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Barros, Daphne De La Torre.  

       Aprimoramento de técnicas de chaveamento controlado de 

linhas de transmissão com compensação série / Daphne De La 

Torre Barros. – Campina Grande, 2018. 

       104 f.: il. color. 

   

         Tese (Doutorado em Engenharia Elétrica) – Universidade 

Federal de Campina Grande, Centro de Engenharia Elétrica e 

Informática, 2018.  

          "Orientação: Prof. Dr. Washington Luiz Araújo Neves; 

Coorientação: Prof. Dr. Karcius Marcelus Colaço Dantas." 
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❆●❘❆❉❊❈■▼❊◆❚❖❙

❆❣r❛❞❡ç♦ ❛ ❉❡✉s ♣♦r t♦❞❛s ❛s ❜ê♥çã♦s ❡ ♦♣♦rt✉♥✐❞❛❞❡s ❝♦♥❝❡❞✐❞❛s ♣❛r❛ q✉❡ ❡✉ ♣✉❞❡ss❡

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

♣❡❧❛ ♣❡r♠✐ssã♦ ❞❡ ❝♦♥❝❧✉✐r ✉♠❛ ♠✐ssã♦ tã♦ ✐♠♣♦rt❛♥t❡ ❞❛ ♠✐♥❤❛ ✈✐❞❛✳

❆♦ ♣r♦❢❡ss♦r ❲❛s❤✐♥❣t♦♥ ♣❡❧❛ ❛♠✐③❛❞❡ ❡ ♦r✐❡♥t❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦ ❜❛s❡❛❞❛ ♥❛ ❝♦♠♣r❡❡♥sã♦✱

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

❧♦♥❣♦ ❞♦ ❞♦✉t♦r❛❞♦✱ ❛❧é♠ ❞❡ t♦❞♦s ♦s ❛♣r❡♥❞✐③❛❞♦s✱ ❝♦♥s❡❧❤♦s ❡ ❡①♣❡r✐ê♥❝✐❛s ❝♦♠♣❛rt✐❧❤❛❞♦s

❝♦♠✐❣♦ q✉❡ ♠❡ ✐♥s♣✐r❛♠ ❛ s❡r ✉♠❛ ♣❡ss♦❛ ♠❡❧❤♦r✳

❆♦ ♣r♦❢❡ss♦r ❑❛r❝✐✉s ♣❡❧❛ ♦r✐❡♥t❛çã♦ ❞❡st❛ t❡s❡ ❝♦♠ ♠✉✐t❛ ♣❛❝✐ê♥❝✐❛ ❡ ❝♦♥tr✐❜✉✐çõ❡s ❢✉♥❞❛✲

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

❆♦s ♣r♦❢❡ss♦r❡s ❉❛♠ás✐♦✱ ●❡♦r❣❡✱ ❇❡♥❡♠❛r✱ ❆♥t♦♥✐♦ ❈❛r❧♦s ❡ ❏♦sé ❈❛r❧♦s ♣❡❧❛s ✈❛❧✐♦s❛s

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

❆♦s ♠❡✉s ♣❛✐s ❋❧á✈✐♦ ❡ ❋r❛♥❝✐s❝❛✱ q✉❡ sã♦ ❢♦♥t❡s ✐♥❡s❣♦tá✈❡✐s ❞❡ ❛♠♦r✱ ♣❛❝✐ê♥❝✐❛✱ ❝♦♠♣r❡❡♥✲

sã♦ ❡ ❝♦♥✜❛♥ç❛✱ ❡ q✉❡ ❡stã♦ ❛♦ ♠❡✉ ❧❛❞♦✱ ♠❡ ♦❢❡r❡❝❡♥❞♦ t♦❞♦ ❡ q✉❛❧q✉❡r ❛♠♣❛r♦ ♥♦s ♠♦♠❡♥t♦s

♠❛✐s ❞✐❢í❝❡✐s ❞❛ ♠✐♥❤❛ ✈✐❞❛✳

❆♦s ♠❡✉s ✐r♠ã♦s ❑❡✈✐♥ ❡ ❇r❡♥❞❛ ♣♦r t♦❞❛ ❛ ❝♦♥✜❛♥ç❛ ❞❡♣♦s✐t❛❞❛ ❡♠ ♠✐♠✱ ♣❡❧❛ ♣❛❝✐ê♥❝✐❛

❡ ❛♠♦r✱ tr❛③❡♥❞♦ s❡♠♣r❡ ♠❛✐s ❧❡✈❡③❛ ❡ ❢❡❧✐❝✐❞❛❞❡ ♣❛r❛ t♦❞♦s ♦s ♠♦♠❡♥t♦s ❞❛ ♠✐♥❤❛ ✈✐❞❛✳

❆♦s ♠❡✉s ✐r♠ã♦s ❆r✐❛❞♥❡✱ ▲í❣✐❛ ❡ ❉❡r❡❦ ♣❡❧♦ ❡①❡♠♣❧♦✱ ✐♥❝❡♥t✐✈♦ ❡ ❝♦♥✜❛♥ç❛ ❞❡♣♦s✐t❛❞❛ ❡♠

♠✐♠ ❛♦ ❧♦♥❣♦ ❞❛ ♠✐♥❤❛ ✈✐❞❛✳

❆♦ ♠❡✉ t✐♦ ❘❡♥❛t♦ ♣❡❧❛ ❝♦♥✜❛♥ç❛ ❡ ♣♦r t♦❞♦ ♦ ❛♣♦✐♦ ❞❛❞♦ ❞❡s❞❡ ❛ é♣♦❝❛ ❞❛ ❣r❛❞✉❛çã♦✱

❢❛❝✐❧✐t❛♥❞♦ ❛ ♠✐♥❤❛ ❢♦r♠❛çã♦ ♣r♦✜ss✐♦♥❛❧ ❡♠ ❈❛♠♣✐♥❛ ●r❛♥❞❡✳

➚s ♠✐♥❤❛s ❛♠✐❣❛s ➱r✐❝❛✱ ❏❛♠✐❧❡✱ ❏❡❛♥❡✱ ❘❡♥❛t❛✱ ❙t❡❢â♥✐❛ ❡ ❨♦♥❛t❤❛ ♣❡❧❛ ❛♠✐③❛❞❡✱ ♣❡❧♦

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

●r❛♥❞❡✱ tr❛♥s❢♦r♠❛♥❞♦ ♠♦♠❡♥t♦s ❞❡s❛✜❛❞♦r❡s ❡ ❞❡s❡st✐♠✉❧❛♥t❡s ❛♦ ❧♦♥❣♦ ❞❡ss❡ ♣r♦❝❡ss♦ ❡♠

❜♦❛s r✐s❛❞❛s✱ ♥✉♠ ❛♠❜✐❡♥t❡ ❞❡ tr❛❜❛❧❤♦ ❧❡✈❡✱ ❝♦♠ ♠✉✐t❛ ✉♥✐ã♦ ❡ ❝✉♠♣❧✐❝✐❞❛❞❡✳

✈✐



✈✐✐

❆♦s ♠❡✉s ❛♠✐❣♦s ▼✉r✐❧♦ ❡ ❚❛✐♥á ♣❡❧❛ ❛♠✐③❛❞❡ ❡ ♣♦r t♦❞♦ ♦ ❛♣♦✐♦ ❡s♣✐r✐t✉❛❧✱ ♠❡♥t❛❧ ❡ ❢ís✐❝♦

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

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

❆♦ ♠❡✉ ❛♠✐❣♦ ❋❡❧✐♣❡ ▲♦♣❡s ♣❡❧❛ ❛♠✐③❛❞❡✱ ✐♥s♣✐r❛çã♦ ❡ ♣♦r r❡s❣❛t❛r ♦ ♠❡✉ ❡♥t✉s✐❛s♠♦ ❡

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

❆♦ ♠❡✉ ❛♠✐❣♦ ❏♦sé ▼❛✉rí❝✐♦ ♣❡❧❛ ❛♠✐③❛❞❡✱ ♣❡❧♦ ❛♣♦✐♦ ❡ ♣♦r t♦❞♦ ♦ t❡♠♣♦ ❞❡❞✐❝❛❞♦ ❛ ♠❡

❛❥✉❞❛r ❡ ♠❡ ♠♦t✐✈❛r ❝♦♠ t❛♥t❛ ♣❛❝✐ê♥❝✐❛✳

❆♦s ♠❡✉s ❛♠✐❣♦s ❘❡♥❛t♦✱ ❋❛❜✐♦✱ ■s❛❜❡❧❛✱ ❚❛❧✐t❛✱ ▲✉❛♥❛✱ ❲❡♥❞❡❧❧ ♣❡❧❛ ♠♦t✐✈❛çã♦✱ ❛♣♦✐♦ ❡

❝♦♥✜❛♥ç❛✳

❆♦s ♠❡✉s ❛♠✐❣♦s ❞❛ ❯❋❈●✱ ❘❛♣❤❛❡❧✱ ❈❡❝í❧✐❛✱ ❊❞s♦♥✱ ❆♥❛ ❱✐tór✐❛✱ ❆❧❛♥❛✱ ❍✉✐❧♠❛♥✱ ❊r✐❝s♦♥✱

❈é❧✐♦✱ ❊✉❜✐s✱ ❲❡❧❧✐♥s✐❧✈✐♦ ❡ t♦❞♦s ❛q✉❡❧❡s q✉❡ ❝♦♥tr✐❜✉ír❛♠ ❞❡ ❛❧❣✉♠❛ ❢♦r♠❛ ♣❛r❛ ❛ ❝♦♥❝❧✉sã♦

❞❡ss❛ ❡t❛♣❛✳

❆ t♦❞♦s ♦s ♠❡✉s ♣r♦❢❡ss♦r❡s ❛♦ ❧♦♥❣♦ ❞❛ ✈✐❞❛ ♣❡❧❛ ✈❛❧✐♦s❛ ❝♦♥tr✐❜✉✐çã♦ ♥❛ ♠✐♥❤❛ ❢♦r♠❛çã♦

q✉❡ ♠❡ ♣❡r♠✐t✐r❛♠ ❝❤❡❣❛r ❛té ❛q✉✐✳

❆♦s ❛♠✐❣♦s ❞♦ ■❋P❊✱ ❡♠ ❡s♣❡❝✐❛❧ ❛ ❈❛r❧♦s ❙✐✈✐♥✐ ✭✐♥ ♠❡♠♦r✐❛♠✮ ❏❛✐rs♦♥✱ ●✐❧s♦♥ ❡ ●✐❞❡ã♦✱

♣♦r t♦❞♦ ♦ ❛♣♦✐♦ ❡ ❝♦♥✜❛♥ç❛ ❞✉r❛♥t❡ ❡ss❡ ♣❡rí♦❞♦ q✉❡ ♠❡ ♣❡r♠✐t✐✉ ❝♦♥❝✐❧✐❛r ❛s ❛t✐✈✐❞❛❞❡s ❞♦

❞♦✉t♦r❛❞♦ ❝♦♠ ❛s ❛✉❧❛s ♥♦ ■❋P❊✳

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

s❡♠♣r❡ ♠❡ ❡st✐♠✉❧❛♥❞♦ ❛ ❜✉s❝❛r ♦ ♠❡✉ ❛♣❡r❢❡✐ç♦❛♠❡♥t♦ ❝♦♠♦ ♣❡ss♦❛ ❡ ♣r♦✜ss✐♦♥❛❧✳

❆ ◆✐❦♦ ♣♦r t♦❞♦ ♦ ❛♠♦r✱ ♣❛❝✐ê♥❝✐❛ ❡ ❝♦♠♣r❡❡♥sã♦✱ ♠❡ ❛♣♦✐❛♥❞♦ ❡♠ t♦❞♦s ♦s ♠♦♠❡♥t♦s✱

♠❡s♠♦ ❡st❛♥❞♦ ❧♦♥❣❡✳

❆♦s ❢✉♥❝✐♦♥ár✐♦s ❞❛ ❈❖P❊▲❊✱ ❡♠ ❡s♣❡❝✐❛❧ ❛ ➶♥❣❡❧❛ ❡ P❡❞r♦✱ ♣♦r t♦❞♦ ♦ ❛♣♦✐♦✱ ♣❛❝✐ê♥❝✐❛ ❡

❞✐❧✐❣ê♥❝✐❛ ❞✉r❛♥t❡ t♦❞❛ ❛ ♣ós✲❣r❛❞✉❛çã♦✳

❆♦ ❈◆Pq ♣❡❧♦ s✉♣♦rt❡ ✜♥❛♥❝❡✐r♦ ❞❡st❛ ♣❡sq✉✐s❛✳

❊ ❛ t♦❞❛s ❛s ♣❡ss♦❛s q✉❡ ❡stã♦ ♦✉ ♣❛ss❛r❛♠ ♣♦r ♠✐♥❤❛ ✈✐❞❛ ♥❡st❡ ♣❡rí♦❞♦✱ ♣♦✐s ❝❛❞❛ ✉♠❛

❝♦♥tr✐❜✉✐✉ ❞❡ ❛❧❣✉♠❛ ♠❛♥❡✐r❛ ♣❛r❛ q✉❡ ❡✉ ♣✉❞❡ss❡ ✜♥❛❧✐③❛r ✉♠❛ ❡t❛♣❛ tã♦ ✐♠♣♦rt❛♥t❡ ♣❛r❛ ♦

♠❡✉ ❝r❡s❝✐♠❡♥t♦ ♣❡ss♦❛❧ ❡ ♣r♦✜ss✐♦♥❛❧✳

❉❛♣❤♥❡ ❉❡ ▲❛ ❚♦rr❡ ❇❛rr♦s



❘❊❙❯▼❖

◆❡st❛ t❡s❡✱ ♦ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ é ♦ ❛♣r✐♠♦r❛♠❡♥t♦ ❞❡ té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣❛r❛

❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❛ ♣❛rt✐r ❞❛ ❛✈❛❧✐❛çã♦ ❞❛s ❞✐✈❡rs❛s ❝♦♥❞✐çõ❡s ❞❡

♦♣❡r❛çã♦ ❞♦ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡ ✭❇❈❙✮ ❞✉r❛♥t❡ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦ tr✐♣♦❧❛r ❞❡

❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❞❡st❛❝❛♥❞♦ ♦s ❞❡s❛✜♦s ❡ ❛s ♣♦t❡♥❝✐❛❧✐❞❛❞❡s ❞❡ t❛❧ ❛♣❧✐❝❛çã♦✳ ❯♠ ❛✈❛♥ç♦

❡♠ r❡❧❛çã♦ à ❧✐t❡r❛t✉r❛ ❛t✉❛❧ é ❛♣r❡s❡♥t❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦✱ ❡♠ q✉❡ ❛s ♣r✐♥❝✐♣❛✐s ❝♦♥✜❣✉r❛çõ❡s

❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ sã♦ ❛✈❛❧✐❛❞❛s ❛ ✜♠ ❞❡ ❛❜♦r❞❛r ♦ ✐♠♣❛❝t♦ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦

❞♦s ❇❈❙ ♥❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❞❛ ❧✐♥❤❛✳ P❛r❛ ✐st♦✱ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ❝♦♠ ✉♠ s✐st❡♠❛ ❡❧étr✐❝♦

❞❡ ✺✵✵ ❦❱ sã♦ r❡❛❧✐③❛❞❛s ♥♦ ❆❧t❡r♥❛t✐✈❡ ❚r❛♥s✐❡♥ts Pr♦❣r❛♠ ✭❆❚P✮✳ ❱❡r✐✜❝❛✲s❡ q✉❡ ❛❧❣✉♠❛s

té❝♥✐❝❛s ❡①✐st❡♥t❡s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡s❡♥✈♦❧✈✐❞❛s ♣❛r❛ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s ❡

❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦ ♣♦❞❡♠ s❡r ❛♣❧✐❝❛❞❛s ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❆❧é♠

❞✐ss♦✱ ✉♠ ♥♦✈♦ ♠ét♦❞♦ ♣❛r❛ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ é ♣r♦♣♦st♦ ♥❡st❡ tr❛❜❛❧❤♦✳

❖ ♠ét♦❞♦ s❡ ❜❛s❡✐❛ ♥❛ ❡st✐♠❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❞❛ ❧✐♥❤❛ ❛ ♣❛rt✐r ❞♦ ✉s♦ ❞❡ ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧

r❡❝✉rs✐✈♦ ♣❛r❛ ❛ ❝♦rr❡çã♦ ❞❛ t❡♥sã♦ s❡❝✉♥❞ár✐❛ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧ ❝❛♣❛❝✐t✐✈♦ ✭❚P❈✮✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s✱ ❝♦♥st❛t❛✲s❡ q✉❡ é ♣♦ssí✈❡❧ t❡r ♠❛♥♦❜r❛s ❝♦♥tr♦❧❛❞❛s

❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❣❛r❛♥t✐♥❞♦ s♦❜r❡t❡♥sõ❡s ♠❡♥♦r❡s q✉❡ ✷✱✵ ♣✉✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❈❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦❀ ❝❛r❣❛ r❡s✐❞✉❛❧❀ ❝♦♠♣❡♥s❛çã♦ sér✐❡❀ ❧✐♥❤❛s ❞❡ tr❛♥s✲

♠✐ssã♦❀ s♦❜r❡t❡♥sõ❡s tr❛♥s✐tór✐❛s ❞❡ ♠❛♥♦❜r❛✳

✈✐✐✐



❆❇❙❚❘❆❈❚

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

❝♦♠♣❡♥s❛t✐♦♥ s②st❡♠s ❜❛s❡❞ ♦♥ t❤❡ ❡✈❛❧✉❛t✐♦♥ ♦❢ t❤❡ s❡✈❡r❛❧ ♦♣❡r❛t✐♥❣ ❝♦♥❞✐t✐♦♥s ♦❢ s❡r✐❡s

❝❛♣❛❝✐t♦r ❜❛♥❦s ✭❙❈❇✮ ❞✉r✐♥❣ tr❛♥s♠✐ss✐♦♥ ❧✐♥❡ r❡❝❧♦s✐♥❣ ♦♣❡r❛t✐♦♥s✱ ❤✐❣❤❧✐❣❤t✐♥❣✱ ❛t t❤❡ s❛♠❡

t✐♠❡✱ t❤❡✐r ❝❤❛❧❧❡♥❣❡s ❛♥❞ ♣♦t❡♥t✐❛❧✐t✐❡s ♦❢ s✉❝❤ ❛♥ ❛♣♣❧✐❝❛t✐♦♥✳ ❍❡r❡ ❛ st❡♣ ❢♦r✇❛r❞ t❤❡ ❝✉rr❡♥t

❧✐t❡r❛t✉r❡ ✐s ♣r❡s❡♥t❡❞ ❛♥❞ ❦❡② s✐t✉❛t✐♦♥s ❛r❡ ❡✈❛❧✉❛t❡❞ t♦ ❛❞❞r❡ss t❤❡ ✐♠♣❛❝t ♦❢ ❙❈❇ ♦♣❡r❛t✐♥❣

❝♦♥❞✐t✐♦♥s ♦♥ ❧✐♥❡ tr❛♣♣❡❞ ❝❤❛r❣❡✳ ❉✐❣✐t❛❧ s✐♠✉❧❛t✐♦♥s ❢♦r ❛ ✺✵✵ ❦❱ ♣♦✇❡r s②st❡♠ ❛r❡ ❝❛rr✐❡❞

♦✉t ✉s✐♥❣ t❤❡ ❆❧t❡r♥❛t✐✈❡ ❚r❛♥s✐❡♥ts Pr♦❣r❛♠ ✭❆❚P✮✳ ■t ✐s s❤♦✇♥ t❤❛t s♦♠❡ ♦❢ t❤❡ ❡①✐st✐♥❣

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

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

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

❛ r❡❝✉rs✐✈❡ ❞✐❣✐t❛❧ ✜❧t❡r ❢♦r t❤❡ ❝♦rr❡❝t✐♦♥ ♦❢ t❤❡ s❡❝♦♥❞❛r② ✈♦❧t❛❣❡ ♦❢ t❤❡ ❝❛♣❛❝✐t✐✈❡ ✈♦❧t❛❣❡

tr❛♥s❢♦r♠❡r ✭❈❱❚✮✳ ■t ✐s t❤❡♥✱ ♣♦ss✐❜❧❡ t♦ ♠✐t✐❣❛t❡ s✇✐t❝❤✐♥❣ tr❛♥s✐❡♥t ♦✈❡r✈♦❧t❛❣❡s ❜② ❛♣♣❧②✐♥❣

❝♦♥tr♦❧❧❡❞ s✇✐t❝❤✐♥❣ t❡❝❤♥✐q✉❡s✱ ❡♥s✉r✐♥❣ ♠❛❣♥✐t✉❞❡s ❧❡ss t❤❛♥ ✷✳✵ ♣✉✳

❑❡②✇♦r❞s✿ ❈♦♥tr♦❧❧❡❞ s✇✐t❝❤✐♥❣❀ tr❛♣♣❡❞ ❝❤❛r❣❡❀ tr❛♥s♠✐ss✐♦♥ ❧✐♥❡s❀ s✇✐t❝❤✐♥❣ tr❛♥s✐❡♥t ♦✈❡r✲

✈♦❧t❛❣❡s✳

✐①



❙❯▼➪❘■❖

▲✐st❛ ❞❡ ❋✐❣✉r❛s ①✐✐✐

▲✐st❛ ❞❡ ❚❛❜❡❧❛s ①①

❈❛♣ít✉❧♦ ✶ ✕ ■♥tr♦❞✉çã♦ ✶

✶✳✶ ❘❡❧❡✈â♥❝✐❛ ❞❛ ❚❡s❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷

✶✳✷ ❖❜❥❡t✐✈♦s ❡ ❈♦♥tr✐❜✉✐çõ❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹

✶✳✸ ❖r❣❛♥✐③❛çã♦ ❞♦ ❚❡①t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺

❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✼

✷✳✶ ❙♦❜r❡t❡♥sõ❡s ❞❡ ▼❛♥♦❜r❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼
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✹✳✶✵ ❙✐♥❛✐s ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ ♣❛r❛ ♦
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✹✳✷✶ ❙✐♥❛❧ ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦ ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❛♣ós ❛❜❡rt✉r❛ tr✐❢ás✐❝❛

❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ♥❛ ❢❛s❡ ❇✱ ❝♦♠ ❞❡st❛q✉❡ ♣❛r❛ ♦s ❛rr❛♥❥♦s ■❱
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✹✳✷✷ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ r❡s✉❧t❛♥t❡s

❞❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ✭❝❛s♦ ✷✳✷✳✹✮ ♣❛r❛ ❛ ❢❛s❡
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✺✳✸ ■♥st❛♥t❡s ❛❞❡q✉❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sé✲
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tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠❛ ❢❛❧t❛ ❢❛s❡✲❢❛s❡ ❆❇✿ ✭❛✮ ❛rr❛♥❥♦ ■❱❀ ✭❜✮ ❛rr❛♥❥♦ ❱❀ ✭❝✮
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✻✳✶✷ P❡r✜❧ ❞❛s s♦❜r❡t❡♥sõ❡s ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣❛r❛ ♦ ❛rr❛♥❥♦

■■ ♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠❛ ❢❛❧t❛ tr✐❢ás✐❝❛ ❆❇❈❚✱ ❝♦♥s✐❞❡r❛♥❞♦

❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ ❛♥t❡s ❞❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✹

✻✳✶✸ P❡r✜❧ ❞❛s s♦❜r❡t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ♦ ❛rr❛♥❥♦ ❱■ ♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠❛ ❢❛❧t❛ ❢❛s❡✲❢❛s❡ ❈❆✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ ❛♥t❡s
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✸✳✶ ❙í♥t❡s❡ ❞❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ r❡❢❡r❡♥t❡ ❛ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❞❡

tr❛♥s♠✐ssã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✵

✹✳✶ ▼ó❞✉❧♦ ❡ ❢❛s❡ ❞❛s ❢♦♥t❡s ❞❡ t❡♥sã♦ ✭❜❛s❡ ✺✺✵ ❦❱✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹

✹✳✷ ■♠♣❡❞â♥❝✐❛s ❞❛s ❢♦♥t❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹

✹✳✸ ❉❛❞♦s ❞❡ s❡q✉ê♥❝✐❛ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✺

✹✳✹ ❈❛r❛❝t❡ríst✐❝❛ ❞♦s ♣❛r❛✲r❛✐♦s ❞❡ ❩♥❖ ❝♦♠ t❡♥sã♦ ♥♦♠✐♥❛❧ ❞❡ ✹✷✵ ❦❱✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✺

✹✳✺ ❈✉r✈❛ ❱①■ ❞♦ ▼❖❱✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✺✳✶ ❈♦❡✜❝✐❡♥t❡s ❞♦ ❝♦♠♣❡♥s❛❞♦r ♥♦ ❞♦♠í♥✐♦ ③ ♣❛r❛ ❚P❈ ❞❡ ✺✵✵ ❦❱✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✼

✻✳✶ ❙♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣❛r❛ ✉♠❛ ❛❜❡r✲
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✻✳✷ ❙♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭GCsrie ❂ ✹✵%✮

♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❢❛❧t❛ ❢❛s❡✲t❡rr❛ ❇❚ ❛ ✶✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧
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✻✳✸ ❙♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭GCsrie ❂ ✹✵%✮

♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❢❛❧t❛ ❢❛s❡✲❢❛s❡ ❈❆ ❛ ✶✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧✳ ✽✹

✻✳✹ ❙♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭GCsrie ❂ ✹✵%✮

♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❢❛❧t❛ ❢❛s❡✲❢❛s❡✲t❡rr❛ ❆❇❚ ❛ ✸✵✵ ❦♠ ❞♦
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✻✳✺ ❙♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭GCsrie ❂ ✹✵%✮

♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ❢❛❧t❛ tr✐❢ás✐❝❛ ❆❇❈❚ ❛ ✸✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧
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✻✳✻ ❙♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭GCsrie ❂ ✺✵%✮

♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠❛ ❢❛❧t❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✼

✻✳✼ ❙♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭GCsrie ❂ ✺✵%✮ ❡ s❤✉♥t
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✻✳✽ ❙♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭GCsrie ❂ ✺✵%✮ ❡ s❤✉♥t
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❆ q✉❛❧✐❞❛❞❡ ❞♦ ❢♦r♥❡❝✐♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ é ✉♠❛ ♣r❡♦❝✉♣❛çã♦ ❞♦ s❡t♦r ❡❧étr✐❝♦✱ ✈✐st♦ q✉❡

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

❞❡ ❞❡♠❛♥❞❛ ❞❡ ❝❛r❣❛ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❞❡ ✷✵✶✽✲✷✵✷✷✱ é ♣r❡✈✐st♦ ✉♠ ❝r❡s❝✐♠❡♥t♦ ❞❡ ❝❛r❣❛ ♥♦

❙✐st❡♠❛ ■♥t❡r❧✐❣❛❞♦ ◆❛❝✐♦♥❛❧ ✭❙■◆✮ ❞❡ ✸✱✾✪ ❛♦ ❛♥♦ ✭❊P❊ ❡t ❛❧✳✱ ✷✵✶✽✮✳ P♦rt❛♥t♦✱ ♣❛r❛ q✉❡

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

❝♦♥❢♦r♠✐❞❛❞❡ ❞❛ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ ❢♦r♥❡❝✐❞❛✱ ✐♥✈❡st✐♠❡♥t♦s ♥❛ ❡①♣❛♥sã♦ ❡ ♠♦❞❡r♥✐③❛çã♦ ❞♦ ❙■◆

sã♦ ♥❡❝❡ssár✐♦s✳

❙❡❣✉♥❞♦ ❞❛❞♦s ❞♦ ❖♣❡r❛❞♦r ◆❛❝✐♦♥❛❧ ❞♦ ❙✐st❡♠❛ ❊❧étr✐❝♦ ✭❖◆❙✮✱ ♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦✱

✐♥❝❧✉✐♥❞♦ ❧✐♥❤❛s ❞❡ ✷✸✵ ❛ ✼✺✵ ❦❱✱ ❥á ❝♦rr❡s♣♦♥❞❡ ❛ ♠❛✐s ❞❡ ✶✸✵✳✵✵✵ ❦♠ ❞❡ ❝♦♠♣r✐♠❡♥t♦✱ ❡ é

r❡s♣♦♥sá✈❡❧ ♣♦r tr❛♥s♣♦rt❛r ♠❛✐s ❞❡ ✶✺✵✳✵✵✵ ▼❲✳ ▲♦❣♦✱ ❞❡✈✐❞♦ à ❡①t❡♥sã♦ ❞♦ ❙■◆✱ é ✐♠♣r❡s✲

❝✐♥❞í✈❡❧ ❛ ❛♣❧✐❝❛çã♦ ❞❡ té❝♥✐❝❛s q✉❡ ✈✐s❡♠ à r❡❞✉çã♦ ❞❛s ♣❡r❞❛s ♥❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❡

♠❛♥✉t❡♥çã♦ ❞♦s ♥í✈❡✐s ❞❡ t❡♥sã♦ ❛ ✜♠ ❞❡ ❣❛r❛♥t✐r ❛ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛✳ ❆ ❝♦♠♣❡♥s❛çã♦

sér✐❡ é ✉♠❛ s♦❧✉çã♦ ❜❛st❛♥t❡ ❛tr❛t✐✈❛ ♣❛r❛ ❡st❛ ✜♥❛❧✐❞❛❞❡✳ ❆❧é♠ ❞❡ ♠❡❧❤♦r❛r ❛ ❡st❛❜✐❧✐❞❛❞❡ ❞♦

s✐st❡♠❛✱ t❛♥t♦ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ q✉❛♥t♦ tr❛♥s✐tór✐♦✱ ❛✉♠❡♥t❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ tr❛♥s♠✐ssã♦

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

❞❡ tr❛♥s♠✐ssã♦✱ ❛❧é♠ ❞❡ ♣r♦♣♦r❝✐♦♥❛r ♦✉tr♦s ❜❡♥❡❢í❝✐♦s✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❖◆❙✱ ♠❛✐s ❞❡ ✼✵

❧✐♥❤❛s ❞♦ ❙■◆ ❥á ❡stã♦ ♦♣❡r❛♥❞♦ ❝♦♠ ❜❛♥❝♦s ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡ ✭❇❈❙✮✳

P❛r❛ ❛s ❧✐♥❤❛s ❡♠ ❡①tr❛✲❛❧t❛ t❡♥sã♦ ✭❊❆❚✮ ❡ ✉❧tr❛✲❛❧t❛ t❡♥sã♦ ✭❯❆❚✮✱ ❛s s♦❜r❡t❡♥sõ❡s tr❛♥s✐✲

tór✐❛s ❞❡ ♠❛♥♦❜r❛ sã♦ ❞❡t❡r♠✐♥❛♥t❡s ♣❛r❛ ❛ ❞❡✜♥✐çã♦ ❞♦ ♥í✈❡❧ ❞❡ ✐s♦❧❛♠❡♥t♦ ❞♦s ❡q✉✐♣❛♠❡♥t♦s

❡❧étr✐❝♦s ✭❉✬❆❏❯❩ ❡t ❛❧✳✱ ✶✾✽✼✮✱ q✉❡ ♣♦r s✉❛ ✈❡③✱ t❡♠ ✐♠♣❛❝t♦ ❞✐r❡t♦ ♥♦s ❝✉st♦s ❞♦ s✐st❡♠❛

✭■❊❊❊ ❲♦r❦✐♥❣ ●r♦✉♣ ♦♥ ❙✇✐t❝❤✐♥❣ ❙✉r❣❡s✱ ✶✾✽✷❀ ■❇❘❆❍■▼❀ ❉❖▼▼❊▲✱ ✷✵✵✺✮✳ ❈♦♠♦ sã♦

♦r✐❣✐♥❛❞❛s ❛ ♣❛rt✐r ❞❡ ❛❧t❡r❛çõ❡s t♦♣♦❧ó❣✐❝❛s ♥❛ r❡❞❡✱ ❝♦♠♦ ❡♥❡r❣✐③❛çã♦ ❞❡ tr❛♥s❢♦r♠❛❞♦r❡s ❡

r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ♦✉ ❛✐♥❞❛ ✈❛r✐❛çõ❡s ❜r✉s❝❛s ♥♦ s✐st❡♠❛✱ ❝♦♠♦ ✉♠ ❝✉rt♦✲

❝✐r❝✉✐t♦✱ ♥ã♦ é ♣♦ssí✈❡❧ ❡✈✐tá✲❧❛s ❝♦♠♣❧❡t❛♠❡♥t❡✳ P♦rt❛♥t♦✱ té❝♥✐❝❛s q✉❡ ✈✐s❡♠ à r❡❞✉çã♦ ❞❛

✶
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❛♠♣❧✐t✉❞❡ ❞❡ss❛s s♦❜r❡t❡♥sõ❡s sã♦ ❞❡ ❣r❛♥❞❡ ✐♥t❡r❡ss❡ ♣❛r❛ ♦ s❡t♦r ❡❧étr✐❝♦✱ ♣♦✐s ♣♦ss✐❜✐❧✐t❛♠ ❛

r❡❛❧✐③❛çã♦ ❞❡ ✉♠ ♣r♦❥❡t♦ ❡❝♦♥ô♠✐❝♦ t❛♥t♦ ❡♠ r❡❧❛çã♦ às ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ q✉❛♥t♦ ❛♦s ❡q✉✐✲

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

❞♦ s✐st❡♠❛✳

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

❜❛s❡✐❛ ♥♦ ✉s♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦ ✭❘P■✮✱ ✐♥st❛❧❛❞♦s ♥❛ ❝â♠❛r❛ ❞♦s ❞✐s❥✉♥t♦r❡s✳ ❆♣❡s❛r

❞❡ s❡r ❜❛st❛♥t❡ ❡✜❝✐❡♥t❡✱ ❞✐s❥✉♥t♦r❡s ❝♦♠ ❘P■ ❛♣r❡s❡♥t❛♠ ♠❛✐♦r t❛①❛ ❞❡ ❢❛❧❤❛✱ ♦ q✉❡ ❡❧❡✈❛

♦s ❝✉st♦s ❞❡ ♠❛♥✉t❡♥çã♦ ❡ r❡❞✉③ ❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛✭❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ❆✸✳✵✼✱

✷✵✵✹❜❀ ❆❇❇✱ ✷✵✶✸✮✳ ❖✉tr❛ té❝♥✐❝❛ ❛♣❧✐❝❛❞❛ ❝♦♥s✐st❡ ♥♦ ✉s♦ ❞❡ ♣❛r❛✲r❛✐♦s✱ q✉❡ ♣♦❞❡♠ s❡r

✐♥st❛❧❛❞♦s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ✭▲❊●❆❚❊ ❡t ❛❧✳✱ ✶✾✽✽❀ ❘■❇❊■❘❖❀ ▼❈❈❆▲▲❯▼✱ ✶✾✽✾❀ ❇❯◆❖❱

❡t ❛❧✳✱ ✷✵✶✹✮✳ ◆♦ ❡♥t❛♥t♦✱ ♥ã♦ ❛♣r❡s❡♥t❛ ❛ ♠❡s♠❛ ❡✜❝✐ê♥❝✐❛ q✉❡ ♦ ✉s♦ ❞❡ ❘P■✳ ❆t✉❛❧♠❡♥t❡✱

❛s té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ tê♠ s❡ ❞❡st❛❝❛❞♦ ♣❛r❛ ❡ss❛ ✜♥❛❧✐❞❛❞❡ ✭❋❘❖❊❍▲■❈❍ ❡t

❛❧✳✱ ✶✾✾✼❛❀ ❲❆▲▲◆❊❘❀ ❘■❈❍❚❊❘✱ ✷✵✵✻❀ ▼❊❙❚❆❙ ❡t ❛❧✳✱ ✷✵✶✶❛❀ ❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ◆❡st❡

tr❛❜❛❧❤♦✱ ❛♣r❡s❡♥t❛✲s❡ ❛ ❛✈❛❧✐❛çã♦ ❞❡ té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦

❛✉t♦♠át✐❝♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

✶✳✶ ❘❊▲❊❱➶◆❈■❆ ❉❆ ❚❊❙❊

❈❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ s❡ r❡❢❡r❡ ❛♦ ✉s♦ ❞❡ té❝♥✐❝❛s ♣❛r❛ ❝♦♥tr♦❧❛r ❛ ❛❜❡rt✉r❛ ♦✉ ❢❡❝❤❛♠❡♥t♦

❞❡ ❞✐s❥✉♥t♦r❡s ❛ ♣❛rt✐r ❞♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ s✐♥❛✐s ❡❧étr✐❝♦s ❞❡ r❡❢❡rê♥❝✐❛✱ s❡❥❛ t❡♥sã♦ ♦✉ ❝♦rr❡♥t❡

✭❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ✶✸✳✵✼✱ ✶✾✾✾✮✳ ❆ ✐❞❡❛❧✐③❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ é ❞❛ ❞é❝❛❞❛ ❞❡

✶✾✻✵ ✭❈❖▲❈▲❆❙❊❘ ❡t ❛❧✳✱ ✶✾✻✾✮✱ ♥♦ ❡♥t❛♥t♦✱ ❛ s✉❛ ❛♣❧✐❝❛çã♦ só s❡ t♦r♥♦✉ ♣♦ssí✈❡❧ ❡♠ ♠❡❛❞♦s

❞♦s ❛♥♦s ✶✾✾✵ ❝♦♠ ♦ ❛✈❛♥ç♦ t❡❝♥♦❧ó❣✐❝♦ ♥❛ ár❡❛ ❞❡ r❡❧és ❞✐❣✐t❛✐s ❡ ♠✐❝r♦♣r♦❝❡ss❛❞♦r❡s ✭■❚❖✱

✷✵✵✷✮✳

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

❝✐t♦r❡s✱ r❡❛t♦r❡s✱ tr❛♥s❢♦r♠❛❞♦r❡s ❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ ❯♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ❝♦♥❝❡ss✐♦♥ár✐❛s

❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ ❞♦ ❈❛♥❛❞á ❥á ❢❡③ ❛ r❡❛❞❡q✉❛çã♦ ✭r❡tr♦✜t✮ ❞❡ ♠❛✐s ❞❡ ✶✹✵ ❞✐s❥✉♥t♦r❡s ♣❛r❛

❛♣❧✐❝❛r ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✭▼❊❘❈■❊❘ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❆❧é♠ ❞❡ ❞✐s♣❡♥s❛r ♦ ✉s♦ ❞❡ r❡s✐s✲

t♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✱ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♦❢❡r❡❝❡ ✉♠❛ sér✐❡ ❞❡ ✈❛♥t❛❣❡♥s✱ t❛♥t♦ ♣❛r❛ ♦

❡q✉✐♣❛♠❡♥t♦ ♠❛♥♦❜r❛❞♦ q✉❛♥t♦ ♣❛r❛ ♦ s✐st❡♠❛ ❡❧étr✐❝♦ ✭❈■●❘❊❲♦r❦✐♥❣ ●r♦✉♣ ❆✸✳✵✼✱ ✷✵✵✹❜✮✳
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❊ ❛❧é♠ ❞❛s ❛♣❧✐❝❛çõ❡s ❝♦♥✈❡♥❝✐♦♥❛✐s✱ t❡♠✲s❡ ❡st✉❞❛❞♦ ❛♣❧✐❝❛çõ❡s ♣❛r❛ ♦ s✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦✱

❝♦♠♦ ❛ ❡♥❡r❣✐③❛çã♦ ❞❡ ♣❛rq✉❡s ❡ó❧✐❝♦s ❛ ♣❛rt✐r ❞❛ r❡❞❡ ❞❡ ❞✐str✐❜✉✐çã♦ ✭▼❊❘❈■❊❘ ❡t ❛❧✳✱ ✷✵✶✹✮✳

❈♦♠ ♦ ❧❡✈❛♥t❛♠❡♥t♦ ❞♦s ♣r✐♥❝✐♣❛✐s ❛❧❣♦r✐t♠♦s ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱

✈❡r✐✜❝♦✉✲s❡ q✉❡ ❛ ♠❛✐♦r✐❛ s❡ ❞❡st✐♥❛ ❛ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦ ✭❋❘❖❊❍✲

▲■❈❍ ❡t ❛❧✳✱ ✶✾✾✼❛❀ ❲❆▲▲◆❊❘❀ ❘■❈❍❚❊❘✱ ✷✵✵✻❀ ▼❊❙❚❆❙ ❡t ❛❧✳✱ ✷✵✶✶❛❀ ❆❚❊❋■❀ ❙❆◆❆❨❊✲

P❆❙❆◆❉✱ ✷✵✶✸❀ ❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮✱ ✐♥❝❧✉s✐✈❡ ♦s ❛❧❣♦r✐t♠♦s ✉t✐❧✐③❛❞♦s ♣❡❧♦s ♣r✐♥❝✐♣❛✐s ❢❛❜r✐✲

❝❛♥t❡s ❞❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✭❆❇❇✱ ✷✵✶✸❀ ❙■❊▼❊◆❙✱ ✷✵✶✶✮✳ ◆♦ ❡♥t❛♥t♦✱ ❛

❝♦♠♣❡♥s❛çã♦ sér✐❡ t❡♠ s✐❞♦ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞❛ ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠♦ ✉♠❛ ❛❧t❡r♥❛t✐✈❛

♣❛r❛ ❛✉♠❡♥t❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ♣♦tê♥❝✐❛ ❡ ♠❡❧❤♦r❛r ❛ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛

❝♦♠♦ ❞❡st❛❝❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳ P♦rt❛♥t♦✱ ❛✈❛❧✐❛r ❛ ✈✐❛❜✐❧✐❞❛❞❡ ❞❡ ❛♣❧✐❝❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦

❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❇❈❙ é ❞❡ ❣r❛♥❞❡ ✐♥t❡r❡ss❡ ♣❛r❛ ♦ s❡t♦r ❡❧étr✐❝♦✳

❆ ❝♦♠♣❡♥s❛çã♦ sér✐❡ é ❢❡✐t❛ ❛ ♣❛rt✐r ❞❛ ✐♥st❛❧❛çã♦ ❞❡ ❇❈❙ ♥❛ ❧✐♥❤❛✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡

r❡❞✉③✐r ❛ r❡❛tâ♥❝✐❛ sér✐❡ t♦t❛❧ ❞❛ ❧✐♥❤❛✳ ❊ss❡s ❜❛♥❝♦s sã♦ ❢♦r♠❛❞♦s✱ ❜❛s✐❝❛♠❡♥t❡✱ ♣♦r ✉♥✐❞❛❞❡s

❝❛♣❛❝✐t✐✈❛s ❡ ✉♠ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❝♦♠ ❞✐s❥✉♥t♦r ❞❡ ❞❡s✈✐♦ ✭❜②✲♣❛ss✮✱ ❝❡♥t❡❧❤❛❞♦r ✭❣❛♣✮✱

❝✐r❝✉✐t♦ ❞❡ ❛♠♦rt❡❝✐♠❡♥t♦ ❡ ✈❛r✐st♦r ❞❡ ó①✐❞♦ ♠❡tá❧✐❝♦✱ ❝♦♠✉♠❡♥t❡ ❝❤❛♠❛❞♦ ❞❡ ▼❖❱ ❞♦ ✐♥❣❧ês

✭▼❡t❛❧❧✐❝ ❖①✐❞❡ ❱❛r✐st♦r✮✳ ❉❡✈✐❞♦ à ♣r❡s❡♥ç❛ ❞❡ss❡s ❡❧❡♠❡♥t♦s ❞❡ ♣r♦t❡çã♦✱ ♦ ❇❈❙ ♣♦❞❡ s❡r

r❡t✐r❛❞♦ ♣❛r❝✐❛❧ ♦✉ ❝♦♠♣❧❡t❛♠❡♥t❡ ❞❡ ♦♣❡r❛çã♦ ❞✉r❛♥t❡ ✉♠❛ ♣❡rt✉r❜❛çã♦ ♥❛ ❧✐♥❤❛✳ ❉❡st❛ ❢♦r♠❛✱

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

r❡s✐❞✉❛❧✱ ❡ ❡st❛ ♣♦❞❡ s❡ ❞✐str✐❜✉✐r ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❞❡ ❢♦r♠❛ ♥ã♦ ✉♥✐❢♦r♠❡✱ ❞✐❢❡r❡♥t❡♠❡♥t❡ ❞♦

q✉❡ ♦❝♦rr❡ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦ ♦✉ ♥ã♦ ❝♦♠♣❡♥s❛❞❛s✭❈■●❘❊ ❲♦r❦✐♥❣

●r♦✉♣ ❆✸✳✵✼✱ ✷✵✵✹❛✮✳ ■st♦ s❡ ❞❡✈❡ à t❡♥sã♦ s♦❜r❡ ♦ ❝❛♣❛❝✐t♦r sér✐❡✱ ♦ q✉❡ ♣♦❞❡ ❝♦♠♣r♦♠❡t❡r ❛

❡✜❝á❝✐❛ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♥❛ r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s✳

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

❛♣❧✐❝❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❞❡st❛❝❛♥❞♦ ♦s ❞❡s❛✜♦s

❡ ❛s ♣♦t❡♥❝✐❛❧✐❞❛❞❡s ❞❡ t❛❧ ❛♣❧✐❝❛çã♦ ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦ tr✐❢ás✐❝♦ ❛✉t♦♠át✐❝♦✱ ♦ q✉❡

é ❞❡ ❣r❛♥❞❡ ✐♥t❡r❡ss❡ ♣❛r❛ ♦ s❡t♦r ❡❧étr✐❝♦✳ ❊st❛ t❡s❡ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❛ tr❛❜❛❧❤♦s ❞♦ ●r✉♣♦ ❞❡

❙✐st❡♠❛s ❊❧étr✐❝♦s ✭●❙❊✮ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡ ✭❯❋❈●✮ ✐♥s❡r✐❞♦s ♥❛

❧✐♥❤❛ ❞❡ ♣❡sq✉✐s❛ ❞❡♥♦♠✐♥❛❞❛ ❚r❛♥s✐tór✐♦s ❊❧❡tr♦♠❛❣♥ét✐❝♦s ❡♠ ❙✐st❡♠❛s ❞❡ P♦tê♥❝✐❛✱ ✐♥❝❧✉s✐✈❡

❡♠ ✉♠ ♣r♦❥❡t♦ ❞❡ P❡sq✉✐s❛ ✫ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ✭P✫❉✮ ✐♥t✐t✉❧❛❞♦ ❘❡❞✉çã♦ ❞❡ ❙♦❜r❡t❡♥sõ❡s ❞❡

