
❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡
❈❡♥tr♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ❡ ■♥❢♦r♠át✐❝❛
Pr♦❣r❛♠❛ ❞❡ Pós✲●r❛❞✉❛çã♦ ❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛

●r✉♣♦ ❞❡ ❙✐st❡♠❛s ❊❧étr✐❝♦s

❚❡s❡

❆❧❣♦r✐t♠♦ ❛✉t♦✲❛❞❛♣t❛t✐✈♦ ♣❛r❛ ♣r♦t❡çã♦ ❞❡

s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛

❋r❛♥❝✐s❝♦ ❞❛s ❈❤❛❣❛s ❙♦✉③❛ ❏ú♥✐♦r

❈❛♠♣✐♥❛ ●r❛♥❞❡ ✲ P❛r❛í❜❛ ✲ ❇r❛s✐❧
➞ ❋r❛♥❝✐s❝♦ ❞❛s ❈❤❛❣❛s ❙♦✉③❛ ❏ú♥✐♦r✱ ❏✉❧❤♦ ❞❡ ✷✵✶✻



❋r❛♥❝✐s❝♦ ❞❛s ❈❤❛❣❛s ❙♦✉③❛ ❏ú♥✐♦r

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

✐♥st❛♥tâ♥❡❛

❚❡s❡ ❛♣r❡s❡♥t❛❞❛ à ❈♦♦r❞❡♥❛çã♦ ❞♦ Pr♦❣r❛♠❛ ❞❡ Pós✲

●r❛❞✉❛çã♦ ❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡✲

r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡✱ ❡♠ ❝✉♠♣r✐♠❡♥t♦ às ❡①✐❣ê♥❝✐❛s ❞♦

Pr♦❣r❛♠❛ ❞❡ ❉♦✉t♦r❛♠❡♥t♦ ❡♠ ❈✐ê♥❝✐❛s ♥♦ ❉♦♠í♥✐♦ ❞❛

❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛✳

➪r❡❛ ❞❡ ❈♦♥❝❡♥tr❛çã♦✿ Pr♦❝❡ss❛♠❡♥t♦ ❞❛ ❊♥❡r❣✐❛

❇❡♥❡♠❛r ❆❧❡♥❝❛r ❞❡ ❙♦✉③❛✱ ❉✳❙❝✳

❖r✐❡♥t❛❞♦r

❈❛♠♣✐♥❛ ●r❛♥❞❡ ✲ P❛r❛í❜❛ ✲ ❇r❛s✐❧

❏✉❧❤♦ ❞❡ ✷✵✶✻



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                         FICHA CATALOGRÁFICA ELABORADA PELA BIBLIOTECA CENTRAL DA UFCG 

 

S729a 

 

 Souza Júnior, Francisco das Chagas. 

       Algoritmo auto-adaptativo para proteção de sobrecorrente instantânea / 

Francisco das Chagas Souza Júnior. – Campina Grande, 2016. 

     168 f. : il. color. 

   

       Dissertação (Mestrado em Engenharia Elétrica) – Universidade Federal 

de Campina Grande, Centro de Engenharia Elétrica e Informática, 2016. 

        "Orientação: Prof. Dr. Benemar Alencar de Souza". 

   Referências. 

   

      1. Proteção adaptativa - Smart Grids.  2.  Redes Elétricas Inteligentes. 3. 

Relés de Sobrecorrente Instantânea. 4. Sistemas de Distribuição.  5.  

Geração Distribuída.  I. Souza, Benemar Alencar. II. Título.  

                                                                                       

                                                                                 CDU 621.311(043) 
 

 
    

 





✐✈

✏❚❡♥❤♦ ❛ ✐♠♣r❡ssã♦ ❞❡ t❡r s✐❞♦ ✉♠❛ ❝r✐❛♥ç❛

❜r✐♥❝❛♥❞♦ à ❜❡✐r❛✲♠❛r✱ ❞✐✈❡rt✐♥❞♦✲♠❡ ❡♠ ❞❡s❝♦❜r✐r ✉♠❛

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

✐♠❡♥s♦ ♦❝❡❛♥♦ ❞❛ ✈❡r❞❛❞❡ ❝♦♥t✐♥✉❛ ♠✐st❡r✐♦s♦ ❞✐❛♥t❡ ❞❡ ♠❡✉s ♦❧❤♦s✳ ✑

■❙❆❆❈ ◆❊❲❚❖◆



❉❊❉■❈❆❚Ó❘■❆

➚ ♠✐♥❤❛ ✜❧❤❛ ❆♥❛ ❍❡❧♦ís❛✱ à ♠✐♥❤❛ ❡s♣♦s❛ ▼❛✐❛r❛✱ ❛♦s ♠❡✉s ♣❛✐s ❆♥❛ ❡ ❋r❛♥❝✐s❝♦ ❡ ♠✐♥❤❛s

✐r♠ãs ❆♥❛ ❈❧❛r❛ ❡ ❆♥❛ ❆♠ér✐❝❛✱ ❉❊❉■❈❖✳

✈



❆●❘❆❉❊❈■▼❊◆❚❖❙

❆ ❉❡✉s ♣♦r s❡r ♣❛r❛ ♠✐♠ ❢♦♥t❡ ✐♥❡s❣♦tá✈❡❧ ❞❡ ❛♠♦r✱ ♣❡r❢❡✐çã♦ ❡ ❜♦♥❞❛❞❡✳ P♦r ❛❧é♠ ❞❡ t❡r ♠❡

❞❛❞♦ ❛ ✈✐❞❛ s❡♠♣r❡ ♠❡ ❣✉✐❛r ❡ ♠❡ ❝♦♥❞✉③✐r ♣❛r❛ ♦ ❝❛♠✐♥❤♦ ❞♦ ❜❡♠✳

➚ ♠✐♥❤❛ ❡s♣♦s❛ ▼❛✐❛r❛ ❡ à ♠✐♥❤❛ ✜❧❤❛ ❆♥❛ ❍❡❧♦ís❛ q✉❡ ❞✐✈✐❞✐r❛♠ ❝♦♠✐❣♦ ♦ ❞✐❛ ❛ ❞✐❛ ❞❡ss❛

♣❡sq✉✐s❛ ❡ ❝♦♠♣r❡❡♥❞❡r❡♠ ♠❡✉ t❡♠♣♦ ❝♦♠♣❛rt✐❧❤❛❞♦ ❡♠ ♠❡✐♦ ❛♦s ♣r❛③♦s ❡ ♦❜r✐❣❛çõ❡s ❞❛ ✈✐❞❛

r❡❛❧✳

➚ ♠✐♥❤❛ ❛♠❛❞❛ ♠ã❡ ✲ ❆♥❛ ✲ ❛♦ ♠❡✉ ❛♠❛❞♦ ♣❛✐ ✲ ❋r❛♥❝✐s❝♦ ❙♦✉③❛ ✲ ❡ à ♠✐♥❤❛s ✐r♠ãs ❆♥❛

❈❧❛r❛ ❡ ❆♥❛ ❆♠ér✐❝❛✱ q✉❡ ❞✉r❛♥t❡ t♦❞❛ ♠✐♥❤❛ ✈✐❞❛ ♥ã♦ ♠❡❞✐r❛♠ ❡s❢♦rç♦s ♣❛r❛ ❞❛r✲♠❡ ✉♠❛

❜♦❛ ❢♦r♠❛çã♦ ❛❥✉❞❛♥❞♦✲♠❡ ❛ s✉♣❡r❛r ❛s ❞✐✈❡rs✐❞❛❞❡s ❞♦ ❞✐❛ ❛ ❞✐❛✳

❆♦ ♣r♦❢❡ss♦r ❉r✳ ❇❡♥❡♠❛r ❆❧❡♥❝❛r ❞❡ ❙♦✉③❛ ♣❡❧❛ ♦r✐❡♥t❛çã♦✱ ❛❥✉❞❛ ❡ ❞❡❞✐❝❛çã♦ ❡♠ t♦❞♦s ♦s

♠♦♠❡♥t♦s ❞✉r❛♥t❡ ❛ r❡❛❧✐③❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦ ❡ ❞❡ t♦❞♦s ♦s tr❛❜❛❧❤♦s ❛♦s q✉❛✐s ♥♦s s✉❜♠❡t❡♠♦s

♥♦s ú❧t✐♠♦s ✻ ❛♥♦s✳

❆♦s ❝♦❧❡❣❛s ❞❡ tr❛❜❛❧❤♦ ❞♦ ■❋❘◆✱ ❝❛♠♣✉s ❈❛✐❝ó✱ ♣❡❧♦ ✐♥❝❡♥t✐✈♦✳ ❆♦s ♠❡✉s ❛t✉❛✐s ❡ ❡①✲❛❧✉♥♦s

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

❆♦s ❛♠✐❣♦s ❞♦ ▲❆❘❈❆✿ ❍✉✐❧♠❛♥✱ ◆❡❧s♦♥✱ ❲❡❧❧✐♥sí❧✈✐♦✱ ❏❛♠✐❧❡✱ ❋❡❧✐♣❡✱ ❆♥❛ ❱✐tór✐❛✱ ❆❧❛♥❛✱

❈é❧✐♦✱ P❛✉❧♦ ❈♦✉t✐♥❤♦✱ ♣❡❧❛s ✈❛❧✐♦s❛s ❝♦❧❛❜♦r❛çõ❡s✱ ❞✐s❝✉ssõ❡s ❡ ♣❛r❝❡r✐❛s s♦❜r❡ ♦s ♣r♦❜❧❡♠❛s

❞❛ ♣r♦t❡çã♦ ❞❡ s✐st❡♠❛s ❡❧étr✐❝♦s✳

➚ ❈❆P❊❙✱ ♣❡❧♦ s✉♣♦rt❡ ✜♥❛♥❝❡✐r♦ ❞❛❞♦ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡ r❡❛❧✐③❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✳

❋r❛♥❝✐s❝♦ ❞❛s ❈❤❛❣❛s ❙♦✉③❛ ❏ú♥✐♦r

✈✐



❘❊❙❯▼❖

❯♠❛ té❝♥✐❝❛ ❛✉t♦✲❛❞❛♣t❛t✐✈❛ q✉❡ t♦r♥❛ ❛ ♦❜t❡♥çã♦ ❞♦s ❛❥✉st❡s ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❡ r❡❧és ❞❡ s♦✲

❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ♣❛r❛ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ ✉♠❛ t❛r❡❢❛ ❛✉t♦♠át✐❝❛✱ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡

❞❡ ✐♥t❡r✈❡♥çã♦ ❤✉♠❛♥❛ ❡ ♥❡♠ ❛ ✐♥t❡rr✉♣çã♦ ❞♦ ❢♦r♥❡❝✐♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ ♦✉ ❞♦ ♠♦♥✐t♦✲

r❛♠❡♥t♦ ❞❛ r❡❞❡ é ♣r♦♣♦st❛✳ ❯s❛♥❞♦ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞✐str✐❜✉í❞❛✱ ❢♦r♠❛❞❛ ♣♦r três ❝❛♠❛❞❛s

❝♦♥❡❝t❛❞❛s ❛tr❛✈és ❞❡ ❝❛♥❛❧ ❞❡ ❝♦♠✉♥✐❝❛çã♦✱ ♠♦❞✐✜❝❛çõ❡s t♦♣♦❧ó❣✐❝❛s ❝♦♠♦ ❡♥tr❛❞❛✴s❛í❞❛ ❞❡

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

r❡✢❡t✐❞❛s ♥♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦✳ ❖ ♠ét♦❞♦ ♣r♦♣♦st♦ ✉s❛ ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛

❝♦♠♦ ✐t❡♠ ♣r✐♥❝✐♣❛❧ ♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛❥✉st❡s ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞❡ s♦❜r❡❝♦r✲

r❡♥t❡ ❡♠ r❡❞❡s ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ♠é❞✐❛ t❡♥sã♦ ❝♦♠ ❡ s❡♠ ❛ ♣r❡s❡♥ç❛ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳

P♦r ♠❡✐♦ ❞♦ ❝á❧❝✉❧♦ ♦♥❧✐♥❡ ❞♦s ❡q✉✐✈❛❧❡♥t❡s ❞❡ r❡❞❡ ❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♥❡❝❡ss✐t❛ ❞❡ ❜❛✐①♦s

♥í✈❡✐s ❞❡ ✐♥t❡r✈❡♥çã♦ ❤✉♠❛♥❛ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦s ❡st✉❞♦s ❞❡ ❝♦♦r❞❡♥❛çã♦ ❡ s❡❧❡t✐✈✐❞❛❞❡✳ ❖s

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

♦ ❡st❛❞♦ ❞❛ ❛rt❡ ♥♦ t♦❝❛♥t❡ ❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s r❡❞❡s ❡❧étr✐❝❛s ✐♥t❡❧✐❣❡♥t❡s✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ Pr♦t❡çã♦ ❛❞❛♣t❛t✐✈❛❀ ❙♠❛rt ●r✐❞s ❀ r❡❞❡s ❡❧étr✐❝❛s ✐♥t❡❧✐❣❡♥t❡s❀ r❡❧és ❞❡ s♦❜r❡✲

❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛❀ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦❀ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳

✈✐✐



❆❇❙❚❘❆❈❚
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✸✳✶✵ ❋r❛çã♦ ❞❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛ ♣❡❧❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹

✸✳✶✶ ❙✐st❡♠❛ ♥ã♦✲r❛❞✐❛❧ ❝♦♠ ♣r❡s❡♥ç❛ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ❡ ❧✐♥❤❛s ❞✉♣❧❛s✳ ✳ ✳ ✳ ✳ ✳ ✸✺

✸✳✶✷ ❘❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞✐r❡❝✐♦♥❛✐s ♣r♦t❡❣❡♥❞♦ s✐st❡♠❛ ✜❝tí❝✐♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✸✳✶✸ ❙✐st❡♠❛ r❛❞✐❛❧ ❝♦♠ ❞✉❛s ❢♦♥t❡s ❞❡ ♣♦tê♥❝✐❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✼

✸✳✶✹ ❙✐st❡♠❛ ❡❧étr✐❝♦ ❝♦♠ ❝✐r❝✉✐t♦s ❞✉♣❧♦s ❡ ✉♠❛ ú♥✐❝❛ ❢♦♥t❡ ❞❡ ♣♦tê♥❝✐❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✼

✹✳✶ ❊str✉t✉r❛ ❣❡r❛❧ ❞❡ ✉♠ r❡❧é ❞✐❣✐t❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✵

✹✳✷ ❊sq✉❡♠❛ ❞❡ ❥❛♥❡❧❛♠❡♥t♦ ♠ó✈❡❧ ♣❛r❛ ❡st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✷

✹✳✸ ❙✐st❡♠❛ ❡❧étr✐❝♦ s✐♠♣❧✐✜❝❛❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

①✐✐✐
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✹✳✹ ❊sq✉❡♠❛ ❣rá✜❝♦ ❞❡ ❝♦♠♣❛r❛çã♦ ❞❡ ❢❛s❡ ♣❛r❛✿ ✭✹✳✹✭❛✮✮ φ ≥ 90✱ ✭✹✳✹✭❜✮✮ φ = 90✱

✭✹✳✹✭❝✮✮ φ ≤ 90✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵

✹✳✺ ❊sq✉❡♠❛ ❞❡ ❝♦♠♣❛r❛çã♦ ❞❡ ❛♠♣❧✐t✉❞❡ ✉t✐❧✐③❛♥❞♦ ❛♠♣❧✐✜❝❛❞♦r ♦♣❡r❛❝✐♦♥❛❧✳ ✳ ✳ ✳ ✺✶

✺✳✶ ▲✐♠✐t❡s ♣❛r❛ ❝♦rr❡♥t❡ ♠í♥✐♠❛ ❞❡ ❛t✉❛çã♦ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛s ❞❡ s♦❜r❡❝♦rr❡♥t❡✳ ✺✸

✺✳✷ ▼♦❞❡❧♦ ❡q✉✐✈❛❧❡♥t❡ ❞❡ r❡❞❡ r❛❞✐❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✺✳✸ ❈♦♠♣❛rt❛♠❡♥t♦ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ♦❜t✐❞❛ ♣♦r ♠❡✐♦ ❞❛

té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✻

✺✳✹ ❘❡❧❛çã♦ ❡♥tr❡ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❡ ❛ r❛③ã♦ ICC/IL✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✼

✺✳✺ ▼♦❞❡❧♦ ❞❡ s✐st❡♠❛ ❡❧étr✐❝♦ ❝♦♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✺✳✻ ✭✺✳✻✭❛✮✮ ❙✐st❡♠❛ ❝♦♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ❡ ❢❛❧t❛ ❛♣❧✐❝❛❞❛ ❛ h% ❞❛ ❧✐♥❤❛✳ ✭✺✳✻✭❜✮✮

❙✐♠♣❧✐✜❝❛çã♦ ✉t✐❧✐③❛♥❞♦ ✭✺✳✽✮ ❡ ✭✺✳✾✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✺✳✼ ❈♦♥tr✐❜✉✐çã♦ ❞♦s ❡q✉✐✈❛❧❡♥t❡s ♣❛r❛ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

✺✳✽ ❈♦♠♣♦rt❛♠❡♥t♦ ❞♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❡♠ s✐st❡♠❛s ❝♦♠ ❣❡r❛çã♦

❞✐str✐❜✉í❞❛ ❞❡ ❛❝♦r❞♦ ✭✺✳✸✻✮✿ ✭✺✳✽✭❛✮✮ ♣r✐♠❡✐r❛ s♦❧✉çã♦✱ ✭✺✳✽✭❜✮✮ s❡❣✉♥❞❛ s♦❧✉çã♦✳ ✻✸

✻✳✶ ❆rq✉✐t❡t✉r❛ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✻

✻✳✷ ▼♦❞❡❧♦ ❞♦ r❡❧é ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❞❡s❡♥✈♦❧✈✐❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✽

✻✳✸ ❊①❡♠♣❧♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ r♦t✐♥❛ ❞❡ ❞❡t❡❝çã♦ ❞❡ ❢❛❧t❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✾

✻✳✹ ❊①❡♠♣❧♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ r♦t✐♥❛ ❞❡ ❞❡t❡❝çã♦ ❞❡ ♠♦❞✐✜❝❛çã♦ ♥❛ t♦♣♦❧♦❣✐❛

❞❛ r❡❞❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✵

✻✳✺ ❈✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❞♦ ❚P❈✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✶

✻✳✻ ❈✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❞♦ ❚❈✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✶

✻✳✼ ❈✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧ ❛✉①✐❧✐❛r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✷

✻✳✽ ❈✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ❝♦rr❡♥t❡ ❛✉①✐❧✐❛r✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✷

✻✳✾ ❊①❡♠♣❧♦ ❞❡ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✹

✻✳✶✵ ❉✐❛❣r❛♠❛ ❞❡ ❇♦❞❡ ❞♦ ✜❧tr♦ ♣r♦❥❡t❛❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✻

✻✳✶✶ ❊①❡♠♣❧♦ ❞❡ ✜❧tr❛❣❡♠ ❞❡ s✐♥❛❧ ❞❡ ❝♦rr❡♥t❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✼
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✻✳✶✷ ❙✐♥❛❧ ❞❡ ❝♦rr❡♥t❡ ❛♠♦str❛❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✼

✻✳✶✸ ❆rq✉✐t❡t✉r❛ ❞♦ ❝❡♥tr♦ ❞❡ ❝♦♥tr♦❧❡ ❞❛ s✉❜❡st❛çã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✾

✻✳✶✹ ▼❡❝❛♥✐s♠♦s ❞❡ ❞❡s❧♦❝❛♠❡♥t♦ ♣❛r❛ ❢♦r♠❛çã♦ ❞❡ ♣❛❧❛✈r❛ ❞✐❣✐t❛❧ ❝♦♥t❡♥❞♦ ❛ t♦♣♦✲

❧♦❣✐❛ ❞❛ r❡❞❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✾

✻✳✶✺ ❖♣❡r❛çã♦ ❜✐♥ár✐❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛s ♠✉❞❛♥ç❛s t♦♣♦❧ó❣✐❝❛s ♥❛ r❡❞❡ ❡❧étr✐❝❛✳ ✽✵

✻✳✶✻ ❊str✉t✉r❛ ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❛s ✈❛r✐á✈❡✐s ❛♥❛❧ó❣✐❝❛s ♥♦ ❈❈❙✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✵

✻✳✶✼ ❊str✉t✉r❛ ✐♥t❡r♥❛ ❞♦ ❈❡♥tr♦ ❞❡ ❈♦♥tr♦❧❡ ❞❛ ❖♣❡r❛çã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✶

✼✳✶ ❙✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❢♦r♠❛❞♦ ♣♦r s❡✐s ❜❛rr❛s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✹

✼✳✷ ❈♦♦r❞❡♥♦❣r❛♠❛ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛s q✉❡

♣r♦t❡❣❡♠ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❡

❛❞❛♣t❛t✐✈❛s✿ ✭✼✳✷✭❛✮✮ R1 − R2✱ ✭✼✳✷✭❜✮✮ R1 − R3 − R4✱ ✭✼✳✷✭❝✮✮ R1 − R3 − R5✳ ✽✻

✼✳✸ ❈♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛✲

çã♦ ❡ ❞❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣❛r❛ ♦ ❛❧❝❛♥❝❡ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞♦

s♦❜r❡❝♦rr❡♥t❡ ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✿ ✭✼✳✸✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✸✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✸✭❝✮✮

❘❡❧é ✸✱ ✭✼✳✸✭❞✮✮ ❘❡❧é ✹✱ ✭✼✳✸✭❡✮✮ ❘❡❧é ✺✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✼

✼✳✹ ❈♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛✲

çã♦ ❡ ❞❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣❛r❛ ❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s

❞♦s r❡❧és ❞♦ s♦❜r❡❝♦rr❡♥t❡ ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✿ ✭✼✳✹✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✹✭❜✮✮ ❘❡❧é

✷✱ ✭✼✳✹✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✹✭❞✮✮ ❘❡❧é ✹✱ ✭✼✳✹✭❡✮✮ ❘❡❧é ✺✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✽

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

❋✐❣✉r❛ ✼✳✶ ♦♣❡r❛♥❞♦ s❡♠ ♥❡♥❤✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥❛ r❡❞❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✵

✼✳✻ ❈♦♠♣❛r❛t✐✈♦ ❡♥tr❡ ♦s ❛❧❝❛♥❝❡ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞♦ s♦❜r❡❝♦r✲

r❡♥t❡ ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛

té❝♥✐❝❛ ♣r♦♣♦st❛ ❝♦♠ ❛ s❛í❞❛ ❞❛ LT 2✿ ✭✼✳✻✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✻✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✻✭❝✮✮
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✼✳✼ ❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞♦ s♦❜r❡❝♦rr❡♥t❡ ❞♦ s✐s✲

t❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛

❝♦♠ ❛ s❛í❞❛ ❞❛ LT 2✿ ✭✼✳✼✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✼✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✼✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✼✭❞✮✮
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✼✳✽ ❈♦♦r❞❡♥♦❣r❛♠❛ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛s q✉❡

♣r♦t❡❣❡♠ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❡

❛❞❛♣t❛t✐✈❛s q✉❛♥❞♦ ❞❛ s❛í❞❛ ❞❛ LT 2✿ ✭✼✳✽✭❛✮ R1 − R2✮✱ ✭✼✳✽✭❜✮ R1 − R3 − R4✮

❡ ✭✼✳✽✭❝✮ R1 − R3 − R5✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✹

✼✳✾ ❘❡s✉♠♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♦♣❡r❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞♦ s✐st❡♠❛ ❞❛

❋✐❣✉r❛ ✼✳✶ ❛♣ós ❛ s❛í❞❛ ❞❛ LT 2✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✺

✼✳✶✵ ❈♦♠♣❛r❛t✐✈♦ ❡♥tr❡ ♦s ❛❧❝❛♥❝❡ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞♦ s♦❜r❡❝♦r✲

r❡♥t❡ ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛

té❝♥✐❝❛ ♣r♦♣♦st❛ ❝♦♠ ❛ ❡♥tr❛❞❛ ❞❛ LT 4✿ ✭✼✳✶✵✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✶✵✭❜✮✮ ❘❡❧é ✷✱

✭✼✳✶✵✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✶✵✭❞✮✮ ❘❡❧é ✹✱ ✭✼✳✶✵✭❡✮✮ ❘❡❧é ✺✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✼

✼✳✶✶ ❈♦♦r❞❡♥♦❣r❛♠❛ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛s q✉❡

♣r♦t❡❣❡♠ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❡

❛❞❛♣t❛t✐✈❛s q✉❛♥❞♦ ❞❛ ❡♥tr❛❞❛ ❞❛ LT 4✿ ✭✼✳✶✶✭❛✮ R1 − R2✮✱ ✭✼✳✶✶✭❜✮ R1 − R3 −
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✼✳✶✷ ❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞♦ s♦❜r❡❝♦rr❡♥t❡ ❞♦

s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛ té❝♥✐❝❛ ♣r♦✲

♣♦st❛ ❝♦♠ ❛ ❡♥tr❛❞❛ ❞❛ LT 4✿ ✭✼✳✶✷✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✶✷✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✶✷✭❝✮✮ ❘❡❧é
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✼✳✶✸ ❘❡s✉♠♦ ❞❛ ♣❡r❢♦r♠❛♥❝❡ ❞❡ ♦♣❡r❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞♦ s✐st❡♠❛ ❞❛
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✼✳✶✺ ❆❧❝❛♥❝❡ ❞❛s ✉♥✐❞❛❞❡ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ♦❜t✐❞❛s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛

tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✹ s❡♠ ♥❡♥❤✉♠❛
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✶✱ ✭✼✳✸✺✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✸✺✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✸✺✭❞✮✮ ❘❡❧é ✹✱ ✭✼✳✸✺✭❡✮✮ ❘❡❧é ✺✱ ✭✼✳✸✺✭❢✮✮

❘❡❧é ✻✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✻

✼✳✸✻ ❘❡s✉♠♦ ❞❛ ♣❡r❢♦r♠❛♥❝❡ ❞❡ ♦♣❡r❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞♦ s✐st❡♠❛ ❞❛

❋✐❣✉r❛ ✼✳✸✶ q✉❛♥❞♦ ❞❛ s❛í❞❛ ❞❡ ✉♠❛ ❞❛s ❧✐♥❤❛s q✉❡ ✐♥t❡r❧✐❣❛♠ ❛s ❜❛rr❛s TBM

❡ PCA✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✽

✼✳✸✼ ❈♦rr❡♥t❡ ✈✐st❛ ♣❡❧♦s r❡❧és ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✸✶ q✉❛♥❞♦ ❞❛ ♣❡r❝❛ ❞♦ ❣❡r❛❞♦r

❝♦♥❡❝t❛❞♦ à ❜❛rr❛ CZA✿ ✭✼✳✸✼✭❛✮✮ ❘❡❧é ✶ ❡ ✷✱ ✭✼✳✸✼✭❜✮✮ ❘❡❧é ✸ ❡ ✹✱ ✭✼✳✸✼✭❝✮✮ ❘❡❧é

✺ ❡ ✻✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✽

✼✳✸✽ ❘❡s✉♠♦ ❞❛ ♣❡r❢♦r♠❛♥❝❡ ❞❡ ♦♣❡r❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞♦ s✐st❡♠❛ ❞❛

❋✐❣✉r❛ ✼✳✸✶ q✉❛♥❞♦ ❞❛ ♣❡r❝❛ ❞♦ ❣❡r❛❞♦r ❝♦♥❡❝t❛❞♦ ♥❛ ❜❛rr❛ CZA✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸✵

❇✳✶ ❙✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ s✐♠♣❧✐✜❝❛❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹✺

❇✳✷ ❊q✉✐✈❛❧❡♥t❡ ♣♦r ❢❛s❡ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ s✐st❡♠❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹✻

❇✳✸ ❙✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ s✐♠♣❧✐✜❝❛❞♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹✽

❈✳✶ ❉✐❛❣r❛♠❛ ❢❛s♦r✐❛❧ ❞❡ ✉♠ r❡❧é ❞✐r❡❝✐♦♥❛❧ t✐♣♦ t❡♥sã♦✲❝♦rr❡♥t❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺✶

❈✳✷ ❉✐❛❣r❛♠❛ ❢❛s♦r✐❛❧ ♣rát✐❝♦ ❞❡ ✉♠ r❡❧é ❞✐r❡❝✐♦♥❛❧ t✐♣♦ t❡♥sã♦✲❝♦rr❡♥t❡ ❝♦♠ r❡❣✐ã♦

❞❡ ❛t✉❛çã♦ ❡♥tr❡ −120o ❡ 120o✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺✷

❈✳✸ ❊sq✉❡♠❛ ❞❡ ❧✐❣❛çã♦ ❞❡ r❡❧é ❞✐r❡❝✐♦♥❛❧ ❛ 90o✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺✷

❈✳✹ ❊sq✉❡♠❛ ❞❡ ❧✐❣❛çã♦ ❞❡ r❡❧é ❞✐r❡❝✐♦♥❛❧ ❛ 60o✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺✷

❈✳✺ ❊sq✉❡♠❛ ❞❡ ❧✐❣❛çã♦ ❞❡ r❡❧é ❞✐r❡❝✐♦♥❛❧ ❛ 30o✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺✸
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✷✳✶ ❘❡s✉♠♦ ❞❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✻

✻✳✶ ❚❛❜❡❧❛ r❡s✉♠♦ ❞❡ ❛t✉❛çã♦ ❞♦s r❡❧és ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✵

✼✳✶ ❉❛❞♦s ❞❛s ❧✐♥❤❛s ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✺

✼✳✷ ❈❛r❣❛s ❝♦♥❡❝t❛❞❛s ❛♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✺

✼✳✸ ❘❡s✉❧t❛❞♦ ❞❡ ❡st✉❞♦ ❞❡ ✢✉①♦ ❞❡ ❝❛r❣❛ r❡❛❧✐③❛❞❛ ♥♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✳ ✳ ✳ ✳ ✳ ✽✺

✼✳✹ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦

❡ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶

♦♣❡r❛♥❞♦ s❡♠ ♥❡♥❤✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥❛ r❡❞❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✾

✼✳✺ ❘❡s✉❧t❛❞♦ ❞❡ ❡st✉❞♦ ❞❡ ✢✉①♦ ❞❡ ❝❛r❣❛ r❡❛❧✐③❛❞❛ ♥♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ q✉❛♥❞♦

❛ ❧✐♥❤❛ ✷ ❡ ❛ ❝❛r❣❛ ❝♦♥❡❝t❛❞❛ à ❜❛rr❛ ✸ ❡stã♦ ❞❡s❝♦♥❡❝t❛❞♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✶

✼✳✻ ❆❥✉st❡s ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ ♣❛r❛ ♦s ❞✐s♣♦s✐t✐✈♦s

q✉❡ ❝♦♠♣õ❡♠ ❛ r❡❞❡ ❞❛ ❋✐❣✉r❛ ✼✳✶ q✉❛♥❞♦ ❞❛ s❛í❞❛ ❞❛ LT 2 ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛

té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✶

✼✳✼ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦

❡ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶

❛♣ós ❛ s❛í❞❛ ❞❛ LT 2✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✺

✼✳✽ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦

❡ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶

❛♣ós ❛ ❡♥tr❛❞❛ ❞❛ LT 4✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✵

✼✳✾ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦s ❡q✉✐✈❛❧❡♥t❡s ❞❡ r❡❞❡ ✉s❛♥❞♦ ♦

♠ét♦❞♦ ♣r♦♣♦st♦ ❡ ♦s ❞✐s♣♦♥✐❜✐❧✐③❛❞♦s ♣❡❧♦ s♦❢t✇❛r❡ ❈❆P❊✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✸

①①
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✼✳✶✵ ❆❧❝❛♥❝❡ ❡ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ♣❛r❛ ♦

s✐st❡♠❛ ❛ ❋✐❣✉r❛ ✼✳✶✹✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✸

✼✳✶✶ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦

❡ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛

✼✳✶✹ s❡♠ ♠♦❞✐✜❝❛çõ❡s ♥❛ r❡❞❡ ❡❧étr✐❝❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✻

✼✳✶✷ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦

❡ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛

✼✳✶✹ ❛♣ós ♦ ❝✐r❝✉✐t♦ ❞✉♣❧♦ q✉❡ ✐♥t❡r❧✐❣❛ ❛s ❜❛rr❛s CPA ❡ CPD✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✵

✼✳✶✸ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦

❡ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛

✼✳✶✹ ❛♣ós ♠♦❞✐✜❝❛çã♦ ♥❛ ♣♦tê♥❝✐❛ ❞❛ ❝❛r❣❛ ✐♥st❛❧❛❞❛ ♥❛ ❜❛rr❛ CTO✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✻

✼✳✶✹ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦

❡ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛

✼✳✶✹ ❛♣ós ❞✐♠✐♥✉✐çã♦ ♥❛ ♣♦tê♥❝✐❛ ❞❛s ❝❛r❣❛s ✐♥st❛❧❛❞❛s ♥❛s ❜❛rr❛s TBM ❡ PJA✳ ✶✶✾

✼✳✶✺ ❈♦♠♣❛r❛çã♦ ❞❛ ❞❡t❡r♠✐♥❛çã♦ ♦♥❧✐♥❡ ❞♦s ❡q✉✐✈❛❧❡♥t❡s ❡♥tr❡ ❛ té❝♥✐❝❛ ♦♥❧✐♥❡ ✉t✐✲

❧✐③❛❞❛ ❡ ♦s r❡s✉❧t❛❞♦s ❞✐s♣♦♥✐❜✐❧✐③❛❞♦s ♣❡❧♦ ❈❆P❊✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✶

✼✳✶✻ ❘❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦✳ ✳ ✳ ✳ ✳ ✳ ✶✷✶

✼✳✶✼ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦

❡ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛

✼✳✸✶ ♦♣❡r❛♥❞♦ s❡♠ ♥❡♥❤✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥❛ r❡❞❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✸

✼✳✶✽ ❘❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣❛r❛ q✉❛♥❞♦ ❞❛ s❛í❞❛ ❞❡ ✉♠❛ ❞❛s

❧✐♥❤❛s q✉❡ ✐♥t❡r❧✐❣❛♠ ❛s ❜❛rr❛s TBM ❡ PCA✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✺

✼✳✶✾ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦

❡ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛

✼✳✸✶ q✉❛♥❞♦ ❞❛ s❛í❞❛ ❞❡ ✉♠❛ ❞❛s ❧✐♥❤❛s q✉❡ ✐♥t❡r❧✐❣❛♠ ❛s ❜❛rr❛s TBM ❡ PCA✳ ✶✷✼

✼✳✷✵ ❆❧❝❛♥❝❡ ❡ ❝♦rr❡♥t❡s ❞❡ ♣✐❝❦✲✉♣ ❞❛s ✉♥✐❞❛❞❡s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛s ❞♦s

❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✸✶ ♦❜t✐❞♦s ♣❡❧❛ té❝♥✐❝❛ ❛❞❛♣t❛✲

t✐✈❛ ♣r♦♣♦st❛ q✉❛♥❞♦ ❞❛ ♣❡r❝❛ ❞♦ ❣❡r❛❞♦r ❝♦♥❡❝t❛❞♦ ♥❛ ❜❛rr❛ CZA✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✾



▲■❙❚❆ ❉❊ ❚❆❇❊▲❆❙ ①①✐✐

✼✳✷✶ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦

❡ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛

✼✳✸✶ q✉❛♥❞♦ ❞❛ ♣❡r❝❛ ❞♦ ❣❡r❛❞♦r ❝♦♥❡❝t❛❞♦ ♥❛ ❜❛rr❛ CZA✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷✾

❈✳✶ P♦❧❛r✐③❛çã♦ ❞♦s r❡❧és ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺✹



❙■●▲❆❙

❆✴❉ ❆♥❛❧ó❣✐❝♦✴❉✐❣✐t❛❧✳ ✹✶

❆● ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s✳ ✶✶✱ ✷✾

❆❚P ❆❧t❡r♥❛t✐✈❡ ❚r❛♥s✐❡♥t❡ Pr♦❣r❛♠✳ ✸✱ ✺

❈❆P❊ ❈♦♠♣✉t❡r ❆✐❞❡❞ Pr♦t❡❝t✐♦♥ ❊♥❣✐♥❡❡r✐♥❣ ✳ ①①✱ ①①✐✱ ✹✱ ✶✵✷✱ ✶✷✵✱ ✶✷✶

❈❈❖ ❈❡♥tr♦ ❞❡ ❈♦♥tr♦❧❡ ❞❛ ❖♣❡r❛çã♦✳ ✻✺✱ ✻✽✱ ✻✾✱ ✽✵✱ ✽✶✱ ✽✷✱ ✽✸✱ ✶✸✶

❈❈❙ ❈❡♥tr♦ ❞❡ ❈♦♥tr♦❧❡ ❞❛ ❙✉❜❡st❛çã♦✳ ✻✺✱ ✻✾✱ ✼✽✱ ✼✾✱ ✽✵✱ ✽✶✱ ✽✷✱ ✶✶✷

❈❍❊❙❋ ❈♦♠♣❛♥❤✐❛ ❍✐❞r♦ ❊❧étr✐❝❛ ❞♦ ❙ã♦ ❋r❛♥❝✐s❝♦✳ ✶✵✷

❈❚■ ❈♦♦r❞✐♥❛t✐♦♥ ❚✐♠❡ ■♥t❡r✈❛❧ ✳ ✸✶

❉❈ ❉✐r❡❝t ❈✉rr❡♥t ✳ ✹✷✱ ✹✺

❉❙P ❉✐❣✐t❛❧ ❙✐❣♥❛❧ Pr♦❝❡ss❡r ✳ ✶✺

❊❉❆▲ ❊❧❡tr♦❜rás ❉✐str✐❜✉✐❞♦r❛ ❞❡ ❆❧❛❣♦❛s✳ ✽✹✱ ✶✵✶✱ ✶✶✾✱ ✶✷✾

❊❍❱ ❊①tr❛ ❍✐❣❤ ❱♦❧t❛❣❡✳ ✷✽

❊▼❆ ❊str❛té❣✐❛ ▼✉❧t✐✲❛❣❡♥t❡✳ ✽✱ ✶✵

❊P❆ ❊✈❡♥t♦s ❝♦♠ P♦t❡♥❝✐❛❧✐❞❛❞❡ ❆❞❛♣t❛t✐✈❛✳ ✸✱ ✹

❋❙ ❋❛t♦r ❞❡ ❙♦❜r❡❝♦rr❡♥t❡✳ ✸✵

●❉ ●❡r❛çã♦ ❉✐str✐❜✉í❞❛✳ ✶✸✱ ✷✹✱ ✷✺✱ ✷✻✱ ✷✼

■❊❈ ■♥t❡r♥❛t✐♦♥❛❧ ❊❧❡❝tr♦t❡❝❤♥✐❝❛❧ ❈♦♠♠✐ss✐♦♥✳ ✶✶

①①✐✐✐



❙✐❣❧❛s ①①✐✈

■❊❉ ■♥t❡❧✐❣❡♥t ❊❧❡❝tr♦♥✐❝ ❉❡✈✐❝❡✳ ✾✱ ✶✹✱ ✻✺✱ ✽✷✱ ✽✸

■❊❊❊ ■♥st✐t✉t❡ ♦❢ ❊❧❡❝tr✐❝❛❧ ❛♥❞ ❊❧❡❝tr♦♥✐❝s ❊♥❣✐♥❡❡rs✳ ✾✱ ✶✷

■❍▼ ■♥t❡r❢❛❝❡ ❍♦♠❡♠✲▼áq✉✐♥❛✳ ✽✱ ✶✵

▲❆◆ ▲♦❝❛❧ ❆r❡❛ ◆❡t✇♦r❦ ✳ ✾✱ ✶✸

▼▲P ▼✉❧t✐ ▲❛②❡r P❡r❝❡♣tr♦♥✳ ✶✶

♣✉ P♦r ❯♥✐❞❛❞❡✳ ✷✺

❘❉P ❘❡❣✐str❛❞♦r ❉✐❣✐t❛❧ ❞❡ P❡rt✉r❜❛çõ❡s✳ ✶✸✸

❘◆❆ ❘❡❞❡s ◆❡✉r❛✐s ❆rt✐✜❝✐❛✐s✳ ✶✶

❘❚❈ ❘❡❧❛çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞♦ ❚❈✳ ①✱ ✸✵

❘❚❉❙ ❘❡❛❧ ❚✐♠❡ ❉✐❣✐t❛❧ ❙✐♠✉❧❛t♦r ✳ ✶✺

❙❈❆❉❆ ❙✐st❡♠❛s ❞❡ ❙✉♣❡r✈✐sã♦ ❡ ❆q✉✐s✐çã♦ ❞❡ ❉❛❞♦s✳ ✽

❙❊P ❙✐st❡♠❛ ❊❧étr✐❝♦ ❞❡ P♦tê♥❝✐❛✳ ✶✱ ✷✱ ✻✱ ✶✵✱ ✶✶✱ ✶✸✱ ✶✽✱ ✻✺

❚❈ ❚r❛♥s❢♦r♠❛❞♦r ❞❡ ❝♦rr❡♥t❡✳ ✷✸✱ ✸✵✱ ✸✻✱ ✹✵✱ ✹✶✱ ✹✺✱ ✼✵✱ ✼✶

❚❉❙ ❚✐♠❡ ❉✐❛❧ ❙❡tt✐♥❣s✳ ✼✱ ✶✸

❚P ❚r❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧✳ ✸✻✱ ✼✵✱ ✼✶

❚P❈ ❚r❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧ ❝❛♣❛❝✐t✐✈♦✳ ✹✵✱ ✹✶✱ ✼✵✱ ✼✶

❲❆◆ ❲♦r❧❞ ❆r❡❛ ◆❡t✇♦r❦ ✳ ✶✶



▲■❙❚❆ ❉❊ ❙❮▼❇❖▲❖❙

δ1 ❚♦❧❡râ♥❝✐❛ ❞❡ ❛t❡♥✉❛çã♦ ♠á①✐♠❛ ❞❡♥tr♦ ❞❛ ❢❛✐①❛ ❞❡ ♣❛ss❛❣❡♠ ❞♦ ✜❧tr♦ ❛♥t✐✲❛❧✐❛s✐♥❣ ✳ ✼✸

δ2 ❚♦❧❡râ♥❝✐❛ ❞❡ ❛t❡♥✉❛çã♦ ♠í♥✐♠❛ ❛♣ós ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ ❞♦ ✜❧tr♦ ❛♥t✐✲❛❧✐❛s✐♥❣ ✳ ✼✸

h P♦rçã♦ ❞❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛ ♣❡❧❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡✳ ✸✹✱ ✺✺

i ❈♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ tr✐❢ás✐❝♦ ♣❛r❛ ✉♠ s✐st❡♠❛ r❛❞✐❛❧ s❡♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳ ✷✺

Icc,ΦT ❈♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♠♦♥♦❢ás✐❝♦ ♥♦ ✜♥❛❧ ❞❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛ ♣❡❧♦ r❡❧é✳ ✸✶

Icc,2Φ ❈♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❜✐❢ás✐❝♦ ♥♦ ✜♥❛❧ ❞❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛ ♣❡❧♦ r❡❧é✳ ✸✶

ICC,Max ▼á①✐♠❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥♦ ♣♦♥t♦ ❞❡ ✐♥st❛❧❛çã♦ ❞♦ r❡❧é✳ ✸✵

ICI ❈♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ tr✐❢ás✐❝♦ ♣❛r❛ ✉♠❛ ❢❛❧t❛ ♥♦ ✐♥í❝✐♦ ❞❛ ❧✐♥❤❛ ✭❝❧♦s❡✲✐♥ ❢❛✉❧t✮✳ ✸✸

IC,Max ❈♦rr❡♥t❡ ♠á①✐♠❛ ❞❡ ❝❛r❣❛✳ ✸✵✱ ✸✶

Idg ❈♦♥tr✐❜✉✐çã♦ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ♣❛r❛ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❡♠ ✉♠❛ r❡❞❡ ❝♦♠

❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳ ✷✺

IER ❈♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ tr✐❢ás✐❝♦ ♣❛r❛ ✉♠❛ ❢❛❧t❛ ❛ h% ❞♦ ✐♥í❝✐♦ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✳

✸✹

If ❈♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❡♠ ✉♠❛ r❡❞❡ ❝♦♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳ ✷✺

IFE ❈♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ tr✐❢ás✐❝♦ ♣❛r❛ ✉♠❛ ❢❛❧t❛ ♥♦ ✜♥❛❧ ❞❛ ❧✐♥❤❛ ✭❢❛r ❡♥❞ ❢❛✉❧t✮✳ ✸✸

IFPU
❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛ ✉♥✐❞❛❞❡ ❞❡ ❢❛s❡ ❞♦ r❡❧é✳ ✸✵

ÎL ❈♦rr❡♥t❡ ❞❡ ❝❛r❣❛✳ ✺✹

INP ❈♦rr❡♥t❡ ♥♦♠✐♥❛❧ ♣r✐♠ár✐❛ ❞♦ ❚❈✳ ✸✵

①①✈



▲✐st❛ ❞❡ ❙í♠❜♦❧♦s ①①✈✐

INPU
❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛ ✉♥✐❞❛❞❡ ❞❡ ♥❡✉tr♦ ❞♦ r❡❧é✳ ✸✶

Inw ❈♦♥tr✐❜✉✐çã♦ ❞♦ ❣❡r❛❞♦r ♣r✐♥❝✐♣❛❧ ♣❛r❛ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❡♠ ✉♠❛ r❡❞❡ ❝♦♠

❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳ ✷✺

isChanceD ❙✐♥❛❧ ❞✐❣✐t❛❧ ♣r♦✈❡♥✐❡♥t❡ ❞❛ s❛í❞❛ ❞♦ ❈❈❙ q✉❡ ✐♥❞✐❝❛ ❛ ❡①✐stê♥❝✐❛ ❞❡ ♠♦❞✐✜❝❛çõ❡s

♥❛ t♦♣♦❧♦❣✐❛ ❞❛ r❡❞❡✳ ✼✾

isFault ❙✐♥❛❧ ❞✐❣✐t❛❧ q✉❡ ✐♥❞✐❝❛ ❛ ❞❡t❡❝çã♦ ❞❡ ❢❛❧t❛ ♥❛ r❡❞❡✳ ✽✵

KI ❘❡❧❛çã♦ ❡♥tr❡ ❛s ❝♦rr❡♥t❡s ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❛ h% ❞❛ ❧✐♥❤❛ ❡ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥♦

✜♥❛❧ ❞❛ ♠❡s♠❛✳ ✸✹✱ ✽✺

KSR ❘❡❧❛çã♦ ❡♥tr❡ ❛ ✐♠♣❡❞â♥❝✐❛ ❞♦ ❡q✉✐✈❛❧❡♥t❡ ✈✐st♦ ♣❡❧♦ r❡❧é ❡ ❛ ❧✐♥❤❛ ❞❡ ♣r♦t❡❣✐❞❛ ♣❡❧♦

♠❡s♠♦✳ ✸✸

ωc ❋r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ ❞♦ ✜❧tr♦ ❛♥t✐✲❛❧✐❛s✐♥❣ ✳ ✼✸

ωp ❋r❡q✉ê♥❝✐❛ ❞❡ ♣❛ss❛❣❡♠ ❞♦ ✜❧tr♦ ❛♥t✐✲❛❧✐❛s✐♥❣ ✳ ✼✸

rTC ❘❡s✐st♦r ❞❡ s❛í❞❛ ❞♦ ❚❈ ❛✉①✐❧✐❛r✳ ✼✷

TI1 ❚❡♠♣♦ ❞❡ ✐♥t❡rr✉♣çã♦ ❞❡ ✉♠ r❡❧✐❣❛❞♦r ❛✉t♦♠át✐❝♦ ❛♣ós ❛ ♣r✐♠❡✐r❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❞✐stúr❜✐♦✳

✶✾

ZTH ■♠♣❡❞â♥❝✐❛ ❞❡ ❚❤é✈❡♥♥✐♥ ✈✐st❛ ♥♦ ♣♦♥t♦ ♦♥❞❡ ♦❝♦rr❡ ❛ ❢❛❧t❛✳ ✷✺



❈❆P❮❚❯▲❖ ✶

■◆❚❘❖❉❯➬➹❖

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

q✉❡ ❛❝♦♥t❡❝❡✉ ❝♦♠ ❛ t❡❝♥♦❧♦❣✐❛ ❞✐❣✐t❛❧✴❝♦♠♣✉t❛çã♦ q✉❡✱ ❛ ♣❛rt✐r ❞❛ ❝r✐❛çã♦ ❞❛ ✐♥t❡r♥❡t t♦r♥♦✉✲

s❡ ❡①tr❡♠❛♠❡♥t❡ ❞✐❢✉♥❞✐❞❛ ❡ ❞✐✈✉❧❣❛❞❛ ♣♦r t♦❞♦ ♦ ♠✉♥❞♦✳ ❆ ❝❤❡❣❛❞❛ ❞❛s ❙♠❛rt ●r✐❞ ✱ ♦✉

r❡❞❡s ❡❧étr✐❝❛s ✐♥t❡❧✐❣❡♥t❡s✱ ♣r♦♣♦r❝✐♦♥❛rá q✉❡ ❛q✉❡❧❡s q✉❡ ❛té ❡♥tã♦ ❡r❛♠ ♠❡r♦s ✏❝♦❛❞❥✉✈❛♥t❡s✑

♥♦s ♣r♦❝❡ss♦s q✉❡ ❡♥✈♦❧✈✐❛♠ ♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❡ ♣♦tê♥❝✐❛ ✭❙❊P✮✱ ♦s ❝❧✐❡♥t❡s✱ ❞❡✐①❡♠ ❞❡ ❛t✉❛r

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

❣❡r❛❞♦r❡s✱ q✉❡r s❡❥❛♠ ✐s♦❧❛❞♦s ♦✉ ❝♦♥❡❝t❛❞♦s à r❡❞❡ ❞❛s ❝♦♥❝❡ss✐♦♥ár✐❛s✳

❈♦♠ ❡ss❡ ♥♦✈♦ ❝❡♥ár✐♦ ❛ss✉♠✐♥❞♦ s✐❣♥✐✜❝❛♥t❡ ✈✐❛❜✐❧✐❞❛❞❡ té❝♥✐❝♦✲❡❝♦♥ô♠✐❝❛✱ ✉♠❛ r❡❢♦r♠✉✲

❧❛çã♦ ♥❛s ♣rát✐❝❛s ❛t✉❛✐s ❞❡ t♦❞♦ ♦ ❙❊P s❡rá ♥❡❝❡ssár✐❛✳ ❯♠❛ ❞❛s ár❡❛s ♠❛✐s ❛❢❡t❛❞❛s ♣♦r ❡ss❛

♥♦✈❛ ✜❧♦s♦✜❛ ❞❡ ♦♣❡r❛çã♦ ❞♦s ❙❊P s❡rá ♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦✳ ❆ r✐❣♦r✱ ♠♦❞✐✜❝❛çõ❡s t♦♣♦❧ó❣✐❝❛s

♦✉ ♦♣❡r❛❝✐♦♥❛✐s ♥♦ s✐st❡♠❛ r❡q✉❡r❡♠ q✉❡ ♥♦✈♦s ❡st✉❞♦s ❞❡ ♣❛r❛♠❡tr✐③❛çã♦ s❡❥❛♠ r❡❛❧✐③❛❞♦s✳

P♦ré♠✱ ❛ ❡❧❛❜♦r❛çã♦ ❞❡ss❡ t✐♣♦ ❞❡ ❡st✉❞♦ ♥❡❝❡ss✐t❛ ❞❡ ✉♠ t❡♠♣♦ ❝♦♥s✐❞❡rá✈❡❧✳ ❉❡ss❛ ❢♦r♠❛✱ ❛

r❡♣❡t✐çã♦ ❞♦s ❡st✉❞♦s ❞❡ ❝♦♦r❞❡♥❛çã♦ ❡ s❡❧❡t✐✈✐❞❛❞❡ ♣♦❞❡ t♦r♥❛r✲s❡ ✐♥✈✐á✈❡❧✳ ❯♠❛ ❛❧t❡r♥❛t✐✈❛

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

t❡♠❡♥t❡✱ ♦ ❡s❢♦rç♦ ✐♥❡r❡♥t❡ ❛ ❡st❡s✱ é ♦ ✉s♦ ❞❛ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛✳

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

s♦❜r❡♠❛♥❡✐r❛✱ ♦ ♣r♦❝❡ss♦ ❞❡ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❝♦♦r❞❡♥❛çã♦ ❡♥tr❡ ♦s ❞✐s♣♦s✐t✐✈♦s q✉❡ ❝♦♠♣õ❡♠

❛ r❡❞❡✳ ❆tr❛✈és ❞❡st❛ té❝♥✐❝❛✱ ✉♠ ❣❛♥❤♦ ❝♦♥s✐❞❡rá✈❡❧ ❞❡ t❡♠♣♦ é ♦❜t✐❞♦✱ ❢❛✈♦r❡❝❡♥❞♦ ❛ ❛♥á❧✐s❡

❞❡ ❝♦♥t✐♥❣ê♥❝✐❛s ❞❡ ❞✐✈❡rs♦s t✐♣♦s✱ ❞❛♥❞♦ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ à ❡q✉✐♣❡ ❞❡ ♣r♦t❡çã♦ ❞❡ s✉❣❡r✐r ✉♠

❝❡♥ár✐♦ q✉❡ ❛t❡♥❞❛ à ✈ár✐♦s ❝❛s♦s ❞❡ ♦♣❡r❛çã♦ ❞♦ s✐st❡♠❛✳

❆ ✜❧♦s♦✜❛ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ s✉❣❡r❡ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠ r❡❧é ❝❛♣❛③ ❞❡ r❡❛❧✐③❛r

❛❥✉st❡s ❛✉t♦♠át✐❝♦s ♥♦s s❡✉s ♣❛râ♠❡tr♦s✱ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❛ ❞❡s❡♥❡r❣✐③❛çã♦ ❞❛ r❡❞❡ ❡❧étr✐❝❛✱

♦✉ ✐♥t❡rr♦♠♣❡r ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦ ❙❊P✳ ❖s r❡❧és ❞✐s♣♦♥í✈❡✐s ❛t✉❛❧♠❡♥t❡ ♥♦ ♠❡r❝❛❞♦ r❡❛❧✐③❛♠

❡ss❛ tr♦❝❛ ❞❡ ❛❥✉st❡s ♠❡❞✐❛♥t❡ ❛ s❡❣✉✐♥t❡ ❝♦♥❞✐çã♦✿ ❞❡✐①❛♥❞♦ ♦ s✐st❡♠❛ ❞❡s♣r♦t❡❣✐❞♦ ♣♦r ✉♠

✶



❈❛♣ít✉❧♦ ✶ ✕ ■♥tr♦❞✉çã♦ ✷

❞❡t❡r♠✐♥❛❞♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦✱ q✉❡ ♣♦❞❡ ❝❤❡❣❛r ❛ ✉♠ ♠✐♥✉t♦✱ ❡♠ ❛❧❣✉♥s ❝❛s♦s✳ ▲♦❣♦✱ ❛

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

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

♥♦✈♦ ❙❊P q✉❡ ❝♦♠❡ç❛ ❛ ❣❛♥❤❛r ❢♦r♠❛✳

✶✳✶ ▼❖❚■❱❆➬➹❖

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

✐♠♣♦rt❛♥t❡s ♥♦ ♣r♦❝❡ss♦ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❞♦ s❡t♦r ❡❧étr✐❝♦✳ ❆♣❡s❛r ❞❛ ✐♠♣♦rtâ♥❝✐❛ ❡ ❝♦♠✲

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

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

❞♦s ❢❛t♦r❡s ♠❛✐s r❡❧❡✈❛♥t❡s ♣❛r❛ ♦ s✉❝❡ss♦✱ ♦✉ ♥ã♦✱ ❞♦ ❡st✉❞♦ r❡❛❧✐③❛❞♦✳

❆ r❡❛❧✐③❛çã♦ ❞♦s ❡st✉❞♦s ❞❡ ❝♦♦r❞❡♥❛çã♦ ♥❡❝❡ss✐t❛ q✉❡ s❡❥❛♠ ❝♦♥❤❡❝✐❞♦s r❡s✉❧t❛❞♦s ♣ré✈✐♦s

❞❡ ❡st✉❞♦s ❞❡ ✢✉①♦ ❞❡ ❝❛r❣❛ ❡ ❝✉rt♦✲❝✐r❝✉✐t♦✱ ❛❧é♠ ❞❡ ❣❛❜❛r✐t♦s ❝♦♠ ❛s ✐♥ú♠❡r❛s ♣♦ss✐❜✐❧✐❞❛❞❡s

❞❡ ❛❥✉st❡s ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s r❡❧és✳ ❖ tr❛❜❛❧❤♦ ❞♦ ♣r♦❥❡t✐st❛ é✱ ❡♥tã♦✱ ❡s❝♦❧❤❡r ♦s ❛❥✉st❡s

❞♦s r❡❧és ❞❡ ♠♦❞♦ q✉❡ s❡❥❛♠ r❡s♣❡✐t❛❞♦s ♦s ♣r✐♥❝í♣✐♦s ❞❛ ✈❡❧♦❝✐❞❛❞❡✱ s❡❧❡t✐✈✐❞❛❞❡✱ s❡❣✉r❛♥ç❛ ❡

❝♦♥✜❛❜✐❧✐❞❛❞❡✳

❈♦♠ ♦ ❝r❡s❝❡♥t❡ ✐♥❝r❡♠❡♥t♦ ❞♦s ❙❊P✱ ❡①✐st❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ✐♥trí♥s❡❝❛ ❞❡ q✉❡ s❡❥❛♠ r❡❛❧✐③❛❞❛s

❢r❡q✉❡♥t❡s r❡✈✐sõ❡s ♥♦s ❛❥✉st❡s ❡ ♥♦s ♣❛râ♠❡tr♦s ❞❡ ❝♦♥✜❣✉r❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s q✉❡ ❝♦♠♣õ❡♠

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

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

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

❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦✳ ❊st❡ ❢❛t♦ ❝r✐❛ ✉♠ ❝✐❝❧♦ q✉❡ ❢❛③ ❝♦♠ q✉❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♦r❞❡♥❛çã♦

❞❛ ♣r♦t❡çã♦ ♥✉♥❝❛ t❡r♠✐♥❡✱ ♦✉ ♥❡❝❡ss✐t❡♠ ♥♦ ♠í♥✐♠♦✱ ❞❡ r❡✈✐sõ❡s ❢r❡q✉❡♥t❡s✳ ➱ ♥❡ss❡ ❝❡♥ár✐♦

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

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

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

❉❡♥tr♦ ❞♦ ●r✉♣♦ ❞❡ ❙✐st❡♠❛s ❊❧étr✐❝♦s ✭●❙❊✮ ❞♦ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛

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

❞❡ ♣r♦t❡çã♦ tê♠ s✐❞♦ ❛❜♦r❞❛❞♦s ♥♦s ú❧t✐♠♦s ❛♥♦s✳ ❚r❛❜❛❧❤♦s ❢♦❝❛❞♦s ♥❛ ❛♥á❧✐s❡ ❞❡ ❞✐s♣♦s✐t✐✈♦s
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q✉❡ ❝♦♠♣õ❡♠ ♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❝♦♠♦✿ ❞✐s❥✉♥t♦r❡s✱ tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ t❡♥sã♦ ❡ ❞❡ ❝♦rr❡♥t❡✱

❜❡♠ ❝♦♠♦ ♥♦ ✉s♦ ❞❡ té❝♥✐❝❛s ❜❛s❡❛❞❛s ♥❛ ❛♥á❧✐s❡ ❞❡ s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♣❛r❛ ❛✈❛❧✐❛çã♦

❞❡ ❢❡♥ô♠❡♥♦s t❛✐s ❝♦♠♦✿ ❡♥❡r❣✐③❛çã♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❢❛❧t❛s ❞❡ ❛❧t❛ ✐♠♣❡❞â♥❝✐❛✱ ❡♥tr❡

♦✉tr♦s✱ ❛❧é♠ ❞❡ ❡st✉❞♦s r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ❛ ♣ró♣r✐❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s

❞❡ ♣r♦t❡çã♦✱ ✈ê♠ s❡♥❞♦ r❡❛❧✐③❛❞♦s✳ ◆❡ss❡ ❝❡♥ár✐♦ ♦ t❡♠❛ ❞❡ ♣❡sq✉✐s❛ ❞❡ ❞♦✉t♦r❛♠❡♥t♦ s❡❣✉❡ ❛

❣r❛♥❞❡ ár❡❛ ❞❡ ♣r♦t❡çã♦ ❞❡ s✐st❡♠❛s ❡❧étr✐❝♦s ♣r♦♣♦♥❞♦ ❛ ❛t✉❛çã♦ ❡♠ ✉♠ ❝❛♠♣♦ ❡①tr❡♠❛♠❡♥t❡

❛t✉❛❧ ❡ q✉❡ t❡♠ s✐❞♦ ♣♦✉❝♦ ❡①♣❧♦r❛❞♦ ❞❡♥tr♦ ❞♦ ●❙❊✳

✶✳✷ ❖❇❏❊❚■❱❖❙

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

❼ ■♠♣❧❡♠❡♥t❛r ✉♠ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ s✐♠✉❧❛❞♦ ❡♠ ❛♠❜✐❡♥t❡ ❆❚P❀

❼ ❈r✐❛r ✉♠ ♠♦❞❡❧♦ ❞❡ r❡❧é ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❝♦♠ ❝❛r❛❝t❡ríst✐❝❛s ❛❞❛♣t❛t✐✈❛s❀

❼ ❆✈❛❧✐❛r ♦s ♠ét♦❞♦s ❞❡ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ❡q✉✐✈❛❧❡♥t❡s ❞❡ r❡❞❡s ❞❡ ♠♦❞♦ ❛ ♣❡r♠✐t✐r ❛ ❡s❝♦❧❤❛

❞❡ ✉♠ ❞❡❧❡s ♣❛r❛ s❡r ✉s❛❞♦ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛❀

❼ ❉❡t❡r♠✐♥❛r ♦s ✈❛❧♦r❡s ❞♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ✲

♥❡❛ ❞❡ ♠❛♥❡✐r❛ ❛❞❛♣t❛t✐✈❛❀

❼ Pr♦♣♦r ♠❡❧❤♦r✐❛s ♥♦ ❝á❧❝✉❧♦ ❞♦s ❛❥✉st❡s ❛❞❛♣t❛t✐✈♦s❀

❼ ❆♥❛❧✐s❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s ❡q✉❛çõ❡s ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛s✳

✶✳✸ ▼❊❚❖❉❖▲❖●■❆

❖ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st♦ t❡✈❡ s✉❛ ✈❛❧✐❞❛çã♦ r❡❛❧✐③❛❞❛ ✉t✐❧✐③❛♥❞♦ ♦ s♦❢t✇❛r❡

❞❡ s✐♠✉❧❛çã♦ ❞❡ tr❛♥s✐tór✐♦s ❡❧❡t♦♠❛❣♥ét✐❝♦s ❆❚P✳ P❛r❛ s✐♠✉❧❛çã♦ ❞♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦ ❡

❞♦s ❞❡♠❛✐s ❝♦♠♣♦♥❡♥t❡s ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✉t✐❧✐③♦✉✲s❡ ❛ ❧✐♥❣✉❛❣❡♠ ▼❖❉❊▲❙

q✉❡ ❢❛③ ♣❛rt❡ ❞♦ s♦❢t✇❛r❡ ❆❚P✳

❯♠❛ ✈❡③ ♠♦❞❡❧❛❞♦s ♦s s✐st❡♠❛s✲t❡st❡ ❡ ♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦✱ s❡❣✉✐r❛♠✲s❡ ❞✐✈❡rs❛s ❛♥á❧✐✲

s❡s ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✳ ❆s ♣r✐♠❡✐r❛s s✐♠✉❧❛çõ❡s ❝♦♥s✐st✐r❛♠ ❡♠ ✈❡r✐✜❝❛r ♦
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❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ r❡❧é ♣r♦♣♦st♦ ❡♠ ♦♣❡r❛çõ❡s ❞❡ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✱ ✐st♦ é✱ s❡♠ ❛ ♣r❡s❡♥ç❛ ❞❡

❡✈❡♥t♦s q✉❡ ❡①✐❣✐ss❡♠ ♠♦❞✐✜❝❛çõ❡s ❡♠ s❡✉s ❛❥✉st❡s✳ ◆❡st❡ ❡t❛♣❛✱ ❢♦r❛♠ ❛❥✉st❛❞❛s ❛s té❝♥✐❝❛s

❞❡ ❞❡t❡❝çã♦ ❞❡ ❡✈❡♥t♦s ❝♦♠ ♣♦t❡♥❝✐❛❧✐❞❛❞❡ ❛❞❛♣t❛t✐✈❛ ✭❊P❆✮✱ t❛r❡❢❛ q✉❡ ❝♦♠♦ s❡rá ♠❡♥❝✐♦♥❛❞♦

♥♦ ❝❛♣ít✉❧♦ ✺✱ é ❞❡s❡♥✈♦❧✈✐❞❛ ❡♠ ✉♠ ❞❛s ❝❛♠❛❞❛s q✉❡ ❝♦♠♣õ❡♠ ❛ ❛rq✉✐t❡t✉r❛ ❞♦ s✐st❡♠❛ ❞❡

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

❆❥✉st❛❞♦ ♦ ♠ó❞✉❧♦ ❞❡t❡❝t♦r ❞❡ ❊P❆ ❡ ✈❡r✐✜❝❛❞♦ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ r❡❧é ❡♠ s✐t✉❛çõ❡s

♥♦r♠❛✐s✱ ✐st♦ é✱ ❛♣❧✐❝❛❞❛ ✉♠❛ ❢❛❧t❛✱ ♦ r❡❧é ❞❡✈❡ ❞❡t❡❝tá✲❧❛ ❡ ❡♥✈✐❛r ♦ s✐♥❛❧ ❞❡ tr✐♣ ♣❛r❛ ♦

❞✐s❥✉♥t♦r ❛ss♦❝✐❛❞♦ ❝❛s♦ ❛ ♠❡s♠❛ ❡st❡❥❛ ❞❡♥tr♦ ❞❡ s✉❛ ③♦♥❛ ❞❡ ❛t✉❛çã♦✱ ♦ ♠♦❞❡❧♦ ♣r♦♣♦st♦

♣❛ss♦✉ ❛ s❡r t❡st❛❞♦ ❢r❡♥t❡ às s✐t✉❛çõ❡s ♥❛s q✉❛✐s ❛ ♠♦❞✐✜❝❛çã♦ ❞♦s ❛❥✉st❡s ❞❡ ♣❛r❛♠❡tr✐③❛çã♦

❢♦ss❡ r❡q✉❡r✐❞❛✳ ◆❡ss❛ ❡t❛♣❛✱ ❢♦✐ ✈❡r✐✜❝❛❞❛ ❛♣❡♥❛s ❛ ❝♦♦r❞❡♥❛çã♦ ❡♥tr❡ ♦s ❞✐s♣♦s✐t✐✈♦s ❞❡

♣r♦t❡çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛✳ ◆❛ ✈❡r✐✜❝❛çã♦ ❞❛ ❝♦♦r❞❡♥❛çã♦ ❡♥tr❡ ♦s ❞✐s♣♦s✐t✐✈♦s ❢♦✐

✉t✐❧✐③❛❞♦ ♦ s♦❢t✇❛r❡ ❈❆P❊ ♣♦r ❛♣r❡s❡♥t❛r ♠❛✐♦r ❢❛❝✐❧✐❞❛❞❡ ❞❡ r❡❛❧✐③❛çã♦ ❞❛ ♦♣❡r❛çã♦✱ ❜❡♠

❝♦♠♦ ♠♦❞❡❧♦s ❛♣r♦①✐♠❛❞♦s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦✳

✶✳✹ ❈❖◆❚❘■❇❯■➬Õ❊❙

◆♦ ❝♦♥t❡①t♦ ❞❛s r❡❞❡s ❡❧étr✐❝❛s ✐♥t❡❧✐❣❡♥t❡s✱ ♠❡t♦❞♦❧♦❣✐❛s q✉❡ ♣r♦♣♦r❝✐♦♥❡♠ ❛✉t♦♠❛t✐③❛r

❡t❛♣❛s tr❛❞✐❝✐♦♥❛❧♠❡♥t❡ r❡❛❧✐③❛❞❛s ❞❡ ♠❛♥❡✐r❛s ❧❛❜♦r✐♦s❛s✱ ❛♣r❡s❡♥t❛♠✲s❡ ❝♦♠♦ ❛❧t❡r♥❛t✐✈❛ ❞❡

❛✉♠❡♥t❛r ❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❡ ❛ q✉❛❧✐❞❛❞❡ ❞♦s s❡r✈✐ç♦s r❡❧❛❝✐♦♥❛❞♦s à t❛✐s s✐st❡♠❛s✳ ◆❡st❡ ❝♦♥✲

t❡①t♦✱ ❛ ♣r❡s❡♥t❡ t❡s❡ ❛♣r❡s❡♥t❛ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛❥✉st❡s ❞♦s r❡❧és ❞❡

s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❡♠ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ♠é❞✐❛ t❡♥sã♦ ❝♦♠ ❡ s❡♠ ❛ ♣r❡s❡♥ç❛

❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳ ❉❡st❛❝❛♠✲s❡ ❝♦♠♦ ❝♦♥tr✐❜✉✐çõ❡s ❞♦ tr❛❜❛❧❤♦ ♦s s❡❣✉✐♥t❡s ✐t❡♥s✿

❼ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞✐str✐❜✉í❞❛ ❢♦r♠❛❞❛ ♣♦r três ❝❡♥tr♦s ✐♥❞❡♣❡♥❞❡♥t❡s

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

❼ Pr♦♣♦s✐çã♦ ❞❡ ♠♦❞❡❧♦ ❞❡ r❡❧é ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❝♦♠ ❝♦♠✉♥✐❝❛çã♦ ❞✐r❡t❛ ❞❡st❡ ❝♦♠

♦s ❞❡♠❛✐s ❝♦♠♣♦♥❡♥t❡s ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛❀

❼ ◆♦✈❛ ♠❡t♦❞♦❧♦❣✐❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛

❜❛s❡❛❞❛ ♥❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ✈✐st❛ ♣❡❧♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦❀



❈❛♣ít✉❧♦ ✶ ✕ ■♥tr♦❞✉çã♦ ✺

✶✳✺ ❖❘●❆◆■❩❆➬➹❖ ❉❖ ❚❘❆❇❆▲❍❖

❊st❛ t❡s❡ ❡♥❝♦♥tr❛✲s❡ ❡str✉t✉r❛❞❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

❯♠❛ ❛♥á❧✐s❡ ❞♦s tr❛❜❛❧❤♦s q✉❡ t✐✈❡r❛♠ ♠❛✐♦r ✐♥✢✉ê♥❝✐❛ ♣❛r❛ ❡❧❛❜♦r❛çã♦ ❞❡st❛ t❡s❡✱ ❛ss✐♠

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

❜✐❜❧✐♦❣rá✜❝❛ ❞♦ ❈❛♣ít✉❧♦ ✷✳

❖ ❡♠❜❛s❛♠❡♥t♦ t❡ór✐❝♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ❡❧❛❜♦r❛çã♦ r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s

❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❡ ♣r♦t❡çã♦ ❞❡ r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ é ❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✸✳

◆♦ ❈❛♣ít✉❧♦ ✹ sã♦ ❛♣r❡s❡♥t❛❞♦s ❛s♣❡❝t♦s ❛❝❡r❝❛ ❞❛ ♣r♦t❡çã♦ ❞✐❣✐t❛❧ t❛✐s ❝♦♠♦✿ té❝♥✐❝❛ ❞❡

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

◆♦ ❈❛♣ít✉❧♦ ✺ sã♦ ❛♣r❡s❡♥t❛❞♦s ❞❡t❛❧❤❡s ❞❛ ❛rq✉✐t❡t✉r❛ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛

❡ ❞♦ ♠♦❞❡❧♦ ❞♦ r❡❧é ✐♠♣❧❡♠❡♥t❛❞♦ ♥♦ ❆❚P✳

❖ ❈❛♣ít✉❧♦ ✻ ❛♣r❡s❡♥t❛ ♦s ❞❡t❛❧❤❡s ❞❛ ♣r♦♣♦st❛ ❞❡ r❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛✉t♦✲❛❞❛♣t❛t✐✈❛

❞❡s❡♥✈♦❧✈✐❞♦ ❞✉r❛♥t❡ ❛ ❡❧❛❜♦r❛çã♦ ❞❡st❛ t❡s❡✳

◆♦ ❈❛♣ít✉❧♦ ✼ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♣❛r❛ ♦

❝❛s♦ ❞❡ três s✐st❡♠❛s ❡❧étr✐❝♦s✱ ❡♥❣❧♦❜❛♥❞♦ ❛s ❝♦♥❞✐çõ❡s ❞❡ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❝♦♠ ❡ s❡♠

❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳

P♦r ✜♠✱ ♦ ❈❛♣ít✉❧♦ ✽ ❡♥❝❡r❛ ♦ tr❛❜❛❧❤♦ ❝♦♠ ❛s ❝♦♥❝❧✉sõ❡s ♦❜t✐❞❛s ❡ s✉❣❡stõ❡s ♣❛r❛ tr❛❜❛✲

❧❤♦s ❢✉t✉r♦s✳



❈❆P❮❚❯▲❖ ✷

❘❊❱■❙➹❖ ❇■❇▲■❖●❘➪❋■❈❆

❆♥t❡s ❞❡ ✐♥✐❝✐❛r ❛ ❛♥á❧✐s❡ ❞♦s tr❛❜❛❧❤♦s t♦♠❛❞♦s ❝♦♠♦ ❜❛s❡ ❞✉r❛♥t❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❛

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

✭✶✾✾✸✮ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ é✿ ✏✉♠❛ ❢✉♥çã♦ ❛tr❛✈és ❞❛ q✉❛❧ ✉♠ r❡❧é ❞❡ ♣r♦t❡çã♦ s❡ ❛❥✉st❛ ❛✉t♦✲

♠❛t✐❝❛♠❡♥t❡ às ❝❛r❛❝t❡ríst✐❝❛s ♦♣❡r❛❝✐♦♥❛✐s ❡ t♦♣♦❧ó❣✐❝❛s ❞♦ s✐st❡♠❛ ❡♠ r❡s♣♦st❛ às ♠✉❞❛♥ç❛s

♥❛s ❝♦♥❞✐çõ❡s ❞❛ r❡❞❡ ❡❧étr✐❝❛✑✳ ❖✉ s❡❥❛✱ ✉♠ s✐st❡♠❛ ❝♦♠ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ♠❛♥té♠ ❛ ❝♦♦r✲

❞❡♥❛çã♦ ❞♦s s❡✉s ❞✐s♣♦s✐t✐✈♦s ❢r❡♥t❡ à ♠♦❞✐✜❝❛çõ❡s ♦❝♦rr✐❞❛s ♥❛ r❡❞❡✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❆❜❞❡❧❛③✐③

❡t ❛❧✳ ✭✷✵✵✶✮ ❛s ♠♦❞✐✜❝❛çõ❡s ❝❛♣❛③❡s ❞❡ ❛t✐✈❛r ❛s ❢✉♥çõ❡s ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ sã♦✿

❼ ▼♦❞✐✜❝❛çõ❡s ♥♦s ♥í✈❡✐s ❞❡ ❝❛r❣❛❀

❼ ▼♦❞✐✜❝❛çõ❡s ♥♦s ♥í✈❡✐s ❞❡ ❣❡r❛çã♦❀

❼ ▼♦❞✐✜❝❛çõ❡s ♥❛ t♦♣♦❧♦❣✐❛ ❞♦ s✐st❡♠❛ ✭❡♥tr❛❞❛ ♦✉ s❛í❞❛ ❞❡ ❧✐♥❤❛s✶✮✳

❈♦♠ ❛s ❢r❡q✉❡♥t❡s ♠♦❞✐✜❝❛çõ❡s q✉❡ ❙❊P ❡stá s✉❥❡✐t♦✱ ❛✉♠❡♥t❛ t❛♠❜é♠ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡

♦❝♦rrê♥❝✐❛s ❞❡ ❢❛❧t❛s ❞❡✈✐❞♦ à ❛çõ❡s ♥❛t✉r❛✐s ♦✉ ❤✉♠❛♥❛s✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦ ♠❡r❝❛❞♦ ❞❡ ❡♥❡r❣✐❛

❡❧étr✐❝❛ t❛♠❜é♠ ✈❡♠ s♦❢r❡♥❞♦ ♠♦❞✐✜❝❛çõ❡s ❡ t♦r♥❛♥❞♦✲s❡ ❝❛❞❛ ✈❡③ ♠❛✐s ❡①✐❣❡♥t❡ q✉❛♥t♦ ❛♦s

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

✈❡♥❤❛♠ ❝♦rr♦❜♦r❛r ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞♦s í♥❞✐❝❡s ❧✐st❛❞♦s ❛❝✐♠❛ ✭❙❆❍❆ ▼✳ ▼✳❀ ■❩❨❑❖❲❙❑❨❀

❘❖❙❖▲❲❙❑❨✱ ✷✵✶✵✮✳

◆♦ t♦❝❛♥t❡ à ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛✱ ❤á ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ❛rt✐❣♦s ♥❛ ❧✐t❡r❛t✉r❛ q✉❡

✉t✐❧✐③❛♠✲s❡ ❞❡ ❛♣❧✐❝❛çõ❡s ♦✤✐♥❡ ♣r♦✈❡♥✐❡♥t❡s ❞❡ ✈❛❧♦r❡s ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ ❞❡ t❡♥sõ❡s ❡

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

❛s ❝❤❛♠❛❞❛s ❙♠❛rt ●r✐❞s✱ é ❝❛❞❛ ✈❡③ ♠❛✐♦r ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡ ❛♥á❧✐s❡s ❞❡

❡st✉❞♦s ❡ ❡str❛té❣✐❛s ♦♥❧✐♥❡ ❡ ❡♠ t❡♠♣♦ r❡❛❧ q✉❡ ♣❡r♠✐t❛♠ ❛ ♠♦❞✐✜❝❛çã♦ ❝♦rr❡t❛ ❞♦s ❛❥✉st❡s

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

✻



❈❛♣ít✉❧♦ ✷ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✼

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

③❛❞♦s✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ❛♥á❧✐s❡s ♠❛✐s ♣ró①✐♠❛s às ❛♣❧✐❝❛çõ❡s r❡❛✐s ❞❡✈❡♠ s❡r r❡❛❧✐③❛❞❛s ♥♦

t♦❝❛♥t❡ à ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛✳

❉♦s s✐st❡♠❛s ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❧✐st❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ é ♣♦ssí✈❡❧ ❝❧❛ss✐✜❝❛✲❧ós ❞❡ ❛❝♦r❞♦

❝♦♠ ❛ ❛rq✉✐t❡t✉r❛ q✉❡ ♦ ❝♦♠♣õ❡ ♦✉ ♣❡❧♦ ✉s♦✱ ♦✉ ♥ã♦✱ ❞❡ té❝♥✐❝❛s ❞❡ ✐♥t❡❧✐❣ê♥❝✐❛ ❛rt✐✜❝✐❛❧✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❛rq✉✐t❡t✉r❛✱ ♦s s✐st❡♠❛s ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❞✐✈✐❞❡♠✲s❡ ❡♠✿

