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❖♥❡ ♦❢ %❤❡ ♠❛✐♥ ♣+♦❜❧❡♠. ❢❛❝❡❞ ❜② ✜.❤✲✜❧❧❡% ✐♥❞✉.%+✐❡. ✐. %❤❡ .%❛♥❞❛+❞✐③❛%✐♦♥

♦❢ ✜❧❧❡%✳ ❚❤❡ .✐③❡ ♦❢ %❤❡ ✜.❤✱ %❤❡ ✜❧❧❡%✐♥❣ ♠❡%❤♦❞✱ %❤❡ .❦✐❧❧ ♦❢ %❤❡ ♣+♦❢❡..✐♦✲

♥❛❧ ✇❤♦ ❝✉%. %❤❡ ✜❧❡% ❛♥❞ %❤❡ ❝✉% .❤❛♣❡ ♦❢ %❤❡ ♠✉.❝❧❡. ✐♥✢✉❡♥❝❡. %❤❡ ②✐❡❧❞

❛♥❞ ✉♥✐❢♦+♠✐%② ♦❢ %❤❡ ✜❧❧❡%✳ ❚❤✉.✱ %❤❡ ♣+❡.❡♥% ✇♦+❦ ❛✐♠. %♦ ❛♣♣❧② %❤❡ %♦♦❧.
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❆ ❞❡♠❛♥❞❛ ♠✉♥❞✐❛❧ ♣♦+ ♣❡,❝❛❞♦ ✈❡♠ ,♦❢+❡♥❞♦ ✉♠ ,✐❣♥✐✜❝❛2✐✈♦ ❛✈❛♥3♦ ♥❛,

4❧2✐♠❛, ❞5❝❛❞❛,✱ ♦ 7✉❡ ,❡ ❞❡✈❡ ♣+✐♥❝✐♣❛❧♠❡♥2❡ ❛♦ ❝+❡,❝✐♠❡♥2♦ ♣♦♣✉❧❛❝✐♦♥❛❧ ❡ 8 ♣+♦❝✉+❛ ♣♦+

❛❧✐♠❡♥2♦, ♠❛✐, ,❛✉❞9✈❡✐,✳ ❉❡,,❛ ❢♦+♠❛✱ ❛ ❝+✐❛3<♦ ❞❡ ♣❡✐①❡, ❡♠ ❣+❛♥❞❡ ❡,❝❛❧❛ ❡♠ ❛♠❜✐❡♥2❡,

❝♦♥2+♦❧❛❞♦, ✭♣✐,❝✐❝✉❧2✉+❛✮ ,❡ ❞❡,2❛❝❛ ❝♦♠♦ ✉♠❛ ❛❧2❡+♥❛2✐✈❛ ✈✐9✈❡❧ ♣❛+❛ ❛✉♠❡♥2❛+ ❛ ♦❢❡+2❛

❞❡ ♣❡,❝❛❞♦, ♥♦, ♣+A①✐♠♦, ❛♥♦,✱ 2❡♥❞♦ ❡♠ ✈✐,2❛ 7✉❡ ❛ ♣❡,❝❛ ❡①2+❛2✐✈✐,2❛ ✭❡♠ 9❣✉❛ ❞♦❝❡

♦✉ ❛✉2♦ ♠❛+✮ ❡♥❝♦♥2+❛✲,❡ ❝♦♠ ❛ ♣+♦❞✉3<♦ ❡,2❛❜✐❧✐③❛❞❛ ❞❡,❞❡ ❞❡ ✶✾✾✵ ✭❋❆❖✱ ✷✵✶✹✮✳

◆♦ ❝❡♥9+✐♦ ❞❛ ♣✐,❝✐❝✉❧2✉+❛✱ ♦ ❇+❛,✐❧ ❞❡,2❛❝❛✲,❡ ❡♥2+❡ ♦, ♣❛M,❡, ❝♦♠ ♠❛✐♦+ ♣♦✲

2❡♥❝✐❛❧ ♣❛+❛ ❡,,❛ ❛2✐✈✐❞❛❞❡✱ ❡♠ ❞❡❝♦++N♥❝✐❛ ❞❡ ❛❧❣✉♥, ❢❛2♦+❡, ❝♦♠♦ ,✉❛ ❞✐,♣♦♥✐❜✐❧✐❞❛❞❡

❤M❞+✐❝❛✱ ❝❧✐♠❛ ❢❛✈♦+9✈❡❧ ❡ ♦❝♦++N♥❝✐❛ ♥❛2✉+❛❧ ❞❡ ❡,♣5❝✐❡, ❛7✉92✐❝❛, ✭❇❘❆❙■▲✱ ✷✵✶✸✮✳

❉❡♥2+❡ ❛, ❞✐✈❡+,❛, ❡,♣5❝✐❡, ❞❡ ♣❡✐①❡, ❝✉❧2✐✈❛❞❛, ♥♦ ❇+❛,✐❧✱ ❛ 2✐❧9♣✐❛ ❞♦ ◆✐❧♦✱

❖!❡♦❝❤!♦♠✐( ♥✐❧♦+✐❝✉( ✭▲■◆◆❆❊❯❙✱ ✶✼✺✽✮✱ ❞❡,2❛❝❛✲,❡ ♣♦+ ♣♦,,✉✐+ ❡①❝❡❧❡♥2❡ ❞❡,❡♠♣❡♥❤♦

❡♠ ❣❛♥❤♦ ❞❡ ♣❡,♦✱ ❝+❡,❝✐♠❡♥2♦✱ ❛❞❛♣2❛3<♦ ❛ ❞✐✈❡+,♦, ❛♠❜✐❡♥2❡, ❡ ,✐,2❡♠❛ ❞❡ ♣+♦❞✉3<♦✱

+❡,✐,2N♥❝✐❛ ❛ ❡♥❢❡+♠✐❞❛❞❡,✱ ❢9❝✐❧ +❡♣+♦❞✉3<♦✱ ❛❧5♠ ❞❡ ,✉❛ ❝❛+♥❡ ♣♦,,✉✐+ ❛❧2❛ 7✉❛❧✐❞❛❞❡

♥✉2+✐❝✐♦♥❛❧ ❡ ❜♦❛ ❛❝❡✐2❛3<♦ ♣♦+ ♣❛+2❡ ❞♦, ❝♦♥,✉♠✐❞♦+❡, ✭❚❆❱❆❘❊❙ ✫ ]❆▲❍❆❘❊❙✱ ✷✵✶✶✮✳

◆♦ ❇+❛,✐❧✱ ❛ ♣+♦❞✉3<♦ ❞❡ 2✐❧9♣✐❛ ,❡ ❝♦♥❝❡♥2+❛ ❜❛,✐❝❛♠❡♥2❡ ♥❛, +❡❣✐_❡, ,✉❧ ❡

,✉❞❡,2❡ ❞❡✈✐❞♦ ❛♦ ❝❧✐♠❛✳ ❙✉❛ ✐♥❞✉,2+✐❛❧✐③❛3<♦ ❣❡+❛ ✉♠❛ ❜♦❛ ❧✉❝+❛2✐✈✐❞❛❞❡ 8, ❡♠♣+❡,❛,✱

❛✉♠❡♥2❛♥❞♦ ❛ ❝♦♠❡+❝✐❛❧✐③❛3<♦ ♥❛, ✈5,♣❡+❛, ❞❡ ♣9,❝♦❛ ❡ ❢❡+✐❛❞♦, +❡❧✐❣✐♦,♦,✱ ❝♦♥❢♦+♠❡ ♦,

❝♦,2✉♠❡, ❞♦ ♣♦✈♦ ♥♦ ❧♦❝❛❧ ✭❙❯❙❙❊▲✱ ✷✵✶✸✮✳

❆ ✐♠♣♦+2`♥❝✐❛ ❞♦ ❝♦♥,✉♠♦ ❞❛ ❝❛+♥❡ ❞❛ 2✐❧9♣✐❛✱ ❞❡✈❡✲,❡ ♣+✐♥❝✐♣❛❧♠❡♥2❡ ❛♦ ,❡✉

❛❧2♦ ✈❛❧♦+ ♥✉2+✐❝✐♦♥❛❧✱ ,❡♥❞♦ +✐❝♦ ❡♠ ♣+♦2❡M♥❛,✱ ❞❡ ❢9❝✐❧ ❞✐❣❡,2<♦ ❡ ♣♦,,✉✐+ ♠❡♥♦, ❣♦+❞✉+❛,

7✉❡ ❛ ♠❛✐♦+✐❛ ❞❛, ❝❛+♥❡, ✈❡+♠❡❧❤❛,✳ ❖ 2✐♣♦ ❞❡ ❣♦+❞✉+❛ ♣+❡❞♦♠✐♥❛♥2❡ ♥♦, ♣❡✐①❡, ,<♦ ❛,

♣♦❧✐✐♥,❛2✉+❛❞❛,✱ ❡♥2+❡ ❛, 7✉❛✐, ,❡ ❞❡,2❛❝❛ ♦ a♠❡❣❛✲✸✱ ❝✉❥♦ ❝♦♥,✉♠♦ ♣+♦♣♦+❝✐♦♥❛ ❣+❛♥❞❡,

❜❡♥❡❢M❝✐♦, 8 ,❛4❞❡✳ ❉❡✈✐❞♦ 8 ❡,,❛ ❝❛+❛❝2❡+M,2✐❝❛✱ ❡,,❡ ❛❧✐♠❡♥2♦ 5 ,❡+✈✐❞♦ ❝♦♠♦ ❝❛+❞9♣✐♦

❛♦, ❛❧✉♥♦, ❡♠ ,✉❛, ♠❡+❡♥❞❛, ❡,❝♦❧❛+❡, ✭❇❖❙❈❖▲❖ ❡2✳❛❧✳✱ ✷✵✵✾✮✳

◗✉❛♥2♦ ❛♦ ♣+♦❝❡,,♦ ❞❡ ✐♥❞✉,2+✐❛❧✐③❛3<♦ ❞❡ ♣❡✐①❡,✱ ❤♦✉✈❡ ❛✉♠❡♥2♦ ❝♦♥,✐❞❡+9✈❡❧

❡♠ ✐♥❞4,2+✐❛, ❞❡ ❜❡♥❡✜❝✐❛♠❡♥2♦ 7✉❡ ✈✐,❛♠ ♣+✐♥❝✐♣❛❧♠❡♥2❡ 8 ✜❧❡2❛❣❡♠ ✭❯❈❈■✱ ✷✵✵✸✮✳

]♦+5♠✱ ,❡❣✉♥❞♦ ❱✐❞♦22✐ ❡2 ❛❧✳ ✭✷✵✵✸✮✱ ❣+❛♥❞❡, 7✉❛♥2✐❞❛❞❡, ❞❡ ♣❡✐①❡, ,<♦ ❞❡,♣❡+❞✐3❛❞❛,

❞✉+❛♥2❡ ❛ ❝❛♣2✉+❛✱ ❝♦♠❡+❝✐❛❧✐③❛3<♦ ❡ ♣+♦❝❡,,♦, ✐♥❞✉,2+✐❛✐,✱ ,❡♥❞♦ 7✉❡ ♦ ❞❡,❝❛+2❡ ❞✉+❛♥2❡

♦ ♣+♦❝❡,,♦ ❞❡ ✜❧❡2❛❣❡♠ ❞❡ 2✐❧9♣✐❛, ❝❤❡❣❛ ❛ ✻✺ ✪ ❞❛ ♠❛25+✐❛✲♣+✐♠❛✳

❖✉2+♦ ♣+♦❜❧❡♠❛ ❡♥❢+❡♥2❛❞♦ ♣❡❧❛, ✐♥❞4,2+✐❛, ❞❡ ✜❧❡2❛❣❡♠ 5 ❛ ♣❛❞+♦♥✐③❛3<♦ ❞♦

✜❧5✳ ❊,2❡ ♣+♦❜❧❡♠❛ ♦❝♦++❡ ❞❡✈✐❞♦ ❛♦ ♣❡,♦ ❞♦ ♣❡✐①❡✱ ♦ ♠52♦❞♦ ❞❡ ✜❧❡2❛❣❡♠✱ ❛ ❞❡,2+❡③❛ ❞♦

✜❧❡2❛❞♦+ ❡ ❛ ❢♦+♠❛ ❞❡ ❝♦+2❡ ❞♦, ♠4,❝✉❧♦, ✐♥✢✉❡♥❝✐❛♥❞♦ ♥♦ +❡♥❞✐♠❡♥2♦ ❞♦ ✜❧5 ✭❙❖❯❩❆✱

✷✵✵✷✮✳

❯♠❛ ❞❛, ♠❛♥❡✐+❛, ❞❡ ❛✈❛❧✐❛+ ❡,,❛ ❞❡,✉♥✐❢♦+♠✐❞❛❞❡ 5 ❛ ❛♣❧✐❝❛3<♦ ❞❡ ❢❡++❛♠❡♥✲

2❛, ❡,2❛2M,2✐❝❛ ❝♦♠♦ ♦ ❈♦♥2+♦❧❡ ❊,2❛2M,2✐❝♦ ❞❡ ]+♦❝❡,,♦, ✭❈❊]✮✳ ❊,2❛ ❢❡++❛♠❡♥2❛ ❝♦♥,✐,2❡
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❝❡--♦ ✐♥❞✉-)1✐❛❧✱ ❝♦♥)1✐❜✉✐♥❞♦ ♣❛1❛ ❛ ♠❡❧❤♦1✐❛ ❞❛ /✉❛❧✐❞❛❞❡ ✐♥)1.♥-❡❝❛✱ ❞❛ ♣1♦❞✉)✐✈✐❞❛❞❡✱

