
❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡

❈❡♥tr♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ❡ ■♥❢♦r♠át✐❝❛

❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛

❮t❛❧♦ ❆r❛ú❥♦ ❋❡rr❡✐r❛ ❞❡ ▲✉❝❡♥❛

❚r❛❜❛❧❤♦ ❞❡ ❈♦♥❝❧✉sã♦ ❞❡ ❈✉rs♦

▼♦❞❡❧❛❣❡♠ ❡ ❙✐♠✉❧❛çã♦ ❞❡ ✉♠❛ ❈♦❧✉♥❛ ❞❡
❉❡st✐❧❛çã♦

❈❛♠♣✐♥❛ ●r❛♥❞❡

❙❡t❡♠❜r♦ ✷✵✶✸



❮t❛❧♦ ❆r❛ú❥♦ ❋❡rr❡✐r❛ ❞❡ ▲✉❝❡♥❛

▼♦❞❡❧❛❣❡♠ ❡ ❙✐♠✉❧❛çã♦ ❞❡ ✉♠❛ ❈♦❧✉♥❛ ❞❡ ❉❡st✐❧❛çã♦

❚r❛❜❛❧❤♦ ❞❡ ❈♦♥❝❧✉sã♦ ❞❡ ❈✉rs♦ s✉❜♠❡t✐❞♦ à ❯♥✐✈❡rs✐✲

❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡ ❝♦♠♦ ♣❛rt❡ ❞♦s r❡q✉✐s✐t♦s

♥❡❝❡ssár✐♦s ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦ ❣r❛✉ ❞❡ ❇❛❝❤❛r❡❧ ❡♠ ❊♥❣❡♥✲

❤❛r✐❛ ❊❧étr✐❝❛✳

❖r✐❡♥t❛❞♦r✿

Pér✐❝❧❡s ❘❡③❡♥❞❡ ❇❛rr♦s

❈❛♠♣✐♥❛ ●r❛♥❞❡

❙❡t❡♠❜r♦ ✷✵✶✸



❮t❛❧♦ ❆r❛ú❥♦ ❋❡rr❡✐r❛ ❞❡ ▲✉❝❡♥❛

▼♦❞❡❧❛❣❡♠ ❡ ❙✐♠✉❧❛çã♦ ❞❡ ✉♠❛ ❈♦❧✉♥❛ ❞❡ ❉❡st✐❧❛çã♦

❚r❛❜❛❧❤♦ ❞❡ ❈♦♥❝❧✉sã♦ ❞❡ ❈✉rs♦ s✉❜♠❡t✐❞♦ à ❯♥✐✈❡rs✐✲

❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡ ❝♦♠♦ ♣❛rt❡ ❞♦s r❡q✉✐s✐t♦s

♥❡❝❡ssár✐♦s ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦ ❣r❛✉ ❞❡ ❇❛❝❤❛r❡❧ ❡♠ ❊♥❣❡♥✲

❤❛r✐❛ ❊❧étr✐❝❛✳

Pr♦❢❡ss♦r Pér✐❝❧❡s ❘❡③❡♥❞❡ ❇❛rr♦s

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡

Pr♦❢❡ss♦r ❖r✐❡♥t❛❞♦r

Pr♦❢❡ss♦r ❈♦♥✈✐❞❛❞♦

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡

❈❛♠♣✐♥❛ ●r❛♥❞❡

❙❡t❡♠❜r♦ ✷✵✶✸



❆❣r❛❞❡❝✐♠❡♥t♦s

❆❣r❛❞❡ç♦ ♠✉✐t♦ ❛ ♠✐♥❤❛ ❢❛♠í❧✐❛✱ ❡♠ ❡s♣❡❝✐❛❧ ❛♦s ♠❡✉s ♣❛✐s ✭❋❧❛✉❜❡rt♦ ❡ ▼ô♥✐❝❛✮ q✉❡ s❡♠♣r❡ ♠❡

❛♣♦✐❛r❛♠ ❡♠ t♦❞♦s ♦s ♠♦♠❡♥t♦s ❡ ♥✉♥❝❛ ♠❡ ❞❡✐①❛r❛♠ ❞❡s✐st✐r✳ ❆♦ ♠❡✉ ✐r♠ã♦ ●✉✐❧❤❡r♠❡ q✉❡ ♠❡ ❛t✉r♦✉

♥❡ss❡s ❛♥♦s✳

❯♠ ❛❣r❛❞❡❝✐♠❡♥t♦ ❡♠ ❡s♣❡❝✐❛❧ ♣❛r❛ ❛ ♠✐♥❤❛ ♥♦✐✈❛ ❑❛♠②❧❧❛✱ q✉❡ ♥ã♦ ♠❡ ❞❡✐①♦✉ ❞❡s✐st✐r ❞♦ ❝✉rs♦

q✉❛♥❞♦ ❛❝❤❡✐ q✉❡ ♥ã♦ ♣❡r♠❛♥❡❝❡r✐❛ ♥❡❧❡✳

❆❣r❛❞❡❝❡r t❛♠❜é♠ ❛♦s ♠❡✉s ♣r♦❢❡ss♦r❡s q✉❡ ♣❛ss❛r❛♠ t❛♥t♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♥❡ss❡s ❛♥♦s✳ ❊♠ ❡s♣❡❝✐❛❧

❛♦ ♣r♦❢❡ss♦r Pér✐❝❧❡s ❘❡③❡♥❞❡✱ q✉❡ ♠❡ ❛❝❡✐t♦✉ ❝♦♠♦ ❜♦❧s✐st❛ ❞❡s❞❡ ♦ s❡❣✉♥❞♦ ♣❡rí♦❞♦ ❡ ♠❡ ♣❡r♠✐t✐✉

tr❛❜❛❧❤❛r ♥♦ ▲❛❜♦r❛tór✐♦ ❞❡ ■♥str✉♠❡♥t❛çã♦ ❊❧❡trô♥✐❝❛ ❡ ❈♦♥tr♦❧❡✱ ❡ ❛ss✐♠ ❛❞q✉✐r✐r ✉♠❛ ❡①♣❡r✐ê♥❝✐❛

✐♥❡st✐♠á✈❡❧✳



✧❇♦♠ ♠❡s♠♦ é ✐r à ❧✉t❛ ❝♦♠

❞❡t❡r♠✐♥❛çã♦✱ ❛❜r❛ç❛r ❛ ✈✐❞❛ ❝♦♠

♣❛✐①ã♦✱ ♣❡r❞❡r ❝♦♠ ❝❧❛ss❡ ❡ ✈❡♥❝❡r ❝♦♠

♦✉s❛❞✐❛✳✳✳♣♦✐s ♦ tr✐✉♥❢♦ ♣❡rt❡♥❝❡ ❛ q✉❡♠

s❡ ❛tr❡✈❡✳✧

❈❤❛r❧❡s ❈❤❛♣❧✐♥

✶



❘❡s✉♠♦

❊st❡ tr❛❜❛❧❤♦ ❞❡ ❝♦♥❝❧✉sã♦ ❞❡ ❝✉rs♦ t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ❛ ❝♦♠♣❧❡t❛ ❞❡s❝r✐çã♦✱ ♠♦❞❡❧❛❣❡♠ ❡ s✐♠✉❧❛çã♦ ❞❡

✉♠❛ ❝♦❧✉♥❛ ❞❡ ❞❡st✐❧❛çã♦ ❜✐♥ár✐❛ ✐❞❡❛❧✳ ❙❡rá ❡st✉❞❛❞♦ ♦ ♠♦❞❡❧♦ ❞❡ss❡ s✐st❡♠❛ ❡ ❛ss✐♠ ❛♥❛❧✐s❛r ❛s ❡q✉❛çõ❡s

❞✐❢❡r❡♥❝✐❛✐s q✉❡ r❡❣❡♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ss❡ ♣r♦❝❡ss♦✳ ❆♣ós ♦ ❡st✉❞♦ s❡rá ❝r✐❛❞♦ ✉♠ s✐♠✉❧❛❞♦r ♥♦

❛♠❜✐❡♥t❡ ❱✐s✉❛❧ ❙t✉❞✐♦ ✷✵✶✷ ❡ r❡❛❧✐③❛r ❡♥s❛✐♦s ♥❛ s✐♠✉❧❛çã♦ ❡ ❝♦♠♣❛rá✲❧❛ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ♠♦str❛❞♦s

♥❛ ❜✐❜❧✐♦❣r❛✜❛✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ♠♦❞❡❧❛❣❡♠✱ s✐♠✉❧❛çã♦✱ ❝♦❧✉♥❛ ❞❡ ❞❡st✐❧❛çã♦✱ ❖P❈✳



❆❜str❛❝t

❚❤✐s ♣r♦❥❡❝t✬s ♦❜❥❡❝t✐✈❡ ✐s t♦ ❞♦ ❛ ❝♦♠♣❧❡t❡ ❞❡s❝r✐♣t✐♦♥✱ ♠♦❞❡❧✐♥❣ ❛♥❞ s✐♠✉❧❛t✐♦♥ ♦❢ ❛ ❜✐♥❛r② ❞✐st✐❧❧❛t✐♦♥

❝♦❧❧✉♠✳ ■t ✇✐❧❧ ❜❡ st✉❞✐❡❞ t❤❡ t❤❡ s②st❡♠ ♠♦❞❡❧ s♦ ✐t ✐s ♣♦ss✐❜❧❡ t♦ ❛♥❛❧②③❡ t❤❡ ❞✐✛❡r❡♥t✐❛❧ ❡q✉❛t✐♦♥s t❤❛t

❝♦♥tr♦❧s t❤❡ ♣r♦❝❡ss ❜❡❤❛✈✐♦r✳ ❚❤❡ ♥❡①t st❡♣ ✇✐❧❧ ❜❡ t♦ ❝r❡❛t❡ ❛ s✐♠✉❧❛t♦r ✉s✐♥❣ ❱✐s✉❛❧ ❙t✉❞✐♦ ✷✵✶✷ ❛♥❞

❞♦ s♦♠❡ ❡①♣❡r✐♠❡♥ts t♦ ❝♦♠♣❛r❡ t❤❡ r❡s✉❧ts t♦ t❤❡ ♦♥❡s s❤♦✇♥ ✐♥ t❤❡ r❡s❡❛r❝❤ ♠❛t❡r✐❛❧✳

❑❡②✲✇♦r❞s✿ ♠♦❞❡❧✐♥❣✱ s✐♠✉❧❛t✐♦♥✱ ❞✐st✐❧❧❛t✐♦♥ ❝♦❧❧✉♠✱ ❖P❈✳



❙✉♠ár✐♦

✶ ■♥tr♦❞✉çã♦ ✺

✷ ▼♦❞❡❧♦ ❞♦ ❙✐st❡♠❛ ✻

✷✳✶ ❉❡st✐❧❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻

✷✳✷ ❉❡s❝r✐çã♦ ❈♦♥❝✐t✉❛❧ ❞❛ ❉❡st✐❧❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼

✷✳✸ ❇❛❧❛♥ç♦ ❉✐♥â♠✐❝♦ ❞❡ ▼❛tér✐❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾

✷✳✸✳✶ ❚♦❞♦s ♦s ◆í✈❡✐s✱ ❡①❝❡t♦ ❆❧✐♠❡♥t❛çã♦✱ ❈♦♥❞❡♥s❛❞♦r ❡ ❘❡❢❡r✈❡❞♦r ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾

✷✳✸✳✷ ◆í✈❡❧ ❞❡ ❆❧✐♠❡♥t❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾

✷✳✸✳✸ ❈♦♥❞❡♥s❛❞♦r ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵

✷✳✸✳✹ ❘❡❢❡r✈❡❞♦r ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵

✷✳✸✳✺ ❘❡s✉♠♦ ❞❛s ❊q✉❛çõ❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵

✸ ■♥t❡❣r❛çã♦ ◆✉♠ér✐❝❛ ✶✷

✸✳✶ ■♥t❡❣r❛çã♦ ❞❡ ❊✉❧❡r ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷

✸✳✶✳✶ ▼ét♦❞♦ ❊①♣❧í❝✐t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷

✸✳✶✳✷ ▼ét♦❞♦ ■♠♣❧í❝✐t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸

✸✳✷ ■♥t❡❣r❛çã♦ ❞❡ ❘✉♥❣❡✲❑✉tt❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸

✸✳✷✳✶ ❘✉♥❣❡✲❑✉tt❛ ❞❡ ❙❡❣✉♥❞❛ ❖r❞❡♠ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸
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✶ ⑤ ■♥tr♦❞✉çã♦

❆ ♠♦❞❡❧❛❣❡♠ é ♦ ♣r♦❝❡ss♦ ❞❡ ❢♦r♠✉❧❛çã♦ ❞♦s ❡❢❡✐t♦s ❞✐♥â♠✐❝♦s ❞♦ s✐st❡♠❛ q✉❡ s❡rã♦ ❝♦♥s✐❞❡r❛❞♦s

❛tr❛✈és ❞❡ ❡q✉❛çõ❡s ♠❛t❡♠át✐❝❛s✳ ❊ss❛ é ✉♠❛ ♠❛♥❡✐r❛ ❞❡ s❡ ❛❞q✉✐r✐r ✉♠ ♠❛✐♦r ❝♦♥❤❡❝✐♠❡♥t♦ ❛ r❡s♣❡✐t♦

❞❡ ✉♠ ♣r♦❝❡ss♦ r❡❛❧✱ ❡ ♣♦❞❡r ❛♥❛❧✐s❛r ❝♦♥❤❡❝❡r s❡✉s ❡st❛❞♦s ❡ r❡s♣♦st❛s ❛ ❡♥tr❛❞❛s ❡ ❛ ♣❡rt✉❜❛çõ❡s s❡♠

q✉❡ s❡ ♥❡❝❡ss✐t❡ ❞♦ ♣r♦❝❡ss♦ r❡❛❧✳

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

❞❡ ❛♥t❡♠ã♦✱ é ♠✉✐t♦ ❝❛r❛ ♦✉ ♠❡s♠♦ ✐♠♣♦ssí✈❡❧ ❛tr❛✈és ❞❡ ❡①♣❡r✐♠❡♥t♦s ♦✉ ♠❡s♠♦ ♣❛r❛ ♣r♦❜❧❡♠❛s q✉❡

sã♦ ♠✉✐t♦ ❝♦♠♣❧❡①♦s ♣❛r❛ tr❛t❛♠❡♥t♦ ❛♥❛❧ít✐❝♦✳ ❈♦♠♦ ❜❡♥❡❢í❝✐♦ s❡ t❡♠ ✉♠❛ ❢♦r♠❛ ❞❡ t❡st❛r ✐❞é✐❛s ❡

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

❖ ♦❜❥❡t✐✈♦ ❞❡ss❡ tr❛❜❛❧❤♦ é ♠♦❞❡❧❛r ❡ s✐♠✉❧❛r ✉♠❛ ❝♦❧✉♥❛ ❞❡ ❞❡st✐❧❛çã♦ ❜✐♥ár✐❛ ✐❞❡❛❧✳ ❚❛❧ ❝♦❧✉♥❛

♣♦ss✉✐rá ✹✶ ❜❛♥❞❡❥❛s ❡ t❡rá s❛í❞❛s ♥♦s ♥í✈❡✐s s✉♣❡r✐♦r ❡ ♥♦ ✐♥❢❡r✐♦r✳ ❆❧é♠ ❞✐ss♦✱ s❡rá ❢❡✐t♦ ❝♦♠ q✉❡ ❛s

✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❡ ❞❡ s❛í❞❛ ❞♦ s✐st❡♠❛ ❡st❡❥❛♠ ❧✐❣❛❞❛s ❛ ✉♠ s❡r✈✐❞♦r ❖P❈ ♣❛r❛ q✉❡ ❛ss✐♠ s❡ ♣♦ss❛

❝♦♥❡❝t❛r ❡q✉✐♣❛♠❡♥t♦s ❞❡ ❝♦♥tr♦❧❡✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ✉♠ ❈▲P ❡ ❛♣❧✐❝❛r ❡str❛té❣✐❛s ❞❡ ❝♦♥tr♦❧❡ ❝♦♠♦ s❡

❢♦ss❡ ✉♠ ♣r♦❝❡ss♦ r❡❛❧✳

❆ s✐♠✉❧❛çã♦ s❡rá ❢❡✐t❛ ♥♦ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❣r❛♠❛çã♦ ❱✐s✉❛❧ ❙t✉❞✐♦ ✷✵✶✷ ❝♦♠ ❛ ❧✐♥❣✉❛❣❡♠ ❈★✳ ❖

♠♦t✐✈♦ ♣♦r trás ❞❡sss❛ ❡s❝♦❧❤❛ ❢♦✐ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❢❡rr❛♠❡♥t❛s ❡♥❝♦♥tr❛❞❛s q✉❡ ♣❡r♠✐t❡♠ ✉♠❛ s✐♠✉❧❛çã♦

✢❡①í✈❡❧ ❛❧é♠ ❞❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❛♠✐❣á✈❡❧ ♣❛r❛ ♦ ✉s✉ár✐♦✳

✺



✷ ⑤ ▼♦❞❡❧♦ ❞♦ ❙✐st❡♠❛

✷✳✶ ❉❡st✐❧❛çã♦

❉❡st✐❧❛çã♦ é ✉♠❛ té❝♥✐❝❛ ❞❡ s❡♣❛r❛çã♦ ❞❡ ❧íq✉✐❞♦s q✉❡ ❝♦♥té♠ ❞♦✐s ♦✉ ♠❛✐s ❝♦♠♣♦♥❡♥t❡s ❡ é ✉♠❛ ❞❛s

♦♣❡r❛çõ❡s ♠❛✐s ✐♠♣♦rt❛♥t❡s ❡♠ ♣r♦❝❡ss♦s q✉í♠✐❝♦s r❡❧❛❝✐♦♥❛❞♦s ❛ ♠❛♥✉❢❛t✉r❛✳ ❖ ❞❡s✐❣♥ ❡ ❝♦♥tr♦❧❡ ❞❛

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

♣❛r❛ ✈❡♥❞❛ ♦✉ ♣❛r❛ ✉s♦ ❡♠ ♦✉tr♦s ♣r♦❝❡ss♦s q✉í♠✐❝♦s✳

❋✐❣✉r❛ ✷✳✶✿ ❙✐st❡♠❛ ❢❡❝❤❛❞♦ ❝♦♠ ❧íq✉✐❞♦ ❡ ✈❛♣♦r ❡♠ ❡q✉✐❧í❜r✐♦

❉❡st✐❧❛çã♦ é ❜❛s❡❛❞❛ ♥❛ s❡♣❛r❛çã♦ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❞❡ ✉♠❛ ♠✐st✉r❛ ❧íq✉✐❞❛ ❞❡✈✐❞♦ ❛ ❞✐❢❡r❡♥ç❛ ♥♦

♣♦♥t♦ ❞❡ ❡❜✉❧✐çã♦ ❞♦s ♠❡s♠♦s✳ ◆❡ss❡ tr❛❜❛❧❤♦ s❡rá ❞✐s❝✉t✐❞❛ ❛ s❡♣❛r❛çã♦ ❞❡ ❧íq✉✐❞♦s ❝♦♥t❡♥❞♦ ❛♣❡♥❛s

❞♦✐s ❝♦♠♣♦♥❡♥t❡s ✭♠✐st✉r❛ ❜✐♥ár✐❛✮✳ ❖ ❝♦♠♣♦♥❡♥t❡ q✉❡ ❢❡r✈❡ ❛ ✉♠❛ t❡♠♣❡r❛t✉r❛ ♠❛✐s ❜❛✐①❛ s❡rá r❡❢❡r✐❞♦

