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Resumo

Métodos híbridos de localização de faltas de um terminal normalmente utilizam funções ba-

seadas em componentes fundamentais para criar uma janela de busca que contém o ponto

de defeito, e funções baseadas na teoria de ondas viajantes para detectar a onda refletida à

partir do curto-circuito. Um dos desafios que envolvem essas técnicas está no modo em que

a janela de busca é definida, uma vez que em sua maioria é determinada empiricamente e

a onda refletida do ponto de falta pode se encontrar além dos limites da janela, proporcio-

nando erros de estimação. Dessa forma, propõe-se neste trabalho o aprimoramento de um

método híbrido clássico reportado na literatura, em que uma nova formulação para calcular

a janela de busca é apresentada. A janela de busca proposta é baseada no erro combinado

da resistência de falta e da corrente de carga. Para tanto, avaliações do método proposto e

do método clássico foram realizadas por meio de simulações de curtos-circuitos no Alterna-

tive Transients Program (ATP). O método proposto apresentou um melhor desempenho para

os cenários avaliados. Além disso, uma avaliação do impacto dos modelos de Bergeron e

JMarti em técnicas de localização de faltas foi realizada. Para tanto, vários algoritmos de

localização de faltas de um e dois terminais, baseados em componentes fundamentais e na

teoria de ondas viajantes, foram considerados.

Palavras-chave: Componentes Fundamentais, Linhas de transmissão, Localização de faltas,

Ondas viajantes.



Abstract

Hybrid terminal fault location methods typically use functions based on fundamental compo-

nents to create a search window that contains the fault point, and functions based on traveling

wave theory to detect the reflected wave from the short circuit. One of the challenges involv-

ing these techniques is the way in which the search window is defined, since most of it is

empirically determined and the wave reflected from the fault point can be found beyond the

limits of the window, causing estimation errors. Thus, this work proposes the improvement

of a classic hybrid method reported in the literature, in which a new formulation to calculate

the search window is presented. The proposed search window is based on the combined

error of fault resistance and load current. Therefore, evaluations of the proposed method

and the classical method were carried out through short-circuit simulations in the Alterna-

tive Transients Program (ATP). The proposed method presented a better performance for

the evaluated scenarios. In addition, an evaluation of the impact of the Bergeron and JMarti

models on fault location techniques was carried out. For that, several one- and two-terminal

fault location algorithms, based on fundamental components and traveling wave theory, were

considered.

Keywords: Impedance method. Fault location. Transmission lines. Traveling waves.
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Capítulo 1

Introdução

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

s✐st❡♠❛s ❞❡ ❣❡r❛çã♦ ❡ tr❛♥s♠✐ssã♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ ❞♦ ❙✐st❡♠❛ ■♥t❡r❧✐❣❛❞♦ ◆❛❝✐♦♥❛❧

✭❙■◆✮ é ❞♦ ❖♣❡r❛❞♦r ◆❛❝✐♦♥❛❧ ❞♦ ❙✐st❡♠❛ ❊❧étr✐❝♦ ✭❖◆❙✮✱ ór❣ã♦ ❡st❡ q✉❡ t❛♠❜é♠ ❛t✉❛

♥❛ ❛♠♣❧✐❛çã♦ ❞❛ r❡❞❡ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ❡♥❡r❣✐❛ ❞❡ ✐♥st❛❧❛çõ❡s ❝♦♠ t❡♥sõ❡s ♥♦♠✐♥❛✐s

✐❣✉❛✐s ♦✉ s✉♣❡r✐♦r❡s ❛ ✷✸✵ ❦❱✱ q✉❡ ❝♦♠♣õ❡♠ ❛ r❡❞❡ ❜ás✐❝❛ ❞❡ tr❛♥s♠✐ssã♦✳ ❙❡❣✉♥❞♦ ♦

s✉♠ár✐♦ ❡①❡❝✉t✐✈♦ ❞♦ P❧❛♥♦ ❞❛ ❖♣❡r❛çã♦ ❊❧étr✐❝❛ ❞❡ ▼é❞✐♦ Pr❛③♦ ❞♦ ❙■◆ ✭P❆❘✴P❊▲✮✱

❡st✐♠❛✲s❡ q✉❡ ♥♦ ❛♥♦ ❞❡ ✷✵✷✻ ♦ ❙■◆ s❡❥❛ ❢♦r♠❛❞♦ ♣♦r ✷✵✶✳✾✹✷ ❦♠ ❞❡ ❡①t❡♥sã♦ ❞❡ ❧✐♥❤❛s

❞❡ tr❛♥s♠✐ssã♦✱ ♠❛✐s ❞❡ ✺✵✳✵✵✵ ❦♠ ❛ ♠❛✐s ❞♦ q✉❡ ❥á s❡ t✐♥❤❛ ♥♦ ❛♥♦ ❞❡ ✷✵✷✶ ✭❖◆❙✱

✷✵✷✷❛✮✳

◆❡st❡ ❝❡♥ár✐♦✱ ❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ✭▲❚✮ sã♦ r❡s♣♦♥sá✈❡✐s ♣♦r tr❛♥s♣♦rt❛r ❡♥❡r✲

❣✐❛ ❡❧étr✐❝❛ ❞❡s❞❡ ❛ ❣❡r❛çã♦ ❛té ♦s ❝❡♥tr♦s ❝♦♥s✉♠✐❞♦r❡s✳ ◆♦ ❇r❛s✐❧✱ ❣r❛♥❞❡ ♣❛rt❡ ❞♦

s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❛ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ é ❝♦♠♣♦st♦ ♣♦r ▲❚ ❞❡ ❝♦rr❡♥t❡ ❛❧t❡r♥❛❞❛✱

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

tr❛♥s❢♦r♠❛❞♦r❛s✳ ❚♦❞❛✈✐❛✱ ❛ tr❛♥s♠✐ssã♦ ❡♠ ❝♦rr❡♥t❡ ❝♦♥tí♥✉❛ ♣♦❞❡ s❡r ✈❛♥t❛❥♦s❛

♣❛r❛ tr❛♥s♠✐ssõ❡s ❛ ❧♦♥❣❛s ❞✐stâ♥❝✐❛s✱ ♣♦✐s ♣r♦♣♦r❝✐♦♥❛ ❛ r❡❞✉çã♦ ❞❡ ♣❡r❞❛s ❡ ❝✉st♦s✱

❛❧é♠ ❞❡ s❡r❡♠ ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❝♦♥❡❝t❛r s✐st❡♠❛s ❡❧étr✐❝♦s q✉❡ ♣♦ss✉❡♠

❢r❡q✉ê♥❝✐❛s ❞✐❢❡r❡♥t❡s ✭❙■▲❱❊■❘❆❀ ❖▲■❱❊■❘❆✱ ✷✵✶✸✮✳ ❆ ♣r✐♠❡✐r❛ ❝♦♥❡①ã♦ ❡♠ ❝♦r✲

r❡♥t❡ ❝♦♥tí♥✉❛ ❢♦✐ ✐♠♣❧❛♥t❛❞❛ ❡♠ ✶✾✽✻✱ ❝♦♠ ♥í✈❡❧ ❞❡ t❡♥sã♦ ❞❡ ✻✵✵ ❦❱ q✉❡ ✐♥t❡r❧✐❣❛

❛ ✉s✐♥❛ ❞❡ ■t❛✐♣✉ ❡ ♦ s✉❞❡st❡ ❜r❛s✐❧❡✐r♦✳ ❆t✉❛❧♠❡♥t❡✱ ♦ ❙■◆ ❝♦♥t❛ ❝♦♠ ♠❛✐s ❞❡ ❞❡③

♠✐❧ q✉✐❧ô♠❡tr♦s ❞❡ ▲❚ ❡♠ ❝♦rr❡♥t❡ ❝♦♥tí♥✉❛✱ s❡♥❞♦ ❛ t❡♥sã♦ ❞❡ ✽✵✵ ❦❱ ❛ ♠❛✐s ❡❧❡✈❛❞❛

❡♠ t❡r♠♦s ❞❛ ♦♣❡r❛çã♦ ❞♦ s✐st❡♠❛ ❞❡ tr❛♥s♠✐ssã♦✱ q✉❡ ❡s❝♦❛ ❡♥❡r❣✐❛ ❞❛ ✉s✐♥❛ ❞❡ ❇❡❧♦
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▼♦♥t❡ ✭■❚❆■P❯✱ ✷✵✷✷✮✳

◆❡st❛ ❝♦♥❥✉♥t✉r❛✱ ♣♦r ❡st❛r❡♠ ♠❛✐s ❡①♣♦st❛s ❡ ❞❡✈✐❞♦ ❛s s✉❛s ❣r❛♥❞❡s ❡①t❡♥sõ❡s✱

❛s ▲❚ ❡stã♦ ♠❛✐s s✉s❝❡tí✈❡✐s à ♦❝♦rrê♥❝✐❛ ❞❡ ❞✐stúr❜✐♦s✳ ❆ss✐♠✱ ♣❛r❛ r❡❞✉③✐r ♦s ❞❛♥♦s

❝❛✉s❛❞♦s ♣♦r t❛✐s ♣❡rt✉r❜❛çõ❡s✱ ♦ ❡♠♣r❡❣♦ ❞❡ ❛❧❣♦r✐t♠♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s q✉❡

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

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

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

❡❧étr✐❝❛✳ ❉❡ss❡ ♠♦❞♦✱ ♦ ❛✉♠❡♥t♦ ❞❛ ❞❡♠❛♥❞❛ ❡♥❡r❣ét✐❝❛ ❡ ❞❛s ✐♥t❡r❧✐❣❛çõ❡s ❞♦s ❙✐st❡✲

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

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

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

❧✐❞❛❞❡ ❡ ❡❝♦♥♦♠✐❛ ❞♦s ❙❊P ✭❙❆❍❆ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ◆❛ ❚❛❜❡❧❛ ✶✳✶✱ ❛ ❡①t❡♥sã♦ ❞❡ ❧✐♥❤❛s

❞❡ ❝♦rr❡♥t❡ ❛❧t❡r♥❛❞❛ ❞♦ ❙■◆✱ ♣❛r❛ ♦ ❛♥♦ ❞❡ ✷✵✷✶✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ♥í✈❡✐s ❞❡ t❡♥sã♦

♣❛r❛ tr❛♥s♠✐ssã♦ é ❛♣r❡s❡♥t❛❞❛ ✭❖◆❙✱ ✷✵✷✷❛✮✳

Tabela 1.1 – Extensão da rede básica de corrente alternada do SIN em 2021.

Tensão (kV) Extensão de linha (km)
750 2.683

500/525 63.660
440 6.858
345 10.358
230 64.332

Total 147.891

❉❡♥tr❡ ♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s r❡♣♦rt❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛✱ ♦s

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

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

❝♦♠ ré❧❡s ❞❡ ♣r♦t❡çã♦ ❝♦♥✈❡♥❝✐♦♥❛✐s ✭❘❊■❙✱ ✷✵✶✾✮✳ ❚❛✐s té❝♥✐❝❛s ✉t✐❧✐③❛♠✱ ❜❛s✐❝❛♠❡♥t❡✱

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

♣❧❡♠❡♥t❛çã♦✱ ❣❡r❛❧♠❡♥t❡ s✉❛ ♣r❡❝✐sã♦ é ❛❢❡t❛❞❛ ❡♠ r❛③ã♦ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ♣❛râ♠❡tr♦s

❝♦♠♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✱ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❛❧❣♦r✐t♠♦s ❞❡ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧✱ ❡♥tr❡

♦✉tr♦s ✭❉❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❊♥tr❡t❛♥t♦✱ ❝♦♠ ♦ ♣r♦❣r❡ss♦ ❛t✉❛❧ ❞❛ t❡❝♥♦❧♦❣✐❛ ❞♦s ❝♦♥✲

✈❡rs♦r❡s ❛♥❛❧ó❣✐❝♦s ❞✐❣✐t❛✐s ✭❆✴❉✮ ❞❡ ❛❧t❛s t❛①❛s ❞❡ ❛♠♦str❛❣❡♠ ❡ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦

❞❡ s✐♥❛✐s ❛♣❧✐❝❛❞♦s ❡♠ ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ ♠❛✐s r❡❝❡♥t❡s✱ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ♠é✲
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t♦❞♦s ❜❛s❡❛❞♦s ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✱ ❛ ❡①❡♠♣❧♦ ❞♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❡

♦♥❞❛s ✈✐❛❥❛♥t❡s✱ t❡♠ s❡ t♦r♥❛❞♦ ♣♦ssí✈❡❧✱ ♦s q✉❛✐s ❞❡st❛❝❛♠✲s❡ ♣❡❧❛ ❡①❛t✐❞ã♦ ❞❡ s❡✉s

r❡s✉❧t❛❞♦s ✭●❯❩▼➪◆ ❡t ❛❧✳✱ ✷✵✶✽✮✳

◆❡st❡ ❝♦♥t❡①t♦✱ ♦s ♣♦♥t♦s ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ❢❛❧t❛s ♣♦❞❡♠ s❡r ❡st✐♠❛❞♦s ♣♦r ♠❡✐♦ ❞❡

❛❧❣♦r✐t♠♦s q✉❡ ❞❡♣❡♥❞❡♠ ❞❡ ♠❡❞✐çõ❡s ♦r✐✉♥❞❛s ❞❡ ✉♠ ♦✉ ♠❛✐s t❡r♠✐♥❛✐s ♠♦♥✐t♦r❛❞♦s

❞❛ ▲❚✳ ❊♠ ❣❡r❛❧✱ té❝♥✐❝❛s ❜❛s❡❛❞❛s ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s q✉❡ ✉t✐❧✐③❛♠ ✐♥❢♦r♠❛✲

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

❞❡t❡❝çã♦ ❞❡ ♦♥❞❛s ✐♥❝✐❞❡♥t❡s ❞❡ ❝❛❞❛ ❡①tr❡♠✐❞❛❞❡ ❞❛ ❧✐♥❤❛✳ ❏á ❛s té❝♥✐❝❛s q✉❡ ✉t✐❧✐③❛♠

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

❞❡ ❢❛❧t❛✱ ❛❧é♠ ❞❛ ❞❡t❡❝çã♦ ❞❛ ♦♥❞❛ ✐♥❝✐❞❡♥t❡ ✭❘❊■❙✱ ✷✵✶✾✮✳ ❆ ❞❡t❡❝çã♦ ❞❛ ♣r✐♠❡✐r❛

♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ❛✐♥❞❛ é ❛❧✈♦ ❞❡ ✐♥✈❡st✐❣❛çõ❡s ❛♦

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

❞❡ ♦✉tr❛s ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s ❞♦ s✐st❡♠❛✱ ❛ ❞❡♣❡♥❞❡r ❞❛ t♦♣♦❧♦❣✐❛ ❞♦ ❙❊P ✭❙■▲❱❊■❘❆ ❡t

❛❧✳✱ ✷✵✷✵✮ ✭●❯❩▼➪◆ ❡t ❛❧✳✱ ✷✵✶✽✮✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❛❧❣♦r✐t♠♦s ❤í❜r✐❞♦s ❞❡ ✉♠ t❡r♠✐♥❛❧

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

✈❛♥t❛❥♦s♦s ♣❛r❛ ❞❡t❡❝t❛r ♦♥❞❛s r❡✢❡t✐❞❛s ♣r♦✈❡♥✐❡♥t❡s ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ✭❳■◆❩❍❖❯

❡t ❛❧✳✱ ✷✵✵✷✮ ✭❙❍❆❘▼❆❀ ▼❨◆❆▼✱ ✷✵✶✾✮✳

❆✐♥❞❛ q✉❡ té❝♥✐❝❛s q✉❡ ❞❡♣❡♥❞❡♠ ❞❡ ♠❡❞✐çõ❡s ♣r♦❝❡❞❡♥t❡s ❞❡ ❞♦✐s t❡r♠✐♥❛✐s ❞❛

▲❚ s❡❥❛♠ ❞❡s❝r✐t❛s ❝♦♠♦ ♠❛✐s r♦❜✉st❛s✱ ❡st❛s ♥❡❝❡ss✐t❛♠ ❞❡ ❝❛♥❛✐s ❞❡ ❝♦♠✉♥✐❝❛çã♦

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

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

✉♠ t❡r♠✐♥❛❧ ❞❛ ❧✐♥❤❛ ♥ã♦ ♥❡❝❡ss✐t❛♠ ❞❡ t❛✐s ❝❛♥❛✐s ❞❡ ❝♦♠✉♥✐❝❛çã♦✱ ♥❡♠ ❞❡ s❡✉s

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

❝✉st♦ ❡ ✉♠ r❡❝✉rs♦ ❛ s❡r ✉t✐❧✐③❛❞♦ ❡♠ s✐st❡♠❛s ❞❡ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ❞♦✐s t❡r♠✐♥❛✐s

q✉❛♥❞♦ ❝❛♥❛✐s ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❡♥❝♦♥tr❛♠✲s❡ ✐♥❞✐s♣♦♥í✈❡✐s ✭❘❊■❙✱ ✷✵✶✾✮✳

❉✐❢❡r❡♥t❡s té❝♥✐❝❛s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s q✉❡ ✉t✐❧✐③❛♠ ❞❛❞♦s ❞❡ ✉♠ t❡r♠✐♥❛❧ sã♦

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

q✉❛♥t♦ ♣❛r❛ ♠ét♦❞♦s ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s✳ ❊♥tr❡t❛♥t♦✱ s❛❜❡✲s❡ q✉❡

♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❝♦♠♦ r❡s✐stê♥❝✐❛ ❡ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛✱ ❛❧é♠ ❞❡ ♠❡❞✐çõ❡s ♣r♦✈❡♥✐✲

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

❛❢❡t❛♥❞♦ ❛ ♣r❡❝✐sã♦ ❞❡ t❛✐s ♠ét♦❞♦s ✭❙❆❍❆ ❡t ❛❧✳✱ ✷✵✶✵✮ ✭❙■▲❱❊■❘❆ ❡t ❛❧✳✱ ✷✵✷✵✮✳ ❉❡
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♠❛♥❡✐r❛ ❛♥á❧♦❣❛✱ ❛ ❞❡♣❡♥❞❡r ❞♦ ♠♦❞❡❧♦ ❞❡ ❧✐♥❤❛ ✉t✐❧✐③❛❞♦ ♣❛r❛ r❡❛❧✐③❛r ❡st✉❞♦s ❞❡

❧♦❝❛❧✐③❛çã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❡♠ ▲❚✱ ♦s r❡s✉❧t❛❞♦s ❡st✐♠❛❞♦s ♣♦❞❡♠ s❡r ♠❛✐s ♣r❡❝✐s♦s

❡ ♣ró①✐♠♦s ❞❛ r❡❛❧✐❞❛❞❡ ♦✉ ♥ã♦✳ ❚r❛❜❛❧❤♦s q✉❡ ❛✈❛❧✐❛♠ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦s ♠♦❞❡❧♦s ❞❡

▲❚ s♦❜r❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❛✐♥❞❛ sã♦ ❡s❝❛ss♦s ♥❛

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

❡♠ ▲❚ s♦❜r❡ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ♠♦❞❡❧♦ ❞❡ ❧✐♥❤❛ é ♣r✐♠♦r❞✐❛❧ q✉❛♥❞♦ s❡ q✉❡r ♦❜t❡r r❡s✉❧✲

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

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

♠❛✐♦r ❣r❛✉ ❞❡ ❞✐st♦rçã♦ ❡ ❛t❡♥✉❛çã♦ ❝❛✉s❛❞❛s ♣♦r ♠♦❞❡❧♦s ❞❡ ▲❚ ♠❛✐s r❡❛❧✐st❛s✳

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

❛♣r✐♠♦r❛♠❡♥t♦ ❞❡ t❛✐s s♦❧✉çõ❡s ♣♦❞❡ r❡s✉❧t❛r ❡♠ ❡❝♦♥♦♠✐❛ ❞❡ r❡❝✉rs♦s ❡ ❛✉♠❡♥t❛r

❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞♦ ❞✐stúr❜✐♦✱ ♦ q✉❡ s✉❜s✐❞✐❛ ♦ tr❛❜❛❧❤♦ ❞❛s ❡q✉✐♣❡s

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

✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ té❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ❢❛s♦r❡s ❝♦♠ ❛ ❡①❛t✐❞ã♦ ❞❛s té❝♥✐❝❛s ❜❛s❡❛❞❛s

❡♠ ♦♥❞❛s ✈✐❛❥❛♥t❡s tê♠ ♣r♦♣♦r❝✐♦♥❛❞♦ ❣r❛♥❞❡s ❛✈❛♥ç♦s ♥♦ ❡st✉❞♦ ❞❡ té❝♥✐❝❛s ❤í❜r✐❞❛s

❞❡ ✉♠ t❡r♠✐♥❛❧✱ s❡♥❞♦ ❛té ♠❡s♠♦ ❡♠❜❛r❝❛❞❛s ❡♠ r❡❧és ♠❛✐s r❡❝❡♥t❡s ✭❙❍❆❘▼❆❀

▼❨◆❆▼✱ ✷✵✶✾✮✳

✶✳✶ ▼♦t✐✈❛çã♦

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

♥❛❧ ❞❛ ❧✐♥❤❛ s✉r❣❡♠ ❝♦♠♦ s♦❧✉çõ❡s ❛❧t❡r♥❛t✐✈❛s q✉❛♥❞♦ ❝❛♥❛✐s ❞❡ ❝♦♠✉♥✐❝❛çã♦ ♥ã♦ s❡

❡♥❝♦♥tr❛♠ ❞✐s♣♦♥í✈❡✐s✳ ❆❧é♠ ❞✐ss♦✱ ♠♦str❛♠✲s❡ ❛tr❛t✐✈❛s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❡❧♦ ❝✉st♦

❛ss♦❝✐❛❞♦ à ❛q✉✐s✐çã♦ ❞❡ ❡q✉✐♣❛♠❡♥t♦s q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛s à té❝♥✐❝❛s ❞❡ ❞♦✐s t❡r♠✐✲

♥❛✐s✳ ❆ ♥ã♦ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❝❛♥❛✐s ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ s✐♥❝r♦♥✐③❛çã♦

t♦r♥❛♠ ♦s ♠ét♦❞♦s ❞❡ ✉♠ t❡r♠✐♥❛❧ ♠❛✐s ❡❝♦♥ô♠✐❝♦s ❡♠ s✉❛s ❛♣❧✐❝❛çõ❡s✳ ❊♥tr❡t❛♥t♦✱

❛ ♥❡❝❡ss✐❞❛❞❡ ❞❛ ❞❡t❡❝çã♦ ❝♦rr❡t❛ ❞❡ ♦♥❞❛s r❡✢❡t✐❞❛s ❞♦ ♣♦♥t♦ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❞✐s✲

túr❜✐♦ ✐♠♣õ❡♠ ❞❡s❛✜♦s ♠❛✐♦r❡s à ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ss❛s r♦t✐♥❛s✱ ❞❛❞♦ q✉❡ t❛✐s s✉rt♦s

♣♦❞❡♠ s❡r ❝♦♥❢✉♥❞✐❞♦s ❝♦♠ ♦✉tr❛s ♦♥❞❛s ♣r❡s❡♥t❡s ♥♦ ❙❊P✳ ◆❡st❡ s❡♥t✐❞♦✱ ❛❧❣♦r✐t♠♦s

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

✈✐❛❥❛♥t❡s ❞❡ ✉♠ t❡r♠✐♥❛❧ tê♠ s❡ ♠♦str❛❞♦ ✈❛♥t❛❥♦s♦s ❡♠ ✐❞❡♥t✐✜❝❛r ❝♦rr❡t❛♠❡♥t❡ ❛
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♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛✳ ●❡r❛❧♠❡♥t❡✱ ❛❧❣♦r✐t♠♦s ❤í❜r✐❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡

❝✉rt♦s✲❝✐❝✉✐t♦s ❡♠ ▲❚ ✉t✐❧✐③❛♠ ❝♦♥❥✉♥t❛♠❡♥t❡ ❢✉♥çõ❡s ❢❛s♦r✐❛✐s ❡ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s✳

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

❢❛❧t❛✱ ❡♠ s❡❣✉✐❞❛✱ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ é ❝r✐❛❞❛ ♣❛r❛ ❞❡t❡❝t❛r ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦

❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❞❡❢❡✐t♦✳ P♦st❡r✐♦r♠❡♥t❡✱ ♦ ♠ét♦❞♦ ❜❛s❡❛❞♦ ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛✲

❥❛♥t❡s r❡✜♥❛ ♦ r❡s✉❧t❛❞♦ ♦❜t✐❞♦ ♣❡❧♦ ♠ét♦❞♦ ❢❛s♦r✐❛❧ ❞❡t❡❝t❛♥❞♦✱ ♥❛ ♠❛✐♦r✐❛ ❞❛s ✈❡③❡s✱

❝♦rr❡t❛♠❡♥t❡ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ✭❙❍❆❘▼❆❀ ▼❨◆❆▼✱ ✷✵✶✾✮✳ ❆♣❡s❛r

❞❡ss❡s ❛❧❣♦r✐t♠♦s s❡ ♠♦str❛r❡♠ ✈❛♥t❛❥♦s♦s✱ ❛❧❣✉♠❛s ❧✐♠✐t❛çõ❡s ❝♦♠♦ ❛ ❞❡t❡r♠✐♥❛çã♦

❡♠♣ír✐❝❛ ❞❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛✱ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ t❛♠❛♥❤♦ ❞❛ ❥❛♥❡❧❛ ❡ ❛ ❞❡t❡❝çã♦ ♥ã♦ ❛✉t♦✲

♠át✐❝❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s sã♦ ❢❛t♦r❡s q✉❡ ❡✈✐❞❡♥❝✐❛♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❛♣r✐♠♦r❛r t❛✐s

s♦❧✉çõ❡s✱ ❝✉❥♦ t❡♠❛ é ♦ ❢♦❝♦ ❞❡st❡ tr❛❜❛❧❤♦✳

✶✳✷ ❖❜❥❡t✐✈♦s

❖ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ ❞❡st❛ ❞✐ss❡rt❛çã♦ ❝♦♥s✐st❡ ❡♠ ❛♣r✐♠♦r❛r ✉♠ ♠ét♦❞♦ ❤í❜r✐❞♦

❝❧áss✐❝♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❡♠ ▲❚ ❝♦♠ ❞❛❞♦s ❞❡ ❛♣❡♥❛s ✉♠ t❡r♠✐♥❛❧

♠♦♥✐t♦r❛❞♦ ❞❛ ▲❚ r❡♣♦rt❛❞♦ ♥❛ ❧✐t❡r❛t✉r❛✳ P❛r❛ t❛♥t♦✱ ♦s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s sã♦✿

❼ ❘❡❛❧✐③❛r ❛♥á❧✐s❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❞❡ ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✱ ❝♦♠♦ r❡s✐stê♥❝✐❛ ❡ â♥❣✉❧♦

❞❡ ✐♥❝✐❞ê♥❝✐❛✱ ❞✐stâ♥❝✐❛ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ♣❛r❛ ♠❡tó❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ✉♠

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

q✉❡ ❡♥✈♦❧✈❡♠ ❡st❛s té❝♥✐❝❛s❀

❼ ❘❡❛❧✐③❛r ❛♥á❧✐s❡s ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ♣❛r❛ ❞✐❢❡r❡♥t❡s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✱

❝♦♥s✐❞❡r❛♥❞♦ ♠♦❞❡❧♦s ❞❡ ▲❚ ❛ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s ❝♦♥st❛♥t❡s ❡ ❞❡♣❡♥❞❡♥t❡s

❞❛ ❢r❡q✉ê♥❝✐❛✱ ❛ s❛❜❡r✿ ♠♦❞❡❧♦ ❞❡ ❇❡r❣❡r♦♥ ❡ ♠♦❞❡❧♦ ❞❡ ❏▼❛rtí✱ r❡s♣❡❝t✐✈❛♠❡♥t❡❀

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

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

❛❧✳ ✭✷✵✵✷✮✱ ♣♦r ♠❡✐♦ ❞❛ ✈❛r✐❛çã♦ ❞♦s s❡❣✉✐♥t❡s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✿ ❧♦❝❛❧✐③❛çã♦ ❞♦

❝✉rt♦✲❝✐r❝✉✐t♦✱ t✐♣♦ ❞❡ ❢❛❧t❛✱ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ❡ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✳
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✶✳✸ ❈♦♥tr✐❜✉✐çõ❡s ❞❛ ❞✐ss❡rt❛çã♦

❆s ♣r✐♥❝✐♣❛✐s ❝♦♥tr✐❜✉✐çõ❡s ❞❡st❛ ❞✐ss❡rt❛çã♦ sã♦✿ ♦ ❛♣r✐♠♦r❛♠❡♥t♦ ❞❡ ✉♠❛ té❝♥✐❝❛

❤í❜r✐❞❛ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❞❡ ✉♠ t❡r♠✐♥❛❧✱ ♣♦r ♠❡✐♦ ❞❛ ❝r✐❛çã♦ ❞❡ ✉♠❛

❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ❜❛s❡❛❞❛ ♥♦ ❡rr♦ ❝♦♠❜✐♥❛❞♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ❡ ❞❛ r❡s✐stê♥❝✐❛ ❞❡

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

❢❛❧t❛s ❝♦♥s✐❞❡r❛♥❞♦ ♠♦❞❡❧♦s ❞❡ ▲❚ ❛ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s ❝♦♥st❛♥t❡s ❡ ❞❡♣❡♥❞❡♥t❡s

♥❛ ❢r❡q✉ê♥❝✐❛✳

✶✳✸✳✶ ❚r❛❜❛❧❤♦s ♣✉❜❧✐❝❛❞♦s

P✉❜❧✐❝❛çã♦ ❞♦ ❛rt✐❣♦✿

❙■▲❱❊■❘❆✱ ▼✳ ■✳ P✳❀ ❘❊■❙✱ ❘✳ ▲✳ ❆✳ ❀ ◆❊❱❊❙✱ ❲✳ ▲✳ ❆✳ ✳ ▲♦❝❛❧✐③❛çã♦ ❞❡ ❈✉rt♦s✲

❈✐r❝✉✐t♦s ❡♠ ▲✐♥❤❛s ❞❡ ❚r❛♥s♠✐ssã♦✿ ❉❡s❛✜♦s ♣❛r❛ ♦s ▼ét♦❞♦s ❇❛s❡❛❞♦s ♥♦ ❉♦♠í♥✐♦

❞♦ ❚❡♠♣♦ ❝♦♠ ❉❛❞♦s ❞❡ ❯♠ ❚❡r♠✐♥❛❧✳ ■♥✿ ❈♦♥❣r❡ss♦ ❇r❛s✐❧❡✐r♦ ❞❡ ❆✉t♦♠át✐❝❛✲❈❇❆✳

✷✵✷✵✳

✶✳✹ ❖r❣❛♥✐③❛çã♦ ❞♦ t❡①t♦

❊st❛ ❞✐ss❡rt❛çã♦ ❡♥❝♦♥tr❛✲s❡ ❡str✉t✉r❛❞❛ ❡♠ ✾ ❝❛♣ít✉❧♦s✳ ❆❧é♠ ❞❡st❡ ❝❛♣ít✉❧♦ ✐♥✲

tr♦❞✉tór✐♦✱ tê♠✲s❡✿

◆♦ s❡❣✉♥❞♦ ❝❛♣ít✉❧♦✱ ✉♠❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ s♦❜r❡ ♠♦❞❡❧♦s ❞❡ ▲❚✳

◆♦ t❡r❝❡✐r♦ ❝❛♣ít✉❧♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ❢✉♥❞❛♠❡♥t♦s ❜ás✐❝♦s ❞❡ té❝♥✐❝❛s ❞❡ ❧♦❝❛❧✐③❛çã♦

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

◆♦ q✉❛rt♦ ❝❛♣ít✉❧♦✱ ❛♣r❡s❡♥t❛✲s❡ ✉♠❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ ❛❝❡r❝❛ ❞❡ ♠ét♦❞♦s ❞❡

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

❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s✳

◆♦ ❝❛♣ít✉❧♦ ✺✱ ❛s ❛♥á❧✐s❡s ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ♣❛r❛ ♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦♥❡♥✲

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

◆♦ ❝❛♣ít✉❧♦ ✻✱ ❛♣r❡s❡♥t❛✲s❡ ❛s ❛♥á❧✐s❡s r❡❛❧✐③❛❞❛s ♣❛r❛ ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡

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

♠♦❞❡❧♦ ❞❡ ▲❚ ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦s ❡st✉❞♦s✳

◆♦ ❝❛♣ít✉❧♦ ✼✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ é ❛♣r❡s❡♥t❛❞♦✳
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◆♦ ❝❛♣ít✉❧♦ ✽✱ ❛ ✈❛❧✐❞❛çã♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ é ❢❡✐t❛ ♣♦r ♠❡✐♦ ❞❡ ❛♥á❧✐s❡s ❝♦♠♣❛✲

r❛t✐✈❛s ❝♦♠ ♦ ♠ét♦❞♦ ❤í❜r✐❞♦ r❡♣♦rt❛❞♦ ❡♠ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮✳

◆♦ ❝❛♣ít✉❧♦ ✾✱ ❛♣r❡s❡♥t❛♠✲s❡ ❛s ❝♦♥❝❧✉sõ❡s ❞♦ tr❛❜❛❧❤♦ ❡ ❛s ♣❡rs♣❡❝t✐✈❛s ♣❛r❛ tr❛✲

❜❛❧❤♦s ❢✉t✉r♦s✳



Capítulo 2

Modelos de linhas de transmissão

P❛r❛ ❝♦♠♣r❡❡♥❞❡r ♦s ❛s♣❡❝t♦s q✉❡ ❡♥✈♦❧✈❡♠ ♦ ♣r♦❝❡ss♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❝✉rt♦s✲

❝✐r❝✉✐t♦s✱ ❢❛③✲s❡ ♥❡❝❡ssár✐♦ ❝♦♥❤❡❝❡r ♦s ♣r✐♥❝✐♣❛✐s ♠♦❞❡❧♦s ❞❡ ▲❚✱ ✉♠❛ ✈❡③ q✉❡ t❛✐s

♠♦❞❡❧♦s ❡stã♦ ❞✐r❡t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦s ❛ ❡①❛t✐❞ã♦ ❞❛s té❝♥✐❝❛s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✳

▼♦❞❡❧♦s ♠❛✐s r❡❛❧íst✐❝♦s✱ ❛ ❡①❡♠♣❧♦ ❞❡ ♠♦❞❡❧♦s ❛ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s ❞❡♣❡♥❞❡♥t❡s

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

❛t❡♥✉❛çã♦ ❞♦s s✉rt♦s✱ ♣♦❞❡♥❞♦ ✐♥✢✉❡♥❝✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ❧♦❝❛❧✐③❛çã♦

❞❡ ❞✐stúr❜✐♦s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❛q✉❡❧❡s q✉❡ ♥❡❝❡ss✐t❛♠ ❞❡t❡❝t❛r ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦

♣♦♥t♦ ❞❡ ❢❛❧t❛✳ ❇❛s✐❝❛♠❡♥t❡✱ ❛s ▲❚ ♣♦❞❡♠ s❡r ♠♦❞❡❧❛❞❛s ❝♦♥s✐❞❡r❛♥❞♦ ♣❛râ♠❡tr♦s

❝♦♥❝❡♥tr❛❞♦s ♦✉ ❞✐str✐❜✉í❞♦s ❝♦♥st❛♥t❡s ♦✉ ❞❡♣❡♥❞❡♥t❡s ❞❛ ❢r❡q✉ê♥❝✐❛ ✭❘❊❙❚❘❊P❖ ❡t

❛❧✳✱ ✷✵✵✽✮ ✭❆❘❆Ú❏❖❀ ◆❊❱❊❙✱ ✷✵✵✺✮✳ ❯♠ ✢✉①♦❣r❛♠❛ ❞❛ ❝❧❛ss✐✜❝❛çã♦ ❞♦s ♣r✐♥❝✐♣❛✐s

♠♦❞❡❧♦s ❞❡ ▲❚ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✳✶✳
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Figura 2.1 – Fluxograma da classificação dos principais modelos de LT.

