛♠í❧✐❛✳ ❱♦❝ês sã♦ ❜❛❧✉❛rt❡s q✉❡ ❡✉ ♠❡ ✐♥s♣✐r♦ ❡ r❡❛❧♠❡♥t❡ ❡s♣❡r♦ ♣♦❞❡r s❡r ❛ ♠❡t❛❞❡



❞♦ q✉❡ ✈♦❝ês sã♦ q✉❛♥❞♦ ❡✉ ❝r❡s❝❡r✳ ❉❡✉s ❡♠ ❈r✐st♦ r❡tr✐❜✉❛ ❝❛❞❛ ✉♠ ♣❡❧♦ ❡s❢♦rç♦ ❡

♣r❡♦❝✉♣❛çã♦✳

❆ t♦❞♦s ❛♠✐❣♦s q✉❡ ❝♦♠♣õ❡ ❛ ❈❘❯ ◆❛t❛❧✳ ❱♦❝ês ❢♦r❛♠ ✉♠ ❝❛♥❛❧ ❞❡ ❡❞✐✜❝❛çã♦ ❞✐ár✐❛✱

❛♣r♦①✐♠❛♥❞♦✲♠❡ ❞♦ ❙❡♥❤♦r ❏❡s✉s ❡ ♠❡ ♣r♦♣♦r❝✐♦♥❛♥❞♦ ❣r❛♥❞❡s ♠♦♠❡♥t♦s ❞❡ ❝♦♠✉♥❤ã♦✱

tr❡t❛✱ r✐s❛❞❛s ❡ ❢❡❧✐❝✐❞❛❞❡✳

❆ t♦❞♦s q✉❡ ❛❝r❡❞✐t❛r❛♠ ❡♠ ♠✐♠ ❡ ✜③❡r❛♠✴❢❛③❡♠ ♣❛rt❡ ❞❡st❛ ✈✐❞❛ ♠❛r❛✈✐❧❤♦s❛ q✉❡

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

❆♦s ♣r♦❢❡ss♦r❡s ❞♦ PP●▼❆❊✱ ♣♦r t♦❞❛ ♣❛❝✐ê♥❝✐❛ ❡ ❡♥s✐♥❛♠❡♥t♦s✳

❆♦s ♣❛rt✐❝✐♣❛♥t❡s ❞❛ ❜❛♥❝❛ ♣❡❧❛s ❝♦♥tr✐❜✉✐çõ❡s✳

➚ ❈❆P❊❙ ♣❡❧♦ ❛♣♦✐♦ ✜♥❛♥❝❡✐r♦✳



✧P♦rq✉❡ ❞❡❧❡ ❡ ♣♦r ❡❧❡✱ ❡ ♣❛r❛ ❡❧❡✱ sã♦ t♦❞❛s ❛s ❝♦✐s❛s❀ ❣❧ór✐❛✱ ♣♦✐s✱ ❛ ❡❧❡ ❡t❡r♥❛♠❡♥t❡✳

❆♠é♠✳✧

❘♦♠❛♥♦s ✶✶✿✸✻



❘❡sí❞✉♦s ❡♠ ▼♦❞❡❧♦s ❞❡ ❙♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❋r❛çã♦ ❞❡
❈✉r❛

❆✉t♦r✿ ❈❧❡❛♥❞❡rs♦♥ ❘♦♠✉❛❧❞♦ ❋✐❞❡❧✐s

❖r✐❡♥t❛❞♦r✿ Pr♦❢✳ ❉r❛✳ ❉✐♦♥❡ ▼❛r✐❛ ❱❛❧❡♥ç❛

❘❡s✉♠♦

▼♦❞❡❧♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛ r❡♣r❡s❡♥t❛♠ ✉♠❛ ❣❡♥❡r❛❧✐③❛çã♦ ❞♦s ♠♦❞❡❧♦s

❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝❧áss✐❝♦s q✉❡ ♣❡r♠✐t❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠❛ ❢r❛çã♦ ❞❡ ✐♥❞✐✈í❞✉♦s ❝✉r❛❞♦s

♥❛ ♣♦♣✉❧❛çã♦ ❡st✉❞❛❞❛✳ ❉♦✐s ♠♦❞❡❧♦s ♣❛r❛♠étr✐❝♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛

❜❛st❛♥t❡ ❝♦♥❤❡❝✐❞♦s sã♦ ♦s ♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❡ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦✳

❆♣ós ♦ ❛❥✉st❡ ❞❡ ✉♠ ♠♦❞❡❧♦ ❛♦s ❞❛❞♦s é ✐♠♣♦rt❛♥t❡ ❛ ✈❛❧✐❞❛çã♦ ❞♦s ♣r❡ss✉♣♦st♦s✳ ❆

❛♥á❧✐s❡ ❞❡ r❡sí❞✉♦s é ✉♠❛ ✐♠♣♦rt❛♥t❡ té❝♥✐❝❛ ❝♦♠ ❡st❡ ♣r♦♣ós✐t♦✳ ❊♠❜♦r❛ ❛♥á❧✐s❡ ❞❡ r❡sí✲

❞✉♦s s❡❥❛ ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞❡ ♠♦❞❡❧♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ✉s✉❛✐s✱

❡①✐st❡♠ ♣♦✉❝♦s ❡st✉❞♦s s♦❜r❡ ♦ ✉s♦ ❞❡ r❡sí❞✉♦s ♣❛r❛ ❞❛❞♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦

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

❛✈❛❧✐❛✱ ❛tr❛✈és ❞❡ r❡sí❞✉♦s t✐♣♦ ❈♦①✲❙♥❡❧❧✱ ♦ ❛❥✉st❡ ❣❧♦❜❛❧ ❡♠ ♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛ ♣❛❞rã♦

❡ ❡st❡♥❞❡r ❡st❛ ♣r♦♣♦st❛ ♣❛r❛ ♠♦❞❡❧♦s ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦✳ ❈♦♥s✐❞❡r❛♠♦s ✉♠ ❡st✉❞♦

❞❡ s✐♠✉❧❛çã♦ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s r❡sí❞✉♦s✳ ❯♠❛ ❛♣❧✐❝❛çã♦ é ❝♦♥s✐❞❡r❛❞❛ ♣❛r❛

✐❧✉str❛r ♦s ♣r♦❝❡❞✐♠❡♥t♦s ❡st✉❞❛❞♦s✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❉❛❞♦s ❞❡ t❡♠♣♦ ❞❡ ✈✐❞❛✳ ❉✐❛❣♥óst✐❝♦✳ ❋r❛çã♦ ❞❡ ❝✉r❛✳ ❘❡sí❞✉♦s ❞❡ ❈♦①✲

❙♥❡❧❧✳



❘❡s✐❞✉❛❧s ✐♥ ❙✉r✈✐✈❛❧ ▼♦❞❡❧s ✇✐t❤ ❝✉r❡ r❛t❡

❆✉t❤♦r✿ ❈❧❡❛♥❞❡rs♦♥ ❘♦♠✉❛❧❞♦ ❋✐❞❡❧✐s

❆❞✈✐s♦r✿ Pr♦❢✳ ❉r❛✳ ❉✐♦♥❡ ▼❛r✐❛ ❱❛❧❡♥ç❛

❆❜str❛❝t

❈✉r❡ ❢r❛❝t✐♦♥ s✉r✈✐✈❛❧ ♠♦❞❡❧s r❡♣r❡s❡♥t ❛ ❣❡♥❡r❛❧✐③❛t✐♦♥ ♦❢ ❝❧❛ss✐❝❛❧ s✉r✈✐✈❛❧ ♠♦❞❡❧s ✇❤✐❝❤

❛❧❧♦✇ t❤❡ ♦❝❝✉rr❡♥❝❡ ♦❢ ❛ ❢r❛❝t✐♦♥ ♦❢ ❝✉r❡❞ ✐♥❞✐✈✐❞✉❛❧s ✐♥ t❤❡ ♣♦♣✉❧❛t✐♦♥ st✉❞✐❡❞✳ ❚✇♦

✇❡❧❧✲❦♥♦✇♥ ♣❛r❛♠❡tr✐❝ ❝✉r❡ ❢r❛❝t✐♦♥ s✉r✈✐✈❛❧ ♠♦❞❡❧s ❛r❡ t❤❡ ♠✐①t✉r❡ ❝✉r❡ ♠♦❞❡❧s ❛♥❞ t❤❡

♣r♦♠♦t✐♦♥ t✐♠❡ ♠♦❞❡❧s✳ ❆❢t❡r t❤❡ ✜tt✐♥❣ ❛ ♠♦❞❡❧ t♦ ❛ ❞❛t❛s❡t ✐t ✐s ✐♠♣♦rt❛♥t ✈❛❧✐❞❛t❡

t❤❡ ❛ss✉♠♣t✐♦♥s ❛♥❞ t❤❡ r❡s✐❞✉❛❧s ❛♥❛❧②s✐s ✐s ❛♥ ✐♠♣♦rt❛♥t t❡❝❤♥✐q✉❡ ❢♦r t❤✐s ♣✉r♣♦s❡✳

❆❧t❤♦✉❣❤ r❡s✐❞✉❛❧s ❛♥❛❧②s✐s ✐s ✇✐❞❡❧② ✉s❡❞ t♦ ❛ss❡ss t❤❡ ✜t ♦❢ ✉s✉❛❧ s✉r✈✐✈❛❧ ♠♦❞❡❧s✱ t❤❡r❡

❛r❡ ❢❡✇ r❡s✐❞✉❛❧s ♣r♦♣♦s❡❞ ❢♦r s✉r✈✐✈❛❧ ❞❛t❛ ✇✐t❤ ❝✉r❡ ❢r❛❝t✐♦♥✳ ❚❤✐s ✇♦r❦ ❛✐♠s t♦ st✉❞②

❛ r❡❝❡♥t ♣r♦♣♦s❛❧ ♦❢ t❤❡ ❧✐t❡r❛t✉r❡ t❤❛t ❡✈❛❧✉❛t❡s✱ t❤r♦✉❣❤ ❈♦①✲❙♥❡❧❧ t②♣❡ r❡s✐❞✉❡s✱ t❤❡

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

♠♦❞❡❧✳ ❲❡ ❝♦♥s✐❞❡r❡❞ ❛ s✐♠✉❧❛t✐♦♥ st✉❞② t♦ ❡✈❛❧✉❛t❡ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡ ♣r♦♣♦s❡❞

r❡s✐❞✉❛❧s✳ ❆♥ ❛♣♣❧✐❝❛t✐♦♥ ✐s ❝♦♥s✐❞❡r❡❞ t♦ ✐❧❧✉str❛t❡ t❤❡ st✉❞✐❡❞ ♣r♦❝❡❞✉r❡s✳

❑❡②✇♦r❞s ✿ ❈♦①✲❙♥❡❧❧ r❡s✐❞✉❛❧s✳ ❈✉r❡ r❛t❡✳ ❉✐❛❣♥♦st✐❝✳ ▲✐❢❡t✐♠❡ ❞❛t❛✳



▲✐st❛ ❞❡ ✜❣✉r❛s

✶ ❈✉r✈❛s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛s ❡st✐♠❛❞❛s ✈✐❛ ❑❛♣❧❛♥✲▼❡✐❡r ♣❛r❛ ❞❛❞♦s ❤✐♣♦✲

tét✐❝♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✶✽

✷ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛

♣❛❞rã♦ ❲❡✐❜✉❧❧ s❡♠ ❝♦✈❛r✐á✈❡✐s ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱ ♠♦❞❡r❛❞♦

❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛ ❜❛✐①♦✮ ❡ t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛

♣❛r❛ ❛ ❞✐r❡✐t❛✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✽

✸ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛

♣❛❞rã♦ ❲❡✐❜✉❧❧ ❝♦♠ ❝♦✈❛r✐á✈❡✐s ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱ ♠♦❞❡r❛❞♦

❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛ ❜❛✐①♦✮ ❡ t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛

♣❛r❛ ❛ ❞✐r❡✐t❛✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✾

✹ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛

♣❛❞rã♦ ▲♦❣✲◆♦r♠❛❧ s❡♠ ❝♦✈❛r✐á✈❡✐s ✭♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ❧❛tê♥❝✐❛✮ ♣❛r❛

♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱ ♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛ ❜❛✐①♦✮ ❡ t❛♠❛♥❤♦

❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛ ♣❛r❛ ❛ ❞✐r❡✐t❛✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✵

✺ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛

♣❛❞rã♦ ▲♦❣✲◆♦r♠❛❧ ❝♦♠ ❝♦✈❛r✐á✈❡✐s ✭♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ❧❛tê♥❝✐❛✮ ♣❛r❛

♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱ ♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛ ❜❛✐①♦✮ ❡ t❛♠❛♥❤♦

❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛ ♣❛r❛ ❛ ❞✐r❡✐t❛✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✶

✻ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦

❞❡ ♣r♦♠♦çã♦ ❲❡✐❜✉❧❧ s❡♠ ❝♦✈❛r✐á✈❡✐s ✭♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ✐♥❝✐❞ê♥❝✐❛✮

♣❛r❛ ♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱ ♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛ ❜❛✐①♦✮ ❡

t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛ ♣❛r❛ ❛ ❞✐r❡✐t❛✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✷

✼ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦

❞❡ ♣r♦♠♦çã♦ ❲❡✐❜✉❧❧ ❝♦♠ ❝♦✈❛r✐á✈❡✐s ✭♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ✐♥❝✐❞ê♥❝✐❛✮

♣❛r❛ ♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱ ♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛ ❜❛✐①♦✮ ❡

t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛ ♣❛r❛ ❛ ❞✐r❡✐t❛✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✸



✽ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ t❡♠♣♦ ❞❡

♣r♦♠♦çã♦ ▲♦❣✲◆♦r♠❛❧ s❡♠ ❝♦✈❛r✐á✈❡✐s ✭♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ✐♥❝✐❞ê♥❝✐❛

❡ ♥❛ ❧❛tê♥❝✐❛✮ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱ ♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛

♣❛r❛ ❜❛✐①♦✮ ❡ t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛ ♣❛r❛ ❛ ❞✐r❡✐t❛✮✳ ♣✳ ✹✹

✾ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ t❡♠♣♦ ❞❡

♣r♦♠♦çã♦ ▲♦❣✲◆♦r♠❛❧ ❝♦♠ ❝♦✈❛r✐á✈❡✐s ✭♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ✐♥❝✐❞ê♥❝✐❛

❡ ♥❛ ❧❛tê♥❝✐❛✮ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱ ♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛

♣❛r❛ ❜❛✐①♦✮ ❡ t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛ ♣❛r❛ ❛ ❞✐r❡✐t❛✮✳ ♣✳ ✹✺

✶✵ ❈✉r✈❛ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❡st✐♠❛❞❛s ✈✐❛ ❑❛♣❧❛♥✲▼❡✐❡r ♣❛r❛ ❞❛❞♦s ♦✈❛r✐❛♥✳ ♣✳ ✹✻

✶✶ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ♦s ❛❥✉st❡s ❞♦s ❞❛❞♦s ♦✈❛r✐❛♥✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✽



❙✉♠ár✐♦

✶ ■♥tr♦❞✉çã♦ ♣✳ ✶✸

✶✳✶ ❖❜❥❡t✐✈♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✶✺

✶✳✷ ❖r❣❛♥✐③❛çã♦ ❞♦ tr❛❜❛❧❤♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✶✻

✷ ❆♥á❧✐s❡ ❞❡ ❙♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❋r❛çã♦ ❞❡ ❈✉r❛ ♣✳ ✶✼

✷✳✶ ❈♦♥❝❡✐t♦s ❜ás✐❝♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✶✽

✷✳✶✳✶ ▼♦❞❡❧♦s ♣❛r❛♠étr✐❝♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✶✾

✷✳✶✳✶✳✶ ❉✐str✐❜✉✐çã♦ ❞❡ ❲❡✐❜✉❧❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✶✾

✷✳✶✳✶✳✷ ❉✐str✐❜✉✐çã♦ ❧♦❣✲♥♦r♠❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✷✵

✷✳✶✳✷ ▼♦❞❡❧♦s ❞❡ t❡♠♣♦ ❞❡ ❢❛❧❤❛ ❛❝❡❧❡r❛❞♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✷✵

✷✳✶✳✸ ❘❡♣r❡s❡♥t❛çã♦ ❞♦s ❞❛❞♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✷✶

✷✳✶✳✹ ❘❡sí❞✉♦s ❞❡ ❈♦①✲❙♥❡❧❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✷✷

✷✳✷ ▼♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✷✸

✷✳✸ ▼♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✷✹

✷✳✹ ▼♦❞❡❧♦ ✉♥✐✜❝❛❞♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✷✹

✷✳✹✳✶ ❋✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❞❡ ❧♦♥❣❛ ❞✉r❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✷✺

✷✳✹✳✷ ❱❡r♦ss✐♠✐❧❤❛♥ç❛ ♣❛r❛ ♦ ♠♦❞❡❧♦ ✉♥✐✜❝❛❞♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✷✻

✸ ❘❡sí❞✉♦s ❡♠ ♠♦❞❡❧♦s ❞❡ ❙♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛ ♣✳ ✷✾

✸✳✶ ❘❡sí❞✉♦ ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ♦ ▼♦❞❡❧♦ ❞❡ ▼✐st✉r❛ P❛❞rã♦ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✵

✸✳✷ ❘❡sí❞✉♦ ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ♦ ▼♦❞❡❧♦ ❞❡ ❚❡♠♣♦ ❞❡ Pr♦♠♦çã♦ ✳ ✳ ✳ ♣✳ ✸✷

✹ ❊st✉❞♦s ❞❡ ❙✐♠✉❧❛çã♦ ♣✳ ✸✺



✹✳✶ ●❡r❛çã♦ ❞♦s ❞❛❞♦s ❡ ♦❜t❡♥çã♦ ❞❛s ❡st✐♠❛t✐✈❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✺

✹✳✷ ❆❥✉st❡ ❞♦s ❞❛❞♦s ❡ ♦❜t❡♥çã♦ ❞♦s r❡sí❞✉♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✻

✹✳✸ ❘❡s✉❧t❛❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✸✼

✺ ❆♣❧✐❝❛çã♦ ♣✳ ✹✻

✺✳✶ ❆❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ ❛♦s ❞❛❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✹✼

✻ ❈♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s ♣✳ ✹✾

❘❡❢❡rê♥❝✐❛s ♣✳ ✺✶

❆♣ê♥❞✐❝❡ ❆ ✲✲ ❖❜t❡♥çã♦ ❞❛ ❋✉♥çã♦ ❞❡ ❱❡r♦ss✐♠✐❧❤❛♥ç❛ ♣✳ ✺✹

❱❡r♦ss✐♠✐❧❤❛♥ç❛ ♣❛r❛ ♦s ❞❛❞♦s ❝♦♠♣❧❡t♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✺✹

❱❡r♦ss✐♠✐❧❤❛♥ç❛ ▼❛r❣✐♥❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ♣✳ ✺✼

❆♣ê♥❞✐❝❡ ❇ ✲✲ ❆s♣❡❝t♦s ❈♦♠♣✉t❛❝✐♦♥❛✐s ♣✳ ✺✾

❆♣ê♥❞✐❝❡ ❈ ✲✲ ❈ó❞✐❣♦s ❞❛ ❛♣❧✐❝❛çã♦ ♣✳ ✻✼
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✶ ■♥tr♦❞✉çã♦

❉❡ ❛❝♦r❞♦ ❝♦♠ ❈♦❧❧❡tt ✭✷✵✵✸✮✱ ♦ t❡r♠♦ ❛♥á❧✐s❡ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❞❡s✲

❝r❡✈❡r ❛ ❛♥á❧✐s❡ ❞❡ ❞❛❞♦s ❡♥✈♦❧✈❡♥❞♦ ♦ t❡♠♣♦ ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❡✈❡♥t♦✱ t❡♥❞♦ ❡st❡ ♦

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

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

t❛❧ ♥❡st❡ t✐♣♦ ❞❡ ❞❛❞♦s✳ ❙❡❣✉♥❞♦ ❈♦❧♦s✐♠♦ ❡ ●✐♦❧♦ ✭✷✵✵✻✮✱ ❛ ❛♥á❧✐s❡ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ t❡♠

❞❡s♣❡rt❛❞♦ ✐♥t❡r❡ss❡ ♥❛s ú❧t✐♠❛s ❞é❝❛❞❛s ❡♠ ❢✉♥çã♦ ❞❛ ❡✈♦❧✉çã♦ ❞❛s té❝♥✐❝❛s ❡st❛tíst✐❝❛s

❡♥✈♦❧✈✐❞❛s ❡ ❞♦s ❛✈❛♥ç♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s✳

❯♠❛ ♠❛♥❡✐r❛ ❞❡ ❛♥❛❧✐s❛r ❞❛❞♦s q✉❡ sã♦ ♣r♦✈✐♥❞♦s ❞❡ ❡st✉❞♦s q✉❡ ♣♦ss✉❡♠ ❝♦♠♦

✈❛r✐á✈❡❧ r❡s♣♦st❛ ♦ t❡♠♣♦ ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❡✈❡♥t♦ ✭♦✉ s✐♠♣❧❡s♠❡♥t❡ ✏t❡♠♣♦ ❞❡

✈✐❞❛✑✮ é ✉t✐❧✐③❛r ❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛♠étr✐❝❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ▲❛✇❧❡ss ✭✷✵✵✸✮ ❞❡st❛❝❛♠✲s❡

❛ ✉t✐❧✐③❛çã♦ ❞♦s ♠♦❞❡❧♦s ♣r♦❜❛❜✐❧íst✐❝♦s ❡①♣♦♥❡♥❝✐❛❧✱ ❲❡✐❜✉❧❧✱ ❧♦❣✲♥♦r♠❛❧✱ ❧♦❣✲❧♦❣íst✐❝♦✱

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

❧✐t❡r❛t✉r❛✳ ●❡r❛❧♠❡♥t❡ ❛ss✉♠❡✲s❡ ❝♦♠♦ ❛♥á❧✐s❡ ✐♥✐❝✐❛❧ ♦ ♣r❡ss✉♣♦st♦ ❞❡ ❤♦♠♦❣❡♥❡✐❞❛❞❡

♥♦s t❡♠♣♦s ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦✳ ❈♦♥t✉❞♦✱ ❡♠ ♠✉✐t❛s s✐t✉❛çõ❡s ♣rát✐❝❛s✱ ♦s ❞❛❞♦s

❡stã♦ ❛ss♦❝✐❛❞♦s ❝♦♠ ✐♥❢♦r♠❛çõ❡s ❛❞✐❝✐♦♥❛✐s ❞❡ ♠❛♥❡✐r❛ q✉❡ ♦s t❡♠♣♦s ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞♦

❡✈❡♥t♦ ❞❡♣❡♥❞❡♠ ❞❡ ❛❧❣✉♥s ❢❛t♦r❡s ✭▼❆▲▲❊❘❀ ❩❍❖❯✱ ✶✾✾✻✮✳ ❯♠❛ ❢♦r♠❛ ❞❡ ♠❡♥s✉r❛r ❡ss❛s

✐♥❢♦r♠❛çõ❡s ❛❞✐❝✐♦♥❛✐s é ❛ ✐♥❝❧✉sã♦ ❞❡ ❝♦✈❛r✐á✈❡✐s ❛tr❛✈és ❞❡ ✉♠ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ q✉❡

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

♣r❡ss✉♣♦st♦ ❞❛ ❤♦♠♦❣❡♥❡✐❞❛❞❡✱ ✉♠❛ ✈❡③ q✉❡ ❝❛❞❛ t❡♠♣♦ ❞❡♣❡♥❞❡ ❞❡ ❢❛t♦r❡s✴❝♦✈❛r✐á✈❡✐s✳

❊♠ ❡st✉❞♦s ❞❛ ár❡❛ ♠é❞✐❝❛✱ ♣♦r ❡①❡♠♣❧♦✱ ❡ss❛s ❝♦✈❛r✐á✈❡✐s ♣♦❞❡♠ s✉r❣✐r ❞❡ ❞❡❧✐♥❡❛♠❡♥t♦s

❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ❝♦♠♣❛r❛r ❛❧❣✉♠ tr❛t❛♠❡♥t♦ ♦✉ ✐♥❢♦r♠❛çõ❡s ❝♦♠♦ ✐❞❛❞❡✱ s❡①♦✱ ♣❡s♦ ❞❡

♣❛❝✐❡♥t❡s✱ ❡♥tr❡ ♦✉tr❛s✳

❊♠❜♦r❛ ❤❛❥❛ ♥❛ ❧✐t❡r❛t✉r❛ ✉♠❛ ✈❛st❛ ✉t✐❧✐③❛çã♦ ❞♦s ♠♦❞❡❧♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ✉s✉❛✐s✱

✉♠❛ ✈❡③ q✉❡ ❡st❡s ❝❛rr❡❣❛♠ ❛ s✉♣♦s✐çã♦ ❞❡ q✉❡ t♦❞♦s ♦s ✐♥❞✐✈í❞✉♦s s♦❢r❡rã♦ ♦ ❡✈❡♥t♦ ❞❡

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

❡✈❡♥t♦ ❞❡ ✐♥t❡r❡ss❡ ♠❡s♠♦ q✉❡ ♦ t❡♠♣♦ ❞❡ ❛❝♦♠♣❛♥❤❛♠❡♥t♦ s❡❥❛ s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡✳

❊st❡s ✐♥❞✐✈í❞✉♦s sã♦ ❝❤❛♠❛❞♦s ✏❝✉r❛❞♦s✑ ♦✉ ✏✐♠✉♥❡s✑ ❛♦ ❡✈❡♥t♦ ❞❡ ✐♥t❡r❡ss❡✳ ▼♦❞❡❧♦s q✉❡
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tr❛t❛♠ ❞❡ ❞❛❞♦s ❞❡st❡ t✐♣♦ sã♦ ❞❡♥♦♠✐♥❛❞♦s ▼♦❞❡❧♦s ❝♦♠ ❋r❛çã♦ ❞❡ ❈✉r❛✳

▼♦❞❡❧♦s ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛ ❢♦r❛♠ ❡st✉❞❛❞♦ ✐♥✐❝✐❛❧♠❡♥t❡ ♣♦r ❇♦❛❣ ✭✶✾✹✾✮ ❡ ❇❡r❦s♦♥

❡ ●❛❣❡ ✭✶✾✺✷✮✱ ♦s q✉❛✐s ❝♦♥s✐❞❡r❛r❛♠ ♣❛r❛ ✐♥❝♦r♣♦r❛r ✐♥❞✐✈í❞✉♦s ❝✉r❛❞♦s ✉♠❛ ♠✐st✉r❛ ❞❡

❞✐str✐❜✉✐çõ❡s ❡♠ ✉♠ ♠♦❞❡❧♦ q✉❡ ✜❝♦✉ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦✳ ❊st❡

♠♦❞❡❧♦ t❡♠ ♣♦r ❝❛r❛❝t❡ríst✐❝❛ ❛ss✉♠✐r q✉❡ ✉♠❛ ♣❛rt❡ ❞❛ ♣♦♣✉❧❛çã♦ ❡stá ❝✉r❛❞❛ ❡ ✉♠❛

♦✉tr❛ ❡stá s✉s❝❡tí✈❡❧ ❛♦ ❡✈❡♥t♦ ❡♠ ❡st✉❞♦✳ P♦st❡r✐♦r♠❡♥t❡✱ ❨❛❦♦✈❧❡✈ ❡t ❛❧✳ ✭✶✾✾✸✮ ♣r♦✲

♣õ❡♠ ✉♠ ♠♦❞❡❧♦✱ ❡st❡♥❞✐❞♦ ♣♦r ❈❤❡♥✱ ■❜r❛❤✐♠ ❡ ❙✐♥❤❛ ✭✶✾✾✾✮✱ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ♠♦❞❡❧♦

❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦✳ ❊st❡ t❡♠ ♣♦r ❝❛r❛❝t❡ríst✐❝❛ ♣r✐♥❝✐♣❛❧ ✉♠❛ ❡str✉t✉r❛ ❞❡ r✐s❝♦s

❝♦♠♣❡t✐t✐✈♦s ❛ss♦❝✐❛❞❛ à s✉♣♦s✐çã♦ P♦✐ss♦♥ ♣❛r❛ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ✉♠❛ ✈❛r✐á✈❡❧ ❧❛t❡♥t❡

r❡♣r❡s❡♥t❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❝❛✉s❛s ♣❛r❛ ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦✳ ❘♦❞r✐❣✉❡s ❡t ❛❧✳ ✭✷✵✵✾✮

♣r♦♣õ❡♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❣❡r❛❧ q✉❡ ✉♥✐✜❝❛ ♦s ♠♦❞❡❧♦s r❡❧❛t❛❞♦s ❛❝✐♠❛ ❛ ♣❛rt✐r ❞❛ ✢❡①✐❜✐✲

❧✐③❛çã♦ ❞❛ ❞✐str✐❜✉✐çã♦ ❞❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ r❡♣r❡s❡♥t❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❝❛✉s❛s ❝♦♠♣❡t✐♥❞♦

♣❛r❛ ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦ ✭❝❤❛♠❛❞❛ ❞✐str✐❜✉✐çã♦ ✐♥❝✐❞ê♥❝✐❛✮ ❡ ❞❛ ❞✐str✐❜✉✐çã♦ ❛ss♦✲

❝✐❛❞❛ ❛♦ t❡♠♣♦ ❞❡ ✈✐❞❛ ❞♦s ✐♥❞✐✈í❞✉♦s s✉s❝❡tí✈❡✐s ✭❝❤❛♠❛❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❧❛tê♥❝✐❛✮✳

❉✐str✐❜✉✐çõ❡s ❞❡ ❧❛tê♥❝✐❛ ❝♦♥s✐❞❡r❛❞❛s ❝♦♠ ❢r❡q✉ê♥❝✐❛ sã♦ ❛ ❲❡✐❜✉❧❧ ❡ ❧♦❣✲♥♦r♠❛❧✱ ❡♥✲

tr❡ ♦✉tr❛s✳ ❉✐str✐❜✉✐çã♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❝♦♠✉♠❡♥t❡ ❝♦♥s✐❞❡r❛❞❛s sã♦ ❇❡r♥♦✉❧❧✐ ✭♠♦❞❡❧♦ ❞❡

♠✐st✉r❛ ♣❛❞rã♦✮✱ P♦✐ss♦♥ ✭♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦✮ ❡ ❣❡♦♠étr✐❝❛✳

❖s ♠♦❞❡❧♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛ r❡♣r❡s❡♥t❛♠ ✉♠❛ ❣❡♥❡r❛❧✐③❛çã♦ ❞♦

♠♦❞❡❧♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝❧áss✐❝♦s✱ ✉♠❛ ✈❡③ q✉❡ ♦s ♠♦❞❡❧♦s ❝❧áss✐❝♦s ♥ã♦ tr❛t❛♠ ❛ ❡✈❡♥t✉❛❧

♦❝♦rrê♥❝✐❛ ❞❡ ✉♠❛ ❢r❛çã♦ ❞❡ ❝✉r❛❞♦s ♥❛ ♣♦♣✉❧❛çã♦ ❡st✉❞❛❞❛✳ ❈♦♠♦ ❡①❡♠♣❧♦ ❞❡ ❛♣❧✐❝❛çã♦

