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t❛✐s ❝♦♠♦ ❝♦♠♦ t❡❧❡✈✐sõ❡s ✸❉✱ t❡❧❛s ❛✉t♦❡st❡r❡♦s❝ó♣✐❝❛s ❡ t❡❧❡✈✐sã♦ ❞❡ ♣♦♥t♦✲❞❡✲✈✐st❛ ❧✐✈r❡✳ ❊♠

❝♦♠♣❡♥s❛çã♦✱ s✉r❣❡♠ ❝♦♥s✐❞❡r❛çõ❡s té❝♥✐❝❛s✱ t❛✐s ❝♦♠♦ ♦ ❛✉♠❡♥t♦ ❞❛s t❛①❛s ❞❡ tr❛♥s♠✐ssã♦ ❡ ❞❛

❝♦♠♣❧❡①✐❞❛❞❡ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ❡♠ ✉♠❛ ❡s❝❛❧❛ ♠✉✐t♦ ♠❛✐♦r ❞♦ q✉❡ ❣r❛♥❞❡ ♣❛rt❡ ❞♦s s✐st❡♠❛s ❞❡

tr❛♥s♠✐ssã♦ ❛t✉❛✐s ❡stá ♣r❡♣❛r❛❞❛ ♣❛r❛ s✉♣♦rt❛r✳ ❯♠❛ ❛❧t❡r♥❛t✐✈❛ ✈✐á✈❡❧ ♣❛r❛ ♠✉✐t♦ s✐st❡♠❛s

é ❛ ❝♦❞✐✜❝❛çã♦ ❡♠ r❡s♦❧✉çã♦ ♠✐st❛✱ ❛♠♣❛r❛❞❛ ♣♦r ❞✐✈❡rs♦s ❡st✉❞♦s q✉❡ ✐♥❞✐❝❛♠ q✉❡ ❛ ✈✐sã♦

❜✐♥♦❝✉❧❛r ♥ã♦ é ❛❢❡t❛❞❛ q✉❛♥❞♦ ✉♠❛ ❞❛s ✈✐st❛s é ♠❛✐s ❜♦rr❛❞❛ q✉❡ ❛ ♦✉tr❛✳ ❖ s✐st❡♠❛ ✈✐s✉❛❧

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

s✉❜❥❡t✐✈❛♠❡♥t❡ ♠✉✐t♦ ♣ró①✐♠❛ ❛♦ r❡s✉❧t❛❞♦ ♦❜t✐❞♦ q✉❛♥❞♦ ♥ã♦ s❡ ❜♦rr❛ ✉♠❛ ❞❛s ✈✐st❛s✳ ❊♠

❝♦♠♣❡♥s❛çã♦✱ ❡st❛ ❛rq✉✐t❡t✉r❛ ♥ã♦ é ✈✐á✈❡❧ ♣❛r❛ s✐st❡♠❛s ❞❡ ♣♦♥t♦✲❞❡✲✈✐st❛ ❧✐✈r❡✱ ♣♦✐s ♦s ✉s✉ár✐♦s

♣♦❞❡♠ ❡s❝♦❧❤❡r ✈❡r ❛ ✈✐st❛ ❜♦rr❛❞❛ ❡♠ ✉♠ ❞❛❞♦ ♠♦♠❡♥t♦✳ ❆ ♣r❡s❡♥t❡ t❡s❡ ♣r♦♣õ❡ três ♠ét♦❞♦s

❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ♣❛r❛ s❡q✉ê♥❝✐❛s ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛✱ ♥♦s q✉❛✐s ❛s ✈✐st❛s ❡♠

r❡s♦❧✉çã♦ ♥♦r♠❛❧ sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ r❡❝✉♣❡r❛r ❞❡t❛❧❤❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ♥❛s ✈✐st❛s ❡♠ t❛♠❛♥❤♦

r❡❞✉③✐❞♦✳ ❉✐✈❡rs♦s t❡st❡s ❝♦♠ s❡q✉ê♥❝✐❛s r❡❛✐s ❡ s✐♥tét✐❝❛s✱ r❡❛❧✐③❛❞♦s ❝♦♠ ❡ s❡♠ ❝♦❞✐✜❝❛çã♦

❍✳✷✻✹✴❆❱❈✱ ♠♦str❛♠ ❣❛♥❤♦s ♦❜❥❡t✐✈♦s ❞❡ q✉❛❧✐❞❛❞❡ s✐❣♥✐✜❝❛t✐✈♦s ♣❛r❛ ♦s ♠ét♦❞♦s ♣r♦♣♦st♦s✱

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

❆❇❙❚❘❆❈❚

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

✸❉ ❚❱✱ ❛✉t♦✲st❡r❡♦s❝♦♣✐❝ s❝r❡❡♥s ❛❞ ❢r❡❡✲✈✐❡✇♣♦✐♥t ❚❱✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ s❡✈❡r❛❧ t❡❝❤♥✐❝❛❧

❝♦♥s✐❞❡r❛t✐♦♥s ❡♠❡r❣❡✱ ❧✐❦❡ ❞❛t❛✲r❛t❡ ❛♥❞ ❝♦♠♣✉t❛t✐♦♥❛❧✲❝♦♠♣❧❡①✐t② ❣r♦✇t❤✱ ✐♥ ❛ ♠✉❝❤ ❧❛r❣❡r s❝❛❧❡

t❤❛♥ ♠❛♥② ❝✉rr❡♥t tr❛♥s♠✐ss✐♦♥ s②st❡♠s ❝❛♥ ❜❡❛r✳ ❆ ✈✐❛❜❧❡ ❛❧t❡r♥❛t✐✈❡ ✐s ♠✐①❡❞ r❡s♦❧✉t✐♦♥ ❝♦❞✐♥❣✱

❜❛s❡❞ ♦♥ st✉❞✐❡s t❤❛t ✐♥❞✐❝❛t❡ t❤❛t ❜✐♥♦❝✉❧❛r ✈✐s✐♦♥ ✐s ♥♦t ❛✛❡❝t❡❞ ✇❤❡♥ ♦♥❡ ♦❢ t❤❡ ✈✐❡✇s ✐s ❜❧✉rr✐❡r

t❤❛♥ t❤❡ ♦t❤❡r✳ ❚❤❡ ❤✉♠❛♥ ✈✐s✉❛❧ s②st❡♠ ❝♦♠♣❡♥s❛t❡s t❤❡ ❧❛❝❦ ♦❢ ❞❡t❛✐❧s ✇✐t❤ t❤❡ ❞❡t❛✐❧s ✐♥ t❤❡

♦t❤❡r ✈✐❡✇✱ ♠❛❦✐♥❣ st❡r❡♦ ✈✐s✐♦♥ s✉❜❥❡❝t✐✈❡❧② ✈❡r② ❝❧♦s❡ t♦ t❤❡ r❡s✉❧ts ♦❜t❛✐♥❡❞ ✇❤❡♥ ♦♥❡ ♦❢ t❤❡

✈✐❡✇s ✐s ♥♦t ❜❧✉rr❡❞✳ ❍♦✇❡✈❡r✱ t❤✐s s②st❡♠ ✐s ♥♦t ✈✐❛❜❧❡ ❢♦r ❢r❡❡✲✈✐❡✇♣♦✐♥t s②st❡♠s✱ ❛s ✉s❡rs ♠❛②

❝❤♦♦s❡ t❤❡ ❜❧✉rr❡❞ ✈✐❡✇ ❛t ❛♥② ❣✐✈❡♥ t✐♠❡✳ ❚❤❡ ♣r❡s❡♥t t❤❡s✐s ♣r♦♣♦s❡s t❤r❡❡ s✉♣❡r✲r❡s♦❧✉t✐♦♥

♠❡t❤♦❞s ❢♦r ♠✐①❡❞✲r❡s♦❧✉t✐♦♥ ♠✉❧t✐✈✐❡✇ s❡q✉❡♥❝❡s✱ ✉s✐♥❣ ❢✉❧❧✲r❡s♦❧✉t✐♦♥ ✈✐❡✇s t♦ r❡❝♦✈❡r ❤✐❣❤✲

❢r❡q✉❡♥❝② ❞❡t❛✐❧s ❢♦r t❤❡ ❧♦✇✲r❡s♦❧✉t✐♦♥ ✈✐❡✇s✳ ❙❡✈❡r❛❧ t❡sts ✇✐t❤ r❡❛❧ ❛♥❞ s②♥t❤❡t✐❝ s❡q✉❡♥❝❡s✱ ♠❛❞❡

✇✐t❤ ❛♥❞ ✇✐t❤♦✉t ❍✳✷✻✹✴❆❱❈ ❝♦❞✐♥❣✱ s❤♦✇ s✐❣♥✐✜❝❛♥t ♦❜❥❡❝t✐✈❡ q✉❛❧✐t② ❣❛✐♥s ❢♦r t❤❡ ♣r♦♣♦s❡❞

♠❡t❤♦❞✱ r❡❝♦✈❡r✐♥❣ ❤✐❣❤✲❢r❡q✉❡♥❝② ❞❡t❛✐❧s ❢♦r t❤❡ ❧♦✇✲r❡s♦❧✉t✐♦♥ ✈✐❡✇s✳

①✐
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■✳✸✳✷ ❘❡s✉❧t❛❞♦s ❝♦♠ ❝♦❞✐❢✐❝❛çã♦ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✸✵
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✷✳✶ ❊①❡♠♣❧♦s ❞❡ ❝❡♥❛s✿ ✭❛✮ ♥❛t✉r❛❧❀ ✭❜✮ s✐♥tét✐❝❛✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✻

✷✳✷ ❆♠♦str❛❣❡♠ ❡s♣❛❝✐❛❧ ❡ t❡♠♣♦r❛❧ ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✻

✷✳✸ ❈♦♠♣♦♥❡♥t❡s ❞♦ ❡s♣❛ç♦ ❞❡ ❝♦r❡s ❘●❇✿ ✭❛✮ ✐♠❛❣❡♠ ♦r✐❣✐♥❛❧❀ ✭❜✮ ✈❡r♠❡❧❤♦❀ ✭❝✮ ✈❡r❞❡❀

✭❞✮ ❛③✉❧✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✼

✷✳✹ ❈♦♠♣♦♥❡♥t❡s ❞♦ ❡s♣❛ç♦ ❞❡ ❝♦r❡s ❨✿❈r✿❈❜ ✹✿✷✿✵✿ ✭❛✮ ✐♠❛❣❡♠ ✜♥❛❧✱ ❛♣ós ❛♦ ❛✉♠❡♥t♦

❞❛ r❡s♦❧✉çã♦ ❞❡ ❈r ❡ ❈❜ ❡ ❞❛ ❝♦♥✈❡rsã♦ ❞❡ ❨✿❈r✿❈❜ ♣❛r❛ ❘●❇❀ ✭❜✮ ❨❀ ✭❝✮ ❈❜❀ ✭❞✮ ❈r✳ ✾

✷✳✺ ❈♦♥❝❡✐t♦s ❜ás✐❝♦s ❞❡ ❛✉♠❡♥t♦ ❡ r❡❞✉çã♦ ❞❡ ✐♠❛❣❡♥s✿ ✭❛✮ ❞❡❝✐♠❛çã♦ ID(u, v) ❞❡ ✉♠❛

✐♠❛❣❡♠ I(u, v) ❞❡ t❛♠❛♥❤♦ 8× 8 ♣♦r ✉♠ ❢❛t♦r 4❀ ✭❜✮ ✐♥t❡r♣♦❧❛çã♦ II(u, v) ❞❡ ✉♠❛

✐♠❛❣❡♠ I(u, v) ❞❡ t❛♠❛♥❤♦ 2× 2 ♣♦r ✉♠ ❢❛t♦r 4❀ ✭❝✮ ♦♣❡r❛çã♦ ❣❡r❛❧ ❞❡ ❞❡❝✐♠❛çã♦✿

❛ ✐♠❛❣❡♠ I(u, v) é ❝♦♥✈♦❧✉í❞❛ ❝♦♠ ♦ ✜❧tr♦ HD(u, v)✱ ❣❡r❛♥❞♦ ❛ ✈❡rsã♦ ♣❛ss❛✲❜❛✐①❛s

IPB1(u, v)✱ ❡ ❞❡♣♦✐s ❞❡❝✐♠❛❞❛ ♣♦r ✉♠ ❢❛t♦r M ✱ ❣❡r❛♥❞♦ ✉♠❛ ✈❡rsã♦ ❞❡ I(u, v) ❡♠

♠❡♥♦r r❡s♦❧✉çã♦❀ ✭❞✮ ♦♣❡r❛çã♦ ❣❡r❛❧ ❞❡ ✐♥t❡r♣♦❧❛çã♦✿ ❛ ✐♠❛❣❡♠ I(u, v) é ✐♥t❡r♣♦❧❛❞❛

♣♦r ✉♠ ❢❛t♦r M ❡ ❞❡♣♦✐s ❝♦♥✈♦❧✉í❞❛ ❝♦♠ ♦ ✜❧tr♦ HI(u, v)✱ ❣❡r❛♥❞♦ ✉♠❛ ✈❡rsã♦ ❞❡

I(u, v) ❡♠ ♠❛✐♦r r❡s♦❧✉çã♦✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✵

✷✳✻ ❙✉♣❡r✲r❡s♦❧✉çã♦ ♣♦r ❝♦♠❜✐♥❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✐♠❛❣❡♥s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✸

✷✳✼ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❜❛s❡❛❞❛ ❡♠ ❡①❡♠♣❧♦s✿ ✉♠❛ ✐♠❛❣❡♠ ✐♥t❡r♣♦❧❛❞❛ I
B
0 r❡❝❡❜❡ ✐♥❢♦r♠❛✲

çõ❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ✐♠❛❣❡♠ ❡♠ ❛❧t❛ r❡s♦❧✉çã♦ Ij s❡♣❛r❛❞❛ ❡♠

✈❡rsõ❡s ❝♦♠ ❝♦♠♣♦♥❡♥t❡s ❞❡ ❜❛✐①❛ ❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✱ IBj ❡ I
A
j ✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✺

✷✳✽ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❜❛s❡❛❞❛ ❡♠ ❡①❡♠♣❧♦s ♣❛r❛ ✉♠❛ s❡q✉ê♥❝✐❛ r❡❛❧✿ ✭❛✮ ❇❧♦❝♦ ❞❡

t❛♠❛♥❤♦ 16 × 16 ❡♠ I
B
O❀ ✭❜✮ ❇❧♦❝♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ❛♥t❡r✐♦r ❡♠ I

A
O ✭♦❜❥❡t✐✈♦ ❞♦

❛❧❣♦rt✐♠♦✮❀ ✭❝✮ ❏❛♥❡❧❛ ❞❡ ❜✉s❝❛ ❞❡ t❛♠❛♥❤♦ 176× 176 ❡♠ I
B
j ❀ ✭❞✮ ❆❧t❛s ❢r❡q✉ê♥❝✐❛s

❡♠ I
A
j ✱ ❝♦rr❡s♣♦♥❞❡♥t❡s à ❥❛♥❡❧❛ ❛♥t❡r✐♦r❀ ✭❡✮ ❇❧♦❝♦ ❞❡ t❛♠❛♥❤♦ 16 × 16 ❡♠ I

B
j

♠❛✐s s✐♠✐❧❛r ❛ ✭❛✮❀ ✭❢✮ ❆❧t❛ ❢r❡q✉ê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛ ✭❡✮✱ ✉t✐❧✐③❛❞❛ ♣❛r❛ s✉♣❡r✲

r❡s♦❧✈❡r IBO✳ ❋♦✐ ❛❞✐❝✐♦♥❛❞♦ às ❋✐❣s ✭❜✮✱ ✭❞✮ ❡ ✭❢✮ ♦ ✈❛❧♦r ✶✷✽ ✭♠❡t❛❞❡ ❞❛ r❡s♦❧✉çã♦

❡♠ 8 ❜✐ts✮✱ ♣❛r❛ q✉❡ ❡st❛s ♣✉❞❡ss❡♠ s❡r ❛♣r❡s❡♥t❛❞❛s ❝♦rr❡t❛♠❡♥t❡✱ ❥á q✉❡ I
A
O ❡ I

A
j

♣♦ss✉❡♠ ✈❛❧♦r❡s ♥❡❣❛t✐✈♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✻

✷✳✾ ❊①tr❛çã♦ ❞♦ ❜❧♦❝♦ ❛t✉❛❧ ❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛ ❡♠ I
B
O ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ s❡✉s ✈✐③✐♥❤♦s

❡s♣❛❝✐❛✐s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❡♠ Î
A
O✱ ❛ s❡r❡♠ ✉t✐❧✐③❛❞♦s ♥❛ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦s

❝❛♥❞✐❞❛t♦s ❝♦rr❡s♣♦♥❞❡♥t❡s ♥♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✼

✷✳✶✵ ❊sq✉❡♠❛ tí♣✐❝♦ ❞❡ ✉♠ ❝♦❞❡❝ ❍✳✷✻✹✴❆❱❈✿ ✭❛✮ ❝♦❞✐✜❝❛❞♦r❀ ✭❜✮ ❞❡❝♦❞✐✜❝❛❞♦r✳ ✳✳✳✳✳✳✳✳✳✳✳✳ ✶✽

✷✳✶✶ ❉✐r❡çõ❡s ❞❡ ♣r❡❞✐çã♦ ■♥tr❛ ♣❛r❛ ❜❧♦❝♦s ❞❡ t❛♠❛♥❤♦ 4× 4✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✾

✷✳✶✷ ■❧✉str❛çã♦ ❞♦s ❝♦♥❝❡✐t♦s ❜ás✐❝♦s ❞❡ ❡st✐♠❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✷✵

✸✳✶ ●❡♦♠❡tr✐❛ ❞❛ ❝â♠❡r❛ ❞❡ ♠♦❞❡❧♦ ♣✐♥❤♦❧❡✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✷✻

①✈✐✐



✸✳✷ ❘❡❧❛çã♦ ❡♥tr❡ ♦s ♣♦♥t♦s m ❡ M ♣♦r s✐♠✐❧❛r✐❞❛❞❡ ❞❡ tr✐â♥❣✉❧♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✷✻

✸✳✸ ●❡♦♠❡tr✐❛ ❡♣✐♣♦❧❛r✿ ❞✉❛s ❝â♠❡r❛s✱ ❆ ❡ ❇✱ ❝❛♣t✉r❛♠ ✉♠❛ ❝❡♥❛ ❛ ♣❛rt✐r ❞❡ ❞♦✐s

♣♦♥t♦s ❞❡ ✈✐st❛✱ ❡ ♦ ♣♦♥t♦ M é ♠❛♣❡❛❞♦ ♣❛r❛ ♦s ♣♦♥t♦s mA ❡ mB r❡s♣❡❝t✐✈♦s às

❝â♠❡r❛s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✷✼

✸✳✹ ❈♦♥✈❡rsã♦ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡s ζ(u, v) ❡♥tr❡ 1 ❡ 10 ♠❡tr♦s ♣❛r❛ r❡♣r❡s❡♥t❛çã♦ ❡♠ 8

❜✐ts✿ ✈❛❧♦r❡s ❞❡ ζ(u, v) ♠❛✐s ♣ró①✐♠♦s à ❝â♠❡r❛ sã♦ ❛♠♦str❛❞♦s ❝♦♠ ♠❛✐♦r ♣r❡❝✐sã♦✳ ✳ ✷✾

✸✳✺ ❉❡t❛❧❤❡s ❞❡ ❝❡♥❛s ❝♦♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ tí♣✐❝♦s✿ ✭❛✮ ❝♦♠♣♦♥❡♥t❡ ❞❡

❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ s✐♥tét✐❝❛ ❱❡♥✉s✱ ✈✐st❛ 6✱ ✐♥st❛♥t❡ 0❀ ✭❜✮ ♠❛♣❛ ❞❡

♣r♦❢✉♥❞✐❞❛❞❡ ❝♦rr❡s♣♦♥❞❡♥t❡❀ ✭❝✮ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ r❡❛❧

❇❛❧❧❡t✱ ✈✐st❛ 1✱ ✐♥st❛♥t❡ 1❀ ✭❞✮ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❝♦rr❡s♣♦♥❞❡♥t❡✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✸✵

✸✳✻ ❈♦♥❝❡✐t♦s ❞❡ ❝♦❞✐✜❝❛çã♦ ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s✿ ✭❛✮ ◗✉❛❞r♦s ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡

✈✐❞❡♦ ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s❀ ✭❜✮ Pr❡❞✐çã♦ ❞♦ q✉❛❞r♦ ✶ ❞❛ ✈✐st❛ ✶ ✉s❛♥❞♦ ♦s q✉❛❞r♦s ✵

❞❛ ✈✐st❛ ✶ ❡ ✶ ❞❛ ✈✐st❛ ✵ ❝♦♠♦ r❡❢❡rê♥❝✐❛✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✸✶

✸✳✼ ❉❡t❛❧❤❡s ❞❛ sí♥t❡s❡ ❞❛ ✈✐st❛ 6 ❞❛ s❡q✉ê♥❝✐❛ ▲♦✈❡❜✐r❞✶✱ q✉❛❞r♦ 0✱ ✉t✐❧✐③❛♥❞♦ ❞✐❢❡r❡♥t❡s

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✿ ✭❛✮ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♦r✐❣✐♥❛❧ ❞❛ ✈✐st❛ 4❀ ✭❜✮ ✈✐st❛ 6

s✐♥t❡t✐③❛❞❛ ❝♦♠ ❛s ✈✐st❛s 4 ❡ 8 ♦r✐❣✐♥❛✐s ✭P❙◆❘ ❞❡ 25, 39 ❞❇ ❡ ▼❙❙■▼ ❞❡ 80, 57%✮❀

✭❝✮ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❛ ✈✐st❛ 4 ❞❡❝♦❞✐✜❝❛❞♦ ❛♣ós ❝♦♠♣r❡ssã♦ ❝♦♠ ♦ ♣❛❞rã♦

❍✳✷✻✹✴❆❱❈✱ ♠♦❞♦ ■♥tr❛✱ QP = 40❀ ✭❞✮ ❛♣ós ❝♦♠♣r❡ssã♦ ❞❛s ✈✐st❛s 4 ❡ 8 ❝♦♠ ♦

♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈✱ ♠♦❞♦ ■♥tr❛✱ QP = 22 ♣❛r❛ ❝♦r ❡ QP = 40 ♣❛r❛ ♦s ♠❛♣❛s✱

♦❜té♠✲s❡ ❛ ✈✐st❛ 6 s✐♥t❡t✐③❛❞❛ ✭P❙◆❘ ❞❡ 25.40 ❞❇ ❡ ▼❙❙■▼ ❞❡ 80, 95%✮✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✸✸

✸✳✽ ■❧✉str❛çã♦ ❞❛ t❡♦r✐❛ ❞❛ s✉♣r❡ssã♦ ❜✐♥♦❝✉❧❛r ❝♦♠ ❞❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❚❡❞❞②✱ ✈✐st❛s

2 ❡ 6✱ q✉❛❞r♦ 0✳ ❈r✉③❛♥❞♦ ♦s ♦❧❤♦s ❛té ✉♠❛ ✐♠❛❣❡♠ ❝♦✐♥❝✐❞✐r ❝♦♠ ❛ ♦✉tr❛✱ ♦

❧❡✐t♦r ♣♦❞❡ ♦❜t❡r ✉♠❛ ✐♠♣r❡ssã♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❛ ❝❡♥❛✱ ♣❡r❝❡❜❡♥❞♦ ♣♦✉❝❛ ❞✐❢❡r❡♥ç❛

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

s✐❞♦ ❣❡r❛❞❛s ♣♦r ❞✐❢❡r❡♥t❡s ♣❛r❡s ❡st❡r❡♦s❝ó♣✐❝♦s✳ ❆s ❋✐❣s✳ ✭❛✮✱ ✭❝✮ ❡ ✭❡✮ ❛♣r❡s❡♥t❛♠

❛ ✈❡rsã♦ ♦r✐❣✐♥❛❧ ❞❛ ✈✐st❛ 6 ❞❛ s❡q✉ê♥❝✐❛✱ ❡ ❛s ❋✐❣s✳ ✭❜✮✱ ✭❞✮ ❡ ✭❢✮ ❛♣r❡s❡♥t❛♠

❞✐❢❡r❡♥t❡s ✈❡rsõ❡s ❞❛ ✈✐st❛ 2✳ ❆ ❋✐❣✳ ✭❜✮ ❛♣r❡s❡♥t❛ ❛ ✈❡rsã♦ ♦r✐❣✐♥❛❧ ❞❛ ✈✐st❛ 2✳

❆ ❋✐❣✳ ✭❞✮ ❛♣r❡s❡♥t❛ ❛ ✈❡rsã♦ ❞❛ ✈✐st❛ 2 ❛♣ós ❛ ❞❡❝✐♠❛çã♦ ❡ ❛ ✐♥t❡r♣♦❧❛çã♦ ♣♦r

2✱ ✉t✐❧✐③❛♥❞♦ ♦ ✜❧tr♦ ❞❡ ▲❛♥❝③♦s✱ ❝♦♠ P❙◆❘ ❞❡ 30, 19 ❞❇ ❡ ▼❙❙■▼ ❞❡ 88, 98% ❡♠

r❡❧❛çã♦ ❛♦ ♦r✐❣✐♥❛❧✳ ❆ ❋✐❣✳ ✭❢✮ ❛♣r❡s❡♥t❛ ❛ ✈❡rsã♦ ❞❛ ✈✐st❛ 2 ❛♣ós ❛ ❝♦♠♣r❡ssã♦ ■♥tr❛

❍✳✷✻✹✴❆❱❈✱ ❝♦♠ P❙◆❘ ❞❡ 30.01 ❞❇ ❡ ▼❙❙■▼ ❞❡ 82, 95% ❡♠ r❡❧❛çã♦ ❛♦ ♦r✐❣✐♥❛❧✳ ✳✳✳ ✸✼

✸✳✾ ❆rq✉✐t❡t✉r❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✸✽

✹✳✶ ❆rq✉✐t❡t✉r❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ ❛❧t❡r♥❛❞❛ s❡♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✹✵

✹✳✷ ❊①tr❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ❞♦ q✉❛❞r♦ ❞❡ r❡❢❡rê♥❝✐❛ IR✿ ✭❛✮ ❝♦♠ ❜❛s❡ ♥❛ ❝♦rr❡❧❛çã♦

❝♦♠ ❛ ✈❡rsã♦ ❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛ ❞❡ IR❀ ✭❜✮ ❝♦♠ ❜❛s❡ ♥❛ ❝♦rr❡❧❛çã♦ ❝♦♠ ❛ ✈❡rsã♦

❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞❡ IR✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✹✶

✹✳✸ ◗✉❛❞r♦s ❞❡ ❡①❡♠♣❧♦ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s t❡st❛❞❛s✿ ✭❛✮ ❇❛❧❧❡t ❀ ✭❜✮ ❇r❡❛❦❞❛♥❝❡rs❀ ✭❝✮

P❛♥t♦♠✐♠❡❀ ✭❞✮ ❈❛❢❡❀ ✭❡✮ ▲♦✈❡❜✐r❞✶ ❀ ✭❢✮ P♦③♥❛♥ ❙tr❡❡t ❀ ✭❣✮ ◆❡✇s♣❛♣❡r✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✹✹

✹✳✹ ◗✉❛❞r♦s ❞❡ ❡①❡♠♣❧♦ ❞❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s t❡st❛❞❛s✿ ✭❛✮ ❇❛r♥✶ ❀ ✭❜✮ ❇❛r♥✷ ❀ ✭❝✮

❇✉❧❧ ❀ ✭❞✮ ▼❛♣❀ ✭❡✮ P♦st❡r ❀ ✭❢✮ ❙❛✇t♦♦t❤❀ ✭❣✮ ❱❡♥✉s❀ ✭❤✮ ❈♦♥❡s❀ ✭✐✮ ❚❡❞❞② ❀ ✭❥✮ ❘♦♦♠✸❉✳ ✹✺

①✈✐✐✐



✹✳✺ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ◆❡✇s♣❛♣❡r✱ ✈✐st❛ 4✱ q✉❛❞r♦ 1✱ ❛♣r❡s❡♥t❛♥❞♦ ♣♦✉❝❛ q✉❛♥t✐❞❛❞❡

❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✿ ✭❛✮ IO ❡♠ r❡s♦❧✉çã♦ 1024×768❀ ✭❜✮ IBO ❡♠ r❡s♦❧✉çã♦ 1024×768

✭40, 85 ❞❇✮❀ ✭❝✮ IO ❡♠ r❡s♦❧✉çã♦ 512× 384❀ ✭❞✮ IBO ❡♠ r❡s♦❧✉çã♦ 512× 384 ✭33, 62 ❞❇✮✳ ✹✻

✹✳✻ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ ❈❛❢❡✳

❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ♥❡st❡ ❈❛♣ít✉❧♦ ❡♠ r❡❧❛çã♦

❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡

❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✿ ✭❛✮ P❙◆❘✱

M = 2❀ ✭❜✮ ▼❙❙■▼✱ M = 2❀ ✭❝✮ P❙◆❘✱ M = 4❀ ✭❞✮ ▼❙❙■▼✱ M = 4✳ ❖s ♥ú♠❡r♦s

1 − 13 ✐♥❞✐❝❛♠ ♦s ❣❛♥❤♦s ✉t✐❧✐③❛♥❞♦ ❛s ❞✐❢❡r❡♥t❡s r❡❢❡rê♥❝✐❛s✿ ✭✶✮ I
A
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′ + I
B
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O❀ ✭✺✮ I

A
O2

′′+ I
B
O❀ ✭✻✮ ÎO2❀ ✭✼✮ IAO3

′+ I
B
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O3

′′+ I
B
O❀

✭✾✮ ÎO3❀ ✭✶✵✮ IAO4
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B
O❀ ✭✶✶✮ I

A
O4

′′ + I
B
O❀ ✭✶✷✮ ÎO4❀ ✭✶✸✮ ÎO✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✹✽

✹✳✼ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ ❙❛✇t♦♦t❤✳

❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ♥❡st❡ ❈❛♣ít✉❧♦ ❡♠ r❡❧❛çã♦

❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡

❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✿ ✭❛✮ P❙◆❘✱

M = 2❀ ✭❜✮ ▼❙❙■▼✱ M = 2❀ ✭❝✮ P❙◆❘✱ M = 4❀ ✭❞✮ ▼❙❙■▼✱ M = 4✳ ❖s ♥ú♠❡r♦s

1−3 ✐♥❞✐❝❛♠ ♦s ❣❛♥❤♦s ✉t✐❧✐③❛♥❞♦ ❛s ❞✐❢❡r❡♥t❡s r❡❢❡rê♥❝✐❛s✿ ✭✶✮ IAO
′+I

B
O❀ ✭✷✮ I

A
O
′′+I

B
O❀

✭✸✮ ÎO✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✹✾

✹✳✽ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❈❛❢❡✱ ✈✐st❛ 3✱ q✉❛❞r♦ 2✱ M = 2✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 36, 53 ❞❇ ✴

▼❙❙■▼×100 = 97, 36✪✮❀ ✭❜✮ IAO3
′ + I

B
O ✭43, 12 ❞❇ ✴ 98, 02✪✮❀ ✭❝✮ IAO3

′′ + I
B
O ✭42, 13

❞❇ ✴ 97, 30✪✮❀ ✭❞✮ ÎO3 ✭43, 67 ❞❇ ✴ 98, 11✪✮❀ ✭❡✮ ÎO ✭46, 01 ❞❇ ✴ 98, 72✪✮❀ ✭❢✮ IO✳✳✳✳✳ ✺✶

✹✳✾ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❚❡❞❞②✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✱ M = 2✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 29, 69 ❞❇

✴ ▼❙❙■▼×100 = 89, 19✪✮❀ ✭❜✮ IAO
′ + I

B
O ✭30, 33 ❞❇ ✴ 90, 70✪✮❀ ✭❝✮ IAO

′′ + I
B
O ✭30, 20

❞❇ ✴ 88, 72✪✮❀ ✭❞✮ ÎO ✭31, 00 ❞❇ ✴ 91, 69✪✮❀ ✭❡✮ IO✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✺✹

✹✳✶✵ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ◆❡✇s♣❛♣❡r✱ ✈✐st❛ 4✱ q✉❛❞r♦ 2✱ M = 4✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 27, 19

❞❇ ✴ ▼❙❙■▼×100 = 81, 46✪✮❀ ✭❜✮ I
A
O1

′ + I
B
O ✭37, 47 ❞❇ ✴ 97, 09✪✮❀ ✭❝✮ I

A
O1

′ + I
B
O

✭29, 93 ❞❇ ✴ 88, 11✪✮❀ ✭❞✮ ÎO1 ✭37, 58 ❞❇ ✴ 97, 16✪✮❀ ✭❡✮ ÎO ✭40, 48 ❞❇ ✴ 98, 60✪✮❀

✭❢✮ IO✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✺✺

✹✳✶✶ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❈♦♥❡s✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✱ M = 2✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 28, 41 ❞❇

✴ ▼❙❙■▼×100 = 84, 76✪✮❀ ✭❜✮ IAO
′ + I

B
O ✭28, 23 ❞❇ ✴ 82, 76✪✮❀ ✭❝✮ IAO

′′ + I
B
O ✭28, 67

❞❇ ✴ 84, 27✪✮❀ ✭❞✮ ÎO ✭28, 83 ❞❇ ✴ 84, 64✪✮❀ ✭❡✮ IO✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✺✻

✹✳✶✷ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦✱ ✉t✐❧✐③❛♥❞♦

t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s✱ ❡ ♣❛r❛ ❛ ✐♥t❡r♣♦❧❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ P♦③♥❛♥ ❙tr❡❡t✱

✈✐st❛ 4✿ ✭❛✮ t❛①❛ ❡ P❙◆❘✱ M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 1, 61 ❞❇✮❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱

M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 2, 11✪✮❀ ✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 2, 16

❞❇✮❀ ✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 5, 66✪✮✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✺✼

✹✳✶✸ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦✱ ✉t✐❧✐③❛♥❞♦

t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s✱ ❡ ♣❛r❛ ❛ ✐♥t❡r♣♦❧❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❈♦♥❡s✱ ✈✐st❛ 6✱

q✉❛❞r♦ 0✿ ✭❛✮ t❛①❛ ❡ P❙◆❘✱ M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 0, 32 ❞❇✮❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱

M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 0, 64✪✮❀ ✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4 ✭♣❡r❞❛ ♠é❞✐❛ ❞❡ 0, 19

❞❇✮❀ ✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 1, 15✪✮✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✺✽

①✐①



✺✳✶ ❆rq✉✐t❡t✉r❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ ❛❧t❡r♥❛❞❛ ❝♦♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✻✵

✺✳✷ ❊①tr❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ♣❛r❛ s❡q✉ê♥❝✐❛s ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s✳ ❯♠❛ ❡st✐♠❛t✐✈❛

❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ I
A
O
′ ♣❛r❛ ❛ ✈✐st❛ O é ❣❡r❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ✈✐st❛ ❛❞❥❛❝❡♥t❡ ❡♠

❛❧t❛ r❡s♦❧✉çã♦ IR✱ ❡ ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❝♦rr❡s♣♦♥❞❡♥t❡s✱ DO ❡ DR✳ ✳✳✳✳✳✳✳✳✳✳✳✳ ✻✶

✺✳✸ ❚❡st❡ ❞❡ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ DO ❡ DR✿ ✭❛✮ ♣r♦❥❡çã♦ ❞♦

♣♦♥t♦ mO ♣❛r❛ ♦ ♣♦♥t♦ mR✱ ✉t✐❧✐③❛♥❞♦ ❛s ❊qs✳ ✭✸✳✹✮ ❡ ✭✸✳✺✮❀ ✭❜✮ ♣♦s✐çã♦ ❡♠ ♣♦♥t♦

✜①♦ mR ♥♦ ♠❛♣❛ DR✱ ❡ ♣♦s✐çõ❡s ✐♥t❡✐r❛s ♠❛✐s ♣ró①✐♠❛s mR1✱ mR2✱ mR3 ❡ mR4❀

✭❝✮ r❡✲♣r♦❥❡çã♦ ❞❡ mR2 ❞❡ DR ♣❛r❛ DO✱ ❝❛✐♥❞♦ ❞❡♥tr♦ ❞❡ ✉♠ r❛✐♦ ❞❡ 1 ♣✐①❡❧ ❡

r❡s✉❧t❛♥❞♦ ❡♠ ✉♠❛ ♣r♦❥❡çã♦ ✈á❧✐❞❛❀ ✭❞✮ r❡✲♣r♦❥❡çã♦ ❞❡ mR2 ❞❡ DR ♣❛r❛ DO✱ ❝❛✐♥❞♦

❢♦r❛ ❞❡ ✉♠ r❛✐♦ ❞❡ 1 ♣✐①❡❧ ❡ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠❛ ♣r♦❥❡çã♦ ✐♥✈á❧✐❞❛✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✻✷

✺✳✹ ❊r♦sã♦ ❞♦ ♠❛♣❛ I
′
V AL ❞❡ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ DO ❡ DR✳

❈♦♥s✐❞❡r❛♥❞♦ ♣✐①❡❧s ❜r❛♥❝♦s ❝♦♠♦ I ′V AL(u, v) = 1 ❡ ♣✐①❡❧s ♣r❡t♦s ❝♦♠♦ I ′V AL(u, v) =

0✱ ♣❛r❛ ❝❛❞❛ ♣✐①❡❧ I ′V AL(u, v)✱ ❛✈❛❧✐❛✲s❡ ♦s ♣✐①❡❧s I ′V AL(u − 1, v)✱ I ′V AL(u, v − 1)✱

I ′V AL(u, v)✱ I ′V AL(u + 1, v) ❡ I ′V AL(u, v + 1)✳ ❙❡ t♦❞♦s ❡st❡s ❢♦r❡♠ ✐❣✉❛✐s ❛ 1✱

I ′′V AL(u, v) = 1❀ ❝❛s♦ ❝♦♥trár✐♦✱ I ′′V AL(u, v) = 0✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✻✸

✺✳✺ ◗✉❛❞r♦s ❞❡ ❡①❡♠♣❧♦ ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s t❡st❛❞❛s✿ ✭❛✮

❇❛❧❧❡t ❀ ✭❜✮ ❇r❡❛❦❞❛♥❝❡rs❀ ✭❝✮ P❛♥t♦♠✐♠❡❀ ✭❞✮ ❈❛❢❡❀ ✭❡✮ ▲♦✈❡❜✐r❞✶ ❀ ✭❢✮ P♦③♥❛♥ ❙tr❡❡t ❀

✭❣✮ ◆❡✇s♣❛♣❡r✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✻✻

✺✳✻ ◗✉❛❞r♦s ❞❡ ❡①❡♠♣❧♦ ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s t❡st❛❞❛s✿

✭❛✮ ❇❛r♥✶ ❀ ✭❜✮ ❇❛r♥✷ ❀ ✭❝✮ ❇✉❧❧ ❀ ✭❞✮ ▼❛♣❀ ✭❡✮ P♦st❡r ❀ ✭❢✮ ❙❛✇t♦♦t❤❀ ✭❣✮ ❱❡♥✉s❀ ✭❤✮

❈♦♥❡s❀ ✭✐✮ ❚❡❞❞② ❀ ✭❥✮ ❘♦♦♠✸❉✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✻✼

✺✳✼ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ P❛♥t♦✲

♠✐♠❡✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ♥❡st❡ ❈❛♣ít✉❧♦ ❡♠

r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳

✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✿ ✭❛✮

P❙◆❘✱ M = 2❀ ✭❜✮ ▼❙❙■▼✱ M = 2❀ ✭❝✮ P❙◆❘✱ M = 4❀ ✭❞✮ ▼❙❙■▼✱ M = 4✳ ❖s

♥ú♠❡r♦s 1−13 ✐♥❞✐❝❛♠ ♦s ❣❛♥❤♦s ✉t✐❧✐③❛♥❞♦ ❛s ❞✐❢❡r❡♥t❡s r❡❢❡rê♥❝✐❛s✿ ✭✶✮ IAO1
′+ I

B
O❀

✭✷✮ IAO1
′′ + I

B
O❀ ✭✸✮ ÎO1❀ ✭✹✮ IAO2

′ + I
B
O❀ ✭✺✮ I

A
O2

′′ + I
B
O❀ ✭✻✮ ÎO2❀ ✭✼✮ ÎO✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✻✽

✺✳✽ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ ❱❡♥✉s✳

❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ♥❡st❡ ❈❛♣ít✉❧♦ ❡♠ r❡❧❛çã♦

❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡

❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✿ ✭❛✮ P❙◆❘✱

M = 2❀ ✭❜✮ ▼❙❙■▼✱ M = 2❀ ✭❝✮ P❙◆❘✱ M = 4❀ ✭❞✮ ▼❙❙■▼✱ M = 4✳ ❖s ♥ú♠❡r♦s

1−3 ✐♥❞✐❝❛♠ ♦s ❣❛♥❤♦s ✉t✐❧✐③❛♥❞♦ ❛s ❞✐❢❡r❡♥t❡s r❡❢❡rê♥❝✐❛s✿ ✭✶✮ IAO
′+I

B
O❀ ✭✷✮ I

A
O
′′+I

B
O❀

✭✸✮ ÎO✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✻✾

✺✳✾ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❇❛❧❧❡t✱ ✈✐st❛ 1✱ q✉❛❞r♦ 0✱ M = 2✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 33, 65 ❞❇

✴ ▼❙❙■▼×100 = 94, 40✪✮❀ ✭❜✮ IAO1
′+ I

B
O ✭36, 35 ❞❇ ✴ 95, 88✪✮❀ ✭❝✮ IAO1

′′+ I
B
O ✭36, 23

❞❇ ✴ 95, 96✪✮❀ ✭❞✮ ÎO1 ✭36, 42 ❞❇ ✴ 96, 14✪✮❀ ✭❡✮ ÎO ✭37, 57 ❞❇ ✴ 96, 92✪✮❀ ✭❢✮ IO✳✳✳✳✳ ✼✶

✺✳✶✵ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❱❡♥✉s✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✱ M = 2✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 28, 47 ❞❇

✴ ▼❙❙■▼×100 = 86, 24✪✮❀ ✭❜✮ IAO
′ + I

B
O ✭35, 81 ❞❇ ✴ 97, 40✪✮❀ ✭❝✮ IAO

′′ + I
B
O ✭35, 50

❞❇ ✴ 97, 40✪✮❀ ✭❞✮ ÎO ✭35, 74 ❞❇ ✴ 97, 44✪✮❀ ✭❡✮ IO✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✼✷

①①



✺✳✶✶ ❉❡t❛❧❤❡s ❞♦s ♣✐①❡❧s ❛❞✈✐♥❞♦s ❞❡ ✈❛❧♦r❡s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✈á❧✐❞♦s✿ ✭❛✮ I
′
V AL ❡ I

′
O|R

s♦❜r❡♣♦st♦s ♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❱❡♥✉s✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0❀ ✭❜✮ I′′V AL ❡ I
′′
O|R s♦❜r❡♣♦st♦s

♣❛r❛ ❛ ♠❡s♠❛ s❡q✉ê♥❝✐❛❀ ✭❝✮ I′V AL ❡ I′O|R s♦❜r❡♣♦st♦s ♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❇❛❧❧❡t✱ ✈✐st❛

1✱ q✉❛❞r♦ 1❀ ✭❞✮ I′′V AL ❡ I
′′
O|R s♦❜r❡♣♦st♦s ♣❛r❛ ❛ ♠❡s♠❛ s❡q✉ê♥❝✐❛✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✼✸

✺✳✶✷ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ P❛♥t♦♠✐♠❡✱ ✈✐st❛ 39✱ q✉❛❞r♦ 0✱ M = 4✿ ✭❛✮ I
B
O ✭P❙◆❘

❂ 28, 53 ❞❇ ✴ ▼❙❙■▼×100 = 93, 01✪✮❀ ✭❜✮ I
A
O1

′ + I
B
O ✭35, 77 ❞❇ ✴ 96, 87✪✮❀ ✭❝✮

I
A
O1

′′ + I
B
O ✭33, 95 ❞❇ ✴ 96, 37✪✮❀ ✭❞✮ ÎO1 ✭35, 36 ❞❇ ✴ 96, 76✪✮❀ ✭❡✮ ÎO ✭36, 05 ❞❇ ✴

97, 09✪✮❀ ✭❢✮ IO✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✼✹

✺✳✶✸ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ P♦st❡r✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✱ M = 4✿ ✭❛✮ I
B
O ✭P❙◆❘ ❂ 22, 65

❞❇ ✴ ▼❙❙■▼×100 = 57, 59✪✮❀ ✭❜✮ Î
′
O ✭31, 93 ❞❇ ✴ 96, 34✪✮❀ ✭❝✮ Î

′′
O ✭31, 53 ❞❇ ✴

96, 10✪✮❀ ✭❞✮ ÎO ✭31, 82 ❞❇ ✴ 96, 28✪✮❀ ✭❡✮ IO✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✼✻

✺✳✶✹ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦✱ ✉t✐❧✐③❛♥❞♦

t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s✱ ❡ ♣❛r❛ ❛ ✐♥t❡r♣♦❧❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ P❛♥t♦♠✐♠❡✱

✈✐st❛ 39✱ q✉❛❞r♦ 1✿ ✭❛✮ t❛①❛ ❡ P❙◆❘✱ M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 3, 37 ❞❇✮❀ ✭❜✮ t❛①❛ ❡

▼❙❙■▼✱ M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 0, 98✪✮❀ ✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4 ✭❣❛♥❤♦ ♠é❞✐♦

❞❡ 6, 75 ❞❇✮❀ ✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 6, 35✪✮✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✼✼

✺✳✶✺ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦✱ ✉t✐❧✐③❛♥❞♦

t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s✱ ❡ ♣❛r❛ ❛ ✐♥t❡r♣♦❧❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ P♦st❡r✱ ✈✐st❛ 6✱

q✉❛❞r♦ 0✿ ✭❛✮ t❛①❛ ❡ P❙◆❘✱ M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 4, 30 ❞❇✮❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱

M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 14, 89✪✮❀ ✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 5, 79

❞❇✮❀ ✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 34, 12✪✮✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✼✽

✻✳✶ ❆rq✉✐t❡t✉r❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❝♦♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ ❜❛✐①❛

r❡s♦❧✉çã♦✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✽✵

✻✳✷ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ✉♠ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ D
D
O ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ✉t✐❧✐③❛♥❞♦

três ♠❛♣❛s DD
R1✱ D

D
R2 ❡ D

D
R3✱ t❛♠❜é♠ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✽✶

✻✳✸ ◆✉✈❡♠ ❞❡ três ♣♦♥t♦s {m′′
R1,m

′′
R2,m

′′
R3} ♣r♦❥❡t❛❞♦s ❞❡ ♣♦s✐çõ❡s {mR1,mR2,mR3}

❡♠ ✈✐st❛s ❛❞❥❛❝❡♥t❡s✳ {mO1,mO2,mO3,mO4} r❡♣r❡s❡♥t❛♠ ♣♦s✐çõ❡s ✐♥t❡✐r❛s ♣ró①✐✲

♠❛s ♥❛ ✈✐st❛ O✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✽✷

✻✳✹ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ P♦③♥❛♥

❙tr❡❡t✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❡ ÎO ❡♠ r❡❧❛çã♦ ❛ I
B
O ✉t✐❧✐③❛♥❞♦ ♦s ♠❛♣❛s ❞❡

♣r♦❢✉♥❞✐❞❛❞❡ s✉♣❡r✲r❡s♦❧✈✐❞♦s ❝♦♠ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡st❡ ❈❛♣ít✉❧♦✳ ❖s ❣❛♥❤♦s

❜❛s❡✐❛♠✲s❡ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s

❞❡ ÎO ❡ IBO✿ ✭❛✮ P❙◆❘✱ M = 2❀ ✭❜✮ ▼❙❙■▼✱ M = 2❀ ✭❝✮ P❙◆❘✱ M = 4❀ ✭❞✮ ▼❙❙■▼✱

M = 4✳ ❖s ♥ú♠❡r♦s 1 − 5 ✐♥❞✐❝❛♠ ♦s ❣❛♥❤♦s ✉t✐❧✐③❛♥❞♦ ♦s s❡❣✉✐♥t❡s ♠❛♣❛s ❞❡

♣r♦❢✉♥❞✐❞❛❞❡✿ ✭✶✮ Dr❀ ✭✷✮ DB
r ❀ ✭✸✮ D

B,MED
r ❀ ✭✹✮ D̂r1❀ ✭✺✮ D̂r✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✽✹
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✻✳✺ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ ❇❛r♥✶✳

❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❡ ÎO ❡♠ r❡❧❛çã♦ ❛ I
B
O ✉t✐❧✐③❛♥❞♦ ♦s ♠❛♣❛s ❞❡

♣r♦❢✉♥❞✐❞❛❞❡ s✉♣❡r✲r❡s♦❧✈✐❞♦s ❝♦♠ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡st❡ ❈❛♣ít✉❧♦✳ ❖s ❣❛♥❤♦s

❜❛s❡✐❛♠✲s❡ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s

❞❡ ÎO ❡ IBO✿ ✭❛✮ P❙◆❘✱ M = 2❀ ✭❜✮ ▼❙❙■▼✱ M = 2❀ ✭❝✮ P❙◆❘✱ M = 4❀ ✭❞✮ ▼❙❙■▼✱

M = 4✳ ❖s ♥ú♠❡r♦s 1 − 5 ✐♥❞✐❝❛♠ ♦s ❣❛♥❤♦s ✉t✐❧✐③❛♥❞♦ ♦s s❡❣✉✐♥t❡s ♠❛♣❛s ❞❡

♣r♦❢✉♥❞✐❞❛❞❡✿ ✭✶✮ Dr❀ ✭✷✮ DB
r ❀ ✭✸✮ D

B,MED
r ❀ ✭✹✮ D̂r1❀ ✭✺✮ D̂r✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✽✺

✻✳✻ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ P❛♥t♦♠✐♠❡✱ ✈✐st❛ 39✱ q✉❛❞r♦ 0✱ M = 4✿ ✭❛✮ I
B
O ✭P❙◆❘ ❂

28, 53 ❞❇ ✴ ▼❙❙■▼×100 = 93, 01✪✮❀ ✭❜✮ ÎO ❜❛s❡❛❞♦ ❡♠ D
B
O ✭37, 64 ❞❇ ✴ 97, 33✪✮❀

✭❝✮ ÎO ❜❛s❡❛❞♦ ❡♠ D
B,MED
O ✭37, 56 ❞❇ ✴ 97, 31✪✮❀ ✭❞✮ ÎO ❜❛s❡❛❞♦ ❡♠ D̂O1 ✭37, 74

❞❇ ✴ 97, 35✪✮❀ ✭❡✮ ÎO ❜❛s❡❛❞♦ ❡♠ D̂O ✭37, 85 ❞❇ ✴ 97, 38✪✮❀ ✭❢✮ ÎO ❜❛s❡❛❞♦ ❡♠ DO

✭36, 05 ❞❇ ✴ 97, 09✪✮✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✽✼

✻✳✼ ❉❡t❛❧❤❡s ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❛ s❡q✉ê♥❝✐❛ P❛♥t♦♠✐♠❡✱ ✈✐st❛ 39✱ q✉❛❞r♦ 0✱

M = 4✿ ✭❛✮ DB
O ✭P❙◆❘ ❂ 46, 85 ❞❇ ✴ ▼❙❙■▼×100 = 98, 65✪✮❀ ✭❜✮ DB,MED

O ✭45, 87

❞❇ ✴ 98, 59✪✮❀ ✭❝✮ D̂O1 ✭45, 62 ❞❇ ✴ 98, 52✪✮❀ ✭❞✮ D̂O ✭45, 45 ❞❇ ✴ 98, 47✪✮❀ ✭❡✮ DO✳ ✽✽

✻✳✽ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❱❡♥✉s✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✱ M = 2✿ ✭❛✮ I
B
O ✭P❙◆❘ ❂ 28, 47

❞❇ ✴ ▼❙❙■▼×100 = 86, 24✪✮❀ ✭❜✮ ÎO ❜❛s❡❛❞♦ ❡♠ D
B
O ✭35, 13 ❞❇ ✴ 97, 21✪✮❀ ✭❝✮

ÎO ❜❛s❡❛❞♦ ❡♠ D
B,MED
O ✭35, 17 ❞❇ ✴ 97, 23✪✮❀ ✭❞✮ ÎO ❜❛s❡❛❞♦ ❡♠ D̂O ❝♦♠ t♦❞♦s

♦s ♠❛♣❛s ❞❡ r❡❢❡rê♥❝✐❛ ✭35, 10 ❞❇ ✴ 97, 22✪✮❀ ✭❡✮ ÎO ❜❛s❡❛❞♦ ❡♠ DO ✭35, 74 ❞❇ ✴

97, 44✪✮❀ ✭❢✮ IO✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✽✾

✻✳✾ ❉❡t❛❧❤❡s ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❛ s❡q✉ê♥❝✐❛ ❱❡♥✉s✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✱ M = 2✿

✭❛✮ D
B
O ✭P❙◆❘ ❂ 45, 98 ❞❇ ✴ ▼❙❙■▼×100 = 99, 38✪✮❀ ✭❜✮ D

B,MED
O ✭35, 35 ❞❇ ✴

99, 39✪✮❀ ✭❝✮ D̂O ❝♦♠ t♦❞♦s ♦s ♠❛♣❛s ❞❡ r❡❢❡rê♥❝✐❛ ✭35, 30 ❞❇ ✴ 99, 34✪✮❀ ✭❞✮ DO✳ ✳✳✳ ✾✵

✻✳✶✵ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦

✉t✐❧✐③❛♥❞♦ ♦s ♣ré✲♣r♦❝❡ss❛♠❡♥t♦s ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦♣♦st♦s ♣❛r❛ ❛

s❡q✉ê♥❝✐❛ P❛♥t♦♠✐♠❡✱ ✈✐st❛ 39✱ q✉❛❞r♦ 1✿ ✭❛✮ t❛①❛ ❡ P❙◆❘✱ M = 2❀ ✭❜✮ t❛①❛ ❡

▼❙❙■▼✱ M = 2❀ ✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4❀ ✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✾✹

✻✳✶✶ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦

✉t✐❧✐③❛♥❞♦ ♦s ♣ré✲♣r♦❝❡ss❛♠❡♥t♦s ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦♣♦st♦s ♣❛r❛ ❛

s❡q✉ê♥❝✐❛ ❈❛❢❡✱ ✈✐st❛ 3✿ ✭❛✮ t❛①❛ ❡ P❙◆❘✱ M = 2❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 2❀

✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4❀ ✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✾✺

✻✳✶✷ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦

✉t✐❧✐③❛♥❞♦ ♦s ♣ré✲♣r♦❝❡ss❛♠❡♥t♦s ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦♣♦st♦s ♣❛r❛ ❛

s❡q✉ê♥❝✐❛ ❱❡♥✉s✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✿ ✭❛✮ t❛①❛ ❡ P❙◆❘✱ M = 2❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱

M = 2❀ ✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4❀ ✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✾✻

✻✳✶✸ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦

✉t✐❧✐③❛♥❞♦ ♦s ♣ré✲♣r♦❝❡ss❛♠❡♥t♦s ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦♣♦st♦s ♣❛r❛ ❛

s❡q✉ê♥❝✐❛ ❇✉❧❧✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✿ ✭❛✮ t❛①❛ ❡ P❙◆❘✱ M = 2❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱

M = 2❀ ✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4❀ ✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✾✼

①①✐✐



▲■❙❚❆ ❉❊ ❚❆❇❊▲❆❙

✹✳✶ ❙❡q✉ê♥❝✐❛s ✉t✐❧✐③❛❞❛s✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✹✼
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✻✳✶ ❚❡♠♣♦ ♠é❞✐♦ ❞❡ ❝♦❞✐✜❝❛çã♦ ❡ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ♣❛r❛ ♦s t❡st❡s ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦

❝♦♠ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦❝❡ss❛❞♦s✱ ❡♠ s❡❣✉♥❞♦s✱ ♣❛r❛ M = 2✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✾✷

✻✳✷ ❚❡♠♣♦ ♠é❞✐♦ ❞❡ ❝♦❞✐✜❝❛çã♦ ❡ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ♣❛r❛ ♦s t❡st❡s ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦

❝♦♠ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦❝❡ss❛❞♦s✱ ❡♠ s❡❣✉♥❞♦s✱ ♣❛r❛ M = 4✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✾✸

■✳✶ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛

s❡♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✹✮✱ s❡♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡

❧✉♠✐♥â♥❝✐❛ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ M = 2✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲

r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦

♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲

r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✶✷

■✳✷ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛

s❡♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✹✮✱ s❡♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡

❧✉♠✐♥â♥❝✐❛ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ M = 4✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲

r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦

♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲

r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✶✸

■✳✸ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ s❡♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✹✮✱ s❡♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛

❞❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s✱ M = 2✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦

♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛

❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡

✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✶✺

■✳✹ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ s❡♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✹✮✱ s❡♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛

❞❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛✱ M = 4✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦

♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛

❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡

✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✶✻

①①✐✐✐



■✳✺ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛

s❡♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✹✮✱ ❝♦♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡

❧✉♠✐♥â♥❝✐❛ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ M = 2✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲

r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦

♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲

r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✶✼

■✳✻ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛

s❡♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✹✮✱ ❝♦♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡

❧✉♠✐♥â♥❝✐❛ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ M = 4✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲

r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦

♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲

r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✶✽

■✳✼ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ s❡♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✹✮✱ ❝♦♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛

❞❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s✱ M = 2✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦

♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛

❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡

✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✷✵

■✳✽ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ s❡♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✹✮✱ ❝♦♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛

❞❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s✱ M = 4✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦

♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛

❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡

✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✷✶

■✳✾ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛

❝♦♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✺✮✱ s❡♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡

❧✉♠✐♥â♥❝✐❛ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ M = 2✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲

r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦

♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲

r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✷✷

■✳✶✵ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛

❝♦♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✺✮✱ s❡♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡

❧✉♠✐♥â♥❝✐❛ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ M = 4✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲

r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦

♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲

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

■✳✶✶ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ ❝♦♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✺✮✱ s❡♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛

❞❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s✱ M = 2✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦

♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛

❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡

✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✷✹

①①✐✈



■✳✶✷ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ ❝♦♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✺✮✱ s❡♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛

❞❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s✱ M = 4✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦

♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛

❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡

✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✷✺

■✳✶✸ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛

❝♦♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✺✮✱ ❝♦♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡

❧✉♠✐♥â♥❝✐❛ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ M = 2✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲

r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦

♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲

r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✷✻

■✳✶✹ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛

❝♦♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✺✮✱ ❝♦♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡

❧✉♠✐♥â♥❝✐❛ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ M = 4✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲

r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦

♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲

r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✷✼

■✳✶✺ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ ❝♦♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✺✮✱ ❝♦♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛

❞❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s✱ M = 2✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦

♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛

❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡

✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✷✽

■✳✶✻ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ ❝♦♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✺✮✱ ❝♦♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛

❞❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s✱ M = 4✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦

♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛

❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡

✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✷✾

■✳✶✼ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ✭❈❛♣✳

✻✮✱ s❡♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❡ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s✱

M = 2✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛

✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡

❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✸✶

■✳✶✽ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ✭❈❛♣✳

✻✮✱ s❡♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❡ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s✱

M = 4✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛

✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡

❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✸✷

①①✈



■✳✶✾ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ✭❈❛♣✳

✻✮✱ ❝♦♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❡ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s✱

M = 2✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛

✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡

❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✸✸

■✳✷✵ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ✭❈❛♣✳

✻✮✱ ❝♦♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❡ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s✱

M = 4✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛

✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡

❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳✳ ✶✸✹

①①✈✐



▲■❙❚❆ ❉❊ ❙❮▼❇❖▲❖❙

❙✐❣❧❛s

✸❉ ❚r✐❞✐♠❡♥s✐♦♥❛❧

❆❱❈ ❆❞✈❛♥❝❡❞ ❱✐❞❡♦ ❈♦❞✐♥❣

❈❆❇❆❈ ❈♦♥t❡①t✲❆❞❛♣t✐✈❡ ❇✐♥❛r② ❆r✐t❤♠❡t✐❝ ❈♦❞✐♥❣

❉❈❚ ❉✐s❝r❡t❡ ❈♦s✐♥❡ ❚r❛♥s❢♦r♠

❉❙❈◗❙ ❉♦✉❜❧❡ ❙t✐♠✉❧✉s ❈♦♥t✐♥✉♦✉s ◗✉❛❧✐t② ❙❝❛❧❡

■❙❖✴■❊❈ ■♥t❡r♥❛t✐♦♥❛❧ ❖r❣❛♥✐s❛t✐♦♥ ❢♦r ❙t❛♥❞❛r❞✐s❛t✐♦♥ ✴ ■♥t❡r♥❛t✐♦♥❛❧ ❊❧❡❝tr♦t❡❝❤♥✐❝❛❧

❈♦♠♠✐ss✐♦♥

■❚❯✲❘ ■♥t❡r♥❛t✐♦♥❛❧ ❚❡❧❡❝♦♠♠✉♥✐❝❛t✐♦♥ ❯♥✐♦♥ ✲ ❘❛❞✐♦❝♦♠♠✉♥✐❝❛t✐♦♥s ❙❡❝t♦r

▼❇ ▼❛❝r♦❜❧♦❝♦

▼❖❙ ▼❡❛♥ ❖♣✐♥✐♦♥ ❙❝♦r❡

▼❘❈ ▼✐①❡❞✲❘❡s♦❧✉t✐♦♥ ❈♦❞✐♥❣

▼❙❊ ▼❡❛♥ ❙q✉❛r❡ ❊rr♦r

▼❙❙■▼ ▼❡❛♥ ❙tr✉❝t✉r❛❧ ❙✐♠✐❧❛r✐t② ■♥❞❡①

▼❱❈ ▼✉❧t✐✈✐❡✇ ❱✐❞❡♦ ❈♦❞✐♥❣

P❙◆❘ P❡❛❦ ❙✐❣♥❛❧✲t♦✲◆♦✐s❡ ❘❛t✐♦

◗P ◗✉❛♥t✐③❛t✐♦♥ P❛r❛♠❡t❡r

❘●❇ ❘❡❞✱ ●r❡❡♥ ❛♥❞ ❇❧✉❡

❙❙❉ ❙✉♠ ♦❢ ❙q✉❛r❡❞ ❉✐✛❡r❡♥❝❡s

❙❙■▼ ❙tr✉❝t✉r❛❧ ❙✐♠✐❧❛r✐t② ■♥❞❡①

❱▲❈ ❱❛r✐❛❜❧❡ ▲❡♥❣t❤ ❈♦❞✐♥❣

❨✿❈❜✿❈r ▲✉♠✐♥â♥❝✐❛ ❡ ❝r♦♠✐♥â♥❝✐❛s

①①✈✐✐





❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

✶✳✶ ❈♦♥t❡①t♦

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

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

✸❉✱ ❡ ❛♦ s✉r❣✐♠❡♥t♦ ❞❡ ♣r♦❝❡ss❛❞♦r❡s s✉✜❝✐❡♥t❡♠❡♥t❡ ✈❡❧♦③❡s ♣❛r❛ ❧✐❞❛r ❝♦♠ ❛ ❝♦♠♣❧❡①✐❞❛❞❡

❝♦♠♣✉t❛❝✐♦♥❛❧ r❡q✉❡r✐❞❛ ❬✶❪✳ ❚✉❞♦ ✐ss♦ ❛✉♠❡♥t♦✉ ♦ ✐♥t❡r❡ss❡ ❞❛ ✐♥❞ústr✐❛ ♣❡❧❛ ár❡❛✱ ❝♦♥tr✐❜✉✐♥❞♦
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❆ ♣❡sq✉✐s❛ ❡♠ s❡q✉ê♥❝✐❛s ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❛✐♥❞❛ ♣♦ss✉✐ ✉♠❛ sér✐❡ ❞❡ q✉❡stõ❡s ♥ã♦ r❡s♦❧✈✐❞❛s✳

P♦r ❡①❡♠♣❧♦✱ ♦ ❝á❧❝✉❧♦ ❝♦♠♣❧❡t♦ ❞❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ❡♥tr❡ ❝â♠❡r❛s✱ ♦✉ ❡st✐♠❛çã♦ ❞❡ ❞✐s♣❛r✐❞❛❞❡✱

❛✐♥❞❛ é ✉♠ tó♣✐❝♦ ❞❡ ❡st✉❞♦ ❜❛st❛♥t❡ ❛t✐✈♦✱ s❡♥❞♦ ❝r✉❝✐❛❧ ❡♠ ♦✉tr❛s ár❡❛s ❞❡ ♣❡sq✉✐s❛ r❡❧❛❝✐♦♥❛❞❛s✱

t❛✐s ❝♦♠♦ ❛ sí♥t❡s❡ ❞❡ ✈✐st❛s ❡ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s ❡ ❞❡ ❣❡st♦s ❤✉♠❛♥♦s ❬✷❪✳ ❖✉tr♦ ♣r♦❜❧❡♠❛

✐♠♣♦rt❛♥t❡ é ❛ t❛①❛ ❞❡ ❞❛❞♦s ♥❡❝❡ssár✐❛ ♣❛r❛ r❡♣r❡s❡♥t❛r s❡q✉ê♥❝✐❛s ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s✱ s❡♥❞♦

❛✐♥❞❛ ♣r♦✐❜✐t✐✈❛♠❡♥t❡ ❛❧t❛ ♣❛r❛ ❞✐✈❡rs❛s ❛♣❧✐❝❛çõ❡s✱ t❛✐s ❝♦♠♦ ❛ tr❛♥s♠✐ssã♦ ❡♠ t❡♠♣♦ r❡❛❧ ✈✐❛

✐♥t❡r♥❡t ♦✉ r❡❞❡s ♠ó✈❡✐s ❬✶❪✳

❉❡ ❢♦r♠❛ ❣❡r❛❧✱ ♦ ❛❝rés❝✐♠♦ ❞❡ ❝â♠❡r❛s ♣❛r❛ r❡♣r❡s❡♥t❛r ✉♠❛ ❝❡♥❛ ❛❝❛rr❡t❛ ❡♠ ✉♠ ❛✉♠❡♥t♦

❞❡ ❞❛❞♦s tr❛♥s♠✐t✐❞♦s✳ ❯t✐❧✐③❛♥❞♦ té❝♥✐❝❛s ❞❡ ❝♦♠♣r❡ssã♦ ❞❡ ✈✐❞❡♦ ♣❛r❛ ú♥✐❝❛ ✈✐st❛✱ ❡st❡ ❛✉♠❡♥t♦

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

❞❛❞♦s ❡♠ 20% ♥❛ ♠é❞✐❛✱ ❞❡ ❢♦r♠❛ q✉❡ ❛ ❝♦❞✐✜❝❛çã♦ ❞❡ ✶✵ ❝â♠❡r❛s s✐♠✉❧tâ♥❡❛s✱ ♣♦r ❡①❡♠♣❧♦✱

r❡q✉❡r ✉♠❛ t❛①❛ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 8× ♠❛✐♦r ❞♦ q✉❡ ❛ t❛①❛ r❡s✉❧t❛♥t❡ ♣❛r❛ ✉♠❛ ú♥✐❝❛ ❝â♠❡r❛✱

♣❛r❛ ❛ q✉❛❧ ❣r❛♥❞❡ ♣❛rt❡ ❞❛s r❡❞❡s ❡ s✐st❡♠❛s ❛t✉❛✐s ❢♦✐ ♣r♦❥❡t❛❞❛ ❬✶❪ ❬✸❪✳

❖ ❛❝rés❝✐♠♦ ❞❡ ❝â♠❡r❛s t❛♠❜é♠ ✐♥tr♦❞✉③ ✉♠ ❛✉♠❡♥t♦ ♥❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❡ ❝♦❞✐✜❝❛çã♦ ❞❡

✈✐❞❡♦✳ ❆s té❝♥✐❝❛s ♠❛✐s ❛✈❛♥ç❛❞❛s ❞❡ ❝♦♠♣r❡ssã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ✉t✐❧✐③❛♠ ✐♠❛❣❡♥s ❞❡ ✈✐st❛s

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

❝♦♠♣❧❡①✐❞❛❞❡ ❝♦♠♣✉t❛❝✐♦♥❛❧✳ ▼ét♦❞♦s ♠❛✐s ❛✈❛♥ç❛❞♦s ❞❡ ❝♦❞✐✜❝❛çã♦✱ t❛✐s ❝♦♠♦ ❛ ✐♥t❡r♣♦❧❛çã♦ ❡ ❛

❡①tr❛♣♦❧❛çã♦ ❞❡ ✈✐st❛s ♣❛r❛ ♣r❡❞✐çã♦✱ ❛✉♠❡♥t❛♠ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❝♦♠♣✉t❛❝✐♦♥❛❧