Fonte: autoria própria.

❖s ♠♦❞❡❧♦s ❞❡ ▲❚ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ sã♦ r❡♣r❡s❡♥t❛❞♦s ♣♦r ♠♦❞❡❧♦s ❛ ♣❛râ♠❡✲

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

♣✐ ❡①❛t♦ ❡ ♦ ♣✐ ♥♦♠✐♥❛❧✳ ◆♦ ❡♥t❛♥t♦✱ ♣❛r❛ ❡st✉❞♦ ❞❡ tr❛♥s✐tór✐♦s ❡❧❡tr♦♠❛❣♥ét✐❝♦s✱ ♦s

♠♦❞❡❧♦s ❛ ♣❛râ♠❡tr♦s ❝♦♥❝❡♥tr❛❞♦s ♥ã♦ sã♦ ❝♦♥s✐❞❡r❛❞♦s ✉♠❛ ❜♦❛ r❡♣r❡s❡♥t❛çã♦✱ ✉♠❛

✈❡③ q✉❡ ♥ã♦ ❝♦♥s✐❞❡r❛♠ ♦ t❡♠♣♦ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❡ ♦♥❞❛s ❡❧❡tr♦♠❛❣♥ét✐❝❛s✳ ❖✉ s❡❥❛✱

❡♠ ♠♦❞❡❧♦s ❛ ♣❛râ♠❡tr♦s ❝♦♥❝❡♥tr❛❞♦s ❛s ♦♥❞❛s ❞❡ ❝♦rr❡♥t❡ ❡ t❡♥sã♦ sã♦ ♣❡r❝❡❜✐❞❛s

✐♥st❛♥t❛♥❡❛♠❡♥t❡ ♥♦s t❡r♠✐♥❛✐s r❡❝❡♣t♦r ❡ ❡♠✐ss♦r ❞❛ ▲❚✱ s✐t✉❛çã♦ ❞✐❢❡r❡♥t❡ ❞❛ q✉❡

♦❝♦rr❡ ♥❛ ♣rát✐❝❛✱ ♣♦✐s ❡ss❛s ♦♥❞❛s ❞✐s♣❡♥❞❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ t❡♠♣♦ ♣❛r❛ s❡ ♣r♦♣❛✲

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

♥❛ ♠❛✐♦r✐❛ ❞♦s ❝❛s♦s ♣♦❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ❞❡s♣r❡③í✈❡❧✳ ❉❡ss❛ ❢♦r♠❛✱ ♦s ♠♦❞❡❧♦s ❛ ♣❛✲

râ♠❡tr♦s ❞✐str✐❜✉í❞♦s sã♦ ♠❛✐s ❛♣r♦♣r✐❛❞♦s ♣❛r❛ r❡♣r❡s❡♥t❛r ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ ❡♠

❡st✉❞♦s ❞❡ tr❛♥s✐tór✐♦s✱ ❛ ❡①❡♠♣❧♦ ❞♦s ♠♦❞❡❧♦s ❞❡ ❇❡r❣❡r♦♥ ❡ ❏▼❛rt✐ ✭❘❊❙❚❘❊P❖ ❡t

❛❧✳✱ ✷✵✵✽✮✳ ❆♣❡s❛r ❞❡ ❡①✐st✐r❡♠ ♠♦❞❡❧♦s ♠❛✐s s♦✜st✐❝❛❞♦s ✭❚❆❱■●❍■ ❡t ❛❧✳✱ ✷✵✶✺✮✱ ❛♣❡✲

♥❛s ♦s ♠♦❞❡❧♦s ❞❡ ❇❡r❣❡r♦♥ ❡ ❏▼❛rt✐ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♥❡st❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛✱

✉♠❛ ✈❡③ q✉❡ sã♦ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ❞❡ss❡ tr❛❜❛❧❤♦✳

✷✳✶ ▼♦❞❡❧♦s ❛ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s

▼♦❞❡❧♦s ❞❡ ▲❚ ❛ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s ❝♦♥s✐❞❡r❛♠ ♦ ❡❢❡✐t♦ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❡

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

tr❛♥s✈❡rs❛✐s ❞❛s ▲❚ sã♦ ❞✐str✐❜✉í❞♦s ❛♦ ❧♦♥❣♦ ❞♦ s❡✉ ❝♦♠♣r✐♠❡♥t♦✱ ❞❡ ♠♦❞♦ q✉❡ sã♦
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r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ t❡♥sã♦ ♦✉ ❝♦rr❡♥t❡ ❞✐❛♥t❡ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s

♦✉ ♦♣❡r❛çõ❡s ❝♦♠♦ ❞❡ ♠❛♥♦❜r❛s ❡ ❝❤❛✈❡❛♠❡♥t♦s ✭▼❆❘❚■✱ ✶✾✽✷✮ ✭❆❘❆Ú❏❖❀ ◆❊❱❊❙✱

✷✵✵✺✮✳

❖s ♠♦❞❡❧♦s ❞❡ ❧✐♥❤❛s ❛ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s sã♦ ❡♠❜❛s❛❞♦s ♥❛ s♦❧✉çã♦ ❞❛s ❡q✉❛✲

çõ❡s ❞❡ ♦♥❞❛ ❞❛ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✳ ◆❛ ❋✐❣✉r❛ ✷✳✷✱ ♦ ❝✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❞❡ ✉♠❛ ❝♦♠✲

♣♦♥❡♥t❡ ✐♥❝r❡♠❡♥t❛❧ ❞❡ ✉♠❛ ▲❚ ♠♦♥♦❢ás✐❝❛ é ♠♦str❛❞♦✱ s❡♥❞♦ ❧ ❛ ✐♥❞✉tâ♥❝✐❛ sér✐❡ ❞❛

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

❝♦♠♣r✐♠❡♥t♦✱ r ❛ r❡s✐stê♥❝✐❛ ♣♦r ✉♥✐❞❛❞❡ ❞❡ ❝♦♠♣r✐♠❡♥t♦✱ ❡✭①✱t✮ ❡ ✐✭①✱t✮ ❛ t❡♥sã♦ ❡

❝♦rr❡♥t❡ ❛ ✉♠ ♣♦♥t♦ ① ❞❛ ❧✐♥❤❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡ ✐✭①✰∆①✱t✮ ❡ ❡✭①✰∆①✱t✮ ❛ ❝♦rr❡♥t❡

❡ ❛ t❡♥sã♦ ❛ ✉♠❛ ♣♦s✐çã♦ ①✰∆① ❞❛ ❧✐♥❤❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

Figura 2.2 – Circuito para modelo de linhas a parâmetros distribuídos.

Fonte: autoria própria.

❆s r❡❧❛çõ❡s ❡♥tr❡ ❛ t❡♥sã♦ ❡ ❛ ❝♦rr❡♥t❡ ♣❛r❛ ✉♠❛ ▲❚ s❡♠ ♣❡r❞❛s✱ ♦✉ s❡❥❛✱ ❝♦♠ ❛

r❡s✐stê♥❝✐❛ r❂✵✱ ♣♦❞❡♠ s❡r ♦❜t✐❞❛s ♣♦r✿

e(x+∆x, t) = e(x, t)− l∆x
∂

∂t
i(x+∆x, t), (2.1)

i(x+∆x, t) = i(x, t)− c∆x
∂

∂t
e(x+∆x, t). (2.2)

❘❡❡s❝r❡✈❡♥❞♦ ❛s ❡q✉❛çõ❡s ✭✷✳✶✮ ❡ ✭✷✳✷✮ q✉❛♥❞♦ ∆x t❡♥❞❡ ❛ ③❡r♦✱ ♦❜té♠✲s❡ ♦ s❡❣✉✐♥t❡

♣❛r ❞❡ ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s✿

−∂e(x, t)

∂x
= l

∂i(x, t)

∂t
, (2.3)

−∂i(x, t)

∂x
= c

∂e(x, t)

∂t
. (2.4)
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❉❡r✐✈❛♥❞♦ ✭✷✳✸✮ ❡♠ r❡❧❛çã♦ ❛ x ❡ s✉❜st✐t✉✐♥❞♦ ❡♠ ✭✷✳✹✮✱ ♦❜té♠✲s❡ ✭✷✳✺✮ ❡ ❞❡r✐✈❛♥❞♦

✭✷✳✹✮ ❡♠ r❡❧❛çã♦ ❛ x ❡ s✉❜st✐t✉✐♥❞♦ ❡♠ ✭✷✳✸✮ ♦❜té♠✲s❡ ✭✷✳✻✮✱ ❛s q✉❛✐s sã♦ ❝❤❛♠❛❞❛s

❡q✉❛çõ❡s ❞❡ ♦♥❞❛s✳ ❊st❛s ❡q✉❛çõ❡s ❞❡s❝r❡✈❡♠ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s

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

∂2e(x, t)

∂x2
= lc

∂2e(x, t)

∂t2
, (2.5)

∂2i(x, t)

∂x2
= lc

∂2i(x, t)

∂t2
. (2.6)

❆s s♦❧✉çõ❡s ❞❛s ❡q✉❛çõ❡s ✭✷✳✺✮ ❡ ✭✷✳✻✮ ♣♦❞❡♠ s❡r ♦❜t✐❞❛s ❛♣❧✐❝❛♥❞♦✲s❡ ❛ ❚r❛♥s❢♦r✲

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

t❡♠♣♦✱ ❝✉❥❛s s♦❧✉çõ❡s sã♦ ❞❛❞❛s ♣♦r✿

e(x, t) = A(t− x/v)u(t− x/v) + B(t+ x/v)u(t+ x/v), (2.7)

i(x, t) =
1

Zc

A(t− x/v)u(t− x/v)− 1

Zc

B(t+ x/v)u(t+ x/v). (2.8)

❋❛③❡♥❞♦ f1 = A.u(t− x/v) ❡ f2 = B.u(t+ x/v)✱ t❡♠✲s❡✿

e(x, t) = f1(t− x/v) + f2(t+ x/v), (2.9)

i(x, t) = f1(t− x/v)/Zc + f2(t+ x/v)/Zc, (2.10)

s❡♥❞♦ Zc ❛ ✐♠♣❡❞â♥❝✐❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❛ ❧✐♥❤❛ ❞❛❞❛ ♣♦r Zc =
√

(l/c) ❡ v ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡

♣r♦♣❛❣❛çã♦ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ♥❛ ❧✐♥❤❛✱ ❞❛❞❛ ♣♦r v = 1/
√

(lc)✳ ◆❛s ❡q✉❛çõ❡s ✭✷✳✾✮ ❡

✭✷✳✶✵✮✱ f1 ❡ f2 sã♦ ♦♥❞❛s ♣r♦❣r❡ss✐✈❛s ❡ r❡❣r❡ss✐✈❛s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦

♥❛ ❋✐❣✉r❛ ✷✳✸✳
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Figura 2.3 – Ondas viajantes progressivas e regressivas.

Fonte: autoria própria.

✷✳✶✳✶ ▼♦❞❡❧♦ ❞❡ ❇❡r❣❡r♦♥

❖ ♠♦❞❡❧♦ ❞❡ ❇❡r❣❡r♦♥✱ ♦✉ ♠ét♦❞♦ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s✱ é ✉♠ ♠♦❞❡❧♦ ❞❡ ▲❚ ❛ ♣❛✲

râ♠❡tr♦s ❞✐str✐❜✉í❞♦s✳ ◆❡st❡ ♠♦❞❡❧♦✱ ♦ ❢❡♥ô♠❡♥♦ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ✉♠❛

▲❚ é ❝♦♥s✐❞❡r❛❞♦✱ ❞❡ t❛❧ ❢♦r♠❛ q✉❡ ❛♦ ♣❛ss♦ ❡♠ q✉❡ ❛ ♦♥❞❛ ❞❡ t❡♥sã♦ ♦✉ ❝♦rr❡♥t❡ s❡

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

sã♦✱ ❞✐s♣❡♥❞❡♥❞♦ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ ♣❛r❛ s❡r r❡✢❡t✐❞❛ ♦✉ r❡❢r❛t❛❞❛

♣♦r ✉♠❛ ❞❛s ❡①tr❡♠✐❞❛❞❡s ✭❉❖▼▼❊▲✱ ✶✾✻✾✮✳ P❛rt✐♥❞♦ ❞❛s ❡q✉❛çõ❡s ✭✷✳✶✵✮ ❡ ✭✷✳✾✮✱

♦❜té♠✲s❡ ✭❆❘❆Ú❏❖❀ ◆❊❱❊❙✱ ✷✵✵✺✮✿

e(x, t) + Zci(x, t) = 2f1(x− vt), (2.11)

e(x, t) + Zci(x, t) = 2f2(x+ vt). (2.12)

❆s ❡q✉❛çõ❡s ✭✷✳✶✶✮ ❡ ✭✷✳✶✷✮ sã♦ ❡q✉✐✈❛❧❡♥t❡s ❛ ✉♠❛ ♦♥❞❛ ♣r♦❣r❡ss✐✈❛ ❡ r❡❣r❡ss✐✈❛✱ r❡s✲

♣❡❝t✐✈❛♠❡♥t❡✳ ❈♦♥s✐❞❡r❡ ❛ ❋✐❣✉r❛ ✷✳✹✱ q✉❡ r❡❢❡r❡✲s❡ ❛♦ ❝✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❛♦ ♠♦❞❡❧♦

❞❡ ❇❡r❣❡r♦♥ ♣❛r❛ ✉♠❛ ▲❚ s❡♠ ♣❡r❞❛s✳ ❆ss✉♠✐♥❞♦ q✉❡ τ s❡❥❛ ♦ t❡♠♣♦ q✉❡ ✉♠❛ ♦♥❞❛

❧❡✈❛ ♣❛r❛ ♣❡r❝♦rr❡r ❞❡ ✉♠ t❡r♠✐♥❛❧ ♣❛r❛ ♦ ♦✉tr♦✱ e+Zci ♣❡r♠❛♥❡❝❡ ❝♦♥st❛♥t❡ ❛♦ ❧♦♥❣♦

❞❛ ▲❚ t❛♥t♦ ♥♦ t❡r♠✐♥❛❧ k✱ q✉❛♥t♦ ♥♦ t❡r♠✐♥❛❧ m✳
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Figura 2.4 – Circuito equivalente ao modelo de Bergeron para uma LT sem perdas.

Fonte: autoria própria.

