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❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ❛♣❧✐❝❛t✐✈♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ♥♦ ❡♥s✐♥♦ s✉♣❡r✐♦r✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ ❞✐s✲
❝✐♣❧✐♥❛s ❞❛ ár❡❛ t❡❝♥♦❧ó❣✐❝❛✱ é ❡ss❡♥❝✐❛❧ ♣❛r❛ ❛✉♠❡♥t❛r ❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡
❛♣r❡♥❞✐③❛❞♦ ❞♦ ❞✐s❝❡♥t❡✳ ◆♦ â♠❜✐t♦ ❞❛ ❊♥❣❡♥❤❛r✐❛ ▼❡❝â♥✐❝❛✱ ❛ ❞✐s❝✐♣❧✐♥❛ ❞❡ ❚r❛♥s❢❡rê♥❝✐❛ ❞❡
❈❛❧♦r ❛♣r❡s❡♥t❛ ❞✐✈❡rs❛s ♦♣♦rt✉♥✐❞❛❞❡s ♥❛s q✉❛✐s ❡st❛s ❢❡rr❛♠❡♥t❛s ♣♦❞❡♠ s❡r ❛♣❧✐❝❛❞❛s ♣♦s✐✲
t✐✈❛♠❡♥t❡✳ ◆❡ss❡ s❡♥t✐❞♦✱ ❡st❡ tr❛❜❛❧❤♦ t❡✈❡ ❝♦♠♦ ♣r♦♣♦st❛ ❛ ♣r♦❞✉çã♦ ❞❡ ✉♠ s♦❢t✇❛r❡✱ ❝♦♠
✐♥t❡r❢❛❝❡ ❞❡ ✉s✉ár✐♦✱ ♣❛r❛ s♦❧✉çã♦ ❛♥❛❧ít✐❝❛ ❞❡ ♣r♦❜❧❡♠❛s ❞✐r❡t♦s ❡ ✐♥✈❡rs♦s ❡♠ ❈♦♥❞✉çã♦ ❞❡
❈❛❧♦r✳ ❆ ❝r✐❛çã♦ ❞♦ ❛♣❧✐❝❛t✐✈♦ ❢♦✐ ❢❡✐t❛ ❛tr❛✈és ❞❛ ♣❧❛t❛❢♦r♠❛ ●❯■❉❊ ❞♦ s♦❢t✇❛r❡ ❝♦♠❡r❝✐❛❧
▼❆❚▲❆❇➤✳ ❆ss✐♠✱ ✉♠ ❛rq✉✐✈♦ ❡①❡❝✉tá✈❡❧ ❢♦✐ ❝r✐❛❞♦✱ ♣♦r ♠❡✐♦ ❞♦ ♣❛r❛❞✐❣♠❛ ❞❛ ♣r♦❣r❛✲
♠❛çã♦ ♦r✐❡♥t❛❞❛ à ❡✈❡♥t♦s✱ ❝♦♥❢❡r✐♥❞♦ ♠❛✐♦r ❛✉t♦♥♦♠✐❛ ❛♦ ✉s✉ár✐♦✳ ❆ ♣r✐♥❝í♣✐♦✱ ♦ s♦❢t✇❛r❡
❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ❡ t❡st❛❞♦ ❝♦♠ ê①✐t♦ ❡♠ ♣r♦❜❧❡♠❛s ❞♦ ▲❛❜♦r❛tór✐♦ ❞❡ ❊♥s✐♥♦ ❡ P❡sq✉✐s❛ ❡♠
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■♥tr♦❞✉çã♦

❆ ❞❡♠❛♥❞❛ ♣♦r ❛♣❧✐❝❛t✐✈♦s✱ ❡♠ ❞✐✈❡rs♦s s❡t♦r❡s ❞♦ ♠❡r❝❛❞♦✱ t❡♠ ❝♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛ ✉♠❛

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

s❡ q✉❡ ❛s ❡♠♣r❡s❛s ♣r❡t❡♥❞❡♠ ♠♦❞❡r♥✐③❛r s❡✉s ♠❡✐♦s ❞❡ ♣r♦❞✉çã♦ ❝♦♠♦ ❢♦r♠❛ ❛ ❡①✐❣✐r ♠❡♥♦s

♠ã♦ ❞❡ ♦❜r❛ ❡ ♦❜t❡r ✉♠ r❡s✉❧t❛❞♦ ♠❛✐s ❡✜❝✐❡♥t❡✱ ♣❡r♠✐t✐♥❞♦ ❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sõ❡s ❡♠ t❡♠♣♦

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

❊♥tr❡ ♦ ❛♥♦ ❞❡ ✷✵✵✾ ❡ ✷✵✶✼ ❤♦✉✈❡ ✉♠ ❛✉♠❡♥t♦ ❞❡ ♠❛✐s ❞❡ ✸✵ ✪ ♥♦ ♥ú♠❡r♦ ❞❡ ❛♣❧✐❝❛t✐✈♦s✳

■ss♦ ❝♦♥s✐❞❡r❛♥❞♦ ❛♣❡♥❛s ♦s s✐st❡♠❛s ✐♥❝❧✉í❞♦s ♥❛ ●♦♦❣❧❡ P❧❛②✳ ❖ ♥ú♠❡r♦ ❞❡ ❞♦✇♥❧♦❛❞s ❞❡

❛♣❧✐❝❛t✐✈♦s ❥✉♥t❛♥❞♦ ❆♣♣❧❡ ❙t♦r❡ ❡ ●♦♦❣❧❡ P❧❛② t❡✈❡ ✉♠ ❛✉♠❡♥t♦ ❞❡ ✸✶✱✾✹ ✪ ❡♠ ✷✵✶✼✳ ❆

♣r♦s♣❡❝çã♦ é q✉❡ ❛té ♦ ❛♥♦ ❞❡ ✷✵✷✶ ❡ss❡ ♥ú♠❡r♦ ❡st❛rá ❡♠ ✸✺✷✱✾ ❜✐❧❤õ❡s ❞❡ ❞♦✇♥❧♦❛❞s✳

▼❡r❝❛❞♦ ❛q✉❡❝✐❞♦ é s✐♥ô♥✐♠♦ ❞❡ ♣r♦❞✉çã♦ ❡♠ ♠❛ss❛✳ ❈♦♠ ❛ ❛❧t❛ ❞❡♠❛♥❞❛✱ ❛ ❜✉s❝❛ ♣♦r ✉♠

❜♦❛ ❡♠♣r❡s❛ ❞❡ ❛♣❧✐❝❛t✐✈♦ ❝r❡s❝❡ t❛♠❜é♠✳ ❖ ▲❛❜♦r❛tór✐♦ ❞❡ ❊♥s✐♥♦ ❡ P❡sq✉✐s❛ ❡♠ ❚r❛♥s❢❡rê♥✲

❝✐❛ ❞❡ ❈❛❧♦r ▼♦❞❡❧❛❣❡♠ ❡ ❊①♣❡r✐♠❡♥t♦ ✲ ▲❚❈▼❊✱ ❞❛ ❋❛❝✉❧❞❛❞❡ ❞❡ ❊♥❣❡♥❤❛r✐❛♠ ▼❡❝â♥✐❝❛ ✲

❋❊▼❊❈✱ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛✲ ❯❋❯✱ tr❛❜❛❧❤❛ ❝♦♠ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s♦❧✉✲

çõ❡s ❛♥❛❧ít✐❝❛s✱ ♥✉♠ér✐❝❛s ❡ ❡①♣❡r✐♠❡♥t❛✐s ♥❛s ❞✐ss❡rt❛çõ❡s ❞❡ ♠❡str❛❞♦ ❡ t❡s❡s ❞❡ ❞♦✉t♦r❛❞♦✱

s❡♥❞♦ q✉❡ ♠✉✐t❛ ❞❛s ✈❡③❡s✱ ❡ss❛s s♦❧✉çõ❡s sã♦ ♣❡r❞✐❞❛s✱ ♣♦✐s ♥ã♦ ❡①✐st❡ ✉♠ ❜❛♥❝♦ ❞❡ ❞❛❞♦s ♣❛r❛

