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

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

❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛

❘❊▲❆❚Ó❘■❖ ❉❊ ❊❙❚➪●■❖

❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ ❜❛♥❝♦ ❞❡ t❡st❡s ♣❛r❛
s❡♥s♦r❡s ❡♠❜❛r❝❛❞♦s

❆❧✉♥♦✿ ❋❡❧✐♣❡ ▼❛✐❛ ▼ás❝✉❧♦

Pr♦❢❡ss♦r ❖r✐❡♥t❛❞♦r✿ ❏❛✐❞✐❧s♦♥ ❏ó ❞❛ ❙✐❧✈❛

❈❛♠♣✐♥❛ ●r❛♥❞❡

❙❡t❡♠❜r♦ ❞❡ ✷✵✶✹



❘❊▲❆❚Ó❘■❖ ❉❊ ❊❙❚➪●■❖

❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠ ❜❛♥❝♦ ❞❡ t❡st❡s ♣❛r❛
s❡♥s♦r❡s ❡♠❜❛r❝❛❞♦s

❋❡❧✐♣❡ ▼❛✐❛ ▼ás❝✉❧♦

❆❧✉♥♦

❏❛✐❞✐❧s♦♥ ❏ó ❞❛ ❙✐❧✈❛

Pr♦❢❡ss♦r ❖r✐❡♥t❛❞♦r



❙✉♠ár✐♦

✶ ■♥tr♦❞✉çã♦ ✹

✷ ❆♣r❡s❡♥t❛çã♦ ❞❛ ❊▲❊❈❚❘■❈❋■▲ ❆✉t♦♠♦t✐✈❡ ✺

✸ ❚r❛❜❛❧❤♦s r❡❛❧✐③❛❞♦s ✻

✸✳✶ ❊st✉❞♦ ❞♦s s❡♥s♦r❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻

✸✳✶✳✶ P❛rt✐❝✉❧❛t❡ ▼❛tt❡r ❙❡♥s♦r ✲ P▼❙ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻

✸✳✶✳✷ ❙♠❛rt ❇❛tt❡r② ❙❡♥s♦r ✲ ❙❇❙ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾

✸✳✷ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶

✸✳✷✳✶ ❙í♥t❡s❡ ❞❛s ❡s♣❡❝✐✜❝❛çõ❡s ❞♦ s✐st❡♠❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷

✸✳✷✳✶✳✶ ❊s♣❡❝✐✜❝❛çõ❡s ❞♦ ❙❇❙ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷

✸✳✷✳✶✳✷ ❊s♣❡❝✐✜❝❛çõ❡s ❞♦ P▼❙ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷

✸✳✷✳✷ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❍❛r❞✇❛r❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸

✸✳✷✳✷✳✶ ❊sq✉❡♠❛ ❣❡r❛❧ ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸

✸✳✷✳✷✳✷ ▼❡❞✐çã♦ ❡ ❣❡r❛çã♦ ❞❡ s✐♥❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹

✸✳✷✳✷✳✸ ❈♦♠✉♥✐❝❛çã♦ ▲■◆ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺

✸✳✷✳✷✳✹ ❈♦♠✉♥✐❝❛çã♦ ❈❆◆ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✻

✸✳✷✳✷✳✺ P❧❛❝❛ ❡❧❡trô♥✐❝❛ ❞❡ ✐♥t❡r❢❛❝❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✻

✸✳✷✳✸ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❙♦❢t✇❛r❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻

✹ ❈♦♥❝❧✉sã♦ ✸✶

✺ ❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s ✸✷

✸



✶ ■♥tr♦❞✉çã♦

P❛r❛ ❞❛r ❝♦♥t✐♥✉✐❞❛❞❡ à ❢♦r♠❛çã♦ ❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛✱ ♥♦ q✉❛❞r♦ ❞❡ ✉♠ ♣r♦✲

❣r❛♠❛ ❞❡ ❞✉♣❧❛✲❞✐♣❧♦♠❛çã♦ ❡♥tr❡ ♦ ■◆❙❆ ❞❡ ▲②♦♥ ✭❋r❛♥ç❛✮ ❡ ❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡✲

❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡✱ r❡❛❧✐③♦✉✲s❡ ✉♠ ❡stá❣✐♦ ✐♥❞✉str✐❛❧ ❞❡ s❡✐s ♠❡s❡s ❞✉r❛♥t❡

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

❖ ❡stá❣✐♦ ❢♦✐ r❡❛❧✐③❛❞♦ ❞❡ ✵✻✴✵✷✴✷✵✶✷ ❛ ✵✸✴✵✽✴✷✵✶✷✱ ♣❡rí♦❞♦ ❞✉r❛♥t❡ ♦ q✉❛❧ ♦

❡st❛❣✐ár✐♦ ❢♦✐ ✐♥❝♦r♣♦r❛❞♦ ❛♦ s❡r✈✐ç♦ ❞❡ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ Pr♦❞✉t♦s ❞♦ ❣r✉♣♦

❊▲❊❈❚❘■❈❋■▲ ❆✉t♦♠♦t✐✈❡ ❡♠ s❡✉s ❡s❝r✐tór✐♦s ❧♦❝❛❧✐③❛❞♦s ❡♠ ❇❡②♥♦st ✭❋r❛♥ç❛✮✱

♦s q✉❛✐s ❝♦rr❡s♣♦♥❞❡♠ à s❡❞❡ s♦❝✐❛❧✱ ♣r✐♥❝✐♣❛❧ ❧♦❝❛❧ ❞❡ ♣r♦❞✉çã♦ ❡ ❝❡♥tr♦ ❞❡ ♣❡s✲

q✉✐s❛ ❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❣r✉♣♦✳

❆ ❊▲❊❈❚❘■❈❋■▲ ❝♦♥❝❡❜❡ ♠ó❞✉❧♦s s❡♥s♦r❡s ✭❛ss♦❝✐❛çã♦ ❞♦ ❡❧❡♠❡♥t♦ s❡♥sí✈❡❧✱ ❡❧❡✲

trô♥✐❝❛ ❡♠❜❛r❝❛❞❛ ❡ ❛❧❣♦r✐t♠♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✮ ♣❛r❛ ❡q✉✐♣❛r s❡✉s ❝❧✐❡♥t❡s ❝♦♥s✲

tr✉t♦r❡s ❛✉t♦♠♦❜✐❧íst✐❝♦s ❝♦♠ s♦❧✉çõ❡s ❧❤❡s ♣❡r♠✐t✐♥❞♦ ❞✐♠✐♥✉✐r ❛s ❡♠✐ssõ❡s ❞❡

♣♦❧✉❡♥t❡s ❡ ♦t✐♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞♦s ✈❡í❝✉❧♦s✳ ◆❡st❡ ❝♦♥t❡①t♦ r❡❧❛t✐✈♦ ❛♦ ❞❡s❡♥✲

✈♦❧✈✐♠❡♥t♦ ❞❡ s❡♥s♦r❡s ✐♥t❡❣r❛♥❞♦ ❡❧❡trô♥✐❝❛ ❡♠❜❛r❝❛❞❛✱ ❛ ❡♠♣r❡s❛ ❡❧❛❜♦r♦✉ ✉♠❛

♠❡t♦❞♦❧♦❣✐❛ q✉❡ ❧❤❡ ♣♦ss✐❜✐❧✐t❛ ❞❡s❡♥✈♦❧✈❡r s♦❢t✇❛r❡ ❝♦♠ ✉♠ ♥í✈❡❧ ❞❡ q✉❛❧✐❞❛❞❡

❝♦♠♣❛tí✈❡❧ ❝♦♠ ♦s ♠❛✐s ❛❧t♦s ♣❛❞rõ❡s ❞❛ ❝♦♠♣❡t✐t✐✈❛ ✐♥❞ústr✐❛ ❡♠ q✉❡ ❡stá ✐♥s❡r✐❞❛

❬✼❪✳

❉❡ss❛ ❢♦r♠❛✱ ✉♠❛ ♣❛rt❡ ✐♠♣♦rt❛♥t❡ ❞❡ s✉❛s ❛t✐✈✐❞❛❞❡s r❡s✐❞❡ ❡♠ ✉♠❛ ♣❡r❢❡✐t❛

✈❛❧✐❞❛çã♦ ❞♦ s♦❢t✇❛r❡ ❞❡s❡♥✈♦❧✈✐❞♦✳ ❊st❛ ✈❛❧✐❞❛çã♦ s❡ ❢❛③ ♥❛ ♣❧❛❝❛ ❞❡ ❝✐r❝✉✐t♦

✐♠♣r❡ss♦ ✭P❈❇✮ ✜♥❛❧ ❞♦ ♣r♦❞✉t♦✱ ♠❛s ♦s ❡stí♠✉❧♦s ❡①t❡r✐♦r❡s ✭❡❧❡♠❡♥t♦ s❡♥sí✈❡❧✱

❝♦♥❞✐çõ❡s ❝❧✐♠át✐❝❛s✱ ❝♦♠✉♥✐❝❛çã♦✱ ❡t❝✮ sã♦ ✐♥t❡✐r❛♠❡♥t❡ ♣r♦❞✉③✐❞♦s ❡ ❣❡r❡♥❝✐❛❞♦s

♣❡❧♦ ❜❛♥❝♦ ❞❡ t❡st❡s✳

❋♦✐✱ ❡♥tã♦✱ ♥❡st❡ q✉❛❞r♦ ❞❡ ❝♦♥❝❡♣çã♦ ❡ ❝♦♥str✉çã♦ ❞❡ ✉♠ ❜❛♥❝♦ ❞❡ t❡st❡s ❝♦♠ ♦

♦❜❥❡t✐✈♦ ❞❡ ✈❛❧✐❞❛r ♦ s♦❢t✇❛r❡ ❡♠❜❛r❝❛❞♦ ❞❡ ❞♦✐s ♣r♦❞✉t♦s ❞❛ ❡♠♣r❡s❛ ❡♠ ❢❛s❡ ✜♥❛❧

❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ q✉❡ ♦ ❡stá❣✐♦ s❡ ❞❡s❡♥✈♦❧✈❡✉✳ ❊st❡ r❡❧❛tór✐♦ t❡♠ ❛ ✜♥❛❧✐❞❛❞❡

❞❡ ❛♣r❡s❡♥t❛r ❛ ❡♠♣r❡s❛ ❊▲❊❈❚❘■❈❋■▲ ❆✉t♦♠♦t✐✈❡✱ ♦ ❝♦♥t❡①t♦ ❞♦ ❡stá❣✐♦ ❡ ♦s

tr❛❜❛❧❤♦s r❡❛❧✐③❛❞♦s✳

✹



✷ ❆♣r❡s❡♥t❛çã♦ ❞❛ ❊▲❊❈❚❘■❈❋■▲ ❆✉t♦♠♦t✐✈❡

❋♦r♥❡❝❡❞♦r❛ ❞❛ ✐♥❞ústr✐❛ ❛✉t♦♠♦❜✐❧íst✐❝❛ ✭❖❊▼ ✲ ❖r✐❣✐♥❛❧ ❊q✉✐♣♠❡♥t ▼❛♥✉❢❛❝✲

t✉r❡r✮ ❞❡ ♥í✈❡✐s ✶ ❡ ✷✱ ♦ ❣r✉♣♦ ❊▲❊❈❚❘■❈❋■▲ ❢♦r♥❡❝❡ s✐st❡♠❛s ❡❧❡trô♥✐❝♦s ❡ ❡❧❡✲

tr♦♠❛❣♥ét✐❝♦s ❛♦s ♣r✐♥❝✐♣❛✐s ❝♦♥str✉t♦r❡s ❞❡ ❛✉t♦♠ó✈❡✐s ❞♦ ♣❧❛♥❡t❛ ✭❱♦❧❦s✇❛❣❡♥✱

❆✉❞✐✱ ❋♦r❞✱ ●▼✱ ❋■❆❚✱ ❘❡♥❛✉❧t✱ ❡t❝✳✮✱ ❛ss✐♠ ❝♦♠♦ ♣❛r❛ ♦✉tr♦s ❢♦r♥❡❝❡❞♦r❡s ❞❛

✐♥❞ústr✐❛ ❛✉t♦♠♦❜✐❧íst✐❝❛ ✭❉❡❧♣❤✐✱ ❇♦s❝❤✱ ❡t❝✳✮ ❬✼❪✳ ❆ ✜❣✉r❛ ✶ ♠♦str❛ ❛ ♣❛rt✐❝✐♣❛✲

çã♦ ❞♦s três ♣r✐♥❝✐♣❛✐s ♥❡❣ó❝✐♦s ❞♦ ❣r✉♣♦ ❊▲❊❈❚❘■❈❋■▲ ♥♦ ❢❛t✉r❛♠❡♥t♦ t♦t❛❧ ❞❛

❡♠♣r❡s❛ ❡♠ ✷✵✶✶✳

❋✐❣✉r❛ ✶✿ P❛rt✐❝✐♣❛çã♦ ❞❛s ✈❡♥❞❛s ❊❧❡❝tr✐❝✜❧ ✷✵✶✶ ✲ ❛ ♠❛✐♦r ♣❛rt❡ ❞❛s ✈❡♥❞❛s é ❞✐r❡❝✐♦♥❛❞❛

às ♠♦♥t❛❞♦r❛s ❞❡ ❛✉t♦♠ó✈❡✐s✳

❊♠ ✷✵✶✶✱ ♦ ❣r✉♣♦ ♦❜t❡✈❡ ✉♠ ❢❛t✉r❛♠❡♥t♦ ❞❡ ✶✼✺▼e✳ ❆ ❡♠♣r❡s❛✱ ❢✉♥❞❛❞❛ ❡♠

✶✾✸✻✱ ♣♦ss✉✐ ❛té ❤♦❥❡ ❝♦♠♦ ♣r✐♥❝✐♣❛✐s ❛❝✐♦♥✐st❛s ♣❡ss♦❛s ❢ís✐❝❛s ❞❛ ❢❛♠í❧✐❛ ❚❤♦❧❧✐♥✱