❞♦s ♠♦❞❡❧♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛ t❡♠♦s ❆r❛ú❥♦ ❡t ❛❧✳ ✭✷✵✵✹✮ q✉❡ ✉s❛♠

♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ♣❛r❛ ❡st✉❞❛r ♦s t❡♠♣♦s ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞❛ r❡✐♥❝✐❞ê♥❝✐❛ ❞❡

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

♦✉ s❡❥❛✱ ♥ã♦ ✈♦❧t❛r✐❛♠ ❛ ♣r❛t✐❝❛r ❝r✐♠❡s ❛♣ós s❡r❡♠ ❧✐❜❡rt❛❞♦s✳ ❙♣♦st♦ ✭✷✵✵✷✮ ✉t✐❧✐③❛♠

♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ♣❛r❛♠étr✐❝♦s ♣❛r❛ ❛♥❛❧✐s❛r ❛❧❣✉♥s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s ♦r✐✉♥❞♦s

❞❡ ❡♥s❛✐♦s ❝❧í♥✐❝♦s ❝♦♠ ❣r✉♣♦s ❞❡ ❝r✐❛♥ç❛s ❛❝♦♠❡t✐❞❛s ♣♦r ❝â♥❝❡r ❝♦♠♣❛r❛♥❞♦ ♦s r❡s✉❧t❛✲

❞♦s ❝♦♠ ♦s ♦❜t✐❞♦s ❝♦♠ ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ ❞❡ ❈♦①✳ ❚♦✉r♥♦✉❞ ❡ ❊❝♦❝❤❛r❞

✭✷✵✵✼✮ ❛❥✉st❛r❛♠ ♠♦❞❡❧♦s ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦ ❛ ❞♦✐s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s✱ s❡♥❞♦ q✉❡ ♦

♣r✐♠❡✐r♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❞✐③ r❡s♣❡✐t♦ ❛ ✉♠ ❡st✉❞♦ r❡❛❧✐③❛❞♦ ♥❛ ➪❢r✐❝❛ ❡ ❙✉❧ ❞❛ ➪s✐❛ q✉❡

❡①❛♠✐♥♦✉ ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ❛♠❛♠❡♥t❛çã♦ ❞❡ ❝r✐❛♥ç❛s ♥♦ t❡♠♣♦ ❞❡ ❛tr❛s♦ ❛té ♦ ❞✐❛❣♥óst✐❝♦

❞❡ ❍■❱ ❞♦ t✐♣♦ ✶ ♥❡st❛s ❝r✐❛♥ç❛s✳ ❆❥✉st❛♥❞♦ t❛♠❜é♠ ✉♠ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦✱

❱❛rs❤♥❡② ❡t ❛❧✳ ✭✷✵✶✽✮ ❜✉s❝❛r❛♠ ❡st✐♠❛r ❛ ♣r♦♣♦rçã♦ ❞❡ ❝✉r❛❞♦s ❞❡♥tr❡ ✉♠❛ ❛♠♦str❛

❞❡ ♣❛❝✐❡♥t❡s ♣♦rt❛❞♦r❡s ❞❡ ❍■❱✴❆■❉❙ q✉❡ s❡ s✉❜♠❡t❡r❛♠ ❛ ✉♠ tr❛t❛♠❡♥t♦ ❝♦♠ t❡r❛♣✐❛

❛♥t✐✲r❡tr♦✈✐r❛❧✳
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❆♣ós ♦ ❛❥✉st❡ ❞♦s ♠♦❞❡❧♦s ❛♦s ❞❛❞♦s✱ ❢❛③✲s❡ ♥❡❝❡ssár✐♦ ✉♠❛ ✈❛❧✐❞❛çã♦ ❞♦s ♣r❡ss✉✲

♣♦st♦s ❛ss✉♠✐❞♦s✳ ❆ ✈❛❧✐❞❛çã♦ ❞❡ss❡s ♣r❡ss✉♣♦st♦s ❛❝❛rr❡t❛ ❡♠ ❢♦rt❡s ✐♥❞í❝✐♦s ❞❡ q✉❡ ♦

♣r♦❜❧❡♠❛ ❡stá s❡♥❞♦ ❛❜♦r❞❛❞♦ ❝♦rr❡t❛♠❡♥t❡✳ ❆ ❛♥á❧✐s❡ ❞❡ r❡sí❞✉♦s é ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞❛

♣❛r❛ ✈❛❧✐❞❛r ♦ ❛❥✉st❡ ❞❡ ♠♦❞❡❧♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝❧áss✐❝♦s✳ ❊♥tr❡ ♦s r❡sí❞✉♦s ♠❛✐s ✉s❛❞♦s

❝✐t❛♠♦s ♦s r❡sí❞✉♦s ♣❛❞r♦♥✐③❛❞♦s✱ ❞❡ ❈♦①✲❙♥❡❧❧✱ ♠❛rt✐♥❣❛❧❡✱ ❞❡✈✐❛♥❝❡✱ ❡♥tr❡ ♦✉tr♦s ✭✈❡r

▲❛✇❧❡ss ✭✷✵✵✸✮ ❡ ❈♦❧❧❡tt ✭✷✵✵✸✮✮✳ ❖s r❡sí❞✉♦s ❞❡ ❈♦①✲❙♥❡❧❧ sã♦ ♠✉✐t♦ ✉t✐❧✐③❛❞♦s ❡♠ ❛♥á✲

❧✐s❡ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛✳ ❊❧❡s sã♦ ❜❛s❡❛❞♦s ♥♦ ♠ét♦❞♦ ❣❡r❛❧ ♣❛r❛ ❛ ❢♦r♠✉❧❛çã♦ ❞❡ r❡sí❞✉♦s

♣r♦♣♦st♦ ♦r✐❣✐♥❛❧♠❡♥t❡ ❡♠ ❈♦① ❡ ❙♥❡❧❧ ✭✶✾✻✽✮✳ ❖ ✉s♦ ❞❡st❡s r❡sí❞✉♦s ♣❛r❛ ♠♦❞❡❧♦s ❞❡ s♦✲

❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❜❛s❡ ❡♠ ♣r♦♣r✐❡❞❛❞❡s ❞❡ ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛

✭− log(S(t))✮ ❢♦✐ ♣r♦♣♦st♦ ♣♦r ❑❛❧❜✢❡✐s❝❤ ✭✶✾✼✹✮✱ ❈r♦✇❧❡② ❡ ❍✉ ✭✶✾✼✼✮ ❡ ▲❛❣❛❦♦s ✭✶✾✼✾✮✳

❊①✐st❡♠ ♣♦✉❝♦s ❡st✉❞♦s s♦❜r❡ r❡sí❞✉♦s ♣❛r❛ ❞❛❞♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡

❝✉r❛✳ ❊♥tr❡ ❡st❡s ♣♦❞❡♠♦s ❝✐t❛r P❡♥❣ ❡ ❚❛②❧♦r ✭✷✵✶✼✮ q✉❡ ♣r♦♣õ❡♠ ✉♠ ♥♦✈♦ r❡sí❞✉♦ t✐♣♦

♠❛rt✐♥❣❛❧❡ ♠♦❞✐✜❝❛❞♦ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❝♦♠ r❡s♣❡✐t♦ à ❞✐str✐❜✉✐çã♦ ❞❡ ❧❛tê♥❝✐❛ ❞❡ ✉♠

♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❞❡ r✐s❝♦s ♣r♦♣♦r❝✐♦♥❛✐s ❝♦♠ ❜❛s❡ ♥❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ♣❛r❝✐❛❧

❞❡ ❈♦① ✭❈❖❳✱ ✶✾✼✷✮✳ ❙❝♦❧❛s ❡t ❛❧✳ ✭✷✵✶✽✮ ❡st❡♥❞❡♠ ♦ ✉s♦ ❞♦s r❡sí❞✉♦s t✐♣♦ ❈♦①✲❙♥❡❧❧

❡♠ ♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ♣❛r❛♠étr✐❝♦s ❝♦♠ ❝❡♥s✉r❛ à ❞✐r❡✐t❛ ❡ ❝❡♥s✉r❛ ✐♥t❡r✈❛❧❛r✱

♣❛r❛ ❛✈❛❧✐❛r ❣❧♦❜❛❧♠❡♥t❡ ♦ ❛❥✉st❡ ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❧❛tê♥❝✐❛ ❡ ✐♥❝✐❞ê♥❝✐❛ ❞♦ ♠♦❞❡❧♦✳

❊st❡s ❛✉t♦r❡s t❛♠❜é♠ ♣r♦♣õ❡♠ ✉♠ r❡sí❞✉♦ ♣❛r❛ ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ❛♣❡♥❛s

❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❧❛tê♥❝✐❛ ❡ ✉♠❛ ♣r♦♣♦st❛ ❞❡ r❡sí❞✉♦ ❝❤❛♠❛❞♦ ❞❡✈✐❛♥❝❡ ♣❛r❛ ❛✈❛❧✐❛r à

s✉♣♦s✐çã♦ ❞❡ ❧✐♥❡❛r✐❞❛❞❡ ♥❛ ♣❛rt❡ ❧❛t❡♥t❡ ❞♦ ♠♦❞❡❧♦✳

✶✳✶ ❖❜❥❡t✐✈♦s

❈♦♥s✐❞❡r❛♥❞♦ ♦s ♠♦❞❡❧♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛ ❡♠ ✉♠ ❝♦♥t❡①t♦ ❞❡ ❝❡♥✲

s✉r❛ à ❞✐r❡✐t❛ ❡ ❝♦♠ ❡str✉t✉r❛ ❞❡ r❡❣r❡ssã♦ ❛ss♦❝✐❛❞❛ ❛♣❡♥❛s à ❞✐str✐❜✉✐çã♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✱

❡st❡ tr❛❜❛❧❤♦ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ ♣r♦♣♦r ❡ ❛✈❛❧✐❛r ♦s r❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧

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

❡♠ ❙❝♦❧❛s ❡t ❛❧✳ ✭✷✵✶✽✮✳

❖❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s✿

• ❉❡s❝r❡✈❡r ♦s r❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ❣❧♦❜❛❧ ♣r♦♣♦st♦ ♣♦r ❙❝♦❧❛s ❡t ❛❧✳ ✭✷✵✶✽✮ ♣❛r❛

♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦❀

• ❉❡s❡♥✈♦❧✈❡r ♦s r❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ❣❧♦❜❛❧ ♣❛r❛ ♠♦❞❡❧♦s ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦✲

çã♦❀
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• ❋❛③❡r ✉♠ ❡st✉❞♦ ❞❡ s✐♠✉❧❛çã♦ ❛✈❛❧✐❛♥❞♦ ❝♦♥❥✉♥t❛♠❡♥t❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❞❡t❡❝çã♦ ❞❡

✈✐♦❧❛çõ❡s ❡♠ ♣r❡ss✉♣♦st♦s ❝♦♠ r❡s♣❡✐t♦ às ❞✐str✐❜✉✐çõ❡s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❡✴♦✉ ❧❛tê♥❝✐❛

❞♦s r❡sí❞✉♦s ♣r♦♣♦st♦s ❛ss✐♠ ❝♦♠♦ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❢❛❧s♦ ❛❧❛r♠❡❀

• ❆♣❧✐❝❛r ❡st❡s r❡sí❞✉♦s ❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s r❡❛✐s✳

✶✳✷ ❖r❣❛♥✐③❛çã♦ ❞♦ tr❛❜❛❧❤♦

❊st❡ tr❛❜❛❧❤♦ ❡stá ❞✐✈✐❞✐❞♦ ❡♠ s❡✐s ❝❛♣ít✉❧♦s✳ ◆♦ ❈❛♣ít✉❧♦ ✷ sã♦ ✐♥tr♦❞✉③✐❞♦s ♦s ❝♦♥✲

❝❡✐t♦s ❞❡ ❆♥á❧✐s❡ ❞❡ ❙♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛✱ ❝♦♠ ê♥❢❛s❡ ♥♦s ♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛

♣❛❞rã♦ ❡ ♥♦s ♠♦❞❡❧♦s ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦✳ ◆♦ ❈❛♣ít✉❧♦ ✸ sã♦ ❡st✉❞❛❞❛s ❛ ♠❡t♦❞♦❧♦✲

❣✐❛ ❞❡ r❡sí❞✉♦s ♣r♦♣♦st♦s ♣♦r ❙❝♦❧❛s ❡t ❛❧✳ ✭✷✵✶✽✮ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❡

t❛♠❜é♠ ❛ ♥♦ss❛ ♣r♦♣♦st❛ ❞❡ r❡sí❞✉♦s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦✳ ◆♦ ❈❛♣ít✉❧♦

✹ sã♦ ❛♣r❡s❡♥t❛❞♦s r❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s ❡♥✈♦❧✈❡♥❞♦ ♦s r❡sí❞✉♦s q✉❡ ❢♦r❛♠ ❡st✉❞❛❞♦s ❡

♣r♦♣♦st♦s ♥♦ ❈❛♣ít✉❧♦ ✸✳ ◆♦ ❈❛♣ít✉❧♦ ✺ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❛♣❧✐❝❛çã♦ q✉❡ ✉t✐❧✐③❛ ♦s r❡sí✲

❞✉♦s ❞❡s❝r✐t♦s ♥♦ ❈❛♣ít✉❧♦ ✸ ♣❛r❛ ❛✈❛❧✐❛r ❛❥✉st❡s ❞❡ ♠♦❞❡❧♦s✳ P♦r ✜♠✱ sã♦ ❛♣r❡s❡♥t❛❞❛s

❝♦♥❝❧✉sõ❡s ❡ ♣♦ssí✈❡✐s ♣❡sq✉✐s❛s ❢✉t✉r❛s ❡♥✈♦❧✈❡♥❞♦ ♦ q✉❡ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦✳
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✷ ❆♥á❧✐s❡ ❞❡ ❙♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠

❋r❛çã♦ ❞❡ ❈✉r❛

◗✉❛♥❞♦ tr❛t❛♠♦s ❞❛ ❛♥á❧✐s❡ ❞❡ ❞❛❞♦s s♦❜r❡ ♦ t❡♠♣♦ ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❡✈❡♥t♦

❞❡ ✐♥t❡r❡ss❡ é r❛③♦á✈❡❧ s✉♣♦r q✉❡ t♦❞♦s ♦s ✐♥❞✐✈í❞✉♦s ♦✉ ❡q✉✐♣❛♠❡♥t♦s✱ q✉❡ sã♦ ♦s ♦❜❥❡t♦s

❞♦ ❡st✉❞♦✱ s♦❢r❡rã♦ ♦ ❡✈❡♥t♦ q✉❛♥❞♦ ♦ t❡♠♣♦ ❞❡ ❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❢♦r ✏s✉✜❝✐❡♥t❡♠❡♥t❡

❣r❛♥❞❡✑✳ ❊st❡ é ✉♠ ♣r❡ss✉♣♦st♦ ❞♦s ♠♦❞❡❧♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ✉s✉❛✐s ✭▲❆❲▲❊❙❙✱ ✷✵✵✸✮ q✉❡

❛❞♠✐t❡♠✱ ❝♦♥t✉❞♦✱ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ✐♥❝♦♠♣❧❡t❛s ✭❝❡♥s✉r❛s✮ ♣❡❧♦ ✜♠ ❞♦ ❡st✉❞♦

♦✉ ♣❡❧❛ ♣❡r❞❛ ❞♦ ❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❞❡ ❛❧❣✉♥s ✐♥❞✐✈í❞✉♦s✳ ❊ss❛ s✉♣♦s✐çã♦ ❛❝♦♠♣❛♥❤❛ ♦s

♠♦❞❡❧♦s ❝❧áss✐❝♦s ❞❡ ❛♥á❧✐s❡ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❡ t❡♠ s✐❞♦ ✉t✐❧✐③❛❞❛ ♣♦r ❞✐✈❡rs♦s ♣❡sq✉✐s❛❞♦✲

r❡s ❛♦ ❧♦♥❣♦ ❞♦s ❛♥♦s✳ P♦ré♠✱ ❡①✐st❡♠ s✐t✉❛çõ❡s ❡♠ q✉❡ ❛❧❣✉♥s✱ ❞❡♥tr❡ ♦ ❣r✉♣♦ ❡st✉❞❛❞♦✱

♣♦❞❡♠ ♥ã♦ ❡st❛r s✉❥❡✐t♦s ❛♦ ❡✈❡♥t♦ ❞❡ ✐♥t❡r❡ss❡ ♠❡s♠♦ q✉❡ s❡❥❛♠ ❛❝♦♠♣❛♥❤❛❞♦s ♣♦r ✉♠

❧♦♥❣♦ t❡♠♣♦✳ P♦r ❡①❡♠♣❧♦✱ ♥❛ ár❡❛ ❞❛ ❝r✐♠✐♥❛❧íst✐❝❛✱ s✉♣♦♥❤❛ q✉❡ ♦ ♦❜❥❡t✐✈♦ s❡❥❛ ❡st✉❞❛r

♦ t❡♠♣♦ ❛té q✉❡ ✉♠ ❡①✲♣r❡s✐❞✐ár✐♦ s♦❢r❛ r❡❝✐❞✐✈❛ ✭s❡❥❛ ♣r❡s♦ ♥♦✈❛♠❡♥t❡✮✳ P♦❞❡ ♦❝♦rr❡r

q✉❡ ♠✉✐t♦s ❞♦s q✉❡ sã♦ ❡①✲♣r❡s✐❞✐ár✐♦s ♥ã♦ s❡❥❛♠ ♣r❡s♦s ♥♦✈❛♠❡♥t❡✱ ♠❡s♠♦ ❛❝♦♠♣❛♥❤❛✲

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

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

✏❝✉r❛❞♦s✑ ♦✉ ✏✐♠✉♥❡s✑ ♥ã♦ s❡rã♦ ❛❝♦♠❡t✐❞♦s ❝♦♠ ♦ ❡✈❡♥t♦ ❞❡ ✐♥t❡r❡ss❡ ♠❡s♠♦ q✉❡ ♦ t❡♠♣♦

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

❆ ♣r❡s❡♥ç❛ ❞❡ ✉♠ ❛❧t♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ❝❡♥s✉r❛ ♥♦ ✜♠ ❞♦ ❡st✉❞♦ r❡♠❡t❡ ❛ ✉♠ ❢♦rt❡ ✐♥❞í❝✐♦

❞❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❝✉r❛❞♦s ❡♠ ✉♠ ❡st✉❞♦✳ ❆❧✐❛❞♦ à ❛✈❛❧✐❛çã♦ ❞♦ ❛❧t♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ❝❡♥s✉r❛✱

❞❡✈❡✲s❡ ❛t❡♥t❛r t❛♠❜é♠ ♣❛r❛ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♦❜s❡r✈❛r s❡ ♦ t❡♠♣♦ ❞❡ ❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❢♦✐

✏s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡✑ ♣❛r❛ q✉❡ t❡♥❤❛✲s❡ ✐♥❞✐❝❛t✐✈♦s ♣❧❛✉sí✈❡✐s ❞❛ ❡①✐stê♥❝✐❛ ❞❡ ❝✉r❛❞♦s

♥❛ ❛♠♦str❛ ❡st✉❞❛❞❛ ✭▼❆▲▲❊❘❀ ❩❍❖❯✱ ✶✾✾✻✮✳

❆ ♣r❡s❡♥ç❛ ❞❛ ❢r❛çã♦ ❞❡ ❝✉r❛ ❡♠ ❞❛❞♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ♣♦❞❡ s❡r ♣❡r❝❡❜✐❞❛ ❛ ♣❛rt✐r ❞♦

❣rá✜❝♦ ❞❛s ❡st✐♠❛t✐✈❛s ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ♣❡❧♦ ♠ét♦❞♦ ❞❡ ❑❛♣❧❛♥✲▼❡✐❡r ✭❑❆P▲❆◆❀

▼❊■❊❘✱ ✶✾✺✽✮✳ ❯♠❛ ❝❛✉❞❛ q✉❡ ❡st❛❝✐♦♥❛ ❛❝✐♠❛ ❞❡ ③❡r♦ ❞á ✐♥❞í❝✐♦s ❞❛ ♣r❡s❡♥ç❛ ❞❡ ❝✉r❛❞♦s

♥♦ ❡st✉❞♦✳ ❈♦♠♦ ❡①❡♠♣❧♦✱ ❝♦♥s✐❞❡r❡ ❛ ❋✐❣✉r❛ ✶✳ ❊st❛ ❛♣r❡s❡♥t❛ ❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛
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❡st✐♠❛❞❛ ♣❛r❛ ❞♦✐s ❣r✉♣♦s ❞❡ ✐♥❞✐✈í❞✉♦s✳ P❡r❝❡❜❡✲s❡ q✉❡ ✉♠ ❞♦s ❣r✉♣♦s ❞❡ ♣❛❝✐❡♥t❡s

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

♠❛✐s ❛♣r♦①✐♠❛✲s❡ ❞❡ ③❡r♦✳ P❛r❛ ♦ ♦✉tr♦ ❣r✉♣♦ ✭❣r✉♣♦ ❇✮ ❛ ❝✉r✈❛ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ s❡

❡st❛❜✐❧✐③❛ ♣ró①✐♠♦ ❛♦ ✈❛❧♦r ❞❡ ✵✱✻✱ t❡♥❞♦ ❡♠ ✈✐st❛ ❛ ♣r❡s❡♥ç❛ ❞❡ ✉♠ ❛❧t♦ ♣❡r❝❡♥t✉❛❧ ❞❡

❝❡♥s✉r❛ ♥♦ ✜♠ ❞♦ ❡st✉❞♦✳ ❊st❛ r❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❞♦ ❣r✉♣♦ ❇ ❢♦r♥❡❝❡ ❡✈✐❞ê♥❝✐❛s ❞❡

q✉❡ ❤á ✐♠✉♥❡s ♥♦s ❞❛❞♦s✳

❋✐❣✉r❛ ✶✿ ❈✉r✈❛s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛s ❡st✐♠❛❞❛s ✈✐❛ ❑❛♣❧❛♥✲▼❡✐❡r ♣❛r❛ ❞❛❞♦s ❤✐♣♦tét✐❝♦s✳

✷✳✶ ❈♦♥❝❡✐t♦s ❜ás✐❝♦s

❆♥t❡s ❞❡ ❛♣r❡s❡♥t❛r ♦ ♠♦❞❡❧♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛✱ ❢❛③✲s❡ ♥❡❝❡ssár✐♦

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

♠♦❞❡❧♦✳

❙❡❥❛ T ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❝♦♥tí♥✉❛ ❡ ♥ã♦ ♥❡❣❛t✐✈❛ q✉❡ r❡♣r❡s❡♥t❛ ♦ t❡♠♣♦ ❛té ❛

♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❡✈❡♥t♦✱ ❝❛r❛❝t❡r✐③❛❞❛ ♣♦r s✉❛ ❢✉♥çã♦ ❞❡ ❞✐str✐❜✉✐çã♦ F (t)

❡ s✉❛ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ f(t)✳

❉❡✜♥✐❝ã♦ ✶ ❆ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❞❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❚ é ❞❡✜♥✐❞❛ ❝♦♠♦

S(t) = P (T > t) =

∫
∞

t

f(x)dx, t ∈ R
+.
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❊st❛ ❢✉♥çã♦ r❡♣r❡s❡♥t❛ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ✉♠ ✐♥❞✐✈í❞✉♦ ♥ã♦ ❢❛❧❤❛r ❛♥t❡s ❞♦ t❡♠♣♦ t✱

♦✉ s❡❥❛✱ ♦ ✐♥❞✐✈í❞✉♦ s♦❜r❡✈✐✈❡r ♣❡❧♦ ♠❡♥♦s t ✉♥✐❞❛❞❡s ❞❡ t❡♠♣♦✳ ◆♦t❡ q✉❡ ❛ ❢✉♥çã♦ ❞❡

s♦❜r❡✈✐✈ê♥❝✐❛ é ♠♦♥ót♦♥❛ ❞❡❝r❡s❝❡♥t❡✱ s❡♥❞♦ S(0) = 1 ❡ ♣ró♣r✐❛✱ ✉♠❛ ✈❡③ q✉❡ lim
t→∞

S(t) =

0✳

❉❡✜♥✐❝ã♦ ✷ ❆ ❢✉♥çã♦ r✐s❝♦ ❞❡ ❚✱ ♦✉ ❛ ❢✉♥çã♦ ❞❡ t❛①❛ ❞❡ ❢❛❧❤❛ é ❞❡✜♥✐❞❛ ♣♦r

h(t) = lim
∆t→0

P (t < T ≤ t+∆t|T > t)

∆t
.

❊st❛ ♣♦r s✉❛ ✈❡③ r❡♣r❡s❡♥t❛ ❛ t❛①❛ ❞❡ ❢❛❧❤❛ ✐♥st❛♥tâ♥❡❛ ♥♦ t❡♠♣♦ t ❞❛❞♦ q✉❡ ♦ ✐♥❞✐✈í❞✉♦

♥ã♦ ❢❛❧❤♦✉ ❛té ❡st❡ t❡♠♣♦ ❡ ♣♦❞❡ s❡r ❞❡✜♥✐❞❛ t❛♠❜é♠ ❝♦♠♦ ♦ r✐s❝♦ ❞❡ ❢❛❧❤❛ ✐♥st❛♥tâ♥❡❛

❞❡ ✉♠ ✐♥❞✐✈í❞✉♦✳

❉❡✜♥✐❝ã♦ ✸ ❆ ❢✉♥çã♦ ❞❡ r✐s❝♦ ❛❝✉♠✉❧❛❞♦ é ❞❡✜♥✐❞❛ ❝♦♠♦

H(t) =

∫ t

0

h(x)dx.

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

❧✐❞❛❞❡✱ ❢✉♥çã♦ r✐s❝♦✱ ❢✉♥çã♦ r✐s❝♦ ❛❝✉♠✉❧❛❞♦ ❡ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❡stã♦ r❡❧❛t❛❞❛s

❛❜❛✐①♦ ♣♦r

f(t) = −∂S(t)

∂t
, ✭✷✳✶✮

h(t) =
f(t)

S(t)
= − d

dt
(log S(t)) ❡

H(t) = − log S(t) ❡ S(t) = exp{−H(t)}.

✷✳✶✳✶ ▼♦❞❡❧♦s ♣❛r❛♠étr✐❝♦s

✷✳✶✳✶✳✶ ❉✐str✐❜✉✐çã♦ ❞❡ ❲❡✐❜✉❧❧

❙❡❥❛ T ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❝♦♠ ❞✐str✐❜✉✐çã♦ ❲❡✐❜✉❧❧✭α, γ✮✳ ❚❡♠♦s q✉❡ ❛ ❢✉♥çã♦

❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❡ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ sã♦✿

fT (t;α, γ) =
γ

αγ
tγ−1 exp

{

−
(
t

α

)γ}

❡



✷✵

ST (t;α, γ) = exp

{

−
(
t

α

)γ}

,

s❡♥❞♦ γ > 0 é ♦ ♣❛râ♠❡tr♦ ❞❡ ❢♦r♠❛ ❡ α > 0 ♦ ♣❛râ♠❡tr♦ ❞❡ ❡s❝❛❧❛✳

✷✳✶✳✶✳✷ ❉✐str✐❜✉✐çã♦ ❧♦❣✲♥♦r♠❛❧

❙❡❥❛ T ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❝♦♠ ❞✐str✐❜✉✐çã♦ ❧♦❣✲♥♦r♠❛❧✭µ, σ✮✳ ❚❡♠♦s q✉❡ ❛ ❢✉♥çã♦

❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❡ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ sã♦✿

fT (t;µ, σ) =
1√
2πtσ

exp

{

−1

2

(
log t− µ

σ

)2
}

❡

ST (t;µ, σ) = Φ

(− log t+ µ

σ

)

s❡♥❞♦ q✉❡ σ > 0 é ♦ ♣❛râ♠❡tr♦ ❞❡ ❡s❝❛❧❛✱ Φ é ❛ ❢✉♥çã♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦

♥♦r♠❛❧ ♣❛❞r♦♥✐③❛❞❛ ❡ µ ∈ R é ♦ ♣❛râ♠❡tr♦ ❞❡ ❢♦r♠❛ ❞❛ ❞✐str✐❜✉✐çã♦ ❧♦❣✲♥♦r♠❛❧✳

✷✳✶✳✷ ▼♦❞❡❧♦s ❞❡ t❡♠♣♦ ❞❡ ❢❛❧❤❛ ❛❝❡❧❡r❛❞♦

❙❡❥❛ T ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❝♦♥tí♥✉❛ ❡ ♥ã♦ ♥❡❣❛t✐✈❛ r❡♣r❡s❡♥t❛♥❞♦ ♦ t❡♠♣♦ ❛té

❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❡✈❡♥t♦✳ ❈♦♥s✐❞❡r❡ ♦s ♠♦❞❡❧♦s ❝❛r❛❝t❡r✐③❛❞♦s ♣♦r Y = log T ✱ ♦♥❞❡

❛❞♠✐t❡✲s❡ ❛ s❡❣✉✐♥t❡ r❡❧❛çã♦✿

Y = log T = µ+ σZ.

s❡♥❞♦ µ ♦ ♣❛râ♠❡tr♦ ❞❡ ♣♦s✐çã♦✱ σ ♣❛râ♠❡tr♦ ❞❡ ❡s❝❛❧❛ ❡ ❩ ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❝♦♠

❢✉♥çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ f0(z) ❡ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ S0(z)✳ ❉✐③❡♠♦s q✉❡ ❨ ♣❡rt❡♥❝❡ à

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

fY (y;µ, σ) =
1

σ
f0

(
y − µ

σ

)

, −∞ < y < ∞, ✭✷✳✷✮

❡ s✉❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❡s❝r✐t❛ ♣♦r

SY (y;µ, σ) = P (Y > y) = S0

(
y − µ

σ

)

, −∞ < y < ∞, ✭✷✳✸✮

❝♦♠ µ ∈ R ♣❛râ♠❡tr♦ ❞❡ ♣♦s✐çã♦✱ σ > 0 ♣❛râ♠❡tr♦ ❞❡ ❡s❝❛❧❛✱ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❡

♣r♦❜❛❜✐❧✐❞❛❞❡ f0(·) ❡ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ S0(·)✳

❙❡ ❨ ♣❡rt❡♥❝❡ à ❢❛♠í❧✐❛ ❞❡ ♣♦s✐çã♦ ❡ ❡s❝❛❧❛✱ ♣♦❞❡✲s❡ ❞❡st❛❝❛r ❞✉❛s ♣r♦♣r✐❡❞❛❞❡s ✐♠✲

♣♦rt❛♥t❡s✿



✷✶

❛✮ F (y) = P (Y ≤ y) = F0

(
y−µ

σ

)
= 1− S0

(
y−µ

σ

)
,

❜✮ Y = µ+ σZ✳

❙❡ ❝♦♥s✐❞❡r❛r♠♦s ❛ ♣r❡s❡♥ç❛ ❞❡ p − 1 ❝♦✈❛r✐á✈❡✐s x = (1, x1, . . . , xp−1)
⊤ ❡ ✉♠ ✈❡t♦r

❞❡ ♣❛râ♠❡tr♦s ❞❡s❝♦♥❤❡❝✐❞♦s ❝❛r❛❝t❡r✐③❛❞♦ ♣♦r β = (β0, β1, . . . , βp−1)
⊤ ✐♥s❡r✐❞♦s ❛tr❛✈és

❞♦ ♣❛râ♠❡tr♦ ❞❡ ♣♦s✐çã♦ µ = µ(x) = x⊤β ♥❛s ❢✉♥çõ❡s ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❡ ❞❡

s♦❜r❡✈✐✈ê♥❝✐❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡♥tã♦

fY (y;µ, σ) =
1

σ
f0

(
y − x⊤β

σ

)

−∞ < y < ∞ ✭✷✳✹✮

❡

SY (y;µ, σ) = P (Y > y) = S0

(
log y − x⊤β

σ

)

−∞ < y < ∞. ✭✷✳✺✮

❉❡♥♦♠✐♥❛♠♦s ♦s ♠♦❞❡❧♦s q✉❡ ❛t❡♥❞❡♠ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❛❝✐♠❛ ❞❡ ♠♦❞❡❧♦s ❞❡ t❡♠♣♦

❞❡ ❢❛❧❤❛ ❛❝❡❧❡r❛❞♦✱ ✉♠❛ ✈❡③ q✉❡ ❛s ❝♦✈❛r✐á✈❡✐s ✐♥s❡r✐❞❛s ♥♦ ♠♦❞❡❧♦ ❛tr❛✈és ❞♦ ♣❛râ♠❡tr♦

❞❡ ♣♦s✐çã♦ tê♠ ❛ ❢✉♥çã♦ ❞❡ ❛❝❡❧❡r❛r ❡ ❞❡s❛❝❡❧❡r❛r ♦ t❡♠♣♦ ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦✳

✷✳✶✳✸ ❘❡♣r❡s❡♥t❛çã♦ ❞♦s ❞❛❞♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛

❈♦♥s✐❞❡r❛♥❞♦ ✉♠❛ ❛♠♦str❛ ❛❧❡❛tór✐❛ ❞❡ t❛♠❛♥❤♦ n✱ s❡❥❛ Ti✱ ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛

r❡♣r❡s❡♥t❛♥❞♦ ♦ t❡♠♣♦ ❞❡ ✈✐❞❛ ❞♦ ✐♥❞✐✈✐❞✉♦ i ❝♦♠ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ S(t; θ) ❡

❢✉♥çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ f(t; θ) ❡ Ci ✉♠❛ ♦✉tr❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ r❡♣r❡s❡♥t❛♥❞♦ ♦ t❡♠♣♦ ❛té

❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❝❡♥s✉r❛ ❞♦ ✐♥❞✐✈✐❞✉♦ i✱ ❝♦♠ i = 1, 2, . . . , n✳ ❆ss✉♠✐♠♦s ❛q✉✐ ❝❡♥s✉r❛ à

❞✐r❡✐t❛ ❡ ♦ ♠❡❝❛♥✐s♠♦ ❞❡ ❝❡♥s✉r❛ ❛❧❡❛tór✐❛✳ ▲♦❣♦✱ ♦ t❡♠♣♦ ♦❜s❡r✈❛❞♦ ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞♦

❡✈❡♥t♦ ♣❛r❛ ♦ ✐♥❞✐✈✐❞✉♦ i s❡rá ❞❛❞♦ ♣♦r

T ∗

i = min{Ti, Ci}.