❛r♠❛③❡♥á✲❧❛s ❡✱ ♥❛ ♠❛✐♦r✐❛ ❞❛s ✈❡③❡s ❡①✐st❡ ✉♠❛ ❝❡rt❛ ❞✐✜❝✉❧❞❛❞❡ ❞❡ ✉♠ ♥♦✈♦ ✉s✉ár✐♦ r❡♣❧✐❝❛✲

❧❛s✱ ♦ q✉❡ ❞❡♠❛♥❞❛ t❡♠♣♦ ❡ ❡st✉❞♦ ❛ ❢✉♥❞♦ ❞♦ tr❛❜❛❧❤♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♣♦r ♦✉tr♦s ❛❧✉♥♦s✳ ❆❧é♠

❞✐ss♦✱ ♣❛r❛ ✉t✐❧✐③❛r ❡ss❛s s♦❧✉çõ❡s✱ ❞❡✈❡✲s❡ ✉s❛r ♦ s♦❢t✇❛r❡ ❝♦♠❡r❝✐❛❧ ▼❛t❧❛❜✱ q✉❡ ❞❡♣❡♥❞❡♥❞♦

❞❛ ✈❡rsã♦✱ ❛♣r❡s❡♥t❛ ❝❡rt♦s ♣r♦❜❧❡♠❛s r❡❧❛❝✐♦♥❛❞♦s ❛ ✐♥❝♦♠♣❛t✐❜✐❧✐❞❛❞❡ ❝♦♠ ✈❡rsõ❡s ❛♥t❡r✐♦r❡s✳

❖✉ s❡❥❛✱ ♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ✉♠ ❝ó❞✐❣♦ q✉❡ ❢♦✐ ❡s❝r✐t♦ ♥♦ ▼❛t❧❛❜ ✷✵✶✾ ✐rá ❢✉♥❝✐♦♥❛r ❡♠ ✈❡rsõ❡s

❛♥t❡r✐♦r❡s ❞♦ s♦❢t✇❛r❡ ❞❡✈✐❞♦ ás ♠❡❧❤♦r✐❛s q✉❡ ❢♦r❛♠ ❢❡✐t❛s ♥❛s ✈❡rõ❡s ♠❛✐s r❡❝❡♥t❡s✳

▼❡❞✐❛♥t❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❛ ❝r✐❛çã♦ ❞❡ ✉♠❛ ❢❡rr❛♠❡♥t❛ ❝♦♠✉♠ ❡ ❞❡ ✉♠❛ ❢♦r♠❛ ❞❡ ❛r♠❛③❡♥❛r

❡ss❛s s♦❧✉çõ❡s✱ ❡st❡ tr❛❜❛❧❤♦ t❡✈❡ ❝♦♠♦ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦ ♣r♦❞✉③✐r ✉♠ s♦❢t✇❛r❡ ❝♦♠ ✐♥t❡r❢❛❝❡ ❞❡

✉s✉ár✐♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ ❛♥á❧✐s❡ ❞❡ s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❞✐r❡t♦ ❡ ✐♥✈❡rs♦ ❞❡s❡♥✈♦❧✈✐❞♦s ♣❡❧♦s

❛❧✉♥♦s ❞♦ ❧❛❜♦r❛tór✐♦ ▲❚❈▼❊✳

✶



✷

◆♦ ❝❛♣ít✉❧♦ ✷✱ ❘❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛✱ ❢♦✐ ❢❡✐t❛ ✉♠❛ ❜r❡✈❡ r❡✈✐sã♦ ❛♣♦♥t❛♥❞♦ ♦s tr❛❜❛❧❤♦s

❞❡ ❞✐ss❡rt❛çã♦ ❡ t❡s❡ q✉❡ ❢♦r❛♠ ✉s❛❞♦s ♣❛r❛ ❛♣❧✐❝❛r ❛s s♦❧✉çõ❡s ❛♥❛❧ít✐❝❛s ❞❡s❡♥✈♦❧✈✐❞❛s ♥♦

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

s✐st❡♠❛ ❞❡ ♥✉♠❡r❛çã♦ q✉❡ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s ♠❛✐s ❞✐❢❡r❡♥❝✐❛❞♦s t✐♣♦s ❞❡ ❝♦♥❞✐çõ❡s

❞❡ ❝♦♥t♦r♥♦✳ P♦r ✜♠✱ ❢♦✐ ❞❛❞♦ ❡♥❢♦q✉❡ ❛♦s ♣r♦❜❧❡♠❛s ❞✐r❡t♦ ❡ ✐♥✈❡rs♦ ✉s❛❞♦s ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

❞♦ ❛♣❧✐❝❛t✐✈♦ ❝r✐❛❞♦ ♥♦ ❛♠❜✐❡♥t❡ ●✉✐❞❡ ❞♦ s♦❢t✇❛r❡ ▼❆❚▲❆❇✳

◆♦ ❝❛♣ít✉❧♦ ✸✱ ▼❡t♦❞♦❧♦❣✐❛✱ sã♦ ❛❜♦r❞❛❞♦s ❛s♣❡❝t♦s ❞❛ ♣r♦❣r❛♠❛çã♦ ✉t✐❧✐③❛❞❛ ♣❛r❛ ♦ ❞❡✲

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

r✐♦r♠❡♥t❡✱ ❢♦✐ ❢❡✐t♦ ✉♠ ❜r❡✈❡ r❡s✉♠♦ s♦❜r❡ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ✐♥t❡r❢❛❝❡ ❞❡ ✉s✉ár✐♦s ♥♦s ❝ó❞✐❣♦s

❝♦♠♣✉t❛❝✐♦♥❛✐s✳ ❊♠ s❡❣✉✐❞❛✱sã♦ ❞❡t❛❧❤❛❞♦s ♦s ♠❡✐♦s ♣❛r❛ s❡ ❞❡s❡♥✈♦❧✈❡r ❛♣❧✐❝❛t✐✈♦s ✐♥t❡r❢❛❝❡✲

❛❞♦s ✉t✐❧✐③❛♥❞♦ ♦ s♦❢t✇❛r❡ ❝♦♠❡r❝✐❛❧ ▼❆❚▲❆❇➤✳

◆♦ ❝❛♣ít✉❧♦ ✹✱ ❘❡s✉❧t❛❞♦s✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ✐♥t❡r❢❛❝❡s ❞♦ ❛♣❧✐❝❛t✐✈♦ ❝♦♠ ❛s s♦❧✉çõ❡s ❞♦s

♣r♦❜❧❡♠❛s ❞✐r❡t♦s ❡ ✐♥✈❡rs♦s ❝♦♥s✐❞❡r❛❞♦s✳

◆♦ ❝❛♣ít✉❧♦ ✺✱ ❈♦♥❝❧✉sõ❡s✱sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s ❞♦ tr❛❜❛❧❤♦✒ ❜❡♠ ❝♦♠♦

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

❖❜❥❡t✐✈♦ ●❡r❛❧

❉❡s❡♥✈♦❧✈❡r ✉♠ s♦❢t✇❛r❡ ✐♥t❡❣r❛❞♦ ❛ ✉♠❛ ✐♥t❡r❢❛❝❡ ❞❡ ✉s✉ár✐♦✱ ♦♥❞❡ ♦ ♣ró♣r✐♦ ✉s✉ár✐♦ ♣♦❞❡

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

✐♥st❛♥tâ♥❡♦ ❡ ✈✐s✉❛❧ ❞❡ ♣r♦❜❧❡♠❛s tér♠✐❝♦s r❡❧❛❝✐♦♥❛❞♦s ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r✱ ♠❛✐s ❡s♣❡❝✐✲