♦✉ s❡❥❛✱ ❞❡s❝❡♥❞❡♥t❡s ❞♦ ❢✉♥❞❛❞♦r ❞❛ ❡♠♣r❡s❛ ❏♦❤❛♥♥② ❚❤♦❧❧✐♥✳

❆ s❡❞❡ ❞♦ ❣r✉♣♦ ❊▲❊❈❚❘■❈❋■▲ ❆✉t♦♠♦t✐✈❡ ❡stá ❧♦❝❛❧✐③❛❞❛ ❡♠ ❇❡②♥♦st✱ ❋r❛♥ç❛✱

❡♠ ✉♠ ❝♦♠♣❧❡①♦ ❞❡ 83000m2 q✉❡ ❛❣r✉♣❛ s❡r✈✐ç♦s té❝♥✐❝♦s✱ ❛❞♠✐♥✐str❛t✐✈♦s ❡ ✉♥✐✲

❞❛❞❡s ❞❡ ❢❛❜r✐❝❛çã♦ ❞❡ s❡♥s♦r❡s✱ ❜♦❜✐♥❛s ❞❡ ✐❣♥✐çã♦ ❡ ❛t✉❛❞♦r❡s✳ ❆❧é♠ ❞❡ ✜❧✐❛✐s

❝♦♠❡r❝✐❛✐s ♥❛ ❆❧❡♠❛♥❤❛✱ ❊st❛❞♦s ❯♥✐❞♦s✱ ❏❛♣ã♦ ❡ ❆✉strá❧✐❛✱ ❛ ❡♠♣r❡s❛ ♣♦ss✉✐

❝❡♥tr♦s ❞❡ ♣r♦❞✉çã♦ ♥❛ ❋r❛♥ç❛✱ ❚✉rq✉✐❛✱ ❈❤✐♥❛ ❡ ❊st❛❞♦s ❯♥✐❞♦s✳ ❖ ❣r✉♣♦ ❝♦♥✲

t❛✈❛✱ ❡♠ ✷✵✶✶✱ ❝♦♠ ♠❛✐s ❞❡ ✶✺✵✵ ❢✉♥❝✐♦♥ár✐♦ ❡s♣❛❧❤❛❞♦s ♣❡❧♦ ♠✉♥❞♦ ❡♥tr❡ ♦s q✉❛✐s

✶✷✵ ❡♥❣❡♥❤❡✐r♦s ❡ té❝♥✐❝♦s ❢♦❝❛❞♦s ❡♠ P❡sq✉✐s❛ ❡ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❬✼❪✳

✺



✸ ❚r❛❜❛❧❤♦s r❡❛❧✐③❛❞♦s

P❛r❛ ❛❧❝❛♥ç❛r ♦s ♦❜❥❡t✐✈♦s ❞♦ ❡stá❣✐♦✱ ♦ ❜❛♥❝♦ ❞❡ t❡st❡s ❞❡s❡♥✈♦❧✈✐❞♦ ❞❡✈❡r✐❛ s❡r

❝❛♣❛③ ❞❡ ❣❡r❛r t♦❞♦s ♦s ❡stí♠✉❧♦s ♥❡❝❡ssár✐♦s ♣❛r❛ s✐♠✉❧❛r ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ r❡❛❧ ❞♦s

s❡♥s♦r❡s ❡♠ q✉❡stã♦ ✲ ♦ ❙♠❛rt ❇❛tt❡r② ❙②st❡♠ ✭❙❇❙✮ ❡ ♦ P❛rt✐❝✉❧❛t❡ ▼❛tt❡r ❙❡♥s♦r

✭P▼❙✮✳ ❊st❡s ❞♦✐s s❡♥s♦r❡s✱ ♦s q✉❛✐s t❡rã♦ s❡✉ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡s❝r✐t♦ ❛ s❡❣✉✐r✱

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

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

❞❡s❡♥✈♦❧✈✐♠❡♥t♦✳

✸✳✶ ❊st✉❞♦ ❞♦s s❡♥s♦r❡s

❯♠❛ ✈❡③ q✉❡ ❛ ❝♦♠♣r❡❡♥sã♦ ❞♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦s ♣r♦❞✉t♦s ❡r❛ ✐♥❞✐s♣❡♥sá✈❡❧ ♣❛r❛

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

❡st✉❞❛r ❝♦♠ ✉♠ ❝❡rt♦ ♥í✈❡❧ ❞❡ ❞❡t❛❧❤❡s ❛ ❛rq✉✐t❡t✉r❛ ❞♦ ❤❛r❞✇❛r❡ ❡ s♦❢t✇❛r❡ ❞❡

❛♠❜♦s ♦s s❡♥s♦r❡s✳

✸✳✶✳✶ P❛rt✐❝✉❧❛t❡ ▼❛tt❡r ❙❡♥s♦r ✲ P▼❙

❍á ✈ár✐♦s ❛♥♦s✱ ♦s ❡❢❡✐t♦s ♥♦❝✐✈♦s ♣❛r❛ ❛ s❛ú❞❡ ♣ú❜❧✐❝❛ ❞❡ ♣❛rtí❝✉❧❛s ❡♠ s✉s♣❡♥sã♦

♥♦ ❛r sã♦ ❜❡♠ ❝♦♥❤❡❝✐❞♦s✱ s♦❜r❡t✉❞♦ ❛q✉❡❧❛s ❣❡r❛❞❛s ♣❡❧❛ ❝♦♠❜✉stã♦ ✐♥❝♦♠♣❧❡t❛

❞❡ ❝♦♠❜✉stí✈❡✐s só❧✐❞♦s ❬✶✵❪✳ ❊♠ ✉♠ ❡s❢♦rç♦ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♠❡❧❤♦r❛r ❛ q✉❛❧✐❞❛❞❡

❞♦ ❛r ♥♦s ❝❡♥tr♦s ✉r❜❛♥♦s✱ ✈ár✐♦s ♣❛ís❡s ❝r✐❛r❛♠ ♥♦r♠❛s q✉❡ ❧✐♠✐t❛♠ ❛ ❝♦♥❝❡♥tr❛çã♦

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

◆❛ ❊✉r♦♣❛✱ ❛s ♥♦r♠❛s ❛t✉❛✐s ✐♠♣õ❡♠ ❛ ♣r❡s❡♥ç❛ ❞❡ ✉♠ ✜❧tr♦ ❞❡ ♣❛rtí❝✉❧❛s ♥❛

❧✐♥❤❛ ❞❡ ❡s❝❛♣❛♠❡♥t♦ ❞❡ t♦❞♦s ♦s ✈❡í❝✉❧♦s à ❞✐❡s❡❧ ❞❡ ❢♦r♠❛ ❛ r❡❞✉③✐r ❛s ❡♠✐ssõ❡s

❞❡ ❢✉❧✐❣❡♠✳ ❱❛❧❡ s❛❧✐❡♥t❛r q✉❡ ♥❛ ❊✉r♦♣❛✱ ❞✐❢❡r❡♥t❡♠❡♥t❡ ❞♦ ❇r❛s✐❧✱ ♦s ♠♦t♦r❡s à

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

❞❡ss❛ ❧❡❣✐s❧❛çã♦ ❛✐♥❞❛ ♠❛✐s s✐❣♥✐✜❝❛t✐✈♦✳

❙❡❣✉✐♥❞♦ ❛ t❡♥❞ê♥❝✐❛ ❞❡ ❝r❡s❝❡♥t❡ ✐♥str✉♠❡♥t❛❧✐③❛çã♦ ❞❛ ❧✐♥❤❛ ❞❡ ❡s❝❛♣❛♠❡♥t♦

✭✈❡r ✜❣✉r❛ ✷✮✱ ♦ P▼❙ ❝♦♥s✐st❡ ❡♠ ✉♠ s❡♥s♦r ❞❡ ❢✉❧✐❣❡♠ q✉❡ r❡❛❧✐③❛ ♦ ❞✐❛❣♥óst✐❝♦

❞♦ ✜❧tr♦ ❞❡ ♣❛rtí❝✉❧❛s ❞❡ ♠♦t♦r❡s ♠♦✈✐❞♦s à ❞✐❡s❡❧✱ ❛ ✜♠ ❞❡ ❛❧❡rt❛r ♦ ❝♦♠♣✉t❛❞♦r

✻



❝❡♥tr❛❧ ❞♦ ✈❡í❝✉❧♦ ❛ss✐♠ q✉❡ ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❢✉❧✐❣❡♠ ❡♠✐t✐❞❛ ✉❧tr❛♣❛ss❛ ♦s ❧✐♠✐t❡s

❡st✐♣✉❧❛❞♦s✳ ❙❡✉ ♦❜❥❡t✐✈♦ é r❡s♣♦♥❞❡r ❛♦s ♣❛❞rõ❡s ❡✉r♦✻ ♥❛ ❊✉r♦♣❛ ❡ ❊P❆✶✵ ♥♦s

❊st❛❞♦s ❯♥✐❞♦s q✉❡ ❡♥tr❛rã♦ ❜r❡✈❡♠❡♥t❡ ❡♠ ✈✐❣♦r ❡ ♦❜r✐❣❛rã♦ ♦s ❝♦♥str✉t♦r❡s

❛✉t♦♠♦❜✐❧íst✐❝♦s ❛ ❛❞✐❝✐♦♥❛r ❡st❡ t✐♣♦ ❞❡ s❡♥s♦r às ❧✐♥❤❛s ❞❡ ❡s❝❛♣❛♠❡♥t♦ ❞❡ s❡✉s

✈❡í❝✉❧♦s✳ ❬✹❪

❋✐❣✉r❛ ✷✿ ▲✐♥❤❛ ❞❡ ❡s❝❛♣❛♠❡♥t♦ ❝♦♠ ♦ P▼❙ ✲ ♦s ❡s❝❛♣❛♠❡♥t♦s ❡stã♦ ❝❛❞❛ ✈❡③ ♠❛✐s

✐♥str✉♠❡♥t❛❧✐③❛❞♦s✳

❖ ❡❧❡♠❡♥t♦ s❡♥sí✈❡❧ ❞♦ P▼❙ é ❝♦♥st✐t✉í❞♦ ❞❡ ✉♠❛ ♣❡q✉❡♥❛ ♣❧❛❝❛ ❝❡râ♠✐❝❛ ❝♦♠

❞♦✐s ❡❧❡tr♦❞♦s ❡♥tr❡❧❛ç❛❞♦s ❡♠ ✉♠❛ ❢❛❝❡ ❡ ✉♠❛ r❡s✐stê♥❝✐❛ ❞❡ ❛q✉❡❝✐♠❡♥t♦ ❡♠

♦✉tr❛ ❝♦♠♦ ❡stá ❡sq✉❡♠❛t✐③❛❞♦ ♥❛ ✜❣✉r❛ ✸❛✳ ❖ s❡♥s♦r é ✐♥s❡r✐❞♦ ♥❛ ❧✐♥❤❛ ❞❡

❡s❝❛♣❛♠❡♥t♦ ❞❡ ♠♦❞♦ q✉❡ ❛s ♣❛rtí❝✉❧❛s ❞❡ ❢✉❧✐❣❡♠ q✉❡ ♣❛ss❡♠ ♣❡❧♦ ✜❧tr♦ ♣♦ss❛♠

s❡ ❞❡♣♦s✐t❛r s♦❜r❡ ♦s ❡❧❡tr♦❞♦s✳

❊♠ ❢✉♥❝✐♦♥❛♠❡♥t♦ ♥♦r♠❛❧✱ ♦s ❡❧❡tr♦❞♦s ❝♦♥st✐t✉❡♠ ✉♠ ❝✐r❝✉✐t♦ ❛❜❡rt♦✱ ♠❛s✱ q✉❛♥❞♦

❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❢✉❧✐❣❡♠ ❛✉♠❡♥t❛ ♥♦ ❡s❝❛♣❛♠❡♥t♦ ✭✜❧tr♦ ❞❡ ♣❛rtí❝✉❧❛s ❝♦♠ ❞❡✲

❢❡✐t♦✮✱ ♣❛rtí❝✉❧❛s ❝♦♠❡ç❛♠ ❛ s❡ ❞❡♣♦s✐t❛r s♦❜r❡ ♦s ♠❡s♠♦s ❝r✐❛♥❞♦ ✏♣♦♥t❡s✑ ❡ ❢❛✲

③❡♥❞♦ ❛ r❡s✐stê♥❝✐❛ ❡❧étr✐❝❛ ❡♥tr❡ ❡❧❡s ❞✐♠✐♥✉✐r✳ ➱ ❛ ♠❡❞✐çã♦ ❞❡st❛ r❡s✐stê♥❝✐❛ ✭✈❡r

✜❣✉r❛ ✸❜✮ q✉❡ ♣❡r♠✐t❡ ❛♦ s❡♥s♦r ❡st✐♠❛r ❛ ❝♦♥❝❡♥tr❛çã♦ ❞❡ ❢✉❧✐❣❡♠ ❡✱ ♣♦rt❛♥t♦✱ ♦

❡st❛❞♦ ❞♦ ✜❧tr♦ ❞❡ ♣❛rtí❝✉❧❛s✳

◆♦ ❡♥t❛♥t♦✱ ✉♠❛ ✈❡③ q✉❡ ❛s ♣❛rtí❝✉❧❛s ❞❡ ❢✉❧✐❣❡♠ s❡ ❞❡♣♦s✐t❛r❛♠ s♦❜r❡ ♦s ❡❧❡tr♦❞♦s

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

çõ❡s✱ ❛ ♠❡♥♦s q✉❡ ♦s ❡❧❡tr♦❞♦s ❢♦ss❡♠ r❡❣❡♥❡r❛❞♦s ❛♦ s❡✉ ❡st❛❞♦ ✐♥✐❝✐❛❧✳ ➱ ♣❛r❛

✼



✭❛✮ ❊❧❡tr♦❞♦s ❡ r❡s✐stê♥❝✐❛ ❞♦ P▼❙

✭❜✮ ❘❡s✐stê♥❝✐❛ ❞♦s ❡❧❡tr♦❞♦s ① ▼❛ss❛ ❞❡ ❢✉✲

❧✐❣❡♠✳

❋✐❣✉r❛ ✸✿ Pr✐♥❝í♣✐♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ P▼❙✳

r❡❛❧✐③❛r ❡st❛ ❢✉♥çã♦ ✐♥❞✐s♣❡♥sá✈❡❧ q✉❡ ❡①✐st❡ ❛ r❡s✐stê♥❝✐❛ ❞❡ ❛q✉❡❝✐♠❡♥t♦✳

P❛r❛ r❡❛❧✐③❛r ❛ r❡❣❡♥❡r❛çã♦✱ ✉♠❛ ❝♦rr❡♥t❡ é ❛♣❧✐❝❛❞❛ à r❡s✐stê♥❝✐❛ ❞❡ ❛q✉❡❝✐♠❡♥t♦

❞❡ ❢♦r♠❛ q✉❡ ❡❧❛ s❡ ❛q✉❡❝❡ ♣♦r ❡❢❡✐t♦ ❏♦✉❧❡✳ ❆ t❡♠♣❡r❛t✉r❛ é ❡st✐♠❛❞❛ ❛ ♣❛rt✐r

❞❛ ♠❡❞✐çã♦ ❞♦ ✈❛❧♦r ❞❛ ♣ró♣r✐❛ r❡s✐stê♥❝✐❛ ❞❡ ❛q✉❡❝✐♠❡♥t♦ ❡ é ❝♦♥tr♦❧❛❞❛ ♣♦r ✉♠

❝♦♥tr♦❧❛❞♦r P■❉ ✭Pr♦♣♦r❝✐♦♥❛❧✱ ■♥t❡❣r❛❧✱ ❉❡r✐✈❛t✐✈♦✮ ❞✐❣✐t❛❧ ✐♠♣❧❡♠❡♥t❛❞♦ ♥♦ s❡♥✲