❞❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❡ ❞♦ ❝✉-)♦ ❞♦ /✉❡ ❡-): -❡♥❞♦ ♣1♦❞✉③✐❞♦ ✭❘■❇❊■❘❖✱ ✷✵✵✵✮✳ ❊♥)1❡ ❛- ♣1✐♥✲

❝✐♣❛✐- ❢❡11❛♠❡♥)❛- ♣♦❞❡✲-❡ ❞❡-)❛❝❛1✿ ❉✐❛❣1❛♠❛ ❞❡ ❈❛✉-❛ ❡ ❊❢❡✐)♦✱ ❈❛1)❛- ❞❡ ❈♦♥)1♦❧❡-✱

♣❛1❛ ♠*❞✐❛✱ ❛♠♣❧✐)✉❞❡ ❡ ❞❡-✈✐♦ ♣❛❞1J♦✳
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❞✐♠❡♥)♦ ❞❛ ✜❧❡)❛❣❡♠ ❞❡ )✐❧:♣✐❛- ❡✱ ❛♦ ❧♦♥❣♦ ❞♦ )1❛❜❛❧❤♦ ❛♣1❡-❡♥)❛1✲-❡ ❛❧❣✉♥- ❝♦♥❝❡✐)♦- ❡
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,❡♠❛ ❞❡ ✜❧❡,❛❣❡♠ ❞❡ ,✐❧7♣✐❛'✳

✷✳✷ ❖❇❏❊❚■❱❖❙ ❊❙/❊❈❮❋■❈❖❙
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❛' ❢❡&&❛♠❡♥,❛' ❞❡ ❝♦♥,&♦❧❡ ❞❡ <✉❛❧✐❞❛❞❡✳
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✸✳✶ #■❙❈■❈❯▲❚❯❘❆

 ❛"❛  ✐♥❤❡✐"♦ ❡( ❛❧✳ ✭✷✵✵✻✱ ♣✳ ✷✺✼✮ ✏❛ ♣✐5❝✐❝✉❧(✉"❛ 8 "❡❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ✉♠❛

✐♠♣♦"(❛♥(❡ ❛(✐✈✐❞❛❞❡ ❛❣"♦✐♥❞✉5("✐❛❧✱ ❝❛♣❛③ ❞❡ ❣❡"❛" ❣"❛♥❞❡ "❡(♦"♥♦ ✜♥❛♥❝❡✐"♦ ♣❛"❛ ♦5

♣"♦❞✉(♦"❡5 ❡ ♣❛"❛ ❛5 ✐♥❞?5("✐❛5 ♣"♦❝❡55❛❞♦"❛5 ❞❡ ♣❡✐①❡5✱ ♥✉♠❛ ✈✐5A♦ 5✐5(B♠✐❝❛ ❞❡ ❝❛❞❡✐❛5

♣"♦❞✉(✐✈❛5✑✳ ❙❡❣✉♥❞♦ ♦ ❛✉(♦"✱ ❛5 ✈❛♥(❛❣❡♥5 ❞❛ ❡5❝♦❧❤❛ ❞❛ (✐❧E♣✐❛ 5A♦ ❡♠ ❞❡❝♦""B♥❝✐❛ ❞❛

❢❛❝✐❧✐❞❛❞❡ ❞❡ ❝✉❧(✐✈♦✱ ❝♦❧♦❝❛♥❞♦ (❛❧ ❡5♣8❝✐❡ ♥♦ "❛♥❦✐♥❣ ❞❡ ♠❛✐♦" ♣"♦❞✉HA♦ ♥♦ ♠✉♥❞♦✳

❊♥("❡(❛♥(♦✱ ❛ ✐♥("♦❞✉HA♦ ❞❡5❝♦♥("♦❧❛❞❛ ❞❡ ❧♦(❡5 ❞❡ (✐❧E♣✐❛5 ❝♦♠ ❝❛"❛❝(❡"J5(✐❝❛5

✐♥❞❡5❡❥E✈❡✐5 ❛♦ ❝✉❧(✐✈♦ ❣❡"❛"❛♠ ❛ ♥❡❝❡55✐❞❛❞❡ ❞❡ 5❡ ("❛H❛" ❡5("❛(8❣✐❛5 ♣❛"❛ ❛55❡❣✉"❛" ❛

L✉❛❧✐❞❛❞❡ ❣❡♥8(✐❝❛ ❡ ❛ ❞❡(❡"♠✐♥❛HA♦ ❞❛ ♣"♦❝❡❞B♥❝✐❛ ❞♦5 ❛❧❡✈✐♥♦5 ❝♦♠❡"❝✐❛❧✐③❛❞♦5✳ ❆55✐♠✱

❞✐✈❡"5❛5 ❧✐♥❤❛❣❡♥5 ♠❡❧❤♦"❛❞❛5 (B♠ 5✐❞♦ ✐♥("♦❞✉③✐❞❛5 ♥♦5 ❞✐✈❡"5♦5 5✐5(❡♠❛5 ❞❡ ♣"♦❞✉HA♦

❞❡ (✐❧E♣✐❛ ♥♦ ❇"❛5✐❧ ✭❉■❖❉❆❚❚■✱ ✷✵✵✻✮✳

❖ ❝"❡5❝✐♠❡♥(♦ ♠♦"❢♦♠8("✐❝♦ ✭♠❡❞✐❞❛5 ❞❛5 ❢♦"♠❛5 ❢J5✐❝❛5 ❞♦ ❛♥✐♠❛❧✱ ❝♦♠♦ ♦

❝♦♠♣"✐♠❡♥(♦✱ ❧❛"❣✉"❛ ❡ ❛❧(✉"❛✮ ❡ ❛❧♦♠8("✐❝♦ ✭❝"❡5❝✐♠❡♥(♦ ❞❡ ♣❛"(❡ ♦✉ ❞❡ ♣❛"(❡5 ❞♦ ❛♥✐♠❛❧

❡♠ ♠❛✐♦" ✈❡❧♦❝✐❞❛❞❡✱ ♦✉ ❡♠ ❞❡("✐♠❡♥(♦ ❛5 ♦✉("❛5 ♣❛"(❡5✮ ❞❛ (✐❧E♣✐❛ ❞♦ ◆✐❧♦✱ ❡✈✐❞❡♥❝✐❛♠

L✉❡ ♦ ✜❧8 ❛♣"❡5❡♥(❛ ✉♠❛ ✈❛"✐❛HA♦ ❞❡ ♣❡5♦ ♣"♦♣♦"❝✐♦♥❛❧♠❡♥(❡ ♠❛✐♦" ❡♠ "❡❧❛HA♦ ❛♦ ♣❡5♦

❝♦"♣♦"❛❧ ❞✉"❛♥(❡ ❞❡(❡"♠✐♥❛❞❛ ❢❛5❡ ❞♦ ❝"❡5❝✐♠❡♥(♦✱ ♦ L✉❡ ♣"♦♣♦"❝✐♦♥❛ ♠❛✐5 "❡♥(❛❜✐❧✐❞❛❞❡

♥❛ ✜❧❡(❛❣❡♠ ❞♦ ✜❧8 ✭❉■❖❉❆❚❚■✱ ✷✵✵✻✮✳

✸✳✶✳✶ ❈❛"❛❝$❡"✐③❛()♦ ❞❛ ❡,♣.❝✐❡

❆ (✐❧E♣✐❛ ❞♦ ◆✐❧♦✱ ❖!❡♦❝❤!♦♠✐( ♥✐❧♦+✐❝✉(✱ 8 ♥❛(✐✈❛ ❞♦5 "✐♦5 ❡ ❧❛❣♦5 ❛❢"✐❝❛♥♦5✳ ➱

❝♦♥5✐❞❡"❛❞❛ ❛ 5❡❣✉♥❞❛ ❡5♣8❝✐❡ ❞❡ ♣❡✐①❡ ♠❛✐5 ❝✉❧(✐✈❛❞❛ ♥♦ ♠✉♥❞♦✱ "❛③A♦ ♣❡❧❛ L✉❛❧ ❡5(E

❛♠♣❧❛♠❡♥(❡ ❞✐55❡♠✐♥❛❞❛✳ ❆❧8♠ ❞✐55♦ ♣♦55✉✐ "E♣✐❞♦ ❝"❡5❝✐♠❡♥(♦✱ ♣♦55✉✐ ❣"❛♥❞❡ "✉5(✐❝✐✲

❞❛❞❡✱ ❢E❝✐❧ ♠❛♥❡❥♦✱ ♦ "❡♥❞✐♠❡♥(♦ 8 ❛❧(♦ ❡ 5✉❛ ❝❛"♥❡ 8 ❞❡ L✉❛❧✐❞❛❞❡ ✭●❆▲▲■❀ ❚❖❘▲❖◆■✱
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❖ ❝✉❧(✐✈♦ ❞❡ (✐❧E♣✐❛5 ♣❛"❛ ✜♥5 ✐♥❞✉5("✐❛✐5✱ ❞❡5(❛❝❛✲5❡ ❛ (✐❧E♣✐❛ ❞♦ ◆✐❧♦ ❝♦♠♦

✉♠❛ ❞❛5 ❡5♣8❝✐❡5 ♠❛✐5 ✐♥❞✐❝❛❞❛5 ♣❛"❛ ♦ ❝✉❧+✐✈♦ ✐♥+❡♥(✐✈♦✱ ❞❡✈✐❞♦ ]5 5✉❛5 L✉❛❧✐❞❛❞❡5 ♣❛"❛

❛ ♣"♦❞✉HA♦ ✐♥❞✉5("✐❛❧ ❡ ] ❡①❝❡❧❡♥(❡ (❡①(✉"❛ ❞❡ 5✉❛ ❝❛"♥❡ ✭❙■▲❱❆✱ ❡+ ❛❧✳ ✷✵✶✻✮✳

❆❝"❡❞✐(❛✲5❡ L✉❡ ❛ (✐❧E♣✐❛ ❞♦ ◆✐❧♦ (❡♥❤❛ 5✐❞♦ ❛ ♣"✐♠❡✐"❛ ❡5♣8❝✐❡ ❞❡ ♣❡✐①❡ ❛ 5❡"

❝✉❧(✐✈❛❞❛✱ ♣♦✐5 ❢♦"❛♠ ❡♥❝♦♥("❛❞❛5 ✐❧✉5("❛H_❡5 ❡♠ (✉♠❜❛5 ❡❣J♣❝✐❛5✱ 5✉❣❡"✐♥❞♦ L✉❡ ❡5(❛

❡5♣8❝✐❡ 8 ❝✉❧(✐✈❛❞❛ ❛ ♠❛✐5 ❞❡ ✸✳✵✵✵ ❛♥♦5 ✭ ❖ ▼❆❀ ▼❆❙❙❊❘✱ ✶✾✾✾✮✳

❆ (✐❧E♣✐❛ ❞♦ ◆✐❧♦ ♣❡"(❡♥❝❡ ] ❢❛♠J❧✐❛ ❈✐❝❧✐❞❛❡✱ ❣B♥❡"♦ ❖"❡♦❝❤"♦♠✐5✱ ❡5♣8❝✐❡

❖!❡♦❝❤!♦♠✐( ♥✐❧♦+✐❝✉(✳ ❆ ❡5♣8❝✐❡ ♣♦55✉✐ ❤E❜✐(♦ ❛❧✐♠❡♥(❛" ✜(♦♣❧❛♥❝(c❢❛❣♦✱ (❡♥❞❡♥❞♦ ❛
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✷✵✵✹✮✳