✜❝❛♠❡♥t❡ á ❝♦♥❞✉çã♦ ❞❡ ❝❛❧♦r✳ ❖ ♣r❡s❡♥t❡ tr❛❜❛❧❤♦ s❡rá ❞❡s❡♥✈♦❧✈✐❞♦ ❛tr❛✈és ❞❛ ♣❧❛t❛❢♦r♠❛

●❯■❉❊ ❞♦ s♦❢t✇❛r❡ ❝♦♠❡r❝✐❛❧ ▼❆❚▲❆❇➤✱ ❝r✐❛♥❞♦ ✉♠ ❛rq✉✐✈♦ ❡①❡❝✉tá✈❡❧ ❛tr❛✈és ❞♦ ♣❛r❛✲

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

❛ s❡✉ ♣r♦❥❡t♦✳

❖❜❥❡t✐✈♦s ❊s♣❡❝í✜❝♦s

❼ ❉❡s❡♥✈♦❧✈❡r ✉♠ s♦❢t✇❛r❡ ♥♦ ♣r♦❣r❛♠❛ ▼❆❚▲❆❇➤ q✉❡ ❡♥❣❧♦❜❛ ♣r♦❜❧❡♠❛s ❞❡ ❚r❛♥s❢❡✲

rê♥❝✐❛ ❞❡ ❈❛❧♦r ❞❡s❡♥✈♦❧✈✐❞♦s ♣❡❧♦ ▲❛❜♦r❛tór✐♦ ❞❡ ❊♥s✐♥♦ ❡ P❡sq✉✐s❛ ❡♠ ❚r❛♥s❢❡rê♥❝✐❛

❞❡ ❈❛❧♦r✿ ▼♦❞❡❧❛❣❡♠ ❡ ❊①♣❡r✐♠❡♥t♦✱ ❧♦❝❛❧✐③❛❞♦ ♥♦ ❜❧♦❝♦ ✶▼✱ s❛❧❛ ✶✷✾ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡

❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛✳



❈❛♣ít✉❧♦ ✷

❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛

❊st❡ tó♣✐❝♦ ❛♣r❡s❡♥t❛ ✉♠❛ ✉♠❛ ❜r❡✈❡ ✐♥tr♦❞✉çã♦ s♦❜r❡ ❛s ❢✉♥çõ❡s ❞❡ ●r❡❡♥✱ ❝♦♠ ❞❡st❛q✉❡

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

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

❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❛♣❧✐❝❛t✐✈♦ ❝r✐❛❞♦ ♥♦ ❛♠❜✐❡♥t❡ ●✉✐❞❡ ❞♦ s♦❢t✇❛r❡ ▼❆❚▲❆❇✳

✷✳✶ ❋✉♥çõ❡s ❞❡ ●r❡❡♥

❆s ❢✉♥çõ❡s ❞❡ ●r❡❡♥ ✭❋●✮✱ ❝♦♠ ♦ ♥♦♠❡ ❞♦ ❢ís✐❝♦ ✐♥❣❧ês ●❡♦r❣❡ ●r❡❡♥ ✭✶✼✾✸✲✶✽✹✶✮✱ sã♦

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

❜❡♠ ❝♦♠♦ ♥❛ s♦❧✉çã♦ ❞❡ ♠✉✐t♦s ♦✉tr♦s ❢❡♥ô♠❡♥♦s ❞❡s❝r✐t♦s ♣♦r ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ❧✐♥❡❛r❡s✳

❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ❛ ❋● é ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ❞❡ ✉♠❛ ❡q✉❛çã♦ ❞✐❢❡r❡♥❝✐❛❧ ❡s♣❡❝í✜❝❛ ❝♦♠

❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ ❤♦♠♦❣ê♥❡❛s✳ P❛r❛ ❛ ❝♦♥❞✉çã♦ ❞❡ ❝❛❧♦r tr❛♥s✐❡♥t❡✱ ✉♠❛ ❋● ❞❡s❝r❡✈❡ ❛

❞✐str✐❜✉✐çã♦ ❞❡ t❡♠♣❡r❛t✉r❛ ❝❛✉s❛❞❛ ♣♦r ✉♠ ♣✉❧s♦ ❞❡ ❝❛❧♦r ❧♦❝❛❧ ✐♥st❛♥tâ♥❡♦✳✭❈❖▲❊✱ ✷✵✶✵✮

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

❡ ❡✜❝✐❡♥t❡ ♠❡❞✐❛♥t❡ ✉s♦ ❞❡ ❋● t❛❜❡❧❛❞❛s✳ ❊♠ ♠✉✐t♦s ❝❛s♦s✱ t❛✐s s♦❧✉çõ❡s ♣♦❞❡♠ s❡r ❡s❝r✐t❛s

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

s✐♠♣❧❡s ❞❡ s❡r❡♠ ❝❛❧❝✉❧❛❞❛s✳ ❈♦♠♣❛r❛❞♦ ❝♦♠ ♦s ♠ét♦❞♦s ❛♥❛❧ít✐❝♦s ✉s✉❛✐s✱ ❡st❡ ♠ét♦❞♦ r❡q✉❡r

✉♠ ♥í✈❡❧ ♠❛✐s ❜❛✐①♦ ❞❡ ❤❛❜✐❧✐❞❛❞❡ ♠❛t❡♠át✐❝❛ ♣❛r❛ ❛ s♦❧✉çã♦ ❞❡ ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ♣❛r❝✐❛✐s

✭❈❖▲❊✱ ✷✵✶✵✮✳

❯♠❛ ❣r❛♥❞❡ ✈❛♥t❛❣❡♠ ❞❡st❡ ♠ét♦❞♦ é ♣♦ss✉✐r s♦❧✉çã♦ s✐st❡♠át✐❝❛✱ ♦✉ s❡❥❛✱ ♠✉✐t❛s ❋● ❢♦r❛♠

s♦❧✉❝✐♦♥❛❞❛s ❡ t❛❜❡❧❛❞❛s ♥♦ ❧✐✈r♦ ✭❈❖▲❊✱ ✷✵✶✵✮✱ ♥ã♦ s❡♥❞♦ ♥❡❝❡ssár✐♦ ❞❡s❡♥✈♦❧✈❡r ❛✉t♦✲❢✉♥çõ❡s

❡ ❛✉t♦ ✈❛❧♦r❡s✳ ◆❡ss❡s ❝❛s♦s✱ ❛ s♦❧✉çã♦ ♣♦❞❡ s❡r ❡s❝r✐t❛ ❢❛❝✐❧♠❡♥t❡ ❡♠ t❡r♠♦s ❞❡ ❋● ❝♦♠ ♠❡♥♦r

♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❡rr♦s✱ t❛♥t♦ ❡♠ ❣❡♦♠❡tr✐❛s ❜✐❞✐♠❡♥s✐♦♥❛✐s q✉❛♥t♦ ❡♠ tr✐❞✐♠❡♥s✐♦♥❛✐s✳ ❖✉tr❛

✈❛♥t❛❣❡♠ ❞♦ ♠ét♦❞♦ é ❛ ✈❡r✐✜❝❛çã♦ ✐♥trí♥s❡❝❛✳ ❖✉ s❡❥❛✱ ❛ ❋●✱ ♣♦r s❡r❡♠ s♦❧✉çõ❡s ❡①❛t❛s✱

♣❡r♠✐t❡♠ ✈❡r✐✜❝❛r s❡ ♦s ✈❛❧♦r❡s ♥✉♠ér✐❝♦s ❝❛❧❝✉❧❛❞♦s ♣♦r ♦✉tr♦s ♠ét♦❞♦s ❡stã♦ ❝♦rr❡t♦s✳

✸



✹

✷✳✶✳✶ ❙✐st❡♠❛ ❞❡ ◆✉♠❡r❛çã♦ ❈❛rt❡s✐❛♥❛

❖ s✐st❡♠❛ ❞❡ ♥✉♠❡r❛çã♦ ✈❛❧❡ ♣❛r❛ ❣❡♦♠❡tr✐❛s ❜ás✐❝❛s ❝♦♠♦ ♣❧❛❝❛s✱ ❝✐❧✐♥❞r♦s ❡ ❡s❢❡r❛s ✭❈❖▲❊✱