❬✶❪ ❬✹❪✳

✶



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

❚❡♥❞♦ ❡♠ ✈✐st❛ ❛s ❝♦♥s✐❞❡r❛çõ❡s ❛♥t❡r✐♦r❡s✱ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s ❞✐✈❡rs❛s té❝♥✐❝❛s ♣❛r❛ r❡❞✉③✐r

❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ❡✴♦✉ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❡ ❝♦♠♣r❡ssã♦ ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ✈✐❞❡♦ ❡♠ ♠ú❧t✐♣❧❛s

✈✐st❛s✱ ♣r❡❢❡r✐✈❡❧♠❡♥t❡ ♠❛♥t❡♥❞♦ ❛ q✉❛❧✐❞❛❞❡ s✉❜❥❡t✐✈❛ ❡✴♦✉ ♦❜❥❡t✐✈❛ ❞❛s ♠❡s♠❛s✳ ❯♠❛ ár❡❛

❛♠♣❧❛♠❡♥t❡ ♣❡sq✉✐s❛❞❛ é ❛ ❝♦❞✐✜❝❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ ❬✺❪ ❬✻❪ ❬✼❪ ❬✽❪ ❬✾❪ ❬✶✵❪✳

❊st❛ té❝♥✐❝❛ ❜❛s❡✐❛✲s❡ ❡♠ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ ✐♥trí♥s❡❝❛ ❛♦ s✐st❡♠❛ ✈✐s✉❛❧ ❤✉♠❛♥♦✱ ❞❡s❝r✐t❛ ♣❡❧❛

t❡♦r✐❛ ❞❛ s✉♣r❡ssã♦ ❜✐♥♦❝✉❧❛r ❬✶✶❪✳ ❇❛s✐❝❛♠❡♥t❡✱ ❛ ✈✐sã♦ ❜✐♥♦❝✉❧❛r é ♣♦✉❝♦ ❛❢❡t❛❞❛ q✉❛♥❞♦ ✉♠❛

❞❛s ✈✐st❛s é ♠❛✐s ❜♦rr❛❞❛ ❡♠ r❡❧❛çã♦ ❛ ♦✉tr❛✱ ♣♦✐s ♦ s✐st❡♠❛ ✈✐s✉❛❧ ❞♦s s❡r❡s ❤✉♠❛♥♦s ✉t✐❧✐③❛ ❛

✈✐st❛ ❡♠ ♠❡❧❤♦r q✉❛❧✐❞❛❞❡ ♣❛r❛ ❝♦♠♣❡♥s❛r ❛ q✉❛❧✐❞❛❞❡ ✜♥❛❧ ❞❛ ✈✐sã♦ ❡stér❡♦✳ ❉✐✈❡rs♦s ❡st✉❞♦s

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

❞❛s ❛❧t❡r♥❛t✐✈❛s ✈✐á✈❡✐s ❛ r❡❞✉çã♦ ❞❡ r❡s♦❧✉çã♦ ❞❡ ✉♠❛ ❞❛s ✈✐st❛s ❬✶✷❪ ❬✶✸❪ ❬✶✹❪✳

❯♠❛ ✐♠❛❣❡♠ r❡❞✉③✐❞❛ r❛r❛♠❡♥t❡ é ❝♦♠♣❧❡t❛♠❡♥t❡ r❡❝✉♣❡r❛❞❛ q✉❛♥❞♦ ❛✉♠❡♥t❛❞❛ ❞❡ ✈♦❧t❛ às

s✉❛s ❞✐♠❡♥sõ❡s ♦r✐❣✐♥❛✐s✱ t♦r♥❛♥❞♦✲s❡ ❜♦rr❛❞❛ ❡♠ r❡❧❛çã♦ à ✐♠❛❣❡♠ ♦r✐❣✐♥❛❧✳ ◆❛ ✈✐sã♦ ❡stér❡♦✱

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

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

s✉❛ ❝♦❞✐✜❝❛çã♦✱ t♦r♥❛♥❞♦ ♦ ❢♦r♠❛t♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ ✈✐á✈❡❧ ❛ ✉♠❛ sér✐❡ ❞❡

❛♣❧✐❝❛çõ❡s✱ t❛✐s ❝♦♠♦ ✈✐❞❡♦ ✸❉ ♣❛r❛ ❝❡❧✉❧❛r❡s ❡ ❝â♠❡r❛s ❬✺❪ ❬✻❪✳ ❊♠ ❝♦♠♣❡♥s❛çã♦✱ ❡st❡ ❢♦r♠❛t♦ ♥ã♦

é ✈✐á✈❡❧ ♣❛r❛ ❛♣❧✐❝❛çõ❡s ❞❡ ♣♦♥t♦✲❞❡✲✈✐st❛ ❧✐✈r❡ ❬✶✺❪✱ ❡♠ q✉❡ ♦ ✉s✉ár✐♦ ❡s❝♦❧❤❡ ❞❡ q✉❛❧ ♣♦s✐çã♦ ❡❧❡

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

q✉❡❞❛ ❞❡ q✉❛❧✐❞❛❞❡ ♥❛ ✐♠❛❣❡♠ ✈✐s✉❛❧✐③❛❞❛✳ ❚♦r♥❛✲s❡ ♥❡❝❡ssár✐♦ ♦❜t❡r ✉♠❛ ❢♦r♠❛ ❞❡ r❡❝✉♣❡r❛r ♦s

❞❡t❛❧❤❡s ❞❛s ✐♠❛❣❡♥s r❡❞✉③✐❞❛s✳

✶✳✸ ▼ét♦❞♦s ♣r♦♣♦st♦s

◆❡st❡ tr❛❜❛❧❤♦✱ ❛♣r❡s❡♥t❛✲s❡ três ♠ét♦❞♦s ♣❛r❛ r❡❝✉♣❡r❛r ❞❡t❛❧❤❡s ❞❡ ✐♠❛❣❡♥s r❡❞✉③✐❞❛s ❡♠

s✐st❡♠❛s ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛✱ ❜❛s❡❛❞♦ ♥❛s ✐♥❢♦r♠❛çõ❡s ❞❛s ✈✐st❛s tr❛♥s♠✐t✐❞❛s

❡♠ r❡s♦❧✉çã♦ ♥♦r♠❛❧✳ ❊st❛s ✈✐st❛s sã♦ ❡♠ ❣❡r❛❧ ❛❧t❛♠❡♥t❡ ❝♦rr❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ❛s ✈✐st❛s ❡♠

r❡s♦❧✉çã♦ r❡❞✉③✐❞❛✱ ♣♦ss✉✐♥❞♦ ✐♥❢♦r♠❛çõ❡s ❝♦rr❡s♣♦♥❞❡♥t❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✳ ❖s ♠ét♦❞♦s

♣r♦♣♦st♦s ♥ã♦ s❡ ❡①❝❧✉❡♠✱ ♠❛s ❛t❡♥❞❡♠ ❛ ❞✐❢❡r❡♥t❡s ❛rq✉✐t❡t✉r❛s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ♥❡❝❡ss✐❞❛❞❡s

❞❡ ❝❛❞❛ s✐st❡♠❛✳

◆♦ ♣r✐♠❡✐r♦ ♠ét♦❞♦✱ ❞❡s❡♥✈♦❧✈❡✲s❡ ✉♠❛ té❝♥✐❝❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠

r❡s♦❧✉çã♦ ♠✐st❛ s❡♠ ✉t✐❧✐③❛r ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❬✶✻❪✳ ❆ ♣❛rt✐r ❞❡ ✉♠❛ ♦✉ ♠❛✐s ✐♠❛❣❡♥s ❞❡

r❡❢❡rê♥❝✐❛✱ ❡①tr❛✐✲s❡ ♠ú❧t✐♣❧❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❛tr❛✈és ❞❡ ♠ét♦❞♦s ❞❡ ❡st✐♠❛çã♦ ❡

❝♦♠♣❡♥s❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦ ❡✴♦✉ ❞✐s♣❛r✐❞❛❞❡✱ ❡ ❡♠ s❡❣✉✐❞❛ ❝♦♠❜✐♥❛✲s❡ ❡st❛s ❞✐✈❡rs❛s ✐♥❢♦r♠❛çõ❡s

❡♠ ✉♠❛ ú♥✐❝❛ ✐♠❛❣❡♠ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✳

◆♦ s❡❣✉♥❞♦ ♠ét♦❞♦✱ ❞❡s❡♥✈♦❧✈❡✲s❡ ✉♠❛ té❝♥✐❝❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠

r❡s♦❧✉çã♦ ♠✐st❛ ✉t✐❧✐③❛♥❞♦ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❬✶✼❪ ❬✶✽❪✳ ❊st❡s sã♦ ❛♥❛❧✐s❛❞♦s ❡ ✉t✐❧✐③❛❞♦s

♣❛r❛ ♣r♦❥❡t❛r ✐♥❢♦r♠❛çõ❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ♣❛r❛ ❛ ✐♠❛❣❡♠ r❡❞✉③✐❞❛✱ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ♦✉ ♠❛✐s

✷



✐♠❛❣❡♥s ❞❡ r❡❢❡rê♥❝✐❛✳ ❯t✐❧✐③❛✲s❡ t❛♠❜é♠ ✉♠ ♠ét♦❞♦ s✐♠✐❧❛r ❞❡ ❝♦♠❜✐♥❛çã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❞❡

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

◆♦ t❡r❝❡✐r♦ ♠ét♦❞♦✱ ❞❡s❡♥✈♦❧✈❡✲s❡ ✉♠❛ té❝♥✐❝❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ♣❛r❛ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡

❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ q✉❡ sã♦ ♣♦st❡r✐♦r♠❡♥t❡ ✉t✐❧✐③❛❞♦s ♣❡❧♦ s❡❣✉♥❞♦ ♠ét♦❞♦ ♣❛r❛ s✉♣❡r✲r❡s♦❧✈❡r

♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛✳ ❉❡st❡ ❢♦r♠❛✱ ♦s ♠❛♣❛s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ❝♦♥tr✐❜✉❡♠ ♣❛r❛

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

♠ét♦❞♦ ♣r♦♣♦st♦ ♠❡❧❤♦r❛ ❛ q✉❛❧✐❞❛❞❡ ❞❛s ✈✐st❛s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ❛♣ós ❛ ❞❡❝♦❞✐✜❝❛çã♦✳

❋♦r❛♠ r❡❛❧✐③❛❞♦s t❡st❡s ❝♦♠ ✉♠❛ sér✐❡ ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ✈✐❞❡♦ ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s✱ ❛ ✜♠ ❞❡

✈❡r✐✜❝❛r ❛ q✉❛❧✐❞❛❞❡ ❞❡ ❝❛❞❛ ✉♠ ❞♦s ♠ét♦❞♦s ♣r♦♣♦st♦s✳

✶✳✹ ❖r❣❛♥✐③❛çã♦ ❞❛ t❡s❡

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

❈❛♣ít✉❧♦s ✷ ❡ ✸ ❝♦♥st✐t✉❡♠ ❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛✱ ❞✐s❝✉t✐♥❞♦ ♦s ♣r✐♥❝✐♣❛✐s t❡r♠♦s ❡♠♣r❡❣❛❞♦s

❛♦ ❧♦♥❣♦ ❞❡st❛ t❡s❡✳ ❖ ❈❛♣ít✉❧♦ ✷ tr❛t❛ ❞♦s s❡❣✉✐♥t❡s ❝♦♥❝❡✐t♦s ❞❡ ✈í❞❡♦ ❡♠ ✉♠❛ ú♥✐❝❛ ✈✐st❛✿

r❡♣r❡s❡♥t❛çã♦✱ ♠✉❞❛♥ç❛ ❞❡ r❡s♦❧✉çã♦✱ ❝♦♠♣r❡ssã♦ ❡ ♠étr✐❝❛s ❞❡ q✉❛❧✐❞❛❞❡✳ ❊♠ s❡❣✉✐❞❛✱ ♦ ❈❛♣ít✉❧♦

✸ ❞❡t❛❧❤❛ ♦s s❡❣✉✐♥t❡s ❝♦♥❝❡✐t♦s ❞❡ ✈í❞❡♦ ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s✿ r❡❧❛çõ❡s ❣❡♦♠étr✐❝❛s ❡♥tr❡ ❛s

❞✐✈❡rs❛s ❝â♠❡r❛s✱ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✐♥❢♦r♠❛çã♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ❛tr❛✈és ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✱

❝♦♠♣r❡ssã♦ ❡ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s ❞❡ ✈✐❞❡♦ ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s✳ ❖s ❈❛♣ít✉❧♦s ✹✱ ✺ ❡ ✻ ❛♣r❡s❡♥t❛♠ ♦s

♠ét♦❞♦s ♣r♦♣♦st♦s ♣❡❧❛ ♣r❡s❡♥t❡ t❡s❡✱ ❡ ♦ ❈❛♣ít✉❧♦ ✼ ❞✐s❝✉t❡ ❛s ♣r✐♥❝✐♣❛✐s ❝♦♥❝❧✉sõ❡s ❡ ❛s s✉❣❡stõ❡s

♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳

✸





❈❛♣ít✉❧♦ ✷

❘❡♣r❡s❡♥t❛çã♦ ❞❡ ✈✐❞❡♦ ❡♠ ✉♠❛ ✈✐st❛

✷✳✶ ■♥tr♦❞✉çã♦

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

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

♠❛tr✐❝✐❛❧ ❡ ❡s♣❛ç♦s ❞❡ ❝♦r❡s✳ ❊♠ s❡❣✉✐❞❛✱ ❞✐s❝✉t❡✲s❡ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❜ás✐❝♦ ❞❡ ♠✉❞❛♥ç❛ ❞❡ r❡s♦❧✉çã♦

❞❡ ✐♠❛❣❡♥s✱ q✉❡ s❡rá ❢✉♥❞❛♠❡♥t❛❧ ♥♦s ❈❛♣ít✉❧♦s ♣♦r ✈✐r✱ ❡ ♦ ❝♦♥❝❡✐t♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ✐♠❛❣❡♥s✱

q✉❡ ♣r♦❝✉r❛ ❛❝r❡s❝❡♥t❛r ❞❡t❛❧❤❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❛ ✐♠❛❣❡♥s r❡❞✐♠❡♥s✐♦♥❛❞❛s✳ ❆ ❝♦♠♣r❡ssã♦ ❞❡

✈✐❞❡♦ é ❛❜♦r❞❛❞❛ ❛ s❡❣✉✐r✱ ❝♦♠ ê♥❢❛s❡ ♥♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈✳ P♦r ✜♠✱ ❛♣r❡s❡♥t❛♠✲s❡ ♠étr✐❝❛s ❞❡

q✉❛❧✐❞❛❞❡ ❞❡ ✈✐❞❡♦ ❝♦♠ ❛s q✉❛✐s ❡st❡ tr❛❜❛❧❤♦ q✉❛♥t✐✜❝❛rá ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♠❛✐s ❛❞✐❛♥t❡✳

✷✳✷ ❘❡♣r❡s❡♥t❛çã♦ ❞❡ ❝❡♥❛s ♥❛t✉r❛✐s ❡ s✐♥tét✐❝❛s

❯♠❛ ❝❡♥❛ ♥❛t✉r❛❧ ❝❛♣t✉r❛❞❛ ❡♠ ✈✐❞❡♦ é ❣❡r❛❧♠❡♥t❡ ❝♦♠♣♦st❛ ♣♦r ❞✐✈❡rs♦s ♦❜❥❡t♦s ❞❡ ❞✐❢❡r❡♥t❡s

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

♠♦str❛ ❛ ❋✐❣✳ ✷✳✶✭❛✮ ❬✶✾❪✳ ❯♠❛ ❝❡♥❛ s✐♥tét✐❝❛✱ ♣♦r s✉❛ ✈❡③✱ ♣r♦❝✉r❛ ❡♠✉❧❛r ✉♠ ❝❡♥❛ r❡❛❧ ♦✉

❛♣r❡s❡♥t❛r ✉♠❛ ❝❡♥❛ ✈✐rt✉❛❧✱ ❡ é ❣❡r❛❧♠❡♥t❡ ❞❡s❡♥✈♦❧✈✐❞❛ ❝♦♠ ♠ét♦❞♦s ❞❡ ❝♦♠♣✉t❛çã♦ ❣rá✜❝❛✳

❯♠ ❡①❡♠♣❧♦ ❞❡ ❝❡♥❛ s✐♥tét✐❝❛ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✳ ✷✳✶✭❜✮ ❬✷❪✳ ❚❛♥t♦ ❡♠ ❝❡♥❛s ♥❛t✉r❛✐s ❝♦♠♦ ❡♠

s✐♥tét✐❝❛s✱ é ❝♦♠✉♠ ♦❜s❡r✈❛r ♠✉❞❛♥ç❛s ❡s♣❛❝✐❛✐s ❡ t❡♠♣♦r❛✐s ♥♦ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❞❡ ♦❜❥❡t♦s✱ ❜❡♠

❝♦♠♦ ❛❧t❡r❛çõ❡s ❡♠ t❡①t✉r❛s✱ ♥❛ ✐❧✉♠✐♥❛çã♦ ❞❛ ❝❡♥❛ ❡ ♥❛ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❝â♠❡r❛ ❬✷✵❪✳

P❛r❛ s❡ r❡♣r❡s❡♥t❛r ❝❡♥❛s ♥❛t✉r❛✐s ❡ s✐♥tét✐❝❛s ❞❡ ❢♦r♠❛ ❞✐❣✐t❛❧✱ é ♥❡❝❡ssár✐♦ ❛♠♦strá✲❧❛s ♥♦

❡s♣❛ç♦ ❡ ♥♦ t❡♠♣♦✱ ❝♦♠♦ ✐♥❞✐❝❛ ❛ ❋✐❣✳ ✷✳✷✳ P❛r❛ ✐ss♦✱ sã♦ ♦❜t✐❞❛s ❢♦t♦❣r❛✜❛s ❞✐❣✐t❛✐s ❞❛s ❝❡♥❛s

✭q✉❛❞r♦s✮ ❡♥tr❡ ✐♥t❡r✈❛❧♦s r❡❣✉❧❛r❡s✱ ♦ q✉❡ ❡♥✈♦❧✈❡ ❛ ❛♠♦str❛❣❡♠ r❡❣✉❧❛r ❞❡ ❝❛❞❛ ✐♥st❛♥t❡ ❡♠

✉♠ ♣❧❛♥♦ ❞❡ ✐♠❛❣❡♠✱ ❣❡r❛❧♠❡♥t❡ r❡t❛♥❣✉❧❛r✳ ❖ ✈✐❞❡♦ ❞✐❣✐t❛❧ ❝♦♥s✐st❡ ❡♠ ✉♠❛ sér✐❡ ❞❡ ❛♠♦str❛s

❡s♣❛ç♦✲t❡♠♣♦r❛✐s✱ ❞❡♥♦♠✐♥❛❞❛s ♣✐①❡❧s ✭❞♦ ✐♥❣❧ês ♣✐❝t✉r❡ ❡❧❡♠❡♥t✱ ♦✉ ❡❧❡♠❡♥t♦ ❞❡ ✐♠❛❣❡♠✮✳

❯♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦ é ❛r♠❛③❡♥❛❞❛ ♥❛ ❢♦r♠❛ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♠❛tr✐③❡s✱ ✉♠❛ ♣❛r❛ ❝❛❞❛

q✉❛❞r♦✳ ❊♠ ❧✐♥❣✉❛❣❡♠ ♠❛tr✐❝✐❛❧✱ ❞❡✜♥✐♠♦s In ❝♦♠♦ ♦ n✲és✐♠♦ q✉❛❞r♦ ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦✱

❡ In(u, v) ❝♦♠♦ ♦ ♣✐①❡❧ ♥❛ u✲és✐♠❛ ❝♦❧✉♥❛ ❡ v✲és✐♠❛ ❧✐♥❤❛ ❞❡st❡ q✉❛❞r♦✳

✺



✭❛✮ ✭❜✮

❋✐❣✉r❛ ✷✳✶✿ ❊①❡♠♣❧♦s ❞❡ ❝❡♥❛s✿ ✭❛✮ ♥❛t✉r❛❧❀ ✭❜✮ s✐♥tét✐❝❛✳

❋✐❣✉r❛ ✷✳✷✿ ❆♠♦str❛❣❡♠ ❡s♣❛❝✐❛❧ ❡ t❡♠♣♦r❛❧ ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦✳

❖ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❡♠ ❝❛❞❛ q✉❛❞r♦ ✭r❡s♦❧✉çã♦✮ ✐♥✢✉❡♥❝✐❛ ❛ q✉❛❧✐❞❛❞❡ ✈✐s✉❛❧ ❞♦ ♠❡s♠♦ ❞❡

❢♦r♠❛ ♣r♦♣♦r❝✐♦♥❛❧✳ ❖ ♥ú♠❡r♦ ❞❡ q✉❛❞r♦s ♣♦r s❡❣✉♥❞♦ ✭t❛①❛ ❞❡ q✉❛❞r♦s✱ ♦✉ ❢r❛♠❡ r❛t❡✮ ✐♥✢✉❡♥❝✐❛

❛ ♣❡r❝❡♣çã♦ ❞♦ ♠♦✈✐♠❡♥t♦✿ ❛❝✐♠❛ ❞❡ ✷✺ q✉❛❞r♦s ♣♦r s❡❣✉♥❞♦✱ ♦ ♠♦✈✐♠❡♥t♦ é ❛♣❛r❡♥t❡♠❡♥t❡

♥❛t✉r❛❧✱ ❡ ❛❜❛✐①♦ ❞❡ss❛ t❛①❛✱ ❣❡r❛❧♠❡♥t❡ ♣❡r❝❡❜❡✲s❡ ♠✉❞❛♥ç❛s ♠❛✐s ❛❜r✉♣t❛s ♥❛s ♣♦s✐çõ❡s ❞♦s

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

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

❈❛❞❛ ♣✐①❡❧ ❡♠ ✉♠ q✉❛❞r♦ ❞❡s❝r❡✈❡ ♦ ❜r✐❧❤♦ ♦✉ ❛ ❝♦r ❞❡ ✉♠❛ ❛♠♦str❛✳ ❯♠❛ ✐♠❛❣❡♠

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

❛♠♦str❛✱ ❡♥q✉❛♥t♦ ✐♠❛❣❡♥s ❝♦❧♦r✐❞❛s r❡q✉❡r❡♠ ♣❡❧♦ ♠❡♥♦s três ✈❛❧♦r❡s ♣♦r ♣✐①❡❧✳ ❈❛❞❛ ✉♠ ❞❡ss❡s

✈❛❧♦r❡s é r❡♣r❡s❡♥t❛❞♦ ❝♦♠ ✉♠ ♥ú♠❡r♦ ✜♥✐t♦ ❞❡ ❜✐ts✱ s❡♥❞♦ ❜❛st❛♥t❡ ❝♦♠✉♠ ❛ r❡♣r❡s❡♥t❛çã♦ ♣♦r

✽ ❜✐ts✳ ❖ ❡s♣❛ç♦ ❞❡ ❝♦r❡s é ♦ ♠ét♦❞♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ r❡♣r❡s❡♥t❛r ❜r✐❧❤♦ ♦✉ ❝♦r ❡♠ ❝❛❞❛ ❛♠♦str❛ ❞❡

✉♠❛ ✐♠❛❣❡♠✳

◆♦ ❡s♣❛ç♦ ❞❡ ❝♦r❡s ❘●❇✱ ✉♠ ♣✐①❡❧ é r❡♣r❡s❡♥t❛❞♦ ♣♦r três ✈❛❧♦r❡s✱ r❡❧❛t✐✈♦s à ♣r♦♣♦rçã♦ ❞❡ ❝♦r❡s

✈❡r♠❡❧❤❛✱ ✈❡r❞❡ ❡ ❛③✉❧ ❡♠ ✉♠❛ ❛♠♦str❛ ✭❞♦ ✐♥❣❧ês✱ ❘❡❞✱ ●r❡❡♥ ❛♥❞ ❇❧✉❡✮✳ ❊st❛s sã♦ ❝♦♥s✐❞❡r❛❞❛s

✻



❝♦r❡s ♣r✐♠ár✐❛s ❛❞✐t✐✈❛s✱ ♣♦✐s ✉♠❛ ❣r❛♥❞❡ ❣❛♠❛ ❞❡ ❝♦r❡s ♣♦❞❡ s❡r ❝r✐❛❞❛ ❛ ♣❛rt✐r ❞❛ ❝♦♠❜✐♥❛çã♦

❞❛s três✳ ❆ ❝❛♣t✉r❛ ❞❡ ✉♠❛ ✐♠❛❣❡♠ ♥❡st❡ ❡s♣❛ç♦ ❞❡ ❝♦r❡s r❡q✉❡r ❛ ✜❧tr❛❣❡♠ ❞❛ ❝❡♥❛ ♣❛r❛ ❝❛❞❛ ❝♦r

s❡♣❛r❛❞❛♠❡♥t❡✳ ❏á ❛ ❛♣r❡s❡♥t❛çã♦ ❞❡st❛ ❝❡♥❛ r❡q✉❡r t❡❧❛s ❝♦❧♦r✐❞❛s q✉❡ ❛♣r❡s❡♥t❡♠ ❛s ♣r♦♣♦rçõ❡s

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

◆❛ ♣rát✐❝❛✱ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ ♥♦ ❡s♣❛ç♦ ❞❡ ❝♦r❡s é r❡♣r❡s❡♥t❛❞❛ ♣♦r ✉♠❛ ♠❛tr✐③ ❞✐❢❡r❡♥t❡✳

❙❡♥❞♦ ❛ss✐♠✱ ✉♠❛ ✐♠❛❣❡♠ ❝♦❧♦r✐❞❛ é r❡♣r❡s❡♥t❛❞❛ ♥♦ ❡s♣❛ç♦ ❞❡ ❝♦r❡s ❘●❇ ♣♦r três ♠❛tr✐③❡s✱

❝♦♠♦ ♠♦str❛ ❛ ❋✐❣✳ ✷✳✸✳

✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✷✳✸✿ ❈♦♠♣♦♥❡♥t❡s ❞♦ ❡s♣❛ç♦ ❞❡ ❝♦r❡s ❘●❇✿ ✭❛✮ ✐♠❛❣❡♠ ♦r✐❣✐♥❛❧❀ ✭❜✮ ✈❡r♠❡❧❤♦❀ ✭❝✮ ✈❡r❞❡❀

✭❞✮ ❛③✉❧✳

❖ s✐st❡♠❛ ✈✐s✉❛❧ ❤✉♠❛♥♦ ❛♣r❡s❡♥t❛ r❡s♦❧✉çã♦ ♠❛✐♦r ♣❛r❛ ❧✉♠✐♥â♥❝✐❛ ❞♦ q✉❡ ♣❛r❛ ❝♦r❡s✳ ❆ss✐♠✱

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

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

❞❡ ❞❛❞♦s ♥❡❝❡ssár✐♦s ♥❛ r❡♣r❡s❡♥t❛çã♦ ❞❛ ✐♠❛❣❡♠ s❡♠ ❡✈✐❞❡♥t❡ ♣r❡❥✉í③♦ s✉❜❥❡t✐✈♦ ♥❛ q✉❛❧✐❞❛❞❡ ❞❛

♠❡s♠❛✳

❖ ❡s♣❛ç♦ ❞❡ ❝♦r❡s ❨✿❈r✿❈❜ ♣r♦❝✉r❛ r❡♣r❡s❡♥t❛r ✐♠❛❣❡♥s ❝♦❧♦r✐❞❛s ❞❡st❛ ♠❛♥❡✐r❛✳ P❛r❛ ✉♠

❞❛❞♦ ♣✐①❡❧✱ ❨ é ♦ ❝❤❛♠❛❞♦ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛✱ q✉❡ é ❝❛❧❝✉❧❛❞♦ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ♠é❞✐❛

♣♦♥❞❡r❛❞❛ ❞♦s ❝♦♠♣♦♥❡♥t❡s ❘✱ ● ❡ ❇ ❞❡ ❝❛❞❛ ♣✐①❡❧ ✿

✼



Y = krR+ kgG+ kbB, ✭✷✳✶✮

♦♥❞❡ kr✱ kg ❡ kb sã♦ ♣❡s♦s ❝♦♥st❛♥t❡s✳

❆s ✐♥❢♦r♠❛çõ❡s ❞❡ ❝♦r sã♦ ❞❛❞❛s ♣❡❧❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s ❝♦r❡s ❘✱ ● ❡ ❇ ❡ ❛ ❧✉♠✐♥â♥❝✐❛ ❨✱ ❡ sã♦

❞❡♥♦♠✐♥❛❞❛s ❝r♦♠✐♥â♥❝✐❛s✿

Cr = R− Y

Cg = G− Y

Cb = B − Y

. ✭✷✳✷✮

❆ ♣r✐♥❝í♣✐♦✱ ♦ ❡s♣❛ç♦ ❞❡ ❝♦r❡s ❨✿❈r✿❈❜ ♥❡❝❡ss✐t❛ ❞❡ q✉❛tr♦ ❝♦♠♣♦♥❡♥t❡s ♣❛r❛ r❡♣r❡s❡♥t❛r ✉♠

❛♠♦str❛✱ ❨✱ ❈r✱ ❈❣ ❡ ❈❜✳ ❈♦♥t✉❞♦✱ é ♣♦ssí✈❡❧ ♦❜t❡r ❛s ❝♦♠♣♦♥❡♥t❡s ❘✱● ❡ ❇ ❛ ♣❛rt✐r ❞❡ ❨✱ ❈r ❡

❈❜✱ ♠♦t✐✈♦ ♣❡❧♦ q✉❛❧ ♦ ❡s♣❛ç♦ ❞❡ ❝♦r❡s ❝❤❛♠❛✲s❡ ❨✿❈r✿❈❜✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❡❝♦♠❡♥❞❛çã♦ ❇❚✳✻✵✶ ❞❛ ■❚❯✲❘ ✭■♥t❡r♥❛t✐♦♥❛❧ ❚❡❧❡❝♦♠♠✉♥✐❝❛t✐♦♥ ❯♥✐♦♥ ✲

❘❛❞✐♦❝♦♠♠✉♥✐❝❛t✐♦♥s s❡❝t♦r✮✱ ❛ ❝♦♥✈❡rsã♦ ❞♦ ❡s♣❛ç♦ ❘●❇ ♣❛r❛ ❨✿❈r✿❈❜ ❞❡✈❡ s❡r ❢❡✐t❛ ❞❛ s❡❣✉✐♥t❡

❢♦r♠❛✿

Y = 0, 299R+ 0, 587G+ 0, 114B

Cb = 0, 564(B − Y ) + 128

Cr = 0, 713(R− Y ) + 128

. ✭✷✳✸✮

❉❡st❛ ♠❛♥❡✐r❛✱ ❝❛s♦ ❛s ❝♦♠♣♦♥❡♥t❡s ❘✱ ● ❡ ❇ ❡st✐✈❡r❡♠ ❝♦♥t✐❞❛s ❡♠ ✈❛❧♦r❡s ❡♥tr❡ ✵ ❡ ✷✺✺ ✭♦✉ s❡❥❛✱

✽ ❜✐ts ❞❡ ♣r❡❝✐sã♦✮✱ ❛s ❝♦♠♣♦♥❡♥t❡s ❨✱ ❈❜ ❡ ❈r t❛♠❜é♠ t❡rã♦ ✈❛❧♦r❡s ❞❡♥tr♦ ❞❡ss❛ ❢❛✐①❛✱ ❛♣ós ♦

❛rr❡❞♦♥❞❛♠❡♥t♦ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ ❊q✳ ✷✳✸ ❬✷✶❪✳

❆ ✈❛♥t❛❣❡♠ ❞❡st❡ ❡s♣❛ç♦ ❞❡ ❝♦r❡s é q✉❡ ♦ s✐st❡♠❛ ✈✐s✉❛❧ ❤✉♠❛♥♦ é ♠❛✐s s❡♥sí✈❡❧ à ❧✉♠✐♥â♥❝✐❛

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

s❡♠ ♣r❡❥✉í③♦ ✈✐s✉❛❧ ❛♣❛r❡♥t❡✱ ❝♦♠♦ ♠♦str❛ ❛ ❋✐❣✳ ✷✳✹✳ ❆ss✐♠✱ r❡❞✉③✲s❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s

♥❡❝❡ssár✐♦s ♣❛r❛ r❡♣r❡s❡♥t❛r ❝❛❞❛ q✉❛❞r♦✱ ❡ ♦ ✈✐❞❡♦ ❝♦♠♦ ✉♠ t♦❞♦✱ ♣♦r ❝♦♥s❡❣✉✐♥t❡✳ ◗✉❛♥❞♦ ❛s

❝♦♠♣♦♥❡♥t❡s ❨✱ ❈r ❡ ❈❜ sã♦ r❡♣r❡s❡♥t❛❞❛s ❝♦♠ r❡s♦❧✉çõ❡s ✐❞ê♥t✐❝❛s✱ ♦ ❢♦r♠❛t♦ ❞❡ ❛♠♦str❛❣❡♠

é ❝❤❛♠❛❞♦ ✹✿✹✿✹✳ ◗✉❛♥❞♦ ❛s ❝♦♠♣♦♥❡♥t❡s ❈r ❡ ❈❜ ♣♦ss✉❡♠ ♠❡t❛❞❡ ❞❛s r❡s♦❧✉çõ❡s ✈❡rt✐❝❛❧ ❡

❤♦r✐③♦♥t❛❧ ❞❡ ❨✱ ♦ ❢♦r♠❛t♦ ❞❡ ❛♠♦str❛❣❡♠ é ❝❤❛♠❛❞♦ ✹✿✷✿✵✳

✷✳✸ ▼✉❞❛♥ç❛ ❞❡ r❡s♦❧✉çã♦ ❞❡ ✐♠❛❣❡♥s

❖♣❡r❛çõ❡s ❞❡ ❛✉♠❡♥t♦ ❡ r❡❞✉çã♦ ♥❛ r❡s♦❧✉çã♦ ❞❡ ✐♠❛❣❡♥s sã♦ ❝♦♠✉♥s ❡♠ ✉♠❛ sér✐❡ ❞❡

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

✭t❡❧❡✈✐sã♦ ❞✐❣✐t❛❧✱ ❝♦♠♣✉t❛❞♦r ❡ t❡❧❡❢♦♥❡ ❝❡❧✉❧❛r✱ ♣♦r ❡①❡♠♣❧♦✮✱ ❡ ❛ ❝♦♥✈❡rsã♦ ❞♦ ❡s♣❛ç♦ ❞❡ ❝♦r❡s

❘●❇ ♣❛r❛ ♦ ❡s♣❛ç♦ ❨✿❈❜✿❈r ✹✿✷✿✵✱ ❝♦♠♦ ♥❛ ❋✐❣✳ ✷✳✹✳ ❆ r❡❞✉çã♦ ❡ ♦ ❛✉♠❡♥t♦ ♥❛ r❡s♦❧✉çã♦ ❞❡

✐♠❛❣❡♥s sã♦ ♦❜t✐❞♦s ❛tr❛✈és ❞♦s ♣r♦❝❡ss♦s ❞❡ ❞❡❝✐♠❛çã♦ ❡ ✐♥t❡r♣♦❧❛çã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❬✷✷❪✳

✽



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✷✳✹✿ ❈♦♠♣♦♥❡♥t❡s ❞♦ ❡s♣❛ç♦ ❞❡ ❝♦r❡s ❨✿❈r✿❈❜ ✹✿✷✿✵✿ ✭❛✮ ✐♠❛❣❡♠ ✜♥❛❧✱ ❛♣ós ❛♦ ❛✉♠❡♥t♦

❞❛ r❡s♦❧✉çã♦ ❞❡ ❈r ❡ ❈❜ ❡ ❞❛ ❝♦♥✈❡rsã♦ ❞❡ ❨✿❈r✿❈❜ ♣❛r❛ ❘●❇❀ ✭❜✮ ❨❀ ✭❝✮ ❈❜❀ ✭❞✮ ❈r✳

✷✳✸✳✶ ❉❡❝✐♠❛çã♦

❖ ♣r♦❝❡ss♦ ❞❡ ❞❡❝✐♠❛çã♦ ❞❡ ✉♠❛ ✐♠❛❣❡♠ ♣♦r ✉♠ ❢❛t♦r M ❝♦♥s✐st❡ ❡♠ ♠❛♥t❡r ✉♠❛ ❛ ❝❛❞❛ M

❝♦❧✉♥❛s ❡ ✉♠❛ ❛ ❝❛❞❛ M ❧✐♥❤❛s ❞❛ ♠❡s♠❛✳ ❉❡✜♥✐♥❞♦ u ❡ v ❝♦♠♦ s❡♥❞♦ ❛s ❝♦♦r❞❡♥❛❞❛s ❞❡ ❧❛r❣✉r❛

❡ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ✉♠❛ ❞❛❞❛ ✐♠❛❣❡♠✱ ❝❛❞❛ ♣✐①❡❧ ❞❛ ✐♠❛❣❡♠ ♦r✐❣✐♥❛❧ é ✐♥❞✐❝❛❞♦ ♣♦r I(u, v)✱ ❡ ❝❛❞❛

♣✐①❡❧ ❞❛ ✐♠❛❣❡♠ ❞❡❝✐♠❛❞❛ ♣♦r M é ✐♥❞✐❝❛❞♦ ♣♦r ID(u, v)✳ ❆ss✐♠✱ t❡♠♦s✿

ID(u, v) = I(uM, vM). ✭✷✳✹✮

❆ ❋✐❣✳ ✷✳✺✭❛✮ ✐❧✉str❛ ❡st❡ ❝♦♥❝❡✐t♦s ♣❛r❛ ✉♠❛ ✐♠❛❣❡♠ ❞❡ t❛♠❛♥❤♦ 8× 8✱ ❡ ✉♠ ❢❛t♦r M = 4✳

❆♣❧✐❝❛♥❞♦ ❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r s♦❜r❡ ❛ ❊q✳ ✭✷✳✹✮✱ ♣r♦✈❛✲s❡ q✉❡ ID(u, v) s♦❢r❡rá ❞♦

♣r♦❜❧❡♠❛ ❞❡ s✉♣❡r♣♦s✐çã♦ ❡s♣❡❝tr❛❧ ✭♦✉ ❛❧✐❛s✐♥❣✱ ❡♠ ✐♥❣❧ês✮ s❡ ❛ ❧❛r❣✉r❛ ❞❡ ❢❛✐①❛ ❞❛ tr❛♥s❢♦r♠❛❞❛

❞✐s❝r❡t❛ ❞❡ ❋♦✉r✐❡r ❞❡ I(u, v) ❡st✐✈❡r ❢♦r❛ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ ❢r❡q✉ê♥❝✐❛s
[

− π
M , π

M

]

✳ P❛r❛ ❡✈✐t❛r q✉❡

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

✐♥t❡r✈❛❧♦
[

− π
M , π

M

]

✱ ❡ ❛♥✉❧❡ t♦❞♦ ♦ r❡st♦ ✭✉♠ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s✱ ♥♦ ❝❛s♦✮✳ ❆ ♦♣❡r❛çã♦ ❣❡r❛❧ ❞❡

❞❡❝✐♠❛çã♦ ♣♦r ✉♠ ❢❛t♦r M ✱ ✐♥❝❧✉✐♥❞♦ ♦ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s HD✱ é ✐❧✉str❛❞❛ ♥❛ ❋✐❣✳ ✷✳✺✭❝✮✳

❯♠ ✜❧tr♦ HD ❜❛st❛♥t❡ ♣♦♣✉❧❛r ♣❛r❛ ❛ ❞❡❝✐♠❛çã♦ é ♦ ✜❧tr♦ ❞❡ ▲❛♥❝③♦s✱ q✉❡ é ❞❡✜♥✐❞♦ ❡♠ ❞✉❛s

❞✐♠❡♥sõ❡s ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

HD(u, v) = L(u)L(v), ✭✷✳✺✮

✾



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✷✳✺✿ ❈♦♥❝❡✐t♦s ❜ás✐❝♦s ❞❡ ❛✉♠❡♥t♦ ❡ r❡❞✉çã♦ ❞❡ ✐♠❛❣❡♥s✿ ✭❛✮ ❞❡❝✐♠❛çã♦ ID(u, v) ❞❡ ✉♠❛

✐♠❛❣❡♠ I(u, v) ❞❡ t❛♠❛♥❤♦ 8× 8 ♣♦r ✉♠ ❢❛t♦r 4❀ ✭❜✮ ✐♥t❡r♣♦❧❛çã♦ II(u, v) ❞❡ ✉♠❛ ✐♠❛❣❡♠ I(u, v)

❞❡ t❛♠❛♥❤♦ 2× 2 ♣♦r ✉♠ ❢❛t♦r 4❀ ✭❝✮ ♦♣❡r❛çã♦ ❣❡r❛❧ ❞❡ ❞❡❝✐♠❛çã♦✿ ❛ ✐♠❛❣❡♠ I(u, v) é ❝♦♥✈♦❧✉í❞❛

❝♦♠ ♦ ✜❧tr♦ HD(u, v)✱ ❣❡r❛♥❞♦ ❛ ✈❡rsã♦ ♣❛ss❛✲❜❛✐①❛s IPB1(u, v)✱ ❡ ❞❡♣♦✐s ❞❡❝✐♠❛❞❛ ♣♦r ✉♠ ❢❛t♦r

M ✱ ❣❡r❛♥❞♦ ✉♠❛ ✈❡rsã♦ ❞❡ I(u, v) ❡♠ ♠❡♥♦r r❡s♦❧✉çã♦❀ ✭❞✮ ♦♣❡r❛çã♦ ❣❡r❛❧ ❞❡ ✐♥t❡r♣♦❧❛çã♦✿ ❛

✐♠❛❣❡♠ I(u, v) é ✐♥t❡r♣♦❧❛❞❛ ♣♦r ✉♠ ❢❛t♦r M ❡ ❞❡♣♦✐s ❝♦♥✈♦❧✉í❞❛ ❝♦♠ ♦ ✜❧tr♦ HI(u, v)✱ ❣❡r❛♥❞♦

✉♠❛ ✈❡rsã♦ ❞❡ I(u, v) ❡♠ ♠❛✐♦r r❡s♦❧✉çã♦✳

♦♥❞❡ ❛ ❢✉♥çã♦ L() é ❞❡✜♥✐❞❛ ❝♦♠♦✿

L(α) =

{

sinc(α)sinc(α/a) −a < α < a

0 ❝❛s♦ ❝♦♥trár✐♦

sinc(α) = sin(πα)
πα

. ✭✷✳✻✮

❖ ❢❛t♦r a é ✉♠ ✈❛❧♦r ✐♥t❡✐r♦ ♣♦s✐t✐✈♦✱ ❣❡r❛❧♠❡♥t❡ ✐❣✉❛❧ ❛ ✷ ♦✉ ✸✱ q✉❡ ❝♦♥tr♦❧❛ ♦ t❛♠❛♥❤♦ ❞❡ L()✳

❋❛③❡♥❞♦ ❛ ❛♠♦str❛❣❡♠ ❞❡st❛ ❢✉♥çã♦ ❝♦♠ a = 3✱ ❡s❝♦❧❤❡♥❞♦ ✶✷ t❛♣s ❡ ♥♦r♠❛❧✐③❛♥❞♦ ♣❛r❛ ♦❢❡r❡❝❡r

❣❛♥❤♦ ✉♥✐tár✐♦ ♥❛ ❢❛✐①❛ ❞❡ ♣❛ss❛❣❡♠✱ t❡♠♦s ❛ s❡❣✉✐♥t❡ r❡❛❧✐③❛çã♦ ❞❡ L(α) ♣❛r❛ M = 2✿

L(α) = [0, 0036891, 0, 0150561, −0, 0339986, −0, 0666373, 0, 1355053, 0, 4463854,

0, 4463854, 0, 1355053, −0, 0666373, −0, 0339986, 0, 0150561, 0, 0036891].
✭✷✳✼✮

P❛r❛ r❡❛❧✐③❛r M = 4✱ ❜❛st❛ ❛♣❧✐❝❛r ♦ ♣r♦❝❡ss♦ ❞❡ ❞❡❝✐♠❛çã♦ ❝♦♠ ❡st❡ ✜❧tr♦ ❞✉❛s ✈❡③❡s❀ ♣❛r❛ M = 8✱

três ✈❡③❡s✱ ❡ ❛ss✐♠ ♣♦r ❞✐❛♥t❡✳

✶✵



✷✳✸✳✷ ■♥t❡r♣♦❧❛çã♦

❖ ♣r♦❝❡ss♦ ❞❡ ✐♥t❡r♣♦❧❛çã♦ ❞❡ ✉♠❛ ✐♠❛❣❡♠ ♣♦r ✉♠ ❢❛t♦r M ❝♦♥s✐st❡ ❡♠ ❛❝r❡s❝❡♥t❛r M − 1

③❡r♦s ❡♥tr❡ ❝❛❞❛ ❧✐♥❤❛ ❡ M − 1 ③❡r♦s ❡♥tr❡ ❝❛❞❛ ❝♦❧✉♥❛ ❞❛ ✐♠❛❣❡♠✱ ❝♦♠♦ ♠♦str❛ ❛ ❋✐❣✳ ✷✳✺✭❜✮✳

❉❡✜♥✐♥❞♦ ❛ ✐♠❛❣❡♠ ✐♥t❡r♣♦❧❛❞❛ ♣♦r M ❝♦♠♦ s❡♥❞♦ II(u, v)✱ ❡♥tã♦ t❡♠♦s✿

II(u, v) =

{

I(u/M, v/M), u = jM ❡ v = kM, j, k ∈ Z

0, ❝❛s♦ ❝♦♥trár✐♦
. ✭✷✳✽✮

❆♣❧✐❝❛♥❞♦ ❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r s♦❜r❡ ❛ ❊q✳ ✭✷✳✽✮✱ ♣r♦✈❛✲s❡ q✉❡ II(u, v) ❞❡✈❡rá s❡r

♣♦st❡r✐♦r♠❡♥t❡ ✜❧tr❛❞❛ ♣♦r ✉♠ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s ♣❛r❛ ❡✈✐t❛r ♦ ♣r♦❜❧❡♠❛ ❞❡ ❛❧✐❛s✐♥❣✳ ❖ ✜❧tr♦✱

❞❡♥♦♠✐♥❛❞♦ HI(u, v)✱ ❞❡✈❡rá t❡r ❣❛♥❤♦ ✐❣✉❛❧ ❛ M ♥♦ ✐♥t❡r✈❛❧♦ ❞❡ ❢r❡q✉ê♥❝✐❛s
[

− π
M , π

M

]

✱ ❡ ❣❛♥❤♦

♥✉❧♦ ❡♠ t♦❞❛s ❛s ♦✉tr❛s ❢r❡q✉ê♥❝✐❛s✳ ❆ ♦♣❡r❛çã♦ ❣❡r❛❧ ❞❡ ✐♥t❡r♣♦❧❛çã♦ ♣♦r ✉♠ ❢❛t♦r M ✱ ✐♥❝❧✉✐♥❞♦

♦ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s HI ✱ é ✐❧✉str❛❞♦ ♥❛ ❋✐❣✳ ✷✳✺✭❞✮✳

❖ ✜❧tr♦ ▲❛♥❝③♦s ❞❡✜♥✐❞♦ ♥❛s ❊qs✳ ✭✷✳✺✮ ❡ ✭✷✳✻✮ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ♣❛r❛ r❡❛❧✐③❛r ♦ ✜❧tr♦ HI ✳

❋❛③❡♥❞♦ ❛ ❛♠♦str❛❣❡♠ ❞❛ ❢✉♥çã♦ L(α) ❝♦♠ a = 3✱ ❡s❝♦❧❤❡♥❞♦ ✶✷ t❛♣s ❡ ♥♦r♠❛❧✐③❛♥❞♦ ♣❛r❛ ♦❢❡r❡❝❡r

❣❛♥❤♦ ✐❣✉❛❧ ❛ M ♥❛ ❢❛✐①❛ ❞❡ ♣❛ss❛❣❡♠✱ t❡♠♦s ♦ ♠❡s♠♦ ✜❧tr♦ ❞❛ ❊q✳ ✷✳✼ ♠✉❧t✐♣❧✐❝❛❞♦ ♣♦r M ✳

✷✳✹ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ✐♠❛❣❡♥s

❆ ✐♥t❡r♣♦❧❛çã♦ ❞❡ ✉♠❛ ✐♠❛❣❡♠ ❣❡r❛❧♠❡♥t❡ ❝r✐❛ ✉♠❛ ✈❡rsã♦ ❜♦rr❛❞❛ ❞❛ ✐♠❛❣❡♠✱ ❡ ❡♠ ♠❛✐♦r

r❡s♦❧✉çã♦✳ ■st♦ é ✐♥❡r❡♥t❡ ❛♦ ♣ró♣r✐♦ ♣r♦❝❡ss♦ ❞❡ ✐♥t❡r♣♦❧❛çã♦✱ ❥á q✉❡ ❛s ❛♠♦str❛s ❞❡s❝♦♥❤❡❝✐❞❛s

sã♦ ✐♥✐❝✐❛❧♠❡♥t❡ ❢❡✐t❛s ✐❣✉❛✐s ❛ ③❡r♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❊q✳ ✭✷✳✽✮✱ ❡ ❛ ✐♠❛❣❡♠ é ❞❡♣♦✐s ✜❧tr❛❞❛ ♣♦r

✉♠ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s✱ ❝♦♠♦ ✐♥❞✐❝❛❞♦ ♥❛ ❋✐❣✳ ✷✳✺✭❞✮✳ P❛r❛ s❡ ♦❜t❡r ❞❛❞♦s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ♣❛r❛

❛ ✐♠❛❣❡♠ ✐♥t❡r♣♦❧❛❞❛✱ sã♦ ♥❡❝❡ssár✐❛s ♠❛✐s ✐♥❢♦r♠❛çõ❡s ❞❛ ❝❡♥❛✳

❚é❝♥✐❝❛s ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦❝✉r❛♠ ❛❝r❡s❝❡♥t❛r ❡st❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❛ ✉♠❛

✐♠❛❣❡♠ ✐♥t❡r♣♦❧❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ♦✉ ♠❛✐s ✐♠❛❣❡♥s ❞✐s♣♦♥í✈❡✐s ❬✷✸❪ ❬✷✹❪ ❬✷✺❪ ❬✷✻❪✳ Pr❡ss✉♣õ❡✲s❡

q✉❡ ❛ s✐♠♣❧❡s ✐♥t❡r♣♦❧❛çã♦ ❞❡ss❛s ✐♠❛❣❡♥s ♥ã♦ s❡❥❛ s✉✜❝✐❡♥t❡ ♣❛r❛ ❛♣r❡s❡♥t❛r ❞❡t❛❧❤❡s ❞❛ ❝❡♥❛ ❞❡

✐♥t❡r❡ss❡ ❝♦♠ ♥✐t✐❞❡③✱ ❢❛③❡♥❞♦✲s❡ ♥❡❝❡ssár✐♦ ♣r♦❝❡ss❛r ❡ ❝♦♠❜✐♥❛r ❛s ❞✐✈❡rs❛s ✐♠❛❣❡♥s ❞✐s♣♦♥í✈❡✐s✳

➱ ♣♦ssí✈❡❧ q✉❡ t♦❞❛s ❛s ✐♠❛❣❡♥s ❡st❡❥❛♠ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❞❡ ❢♦r♠❛ q✉❡ ❛ s✉♣❡r✲r❡s♦❧✉çã♦ s❡❥❛

r❡❛❧✐③❛❞❛ ❛tr❛✈és ❞❛ ❝♦♠❜✐♥❛çã♦ ❞❡ss❛s ✐♠❛❣❡♥s✱ ♦✉ q✉❡ ❛ ✐♠❛❣❡♠ ❞❡ ✐♥t❡r❡ss❡ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦

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

❊st❛s té❝♥✐❝❛s ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❡♥❝♦♥tr❛♠ ✉♠❛ sér✐❡ ❞❡ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s✳ ➱ ♣♦ssí✈❡❧✱

♣♦r ❡①❡♠♣❧♦✱ r❡❛❧ç❛r r❡❣✐õ❡s ❞❡ ✐♥t❡r❡ss❡ ❡♠ ✉♠❛ ✐♠❛❣❡♠ ♦✉ ✈í❞❡♦ ❞❡st✐♥❛❞♦s ❛ ❞✐✈❡rs❛s

❛t✐✈✐❞❛❞❡s✿ ❢♦r❡♥s❡s ✭r❡❛❧❝❡ ❞❡ r♦st♦s ❡ ♣❧❛❝❛s ❡♠ ✈✐❞❡♦s ❞❡ ❝â♠❡r❛s ❞❡ s❡❣✉r❛♥ç❛✱ ♣♦r ❡①❡♠♣❧♦✮❀

♠é❞✐❝❛s ✭t♦♠♦❣r❛✜❛ ❝♦♠♣✉t❛❞♦r✐③❛❞❛ ❡ r❡ss♦♥â♥❝✐❛ ♠❛❣♥ét✐❝❛✮❀ ❝✐❡♥tí✜❝❛s ❡ ♠✐❧✐t❛r❡s ✭✐♠❛❣❡♥s

❛str♦♥ô♠✐❝❛s ❡ ❞❡ s❛té❧✐t❡s✮✳ ❆❧é♠ ❞✐ss♦✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ❛ s✉♣❡r✲r❡s♦❧✉çã♦ ❛ ✜♠ ❞❡ r❡❞✉③✐r ❛

q✉❛♥t✐❞❛❞❡ ❞❡ s❡♥s♦r❡s ❞❡ ✐♠❛❣❡❛♠❡♥t♦ ❞❡ ❝â♠❡r❛s ❞✐❣✐t❛✐s✱ t❛♥t♦ ♣❛r❛ r❡❞✉③✐r ❝✉st♦s q✉❛♥t♦ ♣❛r❛

r❡❛♣r♦✈❡✐t❛r ❡ ♠❡❧❤♦r❛r s✐st❡♠❛s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ❥á ❡①✐st❡♥t❡s✳ ❖✉tr❛ ❛♣❧✐❝❛çã♦ ✐♥t❡r❡ss❛♥t❡

♣❛r❛ ❛ s✉♣❡r✲r❡s♦❧✉çã♦ é ❛ ❝♦♥✈❡rsã♦ ❞❡ ❢♦r♠❛t♦s ❞❡ ✈✐❞❡♦ ❡♠ ❞✐❢❡r❡♥t❡s r❡s♦❧✉çõ❡s✳

✶✶



✷✳✹✳✶ ❙✉♣❡r✲r❡s♦❧✉çã♦ ♣♦r ❝♦♠❜✐♥❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✐♠❛❣❡♥s

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

❜❛✐①❛ r❡s♦❧✉çã♦ ❬✷✹❪✱ ♥♦ q✉❡ s❡ ❝♦st✉♠❛ ❝❤❛♠❛r s✉♣❡r✲r❡s♦❧✉çã♦ ♣♦r ❝♦♠❜✐♥❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s

✐♠❛❣❡♥s✳ ❊st❛s ✐♠❛❣❡♥s ❞❡ r❡❢❡rê♥❝✐❛ ♣♦❞❡♠ s❡r ♦❜t✐❞❛s ❛tr❛✈és ❞❡ ✈ár✐❛s ❢♦t♦❣r❛✜❛s t✐r❛❞❛s

❝♦♠ ✉♠❛ ♠❡s♠❛ ❝â♠❡r❛ ❡♠ ❞✐❢❡r❡♥t❡s ♣♦♥t♦s ❞❡ ✈✐st❛✱ ❛tr❛✈és ❞❡ ✈ár✐❛s ❝â♠❡r❛s s✐♥❝r♦♥✐③❛❞❛s ❡

♣♦s✐❝✐♦♥❛❞❛s ❡♠ ❞✐❢❡r❡♥t❡s ♣♦♥t♦s ❞❡ ✈✐st❛✱ ♦✉ ❛tr❛✈és ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦✳

❊st❛ ❢♦r♠❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❝♦♥st✐t✉✐ ✉♠ ♣r♦❝❡ss♦ ✐♥✈❡rs♦✱ ❡♠ q✉❡ s❡ ❡st✐♠❛ ❛ ❢♦♥t❡ ❞❡

✐♥❢♦r♠❛çã♦ ❛ ♣❛rt✐r ❞♦s ❞❛❞♦s ♦❜s❡r✈❛❞♦s✳ ▼❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡✱ ❛ ♣❛rt✐r ❞❡ V ✐♠❛❣❡♥s Yk ❡♠

r❡s♦❧✉çã♦ N1 × N2✱ k ∈ {1, ..., V }✱ ❞❡s❡❥❛✲s❡ ❡st✐♠❛r ❛ ✐♠❛❣❡♠ X✱ ❡♠ r❡s♦❧✉çã♦ L1N1 × L2N2✳

❙❡♥❞♦ ✉♠ ♣r♦❝❡ss♦ ✐♥✈❡rs♦✱ é ♥❡❝❡ssár✐♦ ♠♦❞❡❧❛r ❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ❡♥tr❛❞❛s Yk ❡ ❛ s❛í❞❛ X✱ ♦ q✉❡

é ❣❡r❛❧♠❡♥t❡ ❢❡✐t♦ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

Yk = ■▼(X) + nk, ✭✷✳✾✮

♦♥❞❡ ❛ ❢✉♥çã♦ ■▼() r❡♣r❡s❡♥t❛ ♦ s✐st❡♠❛ ❞❡ ✐♠❛❣❡❛♠❡♥t♦✱ ♦✉ ❞❡ ❝❛♣t✉r❛ ❞❛s ✐♠❛❣❡♥s✱ ❡ nk

r❡♣r❡s❡♥t❛ ♦ s✐♥❛❧ ❞❡ r✉í❞♦ ✐♥❡r❡♥t❡ ❛ ❡st❡ s✐st❡♠❛✳ ❖ ♦❜❥❡t✐✈♦ ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ é ♠✐♥✐♠✐③❛r

❛❧❣✉♠❛ ❢✉♥çã♦ ❞❡ ❝✉st♦ ❡♥tr❡ ❛ ❡st✐♠❛t✐✈❛ ■▼(X̂) ❡ ❛s ✐♠❛❣❡♥s ❞❡ ❡♥tr❛❞❛ Yk✱ t❛✐s ❝♦♠♦ ❛ s♦❧✉çã♦

✈✐❛ ♠í♥✐♠♦s q✉❛❞r❛❞♦s✱

X̂ = argmin
X

J(X) = argmin
X

V
∑

k=1

‖■▼(X)−Yk‖
2
2 , ✭✷✳✶✵✮

❡ ❛ s♦❧✉çã♦ ❧❛♥❣r❛♥❣✐❛♥❛ ✈✐❛ ♠í♥✐♠♦s q✉❛❞r❛❞♦s r❡❣✉❧❛r✐③❛❞♦s✱ q✉❡ ✉t✐❧✐③❛ ✉♠❛ ❢✉♥çã♦ ρ(X) ♣❛r❛

♣❡♥❛❧✐③❛r s♦❧✉çõ❡s ♠á✲❢♦r♠❛❞❛s ❬✷✺❪✱

X̂ = argmin
X

{

V
∑

k=1

‖■▼(X)−Yk‖
2
2 + λρ(X)

}

. ✭✷✳✶✶✮

❆ ❡s❝♦❧❤❛ ❛❞❡q✉❛❞❛ ❞❛ ❢✉♥çã♦ ■▼() é ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ♦ ❜♦♠ ❞❡s❡♠♣❡♥❤♦ ❞❡st❛ ❢♦r♠❛

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

Pr✐♠❡✐r❛♠❡♥t❡✱ r❡♣r❡s❡♥t❛✲s❡ t♦❞♦ ♦ s✐st❡♠❛ ❡♠ ♦r❞❡♠ ❧❡①✐❝♦❣rá✜❝❛✿ X é s✉❜st✐t✉í❞♦ ♣♦r Xv =

[X(0, 0), X(0, 1), ..., X(L1N1, L2N2)]✱ Yk é s✉❜st✐t✉í❞♦ ♣♦r Yk,v✱ ❡ nk✱ ♣♦r nk,v✳ ❖ s✐st❡♠❛ ❞❡

✐♠❛❣❡❛♠❡♥t♦ ♠❛✐s ❝♦♠♣❧❡t♦ é ❞❛❞♦ ♣♦r✿

Yk,v = DBkMkXv + nk,v, ✭✷✳✶✷✮

♦♥❞❡ D é ❛ ♠❛tr✐③ (N1N2)
2×L1N1L2N2 ❞❡ ❞❡❝✐♠❛çã♦✱ Bk é ❛ ♠❛tr✐③ L1N1L2N2×L1N1L2N2 ❞❡

❞❡s❢♦q✉❡ ♣♦r ♠♦✈✐♠❡♥t♦✱ t❛♥t♦ ❞❛ ❝â♠❡r❛ q✉❛♥t♦ ❞♦s ♦❜❥❡t♦s ❞❛ ❝❡♥❛✱ ❡Mk é ❛ ♠❛tr✐③ L1N1L2N2×

L1N1L2N2 ❞❡ ❞✐st♦rçã♦ ❞❡ ót✐❝❛✱ ❞❡✈✐❞♦ ❛♦ ♠♦✈✐♠❡♥t♦ ❣❧♦❜❛❧ ♦✉ ❧♦❝❛❧ ❞❡ ♦❜❥❡t♦s ❡ ❞♦ ❢✉♥❞♦ ❞❛

❝❡♥❛ ✭tr❛♥s❧❛çã♦✱ r♦t❛çã♦✱ ❡♥tr❡ ♦✉tr♦s✮✳

✶✷



❚♦r♥❛✲s❡ ♥❡❝❡ssár✐♦ ❡st✐♠❛r ♦ ♠♦✈✐♠❡♥t♦ ♣r❡s❡♥t❡ ♥❛ ❝❡♥❛ ❞❛s ✐♠❛❣❡♥s ❞❡ r❡❢❡rê♥❝✐❛ ♣❛r❛ ❛

✐♠❛❣❡♠ ❞❡ ✐♥t❡r❡ss❡✱ ♦ q✉❡ ♣❡r♠✐t❡ ❝♦♠♣❡♥s❛r ♦ ❡❢❡✐t♦s ❞❛s ♠❛tr✐③❡s Bk ❡ Mk✳ ❊s♣❡r❛✲s❡ q✉❡

❛s ❞✐✈❡rs❛s ✐♠❛❣❡♥s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ♣♦ss✉❛♠ ❞❡s❧♦❝❛♠❡♥t♦s ❡♠ ♥í✈❡❧ ❞❡ s✉❜♣✐①❡❧✱ ✐st♦ é✱ ❛s

✐♠❛❣❡♥s ❞❡✈❡♠ ❡st❛r ❞❡s❧♦❝❛❞❛s ♣♦r ❢r❛çõ❡s ❞❡ ♣✐①❡❧✳ ❈❛s♦ ❝♦♥trár✐♦✱ ❝❛❞❛ ✐♠❛❣❡♠ ♣♦ss✉✐rá ❛

♠❡s♠❛ ✐♥❢♦r♠❛çã♦✱ só q✉❡ ❡♠ ♣♦s✐çõ❡s ✐♥t❡✐r❛s ❞✐❢❡r❡♥t❡s✳

❆ ❋✐❣✳ ✷✳✻ ✐❧✉str❛ ♦s ♣r✐♥❝✐♣❛✐s ❡stá❣✐♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣♦r ❝♦♠❜✐♥❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s

✐♠❛❣❡♥s✿ r❡❣✐str♦ ❞❛s ✐♠❛❣❡♥s✱ ❝♦♠❜✐♥❛çã♦ ❡ r❡st❛✉r❛çã♦✳ ❆ ♣r✐♠❡✐r❛ ❡t❛♣❛ ❝♦rr❡s♣♦♥❞❡ à

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

❞❡✜♥✐r ❛s ❝♦♥tr✐❜✉✐çõ❡s ❡♠ ♥í✈❡❧ ❞❡ s✉❜♣✐①❡❧ ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s ✐♠❛❣❡♥s ❞❡ r❡❢❡rê♥❝✐❛✳ ❈♦♠♦ ❡ss❡

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

❡st❛s ✐♠❛❣❡♥s ❡♠ ♣♦s✐çõ❡s ❜❡♠ ❞❡✜♥✐❞❛s✱ ❣❡r❛♥❞♦ ✉♠❛ ✐♠❛❣❡♠ ❝♦♠ r❡s♦❧✉çã♦ ♠❛✐♦r✳ P♦r ✜♠✱

❡st❛ ✐♠❛❣❡♠ ✜♥❛❧ é r❡st❛✉r❛❞❛✱ ♣❛r❛ r❡♠♦✈❡r ❡✈❡♥t✉❛✐s r✉í❞♦s ❡ ❜♦rr❛♠❡♥t♦s✳

❋✐❣✉r❛ ✷✳✻✿ ❙✉♣❡r✲r❡s♦❧✉çã♦ ♣♦r ❝♦♠❜✐♥❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✐♠❛❣❡♥s✳

❖s ❞✐❢❡r❡♥t❡s ♠ét♦❞♦s ♣r♦♣♦st♦s ♣❛r❛ ❡st❡ t✐♣♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞✐③❡♠ r❡s♣❡✐t♦ ❛ q✉❡stõ❡s

❡str✉t✉r❛✐s✱ t❛✐s ❝♦♠♦ ♦ ❞♦♠í♥✐♦ ❞❡ ❛♣❧✐❝❛çã♦ ✭❡s♣❛❝✐❛❧ ♦✉ t❡♠♣♦r❛❧✮✱ r❡✜♥❛♠❡♥t♦s ❛♦ ♠♦❞❡❧♦ ❞❡

♦❜s❡r✈❛çã♦ ❝♦♥s✐❞❡r❛❞♦ ❡ ❞❡t❛❧❤❡s ❞❡ ❝❛❞❛ ✉♠ ❞♦s ❡stá❣✐♦s✳ ❖ r❡❣✐str♦ ❞❛s ✐♠❛❣❡♥s✱ ♣♦r ❡①❡♠♣❧♦✱

♣♦❞❡ s❡r ❢❡✐t♦ ❜❛s❡❛❞♦ ❡♠ ❜❧♦❝♦s ♦✉ ❡♠ ♣✐①❡❧s✱ ♣♦r ❛♥á❧✐s❡ ❞❡ ✢✉①♦ ót✐❝♦✱ ❞❡♥tr❡ ♦✉tr♦s ♠ét♦❞♦s✱ ❡

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

❞✐s❝r❡♣❛♥t❡s ✭♦✉ ♦✉t❧✐❡rs✱ ❡♠ ✐♥❣❧ês✮✳ ❏á ♦ ❡stá❣✐♦ ❞❡ ❝♦♠❜✐♥❛çã♦ ♣♦❞❡ s❡r ❢❡✐t♦ ❞❡ ❢♦r♠❛ ❞✐r❡t❛ ♦✉

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

✶✸



➱ ♣♦ssí✈❡❧ t❛♠❜é♠ ❛❞♦t❛r ✉♠❛ ♣❡rs♣❡❝t✐✈❛ ❡st♦❝ást✐❝❛ ❛♦ ♣r♦❝❡ss♦✳ ❊♠♣r❡❣❛♥❞♦✲s❡ ♠ét♦❞♦s

❞❡ ❡st✐♠❛çã♦ ❇❛②❡s✐❛♥❛✱ ❛ ❢✉♥çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❛ ♣♦st❡r✐♦r✐ P (X|Y1, ...,Yp) ♣♦❞❡

s❡r ❛♣r♦①✐♠❛❞❛✱ ❞❡ ❢♦r♠❛ q✉❡ ❛ s♦❧✉çã♦ é ❞❛❞❛ ♣♦r✿

X̂ = argmax
X

P (X|Y1, ...,Yp), ✭✷✳✶✸✮

❡ ❛♣❧✐❝❛♥❞♦ ♦ t❡♦r❡♠❛ ❞❡ ❇❛②❡s ❡ ❛ ❢✉♥çã♦ ❧♦❣❛rít♠✐❝❛✱ ♦❜té♠✲s❡✿

X̂ = argmax
X

{logP (Y1, ...,Yp|X) + logP (X)} , ✭✷✳✶✹✮

♦♥❞❡ P (X) ❡ P (Y1, ...,Yp|X) r❡♣r❡s❡♥t❛♠ ❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐ ❞♦ ♠♦❞❡❧♦ ❞❡ ✐♠❛❣❡♠ ❡ ❞❛s

❞❡♥s✐❞❛❞❡s ❝♦♥❞✐❝✐♦♥❛✐s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊st❛ ✐♥❢♦r♠❛çã♦ ❛ ♣r✐♦r✐ ❧❡✈❛ ❛ r❡s✉❧t❛❞♦s ❡stá✈❡✐s✱