❼ ❆rq✉✐t❡t✉r❛ ❝♦♥❝❡♥tr❛❞❛✿ ❊ss❡ t✐♣♦ ❞❡ s✐st❡♠❛ ❝♦♥s✐st❡ ❞❡ ✉♠ ú♥✐❝♦ ❞✐s♣♦s✐t✐✈♦ q✉❡

❞❡s❡♠♣❡♥❤❛ t♦❞❛s ❛s ❢✉♥çõ❡s ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛✳ ❈♦♠♦ ❞❡s✈❛♥t❛❣❡♠

❞❡ss❡ t✐♣♦ ❞❡ ❛rq✉✐t❡t✉r❛ ♣♦❞❡✲s❡ ❝✐t❛r ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉♠ ❞✐s♣♦s✐t✐✈♦ ❝♦♠ ❛❧t♦ ♣♦❞❡r

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

❛❝❡r❝❛ ❞❛ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛❀

❼ ❆rq✉✐t❡t✉r❛ ❞✐str✐❜✉í❞❛✿ ◆❡ss❡s s✐st❡♠❛s✱ ❛s ❞❡❝✐sõ❡s ❞❛ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ sã♦ t♦♠❛✲

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

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

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

q✉✐t❡t✉r❛ ❝♦♥❝❡♥tr❛❞❛✳ ❊♥tr❡t❛♥t♦✱ ♣♦r ♦✉tr♦ ❧❛❞♦✱ ❤á ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❝r✐❛r ✉♠ ❝❛♥❛❧ ❞❡

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

❞❡ss❡s ❞✐s♣♦s✐t✐✈♦s✳

❆ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♥♦✈♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ sã♦ r❡❛❧✐③❛❞❛s ✉t✐❧✐③❛♥❞♦✲s❡

❜❛s✐❝❛♠❡♥t❡ ❞♦✐s ♠ét♦❞♦s✿

❼ ◆ã♦✲❜❛s❡❛❞♦s ❡♠ té❝♥✐❝❛s ❞❡ ✐♥t❡❧✐❣ê♥❝✐❛ ❛rt✐✜❝✐❛❧✿ P♦ss✉❡♠ ❛ ✈❛♥t❛❣❡♠ ❞❡ s❡r❡♠ rá✲

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

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

♥ã♦ ❧✐♥❡❛r✐❞❛❞❡✱ ♥ã♦ ♣♦ss✉✐ ✉♠❛ r❡❧❛çã♦ ♠❛t❡♠át✐❝❛ ❢á❝✐❧ q✉❡ ♣♦ss❛ s❡r ✉t✐❧✐③❛❞❛ ♣❛r❛

❞❡t❡r♠✐♥❛çã♦ ❞❛s ❝♦rr❡♥t❡s ❞❡ ♣✐❝❦✲✉♣✱ ❚❉❙ ✭t✐♠❡ ❞✐❛❧ s❡tt✐♥❣✮ ❡ t✐♣♦ ❞❡ ❝✉r✈❛ ❞❡ ✉♠

r❡❧é✱ ♣♦r ❡①❡♠♣❧♦❀

❼ ❇❛s❡❛❞♦s ♥♦ ✉s♦ ❞❡ té❝♥✐❝❛s ❞❡ ✐♥t❡❧✐❣ê♥❝✐❛ ❛rt✐✜❝✐❛❧✿ ❖❜té♠ s❡✉s r❡s✉❧t❛❞♦s ❛tr❛✈és

❞❡ ❛♥á❧✐s❡s ❜❛s❡❛❞❛s ❣❡r❛❧♠❡♥t❡✱ ♥♦ ♠ét♦❞♦ ❞❛ ✏t❡♥t❛t✐✈❛ ❡ ❡rr♦✑ ♥♦ q✉❛❧✱ ♣❛r❛ ❝❛❞❛



❈❛♣ít✉❧♦ ✷ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✽

s♦❧✉çã♦ ♣♦ssí✈❡❧✱ ✉♠❛ ♣♦♥t✉❛çã♦ é ❞❛❞❛ ❛ ❡st❛ ❞❡ ♠♦❞♦ q✉❡ ❛s s♦❧✉çõ❡s s❡❣✉✐♥t❡s s❡❥❛♠

✐♥✢✉❡♥❝✐❛❞❛s ♣❡❧❛s ♣❛ss❛❞❛s✳ ●❡r❛❧♠❡♥t❡ sã♦ ♠❛✐s ❧❡♥t❛s q✉❡ ❛s té❝♥✐❝❛s ♥ã♦✲❜❛s❡❛❞❛s ❡♠

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

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

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

✷✳✶ ▼➱❚❖❉❖❙ ◗❯❊ ❯❚■▲■❩❆▼ ❆❘◗❯■❚❊❚❯❘❆ ❉■❙❚❘■❇❯❮❉❆

❊♠ ▲✐ ❡t ❛❧✳ ✭✷✵✵✻✮✱ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❛♣❧✐❝á✈❡❧ ❛♦s s✐st❡♠❛s ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ t❡♥sã♦

♥♦♠✐♥❛❧ ❞❡ 345 kV ❢♦✐ ❛♣r❡s❡♥t❛❞❛✳ ◆❡ss❡ tr❛❜❛❧❤♦✱ ♦s ❛✉t♦r❡s ♣r♦♣✉s❡r❛♠ ✉♠❛ ❛rq✉✐t❡t✉r❛

❝♦♠♣♦st❛ ♣♦r ❝✐♥❝♦ ❝❛♠❛❞❛s✿ ❝❛♠❛❞❛ ❞❡ ❝á❧❝✉❧♦ ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❡♠ s✐t✉❛çõ❡s ❞❡ ❢❛❧t❛✱

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

❞❡❝✐sã♦ ♣❛r❛ ❡♥✈✐♦ ❞❡ tr✐♣✱ ❝✉❧♠✐♥❛♥❞♦ ♥❛ ❝❛♠❛❞❛ ❞❡ ✐♥t❡r❢❛s❡ ❤♦♠❡♠✲♠áq✉✐♥❛ ✭■❍▼✮✳

❚♦❞♦s ❛s ❝❛♠❛❞❛s ❞♦ s✐st❡♠❛ ♣r♦♣♦st♦ ❡♠ ▲✐ ❡t ❛❧✳ ✭✷✵✵✻✮ ❢♦r❛♠ ❝♦♥❡❝t❛❞❛s ♣♦r ♠❡✐♦ ❞❡

✉♠❛ r❡❞❡ ❞❡ ✜❜r❛ ót✐❝❛ ❡ ✉t✐❧✐③❛✈❛ ♦ ♣r♦t♦❝♦❧♦ ✜❡❧❞❜✉s✷ ♣❛r❛ tr♦❝❛ ❞❛s ✐♥❢♦r♠❛çõ❡s ♥❡❝❡ssár✐❛s✳

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

❞❡❞✐❝❛❞♦ ✐♥st❛❧❛❞♦ ❡♠ ✉♠❛ s✉❜❡st❛çã♦ ❞♦ s✐st❡♠❛ ❡ ♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲

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

❡♠ t❡♠♣♦ r❡❛❧ ❛tr❛✈és ❞♦ s✐st❡♠❛ ❙❈❆❉❆ ❞❛ r❡❞❡✳ ❖❜s❡r✈❛✲s❡ q✉❡ ♦s ❛✉t♦r❡s ♣r♦♣♦r❛♠ ❛ ♥ã♦

✉t✐❧✐③❛çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ✈❛❧♦r ❞❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞♦s

r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ ♦ q✉❡ ♥ã♦ ❛❝♦♥t❡❝❡ ♥❛ ♠❛✐♦r ♣❛rt❡ ❞❛s ✈❡③❡s ❡ s✐♠✱ ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✳

❯♠❛ té❝♥✐❝❛ ❜❛s❡❛❞❛ ❡♠ ❡str❛té❣✐❛ ♠✉❧t✐✲❛❣❡♥t❡ ✭❊▼❆✮ q✉❡ ✐♠♣❧❡♠❡♥t❛ ❞✐✈❡rs❛s ❢✉♥çõ❡s

❞❡ ♣r♦t❡çã♦ t❛✐s ❝♦♠♦✿ ❞✐stâ♥❝✐❛✱ ❞✐❢❡r❡♥❝✐❛❧ ❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❢♦✐ ❛♣r❡s❡♥t❛❞❛ ❡♠

❈❤❡♥ ❡t ❛❧✳ ✭✷✵✵✺✮✳ ◆❡ss❡ tr❛❜❛❧❤♦✱ ✉♠ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❝♦♠♣♦st♦ ♣♦r três ❝❛✲

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

❝♦♦♣❡r❛çã♦ ❡ ❛ ❝❛♠❛❞❛ ❞❡ ❡①❡❝✉çã♦✳ ❆ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ♣❛r❛ ❛ ✉♥✐❞❛❞❡

✐♥st❛♥tâ♥❡❛ ❞♦ r❡❧é ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❢♦✐ tr❛t❛❞❛ ♥♦ tr❛❜❛❧❤♦ s❡♠ ❛ ❞❡✜♥✐çã♦ ❞♦ ♠ét♦❞♦ ♣❛r❛

❝á❧❝✉❧♦ ❞♦s ❡q✉✐✈❛❧❡♥t❡s ❞❡ r❡❞❡ ♥♦s ♣♦♥t♦s ❞❡ ✐♥st❛❧❛çã♦ ❞♦s r❡❧és✳ ❯♠❛ ♦♣çã♦ ♣❛r❛ ❛ ❞❡t❡r✲

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

✷❙✐st❡♠❛ ❞❡ r❡❞❡ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ✐♥❞✉str✐❛❧ ♣❛r❛ ❝♦♥tr♦❧❡ ❡♠ t❡♠♣♦ r❡❛❧✳



❈❛♣ít✉❧♦ ✷ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✾

❇❛❤❛❞♦r♥❡❥❛❞ ✫ ▲❡❞✇✐❝❤ ✭✷✵✵✸✮✱ ❨✐ ❡t ❛❧✳ ✭✷✵✵✾✮✱ ❚s❛✐ ✫ ❲♦♥❣ ✭✷✵✵✽✮✳

❆ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❢♦✐ ♦❜t✐❞❛ ❛tr❛✈és ❞❡

✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ✐♠♣❡❞â♥❝✐❛ ❡q✉✐✈❛❧❡♥t❡ ✈✐st❛ ♥♦ ♣♦♥t♦ ❞❡ ✐♥st❛❧❛çã♦ ❞♦ r❡❧é ❡ ❛ ✐♠♣❡❞â♥❝✐❛

❞❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛✳ ❆ ❞❡t❡r♠✐♥❛çã♦ ❞❡st❡ ♣❛râ♠❡tr♦ é s✉❣❡r✐❞♦ ♣♦r ❆♥❞❡rs♦♥ ✭✶✾✾✾✮ ♣❛r❛

s✐st❡♠❛s r❛❞✐❛✐s ❡ s❡♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳

❖ ♣r♦❝❡ss♦ ❞❡ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ✐♠♣❡❞â♥❝✐❛ ❡q✉✐✈❛❧❡♥t❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❨✐ ❡t ❛❧✳ ✭✷✵✵✾✮ ♥ã♦

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

✉♠ ❝✉rt♦✲❝✐r❝✉✐t♦ tr✐❢ás✐❝♦ ♣❛r❛ t❡rr❛ ♥♦ ♣♦♥t♦ ❞❡ ✐♥st❛❧❛çã♦ ❞♦ r❡❧é✳

❆ ♣r♦♣♦st❛ ❞❡ ❇❛❤❛❞♦r♥❡❥❛❞ ✫ ▲❡❞✇✐❝❤ ✭✷✵✵✸✮✱ ❚s❛✐ ✫ ❲♦♥❣ ✭✷✵✵✽✮ ❛♣r❡s❡♥t❛✲s❡ ♠❛✐s

❡✜❝✐❡♥t❡ ❞♦ q✉❡ ❛ ❞❡ ❨✐ ❡t ❛❧✳ ✭✷✵✵✾✮✳ ❖ ♣r♦❝❡ss♦ ❝♦♥s✐st❡ ♥❛ ✉t✐❧✐③❛çã♦ ❞❡ ❛♠♦str❛s ❞❡ t❡♥sã♦

❡ ❝♦rr❡♥t❡ ❡♠ ✉♠❛ ❝❛r❣❛ ✐♥st❛❧❛❞❛ ♥❛ ♠❡s♠❛ ❜❛rr❛ q✉❡ ♦ r❡❧é✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❛✉t♦r❡s✱

♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❝♦rr❡t❛ ❞♦ ❡q✉✐✈❛❧❡♥t❡ ✈✐st♦ ♣❡❧♦ r❡❧é sã♦ ♥❡❝❡ssár✐❛s ❝❡r❝❛ ❞❡ ✹✵ ❛♠♦str❛s

❞❡ t❡♥sã♦ ❡ ❞❡ ❝♦rr❡♥t❡✳ ❊♠ t❡r♠♦s ❞❡ t❡♠♣♦✱ ✉♠ s✐st❡♠❛ q✉❡ ✉s❡ ❝♦♠ 16 ❛♠♦str❛s✴❝✐❝❧♦ ❡

❢r❡q✉ê♥❝✐❛ ♥♦♠✐♥❛❧ ❞❡ 60 Hz✱ s❡r✐❛♠ ♥❡❝❡ssár✐♦s ❝❡r❝❛ ❞❡ 37, 5 ms✳

❈❤á✈❡③ ❡t ❛❧✳ ✭✷✵✵✽✮ t❛♠❜é♠ ♣r♦♣✉s❡r❛♠ ✉♠ s✐st❡♠❛ ❝♦♠♣♦st♦ ♣♦r três ❝❛♠❛❞❛s✿ ♦ ❝❡♥tr♦

❞❡ ❝♦♥tr♦❧❡ ❞❛ s✉❜❡st❛çã♦✱ ❝❡♥tr♦ ❞❡ ❝♦♥tr♦❧❡ ❞❛s ♣r♦t❡çõ❡s✱ ❡ ♣❡❧♦s ♣ró♣r✐♦s ■❊❉❀ ❝❛♣❛③ ❞❡

♠❛♥t❡r ❛ ❝♦♦r❞❡♥❛çã♦ ❡♥tr❡ r❡❧és ❞❡ ❞✐stâ♥❝✐❛ ❞❡t❡r♠✐♥❛♥❞♦ ♦ ❛❧❝❛♥❝❡ ❞❛ s❡❣✉♥❞❛ ❡ t❡r❝❡✐r❛

③♦♥❛s ❞❡ ❝❛❞❛ ✉♠✳ ❖ ♣r✐♠❡✐r♦ ❝❡♥tr♦ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❛♥á❧✐s❡ ❞♦ st❛t✉s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡

s❡❝❝✐♦♥❛♠❡♥t♦ ❞❛ r❡❞❡ ✭❞✐s❥✉♥t♦r❡s ❡ ❝❤❛✈❡s s❡❝❝✐♦♥❛❞♦r❛s✮❀ ♦ ❝❡♥tr♦ ❞❡ ❝♦♥tr♦❧❡ ❞❛s ♣r♦t❡çõ❡s

é ♦ r❡s♣♦♥sá✈❡❧ ♣❡❧♦s ❝á❧❝✉❧♦s ❞♦s ♥♦✈♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❡✱ ♣♦r ✜♠✱ ♦s ■❊❉

❡①❡❝✉t❛rã♦ ❛s ❢✉♥çõ❡s ❞❡ ♣r♦t❡çã♦✳

❊♠ ▼✐♥❣②✉ ✫ ❩❤✉ ✭✷✵✵✹✮✱ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞✐str✐❜✉í❞❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛❥✉st❡s

ót✐♠♦s ❞❡ r❡❧és ❞❡ ❞✐stâ♥❝✐❛ ❡♠ ✉♠ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ ❢♦✐ ✉t✐❧✐③❛❞❛✳ ❚rês ❝❛♠❛❞❛s ❢♦r♠❛♠

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

❝❛♠❛❞❛ ❞♦ s✐st❡♠❛✳ ❈❛❞❛ ✉♠❛ ❞❡ss❛s ❝❛♠❛❞❛s ♣♦ss✉✐ ❞✐✈❡rs♦s ❛❣❡♥t❡s q✉❡ ❛❧é♠ ❞♦s ❛❥✉st❡s

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

✉♠❛ r❡❞❡✜♥✐çã♦ ❞♦s ♣❛r❡s ❞❡ r❡❧és ❞❡ ♣r♦t❡çã♦ ♣r✐♠ár✐❛✴r❡t❛❣✉❛r❞❛✳ ❉❡st❛❝❛✲s❡ ❛✐♥❞❛✱ ♦ ❢❛t♦

❞❡ q✉❡ t♦❞♦s ♦s ❛❣❡♥t❡s r❡s♣♦♥sá✈❡✐s ♣♦r ❞❡✜♥✐r ♠♦❞✐✜❝❛çõ❡s ♥♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ s❡r❡♠

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

♣❛r❛ ♦s r❡❧és ❛♣❡♥❛s ♦ ♣r♦❝❡ss❛♠❡♥t♦ r❡❧❛t✐✈♦ às ❢✉♥çõ❡s ❞❡ ♣r♦t❡çã♦ ✐♠♣❧❡♠❡♥t❛❞❛s✳



❈❛♣ít✉❧♦ ✷ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✵

❈❤❡✉♥❣ ❡t ❛❧✳ ✭✷✵✵✽✮ ✉s♦✉ ✉♠❛ r❡❞❡ ❝♦♠ ❛rq✉✐t❡t✉r❛ ❞✐str✐❜✉í❞❛ ❢♦r♠❛❞❛ ♣♦r q✉❛tr♦ ❝❛♠❛✲

❞❛s ✐♥t❡r❧✐❣❛❞❛s ❛tr❛✈és ❞❡ ✉♠❛ r❡❞❡ ❊t❤❡r♥❡t ▲❆◆ ♣❛r❛ ♦❜t❡♥çã♦ ❞♦s ❛❥✉st❡s ❞❡ s♦❜r❡❝♦rr❡♥t❡

❞❛s r❡❞❡s ❞♦s s✐st❡♠❛s✲t❡st❡ ❞♦ ■❊❊❊ ❞❡ ✶✷✸ ❡ ✶✸ ❜❛rr❛s ✭❑❊❘❙❚■◆●✱ ✶✾✾✶✮✳

✷✳✷ ▼➱❚❖❉❖❙ ◗❯❊ ❯❚■▲■❩❆▼ ❆❘◗❯■❚❊❚❯❘❆ ❈❖◆❈❊◆❚❘❆❉❆

❊♠ ❨❛♥♣✐♥❣ ❡t ❛❧✳ ✭✷✵✵✽✮✱ ❛ ♠❡s♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❛♣r❡s❡♥t❛❞❛ ❡♠ ❈❤❡♥ ❡t ❛❧✳ ✭✷✵✵✺✮ ❢♦✐

✉t✐❧✐③❛❞❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛❥✉st❡s ✐♥st❛♥tâ♥❡♦s ❞♦s r❡❧és ❞♦ s♦❜r❡❝♦rr❡♥t❡✳ ❊♥tr❡t❛♥t♦✱ ♦s

❛✉t♦r❡s ♣r♦♣✉s❡r❛♠ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❝♦♥❝❡♥tr❛❞❛ ❝♦♠ ❝♦♠✉♥✐❝❛çã♦ ❜❛s❡❛❞❛ ❡♠ ✜❜r❛s ó♣t✐❝❛s

♣❛r❛ ✐♥t❡❣r❛çã♦ ♦ ♣❛r ❞✐s❥✉♥t♦r✴r❡❧é✳ ❊st❡ t❛♠❜é♠ é ♦ ❝❛s♦ ❞❡ ▲✐ ❡t ❛❧✳ ✭✷✵✵✾✮✱ q✉❡ ♣r♦♣õ❡

❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞❡ r❡❧és q✉❡ ❛t✉❛♠ ❝♦♠♦

♣r♦t❡çã♦ ❞❡ r❡t❛❣✉❛r❞❛ ❡♠ s✐st❡♠❛s ❞❡ tr❛♥s♠✐ssã♦✳

✷✳✸ ▼➱❚❖❉❖❙ ❇❆❙❊❆❉❖❙ ❊▼ ■◆❚❊▲■●✃◆❈■❆ ❆❘❚■❋■❈■❆▲

❆s té❝♥✐❝❛s ❞❡ ✐♥t❡❧✐❣ê♥❝✐❛ ❛rt✐✜❝✐❛❧ ✈ê♠ s❡♥❞♦ ❝❛❞❛ ✈❡③ ♠❛✐s ✉t✐❧✐③❛❞❛s ♣❛r❛ s♦❧✉❝✐♦♥❛r ♣r♦✲

❜❧❡♠❛s ❞♦s ❙❊P✳ ❊♠ ❣❡r❛❧ ♣♦ss✉❡♠ ❛❧❣♦r✐t♠♦s ❞❡ ❢á❝✐❧ ✐♠♣❧❡♠❡♥t❛çã♦ ❡✱ s♦❜r❡t✉❞♦✱ ❛♣r❡s❡♥t❛♠

❜♦♥s r❡s✉❧t❛❞♦s✳ P♦ré♠✱ ❡ss❛s té❝♥✐❝❛s ❣❡r❛❧♠❡♥t❡ tê♠ ❞❡s❡♠♣❡♥❤♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❜❛✐①♦ ♦ q✉❡✱

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

❯♠❛ té❝♥✐❝❛ ♠✉✐t♦ ✉t✐❧✐③❛❞❛ ♥♦s ♣r♦❜❧❡♠❛s ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ é ❛ ❊str❛té❣✐❛ ▼✉❧t✐✲

❆❣❡♥t❡ ✭❊▼❆✮✳ ❋r❛♥❦❧✐♥ ✫ ●r❛❡ss❡r ✭✶✾✾✼✮ ❞❡✜♥❡ ✉♠ ❛❣❡♥t❡ ❝♦♠♦ s❡♥❞♦ ✉♠❛ ♣❛rt❡ ❞❡ ✉♠

s✐st❡♠❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❛✉tô♥♦♠♦ q✉❡ ❞❡s❡♠♣❡♥❤❛ s❡♥t✐❞♦s ❡ ❛çõ❡s ❛✉t♦♠át✐❝❛s ♥♦ ❛♠❜✐❡♥t❡

❛♦ q✉❛❧ ❡stá ✐♥s❡r✐❞♦✱ ❡ ❛♦ ❞❡s❡♠♣❡♥❤á✲❧❛s ♦❜s❡r✈❛ ♦s ❡❢❡✐t♦s ❞❡ t❛❧ ❛çã♦ ♥♦s ❞❡♠❛✐s ❛❣❡♥t❡s ❞♦

s✐st❡♠❛✳ ➱ ♦ ❝❛s♦ ❞❡ ❈❤❡♥ ❡t ❛❧✳ ✭✷✵✵✺✮ ❥á ❧✐st❛❞♦ ♥❛ s❡çã♦ ✷✳✶✱ ❡ ❞❡ ▼✐♥❣②✉ ✫ ❩❤✉ ✭✷✵✵✹✮✱ ❩❤✉

❡t ❛❧✳ ✭✷✵✵✾✮✱ ❈♦✉r② ❡t ❛❧✳ ✭✷✵✵✵✮✳

❯♠❛ r❡❞❡ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❧♦❝❛❧ ❡♥tr❡ ❛❣❡♥t❡s ❢♦✐ ♣r♦♣♦st❛ ❡♠ ▲✐♠ ❡t ❛❧✳ ✭✷✵✵✻✮✱ ❞❡ ♠♦❞♦ q✉❡

♣♦ss❛♠ s❡r ♦❜t✐❞♦s ♦s ❛❥✉st❡s ót✐♠♦s ✭✏♦✉ s✉❜✲ót✐♠♦s✑✮ ❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞❡ ✉♠❛ r❡❞❡

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

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

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



❈❛♣ít✉❧♦ ✷ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✶

❛♣❡♥❛s três ❛❣❡♥t❡s✿ ✉♠ ❛❣❡♥t❡ ♣❛r❛ ❛♥á❧✐s❡ ❞❛s ❝♦♥❞✐çõ❡s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✱ ✉♠ ❛❣❡♥t❡ q✉❡

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

❝♦♠ ■❍▼ ❞❛ r❡❞❡✳

❏á ❩❤✉ ❡t ❛❧✳ ✭✷✵✵✾✮ ❝r✐♦✉ ✉♠❛ r❡❞❡ ❲❆◆ ✉t✐❧✐③❛♥❞♦ ♦ ♣r♦t♦❝♦❧♦ ■❊❈ ✻✶✽✺✵ ❝❛♣❛③ ❞❡ ♦❜t❡r

♦s ❛❥✉st❡s ♠❛✐s ❛❞❡q✉❛❞♦s ❛ ❝❛❞❛ ❝♦♥❞✐çã♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✳ ❆ r❡❞❡ ❢♦r♠❛❞❛

♣❛r❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ♦s ❞✐s♣♦s✐t✐✈♦s ❡♥✈♦❧✈✐❞♦s ♥♦ ♣r♦❝❡ss♦ ❞❡ ❞❡t❡r♠✐♥❛çã♦ ♥♦s ❛❥✉st❡s

❛❞❛♣t❛t✐✈♦s é ❝♦♠♣♦st❛ ♣♦r ✉♠❛ r❡❞❡ t✐♣♦ ■P✴❙❉❍ ❡♠ q✉❡ ❝❛❞❛ ❞✐s♣♦s✐t✐✈♦ é ❝♦♥❡❝t❛❞♦ ❛tr❛✈és

❞❡ ✉♠ r♦t❡❛❞♦r ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡✳

❯♠❛ r❡❞❡ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ✉t✐❧✐③❛♥❞♦ ♦ ♣r♦t♦❝♦❧♦ ❚❈P✴■P ❢♦✐ ♣r♦♣♦st❛ ♣♦r ❈♦✉r② ❡t ❛❧✳

✭✷✵✵✵✮ ♣❛r❛ ♦❜t❡♥çã♦ ❞♦s ❛❥✉st❡s ❞❡ ♣r✐♠❡✐r❛ ③♦♥❛ ❞❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞❡ ❞✐stâ♥❝✐❛ ❡♠

✉♠❛ r❡❞❡ ♠✉❧t✐✲t❡r♠✐♥❛✐s✳

❖✉tr❛ té❝♥✐❝❛ ❞❡ ✐♥t❡❧✐❣ê♥❝✐❛ ❛rt✐✜❝✐❛❧ ♠✉✐t♦ ✉t✐❧✐③❛❞❛ ♥♦s ❙❊P sã♦ ❛s ❘❡❞❡s ◆❡✉r❛✐s ❆r✲

t✐✜❝✐❛✐s ✭❘◆❆✮✳ ❇✐tt❡♥❝♦✉rt ❡t ❛❧✳ ✭✷✵✵✾✮✱ ❍❛②❦✐♥ ✭✶✾✾✾✮ ❞❡s❝r❡✈❡r❛♠ ✈ár✐❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛

té❝♥✐❝❛ q✉❡ ❢❛✈♦r❡❝❡♠ ❛ s✉❛ ✉t✐❧✐③❛çã♦ ♥♦s ♣r♦❜❧❡♠❛s ❞♦ ❙❊P✱ ❡♥tr❡ ❡❧❛s✿ ❢á❝✐❧ ❛❞❡q✉❛çã♦ ❛

♣r♦❜❧❡♠❛s ❞❡ ♥❛t✉r❡③❛ ♥ã♦✲❧✐♥❡❛r❀ ❛tr❛✈és ❞❛ ❡t❛♣❛ ❞❡ tr❡✐♥❛♠❡♥t♦✸ t♦r♥❛♥❞♦✲s❡ ❛ss✐♠ ✉♠❛

té❝♥✐❝❛ ❝♦♠ ❛❧t♦ ❣r❛✉ ❞❡ ❛❞❛♣t❛çã♦✳

❊♠ ❑❤❛♣❛r❞❡ ❡t ❛❧✳ ✭✶✾✾✸✮✱ ✉♠❛ ❘◆❆ ❝♦♠ tr❡✐♥❛♠❡♥t♦ ✉t✐❧✐③❛♥❞♦ ♦ ♠ét♦❞♦ ♠✉❧t✐❧❛②❡r

♣❡r❝❡♣tr♦♥ ✭▼▲P✮ ❢♦✐ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡♥❝♦♥tr❛r ♦s ❛❥✉st❡s ❞❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ ❞✐stâ♥❝✐❛ ❞❡ ♠♦❞♦

❛❞❛♣t❛t✐✈♦✳

❆ té❝♥✐❝❛ ❞♦s ❛❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s ✭❆●✮ ✐♥tr♦❞✉③✐❞❛ ♣♦r ❍♦❧❧❛♥❞ ✭✶✾✼✺✮ t❛♠❜é♠ ✈❡♠ s❡♥❞♦

❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛❥✉st❡s ❞❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❡♠ t♦❞❛s ❛s

❡t❛♣❛s ❞♦ ❙❊P✳ ➱ ♦ ❝❛s♦ ❞❡ ❆❜②❛♥❡❤ ❡t ❛❧✳ ✭✷✵✵✽✮✱ ❖❧✐✈❡✐r❛ ❡t ❛❧✳ ✭✷✵✶✵✮✱ ❙♦✉③❛ ❏r ✭✷✵✶✶✮✱ ❙♦✉③❛

❏r ✫ ❙♦✉③❛ ✭✷✵✶✶✮✳

❆♣❡s❛r ❞❡st❛ té❝♥✐❝❛ ❛♣r❡s❡♥t❛r r❡s✉❧t❛❞♦s ♠✉✐t♦ ❜♦♥s ❛✐♥❞❛ ❤á ✉♠ ❤✐❛t♦ q✉❛♥t♦ ❛♦ ✉s♦

❞❛ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❜❛s❡❛❞❛ ❡♠ ❛❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s✳ ❊♠ ❙♦✉③❛ ❏r ❡t ❛❧✳ ✭✷✵✶✻❜✮✱ ✉♠❛

♣r♦♣♦st❛ ❞♦ ✉s♦ ❞❡st❛ té❝♥✐❝❛ é ❛♣r❡s❡♥t❛❞❛✳ ❖s ❛✉t♦r❡s ❛❜♦r❞❛♠ ♦ ♣r♦❜❧❡♠❛ s✐♠✉❧❛♥❞♦ ♦

s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❛tr❛✈és ❞♦ s♦❢t✇❛r❡ ▼❆❚▲❆❇➤✳ ◆♦ t♦❝❛♥t❡ à ✐♠♣❧❡♠❡♥t❛çã♦

❞❡ ❡str❛té❣✐❛s ❜❛s❡❛❞❛s ♥❛ té❝♥✐❝❛ ❞♦s ❛❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s ✜s✐❝❛♠❡♥t❡✱ ❈♦✉r② ❡t ❛❧✳ ✭✷✵✵✾❜✮✱

✸❊t❛♣❛ q✉❡ ✈✐s❛ ❞❛r à r❡❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ ❛❞❡q✉❛❞❛ ❛♦ ♣r♦❜❧❡♠❛ ❛tr❛✈és ❞❡ s✐t✉❛çõ❡s
❥á s♦❧✉❝✐♦♥❛❞♦s ♣r❡✈✐❛♠❡♥t❡✳



❈❛♣ít✉❧♦ ✷ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✷

❈♦✉r② ❡t ❛❧✳ ✭✷✵✵✾❛✮✱ ❈♦✉r② ❡t ❛❧✳ ✭✷✵✶✷✮✱ ❈♦✉r② ❡t ❛❧✳ ✭✷✵✶✸✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ ♣r♦♣♦st❛

♣❛r❛ ✉s♦ ❞♦ ❞✐s♣♦s✐t✐✈♦ ❋P●❆ ♥❛ r❡❛❧✐③❛çã♦ ❞❛ ❡st✐♠❛çã♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡ ✉♠❛ r❡❞❡ ❡❧étr✐❝❛✳

❉❡ss❛ ❢♦r♠❛✱ ❛♣❡s❛r ❞♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♥❡❝❡ssár✐♦ ♣❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠ét♦❞♦✱ ♦s

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

❛❞❛♣t❛t✐✈❛ ❜❛s❡❛❞♦ ♥♦ ✉s♦ ❞♦s ❛❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s ❛tr❛✈és ❞❡ ❞✐s♣♦s✐t✐✈♦s ♣r♦❝❡ss❛❞♦r❡s ❞❡

s✐♥❛✐s✳

❊♠ ❆❜❞❡❧❛③✐③ ❡t ❛❧✳ ✭✷✵✵✶✮✱ ❛ té❝♥✐❝❛ ❞❛ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r ❢♦✐ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❞❡t❡r♠✐♥❛r

❛s ❝♦rr❡♥t❡s ❞❡ ♣✐❝❦✲✉♣ ❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❢r❡♥t❡ ❛ ❛❧t❡r❛çõ❡s t♦♣♦❧ó❣✐❝❛s✹ ❡✴♦✉ ♦♣❡r❛✲

❝✐♦♥❛✐s✺ q✉❡ ❢♦r♠❛♠ ❛ r❡❞❡ ❞❡ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ■❊❊❊ ✸✵ ❜❛rr❛s ✭❈❍❘■❙❚■❊✱ ✶✾✾✸✮✳

➱ ♣r♦♣♦st♦ t❛♠❜é♠ ❡♠ ❆❜❞❡❧❛③✐③ ❡t ❛❧✳ ✭✷✵✵✶✮ q✉❡ s❡❥❛ ✉t✐❧✐③❛❞♦ ♦ ♠❡s♠♦ t✐♣♦ ❞❡ ❝✉r✈❛ ❝❛✲

r❛❝t❡ríst✐❝❛ ♣❛r❛ t♦❞♦s ♦s r❡❧és✱ r❡st❛♥❞♦ ❛♣❡♥❛s ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣✳ P♦ré♠✱

♦ tr❛❜❛❧❤♦ ❞❡ ❙♦✉③❛ ❏r ✫ ❙♦✉③❛ ✭✷✵✶✶✮ ♠♦str❛ q✉❡✱ ❞✐❢❡r❡♥t❡♠❡♥t❡ ❞♦ q✉❡ ❢♦✐ ❞❡❢❡♥❞✐❞♦ ♣❡❧♦s

❛✉t♦r❡s✱ ❛s ♠♦❞✐✜❝❛çõ❡s ❞♦ t✐♣♦ ❞❡ ❝✉r✈❛ ❞♦s r❡❧és ♣♦❞❡♠ ❧❡✈❛r à ✉♠❛ r❡❞✉çã♦ ❝♦♥s✐❞❡rá✈❡❧ ♥♦

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

❡①❡❝✉çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ ✢✉①♦ ❞❡ ❝❛r❣❛✳ ❊st❛ ♥❡❝❡ss✐❞❛❞❡ t♦r♥❛ ❛ té❝♥✐❝❛ ♣♦✉❝♦ ❝♦♠♣❡t✐t✐✈❛✱

❤❛❥❛ ✈✐st♦ ♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♥❡❝❡ssár✐♦ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡st❛ ❡t❛♣❛✱ ♦ q✉❡ ♥ã♦ é ❝♦♥✲

✈❡♥✐❡♥t❡ ♣❛r❛ ✉♠❛ té❝♥✐❝❛ q✉❡ ❡①✐❣❡ r❡s✉❧t❛❞♦s rá♣✐❞♦s✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞❛ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛

✳

✷✳✹ ▼➱❚❖❉❖❙ ◆➹❖ ❇❆❙❊❆❉❖❙ ❊▼ ■◆❚❊▲■●✃◆❈■❆ ❆❘❚■❋■❈■❆▲

❍á ✉♠ ❝♦♥❥✉♥t♦ ❞❡ tr❛❜❛❧❤♦s q✉❡ ❛❜♦r❞❛♠ ❛ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❞❡ ♠♦❞♦ ❛ ♥ã♦ ✉t✐❧✐③❛r❡♠✲

s❡ ❞❡ ♥❡♥❤✉♠❛ té❝♥✐❝❛ ❞❡ ✐♥t❡❧✐❣ê♥❝✐❛ ❛rt✐✜❝✐❛❧✳ P❛r❛ t❛♥t♦✱ ♦s ❛✉t♦r❡s r❡❛❧✐③❛♠ ❛ ❞❡t❡r♠✐♥❛çã♦

❞♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❛tr❛✈és ❞❡ ❡q✉❛çõ❡s ♠❛t❡♠át✐❝❛s ❜❡♠ ❞❡✜♥✐❞❛s✱ ✐st♦

é✱ s❡♠ ❛ ♣r❡s❡♥ç❛ ♦✉ ❝♦♠ ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ r❡❞✉③✐❞❛s✱ ❝♦♠♦ é ❝♦♠✉♠ ♥❛ ❝♦♦r❞❡♥❛çã♦ ❞❛

♣r♦t❡çã♦ tr❛❞✐❝✐♦♥❛❧❀ ♦✉ ❛tr❛✈és ❞❡ ❛♥á❧✐s❡s ♦✤✐♥❡✳ ➱ ♦ ❝❛s♦ ❞❡ ❈❤❛tt♦♣❛❞❤②❛② ❡t ❛❧✳ ✭✶✾✾✶✮✱

❈❤❡✉♥❣ ❡t ❛❧✳ ✭✷✵✵✽✮✱ ❆❜❞❡❧❛③✐③ ❡t ❛❧✳ ✭✷✵✵✶✮✱ ❙♦❛r❡s ✫ ❱✐❡✐r❛ ✭✷✵✵✽✮✱ ❙♦✉③❛ ❏r ✫ ❙♦✉③❛ ✭✷✵✶✸✮✱

✹❊♥tr❛❞❛ ♦✉ s❛í❞❛ ❞❡ ❧✐♥❤❛ ❞♦ s✐st❡♠❛✳ ❍á ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉♠❛ r❡❢♦r♠✉❧❛çã♦ ❞♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞❛
r♦t✐♥❛✱ ❡♠ ❡s♣❡❝✐❛❧ ♥❛ ♠❛tr✐③ ❛❞♠✐tâ♥❝✐❛✳ ❆♣ós ❡ss❛s ❛t✉❛❧✐③❛çõ❡s✱ ♦ ♣r♦❝❡ss♦ s❡❣✉❡ ❞❡ ♠♦❞♦ s❡♠❡❧❤❛♥t❡ ❛♦
♦❝♦rr✐❞♦ ♣❛r❛ ❛❧t❡r❛çõ❡s ♦♣❡r❛❝✐♦♥❛✐s✳

✺▼✉❞❛♥ç❛ ♥♦s ♥í✈❡✐s ❞❡ ❣❡r❛çã♦ ♦✉ ♥♦ ♣❡r✜❧ ❞❡ ❝❛r❣❛✳ ❊st❡ t✐♣♦ ❞❡ ♠✉❞❛♥ç❛ ❡①✐❣❡ ❛ r❡❢♦r♠✉❧❛çã♦ ❞♦s ❡st✉❞♦s
❞❡ ✢✉①♦ ❞❡ ❝❛r❣❛ ❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳



❈❛♣ít✉❧♦ ✷ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✸

❙♦✉③❛ ❏r ✫ ❙♦✉③❛ ✭✷✵✶✷✮✳

P♦ré♠✱ ❤á ✉♠ ❞❡t❛❧❤❡ ✐♠♣♦rt❛♥t❡ ❝✐t❛❞♦ ♣♦r ❙♦✉③❛ ❏r ✫ ❙♦✉③❛ ✭✷✵✶✷✮ q✉❡ ❞❡✈❡ s❡r ❧❡✈❛❞♦

❡♠ ❝♦♥s✐❞❡r❛çã♦✳ ❯♠❛ ❞❛s ❡t❛♣❛s ♠❛✐s ✐♠♣♦rt❛♥t❡s ❞❛ ❞❡t❡r♠✐♥❛çã♦ ❛❞❛♣t❛t✐✈❛ ❞♦s ❛❥✉st❡s

❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ é ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❡q✉✐✈❛❧❡♥t❡s ❞❡ r❡❞❡ ♥♦ ♣♦♥t♦ ❞❡ ✐♥st❛❧❛çã♦ ❞♦s

♠❡s♠♦s✳ ❊♠ ❞✐✈❡rs♦s tr❛❜❛❧❤♦s✱ ❝♦♠♦ ❡♠ ❈❤❡♥ ❡t ❛❧✳ ✭✷✵✵✺✮✱ ▲✐ ❡t ❛❧✳ ✭✷✵✵✻✮✱ ❡ss❡s ❡q✉✐✈❛❧❡♥t❡s

sã♦ ♦❜t✐❞♦s ✐♥❞✐r❡t❛♠❡♥t❡ ♣♦r ♠❡✐♦ ❞❡ ✈❛❧♦r❡s ❞❡ ❝♦rr❡♥t❡s ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳ ❊st❛ té❝♥✐❝❛

❛♣r❡s❡♥t❛ ✈❛❧♦r❡s ❝♦❡r❡♥t❡s q✉❛♥❞♦ ♦❝♦rr❡♠ ♠♦❞✐✜❝❛çõ❡s à ♠♦♥t❛♥t❡ ❞♦ ♣♦♥t♦ ❞❡ ✐♥st❛❧❛çã♦

❞♦ r❡❧é✳ P♦ré♠✱ q✉❛♥❞♦ ❛s ♠♦❞✐✜❝❛çõ❡s ♦❝♦rr❡♠ à ❥✉s❛♥t❡ ❞♦ r❡❧é✱ ❡♠ r❡❞❡s ❞❡ ❞✐str✐❜✉✐çã♦

s❡♠ ❛ ♣r❡s❡♥ç❛ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ✭●❉✮✱ ❡st❛ té❝♥✐❝❛ ♥ã♦ r❡✢❡t❡ ✈❛❧♦r❡s ❝♦❡r❡♥t❡s ♣❛r❛ ♦s

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

❝♦rr❡♥t❡ ❞❡ ❢❛❧t❛ r❡✢❡t❡ ❛♣❡♥❛s ❛ t♦♣♦❧♦❣✐❛ ❞❛ r❡❞❡ à ♠♦♥t❛♥t❡ ❞♦ ♣♦♥t♦ ❞❡ ✐♥st❛❧❛çã♦ ❞♦ r❡❧é✳

❊♠ ❈❤❡✉♥❣ ❡t ❛❧✳ ✭✷✵✵✽✮✱ ✉♠❛ ❛❜♦r❞❛❣❡♠ ♠✉✐t♦ r❡❧❡✈❛♥t❡ ♥♦ ❛t✉❛❧ ❝❡♥ár✐♦ ❞♦s ❙❊P✱ ❛ ♣r❡✲

s❡♥ç❛ ❞❡ ❣❡r❛çõ❡s ❞✐str✐❜✉í❞❛s ❛♦ ❧♦♥❣♦ ❞❛ r❡❞❡✻✱ ❢♦✐ ❛♣r❡s❡♥t❛❞❛✳ ❊♠ ●✐r❣✐s ✫ ❇r❛❤♠❛ ✭✷✵✵✶✮

✉♠❛ ❛♥á❧✐s❡ ❞❡t❛❧❤❛❞❛ ❞♦ ✐♠♣❛❝t♦ ❣❡r❛❞♦ s♦❜ ♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❞❡✈✐❞♦ à ❡♥tr❛❞❛ ❞❛ ❣❡r❛çã♦

❞✐str✐❜✉í❞❛ é ❛♣r❡s❡♥t❛❞❛✳ ❆ss✐♠✱ ✉♠❛ ♠♦❞✐✜❝❛çã♦ q✉❡ ❛❝♦♥t❡ç❛ ♥♦ ♣❡r✜❧ ❞❡ ❣❡r❛çã♦ ❞❛ r❡❞❡

♣r♦✈♦❝❛ r❡✢❡①♦s ♥♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ q✉❡ ♣♦❞❡♠ ❞❡✐①á✲❧♦ s❡♠ ♦♣❡r❛r ❛❞❡q✉❛❞❛♠❡♥t❡✳

P❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❛❥✉st❡ ❞❛ ✉♥✐❞❛❞❡ ❞❡ ♥❡✉tr♦ ❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❈❤❡✉♥❣ ❡t ❛❧✳

✭✷✵✵✽✮ ♣r♦♣✉s❡r❛♠ q✉❡ ❡st❛ s❡❥❛ ❝♦♠♣♦st❛ ♣♦r ✉♠❛ ✉♥✐❞❛❞❡ ✜①❛ ❡ ✉♠❛ ✈❛r✐á✈❡❧ ❞❡♣❡♥❞❡♥t❡

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

♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ♦ q✉❡ ❢❛③ ❝♦♠ q✉❡ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ❢❛❧t❛s ❞❡

❛❧t❛ ✐♠♣❡❞â♥❝✐❛ ♣♦ss❛♠ s❡r ❞❡t❡❝t❛❞❛s ♣❡❧♦ r❡❧é✳

❯♠ ❝♦♥❥✉♥t♦ ❞❡ s♦❢t✇❛r❡s ❢♦✐ ♣r♦♣♦st♦ ♣♦r ❈❤❛tt♦♣❛❞❤②❛② ❡t ❛❧✳ ✭✶✾✾✶✮ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦

t❛♥t♦ ❞♦s ❛❥✉st❡s ❛❞❛♣t❛t✐✈♦s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❝♦♠♦ ❞❛ ❝♦♦r❞❡♥❛çã♦ ❡♥tr❡

❡st❡s✳ ❇❛s✐❝❛♠❡♥t❡✱ ❤á ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉♠ r❡❧é ♠♦❞❡❧❛❞♦ ❡♠ ❛♠❜✐❡♥t❡ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡ q✉❡

♣♦ss✐❜✐❧✐t❡ ❛ ♠♦❞✐✜❝❛çã♦ ❞♦ ❛❥✉st❡ ❞♦ ♠ú❧t✐♣❧♦ ❞❡ t❡♠♣❧♦ ❚❉❙ ❢r❡♥t❡ ❛ ♠♦❞✐✜❝❛çõ❡s ♥❛ r❡❞❡✳

❈❤❛tt♦♣❛❞❤②❛② ❡t ❛❧✳ ✭✶✾✾✶✮ ♣r♦♣õ❡ ❛✐♥❞❛ q✉❡ ✉♠❛ ♣❛rt❡ ❞♦ s✐st❡♠❛ s❡❥❛ r❡s♣♦♥sá✈❡❧ ♣❡❧❛

✈❡r✐✜❝❛çã♦ ❞❛ ❝♦♦r❞❡♥❛çã♦ ❞♦s r❡❧és✳ P♦r ✜♠✱ ❤á ✉♠❛ ❡t❛♣❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❜❡♠ ❞❡✜♥✐❞❛ ♥♦s

♣❛❞rõ❡s ❊t❤❡r♥❡t ▲❆◆ q✉❡ ♣❡r♠✐t❡ ❛ tr♦❝❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ❡♥tr❡ ♦s ❞✐✈❡rs♦s ❞✐s♣♦s✐t✐✈♦s q✉❡

✻❆tr❛✈és ❞❡ ❡stí♠✉❧♦s ✜♥❛♥❝❡✐r♦s ❣♦✈❡r♥❛♠❡♥t❛✐s ♦ s❡t♦r ♣r✐✈❛❞♦ s❡♥t❡✲s❡ ❜❛st❛♥t❡ ❛tr❛í❞♦ ♣❛r❛ ♦ ✐♥❣r❡ss♦
♥❛ ár❡❛ ❞❡ ♣r♦❞✉çã♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛ ♣❛rt✐r ❞❡ ❢♦♥t❡s r❡♥♦✈á✈❡✐s ❞❡ ❡♥❡r❣✐❛✳



❈❛♣ít✉❧♦ ✷ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✹

❝♦♠♣õ❡♠ ❛ r❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛✳

❊♠ ❏❛✈❛❞✐❛♥ ❡t ❛❧✳ ✭✷✵✵✽✮✱ ✉♠❛ té❝♥✐❝❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛❥✉st❡s ❞❛ ♣r♦t❡çã♦ ❞❡ ✉♠

s✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❝♦♠ ❣r❛♥❞❡ ♣❡♥❡tr❛çã♦ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ❢♦✐ ♣r♦♣♦st❛✳ ❆ ♣r♦♣♦st❛

❞♦ tr❛❜❛❧❤♦ é ❞✐✈✐❞✐r ♦ s✐st❡♠❛ ♠❛✐♦r ❡♠ ③♦♥❛s ♦♥❞❡ ❝❛❞❛ ✉♠❛ ❞❡❧❛s ♣♦ss❛ ♦♣❡r❛r ✐s♦❧❛❞❛♠❡♥t❡✼✳

❉❡ss❛ ❢♦r♠❛✱ s✐st❡♠❛s ❝♦♥✈❡♥❝✐♦♥❛✐s sã♦ ❝r✐❛❞♦s ❞❡ ♠♦❞♦ ❛ tr❛♥s❢♦r♠❛r ✉♠ s✐st❡♠❛ ♠❛❧❤❛❞♦

q✉❡ ♣♦ss❛ ❢✉♥❝✐♦♥❛r ❝♦♥❢♦r♠❡ ♦s ♣r✐♥❝í♣✐♦s tr❛❞✐❝✐♦♥❛✐s ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦✳ P❛r❛

t❛♥t♦✱ ❤á ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ r❡❛❧✐③❛çã♦ ❞❡ ✉♠❛ ❡t❛♣❛ ♦✤✐♥❡ ❛✜♠ ❞❡ ❞❡t❡r♠✐♥❛r ♦s ♣❛râ♠❡tr♦s

r❡❧❛t✐✈♦s à ❡st✉❞♦s ❞❡ ✢✉①♦ ❞❡ ❝❛r❣❛ ❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳ ❚❛✐s ❞❛❞♦s sã♦ ✉s❛❞♦s ❝♦♠♦ ❡♥tr❛❞❛ ❞♦

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

♣❛r❛ ❡♥tã♦ ❞❡t❡r♠✐♥❛r ❛ ❡str❛té❣✐❛ ❞❡ ✐s♦❧❛♠❡♥t♦ ❞❛ r❡❞❡✳

❆✐♥❞❛ tr❛t❛♥❞♦ ❛❝❡r❝❛ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✱ ❇❛r❛♥ ✫ ❊❧✲▼❛r❦❛❜✐ ✭✷✵✵✺✮ ❛❜♦r❞❛r❛♠ ❛ r❡✲

❧❛çã♦ ✐♥✈❡rs❛ ❡♥tr❡ ❛ ♣♦tê♥❝✐❛ t♦t❛❧ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ❝♦♠ ❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞♦s r❡❧és ❞❡

s♦❜r❡❝♦rr❡♥t❡✳ ❖s ❛✉t♦r❡s ♣r♦♣✉s❡r❛♠ ✉♠❛ r❡❧❛çã♦ ❡①♣♦♥❡♥❝✐❛❧ ❞❡❝r❡s❝❡♥t❡ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦

❞♦s ❛❥✉st❡s ❛❞❛♣t❛t✐✈♦s✳ ❊♥tr❡t❛♥t♦✱ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞❡st❛ ❢✉♥çã♦ ❡①♣♦♥❡♥✲

❝✐❛❧ ♥ã♦ sã♦ ❛❜♦r❞❛❞♦s ♥♦ tr❛❜❛❧❤♦✳ ❖s ❛✉t♦r❡s r❡str✐♥❣✐r❛♠✲s❡ ❛ ❝✐t❛r q✉❡ ❡ss❛ ❞❡t❡r♠✐♥❛çã♦

❞❡♣❡♥❞❡ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ tr❛♥s✐tór✐♦ ❞❛s ♠áq✉✐♥❛s ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳

❊♠ ❙♦❛r❡s ✫ ❱✐❡✐r❛ ✭✷✵✵✽✮✱ ♦ ❛❥✉st❡ ❛✉t♦♠át✐❝♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞❡ s♦❜r❡❝♦r✲

r❡♥t❡ ❡♠ ✉♠❛ r❡❞❡ ✐♥❞✉str✐❛❧ ❝♦♠ ♣r❡s❡♥ç❛ ❞❡ ❝♦❣❡r❛çã♦ ❢♦✐ ♣r♦♣♦st♦✳ ❖s ❛✉t♦r❡s r❡❛❧✐③❛✈❛♠

❛ ❞❡✜♥✐çã♦ ❞♦s ♣♦ssí✈❡✐s ❝❡♥ár✐♦s ❞❡ ♦♣❡r❛çã♦ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ♣r❡✈✐❛♠❡♥t❡✳ P❛r❛ ❝❛❞❛ ✉♠

❞❡ss❡s ❝❡♥ár✐♦s✱ t♦❞♦s ♦s ❡st✉❞♦s ♣❛r❛ q✉❡ ♣♦ss❛♠ s❡r ❞❡t❡r♠✐♥❛❞♦s ♦s ❛❥✉st❡s ❞❛ ♣r♦t❡çã♦ ❞❡

s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❡ t❡♠♣♦r✐③❛❞❛ ❢♦r❛♠ r❡❛❧✐③❛❞♦s✳ ❋♦✐ ♣r♦♣♦st♦ ❛✐♥❞❛ q✉❡ ❡ss❡s ❛❥✉st❡s

s❡❥❛♠ ♦r❣❛♥✐③❛❞♦s ❡♠ ❣r✉♣♦s✱ ♦♥❞❡ ❝❛❞❛ ✉♠ é ❛ss♦❝✐❛❞♦ ❛ ✉♠ ❝❡♥ár✐♦ ❞❡ ♦♣❡r❛çã♦ ❞♦ s✐st❡♠❛✳

❆tr❛✈és ❞❡ ✉♠ s✐st❡♠❛ ❝❡♥tr❛❧✐③❛❞♦ ♥♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❢♦✐ ❢❡✐t♦ ♦ ♠♦♥✐t♦r❛♠❡♥t♦

❞♦ st❛t✉s ❞♦s ❞✐s❥✉♥t♦r❡s ❞❡ ♠♦❞♦ q✉❡ s❡❥❛♠ r❡❝♦♥❤❡❝✐❞♦s ♦s ❝❡♥ár✐♦s ❞❡ ♦♣❡r❛çã♦ ❡ ❡♥tã♦

❛ss♦❝✐❛❞♦s ❛♦ ❣r✉♣♦ ❞❡ ❛❥✉st❡ r❡❧❛t✐✈♦ ❛♦ ❝❡♥ár✐♦ ❛t✉❛❧✳

❖s ❛✉t♦r❡s ✉t✐❧✐③❛r❛♠ ❛♣❡♥❛s ❛ ❡q✉❛çã♦ ❝❛r❛❝t❡ríst✐❝❛ ❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ ♣❛r❛ r❡❛❧✐③❛r

❛s s✐♠✉❧❛çõ❡s ❞♦ tr❛❜❛❧❤♦✳ ◆❡st❛ ♠❡s♠❛ ❧✐♥❤❛ ❙♦✉③❛ ❏r ✫ ❙♦✉③❛ ✭✷✵✶✸✮ ♣r♦♣✉s❡r❛♠ ❛ ✉t✐❧✐③❛çã♦

❞❡st❛ ✐❞❡✐❛ ♣❛r❛ ♠❛♥✉t❡♥çã♦ ❞♦s ❛❥✉st❡s ❞❡ ✉♠ s✐st❡♠❛ ❞❡ s✉❜tr❛♥s♠✐ssã♦ ❝♦♠ ♣r❡s❡♥ç❛ ❞❡

✼❉❡ ❛❝♦r❞♦ ❝♦♠ ▼❛❤❛t P✳❀ ❈❤❡♥ ✫ ❇❛❦ ✭✷✵✵✻✮ ♦ ✐s♦❧❛♠❡♥t♦ ♦❝♦rr❡ q✉❛♥❞♦ ♦ s✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡s❧✐❣❛✲
s❡ ❞♦ ❣❡r❛❞♦r ♣r✐♥❝✐♣❛❧ ❞♦ s✐st❡♠❛ ♠❛s ❝♦♥t✐♥✉❛ ❡♥❡r❣✐③❛❞♦ ♣❡❧❛ ❛çã♦ ❞❡ ✉♠ ♣❡q✉❡♥♦ ❣❡r❛❞♦r ✐♥st❛❧❛❞♦ ♥❛s
s✉❛s ♣r♦①✐♠✐❞❛❞❡s✳



❈❛♣ít✉❧♦ ✷ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✺

❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳ P❛r❛ ✐ss♦✱ ✉t✐❧✐③♦✉✲s❡ ♦ ❝♦♥❝❡✐t♦ ❞❡ s✐st❡♠❛ ❝♦♥❝❡♥tr❛❞♦ ❢♦r♠❛❞♦ ♣♦r ✉♠

ú♥✐❝❛ ❝❛♠❛❞❛ ♦♥❞❡ t♦❞♦ ♦ ♣r♦❝❡ss❛♠❡♥t♦ é r❡❛❧✐③❛❞♦ ♣❡❧♦ ■❊❉✳ ❊♥tr❡t❛♥t♦✱ ♦s ❞✐s♣♦s✐t✐✈♦s

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

❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s P❡r❡③ ✭✷✵✵✻✮✱ ❍♦r ❡t ❛❧✳ ✭✷✵✵✸✮✱

❙❝❤✇❡✐t③❡r ■■■ ✫ ❩♦❝❤♦❧❧ ✭✶✾✾✻✮✳

❚❛♥t♦ ♦ r❡❧é q✉❛♥t♦ ♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❢♦r❛♠ s✐♠✉❧❛❞♦s ✉t✐❧✐③❛♥❞♦ ♦ s✐♠✉❧❛❞♦r ❞✐❣✐t❛❧ ❡♠

t❡♠♣♦ r❡❛❧ ❘❚❉❙ ■◆❈✳ ✭✷✵✵✽✮✳ ❆ ❣r❛♥❞❡ ❝♦♥tr✐❜✉✐çã♦ ❞♦ tr❛❜❛❧❤♦ é ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ✈✐s✉❛✲

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

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

❞✐s♣♦s✐t✐✈♦ ♠✐❝r♦♣r♦❝❡ss❛❞♦r t❛❧ ❝♦♠♦ ♦ ❉❙P✱ ❝♦♠♦ ♣r♦♣♦st♦ ❡♠ ❈❤❡✉♥❣ ❡t ❛❧✳ ✭✷✵✵✼✮✳

❖ ♣r♦❜❧❡♠❛ ❝❛✉s❛❞♦ ♣❡❧❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ t❛♠❜é♠ ❢♦✐ tr❛t❛❞♦ ❡♠ ▼❛❤❛t P✳❀ ❈❤❡♥ ✫

❇❛❦ ✭✷✵✵✻✮✳ ❖s ❛✉t♦r❡s ✉t✐❧✐③❛r❛♠ ♦ ♠ét♦❞♦ ❞♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛ t❛①❛ ♠é❞✐❛ ❞❡ t❡♥sã♦ ❡

❞❡s❧♦❝❛♠❡♥t♦ ❞❡ ♣♦tê♥❝✐❛ ♣r♦♣♦st❛ ❡♠ ▼❛❤❛t ❡t ❛❧✳ ✭✷✵✵✾✮ ♣❛r❛ ❞❡t❡❝t❛r s✐t✉❛çõ❡s ❞❡ ✐❧❤❛♠❡♥t♦

❞♦ s✐st❡♠❛✳ ❖s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❢♦r❛♠ ♦❜t✐❞♦s ❞❡ ♠♦❞♦ ♦✤✐♥❡ ❡ ❞✐s♣♦st♦s

❡♠ ❣r✉♣♦s✳ ❯♠❛ ✈❡③ ✐❞❡♥t✐✜❝❛❞❛ ❛ ❞❡s❝♦♥❡①ã♦ ❞❡ ♣❛rt❡ ❞♦ s✐st❡♠❛✱ ♦ ♣ró♣r✐♦ r❡❧é ❡♥❝❛rr❡❣❛✲s❡

❞❡ ♠✉❞❛r ♦s s❡✉s ♣❛râ♠❡tr♦s ❞❡ ♠♦❞♦ ❛ ❛❞❡q✉❛r✲s❡ à ♥♦✈❛ ❝♦♥✜❣✉r❛çã♦✳

❘❡❝❡♥t❡♠❡♥t❡ ❖❥❛❣❤✐ ❡t ❛❧✳ ✭✷✵✶✸✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ té❝♥✐❝❛ ❜❛s❡❛❞❛ ♥♦s tr❛❜❛❧❤♦s ❞❡

❇❛❤❛❞♦r♥❡❥❛❞ ✫ ▲❡❞✇✐❝❤ ✭✷✵✵✸✮✱ ❚s❛✐ ✫❲♦♥❣ ✭✷✵✵✽✮ q✉❡ s♦❧✉❝✐♦♥❛ ♦ ♣r♦❜❧❡♠❛ ❞♦ ❢♦r♥❡❝✐♠❡♥t♦

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

s♦❜r❡❝♦rr❡♥t❡✳ ❈♦♠ ❛ ♣r♦♣♦st❛ ❞♦s ❛✉t♦r❡s✱ ❢♦✐ ♣♦ssí✈❡❧ ❡♥❝♦♥tr❛r ❝♦♠ s❡❣✉r❛♥ç❛ ♦s ♣❛râ♠❡tr♦s

❞❡ s♦❜r❡❝♦rr❡♥t❡ ♣❛r❛ ❞✐✈❡rs❛s t♦♣♦❧♦❣✐❛s ❞♦ s✐st❡♠❛✳ ❖s ❛✉t♦r❡s ❞❡❢❡♥❞❡♠ ❛ ♥ã♦ ♥❡❝❡ss✐❞❛❞❡

❞❡ ✉s♦ ❞❡ ✉♠❛ r❡❞❡ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ t❛✐s ❡q✉✐✈❛❧❡♥t❡s✳ ❊ss❛ ♦♣çã♦ ❢❛③ ❝♦♠

q✉❡ ♦s r❡❧és ♥❡❝❡ss✐t❡♠ ❞❡ ✉♠ ❛✉♠❡♥t♦ ❡♠ s❡✉ ♣♦❞❡r ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦s

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

❖❥❛❣❤✐ ❡t ❛❧✳ ✭✷✵✶✸✮ r❡❛❧✐③❛✈❛♠ ❛ ❝♦♦r❞❡♥❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❛♣❡♥❛s

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

r❡❞❡s ❞❡ tr❛♥s♠✐ssã♦ ❡ ❞❡ s✉❜✲tr❛♥s♠✐ssã♦✳ ❊st❛ ❝❛r❛❝t❡ríst✐❝❛ ❢❛③ ❝♦♠ q✉❡ s❡❥❛ ♥❡❝❡ssár✐♦ ❛

❛♥á❧✐s❡ ♥ã♦ ❛♣❡♥❛s ❡♥tr❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ s♦❜r❡❝♦rr❡♥t❡✱ ❝♦♠♦ ❝✐t❛❞♦ ♣♦r ❙♦✉③❛ ❏r ✭✷✵✶✶✮✱ ♠❛s

t❛♠❜é♠✱ ❡♥tr❡ ♦s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❡ ❞❡ ❞✐stâ♥❝✐❛✳ ❆ss✐♠✱ ❛ té❝♥✐❝❛ ♥ã♦ ❛♣r❡s❡♥t❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡

♣❛r❛ r❡❞❡s ❞❡ ❞✐str✐❜✉✐çã♦✳ ❊♥tr❡t❛♥t♦✱ é ♣♦ssí✈❡❧ ❛❞❛♣tá✲❧❛ ♣❛r❛ r❡❛❧✐③❛çã♦ ❞❡ t❛❧ ♦♣❡r❛çã♦✳



❈❛♣ít✉❧♦ ✷ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✻

❆ ❚❛❜❡❧❛ ✷✳✶ ❛♣r❡s❡♥t❛ ✉♠❛ sí♥t❡s❡ ❞❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ r❡❛❧✐③❛❞❛✳

❚❛❜❡❧❛ ✷✳✶✿ ❘❡s✉♠♦ ❞❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛✳

❘❡❢❡rê♥❝✐❛ ❋✉♥çã♦ ❆❘◗ ❈❖▼ ■❆

✺✵ ✺✶ ✷✶

❈♦✉r② ❡t ❛❧✳ ✭✷✵✵✵✮ ✲ ✲ X ❉■❙❚ ❚❈P✴■P ❊▼❆

▼✐♥❣②✉ ✫ ❩❤✉ ✭✷✵✵✹✮ ✲ ✲ X ❉■❙❚ ✶ ❊▼❆

❈❤❡♥ ❡t ❛❧✳ ✭✷✵✵✺✮ X ✲ X ❉■❙❚ ✷ ❊▼❆

▲✐♠ ❡t ❛❧✳ ✭✷✵✵✻✮ X ✲ X ❉■❙❚ ▲❆◆ ❊▼❆

❩❤✉ ❡t ❛❧✳ ✭✷✵✵✾✮
✲ ✲ X ❉■❙❚ ■P✴❙❉❍ ❊▼❆

■❊❈ ✻✶✽✺✵

❑❤❛♣❛r❞❡ ❡t ❛❧✳ ✭✶✾✾✸✮ ✲ ✲ X ❈❖◆❈ ✲ ❘◆❆

❆❜❞❡❧❛③✐③ ❡t ❛❧✳ ✭✷✵✵✶✮ ✲ X ✲ ❉■❙❚ ✸ P▲

❈❤❡✉♥❣ ❡t ❛❧✳ ✭✷✵✵✽✮ X X ✲ ❉■❙❚ ❊t❤❡r♥❡t ✲

❏❛✈❛❞✐❛♥ ❡t ❛❧✳ ✭✷✵✵✽✮ ✲ ✲ ✲ ❉■❙❚ ✷ ✲

❈❤❛tt♦♣❛❞❤②❛② ❡t ❛❧✳ ✭✶✾✾✶✮ ✲ X ✲ ❉■❙❚ ❊t❤❡r♥❡t ✲

❙♦❛r❡s ✫ ❱✐❡✐r❛ ✭✷✵✵✽✮ X X ✲ ❈❖◆❈ ✲ ✶ ✲

❙♦✉③❛ ❏r ✫ ❙♦✉③❛ ✭✷✵✶✷✮ X ✲ ✲ ❉■❙❚ ✲ ✷ ✲

❙♦✉③❛ ❏r ✫ ❙♦✉③❛ ✭✷✵✶✸✮ X X ✲ ❉■❙❚ ✲ ✷ ✲

▲✐ ❡t ❛❧✳ ✭✷✵✵✻✮ X ✲ ✲ ❉■❙❚ ✲ ✷ ✲

❇❛r❛♥ ✫ ❊❧✲▼❛r❦❛❜✐ ✭✷✵✵✺✮ ✲ X ✲ ❈❖◆❈ ✶ ✲

▼❛❤❛t P✳❀ ❈❤❡♥ ✫ ❇❛❦ ✭✷✵✵✻✮ X X ✲ ❈❖◆❈ ✶ ✲

❨✉❛♥ ❡t ❛❧✳ ✭✷✵✵✼✮ X X ✲ ❈❖◆❈ ✲ ✲

❈❤❡✉♥❣ ❡t ❛❧✳ ✭✷✵✵✼✮ X X ✲ ❈❖◆❈ ✲ ✲

❨❛♥♣✐♥❣ ❡t ❛❧✳ ✭✷✵✵✽✮ X ✲ ✲ ❈❖◆❈ ✸ ✲

❨✐ ❡t ❛❧✳ ✭✷✵✵✾✮ X X ✲ ❈❖◆❈ ✲ ✲

▲✐ ❡t ❛❧✳ ✭✷✵✵✾✮ X X ✲ ❈❖◆❈ ✲ ✲

❖❥❛❣❤✐ ❡t ❛❧✳ ✭✷✵✶✸✮ X X X ❈❖◆❈ ✲ ✲

▲❡❣❡♥❞❛✿
✺✵ ❂ ❙♦❜r❡❝♦rr❡♥t❡ ■♥st❛♥tâ♥❡❛ ❊▼❆ ❂ ❊str❛té❣✐❛ ▼✉❧t✐ ❆❣❡♥t❡
✺✶ ❂ ❙♦❜r❡❝♦rr❡♥t❡ ❚❡♠♣♦r✐③❛❞❛ ❈❖▼ ❂ ▼ét♦❞♦ ❞❡ ❈♦♠✉♥✐❝❛çã♦
✷✶ ❂ ❉✐stâ♥❝✐❛ ■❆ ❂ ■♥t❡❧✐❣ê♥❝✐❛ ❆rt✐✜❝✐❛❧

❆❘◗ ❂ ❆rq✉✐t❡t✉r❛ ❈❖◆❈ ❂ ❈♦♥❝❡♥tr❛❞♦
❉■❙❚ ❂ ❉✐str✐❜✉í❞❛ P▲ ❂ Pr♦❣r❛♠❛çã♦ ▲✐♥❡❛r

✶◆ã♦ ✐♥❢♦r♠❛❞♦
✷◆ã♦ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ♥❡♥❤✉♠ s✐st❡♠❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦ r❡❛❧ ❡♥tr❡ ♦s ❛❣❡♥t❡s✳
✸◆ã♦ é ✐♥❢♦r♠❛❞♦ ♦ t✐♣♦ ❞❡ ❛rq✉✐t❡t✉r❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❡♠♣r❡❣❛❞❛ ♣♦ré♠✱ ♦ ❛✉t♦r ❝✐t❛ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❛

✐♥t❡r❝♦♥❡①ã♦ ❡♥tr❡ ❛s ❝❛♠❛❞❛s ❞❛ r❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❡str✉t✉r❛ ❜❛st❛♥t❡ rá♣✐❞❛
❢♦r♠❛❞❛ ♣♦r ❡①❡♠♣❧♦✱ ♣♦r ✜❜r❛s ó♣t✐❝❛✳



❈❛♣ít✉❧♦ ✷ ✕ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá❢✐❝❛ ✶✼

❉✐❛♥t❡ ❞♦ ❡①♣♦st♦✱ ❡st❛ t❡s❡ ♣r♦♣õ❡ ❛ ❝r✐❛çã♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈♦ ❝♦♠ ❛r✲

q✉✐t❡t✉r❛ ❞✐str✐❜✉í❞❛ ❢♦r♠❛❞♦ ♣♦r três ❝❡♥tr♦ ❞✐st✐♥t♦s✱ ❝♦♠♦ ♣r♦♣♦st♦ ❡♠ ❈❤á✈❡③ ❡t ❛❧✳ ✭✷✵✵✽✮❀

q✉❡ ✉s❛ ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ❝♦♠♦ ♣❛t❛♠❛r ♣❛r❛ ❝á❧❝✉❧♦ ❞♦s ❛❥✉st❡s ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s

❞❡ s♦❜r❡❝♦rr❡♥t❡✱ ❝♦♥❢♦r♠❡ ♣r♦♣♦st♦ ❡♠ ▲✐ ❡t ❛❧✳ ✭✷✵✵✻✮❀ ❡✱ q✉❡ ♣♦ss❛ ❝❛❧❝✉❧❛r ♦s ❡q✉✐✈❛❧❡♥t❡s

❞❡ r❡❞❡ ❞❡ ❢♦r♠❛ ♦♥❧✐♥❡ ❛tr❛✈és ❞❡ r❡❧❛çõ❡s ❡st❛tíst✐❝❛s ❡♥tr❡ ♦s ✈❛❧♦r❡s ❞♦s ❢❛s♦r❡s ❞❡ t❡♥sã♦ ❡

❝♦rr❡♥t❡ ✈✐st♦s ♣❡❧♦s r❡❧és✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♣r♦♣♦st❛ ❞❡ ❖❥❛❣❤✐ ❡t ❛❧✳ ✭✷✵✶✸✮✳

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

❝♦♠ ❛ ♣r❡s❡♥ç❛ ♦✉ ♥ã♦ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✱ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ♠❡s♠♦ é ♣r♦t❡❣✐❞♦ ❛♣❡♥❛s

♣♦r r❡❧és ❞✐❣✐t❛✐s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛✳



❈❆P❮❚❯▲❖ ✸

❋❯◆❉❆▼❊◆❚❖❙ ❉❆ ❈❖❖❘❉❊◆❆➬➹❖ ❉❆ P❘❖❚❊➬➹❖

❖s ❞✐✈❡rs♦s ❡q✉✐♣❛♠❡♥t♦s q✉❡ ❝♦♠♣õ❡♠ ♦ ❙❊P✱ ❞❡ ♠❛♥❡✐r❛ ♠❛✐s ❡✈✐❞❡♥t❡ ❛s ❧✐♥❤❛s ❞❡ tr❛♥s✲

♠✐ssã♦✴❞✐str✐❜✉✐çã♦✱ ❡stã♦ s✉❥❡✐t♦s à ♣r♦❜❧❡♠❛s ❞❡ ❞✐✈❡rs❛s ♦r✐❣❡♥s✱ q✉❡r s❡❥❛♠ ♦r✐✉♥❞♦s ❞❡

❢❡♥ô♠❡♥♦s ♥❛t✉r❛✐s ❝♦♠♦✿ ❝❤✉✈❛✱ ✈❡♥t❛♥✐❛s✱ r❛✐♦s✱ t❡rr❡♠♦t♦s✱ ❡t❝❀ ♦✉ ❞❡✈✐❞♦ à ✈❛♥❞❛❧✐s♠♦✱

q✉❡✐♠❛❞❛s✱ ❡t❝✳ ◆❛ ♠❛✐♦r ♣❛rt❡ ❞❛s ✈❡③❡s✱ ♦s ♣r♦❜❧❡♠❛s ♥♦s s✐st❡♠❛s ❡❧étr✐❝♦s sã♦ ❝❛✉s❛s❞♦s

♣♦r ❢❛❧t❛s ♦✉ ❝✉rt♦✲❝✐r❝✉✐t♦s✳

❆ ♠❛✐♦r✐❛ ❞❛s ❢❛❧t❛s q✉❡ ❛❝♦♥t❡❝❡♠ ❡♠ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ sã♦ ❞❡ ♥❛t✉r❡③❛ tr❛♥s✐tór✐❛✱

✐st♦ é✱ sã♦ ❢❛❧t❛s q✉❡ s❡ ❡①t✐♥❣✉❡♠ ♣♦r s✐ só✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❆◆❊❊▲ ✭✷✵✵✽✮ ♦ t❡♠♣♦ ♠á①✐♠♦

♣❛r❛ ♣❡rt✉r❜❛çõ❡s tr❛♥s✐tór✐❛s é ❞❡ 150ms ✳ ❆ss✐♠✱ ♦ ♣r✐♠❡✐r♦ r❡q✉✐s✐t♦ q✉❡ ✉♠❛ ❡str❛té❣✐❛

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

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

t❡♠♣♦✶✳ ❆t✉❛❧♠❡♥t❡ ♦s s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ sã♦ ♣r♦t❡❣✐❞♦s ❡♠ s✉❛ q✉❛s❡ t♦t❛❧✐❞❛❞❡ ♣♦r

❡❧♦s ❢✉sí✈❡✐s ♦✉ ❝❤❛✈❡s ❞❡ r❡❧✐❣❛♠❡♥t♦ ❛✉t♦♠át✐❝♦✳ ❊♥tr❡t❛♥t♦✱ ❝♦♠ ❛ ♣♦♣✉❧❛r✐③❛çã♦ ❞❛s r❡❞❡s

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

❞❡ ❞✐str✐❜✉✐çã♦ t❡♥❞❡ ❛ s❡r ❝❛❞❛ ✈❡③ ♠❛✐s ❢r❡q✉❡♥t❡✳ ❚❛✐s ❞✐s♣♦s✐t✐✈♦s ♣❡r♠✐t✐rã♦ q✉❡ té❝♥✐❝❛s

♠❛✐s ♠♦❞❡r♥❛s ❞❡ ♣r♦t❡çã♦ ♣♦ss❛♠ s❡r ❛♣❧✐❝❛❞❛s ♥❡ss❛ ✐♠♣♦rt❛♥t❡ ♣❛rt❡ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✳

❉❡ ♠♦❞♦ ❣❡r❛❧✱ ❛ ♣r♦t❡çã♦ ♣r✐♥❝✐♣❛❧ ❞❡ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ é ♦❜t✐❞❛ ♣♦r ♠❡✐♦ ❞❡ ❞✐s♣♦s✐✲

t✐✈♦s ❞❡ s♦❜r❡❝♦rr❡♥t❡✳ ❆ ♣r❡s❡♥ç❛ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ♥❛s r❡❞❡s ❞❡ ❞✐str✐❜✉✐çã♦✱ ❡♥tr❡t❛♥t♦✱

❡①✐❣❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✐♥❝❧✉✐r ❞✐s♣♦s✐t✐✈♦s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞✐r❡❝✐♦♥❛❧ q✉❡ ♥ã♦

❡stá ♣r❡s❡♥t❡ ♥❛ ❢♦r♠✉❧❛çã♦ ❜ás✐❝❛ ❞❡st❛ ❢✉♥çã♦✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞❛s ❢✉♥çõ❡s ❞❡ ❞✐stâ♥❝✐❛ ❞❡✲

s❡♠♣❡♥❤❛❞❛s ♣♦r r❡❧és ❞♦ t✐♣♦ ♠❤♦ ✭❯❘❉❆◆❊❚❆ ❡t ❛❧✳✱ ✶✾✾✼❀ ❆❙❙❖❈■❆❚■❖◆✱ ✷✵✶✵✮✳

◗✉❛tr♦ r❡q✉✐s✐t♦s ❜ás✐❝♦s ❞❡✈❡♠ s❡r s❡❣✉✐❞♦s ❞✉r❛♥t❡ ♦ ❡st✉❞♦ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❇❧❛❝❦❜✉r♥ ✭✶✾✽✼✮✱ ❆▲❙❚❖◆ ✭✷✵✵✷✮ ❡ss❛s ❝❛r❛❝t❡ríst✐❝❛s sã♦✿

✶❊st❡ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❞❡✈❡ s❡r ❣r❛♥❞❡ ♦ s✉✜❝✐❡♥t❡ ♣❛r❛ q✉❡ ♦ ❛r❝♦ ❡❧étr✐❝♦✱ ❣❡r❛❧♠❡♥t❡ ♣r♦✈❡♥✐❡♥t❡ ❞❛
❢❛❧t❛✱ s❡ ❞❡s✐♦♥✐③❡✳

✶✽



❈❛♣ít✉❧♦ ✸ ✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❈♦♦r❞❡♥❛çã♦ ❞❛ Pr♦t❡çã♦ ✶✾

❼ ❙❡♥s✐❜✐❧✐❞❛❞❡✿ ♦s ❡q✉✐♣❛♠❡♥t♦s ❞❡ ♣r♦t❡çã♦ ❞❡✈❡♠ s❡r s❡♥s✐❜✐❧✐③❛❞♦s ♣❡❧♦ ♠❡♥♦r ♥í✈❡❧

❞❡ ❞❡❢❡✐t♦ ❛♦ q✉❛❧ ♦ s✐st❡♠❛ ❡st❡❥❛ s✉❥❡✐t♦ s❡♠✱ ♥♦ ❡♥t❛♥t♦✱ ❝♦♥❢✉♥❞✐r t❛✐s s✐t✉❛çõ❡s ❝♦♠