❉❡ss❛ ❢♦r♠❛✱

em(t− τ) + Zcimk(t− τ) = ek(t) + Zc(−ikm(t)), (2.13)

❞♦ ❝✐r❝✉✐t♦ ❞❛ ❋✐❣✉r❛ ✷✳✹✱ t❡♠✲s❡✱ q✉❡✿

ikm(t) = −1/Zcek(t)− Ik(t− τ), (2.14)

imk(t) = −1/Zcem(t)− Im(t− τ), (2.15)

s❡♥❞♦✱

Ik(t− τ) = −1/Zcem(t− τ)− imk(t− τ), (2.16)

Im(t− τ) = −1/Zcek(t− τ)− ikm(t− τ), (2.17)

❡♠ q✉❡ Ik ❡ Im sã♦ ❢♦♥t❡s ❞❡ ❝♦rr❡♥t❡s ❤✐stór✐❝❛s ❡ τ ♦ t❡♠♣♦ ❞❡ trâ♥s✐t♦ ❞❛ ❧✐♥❤❛✳ P❛r❛

s✐st❡♠❛s ❞❡ ♠ú❧t✐♣❧❛s ❢❛s❡s✱ ❛s ❧✐♥❤❛s sã♦ ❞❡s❛❝♦♣❧❛❞❛s ♣❡❧♦ ♠ét♦❞♦ ❞❡ ❞❡s❝♦♠♣♦s✐çã♦

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

❛❝❛rr❡t❛♥❞♦ ❡♠ r❡s✉❧t❛❞♦s ❡①❛t♦s ♣❛r❛ ❧✐♥❤❛s ❜❛❧❛♥❝❡❛❞❛s✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♣❛r❛ ❧✐♥❤❛s

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

t❛✐s ♠❛tr✐③❡s sã♦ ❞❡♣❡♥❞❡♥t❡s ❞❛ ❢r❡q✉ê♥❝✐❛✳
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▲✐♥❤❛s ♣♦❧✐❢ás✐❝❛s

P❛r❛ ❧✐♥❤❛s ♣♦❧✐❢ás✐❝❛s ❛s ❡q✉❛çõ❡s ❞❡ ❇❡r❣❡r♦♥ sã♦ ✈á❧✐❞❛s ❛♦ s✉❜st✐t✉✐r ❛ t❡♥sã♦ ❡

❝♦rr❡♥t❡ ♣♦r ✈❡t♦r❡s [e] ❡ [i]✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡ l ❡ c ♣♦r ♠❛tr✐③❡s✳ ❆♥❛❧♦❣❛♠❡♥t❡✱ ❛s

❡q✉❛çõ❡s ✭✷✳✺✮ ❡ ✭✷✳✻✮✱ ❛s ❡q✉❛çõ❡s ♣❛r❛ ❧✐♥❤❛s ♣♦❧✐❢ás✐❝❛s s❡♠ ♣❡r❞❛s✱ sã♦ ✭❆❘❆Ú❏❖❀

◆❊❱❊❙✱ ✷✵✵✺✮✿
∂2[e]

∂x2
= [l][c]

∂2[e]

∂t2
= [P ]

∂2[e]

∂t2
, (2.18)

∂2[i]

∂x2
= [c][l]

∂2[i]

∂t2
= [P ]T

∂2[i]

∂t2
. (2.19)

❆s ♠❛tr✐③❡s [P ] ❡ [P ]T sã♦ ♠❛tr✐③❡s ❝❤❡✐❛s ❞❡✈✐❞♦ ❛♦ ❛❝♦♣❧❛♠❡♥t♦ ♠út✉♦ ❡♥tr❡ ❛s

❢❛s❡s✱ ♦ q✉❡ t♦r♥❛ ❛ s♦❧✉çã♦ ❞❛s ❡q✉❛çõ❡s ✭✷✳✶✽✮ ❡ ✭✷✳✶✾✮ ❝♦♠♣❧✐❝❛❞❛✳ P❛r❛ t❛♥t♦✱ ✉s❛✲s❡

✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❞❡ ✈❛r✐á✈❡✐s✱ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ tr❛♥s❢♦r♠❛çã♦ ♠♦❞❛❧✳

✷✳✷ ▼♦❞❡❧♦s ❛ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s ❞❡♣❡♥❞❡♥t❡s ♥❛ ❢r❡q✉ê♥❝✐❛

❖s ♠♦❞❡❧♦s ❞❡ ▲❚ ❛ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s ❞❡♣❡♥❞❡♥t❡s ♥❛ ❢r❡q✉ê♥❝✐❛ ❧❡✈❛♠ ❡♠

❝♦♥s✐❞❡r❛çã♦ ♦s ❡❢❡✐t♦s ❞❛ ❢r❡q✉ê♥❝✐❛ s♦❜r❡ ♦s ♣❛râ♠❡tr♦s ❞❛ ❧✐♥❤❛✳ P♦r ❝♦♥s✐❞❡r❛r ❛

✈❛r✐❛çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❡♠ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❢❛✐①❛✱ ❡st❡s ♠♦❞❡❧♦s ♣♦❞❡♠ ♠❡❧❤♦r r❡✲

♣r❡s❡♥t❛r ♦s ❢❡♥ô♠❡♥♦s ❞❡ ♣r♦♣❛❣❛çã♦ ❞❡ ♦♥❞❛s ❡❧❡tr♦♠❛❣♥ét✐❝❛s ✭❲❊▲❚❖◆✱ ✷✵✶✵✮

✭❍❖❙❍▼❊❍❀ ❙❈❍▼■❉❚✱ ✷✵✶✼✮✳ ❊♥tr❡t❛♥t♦✱ t❛✐s ♠♦❞❡❧♦s r❡q✉✐s✐t❛♠ ♠❛✐♦r ❝♦♠♣❧❡✲

①✐❞❛❞❡ ♠❛t❡♠át✐❝❛ ❡ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡♠ r❡❧❛çã♦ ❛♦ t❡♠♣♦ ❞❡ s✐♠✉❧❛çã♦ ✭❘❊❙✲

❚❘❊P❖ ❡t ❛❧✳✱ ✷✵✵✽✮✱ ❛ ❡①❡♠♣❧♦ ❞❡ té❝♥✐❝❛s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❝♦♠♦ ❞❛ ❝♦♥✈♦❧✉çã♦ r❡✲

❝✉rs✐✈❛✱ tr❛♥s❢♦r♠❛❞❛ ✐♥✈❡rs❛ ❞❡ ❋♦✉r✐❡r✱ ❡♥tr❡ ♦✉tr❛s ✭▼❆❘❚■◆❊❩✲❱❊▲❆❙❈❖❀ ●❯❙✲

❚❆❱❙❊◆✱ ✷✵✵✶✮✳ P♦❞❡♠ s❡r ❝❧❛ss✐✜❝❛❞♦s ❡♠ ♠♦❞❡❧♦s ❞❡s❡♥✈♦❧✈✐❞♦s ♥♦ ❞♦♠í♥✐♦ ♠♦❞❛❧

♦✉ ❞❡ ❢❛s❡s✱ r❡q✉❡r❡♥❞♦ ❛ tr❛♥s❢♦r♠❛çã♦ ❞❛ r❡s♣♦st❛ ❞♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ♣❛r❛ ♦

❞♦♠í♥✐♦ ❞♦ t❡♠♣♦✳ ❆s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣♦♥t♦ x ❞❛ ▲❚ sã♦ ❞❡s✲

❝r✐t❛s ♣❡❧♦s ✈❡t♦r❡s V (x, ω) ❡ I(x, ω)✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❝♦♥❢♦r♠❡ ✭❆❘❆Ú❏❖❀ ◆❊❱❊❙✱

✷✵✵✺✮✿

− ∂

∂x
[V (x, ω)] = [Z(ω)][I(x, ω)], (2.20)
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− ∂

∂x
[I(x, ω)] = [Y (ω)][V (x, ω)], (2.21)

s❡♥❞♦ Z(ω) ❡ Y (ω) ❛s ♠❛tr✐③❡s ❞❡ ✐♠♣❡❞â♥❝✐❛ sér✐❡ ❡ ❛❞♠✐tâ♥❝✐❛ ❡♠ ❞❡r✐✈❛çã♦ ❞❛ ▲❚

❡♠ ✉♥✐❞❛❞❡ ❞❡ ❝♦♠♣r✐♠❡♥t♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆s ❡q✉❛çõ❡s ❞❡ ♣r♦♣❛❣❛çã♦✱ sã♦ ❞❛❞❛s

♣♦r✿

∂2

∂x2
[V (x, ω)] = [P (ω)][V (x, ω)], (2.22)

∂2

∂x2
[I(x, ω)] = [P (ω)]t[I(x, ω)], (2.23)

❡♠ q✉❡ [P (ω)] = [Z(ω)][Y (ω)] ❡ [P (ω)]t = [Y (ω)][Z(ω)]✳ ❆ s♦❧✉çã♦ ❣❡r❛❧ ❞❛s ❡q✉❛çõ❡s

✭✷✳✷✷✮ ❡ ✭✷✳✷✸✮✱ sã♦✿

[V (x, ω)] = e−[ΓV (ω)]x[Vp(ω)] + e[ΓV (ω)]x[Vr(ω)], (2.24)

[I(x, ω)] = e−[Γi(ω)]x[Ip(ω)] + e[Γi(ω)]x[Ir(ω)], (2.25)

❡♠ q✉❡ [Vp(ω)] ❡ [Vr(ω)] r❡♣r❡s❡♥t❛♠ ❛s ♦♥❞❛s ♣r♦❣r❡ss✐✈❛s ❡ r❡❣r❡ss✐✈❛s ❞❡ t❡♥sã♦✱

❡✱ [Ip(ω)] ❡ [Ir(ω)]✱ ❛s ♦♥❞❛s ♣r♦❣r❡ss✐✈❛s ❡ r❡❣r❡ss✐✈❛s ❞❡ ❝♦rr❡♥t❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱

♥♦ ♣♦♥t♦ x = 0✳ ❙❡♥❞♦ q✉❡ [ΓV (ω)] =
√

[P (ω)] ❡ [Γi(ω)] =
√

[P (ω)]t✱ sã♦ ♠❛tr✐③❡s

❝♦♥st❛♥t❡s ❞❡ ♣r♦♣❛❣❛çã♦ ♣❛r❛ ❛ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❉✐❢❡r❡♥❝✐❛♥❞♦

✭✷✳✷✺✮ ❡♠ r❡❧❛çã♦ ❛ x ❡ s✉❜st✐t✉✐♥❞♦ ❡♠ ✭✷✳✷✸✮✱ ♦❜té♠✲s❡ ✭❆❘❆Ú❏❖❀ ◆❊❱❊❙✱ ✷✵✵✺✮✿

[Yc(ω)][V (x, ω)] = e−[Γi(ω)]x[Ip(ω)]− e[Γi(ω)]x[Ir(ω)]. (2.26)

s❡♥❞♦ [Yc(ω)] ❛ ♠❛tr✐③ ✐♠♣❡❞â♥❝✐❛ ❝❛r❛❝t❡ríst✐❝❛✱ ❞❛❞❛ ♣♦r✿

[Yc(ω)] = (
√

Y (ω)Z(ω))−1[Y (ω)]. (2.27)

❙♦♠❛♥❞♦✲s❡ ❛s ❡q✉❛çõ❡s ✭✷✳✷✻✮ ❡ ✭✷✳✷✺✮✱ tê♠✲s❡✿

[Yc(ω)][V (x, ω)] + [I(x, ω)] = 2e−Γ(ω)x[Ip(ω)]. (2.28)
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P❛r❛ ✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❝♦♠ ❝♦♠♣r✐♠❡♥t♦ d✱ ♦✉ s❡❥❛✱ ❞❡ ✉♠ t❡r♠✐♥❛❧ ❛ ♦✉tr♦✱

❝✉❥❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦ sã♦ x = 0 ♥♦ ✐♥í❝✐♦ ❞❛ ▲❚ ❡ x = d ♥♦ ✜♥❛❧ ❞❛ ▲❚✿

[Yc(ω)][V (0, ω)] + [I(0, ω)] = 2[Ip(ω)], (2.29)

[Yc(ω)][V (d, ω)] + [I(d, ω)] = 2e−[Γi(ω)]d[Ip(ω)]. (2.30)

❘❡❛rr❛♥❥❛♥❞♦ ✭✷✳✷✾✮ ❡ ✭✷✳✸✵✮✿

[Yc(ω)][V (d, ω)] + [I(d, ω)] = e−[Γi(ω)]d[Yc(ω)][V (0, ω)] + [I(0, ω)], (2.31)

♣♦❞❡✲s❡ ❡s❝r❡✈❡r ❛s ❝♦♥❞✐çõ❡s ❞❡ ❝♦♥t♦r♥♦✿

❊♠ x = 0✱

[V (0, ω)] = [Vk(ω)]

❬■✭✵✱ω)] = [Ik(ω)](2.32)

❊♠ x = d✱

[V (d, ω)] = [Vm(ω)]

❬■✭❞✱ω)] = [Im(ω)], (2.33)s❡♥❞♦ [Ik(ω)] ❡ [Im(ω)] ❛s ❝♦rr❡♥t❡s q✉❡ ❡♥tr❛♠ ♥♦s t❡r♠✐✲

♥❛✐s k ❡ m ❞❛ ▲❚✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❙✉❜st✐t✉✐♥❞♦ ✭✷✳✸✶✮ ❡♠ ✭✷✳✸✷✮ ❡ ✭✷✳✸✸✮✱ ♦❜té♠✲s❡✿

[Yc(ω)][Vm(ω)]− [Im(ω)] = e−[Γi(ω)d][Yc(ω)][Vk(ω)] + Ik(ω). (2.34)

❆ ❡q✉❛çã♦ ❛❜❛✐①♦ t❛♠❜é♠ é ✈❡r❞❛❞❡✐r❛ ♣❛r❛ ▲❚ ❧✐♥❡❛r ❡ ❜✐❧❛t❡r❛❧✿

[Yc(ω)][Vk(ω)]− [Ik(ω)] = e−[Γi(ω)]d[Yc(ω)][Vk(ω)] + [Im(ω)]. (2.35)

❖ t❡r♠♦

[A(ω)] = e−[Γi(ω)]d (2.36)

é ❛ ❢✉♥çã♦ ❞❡ ♣r♦♣❛❣❛çã♦✳ ❙✉❜st✐t✉✐♥❞♦ ✭✷✳✸✻✮ ❡♠ ✭✷✳✸✹✮ ❡ ✭✷✳✸✺✮✱ ♦❜té♠✲s❡✿

[Ik(ω)] = [Yc(ω)][Vk(ω)] + [Ikh(ω)] (2.37)

[Im(ω)] = [Yc(ω)][Vm(ω)] + [Imh(ω)] (2.38)
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s❡♥❞♦✱

[Ikh(ω)] = −[A(ω)]([Yc(ω)][Vk(ω)] + [Ikm(ω)]) (2.39)

[Imh(ω)] = −[A(ω)]([Yc(ω)][Vm(ω)] + [Imk(ω)]). (2.40)

P♦rt❛♥t♦✱ ♦ ❝✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ ❞❛ ❋✐❣✉r❛ ✷✳✺ ♣♦❞❡ s❡r ♦❜t✐❞♦✳

Figura 2.5 – Circuito para modelo de linhas a parâmetros distribuídos dependentes da frequência.

Fonte: autoria própria.

❖s t❡r♠♦s [Γi] ❡ [A(ω)] ♣♦❞❡♠ s❡r ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞♦ ❝á❧❝✉❧♦ ❞❡ ❛✉t♦✈❛❧♦r❡s ❡

❛✉t♦✈❡t♦r❡s ❞❡ [P (ω)] ❡ [P (ω)]t✱ s❡♥❞♦✿

[P (ω)] = [TV (ω)]diag[pk(ω)][TV (ω)]
−1 (2.41)

[P (ω)]t = [Ti(ω)]diag[pk(ω)][Ti(ω)]
−1. (2.42)

❆ diag[pk(ω)] é ✉♠❛ ♠❛tr✐③ ❞✐❛❣♦♥❛❧ ❝✉❥♦s ❡❧❡♠❡♥t♦s ♥ã♦ ♥✉❧♦s sã♦ ♦s ❦✲és✐♠♦s

❛✉t♦✈❛❧♦r❡s ❞❡ [P (ω)] ♦✉ ❞❡ [P (ω)]t✱ ✉♠❛ ✈❡③ q✉❡ ♦s ❛✉t♦✈❛❧♦r❡s ❞❡ [P (ω)] sã♦ ♦s

♠❡s♠♦s ❞❡ [P (ω)]t✳ P♦r ♠❡✐♦ ❞❛s ❡q✉❛çõ❡s ❛❝✐♠❛✱ ♣♦❞❡✲s❡ ♠♦str❛r q✉❡✿

[TV (ω)] = ([Ti(ω)]
−1)t, (2.43)

❛s ❝♦❧✉♥❛s ❞❛ ♠❛tr✐③ ❞❡ [TV (ω)] sã♦ ❛✉t♦✈❡t♦r❡s ❞❡ [P (ω)] ❡ ❛s ❝♦❧✉♥❛s ❞❛ ♠❛tr✐③ [Ti(ω)]

sã♦ ❛✉t♦✈❡t♦r❡s ❞❡ [P (ω)]t✳ ❉❡ss❛ ❢♦r♠❛✱

[Γi(ω)] =
√

[P (ω)]t = [Ti(ω)]diag[γk(ω)][Ti(ω)]
−1 (2.44)
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s❡♥❞♦ γk(ω) =
√

pk(ω) ✭❦❂✶✱✷✱✳✳✳✱♥✮✳ ▲♦❣♦✱ ❛ ❢✉♥çã♦ ❞❡ ♣r♦♣❛❣❛çã♦ é ❞❛❞❛ ♣♦r✿

[A(ω)] = e[−Γi(ω)]d = [Ti(ω)]diag[e
−γk(ω)][Ti(ω)]

−1. (2.45)

❙❡ ♦s ♣❛râ♠❡tr♦s ❞❛ ▲❚ ✭l✱ c ❡ r✮ sã♦ ❢✉♥çõ❡s ❞❛ ❢r❡q✉ê♥❝✐❛✱ t♦❞♦s ♦s t❡r♠♦s ❞❛s

❡q✉❛çõ❡s ✭✷✳✸✹✮ ❡ ✭✷✳✸✺✮ sã♦ ❞❡t❡r♠✐♥❛❞♦s✳ P❛r❛ ♦❜t❡r ♦s r❡s✉❧t❛❞♦s ♥♦ ❞♦♠í♥✐♦ ❞♦

t❡♠♣♦✱ é ♥❡❝❡ssár✐♦ ♦ ❝á❧❝✉❧♦ ❞❡ ❝♦♥✈♦❧✉çõ❡s q✉❡ ♣♦❞❡♠ s❡r r❡❛❧✐③❛❞♦s ♥♦ ❞♦♠í♥✐♦

♠♦❞❛❧ ♦✉ ❞❡ ❢❛s❡s✳

✷✳✷✳✶ ▼♦❞❡❧♦ r❡♣♦rt❛❞♦ ❡♠ ▼❛rt✐ ✭✶✾✽✷✮

❖ ♠♦❞❡❧♦ ❞❡ ❏✳ ▼❛rtí ❝♦♥s✐st❡ ❡♠ ✉♠ ♠♦❞❡❧♦ ❞❡ ▲❚ ❛ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s ✈❛r✐✲

