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P❛✉❧♦ ●❛❜r✐❡❧ ▼♦t❛ ❞❡ ▼✐r❛♥❞❛

▼ét♦❞♦s ❞❡ ❘❡❞✉çã♦ ❞❡ ❈♦rr❡♥t❡s ❞❡ ■♥r✉s❤ ❡♠

❚r❛♥s❢♦r♠❛❞♦r❡s

❚r❛❜❛❧❤♦ ❞❡ ❈♦♥❝❧✉sã♦ ❞❡ ❈✉rs♦ s✉❜♠❡t✐❞♦
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❆❣r❛❞❡❝✐♠❡♥t♦s

❆❣r❛❞❡ç♦ ❛ t♦❞♦s q✉❡ ♣❛ss❛r❛♠ ♣♦r ♠✐♥❤❛ ✈✐❞❛✱ ♣♦✐s s❡♠ ❡ss❛s ❡①♣❡r✐✲

ê♥❝✐❛s ❡✉ ♥ã♦ s❡r✐❛ ❛ ♣❡ss♦❛ q✉❡ s♦✉ ❤♦❥❡✳

❆ ♠❡✉s ❛♠✐❣♦s ❡ ❢❛♠✐❧✐❛r❡s✱ q✉❡ ❞✐r❡t❛ ♦✉ ✐♥❞✐r❡t❛♠❡♥t❡ ♠❡ ❛❥✉❞❛r❛♠

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

❊ ❛❣r❛❞❡ç♦ ❡s♣❡❝✐❛❧♠❡♥t❡ ❛ ♠❡✉s ♣❛✐s ❆é❝✐♦ ❡ ❙❛②♦♥❛r❛✱ ❡ ♠✐♥❤❛ ✐r♠ã✱
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✧◗✉❛❧q✉❡r ✉♠ ♣♦❞❡ ❛♠❛r ✉♠❛
❝♦✐s❛ ✬♣♦r ❝❛✉s❛ ❞❡✬✳ ➱ tã♦ ❢á✲
❝✐❧ q✉❛♥t♦ ❝♦❧♦❝❛r ✉♠ ✈✐♥té♠ ♥♦
❜♦❧s♦✳ ▼❛s ❛♠❛r ✉♠❛ ❝♦✐s❛ ✬❛♣❡✲
s❛r ❞❡✬✱ ❝♦♥❤❡❝❡r s✉❛s ❢❛❧❤❛s ❡
❛♠á✲❧❛s t❛♠❜é♠✱ ✐ss♦ é r❛r♦✱ ♣✉r♦
❡ ♣❡r❢❡✐t♦✳✧
✲P❛tr✐❝❦ ❘♦t❤❢✉ss
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❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♠ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ♥♦ ♥ú❝❧❡♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹

✸✸ ❈♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ❞♦ tr❛♥s❢♦r♠❛❞♦r tr✐❢ás✐❝♦ ♥♦ ♣✐♦r ✐♥st❛♥t❡

❞❡ ❝❤❛✈❡❛♠❡♥t♦ s❡♠ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ♥♦ ♥ú❝❧❡♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✺

✸✹ ❈♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ❞♦ tr❛♥s❢♦r♠❛❞♦r tr✐❢ás✐❝♦ ❝♦♠ ❝❤❛✈❡❛♠❡♥t♦

♥♦ ♣✐❝♦ ❞❛ ❢❛s❡ ❆ ❝♦♠ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ♥♦ ♥ú❝❧❡♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✸✺ ❈♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ❞♦ tr❛♥s❢♦r♠❛❞♦r tr✐❢ás✐❝♦ ❝♦♠ ❝❤❛✈❡❛♠❡♥t♦

♥♦s ♣✐❝♦s ❞❡ ❝❛❞❛ ❢❛s❡ ❝♦♠ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ♥♦ ♥ú❝❧❡♦✳ ✳ ✳ ✳ ✳ ✸✼

✷



▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✶ ❈❛r❛❝t❡ríst✐❝❛s ❞♦s t❡st❡s ♥♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ✷✸✵✴✶✸✽❦❱ ❡ ✶✵✵▼❱❆ ✶✹

✷ ❘❡s✉❧t❛❞♦s ❞❛s ❙✐♠✉❧❛çõ❡s ♣❛r❛ ✉♠ ❚r❛♥s❢♦r♠❛❞♦r ❚r✐❢ás✐❝♦ ✳ ✳ ✳ ✷✽

✸



❙✉♠ár✐♦

❘❡s✉♠♦ ✺

✶ ■♥tr♦❞✉çã♦ ✻

✷ ❋✉♥❞❛♠❡♥t❛çã♦ ✼

✷✳✶ ❙❛t✉r❛çã♦ ❞❡ ◆ú❝❧❡♦s ▼❛❣♥ét✐❝♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼

✷✳✷ ❙✉rt♦s ❞❡ ❊♥❡r❣✐③❛çã♦ ❡♠ ❊q✉✐♣❛♠❡♥t♦s ❆❧t❛♠❡♥t❡ ■♥❞✉t✐✈♦s ✳ ✳ ✶✵

✸ ❚é❝♥✐❝❛s ♣❛r❛ ❘❡❞✉çã♦ ❞❡ ❈♦rr❡♥t❡s ❞❡ ❊♥❡r❣✐③❛çã♦ ✶✸

✸✳✶ ❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦ ❝♦♠ ❈♦♥❤❡❝✐♠❡♥t♦ ❞♦ ❋❧✉①♦ ❘❡♠❛♥❡s✲

❝❡♥t❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸

✸✳✷ ❈❤❛✈❡❛♠❡♥t♦ ❙❡q✉❡♥❝✐❛❞♦ ❞❛s ❋❛s❡s ❝♦♠ ❯s♦ ❞❡ ■♠♣❡❞â♥❝✐❛ ❞❡

◆❡✉tr♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✻

✸✳✸ ❉❡s♠❛❣♥❡t✐③❛çã♦ ❞♦ ◆ú❝❧❡♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶

✹ ❘❡s✉❧t❛❞♦s ❞❡ ❙✐♠✉❧❛çõ❡s ✷✾

✺ ❈♦♥❝❧✉sõ❡s ✸✾

❘❡❢❡rê♥❝✐❛s ✹✵

✹



❘❡s✉♠♦

❆s ❝♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ❡♠ tr❛♥s❢♦r♠❛❞♦r❡s ❧✐❣❛❞♦s ❛♦ s✐st❡♠❛ ❞❡ ♣♦✲

tê♥❝✐❛ ❝❛✉s❛♠ ❞✐✈❡rs♦s ❡❢❡✐t♦s✱ ❝♦♠♦ ❛❢✉♥❞❛♠❡♥t♦s ❞❡ t❡♥sã♦ ❡ ♠á ❛t✉❛çã♦ ❞❡

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

s✐✳ ❙✉❛ r❡❞✉çã♦ é ❡ss❡♥❝✐❛❧ ♣❛r❛ ❛ ♠❡❧❤♦r✐❛ ❞❛ q✉❛❧✐❞❛❞❡ ❞❡ ❡♥❡r❣✐❛ ❡ ❛✉♠❡♥t♦

❞❛ ✈✐❞❛ út✐❧ ❞♦s ❡q✉✐♣❛♠❡♥t♦s ♠❛✐s ✐♠♣♦rt❛♥t❡s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✳

P❛❧❛✈r❛s✲❈❤❛✈❡✿ ❚r❛♥s❢♦r♠❛❞♦r❡s✱ ■♥r✉s❤✱ ◗✉❛❧✐❞❛❞❡ ❞❡ ❊♥❡r✲

❣✐❛

✺



✶ ■♥tr♦❞✉çã♦

❯♠ ❞♦s ♣r✐♥❝✐♣❛✐s ❞✐stúr❜✐♦s q✉❡ ♣♦❞❡♠ ♦❝♦rr❡r ♥♦s s✐st❡♠❛s ❞❡ ♣♦✲

tê♥❝✐❛ é ❛ ❝♦rr❡♥t❡ ❞❡ ✐♥r✉s❤ ❞❡ tr❛♥s❢♦r♠❛❞♦r❡s✳ ❊❧❛s s❡ ♦r✐❣✐♥❛♠ ❞❛ ❛❧t❛

s❛t✉r❛çã♦ ❞♦ ♥ú❝❧❡♦ ❞♦s ❡q✉✐♣❛♠❡♥t♦s ♥♦ ✐♥st❛♥t❡ ❡♠ q✉❡ sã♦ ❧✐❣❛❞♦s ✭❑❖❱❆◆

❡t ❛❧✳✱ ✷✵✶✶✮✳ ❚❛✐s ❝♦rr❡♥t❡s ♣♦❞❡♠ ❧❡✈❛r ❛ ✉♠❛ ❛t✉❛çã♦ ✐♥❞❡✈✐❞❛ ❞♦s ❞✐s♣♦s✐✲

t✐✈♦s ❞❡ ♣r♦t❡çã♦✱ q✉❡ ✈❡❡♠ ❛ ❝♦rr❡♥t❡ ❞❡ ✐♥r✉s❤ ❝♦♠♦ ✉♠❛ ❢❛❧t❛✳ ❆❧é♠ ❞✐ss♦✱

❡❧❛ ❝❛✉s❛✱ t❛♠❜é♠✱ tr❛♥s✐tór✐♦s ❞❡ t❡♥sã♦ ♥♦ s✐st❡♠❛✱ ❡str❡ss❡s ♠❡❝â♥✐❝♦s ♥♦s

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

❝r✐❛❞♦s ♥♦s ❡♥r♦❧❛♠❡♥t♦s q✉❡✱ ❝♦♥❥✉♥t❛♠❡♥t❡✱ ✈❡♠ ❛ ❞✐♠✐♥✉✐r ❛ ✈✐❞❛ út✐❧ ❞♦

❡q✉✐♣❛♠❡♥t♦✳

❖s ❞♦✐s ♣r✐♥❝✐♣❛✐s ❛❣r❛✈❛♥t❡s ❞❛s ❝♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ sã♦ ♦ ♣♦♥t♦ ❞❡

❝❤❛✈❡❛♠❡♥t♦ ❞❛ t❡♥sã♦ ❡ ♦ ✢✉①♦ r❡s✐❞✉❛❧ ♥♦ tr❛♥s❢♦r♠❛❞♦r✳ ◗✉❛♥❞♦ ❛ ❢❛s❡ é

❝♦♥❡❝t❛❞❛ ♥❛s ♣r♦①✐♠✐❞❛❞❡s ❞♦ ③❡r♦ ❞❛ t❡♥sã♦✱ ♦ q✉❡✱ ♣❡❧❛ ❧❡✐ ❞❡ ❋❛r❛❞❛②✱ ❧❡✈❛

❛ ✉♠ ✢✉①♦ ♠á①✐♠♦ ❝❡r❝❛ ❞❡ ❞✉❛s ✈❡③❡s ♦ ✢✉①♦ ❞❡ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✱ q✉❡

❞❡♠❛♥❞❛ ❣r❛♥❞❡ ❝♦rr❡♥t❡✳ ❙♦♠❛♥❞♦✲s❡ ❛ ❡ss❡ ✢✉①♦ ❝❛✉s❛❞♦ ♣❡❧♦ ❝❤❛✈❡❛♠❡♥t♦

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

♥ú❝❧❡♦✱ ❝❛✉s❛♥❞♦ ❡❧❡✈❛❞❛s ❝♦rr❡♥t❡s✳

❆ ❢♦r♠❛ tr❛❞✐❝✐♦♥❛❧ ❞❡ ♠✐t✐❣❛çã♦ ❞❛s ❝♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ é ♦ ✉s♦ ❞❡

r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦ ♥♦s ❞✐s❥✉♥t♦r❡s✳ P♦ré♠✱ t❛❧ ♠ét♦❞♦✱ ❛❧é♠ ❞❡ ❞❡♠❛♥❞❛r

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

❉❡ ❢♦r♠❛ ❛ ❝♦♥t♦r♥❛r ❡st❡s ♣r♦❜❧❡♠❛s✱ ❞✐❢❡r❡♥t❡s ♠ét♦❞♦s sã♦ ♣r♦♣♦s✲

t♦s✱ ❝♦♠♦✱ ♣♦r ❡①❡♠♣❧♦✱ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❛s ❢❛s❡s✱ ❇❘❖◆❩❊❆❉❖

❡t ❛❧✳ ✭✷✵✶✹✮ ❡ ❈❯■ ❡t ❛❧✳ ✭✷✵✵✺✮✱ ♦✉ ❛✐♥❞❛✱ ♦ ✉s♦ ❞❡ ❢♦♥t❡s ❡①t❡r♥❛s ♣❛r❛ ❛

❞❡s♠❛❣♥❡t✐③❛çã♦ ❞♦s tr❛♥s❢♦r♠❛❞♦r❡s ❑❖❱❆◆ ❡t ❛❧✳ ✭✷✵✶✶✮✳

❚❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ❞✐❢❡r❡♥t❡s ♠ét♦❞♦s ♣♦❞❡♠ ❛♣r❡s❡♥t❛r ❞✐❢❡r❡♥t❡s

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

❛❧❣✉♥s ❞❡ss❡s ♠ét♦❞♦s✳

✻



✷ ❋✉♥❞❛♠❡♥t❛çã♦

✷✳✶ ❙❛t✉r❛çã♦ ❞❡ ◆ú❝❧❡♦s ▼❛❣♥ét✐❝♦s

❈♦♥❢♦r♠❡ ❞❡s❝r❡✈❡ ❯▼❆◆❙ ✭✷✵✶✹✮✱ ✉♠❛ ❢♦rç❛ ♠❛❣♥❡t✐③❛♥t❡ ❡①t❡r♥❛✱

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

t❡♥❞❛♠ ❛ s❡ ❛❧✐♥❤❛r ❛♦ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦ ❛♣❧✐❝❛❞♦✳ ❆ss✐♠✱ ♦s ❝❛♠♣♦s ♠❛❣♥ét✐❝♦s

❞❡st❡s ❞♦♠í♥✐♦s s♦♠❛♠✲s❡ ❛♦ ❝❛♠♣♦ ❛♣❧✐❝❛❞♦✱ ♣r♦❞✉③✐♥❞♦ ✉♠❛ ❞❡♥s✐❞❛❞❡ ❞❡

✢✉①♦ ♠❛✐♦r ❞♦ q✉❡ ❛q✉❡❧❛ q✉❡ ❡①✐st✐r✐❛ ❞❡✈✐❞♦ ❛♣❡♥❛s à ❢♦rç❛ ♠❛❣♥❡t✐③❛♥t❡✳ ➚

♠❡❞✐❞❛ q✉❡ ❛ ❢♦rç❛ ♠❛❣♥❡t✐③❛♥t❡ ❛♣❧✐❝❛❞❛ é ❛✉♠❡♥t❛❞❛✱ ♦❝♦rr❡ ❛ ♠♦✈✐♠❡♥t❛çã♦

❞❛s ♣❛r❡❞❡s ❞♦s ❞♦♠í♥✐♦s ♠❛❣♥ét✐❝♦s ❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❛❧✐♥❤❛♠❡♥t♦ ❞♦s ♠♦♠❡♥t♦s