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

❡ ♦ s❡♥s♦r é r❡❣❡♥❡r❛❞♦✳ ❖ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ r❡s✐stê♥❝✐❛ ❡♥tr❡ ♦s ❡❧❡tr♦❞♦s ❡ ❞❛

t❡♠♣❡r❛t✉r❛ ❞✉r❛♥t❡ ❛ r❡❣❡♥❡r❛çã♦ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ✜❣✉r❛ ✹✳

❖ P▼❙ s❡ ❝♦♠✉♥✐❝❛ ❝♦♠ ♦s ♦✉tr♦s ❞✐s♣♦s✐t✐✈♦s ❞♦ ✈❡í❝✉❧♦✱ ✉t✐❧✐③❛♥❞♦ ❛ r❡❞❡ ❈❆◆

✭❈♦♥tr♦❧❧❡r ❆r❡❛ ◆❡t✇♦r❦✮✿ ♣r♦t♦❝♦❧♦ ❧❛♥ç❛❞♦ ♥♦ ✜♠ ❞♦s ❛♥♦s ✽✵ ♣❡❧❛ ❇♦s❝❤ ❡ q✉❡

❢♦✐ ❛❞♦t❛❞♦ ♣♦r t♦❞❛ ❛ ✐♥❞ústr✐❛ ❛✉t♦♠♦❜✐❧íst✐❝❛✳ ❘❡❞❡ q✉❡ ✉t✐❧✐③❛ ✉♠ ❜❛rr❛♠❡♥t♦

s❡r✐❛❧ ❞❡ t✐♣♦ ♠✉❧t✐♠❡str❡✱ ♦r✐❡♥t❛❞♦ ♣❛r❛ ♠❡♥s❛❣❡♥s ❝✉rt❛s ❡ ❜❛s❡❛❞♦ s♦❜r❡ ♦

♣r✐♥❝í♣✐♦ ❞❛ ❞✐❢✉sã♦ ❣❡r❛❧✱ ❛ r❡❞❡ ❈❆◆ ❡❧✐♠✐♥♦✉ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❧✐❣❛r ❧✐♥❤❛s

❞❡❞✐❝❛❞❛s ♣❛r❛ ❝❛❞❛ ✐♥❢♦r♠❛çã♦ q✉❡ ❞❡✈❡ tr❛♥s✐t❛r ♥♦ ✈❡í❝✉❧♦ ✭❝♦♥❡①ã♦ ♣♦♥t♦ ❛

♣♦♥t♦✮ ❬✶✶❪ ❬✾❪✳

◆❛ ♣rát✐❝❛✱ ❡①✐st❡♠ três r❡❞❡s ❈❆◆ ❞✐❢❡r❡♥t❡s ❡♠ ✉♠ ❝❛rr♦✿

• ❯♠ ❜❛rr❛♠❡♥t♦ ♠✉✐t♦ rá♣✐❞♦ ♣❛r❛ ❣❡r❡♥❝✐❛r ❛ s❡❣✉r❛♥ç❛ ✭❢r❡✐♦s✱ ❆♥t✐✲❧♦❝❦

✽



❋✐❣✉r❛ ✹✿ P❡r✜❧ ❞❛ r❡❣❡♥❡r❛çã♦ ❞♦ s❡♥s♦r ✲ ❘❡s✐stê♥❝✐❛ ❡♥tr❡ ♦s ❡❧❡tr♦❞♦s ❡ t❡♠♣❡r❛t✉r❛✳

❜r❛❦✐♥❣ s②st❡♠ ✲ ❆❇❙✱ ❞❡t❡❝çã♦ ❞❡ ❝❤♦q✉❡s✱ ❛✐r❜❛❣s✱ ❡t❝✳✮❀

• ❯♠ ❜❛rr❛♠❡♥t♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♠é❞✐❛ ♣❛r❛ ❣❡r❡♥❝✐❛r ♦ ♠♦t♦r ✭❝♦♠❛♥❞♦s ❡

s❡♥s♦r❡s✮❀

• ❯♠ ❜❛rr❛♠❡♥t♦ ♠❛✐s ❧❡♥t♦ ♣❛r❛ ❣❡r❡♥❝✐❛r t♦❞♦s ♦s ❛❝❡ssór✐♦s ✭❧â♠♣❛❞❛s✱

✈✐❞r♦s✱ ❜♦tõ❡s✱ ❡t❝✳✮✳

❊①✐st❡♠ ❛✐♥❞❛ ❞✉❛s s✉❜✈❡rsõ❡s✿

• ❈❆◆✷✳✵❆✿ ❢r❛♠❡ ♣❛❞rã♦ ♣♦ss✉✐ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♠❡♥s❛❣❡♠ ❝♦♠ ✶✶ ❜✐ts❀

• ❈❆◆✷✳✵❇✿ ❢r❛♠❡ ♠❛✐s ❧♦♥❣♦ ❝♦♠ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ✷✾ ❜✐ts❀

✸✳✶✳✷ ❙♠❛rt ❇❛tt❡r② ❙❡♥s♦r ✲ ❙❇❙

❈♦♠ ♦ ❛✉♠❡♥t♦ ❝♦♥st❛♥t❡ ❞❛ ♣r❡s❡♥ç❛ ❞❛ ❡❧❡trô♥✐❝❛ ❡♠❜❛r❝❛❞❛ ♥♦s ❛✉t♦♠ó✈❡✐s✱

♦ ❝♦♥s✉♠♦ ❡❧étr✐❝♦ ❞♦s ✈❡í❝✉❧♦s t❡♠ s❡ t♦r♥❛❞♦ ❝❛❞❛ ✈❡③ ♠❛✐s s✐❣♥✐✜❝❛t✐✈♦✳ ❉❡ss❡

♠♦❞♦✱ ❛s ❡①✐❣ê♥❝✐❛s ❡ ❡①♣❡❝t❛t✐✈❛s ❝♦♠ r❡❧❛çã♦ às ❜❛t❡r✐❛s sã♦ ❝❛❞❛ ✈❡③ ♠❛✐s

s❡✈❡r❛s ✭✈❡r ✜❣✉r❛ ✺✮✱ s♦❜r❡t✉❞♦ q✉❛♥❞♦ s❡ ❧❡✈❛ ❡♠ ❝♦♥t❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡

♥♦✈❛s t❡❝♥♦❧♦❣✐❛s ❝♦♠♦ ♦ ❙❚❖P✲❙❚❆❘❚ ❡♠ q✉❡ ♦ ♠♦t♦r ❞♦ ✈❡í❝✉❧♦ é ❞❡s❧✐❣❛❞♦

♣❛r❛ ♣♦✉♣❛r ❝♦♠❜✉stí✈❡❧ s❡♠♣r❡ q✉❡ ♦ ❝❛rr♦ s❡ ❡♥❝♦♥tr❛ ❡♠ r❡♣♦✉s♦✳ ❊♠❜♦r❛

✾



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

✉♠ ❞❡s❛✜♦ ♣❛r❛ ❛ ❜❛t❡r✐❛ ❛ ❝❛❞❛ ♥♦✈❛ ♣❛rt✐❞❛ ❬✺❪✳

❋✐❣✉r❛ ✺✿ ❋♦♥t❡s ❞❡ ❞❡❢❡✐t♦s ❡❧étr✐❝♦s ❡♠ ❝❛rr♦s ✭❋♦♥t❡ ❆❧❧❣❡♠❡✐♥❡r ❉❡✉ts❝❤❡r ❆✉t♦♠♦❜✐❧✲

❈❧✉❜ ✷✵✵✷✳✮

❖ ❙❇❙ é ✉♠ s❡♥s♦r ❝✉❥❛ ❢✉♥çã♦ é r❡❛❧✐③❛r ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛ ❜❛t❡r✐❛ ❡ ❛❧❡rt❛r ♦

❝♦♠♣✉t❛❞♦r ❞❡ ❜♦r❞♦ ❞♦ ✈❡í❝✉❧♦ s♦❜r❡ r✐s❝♦s ❡✈❡♥t✉❛✐s ❞❡ q✉❡ ❛ ♠❡s♠❛ ♥ã♦ s❡❥❛

❝❛♣❛③ ❞❡ ❞❛r ❛ ♣❛rt✐❞❛ ♥♦ ♠♦t♦r ❝❛s♦ ❡❧❡ s❡❥❛ ❞❡s❧✐❣❛❞♦✳

❆ ❝♦rr❡♥t❡✱ ❛ t❡♥sã♦ ❡ ❛ t❡♠♣❡r❛t✉r❛ ❞❛ ❜❛t❡r✐❛ sã♦ ♣❡r✐♦❞✐❝❛♠❡♥t❡ ♠❡❞✐❞♦s✱ ❡

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

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

• ❙t❛t❡ ♦❢ ❈❤❛r❣❡ ✭❊st❛❞♦ ❞❡ ❝❛r❣❛✮ ✲ ❙♦❈✿ ❝❛r❣❛ r❡st❛♥t❡ ❞❛ ❜❛t❡r✐❛❀

• ❙t❛t❡ ♦❢ ❍❡❛❧t❤ ✭❊st❛❞♦ ❞❡ s❛ú❞❡✮ ✲ ❙♦❍✿ r❡♣r❡s❡♥t❛ ♦ ❡♥✈❡❧❤❡❝✐♠❡♥t♦

❞❛ ❜❛t❡r✐❛❀

• ❙t❛t❡ ♦❢ ❋✉♥❝t✐♦♥ ✭❊st❛❞♦ ❞❡ ❢✉♥çã♦✮ ✲ ❙♦❋✿ ✐♥❞✐❝❛ s❡ ❛ ❜❛t❡r✐❛ s❡rá

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

♣❡❧♦ ❝♦♠♣✉t❛❞♦r ❞❡ ❜♦r❞♦❀

• ❮♥❞✐❝❡ ❞❡ ❝♦♥✜❛♥ç❛✿ ✐♥❞✐❝❛ ❛ ♣❡rt✐♥ê♥❝✐❛ ❞❛s ✐♥❢♦r♠❛çõ❡s ❢♦r♥❡❝✐❞❛s ♣❡❧♦

s❡♥s♦r✳ ❖ í♥❞✐❝❡ ❞❡ ❝♦♥✜❛♥ç❛ ❛✉♠❡♥t❛ à ♠❡❞✐❞❛ ❡♠ q✉❡ ❝❡rt♦s ❡✈❡♥t♦s s❡

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

♦s ♣❛râ♠❡tr♦s ❞❡ s❡✉ ❛❧❣♦r✐t♠♦✳

✶✵



❆ ♠❡❞✐çã♦ ❞❡ ❝♦rr❡♥t❡ é ❢❡✐t❛ ♣♦r ✉♠❛ ❝é❧✉❧❛ ❛ ❡❢❡✐t♦ ❍❛❧❧ ✭♠❡❞✐çã♦ s❡♠ ❝♦♥t❛t♦✮

♦✉ ♣❡❧❛ ✐♥tr♦❞✉çã♦ ❞❡ ✉♠❛ r❡s✐stê♥❝✐❛ s❤✉♥t ✭100µΩ ♣❛r❛ ♦s ✈❡í❝✉❧♦s ❧❡✈❡s ❡ 50µΩ

♣❛r❛ ❝❛♠✐♥❤õ❡s✮ ❡♥tr❡ ♦ t❡r♠✐♥❛❧ ♥❡❣❛t✐✈♦ ❞❛ ❜❛t❡r✐❛ ❡ ❛ t❡rr❛ ✭❝❛rr♦❝❡r✐❛ ❞♦

❝❛rr♦✮✳ ❖ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❡ ❝❛♠✐♥❤õ❡s é ❛❧✐♠❡♥t❛❞♦ ♣♦r ✉♠❛ t❡♥sã♦ ❞❡ ✷✹❱✱ ✐st♦

é✱ ❞✉❛s ❜❛t❡r✐❛s ❞❡ ✶✷❱ ❡♠ sér✐❡✳ ◆❡st❡ ❝❛s♦✱ ✉♠❛ ♠❡❞✐çã♦ ❞❡ t❡♥sã♦ s✉♣❧❡♠❡♥t❛r

é r❡❛❧✐③❛❞❛✿ ❛❧é♠ ❞❛ t❡♥sã♦ ❞❡ ✷✹❱✱ ♦ s❡♥s♦r t❛♠❜é♠ ♠❡❞❡ ❛ t❡♥sã♦ ❞❡ ✉♠❛ ❞❛s

❞✉❛s ❜❛t❡r✐❛s✳

❆ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ♦ ❙❇❙ ❡ ♦ ❝♦♠♣✉t❛❞♦r ❞❡ ❜♦r❞♦ ❞♦ ✈❡í❝✉❧♦ é ❢❡✐t❛ ❛tr❛✈és ❞❡

✉♠❛ r❡❞❡ ▲■◆ ✭▲♦❝❛❧ ■♥t❡r❝♦♥♥❡❝t ◆❡t✇♦r❦✮✱ ❛ q✉❛❧ é ♠✉✐t♦ ✉t✐❧✐③❛❞❛ ♥❛ ✐♥❞ústr✐❛

❛✉t♦♠♦❜✐❧íst✐❝❛✳ ❆ ▲■◆ é ✉♠❛ r❡❞❡ ❡♠❜❛r❝❛❞❛ ❡①tr❡♠❛♠❡♥t❡ ❡❝♦♥ô♠✐❝❛ ✭✉t✐✲

❧✐③❛ ✉♠ ú♥✐❝♦ ✜♦✮ ❞❡st✐♥❛❞❛ ❛ ❝♦♥❡❝t❛r ❞✐s♣♦s✐t✐✈♦s ✐♥t❡❧✐❣❡♥t❡s ❝✉❥❛s ❛♣❧✐❝❛çõ❡s

♥ã♦ r❡q✉❡✐r❛♠ ❛ ❜❛♥❞❛ ♣❛ss❛♥t❡ ❡❧❡✈❛❞❛ ❡ ❛ ♣♦❧✐✈❛❧ê♥❝✐❛ ❡♥❝♦♥tr❛❞❛s ♥❛s r❡❞❡s

❈❆◆✳

❖ ♣r♦t♦❝♦❧♦ ✉t✐❧✐③❛❞♦ ♣❡❧❛ r❡❞❡ ▲■◆ ✉t✐❧✐③❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ ♠❡str❡✴❡s❝r❛✈♦ q✉❡