❊B5❡B ❛♥✐♠❛✐B ♣♦❞❡♠ B❡& ❡♥❝♦♥5&❛❞♦B ❡♠ ❞✐✈❡&B❛B &❡❣✐J❡B✱ B❡♥❞♦ 2✉❡ ❖✳ ♥✐✲

❧♦!✐❝✉, ❝♦&&❡B♣♦♥❞❡ ❛ ❛♣&♦①✐♠❛❞❛♠❡♥5❡ ✽✵ ✪ ❞❡ 5♦❞❛ ❛ ♣&♦❞✉LM♦ ♠✉♥❞✐❛❧ ❞❛ ❡B♣A❝✐❡✱

♣&✐♥❝✐♣❛❧♠❡♥5❡ ❞❡✈✐❞♦ ❛ B✉❛B ❝❛&❛❝5❡&$B5✐❝❛B ❡♠ &❡❧❛LM♦ 6 B✉❛ ❛❞❛♣5❛❜✐❧✐❞❛❞❡ ❛ ❞✐✈❡&B♦B

B✐B5❡♠❛B ❞❡ ♣&♦❞✉LM♦ ❡ ❝♦♥❞✐LJ❡B ❛♠❜✐❡♥5❛✐B✱ ❢❛❝✐❧✐❞❛❞❡ ❞❡ &❡♣&♦❞✉LM♦✱ ❛❧5❛ ♣&♦❧✐✜❝✐❞❛❞❡✱

5♦❧❡&Q♥❝✐❛ 6 ❜❛✐①❛ 2✉❛❧✐❞❛❞❡ ❞❡ :❣✉❛✱ ❜♦❛ ❛❝❡✐5❛LM♦ ❞❡ &❛LJ❡B ❡ &:♣✐❞♦ ❝&❡B❝✐♠❡♥5♦✳ ❆❧A♠

❞❡B5❛B ❝❛&❛❝5❡&$B5✐❝❛B✱ ❛ 5✐❧:♣✐❛ ❛♣&❡B❡♥5❛ ✉♠❛ ❝❛&♥❡ ❝♦♠ R5✐♠♦ B❛❜♦&✱ ♦ 2✉❡ 5❡♠ B✐❞♦

&❡B♣♦♥B:✈❡❧ ♣❡❧❛ ❣&❛♥❞❡ ❛❝❡✐5❛LM♦ ❝♦♠❡&❝✐❛❧ ✭❑❯❇■❚❩❆✱ ✷✵✵✵✮✳

❖✉5&❛B ✐♠♣♦&5❛♥5❡B ❝❛&❛❝5❡&$B5✐❝❛B ❛ B❡&❡♠ ❞❡B5❛❝❛❞❛B ❡♠ &❡❧❛LM♦ 6 5✐❧:♣✐❛ ❞♦

◆✐❧♦ A B✉❛ &❡B✐B5V♥❝✐❛ ❛ ❞♦❡♥L❛B✱ 5♦❧❡&Q♥❝✐❛ ❛♦ ❝✉❧5✐✈♦ ❡♠ ❛❧5❛B ❞❡♥B✐❞❛❞❡B ❡ ❡♠ ❛♠❜✐❡♥5❡B

❤♦B5✐B ❡ ❡B5&❡BB❛♥5❡B✱ ❞❡B♦✈❛B ❞✉&❛♥5❡ 5♦❞♦ ♦ ❛♥♦✱ B✉❛ ❝❛&♥❡ ♣♦BB✉✐ ❜❛✐①♦ 5❡♦& ❞❡ ❣♦&❞✉&❛

❡ ❝❛❧♦&✐❛B✱ ♥M♦ ♣♦BB✉❡♠ ❡B♣✐♥❤♦B ❡♠ ❢♦&♠❛ ❞❡ ✏❨✑ ❡ ❛♣&❡B❡♥5❛♠ &❡♥❞✐♠❡♥5♦ ❞❡ ✜❧AB 2✉❡

✈❛&✐❛♠ ❡♥5&❡ ✸✵ ❡ ✹✵ ✪✱ ♦ 2✉❡ ❛B 5♦&♥❛♠ ❜❛B5❛♥5❡B ❛5&❛5✐✈❛B ♣❛&❛ ❛ ✐♥❞✉B5&✐❛❧✐③❛LM♦

✭◆❖●❯❊■❘❆❀ ❘❖❉❘■●❯❊❙✱ ✷✵✵✼✮✳

❉❡ ❛❝♦&❞♦ ❝♦♠ ❛B ❡B5❛5$B5✐❝❛B ♦✜❝✐❛✐B ❜&❛B✐❧❡✐&❛B ❛ 5✐❧❛♣✐❝✉❧5✉&❛ ❝&❡B❝❡✉ ❞❡

✶✷✳✵✵✵ ♣❛&❛ ✶✺✺✳✹✺✵ 5♦♥❡❧❛❞❛B ❞❡ ✶✾✾✺ ❛ ✷✵✶✵✳ ◆♦B b❧5✐♠♦B ✶✵ ❛♥♦B ❛ ♣&♦❞✉LM♦ ❞❡ 5✐❧:♣✐❛

❛✉♠❡♥5♦✉ ❛ ✉♠❛ 5❛①❛ ♠A❞✐❛ ❞❡ ✶✼ ✪ ❛♦ ❛♥♦ ❡ &❡♣&❡B❡♥5❛ ❝❡&❝❛ ❞❡ ✹✵ ✪ ❞❛ ♣&♦❞✉LM♦ ❞❛

♣✐B❝✐❝✉❧5✉&❛ ❜&❛B✐❧❡✐&❛ ✭❑❯❇■❚❩❆✱ ✷✵✶✶✮✳

◗✉❛♥5♦ 6 &❡♣&♦❞✉LM♦✱ ❛B 5✐❧:♣✐❛B ❝❤❡❣❛♠ 6 ♠❛5✉&❛LM♦ B❡①✉❛❧ ♠✉✐5♦ ❝❡❞♦✱ B❡♥❞♦

2✉❡ ❣❡&❛❧♠❡♥5❡ ❛♦ ❛5✐♥❣✐&❡♠ ✻✵ ❣&❛♠❛B ❞❡ ♣❡B♦ ❡ ✐❞❛❞❡ ❡♥5&❡ ♦B ✹ ❡ ♦B ✻ ♠❡B❡B✱ ❛ 5✐❧:♣✐❛

❥: B❡ ❡♥❝♦♥5&❛ ♣&♦♥5❛ ♣❛&❛ &❡❛❧✐③❛& B✉❛ ♣&✐♠❡✐&❛ ❞❡B♦✈❛✳ ❆B ❞❡B♦✈❛B ❞❡ ❝❛5✐✈❡✐&♦B BM♦

❡①5&❡♠❛♠❡♥5❡ ❝♦♠✉♥B ❡✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛ &❡❣✐M♦✱ ♣♦❞❡♠ ♦❝♦&&❡& ❞✉&❛♥5❡ ♣&❛5✐❝❛♠❡♥5❡ ♦

❛♥♦ 5♦❞♦ ✭❆▼❆❘❆▲✱ ✷✵✵✻✮✳

✸✳✶✳✷ ■♥❢❧✉%♥❝✐❛ ♥♦ ❢♦*♠❛,♦ ❞♦ ❝♦*♣♦ ♥♦/ ♣❡/♦/ ❡ *❡♥❞✐♠❡♥,♦/

❝♦*♣♦*❛✐/

❈♦♠ ❜❛B❡ ♥♦B ❡B5✉❞♦B ❞❡ ❉✐♦❞❛55✐ ✭✷✵✵✻✮✱ ✈❡&✐✜❝❛✲B❡ 2✉❡ ♦ ❢♦&♠❛5♦ ❞♦ ❝♦&♣♦

❞♦ ❛♥✐♠❛❧ ✐♥✢✉❡♥❝✐❛ ♥♦ ♣❡B♦✱ ❜❡♠ ❝♦♠♦ ♥♦ &❡♥❞✐♠❡♥5♦ ❝♦&♣♦&❛❧✳ ❊♠ ✈✐B5❛ ❞✐B5♦✱ ❢❛③✲B❡

♥❡❝❡BB:&✐♦ &❡✢❡5✐& ❛ &❡B♣❡✐5♦ ❞❡B5❡B ❛B♣❡❝5♦B✳

❈♦♠ &❡❧❛LM♦ ❛♦ ♣❡B♦ ❞❛ 5✐❧:♣✐❛✱ ♥♦5❛✲B❡ 2✉❡ A &❡B✉❧5❛❞♦ ❞♦ &❡♥❞✐♠❡♥5♦ ❝♦&♣♦&❛❧✱

❛❧5✉&❛✱ ❝♦♠♣&✐♠❡♥5♦ ❡ ❡B♣❡BB✉&❛ ❞♦ ❧♦♠❜♦ ❞♦ ❛♥✐♠❛❧✳ ❙M♦ ❡B5❛B ♠❡❞✐❞❛B ♠♦&❢♦♠A5&✐❝❛B

2✉❡ ❛✉①✐❧✐❛♠ ♥♦ ♣&♦❝❡BB❛♠❡♥5♦ ❞❛ ✜❧❡5❛❣❡♠ ❞❡ 5✐❧:♣✐❛B ✭❙■▲❱❆✱ ❡! ❛❧✳ ✷✵✶✻✮✳

❆ &❡B♣❡✐5♦ ❞♦B &❡♥❞✐♠❡♥5♦B ❝♦&♣♦&❛✐B✱ ❞✉&❛♥5❡ ♦ ❝&❡B❝✐♠❡♥5♦ ♣❡&❝❡❜❡✲B❡ 2✉❡

❛❝✉♠✉❧❛LM♦ ❞❡ ♠❛BB❛ ♠✉B❝✉❧❛& ❡♠ ♣♦♥5♦B ❡B♣❡❝$✜❝♦B ❞♦ ❝♦&♣♦ ♣♦❞❡♠ &❡B✉❧5❛& ❞✐❢❡&❡♥5❡B

❛♣5✐❞J❡B ❞❛B ❡B♣A❝✐❡B ❞❡ ♣❡✐①❡B ✭❉■❖❉❆❚❚■✱ ✷✵✵✻✮✱ ❞❡B❝&❡✈❡♥❞♦ ❞❡BB❡ ♠♦❞♦✱ ♦ 5❛♠❛♥❤♦



✶✺

❞♦ ❛♥✐♠❛❧✱ ♥♦ *✉❛❧ ✐♥✢✉❡♥❝✐❛ ♦ ♣0♦❞✉1♦ ❞♦ ✜❧3✳

❏6 ♦ 1❛♠❛♥❤♦ ❞♦ ✜❧3 ❞❡ ✉♠ ♣❡✐①❡✱ 3 ✐♥✢✉❡♥❝✐❛❞♦ ♣♦0 ❞✐✈❡0:♦: ❛:♣❡❝1♦: ❝♦♠♦ ❛

❡:♣3❝✐❡✱ ❢♦0♠❛1♦ ❛♥❛1<♠✐❝♦ ❞♦ ♣❡✐①❡ ✭0❡❧❛>?♦ ❝❛❜❡>❛✴❝♦0♣♦✮✱ ♣❡:♦ ❝♦0♣♦0❛❧✱ :❡①♦✱ ❝♦♠♣♦✲

:✐>?♦ ❝♦0♣♦0❛❧ ✭❣♦0❞✉0❛ ✈✐:❝❡0❛❧✮✱ ❣0❛✉ ❞❡ ♠❡❝❛♥✐③❛>?♦ ♥❛ ✜❧❡1❛❣❡♠✱ ♠31♦❞♦ ❞❡ ✜❧❡1❛❣❡♠

❡ ❞❡:10❡③❛ ❞♦ ♦♣❡0❛❞♦0✱ ❞❡♥10❡ ♦✉10♦: ✭❙■▲❱❆✱ ❡! ❛❧✳ ✷✵✶✻✮✳

❊♥10❡1❛♥1♦✱ ♦✉10♦ ❢❛1♦0 ✐♠♣♦01❛♥1❡ *✉❡ ♥?♦ ♣♦❞❡♠♦: ❞❡✐①❛0 ❞❡ ❧❛❞♦ ❡✱ *✉❡

1❛♠❜3♠ ♣♦❞❡ ✐♥✢✉❡♥❝✐❛0 ♥♦ 0❡♥❞✐♠❡♥1♦ ❞♦ ✜❧3 3 ♦ 1✐♣♦ ❞❡ ❝♦01❡ ♥♦ ♣0♦❝❡::♦ ❞❡ ✜❧❡1❛❣❡♠

❞❛ 1✐❧6♣✐❛✱ ♣0♦♣♦0❝✐♦♥❛♥❞♦ ✉♠❛ ♠❡♥♦0 ♣❡0❞❛ ♥❛ 1❡①1✉0❛ ❞❛ ❝❛0♥❡ ❞♦ ❛♥✐♠❛❧✳ ❖ 1✐♣♦ ❞❡

❝♦01❡ ❛❞♦1❛❞♦ ♣❡❧♦ ❢0✐❣♦0P✜❝♦ ♣❛01❡ ❞♦ ♣0❡::✉♣♦:1♦ ❞❡ ♥?♦ 0❡1✐0❛0 ❛ ❝❛❜❡>❛ ❡ ♥❛❞❛❞❡✐0❛:

❞♦ ♣❡✐①❡ ❛♥1❡: ❞♦ ♣0♦❝❡::♦ ❞❡ ✜❧❡1❛❣❡♠✱ ♥❛ ❢♦0♠❛ ❞❡ 0❡♠♦✈❡0 ❛ ♣❡❧❡✱ ❛♥1❡: ❞❛ 0❡♠♦>?♦

❞♦ ✜❧3✱ ♦✉ :❡❥❛✱ ❝♦♠ ♦ ♣❡✐①❡ ✐♥1❡✐0♦ :❡♠ ❡✈✐:❝❡0❛0✿ 0❡1✐0❛✲:❡ ❛ ♣❡❧❡✱ ❝♦♠ ❛✉①P❧✐♦ ❞❡ ❛❧✐❝❛1❡

❡:♣❡❝✐❛❧✱ ❡ ❞❡♣♦✐: ♦ ✜❧3 ✭❋✐❣✉0❛ ✸✳✶✮✳ ❙♦✉③❛ ✭✷✵✵✷✮ ❡♠ :❡✉ ❡:1✉❞♦✱ ❝♦♥❝❧✉✐✉ *✉❡ ❡:1❡

♠31♦❞♦ ♣0♦♣♦0❝✐♦♥❛ ♦: ♠❡❧❤♦0❡: 0❡:✉❧1❛❞♦: ♥♦ 0❡♥❞✐♠❡♥1♦ ❞❡ ✜❧3✳

❋✐❣✉0❛ ✸✳✶✿ ▼31♦❞♦ ❞❡ ✜❧❡1❛❣❡♠✿ 0❡1✐0❛❞❛ ❞❛ ♣❡❧❡ ❞♦ ♣❡✐①❡ ✐♥1❡✐0♦ ❝♦♠ ❛❧✐❝❛1❡ ✭❆✮ ❡