▼❛♥♦❜r❛ ❡♠ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦ ❯t✐❧✐③❛♥❞♦ ❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦✱ ❡①❡❝✉t❛❞♦ ♥♦ ♣❡rí♦❞♦



❈❛♣ít✉❧♦ ✶ ✕ ■♥tr♦❞✉çã♦ ✹

❞❡ ✷✵✶✹✲✷✵✶✼ ❡♠ ♣❛r❝❡r✐❛ ❝♦♠ ❛ ❈♦♠♣❛♥❤✐❛ ❍✐❞r♦ ❊❧étr✐❝❛ ❞♦ ❙ã♦ ❋r❛♥❝✐s❝♦ ✭❈❍❊❙❋✮✳

✶✳✷ ❖❇❏❊❚■❱❖❙ ❊ ❈❖◆❚❘■❇❯■➬Õ❊❙

◆❡st❛ t❡s❡✱ ♦ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ é ❛♣r✐♠♦r❛r té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣❛r❛ s✐st❡✲

♠❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❛ ♣❛rt✐r ❞❛ ❛✈❛❧✐❛çã♦ ❞❛s ❞✐✈❡rs❛s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❜❛♥❝♦

❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡ ❞✉r❛♥t❡ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦ ❛✉t♦♠át✐❝♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ ❖s

♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s sã♦✿

• ❆✈❛❧✐❛r ♦ ✐♠♣❛❝t♦ ❞❛s ♣r✐♥❝✐♣❛✐s ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥♦ ♣❡r✜❧

❞❡ t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛❀

• ❆✈❛❧✐❛r ♦ ✐♠♣❛❝t♦ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡ ♥♦ ♣❡r✜❧ ❞❡

t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛❀

• ❆❞❛♣t❛r té❝♥✐❝❛s ❡①✐st❡♥t❡s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡st✐♥❛❞❛s ❛ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥✲

s❛❞❛s ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦ ♣❛r❛ ❛♣❧✐❝❛r ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❉❡st❛ ❢♦r♠❛✱ ❛s ❝♦♥tr✐❜✉✐çõ❡s ❞❡st❛ ♣❡sq✉✐s❛ sã♦✿

• ❆♣r❡s❡♥t❛r ❛s s✐♠✐❧❛r✐❞❛❞❡s ❡ ♣❛rt✐❝✉❧❛r✐❞❛❞❡s ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥✲

s❛çã♦ sér✐❡ ❡♠ r❡❧❛çã♦ ❛ ❧✐♥❤❛s s❡♠ ❝♦♠♣❡♥s❛çã♦ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦❀

• ▼♦str❛r q✉❡ té❝♥✐❝❛s ❡①✐st❡♥t❡s ♣❛r❛ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦ ❡ ♥ã♦ ❝♦♠✲

♣❡♥s❛❞❛s ♣♦❞❡♠ s❡r ❛❞❛♣t❛❞❛s ♣❛r❛ ✉s♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡❀

• Pr♦♣♦r ✉♠ ♥♦✈♦ ♠ét♦❞♦ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣❛r❛ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦

sér✐❡ q✉❡ s❡ ❜❛s❡✐❛ ♥❛ ❡st✐♠❛çã♦ ❞♦ ✈❛❧♦r ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❛ ♣❛rt✐r ❞❛ ❝♦rr❡çã♦ ❞❛ t❡♥sã♦

s❡❝✉♥❞ár✐❛ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧ ❝❛♣❛❝✐t✐✈♦ ✭❚P❈✮✳

❆s ♣r✐♥❝✐♣❛✐s ♣✉❜❧✐❝❛çõ❡s r❡❧❛❝✐♦♥❛❞❛s ❛♦ t❡♠❛ ❞❡st❛ ♣❡sq✉✐s❛ sã♦✿

• ❇❆❘❘❖❙✱ ❉✳ ❉✳ ▲✳ ❚✳❀ ❉❆◆❚❆❙✱ ❑✳ ▼✳ ❈✳❀ ❋❊❘◆❆◆❉❊❙ ❏r✳✱ ❉✳❀◆❊❱❊❙✱ ❲✳ ▲✳ ❆✳

❆✈❛❧✐❛çã♦ ❞❛ ■♥✢✉ê♥❝✐❛ ❞❛ ❙✉♣♦rt❛❜✐❧✐❞❛❞❡ ❉✐❡❧étr✐❝❛ ❞♦ ❉✐s❥✉♥t♦r ♥♦ ❉❡s❡♠♣❡♥❤♦ ❞❡

✉♠ ▼ét♦❞♦ ❞❡ ❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦ ❆♣❧✐❝❛❞♦ ❛ ▼❛♥♦❜r❛s ❞❡ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦✳

❳■❳ ❈♦♥❣r❡ss♦ ❇r❛s✐❧❡✐r♦ ❞❡ ❆✉t♦♠át✐❝❛ ✲ ❈❇❆✱ ✷✵✶✷✱ ❈❛♠♣✐♥❛ ●r❛♥❞❡ ✲ P❛r❛í❜❛✳
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• ❇❆❘❘❖❙✱ ❉✳ ❉✳ ▲✳ ❚✳❀ ❋❊❘◆❆◆❉❊❙ ❏r✳✱ ❉✳❀ ◆❊❱❊❙✱ ❲✳ ▲✳ ❆✳❀ ❉❆◆❚❆❙✱ ❑✳ ▼✳ ❈✳

❙✉♣♦rt❛❜✐❧✐❞❛❞❡ ❉✐❡❧étr✐❝❛ ❞❡ ❉✐s❥✉♥t♦r❡s ❡♠ ▼❛♥♦❜r❛s ❈♦♥tr♦❧❛❞❛s ❞❡ ❊♥❡r❣✐③❛çã♦ ❞❡

▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦✳ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦ ❞❡ ❙✐st❡♠❛s ❊❧étr✐❝♦s ✲ ❙❇❙❊✱ ✷✵✶✹✱ ❋♦③ ❞♦

■❣✉❛ç✉ ✲ P❛r❛♥á✳

• ❇❆❘❘❖❙✱ ❉✳ ❉✳ ▲✳ ❚✳❀ ❉❆◆❚❆❙✱ ❑✳ ▼✳ ❈✳❀ ◆❊❱❊❙✱ ❲✳ ▲✳ ❆✳❀ ❋❊❘◆❆◆❉❊❙ ❏r✳✱ ❉✳

❘❡♣r❡s❡♥t❛çã♦ ❞❡ ❉✐s❥✉♥t♦r❡s ❡♠ ▼❛♥♦❜r❛s ❈♦♥tr♦❧❛❞❛s ❞❡ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦✳ ❳❱■

❊♥❝✉❡♥tr♦ ❘❡❣✐♦♥❛❧ ■❜❡r♦❛♠❡r✐❝❛♥♦ ❞❡ ❈✐❣ré ✲ ❊❘■❆❈✱ ✷✵✶✺✱ P✉❡rt♦ ■❣✉❛③ú ✲ ❆r❣❡♥t✐♥❛✳

• ❇❆❘❘❖❙✱ ❉✳ ❉✳ ▲✳ ❚✳❀ ◆❊❱❊❙✱ ❲✳ ▲✳ ❆✳❀ ❉❆◆❚❆❙✱ ❑✳ ▼✳ ❈✳ ❀ ❋❊❘◆❆◆❉❊❙ ❏r✳✱

❉✳ ❈♦♥tr♦❧❧❡❞ ❙✇✐t❝❤✐♥❣ ♦❢ ❚r❛♥s♠✐ss✐♦♥ ▲✐♥❡ ✇✐t❤ ❙❡r✐❡s ❈♦♠♣❡♥s❛t✐♦♥✳ ■♥t❡r♥❛t✐♦♥❛❧

❈♦♥❢❡r❡♥❝❡ ♦♥ P♦✇❡r ❙②st❡♠s ❚r❛♥s✐❡♥ts ✲ ■P❙❚✱ ✷✵✶✺✱ ❈❛✈t❛t ✲ ❈r♦❛t✐❛✳

• ❇❆❘❘❖❙✱ ❉✳❀ ◆❊❱❊❙✱ ❲✳❀ ❉❆◆❚❆❙✱ ❑✳ ❈♦♥tr♦❧❧❡❞ ❙✇✐t❝❤✐♥❣ ♦❢ ❙❡r✐❡s ❈♦♠♣❡♥s❛t❡❞

❚r❛♥s♠✐ss✐♦♥ ▲✐♥❡s✿ ❈❤❛❧❧❡♥❣❡s ❛♥❞ ❙♦❧✉t✐♦♥s✳ ■❊❊❊ P❊❙ ❚r❛♥s❛❝t✐♦♥s ♦♥ P♦✇❡r ❉❡❧✐✲

✈❡r②✱ ✷✵✶✽ ✭s✉❜♠❡t✐❞♦✮✳

✶✳✸ ❖❘●❆◆■❩❆➬➹❖ ❉❖ ❚❊❳❚❖

❊st❛ t❡s❡ ❡stá ♦r❣❛♥✐③❛❞❛ ❡♠ ✼ ❝❛♣ít✉❧♦s✳ ❆♣ós ❡st❡ ❝❛♣ít✉❧♦ ✐♥tr♦❞✉tór✐♦✱ t❡♠✲s❡ ❛ s❡❣✉✐♥t❡

❡str✉t✉r❛✿

• ◆♦ ❈❛♣ít✉❧♦ ✷✱ ❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ♥❡❝❡ssár✐❛ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❛ ♣❡sq✉✐s❛

é ❛♣r❡s❡♥t❛❞❛✱ ❡♠ q✉❡ sã♦ ❛❜♦r❞❛❞♦s ♦s ♣r✐♥❝✐♣❛✐s ❛s♣❡❝t♦s r❡❢❡r❡♥t❡s às s♦❜r❡t❡♥sõ❡s

tr❛♥s✐tór✐❛s ❞❡ ♠❛♥♦❜r❛✱ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❡ ❝♦♠♣❡♥s❛çã♦

r❡❛t✐✈❛ sér✐❡✳

• ◆♦ ❈❛♣ít✉❧♦ ✸✱ ❛♣r❡s❡♥t❛✲s❡ ✉♠❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ r❡❢❡r❡♥t❡ ❛♦s ♣r✐♥❝✐♣❛✐s ❛❧❣♦r✐t♠♦s

❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❛❧é♠ ❞❡ ❞❡st❛❝❛r

♦ q✉❡ ❡①✐st❡ ♥❛ ❧✐t❡r❛t✉r❛ ❛té ♦ ♣r❡s❡♥t❡ ♠♦♠❡♥t♦ q✉❛♥t♦ à ❛♣❧✐❝❛çã♦ ❡♠ ❧✐♥❤❛s ❝♦♠

❝♦♠♣❡♥s❛çã♦ sér✐❡✳

• ◆♦ ❈❛♣ít✉❧♦ ✹✱ ✉♠❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ r❡s✉❧t❛♥t❡ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦

sér✐❡ é ❛♣r❡s❡♥t❛❞❛ ❛ ✜♠ ❞❡ ✐❞❡♥t✐✜❝❛r ❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣❛r❛
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❞✐❢❡r❡♥t❡s ❛rr❛♥❥♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛s ❝♦♥❞✐çõ❡s ✈❛r✐á✈❡✐s ❞❡ ♦♣❡r❛çã♦

❞♦ ❇❈❙✳

• ◆♦ ❈❛♣ít✉❧♦ ✺✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥♦ ❈❛♣ít✉❧♦ ✹✱ sã♦ ❛♣r❡s❡♥t❛❞❛s

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

r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❆❧é♠ ❞✐ss♦✱ é ♣r♦♣♦st♦ ✉♠

♥♦✈♦ ♠ét♦❞♦ ♣❛r❛ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

• ◆♦ ❈❛♣ít✉❧♦ ✻✱ ♦s r❡s✉❧t❛❞♦s ❞❛ ❛✈❛❧✐❛çã♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠

❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ sã♦ ❛♣r❡s❡♥t❛❞♦s✳

• P♦r ✜♠✱ ♥♦ ❈❛♣ít✉❧♦ ✼✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥❝❧✉sõ❡s ❞❛ ♣❡sq✉✐s❛ ❡ s✉❣❡stõ❡s ♣❛r❛

tr❛❜❛❧❤♦s ❢✉t✉r♦s✳



❈❆P❮❚❯▲❖ ✷

❋❯◆❉❆▼❊◆❚❆➬➹❖ ❚❊Ó❘■❈❆

❖ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ é ✉♠❛ ❞❛s s♦❧✉çõ❡s q✉❡ t❡♠ s❡ ❞❡st❛❝❛❞♦

♣❛r❛ ❛ r❡❞✉çã♦ ❞❡ s♦❜r❡t❡♥sõ❡s tr❛♥s✐tór✐❛s ❞❡ ♠❛♥♦❜r❛✱ ❛s q✉❛✐s s❡ ♦r✐❣✐♥❛♠ ❞❡ ♦♣❡r❛çõ❡s ❞❡

❡♥❡r❣✐③❛çã♦ ❡ r❡❧✐❣❛♠❡♥t♦ ❛✉t♦♠át✐❝♦✳ ❆ ♠❛✐♦r✐❛ ❞❛s té❝♥✐❝❛s ❛♣❧✐❝❛❞❛s ♣❛r❛ ❡ss❛ ✜♥❛❧✐❞❛❞❡

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

❡♥t❛♥t♦✱ ❤á ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❡ ❝♦♠ ✐ss♦ s✉r❣❡ ♦ ✐♥t❡r❡ss❡

❡♠ ❛✈❛❧✐❛r ❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♥❡st❡s ❝❛s♦s✱ ✈✐st♦ q✉❡ ❛ ♣r❡s❡♥ç❛ ❞❡

❜❛♥❝♦s ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡ ♥❛ ❧✐♥❤❛ tr❛③ ❛❧❣✉♠❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s✳ ❊♥tã♦✱ ♥❡st❡ tr❛❜❛❧❤♦✱ ♦

♦❜❥❡t✐✈♦ é ❛✈❛❧✐❛r ❛ ❛♣❧✐❝❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❉❡st❡ ♠♦❞♦✱ ♦s ♣r✐♥❝✐♣❛✐s ❝♦♥❝❡✐t♦s ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛✱ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡

❝♦♠♣❡♥s❛çã♦ sér✐❡ q✉❡ ❢✉♥❞❛♠❡♥t❛♠ ❡st❡ tr❛❜❛❧❤♦ ❞❡ t❡s❡ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ ❝❛♣ít✉❧♦✳

✷✳✶ ❙❖❇❘❊❚❊◆❙Õ❊❙ ❉❊ ▼❆◆❖❇❘❆

❊♠ s✐st❡♠❛s ❡♠ ❊❆❚ ❡ ❯❆❚✱ ❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛ sã♦ ❢❡♥ô♠❡♥♦s tr❛♥s✐tór✐♦s ❞❡✲

t❡r♠✐♥❛♥t❡s ♣❛r❛ ❛ ❞❡✜♥✐çã♦ ❞♦ ♥í✈❡❧ ❞❡ ✐s♦❧❛♠❡♥t♦ ❞♦s ❡q✉✐♣❛♠❡♥t♦s ✭❉✬❆❏❯❩ ❡t ❛❧✳✱ ✶✾✽✼✮✱

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

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

❝✉rt♦✲❝✐r❝✉✐t♦✳

❯♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ss❡ ❢❡♥ô♠❡♥♦ tr❛♥s✐tór✐♦ é s❡✉ ❝❛rát❡r ♣r♦❜❛❜✐❧íst✐❝♦

❞✉r❛♥t❡ ♠❛♥♦❜r❛s ❞❡ ❢❡❝❤❛♠❡♥t♦✳ ❈♦♠♦ ❛ s♦❜r❡t❡♥sã♦ é r❡s✉❧t❛❞♦ ❞❛ ❛çã♦ ❞❡ ✉♠ ❞✐s❥✉♥t♦r✱

♣❛r❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ♠❛♥♦❜r❛ ♣♦❞❡✲s❡ ♦❜t❡r ❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s ❞❡ s♦❜r❡t❡♥sã♦ ❡♠ ❢✉♥çã♦ ❞❛

❞✐s♣❡rsã♦ ♠❡❝â♥✐❝❛ ❞♦s ❝♦♥t❛t♦s ❞❡st❡ ❡q✉✐♣❛♠❡♥t♦ ❞❡ ♠❛♥♦❜r❛ ❡ ❞♦ ✈❛❧♦r ❞❛ t❡♥sã♦ ♥♦ ✐♥st❛♥t❡

❡♠ q✉❡ ♦❝♦rr❡ ❛ ♦♣❡r❛çã♦✳

❊♠ ♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦ ❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❛s s♦❜r❡t❡♥sõ❡s sã♦

✼



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✽

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

❧✐♥❤❛✱ ❛ ♣r❡s❡♥ç❛ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡ ❛ ♣♦tê♥❝✐❛ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❞♦ s✐st❡♠❛ ❛❧✐♠❡♥t❛❞♦r✱

❡ ♣❡❧❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s ❞✐s❥✉♥t♦r❡s✱ ❝♦♠♦ ❛ ❞✐s♣❡rsã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s✱ ❛ ♣r❡s❡♥ç❛

❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦ ❡ ❛ t❛①❛ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛ ✭❚❉❙❉✮✳

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

s❡r ✉t✐❧✐③❛❞♦ ♣❛r❛ r❡❞✉③✐r ❡ss❛s s♦❜r❡t❡♥sõ❡s ❛ ♣❛rt✐r ❞♦ ✉s♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦ ♦✉

❝♦♥tr♦❧❡ ❞♦s ✐♥st❛♥t❡s ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s ✭●❆❘❩❖◆✱ ✶✾✾✼✮✳ ❊st❡ ú❧t✐♠♦ ❝♦rr❡s♣♦♥❞❡

às té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳

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

❝♦♠✉♠❡♥t❡ r❡❛❧✐③❛❞❛s ♥♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❡ ♣♦tê♥❝✐❛✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ❛ s❡❣✉✐r✳

✷✳✶✳✶ ▼❛♥♦❜r❛ ❞❡ ❊♥❡r❣✐③❛çã♦

❆ ♠❛♥♦❜r❛ ❞❡ ❡♥❡r❣✐③❛çã♦ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ é r❡❛❧✐③❛❞❛✱ ❡♠ ❣❡r❛❧✱ ❛ ♣❛rt✐r ❞❛

❡♥❡r❣✐③❛çã♦ ❞❡ ✉♠ ❞♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✱ ♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r ✭❧♦❝❛❧✮✱ ❝♦♠ ♦ ♦✉tr♦ t❡r♠✐♥❛❧ ❡♠

❛❜❡rt♦✱ ♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ✭r❡♠♦t♦✮✳ ❉❡st❡ ♠♦❞♦✱ q✉❛♥❞♦ ♦❝♦rr❡ ❛ ❡♥❡r❣✐③❛çã♦ ❞❛ ❧✐♥❤❛ ❝♦♠

♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✱ ♦♥❞❛s ❞❡ t❡♥sã♦ ❝♦♠❡ç❛♠ ❛ tr❛❢❡❣❛r ♣❡❧❛ ❧✐♥❤❛✳ ❊st❛s✱

❛♦ ❛❧❝❛♥ç❛r❡♠ ♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r✱ ♦ q✉❛❧ ❡stá ❡♠ ❛❜❡rt♦✱ sã♦ r❡✢❡t✐❞❛s✱ ❡ é ♥❡st❡ ♣♦♥t♦✱ ❡♠

❣❡r❛❧✱ ♦♥❞❡ sã♦ ♦❜s❡r✈❛❞❛s ❛s ♠❛✐♦r❡s s♦❜r❡t❡♥sõ❡s✳

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

❞❛s s♦❜r❡t❡♥sõ❡s sã♦✿ ❛ ❞✐s♣❡rsã♦ ♠❡❝â♥✐❝❛ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r ❡ ♦ ❛❝♦♣❧❛♠❡♥t♦

❡❧❡tr♦♠❛❣♥ét✐❝♦ ♠út✉♦ ❡♥tr❡ ❛s ❢❛s❡s✳ ❖ ♣r✐♠❡✐r♦ é ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ ✐♥❡r❡♥t❡ ❛♦ ❡q✉✐♣❛♠❡♥t♦

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

♥ã♦ sã♦ ❢❡❝❤❛❞♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡✳ ❊✱ ❞❡✈✐❞♦ ❛♦ ❛❝♦♣❧❛♠❡♥t♦ ♠út✉♦ ❡♥tr❡ ❛s ❢❛s❡s✱ q✉❛♥❞♦ ♦

♣r✐♠❡✐r♦ ♣♦❧♦ é ❢❡❝❤❛❞♦✱ ♥ã♦ ❤❛✈❡rá ❛♣❡♥❛s ♦♥❞❛ ❞❡ t❡♥sã♦ ♥❛ ❢❛s❡ ❛ss♦❝✐❛❞❛ àq✉❡❧❡ ♣♦❧♦✱ ♠❛s

❤❛✈❡rá t❛♠❜é♠ ♦♥❞❛s ❞❡ t❡♥sã♦ s❡ ♣r♦♣❛❣❛♥❞♦ ♥❛s ❞❡♠❛✐s ❢❛s❡s✳ ▲♦❣♦✱ ❛♦ ❛❧❝❛♥ç❛r ♦ t❡r♠✐♥❛❧

r❡♠♦t♦✱ ❛s ♦♥❞❛s sã♦ r❡✢❡t✐❞❛s✱ ♦ q✉❡ ♣♦❞❡ ❧❡✈❛r ❛ ✉♠ ❛✉♠❡♥t♦ ❞❡ss❛s s♦❜r❡t❡♥sõ❡s✳ ❊♥tã♦✱ ❛

♦❜t❡♥çã♦ ❞❛s ♠á①✐♠❛s s♦❜r❡t❡♥sõ❡s ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ❞❡✈❡ s❡r ❢❡✐t❛ ♠❡❞✐❛♥t❡ ❛ r❡❛❧✐③❛çã♦

❞❡ ✉♠ ♥ú♠❡r♦ ❝♦♥s✐❞❡rá✈❡❧ ❞❡ ♠❛♥♦❜r❛s ❛ ✜♠ ❞❡ s✐♠✉❧❛r ❞✐❢❡r❡♥t❡s s❡q✉ê♥❝✐❛s ❞❡ ❢❡❝❤❛♠❡♥t♦✱

♦ q✉❡ ♣❡r♠✐t✐rá ❛ ❝♦♥str✉çã♦ ❞❡ ✉♠ ❤✐st♦❣r❛♠❛ ❞❡ s♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✾

❯♠ ❢♦r♠❛ ❞❡ ♦♥❞❛ tí♣✐❝❛ ❞❡ s♦❜r❡t❡♥sã♦ ❝❛✉s❛❞❛ ♣♦r ✉♠❛ ♠❛♥♦❜r❛ ❞❡ ❡♥❡r❣✐③❛çã♦ é ♠♦s✲

tr❛❞❛ ♥❛ ❋✐❣✉r❛ ✷✳✶✳ ❆ ♠❛♥♦❜r❛ s❡ ✐♥✐❝✐❛ ♥♦ ✐♥st❛♥t❡ t0✱ ❝❛r❛❝t❡r✐③❛❞❛ ♣♦r ✉♠ ♣❡rí♦❞♦ ✐♥✐❝✐❛❧

tr❛♥s✐tór✐♦✱ ❝♦♠ ❞✉r❛çã♦ ❞❡ ❛❧❣✉♥s ♠✐❧✐ss❡❣✉♥❞♦s✱ ♥♦ q✉❛❧ s❡ ♦❜s❡r✈❛♠ ❛s ♠❛✐♦r❡s s♦❜r❡t❡♥sõ❡s✳

❆♣ós ❡st❡ ♣❡rí♦❞♦ é ❡st❛❜❡❧❡❝✐❞♦ ♦ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✳
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❋✐❣✉r❛ ✷✳✶✳ ❙♦❜r❡t❡♥sã♦ tí♣✐❝❛ ❞❡ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ ❡♥❡r❣✐③❛çã♦✳

✷✳✶✳✷ ▼❛♥♦❜r❛ ❞❡ ❘❡❧✐❣❛♠❡♥t♦

❖ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ♦❝♦rr❡✱ ❡♠ ❣❡r❛❧✱ q✉❛♥❞♦ ❤á ✐♥t❡rr✉♣çã♦ ❞♦ ❢♦r♥❡❝✐✲

♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ ❞❡ ❢♦r♠❛ ✐♥❡s♣❡r❛❞❛✳ ◆❡st❡ ❝❛s♦✱ ♦ r❡❧✐❣❛♠❡♥t♦ ❛✉t♦♠át✐❝♦ é ❡❢❡t✉❛❞♦

❛ ✜♠ ❞❡ r❡st❛❜❡❧❡❝❡r ♦ s✐st❡♠❛ ♦ ♠❛✐s rá♣✐❞♦ ♣♦ssí✈❡❧✳ ❉❡✈✐❞♦ ❛♦ r❡t❛r❞♦ ♥♦ ✐♥í❝✐♦ ❞♦ ❢❡❝❤❛✲

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

t❡♠♣♦ é ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ t❡♠♣♦ ♠♦rt♦✱ ❡ é ❞❛ ♦r❞❡♠ ❞❡ ✵✱✺ ❛ ✶✱✺ s ✭■❊❊❊ ❙t❞ ❈✸✼✳✶✵✹✲✷✵✵✷✱

✷✵✵✸✮✳ ◆♦ ❙■◆✱ ♦ ❖◆❙ ❡st❛❜❡❧❡❝❡ ✉♠ t❡♠♣♦ ❞❡ ✺✵✵ ♠s ♣❛r❛ r❡❧✐❣❛♠❡♥t♦ tr✐♣♦❧❛r ✭❖◆❙✱ ✷✵✶✵✮✳

❆♦ ❞❡s❧✐❣❛r ✉♠❛ ❧✐♥❤❛ ❡♠ ✈❛③✐♦✱ ♣♦r ❡①❡♠♣❧♦✱ ❞❡✈✐❞♦ ❛♦ s❡✉ ❝♦♠♣♦rt❛♠❡♥t♦ ♣r❡❞♦♠✐♥❛♥t❡✲

♠❡♥t❡ ❝❛♣❛❝✐t✐✈♦✱ ❛ t❡♥sã♦ é ♠á①✐♠❛ ♥♦ ✐♥st❛♥t❡ ❞❡ ✐♥t❡rr✉♣çã♦✳ ❈♦♠ ✐st♦✱ ✉♠❛ ❝❛r❣❛ r❡s✐❞✉❛❧

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

❡♥tr❡ ❡❧❛s✳ ❈❛s♦ ❛ ❧✐♥❤❛ s❡❥❛ r❡❧✐❣❛❞❛ ❛♥t❡s ❞♦ ❞❡❝❛✐♠❡♥t♦ t♦t❛❧ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡ ♦ ❢❡❝❤❛♠❡♥t♦

❞♦ ❞✐s❥✉♥t♦r s❡❥❛ ❡❢❡t✉❛❞♦ q✉❛♥❞♦ ❛ ♣♦❧❛r✐❞❛❞❡ ❞❛ t❡♥sã♦ ❡stá ♦♣♦st❛ à ♣♦❧❛r✐❞❛❞❡ ❞❛ ❝❛r❣❛✱

❛s s♦❜r❡t❡♥sõ❡s ♣♦❞❡♠ ❛t✐♥❣✐r ❛té ✺✱✵ ♣✉ ✭❉✬❆❏❯❩ ❡t ❛❧✳✱ ✶✾✽✼✮✳ ❖ t❡♠♣♦ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❞❛

❝❛r❣❛ ❞❡♣❡♥❞❡ ❞❛ ❡①✐stê♥❝✐❛ ♦✉ ♥ã♦ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✳ ◗✉❛♥❞♦ ♥ã♦ ❤á ❝♦♠♣❡♥s❛çã♦✱ ❛

❞✉r❛çã♦ ❞♦ ❞❡❝❛✐♠❡♥t♦ t♦t❛❧ ❞❛ ❝❛r❣❛ é ❞❡ ✷ ❛ ✺ ♠✐♥✉t♦s✱ ❡ ❞❡♣❡♥❞❡ ❞❛s ❝♦♥❞✐çõ❡s ❝❧✐♠át✐❝❛s✱

♣♦❞❡♥❞♦ ❝❤❡❣❛r ❛ ✶✺ ♠✐♥✉t♦s q✉❛♥❞♦ ❛s ❝♦♥❞✐çõ❡s ❛♠❜✐❡♥t❛✐s ❡stã♦ ♠✉✐t♦ s❡❝❛s ✭❉✬❆❏❯❩ ❡t



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✵

❛❧✳✱ ✶✾✽✼✮✳

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

❢♦r♠❛ ♦s❝✐❧❛tór✐❛✱ q✉❡ é ❝❛✉s❛❞❛ ♣❡❧❛ tr♦❝❛ ❞❡ ❡♥❡r❣✐❛ ❡♥tr❡ ❛ ❝❛♣❛❝✐tâ♥❝✐❛ ❞❛ ❧✐♥❤❛ ❡ ❛ ✐♥❞✉✲

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

❡ ❞❛ ❝❛♣❛❝✐tâ♥❝✐❛ ❞❛ ❧✐♥❤❛✳ P❛r❛ ❞❡✜♥✐✲❧♦✱ ❛ ❧✐♥❤❛ é ❝♦♥s✐❞❡r❛❞❛ ♣❡r❢❡✐t❛♠❡♥t❡ tr❛♥s♣♦st❛ ❝♦♠

r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦✳ ❆ ♣♦tê♥❝✐❛ r❡❛t✐✈❛ ❛ss♦❝✐❛❞❛ à ❝❛♣❛❝✐tâ♥❝✐❛ ❞❛ ❧✐♥❤❛ é ❞❛❞❛ ♣♦r✿

Ql = ω·Cl·V 2, ✭✷✳✶✮

❡♠ q✉❡ Cl ❝♦rr❡s♣♦♥❞❡ à ❝❛♣❛❝✐tâ♥❝✐❛ ❡q✉✐✈❛❧❡♥t❡ ❞❛ ❧✐♥❤❛✱ ❱ é ❛ t❡♥sã♦ ♥♦♠✐♥❛❧ ❞❛ ❧✐♥❤❛ ❡

ω = 2·πfnom✱ ❡♠ q✉❡ fnom é ❛ ❢r❡q✉ê♥❝✐❛ ♥♦♠✐♥❛❧ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✳ ❊ ❛ ♣♦tê♥❝✐❛ r❡❛t✐✈❛

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

Qr =
V 2

ω·Lr

, ✭✷✳✷✮

❡♠ q✉❡ Lr ❝♦rr❡s♣♦♥❞❡ à ✐♥❞✉tâ♥❝✐❛ ❡q✉✐✈❛❧❡♥t❡ ❞♦s r❡❛t♦r❡s✱ ❡ ❛s ❞❡♠❛✐s ✈❛r✐á✈❡✐s sã♦ ❛s

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

tr❛♥s♠✐ssã♦ é ❞❛❞♦ ♣♦r✿

kc =
Qr

Ql

, ✭✷✳✸✮

❆ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦s❝✐❧❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ é ❞❛❞❛ ♣♦r✿

fosc =
1

2π
√
LrCl

. ✭✷✳✹✮

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

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

fosc = fnom
√

kc, ✭✷✳✺✮

P♦rt❛♥t♦✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ q✉❛♥t♦ ♠❛✐♦r ❢♦r ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦✱ ♠❛✐♦r s❡rá ❛ ❢r❡q✉ê♥✲

❝✐❛ ❞❡ ♦s❝✐❧❛çã♦✱ ❡ ♣♦rt❛♥t♦ ❡st❛rá ♠❛✐s ♣ró①✐♠❛ ❞❛ ❢r❡q✉ê♥❝✐❛ ♥♦♠✐♥❛❧ ❞♦ s✐st❡♠❛✳ ❊♠ ❣❡r❛❧✱

❛ss✉♠❡ ✈❛❧♦r❡s ❡♥tr❡ ✸✵ ❡ ✺✺ ❍③ ✭❋❘❖❊❍▲■❈❍ ❡t ❛❧✳✱ ✶✾✾✼❛✮✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✶

◆❛s ❋✐❣✉r❛s ✷✳✷ ❡ ✷✳✸✱ sã♦ ♠♦str❛❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ tí♣✐❝♦s ❞❡ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦

❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ s❡♠ r❡❛t♦r❡s ❞❡ ❝♦♠♣❡♥s❛çã♦ ❡ ❞❡ ✉♠❛ ❧✐♥❤❛ ❝♦♠ ❣r❛✉ ❞❡ ❝♦♠✲

♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦ ❞❡ ✸✵✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊ss❡s s✐♥❛✐s ❞❡ t❡♥sã♦ ❝♦rr❡s♣♦♥❞❡♠ ❛♦ s✐♥❛❧

✈✐st♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ❞❛ ❧✐♥❤❛✳ ❖ ✐♥st❛♥t❡ t0 r❡♣r❡s❡♥t❛ ♦ ✐♥í❝✐♦ ❞❛ ✐♥t❡rr✉♣çã♦ ❞❡ ❡♥❡r❣✐❛

❡❧étr✐❝❛ ♥❛ ❧✐♥❤❛✱ ❡ ♦ ✐♥st❛♥t❡ t1 ❝♦rr❡s♣♦♥❞❡ ❛♦ ✐♥st❛♥t❡ ❞❡ r❡❧✐❣❛♠❡♥t♦ ❛❝r❡s❝✐❞♦ ❞♦ t❡♠♣♦

❞❡ trâ♥s✐t♦ ❞❛ ♦♥❞❛ ❞❡ t❡♥sã♦ ♥❛ ❧✐♥❤❛✱ ✈✐st♦ q✉❡ ❛ ♠❛♥♦❜r❛ é ❡❢❡t✉❛❞❛ ♥♦ t❡r♠✐♥❛❧ ❡♠✐ss♦r

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

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

❡♠ ❞❡r✐✈❛çã♦✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❛ss✉♠❡ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ♦s❝✐❧❛tór✐♦ ❡ ❛♣r❡s❡♥t❛ ❞❡❝❛✐♠❡♥t♦✳

tempo

2,0

1,0

-1,0

-2,0

0

T
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o
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p
u
)

t0 t1

❋✐❣✉r❛ ✷✳✷✳ ❙✐♥❛❧ ❞❡ t❡♥sã♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ❞❡ ✉♠❛ ❧✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ✉♠❛

♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ tr✐❢ás✐❝♦ r❡❛❧✐③❛❞❛ ♥♦ ♠❡s♠♦ ✐♥st❛♥t❡ ♥❛s três ❢❛s❡s✳

2,0

1,0

-1,0

-2,0

0

T
en

sã
o

 (
p

u
)

tempo

t0 t1

❋✐❣✉r❛ ✷✳✸✳ ❙✐♥❛❧ t❡♥sã♦ ♥♦ t❡r♠✐♥❛❧ r❡❝❡♣t♦r ❞❡ ✉♠❛ ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ✭✸✵✪✮ ❡♠ ✉♠❛

♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ tr✐❢ás✐❝♦ r❡❛❧✐③❛❞❛ ♥♦ ♠❡s♠♦ ✐♥st❛♥t❡ ♥❛s três ❢❛s❡s✳
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✷✳✷ P❘■◆❈❮P■❖❙ ❉❖ ❈❍❆❱❊❆▼❊◆❚❖ ❈❖◆❚❘❖▲❆❉❖

❈♦♥❢♦r♠❡ ✈✐st♦ ♥❛ s❡çã♦ ❛♥t❡r✐♦r✱ ❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛ sã♦ ✐♥❡✈✐tá✈❡✐s✱ ❡ ❞❡♣❡♥❞❡♠ ❞❡

❞✐✈❡rs♦s ❢❛t♦r❡s✱ ❡♥tr❡ ❡❧❡s ♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ❛ ♠❛♥♦❜r❛ é r❡❛❧✐③❛❞❛✳ ❉❡ ♠♦❞♦ q✉❡✱ ❞❡♣❡♥❞❡♥❞♦

❞♦ ✐♥st❛♥t❡ ❞❡ ♦♣❡r❛çã♦ ❡♠ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ ❡♥❡r❣✐③❛çã♦ ♦✉ ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛ ❡♠ r❡❧❛çã♦

❛♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✱ ❛s s♦❜r❡t❡♥sõ❡s ❣❡r❛❞❛s ♣♦❞❡♠ s❡r ♠í♥✐♠❛s

♦✉ ♠á①✐♠❛s✳ P♦rt❛♥t♦✱ ❛ ♣❛rt✐r ❞♦ ❝♦♥tr♦❧❡ ❞♦s ✐♥st❛♥t❡s ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞♦s ♣♦❧♦s ❞♦ ❞✐s❥✉♥t♦r

é ♣♦ssí✈❡❧ r❡❞✉③✐r ❛s s♦❜r❡t❡♥sõ❡s✱ q✉❡ é ♦ ♣r✐♥❝í♣✐♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳

❖ t❡r♠♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ s❡ r❡❢❡r❡ ❛♦ ✉s♦ ❞❡ té❝♥✐❝❛s ♣❛r❛ ❝♦♥tr♦❧❛r ♦ ✐♥st❛♥t❡ ❞❡

♦♣❡r❛çã♦ ❞♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✱ s❡❥❛ ❛❜❡rt✉r❛ ♦✉ ❢❡❝❤❛♠❡♥t♦✱ ❛ ♣❛rt✐r ❞♦ ♠♦♥✐t♦r❛♠❡♥t♦

❞❡ s✐♥❛✐s ❡❧étr✐❝♦s ❞❡ r❡❢❡rê♥❝✐❛ ✭❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ✶✸✳✵✼✱ ✶✾✾✾✮✳ P❛r❛ ♠❛♥♦❜r❛s ❞❡ ❧✐♥❤❛s

❞❡ tr❛♥s♠✐ssã♦✱ ♦s ✐♥st❛♥t❡s ♠❛✐s ❛❞❡q✉❛❞♦s ♣❛r❛ ❛ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r sã♦ ♦s ✐♥st❛♥t❡s ❞❡

♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❡♠ r❡❧❛çã♦ ❛♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s s❡✉s ❝♦♥t❛t♦s✳

❊♠ ✉♠❛ ♠❛♥♦❜r❛ tí♣✐❝❛ ❞❡ ❡♥❡r❣✐③❛çã♦ ♦✉ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛✱ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r

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

t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r✳ ❆ ♦♣❡r❛çã♦ ♥ã♦ é ✐♥st❛♥tâ♥❡❛✱ ♣♦✐s ❤á ♦ t❡♠♣♦ ❞❡ ♦♣❡r❛çã♦ ❞♦

❞✐s❥✉♥t♦r✱ toperao✳ ❆❧é♠ ❞✐ss♦✱ ❞❡♣❡♥❞❡♥❞♦ ❞❛ t❛①❛ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛

❞♦ ❞✐s❥✉♥t♦r ✭❚❉❙❉✮ ❡ ❞❛ t❡♥sã♦ ❛♣❧✐❝❛❞❛ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ♠❡s♠♦✱ ❛ ♣❛ss❛❣❡♠ ❞❡ ❝♦rr❡♥t❡

❡❧étr✐❝❛ ♣♦❞❡ s❡r ✐♥✐❝✐❛❞❛ ❛♥t❡s ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ❢ís✐❝♦ ❞♦s ❝♦♥t❛t♦s ❞❡✈✐❞♦ à ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠

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

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

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

❞❡✈❡✲s❡ ❛tr❛s❛r ♦ ✐♥st❛♥t❡ ❞❡ ❝♦♠❛♥❞♦ ❝♦♥s✐❞❡❛♥❞♦ ♦ t❡♠♣♦ ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞♦ ❞✐s❥✉♥t♦r✱ toperao✳

◆❛ ❋✐❣✉r❛ ✷✳✹✱ é ♠♦str❛❞♦ ✉♠ ❡sq✉❡♠❛ s✐♠♣❧✐✜❝❛❞♦ q✉❡ ♠♦str❛ ❝♦♠♦ ❛ ♠❛♥♦❜r❛ ❝♦♥tr♦❧❛❞❛

é ❡❢❡t✉❛❞❛✳ ◆❡st❡ ❡sq✉❡♠❛✱ ♦ t❡♠♣♦ ❞❡ ♣ré✲❛r❝♦ ❢♦✐ ❞❡s❝♦♥s✐❞❡r❛❞♦✳ ❚♦❞❛✈✐❛✱ é ✐♠♣♦rt❛♥t❡

❡♥❢❛t✐③❛r q✉❡ ❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❛r❝♦ ❡❧étr✐❝♦ ✐♥✢✉❡♥❝✐❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦✱ ♣♦✐s ♣♦❞❡

♣r♦♠♦✈❡r ♦ ❢❡❝❤❛♠❡♥t♦ ❡❧étr✐❝♦ ❛♥t❡s ❞♦ ❢❡❝❤❛♠❡♥t♦ ♠❡❝â♥✐❝♦ ❞♦s ❝♦♥t❛t♦s✳ ❊♠ ❇❛rr♦s ❡t

❛❧✳ ✭✷✵✶✺❛✮ é ❛♣r❡s❡♥t❛❞♦ ✉♠❛ ❛♥á❧✐s❡ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ❚❉❙❉ ❞❡ ❞✐s❥✉♥t♦r❡s ❡♠ ♠❛♥♦❜r❛s

❝♦♥tr♦❧❛❞❛s ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ P❛r❛ ♠✐♥✐♠✐③❛r ❡st❡ ❡❢❡✐t♦✱ ♣♦❞❡✲s❡ ❛tr❛s❛r ♦ ✐♥st❛♥t❡ ❞❡

❢❡❝❤❛♠❡♥t♦ ♣♦r ✉♠ ❞❛❞♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❜❛s❡❛❞♦ ♥❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ❞✐s❥✉♥t♦r✳
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tcomando

toperação

tcontrolado

tatraso
Comando controlado
     para a manobra

Comando aleatório
   para a manobra

totimo

Sinal de referência

toperação

❋✐❣✉r❛ ✷✳✹✳ ❊sq✉❡♠❛ ❞❡ ✉♠❛ ♠❛♥♦❜r❛ ❝♦♥tr♦❧❛❞❛✳

❆♦ ♦❜s❡r✈❛r ❛ ❋✐❣✉r❛ ✷✳✹✱ ✈❡r✐✜❝❛✲s❡ q✉❡ q✉❛♥❞♦ ❛ ♠❛♥♦❜r❛ ♥ã♦ é ❝♦♥tr♦❧❛❞❛✱ ♦ ❢❡❝❤❛♠❡♥t♦

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

❞❛s s♦❜r❡t❡♥sõ❡s✳ ❊♥q✉❛♥t♦ q✉❡ ♥❛ ♠❛♥♦❜r❛ ❝♦♥tr♦❧❛❞❛✱ ♦ ❢❡❝❤❛♠❡♥t♦ ❞♦ ❞✐s❥✉♥t♦r ♦❝♦rr❡ ♥♦

✐♥st❛♥t❡ ♠❛✐s ❛❞❡q✉❛❞♦ ❡♠ r❡❧❛çã♦ ❛♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛✳ P❛r❛ ♦ ❝❛s♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛

✷✳✹✱ ❡st❡s ✐♥st❛♥t❡s ❝♦rr❡s♣♦♥❞❡♠ ❛♦s ✐♥st❛♥t❡s ❞❡ ♣❛ss❛❣❡♠ ♣❡❧♦ ③❡r♦ ❞♦ s✐♥❛❧✳

❆s ❡str❛té❣✐❛s ❛❞♦t❛❞❛s ♣❛r❛ r❡❛❧✐③❛r ♦ ❝❤❛✈❡❛♠❡♥t♦ ❞❡♣❡♥❞❡rã♦ ❞♦ t✐♣♦ ❞❡ ♠❛♥♦❜r❛✱ ♦✉

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

❤á ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ♦✉ ♥ã♦✳ ❆ s❡❣✉✐r sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❡str❛té❣✐❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ♣❛r❛

❝❛❞❛ t✐♣♦ ❞❡ ♠❛♥♦❜r❛✳

✷✳✷✳✶ ❊str❛té❣✐❛ ♣❛r❛ ▼❛♥♦❜r❛ ❞❡ ❊♥❡r❣✐③❛çã♦

P❛r❛ ❡st❛ ♠❛♥♦❜r❛✱ ❛ ❡str❛té❣✐❛ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ é s✐♠♣❧❡s✱ ❞❡ ♠♦❞♦ q✉❡ ♦ ♠❡❧❤♦r

✐♥st❛♥t❡ ♣❛r❛ r❡❛❧✐③❛r ❛ ❡♥❡r❣✐③❛çã♦ ❝♦rr❡s♣♦♥❞❡ ❛♦ ✐♥st❛♥t❡ ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞❛ t❡♥sã♦

❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✳ ❆ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♠❡❧❤♦r❡s ✐♥st❛♥t❡s s❡ ❜❛s❡✐❛ ♥♦ s✐♥❛❧ ❞❡

t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ à t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✱ ❥á q✉❡ ♥ã♦

❤á ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛✳ ◆❛ ❋✐❣✉r❛ ✷✳✺✱ é ❛♣r❡s❡♥t❛❞♦ ✉♠ s✐♥❛❧ ❞❡ t❡♥sã♦ tí♣✐❝♦ s♦❜r❡ ♦

❞✐s❥✉♥t♦r ❡♠ ✉♠❛ ❞❛s ❢❛s❡s ❞❛ ❧✐♥❤❛✳ ❈♦♥❢♦r♠❡ ✐♥❞✐❝❛❞♦ ♣❡❧❛s s❡t❛s✱ ♦s ♣♦ssí✈❡✐s ♠❡❧❤♦r❡s

✐♥st❛♥t❡s sã♦ ❛q✉❡❧❡s ❡♠ q✉❡ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ é ③❡r♦✳
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Te
ns

ão
 (p

u)

1,0

-1,0

t (s)
0

❋✐❣✉r❛ ✷✳✺✳ ❙✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ♣❛r❛ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ ❡♥❡r❣✐③❛çã♦ ❞❡ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

✷✳✷✳✷ ❊str❛té❣✐❛ ♣❛r❛ ▼❛♥♦❜r❛ ❞❡ ❘❡❧✐❣❛♠❡♥t♦

❉✐❢❡r❡♥t❡♠❡♥t❡ ❞♦ q✉❡ ♦❝♦rr❡ ♥❛ ❡♥❡r❣✐③❛çã♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛✲

♠❡♥t♦ sã♦ r❡❛❧✐③❛❞❛s ❝♦♠ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛✳ ◗✉❛♥❞♦ ❛ ❧✐♥❤❛ é ❝♦♠♣❡♥s❛❞❛ ♣♦r r❡❛t♦r❡s