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

✉t✐❧✐③❛r ❛ ✈❛r✐á✈❡❧ ✐♥❞✐❝❛❞♦r❛ ❞❡✜♥✐❞❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛

δi ❂







1, Ti ≤ Ci

0, ❝❛s♦ ❝♦♥trár✐♦.

❙❡ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠ ✈❡t♦r ❞❡ ❝♦✈❛r✐á✈❡✐s xi ♣❛r❛ ❝❛❞❛ ✐♥❞✐✈í❞✉♦✱ ❛ ❛♠♦str❛ ♦❜s❡r✈❛❞❛ ❞❡

❞❛❞♦s ❝❡♥s✉r❛❞♦s é r❡♣r❡s❡♥t❛❞❛ ♣♦r (t∗i , δi)✱ ♦♥❞❡ t∗i é ♦ ✈❛❧♦r ♦❜s❡r✈❛❞♦ ❞❡ T ∗ ♣❛r❛ ♦

i✲és✐♠♦ ✐♥❞✐✈í❞✉♦ ❡ ❛ss♦❝✐❛❞♦ ❛ ❡st❡ t❡♠✲s❡ ❛ ✈❛r✐á✈❡❧ ✐♥❞✐❝❛❞♦r❛ δi✱ s❡♥❞♦ ❛ ✐♥❞✐❝❛❞♦r❛ ❞❡



✷✷

❢❛❧❤❛✳ ▼ét♦❞♦s ❞❛ ♠á①✐♠❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ sã♦ ❝♦♠✉♠❡♥t❡ ✉s❛❞♦s ♣❛r❛ ♦❜t❡r ❛ ❡st✐♠❛çã♦

θ̂ ❞♦ ✈❡t♦r ❞❡ ♣❛râ♠❡tr♦s θ ✭✈❡r ▲❛✇❧❡ss ✭✷✵✵✸✮✱ ❈♦❧♦s✐♠♦ ❡ ●✐♦❧♦ ✭✷✵✵✻✮✱ ❡♥tr❡ ♦✉tr♦s✮✳

✷✳✶✳✹ ❘❡sí❞✉♦s ❞❡ ❈♦①✲❙♥❡❧❧

❖s r❡sí❞✉♦s ❞❡ ❈♦①✲❙♥❡❧❧ sã♦ ❢r❡q✉❡♥t❡♠❡♥t❡ ✉t✐❧✐③❛❞♦s ♥❛ ❛✈❛❧✐❛çã♦ ❞♦ ❛❥✉st❡ ❞❡

❞❛❞♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛✱ s❡♥❞♦ ❛ss✐♠ ❞❡♥♦♠✐♥❛❞♦s ♣♦r ❞❡r✐✈❛r❡♠ ❞❡ ✉♠❛ ♣r♦♣♦st❛ ♠❛✐s

❣❡r❛❧ ❞❡ r❡sí❞✉♦s ❡♥❝♦♥tr❛❞❛ ❡♠ ❈♦① ❡ ❙♥❡❧❧ ✭✶✾✻✽✮✳ ❆ ♣r♦♣♦st❛ ❞❡st❡ r❡sí❞✉♦ t❡♠ ❝♦♠♦

❜❛s❡ ✉♠ r❡s✉❧t❛❞♦ ♠❛t❡♠át✐❝♦ s♦❜r❡ ❛ ❞✐str✐❜✉✐çã♦ ❞❛ ❢✉♥çã♦ ❞❡ r✐s❝♦ ❛❝✉♠✉❧❛❞❛ ❞❡ ✉♠❛

✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❝♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ❛ s❡❣✉✐r✳

❙❡❥❛ T ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❝♦♥tí♥✉❛ ❡ S(t) ❛ s✉❛ r❡s♣❡❝t✐✈❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥✲

❝✐❛✳ ❚♦♠❛♥❞♦ S(T ) ❝♦♠♦ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛✱ é ❢á❝✐❧ ♠♦str❛r q✉❡ ❡st❛ t❡♠ ✉♠❛ ❞✐str✐❜✉✐çã♦

✉♥✐❢♦r♠❡ ❝♦♥tí♥✉❛ ❡♠ [0, 1] ❡ q✉❡ ❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ Y = − log S(T )✱ t❡♠ ❞✐str✐❜✉✐çã♦

❡①♣♦♥❡♥❝✐❛❧ ❞❡ ♣❛râ♠❡tr♦ ✶ ✭❡①♣♦♥❡♥❝✐❛❧ ♣❛❞rã♦✮✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✲

✈✐✈ê♥❝✐❛ ❞❡ Y é ❞❛❞❛ ♣♦r P (Y > y) = exp(−y) ❡✱ ♣♦r ✭✷✳✶✮✱ ❛ ❢✉♥çã♦ ❞❡ r✐s❝♦ ❛❝✉♠✉❧❛❞❛

H(y) = y✳

❖ r❡sí❞✉♦ ❞❡ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ♦ i✲és✐♠♦ ✐♥❞✐✈í❞✉♦ é ❞❡✜♥✐❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛ ✭✈❡r

❈♦❧❧❡tt ✭✷✵✵✸✮✱ ♣♦r ❡①❡♠♣❧♦✮

rCSi = − log(Ŝ(t∗i )). ✭✷✳✻✮

❡♠ q✉❡ Ŝ = S(·; θ̂) é ❛ ❢✉♥çã♦ s❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❡st✐♠❛❞❛ ❡ t∗i é ♦ ✈❛❧♦r ♦❜s❡r✈❛❞♦ ❞❡ T ∗✳

▲♦❣♦✱ s❡ ♦ ♠♦❞❡❧♦ é ❛❞❡q✉❛❞♦✱ ♦s r❡sí❞✉♦s ♦❜s❡r✈❛❞♦s (rCSi, δi) ❝♦♠ i = 1, . . . , n✱ ❞❡✈❡♠

s❡ ❝♦♠♣♦rt❛r ❝♦♠♦ ✉♠❛ ❛♠♦str❛ ❝❡♥s✉r❛❞❛ ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❡①♣♦♥❡♥❝✐❛❧ ♣❛❞rã♦ ❡

t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❛♦s ❞❛❞♦s✳

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

❞♦s ✈❛❧♦r❡s ❞❡ rCSi ✈❡rs✉s ✈❛❧♦r❡s Ĥ(rCSi)✱ s❡♥❞♦ Ĥ(rCSi) ❛s ❡st✐♠❛t✐✈❛s ♥ã♦ ♣❛r❛♠étr✐❝❛s

❞❛ ❢✉♥çã♦ ❞❡ r✐s❝♦ ❛❝✉♠✉❧❛❞❛ ❞♦s r❡sí❞✉♦s ♦❜s❡r✈❛❞♦s (rCSi, δi)✱ ♣❛r❛ i = 1, . . . , n✱

♦❜t✐❞❛s ❛ ♣❛rt✐r ❞♦ ❛❥✉st❡ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ♣❡❧♦ ❡st✐♠❛❞♦r ❞❡ ❑❛♣❧❛♥✲▼❡✐❡r✳

❙❡ ♦ ♠♦❞❡❧♦ ❢♦r ❝♦rr❡t❛♠❡♥t❡ ❡s♣❡❝✐✜❝❛❞♦✱ ♦s ♣♦♥t♦s ❞♦ ❣rá✜❝♦ ❞❡✈❡♠ ✜❝❛r ❡♠ t♦r♥♦ ❞❡

✉♠❛ r❡t❛ ❝♦♠ ❝♦❡✜❝✐❡♥t❡ ❛♥❣✉❧❛r ✶ ✭❈❖▲❖❙■▼❖❀ ●■❖▲❖✱ ✷✵✵✻✮✳



✷✸

✷✳✷ ▼♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦

❖s tr❛❜❛❧❤♦s ✐♥✐❝✐❛✐s q✉❡ tr❛t❛♠ ❞♦s ♠♦❞❡❧♦s ❝♦♥t❡♥❞♦ ❢r❛çõ❡s ❞❡ ❝✉r❛✱ ❞❡♥♦♠✐♥❛❞♦s

♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦✱ sã♦ ♦s tr❛❜❛❧❤♦s ❞❡ ❇♦❛❣ ✭✶✾✹✾✮ ❡ ❇❡r❦s♦♥ ❡ ●❛❣❡ ✭✶✾✺✷✮✳

❊st❡s ❛✉t♦r❡s ❝♦♥s✐❞❡r❛♠ ✉♠❛ ♠✐st✉r❛ ❞❡ ❞✐str✐❜✉✐çõ❡s✱ ❛ss✉♠✐♥❞♦ q✉❡ ❡①✐st❡ ✉♠❛ ❢r❛çã♦

✭θ✮ ❞❛ ♣♦♣✉❧❛çã♦ q✉❡ ❡stá ❝✉r❛❞❛✱ ♦✉ s❡❥❛✱ q✉❡ ♥ã♦ s♦❢r❡rá ♦ ❡✈❡♥t♦ ❞❡ ✐♥t❡r❡ss❡✱ ❡ ✉♠❛

♦✉tr❛ ♣❛rt❡ ❞❡ss❛ ♣♦♣✉❧❛çã♦ ✭1 − θ✮ q✉❡ ♣♦❞❡ s❡r ❛❝♦♠❡t✐❞❛ ❞♦ ❡✈❡♥t♦ ❞❡ ✐♥t❡r❡ss❡ ✭♦✉

❝❡♥s✉r❛❞❛✮✳ ❉✐✈❡rs♦s ♣❡sq✉✐s❛❞♦r❡s ❡st✉❞❛r❛♠ ❡①t❡♥sõ❡s ❡ ❛♣❧✐❝❛çõ❡s ❞❡st❡s ♠♦❞❡❧♦s ❡♠

✈ár✐❛s ár❡❛s✱ t❛✐s ❝♦♠♦ ♠é❞✐❝❛✱ ✜♥❛♥❝❡✐r❛ ❡ ✐♥❞✉str✐❛❧✳ ❈♦♠♦ ❡①❡♠♣❧♦ ♣♦❞❡♠♦s ❝✐t❛r

❋❛r❡✇❡❧❧ ✭✶✾✽✷✮✱ ❆❤♠❛♥♥ ❡t ❛❧✳ ✭✶✾✽✾✮✱ ❑✉❦ ❡ ✭✶✾✾✷✮✱ ▼❛❧❧❡r ❡ ❩❤♦✉ ✭✶✾✾✻✮✱ ❚❛♠❤❛♥❡ ❡

❙❤✐ ✭✷✵✵✾✮✱ ❨✉s✉❢ ❡ ❇❛❦❛r ✭✷✵✶✻✮✱ ❙❝♦❧❛s ❡t ❛❧✳ ✭✷✵✶✻✮✱ ❡♥tr❡ ♦✉tr♦s✳

P❛r❛ ♦ ❡st✉❞♦ ❞❡st❡ ♠♦❞❡❧♦ ✈❛♠♦s ❝♦♥s✐❞❡r❛r ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ M ❝♦♠ ❞✐str✐✲

❜✉✐çã♦ ❇❡r♥♦✉❧❧✐ ❝♦♠ ♣❛râ♠❡tr♦ (1− θ)✱ ❝♦♠ θ ∈ [0, 1]✱ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

M ❂







1, s❡ ♦ ✐♥❞✐✈í❞✉♦ é s✉s❝❡tí✈❡❧ ❛♦ ❡✈❡♥t♦

0, s❡ ♦ ✐♥❞✐✈í❞✉♦ é ✐♠✉♥❡ ❛♦ ❡✈❡♥t♦,

s❡♥❞♦ q✉❡ Pθ(M = 0) = θ r❡♣r❡s❡♥t❛ ❛ ❢r❛çã♦ ❞❡ ❝✉r❛❞♦s ♥❛ ♣♦♣✉❧❛çã♦ ❡ Pθ(M = 1) =

1− θ r❡♣r❡s❡♥t❛ ❛q✉❡❧❡s q✉❡ sã♦ s✉s❝❡tí✈❡✐s ❛♦ ❡✈❡♥t♦ ❡♠ ❡st✉❞♦✳ P❡r❝❡❜❛ q✉❡ ♣❛r❛ ❝❛❞❛

✐♥❞✐✈í❞✉♦ q✉❡ ❛ss✉♠✐r M = 0 r❡s✉❧t❛rá ❡♠ T = ∞ ♦ q✉❡ ✐♠♣❧✐❝❛ P (T > t|M = 0) = 1✳

❏á ♥♦ ❝❛s♦ ❞♦s ✐♥❞✐✈í❞✉♦s q✉❡ ❛ss✉♠✐r❡♠ M = 1✱ t❡rã♦ ❛ss♦❝✐❛❞♦ ✉♠ t❡♠♣♦ ✜♥✐t♦ ❛té

❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦✱ s❡❥❛ ❡ss❡ ❝❡♥s✉r❛❞♦ ♦✉ ♥ã♦✳ ❙❡♥❞♦ P (T > t|M = 1) = S0(t) ❛

❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ s❡rá ❞❛❞❛ ♣♦r✿

Sp(t) = P (T > t) = P (T > t,M = 0) + P (T > t,M = 1)

= P (T > t|M = 0)Pθ(M = 0) + P (T > t|M = 1)Pθ(M = 1)

= θ + (1− θ)S0(t) ✭✷✳✼✮

❡♠ q✉❡ θ r❡♣r❡s❡♥t❛ ❛ ❢r❛çã♦ ❞❡ ❝✉r❛ ✐♥❞✉③✐❞❛ ♣❡❧♦ ♠♦❞❡❧♦✳ ❆s ❢✉♥çõ❡s ❞❡ s✉❜✲❞❡♥s✐❞❛❞❡

❡ ❞❡ s✉❜✲r✐s❝♦ sã♦ ❞❛❞❛s ♣♦r✿

fp(t) = (1− θ)f(t) ❡ hp(t) = f(t)
(1− θ)

θ + (1− θ)S0(t)
.



✷✹

✷✳✸ ▼♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦

❖ ♠♦❞❡❧♦ ❞❡s❝r✐t♦ ❛❝✐♠❛ t❡♠ ❝♦♠♦ ♣r❡ss✉♣♦st♦ q✉❡ ❡①✐st❡ ♥♦ ♠á①✐♠♦ ✉♠❛ ❝❛✉s❛

❝♦♥❝♦rr❡♥❞♦ ♣❛r❛ ♦ t❡♠♣♦ ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦✳ ❆❧t❡r♥❛t✐✈❛♠❡♥t❡✱ ❨❛❦♦✈❧❡✈ ❡t ❛❧✳

✭✶✾✾✸✮ ❡ ❈❤❡♥✱ ■❜r❛❤✐♠ ❡ ❙✐♥❤❛ ✭✶✾✾✾✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠♦❞❡❧♦ ♠❛✐s ❣❡r❛❧✱ ❝♦♥s✐❞❡r❛♥❞♦

❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❛ ❡①✐stê♥❝✐❛ ❞❡ ✈ár✐❛s ❝❛✉s❛s ❝♦♠♣❡t✐♥❞♦ ♣❛r❛ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❡✈❡♥t♦

❞❡ ✐♥t❡r❡ss❡ ❡♠ ✉♠ ✐♥❞✐✈í❞✉♦✳ ❊st❡ ♠♦❞❡❧♦ é r❡❢❡r✐❞♦ ❡♠ ❘♦❞r✐❣✉❡s ❡t ❛❧✳ ✭✷✵✵✾✮ ❝♦♠♦ ♦

♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦✳

❙❡❥❛ M ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ♥ã♦ ♦❜s❡r✈á✈❡❧ ❝♦♠ ❞✐str✐❜✉✐çã♦ ❞❡ Poisson(θ) q✉❡

r❡♣r❡s❡♥t❛ ♦ ♥ú♠❡r♦ ❞❡ ❝❛✉s❛s ♦✉ ❢❛t♦r❡s ❝♦♠♣❡t✐♥❞♦ ♣❛r❛ ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦ ❞❡

✐♥t❡r❡ss❡✳ ❉❡✜♥✐♠♦s Z1, Z2, . . . , ZM ❝♦♠♦ ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s ✭❧❛t❡♥t❡s✮ r❡♣r❡s❡♥t❛♥❞♦ ♦s

t❡♠♣♦s ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❡✈❡♥t♦ ❞❡✈✐❞♦ ❛ ❝❛❞❛ ✉♠❛ ❞❛s M ❝❛✉s❛s✳ ◗✉❛♥❞♦ M = 0✱

t❡♠♦s Z0 ❞❡ t❛❧ ❢♦r♠❛ q✉❡ P (Z0 = ∞) = 1✱ r❡♣r❡s❡♥t❛♥❞♦ ♦ ✐♥❞✐✈í❞✉♦ q✉❡ ♥ã♦ é s✉s❝❡tí✈❡❧

❛♦ ❡✈❡♥t♦ ❞❡ ✐♥t❡r❡ss❡ ✭♣♦✐s q✉❛♥❞♦ ♥ã♦ ❤á ❝❛✉s❛s ❝♦♠♣❡t✐♥❞♦ ♣❛r❛ ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦

❡st❡ ✐♥❞✐✈í❞✉♦ ♥ã♦ s♦❢r❡rá ♦ ❡✈❡♥t♦ ❞❡ ✐♥t❡r❡ss❡✮✳

❖ t❡♠♣♦ ♦❜s❡r✈á✈❡❧ ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦ é r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛

T = min{Z0, Z1, . . . , ZM}✳ ❆ss✉♠✐♥❞♦ q✉❡ ❛s ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s Z0, Z1, . . . , ZM sã♦ ✐♥✲

❞❡♣❡♥❞❡♥t❡s ❡ ✐❞❡♥t✐❝❛♠❡♥t❡ ❞✐str✐❜✉í❞❛s ❝♦♠ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ S0(·)✱ t❡♠♦s q✉❡ ❛

❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ♣♦♣✉❧❛❝✐♦♥❛❧ é ❞❛❞❛ ♣♦r

Sp(t) = exp[−θ(1− S0(t))],

❡♠ q✉❡ Pθ(M = 0) = exp(−θ) é ❛ ❢r❛çã♦ ❞❡ ❝✉r❛ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦✳

❆s ❢✉♥çõ❡s ❞❡ s✉❜✲❞❡♥s✐❞❛❞❡ ❡ s✉❜✲r✐s❝♦ sã♦ ❞❛❞❛s ♣♦r✿

fp(t) =
−d(Sp(t))

dt
=

−d[exp(−θ(1− S(t)0))]

dt

= θf(t) exp(−θF0(t))

❡

hp(t) =
fp(t)

Sp(t)
=

θfp(t) exp(−θF0(t))

Sp(t)
= θf0(t).

✷✳✹ ▼♦❞❡❧♦ ✉♥✐✜❝❛❞♦

Pr♦♣♦st♦ ♣♦r ❘♦❞r✐❣✉❡s ❡t ❛❧✳ ✭✷✵✵✾✮✱ ❡st❛ ✉♥✐✜❝❛çã♦ t❡✈❡ ❝♦♠♦ ❢♦❝♦ ✉♠❛ ❡①t❡♥sã♦ ❞♦s

♠♦❞❡❧♦s ❞❡ ❧♦♥❣❛ ❞✉r❛çã♦ ♣r♦♣♦st♦s ♣♦r ❈❤❡♥✱ ■❜r❛❤✐♠ ❡ ❙✐♥❤❛ ✭✶✾✾✾✮✳ ❈♦♠♦ ♦ ♣ró♣r✐♦
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♥♦♠❡ s✉❣❡r❡✱ ♦ ♠♦❞❡❧♦ ✉♥✐✜❝❛❞♦ ❞❡ ❧♦♥❣❛ ❞✉r❛çã♦ t❡♠ ❝♦♠♦ ♣r✐♥❝✐♣❛❧ ❝♦♥s❡q✉ê♥❝✐❛ ❛

✉♥✐✜❝❛çã♦ ❞❡ ✈ár✐♦s ♠♦❞❡❧♦s✱ ❡♥tr❡ ❡❧❡s ♦s ♠♦❞❡❧♦s ♣r♦♣♦st♦s ❇♦❛❣ ✭✶✾✹✾✮✱ ❇❡r❦s♦♥ ❡

●❛❣❡ ✭✶✾✺✷✮ ❡ ❨❛❦♦✈❧❡✈ ❡t ❛❧✳ ✭✶✾✾✸✮✱ ❝♦♠ ❛ ♣r❡♠✐ss❛ ❞❡ q✉❡ t♦❞♦s ♣♦❞❡♠ s❡r ❞❡s❝r✐t♦s

❡♠ t♦r♥♦ ❞❡st❛ ú♥✐❝❛ ❝❧❛ss❡✳ ❙✉♣♦♥❤❛ q✉❡ ❡①✐st❛♠ n ✐♥❞✐✈í❞✉♦s ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❡st✉❞♦

❡ q✉❡ ❛ss♦❝✐❛❞♦ ❛ ❡st❡s ✐♥❞✐✈í❞✉♦s ❡stã♦ ❛s s❡❣✉✐♥t❡s ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s✿

• ▼ ≡ ♥ú♠❡r♦ ❞❡ ❝❛✉s❛s ♦✉ ❢❛t♦r❡s ❞❡ r✐s❝♦ ❝♦♠♣❡t✐♥❞♦ ♣❛r❛ ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦

❞❡ ✐♥t❡rss❡ ❝♦♠ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ pθ(m) = Pθ(M = m)✱ s❡♥❞♦ θ ∈ [0, 1]

♦ ♣❛râ♠❡tr♦ ❞❛ ❞✐str✐❜✉✐çã♦✳

• Zk ≡ t❡♠♣♦ ❛té à ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦ ❞❡✈✐❞♦ ❛ k✲és✐♠❛ ❝❛✉s❛✳ ❉❛❞♦ M = m

t❡♠♦s q✉❡ Z1, . . . , Zm sã♦ ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s ✐♥❞❡♣❡♥❞❡♥t❡s ❡ ✐❞❡♥t✐❝❛♠❡♥t❡ ❞✐str✐✲

❜✉í❞❛s ❝♦♠ Zk ✐♥❞❡♣❡♥❞❡♥t❡ M ✱ ♦♥❞❡ Zk ♣♦ss✉❡♠ ❢✉♥çã♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❝♦♠✉♠

❝❛r❛❝t❡r✐③❛❞❛ ♣♦r F0(t) = 1− S0(t)✳

• T ≡ t❡♠♣♦ ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦✱ ❞❡✜♥✐❞♦ ❝♦♠♦✿

T = min{Z0, Z1, . . . , ZM},

❝♦♠ P (Z0 = ∞) = 1✱ ♣♦✐s q✉❛♥❞♦ M = 0 ♥ã♦ ❡①✐st❡♠ ❝❛✉s❛s ♦✉ ❢❛t♦r❡s ❝♦♠♣❡t✐♥❞♦ ♣❛r❛

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

♦s ✐♠✉♥❡s✳ ❆s ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s Zk ❡ M sã♦ ❧❛t❡♥t❡s✱ ❡♥q✉❛♥t♦ ❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❚ é

♦❜s❡r✈á✈❡❧✳

✷✳✹✳✶ ❋✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❞❡ ❧♦♥❣❛ ❞✉r❛çã♦

P❛r❛ ♦ ♠♦❞❡❧♦ ✉♥✐✜❝❛❞♦✱ ❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❞❡ ❧♦♥❣❛ ❞✉r❛çã♦ é ❞❛❞❛ ♣♦r✿

Sp(t) = P (T > t) = P (T > t,M ≥ 0) =
∞∑

m=0

P (T > t,M = m)

=
∞∑

m=0

P (T > t|M = m)pθ(m) = P (T > t|M = 0)pθ(0)

+
∞∑

m=1

P (T > t|M = m)pθ(m)

= pθ(0) +
∞∑

m=1

P (min{Z1, Z2, . . . , Zm} > t)pθ(m)

= pθ(0) +
∞∑

m=1

P (Z1 > t, Z2 > t, . . . , Zm > t)pθ(m)

pθ(m)

= pθ(0) +
∞∑

m=1

P (Z1 > t) · . . . · P (Zm > t)pθ(m) = pθ(0) +
∞∑

m=1

[S0(t)]
mpθ(m),
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❝♦♠ P (T > t|M = 0) = 1✱ ♣♦✐s ❞❛❞♦ q✉❡ ♥ã♦ ❤á ♥❡♥❤✉♠❛ ❝❛✉s❛ ❝♦♥❝♦rr❡♥❞♦ ♣❛r❛

♦ ❡✈❡♥t♦✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦ ✐♥❞✐✈í❞✉♦ s♦❜r❡✈✐✈❡r é ✶✳ ❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ❛ ❢✉♥çã♦ ❞❡

s♦❜r❡✈✐✈ê♥❝✐❛ S0(t) é ✉♠❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ♣ró♣r✐❛ ❡♠ q✉❡

lim
t→∞

S0(t) = 0,

♥♦t❡ q✉❡ Sp(t) é ✉♠❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ✐♠♣ró♣r✐❛✱ ✉♠❛ ✈❡③ q✉❡

lim
t→∞

Sp(t) = Pθ(M = 0) = pθ(0) > 0,

❡♠ q✉❡ Pθ(M = 0) r❡♣r❡s❡♥t❛ ❛ ♣r♦♣♦rçã♦ ❞❡ ✐♥❞✐✈í❞✉♦s ❝✉r❛❞♦s✳ ❆s ❢✉♥çõ❡s ❞❡♥s✐❞❛❞❡

❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❡ ❞❡ r✐s❝♦ ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ❛ ♣❛rt✐r ❞❡

fp(t) =
−dSp(t)

dt
= −

[

(−f0(t))
∞∑

m=1

mp(m)S0(t)
m

]

❡

hp(t) =
fp(t)

Sp(t)
.