❛♥t❡s ♥❛ ❢r❡q✉ê♥❝✐❛ q✉❡ ✉t✐❧✐③❛ ♦ ❞♦♠í♥✐♦ ♠♦❞❛❧✳ ❇❛s✐❝❛♠❡♥t❡✱ três ❢❛s❡s ❞❡s❛❝♦♣❧❛❞❛s

✭♠♦❞♦s✮ ❞♦ s✐st❡♠❛ ❝♦♠ ✈❡❧♦❝✐❞❛❞❡s ❞❡ ♣r♦♣❛❣❛çã♦ ❡ ♠❛tr✐③ ❛❞♠✐tâ♥❝✐❛ ♣ró♣r✐❛s sã♦

♦❜t✐❞❛s ♣♦r ♠❡✐♦ ❞❛ ❛♣❧✐❝❛çã♦ ❞❡ ✉♠❛ tr❛♥s❢♦r♠❛❞❛ ♠♦❞❛❧ às ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛ q✉❡

tê♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❞✐❛❣♦♥❛❧✐③❛r ❛s ♠❛tr✐③❡s [P (ω)] ❡ [P (ω)]t✳ ❉❡ss❛ ❢♦r♠❛✱ ❛s ❡q✉❛çõ❡s

❞❡ ♦♥❞❛ sã♦ ♦❜t✐❞❛s ❞❡ ♠♦❞♦ q✉❡✿

∂2

∂x2
[Vmod(x, ω)] = diag[pk(ω)][Vmod(x, ω)] (2.46)

∂2

∂x2
[Imod(x, ω)] = diag[pk(ω)][Imod(x, ω)] (2.47)

❡♠ q✉❡ [Vmod(x, ω)] = [TV (ω)]
−1[V (x, ω)] ❡ [Imod(x, ω)] = [Ti(ω)]

−1I(x, ω) sã♦ ✈❡t♦r❡s

❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♠♦❞❛✐s✳ P❛r❛ ❝♦♥✈❡rt❡r ♦s ✈❛❧♦r❡s ❞♦ ❞♦♠í♥✐♦ ♠♦❞❛❧ ♣❛r❛ ♦

❞♦♠í♥✐♦ ❞❡ ❢❛s❡s✱ ❝♦♥✈♦❧✉çõ❡s sã♦ ❛♣❧✐❝❛❞❛s ✭❆❘❆Ú❏❖❀ ◆❊❱❊❙✱ ✷✵✵✺✮✳ ◆❛ tr❛♥s✐çã♦

❡♥tr❡ ♦s ❞♦♠í♥✐♦s ❞❡ ❢❛s❡s ❡ ♠♦❞♦s✱ ❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦ é ❝♦♥s✐❞❡r❛❞❛ ❝♦♠♦

s❡♥❞♦ r❡❛❧ ❡ ❝♦♥st❛♥t❡✱ ❛ ✜♠ ❞❡ r❡❞✉③✐r ♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❞❡✈✐❞♦ à r❡s♦❧✉çã♦ ❞❡

✐♥t❡❣r❛✐s ❞❡ ❝♦♥✈♦❧✉çã♦✳

✷✳✸ ❙í♥t❡s❡ ❞♦ ❝❛♣ít✉❧♦

◆❡st❡ ❝❛♣ít✉❧♦✱ ✉♠❛ ❜r❡✈❡ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ s♦❜r❡ ❛❧❣✉♥s ♠♦❞❡❧♦s ❞❡ ▲❚ ❢♦✐

❛♣r❡s❡♥t❛❞❛✳ ❇❛s✐❝❛♠❡♥t❡✱ ♦s ♠♦❞❡❧♦s ❞❡ ▲❚ sã♦ ❝❧❛ss✐✜❝❛❞♦s ❡♠ ❞✉❛s ❝❛t❡❣♦r✐❛s✿ ♦s
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♠♦❞❡❧♦s ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ ❡ ♦s ♠♦❞❡❧♦s ❞❡ ▲❚ ♣❛r❛ ❡st✉❞♦s ❡♠ r❡❣✐♠❡ tr❛♥s✐tór✐♦✱

s❡♥❞♦ ♦ s❡❣✉♥❞♦ ♣♦❞❡♥❞♦ s❡r ✐♥❞❡♣❡♥❞❡♥t❡ ♦✉ ❞❡♣❡♥❞❡♥t❡ ♥❛ ❢r❡q✉ê♥❝✐❛✳

❖s ♠♦❞❡❧♦s ❞❡ ▲❚ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡ ❝♦♥s✐❞❡r❛♠ q✉❡ ♦s ♣❛râ♠❡tr♦s ❞❛ ▲❚ sã♦

❝♦♥❝❡♥tr❛❞♦s✱ ❡ ♣♦r ✐ss♦✱ ♥ã♦ sã♦ ❛❞❡q✉❛❞♦s ♣❛r❛ ❡st✉❞♦s ❞❡ tr❛♥s✐tór✐♦s ❡❧❡tr♦♠❛❣♥é✲

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

❞✐s♣❡♥❞❡♠ ♣❛r❛ ✈✐❛❥❛r ❞❡ ✉♠ t❡r♠✐♥❛❧ ❛♦ ♦✉tr♦ ❞❛ ▲❚✳

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

❛♣r❡s❡♥t❛❞♦s✿ ♦ ♠♦❞❡❧♦ ❞❡ ❇❡r❣❡r♦♥✱ ♦ q✉❛❧ r❡♣r❡s❡♥t❛ ♦s ♣❛râ♠❡tr♦s ❞❛ ▲❚ ❞❡ ♠♦❞♦

❝♦♥st❛♥t❡ ❡ ♦ ♠♦❞❡❧♦ ❞❡ ❏▼❛rtí✱ q✉❡ ♦♣❡r❛ ❝♦♠ ♦s ♣❛râ♠❡tr♦s ❞❡♣❡♥❞❡♥t❡s ❞❛ ❢r❡q✉ê♥✲

❝✐❛✳ P♦r ❞❡♣❡♥❞❡r ❞❛ ❢r❡q✉ê♥❝✐❛✱ ❡st❡ ú❧t✐♠♦ é ♠❛✐s ✐♥❞✐❝❛❞♦ ♣❛r❛ ❡st✉❞♦s ❞❡ tr❛♥s✐✲

tór✐♦s ❡❧❡tr♦♠❛❣♥ét✐❝♦s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✱ ✉♠❛ ✈❡③ t❡♥❞❡♠ ❛

r❡♣r❡s❡♥t❛r ♦s ❢❡♥ô♠❡♥♦s ❡❧❡tr♦♠❛❣♥ét✐❝♦s ❞❡ ♠♦❞♦ ♠❛✐s ✜❞❡❞✐❣♥♦ ❡ ♣ró①✐♠♦ ❞♦ q✉❡

♦❝♦rr❡ ♥❛ r❡❛❧✐❞❛❞❡✳ ❆♣❡s❛r ❞❡ ❡①✐st✐r❡♠ ✈ár✐♦s ♠♦❞❡❧♦s r❡♣♦rt❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛✱ ❛♣❡✲

♥❛s ♦ ♠♦❞❡❧♦ ❞❡ ❇❡r❣❡r♦♥ ❡ ❏▼❛rt✐ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s✱ ✉♠❛ ✈❡③ q✉❡ ❢❛③❡♠ ♣❛rt❡ ❞♦s

❡st✉❞♦s r❡❛❧✐③❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳
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❖s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s sã♦✱ ❞❡ ♠♦❞♦ ❣❡r❛❧✱ ❝❧❛ss✐✜❝❛❞♦s ❡♠ q✉❛tr♦

❣r✉♣♦s✿ ♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s✱ ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠

❝♦♠♣♦♥❡♥t❡s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✱ ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ✐♥t❡❧✐❣ê♥❝✐❛ ❛rt✐✜❝✐❛❧ ❡ ♠ét♦❞♦s

❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ✭❙❆❍❆ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ❊♠ r❡❧❛çã♦ ❛ q✉❛♥t✐❞❛❞❡

❞❡ t❡r♠✐♥❛✐s ❡♠ q✉❡ sã♦ ❢❡✐t❛s ❛s ♠❡❞✐çõ❡s✱ ♣♦❞❡♠ s❡r ❝❧❛ss✐✜❝❛❞♦s ❡♠ ♠ét♦❞♦s q✉❡

✉t✐❧✐③❛♠ ✐♥❢♦r♠❛çõ❡s ❞❡ ✉♠✱ ❞♦✐s ♦✉ ♠✉❧t✐✲t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✳ ◆❡st❡ ❝❛♣ít✉❧♦✱ ✉♠❛

❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ s♦❜r❡ té❝♥✐❝❛s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s

❢✉♥❞❛♠❡♥t❛✐s ❡ ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s é r❡❛❧✐③❛❞❛✱ ✉♠❛ ✈❡③ q✉❡ sã♦ ♦❜❥❡t♦ ❞❡

❡st✉❞♦ ❞❡st❛ ❞✐ss❡rt❛çã♦✳

✸✳✶ ❉❛❞♦s ❞❡ ❡♥tr❛❞❛ ❞❡ ❛❧❣♦r✐t♠♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s

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

s✐♥❛✐s ❞❡ t❡♥sã♦ ❡✴♦✉ ❝♦rr❡♥t❡ ♦r✐✉♥❞♦s ❞♦s t❡r♠✐♥❛✐s s❡❝✉♥❞ár✐♦s ❞❡ tr❛♥s❢♦r♠❛❞♦r❡s

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

tr❛♥s❢♦r♠❛❞♦r❡s ❞❡ ❝♦rr❡♥t❡ ✭❚❈✮✳ ❊st❡s s✐♥❛✐s ♦r✐❣✐♥❛❞♦s ❞♦s ❚■ tê♠ ❝❛rát❡r ❛♥❛❧ó❣✐❝♦✱

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

♣r♦❝❡ss♦ ❞❡ ✜❧tr❛❣❡♠ ❛♥❛❧ó❣✐❝❛ ♣♦r ♠❡✐♦ ❞❡ ✜❧tr♦s ❛♥t✐✲❛❧✐❛s✐♥❣✱ ❝✉❥❛ ✜♥❛❧✐❞❛❞❡ é ❡✈✐t❛r

❛ s♦❜r❡♣♦s✐çã♦ ❞❡ ❡s♣❡❝tr♦s✱ ❞❛❞♦ q✉❡ t❛❧ ❢❡♥ô♠❡♥♦ ♣♦❞❡ ♣r♦✈♦❝❛r ❛ ♣❡r❞❛ ❞❡ ❞❛❞♦s
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♥♦ ❞❡❝♦rr❡r ❞❛ ❝♦♥✈❡rsã♦ ❞♦ s✐♥❛❧ ❛♥❛❧ó❣✐❝♦ ❡♠ ❞✐❣✐t❛❧✱ s❡♥❞♦ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝♦rt❡

❞♦ ✜❧tr♦ ❞❡t❡r♠✐♥❛❞❛ ♣♦r ♠❡✐♦ ❞♦ t❡♦r❡♠❛ ❞❡ ◆②q✉✐st ✭P❍❆❉❑❊❀ ❚❍❖❘P✱ ✷✵✵✾✮

✭❙❆❍❆ ❡t ❛❧✳✱ ✷✵✶✵✮✳ P❛r❛ ✐❧✉str❛r ❛s ❡t❛♣❛s ❡♠ q✉❡ ♦s ❞❛❞♦s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡

sã♦ s✉❜♠❡t✐❞♦s✱ ❞❡s❞❡ ❛ s✉❛ s❛í❞❛ ❞♦ s❡❝✉♥❞ár✐♦ ❞♦s ❚■ ❛té ❝❤❡❣❛r ❛♦s ❞✐s♣♦s✐t✐✈♦s ❞❡

♣r♦t❡çã♦ ❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✱ ✉♠ ✢✉①♦❣r❛♠❛ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶✳

Figura 3.1 – Fluxo dos dados de corrente e tensão até chegarem as funções de proteção e localização de faltas.

Fonte: adaptado de (REIS, 2019)

❯♠❛ ✈❡③ q✉❡ ♦s ❞❛❞♦s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♣❛ss❛♠ ♣❡❧❛s ❡t❛♣❛s ♠♦str❛❞❛s ♥❛ ❋✐❣✉r❛

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

❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✳

✸✳✷ ▲♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s

❚é❝♥✐❝❛s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s ✉t✐❧✐③❛♠

♦ ❝á❧❝✉❧♦ ❞♦s ❢❛s♦r❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✱ ♠❡❞✐❞♦s ❡♠ ✉♠ ♦✉ ♠❛✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✱

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

❛❧❣♦r✐t♠♦s ❞❡ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧ ❝♦♥s✐st❡♠ ❡♠ ✜❧tr♦s ❞✐❣✐t❛✐s q✉❡ r❡❝❡❜❡♠ ✉♠ ❝♦♥❥✉♥t♦

❞❡ ❛♠♦str❛s ❞✐s❝r❡t✐③❛❞❛s ❡ ❥❛♥❡❧❛❞❛s ♣❛r❛ r❡❛❧✐③❛r ❛ ❡st✐♠❛çã♦ ❞♦s ❢❛s♦r❡s ❛ss♦❝✐❛✲

❞♦s ✭P❍❆❉❑❊❀ ❚❍❖❘P✱ ✷✵✵✾✮✳ ❉✐✈❡rs❛s té❝♥✐❝❛s ❞❡ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧ sã♦ r❡♣♦rt❛✲

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

✭P❍❆❉❑❊❀ ❚❍❖❘P✱ ✷✵✵✾✮✱ ❞♦ ✜❧tr♦ ❝♦ss❡♥♦ ♠♦❞✐✜❝❛❞♦ ✭❍❆❘❚ ❡t ❛❧✳✱ ✷✵✵✵✮✱ ❞♦s q✉❡

s❡ ❜❛s❡✐❛♠ ♥❛ t❡♦r✐❛ ❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s ✭❙■▲❱❆✱ ✷✵✵✾✮✱ ❡♥tr❡ ♦✉tr♦s✳
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✸✳✷✳✶ ❊st✐♠❛çã♦ ❋❛s♦r✐❛❧

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

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

✜❧tr♦s ❛♥t✐✲❛❧✐❛s✐♥❣ ♥♦r♠❛❧♠❡♥t❡ ❞♦ t✐♣♦ ❇✉tt❡r✇♦rt❤✱ ❞❡ ✷➟ ♦✉ ✸➟ ♦r❞❡♠✱ sã♦ ❛♣❧✐❝❛❞♦s

❛♦s s✐♥❛✐s ❛♥❛❧ó❣✐❝♦s ♣❛r❛ ❧✐♠✐t❛r ❛ ❜❛♥❞❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞♦ s✐♥❛❧ ✭❘❊■❙ ❡t ❛❧✳✱ ✮✳ ❆♣ós ❛

❞✐s❝r❡t✐③❛çã♦ ❞♦s s✐♥❛✐s✱ r❡❛❧✐③❛✲s❡ ♦ ❥❛♥❡❧❛♠❡♥t♦ ❞❛s ❛♠♦str❛s ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❥❛♥❡❧❛

❞❡ t❛♠❛♥❤♦ t✐♣✐❝❛♠❡♥t❡ ✜①❛✱ q✉❡ ❞❡s❧✐③❛ ♥♦ t❡♠♣♦ ❡ ♣❡r❝♦rr❡ t♦❞♦ ♦ s✐♥❛❧✱ s❡♥❞♦ ✉♠❛

❛♠♦str❛ ❛❞✐❝✐♦♥❛❞❛ ❡ ✉♠❛ ❞❡s❝❛rt❛❞❛ ❛ ❝❛❞❛ ♣❛ss♦ ❞❡ t❡♠♣♦ ❞❡ ♠♦❞♦ q✉❡ ❛ ❛♠♣❧✐t✉❞❡

❡ ❛ ❢❛s❡ ❞♦ ❢❛s♦r sã♦ ❡st✐♠❛❞♦s ♣❛r❛ ❝❛❞❛ ❥❛♥❡❧❛ ❞♦ s✐♥❛❧ ✭P❍❆❉❑❊❀ ❚❍❖❘P✱ ✷✵✵✾✮✱

❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✷✳

Figura 3.2 – Esquema de janelamento aplicado a um sinal de corrente.

Fonte: autoria própria.