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

❞❡ ❡♥❡r❣✐❛ ❡♥tr❡ ❛ ❝❛♣❛❝✐tâ♥❝✐❛ ❞❛ ❧✐♥❤❛ ❡ ❛ ✐♥❞✉tâ♥❝✐❛ ❞♦ r❡❛t♦r✱ ❝✉❥❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦s❝✐❧❛çã♦

❞❡♣❡♥❞❡ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦✳ P♦rt❛♥t♦✱ ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦ ♥ã♦ s❡ ♣♦❞❡ ❛♣❧✐✲

❝❛r ❛ ♠❡s♠❛ ❡str❛té❣✐❛ q✉❡ ❢♦✐ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛ ❡♥❡r❣✐③❛çã♦✱ ❞❡ ♠♦❞♦ q✉❡ é ❡♠♣r❡❣❛❞❛ ✉♠❛

❡str❛té❣✐❛ ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s s❡♠ ❝♦♠♣❡♥s❛çã♦ ❡ ♦✉tr❛ ♣❛r❛ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦

r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✳

❊♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ s❡♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣❡r♠❛♥❡❝❡ ♣r❛t✐❝❛✲

♠❡♥t❡ ❝♦♥st❛♥t❡✱ ❡♠ t♦r♥♦ ❞❡ ±1, 0 ♣✉✱ ❞❡✈✐❞♦ ❛♦ ❡❢❡✐t♦ ❝❛♣❛❝✐t✐✈♦ ❞❛ ❧✐♥❤❛✳ ▲♦❣♦✱ ❡ss❡ ❝♦♠♣♦r✲

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

◆❛ ❋✐❣✉r❛ ✷✳✻✱ sã♦ ♠♦str❛❞♦s s✐♥❛✐s tí♣✐❝♦s ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r q✉❛♥❞♦

❛ ❧✐♥❤❛ ♥ã♦ ❛♣r❡s❡♥t❛ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ❞♦✐s ❝❛s♦s ♣♦ssí✈❡✐s✿ ♣♦❧❛r✐❞❛❞❡

♣♦s✐t✐✈❛ ❡ ♥❡❣❛t✐✈❛ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✳ ❖s ♣♦ssí✈❡✐s ♠❡❧❤♦r❡s ✐♥st❛♥t❡s ❞❡ ❢❡❝❤❛♠❡♥t♦ ❡stã♦

✐♥❞✐❝❛❞♦s ♣❡❧❛s s❡t❛s✱ ❡ ❝♦rr❡s♣♦♥❞❡♠ ❛♦s ✐♥st❛♥t❡s ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦✱ ✐st♦ é✱ ♦s ♣♦♥t♦s ❡♠

q✉❡ ❛ t❡♥sã♦ é ♠í♥✐♠❛✳
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❋✐❣✉r❛ ✷✳✻✳ ❙✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ♣❛r❛ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ tr✐❢ás✐❝♦ ❞❡ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦

s❡♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✿ ✭❛✮ ❝❛r❣❛ r❡s✐❞✉❛❧ ❝♦♠ ♣♦❧❛r✐❞❛❞❡ ♣♦s✐t✐✈❛ ✭❜✮ ❝❛r❣❛ r❡s✐❞✉❛❧ ❝♦♠ ♣♦❧❛r✐❞❛❞❡

♥❡❣❛t✐✈❛✳

❊♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱ ❛ ❞❡♣❡♥❞❡r ❞♦ ❣r❛✉ ❞❡

❝♦♠♣❡♥s❛çã♦ ❞❛ ❧✐♥❤❛✱ tê♠✲s❡ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❢♦r♠❛s ❞❡ ♦♥❞❛ ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r✳

◆❛s ❋✐❣✉r❛s ✷✳✼ ❡ ✷✳✽✱ sã♦ ♠♦str❛❞♦s ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r ❡♠ ✉♠❛

❢❛s❡ ♣❛r❛ ✉♠ ❜❛✐①♦ ❡ ✉♠ ❡❧❡✈❛❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆♣❡s❛r ❞❡ ❡①✐st✐r❡♠

✈ár✐♦s ✐♥st❛♥t❡s ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦✱ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛ só ❞❡✈❡ s❡r ❡❢❡t✉❛❞♦ ❡♠ ✐♥st❛♥t❡s

♣r❡s❡♥t❡s ♥❛ r❡❣✐ã♦ ❞❡ ♠❡♥♦r ❜❛t✐♠❡♥t♦ ❞♦ s✐♥❛❧✱ ❝♦♥❢♦r♠❡ ✐♥❞✐❝❛❞♦ ♣❡❧❛s s❡t❛s ♥❛s ❋✐❣✉r❛s ✷✳✼

❡ ✷✳✽✳ ❊ss❛ r❡❝♦♠❡♥❞❛çã♦ é ❢❡✐t❛ ♣♦rq✉❡ ♥♦s ✐♥st❛♥t❡s ❞❡ ♣❛ss❛❣❡♠ ♣❡❧♦ ③❡r♦ ❞❛ t❡♥sã♦ ♣r❡s❡♥t❡s

♥❛ r❡❣✐ã♦ ❞❡ ♠❛✐♦r ♣✉❧s❛çã♦✱ q✉❛❧q✉❡r ✐♠♣r❡❝✐sã♦ ♣♦❞❡ ❛❝❛rr❡t❛r ♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s ❞♦

❞✐s❥✉♥t♦r ❡♠ ✐♥st❛♥t❡s ❡♠ q✉❡ ❛ t❡♥sã♦ ❡stá ❜❛st❛♥t❡ ❡❧❡✈❛❞❛✳ P♦rt❛♥t♦✱ q✉❛♥t♦ ♠❛✐♦r ❢♦r ♦

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

❞✐s❥✉♥t♦r✱ ♣♦✐s ❛s r❡❣✐õ❡s ❞❡ ♠❡♥♦r ❜❛t✐♠❡♥t♦ ❞♦ s✐♥❛❧ ❡stã♦ ♠❛✐s ❜❡♠ ❞❡✜♥✐❞❛s✳ ◆♦ ❡♥t❛♥t♦✱

♥ã♦ é ✐♥t❡r❡ss❛♥t❡ ❝♦♠♣❡♥s❛r t♦t❛❧♠❡♥t❡ ❛ ❝❛♣❛❝✐tâ♥❝✐❛ ❞❛ ❧✐♥❤❛✱ ❧✐♠✐t❛♥❞♦✲s❡ ❛té ✽✵✪✱ ♣♦✐s ♦

✉s♦ ❞❡ r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦ ♣❛r❛ ❛ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ♣♦❞❡ ❧❡✈❛r

❛ ❝✐r❝✉✐t♦s r❡ss♦♥❛♥t❡s q✉❛♥❞♦ ❤á ♠❛✐s ❞❡ ✉♠ ❝✐r❝✉✐t♦ ♥❛ ♠❡s♠❛ ❢❛✐①❛ ❞❡ ♣❛ss❛❣❡♠ ❡ ✉♠ ❞❡❧❡s

s❡ ❡♥❝♦♥tr❛ ❢♦r❛ ❞❡ ♦♣❡r❛çã♦ ❝♦♠ s✉❛s ❞✉❛s ❡①tr❡♠✐❞❛❞❡s ♥ã♦ ❛t❡rr❛❞❛s ✭P❊❘❊■❘❆✱ ✷✵✵✽✮✳
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❋✐❣✉r❛ ✷✳✼✳ ❙✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ♣❛r❛ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ tr✐❢ás✐❝♦ ❞❡ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦

❝♦♠ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❞❡ ✸✵✪✳
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❋✐❣✉r❛ ✷✳✽✳ ❙✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ♣❛r❛ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ tr✐❢ás✐❝♦ ❞❡ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦

❝♦♠ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❞❡ ✼✵✪✳

✷✳✸ ❈❖▼P❊◆❙❆➬➹❖ ❙➱❘■❊

❆ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❝♦♥s✐st❡ ❡♠ r❡❞✉③✐r ❛ r❡❛tâ♥❝✐❛ sér✐❡ t♦t❛❧ ❞❛ ❧✐♥❤❛ ❛ ♣❛rt✐r ❞❛ ✐♥st❛✲

❧❛çã♦ ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡✱ ♦ q✉❡ ❞✐♠✐♥✉✐ ❛ ❞✐stâ♥❝✐❛ ❡❧étr✐❝❛ ❡♥tr❡ ❛s ❜❛rr❛s t❡r♠✐♥❛✐s✳ ❈♦♠

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

♣❡r♠❛♥❡♥t❡✱ ❛❧é♠ ❞❡ ❛✉①✐❧✐❛r ♥♦ ❝♦♥tr♦❧❡ ❞❛ q✉❡❞❛ ❞❡ t❡♥sã♦ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✳

❖ ✉s♦ ❞❡ ❜❛♥❝♦s ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡ ♥♦s s✐st❡♠❛s ❞❡ tr❛♥s♠✐ssã♦ t❡♠ ❛✉♠❡♥t❛❞♦✱ ❝♦♠♦

s❡ ♦❜s❡r✈❛ ♥♦ ❙■◆✱ ♦♥❞❡ ❥á ❡①✐st❡♠ ♠❛✐s ❞❡ ✼✵ ❧✐♥❤❛s ❝♦♠ ❇❈❙ s❡❣✉♥❞♦ ❞❛❞♦s ❞♦ ❖◆❙✳ ❊ss❛
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✉t✐❧✐③❛çã♦ s❡ ❞❡✈❡ às ❞✐✈❡rs❛s ✈❛♥t❛❣❡♥s ♦❢❡r❡❝✐❞❛s ♣❡❧❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭❉✬❆❏❯❩ ❡t ❛❧✳✱

✶✾✽✺✮✿

✶✳ ❆✉♠❡♥t♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ♣♦tê♥❝✐❛ ❞❛ ❧✐♥❤❛❀

✷✳ ▼❡❧❤♦r✐❛ ♥❛ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛❀

✸✳ ❘❡❞✉çã♦ ❞❛s ♣❡r❞❛s ❡ ❞❛ q✉❡❞❛ ❞❡ t❡♥sã♦ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛❀

✹✳ ▼❡❧❤♦r✐❛ ♥❛ ❞✐✈✐sã♦ ❞❡ ♣♦tê♥❝✐❛ ❡♥tr❡ ❧✐♥❤❛s ❞❡ ❝✐r❝✉✐t♦ ❞✉♣❧♦✳

❆s tr❛♥s♠✐ss♦r❛s ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ tê♠ ✐♥✈❡st✐❞♦ ♥❛ ✐♥st❛❧❛çã♦ ❞❡ ❇❈❙ ❝♦♠ ♦ ♦❜❥❡t✐✈♦✱

♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❞❡ ❛✉♠❡♥t❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ tr❛♥s♠✐ssã♦ ❞❛s ❧✐♥❤❛s ❡①✐st❡♥t❡s✱ ♦ q✉❡ ♣❡r♠✐t❡

♣♦st❡r❣❛r ❛ ❝♦♥str✉çã♦ ❞❡ ♥♦✈❛s ❧✐♥❤❛s ✭❑■❘❙❈❍◆❊❘ ❡t ❛❧✳✱ ✷✵✵✹❀ ❙❆◆❉❖❱❆▲ ❡t ❛❧✳✱ ✷✵✵✻❀

●❘❯◆❇❆❯▼ ❡t ❛❧✳✱ ✷✵✶✷❀ ▲■▼❆ ❡t ❛❧✳✱ ✷✵✶✷✮✳

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

sér✐❡ é ♦ ❢❡♥ô♠❡♥♦ ❞❛ r❡ss♦♥â♥❝✐❛ s✉❜sí♥❝r♦♥❛✳ ❊♠ ✉♠❛ ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❛

❢r❡q✉ê♥❝✐❛ ❞❡ r❡ss♦♥â♥❝✐❛ fres r❡s✉❧t❛♥t❡ ❞❛ tr♦❝❛ ❞❡ ❡♥❡r❣✐❛ ❡♥tr❡ ❛ r❡❛tâ♥❝✐❛ ❝❛♣❛❝✐t✐✈❛ ❞♦

❜❛♥❝♦✱ Xc✱ ❡ ❛ r❡❛tâ♥❝✐❛ ✐♥❞✉t✐✈❛ ❞❛ ❧✐♥❤❛✱ Xl✱ é ♠❡♥♦r q✉❡ ❛ ❢r❡q✉ê♥❝✐❛ ♥♦♠✐♥❛❧ ❞♦ s✐st❡♠❛

fnom✱ ❡ ♣♦r ✐ss♦ é ❞❡♥♦♠✐♥❛❞❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡ r❡ss♦♥â♥❝✐❛ s✉❜sí♥❝r♦♥❛✱ ❞❛❞❛ ❛ s❡❣✉✐r✿

fres = fnom

√

Xc

Xl

, ✭✷✳✻✮

❯♠ ✈❛❧♦r tí♣✐❝♦ ♣❛r❛ ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ é ✺✵✪✱ ❧✐♠✐t❛♥❞♦✲s❡✱ ❡♠ ❣❡r❛❧✱ ❛ ✽✵✪

❞❡✈✐❞♦ ❛♦ ❢❡♥ô♠❡♥♦ ❞❡ r❡ss♦♥â♥❝✐❛ s✉❜sí♥❝r♦♥❛✳ ❊ss❡ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ é ❞❛❞♦ ♣❡❧❛ r❡❧❛çã♦

❡♥tr❡ ❛ r❡❛tâ♥❝✐❛ ❝❛♣❛❝✐t✐✈❛✱ Xc✱ ❛ss♦❝✐❛❞❛ ❛♦ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡ ❡ ❛ r❡❛tâ♥❝✐❛ sér✐❡

t♦t❛❧ ❞❛ ❧✐♥❤❛✱ Xl✿

kc =
Xc

Xl

, ✭✷✳✼✮

❊♠ ❢✉♥çã♦ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✱ ❞❛s ♠áq✉✐♥❛s ❣❡r❛❞♦r❛s ❧✐❣❛❞❛s ❛♦ s✐st❡♠❛

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

❛❝❛rr❡t❛♥❞♦ ❞❛♥♦s às ♠áq✉✐♥❛s ❣❡r❛❞♦r❛s✳ P♦rt❛♥t♦✱ é ✐♠♣♦rt❛♥t❡ r❡❛❧✐③❛r ❡st✉❞♦s ♣❛r❛ ❛✈❛❧✐❛r

❛ ♦❝♦rrê♥❝✐❛ ❞❡ss❡ ❢❡♥ô♠❡♥♦✱ t❛♥t♦ ❡♠ s✐t✉❛çõ❡s ♠❛✐s ❝rít✐❝❛s q✉❛♥t♦ ❡♠ ♣❡q✉❡♥♦s ❞✐stúr❜✐♦s✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✽

P♦❞❡✲s❡ ✉t✐❧✐③❛r ✜❧tr♦s ♣❛r❛ ❛♠♦rt❡❝❡r ❛s ♦s❝✐❧❛çõ❡s✱ ♦✉ ❛✐♥❞❛ ❧✐♠✐t❛r ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦

sér✐❡ ♣❛r❛ ❡✈✐t❛r ❛ r❡ss♦♥â♥❝✐❛ s✉❜sí♥❝r♦♥❛ ✭❉✬❆❏❯❩ ❡t ❛❧✳✱ ✶✾✽✺✮✳

❯♠❛ ❞❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s ❞♦ ❝❛♣❛❝✐t♦r sér✐❡ ❝♦♠♦ ❡q✉✐♣❛♠❡♥t♦ ❡❧étr✐❝♦ é q✉❡ ❡❧❡ ♥ã♦ é ♠❡✲

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

❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦✱ ♦s q✉❛✐s s❡ ❞❡st✐♥❛♠ ❛ ♣r♦t❡❣❡r ♦ ❝❛♣❛❝✐t♦r sér✐❡✳ ❊♠ ❢✉♥çã♦ ❞❛ ❛t✉❛✲

çã♦ ❞❡ss❡ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❡♠ ❝♦♥❞✐çõ❡s ❞❡ ❢❛❧t❛✱ ♦ ❇❈❙ ♣♦❞❡ s❡r r❡t✐r❛❞♦ t❡♠♣♦r❛r✐❛♠❡♥t❡

❞❛ ❧✐♥❤❛✱ ❞❡ ❢♦r♠❛ ♣❛r❝✐❛❧ ♦✉ t♦t❛❧✳ ❊ss❛s ❝♦♥❞✐çõ❡s ✈❛r✐á✈❡✐s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❜❛♥❝♦ r❡♣r❡s❡♥✲

t❛♠ ✉♠ ❞♦s ♣r✐♥❝✐♣❛✐s ❞❡s❛✜♦s q✉❛♥t♦ à ❛♣❧✐❝❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s ❞❡

tr❛♥s♠✐ssã♦ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❝♦♥❢♦r♠❡ r❡♣♦rt❛❞♦ ❡♠ ❛❧❣✉♥s ❡st✉❞♦s ✭❈■●❘❊ ❲♦r❦✐♥❣

●r♦✉♣ ❆✸✳✵✼✱ ✷✵✵✹❛✮ ❡ ♣♦r ❢❛❜r✐❝❛♥t❡s ✭❆❇❇✱ ✷✵✶✸✮✳ ◆❛ s✉❜s❡çã♦ s❡❣✉✐♥t❡✱ é ❛♣r❡s❡♥t❛❞♦ ✉♠

❡sq✉❡♠❛ tí♣✐❝♦ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✜①❛✱ ❛❜♦r❞❛♥❞♦ ❛ ❢✉♥çã♦ ❞❡ ❝❛❞❛ ❞✐s♣♦s✐t✐✈♦ q✉❡ ❝♦♠♣õ❡

♦ ❇❈❙ ❡ ❝♦♠♦ ♦♣❡r❛♠ ❞✐❛♥t❡ ❞❡ ✉♠❛ ♣❡rt✉r❜❛çã♦ ♥♦ s✐st❡♠❛✳

✷✳✸✳✶ ❇❛♥❝♦ ❞❡ ❈❛♣❛❝✐t♦r❡s ❙ér✐❡

❯♠ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r sér✐❡ é ❝♦♠♣♦st♦✱ ❜❛s✐❝❛♠❡♥t❡✱ ♣♦r ✉♥✐❞❛❞❡s ❝❛♣❛❝✐t✐✈❛s✱ ✈❛r✐st♦r

❞❡ ó①✐❞♦ ♠❡tá❧✐❝♦✱ ❝❡♥t❡❧❤❛❞♦r✱ ❝✐r❝✉✐t♦ ❞❡ ❛♠♦rt❡❝✐♠❡♥t♦ ❡ ❞✐s❥✉♥t♦r ❞❡ ❜②✲♣❛ss✱ ❝♦♥❢♦r♠❡

✐❧✉str❛❞♦ ♥❛ ✷✳✾✳ ❊ss❡ ❡sq✉❡♠❛ ❞❡ ♣r♦t❡çã♦ é ❜❛st❛♥t❡ ✉t✐❧✐③❛❞♦✱ ✐♥❝❧✉s✐✈❡ r❡♣♦rt❛❞♦ ❡♠ tr❛✲

❜❛❧❤♦s ❝♦♠♦ ❛ ❝♦♥✜❣✉r❛çã♦ ❛❞♦t❛❞❛ ❡♠ ❜❛♥❝♦s ❞❡ ❝❛♣❛❝✐t♦r❡s ✐♥st❛❧❛❞♦s ♥♦ s✐st❡♠❛ ❈❍❊❙❋

✭❑■❘❙❈❍◆❊❘ ❡t ❛❧✳✱ ✷✵✵✹❀ ▲■▼❆ ❡t ❛❧✳✱ ✷✵✶✷✮✳

VARISTOR DE ZnO

CENTELHADOR

DISJUNTOR DE BY-PASS 

CIRCUITO DE
AMORTECIMENTO

CAPACITOR

❋✐❣✉r❛ ✷✳✾✳ ❆rr❛♥❥♦ tí♣✐❝♦ ❞❡ ✉♠ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡✳

❖ ✈❛r✐st♦r ❞❡ ❩♥❖✱ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ▼❖❱✱ t❡♠ ❝♦♠♦ ❢✉♥çã♦ ♣r♦t❡❣❡r ♦ ❝❛♣❛❝✐t♦r ❝♦♥tr❛

s♦❜r❡t❡♥sõ❡s✱ ❡ é ❝♦❧♦❝❛❞♦ ❡♠ ♣❛r❛❧❡❧♦ ❝♦♠ ♦ ❝❛♣❛❝✐t♦r✳ ❙♦❜ ❝♦♥❞✐çõ❡s ♥♦r♠❛✐s ❞❡ ♦♣❡r❛çã♦✱



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✶✾

❞❡✈✐❞♦ à s✉❛ ❝❛r❛❝t❡ríst✐❝❛ ❛❧t❛♠❡♥t❡ ♥ã♦✲❧✐♥❡❛r✱ ❡ss❡ ❞✐s♣♦s✐t✐✈♦ ❛♣r❡s❡♥t❛ ✉♠❛ r❡s✐stê♥❝✐❛

❜❛st❛♥t❡ ❡❧❡✈❛❞❛✱ ❞❡ ♠♦❞♦ q✉❡ ❛ ❝♦rr❡♥t❡ ♣❛ss❛ ♥♦r♠❛❧♠❡♥t❡ ♣❡❧♦ ❝❛♣❛❝✐t♦r✳ ◆♦ ❡♥t❛♥t♦✱

q✉❛♥❞♦ ♦❝♦rr❡ ✉♠ ❞❡❢❡✐t♦ ♥♦ s✐st❡♠❛✱ s❡ ❛ t❡♥sã♦ s♦❜r❡ ♦ ▼❖❱ ✉❧tr❛♣❛ss❛r ♦ ✈❛❧♦r ❡s♣❡❝✐✜❝❛❞♦

❡♠ ♣r♦❥❡t♦✱ ❡st❡ ♣❛ss❛ ❛ ❝♦♥❞✉③✐r✱ ♣♦✐s ❛ s✉❛ r❡s✐stê♥❝✐❛ é r❡❞✉③✐❞❛ ❞r❛st✐❝❛♠❡♥t❡✱ ❞❡s✈✐❛♥❞♦ ❛

❝♦rr❡♥t❡ ❞♦ ❜❛♥❝♦✱ ❡ ♠❛♥t❡♥❞♦ ❛ t❡♥sã♦ ❝♦♥st❛♥t❡ ❡♥tr❡ ♦s s❡✉s t❡r♠✐♥❛✐s✳

❖ ▼❖❱✱ ♣♦r s✉❛ ✈❡③✱ é ♣r♦t❡❣✐❞♦ ♣♦r ✉♠ ❝❡♥t❡❧❤❛❞♦r ❝♦♥tr❛ ❡①❝❡ss♦ ❞❡ ❛❜s♦rçã♦ ❞❡ ❡♥❡r❣✐❛✳

❊st❡ é ❝♦❧♦❝❛❞♦ ❡♠ ♣❛r❛❧❡❧♦ ❝♦♠ ♦ ❝♦♥❥✉♥t♦ ❝❛♣❛❝✐t♦r sér✐❡ ❡ ▼❖❱✳ ❉❡st❛ ❢♦r♠❛✱ ❛ ❞❡♣❡♥❞❡r

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

♦ ❝❡♥t❡❧❤❛❞♦r ❞✐s♣❛r❛✱ ❝✉rt♦✲❝✐r❝✉✐t❛♥❞♦ ♦ ❜❛♥❝♦✳ ❊♠ s❡❣✉✐❞❛✱ ♦ ❞✐s❥✉♥t♦r ❞❡ ❜②✲♣❛ss é ❢❡❝❤❛❞♦✱

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

◗✉❛♥❞♦ ♦ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r é ❝✉rt♦✲❝✐r❝✉✐t❛❞♦✱ ♦s ❡❢❡✐t♦s ❞❛ ❞❡s❝❛r❣❛ ❞♦ ❝❛♣❛❝✐t♦r ❞❡✈❡♠

s❡r r❛♣✐❞❛♠❡♥t❡ r❡❞✉③✐❞♦s ❛ ✜♠ ❞❡ ♣r♦t❡❣❡r ❛s ✉♥✐❞❛❞❡s ❝❛♣❛❝✐t✐✈❛s✱ ♦ ❝❡♥t❡❧❤❛❞♦r ❡ ♦ ❞✐s❥✉♥t♦r✳

❖ ❝✐r❝✉✐t♦ ❞❡ ❛♠♦rt❡❝✐♠❡♥t♦ ❞❡s❡♠♣❡♥❤❛ ❡①❛t❛♠❡♥t❡ ❡st❡ ♣❛♣❡❧✳ ➱ ❝♦♠♣♦st♦✱ ❡♠ ❣❡r❛❧✱ ♣♦r

✉♠ r❡❛t♦r ❡♠ ♣❛r❛❧❡❧♦ ❝♦♠ ✉♠ r❡s✐st♦r✳

✷✳✸✳✷ ❉✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❇❛♥❝♦s ❞❡ ❈❛♣❛❝✐t♦r❡s ❙ér✐❡

❖ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❞♦ ❜❛♥❝♦ s❡ ❜❛s❡✐❛ ♥♦s ❧✐♠✐t❡s ❞❡ t❡♥sã♦✳ P♦r✲

t❛♥t♦✱ ❤á ❞✉❛s s✐t✉❛çõ❡s q✉❡ ❞❡✈❡♠ s❡r ❝♦♥s✐❞❡r❛❞❛s✿ ❢❛❧t❛s ✐♥t❡r♥❛s ❡ ❡①t❡r♥❛s✳ ❋❛❧t❛ ✐♥t❡r♥❛

é ❛q✉❡❧❛ q✉❡ ♦❝♦rr❡ ♥❛ ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦✱ ❡♥q✉❛♥t♦ q✉❡ ❛ ❢❛❧t❛ ❡①t❡r♥❛ é q✉❛❧q✉❡r ❞❡❢❡✐t♦

q✉❡ ♦❝♦rr❡ ♥♦s ❝✐r❝✉✐t♦s ❛❞❥❛❝❡♥t❡s à ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✶✵✳

LT com compensação série LT adjacente

LT paralela

Falta interna

Falta externa

Falta externa

A B C

❋✐❣✉r❛ ✷✳✶✵✳ ■❧✉str❛çã♦ ❞❛ ❞❡✜♥✐çã♦ ❞❡ ❢❛❧t❛ ✐♥t❡r♥❛ ❡ ❡①t❡r♥❛ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

P❛r❛ ❢❛❧t❛s ❡①t❡r♥❛s✱ ♦ ▼❖❱ ❞❡✈❡ ❛t✉❛r✱ ❞❡s✈✐❛♥❞♦ ❛ ❝♦rr❡♥t❡ ❞♦ ❜❛♥❝♦✱ ❡ ❣❛r❛♥t✐♥❞♦ q✉❡

❛ t❡♥sã♦ ❡♥tr❡ ♦s t❡r♠✐♥❛✐s ❞♦ ❝❛♣❛❝✐t♦r ♥ã♦ ✉❧tr❛♣❛ss❡ ❛ t❡♥sã♦ ♠á①✐♠❛ ❞❡✜♥✐❞❛ ❡♠ ♣r♦❥❡t♦✳



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✵

❆ t❡♥sã♦ ❛ ♣❛rt✐r ❞❛ q✉❛❧ ♦ ▼❖❱ ♣❛ss❛ ❛ ❝♦♥❞✉③✐r ❞❡✈❡ s❡r ❛ t❡♥sã♦ ❧✐♠✐t❡ ♠á①✐♠❛✱ VLIM ✳

❊♠ ❝❛s♦s ❞❡ ❢❛❧t❛s ✐♥t❡r♥❛s✱ ♦ ❝❡♥t❡❧❤❛❞♦r ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦ ❞✐s❥✉♥t♦r ❞❡ ❞❡s✈✐♦ ♣♦❞❡ ❛t✉❛r

♣❛r❛ ♣r♦t❡❣❡r ♦ ▼❖❱ ❝♦♥tr❛ ❡①❝❡ss♦ ❞❡ ❛❜s♦rçã♦ ❞❡ ❡♥❡r❣✐❛✳ ❖ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ é ❢❡✐t♦ ❛ ♣❛rt✐r

❞♦s ♥í✈❡✐s ♠á①✐♠♦s ❞❡ ❝♦rr❡♥t❡ ❡ ❡♥❡r❣✐❛ s✉♣♦rt❛❞♦s ♣❡❧♦ ▼❖❱✱ IMOV MAX
❡ EMOV MAX

✳ ❊ss❡s

❧✐♠✐t❡s s❡ ❜❛s❡✐❛♠ ♥❛ ❢❛❧t❛ ❡①t❡r♥❛ ♠❛✐s s❡✈❡r❛ q✉❡ ♦ ✈❛r✐st♦r ❞❡✈❡ s❡r ❝❛♣❛③ ❞❡ s✉♣♦rt❛r✳ ❉❡st❛

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

❡ ❧❡✈❛ ❡♠ t♦r♥♦ ❞❡ ✶ ♠s ♣❛r❛ ❝✉rt♦✲❝✐r❝✉✐t❛r ♦ ❝♦♥❥✉♥t♦ ❝❛♣❛❝✐t♦r ❡ ▼❖❱ ✭▲■▼❆ ❡t ❛❧✳✱ ✷✵✵✼✮✳

❆ ❛t✉❛çã♦ ❞♦ ❝❡♥t❡❧❤❛❞♦r ❛❝✐♦♥❛ ♦ ❞✐s❥✉♥t♦r ❞❡ ❞❡s✈✐♦✱ ❡ ❛♣ós ❝❡r❝❛ ❞❡ ✺✵ ♠s ♦❝♦rr❡ ♦ s❡✉

❢❡❝❤❛♠❡♥t♦✱ r❡t✐r❛♥❞♦ ♦ ❜❛♥❝♦ ❞♦ s✐st❡♠❛✳ ❊ s♦♠❡♥t❡ ❛♣ós ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦✱ ♦ ❜❛♥❝♦ ❞❡

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

✷✳✸✳✸ ▲♦❝❛❧ ❞❡ ■♥st❛❧❛çã♦ ❞❡ ❇❛♥❝♦s ❞❡ ❈❛♣❛❝✐t♦r❡s ❙ér✐❡

❯♠ ❞♦s ❛s♣❡❝t♦s ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♥❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ é ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦ ❜❛♥❝♦

❞❡ ❝❛♣❛❝✐t♦r❡s✳ ❉❡ ♠♦❞♦ ❣❡r❛❧✱ ❛ ♣♦s✐çã♦ ót✐♠❛✱ t❡♥❞♦ ❡♠ ✈✐st❛ ♦ ✉s♦ ❡✜❝✐❡♥t❡ ❞❛ r❡❛tâ♥❝✐❛

❝❛♣❛❝✐t✐✈❛✱ é ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ◆♦ ❡♥t❛♥t♦✱ t❛♠❜é♠ t❡♠✲s❡ ❛❞♦t❛❞♦ ♦✉tr❛s ♦♣çõ❡s✱ ❝♦♠♦ ♥♦s

t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ♦✉ ❛✐♥❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❞✐stâ♥❝✐❛ ❞♦s t❡r♠✐♥❛✐s✳ ❊♠ t❡r♠♦s

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

♣♦✐s é ✐♥st❛❧❛❞♦ ♥❛ s✉❜❡st❛çã♦ t❡r♠✐♥❛❧✳ ❖✉tr❛ ❝♦♥✜❣✉r❛çã♦ tí♣✐❝❛ ❝♦♥s✐st❡ ♥❛ ✐♥st❛❧❛çã♦ ❞❡

❜❛♥❝♦s ❛ ✉♠❛ ❞✐stâ♥❝✐❛ ❞❡ ✶✴✸ ❞♦ ❝♦♠♣r✐♠❡♥t♦ t♦t❛❧ ❞❛ ❧✐♥❤❛✳ ❊♥tã♦✱ ❞❡✈✐❞♦ às ❞✐❢❡r❡♥t❡s

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

s✐st❡♠❛✱ ♣♦✐s ♦ ❧♦❝❛❧ ❞❡ ✐♥st❛❧❛çã♦ t❡♠ ✐♥✢✉ê♥❝✐❛ ❡♠ ✈ár✐♦s ❛s♣❡❝t♦s ✭❆◆❉❊❘❙❖◆❀ ❋❆❘▼❊❘✱

✶✾✾✻✮✿

✶✳ ❊✜❝á❝✐❛ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡❀

✷✳ P❡r✜❧ ❞❡ t❡♥sã♦ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛❀

✸✳ Pr♦t❡çã♦ ❞❛ ❧✐♥❤❛ ❡ ❞♦ ❜❛♥❝♦❀

✹✳ ▼❛♥✉t❡♥çã♦ ❞♦ ❜❛♥❝♦✳

❈♦♠♦ ❞❡✜♥✐❞♦ ♥❛ ❡q✉❛çã♦ ✷✳✼✱ ♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ q✉❛♥t✐✜❝❛ q✉❛♥t♦ ❞❡ ❝❛♣❛❝✐t♦r sér✐❡

❡stá s❡♥❞♦ ✉s❛❞♦ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ♥♦✈❛ ✐♠♣❡❞â♥❝✐❛ ❞❡ tr❛♥s❢❡rê♥❝✐❛✱ q✉❡ é



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✶

❛q✉❡❧❛ r❡s✉❧t❛♥t❡ ❞❛ ✐♥s❡rçã♦ ❞♦ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r✱ ♥ã♦ é s✐♠♣❧❡s♠❡♥t❡ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛

r❡❛tâ♥❝✐❛ ✐♥❞✉t✐✈❛ ❞❛ ❧✐♥❤❛ ❡ ❛ r❡❛tâ♥❝✐❛ ❝❛♣❛❝✐t✐✈❛ ❞♦ ❜❛♥❝♦✳ ❆ ♥♦✈❛ ✐♠♣❡❞â♥❝✐❛ ❞❡ tr❛♥s❢❡✲

rê♥❝✐❛ ❞❡♣❡♥❞❡ t❛♠❜é♠ ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞♦ ❜❛♥❝♦ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❡ ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ❧✐♥❤❛

✭❑❯▼❆❘ ❡t ❛❧✳✱ ✶✾✼✵✮✳ ❉❡st❛ ❢♦r♠❛✱ ❢❛❧❛✲s❡ ❡♠ ❡✜❝✐ê♥❝✐❛ ❞❛ ❝♦♠♣❡♥s❛çã♦ ❝♦♠♦ ✉♠ t❡r♠♦

♣❛r❛ ❛✈❛❧✐❛r ❛ ❡✜❝á❝✐❛ ❞♦ ❝❛♣❛❝✐t♦r sér✐❡✱ q✉❡ é ❞❡✜♥✐❞❛ ❝♦♠♦ ❛ t❛①❛ ❞❡ r❡❞✉çã♦ ♥❛ r❡❛tâ♥❝✐❛

❞❡ tr❛♥s❢❡rê♥❝✐❛ ♣❛r❛ ❛ r❡❛tâ♥❝✐❛ ❝❛♣❛❝✐t✐✈❛ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭❑❯▼❆❘ ❡t ❛❧✳✱ ✶✾✼✵✮ ✳

❉❡ ♠♦❞♦ ❣❡r❛❧✱ ❛ ❞❡✜♥✐çã♦ ❞❛ ❧♦❝❛❧✐③❛çã♦ ♠❛✐s ❛❞❡q✉❛❞❛ ❞♦s ❇❈❙ ♥♦ s✐st❡♠❛ ❡♥✈♦❧✈❡

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

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

❞❡ ✉t✐❧✐③❛çã♦ ❞♦s ❝❛♣❛❝✐t♦r❡s sér✐❡ ♣♦❞❡ s❡r ❛ ♠❛✐s ✈✐á✈❡❧✳

❆s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ♣♦❞❡♠ ❛♣r❡s❡♥t❛r s✐♠✉❧t❛♥❡❛♠❡♥t❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ sér✐❡ ❡

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

❧✐♥❤❛✳ ❖s ♣r✐♥❝✐♣❛✐s ❛rr❛♥❥♦s ❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ sã♦ ✐❧✉str❛❞♦s ♥❛ ❋✐❣✉r❛ ✷✳✶✶✿

• ❈❛♣❛❝✐t♦r sér✐❡ ✐♥st❛❧❛❞♦ ❡♠ ❛♣❡♥❛s ✉♠ ❞♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ✭■ ❡ ■■■✮❀

• ❈❛♣❛❝✐t♦r sér✐❡ ✐♥st❛❧❛❞♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ✭■■✮❀

• ❈❛♣❛❝✐t♦r sér✐❡ ✐♥st❛❧❛❞♦ ❡♠ ✉♠ ❞♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ❝♦♠ r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦ ❡♠

❛♠❜♦s ♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✱ ✐♥st❛❧❛❞♦s ❛♣ós ♦ ❇❈❙ ✭■❱✮❀

• ❈❛♣❛❝✐t♦r sér✐❡ ✐♥st❛❧❛❞♦ ❡♠ ✉♠ ❞♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ❝♦♠ r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦ ❡♠

❛♠❜♦s ♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✱ ✐♥st❛❧❛❞♦s ❛♥t❡s ❞♦ ❇❈❙ ✭❱✮❀

• ❈❛♣❛❝✐t♦r sér✐❡ ✐♥st❛❧❛❞♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❝♦♠ r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦ ❡♠ ❛♠❜♦s ♦s t❡r✲

♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ✭❱■✮✳

❊♠ r❡❧❛çã♦ ❛♦s ❡sq✉❡♠❛s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✱ ♦s ❛rr❛♥❥♦s ✭■❱✮ ❡

✭❱✮ sã♦ ♦s ♠❛✐s ✉t✐❧✐③❛❞♦s✱ ❡ ❛❧❣✉♥s ❡st✉❞♦s ✐♥❞✐❝❛♠ q✉❡ ✭■▲■❈❊❚❖❀ ❈■◆■❊❘■✱ ✶✾✼✼✮✿

• r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦ ❛♣ós ♦ ❝❛♣❛❝✐t♦r sér✐❡ ♣r♦♣♦r❝✐♦♥❛♠ ✉♠❛ ❝♦♠♣❡♥s❛çã♦ ♠❛✐s ❡❢❡t✐✈❛

❡♠ ❧✐♥❤❛s ❧♦♥❣❛s❀

• ❡♠ ❣❡r❛❧✱ ❛ ❞✐❢❡r❡♥ç❛ ❡♠ t❡r♠♦s ❞❡ ❡✜❝✐ê♥❝✐❛ ❡♥tr❡ ♦s ❡sq✉❡♠❛s ♥ã♦ é ❣r❛♥❞❡✱ ♣♦ré♠ ♦

❡sq✉❡♠❛ ✭■❱✮ t❡♥❞❡ ❛ ❛♣r❡s❡♥t❛r ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s❀



❈❛♣ít✉❧♦ ✷ ✕ ❋✉♥❞❛♠❡♥t❛çã♦ ❚❡ór✐❝❛ ✷✷

• ❡♠ r❡❧❛çã♦ ❛♦ ♣❡r✜❧ ❞❡ t❡♥sã♦✱ ♥❡♥❤✉♠ ❞♦s ❡sq✉❡♠❛s ❛♣r❡s❡♥t❛ ♠❛✐s ✈❛♥t❛❣❡♥s✳

(II)(I)

(III) (IV)

(VI)(V)

❋✐❣✉r❛ ✷✳✶✶✳ Pr✐♥❝✐♣❛✐s ❛rr❛♥❥♦s ❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ sér✐❡✳



❈❆P❮❚❯▲❖ ✸

❘❊❱■❙➹❖ ❇■❇▲■❖●❘➪❋■❈❆

◆❡st❡ ❝❛♣ít✉❧♦✱ ❛♣r❡s❡♥t❛✲s❡ ✉♠❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ ❝♦♠ ❛s ♣r✐♥❝✐♣❛✐s ♣✉❜❧✐❝❛çõ❡s r❡❢❡r❡♥t❡s

❛ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ✐♠♣♦rt❛♥t❡s ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❡

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

❛té ♦ ♣r❡s❡♥t❡ ♠♦♠❡♥t♦✳ ❉❡♥tr❡ ♦s ♠ét♦❞♦s ❛❜♦r❞❛❞♦s✱ ❞✐❢❡r❡♥t❡s té❝♥✐❝❛s ♣❛r❛ ❡st✐♠❛çã♦ ❞♦

s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s✱ ❞❛s ♠❛✐s ❝♦♠♣❧❡①❛s✱ ❝♦♠♦ ❛❧❣♦r✐t♠♦s ❞❡ r❡❝♦♥❤❡❝✐✲

♠❡♥t♦ ❞❡ ♣❛❞rã♦✱ às ♠❛✐s s✐♠♣❧❡s✱ ❝♦♠♦ ❞❡t❡❝çã♦ ❞❡ ♣❛ss❛❣❡♥s ♣♦r ③❡r♦✳ ❆❧é♠ ❞✐ss♦✱ ♦❜s❡r✈❛✲s❡

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

❡✈✐❞❡♥❝✐❛ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ ❛✈❛❧✐❛r t❛❧ ❛♣❧✐❝❛çã♦ ♣❛r❛ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ sér✐❡✳

✸✳✶ ▼➱❚❖❉❖❙ ❉❊ ❈❍❆❱❊❆▼❊◆❚❖ ❈❖◆❚❘❖▲❆❉❖

❖ ♣r✐♠❡✐r♦ ❞✐s♣♦s✐t✐✈♦ ♣❛r❛ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ❝♦♠✲

♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦ ❢♦✐ ✐♥st❛❧❛❞♦ ❡♠ ✉♠❛ ❧✐♥❤❛ ❞❡ ✺✵✵ ❦❱ ❞❛ ❝♦♠♣❛♥❤✐❛ ❡❧étr✐❝❛

❝❛♥❛❞❡♥s❡ ❇r✐t✐s❤ ❈♦❧✉♠❜✐❛ ❍②❞r♦ ❛♥❞ P♦✇❡r ❆✉t❤♦r✐t② ✭❇❈ ❍②❞r♦✮ ✭❋❘❖❊❍▲■❈❍ ❡t ❛❧✳✱

✶✾✾✼❛✮✳ ❖ ❛❧❣♦r✐t♠♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ♠❡❧❤♦r❡s ✐♥st❛♥t❡s ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞❡s♣r❡③❛

♦ ❡❢❡✐t♦ ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ❡❧❡tr♦♠❛❣♥ét✐❝♦ ❡♥tr❡ ❛s ❢❛s❡s✱ ❡ é ❜❛s❡❛❞♦ ❡♠ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛✲

❞rõ❡s✱ ❝✉❥♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ é ❛ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✳ ❖ ❛❧❣♦r✐t♠♦ ❢♦✐ t❡st❛❞♦

❛ ♣❛rt✐r ❞❡ s✐♠✉❧❛çõ❡s ✈✐❛ ❛♥❛❧✐s❛❞♦r ❞❡ r❡❞❡ ❡ ❊▼❚P ✭❊❧❡tr♦♠❛❣♥❡t✐❝ ❚r❛♥s✐❡♥ts Pr♦❣r❛♠✮✱

❛❧é♠ ❞❡ t❡st❡s ❡♠ ❝❛♠♣♦ ✭❋❘❖❊❍▲■❈❍ ❡t ❛❧✳✱ ✶✾✾✼❜✮✳ ❈♦♠❜✐♥❛❞♦ ❝♦♠ ♦ ✉s♦ ❞❡ ♣❛r❛✲r❛✐♦s✱

❛ té❝♥✐❝❛ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ s❡ ♠♦str♦✉ r♦❜✉st❛ ❡ ❡✜❝❛③ ♥❛ r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s✱

❞✐s♣❡♥s❛♥❞♦ ♦ ✉s♦ ❞❡ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✳ ◆♦ ❡♥t❛♥t♦✱ ♣❛r❛ ❝❛s♦s ❝♦♠ ❣r❛✉ ❞❡ ❝♦♠♣❡♥✲

s❛çã♦ r❡❛t✐✈❛ ❜❛✐①♦✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♥ã♦ ❞❡t❡r♠✐♥♦✉

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

❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r ♥ã♦ ❡stã♦ ❜❡♠ ❞❡✜♥✐❞❛s✳

✷✸



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✷✹

❊♠ ❲❛❧❧♥❡r ✫ ❘✐❝❤t❡r ✭✷✵✵✻✮ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ r❡❧✐❣❛♠❡♥t♦ ❛✉t♦♠át✐❝♦

tr✐♣♦❧❛r ♣❛r❛ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱ ❜❛s❡❛❞♦ ♥♦ ♠ét♦❞♦ ❞❡ Pr♦♥②✳

❊st❡ ♠ét♦❞♦ ❝♦♥s✐st❡ ♥♦ ❛❥✉st❡ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❛ ✉♠❛ s♦♠❛ ❞❡ ❢✉♥çõ❡s s❡♥♦✐❞❛✐s

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

❞✐s❥✉♥t♦r✳ P♦rt❛♥t♦✱ ✉♠❛ ❞❛s ✈❛♥t❛❣❡♥s ❞❡st❡ ♠ét♦❞♦ ❡♠ r❡❧❛çã♦ ❛♦s ❛❧❣♦r✐t♠♦s ❜❛s❡❛❞♦s ❡♠

r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s é ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❡st✐♠❛r ❛s ❝♦♠♣♦♥❡♥t❡s ❞♦ s✐♥❛❧ ✐♥❞❡♣❡♥❞❡♥t❡

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

◆♦ ❡♥t❛♥t♦✱ r❡q✉❡r ♠❛✐♦r t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳ ◆❡ss❡ ❛❧❣♦r✐t♠♦ é ❝♦♥s✐❞❡r❛❞❛ ❛ t❛①❛

❞❡ ❞❡❝❛✐♠❡♥t♦ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛ ❞♦ ❞✐s❥✉♥t♦r✱ ❞❡ ♠♦❞♦ q✉❡ ♦s ✐♥st❛♥t❡s ót✐♠♦s

❝❛❧❝✉❧❛❞♦s ♥❛ ♣r✐♠❡✐r❛ ❡t❛♣❛ ♣♦❞❡♠ s❡r ❛tr❛s❛❞♦s ❛ ✜♠ ❞❡ ❡✈✐t❛r ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ♣ré✲❛r❝♦✳

❆❧é♠ ❞✐ss♦✱ ♦ ❡❢❡✐t♦ ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ❡❧❡tr♦♠❛❣♥ét✐❝♦ ❡♥tr❡ ❢❛s❡s é ❝♦♥s✐❞❡r❛❞♦✳ P❛r❛ r❡❞✉③✐r