❡♥✈♦❧✈❡ ✉♠ ♠❡str❡ ▲■◆ ❡ ✉♠ ♦✉ ✈ár✐♦s ❡s❝r❛✈♦s ✭♦ ❙❇❙ é ✉♠ ♥ó ❡s❝r❛✈♦✮✳ ❆

❝♦♠✉♥✐❝❛çã♦ é ✐♥t❡✐r❛♠❡♥t❡ ❝♦♥tr♦❧❛❞❛ ♣❡❧♦ ♠❡str❡ q✉❡ ❞❡✜♥❡ ❛ s❡q✉ê♥❝✐❛ ❞❛s

♠❡♥s❛❣❡♥s ❛tr❛✈és ❞❡ ✉♠ ♣❧❛♥♦ ❞❡ ❡①❡❝✉çã♦ ❬✽❪✳

✸✳✷ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s

❖ ❜❛♥❝♦ ❞❡ t❡st❡s é ✉t✐❧✐③❛❞♦ ❝♦♠♦ ❢❡rr❛♠❡♥t❛ ❞❡ t❡st❡ ❡ ✈❛❧✐❞❛çã♦ ❞♦ s♦❢t✇❛r❡

❡♠❜❛r❝❛❞♦ ♥♦s s❡♥s♦r❡s P▼❙ ❡ ❙❇❙✳ ❖ s❡✉ ♦❜❥❡t✐✈♦ é ❣❡r❛r ♦s s✐♥❛✐s ❛♥❛❧ó❣✐❝♦s ❡

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

❛♥❛❧✐s❛♥❞♦✱ ❡♠ s❡❣✉✐❞❛✱ ❛s s✉❛s r❡s♣♦st❛s ❛♦s ❡stí♠✉❧♦s ❛♣❧✐❝❛❞♦s✳ ❉❡ss❡ ♠♦❞♦✱ é

♣♦ssí✈❡❧ ✈❡r✐✜❝❛r s❡ ♦ s♦❢t✇❛r❡ ❡stá ❝♦♥❢♦r♠❡ ❛s ❡s♣❡❝✐✜❝❛çõ❡s✳

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

três ♣❛rt❡s✿

• ❙í♥t❡s❡ ❞❛s ❡s♣❡❝✐✜❝❛çõ❡s ❞♦ s✐st❡♠❛✿ ❡❧❛❜♦r❛çã♦ ❞❡ ✉♠ r❡s✉♠♦ ❞❛s ❡s♣❡❝✐✜✲

❝❛çõ❡s ❞♦ s✐st❡♠❛ ❞❡ ♠♦❞♦ ❛ s❡ t❡r ✉♠❛ ✐❞é✐❛ ❞❛s ♥❡❝❡ss✐❞❛❞❡s ♠❛t❡r✐❛✐s ❞♦

♣r♦❥❡t♦❀

• ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❤❛r❞✇❛r❡✿ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ♦✉ ❛q✉✐s✐çã♦ ❞❛s ♣❧❛❝❛s ❡❧❡✲

✶✶



trô♥✐❝❛s ♣❛r❛ ❛ ❣❡r❛çã♦ ❞♦s s✐♥❛✐s ❡ ❞❛ ❝♦♠✉♥✐❝❛çã♦❀

• ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ s♦❢t✇❛r❡✿ ♣r♦❣r❛♠❛çã♦ ❞♦s ❞r✐✈❡rs ❞❛s ♣❧❛❝❛s ❞❡ ❛q✉✐✲

s✐çã♦ ❡ ❞❡ ♠ó❞✉❧♦s ❞❡ ❛❧t♦ ♥í✈❡❧✱ ♣❡r♠✐t✐♥❞♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ s✐♠♣❧✐✜❝❛❞♦

❞❡ s❡q✉ê♥❝✐❛s ❞❡ t❡st❡✳

✸✳✷✳✶ ❙í♥t❡s❡ ❞❛s ❡s♣❡❝✐✜❝❛çõ❡s ❞♦ s✐st❡♠❛

❆♣ós ♦ ❡st✉❞♦ ❞♦s s❡♥s♦r❡s ❡ ❛ ❛♥á❧✐s❡ ❞❡ s✉❛s ❡①✐❣ê♥❝✐❛s r❡❧❛t✐✈❛s ❛♦s r❡s♣❡❝t✐✈♦s

s♦❢t✇❛r❡s ❡♠❜❛r❝❛❞♦s✱ ❛s ❡s♣❡❝✐✜❝❛çõ❡s ♣r❡❝✐s❛s ❞♦ s✐st❡♠❛ ❢♦r❛♠ ❞❡✜♥✐❞❛s ❡♠

❝♦♦♣❡r❛çã♦ ❝♦♠ ❛s ❡q✉✐♣❡s ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s ♣r♦❞✉t♦s✳ ❊ss❛s ❡s♣❡❝✐✜❝❛çõ❡s

sã♦ ❛♣r❡s❡♥t❛❞❛s ❞❡ ❢♦r♠❛ ❜r❡✈❡ ❡ s✐♥tét✐❝❛ ❛ s❡❣✉✐r✳

✸✳✷✳✶✳✶ ❊s♣❡❝✐✜❝❛çõ❡s ❞♦ ❙❇❙

❖ ❜❛♥❝♦ ❞❡ t❡st❡s ❞❡✈❡ s❡r ❝❛♣❛③ ❞❡✿

• ❙❡r ❝♦♠♣❛tí✈❡❧ ❝♦♠ t♦❞♦s ♦s ♠♦❞❡❧♦s ❞❡ ❙❇❙ ✭❙❤✉♥t✱ ❊❢❡✐t♦ ❍❛❧❧✱ ❝❛♠✐♥❤õ❡s

❡ ✈❡í❝✉❧♦s ❧❡✈❡s✮❀

• ❙✐♠✉❧❛r ✈❛r✐❛çõ❡s ❞❡ t❡♠♣❡r❛t✉r❛ ♥♦ ✐♥t❡r✈❛❧♦ ❞❡ −40oC ❛ 125oC❀

• ❙✐♠✉❧❛r ✈❛r✐❛çõ❡s ❞❡ ❝♦rr❡♥t❡ ♥❛ ❜❛t❡r✐❛ ❞❡ −2000A ❛ 2000A❀

• ❙✐♠✉❧❛r ❛ s✐t✉❛çã♦ ❞❡ ❙❤✉♥t ❞❡s❝♦♥❡❝t❛❞♦ ✭❡♠ ❝✐r❝✉✐t♦ ❛❜❡rt♦✮❀

• ❙✐♠✉❧❛r ✈❛r✐❛çõ❡s ❞❡ t❡♥sã♦ ❞❡ ✉♠❛ ❜❛t❡r✐❛ ❞❡ 0 ❛ 40V ❀

• ❙✐♠✉❧❛r ✈❛r✐❛çõ❡s ❞❡ t❡♥sã♦ ❞❡ ✷ ❜❛t❡r✐❛s ❡♠ sér✐❡ ❞❡ 0 ❛ 40V ❀

• ▼❡❞✐r ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ s❡♥s♦r❀

• ❈♦♠✉♥✐❝❛r✲s❡ ❝♦♠ ♦ s❡♥s♦r ✉t✐❧✐③❛♥❞♦ ♦ ♣r♦t♦❝♦❧♦ ▲■◆ ✶✳✸ ♦✉ ▲■◆ ✷✳✵✳

✸✳✷✳✶✳✷ ❊s♣❡❝✐✜❝❛çõ❡s ❞♦ P▼❙

❖ ❜❛♥❝♦ ❞❡ t❡st❡s ❞❡✈❡ s❡r ❝❛♣❛③ ❞❡✿

• ❈♦♠✉♥✐❝❛r✲s❡ ❝♦♠ ♦ s❡♥s♦r ✉t✐❧✐③❛♥❞♦ ♦ ♣r♦t♦❝♦❧♦ ❈❆◆ ✷✳✵❇ ❞❡ ❛❧t❛ ✈❡❧♦❝✐✲

❞❛❞❡ ❝♦♠ ✐❞❡♥t✐✜❝❛❞♦r❡s ❞❡ ♠❡♥s❛❣❡♥s ❡st❡♥❞✐❞♦s ♦✉ ♥ã♦❀

✶✷



• ▼❡❞✐r ❛ t❡♥sã♦ ❞❡ ♣♦❧❛r✐③❛çã♦ ❞♦s ❡❧❡tr♦❞♦s❀

• ❙✐♠✉❧❛r ✈❛r✐❛çõ❡s ❞❛ r❡s✐stê♥❝✐❛ ❡❧étr✐❝❛ ❡♥tr❡ ♦s ❡❧❡tr♦❞♦s ♥♦ ✐♥t❡r✈❛❧♦ ❞❡

0Ω− 100MΩ❀

• ❙✐♠✉❧❛r ✈❛r✐❛çõ❡s ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❛q✉❡❝✐♠❡♥t♦ ♥♦ ✐♥t❡r✈❛❧♦ 0Ω− 16Ω❀

• ❱❛❧✐❞❛r ♦ r❡❣✉❧❛❞♦r P■❉ ✉t✐❧✐③❛❞♦ ❞✉r❛♥t❡ ❛ r❡❣❡♥❡r❛çã♦ ❞♦ s❡♥s♦r❀

• ❙✐♠✉❧❛r ✈❛r✐❛çõ❡s ❞❡ t❡♥sã♦ ❞❡ ❛❧✐♠❡♥t❛çã♦ ❞❡ 8V ❛ 18V ❀

• ▼❡❞✐r ♦ ❞✉t②✲❝②❝❧❡ ❞♦ s✐♥❛❧ P❲▼ ❛♣❧✐❝❛❞♦ s♦❜r❡ ❛ r❡s✐stê♥❝✐❛ ❞❡ ❛q✉❡❝✐♠❡♥t♦

❞✉r❛♥t❡ ❛ r❡❣❡♥❡r❛çã♦ ❞♦ s❡♥s♦r❀

• ▼❡❞✐r ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ s❡♥s♦r✳

✸✳✷✳✷ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❍❛r❞✇❛r❡

❈♦♠♦ ♦ t❡♠♣♦ ❡ ♦s ❝✉st♦s ❞♦ ♣r♦❥❡t♦ s❡ t♦r♥❛r✐❛♠ ♣r♦✐❜✐t✐✈♦s✱ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

✐♥t❡r♥♦ ❞❡ t♦❞♦s ♦s ♠ó❞✉❧♦s ❡❧❡trô♥✐❝♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ♦ ❜❛♥❝♦ ❞❡ t❡st❡s ❢♦✐

✐♠❡❞✐❛t❛♠❡♥t❡ ❞❡s❝❛rt❛❞♦✳ P♦rt❛♥t♦✱ ❞❡✉✲s❡ ♣r❡❢❡rê♥❝✐❛ ❛ s♦❧✉çõ❡s ❥á ❡①✐st❡♥t❡s

♥♦ ♠❡r❝❛❞♦✳

❆ s♦❧✉çã♦ ✜♥❛❧ é ❝♦♥st✐t✉í❞❛ ❞❡ ♣❧❛❝❛s ◆❛t✐♦♥❛❧ ■♥str✉♠❡♥ts ✉t✐❧✐③❛❞❛s ♣❛r❛ ❣❡✲

r❡♥❝✐❛r ❛ ❝♦♠✉♥✐❝❛çã♦ ❝♦♠ ♦s s❡♥s♦r❡s ✭♣r♦t♦❝♦❧♦s ▲■◆ ❡ ❈❆◆✮✱ ❛ss✐♠ ❝♦♠♦ ♣❛r❛

r❡❛❧✐③❛r ❛s ♠❡❞✐çõ❡s ❡ ❣❡r❛r ♦s s✐♥❛✐s ❛♥❛❧ó❣✐❝♦s ❡ ❞✐❣✐t❛✐s✳ ❆ ✐♥t❡r❢❛❝❡ ❡♥tr❡ ❡ss❛s

♣❧❛❝❛s ❡ ♦s s❡♥s♦r❡s é ❢❡✐t❛ ♣♦r ✉♠❛ ♣❧❛❝❛ ❡❧❡trô♥✐❝❛ ❞❡s❡♥✈♦❧✈✐❞❛ ❝♦♠♦ ♣❛rt❡ ❞♦

❡stá❣✐♦ ❞❡ ♠♦❞♦ ❛ r❡s♣♦♥❞❡r às ♥❡❝❡ss✐❞❛❞❡s ❡s♣❡❝í✜❝❛s ❞❡ ❝❛❞❛ s❡♥s♦r✳

❆ ❡s❝♦❧❤❛ ❞❛s ♣❧❛❝❛s ◆❛t✐♦♥❛❧ ■♥str✉♠❡♥ts s❡ ❞❡✈❡✉ ❛♦ ❢❛t♦ ❞❡ q✉❡ ❡❧❛s ❡r❛♠ ♠✉✐t♦

❜❡♠ ❛❞❛♣t❛❞❛s às r❡q✉✐s✐çõ❡s ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s✳ ❆❧é♠ ❞✐ss♦✱ ❛s ❡q✉✐♣❡s ❞♦ ❞❡✲

♣❛rt❛♠❡♥t♦ ❞❡ ✐♥str✉♠❡♥t❛çã♦ ❞❛ ❊▲❊❈❚❘■❈❋■▲ tê♠ ♦ ❤á❜✐t♦ ❞❡ tr❛❜❛❧❤❛r ❝♦♠

♣r♦❞✉t♦s ◆■ t❛♥t♦ ❡♠ ❤❛r❞✇❛r❡ q✉❛♥t♦ ❡♠ s♦❢t✇❛r❡✱ ♦ q✉❡ ♣♦ss✐❜✐❧✐t♦✉ ❛♦ ♣r♦❥❡t♦

♦ ❛♣r♦✈❡✐t❛♠❡♥t♦ ❞♦ ❦♥♦✇✲❤♦✇ ❡ ❞❛s ❢❡rr❛♠❡♥t❛s ❥á ♣r❡s❡♥t❡s ♥❛ ❡♠♣r❡s❛✳

✸✳✷✳✷✳✶ ❊sq✉❡♠❛ ❣❡r❛❧ ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s

✶✸



❖ ❡sq✉❡♠❛ ❣❡r❛❧ ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ✜❣✉r❛ ✻✱ ♦♥❞❡ ❛s s❡t❛s

❛③✉✐s r❡♣r❡s❡♥t❛♠ ♦s ❝❛❜♦s q✉❡ ❝♦♥❡❝t❛♠ ♦s ❞✐❢❡r❡♥t❡s ♠ó❞✉❧♦s q✉❡ ❝♦♠♣õ❡♠ ♦

❜❛♥❝♦ ✭❛ ♣❧❛❝❛ ❞❡ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ◆■ P❈■ ✻✷✷✾ ♥❡❝❡ss✐t❛ ❞❡ ✷ ❝❛❜♦s ❞❡✈✐❞♦