✷✵✶✵✮✳ ◆♦ tr❛❜❛❧❤♦ ❡♠ q✉❡stã♦ s❡rá ❛❜♦r❞❛❞♦ s♦♠❡♥t❡ ♦ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝❛rt❡s✐❛♥❛s✳

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

❚❛❜❡❧❛ ✷✳✶✿ ❙✐st❡♠❛ ❞❡ ♥✉♠❡r❛çã♦✳ ✭❈❖▲❊✱ ✷✵✶✵✮

◆♦t❛çã♦ ◆♦♠❡ ❞❛ ❝♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦ ❉❡s❝r✐çã♦ ❞❛ ❝♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦

✵ ❚✐♣♦ ③❡r♦ ✭◆❛t✉r❛❧✮ ❙❡♠ ❝♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦

✶ ❉✐r✐❝❤❧❡t ❚❡♠♣❡r❛t✉r❛ ♣r❡s❝r✐t❛

✷ ◆❡✉♠❛♥♥ ❋❧✉①♦ ♣r❡s❝r✐t♦

✸ ❘♦❜✐♥ ❈♦♥✈❡❝çã♦

P❛r❛ ♦ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s r❡t❛♥❣✉❧❛r❡s✱ ♦ sí♠❜♦❧♦ X é ✉s❛❞♦ ♣❛r❛ ❞❡♥♦t❛r ❛ ❝♦♦r❞❡♥❛❞❛

x❀ Y é ✉s❛❞♦ ♣❛r❛ ❞❡♥♦t❛r ❛ ❞✐r❡çã♦ y❀ ❡ Z é ✉s❛❞♦ ♣❛r❛ ❞❡♥♦t❛r ❛ ❞✐r❡çã♦ z✳ P❛r❛ ✉♠ ♣r♦❜❧❡♠❛

❜✐❞✐♠❡♥s✐♦♥❛❧ ❡♥✈♦❧✈❡♥❞♦ ❝♦♦r❞❡♥❛❞❛s x ❡ y✱ X ❡ Y sã♦ ✉s❛❞♦s✱ ❥á ♥✉♠ ♣r♦❜❧❡♠❛ tr✐❞✐♠❡♥s✐♦♥❛❧

X✱ Y ❡ Z sã♦ ✉s❛❞♦s✳

❆s s♦❧✉çõ❡s sã♦ ❛rr❛♥❥❛❞❛s ✉s❛♥❞♦ ✉♠ s✐st❡♠❛ ❞❡ ♥✉♠❡r❛çã♦ ♣❛r❛ ❝♦♦r❞❡♥❛❞❛ ❡♠ ❛♥á❧✐s❡✱

❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ❝♦♦r❞❡♥❛❞❛ ❝❛rt❡s✐❛♥❛ x ✉s❛✲s❡ X ❝♦♠♦ s❡♥❞♦ ❛ ♣r✐♠❡✐r❛ ❧❡tr❛✳ ❖ X é

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

q✉❡ ♦ ♣r✐♠❡✐r♦ é ♣❛r❛ ❝♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦ ❡♠ x = 0 ❡ ♦ s❡❣✉♥❞♦ é ♣❛r❛ x = L ❝♦♥t♦r♥♦✳ ❙❡ ❛

❝♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦ ✈❛✐ ♣❛r❛ ♦ ✐♥✜♥✐t♦✱ ♦ ❞í❣✐t♦ ③❡r♦ é ✉s❛❞♦✳

P❛r❛ t❡♠♣❡r❛t✉r❛ ❤♦♠♦❣ê♥❡❛ ❝♦♠♦ ❝♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦✱ ♦✉ s❡❥❛✱ ❝♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦ ❞❡

✧t✐♣♦ ✶✧♦ ❞í❣✐t♦ ✶ é ✉s❛❞♦ ✭❝♦♥❞✐çã♦ ❞❡ ❉✐r✐❝❤❧❡t✮✱ ♣❛r❛ ❝♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦ ✐s♦❧❛❞♦✱ ♦✉ s❡❥❛✱

(∂T/∂x = 0) ✧t✐♣♦ ✷✧♦ ❞í❣✐t♦ ✷ é ✉s❛❞♦ ✭❝♦♥❞✐çã♦ ❞❡ ◆❡✇♠❛♥♥✮✱ ♣❛r❛ ❝♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦

❝♦♠ ❝♦♥✈❡❝çã♦✱ ✧t✐♣♦ ✸✧♦ ❞í❣✐t♦ ✸ é ✉s❛❞♦ ✭❝♦♥❞✐çã♦ ❞❡ ❘♦❜✐♥✮✳

Pr♦❞✉t♦s ❞❡ ❞✉❛s ♦✉ três ❢✉♥çõ❡s ❞❡ ●r❡❡♥ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ ❞♦ t✐♣♦ ✵✱✶✱✷✱✸✱✹ ❡ ✺

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

❈♦❧❡✱ ❇❡❝❦✱ ❍❛❥✐✲❙❤❡✐❦❤ ❡ ▲✐t❦♦✉❤✐ ✭✷✵✶✵✮ ♣r♦♣ôs ✉♠ s✐st❡♠❛ ❞❡ ♥♦t❛çã♦ ❝✉❥♦ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦

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

q✉❡stã♦✳

k

(

∂2T

∂x2
+

∂2T

∂y2
+

∂2T

∂z2

)

= ρ❝
∂T

∂t
✭✷✳✶✮

❆ ❊q✉❛çã♦ ✭✷✳✶✮ ♣♦❞❡ ❡st❛r s✉❥❡✐t❛ às s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦✿

✶✳ ❈♦♥❞✐çã♦ ♥❛t✉r❛❧ ♦✉ s❡❥❛ ❣❡♦♠❡tr✐❛ ✐♥✜♥✐t❛❀



✺

✷✳ ❚❡♠♣❡r❛t✉r❛ ♣r❡s❝r✐t❛❀

T (ri, t) = fi(r, t) ✭✷✳✷✮

✸✳ ❋❧✉①♦ ❞❡ ❝❛❧♦r ♣r❡s❝r✐t♦❀

−k
∂T

∂η

∣

∣

∣

∣

ri

= fi(ri, t) ✭✷✳✸✮

✹✳ ❈♦♥❞✐çã♦ ❞❡ ❝♦♥t♦r♥♦ ❞❡ ❝♦♥✈❡❝çã♦❀

−k
∂T

∂η

∣

∣

∣

∣

ri

+ hiT |ri = fi(ri, t) ✭✷✳✹✮

❆ ❋✐❣✉r❛ ✷✳✶ ❛♣r❡s❡♥t❛ ♦s ❞✐st✐♥t♦s ❝❛s♦s ♣❛r❛ ❣❡♦♠❡tr✐❛ ✉♥✐❞✐♠❡♥s✐♦♥❛❧✱ ❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦✿

❣❡♦♠❡tr✐❛ ✐♥✜♥✐t❛✱ ❣❡♦♠❡tr✐❛ s❡♠✐ ✐♥✜♥✐t❛ ❡ ❣❡♦♠❡tr✐❛ ✜♥✐t❛✳

X00

X11

X21

X31

X22

X32 X33X30

X20

X10

Geometria infinita

Geometria semi-infinita Geometria finita

❋✐❣✉r❛ ✷✳✶✿ ❉✐st✐♥t♦s ❝❛s♦s ♣❛r❛ ❣❡♦♠❡tr✐❛ ✉♥✐❞✐♠❡♥s✐♦♥❛❧✳

✷✳✶✳✷ ❙♦❧✉çã♦ ●❡r❛❧ ✶❉

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

✐♥t❡r♥❛✱ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ❡q✉❛çã♦ ❞❡ ❞✐❢✉sã♦ ❞❡ ❝❛❧♦r ❊q✳ ✭✷✳✺✮✳