❊st❡ ♠♦❞❡❧♦ ✉♥✐✜❝❛ ♦s ♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❡ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦ ✭♠❛✐s ❞❡t❛❧❤❡s

✈❡r ❡♠ ●✉❡❞❡s ✭✷✵✶✶✮ ❡ ❘♦❝❤❛ ✭✷✵✶✽✮✮✳

✷✳✹✳✷ ❱❡r♦ss✐♠✐❧❤❛♥ç❛ ♣❛r❛ ♦ ♠♦❞❡❧♦ ✉♥✐✜❝❛❞♦

❆ ♣❛rt✐r ❞❡ ✉♠❛ ❛♠♦str❛ ♦❜t✐❞❛ ❞❡ t❛♠❛♥❤♦ n✱ ❞❡s❡❥❛♠♦s ❢❛③❡r ✐♥❢❡rê♥❝✐❛ s♦❜r❡

♦s ♣❛râ♠❡tr♦s ❡♥✈♦❧✈✐❞♦s ♥♦ ♠♦❞❡❧♦ ✉♥✐✜❝❛❞♦ ❞❡ ❧♦♥❣❛ ❞✉r❛çã♦✳ ◆❡st❡ ❝❛s♦✱ t❡♠♦s q✉❡

❞❡✜♥✐r ❛❧❣✉♠❛s q✉❛♥t✐❞❛❞❡s q✉❡ ♣♦ss✐❜✐❧✐t❡♠ ❛ r❡❛❧✐③❛çã♦ ❞❛ ❡st✐♠❛çã♦ ❞❡ss❡s ♣❛râ♠❡tr♦s✳

P♦rt❛♥t♦✱ s❡❥❛ Yi = min{Ti, Ci}✱ q✉❡ r❡♣r❡s❡♥t❛ ♦ t❡♠♣♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ♣❛r❛ ♦ ✐♥❞✐✈í❞✉♦

i✱ s❡♥❞♦ q✉❡ Ti = min{Zi0 Zi1, . . . , ZiMi
} ❡ Ci ❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ q✉❡ r❡♣r❡s❡♥t❛ ♦ t❡♠♣♦

❛té ❛ ❝❡♥s✉r❛ ♣❛r❛ ♦ ✐♥❞✐✈í❞✉♦ i✱ s❡♥❞♦ ❡st❛ ❛❧❡❛tór✐❛✱ ♥ã♦ ✐♥❢♦r♠❛t✐✈❛ ❡ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡

Ti✱ i = 1, . . . , n ❡ δi ❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ✐♥❞✐❝❛❞♦r❛ ❞❡ ❝❡♥s✉r❛ q✉❛♥❞♦ δi = 0 s❡ Ti > Ci ❡

✐♥❞✐❝❛❞♦r❛ ❞❡ ❢❛❧❤❛ q✉❛♥❞♦ δi = 1 s❡ Ti ≤ Ci✳

❉✐s♣♦♠♦s ❞❛s ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s ❧❛t❡♥t❡s✱ Mi ❡ Zik✱ k = 1, . . . ,Mi ♦♥❞❡ Mi r❡♣r❡s❡♥✲

t❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❝❛✉s❛s ♦✉ ❢❛t♦r❡s q✉❡ ❡stã♦ ❝♦♠♣❡t✐♥❞♦ ♣❛r❛ ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦

♥♦ ✐♥❞✐✈í❞✉♦ i ❡ Zik r❡♣r❡s❡♥t❛♥❞♦ ♦ t❡♠♣♦ ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦ ♣❛r❛ ♦ ✐♥❞✐✈í✲

❞✉♦ i ❞❡✈✐❞♦ à k✲és✐♠❛ ❝❛✉s❛✳ ❆ss✉♠✐♥❞♦ q✉❡ Mi = mi✱ t❡♠♦s q✉❡ ❛s ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s

Zi1, . . . , Zimi
sã♦ ✐✳✐✳❞✳ ✭✐♥❞❡♣❡♥❞❡♥t❡s ❡ ✐❞❡♥t✐❝❛♠❡♥t❡ ❞✐str✐❜✉í❞❛s✮✱ ❝♦♠ ❢✉♥çã♦ ❞❡ s♦❜r❡✲

✈✐✈ê♥❝✐❛ ❞❛❞❛ ♣♦r S(·|ξ) ❡ ❢✉♥çã♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❛❝✉♠✉❧❛❞❛ ❞❛❞❛ ♣♦r F (·|ξ) = 1−S(·|ξ)✱
s❡♥❞♦ ξ ♦ ✈❡t♦r ❞❡ ♣❛râ♠❡tr♦s r❡❧❛❝✐♦♥❛❞♦s à ❞✐str✐❜✉✐çã♦ ❞❡ Zik✳ ❉❡✜♥✐♠♦s t❛♠❜é♠ ✉♠
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✈❡t♦r ❞❡ ❝♦✈❛r✐á✈❡✐s xi = (1, xi2, . . . , xi(p−1))
⊤ q✉❡ ❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❛♦ i✲és✐♠♦ ✐♥❞✐✈í❞✉♦s✳

❉❡♥♦t❛♠♦s ♦s ❞❛❞♦s ❝♦♠♣❧❡t♦s ❝♦♠♦ Dc = (n,Y, δ,M,X) s❡♥❞♦✱

Y =










Y1

Y2

✳✳✳

Yn










, δ =










δ1

δ2
✳✳✳

δn










, M =










M1

M2

✳✳✳

Mn










❡ X =










x⊤

1

x⊤

2

✳✳✳

x⊤

n










.

❖✉tr♦ ❢❛t♦ q✉❡ t❡♠♦s q✉❡ ❧✐❞❛r é ❝♦♠♦ ✐♥❝❧✉✐r ❛s ✈❛r✐á✈❡✐s ❡①♣❧✐❝❛t✐✈❛s ✭❝♦✈❛r✐á✈❡✐s✮

♥♦ ♠♦❞❡❧♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛✳ ◆❡st❡ tr❛❜❛❧❤♦ ✈❛♠♦s ❝♦♥s✐❞❡r❛r ❛s ❝♦✈❛✲

r✐á✈❡✐s ❛tr❛✈és ❞❛ r❡❧❛çã♦ θi ≡ θ(x⊤

i β)✱ ❡♠ q✉❡ θi é ♦ ♣❛râ♠❡tr♦ ❛ss♦❝✐❛❞♦ à ❞✐str✐❜✉✐çã♦

❞❡ ✐♥❝✐❞ê♥❝✐❛ ♣❛r❛ ❝❛❞❛ ✐♥❞✐✈í❞✉♦ i = 1, . . . , n✳

P❛r❛ ♦ ❝❛s♦ ❡♠ q✉❡ Mi ∼ Bernoulli(1−θi)✱ ♦✉ s❡❥❛✱ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦✱

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

θi =
exp(x⊤

i β)

1 + exp(x⊤

i β)
. ✭✷✳✽✮

❏á ♣❛r❛ ♦ ❝❛s♦ ❡♠ q✉❡ Mi ∼ Poisson(θi)✱ ♦✉ s❡❥❛✱ ♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦✱ ❛

r❡❧❛çã♦ ✉t✐❧✐③❛❞❛ ♣❛r❛ ✐♥❝❧✉✐r ❛s ❝♦✈ár✐❛✈❡✐s xi ♥❛ ❞✐str✐❜✉✐çã♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞♦ ♠♦❞❡❧♦ é

❞❛❞❛ ♣♦r

θi = exp(x⊤

i β), ✭✷✳✾✮

❡ ❛ ❢r❛çã♦ ❞❡ ❝✉r❛ é ❞❛❞❛ ♣♦r

pθi(0) = exp(−θi).

◆❡st❡ tr❛❜❛❧❤♦ ❝♦♥s✐❞❡r❛r❡♠♦s q✉❡ ❛s ❝♦✈❛r✐á✈❡✐s ✐♥✢✉❡♥❝✐❛♠ ❛♣❡♥❛s ❛ ❞✐str✐❜✉✐çã♦ ❞❡

✐♥❝✐❞ê♥❝✐❛✱ ♦✉ s❡❥❛✱ ❝♦♥s✐❞❡r❡ q✉❡ ♦ ♣❛râ♠❡tr♦ θi ≡ θi(x
⊤

i β)✳

❙❡❥❛ λ = (ξ⊤,β⊤)⊤ ♦ ✈❡t♦r ❞❡ ♣❛râ♠❡tr♦s ❞❡s❝♦♥❤❡❝✐❞♦s q✉❡ q✉❡r❡♠♦s ❡st✐♠❛r✳ ❈♦♥✲

❢♦r♠❡ ♠♦str❛❞♦ ❡♠ ●✉❡❞❡s ✭✷✵✶✶✮✱ ❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❞❡ λ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛♦

❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❝♦♠♣❧❡t♦s Dc é ❞❛❞❛ ♣♦r

L(λ,Dc) =
n∏

i=1

[mif(yi|ξ)]δi [S0(yi|ξ)]1−δipθi(mi). ✭✷✳✶✵✮



✷✽

❖ ❧♦❣❛r✐t♠♦ ❞❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ✜❝❛ ❞❛❞♦ ♣♦r

ℓ(λ,Dc) = logL(λ,Dc)

=
n∑

i=1

δi log[mi] +
n∑

i=1

δi log[f0(yi|ξ)]

+
n∑

i=1

(1− δi) log(S0(yi|ξ)) +
n∑

i=1

log(pθi(mi)).

❈♦♠♦ M é ✉♠ ✈❡t♦r ❞❡ ✈❛r✐á✈❡✐s ❧❛t❡♥t❡s✱ ♥ã♦ é ♣♦ssí✈❡❧ ❡st✐♠❛r λ ❞❡✈✐❞♦ ❛s ❢✉♥çõ❡s

❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❡ ❧♦❣✲✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❞❡♣❡♥❞❡r❡♠ ❞❡ M ✳ ❊♥tã♦✱ ❜✉s❝❛♥❞♦ ❝♦♥t♦r♥❛r

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

♣❛rt✐r ❞♦ s♦♠❛tór✐♦ ❞❛ ❞✐str✐❜✉✐çã♦ ❝♦♥❥✉♥t❛ ♥❛s ✈❛r✐á✈❡✐s Mi✳ ▲♦❣♦✱ ❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐✲

♠✐❧❤❛♥ç❛ ♠❛r❣✐♥❛❧ ♣❛r❛ ♦s ❞❛❞♦s ♦❜s❡r✈á✈❡✐s ❞❡♥♦t❛❞♦ ♣♦r D = (n,Y , δ,X) s❡rá ❞❛❞❛

♣♦r

L∗(λ;D) =
n∏

i=1

[fp(yi|ξ,β)]δi [Sp(yi|ξ,β)]1−δi ✭✷✳✶✶✮

❡ ♦ ❧♦❣❛r✐t♠♦ ❞❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ♠❛r❣✐♥❛❧ s❡rá ❞❛❞♦ ♣♦r

ℓ(λ,D) =
n∑

i=1

δi log[fp(yi|ξ,β)] +
n∑

i=1

(1− δi) log[Sp(yi|ξ,β)]. ✭✷✳✶✷✮

❆s ❞❡♠♦♥str❛çõ❡s ♣❛r❛ ♦❜t❡♥çã♦ ❞❛s ❢✉♥çõ❡s ✷✳✶✵ ❡ ✷✳✶✶ ❡stã♦ ❞✐s♣♦st❛s ♥♦ ❆♣ê♥❞✐❝❡

❆✳ ❆s ❡st✐♠❛t✐✈❛s ❡♥❝♦♥tr❛❞❛s ❜❛s❡❛❞❛s ♥❛s ❡q✉❛çõ❡s ❛❝✐♠❛✱ ❡♠ ❣❡r❛❧✱ sã♦ ❡♥❝♦♥tr❛❞❛s

♠❛①✐♠✐③❛♥❞♦ ❛ ✭✷✳✶✷✮ ♣♦r ✉♠ ♠ét♦❞♦ ♥✉♠ér✐❝♦✳

❯♠ ❝r✐tér✐♦ ♣❛r❛ ❛✈❛❧✐❛r ♦s ❛❥✉st❡s ❞♦s ♠♦❞❡❧♦s ❛♦s ❞❛❞♦s é ♦ ❆■❈ ✭❆❦❛✐❦❡ ❈r✐t❡r✐♦♥

■♥❢♦r♠❛t✐♦♥✱ ✭❆❑❆■❑❊✱ ✶✾✼✹✮✮ ❞❡✜♥✐❞♦ ❝♦♠♦

AIC = −2ℓ(λ̂,D) + 2p, ✭✷✳✶✸✮

s❡♥❞♦ ℓ(λ̂,D) ♦ ❧♦❣❛r✐t♠♦ ❞❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❞❡✜♥✐❞♦ ❛❝✐♠❛ ❡ p ❛ q✉❛♥t✐❞❛❞❡ ❞❡

♣❛râ♠❡tr♦s ❡♥✈♦❧✈✐❞♦ ♥♦ ♠♦❞❡❧♦ ❡♠ ❡st✉❞♦✳ ❙❡❣✉♥❞♦ ❉✐r✐❝❦✱ ❈❧❛❡s❦❡♥s ❡ ❇❛❡s❡♥s ✭✷✵✶✺✮

♦ ✈❛❧♦r r❡s✉❧t❛♥t❡ ❞❛ ❡st✐♠❛çã♦ ❞❡ ❆■❈ é ♦ ✈❛❧♦r ❡s♣❡r❛❞♦ ❞❛ ❞✐s❝r❡♣â♥❝✐❛ ❞♦ ♠♦❞❡❧♦

❡♥tr❡ ❛ ✐♥❢♦r♠❛çã♦ ❞❡ ❑✉❧❧❜❛❝❦✲▲❡✐❜❧❡r ✭❑❯▲▲❇❆❈❑❀ ▲❊■❇▲❊❘✱ ✶✾✺✶✮ ❡ ♦ ✈❛❧♦r ✈❡r❞❛❞❡✐r♦

❞❡s❝♦♥❤❡❝✐❞♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❣❡r❛çã♦ ❞♦s ❞❛❞♦s✱ s❡♠ ❝♦♥❤❡❝❡r ♦ ✈❡r❞❛❞❡✐r♦ ✈❛❧♦r ❞❡st❡

♣r♦❝❡ss♦✳ P❛r❛ ❡s❝♦❧❤❛ ❞❡st❡ ♠♦❞❡❧♦ ❜❛s❡❛❞♦ ♥❡st❡ ❝r✐tér✐♦ s❡rã♦ ♣r❡❢❡rí✈❡✐s ♠♦❞❡❧♦s q✉❡

♦❜t✐✈❡r❡♠ ♦s ♠❡♥♦r❡s ✈❛❧♦r❡s ❞❡ ❆■❈✳



✷✾

✸ ❘❡sí❞✉♦s ❡♠ ♠♦❞❡❧♦s ❞❡

❙♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛

❙❡❣✉♥❞♦ ❈♦r❞❡✐r♦ ❡ ◆❡t♦ ✭✷✵✵✻✮✱ ❛ ❛♥á❧✐s❡ ❞❡ r❡sí❞✉♦s ❝♦♥st✐t✉✐ ✉♠❛ ❡t❛♣❛ ✐♠♣♦rt❛♥t❡

♥♦ ♣r♦❝❡ss♦ ❞❡ ❛✈❛❧✐❛çã♦ ❡ s❡❧❡çã♦ ❞♦ ♠♦❞❡❧♦ ❡st❛tíst✐❝♦ ❛❥✉st❛❞♦ ❛♦s ❞❛❞♦s✳ ◆♦ ❝❛s♦ ❞♦

❛❥✉st❡ ❞❡ ♠♦❞❡❧♦s ❞❡ r❡❣r❡ssã♦ ❡♥✈♦❧✈❡♥❞♦ ❞❛❞♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛

✭✈❡r ❈❛♣ít✉❧♦ ✷✮✱ ❡①✐st❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✈❡r✐✜❝❛çã♦ ❞❛s ♣r❡ss✉♣♦s✐çõ❡s ❡ ❞❛ ❛❞❡q✉❛çã♦

❞♦ ♠♦❞❡❧♦ ❛❥✉st❛❞♦ ❛♦s ❞❛❞♦s✳

◆♦s ♠♦❞❡❧♦s ❝❧áss✐❝♦s ❞❡ ❛♥á❧✐s❡ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❡①✐st❡♠ ❛❧❣✉♥s r❡sí❞✉♦s ♣❛r❛ ❛✈❛❧✐❛r

♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦✱ s❡♥❞♦ ♦ ♠❛✐s ✉t✐❧✐③❛❞♦ ♦ r❡sí❞✉♦ ❞❡ ❈♦①✲❙♥❡❧❧ ✭❈❖❳❀ ❙◆❊▲▲✱ ✶✾✻✽✮✱

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

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

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

♣♦st❛ ❞❡ ❞✉❛s s✉❜✲♣♦♣✉❧❛çõ❡s✿ ✉♠❛ ❝♦♥t❡♥❞♦ ❛ ❢r❛çã♦ ❞❡ ❝✉r❛❞♦s ❡ ♦✉tr❛ ❝♦♥t❡♥❞♦ ❛q✉❡❧❡s

q✉❡ sã♦ s✉s❝❡tí✈❡✐s ❛♦ ❡✈❡♥t♦ ❡♠ ❡st✉❞♦✳ ❉❡✈✐❞♦ às ❝❛r❛❝t❡ríst✐❝❛s ❝♦♥t✐❞❛s ♥♦ ♠♦❞❡❧♦ ❞❡

s♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛✱ ❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❛ss♦❝✐❛❞❛ ❛ ❡st❡ ♥ã♦ é ✉♠❛

s♦❜r❡✈✐✈ê♥❝✐❛ ♣ró♣r✐❛ ❡ ❛ ♣r♦♣♦st❛ ❞❡ r❡sí❞✉♦s ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❢✉♥çõ❡s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛

♣ró♣r✐❛ ♥ã♦ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ❞✐r❡t❛♠❡♥t❡✳ ◆❡st❡ s❡♥t✐❞♦✱ ❡①✐st❡♠ ♣♦✉❝❛s ♣r♦♣♦st❛s ❞❡

r❡sí❞✉♦s ♣❛r❛ ❛✈❛❧✐❛r ♣❛rt❡s ❡s♣❡❝í✜❝❛s ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦✳ ❲✐❧❡②t♦ ❡t ❛❧✳ ✭✷✵✶✸✮

♣r♦♣õ❡♠ ✉♠ r❡sí❞✉♦ ♣❛r❛ ♦ ♠♦❞❡❧♦ ♣❛r❛♠étr✐❝♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❞❡r✐✈❛❞♦ ❞♦ r❡sí❞✉♦

❞❡ ❙❝❤♦❡❧❢❡❧❞✳ ▼❛✐s r❡❝❡♥t❡♠❡♥t❡ P❡♥❣ ❡ ❚❛②❧♦r ✭✷✵✶✼✮ ♣r♦♣✉s❡r❛♠ ♠ét♦❞♦s ♣❛r❛ ❛✈❛❧✐❛r

♦ ❛❥✉st❡ ❞❡ ♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛ ♣❛❞rã♦✱ ✐♥✈❡st✐❣❛r ♣r♦♣r✐❡❞❛❞❡s ❞❡ r❡sí❞✉♦s ❡①✐st❡♥t❡s ❡

♣r♦♣♦r ♥♦✈♦s r❡sí❞✉♦s ♣❛r❛ ❛✈❛❧✐❛r ❛ ♣❛rt❡ ❧❛t❡♥t❡ ❞♦ ♠♦❞❡❧♦✳ ❙❝♦❧❛s ❡t ❛❧✳ ✭✷✵✶✽✮ ♣r♦♣õ❡♠

♠ét♦❞♦s ❞❡ ❞✐❛❣♥óst✐❝♦s ❛tr❛✈és ❞❡ r❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛

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

❈♦♥s✐❞❡r❛♠♦s ❛ s❡❣✉✐r ♦ ❡st✉❞♦ ❞❡t❛❧❤❛❞♦ ❞❛ ♣r♦♣♦st❛ ❢❡✐t❛ ♣♦r ❙❝♦❧❛s ❡t ❛❧✳ ✭✷✵✶✽✮✱

❛ss✐♠ ❝♦♠♦ ❛ s✉❛ ❛♣❧✐❝❛çã♦ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❲❡✐❜✉❧❧ ❡ ♠♦❞❡❧♦ ❧♦❣✲

♥♦r♠❛❧✳ ❊♠ s❡❣✉✐❞❛✱ é ❛♣r❡s❡♥t❛❞❛ ❛ ❡①t❡♥sã♦ ❞❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦



✸✵

❞❡ ♣r♦♠♦çã♦ ❝♦♥s✐❞❡r❛♥❞♦ ❛s ❞✐str✐❜✉✐çõ❡s ❲❡✐❜✉❧❧ ❡ ❧♦❣✲♥♦r♠❛❧ ♣❛r❛ ❛ ❞✐str✐❜✉✐çã♦ ❞❡

❧❛tê♥❝✐❛✳

✸✳✶ ❘❡sí❞✉♦ ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ♦ ▼♦❞❡❧♦ ❞❡ ▼✐s✲

t✉r❛ P❛❞rã♦

❆ ❧✐t❡r❛t✉r❛ s♦❜r❡ ♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ é ❡①t❡♥s✐✈❛✱ ♥ã♦ s❡ ❧✐♠✐t❛♥❞♦ ❛♣❡♥❛s ❛s

♣❛rt❡s ❞❡ ❡①t❡♥sõ❡s ♠❡t♦❞♦❧ó❣✐❝❛s✱ ♠❛s ❡♥❣❧♦❜❛♥❞♦ t❛♠❜é♠ ❛♣❧✐❝❛çã♦ ❛ ♣r♦❜❧❡♠❛s r❡❛✐s✳

❈♦♥t✉❞♦✱ ♦s ❡st✉❞♦s q✉❡ ❢♦❝❛♠ ♥❛ ✈❡r✐✜❝❛çã♦ ❞♦ ♠♦❞❡❧♦ ❛✐♥❞❛ sã♦ ♣♦✉❝♦ ❡①♣❧♦r❛❞♦s

✭❆▼■❈❖❀ ❑❊■▲❊●❖▼✱ ✷✵✶✽✮✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ P❡♥❣ ❡ ❚❛②❧♦r ✭✷✵✶✼✮✱ q✉❛♥❞♦ ✉t✐❧✐③❛✲s❡ ♦

♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦✱ ❞❡✈✐❞♦ à ❞✐str✐❜✉✐çã♦ t❡ór✐❝❛ ❛ss♦❝✐❛❞❛ ❛♦s r❡sí❞✉♦s ❞♦ t✐♣♦

❈♦①✲❙♥❡❧❧ s❡r ❞♦ t✐♣♦ ♠✐st❛✱ t❛✐s r❡sí❞✉♦s s❡ ❝♦♠♣♦rt❛♠ ❝♦♠♦ ✉♠❛ ❛♠♦str❛ ❝❡♥s✉r❛❞❛ ❞❡

✉♠❛ ❞✐str✐❜✉✐çã♦ ❡①♣♦♥❡♥❝✐❛❧ ♣❛❞rã♦ ♥♦ ✐♥t❡r✈❛❧♦ [0,− log(θ)) ❝♦♠ 0 < θ < 1✱ ❢❛t♦ ❡st❡

q✉❡ ♣♦❞❡ s❡r ✈✐st♦ ❛ ♣❛rt✐r ❞♦ q✉❡ s❡❣✉❡✳

❈♦♥❢♦r♠❡ ✈✐st♦ ♥❛ ❙❡çã♦ ✷✳✷✱ s❡❥❛ Z ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❝♦♥tí♥✉❛ ❡ ♥ã♦ ♥❡❣❛t✐✈❛

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

S0(z)✱ M ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❞✐s❝r❡t❛ ❝♦♠ ❢✉♥çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ Pθ(M = m) =

θm(1 − θ)1−m✳ P♦❞❡♠♦s ♠♦str❛r q✉❡ ❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ S0(Z) ∼ U(0, 1)✱ ♦♥❞❡ U [0, 1]

r❡♣r❡s❡♥t❛ ❛ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❯♥✐❢♦r♠❡ ♥♦ ✐♥t❡r✈❛❧♦ [0, 1]✳ ❱❡r ❈♦❧❧❡tt ✭✷✵✵✸✮✱ ♣♦r ❡①❡♠♣❧♦✳

❱✐♠♦s q✉❡ Sp(t) = P (T > t) = θ + (1− θ)S0(t) é ❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❞❡ ❧♦♥❣❛

❞✉r❛çã♦ ♣❛r❛ ♦ ♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ♠♦str❛❞❛ ❡♠ ✷✳✼✳ ❙❡ ✈✐st❛ ❝♦♠♦ ✈❛r✐á✈❡❧

❛❧❡❛tór✐❛✱ ❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❞❡ ❧♦♥❣❛ ❞✉r❛çã♦ Sp(T ) = θ + (1 − θ)S0(T ) t❡rá

❞✐str✐❜✉✐çã♦ ❛ss♦❝✐❛❞❛ ❝♦♥❢♦r♠❡ ❛❜❛✐①♦✳ ◆♦t❡ q✉❡ Sp(t) é ✉♠❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛

✐♠♣ró♣r✐❛✱ ❝♦♠♣r❡❡♥❞✐❞❛ ♥♦ ✐♥t❡r✈❛❧♦ θ ≤ Sp(t) ≤ 1✳ ❙❡♥❞♦ ❛ss✐♠✱ t♦♠❛♥❞♦ x ∈ [θ, 1]✱

t❡♠♦s



✸✶

P (Sp(T ) > x) = P [θ + (1− θ)S0(T ) > x] = P

[

S0(T ) >

(
x− θ

1− θ

)]

= P

[

T < S−1
0

(
x− θ

1− θ

)]

= 1− P

[

T > S−1
0

(
x− θ

1− θ

)]

= 1− P

[

T > S−1
0

(
x− θ

1− θ

)∣
∣
∣
∣
M = 1

]

P (M = 1)

− P

[

T > S−1
0

(
x− θ

1− θ

)∣
∣
∣
∣
M = 0

]

P (M = 0)

= 1− P

[

Z > S−1
0

(
x− θ

1− θ

)]

(1− θ)− θ

= 1− S0

[

S−1
0

(
x− θ

1− θ

)]

(1− θ)− θ

= 1−
(
x− θ

1− θ

)

(1− θ)− θ

= 1− x.

▲♦❣♦✱ ❛ ❞✐str✐❜✉✐çã♦ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❞❡ ❧♦♥❣❛ ❞✉r❛çã♦ ✈✐st❛ ❝♦♠♦ ✈❛r✐á✈❡❧

❛❧❡❛tór✐❛ ♣♦❞❡ s❡r ❝❛r❛❝t❡r✐③❛❞❛ ♣♦r

P (Sp(T ) > x) =







1, x < θ

1− x, θ ≤ x < 1 ⇒

0, x ≥ 1

⇒ P (Sp(T ) ≤ x) =







0, x < θ

x, θ ≤ x < 1

1, x ≥ 1

❆❧é♠ ❞✐ss♦✱ s❡ v ∈ R✱ t❡♠♦s q✉❡

P (− log [Sp(T )] > v) = P [Sp(T ) < e−v]

=







0, e−v < θ

e−v, θ ≤ e−v < 1

1, e−v ≥ 1.

❙❡♥❞♦ ❛ss✐♠✱ t❡♠♦s q✉❡ ❛ ❢✉♥çã♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❛ss♦❝✐❛❞❛ ❛ H(T ; θ) = − log(Sp(T )) é



✸✷

❞❛❞♦ ♣♦r

P (H > v) =







0, v ≤ − log(θ)

e−v, 0 ≤ v < − log(θ)

1, v < 0.

✭✸✳✶✮

◆♦t❡ q✉❡ H é ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❞♦ t✐♣♦ ♠✐st❛ ❝✉❥❛ ❞✐str✐❜✉✐çã♦ ♥ã♦ s❡❣✉❡ ✉♠❛

❞✐str✐❜✉✐çã♦ ❡①♣♦♥❡♥❝✐❛❧ ♣❛❞rã♦ ✭❘■◆❈Ó◆✱ ✷✵✵✼✮✳ ❉❡ ❢❛t♦✱ H t❡♠ ❞✐str✐❜✉✐çã♦ ❞♦ ♠í♥✐♠♦

❡♥tr❡ ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❝♦♠ ❞✐str✐❜✉✐çã♦ ❡①♣♦♥❡♥❝✐❛❧ ❞❡ ♣❛râ♠❡tr♦ ✶ ❡ ❛ ❝♦♥st❛♥t❡

−log(θ)✳ ❆♣ós ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❛♦s ❞❛❞♦s ✈❛♠♦s ✉t✐❧✐③❛r ❛ ❞✐str✐❜✉✐çã♦ ❞❡ r❡❢❡rê♥❝✐❛

❞❡ H ❛ ✜♠ ❞❡ q✉❡ ♣♦ss❛♠♦s ❛✈❛❧✐❛r ❡st❡ ❛❥✉st❡✳

❖s r❡sí❞✉♦s ❞❡ ❈♦①✲❙♥❡❧❧ ♦❜t✐❞♦s ❝♦♠ ❜❛s❡ ♥♦s ♠♦❞❡❧♦s ❝❧áss✐❝♦s ✭✈❡r ❙❡çã♦ ✷✳✶✳✹✮

❞❡✈❡♠ s❡ ❝♦♠♣♦rt❛r ❝♦♠♦ ✉♠❛ ❛♠♦str❛ ❝❡♥s✉r❛❞❛ ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❡①♣♦♥❡♥❝✐❛❧ ♣❛❞rã♦

q✉❛♥❞♦ ♦ ❛❥✉st❡ ❣❧♦❜❛❧ é ❛❞❡q✉❛❞♦✳ P❛r❛ ♦ ♥♦ss♦ ❝❛s♦✱ s❡ ♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦

❛❞♦t❛❞♦ ❢♦✐ ❝♦rr❡t❛♠❡♥t❡ ❡s♣❡❝✐✜❝❛❞♦✱ ♦s r❡sí❞✉♦s ❞❡ ❈♦①✲❙♥❡❧❧ ❞❡✜♥✐❞♦s ❝♦♠♦

rCSi = − log(θ̂i + (1− θ̂i)Ŝ0(yi)), i = 1, . . . , n, ✭✸✳✷✮

❞❡✈❡♠ s❡ ❝♦♠♣♦rt❛r ❝♦♠♦ ✉♠❛ ❛♠♦str❛ ❝❡♥s✉r❛❞❛ ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❡①♣♦♥❡♥❝✐❛❧ ♣❛❞rã♦

♥♦ ✐♥t❡r✈❛❧♦ [0,−log(θ)]✳

✸✳✷ ❘❡sí❞✉♦ ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ♦ ▼♦❞❡❧♦ ❞❡ ❚❡♠♣♦

❞❡ Pr♦♠♦çã♦

❆♥á❧♦❣♦ ❛♦ ✉t✐❧✐③❛❞♦ ♥❛ ❙❡çã♦ ❛♥t❡r✐♦r ♣❛r❛ ♦ q✉❡ ❢♦✐ r❡❛❧✐③❛❞♦ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡

♠✐st✉r❛ ♣❛❞rã♦✱ ❜❛s❡❛❞♦ ♥♦s r❡sí❞✉♦s ♣r♦♣♦st♦s ♣♦r ❈♦①✲❙♥❡❧❧ ❡♥❝♦♥tr❛r❡♠♦s ✉♠❛ ❞✐str✐✲

❜✉✐çã♦ ❛❞❡q✉❛❞❛ ♣❛r❛ ❝♦♠♣❛r❛r ❡st❡s ♠❡s♠♦s r❡sí❞✉♦s ❛♣ós ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦

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

❆ ❞✐str✐❜✉✐çã♦ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❞❡ ❧♦♥❣❛ ❞✉r❛çã♦ ❞♦ ♠♦❞❡❧♦ t❡♠♣♦ ❞❡

♣r♦♠♦çã♦ Sp(T ) = exp [−θ(1− S0(T ))] = exp [−θ(F0(T ))] ✈✐st❛ ❝♦♠♦ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛

s❡❣✉❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❝❛r❛❝t❡r✐③❛❞❛ ♣♦r Gθ(·)✱ ❝♦♠ ❢✉♥çã♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❛ s❡❣✉✐♥t❡



✸✸

❢♦r♠❛✿ ✈❛♠♦s t♦♠❛r x ∈ [e−θ, 1)✱ ❡♥tã♦

P [Sp(T ) ≤ x] = P [e−θ(F0(T )) ≤ x] = P [−θ(F0(T )) ≤ − log(x)]

= P

[

F0(T ) >
− log(x)

θ

]

= P

[

T > F−1
0

(− log(x)

θ

)]

= P

[

T > F−1
0

(− log(x)

θ

)

|M = 0

]

Pθ[M = 0]

+
∞∑

m=1

P

[

T > F−1
0

(− log(x)

θ

)

|M = m

]

Pθ[M = m]

= pθ(0) +
∞∑

m=1

P

[

min{Z1, . . . , ZM} > F−1
0

(− log(x)

θ

)

|M = m

]

pθ[m]

= pθ(0) +
∞∑

m=1

P

[

Z1 > F−1
0

(− log(x)

θ

)]m

pθ[m]

= pθ(0) +
∞∑

m=1

[

S0

(

F−1
0

(− log(x)

θ

))]m

pθ[m]

= pθ(0) +
∞∑

m=1

[

1− F0

(

F−1
0

(− log(x)

θ

))]m

pθ[m]

= pθ(0) +
∞∑

m=1

[

1 +
log(x)

θ

]m

pθ[m] =
∞∑

m=0

[

1 +
log(x)

θ

]m

pθ[m]. ✭✸✳✸✮

P❛r❛ ❛ ú❧t✐♠❛ ♣❛rt❡ ❞❛ ❞❡♠♦♥str❛çã♦✱ ✉t✐❧✐③❛r❡♠♦s ❛s ♣r♦♣r✐❡❞❛❞❡s ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡

M ∼ Poisson(θ)✳ ◆❡st❡ ❝❛s♦✱ ❛ ❢✉♥çã♦ ❣❡r❛❞♦r❛ ❞❡ ♠♦♠❡♥t♦s ❞❡ M é ❞❛❞❛ ♣♦r

MM(t) = E[etM ] =
∞∑

m=0

etmpθ(m) = exp
[
θ
(
et − 1

)]
. ✭✸✳✹✮

❆❧é♠ ❞✐ss♦✱ ♣♦❞❡♠♦s ✉t✐❧✐③❛r ❛ ❢✉♥çã♦ ❣❡r❛❞♦r❛ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ♣❛r❛ ♠♦str❛r ❛ s❡❣✉✐♥t❡

r❡❧❛çã♦✿

E(aM) = MM(log(a)), ✭✸✳✺✮

❡ ❝♦♠ ❜❛s❡ ❡♠ ✸✳✹✱

E(aM) = exp (θ(a− 1)) .