✜❧❡1❛❣❡♠ ✭❇✮✳

❋♦♥1❡✿ ❙♦✉③❛ ✭✷✵✵✷✮✳

✸✳✷ ●❘➪❋■❈❖❙ ❖❯ ❈❆❘❚❆❙ ❉❊ ❈❖◆❚❘❖▲❊

❖: ❣06✜❝♦: ❞❡ ❝♦♥10♦❧❡ 3 ❛ ❢❡00❛♠❡♥1❛ ♠❛✐: ✉1✐❧✐③❛❞❛ ♣❛0❛ ♠♦♥✐1♦0❛♠❡♥1♦ ❞♦

♣0♦❝❡::♦✱ ♦❜❥❡1✐✈❛♥❞♦ ❞❡1❡❝1❛0 ❛ ♣0❡:❡♥>❛ ❞❡ ❝❛✉:❛: ❛10✐❜✉P✈❡✐: ✭*✉❡ :✉0❣❡♠ ❡:♣♦0❛❞✐❝❛✲

♠❡♥1❡✱ ❞❡✈✐❞♦ ❛ ✉♠❛ :✐1✉❛>?♦ ♣❛01✐❝✉❧❛0 *✉❡ ❢❛③ ❝♦♠ *✉❡ ♦ ♣0♦❝❡::♦ :❡ ❝♦♠♣♦01❡ ❞❡ ✉♠

♠♦❞♦ ❝♦♠♣❧❡1❛♠❡♥1❡ ❞✐❢❡0❡♥1❡ ❞♦ ✉:✉❛❧✱ ♦ *✉❡ ♣♦❞❡ 0❡:✉❧1❛0 ❡♠ ✉♠ ❞❡:❧♦❝❛♠❡♥1♦ ❞❡
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❼ ❱❛,✐❛❜✐❧✐❞❛❞❡ ❡①❝❡%%✐✈❛ ♦✉ ✢✉+✉❛<1♦ ❡))K+✐❝❛ 8 ❝❛)❛❝+❡)✐③❛❞❛ ♣♦) ❛❧+♦, ❡ ❜❛✐①♦,

❞♦, ♣♦♥+♦, ♥♦ ❣)K✜❝♦✳ ❆, ❝❛✉,❛, ♣❛)❛ ❡,,❡ ❛))❛♥❥♦ ,1♦ ✉♠ +❛♥+♦ ❞✐❢C❝✐❧ ❞❡ ✐❞❡♥+✐✜❝❛)✳

❊♠ +❛✐, ,✐+✉❛<>❡, ,❡♠♣)❡ 8 L+✐❧ ❡♥✉♠❡)❛) ❞✐✈❡),♦, ❢❛+♦)❡, ❝♦♥❤❡❝✐❞♦, ❞❡,,❡ ♣)♦❝❡,,♦✱

)❡❧❛❝✐♦♥❛❞♦, ❝♦♠ ♦♣❡)❛❞♦)❡,✱ ♠KA✉✐♥❛,✱ ♠❛+❡)✐❛✐,✱ ❡A✉✐♣❛♠❡♥+♦, ❞❡ ❡♥,❛✐♦✱ ❞✐,♣♦✲

,✐+✐✈♦,✱ ♠❡❞✐❞♦)❡,✳

M♦❞❡♠♦, ♦❜,❡)✈❛) ♥♦ ♣)✐♠❡✐)♦ ❣)K✜❝♦ ✭❋✐❣✉)❛ ✸✳✷✮ A✉❡ ♦, ❞❛❞♦, ❡,+1♦ ❞✐,♣♦,+♦,

❡♥+)❡ ♦, ❧✐♠✐+❡, ❞❡ ❝♦♥+)♦❧❡✱ ♣♦)8♠ ❤K ✐♥❞C❝✐♦, ❞❡ ✉♠ ♣♦♥+♦ ❢♦)❛ ❞♦, ❧✐♠✐+❡,✱ ❝❛,♦ ❞❡

✈❛)✐❛<1♦ ❡①+)❡♠❛ ♦✉ ❛♥♦♠❛❧✐❛✳ ❖❜,❡)✈❡ +❛♠❜8♠ A✉❡ ❤K ♦✉+)♦, +✐♣♦, ❞❡ ❛))❛♥❥♦, ❝♦♠♦ ♦

❞❡,✈✐♦ ❝♦♠ +❡♥❞7♥❝✐❛ ♥♦ ❣)K✜❝♦ X✱ ♦✉ ,❡❥❛✱ ✽ ♣♦♥+♦, ❛❜❛✐①♦ ❞❛ ❧✐♥❤❛ ❝❡♥+)❛❧✱ ✐♥❞✐❝❛♥❞♦ ❛

❢❛❧+❛ ❞❡ ❝♦♥+)♦❧❡ ❡,+❛+C,+✐❝♦✱ ❡♥+)❡+❛♥+♦✱ ♦ ❣)K✜❝♦ ❞❡ ❆♠♣❧✐+✉❞❡ ♥1♦ ❛♣)❡,❡♥+❛ ✈❛)✐❛❜✐❧✐❞❛❞❡

❞♦, ❞❛❞♦,✳
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❋✐❣✉&❛ ✸✳✷✿ ▼♦❞❡❧♦1 ❞❡ ❣&2✜❝♦1 ❞❡ ❝♦♥6&♦❧❡✳

❋♦♥6❡✿ 7♦&6❛❧ ❆❝6✐♦♥✱ ✷✵✶✶✳

✸✳✷✳✷ ●!"❢✐❝♦' ❞❡ ❝♦♥+!♦❧❡ ♣❛!❛ X ❡ ❘

❖1 ❣&2✜❝♦1 X ❡ ❘✭♠>❞✐❛ ❡ ❛♠♣❧✐6✉❞❡✮ ♥♦ ♣&♦❝❡11♦ ❞❡ ✜❧❡6❛❣❡♠ ❞❡ 6✐❧2♣✐❛1

6❡♠ ♣♦& ♦❜❥❡6✐✈♦ ❝♦♥6&♦❧❛& ❛ ✈❛&✐❛❜✐❧✐❞❛❞❡ ❞♦ ♣&♦❝❡11♦ ❡ ❞❡6❡❝6❛& D✉❛❧D✉❡& ♠✉❞❛♥E❛ D✉❡

❛❝♦♥6❡E❛✳ ❊16❡1 ❞❡✈❡♠ 1❡& ✐♠♣❧❡♠❡♥6❛❞♦1 1✐♠✉❧6❛♥❡❛♠❡♥6❡✱ ♣♦✐1 ❛1 ❢✉♥EH❡1 1❡ ❝♦♠♣❧❡✲

♠❡♥6❛♠✳ ❖ ♣&♦❝❡11♦ ♣♦❞❡ 1❛✐& ❞❡ ❝♦♥6&♦❧❡ ♣♦& ❛❧6❡&❛EH❡1 ♥♦ 1❡✉ ♥J✈❡❧ ♦✉ ♥❛ 1✉❛ ❞✐1♣❡&1K♦✱

♦✉ 1❡❥❛✱ ❛1 ♠✉❞❛♥E❛1 ♥♦ ♥J✈❡❧ ✭♠>❞✐❛✮ ❡ ❞✐1♣❡&1K♦ ✭✈❛&✐❛❜✐❧✐❞❛❞❡✮ ❞♦ ♣&♦❝❡11♦ ♣♦❞❡♠ 1❡&

❝♦♥1❡D✉L♥❝✐❛1 ❞❡ ❝❛✉1❛1 ❡1♣❡❝✐❛✐1✱ ❣❡&❛♥❞♦ ❞❡❢❡✐6♦1 ✭▼❖◆❚●❖▼❊❘❨✱ ✷✵✶✸✮✳

◗✉❛♥❞♦ ✉♠❛ ❝❛&❛❝6❡&J16✐❝❛ ❞❛ D✉❛❧✐❞❛❞❡ > ✉♠❛ ✈❛&✐2✈❡❧✱ ♥❡❝❡11✐6❛✲1❡ ♠♦♥✐6♦✲

&❛& 6❛♥6♦ ❛ ♠>❞✐❛ ❞❛ ❝❛&❛❝6❡&J16✐❝❛ ❞❛ D✉❛❧✐❞❛❞❡ D✉❛♥6♦ ❛ 1✉❛ ✈❛&✐❛❜✐❧✐❞❛❞❡✳ 7❛&❛ ✐16♦✱

1✉♣♦♠♦1 D✉❡ ❛ ❝❛&❛❝6❡&J16✐❝❛ ❞❛ D✉❛❧✐❞❛❞❡ 6❡♠ ❞✐16&✐❜✉✐EK♦ ❞❡ ♣&♦❜❛❜✐❧✐❞❛❞❡ ❝♦♠ ♠>❞✐❛

µ ❡ ❞❡1✈✐♦ ♣❛❞&K♦ σ ✭❉❊❱❖❘❊✱ ✷✵✶✶❀ 7❖❘❚❆▲ ❆❈❚■❖◆✱ ✷✵✶✶✮✳

❆11✐♠✱ ♣❛&❛ ✉♠❛ ❛♠♦16&❛ ❛❧❡❛6Y&✐❛ X1, X2, ..., Xn ❞❡ 6❛♠❛♥❤♦ ♥✱ 6❡♠♦1 D✉❡ ❛

♠>❞✐❛ ❛♠♦16&❛❧ > ❞❛❞❛ ♣♦&✿

CL = X =
X1 +X2 + ...+Xn

n
✳

❖✉ ❛✐♥❞❛✱

X =

∑

n

i=1
xi

n
✳

❆11✉♠✐♥❞♦ D✉❡ X > ♥♦&♠❛❧♠❡♥6❡ ❞✐16&✐❜✉J❞♦ ❝♦♠ ♠>❞✐❛ µ ❡ ❡&&♦ ♣❛❞&K♦

σ√
n

✭❉❊❱❖❘❊✱ ✷✵✶✶❀ 7❖❘❚❆▲ ❆❈❚■❖◆✱ ✷✵✶✶✮✱ ❤2 ✉♠❛ ♣&♦❜❛❜✐❧✐❞❛❞❡ ❞❡ 1−α ❞❡ D✉❛❧D✉❡&

♠>❞✐❛ ❛♠♦16&❛❧ ❝❛✐& ❡♥6&❡✿
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µ± Zα

2

σ√
n
✳

❆$$✐♠✱ $❡ µ ❡ σ $)♦ ❝♦♥❤❡❝✐❞♦$✱ ♣♦❞❡♠♦$ ✉$❛2 ❛ ❡①♣2❡$$)♦ ❛❝✐♠❛ ♣❛2❛ ♦❜5❡2 ♦$

▲❈▲ ❡ ❯❈▲ ❡♠ ✉♠ ❣2:✜❝♦ ❞❡ ❝♦♥52♦❧❡ ♣❛2❛ ♠=❞✐❛ ❛♠♦$52❛❧ ❡✱ ❛✐♥❞❛ $❛❜❡♥❞♦ >✉❡ ♣♦❞❡♠♦$

✉$❛2 Zα

2

= 3 ✭❉❊❱❖❘❊✱ ✷✵✶✶✮✳

❙❡ ✉♠❛ ♠=❞✐❛ ❛♠♦$52❛❧ ❝❛✐2 ❢♦2❛ ❞❡$$❡$ ❧✐♠✐5❡$✱ ✐$$♦ = ✉♠❛ ✐♥❞✐❝❛J)♦ >✉❡ ❛

♠=❞✐❛ ❞♦ ♣2♦❝❡$$♦ ♥)♦ = ♠❛✐$ ✐❣✉❛❧ ❛ µ✳ ❉❡$5❡ ♠♦❞♦✱ ✈❛❧❡ 2❡$$❛❧5❛2 >✉❡ ♦$ 2❡$✉❧5❛❞♦$ ❛❝✐♠❛

❛✐♥❞❛ ❝♦♥5✐♥✉❛♠ ❛♣2♦①✐♠❛❞❛♠❡♥5❡ ❝♦22❡5♦$✱ ♠❡$♠♦ ♥❛ ❤✐♣L5❡$❡ ❞❡ ♥)♦✲♥♦2♠❛❧✐❞❛❞❡ ❞❛

✈❛2✐:✈❡❧ ❳ ♣❛2❛ ♥ ≥ ✸✵✱ ❞❡✈✐❞♦ ❛♦ ❚❡♦2❡♠❛ ❈❡♥52❛❧ ❞♦ ▲✐♠✐5❡✳ ❈♦♥$❡>✉❡♥5❡♠❡♥5❡✱ ♦

✐♥5❡2✈❛❧♦ ❞❡ ❝♦♥✜❛♥J❛ = ❞❛❞♦ ♣♦2✿

IC(µ, 1− α) =

(

µX − Zα

2

σ√
n
;µX + Zα

2

σ√
n

)

. ✭✸✳✶✮

◆❛ ♣2:5✐❝❛✱ ❣❡2❛❧♠❡♥5❡ ♥)♦ ❝♦♥❤❡❝❡♠♦$ µ ❡ σ✳ ❈♦♥5✉❞♦✱ ❡$5❡$ ♣❛2S♠❡52♦$ $)♦

❡$5✐♠❛❞♦$ ❛ ♣❛25✐2 ❞❡ ❛♠♦$52❛$ ♣2❡❧✐♠✐♥❛2❡$✳ ❊♥5)♦✱ $✉❣❡2❡✲$❡ ❛ ❝♦❧❡5❛ ❞❡ ♠ $✉❜❣2✉♣♦$