✉♠❛ ❝♦♥❞✐çã♦ ❞❡ ❝♦♥t✐♥❣ê♥❝✐❛✱ ♣♦r ❡①❡♠♣❧♦❀

❼ ❙❡❧❡t✐✈✐❞❛❞❡✿ ♦s ❛❥✉st❡s ❞♦s ❡q✉✐♣❛♠❡♥t♦s ❞❡ ♣r♦t❡çã♦ ❞❡✈❡♠ s❡r t❛✐s q✉❡ ♦ ♠❡♥♦r

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

❼ ❙❡❣✉r❛♥ç❛✿ ❡♠ ♥❡♥❤✉♠❛ ❤✐♣ót❡s❡ ♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❞❡✈❡ ✐♥t❡rr♦♠♣❡r ♦ ❢✉♥❝✐♦♥❛✲

♠❡♥t♦ ♥♦r♠❛❧ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❡ ♣♦tê♥❝✐❛❀

❼ ❘❛♣✐❞❡③✿ ✉♠ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ é tã♦ ♠❡❧❤♦r q✉❛♥t♦ ♠❛✐s rá♣✐❞❛s ❢♦r❡♠ ❛s ❛t✉❛çõ❡s

❞♦s s❡✉s ❞✐s♣♦s✐t✐✈♦s✳ ❈♦♠ ✐st♦✱ ❣❛r❛♥t❡✲s❡ q✉❡ ♦ s✐st❡♠❛ ♦♣❡r❛rá ❡♠ s✐t✉❛çõ❡s ❞❡ ❢❛❧t❛

s❡♠♣r❡ ♥♦ ♠❡♥♦r t❡♠♣♦ ♣♦ssí✈❡❧✳

✸✳✶ ❙■❙❚❊▼❆ ❉❊ P❘❖❚❊➬➹❖ P❆❘❆ ❘❊❉❊❙ ❉❊ ❉■❙❚❘■❇❯■➬➹❖

❯♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ❢✉♥çõ❡s ❞♦s s✐st❡♠❛s ❞❡ ♣r♦t❡çã♦ é ❞✐st✐♥❣✉✐r s✐t✉❛çõ❡s ♥♦r♠❛✐s ❞❡

s✐t✉❛çõ❡s ❛❞✈❡rs❛s ❡ ❡❧✐♠✐♥á✲❧❛s ❞❛ ♠❛♥❡✐r❛ ♠❛✐s rá♣✐❞❛ ♣♦ssí✈❡❧✳ ❉❡♥tr❡ t❛✐s s✐t✉❛çõ❡s✱ ❛s

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

❛♣r❡s❡♥t❛❞❛s ❛ s❡❣✉✐r✳

✸✳✶✳✶ ■s♦❧❛♠❡♥t♦ ❞❡ ❋❛❧t❛s ❚❡♠♣♦rár✐❛s

❆ ❡❧✐♠✐♥❛çã♦ ❞❡ ❢❛❧t❛s t❡♠♣♦rár✐❛s ❡♠ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ é r❡❛❧✐③❛❞♦ ♣❡❧♦s r❡❧✐❣❛❞♦r❡s

❛✉t♦♠át✐❝♦s✳ ❖ ❡sq✉❡♠❛ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡st❡ ❞✐s♣♦s✐t✐✈♦ s❡❣✉❡ ❛ s❡q✉ê♥❝✐❛ ♠♦str❛❞❛ ♥❛

❋✐❣✉r❛ ✸✳✶✳ ◆❛ ♣r✐♠❡✐r❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❞✐stúr❜✐♦ ❛ ❛❧✐♠❡♥t❛çã♦ é ✐♥t❡rr♦♠♣✐❞❛ ❡♠ ✉♠ ❝✉rt♦

✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ✭TI1✮✳ ❆♣ós TI1 ♦ r❡❧✐❣❛❞♦r ✈❡r✐✜❝❛ s❡ ♦ ❡✈❡♥t♦ ❝♦rr❡s♣♦♥❞❡ ♦✉ ♥ã♦ à ✉♠❛

❢❛❧t❛ t❡♠♣♦rár✐❛✳ ❈❛s♦ ❛ ❝♦rr❡♥t❡ ❛✐♥❞❛ s❡❥❛ s✉♣❡r✐♦r à ❝♦rr❡♥t❡ ♥♦♠✐♥❛❧ ❞♦ r❡❧✐❣❛❞♦r✱ ✉♠❛

♥♦✈❛ ✐♥t❡rr✉♣çã♦ é ❢❡✐t❛✳ ◆❛ ❋✐❣✉r❛ ✸✳✶ ♦ r❡❧✐❣❛❞♦r ❡stá ❝♦♥✜❣✉r❛❞♦ ♣❛r❛ ❞✉❛s t❡♥t❛t✐✈❛s ❞❡

r❡❧✐❣❛♠❡♥t♦ ❛✉t♦♠át✐❝♦ rá♣✐❞♦ ❡ ✉♠❛ t❡♥t❛t✐✈❛ ❧❡♥t❛✳

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

❧✐❣❛♠❡♥t♦ ❛✉t♦♠át✐❝♦ é r❡❛❧✐③❛❞❛ ❛tr❛✈és ❞❡ ✉♠ t❡♠♣♦ ❞❡ r❡t❛r❞♦ ❧❡♥t♦✳ ❈❛s♦ ❛ ❢❛❧t❛ ❛✐♥❞❛
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♣❡rs✐st❛ ♦ ❞✐s♣♦s✐t✐✈♦ ❡♥tr❛ ♥❛ ❝♦♥❞✐çã♦ ❞❡ ❜❧♦q✉❡✐♦✳

I
CARGA

I
FALTA

t(s)

I(A)

Bloqueio

t
I1

t
I2

t
2T

t
R1

t
R2

❋✐❣✉r❛ ✸✳✶✿ ❊sq✉❡♠❛ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ ✉♠ r❡❧✐❣❛❞♦r ❛✉t♦♠át✐❝♦ ❝♦♠ ❞✉❛s ✐♥t❡rr✉♣çõ❡s
rá♣✐❞❛s ❡ ✉♠❛ ❧❡♥t❛✳

❈♦♥s✐❞❡r❡ ♦ s✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ tí♣✐❝♦ s❡♠ ❛ ♣r❡s❡♥ç❛ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✱ ❛♣r❡s❡♥✲

t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✷✳ P❛r❛ q✉❡ ♦ ❝♦rr❡t♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ s❡❥❛ ♦❜t✐❞♦✱

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

❋✐❣✉r❛ ✸✳✸✿ ♦ r❡❧✐❣❛❞♦r A s❡rá r❡s♣♦♥sá✈❡❧ ♣❡❧❛ t❡♥t❛t✐✈❛ ❞❡ ❡❧✐♠✐♥❛r ❢❛❧t❛s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛

♣r✐♥❝✐♣❛❧✱ ✉♠ ♣♦✉❝♦ ❛♥t❡s ❞❛ ❜❛rr❛ 7✱ ✜❝❛♥❞♦ r❡s♣♦♥sá✈❡❧ ♣♦r ❢❛❧t❛s ♦❝♦rr✐❞❛s ❛té ❛ ❜❛rr❛ 5✳

◆❛ ♠❛✐♦r✐❛ ❞❛s ✈❡③❡s✱ r❡❧✐❣❛❞♦r❡s ❝♦♠♦ ♦s ❞❛ ❜❛rr❛ A sã♦ ❝♦♥✜❣✉r❛❞♦s ♣❛r❛ ❛t✉❛r ❞❡ ❢♦r♠❛

✐♥st❛♥tâ♥❡❛ ❞✉❛s ♦✉ três ✈❡③❡s✱ s❡♥❞♦ ✉s✉❛❧♠❡♥t❡ ❝♦♥✜❣✉r❛❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝✉r✈❛ ♠❛✐s

rá♣✐❞❛ ❞❛ ❢❛♠í❧✐❛ ❞♦ ❞✐s♣♦s✐t✐✈♦ ✭❆◆❉❊❘❙❖◆✱ ✶✾✾✾✮✳ ❈♦♠♦ ♦ ✉s♦ ❛♣❡♥❛s ❞♦ r❡❧✐❣❛❞♦r A ♥ã♦

é s✉✜❝✐❡♥t❡ ♣❛r❛ ♣r♦t❡❣❡r t♦❞❛ ❛ ❧✐♥❤❛✱ ❢❛③✲s❡ ♥❡❝❡ssár✐♦ ❛❝r❡s❝❡♥t❛r ✉♠ s❡❣✉♥❞♦ ❞✐s♣♦s✐t✐✈♦✱

❝❤❛♠❛❞♦ ❞❡ B✱ r❡s♣♦♥sá✈❡❧ ♣♦r ♣r♦t❡❣❡r ♦ s✐st❡♠❛ ❛ ♣❛rt✐r ❞❛ ❜❛rr❛ 5✳ ❙❡♥❞♦ ❛ss✐♠✱ ❡st❡ ú❧t✐♠♦

é r❡s♣♦♥sá✈❡❧ ♣♦r ❢❛❧t❛s ♥♦ ✜♥❛❧ ❞❡ t♦❞❛s ❛s ❜❛rr❛s ✐♥t❡r♥❛s à s✉❛ ③♦♥❛ ❞❡ ♣r♦t❡çã♦✳ P♦r s❡

tr❛t❛r ❞❡ ✉♠❛ r❡❞❡ r❛❞✐❛❧✱ é ❢á❝✐❧ ♦❜s❡r✈❛r q✉❡ ♦ r❡❧✐❣❛❞♦r B ❞❡✈❡ t❡r ✉♠❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣

♠❡♥♦r q✉❡ ❛ ❞♦ r❡❧✐❣❛❞♦r A ❡ t❛♠❜é♠✱ s❡r ❛❥✉st❛❞♦ ♣❛r❛ ❛t✉❛r ❞✉❛s ♦✉ três ✈❡③❡s ❞❡ ❢♦r♠❛

✐♥st❛♥tâ♥❡❛✱ s❡❣✉✐❞♦ ❞❡ ❞✉❛s ♦✉ três ✈❡③❡s ❞❡ ♠❛♥❡✐r❛ t❡♠♣♦r✐③❛❞❛✳

P❛r❛ ♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✷✱ ♦s r❡❧✐❣❛❞♦r❡s A ❡ B ❞❡s❡♠♣❡♥❤❛♠ ❞❡ ❢♦r♠❛ s❛✲

t✐s❢❛tór✐❛ ❛ ♣r♦t❡çã♦ ❝♦♥tr❛ ❢❛❧t❛s t❡♠♣♦rár✐❛s ❛♦ ❧♦♥❣♦ ❞❡ t♦❞❛ ❛ ❧✐♥❤❛ ♣r✐♥❝✐♣❛❧✳ P♦ré♠✱ ❝❛s♦

✉♠❛ ❢❛❧t❛ ♣❡r♠❛♥❡♥t❡ ♦❝♦rr❛ ♥♦ r❛♠♦ 4✱ ♦ r❡❧✐❣❛❞♦r A ❛t✉❛r✐❛ ❞❡ ♠❛♥❡✐r❛ ✐♥st❛♥tâ♥❡❛✳ ◆❡st❡

❝❡♥ár✐♦✱ t♦❞❛ ❛ r❡❞❡ s❡r✐❛ ❞❡s❡♥❡r❣✐③❛❞❛ ♣♦r ✉♠ ♣r♦❜❧❡♠❛ ♦❝♦rr✐❞♦ ❛♣❡♥❛s ♥♦ r❛♠♦ 4 ♦ q✉❡

♥ã♦ é ✉♠❛ ❜♦❛ ♣rát✐❝❛ ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ ❛ ♣r♦t❡çã♦ ❞❡ s✐st❡♠❛s r❛❞✐❛✐s✳ ❊♥tr❡t❛♥t♦✱ ❡ss❡

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

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

♣r♦t❡çã♦✱ s❡❥❛♠ ✐♥st❛❧❛❞♦s ♥❛ r❡❞❡✳
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SE

1

2

3 4

5

6 7

8
A B

Alimentador
Principal

Alimentadores
Laterais

❋✐❣✉r❛ ✸✳✷✿ ❙✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❝♦♠ ♦s r❡s♣❡❝t✐✈♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦✳

✸✳✶✳✷ ■s♦❧❛♠❡♥t♦ ❞❡ ❋❛❧t❛s P❡r♠❛♥❡♥t❡s

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❖◆❙ ✭✷✵✵✾✮✱ ❆◆❊❊▲ ✭✷✵✵✽✮✱ ❢❛❧t❛ ♣❡r♠❛♥❡♥t❡ é q✉❛❧q✉❡r ❞❡❢❡✐t♦ ♥❛ r❡❞❡

❡❧étr✐❝❛ q✉❡ t❡♥❤❛ ❞✉r❛çã♦ ♠❛✐♦r q✉❡ 150ms✳ ❊st❡ t✐♣♦ ❞❡ ❢❛❧t❛ ♣♦❞❡ s❡r ❡❧✐♠✐♥❛❞♦ ❞❡ ❞✉❛s

❢♦r♠❛s✿ ✭✶✮ q✉❛♥❞♦ ❛s t❡♥t❛t✐✈❛s ❞❡ r❡❡♥❡r❣✐③❛çã♦ ❞♦s r❡❧✐❣❛❞♦r❡s s❡ ❡s❣♦t❛r❡♠✱ ♦✉ ✭✷✮ ♣♦r ♠❡✐♦

❞❡ r❡❧és ❡ ❡❧♦s ❢✉sí✈❡✐s✳

◆❛ ❋✐❣✉r❛ ✸✳✷ ❛♦ ❧♦♥❣♦ ❞♦ ❛❧✐♠❡♥t❛❞♦r ♣r✐♥❝✐♣❛❧✱ ❢❛❧t❛s ♣❡r♠❛♥❡♥t❡s ❡stã♦ ❛❞❡q✉❛❞❛♠❡♥t❡

♣r♦t❡❣✐❞❛s ♣♦r ♠❡✐♦ ❞♦s r❡❧✐❣❛❞♦r❡s A ❡ B✳ P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ q✉❛❧q✉❡r ❢❛❧t❛ ♣❡r♠❛♥❡♥t❡

♦❝♦rr✐❞❛ ❛♣ós B ❡st❡ ♦♣❡r❛rá✱ ❡♥q✉❛♥t♦ ❛ ♣❛rt❡ ❞♦ ❝✐r❝✉✐t♦ ♣r♦t❡❣✐❞❛ ♣♦r A ❝♦♥t✐♥✉❛rá ❡♠

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

❞❡ ❢♦r♠❛ ❛ ❝♦♥✜♥❛r ♠❡❧❤♦r ❛s ❢❛❧t❛s✳

P❛r❛ ❧✐♥❤❛s t❡r♠✐♥❛✐s✱ ✉♠❛ ❡str❛té❣✐❛ ♥ã♦ r❡❝♦♠❡♥❞❛❞❛ é ♦ ✉s♦ ❞❛ ❡❧✐♠✐♥❛çã♦ ❞❛s ❢❛❧t❛s

♦❝♦rr✐❞❛s ♥❡ss❛s ♣♦r ♠❡✐♦ ❞♦ r❡❧✐❣❛❞♦r ❞♦ ❛❧✐♠❡♥t❛❞♦r ♣r✐♥❝✐♣❛❧✳ ❊st❡ ♣r♦❝❡❞✐♠❡♥t♦ ❢❛r✐❛ ❝♦♠

q✉❡ ✉♠❛ ♣❛rt❡ ♠❛✐♦r ❞❛ r❡❞❡ ❢♦ss❡ ❞❡s❧✐❣❛❞❛✱ ♣❡r❞❡♥❞♦ ❛ss✐♠ ❛ s❡❧❡t✐✈✐❞❛❞❡ ❞♦ s✐st❡♠❛ ❞❡

♣r♦t❡çã♦✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ❛ ❛❞✐çã♦ ❞❡ r❡❧✐❣❛❞♦r❡s ❡♠ t♦❞♦s ♦s r❛♠♦s ❧❛t❡r✐❛s ♣♦❞❡ s❡r ✐♥✈✐á✲

✈❡❧ ❡❝♦♥ô♠✐❝❛ ❡ t❡❝♥✐❝❛♠❡♥t❡✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ♠❛✐♦r✐❛ ❞♦s ❡♥❣❡♥❤❡✐r♦s ❞❡ ♣r♦t❡çã♦ ✉t✐❧✐③❛♠

❢✉sí✈❡✐s ♥❛ ♣r♦t❡çã♦ ❞❡ss❡s r❛♠♦s♦s q✉❛✐s ❞❡✈❡♠ s❡r ❝♦♦r❞❡♥❛❞♦s ❝♦♠ ♦s r❡❧✐❣❛❞♦r❡s ❞♦ ❛❧✐♠❡♥✲

t❛❞♦r ♣r✐♥❝✐♣❛❧✳ ❖ ✉s♦ ❞♦s ❢✉sí✈❡✐s ♣r♦✈♦❝❛ ❛s ♠♦❞✐✜❝❛çõ❡s ♠♦str❛❞❛s ♥❛ ❋✐❣✉r❛ ✸✳✸ q✉❛♥❞♦

❝♦♠♣❛r❛❞❛s ❝♦♠ ❛ ❋✐❣✉r❛ ✸✳✷✳ ❈♦♠♦ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r✱ ✉♠ ❢✉sí✈❡❧ ❢♦✐ ✐♥st❛❧❛❞♦ ♥♦ ✐♥í❝✐♦ ❞❡

❝❛❞❛ r❛♠♦ ❧❛t❡r❛❧ ❡ ❛✐♥❞❛ ❢♦✐ ❛❞✐❝✐♦♥❛❞♦ ✉♠ ❢✉sí✈❡❧ ❛♦ ❛❧✐♠❡♥t❛❞♦r ♣r✐♥❝✐♣❛❧✱ ♥♦ ♣♦♥t♦ 7✳ ❊st❡

ú❧t✐♠♦ ❢✉sí✈❡❧ é r❡s♣♦♥sá✈❡❧ ♣♦r r❡❞✉③✐r ❛ ár❡❛ q✉❡ s♦❢r❡rá ❞❡s❡♥❡r❣✐③❛çã♦ ♥♦s ❝❛s♦s ❞❡ ✉♠❛

❢❛❧t❛ ♣❡r♠❛♥❡♥t❡✳
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SE

Zona A
Zona B

1

2

3 4

5

6 7

8
A B

Falta

❋✐❣✉r❛ ✸✳✸✿ ❋❛❧t❛s ♣❡r♠❛♥❡♥t❡s s❡♥❞♦ ✐s♦❧❛❞❛s ♣♦r ❢✉sí✈❡✐s✳

❖s ❢✉sí✈❡✐s ✐♥st❛❧❛❞♦s ❡♠ ❝❛❞❛ r❛♠♦ ❞❡✈❡♠ s✉♣♦rt❛r ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ♥♦♠✐♥❛❧ s❡♠ q✉❡

❡♥tr❡♠ ❡♠ ❢✉sã♦✳ ❙✉❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❡✈❡ s❡r ❛❥✉st❛❞❛ ♣❛r❛ ✈❛❧♦r❡s ✐♥❢❡r✐♦r❡s à ♠❡♥♦r

❝♦rr❡♥t❡ ❞❡ ❢❛❧t❛ ♥♦ ❡①tr❡♠♦ ♦♣♦st♦ ❞♦ r❛♠♦✳ ❆❧é♠ ❞♦ ❛❥✉st❡ ❞❡ ♣✐❝❦✲✉♣✱ ❞❡✈❡✲s❡ ❛✐♥❞❛ ✈❡r✐✜❝❛r

s❡ ♦s ❛❥✉st❡s ❞♦s ❢✉sí✈❡✐s sã♦ ❛❞❡q✉❛❞♦s ♣❛r❛ ❡❧✐♠✐♥❛r ❢❛❧t❛s ❝❧♦s❡ ✐♥✷✱ ❛s q✉❡ ❛♣r❡s❡♥t❛♠ ♦s

♠❛✐♦r❡s ✈❛❧♦r❡s ❞❡ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✱ ♣♦r s❡r❡♠ ❛s q✉❡ ♦❝♦rr❡♠ ♥♦ ✐♥í❝✐♦ ❞❛ ❧✐♥❤❛

♣r♦t❡❣✐❞❛✳

◆♦s ♣❛rá❣r❛❢♦s ❛♥t❡r✐♦r❡s ♠❡♥❝✐♦♥♦✉✲s❡ ♦ ❛❧t♦ ❝✉st♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s ♠❛✐s ♠♦❞❡r♥♦s ❡ ♠❛✐s

❡✜❝❛③❡s ♣❛r❛ ♦ s✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦✳ P♦ré♠✱ ❡st✐♠❛✲s❡ q✉❡ ❝♦♠ ❛ ❡❢❡t✐✈❛ ✐♠♣❧❛♥t❛çã♦ ❞❛s

❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ❞❛s ❙♠❛rt ●r✐❞s ♦ ❝✉st♦ ❞❡ss❡s ❞✐s♣♦s✐t✐✈♦s ♣♦ss❛ ❞✐♠✐♥✉✐r✱ ❢❛✈♦r❡❝❡♥❞♦ ❛

✈✐❛❜✐❧✐❞❛❞❡ ♣rát✐❝❛ ❞❛s té❝♥✐❝❛s ♠❛✐s ♠♦❞❡r♥❛s✳

✸✳✷ ❈❖❖❘❉❊◆❆➬➹❖ ❉❊ ❘❊▲➱❙ ❉❊ P❘❖❚❊➬➹❖

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

❢r❡q✉❡♥t❡♠❡♥t❡ r❡❧és ♦✉ ❡❧♦s ❢✉sí✈❡✐s✳ ❙ã♦ ♦s ❞✐s♣♦s✐t✐✈♦s s❡♥s♦r❡s✱ ♦s r❡❧és ♥❛ ♠❛✐♦r ♣❛rt❡ ❞❛s

✈❡③❡s✱ q✉❡♠ ❞ã♦ ✐♥t❡❧✐❣ê♥❝✐❛ ❛♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❡ ❝♦♥tr♦❧❛♠ ❛ ❧ó❣✐❝❛ ❞❡ ❡♥✈✐♦ ❞♦ s✐♥❛❧ ❞❡

tr✐♣✸ ❛♦s ❞✐s♣♦s✐t✐✈♦s s❡❝❝✐♦♥❛❞♦r❡s✳ P♦r s✉❛ ✈❡③✱ ♦s r❡❧és ♣♦❞❡♠ s❡r ✉s❛❞♦s ❡♠ ✉♠❛ ❣r❛♥❞❡

✈❛r✐❡❞❛❞❡ ❞❡ ♣r♦❥❡t♦s✱ s❡♥❞♦ ❡st❡s ✐♥t❡✐r❛♠❡♥t❡ ❛❞❛♣tá✈❡✐s à q✉❛❧q✉❡r ❝♦♥✜❣✉r❛çã♦✱ ✉♠❛ ✈❡③

q✉❡ ♣♦❞❡✲s❡ ❡s❝♦❧❤❡r ❛ ❢✉♥çã♦ ❞❡ ♣r♦t❡çã♦✱ ✈❛❧♦r❡s ❞❡ ♣✐❝❦✲✉♣ ❡♥tr❡ ♦✉tr❛s ❝❛r❛❝t❡ríst✐❝❛s q✉❡

✷❋❛❧t❛s q✉❡ ♦❝♦rr❡♠ ♥♦ ✐♥í❝✐♦ ❞❛ ❧✐♥❤❛ ✱ ❧♦❣♦ ❛♣ós ❛ ❜❛rr❛ ❧♦❝❛❧
✸❙✐♥❛❧ q✉❡ ❝♦♠❛♥❞❛ ❛ ❛❜❡rt✉r❛ ❞❡ ✉♠ ❞✐s❥✉♥t♦r ❡♠ ❝❛s♦ ❞❡ ❢❛❧❤❛✳
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♦s ❛❞❡q✉❛♠ ❛♦ s✐st❡♠❛ ❛♦ q✉❛❧ s❡rã♦ ❛♣❧✐❝❛❞♦s✳

✸✳✷✳✶ ❙✐st❡♠❛s r❛❞✐❛✐s

❚r❛❞✐❝✐♦♥❛❧♠❡♥t❡✱ ♦s s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❝❛r❛❝t❡r✐③❛♠✲s❡ ♣❡❧❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠❛ ú♥✐❝❛

❢♦♥t❡ ❣❡r❛❞♦r❛ ❡ ♣❡❧❛ ❝♦♥✜❣✉r❛çã♦ r❛❞✐❛❧ ❞❡ s✉❛s ❧✐♥❤❛s ❞❡ ❞✐str✐❜✉✐çã♦ ✭❊❉▼❯◆❉❙✱ ✶✽✽✽✮✱

❝♦♠♦ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✸✳✹✳ ❆ ❞❡✜♥✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❡♠

r❡❞❡s ❞❡ ❞✐str✐❜✉✐çã♦ é r❡❛❧✐③❛❞❛ ❞❡ q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❛t✉❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦

s❡❥❛ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ ❛ ♠❛❣♥✐t✉❞❡ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❢❛❧t❛✳ ❈♦♠♦✱ ♣♦r ❝❛r❛❝t❡ríst✐❝❛

♣ró♣r✐❛ ❞❡ss❡ s✐st❡♠❛✱ ❛s r❡❞❡s sã♦ ❡♠ s✉❛ ♠❛✐♦r✐❛ r❛❞✐❛✐s✱ ♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ♣♦❞❡♠

t❡r ❝❛r❛❝t❡ríst✐❝❛ ♥ã♦ ❞✐r❡❝✐♦♥❛❧✱ ♦✉ s❡❥❛✱ ♥ã♦ ♣r❡❝✐s❛♠ s❡r s❡♥sí✈❡✐s à ♣❛ss❛❣❡♠ ❞❡ ❝♦rr❡♥t❡ ❡♠

❛♣❡♥❛s ✉♠ s❡♥t✐❞♦✳ ❊♥tr❡t❛♥t♦✱ ❝♦♠ ♦ ❛✉♠❡♥t♦ ♥♦ ♥ú♠❡r♦ ❞❡ ♣❡q✉❡♥♦s ❣❡r❛❞♦r❡s ❝♦♥❡❝t❛❞♦s à

r❡❞❡ ♣♦r ♠❡✐♦ ❞♦ s✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦✱ ❡st❛s ❝❛r❛❝t❡ríst✐❝❛s ✈ê♠ ♣❛ss❛♥❞♦ ♣♦r tr❛♥s❢♦r♠❛çõ❡s✳

(1)(2)(3)

G H R

Ê

❋✐❣✉r❛ ✸✳✹✿ ❙✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ s✐♠♣❧✐✜❝❛❞♦✳

◆❛ ♠❛✐♦r✐❛ ❞❛s ✈❡③❡s✱ ❛ ♣r♦t❡çã♦ ♣❛r❛ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ é ❢❡✐t❛ ❡♠♣r❡❣❛♥❞♦ ❞✐s♣♦s✐✲

t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞❡ ❢❛s❡ ❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ♣❛r❛ ♦ ♥❡✉tr♦ ❞❛ ✐♥st❛❧❛çã♦✳ ❊ss❡ ❛rr❛♥❥♦

t❡♠ ❛ ✈❛♥t❛❣❡♠ ❞❡ q✉❡ q✉❛❧q✉❡r r❡❧é ♣♦❞❡ s❡r r❡t✐r❛❞♦ ♣❛r❛ ♠❛♥✉t❡♥çã♦ ❡ ♠❡s♠♦ ❛ss✐♠ ♦

❝✐r❝✉✐t♦ ❝♦♥t✐♥✉❛rá ♣r♦t❡❣✐❞♦ ♣❛r❛ q✉❛❧q✉❡r t✐♣♦ ❞❡ ❢❛❧t❛✳ ■❊❊❊✲P❙❘❈ ✫ ❈♦♠♠✐tt❡❡ ✭✶✾✽✸✮

s✉❣❡r❡ q✉❡ ❢❛❧t❛s t❡♠♣♦rár✐❛s s❡❥❛♠ ❡❧✐♠✐♥❛❞❛s ✐♥st❛♥t❛♥❡❛♠❡♥t❡ ❡ q✉❡ ❢❛❧t❛s ♣❡r♠❛♥❡♥t❡s

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

❆ ♣r♦t❡çã♦ ❞♦s s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ♣♦r três t✐♣♦s ❞❡ ❞✐s♣♦s✐t✐✈♦s✿

r❡❧✐❣❛❞♦r❡s ❛✉t♦♠át✐❝♦s✱ r❡❧és ❡ ❢✉sí✈❡✐s ✭❆◆❉❊❘❙❖◆✱ ✶✾✾✾✮✳ ■♥❞❡♣❡♥❞❡♥t❡ ❞❡ q✉❛✐s s❡❥❛♠ ♦s

❞✐s♣♦s✐t✐✈♦s ✉t✐❧✐③❛❞♦s✱ é ♥❡❝❡ssár✐♦ q✉❡ t♦❞♦s ❡❧❡s ❡st❡❥❛♠ ❝♦♦r❞❡♥❛❞♦s✳ ❆❧é♠ ❞❛ ❞✐✜❝✉❧❞❛❞❡

✐♥❡r❡♥t❡ ❛♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♦r❞❡♥❛çã♦✱ ❛ ❝♦♦r❞❡♥❛çã♦ ♥❛s r❡❞❡s ❞❡ ❞✐str✐❜✉✐çã♦ ❛✐♥❞❛ é ❛❝r❡s❝✐❞❛

❞♦ ❢❛t♦ ❞❡ q✉❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s ❚❈ q✉❡ ♦s ❛❧✐♠❡♥t❛♠ ♣♦❞❡♠ s❡r ❞✐❢❡r❡♥t❡s✳

❆ ❋✐❣✉r❛ ✸✳✺ ❝♦♥té♠ ❡①❡♠♣❧♦s ❞❛ ❝♦♦r❞❡♥❛çã♦ ❡♥tr❡✿ ✸✳✺✭❛✮ ❢✉sí✈❡❧ ❡ r❡❧✐❣❛❞♦r✱ ✸✳✺✭❜✮ ❢✉sí✈❡❧

❡ r❡❧é✱ ❡ ✸✳✺✭❝✮ r❡❧é ❡ r❡❧✐❣❛❞♦r✳
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tR1tR2t2T

IRmin

Fusível

Religador

t (s)

IF (A)

✭❛✮

t (s)

IF (A)

Relé

Fusível

✭❜✮

IF (A)

IRmin

Relé

Religador

tR1tR2t2T t (s)

IF (A)

✭❝✮

❋✐❣✉r❛ ✸✳✺✿ ❊①❡♠♣❧♦s ❞❡ ❝♦♦r❞❡♥❛çã♦ ❡♥tr❡✿ ✭✸✳✺✭❛✮✮ ❢✉sí✈❡❧ ❡ r❡❧✐❣❛❞♦r✱ ✭✸✳✺✭❜✮✮ ❢✉sí✈❡❧ ❡ r❡❧é
❡ ✭✸✳✺✭❝✮✮ r❡❧é ❡ r❡❧✐❣❛❞♦r✳

❘❡❝❡♥t❡♠❡♥t❡ ❍✉ss❛✐♥ ❡t ❛❧✳ ✭✷✵✶✸✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ ♣r♦♣♦st❛ ❞❡ ♠♦❞✐✜❝❛çã♦ ❛❞❛♣t❛t✐✈❛

❞❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛ ✉♥✐❞❛❞❡ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❞♦s r❡❧✐❣❛❞♦r❡s q✉❡ ❝♦♠♣õ❡♠ ♦

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

✐♥t❡r✈❡♥çã♦ ❤✉♠❛♥❛ ♣❛r❛ ❛ r❡❡♥❡r❣✐③❛çã♦ ❞♦ s✐st❡♠❛✳ ❖s ✈❛❧♦r❡s ❞❛s ❝♦rr❡♥t❡s ❞❡ ♣✐❝❦✲✉♣ sã♦

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

♦✉ s❡❥❛✱ ❛ té❝♥✐❝❛ ♥ã♦ é ❝❛♣❛③ ❞❡ ❞❡t❡r♠✐♥❛r t❛✐s ♣❛râ♠❡tr♦s ❛✉t♦♠❛t✐❝❛♠❡♥t❡✳

❊st❛ t❡s❡ ❛ss✉♠✐rá q✉❡ ❛s r❡❞❡s ❡❧étr✐❝❛s sã♦ ♣r♦t❡❣✐❞❛s ❛♣❡♥❛s ♣♦r r❡❧és ❞✐❣✐t❛✐s✳ P♦r ✐ss♦✱ ♦

♣r♦❝❡ss♦ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❡♥tr❡ ♦s ♦✉tr♦s t✐♣♦s ❞❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ♥ã♦ s❡rã♦ ❛❜♦r❞❛❞♦s✳



❈❛♣ít✉❧♦ ✸ ✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❈♦♦r❞❡♥❛çã♦ ❞❛ Pr♦t❡çã♦ ✷✺

✸✳✷✳✷ ❙✐st❡♠❛s ❝♦♠ ●❡r❛çã♦ ❉✐str✐❜✉í❞❛

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

♠✐③❛r ❛ ❞❡♣❡♥❞ê♥❝✐❛ ❞❛s ❢♦♥t❡s tr❛❞✐❝✐♦♥❛✐s ❝♦♠♦ ❛ ❤✐❞r♦❡❧étr✐❝❛ ❡✱ t❛♠❜é♠ r❡❞✉③✐r ♦s í♥❞✐❝❡s

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

♥❛s t❡r♠♦❡❧étr✐❝❛s✱ ✈❡♠ ❣❛♥❤❛♥❞♦ ❝❛❞❛ ✈❡③ ♠❛✐s ❡s♣❛ç♦ ♥♦ ❝❡♥ár✐♦ ❡❧étr✐❝♦ ♥❛❝✐♦♥❛❧✱ tr❛♥s✲

❢♦r♠❛♥❞♦ ✐♥❞ústr✐❛s ❡ ❝♦♥s✉♠✐❞♦r❡s r❡s✐❞❡♥❝✐❛✐s ❡♠ ❛❣❡♥t❡s ❣❡r❛❞♦r❡s ❞❡ ❡♥❡r❣✐❛✱ s❡❥❛ ❡st❛

❛tr❛✈és ❞❡ ❡♥❡r❣✐❛ s♦❧❛r✱ ❜✐♦♠❛ss❛✱ ❡t❝✳ ❊st❡s ♣❡q✉❡♥♦s ❣❡r❛❞♦r❡s sã♦ ❝♦♥❤❡❝✐❞♦s ❝♦♠♦ ❣❡r❛çã♦

❞✐str✐❜✉í❞❛ ✭●❉✮✳

❆ ❝♦♥❡①ã♦ ❞❡ss❡s ♣❡q✉❡♥♦s ❣❡r❛❞♦r❡s à r❡❞❡ ❡❧étr✐❝❛ é r❡❛❧✐③❛❞❛ ♥❛ ♠❛✐♦r✐❛ ❞❛s ✈❡③❡s ❛tr❛✈és

❞♦ s✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦✳ ❊st❡ ❢❛t♦ tr❛③ ♣❛r❛ ♦ s✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ ♥♦✈❛s ❝❛r❛❝t❡ríst✐❝❛s

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

s❡r ❞❡st❛❝❛❞♦s q✉❛♥❞♦ ❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ é ❝♦♥❡❝t❛❞❛ à r❡❞❡✳ ❆ ❜❛s❡ ❞❡ t♦❞♦s ♦s ♣r♦❜❧❡♠❛s

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

❞❛ ❝♦rr❡♥t❡✱ s❡❥❛ ❛ ❞❡ ❝❛r❣❛ ♦✉ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳

P❛r❛ ✉♠ s✐st❡♠❛ r❛❞✐❛❧ ❝♦♠♦ ♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✹✱ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ tr✐❢ás✐❝♦

✭i✮ ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞❛✱ ❡♠ ♣✉✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✭✸✳✶✮✱ ♦♥❞❡ ZTH é ❛ ✐♠♣❡❞â♥❝✐❛ ❞❡ ❚❤é✈❡♥♥✐♥

✈✐st❛ ♥♦ ♣♦♥t♦ ♦♥❞❡ ♦❝♦rr❡ ❛ ❢❛❧t❛✳

i =
1

ZTH

. ✭✸✳✶✮

❉❡ ❛❝♦r❞♦ ❝♦♠ ❏❡♥❦✐♥s ✭✷✵✵✵✮✱ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❡♠ ✉♠ s✐st❡♠❛ r❛❞✐❛❧ ❛ss✉♠❡

✈❛❧♦r❡s ❡♥tr❡ ✶✵ ❡ ✶✺ ✈❡③❡s ♦ ✈❛❧♦r ❞❡ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✱ ♦ q✉❡ ♣❡r♠✐t❡ s❡r ❢❛❝✐❧♠❡♥t❡ ✐❞❡♥t✐✜❝❛❞❛

♣❡❧♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦✳

❆ ❋✐❣✉r❛ ✸✳✻ ❛♣r❡s❡♥t❛ ✉♠ ❡①❡♠♣❧♦ ❞❡ s✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❝♦♥t❡♥❞♦ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳

❯♠ ❞♦s ♣r♦❜❧❡♠❛s q✉❡ ♣♦❞❡ ❡①✐st✐r ♥♦s s✐st❡♠❛s ❞❡ ♣r♦t❡çã♦ ❝♦♠ ●❉ ♦❝♦rr❡ q✉❛♥❞♦ ❛ ❝♦♥tr✐✲

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

❢❛t♦ é ❝♦♠✉♠ q✉❛♥❞♦ ❛ ♣❧❛♥t❛ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞❛ ♣♦r ✉♠❛ ❜❛rr❛ P❱

❝♦♠ ✈❛❧♦r ❞❡ ♣♦tê♥❝✐❛ ❛t✐✈❛ ♠✉✐t♦ ❡❧❡✈❛❞♦ ✭●❊■❉▲✱ ✷✵✵✺✮✳ ◆❡st❡s ❝❛s♦s✱ ♦ r❡❧é ✐♥st❛❧❛❞♦ ♥♦

✐♥í❝✐♦ ❞❛ ❧✐♥❤❛ H −R ♣♦❞❡ ♥ã♦ s❡r s❡♥s✐❜✐❧✐③❛❞♦ ❡ ♥ã♦ ❡❧✐♠✐♥❛r ❛ ❢❛❧t❛✳

◆♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✸✳✻✱ ✉♠ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥♦ ♣♦♥t♦ a r❡s✉❧t❛ ❡♠ ♥✉♠❛ ❝♦rr❡♥t❡ ❞❡ ❢❛❧t❛



❈❛♣ít✉❧♦ ✸ ✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❈♦♦r❞❡♥❛çã♦ ❞❛ Pr♦t❡çã♦ ✷✻

If ❢♦r♠❛❞❛ ♣❡❧❛ ❝♦♥tr✐❜✉✐çã♦ ❞❛ ❝♦rr❡♥t❡ ❞♦ ❣❡r❛❞♦r ♣r✐♥❝✐♣❛❧ ✭Inw✮ ❡ ❞❛ ●❉ ✭Idg✮✱ ❝♦♥❢♦r♠❡

✭✸✳✷✮✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❉✉❣❛♥ ✫ ▼❝❉❡r♠♦tt ✭✷✵✵✶✮✱ ❉✉❣❛♥ ✫ ▼❝❉❡r♠♦tt ✭✷✵✵✷✮✱ ❡ss❡ ❢❛t♦ ♣♦❞❡

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

If = Inw + Idg. ✭✸✳✷✮

❙✉♣♦♥❞♦ ❛✐♥❞❛ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✸✳✻ ✉♠❛ ❢❛❧t❛ ♥❛ ❜❛rr❛ H✱ ❝♦♥st❛t❛✲s❡ q✉❡ ♦

❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦ ✐r✐❛ ✏❡♥①❡r❣❛r✑ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ♥♦ s❡♥t✐❞♦ ♦♣♦st♦

❛♦ ✢✉①♦ ❞❛ ❝♦rr❡♥t❡ ❞❛ ❣❡r❛çã♦ ♣r✐♥❝✐♣❛❧✳ ❊ss❡ ❢❛t♦ ❥✉st✐✜❝❛ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❛ ✐♥❝❧✉sã♦ ❞❛

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

❝♦♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳

G

L1 L2 L3

H

Inw If

Idg

R T
a

Ê

GD

❋✐❣✉r❛ ✸✳✻✿ ❙✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❝♦♠ ♣r❡s❡♥ç❛ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳

❖ s❡♥t✐❞♦ ❝♦♠✉♠ ❞♦ ✢✉①♦ ❞❡ ♣♦tê♥❝✐❛ ♥♦s s✐st❡♠❛s r❛❞✐❛✐s t❛♠❜é♠ ♣♦❞❡ s♦❢r❡r ♠♦❞✐✜❝❛çõ❡s

q✉❛♥❞♦ s❡ ❝♦♥❡❝t❛ ❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳ ❊ss❡ ❢❛t♦ ♦❝♦rr❡ q✉❛♥❞♦ ♦ ♥í✈❡❧ ❞❡ ♣r♦❞✉çã♦ ❞❡ ❡♥❡r❣✐❛

❧♦❝❛❧ s✉♣❡r❛ ♦ ❝♦♥s✉♠♦ ✭▲❖P❊❙✱ ✷✵✵✷✮✳ ❆❧é♠ ❞❛ ♥❡❝❡ss✐❞❛❞❡ ❞❛ ✐♥❝❧✉sã♦ ❞❛ ✉♥✐❞❛❞❡ ❞✐r❡❝✐♦♥❛❧✱

♦ ✢✉①♦ ❞❡ ♣♦tê♥❝✐❛ r❡✈❡rs♦ ✐♠♣❧✐❝❛ ♥❛ ♠♦❞✐✜❝❛çã♦ ❞♦ ❣r❛❞✐❡♥t❡ ❞❡ t❡♥sã♦ ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛✳

❆❧é♠ ❞❡ ♣r♦❜❧❡♠❛s r❡❧❛❝✐♦♥❛❞♦s à q✉❛❧✐❞❛❞❡✱ ✈✐♦❧❛çõ❡s ♥♦s ❧✐♠✐t❡s ❞♦s ♥í✈❡✐s ❞❡ t❡♥sã♦

t❛♠❜é♠ ♣♦❞❡♠ s❡r ✈❡r✐✜❝❛❞❛s ♥♦s s✐st❡♠❛s ❝♦♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❏❡♥❦✐♥s

✭✷✵✵✵✮✱ ❚r❛♥✲◗✉♦❝ ❡t ❛❧✳ ✭✷✵✵✸✮✱ ♦ ❣r❛❞✐❡♥t❡ ❞❡ t❡♥sã♦ ❛♦ ❧♦♥❣♦ ❞❡ ✉♠❛ ❧✐♥❤❛ r❛❞✐❛❧ ♣♦❞❡ s❡r

❛♣r♦①✐♠❛❞♦ ❛tr❛✈és ❞❡ ✭✸✳✸✮✳

∆V ≈

PdgRth + QdgXth

Vn

, ✭✸✳✸✮

♦♥❞❡✿

Vn ✲ t❡♥sã♦ ♥♦♠✐♥❛❧ ❞♦ s✐st❡♠❛

Rth + jXth ✲ ✐♠♣❡❞â♥❝✐❛ ❞❛ ❧✐♥❤❛ ❛♥❛❧✐s❛❞❛

Pdg + jQdg ✲ ♣♦tê♥❝✐❛ ✐♥❥❡t❛❞❛ ♣❡❧❛ ●❉✳



❈❛♣ít✉❧♦ ✸ ✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❈♦♦r❞❡♥❛çã♦ ❞❛ Pr♦t❡çã♦ ✷✼

●r❛✜❝❛♠❡♥t❡✱ é ❛♣r❡s❡♥t♦ ♥❛ ❋✐❣✉r❛ ✸✳✼ ♦ ❡❢❡✐t♦ ❞❛ ✐♥❝❧✉sã♦ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ♥♦ ♣❡r✜❧

❞❡ t❡♥sã♦ ❞♦ ❛❧✐♠❡♥t❛❞♦r ❡ ♥♦ ❣r❛❞✐❡♥t❡✳ ❖❜s❡r✈❛✲s❡ q✉❡ q✉❛♥❞♦ ♥ã♦ ❤á ❝♦♥tr✐❜✉✐çã♦ ❞❛ ❣❡r❛çã♦

❞✐str✐❜✉í❞❛ ♣❛r❛ ♦ s✐st❡♠❛✱ ❛ ♣♦tê♥❝✐❛ s❡❣✉❡ ❞❛ ❣❡r❛çã♦ ♣r✐♥❝✐♣❛❧ ❞❛ r❡❞❡✱ r❡♣r❡s❡♥t❛❞❛ ♣❡❧❛

❢♦♥t❡ Ê ❞❛ ❋✐❣✉r❛ ✸✳✼✱ ♣❛r❛ ❛s ❝❛r❣❛s✱ ❡ ♦ ♣❡r✜❧ ❞❡ t❡♥sã♦✱ r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ❧✐♥❤❛ ❝♦♥tí♥✉❛✱

❛ss✉♠❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡❝r❡s❝❡♥t❡s ❛♦ ❧♦♥❣♦ ❞❛ r❡❞❡✳ ◗✉❛♥❞♦ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❛ ●❉ ❢♦r♥❡❝❡

✉♠❛ ❝♦rr❡♥t❡ q✉❡ s✉♣❡r❛ ❛ ❝♦rr❡♥t❡ ❞❛s ❝❛r❣❛s ❝♦♥❡❝t❛❞❛s às ❜❛rr❛s R ❡ T ✱ ♦ ✢✉①♦ ❞❡ ♣♦tê♥❝✐❛

❛ss✉♠❡ s❡♥t✐❞♦ r❡✈❡rs♦ ❡♠ r❡❧❛çã♦ ❛♦ ❝❛s♦ ❡♠ q✉❡ ❛ ●❉ ♥ã♦ ❡stá ❝♦♥❡❝t❛❞❛ ❛ r❡❞❡✳ ❖ ♣❡r✜❧ ❞❛

t❡♥sã♦✱ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✼ é r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ❧✐♥❤❛ tr❛❝❡❥❛❞❛✳ ❈♦♥❢♦r♠❡ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r✱

❛ ●❉ ❝♦♥tr✐❜✉✐ ♣❛r❛ q✉❡ ❛ t❡♥sã♦ ❛♦ ❧♦♥❣♦ ❞❛ r❡❞❡ t❡♥❤❛ ✈❛❧♦r❡s ♠❛✐s ♣ró①✐♠♦s ❛♦ ♥♦♠✐♥❛❧

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

G

IL1 Il2 Il3

H

Inw IHR IRT

Idg

R T

Ê

GD

Ê

V

jV
jx

Com GD

Sem GD

❋✐❣✉r❛ ✸✳✼✿ ●r❛❞✐❡♥t❡ ❞❛ t❡♥sã♦ ❡♠ s✐st❡♠❛s r❛❞✐❛✐s ❝♦♠ ❡ s❡♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳

❚r❛❞✐❝✐♦♥❛❧♠❡♥t❡✱ ♦s s✐st❡♠❛s q✉❡ ♥ã♦ ♣♦ss✉❡♠ ●❉ ✉t✐❧✐③❛♠ ♦ ❛rt✐❢í❝✐♦ ❞❛ ♠♦❞✐✜❝❛çã♦ ❞♦ t❛♣

❞♦s tr❛♥s❢♦r♠❛❞♦r❡s ♣❛r❛ ♠❡❧❤♦r❛r ♦ ♣❡r✜❧ ❞❡ t❡♥sã♦ ❞♦ s✐st❡♠❛✳ ◗✉❛♥❞♦ ❛ ●❉ é ❝♦♥❡❝t❛❞❛ ❛

r❡❞❡✱ ❡ss❛ ❛çã♦ ♣♦❞❡ ♦❝❛s✐♦♥❛r ❛ ❞✐♠✐♥✉✐çã♦ ❞❛ ♣♦tê♥❝✐❛ ❞♦ tr❛♥s❢♦r♠❛❞♦r ✭❇❆❘❑❊❘❀ ▼❊▲▲❖✱

✷✵✵✵❀ ❈❖◆❚■ ❡t ❛❧✳✱ ✷✵✵✶❀ ❆❘❆▼■❩❯❀ ❱■❊■❘❆✱ ✷✵✶✸❀ ▼❆❙❖❯▼ ❡t ❛❧✳✱ ✷✵✶✷❀ ❍❊❘▼❆◆ ❡t

❛❧✳✱ ✷✵✵✾✮✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ●❡✐❞❧ ✭✷✵✵✺✮✱ ❣r❛♥❞❡ ♣❛rt❡ ❞♦s ❞✐s♣♦s✐t✐✈♦s q✉❡ ❝♦♠♣õ❡♠ ♦ s✐st❡♠❛ ❞❡

❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ s❡❥❛ s♦❧❛r✱ ❡ó❧✐❝❛ ♦✉ ❜✐♦♠❛ss❛ ♥ã♦ ♣♦ss✉❡♠ ♦s ❡q✉✐♣❛♠❡♥t♦s ❞❡ ♣r♦t❡çã♦ ❡

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

❞♦ s✐st❡♠❛✳ ❆❧é♠ ❞✐ss♦✱ ❝♦♠♦ ♦s s✐st❡♠❛s ♥ã♦ sã♦ ♣❡r❢❡✐t❛♠❡♥t❡ ❡q✉✐❧✐❜r❛❞♦s✱ ❛ ❢r❡q✉ê♥❝✐❛



❈❛♣ít✉❧♦ ✸ ✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❈♦♦r❞❡♥❛çã♦ ❞❛ Pr♦t❡çã♦ ✷✽

✈❛r✐❛ ❝♦♥❢♦r♠❡ ❛ ✈❛r✐❛çã♦ ❞❛ ♣♦tê♥❝✐❛ ❛t✐✈❛✳

✸✳✷✳✸ ❆❧❣♦r✐t♠♦ ❞❡ ❈♦♦r❞❡♥❛çã♦

◆♦r♠❛❧♠❡♥t❡✱ ❞✉❛s sã♦ ❛s ❝❧❛ss❡s ❞❡ r❡❧és ♣❛r❛ s❡ ❝♦♦r❞❡♥❛r✿ ♦s r❡❧és ❞❡ ❢❛s❡ ❡ ❞❡ ♥❡✉tr♦✳ ❆

❝♦♦r❞❡♥❛çã♦ ❞♦s r❡❧és ❞❡♣❡♥❞❡ ♥ã♦ s♦♠❡♥t❡ ❞❛ ❛rq✉✐t❡t✉r❛ ❞❛ r❡❞❡ ♠❛s t❛♠❜é♠ ❞❛ s✉❛ ❝♦♥❡①ã♦

❝♦♠ ❚❈ ❡ ❚P ✭❆◆❉❊❘❙❖◆✱ ✶✾✾✾✮✳ P❛r❛ ❢❛❝✐❧✐t❛r ♦ ❡♥t❡♥❞✐♠❡♥t♦✱ ❝♦♥s✐❞❡r❡ q✉❡ ♣❛r❛ ♣r♦t❡❣❡r

✉♠ s✐st❡♠❛ tr✐❢ás✐❝♦ ❝♦♠ ♥❡✉tr♦ ❛t❡rr❛❞♦ ♥❛ s❛í❞❛ ❞❛ s✉❜❡st❛çã♦✱ s❡rã♦ ✉t✐❧✐③❛❞♦s três r❡❧és ❞❡

❢❛s❡ ❡ ✉♠ ❞❡ ♥❡✉tr♦✳ ❊ss❡ ❛rr❛♥❥♦ t❡♠ ❛ ✈❛♥t❛❣❡♠ ❞❡ q✉❡ q✉❛❧q✉❡r r❡❧é ♣♦❞❡ s❡r r❡t✐r❛❞♦ ♣❛r❛

♠❛♥✉t❡♥çã♦ ❡ ♠❡s♠♦ ❛ss✐♠ ♦ ❝✐r❝✉✐t♦ ❝♦♥t✐♥✉❛rá ♣r♦t❡❣✐❞♦ ♣❛r❛ q✉❛❧q✉❡r t✐♣♦ ❞❡ ❢❛❧t❛✳ ❱❛❧❡

❛ ♦❜s❡r✈❛çã♦ q✉❡✱ q✉❛♥❞♦ ❢❛❧❛✲s❡ ♥♦ ✉s♦ ❞❡ q✉❛tr♦ r❡❧és ✭três ❞❡ ❢❛s❡ ❡ ✉♠ ❞❡ ♥❡✉tr♦✮ ♣❛r❛

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

❞❡ss❡ ❝♦♥❥✉♥t♦ ❞❡ r❡❧és é ❞❡s❡♠♣❡♥❤❛❞❛ ♣♦r ✉♠ ú♥✐❝♦ ❞✐s♣♦s✐t✐✈♦ ❞✐❣✐t❛❧✱ ❞✐s♣♦s✐t✐✈♦s ❡st❡s ❢♦❝♦

❞❡st❛ t❡s❡✳

P❛r❛ ♣r♦t❡çã♦ ❞❡ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✴❞✐str✐❜✉✐çã♦ três ❢✉♥çõ❡s ❞❡ ♣r♦t❡çã♦ sã♦ r❡❝♦♠❡♥✲

❞❛❞❛s ❛t✉❛❧♠❡♥t❡✱ sã♦ ❡❧❛s✿ s♦❜r❡❝♦rr❡♥t❡✱ ❞✐stâ♥❝✐❛ ❡ t❡❧❡✲♣r♦t❡çã♦✳

❖s ❞✐s♣♦s✐t✐✈♦s ❞❡ s♦❜r❡❝♦rr❡♥t❡ s❡ s♦❜r❡ss❛❡♠ ♥❛ ♣r♦t❡çã♦ ❞❡ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦✱ s✐s✲

t❡♠❛ ❡st❡ q✉❡ ♥❛ ♠❛✐♦r ♣❛rt❡ ❞❛s ✈❡③❡s ♣♦ss✉✐ ♣❡q✉❡♥❛s ❞✐♠❡♥sõ❡s ♥♦ t♦❝❛♥t❡ às s✉❛s ❧✐♥❤❛s ❞❡

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

❡ ❞♦s ♣❡r✜s ❞❡ ❣❡r❛çã♦ ❡ ❞❡ ❝❛r❣❛ ❞❛ r❡❞❡✳ ❊st❡ ❢❛t♦✱ ❝♦♠♦ ♠❡♥❝✐♦♥❛❞♦✱ ❡①✐❣❡ q✉❡ r❡✈✐sõ❡s ♥♦

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

P❛r❛ ♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ❞✐stâ♥❝✐❛ ❛♣r❡s❡♥t❛♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♥♦ q✉❡ s❡ r❡❢❡r❡ à ❞❡♣❡♥✲

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

❡♥tr❡ ♦ ♣♦♥t♦ ❞❡ ✐♥st❛❧❛çã♦ ❞♦ ❞✐s♣♦s✐t✐✈♦ ❡ ♦ ❧♦❝❛❧ ♦♥❞❡ ❛ ❢❛❧t❛ ♦❝♦rr❡✳ ❙❡✉ ❡♠♣r❡❣♦ é ♠❛✐s

❝♦♠✉♠ ❡♠ s✐st❡♠❛s ❞❡ tr❛♥s♠✐ssã♦✱ ♦♥❞❡ ❛s ❞✐♠❡♥sõ❡s ❞♦s ❝✐r❝✉✐t♦s ❞❡ tr❛♥s♠✐ssã♦ sã♦ ♠✉✐t♦

❣r❛♥❞❡s ❡ ✐♥❢♦r♠❛çõ❡s r❡❧❛t✐✈❛s ❛♦ ❧♦❝❛❧ ❞❡ ❢❛❧t❛ sã♦ ✐♠♣♦rt❛♥t❡s✳ ❆♣❡s❛r ❞❡ t❡r ❛♣❧✐❝❛çã♦ ♠❛✐♦r

♥♦s s✐st❡♠❛s ❞❡ tr❛♥s♠✐ssã♦✱ ❛❧❣✉♥s ❛✉t♦r❡s ♣r♦♣õ❡♠ ♦ ✉s♦ ❞❡ss❡s ❞✐s♣♦s✐t✐✈♦s t❛♠❜é♠ ♣❛r❛ ♦s

s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ ✭❙■◆❈▲❆■❘ ❡t ❛❧✳✱ ✷✵✶✹✮✳

❖s ú❧t✐♠♦s ❞✐s♣♦s✐t✐✈♦s ❝✐t❛❞♦s ✲ t❡❧❡✲♣r♦t❡çã♦ ✲✱ ♣r♦♣♦r❝✐♦♥❛♠ ✉♠❛ ❛t✉❛çã♦ ♠❛✐s ❝♦rr❡t❛

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



❈❛♣ít✉❧♦ ✸ ✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❈♦♦r❞❡♥❛çã♦ ❞❛ Pr♦t❡çã♦ ✷✾

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

❉❡ss❛ ❢♦r♠❛✱ sã♦ ❛♣❧✐❝❛❞♦s ❛♣❡♥❛s ❡♠ s✐st❡♠❛s ♦♥❞❡ ♦s ♥í✈❡✐s ❞❡ ♣♦tê♥❝✐❛ ❡♥✈♦❧✈✐❞♦s s❡❥❛♠

♠✉✐t♦ ❛❧t♦s ♦✉ ❛s ❝❛r❣❛s ❥✉st✐✜q✉❡♠ ♦ ❛❧t♦ ✐♥✈❡st✐♠❡♥t♦✳ ❆t✉❛❧♠❡♥t❡✱ s✐st❡♠❛s ❊❍❱ ✉t✐❧✐③❛♠

❡st❡ t✐♣♦ ❞❡ ♣r♦t❡çã♦✳

❙✉♣♦♥❞♦ ♦ s✐st❡♠❛ r❛❞✐❛❧ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✽ ♥♦ q✉❛❧ ♦s ❧♦❝❛✐s ❛♥❛❧✐s❛❞♦s ❞❡ ❢❛❧t❛ sã♦

r❡♣r❡s❡♥t❛❞♦s ❞❡ ✭✶✮ ❛ ✭✺✮ ❡ ❝♦♥s✐❞❡r❡ ❛ ❧✐♥❤❛ ❝♦♠♣r❡❡♥❞✐❞❛ ❡♥tr❡ ❛s ❜❛rr❛s H ❡ R✳ ❖ r❡❧é ❧♦❝❛❧✱

♠❛✐s ♣ró①✐♠♦ à ❜❛rr❛ H✱ ❡ ♦ r❡♠♦t♦✱ ♠❛✐s ♣ró①✐♠♦ à ❜❛rr❛ R✱ ❞❡✈❡♠ ♣r♦t❡❣❡r ❛ ❧✐♥❤❛ ♣❛r❛

q✉❛❧q✉❡r ❢❛❧t❛ q✉❡ ♦❝♦rr❛ ❡♠ s❡✉ ✐♥t❡r✐♦r✳ ❊♠ ❝❛s♦ ❞❡ ❞❡t❡❝çã♦ ❞❡ ♣r♦❜❧❡♠❛s✱ ♦s r❡❧és ❡♥✈✐❛rã♦

♦ s✐♥❛❧ ❞❡ tr✐♣ ♣❛r❛ ♦ ❞✐s❥✉♥t♦r ❛ss♦❝✐❛❞♦ ❛ ❝❛❞❛ ✉♠ ❞❡❧❡s ✈✐s❛♥❞♦✱ ❡①t✐♥çã♦ ❞♦ ♣r♦❜❧❡♠❛✳

G H R
(5) (4) (3) (2) (1)

ÊS

❋✐❣✉r❛ ✸✳✽✿ ❙✐st❡♠❛ ❞❡ ♣♦tê♥❝✐❛ r❛❞✐❛❧ s✐♠♣❧✐✜❝❛❞♦✳

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

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

❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ●❧♦✈❡r ❏✳ ❉✳❀ ❙❛r♠❛ ✫ ❖✈❡r❜②❡ ✭✷✵✵✾✮✱ ♣❛r❛ ❧✐♥❤❛s

❝✉rt❛s✱ ✐st♦ é✱ ❝♦♠ ❡①t❡♥sã♦ ♠❡♥♦r q✉❡ ✽✵ ❦♠✱ ❡ss❡ ❡❢❡✐t♦ ♣♦❞❡ s❡r ❞❡s❝♦♥s✐❞❡r❛❞♦ s❡♠ q✉❡ ❤❛❥❛

♣r❡❥✉í③♦ ❛♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦✳

❆ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ❛t✉❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ♣♦❞❡ s❡ ❞❛r ❞❡ ❞✉❛s ♠❛♥❡✐r❛s✿

❛t✉❛çã♦ ✐♥st❛♥tâ♥❡❛ ✭❢✉♥çã♦ ✺✵✮ ❡ ❛ t❡♠♣♦r✐③❛❞❛ ✭❢✉♥çã♦ ✺✶✹✮ ♥❛ q✉❛❧ ♦ t❡♠♣♦ ❞❡ ❛t✉❛çã♦ ❞♦

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

P❛r❛ ♦❜t❡♥çã♦ ❞❡ ♣❛râ♠❡tr♦s q✉❡ ❣❛r❛♥t❛♠ ♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦

❖❧✐✈❡✐r❛ ❡t ❛❧✳ ✭✷✵✶✵✮ ♣r♦♣✉s❡r❛♠ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛❥✉st❡s ❞❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❡ ❞♦ t✐♣♦

❞❡ ❝✉r✈❛ ❝❛r❛❝t❡ríst✐❝❛ ❞♦ r❡❧é ✉t✐❧✐③❛♥❞♦ ✉♠❛ r♦t✐♥❛ ❜❛s❡❛❞❛ ♥❛ té❝♥✐❝❛ ❞♦s ❆●✳ P♦ré♠✱ é

❝♦♠✉♠ ❡♥❝♦♥tr❛r tr❛❜❛❧❤♦s ♥❛ ❧✐t❡r❛t✉r❛ q✉❡ ♣❛rt❡♠ ❞♦ ♣r❡ss✉♣♦st♦ q✉❡ t♦❞♦s ♦s r❡❧és tê♠

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

✹❆s ❝❛r❛❝t❡ríst✐❝❛s t❡♠♣♦✲❝♦rr❡♥t❡ ❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ sã♦ ❢❛♠í❧✐❛s ❞❡ ❝✉r✈❛s ❞❡ t❡♠♣♦ ❞❡ ❛t✉❛çã♦
✈❡rs✉s ❝♦rr❡♥t❡ ❞❡ ❢❛❧t❛✱ ❣❡r❛❧♠❡♥t❡ ❛♣r❡s❡♥t❛❞♦s ❡♠ ❡✐①♦ ❞✐❧♦❣✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ■❊❊❊ ✭✶✾✾✻✮ ❡①✐st❡♠ três
❢❛♠í❧✐❛s ❞❡ ❝✉r✈❛s ❝❛r❛❝t❡ríst✐❝❛s✿ ♠♦❞❡r❛❞❛♠❡♥t❡ ✐♥✈❡rs❛✱ ♠✉✐t♦ ✐♥✈❡rs❛ ❡ ❡①tr❡♠❛♠❡♥t❡ ✐♥✈❡rs❛✳ ❏á s❡❣✉♥❞♦
■❊❈ ✭✶✾✽✾✮✱ ♦s t✐♣♦s ❞❡ ❝✉r✈❛ ❝❛r❛❝t❡ríst✐❝❛s sã♦ ❝✐♥❝♦✿ ♥♦r♠❛❧ ✐♥✈❡rs❛✱ ♠✉✐t♦ ✐♥✈❡rs❛✱ ❡①tr❡♠❛♠❡♥t❡ ✐♥✈❡rs❛✱
✐♥✈❡rs❛ ❞❡ t❡♠♣♦ ❧♦♥❣♦ ❡ ✐♥✈❡rs❛ ❞❡ t❡♠♣♦ ❝✉rt♦✳



❈❛♣ít✉❧♦ ✸ ✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❈♦♦r❞❡♥❛çã♦ ❞❛ Pr♦t❡çã♦ ✸✵

❖ ♣❛ss♦✲❛✲♣❛ss♦ ♣❛r❛ ❛ ❞❡✜♥✐çã♦ ❞❡ t♦❞♦s ♦s ♣❛râ♠❡tr♦s ♥❡❝❡ssár✐♦s ❡♠ ✉♠ ♣r♦❥❡t♦ ❞❡

❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥♦s ✐t❡♥s ❛ s❡❣✉✐r✳

✸✳✷✳✸✳✶ ❉❡t❡r♠✐♥❛çã♦ ❞❛ r❡❧❛çã♦ ❞❡ ❚❈ ✭❘❚❈✮

❖s ❚❈ sã♦ ❞✐s♣♦s✐t✐✈♦s q✉❡ ♣r♦♣♦r❝✐♦♥❛♠ ❛♦s r❡❧és ♥í✈❡✐s ❞❡ ❝♦rr❡♥t❡ ❛❞❡q✉❛❞♦s ❛♦s ❞✐s♣♦✲

s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦✳ ❊♠ ❣❡r❛❧✱ ♣❛❞r♦♥✐③❛♠✲s❡ ❛s s❛í❞❛s ❞♦s s❡❝✉♥❞ár✐♦s ❞♦s ❚❈ ❡♠ ✶ ❆ ♦✉ ✺ ❆

✭■❊❊❊✱ ✷✵✶✵✮✳ ❆ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❘❚❈ ❞❡✈❡ ❧❡✈❛r ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❞♦✐s ♣❛râ♠❡tr♦s✿ ❛ ❝♦rr❡♥t❡

❞❡ ❝❛r❣❛ ♠á①✐♠❛ ❡ ❛ ♠❛✐♦r ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥♦ ♣♦♥t♦ ❞❡ ✐♥st❛❧❛çã♦ ❞♦ ❞✐s♣♦s✐t✐✈♦✳

◗✉❛♥t♦ à ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✱ ❞❡✈❡✲s❡ ❝♦♥s✐❞❡r❛r ♥ã♦ ❛♣❡♥❛s ❛q✉❡❧❛ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛♦ ❢✉♥✲

❝✐♦♥❛♠❡♥t♦ ♥♦r♠❛❧ ❞❛ r❡❞❡✱ ❝♦♠♦ t❛♠❜é♠ q✉❛♥❞♦ ❡st❛ ❡♥❝♦♥tr❛✲s❡ ❡♠ ❝♦♥t✐♥❣ê♥❝✐❛ ✭IC,Max✮✳

❆ss✐♠ s❡♥❞♦✱ ❛ ❝♦rr❡♥t❡ ♥♦♠✐♥❛❧ ♥♦ ♣r✐♠ár✐♦ ❞♦ ❚❈ ✭INP ✮ ❞❡✈❡ s❡r t❛❧ q✉❡✿

INP ≥ k × IC,Max. ✭✸✳✹✮

❙❡♥❞♦ k ✉♠❛ ❝♦♥st❛♥t❡ q✉❡ r❡♣r❡s❡♥t❛ ♦ ❢❛t♦r ❞❡ ❝r❡s❝✐♠❡♥t♦ ❞❛ ❝❛r❣❛ ❡ ❞❡✈❡ s❡r ✈á❧✐❞❛

♣❛r❛ ♦ ♣❡rí♦❞♦ ❞✉r❛♥t❡ ❛♦ q✉❛❧ ❛q✉❡❧❡ ❚❈ ❡st❡❥❛ ❡♠ ✉s♦✳

◆♦ q✉❡ s❡ ❞✐③ r❡s♣❡✐t♦ ❛ ♠á①✐♠❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♣❛r❛ ✉♠❛ ❢❛❧t❛ ♥♦ ❧♦❝❛❧ ❞❡

✐♥st❛❧❛çã♦ ❞♦ ❚❈ ✭ICC,Max✮✱ ❡st❡ ❞❡✈❡ t❡r ✉♠❛ r❡❧❛çã♦ t❛❧ q✉❡ ❣❛r❛♥t❛ q✉❡ ♦ ❞✐s♣♦s✐t✐✈♦ ♥ã♦

s❛t✉r❡ ❞❡✈✐❞♦ à ❝♦rr❡♥t❡ ❞❡ ♣r✐♠ár✐♦ ❡❧❡✈❛❞❛✳ P❛r❛ ✐ss♦✱ ✐♥tr♦❞✉③✲s❡ ✉♠ ♣❛râ♠❡tr♦ ❝♦♥❤❡❝✐❞♦

❝♦♠♦ ❢❛t♦r ❞❡ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✭❋❙✮ ❞♦ ❚❈✱ q✉❡ ♥❛ ♠❛✐♦r✐❛ ❞❛s ✈❡③❡s é ❝♦♥s✐❞❡r❛❞♦ ✐❣✉❛❧ ❛ 20✳

▲♦❣♦✱ INP ❞❡✈❡ s❡r ❝♦♠♣✉t❛❞♦r ❝♦♥❢♦r♠❡✿

INP ≥
ICC,Max

FS
. ✭✸✳✺✮

✸✳✷✳✸✳✷ ❈r✐tér✐♦s ♣❛r❛ ❛❥✉st❡s ❞❡ ❝♦rr❡♥t❡ ♠í♥✐♠❛ ❞❡ ❛t✉❛çã♦

◆❛ ❧✐t❡r❛t✉r❛ ❡ss❡ ♣❛râ♠❡tr♦ ❣❡r❛❧♠❡♥t❡ é ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣✱ s❡♥❞♦ ❝♦♥✲

s✐❞❡r❛❞♦ ✉♠ ❞♦s ♠❛✐s ✐♠♣♦rt❛♥t❡s ♣❛râ♠❡tr♦s ❛ s❡r❡♠ ❞❡t❡r♠✐♥❛❞♦s ❞✉r❛♥t❡ ✉♠ ❡st✉❞♦ ❞❡

❝♦♦r❞❡♥❛çã♦ ❡ s❡❧❡t✐✈✐❞❛❞❡✳
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❯♥✐❞❛❞❡s t❡♠♣♦r✐③❛❞❛ ✭✺✶✮ ❞❡ ❢❛s❡ ❉❡ ♠♦❞♦ ❣❡r❛❧✱ ❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ✭IFPU
✮ ❞❡✈❡

❛t❡♥❞❡r às r❡str✐çõ❡s ♠♦str❛❞❛s ❡♠ ✭✸✳✻✮ ❡ ✭✸✳✼✮✳

IFPU
≥

k ×
∑

IC,Max

RTC
. ✭✸✳✻✮

❆ ❊q✉❛çã♦ ✭✸✳✻✮ é ♣❡r❢❡✐t❛♠❡♥t❡ ❣❡r❛❧✱ ✉♠❛ ✈❡③ q✉❡ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞❛ t❛♥t♦ ♣❛r❛ s✐st❡♠❛s

❝♦♠ ❝✐r❝✉✐t♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛r❣❛✺✱ ♥♦ q✉❛❧ s❡rã♦ ❧❡✈❛❞♦s ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦s ✈❛❧♦r❡s ❞❛

❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ♥♦♠✐♥❛❧ ❞♦ ❝✐r❝✉✐t♦ ❛♦ q✉❛❧ ♦ r❡❧é ❡stá ❝♦♥❡❝t❛❞♦✱ ❜❡♠ ❝♦♠♦ ❛ ❝♦rr❡♥t❡

♥♦♠✐♥❛❧ ❞♦ ❝✐r❝✉✐t♦ q✉❡ ♣♦ss❛ ✈✐r ❛ s❡ ✉t✐❧✐③❛r ❞♦ ❝✐r❝✉✐t♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛✳ ❈❛s♦ ♦ s✐st❡♠❛ ♥ã♦

♣♦ss✉❛ ❝✐r❝✉✐t♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛✱ ♦ s♦♠❛tór✐♦ r❡s✉♠✐r✲s❡ ❛♣❡♥❛s ❛♦ ✈❛❧♦r ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✳

IFPU
≤

Icc,2Φ
RTC

, ✭✸✳✼✮

s❡♥❞♦✿

Icc,2Φ é ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❜✐❢ás✐❝♦ ♥♦ ❡①tr❡♠♦ ♦♣♦st♦ ❞❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛✳

❆ss✐♠✱ ❞❡ ✭✸✳✼✮ ♣♦❞❡✲s❡ ❛✜r♠❛r q✉❡ ❛ ✉♥✐❞❛❞❡ t❡♠♣♦r✐③❛❞❛ ❞❡ ✉♠ r❡❧é ❞❡ s♦❜r❡❝♦rr❡♥t❡

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

❞❡♠❛✐s t✐♣♦s ❞❡ ❢❛❧t❛ s❡r❡♠ ❡❧✐♠✐♥❛❞♦s ♣❡❧❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞♦ r❡❧é✳

❖ ♣r♦❝❡ss♦ ❞❡s❝r✐t♦ ❛❝✐♠❛ ❞❡✈❡ s❡r r❡♣❡t✐❞♦ ❞❡ ♠♦❞♦ q✉❡ ♦ r❡❧é ❧♦❝❛❧ ❛t✉❡ s❡♠♣r❡ ❛♥t❡s

q✉❡ ♦ r❡❧é r❡♠♦t♦✱ ❡♠ ♥♦ ♠í♥✐♠♦ ✉♠ t❡♠♣♦ ❞❡ ✐♥t❡r✈❛❧♦ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❈❚■✮✳ ❖ ✈❛❧♦r ❞♦

❈❚■ é ❞❡✜♥✐❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s r❡str✐çõ❡s ❞❛ ❡♠♣r❡s❛ ❡ ❛ss✉♠❡ ✈❛❧♦r❡s ❡♥tr❡ 0, 2 s ❛ 0, 5 s✳ ❆

❋✐❣✉r❛ ✸✳✾ ❛♣r❡s❡♥t❛ ♦ ✢✉①♦❣r❛♠❛ ♥❡❝❡ssár✐♦ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s

q✉❡ ❝♦♠♣õ❡♠ ❛ ❝❛❞❡✐❛ ❞❡ ♣r♦t❡çã♦✳

❯♥✐❞❛❞❡ t❡♠♣♦r✐③❛❞❛ ✭✺✶✮ ❞❡ ♥❡✉tr♦ ❖ ❛❥✉st❡ ❞♦ ✈❛❧♦r ❞❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞♦s

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

❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ✭INPU
✮ ❞❡✈❡ ❡st❛r ❡♥tr❡ ❞♦✐s ✈❛❧♦r❡s✿ ♦ ✐♥❢❡r✐♦r r❡❧❛t✐✈♦ à ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛

❞❛ ❧✐♥❤❛ ✭IC,Max✮ ❡ ♦ s✉♣❡r✐♦r r❡❧❛t✐✈♦ à ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✱ ♥❡st❡ ❝❛s♦ ♠♦♥♦❢ás✐❝♦ ♣❛r❛

♦ t❡rr❛ ♥♦ ✜♥❛❧ ❞♦ tr❡❝❤♦ ♣r♦t❡❣✐❞♦ ♣❡❧♦ ♠❡s♠♦ ✭Icc,ΦT ✮✳ ▼❛t❡♠❛t✐❝❛♠❡♥t❡ t❡♠✲s❡✿

✺❙✉❜❡st❛çõ❡s t✐♣♦ ❜❛rr❛♠❡♥t♦ ♣r✐♥❝✐♣❛❧✴❜❛rr❛♠❡♥t♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛✳
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Determinar o tipo de
curva do relé i

Calcular o múltiplo de
corrente do relé i

Calcular por:t
i

÷
ø

ö
ç
è

æ

-
´=

12

1

ki

M

k
TDSt

Calcular por:t
i-1

ttt
ii

D+=-1

Calcular o múltiplo de
corrente do relé i-1

De posse do e ,M t
i-1 i-1

determinar a família de
curvas que melhor

reproduzem esses valores

Barra
Terminal?