❞❛❞♦ q✉❡ ❛ ♠♦❞❡❧♦ ❛♣❧✐❝❛❞♦ s❡❥❛ ❛❞❡q✉❛❞♦✳

✷✳✹✳✷ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❜❛s❡❛❞❛ ❡♠ ❡①❡♠♣❧♦s

❆ s✉♣❡r✲r❡s♦❧✉çã♦ ❜❛s❡❛❞❛ ❡♠ ❡①❡♠♣❧♦s ❬✷✻❪ ❛❝r❡s❝❡♥t❛ ✐♥❢♦r♠❛çõ❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❛ ✉♠❛

✐♠❛❣❡♠ ✐♥t❡r♣♦❧❛❞❛ ✉t✐❧✐③❛♥❞♦ ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❝♦♠ ✐♠❛❣❡♥s ❡♠ ❛❧t❛ r❡s♦❧✉çã♦✳ ❆ ♣r✐♥❝í♣✐♦✱

♥ã♦ ❤á r❡❧❛çã♦ ❞✐r❡t❛ ❡♥tr❡ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❡ ❛ ✐♠❛❣❡♠ ❞❡ ❡♥tr❛❞❛✱ ❞❡ ❢♦r♠❛ q✉❡ ♦ ❛❧❣♦r✐t♠♦

♣♦❞❡ ❛t❡♥❞❡r ❛ ✉♠❛ ❛♠♣❧❛ ❣❛♠❛ ❞❡ ✐♠❛❣❡♥s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❞❡ ♣♦ss❡ ❞❡ ✉♠ ❣r❛♥❞❡ ❜❛♥❝♦

❞❡ ❞❛❞♦s✳ ❆ss✐♠✱ ❡st❛ té❝♥✐❝❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ♣❡r♠✐t❡ s✉♣❡r✲r❡s♦❧✈❡r ✉♠❛ ú♥✐❝❛ ✐♠❛❣❡♠✱ ♦ q✉❡

♥ã♦ é ♣♦ssí✈❡❧ ❝♦♠ ❛s té❝♥✐❝❛s ❞❛ ❙❡çã♦ ❛♥t❡r✐♦r✳ ❆❧é♠ ❞✐ss♦✱ ❡✈✐t❛✲s❡ ❝❛♣t✉r❛r ❛ ❝❡♥❛ ❛ ♣❛rt✐r ❞❡

❞✐❢❡r❡♥t❡s ♣♦♥t♦s ❞❡ ✈✐st❛s ♦✉ ✐♥st❛♥t❡s✳

❊st❛ té❝♥✐❝❛ ❜❛s❡✐❛✲s❡ ♥♦ ❢❛t♦ q✉❡ ❛ ❝♦❧❡çã♦ ❞❡ ✐♠❛❣❡♥s q✉❡ ❝❛♣t✉r❛♠ ❝❡♥❛s r❡❛✐s✱ ♣♦r ❡①❡♠♣❧♦✱

♣♦ss✉✐ ✈❛r✐❛❜✐❧✐❞❛❞❡ ♠✉✐t♦ ♠❡♥♦r ❞♦ q✉❡ ❛ ❝♦❧❡çã♦ ❞❡ ✐♠❛❣❡♥s ❛❧❡❛tór✐❛s✳ ❚❛✐s r❡❣✉❧❛r✐❞❛❞❡s ❢♦r❛♠

❡①♣❧♦r❛❞❛s ❡♠ ❡st✉❞♦s ❞❡ ♠♦❞❡❧❛❣❡♠ ❞♦s ♣r✐♠❡✐r♦s ❡stá❣✐♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦s s✐st❡♠❛s ✈✐s✉❛✐s

❞❡ ♠❛♠í❢❡r♦s ❬✷✼❪ ❬✷✽❪✱ ❡ ❡❧❛s sã♦ ❛♣r♦✈❡✐t❛❞❛s ♥❡st❛ té❝♥✐❝❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦✳

◆❛ s✉♣❡r✲r❡s♦❧✉çã♦ ❜❛s❡❛❞❛ ❡♠ ❡①❡♠♣❧♦s✱ ❣❡r❛✲s❡ ♣❛r❛ ❝❛❞❛ ✐♠❛❣❡♠ ❡♠ ❛❧t❛ r❡s♦❧✉çã♦ Ij ✉♠❛

✈❡rsã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛✱ IBj ✱ ❡ ✉♠❛ ✈❡rsã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✱

I
A
j ✱ ♦♥❞❡ I

A
j = Ij − I

B
j ✳ ❆❧é♠ ❞✐ss♦✱ ❝♦♥s✐❞❡r❛✲s❡ q✉❡ ❛ ✐♠❛❣❡♠ ✐♥t❡r♣♦❧❛❞❛ I0 ❝♦rr❡s♣♦♥❞❡ s♦♠❡♥t❡

às ❝♦♠♣♦♥❡♥t❡s ❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛✱ ♦✉ s❡❥❛✱ I0 = I
B
0 ✳ ■st♦ ♣❡r♠✐t❡ ♦❜t❡r ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛

✐♠❛❣❡♠ ❞❡ ❡♥tr❛❞❛ I0 ❡ ❛s ✐♠❛❣❡♥s ❞❡ r❡❢❡rê♥❝✐❛ Ij ✳

I
B
0 ✱ I

B
j ❡ IAj sã♦ ❞✐✈✐❞✐❞❛s ❡♠ ❜❧♦❝♦s r❡❣✉❧❛r❡s✱ ❡ ♣r♦❝✉r❛✲s❡ ❡♠ I

B
j ♣❡❧♦ ❜❧♦❝♦ ♠❛✐s s❡♠❡❧❤❛♥t❡ ❛

❝❛❞❛ ✉♠ ❞♦s ❜❧♦❝♦s ❞❡ IB0 ✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♣♦s✐çã♦ ❞♦ ❜❧♦❝♦ ❡s❝♦❧❤✐❞♦ ❡♠ I
B
j ✱ ❡①tr❛✐✲s❡ ♦ ❜❧♦❝♦ ❡♠

I
A
j ✳ ❊st❡ ❜❧♦❝♦ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ é ❡♥tã♦ s♦♠❛❞♦ ❛ I0✱ ❛❝r❡s❝❡♥t❛♥❞♦ ❞❡t❛❧❤❡s q✉❡ ♥ã♦ ♣✉❞❡r❛♠

s❡r ♦❜t✐❞♦s ❛tr❛✈és ❞❛ ✐♥t❡r♣♦❧❛çã♦✳ ❆ ❋✐❣✳ ✷✳✼ ✐❧✉str❛ ❡st❡ ♣r♦❝❡ss♦✳

❆ ❋✐❣✳ ✷✳✽ ✐❧✉str❛ ❞❡t❛❧❤❡s ❞♦s r❡s✉❧t❛❞♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ❜❛s❡❛❞❛ ❡♠ ❡①❡♠♣❧♦s ❞❡ s❡❣✉♥❞♦

q✉❛❞r♦ ❞❛ s❡q✉ê♥❝✐❛ ❇❛❧❧❡t ❬✶✾❪✱ ✈✐st❛ 0✱ ✉t✐❧✐③❛♥❞♦ ♦ ♣r✐♠❡✐r♦ q✉❛❞r♦ ❞❛ ♠❡s♠❛ ✈✐st❛ ❝♦♠♦

r❡❢❡rê♥❝✐❛✳ ❆s ❋✐❣s✳ ✷✳✽✭❛✮ ❡ ✭❜✮ ❛♣r❡s❡♥t❛♠ ❜❧♦❝♦s ❝♦rr❡s♣♦♥❞❡♥t❡s✱ ❞❡ t❛♠❛♥❤♦ 16 × 16 ♣✐①❡❧s✱

❡♠ I
B
O ❡ ❡♠ I

A
O❀ ♦ ♦❜❥❡t✐✈♦ ❞♦ ❛❧❣♦r✐t♠♦ é ♦❜t❡r ❛ ♠❡❧❤♦r ❛♣r♦①✐♠❛çã♦ ❛ ❡st❡ ú❧t✐♠♦ ❜❧♦❝♦✳ ❆ ❋✐❣✳

✶✹



Bloco atual

Melhor candidato

+

❋✐❣✉r❛ ✷✳✼✿ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❜❛s❡❛❞❛ ❡♠ ❡①❡♠♣❧♦s✿ ✉♠❛ ✐♠❛❣❡♠ ✐♥t❡r♣♦❧❛❞❛ I
B
0 r❡❝❡❜❡ ✐♥❢♦r♠❛çõ❡s

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

❝♦♠♣♦♥❡♥t❡s ❞❡ ❜❛✐①❛ ❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✱ IBj ❡ I
A
j ✳

✷✳✽✭❝✮ ❛♣r❡s❡♥t❛ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ❞❡ t❛♠❛♥❤♦ 176×176 ❡♠ I
B
j ✱ ❡ ❛ ❋✐❣✳ ✷✳✽✭❞✮ ❛♣r❡s❡♥t❛ ❛ ❥❛♥❡❧❛

❝♦rr❡s♣♦♥❞❡♥t❡ ❡♠ I
A
j ✳ ❉❡ t♦❞❛ ❛ ❥❛♥❡❧❛✱ ♦ ❜❧♦❝♦ ❞❡ t❛♠❛♥❤♦ 16 × 16 ❞❛ ❋✐❣✳ ✷✳✽✭❡✮ é ❡s❝♦❧❤✐❞♦

❝♦♠♦ ♦ ♠❛✐s ♣ró①✐♠♦ à ❋✐❣✳ ✷✳✽✭❛✮✱ q✉❡ é s✉♣❡r✲r❡s♦❧✈✐❞❛ ♣❡❧❛ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡♥t❡✱

❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✳ ✷✳✽✭❢✮✳

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

❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✳ ❉❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♦s ❜❧♦❝♦s ❞❡ I
B
O ❡ I

B
j ❞❡✈❡♠ ❡st❛r

❜❡♠ ❝♦rr❡❧❛❝✐♦♥❛❞♦s✱ ♦s ❜❧♦❝♦s ❡s❝♦❧❤✐❞♦s ♣❛r❛ ❝♦♠♣♦r❡♠ Î
A
O✱ ❛ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞❡ IBO✱ ❞❡✈❡♠ ❡st❛r

❜❡♠ ❝♦rr❡❧❛❝✐♦♥❛❞♦s ❡♥tr❡ s✐✳ ❆♦ ✐♥✈és ❞❡ ❝♦♠♣❛r❛r s♦♠❡♥t❡ ❜❧♦❝♦s ❞❡ I
B
O ❡ I

B
j ✱ ❛❝r❡s❝❡♥t❛✲s❡ à

❝♦♠♣❛r❛çã♦ ❛ ✐♥❢♦r♠❛çã♦ ❞♦s ❜❧♦❝♦s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ✈✐③✐♥❤♦s ❥á ❡s❝♦❧❤✐❞♦s✱ t❛♥t♦ ❡♠ Î
A
O q✉❛♥t♦

❡♠ I
A
j ✳ ❚❡♥❞♦ ❛ ❋✐❣✳ ✷✳✾ ❝♦♠♦ r❡❢❡rê♥❝✐❛✱ ❛♦ ✐♥✈és ❞❡ ❝♦♠♣❛r❛r s♦♠❡♥t❡ ♦s ♣✐①❡❧s ♥❛s ♣♦s✐çõ❡s

❆✲P ❞❡ I
B
O ❝♦♠ ❛s ♣♦s✐çõ❡s ❝♦rr❡s♣♦♥❞❡♥t❡s ❡♠ I

B
j ✱ ❛❝r❡s❝❡♥t❛✲s❡ ❛s ♣♦s✐çõ❡s ◗✲❨ ❞❡ Î

A
O ❡ ❞❡ I

A
j à

❝♦♠♣❛r❛çã♦✱ ❞❡ ❢♦r♠❛ ♣♦♥❞❡r❛❞❛✳ ❆ss✐♠✱ ♦s ❜❧♦❝♦s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ q✉❡ ✐rã♦ ❝♦♠♣♦r Î
A
O s❡rã♦

❡s❝♦❧❤✐❞♦s ♥ã♦ s♦♠❡♥t❡ ♣❡❧❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ I
B
O ❡ I

B
j ✱ ♠❛s t❛♠❜é♠ ♣❡❧❛ ♣ró♣r✐❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡

❡❧❡s✳

❆ ♠❡❧❤♦r❛ ♥❛ q✉❛❧✐❞❛❞❡ ❞❡ IO é ♦❜✈✐❛♠❡♥t❡ ❞❡♣❡♥❞❡♥t❡ ❞♦ t✐♣♦ ❞❡ ✐♠❛❣❡♠ q✉❡ s❡ ✉s❛ ❝♦♠♦

r❡❢❡rê♥❝✐❛✳ ❖ ✐♥t❡r❡ss❛♥t❡ ❞❡st❛ té❝♥✐❝❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ é q✉❡ ♠❡❧❤♦r✐❛s ♣♦❞❡♠ s❡r ♦❜t✐❞❛s ♣❛r❛

❛ ✐♠❛❣❡♠ IO ✉t✐❧✐③❛♥❞♦ ✐♠❛❣❡♥s ❛♣❛r❡♥t❡♠❡♥t❡ ♥ã♦ ❝♦rr❡❧❛❝✐♦♥❛❞❛s✳ P♦r ❡①❡♠♣❧♦✱ ❋r❡❡♠❛♥ ❡t✳

❛❧✳ ❬✷✻❪ s✉♣❡r✲r❡s♦❧✈❡♠ ❛ ✐♠❛❣❡♠ ❝♦❧♦r✐❞❛ ❞❡ ✉♠❛ ✢♦r ❛ ♣❛rt✐r ❞❡ ✉♠ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❝♦♥st✐t✉í❞♦

♣♦r ✐♠❛❣❡♥s ❝♦❧♦r✐❞❛s ❡♠ ❛❧t❛ r❡s♦❧✉çã♦ ❞❡ ♣❡ss♦❛s✳ ❊♠ ❝♦♠♣❡♥s❛çã♦✱ ❛ ♠❡s♠❛ ✐♠❛❣❡♠ ❞❛ ✢♦r é

❝♦rr♦♠♣✐❞❛ q✉❛♥❞♦ s❡ ❛♣❧✐❝❛ ✉♠❛ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ❝♦♥st✐t✉í❞♦ ♣♦r t❡①t♦ ♠♦♥♦❝r♦♠át✐❝♦✳ ❖✉ s❡❥❛✱

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

♠í♥✐♠♦ ❛ ♣r✐♦r✐ ❞❛ ❝❡♥❛ q✉❡ s❡ ❞❡s❡❥❛ s✉♣❡r✲r❡s♦❧✈❡r✳

✶✺



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮ ✭❢✮

❋✐❣✉r❛ ✷✳✽✿ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❜❛s❡❛❞❛ ❡♠ ❡①❡♠♣❧♦s ♣❛r❛ ✉♠❛ s❡q✉ê♥❝✐❛ r❡❛❧✿ ✭❛✮ ❇❧♦❝♦ ❞❡ t❛♠❛♥❤♦

16× 16 ❡♠ I
B
O❀ ✭❜✮ ❇❧♦❝♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ❛♥t❡r✐♦r ❡♠ I

A
O ✭♦❜❥❡t✐✈♦ ❞♦ ❛❧❣♦rt✐♠♦✮❀ ✭❝✮ ❏❛♥❡❧❛ ❞❡

❜✉s❝❛ ❞❡ t❛♠❛♥❤♦ 176×176 ❡♠ I
B
j ❀ ✭❞✮ ❆❧t❛s ❢r❡q✉ê♥❝✐❛s ❡♠ I

A
j ✱ ❝♦rr❡s♣♦♥❞❡♥t❡s à ❥❛♥❡❧❛ ❛♥t❡r✐♦r❀

✭❡✮ ❇❧♦❝♦ ❞❡ t❛♠❛♥❤♦ 16× 16 ❡♠ I
B
j ♠❛✐s s✐♠✐❧❛r ❛ ✭❛✮❀ ✭❢✮ ❆❧t❛ ❢r❡q✉ê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛ ✭❡✮✱

✉t✐❧✐③❛❞❛ ♣❛r❛ s✉♣❡r✲r❡s♦❧✈❡r I
B
O✳ ❋♦✐ ❛❞✐❝✐♦♥❛❞♦ às ❋✐❣s ✭❜✮✱ ✭❞✮ ❡ ✭❢✮ ♦ ✈❛❧♦r ✶✷✽ ✭♠❡t❛❞❡ ❞❛

r❡s♦❧✉çã♦ ❡♠ 8 ❜✐ts✮✱ ♣❛r❛ q✉❡ ❡st❛s ♣✉❞❡ss❡♠ s❡r ❛♣r❡s❡♥t❛❞❛s ❝♦rr❡t❛♠❡♥t❡✱ ❥á q✉❡ I
A
O ❡ I

A
j

♣♦ss✉❡♠ ✈❛❧♦r❡s ♥❡❣❛t✐✈♦s✳

✷✳✺ P❛❞rã♦ ❍✳✷✻✹✴❆❱❈ ❞❡ ❝♦♠♣r❡ssã♦ ❞❡ ✈✐❞❡♦

❯♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦ ♥♦r♠❛❧♠❡♥t❡ ❛❝❛rr❡t❛ ✉♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s✱ ❞❡✈✐❞♦ à

❛♠♦str❛❣❡♠ ♥♦ t❡♠♣♦ ❡ ♥♦ ❡s♣❛ç♦✳ P♦r ❡①❡♠♣❧♦✱ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦ ❝❛♣t✉r❛❞❛ ❡ ❝♦♠ t❛①❛

❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✸✵ q✉❛❞r♦s ♣♦r s❡❣✉♥❞♦✱ ❡♠ r❡s♦❧✉çã♦ 1280× 720✱ ♥♦ ❡s♣❛ç♦ ❞❡ ❝♦r❡s ❨✿❈❜✿❈r

✹✿✷✿✵ ❝♦♠ ✽ ❜✐ts ❞❡ ♣r❡❝✐sã♦✱ ❣❡r❛ 30× 1280× 720× 3/2/220 = 39, 551 ♠❡❣❛❜②t❡s ♣♦r s❡❣✉♥❞♦ ❞❡

✶✻



❋✐❣✉r❛ ✷✳✾✿ ❊①tr❛çã♦ ❞♦ ❜❧♦❝♦ ❛t✉❛❧ ❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛ ❡♠ I
B
O ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ s❡✉s ✈✐③✐♥❤♦s

❡s♣❛❝✐❛✐s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❡♠ Î
A
O✱ ❛ s❡r❡♠ ✉t✐❧✐③❛❞♦s ♥❛ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦s ❝❛♥❞✐❞❛t♦s

❝♦rr❡s♣♦♥❞❡♥t❡s ♥♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s✳

✐♥❢♦r♠❛çã♦ ♥❛ ❢♦r♠❛ ❞❡ ♣✐①❡❧s✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ r❡❞✉çã♦ ❞❡ ❞❛❞♦s ❞❡ ✈✐❞❡♦ ❢❛③✲s❡ ♥❡❝❡ssár✐❛ ❡♠ ✉♠❛

❣r❛♥❞❡ ❣❛♠❛ ❞❡ ❛♣❧✐❝❛çõ❡s✱ t❛✐s ❝♦♠♦ ♦ str❡❛♠✐♥❣ ✈✐❛ ✐♥t❡r♥❡t ❡ ✈✐❞❡♦❝♦♥❢❡rê♥❝✐❛s ❬✷✵❪✳

❖ ❍✳✷✻✹✴❆❱❈ é ♦ ♣❛❞rã♦ ❞❡ ❝♦❞✐✜❝❛çã♦ ❞❡ ✈✐❞❡♦ ❞❛ ✐♥❞ústr✐❛✱ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❡❧❛ ■❚❯✲

❚ ✭■♥t❡r♥❛t✐♦♥❛❧ ❚❡❧❡❝♦♠♠✉♥✐❝❛t✐♦♥ ❯♥✐♦♥✮ ❡ ♣❡❧♦ ■❙❖✴■❊❈ ✭■♥t❡r♥❛t✐♦♥❛❧ ❖r❣❛♥✐s❛t✐♦♥ ❢♦r

❙t❛♥❞❛r❞✐s❛t✐♦♥✴■♥t❡r♥❛t✐♦♥❛❧ ❊❧❡❝tr♦t❡❝❤♥✐❝❛❧ ❈♦♠♠✐ss✐♦♥✮ ❬✷✾❪✳ ❊❧❡ ❞❡✜♥❡ ✉♠❛ s✐♥t❛①❡ ♣❛r❛

✈✐❞❡♦ ❝♦♠♣r✐♠✐❞♦ ❡ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❞❡❝♦❞✐✜❝❛r ❡st❛ s✐♥t❛①❡✱ ♣r♦❞✉③✐♥❞♦ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦✳

❉❡st❛ ♠❛♥❡✐r❛✱ ♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈ ♥ã♦ ❞❡✜♥❡ ❝♦♠♦ ❝♦❞✐✜❝❛r ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦✱ ♠❛s s✐♠

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

❖s ❡sq✉❡♠❛s tí♣✐❝♦s ❞❡ ✉♠ ❝♦❞✐✜❝❛❞♦r ❡ ❞❡ ✉♠ ❞❡❝♦❞✐✜❝❛❞♦r ❞❡ ✈✐❞❡♦ ✭❞❡♥♦♠✐♥❛❞♦s

❝♦♥❥✉♥t❛♠❡♥t❡ ❞❡ ❝♦❞❡❝✮ ❞❡♥tr♦ ❞♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣s✳ ✷✳✶✵✭❛✮ ❡ ✭❜✮✳ ◆♦

❝♦❞❡❝✱ ❝❛❞❛ q✉❛❞r♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦ é ❞✐✈✐❞✐❞♦ ❡♠ ❜❧♦❝♦s ❞❡ t❛♠❛♥❤♦ 16× 16✱ ❞❡♥♦♠✐♥❛❞♦s

♠❛❝r♦❜❧♦❝♦s ✭▼❇✮✳ ◆♦ ❝♦❞✐✜❝❛❞♦r✱ ❋✐❣✳ ✷✳✶✵✭❛✮✱ ❝❛❞❛ ♠❛❝r♦❜❧♦❝♦ é ♣r♦❝❡ss❛❞♦ ❜❛s✐❝❛♠❡♥t❡

♣❡❧❛s s❡❣✉✐♥t❡s ❡t❛♣❛s✿ ♣r❡❞✐çã♦✱ tr❛♥s❢♦r♠❛çã♦✱ ❡s❝❛❧♦♥❛♠❡♥t♦ ❡ ❝♦❞✐✜❝❛çã♦ ❞❡ ❡♥tr♦♣✐❛✳ ❏á

♥♦ ❞❡❝♦❞✐✜❝❛❞♦r✱ ❋✐❣✳ ✷✳✶✵✭❜✮✱ ♦s ♠❛❝r♦❜❧♦❝♦s ♣❛ss❛♠ ♣❡❧❛s ❡t❛♣❛s ❞❡ ❞❡❝♦❞✐✜❝❛çã♦ ❞❡ ❡♥tr♦♣✐❛✱

r❡✲❡s❝❛❧♦♥❛♠❡♥t♦✱ tr❛♥s❢♦r♠❛çã♦ ✐♥✈❡rs❛ ❡ r❡❝♦♥str✉çã♦✳

✷✳✺✳✶ Pr❡❞✐çã♦

❯t✐❧✐③❛♥❞♦ ✐♥❢♦r♠❛çã♦ ❥á ❝♦❞✐✜❝❛❞❛✱ é ❣❡r❛❞❛ ✉♠❛ ♣r❡❞✐çã♦ ♣❛r❛ ❝❛❞❛ ♠❛❝r♦❜❧♦❝♦✳ ❙❡ ❛

♣r❡❞✐çã♦ ❢♦r ❣❡r❛❞❛ ✉t✐❧✐③❛♥❞♦ ✐♥❢♦r♠❛çã♦ q✉❡ ♣❡rt❡♥❝❡ à ✈❡rsã♦ r❡❝♦♥str✉í❞❛ ❞♦ q✉❛❞r♦ s❡♥❞♦

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

r❡❝♦♥str✉í❞♦✱ ❛ ♣r❡❞✐çã♦ é ❞❡♥♦♠✐♥❛❞❛ ■♥t❡r✳ ❖ ❝♦❞✐✜❝❛❞♦r s✉❜tr❛✐ ❛ ♣r❡❞✐çã♦ ❞♦ ♠❛❝r♦❜❧♦❝♦

♦r✐❣✐♥❛❧✱ ❣❡r❛♥❞♦ ✉♠ r❡sí❞✉♦✱ q✉❡ ♣♦❞❡rá s❡r ❝♦❞✐✜❝❛❞♦ ♠❛✐s ❛❞✐❛♥t❡ ✉t✐❧✐③❛♥❞♦ ♠❡♥♦s ❜✐ts ❞♦ q✉❡

♦ ♠❛❝r♦❜❧♦❝♦ ♦r✐❣✐♥❛❧✳

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

❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜✐ts ♥❡❝❡ssár✐♦s ♣❛r❛ r❡♣r❡s❡♥t❛r ♦ r❡sí❞✉♦✳ ❈♦♠♦ ❡①✐st❡♠ ❞✐✈❡rs❛s ♠❛♥❡✐r❛s ❞❡

♣r❡✈❡r ✉♠ ♠❛❝r♦❜❧♦❝♦✱ ♦ ❝♦❞✐✜❝❛❞♦r ❞❡✈❡rá ✐♥❞✐❝❛r ❛♦ ❞❡❝♦❞✐✜❝❛❞♦r q✉❛❧ ♣r❡❞✐çã♦ ❢♦✐ ✉s❛❞❛✱ ♦ q✉❡

✶✼



Quadro 
original

MB original

Quadros 
reconstruídos

Predição 
intra/inter

MB predito

+
-

Resíduo do 
MB

Transformada + 
escalonamento

Codificador de 
entropia

Bitstream 
codificado

Transformada 
inversa +

re-escalonamento

+
+

Resíduo 
decodificado 

do MB

MB 
reconstruído

✭❛✮

✭❜✮

❋✐❣✉r❛ ✷✳✶✵✿ ❊sq✉❡♠❛ tí♣✐❝♦ ❞❡ ✉♠ ❝♦❞❡❝ ❍✳✷✻✹✴❆❱❈✿ ✭❛✮ ❝♦❞✐✜❝❛❞♦r❀ ✭❜✮ ❞❡❝♦❞✐✜❝❛❞♦r✳

s❡ tr❛❞✉③ ❡♠ ♠❛✐s ✐♥❢♦r♠❛çã♦ ❛ s❡r ❡♥✈✐❛❞❛✳ ❆ss✐♠✱ ♥❡♠ s❡♠♣r❡ ❛ ♠❡❧❤♦r ♣r❡❞✐çã♦ s❡rá ✉t✐❧✐③❛❞❛✱

❝❛s♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜✐ts ♥❡❝❡ssár✐♦s ♣❛r❛ ✐♥❞✐❝❛r ♦ t✐♣♦ ❞❡ ♣r❡❞✐çã♦ ❛✉♠❡♥t❡ ❡♠ ❞❡♠❛s✐❛ ♦ ♥ú♠❡r♦

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

❆ ♣r❡❞✐çã♦ ■♥tr❛ é ❢❡✐t❛ ❛tr❛✈és ❞❛ ❡①tr❛♣♦❧❛çã♦ ❞❡ ♣✐①❡❧s ✈✐③✐♥❤♦s r❡❝♦♥str✉í❞♦s ❛♦ ♠❛❝r♦❜❧♦❝♦

s❡♥❞♦ ♣r❡❞✐t♦✳ ❊st❛ ❡①tr❛♣♦❧❛çã♦ ♣♦❞❡ s❡r ❢❡✐t❛ ❛ ♣❛rt✐r ❞❡ ✈ár✐❛s ❞✐r❡çõ❡s✱ ❡ ♣❛r❛ ♦ ♠❛❝r♦❜❧♦❝♦

✐♥t❡✐r♦ ♦✉ s❡♣❛r❛❞❛♠❡♥t❡ ❡♠ ❜❧♦❝♦s ❞❡ t❛♠❛♥❤♦s 4×4 ♦✉ 8×8✳ ❆s ❞✐r❡çõ❡s ❞❡ ♣r❡❞✐çã♦ ❞✐s♣♦♥í✈❡✐s

♣❛r❛ ♦ ❜❧♦❝♦ 4× 4 sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❋✐❣✳ ✷✳✶✶✳

❆ ♣r❡❞✐çã♦ ■♥t❡r ❜✉s❝❛ ❜❧♦❝♦s s❡♠❡❧❤❛♥t❡s ❛♦ ❜❧♦❝♦ ❛ s❡r ❝♦❞✐✜❝❛❞♦ ♥❛s ✈❡rsõ❡s r❡❝♦♥str✉í❞❛s

❞❡ q✉❛❞r♦s ❥á ❝♦❞✐✜❝❛❞♦s✳ ❖s q✉❛❞r♦s ❥á ❝♦❞✐✜❝❛❞♦s ♣♦❞❡♠ s❡r t❡♠♣♦r❛❧♠❡♥t❡ ❛♥t❡r✐♦r❡s ♦✉

♣♦st❡r✐♦r❡s ❛♦ q✉❛❞r♦ ❛t✉❛❧✳ ▼❛❝r♦❜❧♦❝♦s ♣♦❞❡♠ s❡r ✐♥t❡r✲♣r❡❞✐t♦s ♣♦r ❜❧♦❝♦s ❞❡ t❛♠❛♥❤♦s 16×16✱

16× 8✱ 8× 16✱ 8× 8✱ 8× 4✱ 4× 8 ❡ 4× 4✳

✶✽



❋✐❣✉r❛ ✷✳✶✶✿ ❉✐r❡çõ❡s ❞❡ ♣r❡❞✐çã♦ ■♥tr❛ ♣❛r❛ ❜❧♦❝♦s ❞❡ t❛♠❛♥❤♦ 4× 4✳

❆ ♣r❡❞✐çã♦ ■♥t❡r ♣❛r❛ ✉♠ ❜❧♦❝♦ ❞❡ t❛♠❛♥❤♦ M × N é ❢❡✐t❛ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿ ♣r✐♠❡✐r♦✱

❜✉s❝❛✲s❡ ❡♠ ✉♠ q✉❛❞r♦ ❥á ❝♦❞✐✜❝❛❞♦ ✭❝❤❛♠❛❞♦ q✉❛❞r♦ ❞❡ r❡❢❡rê♥❝✐❛✮ ♣♦r ✉♠ ❜❧♦❝♦ s❡♠❡❧❤❛♥t❡ ❛♦

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

❞♦ ❜❧♦❝♦ ❛t✉❛❧✱ ❡ ❛ s❡♠❡❧❤❛♥ç❛ é ❛✈❛❧✐❛❞❛ ♣♦r ✉♠❛ ♠étr✐❝❛ ❝♦♠♦ ❛ ❙❙❉ ✭❞♦ ✐♥❣❧ês s✉♠ ♦❢ sq✉❛r❡❞

❞✐✛❡r❡♥❝❡s✱ ♦✉ s♦♠❛ ❞♦ ❡rr♦ q✉❛❞rát✐❝♦✮✱ ♣♦r ❡①❡♠♣❧♦✳ ❆ ❙❙❉ é ❞❛❞❛ ♣♦r✿

❙❙❉ =

M−1
∑

i=0

N−1
∑

j=0

{IA(i+ u, j + v)− IR(i+ u+ vmu, j + v + vmv)}
2 , ✭✷✳✶✺✮

♦♥❞❡ IA ❡ IR sã♦ ♦s q✉❛❞r♦s ❛t✉❛❧ ❡ ❞❡ r❡❢❡rê♥❝✐❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ u ❡ v sã♦ ❛s ❝♦♦r❞❡♥❛❞❛s

❡s♣❛❝✐❛✐s ❞♦ ♣r✐♠❡✐r♦ ♣✐①❡❧ ❞♦ ❜❧♦❝♦ ❛ s❡r ♣r❡❞✐t♦✱ ❡ u+vmu ❡ v+vmv sã♦ ❛s ❝♦♦r❞❡♥❛❞❛s ❡s♣❛❝✐❛✐s

❞♦ ♣r✐♠❡✐r♦ ♣✐①❡❧ ❞♦ ❜❧♦❝♦ ❞❡ r❡❢❡rê♥❝✐❛✳ vmu ❡ vmv r❡♣r❡s❡♥t❛♠ ♣♦rt❛♥t♦ ♦ ❞❡s❧♦❝❛♠❡♥t♦ ❡s♣❛❝✐❛❧

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

❊st❛ ❜✉s❝❛ é t❛♠❜é♠ ❞❡♥♦♠✐♥❛❞❛ ❡st✐♠❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦✱ ❡ é ✐❧✉str❛❞❛ ♥❛ ❋✐❣✳ ✷✳✶✷✳ ◆♦

♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈✱ ❡❧❛ é ❢❡✐t❛ ❝♦♠ ♣r❡❝✐sã♦ ❞❡ 1/4 ❞❡ ♣✐①❡❧ ✭❛tr❛✈és ❞❛ ✐♥t❡r♣♦❧❛çã♦ ❞♦s q✉❛❞r♦s

❞❡ r❡❢❡rê♥❝✐❛✮✱ ♦ q✉❡ ♠❡❧❤♦r❛ ❛ q✉❛❧✐❞❛❞❡ ❞❛ ♣r❡❞✐çã♦✳

❚❡r♠✐♥❛❞❛ ❛ ❡st✐♠❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦✱ t❡♠✲s❡ ♦ ♠❡❧❤♦r ❝❛♥❞✐❞❛t♦ ❛ ♣r❡❞✐çã♦ ✭♦ ❜❧♦❝♦

q✉❡ ♠✐♥✐♠✐③❛ ❛ ❙❙❉✮ ❡ ♦s ✈❡t♦r❡s ❞❡ ♠♦✈✐♠❡♥t♦ ❝♦rr❡s♣♦♥❞❡♥t❡s✳ ❊♠ s❡❣✉✐❞❛✱ r❡❛❧✐③❛✲s❡ ❛

❝♦♠♣❡♥s❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦✱ ❡♠ q✉❡ ♦ ❜❧♦❝♦ ❛t✉❛❧ é s✉❜tr❛í❞♦ ❞♦ ❜❧♦❝♦ ❞❡ r❡❢❡rê♥❝✐❛✱ ❣❡r❛♥❞♦

♦ r❡sí❞✉♦✱ ❞❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♥❛ ♣r❡❞✐çã♦ ■♥tr❛✳ ◆♦✈❛♠❡♥t❡✱ ♥❡♠ s❡♠♣r❡ ♦ ❜❧♦❝♦ q✉❡ ❣❡r❛ ❛

♠❡❧❤♦r ♣r❡❞✐çã♦ s❡rá ❡s❝♦❧❤✐❞♦✱ ❝❛s♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜✐ts ♥❡❝❡ssár✐♦s ♣❛r❛ ✐♥❞✐❝❛r ♦s ✈❡t♦r❡s ❞❡

✶✾



❋✐❣✉r❛ ✷✳✶✷✿ ■❧✉str❛çã♦ ❞♦s ❝♦♥❝❡✐t♦s ❜ás✐❝♦s ❞❡ ❡st✐♠❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦✳

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

❛t✉❛❧✳

✷✳✺✳✷ ❚r❛♥s❢♦r♠❛çã♦ ❡ ❡s❝❛❧♦♥❛♠❡♥t♦

❆♣ós ❛ ❡t❛♣❛ ❞❡ ♣r❡❞✐çã♦✱ ♦❜t❡♠✲s❡ ♦ r❡sí❞✉♦✱ q✉❡ r❡♣r❡s❡♥t❛ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦ ♠❛❝r♦❜❧♦❝♦

❛ s❡r ♣r❡❞✐t♦ ❡ ❛ ♣r❡❞✐çã♦ ❡s❝♦❧❤✐❞❛✳ ❊st❡ r❡sí❞✉♦ é tr❛♥s❢♦r♠❛❞♦ ✉t✐❧✐③❛♥❞♦ ✉♠❛ tr❛♥s❢♦r♠❛❞❛ ❞❡

✈❛❧♦r❡s ✐♥t❡✐r♦s✱ ❞❡ t❛♠❛♥❤♦ 4× 4 ♦✉ 8× 8✱ q✉❡ ❛♣r♦①✐♠❛ ❛ tr❛♥s❢♦r♠❛❞❛ ❉❈❚ ✭❞♦ ✐♥❣❧ês ❉✐s❝r❡t❡

❈♦s✐♥❡ ❚r❛♥s❢♦r♠✱ ♦✉ tr❛♥s❢♦r♠❛❞❛ ❞✐s❝r❡t❛ ❞❡ ❝♦ss❡♥♦s✮✳ ❊st❛ tr❛♥s❢♦r♠❛çã♦ ♣r♦❝✉r❛ ❞✐♠✐♥✉✐r

❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛s ❛♠♦str❛s ❡ ❝♦♠♣❛❝t❛r ❛ ❡♥❡r❣✐❛ ❡♠ ✉♠ ♠❡♥♦r ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s✳ ❉❡ss❛

❢♦r♠❛✱ ♦ r❡sí❞✉♦ tr❛♥s❢♦r♠❛❞♦ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♠❛✐s ❛❞✐❛♥t❡ ❝♦♠ ♠❡♥♦s ❜✐ts ❞♦ q✉❡ ♦ r❡sí❞✉♦

♣r♦♣r✐❛♠❡♥t❡ ❞✐t♦✳

❖ r❡sí❞✉♦ tr❛♥s❢♦r♠❛❞♦ é t❛♠❜é♠ ❡s❝❛❧♦♥❛❞♦✱ ♦ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛♦ ✈❛❧♦r ✐♥t❡✐r♦ ❞❛ ❞✐✈✐sã♦

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

✭◗P✱ ❞♦ ✐♥❣❧ês q✉❛♥t✐③❛t✐♦♥ ♣❛r❛♠❡t❡r✮✳ ■ss♦ ❞✐♠✐♥✉✐ ❛ ♣r❡❝✐sã♦ ❞♦ r❡sí❞✉♦ tr❛♥s❢♦r♠❛❞♦✱ ✐♥tr♦❞✉③

❞✐st♦rçã♦ ♥❛ ✐♠❛❣❡♠ ✜♥❛❧ ❞❡♣♦✐s ❞❛ ❞❡❝♦❞✐✜❝❛çã♦ ✭♣♦✐s ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ é ♥ã♦✲r❡✈❡rsí✈❡❧✮✱ ♠❛s

t❛♠❜é♠ r❡❞✉③ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜✐ts ♥❡❝❡ssár✐♦s ♣❛r❛ r❡♣r❡s❡♥t❛çã♦✳ ❖ ❡s❝❛❧♦♥❛♠❡♥t♦ ✐♥tr♦❞✉③

✉♠❛ r❡❧❛çã♦ ❞❡ ❝♦♠♣r♦♠✐ss♦ ❡♥tr❡ ❛ q✉❛❧✐❞❛❞❡ ✜♥❛❧ ❞♦ ✈✐❞❡♦ ❞❡❝♦❞✐✜❝❛❞♦ ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜✐ts

♥❡❝❡ssár✐♦s ♥❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ ✈✐❞❡♦✱ r❡❣✉❧❛❞❛ ❛tr❛✈és ❞♦ ♣❛râ♠❡tr♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✳

◆♦ ❞❡❝♦❞✐✜❝❛❞♦r✱ sã♦ ❡♠♣r❡❣❛❞♦s ♦s ♣r♦❝❡ss♦s ❞❡ r❡✲❡s❝❛❧♦♥❛♠❡♥t♦ ❡ tr❛♥s❢♦r♠❛çã♦ ✐♥✲

✈❡rs❛✱ q✉❡ sã♦ ❞✉❛✐s ❛♦s ♣r♦❝❡ss♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❡ tr❛♥s❢♦r♠❛çã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖

r❡✲❡s❝❛❧♦♥❛♠❡♥t♦ ❝♦rr❡s♣♦♥❞❡ à ♠✉❧t✐♣❧✐❝❛çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❡s❝❛❧♦♥❛❞♦s ♣❡❧♦ ♣❛râ♠❡tr♦ ❞❡

❡s❝❛❧♦♥❛♠❡♥t♦✳ ❏á ❛ tr❛♥s❢♦r♠❛çã♦ ✐♥✈❡rs❛ ❧❡✈❛ ♦s ❝♦❡✜❝✐❡♥t❡s r❡✲❡s❝❛❧♦♥❛❞♦s ❞♦ ❞♦♠í♥✐♦ ❞❛

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

✷✵



✷✳✺✳✸ ❈♦❞✐✜❝❛çã♦ ❡ ❞❡❝♦❞✐✜❝❛çã♦ ❞❡ ❡♥tr♦♣✐❛

❆s ❡t❛♣❛s ❛♥t❡r✐♦r❡s ❞❡ ♣r❡❞✐çã♦✱ tr❛♥s❢♦r♠❛çã♦ ❡ ❡s❝❛❧♦♥❛♠❡♥t♦ s❡r✈❡♠ ❜❛s✐❝❛♠❡♥t❡ ❝♦♠♦

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

✐♥❢♦r♠❛çõ❡s ❞❛s ❡t❛♣❛s ❛♥t❡r✐♦r❡s ❞❡ ❢♦r♠❛ ❝♦♠♣r✐♠✐❞❛✳ ❉❡♥tr❡ ❡st❛s ✐♥❢♦r♠❛çõ❡s✱ t❡♠✲s❡ ♦ r❡sí❞✉♦

tr❛♥s❢♦r♠❛❞♦ ❡ ❡s❝❛❧♦♥❛❞♦✱ ✈❡t♦r❡s ❞❡ ♠♦✈✐♠❡♥t♦✱ ♠♦❞♦s ❞❡ ♣r❡❞✐çã♦ ■♥tr❛✱ ❞✐♠❡♥sõ❡s ❞❡ ❝❛❞❛

q✉❛❞r♦✱ q✉❛♥t✐❞❛❞❡ ❞❡ q✉❛❞r♦s ❡ ❡s♣❛ç♦ ❞❡ ❝♦r❡s ✉t✐❧✐③❛❞♦✳

❖ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈ ♦❢❡r❡❝❡ ❞♦✐s t✐♣♦s ❞❡ ❝♦❞✐✜❝❛çã♦ ❞❡ ❡♥tr♦♣✐❛✿ ❝♦❞✐✜❝❛çã♦ ♣♦r ❝♦♠♣r✐✲

♠❡♥t♦ ✈❛r✐á✈❡❧ ✭❱▲❈✱ ❞♦ ✐♥❣❧ês ❱❛r✐❛❜❧❡ ▲❡♥❣t❤ ❈♦❞✐♥❣✮ ❡ ❝♦❞✐✜❝❛çã♦ ❛r✐t♠ét✐❝❛ ✭❈❆❇❆❈✱ ❞♦

✐♥❣❧ês ❈♦♥t❡①t✲❆❞❛♣t✐✈❡ ❇✐♥❛r② ❆r✐t❤♠❡t✐❝ ❈♦❞✐♥❣✮✳ ◆♦ ♣r✐♠❡✐r♦ ❝❛s♦✱ sí♠❜♦❧♦s q✉❡ ♦❝♦rr❡♠ ❝♦♠

♠❛✐♦r ❢r❡q✉ê♥❝✐❛ sã♦ r❡♣r❡s❡♥t❛❞♦s ♣♦r ❝ó❞✐❣♦s ❝♦♠ ♠❡♥♦r ♥ú♠❡r♦ ❞❡ ❜✐ts✱ ♦ q✉❡ ❧❡✈❛ ❛ ✉♠❛ ♠❡♥♦r

r❡♣r❡s❡♥t❛çã♦ ❞♦s ❞❛❞♦s ❞❡ ❢♦r♠❛ ❣❡r❛❧✳ ❖ ❱▲❈ ♣❛rt❡ ❞❡ ✉♠❛ t❛❜❡❧❛ ♣ré✲❞❡✜♥✐❞❛✱ q✉❡ ♠❛♣❡✐❛ ♦s

sí♠❜♦❧♦s ❛♦s ❝ó❞✐❣♦s✳

◆♦ ❝❛s♦ ❞♦ ❈❆❇❆❈✱ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ sí♠❜♦❧♦s é ❝♦♥✈❡rt✐❞❛ ♣❛r❛ ✉♠ ♥ú♠❡r♦ ❢r❛❝✐♦♥❛❧ ú♥✐❝♦✱

q✉❡ é r❡♣r❡s❡♥t❛❞♦ ♣♦r ✉♠❛ sér✐❡ ❞❡ ❝ó❞✐❣♦s✳ ❆❣r✉♣❛♥❞♦ sí♠❜♦❧♦s✱ ♦ ❈❆❇❆❈ ❛t✐♥❣❡ ♠❡❧❤♦r❡s

t❛①❛s ❞❡ ❝♦♠♣r❡ssã♦ ❞♦ q✉❡ ♦ ❱▲❈✳

◆❛s ❋✐❣s✳ ✷✳✶✵✭❛✮ ❡ ✭❜✮✱ ♦s ❝ó❞✐❣♦s ❝r✐❛❞♦s ♣❡❧❛ ❝♦❞✐✜❝❛çã♦ ❞❡ ❡♥tr♦♣✐❛ ✭♦✉ ♣❡❧♦ ❱▲❈ ♦✉ ♣❡❧♦

❈❆❇❆❈✮ ❢♦r❛♠ ❞❡♥♦♠✐♥❛❞♦s ❜✐tstr❡❛♠ ❝♦❞✐✜❝❛❞♦✳

❆ ❞❡❝♦❞✐✜❝❛çã♦ ❞❡ ❡♥tr♦♣✐❛ ❝♦rr❡s♣♦♥❞❡ ❛♦ ✐♥✈❡rs♦ ❞♦ ♣r♦❝❡ss♦ ❞❡s❝r✐t♦ ♥❡st❛ ❙❡çã♦✱ ❞❡ ❢♦r♠❛

q✉❡ ♦s ❝ó❞✐❣♦s sã♦ ✐♥t❡r♣r❡t❛❞♦s ❝♦♠♦ sí♠❜♦❧♦s ✭❱▲❈✮ ♦✉ s❡q✉ê♥❝✐❛s ❞❡ sí♠❜♦❧♦s ✭❈❆❇❆❈✮✳

❖s ♣r♦❝❡ss♦s ❞❡ ❝♦❞✐✜❝❛çã♦ ❡ ❞❡❝♦❞✐✜❝❛çã♦ ❞❡ ❡♥tr♦♣✐❛ sã♦ r❡✈❡rsí✈❡✐s✱ ♥ã♦ ❤❛✈❡♥❞♦ ♣❡r❞❛ ❞❡

✐♥❢♦r♠❛çã♦ ❞❡ ✉♠ ♣r♦❝❡ss♦ ♣❛r❛ ♦✉tr♦✳ ❙❡♥❞♦ ❛ss✐♠✱ ♦ ♣r✐♥❝✐♣❛❧ r❡s♣♦♥sá✈❡❧ ♥♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈

♣♦r ✐♥tr♦❞✉③✐r ❞✐st♦rçã♦ ♥❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦ é ❛ ❡t❛♣❛ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✳

✷✳✺✳✹ ❘❡❝♦♥str✉çã♦ ❡ ♦✉tr♦s ♣r♦❝❡ss♦s

◆♦ ❞❡❝♦❞✐✜❝❛❞♦r✱ ♦ ❜✐tstr❡❛♠ ❝♦❞✐✜❝❛❞♦ ♣❛ss❛ ♣❡❧❛s ❡t❛♣❛s ❞❡ ❞❡❝♦❞✐✜❝❛çã♦ ❞❡ ❡♥tr♦♣✐❛✱ r❡✲

❡s❝❛❧♦♥❛♠❡♥t♦ ❡ tr❛♥s❢♦r♠❛çã♦ ✐♥✈❡rs❛✱ ❣❡r❛♥❞♦ ♦ r❡sí❞✉♦ ❞❡❝♦❞✐✜❝❛❞♦ ❞♦ ♠❛❝r♦❜❧♦❝♦ ✭❝♦♠♦

♠♦str❛ ❛ ❋✐❣✳ ✷✳✶✵✭❜✮✮✳ P❛r❛ ♦❜t❡r ❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦ ❛♦ ✜♥❛❧✱ é ♥❡❝❡ssár✐♦ s♦♠❛r ❛ ♣r❡❞✐çã♦

✉t✐❧✐③❛❞❛ ♣❛r❛ ♦ ♠❛❝r♦❜❧♦❝♦ ❛t✉❛❧ ❛♦ r❡sí❞✉♦ ❞❡❝♦❞✐✜❝❛❞♦ ❞♦ ♠❛❝r♦❜❧♦❝♦✱ ❣❡r❛♥❞♦ ❛ r❡❝♦♥str✉çã♦

❞♦ ♠❛❝r♦❜❧♦❝♦✳

❆❧é♠ ❞♦s ♣r♦❝❡ss♦s ❞❡s❝r✐t♦s ♥❛s ❙❡çõ❡s ✷✳✺✳✶ ❛ ✷✳✺✳✸✱ ♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈ ♦❢❡r❡❝❡ ✉♠❛ sér✐❡

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

♠❡s♠♦ ❛ ✉♠❛ sér✐❡ ❞❡ ❛♣❧✐❝❛çõ❡s✳ ❊♥tr❡ ❡❧❡s✱ ✐♥❝❧✉❡♠✲s❡ ♦ ✜❧tr♦ r❡❞✉t♦r ❞❡ ❜❧♦❝❛❣❡♠✱ q✉❡ r❡❞✉③

♦s ❛rt❡❢❛t♦s ❞❡ ❜❧♦❝♦ ✐♥tr♦❞✉③✐❞♦s ♣❡❧❛ tr❛♥s❢♦r♠❛çã♦ ❜❛s❡❛❞❛ ❡♠ ❜❧♦❝♦✳

✷✳✻ ▼étr✐❝❛s ❞❡ q✉❛❧✐❞❛❞❡ ❞❡ ✈✐❞❡♦

❆ ❝♦♠♣r❡ssã♦ ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦ ♣♦❞❡ ❛❝❛rr❡t❛r ❡♠ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ ❞❡❣r❛❞❛çã♦

❡♠ r❡❧❛çã♦ à s❡q✉ê♥❝✐❛ ♦r✐❣✐♥❛❧✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♣❛râ♠❡tr♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ✉t✐❧✐③❛❞♦ ✭❙❡çã♦

✷✶



✷✳✺✳✷✮✳ ❆❧é♠ ❞✐ss♦✱ ❛ ♠❡s♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦ ❝♦♥✈❡rt✐❞❛ ❞♦ ❡s♣❛ç♦ ❞❡ ❝♦r❡s ❘●❇ ♣❛r❛ ❨✿❈❜✿❈r

❡ ❞❡♣♦✐s ❞❡ ✈♦❧t❛ ♣❛r❛ ❘●❇ ♣♦❞❡ ♥ã♦ s❡r r❡❝✉♣❡r❛❞❛ ✐♥t❡❣r❛❧♠❡♥t❡✱ ✈✐st♦ q✉❡ ❛♠❜♦s ♦s ❡s♣❛ç♦s sã♦

❝♦♠✉♠❡♥t❡ r❡♣r❡s❡♥t❛❞♦s ❡♠ ✽ ❜✐ts✱ ❡ ❛ ❝♦♥✈❡rsã♦ ❞❛ ❊q✳ ✭✷✳✸✮ r❡q✉❡r ♦ ❛rr❡❞♦♥❞❛♠❡♥t♦ ❞❡ ✈❛❧♦r❡s

♥♦s ❞♦✐s ❡s♣❛ç♦s✳ ❊st❡s ❞✐✈❡rs♦s t✐♣♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✈✐❞❡♦ ❣❡r❛♠ ♣❡r❞❛ ❞❡ ✐♥❢♦r♠❛çã♦ ❡

❡rr♦s ❡♠ r❡❧❛çã♦ ❛♦ ✈✐❞❡♦ ♦r✐❣✐♥❛❧✱ ❞❡ ❢♦r♠❛ q✉❡ é ❢✉♥❞❛♠❡♥t❛❧ q✉❛♥t✐✜❝❛r ❡st❡s ❡rr♦s ❬✷✵❪✳

✷✳✻✳✶ ▼étr✐❝❛s s✉❜❥❡t✐✈❛s ❞❡ q✉❛❧✐❞❛❞❡ ❞❡ ✈✐❞❡♦

▼étr✐❝❛s s✉❜❥❡t✐✈❛s ❞❡ q✉❛❧✐❞❛❞❡ ❞❡ ✈✐❞❡♦ ❬✷✵❪ ❧❡✈❛♠ ❡♠ ❝♦♥s✐❞❡r❛çã♦ q✉❡ ♦ ✉s✉ár✐♦ ✜♥❛❧ ❞❡ ✉♠❛

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

❞❡ ✈✐❞❡♦ ♣❛r❛ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❛✉t♦♠át✐❝♦ ❞❡ ❢❛❝❡s✱ ♣♦r ❡①❡♠♣❧♦✳ ▼étr✐❝❛s s✉❜❥❡t✐✈❛s ❡♥✈♦❧✈❡♠

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

❆ r❡❝♦♠❡♥❞❛çã♦ ❇❚✳✺✵✵✲✶✶ ❞❛ ■❚❯✲❘ ❬✸✵❪ ❛♣r❡s❡♥t❛ ✉♠❛ sér✐❡ ❞❡ ♣r♦❝❡❞✐♠❡♥t♦s ♣❛r❛ ❛

❛✈❛❧✐❛çã♦ s✉❜❥❡t✐✈❛ ❞❡ ✈✐❞❡♦✱ s❡♥❞♦ ♦ ♠❛✐s ❝♦♠✉♠ ♦ ❉❙❈◗❙ ✭❞♦ ✐♥❣❧ês ❉♦✉❜❧❡ ❙t✐♠✉❧✉s ❈♦♥t✐♥✉♦✉s

◗✉❛❧✐t② ❙❝❛❧❡✱ ♦✉ ❡s❝❛❧❛ ❝♦♥tí♥✉❛ ❞❡ q✉❛❧✐❞❛❞❡ ♣♦r ❡stí♠✉❧♦ ❞✉♣❧♦✮✳ ◆❡st❡ ♣r♦❝❡❞✐♠❡♥t♦✱ ♦

♦❜s❡r✈❛❞♦r é ❛♣r❡s❡♥t❛❞♦ ❛❧❡❛t♦r✐❛♠❡♥t❡ às ✈❡rsõ❡s ♦r✐❣✐♥❛✐s ♦✉ ❝♦rr♦♠♣✐❞❛s ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ✈✐❞❡♦✱

❞❡✈❡♥❞♦ ❛tr✐❜✉✐r ♥♦t❛s ❞❡ ✬r✉✐♠✬ ❛ ✬❡①❝❡❧❡♥t❡✬✳ ❆s ♥♦t❛s sã♦ ❝♦♥✈❡rt✐❞❛s ❛ ✉♠❛ ❢❛✐①❛ ♥♦r♠❛❧✐③❛❞❛✱

❞❡♥♦♠✐♥❛❞❛ ▼❖❙ ✭❞♦ ✐♥❣❧ês ♠❡❛♥ ♦♣✐♥✐♦♥ s❝♦r❡✱ ♦✉ ♥♦t❛ ❞❡ ♦♣✐♥✐ã♦ ♠é❞✐❛✮✱ q✉❡ r❡♣r❡s❡♥t❛ ❛

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

✷✳✻✳✷ ▼étr✐❝❛s ♦❜❥❡t✐✈❛s ❞❡ q✉❛❧✐❞❛❞❡ ❞❡ ✈✐❞❡♦

▼étr✐❝❛s ❝♦♠♦ ❛ ❉❙❈◗❙ ❝♦♥s♦♠❡♠ ♠✉✐t♦s r❡❝✉rs♦s ❞❡ ❡s♣❛ç♦✱ t❡♠♣♦ ❡ ❞✐♥❤❡✐r♦✱ ❞❛❞♦ q✉❡

❡❧❛s r❡q✉❡r❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❝♦♥tr♦❧❛❞♦ ❡ ✉♠ ✈❛st♦ ♥ú♠❡r♦ ❞❡ ♦❜s❡r✈❛❞♦r❡s✳ ❆ss✐♠✱ t♦r♥❛♠✲s❡

♥❡❝❡ssár✐❛s ❛✈❛❧✐❛çõ❡s ♠❛✐s rá♣✐❞❛s ❞❡ q✉❛❧✐❞❛❞❡ ❞❡ ✈✐❞❡♦✱ s❡♥❞♦ ❛ s♦❧✉çã♦ ♠❛✐s ❝♦♠✉♠ ❛s ♠étr✐❝❛s

❜❛s❡❛❞❛s ❡♠ ❛❧❣♦r✐t♠♦s✱ ♦✉ ♠étr✐❝❛s ♦❜❥❡t✐✈❛s✳ ❊❧❛s ♦❢❡r❡❝❡♠ r❡s✉❧t❛❞♦s rá♣✐❞♦s ❡ r❡♣❡tí✈❡✐s✱ ♠❛s

♥ã♦ r❡✢❡t❡♠ ✐♥t❡❣r❛❧♠❡♥t❡ ❛s ♥✉❛♥❝❡s ❞❛ ♣❡r❝❡♣çã♦ ❤✉♠❛♥❛ s✉❜❥❡t✐✈❛✳

❆ ♠étr✐❝❛ ♠❛✐s ✉t✐❧✐③❛❞❛ é ❛ P❙◆❘ ✭❞♦ ✐♥❣❧ês ♣❡❛❦ s✐❣♥❛❧✲t♦✲♥♦✐s❡ r❛t✐♦✮ ❬✷✵❪✳ ❊❧❛ ♠❡❞❡ ❛ r❛③ã♦

❡♥tr❡ ♦ ♠á①✐♠♦ s✐♥❛❧ ♣♦ssí✈❡❧ ❡ ♦ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦ ✭▼❙❊✱ ❞♦ ✐♥❣❧ês ♠❡❛♥ sq✉❛r❡ ❡rr♦r✮✿

P❙◆❘(IO, IC) = 10 ∗ log10

(

(2n − 1)2

▼❙❊(IO, IC)

)

, ✭✷✳✶✻✮

♦♥❞❡ IO ❡ IC sã♦ ❛s ✐♠❛❣❡♥s ♦r✐❣✐♥❛❧ ❡ ❝♦rr♦♠♣✐❞❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡ n é ♦ ♥ú♠❡r♦ ❞❡ ❜✐ts ❞❡

r❡s♦❧✉çã♦ ❞❡ ❝❛❞❛ ♣✐①❡❧ ❞❛s ✐♠❛❣❡♥s✳ ❖ ▼❙❊ é ❞❛❞♦ ♣♦r✿

▼❙❊(IO, IC) =
1

WH

W
∑

i=1

H
∑

j=1

{IO(i, j)− IC(i, j)}
2 , ✭✷✳✶✼✮

♦♥❞❡ W ❡ H sã♦ ❛ ❧❛r❣✉r❛ ❡ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛s ✐♠❛❣❡♥s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P❛r❛ s❡q✉ê♥❝✐❛s ❞❡

✈✐❞❡♦✱ ❛ P❙◆❘ é ❝❛❧❝✉❧❛❞❛ ❝♦♠♦ s❡♥❞♦ ❛ ♠é❞✐❛ ❞❛s P❙◆❘s ❝❛❧❝✉❧❛❞❛s q✉❛❞r♦ ❛ q✉❛❞r♦ ❬✸✶❪✳

✷✷



❆ P❙◆❘ s♦❢r❡ ❞❡ ✉♠❛ sér✐❡ ❞❡ ❧✐♠✐t❛çõ❡s✳ ❊♠ ♣r✐♠❡✐r♦ ❧✉❣❛r✱ ❡❧❛ ❡①✐❣❡ ♦ ❝♦♥❤❡❝✐♠❡♥t♦

❞❛ s❡q✉ê♥❝✐❛ ♦r✐❣✐♥❛❧✱ q✉❡ ♣♦❞❡ ♥ã♦ ❡st❛r ❞✐s♣♦♥í✈❡❧✳ ❊♠ s❡❣✉♥❞♦ ❧✉❣❛r✱ ❡❧❛ ♥ã♦ r❡✢❡t❡ t❡st❡s

s✉❜❥❡t✐✈♦s ❝♦♠♦ ♦ ❉❙❈◗❙ ❝♦♠ ✜❞❡❧✐❞❛❞❡✳ ❉❡st❛ ♠❛♥❡✐r❛✱ ♦✉tr❛s ♠étr✐❝❛s ♦❜❥❡t✐✈❛s ❢♦r❛♠

❞❡s❡♥✈♦❧✈✐❞❛s✱ ♣❛r❛ ♠❡❧❤♦r ❛♣r♦①✐♠❛r ♦s r❡s✉❧t❛❞♦s ♦❜❥❡t✐✈♦s ❡ s✉❜❥❡t✐✈♦s✳

❆ ♠étr✐❝❛ ❙❙■▼ ✭❞♦ ✐♥❣❧ês ❙tr✉❝t✉r❛❧ ❙✐♠✐❧❛r✐t② ■♥❞❡①✱ ♦✉ í♥❞✐❝❡ ❞❡ s✐♠✐❧❛r✐❞❛❞❡ ❡str✉t✉r❛❧ ❬✸✷❪✮

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

♥♦ s✐st❡♠❛ ✈✐s✉❛❧ ❤✉♠❛♥♦✱ ❡st❛ ♠étr✐❝❛ ❛♣♦♥t❛ ♠✉❞❛♥ç❛s ♣❡r❝❡♣tí✈❡✐s ❡♠ ✐♥❢♦r♠❛çã♦ ❡str✉t✉r❛❧

♥❛ ✐♠❛❣❡♠✱ ❛♦ ✐♥✈és ❞❡ ❛♣♦♥t❛r ♦ ❡rr♦ ♠é❞✐♦ ❞❛ ✐♠❛❣❡♠✱ ❝♦♠♦ ♥❛ ❊q✳ ✭✷✳✶✻✮✳ ❖ ❙❙■▼ ❡✈✐t❛

❛♥á❧✐s❡s ❡str✉t✉r❛✐s ❣❧♦❜❛✐s ❡♥tr❡ ✐♠❛❣❡♥s✱ ❞✐✈✐❞✐♥❞♦ ❡st❛s ❡♠ ❜❧♦❝♦s ❞❡ t❛♠❛♥❤♦ N × N ✳ P❛r❛

❝❛❞❛ ❜❧♦❝♦ (ui,vi) ✭♦♥❞❡ ui ❡ vi sã♦ ✈❡t♦r❡s ❞❡ ❝♦♠♣r✐♠❡♥t♦ N ✱ ❝♦♠ ❛s ♣♦s✐çõ❡s ❡s♣❛❝✐❛✐s ❞♦ ❜❧♦❝♦

❡♠ q✉❡stã♦✮✱ ♦ ❙❙■▼ ❡♥tr❡ ❛s ✐♠❛❣❡♥s ♦r✐❣✐♥❛❧ IO(ui,vi) ❡ ❝♦rr♦♠♣✐❞❛ IC(ui,vi) é ❞❛❞♦ ♣♦r✿

❙❙■▼ (IO(ui,vi), IC(ui,vi)) =
(2µOµC + c1) (2σOC + c2)

(

µ2
O + µ2

C + c1
) (

σ2
O + σ2

C + c2
) , ✭✷✳✶✽✮

♦♥❞❡ µO ❡ µC sã♦ ❛s ♠é❞✐❛s ❞❡ IO(ui,vi) ❡ IC(ui,vi)✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ σO ❡ σC sã♦ ❛s ✈❛r✐â♥❝✐❛s

r❡s♣❡❝t✐✈❛s✱ σOC é ❛ ❝♦✈❛r✐â♥❝✐❛ ❡♥tr❡ IO(ui,vi) ❡ IC(ui,vi)✱ ❡ c1 ❡ c2 sã♦ ❞❛❞♦s ♣♦r✿

c1 = 0.01(2n − 1)

c2 = 0.03(2n − 1)
. ✭✷✳✶✾✮

❖s ✈❛❧♦r❡s c1 ❡ c2 ❡stã♦ ♣r❡s❡♥t❡s ♥❛ ❊q✳ ✭✷✳✶✽✮ ♣❛r❛ ❡st❛❜✐❧✐③❛r ❛ ❞✐✈✐sã♦ ♣♦r ❞❡♥♦♠✐♥❛❞♦r❡s

♣ró①✐♠♦s ❛ ③❡r♦✱ ❝♦♠♦ é ♦ ❝❛s♦ ❡♠ ❜❧♦❝♦s ♠✉✐t♦ s✉❛✈❡s✱ ❝✉❥❛ ✈❛r✐â♥❝✐❛ é ❜❛✐①❛✳

◆❛ ♣rát✐❝❛✱ ♦ í♥❞✐❝❡ ❙❙■▼ é ❛✈❛❧✐❛❞♦ s♦❜r❡ t♦❞❛ ❛ ✐♠❛❣❡♠✱ ♣♦rt❛♥t♦ ❝♦st✉♠❛✲s❡ ❝❛❧❝✉❧❛r ❛

♠é❞✐❛ ❞♦s ✈❛❧♦r❡s ❞❡ ❙❙■▼ ✭▼❙❙■▼✮ ❡♠ t♦❞♦s ♦s ❜❧♦❝♦s ❞❛ ✐♠❛❣❡♠✿

▼❙❙■▼(IO, IC) =
N2

WH

WH/N2

∑

j=1

❙❙■▼ (IO(uj ,vj), IC(uj ,vj)) . ✭✷✳✷✵✮

uj ❡ vj ✐♥❞✐❝❛♠ ♦s ♣✐①❡❧s ❞❡ ❝❛❞❛ ❜❧♦❝♦✱ ❡♠ ✉♠ t♦t❛❧ ❞❡ WH/N2 ❜❧♦❝♦s✳ ❖ ▼❙❙■▼ ✈❛r✐❛ ❡♥tr❡ 0

❡ 1✱ s❡♥❞♦ ❡st❡ ú❧t✐♠♦ ✈❛❧♦r ❡♥❝♦♥tr❛❞♦ q✉❛♥❞♦ IO = IC ✳ ❲❛♥❣ ❡t✳❛❧✳ r❡❝♦♠❡♥❞❛♠ q✉❡ ♦ ▼❙❙■▼

s❡❥❛ ❝❛❧❝✉❧❛❞♦ s♦♠❡♥t❡ ♥♦ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛✱ ❡ ✉t✐❧✐③❛♠ ❜❧♦❝♦s ❞❡ t❛♠❛♥❤♦ 8 × 8✳ ❆❧é♠

❞✐ss♦✱ ♣❛r❛ ❡✈✐t❛r ❛rt❡❢❛t♦s ❞❡ ❜❧♦❝♦✱ ❛s ❡st✐♠❛t✐✈❛s ❞❡ µO✱ µC ✱ σO✱ σC ❡ σOC ✉t✐❧✐③❛♠ ✉♠❛ ❢✉♥çã♦

❝✐r❝✉❧❛r✲s✐♠étr✐❝❛ ❞❡ ♣❡s♦s ❣❛✉ss✐❛♥♦s ♥♦r♠❛❧✐③❛❞♦s✱ ❞❡ t❛♠❛♥❤♦ 11 × 11✱ ❝♦♠ ❞❡s✈✐♦✲♣❛❞rã♦ ❞❡

1, 5 ❛♠♦str❛s✳

✷✸





❈❛♣ít✉❧♦ ✸

❘❡♣r❡s❡♥t❛çã♦ ❞❡ ✈✐❞❡♦ ❡♠ ♠ú❧t✐♣❧❛s

✈✐st❛s

✸✳✶ ■♥tr♦❞✉çã♦

◆❡st❡ ❈❛♣ít✉❧♦✱ ❡st❡♥❞❡♠✲s❡ ♦s ❝♦♥❝❡✐t♦s ❞❡ ✈✐❞❡♦ ❞✐❣✐t❛❧ ♣❛r❛ ♠❛✐s ❞❡ ✉♠❛ ✈✐st❛✱ ❛tr❛✈és

❞❛ ❝❛♣t✉r❛ s✐♠✉❧tâ♥❡❛ ❞❛ ❝❡♥❛ ♣♦r ✈ár✐❛s ❝â♠❡r❛s✳ ❆♣r❡s❡♥t❛✲s❡ ❛ r❡❧❛çã♦ ❣❡♦♠étr✐❝❛ ❡♥tr❡ ❡st❛s

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

❚é❝♥✐❝❛s ❞❡ ❝♦♠♣r❡ssã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s sã♦ ❛♣r❡s❡♥t❛❞❛s ❡♠ s❡❣✉✐❞❛✱ ✐♥❝❧✉✐♥❞♦ ❛ ❝♦♠♣r❡ssã♦ ❞❡