∂2T

∂x2
+

1

k
g(x, t) =

1

α

∂T

∂t
✭✷✳✺❛✮



✻

❝♦♠ ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦

−k
∂T

∂x

∣

∣

∣

∣

x=0

= q(t);
∂T

∂x

∣

∣

∣

∣

x=L

= 0 ✭✷✳✺❜✮

❡ t❡♠♣❡r❛t✉r❛ ✐♥✐❝✐❛❧

T (x, 0) = F (x) = T0 ✭✷✳✺❝✮

❆ ✈❡rsã♦ ✉♥✐❞✐♠❡♥s✐♦♥❛❧ ❞❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ✭✷✳✻✮ ❡♠ t❡r♠♦s ❞❡ ❋✉♥çõ❡s ❞❡ ●r❡❡♥ ♣♦❞❡

s❡r ❡s❝r✐t❛ ❝♦♥❢♦r♠❡ ✭❇❊❈❑✱ ✶✾✾✷✮

T (x, t) =

∫ L

x′=0

G(x, t|x′, 0)F (x′)dx′

+ α

∫ t

τ=0

∫ L

x′=0

G(x, t|x′, τ)
g(x′, τ)

k
dx′dτ

+ α

∫ t

τ=0

G(x, t|0, τ)
f1(τ)

k1
dτ

+ α

∫ t

τ=0

G(x, t|L, τ)
f2(τ)

k2
dτ

✭✷✳✻✮

✷✳✶✳✸ ❙♦❧✉çã♦ ●❡r❛❧ ✷❉

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

r❛çã♦ ❞❡ ❝❛❧♦r ✐♥t❡r♥❛✱ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ❡q✉❛çã♦ ❞❡ ❞✐❢✉sã♦ ❞❡ ❝❛❧♦r✳

∂2T

∂x2
+

∂2T

∂y2
+

1

k
g(x, t) =

1

α

∂T

∂t
✭✷✳✼❛✮

s✉❥❡✐t♦ às ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦

ki
∂T

∂ni

∣

∣

∣

∣

si

+ hiT |si = fi(x, y, t)− (ρcb)i
∂T

∂t

∣

∣

∣

∣

si

✭✷✳✼❜✮

❡ à ❝♦♥❞✐çã♦ ✐♥✐❝✐❛❧

T (x, y, 0) = F (x, y) ✭✷✳✼❝✮



✼

♦♥❞❡ ni é ❛ ❞✐r❡çã♦ ♣❡r♣❡♥❞✐❝✉❧❛r ❛♦ ❝♦♥t♦r♥♦ ❡ si r❡♣r❡s❡♥t❛ ♦s ❝♦♥t♦r♥♦s ✭✐❂✶✱ ✷✱ ✸✱ ✹✮✳

❆ ✈❡rsã♦ ❜✐❞✐♠❡♥s✐♦♥❛❧ ❞❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ✭✷✳✼✮ ❡♠ t❡r♠♦s ❞❡ ❋✉♥çõ❡s ❞❡ ●r❡❡♥ ♣♦❞❡

s❡r ❡s❝r✐t❛ ❝♦♠♦ ✭❇❊❈❑✱ ✶✾✾✷✮

T (x, y, t) =

∫ L

x′=0

∫ W

y′=0

G(x, y, t|x′, y′, 0)F (x′, y′)dx′dy′ ✭❛✮

+

∫ t

τ=0

∫ L

x′=0

∫ W

y′=0

α

k
G(x, y, t|x′, y′, τ)g(x′, y′, τ)dx′dy′dτ ✭❜✮

+ α

∫ t

τ=0

∫ W

y′=0

2
∑

i=1

[

fi(τ)

ki
G(x, y, t|xi, y, τ)

]

dy′dτ ✭❝✮

+ α

∫ t

τ=0

∫ L

x′=0

2
∑

i=1

[

fi(τ)

ki
G(x, y, t|x, yi, τ)

]

dx′dτ ✭❞✮

− α

∫ t

τ=0

∫ W

y′=0

2
∑

i=1

[

fi(τ)
∂G

∂n
′

i

∣

∣

∣

∣

x′=xi

]

dy′dτ ✭❡✮

− α

∫ t

τ=0

∫ L

x′=0

2
∑

i=1

[

fi(τ)
∂G

∂n
′

i

∣

∣

∣

∣

y′=yi

]

dx′dτ ✭❢✮

✭✷✳✽✮

❆ ❋✉♥çã♦ ❞❡ ●r❡❡♥✱ G(x, y, t|x′, y′, τ)✱ s❡rá ❞✐❢❡r❡♥t❡ ♣❛r❛ ❝❛❞❛ ❝♦♥❥✉♥t♦ ❞❡ ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥✲

t♦r♥♦✳ ❊♠ ❝♦♦r❞❡♥❛❞❛s r❡t❛♥❣✉❧❛r❡s ❢❛③✲s❡ ♦ ✉s♦ ❞❛ ♣r♦♣r✐❡❞❛❞❡G(x, y, t|x′, y′, τ) = G(x, t|x′, τ)G(y, t|y′, τ)

♣❛r❛ ♦❜tê✲❧❛✳

✷✳✶✳✹ ❙♦❧✉çã♦ ●❡r❛❧ ✸❉

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

❝❛❧♦r ♣♦❞❡ s❡r ❞❡s❝r✐t♦ ♣❡❧❛ ❡q✉❛çã♦ ❞❛ ❞✐❢✉sã♦ ❞❡ ❝❛❧♦r✳ ✭❋❊❘◆❆◆❉❊❙✱ ✷✵✵✾✮✳

∂2T

∂x2
+

∂2T

∂y2
+

∂2T

∂z2
+

1

k
g(x, t) =

1

α

∂T

∂t
✭✷✳✾✮

s✉❥❡✐t♦ às ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦

ki
∂T

∂ni

∣

∣

∣

∣

si

+ hiT |si = fi(x, y, z, t)− (ρcb)i
∂T

∂t

∣

∣

∣

∣

si

✭✷✳✶✵✮



✽

❡ à ❝♦♥❞✐çã♦ ✐♥✐❝✐❛❧

T (x, y, z, 0) = F (x, y, z) ✭✷✳✶✶✮

♦♥❞❡ ni é ❛ ❞✐r❡çã♦ ♣❡r♣❡♥❞✐❝✉❧❛r ❛♦ ❝♦♥t♦r♥♦ ❡ si r❡♣r❡s❡♥t❛ ♦s ❝♦♥t♦r♥♦s ✭✐❂✶✱✷✱✸✱✹✱✺✱✻✮✳

❆♥❛❧♦❣❛♠❡♥t❡✱ ❛ ❊q✉❛çã♦ ✭✷✳✶✵✮ r❡♣r❡s❡♥t❛ ♦s ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦✳

❆ s♦❧✉çã♦ ❣❡r❛❧ ❞❛s ❊q✉❛çõ❡s ✭✷✳✾✮ ✭✷✳✶✵✮ ✭✷✳✶✶✮ ♣♦❞❡ s❡r ❡①♣r❡ss♦ ❡♠ t❡r♠♦s ❞❡ ❋✉♥çõ❡s ❞❡

●r❡❡♥ ❝♦♥❢♦r♠❡ ✭❈❖▲❊✱ ✷✵✶✵✮

T (x, y, z, t) =

∫ L2

x′=L1

∫ W2

y′=W1

∫ R2

z′=R1

G(x, y, z, t|x′, y′, z′, 0)F (x′, y′, z′)dx′dy′dz′ ✭❛✮

+

∫ t

τ=0

∫ L2

x′=L1

∫ W2

y′=W1

∫ R2

z′=R1

α

k
G(x, y, z, t|x′, y′, z′, τ)g(x′, y′, z′, τ)dx′dy′dz′dτ ✭❜✮

+ α

∫ t

τ=0

∫ L2

x′=L1

∫ W2

y′=W1

2
∑

i=1

[

fi(τ)

ki
G(x, y, z, t|x, y, zi, τ)