❆ss✐♠✱ ✉s❛♥❞♦ ❡st❡s r❡s✉❧t❛❞♦s ❡♠ ✭✸✳✸✮✱ ♣♦❞❡♠♦s ❛ss♦❝✐❛r ♦ r❡s✉❧t❛❞♦ ❛❝✐♠❛ ♣❛r❛

❛✉①✐❧✐❛r✲♥♦s✱ r❡s✉❧t❛♥❞♦ ❡♠✿

P (Sp(T ) ≥ x) = E

[(

1 +
log(a)

θ

)M
]

exp

[

θ

(

1 +
log(x)

θ
− 1

)]

= exp

[

θ

(
log(x)

θ

)]

= exp [log(x)] = x.
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❆ ❢✉♥çã♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❞♦s r❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ✈✐st♦ ❝♦♠♦ ✈❛r✐á✈❡❧ ❛❧❡❛tó✲

r✐❛✱ ✉♠❛ ✈❡③ q✉❡ ❛ r❡❧❛çã♦ ❛ss✉♠✐❞❛ é ❞❛❞❛ ♣♦r H(T, θ) = − log (Sp(T ))✱ s❡❣✉❡ ✉♠❛

❞✐str✐❜✉✐çã♦ FH(T )✳ ❈♦♥❢♦r♠❡ ❞❛❞♦ ❛ s❡❣✉✐r ♣♦✐s s❡ v ∈ R✱ t❡♠♦s q✉❡

P [− log(Sp(T )) > v] = P [log(Sp(T )) ≤ −v] = P [Sp(T ) ≤ e−v]

=







0, e−v < e−θ

e−v, e−θ ≤ e−v < 1

1, e−v ≥ 1.

✭✸✳✻✮

❆ss✐♠✱ t❡♠♦s

P [− log(Sp(T )) > v] =







1, v ≤ 0

e−v, 0 < v ≤ θ

0, v > θ.

❙❡♠❡❧❤❛♥t❡ ❛♦ ❡♥❝♦♥tr❛❞♦ ♣♦r P❡♥❣ ❡ ❚❛②❧♦r ✭✷✵✶✼✮ ❡ ❙❝♦❧❛s ❡t ❛❧✳ ✭✷✵✶✽✮ q✉❛♥❞♦

❡st✉❞❛r❛♠ ❛ ❞✐str✐❜✉✐çã♦ ❛ss♦❝✐❛❞❛ ❛ H(T ; θ) ♣❛r❛ ♦ ❝❛s♦ ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦✱

❛ ❞✐str✐❜✉✐çã♦ ❛ss♦❝✐❛❞❛ ❛ ❡st❛ ❞❡✜♥✐çã♦ ❞❡ H(T ; θ) ♣❛r❛ ♦ ❝❛s♦ ❞♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡

♣r♦♠♦çã♦ s❡❣✉❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ♠✐st❛✳ ❙❡♥❞♦ q✉❡ ❛✐♥❞❛ q✉❡ ❛ ❞✐str✐❜✉✐çã♦ ❛ss♦❝✐❛❞❛ ❛

H(T ; θ) ♥ã♦ s❡❥❛ ❡①♣♦♥❡♥❝✐❛❧ ♣❛❞rã♦✱ ❝♦♠♦ ♥♦ ❝❛s♦ ❞♦s ♠♦❞❡❧♦s ❝❧áss✐❝♦s t❡rá ❝♦♠♣♦rt❛✲

♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧ ♣❛❞rã♦ ♥♦ ✐♥t❡r✈❛❧♦ [0, θ)✳ ❆ss✐♠✱ é ♣♦ssí✈❡❧ ✉t✐❧✐③❛r ♣❛r❛ ❛✈❛❧✐❛çã♦ ❞♦

❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦ ♦ r❡sí❞✉♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ❞❛❞♦ ♣♦r

rCS1i = −log
[

exp(−θ̂i(1− Ŝ0(yi)))
]

= θ̂i(1− Ŝ0(yi)) i = 1, . . . , n. ✭✸✳✼✮

❙❡ ♦ ❛❥✉st❡ ❡st✐✈❡r ❣❧♦❜❛❧♠❡♥t❡ ❛❞❡q✉❛❞♦✱ ❡st❡s r❡sí❞✉♦s ❡♠ ✭✸✳✷✮ s❡❣✉❡♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦

❞❡ ✉♠❛ ❛♠♦str❛ ❝❡♥s✉r❛❞❛ ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❡①♣♦♥❡♥❝✐❛❧ ♣❛❞rã♦ ♥♦ ✐♥t❡r✈❛❧♦ [0, θ)✳
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✹ ❊st✉❞♦s ❞❡ ❙✐♠✉❧❛çã♦

◆❡st❡ ❈❛♣ít✉❧♦ ✈❛♠♦s ✐❧✉str❛r✱ ❛tr❛✈és ❞❡ s✐♠✉❧❛çõ❡s✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ r❡sí❞✉♦s ❞♦

t✐♣♦ ❈♦①✲❙♥❡❧❧ ♥♦ ❞✐❛❣♥óst✐❝♦ ❞♦ ❛❥✉st❡ ❞❡ ♠♦❞❡❧♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛

♣❛r❛ ❛✈❛❧✐❛r ❝❛♣❛❝✐❞❛❞❡ ❞❡ r❡✈❡❧❛r ✈✐♦❧❛çõ❡s ❝♦♠ r❡s♣❡✐t♦ à ❞✐str✐❜✉✐çã♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛

❡✴♦✉ ❞❡ ❧❛tê♥❝✐❛ ❛ss✐♠ ❝♦♠♦ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ t❛♠❛♥❤♦ ❞❡ ❛♠♦str❛ ❡ ❞❛ ♣r♦♣♦rçã♦ ❞❡

❝❡♥s✉r❛✴❢r❛çã♦ ❞❡ ❝✉r❛ ♥♦ ❞✐❛❣♥óst✐❝♦✳

❯s❛♠♦s ♣❛r❛ ✐ss♦ ❛ ♣r♦♣♦st❛ ❞❡ r❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ❣❧♦❜❛❧ ❞❛❞❛ ❡♠ ❙❝♦❧❛s ❡t

❛❧✳ ✭✷✵✶✽✮ ♣❛r❛ ♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛ ♣❛❞rã♦✱ ❛ss✐♠ ❝♦♠♦ ❛ ❡①t❡♥sã♦ ❞❡st❛ ♣r♦♣♦st❛ ♣❛r❛ ♦

♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦ ❞❡s❡♥✈♦❧✈✐❞❛ ♥❡st❡ tr❛❜❛❧❤♦ ✭❙❡çã♦ ✸✮✳ ❆s s✐♠✉❧❛çõ❡s ❢♦r❛♠

r❡❛❧✐③❛❞❛s ♥♦ s♦❢t✇❛r❡ ❘ ❈♦r❡ ❚❡❛♠ ✭✷✵✶✽✮✱ ❝♦♠ ❜❛s❡ ❡♠ ✉♠❛ ❛❞❛♣t❛çã♦ ❞♦ ♣r♦❝❡❞✐♠❡♥t♦

❞❡s❝r✐t♦ ❡♠ ▲♦♦s❡ ✭✷✵✶✻✮ ❡ ❝♦♠ ♦ ✉s♦ ❞♦ ♣❛❝♦t❡ ❢❧❡①❝✉r❡ ✭❙✐❧✈❛ ❡ ❱❛❧❡♥ç❛ ✭✷✵✶✺✮✱ ❙✐❧✈❛

✭✷✵✶✺✮✮✳ ❖s ❝ó❞✐❣♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥♦ ❆♣ê♥❞✐❝❡ ❇✳

✹✳✶ ●❡r❛çã♦ ❞♦s ❞❛❞♦s ❡ ♦❜t❡♥çã♦ ❞❛s ❡st✐♠❛t✐✈❛s

❊♠ t♦❞♦s ♦s ❝❡♥ár✐♦s ♦s ❞❛❞♦s ❢♦r❛♠ ❣❡r❛❞♦ ❝♦♠ ❜❛s❡ ❡♠ ✉♠ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛

♣❛❞rã♦ ❲❡✐❜✉❧❧✳ ❋♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ♠♦❞❡❧♦s s❡♠ ❝♦✈❛r✐á✈❡✐s ❡ ❝♦♠ ❝♦✈❛r✐á✈❡✐s ❛♣❡♥❛s

♥❛ ❞✐str✐❜✉✐çã♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✳ ◆♦ ❝❛s♦ ❝♦♠ ❝♦✈❛r✐á✈❡✐s✱ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s ✸ ❝♦✈❛r✐á✈❡✐s✿

x1✱ ❝♦♠ ♦s ✈❛❧♦r❡s ❞❡ ❣❡r❛❞♦s ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ❝♦♠ ♠é❞✐❛ ✵✱✺ ❡ ✈❛r✐â♥❝✐❛

✶✱✺❀ x2✱ ❝♦♠ ✈❛❧♦r❡s ❣❡r❛❞♦s ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ✉♥✐❢♦r♠❡ ♥♦ ✐♥t❡r✈❛❧♦ [−3, 3] ❡ x3✱ ❝♦♠

✈❛❧♦r❡s ❣❡r❛❞♦s ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ❇❡r♥♦✉❧❧✐ ❝♦♠ ♣❛râ♠❡tr♦ ✵✱✺✳ ❖s t❛♠❛♥❤♦s ❛♠♦str❛✐s

❛ss✉♠✐❞♦s ❢♦r❛♠ n = 100, 250 ❡ 500✳ ❋♦r❛♠ ❣❡r❛❞♦s ✈❛❧♦r❡s ❞❛ ✈❛r✐á✈❡❧ M ❝♦♠ ❜❛s❡

♥❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❇❡r♥♦✉❧❧✐ ❝♦♠ ♣❛râ♠❡tr♦ (1 − θ(x⊤β))✱ s❡♥❞♦ x⊤β = β0 + β1x1 +

β2x2 + β3x3 ❡ ❝♦♥s✐❞❡r❛♥❞♦ ♣❛r❛ θ(x⊤β) ❛ ❢✉♥çã♦ ❞❡ ❧✐❣❛çã♦ ❞❛❞❛ ❡♠ ✭✷✳✽✮✳ ❆ ❢r❛çã♦ ❞❡

❝✉r❛ ❞❡s❡❥❛❞❛ ❢♦✐ ♦❜t✐❞❛ ❝♦♠ ❛ ❡s❝♦❧❤❛ ❛❞❡q✉❛❞♦ ❞♦ ✈❛❧♦r ❞❡ β0 ✭✈❡r ❚❛❜❡❧❛ ✶✮✳ ❖s ✈❛❧♦r❡s

✜①❛❞♦s ♣❛r❛ ♦s ❞❡♠❛✐s ❝♦❡✜❝✐❡♥t❡s ❢♦r❛♠ β1 = 0, 5✱ β2 = −1 ❡ β3 = 1✳

P❛r❛ i = 1, . . . , n✱ ❢♦r❛♠ ❣❡r❛❞❛s ❝❡♥s✉r❛s ❛❧❡❛tór✐❛s ci ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦ ✉♥✐❢♦r♠❡
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U(0, τ)✱ ❡♠ q✉❡ ❛ ❡s❝♦❧❤❛ ❞♦ ✈❛❧♦r ❞❡ τ ❛❢❡t❛ ♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ❝❡♥s✉r❛ ❞❡s❡❥❛❞❛ ♥❛ ❛♠♦str❛✳

P❛r❛ ❝❛❞❛ ✐♥❞✐✈í❞✉♦ ♥ã♦ ✐♠✉♥❡ (Mi = 1) ❢♦✐ ❣❡r❛❞♦ ✉♠ t❡♠♣♦ ti ❞❡ ✉♠❛ ❞✐str✐❜✉✐çã♦

❲❡✐❜✉❧❧(α, γ) ❝♦♥s✐❞❡r❛♥❞♦ α = 2 ❡ γ = 0, 5 ❡ ♦s t❡♠♣♦s ♦❜s❡r✈❛❞♦s yi ❢♦r❛♠ ♦❜t✐❞♦s

t♦♠❛♥❞♦ yi = min{ti, ci}✳ P❛r❛ ❝❛❞❛ ✐♥❞✐✈í❞✉♦ ❝✉r❛❞♦ (Mi = 0)✱ ❝♦♥s✐❞❡r❛♠♦s yi =

max{c1, ..., cn}✳ ❆ss♦❝✐❛❞♦ ❛ ❝❛❞❛ t❡♠♣♦ ♦❜s❡r✈❛❞♦ ❢♦✐ ❣❡r❛❞♦ ♦ ✐♥❞✐❝❛❞♦r ❞❡ ❢❛❧❤❛✱ δi = 1

s❡ yi = ti ❡ δi = 0 ❝❛s♦ ❝♦♥trár✐♦ ✭♦✉ s❡❥❛✱ s❡ ti > ci✱ ♦✉ s❡ ♦ ✐♥❞✐✈✐❞✉♦ é ❝✉r❛❞♦✮✳ P❛r❛

❞❡✜♥✐r ❛ ♣r♦♣♦rçã♦ ❞❡ ❝❡♥s✉r❛ ♥♦s ❞❛❞♦s ❣❡r❛❞♦s é ♣♦ssí✈❡❧ ❝♦♥s✐❞❡r❛r ❞✉❛s q✉❛♥t✐❞❛❞❡s✿

❛ ♣r♦♣♦rçã♦ ❞❡ ❝❡♥s✉r❛s ❡♥tr❡ ♦s ✐♥❞✐✈í❞✉♦s ♥ã♦ ❝✉r❛❞♦s ✭❞❡♥♦t❛❞❛ ♣♦r pc1✮ ❡ ♣r♦♣♦rçã♦

❞❡ ❝❡♥s✉r❛❞♦s ❡ ❝✉r❛❞♦s ❝♦♠ r❡s♣❡✐t♦ ❛ t♦❞❛s ❛s ✉♥✐❞❛❞❡s ❡♠ ❡st✉❞♦ ✭❞❡♥♦t❛❞♦ ♣♦r pc2✮✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❋♦♥s❡❝❛✱ ❱❛❧❡♥ç❛ ❡ ❇♦❧❢❛r✐♥❡ ✭✷✵✶✸✮✱ s❡ p0 ❞❡♥♦t❛ ❛ ♣r♦♣♦rçã♦ ❞❡

❝✉r❛❞♦s✱ ❛ r❡❧❛çã♦ ❡♥tr❡ ❡st❛ q✉❛♥t✐❞❛❞❡s é pc2 = pc1(1−p0)+p0✳ ❊♠❜♦r❛ ♥❛ ♣rát✐❝❛ s❡❥❛

♣♦ssí✈❡❧ ♦❜s❡r✈❛r ❛♣❡♥❛s pc2✱ ❝♦♥s✐❞❡r❛♠♦s ❛q✉✐ pc1 ❝♦♠♦ ❛ ♣r♦♣♦rçã♦ ❞❡ ❝❡♥s✉r❛✳ ◆❡st❛

s✐♠✉❧❛çã♦ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s três ♥í✈❡✐s ✭❧❡✈❡✱ ♠♦❞❡r❛❞♦ ❡ ❜❛✐①♦✮ ❞❡ ❝❡♥s✉r❛s✴❢r❛çã♦ ❞❡

❝✉r❛✱ s❡♥❞♦ ❡st❡s ♥í✈❡✐s ❝❛r❛❝t❡r✐③❛❞♦s ♣❡❧❛s ❝♦♠❜✐♥❛çõ❡s ❞♦s ♣❡r❝❡♥t✉❛✐s ❞❡ ❝❡♥s✉r❛ ✭pc1✮

❡ ❞❡ ❢r❛çã♦ ❞❡ ❝✉r❛ ✭p0✮✱ ❝♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ♥❛ ❚❛❜❡❧❛ ✶ ♣❛r❛ ♦ ❝❛s♦ s❡♠ ❝♦✈❛r✐á✈❡✐s✳

◆í✈❡✐s ❞❡ ❈❡♥s✉r❛ P❡r❝❡♥t✉❛✐s ❞❡ ❈❡♥s✉r❛ P❡r❝❡♥t✉❛✐s ❞❡ ❋r❛çã♦ ❞❡ ❈✉r❛
▲❡✈❡ ✷✵✪ ✶✵✪ ✭β0 = −2, 05✮

▼♦❞❡r❛❞♦ ✸✵✪ ✷✵✪ ✭β0 = −1, 36✮
❆❧t♦ ✹✵✪ ✸✵✪ ✭β0 = −0, 9✮

❚❛❜❡❧❛ ✶✿ P❡r❝❡♥t✉❛✐s ❞❡ ❝❡♥s✉r❛ ❡ ❢r❛çã♦ ❞❡ ❝✉r❛ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❣❡r❛r ♦s ❞❛❞♦s ♦❜t✐❞♦s✳

✹✳✷ ❆❥✉st❡ ❞♦s ❞❛❞♦s ❡ ♦❜t❡♥çã♦ ❞♦s r❡sí❞✉♦s

P❛r❛ ❛❥✉st❛r ❝❛❞❛ ❛♠♦str❛ ❣❡r❛❞❛ ♥♦s ❝❛s♦s ❝♦♠ ❝♦✈❛r✐á✈❡✐s ❡ s❡♠ ❝♦✈❛r✐á✈❡✐s ❢♦r❛♠

❝♦♥s✐❞❡r❛❞♦s q✉❛tr♦ ♠♦❞❡❧♦s✿ ✐✮ ♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❲❡✐❜✉❧❧ ✭♦ ♠♦❞❡❧♦ ❝♦rr❡t♦✮✱

✐✐✮ ♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❧♦❣✲♥♦r♠❛❧ ✭❛❥✉st❛ ❞❡ ❝♦♠ ♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ❞✐str✐❜✉✐çã♦

❞❡ ❧❛tê♥❝✐❛✮✱ ✐✐✐✮ ♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦ ❲❡✐❜✉❧❧ ✭❛❥✉st❡ ❝♦♠ ♠á ❡s♣❡❝✐✜❝❛çã♦

♥❛ ❞✐str✐❜✉✐çã♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✮ ❡ ✐✈✮ ♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦ ❧♦❣✲♥♦r♠❛❧✱ q✉❡

r❡♣r❡s❡♥t❛ ✉♠ ❛❥✉st❡ ❝♦♠ ♠á ❡s♣❡❝✐✜❝❛çã♦ t❛♥t♦ ♥❛ ❞✐str✐❜✉✐çã♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ q✉❛♥t♦

t❛♠❜é♠ ♥❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❧❛tê♥❝✐❛✳ ◆♦t❡ q✉❡ ❛♦ ❛❥✉st❛r ♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛ ♣❛❞rã♦

✉t✐❧✐③❛♠♦s ❛s ❡st✐♠❛t✐✈❛s ❣❡r❛❞❛s ♣❛r❛ ♦❜t❡r ♦s r❡sí❞✉♦s ❣❧♦❜❛✐s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ❞❛❞♦ ❡♠

✭✸✳✷✮✱ q✉❡ r❡♣r❡s❡♥t❛ ❛ ♣r♦♣♦st❛ ❞❛❞❛ ❡♠ ❙❝♦❧❛s ❡t ❛❧✳ ✭✷✵✶✽✮✳ ◗✉❛♥❞♦ ❛❥✉st❛♠♦s ♠♦❞❡❧♦s

❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦✱ ❝❛❧❝✉❧❛♠♦s ♦s r❡sí❞✉♦s ❣❧♦❜❛✐s ❝♦♠ ❜❛s❡ ❡♠ ✭✸✳✼✮ ✉t✐❧✐③❛♥❞♦✱ ❞❡st❛

❢♦r♠❛✱ ♦s r❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣r♦♣♦st♦s ♥❡st❡ tr❛❜❛❧❤♦✳



✸✼

P❛r❛ ❝❛❞❛ ❝❡♥ár✐♦✱ ❢♦r❛♠ ❣❡r❛❞❛s ✶✵✳✵✵✵ ré♣❧✐❝❛s ❞❡ ▼♦♥t❡ ❈❛r❧♦ ♥♦ ❝❛s♦ s❡♠ ❝♦✈❛✲

r✐á✈❡✐s ❡ ♥♦ ❝❛s♦ ❞❛ ❣❡r❛çã♦ ❞♦s ❞❛❞♦s ❝♦♠ ❝♦✈❛r✐á✈❡✐s ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ✷✳✵✵✵ ré♣❧✐❝❛s✳

✹✳✸ ❘❡s✉❧t❛❞♦s

❋♦r❛♠ r❡❛❧✐③❛❞❛s ✐♥✐❝✐❛❧♠❡♥t❡ s✐♠✉❧❛çõ❡s ❝♦♠ r❡s♣❡✐t♦ à ❡st✐♠❛çã♦ ❞♦s ♣❛râ♠❡tr♦s

❛tr❛✈és ❞♦s ❞❛❞♦s ❣❡r❛❞♦s ❝♦♠ ❛ ♣❛rt✐r ❞❡ ❛❧❣✉♥s ♠♦❞❡❧♦s ❡s❝♦❧❤✐❞♦s ♣❛r❛ ✈❛❧✐❞❛r ♥♦ss♦s

❝ó❞✐❣♦s✳ P❛r❛ ✈❡r✐✜❝❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❛♦s ❞❛❞♦s ❡ ❛✈❛❧✐❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s

r❡sí❞✉♦s ❣❧♦❜❛✐s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ❣rá✜❝♦s q✉❡ ✐♥❝❧✉❡♠ ♥♦ ❡✐①♦ x ♦s

✈❛❧♦r❡s ❞♦s r❡sí❞✉♦s ❣❧♦❜❛✐s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ❡ ♥♦ ❡✐①♦ y ✉♠❛ ❡st✐♠❛t✐✈❛ ♥ã♦ ♣❛r❛♠étr✐❝❛

❞❛ ❢✉♥çã♦ r✐s❝♦ ❛❝✉♠✉❧❛❞❛ ❝♦♠ ❜❛s❡ ♥❡st❡s r❡sí❞✉♦s✳ ❆ss✐♠✱ s❡ ♦ ❛❥✉st❡ ❢♦r ❛❞❡q✉❛❞♦✱

❡s♣❡r❛✲s❡ ♦❜t❡r ♣♦♥t♦s ❡♠ t♦r♥♦ ❞❛ r❡t❛ ❝♦♠ ❝♦❡✜❝✐❡♥t❡ ❛♥❣✉❧❛r ✶ ❡ ✐♥t❡r❝❡♣t♦ ✵ ✭✈❡r

❙❡çã♦ ✷✳✶✳✹✮✳

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ❝❛❞❛ ✉♠❛ ❞❛s ❛♠♦str❛s ❣❡r❛❞❛s ✭✶✵✳✵✵✵ ♥♦ ❝❛s♦ s❡♠ ❝♦✈❛r✐á✈❡✐s ❡

✷✳✵✵✵ ❝♦♠ ❝♦✈❛r✐á✈❡✐s✮ ♣r♦❞✉③❡♠ ✉♠ ❣rá✜❝♦✱ ❛♣r❡s❡♥t❛♠♦s✱ ❞❡ ❢♦r♠❛ s❡♠❡❧❤❛♥t❡ ❛ ❙❝♦❧❛s

❡t ❛❧✳ ✭✷✵✶✽✮✱ ♦s ♣♦♥t♦s s♦❜r❡♣♦st♦s ❞❛s r❡♣❧✐❝❛s ❡♠ ✉♠ ú♥✐❝♦ ❣rá✜❝♦ ♣❛r❛ ❝❛❞❛ ❝❡♥ár✐♦✳

P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ❝❡♥ár✐♦s s❡♠ ❝♦✈❛r✐á✈✐❡s ❡ ❝♦♠ n = 100 ❢♦r❛♠ r❡♣r❡s❡♥t❛❞♦s ✶✵✳✵✵✵

× ✶✵✵ ♣♦♥t♦s ❡♠ ❝❛❞❛ ❣rá✜❝♦✳

❆ ❋✐❣✉r❛ ✷ ❛♣r❡s❡♥t❛ ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ s❡♠ ❝♦✈❛r✐á✈❡✐s ♣❛r❛ ♦s

três t❛♠❛♥❤♦s ❞❡ ❛♠♦str❛ ❡ ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛✳ P❡r❝❡❜❛ q✉❡ s❡ t♦♠❛r♠♦s q✉❛❧q✉❡r ❞♦s

♥í✈❡✐s ❞❡ ❝❡♥s✉r❛✱ ♣❛r❛ ♦s t❛♠❛♥❤♦s ❞❡ ❛♠♦str❛ n = 100 t❡♠♦s ✉♠❛ ❞✐s♣❡rsã♦ ♠❛✐♦r

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

s❡ ♠❡❧❤♦r✐❛s ♥❛ q✉❛❧✐❞❛❞❡ ❞♦ ❛❥✉st❡✱ ♦✉ s❡❥❛✱ ❛ ♠❡❞✐❞❛ q✉❡ ❞❡♥tr♦ ❞♦ ♠❡s♠♦ ♥í✈❡❧ ❞❡

❝❡♥s✉r❛ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❛✉♠❡♥t❛✱ ❞✐♠✐♥✉✐ ❛ ❞✐s♣❡rsã♦ ❞♦s ♣♦♥t♦s s♦❜r❡ ❛ r❡t❛✱

✉♠❛ ✈❡③ q✉❡ ❡st❛ ✜❣✉r❛ r❡♣r❡s❡♥t❛ ♦ ❛❥✉st❡ ❝♦rr❡t♦ ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❲❡✐❜✉❧❧

s❡♠ ❝♦✈❛r✐á✈❡✐s✳ ❊st❡ ❣rá✜❝♦ ♣♦❞❡ s❡r ✉♠❛ ♦♣çã♦ ❞❡ ❡s❝♦❧❤❛ ❞♦ ♠♦❞❡❧♦ ❛❥✉st❛❞♦ ♣❛r❛ ♦s

❞❛❞♦s q✉❛♥❞♦ ♥ã♦ t❡♠♦s ❝♦✈❛r✐á✈❡✐s ♥♦ ♠♦❞❡❧♦ ❡ t❛♠❜é♠ s❡r✈✐r ❞❡ ✉♠❛ ❛♥á❧✐s❡ ✐♥✐❝✐❛❧ ❞♦

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

◆♦ ❝❛s♦ ❞❛ ❋✐❣✉r❛ ✸✱ q✉❡ ❛♣r❡s❡♥t❛ ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❝♦♠ ❝♦✈❛✲

r✐á✈❡✐s ♥❛ ❧❛tê♥❝✐❛✱ ❞❡✈❡ s❡r ❛♥❛❧✐s❛❞❛ ❞❡ ❢♦r♠❛ s✐♠✐❧❛r ❛ ❋✐❣✉r❛ ✷✱ s❡♥❞♦ q✉❡ ♣❛r❛ ❡st❛ ❛s

❝♦✈❛r✐á✈❡✐s ✐♥s❡r❡♠ ✉♠❛ ❤❡t❡r♦❣❡♥❡✐❞❛❞❡ ♣❛r❛ ❝❛❞❛ ✐♥❞✐✈í❞✉♦ i✱ ❝♦♠ i = 1, . . . , n✳ ❈♦♠

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

✉♠❛ ❞✐s♣❡rsã♦ ♠❛✐♦r ❞♦ q✉❡ ♥♦ ❝❛s♦ s❡♠ ❝♦✈❛r✐á✈❡✐s✳ ❱❛♠♦s ❝♦♥s✐❞❡r❛r ♦ ♥í✈❡❧ ❞❡ ❝❡♥s✉r❛

♠♦❞❡r❛❞♦✱ ♣♦r ❡①❡♠♣❧♦✳ ◆❡st❡ ❝❛s♦✱ ❝♦♠♦ ♥♦s ♦✉tr♦s ❞♦✐s ❝❛s♦s✱ ♣❡r❝❡❜❡✉✲s❡ q✉❡ ❛ ♠❡❞✐❞❛



✸✽

❋✐❣✉r❛ ✷✿ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦
❲❡✐❜✉❧❧ s❡♠ ❝♦✈❛r✐á✈❡✐s ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱ ♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛
❜❛✐①♦✮ ❡ t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛ ♣❛r❛ ❛ ❞✐r❡✐t❛✮✳

q✉❡ ❛✉♠❡♥t♦✉✲s❡ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❛ ❞✐s♣❡rsã♦ ❞♦s ❞❛❞♦s ❞✐♠✐♥✉✐✉✱ ❞❡♠♦♥str❛♥❞♦

❛ss✐♠ q✉❡ ♠❡s♠♦ ❡♠ t❛♠❛♥❤♦s ❞❡ ❛♠♦str❛ ♠❡♥♦r❡s ✭♥❡st❡ ❝❛s♦ n = 100✮ ♣♦ss❛ s❡r ❡♥✲

❝♦♥tr❛❞❛ ✉♠❛ ❞✐s♣❡rsã♦ ♠❛✐♦r ❡ ✉♠❛ ✐♠♣r❡ssã♦ ❞❡ ✉♠ ❛❥✉st❡ ♠❛❧ ❡s♣❡❝✐✜❝❛❞♦✳ ❆ ♠❡❞✐❞❛

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

❡s♣❡❝✐✜❝❛çã♦ ❝♦rr❡t❛ ♥♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦✳

❆s ❋✐❣✉r❛s ✹ ❡ ✺ ❞✐③❡♠ r❡s♣❡✐t♦ ❛♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❧♦❣✲♥♦r♠❛❧ ♥♦

❝❛s♦ s❡♠ ❝♦✈❛r✐á✈❡✐s ❡ ❝♦♠ ❝♦✈❛r✐á✈❡✐s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ ❋✐❣✉r❛ ✹ ❛♣r❡s❡♥t❛ ✉♠❛ ❝❧❛r❛

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

❞❡ ❝♦❡✜❝✐❡♥t❡ ❛♥❣✉❧❛r ✶✳ ❖❜s❡r✈❛✲s❡ q✉❡ ❛ ❛♣❛rê♥❝✐❛ ❞❡ ✈✐♦❧❛çã♦ ✜❝❛ ♠❡♥♦s ✈✐sí✈❡❧ ♥♦s