❛♦ s❡✉ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ s❛í❞❛s ❡ ❡♥tr❛❞❛s✮ ❡ ♦s r❡tâ♥❣✉❧♦s r❡♣r❡s❡♥t❛♠ ♣♦♥t♦s

❞❡ ❝♦♥❡①ã♦✳ ❈♦♠♦ ♠❡♥❝✐♦♥❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♦ ❜❛♥❝♦ ❞❡ t❡st❡s é ❝♦♥st✐t✉í❞♦ ❞❡

♠ó❞✉❧♦s ◆❛t✐♦♥❛❧ ■♥str✉♠❡♥ts ✐♥st❛❧❛❞♦s ❡♠ ✉♠ ❝♦♠♣✉t❛❞♦r✱ s❡♥❞♦ r❡s♣♦♥sá✈❡✐s

♣♦r r❡❛❧✐③❛r ❛ ❛q✉✐s✐çã♦ ❞❡ s✐♥❛✐s ❡ ❛s ❝♦♠✉♥✐❝❛çõ❡s ❈❆◆ ❡ ▲■◆✳ ❆ ✐♥t❡r❢❛❝❡ ❡♥tr❡

♦s ❞✐❢❡r❡♥t❡s ♠ó❞✉❧♦s ❡ ♦s s❡♥s♦r❡s✱ ❛ss✐♠ ❝♦♠♦ ♦ ❝♦♥❞✐❝✐♦♥❛♠❡♥t♦ ❞♦s ❞✐✈❡rs♦s

s✐♥❛✐s sã♦ ❢✉♥çõ❡s r❡❛❧✐③❛❞❛s ♣♦r ✉♠❛ ♣❧❛❝❛ ❡❧❡trô♥✐❝❛ ❞❡ ✐♥t❡r❢❛❝❡ ❞❡s❡♥✈♦❧✈✐❞❛

❝♦♠♦ ♣❛rt❡ ❞♦ ♣r♦❥❡t♦ ❞❡ ❡stá❣✐♦✳ ❙ã♦ ♥❡❝❡ssár✐❛s ❛✐♥❞❛ ❢♦♥t❡s ❞❡ ❛❧✐♠❡♥t❛çã♦ ❞❡

✶✷❱ ❡ ✹✵❱✳

❋✐❣✉r❛ ✻✿ ❊sq✉❡♠❛ ❣❡r❛❧ ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s✳

✸✳✷✳✷✳✷ ▼❡❞✐çã♦ ❡ ❣❡r❛çã♦ ❞❡ s✐♥❛✐s

P❛r❛ ❝r✐❛r ♦s ❡stí♠✉❧♦s ♥❡❝❡ssár✐♦s ❡ ❛♥❛❧✐s❛r ❛s r❡s♣♦st❛s ❞♦s s❡♥s♦r❡s✱ ✉♠❛ ♣❧❛❝❛

❞❡ ❛q✉✐s✐çã♦ ❞❡ s✐♥❛✐s ❛♥❛❧ó❣✐❝♦s ❡ ❞✐❣✐t❛✐s ❡r❛ ✐♥❞✐s♣❡♥sá✈❡❧✳ P❛r❛ r❡❛❧✐③❛r ❡st❛

✶✹



❢✉♥çã♦✱ ❛ s♦❧✉çã♦ ❡s❝♦❧❤✐❞❛ ❢♦✐ ♦ ♠ó❞✉❧♦ ❞❡ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ◆■ P❈■ ✻✷✷✾

❬✷❪✳

❆s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ss❡ ♠ó❞✉❧♦ ❞❡ ❛q✉✐s✐çã♦ sã♦✿

• ✹✽ ❊✴❙ ❞✐❣✐t❛✐s❀

• ❊♥tr❛❞❛s ❛♥❛❧ó❣✐❝❛s✿

✕ ✸✷ ❝❛♥❛✐s ❛ss✐♠étr✐❝♦s ♦✉ ✶✻ ❡♥tr❛❞❛s ❞✐❢❡r❡♥❝✐❛✐s❀

✕ ■♥t❡r✈❛❧♦ ❞❡ ♠❡❞✐çã♦ ♣r♦❣r❛♠á✈❡❧✿ ±0.2V ✱ ±1V ✱±5V ✱±10V ❀

✕ ❘❡s♦❧✉çã♦ ❞♦ ❈❆❉ ✭❈♦♥✈❡rs♦r ❆♥❛❧ó❣✐❝♦✲❉✐❣✐t❛❧✮✿ ✶✻ ❜✐ts❀

• ❙❛í❞❛s ❛♥❛❧ó❣✐❝❛s✿

✕ ✹ ❝❛♥❛✐s❀

✕ ●❛♠❛ ❞❡ t❡♥sã♦✿ ±10V ❀

✕ ❘❡s♦❧✉çã♦ ❞♦ ❈❉❆ ✭❈♦♥✈❡rs♦r ❉✐❣✐t❛❧✲❆♥❛❧ó❣✐❝♦✮✿ ✶✻ ❜✐ts❀

• ❈♦♥t❛❞♦r❡s ❞✐❣✐t❛✐s✿

✕ ✷ ❝❛♥❛✐s❀

✕ ✷ ✈✐❛s ❉▼❆ ✭❉✐r❡❝t ▼❡♠♦r② ❆❝❝❡ss✮ q✉❡ r❡❞✉③❡♠ ❛ ❝❛r❣❛ ❞♦ ♣r♦❝❡s✲

s❛❞♦r❀

✕ ❘❡s♦❧✉çã♦✿ ✸✷ ❜✐ts

❈♦♠♦ ❛ ♠❛✐♦r ♣❛rt❡ ❞♦s ❞✐s♣♦s✐t✐✈♦s ◆❛t✐♦♥❛❧ ■♥str✉♠❡♥ts✱ ♦ ♠ó❞✉❧♦ ◆■ P❈■

✻✷✷✾ ♣♦ss✉✐ ✉♠ ❞r✐✈❡r q✉❡ ❢❛❝✐❧✐t❛ s❡✉ ❝♦♠❛♥❞♦ ❛ ♣❛rt✐r ❞❡ ♠ó❞✉❧♦s ❞❡s❡♥✈♦❧✈✐❞♦s

❡♠ ▲❛❜❱■❊❲✳

✸✳✷✳✷✳✸ ❈♦♠✉♥✐❝❛çã♦ ▲■◆

❈♦♠♦ ♠❡♥❝✐♦♥❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♦ ❙❇❙ é ✉♠ ♥ó ❡s❝r❛✈♦ ❞❡ ✉♠❛ r❡❞❡ ▲■◆✳ P♦r

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

s❡r ❝❛♣❛③ ❞❡ r❡❛❧✐③❛r ❛ ❢✉♥çã♦ ❞❡ ♠❡str❡ ▲■◆✱ ❣❡r❛♥❞♦ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s ❞❡

❝♦♠✉♥✐❝❛çã♦ ♣♦ssí✈❡✐s✳

✶✺



❆ s♦❧✉çã♦ ❡s❝♦❧❤✐❞❛ ♣❛r❛ ❣❡r❡♥❝✐❛r ❛ ❝♦♠✉♥✐❝❛çã♦ ▲■◆ ❢♦✐ ❛ ✐♥t❡r❢❛❝❡ ◆■ P❈■

✽✺✶✻ ❬✸❪✱ ❝✉❥❛s ❝❛r❛❝t❡ríst✐❝❛s ♠❛✐s ✐♠♣♦rt❛♥t❡s sã♦✿

• ✷ ❝❛♥❛✐s ✐♥❞❡♣❡♥❞❡♥t❡s❀

• ❚❛①❛s ❞❡ tr❛♥s♠✐ssã♦ ♣r♦❣r❛♠á✈❡✐s✿ ✷✹✵✵❜✐t✴s ❛té ✷✵❦❜✐t✴s❀

• ❈♦♥❢♦r♠✐❞❛❞❡ ❝♦♠ ❛s ♥♦r♠❛s✿ ▲■◆ ✶✳✸✱ ▲■◆ ✷✳✵ ❡ ▲■◆ ✷✳✶❀

• ❱✐❛ ❉▼❆ ♣❛r❛ ♦ ❛❝♦♣❧❛♠❡♥t♦ ❞♦ ❜❛rr❛♠❡♥t♦ ▲■◆ à ♠❡♠ór✐❛ ❞♦ ❝♦♠♣✉t❛❞♦r

❤♦s♣❡❞❡✐r♦✱ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♠✐♥✐♠✐③❛r ❛ ❧❛tê♥❝✐❛ ❞❛s ♠❡♥s❛❣❡♥s❀

• ❚✐♠❡st❛♠♣ ❞❛s ♠❡♥s❛❣❡♥s ❢❡✐t♦ ❡♠ ❤❛r❞✇❛r❡ ❝♦♠ r❡s♦❧✉çã♦ ❞❡ 1µs❀

❆ ✐♥t❡r❢❛❝❡ ▲■◆ ◆■ P❈■ ✽✺✶✻ ♣♦ss✉✐ ✐❣✉❛❧♠❡♥t❡ ✉♠ ❞r✐✈❡r q✉❡ ❢❛❝✐❧✐t❛ ❛ ♣r♦❣r❛✲

♠❛çã♦ ❡♠ ▲❛❜❱■❊❲✳

✸✳✷✳✷✳✹ ❈♦♠✉♥✐❝❛çã♦ ❈❆◆

❖ ❝♦♠♣♦♥❡♥t❡ ❡s❝♦❧❤✐❞♦ ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ❛ ❝♦♠✉♥✐❝❛çã♦ ❈❆◆ ❝♦♠ ♦ P▼❙ ❢♦✐

❛ ✐♥t❡r❢❛❝❡ ❈❆◆ ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ◆■ ❯❙❇ ✽✹✼✸ ❬✻❪ q✉❡ ♣❡r♠✐t❡ ❛ ✐♥s❡rçã♦ ❞♦

❝♦♠♣✉t❛❞♦r ❡♠ ✉♠❛ r❡❞❡ ❈❆◆✳

❊s♣❡❝✐✜❝❛çõ❡s✿

• ✶ ❝❛♥❛❧❀

• ❚❛①❛s ♣r♦❣r❛♠á✈❡✐s✿ ✹✵❦❜✐t✴s ❛té ✶▼❜✐t✴s❀

• ❈♦♥❢♦r♠✐❞❛❞❡ ❝♦♠ ❛s ♥♦r♠❛s✿ ❈❆◆ ✷✳✵❆ ❡ ❈❆◆ ✷✳✵❇ ✭✐❞❡♥t✐✜❝❛❞♦r❡s ❡s✲

t❡♥❞✐❞♦s ♦✉ ♥ã♦✮❀

• ❚✐♠❡st❛♠♣ ❞❛s ♠❡♥s❛❣❡♥s ❢❡✐t♦ ❡♠ ❤❛r❞✇❛r❡ ❝♦♠ r❡s♦❧✉çã♦ ❞❡ 1µs❀

✸✳✷✳✷✳✺ P❧❛❝❛ ❡❧❡trô♥✐❝❛ ❞❡ ✐♥t❡r❢❛❝❡

❯♠ ❞♦s ♣r♦❥❡t♦s ♠❛✐s ❝♦♠♣❧❡①♦s ❞♦ ❡stá❣✐♦✱ ❡ss❛ ♣❧❛❝❛ ❡❧❡trô♥✐❝❛✱ ❛ q✉❛❧ ♣♦❞❡

s❡r ✈✐st❛ ♥❛ ✜❣✉r❛ ✼✱ t❡♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ s✐♠✉❧❛r ✈ár✐♦s ❞♦s ❡stí♠✉❧♦s ❡♥✈✐❛❞♦s ❛♦s

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

✶✻



t❡st❡s✳ ❊❧❛ é ♥❡❝❡ssár✐❛✱ ♣♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ❛❞❛♣t❛r ♦s ♥í✈❡✐s ❞❡ t❡♥sã♦ ❣❡r❛❞♦s ♣❡❧♦

♠ó❞✉❧♦ ❞❡ ❛q✉✐s✐çã♦ ◆■ às ♥❡❝❡ss✐❞❛❞❡s ❞♦s s❡♥s♦r❡s✱ ♣❛r❛ r❡❛❧✐③❛r ❛ s✐♠✉❧❛çã♦ ❞❡

r❡s✐stê♥❝✐❛s✱ ✈❛r✐❛çõ❡s ❞❡ ❝♦rr❡♥t❡✱ ❡t❝✳

❋✐❣✉r❛ ✼✿ P❧❛❝❛ ❡❧❡trô♥✐❝❛ ❞❡ ✐♥t❡r❢❛❝❡✳

❖s ♠ó❞✉❧♦s q✉❡ ❝♦♠♣õ❡♠ ❡ss❛ ♣❧❛❝❛ sã♦ ❞❡s❝r✐t♦s s✉❝✐♥t❛♠❡♥t❡ ❛ s❡❣✉✐r✳

❙❡❧❡çã♦ ❞♦ ♠♦❞♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦

❊st❡ ♠ó❞✉❧♦ r❡❛❧✐③❛ ❛ s❡❧❡çã♦ ❞♦ ♠♦❞♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s✿ ❙❇❙

♦✉ P▼❙✳ ❯♠❛ s❛í❞❛ ❞✐❣✐t❛❧ ❞❛ ♣❧❛❝❛ ❞❡ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ◆■ ❝♦♠❛♥❞❛ ✉♠ ❣r✉♣♦

❞❡ r❡❧és q✉❡ s❡❧❡❝✐♦♥❛ q✉❛✐s s✐♥❛✐s s❡rã♦ ❛♣❧✐❝❛❞♦s ❛ ❝❛❞❛ s❡♥s♦r✳ ❊st❡ ♠ó❞✉❧♦

é ✐♠♣♦rt❛♥t❡✱ ♣♦✐s✱ ❝♦♠♦ ♦s ❞♦✐s s❡♥s♦r❡s ♥ã♦ s❡rã♦ t❡st❛❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡✱

♣❡r♠✐t❡ ♦ ❝♦♠♣❛rt✐❧❤❛♠❡♥t♦ ❞❡ r❡❝✉rs♦s ✭❝♦♠♦ s❛í❞❛s ❛♥❛❧ó❣✐❝❛s✮ ❡♥tr❡ ♦s ❞♦✐s

♠♦❞♦s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❡ ♣r♦t❡❣❡ ❛s ♣❛rt❡s ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s q✉❡ ♥ã♦ ❡st❡❥❛♠

s❡♥❞♦ ✉t✐❧✐③❛❞❛s ❡♠ ✉♠ ❞❛❞♦ ♠♦♠❡♥t♦✳

✶✼



❋✐❣✉r❛ ✽✿ ❙❡❧❡çã♦ ❞♦ ♠♦❞♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦✳

●❡r❛çã♦ ❞❛ t❡♥sã♦ ❞❡ ❛❧✐♠❡♥t❛çã♦ ❞♦ P▼❙ ❡ ♠❡❞✐çã♦ ❞❡ ♣♦tê♥❝✐❛

❊st❡ ♠ó❞✉❧♦ é r❡s♣♦♥sá✈❡❧ ♣♦r ❣❡r❛r ❛ t❡♥sã♦ ❞❡ ❛❧✐♠❡♥t❛çã♦ ❞❡s❡❥❛❞❛ ♣❛r❛ ♦ P▼❙✱

✶✽



s✐♠✉❧❛♥❞♦ ❛s ✈❛r✐❛çõ❡s ❞❡ t❡♥sã♦ ❞❛ ❜❛t❡r✐❛ ❡ ❞❡ ♠❡❞✐r ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦

s❡♥s♦r✳

❖ ❝✐r❝✉✐t♦ é ❝♦♥st✐t✉í❞♦ ❞❡ ✉♠ ❛♠♣❧✐✜❝❛❞♦r ♦♣❡r❛❝✐♦♥❛❧ ❞❡ ♣♦tê♥❝✐❛ ♥❛ ❝♦♥✜❣✉r❛✲

çã♦ ♥ã♦ ✐♥✈❡rs♦r❛ ❡ ❝♦♠ ✉♠ ❣❛♥❤♦ ❞❡ ✷✳ ❖ ❛♠♣❧✐✜❝❛❞♦r✱ ❛❧✐♠❡♥t❛❞♦ ❝♦♠ ✹✵❱✱ t❡♠

❝♦♠♦ ❡♥tr❛❞❛ ❛ t❡♥sã♦ ❣❡r❛❞❛ ♣♦r ✉♠❛ s❛í❞❛ ❛♥❛❧ó❣✐❝❛ ❞❛ ♣❧❛❝❛ ❞❡ ❛q✉✐s✐çã♦ ❞❡

❞❛❞♦s ✭✵❱✲✶✵❱✮ ❡ ❛ ❛♠♣❧✐✜❝❛ ❞❡ ♠♦❞♦ q✉❡ ♦ P▼❙ s❡❥❛ ❛❧✐♠❡♥t❛❞♦ ❝♦♠ ✉♠❛ t❡♥sã♦

♥♦ ✐♥t❡r✈❛❧♦ ❞❡ ✵❱✲✷✵❱✳ ❖ ❛♠♣❧✐✜❝❛❞♦r ✉t✐❧✐③❛❞♦ ✭❖P❆✺✹✾❚✮ ♣♦❞❡ ❢♦r♥❡❝❡r ✉♠❛

❝♦rr❡♥t❡ ❞❡ ✽❆ ❝♦♥t✐♥✉❛♠❡♥t❡✱ s❡ ♦s ❝✉✐❞❛❞♦s ♥❡❝❡ssár✐♦s ❞❡ ❞✐ss✐♣❛çã♦ ❞❡ ❝❛❧♦r

❢♦r❡♠ ♦❜s❡r✈❛❞♦s✳

❋✐❣✉r❛ ✾✿ ●❡r❛çã♦ ❞❡ t❡♥sã♦ ❞❡ ❛❧✐♠❡♥t❛çã♦ ❡ ♠❡❞✐çã♦ ❞❡ ♣♦tê♥❝✐❛ ✲ P▼❙✳

❯♠❛ r❡s✐stê♥❝✐❛ s❤✉♥t ❢♦✐ ✐♥tr♦❞✉③✐❞❛ ♥❛ s❛í❞❛ ❞♦ ♠ó❞✉❧♦ ♣❛r❛ ♠❡❞✐r ❛ ♣♦tê♥❝✐❛

❝♦♥s✉♠✐❞❛ ♣❡❧♦ s❡♥s♦r✳ ❆ q✉❡❞❛ ❞❡ t❡♥sã♦ ♥♦s t❡r♠✐♥❛✐s ❞❛ r❡s✐stê♥❝✐❛ é ♠❡❞✐❞❛

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

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

✶✾



❈á❧❝✉❧♦s tér♠✐❝♦s ♣❛r❛ ♦ ❛♠♣❧✐✜❝❛❞♦r ❖P❆✺✹✾❚✿

❖ ❛♠♣❧✐✜❝❛❞♦r ♣♦ss✉✐ ✉♠❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❥✉♥çã♦ ♠á①✐♠❛ ❞❡ 150oC✳ ❆ t❡♠♣❡r❛✲

t✉r❛ ❞❡ ❥✉♥çã♦ é ❞❛❞❛ ♣❡❧❛ ❡q✉❛çã♦ ✶ ❬✶❪✿

TJ = TA + PD.θJA ✭✶✮

♦♥❞❡✿

• TJ = ❚❡♠♣❡r❛t✉r❛ ❞❛ ❥✉♥çã♦ ✭oC✮❀

• TA = ❚❡♠♣❡r❛t✉r❛ ❞♦ ❛r ✭oC✮❀

• PD = P♦tê♥❝✐❛ ❞✐ss✐♣❛❞❛ ✭❲✮❀

• θJA = ❘❡s✐stê♥❝✐❛ tér♠✐❝❛ ❏✉♥çã♦ ① ❆r ✭oC/W ✮✳

P❛r❛ s✐♥❛✐s ❉❈ ❝♦♠♦ ♥♦ ❝❛s♦ ♣r❡s❡♥t❡✱ ❛ ♣♦tê♥❝✐❛ ❞✐ss✐♣❛❞❛ ♣❡❧♦ ❛♠♣❧✐✜❝❛❞♦r

✭PD✮ é ✐❣✉❛❧ ❛♦ ♣r♦❞✉t♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ s❛í❞❛ ♣❡❧❛ t❡♥sã♦ ♥♦ tr❛♥s✐st♦r ❞❡ s❛í❞❛ ❡♠

❝♦♥❞✉çã♦✳ ◆❡ss❡ ❝❛s♦✱ PD ♣♦❞❡ s❡r ❡①♣r❡ss♦ ❝♦♠♦✿

PD = (VS − VO).IO ✭✷✮

♦♥❞❡

• VS = ❚❡♥sã♦ ❞❡ ❛❧✐♠❡♥t❛çã♦ ✭✹✵❱✮❀

• VO = ❚❡♥sã♦ ❞❡ s❛í❞❛❀

• IO = ❈♦rr❡♥t❡ ❞❡ s❛í❞❛✳

P❛r❛ ♠❛♥t❡r ❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❥✉♥çã♦ ✐♥❢❡r✐♦r ❛ 130oC ✭20oC ❞❡ ♠❛r❣❡♠ ❞❡ s❡❣✉✲

r❛♥ç❛✮✱ ❝♦♥s✐❞❡r❛♥❞♦ TA = 25oC ❡ ♥❡♥❤✉♠ ❞✐ss✐♣❛❞♦r ✭θJA = 30oC/W ✮✱ ❛ ♣♦tê♥❝✐❛

♠á①✐♠❛ q✉❡ ♣♦❞❡ s❡r ❞✐ss✐♣❛❞❛ é✿

PDmax =
TJ − TA

θJA
=

130oC − 25oC

30oC/W
= 3,5W ✭✸✮

P♦rt❛♥t♦✱ s✉♣♦♥❞♦ ♦ ♣✐♦r ❝❛s♦ ✭VO = 8V ✮✱ ❛ ❝♦rr❡♥t❡ ❝♦♥tí♥✉❛ ♠á①✐♠❛ ♣❡r♠✐t✐❞❛

é✿

IOmax =
P❉max

VS − VO

=
3,5W

40V − 8V
= 109,4mA ✭✹✮

✷✵



❊st❡ ✈❛❧♦r ❞❡ ❝♦rr❡♥t❡ é ❡❧❡✈❛❞♦ ♦ s✉✜❝✐❡♥t❡ ♣❛r❛ ❛❧✐♠❡♥t❛r ♦ s❡♥s♦r✱ ❡①❝❡t♦ ❡♠ ❝❛s♦

❞❡ r❡❣❡♥❡r❛çã♦ ❝♦♠ ✉♠❛ r❡s✐stê♥❝✐❛ ❞❡ ❛q✉❡❝✐♠❡♥t♦ r❡❛❧✳ ❈❛s♦ ❡ss❛ s✐t✉❛çã♦ s❡❥❛

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

❞♦ ❛♠♣❧✐✜❝❛❞♦r✿

• ❘❡❞✉③✐r ❛ t❡♥sã♦ ❞❡ ❛❧✐♠❡♥t❛çã♦ ❛ ✷✵❱❀

• ■♥tr♦❞✉③✐r ✉♠ ❞✐ss✐♣❛❞♦r tér♠✐❝♦✱ ♣♦r ❡①❡♠♣❧♦✱ ❚❤❡r♠❛❧❧♦② ✻✸✾✻❇ ✭θJA
s❡ r❡❞✉③ ❛ 5,2oC/W ✮✳

❈♦♠ ❡ss❛s ♠♦❞✐✜❝❛çõ❡s✱ ❡♥❝♦♥tr❛♠♦s✿

PDmax =
TJ − TA

θJA
=

130oC − 25oC

5,2oC/W
= 20,19W ✭✺✮

IOmax =
P❉max

VS − VO

=
20,19W

20V − 8V
= 1,68A. ✭✻✮

P♦rt❛♥t♦✱ ❝♦♠ ❛s ♠♦❞✐✜❝❛çõ❡s ♣r♦♣♦st❛s ♦ ❜❛♥❝♦ ❞❡ t❡st❡s é ❝❛♣❛③ ❞❡ ❢♦r♥❡❝❡r ✉♠❛

❝♦rr❡♥t❡ ❡❧étr✐❝❛ s✉✜❝✐❡♥t❡♠❡♥t❡ ❡❧❡✈❛❞❛ ♣❛r❛ q✉❡ ♦ s❡♥s♦r r❡❛❧✐③❡ r❡❣❡♥❡r❛çã♦ ❝♦♠

✉♠❛ r❡s✐stê♥❝✐❛ ❞❡ ❛q✉❡❝✐♠❡♥t♦ r❡❛❧✱ ❝❛s♦ ❡ss❛ ❝♦♥❞✐çã♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡s❡❥❡

s❡r t❡st❛❞❛✳

❙✐♠✉❧❛çã♦ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❛q✉❡❝✐♠❡♥t♦

❊st❡ ♠ó❞✉❧♦ é ✉t✐❧✐③❛❞♦ ♣❛r❛ s✐♠✉❧❛r ❛ r❡s✐stê♥❝✐❛ ❞❡ ❛q✉❡❝✐♠❡♥t♦ ❞♦ P▼❙✳ ■ss♦ é

r❡❛❧✐③❛❞♦ ❛tr❛✈és ❞❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ▼❖❙❋❊❚ ❡♠ sér✐❡ ❝♦♠ ✉♠❛ r❡s✐stê♥❝✐❛ ❞❡

2Ω✳

❈♦♥tr♦❧❛♥❞♦✲s❡ ❛ t❡♥sã♦ ❛♣❧✐❝❛❞❛ ❛♦ ❣❛t❡ ❞♦ ▼❖❙❋❊❚✱ ✈❛r✐❛✲s❡ ❛ s✉❛ r❡s✐stê♥❝✐❛

❉r❡♥♦✲❋♦♥t❡✳ ❉❡ss❛ ❢♦r♠❛✱ é ♣♦ssí✈❡❧ s✐♠✉❧❛r ✈❛❧♦r❡s ❞❡ r❡s✐stê♥❝✐❛ ♥♦ ✐♥t❡r✈❛❧♦

❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 2Ω ✭q✉❛♥❞♦ ❛ t❡♥sã♦ ♥♦ ❣❛t❡ é ❡❧❡✈❛❞❛✱ ❛ r❡s✐stê♥❝✐❛ ❞♦

▼❖❙❋❊❚ é q✉❛s❡ ♥✉❧❛✮ à ♣r❛t✐❝❛♠❡♥t❡ ✉♠❛ r❡s✐stê♥❝✐❛ ✐♥✜♥✐t❛ ✭q✉❛♥❞♦ ❛ t❡♥sã♦

♥♦ ❣❛t❡ é ♥✉❧❛✱ ❛ r❡s✐stê♥❝✐❛ ❞♦ ▼❖❙❋❊❚ é ♠✉✐t♦ ❡❧❡✈❛❞❛✮✳ ❯♠ tr❛♥s✐st♦r ❡♠

♣❛r❛❧❡❧♦ ✉s❛❞♦ ❡♠ ❝♦♠✉t❛çã♦ ♣❡r♠✐t❡ ❛ s✐♠✉❧❛çã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s✳

✷✶



❋✐❣✉r❛ ✶✵✿ ❙✐♠✉❧❛çã♦ ❞❡ r❡s✐stê♥❝✐❛ ❞❡ ❛q✉❡❝✐♠❡♥t♦ ✲ P▼❙✳

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

✜❣✉r❛ ✶✵✳ ❖ tr❛♥s✐st♦r ◗✶✱ ❡♠ sér✐❡ ❝♦♠ ❛ r❡s✐stê♥❝✐❛ ❘✶✷✱ é ♦ r❡s♣♦♥sá✈❡❧ ♣❡❧❛

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

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

❝❛s♦ ❞❡ r❡❣❡♥❡r❛çã♦ ❞♦ s❡♥s♦r✳

❙✐♠✉❧❛çã♦ ❞❛ r❡s✐stê♥❝✐❛ ❡♥tr❡ ♦s ❡❧❡tr♦❞♦s ❞♦ P▼❙

❆ r❡s✐stê♥❝✐❛ ❡♥tr❡ ♦s ❡❧❡tr♦❞♦s ❞♦ P▼❙ é ♠❡❞✐❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ♣♦♥t❡ ❞✐✈✐s♦r❛

❞❡ t❡♥sã♦✱ ❝♦♠♦ ✐❧✉str❛❞♦ ♥❛ ✜❣✉r❛ ✶✶✳ ❯♠❛ t❡♥sã♦ ❞❡ ♣♦❧❛r✐③❛çã♦ é ❛♣❧✐❝❛❞❛

❛♦ t❡r♠✐♥❛❧ R+ ❞♦s ❡❧❡tr♦❞♦s✱ ❛♦ ♠❡s♠♦ t❡♠♣♦ ❡♠ q✉❡ ❛ t❡♥sã♦ ♥♦ t❡r♠✐♥❛❧

R−✱ ❛ q✉❛❧ é ✉♠❛ ❢✉♥çã♦ ❞♦ ✈❛❧♦r ❞❛ r❡s✐stê♥❝✐❛ ❡♥tr❡ ♦s ❡❧❡tr♦❞♦s ✭❡q✉❛çã♦ ✼✮✱ é

♠❡❞✐❞❛✳

✷✷



VR−
= Vpol.