Não

Sim

i = i - 1

Fim do
processo

❋✐❣✉r❛ ✸✳✾✿ ❋❧✉①♦❣r❛♠❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❝♦♦r❞❡♥❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐✲
③❛❞❛ ❡♠ ✉♠❛ r❡❞❡ r❛❞✐❛❧✳

k2 × IC,Max

RTC
≤ INPU

≤
Icc,ΦT

RTC
✭✸✳✽✮

❖ ✈❛❧♦r ❞♦ t❡r♠♦ k2 ❞❡♣❡♥❞❡ ❞❛s ❧✐❣❛çõ❡s ❞❛s ❝❛r❣❛s ♥♦ s✐st❡♠❛✳ ❈❛s♦ ❡①✐st❛♠ ❝❛r❣❛s

❛❧✐♠❡♥t❛❞❛s ❝♦♠ t❡♥sã♦ ❞❡ ❢❛s❡✱ ✐st♦ é✱ ❝♦♥❡❝t❛❞❛s ❡♥tr❡ ❢❛s❡ ❡ ♥❡✉tr♦✱ ♦ ✈❛❧♦r ❞❡ k2 ♣♦❞❡ ✈❛r✐❛r

❡♥tr❡ 0, 1 ❡ 0, 3✱ ♦✉ s❡❥❛✱ ✉t✐❧✐③❛✲s❡ ✉♠❛ ❛♠♦str❛ ❞❡ ♥♦ ♠á①✐♠♦ 30% ❞♦ ✈❛❧♦r ❞❛ ❝♦rr❡♥t❡ ❞❡

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

♣♦r t❡♥sã♦ ❞❡ ❧✐♥❤❛ ✲✱ t♦♠❛✲s❡ ♣♦r ❜❛s❡ ✉♠ ✈❛❧♦r ❞❡ 10% ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✱ ♦✉ s❡❥❛✱ k2

❛ss✉♠✐rá ♦ ✈❛❧♦r 0, 1✳

❆✐♥❞❛ ❝♦♥❢♦r♠❡ ✭✸✳✽✮✱ ❛s ✉♥✐❞❛❞❡s ❞❡ ♥❡✉tr♦ ❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞❡✈❡♠ s❡r s❡♥sí✈❡✐s

❛♦ ♠❡♥♦r ✈❛❧♦r ❞❡ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥♦ ✜♥❛❧ ❞♦ tr❡❝❤♦ ♣r♦t❡❣✐❞♦✳ ❊ss❛ ❝♦♥❞✐çã♦ ♥❡♠

s❡♠♣r❡ é ♣♦ssí✈❡❧ ❞❡ s❡ ♦❜t❡r ❞❡✈✐❞♦ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛s ❝❛r❣❛s✳ P♦r ✐ss♦✱ r❡❝♦♠❡♥❞❛✲s❡ ♦ ✉s♦

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

s❡❥❛ r❡❞✉③✐❞♦✳



❈❛♣ít✉❧♦ ✸ ✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❈♦♦r❞❡♥❛çã♦ ❞❛ Pr♦t❡çã♦ ✸✸

❯♥✐❞❛❞❡ ■♥st❛♥tâ♥❡❛ ✭✺✵✮ ❆ ♣rát✐❝❛ ❝♦♠✉♠ ❡♥tr❡ ♦s ❡♥❣❡♥❤❡✐r♦s ❞❡ ♣r♦t❡çã♦ é ♦ ✉s♦

❞❡ ✉♠❛ ✉♥✐❞❛❞❡ s❡♣❛r❛❞❛ ❞♦ r❡❧é ❞❡ s♦❜r❡❝♦rr❡♥t❡ q✉❡ ♣r♦♣♦r❝✐♦♥❡ ✉♠❛ ❛t✉❛çã♦ ♠❛✐s rá♣✐❞❛

q✉❡ ❛q✉❡❧❛ ♦❢❡r❡❝✐❞❛ ♣❡❧❛ ✉♥✐❞❛❞❡ ✺✶ ✭✉♥✐❞❛❞❡ t❡♠♣♦r✐③❛❞❛✮ ♣❛r❛ ❢❛❧t❛s ❝♦♠ ❛❧t❛s ❝♦rr❡♥t❡s ❞❡

❝✉rt♦✲❝✐r❝✉✐t♦✱ ❛s ❝❤❛♠❛❞❛s ❝❧♦s❡✲✐♥ ❢❛✉❧ts✳ ❈♦♠✉♠❡♥t❡✱ ❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛

♣♦❞❡ ❡st❛r ❞✐s♣♦♥í✈❡❧ ❝♦♠♦ ✉♠ s❡❣✉♥❞♦ ❡❧❡♠❡♥t♦ ❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞❡ ❢❛s❡ ❡ ♥ã♦ ❝♦♠♦

✉♠❛ ✉♥✐❞❛❞❡ ❝♦♠♣❧❡t❛♠❡♥t❡ s❡♣❛r❛❞❛✳

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

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

r❡❧❛çã♦ às q✉❡ ❛❝♦♥t❡❝❡♠ ♥♦ ✜♥❛❧ ❞♦ tr❡❝❤♦ ❛ s❡r ♣r♦t❡❣✐❞♦✳ ◆❛ ♠❛✐♦r✐❛ ❞♦s ❝❛s♦s✱ q✉❛♥❞♦ ❡ss❛

❞✐❢❡r❡♥ç❛ ❢♦r ♠❡♥♦r q✉❡ 30% ❛ ❝♦♦r❞❡♥❛çã♦ s❡rá ❞❡ ❞✐❢í❝✐❧ ♦❜t❡♥çã♦ ✭❆◆❉❊❘❙❖◆✱ ✶✾✾✾✮✳

❙✉♣♦♥❤❛ ✉♠ r❡❧é ❝♦♠ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❝♦♠ s✉❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ✐♥st❛❧❛❞♦ ♥❛ ❜❛rr❛ H

❞♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✽✳ P❛r❛ ♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✽✱ s❡❥❛♠ ♦s ❞❛❞♦s

❛❜❛✐①♦ r❡❧❛❝✐♦♥❛❞♦s ❛♦ ❡q✉✐✈❛❧❡♥t❡ ❞❡ r❡❞❡ ♥❡st❡ ♣♦♥t♦ ❞♦ s✐st❡♠❛✿

ÊS = ❊q✉✐✈❛❧❡♥t❡ ❞❡ ❚❤é✈❡♥♥✐♥ ❞❡ ❝✐r❝✉✐t♦ ❛❜❡rt♦

ZSR = ■♠♣❡❞â♥❝✐❛ ❞♦ ❡q✉✐✈❛❧❡♥t❡ ❞❡ ❚❤é✈❡♥✐♥ ✭✸✳✾✮

ZL = ■♠♣❡❞â♥❝✐❛ ❞❛ ❧✐♥❤❛ ❍✲❘

❖s ✈❛❧♦r❡s ❞❛s ❝♦rr❡♥t❡s ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥♦ ✐♥í❝✐♦ ✭❝❧♦s❡✲✐♥✮ ✭ICI✮ ❡ ♥♦ ✜♥❛❧ ❞❛ ❧✐♥❤❛ ✭❢❛r

❡♥❞✮✭IFE✮ ♣♦❞❡♠ s❡r ❝❛❧❝✉❧❛❞❛s ♣♦r✳

ICI =
ES

ZS

, ✭✸✳✶✵✮

IFE =
ES

ZS + ZL

. ✭✸✳✶✶✮

P❛r❛ ✜♥s ❞❡ s✐♠♣❧✐✜❝❛çã♦ ♠❛t❡♠át✐❝❛✱ ❝♦♥s✐❞❡r❛✲s❡ ♦ t❡r♠♦ KSR ❝♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ❛❜❛✐①♦✿

KSR =
ZSR

ZL

. ✭✸✳✶✷✮

❆♣ós ♠❛♥✐♣✉❧❛çõ❡s ♠❛t❡♠át✐❝❛s✱ ♦❜té♠✲s❡ ❛ s❡❣✉✐♥t❡ r❡❧❛çã♦ ❡♥tr❡ ❛s ❝♦rr❡♥t❡s ❞❡ ❢❛❧t❛ ♥♦

✜♥❛❧ ❡ ♥♦ ✐♥í❝✐♦ ❞❛ ❧✐♥❤❛✳
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IFE =
ICI

1 +
1

KSR

. ✭✸✳✶✸✮

❉❡ ♠♦❞♦ ❡q✉✐✈❛❧❡♥t❡✱ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♣❛r❛ ✉♠❛ ❢❛❧t❛ ♦❝♦rr✐❞❛ ❛ h% ❞♦ ✐♥í❝✐♦

❞❛ ❧✐♥❤❛ ✭IER✮ ♣♦❞❡ s❡r ♦❜t✐❞❛ ♣♦r✿

IER =
ES

ZSR + hZL

. ✭✸✳✶✹✮

❉✐✈✐❞✐♥❞♦ ✭✸✳✶✹✮ ♣♦r ✭✸✳✶✸✮ ❡ ✐❣✉❛❧❛♥❞♦ ♦ r❡s✉❧t❛❞♦ ❛ KI ✱ ♦❜tê♠✲s❡ ♦ ✈❛❧♦r ❞❛ ❢r❛çã♦ ❞❛

❧✐♥❤❛ ♣r♦t❡❣✐❞❛ h✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛✱ ❝♦♥❢♦r♠❡ ❞❛❞♦ ❡♠

✭✸✳✶✺✮✳

h =
KSR(1 − KI) + 1

KI

. ✭✸✳✶✺✮

❉❡ ❛❝♦r❞♦ ❝♦♠ ❆♥❞❡rs♦♥ ✭✶✾✾✾✮✱ ♦ ✈❛❧♦r ❞❡ KI ❞❡✈❡ ✈❛r✐❛r ❡♥tr❡ 1, 1 ❡ 1, 4✳ ❈♦♠♦ ♣♦❞❡✲s❡

✈❡r✐✜❝❛r ♥❛ ❋✐❣✉r❛ ✸✳✶✵✱ ❣❡r❛❧♠❡♥t❡ é ♣♦ssí✈❡❧ ♣r♦t❡❣❡r ✉♠ tr❡❝❤♦ ♠❛✐♦r q✉❡ 50% ❞❛ ❧✐♥❤❛✳
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❋✐❣✉r❛ ✸✳✶✵✿ ❋r❛çã♦ ❞❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛ ♣❡❧❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛✳

❙✉❜st✐t✉✐♥❞♦ ❡♠ ✭✸✳✶✺✮ ❛ ❡①♣r❡ssã♦ ❞❡ KSR✱ ❞❛❞❛ ♣♦r ✭✸✳✶✷✮✱ t❡♠✲s❡✿

h =
ZS(1 − KI) + ZL

ZL ×KI

✭✸✳✶✻✮

❈♦♠♦ ♣♦❞❡✲s❡ ✈❡r✐✜❝❛r✱ ✭✸✳✶✻✮ é ❡①❛t❛♠❡♥t❡ ✐❣✉❛❧ à ❡①♣r❡ssã♦ ❛♣r❡s❡♥t❛❞❛ ❡♠ ✭❈❍❊◆

❡t ❛❧✳✱ ✷✵✵✺❀ ❨■ ❡t ❛❧✳✱ ✷✵✵✾✮✳ ❆ ❡q✉❛çã♦ ✭✸✳✶✻✮✱ ❜❛s❡ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ q✉❡ r❡s✉❧t♦✉

♥❛ ❡①♣r❡ssã♦ ❞♦ ❛❧❝❛♥❝❡ ❞❛ ③♦♥❛ ❞❡ ♣r♦t❡çã♦ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡ é✱ ❝♦♠♦ ♣♦❞✐❛✲
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s❡ ❡s♣❡r❛r✱ ♣❡r❢❡✐t❛♠❡♥t❡ ❝♦rr❡t❛ ❞♦ ♣♦♥t♦ ✈✐st❛ t❡ór✐❝♦ ❡ ❢ís✐❝♦✳ ❊♥tr❡t❛♥t♦✱ r❡str✐çõ❡s sã♦

❡♥❝♦♥tr❛❞❛s q✉❛♥❞♦ ✉♠❛ ❛❜♦r❞❛❣❡♠ r❡❛❧✐st❛ é ❛♣r❡s❡♥t❛❞❛ à r❡❢❡r✐❞❛ ❡q✉❛çã♦✳

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

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

✐♥st❛❧❛❞♦✳ ❖ ♣r✐♥❝✐♣❛❧ ❡♥tr❛✈❡ ♥❡st❡ é ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦s r❡❧és ❞✐❣✐t❛✐s✱ ✉♠❛

✈❡③ q✉❡ ❜♦❛ ♣❛rt❡ ❞❛ s✉❛ ♠❡♠ór✐❛ ❥á é r❡s❡r✈❛❞❛ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦s ❝á❧❝✉❧♦s r❡❧❛t✐✈♦s à

❢✉♥çã♦ ❞❡ ♣r♦t❡çã♦✳

◆❛ ♣rát✐❝❛✱ ♦ q✉❡ ❢♦r❛ ❛♣r❡s❡♥t❛❞♦ ❝♦♠♦ ✉♠❛ ❢♦r♠❛ ❞❡ ♦❜t❡♥çã♦ ❞♦ ❛❧❝❛♥❝❡ ❞❡ ♠❛♥❡✐r❛

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

❞✐s♣õ❡ ❞❡ t♦❞♦s ♦s ✈❛❧♦r❡s ♥❡❝❡ssár✐♦s ♣❛r❛ ✉s♦ ❡♠ ✭✸✳✶✻✮✳

❘❡❧❡♠❜r❛♥❞♦ ♦ ❝♦♥❝❡✐t♦ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❛♣r❡s❡♥t❛❞♦ ♥♦ ✐♥í❝✐♦ ❞♦ t❡①t♦✱ ❝❤❛♠❛✲s❡

❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❛q✉❡❧❛ ♥❛ q✉❛❧ ♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ sã♦ ❛t✉❛❧✐③❛❞♦s

❛✉t♦♠❛t✐❝❛♠❡♥t❡ ❢r❡♥t❡ ❛ ❛❧❣✉♠❛ ♠♦❞✐✜❝❛çã♦ ♦❝♦rr✐❞❛ ♥❛ r❡❞❡✳ ❈♦♠♦ ♣ô❞❡✲s❡ ✈❡r✐✜❝❛r ♣❡❧♦s

❛r❣✉♠❡♥t♦s ♠♦str❛❞♦s ❛❝✐♠❛✱ ✭✸✳✶✻✮ ♥ã♦ ❛♣r❡s❡♥t❛ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❞❡s❡♠♣❡♥❤❛r ❛ ❢✉♥çã♦

❝✐t❛❞❛✳

✸✳✷✳✸✳✸ ❙✐st❡♠❛s ♥ã♦✲r❛❞✐❛✐s ❡ ❝♦♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛

❖s s✐st❡♠❛s ♥ã♦✲r❛❞✐❛✐s tê♠ ❝♦♠♦ ♣r✐♥❝✐♣❛❧ ❝❛r❛❝t❡ríst✐❝❛ ♦ ❢❛t♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❢❛❧t❛ ♥ã♦ t❡r

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

❞❛ ❡①✐stê♥❝✐❛ ❞❡ ❝✐r❝✉✐t♦s ❞✉♣❧♦s ♦✉ ❞❛ ♣r❡s❡♥ç❛ ❞❡ ♠❛✐s ❞❡ ✉♠❛ ❢♦♥t❡ ❞❡ ❣❡r❛çã♦✳

❙✉♣♦♥❤❛ q✉❡ ♦ s✐st❡♠❛ ✜❝tí❝✐♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶✶ s❡❥❛ ♣r♦t❡❣✐❞♦ ♣♦r r❡❧és ❞❡ s♦✲

❜r❡❝♦rr❡♥t❡ s❡♠ ❛ ❢✉♥çã♦ ❞✐r❡❝✐♦♥❛❧✳

r
1

r
2

r
3

r
4

K MÊ1 Ê2

❋✐❣✉r❛ ✸✳✶✶✿ ❙✐st❡♠❛ ♥ã♦✲r❛❞✐❛❧ ❝♦♠ ♣r❡s❡♥ç❛ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ❡ ❧✐♥❤❛s ❞✉♣❧❛s✳

❙❡❥❛ ✉♠❛ ❢❛❧t❛ ♦❝♦rr✐❞❛ ♥❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛ ♣❡❧♦s r❡❧és r1 ❡ r2✳ P❛r❛ q✉❡ ❡st❛ ❢❛❧t❛ ♣♦ss❛

s❡r ❡❧✐♠✐♥❛❞❛ ❞❡ ♠❛♥❡✐r❛ s❛t✐s❢❛tór✐❛✱ é ♥❡❝❡ssár✐♦ q✉❡ ❛s r❡str✐çõ❡s ❞❛❞❛s ♣♦r ✭✸✳✶✼✮ s❡❥❛♠

❛t❡♥❞✐❞❛s✳
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tr1 < tr3 ,

tr2 < tr4

✭✸✳✶✼✮

❉❡ ♠❛♥❡✐r❛ ❛♥á❧♦❣❛✱ ♣❛r❛ ✉♠❛ ❢❛❧t❛ ♥❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛ ♣❡❧♦s r❡❧és r3 ❡ r4 ❛s r❡str✐çõ❡s

❛♣r❡s❡♥t❛❞❛s ❡♠ ✭✸✳✶✽✮ ❞❡✈❡♠ s❡r ❛t❡♥❞✐❞❛s✳

tr3 < tr1 ,

tr4 < tr2

✭✸✳✶✽✮

❆s r❡str✐çõ❡s ✐♠♣♦st❛s ♣♦r ✭✸✳✶✼✮ ❡ ✭✸✳✶✽✮ ♥ã♦ ♣♦❞❡♠ s❡r ❛t❡♥❞✐❞❛s s✐♠✉❧t❛♥❡❛♠❡♥t❡✱ ♦ q✉❡

♣❡r♠✐t❡ ❛ ❛✜r♠❛çã♦ q✉❡ ♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ s♦③✐♥❤♦s ♥ã♦ ♣r♦♣♦r❝✐♦♥❛♠ ❛ s❡❧❡t✐✈✐❞❛❞❡

♥❡❝❡ssár✐❛ ❛♦ s✐st❡♠❛✳

❆ ❝♦♥❡①ã♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s ♠❡❞✐❞♦r❡s ❞❡ t❡♥sã♦ ✭❚P✮ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦s tr❛♥s❞✉t♦r❡s ❞❡

❝♦rr❡♥t❡s ✭❚❈✮ ♣❡r♠✐t❡♠ ✐❞❡♥t✐✜❝❛r ♦ s❡♥t✐❞♦ ❞❛ ❝♦rr❡♥t❡ ❡♠ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❛tr❛✈és

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

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

♠❛✐s ❢r❡q✉❡♥t❡ ♥❛ ♣rát✐❝❛ ✭❆▲▼❊■❉❆✱ ✷✵✵✵✮✳ ❉❡ss❛ ❢♦r♠❛✱ é ♥❡❝❡ssár✐♦ ✐♥❝❧✉✐r à ✉♥✐❞❛❞❡

❞❡ s♦❜r❡❝♦rr❡♥t❡✱ ❝❛r❛❝t❡ríst✐❝❛s ❞✐r❡❝✐♦♥❛✐s q✉❡ ♥ã♦ ❡stã♦ ♣r❡s❡♥t❡s ♣r❡✈✐❛♠❡♥t❡ ♥❡st❛ ❢✉♥çã♦✳

▼❛✐s ❞❡t❛❧❤❡s s♦❜r❡ ❛ ❞❛ ❢✉♥çã♦ ❞✐r❡❝✐♦♥❛❧ ❡ ❞❛s ❢♦r♠❛s ❞❡ ❝♦♥❡①ã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♦♣❡r❛çã♦

❡ ♣♦❧❛r✐③❛çã♦ ♣♦❞❡♠ s❡r ♦❜t✐❞♦s ♥♦ ❆♣ê♥❞✐❝❡ ❈✳

❆❝r❡s❝❡♥t❛♥❞♦ ❛♦s r❡❧és ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✸✳✶✶✱ ❛ ❢✉♥çã♦ ❞✐r❡❝✐♦♥❛❧ ✭❢✉♥çã♦ ✻✼✮ ❝♦♥❢♦r♠❡

❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶✷ ❛s r❡str✐çõ❡s ✐♠♣♦st❛s ♣♦r ✭✸✳✶✼✮ ❡ ✭✸✳✶✽✮ ♣♦❞❡♠ s❡r ❛t❡♥❞✐❞❛s

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

✐❞❡♥t✐✜❝❛❞♦ ♥❛ ❋✐❣✉r❛ ♣♦r ♠❡✐♦ ❞❛s s❡t❛s ❡♠ ❝❛❞❛ ❞✐s♣♦s✐t✐✈♦✳

r
1

r
2

r
3

r
4

K MÊ1 Ê2

❋✐❣✉r❛ ✸✳✶✷✿ ❘❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞✐r❡❝✐♦♥❛✐s ♣r♦t❡❣❡♥❞♦ s✐st❡♠❛ ✜❝tí❝✐♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❇❧❛❝❦❜✉r♥ ✭✶✾✽✼✮✱ ♦ s❡♥t✐❞♦ ❛ s❡r ♣r♦t❡❣✐❞♦ ♣❡❧♦ ❞✐s♣♦s✐t✐✈♦ ❞❡✈❡ s❡r ❞❡✜♥✐❞♦

❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ r❡❧❛çã♦ ❞❛ ❝♦rr❡♥t❡ q✉❡ ✢✉✐ ♣❡❧♦s r❡❧és ♥♦s ❞♦✐s ❡①tr❡♠♦s ❞❛s ❧✐♥❤❛s✳ ❙❡❥❛ ✉♠



❈❛♣ít✉❧♦ ✸ ✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❈♦♦r❞❡♥❛çã♦ ❞❛ Pr♦t❡çã♦ ✸✼

s✐st❡♠❛ r❛❞✐❛❧ ❝♦♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶✸✱ ♦♥❞❡ ICargaJusante
❡

ICargaMontante
r❡❢❡r❡♠✲s❡ às ❝♦rr❡♥t❡s ❞❡ ❝❛r❣❛ s❛✐♥❞♦ ❡ ❡♥tr❛♥❞♦ ❛tr❛✈és ❞♦ r❡❧é r1 ✐♥st❛❧❛❞♦ ♥❛

❜❛rr❛ K✳

r1

(1) (2) (3)

r2 r3 r4

K M NÊ1 Ê2

ICargaMontante

ICargaJusante

I(1)

I(2)

I(3)

❋✐❣✉r❛ ✸✳✶✸✿ ❙✐st❡♠❛ r❛❞✐❛❧ ❝♦♠ ❞✉❛s ❢♦♥t❡s ❞❡ ♣♦tê♥❝✐❛✳

❖ r❡❧é r1 ❞❡✈❡ ♣♦ss✉✐r ❝❛r❛❝t❡ríst✐❝❛s ❞✐r❡❝✐♦♥❛✐s s❡ ✉♠❛ ❞❛s ❝♦♥❞✐çõ❡s ✐♠♣♦st❛s ♣♦r ✭✸✳✶✾✮

❢♦r s❛t✐s❢❡✐t❛✳

I(1)max ≥ 0, 25× I(2)min,

I(1)max ≥ 0, 25× I(3)min, ✭✸✳✶✾✮

ICargaMontante
> ICargaJusante

.

❙✐st❡♠❛s q✉❡ ♣♦ss✉❡♠ ❝✐r❝✉✐t♦s ❞✉♣❧♦s ♠❛s ❛♣❡♥❛s ✉♠❛ ❢♦♥t❡ ❞❡ ♣♦tê♥❝✐❛✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛

❋✐❣✉r❛ ✸✳✶✹ ❛♣r❡s❡♥t❛♠ ❝❛r❛❝t❡ríst✐❝❛s ✐♠♣♦rt❛♥t❡s ❝♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ❛ s❡❣✉✐r✳ ❖❜s❡r✈❛✲s❡ q✉❡

♦s r❡❧és r1 ❡ r10 ♥ã♦ ♣♦❞❡♠ s❡r ❞✐r❡❝✐♦♥❛✐s ✉♠❛ ✈❡③ q✉❡✱ ❝❛s♦ ❢♦ss❡♠ ❞✐r❡❝✐♦♥❛✐s ❡ s❡♥s✐❜✐❧✐③❛❞♦s

♣❛r❛ ❢❛❧t❛s à ❥✉s❛♥t❡ ❞❛ ❜❛rr❛ K✱ ✉♠❛ ❢❛❧t❛ ♥❡st❛ ❜❛rr❛ ♥ã♦ ♣r♦✈♦❝❛r✐❛ ♦ ✢✉①♦ ❞❡ ❝♦rr❡♥t❡ ♣♦r

♥❡♥❤✉♠❛ ❞❛s ❧✐♥❤❛s ❞♦ s✐st❡♠❛✳

r
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3

r
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2
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r
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P
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O

Ê1

❋✐❣✉r❛ ✸✳✶✹✿ ❙✐st❡♠❛ ❡❧étr✐❝♦ ❝♦♠ ❝✐r❝✉✐t♦s ❞✉♣❧♦s ❡ ✉♠❛ ú♥✐❝❛ ❢♦♥t❡ ❞❡ ♣♦tê♥❝✐❛✳

❆♣❡s❛r ❞❡ ♥ã♦ ♣r♦✈♦❝❛r ♦ s✉r❣✐♠❡♥t♦ ❞♦ ✢✉①♦ ❞❡ ❝♦rr❡♥t❡ ❡♠ ♥❡♥❤✉♠❛ ❞❛s ❧✐♥❤❛s ❞♦

s✐st❡♠❛✱ q✉❛♥❞♦ ✉♠❛ ❢❛❧t❛ ❛❝♦♥t❡❝❡ à ❥✉s❛♥t❡ ❞❛ ❜❛rr❛ K✱ ❛ ❝♦rr❡♥t❡ ✈✐st❛ ♣❡❧♦s r❡❧és r2 ❡ r9

❛✉♠❡♥t❛♠ ❛té ❛t✐♥❣✐r ♦ s❡✉ ✈❛❧♦r ♠á①✐♠♦✱ q✉❛♥❞♦ ❛ ❢❛❧t❛ ♦❝♦rr❡ ♥♦ ♠❡s♠♦ ♣♦♥t♦ ❡♠ q✉❡ ♦s



❈❛♣ít✉❧♦ ✸ ✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❈♦♦r❞❡♥❛çã♦ ❞❛ Pr♦t❡çã♦ ✸✽

r❡❧és ❡stã♦ ✐♥st❛❧❛❞♦s✳ ❉❡ss❛ ❢♦r♠❛✱ ❝♦♠♦ ♦ ❧✐♠✐t❡ ✐♥❢❡r✐♦r ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❞❡ r2

❡ r9 é ♥✉❧♦✱ ❡st❡s ❞✐s♣♦s✐t✐✈♦s ❞❡✈❡♠ ❛t✉❛r ❞❡ ♠❛♥❡✐r❛ ♠❛✐s rá♣✐❞❛ ♣♦ssí✈❡❧✱ ❝♦♠ ❝♦rr❡♥t❡ ❞❡

♣✐❝❦✲✉♣ s✉♣❡r✐♦r ❛♣❡♥❛s ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ❞❛ r❡❞❡✳

❋❛❝✐❧♠❡♥t❡ ✈❡r✐✜❝❛✲s❡ q✉❡ ❛ ❜❛rr❛ K é ♦ ❧♦❝❛❧ ❝♦♠ ♠❛✐♦r ♣♦tê♥❝✐❛ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❞♦

s✐st❡♠❛✳ ❆ss✐♠✱ ❝♦♠♦ ❛ ❝♦rr❡♥t❡ ❞❡ ❢❛❧t❛ ✈✐st❛ ♣❡❧♦ r❡❧é r1 é ❛ ♠❛✐♦r ❞❛ r❡❞❡✱ ❡st❡ é ♣r♦❣r❛♠❛❞♦

♣❛r❛ ❛t✉❛r ♠❛✐s rá♣✐❞♦ q✉❡ ♦s ❞❡♠❛✐s ❞✐s♣♦s✐t✐✈♦s✳ ❖❜s❡r✈❛✲s❡ ❛ss✐♠✱ q✉❡ ✉♠❛ ✈❡③ r1 ❛t✉❛♥❞♦✱

♦ s✐st❡♠❛ t♦r♥❛✲s❡ r❛❞✐❛❧ ❝♦♠ s❡♥t✐❞♦ ❛♥t✐✲❤♦rár✐♦ ♣❛r❛ ❛ ❝♦rr❡♥t❡✳ ❆ ❛t✉❛çã♦ ❞❡ r1 ♣r♦✈♦❝❛

❛❧t❡r❛çõ❡s ♥♦s ♥í✈❡✐s ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s s❡♥sí✈❡✐s à ❝♦rr❡♥t❡s ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥♦

s❡♥t✐❞♦ ❞❛ ❧✐♥❤❛ KM ✱ ✐st♦ é✱ r❡❧és r2✱ r4✱ r6✱ r8 ❡ r10✳ ❖ ❡st✉❞♦ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❡ s❡❧❡t✐✈✐❞❛❞❡

❞❛ r❡❞❡ ❞❡✈❡ s❡r ❞❡s❡♥✈♦❧✈✐❞♦ ❝♦♠ ❜❛s❡ ♥♦s ♠❛✐♦r❡s ✈❛❧♦r❡s ❞❛s ❝♦rr❡♥t❡s ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♣♦r

s❡r❡♠ ❛s ❝♦♥❞✐çõ❡s ♠❛✐s ❡①tr❡♠❛s ❛ q✉❛❧ ♦ s✐st❡♠❛ ❡stá ❡①♣♦st♦✳

❯♠❛ ✈❡③ q✉❡ ♦ r❡❧é r1 ❛t✉❛✱ ❛ ❝♦♦r❞❡♥❛çã♦ ❞♦s r❡❧és ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ❝♦♥❢♦r♠❡ ❞❡s❝r✐t♦

♥❛ ❋✐❣✉r❛ ✸✳✾✳ ❉❡✈❡✲s❡ ❛t❡♥t❛r ❛✐♥❞❛✱ ♣❛r❛ ♦ ❢❛t♦ ❞❡ q✉❡ ♦ ✢✉①♦❣r❛♠❛ ❞❛ ❋✐❣✉r❛ ✸✳✾ ❞❡✈❡

s❡r r❡♣❡t✐❞♦ ♣❛r❛ t♦❞♦s ♦s r❡❧és q✉❡ s❡❥❛♠ s❡♥s✐❜✐❧✐③❛❞♦s ♣♦r ❝♦rr❡♥t❡s ♥♦ s❡♥t✐❞♦ ♦♣♦st♦ ❛♦s

♣r✐♠❡✐r♦s✳

✸✳✸ ❘❊❙❯▼❖

◆❡st❡ ❝❛♣ít✉❧♦ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ♦s ❢✉♥❞❛♠❡♥t♦s ❞❛ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ❞❡ r❡❧és ❞❡

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

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

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

❆ ♣r❡s❡♥ç❛ ❞❡ ♠❛✐s ❞❡ ✉♠❛ ❢♦♥t❡ ❞❡ ❣❡r❛çã♦✱ ♦✉ t♦♣♦❧♦❣✐❛ ♠❛❧❤❛❞❛ ❞❛s ❧✐♥❤❛s ❞❡ ❞✐str✐✲

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

❞✐r❡❝✐♦♥❛❧ ❛♦s ❥á ♣r❡s❡♥t❡s ❞✐s♣♦s✐t✐✈♦s ❞❡ s♦❜r❡❝♦rr❡♥t❡✳ P❛r❛ ❡st❛ ♠♦❞✐✜❝❛çã♦✱ t❛♠❜é♠ s❡

❢❛③ ♥❡❝❡ssár✐♦ ❛ ✐♥st❛❧❛çã♦ ❞❡ tr❛♥s❞✉t♦r❡s ❞❡ t❡♥sã♦ q✉❡ ♣❡r♠✐t✐rã♦✱ ❛tr❛✈és ❞❛ ❡①❡❝✉çã♦ ❞❡

r♦t✐♥❛s ❞❡ ❝♦♠♣❛r❛çã♦✱ ✐❞❡♥t✐✜❝❛r ♦ s❡♥t✐❞♦ ❞♦ ✢✉①♦ ❞❡ ❝♦rr❡♥t❡ ♥❛ r❡❞❡✳

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

♣✐❝❦✲✉♣✱ ❡①✐❣❡ ♦ ♣ré✈✐♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ✈❛❧♦r❡s ❝♦♠♦✿ ❞❛❞♦s ❞♦ ❡q✉✐✈❛❧❡♥t❡ ❞❡ r❡❞❡✱ ❝♦rr❡♥t❡s

❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♠♦♥♦❢ás✐❝♦ ❡ ❜✐❢ás✐❝♦ ♥♦ ❡①tr❡♠♦ ♦♣♦st♦ à ❧✐♥❤❛ ♣r♦t❡❣✐❞❛ ❡♥tr❡ ♦✉tr♦s✳ ❉❡



❈❛♣ít✉❧♦ ✸ ✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ ❈♦♦r❞❡♥❛çã♦ ❞❛ Pr♦t❡çã♦ ✸✾

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

✈ã♦ s❡♥❞♦ ❡s❝♦❧❤✐❞♦s ❞❡ ♠♦❞♦ ❛ ❣❛r❛♥t✐r❡♠ ❝♦♦r❞❡♥❛çã♦✱ s❡❧❡t✐✈✐❞❛❞❡ ❡ ✈❡❧♦❝✐❞❛❞❡ à r❡❞❡ ❞❡

♣r♦t❡çã♦✳ ➱ ❡ss❡ ♣r♦❝❡ss♦ ✐t❡r❛t✐✈♦✱ ❧♦♥❣♦ ❡ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ár❞✉♦ q✉❡ ❛s té❝♥✐❝❛s ❞❡

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

❞❡♣❡♥❞❡♥t❡ ❞❛s ❝♦♥❞✐çõ❡s t♦♣♦❧ó❣✐❝❛s ❡ ♦♣❡r❛❝✐♦♥❛✐s ❞❛ r❡❞❡✱ ♥❡❝❡ss✐t❛♥❞♦ ❞❡ r❡✈✐sõ❡s ♥♦s

❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❝❛❞❛ ✈❡③ q✉❡ ♠♦❞✐✜❝❛çõ❡s ♥♦ s✐st❡♠❛ ♣r♦t❡❣✐❞♦ ♦❝♦rr❛♠✳



❈❆P❮❚❯▲❖ ✹

❋❯◆❉❆▼❊◆❚❖❙ ❉❆ P❘❖❚❊➬➹❖ ❉■●■❚❆▲

❆ ♣❛rt✐r ❞♦ ✐♥í❝✐♦ ❞❛s ❞é❝❛❞❛s ❞❡ ✶✾✼✵ ❡ ✶✾✽✵✱ ❝♦♠ ♦ ❛❞✈❡♥t♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ♠✐❝r♦♣r♦❝❡ss❛❞♦s✱

♦s ❛♥t✐❣♦s r❡❧és ❡❧❡tr♦♠❡❝â♥✐❝♦s ♣❛ss❛r❛♠ ♣♦r ✉♠❛ tr❛♥s❢♦r♠❛çã♦ q✉❡ ♣♦ss✐❜✐❧✐t♦✉ ✉♠❛ ♠❡❧❤♦r❛

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

✐♥t❡❣r❛çã♦ ❡♠ ✉♠ ú♥✐❝♦ ❞✐s♣♦s✐t✐✈♦s ❞❡ ❞✐✈❡rs❛s ❢✉♥çõ❡s ❞❡ ♣r♦t❡çã♦✱ ❡♥tr❡ ♦✉tr♦s ❜❡♥❡❢í❝✐♦s

♦❜t✐❞♦ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❜❛s❡❛❞❛ ❡♠ ❞✐s♣♦s✐t✐✈♦s ♣r♦❝❡ss❛❞♦r❡s ❞❡ s✐♥❛✐s ✭▲❆❘❙❖◆

❡t ❛❧✳✱ ✶✾✼✾❀ ❙❈❍❲❊■❚❩❊❘❀ ❆▲■❆●❆✱ ✶✾✽✵✮✳ ❆ ❛rq✉✐t❡t✉r❛ ❞♦s r❡❧és ❞❡ ♣r♦t❡çã♦ ❞✐❣✐t❛❧ ✈❡♠

s❡♥❞♦ ❛❧✈♦ ❞❡ ♣❡sq✉✐s❛s ❞❡ ❞✐✈❡rs♦s ❡st✉❞✐♦s♦s ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦ ✭P❊❘❊❩✱ ✷✵✵✻❀ ▼❈▲❆❘❊◆

❡t ❛❧✳✱ ✷✵✵✶❀ ❙■❉❍❯ ❡t ❛❧✳✱ ✶✾✾✽❀ ❑❊❩❯◆❖❱■❈❀ ❈❍❊◆✱ ✶✾✾✻✮✳

❖ ♠♦❞❡❧♦ ❜ás✐❝♦ ❞❡ ✉♠ r❡❧é ❞✐❣✐t❛❧ t❡♠ ♦ ❞✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✶✳

v
a

v
b

v
c

v
n

i
a

i
b

i
c

i
n

CPU
Transformadores

Auxiliares

Filtros
Analógicos
Anti-aliasing

S/H

S/H

M
U
X

Clock

A/D

Circuitos
Sample/Hold

Multiplexador

Conversor
Analógico/Digital

Unidade de
Processamento

de Dados

Unidade de
Aquisição de Dados

Unidade de
Condicionamento de Sinais

Saídas
Lógicas

Entradas
Lógicas

Memória

COM

Unidade de
Memória

Unidade de
Comunicação

Unidade de
Interface Lógica

Estados Lógicos de
Disjuntores e Mensagens

de Disparo/Bloqueio

Sinais de Disparo
Disjuntores e Mensagens

de Disparo/Bloqueio

❋✐❣✉r❛ ✹✳✶✿ ❊str✉t✉r❛ ❣❡r❛❧ ❞❡ ✉♠ r❡❧é ❞✐❣✐t❛❧✳

❙❡❣✉✐♥❞♦ ♦ ❞✐❛❣r❛♠❛ ❞❡ ❜❧♦❝♦s ❞❛ ❋✐❣✉r❛ ✹✳✶✱ ♦s r❡❧és ❞✐❣✐t❛✐s r❡❝❡❜❡♠ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦

❡ ❝♦rr❡♥t❡ ❞♦s tr❛♥s❞✉t♦r❡s ✭❚❈ ❡ ❚P❈✮ ❛ss♦❝✐❛❞♦s ❛ ❝❛❞❛ ✉♠✳ ❱❛❧❡ ❛ ♦❜s❡r✈❛çã♦ ❞❡ q✉❡ ♥❡♠

t♦❞❛s ❛s ❢✉♥çõ❡s ❞❡ ♣r♦t❡çã♦ ♥❡❝❡ss✐t❛♠ ✉s❛r s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✳ ▲♦❣♦✱ ❛ ❛✜r♠❛çã♦

✹✵



❈❛♣ít✉❧♦ ✹ ✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ Pr♦t❡çã♦ ❉✐❣✐t❛❧ ✹✶

r❡❛❧✐③❛❞❛ ♥♦ ✐♥í❝✐♦ ❞♦ ♣❛rá❣r❛❢♦ ✈✐s❛ ❛♣❡♥❛s r❡❛❧✐③❛r ✉♠ ❝♦♠❡♥tár✐♦ ❣❡r❛❧ ❝♦♠ r❡s♣❡✐t♦ à ❛r✲

q✉✐t❡t✉r❛ ❞♦s r❡❧és ❞✐❣✐t❛✐s✳ ❈♦♠♦ s❛❜❡✲s❡✱ ♥ã♦ é ♣♦ssí✈❡❧ ♣r♦❝❡ss❛r ✉♠❛ ❣r❛♥❞❡③❛ ❛♥❛❧ó❣✐❝❛

❞✐r❡t❛♠❡♥t❡ ❡♠ ✉♠ ❞✐s♣♦s✐t✐✈♦ ❞✐❣✐t❛❧✳ P❛r❛ t❛♥t♦✱ ❢❛③✲s❡ ♥❡❝❡ssár✐♦ ♦ ♣r♦❝❡ss♦ ❞❡ ✜❧tr❛❣❡♠✱

❛♠♦str❛❣❡♠ ❡ ❞✐❣✐t❛❧✐③❛çã♦ ❞❡st❡ s✐♥❛❧✳

P❛r❛ ❡✈✐t❛r ♦ ❢❡♥ô♠❡♥♦ ❞❛ s♦❜r❡♣♦s✐çã♦ ❞❡ ❡s♣❡❝tr♦ ❞♦ s✐♥❛❧✱ ♣r♦♣õ❡✱ ❜❛s❡❛❞♦ ♥♦ ❝r✐tér✐♦

❞❡ ◆②q✉✐st✱ q✉❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❛♠♦str❛❣❡♠ ❡ ✜❧tr❛❣❡♠ s❡❥❛ ❢❡✐t❛ à ✉♠❛ t❛①❛ ❞❡✱ ♥♦ ♠í♥✐♠♦✱ ♦

❞♦❜r♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❛ ú❧t✐♠❛ ❤♦r♠ô♥✐❝❛ ❞❡s❡❥❛❞❛✳ ❆ss✐♠✱ ❡ss❡ ✈❛❧♦r é ✉s❛❞♦ t❛♥t♦ ♥♦ ✜❧tr♦

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

❆♣ós ❡st❛ ❡t❛♣❛ ❞❡ ❝♦♥❞✐❝✐♦♥❛♠❡♥t♦ ❞♦ s✐♥❛❧ ❥á é ♣♦ssí✈❡❧ tr❛♥s❢♦r♠á✲❧♦ ❡♠ ✉♠ s✐♥❛❧ ❞✐❣✐t❛❧

❛tr❛✈és ❞♦ ❝♦♥✈❡rs♦r ❆✴❉✳

✹✳✶ ❊❙❚■▼❆➬➹❖ ❉❊ ❋❆❙❖❘❊❙

❆ ❡st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s ♣❛r❛ ❣r❛♥❞❡③❛s s❡♥♦✐❞❛✐s é ♦ ♣r♦❝❡ss♦ ♣❡❧♦ q✉❛❧✱ ❛tr❛✈és ❞❡ ✉♠❛ r♦t✐♥❛

❞❡ ✜❧tr❛❣❡♠✱ ♣♦❞❡♠ s❡r ♦❜t✐❞♦s ♦s ✈❛❧♦r❡s ❞❡ ❛♠♣❧✐t✉❞❡ ❡ ❢❛s❡ ❞♦s s✐♥❛✐s ❞❡ ❡♥tr❛❞❛✳ ❉✐✈❡rs❛s

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

✉♠ ❝✐❝❧♦ ✭P❍❆❉❑❊❀ ❚❍❖❘P✱ ✶✾✾✵✮✱ ❋♦✉r✐❡r ❞❡ ♠❡✐♦ ❝✐❝❧♦ ✭P❍❆❉❑❊❀ ❚❍❖❘P✱ ✶✾✾✵✮✱ ❋✐❧tr♦

❈♦ss❡♥♦ ✭❙❈❍❲❊■❚❩❊❘❀ ❍❖❯✱ ✶✾✾✸✮✱ ❋♦✉r✐❡r ▼♦❞✐✜❝❛❞♦ ❙✐❞❤✉ ❡t ❛❧✳ ✭✷✵✵✸✮ ❡ ❛s ❜❛s❡❛❞❛s

♥❛s tr❛♥s❢♦r♠❛❞❛s ❲❛✈❡❧❡ts ✭❙■▲❱❆✱ ✷✵✵✾✮✳ ❚♦❞❛s ❛s té❝♥✐❝❛s ♠❡♥❝✐♦♥❛❞❛s ✉s❛♠ ❛ ❡str❛té❣✐❛

❞❡ ❥❛♥❡❧❛♠❡♥t♦ ❞♦ s✐♥❛❧✱ ♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s sã♦ ♥ã♦ r❡❝✉rs✐✈♦s ❞❡ ❥❛♥❡❧❛ ✜①❛

❡ ❜❛s❡✐❛♠✲s❡ ♥❛ ❛✈❛❧✐❛çã♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❡s♣❡❝í✜❝♦ ❞❡ ❛♠♦str❛s ❞♦ s✐♥❛❧ ❛ s❡r ❡st✐♠❛❞♦✳

P❛r❛ ✉s♦ ❡♠ r❡❧és ❞✐❣✐t❛✐s✱ ♦ ♣r♦❝❡ss♦ ❞❡ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧ ❡①tr❛✐ ❛♣❡♥❛s ♦ ❢❛s♦r ❝♦rr❡s♣♦♥✲

❞❡♥t❡ à ❝♦♠♣♦♥❡♥t❡ ❢✉♥❞❛♠❡♥t❛❧ ❞❛ t❡♥sã♦ ❡ ❞❛ ❝♦rr❡♥t❡ s❡❝✉♥❞ár✐❛ ❞♦s ❚P❈ ❡ ❚❈✱ r❡s♣❡❝t✐✲

✈❛♠❡♥t❡✳

✹✳✶✳✶ ❏❛♥❡❧❛♠❡♥t♦ ❞❡ s✐♥❛✐s

❖s ❛❧❣♦r✐t♠♦s ❞❡ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧ ♥ã♦ r❡❝✉rs✐✈♦s ❞❡ ❥❛♥❡❧❛ ✜①❛ ✉t✐❧✐③❛♠✲s❡ ❞❡ ✉♠ ❝♦♥❥✉♥t♦

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

❞❛❞♦s✳ ❈♦♠ ❛ ❝❤❡❣❛❞❛ ❞❡ ✉♠❛ ♥♦✈❛ ❛♠♦str❛ ❞♦ s✐♥❛❧ ❡st❛ é ✐♥❝♦r♣♦r❛❞❛ à ❥❛♥❡❧❛ ❡❧✐♠✐♥❛♥❞♦✲s❡



❈❛♣ít✉❧♦ ✹ ✕ ❋✉♥❞❛♠❡♥t♦s ❞❛ Pr♦t❡çã♦ ❉✐❣✐t❛❧ ✹✷

❛ss✐♠ ❛ ❛♠♦str❛ ♠❛✐s ❛♥t✐❣❛✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ❥❛♥❡❧❛ ✉t✐❧✐③❛❞❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧ é

✉♠❛ ❥❛♥❡❧❛ ♠ó✈❡❧ ✭P❍❆❉❑❊❀ ❚❍❖❘P✱ ✶✾✾✵✮✳ ❆ ❋✐❣✉r❛ ✹✳✷ ♠♦str❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❞❡s❧♦❝❛♠❡♥t♦

❞❛ ❥❛♥❡❧❛ ♣❛r❛ ✉♠ s✐♥❛❧ ❞❡ ❝♦rr❡♥t❡✳ ❖❜s❡r✈❛✲s❡ q✉❡ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❛ ❡st✐♠❛çã♦ ❡①✐st❡♠✿

✭✐✮ ✉♠ ✐♥t❡r✈❛❧♦ ♥♦ q✉❛❧ ❛ ❥❛♥❡❧❛ ❡♥❝♦♥tr❛✲s❡ ❝♦♠♣❧❡t❛♠❡♥t❡ ♣r❡❡♥❝❤✐❞❛ ❝♦♠ ❛♠♦str❛s ❞♦ s✐♥❛❧

❛♥t❡s ❞❛ ❢❛❧t❛✱ s❡♥❞♦ ♣♦r ✐ss♦ ❝❤❛♠❛❞❛ ❞❡ ❡t❛♣❛ ♣ré✲❢❛❧t❛❀ ✭✐✐✮ ✉♠ ✐♥t❡r✈❛❧♦ ♥♦ ❡①✐st❡♠ ♥❛

❥❛♥❡❧❛ ❛♠♦str❛s t❛♥t♦ ❞♦ ♣❡rí♦❞♦ ❞❡ ♣ré✲❢❛❧t❛ q✉❛♥t♦ ❞♦ ♣❡rí♦❞♦ ❞❡ ❢❛❧t❛✱ ❝❤❛♠❛❞❛ ❞❡ ♣❡rí♦❞♦

tr❛♥s✐tór✐♦❀ ❡ ♣♦r ✜♠ ✭✐✐✐✮ q✉❛♥❞♦ ❛ ❥❛♥❡❧❛ ❡st❛ ♣r❡❡♥❝❤✐❞❛ ❛♣❡♥❛s ❝♦♠ ❛♠♦str❛s ❞♦ s✐♥❛❧ ❡♠

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

❆ s❡❣✉✐r s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ❛❧❣✉♥s ❞❡t❛❧❤❡s s♦❜r❡ ♦ ✉s♦ ❞❛s té❝♥✐❝❛s ❞❡ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧

❧✐st❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛✳

10

-10

5

-5

0

0 5

Tempo (ms)

Pré-falta

Janela
Móvel Primeira Amostra

com falta

Falta

C
o

rr
e

n
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❋✐❣✉r❛ ✹✳✷✿ ❊sq✉❡♠❛ ❞❡ ❥❛♥❡❧❛♠❡♥t♦ ♠ó✈❡❧ ♣❛r❛ ❡st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s✳

✹✳✶✳✷ ❆❧❣♦r✐t♠♦s ❞❡ ❡st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s ❜❛s❡❛❞♦s ♥❛ sér✐❡ ❞❡ ❋♦✉r✐❡r

❈♦♥❢♦r♠❡ ❛ t❡♦r✐❛ ❞❡ ❋♦✉r✐❡r q✉❛❧q✉❡r s✐♥❛❧ ♣❡r✐ó❞✐❝♦ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ❝♦♠♦ ❛ s♦♠❛

❞❡ s❡♥♦s ❡ ❝♦ss❡♥♦s ❡ ❞❡ ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ❉❈ ✭❖PP❊◆❍❊■▼❀ ❲■▲▲❙❑❨✱ ✷✵✵✷✮✿

x(t) =
Y0

2
+

∞∑

n=1

Ycncos(2πft) +
∞∑

n=1

Ysnsen(2πft), ✭✹✳✶✮

❙❡♥❞♦ ♦s t❡r♠♦s Y0✱ Ycn ❡ Ysn ❞❡♥♦♠✐♥❛❞♦s ❞❡ ❝♦❡✜❝✐❡♥t❡s ❞❡ ❋♦✉r✐❡r✱ ♦s q✉❛✐s sã♦ ❞❡t❡r♠✐✲

♥❛❞♦s ♣♦r✿
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Y0 =

∫ t+T

t

x(t)dt

Ycn =

∫ t+T

t

x(t)cosnω dt ✭✹✳✷✮

Ysn =

∫ t+T

t

x(t)sennω dt

❊♠ ✭✹✳✶✮✱ f r❡♣r❡s❡♥t❛ ♦ ✈❛❧♦r ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❢✉♥❞❛♠❡♥t❛❧ ❞♦ s✐♥❛❧✱ n r❡♣r❡✲

s❡♥t❛ ❛ n✲és✐♠❛ ❤❛r♠ô♥✐❝❛ ❞♦ s✐♥❛❧✱ ω ❛ ❢r❡q✉ê♥❝✐❛ ❛♥❣✉❧❛r ❞♦ s✐♥❛❧✱ ❝❛❧❝✉❧❛❞❛ ♣♦r ω = 2π×f

❡ T ✱ ♦ ♣❡rí♦❞♦ ❞♦ s✐♥❛❧✳

✹✳✶✳✷✳✶ ❆❧❣♦r✐t♠♦ ❞❡ ❋♦✉r✐❡r ❞❡ ✶ ❝✐❝❧♦

❊st❛ té❝♥✐❝❛ ❝♦♥s✐st❡ ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ✈❛❧♦r❡s ❞❡ ♠ó❞✉❧♦ ❡ ❢❛s❡ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❢✉♥❞❛✲

♠❡♥t❛❧ ❞❡ ✉♠ s✐♥❛❧ ♣❡r✐ó❞✐❝♦ q✉❛❧q✉❡r ❛ ♣❛rt✐r ❞♦ ♣r♦❞✉t♦ ❞❡ ✉♠ ❝✐❝❧♦ ❞❡ ❛♠♦str❛s ♣♦r ❢✉♥çõ❡s

s❡♥♦ ❡ ❝♦ss❡♥♦✳ P❛r❛ ❛ ❝♦♠♣♦♥❡♥t❡ ❢✉♥❞❛♠❡♥t❛❧ ❞❡ s✐♥❛❧ x(t) ❛s ❡q✉❛çõ❡s ✭✹✳✸✮ t♦r♥❛♠✲s❡✿

Ycn =

∫ t+T

t

x(t)cosω dt

Ysn =

∫ t+T

t

x(t)senω dt ✭✹✳✸✮

◆❛ r❡♣r❡s❡♥t❛çã♦ ❞✐s❝r❡t❛ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r✿

Yc1 =
2

N

N − 1∑

k=0

xkcos

(
2πk

N

)
, ✭✹✳✹✮

Ys1 =
2

N

N − 1∑

k=0

xksen

(
2πk

N

)
. ✭✹✳✺✮

❆✐♥❞❛ é ♣♦ssí✈❡❧ ❡s❝r❡✈❡r ✭✹✳✹✮ ❡ ✭✹✳✺✮ ❝♦♥❢♦r♠❡ ❛ s❡❣✉✐r✿

Yc1 =
2

N

N − 1∑

k=0

xkhck, ✭✹✳✻✮

Ys1 =
2

N

N − 1∑

k=0

xkhsk, ✭✹✳✼✮
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❙❡♥❞♦ hck ❡ hsk ♦s ❝♦❡✜❝✐❡♥t❡s ❞♦ ✜❧tr♦ ❞❡ ❋♦✉r✐❡r ❞❡ ✉♠ ❝✐❝❧♦ ❞❛❞♦s ♣♦r✿

hc =
2

N
[cosωt0 cosωt1 · · · cosωtN − 1] ✭✹✳✽✮

hs =
2

N
[senωt0 senωt1 · · · senωtN − 1] ✭✹✳✾✮

❈♦♥❢♦r♠❡ s❡ ✈ê ❡♠ ✭✹✳✽✮ ❡ ✭✹✳✾✮ ♦s ✜❧tr♦s hc ❡ hs sã♦ ♦rt♦❣♦♥❛✐s ♣❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛✲

♠❡♥t❛❧✳ ❖✉tr❛ ❝❛r❛❝t❡ríst✐❝❛ ✐♠♣♦rt❛♥t❡ ❞❡st❡ ❛❧❣♦r✐t♠♦ é q✉❡ ♦s ❝♦❡✜❝✐❡♥t❡s ❞♦ ✜❧tr♦ ♣♦❞❡♠

s❡r ❝❛❧❝✉❧❛❞♦s ♦✛✲❧✐♥❡✱ ❞✐♠✐♥✉✐♥❞♦ ❛ss✐♠ ♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ r❡q✉❡r✐❞♦✳

❯♠❛ ✈❡③ ❝♦♥❤❡❝✐❞❛s ❛s ❡①♣r❡ssõ❡s ❞♦s ✜❧tr♦s ❞❡ ❋♦✉r✐❡r ❞❡ ✉♠ ❝✐❝❧♦✱ ❛ ❛♠♣❧✐t✉❞❡ ❡ ❛ ❢❛s❡

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

A =
√

Y 2
c1 + Y 2

s1, ✭✹✳✶✵✮

ϕ1 = tan−1

(
Ys1

Yc1

)
. ✭✹✳✶✶✮

✹✳✶✳✷✳✷ ❆❧❣♦r✐t♠♦ ❞❡ ❋♦✉r✐❡r ❞❡ ♠❡✐♦ ❝✐❝❧♦

❊ss❡ ❛❧❣♦r✐t♠♦ ❛ss❡♠❡❧❤❛✲s❡ ❛♦ ❛❧❣♦r✐t♠♦ ❞❡ ❋♦✉r✐❡r ❞❡ ✶ ❝✐❝❧♦ ♣♦ré♠✱ ❝♦♠♦ ♦ ♥♦♠❡ ✐♥❞✐❝❛✱

✉t✐❧✐③❛ ❛♣❡♥❛s ♠❡✐♦ ❝✐❝❧♦ ❞❡ ❛♠♦str❛s ❞♦ s✐♥❛❧ x(t) ❡ ❝♦♠♦ r❡s✉❧t❛❞♦✱ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❋♦✉r✐❡r

❞❡ ♠❡✐♦ ❝✐❝❧♦ é ♠❛✐s rá♣✐❞♦ q✉❡ ♦ ❞❡ ❋♦✉r✐❡r ❞❡ ✶ ❝✐❝❧♦✳ ❈♦♥❢♦r♠❡ P❤❛❞❦❡ ✫ ❚❤♦r♣ ✭✶✾✾✵✮✱ ❛s

❡q✉❛çõ❡s ✭✹✳✹✮ ❡ ✭✹✳✺✮ ♣♦❞❡♠ s❡r r❡❡s❝r✐t❛s ♣♦r✿

Yc1 =
4

N

N/2− 1∑

k=0

xkcos

(
2πk

N

)
✭✹✳✶✷✮

Ys1 =
4

N

N/2− 1∑

k=0

xksen

(
2πk

N

)
, ✭✹✳✶✸✮

❆♥❛❧♦❣❛♠❡♥t❡ ❛♦ q✉❡ ❢♦✐ r❡❛❧✐③❛❞♦ ♥♦ ❛❧❣♦r✐t♠♦ ❞❡ ❋♦✉r✐❡r ❞❡ ✶ ❝✐❝❧♦✱ ♦s ✜❧tr♦s hc ❡ hs

♣❛ss❛♠ ❛ s❡r✿
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hc =
4

N
[cosωt0 cosωt1 · · · cosωtN − 1] ✭✹✳✶✹✮

hs =
4

N
[senωt0 senωt1 · · · senωtN − 1] ✭✹✳✶✺✮

❖ ❝á❧❝✉❧♦ ❞❡ ♠ó❞✉❧♦ ❡ ❢❛s❡ ❞❛ ❣r❛♥❞❡③❛ ❡st✐♠❛❞❛ é r❡❛❧✐③❛❞♦ ❞❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♥♦

❛❧❣♦r✐t♠♦ ❞❡ ❋♦✉r✐❡r ❞❡ ✶ ❝✐❝❧♦✳

✹✳✶✳✸ ❊❧✐♠✐♥❛çã♦ ❞♦ ❡❢❡✐t♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❉❈ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧

❆♥t❡s ❞❡ ✐♥✐❝✐❛r ❛ ❛♣r❡s❡♥t❛çã♦ ❞❛s té❝♥✐❝❛s ❞❡ ❡❧✐♠✐♥❛çã♦ ❞♦ ❡❢❡✐t♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❉❈ ❞❡

❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧✱ ❞❡♠♦♥str❛r✲s❡✲à ♠❛t❡♠❛t✐❝❛♠❡♥t❡ ❝♦♠♦ s✉r❣❡ ❛ t❡r♠♦ ❞❛ ❝♦♠♣♦♥❡♥t❡

❉❈ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧✳

❙✉♣♦♥❤❛ ♦ s✐st❡♠❛ ❡❧étr✐❝♦ s✐♠♣❧✐✜❝❛❞♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✸✱ ♦♥❞❡ ❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐s✲

sã♦ ❢♦✐ ♠♦❞❡❧❛❞❛ ❝♦♠♦ ✉♠❛ ❧✐♥❤❛ ❝✉rt❛✱ ♥❛ q✉❛❧ só sã♦ r❡♣r❡s❡♥t❛❞♦s ♦s ❡❢❡✐t♦s ❞❛ r❡s✐stê♥❝✐❛ ❡

❞❛ r❡❛tâ♥❝✐❛ ✐♥❞✉t✐✈❛✳ ❆ ❝❛r❣❛ ❞❡ss❡ s✐st❡♠❛ ❢♦✐ ♠♦❞❡❧❛❞♦ ❝♦♠♦ s❡♥❞♦ ❞❡ ❝♦rr❡♥t❡ ❝♦♥st❛♥t❡✳

❖ r❡st❛♥t❡ ❞♦ s✐st❡♠❛ ❢♦✐ ♠♦❞❡❧❛❞♦ ❛tr❛✈és ❞♦ ❡q✉✐✈❛❧❡♥t❡ ❞❡ ❚❤é✈❡♥♥✐♥ ❞❛ r❡❞❡ ♥❛ q✉❛❧ ❛

t❡♥sã♦ vTH ❢♦r♥❡❝✐❞❛ ♣♦r ❡st❡ ❡q✉✐✈❛❧❡♥t❡ é ❞❛❞❛ ♣♦r✿

vTH(t) = Emsen(ωt + θ). ✭✹✳✶✻✮

RTH
A

F

S

BpRLT

RF

(1-p)RLTLTH pLLT (1-p)LLT

v (t)TH
i (t)

iF (t)

C

i(t)
t0

❋✐❣✉r❛ ✹✳✸✿ ❙✐st❡♠❛ ❡❧étr✐❝♦ s✐♠♣❧✐✜❝❛❞♦✳

❆♥t❡s ❞♦ ✐♥í❝✐♦ ❞❛ ❢❛❧t❛✱ ❛ ❝♦rr❡♥t❡ ✈✐st❛ ♣❡❧♦ r❡❧é ✐♥st❛❧❛❞♦ ♥❛ ❜❛rr❛ A é ✐❣✉❛❧ ❛ ❝♦rr❡♥t❡

❞❡ ❝❛r❣❛ r❡✢❡t✐❞❛ ♣❛r❛ ♦ s❡❝✉♥❞ár✐♦ ❞♦ ❚❈ q✉❡ ♦ ❛❧✐♠❡♥t❛ ❝♦♥❢♦r♠❡ ✭✹✳✶✽✮✳ ◗✉❛♥❞♦ ❛ ❝❤❛✈❡ S

é ❢❡❝❤❛❞❛ ❡ ❛ ❢❛❧t❛ ❡st❛❜❡❧❡❝✐❞❛✱ ❛ ❝♦rr❡♥t❡ ✈✐st❛ ♣❡❧♦ r❡❧é ❞❛ ❜❛rr❛ A ♣❛ss❛ ❛ s❡r ✐❣✉❛❧ ❛ s♦♠❛

❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✱ ♠♦❞❡❧❛❞❛ ❝♦♠♦ ❝♦rr❡♥t❡ ❝♦♥st❛♥t❡✱ ❡ ❛ ❝♦rr❡♥t❡ ❞❡ ❢❛❧t❛✳
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i(t) = iC(t) + iF (t), ✭✹✳✶✼✮

i(t) = iC(t) = Imsen(ωt + θ − ϕc) ✭✹✳✶✽✮

♦♥❞❡ ❛ ❝♦rr❡♥t❡ ❞❡ ❢❛❧t❛✱ iF (t)✱ é ❞❛❞❛ ♣♦r✿

iF (t) =
Em

|ZF |
sen(ω(t − t0) + θ − ϕc) + A0e

−(t− t0)/τ , ✭✹✳✶✾✮

❝♦♠✿

|ZF | =
√

(RTH + hRLT + RF )2 + ω2(LTH + hLLT )2, ✭✹✳✷✵✮

ϕF = tan−1

[
ω(LTH + hLLT )

RTH + hRLT + RF

]
, ✭✹✳✷✶✮

τ =
LTH + hLLT

RTH + hRLT + RF

, ✭✹✳✷✷✮

A0 = −
Em

|ZF |
sen(θ − ϕF ). ✭✹✳✷✸✮

❈♦♥❢♦r♠❡ ❛s ❊q✉❛çõ❡s ✭✹✳✶✾✮✱ ✭✹✳✷✷✮ ❡ ✭✹✳✷✸✮✱ ❛ ❝♦♠♣♦♥❡♥t❡ ❉❈ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧

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

❢❛❧t❛✱ t❛✐s ❝♦♠♦✿ ❧♦❝❛❧✐③❛çã♦✱ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❡ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✳ ❈♦♠♦ ❛❧❣✉♥s ❞❡ss❡s

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

❞❡♥tr♦ ❞❛ ❢❛✐①❛ q✉❡ ✈❛✐ ❞❡ 0, 5 ❛ 5 ❝✐❝❧♦s ✭❇❊◆▼❖❯❨❆▲✱ ✶✾✾✺✮✳

❉✐✈❡rs♦s tr❛❜❛❧❤♦s ❛♣r❡s❡♥t❛♠ ✉♠❛ ❢♦r♠✉❧❛çã♦ ❜❛s❡❛❞❛ ♥❛ ♣❡r✐♦❞✐❝✐❞❛❞❡ ❞♦s ❝♦❡✜❝✐❡♥t❡s

❞♦s ✜❧tr♦s ❞❡ ❋♦✉r✐❡r ❛♣r❡s❡♥t❛❞♦s ❡♠ ✭✹✳✽✮✱ ✭✹✳✾✮✱ ✭✹✳✶✹✮ ❡ ✭✹✳✶✺✮✳ ❊ss❛ té❝♥✐❝❛ ❛♣r❡s❡♥t❛ r❡s✉❧✲

t❛❞♦s ❝♦♥s✐❞❡r❛❞♦s ❜♦♥s✱ ♣♦ré♠ só ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ❡♠ ❞✐s♣♦s✐t✐✈♦s q✉❡ ✉t✐❧✐③❛♠ ❛❧❣♦r✐t♠♦s

❜❛s❡❛❞♦s ♥❛ sér✐❡ ❞❡ ❋♦✉r✐❡r✳

❱ár✐❛s ♦✉tr❛s té❝♥✐❝❛s sã♦ ❡♠♣r❡❣❛❞❛s ♣❛r❛ ❡❧✐♠✐♥❛çã♦ ❞♦ ❡❢❡✐t♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❉❈ ❞❡

❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧✳ ❊♠ ❙✐❞❤✉ ❡t ❛❧✳ ✭✷✵✵✷✮✱ ❙❛❝❤❞❡✈ ✫ ❇❛r✐❜❡❛✉ ✭✶✾✼✾✮✱ ❛ ❝♦♠♣♦♥❡♥t❡
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❉❈ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧ é ✐♥❝❧✉í❞❛ ♥♦ ♠♦❞❡❧♦ ❞❡ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧ ❜❛s❡❛❞❛ ♥❛ té❝♥✐❝❛

❞♦s ♠í♥✐♠♦s q✉❛❞rát✐❝♦s✱ ✉t✐❧✐③❛♥❞♦✲s❡ ♦s ♣r✐♠❡✐r♦s t❡r♠♦s ❞❛ ❛♣r♦①✐♠❛çã♦ ❞❛ sér✐❡ ❞❡ ❚❛②❧♦r✳

❖✉tr♦s ❛✉t♦r❡s s✉❣❡r❡♠ ♦ ✉s♦ ❞❡ ✜❧tr♦s ♣❛ss❛✲❛❧t❛s ❡ ♣❛ss❛✲❢❛✐①❛ ♣❛r❛ ❛ ✜❧tr❛r ❛ ❝♦♠♣♦♥❡♥t❡

❉❈ ❡ ❡st✐♠❛r s✉❛ ❛♠♣❧✐t✉❞❡ ❡ ❛ ❝♦♥st❛♥t❡ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧ ❛tr❛✈és ❞❡ ❛♠♦str❛s ❞♦s

s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✳ ❖ ♣r♦❜❧❡♠❛ ❞❛s ❞✉❛s ú❧t✐♠❛s té❝♥✐❝❛s ❝✐t❛❞❛s é q✉❡ ♦s ♣❛râ♠❡tr♦s

✉s❛❞♦s sã♦ ❝♦♥st❛♥t❡s ♣❛r❛ ✉♠❛ ♠❡s♠❛ s✐♠✉❧❛çã♦✱ ♦✉ s❡❥❛✱ ♥ã♦ s❡ ❛❞❛♣t❛♠ às ❝❛r❛❝t❡ríst✐❝❛s

❞♦ s✐st❡♠❛✳

❊♠ ❙✐❧✈❛ ✭✷✵✶✵✮✱ ✉♠❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ✉♠ ✈❛❧♦r ❞❛ ❝♦♥st❛♥t❡ ❞❡

t❡♠♣♦ τd q✉❡ ❡❧✐♠✐♥❡ ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❉❈ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧ ❢♦✐ ❛♣r❡s❡♥t❛❞❛✳

❊ss❛ té❝♥✐❝❛ ❜❛s❡♦✉✲s❡ ♥♦ ✜❧tr♦ ♠í♠✐❝♦ ♣r♦♣♦st♦ ♣♦r ❇❡♥♠♦✉②❛❧ ✭✶✾✾✺✮✱ ♦ q✉❛❧ é ❝❛♣❛③ ❞❡

❡❧✐♠✐♥❛r ♣♦r ❝♦♠♣❧❡t♦ ♦s ❡❢❡✐t♦s ❞❛ ❝♦♠♣♦♥❡♥t❡ ❉❈ ♥♦s ❝❛s♦s ❡♠ q✉❡ τd s❡❥❛ ✐❣✉❛❧ ❛ τ ✳ ❖

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

❝♦♠♦ ❥á ✈✐st♦✱ ❞❡♣❡♥❞❡ ❞♦s ♣❛râ♠❡tr♦s ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦✱ ❞♦ ❡q✉✐✈❛❧❡♥t❡ ❞♦ s✐st❡♠❛ ❡

❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ❢❛❧t❛✳

P❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❝♦♥st❛♥t❡ τ ♦s s❡❣✉✐♥t❡s ❛❧❣♦r✐t♠♦s sã♦ ♣r♦♣♦st♦s ✭❄❄✮✳

❆❧❣♦r✐t♠♦ q✉❡ ✉t✐❧✐③❛ ◆✴✷✰✷ ❛♠♦str❛s ❞♦ s✐♥❛❧ ❙❡❥❛ ♦ s✐♥❛❧ ❞✐s❝r❡t♦ x(k) ❞❛❞♦ ♣♦r

✭✹✳✷✹✮✱ ♦ q✉❛❧ ❞❡s❡❥❛✲s❡ r❡❛❧✐③❛r ❛ s✉❛ ❡st✐♠❛çã♦✳

x(k) = A0Γ
k +

N/2∑

n=1

Ansen

(
2πn

N
k + ϕn

)
= xDC(k) + x(k), ✭✹✳✷✹✮

s❡♥❞♦✿

A0 ❛ ❛♠♣❧✐t✉❞❡ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❉❈ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧✱ ❝✉❥❛ ❝♦♥st❛♥t❡ ❞❡ t❡♠♣♦

é ❞❛❞❛ ♣♦r τ ✱ ❧❡✈❛❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❡♠ Γ = e−∆t/τ ✳ An ❡ ϕn sã♦ ❛ ❛♠♣❧✐t✉❞❡ ❡ ❢❛s❡ ❞❛

n✲és✐♠❛ ❤❛r♠ô♥✐❝❛✱ ❝♦♠ n ✈❛r✐❛♥❞♦ ❞❡ ✶ ❛té N/2− 1✳

❖ ❢❛s♦r ❞❛ ❝♦♠♣♦♥❡♥t❡ ❢✉♥❞❛♠❡♥t❛❧ ❞♦ s✐♥❛❧ x(k) é ❞❛❞♦ ♣♦r✿

X(k) =
2

N

N∑

r=1

x(k − N + r)e−j 2π

N
r. ✭✹✳✷✺✮

X(k) = XDC(k) + X(k). ✭✹✳✷✻✮
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❈♦♠ ❜❛s❡ ♥❛ ♣❡r✐♦❞✐❝✐❞❛❞❡ ❞❛ ❢✉♥çã♦ tr✐❣♦♥♦♠étr✐❝❛ ❞♦ s❡♥♦✱ s❛❜❡✲s❡ q✉❡ ♦ s❡✉ ✈❛❧♦r ♥♦

✐♥st❛♥t❡ k − N
2

é ✐❣✉❛❧ ❛♦ ♥❡❣❛t✐✈♦ ❞♦ ✈❛❧♦r ♦❜t✐❞♦ ♥♦ ✐♥st❛♥t❡ k✳ ❆tr❛✈és ❞❛ ❛♥á❧✐s❡ ❞❡ss❛

❝❛r❛❝t❡ríst✐❝❛ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r✿

xk + xk−N/2 = A0Γ
k(1 + A0Γ

−N/2). ✭✹✳✷✼✮

xk−1 + xk−N/2−1 = A0Γ
k−1(1 + A0Γ

−N/2), ✭✹✳✷✽✮

✭✹✳✷✾✮

❉✐✈✐❞✐♥❞♦✲s❡ ✭✹✳✷✼✮ ♣♦r ✭✹✳✷✽✮ t❡♠✲s❡✿

xk + xk−N/2

xk− 1 + xk−N/2− 1

= Γ = e−∆t/τ . ✭✹✳✸✵✮

❖ ✈❛❧♦r ❞❡ τ ✱ ❝♦♥st❛♥t❡ ❞❡ t❡♠♣♦ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧ ❡ ❞❡s❡❥♦ ❞❡ ♦❜t❡♥çã♦ ♥❡ss❡

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

♣r✐♠❡✐r♦s t❡r♠♦s ❞❛ sér✐❡ ❞❡ ❚❛②❧♦r✱ ♦✉ s❡❥❛✱ r❡♣r❡s❡♥t❛♥❞♦ ♦ t❡r♠♦ ❞♦ ❧❛❞♦ ❡sq✉❡r❞♦ ❞❡ ✭✹✳✸✵✮

♣♦r λ✿

λ = 1 −
∆t

τ
. ✭✹✳✸✶✮

▲♦❣♦ τ é ❞❛❞♦ ♣♦r✿

τ =
∆t

1 − λ
✭✹✳✸✷✮

❊①♣r❡ssã♦ q✉❡ ✉t✐❧✐③❛ ◆ ❛♠♦str❛s ❞♦ s✐♥❛❧ ❈♦♥s✐❞❡r❡ ♦ s✐♥❛❧ ❞✐s❝r❡t♦ ❞❛❞♦ ♣♦r ✭✹✳✷✹✮✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ●✉♦ ❡t ❛❧✳ ✭✷✵✵✸✮✱ ❛s s❡❣✉✐♥t❡s s♦♠❛s ♣❛r❝✐❛✐s ♣♦❞❡♠ s❡r ❝♦♥s✐❞❡r❛❞❛s✿

PS1 =

N/2∑

k=1

x2k− 1. ✭✹✳✸✸✮

PS2 =

N/2∑

k=1

x2k. ✭✹✳✸✹✮

❆ ♣❛rt✐r ❞❡ ♠❛♥✐♣✉❧❛çõ❡s tr✐❣♦♥♦♠étr✐❝❛s é ♣♦ssí✈❡❧ r❡❡s❝r❡✈❡r ✭✹✳✸✸✮ ❡ ✭✹✳✸✹✮ ❝♦♥❢♦r♠❡✿
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PS1 = A0
Γ(ΓN − 1)

Γ2 − 2
. ✭✹✳✸✺✮

PS1 = A0
Γ2(ΓN − 1)

Γ2 − 2
. ✭✹✳✸✻✮

❉✐✈✐❞✐♥❞♦✲s❡ ✭✹✳✸✻✮ ♣♦r ✭✹✳✸✺✮ ♦❜té♠✲s❡ ❛ ❡①♣r❡ssã♦ ❞❡ Γ✳ ❯t✐❧✐③❛♥❞♦ ❛ ♠❡s♠❛ ❛♣r♦①✐♠❛✲

çã♦ ❜❛s❡❛❞❛ ♥❛ sér✐❡ ❞❡ ❚❛②❧♦r✱ ❛♣r❡s❡♥t❛❞❛ ❡♠ ✭✹✳✸✷✮✱ ❛ ❝♦♥st❛♥t❡ ❞❡ t❡♠♣♦ ❞❡ ❞❡❝❛✐♠❡♥t♦

❡①♣♦♥❡♥❝✐❛❧ é ❞❛❞❛ ❝♦♥❢♦r♠❡✿

τ =
∆t

1 −
PS2

PS1

. ✭✹✳✸✼✮

❊♠ r❡s✉♠♦✱ ❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣❛r❛ ❡❧✐♠✐♥❛çã♦ ❞♦ ❡❢❡✐t♦ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❉❈ ❞❡ ❞❡❝❛✐♠❡♥t♦

❡①♣♦♥❡♥❝✐❛❧ ❛♣r❡s❡♥t❛❞❛ ♣♦r ❙✐❧✈❛ ✭✷✵✶✵✮ s❡❣✉❡ ♦s s❡❣✉✐♥t❡s ♣❛ss♦s✿

❼ ❆ss✉♠❡✲s❡ ♥♦ ✐♥í❝✐♦ ❞❛ s✐♠✉❧❛çã♦ q✉❡ ♦ ✈❛❧♦r ❞❡ τ ❝♦♠♦ s❡♥❞♦ ✐❣✉❛❧ ❛ ✉♠ ❝✐❝❧♦❀

❼ ❊♥tr❡ ❛s ❛♠♦str❛s N/2 + 2 ❡ N ✱ ❛♣ós ❛ ❞❡t❡❝çã♦ ❞♦ ❞✐stúr❜✐♦✱ τ é ❝❛❧❝✉❧❛❞♦ ❝♦♠♦ s❡♥❞♦

❛ ♠é❞✐❛ ❡♥tr❡ ♦s ❞♦✐s ú❧t✐♠♦s r❡s✉❧t❛❞♦s ❝❛❧❝✉❧❛❞♦s ✈✐❛ ✭✹✳✸✷✮❀

❼ ❆♣ós ❛ ❛♠♦str❛ N + 1 ✱ ❞❡♣♦✐s ❞❛ ❞❡t❡❝çã♦ ❞♦ ❞✐stúr❜✐♦✱ τ é ❝❛❧❝✉❧❛❞♦ ❝♦♠♦ s❡♥❞♦ ❛

♠é❞✐❛ ❡♥tr❡ ♦s ❞♦✐s ú❧t✐♠♦s r❡s✉❧t❛❞♦s ❝❛❧❝✉❧❛❞♦s ✈✐❛ ✭✹✳✸✼✮✳

❆♣ós ❝❛❞❛ ❛t✉❛❧✐③❛çã♦ ♥♦ ✈❛❧♦r ❞❡ τ ✱ ♦ ❣❛♥❤♦ ❞♦ ✜❧tr♦ ♠í♠✐❝♦ ♣r♦♣♦st♦ ♣♦r ❇❡♥♠♦✉②❛❧

✭✶✾✾✺✮ ❞❡✈❡ t❛♠❜é♠ s❡r ❛t✉❛❧✐③❛❞♦ ❛tr❛✈és ❞❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

K =

√
1

[
(1 + τd) − τdcos

(
2π
N

)]2
+

[
τdsen

(
2π
N

)]2 . ✭✹✳✸✽✮

✹✳✷ ❘❊▲➱ ❈❖▼❖ ❈❖▼P❆❘❆❉❖❘

❆ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐t✉❛çõ❡s ❛♥♦r♠❛✐s ♥❛s ❣r❛♥❞❡③❛s ❡❧étr✐❝❛s ❛♥❛❧✐s❛❞❛s ♣♦r ✉♠ r❡❧é ♣♦❞❡

s❡r r❡❛❧✐③❛❞❛ ♣♦r ♠❡✐♦ ❞❡ ❝♦♠♣❛r❛çõ❡s✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❢✉♥çã♦ ❞♦ r❡❧é ❛ ❝♦♠♣❛r❛çã♦ ♣♦❞❡ s❡

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

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

Â = |A|ejθ,

B̂ = |B|ejφ.
✭✹✳✸✾✮

❈♦♥s✐❞❡r❛♥❞♦ ♦ s✐♥❛❧ r❡♣r❡s❡♥t❛❞♦ ♣❡❧♦ ❢❛s♦r Â ❝♦♠♦ r❡❢❡rê♥❝✐❛✱ ✐st♦ é✱ θ = 00✱ ❛ ❞✐❢❡r❡♥ç❛

❡♥tr❡ ❛s ❢❛s❡s ❞♦s s✐♥❛✐s B̂ ❡ Â ❡st❛rá r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ❛s ♦♣❡r❛çõ❡s ❞❡ s♦♠❛ ❡ s✉❜tr❛çã♦ ❞♦s

❞♦✐s ❢❛s♦r❡s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s s❡❣✉✐♥t❡s ❝♦♥❞✐çõ❡s✿

φ ≥ 90 ⇒ |A − B| ≥ |A + B|, ✭✹✳✹✵✮

φ = 90 ⇒ |A − B| = |A + B|, ✭✹✳✹✶✮

φ ≤ 90 ⇒ |A − B| ≤ |A + B|. ✭✹✳✹✷✮

●r❛✜❝❛♠❡♥t❡✱ ❡ss❛s ❝♦♥❞✐çõ❡s ♣♦❞❡♠ s❡r r❡♣r❡s❡♥t❛❞❛s ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✹✳✹✳

A

A
- B

A
 +

BB

f

✭❛✮

A

A
- B

A
+

BB

f

✭❜✮

A

A
- B A

+
BB

f

✭❝✮

❋✐❣✉r❛ ✹✳✹✿ ❊sq✉❡♠❛ ❣rá✜❝♦ ❞❡ ❝♦♠♣❛r❛çã♦ ❞❡ ❢❛s❡ ♣❛r❛✿ ✭✹✳✹✭❛✮✮ φ ≥ 90✱ ✭✹✳✹✭❜✮✮ φ = 90✱
✭✹✳✹✭❝✮✮ φ ≤ 90✳

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

❝♦♠♣❛r❛❞♦r✱ ❝♦♠♦ ✉♠ ❛♠♣❧✐✜❝❛❞♦r ♦♣❡r❛❝✐♦♥❛❧✱ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✺ ✭❙❊❉❘❆✱

✷✵✶✵✮✳
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+

-

|A|

+VCC

|B|
V0

❋✐❣✉r❛ ✹✳✺✿ ❊sq✉❡♠❛ ❞❡ ❝♦♠♣❛r❛çã♦ ❞❡ ❛♠♣❧✐t✉❞❡ ✉t✐❧✐③❛♥❞♦ ❛♠♣❧✐✜❝❛❞♦r ♦♣❡r❛❝✐♦♥❛❧✳

◆❡ss❡ ❡sq✉❡♠❛ ❝❛s♦ ♦ s✐♥❛❧ ❞❡ s❛í❞❛ ❞♦ ❝♦♠♣❛r❛❞♦r ✭V0✮ ❛ss✉♠❛ ✈❛❧♦r ♠❛✐♦r q✉❡ ③❡r♦✱ ✐ss♦

s✐❣♥✐✜❝❛ q✉❡ ❛ ❛♠♣❧✐t✉❞❡ ❞♦ s✐♥❛❧ A é ♠❛✐♦r q✉❡ ♦ ❞♦ s✐♥❛❧ B✳ ◗✉❛♥❞♦ ♦ s✐♥❛❧ B t✐✈❡r ❛♠♣❧✐t✉❞❡

♠❛✐♦r q✉❡ ♦ ❞♦ s✐♥❛❧ A✱ ❛ s❛í❞❛ ❞♦ ❝♦♠♣❛r❛❞♦r ❛ss✉♠✐rá ✈❛❧♦r ③❡r♦✳

✹✳✸ ❘❊❙❯▼❖

❊st❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t♦✉ ❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ♥❡❝❡ssár✐❛ ♣❛r❛ ♦ ❝♦rr❡t♦ ❡♥t❡♥❞✐♠❡♥t♦