✭✷✵ ❛ ✷✺✮ ❞❡ 5❛♠❛♥❤♦ ♥ ♣❡>✉❡♥♦ ✭✹✱ ✺✱ ♦✉ ✻ ❝❛❞❛✮✱ ♦❜❥❡5✐✈❛♥❞♦ ❛ ❝♦♥$52✉J)♦ ❞❡ $✉❜❣2✉♣♦$

2❛❝✐♦♥❛✐$ ❝♦♠ ❜❛✐①♦ ❝✉$5♦ ❞❡ ❛♠♦$52❛❣❡♠ ✭▼❖◆❚●❖▼❊❘❨✱ ✷✵✶✸✮✳

[❛2❛ ♦ ❣2:✜❝♦ ❞❛ ♠=❞✐❛ X✱ 5♦♠❛♠♦$ X1✱ X2✱ ✳✳✳✱ Xm ❛$ ♠=❞✐❛$ ❞❡ ❝❛❞❛

❛♠♦$52❛✱ 5❡♠♦$ >✉❡ ♦ ♠❡❧❤♦2 ❡$5✐♠❛❞♦2 ❞❡ µ ♣❛2❛ ♦ ♣2♦❝❡$$♦ ❞❛ ♠=❞✐❛ = ❞❛❞❛ ♣♦2✿

CL = X =
X1 +X2 + ...+Xm

m
✳

❖✉ ❛✐♥❞❛✱

X =

∑

m

i=1
X i

m
✱

❡♠ >✉❡✱ X i = ❛ ♠=❞✐❛ ❛♠♦$52❛❧ ❞♦ ✐ ✲=$✐♠♦ $✉❜❣2✉♣♦✳

▲♦❣♦✱ X ✭❈▲✮ = ❛ ❧✐♥❤❛ ❝❡♥52❛❧ ❞♦ ❣2:✜❝♦ X✳

❆❣♦2❛✱ ♥❡❝❡$$✐5❛✲$❡ ❞❛ ❡$5✐♠❛5✐✈❛ ❞♦ ❞❡$✈✐♦ ♣❛❞2)♦✱ ♣❛2❛ ✐$5♦✱ ❡$5✐♠❛✲$❡ ❛

❛♠♣❧✐5✉❞❡ ❘✳ ❆$$✐♠✱ ♣❛2❛ ✉♠❛ ❛♠♦$52❛ ❛❧❡❛5L2✐❛ X1✱ X2✱ ✳✳✳✱ Xn ❞❡ 5❛♠❛♥❤♦ ♥✱ 5❡♠♦$

>✉❡ ❛ ❛♠♣❧✐5✉❞❡ ❘ = ❞❛❞❛ ♣♦2✿

R = Xmax −Xmin✳

❙❡❥❛♠ R1✱ R2✱ ✳✳✳✱ Rm ❛$ ❛♠♣❧✐5✉❞❡$ ❞❛$ ♠ ❛♠♦$52❛$✱ ❡♥5)♦ ❛ ❧✐♥❤❛ ❝❡♥52❛❧ ✭❈▲✮ ♦✉ ❛

♠=❞✐❛ ❞❛$ ❛♠♣❧✐5✉❞❡$ = ❞❛❞❛ ♣♦2✿

R =
R1 +R2 + ...+Rm

m
✱

♦✉ ❛✐♥❞❛✱

R =

∑

m

i=1
Ri

m
✳
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❈!❧❝✉❧♦& ❞♦& ❧✐♠✐*❡& ❞❡ ❝♦♥*-♦❧❡ X ❡ ❘

"❛$❛ ♦ ❞❡(❡♥✈♦❧✈✐♠❡♥.♦ ❞♦( ❧✐♠✐.❡( ❞❡ ❝♦♥.$♦❧❡✱ ♣$✐♠❡✐$❛♠❡♥.❡ ✈❛♠♦( ❞❡✜♥✐$

❛ ✈❛$✐3✈❡❧ ❛❧❡❛.4$✐❛ W =
R

σ
❝❤❛♠❛❞❛ ❆♠♣❧✐.✉❞❡ ❘❡❧❛.✐✈❛✳ ❆ ♣$✐♥❝✐♣❛❧ ♣$♦♣$✐❡❞❛❞❡ ❞❡

W : ;✉❡ (✉❛ ♠:❞✐❛ : ❛ ❝♦♥(.❛♥.❡ d2 ;✉❡ ❞❡♣❡♥❞❡ ❞♦ .❛♠❛♥❤♦ ❞❛ ❛♠♦(.$❛✳ ❈♦♠ ✐((♦✱ ♦

❡(.✐♠❛❞♦$ ♥=♦ ✈✐❝✐❛❞♦ ❞♦ ❞❡(✈✐♦ ♣❛❞$=♦ σ ❞❛ ❞✐(.$✐❜✉✐?=♦ ◆♦$♠❛❧ : ❞❛❞❛ ♣♦$✿

σ̂ =
R

d2
✳

❆❣♦$❛✱ .❡♠✲(❡ ❛( ❢❡$$❛♠❡♥.❛( ♥❡❝❡((3$✐❛( ♣❛$❛ ❛ ❝♦♥(.$✉?=♦ ❞♦( ❧✐♠✐.❡( ❞❡

❝♦♥.$♦❧❡ ♣❛$❛ ♦ ❣$3✜❝♦ X ❡ R✳ ▲♦❣♦✱ ✉(❛♥❞♦ ❛ ❊;✉❛?=♦ ✭✸✳✶✮ ❡ Zα

2

= 3 ♦❜.K♠✲(❡ ♦(

❧✐♠✐.❡( ❞❡ ❝♦♥.$♦❧❡ ♣❛$❛ ♦ ❣$3✜❝♦ X ❞❛ (❡❣✉✐♥.❡ ❢♦$♠❛✿

UCL = µ
X
+ 3

σ√
n
= X +

3

d2
√
n
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Diagrama de Causa e Efeito
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0❡❥❛ "❡❛❧✐③❛❞❛ ❛ ❞❡0-✐♥❛89♦ ❛❞❡1✉❛❞❛✳

❆♣S0 ❛ "❡-✐"❛❞❛ ❞❛ ♣❡❧❡✱ ♦0 ✜❧❡-❡0 09♦ ❧❛✈❛❞♦0 ❝♦♠ <❣✉❛ ❝❧♦"❛❞❛ ✭♠&♥✐♠♦ ❞❡

✵✱✺ ♣♣♠ ❡ ♠<①✐♠♦ ✷ ♣♣♠ ❞❡ ❝❧♦"♦ "❡0✐❞✉❛❧ ❧✐✈"❡✮✱ ❡ : ❢❡✐-♦ ♦ -♦❛❧❡-❡ ♦♥❞❡ 0❡ "❡-✐"❛ ♦0

❡0♣✐♥❤♦0 "❡0✐❞✉❛✐0✳ ❖ ♣"♦❞✉-♦ ♣❡"♠❛♥❡❝❡ ❡♠ ✉♠❛ ❜❛❝✐❛ ❝♦♠ ❣❡❧♦✱ ♣♦0-❡"✐♦"♠❡♥-❡ 09♦

❡♥-9♦ ❧❡✈❛❞♦0 ♣❛"❛ ♦ ♣"♦❝❡00♦ ❞❡ ❡♠❜❛❧❛❣❡♠✳

✷✻



✷✼

◆❛ ❛❣%♦✐♥❞*+,%✐❛ +-♦ %❡❛❧✐③❛❞♦+ ❞♦✐+ ♣%♦❝❡++♦+ ❞✐❢❡%❡♥❝✐❛❞♦+ ❞❡ ❛❝♦♥❞✐❝✐♦♥❛✲

♠❡♥,♦✿ ♦ ♣%✐♠❡✐%♦ ❝♦♥+✐+,❡ ❡♠ ❞✐+♣♦% ♦+ ✜❧8+ ❧❛❞♦ ❛ ❧❛❞♦✱ +❡♥❞♦ ♦+ ♠❡+♠♦ +❡♣❛%❛❞♦+ ❝♦♠

❢♦❧❤❛+ ❞❡ ♣❧;+,✐❝♦ ♣❛%❛ ♥-♦ ❣%✉❞❛%❡♠✱ ❡ ❡♥%♦❧❛❞♦+ ❢♦%♠❛♥❞♦ ❡♠❜❛❧❛❣❡♥+ ❞❡ ✺✵✵❣ ❡ ✶ ❦❣✳

❆ +❡❣✉♥❞❛ ❢♦%♠❛ ❝♦♥+✐+,❡ ❡♠ ❛❝♦♥❞✐❝✐♦♥❛% ❡♠ ❡♠❜❛❧❛❣❡♥+ ♣❧;+,✐❝❛+ ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡

✺✵✵❣ ❡ ✶ ❦❣✱ D✉❡ ♣♦+,❡%✐♦%♠❡♥,❡ +-♦ ♣%❡++✉%✐③❛❞❛+✳ ◆♦ ❛,♦ ❞❛ ❡♠❜❛❧❛❣❡♠ 8 ❢❡✐,♦ ❝♦♥✲

,%♦❧❡ +❡❣✉✐♥❞♦ ❛ ♣♦%,❛%✐❛ ❞♦ ■◆▼❊❚❘❖ ✸✽✱ ❞❡ ✶✶ ❞❡ ❥✉❧❤♦ ❞❡ ✷✵✶✵✱ ❛ D✉❛❧ 8 %❡❛❧✐③❛❞❛

+❡❣✉✐♥❞♦ ✉♠ ♣❧❛♥♦ ❞❡ ❛♠♦+,%❛❣❡♠ ❝♦♥❢♦%♠❡ ❛ ♣♦%,❛%✐❛ ♦%✐❡♥,❛✱ ♣❛%❛ D✉❡ ❤❛❥❛ ❣❛%❛♥,✐❛

D✉❡ ❡♠ ❝❛❞❛ ♣❛❝♦,❡ ❡①✐+,❛ ♣❡❧♦ ♠❡♥♦+ ♦ ♠O♥✐♠♦ ❞❡ ♣❡+♦ ❧OD✉✐❞♦ ✐♥❞✐❝❛❞♦ ♥❛ ❡♠❜❛❧❛❣❡♠✱

♥♦ ❝❛+♦ ❛,8 ✺✵✵❣ ❡ ✶ ❦❣✳ ❆❧8♠ ❞✐++♦✱ ❛+ ❡♠❜❛❧❛❣❡♥+ +-♦ ❞❡✈✐❞❛♠❡♥,❡ ✐❞❡♥,✐✜❝❛❞❛+ ❝♦♠

❋❛❜%✐❝❛R-♦✴❱❛❧✐❞❛❞❡✴▲♦,❡✳ ❖+ ✜❧8+ +-♦ ❡+,♦❝❛❞♦+ ❡♠ ❝V♠❛%❛ ❢%✐❛ ❝♦♠ ,❡♠♣❡%❛,✉%❛ ❞❡

✲✶✽➦❈✳

✹✳✸ ❈❖▲❊❚❆ ❉❊ ❉❆❉❖❙

❖+ ❞❛❞♦+ ❢♦%❛♠ ♦❜,✐❞♦+ ❥✉♥,♦ ❛♦+ %❡+♣♦♥+;✈❡✐+ ♣❡❧♦ ♣%♦❝❡++♦ ❞❡ ✜❧❡,❛❣❡♠ ❡ +❡

%❡❢❡%❡♠ ❛♦ ❛❜❛,❡ ❞✐;%✐♦✱ ♠♦♥✐,♦%❛❞♦ ❞✉%❛♥,❡ ✶✵ ♠❡+❡+✱ ♥♦ ♣❡%O♦❞♦ ❞❡ ▼❛%R♦ X ❉❡③❡♠❜%♦✱

❞❡ ✷✵✶✻✳ ❆ ❡D✉✐♣❡ ❞❡ ❝♦♥,%♦❧❡ ❞❡ ♣%♦❞✉R-♦ ♠♦♥✐,♦%❛ ❛ ❡♥,%❛❞❛ ❜%✉,❛ ❞❡ ♣❡✐①❡+ ❞✉%❛♥,❡

✉♠ ❞✐❛ ❞❡ ❛❜❛,❡✱ ♦ ,♦,❛❧ ❞❡ ✜❧8+ ♣%♦❞✉③✐❞♦+ ❡ ❛✐♥❞❛ %❡❛❧✐③❛♠ ✉♠ ❝♦♥,%♦❧❡ ❞✐;%✐♦ ♣♦%