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡ ❛ ❝♦❞✐✜❝❛çã♦ ❡♠ r❡s♦❧✉çã♦ ♠✐st❛✱ q✉❡ é ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ♥❡st❡ tr❛❜❛❧❤♦✳

❖ ❈❛♣ít✉❧♦ é ❝♦♥❝❧✉í❞♦ ❝♦♠ ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s ♣❛r❛ ♦ ✉s♦ ❞❡ ❝â♠❡r❛s s✐♠✉❧tâ♥❡❛s✳

✸✳✷ ❘❡♣r❡s❡♥t❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s

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

✉♠❛ ❝â♠❡r❛ ♣❛r❛ ❝❛♣t✉r❛r ❛s ✐♠❛❣❡♥s✱ s✐♠✉❧t❛♥❡❛♠❡♥t❡✳ ❆ ♣r✐♥❝í♣✐♦✱ ❛ r❡♣❧✐❝❛çã♦ ❞❛ r❡♣r❡s❡♥t❛çã♦

❞❡ ✈✐st❛s ❞❛ ❙❡çã♦ ✷✳✷ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❞❡s❝r❡✈❡r ✈ár✐❛s ✈✐st❛s✱ ♠❛s ❡①✐st❡♠ ❞✐✈❡rs❛s r❡❧❛çõ❡s

❣❡♦♠étr✐❝❛s ❛ s❡r❡♠ ❡①♣❧♦r❛❞❛s ❡♥tr❡ ♣❛r❡s ❞❡ ❝â♠❡r❛s✱ ❝♦♠♦ s❡rá ✈✐st♦ ❛ s❡❣✉✐r✳

❆ r❡♣r❡s❡♥t❛çã♦ ❞❡ ❝❡♥❛s ♥❛t✉r❛✐s ❡ s✐♥tét✐❝❛s ♣❛rt❡ ❞♦ ♠♦❞❡❧♦ ❞❛ ❝â♠❡r❛ ❞❡ ❝â♠❛r❛ ❡s❝✉r❛

❬✸✸❪✱ ♦✉ ♠♦❞❡❧♦ ♣✐♥❤♦❧❡✱ q✉❡ é ❝♦♠♣♦st♦ ♣♦r ✉♠ ♣❧❛♥♦ ❞❡ ✐♠❛❣❡♠ ❡ ✉♠ ❝❡♥tr♦ ót✐❝♦ C ❛ ✉♠❛

❞✐stâ♥❝✐❛ f ❞♦ ♣❧❛♥♦ ❞❡ ✐♠❛❣❡♠✳ f é ❛ ❝❤❛♠❛❞❛ ❞✐stâ♥❝✐❛ ❢♦❝❛❧✱ q✉❡ é ♠❡❞✐❞❛ ❛tr❛✈és ❞♦ ❡✐①♦

♣r✐♥❝✐♣❛❧ ❞❛ ❝â♠❡r❛✱ ♦✉ ❡✐①♦ ót✐❝♦✳ ❆ ✐♥t❡rs❡çã♦ P ❞❡st❡ ❡✐①♦ ❝♦♠ ♦ ♣❧❛♥♦ ❞❡ ✐♠❛❣❡♠ ❞❡♥♦♠✐♥❛✲s❡

♣♦♥t♦ ♣r✐♥❝✐♣❛❧✳ ❖ ♣❧❛♥♦ q✉❡ ❝♦♥té♠ C ❡ é ♣❛r❛❧❡❧♦ ❛♦ ♣❧❛♥♦ ❞❡ ✐♠❛❣❡♠ é ❞❡♥♦♠✐♥❛❞♦ ♣❧❛♥♦ ❢♦❝❛❧✱

♦✉ ♣❧❛♥♦ ♣r✐♥❝✐♣❛❧✳ ❆ ❋✐❣✳ ✸✳✶ ✐❧✉str❛ ❡st❡s ❝♦♥❝❡✐t♦s✳

◗✉❛❧q✉❡r ♣♦♥t♦ tr✐❞✐♠❡♥s✐♦♥❛❧ M ❡♠ ❢r❡♥t❡ à ❝â♠❡r❛ ♣✐♥❤♦❧❡ é ❧✐❣❛❞♦ ❛ C ❛tr❛✈és ❞❡ ✉♠❛

ú♥✐❝❛ ❧✐♥❤❛✱ ❝✉❥❛ ✐♥t❡rs❡çã♦ ❝♦♠ ♦ ♣❧❛♥♦ ❞❡ ✐♠❛❣❡♠ ❝♦♠♣õ❡ ❛ ♣r♦❥❡çã♦ m ❞♦ ♣♦♥t♦ M s♦❜r❡

❡st❡ ♣❧❛♥♦✳ ❈♦♠♦ ♠♦str❛ ❛ ❋✐❣✳ ✸✳✷✱ ♣♦❞❡✲s❡ ♦❜t❡r ❛ r❡❧❛çã♦ ❡♥tr❡ m ❡ M ♣♦r s✐♠✐❧❛r✐❞❛❞❡ ❞❡

tr✐â♥❣✉❧♦s✱ r❡s♣❡✐t❛♥❞♦ ❛ r❛③ã♦ ❡♥tr❡ y ❡ z ❡ ❡♥tr❡ f ❡ v✱ q✉❡ é ❛ ❝♦♦r❞❡♥❛❞❛ ♥♦ ♣❧❛♥♦ ❞❡ ✐♠❛❣❡♠✳

✷✺



❋✐❣✉r❛ ✸✳✶✿ ●❡♦♠❡tr✐❛ ❞❛ ❝â♠❡r❛ ❞❡ ♠♦❞❡❧♦ ♣✐♥❤♦❧❡✳

❋✐❣✉r❛ ✸✳✷✿ ❘❡❧❛çã♦ ❡♥tr❡ ♦s ♣♦♥t♦s m ❡ M ♣♦r s✐♠✐❧❛r✐❞❛❞❡ ❞❡ tr✐â♥❣✉❧♦s✳

❙❡ ❝♦♥s✐❞❡r❛r♠♦s ♣♦♥t♦s ❝♦♠ ❝♦♦r❞❡♥❛❞❛s ❤♦♠♦❣ê♥❡❛s m = (u, v, 1)T ❡ M = (x, y, z, 1)T ✱ t❡♠✲s❡

❛ s❡❣✉✐♥t❡ r❡❧❛çã♦✿

zm =







f 0 0 0

0 f 0 0

0 0 1 0






M. ✭✸✳✶✮

❆ ❊q✳ ✸✳✶ é ✉♠❛ ✈❡rsã♦ s✐♠♣❧✐✜❝❛❞❛ ❞❛ ❝â♠❡r❛ ♣✐♥❤♦❧❡✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ s♦♠❡♥t❡ ❛ ❞✐stâ♥❝✐❛

❢♦❝❛❧✳ ❆ ✜♠ ❞❡ ✐♥❝❧✉✐r ✐♥❢♦r♠❛çõ❡s ❝♦♠♦ ❛ ♣♦s✐çã♦ r❡❧❛t✐✈❛ ❞❛ ❝â♠❡r❛ ❛♦ ♣❧❛♥♦ ❡✉❝❧✐❞✐❛♥♦ ❡ ❛

r❡s♦❧✉çã♦ ❞❡ ❛♠♦str❛❣❡♠ ❞✐❣✐t❛❧✱ t❡♠✲s❡ ❛ s❡❣✉✐♥t❡ ♣r♦❥❡çã♦ ♣❡rs♣❡❝t✐✈❛✿

✷✻



ζ







u

v

1






= P













x

y

z

1













P = K

[

R | t
]

K =







f/sx 0 ox

0 f/sy oy

0 0 1







, ✭✸✳✷✮

♦♥❞❡ ζ é ❛ ❞✐stâ♥❝✐❛ ❞♦ ♣♦♥t♦ M ❛♦ ♣❧❛♥♦ ♣r✐♥❝✐♣❛❧ ❞❛ ❝â♠❡r❛✱ P é ❛ ♠❛tr✐③ 3 × 4 ❞❡ ♣r♦❥❡çã♦

❞❛ ❝â♠❡r❛✱ K é ❛ ♠❛tr✐③ ❞❡ ❝❛❧✐❜r❛çã♦ ❞❛ ❝â♠❡r❛✱ R é ❛ ♠❛tr✐③ 3 × 3 ❞❡ r♦t❛çã♦ ❞❛ ❝â♠❡r❛ ❡

t é ♦ ✈❡t♦r 3 × 1 ❞❡ tr❛♥s❧❛çã♦ ❞❛ ❝â♠❡r❛✳ t ❡ R ❞❡s❝r❡✈❡♠ ❛ ♣♦s✐çã♦ ❡ ❛ ♦r✐❡♥t❛çã♦ ❞❛ ❝â♠❡r❛

❡♠ r❡❧❛çã♦ à ♦r✐❣❡♠ ❡✉❝❧✐❞✐❛♥❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❞❡s❝r❡✈❡♥❞♦ ♣♦rt❛♥t♦ ♣❛râ♠❡tr♦s ❡①trí♥s❡❝♦s à

❝â♠❡r❛✳ K r❡❛❧✐③❛ ❛ tr❛♥s❢♦r♠❛çã♦ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❞❛ ❝â♠❡r❛ ♣❛r❛ ❝♦♦r❞❡♥❛❞❛s ❞♦s ♣✐①❡❧s✱ ❡

❞❡♣❡♥❞❡ ❞❡ ♣❛râ♠❡tr♦s ✐♥trí♥s❡❝♦s ❞❛ ❝â♠❡r❛✱ ❛ s❛❜❡r✿

• f ✱ ❞✐stâ♥❝✐❛ ❢♦❝❛❧❀

• sx ❡ sy✱ ❧❛r❣✉r❛ ❡ ❝♦♠♣r✐♠❡♥t♦ ❞♦s ♣✐①❡❧s ❞❛ ❝â♠❡r❛✱ ❡♠ ♠✐❧í♠❡tr♦s❀

• ❡ ox ❡ oy✱ ❝♦♦r❞❡♥❛❞❛s ❞♦ ❝❡♥tr♦ ❞❛ ✐♠❛❣❡♠✱ ❡♠ ♣✐①❡❧s✳

✸✳✷✳✶ ●❡♦♠❡tr✐❛ ❡♣✐♣♦❧❛r

❋✐❣✉r❛ ✸✳✸✿ ●❡♦♠❡tr✐❛ ❡♣✐♣♦❧❛r✿ ❞✉❛s ❝â♠❡r❛s✱ ❆ ❡ ❇✱ ❝❛♣t✉r❛♠ ✉♠❛ ❝❡♥❛ ❛ ♣❛rt✐r ❞❡ ❞♦✐s ♣♦♥t♦s

❞❡ ✈✐st❛✱ ❡ ♦ ♣♦♥t♦ M é ♠❛♣❡❛❞♦ ♣❛r❛ ♦s ♣♦♥t♦s mA ❡ mB r❡s♣❡❝t✐✈♦s às ❝â♠❡r❛s✳

❆ ♣r♦❥❡çã♦ ❡♠ ✭✸✳✷✮ ❧✐❣❛ ♦ ♣♦♥t♦ M ❛♦ ❝❡♥tr♦ ót✐❝♦ C ❛tr❛✈és ❞❡ ✉♠❛ ú♥✐❝❛ ❧✐♥❤❛✱ ♦ q✉❡ é

✈á❧✐❞♦ t❛♠❜é♠ ♣❛r❛ t♦❞♦s ♦s ♣♦♥t♦s q✉❡ ♣❡rt❡♥❝❡♠ ❛ ❡st❛ ❧✐♥❤❛✳ ❆ss✐♠✱ t♦❞♦s ❡st❡s ♣♦♥t♦s s❡rã♦

✷✼



❡♥❝♦❜❡rt♦s ♣❡❧♦ ♣♦♥t♦ ♥❛ r❡t❛ ♠❛✐s ♣ró①✐♠♦ ❛ C✱ ♣❡r❢❛③❡♥❞♦ ♦❝❧✉sõ❡s ❞❡ t♦❞♦s ♦s ♦✉tr♦s ♣♦♥t♦s✳

❯♠❛ s❡❣✉♥❞❛ ❝â♠❡r❛ ♣♦❞❡rá s❡r ❝❛♣❛③ ❞❡ ❛♣r❡s❡♥t❛r ❡st❡s ♣♦♥t♦s ❡♥❝♦❜❡rt♦s✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛

❣❡♦♠❡tr✐❛ ❞❛ ❝❡♥❛✳

❈♦♠ ❜❛s❡ ♥❛ ❋✐❣✳ ✸✳✸✱ s❡ ❝♦♥s✐❞❡r❛r♠♦s ❞✉❛s ❝â♠❡r❛s ♣✐♥❤♦❧❡✱ ❆ ❡ ❇✱ ❡ s✉❛s r❡s♣❡❝t✐✈❛s

♠❛tr✐③❡s ❞❡ ♣r♦❥❡çã♦ PA ❡ PB✱ ♦ ♣♦♥t♦ M é ♣r♦❥❡t❛❞♦ s♦❜r❡ ♦s ♣♦♥t♦s mA ❡ mB ❞❡ ❝❛❞❛ ✉♠❛

❞❡ss❛s ❝â♠❡r❛s ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

ζAmA = PAM = KA(RA.[x y z]T + tA)

ζBmB = PBM = KB(RB.[x y z]T + tB)
, ✭✸✳✸✮

♦♥❞❡ ζA ❡ ζB sã♦ ❛s ❞✐stâ♥❝✐❛s ❞♦ ♣♦♥t♦ M ❛♦s ♣❧❛♥♦s ♣r✐♥❝✐♣❛✐s ❞❛s ❝â♠❡r❛s ❆ ❡ ❇✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ ❊q✳ ✸✳✸ ♣❡r♠✐t❡ ❛ss✐♠ ❡♥❝♦♥tr❛r ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ❡♥tr❡ ♣✐①❡❧s ❞❡ ❞✉❛s ❝â♠❡r❛s✱

❞❛❞❛s s✉❛s ♠❛tr✐③❡s ❞❡ ♣r♦❥❡çã♦ ❡ ❛s ♣r♦❢✉♥❞✐❞❛❞❡s ❞❡ ❝❛❞❛ ♣✐①❡❧✳ P❛rt✐♥❞♦ ❞❛ ❝â♠❡r❛ ❆✱ ♣r♦❥❡t❛✲s❡

♦ ♣♦♥t♦ mA ❛♦ ♣♦♥t♦ M✿

[x y z]T = R
−1
A (K−1

A ζAmA − tA), ✭✸✳✹✮

q✉❡ é ♣r♦❥❡t❛❞♦ ❞✐r❡t❛♠❡♥t❡ ❛♦ ♣♦♥t♦ mb ❛tr❛✈és ❞❡✿

mB = PBM/ζB. ✭✸✳✺✮

❆✐♥❞❛ ❝♦♠ ❜❛s❡ ♥❛ ❋✐❣✳ ✸✳✸✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ♦ ♣♦♥t♦ M ❡ ♦s ❝❡♥tr♦s ót✐❝♦s ❞❛s ❝â♠❡r❛s ❆ ❡

❇✱ CA ❡ CB✱ ❞❡✜♥❡♠ ♦ ❝❤❛♠❛❞♦ ♣❧❛♥♦ ❡♣✐♣♦❧❛r✱ ❛♦ q✉❛❧ ♣❡rt❡♥❝❡♠ mA ❡ mB✳ ❖s ♣♦♥t♦s eA ❡

eB r❡♣r❡s❡♥t❛♠ ❛s ♣r♦❥❡çõ❡s ❞❡ CB ♥❛ ❝â♠❡r❛ ❆ ❡ ❞❡ CA ♥❛ ❝â♠❡r❛ ❇✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡ ❛s

❧✐♥❤❛s ❡♣✐♣♦❧❛r❡s lA ❡ lB ❝♦♥st✐t✉❡♠ ✐♥t❡rs❡çõ❡s ❡♥tr❡ ♦ ♣❧❛♥♦ ❡♣✐♣♦❧❛r ❡ ♦s ♣❧❛♥♦s ❞❡ ✐♠❛❣❡♥s ❞❛s

❝â♠❡r❛s ❆ ❡ ❇✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ➱ ✐♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡ s❡ ♦ ♣♦♥t♦ mA é ❝♦♥❤❡❝✐❞♦✱ ❡ ❞❡s❡❥❛✲s❡

❡♥❝♦♥tr❛r ♦ ♣♦♥t♦ mB ❝♦rr❡s♣♦♥❞❡♥t❡ ❡♠ ❇✱ ♦ ♣❧❛♥♦ ❡♣✐♣♦❧❛r r❡str✐♥❣❡ ❡st❛ ❜✉s❝❛ à ❧✐♥❤❛ ❡♣✐♣♦❧❛r

lB✱ ♦ q✉❡ r❡❞✉③ ❛ ár❡❛ ❞❡ ❜✉s❝❛ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡✳

✸✳✷✳✷ ▼❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡

❖ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡s D ❛♣r❡s❡♥t❛ ❛s ♣r♦❢✉♥❞✐❞❛❞❡s ζ ❞❡ ❝❛❞❛ ♣✐①❡❧ ❬✸✹❪ ❬✸✺❪✱ ❡ é

r❡♣r❡s❡♥t❛❞♦ ❝♦♠ ✉♠❛ ✐♠❛❣❡♠ ❞❡ ♠❡s♠❛ r❡s♦❧✉çã♦ ❞❛ ✐♠❛❣❡♠ ❝♦❧♦r✐❞❛ ❞❛ ❝â♠❡r❛✱ ❡ q✉❡ ❝♦♥té♠

s♦♠❡♥t❡ ♦ ❝❛♥❛❧ ❞❡ ❧✉♠✐♥â♥❝✐❛✳ ❆ ✜♠ ❞❡ r❡♣r❡s❡♥t❛r ♣❛r❛ ❝❛❞❛ ♣♦s✐çã♦ (u, v) ❛ ♣r♦❢✉♥❞✐❞❛❞❡ ζ

❝♦rr❡s♣♦♥❞❡♥t❡ ❡♠ 8 ❜✐ts✱ é ♥❡❝❡ssár✐♦ ❝♦♥❤❡❝❡r ❛s ♣r♦❢✉♥❞✐❞❛❞❡s ♠á①✐♠❛✱ ζmax✱ ❡ ♠í♥✐♠❛✱ ζmin✱

❡ r❡❛❧✐③❛r ✉♠ ❡s❝❛❧♦♥❛♠❡♥t♦✿

D(u, v) = 255

(

1

ζ(u, v)
−

1

ζmax

)/(

1

ζmin
−

1

ζmax

)

.✭✸✳✻✮

❉❡st❛ ❢♦r♠❛✱ ζ(u, v) = ζmax ❝♦rr❡s♣♦♥❞❡ ❛ D(u, v) = 0✱ ❡ ζ(u, v) = ζmin ❝♦rr❡s♣♦♥❞❡ ❛ D(u, v) =

255✳ ❖ ♣r♦❝❡ss♦ ♣♦❞❡ s❡r r❡✈❡rt✐❞♦ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿
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ζ(u, v) =

{

D(u, v)

255

(

1

ζmin
−

1

ζmax

)

+
1

ζmax

}−1

. ✭✸✳✼✮

❆ ❝♦♥✈❡rsã♦ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡s ζ ♣❛r❛ r❡♣r❡s❡♥t❛çã♦ ❡♠ 8 ❜✐ts ♣♦ss✉✐ ❞✉❛s ✈❛♥t❛❣❡♥s ❬✸✺❪✳ ❈♦♠♦

♦s ✈❛❧♦r❡s ❞❡ ζ sã♦ ✐♥✈❡rt✐❞♦s✱ ✉♠❛ ♠❛✐♦r r❡s♦❧✉çã♦ ❡♠ D(u, v) é ❝♦♥❢❡r✐❞❛ ❛ ♦❜❥❡t♦s ♠❛✐s ♣ró①✐♠♦s✱

❝♦♠♦ ✐❧✉str❛ ❛ ❋✐❣✳ ✸✳✹✳ ❆❧❡♠ ❞✐ss♦✱ ♦s ✈❛❧♦r❡s ❞❡ D(u, v) sã♦ ❛❞✐♠❡♥s✐♦♥❛✐s✱ ❡ ♥ã♦ ❞❡♣❡♥❞❡♠ ❞❡

✐♥❢♦r♠❛çõ❡s ❞❡ ❝â♠❡r❛s ❛❞❥❛❝❡♥t❡s✱ ❝♦♠♦ s✉❛s ♣♦s✐çõ❡s ❡♠ r❡❧❛çã♦ à ♦r✐❣❡♠ ❡✉❝❧✐❞✐❛♥❛✱ t❛♠❛♥❤♦

❞♦ s❡♥s♦r ♦✉ r❡s♦❧✉çã♦ ❞❛ ✐♠❛❣❡♠✳ ◗✉❡r ❞✐③❡r✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ ❝â♠❡r❛ q✉❡ s❡ ✉t✐❧✐③❡✱ D(u, v)

❡st❛rá s❡♠♣r❡ r❡♣r❡s❡♥t❛❞♦ ♣♦r ✈❛❧♦r❡s ❡♥tr❡ 0 ❡ 255✱ ♣❛r❛ ✉♠❛ ♣r❡❝✐sã♦ ❞❡ 8 ❜✐ts✳

❋✐❣✉r❛ ✸✳✹✿ ❈♦♥✈❡rsã♦ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡s ζ(u, v) ❡♥tr❡ 1 ❡ 10 ♠❡tr♦s ♣❛r❛ r❡♣r❡s❡♥t❛çã♦ ❡♠ 8 ❜✐ts✿

✈❛❧♦r❡s ❞❡ ζ(u, v) ♠❛✐s ♣ró①✐♠♦s à ❝â♠❡r❛ sã♦ ❛♠♦str❛❞♦s ❝♦♠ ♠❛✐♦r ♣r❡❝✐sã♦✳

❉❛❞❛ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦✱ ♦ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡s ❝♦rr❡s♣♦♥❞❡♥t❡ ❡ ❛s ♠❛tr✐③❡s ❞❡

❝❛❧✐❜r❛çã♦✱ r♦t❛çã♦ ❡ tr❛♥s❧❛çã♦ ❞❛ ❝â♠❡r❛✱ é ♣♦ssí✈❡❧ ❣❡r❛r ✈✐st❛s ✈✐rt✉❛✐s ♣ró①✐♠❛s à ♣♦s✐çã♦ ❞❛

❝â♠❡r❛ ♦r✐❣✐♥❛❧✱ ❜❛s❡❛❞♦ ♥❛ ❣❡♦♠❡tr✐❛ ❡♣✐♣♦❧❛r ✭❊qs✳ ✸✳✹ ❡ ✸✳✺✮✳ ❊st❛ té❝♥✐❝❛ ♥ã♦ ❡✈✐t❛ ♣r♦❜❧❡♠❛s

❞❡ ♦❝❧✉sã♦✱ q✉❡ ❞❡✈❡♠ s❡r tr❛t❛❞♦s ❞❡ ♠❛♥❡✐r❛ ❛❞❡q✉❛❞❛✱ ❡ ♣❡r♠✐t❡ ♥ã♦ s♦♠❡♥t❡ ❣❡r❛r ♠ú❧t✐♣❧❛s

✈✐st❛s ❞❡ ✉♠❛ ❝❡♥❛ ❝♦♠♦ t❛♠❜é♠ ❛❥✉st❛r ❛ s❡♥s❛çã♦ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣❛r❛ t❡❧❛s ❡st❡r♦s❝ó♣✐❝❛s✳

▼❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❣❡r❛❧♠❡♥t❡ ❛♣r❡s❡♥t❛♠ ❣r❛♥❞❡s ár❡❛s s✉❛✈❡s✱ ❝♦♠ ♣❡q✉❡♥❛s ✈❛r✐❛çõ❡s

❞❡ ✉♠ ♣✐①❡❧ ♣❛r❛ ♦✉tr♦✱ ❡ ❝♦♥t♦r♥♦s ❜❡♠ ❞❡✜♥✐❞♦s ❞❡ ♦❜❥❡t♦s ♣r❡s❡♥t❡s ♥❛ ❝❡♥❛ ❬✸✻❪✳ ❊st❛ é ✉♠❛

❝❛r❛❝t❡ríst✐❝❛ ♥ã♦ só ❞❡ ♠❛♣❛s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❣❡r❛r ❝❡♥❛s s✐♥tét✐❝❛s✱ ❝♦♠♦ t❛♠❜é♠ ❞❡ ♠❛♣❛s

❝❛❧❝✉❧❛❞♦s ♣❛r❛ ❝❡♥❛s ♥❛t✉r❛✐s✱ ❝♦♠♦ ♠♦str❛ ❛ ❋✐❣✳ ✸✳✺✳ ➱ ✐♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡ ♠❛♣❛s ❞❡

♣r♦❢✉♥❞✐❞❛❞❡ ❡stã♦ s✉❥❡✐t♦s ❛ ❡rr♦s✱ t❛✐s ❝♦♠♦ r❡♣r❡s❡♥t❛çã♦ ❡♠ ♣r❡❝✐sã♦ r❡❞✉③✐❞❛✱ ♦❝❧✉sõ❡s ❡

❡s❝❛❧♦♥❛♠❡♥t♦ ♣♦r ❝♦❞✐✜❝❛çã♦✳ P♦r ❡①❡♠♣❧♦✱ é ♣♦ssí✈❡❧ ✈✐s✉❛❧✐③❛r ♥❛ ❋✐❣✳ ✸✳✺✭❞✮ ✉♠❛ ✐♠♣❡r❢❡✐çã♦

✷✾



♥♦ ❝❛♥t♦ ✐♥❢❡r✐♦r ❡sq✉❡r❞♦ ❞♦ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✱ ❛♦♥❞❡ é ❝♦♥s✐❞❡r❛❞❛ ❛ ♠❡s♠❛ ♣r♦❢✉♥❞✐❞❛❞❡

♣❛r❛ ❛ ❜❛✐❧❛r✐♥❛ ❡ ♣❛r❛ ✉♠❛ ♣❡q✉❡♥❛ ♣❛rt❡ ❞♦ ♣♦st❡r ❛trás ❞❛ ❜❛✐❧❛r✐♥❛✳

✭❛✮ ✭❜✮ ✭❝✮ ✭❞✮

❋✐❣✉r❛ ✸✳✺✿ ❉❡t❛❧❤❡s ❞❡ ❝❡♥❛s ❝♦♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ tí♣✐❝♦s✿ ✭❛✮ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛

❞❛ s❡q✉ê♥❝✐❛ s✐♥tét✐❝❛ ❱❡♥✉s✱ ✈✐st❛ 6✱ ✐♥st❛♥t❡ 0❀ ✭❜✮ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❝♦rr❡s♣♦♥❞❡♥t❡❀ ✭❝✮

❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ r❡❛❧ ❇❛❧❧❡t✱ ✈✐st❛ 1✱ ✐♥st❛♥t❡ 1❀ ✭❞✮ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡

❝♦rr❡s♣♦♥❞❡♥t❡✳

❊①✐st❡♠ três ♠❛♥❡✐r❛s ❜ás✐❝❛s ♣❛r❛ s❡ ♦❜t❡r ♦ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡s ❞❡ ✉♠❛ ❝❡♥❛✳ P❛r❛ ♦ ❝❛s♦

❞❡ s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s✱ ❡❧❡ ❥á é ♣❛rt❡ ✐♥❡r❡♥t❡ ❛♦ ❝♦♥t❡ú❞♦✱ ❥á q✉❡ ❡❧❡ é ✉t✐❧✐③❛❞♦ ❞✐r❡t❛♠❡♥t❡ ♥❛

❣❡r❛çã♦ ❞❛ ❝❡♥❛ s✐♥tét✐❝❛✳ P❛r❛ ❝❡♥❛s r❡❛✐s✱ ♦ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡s ♣♦❞❡ s❡r ♦❜t✐❞♦ ♣r♦♥t❛♠❡♥t❡

❛tr❛✈és ❞❡ ❝â♠❡r❛s s❡♥s♦r❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✱ ♦✉ ♣♦❞❡ s❡r ❡①tr❛í❞♦ ❞❡ ✉♠ ♣❛r ❞❡ ❝â♠❡r❛s ❝❛❧✐❜r❛❞❛s✱

❛tr❛✈és ❞♦ ❝á❧❝✉❧♦ ❞❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ❡♥tr❡ ❡❧❛s ❬✷❪✳ ◆❡st❡ ú❧t✐♠♦ ❝❛s♦✱ ❡①✐st❡ ✉♠❛ ❣r❛♥❞❡ ❣❛♠❛

❞❡ ❛❧❣♦r✐t♠♦s ❞✐s♣♦♥í✈❡✐s✳

❖ ❝á❧❝✉❧♦ ❞❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ❡♥tr❡ ❝â♠❡r❛s ♣♦ss✉✐ q✉❛tr♦ ❡t❛♣❛s ❜ás✐❝❛s✿ ❝á❧❝✉❧♦ ❞❡ ❝✉st♦

❞❛s ❝♦rr❡s♣♦♥❞ê♥❝✐❛s✱ ❛❣r❡❣❛çã♦ ❞♦s ❝✉st♦s✱ ♦t✐♠✐③❛çã♦ ❞❛s ❞✐s♣❛r✐❞❛❞❡s ❡ r❡✜♥❛♠❡♥t♦ ❞❛s

❞✐s♣❛r✐❞❛❞❡s✳ P♦r ❡①❡♠♣❧♦✱ s❡ ♦ ❝á❧❝✉❧♦ ❞❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ❢♦r ❢❡✐t♦ ❝♦♠ ❜❛s❡ ♥❛ ♠✐♥✐♠✐③❛çã♦

❞❛ s♦♠❛ ❞♦ ❡rr♦ q✉❛❞rát✐❝♦ ❡♥tr❡ ❛s ❝â♠❡r❛s ✭❊q✳ ✷✳✶✺✮✱ ♦ ❝✉st♦ ❞❛s ❝♦rr❡s♣♦♥❞ê♥❝✐❛s é ♠❡❞✐❞♦

❛tr❛✈és ❞❛ ❞✐❢❡r❡♥ç❛ q✉❛❞rát✐❝❛ ❞❛s ✐♠❛❣❡♥s ❡♠ ✉♠❛ ❞❛❞❛ ❞✐s♣❛r✐❞❛❞❡✱ ❛ ❛❣r❡❣❛çã♦ ❞♦s ❝✉st♦s é

❢❡✐t❛ ♣❡❧❛ s♦♠❛ ❞❛ ❞✐❢❡r❡♥ç❛ q✉❛❞rát✐❝❛ ❞❡♥tr♦ ❞❡ ✉♠ ❜❧♦❝♦✱ ❡ ❛ ❞✐s♣❛r✐❞❛❞❡ ót✐♠❛ é s❡❧❡❝✐♦♥❛❞❛ ♣❡❧❛

❡s❝♦❧❤❛ ❞♦ ♠í♥✐♠♦ ✈❛❧♦r ❛❣r❡❣❛❞♦ ♣✐①❡❧ ❛ ♣✐①❡❧✳ ❆❧é♠ ❞❛ ♠✐♥✐♠✐③❛çã♦ ❞❛ s♦♠❛ ❞♦ ❡rr♦ q✉❛❞rát✐❝♦✱

♦✉tr♦s ♠ét♦❞♦s ✐♥❝❧✉❡♠ ♦ ✉s♦ ❞❛ ❝♦rr❡❧❛çã♦ ❝r✉③❛❞❛ ♥♦r♠❛❧✐③❛❞❛ ❬✸✼❪ ❬✸✽❪ ❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠ét♦❞♦s

❣❧♦❜❛✐s✱ t❛✐s ❝♦♠♦ ♦ ❛rr❡❢❡❝✐♠❡♥t♦ ❝r✉③❛❞♦ ❬✸✾❪ ❬✹✵❪ ✭♦✉ s✐♠✉❧❛t❡❞ ❛♥♥❡❛❧✐♥❣✱ ❡♠ ✐♥❣❧ês✮✱ ❛ ❞✐❢✉sã♦

♣r♦❜❛❜✐❧íst✐❝❛ ❬✹✶❪ ❡ ♦ ❝♦rt❡ ❞❡ ❣r❛❢♦s ❬✹✷❪ ✭♦✉ ❣r❛♣❤ ❝✉ts✱ ❡♠ ✐♥❣❧ês✮✳

✸✳✸ ❈♦♠♣r❡ssã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s

❆ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❝♦♠♣r❡ssã♦ ♣❛r❛ s❡q✉ê♥❝✐❛s ❞❡ ✈✐❞❡♦ ❞❡ ✉♠❛ ✈✐st❛ ❢♦✐ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❙❡çã♦

✷✳✺✳ ❙❡q✉ê♥❝✐❛s ❞❡ ✈✐❞❡♦ ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s ❛❝❡♥t✉❛♠ ❡st❛ ♥❡❝❡ss✐❞❛❞❡✱ ✈✐st♦ q✉❡ ❛ t❛①❛ ❞❡

❞❛❞♦s ❛✉♠❡♥t❛ ❞❡ ❢♦r♠❛ ♣r♦♣♦r❝✐♦♥❛❧ ❛♦ ♥ú♠❡r♦ ❞❡ ✈✐st❛s ❛❝r❡s❝❡♥t❛❞❛s✳ P♦r ❡①❡♠♣❧♦✱ ✉♠❛ ❝❡♥❛

❝❛♣t✉r❛❞❛ ❡♠ 8 ✈✐st❛s✱ ❝♦♠ r❡s♦❧✉çã♦ 1280× 720✱ ♥♦ ❡s♣❛ç♦ ❞❡ ❝♦r❡s ❨✿❈❜✿❈r ✹✿✷✿✵ ❝♦♠ ✽ ❜✐ts ❞❡

♣r❡❝✐sã♦✱ ❡ ❝♦♠ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✸✵ q✉❛❞r♦s ♣♦r s❡❣✉♥❞♦ ❣❡r❛ 8×1280×720×3/2×30/220 =

316, 41 ♠❡❣❛❜②t❡s ♣♦r s❡❣✉♥❞♦ ❞❡ ✐♥❢♦r♠❛çã♦ ♥❛ ❢♦r♠❛ ❞❡ ♣✐①❡❧s✱ ♦ q✉❡ ❡q✉✐✈❛❧❡ ❛ 8× ♦ ✈❛❧♦r

❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✷✳✺✳

✸✵



❆ ❋✐❣✳ ✸✳✻✭❛✮ ✐❧✉str❛ ♦s ✽ ♣r✐♠❡✐r♦s q✉❛❞r♦s ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✸ ✈✐st❛s✳ ❯t✐❧✐③❛♥❞♦

♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈✱ é ♣♦ssí✈❡❧ ❝♦♠♣r✐♠✐r ❝❛❞❛ ✉♠❛ ❞❡st❛s ✈✐st❛s s❡♣❛r❛❞❛♠❡♥t❡✱ ♦ q✉❡ é

❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❝♦❞✐✜❝❛çã♦ ❍✳✷✻✹✴❆❱❈ s✐♠✉❧❝❛st ❬✶❪✳ ◆❡ss❡ ❝❛s♦✱ ♥ã♦ s❡ ❧❡✈❛ ❡♠ ❝♦♥t❛ ♥❡♥❤✉♠❛

r❡❞✉♥❞â♥❝✐❛ ❡①✐st❡♥t❡ ❡♥tr❡ ❛s ✈✐st❛s✳ ❖ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈ ♦❢❡r❡❝❡ ✉♠❛ ❡①t❡♥sã♦ q✉❡ ♦❢❡r❡❝❡ ♠❛✐s

❢✉♥❝✐♦♥❛❧✐❞❛❞❡s✱ ❞❡ ❢♦r♠❛ ❛ ♠❡❧❤♦r ❛♣r♦✈❡✐t❛r ❡st❛s r❡❞✉♥❞â♥❝✐❛s✱ s❡♥❞♦ ❞❡♥♦♠✐♥❛❞❛ ❍✳✷✻✹✴❆❱❈

▼✉❧t✐✈✐❡✇ ❱✐❞❡♦ ❈♦❞✐♥❣ ✭▼❱❈✮ ❬✶❪ ❬✷✾❪✳

(a) (b)

❋✐❣✉r❛ ✸✳✻✿ ❈♦♥❝❡✐t♦s ❞❡ ❝♦❞✐✜❝❛çã♦ ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s✿ ✭❛✮ ◗✉❛❞r♦s ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦

❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s❀ ✭❜✮ Pr❡❞✐çã♦ ❞♦ q✉❛❞r♦ ✶ ❞❛ ✈✐st❛ ✶ ✉s❛♥❞♦ ♦s q✉❛❞r♦s ✵ ❞❛ ✈✐st❛ ✶ ❡ ✶ ❞❛

✈✐st❛ ✵ ❝♦♠♦ r❡❢❡rê♥❝✐❛✳

✸✳✸✳✶ ❈♦♠♣r❡ssã♦ ❞❡ ✈✐❞❡♦ ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s

❊♠ t❡r♠♦s ❞❛ r❡❧❛çã♦ ❡♥tr❡ t❛①❛ ❡ ❞✐st♦rçã♦✱ ♦ q✉❡ ❢❛③ ♦ ▼❱❈ s❡r ♠❛✐s ❡✜❝✐❡♥t❡ q✉❡ ❛ ❝♦❞✐✜❝❛çã♦

❍✳✷✻✹✴❆❱❈ s✐♠✉❧❝❛st é ❛ ♣r❡❞✐çã♦ ❡♥tr❡ ✈✐st❛s ❬✶❪✱ ❛♦♥❞❡ ♦s ♣r♦❝❡ss♦s ❞❡ ❡st✐♠❛çã♦ ❡ ❝♦♠♣❡♥s❛çã♦

❞❡ ♠♦✈✐♠❡♥t♦ ✭❙❡çã♦ ✷✳✺✳✶✮ sã♦ ❢❡✐t♦s t❡♥❞♦ ✉♠ q✉❛❞r♦ ❞❡ ♦✉tr❛ ✈✐st❛ ❥á ❝♦❞✐✜❝❛❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛✳

P♦r ❡①❡♠♣❧♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ❋✐❣✳ ✸✳✻✭❜✮✱ ♦ q✉❛❞r♦ ✶ ❞❛ ✈✐st❛ ✶ ♣♦❞❡ s❡r ♣r❡❞✐t♦ ♥♦ ▼❱❈ t❛♥t♦

♣❡❧♦ q✉❛❞r♦ ✵ ❞❛ ✈✐st❛ ✶ ❝♦♠♦ ♣❡❧♦ q✉❛❞r♦ ✶ ❞❛ ✈✐st❛ ✵✳ ❈♦♠♦ ❛s ❝â♠❡r❛s sã♦ s✐♥❝r♦♥✐③❛❞❛s✱ ♥ã♦

❤á ❡①❛t❛♠❡♥t❡ ✉♠ ♠♦✈✐♠❡♥t♦ ❞❡ ♦❜❥❡t♦s ❞♦ q✉❛❞r♦ ✶ ❞❛ ✈✐st❛ ✵ ♣❛r❛ ♦ q✉❛❞r♦ ✶ ❞❛ ✈✐st❛ ✶✳ ◆❡ss❡

❝❛s♦✱ ❛ ♣r❡❞✐çã♦ ❡♥tr❡ ✈✐st❛s é ❞❡♥♦♠✐♥❛❞❛ ❡st✐♠❛çã♦ ❡ ❝♦♠♣❡♥s❛çã♦ ❞❡ ❞✐s♣❛r✐❞❛❞❡✳

❖ ▼❱❈ ♦❢❡r❡❝❡ ✉♠❛ ✈✐st❛ ❞❡ ❜❛s❡✱ ❝♦❞✐✜❝❛❞❛ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡ ❞❛s ♦✉tr❛s ✈✐st❛s✱ ❞❡ ❢♦r♠❛

q✉❡ ♦ ❜✐tstr❡❛♠ ❝♦❞✐✜❝❛❞♦ ❛t❡♥❞❛ ❛ ❞❡❝♦❞✐✜❝❛❞♦r❡s ❍✳✷✻✹✴❆❱❈✳ ❆ss✐♠✱ ❡st❡ ❜✐tstr❡❛♠ ♣♦❞❡ ❛t❡♥❞❡r

t❛♥t♦ ❛ t❡❧❡✈✐s♦r❡s ❝♦♠✉♥s q✉❛♥t♦ ❛ r❡❝❡♣t♦r❡s ✸❉✱ ♣♦r ❡①❡♠♣❧♦✳ ❆ ✜♠ ❞❡ tr❛♥s♠✐t✐r ✐♥❢♦r♠❛çõ❡s

❞❡ ♦✉tr❛s ✈✐st❛s✱ t❛✐s ❝♦♠♦ ✐❞❡♥t✐✜❝❛çã♦ ❡ ❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡ ❡❧❛s✱ ♦ ▼❱❈ ❡st❡♥❞❡ ❛ s✐♥t❛①❡ ❞❡ ❛❧t♦

♥í✈❡❧✱ ❛tr❛✈és ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ♣❛râ♠❡tr♦s ❞❛ s❡q✉ê♥❝✐❛ ✭❙P❙✱ ❞♦ ✐♥❣❧ês s❡q✉❡♥❝❡ ♣❛r❛♠❡t❡r s❡t✮✳

❊①✐st❡♠ ♦✉tr❛s té❝♥✐❝❛s q✉❡ ♦❢❡r❡❝❡♠ ❣❛♥❤♦s s✐❣♥✐✜❝❛t✐✈♦s ❛♦ ▼❱❈✱ ♠❛s q✉❡ ♥ã♦ ❢♦r❛♠

✐♥❝❧✉í❞♦s ♥❡st❡ ♣❛❞rã♦ ♣♦r r❡♣r❡s❡♥t❛r❡♠ ♠✉❞❛♥ç❛s ❡str✉t✉r❛✐s ❡ ❞❡ s✐♥t❛①❡ s✐❣♥✐✜❝❛t✐✈❛s ❡♠

r❡❧❛çã♦ ❛♦ ❍✳✷✻✹✴❆❱❈✳ ■ss♦ t♦r♥❛r✐❛ ❡st❡s ♣❛❞rõ❡s ✐♥❝♦♠♣❛tí✈❡✐s✱ ✐♥✈✐❛❜✐❧✐③❛♥❞♦ ♦ ❛♣r♦✈❡✐t❛♠❡♥t♦

❞❡ s✐st❡♠❛s ❥á ❡①✐st❡♥t❡s ♣❛r❛ ❛ ❝♦❞✐✜❝❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s✳ ❉❡♥tr❡ ❡st❛s té❝♥✐❝❛s✱ ✐♥❝❧✉❡♠✲s❡

❛ ♣ré✲❝♦♠♣❡♥s❛çã♦ ❞❡ ✐❧✉♠✐♥❛çã♦ ♣❛r❛ ❛ ❡st✐♠❛çã♦ ❞❡ ❞✐s♣❛r✐❞❛❞❡ ❬✹✸❪ ❬✹✹❪✱ ❛ ✜❧tr❛❣❡♠ ❛❞❛♣t❛t✐✈❛

❞❛s r❡❢❡rê♥❝✐❛s✱ q✉❡ ❝♦♠♣❡♥s❛ ❣r❛♥❞❡s ❞✐❢❡r❡♥ç❛s ❢♦❝❛✐s ❡♥tr❡ ❡st❛s ❡ ♦ q✉❛❞r♦ ❛ s❡r ♣r❡❞✐t♦ ❬✹✺❪

✸✶



❬✹✻❪✱ ❡ ❛ ♣r❡❞✐çã♦ ❛tr❛✈és ❞❛ sí♥t❡s❡ ❞❡ ✈✐st❛s ❬✹✼❪ ❬✹✽❪ ❬✹✾❪✳ ❚❛♠❜é♠ ❢♦✐ ♣r♦♣♦st♦ ✉♠ ♠♦❞♦ ❞❡

♣r❡❞✐çã♦ ❞❡ ✈❡t♦r❡s ❞❡ ♠♦✈✐♠❡♥t♦ ❛ ♣❛rt✐r ❞❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ✈❡t♦r❡s ❥á ❡s❝♦❧❤✐❞♦s ❡♠ ♦✉tr❛s

✈✐st❛s ❬✺✵❪ ❬✺✶❪✳

◆❛ ♠é❞✐❛✱ ♦ ▼❱❈ ♦❢❡r❡❝❡ 20% ❞❡ r❡❞✉çã♦ ♥❛ t❛①❛ ❞❡ ❜✐ts ❝♦♠ r❡❧❛çã♦ ❛♦ ❍✳✷✻✹✴❆❱❈ s✐♠✉❧❝❛st✱

♣❛r❛ s❡q✉ê♥❝✐❛s ❞❡ ❛té ✽ ✈✐st❛s✳ ❊♠ ❝♦♠♣❡♥s❛çã♦✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♦♣❡r❛çõ❡s r❡❛❧✐③❛❞❛ ♥♦

♣r♦❝❡ss♦ ❞❡ ❝♦❞✐✜❝❛çã♦ ▼❱❈ é ❞r❛st✐❝❛♠❡♥t❡ s✉♣❡r✐♦r ❛ ❡st❛ q✉❛♥t✐❞❛❞❡ ♥❛ ❝♦❞✐✜❝❛çã♦ ❍✳✷✻✹✴❆❱❈

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

✸✳✸✳✷ ❈♦♠♣r❡ssã♦ ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡

❆ss✐♠ ❝♦♠♦ ❛s s❡q✉ê♥❝✐❛s ❞❡ ✈✐❞❡♦ ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s✱ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ t❛♠❜é♠

♥❡❝❡ss✐t❛♠ ❞❡ ❝♦♠♣r❡ssã♦✱ ♣❛r❛ ✜♥s ❞❡ tr❛♥s♠✐ssã♦ ❡ ❛r♠❛③❡♥❛♠❡♥t♦✳ ❆ ❢♦r♠❛ ♠❛✐s ❞✐r❡t❛ é

❛♣❧✐❝❛r ♦ ▼❱❈✱ ❡①❛t❛♠❡♥t❡ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ❛♥t❡r✐♦r✳ P♦ré♠✱ ♦ ❍✳✷✻✹✴❆❱❈ ♥ã♦ ❧❡✈❛

❡♠ ❝♦♥t❛ ❛s ❝❛r❛❝t❡ríst✐❝❛s ♣❛rt✐❝✉❧❛r❡s ❛♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❬✸✻❪✳

P♦r s❡ tr❛t❛r❡♠ ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ✈✐❞❡♦ ❝♦♠ ❣r❛♥❞❡s ár❡❛s s✉❛✈❡s ❡ tr❛♥s✐çõ❡s ❜r✉s❝❛s ❡♥tr❡

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

❛s ❜❛✐①❛s✳ ❆ ❝♦♠♣r❡ssã♦ ❞❡ ✈✐❞❡♦ ♣♦❞❡ ❜♦rr❛r ❛s ❜♦r❞❛s ❞♦s ♦❜❥❡t♦s ❛tr❛✈és ❞♦ ♣r♦❝❡ss♦ ❞❡

❡s❝❛❧♦♥❛♠❡♥t♦✱ ❝❛✉s❛♥❞♦ ❛rt❡❢❛t♦s ❝❧❛r❛♠❡♥t❡ ✈ís✐✈❡✐s ❛♦ ♦❜s❡r✈❛❞♦r ❤✉♠❛♥♦✳ ❆❧é♠ ❞✐ss♦✱ ♦s

♠❛♣❛s ♥ã♦ sã♦ ✉t✐❧✐③❛❞♦s ❡♠ s✐✱ ♠❛s s✐♠ ♣❛r❛ ❛✉①✐❧✐❛r ♥❛ sí♥t❡s❡ ❞❡ ✈✐st❛s ❛❞❥❛❝❡♥t❡s✳

❆ ❋✐❣✳ ✸✳✼ ✐❧✉str❛ ❡st❛s q✉❡stõ❡s✱ ❛♦♥❞❡ ❛ ✈✐st❛ 6 ❞❛ s❡q✉ê♥❝✐❛ ▲♦✈❡❜✐r❞✶ ❬✺✷❪✱ q✉❛❞r♦ 0✱

❢♦✐ s✐♥t❡t✐③❛❞❛ ✉t✐❧✐③❛♥❞♦ ❛ ✈✐st❛s 4 ❡ 8 ❝♦♠ ❡ s❡♠ ❝♦♠♣r❡ssã♦ ❍✳✷✻✹✴❆❱❈ ❡♠ ♠♦❞♦ ■♥tr❛✳ ❖

♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡s ❞❛ ✈✐st❛ 4 ❞❡❝♦❞✐✜❝❛❞♦✱ ❋✐❣✳ ✸✳✼✭❝✮✱ ♣♦ss✉✐ ❜♦r❞❛s ❡①tr❡♠❛♠❡♥t❡ ❜♦rr❛❞❛s

q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛♦ ♠❛♣❛ ♦r✐❣✐♥❛❧✱ ❋✐❣✳ ✸✳✼✭❛✮✱ ❡ ♥❛ ✈✐st❛ 6 s✐♥t❡t✐③❛❞❛ ❛ ♣❛rt✐r ❞❡ q✉❛❞r♦s

❞❡❝♦❞✐✜❝❛❞♦s✱ ✸✳✼✭❞✮✱ ♦s ❝♦♥t♦r♥♦s ❞❛ ♣❡ss♦❛ ♥❛ ❝❡♥❛ sã♦ ❝❧❛r❛♠❡♥t❡ ❛❢❡t❛❞♦s✱ ❡♥q✉❛♥t♦ ♦ r♦st♦

❣✉❛r❞❛ ❣r❛♥❞❡ s❡♠❡❧❤❛♥ç❛✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❝♦♠ ❛ ✈✐st❛ 6 s✐♥t❡t✐③❛❞❛ ❝♦♠ ♦s q✉❛❞r♦s ♦r✐❣✐♥❛✐s✱

s❡♠ ❝♦♠♣r❡ssã♦✱ ❋✐❣✳ ✸✳✼✭❜✮✳

❙❡♥❞♦ ❛ss✐♠✱ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ✉♠❛ sér✐❡ ❞❡ té❝♥✐❝❛s ♣❛r❛ ♣r❡s❡r✈❛r ❛s ❜♦r❞❛s ❞❡ ♦❜❥❡t♦s ❝♦♠

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

❞❛s ❛❜♦r❞❛❣❡♥s ♠❛✐s ❝♦♠✉♥s ♣❛r❛ ❛ ❝♦♠♣r❡ssã♦ ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ é ❝♦♥s✐❞❡r❛r ♠♦❞♦s

❞❡ ♣r❡❞✐çã♦ q✉❡ ♠✐♥✐♠✐③❛♠ ♦ ❡rr♦ ❞❛ ✈✐st❛ s✐♥t❡t✐③❛❞❛✱ ❡ ♥ã♦ ♦ ❡rr♦ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ ♠❛♣❛

❬✺✸❪❀ ❛❧t❡r♥❛t✐✈❛♠❡♥t❡✱ ♣♦❞❡✲s❡ ❡♠♣r❡❣❛r ♠ét♦❞♦s ❞❡ sí♥t❡s❡ ❞❡ ✈✐st❛s q✉❡ ❢❛ç❛♠ ♣r♦❝❡ss❛♠❡♥t♦

❞✐❢❡r❡♥❝✐❛❞♦ ❡♠ ❜♦r❞❛s ❞❡ ♦❜❥❡t♦s✱ ❝♦♠♣❡♥s❛♥❞♦ ♦s ❡rr♦s ❝❛✉s❛❞♦s ♥❡st❛s r❡❣✐õ❡s ♣❡❧❛ ❝♦♠♣r❡ssã♦

❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❬✶✾❪ ❬✺✹❪✳ ❖✉tr❛s ❛❜♦r❞❛❣❡♥s ✐♥❝❧✉❡♠✿ ♦ ✉s♦ ❞❡ ♠♦❞♦s ❞❡ ♣r❡❞✐çã♦

q✉❡ ♣r✐✈✐❧❡❣✐❛♠ ❛ q✉❛❧✐❞❛❞❡ ♥❛s ❜♦r❞❛s ❞❡ ♦❜❥❡t♦s✱ t❛✐s ❝♦♠♦ ❛ ❝♦❞✐✜❝❛çã♦ ♣♦r ✇❛✈❡❧❡ts ❬✺✺❪ ❬✺✻❪

♦✉ ♣❧❛t❡❧❡ts ❬✺✼❪❀ ❛ ❝♦❞✐✜❝❛çã♦ ❞♦s ♠❛♣❛s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ✉t✐❧✐③❛♥❞♦ ♠ét♦❞♦s ♥ã♦✲❧✐♥❡❛r❡s ❞❡

✐♥t❡r♣♦❧❛çã♦ ♥♦ ❞❡❝♦❞✐✜❝❛❞♦r ♣❛r❛ r❡❝✉♣❡r❛r ❛s ✐♥❢♦r♠❛çõ❡s ❞❛s ❜♦r❞❛s ❞♦s ♦❜❥❡t♦s ❬✺✽❪✳
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✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✸✳✼✿ ❉❡t❛❧❤❡s ❞❛ sí♥t❡s❡ ❞❛ ✈✐st❛ 6 ❞❛ s❡q✉ê♥❝✐❛ ▲♦✈❡❜✐r❞✶✱ q✉❛❞r♦ 0✱ ✉t✐❧✐③❛♥❞♦ ❞✐❢❡r❡♥t❡s

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✿ ✭❛✮ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♦r✐❣✐♥❛❧ ❞❛ ✈✐st❛ 4❀ ✭❜✮ ✈✐st❛ 6 s✐♥t❡t✐③❛❞❛ ❝♦♠

❛s ✈✐st❛s 4 ❡ 8 ♦r✐❣✐♥❛✐s ✭P❙◆❘ ❞❡ 25, 39 ❞❇ ❡ ▼❙❙■▼ ❞❡ 80, 57%✮❀ ✭❝✮ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❛

✈✐st❛ 4 ❞❡❝♦❞✐✜❝❛❞♦ ❛♣ós ❝♦♠♣r❡ssã♦ ❝♦♠ ♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈✱ ♠♦❞♦ ■♥tr❛✱ QP = 40❀ ✭❞✮ ❛♣ós

❝♦♠♣r❡ssã♦ ❞❛s ✈✐st❛s 4 ❡ 8 ❝♦♠ ♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈✱ ♠♦❞♦ ■♥tr❛✱ QP = 22 ♣❛r❛ ❝♦r ❡ QP = 40

♣❛r❛ ♦s ♠❛♣❛s✱ ♦❜té♠✲s❡ ❛ ✈✐st❛ 6 s✐♥t❡t✐③❛❞❛ ✭P❙◆❘ ❞❡ 25.40 ❞❇ ❡ ▼❙❙■▼ ❞❡ 80, 95%✮✳

✸✳✸✳✸ ❚❡♦r✐❛ ❞❛ s✉♣r❡ssã♦ ❜✐♥♦❝✉❧❛r

❯♠❛ sér✐❡ ❞❡ ❡st✉❞♦s ❛♣♦♥t❛ ♦✉tr❛s s♦❧✉çõ❡s ✈✐á✈❡✐s ♥❛ r❡❞✉çã♦ ❞❡ t❛①❛ ❡♠ s✐st❡♠❛s ❞❡

♠ú❧t✐♣❧❛s ✈✐st❛s✱ ❜❛s❡❛❞♦ ❡♠ ❝❡rt❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ s✐st❡♠❛ ✈✐s✉❛❧ ❤✉♠❛♥♦✳ ❉✐✈❡rs♦s ❡st✉❞♦s

♣s✐❝♦❧ó❣✐❝♦s ❡ ✜s✐♦❧ó❣✐❝♦s ♠♦str❛♠ q✉❡ ♦ s✐st❡♠❛ ✈✐s✉❛❧ ❤✉♠❛♥♦ ♦❜té♠ ❛❞❡q✉❛❞❛♠❡♥t❡ ❛ ✐♠♣r❡ssã♦

✸✸



❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ ✈✐sã♦ ❡stér❡♦ ♠❡s♠♦ ❡♠ s✐t✉❛çõ❡s ❞❡ q✉❛❧✐❞❛❞❡ ❛ss✐♠étr✐❝❛✱ ♥♦ q✉❡ é ❝♦♥❤❡❝✐❞♦

♣♦r t❡♦r✐❛ ❞❛ s✉♣r❡ssã♦ ❜✐♥♦❝✉❧❛r ❬✶✶❪✳ P♦r ❡①❡♠♣❧♦✱ s❡ ✉♠❛ ❞❛s ✈✐st❛s ❢♦r ❜♦rr❛❞❛ ♣♦r ✉♠ ✜❧tr♦

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

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

♦✉tr❛ ✈✐st❛✳ ❊♠ ❝♦♠♣❡♥s❛çã♦✱ ❝❛s♦ ✉♠❛ ❞❛s ✈✐st❛s s❡❥❛ ❞❡❣r❛❞❛❞❛ ♣♦r ❡rr♦s ❞❡ ❝♦❞✐✜❝❛çã♦ ♣♦r

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

❆ ❋✐❣✳ ✸✳✽ ✐❧✉str❛ ❡st❡s ❝❡♥ár✐♦s✳ ❉❡t❛❧❤❡s ❞❛s ✈✐st❛s ♦r✐❣✐♥❛✐s 6 ❡ 2 ❞❛ s❡q✉ê♥❝✐❛ ❚❡❞❞② ❬✷❪

♣♦❞❡♠ s❡r ✈✐st❛s ♥❛s ❋✐❣s✳ ✸✳✽✭❛✮ ❡ ✭❜✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡ ♦ ❧❡✐t♦r ♣♦❞❡ ♦❜t❡r ✉♠❛ ✐♠♣r❡ssã♦

tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❛ ❝❡♥❛ ❝r✉③❛♥❞♦ ♦s ♦❧❤♦s ❛té ✉♠❛ ✐♠❛❣❡♠ ❝♦✐♥❝✐❞✐r ❝♦♠ ❛ ♦✉tr❛ ✭❛♦ ❝✉st♦ ❞❡

❛❝❡♥t✉❛❞❛ ❢❛❞✐❣❛ ✈✐s✉❛❧✮✳ ❆s ❋✐❣s✳ ✸✳✽✭❝✮ ❡ ✭❡✮ r❡♣❡t❡♠ ❛ ✈✐st❛ ♦r✐❣✐♥❛❧ 6 ❞❛ ❝❡♥❛✳ ❆ ❋✐❣✳ ✸✳✽✭❞✮

❛♣r❡s❡♥t❛ ❛ ✈✐st❛ 2 ❛♣ós t❡r s✐❞♦ ❞❡❝✐♠❛❞❛ ❡ ✐♥t❡r♣♦❧❛❞❛ ♣♦r ✉♠ ❢❛t♦r M = 2✱ ✉t✐❧✐③❛♥❞♦ ♦ ✜❧tr♦ ❞❡

▲❛♥❝③♦s ✭❊qs✳ ✷✳✺ ❡ ✷✳✻✮✱ ♦ q✉❡ r❡s✉❧t❛ ❡♠ ✉♠❛ P❙◆❘ ❞❡ 30, 19 ❞❇ ✭❊qs✳ ✷✳✶✻ ❡ ✷✳✶✼✮ ❡ ✉♠❛ ▼❙❙■▼

❞❡ 88, 98% ✭❊qs✳ ✷✳✶✽ ❛ ✷✳✷✵✮ ❡♠ r❡❧❛çã♦ ❛♦ ♦r✐❣✐♥❛❧✳ ❆ ❋✐❣✳ ✸✳✽✭❢✮ ❛♣r❡s❡♥t❛ ❛ ✈❡rsã♦ ❞❡❝♦❞✐✜❝❛❞❛

❞❛ ❝♦♠♣r❡ssã♦ ❞❛ ✈✐st❛ 2 ❝♦♠ ♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈ ❡♠ ♠♦❞♦ ■♥tr❛ ✭❙❡çã♦ ✷✳✺✳✶✮✱ ♦ q✉❡ r❡s✉❧t❛

❡♠ ✉♠❛ P❙◆❘ ❞❡ 30.01 ❞❇ ❡ ✉♠❛ ▼❙❙■▼ ❞❡ 82, 95% ❡♠ r❡❧❛çã♦ ❛♦ ♦r✐❣✐♥❛❧✳ ❘❡♣❡t✐♥❞♦ ♦ t❡st❡

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

❉✐✈❡rs♦s ❡st✉❞♦s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ♣❛r❛ ❛✈❛❧✐❛r ❡st❡s ❞✐❢❡r❡♥t❡s ♠ét♦❞♦s ❞❡ q✉❛❧✐❞❛❞❡ ❛ss✐♠é✲

tr✐❝❛✳ ❚❛♠ ❡t✳ ❛❧✳ ❬✶✷❪ ♦❜s❡r✈❛r❛♠ q✉❡ ♥♦ ❝❛s♦ ❞❡ ♣❛r❡s ❡stér❡♦ ❜♦rr❛❞♦s ❛ss✐♠❡tr✐❝❛♠❡♥t❡✱ ❛

q✉❛❧✐❞❛❞❡ ❞❛ ✐♠❛❣❡♠ ❜✐♥♦❝✉❧❛r é ❞♦♠✐♥❛❞❛ ♣❡❧❛ ✐♠❛❣❡♠ ♠❡♥♦s ❜♦rr❛❞❛✱ ❡ ♥♦ ❝❛s♦ ❞❡ ♣❛r❡s ❡stér❡♦

❛ss✐♠❡tr✐❝❛♠❡♥t❡ ❡s❝❛❧♦♥❛❞♦s✱ ❛ q✉❛❧✐❞❛❞❡ ❞❛ ✐♠❛❣❡♠ ❜✐♥♦❝✉❧❛r ❝♦rr❡s♣♦♥❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ à

♠é❞✐❛ ❞♦ ♣❛r ❡stér❡♦✳ ❆ ✐♠♣r❡ssã♦ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ é ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✐❣✉❛❧ ♥♦s ❞♦✐s ❝❛s♦s✳

❆✢❛❦✐ ❡t✳ ❛❧✳ ❬✶✸❪ ❛♣r❡s❡♥t❛r❛♠ r❡s✉❧t❛❞♦s s✉❜❥❡t✐✈♦s s❡♠❡❧❤❛♥t❡s ♣❛r❛ ♣❛r❡s ❡stér❡♦ ❝♦❞✐✜❝❛❞♦s

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

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

s❡♠❡❧❤❛♥t❡ ❛ ❜♦rr❛r ❛ ✐♠❛❣❡♠ ❝♦♠ ♦ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s✳ ❙❛②❣✐❧✐ ❡t✳ ❛❧✳ ❬✶✹❪ ✐♥❞✐❝❛r❛♠ q✉❡ ♣❛r❛

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

♦✉tr❛ ✈✐st❛ é ❝♦❞✐✜❝❛❞❛ ❡♠ ✉♠❛ q✉❛❧✐❞❛❞❡ ❛❜❛✐①♦ ❞❡ ✉♠ ❧✐♠✐❛r ❞❡♣❡♥❞❡♥t❡ ❞❛ t❡❧❛ ✸❉✳ ❆❝✐♠❛

❞❡st❡ ❧✐♠✐❛r✱ ✉s✉ár✐♦s ♣r❡❢❡r❡♠ q✉❛❧✐❞❛❞❡ ♠✐st❛✱ ❡ ❛❜❛✐①♦ ❞♦ ❧✐♠✐❛r✱ ♣r❡❢❡r❡♠ r❡s♦❧✉çã♦ ♠✐st❛✳

✸✳✸✳✹ ❈♦❞✐✜❝❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛

❆♣♦✐❛♥❞♦✲s❡ ♥❛ t❡♦r✐❛ ❞❛ s✉♣r❡ssã♦ ❜✐♥♦❝✉❧❛r✱ ♦ ❢♦r♠❛t♦ ❞❡ r❡s♦❧✉çã♦ ♠✐st❛ ✭▼❘❈✱ ❞♦ ✐♥❣❧ês

▼✐①❡❞✲❘❡s♦❧✉t✐♦♥ ❈♦❞✐♥❣✮ t♦r♥❛✲s❡ ♣❛rt✐❝✉❧❛r♠❡♥t❡ ❛tr❛t✐✈♦ ♣❛r❛ ❝❡♥ár✐♦s ❡stér❡♦ ❡ ❞❡ ♠ú❧t✐♣❧❛s

✈✐st❛s✳ ❆ss✐♠✱ r❡❞✉③✲s❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✐♥❢♦r♠❛çã♦ ❛ s❡r tr❛♥s♠✐t✐❞❛✱ ♠❛♥t❡♥❞♦✲s❡ ❛ q✉❛❧✐❞❛❞❡

s✉❜❥❡t✐✈❛ ❞❛ ❝❡♥❛✳ ❆ ❋✐❣✳ ✸✳✾ ✐❧✉str❛ ✉♠❛ ♠❛♥❡✐r❛ ❞❡ ❛♣❧✐❝❛r ❡st❡ ❢♦r♠❛t♦ ❛ ✉♠ s✐st❡♠❛ ❝♦♠ 4

✈✐st❛s ❞✐s♣♦♥í✈❡✐s✱ ♦♥❞❡ s♦♠❡♥t❡ ❛s ✈✐st❛s í♠♣❛r❡s sã♦ ❝♦❞✐✜❝❛❞❛s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✳

❆ ❝♦❞✐✜❝❛çã♦ ❞❡ s❡q✉ê♥❝✐❛s ❡stér❡♦ ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ é ♣❛rt✐❝✉❧❛r♠❡♥t❡ ❛❞❡q✉❛❞❛ ♣❛r❛ ❛ ❚❱

✸❉ ❡♠ ❞✐s♣♦s✐t✐✈♦s ♠ó✈❡✐s✱ ♦❢❡r❡❝❡♥❞♦ ❛ ✐♠♣r❡ssã♦ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ s❡♠ r❡❛❧✐③❛r ♣r♦❝❡ss❛♠❡♥t♦

❝♦♠♣❧❡①♦ ❞❡ sí♥t❡s❡ ❞❡ ✈✐st❛s ❬✺❪ ❬✻❪✳ ❊❦♠❡❦❝✐♦❣❧✉ ❡t✳ ❛❧✳ ❬✼❪ r❡♣♦rt❛r❛♠ ❣❛♥❤♦s ♦❜❥❡t✐✈♦s ❞❡

q✉❛❧✐❞❛❞❡ ♣❛r❛ ❜❛✐①❛s t❛①❛s✱ ❞❡♥tr♦ ❞♦ ❢♦r♠❛t♦ ▼❘❈ ❡stér❡♦ ❡ ✉t✐❧✐③❛♥❞♦ ❞✐❢❡r❡♥t❡s r❛③õ❡s ❞❡

❞❡❝✐♠❛çã♦ ❡ ✐♥t❡r♣♦❧❛çã♦✳ ❆❦s❛② ❡t✳ ❛❧✳ ❬✽❪ ✐♥✈❡st✐❣❛r❛♠ ♦ ✉s♦ ❞❛ ❡s❝❛❧❛❜✐❧✐❞❛❞❡ t❡♠♣♦r❛❧ ♣❛r❛

✸✹



▼❘❈ ❡stér❡♦✱ r❡♣♦rt❛♥❞♦ r❡❞✉çã♦ ❞❡ t❛①❛ ❝♦♠ ❛ ♠❡s♠❛ q✉❛❧✐❞❛❞❡ s✉❜❥❡t✐✈❛✳ ❈❤❡♥ ❡t✳ ❛❧✳ ❬✾❪

❛♣r❡s❡♥t❛r❛♠ ❢♦r♠❛s ❞❡ r❡❛❧✐③❛r ❛ ♣r❡❞✐çã♦ ❞❡ ✉♠❛ ✈✐st❛ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ❛ ♣❛rt✐r ❞❡ ♦✉tr❛

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

❛❝❡❧❡r❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦❞✐✜❝❛çã♦ ❡ ❞❡❝♦❞✐✜❝❛çã♦ ❡stér❡♦ ❡♠ r❡s♦❧✉çã♦ ♠✐st❛✳ ❚é❝♥✐❝❛s ❞❡ sí♥t❡s❡ ❞❡

✈✐st❛s t❛♠❜é♠ ❢♦r❛♠ ❡♠♣r❡❣❛❞❛s ♣❛r❛ ❣❡r❛r ✈❡rsõ❡s ❞❡ r❡s♦❧✉çã♦ ♥♦r♠❛❧ ♣❛r❛ ❛s ✈✐st❛s ❝♦❞✐✜❝❛❞❛s

❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ❬✶✵❪✳

❆ ♠❛✐♦r✐❛ ❞❡st❡s tr❛❜❛❧❤♦s ♥ã♦ ♣r♦❝✉r❛ ❡st✐♠❛r ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ♣❛r❛ ❛s