]

dx′dy′dτ ✭❝✮

+ α

∫ t

τ=0

∫ L2

x′=L1

∫ R2

z′=R1

2
∑

i=1

[

fi(τ)

ki
G(x, y, z, t|x, yi, z, τ)

]

dx′dz′dτ ✭❞✮

+ α

∫ t

τ=0

∫ W2

y′=W1

∫ R2

z′=R1

2
∑

i=1

[

fi(τ)

ki
G(x, y, z, t|xi, y, z, τ)

]

dy′dz′dτ ✭❡✮

− α

∫ t

τ=0

∫ L2

x′=L1

∫ W2

y′=W1

2
∑

i=1

[

fi(τ)
∂G

∂n
′

i

∣

∣

∣

∣

z′=zi

]

dx′dy′dτ ✭❢✮

− α

∫ t

τ=0

∫ L2

x′=L1

∫ R2

z′=R1

2
∑

i=1

[

fi(τ)
∂G

∂n
′

i

∣

∣

∣

∣

y′=yi

]

dx′dz′dτ ✭❣✮

− α

∫ t

τ=0

∫ W2

y′=W1

∫ R2

z′=R1

2
∑

i=1

[

fi(τ)
∂G

∂n
′

i

∣

∣

∣

∣

x′=xi

]

dy′dz′dτ ✭❤✮

✭✷✳✶✷✮



✾

❙✐♠✐❧❛r♠❡♥t❡ ❛♦s ❝❛s♦s ✶❉ ❡ ✷❉✱ ♦s t❡r♠♦s ✭❛✮ ❛ ✭❤✮ ❞❛ ❊q✳✭✷✳✶✷✮ r❡♣r❡s❡♥t❛♠ ♦s ❡❢❡✐t♦s

❢ís✐❝♦s ❞❛✿

✭❛✮ ❝♦♥❞✐çã♦ ✐♥✐❝✐❛❧

✭❜✮ ❣❡r❛çã♦ ❞❡ ❡♥❡r❣✐❛

✭❝✮ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦✱ ❡♠ z = R1 ❡ z = R2✱ ❞♦ t✐♣♦ ❞♦✐s à ❝✐♥❝♦✱ ♥♦ ♣❧❛♥♦ ①②

✭❞✮ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦✱ ❡♠ y = W1 ❡ y = W2✱ ❞♦ t✐♣♦ ❞♦✐s à ❝✐♥❝♦✱ ♥♦ ♣❧❛♥♦ ①③

✭❡✮ ❞❛s ❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦✱ ❡♠ x = L1 ❡ x = L2✱ ❞♦ t✐♣♦ ❞♦✐s à ❝✐♥❝♦✱ ♥♦ ♣❧❛♥♦ ②③

✭❢✮ ❞❛s ❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ t✐♣♦ ✉♠✱ ❡♠ z = R1 ❡ z = R2✱ ♣❛r❛ ♦ ♣❧❛♥♦ ①②

✭❣✮ ❞❛s ❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ t✐♣♦ ✉♠✱ ❡♠ y = W1 ❡ y = W2✱ ♣❛r❛ ♦ ♣❧❛♥♦ ①③

✭❤✮ ❞❛s ❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ t✐♣♦ ✉♠✱ ❡♠ x = L1 ❡ x = L2✱ ♣❛r❛ ♦ ♣❧❛♥♦ ②③

❆s ❙♦❧✉çõ❡s ❣❡r❛✐s ✶❉✱ ✷❉ ❡ ✸❉ ♣♦❞❡♠ s❡r r❡s♦❧✈✐❞❛s ❝♦♥❤❡❝❡♥❞♦✲s❡ ❛s ❢✉♥çõ❡s t❛❜❡❧❛❞❛s

♠♦str❛❞❛ ♥♦ ❧✐✈r♦ ❞❡ ✭❈❖▲❊✱ ✷✵✶✵✮✱ ❢✉♥çõ❡s ❡st❛s r❡♣r❡s❡♥t❛t✐✈❛s✱ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ ❞♦

♣r♦❜❧❡♠❛ tér♠✐❝♦✱ s❡♥❞♦ ❛s ❊qs✳ ✷✳✶✸ ✲ ✷✳✶✺✱ r❡♣r❡s❡♥t❛♠ ♦s ♣r♦❜❧❡♠❛s tér♠✐❝♦s GX20✱ GX22

❡ GX33 r❡s♣❡❝t✐✈❛♠❡♥t❡✳

GX20(x, t|x
′, τ) =

1
√

4πα(t− τ)

{

exp
[

−
(x− x′)2

4α(t− τ)

]

+ exp
[

−
(x+ x′)2

4α(t− τ)

]}

✭✷✳✶✸✮

GX22(x, t) =
1

L
+

2

L

M
∑

m=1

e−(
mπ

L
)
2

α(t−τ) cos
(mπx

L

)

cos

(

mπx′

L

)

✭✷✳✶✹✮

GX33(x, t|x
′, τ) =

2

L

∞
∑

m=1

e−α2
mα(t−τ)/L2

[

αm cos
(αmx

L

)

+B1 sin
(αmx

L

)]

×

[

αm cos
(

αmx′

L

)

+B1 sin
(

αmx′

L

)]

(α2
m +B2

1)
[

1 + B2

(α2
m+B2

2
)

]

+B1

✭✷✳✶✺✮















❈❛♣ít✉❧♦ ✸

▼❡t♦❞♦❧♦❣✐❛ ✲ ❆♣❧✐❝❛t✐✈♦

◆❡st❡ ❝❛♣ít✉❧♦ s❡rá ❛❜♦r❞❛❞❛ ✉♠❛ ❜r❡✈❡ ❛♥á❧✐s❡ s♦❜r❡ ♦s ♣r✐♥❝✐♣❛✐s ❝♦♥❝❡✐t♦s ✉t✐❧✐③❛❞♦s

♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ tr❛❜❛❧❤♦✳ Pr✐♠❡✐r❛♠❡♥t❡✱ s❡rá tr❛t❛❞❛ ❛ ♣r♦❣r❛♠❛çã♦ ✉t✐❧✐③❛❞❛

♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✐♥t❡r❢❛❝❡ ❞❡ ✉s✉ár✐♦s✱ ❝❤❛♠❛❞♦ ❞❡ ♣r♦❣r❛♠❛çã♦ ♦r✐❡♥t❛❞❛ ❛ ❡✈❡♥t♦s✳

P♦st❡r✐♦r♠❡♥t❡✱ ✉♠ ❜r❡✈❡ r❡s✉♠♦ s♦❜r❡ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ✐♥t❡r❢❛❝❡ ❞❡ ✉s✉ár✐♦s ♥♦s ❝ó❞✐❣♦s

❝♦♠♣✉t❛❝✐♦♥❛✐s ❡ ❛ ❢♦r♠❛ ❞❡ r❡t❡r ♦ ✉s✉ár✐♦ ❛ ❡st❛ ❢♦r♠❛ ❞❡ ✉s♦ ❞❡ s♦❢t✇❛r❡s✳ ❊♠ s❡❣✉✐❞❛✱ ✉♠❛

❡①♣❧✐❝❛çã♦ s♦❜r❡ ❛s ♠❛♥❡✐r❛s ❞❡ s❡ ❞❡s❡♥✈♦❧✈❡r ❛♣❧✐❝❛t✐✈♦s ✐♥t❡r❢❛❝❡❛❞♦s ✉t✐❧✐③❛♥❞♦ ♦ s♦❢t✇❛r❡

❝♦♠❡r❝✐❛❧ ▼❆❚▲❆❇➤✳

✸✳✶ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❛♣❧✐❝❛t✐✈♦s ♥♦ ▼❆❚▲❆❇r

❈♦♥❢♦r♠❡ ❋✐❧❤♦ ✭✷✵✶✽✮✱ ✉♠ ❛♣❧✐❝❛t✐✈♦ é ✉♠ ♣r♦❣r❛♠❛ ✐♥❞❡♣❡♥❞❡♥t❡ q✉❡ ❢♦r♥❡❝❡ ✉♠❛ ✐♥t❡r✲