❛♠♦+,%❛❣❡♠ ❞♦ ♣%♦❝❡++♦ ♣%♦❞✉,✐✈♦✳ ❆++✐♠✱ ❛+ ✈❛%✐;✈❡✐+ ♠♦♥✐,♦%❛❞❛+ ❢♦%❛♠✿

❼ [❡+♦ ,♦,❛❧ ❜%✉,♦ ❞❡ ♣❡✐①❡+ ❛❜❛,✐❞♦+ ❞✐❛%✐❛♠❡♥,❡✱ ❡♠ D✉✐❧♦❣%❛♠❛+❀

❼ ❘❡♥❞✐♠❡♥,♦ ,♦,❛❧ ❞❡ ✜❧8+ ♦❜,✐❞♦+ ❞✐❛%✐❛♠❡♥,❡✱ ❡♠ D✉✐❧♦❣%❛♠❛+❀

❼ [❡+♦ ❛♠♦+,%❛❧ ❜%✉,♦ ❞✐;%✐♦ ❞❡ ✸✵ ,✐❧;♣✐❛+✱ ✉,✐❧✐③❛♥❞♦ ✸ %❡♣❡,✐R]❡+✱ ❡♠ ❣%❛♠❛+❀

❼ ❘❡♥❞✐♠❡♥,♦ ❞❡ ✜❧8 ❛♠♦+,%❛❧✱ %❡❢❡%❡♥,❡+ X+ ✸ %❡♣❡,✐R]❡+✱ ❡♠ ❣%❛♠❛+✳

✹✳✹ ❆◆➪▲■❙❊ ❉❖❙ ❉❆❉❖❙

■♥✐❝✐❛❧♠❡♥,❡ ❢♦✐ ❝❛❧❝✉❧❛❞❛ ❛+ ♣%✐♥❝✐♣❛✐+ ❡+,❛,O+,✐❝❛+ ❞❡+❝%✐,✐✈❛+ ❝♦♠♦ ❛ ♠8❞✐❛✱

❛♠♣❧✐,✉❞❡✱ ❞❡+✈✐♦ ♣❛❞%-♦ ❡ ❝♦❡✜❝✐❡♥,❡ ❞❡ ✈❛%✐❛R-♦ ❞♦+ ❞❛❞♦+ ❞❛+ ❞✐❢❡%❡♥,❡+ ✈❛%✐;✈❡✐+ ❡

❛ ❝♦♥+,%✉R-♦ ❞♦+ ❣%;✜❝♦+ ❞❡ ❝♦♥,%♦❧❡✱ ♣❛%❛ ✉♠❛ ❛♥;❧✐+❡ ❡♠♣O%✐❝❛ ❞♦ ❝♦♠♣♦%,❛♠❡♥,♦ ❞♦

♣%♦❝❡++♦ ♣%♦❞✉,✐✈♦✳

❈♦♠♦ ❛+ ✈❛%✐;✈❡✐+ ♣❡"♦ $♦$❛❧ ❜(✉$♦ ❡ (❡♥❞✐♠❡♥$♦ $♦$❛❧ ❞❡ ✜❧/" ♥-♦ ♣♦++✉❡♠ %❡✲

♣❡,✐R]❡+ ❞✐;%✐❛+✱ ✉,✐❧✐③♦✉✲+❡ ♦+ ❣%;✜❝♦+ ❞❡ ❝♦♥,%♦❧❡ ♣❛%❛ ✈❛❧♦%❡+ ✐♥❞✐✈✐❞✉❛✐+ ❡ ❞❡ ❛♠♣❧✐,✉❞❡

♠^✈❡✐+ ❞❡ ♣❡+♦ ❞♦+ ♣❡✐①❡+ ❡ ❞♦+ ✜❧8+ ✭❳✲❆▼✮✳ ❏; ♣❛%❛ ❛+ ✈❛%✐;✈❡✐+ ♣❡"♦ ❛♠♦"$(❛❧ ❜(✉$♦ ❡

(❡♥❞✐♠❡♥$♦ ❞❡ ✜❧/ ❛♠♦"$(❛❧✱ ❝♦♠♦ +❡ ,❡♠ ❛♠♦+,%❛+ ❝♦♠ ✸ %❡♣❡,✐R]❡+✱ ❢♦✐ ♣♦++O✈❡❧ ❡+,✐♠❛%

❛ ✈❛%✐❛❜✐❧✐❞❛❞❡ ❞♦ ♣%♦❝❡++♦ ♣%♦❞✉,✐✈♦ ❛,%❛✈8+ ❞❛ ♠8❞✐❛ ❡ ❛♠♣❧✐,✉❞❡ ❞❡ ❝❛❞❛ ❧♦,❡✱ ♣♦++✐✲

❜✐❧✐,❛♥❞♦ ❞❡+,❛ ❢♦%♠❛ ❛ ✉,✐❧✐③❛R-♦ ❞♦+ ❣%;✜❝♦+ X ❡ ❘✳ ❊++❛ ❛♠♦+,%❛ ❢♦✐ ❞❡✜♥✐❞❛ +❡❣✉✐♥❞♦



✷✽

♦ #❡♦%❡♠❛ ❝❡♥#%❛❧ ❞♦ ❧✐♠✐#❡✱ ❣❛%❛♥#✐♥❞♦ ❛//✐♠ ✉♠❛ ❛♠♦/#%❛ %❡♣%❡/❡♥#❛#✐✈❛ ❞❛ ♣♦♣✉❧❛34♦

✭▼❖◆❚●❖▼❊❘❨✱ ✷✵✶✸✮✳

❆/ ❛✈❛❧✐❛3D❡/ ❡/#❛#E/#✐❝❛/ ❞❡ ❝F❧❝✉❧♦ ❞❡ %❡♥❞✐♠❡♥#♦✱ ❜❡♠ ❝♦♠♦ ♦/ ❣%F✜❝♦/ ❞❡

❝♦♥#%♦❧❡ ❡/#❛#E/#✐❝♦ ❞♦ ♣%♦❝❡//♦ %❡❛❧✐③❛%❛♠✲/❡ ❝♦♠ ♦ ❛✉①E❧✐♦ ❞♦  ♦❢#✇❛&❡ ❘ ❈♦&❡ ❚❡❛♠

✭❘ ❈❖❘❊ ❚❊❆▼✱ ✷✵✶✼✮ ❡ ♦ ♣❛❝♦#❡ ,❝❝ ✭❙❈❘❯❈❈❆✱ ✷✵✵✹✮✳ ◆♦ ❆♣Q♥❞✐❝❡ ❋ ❡/#F ❞✐/♣♦✲

♥✐❜✐❧✐③❛❞❛ ❛/ %♦#✐♥❛/ ✉#✐❧✐③❛❞❛/ ♣❛%❛ ❝♦♠♣✐❧❛34♦ ❞♦/ ❞❛❞♦/✳



✺ ❘❊❙❯▲❚❆❉❖❙ ❊ ❉■❙❈❯❙❙,❊❙

❆ ❚❛❜❡❧❛ ✺✳✶ ❛♣*❡+❡♥-❛ ♣*✐♥❝✐♣❛✐+ ❡+-❛-0+-✐❝❛+ ❞❡+❝*✐-✐✈❛+ ❞♦ ♣❡+♦ ❜*✉-♦ ✭❦❣✮ ❞❡

♣❡✐①❡ ✭♠❛-;*✐❛ ♣*✐♠❛✮ ❛❜❛-✐❞♦ ❞✐❛*✐❛♠❡♥-❡✱ *❡❧❛❝✐♦♥❛♥❞♦ ❝❛❞❛ ♠=+ ❛♠♦+-*❛❞♦✳ ❱❡*✐✜❝❛✲+❡

A✉❡ ♦ ♠=+ ❞❡ ♥♦✈❡♠❜*♦ ❛♣*❡+❡♥-❛ ♦ ♠❡♥♦* ▲❈▲ ✭✽✹✷✱✶✾✾ ❦❣✮ ❡ ♦ ♠❛✐♦* ❯❈▲ ✭✻✺✹✷✱✺✺✹ ❦❣✮✱

❝♦♠ ♠;❞✐❛ ❞❡ ♣❡+♦ ❜*✉-♦ ❞❡ ♣❡✐①❡ ❛❜❛-✐❞♦ ❞✐❛*✐❛♠❡♥-❡ ❞❡ ✸✻✾✷✱✸✼✺ ❦❣ ❡ ❞❡+✈✐♦ ♣❛❞*L♦ ✭+✮

❞❡ ✽✷✵✱✶✺✾ ❦❣✳ ❊+-❡+ *❡+✉❧-❛❞♦+ ✐♥❞✐❝❛♠ ❛❧-❛ ✈❛*✐❛❜✐❧✐❞❛❞❡ ❡♠ -♦*♥♦ ❞❛ ♠;❞✐❛✱ A✉❡ ♣♦❞❡

+❡* ❝♦♠♣*♦✈❛❞♦ ♣❡❧♦ ✈❛❧♦* ❞♦ ❝♦❡✜❝✐❡♥-❡ ❞❡ ✈❛*✐❛OL♦ ✭❈❱✪✮ A✉❡ ❢♦✐ ✐❣✉❛❧ ❛ ✷✷✱✷✶✪✳ ❏S

♦ ♠=+ ❞❡ ♠❛*O♦ ❛♣*❡+❡♥-♦✉ ♦ ♠❡♥♦* ❈❱✪❂✶✶✱✽✾✪ ❡ ❝♦♠ ❛❧-❛ ♠;❞✐❛ ❞❡ ♠❛-;*✐❛ ♣*✐♠❛

❛❜❛-✐❞❛ ❞✐❛*✐❛♠❡♥-❡ ✭✹✷✵✾✱✻✾✻ ❦❣✮✳ ◆♦-❛✲+❡ ❛✐♥❞❛ A✉❡ ♥♦ ♠=+ ❞❡ ❥✉♥❤♦ ♦❜-❡✈❡✲+❡ ♦ ♠❡♥♦*

✈❛❧♦* ♠;❞✐♦✱ ❝♦♠ ✷✻✷✵✱✷✸✹ ❦❣✱ ♣♦*;♠ ❝♦♠ ♦ ✈❛❧♦* ♠❛✐+ ❡❧❡✈❛❞♦ ❞♦ ❈❱✪ A✉❡ ❢♦✐ ❞❡ ✷✷✱✺✾✪✳

❖✉-*♦ *❡+✉❧-❛❞♦ ♦❜-✐❞♦ ❛ ♣❛*-✐* ❞❛ ❚❛❜❡❧❛ ✺✳✶ ; A✉❡ ❞♦+ ♠❡+❡+ ❞❡ ❥✉♥❤♦ ❛ ♦✉-✉✲

❜*♦ ❢♦*❛♠ ❡♥❝♦♥-*❛❞♦+ ♦+ ♠❡♥♦*❡+ ✈❛❧♦*❡+ ♠;❞✐♦+ ❞❡ ♠❛-;*✐❛ ♣*✐♠❛ ❛❜❛-✐❞❛ ❞✐❛*✐❛♠❡♥-❡✳

❯♠❛ ♣♦++0✈❡❧ ❝❛✉+❛ ❞❛ ❜❛✐①❛ ♣*♦❞✉-✐✈✐❞❛❞❡ ♣♦❞❡ ❡+-❛* *❡❧❛❝✐♦♥❛❞♦ ❛♦ ♣❡*0♦❞♦ ❞❡ ✐♥✈❡*♥♦

♥♦ ❇*❛+✐❧✳ ❖+ ♣❡*0♦❞♦+ ❞❡ ❢*✐♦ *❡❞✉③❡♠ ♦ ❝*❡+❝✐♠❡♥-♦ ❡ ❣❛♥❤♦ ❞❡ ♣❡+♦ ❞♦+ ♣❡✐①❡+ ❞❡✈✐❞♦

[ A✉❡❞❛ ❞❛ -❡♠♣❡*❛-✉*❛ ❞❛+ S❣✉❛+✱ A✉❡ ✜❝❛ ❛❜❛✐①♦ ❞❛ ❢❛✐①❛ ✐❞❡❛❧ ❞❡ ❝♦♥❢♦*-♦ ❞♦+ ♣❡✐①❡+

A✉❡ ✈❛✐ ❞❡ ✷✼➦ ❛ ✸✷➦❈✳ ❊+-❡ ♣*♦❜❧❡♠❛ ❞❡ ❝*❡+❝✐♠❡♥-♦ ♣♦❞❡ ❣❡*❛* ❢❛❧-❛ ❞❡ ♠❛-;*✐❛ ♣*✐♠❛

❛❧;♠ ❞❡ ❞❡+✉♥✐❢♦*♠✐❞❛❞❡ ♥♦ ❧♦-❡ ❞❡ ♣❡✐①❡✱ A✉❡ ❞✐✜❝✉❧-❛ ♦ ♣*♦❝❡++♦ ❞❡ ✜❧❡-❛❣❡♠ ❡ ♦❝❛+✐♦♥❛

♠❛✐♦* ❞❡+♣❡*❞0❝✐♦✳

❖+ ❣*S✜❝♦+ ❞❡ ❝♦♥-*♦❧❡ ❞❛+ ♠❡❞✐❞❛+ ✐♥❞✐✈✐❞✉❛✐+ ❡ ❛♠♣❧✐-✉❞❡ ♠\✈❡✐+ *❡❢❡*❡♥-❡+

❛♦+ ❝S❧❝✉❧♦+ ❞♦+ ❧✐♠✐-❡+ ❞❛ ❚❛❜❡❧❛ ✺✳✶ ❡♥❝♦♥-*❛♠✲+❡ ♥♦+ ❆♣=♥❞✐❝❡+ ❆ ❡ ❇✱ ♣❛*❛ ♠❛✐+

❞❡-❛❧❤❡+✳

✷✾
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❚❛❜❡❧❛ ✺✳✶✿ ❊,-❛-.,-✐❝❛ ❞❡,❝2✐-✐✈❛ ❞♦ ♣❡,♦ ❜2✉-♦ ❞❡ ♣❡✐①❡✱ ❡♠ ❦❣✱ ❛❜❛-✐❞♦ ❞✐❛2✐❛♠❡♥-❡ ♥♦