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

❞❡✲✈✐st❛ ❧✐✈r❡ ❬✶✺❪✱ ♣♦✐s ♦ ✉s✉ár✐♦ ✈❡rá ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✈✐❞❡♦ ❜♦rr❛❞❛ ❝❛s♦ ❡❧❡ ❡s❝♦❧❤❛ ✉♠ ♣♦♥t♦

❞❡ ✈✐st❛ ♣ró①✐♠♦ ♦✉ ✐❞ê♥t✐❝♦ à ✈✐st❛ ❝♦❞✐✜❝❛❞❛ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✳ ❆❧t❡r♥❛t✐✈❛♠❡♥t❡✱ ❛ ✈✐st❛

❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ♣♦❞❡r✐❛ ♥ã♦ s❡r ❡♥✈✐❛❞❛✱ ❡ s✐♠ s✐♥t❡t✐③❛❞❛ ❛ ♣❛rt✐r ❞❡ ✈✐st❛s ❛❞❥❛❝❡♥t❡s ❡♠

r❡s♦❧✉çã♦ ♥♦r♠❛❧ ❬✶✺❪✳ ❆✐♥❞❛ ❛ss✐♠✱ ♦ ✉s✉ár✐♦ ♣❡r❝❡❜❡r✐❛ ❛rt❡❢❛t♦s ♥❛s ✐♠❛❣❡♥s s✐♥t❡t✐③❛❞❛s✱ q✉❡

❛✉♠❡♥t❛♠ ❡♠ ♣r♦♣♦rçã♦ à ❞✐stâ♥❝✐❛ ❞❛s ✈✐st❛s ❛❞❥❛❝❡♥t❡s✳

✸✳✹ ❆♣❧✐❝❛çõ❡s ❞❡ ✈✐❞❡♦s ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s

❆ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ ♠❛✐s ❞❡ ✉♠❛ ❝â♠❡r❛ ❝❛♣t❛♥❞♦ ❛ ♠❡s♠❛ ❝❡♥❛ ♣r❡st❛✲s❡ ❛ ✉♠❛ sér✐❡

❞❡ ❛♣❧✐❝❛çõ❡s ❬✶❪ ❬✸✻❪✳ ❚❡❧❛s ❡st❡r❡♦s❝ó♣✐❝❛s ❝♦♠ ó❝✉❧♦s ❡s♣❡❝✐❛✐s ♥❡❝❡ss✐t❛♠ ❞❡ ❞✉❛s ❝â♠❡r❛s

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

♦❢❡r❡❝❡♥❞♦ ❛ ✐♠♣r❡ssã♦ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳ ❚❡❧❛s ❛✉t♦❡st❡r❡♦s❝ó♣✐❝❛s ♣♦ss✉❡♠ t❡❝♥♦❧♦❣✐❛ ♠❛✐s

s♦✜st✐❝❛❞❛✱ ♦❢❡r❡❝❡♥❞♦ ❛ ✐♠♣r❡ssã♦ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ó❝✉❧♦s ❡s♣❡❝✐❛✐s✳ ❊♠

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

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

❉❡ ♣♦ss❡ ❞❡ ❞✉❛s ♦✉ ♠❛✐s ❝â♠❡r❛s ❡ s❡✉s ♣❛râ♠❡tr♦s ✐♥trí♥s❡❝♦s ❡ ❡①trí♥s❡❝♦s✱ é ♣♦ssí✈❡❧

❝❛❧❝✉❧❛r ❛s ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ❡♥tr❡ ♣✐①❡❧s ❬✷❪✱ ❡ ❛ ♣❛rt✐r ❞❡st❛s ❡st✐♠❛r ❛ ♣r♦❢✉♥❞✐❞❛❞❡ ❞♦s ♣♦♥t♦s

tr✐❞✐♠❡♥s✐♦♥❛✐s ♥❛ ❝❡♥❛✳ ❆ss✐♠✱ ❝r✐❛✲s❡ ✉♠ ♠♦❞❡❧♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❛ ❝❡♥❛✱ ♦ q✉❡ ♣❡r♠✐t❡ ❛♥á❧✐s❡s

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

♣♦r ❡①❡♠♣❧♦✳

❈♦♠ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡s✱ t❛♠❜é♠ é ♣♦ssí✈❡❧ ♣r♦❥❡t❛r ♣✐①❡❧s ♣❛r❛ ❝â♠❡r❛s ❡♠ ♣♦s✐çõ❡s

✈✐rt✉❛✐s ❬✶✺❪✱ ♦ q✉❡ s❡ ❛♣❧✐❝❛ ❛ ✉♠❛ sér✐❡ ❞❡ ❝❡♥ár✐♦s✳ ❉❡ ♣♦ss❡ ❞❡ ✉♠❛ ❝â♠❡r❛ ❝♦❧♦r✐❞❛ ❡ ✉♠ ♠❛♣❛

❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❝♦rr❡s♣♦♥❞❡♥t❡✱ é ♣♦ssí✈❡❧ ❣❡r❛r ✉♠ ♣❛r ❡st❡r❡♦s❝ó♣✐❝♦✳ ❆ ✈❛♥t❛❣❡♠ ❞❡st❡ ❝❡♥ár✐♦

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

❝â♠❡r❛s ❝♦❧♦r✐❞❛s ❡①❝❧✉s✐✈❛♠❡♥t❡✱ ✈✐st♦ q✉❡ ✉♠ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♥ã♦ ❝♦♥té♠ ❝♦♠♣♦♥❡♥t❡s

❞❡ ❝r♦♠✐♥â♥❝✐❛ ❡ ❛♣r❡s❡♥t❛ ❣r❛♥❞❡s ár❡❛s s✉❛✈❡s✱ ♠❛✐s s✉s❝❡tí✈❡✐s ♣❛r❛ ❛ ❝♦♠♣r❡ssã♦✳

❖ ❝❡♥ár✐♦ ❛♥t❡r✐♦r ♦❢❡r❡❝❡ ✉♠ ❝❛♠♣♦ ❞❡ ✈✐sã♦ ❧✐♠✐t❛❞♦✱ ❞❛❞♦ q✉❡ ✉♠❛ ú♥✐❝❛ ❝â♠❡r❛ ♥ã♦ r❡s♦❧✈❡

♦ ♣r♦❜❧❡♠❛ ❞❛s ♦❝❧✉sõ❡s✱ ♠❡♥❝✐♦♥❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳ ❉❡ ♣♦ss❡ ❞❡ ❞✉❛s ♦✉ três ❝â♠❡r❛s ❡ ❞❡ ♠❛♣❛s

❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❝♦rr❡s♣♦♥❞❡♥t❡s✱ é ♣♦ssí✈❡❧ ❛✉♠❡♥t❛r ♦ ❝❛♠♣♦ ❞❡ ✈✐sã♦ ❛tr❛✈és ❞❛ sí♥t❡s❡ ❞❡

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

✐♥❢♦r♠❛çã♦ ❛ s❡r tr❛♥s♠✐t✐❞❛✳

✸✺



❆ ♣r♦❥❡çã♦ ❞❡ ♣✐①❡❧s ❞❡ ✉♠❛ ❝â♠❡r❛ ❛ ♦✉tr❛ é ❡s♣❡❝✐❛❧♠❡♥t❡ ✐♠♣♦rt❛♥t❡ ♣❛r❛ ♦ ❝❡♥ár✐♦ ❞❛

t❡❧❡✈✐sã♦ ❞❡ ♣♦♥t♦✲❞❡✲✈✐st❛ ❧✐✈r❡ ✭❞♦ ✐♥❣❧ês ❢r❡❡✲✈✐❡✇♣♦✐♥t t❡❧❡✈✐s✐♦♥✮ ❬✶✺❪✱ ❛♦♥❞❡ ♦ ✉s✉ár✐♦ ❞❡❝✐❞❡

s♦❜ q✉❛❧ ♣♦♥t♦ ❞❡ ✈✐st❛ ✈❡r ❛ ❝❡♥❛ ✭♣❛r❛❧❛①❡ ❞❡ ♠♦✈✐♠❡♥t♦✮✳ ❈♦♠♦ ♥ã♦ é ♣♦ssí✈❡❧ ❝❛♣t❛r ❡ ♥❡♠

tr❛♥s♠✐t✐r t♦❞♦s ♦s ♣♦♥t♦s ❞❡ ✈✐st❛s ♣♦ssí✈❡✐s✱ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡s t♦r♥❛♠✲s❡ ❢✉♥❞❛♠❡♥t❛✐s

♥❡st❡ ❝❡♥ár✐♦✱ q✉❡ é ♣❛rt✐❝✉❧❛r♠❡♥t❡ ❛♣r♦♣r✐❛❞♦ ❡♠ t❡❧❡❝♦♥❢❡rê♥❝✐❛s ✐♠❡rs✐✈❛s✳

✸✻



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮ ✭❢✮

❋✐❣✉r❛ ✸✳✽✿ ■❧✉str❛çã♦ ❞❛ t❡♦r✐❛ ❞❛ s✉♣r❡ssã♦ ❜✐♥♦❝✉❧❛r ❝♦♠ ❞❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❚❡❞❞②✱ ✈✐st❛s

2 ❡ 6✱ q✉❛❞r♦ 0✳ ❈r✉③❛♥❞♦ ♦s ♦❧❤♦s ❛té ✉♠❛ ✐♠❛❣❡♠ ❝♦✐♥❝✐❞✐r ❝♦♠ ❛ ♦✉tr❛✱ ♦ ❧❡✐t♦r ♣♦❞❡

♦❜t❡r ✉♠❛ ✐♠♣r❡ssã♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❛ ❝❡♥❛✱ ♣❡r❝❡❜❡♥❞♦ ♣♦✉❝❛ ❞✐❢❡r❡♥ç❛ s✉❜❥❡t✐✈❛ ❡♥tr❡ ❛s ❝❡♥❛s

tr✐❞✐♠❡♥s✐♦♥❛✐s ❣❡r❛❞❛s ♥❛s três ❧✐♥❤❛s✱ ❛♣❡s❛r ❞❡ ❡❧❛s t❡r❡♠ s✐❞♦ ❣❡r❛❞❛s ♣♦r ❞✐❢❡r❡♥t❡s ♣❛r❡s

❡st❡r❡♦s❝ó♣✐❝♦s✳ ❆s ❋✐❣s✳ ✭❛✮✱ ✭❝✮ ❡ ✭❡✮ ❛♣r❡s❡♥t❛♠ ❛ ✈❡rsã♦ ♦r✐❣✐♥❛❧ ❞❛ ✈✐st❛ 6 ❞❛ s❡q✉ê♥❝✐❛✱ ❡

❛s ❋✐❣s✳ ✭❜✮✱ ✭❞✮ ❡ ✭❢✮ ❛♣r❡s❡♥t❛♠ ❞✐❢❡r❡♥t❡s ✈❡rsõ❡s ❞❛ ✈✐st❛ 2✳ ❆ ❋✐❣✳ ✭❜✮ ❛♣r❡s❡♥t❛ ❛ ✈❡rsã♦

♦r✐❣✐♥❛❧ ❞❛ ✈✐st❛ 2✳ ❆ ❋✐❣✳ ✭❞✮ ❛♣r❡s❡♥t❛ ❛ ✈❡rsã♦ ❞❛ ✈✐st❛ 2 ❛♣ós ❛ ❞❡❝✐♠❛çã♦ ❡ ❛ ✐♥t❡r♣♦❧❛çã♦

♣♦r 2✱ ✉t✐❧✐③❛♥❞♦ ♦ ✜❧tr♦ ❞❡ ▲❛♥❝③♦s✱ ❝♦♠ P❙◆❘ ❞❡ 30, 19 ❞❇ ❡ ▼❙❙■▼ ❞❡ 88, 98% ❡♠ r❡❧❛çã♦ ❛♦

♦r✐❣✐♥❛❧✳ ❆ ❋✐❣✳ ✭❢✮ ❛♣r❡s❡♥t❛ ❛ ✈❡rsã♦ ❞❛ ✈✐st❛ 2 ❛♣ós ❛ ❝♦♠♣r❡ssã♦ ■♥tr❛ ❍✳✷✻✹✴❆❱❈✱ ❝♦♠ P❙◆❘

❞❡ 30.01 ❞❇ ❡ ▼❙❙■▼ ❞❡ 82, 95% ❡♠ r❡❧❛çã♦ ❛♦ ♦r✐❣✐♥❛❧✳
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❋✐❣✉r❛ ✸✳✾✿ ❆rq✉✐t❡t✉r❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛✳
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❈❛♣ít✉❧♦ ✹

❙✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠

r❡s♦❧✉çã♦ ♠✐st❛ s❡♠ ♠❛♣❛s ❞❡

♣r♦❢✉♥❞✐❞❛❞❡

✹✳✶ ■♥tr♦❞✉çã♦

❊st❡ ❈❛♣ít✉❧♦ ❛♣r❡s❡♥t❛ ❛ ♣r✐♠❡✐r❛ ❞❛s té❝♥✐❝❛s ♣r♦♣♦st❛s ♣❛r❛ s❡q✉ê♥❝✐❛s ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s

❡♠ r❡s♦❧✉çã♦ ♠✐st❛✳ ❊♠ ♣r✐♠❡✐r♦ ❧✉❣❛r✱ ✐♥tr♦❞✉③✲s❡ ❛ ❛rq✉✐t❡t✉r❛ ♣❛r❛ ❛ q✉❛❧ ❡st❛ té❝♥✐❝❛ s❡ ❛♣❧✐❝❛✳

❆ ♣❛rt✐r ❞❡st❡ ❝♦♥t❡①t♦✱ ❛♣r❡s❡♥t❛✲s❡ ❛ té❝♥✐❝❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ♥❛ ❙❡çã♦ s❡❣✉✐♥t❡✳ ❘❡s✉❧t❛❞♦s

❡①♣❡r✐♠❡♥t❛✐s ♣❛r❛ ✉♠❛ sér✐❡ ❞❡ s❡q✉ê♥❝✐❛s r❡❛✐s ❡ s✐♥tét✐❝❛s sã♦ ❡♥tã♦ ❛♣r❡s❡♥t❛❞♦s✱ ❧❡✈❛♥❞♦ ❡♠

❝♦♥t❛ ✐♠❛❣❡♥s s❡♠ ♣❡r❞❛s ❡ ✐♠❛❣❡♥s ❝♦❞✐✜❝❛❞❛s ♣❡❧♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈✳

✹✳✷ ❆rq✉✐t❡t✉r❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦

◆❡st❛ ❛rq✉✐t❡t✉r❛ ❞❡ ❝♦❞✐✜❝❛çã♦✱ ❝♦♥s✐❞❡r❛✲s❡ q✉❡ ❝❛❞❛ ✈✐st❛ é ❝♦♠♣♦st❛ ♣♦r ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡

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

❜❛✐①❛ r❡s♦❧✉çã♦ s❡ ❛❧t❡r♥❛♠ ❛♦ ❧♦♥❣♦ ❞❛s ✈✐st❛s✳ ❆ ❋✐❣✳ ✹✳✶ ✐❧✉str❛ ✉♠ ❡①❡♠♣❧♦ ❞❡st❛ ❛rq✉✐t❡t✉r❛

❝♦♠ q✉❛tr♦ ✈✐st❛s ❞✐s♣♦♥í✈❡✐s✳ ❙❡ ❡st❛ ❛rq✉✐t❡t✉r❛ ❢♦r ✈✐s✉❛❧✐③❛❞❛ ❡♠ ✉♠❛ t❡❧❛ ❛✉t♦❡st❡r❡♦s❝ó♣✐❝❛✱

♣♦r ❡①❡♠♣❧♦✱ ❛s ✈✐st❛s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ❞❡✈❡rã♦ s❡r ✐♥t❡r♣♦❧❛❞❛s ❞❡ ✈♦❧t❛ às s✉❛s r❡s♦❧✉çõ❡s

♦r✐❣✐♥❛✐s✱ ❡ ♦ ✉s✉ár✐♦ ✈❡rá ✉♠ ♣❛r ❞❡ ✈✐st❛s ❡♠ q✉❛❧✐❞❛❞❡ ♠✐st❛✱ ❥á q✉❡ ❛ ✈✐st❛ ✐♥t❡r♣♦❧❛❞❛ ♣❛r❡❝❡rá

♠❛✐s ❜♦rr❛❞❛ ❞♦ q✉❡ ❛ ♦✉r❛ ✈✐st❛✳ ❆❧é♠ ❞✐ss♦✱ ❛ ✈✐st❛ ❜♦rr❛❞❛ s❡rá s❡♠♣r❡ ❛❧t❡r♥❛❞❛ ❡♥tr❡ ♦s ♦❧❤♦s

❞✐r❡✐t♦ ❡ ❡sq✉❡r❞♦ ❞♦ ✉s✉ár✐♦ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳ ❊st❛ ❛rq✉✐t❡t✉r❛ t❛♠❜é♠ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞❛

❛ s❡q✉ê♥❝✐❛s ❡st❡r❡♦s❝ó♣✐❝❛s✱ ♦♥❞❡ s❡r✐❛♠ ❝♦♥s✐❞❡r❛❞❛s s♦♠❡♥t❡ ❛s ✈✐st❛s ✵ ❡ ✶ ♣❛r❛ ❝♦❞✐✜❝❛çã♦✱

✉s❛♥❞♦ ❛ ❋✐❣✳ ✹✳✶ ❝♦♠♦ r❡❢❡rê♥❝✐❛✳

❆ ♣r❡s❡♥t❡ ❛rq✉✐t❡t✉r❛ ❛♣❧✐❝❛✲s❡ ❛ s✐st❡♠❛s q✉❡ tr❛❜❛❧❤❛♠ ❝♦♠ s❡q✉ê♥❝✐❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛✱

♠❛s ♥ã♦ ♣♦ss✉❡♠ ♣♦❞❡r ❝♦♠♣✉t❛❝✐♦♥❛❧ s✉✜❝✐❡♥t❡ ♣❛r❛ ❝❛❧❝✉❧❛r ♠❛♣❛s ❞❡ ❞✐s♣❛r✐❞❛❞❡✱ s❡❥❛ ❞♦ ❧❛❞♦

❞♦ ❝♦❞✐✜❝❛❞♦r ♦✉ ❞♦ ❧❛❞♦ ❞♦ ❞❡❝♦❞✐✜❝❛❞♦r✳ ◆♦ ♣r✐♠❡✐r♦ ❝❛s♦✱ ❝♦♥s✐❞❡r❛✲s❡ ❛♣❛r❡❧❤♦s ♣♦rtát❡✐s
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❋✐❣✉r❛ ✹✳✶✿ ❆rq✉✐t❡t✉r❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ ❛❧t❡r♥❛❞❛ s❡♠ ♠❛♣❛s

❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳

q✉❡ ♥❡❝❡ss✐t❡♠ ❞❡ ❝♦❞✐✜❝❛çã♦ ❡stér❡♦✱ t❛✐s ❝♦♠♦ ❝â♠❡r❛s ❞✐❣✐t❛✐s ❡ ❝❡❧✉❧❛r❡s ❝♦♠ ❝â♠❡r❛s ❡stér❡♦✳

◆♦ s❡❣✉♥❞♦ ❝❛s♦✱ ✐♥❝❧✉❡♠✲s❡ s✐st❡♠❛s q✉❡ ♥❡❝❡ss✐t❛♠ ♣r♦✈❡r ✈✐sã♦ ❡stér❡♦ ❡♠ t❡♠♣♦ r❡❛❧✱ t❛✐s

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

♠❡♥❝✐♦♥❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡✳

✹✳✸ ❙♦❧✉çã♦ ♣r♦♣♦st❛

❆ ✜♠ ❞❡ r❡❝✉♣❡r❛r ✐♥❢♦r♠❛çõ❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ♥❛s ✈✐st❛s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❛♣r❡s❡♥t❛✲s❡

✉♠❛ té❝♥✐❝❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ✐♥s♣✐r❛❞❛ ♥❛ s✉♣❡r✲r❡s♦❧✉çã♦ ❜❛s❡❛❞❛ ❡♠ ❡①❡♠♣❧♦s ✭❙❡çã♦ ✷✳✹✳✷✮

❬✶✻❪ ❬✷✻❪✳ ❆♦ ✐♥✈és ❞❡ ✉s❛r ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❝♦♠♦ r❡❢❡rê♥❝✐❛✱ ❡①tr❛✐✲s❡ ✐♥❢♦r♠❛çõ❡s ❞❡ ❛❧t❛

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

q✉❛❞r♦ ❛ s❡r s✉♣❡r✲r❡s♦❧✈✐❞♦✳

❉❡♣❡♥❞❡♥❞♦ ❞♦ q✉❛❞r♦✱ ♣♦❞❡rá ❤❛✈❡r ❛té q✉❛tr♦ q✉❛❞r♦s ❞❡ r❡❢❡rê♥❝✐❛✱ ♣♦❞❡♥❞♦ ♣❡rt❡♥❝❡r

t❛♥t♦ à ♦✉tr❛ ✈✐st❛ q✉❛♥t♦ à ♠❡s♠❛ ✈✐st❛ q✉❡ ♦ q✉❛❞r♦ ❛ s❡r s✉♣❡r✲r❡s♦❧✈✐❞♦✳ ❯s❛♥❞♦ ❛ ❋✐❣✳ ✹✳✶

❝♦♠♦ r❡❢❡rê♥❝✐❛✱ ♦ q✉❛❞r♦ ✷ ❞❛ ✈✐st❛ ✶ ♣♦❞❡ s❡r s✉♣❡r✲r❡s♦❧✈✐❞♦ ♣❡❧♦s q✉❛❞r♦s ✶ ❡ ✸ ❞❛ ✈✐st❛ ✶✱

❛❧é♠ ❞♦s q✉❛❞r♦s ✷ ❞❛s ✈✐st❛s ✵ ❡ ✷✳

❖ ♠ét♦❞♦ ♣r♦♣♦st♦ é ❞✐✈✐❞✐❞♦ ❡♠ ❡t❛♣❛s ❞❡ ❡①tr❛çã♦ ❡ ❝♦♠❜✐♥❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✳ ❆

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

✹✳✸✳✶ ❊①tr❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s

❉❛❞♦ ✉♠ q✉❛❞r♦ ❞❡❝✐♠❛❞♦ ♥❛ j✲és✐♠❛ ✈✐st❛ ❡ k✲és✐♠♦ ✐♥st❛♥t❡✱ IDj,k✱ ❡❧❡ é ✐♥t❡r♣♦❧❛❞♦ à s✉❛

r❡s♦❧✉çã♦ ♦r✐❣✐♥❛❧✱ ❣❡r❛♥❞♦ I
B
j,k✳ ❆ ✜♠ ❞❡ s✐♠♣❧✐✜❝❛r ❛ ♥♦t❛çã♦✱ I

D
j,k = I

D
O ❡ I

B
j,k = I

B
O✳ ❊st❡

ú❧t✐♠♦ q✉❛❞r♦ ❝♦♥st✐t✉✐ ❛ ✈❡rsã♦ ❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛ ❞♦ q✉❛❞r♦ ♦r✐❣✐♥❛❧ IO ✭Ij,k✮✳ ❖ ♦❜❥❡t✐✈♦

✹✵



(a)

(b)

❋✐❣✉r❛ ✹✳✷✿ ❊①tr❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ❞♦ q✉❛❞r♦ ❞❡ r❡❢❡rê♥❝✐❛ IR✿ ✭❛✮ ❝♦♠ ❜❛s❡ ♥❛ ❝♦rr❡❧❛çã♦

❝♦♠ ❛ ✈❡rsã♦ ❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛ ❞❡ IR❀ ✭❜✮ ❝♦♠ ❜❛s❡ ♥❛ ❝♦rr❡❧❛çã♦ ❝♦♠ ❛ ✈❡rsã♦ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛

❞❡ IR✳

✜♥❛❧ ❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ é ❣❡r❛r ❛ ✈❡rsã♦ s✉♣❡r✲r❡s♦❧✈✐❞❛ ÎO ♠❛✐s s❡♠❡❧❤❛♥t❡ ❛ IO✱ ❛ ♣❛rt✐r ❞❛

❡st✐♠❛t✐✈❛ Î
A
O ❞❛ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ I

A
O✳ ❆q✉✐✱ ❛ss✉♠❡✲s❡ q✉❡✿

ÎO = I
B
O + Î

A
O. ✭✹✳✶✮

❉❡✜♥✐♥❞♦ IR ❝♦♠♦ ♦ q✉❛❞r♦ ❛❞❥❛❝❡♥t❡ ♥❛ m✲és✐♠❛ ✈✐st❛ ❡ n✲és✐♠♦ ✐♥st❛♥t❡ ✭♦♥❞❡ (m,n) ∈

{(j − 1, k), (j + 1, k), (j, k − 1), (j, k + 1)}✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✮✱ é ❣❡r❛❞❛ s✉❛ ✈❡rsã♦

✹✶



❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛✱ IBR✳ ❉❡✜♥✐♥❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ ❞❡❝✐♠❛çã♦ s❡❣✉✐❞♦ ❞❡ ✐♥t❡r♣♦❧❛çã♦ ❞❡ IR ❝♦♠♦

■❉(IR) ✭✉t✐❧✐③❛♥❞♦ ♦ ♠❡s♠♦ ❢❛t♦r M ❛♣❧✐❝❛❞♦ ❛ IO✮✱ t❡♠✲s❡✿

I
B
R = ■❉(IR). ✭✹✳✷✮

❊♠ s❡❣✉✐❞❛✱ ❛♣❧✐❝❛✲s❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❡st✐♠❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦ ✭❙❡çã♦ ✷✳✺✳✶✮ ❡♥tr❡ I
B
O ❡

I
B
R✱ ♦♥❞❡ ❡st❡ ú❧t✐♠♦ é ❝♦♥s✐❞❡r❛❞♦ ❛ r❡❢❡rê♥❝✐❛✳ ❙❡ ❡st❡s ❞♦✐s q✉❛❞r♦s ♣❡rt❡♥❝❡r❡♠ ❛ ✈✐st❛s

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

P❛r❛ ❝❛❞❛ ❜❧♦❝♦ (ui,vi)✱ ♦❜té♠✲s❡ ✈❡t♦r❡s ❞❡ ♠♦✈✐♠❡♥t♦ (vmu,i, vmv,i) ✭♦✉ ❞❡ ❞✐s♣❛r✐❞❛❞❡✱ s❡

(m,n) ∈ (j − 1, k), (j + 1, k)✮✳

❉❡ ♣♦ss❡ ❞♦s ✈❡t♦r❡s ❞❡ ♠♦✈✐♠❡♥t♦ ❡✴♦✉ ❞✐s♣❛r✐❞❛❞❡✱ ❣❡r❛✲s❡ ❛ ♣r✐♠❡✐r❛ ❡st✐♠❛t✐✈❛ ❞❡ ❛❧t❛

❢r❡q✉ê♥❝✐❛✱ IAO
′✱ r❡❛❧✐③❛♥❞♦ ❛ ❝♦♠♣❡♥s❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦ ❡✴♦✉ ❞✐s♣❛r✐❞❛❞❡ ❞♦s ❜❧♦❝♦s ❞♦ q✉❛❞r♦ I

A
R

❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞❛ r❡❢❡rê♥❝✐❛✳ ❊st❡ ú❧t✐♠♦ é ❝r✐❛❞♦ ❞❡ ❢♦r♠❛ ❛♥á❧♦❣❛ à ❊q✳ ✹✳✶ ♣♦r IAR = IR−I
B
R✳

P❛r❛ ❝❛❞❛ ❜❧♦❝♦ (ui,vi)✱ t❡♠✲s❡✿

I
A
O
′(ui,vi) = I

A
R(ui + vmu,i,vi + vmv,i). ✭✹✳✸✮

❖ q✉❛❞r♦ I
A
O
′ ❥á ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ✉♠❛ ❡st✐♠❛t✐✈❛ ✜♥❛❧ ❞❛ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞❡ IO✳ ❊❧❡ ❜✉s❝❛

❝♦rr❡❧❛çã♦ ❡♥tr❡ ♦s ❜❧♦❝♦s ❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛ ❡♠ I
B
O ❡ I

B
R✱ ❛ss✉♠✐♥❞♦ q✉❡ ❛s ❛❧t❛s ❢r❡q✉ê♥❝✐❛s

❝♦rr❡s♣♦♥❞❡♥t❡s ❞❡ IR sã♦ ✉♠❛ ❜♦❛ ❡st✐♠❛t✐✈❛ ♣❛r❛ I
A
O✳ ❊♥tr❡t❛♥t♦✱ ♥❡♠ s❡♠♣r❡ ❡st❡ é ♦ ❝❛s♦✱

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

❞❡ ❙❙❉ ❡♥tr❡ IBO(ui,vi) ❡ IBR(ui+vmu,i,vi+vmv,i)✳ ❆ss✐♠✱ é ✐♥t❡r❡ss❛♥t❡ ♦❜t❡r ♦✉tr❛s ❡st✐♠❛t✐✈❛s

♣❛r❛ I
A
O✳

❖ q✉❛❞r♦ ÎO ❞❡♣❡♥❞❡ ❞❡ Î
A
O✱ ❝♦♠♦ ♠♦str❛ ❛ ❊q✳ ✭✹✳✶✮✳ ❊♠ t❡r♠♦s ❞❡ ❡rr♦ ❛❜s♦❧✉t♦✱ t❛✐s

❝♦♠♦ ♦ ▼❙❊ ❡ ❛ P❙◆❘✱ q✉❛♥t♦ ♠❛✐s ♣ró①✐♠♦ ÎO ❢♦r ❞❡ IO✱ ♠❛✐s ♣ró①✐♠♦ ■❉(ÎO) ❞❡✈❡rá s❡r ❞❡ IBO✳

P♦rt❛♥t♦✱ ✉♠❛ ♥♦✈❛ ❡st✐♠❛t✐✈❛ I
A
O|R

′′ ♣♦❞❡ s❡r ❣❡r❛❞❛ ✉t✐❧✐③❛♥❞♦ ✈❡t♦r❡s ❞❡ ♠♦✈✐♠❡♥t♦✴❞✐s♣❛r✐❞❛❞❡

❛ ♣❛rt✐r ❞❛ ❡st✐♠❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦✴❞✐s♣❛r✐❞❛❞❡ ❡♥tr❡ ■❉(ÎO) ❡ I
B
O✳

P❛r❛ s❡ ❡❢❡t✉❛r ❛ ♦♣❡r❛çã♦ ■❉(ÎO)✱ é ♥❡❝❡ssár✐♦ ❝♦♥❤❡❝❡r ❛ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ q✉❡ s❡rá s♦♠❛❞❛ ❛♦

q✉❛❞r♦ I
B
O✱ t♦r♥❛♥❞♦ r❡❝✉rs✐✈♦ ❡st❡ ♣r♦❝❡ss♦ ❞❡ ❡st✐♠❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦✴❞✐s♣❛r✐❞❛❞❡✳ ❆ ✜♠ ❞❡

s✐♠♣❧✐✜❝❛r ❡st❡ ♣r♦❝❡ss♦✱ ✉t✐❧✐③❛✲s❡ ✉♠❛ ✜❧tr❛❣❡♠ ❧✐♥❡❛r ♥♦ ♣r♦❝❡ss♦ ■❉()✱ t❛❧ ❝♦♠♦ ♦ ✜❧tr♦ ▲❛♥❝③♦s

✐♥❞✐❝❛❞♦ ♥❛ ❊q✳ ✭✷✳✼✮✱ ❞❡ ❢♦r♠❛ q✉❡✿

■❉(ÎO) = ■❉(IBO + Î
A
O) = ■❉(IBO) + ■❉(ÎAO). ✭✹✳✹✮

❖ ♣r♦❝❡ss♦ ❞❡ ❡st✐♠❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦✴❞✐s♣❛r✐❞❛❞❡ ♠✐♥✐♠✐③❛ ❛ ❙❙❉✱ q✉❡ é ✉♠❛ ♠étr✐❝❛

❞❡♣❡♥❞❡♥t❡ ❞♦ ❡rr♦ q✉❛❞rát✐❝♦✳ P❛r❛ q✉❛✐sq✉❡r três ♥ú♠❡r♦s α✱ β ❡ γ✱ t❡♠✲s❡ q✉❡ {α− (β+γ)}2 =

{(α − β) − γ}2✳ P♦rt❛♥t♦✱ ❛ ❙❙❉ ❡♥tr❡ q✉❛✐sq✉❡r ❜❧♦❝♦s ❞❡ I
B
O ❡ ■❉(ÎO) é ✐❣✉❛❧ à ❙❙❉ ❡♥tr❡ ❛s

♠❡s♠❛s ♣♦s✐çõ❡s ❞❡st❡s ❜❧♦❝♦s ❡♠ {IBO − ■❉(IBO)} ❡ ■❉(ÎAO)✳ ❆ss✐♠✱ ❝❛❞❛ ❜❧♦❝♦ ❞❛ ♥♦✈❛ ❡st✐♠❛t✐✈❛

❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ I
A
O
′′ é ❞❛❞♦ ♣♦r✿

I
A
O
′′(ui,vi) = IR(ui + vm′

u,i,vi + vm′
v,i), ✭✹✳✺✮

✹✷



♦♥❞❡ ♦ ♣❛r (vm′
u,i, vm

′
v,i) ❛❞✈é♠ ❞❛ ❡st✐♠❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦✴❞✐s♣❛r✐❞❛❞❡ ❡♥tr❡ ■❉(IAR) ❡ {IBO −

■❉(IBO)}✳

❆ ❡st✐♠❛t✐✈❛ ÎO = I
B
O + I

A
O
′′ s❡rá ♣♦rt❛♥t♦ ❛q✉❡❧❛ ❝✉❥❛ ✈❡rsã♦ ❞❡ ❜❛✐①❛s ❢r❡q✉ê♥❝✐❛s ■❉(ÎO) é

❛ ♠❛✐s s❡♠❡❧❤❛♥t❡ ❛♦ q✉❛❞r♦ ❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛ I
B
O✱ q✉❡ é ❝♦♥❤❡❝✐❞♦✳ ❉❡st❛ ❢♦r♠❛✱ IAO

′ ❜❛s❡✐❛✲s❡

❡♠ ✐♥❢♦r♠❛çã♦ ❞❡ IBR✱ ❡ I
A
O
′′ ❜❛s❡✐❛✲s❡ ❡♠ ✐♥❢♦r♠❛çã♦ ❞❡ IAR✳ ❆s ❋✐❣s✳ ✹✳✷✭❛✮ ❡ ✭❜✮ ✐❧✉str❛♠ ❛s ❞✉❛s

té❝♥✐❝❛s ❞❡ ❡①tr❛çã♦ ❞❛s ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ❞♦ q✉❛❞r♦ ❞❡ r❡❢❡rê♥❝✐❛✳

✹✳✸✳✷ ❈♦♠❜✐♥❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s

❆ ❙❡çã♦ ❛♥t❡r✐♦r ❛♣r❡s❡♥t♦✉ ❞✉❛s ❡st✐♠❛t✐✈❛s ♣❛r❛ ❛s ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ❞❡ IO ✭❊qs✳ ✹✳✸ ❡ ✹✳✺✮

❛ ♣❛rt✐r ❞❡ ✉♠ ú♥✐❝♦ q✉❛❞r♦ ❞❡ r❡❢❡rê♥❝✐❛ IR✳ ❆ ❛rq✉✐t❡t✉r❛ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❙❡çã♦ ✹✳✷ ♣r❡✈ê ♦ ✉s♦

❞❡ ❛té q✉❛tr♦ r❡❢❡rê♥❝✐❛s✱ s❡♥❞♦ ♣♦rt❛♥t♦ ♥❡❝❡ssár✐♦ ❝♦♠❜✐♥❛r ❡st❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛

❡♠ ✉♠ ú♥✐❝♦ q✉❛❞r♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ÎAO✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❊q✳ ✭✹✳✶✮✳

❆ s♦❧✉çã♦ ♣r♦♣♦st❛ ✉t✐❧✐③❛ ✉♠❛ s♦♠❛ ♣♦♥❞❡r❛❞❛ ♣❛r❛ ❝♦♠❜✐♥❛r ♦s ❜❧♦❝♦s (ui,vi) ❞❡ ❝❛❞❛

q✉❛❞r♦ I
A
O
′ ❡ IAO

′′✳ ❉❡✜♥✐♥❞♦ I
A
O,r

′ ❡ IAO,r
′′ ❝♦♠♦ ❛s ❡st✐♠❛t✐✈❛s ❝r✐❛❞❛s ❛ ♣❛rt✐r ❞❛ r✲és✐♠❛ r❡❢❡rê♥❝✐❛

✭r ∈ {1, 2, 3, 4}✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✮✱ ❝❛❞❛ ❜❧♦❝♦ ❞❡ Î
A
O é ❞❛❞♦ ♣♦r

Î
A
O(ui,vi) =

4
∑

r=1

(

w′
r,iI

A
O,r

′(ui,vi) + w′′
r,iI

A
O,r

′′(ui,vi)
)

4
∑

r=1

(

w′
r,i + w′′

r,i

)

, ✭✹✳✻✮

♦♥❞❡ ♦s ♣❡s♦s w′
r,i ❡ w′′

r,i sã♦ ❞❛❞♦s ♣♦r

w′
r,i = 1/❙❙❉(IBO(ui,vi), I

B
O|R

′(ui,vi))

w′′
r,i = 1/❙❙❉(IBO(ui,vi), I

B
O|R

′′(ui,vi))
. ✭✹✳✼✮

❖s q✉❛❞r♦s IBO|R
′ ❡ I

B
O|R

′′ sã♦ ♦❜t✐❞♦s ❢❛③❡♥❞♦ ❛ ❝♦♠♣❡♥s❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦ ❡✴♦✉ ❞✐s♣❛r✐❞❛❞❡

❞♦ q✉❛❞r♦ I
B
r ❛ ♣❛rt✐r ❞♦s ✈❡t♦r❡s ❞❡ ♠♦✈✐♠❡♥t♦ ❡✴♦✉ ❞✐s♣❛r✐❞❛❞❡ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❝r✐❛r IAO,r

′ ❡ IAO,r
′′✳

◗✉❛♥t♦ ♠❛✐s s❡♠❡❧❤❛♥t❡ ❛ I
B
O(ui,vi) ❢♦r ♦ ❜❧♦❝♦ I

B
O|R

′(ui,vi)✱ ♠❡♥♦r s❡rá ❛ ❙❙❉ ❡♥tr❡ ❡st❡s ❞♦✐s

ú❧t✐♠♦s ❜❧♦❝♦s✱ ❡ ♠❛✐♦r s❡rá ♦ ♣❡s♦ w′
r,i✳ ❖ ♠❡s♠♦ r❛❝✐♦❝í♥✐♦ ✈❛❧❡ ♣❛r❛ I

B
O|R

′′(ui,vi) ❡ w′′
r,i✳

✹✳✹ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❆ ✜♠ ❞❡ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ♥❛ ❙❡çã♦ ❛♥t❡r✐♦r✱ ❢♦✐ ❢❡✐t❛ ✉♠❛ sér✐❡

❞❡ t❡st❡s ❝♦♠ s❡q✉ê♥❝✐❛s r❡❛✐s ❡ s✐♥tét✐❝❛s ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s✱ s❡❣✉✐♥❞♦ ❛ ❛rq✉✐t❡t✉r❛ ♣r♦♣♦st❛

♥❛ ❙❡çã♦ ✹✳✷✱ ❝♦♠ ❡ s❡♠ ❝♦❞✐✜❝❛çã♦ ❍✳✷✻✹✴❆❱❈✳ ❖s t❡st❡s s❡♠ ❝♦❞✐✜❝❛çã♦ ❝♦♥st✐t✉❡♠ ♦ ❧✐♠✐t❡

s✉♣❡r✐♦r ❞❡ q✉❛❧✐❞❛❞❡ ❛❧❝❛♥ç❛❞♦ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦✱ ✈✐st♦ q✉❡ ♥❡st❡ ❝❛s♦ ❛s s❡q✉ê♥❝✐❛s ♥ã♦

sã♦ ❝♦rr♦♠♣✐❞❛s ♣❡❧♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ✭❙❡çã♦ ✷✳✺✳✷✮✱ ❡♥q✉❛♥t♦ ♦s t❡st❡s ❝♦♠ ❝♦❞✐✜❝❛çã♦

r❡♣r❡s❡♥t❛♠ ♦ ❛❧❣♦r✐t♠♦ ❡♠ s✉❛ ❛♣❧✐❝❛çã♦ ♣rát✐❝❛✳

✹✸



✭❛✮ ✭❜✮ ✭❝✮

✭❞✮ ✭❡✮ ✭❢✮

✭❣✮

❋✐❣✉r❛ ✹✳✸✿ ◗✉❛❞r♦s ❞❡ ❡①❡♠♣❧♦ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s t❡st❛❞❛s✿ ✭❛✮ ❇❛❧❧❡t ❀ ✭❜✮ ❇r❡❛❦❞❛♥❝❡rs❀ ✭❝✮

P❛♥t♦♠✐♠❡❀ ✭❞✮ ❈❛❢❡❀ ✭❡✮ ▲♦✈❡❜✐r❞✶ ❀ ✭❢✮ P♦③♥❛♥ ❙tr❡❡t ❀ ✭❣✮ ◆❡✇s♣❛♣❡r✳

❆s ❋✐❣s✳ ✹✳✸ ❡ ✹✳✹ ❛♣r❡s❡♥t❛♠ q✉❛❞r♦s ❞❡ ❡①❡♠♣❧♦ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s ❡ s✐♥tét✐❝❛s t❡st❛❞❛s✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡ ❛ ❚❛❜❡❧❛ ✹✳✶ ❞❡t❛❧❤❛ ❛s ✐♥❢♦r♠❛çõ❡s ❞❡st❛s s❡q✉ê♥❝✐❛s✳ ❆ ❡s❝♦❧❤❛ ❞❛s ✈✐st❛s

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

✈✐❛❜✐❧✐③❛r ♦s t❡st❡s ❞❛s té❝♥✐❝❛s ♣r♦♣♦st❛s ♥♦s ♣ró①✐♠♦s ❈❛♣ít✉❧♦s✳ ❆ ♥✉♠❡r❛çã♦ ❞❛s ✈✐st❛s ❡ ❛

q✉❛♥t✐❞❛❞❡ ❞❡ q✉❛❞r♦s ❞✐s♣♦♥í✈❡✐s ❢♦r❛♠ ♣r❡✈✐❛♠❡♥t❡ ❞❡t❡r♠✐♥❛❞❛s ♣❡❧❛s ❢♦♥t❡s ❞❛s s❡q✉ê♥❝✐❛s ❬✷❪

❬✶✾❪ ❬✺✷❪ ❬✺✾❪ ❬✻✵❪✳

➱ ✐♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡ ❛❧❣✉♠❛s ❞❛s s❡q✉ê♥❝✐❛s ♥ã♦ ❢♦r❛♠ t❡st❛❞❛s ❡♠ s✉❛s r❡s♦❧✉çõ❡s ♦r✐❣✐♥❛✐s✱

❡ s✐♠ ❡♠ r❡s♦❧✉çõ❡s ♠❡♥♦r❡s✱ ♣♦r ❞♦✐s ♠♦t✐✈♦s✳ ❆❧❣✉♠❛s ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s ♥ã♦ ❛♣r❡s❡♥t❛✈❛♠

❝♦♠♣♦♥❡♥t❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ s✉✜❝✐❡♥t❡s ♣❛r❛ ♦s t❡st❡s✱ s❡♥❞♦ ♣♦rt❛♥t♦ ❞❡❝✐♠❛❞❛s ♣♦r 2✳ P♦r

❡①❡♠♣❧♦✱ ❛ P❙◆❘ ❡♥tr❡ IO ❡ I
B
O ♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ◆❡✇s♣❛♣❡r ❬✺✾❪ ❡♠ s✉❛ r❡s♦❧✉çã♦ ♦r✐❣✐♥❛❧✱ ✈✐st❛

4✱ q✉❛❞r♦ 1✱ é ❞❡ 40, 85 ❞❇✳ ❘❡♣❡t✐♥❞♦ ❡st❡ t❡st❡ ❡♠ ♠❡t❛❞❡ ❞❛ r❡s♦❧✉çã♦ ♦r✐❣✐♥❛❧✱ ❛ P❙◆❘ ❡♥tr❡

IO ❡ I
B
O é ❞❡ 33, 62 ❞❇ ♣❛r❛ ♦ ♠❡s♠♦ q✉❛❞r♦✳ ❆ ❋✐❣✳ ✹✳✺ ❛♣r❡s❡♥t❛ ✉♠ ❞❡t❛❧❤❡ ❞❡ ❝❛❞❛ ✉♠ ❞❡st❡s

q✉❛❞r♦s✱ ♦♥❞❡ ♣❡r❝❡❜❡✲s❡ q✉❡✱ ♥❛ r❡s♦❧✉çã♦ ♦r✐❣✐♥❛❧✱ ❛ ❞✐❢❡r❡♥ç❛ s✉❜❥❡t✐✈❛ ❡♥tr❡ IO ❡ I
B
O é ♠✉✐t♦

♣❡q✉❡♥❛✱ ❡♥q✉❛♥t♦ ♥❛ ♠❡t❛❞❡ ❞❛ r❡s♦❧✉çã♦✱ ❛ ❞✐❢❡r❡♥ç❛ s✉❜❥❡t✐✈❛ ❡♥tr❡ IO ❡ I
B
O é ♠❛✐♦r✳

✹✹



✭❛✮ ✭❜✮ ✭❝✮

✭❞✮ ✭❡✮ ✭❢✮

✭❣✮ ✭❤✮ ✭✐✮

✭❥✮

❋✐❣✉r❛ ✹✳✹✿ ◗✉❛❞r♦s ❞❡ ❡①❡♠♣❧♦ ❞❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s t❡st❛❞❛s✿ ✭❛✮ ❇❛r♥✶ ❀ ✭❜✮ ❇❛r♥✷ ❀ ✭❝✮

❇✉❧❧ ❀ ✭❞✮ ▼❛♣❀ ✭❡✮ P♦st❡r ❀ ✭❢✮ ❙❛✇t♦♦t❤❀ ✭❣✮ ❱❡♥✉s❀ ✭❤✮ ❈♦♥❡s❀ ✭✐✮ ❚❡❞❞② ❀ ✭❥✮ ❘♦♦♠✸❉✳

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

❡❧✐♠✐♥❛❞❛s✱ ❝❛s♦ ❛ ❧❛r❣✉r❛ ❡✴♦✉ ❝♦♠♣r✐♠❡♥t♦ ♥ã♦ ❢♦ss❡♠ ♠ú❧t✐♣❧♦s ❞❡ 16✱ q✉❡ é ♦ t❛♠❛♥❤♦ ❞♦

♠❛❝r♦❜❧♦❝♦ ✉t✐❧✐③❛❞♦ ♥❛ ❝♦❞✐✜❝❛çã♦ ❍✳✷✻✹✴❆❱❈✳ ❈❛s♦ ❝♦♥trár✐♦✱ ❛s s❡q✉ê♥❝✐❛s t❡r✐❛♠ ❧✐♥❤❛s ❡✴♦✉

❝♦❧✉♥❛s ❛❝r❡s❝❡♥t❛❞❛s ❛rt✐✜❝✐❛❧♠❡♥t❡✱ ❛✉♠❡♥t❛♥❞♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❞❛❞♦s ❛ s❡r❡♠ ❝♦❞✐✜❝❛❞♦s✳

✹✺



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✹✳✺✿ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ◆❡✇s♣❛♣❡r✱ ✈✐st❛ 4✱ q✉❛❞r♦ 1✱ ❛♣r❡s❡♥t❛♥❞♦ ♣♦✉❝❛ q✉❛♥t✐❞❛❞❡

❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✿ ✭❛✮ IO ❡♠ r❡s♦❧✉çã♦ 1024× 768❀ ✭❜✮ IBO ❡♠ r❡s♦❧✉çã♦ 1024× 768 ✭40, 85 ❞❇✮❀

✭❝✮ IO ❡♠ r❡s♦❧✉çã♦ 512× 384❀ ✭❞✮ IBO ❡♠ r❡s♦❧✉çã♦ 512× 384 ✭33, 62 ❞❇✮✳

✹✳✹✳✶ ❚❡st❡s s❡♠ ❝♦❞✐✜❝❛çã♦ ❍✳✷✻✹✴❆❱❈

❆ ✜♠ ❞❡ ❝♦♠♣❛r❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ♥❡st❡ ❈❛♣ít✉❧♦ ❡♠ r❡❧❛çã♦ à

✐♥t❡r♣♦❧❛çã♦ ❞❡ q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❢♦r❛♠ r❡❛❧✐③❛❞♦s t❡st❡s s♦❜ ❛s s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s✿

• ❖ ♠ét♦❞♦ ❢♦✐ ❡♠♣r❡❣❛❞♦ s♦❜r❡ ♦s q✉❛❞r♦s ♦r✐❣✐♥❛✐s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛✱ t❛❧ ❝♦♠♦ ♥❛ ❋✐❣✳ ✹✳✶✱

♠❛s s❡♠ ❝♦❞✐✜❝❛çã♦✱ ❡ ❢♦r❛♠ ♠❡❞✐❞♦s ♦s ❣❛♥❤♦s ❞❡ q✉❛❧✐❞❛❞❡ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡♠

r❡❧❛çã♦ à ✐♥t❡r♣♦❧❛çã♦ ❞♦s ♠❡s♠♦s✱ ❝♦♠ ❜❛s❡ ♥❛s ♠é❞✐❛s ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ▼❙❙■▼×100

✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s ✐♥t❡r♣♦❧❛❞♦s ❡ s✉♣❡r✲r❡s♦❧✈✐❞♦s✳

• ❆♣❡s❛r ❞❡ ❛ ✈✐st❛ ❝♦♥s✐❞❡r❛❞❛ ♣❛r❛ ♦s t❡st❡s ❡♠ ❝❛❞❛ s❡q✉ê♥❝✐❛ ♣♦ss✉✐r q✉❛❞r♦s ❡♠ r❡s♦❧✉çã♦

♠✐st❛✱ ♦s r❡s✉❧t❛❞♦s ♦❜❥❡t✐✈♦s ❢♦r❛♠ ❝❛❧❝✉❧❛❞♦s ♣❡❧❛ ♠é❞✐❛ ❞♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✳

❙❡ ❛ P❙◆❘ ❞♦s q✉❛❞r♦s ❡♠ ❛❧t❛ r❡s♦❧✉çã♦ ❢♦ss❡ ❝♦♥s✐❞❡r❛❞❛ ♥♦s ❝á❧❝✉❧♦s✱ ❝❛❞❛ ✉♠ ❞❡❧❡s

❢♦r♥❡❝❡r✐❛ ✉♠ ❡rr♦ q✉❛❞rát✐❝♦ ♠é❞✐♦ ♥✉❧♦ ✭❊q✳ ✷✳✶✼✮✱ ❡ ✉♠ ✈❛❧♦r ✐♥✜♥✐t♦ ❞❡ P❙◆❘✱

❝♦♥s❡q✉❡♥t❡♠❡♥t❡✳

• ❆ ❧✉♠✐♥â♥❝✐❛ ❢♦✐ ❡s❝♦❧❤✐❞❛ ♣❛r❛ ♦s t❡st❡s✱ ♣♦r s❡ tr❛t❛r ❞❛ ❝♦♠♣♦♥❡♥t❡ à q✉❛❧ ♦ s✐st❡♠❛ ✈✐s✉❛❧

❤✉♠❛♥♦ ♣♦ss✉✐ ♠❛✐♦r r❡s♦❧✉çã♦✱ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✷✳✷✳

✹✻



❚❛❜❡❧❛ ✹✳✶✿ ❙❡q✉ê♥❝✐❛s ✉t✐❧✐③❛❞❛s

◆♦♠❡
❘❡s♦❧✉çã♦ ❘❡s♦❧✉çã♦ IO IR

♦r✐❣✐♥❛❧ t❡st❛❞❛ ④✈✐st❛⑥✱ ④q✉❛❞r♦s⑥ ④✈✐st❛s⑥✱ ④q✉❛❞r♦s⑥

❙❡q✉ê♥❝✐❛s r❡❛✐s

❇❛❧❧❡t ❬✶✾❪ 1024× 768 512× 384 {1}, {0− 99} {0, 1, 2}, {0− 99}

❇r❡❛❦❞❛♥❝❡rs ❬✶✾❪ 1024× 768 512× 384 {1}, {0− 99} {0, 1, 2}, {0− 99}

❈❛❢❡ ❬✺✾❪ 1920× 1080 960× 528 {3}, {0− 99} {2, 3, 4}, {0− 99}

P❛♥t♦♠✐♠❡ ❬✻✵❪ 1280× 960 640× 480 {39}, {0− 99} {37, 39, 41}, {0− 99}

▲♦✈❡❜✐r❞ ❬✺✾❪ 1024× 768 512× 384 {6}, {0− 99} {4, 6, 8}, {0− 99}

◆❡✇s♣❛♣❡r ❬✺✾❪ 1024× 768 512× 384 {4}, {0− 99} {2, 4, 6}, {0− 99}

P♦③♥❛♥ ❙tr❡❡t ❬✺✷❪ 1920× 1088 960× 544 {4}, {0− 99} {3, 4, 5}, {0− 99}

❙❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s

❇❛r♥✶ ❬✷❪ 432× 381 432× 368 {6}, {0} {2}, {0}

❇❛r♥✷ ❬✷❪ 430× 381 416× 368 {6}, {0} {2}, {0}

❇✉❧❧ ❬✷❪ 433× 381 432× 368 {6}, {0} {2}, {0}

▼❛♣ ❬✷❪ 284× 216 272× 208 {1}, {0} {0}, {0}

P♦st❡r ❬✷❪ 435× 383 432× 368 {6}, {0} {2}, {0}

❙❛✇t♦♦t❤ ❬✷❪ 434× 380 432× 368 {6}, {0} {2}, {0}

❱❡♥✉s ❬✷❪ 434× 383 432× 368 {6}, {0} {2}, {0}

❈♦♥❡s ❬✷❪ 450× 375 448× 368 {6}, {0} {2}, {0}

❚❡❞❞② ❬✷❪ 450× 375 448× 368 {6}, {0} {2}, {0}

❘♦♦♠✸❉ ❬✷❪ 480× 360 480× 360 {2}, {0− 99} {1, 2}, {0− 99}

• ❋♦r❛♠ ✉t✐❧✐③❛❞♦s ❜❧♦❝♦s ❞❡ t❛♠❛♥❤♦ 16×16 ♣❛r❛ ♦s ♣r♦❝❡ss♦s ❞❡ ❡st✐♠❛çã♦✴❝♦♠♣❡♥s❛çã♦ ❞❡

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

♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈✱ ❡♠♣r❡❣❛❞♦s ♥♦s t❡st❡s ❝♦♠ ❝♦❞✐✜❝❛çã♦✳ ❆♣❧✐❝♦✉✲s❡ t❛♠❜é♠ ✉♠❛ ❥❛♥❡❧❛

❞❡ ❜✉s❝❛ ❞❡ t❛♠❛♥❤♦ 80× 80✱ q✉❡ ❝❛♣t❛ ♦s ❞❡s❧♦❝❛♠❡♥t♦s ♣r❡s❡♥t❡s ♥❛s s❡q✉ê♥❝✐❛s ❞❡ t❡st❡

❞❡ ❢♦r♠❛ ✜❞❡❞✐❣♥❛✳

• ❖s ❣❛♥❤♦s ♦❜t✐❞♦s ♣❡❧❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ à ✐♥t❡r♣♦❧❛çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s

♥♦ ❆♥❡①♦ ■✱ ❚❛❜❡❧❛s ■✳✶ ❛ ■✳✹✱ q✉❡ s❡ ❞✐❢❡r❡♥❝✐❛♠ ♣❡❧♦ t✐♣♦ ❞❡ s❡q✉ê♥❝✐❛ t❡st❛❞❛ ✭r❡❛❧ ♦✉

s✐♥tét✐❝❛✮✱ ♣❡❧♦ t✐♣♦ ❞❡ ♠❡❞✐❞❛ ❞❡ q✉❛❧✐❞❛❞❡ ❡♠♣r❡❣❛❞❛ ✭♠é❞✐❛s ❞❡ P❙◆❘ ♦✉ ▼❙❙■▼✮ ❡ ♣❡❧♦

❢❛t♦r ❞❡ ❞❡❝✐♠❛çã♦ ❡ ✐♥t❡r♣♦❧❛çã♦ ✉t✐❧✐③❛❞♦ ✭M = 2 ♦✉ M = 4✮✳

• ❆s ❚❛❜❡❧❛s t❛♠❜é♠ ❛♣r❡s❡♥t❛♠ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❡♠♣r❡❣❛♥❞♦ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❝♦♠

❝❛❞❛ ✉♠❛ ❞❛s r❡❢❡rê♥❝✐❛s ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡ ✭r❡s✉❧t❛❞♦s 1 ❛ 13 ♣❛r❛ ❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ ❡ 1

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

❞✐s♣♦♥í✈❡✐s✳

✹✼



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✹✳✻✿ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ ❈❛❢❡✳ ❙ã♦

❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ♥❡st❡ ❈❛♣ít✉❧♦ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s

q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮

❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✿ ✭❛✮ P❙◆❘✱ M = 2❀ ✭❜✮ ▼❙❙■▼✱ M = 2❀ ✭❝✮ P❙◆❘✱

M = 4❀ ✭❞✮ ▼❙❙■▼✱ M = 4✳ ❖s ♥ú♠❡r♦s 1 − 13 ✐♥❞✐❝❛♠ ♦s ❣❛♥❤♦s ✉t✐❧✐③❛♥❞♦ ❛s ❞✐❢❡r❡♥t❡s

r❡❢❡rê♥❝✐❛s✿ ✭✶✮ IAO1
′+I

B
O❀ ✭✷✮ I

A
O1

′′+I
B
O❀ ✭✸✮ ÎO1❀ ✭✹✮ IAO2

′+I
B
O❀ ✭✺✮ I

A
O2

′′+I
B
O❀ ✭✻✮ ÎO2❀ ✭✼✮ IAO3

′+I
B
O❀

✭✽✮ IAO3
′′ + I

B
O❀ ✭✾✮ ÎO3❀ ✭✶✵✮ IAO4

′ + I
B
O❀ ✭✶✶✮ I

A
O4

′′ + I
B
O❀ ✭✶✷✮ ÎO4❀ ✭✶✸✮ ÎO✳

❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ✐♥❞✐❝❛♠ q✉❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ✭r❡s✉❧t❛❞♦ 13 ♣❛r❛ ❛s

s❡q✉ê♥❝✐❛s r❡❛✐s✱ r❡s✉❧t❛❞♦ 3 ♣❛r❛s ❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s✮ ♣r♦♣✐❝✐❛ ♦s ♠❛✐♦r❡s ❣❛♥❤♦s ❡♠ P❙◆❘

❡ ▼❙❙■▼✳ ❱❡r✐✜❝♦✉✲s❡ ❛♣❡♥❛s ✉♠ ❝❛s♦ ❡♠ q✉❡ ❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ♥ã♦ ♦❢❡r❡❝❡✉ ❣❛♥❤♦ ❞❡

q✉❛❧✐❞❛❞❡✱ ❛ s❡q✉ê♥❝✐❛ ❈♦♥❡s✳ P❛r❛ M = 2✱ ❤♦✉✈❡ ✉♠ ♣❡q✉❡♥♦ ❣❛♥❤♦ ❞❡ P❙◆❘✱ ❡ ✉♠❛ ♣❡q✉❡♥❛

♣❡r❞❛ ❞❡ ▼❙❙■▼✳

P❛r❛ ❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ ❝♦♥st❛t❛✲s❡ q✉❡ ♦s q✉❛❞r♦s ❞❡ r❡❢❡rê♥❝✐❛ ♣❡rt❡♥❝❡♥t❡s à ♠❡s♠❛ ✈✐st❛

q✉❡ ❛ ✈✐st❛ ✐♥t❡r♣♦❧❛❞❛ ✭O3 ❡ O4 ✲ r❡s✉❧t❛❞♦s 7 ❛ 12✮ ❢♦r♥❡❝❡♠ ❛s ♠❡❧❤♦r❡s ✈✐st❛s s✉♣❡r✲r❡s♦❧✈✐❞❛s

✹✽



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✹✳✼✿ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ ❙❛✇t♦♦t❤✳

❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ♥❡st❡ ❈❛♣ít✉❧♦ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r

♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳

✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✿ ✭❛✮ P❙◆❘✱ M = 2❀ ✭❜✮ ▼❙❙■▼✱ M = 2❀ ✭❝✮

P❙◆❘✱ M = 4❀ ✭❞✮ ▼❙❙■▼✱ M = 4✳ ❖s ♥ú♠❡r♦s 1− 3 ✐♥❞✐❝❛♠ ♦s ❣❛♥❤♦s ✉t✐❧✐③❛♥❞♦ ❛s ❞✐❢❡r❡♥t❡s

r❡❢❡rê♥❝✐❛s✿ ✭✶✮ IAO
′ + I

B
O❀ ✭✷✮ I

A
O
′′ + I

B
O❀ ✭✸✮ ÎO✳

♥❛ ♠❛✐♦r ♣❛rt❡ ❞♦s ❝❛s♦s✱ q✉❛♥❞♦ s❡ ✉t✐❧✐③❛ s♦♠❡♥t❡ ✉♠ q✉❛❞r♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛✳ ❆s ❡①❝❡çõ❡s sã♦ ❛s

s❡q✉ê♥❝✐❛s P❛♥t♦♠✐♠❡✱ ♣❛r❛ M = 2 ❡ M = 4✱ ❡ ❇r❡❛❦❞❛♥❝❡rs✱ ♣❛r❛ M = 4✳ ❆❧é♠ ❞✐ss♦✱ t❛♥t♦ ♣❛r❛

❛s s❡q✉ê♥❝✐❛s r❡❛✐s ❝♦♠♦ ❛s s✐♥tét✐❝❛s✱ ♣❡r❝❡❜❡✲s❡ q✉❡ IAOi
′+ I

B
O ✭r❡s✉❧t❛❞♦s 1✱ 4✱ 7 ❡ 10✮ ❣❡r❛❧♠❡♥t❡

♣♦ss✉✐ ♠❡❧❤♦r q✉❛❧✐❞❛❞❡ ❞♦ q✉❡ IAOi
′′+ I

B
O✱ ✭r❡s✉❧t❛❞♦s 2✱ 5✱ 8 ❡ 11✮✳ ❏❛ á ❝♦♠❜✐♥❛çã♦ ❞❡ IAOi

′ ❡ IAOi
′′

✭r❡s✉❧t❛❞♦s 3✱ 6✱ 9 ❡ 12✮ ♦❢❡r❡❝❡ ♠❡❧❤♦r❛ ❞❡ q✉❛❧✐❞❛❞❡ ❡♠ r❡❧❛çã♦ ❛ ❡st❡s q✉❛❞r♦s ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡✱

❝♦♠ ❡①❝❡çã♦ ❞❛ s❡q✉ê♥❝✐❛ ◆❡✇s♣❛♣❡r✱ M = 2✱ r❡❢❡rê♥❝✐❛ O1✳ ❖✉ s❡❥❛✱ s❡ ❤♦✉✈❡r ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡

s♦♠❡♥t❡ ✉♠ q✉❛❞r♦ ❞❡ r❡❢❡rê♥❝✐❛✱ ♦❜t❡♠✲s❡ q✉❛❞r♦s ❞❡ ♠❡❧❤♦r q✉❛❧✐❞❛❞❡ ❝♦♠❜✐♥❛♥❞♦ I
A
Oi

′ ❡ I
A
Oi

′′✳

✹✾



❆s ❋✐❣s✳ ✹✳✻ ❡ ✹✳✼ ❛♣r❡s❡♥t❛♠ ♦s ❣❛♥❤♦s ♠é❞✐♦s ♦❜t✐❞♦s ♣❡❧❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣❛r❛ ❛s s❡q✉ê♥❝✐❛s

❈❛❢❡ ❡ ❙❛✇t♦♦t❤✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊st❛s s❡q✉ê♥❝✐❛s ✐❧✉str❛♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ tí♣✐❝♦ ♦❜t✐❞♦ ♣❛r❛

❛s ❞❡♠❛✐s s❡q✉ê♥❝✐❛s✳

❆ ❋✐❣✳ ✹✳✽ ❛♣r❡s❡♥t❛ ❞❡t❛❧❤❡s ❞❛s ✈✐st❛s ❞❡❝✐♠❛❞❛ ❡ ✐♥t❡r♣♦❧❛❞❛✱ s✉♣❡r✲r❡s♦❧✈✐❞❛s ❡ ♦r✐❣✐♥❛❧

♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❈❛❢❡✱ M = 2✳ ➱ ♣♦ssí✈❡❧ ♣❡r❝❡❜❡r ❛ ❞✐❢❡r❡♥ç❛ ❞❡ q✉❛❧✐❞❛❞❡ ❡♥tr❡ ❛s ✐♠❛❣❡♥s

❞❡❝✐♠❛❞❛ ❡ ✐♥t❡r♣♦❧❛❞❛ ❡ ♦r✐❣✐♥❛❧✱ ❋✐❣s✳ ✹✳✽✭❛✮ ❡ ✭❢✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣❡❧❛ ❞❡✜♥✐çã♦ ❞❛s ❧❡tr❛s

❡s❝r✐t❛s ♥❛ ♣❛r❡❞❡ ❞❛ ❝❡♥❛ ❡ ♥❛ ❝❛♠✐s❛ ❞♦ r❛♣❛③✳ ◆❛ ❋✐❣✳ ✹✳✽✭❜✮✱ IAO3
′ + I

B
O ❛♣r❡s❡♥t❛ ♠❡❧❤♦r❛

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

❝♦♠♦ ♦ ♣♦♥t♦ ❛❝r❡s❝❡♥t❛❞♦ ❛♦ t♦♣♦ ❞❛ ❧❡tr❛ ✬s✬ ♥❛ ♣❛r❡❞❡✳ ◆❛ ❋✐❣✳ ✹✳✽✭❝✮✱ IAO3
′′ + I

B
O r❡❞✉③ ❡st❡s

❡rr♦s ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡✱ ❡ ♥❛ ❋✐❣✳ ✹✳✽✭❞✮✱ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ IAO3
′ ❡ IAO3

′′ r❡✐♥tr♦❞✉③ ✉♠ ♣♦✉❝♦ ❞❡st❡s

❡rr♦s✳ ❏á ♥❛ ❋✐❣✳ ✹✳✽✭❡✮✱ ♦ q✉❛❞r♦ ÎO r❡❞✉③ ❡st❡ ❡rr♦✱ ❡ ❡❧✐♠✐♥❛ ✉♠ ❡rr♦ s✉r❣✐❞♦ ♥❛ ❧❡tr❛ ✬r✬ ♥❛

♣❛r❡❞❡✳

❆ ❋✐❣✳ ✹✳✾ ❛♣r❡s❡♥t❛ ❞❡t❛❧❤❡s ❞❛s ✈✐st❛s ❞❡❝✐♠❛❞❛ ❡ ✐♥t❡r♣♦❧❛❞❛✱ s✉♣❡r✲r❡s♦❧✈✐❞❛s ❡ ♦r✐❣✐♥❛❧

♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❚❡❞❞②✱ M = 2✳ ◆♦✈❛♠❡♥t❡✱ ❛ ✐♠❛❣❡♠ I
B
O é ♠❛✐s ❜♦rr❛❞❛ ❞♦ q✉❡ IO✱ ❋✐❣s✳ ✹✳✾✭❛✮

❡ ✭❡✮ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆s ❋✐❣s✳ ✹✳✾✭❜✮✱ ✭❝✮ ❡ ✭❞✮ ❛♣r❡s❡♥t❛♠ ♦s r❡s✉❧t❛❞♦s r❡s♣❡❝t✐✈♦s ❛ I
A
O
′ + I

B
O✱

I
A
O
′′ + I

B
O ❡ ÎO✳ IAO

′ + I
B
O ❡ I

A
O
′′ + I

B
O ❛♣r❡s❡♥t❛♠ ❛rt❡❢❛t♦s ❞❡ ❜❧♦❝♦ s♦❜r❡ ♦ ✈❛s♦ à ❞✐r❡✐t❛ ❞❛ ❝❡♥❛✱

❡ ÎO r❡❞✉③ t❛✐s ❛rt❡❢❛t♦s✱ ♦ q✉❡ é r❡✢❡t✐❞♦ ❡♠ ✉♠ ❛✉♠❡♥t♦ ❡♠ t❡r♠♦s ❞❡ P❙◆❘ ❡ ▼❙❙■▼✳