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

❝♦♠♦ à ♣r♦t❡çã♦ ❞✐❣✐t❛❧ ❞❡ s✐st❡♠❛s ❞❡ ♣♦tê♥❝✐❛✳

◆♦ q✉❡ ❝♦♥❝❡r♥❡ à ♣r♦t❡çã♦ ❞✐❣✐t❛❧✱ ❞✐✈❡rs❛s té❝♥✐❝❛s ❡♥❝♦♥tr❛♠✲s❡ ❡♠ ✉s♦ ❛t✉❛❧♠❡♥t❡ ♣❛r❛

❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦s ❜❧♦❝♦s q✉❡ ❝♦♠♣õ❡♠ ❛ ❛rq✉✐t❡t✉r❛ ❜ás✐❝❛ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦

❞✐❣✐t❛❧✳ P❛r❛ ❛ ❡st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s✱ ♦s ❛❧❣♦r✐t♠♦s ❜❛s❡❛❞♦s ♥❛ sér✐❡ ❞❡ ❋♦✉r✐❡r ✈❡❡♠ s❡♥❞♦ ♠❛✐s

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

❝♦♠♣♦♥❡♥t❡ ❉❈ ❞❡ ❞❡❝❛✐♠❡♥t♦ ❡①♣♦♥❡♥❝✐❛❧✱ ♣♦❞❡ s❡r ❡❧✐♠✐♥❛❞❛ ❞❡ ♠❛♥❡✐r❛ ❛❞❛♣t❛t✐✈❛ ❛tr❛✈és

❞❡ ✉♠❛ ❛♣r♦①✐♠❛çã♦ ❜❛s❡❛❞❛ ♥♦s ❞♦✐s ♣r✐♠❡✐r♦s t❡r♠♦s ❞❛ sér✐❡ ❞❡ ❚❛②❧♦r✳



❈❆P❮❚❯▲❖ ✺

P❘❖❚❊➬➹❖ ❆❉❆P❚❆❚■❱❆ ❉❊ ❙❖❇❘❊❈❖❘❘❊◆❚❊

❈♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✷ ♦s ❡sq✉❡♠❛s tr❛❞✐❝✐♦♥❛✐s ❞❡ ♣r♦t❡çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡

♥ã♦ ❣❛r❛♥t❡♠ ✉♠❛ ♦♣❡r❛çã♦ ❡❢❡t✐✈❛ ❡♠ s✐t✉❛çõ❡s ❞❡ ♠✉❞❛♥ç❛s ❞❛ r❡❞❡ ❡❧étr✐❝❛✱ ♥♦t❛❞❛♠❡♥t❡

♠✉❞❛♥ç❛s ♥❛ t♦♣♦❧♦❣✐❛ ♦✉ ♣❡r✜❧ ❞❡ ❣❡r❛çã♦ ❡✴♦✉ ❝❛r❣❛✳ ❆ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡✲

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

❧✐t❡r❛t✉r❛ ❝♦♠♦ ✈❛♥t❛❣❡♥s ❞♦ ❡sq✉❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✭P❆◆ ❡t ❛❧✳✱ ✷✵✶✶❀ ❖❏❆●❍■ ❡t

❛❧✳✱ ✷✵✶✸❀ ▼❆❍❆❚ P✳❀ ❈❍❊◆❀ ❇❆❑✱ ✷✵✵✻❀ ❉❊❲❆❉❆❙❆ ❡t ❛❧✳✱ ✷✵✶✶❀ ❊▲✲❑❍❆❚❚❆▼❀ ❙■❉❍❯✱

✷✵✵✾❀ ❍❆▲❆❇■ ❡t ❛❧✳✱ ✷✵✶✶❀ ❙❖❯❩❆ ❏❘ ❡t ❛❧✳✱ ✷✵✶✺✮✳

❉❡ ♠❛♥❡✐r❛ ❣❡r❛❧✱ ❛ ♣r♦t❡çã♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ s♦❜r❡❝♦rr❡♥t❡ é ✐♥t✐♠❛♠❡♥t❡ ❞❡♣❡♥❞❡♥t❡ ❞❛

t♦♣♦❧♦❣✐❛ ❡ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❣❡r❛çã♦ ❞♦ s✐st❡♠❛✳ ❊ss❛ ❝❛r❛❝t❡ríst✐❝❛ t♦r♥❛ ♦ ❛❧❝❛♥❝❡ ❞❛ ③♦♥❛

✐♥st❛♥tâ♥❡❛ ✉♠ t❡r♠♦ ✈❛r✐á✈❡❧✱ ♣♦❞❡♥❞♦ ❛ss✉♠✐r ✐♥❝❧✉s✐✈❡ ✈❛❧♦r❡s ♥✉❧♦s✳ ❯t✐❧✐③❛♥❞♦ ❛s té❝♥✐❝❛s

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

✉♠❛ ♠❡s♠❛ ♣♦rçã♦ ❞♦ s✐st❡♠❛ ❡st❡❥❛ s❡♥❞♦ ♣r♦t❡❣✐❞❛ ♣♦r ❡st❛ ✉♥✐❞❛❞❡✳

◆❡st❡ ❝❛♣ít✉❧♦ s❡rá ❛♣r❡s❡♥t❛❞❛ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛❥✉st❡s ❞❡

s♦❜r❡❝♦rr❡♥t❡ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦✳

✺✳✶ P❘❖❚❊➬➹❖ ❆❉❆P❚❆❚■❱❆ ❉❊ ❙❖❇❘❊❈❖❘❘❊◆❚❊ ■◆❙❚❆◆❚➶◆❊❆

❈♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✸✱ ♥❛ ♠❛✐♦r✐❛ ❞♦s tr❛❜❛❧❤♦s ❞✐s♣♦♥✐❜✐❧✐③❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛✱

❛s ❡q✉❛çõ❡s s✉❣❡r✐❞❛s ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡

❞❡♣❡♥❞❡♠ ❞♦s ❞❛❞♦s ♦❜t✐❞♦s ❛tr❛✈és ❞❡ ❡q✉✐✈❛❧❡♥t❡s ❞❡ ❚❤é✈❡♥♥✐♥ ♥♦ ♣♦♥t♦ ❞❡ ✐♥st❛❧❛çã♦ ❞♦

r❡❧é✳ ❊ss❛ té❝♥✐❝❛ é ❛❜s♦❧✉t❛♠❡♥t❡ ✈á❧✐❞❛ q✉❛♥❞♦ ❛♣❧✐❝❛❞❛s às r❡❞❡s ❝♦♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✱

❤❛❥❛ ✈✐st♦ q✉❡ ♦s ❡q✉✐✈❛❧❡♥t❡s r❡✢❡♠ ❛s s✐t✉❛çõ❡s ❞❛ r❡❞❡ à ❥✉s❛♥t❡ ❡ à ♠♦♥t❛♥t❡ ❞♦ r❡❧é✳

P♦ré♠✱ ❡♠ r❡❞❡s r❛❞✐❛✐s s❡♠ ❛ ♣r❡s❡♥ç❛ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✱ ♦ ❡q✉✐✈❛❧❡♥t❡ ❞❡ ❚❤é✈❡♥♥✐♥

r❡✢❡t❡ ❛♣❡♥❛s ❛ s✐t✉❛çã♦ à ♠♦♥t❛♥t❡ ❞❛ r❡❞❡ ✭❙❖❯❩❆ ❏❘❀ ❙❖❯❩❆✱ ✷✵✶✷✮✳ ❊st❡ ❢❛t♦✱ ❢❛③

✺✷



❈❛♣ít✉❧♦ ✺ ✕ Pr♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✺✸

❝♦♠ q✉❡ ❛s ❡q✉❛çõ❡s ♣r♦♣♦st❛s ♥❛ ❧✐t❡r❛t✉r❛ ♥ã♦ ❛♣r❡s❡♥t❡♠ ✈❛❧♦r❡s ❝♦❡r❡♥t❡s ♣❛r❛ ❛❧❣✉♥s

❝❛s♦s q✉❛♥❞♦ tr❛t❛✲s❡ ❞❛ ♣r♦t❡çã♦ ❞❡ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦✳ ❆ss✐♠ s❡♥❞♦✱ ❢❛③✲s❡ ♥❡❝❡ssár✐♦

❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠❛ ♠❡t♦❧♦❣✐❛ ❛tr❛✈és ❞❛ q✉❛❧ ♦s ♣❛râ♠❡tr♦s r❡✢✐t❛♠ q✉❛❧q✉❡r ♠♦❞✐✜❝❛çã♦

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

❆ ❛♥á❧✐s❡ ❞♦ ❡st❛❞♦ ❞❛ ❛rt❡ ♠♦st♦r✉ q✉❡ ❛s ❞✐✈❡rs❛s té❝♥✐❝❛s ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ tê♠

✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ ❡♠ ❝♦♠✉♠✿ ❛ ❛t✉❛❧✐③❛çã♦ ❞♦s ❛❥✉st❡s ❞♦s ♣❛râ♠❡tr♦s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❢r❡♥t❡

às ♠♦❞✐✜❝❛çõ❡s ❞❛ r❡❞❡✳ ❈♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥❛ s✉❜s❡çã♦ ✸✳✷✳✸✱ ♦ ✈❛❧♦r ❞♦ ❛❥✉st❡ ❞♦s ❞✐s✲

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

♣❧❛♥t❛✳

P❛r❛ ✐❧✉str❛r✱ ❝♦♥s✐❞❡r❡ ♦ s✐st❡♠❛ r❛❞✐❛❧ s✐♠♣❧✐✜❝❛❞♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✶✳ ❉❡ ❛❝♦r❞♦

❝♦♠ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦✱ ❛s ❝♦♥❞✐çõ❡s q✉❡ ❢♦r♥❡❝❡♠ ♦s ♠❛✐♦r❡s

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

s♦❜r❡❝♦rr❡♥t❡ ✭▼❆❙❖◆✱ ✶✾✺✻✮✳

G R

ÊS

I

t

Ia ,MAXj

Ia ,MINj

tiMAXtiMIN

❋✐❣✉r❛ ✺✳✶✿ ▲✐♠✐t❡s ♣❛r❛ ❝♦rr❡♥t❡ ♠í♥✐♠❛ ❞❡ ❛t✉❛çã♦ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛s ❞❡ s♦❜r❡❝♦rr❡♥t❡✳

❈♦♥s✐❞❡r❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♣❛r❛ ❛ ❝♦♥❞✐çã♦ ❞❡ ❣❡r❛çã♦ ♠á✲

①✐♠❛ r❡♣r❡s❡♥t❛❞♦ ♣❡❧♦ ❣rá✜❝♦ ❝♦♥tí♥✉♦ ❞❛ ❋✐❣✉r❛ ✺✳✶ ❡ ♣❛r❛ ❛ ❣❡r❛çã♦ ♠í♥✐♠❛ r❡♣r❡s❡♥t❛❞♦

♣❡❧❛ ❝✉r✈❛ tr❛❝❡❥❛❞❛✳ ❈❛s♦ ♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦ ✐♥st❛❧❛❞♦ ♥❛ ❜❛rr❛ G s❡❥❛ ❝♦♥✜❣✉r❛❞♦

❝♦♥s✐❞❡r❛♥❞♦ ❛ ❝♦♥❞✐çã♦ ❞❡ ❣❡r❛çã♦ ♠á①✐♠❛✱ s✉❛ ❝♦rr❡♥t❡ ❞❡ ❛❥✉st❡ s❡r✐❛ ❞❛❞❛ ♣♦r IajMAX ❡

❛t✉❛r✐❛ ♥✉♠ t❡♠♣♦ tiMAX ✳ ❊♥tr❡t❛♥t♦✱ ♥❛ s✐t✉❛çã♦ ❡♠ q✉❡ ♦ ♣❡r✜❧ ❞❡ ❣❡r❛çã♦ ♠í♥✐♠❛ ❡st❡❥❛

✈✐❣❡♥t❡✱ ♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦ ♣❛ss❛r✐❛ ❛ ❛t✉❛r ❡♠ ✉♠ t❡♠♣♦ tiMIN ♠❡♥♦r q✉❡ ♦ tiMAX ✳

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

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

❈❛s♦ ♦ ❞✐s♣♦s✐t✐✈♦ ❞❛ ❜❛rr❛ G ❢♦ss❡ ❝♦♥✜❣✉r❛❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❝♦♥❞✐çõ❡s ❞❡ ❣❡r❛çã♦
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♠í♥✐♠❛✱ ❡st❡ ♣❛ss❛r✐❛ ❛ t❡r ✉♠❛ ❝♦rr❡♥t❡ ❞❡ ❛❥✉st❡ ❞❡ IajMIN ❡ ❛t✉❛r✐❛ ❡♠ tiMAX ✳ ❊♥tr❡t❛♥t♦✱

❝❛s♦ ♦ ♣❡r✜❧ ❞❡ ❣❡r❛çã♦ ❢♦ss❡ ♦ ❞❡ ❣❡r❛çã♦ ♠á①✐♠❛✱ ♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦ ♥ã♦ ❝❤❡❣❛r✐❛ ❛

❛t✉❛r✱ ❞❡✐①❛♥❞♦ ♦ s✐st❡♠❛ ❞❡s♣r♦t❡❣✐❞♦✳

❊st❡ ❡①❡♠♣❧♦ ✐❧✉str❛ ❛❧❣✉♥s ♣r♦❜❧❡♠❛s q✉❡ ♣♦❞❡♠ s❡r ❝❛✉s❛❞♦s ♣❡❧❛s ♠✉❞❛♥ç❛s ♥❛s ❝♦♥✲

❞✐çõ❡s ❞♦ s✐st❡♠❛ ❞❡ ♣♦tê♥❝✐❛ q✉❛♥❞♦ té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❞❡ ♣r♦t❡çã♦ sã♦ ✉t✐❧✐③❛❞❛s✳ ❆ss✐♠✱

♣❛r❛ t♦r♥❛r ♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ✉♠ ♣❛râ♠❡tr♦ q✉❡ s❡ ❛❞❡q✉❡ à ❝♦♥❞✐çã♦

❛t✉❛❧ ❞♦ s✐st❡♠❛✱ é ♥❡❝❡ssár✐♦ q✉❡ t❛✐s ♣❛râ♠❡tr♦s s❡❥❛♠ ❝❛❧❝✉❧❛❞♦s ❝♦♠ ❜❛s❡ ❡♠ ✉♠❛ ❣r❛♥❞❡③❛

q✉❡ ♣♦ss❛ r❡✢❡t✐r ❛ r❡❛❧ ❝♦♥❞✐çã♦ ♦♣❡r❛❝✐♦♥❛❧ ❞❛ r❡❞❡✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✳

✺✳✶✳✶ ❙✐st❡♠❛s r❛❞✐❛✐s

❈♦♥s✐❞❡r❡ ♦ s✐st❡♠❛ r❛❞✐❛❧ s✐♠♣❧✐✜❝❛❞♦ r❡♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✷✳ P❛r❛ ✉♠❛ ❢❛❧t❛ tr✐❢ás✐❝❛

♦❝♦rr✐❞❛ à ✉♠❛ ♣♦rçã♦ h ❞❛ ❧✐♥❤❛ ❝✉❥❛ ✐♠♣❡❞â♥❝✐❛ é ZL✱ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ é ❞❛❞❛

♣♦r ✭✺✳✶✮✳

G R

ÊS

h

Falta 3f

❋✐❣✉r❛ ✺✳✷✿ ▼♦❞❡❧♦ ❡q✉✐✈❛❧❡♥t❡ ❞❡ r❡❞❡ r❛❞✐❛❧✳

ÎEF =
ÊS

ZS + hZL

. ✭✺✳✶✮

❊ss❛ ❡q✉❛çã♦ é ❛ ❜❛s❡ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❛❥✉st❡ ❞❛s ✉♥✐❞❛❞❡s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ✲

♥❡❛s ❞❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ✭▼❆❙❖◆✱ ✶✾✺✻❀ ❆◆❉❊❘❙❖◆✱ ✶✾✾✾✮✱ ❛s q✉❛✐s ♣r♦♣õ❡♠ r❡❧❛çõ❡s

❡♥tr❡ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ à h% ❡ ❛ ❝♦rr❡♥t❡ ♣❛r❛ ✉♠❛ ❢❛❧t❛ ❝❧♦s❡✲✐♥ ♥❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛

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

s✐st❡♠❛✱ ♣♦r s❡r ✉♠❛ ❣r❛♥❞❡③❛ q✉❡ r❡✢❡t❡ ❛s ❝♦♥❞✐çõ❡s t♦♣♦❧ó❣✐❝❛s ❡ ♦♣❡r❛❝✐♦♥❛✐s ❞♦ s✐st❡♠❛

t❛♥t♦ à ♠♦♥t❛♥t❡ q✉❛♥t♦ à ❥✉s❛♥t❡✱ q✉❡r s❡❥❛ ♣❛r❛ s✐st❡♠❛s ❝♦♠ ♦✉ s❡♠ ❛ ♣r❡s❡♥ç❛ ❞❛ ❣❡r❛çã♦

❞✐str✐❜✉í❞❛✳

▼❛t❡♠❛t✐❝❛♠❡♥t❡✱ ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ÎL q✉❡ ✢✉✐ ♣❡❧❛ ❧✐♥❤❛ ❛ s❡r ♣r♦t❡❣✐❞❛ é ✐❣✉❛❧ à ❡❧❛

♣ró♣r✐❛✱ ♦✉ s❡❥❛✿
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ÎL = ÎL. ✭✺✳✷✮

❉✐✈✐❞✐♥❞♦ ✭✺✳✶✮ ♣♦r ✭✺✳✷✮ t❡♠✲s❡✿

ÎEF

ÎL
=

ÊS

ZS + hZL

ÎL
. ✭✺✳✸✮

❙✐♠♣❧✐✜❝❛♥❞♦✱ t❡♠✲s❡✿

kSR =
ZS

ZL

, ✭✺✳✹✮

❡

k1 =
ÎEF

ÎL
. ✭✺✳✺✮

▲♦❣♦✿

k1 =
ÊS

ZL(kSR + h)ÎL
. ✭✺✳✻✮

■s♦❧❛♥❞♦ h ❡♠ ✭✺✳✻✮ ♦❜tê♠✲s❡✿

h =
ÊS

ZLk1ÎL
− kSR. ✭✺✳✼✮

❆ ❡q✉❛çã♦ ✭✺✳✼✮ ♣❡r♠✐t❡ ❝❛❧❝✉❧❛r ♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ s♦✲

❜r❡❝♦rr❡♥t❡ ♥ã♦ ❛♣❡♥❛s ❝♦♠♦ ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ✐♠♣❡❞â♥❝✐❛s ❞♦ ❡q✉✐✈❛❧❡♥t❡ ❞❡ ❚❤é✈❡♥♥✐♥

✭✈✐st❛ ❞♦ ♣♦♥t♦ ❞❡ ✐♥st❛❧❛çã♦ ❞♦ ❞✐s♣♦s✐t✐✈♦ ❡ ❞❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛✮✱ ♠❛s t❛♠❜é♠ ❞❛ ❢♦♥t❡ ❞❡

t❡♥sã♦ ❡q✉✐✈❛❧❡♥t❡ ❡ ❞❛ ❝♦rr❡♥t❡ ✈✐st❛ ♣❡❧♦ r❡❧é✳ ❖ ❢❛t♦ ❞❡ ❞❡♣❡♥❞❡r ❞❛s ❣r❛♥❞❡③❛s ✈✐st❛s ♣❡❧♦

❞✐s♣♦s✐t✐✈♦ ❢❛③ ❝♦♠ q✉❡ ❡st❡ ♠♦❞♦ ❝♦♥✜❣✉r❡✲s❡ ❡♠ ✉♠❛ ❛❧t❡r♥❛t✐✈❛ ❛❞❛♣t❛t✐✈❛ ❞❡ ❝❛❧❝✉❧❛r ♦

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

r✐❛♠ ♣❛r❛ q✉❛❧q✉❡r ♠♦❞✐✜❝❛çã♦ t❛♥t♦ à ♠♦♥t❛♥t❡ q✉❛♥t♦ à ❥✉s❛♥t❡ ❞♦ ♣♦♥t♦ ❞❡ ✐♥st❛❧❛çã♦ ❞♦

❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦✳
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❖ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✭✺✳✼✮ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✸✱ ♥♦ q✉❛❧ ❝♦♥s✐❞❡r♦✉✲s❡ ✉♠

s✐st❡♠❛ ✜❝tí❝✐♦ ❝♦♠ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ❞❡ 36 A✳ P❛r❛ ❡st❡ ❝❛s♦✱ ❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛

✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❢♦✐ ❛❥✉st❛❞❛ ❡♠ 40% ❞♦ ✈❛❧♦r ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✳

Tempo (ms)

Tempo (ms)

❋✐❣✉r❛ ✺✳✸✿ ❈♦♠♣❛rt❛♠❡♥t♦ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ♦❜t✐❞❛ ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛
❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛✳

❆s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❞❡ ❛❥✉st❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞❡✜♥❡♠ r❡❧❛çõ❡s

❛♣r♦♣r✐❛❞❛s ❡♥tr❡ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❡ ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ❞♦ s✐st❡♠❛✳ ◆❛ ❋✐❣✉r❛ ✺✳✹

é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ❛❧❝❛♥❝❡ ♦❜t✐❞♦ ♣♦r ♠❡✐♦ ❞❡ ✭✺✳✼✮ ❝♦♠ ❛ ✈❛r✐❛çã♦ ❞❛

r❡❧❛çã♦ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❡ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✱ r❡♣r❡s❡♥t❛❞❛ ❡♠ ✭✺✳✼✮ ♣❡❧♦ t❡r♠♦ k1✳

✺✳✶✳✷ ❙✐st❡♠❛ ❝♦♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛

❙✐st❡♠❛s ❞❡ ♣♦tê♥❝✐❛ ❝♦♠ ❞✉❛s ♦✉ ♠❛✐s ❢♦♥t❡s ❞❡ ♣♦tê♥❝✐❛ ❝♦♥st✐t✉✐ ❛t✉❛❧♠❡♥t❡ ✉♠ ❢❛t♦ ❢r❡✲

q✉❡♥t❡ ❡♠ ♣r❛t✐❝❛♠❡♥t❡✱ t♦❞♦s ♦s ♥í✈❡✐s ❞❡ t❡♥sã♦ ❞❛ r❡❞❡ ❡❧étr✐❝❛✳ ❱❛♥t❛❣❡♥s sã♦ ❛♣r❡s❡♥t❛❞❛s
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1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
0

20

40

60

80

100

120

140

K1 = Icc/IL

h
(%

)

❋✐❣✉r❛ ✺✳✹✿ ❘❡❧❛çã♦ ❡♥tr❡ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❡ ❛ r❛③ã♦ ICC/IL✳

t❛♥t♦ ♣❛r❛ ♦ s✐st❡♠❛ ❡❧étr✐❝♦✱ t❛✐s ❝♦♠♦✿ ♠❡❧❤♦r✐❛ ❞♦s ♥í✈❡✐s ❞❡ t❡♥sã♦ ♥❛s ❜❛rr❛s ❞❡ ❝❛r❣❛ ❡

❛ ❞✐♠✐♥✉✐çã♦ ❞❛s ♣❡r❞❛s ♥❛ tr❛♥s♠✐ssã♦ ✉♠❛ ✈❡③ q✉❡ ❛s ✉♥✐❞❛❞❡s ❣❡r❛❞♦r❛s ❛♣r♦①✐♠❛♠✲s❡ ❞❛s

✉♥✐❞❛❞❡s ❝♦♥s✉♠✐❞♦r❛s❀ q✉❛♥t♦ ♣❛r❛ ♦s ♣❡q✉❡♥♦s ❣❡r❛❞♦r❡s q✉❡ ❛❧é♠ ❞❡ ✈❛♥t❛❣❡♥s ✜♥❛♥❝❡✐r❛s

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

❈♦♠♦ ❝✐t❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✸✱ ❛♣❡s❛r ❞❛s ✈❛♥t❛❣❡♥s ❛♣r❡s❡♥t❛❞❛s ♣❡❧❛ ♣r❡s❡♥ç❛ ❞❛ ❣❡r❛çã♦

❞✐str✐❜✉í❞❛ ❡ t❛♠❜é♠ ❞❡ ❝✐r❝✉✐t♦s ❞✉♣❧♦s ❡ ❡♠ ❛♥❡❧✱ ♠♦❞✐✜❝❛çõ❡s ✐♠♣♦rt❛♥t❡s ♥♦ ❝♦♠♣♦rt❛✲

♠❡♥t♦ ❞❛ ❝♦rr❡♥t❡ ❡♠ ♠♦♠❡♥t♦s ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ sã♦ ♣r♦✈♦❝❛❞♦s✳ ❊ss❛s ♠✉❞❛♥ç❛s ❡①✐❣❡♠ q✉❡

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

❞❡✈❡ s❡r ✐♥❝❧✉í❞❛✳

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

❞❡ r❡❞❡ ❝♦♥❡❝t❛❞♦s ♥♦s ❞♦✐s ❡①tr❡♠♦s ❞♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✺✳ ❉♦✐s r❡❧és sã♦

r❡s♣♦♥sá✈❡✐s ♣❡❧❛ ♣r♦t❡çã♦ ❞❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❡ ♣♦ss✉❡♠ ❛s ❢✉♥çõ❡s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❡

❞✐r❡❝✐♦♥❛❧ ❝✉❥❛ ❞✐r❡❝✐♦♥❛❧✐❞❛❞❡ ❢♦✐ ❝♦♥✜❣✉r❛❞❛ ❝♦♥❢♦r♠❡ ✐♥❞✐❝❛❞♦ ♣❡❧❛s s❡t❛s ♣ró①✐♠❛s ❛ ❝❛❞❛

❞✐s❥✉♥t♦r✳

P❛r❛ ✉♠❛ ❢❛❧t❛ tr✐❢ás✐❝❛ ♦❝♦rr✐❞❛ à ✉♠❛ ♣♦rçã♦ h ❞❛ ❧✐♥❤❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❞♦ s✐st❡♠❛ ♠♦s✲

tr❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✺✱ ❛ ♣r❡s❡♥ç❛ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ❛❝❛rr❡t❛rá ❡♠ ✉♠❛ ✐♠♣❡❞â♥❝✐❛ ❡q✉✐✈❛✲

❧❡♥t❡ q✉❡ r❡✢❡t❡ ❛s ✐♠♣❡❞â♥❝✐❛s t❛♥t♦ à ♠♦♥t❛♥t❡ q✉❛♥t♦ à ❥✉s❛♥t❡ ❞♦ ♣♦♥t♦ ❞❡ ♦❝♦rrê♥❝✐❛✳ ❆

❋✐❣✉r❛ ✺✳✻✭❛✮ ❛♣r❡s❡♥t❛ ❛ ❝♦♥❞✐çã♦ ❣❡r❛❧ ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ♣❛r❛ ❛ ❢❛❧t❛ ❛♥❛❧✐s❛❞❛ ❡ ❛ ❋✐❣✉r❛
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ZLT

Ê1 Ê2

Z1 Z2

Î

Relé Relé

TP TP

TC TC

A B

Equivalente
de Rede 1

Equivalente
de Rede 2

❋✐❣✉r❛ ✺✳✺✿ ▼♦❞❡❧♦ ❞❡ s✐st❡♠❛ ❡❧étr✐❝♦ ❝♦♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳

✺✳✻✭❜✮ r❡❛❧✐③❛ ❛ s✐♠♣❧✐✜❝❛çã♦ ♠♦str❛❞❛ ❡♠ ✭✺✳✽✮ ❡ ✭✺✳✾✮ ♣❛r❛ r❡❛❧✐③❛çã♦ ❞♦ ❝á❧❝✉❧♦ ❞❛ ❝♦rr❡♥t❡

❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳

ZA = Z1 + hZLT . ✭✺✳✽✮

ZB = (1 − h)ZLT + Z2. ✭✺✳✾✮

hZLT (1-h)ZLT

Ê1 Ê2

Z1 Z2

Relé Relé

TP TP

TC TC

A B

Equivalente
de Rede 1

Falta 3f

Equivalente
de Rede 2

h

✭❛✮

Ê1 Ê2

Z
A

Z
B

Falta 3f

✭❜✮

❋✐❣✉r❛ ✺✳✻✿ ✭✺✳✻✭❛✮✮ ❙✐st❡♠❛ ❝♦♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ❡ ❢❛❧t❛ ❛♣❧✐❝❛❞❛ ❛ h% ❞❛ ❧✐♥❤❛✳ ✭✺✳✻✭❜✮✮
❙✐♠♣❧✐✜❝❛çã♦ ✉t✐❧✐③❛♥❞♦ ✭✺✳✽✮ ❡ ✭✺✳✾✮✳

P❛r❛ ♦ ❝á❧❝✉❧♦ ❞❛ ❝♦rr❡t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✱ é ♥❡❝❡ssár✐❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❝✐r❝✉✐t♦ ❡q✉✐✲

✈❛❧❡♥t❡ ❞❡ ❚❤é✈❡♥♥✐♥ ♥♦ ♣♦♥t♦ ❞❛ ❢❛❧t❛✳ ❖♠✐t✐♥❞♦ ♦s ♣r♦❝❡❞✐♠❡♥t♦s ♠❛t❡♠át✐❝♦s✱ ❛ ❢♦♥t❡ ❞❡

t❡♥sã♦ ❡ ❛ ✐♠♣❡❞â♥❝✐❛ ❡q✉✐✈❛❧❡♥t❡s sã♦ ❞❛❞❛s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣❡❧❛s ❡q✉❛çõ❡s ✭✺✳✶✵✮ ❡ ✭✺✳✶✶✮✿

V̂TH = Ê1 − ÎCZA, ✭✺✳✶✵✮
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ZTH =
ZAZB

ZA + ZB

, ✭✺✳✶✶✮

s❡♥❞♦ ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ❞♦ s✐st❡♠❛ ❞❛❞❛ ♣♦r✿

ÎC =
Ê1 − Ê2

ZA + ZB

. ✭✺✳✶✷✮

❆ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♣♦❞❡ ❡♥tã♦ s❡r ❝❛❧❝✉❧❛❞❛ ♣♦r✿

ÎCC =
V̂TH

ZTH

. ✭✺✳✶✸✮

❙✉❜st✐t✉✐♥❞♦ ✭✺✳✶✵✮ ❡ ✭✺✳✶✶✮ ❡♠ ✭✺✳✶✸✮✱ t❡♠✲s❡✿

ÎCC =
Ê1 − ÎCZA

ZAZB

ZA +ZB

. ✭✺✳✶✹✮

❆♣ós ❛❧❣✉♠❛s ♠❛♥✐♣✉❧❛çõ❡s ♠❛t❡♠át✐❝❛s ✭✺✳✶✹✮ ♣♦❞❡ s❡r r❡❡s❝r✐t❛ ❝♦♠♦✿

ÎCC =
Ê1ZB + Ê2ZA

ZAZB

. ✭✺✳✶✺✮

❙✉❜st✐t✉✐♥❞♦ ♦ ♣r♦❞✉t♦ ZAZB ❞♦ ❞❡♥♦♠✐♥❛❞♦r ❞❡ ✭✺✳✶✺✮ ♣❡❧❛s ❡q✉❛çõ❡s ✭✺✳✽✮ ❡ ✭✺✳✾✮✱ t❡♠✲s❡✿

ZAZB = (Z1 + hZLT )× [Z2 + (1 − h)ZLT ], ✭✺✳✶✻✮

❘❡❡s❝r❡✈❡♥❞♦ ✭✺✳✶✻✮ ❝❤❡❣❛✲s❡✿

ZAZB = Z1(Z2 + ZLT ) + h× ZLT (Z2 + ZLT − Z1) − h2 × Z2
LT , ✭✺✳✶✼✮

❋❛③❡♥❞♦✲s❡✿

A = Z1(Z2 + ZLT ), ✭✺✳✶✽✮

B = ZLT (Z2 + ZLT − Z1), ✭✺✳✶✾✮

C = Z2
LT , ✭✺✳✷✵✮

✭✺✳✶✼✮ t♦r♥❛✲s❡✿
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ZAZB = A + B × h − C × h2. ✭✺✳✷✶✮

▲♦❣♦✱ ✭✺✳✶✺✮ ♣♦❞❡ s❡r r❡s✉♠✐❞❛ ❝♦♥s✐❞❡r❛♥❞♦ ❛s ❡q✉❛çõ❡s ✭✺✳✶✽✮✲✭✺✳✷✵✮ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

ÎCC =
Ê1ZB + Ê2ZA

A + h× B − h2 × C
. ✭✺✳✷✷✮

❈♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✸✱ ❛ ✉♥✐❞❛❞❡ ❞✐r❡❝✐♦♥❛❧ ❧❡✈❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ ✈❛❧♦r ❞❛

❝♦rr❡♥t❡ ✈✐st❛ ♣♦r ❝❛❞❛ ✉♠ ❞♦s r❡❧és ♥♦ ♠♦♠❡♥t♦ ❞❛ ❢❛❧t❛✳ ❉❡ss❛ ❢♦r♠❛✱ ❢❛③✲s❡ ♥❡❝❡ssár✐♦ q✉❡

✐♥❢♦r♠❛çõ❡s ❛❝❡r❝❛ ❞❛s ❝♦♥tr✐❜✉✐çõ❡s ❞❛s ❢♦♥t❡s Ê1 ❡ Ê2 ❞❛ ❋✐❣✉r❛ ✺✳✺✳

◆❛ ❋✐❣✉r❛ ✺✳✼ ❛♣r❡s❡♥t❛✲s❡ ✉♠❛ s✐♠♣❧✐✜❝❛çã♦ ♣❛r❛ ❝á❧❝✉❧♦ ❞❛ ❝♦rr❡♥t❡ ✈✐st❛ ♣♦r ❝❛❞❛ ❞✐s✲

♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦ ✐♥st❛❧❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✺✳ ❉✐❢❡r❡♥t❡♠❡♥t❡ ❞♦ q✉❡ ❢♦✐ ❢❡✐t♦ ♣❛r❛ ♦s s✐st❡♠❛s

❞❡ ❞✐str✐❜✉✐çã♦ s❡♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✱ é ♥❡❝❡ssár✐♦ ❡♥❝♦♥tr❛r ❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ❝♦♥tr✐❜✉✐çõ❡s

❞❡ ❝❛❞❛ ❧❛❞♦ ❞❛ ❧✐♥❤❛ ❝♦♠ ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✳

❆tr❛✈és ❞❡ ❛♥á❧✐s❡s s✐♠♣❧❡s ❞♦ ❝✐r❝✉✐t♦ ❞❛ ❋✐❣✉r❛ ✺✳✼ é ♣♦ssí✈❡❧ ♦❜t❡r ❛s r❡❧❛çõ❡s ❞❡ ❝❛❞❛

❝♦♥tr✐❜✉✐çã♦ ❡♠ ❢✉♥çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳

Ê1

ZA

Ê2

ZB

ÎCC

ÎCC1 ÎCC2

❋✐❣✉r❛ ✺✳✼✿ ❈♦♥tr✐❜✉✐çã♦ ❞♦s ❡q✉✐✈❛❧❡♥t❡s ♣❛r❛ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳

P❛r❛ ❛ ♠❛❧❤❛ ❞❡ ÎCC1
✱ t❡♠✲s❡✿

Ê1 − ZA × ÎCC1
= 0. ✭✺✳✷✸✮

❏á ♣❛r❛ ❛ ♠❛❧❤❛ ❞❡ ÎCC2
✱ t❡♠✲s❡✿

Ê2 − ZB × ÎCC2
= 0. ✭✺✳✷✹✮

❋❛③❡♥❞♦ ✭✺✳✷✸✮ ✲ ✭✺✳✷✹✮✱ ♦❜t❡♠✲s❡✿
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Ê1 − Ê2 − ZA × ÎCC1
+ ZB × ÎCC2

= 0. ✭✺✳✷✺✮

❙❛❜❡♥❞♦✲s❡ q✉❡✿

ÎCC = ÎCC1
+ ÎCC2

. ✭✺✳✷✻✮

▼❛♥✐♣✉❧❛çõ❡s ♠❛t❡♠át✐❝❛s ❝♦♠ ✭✺✳✷✺✮ ❡ ✭✺✳✷✻✮ r❡s✉❧t❛♠ ❡♠✿

ÎCC1
=

ZB × ÎCC + (Ê1 − Ê2)

ZT

, ✭✺✳✷✼✮

ÎCC2
=

ZA × ÎCC − (Ê1 − Ê2)

ZT

, ✭✺✳✷✽✮

ZT = Z1 + Z2 + ZLT . ✭✺✳✷✾✮

P❛r❛ ÎCC1
✱ ♣♦r ❡①❡♠♣❧♦✱ é ♣♦ssí✈❡❧ s✉❜st✐t✉✐r ❛s ✈❛r✐á✈❡✐s ❞❡ ❛❝♦r❞♦ ❝♦♠ ✭✺✳✾✮✱ ✭✺✳✷✾✮ ❡

✭✺✳✷✷✮✿

ÎCC1

ÎC
=

[Z2 + (1− h)ZL]×
[

Ê1ZB + Ê2ZA

A+h×B−h2
×C

]
+ (Ê1 − Ê2)

ÎC
. ✭✺✳✸✵✮

❖ t❡r♠♦ ÎCC1

ÎC
❛ss✐♠ ❝♦♠♦ ♥♦ ❝❛s♦ ❞♦s s✐st❡♠❛s s❡♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✱ s❡rá s✉❜st✐t✉í❞♦

♣♦r ✉♠❛ ❝♦♥st❛♥t❡✳ P♦rt❛♥t♦✱ ✭✺✳✸✵✮ ♣♦❞❡ s❡r r❡❡s❝r✐t❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

k1 × ÎC = [Z2 + (1− h)ZL]×

[
Ê1ZB + Ê2ZA

A + h× B − h2 × C

]
+ (Ê1 − Ê2), ✭✺✳✸✶✮

❘❡s♦❧✈❡♥❞♦✲s❡ ✭✺✳✸✶✮ ♣❛r❛ h t❡♠✲s❡✿

A1 × h2 + B1 × h + C1 = 0, ✭✺✳✸✷✮

s❡♥❞♦✿
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A1 = k1ÎCZTA − [Ê1(Z2 + ZL)
2 + Ê2Z1(Z2 + ZL)] − A× (Ê1 − Ê2), ✭✺✳✸✸✮

B1 = k1ÎCZTB − ZLZT Ê2 − B × (Ê1 − Ê2), ✭✺✳✸✹✮

C1 = k1ÎCZTC − Z2
L × (Ê1 − Ê2)− C × (Ê1 − Ê2). ✭✺✳✸✺✮

❘❡♣❡t✐♥❞♦ ♦ ♣r♦❝❡ss♦ ♣❛r❛ ✭✺✳✷✽✮ ❝❤❡❣❛✲s❡ ❛♦ s❡❣✉✐♥t❡✿

A2 × h2 + B2 × h + C2 = 0, ✭✺✳✸✻✮

♦♥❞❡✿

A2 = k1ÎCZTA − [Ê1(Z2 + ZL) + Ê2Z1] + A× (Ê1 − Ê2), ✭✺✳✸✼✮

B2 = k1ÎCZTB − ZL[Z1 × (Ê2 − Ê1) + Ê1(Z2 + ZL) + Ê2Z)] +

B × (Ê1 − Ê2), ✭✺✳✸✽✮

C2 = k1ÎCZTC − Z2
L × (Ê2 − Ê1) + A× (Ê1 − Ê2). ✭✺✳✸✾✮

❈♦♠♦ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ❡♠ ✭✺✳✸✷✮ ❡ ✭✺✳✸✻✮✱ ❛ ♣r❡s❡♥ç❛ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ t♦r♥❛ ❛ ❞❡t❡r✲

♠✐♥❛çã♦ ❞♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✉♠❛ ❢✉♥çã♦ ❞❡ s❡❣✉♥❞♦ ❣r❛✉✳ ❖

❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s s♦❧✉çõ❡s ❞❡ ✭✺✳✸✻✮ ❡♠ ❢✉♥çã♦ ❞♦ ♣❛râ♠❡tr♦ k1 é ❛♣r❡s❡♥t❛❞♦ ♥❛s ❋✐❣✉r❛s

✺✳✽✳

❖❜s❡r✈❛✲s❡ ♥❛ ❋✐❣✉r❛ ✺✳✽✭❛✮ q✉❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡

s♦❜r❡❝♦rr❡♥t❡ ❡♠ ❢✉♥çã♦ ❞❛ r❡❧❛çã♦ ❡♥tr❡ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❡ ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ é

♦♣♦st♦ ❛♦ ♦❜t✐❞♦ ♥♦s ❝❛s♦s ❡♠ q✉❡ ♥ã♦ s❡ ❝♦♥s✐❞❡r❛ ❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✱ ❝♦♠♦ ♥♦ ❝❛s♦ ❞❛

❋✐❣✉r❛ ✺✳✹✳ ❏á ♥❛ ❋✐❣✉r❛ ✺✳✽✭❜✮ ♦❜s❡r✈❛✲s❡ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ s❡♠❡❧❤❛♥t❡ ❛♦ ❞❛ ❋✐❣✉r❛ ✺✳✹✳

❊♥tr❡t❛♥t♦ ♦❜s❡r✈❛✲s❡ q✉❡ t❛♥t♦ ✭✺✳✼✮ q✉❛♥t♦ ✭✺✳✸✻✮ ❡①✐❣❡♠ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❡q✉✐✈❛❧❡♥t❡s

❞❡ r❡❞❡ ♥♦ ♣♦♥t♦ ❞❡ ✐♥st❛❧❛çã♦ ❞♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦✳

❨✐ ❡t ❛❧✳ ✭✷✵✵✾✮ ♣r♦♣✉s❡r❛♠ q✉❡ ❡st❡ ❡q✉✐✈❛❧❡♥t❡ s❡❥❛ ♦❜t✐❞♦ ♣♦r ♠❡✐♦ ❞❡ ❞❛❞♦s ❞❡ t❡♥sã♦

❡ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♣♦ré♠✱ ❡ss❡s ❞❛❞♦s ♥❡♠ s❡♠♣r❡ sã♦ ❝♦♥❤❡❝✐❞♦s ♣r❡✈✐❛♠❡♥t❡ ♣❡❧♦s

❡♥❣❡♥❤❡✐r♦s ❞❡ ♣r♦t❡çã♦✳
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✭❛✮
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✭❜✮

❋✐❣✉r❛ ✺✳✽✿ ❈♦♠♣♦rt❛♠❡♥t♦ ❞♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❡♠ s✐st❡♠❛s ❝♦♠ ❣❡r❛çã♦ ❞✐s✲
tr✐❜✉í❞❛ ❞❡ ❛❝♦r❞♦ ✭✺✳✸✻✮✿ ✭✺✳✽✭❛✮✮ ♣r✐♠❡✐r❛ s♦❧✉çã♦✱ ✭✺✳✽✭❜✮✮ s❡❣✉♥❞❛ s♦❧✉çã♦✳

❯♠❛ ❛❧t❡r♥❛t✐✈❛ ♣rát✐❝❛ ♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ss❡s ♣❛râ♠❡tr♦s é ❛♣r❡s❡♥t❛❞❛ ❡♠ ❇❛❤❛❞♦r✲

♥❡❥❛❞ ✫ ▲❡❞✇✐❝❤ ✭✷✵✵✸✮✱ ❚s❛✐ ✫ ❲♦♥❣ ✭✷✵✵✽✮✳ ❆tr❛✈és ❞❡ ❞❛❞♦s ❞✐s♣♦♥í✈❡✐s ♥♦s ♣ró♣r✐♦s r❡❧és✱

é ♣♦ssí✈❡❧ r❡❛❧✐③❛r ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❡q✉✐✈❛❧❡♥t❡s ❞❡ ❚❤é✈❡♥♥✐♥ ♣❛r❛ ❡st✉❞♦s ❞❡ ♣r♦t❡çã♦✳ ❆

❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ❞❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ t❛✐s ❡q✉✐✈❛❧❡♥t❡s ❡♥❝♦♥tr❛✲s❡ ❞❡s❝r✐t❛ ♥♦ ❆♣ê♥❞✐❝❡

❇✳

❖❜s❡r✈❛✲s❡ q✉❡ s❡ ❢♦r❡♠ ❢❡✐t❛s ❛s ❝♦♥s✐❞❡r❛çõ❡s ❞❡ Ê2 = 0 ❡ Z2 = 0 ♥♦ ♣r♦❝❡❞✐♠❡♥t♦ ♣❛r❛

❞❡t❡r♠✐♥❛çã♦ ❞❡ ✭✺✳✸✷✮ ♦✉ ✭✺✳✸✻✮✱ ♦✉ s❡❥❛✱ s❡ ♦s ❞❛❞♦s ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ❢♦r❡♠ ❞❡s❝♦♥s✐✲
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❞❡r❛❞♦s✱ ♦❜té♠✲s❡ ♦ ♠❡s♠♦ r❡s✉❧t❛❞♦ ❞❡ ✭✺✳✼✮✳ ❆ss✐♠✱ s✉❣❡r❡✲s❡ q✉❡ ✭✺✳✸✷✮ ❡ ✭✺✳✸✻✮ ♣♦❞❡♠ s❡r

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

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

❛❝❛rr❡t❛r ❛❧t❡r❛çõ❡s ❡♠ s✉❛ ❢♦r♠✉❧❛çã♦✳

✺✳✷ ❘❊❙❯▼❖

❊st❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t♦✉ ❛ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛ ♣r♦♣♦st❛ ♥❡st❛ t❡s❡ ♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦

❞♦s ❛❥✉st❡s ❞❛s ✉♥✐❞❛❞❡s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❡♠ r❡❞❡s ❞❡ ❞✐str✐❜✉✐çã♦ ❝♦♠ ❡ s❡♠ ❛

♣r❡s❡♥ç❛ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳

◆♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ ❛♦s s✐st❡♠❛s s❡♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✱ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ❝♦rr❡♥t❡ ❞❡

❝✉rt♦✲❝✐r❝✉✐t♦ ❡ ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ♣r♦♣♦r❝✐♦♥❛ ✉♠❛ r❡❧❛çã♦ r❡♣r❡s❡♥t❛❞❛ ♣♦r ✉♠❛ ❡q✉❛çã♦

❞❡ ♣r✐♠❡✐r♦ ❣r❛✉✳ ❊♠ r❡❧❛çã♦ às r❡❞❡s ❝♦♠ ❛ ♣r❡s❡♥ç❛ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✱ ♦ ❛❧❝❛♥❝❡ ❞❛

✉♥✐❞❛❞❡ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ r❡s✉❧t❛ ✉♠❛ ❡q✉❛çã♦ ❞❡ s❡❣✉♥❞♦ ❞❡ ❣r❛✉✳

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

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

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

❞❡ ♣r♦t❡çã♦ ❞❡ ♠❛♥❡✐r❛ ❛ ❛❞❡q✉❛r✲s❡ às ♠♦❞✐✜❝❛çõ❡s ❞❛ r❡❞❡✱ é ♥❡❝❡ssár✐♦ q✉❡ ♦s ❞❛❞♦s ❞♦s

❡q✉✐✈❛❧❡♥t❡s s❡❥❛♠ r❡❛❧✐③❛❞♦s ❞❡ ♠❛♥❡✐r❛ ❛❞❛♣t❛t✐✈❛ ❝♦♠♦ ♣r♦♣♦st♦ ♥❡ss❛ t❡s❡✳



❈❆P❮❚❯▲❖ ✻

❘❊❉❊ ❉❊ P❘❖❚❊➬➹❖ ❆❉❆P❚❆❚■❱❆

P♦r tr❛t❛r✲s❡ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧❡ q✉❡ ❛t✉❛rá ❡♠ ❝♦♥t❛t♦ ❞✐r❡t♦ ❝♦♠ ✉♠❛ ❞❛s ♠❛✐s

✐♠♣♦rt❛♥t❡s ♣❛rt❡s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❡ ♣♦tê♥❝✐❛✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦✱ ❛

r❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❞❡✈❡ s❡r ♣r♦❥❡t❛❞❛ ❞❡ ♠♦❞♦ ❛ ❛t❡♥❞❡r ❛s ♠♦❞✐✜❝❛çõ❡s ❞♦ s✐st❡♠❛

❡❧étr✐❝♦ ❞❡ ♠❛♥❡✐r❛ rá♣✐❞❛ ❡ ♣r❡❝✐s❛✳

❈♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✷✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❛rq✉✐t❡t✉r❛ ✉t✐❧✐③❛❞❛✱ ❞♦✐s t✐♣♦s ❞❡ s✐st❡✲

♠❛s ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ tê♠ s✐❞♦ ♣r♦♣♦st♦s q✉❡ sã♦✿ s✐st❡♠❛s ❝♦♠ ❛rq✉✐t❡t✉r❛ ❝♦♥❝❡♥tr❛❞❛

❡ s✐st❡♠❛s ❝♦♠ ❛rq✉✐t❡t✉r❛ ❞✐str✐❜✉í❞❛✳ ❆❧é♠ ❞❡ ♣♦❞❡r❡♠ s❡r ✐♠♣❧❡♠❡♥t❛❞♦s ❡♠ ❞✐s♣♦s✐t✐✈♦s

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

❞✐str✐❜✉í❞❛ ❛♣r❡s❡♥t❛♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ❡ sã♦ ♠❛✐s ❝♦♥✜á✈❡✐s q✉❡ ❛s ❞❡ ❛rq✉✐t❡t✉r❛ ❝♦♥❝❡♥✲

tr❛❞❛ ✳ ◆❡st❡ s❡♥t✐❞♦✱ ✐♠♣❧❡♠❡♥t♦✉✲s❡ ✉♠❛ r❡❞❡ ❝♦♠ ❛rq✉✐t❡t✉r❛ ❞✐str✐❜✉í❞❛ ❢♦r♠❛❞❛ ♣♦r três

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

✻✳✶ ❆❘◗❯■❚❊❚❯❘❆ ❉❖ ❙■❙❚❊▼❆ ❉❊ P❘❖❚❊➬➹❖ ❆❉❆P❚❆❚■❱❆

❆ r❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❞❡s❡♥✈♦❧✈✐❞❛ é ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✶✱ ❛ q✉❛❧ é ❝♦♥❡❝t❛❞❛

❛♦ s✐st❡♠❛ ❡❧étr✐❝♦ ❞❡ ♣♦tê♥❝✐❛ ♣♦r ♠❡✐♦ ❞❡ ❞✉❛s ❝❛♠❛❞❛s✱ ♦✉ ❝❡♥tr♦s✿ ♦ ❈❡♥tr♦ ❞❡ ❈♦♥tr♦❧❡

❞❛ ❙✉❜❡st❛çã♦ ✭❈❈❙✮ ❡ ♦s ■♥t❡♥❧✐❣❡♥t ❊❧❡❝tr♦♥✐❝ ❉❡✈✐❝❡s ✭■❊❉✮✳ ❖ ❈❈❙ é ❛ ♣r✐♠❡✐r❛ ❝❛♠❛❞❛

❞❛ r❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛✱ r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞♦ ❙❊P✳ ❆ ❝❛♠❛❞❛ ♥❛ q✉❛❧

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

❖♣❡r❛çã♦ ✭❈❈❖✮ ❡ ❝♦♥st✐t✉✐ ❛ ❝❛♠❛❞❛ ✐♥t❡r♠❡❞✐ár✐❛ ❡♥tr❡ ♦ ❈❈❙ ❡ ♦s ■❊❉✳ ❈♦♥❢♦r♠❡ s❡

❝♦♥st❛t♦✉✱ ❞✐✈❡rs♦s ❛✉t♦r❡s ✈ê♠ ♣r♦♣♦♥❞♦ ❡st❡ t✐♣♦ ❞❡ ❛rq✉✐t❡t✉r❛ ❢♦r♠❛❞❛ ♣♦r três ❝❛♠❛❞❛s

✭❈❍❊◆ ❡t ❛❧✳✱ ✷✵✵✺❀ ❈❍á❱❊❩ ❡t ❛❧✳✱ ✷✵✵✽❀ ❙❖❯❩❆ ❏❘❀ ❙❖❯❩❆✱ ✷✵✶✸✮✳

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

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

✻✺



❈❛♣ít✉❧♦ ✻ ✕ ❘❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✻✻

Sistem a Elét r ico

CCO

CCS

I ED

❋✐❣✉r❛ ✻✳✶✿ ❆rq✉✐t❡t✉r❛ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛✳

♣r♦❝❡ss❛❞♦r❡s q✉❡ ❝♦♠♣õ❡♠ ❛ r❡❞❡✳ ❆ ♣r✐♥❝✐♣❛❧ ✈❛♥t❛❣❡♠ ❞♦ ✉s♦ ❞❡ss❛ ❛rq✉✐t❡t✉r❛ ❞✐str✐❜✉í❞❛

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

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

❞❛s r❡❞❡s ❝♦♠ ❛rq✉✐t❡t✉r❛ ❞✐str✐❜✉í❞❛ é ♦ ❢❛t♦ ❞❡ ♣❡r♠✐t✐r ❞✐str✐❜✉✐r ❛s ❞❡❝✐sõ❡s ❞♦ s✐st❡♠❛ ❞❡

♣r♦t❡çã♦ ❡♥tr❡ ✈ár✐♦s ❞✐s♣♦s✐t✐✈♦s✱ ♦ q✉❡ ♠✐♥✐♠✐③❛ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❢❛❧❤❛s ♥♦ s✐st❡♠❛ t♦r♥❛♥❞♦✲♦

♠❛✐s ❝♦♥✜á✈❡❧✳ ❊♥tr❡t❛♥t♦✱ ❡ss❛ ❛rq✉✐t❡t✉r❛ r❡q✉❡r ❛ ❝♦♥❡①ã♦ ❞❛s ❝❛♠❛❞❛s q✉❡ ❢♦r♠❛♠ ❛ r❡❞❡

❞❡ ❛rq✉✐t❡t✉r❛ ❞✐str✐❜✉í❞❛ ✈✐❛ r❡❞❡ ❞❡ ❝♦♠✉♥✐❝❛çã♦✳ ❉❡✈✐❞♦ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡

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

❛✐♥❞❛ ✉♠ ❣r❛✉ ❞❡ ♣❡r❞❛ ❞❡ ❞❛❞♦s ❜❛✐①♦ ✭❘■❇❊■❘❖✱ ✷✵✵✸✮✳

P❛r❛ ✐♥t❡r❝♦♥❡①ã♦ ❡ tr♦❝❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ❡♥tr❡ ❛s ❝❛♠❛❞❛s q✉❡ ❢♦r♠❛♠ ❛ r❡❞❡✱ ❞✐✈❡rs♦s

♣r♦t♦❝♦❧♦s ❞❡ ❝♦♠✉♥✐❝❛çã♦ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s✳ ◆♦s ú❧t✐♠♦s ❛♥♦s ✉♠ ❞❡ss❡s ♣r♦t♦❝♦❧♦s ✈❡♠

s❡♥❞♦ ♠✉✐t♦ ✉t✐❧✐③❛❞♦ ♥♦ t♦❝❛♥t❡ ❛ ❛✉t♦♠❛çã♦ ❡ ♣❛❞r♦♥✐③❛çã♦ ❞❛ tr♦❝❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ❡♥tr❡ ❞✐s✲

♣♦s✐t✐✈♦s q✉❡ ❢♦r♠❛♠ ✉♠❛ s✉❜❡st❛çã♦✳ ❖ ♣r♦t♦❝♦❧♦ ■❊❈ ✻✶✽✺✵ t❡♠ ❝♦♠♦ ✉♠ ❞♦s s❡✉s ♣r✐♥❝✐♣❛✐s

♦❜❥❡t✐✈♦s s✐♠♣❧✐✜❝❛r ❡ ♣❛❞r♦♥✐③❛r ❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ❞✐s♣♦s✐t✐✈♦s ❡❧❡trô♥✐❝♦s ❝♦♠ ❛♣❧✐❝❛çã♦

♥♦s s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛✳ ❆♦ ♠❡s♠♦ t❡♠♣♦✱ ❡st❡ ♣r♦t♦❝♦❧♦ ✈✐s❛ ❛ r❡❞✉çã♦ ❞♦ t❡♠♣♦

❡ ❞♦ ❝✉st♦ ♣❛r❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ♥♦✈❛s s♦❧✉çõ❡s ❞❡ ❛✉t♦♠❛çã♦ ❡ ♣r♦t❡çã♦ ✭❆P❖❙❚❖▲❖❱❀



❈❛♣ít✉❧♦ ✻ ✕ ❘❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✻✼

❚❍❖▲❖▼■❊❘✱ ✷✵✵✻✮✳

✻✳✷ ▼❖❉❊▲❖ ❉❊ ❘❊▲➱ ❉❊ ❙❖❇❘❊❈❖❘❘❊◆❚❊ ❆❉❆P❚❆❚■❱❖

❆✈❛❧✐❛çã♦ ❞❛ ❧✐t❡r❛t✉r❛ ❡s♣❡❝✐❛❧✐③❛❞❛ ♠♦str♦✉ q✉❡ ❡①✐st❡ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ tr❛❜❛❧❤♦s

♣r♦♣♦♥❞♦ ❞✐✈❡rs♦s t✐♣♦s ❞❡ r❡❧és ♣❛r❛ ✉s♦ ❡♠ s✐st❡♠❛ ❞❡ ♣♦tê♥❝✐❛✳ ➱ ♦ ❝❛s♦ ❞❡ P❡r❡③ ✭✷✵✵✻✮✱

❍♦r ❡t ❛❧✳ ✭✷✵✵✸✮✳ ❘❡❝❡♥t❡♠❡♥t❡ ❙♦✉③❛ ❏r ✫ ❙♦✉③❛ ✭✷✵✶✻✮✱ ♣r♦♣✉s❡r❛♠ ✉♠ ♠♦❞❡❧♦ ❞❡ r❡❧é ❞❡

s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❛♣❧✐❝á✈❡❧ à s✐st❡♠❛s ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛✳

❯♠ ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦ ❝♦♠ ❝❛r❛❝t❡ríst✐❝❛s ❛❞❛♣t❛t✐✈❛ é ♣r♦♣♦st♦ t❛♠❜é♠ ❡♠ ❙♦✉③❛

❏r ✫ ❙♦✉③❛ ✭✷✵✶✸✮✳ ❖ tr❛❜❛❧❤♦ ❛♣r❡s❡♥t❛ ✉♠❛ r❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❝♦♥❝❡♥tr❛❞❛ ♥❛

q✉❛❧ t♦❞❛s ❛s ❝❛♠❛❞❛s ❞♦ s✐st❡♠❛ sã♦ ❞❡s❡♥✈♦❧✈✐❞❛s ♣♦r ✉♠ ú♥✐❝♦ ❞✐s♣♦s✐t✐✈♦✳ ❈♦♠ ✐ss♦✱

♣❛r❛ q✉❡ ❛ ♣r♦♣♦st❛ ♣♦ss❛ t♦r♥❛r✲s❡ ✜s✐❝❛♠❡♥t❡ ✈✐á✈❡❧✱ ✉♠ ❞✐s♣♦s✐t✐✈♦ ♣r♦❝❡ss❛❞♦r ❞❡ ❛❧t♦

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

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

♦ q✉❡ ♣♦❞❡r✐❛ t♦r♥❛r ❛ ♣r♦♣♦st❛ ✐♥✈✐á✈❡❧✳

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

q✉❛❧q✉❡r ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦✱ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ♠♦❞✐✜❝❛çã♦ ❞♦s s❡✉s ♣❛râ♠❡tr♦s✱ s❡♠ q✉❡

♣❛r❛ ✐ss♦ s❡❥❛ ♥❡❝❡ssár✐♦ ♣❛r❛r ♦ ♣r♦❝❡ss♦ ❞❡ ❛♥á❧✐s❡ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✱ ❝♦♠♦ ♦❝♦rr❡

❛t✉❛❧♠❡♥t❡ ✭❙❊▲ ❙❈❍❲❊■❚❩❊❘ ❊◆●■◆❊❊❘■◆● ▲❆❇❖❘❆❚❖❘■❊❙✱ ✷✵✶✹✮✳

❈♦♠♦ ✈✐st♦ ♥♦ ❈❛♣ít✉❧♦ ✹✱ ✉♠ r❡❧é ❞✐❣✐t❛❧ ❞❡✈❡ ♣♦ss✉✐r ♦s s❡❣✉✐♥t❡s ❜❧♦❝♦s✿

✶ ✲ ❋✐❧tr♦ ❛♥t✐✲❛❧❧✐❛s✐♥❣ ❀

✷ ✲ ❈♦♥✈❡rs♦r ❛♥❛❧ó❣✐❝♦✴❞✐❣✐t❛❧❀

✸ ✲ ❇❧♦❝♦ ♣❛r❛ ❛♠♦str❛❣❡♠ ❞♦s s✐♥❛✐s❀

✹ ✲ ❊st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s❀

✺ ✲ ❆❧❣♦r✐t♠♦ ❞❡ ♣r♦t❡çã♦✳

◆♦ ❝❛s♦ ❞♦ r❡❧é ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✉♠❛ ♥♦✈❛ ❡t❛♣❛ é ❛❝r❡s❝❡♥t❛❞❛ ❛♦ ♠♦❞❡❧♦ ❜ás✐❝♦ ❞❡

P❡r❡③ ✭✷✵✵✻✮✱ q✉❡ é ❛ ❡t❛♣❛ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ♣❡r♠✉t❛ ❛✉t♦♠át✐❝❛ ❞♦s ❛❥✉st❡s ❞♦ ❞✐s♣♦s✐t✐✈♦✳ ❊♠



❈❛♣ít✉❧♦ ✻ ✕ ❘❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✻✽

❛❧❣✉♥s ❞✐s♣♦s✐t✐✈♦s ❝♦♠❡r❝✐❛❧✐③❛❞♦s ❛t✉❛❧♠❡♥t❡✱ ❡ss❛ ♣❡r♠✉t❛ ❥á ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛✱ ❡♥tr❡t❛♥t♦✱

❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ♣ró♣r✐♦s ❢❛❜r✐❝❛♥t❡s✱ ✉♠ ✐♥t❡r✈❛❧♦ ❞❡ ❛té ✶ ♠✐♥✉t♦ é ♥❡❝❡ssár✐♦ ♣❛r❛ q✉❡

❛ tr♦❝❛ s❡❥❛ ❡❢❡t✐✈❛♠❡♥t❡ r❡❛❧✐③❛❞❛ ✭❙❊▲ ❙❈❍❲❊■❚❩❊❘ ❊◆●■◆❊❊❘■◆● ▲❆❇❖❘❆❚❖❘■❊❙✱

✷✵✶✹✮✳ ❉✉r❛♥t❡ ❡st❛ ♣❡r♠✉t❛✱ ♦ r❡❧é t♦r♥❛✲s❡ ✈✉❧♥❡rá✈❡❧ às s✐t✉❛çõ❡s ❞❡ ❢❛❧t❛✳

❖ ♠♦❞❡❧♦ ♣r♦♣♦st♦ ♣❛r❛ ♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛

✻✳✷✱ ♦ q✉❛❧ ♣♦ss✉✐ t♦❞♦s ♦s ✐t❡♥s ❧✐st❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡✱ ❛❧é♠ ❞❛ ❝♦♠✉♥✐❝❛çã♦ ❞✐r❡t❛ ❝♦♠ ♦

❈❡♥tr♦ ❞❡ ❈♦♥tr♦❧❡ ❞❛ ❖♣❡r❛çã♦ ✭❈❈❖✮✱ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❞❡t❡r♠✐♥❛çã♦ ♦♥❧✐♥❡ ❞♦s ❛❥✉st❡s ❞♦s

❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦✳ ▼❛✐s ❞❡t❛❧❤❡s ❛ ❝❡r❝❛ ❞♦ ❈❈❖ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ s✉❜s❡çã♦ ✻✳✹✳

Tcs e TPs
Auxiliares

Filtro
Analógico

Converssor
A/D

Estimação
de FasoresBuffer

Comparação

v

i

v

i

v
*

i
*

v
d

i
d

V
d

I
d

V I
^ ^

Sinal para abertura de disjuntores

Vai para o CCS

Status dos disjuntores

RELÉ DE PROTEÇÃO ADAPTATIVA

V
e
m

 d
o

 C
C

O

Entradas
Digitais

Saídas
Digitais

Lógica
do Relé

Ajustes
do Relé

❋✐❣✉r❛ ✻✳✷✿ ▼♦❞❡❧♦ ❞♦ r❡❧é ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❞❡s❡♥✈♦❧✈✐❞♦✳

❉✐✈❡rs❛s té❝♥✐❝❛s ❞❡ ❞❡t❡❝çã♦ ❞❡ ❞✐stúr❜✐♦s ❡♠ r❡❞❡s ❡❧étr✐❝❛s sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛

té❝♥✐❝❛✳ ❊♥tr❡t❛♥t♦✱ ✈✐s❛♥❞♦ ✉♠❛ ❞❡t❡❝çã♦ rá♣✐❞❛ ❡ s❡❣✉r❛✱ ♦ ♠♦❞❡❧♦ ❞❡ r❡❧é ♣r♦♣♦st♦ ✉t✐❧✐③❛

❛ té❝♥✐❝❛ ❞❡ ❥❛♥❡❧❛s ❝✉rt❛s ❜❛s❡❛❞❛ ♥❛ s❡❣✉♥❞❛ ❞❡r✐✈❛❞❛ ✭●■▲❈❘❊❙❚ ❡t ❛❧✳✱ ✶✾✼✷❀ ❙■❉❍❯ ❡t

❛❧✳✱ ✷✵✵✷✮✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦s ❛✉t♦r❡s✱ ♦ ✈❛❧♦r ❞❡ ♣✐❝♦ ❞❡ ♦♥❞❛ ♣❡r✐ó❞✐❝❛ ♣❛r❛ ✉♠❛ ❛♠♦str❛ h

♣♦❞❡ s❡r ❞❛❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

Ah =

√(
x

′′

h

ω2

)2

+

(
x

′

h

ω

)2

, ✭✻✳✶✮

♦♥❞❡ x
′

h ❡ x
′′

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

❯t✐❧✐③❛♥❞♦ ♦ ♠ét♦❞♦ ❞❛s ❞❡r✐✈❛❞❛s ✜♥✐t❛s✱ ❏♦❤♥s ✫ ❙❛❧♠❛♥ ✭✶✾✾✺✮ ❞❡✜♥❡✲♦s ❝♦♠♦✿



❈❛♣ít✉❧♦ ✻ ✕ ❘❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✻✾

x
′

h =
3xh − 4xh−1 + xh−2

2∆t
. ✭✻✳✷✮

x
′′

h =
xh − 2xh−1 + xh−2

∆t2
. ✭✻✳✸✮

❆ ❞❡t❡❝çã♦ ❞♦ ❞✐stúr❜✐♦ é ❢❡✐t❛ ❛♥❛❧✐s❛♥❞♦✲s❡ N ❛♠♦str❛s s❡❣✉✐❞❛s ❞♦ ✈❛❧♦r ❞❡ Ah✳ ◗✉❛♥❞♦

❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s ✈❛❧♦r❡s ❞❡ ♣✐❝♦ ❝❛❧❝✉❧❛❞♦s ♣❛r❛ N ❛♠♦str❛s s❡❣✉✐❞❛s ❢♦r s✉♣❡r✐♦r ❛ 20% ♦

❞✐stúr❜✐♦ é ❞❡t❡❝t❛❞♦✳ ◆♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❛ t❡s❡ ❢♦✐ ✉s❛❞♦ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝✐♥❝♦ ❛♠♦str❛s

❝♦♥s❡❝✉t✐✈❛s ✭N = 5✮ ♣❛r❛ ❛ ❞❡t❡❝çã♦ ❞♦s ❞✐stúr❜✐♦s✳

❆ ✉t✐❧✐③❛çã♦ ❞❛s ❊q✉❛çõ❡s ✭✻✳✶✮✲✭✻✳✸✮ ♣r♦♠♦✈❡♠ ❞❡t❡❝çã♦ ❞❛s s✐t✉❛çõ❡s ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦s

♦❝♦rr✐❞♦s ♥♦ s✐st❡♠❛ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✸✳ ❊♥tr❡t❛♥t♦✱ ❛❧❣✉♠❛s ♠♦❞✐✜❝❛çõ❡s ♥❛

r❡❞❡ ❡❧étr✐❝❛ ♣♦❞❡♠ ❛ss✉♠✐r ❝❛r❛❝t❡ríst✐❝❛s s❡♠❡❧❤❛♥t❡s às ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❢❛❧t❛✳

Tempo (ms)

Tempo (ms)

❋✐❣✉r❛ ✻✳✸✿ ❊①❡♠♣❧♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ r♦t✐♥❛ ❞❡ ❞❡t❡❝çã♦ ❞❡ ❢❛❧t❛✳

P❛r❛ ✉t✐❧✐③❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❞❡t❡❝çã♦ ❡♠ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛✱ é ♥❡❝❡s✲

sár✐♦ q✉❡ ❛s ❡q✉❛çõ❡s ✭✻✳✶✮✲✭✻✳✸✮ s❡❥❛♠ ✉t✐❧✐③❛❞❛s ❛♣❡♥❛s q✉❛♥❞♦ ♥ã♦ ❢♦r❡♠ ✈❡r✐✜❝❛❞❛s ♠♦❞✐✜✲

❝❛çõ❡s t♦♣♦❧ó❣✐❝❛s✴♦♣❡r❛❝✐♦♥❛✐s ❞❛ r❡❞❡✱ ✐st♦ é✱ ♦ r❡❧é ❞❡✈❡ s❡r ❝❛♣❛③ ❞❡ ❞✐❢❡r❡♥❝✐❛r ❞✐stúr❜✐♦s

❝❛✉s❛❞♦s ♣♦r ♠✉❞❛♥ç❛s ♥❛ r❡❞❡ ❞❛s ❝❛✉s❛❞❛s ♣♦r ❢❛❧t❛s✳ P♦r ❡①❡♠♣❧♦✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛ s❛í❞❛

❞❡ ✉♠❛ ❧✐♥❤❛ ♥♦ s✐st❡♠❛✱ ❝✉❥♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝♦rr❡♥t❡ ♣♦❞❡ s❡r ✈✐s✉❛❧✐③❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✹✱

❛♣r❡s❡♥t❛ ❝♦♠♣♦rt❛♠❡♥t♦ s❡♠❡❧❤❛♥t❡ ❛♦ ✈❡r✐✜❝❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✸✳



❈❛♣ít✉❧♦ ✻ ✕ ❘❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✼✵

M
u
d
a
n
ç
a

X: 38404
Y: 1.94e-7

X: 38404
Y: 1

Tempo (ms)

Tempo (ms)

❋✐❣✉r❛ ✻✳✹✿ ❊①❡♠♣❧♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ r♦t✐♥❛ ❞❡ ❞❡t❡❝çã♦ ❞❡ ♠♦❞✐✜❝❛çã♦ ♥❛ t♦♣♦❧♦❣✐❛ ❞❛
r❡❞❡✳

❚❛❜❡❧❛ ✻✳✶✿ ❚❛❜❡❧❛ r❡s✉♠♦ ❞❡ ❛t✉❛çã♦ ❞♦s r❡❧és ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛✳

isFault isChangeD ❆çã♦

✵ ✵ ❘❡❧é ❢✉♥❝✐♦♥❛♥❞♦ ♥♦r♠❛❧♠❡♥t❡

✵ ✶ ❈á❧❝✉❧♦ ❞♦s ♥♦✈♦s ♣❛râ♠❡tr♦s ❞♦s r❡❧és

✶ ✵ ❆t✉❛çã♦ ❞♦ r❡❧é ❡♥✈✐❛♥❞♦ tr✐♣ ♣❛r❛ ❞✐s❥✉♥t♦r

✶ ✶
❆t✉❛çã♦ ❞♦ r❡❧é ❡♥✈✐❛♥❞♦ tr✐♣ ♣❛r❛ ❞✐s❥✉♥t♦r ❡

❝á❧❝✉❧♦ ❞♦s ♥♦✈♦s ♣❛râ♠❡tr♦s ❞♦s r❡❧és

✭❥á ❝♦♥s✐❞❡r❛♥❞♦ ❡❧✐♠✐♥❛çã♦ ❞❛ ❢❛❧t❛✮

❆♣❡s❛r ❞❛ s❡♠❡❧❤❛♥ç❛ ❡♥tr❡ ♦s s✐♥❛✐s ❞❛s ❋✐❣✉r❛s ✻✳✸ ❡ ✻✳✹ ♣❛r❛ ♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦

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

s✐♠✱ ❞❡s❡♥❝❛❞❡❛r ♦ ♣r♦❝❡ss♦ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♥♦✈♦s ♣❛râ♠❡tr♦s ♣♦r ♠❡✐♦ ❞♦ ❈❈❖ ❡ ❞♦

❈❈❙✳ ❆ ❚❛❜❡❧❛ ✻✳✶ r❡s✉♠❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❢r❡♥t❡ ❡ss❡s

❞♦✐s ❢❡♥ô♠❡♥♦s ♣♦ssí✈❡✐s✿ ❢❛❧t❛s ❡ ♠✉❞❛♥ç❛s ♥❛ t♦♣♦❧♦❣✐❛ ❞❛ r❡❞❡✳



❈❛♣ít✉❧♦ ✻ ✕ ❘❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✼✶

✻✳✷✳✶ ❚P❈ ❡ ❚❈ ❞❡ P♦tê♥❝✐❛

❖s tr❛♥s❞✉t♦r❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ tê♠ ♣♦r ♦❜❥❡t✐✈♦ ❝♦♥❞✐❝✐♦♥❛r ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡

❝♦rr❡♥t❡ à ♥í✈❡✐s ❝♦♠♣❛tí✈❡✐s ❛♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦✳ ▼♦❞❡❧♦s ❞❡ ❚P✴❚P❈ ❡ ❚❈ sã♦

s✉❣❡r✐❞♦ ♥❛ ❧✐t❡r❛t✉r❛ ✭■❊❊❊✱ P❙❘❈✱ ✷✵✵✹❀ ❋❊❘◆❆◆❉❊❙ ❏❘✳✱ ✷✵✵✹❀ ❙■▲❱❆✱ ✷✵✶✵❀ ❆❘❆❯❏❖

P❊❘❊■❘❆ ❡t ❛❧✳✱ ✷✵✶✹❀ ●❯❊❘❘❆❀ ▼❖❚❆✱ ✷✵✵✼✮✳

◆♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ ❛♦s ♥í✈❡✐s ❞❡ t❡♥sã♦ ❞❡ ❡♥tr❛❞❛ ♣❛r❛ ♦s ❚P❈✱ ✈ár✐♦s tr❛❜❛❧❤♦s ❛♣r❡s❡♥✲

t❛♠ ❛ ♠♦❞❡❧❛❣❡♠ ❞❡ss❡s ❞✐s♣♦s✐t✐✈♦s ♣❛r❛ t❡♥sõ❡s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ s✐st❡♠❛s ❞❡ tr❛♥s♠✐ssã♦✱

✐st♦ é✱ 230 kV ❡ 500 kV ✳ ◆❡st❛ t❡s❡✱ ♦s s✐st❡♠❛s ❛♥❛❧✐s❛❞♦s sã♦ ❞❡ ❜❛✐①♦s ♥í✈❡✐s ❞❡ t❡♥sã♦✱ ❝❛✲

r❛❝t❡ríst✐❝❛s ❞♦s s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦✳ ❈♦♠♦ ♥❡st❡ tr❛❜❛❧❤♦ ♥ã♦ ❤á ✐♥t❡r❡ss❡ ♥❛ ❛♥á❧✐s❡ ❞❛

✐♥✢✉ê♥❝✐❛ ❞❡ss❡s ♣❛râ♠❡tr♦s ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦✱ ♦ ♠♦❞❡❧♦ ✉t✐❧✐③❛❞♦

❢♦✐ ♦ ♣r♦♣♦st♦ ❡♠ ■❊❊❊✱ P❙❘❈ ✭✷✵✵✹✮✱ ❝✉❥♦ ❝✐r❝✉✐t♦ ❡❧étr✐❝♦ ❡q✉✐✈❛❧❡♥t❡ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛

✻✳✺✳

c1 cc

cp

rc

rc rs

rf

rb

lf

cf

rm

xc

xc xs

xm
c2

Alta Tensão

❋✐❣✉r❛ ✻✳✺✿ ❈✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❞♦ ❚P❈✳

❊♠ r❡❧❛çã♦ ❛♦s tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ❝♦rr❡♥t❡✱ ❛❞♦t♦✉✲s❡ t❛♠❜é♠ ♦ ♠♦❞❡❧♦ ♣r♦♣♦st♦ ❡♠

■❊❊❊✱ P❙❘❈ ✭✷✵✵✹✮ ✭✈❡r ❋✐❣✉r❛ ✻✳✻✮✳

rs xsrp

ip is

Transformador
Ideal

rc

xp

Ramo de
Magnetização

❋✐❣✉r❛ ✻✳✻✿ ❈✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❞♦ ❚❈✳



❈❛♣ít✉❧♦ ✻ ✕ ❘❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✼✷

✻✳✷✳✷ ❚P ❡ ❚❈ ❛✉①✐❧✐❛r❡s

❙ã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛❞❡q✉❛r ♦s ♥í✈❡✐s ❞♦s s✐♥❛✐s ❞♦ s❡❝✉♥❞ár✐♦ ❞♦s ❚❈ ❡ ❚P à ♥í✈❡✐s ❝♦♠✲

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

✐s♦❧❛♠❡♥t♦ ❡❧étr✐❝♦ ❡♥tr❡ ♦s ❝✐r❝✉✐t♦s ❞❡ ♣♦tê♥❝✐❛ ❡ ❞❡ ♣r♦t❡çã♦✱ ❛❧é♠ ❞❡ ❡st❛❜❡❧❡❝❡r ❛ ♣r♦t❡çã♦

❞♦s ❝✐r❝✉✐t♦s ❞❡ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ❝♦♥tr❛ s✉rt♦s ♥♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❞❡ ❝♦rr❡♥t❡✳

◆❛s ❋✐❣✉r❛s ✻✳✼ ❡ ✻✳✽ ❛♣r❡s❡♥t❛♠✲s❡ ♦s ❝✐r❝✉✐t♦s ❡q✉✐✈❛❧❡♥t❡s ❞♦s ❚❈ ❡ ❚P ❛✉①✐❧✐❛r❡s ✉t✐❧✐✲

③❛❞♦s ♥❡st❛ t❡s❡✳

r

r
TP

Transformador

Ideal
MOV

Tensão

Secundária

❋✐❣✉r❛ ✻✳✼✿ ❈✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ♣♦t❡♥❝✐❛❧ ❛✉①✐❧✐❛r✳

❈♦♥❢♦r♠❡ s❡ ✈ê✱ ♦ s✐♥❛❧ ❞❛ ❝♦rr❡♥t❡ s❡❝✉♥❞ár✐❛ é ♦❜t✐❞♦ ♣♦r ♠❡✐♦ ❞❛ t❡♥sã♦ ❡♥tr❡ ♦s t❡r♠✐♥❛✐s