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

❛♣r❡s❡♥t❛r ❛ ♠❡♥♦r t❛①❛ ❞❡ ❝r❡s❝✐♠❡♥t♦ ❞❡ t❡♥sã♦ ♥❛ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦✳ ❊♥q✉❛♥t♦ q✉❡ ♦

s❡❣✉♥❞♦ ♣♦❧♦ s❡rá ❛q✉❡❧❡ ❝♦♠ ❛ s❡❣✉♥❞❛ ♠❡♥♦r t❛①❛ ❞❡ ❝r❡s❝✐♠❡♥t♦ ❞❡ t❡♥sã♦ ♥❛ ♣❛ss❛❣❡♠ ♣♦r

③❡r♦✱ ❝❛s♦ ♥ã♦ ❤❛❥❛ ✉♠❛ s❡q✉ê♥❝✐❛ ♣ré✲❡st❛❜❡❧❡❝✐❞❛✳

❊♠ ❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✵✽✮ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ♠ét♦❞♦ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣❛r❛ ♠❛♥♦✲

❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦ ❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ♥ã♦ ❝♦♠♣❡♥s❛❞❛s ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦

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

✉t✐❧✐③❛♥❞♦ té❝♥✐❝❛s s✐♠♣❧❡s ♣❛r❛ ❞❡t❡❝çã♦ ❞❡ ♣❛ss❛❣❡♥s ♣♦r ③❡r♦ ❛ ✜♠ ❞❡ ❞❡t❡r♠✐♥❛r ✉♠ ❝♦♥✲

❥✉♥t♦ ❞❡ ✐♥st❛♥t❡s ót✐♠♦s ❞❡ ❢❡❝❤❛♠❡♥t♦✳ ❆❧é♠ ❞✐ss♦✱ ♦s ♠❡❧❤♦r❡s ✐♥st❛♥t❡s ❞❡ ❝❛❞❛ ❢❛s❡ sã♦

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

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

❉❡✈✐❞♦ à ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛

❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱ ♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ❛❞♦t❛❞♦s ♥❡st❡ ♠ét♦❞♦

sã♦ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡ ❡ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✳ ❖ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ é t❡st❛❞♦

❛ ♣❛rt✐r ❞❡ s✐♠✉❧❛çõ❡s ✈✐❛ ❆❧t❡r♥❛t✐✈❡ ❚r❛♥s✐❡♥ts Pr♦❣r❛♠ ✭❆❚P✮✱ ❝♦♠ ✉♠ s✐st❡♠❛ ❞❡ ✺✵✵ ❦❱✱

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

♥❛ ❧✐♥❤❛ ❡ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✳ ❖ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ é ❝♦♠♣❛r❛❞♦

❝♦♠ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ r❡s✐st♦r❡s ❞❡ ♣ré✲✐♥s❡rçã♦✱ ❝♦♥st❛t❛♥❞♦✲s❡ ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ♠ét♦❞♦

♣r♦♣♦st♦✳ ◆♦ ❡♥t❛♥t♦✱ ♣❛r❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦✱ ♦ ♠ét♦❞♦ é ❛♣❧✐❝❛❞♦ ❛♣❡♥❛s ♣❛r❛ ♦s ❝❛s♦s

❡♠ q✉❡ ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ♥ã♦ é ❝❛✉s❛❞❛ ♣♦r ✉♠❛ ❢❛❧t❛✳



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✷✺

❯♠ ❛❧❣♦r✐t♠♦ ❜❛s❡❛❞♦ ♥❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞❛ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✱ ✐♥❞❡♣❡♥✲

❞❡♥t❡ ❞♦s ✐♥st❛♥t❡s ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦✱ é ❛♣r❡s❡♥t❛❞♦ ❡♠ ▼❡st❛s ❡t ❛❧✳ ✭✷✵✶✶❜✮✳ ❆ ♣❛rt✐r ❞♦

❡♥✈❡❧♦♣❡ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r✱ ❞❡t❡r♠✐♥❛✲s❡ ❛ ♣r✐♠❡✐r❛ r❡❣✐ã♦ ❞❡ ♠❡♥♦r ❜❛t✐✲

♠❡♥t♦ ❛♣ós ♦ t❡♠♣♦ ♠♦rt♦ ❞❛ ❧✐♥❤❛✱ ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ✷✵✵ ♠s✱ ♥❛ q✉❛❧ é ❡❢❡t✉❛❞❛ ❛ ♠❛♥♦❜r❛

❞❡ r❡❧✐❣❛♠❡♥t♦✳ ❖ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ é ❛♣r❡s❡♥t❛❞♦ ❛ ♣❛rt✐r ❞❡ r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ✈✐❛

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

❝♦♥❞✐çõ❡s ❢♦r❛♠ ❛✈❛❧✐❛❞❛s✳ ❉❡♥tr❡ ❛s ❛♥á❧✐s❡s r❡❛❧✐③❛❞❛s✱ ✈❡r✐✜❝♦✉✲s❡ ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ❝♦♠♣❡♥✲

s❛çã♦ sér✐❡ ❛ ♣❛rt✐r ❞❡ s✐♠✉❧❛çõ❡s ❡♠ ✉♠❛ ❧✐♥❤❛ ❝♦♠ ✾✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦ ❡

✺✵✪ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❈♦♥st❛t♦✉✲s❡ q✉❡✱ ♣❛r❛ ❡ss❡ ❝❛s♦ ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡

é ♠í♥✐♠❛✱ ❡ ♣♦rt❛♥t♦✱ ♥ã♦ ❝♦♠♣r♦♠❡t❡✉ ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ♠ét♦❞♦✳ ◆♦ ❡♥t❛♥t♦✱ ❡st❛ ❛✈❛❧✐❛çã♦

s❡ r❡s✉♠✐✉ ❛ ✐♥❝❧✉✐r ✉♠❛ ❝❛♣❛❝✐tâ♥❝✐❛ sér✐❡ ♥❛ ❧✐♥❤❛✱ ❞❡ ♠♦❞♦ q✉❡ ❛s ❝♦♥❞✐çõ❡s ✈❛r✐á✈❡✐s ❞❡

♦♣❡r❛çã♦ ❞❡ ✉♠ ❇❈❙ ♥ã♦ ❢♦r❛♠ ❛✈❛❧✐❛❞❛s✳

❆ ❡✜❝✐ê♥❝✐❛ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡♠ ▼❡st❛s ❡t ❛❧✳ ✭✷✵✶✶❜✮ é ❝♦♠♣❛r❛❞❛ ❝♦♠ três ❝❛s♦s✿ s❡♠

❛♣❧✐❝❛çã♦ ❞❡ ♠ét♦❞♦ ♣❛r❛ r❡❞✉çã♦ ❞❡ s♦❜r❡t❡♥sõ❡s✱ ❝♦♠ ❘P■ ❡ ❝♦♠ ♦ ♠ét♦❞♦ q✉❡ s❡ ❜❛s❡✐❛

♥❛ ❡st✐♠❛çã♦ ❞♦s ✐♥st❛♥t❡s ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦✳ ❆ ♣❛rt✐r ❞♦s r❡s✉❧t❛❞♦s✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ♦

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

❜❛s❡✐❛ ♥❛ ❡st✐♠❛çã♦ ❞❛ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞❛ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✳ ❖s ❛✉t♦r❡s

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

◆♦ ❡♥t❛♥t♦✱ ❞❡✈❡✲s❡ ❡♥❢❛t✐③❛r q✉❡ ♦ t❡♠♣♦ ♠♦rt♦ tí♣✐❝♦ ❞❛ ❧✐♥❤❛ é ❞❡ ✺✵✵ ♠s ✭❖◆❙✱ ✷✵✶✵✮✳

P♦rt❛♥t♦✱ s❡ ❡ss❡ t❡♠♣♦ é ❝♦♥s✐❞❡r❛❞♦✱ ❛ ♣r✐♠❡✐r❛ r❡❣✐ã♦ ❞❡ ♠❡♥♦r ❜❛t✐♠❡♥t♦ ❛♣r❡s❡♥t❛ ✈❛❧♦r❡s

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

♦♣❡r❛çã♦ ❡♠ ✉♠ ✐♥st❛♥t❡ ❝✉❥❛ t❡♥sã♦ s❡❥❛ ❡❧❡✈❛❞❛✱ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭❉❆◆❚❆❙ ❡t ❛❧✳✱

✷✵✶✶✮✳

◆♦ tr❛❜❛❧❤♦ ❞❡ ❙❡②❡❞✐ ✫ ❚❛♥❤❛❡✐❞✐❧♠❛❣❤❛♥✐ ✭✷✵✶✸✮✱ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ♠ét♦❞♦ ❞❡ ❝❤❛✈❡❛✲

♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣❛r❛ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ s❡♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✳ ◆❡st❡

❝❛s♦✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❞❛ ❧✐♥❤❛ é ❝❛r❛❝t❡r✐③❛❞❛ ♣♦r ✉♠❛ t❡♥sã♦ ❡♠ ❝♦rr❡♥t❡ ❝♦♥tí♥✉❛ ❝♦♠ ❞❡✲

❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧✱ ❞❡ ♠♦❞♦ q✉❡ ❡ss❛ t❡♥sã♦ ♥ã♦ é r❡♣r♦❞✉③✐❞❛ ❝♦rr❡t❛♠❡♥t❡ ♥♦s t❡r♠✐♥❛✐s

s❡❝✉♥❞ár✐♦s ❞❡ ✉♠ tr❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧ ❝❛♣❛❝✐t✐✈♦✳ ◆♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ é ♥❡❝❡ssár✐♦

❛♣❡♥❛s ❞❡t❡r♠✐♥❛r ❛ ♣♦❧❛r✐❞❛❞❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✱ q✉❡ é ♦❜t✐❞❛ ❛ ♣❛rt✐r ❞❛ ú❧t✐♠❛ ♠❡❞✐çã♦ r❡✲

❣✐str❛❞❛ ♣❡❧♦ r❡❧é ❛♥t❡s ❞❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✱ ❛❞♠✐t✐♥❞♦ q✉❡ ♦ r❡❧✐❣❛♠❡♥t♦ s❡ ❞❡✈❡ à ♦❝♦rrê♥❝✐❛



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✷✻

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

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

♦ ❢❡❝❤❛♠❡♥t♦ ❞❡✈❡ s❡r ❢❡✐t♦ ♥♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡ ❢♦r Vmax/2✳ ❈❛s♦

❛ ♣♦❧❛r✐❞❛❞❡ s❡❥❛ ♥❡❣❛t✐✈❛✱ ♦ ♠❡❧❤♦r ✐♥st❛♥t❡ ❝♦rr❡s♣♦♥❞❡ àq✉❡❧❡ ❡♠ q✉❡ ❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛

❢♦♥t❡ é ✐❣✉❛❧ ❛ −Vmax/2✳ ❖s ❛✉t♦r❡s ❛♣r❡s❡♥t❛♠ ✉♠❛ ❛♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛ ❝♦♠ ♦ ♠ét♦❞♦ ❝♦♥✲

✈❡♥❝✐♦♥❛❧✱ ❝✉❥♦ ✐♥st❛♥t❡ ót✐♠♦ ❝♦rr❡s♣♦♥❞❡ ❛♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡ é ✐❣✉❛❧

à t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✳ ❖ ♠ét♦❞♦ ♣r♦♣♦st♦ ❛♣r❡s❡♥t❛ ♠❡❧❤♦r r❡s✉❧t❛❞♦✱ ❥á q✉❡ ♥♦ ♠ét♦❞♦

❝♦♥✈❡♥❝✐♦♥❛❧ ❛ ✐♥❢♦r♠❛çã♦ ❞❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♥ã♦ é ♣r❡❝✐s❛ ❞❡✈✐❞♦ às ❞✐st♦rçõ❡s ♥❛

s❛í❞❛ ❞♦ ❚P❈✳

❊♠ ❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✶✹✮ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ r❡❧✐❣❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s

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

❡♠ ❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✵✽✮✳ ◆❡st❡ ♠ét♦❞♦✱ ✉t✐❧✐③❛✲s❡ ❛ tr❛♥s❢♦r♠❛çã♦ ❞❡ ❑❛rr❡♥❜❛✉❡r ♣❛r❛ s❡♣❛✲

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

❝♦♥❞✐çõ❡s ❞❡ ❢❛❧t❛✳ ❈♦♠ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦✱ é ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r ❛ ❡①t✐♥çã♦ ❞❡ ❢❛❧t❛s ❞♦

t✐♣♦ ❢❛s❡✲t❡rr❛ ❡ ❢❛s❡✲❢❛s❡✲t❡rr❛✱ ♦ q✉❡ ❡✈✐t❛ ✉♠ r❡❧✐❣❛♠❡♥t♦ s♦❜ ❢❛❧t❛✱ ❡ t❛♠❜é♠ r❡❞✉③ ♦ t❡♠♣♦

♠♦rt♦ ❞❛ ❧✐♥❤❛✳ ❖ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦ é t❡st❛❞♦ ❛ ♣❛rt✐r ❞❡ s✐♠✉❧❛çõ❡s ❡♠ ✉♠ s✐♠✉❧❛❞♦r

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

❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ❞❡ ❢❛❧t❛✳ ❆❧é♠ ❞✐ss♦✱ é ❢❡✐t❛ ✉♠❛ ❛♥á❧✐s❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ♣♦r ♠❡✐♦ ❞❛

r❡❛❧✐③❛çã♦ ❞❡ s✐♠✉❧❛çõ❡s ❡♠ ✉♠ ♣r♦❣r❛♠❛ ❞♦ t✐♣♦ ❊▼❚P✱ ❡♠ q✉❡ s❡ ❛✈❛❧✐❛ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦

❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦ ♥❛ ❞❡t❡❝çã♦ ❞❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✳ ❘❡❣✐str♦s ♦s❝✐❧♦❣rá✜❝♦s

❞♦ s✐st❡♠❛ ❈❍❊❙❋ t❛♠❜é♠ sã♦ ❛✈❛❧✐❛❞♦s✳ ❊♠ t♦❞♦s ♦s ❝❛s♦s✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♠♦str♦✉✲s❡

❡✜❝✐❡♥t❡ ♥❛ r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛✱ ❛❧é♠ ❞❛ r❡❞✉çã♦ ❞♦ t❡♠♣♦ ♠♦rt♦ ❞❛ ❧✐♥❤❛ ❛

♣❛rt✐r ❞❛ ❞❡t❡❝çã♦ ❞❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✳ P❛r❛ ❢❛❧t❛s tr✐❢ás✐❝❛s ❡ ❜✐❢ás✐❝❛s s❡♠ ❛ t❡rr❛✱ ♦ ♠ét♦❞♦

♥ã♦ é ❛♣❧✐❝❛❞♦✳

P❛r❛ ❛♣❧✐❝❛çã♦ ❞❡ r❡❧✐❣❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ s❡♠ ❝♦♠♣❡♥s❛çã♦ r❡❛✲

t✐✈❛✱ é ♣r♦♣♦st♦ ❡♠ ❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✶✺✮ ♦ ✉s♦ ❞❡ ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧ r❡❝✉rs✐✈♦ ♣❛r❛ ❝♦rr✐❣✐r ❛

r❡s♣♦st❛ tr❛♥s✐tór✐❛ ❞♦ ❚P❈ ❛ ✜♠ ❞❡ ❡st✐♠❛r ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❞❛ ❧✐♥❤❛✱ ✈✐st♦ q✉❡ ♦ ❚P❈ ♥ã♦

r❡♣r♦❞✉③ s✐♥❛✐s ❞❡ t❡♥sã♦ ❡♠ ❝♦rr❡♥t❡ ❝♦♥tí♥✉❛✳ ❆ ❡str❛té❣✐❛ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ é ❛

♠❡s♠❛ ❛♣r❡s❡♥t❛❞❛ ❡♠ ❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✵✽✮✱ q✉❡ s❡ ❜❛s❡✐❛ ♥❛ ❡st✐♠❛çã♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦

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



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✷✼

r❡❛❧✐③❛❞❛s ✈✐❛ ❆❚P sã♦ ❛♣r❡s❡♥t❛❞♦s✱ ❝♦♥st❛t❛♥❞♦ q✉❡ ❝♦♠ ❛ ❝♦♠♣❡♥s❛çã♦ ❞❛ r❡s♣♦st❛ ❞♦ ❚P❈

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

♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ s❡❥❛ ❛♣❧✐❝❛❞♦ ❝♦♠ s✉❝❡ss♦ ❡♠ ❧✐♥❤❛s s❡♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✳ ◆♦ ❡♥t❛♥t♦✱

s✐t✉❛çõ❡s ❡♠ q✉❡ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣♦❞❡ s❡r ❞✐❢❡r❡♥t❡ ❞❡ ± ✶✱✵ ♣✉✱ ❝♦♠♦ ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛

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

❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳ ◆❡st❡ ❝❛s♦✱ ♦s ♠❡❧❤♦r❡s ✐♥st❛♥t❡s ❞❡ ❢❡❝❤❛♠❡♥t♦ ♣♦❞❡♠ s❡r ❞✐❢❡r❡♥t❡s

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

❆ ❛✈❛❧✐❛çã♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❞❛ ❡✜❝á❝✐❛ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡♠ ❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✶✹✮ é ❛♣r❡✲

s❡♥t❛❞❛ ❡♠ ●r❡❣♦r② ❡t ❛❧✳ ✭✷✵✶✽✮ ❛ ♣❛rt✐r ❞❡ s✐♠✉❧❛çõ❡s ✈✐❛ ❆❚P✳ ❖ ♠ét♦❞♦ é t❡st❛❞♦ ♣❛r❛

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

❢❛❧t❛✱ ❧♦❝❛❧ ❞❡ ❢❛❧t❛✱ ✐♠♣❡❞â♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❛❧é♠ ❞❡ ❝♦♥s✐❞❡r❛r ❞❡s❡q✉✐❧í❜r✐♦s ❞❡ t❡♥sã♦✳ P♦rt❛♥t♦✱

♦ ♦❜❥❡t✐✈♦ ❞♦ tr❛❜❛❧❤♦ é ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ té❝♥✐❝❛ ❞✐❛♥t❡ ❞❡ ❝♦♥❞✐çõ❡s ♥ã♦ ✐❞❡❛✐s ❞❡

♦♣❡r❛çã♦ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✳ P❛r❛ ❛ ❛♥á❧✐s❡ ❞❡ ❢❛❧t❛s ❢❛s❡✲t❡rr❛✱ ♦ r❡❧✐❣❛♠❡♥t♦ ❛♣ós ❛ ❞❡t❡❝çã♦

❞❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛ ❢♦✐ r❡❛❧✐③❛❞♦ ❝♦♠ s✉❝❡ss♦ ❡♠ ✶✵✵✪ ❞♦s ❝❛s♦s ❝♦♠ ✐♠♣❡❞â♥❝✐❛ ❞❡ ❢❛❧t❛ ✈❛✲

r✐❛♥❞♦ ❞❡ ✶ ❛ ✷✵✵ Ω✳ ◆♦s ❝❛s♦s ❞❡ ❢❛❧t❛ ❢❛s❡✲❢❛s❡✲t❡rr❛✱ ♣❛r❛ ❛❧❣✉♠❛s ❝♦♥❞✐çõ❡s ❞❡ ❞❡s❡q✉✐❧í❜r✐♦

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

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

s✐❞❡r❛♥❞♦ ✉♠❛ ✐♠♣❡❞â♥❝✐❛ ❞❡ ✺✵✵ Ω✱ ❞❡✈✐❞♦ ❛ ♥ã♦ ❞❡t❡❝çã♦ ❞❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✳ ◆♦ ❡♥t❛♥t♦✱ é

✐♠♣♦rt❛♥t❡ ❡♥❢❛t✐③❛r q✉❡ ❢❛❧t❛s ❞❡ ❛❧t❛ ✐♠♣❡❞â♥❝✐❛ ♥ã♦ sã♦ tí♣✐❝❛s ❡♠ s✐st❡♠❛s ❞❡ tr❛♥s♠✐ssã♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛s té❝♥✐❝❛s ❛♣r❡s❡♥t❛❞❛s✱ ❛♣❡♥❛s ✉♠❛ ❞❡❧❛s ❝♦♥s✐❞❡r♦✉ ❛ ♣r❡s❡♥ç❛ ❞❡ ❝♦♠✲

♣❡♥s❛çã♦ sér✐❡ ❛♦ ❛✈❛❧✐❛r ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ▼❡st❛s ❡t ❛❧✳ ✭✷✵✶✶❜✮✳ ◆♦

❡♥t❛♥t♦✱ ❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❢♦✐ ♠♦❞❡❧❛❞❛ ❛♣❡♥❛s ❝♦♠♦ ✉♠❛ ❝❛♣❛❝✐tâ♥❝✐❛ sér✐❡ ❡ ❛ ❛❜❡rt✉r❛ ❞❛

❧✐♥❤❛ ♥ã♦ ❢♦✐ ❝❛✉s❛❞❛ ♣♦r ✉♠❛ ❢❛❧t❛✳ ❉❡st❛ ❢♦r♠❛✱ ❛s ❝♦♥❞✐çõ❡s ✈❛r✐á✈❡✐s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❇❈❙

♥ã♦ ❢♦r❛♠ ❛✈❛❧✐❛❞❛s✳ ❊♠ ❋r♦❡❤❧✐❝❤ ❡t ❛❧✳ ✭✶✾✾✼❜✮✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ❞❡ ❝❤❛✈❡❛♠❡♥t♦

❝♦♥tr♦❧❛❞♦ é ❛✈❛❧✐❛❞♦ ❡♠ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦ ❡ ❝❛♣❛❝✐t♦r❡s

sér✐❡✱ ♣♦ré♠ ♦ ❇❈❙ é ❞❡s✈✐❛❞♦ ♣❛r❛ ❛♣❧✐❝❛r ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳ P♦rt❛♥t♦✱ ❞❡♥tr❡ ♦s ❛❧✲

❣♦r✐t♠♦s ❛♣r❡s❡♥t❛❞♦s✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❡①✐st❡ ✉♠❛ ❝❛rê♥❝✐❛ q✉❛♥t♦ à ❛✈❛❧✐❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦

❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❊♠ ❛❧❣✉♥s tr❛❜❛❧❤♦s ❞♦ ❈■●❘➱ ✭❈♦♥s❡✐❧ ■♥t❡r♥❛t✐♦♥❛❧ ❉❡s ●r❛♥❞s ❘és❡❛✉① ➱❧❡❝tr✐q✉❡s✮✱

♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ é ❛✈❛❧✐❛❞♦ ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣❛r❛ ❝❛s♦s ❡s✲



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✷✽

♣❡❝í✜❝♦s ❛ ♣❛rt✐r ❞❡ ❡str❛té❣✐❛ ❛❞♦t❛❞❛ ♣❛r❛ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s ✭❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣

❆✸✳✵✼✱ ✷✵✵✹❛❀ ❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ❆✸✳✵✼✱ ✷✵✵✹❝✮✳

❊♠ ❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ❆✸✳✵✼ ✭✷✵✵✹❛✮✱ ❞❡st❛❝❛✲s❡ ❝♦♠♦ ♣r✐♥❝✐♣❛❧ ❞✐✜❝✉❧❞❛❞❡ ❞❡ss❛

❛♣❧✐❝❛çã♦✱ ❛ ♣r❡s❡♥ç❛ ❞❡ ✉♠❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❝♦♠ ❞✐str✐❜✉✐çã♦ ♥ã♦ ✉♥✐❢♦r♠❡ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛

❞❡✈✐❞♦ à q✉❡❞❛ ❞❡ t❡♥sã♦ ♥♦ ❝❛♣❛❝✐t♦r sér✐❡✳ P♦rt❛♥t♦✱ ❛ ❞✐str✐❜✉✐çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥♦ tr❡❝❤♦

❞❛ ❧✐♥❤❛ ❡♥tr❡ ♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❡ ❇❈❙ ♥ã♦ é ❛ ♠❡s♠❛ ✈✐st❛ ♥♦ tr❡❝❤♦ ❡♥tr❡ ♦ ❇❈❙ ❡ t❡r♠✐♥❛❧

r❡♠♦t♦ ❆❧é♠ ❞✐ss♦✱ ♦s❝✐❧❛çõ❡s ❞✉r❛♥t❡ ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ❞❡✈✐❞♦ ❛ ✉♠❛ ❢❛❧t❛ ♣♦❞❡♠ ❞✐✜❝✉❧t❛r

❛ ❡st✐♠❛çã♦ ❞❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✳ ❈♦♠♦ ❡①❡♠♣❧♦✱ ✉♠❛ ❢❛❧t❛ ♠♦♥♦❢ás✐❝❛ ❇❚ é s✐♠✉❧❛❞❛

❡♠ ✉♠❛ ❧✐♥❤❛ ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❝♦♠ ✉♠ ❇❈❙ ❧♦❝❛❧✐③❛❞♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ◆❡st❡

❝❛s♦✱ ❛♣❡♥❛s ❛ ❢❛s❡ ❇ é r❡t✐r❛❞❛ ❞❡ ♦♣❡r❛çã♦✳ ❆ ❡str❛té❣✐❛ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❛❞♦t❛❞❛

s❡ ❜❛s❡✐❛ ♥❛ ❡st✐♠❛çã♦ ❞♦ ✐♥st❛♥t❡ ❞❡ ♣✐❝♦ ❞❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡ q✉❡ ❛♣r❡s❡♥t❛ ❛ ♠❡s♠❛

♣♦❧❛r✐❞❛❞❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✳ ❊st❛ é ❛ ❡str❛té❣✐❛ ❛❞♦t❛❞❛ ♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦

❞❡ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s✳ ❆♣❡s❛r ❞❛ r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s ♥❡st❡ ❝❛s♦✱ ❡✈✐❞❡♥❝✐❛✲s❡ ❛

♥❡❝❡ss✐❞❛❞❡ ❞❡ ❛✈❛❧✐❛r ♠❛✐s ❝❛s♦s✱ ✈✐st♦ q✉❡ ❞✐✈❡rs♦s ❢❛t♦r❡s✱ ❝♦♠♦ ❛ ❝♦♥✜❣✉r❛çã♦ ❞❛ ❧✐♥❤❛ ❡ ❛s

❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❇❈❙✱ ♣♦❞❡♠ ✐♥✢✉❡♥❝✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳

❊♠ ❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ❆✸✳✵✼ ✭✷✵✵✹❝✮✱ ♦✉tr♦s ❝❛s♦s sã♦ ❛✈❛❧✐❛❞♦s ♣❛r❛ ❛ ♠❡s♠❛ ❝♦♥✲

✜❣✉r❛çã♦ ❞❡ ❧✐♥❤❛✱ ♦✉ s❡❥❛✱ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✐♥st❛❧❛❞❛ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳ ❯♠❛ ❢❛❧t❛

♠♦♥♦❢ás✐❝❛ ❇❚ é ❛✈❛❧✐❛❞❛ ♥♦s ❞♦✐s tr❡❝❤♦s ❞❛ ❧✐♥❤❛✱ ✐st♦ é✱ ❡♥tr❡ ♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❡ ♦ ❇❈❙ ❡

❡♥tr❡ ♦ ❇❈❙ ❡ ♦ t❡r♠✐♥❛❧ r❡♠♦t♦ ❞❛ ❧✐♥❤❛✳ ❊♠ ❛♠❜♦s ♦s ❝❛s♦s✱ ❛✈❛❧✐❛✲s❡ t❛♠❜é♠ ♦ ✐♠♣❛❝t♦ ❞❛

s❡q✉ê♥❝✐❛ ❞❡ ❛❜❡rt✉r❛ ❡ r❡❧✐❣❛♠❡♥t♦ ❞♦s ❞✐s❥✉♥t♦r❡s✳ ▼❡s♠♦ ♥♦s ❝❛s♦s ❡♠ q✉❡ ❛s s♦❜r❡t❡♥sõ❡s

❡stã♦ ❛❝✐♠❛ ❞❡ ✷✱✵ ♣✉✱ ❛♦ ❝♦♠♣❛r❛r ❝♦♠ ❛ ♠❛♥♦❜r❛ s❡♠ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❝♦♥st❛t❛✲s❡ ❛

r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s✳

❊♠ ❇❛rr♦s ❡t ❛❧✳ ✭✷✵✶✺❜✮✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ té❝♥✐❝❛s ❞❡st✐♥❛❞❛s ❛ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s

❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦ é ❛✈❛❧✐❛❞♦ ♣❛r❛ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❆ ❛♥á❧✐s❡ é

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

❝♦♠♦ ✉♠ ❡❧❡♠❡♥t♦ ❝❛♣❛❝✐t✐✈♦ ❝♦♥❝❡♥tr❛❞♦✳ P♦rt❛♥t♦✱ ❛ ✐♥✢✉ê♥❝✐❛ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦

❞♦ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡ ♥ã♦ é ❝♦♥s✐❞❡r❛❞♦✱ ✈✐st♦ q✉❡ ♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❞♦ ❇❈❙ ♥ã♦ é

♠♦❞❡❧❛❞♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s✱ ❛s té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦

♣r♦♣♦r❝✐♦♥❛r❛♠ ❛ r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s ♣❛r❛ t♦❞❛s ❛s ❝♦♥✜❣✉r❛çõ❡s ❛✈❛❧✐❛❞❛s✱ ✐♥❝❧✉✐♥❞♦

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



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✷✾

✸✳✷ ❙❮◆❚❊❙❊ ❉❆ ❘❊❱■❙➹❖ ❇■❇▲■❖●❘➪❋■❈❆

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ❡①✐st❡♠ ❞✐❢❡r❡♥t❡s té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛✲

♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❛♣❧✐❝❛❞❛s ♣❛r❛ r❡❞✉çã♦ ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛s ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳

❉❡s❞❡ té❝♥✐❝❛s ♠❛✐s ❝♦♠♣❧❡①❛s✱ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❛❧❣♦r✐t♠♦s ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s

✭❋❘❖❊❍▲■❈❍ ❡t ❛❧✳✱ ✶✾✾✼❛✮✱ ❛té té❝♥✐❝❛s ♠❛✐s s✐♠♣❧❡s ❜❛s❡❛❞❛s ♥❛ ❞❡t❡❝çã♦ ❞❡ ♣❛ss❛❣❡♥s ♣♦r

③❡r♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ✭❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✵✽✮✳ ◆♦ ❡♥t❛♥t♦✱ ❝♦♥❢♦r♠❡ s❡ ♦❜s❡r✈❛✱ ♥ã♦ ❡①✐st❡♠

té❝♥✐❝❛s ❞❡st✐♥❛❞❛s ❛ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ◆❛ ❚❛❜❡❧❛ ✸✳✷✱ ❛♣r❡s❡♥t❛✲s❡ ✉♠ r❡s✉♠♦ ❞❛

r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛✱ ✐♥❞✐❝❛♥❞♦ ❛ ❛♣❧✐❝❛çã♦ ❞♦s tr❛❜❛❧❤♦s r❡❢❡r❡♥❝✐❛❞♦s q✉❛♥t♦ à ❝♦♥✜❣✉r❛çã♦

❞❛ ❧✐♥❤❛✱ ❡ ❛s ❧✐♠✐t❛çõ❡s ❞❡ ❝❛❞❛ ✉♠ ❞❡❧❡s✳

❊♠ ▼❡st❛s ❡t ❛❧✳ ✭✷✵✶✶❜✮ é ❢❡✐t❛ ✉♠❛ ❛♥á❧✐s❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❛ ✜♠ ❞❡ ✈❡r✐✜❝❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❛

♣r❡s❡♥ç❛ ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✳ ◆♦ ❡♥t❛♥t♦✱ é ❛✈❛❧✐❛❞♦

❛♣❡♥❛s ✉♠ ❝❛s♦✱ ❡ ♥ã♦ sã♦ ❝♦♥s✐❞❡r❛❞♦s ❝❛s♦s ❞❡ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❆❧é♠

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

s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❞♦ ❇❈❙✳

❆ ❛♣❧✐❝❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥ã♦ é ✉♠❛ ❛♣❧✐✲

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

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

❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✱ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✐st♦ ♥ã♦ ♦❝♦rr❡ ✭❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣

❆✸✳✵✼✱ ✷✵✵✹❛✮✳ ❉❡✈✐❞♦ às ❝♦♥❞✐çõ❡s ✈❛r✐á✈❡✐s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❜❛♥❝♦ ❞❡ ❝❛♣❛❝✐t♦r sér✐❡✱ ✐st♦ é✱

s❡ ♦ ❜❛♥❝♦ é r❡t✐r❛❞♦ ♦✉ ♥ã♦ ❛♣ós ✉♠❛ ♣❡rt✉r❜❛çã♦ ♥♦ s✐st❡♠❛✱ ❛❧é♠ ❞❛ q✉❡❞❛ ❞❡ t❡♥sã♦ ♥♦

❝❛♣❛❝✐t♦r sér✐❡✱ ❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ t♦r♥❛✲s❡ ✐♠♣r❡✈✐sí✈❡❧ ✭❆❇❇✱ ✷✵✶✸✮✳

❆ ♣❛rt✐r ❞❡ ❛❧❣✉♠❛s ❛♥á❧✐s❡s ❛♣r❡s❡♥t❛❞❛s ❡♠ ❈■●❘❊❲♦r❦✐♥❣ ●r♦✉♣ ❆✸✳✵✼ ✭✷✵✵✹❝✮✱ ❇❛rr♦s

❡t ❛❧✳ ✭✷✵✶✺❜✮✱ ✈❡r✐✜❝❛✲s❡ ♦ ♣♦t❡♥❝✐❛❧ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦

sér✐❡ q✉❛♥t♦ à r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s✳ ◆♦ ❡♥t❛♥t♦✱ é ♥❡❝❡ssár✐♦ ❛♥❛❧✐s❛r ❛ r❡s♣♦st❛ ❞♦s s✐♥❛✐s

❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❇❈❙✱ ❛ ✜♠ ❞❡ ❛✈❛❧✐❛r ♦s

❞❡s❛✜♦s ❡ ♣r♦♣♦r s♦❧✉çõ❡s ♣❛r❛ ✈✐❛❜✐❧✐③❛r ♦ ✉s♦ ❞❡ té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳

◆♦ ❝❛♣ít✉❧♦ s❡❣✉✐♥t❡✱ ❛♣r❡s❡♥t❛✲s❡ ✉♠❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ r❡s✉❧t❛♥t❡ ❞❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ♣r✐♥❝✐♣❛✐s ❛rr❛♥❥♦s ❝♦♠ ❇❈❙ ❡ ❛s

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



❈❛♣ít✉❧♦ ✸ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✸✵

❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ❛ ♣r❡s❡♥ç❛ ❞❡ ❝❛♣❛❝✐t♦r❡s sér✐❡✱ ❛ ✜♠ ❞❡ ✐❞❡♥t✐✜❝❛r

❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s ❡ s✐♠✐❧❛r✐❞❛❞❡s ❡♠ r❡❧❛çã♦ ❛♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦s ❝❛s♦s ❥á ❛♠♣❧❛♠❡♥t❡

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

❡ ♥ã♦ ❝♦♠♣❡♥s❛❞❛s✳

❚❛❜❡❧❛ ✸✳✶✳ ❙í♥t❡s❡ ❞❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ r❡❢❡r❡♥t❡ ❛ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐s✲

sã♦✳

❘❡❢❡rê♥❝✐❛
❆♣❧✐❝❛çã♦ ✭❈♦♠♣✳ ❘❡❛t✐✈❛✮

▲✐♠✐t❛çõ❡s
❙❡♠ ❙❤✉♥t ❙ér✐❡

❋r♦❡❤❧✐❝❤ ❡t ❛❧✳ ✭✶✾✾✼❛✮ ❳
◆ã♦ s❡ ❛♣❧✐❝❛ ❛
❝❛s♦s ❝♦♠ ❢❛❧t❛

❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ❆✸✳✵✼ ✭✷✵✵✹❝✮ ❳
❆♣❡♥❛s ❛❧❣✉♥s

❝❛s♦s sã♦ ❛✈❛❧✐❛❞♦s

❲❛❧❧♥❡r ✫ ❘✐❝❤t❡r ✭✷✵✵✻✮ ❳
❊①✐❣❡ ♠❛✐♦r t❡♠♣♦
❞❡ ♣r♦❝❡ss❛♠❡♥t♦

❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✵✽✮ ❳ ❳
◆ã♦ s❡ ❛♣❧✐❝❛ ❛
❝❛s♦s ❝♦♠ ❢❛❧t❛

▼❡st❛s ❡t ❛❧✳ ✭✷✵✶✶❜✮ ❳ ❳
❇❛s❡✐❛✲s❡ ❡♠ ✉♠
t❡♠♣♦ ♠♦rt♦
❞❡ ✷✵✵ ♠s

❙❡②❡❞✐ ✫ ❚❛♥❤❛❡✐❞✐❧♠❛❣❤❛♥✐ ✭✷✵✶✸✮ ❳
◆ã♦ ❝♦♥s✐❞❡r❛ ♦

✈❛❧♦r ❞❛
❝❛r❣❛ r❡s✐❞✉❛❧

❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✶✹✮ ❳
❆♣❡♥❛s ♣❛r❛ ❝❛s♦s ❞❡

❢❛❧t❛ ❢❛s❡✲t❡rr❛ ❡
❢❛s❡✲❢❛s❡✲t❡rr❛

❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✶✺✮ ❳
◆ã♦ s❡ ❛♣❧✐❝❛ ❛
❝❛s♦s ❝♦♠ ❢❛❧t❛

❇❛rr♦s ❡t ❛❧✳ ✭✷✵✶✺❜✮ ❳
❆✈❛❧✐❛çã♦ ❛♣❡♥❛s ❞❡

❝❛s♦s s❡♠ ❢❛❧t❛



❈❆P❮❚❯▲❖ ✹

❆◆➪▲■❙❊ ❉❆ ❈❆❘●❆ ❘❊❙■❉❯❆▲ ❊▼ ▲■◆❍❆❙ ❈❖▼
❈❖▼P❊◆❙❆➬➹❖ ❙➱❘■❊

▼❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦ ♦❝♦rr❡♠ ❝♦♠ ❛ ♣r❡s❡♥ç❛ ❞❡ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛✱ ❝✉❥❛s ❝❛r❛❝t❡✲

ríst✐❝❛s ❞❡♣❡♥❞❡♠ ❞♦ ❛rr❛♥❥♦ ❞❛ ❧✐♥❤❛ q✉❛♥t♦ à ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✳ ❉❡st❡ ♠♦❞♦✱ ❛s ❧✐♥❤❛s

♣♦❞❡♠ s❡r ❝❧❛ss✐✜❝❛❞❛s ❝♦♠♦✿

• ❧✐♥❤❛s s❡♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛❀

• ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦ ✭r❡❛t♦r❡s s❤✉♥t✮❀

• ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ sér✐❡ ✭❝❛♣❛❝✐t♦r❡s sér✐❡✮❀

• ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ sér✐❡ ❡ ❡♠ ❞❡r✐✈❛çã♦ s✐♠✉❧t❛♥❡❛♠❡♥t❡✳

❈♦♥❢♦r♠❡ ✈✐st♦ ♥♦ ❈❛♣ít✉❧♦ ✸✱ ❛s ♣r✐♥❝✐♣❛✐s té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♥❝♦♥tr❛❞❛s

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

❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✳ P♦rt❛♥t♦✱ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❡st❡s ❝❛s♦s ❥á sã♦

❜❡♠ ❝♦♥❤❡❝✐❞❛s✳ ❊♠ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ é ✉♠ s✐♥❛❧ ❞❡ t❡♥sã♦ ❡♠ ❝♦rr❡♥t❡

❝♦♥tí♥✉❛✱ ❝✉❥❛ ❝♦♥st❛♥t❡ ❞❡ ❞❡❝❛✐♠❡♥t♦ é ♠✉✐t♦ ❜❛✐①❛ ❞❡✈✐❞♦ à ♣❡q✉❡♥❛ ❝♦♥❞✉tâ♥❝✐❛ s❤✉♥t ❞❛

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

à tr♦❝❛ ❞❡ ❡♥❡r❣✐❛ ❡♥tr❡ ❛ ❝❛♣❛❝✐tâ♥❝✐❛ ❞❛ ❧✐♥❤❛ ❡ ❛ ✐♥❞✉tâ♥❝✐❛ ❞♦s r❡❛t♦r❡s s❤✉♥t✳ ❆ ❝❛r❣❛

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

❊♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❞❡✈✐❞♦ à ♣r❡s❡♥ç❛ ❞♦ ❝❛♣❛❝✐t♦r sér✐❡ ♥❛ ❧✐♥❤❛ ❡ às ❝♦♥✲

❞✐çõ❡s ✈❛r✐á✈❡✐s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❇❈❙✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣♦❞❡ ♥ã♦ ❛♣r❡s❡♥t❛r ✉♠❛ ❞✐str✐❜✉✐çã♦

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

♣♦✐s ❛ ❞✐str✐❜✉✐çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥♦ tr❡❝❤♦ ❡♥tr❡ ♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❡ ♦ ❇❈❙ ♣♦❞❡ s❡r ❞✐❢❡r❡♥t❡

❞❛ ❞✐str✐❜✉✐çã♦ ♥♦ tr❡❝❤♦ ❡♥tr❡ ♦ ❇❈❙ ❡ t❡r♠✐♥❛❧ r❡♠♦t♦✳ ❈♦♠♦ ♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ❝❤❛✈❡❛♠❡♥t♦

✸✶



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✸✷

❝♦♥tr♦❧❛❞♦ s❡ ❜❛s❡✐❛ ♥❛s ♠❡❞✐çõ❡s ❞❡ ✉♠ ❞♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✱ ❛ r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s

♣♦❞❡ s❡r ❝♦♠♣r♦♠❡t✐❞❛ ❞❡✈✐❞♦ à ❡ss❛ ❞✐❢❡r❡♥ç❛ ❞❡ t❡♥sã♦ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✳

◆❡st❡ ❝❛♣ít✉❧♦✱ ✉♠❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❛rr❛♥❥♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱

❝♦♥s✐❞❡r❛♥❞♦ ❛s ❝♦♥❞✐çõ❡s ✈❛r✐á✈❡✐s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❇❈❙✱ é r❡❛❧✐③❛❞❛ ❛ ♣❛rt✐r ❞❡ s✐♠✉❧❛çõ❡s ✈✐❛

❆❚P✳ ◆❛ ❋✐❣✉r❛ ✹✳✶✱ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ✢✉①♦❣r❛♠❛ ♠♦str❛♥❞♦ ❛s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❇❈❙

❡♠ ❢✉♥çã♦ ❞❛ ❝❛✉s❛ ❞❡ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✳ ❊st❛ ❛♥á❧✐s❡ é ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❛✈❛❧✐❛r ❛ ❡str❛té❣✐❛

q✉❡ ♣♦❞❡ s❡r ❡♠♣r❡❣❛❞❛ ♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

Falta interna

By-pass completo
do BCS?