❉❛ ❋✐❣✉r❛ ✸✳✷✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❞✉r❛♥t❡ ♦ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✱ ♦ ❥❛♥❡❧❛♠❡♥t♦ é r❡❛❧✐✲

③❛❞♦ ❝♦♠ ❞❛❞♦s ❞♦ s✐♥❛❧ ❛♥t❡s ❞❛ ❢❛❧t❛✳ ❊♥tr❡t❛♥t♦✱ ❛♣ós ❛ ✐♥❝✐❞ê♥❝✐❛ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦✱

♣♦❞❡✲s❡ ♦❜s❡r✈❛r ✉♠ ♣❡rí♦❞♦ ❞❡ tr❛♥s✐çã♦ q✉❡ ❝♦♥té♠ ❛♠♦str❛s ❞♦ s✐♥❛❧ ❝♦♠ ❡ s❡♠ ❢❛❧t❛✳

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

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

❞❡ ♣ré✲❢❛❧t❛ ❡ ❞❡ ❢❛❧t❛✱ ✉♠❛ ✈❡③ q✉❡ ♦ ❢❛s♦r ❞❡ ❛♠♦str❛s ❞♦ ♣❡rí♦❞♦ ❞❡ tr❛♥s✐çã♦ ♣♦❞❡
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❛❢❡t❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ té❝♥✐❝❛s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❜❛s❡❛❞❛s ❡♠ ❢❛s♦r❡s

✭❈❖❯❘❨ ❡t ❛❧✳✱ ✷✵✵✼✮✳

P❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❞❛ ♠❛✐♦r✐❛ ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❜❛s❡❛❞♦s

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

♦❝♦rr✐❞♦✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ❞❡♣❡♥❞❡r ❞♦ t✐♣♦ ❞❡ ❢❛❧t❛✱ ♦s ❢❛s♦r❡s ❛ s❡r❡♠ ✉t✐❧✐③❛❞♦s

❝♦♠♦ ❞❛❞♦s ❞❡ ❡♥tr❛❞❛s ❞❡ ❛❧❣♦r✐t♠♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❜❛s❡❛❞♦s ❡♠

❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s ❞❡ ✉♠ t❡r♠✐♥❛❧ ❡stã♦ ❞✐s♣♦st♦s ♥❛ ❚❛❜❡❧❛ ✸✳✶✱ ❡♠ q✉❡

k0 =
ZL0
ZL1

− 1 ❝♦♥s✐st❡ ♥♦ ❢❛t♦r ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❡ s❡q✉ê♥❝✐❛ ③❡r♦✱ ♦ q✉❛❧ é r❡s♣♦♥sá✈❡❧

♣♦r ❝♦♥tr❛❜❛❧❛♥❝❡❛r ♦ ❛❝♦♣❧❛♠❡♥t♦ ♠út✉♦ ❞❡ s❡q✉ê♥❝✐❛ ③❡r♦ ❡♥tr❡ ❛ ❢❛s❡ ❡♥✈♦❧✈✐❞❛

♥♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ❡ ❛s q✉❡ ♥ã♦ ❡stã♦ ✭❙■▲❱❆✱ ✷✵✵✾✮✱ V̂L ❡ ÎL sã♦ ♦s ❢❛s♦r❡s ❞❡ t❡♥sã♦

❡ ❝♦rr❡♥t❡ r❡s❣✐str❛❞♦s ♥❛ ❜❛rr❛ ♠♦♥✐t♦r❛❞❛✱ ∆ÎL é ❛ ❝♦rr❡♥t❡ ✐♥❝r❡♠❡♥t❛❧ ❡ Îpre ❛

❝♦rr❡♥t❡ ❞❡ ♣ré✲❢❛❧t❛ ✭❉❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳

Tabela 3.1 – Fasores de entrada para algoritmos de localização de faltas de um terminal.

Tipo de Falta V̂L ÎL ∆ÎL
AT V̂A ÎA + k0Î0 ÎA − ÎApre

BT V̂B ÎB + k0Î0 ÎB − ÎBpre

CT V̂B ÎC + k0Î0 ÎC − ÎCpre

AB, ABT, ABC V̂A − V̂B ÎA − ÎB (ÎA − ÎApre)− (ÎB − ÎBpre)

BC, BCT, ABC V̂B − V̂C ÎB − ÎC (ÎB − ÎBpre)− (ÎC − ÎCpre)

CA, CAT, ABC V̂C − V̂A ÎC − ÎA (ÎC − ÎCpre)− (ÎA − ÎApre)

❋♦♥t❡✿ ✭❉❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳

❆♣❡s❛r ❞❡ ✈ár✐❛s té❝♥✐❝❛s ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s s❡r❡♠ r❡♣♦rt❛❞❛s ♥❛

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

❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s✳ ❉❡st❡ ♠♦❞♦✱ ♣❛rt❡✲s❡ ❞♦

♣r❡ss✉♣♦st♦ ❞❡ q✉❡ ♦s ❝✉rt♦s✲❝✐r❝✉✐t♦s sã♦ ❝❧❛ss✐✜❝❛❞♦s ❝♦rr❡t❛♠❡♥t❡✳

✸✳✷✳✶✳✶ ❆❧❣♦r✐t♠♦ ❞❡ ❋♦✉r✐❡r ❞❡ ❈✐❝❧♦ ❈♦♠♣❧❡t♦

❆ r❡♣r❡s❡♥t❛çã♦ ❞❡ s✐♥❛✐s ♣❡r✐ó❞✐❝♦s ♣♦❞❡ s❡r ❢❡✐t❛ ✉t✐❧✐③❛♥❞♦ ❛ sér✐❡ ❞❡ ❋♦✉r✐❡r ♣♦r

♠❡✐♦ ❞❡ ✉♠❛ s♦♠❛ ❞❡ ❢✉♥çõ❡s tr✐❣♦♥♦♠étr✐❝❛s ❞❡ s❡♥♦s ❡ ❝♦ss❡♥♦s ✭❏Ú◆■❖❘ ❡t ❛❧✳✱

✷✵✷✵✮✳ P❛r❛ ✐❧✉str❛r t❛❧ ❢❛t♦✱ ❝♦♥s✐❞❡r❡ ✉♠ s✐♥❛❧ x(t) ♣❡r✐ó❞✐❝♦✱ ❡♠ q✉❡ t r❡♣r❡s❡♥t❛

♦ t❡♠♣♦✱ s❡♥❞♦ x(t) = x(t + T )✱ ♦♥❞❡ ❚ é ♦ ♣❡rí♦❞♦ ❞♦ s✐♥❛❧✱ s❡♥❞♦ ❛ ❢r❡q✉ê♥❝✐❛
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❢✉♥❞❛♠❡♥t❛❧ ✐❣✉❛❧ ❛ f = 1/T ✳ ❆ ❙ér✐❡ ❞❡ ❋♦✉r✐❡r é ❞❛❞❛ ♣♦r✿

x(t) =
a0
2

+
+∝
∑

n=1

ancos(2πnft) +
+∝
∑

n=1

bnsen(2πnft), (3.1)

s❡♥❞♦✿

a0 =
2

T

∫ t0+T

t0

x(t)dt, (3.2)

an =
2

T

∫ t0+T

t0

x(t)cos(2πnft)dt, (3.3)

bn =
2

T

∫ t0+T

t0

x(t)sen(2πnft)dt, (3.4)

❡♠ q✉❡ an ❡ bn sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛ sér✐❡ ❞❡ ❋♦✉r✐❡r✳ ❆ ❡q✉❛çã♦ ✭✸✳✶✮ ♣♦❞❡ s❡r r❡❡s❝r✐t❛

❝♦♥❢♦r♠❡✿

x(t) =
+∝
∑

n=0

Ancos(2πnft+Θn), (3.5)

s❡♥❞♦ An ❡ Θn ♦ ♠ó❞✉❧♦ ❡ ❛ ❢❛s❡ ❞♦ s✐♥❛❧✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ q✉❡ sã♦ ❞❛❞♦s ♣♦r✿

An =
√

a2n + b2n, (3.6)

Θn = arctan
−bn
an

. (3.7)

❆s ❝♦♠♣♦♥❡♥t❡s r❡❛❧ ✭Xreal✮ ❡ ✐♠❛❣✐♥ár✐❛ ✭Ximag✮ ❞❡ ✉♠ ❢❛s♦r ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛✲

❞❛s ✉t✐❧✐③❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❋♦✉r✐❡r ❞❡ ❈✐❝❧♦ ❈♦♠♣❧❡t♦ ♣❛r❛ ✉♠ s✐♥❛❧ ❞✐❣✐t❛❧ x(m)✱

❝♦♥❢♦r♠❡ ✭P❍❆❉❑❊❀ ❚❍❖❘P✱ ✷✵✵✾✮✿

Xreal(k) =
2

N

N−1
∑

m=0

x(k −N +m).cos(
2π

N
m), (3.8)

Ximag(k) = − 2

N

N−1
∑

m=0

x(k −N +m).sen(
2π

N
m), (3.9)

❡♠ q✉❡ N é ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ♣♦r ❝✐❝❧♦ ❡ x(k − N + m) ❝♦♥s✐st❡ ♥❛ m✲és✐♠❛

❛♠♦str❛ ❞❛ k✲és✐♠❛ ❥❛♥❡❧❛ ❞❡ ❞❛❞♦s ❞♦ s✐♥❛❧ x ❥❛♥❡❧❛❞♦✳
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✸✳✷✳✷ Pr✐♥❝í♣✐♦ ❞❛ ❙✉♣❡r♣♦s✐çã♦

❖ ♣r✐♥❝í♣✐♦ ❞❛ s✉♣❡r♣♦s✐çã♦ é ✉♠❛ té❝♥✐❝❛ ♠✉✐t♦ út✐❧ ♣❛r❛ ❛♥á❧✐s❡ ❞❡ ❝✐r❝✉✐t♦s

❡❧étr✐❝♦s✱ ❞❛❞♦ q✉❡ s✉❛ ✉t✐❧✐③❛çã♦ ♣❡r♠✐t❡ r❡❞✉③✐r s✐st❡♠❛s ❝♦♠♣❧❡①♦s ❡♠ ✈ár✐♦s s✐st❡♠❛s

♠❛✐s s✐♠♣❧❡s ✭■❘❲■◆❀ ◆❊▲▼❙✱ ✶✾✸✾✮✳ P❛r❛ ❛♥á❧✐s❡s ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s✱ ♦ ✉s♦ ❞❡st❛

té❝♥✐❝❛ ♣♦ss✐❜✐❧✐t❛ s❡♣❛r❛r ❛ r❡❞❡ s♦❜ ❝♦♥❞✐çã♦ ❞❡ ❢❛❧t❛ ❡♠ ❞✉❛s r❡❞❡s ❞✐❢❡r❡♥t❡s✿ ❛ r❡❞❡

❞❡ ♣ré✲❢❛❧t❛ ❡ ❛ r❡❞❡ ❞❡ ❢❛❧t❛✳ ❆ r❡❞❡ ❞❡ ♣ré✲❢❛❧t❛✱ ❝♦♠♦ ♦ ♥♦♠❡ s✉❣❡r❡✱ ❝♦♠♣r❡❡♥❞❡

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

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

♣❛rt✐r ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦✳ ❉❡ss❛ ❢♦r♠❛✱ ❛s ❝♦♥tr✐❜✉✐çõ❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❞♦s ❡st❛❞♦s

❞❡ ♣ré✲❢❛❧t❛ ❡ ❞❡ ❢❛❧t❛ ♣♦❞❡♠ s❡r ❛♥❛❧✐s❛❞❛s s❡♣❛r❛❞❛♠❡♥t❡✱ ❢❛❝✐❧✐t❛♥❞♦ ♦ ❡♥t❡♥❞✐♠❡♥t♦

❡ ❛s ❛♥á❧✐s❡s✳

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

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

❙❊P ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✸✱ ♦ q✉❛❧ r❡♣r❡s❡♥t❛ ♦ s✐st❡♠❛ ❡q✉✐✈❛❧❡♥t❡ ♠♦♥♦❢ás✐❝♦ ❞❡ ✉♠

s✐st❡♠❛ tr✐❢ás✐❝♦ ❣❡♥ér✐❝♦ s✉❜♠❡t✐❞♦ ❛ ✉♠ ❝✉rt♦✲❝✐r❝✉✐t♦ ♦❝♦rr✐❞♦ ♥♦ ♣♦♥t♦ F ✳

Figura 3.3 – Equivalente monofásico de um SEP trifásico submetido a uma condição de falta.

Fonte: autoria própria.

❆ ✐♠♣❡❞â♥❝✐❛ ❛♣❛r❡♥t❡ ♠❡❞✐❞❛ ❡♥tr❡ ❛ ❜❛rr❛ L ❡ ♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ é ❞❛❞❛ ♣♦r✿

Zapp =
V̂L

ÎL
= ZLF +RF

ÎF

ÎL
, (3.10)

❡♠ q✉❡ V̂L ❡ ÎL sã♦ ♦s ❢❛s♦r❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ r❡❣✐str❛❞♦s ♥❛ ❜❛rr❛ L✱ r❡s♣❡❝t✐✲

✈❛♠❡♥t❡✱ ❛ ❡q✉❛çã♦ ✭✸✳✶✵✮ s❡r✈❡ ❞❡ ❜❛s❡ ♣❛r❛ ♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦♥❡♥t❡s
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❢✉♥❞❛♠❡♥t❛✐s ❞❡ ✉♠ t❡r♠✐♥❛❧✳ ❖ ❙❊P ❞❛ ❋✐❣✉r❛ ✸✳✸ ♣♦❞❡ s❡r ❞✐✈✐❞✐❞♦ ❡♠ três ❝✐r❝✉✐t♦s

❛♣❧✐❝❛♥❞♦✲s❡ ♦ ♣r✐♥❝í♣✐♦ ❞❛ s✉♣❡r♣♦s✐çã♦✱ ❝♦♥❢♦r♠❡ ❞✐s♣♦st♦ ♥❛ ❋✐❣✉r❛ ✸✳✹✳ ◆❛ ❋✐❣✉r❛

✸✳✹✭❛✮✱ ❛ r❡❞❡ ❡stá ♦♣❡r❛♥❞♦ ♥❛ ❝♦♥❞✐çã♦ ❞❡ ♣ré✲❢❛❧t❛✱ ❞❡ss❛ ❢♦r♠❛ ✉♠❛ t❡♥sã♦ ❞❡ ❝✐r✲

❝✉✐t♦ ❛❜❡rt♦ ✭❝♦rr❡♥t❡ ♥✉❧❛✮ ❡♥tr❡ ♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ❡ ♦ ♥❡✉tr♦ é ❞❡✜♥✐❞❛ ♣♦r Êth✳ ❏á ♥♦

❝✐r❝✉✐t♦ ❞❡ ❢❛❧t❛✱ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✹✭❜✮✱ ❛ t❡♥sã♦ ♥♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ✭F ✮ é ✐❣✉❛❧

à t❡♥sã♦ ♥❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ (RF )✳ ❆ss✐♠✱ ❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❡♠ q✉❛❧q✉❡r ♣♦♥t♦

❞❛ r❡❞❡ s♦❜ ❢❛❧t❛ sã♦ ❞❡✜♥✐❞❛s ♣❡❧♦ s♦♠❛tór✐♦ ❞♦s ❡❧❡♠❡♥t♦s ❞❡ ♣ré✲❢❛❧t❛ ❡ ❞♦ ❝✐r❝✉✐t♦

❞❡ ❢❛❧t❛✱ ❡ ♣♦rt❛♥t♦✱ ❛ ❝♦rr❡♥t❡ ✐♥❝r❡♠❡♥t❛❧ (∆ÎL)✱ é ❞❛❞❛ ♣♦r✿

∆ÎL = ÎL − Îpre, (3.11)

s❡♥❞♦ ÎL ❛ ❝♦rr❡♥t❡ t♦t❛❧ ♠❡❞✐❞❛ ♥♦ ♣❡rí♦❞♦ ❞❡ ❢❛❧t❛ ❡ Îpre ❛ ❝♦rr❡♥t❡ ❞❡ ♣ré✲❢❛❧t❛✱ ♦✉

t❛♠❜é♠ ❞❡♥♦♠✐♥❛❞❛ ❞❡ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✳
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Figura 3.4 – Princípio da superposição aplicado a uma LT genérica. (a)Rede de pré-falta. (b)Rede pura de falta
(c)Rede de pós-falta.

Fonte: autoria própria.