❞❡ ✉♠ r❡s✐st♦r✳ ❈❛s♦ s❡❥❛ ♥❡❝❡ss❛r✐♦ tr❛♥s❢♦r♠❛r ♦ ✈❛❧♦r ❞❛ t❡♥sã♦ ❡♠ ✉♠ ✈❛❧♦r ❞❡ ❝♦rr❡♥t❡✱

✉t✐❧✐③❛✲s❡ ♦ r❡s✐st♦r rTC ❝♦♠♦ s❡♥❞♦ ✐❣✉❛❧ ❛ 1Ω✳

r
TC

Transformador

Ideal
MOV

Sinal de

Tensão

❋✐❣✉r❛ ✻✳✽✿ ❈✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❞♦ tr❛♥s❢♦r♠❛❞♦r ❞❡ ❝♦rr❡♥t❡ ❛✉①✐❧✐❛r✳

✻✳✷✳✸ ▼♦❞❡❧♦ ❞♦ ❞✐s❥✉♥t♦r

P❛r❛ s✐♠✉❧❛çã♦ ❞♦s ❞✐s❥✉♥t♦r❡s ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ❛s ❝❤❛✈❡s ❝♦♥tr♦❧❛❞❛s ❞✐s♣♦♥í✈❡✐s ♥❛ r♦t✐♥❛

❆❚P✴▼❖❉❊▲❙✳ ❆ ❛❜❡rt✉r❛ ❞♦ ❞✐s♣♦s✐t✐✈♦✱ q✉❡ r❡♣r❡s❡♥t❛ ❛ ❡❧✐♠✐♥❛çã♦ ❞❡ ✉♠ ❝❡♥ár✐♦ ❞❡ ❢❛❧t❛✱

é ❡❢❡t✉❛❞❛ ❛tr❛✈és ❞❡ r♦t✐♥❛ ✐♠♣❧❡♠❡♥t❛❞❛ ♥❛ ▼❖❉❊▲❙ q✉❡ ❞❡✜♥❡✱ ❝❛s♦ ♥❡❝❡ssár✐♦✱ ♦ t❡♠♣♦

❞❡ ❛❜❡rt✉r❛ ♣❛r❛ ♦ ❞✐s❥✉♥t♦r✳



❈❛♣ít✉❧♦ ✻ ✕ ❘❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✼✸

✻✳✷✳✹ ❋✐❧tr♦ ❛♥❛❧ó❣✐❝♦ ❆♥t✐✲❛❧✐❛s✐♥❣

➱ ❢❛t♦ q✉❡ ♦s tr❛♥s✐tór✐♦s ❡❧❡tr♦♠❛❣♥ét✐❝♦s ♣r♦✈❡♥✐❡♥t❡s ❞❡ ❢❛❧t❛s ♣♦ss✉❡♠ ❝♦♠♣♦♥❡♥t❡s

❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✱ ♦ q✉❡ r❡q✉❡r ♦ ✉s♦ ❞❡ ✉♠ ✜❧tr♦ ❛♥❛❧ó❣✐❝♦ ♣❛ss❛✲❜❛✐①❛s ♣❛r❛ ❡❧✐♠✐♥❛r ❛

✐♥✢✉ê♥❝✐❛ ❞♦ ❡❢❡✐t♦ ❞❛ s♦❜r❡♣♦s✐çã♦ ❞♦ ❡s♣❡❝tr♦ ❞♦ s✐♥❛❧✱ ❞♦ ✐♥❣❧ês ❛❧✐❛s✐♥❣ ✭❖PP❊◆❍❊■▼❀

❲■▲▲❙❑❨✱ ✷✵✵✷✮✳

❯♠ ✜❧tr♦ ✐❞❡❛❧ é ❛q✉❡❧❡ q✉❡ ♣❡r♠✐t❡ ❛ ♣❛ss❛❣❡♠ ❝♦♠♣❧❡t❛ ❞♦ s✐♥❛❧ ❞❡♥tr♦ ❞❛ s✉❛ ❢❛✐①❛ ❞❡

♣❛ss❛❣❡♠ ❡ ❜❧♦q✉❡✐♦ ❝♦♠♣❧❡t❛♠❡♥t❡ ♥❛ s✉❛ ❢❛✐①❛ ❞❡ ❝♦rt❡ ✳ ❆❧é♠ ❞✐ss♦✱ ✉♠❛ tr❛♥s✐çã♦ ❛❜r✉♣t❛ é

❞❡s❡❥❛❞❛ ❡♥tr❡ ❛ ❢❛✐①❛ ❞❡ ♣❛ss❛❣❡♠ ❡ ❛ ❢❛✐①❛ ❞❡ ❝♦rt❡✴❜❧♦q✉❡✐♦✳ ❊♥tr❡t❛♥t♦✱ r❡str✐çõ❡s ♣rát✐❝❛s

❢❛③❡♠ ❝♦♠ q✉❡ ❡①✐st❛ ✉♠❛ ❢❛✐①❛ q✉❡ ❞❡✈❡ s❡r t♦❧❡rá✈❡❧ ♣❡❧♦ ♣r♦❥❡t✐st❛ ♣❛r❛ ❛ q✉❛❧ ♦ ❣❛♥❤♦

♥❛s ❢❛✐①❛s ❞❡ ♣❛ss❛❣❡♠ ❡ ❞❡ ❝♦rt❡ ♣♦❞❡♠ ❞✐st❛♥❝✐❛r✲s❡ ❡♠ r❡❧❛çã♦ ❛♦s t❡ór✐❝♦s✳ ❆❧é♠ ❞✐ss♦✱

❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✾✱ ♦❝♦rr❡ ♦ s✉r❣✐♠❡♥t♦ ❞❡ ✉♠❛ ❢❛✐①❛ ❞❡ tr❛♥s✐çã♦ ❡♥tr❡ ❛ ❢❛✐①❛ ❞❡

♣❛ss❛❣❡♠ ❡ ❛ ❞❡ ❝♦rt❡ ♥❛ q✉❛❧ ♦ s✐♥❛❧ ❝♦♠❡ç❛ ❛ s❡r ❛t❡♥✉❛❞♦✳

◆❛ ❋✐❣✉r❛ ✻✳✾✱ ♦s ♣❛râ♠❡tr♦s q✉❡ ❞❡✜♥❡♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ✜❧tr♦ sã♦✿ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡

♣❛ss❛❣❡♠ ωp ♥❛ q✉❛❧ ♦ ❣❛♥❤♦ ❞♦ ✜❧tr♦ ♣♦❞❡rá ✈❛r✐❛r ❡♠ t♦r♥♦ ❞♦ ❣❛♥❤♦ ✉♥✐tár✐♦ ❞❡♣❡♥❞❡♥❞♦

❞❛ ✈❛r✐á✈❡❧ ❞❡ t♦❧❡râ♥❝✐❛ δ1✱ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ ωc r❡♣r❡s❡♥t❛ ♦ ✈❛❧♦r ❞❛ ❢r❡q✉ê♥❝✐❛ ♣❛r❛ ❛

q✉❛❧ ❛ s❛í❞❛ ❞♦ ✜❧tr♦ t❡rá ✉♠❛ ❛t❡♥✉❛çã♦ ❞❡ −3 dB ❡♠ r❡❧❛çã♦ à ❡♥tr❛❞❛ ❡ ❛ ❢r❡q✉ê♥❝✐❛ ωs q✉❡

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

♣❡❧❛ t♦❧❡râ♥❝✐❛ δ2✳

◆❛ ♣rát✐❝❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ✉♠ ✜❧tr♦ ❞❡♣❡♥❞❡ ❞❛ ❞❡✜♥✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❧✐st❛❞♦s ❛❝✐♠❛✳

❉✐r❡t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦ à ❡st❛ ❞❡t❡r♠✐♥❛çã♦ ❡stá ❛ ❡s❝♦❧❤❛ ❞❛ ♦r❞❡♠ ❞♦ ✜❧tr♦✳ ◗✉ã♦ ♠❛✐♦r ❛

♦r❞❡♠ ❞♦ ✜❧tr♦✱ ♠❛✐s ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠❡s♠♦ ❛♣r♦①✐♠❛✲s❡ ❞♦ ✐❞❡❛❧✳ ❊♥tr❡t❛♥t♦✱ ✐♠♣❧✐❝❛çõ❡s

r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝✐r❝✉✐t♦ ❞♦ ✜❧tr♦ ❢❛③❡♠ ❝♦♠ q✉❡ ✜❧tr♦s ❝♦♠ ♦r❞❡♥s ♠✉✐t♦ ❣r❛♥❞❡s

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

❞❡ s✐st❡♠❛s ❡❧étr✐❝♦s✳

❯♠ ♦✉tr♦ t❡r♠♦ q✉❡ ✐♥❝✐❞❡ ❞✐r❡t❛♠❡♥t❡ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ✜❧tr♦ é ♦ s❡✉ t✐♣♦✳ ❖s ✜❧tr♦s ♠❛✐s

❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞♦s ♥❛ ❛t✉❛❧✐❞❛❞❡ sã♦ ♦s ✜❧tr♦s ❇✉tt❡r✇♦rt❤✱ ❈❤❡❜②s❤❡✈ ❡ ❊❧í♣t✐❝♦ ✭❚❍❊❉❊✱

✷✵✵✹✮✳ ❊♥tr❡t❛♥t♦✱ ♣❛r❛ ❛♣❧✐❝❛çõ❡s ❡♠ ♣r♦t❡çã♦ ❞❡ s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛✱ ♦s ✜❧tr♦s

❇✉tt❡r✇♦rt❤ sã♦ ♦s ♠❛✐s ✐♥❞✐❝❛❞♦s✱ ♣♦✐s ♥ã♦ ❛♣r❡s❡♥t❛♠ ♦s❝✐❧❛çõ❡s ❞❡ ❣❛♥❤♦ ❡♠ s✉❛ ❢❛✐①❛ ❞❡

♣❛ss❛❣❡♠ ✭❙❈❍❲❊■❚❩❊❘❀ ❍❖❯✱ ✶✾✾✸✮✳
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1+d1

|H( )|jw

1-d1

d2

wc wswp w

1
2

Faixa de
Transição

Filtro
Ideal

Faixa de
Passagem

Faixa
de Corte

❋✐❣✉r❛ ✻✳✾✿ ❊①❡♠♣❧♦ ❞❡ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s✳

❆ ❛♠♣❧✐t✉❞❡ ❞❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ |H(ω)| ♣❛r❛ ✉♠ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s ❞❡ ♦r❞❡♠ N

é ❞❛❞♦ ♣♦r ✭✻✳✹✮✳

H(ω) =
1√

1 +

(
ω

ωc

)2N
. ✭✻✳✹✮

❖ ♣r♦❥❡t♦ ❞♦ ✜❧tr♦ ❇✉tt❡r✇♦rt❤ ✐♥✐❝✐❛✲s❡ ♣❡❧❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ♦r❞❡♠ ❞♦ ♠❡s♠♦✱ q✉❡ ❞❛r✲s❡

♣♦r ✭✻✳✺✮✳

N ≥
log

(
10

− Gs/10 − 1
)
− log

(
10− Gp/10 − 1

)

2× log (ωs/ωp)
, ✭✻✳✺✮

s❡♥❞♦✿

Gp é ♦ ❣❛♥❤♦ ♠á①✐♠♦ ♥❛ ❢❛✐①❛ ❞❡ ♣❛ss❛❣❡♠ ✭❡♠ dB✮

Gs é ♦ ❣❛♥❤♦ ♠á①✐♠♦ ♥❛ ❢❛✐①❛ ❞❡ ❝♦rt❡ ✭❡♠ dB✮

ωp é ❢r❡q✉ê♥❝✐❛ q✉❡ ❧✐♠✐t❛ ❢❛✐①❛ ❞❡ ♣❛ss❛❣❡♠ ✭❡♠ rad/s✮

ωs é ❢r❡q✉ê♥❝✐❛ ♥❛ q✉❛❧ ✐♥✐❝✐❛✲s❡ ❛ ❢❛✐①❛ ❞❡ ❝♦rt❡ ✭❡♠ rad/s✮

❆ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ ❞♦ ✜❧tr♦ é ❝❛❧❝✉❧❛❞❛ ❛tr❛✈és ❞❡ ✭✻✳✻✮ ❡ ✭✻✳✼✮✱ ❛s q✉❛✐s ♣r♦♣♦r❝✐♦♥❛♠

✈❛❧♦r❡s ❞✐st✐♥t♦s ♣❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ ❞♦ ✜❧tr♦✳ ❆ ❡s❝♦❧❤❛ ❞❡ q✉❛❧ ✈❛❧♦r s❡rá ✉t✐❧✐③❛❞♦ é

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

❞♦ ❣❛♥❤♦ ♣❛r❛ ❛s ❢r❡q✉ê♥❝✐❛s ωp ❡ ωs✳



❈❛♣ít✉❧♦ ✻ ✕ ❘❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✼✺

ωc =
ωp

(
10

− Gp/10 − 1
)1/2N

✭✻✳✻✮

ωc =
ωs

(10− Gs/10 − 1)
1/2N

✭✻✳✼✮

❆ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ♥♦r♠❛❧✐③❛❞❛ ❞♦ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s t✐♣♦ ❇✉tt❡r✇♦rt❤ é ❞❛❞❛ ♣♦r

✭✻✳✽✮✱ ❛ ♣❛rt✐r ❞❡ ✭✻✳✽✮✱ ♣♦❞❡✲s❡ ♦❜t❡r ❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❛❥✉st❛❞❛ ♣❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡

❝♦rt❡ ωc ♣♦r ♠❡✐♦ ❞❡ ✭✻✳✾✮✳

Ĥ(s) =
1

(s − s1)(s − s2) · · · (s − sn)
, ✭✻✳✽✮

s❡♥❞♦✿

sj sã♦ ♦s ♣ó❧♦s ❞❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛✳

H(s) = Ĥ(s/ωc) ✭✻✳✾✮

❆ ♦❜t❡♥çã♦ ❞❛ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞♦ ✜❧tr♦ ❇✉tt❡r✇♦rt❤ ✉t✐❧✐③❛❞♦ ♥❡st❛ t❡s❡✱ ❢♦✐ ❢❡✐t❛

✉t✐❧✐③❛♥❞♦✲s❡ ♦ s♦❢t✇❛r❡ ▼❆❚▲❆❇➤✳

❼ ❋r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡ fc = 180Hz❀

❼ ●❛♥❤♦ ♠á①✐♠♦
(
AdB

max = 1dB
)
❀

❼ ●❛♥❤♦ ♠í♥✐♠♦
(
AdB

min = −60dB
)
❀

❼ ❚❡r❝❡✐r❛ ♦r❞❡♠ n = 3✳

❆ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ♦❜t✐❞❛ ♣❡❧♦ ▼❆❚▲❆❇➤é ❛♣r❡s❡♥t❛❞❛ ❛ s❡❣✉✐r✳ ❆tr❛✈és ❞♦ ❞✐❛✲

❣r❛♠❛ ❞❡ ❇♦❞❡ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✶✵ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ❛ ❛♠♣❧✐t✉❞❡ ❞♦ s✐♥❛❧ ❞❡ s❛í❞❛

♣❡r♠❛♥❡❝❡ ❝♦♥st❛♥t❡ ♣❛r❛ ❣r❛♥❞❡ ♣❛rt❡ ❞♦ ❡s♣❡❝tr♦ ❞❡ ❢r❡q✉ê♥❝✐❛ ❛♥❛❧✐s❛❞♦✱ ❢❛t♦ ❡st❡ q✉❡ ♥ã♦

❛❝♦♥t❡❝❡ ❝♦♠ ❛ ❢❛s❡✱ q✉❡ ♠❛♥té♠ ✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ❞❡❢❛s❛♠❡♥t♦ ❝r❡s❝❡♥t❡ ❛ ♣❛rt✐r ❞♦s

♣r✐♠❡✐r♦s ✈❛❧♦r❡s ❞♦ ❡s♣❡❝tr♦ ❞❡ ❢r❡q✉ê♥❝✐❛✳ P♦rt❛♥t♦✱ ✉♠❛ ❛t❡♥✉❛çã♦ ❞❡ ❝❡r❝❛ ❞❡ −3 dB ♦❝♦rr❡

♣❛r❛ ❝♦♠♣♦♥❡♥t❡s ❞♦ s✐♥❛❧ ❝♦♠ ❢r❡q✉ê♥❝✐❛ ♠❛✐♦r❡s q✉❡ 1130 rad/s✱ ♦✉ ❝❡r❝❛ ❞❡ 180Hz✱ ❝♦♠♦

❡st❛❜❡❧❡❝✐❞♦ ♣r❡✈✐❛♠❡♥t❡✳
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❆✐♥❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✉r❛ ✻✳✶✵✱ ❛ ❢❛✐①❛ ❞❡ tr❛♥s✐çã♦ ❞♦ ✜❧tr♦ ♣r♦❥❡t❛❞♦ s✐t✉❛✲s❡ ❡♥tr❡

❛s ❢r❡q✉ê♥❝✐❛s ❞❡ 180 − 1880Hz✱ ❡st❛ ú❧t✐♠❛ ✈❛❧♦r ❛ ♣❛rt✐r ❞♦ q✉❛❧ ♦ ✜❧tr♦ ❛t❡♥✉❛ ♦ s✐♥❛❧ ❞❡

s❛í❞❛ ❡♠ ♠❛✐s ❞❡ −60 dB✳

H(s) =
1, 447× 109

s3 + 2262× s2 + 2, 558× 106 × s + 1, 447× 109
. ✭✻✳✶✵✮
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Bode Diagram

Frequency  (rad/sec)

❋✐❣✉r❛ ✻✳✶✵✿ ❉✐❛❣r❛♠❛ ❞❡ ❇♦❞❡ ❞♦ ✜❧tr♦ ♣r♦❥❡t❛❞♦✳

◆❛ ❋✐❣✉r❛ ✻✳✶✶ ♣♦❞❡✲s❡ ✈❡r✐✜❝❛r ❛ ♣r❡s❡♥ç❛ ❞❛s ❤❛r♠ô♥✐❝❛s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ♣r❡s❡♥t❡s ❡♠

✉♠ ❡①tr❛t♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❢❛❧t❛ ♣❛r❛ ✉♠ s✐st❡♠❛ ❞❡ ♣♦tê♥❝✐❛✳ ❆ ✉t✐❧✐③❛çã♦ ❞♦ ✜❧tr♦ r❡♣r❡s❡♥✲

t❛❞♦ ♣♦r ✭✻✳✶✵✮ ♣r♦♣♦r❝✐♦♥❛ ✉♠ s✐♥❛❧ ❝♦♠ ♠❡♥♦r ♥ú♠❡r♦ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝♦s ❞❡ ❛❧t❛

❢r❡q✉ê♥❝✐❛✳

✻✳✷✳✺ ❈♦♥✈❡rsã♦ ❆♥❛❧ó❣✐❝♦✴❉✐❣✐t❛❧

❖ ♣r♦❝❡ss♦ ❞❛ ❝♦♥✈❡rsã♦ ❛♥❛❧ó❣✐❝♦✴❞✐❣✐t❛❧ é s❡♠♣r❡ ♣r❡❝❡❞✐❞♦ ♣❡❧♦ ✉s♦ ❞❡ ✉♠ ❝✐r❝✉✐t♦ s❛♠✲

♣❧❡✴❤♦❧❞ ✱ ♦ q✉❛❧ é ♥❡❝❡ssár✐♦ ♣❛r❛ q✉❡ ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥✈❡rsã♦ ♥ã♦ ❤❛❥❛ ♥❡♥❤✉♠❛

✈❛r✐❛çã♦ ♥♦ s✐♥❛❧ ❛♥❛❧ó❣✐❝♦✳

■❞❡❛❧♠❡♥t❡✱ ♦ ❝✐r❝✉✐t♦ s❛♠♣❧❡✴❤♦❧❞ é ❝♦♠♣♦st♦ ♣♦r ✉♠❛ ❝❤❛✈❡ ❡ ✉♠ ❝❛♣❛❝✐t♦r✳ ◗✉❛♥❞♦

❛ ❝❤❛✈❡ ❡st✐✈❡r ❢❡❝❤❛❞❛✱ ♦ s✐♥❛❧ ❞❡ s❛í❞❛ s❡rá ✐❣✉❛❧ ❛♦ ❞❡ ❡♥tr❛❞❛ ❡ ♦ ❝❛♣❛❝✐t♦r ❡st❛rá s❡♥❞♦
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Corrente da Fase A

Corrente Filtrada da Fase A

❋✐❣✉r❛ ✻✳✶✶✿ ❊①❡♠♣❧♦ ❞❡ ✜❧tr❛❣❡♠ ❞❡ s✐♥❛❧ ❞❡ ❝♦rr❡♥t❡✳

❝❛rr❡❣❛❞♦✳ ❈♦♠ ❛ ❝❤❛✈❡ ❛❜❡rt❛✱ ♦ ♥í✈❡❧ ❞❛ s❛í❞❛ s❡rá ♠❛♥t✐❞♦ ♣❡❧♦ ❝❛♣❛❝✐t♦r✳ ❖ ❝♦♠♣♦rt❛♠❡♥t♦

❞❡ ✉♠ s✐♥❛❧ ❛♣ós ♦ ❝✐r❝✉✐t♦ s❛♠♣❧❡✴❤♦❧❞ é ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✶✷✳
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Sinal Amostrado

Sinal Filtrado

❋✐❣✉r❛ ✻✳✶✷✿ ❙✐♥❛❧ ❞❡ ❝♦rr❡♥t❡ ❛♠♦str❛❞♦✳

❖ ❝♦♥✈❡rs♦r ❆✴❉ ♣♦r s✉❛ ✈❡③✱ r❡❝❡❜❡ ✉♠ s✐♥❛❧ ❛♥❛❧ó❣✐❝♦ ❡ ♦ ❝♦♥✈❡rt❡ ♣❛r❛ ❛ s✉❛ r❡♣r❡s❡♥t❛çã♦

❞✐❣✐t❛❧✳

❖ ♣r♦❝❡ss♦ ❞❡ ❝♦♥✈❡rsã♦ ♣♦❞❡ s❡r ❢❡✐t♦ ❞❡ ❞✉❛s ♠❛♥❡✐r❛s✿ ❛ ✐♥t❡❣r❛❞❛ ❡ ❛ ♥ã♦ ✐♥t❡❣r❛❞❛✳

❆ ♣r✐♠❡✐r❛ ♠❛♥❡✐r❛ ♥ã♦ ❛t❡♥❞❡ ❛s ❡①✐❣ê♥❝✐❛s ❞❡ ✈❡❧♦❝✐❞❛❞❡ q✉❡ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♣r♦t❡çã♦ ❞❡



❈❛♣ít✉❧♦ ✻ ✕ ❘❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✼✽

s✐st❡♠❛s ❡❧étr✐❝♦s ❡①✐❣❡✳ P♦r ✐ss♦✱ ♥❡st❛ t❡s❡ ✉t✐❧✐③♦✉✲s❡ ♦ ♠♦❞♦ ♥ã♦ ✐♥t❡❣r❛❞♦ ♥♦ q✉❛❧ ♥ã♦ ❤á ❛

♥❡❝❡ss✐❞❛❞❡ ❞❛ ❡t❛♣❛ ✐♥t❡❣r❛❞♦r❛✱ ♦ q✉❡ ❢❛③ ❝♦♠ q✉❡ ❛ ❝♦♥✈❡rsã♦ s❡ ❞ê ❞❡ ♠❛♥❡✐r❛ ♠❛✐s rá♣✐❞❛

✭❏❖❍◆❙❀ ❙❆▲▼❆◆✱ ✶✾✾✺✮✳

✻✳✷✳✻ ❇✉✛❡r

❖s ❜✉✛❡rs sã♦ ❜❧♦❝♦s ❞❡ ♠❡♠ór✐❛ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛r♠❛③❡♥❛r ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ t❡♥sã♦ ❡

❝♦rr❡♥t❡ ✉s❛❞❛s ♣❡❧♦ ❜❧♦❝♦ ❞❡ ❡st✐♠❛çã♦ ❞❡ ❢❛s♦r❡s✳ ❈♦♠♦ ❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❡s❝♦❧❤✐❞❛ ❢♦✐

❞❡ ✶✻ ❛♠♦str❛❞❛s✴❝✐❝❧♦ ❡ ♦ ♠ét♦❞♦ ❞❡ ❡st✐♠❛çã♦ ❢♦✐ ♦ ❞❡ ❋♦✉r✐❡r ❞❡ ✶ ❝✐❝❧♦✱ ♦s ❜✉✛❡rs ❞♦ r❡❧é

t❡♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❛r♠❛③❡♥❛r ♣❛❧❛✈r❛s ❝♦♠ ❛té ✶✻ ❜✐ts✳ ❯t✐❧✐③♦✉✲s❡ ❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✶✻

❛♠♦str❛s ♣♦r ❝✐❝❧♦ ♣❛r❛ q✉❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❡♦r❡♠❛ ❞❡ ◆②q✉✐st✱ ♦❜t❡r ✉♠ s✐♥❛❧ ❞✐❣✐t❛❧✐③❛❞♦

q✉❡ ❝♦♥t❡♥❤❛ ❝❛r❛❝t❡ríst✐❝❛s ❛té ❛ ♦✐t❛✈❛ ❤❛r♠ô♥✐❝❛ ❞♦ s✐♥❛❧ ❛♥❛❧ó❣✐❝♦✳

✻✳✸ ❈❊◆❚❘❖ ❉❊ ❈❖◆❚❘❖▲❊ ❉❆ ❙❯❇❊❙❚❆➬➹❖ ✭❈❈❙✮

❖ ❈❈❙ t❡♠ ❝♦♠♦ ❢✉♥çã♦ ♣r✐♥❝✐♣❛❧ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❡ ❞❡t❡❝çã♦ ❞❛s ♠♦❞✐✜❝❛çõ❡s ♥♦ ❝❡♥ár✐♦

❞❛ r❡❞❡ ❡❧étr✐❝❛✳ ❆ ❋✐❣✉r❛ ✻✳✶✸ ❛♣r❡s❡♥t❛ ❛ ❛rq✉✐t❡t✉r❛ ❜ás✐❝❛ ❞❡ss❡ ❝❡♥tr♦✳

❖ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ss❡ ❝❡♥tr♦ ❞✐✈✐❞❡✲s❡ ❡♠ ❞✉❛s ♣❛rt❡s✿ ✭✐✮ ❛ ♣r✐♠❡✐r❛ é r❡s♣♦♥sá✈❡❧ ♣❡❧♦

♠♦♥✐t♦r❛♠❡♥t♦ ❞♦s st❛t✉s ❞♦s ❞✐s♣♦s✐t✐✈♦s s❡❝❝✐♦♥❛❞♦r❡s ❞❛ r❡❞❡✱ q✉❡ ✐♥❞✐❝❛rá ❛ s❛í❞❛ ♦✉ ❡♥✲

tr❛❞❛ ❞❡ ❛❧❣✉♠ ❡q✉✐♣❛♠❡♥t♦ ♥❛ r❡❞❡❀ ✭✐✐✮ ♦ s❡❣✉♥❞♦ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❞❡t❡❝çã♦ ❞❡ ♠♦❞✐✜❝❛çõ❡s

♦♣❡r❛❝✐♦♥❛✐s ❞❛ r❡❞❡✱ ✐st♦ é✱ ♠♦♥✐t♦r❛ ❛ ❡♥tr❛❞❛ ❡ ❛ s❛í❞❛ ❞❡ ✉♥✐❞❛❞❡s ❣❡r❛❞♦r❛s ❡ ❞❛s ❝❛r❣❛s

♥❛ r❡❞❡✳

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

❆ ❝❛❞❛ ♣❛ss♦ ❞❡ ✐♥t❡❣r❛çã♦ ❞♦ s✐st❡♠❛✱ ♦ ❈❈❙ ❝❛♣t✉r❛ ♦s ❞❛❞♦s ❞✐❣✐t❛✐s r❡❧❛t✐✈♦s ❛ s✐t✉❛çã♦

❞❡ t♦❞♦s ♦s ❞✐s❥✉♥t♦r❡s✴❝❤❛✈❡s s❡❝✐♦♥❛❞♦r❛s q✉❡ ❝♦♠♣õ❡♠ ❛ r❡❞❡✳ ❯t✐❧✐③❛♥❞♦ ✉♠ ♠❡❝❛♥✐s♠♦

❞❡ ❞❡s❧♦❝❛♠❡♥t♦✱ ♦ ❜✉✛❡r BD1 ❛r♠❛③❡♥❛ ✉♠❛ ú♥✐❝❛ ♣❛❧❛✈r❛ ❞✐❣✐t❛❧ ❝♦♠ ❛ q✉❛❧ é ♣♦ssí✈❡❧

✐❞❡♥t✐✜❝❛r ❛ t♦♣♦❧♦❣✐❛ ❞♦ s✐st❡♠❛✳ ◆❛ ❋✐❣✉r❛ ✻✳✶✹ ♣♦❞❡ s❡r ✈✐s✉❛❧✐③❛❞❛ ❛ ❡str✉t✉r❛ ❞❛ ✐♥❢♦r♠❛çã♦

❛r♠❛③❡♥❛❞❛ ♥♦ ❜✉✛❡r BD1✳ ◆♦ ✐♥t❡r✈❛❧♦ ❞❡ ✐♥t❡❣r❛çã♦ s❡❣✉✐♥t❡✱ ❛ ✐♥❢♦r♠❛çã♦ ❛r♠❛③❡♥❛❞❛ ❡♠

BD1 é tr❛♥s❢❡r✐❞❛ ♣❛r❛ BD2 ❡ ♦ ❡st❛❞♦ ❛t✉❛❧ ❞♦ s✐st❡♠❛ é ♥♦✈❛♠❡♥t❡ ❝❛rr❡❣❛❞♦ ❡♠ BD1✳

❈♦♠ ♦s ❞♦✐s ❜✉✛❡rs ♣r❡❡♥❝❤✐❞♦s✱ é r❡❛❧✐③❛❞❛ ❛ ♦♣❡r❛çã♦ ❞❡ s✉❜tr❛çã♦ ❜✐t ❛ ❜✐t ❡♥tr❡ ♦s ✈❛❧♦r❡s
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BD1 BD2

BD2-BD1 != 0

NÃO

SI M

BA1 BA2

| BA2-BA1|  > A
&&

!isFault

NÃO

SI M

Relés

isFault

isFault

MODI FI CAÇÃO
DETECTADA

DI GI TAI S

ANALÓGI COS

isChangeD

isChangeA

❋✐❣✉r❛ ✻✳✶✸✿ ❆rq✉✐t❡t✉r❛ ❞♦ ❝❡♥tr♦ ❞❡ ❝♦♥tr♦❧❡ ❞❛ s✉❜❡st❛çã♦✳

❛r♠❛③❡♥❛❞♦s ❡♠ BD1 ❡ BD2✳

Relés 123...n n-1

1 0 1 0 0 1

❋✐❣✉r❛ ✻✳✶✹✿ ▼❡❝❛♥✐s♠♦s ❞❡ ❞❡s❧♦❝❛♠❡♥t♦ ♣❛r❛ ❢♦r♠❛çã♦ ❞❡ ♣❛❧❛✈r❛ ❞✐❣✐t❛❧ ❝♦♥t❡♥❞♦ ❛ t♦♣♦✲
❧♦❣✐❛ ❞❛ r❡❞❡✳

❊♠ s✐t✉❛çõ❡s ♦♥❞❡ ♥ã♦ ♦❝♦rr❡♠ ♠♦❞✐✜❝❛çõ❡s ♥❛ r❡❞❡✱ ❛ ♦♣❡r❛çã♦ ❜✐t ❛ ❜✐t BD2 − BD1

s❡rá ✐❣✉❛❧ ❛ ③❡r♦✳ ❊♥tr❡t❛♥t♦✱ q✉❛❧q✉❡r q✉❡ s❡❥❛ ❛ ♠♦❞✐✜❝❛çã♦ ♥❛ r❡❞❡✱ ♦ r❡s✉❧t❛❞♦ ❞❛ s✉❜tr❛çã♦

s❡rá ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦✳ ❆ ♣r❡s❡♥ç❛ ❞❡ ✈❛❧♦r❡s ❞✐❢❡r❡♥t❡s ❞❡ ③❡r♦ é ❛ ✐♥❞✐❝❛çã♦ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡

♠♦❞✐✜❝❛çõ❡s ♥❛ t♦♣♦❧♦❣✐❛ ❞❛ r❡❞❡✳ ❆ s❛í❞❛ ❞❡ss❛ ♦♣❡r❛çã♦ ❜✐♥ár✐❛ r❡❝❡❜❡ ♦ ♥♦♠❡ ❞❡ isChanceD✳

❆s ❋✐❣✉r❛s ✻✳✶✺ ♠♦str❛♠ ❡①❡♠♣❧♦s ❞❛ ♦♣❡r❛çã♦ r❡❛❧✐③❛❞❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ♠♦❞✐✜❝❛çõ❡s

♥❛ t♦♣♦❧♦❣✐❛ ❞❛ r❡❞❡✳

❆ ❞❡t❡❝çã♦ ❞❡ ♠♦❞✐✜❝❛çõ❡s ❞♦ ♣❡r✜❧ ❞❡ ❝❛r❣❛ ♦✉ ❞❡ ❣❡r❛çã♦ ❞❛ r❡❞❡ é r❡❛❧✐③❛❞❛ ❞❡ ♠♦❞♦

s❡♠❡❧❤❛♥t❡ ♣❡❧♦s ❜❧♦❝♦s ❞❛ ♣❛rt❡ ✐♥❢❡r✐♦r ❞❛ ❋✐❣✉r❛ ✻✳✶✸✳ ❆ ❢✉♥çã♦ ❞❡ BA1 ❡ BA2 é ❡q✉✐✈❛❧❡♥t❡

à ❞❡ BD1 ❡ BD2✳ ➱ ✐♠♣♦rt❛♥t❡ ♦❜s❡r✈❛r q✉❡ ❛s ✐♥❢♦r♠❛çõ❡s ❛♥❛❧ó❣✐❝❛s ❝♦❧❤✐❞❛s ♣❡❧♦ ❈❈❙ sã♦

✐♥❢♦r♠❛çõ❡s ❧♦❝❛✐s✱ ♦✉ s❡❥❛✱ ❛s ♠❡s♠❛s ✐♥❢♦r♠❛çõ❡s q✉❡ ♦ r❡❧é ✉t✐❧✐③❛ ♣❛r❛ ❛♥❛❧✐s❛r ❛ ❡①✐stê♥❝✐❛



❈❛♣ít✉❧♦ ✻ ✕ ❘❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✽✵

BD1

BD2

isChangeD = 0

&

1

1

0

0

1

1

0

0

0

0

1

1

0 0 0 0 00

BD1

BD2

isChangeD = 1

&

1

1

0

0

1

1

1

0

0

0

0

0

0

0

1

1

01

❋✐❣✉r❛ ✻✳✶✺✿ ❖♣❡r❛çã♦ ❜✐♥ár✐❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛s ♠✉❞❛♥ç❛s t♦♣♦❧ó❣✐❝❛s ♥❛ r❡❞❡ ❡❧étr✐❝❛✳

♦✉ ♥ã♦ ❞❡ ❢❛❧t❛s ♥❛ r❡❞❡✳ ◆❛ ❋✐❣✉r❛ ✻✳✶✻ ♣♦❞❡ s❡r ✈✐s✉❛❧✐③❛❞❛ ❛ ❢♦r♠❛ ❝♦♠♦ sã♦ ❛r♠❛③❡♥❛❞♦s

♦s ❞❛❞♦s ❛♥❛❧ó❣✐❝♦s ❡♠ ❝❛❞❛ ✉♠ ❞♦s ❜✉✛❡rs✳

❖ ♣❛râ♠❡tr♦ ∆A ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✻✳✶✸ r❡♣r❡s❡♥t❛ ✉♠ ✈❡t♦r ❝♦♠ ❛ ♠❡s♠❛ ❡str✉t✉r❛ ❞❡ BA1

❡ BA2 ❡ r❡♣r❡s❡♥t❛ ✉♠❛ ♠❛r❣❡♠ ❞❡ s❡❣✉r❛♥ç❛ q✉❡ ❞❡✈❡ s❡r ✐♥❝❧✉í❞❛ ♣❛r❛ ❡✈✐t❛r ❡✈❡♥t✉❛✐s

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

✭❙■▲❱❆✱ ✷✵✵✾✮✳

❈♦♠♦ ♦s ❞❛❞♦s ❞♦s ❜✉✛❡rs ❛♥❛❧ó❣✐❝♦s sã♦ ♣r♦✈❡♥✐❡♥t❡s ❞❡ ❞❛❞♦s ❧♦❝❛✐s ❞❡ ❝❛❞❛ r❡❧é✱ é

♥❡❝❡ssár✐♦ q✉❡ ♣❛r❛ ❝❛❞❛ r❡❧é ❞❛ r❡❞❡ ❡①✐st❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❜✉✛❡rs ❛♥❛❧ó❣✐❝♦s ❡ ❞✐❣✐t❛✐s✳ ❖✉

s❡❥❛✱ ❛ ❋✐❣✉r❛ ✻✳✶✸ r❡♣r❡s❡♥t❛ ✉♠ ❈❈❙ ❞❡ ✉♠❛ r❡❞❡ ❝♦♠♣♦st❛ ♣♦r ✉♠ ú♥✐❝♦ r❡❧é✳ ▲♦❣♦✱ ♦ s✐♥❛❧

❞❡ ♠✉❞❛♥ç❛ ❞❡ ❝❡♥ár✐♦ é ✉♠ s✐♥❛❧ ú♥✐❝♦ q✉❡ r❡✢❡t❡ ♠✉❞❛♥ç❛s ❡♠ q✉❛❧q✉❡r ♣♦♥t♦ ❞♦ s✐st❡♠❛✳

Va Vb Vc Ia Ib Ic

❋✐❣✉r❛ ✻✳✶✻✿ ❊str✉t✉r❛ ❞❡ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❛s ✈❛r✐á✈❡✐s ❛♥❛❧ó❣✐❝❛s ♥♦ ❈❈❙✳

❖❜s❡r✈❛✲s❡ q✉❡ t❛♠❜é♠ ❡♠ s✐t✉❛çõ❡s ❞❡ ❢❛❧t❛ ❛ s✉❜tr❛çã♦ BA2 − BA1 s❡r✐❛ ❞✐❢❡r❡♥t❡ ❞❡

③❡r♦ ❡ ♦ ❈❈❙ ✐♥t❡r♣r❡t❛r✐❛ ❝♦♠♦ ♠♦❞✐✜❝❛çã♦ ♥♦ ♣❡r✜❧ ❞❡ ❝❛r❣❛ ♦✉ ❞❡ ❣❡r❛çã♦ ❞❛ r❡❞❡✳ P❛r❛ q✉❡

✐ss♦ ♥ã♦ ♦❝♦rr❛ ♦ ❜❧♦❝♦ ❛♥❛❧ó❣✐❝♦ só ❡♥✈✐❛ ♦ s✐♥❛❧ ❞❡ ❞❡t❡❝çã♦ ❞❡ ♠✉❞❛♥ç❛ q✉❛♥❞♦ ❛ s✉❜tr❛çã♦

BA2 − BA1 é ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦ ❡ ♦ r❡❧é ♥ã♦ ❞❡t❡❝t♦✉ ❢❛❧t❛✱ ✐st♦ é✱ ♦ ✈❛❧♦r ❞✐❣✐t❛❧ isFault é

✐❣✉❛❧ ❛ ③❡r♦✱ ❝♦♥❢♦r♠❡ ✐♥❞✐❝❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✶✳

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

❢♦r♠❛ ❛❧t❡r♥❛t✐✈❛ ♣❛r❛ ❞❡t❡❝çã♦ ❞❡ ♠♦❞✐✜❝❛çõ❡s ♥❛ t♦♣♦❧♦❣✐❛ ❞❛ r❡❞❡ ✭❙❖❯❩❆ ❏❘ ❡t ❛❧✳✱ ✷✵✶✺❀

❙❖❯❩❆ ❏❘ ❡t ❛❧✳✱ ✷✵✶✻❛❀ ❙❆◆❈❆ ❡t ❛❧✳✱ ✷✵✶✻✮✳ ❯♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ✈❛♥t❛❣❡♥s ❞❛ té❝♥✐❝❛

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

❞✐✜❝❛çõ❡s t♦♣♦❧ó❣✐❝❛s✱ q✉❛♥t♦ ♦♣❡r❛❝✐♦♥❛✐s ♥❛ r❡❞❡✱ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❞♦✐s ❜❧♦❝♦s s❡♣❛r❛❞♦s

❝♦♠♦ ✉t✐❧✐③❛❞♦ ♥❡st❛ t❡s❡✳



❈❛♣ít✉❧♦ ✻ ✕ ❘❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✽✶

✻✳✹ ❈❊◆❚❘❖ ❉❊ ❈❖◆❚❘❖▲❊ ❉❆ ❖P❊❘❆➬➹❖ ✭❈❈❖✮

❖ ❈❈❖ é ❛ ❝❛♠❛❞❛ ♥❛ q✉❛❧ sã♦ r❡❛❧✐③❛❞♦s t♦❞♦s ♦s ♣r♦❝❡❞✐♠❡♥t♦s ♠❛t❡♠át✐❝♦s ♣❛r❛ ❞❡✲

t❡r♠✐♥❛çã♦ ❛✉t♦♠át✐❝❛ ❞♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦✳ P❛r❛ t❛♥t♦✱ ♥♦ â♠❜✐t♦ ❞❛

♣r♦t❡çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♣r♦♣♦st❛ ❞❡st❛ t❡s❡✱ sã♦ ✉t✐❧✐③❛❞❛s ✭✺✳✼✮

❡✴♦✉ ✭✺✳✸✻✮✳

❈♦♠ ❛ tr❛♥s❢❡rê♥❝✐❛ ✐♥✐♥t❡rr✉♣t❛ ❞♦s ❢❛s♦r❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❝♦♥st❛♥t❡ ♥♦s r❡❧és ♣❛r❛ ♦

❈❈❖ ❡①✐❣✐r✐❛ ✉♠ ❝❛♥❛❧ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ♠✉✐t♦ ✈❡❧♦③✱ ❞❡❝✐❞✐✉✲s❡ ✉t✐❧✐③❛r ♥♦ ❈❈❖ ✉♠❛ ❡str✉t✉r❛

s❡♠❡❧❤❛♥t❡ ❛ ❞♦s r❡❧és ❞❡s❝r✐t♦s ♣♦r ✭P❊❘❊❩✱ ✷✵✵✻✮✱ ✐st♦ é✱ ♦s ❜❧♦❝♦s r❡s♣♦♥sá✈❡✐s ♣♦r t♦❞❛s ❛s

❡t❛♣❛s ❛té ❛ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧ ❡stã♦ ♣r❡s❡♥t❡s t❛♥t♦ ♥♦s r❡❧és q✉❛♥t♦ ♥♦ ❈❈❖✳ ◆❛ ❋✐❣✉r❛ ✻✳✶✼

é ♣♦ssí✈❡❧ ✈✐s✉❛❧✐③❛r ❛ ❛rq✉✐t❡t✉r❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ ❈❈❖✳

Filtro
analógico

Conversor
A/D

Buffer

Estimação
de Fasores

Cálculo dos
Equivalentes

Mudanças
na rede?

S

v , vL C

i , iL C

v , vLd Cd

i , iLd Cd

V , VLd Cd

I , ILd Cd

E1

1Z

^
E2

2Z

^ ZL

CCS

v , vL C

* *

i , iL C

* *

V ,VC L

^ ^

I , IC L

^ ^

Cálculo dos
Ajustes OC

IED

❋✐❣✉r❛ ✻✳✶✼✿ ❊str✉t✉r❛ ✐♥t❡r♥❛ ❞♦ ❈❡♥tr♦ ❞❡ ❈♦♥tr♦❧❡ ❞❛ ❖♣❡r❛çã♦✳

❈♦♥❢♦r♠❡ s❡ ✈ê✱ ♦ ❈❈❖ ❞❡✈❡ s❡r ❝❛♣❛③ ❞❡ ♦♣❡r❛r ❝♦♠ s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❡♠ ♠❛✐s

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

t❡♥sõ❡s ❡♠ ❞✐✈❡rs♦s ♣♦♥t♦s ❞♦ s✐st❡♠❛✱ ❝♦♠♦ ✈✐st♦ ♥♦ ❆♣ê♥❞✐❝❡ ❇✳

❊♠❜♦r❛ ♣♦ss✉❛ ❛ ♠❡s♠❛ ❡str✉t✉r❛ ❜ás✐❝❛ ❞❡ ✉♠ r❡❧é ❞✐❣✐t❛❧✱ ♦ ❈❈❖ ♥ã♦ ♥❡❝❡ss✐t❛ r❡❛❧✐③❛r ❛

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

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

❡q✉✐✈❛❧❡♥t❡s ❞❡ r❡❞❡ ❡ ❞♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ só sã♦ r❡❛❧✐③❛❞❛s✱ ❝❛s♦ ♦ ❈❈❙

t❡♥❤❛ ❞❡t❡❝t❛❞♦ ❛❧❣✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥❛ r❡❞❡ ❡❧étr✐❝❛✳

❈♦♥st❛t♦✉✲s❡ q✉❡ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈♦s sã♦



❈❛♣ít✉❧♦ ✻ ✕ ❘❡❞❡ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✽✷

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

❛❝♦r❞♦ ❝♦♠ ❖❥❛❣❤✐ ❡t ❛❧✳ ✭✷✵✶✸✮✱ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❡q✉✐✈❛❧❡♥t❡s ❞❡ r❡❞❡ ❛♣r❡s❡♥t❛ r❡s✉❧t❛❞♦s

❝♦♠ ❡rr♦s ♠❛✐s ❜❛✐①♦s q✉❛♥❞♦ ✉t✐❧✐③❛♠✲s❡ ❥❛♥❡❧❛s ❞❡ ❝❡r❝❛ ❞❡ ✹✵ ❛♠♦str❛s ♣❛r❛ ♦s ❢❛s♦r❡s

❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✳ ❉❡ss❛ ❢♦r♠❛✱ ✜①♦✉✲s❡ q✉❡ ♦ t❛♠❛♥❤♦ ❞❛ ❥❛♥❡❧❛ ♣❛r❛ ❡st✐♠❛çã♦ ❞♦s

❡q✉✐✈❛❧❡♥t❡s ❞❡ r❡❞❡ s❡❥❛ ✐❣✉❛❧ ❛ ✹✽ ❛♠♦str❛s✱ ♦✉ s❡❥❛✱ três ✈❡③❡s ♠❛✐♦r q✉❡ ❛ ❥❛♥❡❧❛ ❞❡ ❡st✐♠❛çã♦

❢❛s♦r✐❛❧✳

❆♣ós ♦ ❝á❧❝✉❧♦ ❞♦s ♥♦✈♦s ❛❥✉st❡s✱ ❡st❡s sã♦ ❡♥✈✐❛❞♦s ❛♦s ■❊❉ ❛tr❛✈és ❞♦ ❝❛♥❛❧ ❞❡ ❝♦♠✉♥✐✲

❝❛çã♦✳

✻✳✺ ❘❊❙❯▼❖

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

t✉í❞❛ ❞❡ ✉♠❛ r❡❞❡ ❞✐str✐❜✉í❞❛ ❢♦r♠❛❞❛ ♣♦r três ❝❛♠❛❞❛s é r❡s♣♦♥sá✈❡❧ ♣❡❧♦✿ ✭✐✮ ♠♦♥✐t♦r❛♠❡♥t♦

✭❈❈❙✮✱ ✭✐✐✮ ❝á❧❝✉❧♦ ❞♦s ♥♦✈♦s ♣❛râ♠❡tr♦s ✭❈❈❖✮ ❡ ✭✐✐✐✮ ♣❡❧❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛s ❢✉♥çõ❡s ❞❡

♣r♦t❡çã♦ ✭■❊❉✮✳

❆ ❞❡t❡r♠✐♥❛çã♦ ❞❛s ♠✉❞❛♥ç❛s ♥❛ r❡❞❡ é r❡❛❧✐③❛❞❛ ♣♦r ♠❡✐♦ ❞❡ ♦♣❡r❛çõ❡s ❞❡ s✉❜tr❛çã♦

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

♣❡r✜s ♦♣❡r❛❝✐♦♥❛✐s ❞♦ s✐st❡♠❛✳

P❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♥♦✈♦s ❛❥✉st❡s ❞❡ ♣r♦t❡çã♦✱ ✉♠❛ ❝❛♠❛❞❛ ❝♦♠ ❛rq✉✐t❡t✉r❛ s❡♠❡❧❤❛♥t❡

à ❞♦s r❡❧és ❞✐❣✐t❛✐s é ✐♠♣❧❡♠❡♥t❛❞❛ ♥♦ ❈❈❖✳ ◆❡ss❡ ❝❡♥tr♦✱ ❛❧é♠ ❞♦s ♥♦✈♦s ❛❥✉st❡s✱ sã♦ ❝❛❧❝✉✲

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

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

❛t✉❛✐s ❞❛ r❡❞❡✳

❖ ♠♦❞❡❧♦ ❞❡ ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦ ♣r♦♣♦st♦ ♣❡r♠✐t❡ ❛t✉❛❧✐③❛çã♦ ❞♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐✲

t✐✈♦s ❞❡ ♣r♦t❡çã♦✱ s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♣❛r❛❞❛ ❞♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛ r❡❞❡✱ ❝♦♠♦ ❛❝♦♥t❡❝❡ ❝♦♠

♦s r❡❧és ❞✐s♣♦♥í✈❡✐s ❛t✉❛❧♠❡♥t❡✳



❈❆P❮❚❯▲❖ ✼

❆P❘❊❙❊◆❚❆➬➹❖ ❊ ❆◆➪▲■❙❊ ❉❖❙ ❘❊❙❯▲❚❆❉❖❙

◆❡st❡ ❝❛♣ít✉❧♦ s❡rá r❡❛❧✐③❛❞❛ ❛ ❛✈❛❧✐❛çã♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥♦ q✉❡ ❝♦♥❝❡r♥❡ à ❞❡t❡r♠✐♥❛çã♦

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

❞✐str✐❜✉✐çã♦ ❝♦♠ ❡ s❡♠ ❛ ♣r❡s❡♥ç❛ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳ ❆❧é♠ ❞❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛❥✉st❡s✱

s❡rá ❛♥❛❧✐s❛❞♦ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ❞❡ ♠♦❞♦ ❛ ♣♦ss✐❜✐❧✐t❛r

❛♥á❧✐s❡ ❡ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ❡ ❛s ✉t✐❧✐③❛❞❛s tr❛❞✐❝✐♦♥❛❧♠❡♥t❡✳ ❚♦❞❛s ❛s

s✐♠✉❧❛çõ❡s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ✉t✐❧✐③❛♥❞♦ ♦s s♦❢t✇❛r❡s ❆❚P✴▼❖❉❊▲❙ ❡ ▼❆❚▲❆❇➤ ✭❉❖▼▼❊▲✱

✶✾✾✻❀ ❍❆◆❙❊▲▼❆◆❀ ▲■❚❚▲❊❋■❊▲❉✱ ✷✵✵✸✮✳

✼✳✶ ❈❖◆❙■❉❊❘❆➬Õ❊❙ ❙❖❇❘❊ ❆❙ ❙■▼❯▲❆➬Õ❊❙ ◆❖ ❆❚P

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

❧❛çã♦ q✉❡ ❡♥✈♦❧✈❛ ❢❡♥ô♠❡♥♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦s tr❛♥s✐tór✐♦s ❡❧❡tr♦♠❛❣♥ét✐❝♦s✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞❛s

❢❛❧t❛s ❡♠ s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❈■●❘❊ ❲♦r❦✐♥❣ ●r♦✉♣ ✵✷✳✸✸ ✭✶✾✽✽✮✱

❢❡♥ô♠❡♥♦s tr❛♥s✐tór✐♦s ❝❛✉s❛❞♦s ♣❡❧♦ ❡❢❡✐t♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❛♣r❡s❡♥t❛♠ s✐✲

♥❛✐s ❝♦♠ ❝♦♠♣♦♥❡♥t❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ❡♥tr❡ 60 Hz ❡ 20 kHz✳ ❆✐♥❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❈■●❘❊

❲♦r❦✐♥❣ ●r♦✉♣ ✵✷✳✸✸ ✭✶✾✽✽✮✱ ♦ ♣❛ss♦ ❞❡ ✐♥t❡❣r❛çã♦ ♣❛r❛ s✐♠✉❧❛çõ❡s ❞❡✈❡ s❡r✱ ♥♦ ♠á①✐♠♦✱ ✐❣✉❛❧

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

❞❡ ♠❛✐♦r ❢r❡q✉ê♥❝✐❛ ✭20 kHz✮✱ t❡r✲s❡✲á ✉♠❛ ♦♥❞❛ ❝♦♠ 50 µs✳

❖s s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❛♣r❡s❡♥t❛♠ ❝❛r❛❝t❡ríst✐❝❛s ✐♥t❡r❡ss❛♥t❡s ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ à

s✉❛ ❝♦♥st❛♥t❡ ❞❡ ♣r♦♣❛❣❛çã♦✳ ❉❡✈✐❞♦ às ♣❡q✉❡♥❛s ❞✐♠❡♥sõ❡s ❞❡ss❛s ❧✐♥❤❛s ❞❡ ❞✐str✐❜✉✐çã♦ q✉❡

❝♦♠♣õ❡♠ ♦ ♠❡s♠♦ ❡ ❛♦s ✈❛❧♦r❡s ❞❛ r❡❧❛çã♦ R/X ❝❛r❛❝t❡ríst✐❝♦s✱ ❛s ❝♦♥st❛♥t❡s ❞❡ ♣r♦♣❛❣❛çã♦

❞❡ss❡ t✐♣♦ ❞❡ s✐st❡♠❛ sã♦ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ♠❡♥♦r❡s q✉❡ ❛s ❞♦ ❝❛s♦ ❞♦s s✐st❡♠❛s ❞❡ tr❛♥s♠✐ssã♦✳

▲♦❣♦✱ ♣♦r ❡ss❛ ❝❛r❛❝t❡ríst✐❝❛✱ ♦ ♣❛ss♦ ❞❡ ✐♥t❡❣r❛çã♦ ♣❛r❛ s✐♠✉❧❛çõ❡s ❡♠ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦

❞❡✈❡ s❡r ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ♠❡♥♦r q✉❡ ♦ ✈❛❧♦r ✐♥❞✐❝❛❞♦ ❡♠ ❈■●❘❊❲♦r❦✐♥❣ ●r♦✉♣ ✵✷✳✸✸ ✭✶✾✽✽✮✳

✽✸



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✽✹

❉✉r❛♥t❡ ❛s s✐♠✉❧❛çã♦ r❡❛❧✐③❛❞❛s ♥❡st❛ t❡s❡✱ ✉t✐❧✐③♦✉✲s❡ ✉♠ ♣❛ss♦ ❞❡ ✐♥t❡❣r❛çã♦ ❞❡ 9, 5 ns✱

♦ q✉❡ r❡♣r❡s❡♥t❛ ✉♠❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 1.754.734 ❛♠♦str❛s ♣♦r ❝✐❝❧♦

♣❛r❛ ✉♠ s✐st❡♠❛ ❝✉❥❛ ❢r❡q✉ê♥❝✐❛ ♥♦♠✐♥❛❧ é 60Hz✳ ❆♣❡s❛r ❞❡ s❡r❡♠ ❢r✉t♦s ❞❡ ✉♠❛ s✐♠✉❧❛çã♦

❞✐❣✐t❛❧✱ ❛ ❛❧t❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞♦s s✐♥❛✐s s✐♠✉❧❛❞♦s ♣❡r♠✐t❡ tr❛tá✲❧♦s ❝♦♠♦ s❡♥❞♦ ♦s s✐♥❛✐s

✏❛♥❛❧ó❣✐❝♦s✑ ❞❡ ❡♥tr❛❞❛ ❞❛ r❡❞❡ ❞❡ ♣r♦t❡çã♦✳ ❆ss✐♠✱ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❜❧♦❝♦ ❝♦♥✈❡rs♦r

❆✴❉✱ q✉❡ ❞✐s♣♦♥✐❜✐❧✐③❛ ♦s s✐♥❛✐s ❞✐❣✐t❛✐s ♣❛r❛ ♦ ■❊❉✱ ❜❛s❡♦✉✲s❡ ♥❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s ❞❡ss❡s

s✐♥❛✐s✳ ❚❛♥t♦ ♦s ■❊❉ q✉❛♥t♦ ♦ ❈❈❖ ✉t✐❧✐③❛♠ ✉♠❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✶✻ ❛♠♦str❛s ♣♦r

❝✐❝❧♦✳

✼✳✷ ❙■❙❚❊▼❆❙ ❉❊ ❉■❙❚❘■❇❯■➬➹❖ ❙❊▼ ●❊❘❆➬➹❖ ❉■❙❚❘■❇❯❮❉❆

❆ ❛♥á❧✐s❡ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♣❛r❛ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡✉✲s❡ ♣♦r ♠❡✐♦ ❞♦ ✉s♦ ❞❡ ❞♦✐s

s✐st❡♠❛s✿ ✉♠ t❡ór✐❝♦✱ ♣♦ré♠ ❝♦♠ t♦♣♦❧♦❣✐❛ ❛♣r❡s❡♥t❛ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ s✐st❡♠❛s r❡❛✐s✱ ❡ ♦ ♦✉tr♦

✉♠ s✐st❡♠❛ ❜❛s❡❛❞♦ ❡♠ ✉♠ s✐st❡♠❛ ❡❧étr✐❝♦ r❡❛❧ q✉❡ ❝♦♠♣õ❡ ♦ r❡❣✐♦♥❛❧ ▼❛❝❡✐ó ❞♦ s✐st❡♠❛ ❞❛

❊❧❡tr♦❜rás ❉✐str✐❜✉✐❞♦r❛ ❞❡ ❆❧❛❣♦❛s ✭❊❉❆▲✮✳

✼✳✷✳✶ ❆♥á❧✐s❡ ❞♦ ❙✐st❡♠❛ ❞❡ Pr♦t❡çã♦ ❆❞❛♣t❛t✐✈❛ P❛r❛ ✉♠ ❙✐st❡♠❛ ❘❛❞✐❛❧ ❙✐♠♣❧✐✜❝❛❞♦

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

s✐♠♣❧❡s ❞❡ ❞✐str✐❜✉✐çã♦ s❡♠ ❛ ♣r❡s❡♥ç❛ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳ ❖ s✐st❡♠❛ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛

✼✳✶ ❡ ❢♦r♠❛❞♦ ♣♦r s❡✐s ❜❛rr❛s ❡ ❝✐♥❝♦ ❧✐♥❤❛s ❡ t❡♠ s❡✉s ♣❛râ♠❡tr♦s ❞❡✜♥✐❞♦s ♥❛s ❚❛❜❡❧❛s ✼✳✶

❡ ✼✳✷✳ P❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞♦s r❡❧és q✉❡

❝♦♠♣õ❡♠ ❛ r❡❞❡ ❢♦✐ ✉t✐❧✐③❛❞❛ ❛ ❡q✉❛çã♦ ✭✺✳✼✮✳

LT 1

LT 3

LT 5

LT 4

LT 2

❋✐❣✉r❛ ✼✳✶✿ ❙✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❢♦r♠❛❞♦ ♣♦r s❡✐s ❜❛rr❛s✳



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✽✺

❚❛❜❡❧❛ ✼✳✶✿ ❉❛❞♦s ❞❛s ❧✐♥❤❛s ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✳

▲✐♥❤❛ ❈♦♠♣r✐♠❡♥t♦ ✭❦♠✮ Z0 (Ω/km) Z1 (Ω/km)

✶ ✶✷✱✺ 0, 16 + 0, 56 0, 16 + 0, 56

✷ ✶✵✱✸✹ 0, 16 + 0, 56 0, 0967 + 0, 3578

✸ ✻✱✸✶ 0, 16 + 0, 56 0, 1585 + 0, 3170

✹ ✶✷✱✺ 0, 16 + 0, 56 0, 8 + 0, 160

✺ ✺✱✶ 0, 16 + 0, 56 0, 8 + 0, 160

❚❛❜❡❧❛ ✼✳✷✿ ❈❛r❣❛s ❝♦♥❡❝t❛❞❛s ❛♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✳

❇❛rr❛ R (Ω) X (Ω)

✸ ✹✶✵ ✷✵✺

✹ ✹✶✽✾ ✶✸✾✻

✺ ✷✶✵✸ ✻✵✵✱✶

❆ ❛♥á❧✐s❡ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ ❞♦ s✐st❡♠❛ ❢♦✐ r❡❛❧✐③❛❞❛ ♣♦r ♠❡✐♦ ✉♠ ❡st✉❞♦ ❞❡ ✢✉①♦ ❞❡

❝❛r❣❛✳ ❖s r❡s✉❧t❛❞♦s ❞❡ss❡ ❡st✉❞♦ sã♦ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✼✳✸✱ ❛tr❛✈és ❞❛ q✉❛❧ ♦s ✈❛❧♦r❡s ❞❛s

❝♦rr❡♥t❡s ❞❡ ❝❛r❣❛✱ ♣❛râ♠❡tr♦ t♦♠❛❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦

❞♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡✱ ♣♦❞❡♠ s❡r ✈✐s✉❛❧✐③❛❞♦✳

❚❛❜❡❧❛ ✼✳✸✿ ❘❡s✉❧t❛❞♦ ❞❡ ❡st✉❞♦ ❞❡ ✢✉①♦ ❞❡ ❝❛r❣❛ r❡❛❧✐③❛❞❛ ♥♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✳

▲✐♥❤❛ ❈♦rr❡♥t❡ ✭❆✮ ❇❛rr❛ ❚❡♥sã♦ ✭❦❱✮

✶ ✶✺✼ ✶ ✻✾

✷ ✶✶✽ ✷ ✻✺✱✹

✸ ✸✽ ✸ ✻✹

✹ ✶✸ ✹ ✻✺

✺ ✷✺ ✺ ✻✹✱✼

✲ ✲ ✻ ✻✹✱✾

✼✳✷✳✶✳✶ ❆♥á❧✐s❡ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡

❉❡ ❛❝♦r❞♦ ❝♦♠ ❆♥❞❡rs♦♥ ✭✶✾✾✾✮ ♣❛r❛ ♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛✱

❞❡✜♥✐❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✭✸✳✶✺✮✱ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ tr✐❢ás✐❝♦ ♥♦ ✜♥❛❧ ❡



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✽✻

♥♦ ✐♥í❝✐♦ ❞❛ ❧✐♥❤❛✱ r❡♣r❡s❡♥t❛❞❛ ♣❡❧♦ ♣❛râ♠❡tr♦ KI ✱ ❞❡✈❡ ✈❛r✐❛r ❡♥tr❡ 1, 1 ❡ 1, 4✳ ❈♦♥s✐❞❡r❛♥❞♦

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

❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞♦s r❡❧és ✐♥st❛❧❛❞♦s ♥♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛

té❝♥✐❝❛ ♣r♦♣♦st❛ ❡ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ sã♦ ♠♦str❛❞♦s ♥❛ ❋✐❣✉r❛ ❄❄✳

❆tr❛✈és ❞♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣❛r❛ ♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛✱ ♣♦❞❡✲s❡ ❝❛❧❝✉❧❛r ❛ ❝♦r✲

r❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛ ♠❡s♠❛✳ ❖s ✈❛❧♦r❡s ♦❜t✐❞♦s sã♦ ♠♦str❛❞♦s ♥❛ ❋✐❣✉r❛ ✼✳✹✳ ❈♦♠♦ ♣♦❞❡✲s❡

♦❜s❡r✈❛r ♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶ é ❝♦♠♣♦st♦ ♣♦r três ❝❛❞❡✐❛s ❞❡ r❡❧és ✲ R1 − R2✱

R1 − R3 − R4 ❡ R1 − R3 − R5 ✲ ❞❡ss❛ ❢♦r♠❛✱ ♦ ❝♦♦r❞❡♥♦❣r❛♠❛ ❝♦♥s✐❞❡r❛♥❞♦ ❛ ✉♥✐❞❛❞❡s

✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ♣❛r❛ ♦s três ♣❛r❡s é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✷✳
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✭❛✮
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✭❜✮
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✭❝✮

❋✐❣✉r❛ ✼✳✷✿ ❈♦♦r❞❡♥♦❣r❛♠❛ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛s q✉❡
♣r♦t❡❣❡♠ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❡ ❛❞❛♣t❛t✐✈❛s✿
✭✼✳✷✭❛✮✮ R1 − R2✱ ✭✼✳✷✭❜✮✮ R1 − R3 − R4✱ ✭✼✳✷✭❝✮✮ R1 − R3 − R5✳

❈♦♥❢♦r♠❡ ♣♦❞❡✲s❡ ✈✐s✉❛❧✐③❛r ♥❛s ❋✐❣✉r❛s ❄❄ ❡ ✼✳✹✱ ❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ ❛♣r❡s❡♥t❛



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✽✼

✉♠❛ ♦s❝✐❧❛çã♦ ❛♥t❡s ❞❡ ❡st❛❜✐❧✐③❛r ♦ ✈❛❧♦r ❞♦ ❛❥✉st❡ ❞❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣✳ ❊st❛ ❝❛r❛❝t❡ríst✐❝❛

❞❡✈❡✲s❡ ❛♦ ✉s♦ ❞❡ ❢❛s♦r❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ t❛✐s ❛❥✉st❡s✳ ❈♦♥❢♦r♠❡

✈✐st♦ ♥❛ s❡çã♦ ✹✳✶ ♦ ✉s♦ ❞❛ ❥❛♥❡❧❛ ♠ó✈❡❧ ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡

Trad.

Adaptativo

✭❛✮

Trad.

Adaptativo

✭❜✮

Trad.

Adaptativo

✭❝✮

Trad.

Adaptativo

✭❞✮

Trad.

Adaptativo

✭❡✮

❋✐❣✉r❛ ✼✳✸✿ ❈♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦
❡ ❞❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣❛r❛ ♦ ❛❧❝❛♥❝❡ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞♦ s♦❜r❡❝♦rr❡♥t❡ ❞♦
s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✿ ✭✼✳✸✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✸✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✸✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✸✭❞✮✮ ❘❡❧é ✹✱ ✭✼✳✸✭❡✮✮
❘❡❧é ✺✳



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✽✽

Trad.

Adaptativo

✭❛✮

Trad.

Adaptativo

✭❜✮

Trad.

Adaptativo

✭❝✮

Trad.

Adaptativo

✭❞✮

Trad.

Adaptativo

✭❡✮

❋✐❣✉r❛ ✼✳✹✿ ❈♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦
❡ ❞❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣❛r❛ ❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞♦
s♦❜r❡❝♦rr❡♥t❡ ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✿ ✭✼✳✹✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✹✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✹✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✹✭❞✮✮
❘❡❧é ✹✱ ✭✼✳✹✭❡✮✮ ❘❡❧é ✺✳

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

❞✐✈❡rs♦s ♣♦♥t♦s ❞♦ s✐st❡♠❛✳ ❆♣❧✐❝❛çã♦ ❞❡ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s✱ ❜✐❢ás✐❝❛s✱ ❜✐❢ás✐❝❛s ♣❛r❛ ♦ t❡rr❛

❡ tr✐❢ás✐❝❛s ❢♦r❛♠ s✐♠✉❧❛❞❛s ✈❛r✐❛♥❞♦ ♦ ♣♦♥t♦ ❞❡ ❛♣❧✐❝❛çã♦ ❞❛s ♠❡s♠❛s✳ ❉❡ ✉♠ t♦t❛❧ ❞❡ 625



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✽✾

❢❛❧t❛s✱ ❛ ❚❛❜❡❧❛ ✼✳✹ ❝♦♥té♠ ✉♠ r❡s✉♠♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❢r❡♥t❡ ❛♦ ♠ét♦❞♦

tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦✳

❚❛❜❡❧❛ ✼✳✹✿ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡
♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦♣❡r❛♥❞♦ s❡♠
♥❡♥❤✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥❛ r❡❞❡✳

❋❛❧t❛ ❚r❛❞✐❝✐♦♥❛❧ Pr♦♣♦st♦

■♥t❡r♥❛ ❊①t❡r♥❛ ■♥t❡r♥❛ ❊①t❡r♥❛

▼♦♥♦❢ás❝✐❛s 100% 100% 100% 100%

❇✐❢ás✐❝❛s 100% 100% 100% 100%

❚r✐❢ás✐❝❛s 100% 100% 100% 100%

◆❛ ❋✐❣✉r❛ ✼✳✺ é ❛♣r❡s❡♥t❛❞♦ ❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦

❛❥✉st❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❡ ❝♦♠ ❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛✳ ❈♦♥❢♦r♠❡

♣♦❞❡✲s❡ ✈❡r✐✜❝❛r ♥❛ ❋✐❣✉r❛ ✼✳✺ ❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ ❛♣r❡s❡♥t❛ ❞❡s❡♠♣❡♥❤♦ ❝♦♠♣❛tí✈❡❧

❝♦♠ ♦ ♦❜t✐❞♦ ♣♦r ♠❡✐♦ ❞❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❞❡ ♣r♦t❡çã♦✳
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Tradi ional Proposc to

Falta trifásica na barra 6

R1 = R221,12 @-99,96° A = -   R3 = 21,12 @-99,96° A

R = R4 - 5 = 21,12 @-99,96° A
T
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T m (ms)e po

Falta bifásica na barra 5

R1 = R227,07 @-98,10° A = -   R3 = 27,07 @ -98,10° A

R = R4 - 5 = -

T
ri

p
 (

R
1

)
T
ri

p
 (

R
)

2
T
ri

p
 (

R
)

3
T
ri

p
 (

R
)

4
T
ri

p
 (

R
)

5

T m (ms)e po

Falta trifásica na Barra 2

R1 = R2157,22 @-77,92° A = -   R3 = -

R = R4 - 5 = -
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Falta trifásica a 50% da LT1

R1 = R2294,98 @-85.50° A = -   R3 = -

R = R4 - 5 = -

T
ri

p
 (

R
1

)
T
ri

p
 (

R
)

2
T
ri

p
 (

R
)

3
T
ri

p
 (

R
)

4
T
ri

p
 (

R
)

5

T m (ms)e po

Falta monofásica a da linha 60%

R1 = R247,97 @ -78,77° A = -   R3 = 47,97 @ -78,77 ° A

R =4 -     R5 = 47,97 @ -78,77° A
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Falta monofásica na barra 3

R1 = R256,41 @ 80,65° A = 56,41 @ 80,65° A

R3 = 56,41 @ 80,65° A 4 - 5 = -R = R
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Falta bifásica a 50% da linha 2

R1 = 236,39 @ -85,79° A R = 36,39 @ -85,79° A R3 = -

R =4 -       R5 = -

T
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4
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p
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R
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5

Falta monofásica a 50% da linha 5

R1 = R233,97 @ -78,77° A = -  R3 = 33,97 @ -78,77° A

R =4 33,97 @ -78,77° A R5 = 33,97 @ -78,77°

T m (ms)e po
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Falta trifásica a 50% da linha 4

R1 = R277,57 @ -73,57° A = -  R3 = 77,57 @ -73,57° A

R =4 77,57 @ -73,57º A R5 = -

T m (ms)e po

T
ri

p
 (

R
1

)
T
ri

p
 (

R
)

2
T
ri

p
 (

R
)

3
T
ri

p
 (

R
)

4
T
ri

p
 (

R
)

5

❋✐❣✉r❛ ✼✳✺✿ ❘❡s✉♠♦ ❞❛ ♣❡r❢♦r♠❛♥❝❡ ❞❡ ♦♣❡r❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞♦ s✐st❡♠❛ ❞❛
❋✐❣✉r❛ ✼✳✶ ♦♣❡r❛♥❞♦ s❡♠ ♥❡♥❤✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥❛ r❡❞❡✳

✼✳✷✳✶✳✷ ❙❛í❞❛ ❞❛ ▲❚ ✷

◆♦s s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❛s ✐♠♣❡❞â♥❝✐❛s ❞❛s ❧✐♥❤❛s sã♦ ❣❡r❛❧♠❡♥t❡ ♠✉✐t♦ ❜❛✐①❛s✱ ❝♦♠♦

♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♥❛ ❚❛❜❡❧❛ ✼✳✶✳ ❊♥tr❡t❛♥t♦✱ ❛s ❝❛r❣❛s ❝♦♥❡❝t❛❞❛s ♥❛s ♠❡s♠❛s ❞❡s❡♠♣❡♥❤❛♠

♣❛♣❡❧ ❢✉♥❞❛♠❡♥t❛❧ ♥♦ ✢✉①♦ ❞❡ ♣♦tê♥❝✐❛ ❞❛ r❡❞❡✳

❙❡❥❛ ♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶ ♥♦ q✉❛❧ ❤á ❝❛r❣❛s ❝♦♥❝❡♥tr❛❞❛s ❡♠ três ❞❛s s✉❛s

❜❛rr❛s✳ ❆ ❝❛r❣❛ ❞❡ ♠❛✐♦r ♣♦tê♥❝✐❛ é ❛ ✐♥st❛❧❛❞❛ ♥❛ ❜❛rr❛ ✸✳ ❈❛s♦✱ ♣♦r ❛❧❣✉♠ ♠♦t✐✈♦✱ ♦ s✐st❡♠❛

♣❡r❞❡ss❡ ❛ ❧✐♥❤❛ ❡♥tr❡ ❛s ❜❛rr❛s ✷ ❡ ✸✱ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❛ ❝❛r❣❛ ❝♦♥❡❝t❛❞❛ ❛ ❡st❛ ú❧t✐♠❛✱ ♦s



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✾✶

✈❛❧♦r❡s ❞❡ ❝♦rr❡♥t❡ ❡ t❡♥sã♦ ♥♦ s✐st❡♠❛ s❡r✐❛♠ ❝♦♥❢♦r♠❡ r❡s✉❧t❛❞♦ ❞❛ r♦t✐♥❛ ❞❡ ✢✉①♦ ❞❡ ❝❛r❣❛

❞♦ s✐st❡♠❛ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✼✳✺✳

❚❛❜❡❧❛ ✼✳✺✿ ❘❡s✉❧t❛❞♦ ❞❡ ❡st✉❞♦ ❞❡ ✢✉①♦ ❞❡ ❝❛r❣❛ r❡❛❧✐③❛❞❛ ♥♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ q✉❛♥❞♦
❛ ❧✐♥❤❛ ✷ ❡ ❛ ❝❛r❣❛ ❝♦♥❡❝t❛❞❛ à ❜❛rr❛ ✸ ❡stã♦ ❞❡s❝♦♥❡❝t❛❞♦s✳

▲✐♥❤❛ ❈♦rr❡♥t❡ ✭❆✮ ❇❛rr❛ ❚❡♥sã♦ ✭❦❱✮

✶ ✸✾ ✶ ✻✾

✷ ✲ ✷ ✻✼✱✾

✸ ✸✾ ✸ ✵

✹ ✶✸ ✹ ✻✼✱✺

✺ ✷✻ ✺ ✻✼✱✷

✲ ✲ ✻ ✻✼✱✹

❯t✐❧✐③❛♥❞♦ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❞❡ ❝♦♦r❞❡♥❛çã♦✱ ♦s ❛❥✉st❡s ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s

❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ s❡r✐❛♠ ♦s ♠♦str❛❞♦s ♥❛s ❋✐❣✉r❛s ✼✳✹ ❡ ✼✳✸✳ ❯t✐❧✐③❛♥❞♦✲s❡ ❛ té❝♥✐❝❛

❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛✱ ♦s ✈❛❧♦r❡s ❞❛s ❝♦rr❡♥t❡s ❞❡ ♣✐❝❦✲✉♣ ♦❜t✐❞♦s sã♦ ♠♦str❛❞♦s ♥❛

❚❛❜❡❧❛ ✼✳✻✳ P❛r❛ ❢❛❝✐❧✐t❛r ❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s✱ ♥❛s ❋✐❣✉r❛s ✼✳✻ ❡ ✼✳✼ ❡stã♦ ♣❧♦t❛❞♦s

♦s r❡s✉❧t❛❞♦s ❞♦ ❛❧❝❛♥❝❡ ❡ ❞❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♦❜t✐❞❛s ♣♦r ♠❡✐♦ ❞❛s ❞✉❛s

té❝♥✐❝❛s✳

❚❛❜❡❧❛ ✼✳✻✿ ❆❥✉st❡s ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ ♣❛r❛ ♦s ❞✐s♣♦s✐t✐✈♦s
q✉❡ ❝♦♠♣õ❡♠ ❛ r❡❞❡ ❞❛ ❋✐❣✉r❛ ✼✳✶ q✉❛♥❞♦ ❞❛ s❛í❞❛ ❞❛ LT 2 ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛
♣r♦♣♦st❛✳

❘❡❧é Ipickup ✭❆✮ h (%)

✶ ✶✺✼ ✼✶✱✸

✷ ✲ ✲

✸ ✺✹ ✼✶✱✸

✹ ✶✼✱✺ ✼✶✱✹

✺ ✹✼ ✼✶✱✹

❯♠ ❝♦♠♣❛r❛t✐✈♦ ❡♥tr❡ ♦s ❛❥✉st❡s ♦❜t✐❞♦s ♣❡❧♦s ❞♦✐s ♠ét♦❞♦s é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✽✳

❈♦♠♦ ♣♦❞❡✲s❡ ✈❡r✐✜❝❛r✱ ♦ ♠ét♦❞♦ ❛❞❛♣t❛t✐✈♦ ♦❜t❡✈❡ r❡s✉❧t❛❞♦s q✉❡ ♣r♦♣♦r❝✐♦♥❛r❛♠ ❛ ❝♦♦r❞❡✲

♥❛çã♦ ❡♥tr❡ t♦❞♦s ♦s ❞✐s♣♦s✐t✐✈♦s ❞❛ r❡❞❡✳
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✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮

❋✐❣✉r❛ ✼✳✻✿ ❈♦♠♣❛r❛t✐✈♦ ❡♥tr❡ ♦s ❛❧❝❛♥❝❡ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞♦ s♦❜r❡❝♦rr❡♥t❡
❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ❝♦♠ ❛
s❛í❞❛ ❞❛ LT 2✿ ✭✼✳✻✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✻✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✻✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✻✭❞✮✮ ❘❡❧é ✹✱ ✭✼✳✻✭❡✮✮ ❘❡❧é ✺✳
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✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮

❋✐❣✉r❛ ✼✳✼✿ ❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞♦ s♦❜r❡❝♦rr❡♥t❡ ❞♦ s✐st❡♠❛
❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ❝♦♠ ❛ s❛í❞❛ ❞❛
LT 2✿ ✭✼✳✼✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✼✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✼✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✼✭❞✮✮ ❘❡❧é ✹✱ ✭✼✳✼✭❡✮✮ ❘❡❧é ✺✳
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R1 Adap

R1 Trad

R3 Adap

R3 Trad

R5 Adap

R5 Trad

✭❝✮

❋✐❣✉r❛ ✼✳✽✿ ❈♦♦r❞❡♥♦❣r❛♠❛ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛s q✉❡
♣r♦t❡❣❡♠ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❡ ❛❞❛♣t❛t✐✈❛s
q✉❛♥❞♦ ❞❛ s❛í❞❛ ❞❛ LT 2✿ ✭✼✳✽✭❛✮ R1 − R2✮✱ ✭✼✳✽✭❜✮ R1 − R3 − R4✮ ❡ ✭✼✳✽✭❝✮ R1 − R3 − R5✮✳