Sim

Abertura trifásica
de defeitosem ocorrência

Sem by-pass do BCS

Abertura trifásica
de defeitocom ocorrência

Falta externa

Sem by-pass do BCS
Não

Carga residual
aoNÃO uniforme

longo da linha

Carga residual
aouniforme

longo da linha Carga residual
aoNÃO uniforme

longo da linha

Carga residual
aoNÃO uniforme

longo da linha

❋✐❣✉r❛ ✹✳✶✳ ❈♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❇❈❙ ❡♠ ❢✉♥çã♦ ❞❛ ❝❛✉s❛ ❞❡ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦

❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❆ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ♣♦❞❡ s❡r ❝❛✉s❛❞❛ ♣♦r ✉♠❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦✱ ❝♦♠♦ ✉♠ ❝✉rt♦✲❝✐r❝✉✐t♦✱

♦✉ ♥ã♦✱ ❝♦♠♦ ✉♠❛ r❡❥❡✐çã♦ ❞❡ ❝❛r❣❛✳ ❆ ❝❛✉s❛ ❞❛ ❛❜❡rt✉r❛ ✐♥✢✉❡♥❝✐❛ ❞✐r❡t❛♠❡♥t❡ ❛ ♦♣❡r❛çã♦

❞♦ ❇❈❙ ❞❡✈✐❞♦ à ❛t✉❛çã♦ ❞❛ ♣r♦t❡çã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❈♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✷✱

s❡ ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ♥ã♦ é ❞❡❝♦rr❡♥t❡ ❞❡ ✉♠ ❞❡❢❡✐t♦ ♥❛ ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ♦ ▼❖❱

❞❡✈❡ ♣r♦t❡❣❡r ♦ ❝❛♣❛❝✐t♦r sér✐❡ ❝♦♥tr❛ ❛s ♠á①✐♠❛s s♦❜r❡t❡♥sõ❡s✱ ❛ ✜♠ ❞❡ ❣❛r❛♥t✐r q✉❡ ♦ ❜❛♥❝♦

♣❡r♠❛♥❡ç❛ ❡♠ ♦♣❡r❛çã♦✳ ❊♥q✉❛♥t♦ q✉❡ ♥♦ ❝❛s♦ ❞❡ ✉♠❛ ❢❛❧t❛ ✐♥t❡r♥❛✱ ♦ ❇❈❙ ♣♦❞❡ s❡r r❡t✐r❛❞♦

❞❡ ♦♣❡r❛çã♦✱ ❞❡ ❢♦r♠❛ ♣❛r❝✐❛❧ ♦✉ t♦t❛❧✳ ❆s s❡❣✉✐♥t❡s ❡str❛té❣✐❛s ♣❛r❛ ♦ ❜②✲♣❛ss ❞♦ ❇❈❙ ♣♦❞❡♠

s❡r ❛❞♦t❛❞❛s✿

• t♦❞❛s ❛s ❢❛s❡s sã♦ ❞❡s✈✐❛❞❛s✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ t✐♣♦ ❞❡ ❢❛❧t❛❀



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✸✸

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

❞✐ss✐♣❛❞❛ ♥♦ ▼❖❱ sã♦ ❞❡s✈✐❛❞❛s✳

◆❡st❡ tr❛❜❛❧❤♦✱ ❛ ú❧t✐♠❛ ❡str❛té❣✐❛ é ❛❞♦t❛❞❛✱ ❡♠ q✉❡ ♦ ❜②✲♣❛ss ♣♦❞❡ ♦❝♦rr❡r ❡♠ ✉♠❛ ♦✉ ♥❛s

três ❢❛s❡s ❞♦ ❇❈❙✱ t✐♣✐❝❛♠❡♥t❡ ✉t✐❧✐③❛❞❛ ♥♦s s✐st❡♠❛s ❞❛ ❈❍❊❙❋ ✭❑■❘❙❈❍◆❊❘ ❡t ❛❧✳✱ ✷✵✵✹✮✳

❊♥tã♦✱ s❡ ♦s ❧✐♠✐t❡s ❞❡ ❝♦rr❡♥t❡ ♦✉ ❡♥❡r❣✐❛ ♥♦ ▼❖❱ sã♦ ❛❧❝❛♥ç❛❞♦s ❡♠ ❞✉❛s ❢❛s❡s✱ ♦ ❜②✲♣❛ss

❞❡✈❡ ♦❝♦rr❡r ♥❛s três ❢❛s❡s✳ ◆♦ ❡♥t❛♥t♦✱ s❡ ❡ss❡s ❧✐♠✐t❡s ❢♦r❡♠ ❛t✐♥❣✐❞♦s ❛♣❡♥❛s ❡♠ ✉♠❛ ❢❛s❡✱ ♦

❜②✲♣❛ss ❞♦ ❇❈❙ é ♣❛r❝✐❛❧✱ ♦❝♦rr❡♥❞♦ ❛♣❡♥❛s ♥❛q✉❡❧❛ ❢❛s❡✳ ❊ss❡s ❧✐♠✐t❡s ❞❡ ❝♦rr❡♥t❡ ❡ ❡♥❡r❣✐❛

❞✐ss✐♣❛❞❛ ♥♦ ▼❖❱ sã♦ ❞❡✜♥✐❞♦s ❡♠ ♣r♦❥❡t♦ ❡ s❡ ❜❛s❡✐❛♠ ♥♦s ❞❛❞♦s ❞❡ ❢❛❧t❛ ❡①t❡r♥❛✱ ❝♦♥❢♦r♠❡

❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✷✳

❆ ♣❛rt✐r ❞❛ ❋✐❣✉r❛ ✹✳✶✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ r❡s✉❧t❛♥t❡ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥✲

s❛çã♦ r❡❛t✐✈❛ sér✐❡ ♥ã♦ ❛♣r❡s❡♥t❛ ✉♠❛ ❞✐str✐❜✉✐çã♦ ✉♥✐❢♦r♠❡ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ♥❛ ♠❛✐♦r✐❛ ❞♦s

❝❛s♦s✳ ◗✉❛♥❞♦ ♦ ❇❈❙ ♣❡r♠❛♥❡❝❡ ❡♠ ♦♣❡r❛çã♦ ♥❛ ❧✐♥❤❛✱ s❡❥❛ ♣♦rq✉❡ ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ♥ã♦

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

✐♥t❡r♥❛ q✉❡ ♥ã♦ ❧❡✈❡ ❛♦ ❜②✲♣❛ss ❝♦♠♣❧❡t♦ ❞♦ ❇❈❙✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❛♣r❡s❡♥t❛ ✉♠❛ ❞✐str✐❜✉✐çã♦

♥ã♦ ✉♥✐❢♦r♠❡ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❞❡✈✐❞♦ à q✉❡❞❛ ❞❡ t❡♥sã♦ ♥♦ ❝❛♣❛❝✐t♦r sér✐❡✳ ❊♥q✉❛♥t♦ q✉❡

♥♦ ❝❛s♦ ❞❡ ✉♠❛ ❛❜❡rt✉r❛ ❝❛✉s❛❞❛ ♣♦r ✉♠❛ ❢❛❧t❛ ✐♥t❡r♥❛ q✉❡ ❧❡✈❡ ❛♦ ❜②✲♣❛ss t♦t❛❧ ❞♦ ❜❛♥❝♦✱ ❛

❝❛r❣❛ r❡s✐❞✉❛❧ r❡s✉❧t❛♥t❡ ❛♣r❡s❡♥t❛ ✉♠❛ ❞✐str✐❜✉✐çã♦ ✉♥✐❢♦r♠❡ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✳ P♦rt❛♥t♦✱ ♥♦

❝❛s♦ ❞❡ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ♦ ❜②✲♣❛ss t♦t❛❧ ❞♦ ❇❈❙ r❡s✉❧t❛ ❡♠ ✉♠❛ ❧✐♥❤❛ ♥ã♦

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

❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✳ ❆♠❜♦s ♦s ❝❛s♦s ❥á sã♦ ❝♦♥❤❡❝✐❞♦s ❡ ❡①✐st❡♠ té❝♥✐❝❛s

❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❛♣❧✐❝❛❞❛s ❝♦♠ s✉❝❡ss♦ ✭❋❘❖❊❍▲■❈❍ ❡t ❛❧✳✱ ✶✾✾✼❛❀ ❲❆▲▲◆❊❘❀

❘■❈❍❚❊❘✱ ✷✵✵✻❀ ▼❊❙❚❆❙ ❡t ❛❧✳✱ ✷✵✶✶❛❀ ❙❊❨❊❉■❀ ❚❆◆❍❆❊■❉■▲▼❆●❍❆◆■✱ ✷✵✶✸❀ ❉❆◆❚❆❙

❡t ❛❧✳✱ ✷✵✶✹✮✳

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

❛rr❛♥❥♦s ❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ✈ár✐♦s ❝❡♥ár✐♦s ❞❡ ❛❜❡rt✉r❛ ❞❡ ❧✐♥❤❛✱

❛ ♣❛rt✐r ❞❡ s✐♠✉❧❛çõ❡s ✈✐❛ ❆❚P ❡♠ ✉♠ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❡ ✺✵✵ ❦❱✳ ❆ s❡❣✉✐r sã♦ ❛♣r❡s❡♥t❛❞♦s

♦s ❞❛❞♦s ❞♦ s✐st❡♠❛ ♠♦❞❡❧❛❞♦ ♣❛r❛ ❡st❛ ❛♥á❧✐s❡✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✸✹

✹✳✶ ❙■❙❚❊▼❆ ❊▲➱❚❘■❈❖ ❯❚■▲■❩❆❉❖

◆❛ ❋✐❣✉r❛ ✹✳✷✱ é ♠♦str❛❞♦ ♦ ❡sq✉❡♠❛ ❜ás✐❝♦ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ♠♦❞❡❧❛❞♦ ♥♦ ❆❚P✱ ❝✉❥♦s

❞❛❞♦s sã♦ r❡❢❡r❡♥t❡s ❛ ✉♠❛ ❧✐♥❤❛ ❞❡ ✺✵✵ ❦❱ ❞❛ ❈❍❊❙❋✳ ❚r❛t❛✲s❡ ❞❡ ✉♠ s✐st❡♠❛ ❝♦♠♣♦st♦ ♣♦r

✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ♣❡r❢❡✐t❛♠❡♥t❡ tr❛♥s♣♦st❛ ❝♦♠ ✹✵✵ ❦♠ ❞❡ ❡①t❡♥sã♦✱ ❝♦♠ ♣❛r❛✲r❛✐♦s

❞❡ ó①✐❞♦ ❞❡ ③✐♥❝♦ ✐♥st❛❧❛❞♦s ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s✳ ❖s s✐st❡♠❛s ❛❞❥❛❝❡♥t❡s sã♦ r❡♣r❡s❡♥t❛❞♦s

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

sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❚❛❜❡❧❛s ✹✳✶✱ ✹✳✷✱ ✹✳✸ ❡ ✹✳✹✳

D1 D2

V1

Z1 Z2

V2

LT

PR1 PR2

❋✐❣✉r❛ ✹✳✷✳ ❊sq✉❡♠❛ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ♠♦❞❡❧❛❞♦ ♥♦ ❆❚P✳

❚❛❜❡❧❛ ✹✳✶✳ ▼ó❞✉❧♦ ❡ ❢❛s❡ ❞❛s ❢♦♥t❡s ❞❡ t❡♥sã♦ ✭❜❛s❡ ✺✺✵ ❦❱✮

❇❛rr❛ ▼ó❞✉❧♦ ✭♣✉✮ Fase( ◦)

❋♦♥t❡ ✶ ✶✱✵✵ ✵

❋♦♥t❡ ✷ ✵✱✾✾ ✲✶✵

❚❛❜❡❧❛ ✹✳✷✳ ■♠♣❡❞â♥❝✐❛s ❞❛s ❢♦♥t❡s

❋♦♥t❡
❙❡q✉ê♥❝✐❛ ③❡r♦ ❙❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛

R0(Ω) X0(Ω) R1(Ω) X1(Ω)

❋♦♥t❡ ✶ ✶✱✶✷✻✽ ✷✵✱✽✸✽ ✵✱✾✻✽✶ ✷✽✱✺✶✸

❋♦♥t❡ ✷ ✶✱✶✷✻✽ ✷✵✱✽✸✽ ✵✱✾✻✽✶ ✷✽✱✺✶✸

❖s ❛rr❛♥❥♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❛✈❛❧✐❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦ sã♦ ❛q✉❡❧❡s ❛♣r❡s❡♥t❛❞♦s ♥❛

❋✐❣✉r❛ ✷✳✶✶✱ ❞♦ ❈❛♣ít✉❧♦ ✷✳ ◗✉❛♥t♦ ❛♦ ❇❈❙✱ ♦ ❡sq✉❡♠❛ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✾ é ♠♦❞❡❧❛❞♦

♥♦ ❆❚P ❝♦♠ ❛✉①í❧✐♦ ❞❛ ❧✐♥❣✉❛❣❡♠ ▼❖❉❊▲❙ ♣❛r❛ ♦ ❝♦♥tr♦❧❡ ❞♦ ❜②✲♣❛ss ❞♦ ❜❛♥❝♦✳ ❖s ❞❛❞♦s



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✸✺

❚❛❜❡❧❛ ✹✳✸✳ ❉❛❞♦s ❞❡ s❡q✉ê♥❝✐❛ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

❙❡q✉ê♥❝✐❛ ❘(Ω/km) ❳ (Ω/km) ωC(µS/km)

❩❡r♦ ✵✱✸✾✾✻ ✵✱✾✾✷✶ ✸✱✵✽✸✾

P♦s✐t✐✈❛ ✵✱✵✸✸✸ ✵✱✸✶✼✵ ✺✱✷✵✸✸

❚❛❜❡❧❛ ✹✳✹✳ ❈❛r❛❝t❡ríst✐❝❛ ❞♦s ♣❛r❛✲r❛✐♦s ❞❡ ❩♥❖ ❝♦♠ t❡♥sã♦ ♥♦♠✐♥❛❧ ❞❡ ✹✷✵ ❦❱✳

❈♦rr❡♥t❡ ✭❦❆✮ ❚❡♥sã♦ ❢❛s❡✲t❡rr❛ ✭❦❱✮

✵✱✵✵✶ ✻✹✸✱✼✷

✵✱✵✶✵ ✻✽✶✱✷✸

✵✱✵✺✵ ✼✷✶✱✷✼

✵✱✶✵✵ ✼✸✽✱✼✵

✵✱✷✵✵ ✼✺✻✱✶✹

✵✱✹✵✵ ✼✼✺✱✼✺

✵✱✼✵✵ ✼✾✸✱✶✽

✶✱✵✵✵ ✽✵✻✱✷✻

✷✱✵✵✵ ✽✸✵✱✷✸

✺✱✵✵✵ ✽✼✸✱✽✶

❞❛ ❝✉r✈❛ ❝❛r❛❝t❡ríst✐❝❛ ❞♦ ▼❖❱ ❛❞♦t❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✹✳✺✱ ❡ sã♦

❞❡ ✉♠ ❇❈❙ ❞♦ s✐st❡♠❛ ❈❍❊❙❋✳

❖ ❝♦♥tr♦❧❡ ❞♦ ❜②✲♣❛ss ❞❡♣❡♥❞❡ ❞❛ ❝♦♥✜❣✉r❛çã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ P♦rt❛♥t♦✱ ♣❛r❛ ❝❛❞❛

❝♦♥✜❣✉r❛çã♦✱ ❞❡t❡r♠✐♥♦✉✲s❡ ♦s ❧✐♠✐t❡s ❞❡ ❝♦rr❡♥t❡ ❡ ❡♥❡r❣✐❛ ❞♦ ▼❖❱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❢❛❧t❛

❡①t❡r♥❛ ♠❛✐s s❡✈❡r❛✱ ♦s q✉❛✐s ❞❡✜♥❡♠ ♦s ❝r✐tér✐♦s ❞❡ ❞❡s✈✐♦ ❞♦ ❇❈❙✳ ❆ ❢❛❧t❛ ❡①t❡r♥❛ ♠❛✐s s❡✈❡r❛

❝♦♥s✐st❡ ❡♠ ✉♠❛ ❢❛❧t❛ tr✐❢ás✐❝❛ ♥❛ ❜❛rr❛ ❞♦ s✐st❡♠❛✳

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

s❡❥❛✱ ❝♦♠ ♦✉ s❡♠ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦✱ ❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝♦♥✜❣✉r❛çã♦ ❞❛ ❧✐♥❤❛✱ ✐st♦ é✱ ❧✐♥❤❛s

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



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✸✻

❚❛❜❡❧❛ ✹✳✺✳ ❈✉r✈❛ ❱①■ ❞♦ ▼❖❱✳

❈♦rr❡♥t❡ ✭❆✮ ❚❡♥sã♦ ✭❦❱✮

✵✱✶ ✷✵✾✱✸✽

✵✱✺ ✷✷✶✱✽✼

✶✱✵ ✷✸✶✱✷✺

✶✵✱✵ ✷✸✽✱✼✺

✺✵✱✵ ✷✹✺✱✼✺

✶✵✵✱✵ ✷✹✽✱✼✺

✶✵✵✵✱✵ ✷✺✾✱✸✼

✶✵✵✵✵✱✵ ✷✼✻✱✽✼

✶✵✵✵✵✵✱✵ ✸✵✾✱✸✼

✹✳✷ ❆❇❊❘❚❯❘❆ ❚❘■❋➪❙■❈❆ ❉❆ ▲■◆❍❆ ❙❊▼ ❉❊❋❊■❚❖

◆❡ss❛ ♣r✐♠❡✐r❛ ♣❛rt❡✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s r❡❢❡r❡♥t❡s à ❝❛r❣❛ r❡s✐❞✉❛❧ r❡s✉❧t❛♥t❡

❞❡ ✉♠❛ ❛❜❡rt✉r❛ tr✐♣♦❧❛r s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s ♣r♦❝❡❞✐♠❡♥t♦s ❞❡ r❡❞❡ ❞♦

s✉❜♠ó❞✉❧♦ ✷✸✳✸ ❞♦ ❖◆❙ ✭❖◆❙✱ ✷✵✶✵✮✱ ❛♣ós ❛ ❛❜❡rt✉r❛ ❞♦ ♣r✐♠❡✐r♦ t❡r♠✐♥❛❧ ❞❛ ❧✐♥❤❛ ✭t❡r♠✐♥❛❧

❧♦❝❛❧✮✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ❝❛s♦ ❞❡ ❝♦♠❛♥❞♦ ❞❡ ❛❜❡rt✉r❛ ♣♦r tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞✐s♣❛r♦✱ ❛♣ós ✷✵ ♠s

é r❡❛❧✐③❛❞❛ ❛ ❛❜❡rt✉r❛ ❞♦ s❡❣✉♥❞♦ t❡r♠✐♥❛❧ ✭t❡r♠✐♥❛❧ r❡♠♦t♦✮✳ ❈♦♥s✐❞❡r♦✉✲s❡ ❛ ❛❜❡rt✉r❛ ❞❛s

três ❢❛s❡s ♥♦ ♠❡s♠♦ ✐♥st❛♥t❡✳

✹✳✷✳✶ ❈❛s♦ ✶✳✶✿ ▲✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡

P❛r❛ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❛s s❡❣✉✐♥t❡s ❝♦♥✜❣✉r❛çõ❡s sã♦ ❛✈❛❧✐❛❞❛s✿

• ❇❈❙ ✐♥st❛❧❛❞♦ ❡♠ ✉♠ ❞♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ✭❡sq✉❡♠❛ ■ ❞❛ ❋✐❣✉r❛ ✷✳✶✶✮❀

• ❇❈❙ ✐♥st❛❧❛❞♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ✭❡sq✉❡♠❛ ■■ ❞❛ ❋✐❣✉r❛ ✷✳✶✶✮✳

P❛r❛ ❛♠❜♦s ♦s ❡sq✉❡♠❛s✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ é ✉♠ s✐♥❛❧ ❞❡ t❡♥sã♦ ❝♦♥tí♥✉❛✱ ❝♦♠♦ ♦❝♦rr❡ ❡♠

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

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



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✸✼

❝❛r❣❛ r❡s✐❞✉❛❧ r❡s✉❧t❛♥t❡ ❡♠ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s✳ ❖ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✉t✐❧✐③❛❞♦

♥❡ss❛s s✐♠✉❧❛çõ❡s ❢♦✐ ❞❡ ✹✵%✳

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800

[kV] Sem compensação
BCS no terminal local
BCS no meio da linha

✭❛✮

Sem compensação
BCS no terminal local
BCS no meio da linha

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800

[kV]

✭❜✮

Sem compensação
BCS no terminal local
BCS no meio da linha

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800

[kV]

✭❝✮

❋✐❣✉r❛ ✹✳✸✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ r❡s✉❧t❛♥t❡s ❞❡ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ♣❛r❛ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭❛rr❛♥❥♦s ■ ❡ ■■✮ ❡ ❧✐♥❤❛

♥ã♦ ❝♦♠♣❡♥s❛❞❛✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳

❈♦♠♦ s❡ ♦❜s❡r✈❛✱ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡

é s✐♠✐❧❛r à ❞❡ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s✳ ◆♦ ❡♥t❛♥t♦✱ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❞❡✈✐❞♦

à t❡♥sã♦ s♦❜r❡ ♦ ❝❛♣❛❝✐t♦r sér✐❡✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥ã♦ ❛♣r❡s❡♥t❛ ❛ ♠❡s♠❛ ❝❛r❛❝t❡ríst✐❝❛ ❛♥t❡s ❡

❛♣ós ♦ ❇❈❙✳ ◆❛ ❋✐❣✉r❛ ✹✳✹✱ é ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ❡ss❛ ❞✐❢❡r❡♥ç❛ ❛ ♣❛rt✐r ❞❛s t❡♥sõ❡s ❞♦ ❧❛❞♦ ❞❛

❧✐♥❤❛ ✈✐st❛s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❛ ❝♦♥✜❣✉r❛çã♦ ■✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✸✽

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV] Terminal local

Terminal remoto

✭❛✮

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV] Terminal local

Terminal remoto

✭❜✮

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV] Terminal local

Terminal remoto

✭❝✮

❋✐❣✉r❛ ✹✳✹✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ ♣❛r❛ ♦ ❛rr❛♥❥♦ ■✿ ✭❛✮

❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳

❆ ❞✐❢❡r❡♥ç❛ ♥ã♦ é s✐❣♥✐✜❝❛t✐✈❛✱ ♣♦✐s é ❛ ❝❛r❣❛ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡♠

❞❡❢❡✐t♦✳ P❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ❡ss❛ ❞✐❢❡r❡♥ç❛ ♣♦❞❡r✐❛ ❝♦♠♣r♦♠❡t❡r ❛ r❡❞✉çã♦ ❞❛s

s♦❜r❡t❡♥sõ❡s✳ ◆♦ ❡♥t❛♥t♦✱ ❛♦ ♦❜s❡r✈❛r ❛ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r ♥♦s ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛

♥❛ ❋✐❣✉r❛ ✹✳✺✱ q✉❡ é s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ✉s❛❞♦ ♣❛r❛ ❛ ❡st✐♠❛çã♦ ❞♦s ♠❡❧❤♦r❡s ✐♥st❛♥t❡s ❞❡

❢❡❝❤❛♠❡♥t♦✱ ✈❡r✐✜❝❛✲s❡ q✉❡ sã♦ ♦s ♠❡s♠♦s ✐♥st❛♥t❡s✳ P♦rt❛♥t♦✱ sã♦ ♦s ✐♥st❛♥t❡s ❞❡ ♠í♥✐♠♦ ♦✉

♠á①✐♠♦ ❞♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛✱ ❛ ❞❡♣❡♥❞❡r ❞❛ ♣♦❧❛r✐❞❛❞❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✱ s❡ é ♥❡❣❛t✐✈❛ ♦✉

♣♦s✐t✐✈❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ■st♦ s❡ ❞❡✈❡ à ♣❡q✉❡♥❛ q✉❡❞❛ ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❝❛♣❛❝✐t♦r sér✐❡✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✸✾

0,0 0,1 0,2 0,3 0,4 0,5[s]
-0,2

0,0

0,2

0,4

0,6

0,8

1,0

1,2
[MV] Terminal local

Terminal remoto

✭❛✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
-0,30

-0,04

0,22

0,48

0,74

1,00
[MV] Terminal local

Terminal remoto

✭❜✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
-1,00

-0,74

-0,48

-0,22

0,04

0,30
[MV] Terminal local

Terminal remoto

✭❝✮

❋✐❣✉r❛ ✹✳✺✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ ♣❛r❛ ♦ ❛rr❛♥❥♦ ■✿

✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳

✹✳✷✳✷ ❈❛s♦ ✶✳✷✿ ▲✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡ s❤✉♥t

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

♣❛r❛ ♦s s❡❣✉✐♥t❡s ❡sq✉❡♠❛s✿

• ❇❈❙ ✐♥st❛❧❛❞♦ ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❝♦♠ r❡❛t♦r❡s s❤✉♥t ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s✱ ❧♦❝❛❧✐③❛❞♦s

❛♣ós ♦ ❜❛♥❝♦ ✭❛rr❛♥❥♦ ■❱ ❞❛ ❋✐❣✉r❛ ✷✳✶✶✮❀

• ❇❈❙ ✐♥st❛❧❛❞♦ ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❝♦♠ r❡❛t♦r❡s s❤✉♥t ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s✱ ❧♦❝❛❧✐③❛❞♦s

❛♥t❡s ❞♦ ❜❛♥❝♦ ✭❛rr❛♥❥♦ ❱ ❞❛ ❋✐❣✉r❛ ✷✳✶✶✮❀

• ❇❈❙ ✐♥st❛❧❛❞♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❝♦♠ r❡❛t♦r❡s s❤✉♥t ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛

✭❛rr❛♥❥♦ ❱■ ❞❛ ❋✐❣✉r❛ ✷✳✶✶✮✳

◆❛ ❋✐❣✉r❛ ✹✳✻✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ r❡s✉❧t❛♥t❡ ♥❡ss❛s três ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❧✐♥❤❛ é ❝♦♠♣❛r❛❞❛

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



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✹✵

❝♦♠♣❡♥s❛çã♦ sér✐❡ ❛❞♦t❛❞♦ ♥❛s s✐♠✉❧❛çõ❡s é ❞❡ ✺✵%✱ ❡♥q✉❛♥t♦ q✉❡ ♣❛r❛ ❛ ❝♦♠♣❡♥s❛çã♦ s❤✉♥t

é ❞❡ ✼✵%✳

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV] LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

✭❛✮

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV] LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

✭❜✮

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV] LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

✭❝✮

0,1 0,2 0,3 0,4[s]
-800

-400

0

400

800
[kV] LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

✭❞✮

❋✐❣✉r❛ ✹✳✻✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ♣❛r❛ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ sér✐❡ ❡ ❡♠ ❞❡r✐✈❛çã♦ ✭❛rr❛♥❥♦s

■❱✱ ❱ ❡ ❱■✮ ❡ ❧✐♥❤❛ ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈❀ ✭❞✮ ③♦♦♠

❞❛ ❢❛s❡ ❈✳

❖❜s❡r✈❛✲s❡ q✉❡ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ✈✐st❛ ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ é ❜❛st❛♥t❡ s❡♠❡❧❤❛♥t❡ ❡♠ t♦❞♦s ♦s

❝❛s♦s✳ P♦rt❛♥t♦✱ ❝♦♥st❛t❛✲s❡ q✉❡ q✉❛♥❞♦ ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ♥ã♦ é ❝❛✉s❛❞❛ ♣♦r ✉♠ ❞❡❢❡✐t♦✱ ♦

❝❛♣❛❝✐t♦r sér✐❡ t❡♠ ♣♦✉❝❛ ✐♥✢✉ê♥❝✐❛ ♥♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✳

❆♣❡s❛r ❞❛ ♣r❡s❡♥ç❛ ❞♦ ❝❛♣❛❝✐t♦r sér✐❡✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ s❡ ❞✐str✐❜✉✐ ♣r❛t✐❝❛♠❡♥t❡ ❞❡ ❢♦r♠❛

✉♥✐❢♦r♠❡ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✱ ♦✉ s❡❥❛✱ ♥ã♦ ❤á ❞✐❢❡r❡♥ç❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛

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

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

✈✐st♦ ♥♦ ❈❛♣ít✉❧♦ ✸✱ ❛ ♠❛✐♦r✐❛ ❞❛s té❝♥✐❝❛s ❡①✐st❡♥t❡s sã♦ ❞❡st✐♥❛❞❛s ❛ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦

r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✹✶

✹✳✸ ❆❇❊❘❚❯❘❆ ❚❘■❋➪❙■❈❆ ❉❆ ▲■◆❍❆ ❈❖▼ ❉❊❋❊■❚❖

◆❡st❛ s❡❣✉♥❞❛ ♣❛rt❡✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ é ❛✈❛❧✐❛❞❛ ♣❛r❛ ❛❜❡rt✉r❛ ❞❡✈✐❞♦ à ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠

❞❡❢❡✐t♦✳ ❙❡❣✉♥❞♦ ♦s ♣r♦❝❡❞✐♠❡♥t♦s ❞❡ r❡❞❡✱ ❛ ♣r♦t❡çã♦ ❞❡✈❡ ❛t✉❛r ❞❡♥tr♦ ❞❡ ✶✵✵ ♠s ♣❛r❛ ✉♠❛

❢❛❧t❛ ❡♠ ✉♠ s✐st❡♠❛ ❞❡ ✺✵✵ ❦❱✳ P♦rt❛♥t♦✱ ♦ ❞✐s❥✉♥t♦r ❞❡ ✉♠ ❞♦s t❡r♠✐♥❛✐s ❛❜r❡ ❛♣ós ✶✵✵ ♠s✱

❡♥q✉❛♥t♦ q✉❡ ♦ ❞✐s❥✉♥t♦r ❞♦ ♦✉tr♦ t❡r♠✐♥❛❧✱ ❝♦♥s✐❞❡r❛♥❞♦ ✷✵ ♠s ❝♦♠♦ ♦ t❡♠♣♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛

❞❡ ❞✐s♣❛r♦✱ ❛♣ós ✶✷✵ ♠s ✭❖◆❙✱ ✷✵✶✵✮✳

✹✳✸✳✶ ❈❛s♦s ✷✳✶✿ ▲✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡

❱ár✐♦s ❝❛s♦s ❢♦r❛♠ s✐♠✉❧❛❞♦s✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ❞✐✈❡rs♦s t✐♣♦s ❞❡ ❢❛❧t❛ ❡ ❧♦❝❛❧ ❞❡ ❢❛❧t❛✳ ◆♦

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

r❛❝t❡ríst✐❝❛s ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ s✐t✉❛çõ❡s q✉❡ ♦ ❇❈❙ ♣❡r♠❛♥❡❝❡ ❡♠ ♦♣❡r❛çã♦✱ é r❡t✐r❛❞♦

❝♦♠♣❧❡t❛♠❡♥t❡ ♦✉ r❡t✐r❛❞♦ ♣❛r❝✐❛❧♠❡♥t❡✿

• ❈❛s♦ ✷✳✶✳✶✿ ❢❛❧t❛ ❢❛s❡✲t❡rr❛ ❇❚ ❛ ✶✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❞❛ ❧✐♥❤❛❀

• ❈❛s♦ ✷✳✶✳✷✿ ❢❛❧t❛ ❢❛s❡✲❢❛s❡ ❈❆ ❛ ✶✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❞❛ ❧✐♥❤❛❀

• ❈❛s♦ ✷✳✶✳✸✿ ❢❛❧t❛ ❢❛s❡✲❢❛s❡✲t❡rr❛ ❆❇❚ ❛ ✸✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❞❛ ❧✐♥❤❛❀

• ❈❛s♦ ✷✳✶✳✹✿ ❢❛❧t❛ tr✐❢ás✐❝❛ ❆❇❈❚ ❛ ✸✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❞❛ ❧✐♥❤❛✳

❖s ❛rr❛♥❥♦s ■ ❡ ■■ sã♦ ❛✈❛❧✐❛❞♦s ♣❛r❛ ✉♠❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❞❡ ✺✵%✳ ❖s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦

❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ♣❛r❛ ♦ ❝❛s♦ ✷✳✶✳✶ sã♦ ♠♦str❛❞♦s ♥❛ ❋✐❣✉r❛ ✹✳✼✳ ❖❜s❡r✈❛✲s❡

❛ s✐♠✐❧❛r✐❞❛❞❡ ❝♦♠ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ r❡s✉❧t❛♥t❡ ❡♠ ❧✐♥❤❛ ♥ã♦ ❝♦♠♣❡♥s❛❞❛✳ ◆♦ ❛rr❛♥❥♦ ■✱ ♦❝♦rr❡

♦ ❜②✲♣❛ss ❞❛ ❢❛s❡ ❡♥✈♦❧✈✐❞❛ ♥❛ ❢❛❧t❛ ✭❇✮✱ ❡♥q✉❛♥t♦ q✉❡ ♥♦ ❛rr❛♥❥♦ ■■✱ ♦ ❇❈❙ ♣❡r♠❛♥❡❝❡ ❡♠

♦♣❡r❛çã♦✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✹✷
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[kV] Sem compensação

BCS no terminal local
BCS no meio da linha

✭❛✮
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[kV] Sem compensação

BCS no terminal local
BCS no meio da linha

✭❜✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0
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[kV]

Sem compensação
BCS no terminal local
BCS no meio da linha

✭❝✮

❋✐❣✉r❛ ✹✳✼✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲t❡rr❛ ✭❝❛s♦ ✷✳✶✳✶✮ ♣❛r❛ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡

✭❛rr❛♥❥♦s ■ ❡ ■■✮ ❡ s❡♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳

◆♦ ❛rr❛♥❥♦ ■✱ ♦❝♦rr❡ ♦ ❜②✲♣❛ss ❛♣❡♥❛s ❞❛ ❢❛s❡ ❡♥✈♦❧✈✐❞❛ ♥❛ ❢❛❧t❛✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛

✹✳✽✳ ❆ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s t❡♥sõ❡s ✈✐st❛s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ é ♦❜s❡r✈❛❞❛ ❛♣❡♥❛s ♥❛ ❢❛s❡

❈✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✹✸
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[kV] Terminal local

Terminal remoto

✭❛✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
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[kV] Terminal local

Terminal remoto

✭❜✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0
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[kV]

Terminal local
Terminal remoto

✭❝✮

❋✐❣✉r❛ ✹✳✽✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ ♣❛r❛ ♦ ❛rr❛♥❥♦ ■ ❝♦♠

❛ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠❛ ❢❛❧t❛ ❢❛s❡✲t❡rr❛ ✭❝❛s♦ ✷✳✶✳✶✮✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳

◆♦ ❛rr❛♥❥♦ ■■✱ ❝♦♠♦ ❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♥ã♦ é r❡t✐r❛❞❛ ❞❡ ♦♣❡r❛çã♦✱ ❛ ❞✐❢❡r❡♥ç❛ ❞❛ t❡♥sã♦

✈✐st❛ ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ é ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥❛ ❢❛s❡ ❡♥✈♦❧✈✐❞❛ ♥❛ ❢❛❧t❛✱

❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✾✳ ❊ss❛ ❞✐❢❡r❡♥ç❛ t❡♠ ✉♠ ✐♠♣❛❝t♦ ❞✐r❡t♦ ♥❛ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r✳

❈♦♠♦ s❡ ♦❜s❡r✈❛ ♥❛ ❋✐❣✉r❛ ✹✳✶✵✱ ♥❛s ❢❛s❡s q✉❡ ♥ã♦ ❡stã♦ ❡♥✈♦❧✈✐❞❛s ♥❛ ❢❛❧t❛✱ ❛♣❡s❛r ❞❛ ❞✐❢❡r❡♥ç❛

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

r❡❧✐❣❛♠❡♥t♦ s❡r✐❛♠ ♦s ♠❡s♠♦s✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ t❡r♠✐♥❛❧ ❞❛ ❧✐♥❤❛ ♠♦♥✐t♦r❛❞♦✱ ❡ ❝♦rr❡s♣♦♥❞❡♠

❛♦s ♠í♥✐♠♦s ❡ ♠á①✐♠♦s ❞♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛✳ ◆♦ ❡♥t❛♥t♦✱ ♥♦ ❝❛s♦ ❞❛ ❢❛s❡ ❡♥✈♦❧✈✐❞❛ ♥❛ ❢❛❧t❛✱

✈❡r✐✜❝❛✲s❡ q✉❡ ♦s ✐♥st❛♥t❡s ♠❛✐s ❛❞❡q✉❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ♥ã♦ ❝♦rr❡s♣♦♥❞❡♠ ♠❛✐s ❛♦s

✐♥st❛♥t❡s ❞❡ ♠í♥✐♠♦ ♦✉ ♠á①✐♠♦✱ ♣♦✐s ❛ ❝❛r❣❛ r❡s✐❞✉❛❧✱ ❡♠ ♠ó❞✉❧♦✱ é ♠❡♥♦r q✉❡ ✶✱✵ ♣✉✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✹✹

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV] Terminal local

Terminal remoto

✭❛✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV] Terminal local

Terminal remoto

✭❜✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV]

Terminal local
Terminal remoto

✭❝✮

❋✐❣✉r❛ ✹✳✾✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ ♣❛r❛ ♦ ❛rr❛♥❥♦ ■■

♣❛r❛ ♦ ❝❛s♦ ✷✳✶✳✶✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳

0,1 0,2 0,3 0,4 0,5[s]
-0,6

-0,3

0,0

0,3

0,6

0,9

1,2

[MV]

Terminal local
Terminal remoto

✭❛✮

-1,00

-0,66

-0,32

0,02

0,36

0,70
[MV]

0,1 0,2 0,3 0,4 0,5[s]

Terminal local
Terminal remoto

✭❜✮

-1,2

-0,9

-0,6

-0,3

0,0

0,3

0,6

[MV]

0,1 0,2 0,3 0,4 0,5[s]

Terminal local
Terminal remoto

✭❝✮

❋✐❣✉r❛ ✹✳✶✵✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ ♣❛r❛ ♦ ❛rr❛♥❥♦ ■■

♣❛r❛ ♦ ❝❛s♦ ✷✳✶✳✶✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✹✺

❖s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ r❡s✉❧t❛♥t❡s ❞♦ ❝❛s♦ ✷✳✶✳✷ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛

✹✳✶✶✳ ◆❡st❡ ❝❛s♦✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ r❡s✉❧t❛♥t❡ ♥♦ ❛rr❛♥❥♦ ■ é ✐❣✉❛❧ à ❝❛r❣❛ ♥❛

❧✐♥❤❛ ♥ã♦ ❝♦♠♣❡♥s❛❞❛✳ ■st♦ ♦❝♦rr❡ ♣♦rq✉❡ ♦ ❇❈❙ é ❝♦♠♣❧❡t❛♠❡♥t❡ ❞❡s✈✐❛❞♦✳ ❏á ♥♦ ❛rr❛♥❥♦ ■■✱

❛♣❡♥❛s ✉♠❛ ❞❛s ❢❛s❡s ❡♥✈♦❧✈✐❞❛s ♥❛ ❢❛❧t❛ ✭❆✮ é ❞❡s✈✐❛❞❛✳ ◆❛ ❋✐❣✉r❛ ✹✳✶✷✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s

s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦✳ ❱❡r✐✜❝❛✲s❡ q✉❡ ♥❛s ❢❛s❡s

❡♠ q✉❡ ♦ ❇❈❙ ♣❡r♠❛♥❡❝❡ ❡♠ ♦♣❡r❛çã♦ ✭❢❛s❡s ❇ ❡ ❈✮✱ ❤á ✉♠❛ ❞✐❢❡r❡♥ç❛ ❞❡ t❡♥sã♦ ❡♠ ❢✉♥çã♦

❞❛ q✉❡❞❛ ❞❡ t❡♥sã♦ ♥♦ ❝❛♣❛❝✐t♦r sér✐❡✳

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV]

Sem compensação
BCS no terminal local
BCS no meio da linha

✭❛✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV] Sem compensação

BCS no terminal local
BCS no meio da linha

✭❜✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV] Sem compensação

BCS no terminal local
BCS no meio da linha

✭❝✮

❋✐❣✉r❛ ✹✳✶✶✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛

❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ✭❝❛s♦ ✷✳✶✳✷✮ ♣❛r❛ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭❛rr❛♥❥♦s ■

❡ ■■✮ ❡ s❡♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✹✻

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV] Terminal local

Terminal remoto

✭❛✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV] Terminal local

Terminal remoto

✭❜✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV] Terminal local

Terminal remoto

✭❝✮

❋✐❣✉r❛ ✹✳✶✷✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ ♣❛r❛ ♦ ❛rr❛♥❥♦ ■■

♣❛r❛ ♦ ❝❛s♦ ✷✳✶✳✷✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳

◆❛ ❋✐❣✉r❛ ✹✳✶✸✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ♦ ❝❛s♦ ✷✳✶✳✸✳

P❛r❛ ❛♠❜♦s ♦s ❛rr❛♥❥♦s ❞❡ ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ♦ ❇❈❙ é r❡t✐r❛❞♦ ❝♦♠♣❧❡t❛♠❡♥t❡ ❞❡

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

q✉❡ sã♦ ✐❣✉❛✐s✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✹✼

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV] Sem compensação

BCS no terminal local
BCS no meio da linha

✭❛✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800

[kV]
Sem compensação
BCS no terminal local
BCS no meio da linha

✭❜✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV]

Sem compensação
BCS no terminal local
BCS no meio da linha

✭❝✮

❋✐❣✉r❛ ✹✳✶✸✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ❛❜❡rt✉r❛ tr✐❢á✲

s✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✲t❡rr❛ ✭❝❛s♦ ✷✳✶✳✸✮ ♣❛r❛ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡

✭❛rr❛♥❥♦s ■ ❡ ■■✮ ❡ s❡♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳

❊ ♣♦r ✜♠✱ ♣❛r❛ ♦ ❝❛s♦ ✷✳✶✳✹✱ ♠❛✐s ✉♠❛ ✈❡③ s❡ ♦❜s❡r✈❛ q✉❡ ♦s s✐♥❛✐s r❡s✉❧t❛♥t❡s ♥❛s ❧✐♥❤❛s

❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ sã♦ ✐❣✉❛✐s ❛♦s ❞❛ ❧✐♥❤❛ s❡♠ ❝♦♠♣❡♥s❛çã♦ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛

✹✳✶✹✳ ❖ ❇❈❙ é r❡t✐r❛❞♦ ❝♦♠♣❧❡t❛♠❡♥t❡ ❞❡ ♦♣❡r❛çã♦ ♥♦s ❞♦✐s ❛rr❛♥❥♦s ❛✈❛❧✐❛❞♦s✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✹✽

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV]

Sem compensação
BCS no terminal local
BCS no meio da linha

✭❛✮

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV]

Sem compensação
BCS no terminal local
BCS no meio da linha

✭❜✮

Sem compensação
BCS no terminal local
BCS no meio da linha

0,0 0,1 0,2 0,3 0,4 0,5[s]
-800

-400

0

400

800
[kV]

✭❝✮

❋✐❣✉r❛ ✹✳✶✹✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ tr✐❢ás✐❝♦ ✭❝❛s♦ ✷✳✶✳✹✮ ♣❛r❛ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡

✭❛rr❛♥❥♦s ■ ❡ ■■✮ ❡ s❡♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳

✹✳✸✳✷ ❈❛s♦s ✷✳✷✿ ▲✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡ s❤✉♥t

P❛r❛ ❛ ❛♥á❧✐s❡ ❝❛r❣❛ r❡s✐❞✉❛❧ r❡s✉❧t❛♥t❡ ❞❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ à ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦

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

♥❡st❡ tr❛❜❛❧❤♦✿

• ❈❛s♦ ✷✳✷✳✶✿ ❢❛❧t❛ ❢❛s❡✲t❡rr❛ ❆❚ ❛ ✶✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❞❛ ❧✐♥❤❛❀

• ❈❛s♦ ✷✳✷✳✷✿ ❢❛❧t❛ ❢❛s❡✲❢❛s❡ ❈❆ ❛ ✶✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❞❛ ❧✐♥❤❛❀

• ❈❛s♦ ✷✳✷✳✸✿ ❢❛❧t❛ ❢❛s❡✲❢❛s❡✲t❡rr❛ ❇❈❚ ❛ ✸✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❞❛ ❧✐♥❤❛❀

• ❈❛s♦ ✷✳✷✳✹✿ ❢❛❧t❛ ❢❛s❡✲❢❛s❡ ❆❇ ❛ ✸✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❞❛ ❧✐♥❤❛✳

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

três ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❇❈❙✿ ♣❡r♠❛♥❡❝❡r ❡♠ ♦♣❡r❛çã♦✱ s❡r ❝♦♠♣❧❡t❛♠❡♥t❡ r❡t✐r❛❞♦ ♦✉

♣❛r❝✐❛❧♠❡♥t❡ ❞❡s✈✐❛❞♦✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✹✾

◆❛ ❋✐❣✉r❛ ✹✳✶✺✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦ t❡r♠✐♥❛❧

❧♦❝❛❧ ♣❛r❛ ♦ ❝❛s♦ ✷✳✷✳✶✳ P❛r❛ ♦s ❛rr❛♥❥♦s ■❱ ❡ ❱✱ ❛♣❡♥❛s ❛ ❢❛s❡ ❡♥✈♦❧✈✐❞❛ ♥❛ ❢❛❧t❛ é ❞❡s✈✐❛❞❛✳

❊♥q✉❛♥t♦ q✉❡ ♣❛r❛ ♦ ❛rr❛♥❥♦ ❱■✱ ♦ ❇❈❙ ♣❡r♠❛♥❡❝❡ ❡♠ ♦♣❡r❛çã♦✳ ❈♦♠♦ s❡ ♦❜s❡r✈❛✲s❡✱ ❛ ❢❛s❡

s♦❜ ❢❛❧t❛ ✭❆✮ ❛♣r❡s❡♥t❛ ✉♠❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞✐❢❡r❡♥t❡ ♣❛r❛ ♦ ❛rr❛♥❥♦ ❱■ ❡♠ r❡❧❛çã♦ às ❞❡♠❛✐s

❝♦♥✜❣✉r❛çõ❡s✳ ■st♦ ❡r❛ ❡s♣❡r❛❞♦✱ ♣♦✐s s❡ ❞❡✈❡ à ♣r❡s❡♥ç❛ ❞♦ ❝❛♣❛❝✐t♦r sér✐❡✳

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0
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800
[kV] LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

✭❛✮

LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0
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800
[kV]

✭❜✮

LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV]

✭❝✮

-800

-400

0

400
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[kV] LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

0,2 0,3 0,4 0,5[s]

✭❞✮

❋✐❣✉r❛ ✹✳✶✺✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ♠♦♥♦❢ás✐❝♦ ✭❝❛s♦ ✷✳✷✳✶✮ ♣❛r❛ ❧✐♥❤❛s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥✲

s❛çã♦ r❡❛t✐✈❛ ✭❛rr❛♥❥♦s ■❱✱ ❱ ❡ ❱■✮ ❡ ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀

✭❝✮ ❢❛s❡ ❈❀ ✭❞✮ ③♦♦♠ ❞❛ ❢❛s❡ ❆✳

◗✉❛♥❞♦ ♦ ❇❈❙ ♣❡r♠❛♥❡❝❡ ❡♠ ♦♣❡r❛çã♦✱ ❞❡✈✐❞♦ à q✉❡❞❛ ❞❡ t❡♥sã♦ ♥♦ ❝❛♣❛❝✐t♦r sér✐❡✱ ❛ ❝❛r❣❛

r❡s✐❞✉❛❧ ♥ã♦ é ✉♥✐❢♦r♠❡ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✳ ❆s t❡♥sõ❡s ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st❛s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧

❡ r❡♠♦t♦ ♣❛r❛ ♦ ❛rr❛♥❥♦ ❱■ sã♦ ♠♦str❛❞❛s ♥❛ ❋✐❣✉r❛ ✹✳✶✻✳ ❖❜s❡r✈❛✲s❡ q✉❡ ♥❛ ❢❛s❡ ❡♥✈♦❧✈✐❞❛

♥❛ ❢❛❧t❛✱ q✉❛♥❞♦ ♦❝♦rr❡ ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✱ ❤á ✉♠❛ ❞✐❢❡r❡♥ç❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛ t❡♥sã♦ ✈✐st❛

♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❡ ♥♦ t❡r♠✐♥❛❧ r❡♠♦t♦✱ ❝♦♠ ❞✐❢❡r❡♥ç❛ ♥❛ ❢r❡q✉ê♥❝✐❛ ❞♦ s✐♥❛❧ q✉❡ s❡ ❞❡✈❡ à

♣r❡s❡♥ç❛ ❞♦ ❝❛♣❛❝✐t♦r sér✐❡✳ ◆♦ ❡♥t❛♥t♦✱ q✉❛♥❞♦ ♦❝♦rr❡ ❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✱ ❛s t❡♥sõ❡s ♣❛ss❛♠

❛ t❡r ❜❛s✐❝❛♠❡♥t❡ ❛s ♠❡s♠❛s ❝❛r❛❝t❡ríst✐❝❛s✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✺✵
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[kV] Terminal local

Terminal remoto

✭❛✮

Terminal local
Terminal remoto

0,0 0,2 0,4 0,6 0,8 1,0[s]
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[kV]

✭❜✮

Terminal local
Terminal remoto

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV]

✭❝✮

❋✐❣✉r❛ ✹✳✶✻✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ ♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ♠♦♥♦❢ás✐❝♦ ✭❝❛s♦ ✷✳✷✳✶✮ ♣❛r❛ ♦ ❛rr❛♥❥♦ ❱■✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀

✭❝✮ ❢❛s❡ ❈✳

P❛r❛ ♦ ❝❛s♦ ✷✳✷✳✷✱ ♦❜s❡r✈❛✲s❡ ♥❛ ❋✐❣✉r❛ ✹✳✶✼ q✉❡ t♦❞♦s ♦s ❛rr❛♥❥♦s ❛✈❛❧✐❛❞♦s ❛♣r❡s❡♥t❛♠

❝❛r❣❛ r❡s✐❞✉❛❧ ❝♦♠ ❛s ♠❡s♠❛s ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❞❛ ❧✐♥❤❛ ❝♦♠ ❝♦♠♣❡♥s❛çã♦