❣rá✜❝♦s à ♠❡❞✐❞❛ q✉❡ ♦ ♥í✈❡❧ ❞❡ ❝❡♥s✉r❛✴❢r❛çã♦ ❞❡ ❝✉r❛ ❛✉♠❡♥t❛✱ s❡♥❞♦ q✉❡ ✉♠ ❛✉♠❡♥t♦



✸✾

❋✐❣✉r❛ ✸✿ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦
❲❡✐❜✉❧❧ ❝♦♠ ❝♦✈❛r✐á✈❡✐s ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱ ♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛
❜❛✐①♦✮ ❡ t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛ ♣❛r❛ ❛ ❞✐r❡✐t❛✮✳

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

✈❡③ q✉❡ ❛❝rés❝✐♠♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ✐♥❝♦♠♣❧❡t❛s ✭❝❡♥s✉r❛s✮ ♥♦s ❞❛❞♦s ♣♦❞❡♠ ❧❡✈❛r ❛ ❡ss❛s

❝♦♥❝❧✉sõ❡s✳ ❖ ❝♦♠♣♦rt❛♠❡♥t♦ q✉❡ ♣♦❞❡ s❡ ❡s♣❡r❛r ♣❛r❛ ❡st❡ t✐♣♦ ❞❡ ♠á ❡s♣❡❝✐✜❝❛çã♦ ✭♥❛

❞✐str✐❜✉✐çã♦ ❞❛ ❧❛tê♥❝✐❛✮ ✜❝❛ ❜❡♠ ❡st❛❜❡❧❡❝✐❞♦ ❝♦♠ ♥í✈❡❧ ❞❡ ❝❡♥s✉r❛ ❧❡✈❡ ♣❛r❛ ♦ ♠❛✐♦r

t❛♠❛♥❤♦ ❞❡ ❛♠♦str❛ ✭n = 500✮✳

❆ ❋✐❣✉r❛ ✺ ❛♣r❡s❡♥t❛ ♦ ❝❛s♦ ❞❡ ✉♠ ❛❥✉st❡ ❝♦♠ ♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ❞✐str✐❜✉✐çã♦ ❞❡

❧❛tê♥❝✐❛ ♥❛ ♣r❡s❡♥ç❛ ❞❡ ❝♦✈❛r✐á✈❡✐s ♥❛ ❞✐str✐❜✉✐çã♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✳ ❈♦♠♦ ❡s♣❡r❛❞♦✱ ❞❡✈✐❞♦

❛♦ ❡❢❡✐t♦ ❝❛✉s❛❞♦ ♣❡❧❛s ❝♦✈❛r✐á✈❡✐s t❡♠♦s q✉❡ ❛ ❞✐s♣❡rsã♦ ♥♦s ♣♦♥t♦s s♦❜r❡ ♦s ❣rá✜❝♦s é ❜❡♠

♠❛✐♦r s❡ ❝♦♠♣❛r❛❞♦ à ❋✐❣✉r❛ ✹ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ♠❡s♠♦ ❛❥✉st❡ ♣❛r❛ ♦ ❝❛s♦ s❡♠ ❝♦✈❛r✐á✈❡✐s✳

❈♦♠♣❛r❛❞♦ à ❋✐❣✉r❛ ✸ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ♣♦♥t♦s ❝♦♠ ❝♦♥❝❡♥tr❛çã♦



✹✵

❛❝✐♠❛ ❞❛ r❡t❛ ❞❡ ❝♦❡✜❝✐❡♥t❡ ❛♥❣✉❧❛r ✶✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ❣rá✜❝♦ ❞❡

s✐♥❛❧✐③❛r ✈✐♦❧❛çã♦ é ❛❢❡t❛❞❛ ♣❡❧♦ s❡✉ t❛♠❛♥❤♦ ❞❡ ❛♠♦str❛ ❡ ♥í✈❡❧ ❞❡ ❝❡♥s✉r❛✳ ❊♥q✉❛♥t♦ ♦

❛✉♠❡♥t♦ ♥♦ t❛♠❛♥❤♦ ❞❡ ❛♠♦str❛ ♣❛r❡❝❡ ❝♦♥✜r♠❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❡ ✈✐♦❧❛çã♦✱ ♦ ❛✉♠❡♥t♦

❞❛ ❝❡♥s✉r❛✴❢r❛çã♦ ❞❡ ❝✉r❛ ♦ t♦r♥❛ ♠❡♥♦s ✈✐sí✈❡❧✳ P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ♦ ♥í✈❡❧ ❞❡ ❝❡♥s✉r❛

❛❧t❛✱ t❡♠♦s q✉❡ s❡ ♦❜s❡r✈❛r♠♦s ♦s três t❛♠❛♥❤♦s ❞❡ ❛♠♦str❛ ✭♥ ❂ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵✮✱ ❡

❝♦♠♣❛r❛r♠♦s ❝♦♠ ♦s ✸ ❣rá✜❝♦s ❡q✉✐✈❛❧❡♥t❡s ♥❛ ❋✐❣✉r❛ ✸ ♣♦❞❡r✐❛✲s❡ ✐♥❢❡r✐r q✉❡ ♦ ♠♦❞❡❧♦

❛❥✉st❛❞♦ ❛♦s ❞❛❞♦s é s❛t✐s❢❛tór✐♦✱ ❡♠❜♦r❛ ❝♦♠ ♦ ❛✉♠❡♥t♦ ♥♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛✱ ❛

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

❋✐❣✉r❛ ✹✿ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦
▲♦❣✲◆♦r♠❛❧ s❡♠ ❝♦✈❛r✐á✈❡✐s ✭♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ❧❛tê♥❝✐❛✮ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱
♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛ ❜❛✐①♦✮ ❡ t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛ ♣❛r❛
❛ ❞✐r❡✐t❛✮✳

❆s ❋✐❣✉r❛s ✻ ❡ ✼ ❛♣r❡s❡♥t❛♠ ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦ ❲❡✐❜✉❧❧



✹✶

❋✐❣✉r❛ ✺✿ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦
▲♦❣✲◆♦r♠❛❧ ❝♦♠ ❝♦✈❛r✐á✈❡✐s ✭♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ❧❛tê♥❝✐❛✮ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱
♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛ ❜❛✐①♦✮ ❡ t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛ ♣❛r❛
❛ ❞✐r❡✐t❛✮✳

♣❛r❛ ♦s ❞❛❞♦s ❣❡r❛❞♦s ♥♦s ❝❛s♦s s❡♠ ❝♦✈❛r✐á✈❡✐s ❡ ❝♦♠ ❝♦✈❛r✐á✈❡✐s✳ ❆ ❋✐❣✉r❛ ✻ ❛♣r❡s❡♥t❛

✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ r❡s✉❧t❛♥t❡ ❞❛ ♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ❞✐str✐❜✉✐çã♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❡♠ ❝❛❞❛

✉♠ ❞♦s ❣rá✜❝♦s✳ ❆ ❢♦r♠❛ r❡s✉❧t❛♥t❡ ❞❡ ❝❛❞❛ ❣rá✜❝♦✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ ♥í✈❡❧ ❞❡ ❝❡♥s✉r❛

♦✉ t❛♠❛♥❤♦ ❛♠♦str❛❧✱ ❛♣r❡s❡♥t❛ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❜❡♠ ❞✐❢❡r❡♥t❡ ❞♦ ❝❛s♦ ♦♥❞❡ ♥ã♦ ❤á

♠á ❡s♣❡❝✐✜❝❛çã♦ ♥♦ ❛❥✉st❡✳ ❆ ❞✐s♣♦s✐çã♦ ♥♦s ♣♦♥t♦s ❞❡ ❝❛❞❛ ❣rá✜❝♦ ❞❛s ❋✐❣✉r❛s ✻ ❡ ✼

❞❡♠♦♥str❛♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦s r❡sí❞✉♦s ♣r♦♣♦st♦s ♥❡st❡ tr❛❜❛❧❤♦ ✭❙❡çã♦ ✸✳✷✮ ❡♠ ❝❛♣t❛r ❛

❢✉❣❛ ❞♦ ♣r❡ss✉♣♦st♦ ❛ss✉♠✐❞♦ ♣❛r❛ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❡ ❧❛tê♥❝✐❛✳

❆s ❋✐❣✉r❛s ✽ ❡ ✾ ❛♣r❡s❡♥t❛♠ ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦ ❧♦❣✲♥♦r♠❛❧

♣❛r❛ ♦s ❞❛❞♦s ❣❡r❛❞♦s ♥♦s ❝❛s♦s s❡♠ ❝♦✈❛r✐á✈❡✐s ❡ ❝♦♠ ❝♦✈❛r✐á✈❡✐s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖s



✹✷

❋✐❣✉r❛ ✻✿ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦✲
♠♦çã♦ ❲❡✐❜✉❧❧ s❡♠ ❝♦✈❛r✐á✈❡✐s ✭♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ✐♥❝✐❞ê♥❝✐❛✮ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛
❧❡✈❡✱ ♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛ ❜❛✐①♦✮ ❡ t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛
♣❛r❛ ❛ ❞✐r❡✐t❛✮✳

❛❥✉st❡s ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✽ ❢♦r❛♠ r❡❛❧✐③❛❞♦s ❝♦♥s✐❞❡r❛♥❞♦ ♠á ❡s♣❡❝✐✜❝❛çã♦ t❛♥t♦ ♥❛

❞✐str✐❜✉✐çã♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ q✉❛♥t♦ t❛♠❜é♠ ♥❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❧❛tê♥❝✐❛✳ ❖ ❝♦♠♣♦rt❛♠❡♥t♦

❛♣r❡s❡♥t❛❞♦ ♥♦s ❣rá✜❝♦s ❢♦✐ ❞❡ ♣♦♥t♦s ❞✐s♣♦st♦s✱ ❡♠ s✉❛ ♠❛✐♦r✐❛✱ ❛❝✐♠❛ ❞❛ r❡t❛ ❞❡ ❝♦❡✜✲

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

♠♦❞❡r❛❞❛ ❡ ❛❧t❛✳ ❏á ♥♦ ❝❛s♦ ❞♦ ♥í✈❡❧ ❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱ ♦s três ❣rá✜❝♦s ♣❛r❛ ♦s t❛♠❛♥❤♦s

❞❡ ❛♠♦str❛ n = 100, 250 ❡ 500 ❛♣r❡s❡♥t❛♠ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❝♦♠ ❛ ♠❛✐♦r✐❛ ❞♦s ♣♦♥✲

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

s❡♥❞♦ ❡st❛ ♠❛✐s ❛❝❡♥t✉❛❞❛ ♥♦ t❛♠❛♥❤♦ ❞❡ ❛♠♦str❛ n = 100 ❡ s❡♥❞♦ s✉❛✈✐③❛❞❛ ❛ ♠❡❞✐❞❛

q✉❡ ❛✉♠❡♥t♦✉✲s❡ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛✱ ✐♥❞✐❝❛♥❞♦✲♥♦s q✉❡ ❛❥✉st❡s ❝♦♠ ♠á ❡s♣❡❝✐✜❝❛çã♦

❞❡st❡ t✐♣♦ ♣♦❞❡♠ ❝♦♠♣♦rt❛r✲s❡ t❛♥t♦ ❝♦♠ ✉♠❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ♣♦♥t♦s ❛❝✐♠❛ ❞❛ r❡t❛ ❞❡



✹✸

❋✐❣✉r❛ ✼✿ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦✲
♠♦çã♦ ❲❡✐❜✉❧❧ ❝♦♠ ❝♦✈❛r✐á✈❡✐s ✭♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ✐♥❝✐❞ê♥❝✐❛✮ ♣❛r❛ ♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛
❧❡✈❡✱ ♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛ ❜❛✐①♦✮ ❡ t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵ ✭❡sq✉❡r❞❛
♣❛r❛ ❛ ❞✐r❡✐t❛✮✳

✐♥❝❧✐♥❛çã♦ ✶ ❝♦♠♦ t❛♠❜é♠ ❛❜❛✐①♦ ❞❡st❛ r❡t❛✳

❆ ❋✐❣✉r❛ ✾ ❛♣r❡s❡♥t❛ ♦s ♣♦♥t♦s ❞✐s♣♦st♦s ♥♦s ❣rá✜❝♦s ❞❡ ❢♦r♠❛ s❡♠❡❧❤❛♥t❡ ❛♦ q✉❡

♦❝♦rr❡✉ ♥♦ ❝❡♥ár✐♦ ❝♦♠ ♠á ❡s♣❡❝✐✜❝❛çã♦ ❛♣❡♥❛s ♥❛ ❧❛tê♥❝✐❛ ✭❋✐❣✉r❛ ✺✮✳ P❛r❛ ♦s t❛♠❛♥❤♦s

❞❡ ❛♠♦str❛ n = 100✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦s ♥í✈❡✐s ❞❡ ❝❡♥s✉r❛✱ ❛ ♠á ❡s♣❡❝✐✜❝❛çã♦ ♥♦s ❛❥✉st❡s

✜❝♦✉ ♠❡♥♦s ❡✈✐❞❡♥❝✐❛❞❛ q✉❡ ♥♦ ❝❛s♦ q✉❛♥❞♦ ❛✉♠❡♥t♦✉✲s❡ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛✳



✹✹

❋✐❣✉r❛ ✽✿ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦
▲♦❣✲◆♦r♠❛❧ s❡♠ ❝♦✈❛r✐á✈❡✐s ✭♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ✐♥❝✐❞ê♥❝✐❛ ❡ ♥❛ ❧❛tê♥❝✐❛✮ ♣❛r❛ ♦s ♥í✈❡✐s
❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱ ♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛ ❜❛✐①♦✮ ❡ t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵
✭❡sq✉❡r❞❛ ♣❛r❛ ❛ ❞✐r❡✐t❛✮✳
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❋✐❣✉r❛ ✾✿ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦
▲♦❣✲◆♦r♠❛❧ ❝♦♠ ❝♦✈❛r✐á✈❡✐s ✭♠á ❡s♣❡❝✐✜❝❛çã♦ ♥❛ ✐♥❝✐❞ê♥❝✐❛ ❡ ♥❛ ❧❛tê♥❝✐❛✮ ♣❛r❛ ♦s ♥í✈❡✐s
❞❡ ❝❡♥s✉r❛ ❧❡✈❡✱ ♠♦❞❡r❛❞♦ ❡ ❛❧t♦ ✭❞❡ ❝✐♠❛ ♣❛r❛ ❜❛✐①♦✮ ❡ t❛♠❛♥❤♦ ❛♠♦str❛❧ ✶✵✵✱ ✷✺✵ ❡ ✺✵✵
✭❡sq✉❡r❞❛ ♣❛r❛ ❛ ❞✐r❡✐t❛✮✳
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✺ ❆♣❧✐❝❛çã♦

◆❡st❡ ❈❛♣ít✉❧♦ ✈❛♠♦s ❛♣r❡s❡♥t❛r ✉♠❛ ❛♣❧✐❝❛çã♦ ❛ ❞❛❞♦s r❡❛✐s ♣❛r❛ ✉t✐❧✐③❛çã♦ ❞♦s

r❡sí❞✉♦s ♣r♦♣♦st♦s ♥♦ ❈❛♣ít✉❧♦ ✸✳ ❖s ❞❛❞♦s ❛q✉✐ ✉t✐❧✐③❛❞♦s ❡♥❝♦♥tr❛♠✲s❡ ♦r✐❣✐♥❛❧♠❡♥t❡ ❡♠

❊❞♠♦♥s♦♥ ❡t ❛❧✳ ✭✶✾✼✾✮ ❡ ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ♥♦ ♣❛❝♦t❡ s✉r✈✐✈❛❧ ✭❚❍❊❘◆❊❆❯✱ ✷✵✶✺✮

♣♦r ♥♦♠❡ ♦✈❛r✐❛♥ ❞♦ s♦❢t✇❛r❡ ❘ ❈♦r❡ ❚❡❛♠ ✭✷✵✶✽✮✳ ❖ ♦❜❥❡t✐✈♦ ♦r✐❣✐♥❛❧ ❞❡ ❊❞♠♦♥s♦♥

❡t ❛❧✳ ✭✶✾✼✾✮ ❢♦✐ ♦ ❞❡ ✉t✐❧✐③❛r ✉♠ ❡♥s❛✐♦ ❛❧❡❛t♦r✐③❛❞♦ ♣❛r❛ ❝♦♠♣❛r❛r ❛ ❡✜❝á❝✐❛ ❞❡ ❞♦✐s

tr❛t❛♠❡♥t♦s ♣❛r❛ ❝â♥❝❡r ❞❡ ♦✈ár✐♦ ❡♠ ✷✻ ♣❛❝✐❡♥t❡s✳

❆ ❋✐❣✉r❛ ✶✵ r❡♣r❡s❡♥t❛ ♦ ❣rá✜❝♦ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❡♠♣ír✐❝❛ ❡st✐♠❛❞❛ ❞❡

❢♦r♠❛ ♥ã♦ ♣❛r❛♠étr✐❝❛ ❛tr❛✈és ❞♦ ❡st✐♠❛❞♦r ❞❡ ❑❛♣❧❛♥✲▼❡✐❡r✳ ❆ss✐♠ ❝♦♠♦ ❢♦✐ ❝♦♠❡♥t❛❞♦

♥♦ ❈❛♣ít✉❧♦ ✷✱ ✉♠❛ ✈❡③ q✉❡ ❛ ❝✉r✈❛ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❡st✐♠❛❞❛ ❡st❛❜✐❧✐③❡✲s❡ ❜❡♠ ❛❝✐♠❛

❞❡ ③❡r♦ ❡ ♦ t❡♠♣♦ ❞❡ ♦❜s❡r✈❛çã♦ s❡❥❛ s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡✱ t❡♠♦s ✐♥❞í❝✐♦s ♣❛r❛ ✐♥✈❡s✲

t✐❣❛r ❛ ♣♦ssí✈❡❧ ❢r❛çã♦ ❞❡ ❝✉r❛❞♦s ❡①✐st❡♥t❡s ♥♦s ❞❛❞♦s ♦✈❛r✐❛♥✳ ◆♦ ♥♦ss♦ ❝❛s♦✱ ❛ ❝✉r✈❛

❡st❛❜✐❧✐③♦✉✲s❡ ❡♠ t♦r♥♦ ❞❡ ✵✱✺✱✵✱ ♥♦s ❢♦r♥❡❝❡♥❞♦ ✉♠ ✐♥❞✐❝❛t✐✈♦ ❞❛ ♣r❡s❡♥ç❛ ❞❛ ❢r❛çã♦ ❞❡

❝✉r❛ ♥♦s ❞❛❞♦s✳

❋✐❣✉r❛ ✶✵✿ ❈✉r✈❛ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❡st✐♠❛❞❛s ✈✐❛ ❑❛♣❧❛♥✲▼❡✐❡r ♣❛r❛ ❞❛❞♦s ♦✈❛r✐❛♥✳



✹✼

✺✳✶ ❆❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❞❡ r❡❣r❡ssã♦ ❛♦s ❞❛❞♦s

❖s t❡♠♣♦s r❡❢❡r❡♥t❡s ❛♦s ❞❛❞♦s ♦✈❛r✐❛♥ sã♦ ❞✐s♣♦st♦s ❡♠ ❞✐❛s ❛té ❛ ♠♦rt❡ ❞♦ ♣❛❝✐❡♥t❡

♣♦r ❝❛✉s❛ ❞♦ ❝â♥❝❡r ❞❡ ♦✈ár✐♦ ♦✉ ❛ ♦❝♦rrê♥❝✐❛ ❞❛ ❝❡♥s✉r❛✱ ✉♠❛ ✈❡③ q✉❡ ❡st❛ é r❡♣r❡s❡♥t❛❞❛

♣❡❧❛ ♣❡r❞❛ ❞❛ ✐♥❢♦r♠❛çã♦ ❞♦ ♣❛❝✐❡♥t❡ ♦✉ ♠♦rt❡ ❞❡st❡ ♣♦r ❝❛✉s❛ q✉❡ ♥ã♦ ♦ ❝â♥❝❡r ❡♠

❡st✉❞♦✳ ❆s ♦✉tr❛s ✐♥❢♦r♠❛çõ❡s ❡♥✈♦❧✈✐❞❛s sã♦ t✐♣♦ ❞❡ tr❛t❛♠❡♥t♦✱ ❛ ♣r❡s❡♥ç❛ ♦✉ ♥ã♦ ❞❡

❞♦❡♥ç❛ r❡s✐❞✉❛❧✱ ✉♠❛ ♠❡❞✐❞❛ ❞❡ ♣❡r❢♦r♠❛♥❝❡ ❡ ✐❞❛❞❡✳

▲♦♦s❡ ✭✷✵✶✻✮ ❛❥✉st♦✉ ✉♠ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦ ❲❡✐❜✉❧❧ ❛♦s ❞❛❞♦s ❝♦♥s✐✲

❞❡r❛♥❞♦ ❛s ❝♦✈❛r✐á✈❡✐s ✐♥s❡r✐❞❛s ♥♦ ♠♦❞❡❧♦ ❛tr❛✈és ❞♦ ♣❛râ♠❡tr♦ θi = exp(x⊤

i β)✱ i =

1, . . . , 26✳ ❘❡❛❧✐③❛♥❞♦ t❡st❡s ❞❡ ❤✐♣ót❡s❡s ❝♦♥st❛t♦✉ ❛ s✐❣♥✐✜❝â♥❝✐❛ ❛♣❡♥❛s ❞♦ ♣❛râ♠❡tr♦

❛ss♦❝✐❛❞♦ ❛♦ ❢❛t♦r ✐❞❛❞❡✳ ❆ss✐♠✱ ♦ ♠♦❞❡❧♦ ✜♥❛❧ ❝♦♥s✐❞❡r❛❞♦ ♣♦r ▲♦♦s❡ ✭✷✵✶✻✮ é r❡♣r❡s❡♥✲

t❛❞♦ ♣❡❧❛ s❡❣✉✐♥t❡ ❢r❛çã♦ ❞❡ ❝✉r❛

pθi(0) = exp{− exp(xiβ)}, ✭✺✳✶✮

❡♠ q✉❡ xi ❛ss✉♠❡ ✈❛❧♦r ✵ s❡ ✐❞❛❞❡ < ♠❡❞✐❛♥❛ ✭56, 84✮ ❡ ✈❛❧♦r ✶ s❡ ✐❞❛❞❡ ≥ ♠❡❞✐❛♥❛✳

❆ ✜♠ ❞❡ ❛✈❛❧✐❛r ♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❛♦s ❞❛❞♦s✱ ❛❧é♠ ❞♦ ♠♦❞❡❧♦ ❛❝✐♠❛ ❢♦r❛♠ ❝♦♥s✐✲

❞❡r❛❞♦s ♦✉tr♦s ❛❥✉st❡s✱ ❛ s❛❜❡r✿ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦ ❧♦❣✲♥♦r♠❛❧✱ r❡♣r❡s❡♥t❛❞♦

t❛♠❜é♠ ♣♦r ✭✺✳✶✮✱ ❡ ♦s ♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❲❡✐❜✉❧❧ ❡ ❧♦❣✲♥♦r♠❛❧✱ r❡♣r❡s❡♥t❛❞♦s

♣❡❧❛ ❢r❛çã♦ ❞❡ ❝✉r❛

pθi(0) =
exp(xiβ)

1 + exp(xiβ)
. ✭✺✳✷✮

❖❜s❡r✈❛♥❞♦ ❛ ❋✐❣✉r❛ ✶✶✱ ✈❛♠♦s ❡s❝♦❧❤❡r ♦ ❛❥✉st❡ q✉❡ ♠❛✐s s❡ ❛♣r♦①✐♠❛ ❞❛ r❡t❛ ❞❡

❝♦❡✜❝✐❡♥t❡ ❞❡ ✐♥❝❧✐♥❛çã♦ ✶✳ ❇❛s❡❛❞♦s ♥✐ss♦✱ ♦ ❛❥✉st❡ ❡s❝♦❧❤✐❞♦ ❢♦✐ ♦ ♠♦❞❡❧♦ ❞❡ t❡♠♣♦ ❞❡

♣r♦♠♦çã♦ ❲❡✐❜✉❧❧✳ ❖ ❝r✐tér✐♦ ❆■❈ ❢♦✐ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡s❝♦❧❤❛ ❞♦ ❛❥✉st❡ ❞♦ ♠♦❞❡❧♦ ❛♦s

❞❛❞♦s ✭✈❛❧♦r❡s ✐♥❝❧✉í❞♦s ♥❛ ❋✐❣✉r❛ ✶✶✮ ❡ ❝♦rr♦❜♦r❛ ❝♦♠ ❛ ❡s❝♦❧❤❛ ❣rá✜❝❛ ❢❡✐t❛ ❛❝✐♠❛✳

❆ ❚❛❜❡❧❛ ✷ ❛♣r❡s❡♥t❛ ❛s ❡st✐♠❛t✐✈❛s ❡ ♦s ❡rr♦s✲♣❛❞rã♦ ✭❡♥tr❡ ♣❛rê♥t❡s❡s✮ ♣❛r❛ ♦s

♣❛râ♠❡tr♦s ❞♦s q✉❛tr♦ ♠♦❞❡❧♦s ❛❥✉st❛❞♦s ❛♦s ❞❛❞♦s ❞❡ ❝â♥❝❡r ❞❡ ♦✈ár✐♦✳

▼♦❞❡❧♦s β0 β1 µ σ

▼❚P✲❲❡✐❜✉❧❧ ✲✵✱✾✵✺✹✭✵✱✹✾✽✽✮ ✶✱✶✶✾✺✭✵✱✻✶✶✾✮ ✻✱✶✽✾✶✭✵✱✶✽✽✶✮ ✵✱✽✸✼✹✭✵✱✷✻✷✶✮
▼▼P✲❲❡✐❜✉❧❧ ✵✱✼✾✷✷✭✵✱✻✸✶✺✮ ✲✶✱✻✾✶✸✭✵✱✾✹✼✹✮ ✻✱✵✸✹✼✭✵✱✶✻✸✶✮ ✵✱✼✶✽✼✭✵✱✷✼✶✵✮

▼❚P✲❧♦❣✲♥♦r♠❛❧ ✲✵✱✷✽✷✺✭✶✱✽✺✾✵✮ ✶✱✷✵✾✶✭✵✱✻✷✾✵✮ ✻✱✽✶✾✵✭✷✱✸✹✽✽✮ ✵✱✵✼✶✸✭✵✱✽✹✽✹✮
▼▼P✲❧♦❣✲♥♦r♠❛❧ ✵✱✺✷✵✵✭✵✱✼✸✼✼✮ ✲✶✱✾✸✵✵✭✶✱✸✼✾✶✮ ✺✱✾✻✶✺✭✵✱✸✼✶✵✮ ✲✵✱✶✻✻✾✭✵✱✸✵✹✷✮

❚❛❜❡❧❛ ✷✿ ❊st✐♠❛t✐✈❛s ✭❡rr♦s✲♣❛❞rã♦✮ ♣❛r❛ ♦s ♣❛râ♠❡tr♦s ❞♦s ♠♦❞❡❧♦s ❛❥✉st❛❞♦s ❛♦s ❞❛❞♦s
❞❡ ❝â♥❝❡r ❞❡ ♦✈ár✐♦✳



✹✽

❋✐❣✉r❛ ✶✶✿ ❘❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ♣❛r❛ ♦s ❛❥✉st❡s ❞♦s ❞❛❞♦s ♦✈❛r✐❛♥✳



✹✾

✻ ❈♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s

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

❡st❡❥❛ ❝✉r❛❞❛ ❡ ✉♠❛ ♦✉tr❛ ❡st❡❥❛ s✉s❝❡tí✈❡❧ ❛♦ ❡✈❡♥t♦ ❡♠ ❡st✉❞♦✳ ❊♠ ✉♠❛ ❛❜♦r❞❛❣❡♠

❣❡r❛❧✱ ❡st❡s ♠♦❞❡❧♦s ❡♥✈♦❧✈❡♠ ❛ s✉♣♦s✐çã♦ ❞❡ ❞✉❛s ❞✐str✐❜✉✐çõ❡s✿ ❛ ❞✐str✐❜✉✐çã♦ ❞❛ ✈❛r✐á✲

✈❡❧ ❛❧❡❛tór✐❛ r❡♣r❡s❡♥t❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❝❛✉s❛s ❝♦♠♣❡t✐♥❞♦ ♣❛r❛ ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦

✭❞✐str✐❜✉✐çã♦ ✐♥❝✐❞ê♥❝✐❛✮ ❡ ❛ ❞✐str✐❜✉✐çã♦ ❛ss♦❝✐❛❞❛ ❛♦ t❡♠♣♦ ❞❡ ✈✐❞❛ ❞♦s ✐♥❞✐✈í❞✉♦s s✉s✲

❝❡tí✈❡✐s ✭❞✐str✐❜✉✐çã♦ ❞❡ ❧❛tê♥❝✐❛✮✳ ❉❡st❛ ❢♦♠❛✱ ❛ ♣r♦♣♦st❛ ❞❡ r❡sí❞✉♦s ♣❛r❛ ❡st❡s ♠♦❞❡❧♦s

❞❡✈❡♠ ❧❡✈❛r ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❡st❛s ❝❛r❛❝t❡ríst✐❝❛s ❛❧é♠ ❞❛ ♣r❡s❡♥ç❛ ❞❡ ❝❡♥s✉r❛ ♥♦s ❞❛❞♦s✳

◆❡st❡ tr❛❜❛❧❤♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♠♦❞❡❧♦s ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛ ❡♠ ✉♠

❝♦♥t❡①t♦ ❞❡ ❝❡♥s✉r❛ à ❞✐r❡✐t❛ ❡ ❝♦♠ ❡str✉t✉r❛ ❞❡ r❡❣r❡ssã♦ ❛ss♦❝✐❛❞❛ ❛♣❡♥❛s à ❞✐str✐❜✉✐çã♦

❞❡ ✐♥❝✐❞ê♥❝✐❛✱ ❞❡s❝r❡✈❡♠♦s ♦s r❡sí❞✉♦s ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ❣❧♦❜❛❧ ♣r♦♣♦st♦ ♣♦r ❙❝♦❧❛s ❡t ❛❧✳

✭✷✵✶✽✮ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❡ ❡st❡♥❞❡♠♦s ❡st❡ r❡sí❞✉♦s ♣❛r❛ ♠♦❞❡❧♦s ❞❡ t❡♠♣♦

❞❡ ♣r♦♠♦çã♦✱ ❛♣r❡s❡♥t❛♥❞♦ ♣❛r❛ ✐ss♦ ❛❧❣✉♥s ❛s♣❡❝t♦s t❡ór✐❝♦s✳ ❘❡❛❧✐③❛♠♦s ✉♠ ❡st✉❞♦ ❞❡

s✐♠✉❧❛çã♦ q✉❡ ♠♦str❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❞❡t❡❝çã♦ ❞❡ ✈✐♦❧❛çõ❡s ❞❡ s✉♣♦s✐çõ❡s ❝♦♠ r❡s♣❡✐t♦

à ❞✐str✐❜✉✐çã♦ ❞❡ ❧❛tê♥❝✐❛ ❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ à ❞✐str✐❜✉✐çã♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✳ ❈♦♠♦ ❡s♣❡r❛❞♦✱