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

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

❝♦♠ ❛ ❢❛s❡ q✉❡ é ✈❛♣♦r q✉❡ ♣♦ss✉✐ ✉♠❛ ❝♦♥❝❡♥tr❛çã♦ ♠❛✐s ❛❧t❛ ❞♦ ❝♦♠♣♦♥❡♥t❡ ❧❡✈❡ ❞♦ q✉❡ ❞❛ ❢❛s❡ ❧íq✉✐❞❛✳

❙❡♥❞♦ ① ❛ ❢r❛çã♦ ♠♦❧❛r ❞♦ ❝♦♠♣♦♥❡♥t❡♥❛ ❢❛s❡ ❧íq✉✐❞❛ ❡ ② ❛ ❢r❛çã♦ ♠♦❧❛r ❞♦ ❝♦♠♣♦♥❡♥t❡ ❧❡✈❡ ❡♠ ✈❛♣♦r✳

❆ ✜❣✉r❛ ✷ é ✉♠ ❡①❡♠♣❧♦ ❞❡ ✉♠ ❞✐❛❣r❛♠❛ ❞❡ ❡q✉✐❧í❜r✐♦ q✉❡ r❡♣r❡s❡♥t❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ❢r❛çõ❡s

✻



✷✳✷✳ ❉❊❙❈❘■➬➹❖ ❈❖◆❈■❚❯❆▲ ❉❆ ❉❊❙❚■▲❆➬➹❖ ✼

♠♦❧❛r❡s ❞❛s ❢❛s❡s ❧íq✉✐❞❛s ❡ ❣❛s♦s❛✳

❋✐❣✉r❛ ✷✳✷✿ ❉✐❛❣r❛♠❛ ❞❡ ❡q✉✐❧í❜r✐♦

P❛r❛ ♠✐st✉r❛s ✐❞❡❛✐s✱ ♦ ♠♦❞❡❧♦ ❝♦♠✉♠ ♣❛r❛ ❡ss❛ r❡❧❛çã♦ é ❞❛❞❛ ♣♦r✿

y =
αx

1 + (α− 1)x
✭✷✳✶✮

❖♥❞❡ α é ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ✈♦❧❛t✐❧✐❞❛❞❡ r❡❧❛t✐✈❛✳

✷✳✷ ❉❡s❝r✐çã♦ ❈♦♥❝✐t✉❛❧ ❞❛ ❉❡st✐❧❛çã♦

P❛r❛ ♦ ♣r♦❝❡ss♦ ❜✐♥ár✐♦ ❛ ❛❧✐♠❡♥t❛çã♦ ♥♦r♠❛❧♠❡♥t❡ ❡stá ❧♦❝❛❧✐③❛❞❛ ♥♦ ♠❡✐♦ ❞❛ ❝♦❧✉♥❛✳ ●ás ✢✉✐ ❞♦ ♥í✈❡❧

♠❛✐s ❜❛✐①♦ ♣❛r❛ ♦ ♠❛✐s ❛❧t♦ ❡♥q✉❛♥t♦ q✉❡ ♦ ❧íq✉✐❞♦ ✢✉✐ ❞♦s ♥í✈❡✐s ♠❛✐s ❛❧t♦s ♣❛r❛ ♦s ♠❛✐s ❜❛✐①♦s✳ ❆ ✈❛♣♦r

❞❛ ❜❛♥❞❡❥❛ ♠❛✐s ❛❧t❛ é ❝♦♥❞❡♥s❛❞♦ ❡ ✉♠❛ ♣♦rçã♦ ❞♦ ❧íq✉✐❞♦ r❡t♦r♥❛ ❝♦♠♦ r❡✢✉①♦✳ ❖ r❡st♦ é r❡t✐r❛❞♦

❝♦♠♦ ♦ ♣r♦❞✉t♦ ❞❛ ♣❛rt❡ s✉♣❡r✐♦r✱ ❡ss❡ ✢✉①♦ ❝♦♥té♠ ✉♠❛ ❛❧t❛ ❝♦♥❝❡♥tr❛çã♦ ❞♦ ❝♦♠♣♦♥❡♥t❡ ❧❡✈❡✳ ❯♠❛

♣♦rçã♦ ❞♦ ❧íq✉✐❞♦ ♥♦ ♥í✈❡❧ ✐♥❢❡r✐♦r ❞❛ ❝♦❧✉♥❛ s❛✐ ❝♦♠♦ ♦ ♣r♦❞✉t♦ ✐♥❢❡r✐♦r ✭❝♦♥té♠ ✉♠❛ ❛❧t❛ ❝♦♥❝❡♥tr❛çã♦

❞♦ ❝♦♠♣♦♥❡♥t❡ ♣❡s❛❞♦✮✱ ❡♥q✉❛♥t♦ q✉❡ ♦ r❡st♦ é ✈❛♣♦r✐③❛❞♦ ♥♦ r❡❢❡r✈❡❞♦r ❡ ✈♦❧t❛ ♣❛r❛ ❛ ❝♦❧✉♥❛✳



✷✳✷✳ ❉❊❙❈❘■➬➹❖ ❈❖◆❈■❚❯❆▲ ❉❆ ❉❊❙❚■▲❆➬➹❖ ✽

❋✐❣✉r❛ ✷✳✸✿ ❉✐❛❣r❛♠❛ ❡sq✉❡♠át✐❝♦ ♣❛r❛ ✉♠❛ ❝♦❧✉♥❛ ❞❡ ❞❡st✐❧❛çã♦

❖ ❧íq✉✐❞♦ ❞❡ ✉♠❛ ❜❛♥❞❡❥❛ ✢✉✐ ♣❛r❛ ❛ ♣ró①✐♠❛ ❜❛♥❞❡❥❛ q✉❡ s❡ s✐t✉❛ ❛❜❛✐①♦✳ ◗✉❛♥❞♦ ♦ ❧íq✉✐❞♦ s❡ ♠♦✈❡

♣❡❧❛ ❜❛♥❞❡❥❛✱ ❡❧❡ ❡♥tr❛ ❡♠ ❝♦♥t❛t♦ ❝♦♠ ♦ ✈❛♣♦r ❞❛ ❜❛♥❞❡❥❛ ❞❡ ❜❛✐①♦✳

◆♦r♠❛❧♠❡♥t❡✱ q✉❛♥❞♦ ♦ ✈❛♣♦r ❡♥tr❛ ❡♠ ❝♦♥t❛t♦ ❝♦♠ ♦ ❧íq✉✐❞♦ ✉♠❛ ♠✐st✉r❛ t✉r❜✉❧❡♥t❛ ♦❝♦rr❡✳ ❆s✲

s✉♠✐♥❞♦ q✉❡ ❛ ♠✐st✉r❛ é ♣❡r❢❡✐t❛✱ ♣♦❞❡✲s❡ ♠♦❞❡❧❛r ❛ ❜❛♥❞❡❥❛ ❝♦♠♦ ✉♠ ❝♦♥❥✉♥t♦ ❛❣❧♦♠❡r❛❞♦✳ ❉❡✈❡✲s❡

♥♦t❛r q✉❡ ♦ ✈❛♣♦r ❞♦ ♥í✈❡❧ ✐ é ♠♦❞❡❧❛❞♦ ❝♦♠♦ ✉♠❛ ú♥✐❝❛ ❡♥tr❛❞❛ ❝♦♠ ✢✉①♦ Vi ❡ ❢r❛çã♦ ♠♦❧❛r yi✳ ❖

❧íq✉✐❞♦ ❞❡✐①❛♥❞♦ ♦ ♥í✈❡❧ ✐ é ♠♦❞❡❧❛❞♦ ❝♦♠♦ ✉♠ ú♥✐❝♦ ✢✉①♦ ❝♦♠ ✈❛③ã♦ Li ❡ ❢r❛çã♦ ♠♦❧❛r ❧íq✉✐❞❛ xi✳

❋✐❣✉r❛ ✷✳✹✿ ❇❛❧❛♥ç❛ ❞❡ ♠❛tér✐❛ ♣❛r❛ ✉♠ ❡stá❣✐♦ tí♣✐❝♦ ❡ ♣❛r❛ ♦ ❡stá❣✐♦ ❞❡ ❛❧✐♠❡♥t❛çã♦



✷✳✸✳ ❇❆▲❆◆➬❖ ❉■◆➶▼■❈❖ ❉❊ ▼❆❚➱❘■❆ ✾

✷✳✸ ❇❛❧❛♥ç♦ ❉✐♥â♠✐❝♦ ❞❡ ▼❛tér✐❛

✷✳✸✳✶ ❚♦❞♦s ♦s ◆í✈❡✐s✱ ❡①❝❡t♦ ❆❧✐♠❡♥t❛çã♦✱ ❈♦♥❞❡♥s❛❞♦r ❡ ❘❡❢❡r✈❡❞♦r

❖ ❜❛❧❛♥ç♦ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❞❛ ❢❛s❡ ❧íq✉✐❞❛ ❞❡ ✉♠ ♥í✈❡❧ ❝♦♠✉♠ é✿

dMixi

dt
= Li−1xi−1 + Vi+1yi+1 − Lixi − Viyi ✭✷✳✷✮

❖♥❞❡ Mi é ❛ ♠❛ss❛ ♠♦❧❛r ❧íq✉✐❞❛ ♥♦ ♥í✈❡❧ ✐✳

P❛r❛ ❡ss❡ ❡st✉❞♦ s❡rá ❛ss✉♠✐❞♦ ♦ ✢✉①♦ ❡q✉✐♠♦❧❛r✳ P❛r❛ ♦ ✢✉①♦ ❞❡ ✈❛♣♦r✱ ♦ ✢✉①♦ ❞❡ ✉♠ ♥í✈❡❧ é ✐❣✉❛❧

❛♦ ❞❡ ♥í✈❡❧ ✐♥❢❡r✐♦r✳

Vi = Vi+1 ✭✷✳✸✮

❊ ♣❛r❛ ♦ ❧íq✉✐❞♦ q✉❡ ❞❡✐①❛ ✉♠ ♥í✈❡❧ é ✐❣✉❛❧ ❛♦ q✉❡ ❝❤❡❣❛ ❞❡ ✉♠ ♥í✈❡❧ s✉♣❡r✐♦r✳

Li = Li−1 ✭✷✳✹✮

✷✳✸✳✷ ◆í✈❡❧ ❞❡ ❆❧✐♠❡♥t❛çã♦

❙❡♥❞♦ qf ❛ q✉❛❧✐❞❛❞❡ ❞♦ ✢✉①♦ ❞❡ ❛❧✐♠❡♥t❛çã♦✳ ❙❡ ❡st❡ ❢♦r ✐❣✉❛❧ ❛ ✶ é ✉♠ ❧íq✉✐❞♦ s❛t✉r❛❞♦✱ ❡♥q✉❛♥t♦

q✉❡ s❡ ❢♦r ✐❣✉❛❧ ❛ ✵ é ✉♠ ✈❛♣♦r s❛t✉r❛❞♦✳ ❖ ✈❛♣♦r q✉❡ s❛✐ ❞♦ ♥í✈❡❧ ❞❡ ❛❧✐♠❡♥t❛çã♦ é ✭s❡♥❞♦ ◆❢ ♣ ♥í✈❡❧ ❞❡

❛❧✐♠❡♥t❛çã♦✮✿

VNF = VNF+1 + F (1− qf ) ✭✷✳✺✮

❉❡ ♠❛♥❡✐r❛ s✐♠✐❧❛r✱ ♦ ✢✉①♦ ❞♦ ❧íq✉✐❞♦ ❞❡✐①❛♥❞♦ ❡ss❡ ♥í✈❡❧ é✿

LNF = LNF−1 + Fqf ✭✷✳✻✮

❖♥❞❡ ❋ é ♦ ✢✉①♦ ❞❡ ❛❧✐♠❡♥t❛çã♦✳
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✷✳✸✳✸ ❈♦♥❞❡♥s❛❞♦r

❯♠❛ ❝♦♥❞❡♥s❛çã♦ t♦t❛❧ r❡♠♦✈❡ ❛ ❡♥❡r❣✐❛ ❞♦ ✈❛♣♦r ❡ ♣r♦✈ê ✉♠ ❧íq✉✐❞♦ s❛t✉r❛❞♦✳ ❆ss✉♠✐♥❞♦ ✉♠❛

♠❛ss❛ ♠♦❧❛r ❝♦♥st❛♥t❡✱ ♦ ✢✉①♦ ❞❡ ❧íq✉✐❞♦ q✉❡ ✈❡♠ ❞♦ ❞❡st✐❧❛❞♦ ♠❛✐s ♦ r❡✢✉①♦ é ✐❣✉❛❧ ❛♦ ✢✉①♦ ❞❡ ✈❛♣♦r

❞❛ ❜❛♥❞❡❥❛ ❞❡ ❝✐♠❛✳

LD +D = V2 ✭✷✳✼✮

❖♥❞❡ LD ❡ ❉ r❡♣r❡s❡♥t❛♠ ♦ r❡✢✉①♦ ❡ ✢✉①♦ ♠♦❧❛r ❞♦ ❞❡st✐❧❛❞♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✷✳✸✳✹ ❘❡❢❡r✈❡❞♦r

❖ ❜❛❧❛♥ç♦ t♦t❛❧ ❞❡ ♠❛tér✐❛ ♥♦ r❡❢❡r✈❡❞♦r é ❞❛❞♦ ♣♦r✿

B = LNS−1 − Vreboiler ✭✷✳✽✮

❖♥❞❡ ◆❙ é ✉♠ ♥ú♠❡r♦ ❞❡ ♥í✈❡✐s ♣r❡s❡♥t❡ ♥❛ ❝♦❧✉♥❛ ❡ Vreboiler é ♦ ✢✉①♦ ❞♦ r❡❢❡r✈❡❞♦r ❡ ❇ é ♦ ✢✉①♦

❞♦ ♣r♦❞✉t♦ ✐♥❢❡r✐♦r✳

✷✳✸✳✺ ❘❡s✉♠♦ ❞❛s ❊q✉❛çõ❡s

◆❛ ♣❛rt❡ ❛❝✐♠❛ ❞♦ ♥í✈❡❧ ❞❡ ❛❧✐♠❡♥t❛çã♦ ♦ ✢✉①♦ ❞❡ ❧íq✉✐❞♦ é ❞❛❞♦ ♣♦r✿

LR = LD ✭✷✳✾✮

❊ ♦ ❞❡ ✈❛♣♦r

VR = VS + F (1− qf ) ✭✷✳✶✵✮

◆❛ r❡❣✐ã♦ ❛❜❛✐①♦ ❞♦ ♥í✈❡❧ ❞❡ ❛❧✐♠❡♥t❛çã♦✿

LS = LR + Fqf ✭✷✳✶✶✮

❊ ❞❡ ✈❛♣♦r

VS = Vreboiler ✭✷✳✶✷✮
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❙❡rá ❛ss✉♠✐❞♦ ✉♠❛ ♠❛ss❛ ♠♦❧❛r ❝♦♥st❛♥t❡✱ ♦✉ s❡❥❛✱

dM

dt
= 0

❆ ❝♦♠♣♦♥❡♥t❡ ❞♦ ♥í✈❡❧ ♠❛✐s ❛❧t♦ é ❞❛❞❛ ♣♦r✿

dx1

dt
=

1

MD

[VR(y2 − x1)] ✭✷✳✶✸✮

P❛r❛ ♦s ♥í✈❡✐s ❛❜❛✐①♦ ❞❛ ❛❧✐♠❡♥t❛çã♦✿

dxi

dt
=

1

MT

[LRxi−1 + VRyi+1 − LRxi − VRyi] ✭✷✳✶✹✮

❖ ❜❛❧❛♥ç♦ ♣❛r❛ ♦ ♥í✈❡❧ ❞❡ ❛❧✐♠❡♥t❛çã♦✿

dxNF

dt
=

1

MT

[LRxNF−1 + VSyNF+1 − LSxNF − VSyNF + FzF ] ✭✷✳✶✺✮

❆ ❝♦♠♣♦♥❡♥t❡ ♣❛r❛ ♦s ♥í✈❡✐s s✉♣❡r✐♦r❡s é ❞❛❞❛ ♣♦r✿

dxi

dt
=

1

MT

[LSxi−1 + VSyi+1 − LSxi − VSyi] ✭✷✳✶✻✮

❊ ♣❛r❛ ♦ r❡❢❡r✈❡❞♦r✿

dxNS

dt
=

1

MB

[LSxNS−1 −BxNS − VSyNS] ✭✷✳✶✼✮



✸ ⑤ ■♥t❡❣r❛çã♦ ◆✉♠ér✐❝❛

❖ ♦❜❥❡t✐✈♦ ❞❡st❡ ❝❛♣ít✉❧♦ é ❞❡ ♠♦str❛r ❛s té❝♥✐❝❛s q✉❡ ❞❡ ✐♥t❡❣r❛çã♦ ♥✉♠ér✐❝❛ q✉❡ ❢♦r❛♠ ❡st✉❞❛❞❛s

❛♥t❡s ❞❡ s❡ ❡s❝♦❧❤❡r q✉❛❧ s❡r✐❛ ✉t✐❧✐③❛❞❛✳

✸✳✶ ■♥t❡❣r❛çã♦ ❞❡ ❊✉❧❡r

✸✳✶✳✶ ▼ét♦❞♦ ❊①♣❧í❝✐t♦

❯s❛♥❞♦✲s❡ ✉♠❛ ❛♣r♦①✐♠❛çã♦ ♣❛r❛ ❡ ❞❡r✐✈❛❞❛ ❡♠ r❡❧❛çã♦ ❛♦ t❡♠♣♦ t❡♠✲s❡ q✉❡✿

dx

dt
=

x(k + 1)− x(k)

t(k + 1)− t(k)
✭✸✳✶✮

❖♥❞❡ ❦ r❡♣r❡s❡♥t❛ ♦ ❦✲és✐♠♦ ♣❛ss♦ ❞✐s❝r❡t♦ ❞❡ t❡♠♣♦ ❞❛ ✐♥t❡❣r❛çã♦✳ ❆❣♦r❛✱ ❛ss✉♠✐♥❞♦ q✉❡ ✉♠❛

❢✉♥çã♦ ❢✭①✮ s❡❥❛ ❛✈❛❧✐❛❞❛ ❡♠ ①✭❦✮✱ t❡♠✲s❡ q✉❡✿

x(k + 1)− x(k)

t(k + 1)− t(k)
= f(x(k)) ✭✸✳✷✮

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

t(k + 1)− t(k) = ∆t

❖♥❞❡ ∆t é ♦ ♣❛ss♦ ❞❡ ✐♥t❡❣r❛çã♦✳ ❆ss✐♠ ♣♦❞❡✲s❡ r❡❡s❝r❡✈❡r ❛ ❡q✉❛çã♦ ❝♦♠♦✿

x(k + 1)− x(k)

∆t
= f(x(k)) ✭✸✳✸✮

❘❡s♦❧✈❡♥❞♦ ♣❛r❛ ①✭❦✰✶✮

✶✷
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x(k + 1) = x(k) + ∆tf(x(k)) ✭✸✳✹✮

P♦s❡✲❞❡ ❛♥❛❧✐s❛r ❛ ❡q✉❛çã♦ ❛♥t❡r✐♦r ❝♦♠♦ s❡♥❞♦ ✉♠❛ ♣r❡❞✐çã♦ ❞❡ ① ♥♦ t❡♠♣♦ ❦✰✶ ❜❛s❡❛❞♦ ♥♦ ✈❛❧♦r