❡♠ ❞❡r✐✈❛çã♦✳ ■ss♦ s❡ ❞❡✈❡ ❛♦ ❢❛t♦ ❞❡ q✉❡ ❡♠ t♦❞♦s ♦s ❛rr❛♥❥♦s ❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❢♦✐ r❡t✐r❛❞❛

❝♦♠♣❧❡t❛♠❡♥t❡ ❞❡ ♦♣❡r❛çã♦ ❞❡✈✐❞♦ à ❢❛❧t❛✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✺✶
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[kV] LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

✭❛✮

LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)
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[kV]

✭❜✮

LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400
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[kV]

✭❝✮

LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

-800
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0
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[kV]

0,2 0,3 0,4 0,5[s]

✭❞✮

❋✐❣✉r❛ ✹✳✶✼✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ✭❝❛s♦ ✷✳✷✳✷✮ ♣❛r❛ ❧✐♥❤❛s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦

r❡❛t✐✈❛ ✭❛rr❛♥❥♦s ■❱✱ ❱ ❡ ❱■✮ ❡ ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡

❈❀ ✭❞✮ ③♦♦♠ ❞❛ ❢❛s❡ ❈✳

◆♦ ❝❛s♦ ✷✳✷✳✸✱ ❛s ❝❛r❣❛s r❡s✐❞✉❛✐s r❡s✉❧t❛♥t❡s ♣❛r❛ ❝❛❞❛ ❛rr❛♥❥♦ ❛✈❛❧✐❛❞♦ sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛

❋✐❣✉r❛ ✹✳✶✽✳ P❛r❛ ♦s ❛rr❛♥❥♦s ■❱ ❡ ❱✱ ♦ ❜❛♥❝♦ é r❡t✐r❛❞♦ ❝♦♠♣❧❡t❛♠❡♥t❡ ❞❡✈✐❞♦ à ❢❛❧t❛✳ P❛r❛ ♦

❛rr❛♥❥♦ ❱■✱ ❛♣❡♥❛s ✉♠❛ ❞❛s ❢❛s❡s ❡♥✈♦❧✈✐❞❛s ♥❛ ❢❛❧t❛ é r❡t✐r❛❞❛ ❞❡ ♦♣❡r❛çã♦ ✭❇✮✳ ❖❜s❡r✈❛✲s❡ q✉❡

❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♥❛ ❢❛s❡ ❈ ❞❡ss❡ ❛rr❛♥❥♦ s❡ ❛♣r❡s❡♥t❛ ❞✐❢❡r❡♥t❡ ❞♦s ❞❡♠❛✐s ❡sq✉❡♠❛s

❡♠ ❢✉♥çã♦ ❞❛ q✉❡❞❛ ❞❡ t❡♥sã♦ ♥♦ ❝❛♣❛❝✐t♦r sér✐❡✱ q✉❡ ♣❡r♠❛♥❡❝❡ ♥❛ ❧✐♥❤❛✳ ◆♦ ❡♥t❛♥t♦✱ ❛♣ós ❛

❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✱ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐♥❛❧ t♦r♥❛✲s❡ s✐♠✐❧❛r ❛♦ s✐♥❛❧ ❞♦s ❞❡♠❛✐s ❛rr❛♥❥♦s✳ ◆❛

❋✐❣✉r❛ ✹✳✶✾✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ♥❛ ❢❛s❡ ❈ ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s

❧♦❝❛❧ ❡ r❡♠♦t♦ ♣❛r❛ ♦ ❛rr❛♥❥♦ ❱■✳ ◆♦t❛✲s❡ q✉❡ ❛♣ós ❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✱ ♣r❛t✐❝❛♠❡♥t❡ ♥ã♦ ❤á

❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s t❡♥sõ❡s ✈✐st❛s ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❡ r❡♠♦t♦✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✺✷

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV]

LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

✭❛✮

LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV]

✭❜✮

LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV]

✭❝✮

LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

-800

-400

0

400

800
[kV]

0,2 0,3 0,4 0,5[s]

✭❞✮

❋✐❣✉r❛ ✹✳✶✽✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✲t❡rr❛ ✭❝❛s♦ ✷✳✷✳✸✮ ♣❛r❛ ❧✐♥❤❛s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡

❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ✭❛rr❛♥❥♦s ■❱✱ ❱ ❡ ❱■✮ ❡ ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮

❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈❀ ✭❞✮ ③♦♦♠ ❞❛ ❢❛s❡ ❈✳

0,0 0,2 0,4 0,6 0,8 1,0[s]
-500

-250

0

250

500

[kV] Terminal local
Terminal remoto

❋✐❣✉r❛ ✹✳✶✾✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ ❛♣ós ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡✲t❡rr❛ ♥❛ ❢❛s❡ ❈ ❞♦ ❛rr❛♥❥♦ ❱■✳

❖s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ r❡s✉❧t❛♥t❡s ❞♦ ❝❛s♦ ✷✳✷✳✹ sã♦

❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✹✳✷✵✳ P❛r❛ ❡ss❡ ❝❛s♦✱ ♥♦ ❛rr❛♥❥♦ ❱■✱ ♦ ❇❈❙ é ❝♦♠♣❧❡t❛♠❡♥t❡ r❡t✐r❛❞♦

❞❡ ♦♣❡r❛çã♦✳ ◆♦ ❡♥t❛♥t♦✱ ♣❛r❛ ♦s ❛rr❛♥❥♦s ■❱ ❡ ❱✱ ♦ ❜②✲♣❛ss é ♣❛r❝✐❛❧✱ ❞❡ ♠♦❞♦ q✉❡ ❛♣❡♥❛s ❛

❢❛s❡ ❆ é r❡t✐r❛❞❛ ❞❡ ♦♣❡r❛çã♦✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✺✸

LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV]

✭❛✮

LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV]

✭❜✮

LT Comp Shunt

BCS no meio da LT (VI)
BCS em term. local (V)
BCS em term. local (IV)

0,0 0,2 0,4 0,6 0,8 1,0[s]
-800

-400

0

400

800
[kV]

✭❝✮

❋✐❣✉r❛ ✹✳✷✵✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ✭❝❛s♦ ✷✳✷✳✹✮ ♣❛r❛ ❧✐♥❤❛s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦

r❡❛t✐✈❛ ✭❛rr❛♥❥♦s ■❱✱ ❱ ❡ ❱■✮ ❡ ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡

❈✳

◆❛ ❋✐❣✉r❛ ✹✳✷✶✱ ♦❜s❡r✈❛✲s❡ ❛ ❞✐❢❡r❡♥ç❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛

♥❛ ❢❛s❡ ❇ ❛♣ós ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ♣❛r❛ ♦s ❛rr❛♥❥♦s ■❱ ❡ ❱ ❡♠ r❡❧❛çã♦ à ❧✐♥❤❛ ❛♣❡♥❛s ❝♦♠

❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✳ ■st♦ s❡ ❞❡✈❡ ❛♦ ❝❛♣❛❝✐t♦r sér✐❡ t❡r ♣❡r♠❛♥❡❝✐❞♦ ❡♠ ♦♣❡r❛çã♦ ♥❡st❛

❢❛s❡ ♣❛r❛ ♦s ❛rr❛♥❥♦s ■❱ ❡ ❱✳ ❆ ✜♠ ❞❡ ❛✈❛❧✐❛r ♦ ✐♠♣❛❝t♦ ❞❛ ♣r❡s❡♥ç❛ ♥♦ ❝❛♣❛❝✐t♦r sér✐❡ q✉❛♥t♦

à ❞✐str✐❜✉✐çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✱ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s

♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ ♣❛r❛ ❡ss❡s ❞♦✐s ❡sq✉❡♠❛s ♥❛ ❢❛s❡ ❇ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛

✹✳✷✷✳ ❆ ❞✐❢❡r❡♥ç❛ ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛ é ♦❜s❡r✈❛❞❛ ♣❛r❛ ♦ ❛rr❛♥❥♦ ■❱✳

❆ ✜♠ ❞❡ ❛✈❛❧✐❛r ♦ ✐♠♣❛❝t♦ ❞❡ss❛ ❞✐❢❡r❡♥ç❛ ❞❡ t❡♥sã♦ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦

❝♦♥tr♦❧❛❞♦✱ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ sã♦ ❛♣r❡s❡♥✲

t❛❞♦s ♥❛ ❋✐❣✉r❛ ✹✳✷✸✳ ❈♦♠♦ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r✱ ♠❡s♠♦ ♥♦ ❝❛s♦ ❞♦ ❛rr❛♥❥♦ ■❱✱ ♥♦ q✉❛❧ s❡

♦❜s❡r✈❛ ❛ ♠❛✐♦r ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s t❡♥sõ❡s ✈✐st❛s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦✱ ♦s ✐♥st❛♥t❡s ♠❛✐s

❛❞❡q✉❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛ ❡stã♦ ❧♦❝❛❧✐③❛❞♦s ♥❛ r❡❣✐ã♦ ❞❡ ♠❡♥♦r ❜❛t✐♠❡♥t♦ ❞♦ s✐♥❛❧✱

q✉❡ ❝♦✐♥❝✐❞❡♠ ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✺✹

0,30 0,40 0,50 0,60[s]
-800

-400

0

400

800
[kV] LT Comp Shunt

BCS em term. local (V)
BCS em term. local (IV)

❋✐❣✉r❛ ✹✳✷✶✳ ❙✐♥❛❧ ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦ ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❛♣ós ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❝♦♠

♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ♥❛ ❢❛s❡ ❇✱ ❝♦♠ ❞❡st❛q✉❡ ♣❛r❛ ♦s ❛rr❛♥❥♦s ■❱ ❡ ❱✳

0,0 0,1 0,2 0,3 0,4 0,5 0,6[s]
-800

-400

0

400

800
[kV] Terminal local

Terminal remoto

✭❛✮

0,0 0,1 0,2 0,3 0,4 0,5 0,6[s]
-800

-400

0

400

800
[kV] Terminal local

Terminal remoto

✭❜✮

❋✐❣✉r❛ ✹✳✷✷✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ r❡s✉❧t❛♥t❡s ❞❛

❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ✭❝❛s♦ ✷✳✷✳✹✮ ♣❛r❛ ❛ ❢❛s❡ ❇✿ ✭❛✮ ❛rr❛♥❥♦ ■❱❀ ✭❜✮

❛rr❛♥❥♦ ❱✳

0,30 0,40 0,50 0,60 0,70[s]
-1,00

-0,50

0

0,50

1,00
[MV]

Terminal local
Terminal remoto

✭❛✮

0,30 0,40 0,50 0,60 0,70[s]
-1,00

-0,50

0

0,50

1,00

[MV] Terminal local
Terminal remoto

✭❜✮

❋✐❣✉r❛ ✹✳✷✸✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ r❡s✉❧t❛♥t❡s ❞❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ✭❝❛s♦ ✷✳✷✳✹✮ ♣❛r❛ ❛ ❢❛s❡ ❇✿ ✭❛✮ ❛rr❛♥❥♦ ■❱❀ ✭❜✮ ❛rr❛♥❥♦ ❱✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✺✺

✹✳✹ ■▼P❆❈❚❖ ❉❆ ❘❊■◆❙❊❘➬➹❖ ❉❖ ❇❈❙ ❆◆❚❊❙ ❉❆ ▼❆◆❖❇❘❆ ❉❊ ❘❊▲■●❆✲

▼❊◆❚❖

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ ❝❛♣ít✉❧♦✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ q✉❛♥❞♦ ❛ ❛❜❡rt✉r❛

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

t♦t❛❧✳ ❊♠ ❢✉♥çã♦ ❞♦ ❣r❛✉ ❞❡ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ sér✐❡ ♣❛r❛ ❛ ❡st❛❜✐❧✐❞❛❞❡

❞♦ s✐st❡♠❛✱ ♣♦❞❡ s❡r ♥❡❝❡ssár✐♦ ✉♠❛ r❡✐♥s❡rçã♦ rá♣✐❞❛✱ ♦✉ s❡❥❛✱ ❧♦❣♦ ❛♣ós ❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✳

❊♥tã♦✱ ❛ ✜♠ ❞❡ ❛✈❛❧✐❛r ♦ ✐♠♣❛❝t♦ ❞❡st❛ r❡✐♥s❡rçã♦ ♥♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✱ ❞♦✐s

❝❛s♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ❛ s❡❣✉✐r✱ ✉♠ ♣❛r❛ ❧✐♥❤❛ ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡ ♦✉tr♦ ♣❛r❛

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

P❛r❛ ❧✐♥❤❛ ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❢♦✐ s❡❧❡❝✐♦♥❛❞♦ ♦ ❛rr❛♥❥♦ ■■ ♣❛r❛ ❛♥á❧✐s❡✱ q✉❡

❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ❧✐♥❤❛ ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❝♦♠ ♦ ❇❈❙ ✐♥st❛❧❛❞♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✳

❆✈❛❧✐❛✲s❡ ♦ ✐♠♣❛❝t♦ ❞❛ r❡✐♥s❡rçã♦ ❞♦ ❜❛♥❝♦ ❛♣ós ❛ ❡①t✐♥çã♦ ❞❡ ✉♠❛ ❢❛❧t❛ tr✐❢ás✐❝❛ ❛ ✸✵✵ ❦♠

❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ✭❝❛s♦ ✷✳✶✳✹✮✱ ❡♠ q✉❡ ♦❝♦rr❡ ♦ ❜②✲♣❛ss t♦t❛❧ ❞♦ ❜❛♥❝♦✳ ◆❛ ❋✐❣✉r❛ ✹✳✷✹✱ sã♦

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

❈♦♠♦ s❡ ♦❜s❡r✈❛✱ ♦s s✐♥❛✐s ❞❛s ❢❛s❡s ❆ ❡ ❈ sã♦ ❛❢❡t❛❞♦s ❝♦♠ ❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙✱ ❡ ❤á ✉♠❛

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

◆♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ♦s ✐♥st❛♥t❡s ❞❡ r❡❧✐❣❛♠❡♥t♦ s❡ ❜❛s❡✐❛♠ ♥♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛✱

q✉❡ é ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r✳ ◆❛ ❋✐❣✉r❛ ✹✳✷✺✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❢♦r♠❛s ❞❡ ♦♥❞❛

❞❛ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✳ ❊♥tã♦✱ ♥❛s ❢❛s❡s ❛❢❡t❛❞❛s ❝♦♠

❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♦s ♠❡❧❤♦r❡s ✐♥st❛♥t❡s ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞❡♣❡♥❞❡♠ ❞♦ s✐♥❛❧

❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛✱ ✐st♦ é✱ s❡ é ❛ ♣❛rt✐r ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ♦✉ r❡♠♦t♦✳ ◆♦ ❡♥t❛♥t♦✱

❛ ❞✐❢❡r❡♥ç❛ ♥ã♦ é tã♦ s✐❣♥✐✜❝❛t✐✈❛✳ ➱ ♥❡❝❡ssár✐♦ ❛✈❛❧✐❛r q✉❛❧ é ♦ ✐♠♣❛❝t♦ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦

❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ q✉❛♥t♦ à r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✺✻
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✭❝✮

❋✐❣✉r❛ ✹✳✷✹✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛

❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ tr✐❢ás✐❝♦ ✭❝❛s♦ ✷✳✷✳✹✮ ♣❛r❛ ♦ ❛rr❛♥❥♦ ■■ ❝♦♠ r❡✐♥s❡rçã♦ ❞♦

❇❈❙ ❛♣ós ❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✺✼
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✭❝✮

❋✐❣✉r❛ ✹✳✷✺✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ tr✐❢ás✐❝♦ ✭❝❛s♦ ✷✳✶✳✹✮ ♣❛r❛ ♦ ❛rr❛♥❥♦ ■■ ❝♦♠ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ ❛♣ós

❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳

P❛r❛ ❛ ❛♥á❧✐s❡ ❡♠ ❧✐♥❤❛s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✱ ❝♦♥s✐❞❡r♦✉✲s❡ ♦ ❛rr❛♥❥♦

❱■✳ ◆❛ ❋✐❣✉r❛ ✹✳✷✻✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦ t❡r♠✐♥❛❧

❧♦❝❛❧ ♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛ ❞❡ ❧✐♥❤❛ ❞❡✈✐❞♦ ❛ ✉♠❛ ❢❛❧t❛ ❢❛s❡✲❢❛s❡ ✭❝❛s♦ ✷✳✷✳✷✮✱ ❡♠ q✉❡ ♦ ❇❈❙ é

r❡t✐r❛❞♦ ❝♦♠♣❧❡t❛♠❡♥t❡ ❞❡✈✐❞♦ à ❢❛❧t❛✱ ❡ r❡✐♥s❡r✐❞♦ ❧♦❣♦ ❛♣ós ❛ ❡①t✐♥çã♦ ❞♦ ❞❡❢❡✐t♦✳ ❖❜s❡r✈❛✲s❡

q✉❡ ❡♠ t♦r♥♦ ❞❡ ✵✱✹ s ❤á ✉♠❛ ❛❧t❡r❛çã♦ ♥❛ ❢❛s❡ ❆✱ ✐♥❞✐❝❛♥❞♦ ♦ ✐♥st❛♥t❡ ❞❡ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙✳

◆❛ ❋✐❣✉r❛ ✹✳✷✼✱ é ❛♣r❡s❡♥t❛❞♦✱ ❡♠ ♠❛✐♦r ❞❡t❛❧❤❡✱ ♦ q✉❡ ♦❝♦rr❡ q✉❛♥❞♦ ❤á ❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙✳

❖❜s❡r✈❛✲s❡ q✉❡ ♦ ♠❛✐♦r ✐♠♣❛❝t♦ ❞❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ ♦❝♦rr❡ ♥❛ ❢❛s❡ ❆✳

◆❛ ❋✐❣✉r❛ ✹✳✷✽✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s t❡♥sõ❡s s♦❜r❡ ♦ ❞✐s❥✉♥t♦r ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s ♣❛r❛

❛✈❛❧✐❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ r❡✐♥s❡rçã♦ ❛♥t❡s ❞♦ r❡❧✐❣❛♠❡♥t♦ ❞❛ ❧✐♥❤❛✳ ❖❜s❡r✈❛✲s❡ q✉❡ ❛ ❞✐❢❡r❡♥ç❛

❡♥tr❡ ♦s s✐♥❛✐s ❞♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ♥ã♦ é tã♦ s✐❣♥✐✜❝❛t✐✈❛ ❛♣ós ❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙✱ ❞❡ q✉❡

♠♦❞♦ q✉❡ ♥ã♦ ❞❡✈❡ ❝♦♠♣r♦♠❡t❡r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ q✉❛♥t♦ à r❡❞✉çã♦

❞❛s s♦❜r❡t❡♥sõ❡s✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✺✽

0,0 0,2 0,4 0,6 0,8 1,0[s]
-600

-400

-200

0

200

400

600

[kV] Fase A
Fase B
Fase C

❋✐❣✉r❛ ✹✳✷✻✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ♣❛r❛ ❛ ❛❜❡rt✉r❛ ❞❡ ❧✐♥❤❛ ❞❡✈✐❞♦

❛ ✉♠❛ ❢❛❧t❛ ❜✐❢ás✐❝❛ ✭❝❛s♦ ✷✳✷✳✷✮ ♣❛r❛ ♦ ❛rr❛♥❥♦ ❱■✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ ❛♣ós ❛ ❡①t✐♥çã♦
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✭❝✮

❋✐❣✉r❛ ✹✳✷✼✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛

❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ✭❝❛s♦ ✷✳✷✳✷✮ ♣❛r❛ ♦ ❡sq✉❡♠❛ ❱■ ❝♦♠ r❡✐♥s❡rçã♦

❞♦ ❇❈❙ ❛♣ós ❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✺✾
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✭❜✮
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Terminal local Terminal remoto

Reinserção do BCS

✭❝✮

❋✐❣✉r❛ ✹✳✷✽✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❝♦♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ✭❝❛s♦ ✷✳✷✳✷✮ ♣❛r❛ ♦ ❛rr❛♥❥♦ ❱■ ❝♦♠ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ ❛♣ós

❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✿ ✭❛✮ ❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳

✹✳✺ ❙❮◆❚❊❙❊ ❉❖ ❈❆P❮❚❯▲❖

◆❡st❡ ❝❛♣ít✉❧♦✱ ✉♠❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ r❡s✉❧t❛♥t❡ ❞❛ ❛❜❡rt✉r❛ ❝♦♠ ❡ s❡♠ ❞❡❢❡✐t♦

❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❢♦✐ ❛♣r❡s❡♥t❛❞❛✳ ❊♠ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s✱

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

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

s❡ ❜❛s❡✐❛ ♥♦ s✐♥❛❧ ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r✱ ♦✉ s❡❥❛✱ é ♥❡❝❡ssár✐♦ ❝♦♥❤❡❝❡r ♦s s✐♥❛✐s ❞❡ t❡♥sã♦

❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❡ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡✳ P❛r❛ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s ❡ ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦

r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱ ❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❥á é ❝♦♥❤❡❝✐❞❛✱ ❛❧é♠ ❞✐ss♦✱ s❡ ❞✐str✐❜✉✐

✉♥✐❢♦r♠❡♠❡♥t❡ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✳ P❛r❛ ❧✐♥❤❛s ❝♦♠ ❇❈❙✱ ❡①✐st❡♠ ❛❧❣✉♠❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s✳

❆ ❛✈❛❧✐❛çã♦ ❢♦✐ ❢❡✐t❛ ♣❛r❛ ❞✉❛s ❝♦♥❞✐çõ❡s ❞❡ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡ ❧✐♥❤❛✿ ❝♦♠ ❡ s❡♠ ♦❝♦rrê♥❝✐❛

❞❡ ❞❡❢❡✐t♦✳ P❛r❛ ❛ s✐t✉❛çã♦ ❡♠ q✉❡ ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ♥ã♦ é ❝❛✉s❛❞❛ ♣♦r ✉♠ ❞❡❢❡✐t♦✱ ✈❡r✐✜❝♦✉✲



❈❛♣ít✉❧♦ ✹ ✕ ❆♥á❧✐s❡ ❞❛ ❈❛r❣❛ ❘❡s✐❞✉❛❧ ❡♠ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✻✵

s❡ q✉❡ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ s❡ ❛ss❡♠❡❧❤❛ àq✉❡❧❛ ♦❜s❡r✈❛❞❛

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

t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ é s✐♠✐❧❛r ❛ ❞❡ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✳ ◆♦

❡♥t❛♥t♦✱ ❞❡✈✐❞♦ à ♣r❡s❡♥ç❛ ❞♦ ❝❛♣❛❝✐t♦r sér✐❡✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥ã♦ s❡ ❞✐str✐❜✉✐ ✉♥✐❢♦r♠❡♠❡♥t❡

❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❝♦♠♦ ♦❝♦rr❡ ❡♠ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✳

▼❡s♠♦ ❛ss✐♠✱ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛ t❡♥sã♦ ✈✐st❛ ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❡ ♥♦ t❡r♠✐♥❛❧ r❡♠♦t♦ ♥ã♦ é

s✐❣♥✐✜❝❛t✐✈❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛ ❛s ❧✐♥❤❛s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✳

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

s✐t✉❛çõ❡s ❡♠ q✉❡ ♦ ❇❈❙ é ❞❡s✈✐❛❞♦ ❝♦♠♣❧❡t❛♠❡♥t❡✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ r❡s✉❧t❛♥t❡ ❛♣r❡s❡♥t❛ ❛

♠❡s♠❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ♦❜s❡r✈❛❞❛ ❡♠ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s ♦✉ ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠

❞❡r✐✈❛çã♦✳ ❊♥q✉❛♥t♦ q✉❡✱ q✉❛♥❞♦ ♦ ❇❈❙ é ♠❛♥t✐❞♦ ❡♠ ♦♣❡r❛çã♦✱ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s t❡♥sõ❡s

✈✐st❛s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ é ♠❛✐♦r ♥❛s ❢❛s❡s ❡♥✈♦❧✈✐❞❛s ♥❛ ❢❛❧t❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛

❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳

❆❧é♠ ❞✐ss♦✱ ❢♦✐ ❛✈❛❧✐❛❞♦ ♦ ✐♠♣❛❝t♦ ❞❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ ♥❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧

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

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

❡♠ ✉♠ t❡r♠✐♥❛❧ ♣♦❞❡ s❡r ♦♣♦st❛ à ♣♦❧❛r✐❞❛❞❡ ✈✐st❛ ♥♦ ♦✉tr♦ t❡r♠✐♥❛❧✳ P♦rt❛♥t♦✱ é ✐♠♣♦r✲

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

❢❡❝❤❛♠❡♥t♦✱ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ♥❛ r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s✳

❈♦♠ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ ❝❛♣ít✉❧♦✱ s✉❣❡r❡✲s❡ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ té❝♥✐❝❛s

❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡①✐st❡♥t❡s ♣❛r❛ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠

❞❡r✐✈❛çã♦✱ ✈✐st♦ q✉❡ s❡ ✈❡r✐✜❝♦✉ ❛ s❡♠❡❧❤❛♥ç❛ ❞❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞♦s s✐♥❛✐s ❞❡ss❛s ❧✐♥❤❛s ❝♦♠

❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ◆♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✱ ♦s ♠ét♦❞♦s ✉t✐❧✐③❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦ sã♦

❛♣r❡s❡♥t❛❞♦s✳



❈❆P❮❚❯▲❖ ✺

▼➱❚❖❉❖ ❉❊ ❈❍❆❱❊❆▼❊◆❚❖ ❈❖◆❚❘❖▲❆❉❖
❯❚■▲■❩❆❉❖ P❆❘❆ ▲■◆❍❆❙ ❈❖▼ ❈❖▼P❊◆❙❆➬➹❖

❙➱❘■❊

❖ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ t❡♠ s✐❞♦ ❡st✉❞❛❞♦ ❤á ✈ár✐♦s ❛♥♦s✱ ❝♦♠ ♦

♣r✐♠❡✐r♦ ❞✐s♣♦s✐t✐✈♦ t❡st❛❞♦ ❡♠ ❝❛♠♣♦ ♥❛ ❞é❝❛❞❛ ❞❡ ✶✾✾✵ ✭❋❘❖❊❍▲■❈❍ ❡t ❛❧✳✱ ✶✾✾✼❜✮✳ ❆

♣❛rt✐r ❞❡ss❡s ❡st✉❞♦s✱ ❝♦♥st❛t❛✲s❡ ❛ ✈✐❛❜✐❧✐❞❛❞❡ ❞❡ t❛❧ ♠ét♦❞♦ ♥❛ r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s

❞❡ ♠❛♥♦❜r❛s✱ ❝♦♠ ✈ár✐♦s ❜❡♥❡❢í❝✐♦s ❛♦ ❝♦♠♣❛r❛r ❝♦♠ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧♠❡♥t❡ ❛♣❧✐❝❛❞♦✱ ♦

q✉❛❧ ✉t✐❧✐③❛ ❞✐s❥✉♥t♦r❡s ❝♦♠ ❘P■✳ ❈♦♠ ♦ ❧❡✈❛♥t❛♠❡♥t♦ ❜✐❜❧✐♦❣rá✜❝♦ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣✐t✉❧♦

✸✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ❛ ♠❛✐♦r✐❛ ❞❛s té❝♥✐❝❛s sã♦ ❞❡st✐♥❛❞❛s ❛ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠

❞❡r✐✈❛çã♦ ♦✉ s❡♠ ❝♦♠♣❡♥s❛çã♦✳ P♦rt❛♥t♦✱ ❛ ❛♣❧✐❝❛çã♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ sér✐❡

❛✐♥❞❛ é ❝♦♥s✐❞❡r❛❞❛ ✉♠❛ ❛♣❧✐❝❛çã♦ ♥ã♦✲❝♦♥✈❡♥❝✐♦♥❛❧✱ ♣♦✐s ❡①✐st❡♠ ❛❧❣✉♠❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s

❞❡✈✐❞♦ à ♣r❡s❡♥ç❛ ❞♦ ❇❈❙✱ ❝♦♠♦ ❛s ❝♦♥❞✐çõ❡s ✈❛r✐á✈❡✐s ❞❡ ♦♣❡r❛çã♦ ❞❡ss❡ ❡q✉✐♣❛♠❡♥t♦✱ q✉❡

✐♥✢✉❡♥❝✐❛♠ ❞✐r❡t❛♠❡♥t❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❞❛ ❧✐♥❤❛✳ ❊ ❝♦♥❤❡❝❡r ❡ss❡ s✐♥❛❧ ❞♦

❧❛❞♦ ❞❛ ❧✐♥❤❛ é ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❝♦♠ s✉❝❡ss♦✳ ❊♥tã♦✱

♥♦ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r✱ ❛♣r❡s❡♥t♦✉✲s❡ ✉♠❛ ❛♥á❧✐s❡ ❞❡ss❡ s✐♥❛❧ ❝♦♥s✐❞❡r❛♥❞♦ ♦s ♣r✐♥❝✐♣❛✐s ❛rr❛♥❥♦s

❞❡ ❧✐♥❤❛s ❝♦♠ ❇❈❙✱ ❛❧é♠ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡✱ ♥♦ ❝❛s♦ ❞❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛

s❡♠ ❞❡❢❡✐t♦✱ ❝♦♠♦ ♦ ❇❈❙ ♣❡r♠❛♥❡❝❡ ❡♠ ♦♣❡r❛çã♦✱ ❛ ❞✐str✐❜✉✐çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❛♦ ❧♦♥❣♦ ❞❛

❧✐♥❤❛ ♥ã♦ é ✉♥✐❢♦r♠❡ ❝♦♠♦ ♦❝♦rr❡ ❡♠ ❧✐♥❤❛s ❝♦♠ r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦ ♦✉ s❡♠ ❝♦♠♣❡♥s❛çã♦

r❡❛t✐✈❛ ❞❡✈✐❞♦ à q✉❡❞❛ ❞❡ t❡♥sã♦ ♥♦ ❝❛♣❛❝✐t♦r sér✐❡✳ ◆♦ ❡♥t❛♥t♦✱ ❝♦♠♦ ♥ã♦ ❤á ❞❡❢❡✐t♦ ♥❛ ❧✐♥❤❛✱ ❛

❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s t❡♥sõ❡s ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st❛s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ ♥ã♦ é s✐❣♥✐✜❝❛t✐✈❛✱

♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ ❧✐♥❤❛s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✳ P♦rt❛♥t♦✱ ❛ ❢♦r♠❛ ❞❡

♦♥❞❛ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ s❡ ❛ss❡♠❡❧❤❛ à ❢♦r♠❛ ❞❡ ♦♥❞❛

❡♠ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s✳ ❊♥q✉❛♥t♦ q✉❡ ❡♠ ❧✐♥❤❛s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦

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

❡♠ ❞❡r✐✈❛çã♦✳ ❉❡✈✐❞♦ às s✐♠✐❧❛r✐❞❛❞❡s ♦❜s❡r✈❛❞❛s✱ ♣r♦♣õ❡✲s❡ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ té❝♥✐❝❛s

✻✶



❈❛♣ít✉❧♦ ✺ ✕ ▼ét♦❞♦ ❞❡ ❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦ ❯t✐❧✐③❛❞♦ ♣❛r❛ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦

❙ér✐❡ ✻✷

❡①✐st❡♥t❡s ❛♣❧✐❝❛❞❛s ❡♠ ❧✐♥❤❛s s❡♠ ❝♦♠♣❡♥s❛çã♦ ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦ ❡♠ ❧✐♥❤❛s

❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡ ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖

♠ét♦❞♦ s❡❧❡❝✐♦♥❛❞♦ ♣❛r❛ ❡ss❛ ❛✈❛❧✐❛çã♦ é ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✵✽✮✱ ❝✉❥❛ ❡s❝♦❧❤❛

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

◆♦ ❝❛s♦ ❞❛ ❛❜❡rt✉r❛ ❞❡ ❧✐♥❤❛ ❝❛✉s❛❞❛ ♣♦r ✉♠ ❞❡❢❡✐t♦✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ♦ ❇❈❙ ♣♦❞❡ s❡r

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

❡ ❞♦ ❛❥✉st❡ ❞❛ ♣r♦t❡çã♦ ❞♦ ❇❈❙✳ ❙❡ ♦❝♦rr❡ ♦ ❜②✲♣❛ss t♦t❛❧ ❞♦ ❜❛♥❝♦✱ ❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞❛

❝❛r❣❛ r❡s✐❞✉❛❧ ❥á é ❝♦♥❤❡❝✐❞❛✱ ♣♦✐s✱ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ t♦r♥❛♠✲s❡ ❧✐♥❤❛s s❡♠

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

❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✳ ◗✉❛♥❞♦ ♥ã♦ ❤á ♦ ❜②✲♣❛ss ❞♦ ❜❛♥❝♦✱ ♦✉ ❡st❡ é ♣❛r❝✐❛❧✱ ♦❜s❡r✈♦✉✲s❡

q✉❡✱ ♥❛s ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❛ ❞✐str✐❜✉✐çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥ã♦✲✉♥✐❢♦r♠❡ é

♠❛✐s ❛❝❡♥t✉❛❞❛ ❞❡✈✐❞♦ à ♦❝♦rrê♥❝✐❛ ❞♦ ❞❡❢❡✐t♦✳ ❊ ❡♠ ❧✐♥❤❛s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦

r❡❛t✐✈❛✱ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s t❡♥sõ❡s ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st❛s ♥♦s t❡r♠✐♥❛✐s ❧♦❝❛❧ ❡ r❡♠♦t♦ ♥ã♦

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

❛❧❣✉♠❛s ❞✐❢❡r❡♥ç❛s ❞❡✈✐❞♦ ❛♦ ❛rr❛♥❥♦ ❞♦ ❇❈❙ ❡ ❞♦s r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦✳

◆❡st❡ tr❛❜❛❧❤♦✱ ❛ ❛✈❛❧✐❛çã♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❛♠❜♦s

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

❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦ ✭❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❚r❛t❛✲s❡ ❞❡ ✉♠ ♠ét♦❞♦ q✉❡ ❡♠♣r❡❣❛

❛s té❝♥✐❝❛s ❛♣r❡s❡♥t❛❞❛s ❡♠ ❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✵✽✮✱ ♣♦ré♠✱ ❝♦♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❛❞❡q✉❛❞❛ ♣❛r❛

♦s ❝❛s♦s ❝♦♠ ❞❡❢❡✐t♦✳ ❖ ♠ét♦❞♦ ❢♦✐ s❡❧❡❝✐♦♥❛❞♦ ❞❡✈✐❞♦ à s✐♠♣❧✐❝✐❞❛❞❡ ❞❛s té❝♥✐❝❛s✱ ❡ ♣♦r s❡r

❛♣r♦♣r✐❛❞♦ ♣❛r❛ ♦s ❝❛s♦s s♦❜ ❞❡❢❡✐t♦✳ P❛r❛ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❝♦♠♦ ❛ ❝❛r❣❛

r❡s✐❞✉❛❧ ♣♦❞❡ ❛♣r❡s❡♥t❛r ✉♠ ✈❛❧♦r✱ ❡♠ ♠ó❞✉❧♦✱ ♠❡♥♦r q✉❡ ✶✱✵ ♣✉✱ é ♣r♦♣♦st♦ ✉♠ ♠ét♦❞♦ ♣❛r❛

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

❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✵✽✮ ♣❛r❛ ❧✐♥❤❛s s❡♠ ❝♦♠♣❡♥s❛çã♦ ❡ ♥❛ ❡st✐♠❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✳ P❛r❛ ✐st♦✱

é ♥❡❝❡ssár✐♦ ❝♦rr✐❣✐r ❛ t❡♥sã♦ s❡❝✉♥❞ár✐❛ ❞♦ ❚P❈ ❝♦♠♦ ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧ r❡❝✉rs✐✈♦ ❝♦♠♦ s❡rá

❛♣r❡s❡♥t❛❞♦ ♥❡st❡ ❝❛♣ít✉❧♦✳

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

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

❞♦s ✐♥st❛♥t❡s ❞❡ r❡❧✐❣❛♠❡♥t♦✳
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✺✳✶ ❚➱❈◆■❈❆❙ ❉❊ ❈❍❆❱❊❆▼❊◆❚❖ ❈❖◆❚❘❖▲❆❉❖ ❯❚■▲■❩❆❉❆❙

❖s ♠ét♦❞♦s ✉t✐❧✐③❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦

❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ sã♦ ❛♣r❡s❡♥t❛❞♦s ❡♠ ❉❛♥t❛s ❡t ❛❧✳ ✭✷✵✵✽✮✱ ❉❛♥t❛s ❡t ❛❧✳

✭✷✵✶✹✮✳ ❚r❛t❛♠✲s❡ ❞❡ té❝♥✐❝❛s ❛♣❧✐❝❛❞❛s ❛ ♠❛♥♦❜r❛s ❞❡ ❡♥❡r❣✐③❛çã♦ ❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s

❞❡ tr❛♥s♠✐ssã♦✱ q✉❡ s❡ ❜❛s❡✐❛♠ ♥❛ ❡st✐♠❛çã♦ ❞❡ s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ❡♠ ✐♥st❛♥t❡s ❢✉t✉r♦s ♣❛r❛

❝❛❧❝✉❧❛r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣♦ssí✈❡✐s ✐♥st❛♥t❡s ót✐♠♦s✱ q✉❡ sã♦ ♦s ✐♥st❛♥t❡s ❞❡ ♣❛ss❛❣❡♠ ♣❡❧♦ ③❡r♦

❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✱ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❛ ♠❛♥♦❜r❛✳ ❯♠❛ ✈❛♥t❛❣❡♠

❞❡ss❡s ♠ét♦❞♦s é q✉❡ ❡♠♣r❡❣❛♠ té❝♥✐❝❛s s✐♠♣❧❡s ♣❛r❛ ❛ ❡st✐♠❛çã♦ ❞♦s s✐♥❛✐s✱ ❡ ❛ ❞❡✜♥✐çã♦ ❞♦s

♠❡❧❤♦r❡s ✐♥st❛♥t❡s ♣❛r❛ ❝❛❞❛ ❢❛s❡ é ❢❡✐t❛ ❝♦♠ ♦ ♣r♦♣ós✐t♦ ❞❡ r❡❞✉③✐r ♦ ❡rr♦ ❝❛✉s❛❞♦ ♣❡❧♦ ❡❢❡✐t♦

❞♦ ❛❝♦♣❧❛♠❡♥t♦ ❡❧❡tr♦♠❛❣♥ét✐❝♦ ❡♥tr❡ ❛s ❢❛s❡s✳

◆❛ ❋✐❣✉r❛ ✺✳✶✱ ❛♣r❡s❡♥t❛✲s❡ ✉♠ ✢✉①♦❣r❛♠❛ ❝♦♠ ❛s ❡t❛♣❛s ❞❛s té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦

❝♦♥tr♦❧❛❞♦ ✉t✐❧✐③❛❞❛s ♥❡st❡ tr❛❜❛❧❤♦✱ q✉❡ sã♦ ❛s s❡❣✉✐♥t❡s✿

✶✳ ❋✐❧tr❛❣❡♠ ❡ ❛♠♦str❛❣❡♠ ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛❀

✷✳ ❉❡t❡❝çã♦ ❞❡ ③❡r♦s ♦✉ ♣♦❧❛r✐❞❛❞❡s❀

✸✳ ❊st✐♠❛çã♦ ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛❀

✹✳ ❈á❧❝✉❧♦ ❞♦s ✐♥st❛♥t❡s ót✐♠♦s❀

✺✳ ▲ó❣✐❝❛ ❞♦ ❝♦♥tr♦❧❛❞♦r✳

➱ ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡ ♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ❞❡♣❡♥❞❡♠ ❞♦ t✐♣♦ ❞❡ ♠❛♥♦❜r❛ ❡ ❞❛s

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

❞❡ss❛s ❡t❛♣❛s ♣❛r❛ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦✱ ❛s q✉❛✐s sã♦ ♦ ❢♦❝♦ ❞❡st❡ tr❛❜❛❧❤♦✳
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Sistema Elétrico

Sinais de tensão
(do lado da linha
e do lado da fonte)

Filtragem

Amostragem

Estimação dos sinais
de referência

O disjuntor
está aberto?