♠❛❣♥ét✐❝♦s ❛té ♦ ♣♦♥t♦ ❡♠ q✉❡ ❡❧❡s ❡st❡❥❛♠ ♣r❛t✐❝❛♠❡♥t❡ ❛❧✐♥❤❛❞♦s ❝♦♠ ♦ ❝❛♠♣♦

♠❛❣♥❡t✐③❛♥t❡ ❡ ♥ã♦ ♣♦ss❛♠ ♠❛✐s ❝♦♥tr✐❜✉✐r ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛ ❞❡♥s✐❞❛❞❡ ❞❡

✢✉①♦✳ ◆❡ss❡ ♣♦♥t♦✱ ❞✐③✲s❡✱ ❡♥tã♦✱ q✉❡ ♦ ♠❛t❡r✐❛❧ ❛t✐♥❣✐✉ ❛ s❛t✉r❛çã♦ ♠❛❣♥ét✐❝❛✳

◆❛ ❛✉sê♥❝✐❛ ❞❡ t❛❧ ❢♦rç❛ ♠❛❣♥❡t✐③❛♥t❡ ❡①t❡r♥❛✱ ♦s ❞♦♠í♥✐♦s ♠❛❣♥ét✐❝♦s

❞♦ ♠❛t❡r✐❛❧ t❡♥❞❡♠ ❛ s❡ ❛❧✐♥❤❛r ♥❛t✉r❛❧♠❡♥t❡ ❛ ❞✐r❡çõ❡s ❛ss♦❝✐❛❞❛s à ❡str✉✲

t✉r❛ ❝r✐st❛❧✐♥❛ ❞♦s ❞♦♠í♥✐♦s✱ ❝♦♥❤❡❝✐❞❛s ❝♦♠♦ ❡✐①♦s ❞❡ ♠❛✐s ❢á❝✐❧ ♠❛❣♥❡t✐③❛çã♦

✭❯▼❆◆❙✱ ✷✵✶✹✮✳ ❆ss✐♠✱ q✉❛♥❞♦ ❛ ❢♦rç❛ ❡①t❡r♥❛ é r❡❞✉③✐❞❛✱ ♦s ♠♦♠❡♥t♦s ♠❛❣✲

♥ét✐❝♦s t❡♥❞❡♠ ❛ r❡t♦r♥❛r ❛♦s ♣♦♥t♦s ❞❡ ♠❛✐s ❢á❝✐❧ ♠❛❣♥❡t✐③❛çã♦ ♣ró①✐♠❛s ❛♦

❝❛♠♣♦ ❛♣❧✐❝❛❞♦✳ ❈♦♠ ❛ r❡t✐r❛❞❛ ❞♦ ❝❛♠♣♦ ❡①t❡r♥♦✱ ♦s ♠♦♠❡♥t♦s t❡♥❞❡♠ ❛

r❡t♦r♥❛r ❛ s✉❛s ♦r✐❡♥t❛çõ❡s ✐♥✐❝✐❛✐s✱ ♣♦ré♠ ♥ã♦ ❞❡ ❢♦r♠❛ t♦t❛❧♠❡♥t❡ ❛❧❡❛tór✐❛✱

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

❝❛♠♣♦ ❛♣❧✐❝❛❞♦ ✭✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ♦✉ r❡s✐❞✉❛❧✮✳

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

❆ ❝✉r✈❛ ♠♦str❛ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ❞❡♥s✐❞❛❞❡ ❞❡ ✢✉①♦ ♠❛❣♥ét✐❝♦ ✭❇✮ ❡ ❛ ❢♦rç❛

♠❛❣♥❡t✐③❛♥t❡ ✭❍ ✮✳ ❆s s❡t❛s ♥❛ ❋✐❣✉r❛ ✶ r❡♣r❡s❡♥t❛♠ ❛ tr❛❥❡tór✐❛ s❡❣✉✐❞❛ ♣♦r ❇

q✉❛♥❞♦ ❍ ❝r❡s❝❡ ♦✉ ❞❡❝r❡s❝❡✳

➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♣❡❧❛ ✜❣✉r❛✱ q✉❡ ❛ ♠❡❞✐❞❛ q✉❡ ❍ ❝r❡s❝❡✱ ❛s ❝✉r✈❛s ❞❡

❤✐st❡r❡s❡ t❡♥❞❡♠ ❛ ✜❝❛r ❝❛❞❛ ✈❡③ ♠❛✐s ❤♦r✐③♦♥t❛✐s✱ ✐ss♦ ♦❝♦rr❡ ❞❡✈✐❞♦ à s❛t✉r❛çã♦

❞♦ ♠❛t❡r✐❛❧✳

✼



❋✐❣✉r❛ ✶✿ ❈✉r✈❛s ❞❡ ❍✐st❡r❡s❡

❋♦♥t❡✿ ❯▼❆◆❙ ✭✷✵✶✹✮

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ▲❡✐ ❞❡ ❋❛r❛❞❛②✱ s❛❜❡♠♦s q✉❡ ❛ t❡♥sã♦ ❛♣❧✐❝❛❞❛ ❛♦

❡♥r♦❧❛♠❡♥t♦ ♣r✐♠ár✐♦ ❡ ♦ ✢✉①♦ ❡♥❧❛ç❛❞♦ ♣❡❧♦ ♠❡s♠♦ sã♦ r❡❧❛❝✐♦♥❛❞♦s✱ ♣♦❞❡♥❞♦

s❡r ❡①♣r❡ss❛ ♣❡❧❛ ❡q✉❛çã♦ ✶✿

v(t) =
dλ

dt
, ✭✶✮

♥❛ q✉❛❧ ✈ é ❛ t❡♥sã♦✱ λ é ♦ ✢✉①♦ ❡♥❧❛ç❛❞♦ ❡ t é ❛ ✈❛r✐á✈❡❧ ❞❡ t❡♠♣♦✳

❙❡♥❞♦ ❛ t❡♥sã♦ ❞❛ ❢♦r♠❛ v(t) = Vmcos(ωt)✱ ♦ ✢✉①♦ ❝♦♥❝❛t❡♥❛❞♦ ♣♦❞❡

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

λ(t) =

∫ t

0

λmsen(ωt)dt ✭✷✮

❆ ❞❡♥s✐❞❛❞❡ ❞❡ ✢✉①♦ ♠❛❣♥ét✐❝♦ é ❡♥tã♦ ❞❛❞❛ ♣♦r

B =
λ

A
, ✭✸✮

♥❛ q✉❛❧ ❆ é ❛ ár❡❛ ❞♦ ♠❛t❡r✐❛❧ ♣♦r ♦♥❞❡ ♣❛ss❛ ♦ ✢✉①♦✳

✽



❉❛ ▲❡✐ ❞❡ ❆♠♣èr❡✱ s❛❜❡♠♦s q✉❡ ♦ ❝❛♠♣♦ ❍ é ♣r♦♣♦r❝✐♦♥❛❧ à ❝♦rr❡♥t❡✳

❆ss✐♠✱ à ♠❡❞✐❞❛ q✉❡ ❛✉♠❡♥t❛♠♦s ❛ t❡♥sã♦ s♦❜r❡ ♦s ❡♥r♦❧❛♠❡♥t♦s ❞♦ tr❛♥s❢♦r✲

♠❛❞♦r✱ ❛ ❞❡♥s✐❞❛❞❡ ❞❡ ✢✉①♦ ❇ ❛✉♠❡♥t❛ ✭❡q✉❛çõ❡s ✶ ❡ ✸✮ ❡✱ ♣♦r ❝♦♥s❡❣✉✐♥t❡✱

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

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

♥❛ t❡♥sã♦ ❛♣❧✐❝❛❞❛ ❡❧❡✈❛ ❛ ❝♦rr❡♥t❡ ♥♦s ❡♥r♦❧❛♠❡♥t♦s ❞❡ ♠❛♥❡✐r❛ ❛❝❡♥t✉❛❞❛ ✭❆

❡❧❡✈❛çã♦ ❞❡ ❇ ❝❛✉s❛ ✉♠ ❛✉♠❡♥t♦ ♠❛✐s ❛❝❡♥t✉❛❞♦ ❡♠ ❍ ✮✳

✾



✷✳✷ ❙✉rt♦s ❞❡ ❊♥❡r❣✐③❛çã♦ ❡♠ ❊q✉✐♣❛♠❡♥t♦s ❆❧t❛♠❡♥t❡

■♥❞✉t✐✈♦s

❙❡❣✉♥❞♦ ●❯❊❘❘❆✱ ❛s ❝♦rr❡♥t❡s ❞❡ ❡①❝✐t❛çã♦ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ ❞❡

tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ♣♦tê♥❝✐❛ ❡stã♦ ♥❛ ❢❛✐①❛ ❞❡ ✵✱✺✪ ❡ ✷✪ ❞❛ ❝♦rr❡♥t❡ ♥♦♠✐♥❛❧✳

❊♥tr❡t❛♥t♦✱ ❞✉r❛♥t❡ ❛ ❡♥❡r❣✐③❛çã♦ ♣♦❞❡♠ ♦❝♦rr❡r ♣✐❝♦s ❞❡ ❝♦rr❡♥t❡ q✉❡ ♣♦❞❡♠

❝❤❡❣❛r ❛ ✷✵ ✈❡③❡s ❛ ❝♦rr❡♥t❡ ♥♦♠✐♥❛❧ ❝♦♠ ❞✉r❛çã♦ ❞❡ ✈ár✐♦s ❝✐❝❧♦s✳

❖ ✈❛❧♦r ✐♥st❛♥tâ♥❡♦ ❞❛ t❡♥sã♦ ♥♦ ✐♥st❛♥t❡ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❞❡ ✉♠ tr❛♥s✲

❢♦r♠❛❞♦r ❝♦♠ s❡❝✉♥❞ár✐♦ ❡♠ ❛❜❡rt♦ é ✉♠ ❞♦s ❢❛t♦r❡s q✉❡ ♠❛✐s ✐♥✢✉❡♥❝✐❛♠ ♥❛

❝♦rr❡♥t❡ ❞❡ ❡♥❡r❣✐③❛çã♦ ❞♦ ♠❡s♠♦✳ ■st♦ s❡ ❞❡✈❡ ♣❡❧♦ ❢❛t♦ ❞❡ q✉❡ ♦ tr❛♥s❢♦r♠❛✲

❞♦r✱ ♥❡st❛s ❝♦♥❞✐çõ❡s✱ ♣♦❞❡ s❡r ✈✐st♦ ♣❡❧♦ s✐st❡♠❛ ❝♦♠♦ ✉♠ ❝♦♠♣♦♥❡♥t❡ ❛❧t❛✲

♠❡♥t❡ ✐♥❞✉t✐✈♦ ✭●❯❊❘❘❆✮✱ ❛ss✐♠✱ ♦ ✢✉①♦ ♠❛❣♥ét✐❝♦ ✐♥❞✉③✐❞♦ ❡st❛rá ❛tr❛s❛❞♦

❞❡ q✉❛s❡ ✾✵♦ ❞❛ t❡♥sã♦✳ ■ss♦ s✐❣♥✐✜❝❛ q✉❡✱ q✉❛♥❞♦ ❛ t❡♥sã♦ t❡♠ ✈❛❧♦r ♣ró①✐♠❛ ❛

③❡r♦ ♥♦ ✐♥st❛♥t❡ ❞❡ ❝❤❛✈❡❛♠❡♥t♦✱ ♦ ✢✉①♦ ✐♠♣♦st♦ ♣❡❧❛ ❢♦♥t❡ t❡rá ✈❛❧♦r ♠á①✐♠♦✳

❆❧é♠ ❞❛ ✐♥✢✉ê♥❝✐❛ s♦❜r❡ ❝♦♠♦ ♦ tr❛♥s❢♦r♠❛❞♦r é ✈✐st♦ ♣❡❧♦ r❡st❛♥t❡

❞♦ s✐st❡♠❛✱ ♦ s❡❝✉♥❞ár✐♦ ❡♠ ❛❜❡rt♦ t❛♠❜é♠ t❡♠ ✐♥✢✉ê♥❝✐❛ s♦❜r❡ ❛ ❝♦rr❡♥t❡

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

✉♠ ❝❛♠♣♦ ❞❡s♠❛❣♥❡t✐③❛♥t❡ q✉❡ ❞✐♠✐♥✉❛ ♦ ✢✉①♦ ✐♥❞✉③✐❞♦ ♣❡❧♦ ❧❛❞♦ ♣r✐♠ár✐♦ ❞♦

tr❛♥s❢♦r♠❛❞♦r✳

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

♠❡♥t♦ é ❛ ♠❛❣♥✐t✉❞❡ ❡ s✐♥❛❧ ❞♦ ✢✉①♦ r❡s✐❞✉❛❧ ♥♦ ♥ú❝❧❡♦ ❞♦ ♠❡s♠♦ ✭●❯❊❘❘❆✮✳

❈❛s♦ ❛ t❛①❛ ❞❡ ✈❛r✐❛çã♦ ❞♦ ✢✉①♦ ✐♠♣♦st♦ t✐✈❡r ♠❡s♠♦ s✐♥❛❧ q✉❡ ♦ ✢✉①♦ r❡♠❛✲

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

❆ ❋✐❣✉r❛ ✷ r❡♣r❡s❡♥t❛ ✉♠ tr❛♥s❢♦r♠❛❞♦r ♠♦♥♦❢ás✐❝♦ ❝♦♠ ♦ s❡❝✉♥❞ár✐♦

❡♠ ❛❜❡rt♦✳ ❆ ✐♥❞✉tâ♥❝✐❛ ♥ã♦ ❧✐♥❡❛r ❛♣r❡s❡♥t❛ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ i = f(λ) ❝♦♠♦

❛ ❞❛ ❋✐❣✉r❛ ✸✱ t❛♠❜é♠ ❝❤❛♠❛❞❛ ❞❡ ❝✉r✈❛ ❞❡ s❛t✉r❛çã♦✳

❆ ❡q✉❛çã♦ q✉❡ ❞❡s❝r❡✈❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ❝✐r❝✉✐t♦ ❞❛ ❋✐❣✉r❛ ✷ é

dλ

dt
+Rim = Umsenωt ✭✹✮

✶✵



❋✐❣✉r❛ ✷✿ ❈✐r❝✉✐t♦ ❊❧étr✐❝♦ ❊q✉✐✈❛❧❡♥t❡ ❞❡ ✉♠ ❚r❛♥s❢♦r♠❛❞♦r ▼♦♥♦❢ás✐❝♦ ❝♦♠
❙❡❝✉♥❞ár✐♦ ❡♠ ❆❜❡rt♦