♣❡2.♦❞♦ ❞❡ ♠❛2=♦ > ❞❡③❡♠❜2♦✱ ✷✵✶✻✳

x , ❈❱ ✪ ▲❈▲ ❯❈▲

♠❛2=♦ ✹✷✵✾✱✻✾✻ ✺✵✵✱✻✷✻ ✶✶✱✽✾ ✷✺✻✸✱✻✶✻ ✺✽✺✺✱✼✼✻

❛❜2✐❧ ✹✵✻✺✱✸✹✵ ✺✵✼✱✼✾✺ ✶✷✱✹✾ ✷✸✽✽✱✻✼✼ ✺✼✹✷✱✵✵✷

♠❛✐♦ ✸✸✾✻✱✾✷✹ ✺✻✻✱✻✶✸ ✶✻✱✻✽ ✶✽✺✶✱✾✺✵ ✹✾✹✶✱✽✾✼

❥✉♥❤♦ ✷✻✷✵✱✷✸✹ ✺✾✷✱✵✺✸ ✷✷✱✺✾ ✽✹✽✱✵✻✽ ✹✸✾✷✱✹✵✵

❥✉❧❤♦ ✸✶✺✷✱✹✶✹ ✺✻✷✱✻✹✾ ✶✼✱✽✹ ✶✽✽✾✱✺✹✷ ✹✹✶✺✱✷✽✼

❛❣♦,-♦ ✸✷✽✻✱✺✷✼ ✹✽✻✱✹✵✶ ✶✹✱✼✾ ✷✹✷✼✱✸✸✷ ✹✶✹✺✱✼✷✷

,❡-❡♠❜2♦ ✷✾✻✻✱✽✸✸ ✹✶✼✱✸✵✵ ✶✹✱✵✻ ✶✽✷✶✱✻✼✹ ✹✶✶✶✱✾✾✸

♦✉-✉❜2♦ ✸✶✽✹✱✵✵✹ ✹✹✽✱✹✹✸ ✶✹✱✵✽ ✶✽✸✽✱✹✹✶ ✹✺✷✾✱✺✻✼

♥♦✈❡♠❜2♦ ✸✻✾✷✱✸✼✻ ✽✷✵✱✶✺✾ ✷✷✱✷✶ ✽✹✷✱✶✾✾ ✻✺✹✷✱✺✺✹

❞❡③❡♠❜2♦ ✹✷✽✺✱✸✷✼ ✺✻✶✱✵✻✼ ✶✸✱✵✾ ✷✷✹✶✱✻✷✷ ✻✸✷✾✱✵✸✸

◆♦-❛,✿ x ❂ ♠O❞✐❛ ❛♠♦,-2❛❧❀ , ❂ ❞❡,✈✐♦ ♣❛❞2Q♦❀ ❈❱✪ ❂ ❝♦❡✜❝✐❡♥-❡ ❞❡ ✈❛2✐❛=Q♦ ❡♠

♣♦2❝❡♥-❛❣❡♠❀ ▲❈▲ ❂ ❧✐♠✐-❡ ✐♥❢❡2✐♦2 ❞❡ ❝♦♥-2♦❧❡ ❡ ❯❈▲ ❂ ❧✐♠✐-❡ ,✉♣❡2✐♦2 ❞❡ ❝♦♥-2♦❧❡✳

❋♦♥-❡✿ ❉♦ ❛✉-♦2✳

V❛2❛ ❛✈❛❧✐❛2 ♦ ❝♦♠♣♦2-❛♠❡♥-♦ ❞❛ ✈❛2✐W✈❡❧✱ ❝♦♥,-2✉✐✉✲,❡ ❛ ❝❛2-❛ ❞❡ ❝♦♥-2♦❧❡

❞❛ ❛♠♣❧✐-✉❞❡ ✐♥❞✐✈✐❞✉❛❧ ❞❛ ♠O❞✐❛ ♠❡♥,❛❧ ❞♦ ♣❡,♦ ❜2✉-♦ ❞❡ ♣❡✐①❡ ❛❜❛-✐❞♦ ✭❋✐❣✉2❛ ✺✳✶✮✳

❊♠❜♦2❛ -♦❞♦, ♦, ♣♦♥-♦, ❡,-❡❥❛♠ ❞❡♥-2♦ ❞♦, ❧✐♠✐-❡, ❞❡ ❝♦♥-2♦❧❡✱ ♦❝♦22❡♠ ❝♦♠♣♦2-❛♠❡♥-♦,

[✉❡ ✐♥❞✐❝❛♠ [✉❡ ♦ ♣2♦❝❡,,♦ ❡,-❡❥❛ ❢♦2❛ ❞❡ ❝♦♥-2♦❧❡ ❡,-❛-.,-✐❝♦✳ ◆♦-❛✲,❡ ✉♠ ❞❡❝❛✐♠❡♥-♦

❞❡ ♣2♦❞✉=Q♦ ❞♦ ♠\, ❞❡ ♠❛2=♦ ❛-O ♦ ♠\, ❞❡ ❥✉♥❤♦ ❡ ❝2❡,❝✐♠❡♥-♦ ❞♦ ♠\, ❞❡ ,❡-❡♠❜2♦ ❛

❞❡③❡♠❜2♦✱ ✐♥❞✐❝❛♥❞♦ -❡♥❞\♥❝✐❛ ❞♦, ❞❛❞♦,✳ ❆❧O♠ ❞✐,,♦✱ ❡♥❝♦♥-2❛✲,❡ ❛22❛♥❥♦, -.♣✐❝♦, ❛❜❛✐①♦

❞❛ ❧✐♥❤❛ ❝❡♥-2❛❧✱ ♥❛ ❢❛✐①❛ ❞❡ ✹ ❛ ✽✱ ❞♦ -✐♣♦ ❞❡,✈✐♦ ❝♦♠ -❡♥❞\♥❝✐❛ ✭✺ ♣♦♥-♦, ❝♦♥,❡❝✉-✐✈♦,

❝♦♥-.♥✉♦ ❞❡❝2❡,❝❡♥-❡ ♥❛ 2❡❣✐Q♦ ❞❡ ✶✲,✐❣♠❛ ❡ ✷✲,✐❣♠❛✮✱ [✉❡ -❛♠❜O♠ ✐♥❞✐❝❛♠ ❛ ❢❛❧-❛ ❞❡

❝♦♥-2♦❧❡ ❡,-❛-.,-✐❝♦ ✭ ♠❡,❡, ❞❡ ❥✉♥❤♦ ❛ ♦✉-✉❜2♦✮✳
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Amostras
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LCL

UCL

CL

Number of groups = 10

Center = 3485.968

StdDev = 383.5641

LCL = 2335.275

UCL = 4636.66

Number beyond limits = 0

Number violating runs = 0

❋✐❣✉&❛ ✺✳✶✿ ●&,✜❝♦ ❞❡ ❝♦♥3&♦❧❡ ❞❛ ♠6❞✐❛ ♠❡♥7❛❧ ♣❛&❛ ❛ ✈❛&✐,✈❡❧ ♣❡7♦ ❜&✉3♦ ❞❡ ♣❡✐①❡ ❞❡

♠❛&<♦ ✭✵✶✮ @ ❞❡③❡♠❜&♦ ✭✶✵✮✱ ✷✵✶✻✳

❋♦♥3❡✿ ❉♦ ❛✉3♦&✳

❆ ❚❛❜❡❧❛ ✺✳✷ ❛♣&❡7❡♥3❛ ♣&✐♥❝✐♣❛✐7 ❡73❛3H73✐❝❛7 ❞❡7❝&✐3✐✈❛7 &❡❢❡&❡♥3❡ ❛♦ ♣❡7♦ ❡♠

✜❧6 ❞❡ ♣❡✐①❡ ✭❦❣✮ ❛❜❛3✐❞♦ ❞✐❛&✐❛♠❡♥3❡✳ ◆♦3❛✲7❡ M✉❡ ♦ ♠N7 ❞❡ ♠❛&<♦ ❛♣&❡7❡♥3♦✉ ❛ ♠❛✐♦&

♠6❞✐❛ ❞✐,&✐❛ ❞❡ ♣❡7♦ ❡♠ ✜❧6 ✭✶✹✸✸✱✷✺✶ ❦❣✮ ❡ M✉❡ ♦ ❈❱✪ ❛♣&❡7❡♥3♦✉ ❛✉♠❡♥3♦ ❞❡ ✸✱✷✻✪

M✉❛♥❞♦ ❝♦♠♣❛&❛❞♦ ❝♦♠ ♦ ♣❡7♦ ❞❛ ♠❛36&✐❛ ♣&✐♠❛✳ ◆♦✈❛♠❡♥3❡ ♦ ♠N7 ❞❡ ♥♦✈❡♠❜&♦ ❛♣&❡✲

7❡♥3♦✉ ♦ ♠❛✐♦& ❯❈▲ ✭✷✸✽✶✱✷✽✽ ❦❣✮ ❡ ♦ ♠❡♥♦& ▲❈▲ ✭✶✸✼✱✸✵✹ ❦❣✮ ❝♦♠ ❈❱✪ ❞❡ ✷✸✱✷✾✪✳

◗✉❛♥❞♦ ❝♦♠♣❛&❛❞♦ ♦7 ✈❛❧♦&❡7 ❞♦ ❈❱✪ ❞❛ ❚❛❜❡❧❛ ✺✳✷ ❝♦♠ ♦7 ❛♣&❡7❡♥3❛❞♦7 ♥❛ ❚❛❜❡❧❛ ✺✳✶✱

♥♦3❛✲7❡ M✉❡ ❡♠ 3♦❞♦7 ♦7 ❝❛7♦7 ♦❝♦&&❡✉ ❛✉♠❡♥3♦ ❞❛ ✈❛&✐❛❜✐❧✐❞❛❞❡ ❡♠ 3♦&♥♦ ❞♦ ✈❛❧♦& ♠6❞✐♦

❛♠♦73&❛❧ ❞✐,&✐♦✳ ◆♦✈❛♠❡♥3❡ ♦ ♠N7 ❞❡ ❥✉♥❤♦ ❛♣&❡7❡♥3♦✉ ❛ ♠❡♥♦& ♠6❞✐❛ ❞✐,&✐❛ ❞❡ ♣❡7♦ ❡♠

✜❧6 ❝♦♠ ✾✹✷✱✵✽✷ ❦❣✱ ❝♦&&♦❜♦&❛♥❞♦ ❝♦♠ ❛7 ✐♥❢♦&♠❛<[❡7 ❞❛ ❚❛❜❡❧❛ ✺✳✶✳

❯♠ ❢❛3♦ ✐♥3❡&❡77❛♥3❡ ❛ 7❡& ❞❡73❛❝❛❞♦✱ ❡♠❜❛7❛❞♦ ♥❛ ❚❛❜❡❧❛ ✺✳✶✱ 6 M✉❡ ❛ ❞✐❢❡&❡♥<❛

❞❡ ♠❛36&✐❛ ♣&✐♠❛ ❞✐,&✐❛ ❛❜❛3✐❞❛ ♥♦7 ♠❡7❡7 ❞❡ ♠❛&<♦ ❡ ♠❛✐♦ ❞✐❢❡&❡♠ ❛♣&♦①✐♠❛❞❛♠❡♥3❡ ✾✵✵

❦❣✱ ♣♦&6♠ ❡♠ &❡❧❛<\♦ ❛♦ ✜❧6 ♣&♦❞✉③✐❞♦ ❡73❛ ❞✐❢❡&❡♥<❛ ❞❡ ♣❡7♦ 6 ❞❡ ❛♣❡♥❛7 ✷✵✵ ❦❣✱ ♦ M✉❡

❡M✉✐✈❛❧❡ ❛ ❛♣&♦①✐♠❛❞❛♠❡♥3❡

1

3
❞❡ ♣❡&❝❛ ❡♠ ✜❧6✳ ❊73❡ ♣&♦❜❧❡♠❛ ❛❝❛❜❛ ❣❡&❛♥❞♦ ♣&❡❥✉H③♦7

♥♦ ❧✉❝&♦ ❞❛ ❡♠♣&❡7❛✳ ◆❡73❡ ❝❛7♦✱ ❛ ❢❛❧3❛ ❞❡ ❢✉♥❝✐♦♥,&✐♦7 ❜❡♠ 3&❡✐♥❛❞♦7 ♦✉ ❛ ❞❡73&❡③❛ ❞♦

✜❧❡3❛❞♦& 7\♦ ❢❛3♦&❡7 M✉❡ ♣♦❞❡♠ 3❡& ✐♥✢✉❡♥❝✐❛❞♦ ♣❛&❛ ♦❝♦&&N♥❝✐❛ ❞❡73❛ ✈❛&✐❛❜✐❧✐❞❛❞❡✳
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❚❛❜❡❧❛ ✺✳✷✿ ❊+,❛,-+,✐❝❛ ❞❡+❝1✐,✐✈❛ ❞♦ ♣❡+♦ ❡♠ ✜❧7 ❞❡ ♣❡✐①❡✱ ❡♠ ❦❣✱ ❛❜❛,✐❞♦ ❞✐❛1✐❛♠❡♥,❡ ♥♦