RC

RC +Re

✭✼✮

❋✐❣✉r❛ ✶✶✿ ❊sq✉❡♠❛ ♣❛r❛ ❛ ♠❡❞✐çã♦ ❞❛ r❡s✐stê♥❝✐❛ ❡♥tr❡ ♦s ❡❧❡tr♦❞♦s✳

P❛r❛ s✐♠✉❧❛r ❛s ✈❛r✐❛çõ❡s ❞❡ r❡s✐stê♥❝✐❛ ❡♥tr❡ ♦s ❡❧❡tr♦❞♦s✱ ❛ t❡♥sã♦ ❞❡ ♣♦❧❛r✐③❛çã♦

❣❡r❛❞❛ ♣❡❧♦ s❡♥s♦r é ♠❡❞✐❞❛ ♥♦ t❡r♠✐♥❛❧ ❘✰ ❞♦s ❡❧❡tr♦❞♦s✱ ❡ ❛ t❡♥sã♦ ❛♣r♦♣r✐❛❞❛✱

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ✈❛❧♦r ❞❡ r❡s✐stê♥❝✐❛ ❞❡s❡❥❛❞♦✱ é ❛♣❧✐❝❛❞❛ ❛♦ t❡r♠✐♥❛❧ ❘✲✳ ❖

♣r♦❝❡❞✐♠❡♥t♦ é ✐❧✉str❛❞♦ ♥❛ ✜❣✉r❛ ✶✷✳

❋✐❣✉r❛ ✶✷✿ ❙✐♠✉❧❛çã♦ ❞❛ r❡s✐stê♥❝✐❛ ❡❧étr✐❝❛ ❡♥tr❡ ♦s ❡❧❡tr♦❞♦s✳

●❡r❛çã♦ ❞❛ t❡♥sã♦ ❞❡ ❛❧✐♠❡♥t❛çã♦ ❙❇❙ ❡ ♠❡❞✐çã♦ ❞❡ ♣♦tê♥❝✐❛

❊st❡ ♠ó❞✉❧♦ ❣❡r❛ ❛s t❡♥sõ❡s ✷✹❱ ✭s✐♠✉❧❛♥❞♦ ✷ ❜❛t❡r✐❛s ❡♠ sér✐❡✮ ❡ ✶✷❱ ✭✶ ú♥✐❝❛ ❜❛✲

t❡r✐❛✮ ❛♦ ♠❡s♠♦ t❡♠♣♦ ❡♠ q✉❡ ♠❡❞❡ ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ ❙❇❙✳ ❉❡ ♠❛♥❡✐r❛

❛♥á❧♦❣❛ ❛♦ ♠ó❞✉❧♦ ❝♦♥❝❡❜✐❞♦ ♣❛r❛ ♦ P▼❙✱ ❡❧❡ é ❝♦♠♣♦st♦ ❞❡ ❛♠♣❧✐✜❝❛❞♦r❡s ♦♣❡✲

r❛❝✐♦♥❛✐s ❞❡ ♣♦tê♥❝✐❛ ❡♠ ❝♦♥✜❣✉r❛çõ❡s ♥ã♦ ✐♥✈❡rs♦r❛s✱ ♠❛s ❞❡ss❛ ✈❡③ ❝♦♠ ❣❛♥❤♦

❞❡ ✹✳

❖s ❛♠♣❧✐✜❝❛❞♦r❡s sã♦ ❛❧✐♠❡♥t❛❞♦s ❝♦♠ ✹✵❱ ❡ tê♠ ❞✉❛s s❛í❞❛s ❛♥❛❧ó❣✐❝❛s ❞❛ ♣❧❛❝❛

❞❡ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ❝♦♠♦ s✉❛s ❡♥tr❛❞❛s✳ ❆s t❡♥sõ❡s ❞❡ s❛í❞❛ sã♦✱ ♣♦rt❛♥t♦✱

✷✸



♥♦ ✐♥t❡r✈❛❧♦ ✵❱✲✹✵❱✳ ❈♦♠♦ s❡ ♣♦❞❡ ✈❡r ♥❛ ✜❣✉r❛ ✶✸✱ ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦

s❡♥s♦r é ♠❡❞✐❞❛ ♥❛ ❧✐♥❤❛ ❞❡ ✷✹❱ ❞❡ ❢♦r♠❛ ✐❞ê♥t✐❝❛ à ✉t✐❧✐③❛❞❛ ♣❛r❛ ♦ P▼❙✳ ◆ã♦

é ♥❡❝❡ssár✐♦ ♠❡❞✐r ❛ ♣♦tê♥❝✐❛ ♥❛ ❧✐♥❤❛ ❞❡ ✶✷❱✱ ♣♦✐s ♦ s❡♥s♦r é ❛❧✐♠❡♥t❛❞♦ ❛♣❡♥❛s

♣❡❧❛ ❧✐♥❤❛ ❞❡ ✷✹❱✱ ♥ã♦ ❤❛✈❡♥❞♦✱ ♣♦rt❛♥t♦✱ ❝♦♥s✉♠♦ ❞❡ ❝♦rr❡♥t❡ ♥❛ ❧✐♥❤❛ ❞❡ t❡♥sã♦

♠❡♥♦r✳

❋✐❣✉r❛ ✶✸✿ ●❡r❛çã♦ ❞❡ t❡♥sã♦ ❞❡ ❛❧✐♠❡♥t❛çã♦ ❡ ♠❡❞✐çã♦ ❞❡ ♣♦tê♥❝✐❛ ✲ ❙❇❙✳

❈á❧❝✉❧♦s tér♠✐❝♦s s✐♠✐❧❛r❡s ❛♦s ❢❡✐t♦s ❛♥t❡r✐♦r♠❡♥t❡ ❞ã♦ ♦s s❡❣✉✐♥t❡s r❡s✉❧t❛❞♦s✿

P❉max =
TJ − TA

θJA
=

130oC − 25oC

65oC/W
= 1,61W ✭✽✮

IOmax =
P❉max

VS − VO

=
1,61W

40V − 8V
= 50,3mA. ✭✾✮

❈♦♥❝❧✉✐✲s❡✱ ♣♦rt❛♥t♦✱ q✉❡ ♦ ❛♠♣❧✐✜❝❛❞♦r é ❝❛♣❛③ ❞❡ ❢♦r♥❡❝❡r ❝♦rr❡♥t❡ s✉✜❝✐❡♥t❡

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

✷✹



❙✐♠✉❧❛çã♦ ❞❡ ❝♦rr❡♥t❡ ♥♦ ❙❇❙

❆ s✐♠✉❧❛çã♦ ❞❡ ❝♦rr❡♥t❡ ♣❛r❛ ♦ ❙❇❙✱ ♥♦ ❝❛s♦ ❞❡ ✉♠ s❡♥s♦r s❤✉♥t✱ é r❡❛❧✐③❛❞❛

❛♣❧✐❝❛♥❞♦✲s❡ ❞✐r❡t❛♠❡♥t❡ ❛♦s t❡r♠✐♥❛✐s ❞♦ s❡♥s♦r ❛ t❡♥sã♦ ❞✐❢❡r❡♥❝✐❛❧ ❝♦rr❡s♣♦♥✲

❞❡♥t❡ à ❝♦rr❡♥t❡ q✉❡ s❡ q✉❡r s✐♠✉❧❛r✳

❈♦♠♦ ♦ ♠ó❞✉❧♦ ❞❡ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ◆■ ♥ã♦ é ❝❛♣❛③ ❞❡ ❣❡r❛r ❞❡ ❢♦r♠❛ ♣r❡❝✐s❛

♦s ✈❛❧♦r❡s ❞❡ t❡♥sã♦ r❡q✉❡r✐❞❛s ♣♦r ❡ss❛ ❛♣❧✐❝❛çã♦✱ três ♣♦♥t❡s ❞✐✈✐s♦r❛s ❞❡ t❡♥sã♦

❢♦r❛♠ ✐♥tr♦❞✉③✐❞❛s ♣❛r❛ ♠❡❧❤♦r❛r ❛ ♣r❡❝✐sã♦ ❡♠ três ✐♥t❡r✈❛❧♦s ❞✐st✐♥t♦s✳ ❆s ♠✉✲

❞❛♥ç❛s ❞❡ ♣♦❧❛r✐❞❛❞❡ sã♦ ❢❡✐t♦s ♣♦r ✉♠ ❝♦♠✉t❛❞♦r ❛♥❛❧ó❣✐❝♦ ✭s✐♠✐❧❛r ❛ ✉♠ r❡❧é ❞❡

❡st❛❞♦ só❧✐❞♦✮✳ ❆ ❞❡s❝♦♥❡①ã♦ ❞♦ s❤✉♥t é s✐♠✉❧❛❞❛ ❝♦♠ ✉♠ r❡❧é✳

❋✐❣✉r❛ ✶✹✿ ❙✐♠✉❧❛çã♦ ❞❡ ❝♦rr❡♥t❡ ✲ ❙❇❙✳

✷✺



❈á❧❝✉❧♦ ❞❡ r❡s♦❧✉çã♦✿

❆ ♣❧❛❝❛ ❞❡ ❛q✉✐s✐çã♦ ◆■ ♣♦ss✉✐ ✉♠❛ r❡s♦❧✉çã♦ ❞❡ 3230µV ✳ ❆ r❡s♦❧✉çã♦ ❞❛ ❝♦rr❡♥t❡

s✐♠✉❧❛❞❛ ♣♦❞❡✱ ❡♥tã♦✱ s❡r ❡①♣r❡ss❛ ♣♦r✿

❘❡s♦❧✉çã♦✭❆✮ = 3230µV ×
1

❋❛t♦r ❞✐✈✐s♦r ❞❡ t❡♥sã♦
×

1

❘❡s✐stê♥❝✐❛ s❤✉♥t(µΩ)
✭✶✵✮

❘❡s♦❧✉çã♦ ♣❛r❛ ♦ s❤✉♥t ❞❡ 50µΩ ✭❝❛♠✐♥❤õ❡s✮✿

• ■♥t❡r✈❛❧♦ ±20A ✿ 3230µV ×
1

10000
×

1

50µΩ
= 6,46mA

• ■♥t❡r✈❛❧♦ ±200A ✿ 3230µV ×
1

1000
×

1

50µΩ
= 64,6mA

• ■♥t❡r✈❛❧♦ ±4000A ✿ 3230µV ×
1

50
×

1

50µΩ
= 1292mA

❘❡s♦❧✉çã♦ ♣❛r❛ ♦ s❤✉♥t ❞❡ 100µΩ ✭✈❡í❝✉❧♦s ❧❡✈❡s✮✿

• ■♥t❡r✈❛❧♦ ±10A ✿ 3230µV ×
1

10000
×

1

100µΩ
= 3,23mA

• ■♥t❡r✈❛❧♦ ±100A ✿ 3230µV ×
1

1000
×

1

100µΩ
= 32,3mA

• ■♥t❡r✈❛❧♦ ±2000A ✿ 3230µV ×
1

50
×

1

100µΩ
= 646mA

◆♦ ❝❛s♦ ❞♦s s❡♥s♦r❡s à ❡❢❡✐t♦ ❍❛❧❧✱ ❛ ❝♦rr❡♥t❡ é s✐♠✉❧❛❞❛ ♣❡❧♦ ❡♥✈✐♦ ❞❡ ✉♠ ❢r❛♠❡

❙❊◆❚ ✐❞ê♥t✐❝♦ ❛♦ q✉❡ s❡r✐❛ ❡♥✈✐❛❞♦ ♣♦r ✉♠❛ ❝é❧✉❧❛ à ❡❢❡✐t♦ ❍❛❧❧✳

✸✳✷✳✸ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❙♦❢t✇❛r❡

❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ s♦❢t✇❛r❡ ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s s❡ ❜❛s❡♦✉ ❡♠ ❧✐♥❣✉❛❣❡♥s ♣ró✲

♣r✐❛s ❞❛ ◆❛t✐♦♥❛❧ ■♥str✉♠❡♥ts✱ ♠❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡ ▲❛❜❱■❊❲ ❡ ❚❡st❙t❛♥❞✳ ■♥✐✲

❝✐❛❧♠❡♥t❡✱ ♦ ▲❛❜❱■❊❲ ❢♦✐ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦❞✐✜❝❛r t♦❞❛s ❛s ❢✉♥çõ❡s ❞❡ ❜❛✐①♦ ♥í✈❡❧

♥❡❝❡ssár✐❛s ♣❛r❛ ❣❡r❡♥❝✐❛r ♦ ❤❛r❞✇❛r❡ ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s✳ ❊st❡ tr❛❜❛❧❤♦ ❢♦✐ ❢❛❝✐❧✐✲

t❛❞♦ ♣❡❧❛ ❡s❝♦❧❤❛ ❞❡ ❞✐s♣♦s✐t✐✈♦s ◆❛t✐♦♥❛❧ ■♥str✉♠❡♥ts✱ ♦s q✉❛✐s ♣♦ss✉❡♠ ❞r✐✈❡rs

❡s♣❡❝í✜❝♦s ♣❛r❛ s✐♠♣❧✐✜❝❛r ❛ s✉❛ ♣r♦❣r❛♠❛çã♦ ❝♦♠ ▲❛❜❱■❊❲✳

❖s ♠ó❞✉❧♦s ❞❡s❡♥✈♦❧✈✐❞♦s ♥❡st❛ ❡t❛♣❛ r❡❛❧✐③❛♠✱ ❡♥tr❡ ♦✉tr❛s✱ ❛s ❢✉♥çõ❡s ❛❜❛✐①♦✿

• ❊s❝r✐t❛ ❞❡ ❢r❛♠❡s ❣❡♥ér✐❝♦s s❡❣✉✐♥❞♦ ♦ ♣r♦t♦❝♦❧♦ ▲■◆✱ ✉t✐❧✐③❛♥❞♦ ❛ ✐♥t❡r❢❛❝❡

◆■ ✽✺✶✻❀
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• ▲❡✐t✉r❛ ❞❡ ❢r❛♠❡s ❣❡♥ér✐❝♦s s❡❣✉✐♥❞♦ ♦ ♣r♦t♦❝♦❧♦ ▲■◆✱ ✉t✐❧✐③❛♥❞♦ ❛ ✐♥t❡r❢❛❝❡