❋♦♥t❡✿ ●❯❊❘❘❆

❋✐❣✉r❛ ✸✿ ❈✉r✈❛ ❞❡ ❙❛t✉r❛çã♦ ▲✐♥❡❛r✐③❛❞❛ ♣♦r P❛rt❡s

❋♦♥t❡✿ ●❯❊❘❘❆

❆ss✉♠✐♥❞♦ q✉❡ ♦ ♥ú❝❧❡♦ ♥ã♦ s❛t✉r❛✱ ❛ ❢✉♥çã♦ f(λ) s❡ ❝♦♠♣♦rt❛ ❝♦♠♦

✉♠❛ ❢✉♥çã♦ ❧✐♥❡❛r ❛té ♦ ♣♦♥t♦ ❞❡ ❥♦❡❧❤♦ ❞❛ ❝✉r✈❛ ❞❛ ❋✐❣✉r❛ ✸✱ ❡ ❛ ❝♦rr❡♥t❡ ♣♦❞❡

s❡r s✉❜st✐t✉í❞❛ ♣♦r λ
Lm

✱ ❛ss✐♠✱ ❛ ❡q✉❛çã♦ ✹ ♣♦❞❡ s❡r r❡❡s❝r✐t❛ ❝♦♠♦

dλ

dt
+

R

Lm

λ = Umsenωt ✭✺✮

❙♦❧✉❝✐♦♥❛♥❞♦ ❛ ❡q✉❛çã♦ ✺✱ ❡ ❝♦♥s✐❞❡r❛♥❞♦ R << ωLm✱ ❝❤❡❣❛♠♦s à

❡q✉❛çã♦

λ(t) = λm[e−
R

Lm − cosωt] ✭✻✮

➱ ♣♦ssí✈❡❧ ♥♦t❛r q✉❡ ❛ ❡q✉❛çã♦ ✻✱ r❡♣r❡s❡♥t❛♥❞♦ ♦ ✢✉①♦ ♥♦ ♥ú❝❧❡♦ ❞♦

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

❝♦♠♣♦♥❡♥t❡ ❝♦ss❡♥♦✐❞❛❧✳

❆ ❢♦r♠❛ ❝♦♠♦ ♦ tr❛♥s❢♦r♠❛❞♦r é ❡♥❡r❣✐③❛❞♦ t❛♠❜é♠ ✐♥✢✉❡♥❝✐❛ ❛ ❛♠✲

♣❧✐t✉❞❡ ❞❛ ❝♦rr❡♥t❡✱ ✈✐st♦ q✉❡ ♦ ✈❛❧♦r ❞❡st❛ é ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ à ár❡❛

✶✶



❡♥tr❡ ♦ ♥ú❝❧❡♦ ❡ ♦ ❡♥r♦❧❛♠❡♥t♦✳ ❯♠❛ ✈❡③ q✉❡✱ ❡♠ ❣❡r❛❧✱ ♦s ❡♥r♦❧❛♠❡♥t♦s ❞❡

♠❡♥♦r t❡♥sã♦ ❡stã♦ ♠❛✐s ♣ró①✐♠♦s ❛♦ ♥ú❝❧❡♦ ❡ sã♦ ❡♥✈♦❧✈✐❞♦s ♣❡❧♦ ❡♥r♦❧❛♠❡♥t♦

❞❡ ♠❛✐♦r t❡♥sã♦ ✭●❯❊❘❘❆✮✱ ❛s ❝♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ♣❛r❛ tr❛♥s❢♦r♠❛❞♦r❡s ❛❜❛✐✲

①❛❞♦r❡s ✭❡♥r♦❧❛♠❡♥t♦ ❞❡ ♠❛✐♦r t❡♥sã♦✱ ♠❛✐s ❡①t❡r♥♦✱ ❡♥❡r❣✐③❛❞♦✮ é ❞❛ ♦r❞❡♠

❞❡ ✺ ❛ ✶✵ ✈❡③❡s ❛ ❝♦rr❡♥t❡ ♥♦♠✐♥❛❧✳ P❛r❛ ♦s tr❛♥s❢♦r♠❛❞♦r❡s ❡❧❡✈❛❞♦r❡s✱ ❡♠

q✉❡ ♦ ❡♥r♦❧❛♠❡♥t♦ ❞❡ ♠❡♥♦r t❡♥sã♦✱ ♠❛✐s ✐♥t❡r♥♦✱ é ❡♥❡r❣✐③❛❞♦✱ ❛s ❝♦rr❡♥t❡s

❞❡ ✐♥r✉s❤ ♣♦❞❡♠ ❛t✐♥❣✐r ✈❛❧♦r❡s ❞❡ ✶✵ ❛ ✷✺ ✈❡③❡s ♦ ✈❛❧♦r ❞❛ ❝♦rr❡♥t❡ ♥♦♠✐♥❛❧

✭▼❆❘❉❊●❆◆✱ ✷✵✶✵✮✳

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

❋✐❣✉r❛s ✹ ❡ ✺✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝❛r❛❝t❡r✐③❛çã♦ ♥❡❝❡ssár✐❛

❋✐❣✉r❛ ✹✿ ❈✉r✈❛ ❞❡ ❙❛t✉r❛çã♦ ▲✐♥❡❛r✐③❛❞❛ s❡♠ ❘❡♠❛♥ê♥❝✐❛

❋♦♥t❡✿ ●❯❊❘❘❆

❋✐❣✉r❛ ✺✿ ❈✉r✈❛ ❞❡ ❙❛t✉r❛çã♦ ▲✐♥❡❛r✐③❛❞❛ ❝♦♠ ❘❡♠❛♥ê♥❝✐❛

❋♦♥t❡✿ ●❯❊❘❘❆

❆ ❋✐❣✉r❛ ✹ r❡♣r❡s❡♥t❛ ❛ ❧✐♥❡❛r✐③❛çã♦ ❞❛ ❝✉r✈❛ ❞❡ s❛t✉r❛çã♦ ❞❡ ✉♠ tr❛♥s✲

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

♠❛♥❡♥t❡✳ ❊♥q✉❛♥t♦ q✉❡ ❛ ❋✐❣✉r❛ ✺ ❛♣r❡s❡♥t❛ ❛ ❝✉r✈❛ ❝♦♠ r❡♠❛♥ê♥❝✐❛✱ ♥♦r✲

♠❛❧♠❡♥t❡ ✉t✐❧✐③❛❞❛s ❡♠ s✐♠✉❧❛çõ❡s ♣❛r❛ r❡❣✐♠❡ tr❛♥s✐tór✐♦✱ ♦♥❞❡ λ0 é ♦ ✢✉①♦

r❡s✐❞✉❛❧ ❡ λr é ♦ ✢✉①♦ ❞❡ ❡♥❧❛❝❡ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ✢✉①♦ ❞❡ r❡♠❛♥ê♥❝✐❛✳

❖ ✢✉①♦ ❞❡ r❡♠❛♥ê♥❝✐❛✱ ♦✉ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡✱ ❝♦rr❡s♣♦♥❞❡ ❛♦ ✈❛❧♦r ❞♦

✢✉①♦ r❡s✐❞✉❛❧ ✭λr✮ q✉❛♥❞♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❞❡s♠❛❣♥❡t✐③❛çã♦ ❛ ❝♦rr❡♥t❡ ❡❧étr✐❝❛

❛ss✉♠❡ ♦ ✈❛❧♦r ③❡r♦✳

✶✷



✸ ❚é❝♥✐❝❛s ♣❛r❛ ❘❡❞✉çã♦ ❞❡ ❈♦rr❡♥t❡s ❞❡ ❊♥❡r✲

❣✐③❛çã♦

◆❛s s✉❜s❡çõ❡s s❡❣✉✐♥t❡s sã♦ ❛♣r❡s❡♥t❛❞❛s ❛❧❣✉♠❛s ❞❛s ❢♦r♠❛s ❞❡ r❡❞✉✲

çã♦ ❞❛s ❝♦rr❡♥t❡s ✐♥r✉s❤ ♣r♦♣♦st❛s ❡♠ ❛❧❣✉♥s ❛rt✐❣♦s ❡st✉❞❛❞♦s✳

✸✳✶ ❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦ ❝♦♠ ❈♦♥❤❡❝✐♠❡♥t♦ ❞♦ ❋❧✉①♦

❘❡♠❛♥❡s❝❡♥t❡

❙❡❣✉♥❞♦ ❞❡s❝r❡✈❡ ❇❘❖◆❩❊❆❉❖ ❡t ❛❧✳ ✭✷✵✶✹✮✱ ✉♠❛ ❛❧t❡r♥❛t✐✈❛ ❛♦ ✉s♦

❞♦s r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦ é ♦ ✉s♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ q✉❡ ❝♦♥s✐st❡

♥♦ ❝♦♥tr♦❧❡ ❞♦ ❢❡❝❤❛♠❡♥t♦ ❡❧étr✐❝♦ ❞♦s ♣♦❧♦s ❞♦ ❞✐s❥✉♥t♦r✱ ❞❡ ❢♦r♠❛ q✉❡ ❛ t❡♥sã♦

❛♣❧✐❝❛❞❛ ♥♦s ❡♥r♦❧❛♠❡♥t♦s ❞♦ tr❛♥s❢♦r♠❛❞♦r ❡st❛❜❡❧❡❝❡ ✉♠ ✢✉①♦ q✉❡ ❝♦✐♥❝✐❞❛

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

s❡♥❡r❣✐③❛çã♦ ❛♥t❡r✐♦r ❞♦ ❡q✉✐♣❛♠❡♥t♦✳ ❊st❡ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ✢✉①♦ é ❡①❡♠✲

♣❧✐✜❝❛❞♦ ♥❛ ❞❛ ❋✐❣✉r❛ ✻✱ ♦♥❞❡✱ ❡stã♦ r❡♣r❡s❡♥t❛❞♦s ♦ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ♥♦

❡q✉✐♣❛♠❡♥t♦ ❛♣ós s✉❛ ❞❡s❡♥❡r❣✐③❛çã♦ ✭❝♦♥st❛♥t❡✮✱ ❡ ♦ ✢✉①♦ q✉❡ é ✐♥❞✉③✐❞♦ ♣❡❧♦

s✐st❡♠❛✱ ❞❡✈✐❞♦ à t❡♥sã♦ ❞♦ s✐st❡♠❛✳

❋✐❣✉r❛ ✻✿ ❋❧✉①♦ ♥♦ ♥ú❝❧❡♦ ❞♦ ❡q✉✐♣❛♠❡♥t♦

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

❉❡✈✐❞♦ ❛♦ ❢❛t♦ ❞❡ ♦ ✢✉①♦ ✐♥❞✉③✐❞♦ t❡r ♦ ♠❡s♠♦ s❡♥t✐❞♦ ❞♦ ✢✉①♦ r❡s✐❞✉❛❧✱

r❡❞✉③✲s❡ ❛ ❝♦rr❡♥t❡ ♥♦ ✐♥st❛♥t❡ ❞❡ ❡♥❡r❣✐③❛çã♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r✳ ❈❛s♦ ❤♦✉✈❡ss❡

✶✸



❞❡❢❛s❛❣❡♠ ❡♥tr❡ ♦ ✢✉①♦ ✐♥❞✉③✐❞♦ ❡ ♦ r❡♠❛♥❡s❝❡♥t❡✱ ❛ ❝♦rr❡♥t❡ ❞❡ ❡♥❡r❣✐③❛çã♦

♣r❡❝✐s❛r✐❛ s❡r ♠❛✐s ❡❧❡✈❛❞❛ ❞❡ ❢♦r♠❛ q✉❡ ♦ ✢✉①♦ ♥♦ tr❛♥s❢♦r♠❛❞♦r ♣❛ss❛ss❡ ❛

❛❝♦♠♣❛♥❤❛r ❛ t❡♥sã♦ ❞♦ s✐st❡♠❛✳

❇❘❖◆❩❊❆❉❖ ❡t ❛❧✳ ✭✷✵✶✹✮ ❡①❡♠♣❧✐✜❝❛r❛♠ ♦s ❡❢❡✐t♦s ❞♦ ❝❤❛✈❡❛♠❡♥t♦

❝♦♥tr♦❧❛❞♦ ♣♦r ♠❡✐♦ ❞❡ ❛❧❣✉♥s t❡st❡ ❝♦♠ ✉♠ tr❛♥s❢♦r♠❛❞♦r ❞❡ ✷✸✵✴✶✸✽❦❱ ❡

✶✵✵▼❱❆✱ ❝♦rr❡♥t❡ ♥♦♠✐♥❛❧ ❞❡ ✷✺✶❆✳ ◆❛ ❋✐❣✉r❛ ✼ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♦s r❡s✉❧✲

t❛❞♦s ❞❡ três t❡st❡s✱ ❡ s✉❛s ❝❛r❛❝t❡ríst✐❝❛s sã♦ ❞❡s❝r✐t❛s ♥❛ ❚❛❜❡❧❛ ✶✳

❋✐❣✉r❛ ✼✿ ❘❡s✉❧t❛❞♦s ❞♦s ❚❡st❡s ❡♠ ✉♠ tr❛♥s❢♦r♠❛❞♦r ❞❡ ✷✸✵✴✶✸✽❦❱ ❡ ✶✵✵▼❱❆

❋♦♥t❡✿ ❇❘❖◆❩❊❆❉❖ ❡t ❛❧✳

❚❛❜❡❧❛ ✶✿ ❈❛r❛❝t❡ríst✐❝❛s ❞♦s t❡st❡s ♥♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ✷✸✵✴✶✸✽❦❱ ❡ ✶✵✵▼❱❆
❚❡st❡ ❈❛r❛❝t❡ríst✐❝❛s
❚❡st ✶ ❊♥❡r❣✐③❛çã♦ ❝♦♥tr♦❧❛❞❛ ❞♦ tr❛♥s❢♦r♠❛❞♦r s❡♠ ❝♦♥❤❡❝✐♠❡♥t♦ ❞♦

✢✉①♦ r❡♠❛♥❡s❝❡♥t❡✱ q✉❡ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♥✉❧♦✳
❚❡st ✺ ❊♥❡r❣✐③❛çã♦ ❝♦♥tr♦❧❛❞❛ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❝♦♠ ❝♦♥❤❡❝✐♠❡♥t♦ ❞♦