♣❡1-♦❞♦ ❞❡ ♠❛1=♦ > ❞❡③❡♠❜1♦✱ ✷✵✶✻✳

x + ❈❱ ✪ ▲❈▲ ❯❈▲

♠❛1=♦ ✶✹✸✸✱✷✺✶ ✷✶✼✱✷✵✺ ✶✺✱✶✺ ✼✸✶✱✼✹✸ ✷✶✸✹✱✼✺✽

❛❜1✐❧ ✶✸✾✶✱✽✹✵ ✷✵✽✱✹✼✶ ✶✹✱✾✼ ✼✷✷✱✶✽✶ ✷✵✻✶✱✹✾✾

♠❛✐♦ ✶✶✽✾✱✽✵✹ ✷✽✶✱✷✻✼ ✷✸✱✻✸ ✸✺✻✱✶✶✷ ✷✵✷✸✱✹✾✺

❥✉♥❤♦ ✾✹✷✱✵✽✷ ✷✷✹✱✶✹✹ ✷✸✱✼✾ ✸✵✸✱✾✶✻ ✶✺✽✵✱✷✹✻

❥✉❧❤♦ ✶✶✵✶✱✹✼✷ ✷✶✶✱✶✵✸ ✶✾✱✶✻ ✻✹✻✱✼✸✼ ✶✺✺✻✱✷✶✵

❛❣♦+,♦ ✶✶✹✶✱✽✹✹ ✶✽✺✱✾✻✻ ✶✻✱✷✽ ✼✵✾✱✾✷✹ ✶✺✼✸✱✼✻✸

+❡,❡♠❜1♦ ✶✵✷✶✱✵✽✷ ✶✻✸✱✹✺✶ ✶✻✱✵✵ ✻✵✾✱✺✻✸ ✶✹✸✷✱✻✵✶

♦✉,✉❜1♦ ✶✵✹✵✱✵✼✺ ✶✸✾✱✽✺✼ ✶✸✱✹✹ ✺✾✸✱✹✾✼ ✶✹✽✻✱✻✺✸

♥♦✈❡♠❜1♦ ✶✷✺✾✱✷✾✻ ✷✾✸✱✸✼✷ ✷✸✱✷✾ ✶✸✼✱✸✵✹ ✷✸✽✶✱✷✽✽

❞❡③❡♠❜1♦ ✶✸✾✽✱✾✾✽ ✶✽✽✱✷✺✾ ✶✸✱✹✺ ✼✶✻✱✶✽✼ ✷✵✽✶✱✽✵✾

◆♦,❛+✿ x ❂ ♠7❞✐❛ ❛♠♦+,1❛❧❀ + ❂ ❞❡+✈✐♦ ♣❛❞1R♦❀ ❈❱✪ ❂ ❝♦❡✜❝✐❡♥,❡ ❞❡ ✈❛1✐❛=R♦ ❡♠

♣♦1❝❡♥,❛❣❡♠❀ ▲❈▲ ❂ ❧✐♠✐,❡ ✐♥❢❡1✐♦1 ❞❡ ❝♦♥,1♦❧❡ ❡ ❯❈▲ ❂ ❧✐♠✐,❡ +✉♣❡1✐♦1 ❞❡ ❝♦♥,1♦❧❡✳

❋♦♥,❡✿ ❉♦ ❛✉,♦1✳

❖+ ❣1W✜❝♦+ ❞❡ ❝♦♥,1♦❧❡ ❞❛+ ♠❡❞✐❞❛+ ✐♥❞✐✈✐❞✉❛✐+ ❡ ❛♠♣❧✐,✉❞❡ ♠X✈❡✐+ 1❡❢❡1❡♥,❡+

❛♦+ ❝W❧❝✉❧♦+ ❞♦+ ❧✐♠✐,❡+ ❞❛ ❚❛❜❡❧❛ ✺✳✷ ❡♥❝♦♥,1❛♠✲+❡ ♥♦+ ❆♣[♥❞✐❝❡+ ❈ ❡ ❉✱ ♣❛1❛ ♠❛✐+

❞❡,❛❧❤❡+✳

\❛1❛ ❛✈❛❧✐❛1 ♦ ❝♦♠♣♦1,❛♠❡♥,♦ ❞❛ ✈❛1✐W✈❡❧✱ ❝♦♥+,1✉✐✉✲+❡ ❛ ❝❛1,❛ ❞❡ ❝♦♥,1♦❧❡ ❞❛

❛♠♣❧✐,✉❞❡ ✐♥❞✐✈✐❞✉❛❧ ❞❛ ♠7❞✐❛ ♠❡♥+❛❧ ❞♦ ♣❡+♦ ❡♠ ✜❧7 ❞❡ ♣❡✐①❡ ✭❋✐❣✉1❛ ✺✳✷✮✳ ❊♠❜♦1❛

,♦❞♦+ ♦+ ♣♦♥,♦+ ❡+,❡❥❛♠ ❞❡♥,1♦ ❞♦+ ❧✐♠✐,❡+ ❞❡ ❝♦♥,1♦❧❡✱ ♦❝♦11❡♠ ❝♦♠♣♦1,❛♠❡♥,♦+ _✉❡

✐♥❞✐❝❛♠ _✉❡ ♦ ♣1♦❝❡++♦ ❡+,❡❥❛ ❢♦1❛ ❞❡ ❝♦♥,1♦❧❡ ❡+,❛,-+,✐❝♦✳ ◆♦,❛✲+❡ ✉♠ ❞❡❝❛✐♠❡♥,♦ ❞❡

♣1♦❞✉=R♦ ❞♦ ♠[+ ❞❡ ♠❛1=♦ ✭✶✮ ❛,7 ♦ ♠[+ ❞❡ ❥✉❧❤♦ ✭✺✮ ❤❛✈❡♥❞♦ ✉♠ ❛✉♠❡♥,♦ ❞❡ ♣1♦❞✉=R♦

❞♦ ♠[+ ❞❡ ❥✉❧❤♦ ♣❛1❛ ♦ ♠[+ ❞❡ ❛❣♦+,♦ ✭✻✮✱ ♦♥❞❡ ♦ ♠❡+♠♦ ❞❡❝❛✐✉ ❛,7 ♦ ♠[+ ❞❡ +❡,❡♠❜1♦ ✭✼✮✱

_✉❡ ❝1❡+❝❡ ❛,7 ♥♦✈❡♠❜1♦✭✾✮ ❡ ❞❡❝❛✐♥❞♦ ❛,7 ♦ ♠[+ ❞❡ ❞❡③❡♠❜1♦ ✭✶✵✮✱ ✐♥❞✐❝❛♥❞♦ ,❡♥❞[♥❝✐❛

❞♦+ ❞❛❞♦+✳ ❆❧7♠ ❞✐++♦✱ ❡♥❝♦♥,1❛✲+❡ ❛11❛♥❥♦+ ,-♣✐❝♦+✱ ♥❛ ❢❛✐①❛ ❞❡ ✷ ❛ ✼✱ ❞♦ ,✐♣♦ ❞❡+✈✐♦ ❝♦♠

,❡♥❞[♥❝✐❛ ✭✻ ♣♦♥,♦+ ❝♦♥+❡❝✉,✐✈♦+ ❝♦♥,-♥✉♦ ❞❡❝1❡+❝❡♥,❡ ♥❛ 1❡❣✐R♦ ❞❡ ✶✲+✐❣♠❛ ❡ ✷✲+✐❣♠❛✮✱

_✉❡ ,❛♠❜7♠ ✐♥❞✐❝❛♠ ❛ ❢❛❧,❛ ❞❡ ❝♦♥,1♦❧❡ ❡+,❛,-+,✐❝♦✳

❆+ ❝❛✉+❛+ ❞♦ ❞❡+✈✐♦ ❝♦♠ ,❡♥❞[♥❝✐❛ ♣♦❞❡♠ +❡1 ❛++♦❝✐❛❞❛+ ❛ ♠✉❞❛♥=❛ ❞❡ ♦♣❡✲

1❛❞♦1 ♦✉ ❢✉♥❝✐♦♥W1✐♦+✱ ♣♦1 ❢❛❧,❛ ❞❡ ❢❡11❛♠❡♥,❛+✱ ,❡♠♣❡1❛,✉1❛ ❡ ✉♠✐❞❛❞❡✳
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Number of groups = 10

Center = 1392.997

StdDev = 12.19848

LCL = 1356.402

UCL = 1429.593

Number beyond limits = 0

Number violating runs = 0

❋✐❣✉%❛ ✺✳✷✿ ●%,✜❝♦ ❞❡ ❝♦♥3%♦❧❡ ❞❛ ♠6❞✐❛ ♠❡♥7❛❧ ♣❛%❛ ❛ ✈❛%✐,✈❡❧ ♣❡7♦ ❡♠ ✜❧6 ❞❡ ♣❡✐①❡ ❞❡

♠❛%;♦ ✭✵✶✮ @ ❞❡③❡♠❜%♦ ✭✶✵✮✱ ✷✵✶✻✳

❋♦♥3❡✿ ❉♦ ❛✉3♦%✳

◆❛ ❋✐❣✉%❛ ✺✳✸✱ ❡♥❝♦♥3%❛✲7❡ ♦7 ❣%,✜❝♦7 ❞❡ ❛♠♣❧✐3✉❞❡ ✐♥❞✐✈✐❞✉❛❧ ❞♦ ♣❡%❝❡♥3✉❛❧

❞❡ ❝♦♥✈❡%7H♦ ❞♦ ♣❡✐①❡ ❡♠ ✜❧6✳ ❖❜7❡%✈❛✲7❡ ♣♦♥3♦7 ❢♦%❛ ❞♦7 ❧✐♠✐3❡7 ❞❡ ❝♦♥3%♦❧❡ ♥♦7 ♠❡7❡7

❞❡ ❛❜%✐❧✱ ❥✉♥❤♦✱ ❛❣♦73♦✱ ♦✉3✉❜%♦ ❡ ❞❡③❡♠❜%♦✱ ✐♥❞✐❝❛♥❞♦ ❢❛❧3❛ ❞❡ ❝♦♥3%♦❧❡ ❡73❛3M73✐❝♦✳ ❊77❛

✈❛%✐❛;H♦ ❡①3%❡♠❛ ♣♦❞❡ 7✉%❣✐% ❞❡ ❛♥♦♠❛❧✐❛7✱ ♣♦% ❡%%♦7 ❡♠ ♠❡❞✐;O❡7 ❡ ❝,❧❝✉❧♦7✱ ❝♦♥❞✐;O❡7

❞❡ 3❡♠♣❡%❛3✉%❛ ❡ ♣%❡77H♦✱ ❛❥✉73❡7 ❢❡✐3♦7 ❞❡ ❢♦%♠❛ ❡%%❛❞❛ ❡ ❞❡♣♦✐7 ❝♦%%✐❣✐❞♦7✱ ✐♥M❝✐♦ ♦✉ ✜♠

❞❡ ♦♣❡%❛;O❡7✳

❆♣❡7❛% ❞♦7 ♠❡7❡7 ❞❡ ♠❛%;♦✱ ♠❛✐♦✱ ❥✉❧❤♦✱ 7❡3❡♠❜%♦ ❡ ♥♦✈❡♠❜%♦ ♥H♦ ❛♣%❡7❡♥3❛✲

%❡♠ ♣♦♥3♦7 ❢♦%❛ ❞♦7 ❧✐♠✐3❡7 ❞❡ ❡7♣❡❝✐✜❝❛;O❡7✱ ♣❡%❝❡❜❡✉✲7❡ Q✉❡ ♦7 ❢✉♥❝✐♦♥,%✐♦7 ♥H♦ ❡73H♦

❛3✐♥❣✐❞♦7 ❛ ♠❡3❛ ❞❡7❡❥,✈❡❧ ♣❡❧❛ ❡♠♣%❡7❛✱ ♦♥❞❡ ♦ ♣❡%❝❡♥3✉❛❧ ❞❡ ❝♦♥✈❡%7H♦ ❞♦ ♣❡✐①❡ ❡♠ ✜❧6

7❡❥❛ ♠❛✐♦% Q✉❡ ✸✵✪✱ ♦❝❛7✐♦♥❛♥❞♦ ♣❡%❝❛ ❞❡ ♠❛36%✐❛✲♣%✐♠❛ ❡ %❡♥3❛❜✐❧✐❞❛❞❡ ❞♦ ✜❧6✱ ❣❡%❛♥❞♦

♣%❡❥✉M③♦7 ❛♦ ❢%✐❣♦%M✜❝♦✳

❆ ❋✐❣✉%❛ ✺✳✸✭❞✮✱ %❡❢❡%❡♥3❡ ❛♦ ♠S7 ❞❡ ❥✉♥❤♦ ❛♣%❡7❡♥3❛ ❞❡7✈✐♦7 ❝♦♠ 3❡♥❞S♥❝✐❛✱

♥❛ ❢❛✐①❛ ❞❡ ✶✻ ❛ ✷✸✱ ♥✉♠❛ 7❡Q✉S♥❝✐❛ ❛❜❛✐①♦ ❞❛ ❧✐♥❤❛ ❝❡♥3%❛❧ ❞❡ ❝♦♥3%♦❧❡✱ ♥❛ %❡❣✐H♦ ❞❡

✶✲7✐❣♠❛✱ ✐♥❞✐❝❛♥❞♦ ❛ ❢❛❧3❛ ❞❡ ❝♦♥3%♦❧❡✳ ❆7 ❝❛✉7❛7 ❞✐77♦✱ ♣♦❞❡♠ ❡73❛% %❡❧❛❝✐♦♥❛❞❛7 ❛♦

3❛♠❛♥❤♦ ❡ ♦ ♣❡7♦ ❞♦ ♣❡✐①❡✱ ❞❛❞♦ Q✉❡ ♥♦ ♠S7 ❞❡ ❥✉♥❤♦ ♦❝♦%%❡ ♣❡%M♦❞♦7 ❞❡ ✐♥73❛❜✐❧✐❞❛❞❡

❝❧✐♠,3✐❝❛ ❞❡ 3❡♠♣❡%❛3✉%❛ ♦✉ ✉♠✐❞❛❞❡✳
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Number of groups = 24

Center = 33.99875

StdDev = 2.756321
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Number beyond limits = 0

Number violating runs = 0

✭❛✮ ▼❛$%♦

Amostras

P
e

rc
e

n
tu

a
l 
d

e
 c

o
n
v
e

rs
ã

o
 e

m
 f

ilé

1 3 5 7 9 11 13 15 17 19

2
5

3
0

3
5

4
0

LCL

UCL

CL

Number of groups = 20

Center = 34.2775

StdDev = 2.751493

LCL = 26.02302

UCL = 42.53198

Number beyond limits = 1
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