❆ ♣❛rt✐r ❞♦s ❣rá✜❝♦s ❞❛ ❋✐❣✉r❛ ✼✳✻ ♦❜s❡r✈❛✲s❡ q✉❡ ♣r❛t✐❝❛♠❡♥t❡ ♥ã♦ ❤á ♠♦❞✐✜❝❛çõ❡s r❡❧❡✲

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

❡ ❛ ♣r♦♣♦st❛✳ ❊♥tr❡t❛♥t♦✱ ♥❛ ❋✐❣✉r❛ ✼✳✼ ♦❜s❡r✈❛♠✲s❡ ♠♦❞✐✜❝❛çõ❡s ✐♠♣♦rt❛♥t❡s ❝♦♠ r❡❧❛çã♦

❛s ❝♦rr❡♥t❡s ❞❡ ♣✐❝❦✲✉♣ ❞❡ ❢♦r♠❛ ❡s♣❡❝✐❛❧ ❞♦s r❡❧és ✐♥st❛❧❛❞♦s ♥❛s ❧✐♥❤❛s LT 1 ❡ LT 2✳ ❈♦♠ ❛

❡❧✐♠✐♥❛çã♦ ❞❛ ❝♦rr❡♥t❡ q✉❡ ✢✉✐ ♣❡❧❛ ❧✐♥❤❛ LT 2✱ ❤á ✉♠❛ ❝♦♥s❡q✉❡♥t❡ ❞✐♠✐♥✉✐çã♦ ❞❛ ❝♦rr❡♥t❡

❢♦r♥❡❝✐❞❛ ♣❡❧❛ ❢♦♥t❡✱ q✉❡ ♣❛ss❛ ❛ ❛❧✐♠❡♥t❛r ❛♣❡♥❛s ❛s ❝❛r❣❛s ❝♦♥❡❝t❛❞❛s às ❧✐♥❤❛s LT 4 ❡ LT 5✳

❆tr❛✈és ❞❛ ❛♣❧✐❝❛çã♦ ❞❡ ❢❛❧t❛s ♥♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ❢♦✐ r❡❛❧✐③❛❞♦ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡

♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❛❥✉st❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❡

❝♦♠ ❛ té❝♥✐❝❛ ♣r♦♣♦st❛✳ ◆❛ ❚❛❜❡❧❛ ✼✳✼ é ❛♣r❡s❡♥t❛❞❛ ✉♠ ❧❡✈❛♥t❛♠❡♥t♦ ❡st❛tíst✐❝♦ q✉❡ ❝♦♠♣❛r❛

♦ ❞❡s❡♠♣❡♥❤♦ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡ ♦ tr❛❞✐❝✐♦♥❛❧ ♣❛r❛ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦✳
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❚❛❜❡❧❛ ✼✳✼✿ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡
♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ❛♣ós ❛ s❛í❞❛ ❞❛
LT 2✳

❋❛❧t❛ ❚r❛❞✐❝✐♦♥❛❧ Pr♦♣♦st♦

■♥t❡r♥❛ ❊①t❡r♥❛ ■♥t❡r♥❛ ❊①t❡r♥❛

▼♦♥♦❢ás❝✐❛s 100% 100% 100% 100%

❇✐❢ás✐❝❛s 93, 5% 96, 7% 100% 100%

❚r✐❢ás✐❝❛s 85, 5% 93, 2% 100% 100%

❯♠ r❡s✉♠♦ ❞❡ss❡ ❝♦♠♣❛r❛t✐✈♦ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✾✳

Tradi ional Proposc to

Falta ifásica na barra 6b

R1 = 33 8 10 59 R2 33,18 @ -109,59 A,1 @- 9, ° A = -   R3 =
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R = R 33,18 @ -109,59 A4 - 5 =
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Falta bifásica na barra 5

R1 =  36 31 109 89 R2 36,31 @ -109,89 A, @ - , ° A = -   R3 =
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Falta trifásica a 50% da LT 1

R1 = 205 61 53 18 R2, @- , ° A = -   R3 = -

R = R4 - 5 = -
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Falta fásicamono na barra 2

R1 = 113,90 7, 2 R2 -@ -5 5 ° A = R3 = -

R = R4 - 5 = -
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Falta monofásica a da0% LT 5

R1 = 6 6 50 R2 6 6 5047, 9 @ - 8, ° A = -   R3 = 47, 9 @ - 8, ° A

R = 6 6 504 -     R5 = 47, 9 @ - 8, ° A
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Falta monofásica a 0% da LT 4

R1 = 49,89 -67,81 R2 -@ ° A =

R3 = 49,49 @ -67,81 A R4 = 49,89 @ -67,81 A R5 = -
o o
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Falta fásica amono n barra 3

R1 = 51,62 111 29 2 51,62 @ -111,29 A@ - , ° A R = R3 = -
o

R =4 -       R5 = -
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Falta fásica a 50% dabi LT 1

R1 = 138,99 119 22 R2 -@ - , ° A = -  R3 =

R =  - -4 R5 =

T m (ms)e po
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Falta fásica a 50% da 4mono LT

R1 = 58 08 67 19 R2 58,08 @ -67,19 A, @ - , ° A = -  R3 =
o

R =  58,08 67,194 @ - º A R5 = -

T m (ms)e po
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❋✐❣✉r❛ ✼✳✾✿ ❘❡s✉♠♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♦♣❡r❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞♦ s✐st❡♠❛ ❞❛
❋✐❣✉r❛ ✼✳✶ ❛♣ós ❛ s❛í❞❛ ❞❛ LT 2✳



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✾✻

❈♦♠ ❛ s❛í❞❛ ❞❛ LT 2 ❞♦ s✐st❡♠❛✱ ✉♠❛ ❢❛❧t❛ tr✐❢ás✐❝❛ ❛ 50% ❞❛ LT 1✱ ❧♦❝❛❧ ✐♥❝❧✉í❞♦ ♥❛ ③♦♥❛ ❞❡

❛t✉❛çã♦ ❞♦ r❡❧é R1✱ ❞❡✐①❛ ❞❡ s❡r ❡❧✐♠✐♥❛❞❛ ♣❡❧♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦ q✉❡ ❛t✉❛ ❞❡ ❛❝♦r❞♦ ❝♦♠

❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦✳ ❊♥q✉❛♥t♦ ✐ss♦✱ ♦ ❞✐s♣♦s✐t✐✈♦ ❛❥✉st❛❞♦ ❞❡

❛❝♦r❞♦ ❝♦♠ ❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ ✐❞❡♥t✐✜❝❛ ❛ ❢❛❧t❛ ♥❛ s✉❛ ③♦♥❛ ❞❡ ❛t✉❛çã♦ ❡ ❡❧✐♠✐♥❛✲á✳

❊ss❛ ♦❜s❡r✈❛çã♦ ♣❡r♠✐t❡ ❛✜r♠❛r q✉❡ ❛ s❛í❞❛ ❞❛ LT 2 ♣r♦✈♦❝❛ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ❡❢❡t✐✈❛ ❞❛ ③♦♥❛

❞❡ ❛t✉❛çã♦ ❞❛ ✉♥✐❞❛❞❡ ❞❡ ♣r♦t❡çã♦ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞♦ ❞✐s♣♦s✐t✐✈♦ ✐♥st❛❧❛❞♦ ♥❛

LT 1✳ ❋❛❧t❛ s❡♠❡❧❤❛♥t❡ ♦❝♦rr❡ t❛♠❜é♠ ♣❛r❛ ✉♠❛ ❢❛❧t❛ ❜✐❢ás✐❝❛ ❛ 50% ❞❛ LT 1✳

✼✳✷✳✶✳✸ ❊♥tr❛❞❛ ❞❛ LT 4

❆ LT 4 é ♦ ❛❧✐♠❡♥t❛❞♦r q✉❡ ❝♦♥❞✉③ ❛ ♠❡♥♦r ❝♦rr❡♥t❡ ❡♥tr❡ t♦❞♦s ♦s ❛❧✐♠❡♥t❛❞♦r❡s q✉❡

❝♦♠♣õ❡♠ ♦ s✐st❡♠❛ ♠♦str❛❞♦s ♥❛ ❋✐❣✉r❛ ✼✳✶✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❚❛❜❡❧❛ ✼✳✸ ❛ ❝♦rr❡♥t❡ q✉❡ ✢✉✐

♣♦r ❡ss❛ ❧✐♥❤❛ é ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❞❡ ✶✸ ❆✳ ❆ ❡♥tr❛❞❛ ❞❡ss❛ ❧✐♥❤❛ ♥♦ s✐st❡♠❛ ❛❝❛rr❡t❛ ✉♠❛

♠✉❞❛♥ç❛ ♥♦ ✢✉①♦ ❞❡ ♣♦tê♥❝✐❛ ❞❛s ❧✐♥❤❛s LT 1 ❡ LT 3✳ ❖✉ s❡❥❛✱ é ❡s♣❡r❛❞♦ q✉❡ ♦s ❛❥✉st❡s ❞♦s

r❡❧és ❛ss♦❝✐❛❞♦s ❛ ❡st❛s ❧✐♥❤❛s t❡♥❤❛♠ s❡✉s ✈❛❧♦r❡s ❛t✉❛❧✐③❛❞❛s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ ❞❡ ♣r♦t❡çã♦

❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛✳

P♦r ♠❡✐♦ ❞❛ ❋✐❣✉r❛ ✼✳✶✵ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ❛❧❝❛♥❝❡s ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s

❞❡ s♦❜r❡❝♦rr❡♥t❡ ♦❜t✐❞❛s ♣♦r ♠❡✐♦ ❞❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❡ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♣♦❞❡ s❡r

r❡❛❧✐③❛❞❛✳ ❆ss✐♠ ❝♦♠♦ ♥♦ ❝❛s♦ ❞❛ s❛í❞❛ ❞❛ LT 2✱ ♥ã♦ ❢♦r❛♠ ✈❡r✐✜❝❛❞❛s ❣r❛♥❞❡s ♠♦❞✐✜❝❛çõ❡s

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

❞❛ ❋✐❣✉r❛ ✼✳✶✳
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✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮

❋✐❣✉r❛ ✼✳✶✵✿ ❈♦♠♣❛r❛t✐✈♦ ❡♥tr❡ ♦s ❛❧❝❛♥❝❡ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞♦ s♦❜r❡❝♦rr❡♥t❡
❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ❝♦♠ ❛
❡♥tr❛❞❛ ❞❛ LT 4✿ ✭✼✳✶✵✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✶✵✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✶✵✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✶✵✭❞✮✮ ❘❡❧é ✹✱ ✭✼✳✶✵✭❡✮✮
❘❡❧é ✺✳

❆tr❛✈és ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❡ ♣❡❧❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛

♦ ❝♦♦r❞❡♥♦❣r❛♠❛ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❛ r❡❞❡ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✶✳
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R1 Trad
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R5 Adap

R5 Trad

✭❝✮

❋✐❣✉r❛ ✼✳✶✶✿ ❈♦♦r❞❡♥♦❣r❛♠❛ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛s q✉❡
♣r♦t❡❣❡♠ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❡ ❛❞❛♣t❛t✐✈❛s
q✉❛♥❞♦ ❞❛ ❡♥tr❛❞❛ ❞❛ LT 4✿ ✭✼✳✶✶✭❛✮ R1 − R2✮✱ ✭✼✳✶✶✭❜✮ R1 − R3 − R4✮ ❡ ✭✼✳✶✶✭❝✮ R1 −
R3 − R5✮✳

❆ ❋✐❣✉r❛ ✼✳✶✷ ❛♣r❡s❡♥t❛ ❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s ✈❛❧♦r❡s ❞❛s ❝♦rr❡♥t❡s ❞❡ ♣✐❝❦✲✉♣ ❞♦s ❞✐s♣♦✲

s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❝♦♠♣õ❡♠ ❛ r❡❞❡ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛s té❝♥✐❝❛s

tr❛❞✐❝✐♦♥❛✐s ❡ ❞❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ q✉❛♥❞♦ ❞❛ s❛í❞❛ ❞❛ LT 4✳ ❈♦♥❢♦r♠❡ ♣♦❞❡✲s❡

✈❡r✐✜❝❛r✱ ♦s ❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s R1 ❡ R3✱ q✉❡ ❝♦♠♣õ❡♠ ✉♠❛ ❞❛s ❝❛❞❡✐❛s ❞❡ ♣r♦t❡çã♦ ❝♦♠

♦ ❞✐s♣♦s✐t✐✈♦ q✉❡ ♣r♦t❡❣❡ ❛ ❧✐♥❤❛ LT 4✳



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✾✾

✭❛✮ ✭❜✮

✭❝✮ ✭❞✮

✭❡✮

❋✐❣✉r❛ ✼✳✶✷✿ ❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞♦ s♦❜r❡❝♦rr❡♥t❡ ❞♦
s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ❝♦♠ ❛
❡♥tr❛❞❛ ❞❛ LT 4✿ ✭✼✳✶✷✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✶✷✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✶✷✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✶✷✭❞✮✮ ❘❡❧é ✹✱ ✭✼✳✶✷✭❡✮✮
❘❡❧é ✺✳

❆tr❛✈és ❞♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ❡ ♠♦str❛❞♦s ♥❛s ❋✐❣✉r❛s ✼✳✶✵ ❡ ✼✳✶✷ ❢❛❧t❛s ❢♦r❛♠ ❛♣❧✐❝❛❞❛s ♥♦

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

té❝♥✐❝❛ ♣r♦♣♦st❛ ❡ ❞❛ tr❛❞✐❝✐♦♥❛❧✳ ❖s r❡s✉❧t❛❞♦s ❞❡ss❛ ❝♦♠♣❛r❛çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛
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✼✳✽✳

❚❛❜❡❧❛ ✼✳✽✿ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡
♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶ ❛♣ós ❛ ❡♥tr❛❞❛
❞❛ LT 4✳

❋❛❧t❛ ❚r❛❞✐❝✐♦♥❛❧ Pr♦♣♦st♦

■♥t❡r♥❛ ❊①t❡r♥❛ ■♥t❡r♥❛ ❊①t❡r♥❛

▼♦♥♦❢ás❝✐❛s 100% 100% 100% 100%

❇✐❢ás✐❝❛s 100% 100% 100% 100%

❚r✐❢ás✐❝❛s 97, 5% 100% 100% 100%

❆ ❋✐❣✉r❛ ✼✳✶✸ ❝♦♥té♠ ✉♠ r❡s✉♠♦ ❞♦ ❝♦♠♣❛r❛t✐✈♦ ❡♥tr❡ ❛s ❞✉❛s té❝♥✐❝❛s✳ ❈♦♥❢♦r♠❡ ✈❡r✐✜✲

❝❛❞♦✱ ♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦ R1 ❛❥✉st❛❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❞❡ ♣r♦t❡çã♦

♥ã♦ ❛t✉❛ ♣❛r❛ ✉♠❛ ❢❛❧t❛ tr✐❢ás✐❝❛ ❛ 50% ❞❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛✱ ❢❛t♦ q✉❡ ♥ã♦ ❛❝♦♥t❡❝❡ q✉❛♥❞♦ ❛

r❡❞❡ é ❛❥✉st❛❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ té❝♥✐❝❛ ❞❡ ❝♦♦r❞❡♥❛çã♦ ♣r♦♣♦st❛✳
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Falta trifásica a 0% da LT 2

R1 = R2169,67 @ -57,05° A = 169,67 @ -57,05° A R3 = -

R = R4 - 5 = -
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Falta fásica 3mono na barra

R1 = ,9 , R277 2 @ -64 59° A = 77,92 @ -64,59° A R3 = -

R = R4 - 5 = -
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Falta trifásica a 50% da LT 3

R1 = R2125,36 @ -59,42° A = -   R3 = 125,36 @ -59,42° A

R =4 -     R5 = -
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Falta monofásica n barraa 4

R1 = 9, -6 , R2 -6 14 @ 6 19° A =

R3 = 6 14 @ 6 19° -9, -6 , A R4 = R5 = -
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Falta fásica a 50% dabi LT 1

R1 = 138,99 119 22 R2 -@ - , ° A = -  R3 =

R =  - -4 R5 =
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Falta bifásica a 50% da LT3

R1 = R265,16 @ -112,55° A = -  R3 = 65,16 @ -112,55° A

R =4 -        R5 = -
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Falta fásica a 2mono n barra

R1 = , 2113 90 @ -62,30° A R = -    R3 = -

R =4 -       R5 = -
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R1 = 33 8 10 59 R2 33,18 @ -109,59 A,1 @- 9, ° A = -   R3 =
o

R = R 33,18 @ -109,59 A4 - 5 =
o

Falta ifásica na barra 6b

Falta trifásica a 50% da LT 1

R1 = 205 61 53 18 R2, @- , ° A = -   R3 = -

R = R4 - 5 = -

❋✐❣✉r❛ ✼✳✶✸✿ ❘❡s✉♠♦ ❞❛ ♣❡r❢♦r♠❛♥❝❡ ❞❡ ♦♣❡r❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞♦ s✐st❡♠❛ ❞❛
❋✐❣✉r❛ ✼✳✶ ❛♣ós ❛ ❡♥tr❛❞❛ ❞❛ LT 4✳

✼✳✷✳✷ ❆♥á❧✐s❡ ❞♦ ❙✐st❡♠❛ ❞❡ Pr♦t❡çã♦ ❆❞❛♣t❛t✐✈❛ P❛r❛ ✉♠ ❙✐st❡♠❛ ❘❡❛❧

❆ ❛♥á❧✐s❡ ❞♦ ♠ét♦❞♦ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st♦ ♣❛r❛ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ s❡♠ ❛

♣r❡s❡♥ç❛ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ s❡ ❡st❡♥❞❡✉ ♣❛r❛ ✉t✐❧✐③❛çã♦ ❡♠ ✉♠❛ r❡❞❡ ❜❛s❡❛❞❛ ❡♠ ✉♠ s✐s✲

t❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ r❡❛❧ ♦♣❡r❛❞♦ ♣❡❧❛ ❊❧❡tr♦❜rás ❉✐str✐❜✉✐❞♦r❛ ❞❡ ❆❧❛❣♦❛s ✭❊❉❆▲✮✳ ❖ s✐st❡♠❛

r❡s✉❧t❛♥t❡ ❞❛s s✐♠♣❧✐✜❝❛çõ❡s é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✹ ❡ t♦❞♦s ♦s ❞❡t❛❧❤❡s ❛ ❝❡r❝❛ ❞♦ s✐st❡♠❛

❝♦♠♣❧❡t♦ ♣♦❞❡♠ s❡r ❝♦♥s✉❧t❛❞♦s ♥♦ ❆♣ê♥❞✐❝❡ ❉✳
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R1

R2

R3

R4

MCO-CHESF

PCA

TBM

TDB

PNO

CTO

CZA

BBE

PJA

CPC

❋✐❣✉r❛ ✼✳✶✹✿ ❙✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❜❛s❡❛❞♦ ♥♦ r❡❣✐♦♥❛❧ ▼❛❝❡✐ó✴❊❉❆▲✳

❖ s✐st❡♠❛ ♣r♦♣♦st♦ é ❢♦r♠❛❞♦ ♣♦r ✉♠ t♦t❛❧ ❞❡ ✶✺ ❜❛rr❛s ❡ ✶✻ ❧✐♥❤❛s ❡ ♣♦ss✉✐ ✉♠❛ ♣♦tê♥❝✐❛

✐♥st❛❧❛❞❛ ❞❡ ❝❡r❝❛ ❞❡ 265MVA✳

◗✉❛tr♦ ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ✐♠♣❧❡♠❡♥t❛♥❞♦ ❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❢♦r❛♠

✐♥st❛❧❛❞♦s ♥❛ r❡❞❡ ❝♦♥❢♦r♠❡ ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✹✳ ❖ r❡❧é R1 ♣r♦t❡❣❡ ✉♠❛ ❞❛s ❧✐♥❤❛s ❞❡ ❡♥tr❛❞❛

❞♦ s✐st❡♠❛ q✉❡ ❢❛③ ❢r♦♥t❡✐r❛ ❞♦ s✐st❡♠❛ ❞❡ ❣❡r❛çã♦✴tr❛♥s♠✐ssã♦ ♦♣❡r❛❞♦r ♣❡❧❛ ❈❍❊❙❋✳ ❈♦♠♦

tr❛t❛✲s❡ ❞❡ ✉♠❛ ❧✐♥❤❛ ♠✉✐t♦ ❝✉rt❛ ✉♠❛ ✐♠♣♦rt❛♥t❡ ❝❛r❛❝t❡ríst✐❝❛ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞❛✿ ❛ r❡❧❛çã♦

❡♥tr❡ ❛s ❝♦rr❡♥t❡s ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥♦ ✐♥í❝✐♦ ❡ ♥♦ ✜♥❛❧ ❞❛ ❧✐♥❤❛ é ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✐❣✉❛❧ ❛ ✶✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❆♥❞❡rs♦♥ ✭✶✾✾✾✮ ❡ss❛ ❝♦♥❞✐çã♦ t♦r♥❛ ❛ ❝♦♦r❞❡♥❛çã♦ ❞❡ss❡ ❞✐s♣♦s✐t✐✈♦ ✉♠ t❛♥t♦

tr❛❜❛❧❤♦s❛✳ ❖s r❡❧és R2 ❡ R3 ♣r♦t❡❣❡♠ ❧✐♥❤❛s r❡❧❛t✐✈❛♠❡♥t❡ ❧♦♥❣❛s ❝♦♠ 16, 39 km ❡ 10, 3 km✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P♦r ✜♠✱ ♦ r❡❧é R4 ♣r♦t❡❣❡ ✉♠❛ ❧✐♥❤❛ ❞❡ t❛♠❛♥❤♦ ✐♥t❡r♠❡❞✐ár✐♦ ❝♦♥t❡♥❞♦

5 km✳

✼✳✷✳✷✳✶ ❆♥á❧✐s❡ ❡♠ ❘❡❣✐♠❡ P❡r♠❛♥❡♥t❡ ✭❙❡♠ ▼♦❞✐✜❝❛çõ❡s ♥❛ ❘❡❞❡✮

■♥✐❝✐❛❧♠❡♥t❡ ❢♦✐ ❛♥❛❧✐s❛❞♦ ♦ ❝❛s♦ ❡♠ q✉❡ ♦ s✐st❡♠❛ ♦♣❡r❛ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✹✳

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



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✶✵✸

♠❡✐♦ ❞♦ s♦❢t✇❛r❡ ❈❆P❊ ❡ ♦s r❡s✉❧t❛❞♦s sã♦ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✼✳✾✳

❚❛❜❡❧❛ ✼✳✾✿ ❈♦♠♣❛r❛çã♦ ❡♥tr❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦s ❡q✉✐✈❛❧❡♥t❡s ❞❡ r❡❞❡ ✉s❛♥❞♦ ♦
♠ét♦❞♦ ♣r♦♣♦st♦ ❡ ♦s ❞✐s♣♦♥✐❜✐❧✐③❛❞♦s ♣❡❧♦ s♦❢t✇❛r❡ ❈❆P❊✳

❘❡❧é
❈❆P❊ ✭♣✉✮ ▼ét♦❞♦ ♣r♦♣♦st♦ ✭♣✉✮

❚❡♥sã♦ ■♠♣❡❞â♥❝✐❛ ❚❡♥sã♦ ■♠♣❡❞â♥❝✐❛

R1 1, 02 + j0, 056 0, 0004 + 0, 0023 1, 02 + j0, 05 0, 0004 + j0, 0023

R2 1, 004 + j0, 057 0, 0004 + j0, 0024 1, 004 + j0, 057 0, 0004 + j0, 00234

R3 0, 978 + j0, 13 0, 0084 + j0, 0145 0, 98 + j0, 123 0, 0083 + j0, 0145

R4 0, 953 + j0, 132 0, 0105 + j0, 0177 0, 96 + j0, 135 0, 0105 + j0, 01775

❖s ❛❥✉st❡s ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞♦s q✉❛tr♦ ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦

❢♦r❛♠ ❝❛❧❝✉❧❛❞♦s ❛tr❛✈és ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ♣r♦♣♦st❛ ♣♦r ❆♥❞❡rs♦♥ ✭✶✾✾✾✮✱ ❝✉❥♦s r❡s✉❧t❛❞♦s

sã♦ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✼✳✶✵✳

❚❛❜❡❧❛ ✼✳✶✵✿ ❆❧❝❛♥❝❡ ❡ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ♣❛r❛ ♦
s✐st❡♠❛ ❛ ❋✐❣✉r❛ ✼✳✶✹✳

❘❡❧é h (%) Ipick−up(A)

R1 50 23.000

R2 21.8 4950

R3 15.4 1700

R4 75.4 1200

❯t✐❧✐③❛♥❞♦ ❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ ♦s ❛❧❝❛♥❝❡s ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞❡ s♦❜r❡✲

❝♦rr❡♥t❡ ♦❜t✐❞❛s sã♦ ♠♦str❛❞♦s ♥❛ ❋✐❣✉r❛ ✼✳✶✺✱ ♦♥❞❡ é ❢❡✐t❛ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞♦ ❛❧❝❛♥❝❡ ♦❜t✐❞♦

♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ❡ ♦ r❡s✉❧t❛❞♦ ♦❜t✐❞♦ ❛tr❛✈és ❞❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s✳
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Adaptativo

Tradicional

✭❞✮

❋✐❣✉r❛ ✼✳✶✺✿ ❆❧❝❛♥❝❡ ❞❛s ✉♥✐❞❛❞❡ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ♦❜t✐❞❛s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛
tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✹ s❡♠ ♥❡♥❤✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥❛
r❡❞❡✿ ✭✼✳✶✺✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✶✺✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✶✺✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✶✺✭❞✮✮ ❘❡❧é ✹✳

P❛r❛ ♦s ❛❧❝❛♥❝❡s ♠♦str❛❞♦s ♥❛ ❋✐❣✉r❛ ✼✳✶✺ ❛s ❝♦rr❡♥t❡s ❞❡ ♣✐❝❦✲✉♣ ♣❛r❛ ❛s ✉♥✐❞❛❞❡s ✐♥st❛♥✲

tâ♥❡❛s ❞❡ s♦❜r❡❝♦rr❡♥t❡ sã♦ ❛s ♠♦str❛❞❛s ♥❛ ❋✐❣✉r❛ ✼✳✶✼✳ ◆❛ ❋✐❣✉r❛ ✼✳✶✻ ♣♦❞❡✲s❡ ✈✐s✉❛❧✐③❛r ♦

❝♦♦r❞❡♥♦❣r❛♠❛ ❞♦s ❛❥✉st❡s ♦❜t✐❞♦s ❛tr❛✈és ❞❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛✳
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❋✐❣✉r❛ ✼✳✶✻✿ ❈♦♦r❞❡♥♦❣r❛♠❛ ❝♦♠ ♦s ❛❥✉st❡s ♦❜t✐❞♦s ♣❡❧❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛
❋✐❣✉r❛ ✼✳✶✹ s❡♠ ♠♦❞✐✜❝❛çõ❡s ♥❛ r❡❞❡✳
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❚r✐❢ás✐❝❛s 100% 100% 100% 100%
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❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✹ s❡♠ ♠♦❞✐✜❝❛çõ❡s ♥❛ r❡❞❡ ❡❧étr✐❝❛✳

❈♦♥❢♦r♠❡ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ❛tr❛✈és ❞❛s ❋✐❣✉r❛s ✼✳✶✻ ❡ ✼✳✶✽ ♦ s✐st❡♠❛ ♣r♦♣♦st♦ ♦❜t❡✈❡ ✈❛❧♦r❡s
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q✉❡ ♣r♦♣♦r❝✐♦♥❛r❛♠ ❛ ❝♦♦r❞❡♥❛çã♦ ❡♥tr❡ ♦s q✉❛tr♦ ❞✐s♣♦s✐t✐✈♦s ❞❛ r❡❞❡ ♥ã♦ t❡♥❞♦✱ ♣❛r❛ ❡st❡

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

tr❛❞✐❝✐♦♥❛✐s ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦✳

✼✳✷✳✷✳✷ ❙❛í❞❛ ❞❡ ▲✐♥❤❛ ❞♦ ❙✐st❡♠❛

❆ s✐♠✉❧❛çã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ❢r❡♥t❡ ❛ ♠♦❞✐✜❝❛çõ❡s t♦♣♦❧ó❣✐❝❛s ♥♦

s✐st❡♠❛ ❢♦✐ ✈❡r✐✜❝❛❞❛ ❛tr❛✈és ❞❛ s❛í❞❛ ❞♦ ❝✐r❝✉✐t♦ ❞✉♣❧♦ q✉❡ ✐♥t❡r❧✐❣❛ ❛s ❜❛rr❛s CPA ❡ CPD ❞♦

s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✹✳ ❊♠ ♦♣❡r❛çã♦ ♥♦r♠❛❧✱ ❛s ❞✉❛s ❧✐♥❤❛s s✉♣r❡♠ ✉♠❛ ❝❛r❣❛ ❞❡ 13, 24MW

❡ 5, 64MVAr ❡ ✉♠❛ ❝♦rr❡♥t❡ ❞❡ 138A ✢✉✐ ♣❡❧❛s ♠❡s♠❛s✳

❆ ♠♦❞✐✜❝❛çã♦ ♥❛ t♦♣♦❧♦❣✐❛ ❞❛ r❡❞❡ ❛❝❛rr❡t❛ ♠♦❞✐✜❝❛çõ❡s r❡❧❡✈❛♥t❡s ♥♦ ♣❡r✜❧ ❞❡ ❝♦rr❡♥t❡

✈✐st♦ ♣❡❧♦s r❡❧és R1 ❡ R2 ❡♥q✉❛♥t♦ q✉❡ ❛ ❝♦rr❡♥t❡ ✈✐st❛ ♣❡❧♦s ❞❡♠❛✐s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦

♣❡r♠❛♥❡❝❡ ♣r❛t✐❝❛♠❡♥t❡ s❡♠ ❛❧t❡r❛çõ❡s✳ ❖s ❢❛s♦r❡s ❞❛s ❝♦rr❡♥t❡s ✈✐st❛s ♣❡❧♦s três r❡❧és ♣♦❞❡

s❡r ✈✐s✉❛❧✐③❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✾✳ ❆tr❛✈és ❞❛ ❛♥á❧✐s❡ ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ q✉❛♥❞♦ ❞❛

s❛í❞❛ ❞❛s ❧✐♥❤❛s q✉❡ ✐♥t❡r❧✐❣❛♠ ❛s ❜❛rr❛s CPA ❡ CPD ♦s ❛❧❝❛♥❝❡s ❞❛s ✉♥✐❞❛❞❡s ❞❡ s♦❜r❡❝♦r✲

r❡♥t❡ ✐♥st❛♥tâ♥❡❛ ♦❜t✐❞❛s ♣❡❧♦s ♠ét♦❞♦s tr❛❞✐❝✐♦♥❛✐s ❞❡ ❝♦♦r❞❡♥❛çã♦ ❡ ♣❡❧❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛

♣r♦♣♦st❛ ♣❛r❛ ♦s q✉❛tr♦ r❡❧és q✉❡ ❝♦♠♣õ❡♠ ❛ r❡❞❡ ❞❡ ♣r♦t❡çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ❞❛ ❋✐❣✉r❛
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❈♦♥❢♦r♠❡ ✈❡r✐✜❝❛✲s❡ ♥❛ ❋✐❣✉r❛ ✼✳✷✵ ❤á ✉♠❛ ❡❧❡✈❛çã♦ ♥♦ ❛❧❝❛♥❝❡ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞❡

s♦❜r❡❝♦rr❡♥t❡ ❞♦s r❡❧és R1 ❡ R2✱ ❡♥q✉❛♥t♦ q✉❡ ♣❛r❛ ♦s r❡❧és R3 ❡ R4 ♣r❛t✐❝❛♠❡♥t❡ ♥ã♦ ♦❝♦rr❡♠

♠♦❞✐✜❝❛çõ❡s✳ ❆ ♥ã♦ ♠♦❞✐✜❝❛çã♦ ♥♦ ❛❧❝❛♥❝❡ ❞❛s ✉♥✐❞❛❞❡s ❥✉st✐✜❝❛✲s❡ ♣❡❧❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❛

❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ✈✐st❛ ♣❡❧♦s r❡❧és R3 ❡ R4 q✉❡✱ ❝♦♠♦ ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✾✱ ♥ã♦ ❛♣r❡s❡♥t❛

✈❛r✐❛çõ❡s ❛♣ós ❛ s❛í❞❛ ❞❛s ❧✐♥❤❛s q✉❡ ✐♥t❡r❧✐❣❛♠ ❛s ❜❛rr❛s CPA ❡ CPD✳

P❛r❛ ♦ ❝❛s♦ ❛♥❛❧✐s❛❞♦ ❛s ❝♦rr❡♥t❡s ❞❡ ♣✐❝❦✲✉♣ ❞♦s r❡❧és R1✱ R2✱ R3 ❡ R4 ♦❜t✐❞❛s ♣♦r ♠❡✐♦

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

é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✷✶✳
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❋✐❣✉r❛ ✼✳✷✶✿ ❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛s ✉♥✐❞❛❞❡ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ♦❜t✐❞❛s ♣♦r ♠❡✐♦ ❞❛
té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✹ q✉❛♥❞♦ ♦❝♦rr❡ ❛ s❛í❞❛
❞❛s ❧✐♥❤❛s ❝♦♥❡❝t❛♠ ❛s ❜❛rr❛s CPA ❡ CPD✿ ✭✼✳✷✶✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✷✶✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✷✶✭❝✮✮ ❘❡❧é
✸✱ ✭✼✳✷✶✭❞✮✮ ❘❡❧é ✹✳

❆ ❋✐❣✉r❛ ✼✳✷✷ ♠♦str❛ q✉❡ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♦s q✉❛tr♦ r❡❧és ❡stã♦ ❝♦♦r❞❡♥❛❞♦s✳

❋❛❧t❛s ❢♦r❛♠ ❛♣❧✐❝❛❞❛s ❛♦ s✐st❡♠❛ ♦♣❡r❛♥❞♦ ❝♦♠ ♦s ❛❥✉st❡s ♦❜t✐❞♦s ♣❡❧♦s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s

❡ ♦s ♦❜t✐❞♦s ♣❡❧❛ té❝♥✐❝❛ ♣r♦♣♦st❛✳ ◆❛ ❋✐❣✉r❛ ✼✳✷✸ ♣♦❞❡✲s❡ ✈✐s✉❛❧✐③❛r ✉♠ ❡①tr❛t♦ ❞❛ ♦♣❡r❛çã♦

❞♦s ❞♦✐s s✐st❡♠❛s✳
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R1 − Adap

R2 − Adap

R3 − Adap

R4 − Adap

R1 − Trad

R2 − Trad

❋✐❣✉r❛ ✼✳✷✷✿ ❈♦♦r❞❡♥♦❣r❛♠❛ ❝♦♠♣❛r❛♥❞♦ ❛s ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ♣❛r❛ ♦s r❡❧é ✐♥st❛❧❛❞♦ ♥♦
s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✹ q✉❛♥❞♦ ❛ ♦❝♦rr❡ ❛ s❛í❞❛ ❞❛s ❧✐♥❤❛s q✉❡ ✐♥t❡r❧✐❣❛♠ ❛s ❜❛rr❛s
CPA ❡ CPD✳

❖ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ♣❛r❛ ❛❧❣✉♠❛s ❢❛❧t❛ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✷✸ ❡ ♥❛

❚❛❜❡❧❛ ✼✳✶✷✳ ❆tr❛✈és ❞♦ ❝♦♦r❞❡♥♦❣r❛♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✷✷✱ é ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r q✉❡ ♦s r❡s✉❧t❛❞♦s

♦❜t✐❞♦s ❛tr❛✈és ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♣❡r♠✐t❡♠ ❛ ❝♦♦r❞❡♥❛çã♦ ❡ ❛ s❡❧❡t✐✈✐❞❛❞❡ ❞❡ t♦❞♦s ♦s r❡❧és

❞❛ r❡❞❡✳

❚❛❜❡❧❛ ✼✳✶✷✿ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡
♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✹ ❛♣ós ♦ ❝✐r❝✉✐t♦
❞✉♣❧♦ q✉❡ ✐♥t❡r❧✐❣❛ ❛s ❜❛rr❛s CPA ❡ CPD✳

❋❛❧t❛ ❚r❛❞✐❝✐♦♥❛❧ Pr♦♣♦st♦

■♥t❡r♥❛ ❊①t❡r♥❛ ■♥t❡r♥❛ ❊①t❡r♥❛

▼♦♥♦❢ás❝✐❛s 53, 5% 97, 2% 100% 100%

❇✐❢ás✐❝❛s 91, 2% 95, 3% 100% 100%

❚r✐❢ás✐❝❛s 93, 6% 98, 6% 100% 100%

❆tr❛✈és ❞❛ ❛♥á❧✐s❡ ❞❛ ❋✐❣✉r❛ ✼✳✷✸ ♦❜s❡r✈❛✲s❡ q✉❡ ♣❛r❛ ❢❛❧t❛s ♥❛s ❧✐♥❤❛s ♣r♦t❡❣✐❞❛s ♣❡❧♦s r❡❧és

R1 ❡ R2✱ ♠♦❞✐✜❝❛çõ❡s ♥♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ sã♦ ✈❡r✐✜❝❛❞❛s✳ P❛r❛ ✉♠❛

❢❛❧t❛ tr✐❢ás✐❝❛ ♦❝♦rr✐❞❛ ❛ 70% ❞❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛ ♣♦r R1 ♦ r❡❧é ❛❥✉st❛❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ té❝♥✐❝❛

❛❞❛♣t❛t✐✈❛ ❝♦♥s❡❣✉❡ ❡❧✐♠✐♥❛r ❛ ❢❛❧t❛ ❡♠ s✉❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ q✉❡ ❝♦♥❢♦r♠❡ ✈✐st♦ ♥❛ ❋✐❣✉r❛

✼✳✷✵ ♣❛ss♦✉ ❛ ♦♣❡r❛r ♣❛r❛ ✉♠ ✈❛❧♦r ❞❡ ❛❧❝❛♥❝❡ ❡♠ t♦r♥♦ ❞❡ 85% ❞❛ ❧✐♥❤❛✳ ❏á ♦ ❞✐s♣♦s✐t✐✈♦
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❛❥✉st❛❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s✱ ♦♣❡r❛♥❞♦ ♣❛r❛ ✉♠ ❛❧❝❛♥❝❡ ❞❡ ❝❡r❝❛ ❞❡ 60%

♥ã♦ ❡❧✐♠✐♥❛ ❛ ❢❛❧t❛✳

❯♠❛ ❢❛❧t❛ ♠♦♥♦❢ás✐❝❛ ♥♦ ❧✐♠✐t❡ ❞❛ ③♦♥❛ ❞❡ ♦♣❡r❛çã♦ ❞♦ r❡❧é R2 ✭20% ❝♦♥❢♦r♠❡ ✈✐st♦ ♥❛

❋✐❣✉r❛ ✼✳✷✵✮ é ✉♠ ♦✉tr♦ ❝❛s♦ ♣❛r❛ ♦ q✉❛❧ ♦ ❞✐s♣♦s✐t✐✈♦ ❛❥✉st❛❞♦ ❝♦♠ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣♦r

♠❡✐♦ ❞❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ♥ã♦ é ❝❛♣❛③ ❞❡ ❡❧✐♠✐♥❛r ❛ ❝♦♥❞✐çã♦ ❛♥♦r♠❛❧✳ ❏á ♦ r❡❧é q✉❡ ♦♣❡r❛

❛❥✉st❛❞♦ ❝♦♠ ❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛✱ ❡❧✐♠✐♥❛ ❛ ❢❛❧t❛ ❛tr❛✈és ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡

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

◆♦s ❝❛s♦s ❡♠ q✉❡ ♥ã♦ ❤á ❛ ❡❧✐♠✐♥❛çã♦ ❞❛ ❢❛❧t❛ ♣❡❧❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡

✉♠❛ ♦✉tr❛ ✉♥✐❞❛❞❡ ❞❡✈❡r✐❛ ❡❧✐♠✐♥á✲❧❛✳ ◆❛ ♣rát✐❝❛ ❛ ✉♥✐❞❛❞❡ t❡♠♣♦r✐③❛❞❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡✱ ♦✉

✉♠❛ ♦✉tr❛ ❢✉♥çã♦✱ ❝♦♠♦ ❛ ❞❡ ❞✐stâ♥❝✐❛✱ ♣♦❞❡r✐❛♠ s❡r ✉t✐❧✐③❛❞❛s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❛rq✉✐t❡t✉r❛

❞❛ r❡❞❡✳ ❊♥tr❡t❛♥t♦✱ ♥♦ â♠❜✐t♦ ❞❡st❛ t❡s❡ ❝♦♥s✐❞❡r❛✲s❡ q✉❡ ❛♣❡♥❛s ❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡

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

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

s✐st❡♠❛ ❢♦ss❡ ♣r♦t❡❣✐❞♦ ♣♦r r❡❧és ❛❥✉st❛❞♦s ♣♦r ♠❡✐♦ ❞❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s✳
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Falta monofásica a 20% da linha TBM-PCA
R1 = 1415 A R2 = 4803 A R3 = -     R4 = -
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Falta monofásica a 27,5% da linha TBM-PCA
R1 = 1160 A R2 = 4080 A R3 = -     R4 = -
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Falta trifásica na barra TBM
R1 = 6050 A R2 = 24180 A R3 = -    R4 = -
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Falta trifásica a 12% da linha PCA-TDB
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❋✐❣✉r❛ ✼✳✷✸✿ ❆t✉❛çã♦ ❞♦s r❡❧és ❛❥✉st❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❡ ❝♦♠ ❛ té❝♥✐❝❛
❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✹ ❛♣ós ♦ ❝✐r❝✉✐t♦ ❞✉♣❧♦ q✉❡ ✐♥t❡r❧✐❣❛
❛s ❜❛rr❛s CPA ❡ CPD✳

✼✳✷✳✷✳✸ ❆❝rés❝✐♠♦ ❞❛ P♦tê♥❝✐❛ ❞❡ ❈❛r❣❛ ■♥st❛❧❛❞❛

▼♦❞✐✜❝❛çõ❡s ♥♦ ♣❡r✜❧ ❞❡ ❝❛r❣❛ ❞♦ s✐st❡♠❛ sã♦ ❢❡♥ô♠❡♥♦s ❝♦♠✉♥s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦s s✐s✲

t❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦✳ ◆❡ss❡s ❝❛s♦s✱ ✈❛r✐❛çõ❡s ♥❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ❞♦ s✐st❡♠❛ sã♦ ✈❡r✐✜❝❛❞❛s

❡✱ ❡♠ ❛❧❣✉♥s ❝❛s♦s✱ t❛♠❜é♠ ♠♦❞✐✜❝❛çõ❡s ♥♦s ❡q✉✐✈❛❧❡♥t❡s ❞❡ r❡❞❡✳

❆ ✐❞❡♥t✐✜❝❛çã♦ ❞❛s ♠✉❞❛♥ç❛s ♦♣❡r❛❝✐♦♥❛✐s ♥❛ r❡❞❡ ❡❧étr✐❝❛ é ❢❡✐t❛ ❛tr❛✈és ❞♦ ❜❧♦❝♦ ❛♥❛❧ó❣✐❝♦

❞♦ ❈❈❙✱ ❝♦♥❢♦r♠❡ ✈✐st♦ ♥❛ s❡çã♦ ✻✳✸✳

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

♣♦tê♥❝✐❛ ❞❛ ❝❛r❣❛ ✐♥st❛❧❛❞❛ ♥❛ ❜❛rr❛ CTO ❞♦ s✐st❡♠❛ ♠♦str❛❞♦ ❞❛ ❋✐❣✉r❛ ✼✳✶✹ ❢♦r❛♠ r❡❛❧✐③❛❞❛s✳

◆❛ ❋✐❣✉r❛ ✼✳✷✹ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❛♠♣❧✐t✉❞❡s ❞♦s ❢❛s♦r❡s ❞❡ ❝♦rr❡♥t❡ ✈✐st♦s ♣♦r ❝❛❞❛ ✉♠ ❞♦s

q✉❛tr♦ r❡❧és q✉❡ ♣r♦t❡❣❡♠ ❛ r❡❞❡✳
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❋✐❣✉r❛ ✼✳✷✹✿ ❈♦rr❡♥t❡ ✈✐st❛ ♣❡❧♦s r❡❧és q✉❡ ♣r♦t❡❣❡ ♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✹ ❛♣ós
♠♦❞✐✜❝❛çõ❡s ♥❛ ♣♦tê♥❝✐❛ ❞❛ ❝❛r❣❛ ✐♥st❛❧❛❞❛ ♥❛ ❜❛rr❛ CTO✳

❆ ♠✉❞❛♥ç❛ ♥❛ ♣♦tê♥❝✐❛ ❞❛ ❝❛r❣❛ ✐♥st❛❧❛❞❛ ♥❛ ❜❛rr❛ CTO ♣♦❞❡ ♣r♦✈♦❝❛r ♠♦❞✐✜❝❛çõ❡s ♥♦s

❛❥✉st❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞❛ r❡❞❡✳ ❊♥tr❡t❛♥t♦✱ ❛ ♠✉❞❛♥ç❛ r❡❢❡r✐❞❛ ❛❝❛rr❡t❛ t❛♠❜é♠

♠✉❞❛♥ç❛s ♥♦s ❡q✉✐✈❛❧❡♥t❡s ❞❡ r❡❞❡ ♥♦ ♣♦♥t♦ ❞❡ ✐♥st❛❧❛çã♦ ❞♦s r❡❧és✳ ❆ ❋✐❣✉r❛ ✼✳✷✺ ❛♣❡s❡♥t❛ ❛s

♠♦❞✐✜❝❛çõ❡s ♥❛ ✐♠♣❡❞â♥❝✐❛ ❞❡ r❡❞❡ ♣❛r❛ ♦s q✉❛tr♦ ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦✳
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❋✐❣✉r❛ ✼✳✷✺✿ ■♠♣❡❞â♥❝✐❛s ✈✐st❛s ♣❡❧♦s r❡❧és ❝♦♠ ❛s ♠♦❞✐✜❝❛çõ❡s ♥❛ ♣♦tê♥❝✐❛ ❞❛ ❝❛r❣❛ ✐♥st❛❧❛❞❛
♥❛ ❜❛rr❛ CTO ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✹ s❡♠ ♥❡♥❤✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥❛ r❡❞❡✿ ✭✼✳✷✺✭❛✮✮ ❘❡❧é
✶✱ ✭✼✳✷✺✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✷✺✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✷✺✭❞✮✮ ❘❡❧é ✹✳

❈♦♥s✐❞❡r❛♥❞♦ ❛ ❞✐♠✐♥✉✐çã♦ ✈❡r✐✜❝❛❞❛ ♥❛ ✐♠♣❡❞â♥❝✐❛ ❡q✉✐✈❛❧❡♥t❡ ✈✐st❛ ♣❡❧♦s ❞✐s♣♦s✐t✐✈♦s ❞❡

♣r♦t❡çã♦✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♦❜t❡✈❡ ❛s ❝♦rr❡♥t❡s ❞❡ ♣✐❝❦✲✉♣ ♠♦str❛❞❛s ♥❛ ❋✐❣✉r❛ ✼✳✷✻✳
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❋✐❣✉r❛ ✼✳✷✻✿ ❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛s ✉♥✐❞❛❞❡ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ♦❜t✐❞❛s ♣♦r ♠❡✐♦
❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✹ ♣❛r❛ ♠♦❞✐✜❝❛çõ❡s
♥❛ ♣♦tê♥❝✐❛ ❞❛ ❝❛r❣❛ ✐♥st❛❧❛❞❛ ♥❛ ❜❛rr❛ CTO✿ ✭✼✳✷✻✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✷✻✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✷✻✭❝✮✮ ❘❡❧é
✸✱ ✭✼✳✷✻✭❞✮✮ ❘❡❧é ✹✳

❖ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❢r❡♥t❡ ❛❧❣✉♠❛s s✐t✉❛çõ❡s ❞❡ ❢❛❧t❛ é ♠♦str❛❞♦ ♥❛

❋✐❣✉r❛ ✼✳✷✼ ❡ ♥❛ ❚❛❜❡❧❛ ✼✳✶✸✳ ❈♦♠♦ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r✱ ♣❛r❛ ♦s r❡❧és R2 ❡ R3 ♦❝♦rr❡ ✉♠❛

❧❡✈❡ ❡❧❡✈❛çã♦ ♥♦ ✈❛❧♦r ❞❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ♦ q✉❡ t♦r♥❛ ❛ ③♦♥❛ ❞❡ ♣r♦t❡çã♦ ❞❛ ✉♥✐❞❛❞❡

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

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

❞❡ ❝❛❞❛ r❡❧é✳
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❚❛❜❡❧❛ ✼✳✶✸✿ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡ ♦
♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✹ ❛♣ós ♠♦❞✐✜❝❛çã♦
♥❛ ♣♦tê♥❝✐❛ ❞❛ ❝❛r❣❛ ✐♥st❛❧❛❞❛ ♥❛ ❜❛rr❛ CTO✳

❋❛❧t❛ ❚r❛❞✐❝✐♦♥❛❧ Pr♦♣♦st♦

■♥t❡r♥❛ ❊①t❡r♥❛ ■♥t❡r♥❛ ❊①t❡r♥❛

▼♦♥♦❢ás❝✐❛s 100% 100% 100% 100%

❇✐❢ás✐❝❛s 100% 100% 100% 100%

❚r✐❢ás✐❝❛s 100% 100% 100% 100%

Falta bifásica  10% da linha TBM-PCA
R1 = 3400 A R2 = 11800 A R3 = -     R4 = -
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Falta trifásica  10% da linha TBM-PCA
R1 = 3615 A R2 = 13870 A R3 = -     R4 = -
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Falta monofásica  70% da linha PCA-TDB
R1 = 740 A R2 = 1550 A R3 = 1470 A R4 = -
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Falta trifásica  70% da linha PCA-TDB
R1 = 960 A R2 = 2533 A R3 = 2500 A R4 = -
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Falta bifásica  na barra PNO

R1 = 1362 A R2 = 796 A R3 = 455 A R4 = 188 A
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Falta trifásica a 50% da linha TDB-CTO
R1 = 799 A R2 = 1810 A R3 = 1700 A R4 = 1685 A
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Falta trifásica a 12% da liha PCA-TDB

R1 = 915 A R2 = 2790 A R3 = 2650 A R4 = -
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Falta trifásica a 20% da linha TDB-CTO
R1 = 800 A R2 = 1810 A R3 = 1650 A R4 = 1685 A

T
ri

p
 (

R
1

)
T
ri

p
 (

R
2

)
T
ri

p
 (

R
3

)
T
ri

p
 (

R
4

)

Tempo (ms)

Falta monofásica a 60% da linha MCO-TBM
R1 = 22.125 A R2 = -     R3 = -     R4 = -
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Tradicional Adaptativo

❋✐❣✉r❛ ✼✳✷✼✿ ❆t✉❛çã♦ ❞♦s r❡❧és ❛❥✉st❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❡ ❝♦♠ ❛ té❝♥✐❝❛
❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✹ ❛♣ós ♠♦❞✐✜❝❛çã♦ ♥❛ ♣♦tê♥❝✐❛ ❞❛
❝❛r❣❛ ✐♥st❛❧❛❞❛ ♥❛ ❜❛rr❛ CTO✳



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✶✶✼

✼✳✷✳✷✳✹ ❉✐♠✐♥✉✐çã♦ ❞❛ P♦tê♥❝✐❛ ❞❡ ❈❛r❣❛

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

❞❡ 50% ♥❛ ♣♦tê♥❝✐❛ ❞❛s ❝❛r❣❛s ✐♥st❛❧❛❞❛s ♥❛s ❜❛rr❛s TBM ❡ PJA ❞♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛

❋✐❣✉r❛ ✼✳✶✹ ❢♦✐ r❡❛❧✐③❛❞❛✳

❆ ❋✐❣✉r❛ ✼✳✷✽ ❛♣r❡s❡♥t❛ ❛ ❛♠♣❧✐t✉❞❡ ❞♦s ❢❛s♦r❡s ❞❡ ❝♦rr❡♥t❡ ✈✐st❛s ♣❡❧♦s q✉❛tr♦ ❞✐s♣♦s✐t✐✈♦s

❞❡ ♣r♦t❡çã♦ ❝♦♥❡❝t❛❞♦ à r❡❞❡✳
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❋✐❣✉r❛ ✼✳✷✽✿ ❈♦rr❡♥t❡ ✈✐st❛ ♣❡❧♦s r❡❧és q✉❡ ♣r♦t❡❣❡ ♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✹ ❛♣ós
❞✐♠✐♥✉✐çã♦ ♥❛ ♣♦tê♥❝✐❛ ❞❛s ❝❛r❣❛s ✐♥st❛❧❛❞❛s ♥❛s ❜❛rr❛s TBM ❡ PJA✳

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

é ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛ ✼✳✷✾✳ ❆ ❛♥á❧✐s❡ ❞❡ ✜❣✉r❛ ♣❡r♠✐t❡ ♦❜s❡r✈❛r q✉❡ ❛ ❝♦♦r❞❡♥❛çã♦ ❡♥tr❡ ♦s

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

r❡❞❡✳ ◆❛ ❋✐❣✉r❛ ✼✳✷✾ é ♠♦str❛❞♦ ✉♠ r❡s✉♠♦ ❞❡ ♦♣❡r❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❛❥✉st❛❞♦s

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

♥♦ s✐st❡♠❛✳
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✭❞✮

❋✐❣✉r❛ ✼✳✷✾✿ ❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞❛s ✉♥✐❞❛❞❡ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ♦❜t✐❞❛s ♣♦r ♠❡✐♦
❞❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✹ ❛♣ós ❛ ❞✐♠✐♥✉✐çã♦
♥❛ ♣♦tê♥❝✐❛ ❞❛ ❝❛r❣❛ ✐♥st❛❧❛❞❛ ♥❛s ❜❛rr❛s TBM ❡ PJA✿ ✭✼✳✷✾✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✷✾✭❜✮✮ ❘❡❧é ✷✱
✭✼✳✷✾✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✷✾✭❞✮✮ ❘❡❧é ✹✳

❆ss✐♠ ❝♦♠♦ ♥♦ ❝❛s♦ ❞♦ ❛✉♠❡♥t♦ ❞❛ ♣♦tê♥❝✐❛ ❞❡ ❝❛r❣❛ ✐♥st❛❧❛❞❛ ♥♦ s✐st❡♠❛✱ ♥ã♦ ❢♦r❛♠

✈❡r✐✜❝❛❞❛s ❣r❛♥❞❡s ✈❛r✐❛çõ❡s ♥♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ♥♦ ❝❛s♦ ❞❛ ❞✐♠✐♥✉✐çã♦

♥❛ ♣♦tê♥❝✐❛ ♠♦str❛❞❛✳ ▼❡s♠♦ ❤❛✈❡♥❞♦ ✉♠❛ r❡❞✉çã♦ ❞❡ 50% ♥❛ ♣♦tê♥❝✐❛ ❞❛ ❝❛r❣❛ ✐♥st❛❧❛❞❛ ❡♠

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

❝♦♠ ❛s té❝♥✐❝❛s ❛❞❛♣t❛t✐✈❛s é ❝❛♣❛③ ❞❡ ♠❛♥t❡r ❛ ❝♦♦r❞❡♥❛çã♦ ❡♥tr❡ ♦s q✉❛tr♦ ❞✐s♣♦s✐t✐✈♦s ❞♦

s✐st❡♠❛ ❝♦♥❢♦r♠❡ ✈❡r✐✜❝❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✸✵ ❡ ♥❛ ❚❛❜❡❧❛ ✼✳✶✹✳

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

❞❡s ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❛♣r❡s❡♥t❛ ✉♠ s♦❜r❡✲❛❧❝❛♥❝❡ q✉❡ ❛❝❛rr❡t♦✉ ❛ ♥ã♦ ❛t✉❛çã♦ ❞♦

❞✐s♣♦s✐t✐✈♦ ♦♣❡r❛♥❞♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ♣❛r❛ ✉♠❛ ❢❛❧t❛ ♠♦♥♦❢ás✐❝❛ ❛ 80%

❞❛ ❧✐♥❤❛ q✉❡ ✐♥t❡r❧✐❣❛ ❛s ❜❛rr❛s TDB ❡ CTO✳



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✶✶✾

❚❛❜❡❧❛ ✼✳✶✹✿ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡
♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✶✹ ❛♣ós ❞✐♠✐♥✉✐çã♦
♥❛ ♣♦tê♥❝✐❛ ❞❛s ❝❛r❣❛s ✐♥st❛❧❛❞❛s ♥❛s ❜❛rr❛s TBM ❡ PJA✳

❋❛❧t❛ ❚r❛❞✐❝✐♦♥❛❧ Pr♦♣♦st♦

■♥t❡r♥❛ ❊①t❡r♥❛ ■♥t❡r♥❛ ❊①t❡r♥❛

▼♦♥♦❢ás❝✐❛s 100% 100% 100% 100%

❇✐❢ás✐❝❛s 100% 100% 100% 100%

❚r✐❢ás✐❝❛s 100% 100% 100% 100%

Falta monofásica 10% da linha PCA-TDB
R1 = 759 A R2 = 1907 A R3 = 1890 A R4 = -
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Falta trifásica  53% da linha TBM-PCA
R1 = 1496 A R2 = 5036 A R3 = -     R4 = -
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Falta monofásica  16% da linha TBM-PCA
R1 = 1465 A R2 = 5345 A R3 = -     R4 = -
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Falta monofásica  na barra TBM
R1 = 1931 A R2 = -    R3 = -     R4 = -
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Falta bifásica a 20% na linha TDB-CTO

R1 = 810 A R2 = 1690 A R3 = 1452 A R4 = 1540A
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Falta mofásica a 50% da linha TDB-CTO
R1 = 649 A R2 = 1348 A R3 = 1224 A R4 = 1200 A
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Falta bifásica a 50% da linha PCA-TDB

R1 = 875 A R2 = 2027 A R3 = 1995 A R4 = -
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Falta monofásica a 80% da linha TDB-CTO
R1 = 640 A R2 = 1300 A R3 = 1165 A R4 = 1131 A
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Falta trifásica a 90% da linha PCA-TDB
R1 = 800 A R2 = 2042 A R3 = 1960 A R4 = -
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Tradicional Adaptativo

❋✐❣✉r❛ ✼✳✸✵✿ ❆t✉❛çã♦ ❞♦s r❡❧és ❛❥✉st❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❡ ❝♦♠ ❛ té❝♥✐❝❛
❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✶✹ ❛♣ós ❞✐♠✐♥✉✐çã♦ ♥❛ ♣♦tê♥❝✐❛ ❞❛s
❝❛r❣❛s ✐♥st❛❧❛❞❛s ♥❛s ❜❛rr❛s TBM ❡ PJA✳



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✶✷✵

✼✳✸ ❙■❙❚❊▼❆ ❉❊ ❉■❙❚❘■❇❯■➬➹❖ ❈❖▼ ●❊❘❆➬➹❖ ❉■❙❚❘■❇❯❮❉❆

❆ ❛♥á❧✐s❡ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st♦ ♣❛r❛ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❝♦♠

❛ ♣r❡s❡♥ç❛ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ❢♦✐ r❡❛❧✐③❛❞❛ t❛♠❜é♠ ✉t✐❧✐③❛♥❞♦ ✉♠ s✐st❡♠❛ ❜❛s❡❛❞♦ ♥♦

❘❡❣✐♦♥❛❧ ▼❛❝❡✐ó ♦♣❡r❛❞♦ ♣❡❧❛ ❊❉❆▲✳ ❖ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✸✶✳

❖ s✐st❡♠❛ ♣r♦♣♦st♦ é ❢♦r♠❛❞♦ ♣♦r 11 ❜❛rr❛s✱ 21 ❧✐♥❤❛s ❡ ♣♦tê♥❝✐❛ ✐♥st❛❧❛❞❛ ❞❡ 265MVA✳

❉✉❛s ✉♥✐❞❛❞❡s ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ❝♦♥❡❝t❛♠✲s❡ ❛♦ s✐st❡♠❛ ❛tr❛✈és ❞❛s ❜❛rr❛s CPC ❡ CZA

❡ sã♦ ❝❛♣❛③❡s ❞❡ s✉♣r✐r ❡♠ t♦r♥♦ ❞❡ 40% ❞❛ ❝❛r❣❛ t♦t❛❧ ❞♦ ♠❡s♠♦✳

❆ ♣r♦t❡çã♦ ❞❛ r❡❞❡ é r❡❛❧✐③❛❞❛ ♣♦r ♠❡✐♦ ❞❡ s❡✐s ❞✐s♣♦s✐t✐✈♦s ❞✐r❡❝✐♦♥❛✐s ❞❡ s♦❜r❡❝♦rr❡♥t❡

✐♥st❛♥tâ♥❡❛ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✸✶✳

R1 R2

R3

R5

R4

R6

MCO-CHESF

PCA

TBM

TDB

PNO

CTO

CZA

BBE

PJA

CPC

❋✐❣✉r❛ ✼✳✸✶✿ ❙✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ ❝♦♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ✉t✐❧✐③❛❞♦ ♣❛r❛ t❡st❡s✳

✼✳✸✳✶ ❆♥á❧✐s❡ ❡♠ ❘❡❣✐♠❡ P❡r♠❛♥❡♥t❡ ✭❙❡♠ ▼♦❞✐✜❝❛çõ❡s ♥♦ ❙✐st❡♠❛✮

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

✐♥✐❝✐♦✉✲s❡ ❝♦♠ ✉♠❛ ❛♥á❧✐s❡ ♥❛ q✉❛❧ ♥ã♦ ♦❝♦rr❡ ♥❡♥❤✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥❛ r❡❞❡✱ ❡st❛♥❞♦ ❡st❛

♦♣❡r❛♥❞♦ ❝♦♥❢♦r♠❡ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✸✶✳



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✶✷✶

❆ ❛✈❛❧✐❛çã♦ ❞♦ ❝á❧❝✉❧♦ ♦♥❧✐♥❡ ❞♦s ❡q✉✐✈❛❧❡♥t❡s ❞❡ r❡❞❡ ✈✐st♦s ♣♦r ❝❛❞❛ r❡❧é ❢♦✐ r❡❛❧✐③❛❞♦ ✉t✐✲

❧✐③❛♥❞♦ ❝♦♠♦ ♣❛râ♠❡tr♦ ♦s ❞❛❞♦s ♦❜t✐❞♦s ✉t✐❧✐③❛♥❞♦ ♦ s♦❢t✇❛r❡ ❈❆P❊✳ ❈♦♥❢♦r♠❡ ✈❡r✐✜❝❛❞♦ ♥❛

❚❛❜❡❧❛ ✼✳✶✺ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♥ã♦ ❛♣r❡s❡♥t❛♠ ❣r❛♥❞❡s ❞✐s❝r❡♣â♥❝✐❛s

❝♦♠ r❡❧❛çã♦ ❛♦s r❡s✉❧t❛❞♦s ❞♦ ❈❆P❊✳

❚❛❜❡❧❛ ✼✳✶✺✿ ❈♦♠♣❛r❛çã♦ ❞❛ ❞❡t❡r♠✐♥❛çã♦ ♦♥❧✐♥❡ ❞♦s ❡q✉✐✈❛❧❡♥t❡s ❡♥tr❡ ❛ té❝♥✐❝❛ ♦♥❧✐♥❡ ✉t✐❧✐✲
③❛❞❛ ❡ ♦s r❡s✉❧t❛❞♦s ❞✐s♣♦♥✐❜✐❧✐③❛❞♦s ♣❡❧♦ ❈❆P❊✳

❘❡❧é

❈❆P❊ ✭♣✉✮ Pr♦♣♦st♦ ✭♣✉✮

❚❡♥sã♦ ■♠♣❡❞â♥❝✐❛ ❚❡♥sã♦ ■♠♣❡❞â♥❝✐❛

▲♦❝❛❧ ❘❡♠♦t♦ ▲♦❝❛❧ ❘❡♠♦t♦ ▲♦❝❛❧ ❘❡♠♦t♦ ▲♦❝❛❧ ❘❡♠♦t♦

R1 1, 02+ 0, 998+ 0, 0022+ 0, 0086+ 1, 024+ 0, 999+ 0, 0022+ 0, 0085+

j 0, 056 j 0, 157 j 0, 0195 j 0, 0422 j 0, 057 j 0, 158 j 0, 0196 j 0, 0424

R2 0, 998+ 0, 984+ 0, 0086+ 0, 0167+ 0, 997+ 0, 987+ 0, 0086+ 0, 0167+

j 0, 157 j 0, 256 j 0, 0422 j 0, 0625 j 0, 158 j 0, 255 j 0, 0422 j 0, 0625

R3 0, 984+ 0, 967+ 0, 0167+ 0, 0124+ 0, 984+ 0, 967+ 0, 0166+ 0.0125+

j 0, 256 j 0, 287 j 0, 0625 j 0, 0584 j 0, 256 j 0, 287 j 0, 0624 j 0.0585

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

♦s r❡❧és q✉❡ ❝♦♠♣õ❡♠ ♦ s✐st❡♠❛ sã♦ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✼✳✶✻✳ ❆tr❛✈és ❞❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛

♣r♦♣♦st❛ ♦s r❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❛❧❝❛♥❝❡ sã♦ ♠♦str❛❞♦s ♥❛ ❋✐❣✉r❛ ✼✳✸✷✳

❚❛❜❡❧❛ ✼✳✶✻✿ ❘❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦✳

❘❡❧é h (%) Ipick−up(A)

R1
▲♦❝❛❧ 86 1842

❘❡♠♦t♦ 36 2973

R2
▲♦❝❛❧ 42 3395

❘❡♠♦t♦ 38 2378

R3
▲♦❝❛❧ 25 2814

❘❡♠♦t♦ 40 3200
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✭❢✮

❋✐❣✉r❛ ✼✳✸✷✿ ❆❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ♦❜t✐❞❛s ♣♦r ♠❡✐♦ ❞❛ té❝♥✐❝❛
tr❛❞✐❝✐♦♥❛❧ ❡ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✸✶ q✉❛♥❞♦ ♥❡♥❤✉♠❛ ♠♦❞✐✜❝❛çã♦
♦❝♦rr❡ ♥❛ r❡❞❡✿ ✭✼✳✸✷✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✸✷✭❜✮✮ ❘❡❧é ✷✱ ✭✼✳✸✷✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✸✷✭❞✮✮ ❘❡❧é ✹✱ ✭✼✳✸✷✭❡✮✮
❘❡❧é ✺✱ ✭✼✳✸✷✭❢✮✮ ❘❡❧é ✻✳

❈♦♥❢♦r♠❡ ♦❜s❡r✈❛✲s❡ ♥❛ ❋✐❣✉r❛ ✼✳✸✷ ♥ã♦ sã♦ ✈❡r✐✜❝❛❞❛s ♠♦❞✐✜❝❛çõ❡s ✐♠♣♦rt❛♥t❡s ❡♥tr❡ ♦s

r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❡ ❛ té❝♥✐❝❛ ♣r♦♣♦st❛✳ ❋❛❧t❛s ❢♦r❛♠ ❛♣❧✐❝❛❞❛s ♥♦

s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✸✶ ❛✜♠ ❞❡ ✈❡r✐✜❝❛r ❛ ❛♥á❧✐s❡ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❡ s❡❧❡t✐✈✐❞❛❞❡ ❞♦s ❛❥✉st❡s



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✶✷✸

♦❜t✐❞♦s✳ ❖ r❡s✉❧t❛❞♦ ❞❛ ❛t✉❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✸✸ ❡ ✉♠

❝♦♠♣❛r❛t✐✈♦ ❡st❛tíst✐❝♦ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❚❛❜❡❧❛ ✼✳✶✼✳

❚❛❜❡❧❛ ✼✳✶✼✿ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡
♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✸✶ ♦♣❡r❛♥❞♦ s❡♠
♥❡♥❤✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥❛ r❡❞❡✳

❋❛❧t❛ ❚r❛❞✐❝✐♦♥❛❧ Pr♦♣♦st♦

■♥t❡r♥❛ ❊①t❡r♥❛ ■♥t❡r♥❛ ❊①t❡r♥❛

▼♦♥♦❢ás❝✐❛s 100% 100% 100% 100%

❇✐❢ás✐❝❛s 100% 100% 100% 100%

❚r✐❢ás✐❝❛s 100% 100% 100% 100%

Time (ms)

Phase to Ground at 0% PCA-CPC line
R1L = 1729 @ -72° A R2L = 895 @ 104° A R3L = 1791 @ 104° A
R1R = 1729 @ 108° A R2L = 895 @ -76° A R3L = 1791 @ -76° A
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Double line to ground at 65% PCA-TDB line 1
R1L = 653 @ -46° A R2L = 2475 @ 143° A R3L = 1695 @ 125° A
R1R = 653 @ 134° A R2L = 2447 @ -54° A R3L = 1695 @ -55° A
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Three-phase to Ground at 50% TBM-PCA line 1
R1L = 3603 @ -72° A R2L = 244 @ 110° A R3L = 488 @ 110° A
R1R = 2770 @ -73° A R2L = 244 @ -70° A R3L = 488 @ -70° A
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Three-phase to Ground at 40% TDB-CTO line
R1L = 534 @ -65° A R2L = 1512 @ -73° A R3L = 3024 @ -73° A

R1R = 534 @ 115° A R2L = 1512 @ 107° A R3L = 3336 @ -78° A
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Line to line at 25% PCA-CPC line 1
R1L = 901 @ -38° A R2L = 4438 @ -45° A R3L = 1447 @ 136° A
R1R = 951 @ 142° A R2L = 1461 @ -45° A R3L = 1447 @ 44° A
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Line to ground at CPD bus
R1L = 691 @ -78° A R2L = 362 @ 99° A R3L = 725 @ 99° A
R1R = 691 @ -78° A R2L = 362 @ 99° A R3L = 725 @ 99° A
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Traditional Proposed

❋✐❣✉r❛ ✼✳✸✸✿ ❘❡s✉♠♦ ❞❛ ♣❡r❢♦r♠❛♥❝❡ ❞❡ ♦♣❡r❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞♦ s✐st❡♠❛ ❞❛
❋✐❣✉r❛ ✼✳✸✶ ♦♣❡r❛♥❞♦ s❡♠ ♥❡♥❤✉♠❛ ♠♦❞✐✜❝❛çã♦ ♥❛ r❡❞❡✳
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✼✳✸✳✷ ❙❛í❞❛ ❞❡ ▲✐♥❤❛ ❞♦ ❙✐st❡♠❛

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

❢♦✐ ❛♥❛❧✐s❛❞❛ ❛tr❛✈és ❞❛ s✐♠✉❧❛çã♦ ❞❛ s❛í❞❛ ❞❡ ✉♠❛ ❞❛s ❧✐♥❤❛s q✉❡ ✐♥t❡r❧✐❣❛♠ ❛s ❜❛rr❛s TBM ❡

PCA✳ ❆tr❛✈és ❞❛s ❧✐♥❤❛s ❡♥tr❡ TBM ❡ PCA ❞✉❛s ✐♠♣♦rt❛♥t❡s ❜❛rr❛s ❞❡ ❝❛r❣❛ sã♦ ❝♦♥❡❝t❛❞❛s

❛♦ s✐st❡♠❛✱ ❛s ❜❛rr❛s CPC ❡ CPD✳ ❆✐♥❞❛ ♥❛s ♣r♦①✐♠✐❞❛❞❡s ❞❛ ❧✐♥❤❛ r❡t✐r❛❞❛✱ ❤á ❛ ❝♦♥❡①ã♦

❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ✐♥st❛❧❛❞❛ ♥❛ ❜❛rr❛ CPC✳ ❆ s❛í❞❛ ❞❛ ❧✐♥❤❛ ❛❝❛rr❡t❛ ✉♠ ❛✉♠❡♥t♦ ❝♦♥✲

s✐❞❡rá✈❡❧ ♥❛ ❝♦rr❡♥t❡ q✉❡ ✢✉✐ ♣❡❧♦s s❡✐s r❡❧és q✉❡ ♣r♦t❡❣❡♠ ❛ r❡❞❡✱ ❝♦♥❢♦r♠❡ ✈✐st♦ ♥❛ ❋✐❣✉r❛

✼✳✸✹✳
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❋✐❣✉r❛ ✼✳✸✹✿ ❈♦rr❡♥t❡ ✈✐st❛ ♣❡❧♦s r❡❧és ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✸✶ ❝♦♠ ❛ s❛í❞❛ ❞❡ ✉♠❛ ❞❛s ❧✐♥❤❛s
q✉❡ ✐♥t❡r❧✐❣❛♠ ❛s ❜❛rr❛s TBM ❡ PCA✿ ✭✼✳✸✹✭❛✮✮ ❘❡❧é ✶ ❡ ✷✱ ✭✼✳✸✹✭❜✮✮ ❘❡❧é ✸ ❡ ✹✱ ✭✼✳✸✹✭❝✮✮ ❘❡❧é
✺ ❡ ✻✳

❆♣❡s❛r ❞❡ ♥ã♦ ❤❛✈❡r ♠♦❞✐✜❝❛çõ❡s ❝♦♥s✐❞❡rá✈❡✐s ♥❛ ❝♦rr❡♥t❡ ✈✐st❛ ♣❡❧♦ r❡❧é R1✱ ❛ ✐♠♣❡❞â♥❝✐❛

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

✐♥st❛♥tâ♥❡❛s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❛ss✉♠❛♠ ♦s ✈❛❧♦r❡s ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✼✳✶✽✳



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✶✷✺

❚❛❜❡❧❛ ✼✳✶✽✿ ❘❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣❛r❛ q✉❛♥❞♦ ❞❛ s❛í❞❛ ❞❡ ✉♠❛ ❞❛s
❧✐♥❤❛s q✉❡ ✐♥t❡r❧✐❣❛♠ ❛s ❜❛rr❛s TBM ❡ PCA✳

❘❡❧é h (%) Ipick−up(A)

R1
▲♦❝❛❧ 64 2579

❘❡♠♦t♦ 36 2790

R2
▲♦❝❛❧ 45 3120

❘❡♠♦t♦ 43 2300

R3
▲♦❝❛❧ 33 2641

❘❡♠♦t♦ 40 3447

◆❛ ❋✐❣✉r❛ ✼✳✸✺ é ❛♣r❡s❡♥t❛❞♦ ❛ ❡✈♦❧✉çã♦ ❞❛s ❝♦rr❡♥t❡s ❞❡ ♣✐❝❦✲✉♣ ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s

❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞♦s ❞✐s♣♦s✐t✐✈♦s q✉❡ ♣r♦t❡❣❡♠ ❛ r❡❞❡ ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛ ✼✳✸✶✳

❈♦♠♣❛r❛♥❞♦✲s❡ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦ ♥❛s ❚❛❜❡❧❛s ✼✳✶✻ ❡ ✼✳✶✽ ♦❜s❡r✈❛✲s❡ q✉❡ ❝♦♥s✐❞❡✲

rá✈❡✐s ♠♦❞✐✜❝❛çõ❡s ♦❝♦rr❡♠ ♥♦s ❛❧❝❛♥❝❡s ❞❛s ✉♥✐❞❛❞❡s ✐♥st❛♥tâ♥❡❛s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞♦s r❡❧és

R1✱ R4 ❡ R5✳ ❈♦♠ ✐ss♦✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❞❡✈❡ ❛♣r❡s❡♥t❛r r❡❧❡✈❛♥t❡s ♠♦✲

❞✐✜❝❛çõ❡s q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛s ❛s ❛t✉❛çõ❡s ❞♦s ❞✐s♣♦s✐t✐✈♦s ❛❥✉st❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s té❝♥✐❝❛s

tr❛❞✐❝✐♦♥❛✐s ❡ ❝♦♠ ❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛✳ ❊ss❛ ❝♦♠♣❛r❛çã♦ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✼✳✸✻✳

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

t❛♥tâ♥❡❛ ❞♦ r❡❧é R1✳ P❛r❛ ♦ s✐st❡♠❛ q✉❡ ♦♣❡r❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❞❡

❝♦♦r❞❡♥❛çã♦✱ ❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞♦ ❞✐s♣♦s✐t✐✈♦ ❝♦rr❡s♣♦♥❞❡ à ✉♠ ❛❧❝❛♥❝❡ ❞❡ ❝❡r❝❛ ❞❡ 91% ❞❛

❧✐♥❤❛ TBM − PCA✳ ❈♦♥❢♦r♠❡ ✈❡r✐✜❝❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✳✸✻ ♦ ❞✐s♣♦s✐t✐✈♦ q✉❡ ♦♣❡r❛ ❝♦♦r❞❡♥❛❞♦

✉t✐❧✐③❛♥❞♦ ❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❛t✉❛ ♣❛r❛ ✉♠❛ ❢❛❧t❛ ❜✐❢ás✐❝❛ ♥❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛✳ ❆s té❝♥✐✲

❝❛s tr❛❞✐❝✐♦♥❛✐s ❞❡ ♣r♦t❡çã♦ ❛✐♥❞❛ ❢❛③❡♠ ❝♦♠ q✉❡ ♦ r❡❧é R1 ❛t✉❡ ♣❛r❛ ✉♠❛ ❢❛❧t❛ tr✐❢ás✐❝❛ ♥❛

❜❛rr❛ CPD✱ ♣r♦✈♦❝❛♥❞♦ ❛ss✐♠✱ ❛ ♣❡r❞❛ ❞❛ s❡❧❡t✐✈✐❞❛❞❡ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦✳ P❛r❛ ♦s ❝❛s♦s

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

♠❛♥t❡♥❞♦ ❛ ❝♦♦r❞❡♥❛çã♦ ❡ ❛ s❡❧❡t✐✈✐❞❛❞❡ ♥❛ r❡❞❡✳
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❋✐❣✉r❛ ✼✳✸✺✿ ❊✈♦❧✉çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ❞♦s r❡❧és ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✸✶ q✉❛♥❞♦ ❞❛
s❛í❞❛ ❞❡ ✉♠❛ ❞❛s ❧✐♥❤❛s q✉❡ ✐♥t❡r❧✐❣❛♠ ❛s ❜❛rr❛s TBM ❡ PCA✿ ✭✼✳✸✺✭❛✮✮ ❘❡❧é ✶✱ ✭✼✳✸✺✭❜✮✮
❘❡❧é ✷✱ ✭✼✳✸✺✭❝✮✮ ❘❡❧é ✸✱ ✭✼✳✸✺✭❞✮✮ ❘❡❧é ✹✱ ✭✼✳✸✺✭❡✮✮ ❘❡❧é ✺✱ ✭✼✳✸✺✭❢✮✮ ❘❡❧é ✻✳

❯♠ ♣❡q✉❡♥♦ ❛✉♠❡♥t♦ ♥♦ ❛❧❝❛♥❝❡ ❞❛ ③♦♥❛ ❞❡ ♣r♦t❡çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s R3 ❡ R4 ❢♦r❛♠