♦ ❛✉♠❡♥t♦ ❞♦ t❛♠❛♥❤♦ ❛♠♦str❛❧ ❡✈✐❞❡♥❝✐❛ ❛s ♣♦ssí✈❡✐s ✈✐♦❧❛çõ❡s ❡①✐st❡♥t❡s ♥♦ ❛❥✉st❡ ❞♦

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

✈✐♦❧❛çõ❡s✳ ❋✐♥❛❧♠❡♥t❡✱ ❛♣❧✐❝❛♠♦s ♦s r❡sí❞✉♦s ❛♦s ❛❥✉st❡s ❞❡ ♠♦❞❡❧♦s ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❡

t❡♠♣♦ ❞❡ ♣r♦♠♦çã♦ ❝♦♠ ❞✐str✐❜✉✐çã♦ ❞❡ ❧❛tê♥❝✐❛ ❲❡✐❜✉❧❧ ❡ ❧♦❣✲♥♦r♠❛❧ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡

❞❛❞♦s ♦r✐✉♥❞♦s ❞❡ ✉♠ ❡st✉❞♦ ❞❡ ♣❛❝✐❡♥t❡s ❝♦♠ ❝â♥❝❡r ❞❡ ♦✈ár✐♦✳

❈♦♠♦ ♣r♦♣♦st❛ ❢✉t✉r❛ ♣❛r❛ ❡st❡ ❡st✉❞♦ t❡♠♦s✿

• ■♥❝❧✉✐r ❝♦✈❛r✐á✈❡✐s ♥❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❧❛tê♥❝✐❛ ♣❛r❛ ❛✈❛❧✐❛çã♦ ❞♦s r❡sí❞✉♦s ❞♦ t✐♣♦

❈♦①✲❙♥❡❧❧✱

• ❖❜t❡r r❡s✉❧t❛❞♦s ❣❡r❛✐s ❞❡ r❡sí❞✉♦s ♣❛r❛ ▼♦❞❡❧♦s ▲♦❣✲s✐♠étr✐❝♦ ❝♦♠ ❢r❛çã♦ ❞❡ ❝✉r❛

✭❘❖❈❍❆✱ ✷✵✶✽✮✱

• Pr♦♣♦r r❡sí❞✉♦s ♣❛r❛ ❛✈❛❧✐❛r ❛ ❢♦r♠❛ ❢✉♥❝✐♦♥❛❧ ❞❛s ❝♦✈❛r✐á✈❡✐s s❡♠❡❧❤❛♥t❡ ❛♦ r❡❛❧✐✲



✺✵

③❛❞♦ ❡♠ ❙❝♦❧❛s ❡t ❛❧✳ ✭✷✵✶✽✮✱

• ❈♦♠♣❛r❛r ♦s r❡sí❞✉♦s ♣r♦♣♦st♦s ❛q✉✐ ♦ ❝♦♠ ❛ ❛❜♦r❞❛❣❡♠ ❞❡ q✉❛♥t✐❧ r❡s✐❞✉❛❧ ✭❉❯◆◆❀
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♣♦st❡r✐♦r♠❡♥t❡ ♣❛r❛ ❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ♠❛r❣✐♥❛❧ ❞✐s♣♦st❛ ❡♠ ✭✷✳✶✶✮✳

❱❡r♦ss✐♠✐❧❤❛♥ç❛ ♣❛r❛ ♦s ❞❛❞♦s ❝♦♠♣❧❡t♦s

◆❛ ❞❡✜♥✐çã♦ ❞❛s ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s ♥♦ ❈❛♣ít✉❧♦ ✷ ♣❡r❝❡❜❡♠♦s q✉❡ ♦ t❡♠♣♦ q✉❡ ♣♦❞❡

s❡r ♦❜s❡r✈❛❞♦ ♣❛r❛ ❝❛❞❛ ✐♥❞✐✈í❞✉♦ ♣♦❞❡r✐❛ s❡r ✈✐st♦ ❝♦♠♦ Yi = min{Ti, Ci}✱ s❡♥❞♦ Ti =

min{Zi0, Zi1, . . . , Zimi
} r❡♣r❡s❡♥t❛♥❞♦ ♦ t❡♠♣♦ ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❡✈❡♥t♦ ❞❡ ✐♥t❡r❡ss❡✱

❡♠ q✉❡ Zik✱ i = 1, . . . , n ❡ k = 0, 1, . . . ,mi ❝♦♠ ❢✉♥çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ fZ(t; ξ) ❡ ❢✉♥çã♦ ❞❡

s♦❜r❡✈✐✈ê♥❝✐❛ SZ(t; ξ)✱ sã♦ ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s ✐♥❞❡♣❡♥❞❡♥t❡s ❡ ✐❞❡♥t✐❝❛♠❡♥t❡ ❞✐str✐❜✉í❞❛s✱

❡ Ci r❡♣r❡s❡♥t❛ ♦ t❡♠♣♦ ❛té ❛ ♦❝♦rrê♥❝✐❛ ❞❛ ❝❡♥s✉r❛✱ s❡♥❞♦ ❡st❛ ❛❧❡❛tór✐❛ ❡ ♥ã♦ ✐♥❢♦r♠❛t✐✈❛✱

❝♦♠ ❢✉♥çã♦ ❞❡♥s✐❞❛❞❡ ❞❛❞❛ ♣♦r g(t) ❡ ❢✉♥çã♦ ❞❡ s♦❜r❡✈✐✈ê♥❝✐❛ G(t)✳

❙❡♥❞♦ ❛ss✐♠✱ t❡♠♦s q✉❡

ST (t; ξ|mi) = P (T > t|Mi = mi)

= P (min{Zi0, Zi1, Zi2, . . . , Zimi
} > t)

= P (Zi0 > t, Zi1 > t, Zi2, . . . , Zimi
> t)

= P (Zi0 > t)P (Zi1 > t) · · ·P (Zimi
> t)

= SZ(t; ξ)SZ(t; ξ) · · ·SZ(t; ξ)
︸ ︷︷ ︸

mivezes

⇒ ST (t; ξ|mi) = [SZ(t; ξ)]
mi . ✭❆✳✶✮



✺✺

❙❡♥❞♦ ❛ss✐♠✱ ❛ ♣❛rt✐r ❞❡ ✷✳✶

fT (t; ξ|mi) = − d

dt
ST (t; ξ|mi) = − d

dt
[SZ(t; ξ)]

mi

= mi[SZ(t; ξ)]
mi−1fZ(t; ξ).

❉❛❞♦ Mi = mi ❛ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❝♦♥❞✐❝✐♦♥❛❧ ❞❡ ξ✵✸ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛ ✉♠ ✐♥❞✐✈í❞✉♦

i ✭♦✉ ✉♠❛ ♦❜s❡r✈❛çã♦✱ Di = (yi, δi)✮ é ❞❛❞❛ ♣♦r

L(ξ;Di|Mi = mi) = [fT (yi; ξ|mi)]
δi [ST (yi; ξ|mi)]

1−δi

= [mi[SZ(yi; ξ)]
mi−1fZ(yi; ξ)]

δi [(SZ(yi; ξ))
mi ]1−δi

= [mifZ(yi; ξ)]
δi [SZ(yi; ξ)]

mi−δi .

P❛r❛ ♦❜t❡r ❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❞❡ λ ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦s ❞❛❞♦s ❝♦♠♣❧❡t♦s

Dc = (n,y, δ,M ,X) ♣❛r❛ ✉♠ ✐♥❞✐✈í❞✉♦ i✱ ❞❛❞❛ ♣♦r Dci
✱ t❡♠♦s

L(λ,Dci
) = lim

∆yi−→

P (yi ≤ Yi < yi +∆yi, δi = δobs,Mi = mi)

∆yi

=







h1, s❡ δi = 1;

h2, s❡ δi = 0.

❉❡ss❛ ❢♦r♠❛✱ s❡

i)❙❡ δi = 0✱

h0 = lim
∆yi→0

P (yi ≤ Yi < yi +∆yi, δi = 0,Mi = mi)

∆yi

= lim
∆yi→0

P (yi ≤ Ci < yi +∆yi, Ti > Ci,Mi = mi)

∆yi
,

❡♠ q✉❡



✺✻

P (yi ≤ Ci < yi +∆yi, T > Ci,Mi = mi) ∼= P (yi ≤ Ci < yi +∆yi, Ti > yi,Mi = mi)

= P (yi ≤ Ci < yi +∆yi, Ti > yi|Mi = mi)×

× Pθ(Mi = mi)

= P (yi ≤ Ci < yi +∆yi|Mi = mi)×

× P (Ti > yi|Mi = mi)Pθ(Mi = mi)

= P (yi ≤ Ci < yi +∆yi|Mi = mi)×

× ST (yi|mi)Pθ(Mi = mi).

▲♦❣♦✱

h0 = lim
∆yi→0

P (yi ≤ Ci < yi +∆yi|Mi = mi)ST (yi|mi)Pθ(Mi = mi)

∆yi

=

[

lim
∆yi→0

P (yi ≤ Ci < yi +∆yi|Mi = mi)

∆yi

]

ST (yi|Mi)Pθ(Mi = mi)

= g(yi|mi)ST (yi|mi)Pθ(Mi = mi).

ii)❙❡ δi = 1✱

h1 = lim
∆yi→0

P (yi ≤ Yi < yi +∆yi, δi = 1,Mi = mi)

∆yi

= lim
∆yi→0

P (yi ≤ Ri < yi +∆yi, Ti ≤ Ci,Mi = mi)

∆yi
.

❡♠ q✉❡

P (yi ≤ Ti < yi +∆yi, Ti ≤ Ci,Mi = mi) ∼= P (yi ≤ Ti < yi +∆yi, Ci ≥ yi,Mi = mi)

= P (yi ≤ Ti < yi +∆yi, Ci ≥ yi|Mi = mi)

× Pθ(Mi = mi)

= P (yi ≤ Ti < yi +∆yi|Mi = mi)

× P (Ci ≥ yi|Mi = mi)Pθ(Mi = mi).

▲♦❣♦✱



✺✼

h1 = lim
∆yi→0

P (yi ≤ Ti < yi +∆yi|Mi = mi)G(yi|mi)P (Mi = mi)

∆yi

=

[

lim
∆yi→0

P (yi ≤ Ti < yi +∆yi|Mi = mi)

∆yi

]

G(yi|mi)P (Mi = mi)

= fT (yi|mi)G(yi|mi)P (Mi = mi).

P♦rt❛♥t♦✱

L(λ;Dci) =







fT (yi|mi)G(yi|mi)Pθ(Mi = mi), s❡ δi = 1

g(yi|mi)ST (yi|Mi)Pθ(Mi = mi), s❡ δi = 0,

= [fT (yi|mi)P (Mi = mi)]
δiST (yi|Mi)Pθ(Mi = mi)]

1−δiJ

∝ [fT (yi|mi)]
δi [ST (yi|Mi)]

1−δiPθ(Mi = mi)

= L(ξ;Di|Mi = mi)Pθ(Mi = mi),

❡♠ q✉❡ J = g(yi|mi)
1−δiG(yi|mi)

δi ✳ ❙❡♥❞♦ ❛ss✐♠✱ ❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ❝♦♥❥✉♥t❛

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

L(λ;Dc) =
n∏

i=1

L(ξ;Di|Mi = mi)Pθ(Mi = mi)

= [fZ(yi|mi)]
δiSZ(yi|Mi)]

1−δiPθ(Mi = mi). ✭❆✳✷✮

❱❡r♦ss✐♠✐❧❤❛♥ç❛ ▼❛r❣✐♥❛❧

❙❡♠❡❧❤❛♥t❡ ❛♦ q✉❡ ❢♦✐ r❡❛❧✐③❛❞♦ ♥❛ s❡çã♦ ❛♥t❡r✐♦r✱ ♥❡st❛ s❡çã♦ ♠♦str❛r❡♠♦s ♦s ♣❛ss♦s

❡ ❛ ♦❜t❡♥çã♦ ❞❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ♠❛r❣✐♥❛❧ ❛♣r❡s❡♥t❛❞❛ ❡♠ ✭✷✳✶✶✮✳

❆ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ♠❛r❣✐♥❛❧ é ♦❜t✐❞❛ ❛ ♣❛rt✐r ❞❛ r❡❛❧✐③❛çã♦ ❞♦ s♦♠❛tór✐♦ ❞❡

t♦❞♦s ♦s ♣♦ssí✈❡✐s ✈❛❧♦r❡s ❞❡ Mi ♥❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ♣❛r❛ ♦s ❞❛❞♦s ❝♦♠♣❧❡t♦s

❡♠ ✭❆✳✷✮✳

❙❡♥❞♦ ❛ss✐♠✱



✺✽

L∗(λ;Di) =
∞∑

mi=0

L(λ;Dci
)

=
∞∑

mi=0

L(ξ;Di|Mi = mi)P (Mi = mi)

=
∞∑

mi=0

[mifZ(yi; ξ)]
δi [SZ(yi; ξ)]

mi−δiPθ(Mi = mi). ✭❆✳✸✮

❙❡ ❝♦♥s✐❞❡r❛r♠♦s ♦s ❝❛s♦s (i) ❡ (ii)✱ ✈✐st♦s ♥❛ s❡çã♦ ❛♥t❡r✐♦r✱ t❡♠♦s q✉❡

L∗(λ;Di) =







∑
∞

mi=0[SZ(yi; ξ)]
miP (Mi = mi), s❡ δi = 0

∑
∞

mi=0 mifZ(yi; ξ)[SZ(yi; ξ)]
miP (Mi = mi), s❡ δi = 1,

=







Sp(yi; ξ), s❡ δi = 0

fp(yi; ξ), s❡ δi = 1,

= [fp(yi; ξ)]
δi [Sp(yi; ξ)]

1−δi .

▲♦❣♦✱ ❛ ❢✉♥çã♦ ❞❡ ✈❡r♦ss✐♠✐❧❤❛♥ç❛ ♣❛r❛ ♦s ❞❛❞♦s ❝♦♠♣❧❡t♦s s❡rá ❞❛❞❛ ♣♦r✿

L∗(λ;D) =
n∏

i=1

L∗(λ;Di)

=
n∏

i=1

[fp(yi; ξ)]
δi [Sp(yi; ξ)]

1−δi . ✭❆✳✹✮



✺✾

❆P✃◆❉■❈❊ ❇ ✲✲ ❆s♣❡❝t♦s ❈♦♠♣✉t❛❝✐♦♥❛✐s

❊①❡♠♣❧♦ ❞❡ ♣r♦❣r❛♠❛ ❡♠ ❘ ❈♦r❡ ❚❡❛♠ ✭✷✵✶✽✮ ♣❛r❛ ❣❡r❛r ❞❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦

♠♦❞❡❧♦ ❞❡ ♠✐st✉r❛ ♣❛❞rã♦ ❲❡✐❜✉❧❧ ❡ ❛✈❛❧✐❛r ✈✐❛ ♦ r❡sí❞✉♦ ❞♦ t✐♣♦ ❈♦①✲❙♥❡❧❧ ❞❡s❝r✐t♦ ❡♠

✸✳✶✳

★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★

★❧✐♠♣❛♥❞♦ t♦❞♦s ♦s ♦❜❥❡t♦s

r♠✭❧✐st❂❧s✭✮✮

★❣✉❛r❞❛♥❞♦ ♦s r❡s✉❧t❛❞♦s

s❡t✳s❡❡❞✭✶✷✻✹✾✼✮

★❝❛rr❡❣❛♥❞♦ ♣❛❝♦t❡

r❡q✉✐r❡✭s✉r✈✐✈❛❧✮

★♣r❡❧✐♠✐♥❛r❡s✿ ❣❡r❛♥❞♦ ❝♦✈❛r✐á✈❡✐s ❡ t❛♠❛♥❤♦s ❞❡ ❛♠♦str❛

★t❛♠❛♥❤♦s ❞❡ ❛♠♦str❛

♥✶ ❂ ✺✵✵

★❝♦✈❛r✐á✈❡✐s ♣❛r❛ ♦ t❛♠❛♥❤♦ ♥ ❂ ♥✶



✻✵

①✶♥ ❂ r♥♦r♠✭♥✶✱✵✳✺✱✶✳✺✮

①✷♥ ❂ r✉♥✐❢✭♥✶✱✲✸✱✸✮

①✸♥ ❂ r❜✐♥♦♠✭♥✶✱✶✱✳✺✮

★❆ ❢✉♥çã♦ ❉✭✮ é ❛ q✉❡ ❣❡r❛ ♦s ❞❛❞♦s

❉ ❂❢✉♥❝t✐♦♥✭✉✱♣❢♦r♠❛✱♣s❝❛❧❡✱❜❡t❛✱①✵✱①✶✱①✷✱①✸✮④★❢✉♥çã♦ ♣❛r❛ ❣❡r❛r ❞❛❞♦s

✪❝♦♠ ✪❢❝ ❡ ✪❝❡♥s ✭♦❜s✳✿ s❡ ✉❂✵ ❂❃ ✪❝❡♥s ❂ ✵✮

★✶ ♣❛ss♦

❳❂♠❛tr✐①✭❝✭①✵✱①✶✱①✷✱①✸✮✱♥r♦✇❂♥✮

❡t❛❂❳✪✯✪❜❡t❛

t❤❡t❛❂❡①♣✭❡t❛✮✴✭✶✰❡①♣✭❡t❛✮✮

▼❂r❜✐♥♦♠✭♥✱ ✶✱ ✭✶✲t❤❡t❛✮✮

★❝❛❞❛ ✈❛❧♦r ✐ ❣❡r❛❞♦ ✭✐❂✶✱✳✳✳♥✮✱ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ❇❡r♥♦✉❧❧✐✭t❤❡t❛✐✮