❞❡ ① ❡ ❞❡ ❦ ❡ ❛ ✐♥❝❧✐♥❛çã♦ ❞❛ ❢✉♥çã♦ ♥♦ t❡♠♣♦ ❦✳

❆ ❡q✉❛çã♦ ♠♦str❛❞❛ é ❛ ❡①♣r❡ssã♦ ♣❛r❛ ♦ ♠ét♦❞♦ ❊①♣❧í❝✐t♦ ❞❡ ❊✉❧❡r ♣❛r❛ ✉♠❛ ú♥✐❝❛ ✈❛r✐á✈❡❧✳

✸✳✶✳✷ ▼ét♦❞♦ ■♠♣❧í❝✐t♦

❊ss❡ ♠ét♦❞♦ ✉s❛ ✉♠❛ ❛♣r♦①✐♠❛çã♦ ❞✐❢❡r❡♥t❡ ♣❛r❛ ✉♠❛ ❞❡r✐✈❛❞❛✳ ❆ ❢✉♥çã♦ é ❛✈❛❧✐❛❞❛ ♥♦ t❡♠♣♦ ❦✰✶

❛♦ ✐♥✈és ❞♦ t❡♠♣♦ ❦✳

x(k + 1)− x(k)

∆t
= f(x(k + 1)) ✭✸✳✺✮

❖ q✉❛❧ ♣♦❞❡ s❡r r❡❡s❝r✐t♦ ❝♦♠♦

x(k + 1) = x(k) + ∆tf(x(k + 1)) ✭✸✳✻✮

❆ ❡q✉❛çã♦ ❛♥t❡r✐♦r é ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ♠ét♦❞♦ ■♠♣❧í❝✐t♦ ❞❡ ❊✉❧❡r✳ ❊❧❛ é ❝❤❛♠❛❞❛ ❛ss✐♠ ♣♦✐s é ♥❡❝❡ssár✐♦

q✉❡ s❡ ❝♦♥❤❡ç❛ ①✭❦✰✶✮ ♣❛r❛ q✉❡ s❡ r❡s♦❧✈❛ ❛ ❡q✉❛çã♦✳ ●❡r❛❧♠❡♥t❡ é ♥❡❝❡ssár✐♦ ♦✉tr♦ ♠ét♦❞♦ ❞❡ r❡s♦❧✉çã♦

❞❡ ❡q✉❛çõ❡s ♥ã♦✲❧✐♥❡❛r❡s✱ ❝♦♠♦ ♦ ♠ét♦❞♦ ❞❡ ◆❡✇t♦♥✳

✸✳✷ ■♥t❡❣r❛çã♦ ❞❡ ❘✉♥❣❡✲❑✉tt❛

❊ss❛ té❝♥✐❝❛ é ✉♠❛ ❡①t❡♥sã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❊✉❧❡r✳ ◆❡ss❡ ♠ét♦❞♦✱ ❛ ❞❡r✐✈❛❞❛ ♥♦ t❡♠♣♦ ❦ ❡r❛ ✉s❛❞❛

♣❛r❛ ❡♥❝♦♥tr❛r ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♥♦ t❡♠♣♦ ❦✰✶✳ ❖s ♠ét♦❞♦s ❞❡ ❘✉♥❣❡✲❑✉tt❛ ✉s❛ ♦ ♠ét♦❞♦ ❞❡ ❊✉❧❡r

♣❛r❛ ❞❡t❡r♠✐♥❛r ❛ ❢✉♥çã♦ ❡♠ ✐♥t❡r✈❛❧♦s ✐♥t❡r♠❡❞✐ár✐♦s✱ ❡♥tã♦ ✉t✐❧✐③❛ ❞✐❢❡r❡♥t❡s ✐♥❝❧✐♥❛çõ❡s ♣❛r❛ ❡♥❝♦♥tr❛r

♦ r❡s✉❧t❛❞♦ ❜❛s❡❛❞♦ ♥♦ t❡♠♣♦ ✐♥✐❝✐❛❧✳

✸✳✷✳✶ ❘✉♥❣❡✲❑✉tt❛ ❞❡ ❙❡❣✉♥❞❛ ❖r❞❡♠

❖ ♣r✐♠❡✐r♦ ♠ét♦❞♦ ✉s❛ ❊✉❧❡r ♣❛r❛ ❡♥❝♦♥tr❛r ✉♠ ♣r✐♠❡✐r♦ r❡s✉❧t❛❞♦ ♥♦ t❡♠♣♦ ∆✴✷✳ ❆ ❞❡r✐✈❛❞❛ é

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

t❡♠♣♦ ❞❡s❡❥❛❞♦✳

❙❡♥❞♦ m1 ❛ ✐♥❝❧✐♥❛çã♦ ♥♦ ♣♦♥t♦ ✐♥✐❝✐❛❧ ❡ m2 ❛ ✐♥❝❧✐♥❛çã♦ ♥♦ ♣♦♥t♦ ♠é❞✐♦✿
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m1 = f(x()) ✭✸✳✼✮

m2 = f(x(k) +
∆t

2
m1) ✭✸✳✽✮

m2 = f(x(k) +
∆t

2
m1) ✭✸✳✾✮

❖ q✉❡ ♥♦s ❧❡✈❛ ❛

x(k + 1) = x(k) + ∆tf(f(x(k) +
∆t

2
f(x(k))) ✭✸✳✶✵✮

❉❡✈❡✲s❡ ♥♦t❛r q✉❡ ❡ss❡ ♠ét♦❞♦ é ♣r❡❝✐s♦ ❛té ❛ ♦r❞❡♠ ❞❡ ∆t2 ❡♥q✉❛♥t♦ q✉❡ ♦ ♠ét♦❞♦ ❡①♣❧í❝✐t♦ ❞❡ ❊✉❧❡r

é ❛té ❛ ♦r❞❡♠ ❞❡ ∆t

✸✳✷✳✷ ❘✉♥❣❡✲❑✉tt❛ ❞❡ ◗✉❛rt❛ ❖r❞❡♠

❆ ✐❞é✐❛ ♣♦r trás ❞❡ss❡ ♠ét♦❞♦ é ✉s❛r ❛ ✐♥❝❧✐♥❛çã♦ ✐♥✐❝✐❛❧ m1 ♣❛r❛ ❣❡r❛r ♦s ♣r✐♠❡✐r♦s ✧❝❤✉t❡s✧❞♦ ✈❛❧♦r

✬❞❡ ① ♥♦ ♣♦♥t♦ ♠é❞✐♦✳ ❊ss❛ ♣r✐♠❡✐r❛ t❡♥t❛t✐✈❛ é ✉s❛❞❛ ♣❛r❛ ❡♥❝♦♥tr❛r ❛ ✐♥❝❧✐♥❛çã♦ ♥♦ ♣♦♥t♦ ♠é❞✐♦✱ q✉❡

é ❝♦rr✐❣✐❞❛ ♣♦r ✉♠ m3 ✉s❛♥❞♦ m2✳ ❯♠ ú❧t✐♠❛ ✐♥❝❧✐♥❛çã♦ é ❡♥tã♦ ❡♥❝♦♥tr❛❞❛ ♣❛r❛ ❡ss❛ ✐♥t❡❣r❛çã♦✳ ❖

❛❧❣♦r✐t♠♦ é ♦ q✉❡ s❡ s❡❣✉❡✿

m1 = f(x()) ✭✸✳✶✶✮

m2 = f(x(k) +
1

2
m1∆t) ✭✸✳✶✷✮

m3 = f(x(k) +
1

2
m2∆t) ✭✸✳✶✸✮

m4 = f(x(k) +m3∆t) ✭✸✳✶✹✮

x(k + 1) = x(k) + f(f(x(k) + [
m1

6
+

m2

3
+

m3

3
+

m4

6
]∆t ✭✸✳✶✺✮



✸✳✸✳ ▼➱❚❖❉❖ ❊❙❈❖▲❍■❉❖ ✶✺

✸✳✸ ▼ét♦❞♦ ❊s❝♦❧❤✐❞♦

❆♣ós ❛ ❛♥á❧✐s❡ ❞❡ t♦❞♦s ♦s ♠ét♦❞♦s ❡ ❞♦s s❡✉s ❜❡♥❡❢í❝✐♦s✱ ♦ ❡s❝♦❧❤✐❞♦ ✐♥✐❝✐❛❧♠❡♥t❡ ♣❛r❛ ♦ ♣r♦❥❡t♦ ❞♦

s✐♠✉❧❛❞♦r ❢♦✐ ♦ ♠ét♦❞♦ ❊①♣❧í❝✐t♦ ❞❡ ❊✉❧❡r✱ ✉♠❛ ✈❡③ q✉❡ ♦s ✐♥t❡r✈❛❧♦s ❞❡ t❡♠♣♦ q✉❡ s❡rã♦ ❛♥❛❧✐s❛❞♦s

sã♦ ❜❡♠ ♣❡q✉❡♥♦s ♦ q✉❡ r❡s✉❧t❛rá ♥✉♠❛ ♣r❡❝✐sã♦ ♠✉✐t♦ ♣ró①✐♠❛ ❞♦s ♠ét♦❞♦s ♠❛✐s s♦✜st✐❝❛❞♦s✳



✹ ⑤ ❚❡❝♥♦❧♦❣✐❛s ❯t✐❧✐③❛❞❛s

✹✳✶ ❖▲❊ ❢♦r Pr♦❝❡ss ❈♦♥tr♦❧ ✭❖P❈✮

✹✳✶✳✶ ❉❡✜♥✐çã♦

❖P❈ sã♦ ❡s♣❡❝✐✜❝❛çõ❡s ❜❛s❡❛❞❛s ♥❛s t❡❝♥♦❧♦❣✐❛s ❖▲❊✱ ❈❖▼ ❡ ❉❈❖▼✱ q✉❡ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s ♣❡❧❛

▼✐❝r♦s♦❢t ♣❛r❛ s✐st❡♠❛s q✉❡ ♦♣❡r❛♠ ❝♦♠ ❛rq✉✐t❡t✉r❛ ❜❛s❡❛❞❛ ❡♠ ▼✐❝r♦s♦❢t ❲✐♥❞♦✇s✳ ❊ss❛ ❡s♣❡❝✐✜❝❛çã♦

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

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

❖P❈ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ ❝♦♥❡❝t❛r s♦❢t✇❛r❡s ❜❛s❡❛❞♦s ❡♠ ❲✐♥❞♦✇s ❡ ❤❛r❞✇❛r❡s ❞❡ ❝♦♥tr♦❧❡✳ ❖

♣❛❞rã♦ ❞❡✜♥❡ ♠ét♦❞♦s ❝♦♥s✐st❡♥t❡s q✉❡ ❛❝❡ss❛♠ ♦ ❞❛❞♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s ♥ã♦ ✐♠♣♦rt❛♥t♦ ♦ s❡✉ t✐♣♦✱ ❢❛❜r✐✲

❝❛♥t❡ ♦✉ ✈❡rsã♦✳ ❆ss✐♠ ♣❡r♠✐t✐♥❞♦ q✉❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ s♦❢t✇❛r❡ ♥ã♦ ♣r❡❝✐s❡ s❡ ♣r❡♦❝✉♣❛r ❝♦♠

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

r❡✉t✐❧✐③❛❞♦ ❡♠ ❞✐✈❡rs❛s ❛♣❧✐❝❛çõ❡s✳

❯♠❛ ✈❡③ q✉❡ ✉♠ s❡r✈✐❞♦r ❖P❈ é ❡s❝r✐t♦ ♣❛r❛ ✉♠ ❞✐s♣♦s✐t✐✈♦ ❡♠ ♣❛rt✐❝✉❧❛r✱ ❡❧❡ ♣♦❞❡ s❡r ❝♦♥❡❝t❛❞♦ ♣♦r

q✉❛q✉❡r ❛♣❧✐❝❛çã♦ q✉❡ s❡❥❛ ❛♣❛③ ❞❡ s❡ ❝♦♥❡❝t❛r ❝♦♠ ❡st❡ ❞✐s♣♦s✐t✐✈♦ ❝♦♠♦ ✉♠ ❝❧✐❡♥t❡ ❖P❈✳ ❊st❡s s❡r✈✐❞♦r❡s

✉s❛♠ ❛ t❡❝♥♦❧♦❣✐❛ ❖▲❊ ❞❛ ▼✐❝r♦s♦❢t q✉❡ é ❜❛s❡❛❞❛ ❈❖▼ ✭t❡❝♥♦❧♦❣✐❛ q✉❡ ♣❡r♠✐t❡ ❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡

s♦❢t✇❛r❡s ✈❛r✐❛❞♦s✮ ♣❛r❛ s❡ ❝♦♥❡❝t❛r ❝♦♠ ♦s ❝❧✐❡♥t❡s✳ ❆ t❡❝♥♦❧♦❣✐❛ ❈❖▼ ♣r❡♠✐t❡ ✉♠ ♣❛❞rã♦ ❞❡ tr♦❝❛ ❞❡

✐♥❢♦r♠❛çã♦ ❡♠ t❡♠♣♦ r❡❛❧ ❡♥tr❡ ❛s ❛♣❧✐❝❛çõ❡s ❡♠ s♦❢t✇❛r❡ ❡ ♦ ❤❛r❞✇❛r❡ q✉❡ ❝♦♥tr♦❧❛ ♦ ♣r♦❝❡ss♦ ❛ s❡r

♠♦♥✐t♦r❛❞♦✳

◆❡ss❡ ♣r♦❥❡t♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ♣❛❞rã♦ ❖P❈ ❉❆✱ ♦✉ ❉❛t❛✲❆❝❝❡ss✳ ❊❧❡ é ✉s❛❞♦ ♣❛r❛ ♠♦✈❡r ❞❛❞♦s ❞❡

P▲❈❵s✱ ❉❈❙❵s ❡ ♦✉tr♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝❧✐❡♥t❡s ❝♦♥❡❝t❛❞♦s ❛♦ s❡r✈✐❞♦r ❡♠ t❡♠♣♦ r❡❛❧✱ s❡♠

s❡ ♣r❡♦❝✉♣❛r ❝♦♠ ❛ ❛r♠❛③❡♥❛çã♦ ❞❡st❡ ❞❛❞♦ ♣❛r❛ ✉s♦ ♣♦st❡r✐♦r✳ ❚❛❧ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡ ❞❡✈❡ s❡r r❡❛❧✐③❛❞❛

♣❡❧♦ ✉s✉ár✐♦ q✉❡ q✉❡✐r❛ q✉❡ ❛ ♠❡s♠❛ s❡❥❛ ✐♠♣❧❡♠❡♥t❛❞❛✳

✶✻



✹✳✶✳ ❖▲❊ ❋❖❘ P❘❖❈❊❙❙ ❈❖◆❚❘❖▲ ✭❖P❈✮ ✶✼

✹✳✶✳✷ ❖P❈✲❉❆ ❚♦♦❧❦✐t ❆❞✈♦s♦❧

❈★ ❡ ❱✐s✉❛❧ ❇❛s✐❝ ✳◆❡t sã♦ ❛s ❢❡rr❛♠❡♥t❛s ♣r❡❢❡r✐❞❛s ❞❡ ♠✉✐t♦s ❞❡s❡♥✈♦❧✈❡❞♦r❡s ❞❡ s♦❢t✇❛r❡✳ ❈♦♠♦

❈❖▼ ❡ ❉❈❖▼ sã♦ ❢❡rr❛♠❡♥t❛s ♠✉✐t♦ ❝♦♠♣❧❡①❛s✱ ♦ t♦♦❧❦✐t ❞❛ ❆❞✈♦s♦❧ ♣❡r♠✐t❡ q✉❡ s❡❥❛♠ ❝r✐❛❞♦s s❡r✈✐✲

❞♦r❡s ❖P❈ ❝♦♠♦ s❡ ♦s ♠❡s♠♦s ❢♦ss❡♠ ❛♣❧✐❝❛çõ❡s ✳◆❡t q✉❛✐sq✉❡r✱ ❞❡s❞❡ q✉❡ ❛ ♠❡s♠❛ s❡❥❛ ❜❛s❡❛❞❛ ♥❛s

❜✐❜❧✐♦t❡❝❛s ❥á ❝r✐❛❞❛s ♣❡❧♦ ♣ró♣r✐♦ ❦✐t ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✳ ❖ s❡r✈✐❞♦r ❣❡♥ér✐❝♦ ❧✐❞❛ ❝♦♠ ❛ ✐♥t❡r❢❛❝❡

❉❈❖▼ ❞♦ ❝❧✐❡♥t❡ ❡ ❝♦♠ ❛ ❝♦♥✈❡rsã♦ ♣❛r❛ ✳◆❡t✳ ❯s❛♥❞♦ ❡ss❛ ❢❡rr❛♠❡♥t❛ é ♣♦ssí✈❡❧ ❢❛③❡r ❝♦♠ q✉❡ ♦s

s❡r✈✐❞♦r❡s ❖P❈ ♣♦ss❛♠ ✐♥t❡r❛❣✐r ❝♦♠ ❞✐s♣♦s✐t✐✈♦s ❡①t❡r♥♦s ✉s❛♥❞♦ ❝♦♠✉♥✐❝❛çã♦ ❚❈P✴■P✱ s❡r✐❛❧ ♦✉ ❛té

♠❡s♠♦ ✉s❛♥❞♦ ✉♠ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✳

❯♠❛ ❞❛s ❞❡s✈❛♥t❛❣❡♥s ❞❡ss❛ ❢❡rr❛♠❡♥t❛ é ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❛✉♠❡♥t❛r ♦ ❛❝❡ss♦ r❡♠♦t♦ ❛ ❡st❡s s❡r✈✐✲

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

♣ró①✐♠♦s ❞♦ s❡r✈✐❞♦r✳

❆ ❆❞✈♦s♦❧ t❛♠❜é♠ ♣r♦♠♦✈❡✉ ✉♠ ❦✐t ♣❛r❛ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❝❧✐❡♥t❡s ❖P❈✱ t❛♠❜é♠ ❜❛s❡❛❞♦s ❡♠

❈★ ❡ ❱✐s✉❛❧ ❇❛s✐❝✳ ❊❧❡ ❞✐s♣õ❡ ❞❡ ❝❧❛ss❡s✱ ❝♦♥tr♦❧❡s ❡ ❢❡rr❛♠❡♥t❛s ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❝❧✐❡♥t❡s

❖P❈ ❉❆✳

❖ ♣r♦❣r❛♠❛ ❞❡ ❝♦♥✜❣✉r❛çã♦ ❞♦ s❡r✈✐❞♦r ❖P❈ ❡ ♦ ♣r♦❣r❛♠❛ ❞❡ ✉♠ ❝❧✐❡♥t❡ ❖P❈ ❡stã♦ r❡♣r❡s❡♥t❛❞♦s

❛❜❛✐①♦ ✳

❋✐❣✉r❛ ✹✳✶✿ ❈♦♥✜❣✉r❛çã♦ ❞♦ ❙❡r✈✐❞♦r ❖P❈



✹✳✷✳ ▼■❈❘❖❙❖❋❚ ❱■❙❯❆▲ ❙❚❯❉■❖ ✶✽

❋✐❣✉r❛ ✹✳✷✿ ❈❧✐❡♥t❡ ❞❡ ❚❡st❡ ❈r✐❛❞♦ ♣❡❧♦ ❖P❈❉❆✲❚♦♦❧❦✐t

✹✳✷ ▼✐❝r♦s♦❢t ❱✐s✉❛❧ ❙t✉❞✐♦

▼✐❝r♦s♦❢t ❱✐s✉❛❧ ❙t✉❞✐♦ é ✉♠ ❛♠❜✐❡♥t❡ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ✐♥t❡❣r❛❞♦ ✭■❉❊✮ ❞❛ ▼✐❝r♦s♦❢t✳ ❊❧❡ é ✉s❛❞♦