❢❛❝❡ s✐♠♣❧❡s ♦♥❞❡ ♦ ✉s✉ár✐♦ ❡①❡❝✉t❛rá ❝♦♠❛♥❞♦s ❛♣❡♥❛s ❝❧✐❝❛♥❞♦ ♥❛ ✐♥t❡r❢❛❝❡ ❞❡ s❡✉ ❝ó❞✐❣♦✳

❖s ❛♣❧✐❝❛t✐✈♦s ❝♦♥tê♠ ❝♦♥tr♦❧❡s ✐♥t❡r❛t✐✈♦s✱ ❝♦♠♦ ♠❡♥✉s✱ ❜♦tõ❡s ❡ ❝♦♥tr♦❧❡s ❞❡s❧✐③❛♥t❡s✱ q✉❡

❡①❡❝✉t❛♠ ✐♥str✉çõ❡s ❡s♣❡❝í✜❝❛s q✉❛♥❞♦ ♦s ✉s✉ár✐♦s ✐♥t❡r❛❣❡♠ ❝♦♠ ❡❧❡s✳ ❖s ❛♣❧✐❝❛t✐✈♦s t❛♠❜é♠

♣♦❞❡♠ ❝♦♥t❡r ❣rá✜❝♦s ♣❛r❛ ✈✐s✉❛❧✐③❛çã♦ ❞❡ ❞❛❞♦s ♦✉ ❡①♣❧♦r❛çã♦ ✐♥t❡r❛t✐✈❛ ❞❡ ❞❛❞♦s✳ ❆❧é♠ ❞✐ss♦✱

♣❡❧♦ ▼❆❚▲❆❇➤ é ♣♦ssí✈❡❧ ❝♦♠♣❛rt✐❧❤❛r ♦s ❛♣❧✐❝❛t✐✈♦s ❝♦♠ ♦✉tr♦s ✉s✉ár✐♦s ♦✉ ❞✐str✐❜✉í✲❧♦s ❞❡

❢♦r♠❛ ✐♥❞❡♣❡♥❞❡♥t❡s ✉s❛♥❞♦ ♦ ❝♦♠♣✐❧❛❞♦r ▼❆❚▲❆❇ ❈♦♠♣✐❧❡r ➋✳ ❊①✐st❡♠ três ❞✐❢❡r❡♥t❡s ♠❛✲

♥❡✐r❛s ❞❡ s❡ ❝♦♥str✉✐r ✉♠ ❛♣❧✐❝❛t✐✈♦ ❛tr❛✈és ❞♦ s♦❢t✇❛r❡ ❝♦♠❡r❝✐❛❧ ♠❡♥❝✐♦♥❛❞♦✱ s❡♥❞♦ ❛ ♣r✐♠❡r✐❛

♠❛♥❡✐r❛ ❞❡✈❡✲s❡ ✉t✐❧✐③❛r ❛ ♣❧❛t❛❢♦r♠❛ ❆♣♣ ❉❡s✐❣♥❡r✱ ❛ s❡❣✉♥❞❛ ✉s❛✲s❡ ♦ ❛♠❜✐❡♥t❡ ●❯■❉❊ ❡

❛ t❡r❝❡✐r❛ ♠❛♥❡✐r❛ é ❛tr❛✈és ❞❛s ❧✐♥❤❛s ❞❡ ❝ó❞✐❣♦✳

✸✳✶✳✶ ❆♣♣ ❉❡s✐❣♥❡r

❖ ❆♣♣ ❉❡s✐❣♥❡r✱ ♠♦str❛❞♦ ♥❛ ❋✐❣✳ ✸✳✶✱ é ✉♠ ❛♠❜✐❡♥t❡ ❛✈❛♥ç❛❞♦ ❞❡ ❢✉♥çã♦ ❞r❛❣✲❛♥❞✲❞r♦♣

✐♥tr♦❞✉③✐❞♦ ♥❛ ✈❡rsã♦ ❘✷✵✶✻❛ ❞♦ ▼❆❚▲❆❇➤✳ ❊st❡ ❛♠❜✐❡♥t❡ ✐♥❝❧✉✐ ✉♠❛ ✈❡rsã♦ t♦t❛❧♠❡♥t❡

✐♥t❡❣r❛❞❛ ❞♦ ❡❞✐t♦r ❞♦ ▼❆❚▲❆❇➤✳ ❖ ❧❛②♦✉t ❡ ❛s ✈✐s✉❛❧✐③❛çõ❡s ❞❡ ❝ó❞✐❣♦ sã♦ ❢♦rt❡♠❡♥t❡

✶✻







✶✾

❋✐❣✉r❛ ✸✳✸✿ ❈❛❧❝✉❧❛❞♦r❛ ❞❡s❡♥✈♦❧✈✐❞❛ ♥♦ ❛♠❜✐❡♥t❡ ❣✉✐❞❡✳ ❋♦♥t❡ ✭▼❆❚❍❲❖❘❑❙✱ ✷✵✶✾✮✳

✸✳✶✳✸ ▲✐♥❤❛s ❞❡ ❈ó❞✐❣♦

➱ ♣♦ssí✈❡❧ t❛♠❜é♠ ❝♦❞✐✜❝❛r ♦ ❧❛②♦✉t ❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s❡✉ ❛♣❧✐❝❛t✐✈♦ ✉t✐❧✐③❛♥❞♦ t♦✲

t❛❧♠❡♥t❡ ❛s ❢✉♥çõ❡s ❞♦ ▼❆❚▲❆❇➤✳ ◆❡st❛ ❛❜♦r❞❛❣❡♠✱ é ❝r✐❛❞♦ ✉♠❛ ✐♥t❡r❢❛❝❡ ❝♦♠ ♦ ✉s✉ár✐♦

❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✳ ✸✳✹✱ ♥❡st❡ ❝❛s♦✱ ♦ ✉s✉ár✐♦ ♣♦❞❡ ❝♦♥tr♦❧❛r ❛ ❞✐r❡çã♦ ❞♦ ✢✉①♦ ❞❡ ❝❛❧♦r

✐♠♣♦st❛ ❡♠ ✉♠❛ ❝❤❛♣❛ ❜✐❞✐♠❡♥s✐♦♥❛❧✱ ♣❛r❛ ✐ss♦ ❜❛st❛ ❝❧✐❝❛r ♥♦ ❜♦tã♦ ❞❛ ❝❛✐①❛ ❞❡ ❞✐á❧♦❣♦✳

































❈❛♣ít✉❧♦ ✺

❈♦♥❝❧✉sõ❡s

❖ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛❞♦ t❡✈❡ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♣r♦❞✉③✐r ✉♠ ❛♣❧✐❝❛t✐✈♦ ❝♦♠ ✐♥t❡r❢❛❝❡ ❞❡ ✉s✉á✲

r✐♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❞✐r❡t♦ ❡ ✐♥✈❡rs♦ ❞❡s❡♥✈♦❧✈✐❞♦s ♣❡❧♦ ❧❛❜♦r❛tór✐♦ ❞❡

❚r❛♥s❢❡rê♥❝✐❛ ❞❡ ❈❛❧♦r✿ ▼♦❞❡❧❛❣❡♠ ❡ ❊①♣❡r✐♠❡♥t♦ ✲ ▲❚❈▼❊ ❛tr❛✈és ❞♦ s♦❢t✇❛r❡ ❝♦♠❡r❝✐❛❧

▼❆❚▲❆❇➤✳ ❊st❛ ♠❡t❛ ❢♦✐ ❛t✐♥❣✐❞❛✱ ✉♠❛ ✈❡③ q✉❡ ❢♦✐ ❝r✐❛❞♦ ✉♠ s♦❢t✇❛r❡ ❝♦♠ ✉♠❛ ✐♥t❡r❢❛❝❡ ❞❡