◆■ ✽✺✶✻❀

• ❊s❝r✐t❛ ❞❡ ❢r❛♠❡s ❣❡♥ér✐❝♦s s❡❣✉✐♥❞♦ ♦ ♣r♦t♦❝♦❧♦ ❈❆◆✱ ✉t✐❧✐③❛♥❞♦ ❛ ✐♥t❡r❢❛❝❡

◆■ ✽✹✼✸❀

• ▲❡✐t✉r❛ ❞❡ ❢r❛♠❡s ❣❡♥ér✐❝♦s s❡❣✉✐♥❞♦ ♦ ♣r♦t♦❝♦❧♦ ❈❆◆✱ ✉t✐❧✐③❛♥❞♦ ❛ ✐♥t❡r❢❛❝❡

◆■ ✽✹✼✸❀

• ●❡r❛çã♦ ❞❡ s✐♥❛✐s ❛♥❛❧ó❣✐❝♦s✱ ✉t✐❧✐③❛♥❞♦ ♦ ♠ó❞✉❧♦ ❞❡ ❛q✉✐s✐çã♦ ◆■ ✻✷✷✾❀

• ●❡r❛çã♦ ❞❡ s✐♥❛✐s ❞✐❣✐t❛✐s✱ ✉t✐❧✐③❛♥❞♦ ♦ ♠ó❞✉❧♦ ❞❡ ❛q✉✐s✐çã♦ ◆■ ✻✷✷✾❀

• ▼❡❞✐çã♦ ❞❡ s✐♥❛✐s ❛♥❛❧ó❣✐❝♦s✱ ✉t✐❧✐③❛♥❞♦ ♦ ♠ó❞✉❧♦ ❞❡ ❛q✉✐s✐çã♦ ◆■ ✻✷✷✾❀

• ▼❡❞✐çã♦ ❞❡ s✐♥❛✐s ❞✐❣✐t❛✐s✱ ✉t✐❧✐③❛♥❞♦ ♦ ♠ó❞✉❧♦ ❞❡ ❛q✉✐s✐çã♦ ◆■ ✻✷✷✾✳

❋✐❣✉r❛ ✶✺✿ ■♥t❡r❢❛❝❡ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ▲❛❜❱■❊❲✳

✷✼



❯♠❛ ✈❡③ q✉❡ ❛s ❢✉♥çõ❡s ❞❡ ❣❡stã♦ ❞♦ ❤❛r❞✇❛r❡ ❡st❛✈❛♠ ❢❡✐t❛s✱ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

❞♦s ♠ó❞✉❧♦s ❞❡ ❛❧t♦ ♥í✈❡❧ ♥❡❝❡ssár✐♦s ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦s t❡st❡s ♣ô❞❡ ❝♦♠❡ç❛r✳

❚❛✐s ♠ó❞✉❧♦s t✐r❛♠ ♣r♦✈❡✐t♦ ❞❛s ❢✉♥çõ❡s ❞❡ ❜❛✐①♦ ♥í✈❡❧ ♣❛r❛ r❡❛❧✐③❛r ♦♣❡r❛çõ❡s

♠❛✐s ❝♦♠♣❧❡①❛s ❡ q✉❡ ♣♦ss✉❡♠ ✉♠ s❡♥t✐❞♦ ❢ís✐❝♦ ✐♠♣♦rt❛♥t❡✳

❆s ♦♣❡r❛çõ❡s r❡❛❧✐③❛❞❛s ♣❡❧♦s ❝ó❞✐❣♦s ❞❡s❡♥✈♦❧✈✐❞♦s sã♦✱ ♣♦r ❡①❡♠♣❧♦✿

❈♦♠✉♥✐❝❛çã♦✿

• ●❡stã♦ ❞♦ s❡q✉❡♥❝✐❛❞♦r ❞❡ ♠❡♥s❛❣❡♥s ▲■◆❀

• ❈♦♥str✉çã♦ ❞❡ ❢r❛♠❡s ❞❡ ❞✐❛❣♥óst✐❝♦ ❛ ♣❛rt✐r ❞❡ ❛rq✉✐✈♦s ❞❡s❝r✐t✐✈♦s❀

• ❉❡❝♦❞✐✜❝❛çã♦ ❞❡ ❢r❛♠❡s ❡♥✈✐❛❞♦s ♣❡❧♦ ❙❇❙ ❡ ✈✐s✉❛❧✐③❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s

r❡❝❡❜✐❞❛s❀

• ❘❡❛❧✐③❛çã♦ ❞❡ s❡q✉ê♥❝✐❛s ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❈❆◆ ♣❛r❛ ❛ ❝❛❧✐❜r❛çã♦✱ ❛❧t❡r❛çã♦

❞❡ ♣❛râ♠❡tr♦s ❡ r❡❣❡♥❡r❛çã♦ ❞♦ P▼❙❀

• ❉❡❝♦❞✐✜❝❛çã♦ ❞❡ ❢r❛♠❡s ❞❡ ♠❡❞✐çã♦ ❡♥✈✐❛❞♦s ♣❡❧♦ P▼❙ ❡ ✈✐s✉❛❧✐③❛çã♦ ❞❛s

✐♥❢♦r♠❛çõ❡s r❡❝❡❜✐❞❛s❀

• ▼❡❞✐çã♦ ❞♦ t❡♠♣♦ ❞❡❝♦rr✐❞♦ ❡♥tr❡ ❛ r❡❝❡♣çã♦ ❞❡ ❞♦✐s ❢r❛♠❡s ❈❆◆❀

●❡r❛çã♦ ❞❡ ❡stí♠✉❧♦s ♣❛r❛ ♦ ❙❇❙✿

• ❱❛r✐❛çã♦ ❞❛s t❡♥sõ❡s ❞❡ ❛❧✐♠❡♥t❛çã♦❀

• ▼❡❞✐çã♦ ❞❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ s❡♥s♦r❀

• ❙✐♠✉❧❛çã♦ ❞❡ ✈❛r✐❛çõ❡s ❞❡ ❝♦rr❡♥t❡❀

• ❙✐♠✉❧❛çã♦ ❞❡ s❤✉♥t ❡♠ ❝✐r❝✉✐t♦✲❛❜❡rt♦❀

• ❙✐♠✉❧❛çã♦ ❞❡ ✈❛r✐❛çõ❡s ❞❡ t❡♠♣❡r❛t✉r❛❀

●❡r❛çã♦ ❞❡ ❡stí♠✉❧♦s ♣❛r❛ ♦ P▼❙✿

• ❱❛r✐❛çã♦ ❞❛ t❡♥sã♦ ❞❡ ❛❧✐♠❡♥t❛çã♦❀

• ▼❡❞✐çã♦ ❞❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ s❡♥s♦r❀

✷✽



• ❙✐♠✉❧❛çã♦ ❞❡ ✈❛r✐❛çõ❡s ❞❛ r❡s✐stê♥❝✐❛ ❡♥tr❡ ♦s ❡❧❡tr♦❞♦s ❞♦ s❡♥s♦r❀

• ❙✐♠✉❧❛çã♦ ❞❡ ✈❛r✐❛çõ❡s ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❛q✉❡❝✐♠❡♥t♦❀

• ▼❡❞✐çã♦ ❞❛ t❡♥sã♦ ❞❡ ♣♦❧❛r✐③❛çã♦ ❛♣❧✐❝❛❞❛ s♦❜r❡ ♦s ❡❧❡tr♦❞♦s✳

❚❡st❙t❛♥❞ é ✉♠ ❛♠❜✐❡♥t❡ ❞❡ ❣❡stã♦ ❞❡ t❡st❡s ✉t✐❧✐③❛❞♦ ♣❛r❛ ❞❡s❡♥✈♦❧✈❡r✱ ❣❡r❡♥✲

❝✐❛r ❡ ❡①❡❝✉t❛r s❡q✉ê♥❝✐❛s ❞❡ t❡st❡✳ ◆♦ ❝❛s♦ ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s ❞❡s❡♥✈♦❧✈✐❞♦✱ ❛s

s❡q✉ê♥❝✐❛s ❞❡ t❡st❡ ✐♥t❡❣r❛♠ ♦s ♠ó❞✉❧♦s ❡s❝r✐t♦s ❡♠ ▲❛❜❱■❊❲✳

❋✐❣✉r❛ ✶✻✿ ■♥t❡r❢❛❝❡ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❚❡st❙t❛♥❞✳

❆ ✜❣✉r❛ ✶✻ ❝♦rr❡s♣♦♥❞❡ à ✐♥t❡r❢❛❝❡ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ t❡st❡s ❞♦ ❚❡st❙t❛♥❞✳ ◆♦

❝❛s♦ ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s ❞❡s❡♥✈♦❧✈✐❞♦✱ ❝❛❞❛ ❧✐♥❤❛ ❞❡ ❝ó❞✐❣♦ ❡s❝r✐t❛ ♥♦ ❚❡st❙t❛♥❞

❝♦rr❡s♣♦♥❞❡ ♦✉ ❛ ✉♠❛ ❱■ ❞❡s❡♥✈♦❧✈✐❞❛ ❡♠ ▲❛❜❱■❊❲ ♦✉ ❛ ✉♠ t❡st❡ ♣r♦♣r✐❛♠❡♥t❡

❞✐t♦✳ P♦r ❡①❡♠♣❧♦✱ ♥❛ ♣r✐♠❡✐r❛ ❧✐♥❤❛ ❞❡ ❝ó❞✐❣♦ ✈✐sí✈❡❧ ♥❛ ✜❣✉r❛ t❡♠♦s ✏❙❡❧❡❝t ❙❇❙

✷✾



❈♦♥✜❣✑✱ ♦✉ s❡❥❛✱ ♦ ❚❡st❙t❛♥❞ ❡stá ❝❤❛♠❛♥❞♦ ✉♠ ♠ó❞✉❧♦ ❞❡s❡♥✈♦❧✈✐❞♦ ❡♠ ▲❛❜✲

❱■❊❲ ♦ q✉❛❧ r❡❛❧✐③❛ ❛s ❛çõ❡s ♥❡❝❡ssár✐❛s ♣❛r❛ s❡❧❡❝✐♦♥❛r ♦ ♠♦❞♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦

❙❇❙ ❞♦ ❜❛♥❝♦ ❞❡ t❡st❡s✳

✸✵



✹ ❈♦♥❝❧✉sã♦

❖s ✻ ♠❡s❡s ❞❡st❛ ♣r✐♠❡✐r❛ ❡①♣❡r✐ê♥❝✐❛ ♣r♦✜ss✐♦♥❛❧ r❡♣r❡s❡♥t❛r❛♠ ✉♠❛ ♦♣♦rt✉♥✐✲

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

❞❡ ❡st❛r ✐♥s❡r✐❞♦ ♥❛ ✐♥❞ústr✐❛ ❛✉t♦♠♦❜✐❧íst✐❝❛ t♦r♥♦✉ ❡ss❡ ❡stá❣✐♦ ❛✐♥❞❛ ♠❛✐s ✐♥✲

t❡r❡ss❛♥t❡ ❡✱ ❝♦♠♦ ❡st✉❞❛♥t❡ ❡str❛♥❣❡✐r♦ ♥❛ ❋r❛♥ç❛✱ ❛ ❡①♣❡r✐ê♥❝✐❛ ❢♦✐ ❛✐♥❞❛ ♠❛✐s

❡♥r✐q✉❡❝❡❞♦r❛✱ ✉♠❛ ✈❡③ q✉❡ ❢♦✐ ♣♦ssí✈❡❧ ❛❝♦♠♣❛♥❤❛r ♦ tr❛❜❛❧❤♦ ❞❡ ❡♥❣❡♥❤❡✐r♦s ❡

té❝♥✐❝♦s ❞❡ ✉♠❛ ❝✉❧t✉r❛ ❞✐❢❡r❡♥t❡✳

❉♦ ♣♦♥t♦ ❞❡ ✈✐st❛ té❝♥✐❝♦✱ ❞❡✈✐❞♦ ❛♦ t❡♠❛ ❞♦ ❡stá❣✐♦ s❡r tã♦ ✈❛st♦✱ ❢♦✐ ♣♦ssí✈❡❧

♣ôr ❡♠ ♣rát✐❝❛ ❞✐✈❡rs♦s ❝♦♥❤❡❝✐♠❡♥t♦s ♦❜t✐❞♦s ♥❛ ✉♥✐✈❡rs✐❞❛❞❡ ❝♦♠♦ ❛ ❡❧❡trô♥✐❝❛

❛♥❛❧ó❣✐❝❛✱ ♣r♦❣r❛♠❛çã♦✱ ✐♥str✉♠❡♥t❛çã♦ ❡❧❡trô♥✐❝❛✱ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s✱ ❡t❝✳✱ ♠❛s

t❛♠❜é♠ ❞❡ ❛♣r❡♥❞❡r ❛ ✉t✐❧✐③❛r ♥♦✈❛s ❢❡rr❛♠❡♥t❛s ❡ té❝♥✐❝❛s ❝♦♠♦ ♦ ▲❛❜❱■❊❲✱

❚❡st❙t❛♥❞✱ ♣r♦❥❡t♦s ❞❡ ♣❧❛❝❛s ❞❡ ❝✐r❝✉✐t♦ ✐♠♣r❡ss♦✱ ❡t❝✳✳

❆s ♣r✐♥❝✐♣❛✐s ❞✐✜❝✉❧❞❛❞❡s ❡♥❝♦♥tr❛❞❛s ❛♦ ❧♦♥❣♦ ❞♦ ❡stá❣✐♦ ❢♦r❛♠ t♦❞❛s r❡❧❛❝✐♦♥❛✲

❞❛s ❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡ t❡st❡s ❞♦s ❝✐r❝✉✐t♦s ❛♥❛❧ó❣✐❝♦s✳ ❆ ❡♠♣r❡s❛ ♣♦ss✉í❛ ✉♠

❜♦♠ ❛❝❡r✈♦ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❡❧❡trô♥✐❝♦s✱ ♣♦ré♠✱ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡ t❡st❡s ❢r❡✲

q✉❡♥t❡♠❡♥t❡ ❤❛✈✐❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ❝♦♠♣r❛r❡♠ ❝♦♠♣♦♥❡♥t❡s ❡s♣❡❝í✜❝♦s✱ ♦ q✉❡

❧❡✈❛✈❛ ✉♠ t❡♠♣♦ ❝♦♥s✐❞❡rá✈❡❧ ❞✉r❛♥t❡ ♦ q✉❛❧ ♦ ♣r♦❥❡t♦ ♥ã♦ ♣♦❞✐❛ ❛✈❛♥ç❛r s❛t✐s❢❛✲

t♦r✐❛♠❡♥t❡✳ ❊st❡ ❢❛t♦ ♣r❡❥✉❞✐❝♦✉ ❛ r❡❛❧✐③❛çã♦ ❞♦s t❡st❡s✱ ✐♠♣❡❞✐♥❞♦ ❛ ❞❡t❡❝çã♦ ❞❡

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

❢❛❜r✐❝❛çã♦ ❞❛ ♣❧❛❝❛ ❡❧❡trô♥✐❝❛ ✜♥❛❧✳

✸✶



✺ ❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s
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