♣❛r❛ ❞❡s❡♥✈♦❧✈❡r ❝♦♥s♦❧❡ ❛♣♣❧✐❝❛t✐♦♥s ❝♦♠ ✐♥t❡r❢❛❝❡ ❣rá✜❝❛ ♣❛r❛ ♦ ✉s✉ár✐♦✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ♦ ❲✐♥❞♦✇s

❋♦r♠s ♦✉ ❛♣❧✐❝❛çõ❡s ❲P❋✱ ✇❡❜ s✐t❡s✱ ❛♣❧✐❝❛çõ❡s ✇❡❜ ❡ s❡r✈✐ç♦s ✇❡❜ ❡♠ ❝ó❞✐❣♦ ♥❛t✐✈♦ ❥✉♥t❛♠❡♥t❡ ❝♦♠

♦ ❝ó❞✐❣♦ ❣❡r❡♥❝✐❛❞♦ ♣❛r❛ t♦❞❛s ❛s ♣❧❛t❛❢♦r♠❛s s✉♣♦rt❛❞❛s ♣❡❧♦ ▼✐❝r♦s♦❢t ❲✐♥❞♦✇s✱ ❲✐♥❞♦✇s ▼♦❜✐❧❡✱

❲✐♥❞♦✇s ❈❊✱ ✳ ◆❊❚ ❋r❛♠❡✇♦r❦✱✳ ◆❊❚ ❈♦♠♣❛❝t ❋r❛♠❡✇♦r❦ ❡ ▼✐❝r♦s♦❢t ❙✐❧✈❡r❧✐❣❤t✳

❱✐s✉❛❧ ❙t✉❞✐♦ ✐♥❝❧✉✐ ✉♠ ❡❞✐t♦r ❞❡ ❝ó❞✐❣♦ ❞❡ s✉♣♦rt❡ ■♥t❡❧❧✐❙❡♥s❡✱ ❜❡♠ ❝♦♠♦ r❡❢❛t♦r❛çã♦ ❞❡ ❝ó❞✐❣♦✳

❖ ❞❡♣✉r❛❞♦r ✐♥t❡❣r❛❞♦ ❢✉♥❝✐♦♥❛ t❛♥t♦ ❝♦♠♦ ✉♠ ❞❡♣✉r❛❞♦r ❞❡ ♥í✈❡❧ ❞❡ ❢♦♥t❡ ❡ ✉♠ ❞❡♣✉r❛❞♦r ❞❡ ♥í✈❡❧

❞❡ ♠áq✉✐♥❛✳ ❖✉tr♦s ❢❡rr❛♠❡♥t❛s ✐♥❝❧✉❡♠ ✉♠ ❞❡s✐❣♥❡r ❞❡ ❢♦r♠✉❧ár✐♦s ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞❡ ❛♣❧✐❝❛çõ❡s

●❯■✱ ✇❡❜ ❞❡s✐❣♥❡r✱ ❞❡s✐❣♥❡r ❞❡ ❝❧❛ss❡✱ ❡ ❞❡s✐❣♥❡r ❞❡ ❡sq✉❡♠❛ ❞❡ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✳ ❊❧❡ ❛❝❡✐t❛ ♣❧✉❣✲✐♥s

q✉❡ ♠❡❧❤♦r❛♠ ❛ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡ ❡♠ q✉❛s❡ t♦❞♦s ♦s ♥í✈❡✐s✱ ✐♥❝❧✉✐♥❞♦ ❛ ❛❞✐çã♦ ❞❡ s✉♣♦rt❡ ♣❛r❛ s✐st❡♠❛s ❞❡

❝♦♥tr♦❧❡ ❞❡ ♦r✐❣❡♠ ✭❝♦♠♦ ❙✉❜✈❡rs✐♦♥ ❡ ❱✐s✉❛❧ ❙♦✉r❝❡❙❛❢❡✮ ❡ ❛❞✐❝✐♦♥❛♥❞♦ ♥♦✈♦s ❝♦♥❥✉♥t♦s ❞❡ ❢❡rr❛♠❡♥t❛s✱

❝♦♠♦ ❡❞✐t♦r❡s ❡ ❞❡s✐❣♥❡rs ✈✐s✉❛✐s ❞❡ ✐❞✐♦♠❛s ♦✉ ❞❡ ❝♦♥❥✉♥t♦s ❞❡ ❢❡rr❛♠❡♥t❛s ❡s♣❡❝í✜❝❛s ❞❡ ❞♦♠í♥✐♦

♣❛r❛ ♦✉tr♦s ❛s♣❡❝t♦s ❞❛ ❝✐❝❧♦ ❞❡ ✈✐❞❛ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s♦❢t✇❛r❡ ✭❝♦♠♦ ♦ ❝❧✐❡♥t❡ ❚❡❛♠ ❋♦✉♥❞❛t✐♦♥

❙❡r✈❡r✿ ❚❡❛♠ ❊①♣❧♦r❡r✮✳ ❱✐s✉❛❧ ❙t✉❞✐♦ ♦❢❡r❡❝❡ s✉♣♦rt❡ ❛ ❞✐❢❡r❡♥t❡s ❧✐♥❣✉❛❣❡♥s ❞❡ ♣r♦❣r❛♠❛çã♦✱ ♣♦r ♠❡✐♦

❞❡ s❡r✈✐ç♦s ❧✐♥❣✉íst✐❝♦s✱ q✉❡ ♣❡r♠✐t❡♠ q✉❡ ♦ ❡❞✐t♦r ❞❡ ❝ó❞✐❣♦ ❡ ❞❡♣✉r❛❞♦r ♣❛r❛ ❛♣♦✐❛r ✭❡♠ ❞✐❢❡r❡♥t❡s

❣r❛✉s✮ q✉❛s❡ q✉❛❧q✉❡r ❧✐♥❣✉❛❣❡♠ ❞❡ ♣r♦❣r❛♠❛çã♦✱ ❞❡s❞❡ ✉♠ s❡r✈✐ç♦ ❡s♣❡❝í✜❝♦ ❞♦ ✐❞✐♦♠❛ ❡①✐st❡✳ ❊♥tr❡ ❛s
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❧✐♥❣✉❛❣❡♥s ✐♥❝❧✉❡♠✲s❡ ❈ ✴ ❈ ✰ ✰✱ ❱❇✳◆❊❚ ✭✈✐❛ ❱✐s✉❛❧ ❇❛s✐❝✳ ◆❊❚✮✱ ❈ ★ ✭✈✐❛ ❱✐s✉❛❧ ❈ ★✮ ❡ ❋ ★✳



✺ ⑤ ❙✐♠✉❧❛❞♦r ❞❛ ❈♦❧✉♥❛ ❞❡ ❉❡st✐❧❛çã♦

P❛r❛ ❛♥❛❧✐s❛r ❛ ❞✐♥â♠✐❝❛ ❞♦ s✐st❡♠❛ ❡♠ t❡♠♣♦ r❡❛❧ ❢♦✐ ♥❡❝❡ssár✐❛ ❛ ❝r✐❛çã♦ ❞❡ ✉♠ s✐♠✉❧❛❞♦r✳ ❖ s❡✉

♦❜❥❡t✐✈♦ é ♠♦str❛r ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ s✐st❡♠❛ ✉t✐❧✐③❛♥❞♦ ❛s ❡q✉❛çõ❡s ♥ã♦ ❧✐♥❡❛r❡s q✉❡ ❢♦r❛♠ ✈✐st❛s ♥♦

❝❛♣ít✉❧♦ ✷✳

❯t✐❧✐③❛♥❞♦ ❛ ❧✐♥❣✉❛❣❡♠ ❞❡ ♣r♦❣r❛♠❛çã♦ ❈★ ❡ ♦ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❣r❛♠❛çã♦ ❱✐s✉❛❧ ❙t✉❞✐♦ ✷✵✶✷✱ ❢♦✐

❞❡s❡♥✈♦❧✈✐❞♦ ✉♠ s♦❢t✇❛r❡ q✉❡ ❛ ♣❛rt✐r ❞❡ ❞✐✈❡rs❛s ✐♥t❡❣r❛çõ❡s ♥✉♠ér✐❝❛s ❢♦ss❡ ❝❛♣❛③ ❞❡ ♦❜t❡r ❛ s♦❧✉çã♦

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

❡st✉❞♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❜❡♠ ❝♦♠♦ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛s ✈❛r✐á✈❡✐s ❞❡ ✐♥t❡r❡ss❡ ✭❢r❛çõ❡s

♠♦❧❛r❡s ❞♦s ❡st❛❞♦s ❧íq✉✐❞♦s ❡ ❣❛s♦s♦s ❡♠ ❝❛❞❛ ❜❛♥❞❡❥❛✮✳

❉❡✈❡✲s❡ ❧❡♠❜r❛r q✉❡ ♦ s✐st❡♠❛ ✉s❛ ✉♠ s❡r✈✐❞♦r ❖P❈ ❝♦♠♦ ❢♦♥t❡ ❞❡ s✉❛s ❡♥tr❛❞❛s✱ ❡ q✉❡ t♦❞♦s ♦s

❞❛❞♦s ❞❡ ❡st❛❞♦s t❛♠❜é♠ sã♦ ❡s❝r✐t♦s ♥❡ss❡ ♠❡s♠♦ s❡r✈✐❞♦r✳ ▼❛✐s ❛❞✐❛♥t❡ s❡rá ♠♦str❛❞♦ ❝♦♠♦ ♦ s❡r✈✐❞♦r

❢♦✐ ❝♦♥✜❣✉r❛❞♦✳

✺✳✶ ❙♦❢t✇❛r❡ ❞❡ ❙✐♠✉❧❛çã♦

✺✳✶✳✶ ❈♦♥✜❣✉r❛çã♦ ❖P❈

❖ ♣r♦❣r❛♠❛ ♣♦ss✉✐ três ❛❜❛s ❞❡ ✈✐s✉❛❧✐③❛çã♦✱ s❡♥❞♦ ❛ ♣r✐♠❡✐r❛ ❛ ❞❡ ❝♦♥✜❣✉r❛çã♦ ❞❡ ✐t❡♥s ❖P❈✳ ❊❧❛

♣❡r♠✐t❡ q✉❡ ♦ ✉s✉ár✐♦ r❡❧❛❝✐♦♥❡ ❛s ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞♦ s✐st❡♠❛ ❝♦♠ ✐t❡♥s ❖P❈ ❞❡ ✉♠ s❡r✈✐❞♦r

q✉❡ s❡❥❛ ❡s❝♦❧❤✐❞♦ ♣♦r ❡❧❡ ❡♠ q✉❛❧q✉❡r ♠áq✉✐♥❛ q✉❡ s❡ ❡♥❝♦♥tr❡ ♥❛ r❡❞❡ ❧♦❝❛❧ ♦♥❞❡ ♦ s✐♠✉❧❛❞♦r ❡st❡❥❛

s❡♥❞♦ ❡①❡❝✉t❛❞♦✳ ❊ss❛ ❛❜❛ é ♠♦str❛❞❛ ♥❛ ✜❣✉r❛ ✺✳✶✳

❖s ❝♦♠♣♦♥❡♥t❡s ♣r❡s❡♥t❡s ♥❡ss❛ ❛❜❛ sã♦✿

• ❇♦tã♦ ❇r♦✇s❡ ❈♦♠♣✉t❛❞♦r❡s✿ ❧♦❝❛❧✐③❛ ♦ ♥♦♠❡ ❞❡ t♦❞♦s ♦s ❝♦♠♣✉t❛❞♦r❡s q✉❡ ❡stã♦ ♥❛ ♠❡s♠❛ r❡❞❡

q✉❡ ❛ ♠áq✉✐♥❛ ♦♥❞❡ ♦ s✐♠✉❧❛❞♦r ❢✉♥❝✐♦♥❛✳

• ❇♦tã♦ ❇r♦✇s❡ ❖P❈ ❙❡r✈❡rs✿ ❡♥❝♦♥tr❛ ♦s s❡r✈✐❞♦r❡s ❖P❈ ♣r❡s❡♥t❡s ♥♦ ❝♦♠♣✉t❛❞♦r s❡❧❡❝✐♦♥❛❞♦

✷✵
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♣r❡✈✐❛♠❡♥t❡✳

• ❇♦tã♦ ❈♦♥♥❡❝t✿ s❡ ❝♦♥❡❝t❛ ❝♦♠ ♦ s❡r✈✐❞♦r ❡s❝♦❧❤✐❞♦ ❡ r❡❛❧✐③❛ ❛✉t♦♠❛t✐❝❛♠❡♥t❡ ♦ ❜r♦✇s❡ ❞♦s ✐t❡♥s

❖P❈ ❞♦ s❡r✈✐❞♦r✳

• ❇♦tã♦ ❉✐s❝♦♥♥❡❝t✿ s❡ ❞❡s❝♦♥❡❝t❛ ❞♦ s❡r✈✐❞♦r ❖P❈ ❛t✉❛❧♠❡♥t❡ ❝♦♥❡❝t❛❞♦✳

• ❈♦♠❜♦❇♦① ❱❛r✐á✈❡❧ ❞♦ s✐t❡♠❛✿ ♠♦str❛ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❞❛ ❝♦❧✉♥❛ ❞❡ ❞❡st✐❧❛çã♦ q✉❡ ♣♦❞❡♠ s❡r

❛ss♦❝✐❛❞❛s ❛ ✐t❡♥s ❖P❈✳

• ❇♦tã♦ ❆ss♦❝✐❛r✿ ❛ss♦❝✐❛ ♦ ✐t❡♠ ❖P❈ s❡❧❡❝✐♦♥❛❞♦ ❝♦♠ ❛ ✈❛r✐á✈❡❧ ❞♦ s✐st❡♠❛ ❡s❝♦❧❤✐❞❛✳

❈♦♠♦ ♥ã♦ ❡①✐st❡ ♥❡♥❤✉♠❛ r❡str✐çã♦ q✉❛♥t♦ ❛♦s ✐t❡♥s s❡r❡♠ ❞♦ ♠❡s♠♦ s❡r✈✐❞♦r ♦✉ ♠❛✐s ❞❡ ✉♠❛ ✈❛r✐á✈❡❧

❡st❛r ❛ss♦❝✐❛❞❛ ❛♦ ♠❡s♠♦ ✐t❡♠ ❖P❈✱ ♦ ✉s✉ár✐♦ ❞❡✈❡ s❡r ❝✉✐❞❛❞♦s♦ ❡♠ r❡❧❛çã♦ ❛ ✐ss♦ ♣❛r❛ q✉❡ ♥ã♦ ♦❝♦rr❛♠

♣r♦❜❧❡♠❛s ❞❡ ❡①❡❝✉çã♦ ❞♦ ♣r♦❣r❛♠❛✳

❋✐❣✉r❛ ✺✳✶✿ ❆❜❛ ❞❡ ❝♦♥✜❣✉r❛çã♦ ❖P❈

✺✳✶✳✷ ❈♦♥✜❣✉r❛çã♦ ❞❛ ❙✐♠✉❧❛çã♦

◆❛ ❛❜❛ s✐♠✉❧❛çã♦ ♦ ✉s✉ár✐♦ ♣♦❞❡ ❡s❝♦❧❤❡r ♦s ♣❛râ♠❡tr♦s ❞♦ s✐st❡♠❛✱ ❝♦♠ ❡①❝❡çã♦ ❞❛s ❡♥tr❛❞❛s ✭✢✉①♦

❞❡ ❛❧✐♠❡♥t❛çã♦✱ r❡✢✉①♦ ❞♦ ❞❡st✐❧❛❞♦ ❡ ✢✉①♦ ❞♦ r❡❢❡r✈❡❞♦r✮ ✉♠❛ ✈❡③ q✉❡ ❡❧❛s sã♦ ✐♥❢♦r♠❛❞❛s ❛tr❛✈és ❞♦

s❡r✈✐❞♦r ❖P❈ q✉❡ ❢♦✐ s❡❧❡❝✐♦♥❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳
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❆♦ ✉s✉ár✐♦ é ♣❡r♠✐t✐❞♦ ❝♦♥tr♦❧❛r ♦s ♣❛râ♠❡tr♦s q✉❡ ❣❡r❛❧♠❡♥t❡ ♥ã♦ ♣♦❞❡♠ s❡r ♠❡♥s✉r❛❞♦s tã♦ ❢❛❝✐❧✲

♠❡♥t❡✳ ❊ss❛s ✈❛r✐á✈❡✐s sã♦✿

• q✉❛❧✐❞❛❞❡ ❞❛ ❛❧✐♠❡♥t❛çã♦❀

• ✈♦❧❛t✐❧✐❞❛❞❡ r❡❧❛t✐✈❛❀

• ❝♦♠♣♦s✐çã♦ ❞❛ ❛❧✐♠❡♥t❛çã♦❀

• ♠❛ss❛ ♠♦❧❛r ❞♦ ♥í✈❡❧ s✉♣❡r✐♦r❀

• ♠❛ss❛ ♠♦❧❛r ❞♦s ♥í✈❡✐s ✐♥t❡r♠❡❞✐ár✐♦s❀

• ♠❛ss❛ ♠♦❧❛r ❞♦ ♥í✈❡❧ ✐♥❢❡r✐♦r✳

❖s ❝♦♠♣♦♥❡♥t❡s ♣r❡s❡♥t❡s ♥❡ss❛ ❛❜❛ sã♦✿

• ❇♦tã♦ ❈♦♥✜r♠❛r ♣❛râ♠❡tr♦s✿ ✉s❛ ♦s ♣❛râ♠❡tr♦s s❡❧❡❝✐♦♥❛❞♦s ♣❡❧♦ ✉s✉ár✐♦ ♣❛r❛ ❛ s✐♠✉❧❛çã♦✳

• ❇♦tã♦ ❈❛❧❝✉❧❛r ♣♦♥t♦ ❞❡ ♦♣❡r❛çã♦✿ ❝♦♠♦ ❛ ❝♦♥st❛♥t❡ ❞❡ t❡♠♣♦ ❞♦ s✐st❡♠❛ é ❞❡ ❝❡r❝❛ ❞❡ ✸ ❤♦r❛s✱

♦ ♣♦♥t♦ ❞❡ ♦♣❡r❛çã♦ é ❝❛❧❝✉❧❛❞♦ ❞❡ ♠❛♥❡✐r❛ r❡❝✉rs✐✈❛ ♣❛r❛ q✉❡ ♥ã♦ s❡❥❛ ♥❡❝❡ssár✐❛ ❛ ❡s♣❡r❛ ♣❡❧❛

❝♦♥st❛♥t❡ ❞❡ t❡♠♣♦✳

• ❇♦tã♦ ■♥✐❝✐❛r s✐♠✉❧❛çã♦✿ ❛♣ós ❝❛❧❝✉❧❛r ♦ ♣♦♥t♦ ❞❡ ♦♣❡r❛çã♦✱ ✐♥✐❝✐❛ ❛ r❡s♦❧✉çã♦ ❞❛s ❡q✉❛çõ❡s ❞✐❢❡r❡♥✲

❝✐❛s q✉❡ ♠♦str❛♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❞❡ ♠❛♥❡✐r❛ q✉❡ ♦s ❞❛❞♦s sã♦ ♠♦str❛❞♦s ♥♦ ❣rá✜❝♦

✭❛♣❡♥❛s ❢r❛çõ❡s ♠♦❧❛r❡s ❞♦s ♥í✈❡✐s ❞❡ ❛❧✐♠❡♥t❛çã♦ ❡ ❞♦s ♥í✈❡✐s s✉♣❡r✐♦r ❡ ✐♥❢❡r✐♦r✮✳

• ❇♦tã♦ ▼✉❞❛r ❢❛t♦r ❞❡ ❛❝❡❧❡r❛çã♦✿ ❝♦♠♦ ❢♦✐ ♠❡♥❝✐♦♥❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡ ❛ ❝♦♥st❛♥t❡ ❞❡ t❡♠♣♦ é ♠✉✐t♦