✸✳✷✳✷✳✶ ❋❛t♦r ❞❡ ❝❛r❣❛ ❡ ❢❛t♦r ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝♦rr❡♥t❡

❖ ❢❛t♦r ❞❡ ❝❛r❣❛ (ns) ❡ ♦ ❢❛t♦r ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝♦rr❡♥t❡ (k) sã♦ ❞♦✐s ♣❛râ♠❡tr♦s

q✉❡ ❛❞✈ê♠ ❞❛ ❛♣❧✐❝❛çã♦ ❞♦ ♣r✐♥❝í♣✐♦ ❞❛ s✉♣❡r♣♦s✐çã♦✱ ❡ sã♦ ♠✉✐t♦ ✉t✐❧✐③❛❞♦s ❡♠ ❢✉♥✲

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

✭❙■▲❱❊■❘❆✱ ✷✵✵✼✮✳ ❆♠❜♦s sã♦ ❣r❛♥❞❡③❛s ❝♦♠♣❧❡①❛s q✉❡ ♣♦❞❡♠ ✐♥✢✉❡♥❝✐❛r ♦ ❞❡s❡♠✲

♣❡♥❤♦ ❞❡ t❛✐s ♠ét♦❞♦s✳ ❉❡✈✐❞♦ ❛♦ ❢❛t♦ ❞❡ q✉❡ ❣r❛♥❞❡ ♣❛rt❡ ❞♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s
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❡♠ ❢❛s♦r❡s ❛❞♦t❛♠ ❛ ♣❛rt❡ ✐♠❛❣✐♥ár✐❛ ♣❛r❛ ❡st✐♠❛r ❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✱ ❛ ✐♥✢✉ê♥❝✐❛

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

❛✉♠❡♥t❛r ❞✐❛♥t❡ ❞♦ ❛✉♠❡♥t♦ ❞❡ s✉❛s ❢❛s❡s ✭❉❆▲❈❆❙❚❆●◆✃ ❡t ❛❧✳✱ ✷✵✵✼✮✳ P♦r ✐ss♦✱ é

✐♠♣♦rt❛♥t❡ ✐♥✈❡st✐❣❛r ♦ ✐♠♣❛❝t♦ ❞❡ss❡s ♣❛râ♠❡tr♦s✳

❖ ❢❛t♦r ❞❡ ❝❛r❣❛ (ns) é ❞❛❞♦ ♣♦r ✭❙■▲❱❊■❘❆✱ ✷✵✵✼✮✿

ÎL

∆ÎL
= |ns|ejα. (3.12)

❖ â♥❣✉❧♦ ❞❡ ns ✭α✮ s♦♠❡♥t❡ é ♥✉❧♦ s❡ ♥ã♦ ❤♦✉✈❡r ✢✉①♦ ❞❡ ♣♦tê♥❝✐❛ ❡♥tr❡ ❛s ❜❛rr❛s✳

❚♦❞❛✈✐❛✱ s❡ ❛ ❝♦rr❡♥t❡ ✐♥❝r❡♠❡♥t❛❧ ✭∆ÎL✮ ❢♦r ♠✉✐t♦ ♠❛✐♦r ❞♦ q✉❡ ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛

✭Îpre✮✱ α t❡rá ✉♠ ✈❛❧♦r ♣ró①✐♠♦ ❞❡ ③❡r♦✱ ✐st♦ é✱ ∆ÎL ❡st❛rá ♣r❛t✐❝❛♠❡♥t❡ ❡♠ ❢❛s❡ ❝♦♠

ÎL✳

❏á ♦ ❢❛t♦r ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝♦rr❡♥t❡ é ❞❛❞♦ ♣♦r ✭❙■▲❱❊■❘❆✱ ✷✵✵✼✮✿

k =
∆ÎL

ÎF
= |k|ejφ, (3.13)

❡♠ q✉❡ ❛ ❝♦rr❡♥t❡ ÎF é ❛ ❝♦rr❡♥t❡ q✉❡ ♣❛ss❛ ♣❡❧❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ✭♦✉ s❡❥❛✱ ♣❡❧♦ ♣♦♥t♦

❞❡ ❢❛❧t❛ ❡ ♦ ♥❡✉tr♦ ❞❛ r❡❞❡✮✱ ❛ q✉❛❧ ♥ã♦ ♣♦❞❡ s❡r ♠❡❞✐❞❛ ❞✐r❡t❛♠❡♥t❡✳ ◆♦ ❡♥t❛♥t♦✱ ❝♦♠♦

Îfpre = 0 ✭♥ã♦ ❡①✐st❡ ❝♦rr❡♥t❡ ❞❡ ❢❛❧t❛ ❛♥t❡s ❞❛ ♦❝♦rrê♥❝✐❛ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦✮✱tê♠✲s❡✿

ÎF = ∆ÎF , (3.14)

❡

∆IF = ∆ÎL +∆ÎG. (3.15)

P♦r ✐♥s♣❡çã♦ ♥❛ ❋✐❣✉r❛ ✸✳✹✱ ♦❜té♠✲s❡✿

∆ÎL =
Êth

ZLF + ZL

, (3.16)

❡

∆ÎG =
Eth

ZG + ZGF

. (3.17)

❙✉❜st✐t✉✐♥❞♦✱ ✭✸✳✶✻✮ ❡ ✭✸✳✶✼✮ ❡♠ ✭✸✳✶✺✮✱ ❡ ✭✸✳✶✺✮ ❡ ✭✸✳✶✻✮ ❡♠ ✭✸✳✶✸✮✱ ♦❜té♠✲s❡✿

k =
ZG + (1− d)Zl1

ZG + ZL + Zl1

. (3.18)

❉❡st❛ ❢♦r♠❛✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ♦ ❢❛t♦r ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝♦rr❡♥t❡ k ♥ã♦ ❞❡♣❡♥❞❡ ❞❛s

❛♠♣❧✐t✉❞❡s ♦✉ ❢❛s❡s ❞❛s t❡♥sõ❡s V̂L ❡ V̂G✱ ♠❛s ❛♣❡♥❛s ❞❛ ❝♦♥✜❣✉r❛çã♦ ❞❛ r❡❞❡✱ ♦✉ s❡❥❛✱
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❞❛ ✐♠♣❡❞â♥❝✐❛ ❞❛ ▲❚✱ ❞❛s ✐♠♣❡❞â♥❝✐❛s ❞❛s ❢♦♥t❡s ❡ ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❢❛❧t❛ (d)✳ ◆❡st❡

s❡♥t✐❞♦✱ φ s❡rá ♥✉❧♦ s❡ ♦ s✐st❡♠❛ ❢♦r ❤♦♠♦❣ê♥❡♦✱ ♦✉ s❡❥❛✱ s❡ ♦ â♥❣✉❧♦ ❞❡ ZL✱ ZG ❡ Zl1

❢♦r❡♠ ✐❣✉❛✐s✳ ❙❡❣✉♥❞♦ ❲✐s③♥✐❡✇s❦✐ ✭✶✾✽✸✮✱ s❡ ZL✱ ZG ❡ Zc ♣♦ss✉✐r â♥❣✉❧♦s ❞❡ ❢❛s❡

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

❧✐♥❤❛✱ ♠❛s ♠❡s♠♦ ♥❡ss❡ ❝❛s♦✱ ❣❡r❛❧♠❡♥t❡✱ ♥ã♦ ✉❧tr❛♣❛ss❛ ✶✵➦ ✭❲■❙❩◆■❊❲❙❑■✱ ✶✾✽✸✮✳

✸✳✸ ▲♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞❛s ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦

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

❡♥❞✐❞♦ ♣❡❧♦ ❞✐❛❣r❛♠❛ ❞❡ ❇❡✇❧❡②✱ ♦✉ ❞✐❛❣r❛♠❛ ❡s♣❛ç♦✲t❡♠♣♦✱ ❛ ❡①❡♠♣❧♦ ❞♦ ✐❧✉str❛❞♦

♥❛ ❋✐❣✉r❛ ✸✳✺✱ ❡♠ q✉❡ ❛s r❡❧❛çõ❡s t❡♠♣♦✲❡s♣❛ç♦ sã♦ ❛♣r❡s❡♥t❛❞❛s ♣♦r ♠❡✐♦ ❞❛ ❝❤❡❣❛❞❛

❞❡ ♦♥❞❛s ✐♥❝✐❞❡♥t❡s✱ r❡✢❡t✐❞❛s ❡ r❡❢r❛t❛❞❛s ♥♦s t❡r♠✐♥❛✐s ❆ ❡ ❇ ❞❛ ▲❚✳

❆ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥♦ ♣♦♥t♦ ❋ ♣r♦❞✉③ ♦♥❞❛s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡

q✉❡ s❡ ♣r♦♣❛❣❛♠ ❛ ♣❛rt✐r ❞♦ ♣♦♥t♦ ❞♦ ❞❡❢❡✐t♦ ♣❛r❛ ❛♠❜♦s ♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✳ ❆♦

❡♥❝♦♥tr❛r ✉♠❛ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡✱ ❛ ❡①❡♠♣❧♦ ❞♦s ❜❛rr❛♠❡♥t♦s ❆ ❡ ❇✱ ❡ss❛s ♦♥❞❛s r❡✢❡t❡♠

❡ r❡t♦r♥❛♠ ❛♦ ♣♦♥t♦ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❞✐stúr❜✐♦✱ ♦♥❞❡ ♥♦✈❛s r❡✢❡①õ❡s ❡ r❡❢r❛çõ❡s ❛❝♦♥✲

t❡❝❡rã♦ ❛té s❡r❡♠ ❝♦♠♣❧❡t❛♠❡♥t❡ ❛♠♦rt❡❝✐❞❛s ❡ ♦ ❡st❛❞♦ ❞❡ ♣ós✲❢❛❧t❛ s❡❥❛ ❛❧❝❛♥ç❛❞♦

✭●❯❩▼➪◆ ❡t ❛❧✳✱ ✷✵✶✽✮✳ ❆ ♣r✐♠❡✐r❛ ♦♥❞❛ q✉❡ ❛t✐♥❣❡ ♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦ ✭t❡r♠✐♥❛❧

❆✱ ♣♦r ❡①❡♠♣❧♦✮ é ❞❡♥♦♠✐♥❛❞❛ ♦♥❞❛ ✐♥❝✐❞❡♥t❡✱ s❡♥❞♦ ❛s ❞✉❛s ♦♥❞❛s ♦r✐❣✐♥❛❞❛s ❞❡❧❛

❞❡♥♦♠✐♥❛❞❛s ♦♥❞❛s r❡✢❡t✐❞❛s ❡ r❡❢r❛t❛❞❛s ✭tr❛♥s♠✐t✐❞❛s✮✳ ❇❛s✐❝❛♠❡♥t❡✱ ❡ss❛s ♦♥❞❛s

s❛t✐s❢❛③❡♠ ❛s ❧❡✐s ❞❡ ❑✐r❝❤❤♦✛ ✭❇❊❲▲❊❨✱ ✶✾✻✸✮✳
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Figura 3.5 – Diagrama de Bewley.

Fonte: autoria própria.

P❛r❛ ♠❡❧❤♦r ❝♦♠♣r❡❡♥❞❡r ♦s ❡✈❡♥t♦s ❞❡❝♦rr❡♥t❡s ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❡♠ ▲❚✱ ❛ r❡❧❛✲

çã♦ ❡♥tr❡ ❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♣♦❞❡ s❡r ❡st❛❜❡❧❡❝✐❞❛ ♣♦r✿

Zc =
V i

Ii
= −V r

Ir
, (3.19)

s❡♥❞♦ Zc ❛ ✐♠♣❡❞â♥❝✐❛ ❞❡ s✉rt♦ ❞❛ ❧✐♥❤❛✱ Vi ❡ Ii ❛s ♦♥❞❛s ✐♥❝✐❞❡♥t❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡ Vr ❡ Ir ❛s ♦♥❞❛s r❡✢❡t✐❞❛s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

◗✉❛♥❞♦ ❛s ♦♥❞❛s ✐♥❝✐❞❡♥t❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❛t✐♥❣❡♠ ✉♠ t❡r♠✐♥❛❧ ❞❛ ❧✐♥❤❛✱ ✉♠❛

♣❛rt❡ ❞❛ ♠❡s♠❛ r❡✢❡t❡ ❡ ❛ ♦✉tr❛ r❡❢r❛t❛✱ ❝♦♥❢♦r♠❡ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✻✳ ❆ r❡❧❛çã♦

❡♥tr❡ ❛s ♦♥❞❛s ✐♥❝✐❞❡♥t❡✱ r❡✢❡t✐❞❛ ❡ tr❛♥s♠✐t✐❞❛ ❞❡♣❡♥❞❡ ❞❛ ✐♠♣❡❞â♥❝✐❛ ✈✐st❛ ❞♦ ♣♦♥t♦

❞❡ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡ ✭Zt✮✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡q✉❛çã♦ ✭✸✳✷✵✮ ✭●❯❩▼➪◆ ❡t ❛❧✳✱ ✷✵✶✽✮✿

Figura 3.6 – Ondas Viajantes incidente, transmitida e refletida.

Fonte: Fonte: autoria própria.
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Zt =
Vi + Vr

Ii + Ir
. (3.20)

P♦r ♠❡✐♦ ❞❡ ♠❛♥✐♣✉❧❛çõ❡s ❛❧❣é❜r✐❝❛s ❡♥tr❡ ❛s ❡q✉❛çõ❡s ✭✸✳✶✾✮ ❡ ✭✸✳✷✵✮✱ ❛ r❡❧❛çã♦

❡♥tr❡ ❛s ❝♦rr❡♥t❡s r❡✢❡t✐❞❛ ❡ ✐♥❝✐❞❡♥t❡ ♣♦❞❡ s❡r ♦❜t✐❞❛✱ s❡❣✉♥❞♦ ✭●❯❩▼➪◆ ❡t ❛❧✳✱

✷✵✶✽✮✿

Γ =
Ir
Ii

=
Zc − Zt

Zc + Zt

, (3.21)

❡♠ q✉❡ Γ é ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ r❡✢❡①ã♦✳ ❙✐♠✐❧❛r♠❡♥t❡✱ ❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ❝♦rr❡♥t❡ r❡❢r❛t❛❞❛

❡ ❛ ❝♦rr❡♥t❡ ✐♥❝✐❞❡♥t❡ r❡s✉❧t❛ ♥❛ ♦❜t❡♥çã♦ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ r❡❢r❛çã♦ ✭⊤✮✱ ❝♦♥❢♦r♠❡✿

⊤ =
It
Ii

=
2Zc

Zc + Zt

. (3.22)

❈♦♥❤❡❝❡♥❞♦✲s❡ ♦s t❡♠♣♦s tA1 ❡ tA2 ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✸✳✺✱ ❛ ❞✐stâ♥❝✐❛ ❞♦ ♣♦♥t♦

❞❡ ❢❛❧t❛✱ ❞✱ r❡❢❡r❡♥t❡ à ❜❛rr❛ ❆✱ ✉t✐❧✐③❛♥❞♦ ❞❛❞♦s ❞❡ ✉♠ t❡r♠✐♥❛❧ ❞❛ ❧✐♥❤❛✱ ♣♦❞❡ s❡r

❝❛❧❝✉❧❛❞❛ ♣♦r ✭●❆▲❊ ❡t ❛❧✳✱ ✶✾✾✸✮✿

d = v
tA2 − tA1

2
, (3.23)

❡✱ ♣❛r❛ ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✿

d = v
ℓ+ v(tA1 − tB1)

2
, (3.24)

❡♠ q✉❡ v é ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❛s ♦♥❞❛s✱ tA1 ♦ t❡♠♣♦ ❡♠ q✉❡ ❛ ♣r✐♠❡✐r❛

❢r❡♥t❡ ❞❡ ♦♥❞❛ ✭✐♥❝✐❞❡♥t❡✮ é ❞❡t❡❝t❛❞❛ ♥♦ ♣♦♥t♦ ❞❡ ♠❡❞✐çã♦ ✭❜❛rr❛ ❆✮✱ tA2 ♦ t❡♠♣♦ ❞❡

♣r♦♣❛❣❛çã♦ ❞❛ ♣r✐♠❡✐r❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ❡ tB1 ♦ t❡♠♣♦ ❡♠ q✉❡ ❛ ♦♥❞❛

✐♥❝✐❞❡♥t❡ é ❞❡t❡❝t❛❞❛ ♥♦ ♣♦♥t♦ ❞❡ ♠❡❞✐çã♦ ✭❜❛rr❛ ❇✮✳ ❆ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❡

♠♦❞♦ ❛ér❡♦ ❞❛s ♦♥❞❛s ♣❛r❛ ✉♠❛ ▲❚ s❡♠ ♣❡r❞❛s é ❞❡✜♥✐❞❛ ♣♦r v = 1/
√
lc✱ s❡♥❞♦ l ❡

c ❛ ✐♥❞✉tâ♥❝✐❛ ❡ ❝❛♣❛❝✐tâ♥❝✐❛ ❞♦ ♠♦❞♦ ❛ér❡♦ ♣♦r ✉♥✐❞❛❞❡ ❞❡ ❝♦♠♣r✐♠❡♥t♦✱ r❡s♣❡❝t✐✈❛✲

♠❡♥t❡✳ ❉✐❛♥t❡ ❞❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❞❡ s✐♥❝r♦♥✐③❛çã♦ ❞❡ ❞❛❞♦s ❡♥tr❡ ♦s t❡r♠✐♥❛✐s ❞❛ ▲❚✱

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

sã♦ ♠❛✐s ♣❛ssí✈❡✐s ❛ ❡rr♦s ❞❡✈✐❞♦ à ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ✐❞❡♥t✐✜❝❛r ❝♦rr❡t❛♠❡♥t❡ ❛s ♦♥❞❛s

r❡✢❡t✐❞❛s ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ tA2✱ ❛s q✉❛✐s ♣♦❞❡♠ s❡r ❝♦♥❢✉♥❞✐❞❛s ❝♦♠ ♦♥❞❛s r❡❢r❛t❛❞❛s

❡♠ ♦✉tr♦s ♣♦♥t♦s ❞♦ ❙❊P✱ ❛ ❡①❡♠♣❧♦ ❞♦ ✐♥st❛♥t❡ t3 ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✺ ✭❘❊■❙✱

✷✵✶✾✮✳
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✸✳✸✳✶ ❉❡t❡❝çã♦ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s

P❛r❛ ❞❡t❡❝t❛r ♦s ✐♥st❛♥t❡s ❞❡ ❝❤❡❣❛❞❛ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ✐♥❞✉③✐❞❛s ♣♦r ❝✉rt♦s✲

❝✐r❝✉✐t♦s ♥♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ❞❡ tr❛s♠✐ssã♦✱ ❞✐✈❡rs❛s ❢❡rr❛♠❡♥t❛s ♠❛t❡♠át✐❝❛s ♣♦❞❡♠

s❡r ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ ♣❛r❛ ❛✉①✐❧✐❛r ♦ ♣r♦❝❡ss♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✱ ❛ ❡①❡♠♣❧♦

❞♦ ✜❧tr♦ ❞✐✛❡r❡♥t✐❛t♦r✲s♠♦♦t❤❡r ✭●❯❩▼➪◆ ❡t ❛❧✳✱ ✷✵✶✽✮✱ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ P❛r❦