✢✉①♦ r❡♠❛♥❡s❝❡♥t❡✳
❚❡st ✾ ❊♥❡r❣✐③❛çã♦ ♥ã♦ ❝♦♥tr♦❧❛❞❛ ❞♦ tr❛♥s❢♦r♠❛❞♦r✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r✳

➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ❡♠ ❚❡st ✶ q✉❡ ♦ ♣r✐♠❡✐r♦ ♣♦❧♦ ❛ s❡r ❢❡❝❤❛❞♦ ❢♦✐ ♦

❞❛ ❢❛s❡ ❆✱ s❡❣✉✐❞♦✱ ✶✴✹ ❞❡ ❝✐❝❧♦ ❞❡♣♦✐s✱ ♣❡❧♦s ♣♦❧♦s ❞❛s ❢❛s❡s ❇ ❡ ❈✳ ❆♣❡s❛r ❞♦

❝♦♥tr♦❧❡ ❞♦ ❝❤❛✈❡❛♠❡♥t♦✱ ❛ ♥ã♦ ❝♦♥s✐❞❡r❛çã♦ ❞♦ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ❧❡✈♦✉ ❛ ✉♠❛

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

✶✹



❞❛s ❢♦r♠❛s ❞❡ ♦♥❞❛ ❞❛s t❡♥sõ❡s ♥♦ s❡❝✉♥❞ár✐♦ ❞♦ ♠❡s♠♦✳

◆♦ ❝❛s♦ ❞♦ t❡st❡ ❚❡st ✺✱ ❝♦♠ ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♣ré✈✐♦ ❞♦ ✢✉①♦ r❡♠❛♥❡s✲

❝❡♥t❡ ❞♦ ♥ú❝❧❡♦✱ ❝❛❧❝✉❧❛❞♦ ❛ ♣❛rt✐r ❞♦ ❞❡❝❛✐♠❡♥t♦ ❞❛s t❡♥sõ❡s ♠❡❞✐❞♦ ❞✉r❛♥t❡ ❛

❞❡s❡♥❡r❣✐③❛çã♦ ❛♥t❡r✐♦r ❞♦ ❡q✉✐♣❛♠❡♥t♦ ✭❇❘❖◆❩❊❆❉❖ ❡t ❛❧✳✱ ✷✵✵✾✮✱ ❡ ❛ ♣❛rt✐r

❞❡ ❡♥tã♦ ♦ ❝♦♥tr♦❧❡ ❞♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ♣♦❧♦s✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ✉♠❛ r❡❞✉çã♦

❝♦♥s✐❞❡rá✈❡❧ ♥❛ ❝♦rr❡♥t❡ ❞❡ ✐♥r✉s❤ ❞♦ ❡q✉✐♣❛♠❡♥t♦✱ ❛t✐♥❣✐♥❞♦ ❝❡r❝❛ ❞❡ ✹✽✪ ❞❡

s✉❛ ❝♦rr❡♥t❡ ♥♦♠✐♥❛❧✳

◆♦ ❝❛s♦ ❡♠ q✉❡ ♥ã♦ ❤♦✉✈❡ ❝♦♥tr♦❧❡ ❞♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ♣♦❧♦s✱ ❚❡st ✾✱ ❛

❝♦rr❡♥t❡ ❞❡ ❡♥❡r❣✐③❛çã♦ ❝❤❡❣♦✉ ❛ ❛t✐♥❣✐r ✉♠ ♣✐❝♦ ❞❡ ✷✱✺ ✈❡③❡s ❛ ❝♦rr❡♥t❡ ♥♦♠✐♥❛❧

❞♦ ❡q✉✐♣❛♠❡♥t♦ ♥❛ ❢❛s❡ ❈✱ ❛❧é♠ ❞❡ ❝❛✉s❛r ✉♠❛ ❣r❛✈❡ ❞✐st♦rçã♦ ♥❛ t❡♥sã♦ ♥♦s

t❡r♠✐♥❛✐s ❞♦ s❡❝✉♥❞ár✐♦✱ ❞❡✈✐❞♦ à s❛t✉r❛çã♦ ❞♦ ♥ú❝❧❡♦✳

✶✺



✸✳✷ ❈❤❛✈❡❛♠❡♥t♦ ❙❡q✉❡♥❝✐❛❞♦ ❞❛s ❋❛s❡s ❝♦♠ ❯s♦ ❞❡ ■♠✲

♣❡❞â♥❝✐❛ ❞❡ ◆❡✉tr♦

❙❡❣✉♥❞♦ ♦ ♣r♦♣♦st♦ ♣♦r ❈❯■ ❡t ❛❧✳ ✭✷✵✵✺✮✱ ✉♠ ❝❤❛✈❡❛♠❡♥t♦ s❡q✉❡♥❝✐❛❞♦

❞❛s ❢❛s❡s ❞❡ ✉♠ tr❛♥s❢♦r♠❛❞♦r✱ ❝♦♠ ♦ ♣♦♥t♦ ❞❡ ♥❡✉tr♦ ❛t❡rr❛❞♦ ♣♦r ✉♠ r❡s✐st♦r✱

❋✐❣✉r❛ ✽✱ t❡♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ r❡❞✉③✐r ❛ ❝♦rr❡♥t❡ ❞❡ ✐♥r✉s❤ ❞❡ ✉♠ tr❛♥s❢♦r♠❛✲

❞♦r✳ ❉✉r❛♥t❡ ♦ ❝❤❛✈❡❛♠❡♥t♦ s❡q✉❡♥❝✐❛❞♦✱ ❡st❡ r❡s✐st♦r s❡ ❝♦♠♣♦rt❛ ❝♦♠♦ ✉♠

r❡s✐st♦r ❧✐❣❛❞♦ ❡♠ sér✐❡ ❛♦ ❝✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❞♦ tr❛♥s❢♦r♠❛❞♦r✳ ❙❡❣✉♥❞♦ ❆❇✲

❉❯▲❙❆▲❆▼❀ ❳❯ ✭✷✵✵✼✮✱ ✉♠❛ r❡s✐stê♥❝✐❛ ❡q✉✐✈❛❧❡♥t❡ ❛ ✽✱✺✪ ❞❛ r❡❛tâ♥❝✐❛ ❞❡

♠❛❣♥❡t✐③❛çã♦ ♥ã♦ s❛t✉r❛❞❛✱ ♣♦❞❡ ❧❡✈❛r ❛ ✉♠❛ r❡❞✉çã♦ ❞❡ ✽✵ ❛ ✾✵✪ ❞❛ ❝♦rr❡♥t❡

❞❡ ✐♥r✉s❤✳

❋✐❣✉r❛ ✽✿ ❊sq✉❡♠❛ ❞❡ ❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

❊st❡ ♠ét♦❞♦ ❛♣r❡s❡♥t❛ ❞❡s❡♠♣❡♥❤♦ s❡♠❡❧❤❛♥t❡ ❛♦ ✉s♦ ❞❡ r❡s✐st♦r❡s ❞❡

♣ré✲✐♥s❡rçã♦✳ P♦ré♠✱ ♣♦r ❡♥✈♦❧✈❡r ♦ ✉s♦ ❞❡ ❛♣❡♥❛s ✉♠ r❡s✐st♦r ❡ ✈✐st♦ q✉❡✱ ❝♦♥✲

❢♦r♠❡ ❛✜r♠❛❞♦ ♣♦r ❇❘❖◆❩❊❆❉❖ ❡t ❛❧✳ ✭✷✵✶✹✮ ✧❆ ❛❞✐çã♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲

✐♥s❡rçã♦ ❡♠ ❞✐s❥✉♥t♦r❡s ❥á ❡①✐st❡♥t❡s r❡q✉❡r ❛ ✐♥❝❧✉sã♦ ❞❡ ✉♠❛ ❝â♠❛r❛ ❛✉①✐❧✐❛r

❝♦♠ ✉♠ ❝✉st♦ ❛❞✐❝✐♦♥❛❧ ❞❡ ✷✺ ❛ ✸✵✪ ❞♦ ✈❛❧♦r ♥♦♠✐♥❛❧ ❞♦ ❞✐s❥✉♥t♦r ❡ s♦♠❡♥t❡

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

❙❡ t❛❧ ❛❞❛♣t❛çã♦ ♥ã♦ ❢♦r ♣♦ssí✈❡❧✱ ❛♣❡♥❛s ❛ tr♦❝❛ ❝♦♠♣❧❡t❛ ❞♦ ❞✐s❥✉♥t♦r é q✉❡

♣❡r♠✐t❡ ❧❛♥ç❛r ♠ã♦ ❞❡st❡ r❡❝✉rs♦ ✭r❡s✐st♦r ❞❡ ♣ré✲✐♥s❡rçã♦✮✳✧✱ ♦ ❝❤❛✈❡❛♠❡♥t♦

❝♦♥tr♦❧❛❞♦ s❡ t♦r♥❛ ♠❡♥♦s ❝✉st♦s♦✱ ❛❧é♠ ❞❡ ❞✐ss✐♣❛r ✉♠❛ ♣❡q✉❡♥❛ ♣♦tê♥❝✐❛✱

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

✶✻



♥❡✉tr♦✳

❙❡❣✉♥❞♦ ❳❯ ❡t ❛❧✳ ✭✷✵✵✺✮✱ ❛ t❡♥sã♦ ❞❡ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ s♦❜r❡ ♦s

❞✐s❥✉♥t♦r❡s t❡♠ ❣r❛♥❞❡ ✐♠♣❛❝t♦ s♦❜r❡ ❛ ❛♠♣❧✐t✉❞❡ ❞❛ ❝♦rr❡♥t❡ ❞❡ ✐♥r✉s❤✳ ❆ss✐♠✱

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

♣♦ss✐❜✐❧✐t❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ss❛ t❡♥sã♦✳

❋✐❣✉r❛ ✾✿ ❈✐r❝✉✐t♦ ❊❧étr✐❝♦ ❊q✉✐✈❛❧❡♥t❡✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

❆✐♥❞❛ s❡❣✉♥❞♦ ❳❯ ❡t ❛❧✳✱ ❛s ❡q✉❛çõ❡s ❞❡ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ ♣❛r❛ ♦

tr❛♥s❢♦r♠❛❞♦r ♣♦❞❡♠ s❡r ❡s❝r✐t❛s ❝♦♠♦✿

[

Vxf

]

=











VAxf

VBxf

VCxf











= j











Xs Xm Xm

Xm Xs Xm

Xm Xm Xs





















IA

IB

IC











✭✼✮

❖♥❞❡ ❳s ❡ ❳♠ sã♦ ❛s ✐♠♣❡❞â♥❝✐❛s ♣ró♣r✐❛ ❡ ♠út✉❛s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❉✉r❛♥t❡ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❞❛ ♣r✐♠❡✐r❛ ❢❛s❡✱ ❢❛s❡ ❆✱ ♦ r❡s✐st♦r ❞♦ ♥❡✉tr♦

❢✉♥❝✐♦♥❛ ❝♦♠♦ ✉♠ r❡s✐st♦r ❞❡ ♣ré✲✐♥s❡rçã♦✱ ♣♦r ❡st❛r ❡♠ sér✐❡ ❝♦♠ ❛ ❢❛s❡✳ ❉✉✲

r❛♥t❡ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❞❛ s❡❣✉♥❞❛ ❢❛s❡✱ ❢❛s❡ ❇✱ ❛ ❝♦rr❡♥t❡ ❞❡ ✐♥r✉s❤ é ❢♦rt❡♠❡♥t❡

✐♥✢✉❡♥❝✐❛❞❛ ♣❡❧♦ ✈❛❧♦r ❞❡ ∆V ❇✳ ❉❛ ✜❣✉r❛ ✾✱ ❛ ❡q✉❛çã♦ ♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡

∆V ❇ é ❞❛❞❛ ❝♦♠♦✿

∆VB = EB − VB ✭✽✮

✶✼



♦♥❞❡

VN = RNIA ✭✾✮











EB

VB

VC











= j











Xs Xm Xm

Xm Xs Xm

Xm Xm Xs





















IA

0

0











+











VN

VN

VN











✭✶✵✮

❞❛s ❡q✉❛çõ❡s ✽✱ ✾ ❡ ✶✵ é ♣♦ssí✈❡❧ ❝❤❡❣❛r ❛✿

|∆VB | = E

√

3 + (Xm −Xs)
Xm + 2Xs +

√
3RN

R2

N +X2
s

✭✶✶✮

❉❛ ♠❡s♠❛ ❢♦r♠❛✱ ♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❞❛ t❡r❝❡✐r❛ ❢❛s❡✱ ❢❛s❡ ❈✱ ❝❤❡❣❛♠♦s

às ❡q✉❛çõ❡s✿

∆VC = EC − VC ✭✶✷✮

VN = RN (IA − IB) ✭✶✸✮











EA

EB

VC











= j











Xs Xm Xm

Xm Xs Xm

Xm Xm Xs





















IA

IB

0











+











VN

VN

VN











✭✶✹✮

❡ ❛ss✐♠✱

✶✽



|∆VC | = E

√

9R2

N + (Xs + 2Xm)2

4R2

N + (Xs +Xm)2
✭✶✺✮

❉❡ ♣♦ss❡ ❞❡ss❛s ❡q✉❛çõ❡s✱ é ♣♦ssí✈❡❧ ❝❛❧❝✉❧❛r ❛ ❝♦rr❡♥t❡ ❡♠ ❝❛❞❛ ❢❛s❡

♥♦ ✐♥st❛♥t❡ ❞♦ ❝❤❛✈❡❛♠❡♥t♦✳

❳❯ ❡t ❛❧✳ ✭✷✵✵✺✮ ❡①❡♠♣❧✐✜❝❛♠ ❡st❡s r❡s✉❧t❛❞♦s ❛♦ s✐♠✉❧❛r ❡ t❡st❛r ♦ ♠❡s♠♦

tr❛♥s❢♦r♠❛❞♦r ✉t✐❧✐③❛❞♦ ❡♠ ❈❯■ ❡t ❛❧✳ ✭✷✵✵✺✮✱ q✉❡ ❛♣r❡s❡♥t❛ ❛s s❡❣✉✐♥t❡s ❝❛r❛❝✲

t❡ríst✐❝❛s✿

• ✶✸✽ ▼❱❆❀

• ✼✷ ✲ ✶✸✱✽ ❦❱✱ ❨ ✲ ∆❀

• Zmag ≈ 20Ω❀

◆❛ ❋✐❣✉r❛ ✶✵ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ✈❛❧♦r❡s ❞❛ ❞✐❢❡r❡♥ç❛ ❞❡ ♣♦t❡♥❝✐❛❧ ♥♦s

t❡r♠✐♥❛✐s ❞♦ ❞✐s❥✉♥t♦r ♦❜t✐❞♦s ♣❛r❛ ❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s ❞❡ ❘◆✳