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

❡ss❛ ♦♣çã♦ ❢♦✐ ❛❞✐❝✐♦♥❛❞❛ ♣❛r❛ q✉❡ s❡❥❛ ♣♦ssí✈❡❧ ❛✉♠❡♥t❛r ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ s✐♠✉❧❛çã♦ ♣❡❧♦ ❢❛t♦r q✉❡

♦ ✉s✉ár✐♦ ❞❡s❡❥❛r✳



✺✳✶✳ ❙❖❋❚❲❆❘❊ ❉❊ ❙■▼❯▲❆➬➹❖ ✷✸

❋✐❣✉r❛ ✺✳✷✿ ❆❜❛ ❞❡ s✐♠✉❧❛çã♦

❯s❛♥❞♦ ♦s ♣❛râ♠❡tr♦s ✐♥✐❝✐❛s ✐♥❞✐❝❛❞♦s ♣♦r ❬✶❪✳

❚❛❜❡❧❛ ✺✳✶✿ ❱❛❧♦r❡s ■♥✐❝✐❛✐s

❋❧✉①♦ ❞❡ ❆❧✐♠❡♥t❛çã♦ ✶ ♠♦❧✴♠✐♥

❘❡✢✉①♦ ❞♦ ❉❡st✐❧❛❞♦ ✷✱✼✵✻ ♠♦❧✴♠✐♥

❋❧✉①♦ ❞♦ ❘❡❢❡r✈❡❞♦r ✸✳✷✵✻ ♠♦❧✴♠✐♥

◗✉❛❧✐❞❛❞❡ ❞❛ ❛❧✐♠❡♥t❛çã❛♦ ✶

❱♦❧❛t✐❧✐❞❛❞❡ r❡❧❛t✐✈❛ ✶✳✺

❈♦♠♣♦s✐çã♦ ❞❛ ❛❧✐♠❡♥t❛çã♦ ✵✳✺

▼❛ss❛ ♠♦❧❛r ❞♦ ♥í✈❡❧ s✉♣❡r✐♦r ✺

▼❛ss❛ ♠♦❧❛r ❞♦s ♥í✈❡✐s ✐♥t❡r♠❡❞✐ár✐♦s ✵✳✺

▼❛ss❛ ♠♦❧❛r ❞♦ ♥í✈❡❧ ✐♥❢❡r✐♦r ✺

✺✳✶✳✸ ❆❜❛ ❞❡ ▼♦♥✐t♦r❛♠❡♥t♦

❆ ❢✉♥çã♦ ❞❡ss❛ ❛❜❛ é ❛❞q✉✐r✐r ❡♠ t❡♠♣♦ r❡❛❧ ❛s ❢r❛çõ❡s ♠♦❧❛r❡s t❛♥t♦ ❞♦ ❢❛s❡ ❧íq✉✐❞❛ q✉❛♥t♦ ❞❛ ❢❛s❡

❣❛s♦s❛ ❞❡ t♦❞❛s ❛s ❜❛♥❞❡❥❛s ❡ ♠♦strá✲❧❛s ♣❛r❛ ♦ ✉s✉ár✐♦✱ ❛ss✐♠ é ♣♦ssí✈❡❧ r❡❛❧✐③❛r ✉♠ ❛❝♦♠♣❛♥❤❛♠❡♥t♦



✺✳✶✳ ❙❖❋❚❲❆❘❊ ❉❊ ❙■▼❯▲❆➬➹❖ ✷✹

♠❛✐s ❞❡t❛❧❤❛❞♦ ❞♦ q✉❡ s❡ ♦❝♦rr❡ ♥♦ ♣r♦❝❡ss♦✱ ❛❧❣♦ q✉❡ ♦ ❣rá✜❝♦ ♥❡♠ s❡♠♣r❡ ♣♦❞❡ ❢❛③❡r ✉♠❛ ✈❡③ q✉❡

❝♦❧♦❝❛r ✹✶ ❝✉r✈❛s t♦r♥❛r✐❛ ❛ ✈✐s✉❛❧✐③❛çã♦ ♣♦✉❝♦ ❡✜❝✐❡♥t❡✳

❋✐❣✉r❛ ✺✳✸✿ ❆❜❛ ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦



✺✳✷✳ ❙❊❘❱■❉❖❘ ❖P❈ ✷✺

✺✳✷ ❙❡r✈✐❞♦r ❖P❈

❯t✐❧✐③❛♥❞♦ ♦ t♦♦❧❦✐t ❞❛ ❆❞✈♦s♦❧ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ✉♠ s❡r✈✐❞♦r ❖P❈ q✉❡ ♣♦❞❡r✐❛ ❛t❡♥❞❡r ❛s ♥❡❝❡ss✐❞❛❞❡s

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

❧íq✉✐❞❛ ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s ❜❛♥❞❡❥❛s✳ ❆ ❢❛s❡ ❣❛s♦s❛ ♥ã♦ ❢♦✐ ❛❞✐❝✐♦♥❛❞❛ ♣♦✐s é ♣♦ssí✈❡❧ ❝❛❧❝✉❧á✲❧❛s ✉t✐❧✐③❛♥❞♦

❛ ❢❛s❡ ❧íq✉✐❞❛✳

✺✳✸ ❈❧✐❡♥t❡ ❖P❈

❈♦♠♦ ✉♠ ♣r♦❣r❛♠❛ ❞❡ t❡st❡ ❞❛ ❆❞✈♦s♦❧ é ❢♦r♥❡❝✐❞♦ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❝♦♠ ♦ t♦♦❧❦✐t ❡❧❡ ❢♦✐ ❡s❝♦❧❤✐❞♦

❝♦♠♦ ♠❛♥❡✐r❛ ❞❡ ♠♦❞✐✜❝❛r ❛s ❡♥tr❛❞❛s ❞♦ s✐♠✉❧❛❞♦r✳

❋✐❣✉r❛ ✺✳✹✿ ❈❧✐❡♥t❡ ❖P❈



✻ ⑤ ❊①♣❡r✐♠❡♥t♦s ❘❡❛❧✐③❛❞♦s

❈♦♠♦ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ❝♦♠♣❛r❛r ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❞♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s ❝♦♠ ✉♠ ♣r♦❝❡ss♦

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

❢❡✐t❛s ❡♥tr❡ ♦ q✉❡ ❢♦✐ ♦❜t✐❞♦ ♥♦ s✐♠✉❧❛❞♦r ❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❛ r❡❢❡rê♥❝✐❛ ❬✶❪✳ ■ss♦ s❡r✈✐rá ❞❡ ❣✉✐❛

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

♠❛♥❡✐r❛ ❞❡ s✐♠✉❧❛r ❞♦ s♦❢t✇❛r❡ ❡ ❛ ❞♦ ▼❛t▲❛❜ ✭✉s❛❞❛ ♥♦ r❡❢❡rê♥❝✐❛✮✳

✻✳✶ ❈á❧❝✉❧♦ ❞♦ P♦♥t♦ ❞❡ ❖♣❡r❛çã♦

❆ ♠❛♥❡✐r❛ ❝♦♠♦ ♦ ▼❛t▲❛❜ r❡s♦❧✈❡ ❡ss❛ ❡q✉❛çã♦ é r❡s♦❧✈❡♥❞♦ ❛s ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ❞❡ ♠❛♥❡✐r❛ q✉❡

❡❧❛s s❡❥❛♠ ✐❣✉❛✐s ❛ ③❡r♦✱ ♦✉ s❡❥❛✱ ♦ s✐st❡♠❛ ❛❧❝❛♥ç♦✉ ♦ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✳ ❈♦♠♦ ✐ss♦ ❡♥✈♦❧✈❡ ❛ r❡s♦❧✉çà♦

❞❡ ❡q✉❛çõ❡s ♥ã♦✲❧✐♥❡❛r❡s ❡ ✐ss♦ é ♠✉✐t♦ ❞✐❢í❝✐❧ ❞❡ s❡r ❢❡✐t♦ ❡♠ ❈★ ❛ ♠❡♥♦s q✉❡ s❡ t❡♥❤❛ ✉♠❛ ❜✐❜❧✐♦t❡❝❛

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

❛ ❢✉♥çã♦ ❞❡ ✐♥t❡❣r❛çã♦ ✐♥ú♠❡r❛s ✈❡③❡s ❞❡ ♠❛♥❡✐r❛ q✉❡ ❛ ✈❛r✐❛çã♦ ✜♥❛❧ s❡❥❛ ♠✉✐t♦ ♣❡q✉❡♥❛✳

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

s✉♣❡r✐♦r ❡ ✐♥❢❡r✐♦r✳

❚❛❜❡❧❛ ✻✳✶✿ ❈♦♠♣❛r❛çõ❡s ❞❛s ❢r❛çõ❡s ♠♦❧❛r❡s ✐♥✐❝✐❛✐s

◆í✈❡❧ ▼❛t▲❛❜ ❙✐♠✉❧❛❞♦r ❉✐❢❡r❡♥ç❛

❙✉♣❡r✐♦r ✵✱✾✾ ✵✱✾✽✾ ✵✱✶✪

❆❧✐♠❡♥t❛çã♦ ✵✱✹✾✾ ✵✱✹✾✽ ✵✱✷✪

■♥❢❡r✐♦r ✵✱✵✶ ✵✱✵✶ ✵✪

❈♦♠♦ ♦s ♥í✈❡✐s sã♦ ❞❡♣❡♥❞❡♥t❡s ❡♥tr❡ s✐✱ ♣♦❞❡✲s❡ ❛✜r♠❛r q✉❡ ❛s ❞❡♠❛✐s ❜❛♥❞❡❥❛s ❡stã♦ s❡♥❞♦ r❡♣r❡✲

s❡♥t❛❞❛s ❝♦♠ ✉♠ ♥í✈❡❧ ❞❡ ♣r❡❝✐sã♦ s❡♠❡❧❤❛♥t❡ ❛♦s r❡s✉❧t❛❞♦s ♠♦str❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡✳

✷✻



✻✳✷✳ ▼❯❉❆◆➬❆ ◆❖ ❘❊❋▲❯❳❖ ✷✼

✻✳✷ ▼✉❞❛♥ç❛ ♥♦ ❘❡✢✉①♦

✻✳✸ ✰✶✪ ❞♦ P♦♥t♦ ❞❡ ❖♣❡r❛çã♦

❘❡❛❧✐③❛♥❞♦ ✉♠❛ ♠✉❞❛♥ç❛ ❞♦ ♣♦♥t♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ r❡✢✉①♦ ♦❜t❡✈❡✲s❡ ♦s s❡❣✉✐♥t❡s r❡s✉❧t❛❞♦s ♥❛s ❢r❛çõ❡s

♠♦❧❛r❡s✳

❋✐❣✉r❛ ✻✳✶✿ ❈❧✐❡♥t❡ ❖P❈

❋♦✐ ✉t✐❧✐③❛❞♦ ✉♠ ❢❛t♦r ❞❡ ❛❝❡❧❡r❛çã♦ ❞❡ ✸✵✵ ♣❛r❛ ♦❜t❡r ♦ r❡s✉❧t❛❞♦ ♠❛✐s r❛♣✐❞❛♠❡♥t❡✳

✻✳✹ ✲✶✪ ❞♦ P♦♥t♦ ❞❡ ❖♣❡r❛çã♦

❘❡❛❧✐③❛♥❞♦ ✉♠❛ ♠✉❞❛♥ç❛ ❞♦ ♣♦♥❞❡ ❞❡ ♦♣❡r❛çã♦ ❞♦ r❡✢✉①♦ ♦❜t❡✈❡✲s❡ ♦s s❡❣✉✐♥t❡s r❡s✉❧t❛❞♦s ♥❛s ❝♦♥✲

❝❡♥tr❛çõ❡s✳

❋✐❣✉r❛ ✻✳✷✿ ❈❧✐❡♥t❡ ❖P❈



✻✳✺✳ ❉■◆➶▼■❈❆ ❯❙❆◆❉❖ ❖ ▼❆❚▲❆❇ ✷✽

❖ ♠❡s♠♦ ❢❛t♦r ❞❡ ❛❝❡❧❡r❛çã♦ ❢♦✐ ✉t✐❧✐③❛❞♦✳

✻✳✺ ❉✐♥â♠✐❝❛ ❯s❛♥❞♦ ♦ ▼❛t▲❛❜

❖ r❡s✉❧t❛❞♦ ♠♦str❛❞♦ ♣❡❧❛ ❢♦♥t❡ ❬✶❪ é ❛ s❡❣✉✐♥t❡✿

❋✐❣✉r❛ ✻✳✸✿ ❉✐♥â♠❝❛s ❞♦s ♥í✈❡✐s s✉♣❡r✐♦r ❡ ✐♥❢❡r✐♦r

❖♥❞❡ ❛s ❝✉r✈❛s ❝r❡s❝❡♥t❡s ♠♦str❛♠ ♦ ❛❧t❡r❛çã♦ ♣❛r❛ ✰✶✪✱ ❡♥q✉❛♥t♦ q✉❡ ❛s ❞❡❝r❡s❝❡♥t❡s ♠♦str❛♠ ❛

❞❡ ✲✶✪✳

✻✳✻ ❈♦♠♣❛r❛çã♦

❆♥❛❧✐s❛♥❞♦ ♦s ✈❛❧♦r❡s ✜♥❛✐s✱ ♣♦❞❡✲s❡ ❞✐③❡r q✉❡ ♦ s✐♠✉❧❛❞♦r s❡ ❛♣r♦①✐♠♦✉ ❜❛st❛♥t❡ ❞❛ ❞✐♥â♠✐❝❛ ❞♦

▼❛t▲❛❜✳ ◆ã♦ ❢♦✐ ♠♦str❛❞♦ t♦❞❛ ❛ ❞✐♥â♠✐❝❛ ♥♦ s✐♠✉❧❛❞♦r ✉♠❛ ✈❡③ q✉❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♣♦♥t♦s q✉❡ s❡r✐❛

♥❡❝❡ssár✐❛ ♥ã♦ ♠♦str❛r✐❛ t♦❞❛ ❛ ❞✐♥â♠✐❝❛✱ ✉♠❛ ✈❡③ q✉❡ ♦ ♣r♦❣r❛♠❛ r❡♠♦✈❡ t♦❞♦s ♦s ♣♦♥t♦s ♠✉✐t♦ ❛♥t✐❣♦s

♣❛r❛ ♥ã♦ s♦❜r❡❝❛rr❡❣❛r ♦ ❣rá✜❝♦ ❡ ❢❛③❡r ❝♦♠ q✉❡ ❛ ❡①❡❝✉çã♦ ❞♦ ♣r♦❣r❛♠❛ s❡ t♦r♥❡ ♠✉✐t♦ ❧❡♥t❛✳

P♦ré♠ ❛♥❛❧✐s❛♥❞♦ ♦s ❣rá✜❝♦s ❞❛ ❢♦♥t❡ ❬✶❪ ♥♦t❛✲s❡ q✉❡ ❛s ✈❛r✐❛çõ❡s ♠❛✐s ❞rást✐❝❛s ♦❝♦rr❡♠ ❛té ♦s ✷✺✵

♠✐♥✉t♦s ❛♣ós ❡ss❡ ✐♥t❡r✈❛❧♦ ❛s ♠✉❞❛♥ç❛s sã♦ ♠❛✐s ❞❡s♣r❡③í✈❡✐s✳



✼ ⑤ ❈♦♥s✐❞❡r❛çõ❡s ❋✐♥❛✐s

❆ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❞❡ s✐st❡♠❛s ❡ ❛ s✐♠✉❧❛çã♦ ✉t✐❧✐③❛♥❞♦ ❛s ♠❡s♠❛s sã♦ ❞❡ ❡①tr❡♠❛ ✐♠♣♦rtâ♥❝✐❛

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

♣❡rt✉❜❛çõ❡s ❡ ❝♦♠♣♦rt❛♠❡♥t♦ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✳ ❆❧é♠ ❞✐ss♦✱ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ r❡❛❧✐③❛r ❡①♣❡r✐♠❡♥✲

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

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

P♦❞❡r ❝♦♥❡❝t❛r ✉♠ s✐♠✉❧❛❞♦r ❛ ✉♠❛ r❡❞❡ ✉s❛♥❞♦ ❖P❈ ❢❛③ ❝♦♠ q✉❡ ♣♦ss❛✲s❡ s✐♥t♦♥✐③❛r ♦ ❝♦♥tr♦❧❛❞♦r

♣❛r❛ ♦ ♣r♦❝❡ss♦ ✉s❛♥❞♦ ✉♠ ❈▲P ❡ ❞❡♣♦✐s ✉sá✲❧♦ ♥♦ ♣r♦❝❡ss♦ r❡❛❧✳

❖✉tr❛ ✈❛♥t❛❣❡♠ ♠✉✐t♦ ❣r❛♥❞❡ é ♦ ❢❛t♦ ❞❡ q✉❡ s✐st❡♠❛s ❝♦♠♣❧❡①♦s ❡ ❝❛r♦s q✉❡ ♠✉✐t❛s ✈❡③❡s ♥ã♦ sã♦

♣♦ssí✈❡✐s ❞❡ s❡r❡♠ ❛❞q✉✐r✐❞♦s✱ ♣♦❞❡♠ ✜❝❛r ❛♦ ❛❧❝❛♥❝❡ ❞❡ ✈ár✐❛s ♣❡ss♦❛s ❛tr❛✈és ❞❡ ✉♠ ❝❧✐q✉❡✳

❆♥❛❧✐s❛♥❞♦ ♦ s✐st❡♠❛ ❞❡s❡♥✈♦❧✈✐❞♦✱ ♥♦t❛✲s❡ q✉❡ ♣♦r ❡❧❡ ❛♣r❡s❡♥t❛r r❡s✉❧t❛❞♦s s❡♠❡❧❤❛♥t❡s ❛q✉❡❧❡s

❞❛ r❡❢❡rê♥❝✐❛ ❬✶❪ ♦ s✐♠✉❧❛❞♦r ❛♣r❡s❡♥t❛ r❡s✉❧t❛❞♦s s❛t✐s❢❛tór✐♦s✱ ❛❜r✐♥❞♦ ♣♦rt❛s ♣❛r❛ ❢✉t✉r♦s ❡st✉❞♦s ❞❡

✐❞❡♥t✐✜❝❛çã♦ ❡ ❝♦♥tr♦❧❡ ❞❛ ♣❧❛♥t❛ ✈✐rt✉❛❧✳

✷✾



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❬✶❪ ❇❊◗❯❊❚❚❊✱ ❲❛②♥❡✳ Pr♦❝❡ss ❉②♥❛♠✐s ▼♦❞❡❧✐♥❣✱ ❆♥❛❧②s✐s ❛♥❞ ❙✐♠✉❧❛t✐♦♥✳ ◆❡✇ ❏❡rs❡② ✶✾✾✽ Pr❡♥t✐❝❡

❍❛❧❧✳

❬✷❪ ❖P❈ ❉❆ ✳◆❊❚ ❙❡r✈❡r ❚♦♦❧❦✐t✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿ ❁❤tt♣s✿✴✴✇✇✇✳❛❞✈♦s♦❧✳✉s✴♣❝✲✺✲✹✲❞❛♥sr✈✲♥❡t✲s❡r✈❡r✲

t♦♦❧❦✐t✳❛s♣①❃✳ ❆❝❡ss♦ ❡♠✿ ✶✷ s❡t✳ ✷✵✶✸✱ ✶✸✿✹✷✳

❬✸❪ ❆❜♦✉t ❖P❈ ✲ ❲❤❛t ✐s ❖P❈❄✳

❉✐s♣♦♥í✈❡❧ ❡♠✿ ❁❤tt♣✿✴✴✇✇✇✳♦♣❝❢♦✉♥❞❛t✐♦♥✳♦r❣✴❉❡❢❛✉❧t✳❛s♣①✴✵✶❴❛❜♦✉t✴✵✶❴✇❤❛t✐s✳❛s♣❄▼■❉❂❆❜♦✉t❖P❈❃✳