❆ ❋✐❣✳ ✹✳✶✵ ❛♣r❡s❡♥t❛ ❞❡t❛❧❤❡s ❞❛s ✈✐st❛s ❞❡❝✐♠❛❞❛ ❡ ✐♥t❡r♣♦❧❛❞❛✱ s✉♣❡r✲r❡s♦❧✈✐❞❛s ❡ ♦r✐❣✐♥❛❧

♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ◆❡✇s♣❛♣❡r✱ M = 4✳ I
B
O é ❡①tr❡♠❛♠❡♥t❡ ❜♦rr❛❞❛✱ ❋✐❣✳ ✹✳✶✵✭❛✮✱ ❡ ♦ q✉❛❞r♦

s✉♣❡r✲r❡s♦❧✈✐❞♦ I
A
O1

′ + I
B
O r❡❝✉♣❡r❛ ❣r❛♥❞❡ ♣❛rt❡ ❞♦s ❞❡t❛❧❤❡s ❞❛ ✐♠❛❣❡♠✱ ❋✐❣✳ ✹✳✶✵✭❜✮✳ IAO1

′′ + I
B
O

❛♣r❡s❡♥t❛ ❛rt❡❢❛t♦s ❞❡ ❜❧♦❝♦ s♦❜r❡ ❛ ♣♦♥t❛ ❞❛ ♣❧❛♥t❛ à ❞✐r❡✐t❛ ❞❛ ❝❡♥❛ ❡ s♦❜r❡ ♦ ✉rs♦ ❞❡ ♣❡❧ú❝✐❛✱

q✉❡ ❧❡✈❛♠ ❛ ❣r❛♥❞❡ q✉❡❞❛ ❡♠ q✉❛❧✐❞❛❞❡✱ ❋✐❣✳ ✹✳✶✵✭❝✮✱ ❡ ÎO1 ❡ ÎO ❛♣r❡s❡♥t❛♠ ❜❛st❛♥t❡ ❞❡t❛❧❤❡s ❞❛

✐♠❛❣❡♠ ♦r✐❣✐♥❛❧ IO✱ ❋✐❣s✳ ✹✳✶✵✭❞✮ ❡ ✭❡✮✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆ ❋✐❣✳ ✹✳✶✶ ❛♣r❡s❡♥t❛ ❞❡t❛❧❤❡s ❞❛s ✈✐st❛s ❞❡❝✐♠❛❞❛ ❡ ✐♥t❡r♣♦❧❛❞❛✱ s✉♣❡r✲r❡s♦❧✈✐❞❛s ❡ ♦r✐❣✐♥❛❧

♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❈♦♥❡s✱ M = 2✳ ❊st❛ ❢♦✐ ❛ ú♥✐❝❛ s❡q✉ê♥❝✐❛ ❡♠ q✉❡ ❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♥ã♦ ♠❡❧❤♦r♦✉

❛ q✉❛❧✐❞❛❞❡ ❞❛ ✐♠❛❣❡♠ ❡♠ t❡r♠♦s ❞❡ ▼❙❙■▼✱ ❝❧❛r❛♠❡♥t❡ ❞❡✈✐❞♦ à ♣r❡s❡♥ç❛ ❞❡ ❛rt❡❢❛t♦s ❞❡ ❜❧♦❝♦

♣ró①✐♠♦s às ❜♦r❞❛s ❞♦s ❝♦♥❡s ❞❛ ❝❡♥❛✱ ❡ ❞❡✈✐❞♦ à ❢❛❧t❛ ❞❡ ❞❡✜♥✐çã♦ ♥♦ t❡①t♦ s♦❜r❡ ❛ ❝❛✐①❛ ♥❛ r❡❣✐ã♦

✐♥❢❡r✐♦r ❞❛ ❝❡♥❛✳

✹✳✹✳✷ ❚❡st❡s ❝♦♠ ❝♦❞✐✜❝❛çã♦ ❍✳✷✻✹✴❆❱❈

❖s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❛ ❙❡çã♦ ❛♥t❡r✐♦r r❡♣r❡s❡♥t❛♠ ♦ ❧✐♠✐t❡ s✉♣❡r✐♦r ❞❡ q✉❛❧✐❞❛❞❡

❛t✐♥❣✐❞♦ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❛♣r❡s❡♥t❛❞♦ ♥❡st❡ ❈❛♣ít✉❧♦✳ ❆ ✜♠ ❞❡ ❛✈❛❧✐❛r s❡✉

❞❡s❡♠♣❡♥❤♦ ❡♠ ✉♠❛ s✐t✉❛çã♦ ♣rát✐❝❛✱ ♦ ❛❧❣♦r✐t♠♦ ❢♦✐ ❛♣❧✐❝❛❞♦ às ♠❡s♠❛s s❡q✉ê♥❝✐❛s ❝♦❞✐✜❝❛❞❛s

❡♠ r❡s♦❧✉çã♦ ♠✐st❛✱ ❞❡♥tr♦ ❞❛s s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s✿

• ❈❛❞❛ s❡q✉ê♥❝✐❛ ❢♦✐ ❝♦❞✐✜❝❛❞❛ s❡♣❛r❛❞❛♠❡♥t❡ ✉t✐❧✐③❛♥❞♦ ♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈ ❡♠ ♠♦❞♦ ■♥tr❛✱

❡♠ r❡s♦❧✉çã♦ ♠✐st❛✳ ❖ ♠♦❞♦ ❞❡ ♣r❡❞✐çã♦ ■♥tr❛ ❢♦✐ ✉t✐❧✐③❛❞♦ ❝♦♠♦ ♣r♦✈❛ ❞❡ ❝♦♥❝❡✐t♦✱ ✈✐st♦

q✉❡ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ♥ã♦ ❢❛③ ♥❡♥❤✉♠❛ ❛ss✉♥çã♦ s♦❜r❡ ♦ ♠♦❞♦ ❞❡ ♣r❡❞✐çã♦ ✉t✐❧✐③❛❞♦ ♣❛r❛

❛s ✈✐st❛s ❞✐s♣♦♥í✈❡✐s✳

✺✵



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮ ✭❢✮

❋✐❣✉r❛ ✹✳✽✿ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❈❛❢❡✱ ✈✐st❛ 3✱ q✉❛❞r♦ 2✱ M = 2✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 36, 53 ❞❇ ✴

▼❙❙■▼×100 = 97, 36✪✮❀ ✭❜✮ IAO3
′ + I

B
O ✭43, 12 ❞❇ ✴ 98, 02✪✮❀ ✭❝✮ IAO3

′′ + I
B
O ✭42, 13 ❞❇ ✴ 97, 30✪✮❀

✭❞✮ ÎO3 ✭43, 67 ❞❇ ✴ 98, 11✪✮❀ ✭❡✮ ÎO ✭46, 01 ❞❇ ✴ 98, 72✪✮❀ ✭❢✮ IO✳

• ❆ ❝♦❞✐✜❝❛çã♦ ❢♦✐ ❢❡✐t❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❙❡çã♦ ✹✳✷ ❡ ❛ ❋✐❣✳ ✹✳✶✱ ❡ s❡❣✉✐♥❞♦ ❛ ❡s❝♦❧❤❛ ❞❡ q✉❛❞r♦s

❡ ✈✐st❛s ❞❛ ❚❛❜❡❧❛ ✹✳✶✳

• ❆♣❧✐❝♦✉✲s❡ ♦s ✈❛❧♦r❡s QP = {22, 27, 32, 37} ❛♦s ♣❛râ♠❡tr♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✱ ♣♦✐s ❡st❡s

❝♦rr❡s♣♦♥❞❡♠ ❛ t❛①❛s tí♣✐❝❛s ❞❡ tr❛♥s♠✐ssã♦ ❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ✈✐❞❡♦ ❬✸✶❪✳

• ❖ s♦❢t✇❛r❡ ❞❡ r❡❢❡rê♥❝✐❛ ❏▼ ✶✼✳✷ ♣❛r❛ ♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈ ❢♦✐ ✉t✐❧✐③❛❞♦ ❬✻✶❪✳

✺✶



• ❆ ❧✉♠✐♥â♥❝✐❛ ❢♦✐ ❡s❝♦❧❤✐❞❛ ♣❛r❛ ♦s t❡st❡s✱ ❡ ♠❡❞✐✉✲s❡ ❛ ♠é❞✐❛ q✉❛❞r♦✲❛✲q✉❛❞r♦ ❞❛ P❙◆❘ ❡

❞❛ ▼❙❙■▼ ❞❛ ✈✐st❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦✱ ✐♥❝❧✉✐♥❞♦ ♦s q✉❛❞r♦s ❡♠ r❡s♦❧✉çã♦ ❜❛✐①❛ ❡ ❝♦♠♣❧❡t❛✱

❥á q✉❡ t♦❞♦s ❢♦r❛♠ ❝♦rr♦♠♣✐❞♦s ♣❡❧♦ ♣r♦❝❡ss♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ♥❛ ❡t❛♣❛ ❞❡ ❝♦❞✐✜❝❛çã♦✳

• ❆ t❛①❛ ❝♦♥s✐❞❡r❛❞❛ ❢♦✐ ❛ t❛①❛ ❞❛ ❛rq✉✐t❡t✉r❛ ✐♥t❡✐r❛✱ ❛ ✜♠ ❞❡ r❡✢❡t✐r ✉♠ ❝❡♥ár✐♦ ❞❡ ❢r❡❡✲

✈✐❡✇♣♦✐♥t t❡❧❡✈✐s✐♦♥ ❡♠ q✉❡ ♦ ✉s✉ár✐♦ s❡❧❡❝✐♦♥❛ ❛ss✐st✐r à ✈✐st❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦✱ ❚❛❜❡❧❛ ✹✳✶✳

❈♦♠♦ ❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ✉t✐❧✐③❛ s♦♠❡♥t❡ ♦s q✉❛❞r♦s ❡♠ r❡s♦❧✉çã♦ ❝♦♠♣❧❡t❛ ♣❛r❛

s✉♣❡r✲r❡s♦❧✈❡r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❡❧❛ ♥ã♦ ♣r❡❝✐s❛ ❞❡ ♥❡♥❤✉♠❛ ✐♥❢♦r♠❛çã♦ ❡①tr❛✱

❞❡ ❢♦r♠❛ q✉❡ ❛ ♠❡s♠❛ t❛①❛ ❝♦♥s✐❞❡r❛❞❛ é t❛♥t♦ ♣❛r❛ ♦s q✉❛❞r♦s ✐♥t❡r♣♦❧❛❞♦s q✉❛♥t♦ ♣❛r❛

♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s✳

• ❋♦r❛♠ ✉t✐❧✐③❛❞♦s ❜❧♦❝♦s ❞❡ t❛♠❛♥❤♦ 16×16 ♣❛r❛ ♦s ♣r♦❝❡ss♦s ❞❡ ❡st✐♠❛çã♦✴❝♦♠♣❡♥s❛çã♦ ❞❡

♠♦✈✐♠❡♥t♦ ❡ ❞❡ ❝♦♠❜✐♥❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✱ ❡ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ❞❡ t❛♠❛♥❤♦ 80×80✱

❛ ✜♠ ❞❡ r❡♣❡t✐r ❛s ❝♦♥❞✐çõ❡s ❞♦s t❡st❡s ❢❡✐t♦s s❡♠ ❝♦❞✐✜❝❛çã♦✳

• ❋♦r❛♠ ♠❡❞✐❞♦s ♦s ❣❛♥❤♦s ♠é❞✐♦s ❬✻✷❪ ❞❡ q✉❛❧✐❞❛❞❡ ✭P❙◆❘ ❡ ▼❙❙■▼✮ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦

♣r♦♣♦st♦ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ✉t✐❧✐③❛♥❞♦ t❛♥t♦ ❝❛❞❛

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

• ❖s ❣❛♥❤♦s ♠é❞✐♦s ❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ s♦❜r❡ à ✐♥t❡r♣♦❧❛çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥♦ ❆♥❡①♦

■✱ ❚❛❜❡❧❛s ■✳✺ ❛ ■✳✽✱ q✉❡ s❡ ❞✐❢❡r❡♥❝✐❛♠ ♣❡❧♦ t✐♣♦ ❞❡ s❡q✉ê♥❝✐❛ t❡st❛❞❛ ✭r❡❛❧ ♦✉ s✐♥tét✐❝❛✮✱

♣❡❧♦ t✐♣♦ ❞❡ ♠❡❞✐❞❛ ❞❡ q✉❛❧✐❞❛❞❡ ❡♠♣r❡❣❛❞❛ ✭♠é❞✐❛s ❞❡ P❙◆❘ ♦✉ ▼❙❙■▼✮ ❡ ♣❡❧♦ ❢❛t♦r ❞❡

❞❡❝✐♠❛çã♦ ❡ ✐♥t❡r♣♦❧❛çã♦ ✉t✐❧✐③❛❞♦ ✭M = 2 ♦✉ M = 4✮✳

❆ss✐♠ ❝♦♠♦ ♥♦ ❝❛s♦ s❡♠ ❝♦❞✐✜❝❛çã♦✱ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ♣r♦♣✐❝✐❛ ♦s ♠❛✐♦r❡s

❣❛♥❤♦s ❡♠ t❡r♠♦s ❞❡ P❙◆❘ ❡ ❡♠ t❡r♠♦s ❞❡ ▼❙❙■▼✳ ◆♦✈❛♠❡♥t❡✱ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s ❛♣r❡s❡♥t❛r❛♠

❣❛♥❤♦ ❞❡ q✉❛❧✐❞❛❞❡✱ ❡①❝❡t♦ ♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❈♦♥❡s✱ ♥❛ q✉❛❧ ✈❡r✐✜❝♦✉✲s❡ ✉♠❛ ♣❡q✉❡♥❛ ♣❡r❞❛ ♠é❞✐❛

❞❡ P❙◆❘ ♣❛r❛ M = 4✳

❊♠ r❡❧❛çã♦ ❛♦ ✉s♦ ❞❡ s♦♠❡♥t❡ ✉♠ q✉❛❞r♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛✱ ♦s q✉❛❞r♦s ÎO3 ❡ ÎO4 ✭r❡s✉❧t❛❞♦s

9 ❡ 12✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮✱ ♣❡rt❡♥❝❡♥t❡s à ✈✐st❛ s❡♥❞♦ s✉♣❡r✲r❡s♦❧✈✐❞❛✱ ❢♦r♥❡❝❡r❛♠ ♦s ♠❡❧❤♦r❡s ♥❛

♠❛✐♦r ♣❛rt❡ ❞♦s ❝❛s♦s✱ ❡①❝❡t♦ ♣❛r❛ ❇r❡❛❦❞❛♥❝❡rs✱ M = 4✱ ❡ P❛♥t♦♠✐♠❡✱ M = 2 ❡ M = 4✳ ❆❧é♠

❞✐ss♦✱ ♣❛r❛ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s r❡❛✐s ❡ s✐♥tét✐❝❛s✱ IAOi
′ + I

B
O s❡♠♣r❡ ♣♦ss✉✐ ♠❡❧❤♦r q✉❛❧✐❞❛❞❡ ❞♦

q✉❡ I
A
Oi

′′ + I
B
O✱ ❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ❛♠❜♦s ♦❢❡r❡❝❡ ♠❡❧❤♦r❛ ❞❡ q✉❛❧✐❞❛❞❡ ❡♠ r❡❧❛çã♦ ❛ ❡st❡s q✉❛❞r♦s

✐♥❞✐✈✐❞✉❛❧♠❡♥t❡✳ ❆ ú♥✐❝❛ ❡①❝❡çã♦ é ❛ s❡q✉ê♥❝✐❛ ◆❡✇s♣❛♣❡r✱ M = 2✱ r❡s✉❧t❛❞♦s 1 ❡ 2✱

❆ ❋✐❣✳ ✹✳✶✷ ❛♣r❡s❡♥t❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡

❞✐st♦rçã♦ ♣❛r❛ ❛ s❡q✉ê♥❝✐❛ P♦③♥❛♥ ❙tr❡❡t✱ q✉❡ ✐❧✉str❛ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ tí♣✐❝♦ ❞♦ ❞❡s❡♠♣❡♥❤♦

♣❛r❛ ❛s s❡q✉ê♥❝✐❛s t❡st❛❞❛s✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ t❛①❛✱ ♠❡❧❤♦r❛ ❛ q✉❛❧✐❞❛❞❡ ❞❛s ✐♠❛❣❡♥s

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

❞❡✈✐❞♦ à ❣r❛♥❞❡ ♣❡r❞❛ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s à ♠❡❞✐❞❛ q✉❡ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ é ❛❝❡♥t✉❛❞♦✱ ❛❢❡t❛♥❞♦ ❛

q✉❛❧✐❞❛❞❡ ❞❛s r❡❢❡rê♥❝✐❛s ✉s❛❞❛s ♣❡❧♦ ♣r♦❝❡ss♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦✳ P❛r❛ ❛❧t❛s t❛①❛s✱ ❛s r❡❢❡rê♥❝✐❛s

❞✐s♣õ❡♠ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ♠❛✐s ✜❞❡❞✐❣♥❛s✱ ♠❡❧❤♦r❛♥❞♦ ♦ r❡s✉❧t❛❞♦ ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦✳

❈❛s♦ ❢♦ss❡ ✉t✐❧✐③❛❞♦ ✉♠ ♦✉tr♦ ♠♦❞♦ ❞❡ ♣r❡❞✐çã♦ ♥❛ ❝♦❞✐✜❝❛çã♦✱ t❛✐s ❝♦♠♦ ❛ ♣r❡❞✐çã♦ ■♥t❡r ♦✉

♦ ▼❱❈✱ ❤❛✈❡r✐❛ ✉♠❛ ❣r❛♥❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ q✉❡ ❛s r❡❢❡rê♥❝✐❛s s❡r✐❛♠ ❝♦rr♦♠♣✐❞❛s ♣♦r ♠❡♥♦r

✺✷



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

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

✈✐st♦ q✉❡ ❛s r❡❢❡rê♥❝✐❛s ♦❢❡r❡❝❡r✐❛♠ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ♠❛✐s ✜❞❡❞✐❣♥❛s✳

➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡ ♥ã♦ sã♦ ✐❣✉❛✐s ♦s ❝♦♠♣♦rt❛♠❡♥t♦s ❞❛s ❝✉r✈❛s ❞❡ t❛①❛✲❞✐st♦rçã♦

❜❛s❡❛❞❛s ❡♠ P❙◆❘ ❡ ▼❙❙■▼✳ P♦r ❡①❡♠♣❧♦✱ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s ✈❡rsõ❡s s✉♣❡r✲r❡s♦❧✈✐❞❛ ❡

✐♥t❡r♣♦❧❛❞❛ ♥ã♦ sã♦ ✐❣✉❛✐s ♥❛s ❋✐❣s✳ ✹✳✶✷✭❛✮ ❡ ✭❜✮✳ ❊♠ ❛❧❣✉♥s ❝❛s♦s✱ é ♣♦ssí✈❡❧ q✉❡ ❛ ♠❡❧❤♦r❛

♦❜❥❡t✐✈❛ ♣r♦♣♦r❝✐♦♥❛❞❛ ♣❡❧❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♥ã♦ s❡❥❛ tã♦ ❣r❛♥❞❡ ❡♠ t❡r♠♦s s✉❜❥❡t✐✈♦s✱ ❡ ✈✐❝❡✲

✈❡rs❛✳ P♦r ❡①❡♠♣❧♦✱ ❛ s❡q✉ê♥❝✐❛ ❇❛❧❧❡t ❛♣r❡s❡♥t❛ ♦ ♠❛✐♦r ❣❛♥❤♦ ♠é❞✐♦ ❡♠ t❡r♠♦s ❞❡ P❙◆❘✱ 2, 55

❞❇✱ ❡ ❛ P♦③♥❛♥ ❙tr❡❡t ❛♣r❡s❡♥t❛ ♦ ♠❛✐♦r ❣❛♥❤♦ ♠é❞✐♦ ❡♠ t❡r♠♦s ❞❡ ▼❙❙■▼✱ 2, 11✪✳

❆ ❋✐❣✳ ✹✳✶✸ ✐❧✉str❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ s❡q✉ê♥❝✐❛ ❈♦♥❡s✱ q✉❡ r❡♣r❡s❡♥t❛ ❛ ú♥✐❝❛ ♣❡r❞❛ ❞❡ q✉❛❧✐❞❛❞❡

❞❡♥tr❡ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s t❡st❛❞❛s✳ ➱ ♣♦ssí✈❡❧ ✈❡r q✉❡ ❡①✐st❡ ✉♠ ♣❡q✉❡♥♦ ❣❛♥❤♦ ❞❡ P❙◆❘ ♣❛r❛

M = 2✱ ❝♦♠ ✉♠❛ ♠é❞✐❛ ❞❡ 0, 32 ❞❇✱ ❡ ✉♠ ❣❛♥❤♦ ❞❡ ▼❙❙■▼✱ ❝♦♠ ✉♠❛ ♠é❞✐❛ ❞❡ ✵✱✷✹✪✳ P❛r❛

M = 4✱ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ só ❛♣r❡s❡♥t❛ ❣❛♥❤♦ ❞❡ ▼❙❙■▼ ♣❛r❛ ❛❧t❛s t❛①❛s✳

✺✸



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮

❋✐❣✉r❛ ✹✳✾✿ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❚❡❞❞②✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✱ M = 2✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 29, 69 ❞❇ ✴

▼❙❙■▼×100 = 89, 19✪✮❀ ✭❜✮ IAO
′ + I

B
O ✭30, 33 ❞❇ ✴ 90, 70✪✮❀ ✭❝✮ IAO

′′ + I
B
O ✭30, 20 ❞❇ ✴ 88, 72✪✮❀

✭❞✮ ÎO ✭31, 00 ❞❇ ✴ 91, 69✪✮❀ ✭❡✮ IO✳

✺✹



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮ ✭❢✮

❋✐❣✉r❛ ✹✳✶✵✿ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ◆❡✇s♣❛♣❡r✱ ✈✐st❛ 4✱ q✉❛❞r♦ 2✱ M = 4✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 27, 19

❞❇ ✴ ▼❙❙■▼×100 = 81, 46✪✮❀ ✭❜✮ I
A
O1

′ + I
B
O ✭37, 47 ❞❇ ✴ 97, 09✪✮❀ ✭❝✮ I

A
O1

′ + I
B
O ✭29, 93 ❞❇ ✴

88, 11✪✮❀ ✭❞✮ ÎO1 ✭37, 58 ❞❇ ✴ 97, 16✪✮❀ ✭❡✮ ÎO ✭40, 48 ❞❇ ✴ 98, 60✪✮❀ ✭❢✮ IO✳

✺✺



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮

❋✐❣✉r❛ ✹✳✶✶✿ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❈♦♥❡s✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✱ M = 2✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 28, 41 ❞❇

✴ ▼❙❙■▼×100 = 84, 76✪✮❀ ✭❜✮ IAO
′ + I

B
O ✭28, 23 ❞❇ ✴ 82, 76✪✮❀ ✭❝✮ IAO

′′ + I
B
O ✭28, 67 ❞❇ ✴ 84, 27✪✮❀

✭❞✮ ÎO ✭28, 83 ❞❇ ✴ 84, 64✪✮❀ ✭❡✮ IO✳

✺✻



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✹✳✶✷✿ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦✱ ✉t✐❧✐③❛♥❞♦

t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s✱ ❡ ♣❛r❛ ❛ ✐♥t❡r♣♦❧❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ P♦③♥❛♥ ❙tr❡❡t✱ ✈✐st❛ 4✿ ✭❛✮ t❛①❛

❡ P❙◆❘✱ M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 1, 61 ❞❇✮❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 2, 11✪✮❀

✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 2, 16 ❞❇✮❀ ✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡

5, 66✪✮✳

✺✼



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✹✳✶✸✿ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦✱ ✉t✐❧✐③❛♥❞♦

t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s✱ ❡ ♣❛r❛ ❛ ✐♥t❡r♣♦❧❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❈♦♥❡s✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✿ ✭❛✮

t❛①❛ ❡ P❙◆❘✱ M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 0, 32 ❞❇✮❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡

0, 64✪✮❀ ✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4 ✭♣❡r❞❛ ♠é❞✐❛ ❞❡ 0, 19 ❞❇✮❀ ✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4 ✭❣❛♥❤♦

♠é❞✐♦ ❞❡ 1, 15✪✮✳

✺✽



❈❛♣ít✉❧♦ ✺

❙✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠

r❡s♦❧✉çã♦ ♠✐st❛ ❝♦♠ ♠❛♣❛s ❞❡

♣r♦❢✉♥❞✐❞❛❞❡

✺✳✶ ■♥tr♦❞✉çã♦

❊st❡ ❈❛♣ít✉❧♦ ❛♣r❡s❡♥t❛ ❛ s❡❣✉♥❞❛ ❞❛s té❝♥✐❝❛s ♣r♦♣♦st❛s ♣❛r❛ s❡q✉ê♥❝✐❛s ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s

❡♠ r❡s♦❧✉çã♦ ♠✐st❛✳ ❆ss✐♠ ❝♦♠♦ ♥♦ ❈❛♣ít✉❧♦ ❛♥t❡r✐♦r✱ ❛♣r❡s❡♥t❛✲s❡ ❛ ❛rq✉✐t❡t✉r❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦✱

❡ ❞❡✜♥❡✲s❡ ❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♥❛ ❙❡çã♦ s❡❣✉✐♥t❡✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s sã♦ ❡♥tã♦ ❛♣r❡s❡♥t❛❞♦s✱

❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ s❡q✉ê♥❝✐❛s s❡♠ ♣❡r❞❛s ❡ s❡q✉ê♥❝✐❛s ❝♦❞✐✜❝❛❞❛s ♣❡❧♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈✳

✺✳✷ ❆rq✉✐t❡t✉r❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦

◆❡st❛ ❛rq✉✐t❡t✉r❛ ❞❡ ❝♦❞✐✜❝❛çã♦✱ ❝♦♥s✐❞❡r❛✲s❡ q✉❡ ❛❧❣✉♠❛s ✈✐st❛s sã♦ ❝♦❞✐✜❝❛❞❛s ❡♠ r❡s♦❧✉çã♦

♥♦r♠❛❧✱ ❡ ♦✉tr❛s✱ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❝♦♠♦ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✳ ✺✳✶ ♣❛r❛ q✉❛tr♦ ✈✐st❛s✳ ❆❧é♠ ❞✐ss♦✱ sã♦

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

♦r✐❣✐♥❛✐s✳ ❆ss✐♠ ❝♦♠♦ ♥❛ ❛rq✉✐t❡t✉r❛ ✐❧✉str❛❞❛ ♥❛ ❋✐❣✳ ✹✳✶✱ ❛s ✈✐st❛s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ❞❡✈❡rã♦ s❡r

✐♥t❡r♣♦❧❛❞❛s ❞❡ ✈♦❧t❛ às s✉❛s r❡s♦❧✉çõ❡s ♦r✐❣✐♥❛✐s✱ ❡ ♦ ✉s✉ár✐♦ ✈❡rá ✉♠ ♣❛r ❞❡ ✈✐st❛s ❡♠ q✉❛❧✐❞❛❞❡

♠✐st❛✱ ❥á q✉❡ ❛ ✈✐st❛ ✐♥t❡r♣♦❧❛❞❛ ♣❛r❡❝❡rá ♠❛✐s ❜♦rr❛❞❛ ❞♦ q✉❡ ❛ ♦✉tr❛ ✈✐st❛✳ ❚♦❞❛✈✐❛✱ ❛ ✈✐st❛

❜♦rr❛❞❛ s❡rá s❡♠♣r❡ ❛ ♠❡s♠❛✱ ❛♦ ✐♥✈és ❞❡ ❛❧t❡r♥❛❞❛ ❡♥tr❡ ♦s ♦❧❤♦s ❞✐r❡✐t♦ ❡ ❡sq✉❡r❞♦ ❞♦ ✉s✉ár✐♦

❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳ ❊st❛ ❛rq✉✐t❡t✉r❛ t❛♠❜é♠ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞❛ ❛ s❡q✉ê♥❝✐❛s ❡st❡r❡♦s❝ó♣✐❝❛s✱ ♦♥❞❡

s❡r✐❛♠ ❝♦♥s✐❞❡r❛❞❛s s♦♠❡♥t❡ ❛s ✈✐st❛s ✵ ❡ ✶ ♣❛r❛ ❝♦❞✐✜❝❛çã♦✱ ✉s❛♥❞♦ ❛ ❋✐❣✳ ✺✳✶ ❝♦♠♦ r❡❢❡rê♥❝✐❛✳

❆ ❛rq✉✐t❡t✉r❛ ♣r❡s❡♥t❡ ❞❡st✐♥❛✲s❡ ❛ s✐st❡♠❛s ❞❡ tr❛♥s♠✐ssã♦ q✉❡ ❞❡✈❡♠ ❛t❡♥❞❡r ❛ ❞✐✈❡rs♦s

t✐♣♦s ❞❡ r❡❝❡♣t♦r❡s✱ ✐♥❝❧✉✐♥❞♦ t❡❧❛s ❛✉t♦❡st❡r❡♦s❝ó♣✐❝❛s ❡ ❢r❡❡✲✈✐❡✇♣♦✐♥t t❡❧❡✈✐s✐♦♥✳ ❖ ❢♦r♠❛t♦ ❡♠

r❡s♦❧✉çã♦ ♠✐st❛ s❡r✐❛ ❛♣❧✐❝❛❞♦ ♣❛r❛ ✜♥s ❞❡ ❡❝♦♥♦♠✐❛ ❞❡ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦✱ ❛♣♦✐❛❞♦ ♥❛ t❡♦r✐❛ ❞❛

s✉♣r❡ssã♦ ❜✐♥♦❝✉❧❛r ✭❙❡çã♦ ✸✳✸✳✸✮✳ ❆ té❝♥✐❝❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❛♣r❡s❡♥t❛❞❛ ♥❡st❡ ❈❛♣ít✉❧♦ s❡r✐❛

❡♠♣r❡❣❛❞❛ ❛ ✜♠ ❞❡ ❛❞❡q✉❛r ❛ s❡q✉ê♥❝✐❛ tr❛♥s♠✐t✐❞❛ ❛ ❛♣❧✐❝❛çõ❡s ❡♠ ❢r❡❡✲✈✐❡✇♣♦✐♥t t❡❧❡✈✐s✐♦♥✳

✺✾



❋✐❣✉r❛ ✺✳✶✿ ❆rq✉✐t❡t✉r❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ ❛❧t❡r♥❛❞❛ ❝♦♠ ♠❛♣❛s

❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳

✺✳✸ ❙♦❧✉çã♦ ♣r♦♣♦st❛

❆ r❡❝✉♣❡r❛çã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ♥❛s ✈✐st❛s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ t❛♠❜é♠ é

✐♥s♣✐r❛❞❛ ♥❛ s✉♣❡r✲r❡s♦❧✉çã♦ ❜❛s❡❛❞❛ ❡♠ ❡①❡♠♣❧♦s ✭❙❡çã♦ ✷✳✹✳✷✮✱ ❡①tr❛✐♥❞♦ ✐♥❢♦r♠❛çõ❡s ❞❡ ❛❧t❛

❢r❡q✉ê♥❝✐❛ ❛ ♣❛rt✐r ❞♦s q✉❛❞r♦s ❛❞❥❛❝❡♥t❡s ❡♠ ❛❧t❛ r❡s♦❧✉çã♦ ❬✶✼❪ ❬✶✽❪✳

P❛r❛ ❝❛❞❛ q✉❛❞r♦ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❤❛✈❡rá ✉♠ ♦✉ ❞♦✐s q✉❛❞r♦s ❛❞❥❛❝❡♥t❡s ❞❡ r❡❢❡rê♥❝✐❛✱

q✉❡ ♣❡rt❡♥❝❡♠ ❛ ♦✉tr❛ ✈✐st❛✳ ❯s❛♥❞♦ ❛ ❋✐❣✳ ✺✳✶ ❝♦♠♦ r❡❢❡rê♥❝✐❛✱ ♦ q✉❛❞r♦ ✵ ❞❛ ✈✐st❛ ✶ ♣♦❞❡ s❡r

s✉♣❡r✲r❡s♦❧✈✐❞♦ ♣❡❧♦s q✉❛❞r♦s ✵ ❞❛s ✈✐st❛s ✵ ❡ ✷✳

❖ ♠ét♦❞♦ ♣r♦♣♦st♦ é ❞✐✈✐❞✐❞♦ ❡♠ ❡t❛♣❛s ❞❡ ❡①tr❛çã♦ ❡ ❝♦♠❜✐♥❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✳ ❆

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

✺✳✸✳✶ ❊①tr❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s

❆ss✐♠ ❝♦♠♦ ♥❛ ❙❡çã♦ ✹✳✸✳✶✱ t❡♠✲s❡ ✉♠ q✉❛❞r♦ ❞❡❝✐♠❛❞♦ ♥❛ j✲és✐♠❛ ✈✐st❛ ❡ k✲és✐♠♦ ✐♥st❛♥t❡✱

I
D
j,k = I

D
O ✱ q✉❡ é ✐♥t❡r♣♦❧❛❞♦ à r❡s♦❧✉çã♦ ♦r✐❣✐♥❛❧✱ I

B
j,k = I

B
O✱ ❝♦♥st✐t✉✐♥❞♦ ❛ ✈❡rsã♦ ❞❡ ❜❛✐①❛

❢r❡q✉ê♥❝✐❛ ❞♦ q✉❛❞r♦ ♦r✐❣✐♥❛❧ Ij,k = IO✳ ❖ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ♥❡st❡ ❈❛♣ít✉❧♦ ❣❡r❛ ✉♠❛ ✈❡rsã♦

s✉♣❡r✲r❡s♦❧✈✐❞❛ ÎO✱ ❛ ♣❛rt✐r ❞❛ ❡st✐♠❛t✐✈❛ Î
A
O ❞❛ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ I

A
O✱ ❝♦♠♦ ♥❛ ❊q✳ ✭✹✳✶✮✳

❊stã♦ ❞✐s♣♦♥í✈❡✐s ♦ q✉❛❞r♦ IR✱ ♥♦ ♠❡s♠♦ ✐♥st❛♥t❡ k ❡ ♥❛ ✈✐st❛ ❛❞❥❛❝❡♥t❡ j − 1 ❡✴♦✉ j +1✱ ❡ ♦s

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ DO ❡ DR ❞♦s q✉❛❞r♦s ♦r✐❣✐♥❛❧ ❡ ❞❡ r❡❢❡rê♥❝✐❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❜❡♠ ❝♦♠♦

s✉❛s r❡s♣❡❝t✐✈❛s ♠❛tr✐③❡s ❞❡ ♣r♦❥❡çã♦ PO ❡ PR✳ ❙❡❣✉✐♥❞♦ ❛s ❊qs✳ ✭✸✳✹✮ ❛ ✭✸✳✼✮✱ é ♣♦ssí✈❡❧ ♦❜t❡r

❝♦rr❡s♣♦♥❞ê♥❝✐❛s ♣✐①❡❧ ❛ ♣✐①❡❧ ❡♥tr❡ ♦s q✉❛❞r♦s ♦r✐❣✐♥❛❧ ❡ ❞❡ r❡❢❡rê♥❝✐❛✳ ❙❡♥❞♦ ❛ss✐♠✱ ❛ ✈✐st❛ O é

r❡❝♦♥str✉í❞❛ ❛ ♣❛rt✐r ❞♦ q✉❛❞r♦ IR✱ ❣❡r❛♥❞♦ ♦ q✉❛❞r♦ I
′
O|R✳

◆❛ ♣r♦❥❡çã♦ ❞❛ ✈✐st❛ ❘ ♣❛r❛ ❖✱ ❡①✐st❡♠ ❞✉❛s ❝♦♥s✐❞❡r❛çõ❡s ❛ s❡r❡♠ ❢❡✐t❛s✳ ❊♠ ♣r✐♠❡✐r♦ ❧✉❣❛r✱

♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ DO ❡ DR sã♦ s✉s❝❡tí✈❡✐s ❛ ❡rr♦s✱ ❞❡✈✐❞♦s ❛ ♦❝❧✉sõ❡s✱ ✐♠♣r❡❝✐sõ❡s ❞❡

✻✵



r❡♣r❡s❡♥t❛çã♦ ❡ ❡s❝❛❧♦♥❛♠❡♥t♦✱ ♥♦ ❝❛s♦ ❞❡ ❝♦❞✐✜❝❛çã♦ ❝♦♠ ♣❡r❞❛s✱ ❝♦♠♦ ✈✐st♦ ♥❛ ❙❡çã♦ ✸✳✷✳✷✳

❆❧é♠ ❞✐ss♦✱ ❛s ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ✐♥❞✐❝❛❞❛s ♣❡❧❛s ❊qs✳ ✭✸✳✹✮ ❡ ✭✸✳✺✮ ✐♥❞✐❝❛♠ ♣♦s✐çõ❡s ❞❡ ♣✐①❡❧s ❡♠

♣♦♥t♦ ✜①♦✱ ❛♦ ✐♥✈és ❞❡ ✈❛❧♦r❡s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛ ♣♦s✐çõ❡s ✐♥t❡✐r❛s✳ ❊st❛s ❞✉❛s q✉❡stõ❡s ❞❡✈❡♠ s❡r

tr❛t❛❞❛s ❛ ✜♠ ❞❡ ❣❡r❛r ♦ q✉❛❞r♦ I
′
O|R✳

❋✐❣✉r❛ ✺✳✷✿ ❊①tr❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ♣❛r❛ s❡q✉ê♥❝✐❛s ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s✳ ❯♠❛ ❡st✐♠❛t✐✈❛ ❞❡

❛❧t❛ ❢r❡q✉ê♥❝✐❛ I
A
O
′ ♣❛r❛ ❛ ✈✐st❛ O é ❣❡r❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ✈✐st❛ ❛❞❥❛❝❡♥t❡ ❡♠ ❛❧t❛ r❡s♦❧✉çã♦ IR✱

❡ ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❝♦rr❡s♣♦♥❞❡♥t❡s✱ DO ❡ DR✳

❆ ✜♠ ❞❡ tr❛t❛r ♦s ❡rr♦s ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✱ ❝♦♥❢❡r❡✲s❡ ❛ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ❛s

✐♥❢♦r♠❛çõ❡s ❞❡ DO ❡ DR✳ ❯t✐❧✐③❛♥❞♦ ❛s ❊qs✳ ✭✸✳✹✮ ❡ ✭✸✳✺✮✱ ♦ ♣♦♥t♦ mO = [u, v, 1]T ❡♠ DO é

♠❛♣❡❛❞♦ ♣❛r❛ ♦ ♣♦♥t♦ mR = [u′, v′, 1]T ❡♠ DR✳ ❈❛❧❝✉❧❛✲s❡ ❡♥tã♦ ❛s ♣♦s✐çõ❡s ✐♥t❡✐r❛s mR1✱ mR2✱

mR3 ❡ mR4 ♠❛✐s ♣ró①✐♠❛s ❛ mR✿

mR1 = [u′a, v
′
a, 1]

T = [⌊u′⌋, ⌊v′⌋, 1]T

mR2 = [u′b, v
′
a, 1]

T = [⌈u′⌉, ⌊v′⌋, 1]T

mR3 = [u′a, v
′
b, 1]

T = [⌊u′⌋, ⌈v′⌉, 1]T

mR4 = [u′b, v
′
b, 1]

T = [⌈u′⌉, ⌈v′⌉, 1]T

, ✭✺✳✶✮

♦♥❞❡ ⌊q⌋ é ❛ ♣❛rt❡ ✐♥t❡✐r❛ ❞❡ q✱ ❡ ⌈q⌉ é ❛ ♣❛rt❡ ✐♥t❡✐r❛ ❞❡ q + 1✳ ❉❡♥tr❡ t♦❞♦s ♦s ♣♦♥t♦s mRi✱

s❡❧❡❝✐♦♥❛✲s❡ ♦ ♠❛✐s ♣ró①✐♠♦ ❛ mR✱ [⌊u′ + 0, 5⌋, ⌊v′ + 0, 5⌋, 1]T ✱ ❡ ❛ ♣❛rt✐r ❞❡st❡✱ s❡❣✉❡✲s❡ ♣❛r❛ ♦

♣♦♥t♦ mO|R = [u′′, v′′, 1]T ❡♠ DO✱ ❜❛s❡❛❞♦ ❡♠ DR✳ ❙❡ mO|R ❝❛✐r ❢♦r❛ ❞❡ ✉♠ r❛✐♦ ❞❡ 1 ♣✐①❡❧ ❡♠

✈♦❧t❛ ❞❡ mO✱ I ′O|R(u, v) = IBO (u, v)✳ ❖✉ s❡❥❛✱ ♥ã♦ s❡ ✉t✐❧✐③❛ ♥❡♥❤✉♠❛ ♣r♦❥❡çã♦ ❞❛ ✈✐st❛ ❛❞❥❛❝❡♥t❡✱

♣♦✐s ❛ ✐♥❢♦r♠❛çã♦ ❡♠ DO(mO) ♥ã♦ ❢♦✐ ❝♦♥s✐st❡♥t❡ ❝♦♠ DR(mR)✳

✻✶



❋✐❣✉r❛ ✺✳✸✿ ❚❡st❡ ❞❡ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ DO ❡ DR✿ ✭❛✮ ♣r♦❥❡çã♦ ❞♦ ♣♦♥t♦

mO ♣❛r❛ ♦ ♣♦♥t♦ mR✱ ✉t✐❧✐③❛♥❞♦ ❛s ❊qs✳ ✭✸✳✹✮ ❡ ✭✸✳✺✮❀ ✭❜✮ ♣♦s✐çã♦ ❡♠ ♣♦♥t♦ ✜①♦ mR ♥♦ ♠❛♣❛

DR✱ ❡ ♣♦s✐çõ❡s ✐♥t❡✐r❛s ♠❛✐s ♣ró①✐♠❛s mR1✱ mR2✱ mR3 ❡ mR4❀ ✭❝✮ r❡✲♣r♦❥❡çã♦ ❞❡ mR2 ❞❡ DR ♣❛r❛

DO✱ ❝❛✐♥❞♦ ❞❡♥tr♦ ❞❡ ✉♠ r❛✐♦ ❞❡ 1 ♣✐①❡❧ ❡ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠❛ ♣r♦❥❡çã♦ ✈á❧✐❞❛❀ ✭❞✮ r❡✲♣r♦❥❡çã♦ ❞❡

mR2 ❞❡ DR ♣❛r❛ DO✱ ❝❛✐♥❞♦ ❢♦r❛ ❞❡ ✉♠ r❛✐♦ ❞❡ 1 ♣✐①❡❧ ❡ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠❛ ♣r♦❥❡çã♦ ✐♥✈á❧✐❞❛✳

❙❡ mO|R ❝❛✐r ❞❡♥tr♦ ❞❡ ✉♠ r❛✐♦ ❞❡ 1 ♣✐①❡❧ ❡♠ ✈♦❧t❛ ❞❡ mO✱ mR1✱ mR2✱ mR3 ❡ mR4 sã♦ ✉s❛❞♦s

♣❛r❛ ❝❛❧❝✉❧❛r I ′O|R(u, v) ♣♦r ✐♥t❡r♣♦❧❛çã♦ ❜✐❧✐♥❡❛r✿

I ′O|R(u, v) =
[

u′b − u′ u′ − u′a

]

[

IR(u
′
a, v

′
a) IR(u

′
a, v

′
b)

IR(u
′
b, v

′
a) IR(u

′
b, v

′
b)

][

v′b − v′

v′ − v′a

]

. ✭✺✳✷✮

❆ ❡s❝♦❧❤❛ ❞♦ r❛✐♦ ❞❡ 1 ♣✐①❡❧ ❢♦✐ ❢❡✐t❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ r❡s✉❧t❛❞♦s ❡♠♣ír✐❝♦s✳

❆ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ♦s ♠❛♣❛s DO ❡ DR é t❛♠❜é♠ ❛r♠❛③❡♥❛❞❛ ❡♠ ✉♠❛ ✐♠❛❣❡♠ ❞❡♥♦♠✐♥❛❞❛

IV AL✳ ❙❡ mO|R ❝❛✐r ❢♦r❛ ❞❡ ✉♠ r❛✐♦ ❞❡ 1 ♣✐①❡❧ ❡♠ ✈♦❧t❛ ❞❡ mO✱ I ′V AL(u, v) = 0❀ ❝❛s♦ ❝♦♥trár✐♦✱

I ′V AL(u, v) = 1✳

❙❡❣✉✐♥❞♦ ❛ ❊q✳ ✭✹✳✷✮✱ ♦ q✉❛❞r♦ I
′
O|R é ❞❡❝♦♠♣♦st♦ ❡♠ ✈❡rsõ❡s ❞❡ ❜❛✐①❛ ❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✱

r❡s♣❡❝t✐✈❛♠❡♥t❡ I
B
O|R

′ ❡ I
A
O|R

′✳ ❊st❛ ú❧t✐♠❛ é ❝♦♥s✐❞❡r❛❞❛ ❛ ♣r✐♠❡✐r❛ ❡st✐♠❛t✐✈❛ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✿

I
A
O
′ = I

A
O|R

′. ✭✺✳✸✮

❆ ❋✐❣✳ ✺✳✷ ✐❧✉str❛ ♦ ♣r♦❝❡ss♦ ❣❡r❛❧ ❞❡ ❡①tr❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✱ ❡ ❛ ❋✐❣✳ ✺✳✸ ✐❧✉str❛ ❛ ❢♦r♠❛

❝♦♠♦ ❛ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ♦s ♠❛♣❛s DO ❡ DR é ❝♦♥❢❡r✐❞❛✳

❉❡♣❡♥❞❡♥❞♦ ❞❛ q✉❛❧✐❞❛❞❡ ❞♦s ♠❛♣❛s DO ❡ DR✱ ♣♦❞❡ s❡r ✐♥t❡r❡ss❛♥t❡ ❡r♦❞✐r I′V AL✳ ■st♦ ♣♦❞❡

s❡r út✐❧ ♣❛r❛ ♦ ❝❛s♦ ❡♠ q✉❡ ❛ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ♦s ♠❛♣❛s r❡✢✐t❛ ❡rr♦s ❝♦♠✉♥s ❛♦s ❞♦✐s ♠❛♣❛s✱ ♦

✻✷



q✉❡ ❛❝♦♥t❡❝❡ ❝♦♠ ❝❡rt❛ ❢r❡q✉ê♥❝✐❛ ♥❛ ❜♦r❞❛ ❞❡ ♦❜❥❡t♦s✱ ♣♦r ❡①❡♠♣❧♦✳ ❈♦♠♦ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✳ ✺✳✹✱

✉♠ ♥♦✈♦ ♠❛♣❛ ❞❡ ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ✈á❧✐❞❛s I′′V AL é ❝r✐❛❞♦ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

I ′′V AL(u, v) =























I ′V AL(u, v − 1) + I ′V AL(u− 1, v)+

1, I ′V AL(u, v + 1) + I ′V AL(u+ 1, v)+

I ′V AL(u, v) = 5

0, ❝❛s♦ ❝♦♥trár✐♦

. ✭✺✳✹✮

❆ ♣❛rt✐r ❞❡ I
′′
V AL✱ ❝r✐❛✲s❡ ✉♠❛ ♥♦✈❛ ♣r♦❥❡çã♦ I

′′
O|R✿

I ′′O|R(u, v) =

{

I ′O|R(u, v), I ′′V AL(u, v) = 1

IBO (u, v), I ′′V AL(u, v) = 0
, ✭✺✳✺✮

❡ ❛ ♣❛rt✐r ❞❛ ❊q✳ ✭✹✳✷✮✱ I′′O|R é ❞❡❝♦♠♣♦st♦ ❡♠ ✈❡rsõ❡s ❞❡ ❜❛✐①❛ ❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡

I
B
O|R

′′ ❡ I
A
O|R

′′✳ ❊st❛ ú❧t✐♠❛ é ❝♦♥s✐❞❡r❛❞❛ ❛ s❡❣✉♥❞❛ ❡st✐♠❛t✐✈❛ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✱ IAO
′′✿

I
A
O
′′ = I

A
O|R

′′. ✭✺✳✻✮

❋✐❣✉r❛ ✺✳✹✿ ❊r♦sã♦ ❞♦ ♠❛♣❛ I
′
V AL ❞❡ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ DO ❡ DR✳

❈♦♥s✐❞❡r❛♥❞♦ ♣✐①❡❧s ❜r❛♥❝♦s ❝♦♠♦ I ′V AL(u, v) = 1 ❡ ♣✐①❡❧s ♣r❡t♦s ❝♦♠♦ I ′V AL(u, v) = 0✱ ♣❛r❛

❝❛❞❛ ♣✐①❡❧ I ′V AL(u, v)✱ ❛✈❛❧✐❛✲s❡ ♦s ♣✐①❡❧s I ′V AL(u− 1, v)✱ I ′V AL(u, v− 1)✱ I ′V AL(u, v)✱ I
′
V AL(u+1, v)

❡ I ′V AL(u, v + 1)✳ ❙❡ t♦❞♦s ❡st❡s ❢♦r❡♠ ✐❣✉❛✐s ❛ 1✱ I ′′V AL(u, v) = 1❀ ❝❛s♦ ❝♦♥trár✐♦✱ I ′′V AL(u, v) = 0✳

✺✳✸✳✷ ❈♦♠❜✐♥❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s

◆❛ ❙❡çã♦ ❛♥t❡r✐♦r✱ ❛♣r❡s❡♥t♦✉✲s❡ ❞✉❛s ♠❛♥❡✐r❛s ❞❡ ❡st✐♠❛r ❛ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❞❡ IAO✳ ➱ ♥❡❝❡ssár✐♦

❝♦♠❜✐♥❛r ❡st❛ ❡st✐♠❛t✐✈❛s✱ ❝♦♥s✐❞❡r❛♥❞♦ t❛♠❜é♠ q✉❡ ♣♦❞❡ ❤❛✈❡r ❛té ❞♦✐s q✉❛❞r♦s ❞❡ r❡❢❡rê♥❝✐❛✱

❛❞✈✐♥❞♦s ❞❡ ✈✐st❛s ❛❞❥❛❝❡♥t❡s✳

✻✸



❆ss✐♠ ❝♦♠♦ ♥❛ ❙❡çã♦ ✹✳✸✳✷✱ ♣r♦♣õ❡✲s❡ ✉♠❛ s♦♠❛ ♣♦♥❞❡r❛❞❛ ♣❛r❛ ❝♦♠❜✐♥❛r ♦s ❜❧♦❝♦s (ui,vi)

❞❡ ❝❛❞❛ ❡st✐♠❛t✐✈❛ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✳ ❉❡✜♥✐♥❞♦ I
A
O,r

′ ❡ I
A
O,r

′′ ❝♦♠♦ ❛s ❡st✐♠❛t✐✈❛s ❝r✐❛❞❛s ❛ ♣❛rt✐r

❞❛ r✲és✐♠❛ r❡❢❡rê♥❝✐❛ ✭r ∈ {1, 2}✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡✮✱ ❝❛❞❛ ❜❧♦❝♦ ❞❡ Î
A
O é ❞❛❞♦ ♣♦r

Î
A
O(ui,vi) =

2
∑

r=1

(

w′
r,iI

A
O,r

′(ui,vi) + w′′
r,iI

A
O,r

′′(ui,vi)
)

2
∑

r=1

(

w′
r,i + w′′

r,i

)

, ✭✺✳✼✮

❛♦♥❞❡ ♦s ♣❡s♦s w′
r,i ❡ w′′

r,i sã♦ ❞❛❞♦s ♣♦r

w′
r,i = 1/❙❙❉(IBO(ui,vi), ■❉(I′O,r(ui,vi)))

w′′
r,i = 1/❙❙❉(IBO(ui,vi), ■❉(I′′O,r(ui,vi)))

, ✭✺✳✽✮

I
′
O,r(ui,vi) = I

B
O(ui,vi) + I

A
O,r

′(ui,vi)

I
′′
O,r(ui,vi) = I

B
O(ui,vi) + I

A
O,r

′′(ui,vi)
. ✭✺✳✾✮

◗✉❛♥t♦ ♠❛✐s s❡♠❡❧❤❛♥t❡ ❛ I
B
O(ui,vi) ❢♦r ♦ ❜❧♦❝♦ ■❉(I′O,r(ui,vi))✱ ♠❡♥♦r s❡rá ❛ ❙❙❉ ❡♥tr❡ ❡st❡s

❞♦✐s ú❧t✐♠♦s ❜❧♦❝♦s✱ ❡ ♠❛✐♦r s❡rá ♦ ♣❡s♦ w′
r,i ❞❛❞♦ ❛ I

A
O,r

′(ui,vi)✳ ❖ ♠❡s♠♦ ✈❛❧❡ ♣❛r❛ ♦ ♣❡s♦ w′′
r,i ❡

♦ q✉❛❞r♦ I
A
O,r

′′✳

✺✳✹ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

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

❙❡çã♦ ✹✳✹✳ ◆♦✈❛♠❡♥t❡✱ ♦s t❡st❡s ❢♦r❛♠ ❢❡✐t♦s ❝♦♠ ❡ s❡♠ ❝♦❞✐✜❝❛çã♦ ❍✳✷✻✹✴❆❱❈✳ ❈♦♠♦ ❛ ❛rq✉✐t❡t✉r❛

❡♠ ❝♦♥s✐❞❡r❛çã♦ ♥❡st❡ ❈❛♣ít✉❧♦ é ❞✐❢❡r❡♥t❡ ❞❛q✉❡❧❛ ❝♦♥s✐❞❡r❛❞❛ ♥♦ ❈❛♣ít✉❧♦ ❛♥t❡r✐♦r ✭❙❡çõ❡s ✺✳✷ ❡

✹✳✷✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮✱ ♠✉❞❛♠ ♦s q✉❛❞r♦s ❞❡ r❡❢❡rê♥❝✐❛ ❞✐s♣♦♥í✈❡✐s ❡♠ ❛❧❣✉♠❛s ❞❛s s❡q✉ê♥❝✐❛s✳

❆ ❚❛❜❡❧❛ ✺✳✶ ❛♣r❡s❡♥t❛ ❡st❛s ❝♦♥s✐❞❡r❛çõ❡s ❝♦♠ ♠❛✐s ❞❡t❛❧❤❡s✱ ❛♦♥❞❡ ❛s ✈✐st❛s ❡ ♦s q✉❛❞r♦s

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

❡ ❛ ♥✉♠❡r❛çã♦ ❞❛s ✈✐st❛s ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ q✉❛❞r♦s ❞✐s♣♦♥í✈❡✐s ❢♦r❛♠ ♣r❡✈✐❛♠❡♥t❡ ❞❡t❡r♠✐♥❛❞❛s

♣❡❧❛s ❢♦♥t❡s ❞❛s s❡q✉ê♥❝✐❛s✳ ❆s ❋✐❣s✳ ✺✳✺ ❡ ✺✳✻ ❛♣r❡s❡♥t❛♠ q✉❛❞r♦s ❞❡ ❡①❡♠♣❧♦ ❞♦s ♠❛♣❛s ❞❡

♣r♦❢✉♥❞✐❞❛❞❡ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s ❡ s✐♥tét✐❝❛s t❡st❛❞❛s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✺✳✹✳✶ ❚❡st❡s s❡♠ ❝♦❞✐✜❝❛çã♦ ❍✳✷✻✹✴❆❱❈

❖ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ♥❡st❡ ❈❛♣ít✉❧♦ ❢♦✐ ❝♦♠♣❛r❛❞♦ ❝♦♠ ❛ ✐♥t❡r♣♦❧❛çã♦ ❞❡ q✉❛❞r♦s ❡♠ ❜❛✐①❛

r❡s♦❧✉çã♦✱ ❞❡♥tr♦ ❞❛s s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s✿

• ❖ ♠ét♦❞♦ ❢♦✐ ❡♠♣r❡❣❛❞♦ s♦❜r❡ ♦s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞♦s q✉❛❞r♦s ♦r✐❣✐♥❛✐s ❡♠

r❡s♦❧✉çã♦ ♠✐st❛✱ t❛❧ ❝♦♠♦ ♥❛ ❋✐❣✳ ✺✳✶✱ ♠❛s s❡♠ ❝♦❞✐✜❝❛çã♦✱ ❡ ❢♦r❛♠ ♠❡❞✐❞♦s ♦s ❣❛♥❤♦s ❞❡

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

✻✹



❚❛❜❡❧❛ ✺✳✶✿ ❙❡q✉ê♥❝✐❛s ✉t✐❧✐③❛❞❛s

◆♦♠❡
❘❡s♦❧✉çã♦ ❘❡s♦❧✉çã♦ IO IR

♦r✐❣✐♥❛❧ t❡st❛❞❛ ④✈✐st❛⑥✱ ④q✉❛❞r♦s⑥ ④✈✐st❛s⑥✱ ④q✉❛❞r♦s⑥

❙❡q✉ê♥❝✐❛s r❡❛✐s

❇❛❧❧❡t 1024× 768 512× 384 {1}, {0− 99} {0, 2}, {0− 99}

❇r❡❛❦❞❛♥❝❡rs 1024× 768 512× 384 {1}, {0− 99} {0, 2}, {0− 99}

❈❛❢❡ 1920× 1080 960× 528 {3}, {0− 99} {2, 4}, {0− 99}

P❛♥t♦♠✐♠❡ 1280× 960 640× 480 {39}, {0− 99} {37, 41}, {0− 99}

▲♦✈❡❜✐r❞ 1024× 768 512× 384 {6}, {0− 99} {4, 8}, {0− 99}

◆❡✇s♣❛♣❡r 1024× 768 512× 384 {4}, {0− 99} {2, 6}, {0− 99}

P♦③♥❛♥ ❙tr❡❡t 1920× 1088 960× 544 {4}, {0− 99} {3, 5}, {0− 99}

❙❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s

❇❛r♥✶ 432× 381 432× 368 {6}, {0} {2}, {0}

❇❛r♥✷ 430× 381 416× 368 {6}, {0} {2}, {0}

❇✉❧❧ 433× 381 432× 368 {6}, {0} {2}, {0}

▼❛♣ 284× 216 272× 208 {1}, {0} {0}, {0}

P♦st❡r 435× 383 432× 368 {6}, {0} {2}, {0}

❙❛✇t♦♦t❤ 434× 380 432× 368 {6}, {0} {2}, {0}

❱❡♥✉s 434× 383 432× 368 {6}, {0} {2}, {0}

❈♦♥❡s 450× 375 448× 368 {6}, {0} {2}, {0}

❚❡❞❞② 450× 375 448× 368 {6}, {0} {2}, {0}

❘♦♦♠✸❉ 480× 360 480× 360 {2}, {0− 99} {1}, {0− 99}

✻✺



✭❛✮ ✭❜✮ ✭❝✮

✭❞✮ ✭❡✮ ✭❢✮

✭❣✮

❋✐❣✉r❛ ✺✳✺✿ ◗✉❛❞r♦s ❞❡ ❡①❡♠♣❧♦ ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s t❡st❛❞❛s✿

✭❛✮ ❇❛❧❧❡t ❀ ✭❜✮ ❇r❡❛❦❞❛♥❝❡rs❀ ✭❝✮ P❛♥t♦♠✐♠❡❀ ✭❞✮ ❈❛❢❡❀ ✭❡✮ ▲♦✈❡❜✐r❞✶ ❀ ✭❢✮ P♦③♥❛♥ ❙tr❡❡t ❀ ✭❣✮

◆❡✇s♣❛♣❡r✳

♠é❞✐❛s ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s ✐♥t❡r♣♦❧❛❞♦s ❡ s✉♣❡r✲

r❡s♦❧✈✐❞♦s✳

• ❙❡❣✉✐♥❞♦ ❛ ❋✐❣✳ ✺✳✶✱ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❛ ✈✐st❛ q✉❡ ♣♦ss✉✐ q✉❛❞r♦s s♦♠❡♥t❡ ❡♠ r❡s♦❧✉çã♦ ❜❛✐①❛✳

• ❯t✐❧✐③♦✉✲s❡ ✉♠ ❜❧♦❝♦ ❞❡ t❛♠❛♥❤♦ 16× 16 ♣❛r❛ ❛ ❝♦♠❜✐♥❛r ❛s ❡st✐♠❛t✐✈❛s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✱

❛ss✐♠ ❝♦♠♦ ♥♦s t❡st❡s ❞♦ ❈❛♣ít✉❧♦ ✹✳

• ❖s ❣❛♥❤♦s ♦❜t✐❞♦s ♣❡❧❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ à ✐♥t❡r♣♦❧❛çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s

♥♦ ❆♥❡①♦ ■✱ ❚❛❜❡❧❛s ■✳✾ ❛ ■✳✶✷✱ q✉❡ s❡ ❞✐❢❡r❡♥❝✐❛♠ ♣❡❧♦ t✐♣♦ ❞❡ s❡q✉ê♥❝✐❛ t❡st❛❞❛ ✭r❡❛❧ ♦✉

s✐♥tét✐❝❛✮✱ ♣❡❧♦ t✐♣♦ ❞❡ ♠❡❞✐❞❛ ❞❡ q✉❛❧✐❞❛❞❡ ❡♠♣r❡❣❛❞❛ ✭♠é❞✐❛s ❞❡ P❙◆❘ ♦✉ ▼❙❙■▼✮ ❡ ♣❡❧♦

❢❛t♦r ❞❡ ❞❡❝✐♠❛çã♦ ❡ ✐♥t❡r♣♦❧❛çã♦ ✉t✐❧✐③❛❞♦ ✭M = 2 ♦✉ M = 4✮✳ ❚❛♠❜é♠ s❡ ❝♦♥s✐❞❡r❛♠

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

❛✈❛❧✐❛r ♦ ❡❢❡✐t♦ ❞❡ s❡ r❡❞✉③✐r ❛ q✉❛♥t✐❞❛❞❡ ❞❡ r❡❢❡rê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s ✭r❡s✉❧t❛❞♦s 1 ❛ 7 ♣❛r❛

❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ ❡ 1 ❛ 3 ♣❛r❛ ❛s s✐♥t❡t✐❝❛s✮✳

✻✻



✭❛✮ ✭❜✮ ✭❝✮

✭❞✮ ✭❡✮ ✭❢✮

✭❣✮ ✭❤✮ ✭✐✮

✭❥✮

❋✐❣✉r❛ ✺✳✻✿ ◗✉❛❞r♦s ❞❡ ❡①❡♠♣❧♦ ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s t❡st❛❞❛s✿ ✭❛✮

❇❛r♥✶ ❀ ✭❜✮ ❇❛r♥✷ ❀ ✭❝✮ ❇✉❧❧ ❀ ✭❞✮ ▼❛♣❀ ✭❡✮ P♦st❡r ❀ ✭❢✮ ❙❛✇t♦♦t❤❀ ✭❣✮ ❱❡♥✉s❀ ✭❤✮ ❈♦♥❡s❀ ✭✐✮ ❚❡❞❞② ❀

✭❥✮ ❘♦♦♠✸❉✳

P❛r❛ ❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ♣r♦♣✐❝✐❛ ♦s ♠❛✐♦r❡s ❣❛♥❤♦s

❡♠ P❙◆❘✱ s❡♥❞♦ t♦❞♦s ♦s ❣❛♥❤♦s ♣♦s✐t✐✈♦s✳ ❆❧é♠ ❞✐ss♦✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ❛♦ s❡ ✉t✐❧✐③❛r s♦♠❡♥t❡

✉♠❛ r❡❢❡rê♥❝✐❛✱ ♣❛r❛ M = 2✱ ♦❜t❡♠✲s❡ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❛tr❛✈és ❞❛ ❝♦♠❜✐♥❛çã♦ ❞❡ I
A
Oi

′ ❡ I
A
Oi

′′

✻✼



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✺✳✼✿ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ P❛♥t♦♠✐♠❡✳

❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ♥❡st❡ ❈❛♣ít✉❧♦ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r

♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳

✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✿ ✭❛✮ P❙◆❘✱ M = 2❀ ✭❜✮ ▼❙❙■▼✱ M = 2❀ ✭❝✮

P❙◆❘✱ M = 4❀ ✭❞✮ ▼❙❙■▼✱ M = 4✳ ❖s ♥ú♠❡r♦s 1− 13 ✐♥❞✐❝❛♠ ♦s ❣❛♥❤♦s ✉t✐❧✐③❛♥❞♦ ❛s ❞✐❢❡r❡♥t❡s

r❡❢❡rê♥❝✐❛s✿ ✭✶✮ IAO1
′ + I

B
O❀ ✭✷✮ I

A
O1

′′ + I
B
O❀ ✭✸✮ ÎO1❀ ✭✹✮ IAO2

′ + I
B
O❀ ✭✺✮ I

A
O2

′′ + I
B
O❀ ✭✻✮ ÎO2❀ ✭✼✮ ÎO✳

✭r❡s✉❧t❛❞♦s 3 ❡ 6✮✳ ■st♦ ✐♥❞✐❝❛ ❛ ❡①✐stê♥❝✐❛ ❞❡ ❡rr♦s ♥♦s ♠❛♣❛s ❞❡ ♣r♦❢✉❞✐❞❛❞❡✱ ❝✉❥♦s ✈❛❧♦r❡s ❢♦r❛♠

❞❡s❝❛rt❛❞♦s ❝♦rr❡t❛♠❡♥t❡ ❛tr❛✈és ❞❛ ❡r♦sã♦ I
′′
V AL ❞♦ ♠❛♣❛ ❞❡ ♣✐①❡❧s ✈á❧✐❞♦s I′V AL✳ ❏á ♣❛r❛ M = 4✱

✈❡r✐✜❝❛✲s❡ ❝❛s♦s ❞❡ ♣❡r❞❛ ❞❡ q✉❛❧✐❞❛❞❡ ❛♦ ✉t✐❧✐③❛r✲s❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ IAOi
′ ❡ IAOi

′′ ✭r❡s✉❧t❛❞♦s 3 ❡ 6✮✱

❡♠ r❡❧❛çã♦ ❛ ✉t✐❧✐③❛r s♦♠❡♥t❡ I
A
Oi

′ + I
B
O ✭r❡s✉❧t❛❞♦s 1 ❡ 4✮✱ ❡①❝❡t♦ ♣❛r❛ ❛s s❡q✉ê♥❝✐❛s ❇r❡❛❦❞❛♥❝❡rs

✭O1 ❡ O2✮✱ ▲♦✈❡❜✐r❞✶ ✭O1✮ ❡ ◆❡✇s♣❛♣❡r ✭O1✮✳ ■st♦ ✐♥❞✐❝❛ q✉❡ ♣❛r❛ M = 4✱ ❛ ❞❡❣r❛❞❛çã♦ ❞❡ I
B
O

❛t✐♥❣❡ ♥í✈❡✐s ❡♠ q✉❡ é ♠❡❧❤♦r ❛❝r❡s❝❡♥t❛r ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ❛❞✈✐♥❞❛s ❞❡ ✈❛❧♦r❡s ❞ú❜✐♦s ❞❡ ♠❛♣❛s

❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞♦ q✉❡ ♥ã♦ ❛❝r❡s❝❡♥t❛r ♥❛❞❛✳ ❉❡ q✉❛❧q✉❡r ♠❛♥❡✐r❛✱ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ I
A
Oi

′ ❡ I
A
Oi

′′

♥ã♦ r❡♣r❡s❡♥t❛ ✉♠❛ ❣r❛♥❞❡ ♣❡r❞❛ q✉❛♥❞♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ M = 4✳

✻✽



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✺✳✽✿ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ ❱❡♥✉s✳

❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ♥❡st❡ ❈❛♣ít✉❧♦ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r

♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳

✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✿ ✭❛✮ P❙◆❘✱ M = 2❀ ✭❜✮ ▼❙❙■▼✱ M = 2❀ ✭❝✮

P❙◆❘✱ M = 4❀ ✭❞✮ ▼❙❙■▼✱ M = 4✳ ❖s ♥ú♠❡r♦s 1− 3 ✐♥❞✐❝❛♠ ♦s ❣❛♥❤♦s ✉t✐❧✐③❛♥❞♦ ❛s ❞✐❢❡r❡♥t❡s

r❡❢❡rê♥❝✐❛s✿ ✭✶✮ IAO
′ + I

B
O❀ ✭✷✮ I

A
O
′′ + I

B
O❀ ✭✸✮ ÎO✳

❖ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ♥❡st❡ ❈❛♣ít✉❧♦ ❛♣r❡s❡♥t❛ ❣❛♥❤♦s s✐❣♥✐✜❝❛t✐✈♦s ♣❛r❛ ❛s s❡q✉ê♥❝✐❛s

s✐♥tét✐❝❛s✳ ❊♠ ♥❡♥❤✉♠ ❝❛s♦ ✈❡r✐✜❝♦✉✲s❡ ❛ ♣❡r❞❛ ❞❡ q✉❛❧✐❞❛❞❡✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ r❡❢❡rê♥❝✐❛ ✉t✐❧✐③❛❞❛✳