❋✐❣✉r❛ ✶✵✿ ❙✐♠✉❧❛çã♦ ❡ t❡st❡ ❞❡ ∆V ✱ ❞❛s ❢❛s❡s ❇ ❡ ❈✱ ♣❛r❛ ❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s ❞❡
❘♥

❋♦♥t❡✿ ❳❯ ❡t ❛❧✳

➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡✱ ✐♥✐❝✐❛❧♠❡♥t❡✱ ❛ t❡♥sã♦ ∆Vb ❞❡❝r❡s❝❡ ❝♦♠ ♦ ❛✉✲

♠❡♥t♦ ❞❡ ❘♥✱ ❡♥q✉❛♥t♦ q✉❡ ❛ t❡♥sã♦ ∆Vc ❛✉♠❡♥t❛✳ ❋❛t♦ q✉❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦

❛♦ s❡ ❛♥❛❧✐s❛r ❛s ❡q✉❛çõ❡s ✶✶ ❡ ✶✺✳

◆❛ ❋✐❣✉r❛ ✶✶ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡s ♦s ✈❛❧♦r❡s ❞❡ ∆Vb

❡ ∆Vc✱ ❜❡♠ ❝♦♠♦ ♣❛r❛ ❛s ❝♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ■❜ ❡ ■❝✱ ❡♠ ❢✉♥çã♦ ❞❡ ❘◆✳

✶✾



❋✐❣✉r❛ ✶✶✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ✈❛❧♦r❡s ❞❡ ∆V ❡ ❞❛s ❝♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ❞❛s
❢❛s❡s ❇ ❡ ❈✱ ♣❛r❛ ❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s ❞❡ ❘◆

❋♦♥t❡✿ ❳❯ ❡t ❛❧ ✭✷✵✵✺✮✳

➱ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ♣❡❧❛ ❋✐❣✉r❛ ✶✶ q✉❡ ♦ ♠❡❧❤♦r ✈❛❧♦r ❞❡ ❘◆ é ❛q✉❡❧❡

q✉❡ ❧❡✈❛ à ✐♥t❡rs❡çã♦ ❡♥tr❡ ❛s ❝✉r✈❛s ❞❛s t❡♥sõ❡s ∆Vb ❡ ∆Vc✱ ♣♦♥t♦ ❡st❡ q✉❡ ❧❡✈❛

às ♠❡♥♦r❡s ❝♦rr❡♥t❡s ■❜ ❡ ■❝✳ ❉❛ ♠❡s♠❛ ❢♦r♠❛✱ é ♣♦ssí✈❡❧ ♦❜t❡r ❛ ❡q✉❛çã♦ ♣❛r❛

❛ ♠❡❧❤♦r r❡s✐stê♥❝✐❛ ❞♦ ♥❡✉tr♦ ❛ ♣❛rt✐r ❞❛s ❡q✉❛çõ❡s ✶✶ ❡ ✶✺✱ ✐❣✉❛❧❛♥❞♦✲❛s✳

3 + (Xm −Xs)
Xm + 2Xs +

√
3RN

R2

N +X2
s

=
9R2

N + (Xs + 2Xm)2

4R2

N + (Xs +Xm)2
✭✶✻✮

❆ ❡q✉❛çã♦ ✶✻ ♥ã♦ ♣♦ss✉✐ s♦❧✉çã♦ ❢❡❝❤❛❞❛✱ ♠❛s ♣♦❞❡ s❡r s♦❧✉❝✐♦♥❛❞❛

♥✉♠❡r✐❝❛♠❡♥t❡✳

✷✵



✸✳✸ ❉❡s♠❛❣♥❡t✐③❛çã♦ ❞♦ ◆ú❝❧❡♦

❆ ❢♦r♠❛ ❞❡ ♠✐t✐❣❛çã♦ ❞❛s ❝♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ❡♠ tr❛♥s❢♦r♠❛❞♦r❡s ♣r♦✲

♣♦st❛ ♣♦r ❑❖❱❆◆ ❡t ❛❧✳ ✭✷✵✶✶✮ é ♦ ✉s♦ ❞❡ ❢♦♥t❡s ❞❡ t❡♥sã♦ ❝♦♥tí♥✉❛s✱ ❧✐❣❛❞❛s

❛♦s tr❛♥s❢♦r♠❛❞♦r❡s ❞❡s❧✐❣❛❞♦s ♣❛r❛ r❡❞✉③✐r ♦ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ❞♦ ♥ú❝❧❡♦✳

❑❖❱❆◆ ❡t ❛❧✳ ✭✷✵✶✶✮ ❡①❡♠♣❧✐✜❝❛ ♦ ♣r♦❜❧❡♠❛ ❞❛s ❝♦rr❡♥t❡s ❞❡ ✐♥r✉s❤

❡♠ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦✱ ♦♥❞❡ ❡①✐st❡♠ ✈ár✐♦s tr❛♥s❢♦r♠❛❞♦r❡s ❧✐❣❛❞♦s ❡♠

♣❛r❛❧❡❧♦ ✭❋✐❣✉r❛ ✶✷✮✱ ❞r❡♥❛♥❞♦ ♠ú❧t✐♣❧❛s ❝♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ♥♦s ❞✐❢❡r❡♥t❡s ❛❧✐✲

♠❡♥t❛❞♦r❡s ❞♦ s✐st❡♠❛✳

❋✐❣✉r❛ ✶✷✿ ❘❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠ ❙✐st❡♠❛ ❞❡ ❉✐str✐❜✉✐çã♦ ❝♦♠ ▼ú❧t✐♣❧♦s ❆❧✐✲

♠❡♥t❛❞♦r❡s✳

❋♦♥t❡✿ ❑❖❱❆◆ ❡t ❛❧ ✭✷✵✶✶✮✳

❆ té❝♥✐❝❛ ❛❞♦t❛❞❛ ♣♦r ❑❖❱❆◆ ❡t ❛❧✳ ✭✷✵✶✶✮ ❝♦♥s✐st✐✉ ❞♦ ✉s♦ ❞❡ ✉♠❛

❢♦♥t❡ ❈❈ ❞❡ ❜❛✐①❛ t❡♥sã♦✱ ✉♠❛ ❝❤❛✈❡ ❡❧❡trô♥✐❝❛ ❡ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧❡✳ ❆s

s✐♠✉❧❛çõ❡s ❢♦r❛♠ ❢❡✐t❛s ❡♠ ✉♠ s✐st❡♠❛ ❞❡ ♠é❞✐❛ t❡♥sã♦ ✭✷✺❦❱✮ ❝♦♠ ✹✵ tr❛♥s✲

❢♦r♠❛❞♦r❡s ❞❡ ✺✵✵❦❱❆ ❞✐str✐❜✉í❞♦ ❛♦ ❧♦♥❣♦ ❞♦ ❛❧✐♠❡♥t❛❞♦r✳

❯t✐❧✐③❛♥❞♦ ❛ té❝♥✐❝❛ ♣r♦♣♦st❛✱ é ♣♦ssí✈❡❧ r❡❞✉③✐r ♦ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡

✷✶



❞♦ ♥ú❝❧❡♦ ❛♣❧✐❝❛♥❞♦✲s❡ ✉♠❛ t❡♥sã♦ ❛❧t❡r♥❛❞❛✱ ❝♦♠♦ ❛ ❞❛ ❋✐❣✉r❛ ✶✸✳

❯♠❛ ✈❡③ q✉❡ ❛ ❝♦rr❡♥t❡ ❡♠ ✉♠ ✐♥❞✉t♦r ♥ã♦ s❛t✉r❛❞♦ é ✉♠❛ ❢✉♥çã♦ ❧✐♥❡❛r

❡ ❞✐r❡t❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ ❛♦ t❡♠♣♦✱ é ♣♦ssí✈❡❧ ❝❛❧❝✉❧❛r ❛ ❝♦rr❡♥t❡ q✉❡ ♣❛ss❛rá

♣❡❧♦ ❡♥r♦❧❛♠❡♥t♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r✳ ❆té ♦ ✐♥st❛♥t❡ ♦ t✵✱ ❛ t❡♥sã♦ ♣♦s✐t✐✈❛ ❝r✐❛

✉♠❛ ❝♦rr❡♥t❡ ❝r❡s❝❡♥t❡ ❧✐♥❡❛r♠❡♥t❡ ❝♦♠ ♦ t❡♠♣♦✱ ❞❡ t✵ ❛ ✸t✵✱ ❛ t❡♥sã♦ ❞❛ ❢♦♥t❡

❞❝ é ♥❡❣❛t✐✈❛✱ ❝r✐❛♥❞♦ ✉♠❛ ❝♦rr❡♥t❡ q✉❡ ❞❡❝r❡s❝❡ ❧✐♥❡❛r♠❡♥t❡ ❝♦♠ ♦ t❡♠♣♦✱ ❛té

q✉❡ ♥♦ ✐♥st❛♥t❡ ✸t✵ ❛ ♣♦❧❛r✐❞❛❞❡ ❞❛ t❡♥sã♦ ♠✉❞❛ ♥♦✈❛♠❡♥t❡ ❡ ❛ ❝♦rr❡♥t❡ ✈♦❧t❛

❛ ❝r❡s❝❡r ✭❋✐❣✉r❛ ✶✸✮✳

❋✐❣✉r❛ ✶✸✿ ❚❡♥sã♦ ❡ ❈♦rr❡♥t❡ ♥♦ tr❛♥s❢♦r♠❛❞♦r✳

❋♦♥t❡✿ ❑❖❱❆◆ ❡t ❛❧ ✭✷✵✶✶✮✳

❆♦ s❡ ❛♣❧✐❝❛r ✉♠❛ t❡♥sã♦ ❞❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♥❛ ❋✐❣✉r❛ ✶✸✱ ♣♦ré♠

❝♦♠ ❛♠♣❧✐t✉❞❡ ✈❛r✐á✈❡❧✱ ♦❜t❡♠♦s ✉♠❛ ❝♦rr❡♥t❡ t❛♠❜é♠ ✈❛r✐á✈❡❧✳ ❯♠❛ ✈❡③ q✉❡

♦ ✢✉①♦ ❡♠ ✉♠ ✐♥❞✉t♦r é ♣r♦♣♦r❝✐♦♥❛❧ à ❝♦rr❡♥t❡✱ φ = Li✱ s❡ ❡st❛ ❝♦rr❡♥t❡ ❢♦r

❞❡❝r❡s❝❡♥t❡ ✭❋✐❣✉r❛ ✶✹✮✱ ♦❜t❡♠♦s ✉♠ ✢✉①♦ q✉❡ ❞✐♠✐♥✉✐ ❝♦♠ ♦ ♣❛ss❛r ❞♦ t❡♠♣♦

✭❋✐❣✉r❛ ✶✺✮✳

❋✐❣✉r❛ ✶✹✿ ❚❡♥sã♦ ❡ ❈♦rr❡♥t❡ ❞❡ ❛♠♣❧✐t✉❞❡ ✈❛r✐á✈❡❧✳

❋♦♥t❡✿ ❑❖❱❆◆ ❡t ❛❧ ✭✷✵✶✶✮✳

✷✷



❋✐❣✉r❛ ✶✺✿ ❋❧✉①♦ ❞❡❝r❡s❝❡♥t❡ ♥♦ ♥ú❝❧❡♦✳

❋♦♥t❡✿ ❑❖❱❆◆ ❡t ❛❧ ✭✷✵✶✶✮✳

❖✉tr❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ♣❛r❛ ❛ t❡♥sã♦ ❛♣❧✐❝❛❞❛ s♦❜r❡ ♦ tr❛♥s❢♦r♠❛❞♦r é ✉♠❛

t❡♥sã♦ ❞❡ ❛♠♣❧✐t✉❞❡ ❝♦♥st❛♥t❡✱ ♣♦ré♠ ❞❡ ❢r❡q✉ê♥❝✐❛ ✈❛r✐á✈❡❧✳ ❊st❛ ✈❛r✐❛çã♦ ♥❛

❢r❡q✉ê♥❝✐❛ s❡ ❞á ❞❡ ❢♦r♠❛ ❝r❡s❝❡♥t❡✱ ❞❡ ♠♦❞♦ ❛ r❡❞✉③✐r ♦ t❡♠♣♦ ❡♠ q✉❡ ❛ t❡♥sã♦

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

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

♦ ✢✉①♦ ❞✐♠✐♥✉❛ ❞♦ ♠❡s♠♦ ♠♦❞♦ q✉❡ ♥♦ ❝❛s♦ ❛♥t❡r✐♦r✳

❋✐❣✉r❛ ✶✻✿ ❚❡♥sã♦ ❡ ❈♦rr❡♥t❡ ❞❡ ❢r❡q✉ê♥❝✐❛ ✈❛r✐á✈❡❧✳

❋♦♥t❡✿ ❑❖❱❆◆ ❡t ❛❧ ✭✷✵✶✶✮✳

❖ ✉s♦ ❞❡ ✉♠❛ ❢♦♥t❡ ❝♦♠ ❢r❡q✉ê♥❝✐❛ ✈❛r✐á✈❡❧✱ ❛♣r❡s❡♥t❛✱ s❡❣✉♥❞♦ ❑❖✲

❱❆◆ ❡t ❛❧✳ ✭✷✵✶✶✮✱ ❞✉❛s ✈❛♥t❛❣❡♥s ❡♠ r❡❧❛çã♦ ❛ ❢♦♥t❡ ❞❡ ❛♠♣❧✐t✉❞❡ ✈❛r✐á✈❡❧✳

✶✳ ❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠ét♦❞♦ ❛tr❛✈és ❞❡ ❝♦♥✈❡rs♦r❡s ❡ ❢♦♥t❡s ❞❡ t❡♥sã♦

❞✐s♣♦♥í✈❡✐s é ♠❛✐s s✐♠♣❧❡s✳

✷✳ ❆ ❡❧✐♠✐♥❛çã♦ ❞♦ ✢✉①♦ r❡s✐❞✉❛❧ é ♠❛✐s rá♣✐❞❛✳

✷✸



❑❖❱❆◆ ❡t ❛❧✳ ✭✷✵✶✶✮ ✉t✐❧✐③❛r❛♠ ♦ ❊▼❚P✲❘❱ ✭❊❧❡tr♦♠❛❣♥❡t✐❝ ❚r❛♥✲

s✐❡♥ts Pr♦❣r❛♠✮ ♣❛r❛ s✐♠✉❧❛r ♦ ❡sq✉❡♠❛ ♣r♦♣♦st♦ ❡♠ ✉♠ tr❛♥s❢♦r♠❛❞♦r✳ ◆❛

❋✐❣✉r❛ ✶✼ é ❛♣r❡s❡♥t❛❞♦ ♦ ♠♦❞❡❧♦ ❞♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ❞❡s♠❛❣♥❡t✐③❛çã♦✱ ❛ ❢♦r♠❛