❆❝❡ss♦ ❡♠✿ ✶✷ s❡t✳ ✷✵✶✸✱ ✶✹✿✵✵✳

❬✹❪ ❋r❛❝t✐♦♥❛❧ ❞✐st✐❧❧❛t✐♦♥✳

❉✐s♣♦♥í✈❡❧ ❡♠✿ ❁❤tt♣✿✴✴❡♥✳✇✐❦✐♣❡❞✐❛✳♦r❣✴✇✐❦✐✴❋r❛❝t✐♦♥❛❧❴❞✐st✐❧❧❛t✐♦♥❃✳

❆❝❡ss♦ ❡♠✿ ✶✹ s❡t✳ ✷✵✶✸✱ ✶✻✿✹✷✳

✸✵



❆♣♣❡♥❞✐❝❡s

✸✶



❆ ⑤ ❈ó❞✐❣♦s ❋♦♥t❡

❆✳✶ ❙❡r✈✐❞♦r ❖P❈

✉s✐♥❣ ❙②st❡♠❀ ✉s✐♥❣ ❙②st❡♠✳❚❤r❡❛❞✐♥❣❀ ✉s✐♥❣

❙②st❡♠✳❘✉♥t✐♠❡✳■♥t❡r♦♣❙❡r✈✐❝❡s❀

♥❛♠❡s♣❛❝❡ ◆❙P❧✉❣✐♥ ④

✴✴❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂

✴✴ ❖P❈ ❙❡r✈❡r ❈♦♥❢✐❣✉r❛t✐♦♥ ❛♥❞ ■❖ ❍❛♥❞❧✐♥❣

✴✴❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂

♣✉❜❧✐❝ ❝❧❛ss ❆♣♣P❧✉❣✐♥ ✿ ●❡♥❡r✐❝❙❡r✈❡r

④

❡✇ ♣✉❜❧✐❝ ✐♥t ❈r❡❛t❡❙❡r✈❡r■t❡♠s✭ str✐♥❣ ❝♠❞P❛r❛♠s ✮

④

✴✴ ❝r❡❛t❡ ❛❧❧ ✐t❡♠s ❢r♦♠ t❤❡ ❞❡❢✐♥✐t✐♦♥ t❛❜❧❡

❢♦r✭ ✐♥t ✐❂✵ ❀ ✐❁■t❡♠s✳▲❡♥❣t❤ ❀ ✰✰ ✐ ✮

④

❆❞❞■t❡♠✭ ✐✱ ■t❡♠s❬✐❪✳■❉✱ ✭✐♥t✮❖P❈❆❝❝❡ss✳❘❊❆❉❲❘■❚❊❆❇▲❊✱ ■t❡♠s❬✐❪✳❱❛❧✉❡✱

✭s❤♦rt✮❖P❈◗✉❛❧✐t②✳●❖❖❉✱ ❉❛t❡❚✐♠❡✳◆♦✇✱ ✺✵✵ ✮❀

⑥

✴✴ ❝r❡❛t❡ ❛ t❤r❡❛❞ ❢♦r s✐♠✉❧❛t✐♥❣ s✐❣♥❛❧ ❝❤❛♥❣❡s

✴✴ ✐♥ r❡❛❧ ❛♣♣❧✐❝❛t✐♦♥ t❤✐s t❤r❡❛❞ r❡❛❞s ❢r♦♠ t❤❡ ❞❡✈✐❝❡

✸✷



❆✳✶✳ ❙❊❘❱■❉❖❘ ❖P❈ ✸✸

♠②❚❤r❡❛❞ ❂ ♥❡✇ ❚❤r❡❛❞✭ ♥❡✇ ❚❤r❡❛❞❙t❛rt✭ ❘❡❢r❡s❤❚❤r❡❛❞ ✮ ✮ ❀

♠②❚❤r❡❛❞✳◆❛♠❡ ❂ ✧■t❡♠ ❙✐♠✉❧❛t✐♦♥✧ ❀

♠②❚❤r❡❛❞✳Pr✐♦r✐t② ❂ ❚❤r❡❛❞Pr✐♦r✐t②✳❆❜♦✈❡◆♦r♠❛❧❀

♠②❚❤r❡❛❞✳❙t❛rt✭✮❀

r❡t✉r♥ ❍❘❊❙❯▲❚❙✳❙❴❖❑❀

⑥

♥❡✇ ♣✉❜❧✐❝ ✈♦✐❞ ❙❤✉t❞♦✇♥❙✐❣♥❛❧✭✮

④

✴✴✴✴✴✴✴✴✴✴✴✴✴✴✴✴✴✴ ❚❖✲❉❖ ✴✴✴✴✴✴✴✴✴✴✴✴✴✴✴✴✴

✴✴ ❝❧♦s❡ t❤❡ ❞❡✈✐❝❡ ❝♦♠♠✉♥✐❝❛t✐♦♥

✴✴ t❡r♠✐♥❛t❡ t❤❡ s✐♠✉❧❛t✐♦♥ t❤r❡❛❞

❙t♦♣❚❤r❡❛❞ ❂ ♥❡✇ ▼❛♥✉❛❧❘❡s❡t❊✈❡♥t✭ ❢❛❧s❡ ✮❀

❙t♦♣❚❤r❡❛❞✳❲❛✐t❖♥❡✭ ✺✵✵✵✱ tr✉❡ ✮❀

❙t♦♣❚❤r❡❛❞✳❈❧♦s❡✭✮❀

❙t♦♣❚❤r❡❛❞ ❂ ♥✉❧❧❀

⑥

♥❡✇ ♣✉❜❧✐❝ ✐♥t ❲r✐t❡■t❡♠s✭✐♥t ✐♥st❛♥❝❡❍❛♥❞❧❡✱ ❉❡✈✐❝❡■t❡♠❱❛❧✉❡❬❪ ✈❛❧✉❡s✱ ♦✉t ✐♥t❬❪ ❡rr♦rs✮

④

❡rr♦rs ❂ ♥❡✇ ✐♥t❬ ✈❛❧✉❡s✳▲❡♥❣t❤ ❪❀ ✴✴ r❡s✉❧t ❛rr❛②

❢♦r✭ ✐♥t ✐❂✵ ❀ ✐❁✈❛❧✉❡s✳▲❡♥❣t❤ ❀ ✰✰✐ ✮ ✴✴ ✐♥✐t t♦ ❙❴❖❑

❡rr♦rs❬✐❪ ❂ ❍❘❊❙❯▲❚❙✳❙❴❖❑❀

✴✴ ❚❖✲❉❖✿ ✇r✐t❡ t❤❡ ♥❡✇ ✈❛❧✉❡s t♦ t❤❡ ❞❡✈✐❝❡

❢♦r✭ ✐♥t ✐❂✵ ❀ ✐❁✈❛❧✉❡s✳▲❡♥❣t❤ ❀ ✰✰✐ ✮ ✴✴ ❤❛♥❞❧❡ ❛❧❧ ✐t❡♠s

④

✐♥t ■t❡♠❍❛♥❞❧❡ ❂ ✈❛❧✉❡s❬✐❪✳❍❛♥❞❧❡ ❀

■t❡♠s❬■t❡♠❍❛♥❞❧❡❪✳❱❛❧✉❡ ❂ ✈❛❧✉❡s❬✐❪✳❱❛❧✉❡❀ ✴✴ ✇r✐t❡ ✈❛❧✉❡ ✐♥t♦ ❜✉❢❢❡r
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⑥

r❡t✉r♥ ❍❘❊❙❯▲❚❙✳❙❴❖❑❀

⑥

♥❡✇ ♣✉❜❧✐❝ ✐♥t ❲r✐t❡■t❡♠s✭❉❡✈✐❝❡■t❡♠❱❛❧✉❡❬❪ ✈❛❧✉❡s✱ ♦✉t ✐♥t❬❪ ❡rr♦rs✮

④

r❡t✉r♥ ❲r✐t❡■t❡♠s✭✵✱ ✈❛❧✉❡s✱ ♦✉t ❡rr♦rs✮❀

⑥

st❛t✐❝ ■t❡♠❉❡❢❬❪ ■t❡♠s ❂ ④ ♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❋❡❡❞✧✱ ✭❞♦✉❜❧❡✮✶ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♠♣♦s✐❝❛♦✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳◗✉❛❧✐❞❛❞❡✧✱ ✭❞♦✉❜❧❡✮✶ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❘❡❢❧✉①♦✧✱ ✭❞♦✉❜❧❡✮✷✳✼✵✻ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❱❛♣♦r✧✱ ✭❞♦✉❜❧❡✮✸✳✷✵✻ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✵✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✹✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✺✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✻✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✼✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✽✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✾✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✵✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✶✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✷✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✸✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✹✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✺✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✻✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✼✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱
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♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✽✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✾✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✵✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✶✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✷✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✸✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✹✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✺✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✻✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✼✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✽✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✾✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✵✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✶✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✷✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✸✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✹✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✺✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✻✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✼✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✽✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✾✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

♥❡✇ ■t❡♠❉❡❢✭✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✹✵✧✱ ✭❞♦✉❜❧❡✮✵✳✺ ✮✱

⑥❀

st❛t✐❝ ❚❤r❡❛❞ ♠②❚❤r❡❛❞ ❀

st❛t✐❝ ▼❛♥✉❛❧❘❡s❡t❊✈❡♥t ❙t♦♣❚❤r❡❛❞ ❂ ♥✉❧❧ ❀

✴✴❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂❂

✴✴ ❚❤✐s ♠❡t❤♦❞ s✐♠✉❧❛t❡s ✐t❡♠ ✈❛❧✉❡ ❝❤❛♥❣❡s ❛♥❞ ✇r✐t❡s t❤❡ ❝❤❛♥❣❡❞ ✈❛❧✉❡s t♦ t❤❡ ❣❡♥❡r✐❝

s❡r✈❡r ❝❛❝❤❡✳ ①①①①①①
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✈♦✐❞ ❘❡❢r❡s❤❚❤r❡❛❞✭✮

④

❢♦r✭❀❀✮ ✴✴ ❢♦r❡✈❡r t❤r❡❛❞ ❧♦♦♣

④

✴✴ ✐♥❝r❡♠❡♥t r❡❛❞❛❜❧❡ ✐t❡♠s ♦❢ t②♣❡ ■♥t✱ ❙❤♦rt✱ ❋❧♦❛t ♦r ❉♦✉❜❧❡

❢♦r✭ ✐♥t ✐❂✵ ❀ ✐❁■t❡♠s✳▲❡♥❣t❤ ❀ ✰✰ ✐ ✮

④

❙❡t■t❡♠❱❛❧✉❡✭ ✐✱ ■t❡♠s❬✐❪✳❱❛❧✉❡✱ ✭s❤♦rt✮❖P❈◗✉❛❧✐t②✳●❖❖❉✱ ❉❛t❡❚✐♠❡✳❯t❝◆♦✇ ✮❀

⑥

❚❤r❡❛❞✳❙❧❡❡♣✭ ✺✵✵ ✮ ❀ ✴✴ ♠s

✐❢✭ ❙t♦♣❚❤r❡❛❞ ✦❂ ♥✉❧❧ ✮

④

❙t♦♣❚❤r❡❛❞✳❙❡t✭✮❀

r❡t✉r♥❀ ✴✴ t❡r♠✐♥❛t❡ t❤❡ t❤r❡❛❞

⑥

⑥

⑥

⑥

✴✴✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲✲

✴✴ ■t❡♠ ❞❡❢✐♥✐t✐♦♥ ❛♥❞ ✈❛❧✉❡ ❜✉❢❢❡r

♣✉❜❧✐❝ ❝❧❛ss ■t❡♠❉❡❢

④

♣✉❜❧✐❝ str✐♥❣ ■❉ ❀

♣✉❜❧✐❝ ♦❜❥❡❝t ❱❛❧✉❡❀

♣✉❜❧✐❝ ■t❡♠❉❡❢✭ str✐♥❣ ✐❞✱ ♦❜❥❡❝t ✈❛❧ ✮

④

■❉ ❂ ✐❞ ❀
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❱❛❧✉❡ ❂ ✈❛❧ ❀

⑥

⑥

⑥

❆✳✷ ❙✐♠✉❧❛❞♦r

✉s✐♥❣ ❙②st❡♠❀ ✉s✐♥❣ ❙②st❡♠✳❈♦❧❧❡❝t✐♦♥s✳●❡♥❡r✐❝❀ ✉s✐♥❣

❙②st❡♠✳❈♦♠♣♦♥❡♥t▼♦❞❡❧❀ ✉s✐♥❣ ❙②st❡♠✳❉❛t❛❀ ✉s✐♥❣ ❙②st❡♠✳❉r❛✇✐♥❣❀

✉s✐♥❣ ❙②st❡♠✳▲✐♥q❀ ✉s✐♥❣ ❙②st❡♠✳❚❡①t❀ ✉s✐♥❣ ❙②st❡♠✳❚❤r❡❛❞✐♥❣✳❚❛s❦s❀

✉s✐♥❣ ❙②st❡♠✳❲✐♥❞♦✇s✳❋♦r♠s❀ ✉s✐♥❣ ❖P❈❉❆✳◆❊❚❀ ✉s✐♥❣ ❖P❈❉❆❀ ✉s✐♥❣ ❖P❈❀

♥❛♠❡s♣❛❝❡ ❈♦❧✉♥❛❉✐st✐❧❛❝❛♦ ④

♣✉❜❧✐❝ ♣❛rt✐❛❧ ❝❧❛ss ❋♦r♠✶ ✿ ❋♦r♠

④

❙❤♦✇❇r♦✇s❡❚r❡❡▲✐st ■t❡♠❙❤♦✇❚r❡❡▲✐st❀

❖♣❝❙❡r✈❡r ❖♣❝❙r✈ ❂ ♥✉❧❧❀

❖♣❝❙❡r✈❡r s❡r✈✐❞♦r❀

❊✉❧❡r ✐♥t❡❣r❛❞♦r ❂ ♥❡✇ ❊✉❧❡r✭✮❀

▲✐st❁❈♦♥❝❡♥tr❛❝♦❡s❃ ▲✐st❛❈♦♥❝❡♥tr❛❝♦❡s ❂ ♥❡✇ ▲✐st❁❈♦♥❝❡♥tr❛❝♦❡s❃✭✮❀

str✐♥❣ ❝♦♠♣✉t❛❞♦r ❂ ✧✧❀

❞♦✉❜❧❡ ❳✈❡❧❤♦ ❂ ✵❀

❞♦✉❜❧❡ ❳♥♦✈♦ ❂ ✵❀
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❞♦✉❜❧❡ ❛❧♣❤❛ ❂ ✶✳✺❀ ✴✴✈♦❧❛t✐❧✐❞❛❞❡ r❡❧❛t✐✈❛

✐♥t ♥s ❂ ✹✵❀ ✴✴♥ú♠❡r♦ ❞❡ ♥í✈❡✐s ✭✹✶✮

✐♥t ♥❢ ❂ ✷✵❀ ✴✴❡stá❣✐♦ ❞❡ ❛❧✐♠❡♥t❛çã♦ ✭✷✶✮

❞♦✉❜❧❡ ❢❡❡❞ ❂ ✶❀ ✴✴❢❧✉①♦ ❞❡ ❛❧✐♠❡♥t❛çã♦ ✭♠♦❧✴♠✐♥✮ ✭✶✮

❞♦✉❜❧❡ ③❢❡❡❞ ❂ ✵✳✺❀ ✴✴❝♦♠♣♦s✐çã♦ ✐♥✐❝✐❛❧ ❞❛ ❛❧✐♠❡♥t❛çã♦

❞♦✉❜❧❡ q❢ ❂ ✶❀ ✴✴q✉❛❧✐❞❛❞❡ ❞❛ ❛❧✐♠❡♥t❛çã♦

❞♦✉❜❧❡ r❡❢❧✉① ❂ ✷✳✼✵✻❀ ✴✴r❡❢❧✉①♦

❞♦✉❜❧❡ ✈❛♣♦r ❂ ✸✳✷✵✻❀ ✴✴❢❧✉①♦ ❞❡ ✈❛♣♦r ❞♦ r❡❢❡r✈❡❞♦r

❞♦✉❜❧❡ ♠❞ ❂ ✺❀ ✴✴❞✐st✐❧❧❛t❡ ♠♦❧❛r ❤♦❧❞✲✉♣ ✭✺✮

❞♦✉❜❧❡ ♠❜ ❂ ✺❀ ✴✴❜♦tt♦♠s ♠♦❧❛r ❤♦❧❞✲✉♣ ✭✺✮

❞♦✉❜❧❡ ♠t ❂ ✵✳✺❀ ✴✴st❛❣❡ ♠♦❧❛r ❤♦❧❞✲✉♣ ✭✵✳✺✮

❞♦✉❜❧❡ ❧r ❂ ✵❀ ✴✴❢❧✉①♦ ❞❡ ❧íq✉✐❞♦ ❛❝✐♠❛ ❞♦ ❡stá❣✐♦ ❞❡ ❛❧✐♠❡♥t❛çã♦

❞♦✉❜❧❡ ❧s ❂ ✵❀ ✴✴❢❧✉①♦ ❞❡ ❧íq✉✐❞♦ ❛❜❛✐①♦ ❞♦ ❡stá❣✐♦ ❞❡ ❛❧✐♠❡♥t❛çã♦

❞♦✉❜❧❡ ✈s ❂ ✵❀ ✴✴❢❧✉①♦ ❞❡ ✈❛♣♦r ❛❝✐♠❛ ❞♦ ❡stá❣✐♦ ❞❡ ❛❧✐♠❡♥t❛çã♦

❞♦✉❜❧❡ ✈r ❂ ✵❀ ✴✴❢❧✉①♦ ❞❡ ✈❛♣♦r ❛❜❛✐①♦ ❞♦ ❡stá❣✐♦ ❞❡ ❛❧✐♠❡♥t❛çã♦

❞♦✉❜❧❡ ❞✐st ❂ ✵❀ ✴✴❢❧✉①♦ ❞♦ ❞❡st✐❧❛❞♦

❞♦✉❜❧❡ ❧❜♦t ❂ ✵❀ ✴✴❢❧✉①♦ ❞♦ ♣r♦❞✉t♦ ❞❡ ❜❛✐①♦

✐♥t ❢❛t♦r❆❝❡❧❡r❛❝❛♦ ❂ ✶❀

❞♦✉❜❧❡❬❪ ① ❂ ♥❡✇ ❞♦✉❜❧❡❬✹✶❪❀ ✴✴❝♦♥❝❡♥tr❛çõ❡s ❞❡ ❧íq✉✐❞♦

❞♦✉❜❧❡❬❪ ❢✉♥❝❛♦ ❂ ♥❡✇ ❞♦✉❜❧❡❬✹✶❪❀ ✴✴✈❛r✐á✈❡❧ ♣❛r❛ ❊✉❧❡r

❞♦✉❜❧❡❬❪ ② ❂ ♥❡✇ ❞♦✉❜❧❡❬✹✶❪❀ ✴✴❝♦♥❝❡♥tr❛çõ❡s ❞❡ ✈❛♣♦r

❉✐❝t✐♦♥❛r②❁✐♥t✱ str✐♥❣❃ ❞✐❝✐♦♥❛r✐♦ ❂ ♥❡✇ ❉✐❝t✐♦♥❛r②❁✐♥t✱ str✐♥❣❃✭✮❀

❉✐❝t✐♦♥❛r②❁str✐♥❣✱ str✐♥❣❃ ♣❛r❛♠❡tr♦s ❂ ♥❡✇ ❉✐❝t✐♦♥❛r②❁str✐♥❣✱ str✐♥❣❃✭✮❀

▲✐st❁❈♦♥❝❡♥tr❛❝♦❡s❃ ❧❝ ❂ ♥❡✇ ▲✐st❁❈♦♥❝❡♥tr❛❝♦❡s❃✭✮❀

♣✉❜❧✐❝ ❋♦r♠✶✭✮

④

■♥✐t✐❛❧✐③❡❈♦♠♣♦♥❡♥t✭✮❀

⑥



❆✳✷✳ ❙■▼❯▲❆❉❖❘ ✸✾

♣r✐✈❛t❡ ✈♦✐❞ ❋♦r♠✶❴▲♦❛❞✭♦❜❥❡❝t s❡♥❞❡r✱ ❊✈❡♥t❆r❣s ❡✮

④

✐♥t ❥ ❂ ✵❀

❢♦r ✭❥ ❂ ✵❀ ❥ ❁❂ ♥s❀ ❥✰✰✮

④

①❬❥❪ ❂ ✵✳✺❀

②❬❥❪ ❂ ✵❀

⑥

♣❛r❛♠❡tr♦s✳❆❞❞✭✧❆❧✐♠❡♥t❛❝❛♦✧✱ ✧❈♦❧✉♥❛✳❋❡❡❞✧✮❀

♣❛r❛♠❡tr♦s✳❆❞❞✭✧❘❡❢❧✉①♦✧✱ ✧❈♦❧✉♥❛✳❘❡❢❧✉①♦✧✮❀

♣❛r❛♠❡tr♦s✳❆❞❞✭✧❱❛♣♦r✧✱ ✧❈♦❧✉♥❛✳❱❛♣♦r✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✵✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✵✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✶✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✷✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✸✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✹✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✹✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✺✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✺✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✻✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✻✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✼✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✼✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✽✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✽✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✾✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✾✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✶✵✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✵✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✶✶✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✶✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✶✷✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✷✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✶✸✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✸✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✶✹✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✹✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✶✺✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✺✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✶✻✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✻✧✮❀
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❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✶✼✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✼✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✶✽✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✽✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✶✾✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✶✾✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✷✵✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✵✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✷✶✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✶✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✷✷✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✷✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✷✸✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✸✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✷✹✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✹✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✷✺✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✺✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✷✻✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✻✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✷✼✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✼✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✷✽✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✽✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✷✾✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✷✾✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✸✵✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✵✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✸✶✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✶✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✸✷✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✷✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✸✸✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✸✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✸✹✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✹✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✸✺✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✺✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✸✻✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✻✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✸✼✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✼✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✸✽✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✽✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✸✾✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✸✾✧✮❀