Cálculo dos
instantes ótimos

Lógica do
controlador

Sistema de chaveamento controlado

SimNão

Sinal de comando
para abertura do disjuntor

❋✐❣✉r❛ ✺✳✶✳ ❋❧✉①♦❣r❛♠❛ ❞❛ té❝♥✐❝❛ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ✉t✐❧✐③❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✳

✺✳✶✳✶ ❋✐❧tr❛❣❡♠ ❡ ❆♠♦str❛❣❡♠

❆ ♣r✐♠❡✐r❛ ❡t❛♣❛ ❞♦ ♠ét♦❞♦ ❝♦♥s✐st❡ ♥❛ ✜❧tr❛❣❡♠ ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛✱ ♦s q✉❛✐s sã♦

♦❜t✐❞♦s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✳ ❊♠ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦✱ ❞❡✈✐❞♦ à ♣r❡s❡♥ç❛ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✱

♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ❛❞♦t❛❞♦s sã♦ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡ ❡ ❞♦ ❧❛❞♦ ❧✐♥❤❛✳ ❆

♦♣çã♦ ♣♦r ❧✐❞❛r ❝♦♠ ♦s s✐♥❛✐s s❡♣❛r❛❞❛♠❡♥t❡ ❡♠ ✈❡③ ❞❡ tr❛t❛r ♦ s✐♥❛❧ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r é ❢❡✐t❛

♣♦r q✉❡stõ❡s ❞❡ s✐♠♣❧✐❝✐❞❛❞❡✱ ♣♦✐s ❡st❡ ♣♦❞❡ ❛♣r❡s❡♥t❛r ✉♠❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❝♦♠♣❧❡①❛✳

❆ ✜❧tr❛❣❡♠ é r❡❛❧✐③❛❞❛ ❛ ✜♠ ❞❡ ❡❧✐♠✐♥❛r ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ q✉❡ ♣♦❞❡♠ s✉r❣✐r

❝♦♠ ❛ ♠❛♥♦❜r❛ ❞❡ ❝❤❛✈❡❛♠❡♥t♦✳ P❛r❛ ✐st♦✱ é ✉t✐❧✐③❛❞♦ ✉♠ ✜❧tr♦ ❇✉tt❡r✇♦rt❤ ♣❛ss❛✲❜❛✐①❛s ❞❡

t❡r❝❡✐r❛ ♦r❞❡♠ ❝♦♠ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ ❞❡ ✶✽✼✱✽✾ ❍③✱ ❝✉❥❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ é ❞❛❞❛ ♣♦r✿

❍✭s✮ =
1, 645 · 109

s3 + 2361s2 + 2, 787 · 106s+ 1, 645 · 109 . ✭✺✳✶✮

❊♠ s❡❣✉✐❞❛✱ ♦s s✐♥❛✐s ✜❧tr❛❞♦s sã♦ ❛♠♦str❛❞♦s✳ ❆ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❛❞♦t❛❞❛ é ❞❡

✾✻✵ ❍③✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ ✶✻ ❛♠♦str❛s ♣♦r ❝✐❝❧♦ ❞❡ ✻✵ ❍③✳ ❈♦♠ ❡ss❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠✱ é

♣♦ssí✈❡❧ r❡❛❧✐③❛r ❛ ❡st✐♠❛çã♦ ❞♦s s✐♥❛✐s ❡♠ ✐♥st❛♥t❡s ❢✉t✉r♦s s❡♠ ❣r❛♥❞❡s ❡rr♦s✱ ♣♦✐s ❛ ❢r❡q✉ê♥❝✐❛
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❡stá ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❚❡♦r❡♠❛ ❞❡ ◆②q✉✐st✱ ♦✉ s❡❥❛✱ é ♠❛✐♦r q✉❡ ♦ ❞♦❜r♦ ❞❛ ♠❛✐♦r ❢r❡q✉ê♥❝✐❛

❝♦♥t✐❞❛ ♥♦ s✐♥❛❧ ✜❧tr❛❞♦✱ ❡✈✐t❛♥❞♦ ❡rr♦ ❞❡ ❛❧✐❛s✐♥❣✳

✺✳✶✳✷ ❉❡t❡❝çã♦ ❞❡ ❩❡r♦s ♦✉ P♦❧❛r✐❞❛❞❡s

❆ ❞❡t❡❝çã♦ ❞❡ ③❡r♦s ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ✜❧tr❛❞♦s ❡ ❛♠♦str❛❞♦s é ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❛

❡st✐♠❛çã♦ ❞❡ss❡s s✐♥❛✐s ❡♠ ✐♥st❛♥t❡s ❢✉t✉r♦s✳ ◆♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ ❤á ❛ ❞❡s❡♥❡r❣✐③❛çã♦ ❞❛ ❧✐♥❤❛

❞❡ tr❛♥s♠✐ssã♦✱ ❞❡✈❡✲s❡ ✐♥✐❝✐❛r ❛ ❞❡t❡❝çã♦ ❞❡ ♣❛ss❛❣❡♥s ♣♦r ③❡r♦ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛

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

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

❞❡ ❧✐♥❤❛s s❡♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✳

❖s ③❡r♦s sã♦ ❞❡t❡❝t❛❞♦s q✉❛♥❞♦ ❞✉❛s ❛♠♦str❛s ❝♦♥s❡❝✉t✐✈❛s ♣♦ss✉❡♠ ♣♦❧❛r✐❞❛❞❡s ❞✐st✐♥✲

t❛s✳ ❈♦♠ ✐st♦✱ é ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r ♦ ♣❡rí♦❞♦ ❞♦ s✐♥❛❧✱ ❥á q✉❡ ♦ ✐♥t❡r✈❛❧♦ ❡♥tr❡ ❞♦✐s ③❡r♦s

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

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

❛ ♣♦❧❛r✐❞❛❞❡ ❞❛ ❝❛r❣❛ é ❞❡t❡❝t❛❞❛ ❛ ♣❛rt✐r ❞❛ ✈❡r✐✜❝❛çã♦ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✳

✺✳✶✳✸ ❊st✐♠❛çã♦ ❞♦s ❙✐♥❛✐s

❆ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ♣❡rí♦❞♦ ❡ ❞❛ ❛♠♣❧✐t✉❞❡ ❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ é ❢❡✐t❛ ❝♦♥t✐♥✉❛♠❡♥t❡✱

❛té q✉❡ s❡❥❛ ❞❛❞♦ ♦ ❝♦♠❛♥❞♦ ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✳ ◆❡st❡ ♠♦♠❡♥t♦✱ ♦s

s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ sã♦ ❡st✐♠❛❞♦s ❡♠ ✐♥st❛♥t❡s ❢✉t✉r♦s ❛ ♣❛rt✐r ❞♦s ú❧t✐♠♦s ❞❛❞♦s r❡❣✐str❛❞♦s✱

♦ q✉❡ ✐♥❝❧✉✐ ❛ ú❧t✐♠❛ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦✱ ❛ ❛♠♣❧✐t✉❞❡ ❡ ♦ ♣❡rí♦❞♦ ❞♦ s✐♥❛❧✳ ❖ ♣r✐♠❡✐r♦ ✐♥st❛♥t❡

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

◆♦ ❡sq✉❡♠❛ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✷ é ✐❧✉str❛❞❛ ❝♦♠♦ é ❢❡✐t❛ ❛ ❡st✐♠❛çã♦ ❞♦ s✐♥❛❧ ❞❡

r❡❢❡rê♥❝✐❛✳ ◆♦ ♠♦♠❡♥t♦ ❡♠ q✉❡ é ❞❛❞♦ ♦ ❝♦♠❛♥❞♦ ♣❛r❛ ❛ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✱ tcomando✱ ❛

ú❧t✐♠❛ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦✱ tzero2✱ t♦r♥❛✲s❡ ❛ r❡❢❡rê♥❝✐❛ ♣❛r❛ ♦ s✐♥❛❧ ❛ s❡r ❡st✐♠❛❞♦✳ ❉❡st❡ ♠♦❞♦✱

t❡♥❞♦ ❆ ❝♦♠♦ ❛ ❛♠♣❧✐t✉❞❡ ❞♦ s✐♥❛❧ ❡ Tsr ❝♦♠♦ ♠❡✐♦ ♣❡rí♦❞♦ ❞♦ ♠❡s♠♦✱ ♦ s✐♥❛❧ ❡st✐♠❛❞♦ ❛♣ós

♦ t❡♠♣♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✱ Toperao✱ é ❞❛❞♦ ♣♦r✿
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sestimado✭t✮ = Asen(ωsr(t+∆T )), ✭✺✳✷✮

❡♠ q✉❡ ωsr = π/T ❡✱

∆T = Toperao + (tcomando − tzero2). ✭✺✳✸✮

❈♦♠ ✐st♦✱ ♦ ♣r✐♠❡✐r♦ ✐♥st❛♥t❡ ❡st✐♠❛❞♦ ❞♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡ ❛♦ ✐♥st❛♥t❡ testimado

✐♥❞✐❝❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✷✳

tzero2

Tsr

A

-A

tzero1
tcomando

Toperação
testimado totimo1

Nciclos

❋✐❣✉r❛ ✺✳✷✳ ❊st✐♠❛çã♦ ❞♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛✳

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

❡st✐♠❛çã♦ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ é ✉♠ ♣♦✉❝♦ ❞✐❢❡r❡♥t❡✳ ❆ ✜♠ ❞❡ ❧✐❞❛r ❛♣❡♥❛s

❝♦♠ s✐♥❛✐s s❡♥♦✐❞❛✐s✱ ❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢❛s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ✭va✱ vb✱ vc✮ ♣♦❞❡♠ s❡r ❞❛❞❛s ❡♠

❢✉♥çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ♠♦❞❛✐s ✭vm0✱ vm1✱ vm2✮ ❛ ♣❛rt✐r ❞❛ ❛♣❧✐❝❛çã♦ ❞❛ ♠❛tr✐③ ❞❡ ❑❛rr❡♥❜❛✉❡r✿





va
vb
vc



 =





1 1 1
1 −2 1
1 1 −2









vm0

vm1

vm2



 . ✭✺✳✹✮

❈♦♠ ✐ss♦✱ ❡st✐♠❛♠✲s❡ ❛s ❝♦♠♣♦♥❡♥t❡s ♠♦❞❛✐s✱ q✉❡ sã♦ ♦s s✐♥❛✐s s❡♥♦✐❞❛✐s ❞❛❞♦s ❛ ♣❛rt✐r ❞❛s

❝♦♠♣♦♥❡♥t❡s ❞❡ ❢❛s❡✿
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



v0
v1
v2



 =
1

3





1 1 1
1 −1 0
1 0 −1









va
vb
vc



 . ✭✺✳✺✮

✺✳✶✳✹ ❈á❧❝✉❧♦ ❞♦s ■♥st❛♥t❡s Ót✐♠♦s ♣❛r❛ ▲✐♥❤❛s s❡♠ ❈♦♠♣❡♥s❛çã♦ ❘❡❛t✐✈❛✿ ▼ét♦❞♦

Pr♦♣♦st♦

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

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

❞❛ ♣♦❧❛r✐❞❛❞❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✳ ❊♥tã♦✱ ♣❛r❛ ♣♦❧❛r✐❞❛❞❡ ♣♦s✐t✐✈❛✱ ♦ ♣r✐♠❡✐r♦ ✐♥st❛♥t❡ ót✐♠♦ é

❞❛❞♦ ♣❡❧❛ ❡q✉❛çã♦ ✺✳✻✱ ❡ ♣❛r❛ ♣♦❧❛r✐❞❛❞❡ ♥❡❣❛t✐✈❛✱ ♣❡❧❛ ❡q✉❛çã♦ ✺✳✼✱ ❞❛❞❛s ❛ s❡❣✉✐r✿

totimo1 = tzero2 + 2Tsr(Nciclos + 1/4), ✭✺✳✻✮

totimo1 = tzero2 + 2Tsr(Nciclos + 3/4). ✭✺✳✼✮

❖s ♣ró①✐♠♦s ✐♥st❛♥t❡s ót✐♠♦s s❡ r❡♣❡t✐rã♦ ❛ ❝❛❞❛ ♣❡rí♦❞♦ ❞♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛✳

◆♦ ❡♥t❛♥t♦✱ ❡ss❡s ✐♥st❛♥t❡s ❝♦rr❡s♣♦♥❞❡♠ ❛♦s ♠❡❧❤♦r❡s ✐♥st❛♥t❡s ❞❡ r❡❧✐❣❛♠❡♥t♦ ♥♦ ❝❛s♦

❞❛ ❛❜❡rt✉r❛ ♥ã♦ t❡r s✐❞♦ ❝❛✉s❛❞❛ ♣♦r ✉♠ ❞❡❢❡✐t♦✳ ❈♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✹✱ ♥♦s

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

r❡s✉❧t❛♥t❡✱ ❡♠ ♠ó❞✉❧♦✱ ♣♦❞❡ s❡r ♠❡♥♦r q✉❡ ✶✱✵ ♣✉✳ P♦rt❛♥t♦✱ ♥❡ss❡s ❝❛s♦s✱ ♦s ✐♥st❛♥t❡s ♠❛✐s

❛❞❡q✉❛❞♦s ♣❛r❛ r❡❛❧✐③❛r ❛ ♠❛♥♦❜r❛ ♥ã♦ ❝♦rr❡s♣♦♥❞❡♠ ❛♦s ✐♥st❛♥t❡s ❞❡ ♠í♥✐♠♦ ♦✉ ♠á①✐♠♦ ❞♦

s✐♥❛❧ ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r✳

◆❡st❡ tr❛❜❛❧❤♦✱ é ♣r♦♣♦st♦ ✉♠ ♥♦✈♦ ♠ét♦❞♦ ♣❛r❛ ❡st❡s ❝❛s♦s✳ ◆♦ ❈❛♣ít✉❧♦ ✹✱ ❛♦ ❛✈❛❧✐❛r

♦ ❝❛s♦ ❞❡ ✉♠❛ ❢❛❧t❛ ❢❛s❡✲❢❛s❡ ❇❚ ❛ ✶✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ♣❛r❛ ♦ ❛rr❛♥❥♦ ❝♦♠ ✉♠ ❇❈❙ ♥♦

♠❡✐♦ ❞❛ ❧✐♥❤❛✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ ♣❛r❛ ❛ ❢❛s❡ ❡♥✈♦❧✈✐❞❛ ♥❛ ❢❛❧t❛✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ é ♠❡♥♦r q✉❡ ✶✱✵

♣✉✳ ❙❡♥❞♦ ❛ss✐♠✱ ❛♦ ❛✈❛❧✐❛r ♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ✭✈❡r ❋✐❣✉r❛ ✹✳✶✵✮✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♦s ✐♥st❛♥t❡s

❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ♥❛q✉❡❧❛ ❢❛s❡ ♥ã♦ ❝♦rr❡s♣♦♥❞❡♠ ❛♦s ✐♥st❛♥t❡s ❞❡ ♠í♥✐♠♦ ♦✉ ♠á①✐♠♦ ❞♦

s✐♥❛❧✳

◆❛ ❋✐❣✉r❛ ✺✳✸✱ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❡ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡ sã♦ ✐❧✉str❛❞♦s ♣❛r❛
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✉♠ ❝❛s♦ ❡♠ q✉❡ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ é ♠❡♥♦r q✉❡ ✶✱✵ ♣✉✱ t❛♥t♦ ♣❛r❛ ✉♠❛ ❝❛r❣❛ ❝♦♠ ♣♦❧❛r✐❞❛❞❡

♣♦s✐t✐✈❛ q✉❛♥t♦ ♥❡❣❛t✐✈❛✳ ❈♦♥❢♦r♠❡ s❡ ♦❜s❡r✈❛✱ ♦s ✐♥st❛♥t❡s ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞♦ s✐♥❛❧ ❞❡

r❡❢❡rê♥❝✐❛✱ q✉❡ é ❛ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✱ sã♦ ❞✐❢❡r❡♥t❡s ❞♦s ✐♥st❛♥t❡s ❞❡ ♠í♥✐♠♦

♦✉ ♠á①✐♠♦ ❞♦ s✐♥❛❧✳ ❖ ✐♥st❛♥t❡ totimo1 ❝♦rr❡s♣♦♥❞❡ ❛♦ ✐♥st❛♥t❡ ❞❡ ♣❛ss❛❣❡♠ ♣♦r ③❡r♦ ❞♦ s✐♥❛❧

❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡✱ tzero✱ s♦♠❛❞♦ ❛♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ∆tot✳

❖ ❝á❧❝✉❧♦ ❞♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ∆tot ❞❡♣❡♥❞❡ ❞♦ ✈❛❧♦r ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡ ❞♦ ♣❡rí♦❞♦ ❞♦

s✐♥❛❧ ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡✱ ❡st✐♠❛❞♦ ❛ ♣❛rt✐r ❞❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

∆tot =
sen−1(Vrespu) · 2 · Tsr

360
, ✭✺✳✽✮

❡♠ q✉❡ Vrespu é ♦ ✈❛❧♦r ❡st✐♠❛❞♦ ❞❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❡♠ ♣✉✱ ❡♥q✉❛♥t♦ q✉❡ Tsr é ♦ ✈❛❧♦r

❡st✐♠❛❞♦ ❞❡ ♠❡✐♦ ♣❡rí♦❞♦ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡✱ ❝♦♠♦ ♠❡♥❝✐♦♥❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳

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

r❡s✐❞✉❛❧✱ s❡ é ♣♦s✐t✐✈❛ ♦✉ ♥❡❣❛t✐✈❛✱ sã♦ ❞❛❞♦s ♣♦r✿

totimo1 = tzero + 2Tsr(Nciclos) + ∆tot, ✭✺✳✾✮

totimo2 = tzero + 2Tsr(Nciclos + 1/2) + ∆tot. ✭✺✳✶✵✮

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

❛♣r❡s❡♥t❛ ✈❛❧♦r✱ ❡♠ ♠ó❞✉❧♦✱ ≥ 1, 0 ♣✉✱ ❛s ❡q✉❛çõ❡s ✺✳✻ ❡ ✺✳✼ sã♦ ✉t✐❧✐③❛❞❛s✳ ❈❛s♦ ❝♦♥trár✐♦✱

❛s ❡q✉❛çõ❡s ✺✳✾ ❡ ✺✳✶✵ sã♦ ❡♠♣r❡❣❛❞❛s✳ ➱ ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡ ♣❛r❛ ❛♣❧✐❝❛r ❛ s♦❧✉çã♦

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

✈❛❧♦r✳ ❖ tr❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧ ❝❛♣❛❝✐t✐✈♦ ✭❚P❈✮✱ q✉❡ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ♠❡❞✐çã♦ ❞❡ t❡♥sã♦

❡♠ s✐st❡♠❛s ❡♠ ❊❆❚ ❡ ❯❆❚✱ ♥ã♦ r❡♣r♦❞✉③ t❡♥sõ❡s ❝♦♥tí♥✉❛s✳ P♦rt❛♥t♦✱ ♥♦ ❝❛s♦ ❞❡ ❧✐♥❤❛s s❡♠

❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ♦✉ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ♥ã♦ é ♣♦ssí✈❡❧ ♠❡❞✐r ❛ t❡♥sã♦

❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❛♣ós ❛ s✉❛ ❛❜❡rt✉r❛✳ ❊♥tã♦✱ ♣❛r❛ ✈✐❛❜✐❧✐③❛r ♦ ✉s♦ ❞❛s ❡q✉❛çõ❡s ✺✳✾ ❡ ✺✳✶✵✱ é

♣r♦♣♦st♦ ♦ ✉s♦ ❞❡ ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧ ♥❛ s❛í❞❛ ❞♦ ❚P❈ ✭▼❆❈❍❆❉❖✱ ✷✵✶✸✮✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡

❝♦rr✐❣✐r ❛s ❞✐st♦rçõ❡s ♥❛ t❡♥sã♦ s❡❝✉♥❞ár✐❛✳ ◆❛ s❡çã♦ ✺✳✸ ❞❡st❡ ❝❛♣ít✉❧♦✱ é ❛♣r❡s❡♥t❛❞♦ ♦ ✜❧tr♦

✉t✐❧✐③❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦✳
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❙ér✐❡ ✻✾
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❋✐❣✉r❛ ✺✳✸✳ ■♥st❛♥t❡s ❛❞❡q✉❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ q✉❛♥❞♦

❛ ❝❛r❣❛ r❡s✐❞✉❛❧ é ♠❡♥♦r q✉❡ ✶✱✵ ♣✉✿ ✭❛✮ ♣♦❧❛r✐❞❛❞❡ ♣♦s✐t✐✈❛❀ ✭❜✮ ♣♦❧❛r✐❞❛❞❡ ♥❡❣❛t✐✈❛✳

✺✳✶✳✺ ❈á❧❝✉❧♦ ❞♦s ■♥st❛♥t❡s Ót✐♠♦s ✲ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❡♠ ❉❡r✐✈❛çã♦

P❛r❛ ❛s ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✱ ♦ ❝á❧❝✉❧♦

❞♦s ✐♥st❛♥t❡s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r é ✉♠ ♣♦✉❝♦ ♠❛✐s ❝♦♠♣❧❡①♦ ❞❡✈✐❞♦ ❛♦ ❝❛rát❡r ♦s❝✐❧❛tór✐♦

❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✳ ◆❡st❛s ♠❛♥♦❜r❛s✱ ♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ sã♦ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛

❢♦♥t❡ ❡ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✱ q✉❡ sã♦ tr❛t❛❞♦s ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡✱ ❡st✐♠❛♥❞♦✲♦s ❡♠ ✐♥st❛♥t❡s ❢✉t✉r♦s✳

❆♣ós ❛ ❡st✐♠❛çã♦ ❞♦s s✐♥❛✐s✱ ❡st❡s sã♦ ❛♥❛❧✐s❛❞♦s ❡♠ ❝♦♥❥✉♥t♦✱ ❞❡ ♠♦❞♦ q✉❡ ♦s ✐♥st❛♥t❡s ót✐♠♦s

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

♠❡s♠♦ s✐♥❛❧✳ ■st♦ ❣❛r❛♥t✐rá q✉❡ ♦ ✐♥st❛♥t❡ s❡ ❡♥❝♦♥tr❛ ♥❛ r❡❣✐ã♦ ❞❡ ♠❡♥♦r ♣✉❧s❛çã♦ ❞♦ s✐♥❛❧ ❞❡

t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r✳ ◆❛ ❋✐❣✉r❛ ✺✳✹✱ é ✐❧✉str❛❞♦ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡s❝r✐t♦✳ ❖❜s❡r✈❛✲s❡ q✉❡

❤á ✈ár✐♦s ✐♥st❛♥t❡s ❞❡ ❝r✉③❛♠❡♥t♦ ❡♥tr❡ ♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛ ❡st✐♠❛❞♦s✱ q✉❡ ❝♦rr❡s♣♦♥❞❡♠

às ♣❛ss❛❣❡♥s ♣♦r ③❡r♦ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r✳ ◆♦ ❡♥t❛♥t♦✱ ❛♣❡♥❛s ✉♠ ❞❡ss❡s

✐♥st❛♥t❡s✱ tcruz4✱ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ✐♥st❛♥t❡ ót✐♠♦✱ ♣♦✐s ♦❝♦rr❡ ♥❛ r❡❣✐ã♦ ❞❡ ♠❡♥♦r ❜❛t✐♠❡♥t♦

❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ❞♦ ❞✐s❥✉♥t♦r✱ ❝♦♠♦ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✺✳✹✳
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❙ér✐❡ ✼✵

Sinal de tensão do lado da fonte

Sinal de tensão do lado da linha

Sinal de tensão sobre o disjuntor

tcruz1 tcruz2

tcruz3 tcruz4 tcruz5 tcruz6 tcruz7

❋✐❣✉r❛ ✺✳✹✳ ❉❡t❡r♠✐♥❛çã♦ ❞♦s ✐♥st❛♥t❡s ót✐♠♦s ❡♠ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛ ❝♦♠ ❝♦♠✲

♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦✳

✺✳✶✳✻ ▲ó❣✐❝❛ ❞♦ ❈♦♥tr♦❧❛❞♦r

P❛r❛ ❝❛❞❛ ❢❛s❡✱ t❡♠✲s❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣♦ssí✈❡✐s ✐♥st❛♥t❡s ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞♦ ❞✐s❥✉♥t♦r✱ ❝❛❧✲

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

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

❝❤❛✈❡❛♠❡♥t♦ s❡❥❛ ❡❢❡t✉❛❞♦ ❡♠ ✉♠ ✐♥st❛♥t❡ ót✐♠♦✱ totimo✱ ❡ q✉❡ ♦ ✐♥t❡r✈❛❧♦ ❡♥tr❡ ♦ ✐♥st❛♥t❡ ❞❡

❢❡❝❤❛♠❡♥t♦ ❞❛ ú❧t✐♠❛ ❢❛s❡ ❡♠ r❡❧❛çã♦ à ♣r✐♠❡✐r❛ s❡❥❛ ♦ ♠❡♥♦r ♣♦ssí✈❡❧✱ ❣❛r❛♥t✐♥❞♦ ❛ r❡❞✉çã♦ ❞♦

❡❢❡✐t♦ ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ❡❧❡tr♦♠❛❣♥ét✐❝♦ ❡♥tr❡ ❛s ❢❛s❡s✳ P♦rt❛♥t♦✱ ♦ t❡♠♣♦ ❞❡ ❛tr❛s♦ ♥❡❝❡ssár✐♦ é

❞❛❞♦ ♣♦r✿

Tatraso = (totimo − tcomando)− Toperao, ✭✺✳✶✶✮

❡♠ q✉❡ Toperao é ♦ t❡♠♣♦ ♥♦♠✐♥❛❧ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✳ ❆ss♦❝✐❛❞♦ ❛♦ t❡♠♣♦ ♥♦♠✐♥❛❧

❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✱ ❤á ✉♠❛ ❞✐s♣❡rsã♦ ❡st❛tíst✐❝❛ ❞❡✈✐❞♦ às ✐♥❝❡rt❡③❛s ♥♦ ♠❡❝❛♥✐s♠♦

❞❡ ❢❡❝❤❛♠❡♥t♦✳ ❊♠ ❢✉♥çã♦ ❞❛ ❞✐✜❝✉❧❞❛❞❡ ❡♠ ❡st✐♠❛r ❡ss❛ ❞✐s♣❡rsã♦✱ ❡❧❛ ♥ã♦ é ❧❡✈❛❞❛ ❡♠

❝♦♥s✐❞❡r❛çã♦ ♥♦ t❡♠♣♦ ❞❡ ❛tr❛s♦✱ ❝♦♠♦ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❡q✉❛çã♦ ✺✳✶✶✳

◆♦ ❡♥t❛♥t♦✱ ❡♠ ❇❛rr♦s ✭✷✵✶✸✮ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ❡st✉❞♦ s♦❜r❡ ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡
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❞✐❡❧étr✐❝❛ ❞♦ ❞✐s❥✉♥t♦r ❡♠ ♠❛♥♦❜r❛s ❝♦♥tr♦❧❛❞❛s ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❜❡♠ ❝♦♠♦ ❛ ❞✐s♣❡rsã♦

♠❡❝â♥✐❝❛ ❞♦s ❝♦♥t❛t♦s✳ ❉❡♥tr❡ ♦s ♠♦❞❡❧♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ r❡♣r❡s❡♥t❛r ❛ t❛①❛ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❞❛

s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛ ✭❚❉❙❉✮✱ ♦ ♠♦❞❡❧♦ s❡❣✉♥❞♦ ✉♠❛ r❡t❛✱ ❡♠❜♦r❛ ❜❛st❛♥t❡ s✐♠♣❧❡s✱ é

s✉✜❝✐❡♥t❡ ♣❛r❛ ✐♥❝❧✉✐r ♦ ❡❢❡✐t♦ ❞♦ ♣ré✲❛r❝♦ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥♦ tr❛❜❛❧❤♦✱ ♦ q✉❛❧ é ❝♦♠♣❛r❛❞♦

❝♦♠ ♠♦❞❡❧♦s ♠❛✐s ❝♦♠♣❧❡①♦s✱ ❝♦♠♦ ♠♦❞❡❧♦s ❝❧áss✐❝♦s ❞❡ ❛r❝♦ ❡❧étr✐❝♦✳ ◆❛ s❡çã♦ s❡❣✉✐♥t❡ é

❛♣r❡s❡♥t❛❞♦ ❝♦♠♦ ♦ ❡❢❡✐t♦ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛ ❞♦s ❞✐s❥✉♥t♦r❡s é ✐♥❝❧✉í❞♦ ♥❛s ♠❛♥♦❜r❛s

❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ❜❡♠ ❝♦♠♦ ♦s ❛tr❛s♦s q✉❡ sã♦ ❞❛❞♦s ♥♦s ✐♥st❛♥t❡s ❞❡ ❢❡❝❤❛♠❡♥t♦

♣❛r❛ r❡❞✉③✐r ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ♣ré✲❛r❝♦✳

✺✳✷ ❙❯P❖❘❚❆❇■▲■❉❆❉❊ ❉■❊▲➱❚❘■❈❆ ❉❖❙ ❉■❙❏❯◆❚❖❘❊❙ ❊▼▼❆◆❖❇❘❆❙ ❈❖◆✲

❚❘❖▲❆❉❆❙

❆ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛ é ❝♦♠✉♠❡♥t❡ ❡①♣r❡ss❛ ♣❡❧❛ ❚❉❙❉ ❞♦ ❞✐s❥✉♥t♦r ✭❈■●❘❊ ❲♦r✲

❦✐♥❣ ●r♦✉♣ ✶✸✳✵✼✱ ✷✵✶✶✮✳ ❉❡st❛ ❢♦r♠❛✱ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ♣♦❞❡ s❡r ♠♦❞❡❧❛❞❛

s❡❣✉♥❞♦ ✉♠❛ r❡t❛ ❝♦♠ ✐♥❝❧✐♥❛çã♦ ✐❣✉❛❧ à ❚❉❙❉✳ ❚r❛t❛✲s❡ ❞❡ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ s✐♠♣❧❡s ❡ ❞❡

❢á❝✐❧ ✐♠♣❧❡♠❡♥t❛çã♦✱ ♣♦✐s ♦ ♣r✐♥❝✐♣❛❧ ❞❛❞♦ ♥❡❝❡ssár✐♦✱ q✉❡ é ❛ ❚❉❙❉✱ é ❣❡r❛❧♠❡♥t❡ ❢♦r♥❡❝✐❞♦

♣❡❧♦ ❢❛❜r✐❝❛♥t❡ ❞♦ ❞✐s❥✉♥t♦r ♦✉ ♣♦❞❡ s❡r ♦❜t✐❞♦ ♣♦r ♠❡✐♦ ❞❡ t❡st❡s✳ ❊ ❛té ♠❡s♠♦ ♥♦ ❝❛s♦ ❞❡

❞✐s❥✉♥t♦r❡s ♠❛✐s ❛♥t✐❣♦s✱ q✉❡ ❥á ❡stã♦ ❡♠ s❡r✈✐ç♦✱ ❤á ✉♠ ♠ét♦❞♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❛ ❚❉❙❉

❜❛s❡❛❞♦ ♥❛ ❝♦♠♣❛r❛çã♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♣❛❞rõ❡s ❞❡ ♣ré✲❛r❝♦✱ ❝❛❧❝✉❧❛❞♦s ♥✉♠❡r✐❝❛♠❡♥t❡✱

❝♦♠ ♠❡❞✐çõ❡s r❡❛❧✐③❛❞❛s ❝♦♠ ♦ ❞✐s❥✉♥t♦r r❡❛❧ ❡♠ ❝❛♠♣♦ ✭❑❘❯❙■❀ ❋❘❖❍▲■❈❍✱ ✷✵✵✷✮✳

◆❛ ❋✐❣✉r❛ ✺✳✺ é ♠♦str❛❞❛ ❛ r❡♣r❡s❡♥t❛çã♦ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ s❡❣✉♥❞♦ ✉♠❛ r❡t❛✱ q✉❡ ❝♦♥s✐st❡

❡♠ ✉♠❛ ❝✉r✈❛ ❧✐♥❡❛r ❝♦♠ ✐♥❝❧✐♥❛çã♦ ✐❣✉❛❧ à ❚❉❙❉✳
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❋✐❣✉r❛ ✺✳✺✳ ❈✉r✈❛ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛ r❡♣r❡s❡♥t❛❞❛ ♣♦r ✉♠❛ r❡t❛ ❛ss♦❝✐❛❞❛ à ❞✐s♣❡rsã♦

♠❡❝â♥✐❝❛✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✺✳✺✱ ❛ t❡♥sã♦ ❞❡ ♣ré✲❛r❝♦ ♣♦❞❡ ❛ss✉♠✐r ✈❛❧♦r❡s ❡❧❡✈❛❞♦s ❛ ❞❡♣❡♥❞❡r

❞♦ ❞❡s✈✐♦ ♠❡❝â♥✐❝♦ ❛ss♦❝✐❛❞♦ ❛♦ t❡♠♣♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✱ ❝✉❥♦ ✈❛❧♦r ♠á①✐♠♦ é r❡♣r❡✲

s❡♥t❛❞♦ ♣❡❧♦ ♣♦♥t♦ ❆✳ ❊ss❛ r❡♣r❡s❡♥t❛çã♦ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞❛ ♥♦ ❆❚P ❝♦♠ ❛✉①í❧✐♦ ❞❛ ❧✐♥❣✉❛❣❡♠

▼❖❉❊▲❙✭❉❯❇❊✱ ✶✾✾✻✮✱ ❡ é ❛ss♦❝✐❛❞❛ à ❝❤❛✈❡ ❝♦♥tr♦❧❛❞❛ ❞♦ ❆❚P✱ q✉❡ r❡♣r❡s❡♥t❛ ♦ ❞✐s❥✉♥t♦r✳

❆ ❝❛r❛❝t❡ríst✐❝❛ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ é ❞❛❞❛ ♣❡❧❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

Vs(t) = −S(t− totimo), ✭✺✳✶✷✮

❡♠ q✉❡ ❙ é ❛ ❚❉❙❉ (dV s/dt)✳ ❊♥tã♦✱ q✉❛♥❞♦ é ❞❛❞♦ ♦ ❝♦♠❛♥❞♦ ♣❛r❛ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s

❞♦ ❞✐s❥✉♥t♦r✱ ♦ ✈❛❧♦r ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛ é ❝❛❧❝✉❧❛❞♦ ❛ ❝❛❞❛ ♣❛ss♦ ❞❡ ✐♥t❡❣r❛çã♦ ❡ é

❝♦♠♣❛r❛❞♦ ❝♦♠ ♦ ✈❛❧♦r ❛❜s♦❧✉t♦ ❞❛ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r✱ ⑤❱✭t✮⑤✳ ◆♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ❛

t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r ❢♦r s✉♣❡r✐♦r à t❡♥sã♦ ❞✐sr✉♣t✐✈❛ ❞♦ ♠❡✐♦ ✐s♦❧❛♥t❡✱ ❞❛❞❛ ♣❡❧❛ ❡q✉❛çã♦

✺✳✶✷✱ ❞❡t❡❝t❛✲s❡ q✉❡ ♦❝♦rr❡✉ ✉♠❛ r✉♣t✉r❛ ❞✐❡❧étr✐❝❛✱ ❡ ✉♠ s✐♥❛❧ ❞❡ ❝♦♠❛♥❞♦ é ❡♥✈✐❛❞❛ à ❝❤❛✈❡

♣❛r❛ q✉❡ s❡❥❛ ❢❡❝❤❛❞❛✳ ◆❛ ❋✐❣✉r❛ ✺✳✻ é ♠♦str❛❞♦ ♦ ❡sq✉❡♠❛ q✉❡ ✐❧✉str❛ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ss❛

r❡♣r❡s❡♥t❛çã♦ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛✳
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Chave Controlada

|V(t)| V> s(t)

Sim

Não

Comparador

Sinal de disparo para
o disjuntor

|V(t)|

V (t)s

MODELS

ATP

❋✐❣✉r❛ ✺✳✻✳ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛ ❝♦♠ ❚❉❙❉ ❧✐♥❡❛r ♥♦ ❆❚P✳

❈♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✺✱ ❞❡♣❡♥❞❡♥❞♦ ❞♦ ❞❡s✈✐♦ ♠❡❝â♥✐❝♦ ❡♠ r❡❧❛çã♦ ❛♦ t❡♠♣♦ ♥♦♠✐♥❛❧

❞❡ ♦♣❡r❛çã♦ ❞♦ ❞✐s❥✉♥t♦r✱ ❛s t❡♥sõ❡s ❞❡ ♣ré✲❛r❝♦ ♣♦❞❡♠ s❡r ❡❧❡✈❛❞❛s✱ ♦ q✉❡ ❛❝❛rr❡t❛ ♠❛✐♦r❡s

s♦❜r❡t❡♥sõ❡s✳ P❛r❛ ♠✐♥✐♠✐③❛r ❛ t❡♥sã♦ ♠á①✐♠❛ ❞❡ ♣ré✲❛r❝♦✱ ♦ ✐♥st❛♥t❡ ót✐♠♦ ❞❡ ❢❡❝❤❛♠❡♥t♦

❞❡✈❡ s❡r ❛tr❛s❛❞♦✱ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥❛s ❋✐❣✉r❛s ✺✳✼ ✭❛✮ ❡ ✭❜✮✳ ◆❛ ❋✐❣✉r❛ ✺✳✼ ✭❛✮✱ t❡♠✲s❡ ♦

❝❛s♦ ❡♠ q✉❡ ❛ t❛①❛ ❞❡ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛ é ♠❛✐♦r ♦✉ ✐❣✉❛❧ à ♠á①✐♠❛ ❞❡r✐✈❛❞❛ ❞♦ s✐♥❛❧

❞❡ t❡♥sã♦ ❞♦ s✐st❡♠❛✱ ❞❱✴❞t✱ ❡♥q✉❛♥t♦ q✉❡ ♥❛ ❋✐❣✉r❛ ✺✳✼✭❜✮✱ ❛ t❛①❛ ❞❡ s✉♣♦rt❛❜✐❧✐❞❛❞❡ é ♠❡♥♦r

q✉❡ ❞❱✴❞t✳
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❋✐❣✉r❛ ✺✳✼✳ ❆❥✉st❡ ❞♦ ✐♥st❛♥t❡ ót✐♠♦ ♣❛r❛ ♠✐♥✐♠✐③❛r ❛ ♠á①✐♠❛ t❡♥sã♦ ❞❡ ♣ré✲❛r❝♦✳

❖ ❛tr❛s♦ ∆t ♣♦❞❡ s❡r ♦❜t✐❞♦ ❛♥❛❧✐t✐❝❛♠❡♥t❡✱ s❡♥❞♦ ❢✉♥çã♦ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ❞✐s❥✉♥t♦r
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❡ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ✭❘❖❈❍❆ ❡t ❛❧✳✱ ✶✾✾✼✮✳ ❊♥tã♦✱ ❛ ♣❛rt✐r ❞❛s r❡❧❛çõ❡s ❣❡♦♠étr✐❝❛s ❡♥tr❡ ❛s

❣r❛♥❞❡③❛s ❞❛ ❋✐❣✉r❛ ✺✳✼✱ ❞❡t❡r♠✐♥❛✲s❡ ♦ ❛tr❛s♦ ót✐♠♦✳

P❛r❛ ❛ s✐t✉❛çã♦ ✐❧✉str❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✼ ✭❛✮✱ ❛ ❡q✉❛çã♦ ❞♦ ❛tr❛s♦ é ❞❛❞❛ ♣♦r✿

∆t =
Vmsen(ω∆tm)

dV s/dt
, ✭✺✳✶✸✮

❡♠ q✉❡ Vm é ♦ ♣✐❝♦ ❞❛ t❡♥sã♦ ❞♦ s✐st❡♠❛✱ ω é ❛ ❢r❡q✉ê♥❝✐❛ ❛♥❣✉❧❛r ♥♦♠✐♥❛❧ ❞♦ s✐st❡♠❛ ❡ dV s/dt

é ❛ t❛①❛ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛ ❞♦ ❞✐s❥✉♥t♦r✳ P❛r❛ ♦ s❡❣✉♥❞♦ ❝❛s♦✱ ❡♠

q✉❡ ❛ t❛①❛ ❞❡ ❞❡❝❛✐♠❡♥t♦ é ✐♥❢❡r✐♦r à ❞❡r✐✈❛❞❛ ♠á①✐♠❛ ❞❛ t❡♥sã♦ ❞♦ s✐st❡♠❛✱ sã♦ ❡♥❝♦♥tr❛❞❛s

❞✉❛s ❡q✉❛çõ❡s ♣❛r❛ ♦ ❛tr❛s♦✿

∆t =
sen(ωtA)

ωk
− tA +∆tm, q✉❛♥❞♦ tA < totimo −∆tm, ✭✺✳✶✹✮

∆t =
sen(ωtm)

ωk
, q✉❛♥❞♦ tA > totimo −∆tm, ✭✺✳✶✺✮

❡♠ q✉❡ tA é ♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛ ❛ss♦❝✐❛❞❛ ❛♦

❞❡s✈✐♦ ♠❡❝â♥✐❝♦ t❛♥❣❡♥❝✐❛ ♦ s✐♥❛❧ ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r ❡ ❦ é ❛ ❚❉❙❉ ♥♦r♠❛❧✐③❛❞❛✳

❈♦♠ ❛s ❡q✉❛çõ❡s ✺✳✶✸✱ ✺✳✶✹ ❡ ✺✳✶✺✱ é ♣♦ssí✈❡❧ ❛❥✉st❛r ♦s ✐♥st❛♥t❡s ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞♦ ❞✐s❥✉♥t♦r

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

❞❛ s✉♣♦rt❛❜✐❧✐❞❛❞❡ ❞✐❡❧étr✐❝❛✳ ❊ss❛s ❡q✉❛çõ❡s sã♦ ✐♠♣❧❡♠❡♥t❛❞❛s ✉t✐❧✐③❛♥❞♦ ❛ ▼❖❉❊▲❙✱ ❡

♠♦❞✐✜❝❛♠ ♦ ✐♥st❛♥t❡ ót✐♠♦ ❝❛❧❝✉❧❛❞♦ ♣❡❧❛ té❝♥✐❝❛ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳

✺✳✸ ❊❙❚■▼❆➬➹❖ ❉❆ ❈❆❘●❆ ❘❊❙■❉❯❆▲ ❊▼ ▲■◆❍❆❙ ❆P❊◆❆❙ ❈❖▼ ❈❖▼P❊◆✲

❙❆➬➹❖ ❙➱❘■❊

❈♦♠ ❛ ❛♥á❧✐s❡ ❛♣r❡s❡♥t❛❞❛ ♥♦ ❈❛♣ít✉❧♦ ✹✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡✱ q✉❛♥❞♦ ♦❝♦rr❡ ✉♠❛ ❢❛❧t❛ ❡♠

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

❞❡♣❡♥❞❡ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ❞❡❢❡✐t♦✳ P♦rt❛♥t♦✱ ♣❛r❛ ❡ss❡s ❝❛s♦s ❛ ✐♥❢♦r♠❛çã♦ ❞❛ ♣♦❧❛r✐❞❛❞❡

❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥ã♦ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❡st✐♠❛r ♦s ♠❡❧❤♦r❡s ✐♥st❛♥t❡s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❞❛

❧✐♥❤❛✳ ◆❛ s✉❜s❡çã♦ ✺✳✶✳✹✱ ✉♠❛ s♦❧✉çã♦ ❢♦✐ ♣r♦♣♦st❛ ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ❡st✐♠❛r ❝♦rr❡t❛♠❡♥t❡
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❡ss❡s ✐♥st❛♥t❡s ❞❡ ❢❡❝❤❛♠❡♥t♦✳ ◆♦ ❡♥t❛♥t♦✱ ♣❛r❛ ✈✐❛❜✐❧✐③❛r ❛ s♦❧✉çã♦ ❛♣r❡s❡♥t❛❞❛✱ é ♥❡❝❡ssár✐♦

❡st✐♠❛r ❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛✳ P❛r❛ ✐st♦✱ ♥❡st❛ s❡çã♦ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧ q✉❡

❞❡✈❡ s❡r ❝♦❧♦❝❛❞♦ ♥❛ s❛í❞❛ ❞♦ ❚P❈ ❛ ✜♠ ❞❡ ❝♦♠♣❡♥s❛r ❛ s✉❛ r❡s♣♦st❛✱ ♣❡r♠✐t✐♥❞♦ ❛ ♠❡❞✐çã♦

❞❡ t❡♥sõ❡s ❝♦♥tí♥✉❛s✳

❆ ♠❡❞✐çã♦ ❞❛s t❡♥sõ❡s ❡♠ ✉♠ s✐st❡♠❛ ❡♠ ❊❆❚ ❡ ❯❆❚ é ❢❡✐t❛ ♣♦r tr❛♥s❢♦r♠❛❞♦r❡s ❞❡

♣♦t❡♥❝✐❛❧ ❝❛♣❛❝✐t✐✈♦✱ ❡ ❛s té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ s❡ ❜❛s❡✐❛♠ ♥♦s s✐♥❛✐s ❞❡ t❡♥sã♦

❞♦ s❡❝✉♥❞ár✐♦ ❞❡st❡s ❡q✉✐♣❛♠❡♥t♦s✳ ❯♠ ♠♦❞❡❧♦ tí♣✐❝♦ ❞❡ ❚P❈ ❞❡ ✺✵✵ ❦❱ é ❛♣r❡s❡♥t❛❞♦ ❡♠

✭P❆❏❯❊▲❖ ❡t ❛❧✳✱ ✷✵✵✽✮✱ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✽✳

 

Divisor capacitivo TP intermediário Carga secundária

Reator de 
compensação       CSF ativo 

❋✐❣✉r❛ ✺✳✽✳ ▼♦❞❡❧♦ ❞❡ ❚P❈ ❞❡ ✺✵✵ ❦❱✭P❆❏❯❊▲❖ ❡t ❛❧✳✱ ✷✵✵✽✮✳

❆ r❡s♣♦st❛ ❡♠ ❢r❡q✉ê♥❝✐❛ ❞❡ss❡ ❚P❈ é ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✾✱ ❡♠ q✉❡ s❡ ♦❜s❡r✈❛ q✉❡ ♦ ❚P❈

♥ã♦ r❡♣r♦❞✉③ ✜❡❧♠❡♥t❡ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♣r✐♠ár✐♦s ❝♦♠ ❢r❡q✉ê♥❝✐❛s ❞✐❢❡r❡♥t❡s ❞❛ ❢✉♥❞❛♠❡♥t❛❧✳

P♦rt❛♥t♦✱ ♣❛r❛ ♦ ❝❛s♦ ❞❡ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❡♠ q✉❡ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ sã♦

❡♠ ❝♦rr❡♥t❡ ❝♦♥tí♥✉❛✱ ♦ ❚P❈ ♥ã♦ r❡♣r♦❞✉③ ❛ t❡♥sã♦✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✶✵✳ ◆❡st❡

❡①❡♠♣❧♦✱ tr❛t❛✲s❡ ❞❡ ✉♠❛ ❢❛❧t❛ ❜✐❢ás✐❝❛ ❈❆✱ ❡♠ q✉❡ s❡ ♦❜s❡r✈❛ ❝❧❛r❛♠❡♥t❡ ♦ ❡rr♦ ❞❡ ♠❡❞✐çã♦

✐♥s❡r✐❞♦ ♣❡❧♦ ❚P❈✱ ♦ q✉❡ ❝♦♠♣r♦♠❡t❡ ❛ ❛♣❧✐❝❛çã♦ ❞❡ ✉♠❛ té❝♥✐❝❛ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱

✈✐st♦ q✉❡ ❛ ❡st✐♠❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ é ❡ss❡♥❝✐❛❧ ♣❛r❛ ❡st✐♠❛r ♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛✳
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❋✐❣✉r❛ ✺✳✶✵✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ✈✐st♦s ♥❛ ❡♥tr❛❞❛ ✭♣r✐♠ár✐♦✮ ❡ s❛í❞❛ ✭s❡❝✉♥❞ár✐♦✮ ❞♦

❚P❈ ❡♠ ✉♠❛ ❧✐♥❤❛ ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❝✉❥❛ ❛❜❡rt✉r❛ ❢♦✐ ❝❛✉s❛❞❛ ♣♦r ✉♠❛ ❢❛❧t❛ ❈❆✿ ✭❛✮

❢❛s❡ ❆❀ ✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳

❯♠❛ ❞❛s ❢♦r♠❛s ❞❡ ❝♦rr✐❣✐r ❛ s❛í❞❛ ❞♦ ❚P❈ é ♣♦r ♠❡✐♦ ❞♦ ✉s♦ ❞❡ ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧✱ ❝✉❥❛

✜♥❛❧✐❞❛❞❡ é ❝♦♠♣❡♥s❛r ✉♠❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛ ♠í♥✐♠❛ ❞♦ ❚P❈✱ ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✱ ❡

❝♦rr✐❣✐r ♦s tr❛♥s✐tór✐♦s ❞❡ ❜❛✐①❛ ❢r❡q✉ê♥❝✐❛✱ ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ✉t✐❧✐③♦✉✲s❡

♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡♠ ▼❛❝❤❛❞♦ ✭✷✵✶✸✮✱ ❝✉❥♦ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❝♦rr❡çã♦ s❡ ❜❛s❡✐❛ ♥❛ ❞❡✜♥✐çã♦ ❞❡
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tr❛♥s♠✐ssã♦ s❡♠ ❞✐st♦rçã♦✱ ✐st♦ é✱ ♦ s✐♥❛❧ ❞❡ s❛í❞❛ ❝♦rr❡s♣♦♥❞❡ ❛♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ ❝♦♠ ❛tr❛s♦

❞❡ tr❛♥s♠✐ssã♦✱ t0✱ ❡ ✉♠❛ ♠✉❞❛♥ç❛ ❞❡ ❛♠♣❧✐t✉❞❡✱❑ ✿

②✭t✮ = Kx(t− t0), ✭✺✳✶✻✮

❆ r❡s♣♦st❛ ❡♠ ❢r❡q✉ê♥❝✐❛ ❞❡ ✉♠ s✐st❡♠❛ s❡♠ ❞✐st♦rçã♦ é ❞❛❞❛ ♣♦r✿

❍✭❥ω✮ =
Y (jω)

X(jω)
= Ke−jωt0 , ✭✺✳✶✼✮

P♦rt❛♥t♦✱ é ♣r♦❥❡t❛❞♦ ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧ r❡❝✉rs✐✈♦ ♣❛r❛ ❝♦♠♣❡♥s❛r ❛ r❡s♣♦st❛ ❡♠ ❢r❡q✉ê♥❝✐❛ ❞♦

❚P❈✱ ❞❡ ♠♦❞♦ q✉❡ ❛s r❡s♣♦st❛s ❞❡ ♠ó❞✉❧♦ ❡ ❢❛s❡ ❞♦ ❝♦♥❥✉♥t♦ ❚P❈✰❝♦♠♣❡♥s❛❞♦r s❡ ❛♣r♦①✐♠❡♠

❞❡ H(jω) ♣❛r❛ ✉♠❛ ❞❛❞❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛✳ ◆❡st❡ tr❛❜❛❧❤♦✱ ♦ ❝♦♠♣❡♥s❛❞♦r ❢♦✐ ♣r♦❥❡t❛❞♦ ♣❛r❛

❛ ❢❛✐①❛ ❞❡ ✶ ❛ ✻✵ ❍③✳ ❚r❛t❛✲s❡ ❞❡ ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧ ❡♠ ❝❛s❝❛t❛ ❞❡ s❡❣✉♥❞❛ ♦r❞❡♠✱ ❞❛❞♦ ♣♦r✿

Vsaida(z)
Ventrada(z)

= k0

p
∏

i=1

1 + ci1z
−1 + ci2z

−2

1 + di1z−1 + di2z−2
, ✭✺✳✶✽✮

❖s ❝♦❡✜❝✐❡♥t❡s ❞♦ ✜❧tr♦ sã♦ ❞❡t❡r♠✐♥❛❞♦s ❛ ♣❛rt✐r ❞♦ ♠ét♦❞♦ ❞❡ ▲❡✈❡♥❜❡r❣✲▼❛rq✉❛r❞t✳ ◆❛

❚❛❜❡❧❛ ✺✳✶ sã♦ ♠♦str❛❞♦s ♦s ❝♦❡✜❝✐❡♥t❡s ❞♦ ✜❧tr♦ ✉t✐❧✐③❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦ ♣❛r❛ ✉♠❛ ❢r❡q✉ê♥❝✐❛

❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✶✾✷✵ ❍③ ✭❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✶✺✮✳ ❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦✱ k0 ✱ é ✐❣✉❛❧

❛ ✺✱✷✶✷✷✳

❚❛❜❡❧❛ ✺✳✶✳ ❈♦❡✜❝✐❡♥t❡s ❞♦ ❝♦♠♣❡♥s❛❞♦r ♥♦ ❞♦♠í♥✐♦ ③ ♣❛r❛ ❚P❈ ❞❡ ✺✵✵ ❦❱✳

❙❡çã♦ ✐ ci1 ci2 di1 di2
✶ ✲✶✱✺✺✶✶ ✵✱✻✺✺✵ ✲✶✱✼✺✹✹ ✵✱✼✽✷✺
✷ ✲✶✱✾✷✽✵ ✵✱✾✸✼✷ ✲✷✱✵ ✶✱✵
✸ ✲✶✱✹✸✹✻ ✵✱✹✻✸✼ ✵ ✵