❝♦♠♦ ❡❧❡ é ❧✐❣❛❞♦ ❛♦ tr❛♥s❢♦r♠❛❞♦r ❡ ♦ ♠♦❞❡❧♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r ♠♦♥♦❢ás✐❝♦

✭❋✐❣✉r❛ ✶✽✮ ✐♠♣❧❡♠❡♥t❛❞♦s ♥♦ s♦❢t✇❛r❡✳

❋✐❣✉r❛ ✶✼✿ ▼♦❞❡❧♦ ❞♦ ❉✐s♣♦s✐t✐✈♦ ❞❡ ❉❡s♠❛❣♥❡t✐③❛çã♦✳

❋♦♥t❡✿ ❑❖❱❆◆ ❡t ❛❧ ✭✷✵✶✶✮✳

❋✐❣✉r❛ ✶✽✿ ▼♦❞❡❧♦ ❞❡ ✉♠ ❚r❛♥s❢♦r♠❛❞♦r ▼♦♥♦❢ás✐❝♦✳

❋♦♥t❡✿ ❑❖❱❆◆ ❡t ❛❧ ✭✷✵✶✶✮✳

▼❡❞✐❛♥t❡ ❛ s✐♠✉❧❛çã♦✱ ✉t✐❧✐③❛♥❞♦ ❛ ❡str❛té❣✐❛ ❞❡ ❛♠♣❧✐t✉❞❡ ❝♦♥st❛♥t❡

❡ ❢r❡q✉ê♥❝✐❛ ✈❛r✐á✈❡❧ ❞❛ t❡♥sã♦ ❛♣❧✐❝❛❞❛✱ ❜✉s❝❛✲s❡ ❞❡s♠❛❣♥❡t✐③❛r ♦ ♥ú❝❧❡♦ ❞❡st❡

tr❛♥s❢♦r♠❛❞♦r✳ ❈♦♠♦ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✶✾✱ ♦ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ♥♦

tr❛♥s❢♦r♠❛❞♦r é ❞❡ ✲✵✱✸✽❲❜✳ ❖ ♣r✐♠❡✐r♦ ❞❡❣r❛✉ ❞❡ t❡♥sã♦ t❡♠ ♣♦r ♦❜❥❡t✐✈♦

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

t❡r ✉♠❛ r❡❢❡rê♥❝✐❛ ✐♥✐❝✐❛❧✳ ❆ ❛♣❧✐❝❛çã♦ ❞♦s ❞❡❣r❛✉s ❞❡ t❡♥sã♦ s✉❜s❡q✉❡♥t❡s✱

❞❡ ❞✉r❛çã♦ ❞❡❝r❡s❝❡♥t❡✱ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❛ r❡❞✉çã♦ ❞♦ ✢✉①♦ ♥♦ ♥ú❝❧❡♦ ❞♦

tr❛♥s❢♦r♠❛❞♦r✳

➱ ♣♦ssí✈❡❧ ✈❡r ♣❡❧♦ ❣rá✜❝♦ ❞♦ ✢✉①♦ q✉❡ ❛ ❛♣❧✐❝❛çã♦ ❞❡ss❛ t❡♥sã♦ ❞❡

❢r❡q✉ê♥❝✐❛ ✈❛r✐á✈❡❧ r❡❞✉③✱ ❡♠ ❝❡r❝❛ ❞❡ ✉♠ ♠✐♥✉t♦✱ ♦ ✢✉①♦ r❡s✐❞✉❛❧ ❛ ✉♠ ✈❛❧♦r

q✉❛s❡ ♥✉❧♦✱ ❛♣❧✐❝❛♥❞♦ ✉♠❛ t❡♥sã♦ ❞❡ ❛♠♣❧✐t✉❞❡ ❜❛✐①❛ ✭✷✵❱✮ ❡♠ ❝♦♠♣❛r❛çã♦ ❛♦s

♥í✈❡✐s ❞❡ t❡♥sã♦ ❞♦s tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ❞✐str✐❜✉✐çã♦ ✭✶✸✱✽❦❱✮✳

✷✹



❋✐❣✉r❛ ✶✾✿ ❚❡♥sã♦✱ ❈♦rr❡♥t❡ ❡ ❋❧✉①♦ ♥♦ tr❛♥s❢♦r♠❛❞♦r s✐♠✉❧❛❞♦✳

❋♦♥t❡✿ ❑❖❱❆◆ ❡t ❛❧ ✭✷✵✶✶✮✳

❆ ✜♠ ❞❡ s❡ ♦❜t❡r ✉♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ❛ ❝♦rr❡♥t❡ ❞❡ ✐♥r✉s❤ ❛♣ós

♦ ✉s♦ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛✱ ❛s s✐♠✉❧❛çõ❡s ❢♦r❛♠ ❢❡✐t❛s ❞❡ ❢♦r♠❛ ❛ s❡ ♦❜t❡r ❛

❝♦rr❡♥t❡ ❞❡ ✐♥r✉s❤ ♠❛✐s ❛❧t❛ ♣♦ssí✈❡❧✱ ❝♦♠ ❝❤❛✈❡❛♠❡♥t♦ ♥❛ ❢❛s❡ ✵♦ ❞❛ t❡♥sã♦ ❡

❝♦♠ ✢✉①♦ r❡s✐❞✉❛❧✱ ❞❡ ❢♦r♠❛ q✉❡ ♦ ✢✉①♦ ✐♠♣♦st♦ ♣❡❧❛ t❡♥sã♦ s❡ s♦♠❛ss❡ ❛♦ ✢✉①♦

r❡♠❛♥❡s❝❡♥t❡ ❡ ♦ tr❛♥s❢♦r♠❛❞♦r ❛❧❝❛♥ç❛ss❡ ✉♠❛ s✉♣❡r✲s❛t✉r❛çã♦✱ ❞✉❛s ✈❡③❡s ♦

✢✉①♦ ♥♦♠✐♥❛❧ ❛❞✐❝✐♦♥❛❞♦ ❛♦ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡✳ ◆❛ ❋✐❣✉r❛ ✷✵ sã♦ ❛♣r❡s❡♥t❛❞♦s

♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ❛s ❞✉❛s s✐♠✉❧❛çõ❡s✳

❆ ❝♦rr❡♥t❡ ❞❡ ♣✐❝♦ ♥♦ ♣✐♦r ❝❛s♦✱ ❛t✐♥❣✐✉ ✉♠ ♥í✈❡❧ ❞❡ ✺✺✵❆✱ ❡q✉✐✈❛❧❡♥t❡

❛ ✺✽♣✉ ♥♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ✶✷✼❦❱❆ s✐♠✉❧❛❞♦✳ ◆♦ ❝❛s♦ ❝♦♠ ✢✉①♦ r❡s✐❞✉❛❧ ♥✉❧♦✱

♦ ♣✐❝♦ ❞❡ ❝♦rr❡♥t❡ ❝❛✐✉ ♣❛r❛ ✷✶✵❆ ✭✷✷♣✉✮✳ ❆ss✐♠✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❛

❡❧✐♠✐♥❛çã♦ ❞♦ ✢✉①♦ r❡s✐❞✉❛❧ r❡❞✉③✐✉ ❛ ❝♦rr❡♥t❡ ❞❡ ✐♥r✉s❤ ❡♠ ❝❡r❝❛ ❞❡ ✻✵✪✳

❑❖❱❆◆ ❡t ❛❧✳ ✭✷✵✶✶✮ ❛♣r❡s❡♥t❛r❛♠✱ ❛✐♥❞❛✱ ♦s r❡s✉❧t❛❞♦s ❡♠ ✉♠ tr❛♥s✲

❢♦r♠❛❞♦r tr✐❢ás✐❝♦ ❞❡ ✺✵✵❦❱❆✳ ❖ ♠♦❞❡❧♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦ tr❛♥s❢♦r♠❛❞♦r tr✐❢ás✐❝♦

♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✷✶✱ ❢♦✐ ♣r♦♣♦st♦ ♣♦r ▼❖❘❑ ❡t ❛❧✳ ✭✷✵✵✼✮✱ ❡ ❛❞❛♣t❛❞♦

✷✺



❋✐❣✉r❛ ✷✵✿ ❈♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ♥♦s ❞♦✐s ❝❛s♦s s✐♠✉❧❛❞♦s✳

❋♦♥t❡✿ ❑❖❱❆◆ ❡t ❛❧ ✭✷✵✶✶✮✳

♣♦r ❑❖❱❆◆ ❡t ❛❧✳ ✭✷✵✶✶✮✳ ❆♣❧✐❝❛♥❞♦✲s❡ ♦ ♠❡s♠♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ❞❡s♠❛❣♥❡t✐✲

③❛çã♦✱ ❝♦♠ t❡♥sã♦ ❞❡ ✷✵❱✱ ❛♣❧✐❝❛❞♦ ❛♦ tr❛♥s❢♦r♠❛❞♦r tr✐❢ás✐❝♦ ✭❋✐❣✉r❛ ✷✷✮✱ é

♣♦ssí✈❡❧ r❡❞✉③✐r ♦ ✢✉①♦ ♥♦ ♥ú❝❧❡♦ ❛ ✈❛❧♦r❡s q✉❛s❡ ♥✉❧♦s✳

❋✐❣✉r❛ ✷✶✿ ▼♦❞❡❧♦ ❆❞❛♣t❛❞♦ ❞♦ ❚r❛♥s❢♦r♠❛❞♦r ❚r✐❢ás✐❝♦✳

❋♦♥t❡✿ ❑❖❱❆◆ ❡t ❛❧ ✭✷✵✶✶✮✳

❋✐❣✉r❛ ✷✷✿ ❉✐s♣♦s✐t✐✈♦ ❞❡ ❉❡s♠❛❣♥❡t✐③❛çã♦ ▲✐❣❛❞♦ ❛♦ ❚r❛♥s❢♦r♠❛❞♦r✳

❋♦♥t❡✿ ❑❖❱❆◆ ❡t ❛❧ ✭✷✵✶✶✮✳

❑❖❱❆◆ ❡t ❛❧✳ ❛♣r❡s❡♥t❛r❛♠ ♦s ✢✉①♦s ❡♠ ❝❛❞❛ r❛♠♦ ❍②st ❞♦ ♠♦❞❡❧♦

❞♦ tr❛♥s❢♦r♠❛❞♦r tr✐❢ás✐❝♦ ✭❋✐❣✉r❛ ✷✸✮✱ ❛❧é♠ ❞✐ss♦✱ s❡❣✉♥❞♦ ❡ss❡s ❛✉t♦r❡s✱ ❛

❞✐❢❡r❡♥ç❛ ♥❛ ❝♦rr❡♥t❡ ❞❡ ❞❡s♠❛❣♥❡t✐③❛çã♦ ❢♦✐ ✉♠ ❛✉♠❡♥t♦ ❞❡ ✶✱✽❆ ♣❛r❛ ✷✱✻❆ ♥♦

✷✻



♠❛✐♦r ♣✐❝♦ ❞❛ ❝♦rr❡♥t❡✱ ♦ q✉❡ s✐❣♥✐✜❝❛ q✉❡ é ♥❡❝❡ssár✐❛ ✉♠❛ ❢♦♥t❡ ❝♦♠ ♣♦tê♥❝✐❛

♠á①✐♠❛ ❞❡ ✺✷❲ ♣❛r❛ ❞❡s♠❛❣♥❡t✐③❛r ✉♠ tr❛♥s❢♦r♠❛❞♦r ❞❡ ✺✵✵❦❱❆✳

❋✐❣✉r❛ ✷✸✿ ❋❧✉①♦ ❡♠ ❈❛❞❛ ❘❛♠♦✱ ✭❛✮❍②st✶✱ ✭❜✮❍②st✷✱ ✭❝✮❍②st✸✱ ✭❞✮❍②st✹✱
✭❡✮❍②st✺✳

❋♦♥t❡✿ ❑❖❱❆◆ ❡t ❛❧ ✭✷✵✶✶✮✳

➱ ♣♦ssí✈❡❧ ✈❡r q✉❡ ♦ ✢✉①♦ ❡♠ t♦❞♦s ♦s r❛♠♦s ❞♦ ♠♦❞❡❧♦ ❞❡❝❛❡♠ ♣❛r❛ ✉♠

✈❛❧♦r ♣ró①✐♠♦ ❞❡ ③❡r♦✳ ❑❖❱❆◆ ❡t ❛❧✳ ✭✷✵✶✶✮ ❛♣r❡s❡♥t❛♠✱ ❛ss✐♠✱ ♦s r❡s✉❧t❛❞♦s

♣❛r❛ ♦ tr❛♥s❢♦r♠❛❞♦r tr✐❢ás✐❝♦✱ ❡♠ s✐♠✉❧❛çõ❡s r❡❛❧✐③❛❞❛s ❞❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡

♣❛r❛ ♦ tr❛♥s❢♦r♠❛❞♦r ♠♦♥♦❢ás✐❝♦✱ ♥❛ ❚❛❜❡❧❛ ✷✱ ❝♦♠ ♦ ✈❛❧♦r ❞♦ ♣r✐♠❡✐r♦ ♣✐❝♦ ❞❡

❝♦rr❡♥t❡ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s três ❢❛s❡s✳

❆♣❧✐❝❛♥❞♦ ❛ ❡str❛té❣✐❛ ♣❛r❛ ♦ ❝❛s♦ ❞❛ ❋✐❣✉r❛ ✶✷ ❝♦♠ ✹✵ tr❛♥s❢♦r♠❛❞♦✲

r❡s ❝♦♠ ❛ ♠❡s♠❛ té❝♥✐❝❛✱ ❢♦✐ ♣♦ssí✈❡❧ r❡❞✉③✐r ♦ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ❡♠ t♦❞♦s

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

✷✼



❚❛❜❡❧❛ ✷✿ ❘❡s✉❧t❛❞♦s ❞❛s ❙✐♠✉❧❛çõ❡s ♣❛r❛ ✉♠ ❚r❛♥s❢♦r♠❛❞♦r ❚r✐❢ás✐❝♦

❋❛s❡
❈♦rr❡♥t❡ ♠á①✐♠❛ s❡♠

r❡❞✉çã♦ ❞♦ ✢✉①♦ r❡s✐❞✉❛❧ ❬❆❪
❈♦rr❡♥t❡ ♠á①✐♠❛ ❝♦♠

r❡❞✉çã♦ ❞♦ ✢✉①♦ r❡s✐❞✉❛❧ ❬❆❪
❆ ✼✻✼ ✶✽✹
❇ ✷✺✶ ✲✸✳✷
❈ ✲✼✻✼ ✲✶✽✹

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r✳

à ❡♥tr❛❞❛ ❞♦ ♠❡s♠♦✳ ❆ ❋✐❣✉r❛ ✷✹ ♠♦str❛ ♦ ✢✉①♦ ♥♦ r❛♠♦ ❍②st✶ ❞♦ ♣r✐♠❡✐r♦ ❡

tr✐❣és✐♠♦ ♦✐t❛✈♦ tr❛♥s❢♦r♠❛❞♦r✳

❋✐❣✉r❛ ✷✹✿ ❋❧✉①♦ ♥♦s ❚r❛♥s❢♦r♠❛❞♦r❡s ♥ú♠❡r♦ ✶ ❡ ✸✽✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❧✐❣❛❞♦s
❛♦ ❛❧✐♠❡♥t❛❞♦r