★♣❛ss♦ ✷

❝❡♥s❂r✉♥✐❢✭♥✱✵✱✉✮

★♣❛ss♦s ✸✱✹✱ ✺ ❡ ✻

❢♦r✭✐ ✐♥ ✶✿♥✮④

✐❢✭▼❬✐❪❂❂✵✮④

t❬✐❪❂♠❛①✭❝❡♥s✮

②❬✐❪❂t❬✐❪

❞❬✐❪❂✵

⑥❡❧s❡④

✐❢✭✉✦❂✵✮④

t❬✐❪❂ r✇❡✐❜✉❧❧✭✶✱♣❢♦r♠❛✱♣s❝❛❧❡✮

②❬✐❪ ❂ ♠✐♥✭t❬✐❪✱ ❝❡♥s❬✐❪✮

❞❬✐❪ ❂ ✐❢❡❧s❡✭t❬✐❪ ❁ ❝❡♥s❬✐❪✱ ✶✱ ✵✮

⑥❡❧s❡④

t❬✐❪❂ r✇❡✐❜✉❧❧✭✶✱♣❢♦r♠❛✱♣s❝❛❧❡✮

②❬✐❪ ❂ t❬✐❪

❞❬✐❪ ❂ ✶

⑥ ⑥ ⑥

❉❝❂♠❛tr✐①✭❝✭②✱❞✱❳✱▼✮✱♥r♦✇❂♥✮

P❝✉r❛❂♠❡❛♥✭▼❂❂✵✮ ★♣r♦♣♦rçã♦ ❞❡ ❝✉r❛❞♦s ♥❛ ❛♠♦str❛



✻✶

★♣r♦♣♦rçã♦ ❞❡ ❝❡♥s✉r❛s ❞❡♥tr❡ ♦s s✉s❝❡♣tí✈❡✐s

♣❝✶ ❂ s✉♠✭❞❂❂✵ ✫ ▼❃✵✮✴s✉♠✭▼❃✵✮

♣❝✷ ❂ ♣❝✶✯✭✶✲P❝✉r❛✮✰P❝✉r❛

r❡t✉r♥✭❧✐st✭❉❝✱P❝✉r❛✱♣❝✶✱♣❝✷✮✮

⑥

★❝❡♥ár✐♦ ❆

★❡t❛✭❳✮ ❂ ❇✵ ✲ ❳✷ ✰ ❳✸

★❝❡♥s✉r❛ ❧❡✈❡✿ ✉ ❂ ✷✳✶✱ ❇✵ ❂ ✲✸✳✺ ❡ ♥ ❂ ✶✵✵

★❝♦♥❢✐❣✉r❛çõ❡s

★✐♥✐❝✐❛♥❞♦ ✈❛❧♦r❡s ♥❡❝❡ssár✐♦s

② ❂ ❞❂ ▼ ❂ ❝❡♥s ❂ t ❂ ♣❤✐ ❂ ♣❝✶ ❂ P❝✉r❛ ❂ ◆❯▲▲

★✈❛❧♦r❡s ♣❛r❛ ❣❡r❛r ♦s ❞❛❞♦s

♥ ❂ ✶✵✵ ★t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛

①✵❁✲ r❡♣✭✶✱♥✮

①✶❁✲ ①✶♥❬✶✿♥❪

①✷❁✲ ①✷♥❬✶✿♥❪

①✸❁✲ ①✸♥❬✶✿♥❪

✉ ❂ ✷✳✶

♣❢♦r♠❛ ❂ ✷

♣s❝❛❧❡❂ ✵✳✺

❜❡t❛ ❂ ❝✭✲✹✳✺✱✳✺✱✲✶✱✶✮

★❣❡r❛♥❞♦ ♦s ❞❛❞♦s

❉❝ ❂ ❉✭✉✱♣❢♦r♠❛✱♣s❝❛❧❡✱❜❡t❛✱①✵✱①✶✱①✷✱①✸✮

✭❢r❛çã♦❴❝✉r❛❞♦s❁✲ ❉❝❬✷❪✮

✭❝❡♥s✉r❛❴s✉s❁✲ ❉❝❬✸❪✮

✭❝❡♥s❴t♦t❛❧❁✲ ❉❝❬✹❪✮

♥❧♦♦♣ ❂ ✵

r ❂ ✷✵✵✵

❡rr♦ ❂ ✵



✻✷

❡sts❁✲♠❛tr✐①✭✱r✱✻✮ ★♠❛tr✐③ ❝♦♠ ❛s ✶✵✵✵✵ ❡st✐♠❛t✐✈❛s

❣✉❛r❞❛r❴t❡♠♣♦s❁✲ ♠❛tr✐①✭✱♥✱r✮

❤✶❁✲ ♠❛tr✐①✭✱♥✱r✮

✐♥❞✐❝❛❞♦r❛❁✲ ♠❛tr✐①✭✱♥✱r✮

✇❤✐❧❡✭♥❧♦♦♣❁r✮④

★✶ ✲ ❣❡r❛♥❞♦ ♦s ❞❛❞♦s

❉❝ ❂ ❉✭✉❂✉✱♣❢♦r♠❛❂♣❢♦r♠❛✱♣s❝❛❧❡❂♣s❝❛❧❡✱

❜❡t❛❂❜❡t❛✱①✵❂①✵✱①✶❂①✶✱①✷❂①✷✱①✸❂①✸✮

★s❛í❞❛ ❞♦s ❞❛❞♦s✿ ❉❝❬✶❪✿ ❞❛❞♦s❀

★❉❝❬✷❪✿ ❢r❛çã♦ ❞❡ ❝✉r❛❞♦s

★❉❝❬✸❪✿ ♣r♦♣♦rçã♦ ❞❡ ❝❡♥s✉r❛ ❞❡♥tr❡ ♦s s✉s❝❡tí✈❡✐s

❉❛❞♦s ❂ ❞❛t❛✳❢r❛♠❡✭❉❝❬✶❪✮ ★tr❛♥s❢♦r♠❛♥❞♦ ❡♠ ❞❛t❛✳❢r❛♠❡

♥❛♠❡s✭❉❛❞♦s✮❂❝✭✧t❡♠♣♦✧✱✧st❛t✉s✧✱✧①✵✧✱✧①✶✧✱✧①✷✧✱✧①✸✧✱✧▼✧✮

❉♦❜s❂❉❛❞♦s❬✱✲✼❪ ★❉❛❞♦s ♦❜s❡r✈❛❞♦s ✭s❡♠ ✈❛r✐á✈❡✐s ❧❛t❡♥t❡s✮

❣✉❛r❞❛r❴t❡♠♣♦s❬✱♥❧♦♦♣✰✶❪ ❂ ❛s✳♥✉♠❡r✐❝✭❉❝❬❬✶❪❪❬✱✶❪✮

✐♥❞✐❝❛❞♦r❛❬✱♥❧♦♦♣✰✶❪ ❂ ❛s✳♥✉♠❡r✐❝✭❉♦❜s✩st❛t✉s✮

★✸ ✲ r❡❛❧✐③❛r ❡st✐♠❛t✐✈❛s ❝♦♠ ❜❛s❡ ♥♦s ❞❛❞♦s ❣❡r❛❞♦s

★✲✲❃❃ ❞❡♥s✐❞❛❞❡ ❞❛ ❲❡✐❜✉❧❧

❢ ❂ ❢✉♥❝t✐♦♥✭♣❢♦r♠❛✱♣s❝❛❧❡✱②✮④

❢② ❂ ✭♣❢♦r♠❛✴✭♣s❝❛❧❡❫♣❢♦r♠❛✮✮✯✭②❫✭♣❢♦r♠❛✲✶✮✮✯❡①♣✭✲✭②✴♣s❝❛❧❡✮❫♣❢♦r♠❛✮

r❡t✉r♥✭❢②✮

⑥

★✲✲❃❃ s♦❜r❡✈✐✈❫❡♥❝✐❛ ❞❛ ❲❡✐❜✉❧❧

s ❂ ❢✉♥❝t✐♦♥✭♣❢♦r♠❛✱♣s❝❛❧❡✱②✮④

s② ❂ ❡①♣✭✲✭②✴♣s❝❛❧❡✮❫♣❢♦r♠❛✮

r❡t✉r♥✭s②✮

⑥

★✲✲❃❃ ❋✉♥çã♦ ❞❡ ▲♦❣✲❱❡r♦ss✐♠✐❧❤❛♥ç❛❛ ▼❛r❣✐♥❛❧

❧ ❂ ❢✉♥❝t✐♦♥✭♣❤✐✱❉✮④

❳ ❂ ❛s✳♠❛tr✐①✭❉❬✱✸✿✭❞✐♠✭❉✮❬✷❪✮❪✮



✻✸

② ❂ ❉❬✱✶❪

❞❡❧t❛ ❂ ❉❬✱✷❪

♣❢♦r♠❛ ❂ ♣❤✐❬♥❝♦❧✭❳✮✰✶❪

♣s❝❛❧❡ ❂ ♣❤✐❬♥❝♦❧✭❳✮✰✷❪

❜ ❂ ♠❛tr✐①✭♣❤✐❬✶✿✭♥❝♦❧✭❳✮✮❪✱ ♥❝♦❧❂✶✮

❡t❛❂❳✪✯✪❜

t❤❡t❛❂❡①♣✭❡t❛✮✴✭✶✰❡①♣✭❡t❛✮✮

s♣ ❂ t❤❡t❛✰✭✶✲t❤❡t❛✮✯s✭♣❢♦r♠❛✱♣s❝❛❧❡✱②✮

❢♣ ❂ ✭✶ ✲ t❤❡t❛✮✯❢✭♣❢♦r♠❛✱♣s❝❛❧❡✱②✮

❧✐❂ s✉♠✭ ❞❡❧t❛✯❧♦❣✭❢♣✮ ✰ ✭✶✲❞❡❧t❛✮✯❧♦❣✭s♣✮ ✮

r❡t✉r♥✭❧✐✮

⑥

★❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂

★ ▼❆❳■▼■❩❆◆❉❖ ❆ ❋❯◆➬➹❖ ❉❊ ▲❖●✲❱❊❘❖❙❙■▼■▲❍❆◆➬❆

★❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂

★ ❯t✐❧✐③❛♥❞♦ ♦ ❖P❚■▼ ✭❡♠✈ r❡str✐t♦ ❡ ✐rr❡sttr✐t♦✮

♣❤✐❝❝❂❝✭❜❡t❛✱♣❢♦r♠❛✱♣s❝❛❧❡✮

♣❤✐✳♠❛①❂tr②✭♦♣t✐♠✭♣❤✐❝❝✱❧✱❉❂❉♦❜s✱♠❡t❤♦❞❂✬❇❋●❙✬✱❤❡ss✐❛♥❂❚✱

❝♦♥tr♦❧❂❧✐st✭❢♥s❝❛❧❡❂✲✶✮✮✱❚✮

★♣❛râ♠❡tr♦s

❣❛♠❛ ❂ ♣❤✐✳♠❛①✩♣❛r❬✺❪

❛❧♣❤❛ ❂ ♣❤✐✳♠❛①✩♣❛r❬✻❪

❡t❛ ❂ ♣❤✐✳♠❛①✩♣❛r❬✶❪✰♣❤✐✳♠❛①✩♣❛r❬✷❪✯①✶✰♣❤✐✳♠❛①✩♣❛r❬✸❪✯①✷

✰♣❤✐✳♠❛①✩♣❛r❬✹❪✯①✸

★❝♦♥str✉çã♦ ❞♦ r❡sí❞✉♦ t✐♣♦ ❈♦①✲❙♥❡❧❧

t❤❡t❛✇❡✐ ❂ ❡①♣✭❡t❛✮✴✭✶✰❡①♣✭❡t❛✮✮

② ❂ ❛s✳♥✉♠❡r✐❝✭❉❝❬❬✶❪❪❬✱✶❪✮

s✵✇❡✐ ❂ ❡①♣✭✲✭②✴❛❧♣❤❛✮❫❣❛♠❛✮

s♣t✇❡✐ ❂ t❤❡t❛✇❡✐✰✭✶✲t❤❡t❛✇❡✐✮✯s✵✇❡✐

❤✶❬✱♥❧♦♦♣✰✶❪ ❂ ✲❧♦❣✭s♣t✇❡✐✮

✐♥❞✐❝❛❞♦r❛❬✱♥❧♦♦♣✰✶❪ ❂ ❛s✳♥✉♠❡r✐❝✭❉♦❜s✩st❛t✉s✮



✻✹

✐❢✭❝❧❛ss✭♣❤✐✳♠❛①✮❂❂✧tr②✲❡rr♦r✧✮④

♥❧♦♦♣ ❂ ♥❧♦♦♣

❡rr♦ ❂ ❡rr♦ ✰ ✶

⑥❡❧s❡④

❡sts❬♥❧♦♦♣✰✶✱✶❪❁✲r♦✉♥❞✭♣❤✐✳♠❛①✩♣❛r❬✶❪✱✹✮

❡sts❬♥❧♦♦♣✰✶✱✷❪❁✲r♦✉♥❞✭♣❤✐✳♠❛①✩♣❛r❬✷❪✱✹✮

❡sts❬♥❧♦♦♣✰✶✱✸❪❁✲r♦✉♥❞✭♣❤✐✳♠❛①✩♣❛r❬✸❪✱✹✮

❡sts❬♥❧♦♦♣✰✶✱✹❪❁✲r♦✉♥❞✭♣❤✐✳♠❛①✩♣❛r❬✹❪✱✹✮

❡sts❬♥❧♦♦♣✰✶✱✺❪❁✲r♦✉♥❞✭♣❤✐✳♠❛①✩♣❛r❬✺❪✱✹✮

❡sts❬♥❧♦♦♣✰✶✱✻❪❁✲r♦✉♥❞✭♣❤✐✳♠❛①✩♣❛r❬✻❪✱✹✮

♥❧♦♦♣ ❂ ♥❧♦♦♣ ✰ ✶ ★✐♥❝r❡♠❡♥t♦ ❞♦ ✇❤✐❧❡

❡rr♦ ❂ ❡rr♦

⑥

r❡s✉❧ts❁✲❞❛t❛✳❢r❛♠❡✭❡sts✮

♥❛♠❡s✭r❡s✉❧ts✮❁✲❝✭✧❜❡t❛✵✧✱✧❜❡t❛✶✧✱✧❜❡t❛✷✧✱✧❜❡t❛✸✧✱✧❣❛♠❛✧✱✧❛❧♣❤❛✧✮

⑥

r❡s✉❧ts❁✲ ❛s✳❞❛t❛✳❢r❛♠❡✭r❡s✉❧ts✮

✇r✐t❡✳t❛❜❧❡✭r❡s✉❧ts✱ ❢✐❧❡❂✧❈✿✴❯s❡rs✴❝❧❡❛♥✴❉r♦♣❜♦①✴❉✐ss❡rt❛çã♦✴

❈r♦♥♦❣r❛♠❛ ❙❡♠❛♥❛s✴❙❡♠❛♥❛ ✷✶✴▼▼P✴❈♦✈❛r✐❛✈❡✐s✴❲❡✐❜✉❧❧✲❲❡✐❜✉❧❧✴

▲❡✈❡✴❡st✐♠❛t✐✈❛s❴♥✶✵✵✳t①t✧✮

✭♣❛r❛♠❡tr♦s❁✲ ❝✭❜❡t❛✱♣❢♦r♠❛✱♣s❝❛❧❡✮✮

★♠❡❞✐❞❛s ❛✈❛❧✐❛t✐✈❛s

★♠é❞✐❛

✭♠❡❞✐❛ ❁✲ ❛♣♣❧②✭r❡s✉❧ts✱✷✱✧♠❡❛♥✧✮✮

★❞❡s✈✐♦ ♣❛❞rã♦

✭❞♣❴❜❡t❛✵❁✲ r♦✉♥❞✭sqrt✭✭✶✴✭r✲✶✮✮✯s✉♠✭✭r❡s✉❧ts✩❜❡t❛✵✲

♠❡❛♥✭r❡s✉❧ts✩❜❡t❛✵✮✮❫✷✮✮✱✹✮✮

✭❞♣❴❜❡t❛✶❁✲ r♦✉♥❞✭sqrt✭✭✶✴✭r✲✶✮✮✯s✉♠✭✭r❡s✉❧ts✩❜❡t❛✶✲

♠❡❛♥✭r❡s✉❧ts✩❜❡t❛✶✮✮❫✷✮✮✱✹✮✮



✻✺

✭❞♣❴❜❡t❛✷❁✲ r♦✉♥❞✭sqrt✭✭✶✴✭r✲✶✮✮✯s✉♠✭✭r❡s✉❧ts✩❜❡t❛✷✲

♠❡❛♥✭r❡s✉❧ts✩❜❡t❛✷✮✮❫✷✮✮✱✹✮✮

✭❞♣❴❜❡t❛✸❁✲ r♦✉♥❞✭sqrt✭✭✶✴✭r✲✶✮✮✯s✉♠✭✭r❡s✉❧ts✩❜❡t❛✸✲

♠❡❛♥✭r❡s✉❧ts✩❜❡t❛✸✮✮❫✷✮✮✱✹✮✮

✭❞♣❴❣❛♠❛❁✲ r♦✉♥❞✭sqrt✭✭✶✴✭r✲✶✮✮✯s✉♠✭✭r❡s✉❧ts✩❣❛♠❛✲

♠❡❛♥✭r❡s✉❧ts✩❣❛♠❛✮✮❫✷✮✮✱✹✮✮

✭❞♣❴❛❧♣❤❛❁✲ r♦✉♥❞✭sqrt✭✭✶✴✭r✲✶✮✮✯s✉♠✭✭r❡s✉❧ts✩❛❧♣❤❛✲

♠❡❛♥✭r❡s✉❧ts✩❛❧♣❤❛✮✮❫✷✮✮✱✹✮✮

★r❛✐③ ❞♦ ❡q♠

✭r❴❡q♠❴❜❡t❛✵❁✲ r♦✉♥❞✭sqrt✭✭✶✴r✮✯s✉♠✭✭r❡s✉❧ts✩❜❡t❛✵✲

♣❛r❛♠❡tr♦s❬✶❪✮❫✷✮✮✱✹✮✮

✭r❴❡q♠❴❜❡t❛✶❁✲ r♦✉♥❞✭sqrt✭✭✶✴r✮✯s✉♠✭✭r❡s✉❧ts✩❜❡t❛✶✲

♣❛r❛♠❡tr♦s❬✷❪✮❫✷✮✮✱✹✮✮

✭r❴❡q♠❴❜❡t❛✷❁✲ r♦✉♥❞✭sqrt✭✭✶✴r✮✯s✉♠✭✭r❡s✉❧ts✩❜❡t❛✷✲

♣❛r❛♠❡tr♦s❬✸❪✮❫✷✮✮✱✹✮✮

✭r❴❡q♠❴❜❡t❛✸❁✲ r♦✉♥❞✭sqrt✭✭✶✴r✮✯s✉♠✭✭r❡s✉❧ts✩❜❡t❛✸✲

♣❛r❛♠❡tr♦s❬✹❪✮❫✷✮✮✱✹✮✮

✭r❴❡q♠❴❣❛♠❛❁✲ r♦✉♥❞✭sqrt✭✭✶✴r✮✯s✉♠✭✭r❡s✉❧ts✩❣❛♠❛✲

♣❛r❛♠❡tr♦s❬✺❪✮❫✷✮✮✱✹✮✮

✭r❴❡q♠❴❛❧♣❤❛❁✲ r♦✉♥❞✭sqrt✭✭✶✴r✮✯s✉♠✭✭r❡s✉❧ts✩❛❧♣❤❛✲

♣❛r❛♠❡tr♦s❬✻❪✮❫✷✮✮✱✹✮✮

♠❡❞✐❞❛s❴❛❥✉st❡❁✲ r❜✐♥❞✭♠❡❞✐❛✱

❝✭❞♣❴❜❡t❛✵✱❞♣❴❜❡t❛✶✱❞♣❴❜❡t❛✷✱❞♣❴❜❡t❛✸✱

❞♣❴❣❛♠❛✱❞♣❴❛❧♣❤❛✮✱

❝✭r❴❡q♠❴❜❡t❛✵✱r❴❡q♠❴❜❡t❛✶✱r❴❡q♠❴❜❡t❛✷✱r❴❡q♠❴❜❡t❛✸✱

r❴❡q♠❴❣❛♠❛✱r❴❡q♠❴❛❧♣❤❛✮✮

♠❡❞✐❞❛s❴❛❥✉st❡❁✲ ❛s✳❞❛t❛✳❢r❛♠❡✭♠❡❞✐❞❛s❴❛❥✉st❡✱ r♦✇✳♥❛♠❡s ❂ ❝✭✧▼❡❞✐❛✧✱

✧❉❡s✈✐♦ ♣❛❞rã♦✧✱ ✧❘❛✐③ ❊◗▼✧✮✮

✇r✐t❡✳t❛❜❧❡✭♠❡❞✐❞❛s❴❛❥✉st❡✱ ❢✐❧❡❂✧❈✿✴❯s❡rs✴❝❧❡❛♥✴❉r♦♣❜♦①✴❉✐ss❡rt❛çã♦✴

❈r♦♥♦❣r❛♠❛ ❙❡♠❛♥❛s✴❙❡♠❛♥❛ ✷✶✴▼▼P✴❈♦✈❛r✐❛✈❡✐s✴❲❡✐❜✉❧❧✲❲❡✐❜✉❧❧✴

▲❡✈❡✴♠❡❞✐❞❛s❴❛❥✉st❡❴♥✶✵✵✳t①t✧✮
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★r❡sí❞✉♦

r❡s✉❧t❛❞♦❴t✐♠❡ ❁✲ ♠❛tr✐①✭r❡♣✭◆❆✱ r✯♥✮✱ ♥❝♦❧❂r✮

r❡s✉❧t❛❞♦❴s✉r✈ ❁✲ ♠❛tr✐①✭r❡♣✭◆❆✱ r✯♥✮✱ ♥❝♦❧❂r✮

❥ ❂ ✶

❢♦r ✭❥ ✐♥ ✶✿r✮④

① ❁✲ s✉r✈❢✐t✭❙✉r✈✭❤✶❬✱❥❪✱✐♥❞✐❝❛❞♦r❛❬✱❥❪✮⑦✶✱

❝♦♥❢✳t②♣❡ ❂ ✧♥♦♥❡✧✮

r❡s✉❧t❛❞♦❴t✐♠❡❬✶✿❧❡♥❣t❤✭①✩t✐♠❡✮✱ ❥❪ ❁✲ ❛s✳♥✉♠❡r✐❝✭①✩t✐♠❡✮

r❡s✉❧t❛❞♦❴s✉r✈❬✶✿❧❡♥❣t❤✭①✩s✉r✈✮✱ ❥❪ ❁✲ ❛s✳♥✉♠❡r✐❝✭①✩s✉r✈✮

⑥

♣❛r✭♠❢r♦✇ ❂ ❝✭✶✱✶✮✮

♠❛t♣❧♦t✭r❡s✉❧t❛❞♦❴t✐♠❡✱ ✲❧♦❣✭r❡s✉❧t❛❞♦❴s✉r✈✮✱ t②♣❡❂✧♣✧✱

❝♦❧❂✧❜❧❛❝❦✧✱ ♣❝❤❂✶✱

①❧❛❜ ❂ ✧❘❡sí❞✉♦s ❞❡ ❈♦① ❙♥❡❧❧✧✱ ②❧❛❜ ❂ ✧❋✉♥çã♦ ❞❡ ❘✐s❝♦ ❆❝✉♠✉❧❛❞♦✧✱

①❧✐♠ ❂ ❝✭✵✱✻✮✱ ②❧✐♠ ❂ ❝✭✵✱✻✮✮

❛❜❧✐♥❡✭❝✭✵✱✸✮✱❝✭✶✱✵✮✱ ❝♦❧ ❂ ✧r❡❞✧✮



✻✼

❆P✃◆❉■❈❊ ❈ ✲✲ ❈ó❞✐❣♦s ❞❛ ❛♣❧✐❝❛çã♦

❖s ❝ó❞✐❣♦s r❡tr❛t❛❞♦s ❛❜❛✐①♦ sã♦ r❡❢❡r❡♥t❡s ❛ ❛♣❧✐❝❛çã♦ ♣❛r❛ ♦s ❞❛❞♦s ♦✈❛r✐❛♥ ❡♥❝♦♥✲

tr❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✺✳

★❧✐♠♣❛♥❞♦ t♦❞♦s ♦s ♦❜❥❡t♦s

r♠✭❧✐st❂❧s✭✮✮

r❡q✉✐r❡✭❢❧❡①❝✉r❡✮

r❡q✉✐r❡✭❢❧❡①s✉r✈✮

❞❛❞♦s❁✲ ❞❛t❛✳❢r❛♠❡✭♦✈❛r✐❛♥✮

★❦❛♣❧❛♥✲♠❡✐❡r ♣❛r❛ ♦s ❞❛❞♦s ❝♦♠♣❧❡t♦s

♣❛r✭♠❢r♦✇ ❂ ❝✭✶✱✶✮✮

❡❦♠❁✲ s✉r✈❢✐t✭❙✉r✈✭❢✉t✐♠❡✱❢✉st❛t✮⑦✶✱ ❞❛t❛❂❞❛❞♦s✱ ❝♦♥❢✳t②♣❡ ❂ ✧♥♦♥❡✧✮

♣❧♦t✭❡❦♠✱ ①❧❛❜ ❂ ✧❚❡♠♣♦ ✭❡♠ ❞✐❛s✮ ❭♥ ❑❛♣❧❛♥ ❞❛❞♦s ✬♦✈❛r✐❛♥✬ ✧✱

②❧❛❜ ❂ ✧❙♦❜r❡✈✐✈ê♥❝✐❛✧✮

★❝❛t❡❣♦r✐③❛♥❞♦ ✐❞❛❞❡ ✭❛❣❡✮

★♣❛r❛ ✈❛❧♦r❡s ♠❛✐♦r❡s ♦✉ ✐❣✉❛✐s ❛ ♠❡❞✐❛♥❛

★❡ ♣❛r❛ ✈❛❧♦r❡s ♠❡♥♦r❡s q✉❡ ❛ ♠❡❞✐❛♥❛

✭♠❡❞❁✲ ♠❡❞✐❛♥✭♦✈❛r✐❛♥✩❛❣❡✮✮

♦✈❛r✐❛♥✩❛❣❡❬♦✈❛r✐❛♥✩❛❣❡❁♠❡❞❪❁✲✵

♦✈❛r✐❛♥✩❛❣❡❬♦✈❛r✐❛♥✩❛❣❡❃❂♠❡❞❪❁✲✶

♦✈❛r✐❛♥✩r❡s✐❞✳❞s❬♦✈❛r✐❛♥✩r❡s✐❞✳❞s❂❂✶❪❁✲✵

♦✈❛r✐❛♥✩r❡s✐❞✳❞s❬♦✈❛r✐❛♥✩r❡s✐❞✳❞s❂❂✷❪❁✲✶



✻✽

★❊①♣❧♦r❛çã♦ ✐♥✐❝✐❛❧

❤❡❧♣✭♦✈❛r✐❛♥✮

★❢✉t✐♠❡✿ ■♥st✐t✉t✐♦♥ ❝♦❞❡

★❢✉st❛t✿ ❙✉r✈✐✈❛❧ t✐♠❡ ✐♥ ❞❛②s

★❛❣❡✿ ✐❞❛❞❡ ❡♠ ❛♥♦s

★r❡s✐❞✳❞s✿ ❞♦❡♥ç❛ r❡s✐❞✉❛❧ ♣r❡s❡♥t❡ ✭✶ ❂ ♥♦✱ ✷ ❂ ②❡s✮

★r①✿ ❣r✉♣♦ ❞❡ tr❛t❛♠❡♥t♦

★❡❝♦❣✳♣s✿ ❊❈❖● st❛t✉s ❞❡ ❞❡s❡♠♣❡♥❤♦

★ ❙♦✉r❝❡✿ ❚❡rr② ❚❤❡r♥❡❛✉

★ ❊①♣❧♦r❛♥❞♦ ♦s ❞❛❞♦s

str✭♦✈❛r✐❛♥✮

s✉♠♠❛r②✭♦✈❛r✐❛♥✮

t❛❜❧❡✭✧❝❡♥s✉r❛❂✶✱ ❢❛❧❤❛❂✷ ✧❂♦✈❛r✐❛♥✩❢✉st❛t✮

t❛❜❧❡✭✧♣r❡s❡♥t❂✶✱ ♥♦✳♣r❡s❡♥t❂✷✧❂♦✈❛r✐❛♥✩r❡s✐❞✳❞s✮

t❛❜❧❡✭✧❜❡tt❡r❂✶✱ ❜❛❞❂✷✧❂♦✈❛r✐❛♥✩❡❝♦❣✳♣s✮

t❛❜❧❡✭♦✈❛r✐❛♥✩❛❣❡✮

★●r❛❢✐❝♦s ❞❡ ❑▼ ♣❛r❛ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ ❝❛❞❛ ❢❛t♦r

♣❛r✭♠❢r♦✇❂❝✭✷✱✷✮✮

★❛❣❡

❡❦♠❁✲ s✉r✈❢✐t✭❙✉r✈✭❢✉t✐♠❡✱❢✉st❛t✮⑦❛❣❡✱ ❞❛t❛❂❞❛❞♦s✮

♣❧♦t✭s✉r✈❢✐t✭❙✉r✈✭❢✉t✐♠❡✱❢✉st❛t✮⑦❛❣❡✱❞❛t❛❂♦✈❛r✐❛♥✮✱①❧❛❜❂✧❚❡♠♣♦✧✱

②❧❛❜❂✧❙♦❜r❡✈✐✈❡♥❝✐❛✧✱❧t②❂❝✭✶✱✷✮✱ ❝♦❧❂❝✭✷✱✹✮✱

s✉❜❂✧❑❛♣❧❛♥✲▼❡✐❡r ❉❛❞♦s ✁♦✈❛r✐❛♥✁ ✲ ❛❣❡ ✧✮

❧❡❣❡♥❞✭✶✵✱✳✼✺✱❝✭✧❛❜❛✐①♦ ❞❛ ♠❡❞✧✱✧♠❛✐♦r ♦✉ ❂ ❛ ♠❡❞✧✮✱

❝♦❧❂❝✭✷✱✹✮✱❧t②❂❝✭✶✱✷✮✱ ❜t② ❂ ✧♥✧✱ ❝❡① ❂ ✵✳✻✮

★r❡s✐❞✳❞s

❡❦♠❁✲ s✉r✈❢✐t✭❙✉r✈✭❢✉t✐♠❡✱❢✉st❛t✮⑦r❡s✐❞✳❞s✱ ❞❛t❛❂❞❛❞♦s✮

♣❧♦t✭s✉r✈❢✐t✭❙✉r✈✭❢✉t✐♠❡✱❢✉st❛t✮⑦r❡s✐❞✳❞s✱❞❛t❛❂♦✈❛r✐❛♥✮✱①❧❛❜❂✧❚❡♠♣♦✧✱

②❧❛❜❂✧❙♦❜r❡✈✐✈❡♥❝✐❛✧✱❧t②❂❝✭✶✱✷✮✱ ❝♦❧❂❝✭✷✱✹✮✱

s✉❜❂✧❑❛♣❧❛♥✲▼❡✐❡r ❉❛❞♦s ✁♦✈❛r✐❛♥✁ ✲ r❡s✐❞✳❞s ✧✮



✻✾

❧❡❣❡♥❞✭✶✵✱✳✼✱❝✭✧♥♦✧✱✧②❡s✧✮✱❝♦❧❂❝✭✷✱✹✮✱

❧t②❂❝✭✶✱✷✮✱ ❜t② ❂ ✧♥✧✱ ❝❡① ❂ ✵✳✻✮

★r①

❡❦♠❁✲ s✉r✈❢✐t✭❙✉r✈✭❢✉t✐♠❡✱❢✉st❛t✮⑦r①✱ ❞❛t❛❂❞❛❞♦s✮

♣❧♦t✭s✉r✈❢✐t✭❙✉r✈✭❢✉t✐♠❡✱❢✉st❛t✮⑦r①✱❞❛t❛❂♦✈❛r✐❛♥✮✱①❧❛❜❂✧❚❡♠♣♦✧✱

②❧❛❜❂✧❙♦❜r❡✈✐✈❡♥❝✐❛✧✱❧t②❂❝✭✶✱✷✮✱ ❝♦❧❂❝✭✷✱✹✮✱

s✉❜❂✧❑❛♣❧❛♥✲▼❡✐❡r ❉❛❞♦s ✁♦✈❛r✐❛♥✁ ✲ r❡s✐❞✳❞s ✧✮

❧❡❣❡♥❞✭✶✵✱✳✼✱❝✭✧tr❛t❛♠❡♥t♦✧✱✧♣❧❛❝❡❜♦✧✮✱❝♦❧❂❝✭✷✱✹✮✱

❧t②❂❝✭✶✱✷✮✱ ❜t② ❂ ✧♥✧✱ ❝❡① ❂ ✵✳✻✮

★❡❝♦❣✳♣s

❡❦♠❁✲ s✉r✈❢✐t✭❙✉r✈✭❢✉t✐♠❡✱❢✉st❛t✮⑦❡❝♦❣✳♣s✱ ❞❛t❛❂❞❛❞♦s✮

♣❧♦t✭s✉r✈❢✐t✭❙✉r✈✭❢✉t✐♠❡✱❢✉st❛t✮⑦❡❝♦❣✳♣s✱❞❛t❛❂♦✈❛r✐❛♥✮✱

①❧❛❜❂✧❚❡♠♣♦✧✱ ②❧❛❜❂✧❙♦❜r❡✈✐✈❡♥❝✐❛✧✱❧t②❂❝✭✶✱✷✮✱ ❝♦❧❂❝✭✷✱✹✮✱

s✉❜❂✧❑❛♣❧❛♥✲▼❡✐❡r ❉❛❞♦s ✁♦✈❛r✐❛♥✁ ✲ r❡s✐❞✳❞s ✧✮

❧❡❣❡♥❞✭✶✵✱✳✼✱❝✭✧❇❡t✧✱✧❇❛❞✧✮✱❝♦❧❂❝✭✷✱✹✮✱❧t②❂❝✭✶✱✷✮✱ ❜t② ❂ ✧♥✧✱ ❝❡① ❂ ✵✳✻✮

♣❛r✭♠❢r♦✇❂❝✭✶✱✶✮✮

★✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪

★ ❙❊▲❊➬➹❖ ❉❖ ▼❖❉❊▲❖ P❆❘❆▼➱❚❘■❈❖ ❱■❆ ❘❊❙❮❉❯❖ ●▲❖❇❆▲ ❉❖ ❚■P❖ ❈❖❳ ❙◆❊▲▲

★✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪✪

★♠t♣✲✇❡✐❜✉❧❧ s❡♠ ❝♦✈❛r✐á✈❡✐s

♠♦❞❡❧♦✳✇❡✐❁✲ ❝✉r❡r❡❣✭❙✉r✈✭❢✉t✐♠❡✱❢✉st❛t✮⑦✶✱

❝✉r❡❢♦r♠✉❧❛ ❂⑦✶✱ t✐♠❡❞✐st ❂ ✧✇❡✐❜✉❧❧✧✱ ❞❛t❛❂♦✈❛r✐❛♥✮

★❡st✐♠❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❛ss♦❝✐❛❞♦s ❛♦ ♠♦❞❡❧♦

❣❛♠❛ ❂ ❡①♣✭♠♦❞❡❧♦✳✇❡✐✩❝♦❡❢❢✐❝✐❡♥ts✩❝♦❡❢✳t✐♠❡❬✷❪✮

❛❧♣❤❛ ❂ ❡①♣✭♠♦❞❡❧♦✳✇❡✐✩❝♦❡❢❢✐❝✐❡♥ts✩❝♦❡❢✳t✐♠❡❬✶❪✮

❡t❛✇❡✐ ❂ ♠♦❞❡❧♦✳✇❡✐✩❝♦❡❢❢✐❝✐❡♥ts✩❝♦❡❢✳❝✉r❡❬✶❪

★❝♦♥str✉çã♦ ❞♦ r❡sí❞✉♦ t✐♣♦ ❈♦①✲❙♥❡❧❧

t❤❡t❛✇❡✐ ❂ ❡①♣✭❡t❛✇❡✐✮★✴✭✶✰❡①♣✭❡t❛✇❡✐✮✮



✼✵

② ❂ ♦✈❛r✐❛♥✩❢✉t✐♠❡

s✵✇❡✐ ❂ ❡①♣✭✲✭②✴❛❧♣❤❛✮❫❣❛♠❛✮

s♣t✇❡✐ ❂ ❡①♣✭✲t❤❡t❛✇❡✐✯✭✶ ✲ s✵✇❡✐✮✮

❤✶❁✲ ✲❧♦❣✭s♣t✇❡✐✮

✐♥❞✐❝❛❞♦r❛❁✲ ♦✈❛r✐❛♥✩❢✉st❛t

★❡st✐♠❛çã♦ ♥ã♦ ♣❛r❛♠étr✐❝❛

①❁✲ s✉r✈❢✐t✭❙✉r✈✭❤✶✱✐♥❞✐❝❛❞♦r❛✮⑦✶✱ ❝♦♥❢✳t②♣❡ ❂ ✧♥♦♥❡✧✮

r❡s✉❧t❛❞♦❴t✐♠❡ ❁✲ ①✩t✐♠❡

r❡s✉❧t❛❞♦❴s✉r✈ ❁✲ ①✩s✉r✈

★❝♦♥str✉çã♦ ❞♦ ❣rá❢✐❝♦

♣❛r✭♠❢r♦✇ ❂ ❝✭✶✱✶✮✮

♠❛t♣❧♦t✭r❡s✉❧t❛❞♦❴t✐♠❡✱ ✲❧♦❣✭r❡s✉❧t❛❞♦❴s✉r✈✮✱ t②♣❡❂✧♣✧✱ ❝♦❧❂✧❜❧❛❝❦✧✱

♣❝❤❂✶✱

①❧❛❜ ❂ ✧❘❡sí❞✉♦s ❞❡ ❈♦① ❙♥❡❧❧✧✱ ②❧❛❜ ❂ ✧❋✉♥çã♦ ❞❡ ❘✐s❝♦ ❆❝✉♠✉❧❛❞♦✧✱

①❧✐♠ ❂ ❝✭✵✱✶✳✺✮✱ ②❧✐♠ ❂ ❝✭✵✱✶✳✺✮✮

❛❜❧✐♥❡✭❝✭✵✱✸✮✱❝✭✶✱✵✮✱ ❝♦❧ ❂ ✧r❡❞✧✮

t✐t❧❡✭✧❘❡sí❞✉♦ ●❧♦❜❛❧ ❞♦ ❚✐♣♦ ❈♦①✲❙♥❡❧❧ ❭♥ ♣❛r❛ ♦ ▼❚P✲❲❡✐❜✉❧❧✧✮

★♠♠♣✲✇❡✐❜✉❧❧ ❝♦♠ ❛ ❝♦✈❛r✐á✈❡❧ ❛❣❡

♠♦❞❡❧♦✳✇❡✐✳♠♠♣✳❝✈❁✲ ❝✉r❡r❡❣✭❙✉r✈✭❢✉t✐♠❡✱❢✉st❛t✮⑦✶✱

❝✉r❡❢♦r♠✉❧❛ ❂⑦✶✰❢❛❝t♦r✭❛❣❡✮✱

t✐♠❡❞✐st ❂ ✧✇❡✐❜✉❧❧✧✱ ♥❝❛✉s❡❞✐st ❂ ✧❜❡r♥♦✉❧❧✐✧✱ ❞❛t❛❂♦✈❛r✐❛♥✮

★❡st✐♠❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❛ss♦❝✐❛❞♦s ❛♦ ♠♦❞❡❧♦

❣❛♠❛ ❂ ❡①♣✭♠♦❞❡❧♦✳✇❡✐✳♠♠♣✳❝✈✩❝♦❡❢❢✐❝✐❡♥ts✩❝♦❡❢✳t✐♠❡❬✷❪✮

❛❧♣❤❛ ❂ ❡①♣✭♠♦❞❡❧♦✳✇❡✐✳♠♠♣✳❝✈✩❝♦❡❢❢✐❝✐❡♥ts✩❝♦❡❢✳t✐♠❡❬✶❪✮

❡t❛✇❡✐ ❂ ♠♦❞❡❧♦✳✇❡✐✳♠♠♣✳❝✈✩❝♦❡❢❢✐❝✐❡♥ts✩❝♦❡❢✳❝✉r❡❬✶❪✰

♦✈❛r✐❛♥✩❛❣❡✯♠♦❞❡❧♦✳✇❡✐✳♠♠♣✳❝✈✩❝♦❡❢❢✐❝✐❡♥ts✩❝♦❡❢✳❝✉r❡❬✷❪

★❝♦♥str✉çã♦ ❞♦ r❡sí❞✉♦ t✐♣♦ ❈♦①✲❙♥❡❧❧

t❤❡t❛✇❡✐ ❂ ❡①♣✭❡t❛✇❡✐✮★✴✭✶✰❡①♣✭❡t❛✇❡✐✮✮



✼✶

② ❂ ♦✈❛r✐❛♥✩❢✉t✐♠❡

s✵✇❡✐ ❂ ❡①♣✭✲✭②✴❛❧♣❤❛✮❫❣❛♠❛✮

s♣t✇❡✐ ❂ t❤❡t❛✇❡✐✰✭✶ ✲ t❤❡t❛✇❡✐✮✯s✵✇❡✐

❤✶❁✲ ✲❧♦❣✭s♣t✇❡✐✮

✐♥❞✐❝❛❞♦r❛❁✲ ♦✈❛r✐❛♥✩❢✉st❛t

①❁✲ s✉r✈❢✐t✭❙✉r✈✭❤✶✱✐♥❞✐❝❛❞♦r❛✮⑦✶✱ ❝♦♥❢✳t②♣❡ ❂ ✧♥♦♥❡✧✮

r❡s✉❧t❛❞♦❴t✐♠❡ ❁✲ ①✩t✐♠❡

r❡s✉❧t❛❞♦❴s✉r✈ ❁✲ ①✩s✉r✈

★❣rá❢✐❝♦

♣❛r✭♠❢r♦✇ ❂ ❝✭✷✱✷✮✮

♠❛t♣❧♦t✭r❡s✉❧t❛❞♦❴t✐♠❡✱ ✲❧♦❣✭r❡s✉❧t❛❞♦❴s✉r✈✮✱ t②♣❡❂✧♣✧✱ ❝♦❧❂✧❜❧❛❝❦✧✱

♣❝❤❂✶✱①❧❛❜ ❂ ✧❘❡sí❞✉♦s ❞❡ ❈♦① ❙♥❡❧❧✧✱

②❧❛❜ ❂ ✧❋✉♥çã♦ ❞❡ ❘✐s❝♦ ❆❝✉♠✉❧❛❞♦✧✱

①❧✐♠ ❂ ❝✭✵✱✶✳✺✮✱ ②❧✐♠ ❂ ❝✭✵✱✶✳✺✮✮

❛❜❧✐♥❡✭❝✭✵✱✸✮✱❝✭✶✱✵✮✱ ❝♦❧ ❂ ✧r❡❞✧✮

t✐t❧❡✭✧❘❡sí❞✉♦ ●❧♦❜❛❧ ❞♦ ❚✐♣♦ ❈♦①✲❙♥❡❧❧ ❭♥

♣❛r❛ ♦ ▼▼P✲❲❡✐❜✉❧❧ ❝♦♠ ❛ ❝♦✈❛r✐á✈❡❧ ❆❣❡✧✮

★♠t♣✲✇❡✐❜✉❧❧ ❝♦♠ ❛ ❝♦✈❛r✐á✈❡❧ ❛❣❡

♠♦❞❡❧♦✳✇❡✐✳❝✈❁✲ ❝✉r❡r❡❣✭❙✉r✈✭❢✉t✐♠❡✱❢✉st❛t✮⑦✶✱

❝✉r❡❢♦r♠✉❧❛ ❂⑦✶✰❢❛❝t♦r✭❛❣❡✮✱ t✐♠❡❞✐st ❂ ✧✇❡✐❜✉❧❧✧✱ ❞❛t❛❂♦✈❛r✐❛♥✮
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❤✶❁✲ ✲❧♦❣✭s♣t❧♥✮

✐♥❞✐❝❛❞♦r❛❁✲ ♦✈❛r✐❛♥✩❢✉st❛t
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r❡s✉❧t❛❞♦❴t✐♠❡ ❁✲ ①✩t✐♠❡
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