P♦ré♠✱ ❝♦♠♦ ❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s ❛♣r❡s❡♥t❛♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♠✉✐t♦ ♣r❡❝✐s♦s✱ ♦ ✉s♦ ❞♦

q✉❛❞r♦ I
A
O
′′ ♥ã♦ s❡ ♠♦str♦✉ tã♦ ❡✜❝❛③✳ P❛r❛ M = 2✱ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ I

A
O
′ ❡ I

A
O
′′ ❛♣r❡s❡♥t♦✉ ♠❛✐♦r

❣❛♥❤♦ ❡♠ ♠❡t❛❞❡ ❞❛s s❡q✉ê♥❝✐❛s✱ ❡ ♣❛r❛ M = 4✱ q✉❛tr♦ s❡q✉ê♥❝✐❛s ❢♦r❛♠ ❜❡♥❡✜❝✐❛❞❛s ❝♦♠ ❡st❛

❝♦♠❜✐♥❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✳ ➱ ✐♥t❡r❡ss❛♥t❡ ♥♦t❛r q✉❡ ♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❈♦♥❡s✱ ✈❡r✐✜❝♦✉✲s❡

✉♠❛ ♣❡r❞❛ ❞❡ q✉❛❧✐❞❛❞❡ ❛♦ ✉t✐❧✐③❛r ♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st♦ ♥♦ ❈❛♣ít✉❧♦ ❛♥t❡r✐♦r✳

✻✾



❆s ❋✐❣s✳ ✺✳✼ ❡ ✺✳✽ ❛♣r❡s❡♥t❛♠ ♦s ❣❛♥❤♦s ♠é❞✐♦s ♦❜t✐❞♦s ♣❡❧❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣❛r❛ ❛s s❡q✉ê♥❝✐❛s

P❛♥t♦♠✐♠❡ ❡ ❱❡♥✉s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ r❡♣r❡s❡♥t❛♥❞♦ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ tí♣✐❝♦ ♦❜t✐❞♦ ♣❛r❛ ❛s

❞❡♠❛✐s s❡q✉ê♥❝✐❛s✳

❆ ❋✐❣✳ ✺✳✾ ❛♣r❡s❡♥t❛ ❞❡t❛❧❤❡s ❞❛s ✈✐st❛s ❞❡❝✐♠❛❞❛ ❡ ✐♥t❡r♣♦❧❛❞❛✱ s✉♣❡r✲r❡s♦❧✈✐❞❛s ❡ ♦r✐❣✐♥❛❧

♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❇❛❧❧❡t✱ M = 2✳ ❆❧é♠ ❞❛ ❝❧❛r❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s ✐♠❛❣❡♥s I
B
O ❡ IO ✭❋✐❣s✳ ✺✳✾✭❛✮

❡ ✭❢✮✮✱ ♥♦t❛✲s❡ q✉❡ I
A
O1

′ + I
B
O ❛♣r❡s❡♥t❛ ✉♠ ❝♦♥t♦r♥♦ ❞❛ ❜❛✐❧❛r✐♥❛ ♣r♦❥❡t❛❞♦ ♥❛ ♣❛r❡❞❡✱ ❛❞✈✐♥❞♦ ❞❡

♠ás ♣r♦❥❡çõ❡s ❞♦s ♣✐①❡❧s ❞❛ ✈✐st❛ ❞❡ r❡❢❡rê♥❝✐❛ ✭❋✐❣✳ ✺✳✾✭❜✮✮✳ ❆tr❛✈és ❞❛ ❡r♦sã♦ ❞♦ ♠❛♣❛ ❞❡ ♣✐①❡❧s

✈á❧✐❞♦s✱ ❡st❡s ❛rt❡❢❛t♦s ❞❡s❛♣❛r❡❝❡♠✱ ❝♦♠♦ s❡ ♣♦❞❡ ✈❡r ♥❛ ❋✐❣✳ ✺✳✾✭❝✮✱ s❡♠ ♣❡r❞❡r ❞❡t❛❧❤❡s ❞❡ ❛❧t❛

❢r❡q✉ê♥❝✐❛ ♥♦ r♦st♦ ❞❛ ❜❛✐❧❛r✐♥❛✱ ♣♦r ❡①❡♠♣❧♦✳

❆ ❋✐❣✳ ✺✳✶✵ ❛♣r❡s❡♥t❛ ❞❡t❛❧❤❡s ❞❛s ✈✐st❛s ❞❡❝✐♠❛❞❛ ❡ ✐♥t❡r♣♦❧❛❞❛✱ s✉♣❡r✲r❡s♦❧✈✐❞❛s ❡ ♦r✐❣✐♥❛❧

♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❱❡♥✉s✱ M = 2✳ ❆♣❡s❛r ❞❡ ❛ s❡q✉ê♥❝✐❛ s❡r s✐♥tét✐❝❛✱ ❛✐♥❞❛ s❡ ❡♥❝♦♥tr❛♠ ♣❡q✉❡♥♦s

❡rr♦s ♥♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✱ ❞❡✈✐❞♦ ❛♦ ❛rr❡❞♦♥❞❛♠❡♥t♦ ❞♦s ✈❛❧♦r❡s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♥❛

r❡♣r❡s❡♥t❛çã♦ ♣♦r ✽ ❜✐ts✱ ♦ q✉❡ s❡ r❡✢❡t❡ ♥♦ s✉r❣✐♠❡♥t♦ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞✐❛❣♦♥❛❧ ✐♥❞❡✈✐❞❛ à ❡sq✉❡r❞❛

❞❛ ❝❡♥❛✱ ❝♦♠♦ s❡ ♣♦❞❡ ✈❡r ♥❛ ❋✐❣✳ ✺✳✶✵✭❜✮✳ ❖s q✉❛❞r♦s I
A
O
′′ + I

B
O ❡ ÎO ✭❋✐❣s✳ ✺✳✶✵✭❝✮ ❡ ✭❞✮✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✮ ❡❧✐♠✐♥❛♠ ♣❛rt❡ ❞❡st❛ ❧✐♥❤❛ ❞✐❛❣♦♥❛❧✱ ♠❛s ♥ã♦ ❝♦♠♣❧❡t❛♠❡♥t❡✳

❆ ❋✐❣✳ ✺✳✶✶ ❛♣r❡s❡♥t❛ ✉♠❛ s♦❜r❡♣♦s✐çã♦ ❞♦s q✉❛❞r♦s I′V AL ❡ I
′
O|R✱ ❡ ❞♦s q✉❛❞r♦s I′′V AL ❡ I

′′
O|R✳

◆❛s ❋✐❣s✳ ✺✳✶✶✭❛✮ ❡ ✭❝✮✱ ♦ ♠❛♣❛ ❞❡ ♣✐①❡❧s ✈á❧✐❞♦s ❛✐♥❞❛ ♥ã♦ ❢♦✐ ❡r♦❞✐❞♦✱ ❡ ♥❛s ❋✐❣s✳ ✺✳✶✶✭❜✮ ❡ ✭❞✮✱

❡❧❡ ❢♦✐ ❡r♦❞✐❞♦✱ r❡t✐r❛♥❞♦ ♣r♦❥❡çõ❡s ✐♥❞❡✈✐❞❛s✱ ❝♦♠♦ ❛q✉❡❧❛s ✈✐st❛s ♥❛s ❋✐❣s✳ ✺✳✾✭❝✮ ❡ ✺✳✶✵✭❝✮✳

❆s ❋✐❣s✳ ✺✳✶✷ ❡ ✺✳✶✸ ❛♣r❡s❡♥t❛♠ ❞❡t❛❧❤❡s ❞❛s ✈✐st❛s ♦r✐❣✐♥❛❧✱ ❞❡❝✐♠❛❞❛ ❡ ✐♥t❡r♣♦❧❛❞❛ ❡ s✉♣❡r✲

r❡s♦❧✈✐❞❛ ♣❛r❛ ❛s s❡q✉ê♥❝✐❛s P❛♥t♦♠✐♠❡ ❡ P♦st❡r✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣❛r❛ M = 4✱ ❞❡♠♦♥str❛♥❞♦ ❛

❡✈✐❞❡♥t❡ ♠❡❧❤♦r❛ ❡♠ q✉❛❧✐❞❛❞❡ ♦❜t✐❞❛ ❛tr❛✈és ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st♦✳

✺✳✹✳✷ ❚❡st❡s ❝♦♠ ❝♦❞✐✜❝❛çã♦ ❍✳✷✻✹✴❆❱❈

❆ss✐♠ ❝♦♠♦ ♥❛ ❙❡çã♦ ✹✳✹✳✷✱ ♦ ❛❧❣♦r✐t♠♦ ❞❡st❡ ❈❛♣ít✉❧♦ ❢♦✐ ❛♣❧✐❝❛❞♦ às ♠❡s♠❛s s❡q✉ê♥❝✐❛s ❛♣ós

❡st❛s s❡r❡♠ ❝♦❞✐✜❝❛❞❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ ✭❋✐❣✳ ✺✳✶✮✱ ❛ ✜♠ ❞❡ ❛✈❛❧✐❛r s❡✉ ❞❡s❡♠♣❡♥❤♦ ❡♠ ✉♠❛

s✐t✉❛çã♦ ♣rát✐❝❛✳ ❆♣❧✐❝♦✉✲s❡ ❛s s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s✿

• ❚♦❞❛s ❛s s❡q✉ê♥❝✐❛s ❢♦r❛♠ ❝♦❞✐✜❝❛❞❛s s❡♣❛r❛❞❛♠❡♥t❡ ✉t✐❧✐③❛♥❞♦ ♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈ ❡♠

♠♦❞♦ ■♥tr❛✱ ✐♥❝❧✉✐♥❞♦ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳ ❖s q✉❛❞r♦s IRi✱ DRi ❡ DO ❢♦r❛♠

❝♦❞✐✜❝❛❞♦s ❡♠ r❡s♦❧✉çã♦ ♥♦r♠❛❧✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❚❛❜❡❧❛ ✺✳✶✱ ❡ ♦ q✉❛❞r♦ IO ❢♦✐ ❝♦❞✐✜❝❛❞♦

❡♠ r❡s♦❧✉çã♦ ✐♥❢❡r✐♦r ✭IDO✮✱ ✉t✐❧✐③❛♥❞♦ ❛ ❞❡❝✐♠❛çã♦ ♣♦r M = 2 ❡ M = 4✳

• ❆♣❧✐❝♦✉✲s❡ ♦s ♠❡s♠♦ ✈❛❧♦r❡s QP = {22, 27, 32, 37} ❛♦s ♣❛râ♠❡tr♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✱

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

✉t✐❧✐③❛çã♦ ❞♦s ♠❡s♠♦s ♣❛râ♠❡tr♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ♣❛r❛ ❛ ❧✉♠✐♥â♥❝✐❛ ❡ ♣❛r❛ ❛ ♣r♦❢✉♥❞✐❞❛❞❡

❞❛s s❡q✉ê♥❝✐❛s ♦❢❡r❡❝❡ r❡s✉❧t❛❞♦s ❛❞❡q✉❛❞♦s ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ❬✶✼❪✳

• P❛r❛ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s t❡st❛❞❛s✱ ♠❡❞✐✉✲s❡ ❛ ♠é❞✐❛ q✉❛❞r♦✲❛✲q✉❛❞r♦ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡

▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞❡ IBO✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ à ✈❡rsã♦ ✐♥t❡r♣♦❧❛❞❛ ❞❡ I
D
O ❛♣ós ❛ ❝♦❞✐✜❝❛çã♦✱

❡ ❞❛s ✈❡rsõ❡s s✉♣❡r✲r❡s♦❧✈✐❞❛s ❞❡ I
B
O✳

✼✵



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮ ✭❢✮

❋✐❣✉r❛ ✺✳✾✿ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❇❛❧❧❡t✱ ✈✐st❛ 1✱ q✉❛❞r♦ 0✱ M = 2✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 33, 65 ❞❇ ✴

▼❙❙■▼×100 = 94, 40✪✮❀ ✭❜✮ IAO1
′ + I

B
O ✭36, 35 ❞❇ ✴ 95, 88✪✮❀ ✭❝✮ IAO1

′′ + I
B
O ✭36, 23 ❞❇ ✴ 95, 96✪✮❀

✭❞✮ ÎO1 ✭36, 42 ❞❇ ✴ 96, 14✪✮❀ ✭❡✮ ÎO ✭37, 57 ❞❇ ✴ 96, 92✪✮❀ ✭❢✮ IO✳

• ❆ t❛①❛ ❝♦♥s✐❞❡r❛❞❛ ❢♦✐ ✐❣✉❛❧ à s♦♠❛ ❞❡ t♦❞❛ ❛rq✉✐t❡t✉r❛✳ ❆ss✐♠✱ ❝♦♥s✐❞❡r❛✲s❡ ♥♦✈❛♠❡♥t❡

✉♠ ❝❡♥ár✐♦ ❞❡ ❢r❡❡✲✈✐❡✇♣♦✐♥t t❡❧❡✈✐s✐♦♥✱ ❡♠ q✉❡ ♦ ✉s✉ár✐♦ s❡❧❡❝✐♦♥❛ ❛ss✐st✐r à ✈✐st❛ ❡♠

❝♦♥s✐❞❡r❛çã♦✱ ❚❛❜❡❧❛ ✺✳✶✳ ❆ ♠❡s♠❛ t❛①❛ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ t❛♥t♦ ♣❛r❛ ♦s q✉❛❞r♦s ✐♥t❡r♣♦❧❛❞♦s

✼✶



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮

❋✐❣✉r❛ ✺✳✶✵✿ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❱❡♥✉s✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✱ M = 2✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 28, 47 ❞❇

✴ ▼❙❙■▼×100 = 86, 24✪✮❀ ✭❜✮ IAO
′ + I

B
O ✭35, 81 ❞❇ ✴ 97, 40✪✮❀ ✭❝✮ IAO

′′ + I
B
O ✭35, 50 ❞❇ ✴ 97, 40✪✮❀

✭❞✮ ÎO ✭35, 74 ❞❇ ✴ 97, 44✪✮❀ ✭❡✮ IO✳

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

✐♥❢♦r♠❛çã♦ ❡①tr❛ ❛❧é♠ ❞♦s q✉❛❞r♦s ❡♠ r❡s♦❧✉çã♦ ❝♦♠♣❧❡t❛ ❡ ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳

• ❆ ♣❛rt✐r ❞❡st❡s ✈❛❧♦r❡s ❞❡ P❙◆❘✱ ▼❙❙■▼ ❡ t❛①❛✱ ❢♦r❛♠ ♠❡❞✐❞♦s ♦s ❣❛♥❤♦s ♠é❞✐♦s ❬✻✷❪ ❡♠

t❡r♠♦s ❞❡ P❙◆❘ ❡ ▼❙❙■▼ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠

❜❛✐①❛ r❡s♦❧✉çã♦✱ ✉t✐❧✐③❛♥❞♦ t❛♥t♦ ❝❛❞❛ r❡❢❡rê♥❝✐❛ ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡ q✉❛♥t♦ t♦❞❛s ❝♦♠❜✐♥❛❞❛s✳

✼✷



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✺✳✶✶✿ ❉❡t❛❧❤❡s ❞♦s ♣✐①❡❧s ❛❞✈✐♥❞♦s ❞❡ ✈❛❧♦r❡s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✈á❧✐❞♦s✿ ✭❛✮ I
′
V AL ❡ I

′
O|R

s♦❜r❡♣♦st♦s ♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❱❡♥✉s✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0❀ ✭❜✮ I′′V AL ❡ I
′′
O|R s♦❜r❡♣♦st♦s ♣❛r❛ ❛ ♠❡s♠❛

s❡q✉ê♥❝✐❛❀ ✭❝✮ I′V AL ❡ I
′
O|R s♦❜r❡♣♦st♦s ♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❇❛❧❧❡t✱ ✈✐st❛ 1✱ q✉❛❞r♦ 1❀ ✭❞✮ I′′V AL ❡ I

′′
O|R

s♦❜r❡♣♦st♦s ♣❛r❛ ❛ ♠❡s♠❛ s❡q✉ê♥❝✐❛✳

• ❖ s♦❢t✇❛r❡ ❞❡ r❡❢❡rê♥❝✐❛ ❏▼ ✶✼✳✷ ♣❛r❛ ♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈ ❢♦✐ ✉t✐❧✐③❛❞♦ ❬✻✶❪✳

• ❯t✐❧✐③♦✉✲s❡ ✉♠ ❜❧♦❝♦ ❞❡ t❛♠❛♥❤♦ 16× 16 ♣❛r❛ ❛ ❝♦♠❜✐♥❛r ❛s ❡st✐♠❛t✐✈❛s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✳

• ❖s ❣❛♥❤♦s ♠é❞✐♦s ❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ s♦❜r❡ à ✐♥t❡r♣♦❧❛çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥♦ ❆♥❡①♦

■✱ ❚❛❜❡❧❛s ■✳✶✸ ❛ ■✳✶✻✱ q✉❡ s❡ ❞✐❢❡r❡♥❝✐❛♠ ♣❡❧♦ t✐♣♦ ❞❡ s❡q✉ê♥❝✐❛ t❡st❛❞❛ ✭r❡❛❧ ♦✉ s✐♥tét✐❝❛✮✱

♣❡❧♦ t✐♣♦ ❞❡ ♠❡❞✐❞❛ ❞❡ q✉❛❧✐❞❛❞❡ ❡♠♣r❡❣❛❞❛ ✭♠é❞✐❛s ❞❡ P❙◆❘ ♦✉ ▼❙❙■▼✮ ❡ ♣❡❧♦ ❢❛t♦r ❞❡

❞❡❝✐♠❛çã♦ ❡ ✐♥t❡r♣♦❧❛çã♦ ✉t✐❧✐③❛❞♦ ✭M = 2 ♦✉ M = 4✮✳

❱❡r✐✜❝❛✲s❡ q✉❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ♣r♦♣✐❝✐❛ ♦s ♠❛✐♦r❡s ❣❛♥❤♦s ❡♠ P❙◆❘ ❡

▼❙❙■▼ ♣❛r❛ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ ♠❛s ♥ã♦ ♣❛r❛ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s✳ ❚♦❞❛s ❛s

✼✸



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮ ✭❢✮

❋✐❣✉r❛ ✺✳✶✷✿ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ P❛♥t♦♠✐♠❡✱ ✈✐st❛ 39✱ q✉❛❞r♦ 0✱ M = 4✿ ✭❛✮ I
B
O ✭P❙◆❘ ❂

28, 53 ❞❇ ✴ ▼❙❙■▼×100 = 93, 01✪✮❀ ✭❜✮ IAO1
′ + I

B
O ✭35, 77 ❞❇ ✴ 96, 87✪✮❀ ✭❝✮ IAO1

′′ + I
B
O ✭33, 95 ❞❇

✴ 96, 37✪✮❀ ✭❞✮ ÎO1 ✭35, 36 ❞❇ ✴ 96, 76✪✮❀ ✭❡✮ ÎO ✭36, 05 ❞❇ ✴ 97, 09✪✮❀ ✭❢✮ IO✳

s❡q✉ê♥❝✐❛s ❛♣r❡s❡♥t❛r❛♠ ❣❛♥❤♦ ❞❡ q✉❛❧✐❞❛❞❡✱ ❡①❝❡t♦ ♣❛r❛ ❛ ▼❙❙■▼ ❞♦s q✉❛❞r♦s I
A
O1

′ ❡ I
A
O1

′′ ❞❡

❇r❡❛❦❞❛♥❝❡rs ❡ ❞❡ ◆❡✇s♣❛♣❡r✱ q✉❛♥❞♦ M = 2✱ r❡s✉❧t❛❞♦s 1 ❡ 2✳ ❊♠ r❡❧❛çã♦ ❛♦ ✉s♦ ❞❡ s♦♠❡♥t❡ ✉♠

✼✹



q✉❛❞r♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛✱ ✈❡r✐✜❝❛✲s❡ q✉❡ Î′Oi ✭r❡s✉❧t❛❞♦s 1 ❡ 4✮ ♥❡♠ s❡♠♣r❡ ♣♦ss✉✐ ♠❡❧❤♦r q✉❛❧✐❞❛❞❡

❞♦ q✉❡ Î
′′
Oi ✭r❡s✉❧t❛❞♦s 2 ❡ 5✮✱ ❡ q✉❡ ♣❛r❛ M = 2 ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ❛♠❜♦s ✭r❡s✉❧t❛❞♦s 3 ❡ 6✮ ♦❢❡r❡❝❡

♠❡❧❤♦r❛ ❞❡ q✉❛❧✐❞❛❞❡ ❡♠ r❡❧❛çã♦ ❛ ❡st❡s q✉❛❞r♦s ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡✳

❆s ❋✐❣s✳ ✺✳✶✹ ❡ ✺✳✶✺ ❛♣r❡s❡♥t❛♠ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ t❡r♠♦s ❞❡

t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ❛s s❡q✉ê♥❝✐❛s P❛♥t♦♠✐♠❡ ❡ P♦st❡r✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊st❛s ❝✉r✈❛s sã♦

r❡♣r❡s❡♥t❛t✐✈❛s ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ tí♣✐❝♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ♣❛r❛ ❛s s❡q✉ê♥❝✐❛s t❡st❛❞❛s✳ ❆ss✐♠ ❝♦♠♦

♥❛ ❙❡çã♦ ✹✳✹✳✷✱ ✈❡r✐✜❝♦✉✲s❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♥í✈❡❧

❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❛♣❧✐❝❛❞♦ ❛♦s q✉❛❞r♦s ❞❡❝✐♠❛❞♦ ❡ ❞❡ r❡❢❡rê♥❝✐❛✳ ❆❧é♠ ❞✐ss♦✱ ❛s ❝✉r✈❛s ❞❡ t❛①❛✲

❞✐st♦rçã♦ ❜❛s❡❛❞❛s ❡♠ P❙◆❘ ❡ ❡♠ ▼❙❙■▼ ♥ã♦ ❛♣r❡s❡♥t❛r❛♠ ❝♦♠♣♦rt❛♠❡♥t♦s ✐❞ê♥t✐❝♦s✱ ❡ ❛❧❣✉♠❛s

s❡q✉ê♥❝✐❛s ❛♣r❡s❡♥t❛r❛♠ ♠❛✐♦r❡s ♠❡❧❤♦r❛s ❡♠ t❡r♠♦s ❞❡ P❙◆❘✱ ♠❛s ♥ã♦ ❡♠ ▼❙❙■▼✱ ❡ ✈✐❝❡✲✈❡rs❛✳

✼✺



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮

❋✐❣✉r❛ ✺✳✶✸✿ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ P♦st❡r✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✱ M = 4✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 22, 65 ❞❇ ✴

▼❙❙■▼×100 = 57, 59✪✮❀ ✭❜✮ Î′O ✭31, 93 ❞❇ ✴ 96, 34✪✮❀ ✭❝✮ Î′′O ✭31, 53 ❞❇ ✴ 96, 10✪✮❀ ✭❞✮ ÎO ✭31, 82

❞❇ ✴ 96, 28✪✮❀ ✭❡✮ IO✳

✼✻



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✺✳✶✹✿ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦✱ ✉t✐❧✐③❛♥❞♦

t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s✱ ❡ ♣❛r❛ ❛ ✐♥t❡r♣♦❧❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ P❛♥t♦♠✐♠❡✱ ✈✐st❛ 39✱ q✉❛❞r♦

1✿ ✭❛✮ t❛①❛ ❡ P❙◆❘✱ M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 3, 37 ❞❇✮❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 2 ✭❣❛♥❤♦ ♠é❞✐♦

❞❡ 0, 98✪✮❀ ✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 6, 75 ❞❇✮❀ ✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4 ✭❣❛♥❤♦

♠é❞✐♦ ❞❡ 6, 35✪✮✳

✼✼



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✺✳✶✺✿ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦✱ ✉t✐❧✐③❛♥❞♦

t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s✱ ❡ ♣❛r❛ ❛ ✐♥t❡r♣♦❧❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ P♦st❡r✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✿ ✭❛✮

t❛①❛ ❡ P❙◆❘✱ M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 4, 30 ❞❇✮❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 2 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡

14, 89✪✮❀ ✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4 ✭❣❛♥❤♦ ♠é❞✐♦ ❞❡ 5, 79 ❞❇✮❀ ✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4 ✭❣❛♥❤♦

♠é❞✐♦ ❞❡ 34, 12✪✮✳
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❈❛♣ít✉❧♦ ✻

❙✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠❛♣❛s ❞❡

♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦

✻✳✶ ■♥tr♦❞✉çã♦

❖ ❈❛♣ít✉❧♦ ❛♥t❡r✐♦r ❛♣r❡s❡♥t♦✉ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠

r❡s♦❧✉çã♦ ♠✐st❛ ❜❛s❡❛❞♦ ❡♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳ ❖ ❛❧❣♦r✐t♠♦ t❡♠ ♣♦r ❡♥tr❛❞❛ ✉♠❛ ✐♠❛❣❡♠ ❡♠

r❡s♦❧✉çã♦ r❡❞✉③✐❞❛ I
D
O ✱ V ✐♠❛❣❡♥s ❞❡ r❡❢❡rê♥❝✐❛ IRr ♥❛ r❡s♦❧✉çã♦ ♦r✐❣✐♥❛❧✱ r ∈ {1, ..., V }✱ ❡ ♠❛♣❛s

❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❝♦rr❡s♣♦♥❞❡♥t❡s DO ❡ DRr✱ t❛♠❜é♠ ♥❛ r❡s♦❧✉çã♦ ♦r✐❣✐♥❛❧✳ ❆ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ♦s

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ é ❝♦♥❢❡r✐❞❛ ❛ ✜♠ ❞❡ ❞❡t❡❝t❛r ♣♦ssí✈❡✐s ❡rr♦s✱ ❞❡✈✐❞♦s ❛ ♦❝❧✉sõ❡s✱ ✐♠♣r❡❝✐sõ❡s

❞❡ r❡♣r❡s❡♥t❛çã♦ ❡ ❡s❝❛❧♦♥❛♠❡♥t♦✳ ◆❡st❡ ❈❛♣ít✉❧♦✱ ❛♣r❡s❡♥t❛✲s❡ ❛ t❡r❝❡✐r❛ ❛rq✉✐t❡t✉r❛ ❞❡

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

sã♦ ❝♦❞✐✜❝❛❞♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✳ ❯♠❛ t❡r❝❡✐r❛ té❝♥✐❝❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ é ♣r♦♣♦st❛ ♣❛r❛

❡st❡s ♠❛♣❛s ♥❛ ❙❡çã♦ s❡❣✉✐♥t❡✱ q✉❡ sã♦ ♣♦st❡r✐♦r♠❡♥t❡ ✉t✐❧✐③❛❞♦s ♣❡❧♦ ♣r♦❝❡ss♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦

♣r♦♣♦st♦ ♥♦ ❈❛♣ít✉❧♦ ❛♥t❡r✐♦r✳ ◆♦✈❛♠❡♥t❡✱ r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s sã♦ ❛♣r❡s❡♥t❛❞♦s ♣❛r❛

s❡q✉ê♥❝✐❛s ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s r❡❛✐s ❡ s✐♥tét✐❝❛s✱ s❡♠ ❡ ❝♦♠ ❝♦❞✐✜❝❛çã♦ ♣❡❧♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈✳

✻✳✷ ❆rq✉✐t❡t✉r❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦

❈♦♠♦ ❢♦✐ ✈✐st♦ ♥❛ ❙❡çã♦ ✸✳✸✳✷✱ ♦ ❢❛t♦ ❞❡ ♣♦ss✉✐r❡♠ ❣r❛♥❞❡s ár❡❛s ♣❧❛♥❛s ❢❛③ ❝♦♠ q✉❡ ♠❛♣❛s

❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣♦ss❛♠ s❡r ❝♦❞✐✜❝❛❞♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❞❛❞♦ q✉❡ ❜♦❛ ♣❛rt❡ ❞♦s ♣✐①❡❧s

s❡rã♦ ♣♦st❡r✐♦r♠❡♥t❡ r❡❝✉♣❡r❛❞♦s ♥♦ ❞❡❝♦❞✐✜❝❛❞♦r ♣♦r ✉♠ s✐♠♣❧❡s ♣r♦❝❡ss♦ ❞❡ ✐♥t❡r♣♦❧❛çã♦✳ ❆

❝♦❞✐✜❝❛çã♦ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ♣❡r♠✐t❡ ✉♠❛ ❣r❛♥❞❡ r❡❞✉çã♦ ♥❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦✱ ❞❛❞♦ q✉❡

q✉❛❞r♦s ❡♠ r❡s♦❧✉çã♦ ♠❡♥♦r ♣♦ss✉❡♠ ♠❡♥♦r q✉❛♥t✐❞❛❞❡ ❞❡ ♣✐①❡❧s ❛ s❡r❡♠ ❝♦❞✐✜❝❛❞♦s✳ ❆ ♠❡s♠❛

✐❞❡✐❛ ❢♦✐ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❙❡çã♦ ✸✳✸✳✹✱ ♣♦ré♠ ❛♣❧✐❝❛❞❛ ❛ s❡q✉ê♥❝✐❛s ❞❡ ✈✐❞❡♦ ❡♠ ♠ú❧t✐♣❧❛ ✈✐st❛ ❛♦

✐♥✈és ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✱ ❡ ❝♦♠ ❛ r❡ss❛❧✈❛ ❞❡ q✉❡ ♥ã♦ ❤á ♣❡r❞❛ ❞❡ q✉❛❧✐❞❛❞❡ s✉❜❥❡t✐✈❛✱ ♠❛s

s✐♠ ♦❜❥❡t✐✈❛✳ ❖s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ t❛♠❜é♠ ❛♣r❡s❡♥t❛rã♦ ♣❡r❞❛ ❞❡ q✉❛❧✐❞❛❞❡ ♦❜❥❡t✐✈❛✱ ♠❛s

❞❡♣❡♥❞❡♥❞♦ ❞♦ ❝♦♥t❡ú❞♦ ❞♦ ♠❛♣❛✱ ❡st❛ ♣❡r❞❛ ♣♦❞❡rá ♥ã♦ s❡r s✐❣♥✐✜❝❛t✐✈❛✳

✼✾



❆ ❋✐❣✳ ✻✳✶ ✐❧✉str❛ ❛ ❛rq✉✐t❡t✉r❛ ♣r♦♣♦st❛✱ ❡♠ q✉❡ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ sã♦ ❝♦❞✐✜❝❛❞♦s

❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✳ ❆ss✐♠ ❝♦♠♦ ♥❛s ❙❡çõ❡s ✹✳✷ ❡ ✺✳✷✱ ❛s ✈✐st❛s ❝♦❞✐✜❝❛❞❛s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦

❞❡✈❡rã♦ s❡r ✐♥t❡r♣♦❧❛❞❛s ❞❡ ✈♦❧t❛ às s✉❛s r❡s♦❧✉çõ❡s ♦r✐❣✐♥❛✐s✳

❆ ❛rq✉✐t❡t✉r❛ ♣r❡s❡♥t❡ ❞❡st✐♥❛✲s❡ ❛ r❡❞✉③✐r ❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ❡ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❡

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

❛✉t♦❡st❡r❡♦s❝ó♣✐❝❛s ❡ ❢r❡❡✲✈✐❡✇♣♦✐♥t t❡❧❡✈✐s✐♦♥✳ ❆ té❝♥✐❝❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❛♣r❡s❡♥t❛❞❛ ♥❡st❡

❈❛♣ít✉❧♦ s❡r✐❛ ❡♠♣r❡❣❛❞❛ ❛ ✜♠ ❞❡ ♠❡❧❤♦r❛r ♦s ♠❛♣❛s q✉❡ s❡rã♦ ♣♦st❡r✐♦r♠❡♥t❡ ❡♠♣r❡❣❛❞♦s ♥❛

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

❢r❡❡✲✈✐❡✇♣♦✐♥t t❡❧❡✈✐s✐♦♥✳

❋✐❣✉r❛ ✻✳✶✿ ❆rq✉✐t❡t✉r❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❝♦♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ ❜❛✐①❛

r❡s♦❧✉çã♦✳

✻✳✸ ❙♦❧✉çã♦ ♣r♦♣♦st❛

❇❛s❡❛❞♦ ♥❛ ❛rq✉✐t❡t✉r❛ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❙❡çã♦ ❛♥t❡r✐♦r✱ ♥ã♦ é ♣♦ssí✈❡❧ ❛♣❧✐❝❛r ♦s ♣r♦❝❡ss♦s ❞❡

s✉♣❡r✲r❡s♦❧✉çã♦ ❞❛s ❙❡çõ❡s ✹✳✸ ♦✉ ✺✳✸ ❞✐r❡t❛♠❡♥t❡ ❛♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❝♦❞✐✜❝❛❞♦s ❡♠ ❜❛✐①❛

r❡s♦❧✉çã♦✱ ✈✐st♦ q✉❡ ♥ã♦ ❤á ♠❛♣❛s ❡♠ r❡s♦❧✉çã♦ ♥♦r♠❛❧ ♣❛r❛ s❡r✈✐r❡♠ ❞❡ r❡❢❡rê♥❝✐❛✳ ❆♦ ✐♥✈és ❞✐ss♦✱

✐♥tr♦❞✉③✲s❡ ✉♠❛ t❡r❝❡✐r❛ ❢♦r♠❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦✱ ❜❛s❡❛❞❛ ♥❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✐♠❛❣❡♥s✱

❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✷✳✹✳✶✳

❆ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❝♦♥s✐st❡ ❡♠ três ❡t❛♣❛s✿ ♣r♦❥❡çã♦ ❞❡ ♠❛♣❛s✱ ♣r❡❡♥❝❤✐♠❡♥t♦ ❞❡

❜✉r❛❝♦s ❡ ✜❧tr❛❣❡♠✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✳ ✻✳✷✳ ❆ s✉♣❡r✲r❡s♦❧✉çã♦ ❜❛s❡❛❞❛ ♥❛ ❝♦♠❜✐♥❛çã♦ ❞❡

♠ú❧t✐♣❧❛s ✐♠❛❣❡♥s ♣r❡ss✉♣õ❡ ♦ r❡❣✐str♦ ❞❡st❛ ✐♠❛❣❡♥s✱ ♠❛s ❡ss❛ ❡t❛♣❛ ♥ã♦ s❡ ❢❛③ ♥❡❝❡ssár✐❛✱ ❞❛❞♦

q✉❡ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ r❡♣r❡s❡♥t❛♠ ✐♥❞✐r❡t❛♠❡♥t❡ ♦ r❡❣✐str♦ ♣✐①❡❧ ✲❛✲♣✐①❡❧ ❡♥tr❡ ❡❧❡s✳ ❖s

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

✈✐st❛s ♣❛r❛ ♦ ♠❡s♠♦ ✐♥st❛♥t❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦✳ ◆❛s ❙❡çõ❡s ❛ s❡❣✉✐r✱ ❞❡✜♥❡✲s❡ ❛s três ❡t❛♣❛s ❞❛

s♦❧✉çã♦ ♣r♦♣♦st❛✳

✽✵



❋✐❣✉r❛ ✻✳✷✿ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ✉♠ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ D
D
O ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ✉t✐❧✐③❛♥❞♦ três

♠❛♣❛s DD
R1✱ D

D
R2 ❡ D

D
R3✱ t❛♠❜é♠ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✳

✻✳✸✳✶ Pr♦❥❡çã♦ ❞♦s ♠❛♣❛s

❙❡❣✉✐♥❞♦ ❛ ♥♦♠❡♥❝❧❛t✉r❛ ❞❡ ❈❛♣ít✉❧♦s ❛♥t❡r✐♦r❡s✱ t❡♠✲s❡ ✉♠ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❡❝✐♠❛❞♦

♥❛ j✲és✐♠❛ ✈✐st❛ ❡ k✲és✐♠♦ ✐♥st❛♥t❡✱ DD
j,k = D

D
O ✱ q✉❡ s❡rá ♣r♦❝❡ss❛❞♦✱ ❣❡r❛♥❞♦ ❛ ✈❡rsã♦ s✉♣❡r✲

r❡s♦❧✈✐❞❛ D̂O✳ ❆ ♣r✐♠❡✐r❛ ❡t❛♣❛ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❝♦♥s✐st❡ ❡♠ ♣r♦❥❡t❛r ❝♦♥s✐st❡♥t❡♠❡♥t❡ ♣❛r❛ ❛

✈✐st❛ O ♦s ♠❛♣❛s ❞❡❝✐♠❛❞♦s ❞❛s ✈✐st❛s ❛❞❥❛❝❡♥t❡s DD
Rr✱ r ∈ {1, ..., V }✱ t❛♠❜é♠ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱

❛❝r❡s❝❡♥t❛♥❞♦ ♥♦✈❛s ✐♥❢♦r♠❛çõ❡s ❛♦ ♠❛♣❛ D
D
O ✳

❙❡❣✉✐♥❞♦ ❛s ❊qs✳ ✸✳✹ ❛ ✸✳✼✱ ♦s ♣✐①❡❧s ❞♦ ♠❛♣❛ D
D
Rr sã♦ ♣r♦❥❡t❛❞♦s ♣❛r❛ ❛ ✈✐st❛ O✱ ✉t✐❧✐③❛♥❞♦ ♦

t❡st❡ ❞❡ ❝♦♥s✐stê♥❝✐❛ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✺✳✸✳✶✱ ❋✐❣✳ ✺✳✸✳ ❚♦❞❛✈✐❛✱ ❛ ♣r♦❥❡çã♦ ♣r♦♣♦st❛ é ❞✐r❡t❛✱

❞✐❢❡r❡♥t❡ ❞❛ ♣r♦❥❡çã♦ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❙❡çã♦ ✺✳✸✳✶✱ q✉❡ é r❡✈❡rs❛✳ ■st♦ ❛❝♦♥t❡❝❡ ♣♦rq✉❡ ♥❛q✉❡❧❡ ❝❛s♦

♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❥á s❡ ❡♥❝♦♥tr❛♠ ❡♠ ❛❧t❛ r❡s♦❧✉çã♦✱ ❡ ♦ q✉❡ s❡ ❞❡s❡❥❛ ❝♦♥❤❡❝❡r é ❛ ♣♦s✐çã♦

(u′, v′) ♥❛ ✈✐st❛ ❞❡ r❡❢❡rê♥❝✐❛ R ❝♦rr❡s♣♦♥❞❡♥t❡ à ♣♦s✐çã♦ (u, v) ♥❛ ✈✐st❛ O✳ ◆♦ ♠ét♦❞♦ ♣r♦♣♦st♦

♥❡st❛ ❙❡çã♦✱ ❞❡s❡❥❛✲s❡ ♦ ♦♣♦st♦✱ ✐st♦ é✱ ♣r♦❥❡t❛r ❛ ♣♦s✐çã♦ (u, v) ♥❛ ✈✐st❛ Rr à ♣♦s✐çã♦ (u′, v′) ♥❛

✈✐st❛ O✱ ❛ ✜♠ ❞❡ ❛❝r❡s❝❡♥t❛r ✐♥❢♦r♠❛çã♦ ❞❡ ❢r❛çã♦ ❞❡ ♣✐①❡❧ ❛ D
D
O ✳

❈❛❞❛ ♣✐①❡❧ DD
Rr(mRi) = DD

Rr(u, v) q✉❡ ♣❛ss❛ ♥♦ t❡st❡ ❞❡ ❝♦♥s✐stê♥❝✐❛ ❝♦♠ ♦ ♠❛♣❛ D
D
O é

♣r♦❥❡t❛❞♦ ♣❛r❛ ✉♠❛ ♣♦s✐çã♦ m
′
Ri = (u′, v′, 1)T ♥❛ ✈❡rsã♦ ❞❡❝✐♠❛❞❛ D

D
O ❞❛ ✈✐st❛ O✱ ❡ ♣❛r❛ ❛ ♣♦s✐çã♦

m
′′
Ri = (Mu′,Mv′, 1)T ♥❛ ✈❡rsã♦ ✐♥t❡r♣♦❧❛❞❛ D

I
O ❞❛ ♠❡s♠❛ ✈✐st❛ ✭♦♥❞❡ M é ♦ ❢❛t♦r ❞❡ ❞❡❝✐♠❛çã♦

❡ ✐♥t❡r♣♦❧❛çã♦✮✳ ❙❡♥❞♦ ❛ss✐♠✱ q✉❛✐sq✉❡r ♣♦s✐çõ❡s ✐♥t❡✐r❛s {mO1,mO2,mO3,mO4} ❡♠ D
I
O t❡rã♦

✉♠❛ ♥✉✈❡♠ ❞❡ C ❝❛♥❞✐❞❛t♦s ♣ró①✐♠♦s✱ ❞❡♥♦♠✐♥❛❞♦s {m′′
R1, ...,m

′′
RC}✱ ♦♥❞❡ ‖mOi −m

′′
Rr‖ < 1, i ∈

{1, 2, 3, 4}, r ∈ {1, ..., C}✳ ❆ ❋✐❣✳ ✻✳✸ ✐❧✉str❛ ♦ ❝❛s♦ ♣❛r❛ três ❝❛♥❞✐❞❛t♦s ✭C = 3✮✳

❆ ✐♥t❡r♣♦❧❛çã♦ ❞❛ ♥✉✈❡♠ ❞❡ ❝❛♥❞✐❞❛t♦s s❡❣✉❡ ❛ ♣♦♥❞❡r❛çã♦ ♣❡❧♦ ✐♥✈❡rs♦ ❞❛ ❞✐stâ♥❝✐❛ q✉❛❞rát✐❝❛✱

q✉❡ ♦❢❡r❡❝❡ r❡s✉❧t❛❞♦s ❡♠♣ír✐❝♦s s❛t✐s❢❛tór✐♦s ❡ s✐♠♣❧✐✜❝❛ ♦s ❝á❧❝✉❧♦s ❡♠ r❡❧❛çã♦ ❛ ♦✉tr♦s ❡①♣♦❡♥t❡s

♣❛r❛ ❛ ❞✐stâ♥❝✐❛ ❬✻✸❪✳ P❛r❛ ❛s q✉❛tr♦ ♣♦s✐çõ❡s ✐♥t❡✐r❛s {mO1,mO2,mO3,mO4} ❡♠ D
I
O✱ ♦ ✈❛❧♦r ❞❛

✐♥t❡r♣♦❧❛çã♦ é ❞❛❞❛ ♣♦r✿

✽✶



❋✐❣✉r❛ ✻✳✸✿ ◆✉✈❡♠ ❞❡ três ♣♦♥t♦s {m′′
R1,m

′′
R2,m

′′
R3} ♣r♦❥❡t❛❞♦s ❞❡ ♣♦s✐çõ❡s {mR1,mR2,mR3} ❡♠

✈✐st❛s ❛❞❥❛❝❡♥t❡s✳ {mO1,mO2,mO3,mO4} r❡♣r❡s❡♥t❛♠ ♣♦s✐çõ❡s ✐♥t❡✐r❛s ♣ró①✐♠❛s ♥❛ ✈✐st❛ O✳

DI
O(mOi) =

C
∑

r=1

dr,iD
D
Rr(mRr)

C
∑

r=1

dr,i

dr,i = ‖mOi −m
′′
Rr‖

−2

. ✭✻✳✶✮

◆♦t❡ q✉❡ ♦s ♣✐①❡❧s ❞❡ DD
O (u, v) ❝♦rr❡s♣♦♥❞❡♠ ❞✐r❡t❛♠❡♥t❡ ❛♦s ♣✐①❡❧s DI

O(Mu,Mv)✱ ❝♦♠♦ ✐♥❞✐❝❛ ❛

❊q✳ ✷✳✽✳ ◆❡ss❡s ❝❛s♦s✱ ❛ ❊q✳ ✻✳✶ ♥ã♦ é ❛♣❧✐❝❛❞❛✱ ♣♦✐s dr,i → ∞✱ ❡ DI
O(Mu,Mv) = DD

O (u, v)✳

✻✳✸✳✷ Pr❡❡♥❝❤✐♠❡♥t♦ ❞❡ ❜✉r❛❝♦s

❖ ♣r♦❝❡ss♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ❛♥t❡r✐♦r ♥ã♦ ❣❛r❛♥t❡ q✉❡ t♦❞♦s ♦s ♣✐①❡❧s ❞❡ D
I
O s❡rã♦

♣r❡❡♥❝❤✐❞♦s✱ ♣♦✐s ♥❡♠ t♦❞♦s ♦s ♣✐①❡❧s ❞❡ D
D
Rr ♣❛ss❛♠ ♣❡❧♦s t❡st❡ ❞❡ ❝♦♥s✐stê♥❝✐❛ ❝♦♠ D

D
O ✳ ❖s

♣✐①❡❧s DI
O(u, v) ♥ã♦ ♣r❡❡♥❝❤✐❞♦s ♥❛ ❡t❛♣❛ ❛♥t❡r✐♦r sã♦ ❡♥tã♦ s✉❜st✐t✉í❞♦s ♣♦r DB

O(u, v)✱ q✉❡ é ❛

✈❡rsã♦ ✐♥t❡r♣♦❧❛❞❛ ❞❡ D
D
O ✳ ❉❡st❛ ♠❛♥❡✐r❛✱ ❣❡r❛✲s❡ ♦ ♠❛♣❛ D

C
O✱ q✉❡ r❡♣r❡s❡♥t❛ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡

D
D
O ✱ D

B
O ❡ D

D
Rr✳

✻✳✸✳✸ ❋✐❧tr❛❣❡♠ ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡

❆ ❙❡çã♦ ✸✳✷✳✷ ❛♣r❡s❡♥t♦✉ ❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ❜ás✐❝❛s ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✱ t❛✐s ❝♦♠♦

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

❇✉s❝❛♥❞♦ t❛✐s ❝❛r❛❝t❡ríst✐❝❛s✱ ♣r♦❝✉r❛✲s❡ ✜❧tr❛r ♦ ♠❛♣❛ ❛❞✈✐♥❞♦ ❞❛ ❡t❛♣❛ ❛♥t❡r✐♦r✳

❯♠ ✜❧tr♦ s✐♠♣❧❡s q✉❡ ♠❛♥té♠ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❝✐t❛❞❛s é ♦ ✜❧tr♦ ❞❡ ♠❡❞✐❛♥❛✳ ❆ss✐♠ ❝♦♠♦ ♦

✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s✱ ❡❧❡ s✉❛✈✐③❛ ár❡❛s ♣❧❛♥❛s r✉✐❞♦s❛s✱ ♠❛s ❛♦ ❝♦♥trár✐♦ ❞♦ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s✱ ❡❧❡

♥ã♦ ❜♦rr❛ ❛s ❜♦r❞❛s ❞❡ ♦❜❥❡t♦s✳ ❯♠❛ ✐♠❛❣❡♠ I ✜❧tr❛❞❛ ♣❡❧❛ ♠❡❞✐❛♥❛ I
MED é ❞❛❞❛ ♣♦r✿
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IMED(u, v) = ♠❡❞✐❛♥❛(I(uj ,vj))

uj = {u− w, u− w + 1, ..., u+ w − 1, u+ w}

vj = {v − w, v − w + 1, ..., v + w − 1, v + w}

w = (bl − 1)/2

, ✭✻✳✷✮

♦♥❞❡ bl é ♦ t❛♠❛♥❤♦ ❞♦ ❜❧♦❝♦ ❝♦♠ ♦ q✉❛❧ ❛ ✜❧tr❛❣❡♠ ❞❡ ♠❡❞✐❛♥❛ é ❛♣❧✐❝❛❞❛✳ ❆ss✐♠✱ ❝❛❞❛ ♣✐①❡❧

❡♠ I
MED é ❞❛❞♦ ♣❡❧❛ ♠❡❞✐❛♥❛ ❞♦s ♣✐①❡❧s ❞❛ ✐♠❛❣❡♠ ♦r✐❣✐♥❛❧ ❡♠ ✉♠❛ ❥❛♥❡❧❛ ❡♠ ✈♦❧t❛ ❞❛ ♣♦s✐çã♦

❛t✉❛❧✳ ❙❡ bl ❢♦r í♠♣❛r✱ IMED ♥ã♦ ♣♦ss✉✐rá ✈❛❧♦r❡s ✐♥❡①✐st❡♥t❡s ❡♠ I✱ ❥á q✉❡ ❛ ♠❡❞✐❛♥❛ s✐♠♣❧❡s♠❡♥t❡

♦r❞❡♥❛ ♦s ♣✐①❡❧s ❡ ❡s❝♦❧❤❡ ❛q✉❡❧❡ ❧♦❝❛❧✐③❛❞♦ ♥❛ ♣♦s✐çã♦ ❝❡♥tr❛❧ ❞♦ ✈❡t♦r ❞❡ ♦r❞❡♥❛çã♦✳ ❙❡♥❞♦ ❛ss✐♠✱

s❡ ♦ ✜❧tr♦ ❞❡ ♠❡❞✐❛♥❛ ❢♦r ❛♣❧✐❝❛❞♦ ❛ ✉♠ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✱ ❛s r❡❣✐õ❡s ♣❧❛♥❛s q✉❡ ❢♦r❡♠ r✉✐❞♦s❛s

t❡rã♦ ♠❡♥♦s r✉í❞♦ ❛❞✐❝✐♦♥❛❞♦✱ ❡ ❛s ❜♦r❞❛s ❞♦s ♦❜❥❡t♦s ♥ã♦ s❡rã♦ ❜♦rr❛❞❛s✳

❆ ú❧t✐♠❛ ❡t❛♣❛ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❝♦♥s✐st❡ ❡♠ ♣❛ss❛r ♦ ♠❛♣❛ D
C
O ♣♦r ✉♠ ✜❧tr♦ ❞❡ ♠❡❞✐❛♥❛✱

❣❡r❛♥❞♦ ❛ ✈❡rsã♦ s✉♣❡r✲r❡s♦❧✈✐❞❛ D̂O✳

✻✳✹ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

❆ ✜♠ ❞❡ ❛✈❛❧✐❛r ♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st♦ ♥❡st❡ ❈❛♣ít✉❧♦✱ ♠❡❞✐✉✲s❡ ❛ q✉❛❧✐❞❛❞❡ ❞♦s

q✉❛❞r♦s IDO s✉♣❡r✲r❡s♦❧✈✐❞♦s ❝♦♠ ❞✐❢❡r❡♥t❡s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣ré✲♣r♦❝❡ss❛❞♦s✳ ❆ q✉❛❧✐❞❛❞❡

❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ s✐ ♥ã♦ é tã♦ ✐♠♣♦rt❛♥t❡✱ ❞❛❞♦ q✉❡ ❡❧❡s ♥ã♦ sã♦ ♦ ♣r♦❞✉t♦ ✜♥❛❧

❞❡ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s✱ ❡ s✐♠ ❛s ✐♠❛❣❡♥s ÎO ❡ IRi✳ ❋♦r❛♠ ✉t✐❧✐③❛❞❛s ❛s ♠❡s♠❛s

s❡q✉ê♥❝✐❛s ❛♣r❡s❡♥t❛❞❛s ♥❛s ❙❡çõ❡s ✹✳✹ ❡ ✺✳✹✱ ❝♦♠ ❡ s❡♠ ❝♦❞✐✜❝❛çã♦ ❍✳✷✻✹✴❆❱❈✳ ❖s q✉❛❞r♦s ❞❡

r❡❢❡rê♥❝✐❛ ❞✐s♣♦♥í✈❡✐s sã♦ ♦s ♠❡s♠♦s ❞❛ ❚❛❜❡❧❛ ✺✳✶✳

❆ ✜♠ ❞❡ ❛✈❛❧✐❛r ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s ❡t❛♣❛s ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ✭❙❡çõ❡s ✻✳✸✳✶✱ ✻✳✸✳✷

❡ ✻✳✸✳✸✮✱ ❢♦r❛♠ t❡st❛❞♦s ❞✐❢❡r❡♥t❡s ♣r♦❝❡ss❛♠❡♥t♦s ♣❛r❛ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✱ ❛ s❛❜❡r✿

• Dr✿ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ r❡s♦❧✉çã♦ ❝♦♠♣❧❡t❛ ✭♦ ❡q✉✐✈❛❧❡♥t❡ à ❛rq✉✐t❡t✉r❛ ❞♦ ❈❛♣ít✉❧♦

✺✮❀

• D
B
r ✿ ♠❛♣❛s Dr ❞❡❝✐♠❛❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s❀

• D
B,MED
r ✿ DB

r ✜❧tr❛❞♦ ♣❡❧❛ ♠❡❞✐❛♥❛❀

• D̂r1✿ D
B
r ♠✉t✉❛♠❡♥t❡ s✉♣❡r✲r❡s♦❧✈✐❞♦s ❝♦♠ ✉♠❛ r❡❢❡rê♥❝✐❛ ✭♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡st❡

❈❛♣ít✉❧♦✮❀

• D̂r✿ D
B
r ♠✉t✉❛♠❡♥t❡ s✉♣❡r✲r❡s♦❧✈✐❞♦s ❝♦♠ t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ✭♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡st❡

❈❛♣ít✉❧♦✮✳

❉❛❞❛ ❛ ❡♥♦r♠❡ q✉❛♥t✐❞❛❞❡ ❞❡ r❡s✉❧t❛❞♦s ❣❡r❛❞♦s✱ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ❞❡ q✉❛❧✐❞❛❞❡

♦❜❥❡t✐✈❛ ❞❡ ÎO ♣❛r❛ ❝❛❞❛ s❡q✉ê♥❝✐❛ ✉t✐❧✐③❛♥❞♦ t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s✱ ❊q✳ ✭✺✳✼✮✳ ❊st❡s

r❡s✉❧t❛❞♦s r❡♣r❡s❡♥t❛♠ ❝♦♠ ✜❞❡❧✐❞❛❞❡ ❛ t❡♥❞ê♥❝✐❛ s❡❣✉✐❞❛ ♣❡❧♦s q✉❛❞r♦s ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦

✉t✐❧✐③❛♥❞♦ ❛s r❡❢❡rê♥❝✐❛s ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡✱ ÎO1 ❡ ÎO2✳
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✻✳✹✳✶ ❚❡st❡s s❡♠ ❝♦❞✐✜❝❛çã♦ ❍✳✷✻✹✴❆❱❈

✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✻✳✹✿ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ P♦③♥❛♥

❙tr❡❡t✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❡ ÎO ❡♠ r❡❧❛çã♦ ❛ I
B
O ✉t✐❧✐③❛♥❞♦ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡

s✉♣❡r✲r❡s♦❧✈✐❞♦s ❝♦♠ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡st❡ ❈❛♣ít✉❧♦✳ ❖s ❣❛♥❤♦s ❜❛s❡✐❛♠✲s❡ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘

✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s ❞❡ ÎO ❡ I
B
O✿ ✭❛✮ P❙◆❘✱ M = 2❀ ✭❜✮ ▼❙❙■▼✱

M = 2❀ ✭❝✮ P❙◆❘✱ M = 4❀ ✭❞✮ ▼❙❙■▼✱ M = 4✳ ❖s ♥ú♠❡r♦s 1 − 5 ✐♥❞✐❝❛♠ ♦s ❣❛♥❤♦s ✉t✐❧✐③❛♥❞♦

♦s s❡❣✉✐♥t❡s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✿ ✭✶✮ Dr❀ ✭✷✮ DB
r ❀ ✭✸✮ D

B,MED
r ❀ ✭✹✮ D̂r1❀ ✭✺✮ D̂r✳

❆s ❞✐❢❡r❡♥t❡s ❢♦r♠❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❢♦r❛♠ ♣r✐♠❡✐r❛♠❡♥t❡

❝♦♠♣❛r❛❞❛s ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✿

• ▼❡❞✐r❛♠✲s❡ ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❡ I
D
O ❡♠ r❡❧❛çã♦

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

❝♦❞✐✜❝❛çã♦✱ ❡ ✉t✐❧✐③❛♥❞♦ t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s✳ ❆ q✉❛❧✐❞❛❞❡ ❢♦✐ ♠❡❞✐❞❛ ❛tr❛✈és ❞❛s

✽✹



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✻✳✺✿ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ s❡q✉ê♥❝✐❛ ❇❛r♥✶✳ ❙ã♦

❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❡ ÎO ❡♠ r❡❧❛çã♦ ❛ IBO ✉t✐❧✐③❛♥❞♦ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ s✉♣❡r✲r❡s♦❧✈✐❞♦s

❝♦♠ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡st❡ ❈❛♣ít✉❧♦✳ ❖s ❣❛♥❤♦s ❜❛s❡✐❛♠✲s❡ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡

❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s ❞❡ ÎO ❡ I
B
O✿ ✭❛✮ P❙◆❘✱ M = 2❀ ✭❜✮ ▼❙❙■▼✱ M = 2❀ ✭❝✮

P❙◆❘✱ M = 4❀ ✭❞✮ ▼❙❙■▼✱ M = 4✳ ❖s ♥ú♠❡r♦s 1− 5 ✐♥❞✐❝❛♠ ♦s ❣❛♥❤♦s ✉t✐❧✐③❛♥❞♦ ♦s s❡❣✉✐♥t❡s

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✿ ✭✶✮ Dr❀ ✭✷✮ DB
r ❀ ✭✸✮ D

B,MED
r ❀ ✭✹✮ D̂r1❀ ✭✺✮ D̂r✳

♠é❞✐❛s ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s ❞❡ I
D
O ✐♥t❡r♣♦❧❛❞♦s ❡

s✉♣❡r✲r❡s♦❧✈✐❞♦s✳

• ❙❡❣✉✐♥❞♦ ❛ ❋✐❣✳ ✺✳✶✱ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛ ❛ ✈✐st❛ q✉❡ ♣♦ss✉✐ q✉❛❞r♦s s♦♠❡♥t❡ ❡♠ r❡s♦❧✉çã♦ ❜❛✐①❛✳

• ❆♣❧✐❝♦✉✲s❡ ❜❧♦❝♦s ❞❡ t❛♠❛♥❤♦ 3 × 3 ♣❛r❛ ♦ ✜❧tr♦ ❞❡ ♠❡❞✐❛♥❛ ✉t✐❧✐③❛❞♦ ❡♠ D
B,MED
r ✱ D̂r1 ❡

D̂r✳ P❛r❛ ❛ s✉♣❡r✲r❡s♦❧✉çã♦ ❞♦s q✉❛❞r♦s I
D
O ✱ ❛♣❧✐❝♦✉✲s❡ ❜❧♦❝♦s ❞❡ t❛♠❛♥❤♦ 16 × 16 ♣❛r❛ ❛

❝♦♠❜✐♥❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✱ ❛ss✐♠ ❝♦♠♦ ♥♦s t❡st❡s ❞♦ ❈❛♣ít✉❧♦ ✹✳

✽✺



• ❖s ❣❛♥❤♦s ♦❜t✐❞♦s ♣❡❧❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ à ✐♥t❡r♣♦❧❛çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s

♥♦ ❆♥❡①♦ ■✱ ❚❛❜❡❧❛s ■✳✶✼ ❛ ■✳✶✽✱ q✉❡ s❡ ❞✐❢❡r❡♥❝✐❛♠ ♣❡❧♦ t✐♣♦ ❞❡ s❡q✉ê♥❝✐❛ t❡st❛❞❛ ✭r❡❛❧ ♦✉

s✐♥tét✐❝❛✮✱ ♣❡❧♦ t✐♣♦ ❞❡ ♠❡❞✐❞❛ ❞❡ q✉❛❧✐❞❛❞❡ ❡♠♣r❡❣❛❞❛ ✭♠é❞✐❛s ❞❡ P❙◆❘ ♦✉ ▼❙❙■▼✮ ❡ ♣❡❧♦

❢❛t♦r ❞❡ ❞❡❝✐♠❛çã♦ ❡ ✐♥t❡r♣♦❧❛çã♦ ✉t✐❧✐③❛❞♦ ✭M = 2 ♦✉ M = 4✮✳

❖❜s❡r✈❛♥❞♦ ♦s r❡s✉❧t❛❞♦s ♣❛r❛ M = 2✱ ♣❡r❝❡❜❡✲s❡ ✉♠❛ ❣r❛❞✉❛❧ ♠❡❧❤♦r❛ ❞❡ q✉❛❧✐❞❛❞❡ ❞❡ D
B
r ✱

♣❛r❛ D
B,MED
r ✱ ♣❛r❛ D̂r1✱ ♣❛r❛ D̂r ✭r❡s✉❧t❛❞♦s 2 ❛ 5✮✱ ❝♦♠ ❡①❝❡çã♦ ❞❛s s❡q✉ê♥❝✐❛s ❇r❡❛❦❞❛♥❝❡rs✱

▲♦✈❡❜✐r❞✶✱ ❇✉❧❧✱ ❱❡♥✉s ❡ ❚❡❞❞②✳ ❆ q✉❡❞❛ ♠é❞✐❛ ❞❡ q✉❛❧✐❞❛❞❡ ♣❛r❛ ❡st❛s ❝✐♥❝♦ s❡q✉ê♥❝✐❛s ♥ã♦

✉❧tr❛♣❛ss❛ 0, 13 ❞❇✱ ❝♦♥st✐t✉✐♥❞♦ ♣❡r❞❛ ♠✉✐t♦ ❜❛✐①❛✳ ❊♠ ❝♦♠♣❡♥s❛çã♦✱ ♦s ❣❛♥❤♦s ❛❧❝❛♥ç❛❞♦s ♥❛s

❞❡♠❛✐s s❡q✉ê♥❝✐❛s ♣♦r D̂r ❡♠ r❡❧❛çã♦ ❛ D
B
r ✈❛r✐❛♠ ❞❡ 0, 05 ❞❇ ♣❛r❛ ❇r❡❛❦❞❛♥❝❡rs ❛té 0, 47 ❞❇ ♣❛r❛

P❛♥t♦♠✐♠❡✳ ❘❡s✉❧t❛❞♦s s❡♠❡❧❤❛♥t❡s sã♦ ♦❜t✐❞♦s ♣❛r❛ M = 4✳ ❙❡♥❞♦ ❛ss✐♠✱ ♣♦❞❡✲s❡ ❝♦♥❝❧✉✐r q✉❡ ❛

s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ♦❢❡r❡❝❡ ❣❛♥❤♦s ❞❡ q✉❛❧✐❞❛❞❡ ♣❛r❛ ❛ ❛rq✉✐t❡t✉r❛ ♣r♦♣♦st❛ ♥❡st❡ ❈❛♣ít✉❧♦

❡♠ r❡❧❛çã♦ ❛ s✉♣❡r✲r❡s♦❧✈❡r I
D
O ❝♦♠ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❡❝✐♠❛❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ❆❧é♠

❞✐ss♦✱ ♦s r❡s✉❧t❛❞♦s ❞❡ D
B,MED
r ❡ D̂r ✐♥❞✐❝❛♠ q✉❡ ♦ ✜❧tr♦ ❞❡ ♠❡❞✐❛♥❛ ♥ã♦ ❢♦✐ ♦ ú♥✐❝♦ r❡s♣♦♥sá✈❡❧

♣❡❧♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠❛♣❛s✱ ❝✉❥❛ ❡t❛♣❛ ❞❡ ♣r♦❥❡çã♦ ❞♦s ♠❛♣❛s ❛❞❥❛❝❡♥t❡s ♦❢❡r❡❝❡✉

❝❧❛r♦s ❣❛♥❤♦s ❡♠ r❡❧❛çã♦ à s✐♠♣❧❡s ✜❧tr❛❣❡♠✳

❆s s❡q✉ê♥❝✐❛s P❛♥t♦♠✐♠❡ ✭M = 2 ❡ M = 4✮✱ ◆❡✇s♣❛♣❡r ✭M = 2 ❡ M = 4✮ ❡ P♦③♥❛♥ ❙tr❡❡t

✭M = 2✮ ❛♣r❡s❡♥t❛♠ ✉♠❛ ✐♥t❡r❡ss❛♥t❡ ❝❛r❛❝t❡ríst✐❝❛✿ ❛s s✉♣❡r✲r❡s♦❧✉çõ❡s ❜❛s❡❛❞❛s ❡♠ D̂O ♣♦ss✉❡♠

♠❡❧❤♦r q✉❛❧✐❞❛❞❡ ❞♦ q✉❡ ❛q✉❡❧❛s ❜❛s❡❛❞❛s ❡♠ DO✳ ■st♦ ✐♥❞✐❝❛ q✉❡ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡

❞❡st❛s s❡q✉ê♥❝✐❛s ❝r✐❛♠ ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ♠❛✐s ✜❞❡❞✐❣♥❛s ❡♥tr❡ ❛s ✈✐st❛s ❛♣ós ♦ ♣r♦❝❡ss❛♠❡♥t♦ ♣♦r

s✉♣❡r✲r❡s♦❧✉çã♦ ♠út✉❛✳ ➱ ✐♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡ ♦s t❡st❡s ❛♣r❡s❡♥t❛❞♦s ♥❡st❛ ❙❡çã♦ ❢♦r❛♠ ❢❡✐t♦s

s❡♠ ❝♦❞✐✜❝❛çã♦✱ ♦ q✉❡ t♦r♥❛ ❡st❡s r❡s✉❧t❛❞♦s ❝♦♥tr❛✲✐♥t✉✐t✐✈♦s✱ ❥á q✉❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❞❡❝✐♠❛çã♦ ❡

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

❈♦♠♣❛r❛♥❞♦ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠D
B
r ❡DB,MED

r ✱ r❡s✉❧t❛❞♦s 2 ❡ 3✱ ♣❡r❝❡❜❡✲s❡ ✉♠ ❛✉♠❡♥t♦

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

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

♠❡❞✐❛♥❛✳

❆s ❋✐❣s✳ ✻✳✹ ❡ ✻✳✺ ❛♣r❡s❡♥t❛♠ ♦s ❣❛♥❤♦s ♠é❞✐♦s ♦❜t✐❞♦s ♣❡❧❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣❛r❛ ❛s s❡q✉ê♥❝✐❛s

P♦③♥❛♥ ❙tr❡❡t ❡ ❇❛r♥✶✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊st❛s s❡q✉ê♥❝✐❛s ✐❧✉str❛♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ tí♣✐❝♦ ♦❜t✐❞♦

♣❛r❛ ❛s ❞❡♠❛✐s s❡q✉ê♥❝✐❛s✳

❆s ❋✐❣s✳ ✻✳✻ ❡ ✻✳✽ ❛♣r❡s❡♥t❛♠ ❞❡t❛❧❤❡s ❞❛s ✈✐st❛s ♦r✐❣✐♥❛❧✱ ❞❡❝✐♠❛❞❛ ❡ ✐♥t❡r♣♦❧❛❞❛ ❡ s✉♣❡r✲

r❡s♦❧✈✐❞❛s ❝♦♠ ♦s ❞✐❢❡r❡♥t❡s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦❝❡ss❛❞♦s✱ ♣❛r❛ ❛s s❡q✉ê♥❝✐❛s P❛♥t♦♠✐♠❡

❝♦♠ M = 4 ❡ ❱❡♥✉s ❝♦♠ M = 2✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦❝❡ss❛❞♦s

❝♦rr❡s♣♦♥❞❡♥t❡s t❛♠❜é♠ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣s✳ ✻✳✼ ❡ ✻✳✾✳ ❆♣❡s❛r ❞❛ ✈❛r✐❡❞❛❞❡ ❞❡ r❡s✉❧t❛❞♦s✱

♥ã♦ s❡ ♦❜s❡r✈❛ ❞✐❢❡r❡♥ç❛s s✐❣♥✐✜❝❛t✐✈❛s ❡♥tr❡ ❝❛❞❛ ✉♠❛ ❞❛s ✈❡rsõ❡s s✉♣❡r✲r❡s♦❧✈✐❞❛s✱ ♦ q✉❡ s❡ r❡✢❡t❡

♥❛ ♣r♦①✐♠✐❞❛❞❡ ❞♦s ✈❛❧♦r❡s ❞❡ ▼❙❙■▼ ♦❜t✐❞♦s ♣❛r❛ ❝❛❞❛ ✈❡rsã♦✳ ➱ ✐♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡ ♦ ♠❛♣❛

♣r♦❝❡ss❛❞♦ D
B
O ♣♦ss✉✐ ✈❛❧♦r❡s ❞❡ P❙◆❘ ❡ ▼❙❙■▼ ♠❛✐s ❛❧t♦s ❞♦ q✉❡ ♦s ♠❛♣❛s D

B,MED
O ✱ D̂O1

❡ D̂O✱ ♠❛s ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ s✉♣❡r✲r❡s♦❧✈✐❞❛ ❝♦♠ D
B
O ❛♣r❡s❡♥t❛ ✈❛❧♦r❡s ❞❡ P❙◆❘ ❡

▼❙❙■▼ ♠❛✐s ❜❛✐①♦s✳ ❖✉ s❡❥❛✱ ❛ ♠❡❧❤♦r❛ ❞♦ ♠❛♣❛ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ r❡✢❡t❡