❋♦♥t❡✿ ❑❖❱❆◆ ❡t ❛❧ ✭✷✵✶✶✮✳

P❛r❛ ❞❡s♠❛❣♥❡t✐③❛r✱ ❡♥tã♦✱ ♦ ♥ú❝❧❡♦ ❞♦s ✹✵ tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ✺✵✵❦❱❆

❧✐❣❛❞♦s ❛♦ ❛❧✐♠❡♥t❛❞♦r ♠❡♥❝✐♦♥❛❞♦✱ s❡r✐❛ ♥❡❝❡ssár✐❛ ✉♠❛ ♣♦tê♥❝✐❛ ✹✵ ✈❡③❡s

♠❛✐♦r q✉❡ ❛ ❞❡ ✉♠ ú♥✐❝♦ tr❛♥s❢♦r♠❛❞♦r✱ ♦ ❡q✉✐✈❛❧❡♥t❡ ❛ ✷✱✵✽❦❲✳

❆ ♣❛rt✐r ❞♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♣♦r ❑❖❱❆◆ ❡t ❛❧✳✱ é ♣♦ssí✈❡❧ ✈❡r

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

r❡❞✉çã♦ ❞❡ ♣❡❧♦ ♠❡♥♦s ✻✵✪ ❞❛ ❝♦rr❡♥t❡ ❞❡ ✐♥r✉s❤ ❞❡ ❝❛❞❛ tr❛♥s❢♦r♠❛❞♦r✳

✷✽



✹ ❘❡s✉❧t❛❞♦s ❞❡ ❙✐♠✉❧❛çõ❡s

❆ ✜♠ ❞❡ ✈❡r✐✜❝❛r ❛ ❡✜❝á❝✐❛ ❞❛s té❝♥✐❝❛s ❛♥t❡r✐♦r♠❡♥t❡ ❛♣r❡s❡♥t❛❞❛s✱

s✐♠✉❧❛çõ❡s ❢♦r❛♠ r❡❛❧✐③❛❞❛s✱ ❝♦♠ ♦ ❛✉①í❧✐♦ ❞♦ ❙✐♠✉❧✐♥❦✱ ❝♦♠ ❞♦✐s tr❛♥s❢♦r♠❛✲

❞♦r❡s✳ ❯♠ ♠♦♥♦❢ás✐❝♦ ❡ ♦✉tr♦ tr✐❢ás✐❝♦✱ ❝♦♠ ❛s s❡❣✉✐♥t❡s ❝❛r❛❝t❡ríst✐❝❛s

• ❚r❛♥s❢♦r♠❛❞♦r ▼♦♥♦❢ás✐❝♦

✶✺✵ ❦❱❆

✼✾✻✼✱✹ ✲ ✷✷✵ ❱

❘✶ ❂ ✶✵✱✹✹ Ω ✭r❡s✐stê♥❝✐❛ ❞♦ ♣r✐♠ár✐♦✮

▲✶ ❂ ✻✷✱✸ ♠❍ ✭✐♥❞✉tâ♥❝✐❛ ❞♦ ♣r✐♠ár✐♦✮

❘✷ ❂ ✵ Ω ✭r❡s✐stê♥❝✐❛ ❞♦ s❡❝✉♥❞ár✐♦✮

▲✷ ❂ ✵ ❍ ✭✐♥❞✉tâ♥❝✐❛ ❞♦ s❡❝✉♥❞ár✐♦✮

❘♠ ❂ ✶✷✵ ❦Ω ✭r❡s✐stê♥❝✐❛ ❞❡ ♣❡r❞❛s ♥♦ ♥ú❝❧❡♦✮

❋✐❣✉r❛ ✷✺✿ ❈✉r✈❛ ❞❡ ❙❛t✉r❛çã♦ ❞♦ ❚r❛♥s❢♦r♠❛❞♦r ▼♦♥♦❢ás✐❝♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

• ❚r❛♥s❢♦r♠❛❞♦r ❚r✐❢ás✐❝♦

✶✵✵ ▼❱❆

✷✾



✷✸✵ ✲ ✻✾ ❦❱

❘✶ ❂ ✵✱✵✵✺✶ ♣✉ ✭r❡s✐stê♥❝✐❛ ❞♦ ♣r✐♠ár✐♦✮

▲✶ ❂ ✵✱✵✻✺✾ ♣✉ ✭✐♥❞✉tâ♥❝✐❛ ❞♦ ♣r✐♠ár✐♦✮

❘✷ ❂ ✵✱✵✶✺✷ ♣✉ ✭r❡s✐stê♥❝✐❛ ❞♦ s❡❝✉♥❞ár✐♦✮

▲✷ ❂ ✵✱✶✾✼✼ ♣✉ ✭✐♥❞✉tâ♥❝✐❛ ❞♦ s❡❝✉♥❞ár✐♦✮

❘♠ ❂ ✻✸✼✱✻✼ ♣✉ ✭r❡✐stê♥❝✐❛ ❞❡ ♣❡r❞❛s ♥♦ ♥ú❝❧❡♦✮

▲✵ ❂ ✵✱✺ ♣✉ ✭✐♥❞✉tâ♥❝✐❛ ❞❡ s❡q✉ê♥❝✐❛ ③❡r♦ ❞♦ ✢✉①♦ ❞❡ r❡t♦r♥♦ ♥♦

♥ú❝❧❡♦✮

❋✐❣✉r❛ ✷✻✿ ❈✉r✈❛ ❞❡ ❙❛t✉r❛çã♦ ❞♦ ❚r❛♥s❢♦r♠❛❞♦r ❚r✐❢ás✐❝♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

◆❛s ❋✐❣✉r❛s ✷✼ ❡ ✷✽ sã♦ ❛♣r❡s❡♥t❛❞♦s✱ ❛✐♥❞❛✱ ♦s ❝✐r❝✉✐t♦s ❡❧étr✐❝♦s ♠♦♥✲

t❛❞♦s ♥♦ ❙✐♠✉❧✐♥❦ ♣❛r❛ ♦ tr❛♥s❢♦r♠❛❞♦r ♠♦♥♦❢ás✐❝♦ ❡ tr✐❢ás✐❝♦ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✸✵



❋✐❣✉r❛ ✷✼✿ ❈✐r❝✉✐t♦ ❙✐♠✉❧❛❞♦ ♣❛r❛ ♦ ❚r❛♥s❢♦r♠❛❞♦r ▼♦♥♦❢ás✐❝♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

❋✐❣✉r❛ ✷✽✿ ❈✐r❝✉✐t♦ ❙✐♠✉❧❛❞♦ ♣❛r❛ ♦ ❚r❛♥s❢♦r♠❛❞♦r ❚r✐❢ás✐❝♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

❖s ❡❧❡♠❡♥t♦s ❞❡ ❝❛❞❛ ❝✐r❝✉✐t♦ ❞❛s ❋✐❣✉r❛s ✷✼ ❡ ✷✽ sã♦ ❞❡s❝r✐t♦s ❛ s❡❣✉✐r✳

• ❈❛s♦ ♠♦♥♦❢ás✐❝♦

❯ ❂ ✶✶✷✻✼✱✻ ❱

❘❚ ❂ ✵✱✵✻ Ω ✭r❡s✐stê♥❝✐❛ ❞❛ ❢♦♥t❡✮

▲❚ ❂ ✵✱✻✹ ♠❍ ✭✐♥❞✉tâ♥❝✐❛ ❞❛ ❢♦♥t❡✮

❘ ❂ ✶✵✱✶ Ω ✭r❡s✐stê♥❝✐❛ ❞❛ ❧✐♥❤❛✮

▲ ❂ ✺✸✱✸ ♠❍ ✭✐♥❞✉tâ♥❝✐❛ ❞❛ ❧✐♥❤❛✮

❘❙ ❂ ✸✱✷ ●Ω ✭r❡s✐stê♥❝✐❛ ❞❛ ❝❛r❣❛✮

▲❙ ❂ ✵✱✷✹ ♠❍ ✭✐♥❞✉tâ♥❝✐❛ ❞❛ ❝❛r❣❛✮

• ❈❛s♦ tr✐❢ás✐❝♦

❯ ❂ ✷✸✵❦❱

❙❝❝ ❂ ✶✺ ●❱❆ ✭♣♦tê♥❝✐❛ ❞❡ ❝✉rt♦ ❝✐r❝✉✐t♦ ❞❛ ❢♦♥t❡✮

✸✶



❳✴❘ ❂ ✸✷ ✭r❡❧❛çã♦ r❡❛tâ♥❝✐❛✴r❡s✐stê♥❝✐❛ ❞❛ ❢♦♥t❡✮

❊♠ ✉♠❛ ♣r✐♠❡✐r❛ s✐♠✉❧❛çã♦ ❝♦♠ ♦ tr❛♥s❢♦r♠❛❞♦r ♠♦♥♦❢ás✐❝♦✱ ❝♦♠ ❛

✜♥❛❧✐❞❛❞❡ ❞❡ ♦❜t❡r ✉♠❛ ❞❛s ❝♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ♠❛✐s ❛❧t❛s ♣♦ssí✈❡✐s✱ r❡❛❧✐③♦✉✲s❡ ♦

❝❤❛✈❡❛♠❡♥t♦ ❞♦ ❞✐s❥✉♥t♦r ♥♦ ♣♦♥t♦ ❞❡ ③❡r♦ ❞❛ t❡♥sã♦ ❝♦♠ ✉♠ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡

♥♦ ♥ú❝❧❡♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❡q✉✐✈❛❧❡♥t❡ ❛ ✷✵❱✳s✳ ❖ r❡s✉❧t❛❞♦ ❞❡st❛ s✐♠✉❧❛çã♦ é

❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✾✳

❋✐❣✉r❛ ✷✾✿ ❈♦rr❡♥t❡ ❞❡ ✐♥r✉s❤ ❞♦ tr❛♥s❢♦r♠❛❞♦r ♠♦♥♦❢ás✐❝♦ ♥♦ ♣✐♦r ❝❛s♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

❯t✐❧✐③❛♥❞♦✲s❡ ❞❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞✐s❝✉t✐❞❛s✱ ❞✉❛s ♦✉tr❛s s✐♠✉❧❛çõ❡s ❢♦✲

r❛♠ ❢❡✐t❛s ♣❛r❛ ♦ tr❛♥s❢♦r♠❛❞♦r ♠♦♥♦❢ás✐❝♦✳ ◆❛ ♣r✐♠❡✐r❛✱ ❞❡s♠❛❣♥❡t✐③♦✉✲s❡ ♦

♥ú❝❧❡♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r ✭✢✉①♦ ✐♥✐❝✐❛❧ ♥✉❧♦ ♥♦ ♠♦❞❡❧♦ ❞❛ s✐♠✉❧❛çã♦✮ ❡ ♦ ❢❡❝❤❛✲

♠❡♥t♦ ❞♦ ❞✐s❥✉♥t♦r ♦❝♦rr❡✉ ♥♦✈❛♠❡♥t❡ ♥♦ ♣✐♦r ♣♦♥t♦ ❞❛ ♦♥❞❛ ❞❡ t❡♥sã♦✳ ❊♠

✉♠❛ ♦✉tr❛ s✐♠✉❧❛çã♦✱ ♦ ❢❡❝❤❛♠❡♥t♦ ❞♦ ❞✐s❥✉♥t♦r ♦❝♦rr❡✉ ❡♠ ✾✵♦ ❞❡ ❢❛s❡ ❞❛ t❡♥✲

sã♦ ❞❛ ❢♦♥t❡ ✭♣✐❝♦ ❞❛ ♦♥❞❛✮✱ ♣❛r❛ ✷✵❱✳s ❞❡ ✢✉①♦ ✐♥✐❝✐❛❧✳ ◆❛s ❋✐❣✉r❛s ✸✵ ❡ ✸✶

sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✳

✸✷



❋✐❣✉r❛ ✸✵✿ ❈♦rr❡♥t❡ ❞❡ ✐♥r✉s❤ ❞♦ tr❛♥s❢♦r♠❛❞♦r ♠♦♥♦❢ás✐❝♦ ♥♦ ♣✐♦r ✐♥st❛♥t❡ ❞❡
❝❤❛✈❡❛♠❡♥t♦ ❝♦♠ ✢✉①♦ ✐♥✐❝✐❛❧ ♥✉❧♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

❋✐❣✉r❛ ✸✶✿ ❈♦rr❡♥t❡ ❞❡ ✐♥r✉s❤ ❞♦ tr❛♥s❢♦r♠❛❞♦r ♠♦♥♦❢ás✐❝♦ ♥♦ ♠❡❧❤♦r ✐♥st❛♥t❡
❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♠ ✢✉①♦ ✐♥✐❝✐❛❧ ✷✵❱✳s✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s té❝♥✐❝❛s ❡♠ s❡♣❛✲

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

❞❡ ✸✻✪ ♥♦ ♣r✐♠❡✐r♦ ❝❛s♦ ❡ ✺✶✪ ♥♦ s❡❣✉♥❞♦✳

✸✸



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

♦ ✢✉①♦ ✐♥✐❝✐❛❧ ❡♠ ❝❛❞❛ ❝♦❧✉♥❛ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❡r❛ ❞❡ ✵✱✽✺✱ ✵✱✺ ❡ ✲✵✱✺ ♣✉✳ ❖

❢❡❝❤❛♠❡♥t♦ ❞♦ ❞✐s❥✉♥t♦r s❡ ❞❡✉ ❞❡ ❢♦r♠❛ s✐♠✉❧tâ♥❡❛ ♣❛r❛ ❛s três ❢❛s❡s ♥♦ ♣♦♥t♦

❡♠ q✉❡ ❛ t❡♥sã♦ ❞❛ ❢❛s❡ ❆ ❡r❛ ♥✉❧❛✳ ◆❛ ❋✐❣✉r❛ ✸✷ é ❛♣r❡s❡♥t❛❞♦ ♦ r❡s✉❧t❛❞♦

❞❡st❛ s✐♠✉❧❛çã♦✳

❋✐❣✉r❛ ✸✷✿ ❈♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ❞♦ tr❛♥s❢♦r♠❛❞♦r tr✐❢ás✐❝♦ ♥♦ ♣✐♦r ✐♥st❛♥t❡ ❞❡
❝❤❛✈❡❛♠❡♥t♦ ❝♦♠ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ♥♦ ♥ú❝❧❡♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