✈❡r✐✜❝❛❞♦s q✉❛♥❞♦ ❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ é ✉t✐❧✐③❛❞❛✳ P❛r❛ ✉♠❛ ❢❛❧t❛ ❜✐❢ás✐❝❛ ♣❛r❛ ♦

t❡rr❛ ❛ 40% ❞❛ ❧✐♥❤❛ ♣r♦t❡❣✐❞❛✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ♦ ❞✐s♣♦s✐t✐✈♦ ❧♦❝❛❧ ✭R3✮ q✉❡ ♦♣❡r❛ ❞❡ ❛❝♦r❞♦ ❝♦♠

❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ♥ã♦ ❡❧✐♠✐♥❛ ❛ ❝♦♥❞✐çã♦ ❞❡ ❢❛❧❤❛✱ ❡♥q✉❛♥t♦ q✉❡ ♦ ❞✐s♣♦s✐t✐✈♦ q✉❡ ❛t✉❛



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✶✷✼

❛❥✉st❛❞♦ ❛tr❛✈és ❞❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ ❝♦♥s❡❣✉❡ ❡❧✐♠✐♥❛r ♦ ❞❡❢❡✐t♦✳

❯♠❛ ú❧t✐♠❛ ♠♦❞✐✜❝❛çã♦ é ✈❡r✐✜❝❛❞❛ ♥♦ ❛❧❝❛♥❝❡ ❞♦ ❞✐s♣♦s✐t✐✈♦ R5 q✉❡ ♣❛ss❛ ❞❡ 25% ♣❛r❛

33%✳ ❆s s✐♠✉❧❛çõ❡s ♠♦str❛r❛♠ q✉❡ ✉♠❛ ❢❛❧t❛ ❜✐❢ás✐❝❛ s❡♠ ❝♦♥❡①ã♦ ❝♦♠ ♦ t❡rr❛ ❛ 25% ❞❛ ❧✐♥❤❛

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

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

♣r♦♣♦st❛ ❛♣r❡s❡♥t❛ ❛t✉❛çã♦ ♥♦r♠❛❧✳

❚❛❜❡❧❛ ✼✳✶✾✿ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦
❡ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✸✶ q✉❛♥❞♦ ❞❛
s❛í❞❛ ❞❡ ✉♠❛ ❞❛s ❧✐♥❤❛s q✉❡ ✐♥t❡r❧✐❣❛♠ ❛s ❜❛rr❛s TBM ❡ PCA✳

❋❛❧t❛ ❚r❛❞✐❝✐♦♥❛❧ Pr♦♣♦st♦

■♥t❡r♥❛ ❊①t❡r♥❛ ■♥t❡r♥❛ ❊①t❡r♥❛

▼♦♥♦❢ás❝✐❛s 100% 100% 100% 100%

❇✐❢ás✐❝❛s 95, 6% 96, 8% 100% 100%

❚r✐❢ás✐❝❛s 92, 5% 90, 8% 100% 100%

✼✳✸✳✸ P❡r❞❛ ❞❡ ❯♠ ❞♦s ●❡r❛❞♦r❡s ❞❛ ●❡r❛çã♦ ❉✐str✐❜✉í❞❛

❆ss✐♠ ❝♦♠♦ ❛ ❡♥tr❛❞❛ ❞❡ ✉♠❛ ♣❧❛♥t❛ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✱ ❛ s❛í❞❛ ❞❛ ♠❡s♠❛ é ❡✈❡♥t♦

❝♦♠✉♠ ♥♦ s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛✳ P♦r s❡r ✉♠❛ ❢♦♥t❡ t❛♠❜é♠ ♣❛r❛ ❝✉rt♦✲❝✐r❝✉✐t♦s ♥❛

r❡❞❡✱ ❛ ♣❡r❝❛ ❞❡ ✉♠❛ ✉♥✐❞❛❞❡ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ♣♦❞❡ ❛❝❛rr❡t❛r ♣r♦❜❧❡♠❛s ♥♦ ❞❡s❡♠♣❡♥❤♦

❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦✳ P❛r❛ ❛♥❛❧✐s❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ss❡ ❢❡♥ô♠❡♥♦ q✉❛♥❞♦ ❛ té❝♥✐❝❛

❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ é ✉t✐❧✐③❛❞❛ ♦ ❣❡r❛❞♦r ❝♦♥❡❝t❛❞♦ ❛ ❜❛rr❛ CZA ❢♦✐ r❡t✐r❛❞♦ ❞❛ r❡❞❡ ❡ ♦

❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❜❛s❡❛❞♦ ♥❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❞❡ ♣r♦t❡çã♦ ❡ ♥❛

té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ❢♦r❛♠ ❛✈❛❧✐❛❞♦s✳

❈♦♠ ❛ s❛í❞❛ ❞♦ ❣❡r❛❞♦r ❞❛ r❡❞❡✱ ❛ ❝♦rr❡♥t❡ ✈✐st❛ ♣♦r ❝❛❞❛ ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦ é ♠♦str❛❞♦

♥❛ ❋✐❣✉r❛ ✼✳✸✼✳
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T m (ms)e po

Falta bifásico a da linha circuito90% TBM-PCA 1
R1L = 2488 @ -56° A R2L = 443 @ ° A R3L = 818 @ ° A-53 -56

R1R = 3139 @ -124° A R2L = 443 @ 127° A R3L = 818 @ 124° A

T m (ms)e po

T
ri

p
 (

R
1

L
)

T
ri

p
 (

R
1

R
)

T
ri

p
 (

R
2

L
)

T
ri

p
 (

R
3

L
)

T
ri

p
 (

R
2

R
)

T
ri

p
 (

R
3

R
)

Falta bifásica para o terra a da linha circuito 140% PCA-TDB
R1L = 960 @ -52° A R2L = 3251 @ -56° A R3L = 1643 @ ° A-73
R1R = 960 @ ° A R2L = 1936 @ 125° A R3L = 1643 @ 107° A128
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Falta trifásica a da linha25% PCA-TDB
R1L = 1286 @ -66° A R2L = 4376 @ -74° A R3L = 1824 @ ° A-72

R1R = 1286 @ 144° A R2L = 1762 @ 110° A R3L = 1824 @ 108° A
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Falta bifásica a da linha25% TDB-CTO
R1L = 642 @ -34° A R2L = 1307 @ -43° A R3L = 2738 @ -40° A
R1R = 642 @ ° A R2L = 1307 @ ° A R3L = 2878 @ 146° A146 137
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Falta bifásica a da linha circuito 155% TBM-PCA
R1L = 2944 @ -40° A R2L = 316 @ ° A R3L = 581 @ ° A-32 -38
R1R = 2459 @ 136° A R2L = 316 @ 148° A R3L = 581 @ 142° A
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Falta trifásica na barra CPD
R1L = 1848 @ -69° A R2L = 1005 @ ° A R3L = 1899 @ ° A-69 -73
R1R = 1848 @ ° A R2L = 1005 @ 111° A R3L = 1899 @ 107° A111
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Adaptativo Tradicional

❋✐❣✉r❛ ✼✳✸✻✿ ❘❡s✉♠♦ ❞❛ ♣❡r❢♦r♠❛♥❝❡ ❞❡ ♦♣❡r❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞♦ s✐st❡♠❛ ❞❛
❋✐❣✉r❛ ✼✳✸✶ q✉❛♥❞♦ ❞❛ s❛í❞❛ ❞❡ ✉♠❛ ❞❛s ❧✐♥❤❛s q✉❡ ✐♥t❡r❧✐❣❛♠ ❛s ❜❛rr❛s TBM ❡ PCA✳
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✭❝✮

❋✐❣✉r❛ ✼✳✸✼✿ ❈♦rr❡♥t❡ ✈✐st❛ ♣❡❧♦s r❡❧és ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✸✶ q✉❛♥❞♦ ❞❛ ♣❡r❝❛ ❞♦ ❣❡r❛❞♦r
❝♦♥❡❝t❛❞♦ à ❜❛rr❛ ✿ ✭✼✳✸✼✭❛✮✮ ❘❡❧é ✶ ❡ ✷✱ ✭✼✳✸✼✭❜✮✮ ❘❡❧é ✸ ❡ ✹✱ ✭✼✳✸✼✭❝✮✮ ❘❡❧é ✺ ❡ ✻✳



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✶✷✾

❖s ❛❥✉st❡s ♦❜t✐❞♦s ❛tr❛✈és ❞❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ sã♦ ♠♦str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✼✳✷✵✳

❈♦♥❢♦r♠❡ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r✱ ✉♠ ❛✉♠❡♥t♦ ♥♦ ❛❧❝❛♥❝❡ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡

é ✈❡r✐✜❝❛❞♦ ♣r❛t✐❝❛♠❡♥t❡ t♦❞♦s ♦s r❡❧és ❞❛ r❡❞❡✳ ❊♥tr❡t❛♥t♦✱ ❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣ ♥ã♦ s♦❢r❡

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

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

❚❛❜❡❧❛ ✼✳✷✶ ❡ ✉♠ r❡s✉♠♦ ❞♦s ♠❡s♠♦s ♥❛ ❋✐❣✉r❛ ✼✳✸✽✳

❚❛❜❡❧❛ ✼✳✷✵✿ ❆❧❝❛♥❝❡ ❡ ❝♦rr❡♥t❡s ❞❡ ♣✐❝❦✲✉♣ ❞❛s ✉♥✐❞❛❞❡s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛s ❞♦s
❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✸✶ ♦❜t✐❞♦s ♣❡❧❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛
q✉❛♥❞♦ ❞❛ ♣❡r❝❛ ❞♦ ❣❡r❛❞♦r ❝♦♥❡❝t❛❞♦ ♥❛ ❜❛rr❛ CZA✳

❘❡❧é h (%) Ipick−up(A)

R1
▲♦❝❛❧ 78 2000

❘❡♠♦t♦ 39 2820

R2
▲♦❝❛❧ 45 3250

❘❡♠♦t♦ 42 2285

R3
▲♦❝❛❧ 29 2850

❘❡♠♦t♦ 42 3100

❚❛❜❡❧❛ ✼✳✷✶✿ ❈♦♠♣❛r❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❡ ❛❝❡rt♦ ♥♦ ❡♥✈✐♦ ❞♦ tr✐♣ ❡♥tr❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦
❡ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ ♣❛r❛ ♦ s✐st❡♠❛ ❞❛ ❋✐❣✉r❛ ✼✳✸✶ q✉❛♥❞♦ ❞❛
♣❡r❝❛ ❞♦ ❣❡r❛❞♦r ❝♦♥❡❝t❛❞♦ ♥❛ ❜❛rr❛ CZA✳

❋❛❧t❛ ❚r❛❞✐❝✐♦♥❛❧ Pr♦♣♦st♦

■♥t❡r♥❛ ❊①t❡r♥❛ ■♥t❡r♥❛ ❊①t❡r♥❛

▼♦♥♦❢ás❝✐❛s 100% 100% 100% 100%

❇✐❢ás✐❝❛s 95, 6% 96, 8% 100% 100%

❚r✐❢ás✐❝❛s 99, 5% 100% 100% 100%

❈♦♥❢♦r♠❡ ♦❜s❡r✈❛✲s❡ ♥❛ ❋✐❣✉r❛ ✼✳✸✽ ♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ tr❛❞✐❝✐♦♥❛❧ ♥ã♦ ❛t✉❛ ♣❛r❛ ✉♠❛

❢❛❧t❛ tr✐❢ás✐❝❛ ❛ 90% ❞♦ ❝✐r❝✉✐t♦ 1 ❡♥tr❡ ❛s ❜❛rr❛s TBM ❡ PCA✱ ❡♥q✉❛♥t♦ q✉❡ ♦s ❞✐s♣♦s✐t✐✈♦s

q✉❡ ♦♣❡r❛♠ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ ❡st❛ ❝♦♥❞✐çã♦ ❞❡ ❢❛❧t❛ é ❡❧✐♠✐♥❛❞❛✳

❋❛t♦ s❡♠❡❧❤❛♥t❡ ♦❝♦rr❡ ♣❛r❛ ✉♠❛ ❢❛❧t❛ ❜✐❢ás✐❝❛ ❛ 55% ❞❛ ♠❡s♠❛ ❧✐♥❤❛✳



❈❛♣ít✉❧♦ ✼ ✕ ❆♣r❡s❡♥t❛çã♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ✶✸✵

T m (ms)e po

Falta bifásica a da linha circuito90% TBM-PCA 1
R1L = 1826 @ -58° A R2L = 579 @ 127° A R3L = 1064 @ 122° A
R1R = 5360 @ 122° A R2L = 579 @ 126° A R3L = 1064 @ 122° A
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Falta bifásica para o terra a da linha circuito40% PCA-TDB 1
R1L = 766 @ -36° A R2L = 3495 @ -42° A R3L = 1426 @ 141° A
R1R = 766 @ -36° A R2L = 1822 @ 140° A R3L = 1426 @ 141° A
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Falta trifásica a da linha circuito25% PCA-TDB 1
R1L = 1054 @ 113° A R2L = 5129 @ -73° A R3L = 1585 @ 108° A
R1R = 1054 @ 113° A R2L = 1698 @ 110° A R3L = 1585 @ 108° A
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Falta bifásica a da linha25% TDB-CTO
R1L = 476 @ -34° A R2L = 1392 @ -42° A R3L = 2909@ -40° A

R1R = 476 @ -34° A R2L = 1392 @ -42° A R3L = 2622 @ 137° A
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Falta bifásica a da linha circuito55% TBM-PCA 1
R1L = 2805 @ -41° A R2L = 232 @ 151° A R3L = 411 @ 144° A
R1R = 2571 @ 138° A R2L = 232 @ 151° A R3L = 411 @ 144° A
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Falta trifásica na barra CPD
R1L = 1545 @ -70° A R2L = 833 @ 112° A R3L = 1551 @ 108° A
R1R = 1545 @ -70° A R2L = 833 @ 112° A R3L = 1551 @ 108° A
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Adaptativa Tradicional

❋✐❣✉r❛ ✼✳✸✽✿ ❘❡s✉♠♦ ❞❛ ♣❡r❢♦r♠❛♥❝❡ ❞❡ ♦♣❡r❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ❞♦ s✐st❡♠❛ ❞❛
❋✐❣✉r❛ ✼✳✸✶ q✉❛♥❞♦ ❞❛ ♣❡r❝❛ ❞♦ ❣❡r❛❞♦r ❝♦♥❡❝t❛❞♦ ♥❛ ❜❛rr❛ CZA✳

✼✳✹ ❘❊❙❯▼❖

◆❡st❡ ❝❛♣ít✉❧♦ ❢♦r❛♠ ❛♥❛❧✐s❛❞❛s ♦s ❞❡s❡♠♣❡♥❤♦s ❞♦s s✐st❡♠❛s ❞❡ ♣r♦t❡çã♦ ❜❛s❡❛❞♦s ♥❛

té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧ ❡ ♥❛ té❝♥✐❝❛ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✲✉♣

❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞❡ s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❝♦♠ ❡ s❡♠ ❛ ♣r❡s❡♥ç❛ ❞❛

❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✳ P❛r❛ t❛♥t♦ ❢♦r❛♠ r❡❛❧✐③❛❞❛s s✐♠✉❧❛çõ❡s ❞❡ ❢❛❧t❛s ❡♠ ✉♠ s✐st❡♠❛ ✜❝tí❝✐♦ ❡

✉♠ r❡❛❧ ♦♣❡r❛❞♦ ♣❡❧❛ ❊❉❆▲✳

❆ ♣❛rt✐r ❞❛ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ❡♠ t♦❞♦s ♦s ❝❛s♦s ❛♥❛❧✐s❛❞♦s ♦

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

❝♦♠♣õ❡♠ ❛ r❡❞❡✳ P❛r❛ ♦ s✐st❡♠❛ ❜❛s❡❛❞♦ ♥❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ❞❡ ♣r♦t❡çã♦ ❡♠ ❛❧❣✉♥s ❝❛s♦s

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

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

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

❛✉t♦♠át✐❝❛ ❡♠ ✉♠ ♣r♦❝❡ss♦ ♠❛✐s s✐♠♣❧❡s ❡ rá♣✐❞♦ q✉❡ ♦ ✉t✐❧✐③❛❞♦ ♣❡❧❛ té❝♥✐❝❛ tr❛❞✐❝✐♦♥❛❧✳



❈❆P❮❚❯▲❖ ✽

❈❖◆❈▲❯❙Õ❊❙

❊st❛ t❡s❡ ❛♣r❡s❡♥t♦✉ ✉♠ ♠ét♦❞♦ ❛✉t♦✲❛❞❛♣t❛t✐✈♦ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❛❥✉st❡s ❞❛s ✉♥✐❞❛❞❡s

✐♥st❛♥tâ♥❡❛s ❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡✳ ❆ té❝♥✐❝❛ ♣r♦♣♦st❛ ❞✐❢❡r❡♥❝✐❛✲s❡ ❞❛s té❝♥✐❝❛s ❧✐st❛❞❛s

♥❛ ❧✐t❡r❛t✉r❛ ❡♠ três ♣♦♥t♦s ♣r✐♥❝✐♣❛✐s✿

❼ ❯s♦ ❞❡ ✈❛❧♦r❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ✈✐st♦s ♣❡❧♦ ♣ró♣r✐♦ r❡❧é ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ❡q✉✐✈❛❧❡♥t❡s

❞❡ r❡❞❡ ♥♦ ❧♦❝❛❧ ♦♥❞❡ ❡stá ✐♥st❛❧❛❞♦❀

❼ ❆♣r❡s❡♥t❛ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞✐str✐❜✉í❞❛ ♥❛ q✉❛❧ ❛s t♦♠❛❞❛s ❞❡ ❞❡❝✐sã♦ sã♦ ❢❡✐t❛s ❝♦♠ ❜❛s❡

❡♠ três ❛❣❡♥t❡s ✜s✐❝❛♠❡♥t❡ ❞✐st✐♥t♦s❀

❼ ❆❞♦t❛ ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ❝♦♠♦ ✐♥❞✐❝❛❞♦r ❞❛ t♦♣♦❧♦❣✐❛ ❞❛ r❡❞❡✱ ❛♦ ✐♥✈és ❞♦ ✉s♦ ❞❡

❝♦rr❡♥t❡s ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✱ ❝♦♠♦ é ❢❡✐t♦ ♥❛ ♠❛✐♦r✐❛ ❞♦s tr❛❜❛❧❤♦s ❛♥❛❧✐s❛❞♦s✳

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

♣r♦t❡çã♦ t♦r♥❡✲s❡ ♥❛ ♣rát✐❝❛ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❡ ✐♥❢♦r♠❛çõ❡s q✉❡ tr❛❞✐❝✐♦♥❛❧♠❡♥t❡ sã♦ t✐❞❛s ❝♦♠♦

❞❛❞♦s ❞❡ ❡♥tr❛❞❛s ♣❛r❛ ♦s r❡❧és ❝♦♥✈❡♥❝✐♦♥❛✐s✳ ❈♦♠ ❛ ❞❡t❡r♠✐♥❛çã♦ ❜❛s❡❛❞❛ ❡♠ ♣r♦❝❡❞✐♠❡♥t♦s

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

çõ❡s ❛♣❡♥❛s r❡❧❛t✐✈❛s ❛♦s ❞❛❞♦s ❞❛ ❧✐♥❤❛ ❡ ❛ ❝♦♥st❛♥t❡ ❞❡ s❡❧❡t✐✈✐❞❛❞❡ q✉❡ ♦ r❡❧é ❞❡✈❡ ❛ss✉♠✐r✳

❆ s❡❣✉♥❞❛ ❞✐❢❡r❡♥ç❛ ✈❡♠ ❞❡ ❡♥❝♦♥tr♦ ❛ ✉♠ ♣❛r❛❞✐❣♠❛ ❞❡ t♦❞♦ s✐st❡♠❛ ❛✉t♦♠át✐❝♦✳ ❙❛❜❡✲

s❡ q✉❡ q✉❛♥t♦ ♠❛✐s ❡s♣❛ç♦s sã♦ ♦s ❛❣❡♥t❡s✱ ✐st♦ é✱ q✉❛♥t♦ ♠❛✐♦r ❢♦r ♦ ❣r❛✉ ❞❡ ✐♥❞❡♣❡♥❞ê♥❝✐❛

❡♥tr❡ ❡❧❡s✱ ♠❡❧❤♦r s❡rá ♦ ❞❡s❡♠♣❡♥❤♦ ❡♠ t❡r♠♦s ❞❡ s❡❣✉r❛♥ç❛ ❞♦ s✐st❡♠❛ ❝♦♠♦ ✉♠ t♦❞♦✳ ❆♦

❝♦♥❝❡♥tr❛r ❛s ❛♥á❧✐s❡s ❛ r❡s♣❡✐t♦ ❞♦ ❈❈❖ ❡♠ ✉♠ ú♥✐❝♦ ❡q✉✐♣❛♠❡♥t♦ ❞❡❞✐❝❛❞♦ ❛ ❡st❡ ✜♠ t♦r♥❛✲s❡

♣♦ssí✈❡❧✱ ❛❧é♠ ❞♦ ❥á ♠❡♥❝✐♦♥❛❞♦✱ ❝♦♥❝❡❜ê✲❧♦ ❝♦♠ ❛ t❡❝♥♦❧♦❣✐❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞✐❣✐t❛❧ ❞❡ s✐♥❛✐s

❞✐s♣♦♥í✈❡❧ ❛t✉❛❧♠❡♥t❡✳ ▲♦❣♦✱ ♦s ❛❣❡♥t❡s q✉❡ ❝♦♠♣õ❡♠ ❛ ❛rq✉✐t❡t✉r❛ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦

❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st♦ ♥ã♦ ❢♦r❛♠ ✐❞❡❛❧✐③❛❞♦s ❝♦♠ ❜❛s❡ ❡♠ ✈❛❧♦r❡s ♥ã♦ r❡❛❧✐③á✈❡✐s ♥❛ ♣rát✐❝❛ ❞❡✱

♣♦r ❡①❡♠♣❧♦✱ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠✱ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡ ♠❡♠ór✐❛✱ ❡♥tr❡ ♦✉tr♦s✳

✶✸✶
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❚r❛❞✐❝✐♦♥❛❧♠❡♥t❡ ♦s ❡st✉❞♦s ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❛ ♣r♦t❡çã♦ sã♦ r❡❛❧✐③❛❞♦s ❡♠ ❢✉♥çã♦ ❞❡ ✈❛❧♦r❡s

❞❡ ❝♦rr❡♥t❡s ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♦❜t✐❞♦s ❡♠ ♣♦♥t♦s ❞❡t❡r♠✐♥❛❞♦s ❞♦ s✐st❡♠❛ ❡❧étr✐❝♦✳ ❖❜s❡r✈♦✉✲s❡✱

s♦❜r❡t✉❞♦✱ q✉❡ ♦ ✉s♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥ã♦ r❡✢❡t❡ t♦❞❛s ❛s ♠♦❞✐✜❝❛çã♦ t♦♣♦❧ó❣✐❝❛s

q✉❡ ❛ r❡❞❡ ♣♦ss❛ s♦❢r❡r✱ ✉♠❛ ✈❡③ q✉❡ sã♦ ❜❛s❡❛❞❛s ❡♠ ❡q✉✐✈❛❧❡♥t❡s ❞❡ ❚❤é✈❡♥♥✐♥ ❡ ❡st❡s✱ ♣♦r

s✉❛ ✈❡③✱ ❝♦♥❝❡♥tr❛♠✲s❡ ♥❛ ♣❛rt❡ à ♠♦♥t❛♥t❡ ❞♦ ♣♦♥t♦ ❞❡ ✐♥t❡r❡ss❡✳ ❏á ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ é

✉♠ ♣❛râ♠❡tr♦ q✉❡ r❡✢❡t❡ ♦ s✐st❡♠❛ ❡❧étr✐❝♦ t❛♥t♦ à ♠♦♥t❛♥t❡ q✉❛♥t♦ à ❥✉s❛♥t❡ ❞♦ ♣♦♥t♦ ❞❡

✐♥st❛❧❛çã♦ ❞♦ r❡❧é t♦r♥❛♥❞♦✲s❡ ❛ss✐♠ ✉♠ ♣❛râ♠❡tr♦ q✉❡ ❛t❡♥❞❡ ❛s ♥❡❝❡ss✐❞❛❞❡s ❞♦ ♣r♦❜❧❡♠❛ ❞❡

❞❡t❡r♠✐♥❛çã♦ ❛✉t♦♠át✐❝❛ ❞♦s ❛❥✉st❡s ❞♦s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡✳

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

sí✈❡❧ ♦ ✉s♦ ❞❛ té❝♥✐❝❛ ❡♠ s✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ s❡♠ ❡ ❝♦♠ ❛ ♣r❡s❡♥ç❛ ❞❡ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛

❛♦ ❧♦♥❣♦ ❞❛ r❡❞❡✳ ❈♦♠♦ ❥á ❛❜♦r❞❛❞♦✱ ♥♦ ♣r✐♠❡✐r♦ ❝❛s♦✱ s✐st❡♠❛s s❡♠ ❛ ♣r❡s❡♥ç❛ ❞❡ ❣❡r❛çã♦

❞✐str✐❜✉í❞❛✱ ♥ã♦ ❤á ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♣r♦❥❡t♦ ❞❡ r❡❧és ❞♦ t✐♣♦ ❞✐r❡❝✐♦♥❛❧✱ ✉♠❛ ✈❡③ q✉❡ ♦ ✢✉①♦

❞❡ ❝♦rr❡♥t❡ é ❝♦♥❤❡❝✐❞♦ ♣r❡✈✐❛♠❡♥t❡✳ ❏á ♥♦ s❡❣✉♥❞♦ ❝❛s♦✱ ❝♦♠♦ ♥ã♦ ❤á ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♣ré✲

✈✐♦ ❞♦ s❡♥t✐❞♦ ❞❛ ❝♦rr❡♥t❡✱ ❤á ❛ ♥❡❝❡ss✐❞❛❞❡ ❞♦ ✉s♦ ❝♦♥❥✉♥t♦ ❝♦♠ ❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡

✐♥st❛♥tâ♥❡❛ ❞❛ ❢✉♥çã♦ ❞✐r❡❝✐♦♥❛❧✳

❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦ s✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ s❡♠ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛ ❡stã♦ ❡♠ ♣❡r✲

❢❡✐t♦ ❛❝♦r❞♦ ❝♦♠ ♦s r❡s✉❧t❛❞♦s ❡s♣❡r❛❞♦s✳ ◆ã♦ ❢♦r❛♠ ✈❡r✐✜❝❛❞❛s ❞✐s❝r❡♣â♥❝✐❛s ❡♥tr❡ ♦s ✈❛❧♦r❡s

♦❜t✐❞♦s ♣❛r❛ ❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✉✲✉♣ ❡ ♣❛r❛ ♦ ❛❧❝❛♥❝❡ ♠á①✐♠♦ ❞❛ ✉♥✐❞❛❞❡ ✐♥st❛♥tâ♥❡❛ q✉❛♥❞♦

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

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

♠ét♦❞♦ ❞❡ ❝♦♦r❞❡♥❛çã♦ tr❛❞✐❝✐♦♥❛❧✳

◗✉❛♥t♦ ❛♦s s✐st❡♠❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❝♦♠ ❛ ♣r❡s❡♥ç❛ ❞❛ ❣❡r❛çã♦ ❞✐str✐❜✉í❞❛✱ ✈❡r✐✜❝♦✉✲s❡

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

❜❛s❡❛❞♦ ♥❛s té❝♥✐❝❛s tr❛❞✐❝✐♦♥❛✐s ♥ã♦ ❛t✉♦✉ ♣❛r❛ ❢❛❧t❛s ❞❡♥tr♦ ❞❛ s✉❛ ③♦♥❛ ❞❡ ♣r♦t❡çã♦ ❡ ❝❤❡❣♦✉

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

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

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

❛t✉❛❧♠❡♥t❡✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠♣r♦✈❛♠ q✉❡ ❛ té❝♥✐❝❛ é ❢❛❝tí✈❡❧ t❛♥t♦ ❡♠ t❡r♠♦s ❞❡

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

❡q✉✐♣❛♠❡♥t♦s q✉❡ ❢❛③❡♠ ♣❛rt❡ ❞❛ ❛rq✉✐t❡t✉r❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st❛✳
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❉✐❛♥t❡ ❞♦ ❡①♣♦st♦✱ ✈✐s❛♥❞♦ ❝♦♥s♦❧✐❞❛r ♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ ♣r♦♣õ❡✲s❡ ❝♦♠♦ ❝♦♥t✐♥✉❛çã♦ ❞♦

❡st✉❞♦ ♣r♦♣♦st♦ ♥❡st❛ t❡s❡ ❛ r❡❛❧✐③❛çã♦ ❞❛s s❡❣✉✐♥t❡s ❡t❛♣❛s✿

❼ ❯t✐❧✐③❛r ♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ♣❛r❛ ❞❡s❡♥✈♦❧✈❡r ✉♠ s✐st❡♠❛ ❛✉t♦♠át✐❝♦ ❞❡

❞❡t❡r♠✐♥❛çã♦ ❞❡ ♦✉tr❛s ❢✉♥çõ❡s ❞❡ ♣r♦t❡çã♦ ❝♦♠♦✿ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛✱ ❞✐stâ♥❝✐❛

❡ ❞✐❢❡r❡♥❝✐❛❧❀

❼ ❆✈❛❧✐❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❛s ❝♦♠♣♦♥❡♥t❡s ❤❛r♠ô♥✐❝❛s ❞❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ❡q✉✐✈❛❧❡♥t❡s ❞❡

r❡❞❡ ❞♦ s✐st❡♠❛❀

❼ ❆✈❛❧✐❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ s❛t✉r❛çã♦ ❞♦s tr❛♥s❞✉t♦r❡s ❞❛ r❡❞❡ ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛

♣r♦♣♦st♦❀

❼ ■♠♣❧❡♠❡♥t❛r ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡♠ ✉♠ s✐♠✉❧❛❞♦r ❞✐❣✐t❛❧ ❡♠ t❡♠♣♦ r❡❛❧ ❞❡ s✐st❡♠❛s

❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛❀

❼ ■♠♣❧❡♠❡♥t❛r ♦ s✐st❡♠❛ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ❛s ❝❛♠❛❞❛s ❞♦s ❞✐s♣♦s✐t✐✈♦s q✉❡ ❢♦r♠❛♠ ♦

s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ✉t✐❧✐③❛♥❞♦ ♣r♦t♦❝♦❧♦s ❞❛ ár❡❛✱ t❛✐s ❝♦♠♦ ♦ ■❊❈✲✻✶✽✺✵❀

❼ ❆✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ❝♦♠ ❞❛❞♦s r❡❛✐s ♣r♦✈❡♥✐❡♥t❡s ❞❡ ❘❉P ♦✉ ❞❡ r❡❧és❀

❼ ❉❡s❡♥✈♦❧✈❡r ❞✐s♣♦s✐t✐✈♦s ❜❛s❡❛❞♦s ❡♠ ♠✐❝r♦♣r♦❝❡ss❛❞♦r❡s q✉❡ ❞❡s❡♠♣❡♥❤❡♠ ❛s ❢✉♥çõ❡s

❞❡ ❝❛❞❛ ❝♦♠♣♦♥❡♥t❡ ❞♦ s✐st❡♠❛ ❞❡ ♣r♦t❡çã♦ ❛❞❛♣t❛t✐✈❛ ♣r♦♣♦st♦✳
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❆❇❉❊▲❆❩■❩✱ ❆✳ ❨✳❀ ❚❆▲▲❆❚✱ ❍✳ ❊✳ ❆✳❀ ◆❖❙❙❊■❘✱ ❆✳ ■✳❀ ❍❆❏❏❆❘✱ ❆✳ ❆✳ ❆♥ ❛❞❛♣t✐✈❡
♣r♦t❡❝t✐♦♥ s❝❤❡♠❡ ❢♦r ♦♣t✐♠❛❧ ❝♦♦r❞✐♥❛t✐♦♥ ♦❢ ♦✈❡r❝✉rr❡♥t r❡❧❛②s✳ ❊❧❡tr✐❝ P♦✇❡r ❙②st❡♠
❘❡s❡❛r❝❤✱ ✈✳ ✻✶✱ ♣✳ ✶✕✾✱ ▼❛✐♦ ✷✵✵✶✳

❆❇❨❆◆❊❍✱ ❍✳❀ ❑❆▼❆◆●❆❘✱ ❙✳❀ ❘❆❩❆❱■✱ ❋✳❀ ❈❍❆❇❆◆▲❖❖✱ ❘✳ ❆ ♥❡✇ ❣❡♥❡t✐❝ ❛❧❣♦r✐t❤♠
♠❡t❤♦❞ ❢♦r ♦♣t✐♠❛❧ ❝♦♦r❞✐♥❛t✐♦♥ ♦❢ ♦✈❡r❝✉rr❡♥t r❡❧❛②s ✐♥ ❛ ♠✐①❡❞ ♣r♦t❡❝t✐♦♥ s❝❤❡♠❡ ✇✐t❤
❞✐st❛♥❝❡ r❡❧❛②s✳ ❯♥✐✈❡rs✐t✐❡s P♦✇❡r ❊♥❣✐♥❡❡r✐♥❣ ❈♦♥❢❡r❡♥❝❡✱ ✷✵✵✽✳ ❯P❊❈ ✷✵✵✽✳ ✹✸r❞ ■♥✲
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❍❊❘▼❆◆✱ ▲✳❀ ❇▲❆❩■❈✱ ❇✳❀ P❆P■❈✱ ■✳ ❱♦❧t❛❣❡ ♣r♦✜❧❡ s✉♣♣♦rt ✐♥ ❧✈ ❞✐str✐❜✉t✐♦♥ ♥❡t✇♦r❦s ✇✐t❤
❞✐str✐❜✉t❡❞ ❣❡♥❡r❛t✐♦♥✳ ■♥✿ ❯♥✐✈❡rs✐t✐❡s P♦✇❡r ❊♥❣✐♥❡❡r✐♥❣ ❈♦♥❢❡r❡♥❝❡ ✭❯P❊❈✮✱ ✷✵✵✾
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❍❖▲▲❆◆❉✱ ❏✳ ❍✳ ❆❞❛♣t❛t✐♦♥ ✐♥ ◆❛t✉r❛❧ ❛♥❞ ❆rt✐✜❝✐❛❧ ❙②st❡♠s✳ ❬❙✳❧✳❪✿ ❯♥✐✈❡rs✐t② ♦❢ ▼✐❝❤✐❣❛♥
Pr❡ss✱ ✶✾✼✺✳

❍❖❘✱ ❈✳ ▲✳❀ ❈❘❖❙❙▲❊❨✱ P✳ ❆✳❀ ❙❍❆❋■❯✱ ❆✳ ❘❡❧❛② ♠♦❞❡❧s ❢♦r ♣r♦t❡❝t✐♦♥ st✉❞✐❡s✳ ■♥✿ ■❊❊❊
❇♦❧♦❣♥❛ P♦✇❡r ❚❡❝❤ ❈♦♥❢❡r❡♥❝❡✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✷✵✵✸✳

❍❯❙❙❆■◆✱ ❇✳❀ ❙❍❆❘❑❍✱ ❙✳❀ ❍❯❙❙❆■◆✱ ❙✳❀ ❆❇❯❙❆❘❆✱ ▼✳ ❆♥ ❛❞❛♣t✐✈❡ r❡❧❛②✐♥❣ s❝❤❡♠❡ ❢♦r
❢✉s❡ s❛✈✐♥❣ ✐♥ ❞✐str✐❜✉t✐♦♥ ♥❡t✇♦r❦s ✇✐t❤ ❞✐str✐❜✉t❡❞ ❣❡♥❡r❛t✐♦♥✳ P♦✇❡r ❉❡❧✐✈❡r②✱ ■❊❊❊
❚r❛♥s❛❝t✐♦♥s ♦♥✱ ✈✳ ✷✽✱ ♥✳ ✷✱ ♣✳ ✻✻✾✕✻✼✼✱ ❆♣r✐❧ ✷✵✶✸✳ ■❙❙◆ ✵✽✽✺✲✽✾✼✼✳

■❊❈✳ ❙✐♥❣❧❡ ✐♥♣✉t ❡♥❡r❣✐③✐♥❣ q✉❛♥t✐t② ♠❡❛s✉r✐♥❣ r❡❧❛②s ✇✐t❤ ❞❡♣❡♥❞❡♥t ♦r ✐♥❞❡♣❡♥❞❡♥t✳ ■❊❈
P✉❜❧✐❝❛t✐♦♥✱ ✶✾✽✾✳

■❊❊❊✳ ■❊❊❊ st❛♥❞❛r❞ ✐♥✈❡rs❡✲t✐♠❡ ❝❤❛r❛❝t❡r✐st✐❝ ❡q✉❛t✐♦♥s ❢♦r ♦✈❡r❝✉rr❡♥t r❡❧❛②s✳ ■❊❊❊
P❖❲❊❘ ❙❨❙❚❊▼ ❘❊▲❆❨■◆● ❈❖▼▼■❚❚❊❊✱ ✶✾✾✻✳

■❊❊❊✳ ■❡❡❡ st❛♥❞❛r❞ ❢♦r ❜r♦❛❞❜❛♥❞ ♦✈❡r ♣♦✇❡r ❧✐♥❡ ♥❡t✇♦r❦s✿ ▼❡❞✐✉♠ ❛❝❝❡ss ❝♦♥tr♦❧ ❛♥❞
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■❊❊❊✲P❙❘❈❀ ❈❖▼▼■❚❚❊❊✱ P✳ ❙✳ ❘✳ ❉✐str✐❜✉t✐♦♥ ❧✐♥❡ ♣r♦t❡❝t✐♦♥ ♣r❛❝t✐❝❡s ✐♥❞✉str② s✉r✈❡②
❛♥❛❧②s✐s✳ P♦✇❡r ❆♣♣❛r❛t✉s ❛♥❞ ❙②st❡♠s✱ ■❊❊❊ ❚r❛♥s❛❝t✐♦♥s ♦♥✱ P❆❙✲✶✵✷✱ ♥✳ ✶✵✱ ♣✳ ✸✷✼✾✕
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r❡❧❛② ❢♦r tr❛♥s❢♦r♠❡r ♣r♦t❡❝t✐♦♥✳ P♦✇❡r ❆♣♣❛r❛t✉s ❛♥❞ ❙②st❡♠s✱ ■❊❊❊ ❚r❛♥s❛❝t✐♦♥s ♦♥✱
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tr❛♥s♠✐ss✐♦♥ ❧✐♥❡s✳ ■♥✿ ❈♦♥tr♦❧ ❛♥❞ ❉❡❝✐s✐♦♥ ❈♦♥❢❡r❡♥❝❡✱ ✷✵✵✾✳ ❈❈❉❈ ✬✵✾✳ ❈❤✐♥❡s❡✳ ❬❙✳❧✳✿
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❛♥❞ ❞✐str✐❜✉t✐♦♥ ❧✐♥❡✳ ■♥✿ P♦✇❡r ❙②st❡♠ ❚❡❝❤♥♦❧♦❣②✱ ✷✵✵✻✳ P♦✇❡r❈♦♥ ✷✵✵✻✳ ■♥t❡r♥❛t✐♦♥❛❧
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r❛❣❡ r❛t❡ ♦❢ ✈♦❧t❛❣❡ ❝❤❛♥❣❡ ❛♥❞ r❡❛❧ ♣♦✇❡r s❤✐❢t✳ P♦✇❡r ❉❡❧✐✈❡r②✱ ■❊❊❊ ❚r❛♥s❛❝t✐♦♥s ♦♥✱
✈✳ ✷✹✱ ♥✳ ✷✱ ♣✳ ✼✻✹✕✼✼✶✱ ❆♣r✐❧ ✷✵✵✾✳ ■❙❙◆ ✵✽✽✺✲✽✾✼✼✳

▼❆❍❆❚ P✳❀ ❈❍❊◆✱ ❩✳ ❇✳✲❏✳ ❇✳❀ ❇❆❑✱ ❈✳ ▲✳ ❆ s✐♠♣❧❡ ❛❞❛♣t✐✈❡ ♦✈❡r✲❝✉rr❡♥t ♣r♦t❡❝t✐♦♥ ♦❢
❞✐str✐❜✉t✐♦♥ s②st❡♠s ✇✐t❤ ❞✐str✐❜✉t❡❞ ❣❡♥❡r❛t✐♦♥✳ ❙♠❛rt ●r✐❞✱ ■❊❊❊ P❊❙ ❚r❛♥s❛❝t✐♦♥s
♦♥✱ ✷✵✵✻✳
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♦♥ ❞✐str✐❜✉t✐♦♥ tr❛♥s❢♦r♠❡r ❛♥❞ ✈♦❧t❛❣❡ ♣r♦✜❧❡ ♦❢ r❡s✐❞❡♥t✐❛❧ ❛♥❞ ❝♦♠♠❡r❝✐❛❧ ♥❡t✇♦r❦s✳ ■♥✿
■♥♥♦✈❛t✐✈❡ ❙♠❛rt ●r✐❞ ❚❡❝❤♥♦❧♦❣✐❡s ✭■❙●❚✮✱ ✷✵✶✷ ■❊❊❊ P❊❙✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✷✵✶✷✳ ♣✳ ✶✕✼✳

▼❈▲❆❘❊◆✱ P✳❀ ▼❯❙❚❆P❍■✱ ❑✳❀ ❇❊◆▼❖❯❨❆▲✱ ●✳❀ ❈❍❆◆❖✱ ❙✳❀ ●■❘●■❙✱ ❆✳❀ ❍❊◆❘■▲❊✱
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s②st❡♠✳ ■♥✿ ❉❡✈❡❧♦♣♠❡♥ts ✐♥ P♦✇❡r ❙②st❡♠ Pr♦t❡❝t✐♦♥✱ ✷✵✵✹✳ ❊✐❣❤t❤ ■❊❊ ■♥t❡r♥❛t✐♦♥❛❧
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♦r❞✐♥❛t✐♦♥ ♦❢ ♦✈❡r❝✉rr❡♥t r❡❧❛②s✳ P♦✇❡r ❉❡❧✐✈❡r②✱ ■❊❊❊ ❚r❛♥s❛❝t✐♦♥s ♦♥✱ ✈✳ ✷✽✱ ♥✳ ✶✱ ♣✳
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çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❡♠ s✐st❡♠❛s ❡❧étr✐❝♦s ❞❡ ❞✐str✐❜✉✐çã♦ ✉t✐❧✐③❛♥❞♦ ❛❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s✳
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❈♦♥❢❡r❡♥❝❡ ♦♥ P♦✇❡r ❙②st❡♠s ❚r❛♥s✐❡♥ts✱ ✷✵✶✺✳ ■P❙❚✳ ❬❙✳❧✳✿ s✳♥✳❪✱ ✷✵✶✻✳

❙❆◆❈❆✱ ❍✳❀ ❙❖❯❩❆ ❏r✱ ❋✳❀ ❈❖❙❚❆✱ ❋✳❀ ❙❖❯❩❆✱ ❇✳ ❈♦♠♣❛r✐s♦♥ ❢r❡q✉❡♥❝② ❡st✐♠❛t✐♦♥

♠❡t❤♦❞s ♦♥ ❛❞❛♣t✐✈❡ ♣r♦t❡❝t✐♦♥ ❛r❝❤✐t❡❝t✉r❡ ❛♣♣❧✐❡❞ ♦♥ s②st❡♠s ✇✐t❤ ❞✐str✐❜✉t❡❞ ❣❡♥❡r❛t✐♦♥✳ ■♥✿

✶✸t❤ ■❊❚ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ❉❡✈❡❧♣♠❡♥t ✐♥ P♦✇❡r ❙②st❡♠ Pr♦t❡❝t✐♦♥ ✳ ❬❙✳❧✳✿ s✳♥✳❪✱

✷✵✶✻✳

❙❖❯❩❆ ❏r✱ ❋✳❀ ❙❆◆❈❆✱ ❍✳❀ ❈❖❙❚❆✱ ❋✳❀ ❙❖❯❩❆✱ ❇✳ ❆❞❛♣t✐✈❡ ■♥st❛♥t❛♥❡♦✉s ❖✈❡r❝✉rr❡♥t

P♦✇❡r❡❞ ❜② ❋r❡q✉❡♥❝② ❊st✐♠❛t✐♦♥✿ ❛ ❈❛s❡ ❙t✉❞② ❯s✐♥❣ ❛ ❘❡❛❧ ❇r❛③✐❧✐❛♥ ❙②st❡♠✳ ■♥✿ ■❊❊❊ P❊❙

✶✹✸



❆♣ê♥❞✐❝❡ ❆ ✕ P✉❜❧✐❝❛çõ❡s ❆ss♦❝✐❛❞♦s ❛♦ Pr♦❥❡t♦ ❞❡ ❉♦✉t♦r❛❞♦ ✶✹✹

❚r❛♥s♠✐ss✐♦♥ ❛♥❞ ❉✐str✐❜✉t✐♦♥ ❈♦♥❢❡r❡♥❝❡ ❛♥❞ ❊①♣♦s✐t✐♦♥ ✭❚❡❉✮✱ ✷✵✶✻✳

❙❖❯❩❆ ❏r✱ ❋✳❀ ❙❆◆❈❆✱ ❍✳❀ ❈❖❙❚❆✱ ❋✳❀ ❙❖❯❩❆✱ ❇✳ Pr♦t❡çã♦ ❆❞❛♣t❛t✐✈❛ ❞❡ ❙♦❜r❡❝♦rr❡♥t❡

❡♠ ❙✐st❡♠❛s ❞❡ ❉✐str✐❜✉✐çã♦ ❇❛s❡❛❞♦ ❡♠ ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s✳ ■♥✿ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦ ❞❡

❙✐st❡♠❛s ❊❧étr✐❝♦s ✭❙❇❙❊✮✱ ✷✵✶✻✳



❆P✃◆❉■❈❊ ❇

❊◗❯■❱❆▲❊◆❚❊❙ ❉❊ ❘❊❉❊

❇✳✶ ❙■❙❚❊▼❆ ❉❊ ❉■❙❚❘■❇❯■➬➹❖

❙❡❥❛ ✉♠ s✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ s✐♠♣❧❡s✱ r❡♣r❡s❡♥t❛❞♦ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ❇✳✶✳ ❆♣❧✐❝❛♥❞♦ ❛

❧❡✐ ❞❡ ❑✐r❝❤♦✛ ❞❛s ♠❛❧❤❛s ♣❛r❛ ♦ s✐st❡♠❛ t❡♠✲s❡✿

Ê1

Z1

ZC

ZLT

+

-

Î1

V
^

❋✐❣✉r❛ ❇✳✶✿ ❙✐st❡♠❛ ❞❡ ❞✐str✐❜✉✐çã♦ s✐♠♣❧✐✜❝❛❞♦✳

Ê1 − Z1Î1 = V̂ , ✭❇✳✶✮

❆❝r❡s❝❡♥t❛♥❞♦ ✉♠❛ ✈❛r✐❛çã♦ às ❣r❛♥❞❡③❛s ❢❛s♦r✐❛✐s ❞❡ ✭❇✳✶✮ t❡♠✲s❡✿

∆Ê1 + Ê1 − Z1(∆Î1 + Î1) = ∆V̂ + V̂ , ✭❇✳✷✮

❙✉❜tr❛✐♥❞♦ ✭❇✳✷✮ ♣♦r ✭❇✳✶✮ t❡♠✲s❡✿

∆Ê1 − Z1 ×∆Î1 = ∆V̂ , ✭❇✳✸✮

P♦❞❡✲s❡ ♠✉❧t✐♣❧✐❝❛r ✭❇✳✸✮ ♣❡❧❛ ✈❛r✐❛çã♦ ❞❛ ✐♠♣❡❞â♥❝✐❛ ❞❛ ❝❛r❣❛ ZC ✳ ❘❡❛❧✐③❛♥❞♦ ❡ss❡ ♣r♦✲

❝❡❞✐♠❡♥t♦ ♣♦❞❡✲s❡ ❞❡st❛❝❛r✿

∆ZC ×∆Ê1 − Z1 ×∆Î1∆ZC = ∆V̂∆ZC , ✭❇✳✹✮

✶✹✺



❆♣ê♥❞✐❝❡ ❇ ✕ ❊q✉✐✈❛❧❡♥t❡s ❞❡ ❘❡❞❡ ✶✹✻

❆♣❧✐❝❛♥❞♦ ❛ ❢✉♥çã♦ ❞❛ ❝♦✈❛r✐â♥❝✐❛ ❛ t♦❞♦s ♦s t❡r♠♦s ❞❡ ✭❇✳✹✮ ♦❜s❡r✈❛✲s❡ q✉❡ ❝♦♠♦ ♥ã♦ ❤á

❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛ ✐♠♣❡❞â♥❝✐❛ ❞❛ ❝❛r❣❛ ❡ ❢♦♥t❡ ❡q✉✐✈❛❧❡♥t❡ ❞♦ s✐st❡♠❛✱ ❛ ❝♦rr❡❧ãçã♦ ❡♥tr❡ ❡ss❡s

❞♦✐s t❡r♠♦s s❡rá ③❡r♦✳ ▲♦❣♦✱ P♦❞❡✲s❡ ❡s❝r❡✈❡r✿

− Z1 × COV (∆Î1∆ZC) = COV (∆V̂∆ZC), ✭❇✳✺✮

■s♦❧❛♥❞♦ Z1 ❡♠ ✭❇✳✺✮✱ t❡♠✲s❡✿

Z1 = −
COV (∆V̂∆ZC)

COV (∆Î1∆ZC)
, ✭❇✳✻✮

❙✉❜st✐t✉✐♥❞♦ Z1 ❡♠ ✭❇✳✶✮✱ ♣♦❞❡✲s❡ ♦❜t❡r ❛ ❡①♣r❡ssã♦ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❢♦♥t❡ ❡q✉✐✈❛❧❡♥t❡

❞♦ s✐st❡♠❛✿

Ê1 =
V × COV (∆Î1∆ZC) − COV (∆V̂∆ZC)× Î1

COV (∆Î1∆ZC)
, ✭❇✳✼✮

❇✳✷ ❇❆❘❘❆❙ ❉❊ ❈❆❘●❆

❈♦♥s✐❞❡r❡ ✉♠ s✐st❡♠❛ ❣❡♥ér✐❝♦ q✉❛❧q✉❡r✳ P❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦s ❞✐s♣♦s✐t✐✈♦s

❞❡ ♣r♦t❡çã♦ é ✐♥t❡r❡ss❛♥t❡ q✉❡ ❡st❡ s❡❥❛ s✐♠♣❧✐✜❝❛❞♦ ❡ r❡♣r❡s❡♥t❛❞♦ ♥❛ ❢♦r♠❛ ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛

❇✳✷✳

Ê1 Ê2

Z1

ZL

Z2

+

-

V

❋✐❣✉r❛ ❇✳✷✿ ❊q✉✐✈❛❧❡♥t❡ ♣♦r ❢❛s❡ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❞♦ s✐st❡♠❛✳

❆♣❧✐❝❛♥❞♦ ❛ ▲❡✐ ❞❡ ❑✐r❝❤❤♦✛ ❞❛s t❡♥sõ❡s às ❞✉❛s ♠❛❧❤❛s ❞❛ ❋✐❣✉r❛ ❇✳✷ t❡♠✲s❡ ♦ s❡❣✉✐♥t❡✿

Ê1 − Z1(Î2 + ÎL) = V̂ ✭❇✳✽✮

V̂ = Z2Î2 − Ê2 ✭❇✳✾✮



❆♣ê♥❞✐❝❡ ❇ ✕ ❊q✉✐✈❛❧❡♥t❡s ❞❡ ❘❡❞❡ ✶✹✼

❖♥❞❡✿

Î2 ✲ ❝♦rr❡♥t❡ q✉❡ ❝✐r❝✉❧❛ ♣❡❧♦ ❡q✉✐✈❛❧❡♥t❡ ✷

ÎL ✲ ❝♦rr❡♥t❡ q✉❡ ❝✐r❝✉❧❛ ♣❡❧❛ ❝❛r❣❛

❘❡s♦❧✈❡♥❞♦ ✭❇✳✾✮ ♣❛r❛ ÎL ❡ s✉❜st✐t✉✐♥❞♦ ❡♠ ✭❇✳✽✮ t❡♠✲s❡✿

Ê1 = Z1ÎL + V̂

(
Z1 + Z2

Z2

)
−

(
Z1

Z2

)
Ê2 ✭❇✳✶✵✮

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

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

❆ss✐♠✱ ❝♦♥s✐❞❡r❛♥❞♦ ❡ss❡ ✈❛❧♦r ✐♥❝r❡♠❡♥t❛❧ ✭❇✳✶✵✮ ♣♦❞❡ s❡r r❡❡s❝r❡t❛ ♣♦r✿

Ê1 +∆Ê1 = Z1(ÎL +∆ÎL) + (V̂ +∆V̂ )

(
Z1 + Z2

Z2

)
−

(
Z1

Z2

)
(Ê2 +∆Ê2) ✭❇✳✶✶✮

❋❛③❡♥❞♦ ❛ s✉❜tr❛çã♦ ❞❡ ✭❇✳✶✶✮ ♣♦r ✭❇✳✶✵✮✱ t❡♠✲s❡✿

∆Ê1 = Z1∆ÎL +∆V̂

(
Z1 + Z2

Z2

)
−

(
Z1

Z2

)
∆Ê2 ✭❇✳✶✷✮

❙❡♥❞♦ ∆ZL ✉♠❛ ✈❛r✐❛çã♦ ✐♥❝r❡♠❡♥t❛❧ ❞❛ ✐♠♣❡❞â♥❝✐❛ ❞❛ ❝❛r❣❛✱ ♠✉❧t✐♣❧✐❝❛♥❞♦ t♦❞♦s ♦s

t❡r♠♦s ❞❡ ✭❇✳✶✷✮ t❡♠✲s❡✿

∆ZL∆Ê1 = Z1∆ÎL∆ZL +∆V̂∆ZL

(
Z1 + Z2

Z2

)
−

(
Z1

Z2

)
∆Ê2∆ZL ✭❇✳✶✸✮

❖❜s❡r✈❛✲s❡ ❡♠ ✭❇✳✶✸✮ q✉❡ ❤á ❛❧❣✉♥s t❡r♠♦s ❡♠ q✉❡ ❛s ✈❛r✐❛çõ❡s ❞❡ ✉♠❛ ✈❛r✐á✈❡❧ ♥ã♦ t❡♠

r❡❧❛çã♦ ❝♦♠ ❛ ♦✉tr❛✱ ♦✉ s❡❥❛✱ sã♦ ✈❛r✐á✈❡✐s ✐♥❞❡♣❡♥❞❡♥t❡s✳ ❆ss✐♠✱ ❛♣❧✐❝❛♥❞♦ ♦ ♣r✐♥❝í♣✐♦ ❞❛ ❝♦✈❛✲

r✐â♥❝✐❛ à ✭❇✳✶✸✮ ♦s t❡r♠♦s ♦♥❞❡ ❤á ❛ ♠✉❧t✐♣❧✐❝❛çã♦ ❡♥tr❡ ✈❛r✐❛✈á❡✐s ✐♥❞❡♣❡♥❞❡♥t❡s✱ ❛ ❝♦✈❛r✐â♥❝✐❛

s❡rá ♥✉❧❛✳ ▲♦❣♦✱ ♣♦❞❡✲s❡ r❡❡s❝r❡✈❡r ✭❇✳✶✸✮ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

0 = Z1 × COV (∆ÎL,∆ZL) +

(
Z1 + Z2

Z2

)
× COV (∆V̂ ,∆ZL) ✭❇✳✶✹✮

❘❡❡s❝r❡✈❡♥❞♦ ✭❇✳✶✹✮ ❝❤❡❣❛✲s❡ ❛ s❡❣✉✐♥t❡ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛s ✐♠♣❡❞â♥❝✐❛s ❞♦s ❡q✉✐✈❛❧❡♥t❡s ❞❛

r❡❞❡✳



❆♣ê♥❞✐❝❡ ❇ ✕ ❊q✉✐✈❛❧❡♥t❡s ❞❡ ❘❡❞❡ ✶✹✽

Z1 + Z2

Z2Z1

= −
COV (∆ÎL,∆ZL)

COV (∆V̂ ,∆ZL)
✭❇✳✶✺✮

❉❡ ♠❛♥❡✐r❛ ❛♥á❧♦❣♦ ♣❛r❛ ❛ s✉♣❡r♠❛❧❤❛ ❞❛ ❋✐❣✉r❛ ❇✳✷ ❝❤❡❣❛✲s❡ ❛ s❡❣✉✐♥t❡ r❡❧❛çã♦✿

Z1 × {COV (∆ÎL,∆ZL) + COV (∆Î2,∆ZL)} = −Z2 × COV (∆Î2,∆ZL) ✭❇✳✶✻✮

❉❡ ♣♦ss❡ ❞❡ ✭❇✳✶✺✮ ❡ ✭❇✳✶✻✮✱ é ♣♦ssí✈❡❧ ❝❤❡❣❛r ❛s s❡❣✉✐♥t❡s r❡❧❛çõ❡s ♣❛r❛ ❛s ✐♠♣❡❞â♥❝✐❛s ❞♦s

❡q✉✐✈❛❧❡♥t❡s✳

Z2 =
COV (∆V̂ ,∆ZL)

COV (∆Î2,∆ZL)
✭❇✳✶✼✮

Z1 =
COV (∆V̂ ,∆ZL)

COV (∆Î2,∆ZL) + COV (∆ÎL,∆ZL)
✭❇✳✶✽✮

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

♦❜t✐❞❛s ♣♦r ♠❡✐♦ ❞❡ ✭❇✳✽✮ ❡ ✭❇✳✾✮✳

❇✳✸ ▲■◆❍❆❙ ❉❊ ❚❘❆◆❙▼■❙❙➹❖

❈♦♥s✐❞❡r❡ q✉❡ ♥♦ s✐st❡♠❛ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❇✳✸ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ t❡♥sã♦ ❡♥tr❡ ❛s ❜❛rr❛s 1 ❡

2 ❞❛❞❛ ♣❡❧❛ ✈❛r✐á✈❡❧ V ✳ ❆ ❛♥á❧✐s❡ ❞❛ ♠❛❧❤❛ r❡s✉❧t❛ ♥❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

Ê1 Ê2

Z1

1 2

Z2

ZL

+ +

- -

V
1

V
2

Î1

^ ^

❋✐❣✉r❛ ❇✳✸✿ ❙✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ s✐♠♣❧✐✜❝❛❞♦✳

Ê1 − Z1Î1 − V̂ − Z2Î2 − Ê2 = 0 ✭❇✳✶✾✮



❆♣ê♥❞✐❝❡ ❇ ✕ ❊q✉✐✈❛❧❡♥t❡s ❞❡ ❘❡❞❡ ✶✹✾

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

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

♦s t❡r♠♦s ♣♦r ✉♠❛ ✈❛r✐❛çã♦ ❞❛ ✐♠♣❡❞â♥❝✐❛ ❞❛ ❧✐♥❤❛✱ ♣♦❞❡✲s❡ r❡❡s❝r❡✈❡r ✭❇✳✶✾✮ ❝♦♠♦✿

Ê1 +∆Ê1 − (Î1 +∆Î1)× (Z1 + Z2)− (V̂ +∆V̂ )− (Ê2 +∆Ê2) = 0 ✭❇✳✷✵✮

❙✉❜tr❛✐♥❞♦ ✭❇✳✷✵✮ ❞❡ ✭❇✳✶✾✮ t❡♠✲s❡✿

∆ZLT ×∆Ê1 −∆ZLT ×∆Ê2 −∆ZLT ×∆Î1 × (Z1 + Z2)−∆ZLT ×∆V̂ = 0 ✭❇✳✷✶✮

❯t✐❧✐③❛♥❞♦ ♦ ♦♣❡r❛❞♦r ❞❛ ❝♦✈❛r✐â♥❝✐❛ ♦❜s❡r✈❛✲s❡ ♠❛✐s ✉♠❛ ✈❡③ ❛ ♥ã♦ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛

✈❛r✐❛çã♦ ❞❛ ✐♠♣❡❞â♥❝✐❛ ❝♦♠ ❛s ❢♦♥t❡s ❡q✉✐✈❛❧❡♥t❡s✳ ▲♦❣♦✱ ❝❛❞❛ ✉♠ ❞❡ss❡s t❡r♠♦s s❡rá ♥✉❧❛ ❡ ❛

✭❇✳✷✶✮ ♣♦❞❡ s❡r r❡❡s❝r✐t❛ ♣♦r✿

Z1 + Z2 = −
COV (∆ZLT ×∆V̂ )

COV (∆ZLT ×∆Î1)
✭❇✳✷✷✮

P❛r❛ s♦❧✉❝✐♦♥❛r ♦ ♣r♦❜❧❡♠❛ ❞❡ ✭❇✳✷✷✮ ♣♦❞❡✲s❡ ❢❛③❡r ❛ ❛♥á❧✐s❡ ❞❛ ♠❛❧❤❛ só ❛té ❛ ❜❛rr❛ 1✳

❘❡❛❧✐③❛♥❞♦ ♦ ♠❡s♠♦ ♣r♦❝❡❞✐♠❡♥t♦ ❢❡✐t♦ ♣❛r❛ ✭❇✳✶✾✮ ♦❜t❡♠✲s❡✿

Z1 = −
COV (∆ZLT ×∆V̂1)

COV (∆ZLT ×∆Î1)
✭❇✳✷✸✮

❙✉❜st✐t✉✐♥❞♦ ✭❇✳✷✹✮ ❡♠ ✭❇✳✷✷✮ ♣♦❞❡✲s❡ ♦❜t❡r ❛ ✐♠♣❡❞â♥❝✐❛ ❞♦ ❡q✉✐✈❛❧❡♥t❡ 2✳

Z2 =
COV (∆ZLT ×∆V̂1)− COV (∆ZLT ×∆V̂ )

COV (∆ZLT ×∆Î1)
✭❇✳✷✹✮



❆P✃◆❉■❈❊ ❈

❘❊▲➱❙ ❉■❘❊❈■❖◆❆■❙

❖s r❡❧és ❞✐r❡❝✐♦♥❛✐s ♦♣❡r❛♠ ✏❡♥①❡r❣❛♥❞♦✑ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❡♠ ❛♣❡♥❛s ✉♠ s❡♥t✐❞♦✳

❊ss❡s ❞✐s♣♦s✐t✐✈♦s ♣♦ss✉❡♠ ❞✉❛s ❡♥tr❛❞❛s✿ ❛ ❣r❛♥❞❡③❛ ❞❡ ♦♣❡r❛çã♦ ❡ ❛ ❞❡ ♣♦❧❛r✐③❛çã♦✳ ◆❛

♣rát✐❝❛✱ ♦s r❡❧és ❞✐r❡❝✐♦♥❛✐s ♣♦❞❡♠ s❡r ❞❡ ❞♦✐s t✐♣♦s✿ ❝♦rr❡♥t❡✲❝♦rr❡♥t❡ ❡ t❡♥sã♦✲❝♦rr❡♥t❡✳ ❖s

♣r✐♠❡✐r♦s ♣♦ss✉❡♠ s✐♥❛✐s ❞❡ ❝♦rr❡♥t❡ t❛♥t♦ ❝♦♠♦ ❣r❛♥❞❡③❛ ❞❡ ♦♣❡r❛çã♦✱ q✉❛♥t♦ ❞❡ ♣♦❧❛r✐③❛çã♦✳

❏á ♦s s❡❣✉♥❞♦s✱ ♠❛✐s ❝♦♠✉♥s ♥❛ ♣rát✐❝❛✱ ♣♦ss✉❡♠ ✉♠ s✐♥❛❧ ❞❡ ❝♦rr❡♥t❡ ❝♦♠♦ ❣r❛♥❞❡③❛ ❞❡

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

✉t✐❧✐③❛❞♦ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ♦✉tr♦s r❡❧és ❞❡ ♣r♦t❡çã♦✱ ❝♦♠♦ ♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ♦✉ ♦ ❞❡ ❞✐stâ♥❝✐❛

q✉❡ ✐rã♦ r❡❛❧♠❡♥t❡ ❝❧❛ss✐✜❝❛r ❛ ❝♦♥❞✐çã♦ ❞❡ ❢❛❧t❛ ❡♥q✉❛♥t♦ ❛ ✉♥✐❞❛❞❡ ❞✐r❡❝✐♦♥❛❧ ✐❞❡♥t✐✜❝❛ ♦

s❡♥t✐❞♦ ❞❛ ❝♦rr❡♥t❡ ♦✉ ❞❛ ♣♦tê♥❝✐❛✱ ❝♦♥❢♦r♠❡ ♦ t✐♣♦ ❞❡ r❡❧é✳

▼❛t❡♠❛t✐❝❛♠❡♥t❡✱ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ♣r♦t❡çã♦ é ❞❛❞❛ ♣♦r ✭❈✳✶✮✳

H = E1 × E2cos(θ − τ) ✭❈✳✶✮

♦♥❞❡✿

E1 ❡ E2 sã♦ ❛s ❣r❛♥❞❡③❛s ❞❡ ♣♦❧❛r✐③❛çã♦ ❡ ❞❡ ♦♣❡r❛çã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡❀

θ é ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦s â♥❣✉❧♦s ❞❛s ❣r❛♥❞❡③❛s ❞❡ ♣♦❧❛r✐③❛çã♦ ❡ ❞❡ ♦♣❡r❛çã♦❀

τ é ♦ â♥❣✉❧♦ ❞❡ ♠á①✐♠❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦ r❡❧é✳

P❛r❛ ✉♠ r❡❧é t❡♥sã♦✲❝♦rr❡♥t❡✱ ✐st♦ é✿

E1 = ❚❡♥sã♦ ❞❡ ♣♦❧❛r✐③❛çã♦ = VPOL

E2 = ❈♦rr❡♥t❡ ❞❡ ♦♣❡r❛çã♦ = IOP

❖ ❞✐❛❣r❛♠❛ ❢❛s♦r✐❛❧ ❞❡ ❛t✉❛çã♦ ❞♦ r❡❧é é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❈✳✶✳

✶✺✵



❆♣ê♥❞✐❝❡ ❈ ✕ ❘❡❧és ❞✐r❡❝✐♦♥❛✐s ✶✺✶

V
POL

I
OP

tQ

Região de
ATUAÇÃO

Reta de MÍNIMA
Sensibilidade

Reta de MÁXIMA
SensibilidadeRegião de

NÃO-ATUAÇÃO

❋✐❣✉r❛ ❈✳✶✿ ❉✐❛❣r❛♠❛ ❢❛s♦r✐❛❧ ❞❡ ✉♠ r❡❧é ❞✐r❡❝✐♦♥❛❧ t✐♣♦ t❡♥sã♦✲❝♦rr❡♥t❡✳

❆ ♦♣❡r❛çã♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞✐❢❡r❡♥❝✐❛✐s s❡ ❞á ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t✐♣♦ ❞❡ ❝♦♥❡①ã♦ ❞♦s tr❛♥s✲

❞✉t♦r❡s ❞❡ t❡♥sã♦ ❡ ❞❡ ❝♦rr❡♥t❡✳ ❆s ❝♦♥❡①õ❡s ♠❛✐s ❝♦♠✉♥s ❞❡ss❡ t✐♣♦ ❞❡ ❞✐s♣♦s✐t✐✈♦ sã♦✿ 90o✱

60o✱ 30o ❡ 0o✳ ❊ss❛ ❞✐❢❡r❡♥ç❛ é ♦❜t✐❞❛ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠ s✐st❡♠❛ ❝♦♠ ❢❛t♦r ❞❡ ♣♦tê♥❝✐❛ ✉♥✐tár✐♦

❡ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛✳ ❆ ❝♦♥❡①ã♦ ❞❡ 0o é ✉t✐❧✐③❛❞❛ ❡♠ s✐st❡♠❛s q✉❡ ♣♦ss✉❛♠ tr❛♥s❢♦r♠❛❞♦r❡s ❞❡

♣♦t❡♥❝✐❛❧ ♠♦♥♦❢ás✐❝♦s✱ ♣♦r ✐ss♦ ♥ã♦ s❡rá ❛❜♦r❞❛❞♦ ♥❡st❛ t❡s❡✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝♦♥❡①ã♦ ❞❛s ❣r❛♥❞❡③❛s ❞❡ ♦♣❡r❛çã♦ ❡ ❞❡ ♣♦❧❛r✐③❛çã♦ ❡ ❝♦♠ ❛ ❡s❝♦❧❤❛ ❞♦

â♥❣✉❧❛ ❞❡ ♠á①✐♠❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦ r❡❧é✱ ♦ ❞✐s♣♦s✐t✐✈♦ t♦r♥❛✲s❡ ♠❛✐s ♦✉ ♠❡♥♦s s❡♥sí✈❡❧✱ ❝♦♥❢♦r♠❡

♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♥❛ ❋✐❣✉r❛ ❈✳✶ ❞❡♣❡♥❞❡♥❞♦ ❞❛ ❞✐r❡çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❢❛❧t❛✳ ❊ss❛ ❝♦♥❡①ã♦ é

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

◆❛ ♣rát✐❝❛✱ ♦s â♥❣✉❧♦s ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦s r❡❧és ❞✐r❡❝✐♦♥❛✐s ✈❛r✐❛♠ ♥❛ ❢❛✐①❛ ❞❡ 20o ❛ 80o✱

❡♥q✉❛♥t♦ q✉❡ ❛ ❢❛✐①❛ ❞❡ ❛t✉❛çã♦ ♥❛ ♣rát✐❝❛ ✈❛r✐❛ ❡♥tr❡ −120o ❡ 120o ❡♠ r❡❧❛çã♦ à r❡t❛ ❞❡

♠á①✐♠❛ s❡♥s✐❜✐❧✐❞❛❞❡ ✭❆▲▼❊■❉❆✱ ✷✵✵✵✮✳ ❆ss✐♠✱ ❛ r❡❣✐ã♦ ❞❡ ❛t✉❛çã♦ ♣rát✐❝❛ ❞❡ ✉♠ ❞✐s♣♦s✐t✐✈♦

❞✐r❡❝✐♦♥❛❧ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❈✳✷✳

❈❖◆❊❳➹❖ 90O

◆❡ss❛ ❝♦♥❡①ã♦✱ ❛ ❝♦rr❡♥t❡ ❞❡ ♦♣❡r❛çã♦ ❞❡✈❡ ❡stá 90o ❛❞✐❛♥t❛❞❛ ❡♠ r❡❧❛çã♦ ❛ t❡♥sã♦ ❞❡

♣♦❧❛r✐③❛çã♦✳ ❯♠ ❡①❡♠♣❧♦ ❞❡ ❝♦♥❡①ã♦ ❞❡ss❡ t✐♣♦ ❞❡ ❧✐❣❛çã♦ é ♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❈✳✸✳ ❆

❞❡♣❡♥❞❡r ❞♦ â♥❣✉❧♦ ❞❡ t♦rq✉❡ ♠á①✐♠♦✱ ❞✐s♣♦s✐t✐✈♦s ❛❥✉st❛❞♦s ❝♦♠ ❡ss❛ ❝♦♥❡①ã♦ sã♦ ❝♦♠✉♠❡♥t❡

✉t✐❧✐③❛❞♦s ♣❛r❛ ❝♦♥✜❣✉r❛r ❛t✉❛çõ❡s ❞♦ r❡❧é ❞✐r❡❝✐♦♥❛❧ q✉❛♥❞♦ ❝♦rr❡♥t❡s ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥♦

s❡♥t✐❞♦ ❛♥t✐✲❤♦rár✐♦ ♣r♦✈❡❡♠ ❞❛s ❝♦♥❞✐çõ❡s ❞❡ ❢❛❧t❛✳



❆♣ê♥❞✐❝❡ ❈ ✕ ❘❡❧és ❞✐r❡❝✐♦♥❛✐s ✶✺✷

V
POL

I
OP

tQ

Região de
ATUAÇÃO

Reta de MÍNIMA
Sensibilidade

Reta de MÁXIMA
Sensibilidade

Região de
NÃO-ATUAÇÃO

❋✐❣✉r❛ ❈✳✷✿ ❉✐❛❣r❛♠❛ ❢❛s♦r✐❛❧ ♣rát✐❝♦ ❞❡ ✉♠ r❡❧é ❞✐r❡❝✐♦♥❛❧ t✐♣♦ t❡♥sã♦✲❝♦rr❡♥t❡ ❝♦♠ r❡❣✐ã♦ ❞❡
❛t✉❛çã♦ ❡♥tr❡ −120o ❡ 120o✳

A

B

C

Va

Îa

ÎbÎc

Vb

Vbc

Vc

Relé
67

^

^

^^

❋✐❣✉r❛ ❈✳✸✿ ❊sq✉❡♠❛ ❞❡ ❧✐❣❛çã♦ ❞❡ r❡❧é ❞✐r❡❝✐♦♥❛❧ ❛ 90o✳

❈❖◆❊❳➹❖ 60O

◆❡ss❛ ❝♦♥❡①ã♦✱ ❛ ❝♦rr❡♥t❡ ❞❡ ♦♣❡r❛çã♦ ❞❡✈❡ ❡stá 60o ❛❞✐❛♥t❛❞❛ ❡♠ r❡❧❛çã♦ ❛ t❡♥sã♦ ❞❡

♣♦❧❛r✐③❛çã♦✳ ❯♠ ❡①❡♠♣❧♦ ❞❡ ❝♦♥❡①ã♦ ❞❡ss❡ t✐♣♦ ❞❡ ❧✐❣❛çã♦ é ♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❈✳✹✳

A

B

C

Va

Îa

ÎbÎc

Vb

Vbc

Vac

Vc

60°

Relé
67

^

^

^

^^

^

V +V
ac bc

V ac

bc

+V
^

^

^

❋✐❣✉r❛ ❈✳✹✿ ❊sq✉❡♠❛ ❞❡ ❧✐❣❛çã♦ ❞❡ r❡❧é ❞✐r❡❝✐♦♥❛❧ ❛ 60o✳



❆♣ê♥❞✐❝❡ ❈ ✕ ❘❡❧és ❞✐r❡❝✐♦♥❛✐s ✶✺✸

❈❖◆❊❳➹❖ 30O

◆❡ss❛ ❝♦♥❡①ã♦✱ ❛ ❝♦rr❡♥t❡ ❞❡ ♦♣❡r❛çã♦ ❞❡✈❡ ❡stá 30o ❛❞✐❛♥t❛❞❛ ❡♠ r❡❧❛çã♦ ❛ t❡♥sã♦ ❞❡

♣♦❧❛r✐③❛çã♦✳ ❯♠ ❡①❡♠♣❧♦ ❞❡ ❝♦♥❡①ã♦ ❞❡ss❡ t✐♣♦ ❞❡ ❧✐❣❛çã♦ é ♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ❈✳✺✳ ❊ss❡

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

s❡♥t✐❞♦ ❤♦rár✐♦✳

A

B

C

Va

Îa

ÎbÎc

VbVc

Relé
67

^

V
ac^

^^

30°

❋✐❣✉r❛ ❈✳✺✿ ❊sq✉❡♠❛ ❞❡ ❧✐❣❛çã♦ ❞❡ r❡❧é ❞✐r❡❝✐♦♥❛❧ ❛ 30o✳

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

♣♦tê♥❝✐❛✳ P❛r❛ ♦ ❝❛s♦ ❡♠ q✉❡ ❛ r❡❞❡ ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞❛ ❜❛❧❛♥❝❡❛❞❛ ❡ss❛s ❝♦♥✜❣✉r❛çõ❡s s❡

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

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

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

❞❡ tr❛♥s♠✐ssã♦✳

❆ ❚❛❜❡❧❛ ❈✳✶ ❛♣r❡s❡♥t❛ ♦ r❡s✉♠♦ ❞❛s ❣r❛♥❞❡③❛s ❞❡ ♦♣❡r❛çã♦ ❡ ♣♦❧❛r✐③❛çã♦ ♣❛r❛ t♦❞❛s ❛s

❢❛s❡s ❡ ❛s três ❝♦♥❡①õ❡s ❛♣r❡s❡♥t❛❞❛s ❛❝✐♠❛✳

❖ ❛❥✉st❡ ❞❛ ✉♥✐❞❛❞❡s ❞❡ ♥❡✉tr♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ❞✐r❡❝✐♦♥❛✐s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❛♣r❡s❡♥t❛♠

❛❧❣✉♠❛s ❞✐❢❡r❡♥ç❛s ❡♠ r❡❧❛çã♦ ❛♦s ❛❥✉st❡s ❞❛s ✉♥✐❞❛❞❡s ❞❡ ❢❛s❡✳ ❊st❡ ❢❛t♦ s❡ ❞á✱ ❡♥tr❡ ♦✉tr❛s

r❛③õ❡s✱ ♣❡❧❛ ❡①✐stê♥❝✐❛ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❞❡ s❡q✉ê♥❝✐❛ ③❡r♦ ❞✉r❛♥t❡ ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❞❡ ❢❛❧t❛s✱

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

❜❛✐①♦s✳ ❉❡ss❡ ♠♦❞♦✱ ♦ ❛❥✉st❡ ❞❛ ✉♥✐❞❛❞❡ ❞❡ ♥❡✉tr♦ ❞♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ❞✐r❡❝✐♦♥❛✐s

❞❡✈❡♠ s❡r ❜❡♠ ♠❛✐s s❡❧❡t✐✈♦s q✉❡ ♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ❢❛s❡✳



❆♣ê♥❞✐❝❡ ❈ ✕ ❘❡❧és ❞✐r❡❝✐♦♥❛✐s ✶✺✹

❚❛❜❡❧❛ ❈✳✶✿ P♦❧❛r✐③❛çã♦ ❞♦s r❡❧és ✳

❈♦♥❡①ã♦ ❖♣❡r❛çã♦ P♦❧❛r✐③❛çã♦

ÎA V̂AC

30o ÎB V̂BA

ÎC V̂CB

ÎA V̂AC + V̂BC

60o ÎB V̂AB + V̂BC

ÎC V̂AC + V̂CB

ÎA V̂BC

90o ÎB V̂CA

ÎC V̂AB

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

❛tr❛✈és ❞❛ ❝♦♥❡①ã♦ ❝♦♠ ❛ t❡♥sã♦ ❞❡ ♥❡✉tr♦ V̂n ❝♦♠♦ ❣r❛♥❞❡③❛ ❞❡ ♣♦❧❛r✐③❛çã♦ ❡ ❛ ❝♦rr❡♥t❡ ❞❡

♥❡✉tr♦ În ❝♦♠♦ ❣r❛♥❞❡③❛ ❞❡ ♦♣❡r❛çã♦ ✭P❍❆❉❑❊❀ ❚❍❖❘P✱ ✶✾✾✵✮✳ ❆ ♣r♦t❡çã♦ ❞✐r❡❝✐♦♥❛❧ ❞❡

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

♥❡✉tr♦✱ ✐st♦ é✱ t❛♥t♦ ❢❛❧t❛s ❡♥tr❡ ❢❛s❡s q✉❛♥t♦ ❢❛❧t❛s q✉❡ ❡♥✈♦❧✈❛♠ ♦ ♥❡✉tr♦ s❡rã♦ ✐❞❡♥t✐✜❝❛❞❛s

❡ ❡❧✐♠✐♥❛❞❛s✳
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