✉♠❛ ♠❡❧❤♦r❛ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❛ ❝♦♠♣♦♥❡♥t❡s ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛ ✈✐st❛ ❝♦rr❡s♣♦♥❞❡♥t❡✳

✽✻



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮ ✭❢✮

❋✐❣✉r❛ ✻✳✻✿ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ P❛♥t♦♠✐♠❡✱ ✈✐st❛ 39✱ q✉❛❞r♦ 0✱ M = 4✿ ✭❛✮ IBO ✭P❙◆❘ ❂ 28, 53

❞❇ ✴ ▼❙❙■▼×100 = 93, 01✪✮❀ ✭❜✮ ÎO ❜❛s❡❛❞♦ ❡♠ D
B
O ✭37, 64 ❞❇ ✴ 97, 33✪✮❀ ✭❝✮ ÎO ❜❛s❡❛❞♦ ❡♠

D
B,MED
O ✭37, 56 ❞❇ ✴ 97, 31✪✮❀ ✭❞✮ ÎO ❜❛s❡❛❞♦ ❡♠ D̂O1 ✭37, 74 ❞❇ ✴ 97, 35✪✮❀ ✭❡✮ ÎO ❜❛s❡❛❞♦ ❡♠

D̂O ✭37, 85 ❞❇ ✴ 97, 38✪✮❀ ✭❢✮ ÎO ❜❛s❡❛❞♦ ❡♠ DO ✭36, 05 ❞❇ ✴ 97, 09✪✮✳

✽✼



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮

❋✐❣✉r❛ ✻✳✼✿ ❉❡t❛❧❤❡s ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❛ s❡q✉ê♥❝✐❛ P❛♥t♦♠✐♠❡✱ ✈✐st❛ 39✱ q✉❛❞r♦ 0✱

M = 4✿ ✭❛✮ D
B
O ✭P❙◆❘ ❂ 46, 85 ❞❇ ✴ ▼❙❙■▼×100 = 98, 65✪✮❀ ✭❜✮ D

B,MED
O ✭45, 87 ❞❇ ✴

98, 59✪✮❀ ✭❝✮ D̂O1 ✭45, 62 ❞❇ ✴ 98, 52✪✮❀ ✭❞✮ D̂O ✭45, 45 ❞❇ ✴ 98, 47✪✮❀ ✭❡✮ DO✳

✻✳✹✳✷ ❚❡st❡s ❝♦♠ ❝♦❞✐✜❝❛çã♦ ❍✳✷✻✹✴❆❱❈

❆ss✐♠ ❝♦♠♦ ♥❛s ❙❡çõ❡s ✹✳✹✳✷ ❡ ✺✳✹✳✷✱ ♦s ♣r♦❝❡ss❛♠❡♥t♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ ❈❛♣ít✉❧♦ ❢♦r❛♠

❛♣❧✐❝❛❞♦s às ♠❡s♠❛s s❡q✉ê♥❝✐❛s ❛♣ós ❡st❛s s❡r❡♠ ❝♦❞✐✜❝❛❞❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛✱ t❛❧ ❝♦♠♦ ♥❛ ❋✐❣✳

✺✳✶✱ ❛ ✜♠ ❞❡ ❛✈❛❧✐❛r s❡✉ ❞❡s❡♠♣❡♥❤♦ ❡♠ ✉♠❛ s✐t✉❛çã♦ ♣rát✐❝❛✳ ❆♣❧✐❝♦✉✲s❡ ❛s s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s✿

✽✽



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮ ✭❢✮

❋✐❣✉r❛ ✻✳✽✿ ❉❡t❛❧❤❡s ❞❛ s❡q✉ê♥❝✐❛ ❱❡♥✉s✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✱ M = 2✿ ✭❛✮ I
B
O ✭P❙◆❘ ❂ 28, 47

❞❇ ✴ ▼❙❙■▼×100 = 86, 24✪✮❀ ✭❜✮ ÎO ❜❛s❡❛❞♦ ❡♠ D
B
O ✭35, 13 ❞❇ ✴ 97, 21✪✮❀ ✭❝✮ ÎO ❜❛s❡❛❞♦ ❡♠

D
B,MED
O ✭35, 17 ❞❇ ✴ 97, 23✪✮❀ ✭❞✮ ÎO ❜❛s❡❛❞♦ ❡♠ D̂O ❝♦♠ t♦❞♦s ♦s ♠❛♣❛s ❞❡ r❡❢❡rê♥❝✐❛ ✭35, 10

❞❇ ✴ 97, 22✪✮❀ ✭❡✮ ÎO ❜❛s❡❛❞♦ ❡♠ DO ✭35, 74 ❞❇ ✴ 97, 44✪✮❀ ✭❢✮ IO✳

• ❚♦❞❛s ❛s s❡q✉ê♥❝✐❛s ❢♦r❛♠ ❝♦❞✐✜❝❛❞❛s s❡♣❛r❛❞❛♠❡♥t❡ ✉t✐❧✐③❛♥❞♦ ♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈ ❡♠

♠♦❞♦ ■♥tr❛✱ ✐♥❝❧✉s✐✈❡ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳ ❖s q✉❛❞r♦s ❞❡ IRi ❢♦r❛♠ ❝♦❞✐✜❝❛❞♦s ❡♠

r❡s♦❧✉çã♦ ♥♦r♠❛❧✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❚❛❜❡❧❛ ✺✳✶✱ ❡ ♦s q✉❛❞r♦s ❞❡ IO ❢♦r❛♠ ❝♦❞✐✜❝❛❞♦s ❡♠

r❡s♦❧✉çã♦ ✐♥❢❡r✐♦r ✭IDO✮✱ ✉t✐❧✐③❛♥❞♦ ❛ ❞❡❝✐♠❛çã♦ ♣♦r M = 2 ❡ M = 4✳ P❛r❛ ❣❡r❛r ♦s ♠❛♣❛s

✽✾



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✻✳✾✿ ❉❡t❛❧❤❡s ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❛ s❡q✉ê♥❝✐❛ ❱❡♥✉s✱ ✈✐st❛ 6✱ q✉❛❞r♦ 0✱ M = 2✿

✭❛✮ D
B
O ✭P❙◆❘ ❂ 45, 98 ❞❇ ✴ ▼❙❙■▼×100 = 99, 38✪✮❀ ✭❜✮ D

B,MED
O ✭35, 35 ❞❇ ✴ 99, 39✪✮❀ ✭❝✮

D̂O ❝♦♠ t♦❞♦s ♦s ♠❛♣❛s ❞❡ r❡❢❡rê♥❝✐❛ ✭35, 30 ❞❇ ✴ 99, 34✪✮❀ ✭❞✮ DO✳

D
B
r ✱ D

B,MED
r ✱ D̂r1 ❡ D̂r✱ ❝♦❞✐✜❝♦✉✲s❡ ♦s ♠❛♣❛s DO ❡ Dr ❡♠ r❡s♦❧✉çõ❡s r❡❞✉③✐❞❛s DD

O ❡ DD
r ✱

❡ ♦s ♣r♦❝❡ss❛♠❡♥t♦s ❢♦r❛♠ ❛♣❧✐❝❛❞♦s ❞✐r❡t❛♠❡♥t❡ ❛ ❡st❡s ♠❛♣❛s ❛♣ós ❛ ❞❡❝♦❞✐✜❝❛çã♦✳

• ❆♣❧✐❝♦✉✲s❡ ♦s ♠❡s♠♦ ✈❛❧♦r❡s QP = {22, 27, 32, 37} ❛♦s ♣❛râ♠❡tr♦s ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✱

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

♥♦ ❈❛♣ít✉❧♦ ✺✳

• P❛r❛ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s t❡st❛❞❛s✱ ♠❡❞✐✉✲s❡ ❛ ♠é❞✐❛ q✉❛❞r♦✲❛✲q✉❛❞r♦ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡

▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞❡ IBO✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ à ✈❡rsã♦ ✐♥t❡r♣♦❧❛❞❛ ❞❡ I
D
O ❛♣ós ❛ ❝♦❞✐✜❝❛çã♦✱

❡ ❞❛s ✈❡rsõ❡s s✉♣❡r✲r❡s♦❧✈✐❞❛s ❞❡ I
B
O ❝♦♠ ♦s ❞✐❢❡r❡♥t❡s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦❝❡ss❛❞♦s✳

• ❆ t❛①❛ ❝♦♥s✐❞❡r❛❞❛ ♣❛r❛ ❛ s✉♣❡r✲r❡s♦❧✉çã♦ ✉t✐❧✐③❛♥❞♦ D
B
r ✱ D

B,MED
r ✱ D̂r1 ❡ D̂r ❢♦✐ ❞✐❢❡r❡♥t❡

❞❛q✉❡❧❛ ❝♦♥s✐❞❡r❛❞❛ ♣❛r❛ ❛ s✉♣❡r✲r❡s♦❧✉çã♦ ✉t✐❧✐③❛♥❞♦ Dr✳ ◆♦s ♣r✐♠❡✐r♦s q✉❛tr♦ ❝❛s♦s✱ ❛

t❛①❛ ❝♦♥s✐❞❡r❛❞❛ ❢♦✐ ✐❣✉❛❧ à s♦♠❛ ❞❛s t❛①❛s ❞❛s ✈❡rsõ❡s ❝♦❞✐✜❝❛❞❛s ❞❡ I
D
O ✱ IRi✱ DD

O ❡ D
D
Ri✳

◆♦ q✉✐♥t♦ ❝❛s♦ ✭Dr✮✱ ❝♦♥s✐❞❡r♦✉✲s❡ ❛ s♦♠❛ ❞❛s t❛①❛s ❞❛s ✈❡rsõ❡s ❝♦❞✐✜❝❛❞❛s ❞❡ IDO ✱ IRi✱ DO

❡ DRi✳

✾✵



• ❆ ♣❛rt✐r ❞❡st❡s ✈❛❧♦r❡s ❞❡ P❙◆❘✱ ▼❙❙■▼ ❡ t❛①❛✱ ❢♦r❛♠ ♠❡❞✐❞♦s ♦s ❣❛♥❤♦s ♠é❞✐♦s ❬✻✷❪ ❡♠

t❡r♠♦s ❞❡ P❙◆❘ ❡ ▼❙❙■▼ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠

❜❛✐①❛ r❡s♦❧✉çã♦✱ ✉t✐❧✐③❛♥❞♦ ♦s ❞✐❢❡r❡♥t❡s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦❝❡ss❛❞♦s

• ❖ s♦❢t✇❛r❡ ❞❡ r❡❢❡rê♥❝✐❛ ❏▼ ✶✼✳✷ ♣❛r❛ ♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈ ❢♦✐ ✉t✐❧✐③❛❞♦ ❬✻✶❪✳

• ❆♣❧✐❝♦✉✲s❡ ❜❧♦❝♦s ❞❡ t❛♠❛♥❤♦ 3 × 3 ♣❛r❛ ♦ ✜❧tr♦ ❞❡ ♠❡❞✐❛♥❛ ✉t✐❧✐③❛❞♦ ❡♠ D
B,MED
r ✱ D̂r1 ❡

D̂r✳ P❛r❛ ❛ s✉♣❡r✲r❡s♦❧✉çã♦ ❞♦s q✉❛❞r♦s I
D
O ✱ ❛♣❧✐❝♦✉✲s❡ ❜❧♦❝♦s ❞❡ t❛♠❛♥❤♦ 16 × 16 ♣❛r❛ ❛

❝♦♠❜✐♥❛çã♦ ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✳

• ❖s ❣❛♥❤♦s ♠é❞✐♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ I
D
O ❝♦♠ ♦s ♠❛♣❛s ♣r♦❝❡ss❛❞♦s s♦❜r❡ à ✐♥t❡r♣♦❧❛çã♦

❞❡ I
D
O sã♦ ❛♣r❡s❡♥t❛❞♦s ♥♦ ❆♥❡①♦ ■✱ ❚❛❜❡❧❛s ■✳✶✾ ❡ ■✳✷✵✱ q✉❡ s❡ ❞✐❢❡r❡♥❝✐❛♠ ♣❡❧♦ t✐♣♦ ❞❡

s❡q✉ê♥❝✐❛ t❡st❛❞❛ ✭r❡❛❧ ♦✉ s✐♥tét✐❝❛✮✱ ♣❡❧♦ t✐♣♦ ❞❡ ♠❡❞✐❞❛ ❞❡ q✉❛❧✐❞❛❞❡ ❡♠♣r❡❣❛❞❛ ✭♠é❞✐❛s

❞❡ P❙◆❘ ♦✉ ▼❙❙■▼✮ ❡ ♣❡❧♦ ❢❛t♦r ❞❡ ❞❡❝✐♠❛çã♦ ❡ ✐♥t❡r♣♦❧❛çã♦ ✉t✐❧✐③❛❞♦ ✭M = 2 ♦✉ M = 4✮✳

❆ss✐♠ ❝♦♠♦ ♥❛ ❙❡çã♦ ❛♥t❡r✐♦r✱ ♦s r❡s✉❧t❛❞♦s ♣❛r❛ M = 2 ❛♣r❡s❡♥t❛♠ ✉♠ ❣r❛❞✉❛❧ ❛✉♠❡♥t♦ ♥♦

❣❛♥❤♦ ♠é❞✐♦ ❞❡ q✉❛❧✐❞❛❞❡ ❞❡ D
B
r ✱ ♣❛r❛ D

B,MED
r ✱ ♣❛r❛ D̂r1✱ ♣❛r❛ D̂r ✭r❡s✉❧t❛❞♦s 2 ❛ 5✮✳ ❆❧é♠

❞✐ss♦✱ D̂r ♦❢❡r❡❝❡ ❛✉♠❡♥t♦ ♥♦ ❣❛♥❤♦ ♠é❞✐♦ ❞❡ q✉❛❧✐❞❛❞❡ ❡♠ r❡❧❛çã♦ ❛ Dr ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞♦s ❝❛s♦s✱

❝♦♠ ❛ ❡①❝❡çã♦ ❞❡ q✉❛tr♦ s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s ✭❇❛r♥✶✱ P♦st❡r✱ ❙❛✇t♦♦t❤ ❡ ❱❡♥✉s✮✳ ❉❡st❛ ❢♦r♠❛✱ ♦
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❱❡♥✉s ✵✱✹✶ ✵✱✸✻ ✵✱✺✺ ✵✱✻✶ ✵✱✻✻ ✵✱✼✸ ✵✱✼✸

❈♦♥❡s ✵✱✹✸ ✵✱✸✽ ✵✱✺✼ ✵✱✻✸ ✵✱✻✾ ✵✱✼✻ ✵✱✼✻

❚❡❞❞② ✵✱✹✸ ✵✱✸✼ ✵✱✺✻ ✵✱✻✸ ✵✱✻✽ ✵✱✼✺ ✵✱✼✺

❘♦♦♠✸❉ ✸✵✱✷✵ ✷✸✱✾✺ ✺✶✱✾✻ ✺✻✱✼✻ ✻✶✱✽✻ ✻✻✱✻✻ ✻✻✱✻✻

✾✸



P❛r❛ ❛ s❡q✉ê♥❝✐❛ ❱❡♥✉s ✭❋✐❣✳ ✻✳✶✷✮✱ ♦s ♠❛♣❛s ❡♠ r❡s♦❧✉çã♦ ♥♦r♠❛❧ ♦❢❡r❡❝❡♠ ❞❡s❡♠♣❡♥❤♦

s✉♣❡r✐♦r ♣❛r❛ ❛s t❛①❛s ♠❛✐s ❛❧t❛s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ♣❛r❛ M = 4✱ ❛♦♥❞❡ ♦ ❣❛♥❤♦ ♠é❞✐♦ ❛♦ s❡ ✉t✐❧✐③❛r

♦ ♠❛♣❛ Dr é 0, 65 ❞❇ ❛ ♠❛✐s ❞♦ q✉❡ ✉t✐❧✐③❛r ♦ ♠❛♣❛ D
B
r ✭5, 20 ❞❇ ❡ 4, 55 ❞❇✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮✳

❋✐♥❛❧♠❡♥t❡✱ ♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❇✉❧❧ ✭❋✐❣✳ ✻✳✶✸✮✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ♦s ♠❛♣❛s D̂O✱ D̂
MED
O ✱ DO ♦✉

D
MED
O t❛♠❜é♠ ♦❢❡r❡❝❡♠ ❞❡s❡♠♣❡♥❤♦s ♠✉✐t♦ ♣ró①✐♠♦s✳

✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✻✳✶✵✿ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦

✉t✐❧✐③❛♥❞♦ ♦s ♣ré✲♣r♦❝❡ss❛♠❡♥t♦s ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦♣♦st♦s ♣❛r❛ ❛ s❡q✉ê♥❝✐❛

P❛♥t♦♠✐♠❡✱ ✈✐st❛ 39✱ q✉❛❞r♦ 1✿ ✭❛✮ t❛①❛ ❡ P❙◆❘✱ M = 2❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 2❀ ✭❝✮

t❛①❛ ❡ P❙◆❘✱ M = 4❀ ✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4✳

✾✹



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✻✳✶✶✿ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦

✉t✐❧✐③❛♥❞♦ ♦s ♣ré✲♣r♦❝❡ss❛♠❡♥t♦s ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦♣♦st♦s ♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❈❛❢❡✱

✈✐st❛ 3✿ ✭❛✮ t❛①❛ ❡ P❙◆❘✱ M = 2❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 2❀ ✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4❀ ✭❞✮ t❛①❛

❡ ▼❙❙■▼✱ M = 4✳

✾✺



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✻✳✶✷✿ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦

✉t✐❧✐③❛♥❞♦ ♦s ♣ré✲♣r♦❝❡ss❛♠❡♥t♦s ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦♣♦st♦s ♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❱❡♥✉s✱

✈✐st❛ 6✱ q✉❛❞r♦ 0✿ ✭❛✮ t❛①❛ ❡ P❙◆❘✱ M = 2❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 2❀ ✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4❀

✭❞✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 4✳

✾✻



✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

❋✐❣✉r❛ ✻✳✶✸✿ ❉❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ t❛①❛ ❡ ❞✐st♦rçã♦ ♣❛r❛ ♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦

✉t✐❧✐③❛♥❞♦ ♦s ♣ré✲♣r♦❝❡ss❛♠❡♥t♦s ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣r♦♣♦st♦s ♣❛r❛ ❛ s❡q✉ê♥❝✐❛ ❇✉❧❧✱ ✈✐st❛

6✱ q✉❛❞r♦ 0✿ ✭❛✮ t❛①❛ ❡ P❙◆❘✱ M = 2❀ ✭❜✮ t❛①❛ ❡ ▼❙❙■▼✱ M = 2❀ ✭❝✮ t❛①❛ ❡ P❙◆❘✱ M = 4❀ ✭❞✮

t❛①❛ ❡ ▼❙❙■▼✱ M = 4✳

✾✼





❈❛♣ít✉❧♦ ✼

❈♦♥❝❧✉sõ❡s

❋♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ♥❡st❛ t❡s❡ três ♠ét♦❞♦s ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ♠ú❧t✐♣❧❛s

✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛✳ ❈❛❞❛ ♠ét♦❞♦ ❛❞❡q✉❛✲s❡ ❛ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞✐❢❡r❡♥t❡✱ ❞❛❞❛ ❛ ❣r❛♥❞❡

✈❛r✐❡❞❛❞❡ ❞❡ s✐st❡♠❛s q✉❡ ♣♦❞❡♠ ✉t✐❧✐③❛r ❡ss❡ t✐♣♦ ❞❡ s❡q✉ê♥❝✐❛✱ ♥ã♦ ❤❛✈❡♥❞♦ ✉♠ ❢♦r♠❛t♦ ú♥✐❝♦ ❡

✉♥✐✈❡rs❛❧✳ ❆ s❡❣✉✐r✱ s❡rã♦ t❡❝✐❞❛s ❛s ❝♦♥❝❧✉sõ❡s ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ♠ét♦❞♦s✳

✼✳✶ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ s❡♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡

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

♣♦r ❜❛s❡ q✉❛❞r♦s ❞❡ ✈✐st❛s ♦✉ ✐♥st❛♥t❡s ♣ró①✐♠♦s ❡♠ r❡s♦❧✉çã♦ ❝♦♠♣❧❡t❛✳ ❆ ♣❛rt✐r ❞❡ ❝❛❞❛ ✉♠

❞❡st❡s q✉❛❞r♦s✱ sã♦ ❡①tr❛í❞❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ✉t✐❧✐③❛♥❞♦ ♠ét♦❞♦s ❞❡ ❡st✐♠❛çã♦ ❡

❝♦♠♣❡♥s❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦ ❡✴♦✉ ❞✐s♣❛r✐❞❛❞❡✱ ❞❡ ❢♦r♠❛ ❛ ❣❡r❛r ❞✉❛s ✈❡rsõ❡s ❞♦ q✉❛❞r♦ ❞❡ ❛❧t❛

❢r❡q✉ê♥❝✐❛ ♣❛r❛ ❝❛❞❛ r❡❢❡rê♥❝✐❛ ❞✐s♣♦♥í✈❡❧✳ ❊♠ s❡❣✉✐❞❛✱ t♦❞❛s ❛s ✈❡rsõ❡s ❣❡r❛❞❛s sã♦ ❝♦♠❜✐♥❛❞❛s

❡♠ ✉♠ ú♥✐❝♦ q✉❛❞r♦ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✳

❉✐✈❡rs♦s t❡st❡s ❝♦♠ s❡q✉ê♥❝✐❛s r❡❛✐s ❡ s✐♥tét✐❝❛s ❞❡♠♦♥str❛♠ q✉❡ ♦ ♠ét♦❞♦ ❛♣r❡s❡♥t❛❞♦

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

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

❈♦♥st❛t❛✲s❡ q✉❡ ♦s ❣❛♥❤♦s ❞♦ ❛❧❣♦r✐t♠♦ sã♦ ♠❛✐♦r❡s q✉❛♥❞♦ s❡ ♣♦ss✉✐ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ r❡❢❡rê♥❝✐❛s

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

❊♠ r❡❧❛çã♦ ❛♦s q✉❛❞r♦s ✐♥❞✐✈✐❞✉❛✐s✱ ♦s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛♠ q✉❡ ♦s q✉❛❞r♦s ♣❡rt❡♥❝❡♥t❡s à ♠❡s♠❛

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

♦s q✉❛❞r♦s ❞❡ ✈✐st❛s ❛❞❥❛❝❡♥t❡s✳ ❉❡♥tr❡ ❛s ❞✉❛s ✈❡rsõ❡s ♦❜t✐❞❛s ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❞❛❞❛ r❡❢❡rê♥❝✐❛✱

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

r❡s✉❧t❛❞♦s✳

❖s r❡s✉❧t❛❞♦s ❝♦♠ q✉❛❞r♦s ❝♦❞✐✜❝❛❞♦s ♣❡❧♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈ ❛♣r❡s❡♥t❛♠ ❣❛♥❤♦s ❞❡

q✉❛❧✐❞❛❞❡✱ ❛✐♥❞❛ q✉❡ ✐♥❢❡r✐♦r❡s ❛♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦s q✉❛❞r♦s ❞❡ r❡❢❡rê♥❝✐❛ ♦r✐❣✐♥❛✐s✳ ❊st❡

❡r❛ ✉♠ r❡s✉❧t❛❞♦ ❡s♣❡r❛❞♦✱ ❞❛❞♦ q✉❡ ❛ ❝♦❞✐✜❝❛çã♦ ❝♦rr♦♠♣❡ ♦s q✉❛❞r♦s ❞❡ r❡❢❡rê♥❝✐❛ ❛tr❛✈és ❞♦

✾✾



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

s❡ t♦r♥❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦✱ ❞❛❞❛ ❛ ❞❡❣r❛❞❛çã♦ ❞❛s ✐♠❛❣❡♥s ❞❡ r❡❢❡rê♥❝✐❛✳

✼✳✷ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ ❝♦♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡

❖ ♣r✐♠❡✐r♦ ♠ét♦❞♦ ❛ss✉♠❡ q✉❡ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❞❡ ❝❛❞❛ ✈✐st❛ ♥ã♦ ❡stã♦ ❞✐s♣♦♥í✈❡✐s✱

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

❜❧♦❝♦ ❞♦ q✉❛❞r♦ ❛ s❡r s✉♣❡r✲r❡s♦❧✈✐❞♦✳ ◆♦ s❡❣✉♥❞♦ ♠ét♦❞♦✱ ❛ss✉♠❡✲s❡ q✉❡ ❡st❡s ♠❛♣❛s ❡stã♦

❞✐s♣♦♥í✈❡✐s✱ ❞❡ ❢♦r♠❛ q✉❡ é ♣♦ssí✈❡❧ ♦❜t❡r ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ❡♥tr❡ ♦ q✉❛❞r♦ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦

❡ ♦s q✉❛❞r♦s ❞❡ r❡❢❡rê♥❝✐❛✳ ❆ss✐♠✱ ♦❜t❡♠✲s❡ ♣❛r❛ ❝❛❞❛ ♣✐①❡❧ ❞♦ q✉❛❞r♦ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ♦s

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

▼❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ sã♦ s✉s❝❡tí✈❡✐s ❛ ❡rr♦s✱ ❞❡✈✐❞♦s ❛ ♦❝❧✉sõ❡s✱ ✐♠♣r❡❝✐sõ❡s ❞❡ r❡♣r❡s❡♥t❛çã♦

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

✐♥✈á❧✐❞❛s ❛ ♣❛rt✐r ❞❡st❡s ♠❛♣❛s✳ ❙❡♥❞♦ ❛ss✐♠✱ ♦ s❡❣✉♥❞♦ ♠ét♦❞♦ ❝♦♥❢❡r❡ ❛ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ♦s

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

❛❝rés❝✐♠♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❡rrô♥❡❛s à ✐♠❛❣❡♠ s❡♥❞♦ s✉♣❡r✲r❡s♦❧✈✐❞❛✳ ❉✉❛s ✈❡rsõ❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛

sã♦ ❣❡r❛❞❛s ❛ ♣❛rt✐r ❞❡st❡s ✈❛❧♦r❡s ✈á❧✐❞♦s✱ ❡ ❞❡ ❢♦r♠❛ s✐♠✐❧❛r ❛♦ ♣r✐♠❡✐r♦ ♠ét♦❞♦ ❝♦♠❜✐♥❛✲s❡ ❛s

❞✐✈❡rs❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❡♠ ✉♠ q✉❛❞r♦ ✜♥❛❧ s✉♣❡r✲r❡s♦❧✈✐❞♦✳

❆ss✐♠ ❝♦♠♦ ♥♦ ♣r✐♠❡✐r♦ ♠ét♦❞♦✱ ✈❡r✐✜❝♦✉✲s❡ ❣❛♥❤♦ s✉❜st❛♥❝✐❛❧ ❞❡ q✉❛❧✐❞❛❞❡ ♣❛r❛ ♦ ♠ét♦❞♦

♣r♦♣♦st♦✱ t❡st❛♥❞♦ s❡q✉ê♥❝✐❛s r❡❛✐s ❡ s✐♥tét✐❝❛s ♦r✐❣✐♥❛✐s ❡ ❝♦❞✐✜❝❛❞❛s ❝♦♠ ♦ ♣❛❞rã♦ ❍✳✷✻✹✴❆❱❈✳ ❆

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

❞❡s❡♠♣❡♥❤♦ ✐♥❢❡r✐♦r à ♠❡❞✐❞❛ q✉❡ s❡ ❛✉♠❡♥t♦✉ ♦ r✉í❞♦ ❞❡ ❝♦❞✐✜❝❛çã♦ ♣♦r ❡s❝❛❧♦♥❛♠❡♥t♦✳

❈♦♠ r❡❧❛çã♦ ❛♦ ✉s♦ ❞❡ ✉♠❛ ú♥✐❝❛ ✈✐st❛ ❞❡ r❡❢❡rê♥❝✐❛✱ ✈❡r✐✜❝♦✉✲s❡ ♣❛r❛ ❛s s❡q✉ê♥❝✐❛s r❡❛✐s

q✉❡ ❛ ❝♦♠❜✐♥❛çã♦ ❞❛s ❞✉❛s ✈❡rsõ❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❣❡r❛❞❛s ♦❢❡r❡❝❡ ❣❛♥❤♦ ❡♠ r❡❧❛çã♦ ❛ ❝❛❞❛

✈❡rsã♦ ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡✳ ■st♦ ✐♥❞✐❝❛ q✉❡ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✉t✐❧✐③❛❞♦s ❝♦♥tê♠ ❡rr♦s✱ q✉❡

sã♦ s✉♣r✐♠✐❞♦s q✉❛♥❞♦ s❡ ❝♦♥❢❡r❡ ❛ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ♦s ♠❛♣❛s✳ ❏á ♣❛r❛ ❛s s❡q✉ê♥❝✐❛s s✐♥tét✐❝❛s✱

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

♣r❡❝✐s♦s✳

✼✳✸ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦

❇❛s❡❛❞♦ ❡♠ ❝❛r❛❝t❡ríst✐❝❛s ✐♥trí♥s❡❝❛s ❛♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✱ ♦ t❡r❝❡✐r♦ ♠ét♦❞♦ ♦❢❡r❡❝❡

❛ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❝♦❞✐✜❝❛❞♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ q✉❡ sã♦ ❞❡♣♦✐s

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

q✉❛❞r♦s ❝♦❞✐✜❝❛❞♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✳ ❆ ❝♦❞✐✜❝❛çã♦ ❞♦s ♠❛♣❛s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ❜❛s❡✐❛✲s❡

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

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

✶✵✵



❞❡ tr❛♥s♠✐ssã♦ ❡ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❡ ❝♦❞✐✜❝❛çã♦✱ ❡ ❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♠út✉❛ ❞❡st❡s ♠❛♣❛s r❡❝✉♣❡r❛

✐♥❢♦r♠❛çã♦ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ♥♦ ❧❛❞♦ ❞♦ ❞❡❝♦❞✐✜❝❛❞♦r✳

❆ s✉♣❡r✲r❡s♦❧✉çã♦ ❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❜❛s❡✐❛✲s❡ ❡♠ ♠ét♦❞♦s ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ♣♦r

❝♦♠❜✐♥❛çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✐♠❛❣❡♥s✱ ❡ ❝♦♥s✐st❡ ❡♠ três ❡t❛♣❛s✿ ♣r♦❥❡çã♦ ❞♦s ♠❛♣❛s✱ ♣r❡❡♥❝❤✐♠❡♥t♦

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

♠❛♣❛s ❛❞❥❛❝❡♥t❡s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝♦♥s✐stê♥❝✐❛ ❡♥tr❡ ❡❧❡s✳ ❆ s❡❣✉♥❞❛ ❡t❛♣❛ ❝♦rr✐❣❡ ♦s ❡s♣❛ç♦s

♥ã♦✲♣r❡❡♥❝❤✐❞♦s ♣❡❧❛ ❡t❛♣❛ ❛♥t❡r✐♦r✱ ❡ ❛ t❡r❝❡✐r❛ ❡t❛♣❛ ♣r♦❝❡ss❛ ♦s ♠❛♣❛s ❛tr❛✈és ❞❛ ✜❧tr❛❣❡♠

❞❡ ♠❡❞✐❛♥❛✱ ♣❛r❛ ❡❧✐♠✐♥❛r ❡✈❡♥t✉❛✐s r✉í❞♦s ♣r❡s❡♥t❡s ♥❛s ár❡❛s s✉❛✈❡s s❡♠ ❜♦rr❛r ❛s ❜♦r❞❛s ❞♦s

♦❜❥❡t♦s✳

❚❡st❡s r❡❛❧✐③❛❞♦s ❝♦♠ ❛s ♠❡s♠❛s s❡q✉ê♥❝✐❛s r❡❛✐s ❡ s✐♥tét✐❝❛s✱ ❝♦♠ ❡ s❡♠ ❝♦❞✐✜❝❛çã♦

❍✳✷✻✹✴❆❱❈✱ ❞❡♠♦♥str❛♠ ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ ❡♠ q✉❡ ❛ ❛rq✉✐t❡t✉r❛ ♣r♦♣♦st❛ ♦❢❡r❡❝❡

r❡❞✉çõ❡s ❞❡ t❛①❛ ❡ ❞❡ ❝♦♠♣❧❡①✐❞❛❞❡ ♥♦ ❝♦❞✐✜❝❛❞♦r✳ ❆❧é♠ ❞✐ss♦✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❞❡ s✉♣❡r✲

r❡s♦❧✉çã♦ ♣❛r❛ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♦❢❡r❡❝❡ ❣❛♥❤♦ ♠é❞✐♦ ❞❡ q✉❛❧✐❞❛❞❡ ♥❛s ✈✐st❛s s✉♣❡r✲r❡s♦❧✈✐❞❛s

❡♠ r❡❧❛çã♦ ❛ tr❛♥s♠✐t✐r ♦s ♠❛♣❛s ❡♠ r❡s♦❧✉çã♦ ❝♦♠♣❧❡t❛ ❡ t❛♠❜é♠ ❡♠ r❡❧❛çã♦ ❛ tr❛♥s♠✐t✐r ♦s ♠❛♣❛s

❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦ ❡ ♦s ✐♥t❡r♣♦❧❛r✳

✼✳✹ ❈♦♠♣❛r❛çõ❡s ❡♥tr❡ ❛rq✉✐t❡t✉r❛s

❈♦♠♦ ✐♥❞✐❝❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❝❛❞❛ ✉♠ ❞♦s ♠ét♦❞♦s ❛♣r❡s❡♥t❛❞♦s ♣r❡st❛✲s❡ ❛ ✉♠❛ ❛rq✉✐t❡t✉r❛

❞✐❢❡r❡♥t❡✱ ❛t❡♥❞❡♥❞♦ ❛ r❡q✉✐s✐t♦s ❞❡ t❛①❛ ❡ ❝♦♠♣❧❡①✐❞❛❞❡✳ ◆❡st❛ ❙❡çã♦✱ ❝♦♠♣❛r❛♠✲s❡ ❛s

❛rq✉✐t❡t✉r❛s ❝♦♥s✐❞❡r❛❞❛s✳

❆ ♣r✐♠❡✐r❛ ❛rq✉✐t❡t✉r❛ ❞❡ r❡s♦❧✉çã♦ ♠✐st❛ é ✈♦❧t❛❞❛ ♣❛r❛ ❛ r❡❞✉çã♦ ❞❡ ❝♦♠♣❧❡①✐❞❛❞❡ ❡♠

❝♦❞✐✜❝❛❞♦r❡s q✉❡ ♥ã♦ ♣♦ss✉❡♠ ♣♦❞❡r ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ ❝❛❧❝✉❧❛r ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✱ ❛♦

❝♦♥trár✐♦ ❞❛s ♦✉tr❛s ❞✉❛s ❛rq✉✐t❡t✉r❛s✳ ❙❡♥❞♦ ❛ss✐♠✱ ❛ ♣r✐♠❡✐r❛ ❛rq✉✐t❡t✉r❛ ♦❢❡r❡❝❡ ♠❛✐♦r r❛♣✐❞❡③

❞❡ ❝♦❞✐✜❝❛çã♦ ❡ ♠❡♥♦r t❛①❛ ❞❡ tr❛♥s♠✐ssã♦✱ ✈✐st♦ q✉❡ ♥ã♦ é ♥❡❝❡ssár✐♦ ❝❛❧❝✉❧❛r ❡ ♥❡♠ ❝♦❞✐✜❝❛r ♦s

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳

❖ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ❧❛❞♦ ❞♦ ❞❡❝♦❞✐✜❝❛❞♦r é ♣r♦✈❛✈❡❧♠❡♥t❡ ♠❛✐s ❝♦♠♣❧❡①♦ ♣❛r❛ ❛ ♣r✐♠❡✐r❛

❛rq✉✐t❡t✉r❛✱ ❞❡✈✐❞♦ à ❛✉sê♥❝✐❛ ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳ ❖ ♣r✐♠❡✐r♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦

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

♦s ♦✉tr♦s ❞♦✐s ♠ét♦❞♦s ❛ss✉♠❡♠ q✉❡ ♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣♦❞❡♠ ♦❢❡r❡❝❡r ❝♦rr❡s♣♦♥❞ê♥❝✐❛s

✜❞❡❞✐❣♥❛s ❡♥tr❡ ❛s s❡q✉ê♥❝✐❛s ❡♠ ❛❧t❛ ❡ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✳ ❙❡♥❞♦ ❛ss✐♠✱ ❡st❛s ❝♦rr❡s♣♦♥❞ê♥❝✐❛s

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

♣♦ss✉❡♠ ❛s ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ❞❡✜♥✐❞❛s✱ ❛♦ ❝✉st♦ ❞❡ ♠❛✐♦r t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ❡ ❞❡ ♠❛✐♦r

❝♦♠♣❧❡①✐❞❛❞❡ ♥♦ ❝♦❞✐✜❝❛❞♦r✱ ❞❡✈✐❞♦ ❛♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡✳

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

sã♦ ♠✉t✉❛♠❡♥t❡ s✉♣❡r✲r❡s♦❧✈✐❞♦s ♥♦ t❡r❝❡✐r♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ ♦❝♦rr❡ ✉♠❛ r❡❞✉çã♦ ❞❡ t❛①❛ ❡ ❞❡

❝♦♠♣❧❡①✐❞❛❞❡ ♥♦ ❝♦❞✐✜❝❛❞♦r ❡ ✉♠ ❛✉♠❡♥t♦ ❞❡ ❝♦♠♣❧❡①✐❞❛❞❡ ♥♦ ❞❡❝♦❞✐✜❝❛❞♦r ❞❛ s❡❣✉♥❞❛ ♣❛r❛ ❛

t❡r❝❡✐r❛ ❛rq✉✐t❡t✉r❛✳

✶✵✶



✼✳✺ ❈♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s

❆ ♣r❡s❡♥t❡ t❡s❡ ❛♣r❡s❡♥t♦✉ ❡ ❞❡s❡♥✈♦❧✈❡✉ três ♠ét♦❞♦s ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ s❡q✉ê♥❝✐❛s ❞❡

♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛✳ ❈❛❞❛ ♠ét♦❞♦ s❡ ❛❞❡q✉❛ ❛ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞✐❢❡r❡♥t❡✱ ❞❡

❛❝♦r❞♦ ❝♦♠ ❛s ♥❡❝❡ss✐❞❛❞❡s ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦✳ P❛r❛ ❢✉t✉r♦s tr❛❜❛❧❤♦s✱ s✉❣❡r❡✲s❡ ♦ ❡st✉❞♦

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

❝♦♥t❛ ♦ ♥í✈❡❧ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❡♠♣r❡❣❛❞♦ s♦❜r❡ ❛s ✐♠❛❣❡♥s✱ ❡ ♦ ✉s♦ ❞♦ ✈❛❧♦r ❞❡ ❙❙■▼ ❛♦ ✐♥✈és

❞❛ ❙❙❉ ♣❛r❛ ❛ ❡st✐♠❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦✴❞✐s♣❛r✐❞❛❞❡ ✉t✐❧✐③❛❞❛ ♣❡❧♦ ♣r✐♠❡✐r♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲

r❡s♦❧✉çã♦✳

✶✵✷



❘❊❋❊❘✃◆❈■❆❙ ❇■❇▲■❖●❘➪❋■❈❆❙

❬✶❪ ❱❊❚❘❖✱ ❆✳❀ ❲■❊●❆◆❉✱ ❚✳❀ ❙❯▲▲■❱❆◆✱ ●✳ ❏✳ ❖✈❡r✈✐❡✇ ♦❢ t❤❡ st❡r❡♦ ❛♥❞ ♠✉❧t✐✈✐❡✇ ✈✐❞❡♦

❝♦❞✐♥❣ ❡①t❡♥s✐♦♥s ♦❢ t❤❡ ❍✳✷✻✹✴▼P❊●✲✹ ❆❱❈ st❛♥❞❛r❞✳ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ■❊❊❊✱ ✈✳ ✾✾✱ ♥✳ ✹✱ ♣✳

✻✷✻✕✻✹✷✱ ✷✵✶✶✳

❬✷❪ ❙❈❍❆❘❙❚❊■◆✱ ❉✳❀ ❙❩❊▲■❙❑■✱ ❘✳ ❆ t❛①♦♥♦♠② ❛♥❞ ❡✈❛❧✉❛t✐♦♥ ♦❢ ❞❡♥s❡ t✇♦✲❢r❛♠❡ st❡r❡♦

❝♦rr❡s♣♦♥❞❡♥❝❡ ❛❧❣♦r✐t❤♠s✳ ■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ♦❢ ❈♦♠♣✉t❡r ❱✐s✐♦♥✱ ✈✳ ✹✼✱ ♣✳ ✼✕✹✷✱ ✷✵✵✷✳

❬✸❪ ❱❊❚❘❖✱ ❆✳❀ ❨❊❆✱ ❙✳❀ ❙▼❖▲■❈✱ ❆✳ ❚♦✇❛r❞s ❛ ✸❉ ✈✐❞❡♦ ❢♦r♠❛t ❢♦r ❛✉t♦✲st❡r❡♦s❝♦♣✐❝ ❞✐s♣❧❛②s✳

■♥✿ ❙P■❊ ❈♦♥❢❡r❡♥❝❡ ♦♥ ❆♣♣❧✐❝❛t✐♦♥s ♦❢ ❉✐❣✐t❛❧ ■♠❛❣❡ Pr♦❝❡ss✐♥❣ ❳❳❳■✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✷✵✵✽✳

❬✹❪ ❍❯❆◆●✱ ❨✳✲❲✳ ❡t ❛❧✳ ❆♥❛❧②s✐s ❛♥❞ ❝♦♠♣❧❡①✐t② r❡❞✉❝t✐♦♥ ♦❢ ♠✉❧t✐♣❧❡ r❡❢❡r❡♥❝❡ ❢r❛♠❡s ♠♦t✐♦♥

❡st✐♠❛t✐♦♥ ✐♥ ❍✳✷✻✹✴❆❱❈✳ ■❊❊❊ ❚r❛♥s❛❝t✐♦♥s ♦♥ ❈✐r❝✉✐ts ❛♥❞ ❙②st❡♠s ❱✐❞❡♦ ❚❡❝❤♥♦❧♦❣②✱ ✈✳ ✶✻✱

♥✳ ✹✱ ♣✳ ✺✵✼✕✺✷✷✱ ✷✵✵✻✳

❬✺❪ ❋❊❍◆✱ ❈✳ ❡t ❛❧✳ ❆s②♠♠❡tr✐❝ ❝♦❞✐♥❣ ♦❢ st❡r❡♦s❝♦♣✐❝ ✈✐❞❡♦ ❢♦r tr❛♥s♠✐ss✐♦♥ ♦✈❡r ❚✲❉▼❇✳ ■♥✿

✸❉❚❱ ❈♦♥❢❡r❡♥❝❡✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✷✵✵✼✳ ♣✳ ✶ ✕✹✳

❬✻❪ ❇❘❯❙❚✱ ❍✳❀ ▼❯❊▲▲❊❘✱ ●✳ ❚✳ ❑✳❀ ❲■❊●❆◆❉✱ ❚✳ ▼✐①❡❞ r❡s♦❧✉t✐♦♥ ❝♦❞✐♥❣ ✇✐t❤ ✐♥t❡r ✈✐❡✇

♣r❡❞✐❝t✐♦♥ ❢♦r ♠♦❜✐❧❡ ✸❉❚❱✳ ■♥✿ ✸❉❚❱ ❈♦♥❢❡r❡♥❝❡✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✷✵✶✵✳ ♣✳ ✶ ✕✹✳

❬✼❪ ❊❑▼❊❑❈■❖●▲❯✱ ❊✳❀ ❲❖❘❘❆▲▲✱ ❙✳❀ ❑❖◆❉❖❩✱ ❆✳ ❯t✐❧✐s❛t✐♦♥ ♦❢ ❞♦✇♥s❛♠♣❧✐♥❣ ❢♦r ❛r❜✐tr❛r②

✈✐❡✇s ✐♥ ♠✉❧t✐✲✈✐❡✇ ✈✐❞❡♦ ❝♦❞✐♥❣✳ ■❊❊❊ ❚r❛♥s❛❝t✐♦♥s ♦♥ ❈✐r❝✉✐ts ❛♥❞ ❙②st❡♠s ❱✐❞❡♦ ❚❡❝❤♥♦❧♦❣②✱

✈✳ ✹✹✱ ♥✳ ✺✱ ♣✳ ✸✸✾✕✸✹✵✱ ✷✵✵✽✳

❬✽❪ ❆❑❙❆❨✱ ❆✳ ❡t ❛❧✳ ❚❡♠♣♦r❛❧ ❛♥❞ s♣❛t✐❛❧ s❝❛❧✐♥❣ ❢♦r st❡r❡♦s❝♦♣✐❝ ✈✐❞❡♦ ❝♦♠♣r❡ss✐♦♥✳ ■♥✿ ✸❉❚❱

❈♦♥❢❡r❡♥❝❡✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✷✵✵✻✳

❬✾❪ ❈❍❊◆✱ ❨✳ ❡t ❛❧✳ ❘❡❣✐♦♥❛❧❧② ❛❞❛♣t✐✈❡ ✜❧t❡r✐♥❣ ❢♦r ❛s②♠♠❡tr✐❝ st❡r❡♦s❝♦♣✐❝ ✈✐❞❡♦ ❝♦❞✐♥❣✳ ■♥✿

■❊❊❊ ■♥t❡r♥❛t✐♦♥❛❧ ❙②♠♣♦s✐✉♠ ♦♥ ❈✐r❝✉✐ts ❛♥❞ ❙②st❡♠s✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✷✵✵✾✳ ♣✳ ✷✺✽✺✕✷✺✽✽✳

❬✶✵❪ ❙❆❲❍◆❊❨✱ ❍✳ ❡t ❛❧✳ ❍②❜r✐❞ st❡r❡♦ ❝❛♠❡r❛✿ ❛♥ ■❇❘ ❛♣♣r♦❛❝❤ ❢♦r s②♥t❤❡s✐s ♦❢ ✈❡r② ❤✐❣❤

r❡s♦❧✉t✐♦♥ st❡r❡♦s❝♦♣✐❝ ✐♠❛❣❡ s❡q✉❡♥❝❡s✳ ■♥✿ ❈♦♥❢❡r❡♥❝❡ ♦♥ ❈♦♠♣✉t❡r ●r❛♣❤✐❝s ❛♥❞ ■♥t❡r❛❝t✐✈❡

❚❡❝❤♥✐q✉❡s✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✷✵✵✶✳ ♣✳ ✹✺✶✕✹✻✵✳

❬✶✶❪ ❏❯▲❊❙❩✱ ❇✳ ❋♦✉♥❞❛t✐♦♥s ♦❢ ❈②❝❧♦♣❡❛♥ P❡r❝❡♣t✐♦♥✳ ❬❙✳❧✳❪✿ ❯♥✐✈❡rs✐t② ♦❢ ❈❤✐❝❛❣♦ Pr❡ss✱ ✶✾✼✶✳
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❬✻✷❪ ❇❏❖◆❚❊●❆❆❘❉✱ ●✳ ❈❛❧❝✉❧❛t✐♦♥ ♦❢ ❛✈❡r❛❣❡ P❙◆❘ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ❘❉✲❝✉r✈❡s✳ ■♥✿

❱❈❊●✲▼✸✸✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✷✵✵✶✳

❬✻✸❪ ❙❍❊P❆❘❉✱ ❉✳ ❆ t✇♦✲❞✐♠❡♥s✐♦♥❛❧ ✐♥t❡r♣♦❧❛t✐♦♥ ❢✉♥❝t✐♦♥ ❢♦r ✐rr❡❣✉❧❛r❧②✲s♣❛❝❡❞ ❞❛t❛✳ ■♥✿

Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ✶✾✻✽ ✷✸r❞ ❆❈▼ ♥❛t✐♦♥❛❧ ❝♦♥❢❡r❡♥❝❡✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✶✾✻✽✳ ♣✳ ✺✶✼✕✺✷✹✳
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■✳ ❘❊❙❯▲❚❆❉❖❙ ❊❳P❊❘■▼❊◆❚❆■❙

◆❡st❡ ❆♥❡①♦✱ ❛♣r❡s❡♥t❛✲s❡ ❞❡ ❢♦r♠❛ t❛❜✉❧❛❞❛ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦s ❈❛♣ít✉❧♦s ✹✱ ✺ ❡ ✻✳

■✳✶ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ s❡♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡

■✳✶✳✶ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦

❆s ❚❛❜❡❧❛s ■✳✶ ❛ ■✳✹ ❛♣r❡s❡♥t❛♠ ♦s ❣❛♥❤♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ♥♦

❈❛♣ít✉❧♦ ✹ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛s ♠é❞✐❛s ❞❡ P❙◆❘

✭❊q✳ ✷✳✶✻✮ ❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ❖s ♠❡❧❤♦r❡s

r❡s✉❧t❛❞♦s ♣❛r❛ ❝❛❞❛ s❡q✉ê♥❝✐❛ sã♦ ✐♥❞✐❝❛❞♦s ♣♦r ♥ú♠❡r♦s ❡♠ ♥❡❣r✐t♦✳

◆❛s ❚❛❜❡❧❛s ■✳✶ ❡ ■✳✷✱ ♦s ❣❛♥❤♦s ♦❜t✐❞♦s q✉❛♥❞♦ s❡ ✉t✐❧✐③❛ s♦♠❡♥t❡ ✉♠❛ r❡❢❡rê♥❝✐❛ sã♦

❛♣r❡s❡♥t❛❞♦s ❞❛ t❡r❝❡✐r❛ à s❡①t❛ ❝♦❧✉♥❛✳ P❛r❛ ❝❛❞❛ ❡♥tr❛❞❛ ♥❡st❛s ❝♦❧✉♥❛s✱ t❡♠✲s❡ três ❧✐♥❤❛s✿

♥❛ ♣r✐♠❡✐r❛✱ ✉t✐❧✐③❛✲s❡ I
A
Oi

′ + I
B
O❀ ♥❛ s❡❣✉♥❞❛✱ ✉t✐❧✐③❛✲s❡ I

A
Oi

′′ + I
B
O❀ ❡ ♥❛ t❡r❝❡✐r❛ ❧✐♥❤❛✱ ❝♦♠❜✐♥❛✲s❡

I
A
Oi

′ ❡ I
A
Oi

′′ ❡♠ ✉♠ ú♥✐❝♦ q✉❛❞r♦✳ ❆ ú❧t✐♠❛ ❝♦❧✉♥❛ ❛♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❛♣❧✐❝❛♥❞♦ ❛ ❊q✳

✭✹✳✻✮ ❝♦♠ t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s✳

❆ t❡r❝❡✐r❛ ❝♦❧✉♥❛ ❞❛s ❚❛❜❡❧❛s ■✳✶ ❡ ■✳✷✱ ✭Oi = O1✮ ✐♥❞✐❝❛ ♦s ❣❛♥❤♦s ♦❜t✐❞♦s ♣❡❧❛ s✉♣❡r✲r❡s♦❧✉çã♦

❡♠ r❡❧❛çã♦ à ✐♥t❡r♣♦❧❛çã♦ q✉❛♥❞♦ s❡ ✉t✐❧✐③❛ s♦♠❡♥t❡ ✉♠ q✉❛❞r♦ ❞❛ ✈✐st❛ ❛♥t❡r✐♦r ♥♦ ♠❡s♠♦ ✐♥st❛♥t❡

❞❡ t❡♠♣♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ✭{✈✐st❛✱t❡♠♣♦} = {j − 1, k}✮✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s q✉❛❞r♦s ✐♥❞✐❝❛❞♦s ♥❛

❚❛❜❡❧❛ ✹✳✶✳ ❆ q✉❛rt❛ ❝♦❧✉♥❛ ✭O2✮ ❝♦rr❡s♣♦♥❞❡ ❛♦ ✉s♦ ❞❡ s♦♠❡♥t❡ ✉♠ q✉❛❞r♦ ❞❛ ✈✐st❛ ♣♦st❡r✐♦r

♥♦ ♠❡s♠♦ ✐♥st❛♥t❡ ✭{j + 1, k}✮✱ ❛ q✉✐♥t❛ ❝♦❧✉♥❛ ✭O3✮ ❝♦rr❡s♣♦♥❞❡ ❛♦ ✐♥st❛♥t❡ ❛♥t❡r✐♦r ♥❛ ♠❡s♠❛

✈✐st❛ ✭{j, k − 1}✮✱ ❡ ❛ s❡①t❛ ❝♦❧✉♥❛ ✭O4✮✱ ❛♦ ✐♥st❛♥t❡ ♣♦st❡r✐♦r ♥❛ ♠❡s♠❛ ✈✐st❛ ✭{j, k + 1}✮✳

✶✶✶



❚❛❜❡❧❛ ■✳✶✿ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ s❡♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✹✮✱ s❡♠ ❝♦❞✐✜❝❛çã♦✱

♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ M = 2✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r

♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳

❙❡q✉ê♥❝✐❛ I
B
O

●❛♥❤♦s

I
A
O1

′+ I
A
O1

′′+
ÎO1

I
A
O2

′+ I
A
O2

′′+
ÎO2

I
A
O3

′+ I
A
O3

′′+
ÎO3

I
A
O4

′+ I
A
O4

′′+
ÎO4 ÎO

I
B
O I

B
O I

B
O I

B
O I

B
O I

B
O I

B
O I

B
O
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▲♦✈❡❜✐r❞✶ ✸✹✱✷✼ ✶✱✻✸ ✵✱✹✷ ✷✱✶✷ ✷✱✵✼ ✵✱✼✾ ✷✱✺✾ ✶✷✱✹✶ ✾✱✶✼ ✶✷✱✻✺ ✶✷✱✸✼ ✾✱✶✵ ✶✷✱✻✷ ✶✹✱✻✸
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P♦③♥❛♥ ❙tr❡❡t ✸✸✱✶✻ ✷✱✷✶ ✵✱✻✶ ✷✱✼✵ ✷✱✻✵ ✵✱✾✸ ✷✱✾✾ ✼✱✶✽ ✹✱✻✺ ✼✱✹✷ ✼✱✶✽ ✹✱✻✸ ✼✱✹✷ ✶✵✱✵✶

▼❙❙■▼ ✭✪✮

❇❛❧❧❡t ✾✹✱✹✻ ✲✵✱✵✹ ✲✶✱✾✾ ✵✱✸✽ ✲✵✱✷✶ ✲✵✱✺✸ ✵✱✹✵ ✸✱✷✽ ✵✱✼✵ ✸✱✹✶ ✸✱✷✼ ✵✱✼✷ ✸✱✹✵ ✹✱✶✸

❇r❡❛❦❞❛♥❝❡rs ✾✻✱✹✾ ✲✶✱✹✹ ✲✶✱✺✼ ✲✵✱✾✶ ✲✶✱✷✵ ✲✶✱✺✵ ✲✵✱✼✼ ✲✵✱✼✹ ✲✶✱✵✽ ✲✵✱✸✹ ✲✵✱✼✹ ✲✶✱✵✽ ✲✵✱✸✹ ✶✱✵✺

❈❛❢❡ ✾✼✱✸✽ ✲✵✱✶✻ ✲✵✱✺✸ ✵✱✵✹ ✲✵✱✶✵ ✲✵✱✸✶ ✵✱✶✶ ✵✱✼✶ ✲✵✱✵✹ ✵✱✼✾ ✵✱✼✶ ✲✵✱✵✺ ✵✱✼✾ ✶✱✹✶

P❛♥t♦♠✐♠❡ ✾✼✱✼✾ ✵✱✷✶ ✲✵✱✹✵ ✵✱✺✶ ✲✵✱✵✷ ✲✵✱✹✶ ✵✱✸✺ ✵✱✵✾ ✲✵✱✹✾ ✵✱✸✽ ✵✱✵✽ ✲✵✱✹✾ ✵✱✸✼ ✶✱✶✺

▲♦✈❡❜✐r❞✶ ✾✹✱✾✶ ✶✱✾✺ ✵✱✵✺ ✷✱✷✻ ✷✱✶✻ ✵✱✻✺ ✷✱✹✷ ✹✱✹✾ ✸✱✼✼ ✹✱✺✶ ✹✱✹✾ ✸✱✼✻ ✹✱✺✶ ✹✱✼✵

◆❡✇s♣❛♣❡r ✾✺✱✵✾ ✲✷✱✶✶ ✲✵✱✼✵ ✲✶✱✵✽ ✲✵✱✶✼ ✲✵✱✽✷ ✵✱✸✸ ✸✱✽✺ ✷✱✵✽ ✸✱✾✶ ✸✱✽✺ ✷✱✵✻ ✸✱✾✶ ✹✱✷✻

P♦③♥❛♥ ❙tr❡❡t ✾✶✱✸✸ ✷✱✶✸ ✲✵✱✾✼ ✷✱✻✾ ✷✱✹✽ ✲✵✱✺✾ ✷✱✾✷ ✺✱✻✸ ✸✱✵✺ ✺✱✼✹ ✺✱✻✸ ✸✱✵✹ ✺✱✼✹ ✻✱✼✸
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❚❛❜❡❧❛ ■✳✷✿ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ s❡♠ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✹✮✱ s❡♠ ❝♦❞✐✜❝❛çã♦✱

♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛s s❡q✉ê♥❝✐❛s r❡❛✐s✱ M = 4✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r
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ÎO3

I
A
O4

′+ I
A
O4

′′+
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▲♦✈❡❜✐r❞✶ ✸✱✸✼ ✲✶✱✺✶ ✸✱✻✹ ✸✱✻✻ ✲✵✱✽✷ ✸✱✽✾ ✺✱✸✷ ✵✱✷✺ ✺✱✹✹ ✺✱✷✻ ✵✱✶✺ ✺✱✸✾ ✺✱✾✽

◆❡✇s♣❛♣❡r ✲✵✱✶✹ ✲✶✱✼✵ ✵✱✹✺ ✷✱✶✼ ✲✶✱✹✽ ✷✱✹✺ ✺✱✶✵ ✵✱✸✼ ✺✱✶✽ ✺✱✵✽ ✵✱✸✵ ✺✱✶✻ ✺✱✺✼

P♦③♥❛♥ ❙tr❡❡t ✸✱✹✷ ✲✶✱✻✼ ✸✱✻✼ ✸✱✻✻ ✲✶✱✹✸ ✸✱✽✸ ✹✱✽✸ ✲✵✱✻✵ ✹✱✾✼ ✹✱✼✼ ✲✵✱✻✾ ✹✱✾✷ ✺✱✻✻

✶✶✽



■✳✷ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ ❝♦♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡

■✳✷✳✶ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦

❆s ❚❛❜❡❧❛s ■✳✾ ❛ ■✳✶✷ ❛♣r❡s❡♥t❛♠ ♦s ❣❛♥❤♦s s❡♠ ❝♦❞✐✜❝❛çã♦ ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ♥♦

❈❛♣ít✉❧♦ ✺ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛s ♠é❞✐❛s ❞❡ P❙◆❘

✭❊q✳ ✷✳✶✻✮ ❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳

❉❡ ❢♦r♠❛ s❡♠❡❧❤❛♥t❡ à ❙❡çã♦ ■✳✶✱ ♦s ❣❛♥❤♦s ♦❜t✐❞♦s q✉❛♥❞♦ s❡ ✉t✐❧✐③❛ s♦♠❡♥t❡ ✉♠❛ r❡❢❡rê♥❝✐❛

sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ t❡r❝❡✐r❛ ❡ q✉❛rt❛ ❝♦❧✉♥❛s✳ P❛r❛ ❝❛❞❛ ❡♥tr❛❞❛ ♥❡st❛s ❝♦❧✉♥❛s✱ t❡♠✲s❡ três ❧✐♥❤❛s✿

♥❛ ♣r✐♠❡✐r❛✱ ✉t✐❧✐③❛✲s❡ I
A
Oi

′ + I
B
O❀ ♥❛ s❡❣✉♥❞❛✱ ✉t✐❧✐③❛✲s❡ I

A
Oi

′′ + I
B
O❀ ❡ ♥❛ t❡r❝❡✐r❛ ❧✐♥❤❛✱ ❝♦♠❜✐♥❛✲s❡

I
A
Oi

′ ❡ I
A
Oi

′′ ❡♠ ✉♠ ú♥✐❝♦ q✉❛❞r♦✳ ❆ ú❧t✐♠❛ ❝♦❧✉♥❛ ❛♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❛♣❧✐❝❛♥❞♦ ❛ ❊q✳

✭✺✳✼✮ ❝♦♠ t♦❞❛s ❛s r❡❢❡rê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s✳ ◆♦✈❛♠❡♥t❡✱ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♣❛r❛ ❝❛❞❛ s❡q✉ê♥❝✐❛

sã♦ ✐♥❞✐❝❛❞♦s ♣♦r ♥ú♠❡r♦s ❡♠ ♥❡❣r✐t♦✳

■✳✷✳✷ ❘❡s✉❧t❛❞♦s ❝♦♠ ❝♦❞✐✜❝❛çã♦

❆s ❚❛❜❡❧❛s ■✳✶✸ ❛ ■✳✶✻ ❛♣r❡s❡♥t❛♠ ♦s ❣❛♥❤♦s ❝♦♠ ❝♦❞✐✜❝❛çã♦ ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ♥♦

❈❛♣ít✉❧♦ ✺ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛s ♠é❞✐❛s ❞❡ P❙◆❘

✭❊q✳ ✷✳✶✻✮ ❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮ ❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳ ❖s ♠❡❧❤♦r❡s

r❡s✉❧t❛❞♦s ♣❛r❛ ❝❛❞❛ s❡q✉ê♥❝✐❛ sã♦ ✐♥❞✐❝❛❞♦s ♣♦r ♥ú♠❡r♦s ❡♠ ♥❡❣r✐t♦✳ ➱ ♠❛♥t✐❞❛ ❛ ♥♦♠❡♥❝❧❛t✉r❛

✉t✐❧✐③❛❞❛ ♥❛s ❝♦❧✉♥❛s ❞❛s ❚❛❜❡❧❛s ■✳✾ ❛ ■✳✶✷✳

■✳✸ ❙✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦

■✳✸✳✶ ❘❡s✉❧t❛❞♦s s❡♠ ❝♦❞✐✜❝❛çã♦

❆ ✜♠ ❞❡ ❛✈❛❧✐❛r ♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st♦ ♥❡st❡ ❈❛♣ít✉❧♦✱ ♠❡❞✐✉✲s❡ ❛ q✉❛❧✐❞❛❞❡ ❞❛s

q✉❛❞r♦s IDO s✉♣❡r✲r❡s♦❧✈✐❞♦s ❝♦♠ ❞✐❢❡r❡♥t❡s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣ré✲♣r♦❝❡ss❛❞♦s✳ ❆ q✉❛❧✐❞❛❞❡

❞♦s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ s✐ ♥ã♦ é tã♦ ✐♠♣♦rt❛♥t❡✱ ❞❛❞♦ q✉❡ ❡❧❡s ♥ã♦ sã♦ ♦ ♣r♦❞✉t♦ ✜♥❛❧

❞❡ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❡♠ ♠ú❧t✐♣❧❛s ✈✐st❛s✱ ❡ s✐♠ ❛s ✐♠❛❣❡♥s ÎO ❡ IRi✳ ❋♦r❛♠ ✉t✐❧✐③❛❞❛s ❛s ♠❡s♠❛s

s❡q✉ê♥❝✐❛s ❛♣r❡s❡♥t❛❞❛s ♥❛s ❙❡çõ❡s ✹✳✹ ❡ ✺✳✹✱ ❝♦♠ ❡ s❡♠ ❝♦❞✐✜❝❛çã♦ ❍✳✷✻✹✴❆❱❈✳ ❖s q✉❛❞r♦s ❞❡

r❡❢❡rê♥❝✐❛ ❞✐s♣♦♥í✈❡✐s sã♦ ♦s ♠❡s♠♦s ❞❛ ❚❛❜❡❧❛ ✺✳✶✳

❆s ❚❛❜❡❧❛s ■✳✶✼ ❡ ■✳✶✽ ❛♣r❡s❡♥t❛♠ ♦s ❣❛♥❤♦s ❞❡ q✉❛❧✐❞❛❞❡ ❞♦s q✉❛❞r♦s I
D
O s✉♣❡r✲r❡s♦❧✈✐❞♦s

❝♦♠ ❞✐❢❡r❡♥t❡s ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ♣ré✲♣r♦❝❡ss❛❞♦s ❞♦ ❈❛♣ít✉❧♦ ✻ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r ♦s

q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ♣❛r❛ t❡st❡s s❡♠ ❝♦❞✐✜❝❛çã♦✳ ❖s ♠❛♣❛s ♣ré✲♣r♦❝❡ss❛❞♦s sã♦✿

• Dr✿ ♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ❡♠ r❡s♦❧✉çã♦ ❝♦♠♣❧❡t❛ ✭♦ ❡q✉✐✈❛❧❡♥t❡ à ❛rq✉✐t❡t✉r❛ ❞♦ ❈❛♣ít✉❧♦

✺✮❀

• D
B
r ✿ ♠❛♣❛s Dr ❞❡❝✐♠❛❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s❀

✶✶✾



❚❛❜❡❧❛ ■✳✼✿ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ s❡♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✹✮✱ ❝♦♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛s s❡q✉ê♥❝✐❛s

s✐♥tét✐❝❛s✱ M = 2✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r

♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮

❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳

❙❡q✉ê♥❝✐❛
●❛♥❤♦s

I
A
O
′ + I

B
O I

A
O
′′ + I

B
O ÎO

P❙◆❘ ✭❞❇✮

❇❛r♥✶ ✷✱✸✻ ✵✱✼✸ ✷✱✻✺

❇❛r♥✷ ✶✱✽✻ ✵✱✻✷ ✶✱✾✽

❇✉❧❧ ✶✱✺✺ ✵✱✷✺ ✶✱✻✼

▼❛♣ ✵✱✹✼ ✲✵✱✶✷ ✵✱✼✺

P♦st❡r ✷✱✷✸ ✵✱✷✹ ✷✱✺✷

❙❛✇t♦♦t❤ ✷✱✶✻ ✵✱✼✷ ✷✱✸✼

❱❡♥✉s ✷✱✸✶ ✵✱✺✼ ✷✱✺✼

❈♦♥❡s ✲✵✱✵✶ ✲✵✱✵✾ ✵✱✸✷

❚❡❞❞② ✵✱✸✽ ✵✱✶✷ ✵✱✼✹

❘♦♦♠✸❉ ✷✱✺✺ ✵✱✹✶ ✷✱✻✺

▼❙❙■▼ ✭✪✮

❇❛r♥✶ ✾✱✽✶ ✷✱✼✵ ✶✵✱✶✼

❇❛r♥✷ ✹✱✸✼ ✵✱✼✷ ✹✱✺✶

❇✉❧❧ ✷✱✻✸ ✲✵✱✵✷ ✷✱✼✻

▼❛♣ ✶✱✺✷ ✲✶✱✵✷ ✷✱✷✷

P♦st❡r ✶✵✱✸✼ ✷✱✵✹ ✶✵✱✻✺

❙❛✇t♦♦t❤ ✺✱✺✼ ✶✱✶✹ ✺✱✽✺

❱❡♥✉s ✻✱✵✹ ✶✱✷✷ ✻✱✸✷

❈♦♥❡s ✲✵✱✹✹ ✲✵✱✾✻ ✵✱✻✹

❚❡❞❞② ✶✱✵✸ ✲✵✱✹✻ ✶✱✻✸

❘♦♦♠✸❉ ✹✱✵✸ ✵✱✹✻ ✹✱✶✸

✶✷✵



❚❛❜❡❧❛ ■✳✽✿ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❞❡ s✉♣❡r✲r❡s♦❧✉çã♦ ❞❡ ♠ú❧t✐♣❧❛s ✈✐st❛s ❡♠ r❡s♦❧✉çã♦ ♠✐st❛ s❡♠

♠❛♣❛s ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡ ✭❈❛♣✳ ✹✮✱ ❝♦♠ ❝♦❞✐✜❝❛çã♦✱ ♣❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧✉♠✐♥â♥❝✐❛ ❞❛s s❡q✉ê♥❝✐❛s

s✐♥tét✐❝❛s✱ M = 4✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❣❛♥❤♦s ❞❛ s✉♣❡r✲r❡s♦❧✉çã♦ ♣r♦♣♦st❛ ❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r♣♦❧❛r

♦s q✉❛❞r♦s ❡♠ ❜❛✐①❛ r❡s♦❧✉çã♦✱ ❜❛s❡❛❞♦ ♥❛ ♠é❞✐❛ ❞❡ P❙◆❘ ✭❊q✳ ✷✳✶✻✮ ❡ ❞❡ ▼❙❙■▼×100 ✭❊q✳ ✷✳✷✵✮

❞♦s q✉❛❞r♦s s✉♣❡r✲r❡s♦❧✈✐❞♦s ❡ ✐♥t❡r♣♦❧❛❞♦s✳

❙❡q✉ê♥❝✐❛
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ÎO2 ÎO
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