◆❛ ❋✐❣✉r❛ ✺✳✶✶✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ❡ s❡♠ ♦ ✉s♦ ❞♦

❝♦♠♣❡♥s❛❞♦r✳ ❈♦♠♦ ♦❜s❡r✈❛❞♦✱ ❛ t❡♥sã♦ s❡❝✉♥❞ár✐❛ é ❝♦rr✐❣✐❞❛ ❝♦♠ s✉❝❡ss♦✱ ♦ q✉❡ t♦r♥❛ ♣♦ssí✲

✈❡❧ ❛ ❡st✐♠❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✱ ❡t❛♣❛ ❡ss❡♥❝✐❛❧ ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳
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✭❝✮

❋✐❣✉r❛ ✺✳✶✶✳ ❙✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ r❡s✉❧t❛♥t❡s ❞♦ ✉s♦ ❞♦ ✜❧tr♦ ❝♦♠♣❡♥s❛❞♦r ♥❛ s❛í❞❛ ❞♦

❚P❈✿ ✭❛✮ ❢❛s❡ ❆❀✭❜✮ ❢❛s❡ ❇❀ ✭❝✮ ❢❛s❡ ❈✳

❆ ❡s❝♦❧❤❛ ❞♦ ✜❧tr♦ ❝♦♠♣❡♥s❛❞♦r ♣❛r❛ ❡st❛ ✜♥❛❧✐❞❛❞❡ s❡ ❜❛s❡♦✉ ♥❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s

❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ ❝♦♠♦ ❛ ❡st✐♠❛çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❛ ♣❛rt✐r ❞❛ r❡s♣♦st❛ ❡♠ ❢r❡q✉ê♥❝✐❛

❞♦ tr❛♥s❢♦r♠❛❞♦r✱ ❞❡ ♠♦❞♦ q✉❡ ♥ã♦ ❞❡♣❡♥❞❡ ❞❛s ❝♦♥❞✐çõ❡s ♦♣❡r❛❝✐♦♥❛✐s ❞♦ s✐st❡♠❛✳ ❆❧é♠

❞✐ss♦✱ ♦ ✜❧tr♦ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ ❛ ❝♦rr❡çã♦ ❞❡ s✐♥❛✐s ♣r✐♠ár✐♦s ♥✉♠❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛

q✉❡ ❝♦♠♣r❡❡♥❞❡ ❛té ❛ ❢✉♥❞❛♠❡♥t❛❧ ✭✻✵ ❍③✮✱ q✉❡ é s✉✜❝✐❡♥t❡ ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❞❡ ❝❤❛✈❡❛♠❡♥t♦

❝♦♥tr♦❧❛❞♦✳

✺✳✹ ❙❮◆❚❊❙❊ ❉❖ ❈❆P❮❚❯▲❖

◆❡st❡ ❝❛♣ít✉❧♦ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞❛s ❛s té❝♥✐❝❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ s❡❧❡❝✐♦♥❛❞❛s ♣❛r❛

❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ r❡❧✐❣❛♠❡♥t♦ tr✐❢ás✐❝♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭❉❆◆❚❆❙ ❡t

❛❧✳✱ ✷✵✵✽❀ ❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳ P❛r❛ ❧✐♥❤❛s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✱ ❛

té❝♥✐❝❛ s❡❧❡❝✐♦♥❛❞❛ é ❛♣❧✐❝❛❞❛ ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✱ ❡ s❡ ❜❛s❡✐❛ ♥❛
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❙ér✐❡ ✼✾

❡st✐♠❛çã♦ ❞♦s ③❡r♦s ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❡ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡✳ ❊♥q✉❛♥t♦ q✉❡

♣❛r❛ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ✉♠ ♠ét♦❞♦ q✉❡ s❡ ❜❛s❡✐❛ ♥❛ ❡st✐♠❛çã♦ ❞❛ ❝❛r❣❛

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

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

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

◆♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ é ❛♣r❡s❡♥t❛❞♦ ♣❛r❛ ❞✐❢❡r❡♥✲

t❡s ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ❞❡ ❢❛❧t❛

❛ ✜♠ ❞❡ ❛❜♦r❞❛r ❛s ❞✐✈❡rs❛s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❇❈❙✳
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❆❱❆▲■❆➬➹❖ ❉❖ ❈❍❆❱❊❆▼❊◆❚❖ ❈❖◆❚❘❖▲❆❉❖ ❉❊
▲■◆❍❆❙ ❈❖▼ ❈❖▼P❊◆❙❆➬➹❖ ❙➱❘■❊

◆❡st❡ ❝❛♣ít✉❧♦✱ ❛♣r❡s❡♥t❛✲s❡ ✉♠❛ ❛✈❛❧✐❛çã♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❞❡ ❧✐✲

♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ sér✐❡ ❛ ♣❛rt✐r ❞❡ s✐♠✉❧❛çõ❡s ❞✐❣✐t❛✐s ✈✐❛ ❆❚P✳ P❛r❛ ✐st♦✱ ❢♦r❛♠

r❡❛❧✐③❛❞❛s s✐♠✉❧❛çõ❡s ❞❡ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ tr✐❢ás✐❝♦ ♥♦s ♣r✐♥❝✐♣❛✐s ❛rr❛♥❥♦s ❞❡ ❧✐♥❤❛s ❝♦♠

❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ❞✐❢❡r❡♥t❡s ❝❡♥ár✐♦s q✉❛♥t♦ à ❝❛✉s❛ ❞❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛✳ ❖

s✐st❡♠❛ ❡❧étr✐❝♦ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✹ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡ss❛ ❛✈❛❧✐❛çã♦✳

❉❛❞♦s ❞❡ ✉♠ ❞✐s❥✉♥t♦r à ❣ás ❞❡ ✺✺✵ ❦❱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♣❛r❛ ♠♦❞❡❧❛r ♦ ❡q✉✐♣❛♠❡♥t♦ ❞❡

♠❛♥♦❜r❛ ✭❑❖❍❨❆▼❆ ❡t ❛❧✳✱ ✷✵✵✶✮✱ ❝♦♠ ❞❡s✈✐♦ ♣❛❞rã♦ ♥♦ t❡♠♣♦ ❞❡ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s

❞❡ ✵✱✸ ♠s ❡ ✉♠❛ ❚❉❙❉ ❞❡ ✵✱✾ ♣✉✳ ❖s r❡s✉❧t❛❞♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ❛ ♣❛rt✐r ❞♦ ♣❡r✜❧ ❞❛s

s♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ✐❣✉❛❧ ♦✉ ♠❡♥♦r q✉❡

✷✪ ✭■❊❊❊✳ ✳ ✳ ✱ ✷✵✶✶✮ ♣❛r❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✺✵ s✐♠✉❧❛çõ❡s ♣❛r❛ ❝❛❞❛ ❝❛s♦ ❛♥❛❧✐s❛❞♦✳

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

❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ◆❡st❛ ♣❛rt❡✱ é ❛✈❛❧✐❛❞♦ ♦ ❞❡s❡♠♣❡♥❤♦ ♠ét♦❞♦ ♣r♦♣♦st♦

♣❛r❛ ♦s ❝❛s♦s ❡♠ q✉❡ ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ é ❝❛✉s❛❞❛ ♣♦r ✉♠❛ ❢❛❧t❛✱ ❝♦♠♦ ♠♦str❛❞♦ ♥♦ ❝❛♣ít✉❧♦

❛♥t❡r✐♦r✳

◆❛ s❡❣✉♥❞❛ ♣❛rt❡✱ é ❛✈❛❧✐❛❞♦ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s ❝♦♠

❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✳ ❊ ♣♦r ✜♠✱ ❛✈❛❧✐❛✲s❡ ♦ ✐♠♣❛❝t♦ ❞❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙

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

✻✳✶ ❆❱❆▲■❆➬➹❖ ❉❖ ❈❍❆❱❊❆▼❊◆❚❖ ❈❖◆❚❘❖▲❆❉❖ ❊▼ ▲■◆❍❆❙ ❆P❊◆❆❙ ❈❖▼

❈❖▼P❊◆❙❆➬➹❖ ❙➱❘■❊

❊♠ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦✱ ❝✉❥❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ♥ã♦ ❢♦✐ ❝❛✉s❛❞❛ ♣♦r ✉♠ ❞❡❢❡✐t♦✱ ♦s

✐♥st❛♥t❡s ♠❛✐s ❛❞❡q✉❛❞♦s ♣❛r❛ ♦ r❡❧✐❣❛♠❡♥t♦ ❝♦rr❡s♣♦♥❞❡♠ ❛♦s ✐♥st❛♥t❡s ❞❡ ♠á①✐♠♦ ♦✉ ♠í♥✐♠♦

✽✵



❈❛♣ít✉❧♦ ✻ ✕ ❆✈❛❧✐❛çã♦ ❞♦ ❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦ ❞❡ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✽✶

❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r✳ ❈♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r✱ ♦ ♠ét♦❞♦ ✉t✐❧✐③❛❞♦

♥❡st❡ tr❛❜❛❧❤♦ s❡ ❜❛s❡✐❛ ♥❛ ❡st✐♠❛çã♦ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❢♦♥t❡ ❡ ♥❛ ❞❡t❡❝çã♦ ❞❛

♣♦❧❛r✐❞❛❞❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✳

◆❛ ❋✐❣✉r❛ ✻✳✶✱ sã♦ ❛♥❛❧✐s❛❞♦s ♦s ♣❡r✜s ❞❡ s♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ❞♦✐s

❛rr❛♥❥♦s✿ ❧✐♥❤❛ ❝♦♠ ✉♠ ❇❈❙ ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ✭❛rr❛♥❥♦ ■✮ ❡ ❧✐♥❤❛ ❝♦♠ ✉♠ ❇❈❙ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛

✭❛rr❛♥❥♦ ■■✮✳ ❖ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ é ❛✈❛❧✐❛❞♦ ❛ ♣❛rt✐r ❞❛ ❝♦♠♣❛r❛çã♦ ❞❛s

s♦❜r❡t❡♥sõ❡s r❡s✉❧t❛♥t❡s ❞❡ ♠❛♥♦❜r❛s ♥ã♦ ❝♦♥tr♦❧❛❞❛s ❝♦♠ ❛s s♦❜r❡t❡♥sõ❡s ❡♠ ❧✐♥❤❛s ❝♦♠ ❣r❛✉s

❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❡ ✹✵✪ ❡ ✺✵✪✳ ◆❛ ❚❛❜❡❧❛ ✻✳✶✱ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s s♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ♣❛r❛

❝❛❞❛ ❝❛s♦ ❛✈❛❧✐❛❞♦✳

❈♦♠ ❡st❡s r❡s✉❧t❛❞♦s✱ ✈❡r✐✜❝❛✲s❡ ❛ ♣♦t❡♥❝✐❛❧✐❞❛❞❡ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s

❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❊♥q✉❛♥t♦ q✉❡ ❡♠ ♠❛♥♦❜r❛s ♥ã♦ ❝♦♥tr♦❧❛❞❛s✱ ❛s s♦❜r❡t❡♥sõ❡s

♣♦❞❡♠ ❛t✐♥❣✐r ♠❛✐s ❞❡ ✷✱✺ ♣✉✱ ❝♦♠ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ❛s s♦❜r❡t❡♥sõ❡s sã♦ ♠❡♥♦r❡s

q✉❡ ✶✱✼ ♣✉✳ ❊♠ r❡❧❛çã♦ ❛♦s ❛rr❛♥❥♦s ❛✈❛❧✐❛❞♦s✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛s s♦❜r❡t❡♥sõ❡s sã♦ ♠❛✐♦r❡s ♥♦

❛rr❛♥❥♦ ■✳ ❆❧é♠ ❞✐ss♦✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♣❛r❛ ♦s ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦ ❛✈❛❧✐❛❞♦s✱ ❛ ✐♥✢✉ê♥❝✐❛ é

❞❡s♣r❡③í✈❡❧ q✉❛♥t♦ à r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s✳

Com CC (40%) Sem CC (40%)
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Com CC (50%) Sem CC(50%)

✭❜✮

❋✐❣✉r❛ ✻✳✶✳ P❡r✜❧ ❞❛s s♦❜r❡t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ♦s ❛rr❛♥❥♦s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡

♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❢❛❧t❛✿ ✭❛✮ ❛rr❛♥❥♦ ■❀ ✭❜✮ ❛rr❛♥❥♦ ■■✳

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

s❡r ♠❡♥♦r q✉❡ ✶✱✵ ♣✉✱ ❡♠ ♠ó❞✉❧♦✱ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✹✳ ❉❡st❛ ❢♦r♠❛✱ ♦ ♠ét♦❞♦

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



❈❛♣ít✉❧♦ ✻ ✕ ❆✈❛❧✐❛çã♦ ❞♦ ❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦ ❞❡ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✽✷

❚❛❜❡❧❛ ✻✳✶✳ ❙♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ s❡♠ ❞❡❢❡✐t♦✳

❆rr❛♥❥♦ ❞❛ ❧✐♥❤❛
❙♦❜r❡t❡♥sõ❡s ▼á①✐♠❛s ✭♣✉✮
GCsrie ❂ ✹✵✪ GCsrie ❂ ✺✵✪
❙❡♠ ❈❈ ❈♦♠ ❈❈ ❙❡♠ ❈❈ ❈♦♠ ❈❈

■ ✷✱✸✶ ✶✱✻✸ ✷✱✷✾ ✶✱✻✹
■■ ✷✱✻✹ ✶✱✺✽ ✷✱✻✻ ✶✱✺✽

❞❡ ♠í♥✐♠♦ ♦✉ ♠á①✐♠♦ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r✱ ♥ã♦ ❝♦rr❡s♣♦♥❞❡ ❛♦s ✐♥st❛♥t❡s ❞❡

♣❛ss❛❣❡♠ ♣♦r ③❡r♦✳ ❉❡st❡ ♠♦❞♦✱ ❢♦✐ ♣r♦♣♦st♦ ♥♦ ❈❛♣ít✉❧♦ ✺✱ ✉♠ ♥♦✈♦ ❝á❧❝✉❧♦ ♣❛r❛ ♦s ✐♥st❛♥t❡s

❞❡ ❢❡❝❤❛♠❡♥t♦ ♣❛r❛ ❡ss❡s ❝❛s♦s✳ ❆ ✜♠ ❞❡ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❥✉st❡ ♣r♦♣♦st♦✱ ♦s s❡❣✉✐♥t❡s

❝❛s♦s sã♦ ❛✈❛❧✐❛❞♦s✿

• ❈❛s♦ ✶✿ ❢❛❧t❛ ❢❛s❡✲t❡rr❛ ❇❚ ❛ ✶✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❞❛ ❧✐♥❤❛❀

• ❈❛s♦ ✷✿ ❢❛❧t❛ ❢❛s❡✲❢❛s❡ ❈❆ ❛ ✶✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❞❛ ❧✐♥❤❛❀

• ❈❛s♦ ✸✿ ❢❛❧t❛ ❢❛s❡✲❢❛s❡✲t❡rr❛ ❆❇❚ ❛ ✸✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❞❛ ❧✐♥❤❛❀

• ❈❛s♦ ✹✿ ❢❛❧t❛ tr✐❢ás✐❝❛ ❆❇❈❚ ❛ ✸✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❞❛ ❧✐♥❤❛✳

❖ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❛❞♦t❛❞♦ ♥❡ss❡s ❝❛s♦s é ❞❡ GCsrie ❂ ✹✵✪✳ ❆s s♦❜r❡t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛

❧✐♥❤❛ sã♦ ❝♦♠♣❛r❛❞❛s ❝♦♠ ❛s s♦❜r❡t❡♥sõ❡s ♦❜t✐❞❛s q✉❛♥❞♦ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ é ❛♣❧✐❝❛❞♦✳

◆❛ ❋✐❣✉r❛ ✻✳✷✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❝❛s♦ ✶✳ ◆❛ ❚❛❜❡❧❛ ✻✳✶✱ sã♦ ❛♣r❡s❡♥t❛❞❛s
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r❡❧✐❣❛♠❡♥t♦ ❛♣r❡s❡♥t❛ ❞❡s❡♠♣❡♥❤♦ ♠❡❧❤♦r ❡♠ r❡❧❛çã♦ ❛♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧✳ ◆❛ ❋✐❣✉r❛ ✻✳✻✱

sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♣❡r✜s ❞❡ s♦❜r❡t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ♦s ♠❡s♠♦s ❝❛s♦s ❛✈❛❧✐❛❞♦s

❛♥t❡r✐♦r♠❡♥t❡✱ ♠❛s ❝♦♠ ❣r❛✉ ❞❡ ❝♦♠♣❡♥s❛çã♦ ✐❣✉❛❧ ❛ GCsrie ❂ ✺✵%✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛✲

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

♠❛✐♦r✳
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❋✐❣✉r❛ ✻✳✻✳ P❡r✜❧ ❞❛s s♦❜r❡t❡♥sõ❡s ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭●❈sér✐❡ ❂ ✺✵%✮ ♣❛r❛

✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠❛ ❢❛❧t❛✿ ✭❛✮ ❢❛s❡✲t❡rr❛ ❇❚ ❛ ✶✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧❀ ✭❜✮ ❢❛s❡✲❢❛s❡

❈❆ ❛ ✶✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧❀ ✭❝✮ ❢❛s❡✲❢❛s❡✲t❡rr❛ ❆❇❚ ❛ ✸✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧❀ ✭❞✮ tr✐❢ás✐❝❛ ❆❇❈❚
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✻✳✷ ❆❱❆▲■❆➬➹❖ ❉❖ ❈❍❆❱❊❆▼❊◆❚❖ ❈❖◆❚❘❖▲❆❉❖ ❊▼ ▲■◆❍❆❙ ❈❖▼ ❈❖▼✲

P❊◆❙❆➬➹❖ ❙➱❘■❊ ❊ ❊▼ ❉❊❘■❱❆➬➹❖

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

❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ sã♦ ❛♣r❡s❡♥t❛❞♦s✳ ◆❛ ♣r✐♠❡✐r❛ ♣❛rt❡✱ sã♦ ❛♣r❡s❡♥✲

t❛❞♦s ♦s ♣❡r✜s ❞❡ s♦❜r❡t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ♦s ❝❛s♦s ❡♠ q✉❡ ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ ♥ã♦

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

rê♥❝✐❛ ❞❡ ❢❛❧t❛ ♥❛ ❧✐♥❤❛✱ ❛✈❛❧✐❛♥❞♦ ♦s ♠❡s♠♦s ❝❛s♦s ❞♦ ❈❛♣ít✉❧♦ ✹✳ ❖s ❣r❛✉s ❞❡ ❝♦♠♣❡♥s❛çã♦

❝♦♥s✐❞❡r❛❞♦s ♥❡st❛ ❛✈❛❧✐❛çã♦ sã♦✿ GCsrie ❂ ✺✵% ❡ GCshunt ❂ ✼✵%✳

❖s r❡s✉❧t❛❞♦s ♣❛r❛ ❛❜❡rt✉r❛ ❞❡ ❧✐♥❤❛ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡❢❡✐t♦ ♣❛r❛ ♦s ❛rr❛♥❥♦s ■❱✱ ❱ ❡ ❱■

sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✼ ❡ ♥❛ ❚❛❜❡❧❛ ✻✳✷✳ ❚❡♠✲s❡ ♦ ♠❡s♠♦ ❞❡s❡♠♣❡♥❤♦ q✉❛♥t♦ à r❡❞✉çã♦

❞❛s s♦❜r❡t❡♥sõ❡s ♥♦s ❛rr❛♥❥♦s ❱ ❡ ❱■✳ ◆♦ ❛rr❛♥❥♦ ■❱✱ ❛s ♠❛✐♦r❡s s♦❜r❡t❡♥sõ❡s sã♦ ♦❜s❡r✈❛❞❛s✳

◆❡st❡ ❛rr❛♥❥♦✱ ✉♠ ❇❈❙ ❡stá ✐♥st❛❧❛❞♦ ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❝♦♠ r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦ ✐♥st❛❧❛❞♦s

❛♣ós ♦ ❝❛♣❛❝✐t♦r sér✐❡✳ ◆♦s ❞❡♠❛✐s ❡sq✉❡♠❛s✱ ♦s r❡❛t♦r❡s ❡♠ ❞❡r✐✈❛çã♦ ❡stã♦ ✐♥st❛❧❛❞♦s ❛♥t❡s

❞♦ ❇❈❙✳ ❈♦♠ ✐st♦✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ❛ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❡♠ r❡❧❛çã♦ ❛♦s r❡❛t♦r❡s

❡♠ ❞❡r✐✈❛çã♦ ✐♥✢✉❡♥❝✐❛ ♥♦ r❡s✉❧t❛❞♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳
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♣❛r❛ ♦s ❛rr❛♥❥♦s ■❱✱ ❱ ❡ ❱■✳
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❱ ❡ ❱■ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✽ ❡ ♥❛ ❚❛❜❡❧❛ ✻✳✷✳ ❖❜s❡r✈❛✲s❡ ❛ r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s
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❚❛❜❡❧❛ ✻✳✼✳ ❙♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ✭GCsrie ❂ ✺✵%✮ ❡ s❤✉♥t ✭GCshunt
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t❡rr❛ ❆❚✿ ✭❛✮ ❛rr❛♥❥♦ ■❱❀ ✭❜✮ ❛rr❛♥❥♦ ❱❀ ✭❝✮ ❛rr❛♥❥♦ ❱■✳
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❈♦♠♦ ✈✐st♦ ♥♦ ❈❛♣ít✉❧♦ ✹✱ ♦ ❇❈❙ ♣♦❞❡ s❡r r❡t✐r❛❞♦ ❞❡ ♦♣❡r❛çã♦ ♣❛r❝✐❛❧ ♦✉ t♦t❛❧♠❡♥t❡ ♥♦s

❝❛s♦s ❡♠ q✉❡ ❛ ❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ s❡ ❞❡✈❡ à ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠❛ ❢❛❧t❛✳ ◆❡st❡s ❝❛s♦s✱ é ✐♠♣♦rt❛♥t❡

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

sér✐❡ ❢♦ss❡ r❡st❛❜❡❧❡❝✐❞❛ ❛♣ós ❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛ ❛♥t❡s ❞❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦✳

P❛r❛ ❡st❛ ❛✈❛❧✐❛çã♦✱ ❛✈❛❧✐❛✲s❡ ♦ ❛rr❛♥❥♦ ■■✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ❧✐♥❤❛ ❛♣❡♥❛s ❝♦♠ ✉♠

❇❈❙ ✐♥st❛❧❛❞♦ ♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛✱ ♣❛r❛ ✉♠❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ ♦r✐✉♥❞❛ ❞❡ ✉♠❛ ❛❜❡rt✉r❛

tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠❛ ❢❛❧t❛ tr✐❢ás✐❝❛ ❛ ✸✵✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧✳ ❆ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣❛r❛ ❡ss❡

❝❛s♦ ❢♦✐ ❛♣r❡s❡♥t❛❞❛ ♥♦ ❈❛♣ít✉❧♦ ✹✱ ❡♠ q✉❡ ❢♦✐ ✈❡r✐✜❝❛❞♦ q✉❡ t♦❞♦ ♦ ❇❈❙ é r❡t✐r❛❞♦ ❞❡ ♦♣❡r❛çã♦

❝♦♠♣❧❡t❛♠❡♥t❡✳

◆❛ ❋✐❣✉r❛ ✻✳✶✷✱ ♦ ♣❡r✜❧ ❞❛s s♦❜r❡t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ é ❛♣r❡s❡♥t❛❞♦ ♣❛r❛ ♦ ❝❛s♦ ❡♠

q✉❡ ♦ ❇❈❙ é r❡✐♥s❡r✐❞♦ ❛♥t❡s ❞❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ ❡ ❝♦♠♣❛r❛❞♦ ❛♦ ❝❛s♦ ❡♠ q✉❡ ♦ ❇❈❙

♥ã♦ é r❡✐♥s❡r✐❞♦✳ ❈♦♥❢♦r♠❡ s❡ ♦❜s❡r✈❛✱ ❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ ♥ã♦ ❝♦♠♣r♦♠❡t❡ ♦ ❞❡s❡♠♣❡♥❤♦

❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✳ ❙❡♠ ❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙✱ ❛ s♦❜r❡t❡♥sã♦ ♠á①✐♠❛ é ❞❡ ✶✱✼✵ ♣✉✱

❡♥q✉❛♥t♦ q✉❡ q✉❛♥❞♦ ❛ r❡✐♥s❡rçã♦ é ❝♦♥s✐❞❡r❛❞❛✱ ❡st❡ ✈❛❧♦r é ❞❡ ✶✱✼✷ ♣✉✳
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Sem reinserção do BCS
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❋✐❣✉r❛ ✻✳✶✷✳ P❡r✜❧ ❞❛s s♦❜r❡t❡♥sõ❡s ❡♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣❛r❛ ♦ ❛rr❛♥❥♦ ■■ ♣❛r❛

✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛ ❞❡✈✐❞♦ ❛ ✉♠❛ ❢❛❧t❛ tr✐❢ás✐❝❛ ❆❇❈❚✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ ❛♥t❡s ❞❛

♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦✳

❯♠ ❝❛s♦ ❞❡ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ ❛♥t❡s ❞❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦ t❛♠❜é♠ é ❛✈❛❧✐❛❞♦ ♣❛r❛

❧✐♥❤❛s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✳ ◆♦ ❈❛♣ít✉❧♦ ✹✱ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞❛s ❛s



❈❛♣ít✉❧♦ ✻ ✕ ❆✈❛❧✐❛çã♦ ❞♦ ❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦ ❞❡ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✾✺

❢♦r♠❛s ❞❡ ♦♥❞❛ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♣❛r❛ ♦ ❛rr❛♥❥♦ ❱■ q✉❛♥❞♦ ❛ ❧✐♥❤❛ é ❛❜❡rt❛ ❞❡✈✐❞♦ ❛ ✉♠

❞❡❢❡✐t♦ ❢❛s❡✲❢❛s❡ ❈❆✱ ❡ ♦ ❇❈❙ é r❡✐♥s❡r✐❞♦ ❛♣ós ❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✱ ❖❜s❡r✈♦✉✲s❡ q✉❡ ♦ s✐♥❛❧ ♥❛

❢❛s❡ ❆ é ♦ ♠❛✐s ❛❢❡t❛❞♦ ❝♦♠ ❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙✳ P❛r❛ ❛✈❛❧✐❛r ♦ ✐♠♣❛❝t♦ ❞❡ss❛ ❛❧t❡r❛çã♦✱ ♦ ♣❡r✜❧

❞❛s s♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ♥♦s ❞♦✐s ❝❛s♦s sã♦ ❝♦♠♣❛r❛❞♦s✱ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦

♥❛ ❋✐❣✉r❛ ✻✳✶✸✳

◆♦ ❝❛s♦ ❡♠ q✉❡ ❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ é r❡t✐r❛❞❛ ❝♦♠♣❧❡t❛♠❡♥t❡ ❡ ♥ã♦ é r❡✐♥s❡r✐❞❛ ❛♥t❡s ❞❛

♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦✱ ❛ ♠á①✐♠❛ s♦❜r❡t❡♥sã♦ é ❞❡ ✶✱✻✹ ♣✉✳ ◗✉❛♥❞♦ ❛ r❡✐♥s❡rçã♦ é r❡❛❧✐✲

③❛❞❛ ❛♥t❡s ❞♦ r❡❧✐❣❛♠❡♥t♦✱ ❧♦❣♦ ❛♣ós ❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✱ ❛ s♦❜r❡t❡♥sã♦ ♠á①✐♠❛ é ❞❡ ✶✱✼✷ ♣✉✳

P♦rt❛♥t♦✱ ♦ ✐♠♣❛❝t♦ é ♠í♥✐♠♦✳

❈♦♠ ♦s ❞♦✐s ❝❛s♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❛ s❡çã♦✱ ❝♦♥st❛t❛✲s❡ q✉❡ q✉❛♥❞♦ ♦ ❇❈❙ é r❡✐♥s❡r✐❞♦ ❛♥t❡s

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

♠í♥✐♠♦✳ ➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡ ❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ é r❡❛❧✐③❛❞❛ ❧♦❣♦ ❛♣ós ❛ ❡①t✐♥çã♦

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

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

sér✐❡ ♣♦ss❛ s❡r ✐♥❝❧✉í❞❛ ♥♦ ❝á❧❝✉❧♦ ❞♦s ✐♥st❛♥t❡s ❞❡ r❡❧✐❣❛♠❡♥t♦✳

Com reinserção do BCS

Sem reinserção do BCS
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❋✐❣✉r❛ ✻✳✶✸✳ P❡r✜❧ ❞❛s s♦❜r❡t❡♥sõ❡s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ♣❛r❛ ♦ ❛rr❛♥❥♦ ❱■ ♣❛r❛ ✉♠❛ ❛❜❡rt✉r❛ tr✐❢ás✐❝❛

❞❡✈✐❞♦ ❛ ✉♠❛ ❢❛❧t❛ ❢❛s❡✲❢❛s❡ ❈❆✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ ❛♥t❡s ❞❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦✳

✻✳✹ ❙❮◆❚❊❙❊ ❉❖ ❈❆P❮❚❯▲❖

❈♦♠ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ ❝❛♣ít✉❧♦✱ ✈❡r✐✜❝♦✉✲s❡ ❛ ♣♦t❡♥❝✐❛❧✐❞❛❞❡ ❞❛ ❛♣❧✐❝❛çã♦

❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣❛r❛ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ P❛r❛ ❧✐♥❤❛s ❝♦♠ r❡❛t♦r❡s



❈❛♣ít✉❧♦ ✻ ✕ ❆✈❛❧✐❛çã♦ ❞♦ ❈❤❛✈❡❛♠❡♥t♦ ❈♦♥tr♦❧❛❞♦ ❞❡ ▲✐♥❤❛s ❝♦♠ ❈♦♠♣❡♥s❛çã♦ ❙ér✐❡ ✾✻

❡♠ ❞❡r✐✈❛çã♦ ❡ ❝❛♣❛❝✐t♦r❡s sér✐❡✱ ✈❡r✐✜❝♦✉✲s❡ ❛ r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s ♣❛r❛ t♦❞♦s ♦s ❝❛s♦s

❛✈❛❧✐❛❞♦s ❝♦♠ ♦ ✉s♦ ❞❡ ✉♠❛ té❝♥✐❝❛ ❛♣❧✐❝❛❞❛ ❛ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦

✭❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✵✽❀ ❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳ P❛r❛ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱

❝♦♥st❛t♦✉✲s❡ q✉❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡st❡ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s q✉❡ ❛ té❝♥✐❝❛

❛♣❧✐❝❛❞❛ ♣❛r❛ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s ✭❉❆◆❚❆❙ ❡t ❛❧✳✱ ✷✵✵✽✮✳ ❊♠ t♦❞♦s ♦s ❝❛s♦s ❛✈❛❧✐❛❞♦s✱

❛s s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛ ❢♦r❛♠ r❡❞✉③✐❞❛s ♣❛r❛ ✈❛❧♦r❡s ♠❡♥♦r❡s q✉❡ ✷✱✵ ♣✉✳ ❊ q✉❛♥t♦ ❛♦

✐♠♣❛❝t♦ ❞❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ ❛♥t❡s ❞❛ ♠❛♥♦❜r❛ ❞❡ r❡❧✐❣❛♠❡♥t♦✱ ✈❡r✐✜❝♦✉✲s❡ ❝♦♠ ♦s ❝❛s♦s

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

❡st✐♠❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ é r❡❛❧✐③❛❞❛ ❛♣ós ❛ r❡✐♥s❡rçã♦ ❞♦ ❜❛♥❝♦ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦s ✐♥st❛♥t❡s

ót✐♠♦s ♣❛r❛ ❛ ♠❛♥♦❜r❛✳



❈❆P❮❚❯▲❖ ✼

❈❖◆❈▲❯❙Õ❊❙

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

❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ❛ ♣❛rt✐r ❞❛ ❛✈❛❧✐❛çã♦ ❞❛s ❞✐✈❡rs❛s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❞♦s ❜❛♥❝♦s ❞❡

❝❛♣❛❝✐t♦r❡s sér✐❡ ✭❇❈❙✮ ❞✉r❛♥t❡ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❡ ❧✐♥❤❛✳ ❈♦♠ ✐st♦✱ ❢♦r❛♠ ❞❡st❛❝❛❞♦s

♦s ❞❡s❛✜♦s ❡ ❛s ♣♦t❡♥❝✐❛❧✐❞❛❞❡s ❞❡ t❛❧ ❛♣❧✐❝❛çã♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❧❡✈❛♥t❛♠❡♥t♦ ❜✐❜❧✐♦❣rá✜❝♦

❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✸✱ ❛s ♣r✐♥❝✐♣❛✐s té❝♥✐❝❛s ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ ❡ ❛♣❧✐❝❛❞❛s ❡♠

❝❛♠♣♦ sã♦ ❞❡st✐♥❛❞❛s ❛ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛ ❡♠ ❞❡r✐✈❛çã♦ ♦✉ ♥ã♦ ❝♦♠♣❡♥s❛❞❛s✳

◆♦ ❡♥t❛♥t♦✱ ❝♦♠ ❛ ❝♦♥tí♥✉❛ ❡①♣❛♥sã♦ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✱ ❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡ t❡♠ s✐❞♦ ✉♠❛

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

❛ ❡st❛❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛✳ ◆❡st❡ ❝♦♥t❡①t♦✱ ❛✈❛❧✐❛r ❛ ✈✐❛❜✐❧✐❞❛❞❡ ❞❡ ❛♣❧✐❝❛çã♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦

❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣❛r❛ r❡❞✉çã♦ ❞❡ s♦❜r❡t❡♥sõ❡s ❞❡ ♠❛♥♦❜r❛ é ❞❡

❣r❛♥❞❡ ✐♥t❡r❡ss❡ ♣❛r❛ ♦ s❡t♦r ❡❧étr✐❝♦✳

❊♠ ♠❛♥♦❜r❛s ❞❡ r❡❧✐❣❛♠❡♥t♦✱ ❛ ♣r❡s❡♥ç❛ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥❛ ❧✐♥❤❛ é ❞❡t❡r♠✐♥❛♥t❡ ♣❛r❛

❛ ❞❡✜♥✐çã♦ ❞❡ ❡str❛té❣✐❛s ♣❛r❛ ❡st✐♠❛r ♦s ✐♥st❛♥t❡s ♠❛✐s ❛❞❡q✉❛❞♦s ♣❛r❛ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❞✐s✲

❥✉♥t♦r❡s✳ ❉❡st❡ ♠♦❞♦✱ ♥❡st❡ tr❛❜❛❧❤♦✱ ❛♣r❡s❡♥t♦✉✲s❡ ✉♠❛ ❛♥á❧✐s❡ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s

❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛s ❞✐✈❡rs❛s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❞♦ ❇❈❙ ❡ ♣r✐♥❝✐♣❛✐s

❝♦♥✜❣✉r❛çõ❡s ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✳ ❖❜s❡r✈♦✉✲s❡ q✉❡✱ q✉❛♥❞♦ ♦ r❡❧✐❣❛♠❡♥t♦ s❡ ❞❡✈❡ ❛ ✉♠❛

❛❜❡rt✉r❛ ❞❛ ❧✐♥❤❛ s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ♦ ❇❈❙ ♣❡r♠❛♥❡❝❡ ❡♠ ♦♣❡r❛çã♦ ❞✉r❛♥t❡ ❛ ♠❛♥♦❜r❛✳

◆❡st❡ ❝❛s♦✱ ❞❡✈✐❞♦ à q✉❡❞❛ ❞❡ t❡♥sã♦ ♥♦ ❝❛♣❛❝✐t♦r sér✐❡✱ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ♥ã♦ s❡ ❞✐str✐❜✉✐ ✉♥✐❢♦r✲

♠❡♠❡♥t❡ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✳ ❊♥q✉❛♥t♦ q✉❡ ♥♦s ❝❛s♦s ❞❡ r❡❧✐❣❛♠❡♥t♦ ❞❡✈✐❞♦ ❛ ✉♠❛ ❢❛❧t❛✱ ♦ ❇❈❙

♣♦❞❡ s❡r r❡t✐r❛❞♦ ❞❡ ♦♣❡r❛çã♦✳ ❈❛s♦ s❡❥❛ r❡t✐r❛❞♦ ❝♦♠♣❧❡t❛♠❡♥t❡✱ ❛ ❧✐♥❤❛ ♣❛ss❛ ❛ t❡r ❛s ♠❡s♠❛s

❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s ♦✉ ❝♦♠ ❝♦♠♣❡♥s❛çã♦ ❡♠ ❞❡r✐✈❛çã♦✱ ❛ ❞❡♣❡♥❞❡r ❞❛

❝♦♥✜❣✉r❛çã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ◆♦ ❡♥t❛♥t♦✱ s❡ ♦ ❇❈❙ é ♠❛♥t✐❞♦ ❡♠ ♦♣❡r❛çã♦✱ ♦❜s❡r✈❛✲s❡

♠❛✐s ✉♠❛ ✈❡③ ❛ ❞✐str✐❜✉✐çã♦ ♥ã♦✲✉♥✐❢♦r♠❡ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✳ ❖✉ s❡❥❛✱ ❛ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛

✈✐st❛ ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ♥ã♦ é ♠❡s♠❛ ✈✐st❛ ♥♦ t❡r♠✐♥❛❧ r❡♠♦t♦✱ ❡ ❞❡♣❡♥❞❡ ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞♦

✾✼



❈❛♣ít✉❧♦ ✼ ✕ ❈♦♥❝❧✉sõ❡s ✾✽

❇❈❙ ❡ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❢❛❧t❛✳

◆❡st❡ tr❛❜❛❧❤♦✱ ♠♦str♦✉✲s❡ q✉❡✱ ❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥✲

s❛çã♦ sér✐❡ s❡ ❛ss❡♠❡❧❤❛ ❛ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧ ❡♠ ❧✐♥❤❛s ♥ã♦ ❝♦♠♣❡♥s❛❞❛s ❡ ❝♦♠ ❝♦♠♣❡♥s❛çã♦

❡♠ ❞❡r✐✈❛çã♦✳ ❉❡st❛ ❢♦r♠❛✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ té❝♥✐❝❛s ❡①✐st❡♥t❡s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ♣♦✲

❞❡♠ s❡r ✉s❛❞❛s ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ P❛r❛ ♦ ❝❛s♦ ❞❡ ❧✐♥❤❛s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s

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

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

♠ét♦❞♦ q✉❡ s❡ ❜❛s❡✐❛ ♥❛ ❡st✐♠❛çã♦ ❞❛ ❝❛r❣❛ r❡s✐❞✉❛❧✳ P❛r❛ ✐st♦✱ é ♥❡❝❡ssár✐♦ ❝♦rr✐❣✐r ❛ t❡♥sã♦

s❡❝✉♥❞ár✐❛ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧ ❝❛♣❛❝✐t✐✈♦ ✭❚P❈✮✱ ✈✐st♦ q✉❡ ❛ ❝❛r❣❛ r❡s✐❞✉❛❧ é ✉♠

s✐♥❛❧ ❞❡ t❡♥sã♦ ❡♠ ❝♦rr❡♥t❡ ❝♦♥tí♥✉❛✳ ▲♦❣♦✱ ✉♠ ✜❧tr♦ ❞✐❣✐t❛❧ r❡❝✉rs✐✈♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡st❛

✜♥❛❧✐❞❛❞❡✳

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

❝♦♥tr♦❧❛❞♦ q✉❛♥t♦ à r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣❛r❛ t♦❞❛s

❛s ❝♦♥✜❣✉r❛çõ❡s ❛✈❛❧✐❛❞❛s✳ ❉❡♥tr❡ ♦s ❛rr❛♥❥♦s ❝♦♠ ❛♠❜♦s ♦s t✐♣♦s ❞❡ ❝♦♠♣❡♥s❛çã♦ r❡❛t✐✈❛✱

♦❜s❡r✈❛r❛♠✲s❡ ❛s ♠❛✐♦r❡s s♦❜r❡t❡♥sõ❡s ♥♦ ❡sq✉❡♠❛ ❝♦♠ ✉♠ ❇❈❙ ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❡ r❡❛t♦r❡s

❡♠ ❞❡r✐✈❛çã♦ ✐♥st❛❧❛❞♦s ❡♠ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ❡ ❛♣ós ♦ ❜❛♥❝♦ ✭❛rr❛♥❥♦ ■❱✮✳ ◆♦

❡♥t❛♥t♦✱ ♠❡s♠♦ ♥❡st❡ ❛rr❛♥❥♦✱ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❣❛r❛♥t❡ s♦❜r❡t❡♥sõ❡s ♠❡♥♦r❡s q✉❡ ✷✱✵

♣✉✳

❖✉tr♦ ❛s♣❡❝t♦ ❛✈❛❧✐❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦ ❢♦✐ q✉❛♥t♦ ❛♦ ✐♠♣❛❝t♦ ❞❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙ ❛♣ós

❛ ❡①t✐♥çã♦ ❞❛ ❢❛❧t❛✳ ❖❜s❡r✈♦✉✲s❡ q✉❡ ♦ ✐♠♣❛❝t♦ é ♠❛✐♦r ♥❛s ❢❛s❡s ❡♥✈♦❧✈✐❞❛s ♥❛ ❢❛❧t❛ ❞❡✈✐❞♦

à q✉❡❞❛ ❞❡ t❡♥sã♦ ♥♦ ❝❛♣❛❝✐t♦r sér✐❡✳ ❊♠ ❧✐♥❤❛s ❛♣❡♥❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✱ ❛ r❡✐♥s❡rçã♦

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

t❡r♠✐♥❛❧ ❧♦❝❛❧ ♣♦❞❡ s❡r ♥❡❣❛t✐✈❛ ❡ ♥♦ t❡r♠✐♥❛❧ r❡♠♦t♦✱ ♣♦s✐t✐✈❛✱ ♦✉ ✈✐❝❡✲✈❡rs❛✳ ❆♦ ✈❡r✐✜❝❛r ❛

t❡♥sã♦ s♦❜r❡ ♦ ❞✐s❥✉♥t♦r✱ q✉❡ é ♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛ ♣❛r❛ ♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦✱ ♦❜s❡r✈♦✉✲s❡

q✉❡ ❡①✐st❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s s✐♥❛✐s ✈✐st♦s ♥♦ t❡r♠✐♥❛❧ ❧♦❝❛❧ ❡ r❡♠♦t♦✱ ❛❧é♠ ❞❛ ❞✐❢❡r❡♥ç❛

♥❛ t❡♥sã♦ ❞♦ ♣ró♣r✐♦ t❡r♠✐♥❛❧ ❛♥t❡s ❡ ❛♣ós ❛ r❡✐♥s❡rçã♦ ❞♦ ❜❛♥❝♦✳ ◆♦ ❡♥t❛♥t♦✱ ❝♦♠ ❛ ❛♥á❧✐s❡

❞❡ ❛❧❣✉♥s ❝❛s♦s✱ ❝♦♥st❛t♦✉✲s❡ q✉❡ ❡st❛ ♦♣❡r❛çã♦ ♥ã♦ ❝♦♠♣r♦♠❡t❡ ❛ r❡❞✉çã♦ ❞❛s s♦❜r❡t❡♥sõ❡s✳

■st♦ ♦❝♦rr❡ ♣♦rq✉❡✱ ❛♣ós ❛ r❡✐♥s❡rçã♦ ❞♦ ❇❈❙✱ ❛ ❡st✐♠❛çã♦ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞♦ ❧❛❞♦ ❞❛ ❧✐♥❤❛

❛✐♥❞❛ é r❡❛❧✐③❛❞♦ ♣♦r ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❛ ✜♠ ❞❡ ❝♦♥s✐❞❡r❛r ❛s ❛❧t❡r❛çõ❡s ❝❛✉s❛❞❛s ♣♦r ❡ss❛

♦♣❡r❛çã♦✳



❈❛♣ít✉❧♦ ✼ ✕ ❈♦♥❝❧✉sõ❡s ✾✾

❈♦♠ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ❡✈✐❞❡♥❝✐♦✉✲s❡ ❛ ♣♦t❡♥❝✐❛❧✐❞❛❞❡ ❞♦ ✉s♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦

❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡✳ ❚é❝♥✐❝❛s ❛♣❧✐❝❛❞❛s ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦

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

❞♦s s✐♥❛✐s ❞❡ r❡❢❡rê♥❝✐❛✱ ♦ q✉❡ é ❞❡t❡r♠✐♥❛♥t❡ ♣❛r❛ ❛ ❞❡✜♥✐çã♦ ❞❛s ❡str❛té❣✐❛s ❛❞♦t❛❞❛s✳ ❆s

s♦❜r❡t❡♥sõ❡s ♠á①✐♠❛s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✱ ❡♠ t♦❞♦s ♦s ❝❛s♦s✱ ❢♦r❛♠ ♠❡♥♦r❡s q✉❡ ✷✱✵ ♣✉✳

❈♦♠ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✱ ❛s s❡❣✉✐♥t❡s ❛t✐✈✐❞❛❞❡s sã♦ s✉❣❡r✐❞❛s ♣❛r❛

❞❛r ❝♦♥t✐♥✉✐❞❛❞❡ à ♣❡sq✉✐s❛✿

• ❆✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❝♦♠♣❡♥s❛çã♦ sér✐❡ ♣❛r❛

s✐st❡♠❛s ♠❛✐s ❝♦♠♣❧❡①♦s❀

• ❆✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❛ ♣❛rt✐r ❞♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦s s✐♥❛✐s

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

✉♥✐❢♦r♠❡♠❡♥t❡ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛❀

• ■♠♣❧❡♠❡♥t❛r ♦ s✐st❡♠❛ ❡♠ ✉♠ s✐♠✉❧❛❞♦r ❡♠ t❡♠♣♦ r❡❛❧❀

• ❆✈❛❧✐❛r ♦ ✐♠♣❛❝t♦ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ s✉❜sí♥❝r♦♥❛s ❞❡✈✐❞♦ à ♣r❡s❡♥ç❛ ❞♦s

❝❛♣❛❝✐t♦r❡s sér✐❡❀

• ❆✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❤❛✈❡❛♠❡♥t♦ ❝♦♥tr♦❧❛❞♦ ❡♠ ❧✐♥❤❛s ❝♦♠ ❜❛♥❝♦s ❞❡ ❝❛♣❛❝✐t♦r❡s

❝♦♥tr♦❧❛❞♦s ❛ t✐r✐st♦r❡s ✭❚❈❙❈✮✳
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