✸✹



❖✉tr❛s s✐♠✉❧❛çõ❡s ❢♦r❛♠ ❢❡✐t❛s ♣❛r❛ s❡ ♦❜s❡r✈❛r ❛s ❡str❛té❣✐❛s ❞❡ r❡❞✉✲

çã♦ ❞❛s ❝♦rr❡♥t❡s ❡♠ tr❛♥s❢♦r♠❛❞♦r❡s tr✐❢ás✐❝♦s✳ ◆❛ ❋✐❣✉r❛ ✸✸ sã♦ ❛♣r❡s❡♥t❛❞❛s

❛s ❝♦rr❡♥t❡s ❡♠ ❝❛❞❛ ❢❛s❡ q✉❛♥❞♦ ❞♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ♣♦❧♦s ❞♦ ❞✐s❥✉♥t♦r t❛♠❜é♠

♥♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ❛ t❡♥sã♦ ❞❛ ❢❛s❡ ❆ ❡r❛ ③❡r♦✱ ♣♦ré♠ ❝♦♠ ✢✉①♦ ✐♥✐❝✐❛❧ ♥✉❧♦✳

❋✐❣✉r❛ ✸✸✿ ❈♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ❞♦ tr❛♥s❢♦r♠❛❞♦r tr✐❢ás✐❝♦ ♥♦ ♣✐♦r ✐♥st❛♥t❡ ❞❡
❝❤❛✈❡❛♠❡♥t♦ s❡♠ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ♥♦ ♥ú❝❧❡♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

✸✺



❉✉❛s ♦✉tr❛s s✐♠✉❧❛çõ❡s ❢♦r❛♠ ❡♥tã♦ r❡❛❧✐③❛❞❛s ♣❛r❛ ♦s ♠❡❧❤♦r❡s ✐♥st❛♥✲

t❡s ❞❡ ❡♥❡r❣✐③❛çã♦✳ ◆❛ ♣r✐♠❡✐r❛✱ ❋✐❣✉r❛ ✸✹✱ ♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ♣♦❧♦s ❞❡ t♦❞❛s ❛s

❢❛s❡s ♦❝♦rr❡✉ s✐♠✉❧t❛♥❡❛♠❡♥t❡ ♥♦ ♣♦♥t♦ ❞❡ ♠á①✐♠♦ ❞❛ t❡♥sã♦ ❞❛ ❢❛s❡ ❆✳

❋✐❣✉r❛ ✸✹✿ ❈♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ❞♦ tr❛♥s❢♦r♠❛❞♦r tr✐❢ás✐❝♦ ❝♦♠ ❝❤❛✈❡❛♠❡♥t♦ ♥♦
♣✐❝♦ ❞❛ ❢❛s❡ ❆ ❝♦♠ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ♥♦ ♥ú❝❧❡♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

✸✻



◆❛ ❋✐❣✉r❛ ✸✺ é ❛♣r❡s❡♥t❛❞♦ ♦ r❡s✉❧t❛❞♦ ❞❛ s✐♠✉❧❛çã♦ ❞❛ ❡♥❡r❣✐③❛çã♦ ❞♦

tr❛♥s❢♦r♠❛❞♦r tr✐❢ás✐❝♦ ❝♦♠ ♦ ❢❡❝❤❛♠❡♥t♦ ❞❡ ❝❛❞❛ ♣♦❧♦ ♦❝♦rr❡♥❞♦ ♥♦ ✐♥st❛♥t❡

❞❡ ♠á①✐♠♦ ❞❡ s✉❛s r❡s♣❡❝t✐✈❛s ❢❛s❡s✳

❋✐❣✉r❛ ✸✺✿ ❈♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ❞♦ tr❛♥s❢♦r♠❛❞♦r tr✐❢ás✐❝♦ ❝♦♠ ❝❤❛✈❡❛♠❡♥t♦ ♥♦s
♣✐❝♦s ❞❡ ❝❛❞❛ ❢❛s❡ ❝♦♠ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ♥♦ ♥ú❝❧❡♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

✸✼



◆♦t❛✲s❡✱ ❡♥tã♦✱ ❛ ♣❛rt✐r ❞♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s✱ ✉♠❛ ❣r❛♥❞❡ ❞✐♠✐✲

♥✉✐çã♦ ❞❛s ❝♦rr❡♥t❡s ❞❡ ❡♥❡r❣✐③❛çã♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r tr✐❢ás✐❝♦ q✉❛♥❞♦ ❝♦♠♣❛✲

r❛❞♦s ❛♦ ♣r✐♠❡✐r♦ ❝❛s♦✳ ❆s r❡❞✉çõ❡s ❢♦r❛♠ ❞❡✿

• ✺✹✪ ♣❛r❛ ♦ ❝❛s♦ ❡♠ q✉❡ ♥ã♦ ❤❛✈✐❛ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡ ♥♦ ♥ú❝❧❡♦✳

• ✺✵✱✻✪ ♥❛ ❢❛s❡ ❆ ❡ ✸✽✪ ♥❛ ❢❛s❡ ❈✱ s❡ ❝♦♠♣❛r❛❞♦ ❛♦ ♣✐❝♦ ❞❛ ❢❛s❡ ❆ ♥♦ ♣✐♦r

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

• ✺✵✱✸✪ ♣❛r❛ ♦ ♣✐❝♦ ♥❛ ❢❛s❡ ❆ ♥♦ s❡❣✉♥❞♦ t❡st❡✱ ♣♦ré♠ ❝♦♠ ❛s ❝♦rr❡♥t❡s ❞❛s

❢❛s❡s ❇ ❡ ❈ ♣ró①✐♠❛s à ❝♦rr❡♥t❡ ♥♦♠✐♥❛❧ ❞♦ tr❛♥s❢♦r♠❛❞♦r✳

✸✽



✺ ❈♦♥❝❧✉sõ❡s

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

♠á①✐♠♦ ❛s ❝♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ♥♦s s✐st❡♠❛s ❞❡ ♣♦tê♥❝✐❛✳ ❊ss❛s ❝♦rr❡♥t❡s✱ ❛❧é♠

❞❡ ❞❛♥♦s ❛ ❡q✉✐♣❛♠❡♥t♦s ❡ ❞✐♠✐♥✉✐çã♦ ❞❛ q✉❛❧✐❞❛❞❡ ❞❡ ❡♥❡r❣✐❛✱ ❛tr❛✈és ❞❡ ❛❢✉♥✲

❞❛♠❡♥t♦s ❞❡ t❡♥sã♦ q✉❛♥❞♦ ❞❛ ❡♥❡r❣✐③❛çã♦ ❞❡ tr❛♥s❢♦r♠❛❞♦r❡s✱ ❝❛✉s❛♠✱ t❛♠✲

❜é♠✱ ❛ ♠á ❛t✉❛çã♦ ❞♦s s✐st❡♠❛s ❞❡ ♣r♦t❡çã♦✳

❚é❝♥✐❝❛s ❝♦♠♦ ♦ ❝♦♥tr♦❧❡ ❞♦s ✐♥st❛♥t❡s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❞♦s ♣♦❧♦s ❞♦

❞✐s❥✉♥t♦r ❢♦r❛♠ ❝❛♣❛③❡s ❞❡ r❡❞✉③✐r ❞r❛st✐❝❛♠❡♥t❡ ♦s ♣✐❝♦s ❞❡ ❝♦rr❡♥t❡ ♣❛r❛ ❝❡r❝❛

❞❡ ✹✽✪ ❞❛ ❝♦rr❡♥t❡ ♥♦♠✐♥❛❧✱ ♥♦ ❝❛s♦ ❡♠ q✉❡ s❡ ❝♦♥❤❡❝✐❛ ♦ ✢✉①♦ r❡♠❛♥❡s❝❡♥t❡

♥♦ ♥ú❝❧❡♦ ❞♦ tr❛♥s❢♦r♠❛❞♦r✳

❖ ✉s♦ ❞❡ ✉♠ ❝❤❛✈❡❛♠❡♥t♦ s❡q✉❡♥❝✐❛❞♦ ❞❛s ❝❤❛✈❡s✱ ❝♦♠ ❛❧❣✉♥s ♠✐❧✐s✲

s❡❣✉♥❞♦s ❡♥tr❡ ♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ♣♦❧♦s✱ ❛❧é♠ ❞♦ ❝á❧❝✉❧♦ ❞❡ ✉♠ r❡s✐st♦r ✐❞❡❛❧ ❛

s❡r ✉t✐❧✐③❛❞♦ ❡♥tr❡ ♦ ♥❡✉tr♦ ❡ ❛ t❡rr❛ ❞♦ tr❛♥s❢♦r♠❛❞♦r✱ ♣♦ss✐❜✐❧✐t❛ ❛ r❡❞✉çã♦

❞❛s ❝♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ❞❡ ♠❛♥❡✐r❛ ❛✐♥❞❛ ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛✱ ❡♥tr❡ ✽✵✪ ❡ ✾✵✪

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❛✉t♦r❡s ❛q✉✐ ❡①♣♦st♦s✳

❈♦♠ ♦ ❛✉①í❧✐♦ ❞❛ ❡❧❡trô♥✐❝❛ ❞❡ ♣♦tê♥❝✐❛ é ♣♦ssí✈❡❧ ❞❡s♠❛❣♥❡t✐③❛r ❞✐✈❡r✲

s♦s tr❛♥s❢♦r♠❛❞♦r❡s ❧✐❣❛❞♦s ❛ ✉♠ ❛❧✐♠❡♥t❛❞♦r ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦✱

r❡❞✉③✐♥❞♦ ❛s ❝♦rr❡♥t❡s ❞❡ ✐♥r✉s❤ ❞♦ s✐st❡♠❛✱ ❞❡ ♠❛♥❡✐r❛ ♠❡♥♦s ❞✐s♣❡♥❞✐♦s❛✱ ✉♠❛

✈❡③ q✉❡ ✉♠ ú♥✐❝♦ ❞✐s♣♦s✐t✐✈♦ ❡r❛ ❝❛♣❛③ ❞❡ ❞❡s♠❛❣♥❡t✐③❛r ♦ ♥ú❝❧❡♦ ❞❡ ❞❡③❡♥❛s

❞❡ tr❛♥s❢♦r♠❛❞♦r❡s✳

❆ ♣❛rt✐r ❞♦ q✉❡ ❛q✉✐ ❢♦✐ ❛♣r❡s❡♥t❛❞♦✱ s✉❣❡r❡✲s❡ ❡♥tã♦ ❛ ❛♥á❧✐s❡ ❢✉t✉r❛ ❞❛s

❝♦♠❜✐♥❛çõ❡s ❞❛s té❝♥✐❝❛s ♣r♦♣♦st❛s ♣❡❧♦s ❛✉t♦r❡s ❛♣r❡s❡♥t❛❞♦s✱ ❜❡♠ ❝♦♠♦ ❞❡

♦✉tr❛s té❝♥✐❝❛s ❡①✐st❡♥t❡s✱ ❞❡ ❢♦r♠❛ ❛ ❛✈❛❧✐❛r ❛ ✈✐❛❜✐❧✐❞❛❞❡ té❝♥✐❝❛ ❡ ❡❝♦♥ô♠✐❝❛✳

✸✾



❘❡❢❡rê♥❝✐❛s

❆❇❉❯▲❙❆▲❆▼✱ ❙✳ ●✳❀ ❳❯✱ ❲✳ ❆ s❡q✉❡♥t✐❛❧ ♣❤❛s❡ ❡♥❡r❣✐③❛t✐♦♥ ♠❡t❤♦❞
❢♦r tr❛♥s❢♦r♠❡r ✐♥r✉s❤ ❝✉rr❡♥t r❡❞✉❝t✐♦♥ ♠❞❛s❤❀tr❛♥s✐❡♥t ♣❡r❢♦r♠❛♥❝❡ ❛♥❞
♣r❛❝t✐❝❛❧ ❝♦♥s✐❞❡r❛t✐♦♥s✳ ■❊❊❊ ❚r❛♥s❛❝t✐♦♥s ♦♥ P♦✇❡r ❉❡❧✐✈❡r②✱ ✈✳ ✷✷✱ ♥✳ ✶✱
♣✳ ✷✵✽✕✷✶✻✱ ❏❛♥ ✷✵✵✼✳ ■❙❙◆ ✵✽✽✺✲✽✾✼✼✳

❆▲❊❳❆◆❉❊❘✱ ❈✳ ❑✳❀ ❙❆❉■❑❯✱ ▼✳ ◆✳ ❖✳ ❋✉♥❞❛♠❡♥t❛❧s ♦❢ ❡❧❡❝tr✐❝ ❝✐r❝✉✐ts✳
◆❡✇ ❨♦r❦✱ ◆❨✿ ▼❝●r❛✇✲❍✐❧❧✱ ✷✵✶✸✳ ■❙❇◆ ✵✵✼✸✸✽✵✺✼✶✳

❇❘❖◆❩❊❆❉❖✱ ❍✳ ❡t ❛❧✳ ❇❡♥❡❢í❝✐♦s ❖♣❡r❛❝✐♦♥❛✐s ❞❛ ❆♣❧✐❝❛çã♦ ❞❡ ▼❛♥♦❜r❛s
❈♦♥tr♦❧❛❞❛s ❞❡ ❊q✉✐♣❛♠❡♥t♦s ❞❡ ❆❧t❛ ❚❡♥sã♦✳ ✷✵✶✹✳

❇❘❖◆❩❊❆❉❖✱ ❍✳ ❡t ❛❧✳ ❚r❛♥s❢♦r♠❡r ■♥r✉s❤ ✐s ❖✈❡r✿ ❆♥ ❊①♣❡r✐❡♥❝❡ ✇✐t❤ ❛
✶✵✵▼❱❆✱ ✷✸✵✴✶✸✽ ❦❱ ❚❤r❡❡✲♣❤❛s❡ ❚r❛♥s❢♦r♠❡r ❈♦♥tr♦❧❧❡❞ ❊♥❡r❣✐③✐♥❣✳ ✷✵✵✾✳

❈❯■✱ ❨✳ ❡t ❛❧✳ ❆ s❡q✉❡♥t✐❛❧ ♣❤❛s❡ ❡♥❡r❣✐③❛t✐♦♥ t❡❝❤♥✐q✉❡ ❢♦r tr❛♥s❢♦r♠❡r
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