✉s✉ár✐♦ q✉❡ ♣❡r♠✐t✐ss❡ ♦ ✉s♦ rá♣✐❞♦ ❡ ❡✜❝✐❡♥t❡✳

❊st❡ tr❛❜❛❧❤♦ ❞❡✐①❛ ✉♠ ❧❡❣❛❞♦ ♣❛r❛ ♦ ❧❛❜♦r❛tór✐♦ ▲❚❈▼❊ ❞❛ ❋❛❝✉❧❞❛❞❡ ❞❡ ❊♥❣❡♥❤❛r✐❛

▼❡❝â♥✐❝❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛✳ ❈♦♠ ❛ ❝r✐❛çã♦ ❞❡st❛ ❢❡rr❛♠❡♥t❛✱ ❡♥❝❡rr❛✲s❡

✉♠❛ ❡t❛♣❛ ✐♥✐❝✐❛❧ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ ❛♣❧✐❝❛t✐✈♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ ✜♥s ❞✐❞át✐❝♦s✳ ❙❡♥❞♦

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

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

✺✳✶ ❙✉❣❡stõ❡s ❞❡ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s

❼ ❯t✐❧✐③❛r ♦✉tr♦s s♦❢t✇❛r❡s ♣❛r❛ ❝r✐❛çã♦ ❞❡ ♥♦✈♦s ❛♣❧✐❝❛t✐✈♦s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ♦ ❆♣♣

❉❡s✐❣♥❡r ❞♦ ▼❆❚▲❆❇✱ ♣♦✐s ♦ ❛♠❜✐❡♥t❡ ●✉✐❞❡✱ ♦♥❞❡ ♦ ♣r♦❣r❛♠❛ ❛t✉❛❧ ❢♦✐ ❡s❝r✐t♦ s❡rá

r❡♠♦✈✐❞♦ ❞♦ ▼❆❚▲❆❇ ❡♠ ✈❡rsõ❡s ❢✉t✉r❛s✳

❼ ■♥❝❧✉✐r ♦✉tr❛s s♦❧✉çõ❡s ❛♥❛❧ít✐❝❛s ❥á ❞❡s❡♥✈♦❧✈✐❞❛s ♣❡❧♦ ❧❛❜♦r❛tór✐♦✱ ❝♦♠♦ s♦❧✉çõ❡s ❜✐❞✐✲

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

❼ ❆❞✐❝✐♦♥❛r s♦❧✉çõ❡s ❛♥❛❧ít✐❝❛s ❝♦♠ ✢✉①♦ ❞❡ ❝❛❧♦r ✈❛r✐á✈❡❧ ♥♦ t❡♠♣♦✳

❼ ■♥❝♦r♣♦r❛r ♦✉tr♦s tr❛❜❛❧❤♦s ❞❡ ❞✐ss❡rt❛çã♦ ❞❡ ♠❡str❛❞♦ ❡ t❡s❡ ❞❡ ❞♦✉t♦r❛❞♦ ❞❡s❡♥✈♦❧✈✐❞♦s

♣❡❧♦ ❧❛❜♦r❛tór✐♦✳

✸✺



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❇❊❈❑✱ ❏✳ ❱✳❀ ❈❖▲❊✱ ❑✳ ❉✳❀ ❍❆❏■✲❙❍❊■❑✱ ❆✳❀ ▲■❚❑❖❯❍■✱ ❇✳ ❍❡❛t ❈♦♥❞✉❝t✐♦♥ ❯s✐♥❣
●r❡❡♥✬s ❋✉♥❝t✐♦♥✳ ❲❛s❤✐♥❣t♦♥✱ ❉❈✿ ❍❡♠✐s♣❤❡r❡ P✉❜❧✐s❤✐♥❣✱ ✶✾✾✷✳

❈❖▲❊✱ ❑✳ ❉✳❀ ❇❊❈❑✱ ❏✳ ❱✳❀ ❍❆❏■✲❙❍❊■❑❍✱ ❆✳❀ ▲■❚❑❖❯❍■✱ ❇✳ ❍❡❛t ❝♦♥❞✉❝t✐♦♥ ✉s✐♥❣
●r❡❡♥✬s ❢✉♥❝t✐♦♥s✳ ❬❙✳❧✳❪✿ ❚❛②❧♦r ✫ ❋r❛♥❝✐s✱ ✷✵✶✵✳

❋❊❘◆❆◆❉❊❙✱ ❆✳ P✳ ❋✉♥çõ❡s ❞❡ ●r❡❡♥✿ ❙♦❧✉çõ❡s ❛♥❛❧ít✐❝❛s ❛♣❧✐❝❛❞❛s ❛ ♣r♦❜❧❡♠❛s
✐♥✈❡rs♦s ❡♠ ❝♦♥❞✉çã♦ ❞❡ ❝❛❧♦r✳ ❉✐ss❡rt❛çã♦ ✭▼❡str❛❞♦✮ ✖ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r✲
❧â♥❞✐❛✱ ✷✵✵✾✳

❋❊❘◆❆◆❉❊❙✱ ❆✳ P✳ ❋✉♥çã♦ tr❛♥s❢❡rê♥❝✐❛ ❛♥❛❧ít✐❝❛ ❛♣❧✐❝❛❞❛ à s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛
✐♥✈❡rs♦ ❡♠ ❝♦♥❞✉çã♦ ❞❡ ❝❛❧♦r✳ ❚❡s❡ ✭❉♦✉t♦r❛❞♦✮ ✖ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛✱
✷✵✶✸✳

❋❊❘◆❆◆❉❊❙✱ ❆✳ P✳❀ ❙❆◆❚❖❙✱ ▼✳ ❇✳ ❞♦s❀ ●❯■▼❆❘ã❊❙✱ ●✳ ❆♥ ❛♥❛❧②t✐❝❛❧ tr❛♥s❢❡r ❢✉♥❝t✐♦♥
♠❡t❤♦❞ t♦ s♦❧✈❡ ✐♥✈❡rs❡ ❤❡❛t ❝♦♥❞✉❝t✐♦♥ ♣r♦❜❧❡♠s✳❆♣♣❧✐❡❞ ▼❛t❤❡♠❛t✐❝❛❧ ▼♦❞❡❧❧✐♥❣✱ ✷✵✶✺✳
■❙❙◆ ✵✸✵✼✲✾✵✹❳✳

❋■▲❍❖✱ ❈✳ ❆✳ ❱✳ ❞❡ ❙✳ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡ ❱❛❧✐❞❛çã♦ ❞❡ ❙♦❢t✇❛r❡ ■♥t❡r❛t✐✈♦ ♣❛r❛ Pr♦✲
❥❡t♦s ❈♦♥❝❡✐t✉❛✐s ❞❡ ❆❡r♦♥❛✈❡s✳ ✷✵✶✽✳ Pr♦❥❡t♦ ❞❡ ❈♦♥❝❧✉sã♦ ❞❡ ❈✉rs♦ ✭❇❛❝❤❛r❡❧ ❡♠ ❊♥❣❡✲
♥❤❛r✐❛ ❆❡r♦♥á✉t✐❝❛✮✱ ❯❋❯ ✭❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛✮✱ ❯❜❡r❧â♥❞✐❛✱ ❇r❛③✐❧✳

▼❆❚❍❲❖❘❑❙✳❲❛②s t♦ ❇✉✐❧❞ ❆♣♣s✳ ✷✵✶✾✳ ❘❡t✐r❛❞♦ ❞❡ ❤tt♣s✿✴✴✇✇✇✳♠❛t❤✇♦r❦s✳❝♦♠ ✴❤❡❧♣✴
♠❛t❧❛❜✴ ❝r❡❛t✐♥❣ ❣✉✐s ✴❛❜♦✉t t❤❡ s✐♠♣❧❡ ❣✉✐❞❡ ❣✉✐ ❡①❛♠♣❧❡✳ ❤t♠❧✱ ❛❝❡ss♦✿ ✭✷✵ ❞❡ ❞❡③❡♠❜r♦ ❞❡
✷✵✶✽✳
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