❞✐❝✐♦♥❛r✐♦✳❆❞❞✭✹✵✱ ✧❈♦❧✉♥❛✳❈♦♥❝❡♥tr❛❝♦❡s✳◆✐✈❡❧✹✵✧✮❀

❢♦r ✭✐♥t ✐ ❂ ✵❀ ✐ ❁ ✹✶❀ ✐✰✰✮

④

❈♦♥❝❡♥tr❛❝♦❡s ❝ ❂ ♥❡✇ ❈♦♥❝❡♥tr❛❝♦❡s✭✮❀

❝✳❝♦♥❝❡♥tr❛❝❛♦▲✐q✉✐❞♦ ❂ ①❬✐❪❀

❝✳❝♦♥❝❡♥tr❛❝❛♦❱❛♣♦r ❂ ②❬✐❪❀

❝✳✐♥❞❡① ❂ ✐❀
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▲✐st❛❈♦♥❝❡♥tr❛❝♦❡s✳❆❞❞✭❝✮❀

⑥

❢♦r ✭✐♥t ✐ ❂ ✵❀ ✐ ❁ ✹✹❀ ✐✰✰✮

④

❈♦♥❝❡♥tr❛❝♦❡s ❝ ❂ ♥❡✇ ❈♦♥❝❡♥tr❛❝♦❡s✭✮❀

❧❝✳❆❞❞✭❝✮❀

⑥

❞❛t❛●r✐❞❱✐❡✇✷✳❉❛t❛❙♦✉r❝❡ ❂ ❧❝❀

❞❛t❛●r✐❞❱✐❡✇✷✳❘❡❢r❡s❤✭✮❀

❞❛t❛●r✐❞❱✐❡✇✷✳❘♦✇s❬✵❪✳❈❡❧❧s❬✵❪✳❱❛❧✉❡ ❂ ✧❆❧✐♠❡♥t❛❝❛♦✧❀

❞❛t❛●r✐❞❱✐❡✇✷✳❘♦✇s❬✵❪✳❈❡❧❧s❬✶❪✳❱❛❧✉❡ ❂ ♣❛r❛♠❡tr♦s❬✧❆❧✐♠❡♥t❛❝❛♦✧❪❀

❞❛t❛●r✐❞❱✐❡✇✷✳❘♦✇s❬✶❪✳❈❡❧❧s❬✵❪✳❱❛❧✉❡ ❂ ✧❘❡❢❧✉①♦✧❀

❞❛t❛●r✐❞❱✐❡✇✷✳❘♦✇s❬✶❪✳❈❡❧❧s❬✶❪✳❱❛❧✉❡ ❂ ♣❛r❛♠❡tr♦s❬✧❘❡❢❧✉①♦✧❪❀

❞❛t❛●r✐❞❱✐❡✇✷✳❘♦✇s❬✷❪✳❈❡❧❧s❬✵❪✳❱❛❧✉❡ ❂ ✧❱❛♣♦r✧❀

❞❛t❛●r✐❞❱✐❡✇✷✳❘♦✇s❬✷❪✳❈❡❧❧s❬✶❪✳❱❛❧✉❡ ❂ ♣❛r❛♠❡tr♦s❬✧❱❛♣♦r✧❪❀

❢♦r ✭✐♥t ✐ ❂ ✸❀ ✐ ❁ ❞❛t❛●r✐❞❱✐❡✇✷✳❘♦✇s✳❈♦✉♥t❀ ✐✰✰✮

④

❞❛t❛●r✐❞❱✐❡✇✷✳❘♦✇s❬✐❪✳❈❡❧❧s❬✵❪✳❱❛❧✉❡ ❂ ✐✲✸❀

❞❛t❛●r✐❞❱✐❡✇✷✳❘♦✇s❬✐❪✳❈❡❧❧s❬✶❪✳❱❛❧✉❡ ❂ ❞✐❝✐♦♥❛r✐♦❬✐✲✸❪❀

⑥

⑥
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♣✉❜❧✐❝ ✈♦✐❞ ❞✐♥❛♠✐❝❛✭✮

④

❧r ❂ r❡❢❧✉①❀

❧s ❂ r❡❢❧✉① ✰ q❢ ✯ ❢❡❡❞❀

✈s ❂ ✈❛♣♦r❀

✈r ❂ ✈s ✰ ❢❡❡❞ ✯ ✭✶ ✲ q❢✮❀

❞✐st ❂ ✈r ✲ r❡❢❧✉①❀

❧❜♦t ❂ ❧s ✲ ✈s❀

❢♦r ✭✐♥t ✐ ❂ ✵❀ ✐ ❁❂ ♥s❀ ✐✰✰✮

④

②❬✐❪ ❂ ✭❛❧♣❤❛ ✯ ①❬✐❪✮ ✴ ✭✶ ✰ ✭❛❧♣❤❛ ✲ ✶✮ ✯ ①❬✐❪✮❀

⑥

❢✉♥❝❛♦❬✵❪ ❂ ✭✶ ✴ ♠❞✮ ✯ ✭✈r ✯ ②❬✶❪ ✲ ✭❞✐st ✰ r❡❢❧✉①✮ ✯ ①❬✵❪✮❀

❢♦r ✭✐♥t ✐ ❂ ✶❀ ✐ ❁❂ ♥❢ ✲ ✶❀ ✐✰✰✮

④

❢✉♥❝❛♦❬✐❪ ❂ ✭✶ ✴ ♠t✮ ✯ ✭❧r ✯ ①❬✐ ✲ ✶❪ ✰ ✈r ✯ ②❬✐ ✰ ✶❪ ✲ ❧r ✯ ①❬✐❪ ✲ ✈r ✯ ②❬✐❪✮❀

⑥

❢✉♥❝❛♦❬♥❢❪ ❂ ✭✶ ✴ ♠t✮ ✯ ✭❧r ✯ ①❬♥❢ ✲ ✶❪ ✰ ✈s ✯ ②❬♥❢ ✰ ✶❪ ✲ ❧s ✯ ①❬♥❢❪ ✲ ✈r ✯ ②❬♥❢❪ ✰

❢❡❡❞ ✯ ③❢❡❡❞✮❀

❢♦r ✭✐♥t ✐ ❂ ♥❢ ✰ ✶❀ ✐ ❁❂ ♥s ✲ ✶❀ ✐✰✰✮

④

❢✉♥❝❛♦❬✐❪ ❂ ✭✶ ✴ ♠t✮ ✯ ✭❧s ✯ ①❬✐ ✲ ✶❪ ✰ ✈s ✯ ②❬✐ ✰ ✶❪ ✲ ❧s ✯ ①❬✐❪ ✲ ✈s ✯ ②❬✐❪✮❀

⑥

❢✉♥❝❛♦❬♥s❪ ❂ ✭✶ ✴ ♠❜✮ ✯ ✭❧s ✯ ①❬♥s ✲ ✶❪ ✲ ❧❜♦t ✯ ①❬♥s❪ ✲ ✈s ✯ ②❬♥s❪✮❀
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① ❂ ✐♥t❡❣r❛❞♦r✳✐♥t❡❣r❛t❡✭①✱ ❢✉♥❝❛♦✮❀

⑥

♣✉❜❧✐❝ ✈♦✐❞ ♣♦♥t♦❖♣❡r❛❝❛♦✭✐♥t ♣❛ss♦s✮

④

❢♦r ✭✐♥t q ❂ ✵❀ q ❁ ♣❛ss♦s❀ q✰✰✮

④

❞✐♥❛♠✐❝❛✭✮❀

⑥

⑥

♣r✐✈❛t❡ ✈♦✐❞ t✐♠❡r❙✐♠✉❧❛❝❛♦❴❚✐❝❦✭♦❜❥❡❝t s❡♥❞❡r✱ ❊✈❡♥t❆r❣s ❡✮

④

❙②♥❝■❖●r♦✉♣ ❙②♥❝❘❲●r♦✉♣ ❂ ♥❡✇ ❙②♥❝■❖●r♦✉♣✭s❡r✈✐❞♦r✮❀

♦❜❥❡❝t ✈❛❧✉❡ ❂ ✧✧❀

❖P❈■t❡♠❙t❛t❡ ❘s❧t❀

✐♥t rt❝ ❂ ❙②♥❝❘❲●r♦✉♣✳❘❡❛❞✭❖P❈❉❆❚❆❙❖❯❘❈❊✳❖P❈❴❉❙❴❈❆❈❍❊✱ ♣❛r❛♠❡tr♦s❬✧❆❧✐♠❡♥t❛❝❛♦✧❪✱

♦✉t ❘s❧t✮❀

❢❡❡❞ ❂ ✭❞♦✉❜❧❡✮❘s❧t✳❉❛t❛❱❛❧✉❡❀

✐♥t rt❝✷ ❂ ❙②♥❝❘❲●r♦✉♣✳❘❡❛❞✭❖P❈❉❆❚❆❙❖❯❘❈❊✳❖P❈❴❉❙❴❈❆❈❍❊✱ ♣❛r❛♠❡tr♦s❬✧❘❡❢❧✉①♦✧❪✱ ♦✉t

❘s❧t✮❀

r❡❢❧✉① ❂ ✭❞♦✉❜❧❡✮❘s❧t✳❉❛t❛❱❛❧✉❡❀

✐♥t rt❝✸ ❂ ❙②♥❝❘❲●r♦✉♣✳❘❡❛❞✭❖P❈❉❆❚❆❙❖❯❘❈❊✳❖P❈❴❉❙❴❈❆❈❍❊✱ ♣❛r❛♠❡tr♦s❬✧❱❛♣♦r✧❪✱ ♦✉t

❘s❧t✮❀

✈❛♣♦r ❂ ✭❞♦✉❜❧❡✮❘s❧t✳❉❛t❛❱❛❧✉❡❀

t❡①t❇♦①❋❧✉①♦❆❧✐♠❡♥t❛çã♦✳❚❡①t ❂ ❢❡❡❞✳❚♦❙tr✐♥❣✭✮❀
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t❡①t❇♦①❘❡❢❧✉①♦✳❚❡①t ❂ r❡❢❧✉①✳❚♦❙tr✐♥❣✭✮❀

t❡①t❇♦①❘❡❢❡r✈❡❞♦r✳❚❡①t ❂ ✈❛♣♦r✳❚♦❙tr✐♥❣✭✮❀

❢♦r ✭✐♥t ✐ ❂ ✵❀ ✐ ❁ ❢❛t♦r❆❝❡❧❡r❛❝❛♦❀ ✐✰✰✮

④

❞✐♥❛♠✐❝❛✭✮❀

⑥

❛t✉❛❧✐③❛r●r❛❢✐❝♦✭✮❀

t❡①t❇♦①✶✳❚❡①t ❂ ①❬✵❪✳❚♦❙tr✐♥❣✭✮❀

t❡①t❇♦①✷✳❚❡①t ❂ ①❬♥❢❪✳❚♦❙tr✐♥❣✭✮❀

t❡①t❇♦①✸✳❚❡①t ❂ ①❬♥s❪✳❚♦❙tr✐♥❣✭✮❀

❳✈❡❧❤♦ ❂ ❳♥♦✈♦❀

❢♦r ✭✐♥t ✐ ❂ ✵❀ ✐ ❁ ✹✶❀ ✐✰✰✮

④

✴✴❙②♥❝■❖●r♦✉♣ ❙②♥❝❘❲●r♦✉♣ ❂ ♥❡✇ ❙②♥❝■❖●r♦✉♣✭s❡r✈✐❞♦r✮❀

✐♥t rt❝✹ ❂ ❙②♥❝❘❲●r♦✉♣✳❲r✐t❡✭❞✐❝✐♦♥❛r✐♦❬✐❪✱ ①❬✐❪✮❀

▲✐st❛❈♦♥❝❡♥tr❛❝♦❡s❬✐❪✳❝♦♥❝❡♥tr❛❝❛♦▲✐q✉✐❞♦ ❂ ①❬✐❪❀

▲✐st❛❈♦♥❝❡♥tr❛❝♦❡s❬✐❪✳❝♦♥❝❡♥tr❛❝❛♦❱❛♣♦r ❂ ②❬✐❪❀
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⑥

❞❛t❛●r✐❞❱✐❡✇✶✳❉❛t❛❙♦✉r❝❡ ❂ ▲✐st❛❈♦♥❝❡♥tr❛❝♦❡s❀

❞❛t❛●r✐❞❱✐❡✇✶✳❘❡❢r❡s❤✭✮❀

❢♦r ✭✐♥t ✐ ❂ ✵❀ ✐ ❁ ❞❛t❛●r✐❞❱✐❡✇✶✳❘♦✇s✳❈♦✉♥t❀ ✐✰✰✮

④

❞❛t❛●r✐❞❱✐❡✇✶✳❘♦✇s❬✐❪✳❈❡❧❧s❬✵❪✳❱❛❧✉❡ ❂ ▲✐st❛❈♦♥❝❡♥tr❛❝♦❡s❬✐❪✳✐♥❞❡①❀

❞❛t❛●r✐❞❱✐❡✇✶✳❘♦✇s❬✐❪✳❈❡❧❧s❬✶❪✳❱❛❧✉❡ ❂ ▲✐st❛❈♦♥❝❡♥tr❛❝♦❡s❬✐❪✳❝♦♥❝❡♥tr❛❝❛♦▲✐q✉✐❞♦❀

❞❛t❛●r✐❞❱✐❡✇✶✳❘♦✇s❬✐❪✳❈❡❧❧s❬✷❪✳❱❛❧✉❡ ❂ ▲✐st❛❈♦♥❝❡♥tr❛❝♦❡s❬✐❪✳❝♦♥❝❡♥tr❛❝❛♦❱❛♣♦r❀

⑥

⑥

✐♥t ❛ ❂ ✵❀

♣✉❜❧✐❝ ❝❧❛ss ❈♦♥❝❡♥tr❛❝♦❡s

④

♣✉❜❧✐❝ ✐♥t ✐♥❞❡①❀

♣✉❜❧✐❝ ❞♦✉❜❧❡ ❝♦♥❝❡♥tr❛❝❛♦▲✐q✉✐❞♦❀

♣✉❜❧✐❝ ❞♦✉❜❧❡ ❝♦♥❝❡♥tr❛❝❛♦❱❛♣♦r❀

⑥

♣r✐✈❛t❡ ✈♦✐❞ ❜✉tt♦♥❈♦♥❢✐r♠❛r❴❈❧✐❝❦❴✶✭♦❜❥❡❝t s❡♥❞❡r✱ ❊✈❡♥t❆r❣s ❡✮

④

s❡r✈✐❞♦r ❂ ♥❡✇ ❖♣❝❙❡r✈❡r✭✮❀

s❡r✈✐❞♦r✳❈♦♥♥❡❝t✭❝♦♠♣✉t❛❞♦r✱ ✧❆❞✈♦s♦❧✳❉❆✸❙✐♠♣❧❡❈❙✳✶✧✮❀

tr②

④
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❛❧♣❤❛ ❂ ❈♦♥✈❡rt✳❚♦❉♦✉❜❧❡✭t❡①t❇♦①❱♦❧❛t✐❧✐❞❛❞❡✳❚❡①t✮❀

❢❡❡❞ ❂ ❈♦♥✈❡rt✳❚♦❉♦✉❜❧❡✭t❡①t❇♦①❋❧✉①♦❆❧✐♠❡♥t❛çã♦✳❚❡①t✮❀

③❢❡❡❞ ❂ ❈♦♥✈❡rt✳❚♦❉♦✉❜❧❡✭t❡①t❇♦①❈♦♠♣♦s✐❝❛♦✳❚❡①t✮❀

q❢ ❂ ❈♦♥✈❡rt✳❚♦❉♦✉❜❧❡✭t❡①t❇♦①◗✉❛❧✐❞❛❞❡✳❚❡①t✮❀

r❡❢❧✉① ❂ ❈♦♥✈❡rt✳❚♦❉♦✉❜❧❡✭t❡①t❇♦①❘❡❢❧✉①♦✳❚❡①t✮❀

✈❛♣♦r ❂ ❈♦♥✈❡rt✳❚♦❉♦✉❜❧❡✭t❡①t❇♦①❘❡❢❡r✈❡❞♦r✳❚❡①t✮❀

♠❞ ❂ ❈♦♥✈❡rt✳❚♦❉♦✉❜❧❡✭t❡①t❇♦①▼❞✳❚❡①t✮❀

♠❜ ❂ ❈♦♥✈❡rt✳❚♦❉♦✉❜❧❡✭t❡①t❇♦①▼❜✳❚❡①t✮❀

♠t ❂ ❈♦♥✈❡rt✳❚♦❉♦✉❜❧❡✭t❡①t❇♦①▼t✳❚❡①t✮❀

✐❢ ✭❛ ❂❂ ✵✮

❜✉tt♦♥P❛ss♦s✳❊♥❛❜❧❡❞ ❂ tr✉❡❀

⑥

❝❛t❝❤

④

▼❡ss❛❣❡❇♦①✳❙❤♦✇✭✧❯♠ ♦✉ ♠❛✐s ♣❛râ♠❡tr♦s ♥ã♦ sã♦ ♥ú♠❡r♦s✧✱ ✧❊rr♦✧✮❀

⑥

⑥

♣r✐✈❛t❡ ✈♦✐❞ ❣r♦✉♣❇♦①✺❴❊♥t❡r✭♦❜❥❡❝t s❡♥❞❡r✱ ❊✈❡♥t❆r❣s ❡✮

④

⑥

♣r✐✈❛t❡ ✈♦✐❞ ❜✉tt♦♥P❛ss♦s❴❈❧✐❝❦✭♦❜❥❡❝t s❡♥❞❡r✱ ❊✈❡♥t❆r❣s ❡✮

④

tr②

④

✐♥t ♣❛ss♦s ❂ ❈♦♥✈❡rt✳❚♦■♥t✸✷✭t❡①t❇♦①P❛ss♦s✳❚❡①t✮❀

♣♦♥t♦❖♣❡r❛❝❛♦✭♣❛ss♦s✮❀

❜✉tt♦♥■♥✐❝✐❛r✳❊♥❛❜❧❡❞ ❂ tr✉❡❀
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❜✉tt♦♥P❛ss♦s✳❊♥❛❜❧❡❞ ❂ ❢❛❧s❡❀

⑥

❝❛t❝❤

④

▼❡ss❛❣❡❇♦①✳❙❤♦✇✭✧◆ú♠❡r♦ ❞❡ ♣❛ss♦s ❞❡✈❡ s❡r ✐♥t❡✐r♦✳✧✱ ✧❊rr♦✧✮❀

⑥

t❡①t❇♦①✶✳❚❡①t ❂ ①❬✵❪✳❚♦❙tr✐♥❣✭✮❀

t❡①t❇♦①✷✳❚❡①t ❂ ①❬♥❢❪✳❚♦❙tr✐♥❣✭✮❀

t❡①t❇♦①✸✳❚❡①t ❂ ①❬♥s❪✳❚♦❙tr✐♥❣✭✮❀

⑥

♣r✐✈❛t❡ ✈♦✐❞ ❜✉tt♦♥✶❴❈❧✐❝❦❴✷✭♦❜❥❡❝t s❡♥❞❡r✱ ❊✈❡♥t❆r❣s ❡✮

④

❢❛t♦r❆❝❡❧❡r❛❝❛♦ ❂ ❈♦♥✈❡rt✳❚♦■♥t✸✷✭t❡①t❇♦①❋❛t♦r❆❝❡❧❡r❛❝❛♦✳❚❡①t✮❀

⑥

♣r✐✈❛t❡ ✈♦✐❞ ❜✉tt♦♥■♥✐❝✐❛r❴❈❧✐❝❦✭♦❜❥❡❝t s❡♥❞❡r✱ ❊✈❡♥t❆r❣s ❡✮

④

✐❢ ✭❜✉tt♦♥■♥✐❝✐❛r✳❚❡①t ❂❂ ✧■♥✐❝✐❛r ❙✐♠✉❧❛çã♦✧✮

④

t✐♠❡r❙✐♠✉❧❛❝❛♦✳❊♥❛❜❧❡❞ ❂ tr✉❡❀

❜✉tt♦♥■♥✐❝✐❛r✳❚❡①t ❂ ✧P❛r❛r ❙✐♠✉❧❛çã♦✧❀

❜✉tt♦♥P❛ss♦s✳❊♥❛❜❧❡❞ ❂ ❢❛❧s❡❀

❛ ❂ ✶❀

⑥

❡❧s❡ ✐❢ ✭❜✉tt♦♥■♥✐❝✐❛r✳❚❡①t ❂❂ ✧P❛r❛r ❙✐♠✉❧❛çã♦✧✮

④

t✐♠❡r❙✐♠✉❧❛❝❛♦✳❊♥❛❜❧❡❞ ❂ ❢❛❧s❡❀

❜✉tt♦♥■♥✐❝✐❛r✳❚❡①t ❂ ✧■♥✐❝✐❛r ❙✐♠✉❧❛çã♦✧❀
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⑥

⑥

♣✉❜❧✐❝ ✈♦✐❞ ❛t✉❛❧✐③❛r●r❛❢✐❝♦✭✮

④

✐♥t ♥✉♠❜❡r❖❢P♦✐♥ts■♥❈❤❛rt ❂ ✷✵✵❀

✐♥t ♥✉♠❜❡r❖❢P♦✐♥ts❆❢t❡r❘❡♠♦✈❛❧ ❂ ✶✺✵❀

❳♥♦✈♦ ❂ ✭❳✈❡❧❤♦ ✰ ✵✳✺ ✯ ❢❛t♦r❆❝❡❧❡r❛❝❛♦✮❀

❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❙❡r✐❡s❬✵❪✳P♦✐♥ts✳❆❞❞❳❨✭❳♥♦✈♦✱ ①❬✵❪✮❀

❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❙❡r✐❡s❬✶❪✳P♦✐♥ts✳❆❞❞❳❨✭❳♥♦✈♦✱ ①❬♥❢❪✮❀

❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❙❡r✐❡s❬✷❪✳P♦✐♥ts✳❆❞❞❳❨✭❳♥♦✈♦✱ ①❬♥s❪✮❀

❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❘❡s❡t❆✉t♦❱❛❧✉❡s✭✮❀

✇❤✐❧❡ ✭❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❙❡r✐❡s❬✵❪✳P♦✐♥ts✳❈♦✉♥t ❃ ♥✉♠❜❡r❖❢P♦✐♥ts■♥❈❤❛rt✮

④

✴✴ ❘❡♠♦✈❡ ❞❛t❛ ♣♦✐♥ts ♦♥ t❤❡ ❧❡❢t s✐❞❡

✇❤✐❧❡ ✭❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❙❡r✐❡s❬✵❪✳P♦✐♥ts✳❈♦✉♥t ❃ ♥✉♠❜❡r❖❢P♦✐♥ts❆❢t❡r❘❡♠♦✈❛❧✮

④

❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❙❡r✐❡s❬✵❪✳P♦✐♥ts✳❘❡♠♦✈❡❆t✭✵✮❀

❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❙❡r✐❡s❬✶❪✳P♦✐♥ts✳❘❡♠♦✈❡❆t✭✵✮❀

❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❙❡r✐❡s❬✷❪✳P♦✐♥ts✳❘❡♠♦✈❡❆t✭✵✮❀

⑥

✐♥t ♥✉♠♣♦♥t♦s ❂ ❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❙❡r✐❡s❬✵❪✳P♦✐♥ts✳❈♦✉♥t✭✮❀

✴✴ ❆❞❥✉st ❳ ❛①✐s s❝❛❧❡

❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❈❤❛rt❆r❡❛s❬✵❪✳❆①✐s❳✳▼✐♥✐♠✉♠ ❂

❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❙❡r✐❡s❬✵❪✳P♦✐♥ts❬✵❪✳❳❱❛❧✉❡❀
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❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❈❤❛rt❆r❡❛s❬✵❪✳❆①✐s❳✳▼❛①✐♠✉♠ ❂

❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳❙❡r✐❡s❬✵❪✳P♦✐♥ts❬♥✉♠♣♦♥t♦s ✲ ✶❪✳❳❱❛❧✉❡❀

⑥

✴✴ ■♥✈❛❧✐❞❛t❡ ❝❤❛rt

❝❤❛rt❈♦♥❝❡♥tr❛❝♦❡s✳■♥✈❛❧✐❞❛t❡✭✮❀

⑥

♣r✐✈❛t❡ ✈♦✐❞ ❜✉tt♦♥✷❴❈❧✐❝❦✭♦❜❥❡❝t s❡♥❞❡r✱ ❊✈❡♥t❆r❣s ❡✮

④

❝❜▼❛❝❤✐♥❡✳■t❡♠s✳❈❧❡❛r✭✮❀

tr②

④

str✐♥❣❬❪ ❝♦♠♣s ❂ ❖P❈✳❈♦♠♠♦♥✳❈♦♠❆♣✐✳❊♥✉♠❈♦♠♣✉t❡rs✭✮❀

t❤✐s✳❝❜▼❛❝❤✐♥❡✳■t❡♠s✳❆❞❞❘❛♥❣❡✭❝♦♠♣s✮❀

❝❜▼❛❝❤✐♥❡✳❚❡①t ❂ ❝❜▼❛❝❤✐♥❡✳■t❡♠s❬✵❪✳❚♦❙tr✐♥❣✭✮❀

✐❢ ✭❝❜▼❛❝❤✐♥❡✳■t❡♠s✳❈♦✉♥t ❂❂ ✵✮

④

❝❜▼❛❝❤✐♥❡✳❚❡①t ❂ ❊♥✈✐r♦♥♠❡♥t✳▼❛❝❤✐♥❡◆❛♠❡❀

⑥

⑥

❝❛t❝❤

④

❝❜▼❛❝❤✐♥❡✳❚❡①t ❂ ❊♥✈✐r♦♥♠❡♥t✳▼❛❝❤✐♥❡◆❛♠❡❀

⑥

⑥
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♣r✐✈❛t❡ ✈♦✐❞ ❜t♥❇r♦✇s❡❖P❈❙❡r✈❡rs❴❈❧✐❝❦✭♦❜❥❡❝t s❡♥❞❡r✱ ❊✈❡♥t❆r❣s ❡✮

④

tr②

④

❝❜❖P❈❙❡r✈❡rs✳■t❡♠s✳❈❧❡❛r✭✮❀

t❤✐s✳❯♣❞❛t❡✭✮❀

❖♣❝❙❡r✈❡r❇r♦✇s❡r ❙r✈▲✐st ❂ ♥❡✇ ❖♣❝❙❡r✈❡r❇r♦✇s❡r✭❝❜▼❛❝❤✐♥❡✳❚❡①t✮❀

str✐♥❣❬❪ ❙❡r✈❡rs ❂ ♥✉❧❧❀

✴✴ ❇r♦✇s❡ ❖P❈ ❉❆ ❱✷ ❛♥❞ ❱✸ s❡r✈❡rs

❙r✈▲✐st✳●❡t❙❡r✈❡r▲✐st✭tr✉❡✱ tr✉❡✱ ♦✉t ❙❡r✈❡rs✮❀

✐❢ ✭❙❡r✈❡rs ✦❂ ♥✉❧❧✮

④

❝❜❖P❈❙❡r✈❡rs✳■t❡♠s✳❆❞❞❘❛♥❣❡✭❙❡r✈❡rs✮❀

❝❜❖P❈❙❡r✈❡rs✳❙❡❧❡❝t❡❞■♥❞❡① ❂ ✵❀

⑥

⑥

❝❛t❝❤

④

▼❡ss❛❣❡❇♦①✳❙❤♦✇✭✧◆ã♦ ❢♦✐ ♣♦ssí✈❡❧ r❡❛❧✐③❛r ♦ ❜r♦✇s❡✧✱ ✧❊❘❘❖✧✱

▼❡ss❛❣❡❇♦①❇✉tt♦♥s✳❖❑✱ ▼❡ss❛❣❡❇♦①■❝♦♥✳❊rr♦r✮❀

⑥

⑥

♣r✐✈❛t❡ ✈♦✐❞ ❜t♥❈♦♥♥❡❝t❴❈❧✐❝❦✭♦❜❥❡❝t s❡♥❞❡r✱ ❊✈❡♥t❆r❣s ❡✮

④

✐❢ ✭❖♣❝❙r✈ ✦❂ ♥✉❧❧✮

④

r❡t✉r♥❀
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⑥

t✈❙❡r✈❡r■t❡♠s✳◆♦❞❡s✳❈❧❡❛r✭✮❀

t❤✐s✳❯♣❞❛t❡✭✮❀

tr②

④

❖♣❝❙r✈ ❂ ♥❡✇ ❖♣❝❙❡r✈❡r✭✮❀

❖♣❝❙r✈✳❈♦♥♥❡❝t✭❝❜▼❛❝❤✐♥❡✳❚❡①t✱ ❝❜❖P❈❙❡r✈❡rs✳❚❡①t✮❀

tr②

④

■t❡♠❙❤♦✇❚r❡❡▲✐st ❂ ❖♣❝❙r✈✳❙❤♦✇❇r♦✇s❡❚r❡❡▲✐st✭t✈❙❡r✈❡r■t❡♠s✱ ❧✈❇r❛♥❝❤■t❡♠s✮❀

■t❡♠❙❤♦✇❚r❡❡▲✐st✳❇r♦✇s❡▼♦❞❡❖♥❡▲❡✈❡❧ ❂ tr✉❡❀

■t❡♠❙❤♦✇❚r❡❡▲✐st✳❙❤♦✇✭❖♣❝❙r✈✳❙❡r✈❡r◆❛♠❡✮❀

⑥

❝❛t❝❤ ✭❊①❝❡♣t✐♦♥ ❡①✮

④

⑥

⑥

❝❛t❝❤ ✭❊①❝❡♣t✐♦♥ ❡①✮

④

❖♣❝❙r✈ ❂ ♥✉❧❧❀

⑥

⑥

♣r✐✈❛t❡ ✈♦✐❞ ❜t♥❉✐s❝♦♥♥❡❝t❴❈❧✐❝❦✭♦❜❥❡❝t s❡♥❞❡r✱ ❊✈❡♥t❆r❣s ❡✮

④

t✈❙❡r✈❡r■t❡♠s✳◆♦❞❡s✳❈❧❡❛r✭✮❀

❧✈❇r❛♥❝❤■t❡♠s✳■t❡♠s✳❈❧❡❛r✭✮❀

✐❢ ✭❖♣❝❙r✈ ✦❂ ♥✉❧❧✮
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④

❖♣❝❙r✈✳❉✐s❝♦♥♥❡❝t✭✮❀

❖♣❝❙r✈ ❂ ♥✉❧❧❀

⑥

⑥

♣r✐✈❛t❡ ✈♦✐❞ ❜✉tt♦♥❆ss♦❝✐❛r❴❈❧✐❝❦✭♦❜❥❡❝t s❡♥❞❡r✱ ❊✈❡♥t❆r❣s ❡✮

④

tr②

④

❝♦♠♣✉t❛❞♦r ❂ ❝❜▼❛❝❤✐♥❡✳❙❡❧❡❝t❡❞■t❡♠✳❚♦❙tr✐♥❣✭✮❀

▲✐st❱✐❡✇■t❡♠ ❧✈■t❡♠ ❂ ❧✈❇r❛♥❝❤■t❡♠s✳❙❡❧❡❝t❡❞■t❡♠s❬✵❪❀

str✐♥❣ ✈❛r✐❛✈❡❧ ❂ ❝♦♠❜♦❇♦①❱❛r✐❛✈❡❧✳❙❡❧❡❝t❡❞■t❡♠✳❚♦❙tr✐♥❣✭✮❀

✐❢ ✭✈❛r✐❛✈❡❧ ❂❂ ✧❆❧✐♠❡♥t❛❝❛♦✧ ⑤⑤ ✈❛r✐❛✈❡❧ ❂❂ ✧❘❡❢❧✉①♦✧ ⑤⑤ ✈❛r✐❛✈❡❧ ❂❂ ✧❱❛♣♦r✧✮

④

♣❛r❛♠❡tr♦s❬✈❛r✐❛✈❡❧❪ ❂ ❧✈■t❡♠✳❚❛❣✳❚♦❙tr✐♥❣✭✮❀

⑥

❡❧s❡

④

❞✐❝✐♦♥❛r✐♦❬❈♦♥✈❡rt✳❚♦■♥t✸✷✭✈❛r✐❛✈❡❧✮❪ ❂ ❧✈■t❡♠✳❚❛❣✳❚♦❙tr✐♥❣✭✮❀

⑥

❢♦r ✭✐♥t ✐ ❂ ✵❀ ✐ ❁ ❞❛t❛●r✐❞❱✐❡✇✷✳❘♦✇s✳❈♦✉♥t❀ ✐✰✰✮

④

✐❢ ✭❞❛t❛●r✐❞❱✐❡✇✷✳❘♦✇s❬✐❪✳❈❡❧❧s❬✵❪✳❱❛❧✉❡✳❚♦❙tr✐♥❣✭✮ ❂❂

❝♦♠❜♦❇♦①❱❛r✐❛✈❡❧✳❙❡❧❡❝t❡❞■t❡♠✳❚♦❙tr✐♥❣✭✮✮
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④

❞❛t❛●r✐❞❱✐❡✇✷✳❘♦✇s❬✐❪✳❈❡❧❧s❬✶❪✳❱❛❧✉❡ ❂ ❧✈■t❡♠✳❚❛❣✳❚♦❙tr✐♥❣✭✮❀

❜r❡❛❦❀

⑥

⑥

⑥

❝❛t❝❤

④

⑥

⑥

⑥

⑥

❆✳✸ ❈❧❛ss❡ ❊✉❧❡r

✉s✐♥❣ ❙②st❡♠✳▲✐♥q❀ ✉s✐♥❣ ❙②st❡♠✳❚❡①t❀ ✉s✐♥❣ ❙②st❡♠✳❚❤r❡❛❞✐♥❣✳❚❛s❦s❀

♥❛♠❡s♣❛❝❡ ❈♦❧✉♥❛❉✐st✐❧❛❝❛♦ ④

♣✉❜❧✐❝ ❝❧❛ss ❊✉❧❡r

④

♣✉❜❧✐❝ ❊✉❧❡r✭✮

④

✐♥t❚②♣❡ ❂ ✧❊✉❧❡r✧❀

st❡♣ ❂ ✵✳✵✸✸❀



❆✳✸✳ ❈▲❆❙❙❊ ❊❯▲❊❘ ✺✹

⑥

♣r✐✈❛t❡ str✐♥❣ ✐♥t❚②♣❡❀

♣✉❜❧✐❝ str✐♥❣ ■♥t❚②♣❡

④

❣❡t

④

r❡t✉r♥ ✐♥t❚②♣❡❀

⑥

s❡t

④

✐♥t❚②♣❡ ❂ ✈❛❧✉❡❀

⑥

⑥

♣r✐✈❛t❡ ❞♦✉❜❧❡ st❡♣❀

♣✉❜❧✐❝ ❞♦✉❜❧❡ ❙t❡♣

④

❣❡t

④

r❡t✉r♥ st❡♣❀

⑥

s❡t

④

st❡♣ ❂ ✈❛❧✉❡❀

⑥

⑥



❆✳✸✳ ❈▲❆❙❙❊ ❊❯▲❊❘ ✺✺

♣✉❜❧✐❝ ❞♦✉❜❧❡❬❪ ✐♥t❡❣r❛t❡✭❞♦✉❜❧❡❬❪ ①✶✱ ❞♦✉❜❧❡❬❪ ❢✮

④

❞♦✉❜❧❡❬❪ ①✷ ❂ ♥❡✇ ❞♦✉❜❧❡❬①✶✳▲❡♥❣t❤❪❀

❢♦r ✭✐♥t ✐ ❂ ✵❀ ✐ ❁ ①✷✳▲❡♥❣t❤❀ ✰✰✐✮

①✷❬✐❪ ❂ ①✶❬✐❪❀

❢♦r ✭✐♥t ✐ ❂ ✵❀ ✐ ❁ ①✷✳▲❡♥❣t❤❀ ✰✰✐✮

①✷❬✐❪ ❂ ①✷❬✐❪ ✰ ❙t❡♣ ✯ ❢❬✐❪❀

r❡t✉r♥ ①✷❀

⑥

⑥

⑥