✭▲❖P❊❙ ❡t ❛❧✳✱ ✷✵✶✹✮ ❡ ❞❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t ✭❈❖❙❚❆❀ ❙❖❯❩❆✱ ✷✵✶✶✮✳

◆♦ q✉❡ t❛♥❣❡ à tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t✱ ✉♠ s✐♥❛❧ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ❞❡ ♠❛♥❡✐r❛

s✐♠✉❧tâ♥❡❛ ♥♦s ❞♦♠í♥✐♦s ❞♦ t❡♠♣♦ ❡ ❞❛ ❢r❡q✉ê♥❝✐❛✳ ❊♠ ✶✾✾✷✱ ❉❛✉❜❡❝❤✐❡s ✐♥✐❝✐♦✉ ♦s

❡st✉❞♦s ❡ ❝♦♥❝❡✐t✉♦✉ ❛ ❚r❛♥s❢♦r♠❛❞❛❲❛✈❡❧❡t ❉✐s❝r❡t❛ ✭❚❲❉✮ ✭❉❆❯❇❊❈❍■❊❙✱ ✶✾✾✷✮✳

❆ ❚r❛♥❢♦r♠❛❞❛ ❲❛✈❡❧❡t ❉✐s❝r❡t❛ ✭❚❲❉✮ ❢♦✐ ♦r✐❣✐♥❛❧♠❡♥t❡ ❛ ♠❛✐s ✉t✐❧✐③❛❞❛ ✭❙❆❍❆ ❡t

❛❧✳✱ ✷✵✶✵✮✱ ❛♣❡s❛r ❞❛ ❡①✐stê♥❝✐❛ ❞❛ ❚r❛♥s❢♦r♠❛❞❛❲❛✈❡❧❡t ❉✐s❝r❡t❛ ❘❡❞✉t❛♥t❡ ✭❚❲❉❘✮✱

t❡r s✐❞♦ ❛♠♣❧❛♠❡♥t❡ ✉t✐❧✐③❛❞❛ ♥❛ ❞❡t❡❝çã♦ ❞❡ tr❛♥s✐tór✐♦s rá♣✐❞♦s ❞❡ ❢❛❧t❛ ❡♠ ❙❊P

✭P❊❘❈■❱❆▲❀ ❲❆▲❉❊◆✱ ✷✵✵✵✮✳ ❈♦st❛ ❡ ❙♦✉③❛ ✭✷✵✶✶✮ r❡❝♦♠❡♥❞❛♠ ❛ ❚❲❉❘ ❝♦♠♦ ❛

té❝♥✐❝❛ ♠❛✐s ❛♣r♦♣r✐❛❞❛ ♣❛r❛ ❞❡t❡❝t❛r tr❛♥s✐tór✐♦s✱ ✉♠❛ ✈❡③ q✉❡ ♥ã♦ ✉t✐❧✐③❛ ♦ ♣r♦❝❡ss♦

❞❡ s✉❜❛♠♦str❛❣❡♠ ♣♦r ❞♦✐s✱ ♥❡❝❡ssár✐♦ ♣❡❧❛ ❚❲❉✱ tr❛③❡♥❞♦ ❝♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛s ❛

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

▼❛❧❧❛t ✭✶✾✽✾✮ ♣r♦♣ôs ✉♠ ❛❧❣♦r✐t♠♦ ❜❛s❡❛❞♦ ❡♠ ♣r♦❝❡ss♦s ❞❡ ✜❧tr❛❣❡♠ ♣❛r❛ ❝❛❧✲

❝✉❧❛r ❛ ❚❲❉✳ ❇❛s✐❝❛♠❡♥t❡✱ ♦ ❝á❧❝✉❧♦ é r❡❛❧✐③❛❞♦ ♣❡❧❛ ❝♦♥✈♦❧✉çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡

❛♣r♦①✐♠❛çã♦ ci−1 ❝♦♠ ♦s ✜❧tr♦s ♣❛ss❛✲❜❛✐①❛s ✭g✮ ❡ ♣❛ss❛✲❛❧t❛s ✭h✮✱ ❝♦♠♦ s❡ s❡❣✉❡✿

ci(k) =
∑

n

g(n− 2k)ci−1(n), (3.25)

di(k) =
∑

n

h(n− 2k)ci−1(n), (3.26)

❡♠ q✉❡ ci ❡ di sã♦ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❛♣r♦①✐♠❛çã♦ ❡ ❞❡t❛❧❤❡ ❞❛ ❡s❝❛❧❛ i✳ ❈♦♠♦ ♣♦❞❡✲s❡

♣❡r❝❡❜❡r✱ ❛ s✉❜❛♠♦str❛❣❡♠ ♣♦r ❞♦✐s é ✉t✐❧✐③❛❞❛ ♥♦ ❝á❧❝✉❧♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡s❝r✐t♦s

♥❛s ❡q✉❛çõ❡s ✭✸✳✷✺✮ ❡ ✭✸✳✷✻✮✳ ❊♠ ❝♦♥❢♦r♠✐❞❛❞❡ ❝♦♠ ❛s ❡q✉❛çõ❡s ✭✸✳✷✺✮ ❡ ✭✸✳✷✻✮✱ ♦s

❝♦❡✜❝✐❡♥t❡s ❞❡ ❛♣r♦①✐♠❛çã♦ ❡ ❞❡t❛❧❤❡ ❞❛ ♣r✐♠❡✐r❛ ❡s❝❛❧❛ sã♦ ❝❛❧❝✉❧❛❞♦s✱ ♣♦r✿

c1(k) =
∑

n

g(n− 2k)c0(n), (3.27)
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d1(k) =
∑

n

h(n− 2k)c0(n), (3.28)

s❡♥❞♦ c1(k) ❡ d1(k) ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❛♣r♦①✐♠❛çã♦ ❡ ❞❡t❛❧❤❡ ❞❛ ♣r✐♠❡✐r❛ ❡s❝❛❧❛✱ r❡s♣❡❝t✐✲

✈❛♠❡♥t❡✱ ❡ c0 ♦ s✐♥❛❧ ♦r✐❣✐♥❛❧ ❛ s❡r ✜❧tr❛❞♦✳ ❖s ✜❧tr♦s ♣❛ss❛✲❛❧t❛s✱ h(k) ❡ g(k) ❞❡♣❡♥❞❡♠

❞❛ ✇❛✈❡❧❡t ♠ã❡ ✉t✐❧✐③❛❞❛ ✭❉❆❯❇❊❈❍■❊❙✱ ✶✾✾✷✮✳ ❙❡❣✉♥❞♦ ◆❣✉ ❡t ❛❧✳ ✭✷✵✵✾✮✱ ❛ ✇❛✈❡❧❡t

♠ã❡ ❉❛✉❜❡❝❤✐❡s ✹✱ ♦✉ ❞❜✹✱ é ✉♠❛ ❞❛s ♠❛✐s ❛♣r♦♣r✐❛❞❛s ♣❛r❛ r❡❛❧✐③❛r ✉♠❛ ❞❡t❡❝çã♦

rá♣✐❞❛ ❞♦s tr❛♥s✐tór✐♦s ❡♠ s✐st❡♠❛s ❞❡ ♣♦tê♥❝✐❛✱ ❡ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞❛✱ ♥❡st❛ ❞✐ss❡rt❛çã♦✱

♣❛r❛ ❛✉①✐❧✐❛r ♦ ♣r♦❝❡ss♦ ❞❡ ❞❡t❡❝çã♦ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s✳ ❉❡ss❛ ❢♦r♠❛✱ ♦s ❝♦❡✜❝✐❡♥t❡s

❞♦ ✜❧tr♦ ♣❛ss❛✲❜❛✐①❛s ❞❛ ❚❲❉ ♣❛r❛ ❛ ✇❛✈❡❧❡t ❞❜✹✱ sã♦ ❞❛❞♦s ♣♦r✿

g(1) =
1 +

√
3

4
√
2

, (3.29)

g(2) =
3 +

√
3

4
√
2

, (3.30)

g(3) =
3−

√
3

4
√
2

, (3.31)

g(4) =
1−

√
3

4
√
2

. (3.32)

❊ ❞♦ ✜❧tr♦ ♣❛ss❛✲❛❧t❛s✱ ♣♦r✿

h(1) = g(4), (3.33)

h(2) = −g(3), (3.34)

h(3) = g(2), (3.35)

h(4) = −g(1). (3.36)

❖ ❛❧❣♦r✐t♠♦ rá♣✐❞♦ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❛ ❚❲❉❘ é ❝❛❧❝✉❧❛❞♦

❝♦♥❢♦r♠❡ ✭❈❖❙❚❆❀ ❙❖❯❩❆✱ ✷✵✶✶✮✿

w(k) =
L
∑

l=1

h(l)x(k + l − L), (3.37)
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❞❡s❞❡ q✉❡ ∃{x(k − L + 1)✱ ✳✳✳ ✱x(k − 1)✱ x(k)}❀ s❡♥❞♦ w(k) ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞♦

s✐♥❛❧ x ✭t❡♥sã♦ ♦✉ ❝♦rr❡♥t❡✮✱ h ♦s ❝♦❡✜❝✐❡♥t❡s ❞♦ ✜❧tr♦ ♣❛ss❛ ❛❧t❛s ✇❛✈❡❧❡t ❡ L = 4 ♣❛r❛

❛ ✇❛✈❡❧❡t ❞❜✹✳ ❖s ✜❧tr♦s ✇❛✈❡❧❡t ❞❛ ❚❲❉❘✱ sã♦ ♦❜t✐❞♦s ❞✐r❡t❛♠❡♥t❡ ❞♦s ✜❧tr♦s ❞❛

❚❲❉✱ ❝♦♥❢♦r♠❡✿

ğ(l) =
g(l)√
2
, (3.38)

h̆(l) =
h(l)√
2

(3.39)

❡♠ q✉❡ ğ(l) ❡ h̆(l)✱ sã♦ ♦s ✜❧tr♦s ❡s❝❛❧❛ ❡ ✇❛✈❡❧❡t ❞❛ ❚❲❉❘✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❉❡s❝r❡✈❡✲s❡ ♥❡st❛ s❡çã♦ ♦ ♠ét♦❞♦ ❞❡ ❞❡t❡❝çã♦ ✐♠♣❧❡♠❡♥t❛❞♦ ♣❛r❛ ❞❡t❡❝t❛r ♦s ✐♥s✲

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

tr❛♥s♠✐ssã♦✳

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

❡st❛♠♣❛s ❞❡ t❡♠♣♦ ❡♠ q✉❡ ❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ❛t✐♥❣❡♠ ♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦ ❞❛ ▲❚✳

P❛r❛ t❛♥t♦✱ ❛ ❚❲❉❘ ❢♦✐ ❡s❝♦❧❤✐❞❛ ♣♦r ♥ã♦ ✉t✐❧✐③❛r ♦ ♣r♦❝❡ss♦ ❞❡ s✉❜❛♠♦str❛❣❡♠ ♣♦r

❞♦✐s ❞❛ ❚❲❉✱ ♦ q✉❡ r❡s✉❧t❛ ♥✉♠❛ ♠❡❧❤♦r r❡s♦❧✉çã♦ ❞♦s s✐♥❛✐s✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ ✉♠❛

❞❡t❡❝çã♦ ♠❛✐s rá♣✐❞❛ ❡♠ ❝♦♠♣❛r❛çã♦ à ❚❲❉✳

❇❛s✐❝❛♠❡♥t❡✱ ❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t ❛t✉❛ ❝♦♠♦ ✉♠ ✜❧tr♦✳ ❆s ♦♥❞❛s ✈✐❛❥❛♥t❡s sã♦

❢❡♥ô♠❡♥♦s t✐♣✐❝❛♠❡♥t❡ ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✱ q✉❡ sã♦ ❣❡r❛❞❛s ❛ ♣❛rt✐r ❞❛ ♦❝♦rrê♥❝✐❛ ❞❡

❝✉rt♦s✲❝✐r❝✉✐t♦s✳ ❉❡st❛ ❢♦r♠❛✱ ♦ ✜❧tr♦ ♣❛ss❛✲❛❧t❛s✱ h✱ ❞❛ ❚❲❉❘ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ♣❛r❛

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

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

❖s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ s❡♥♦✐❞❛✐s ♣r♦✈❡♥✐❡♥t❡s ❞❡ ❙❊P✱ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✱

sã♦ ❝♦♠♣♦st♦s ❜❛s✐❝❛♠❡♥t❡ ♣❡❧❛ ❝♦♠♣♦♥❡♥t❡ ❢✉♥❞❛♠❡♥t❛❧✱ ❤❛r♠ô♥✐❝♦s ❡ r✉í❞♦s ❝♦♠

❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ♥♦r♠❛❧ ✭❈❖❙❚❆❀ ❙❖❯❩❆✱ ✷✵✶✶✮✳ ❉❡ss❡ ♠♦❞♦✱ ♦ s✐♥❛❧

s❡♠ ❞✐stúr❜✐♦s r❡♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✼✱ ♣♦r ❡①❡♠♣❧♦✱ é ❝♦♠♣♦st♦ ♣❡❧❛ ❝♦♠♣♦♥❡♥t❡

❞❡ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ✭✻✵❍③✮✱ ❡✱ r✉í❞♦ ❜r❛♥❝♦✱ ❝✉❥❛ r❡❧❛çã♦ s✐♥❛❧✲r✉í❞♦ ✐❣✉❛❧ ❛ ✼✵

❞❜ ❢♦✐ s✉❜♠❡t✐❞♦ à ❡♥tr❛❞❛ ❞♦ ✜❧tr♦ ♣❛ss❛✲❛❧t❛s ❞❛ ❚❲❉❘✳ ❆ r❡s♣♦st❛ ♦❜t✐❞❛ ♥❛ s❛í❞❛

❡stá ✐❧✉str❛❞❛ ♥❛ ❋✐❣✉r❛ ✸✳✽✳
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Figura 3.7 – Sinal de tensão senoidal mais ruído.

Fonte: autoria própria.

Figura 3.8 – Coeficientes wavelet TWDR.

Fonte: autoria própria.

❖❜s❡r✈❛✲s❡ ♥❛ s❛í❞❛ ❞♦ ✜❧tr♦✱ ✈✐❞❡ ❋✐❣✉r❛ ✸✳✽✱ q✉❡ ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❞❡ ❜❛✐①❛

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

♣✉r❛ ❡ ❞❡✈✐❞♦ à ❜❛♥❞❛ ❞❡ ♣❛ss❛❣❡♠ ❞♦ ✜❧tr♦✱ ❛ ❛♠♣❧✐t✉❞❡ ❞♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t é

♣❡q✉❡♥❛ ✭❈❖❙❚❆❀ ❙❖❯❩❆✱ ✷✵✶✶✮✳

◆♦ ❡♥t❛♥t♦✱ q✉❛♥❞♦ ✉♠ s✐♥❛❧ ❞❡ t❡♥sã♦ ❡✴♦✉ ❝♦rr❡♥t❡ ♣r♦✈❡♥✐❡♥t❡ ❞❡ ✉♠ ❞✐stúr❜✐♦✱

q✉❡ ❝♦♥té♠ tr❛♥s✐tór✐♦s ❞❡ ❛❧t❛s ❢r❡q✉ê♥❝✐❛s✱ ❣❡r❛❞♦s ♣♦r ❝✉rt♦s✲❝✐r❝✉✐t♦s✱ ♣♦r ❡①❡♠♣❧♦✱
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é s✉❜♠❡t✐❞♦ ❛ ✉♠ ♣r♦❝❡ss♦ ❞❡ ✜❧tr❛❣❡♠ ❞❛ ❚❲❉❘ ❛ ♣❛rt✐r ❞♦ ✜❧tr♦ ♣❛ss❛✲❛❧t❛s h✱ ♣✐❝♦s

sã♦ ♥♦t❛❞♦s ♥♦s ✐♥st❛♥t❡s ❡♠ q✉❡ ❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ❛t✐♥❣❡♠ ♦✭s✮ t❡r♠✐♥❛❧✭✐s✮ ❞❛ ❧✐♥❤❛✳

◆❛ ❋✐❣✉r❛ ✸✳✾✱ ♦ r❡❣✐str♦ ♦s❝✐❧♦❣rá✜❝♦ ❞❛ t❡♥sã♦ ♠❡❞✐❞❛ ❡♠ ✉♠ ❞♦s t❡r♠✐♥❛✐s ❞❛ ▲❚

❞♦s ❝♦❡✜❝✐❡♥t❡ ✇❛✈❡❧❡t✱ ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞❛ s✐♠✉❧❛çã♦ ❞❡ ✉♠ ❝✉rt♦✲❝✐r❝✉✐t♦ ♥♦ ❆❚P✱ é

✐❧✉str❛❞♦✳

Figura 3.9 – Sinal de tensão proveniente da simulação de um curto-circuito monofásico no ATP (a) sinal de
tensão da fase A (b) coeficientes wavelet da fase A.

Fonte: autoria própria.

◆❡st❡ s❡♥t✐❞♦✱ ♥❛ ❋✐❣✉r❛ ✸✳✾ ✭❛✮✱ ♦❜s❡r✈❛✲s❡ q✉❡ ❛ t❡♥sã♦ ♣❡r♠❛♥❡❝❡✉ ❡♠ r❡❣✐♠❡

♣❡r♠❛♥❡♥t❡ ❛té ♦ ✐♥st❛♥t❡ ❞❡ ✵✳✶ s✳ ◆♦ ❡♥t❛♥t♦✱ ❛♣ós t❛❧ ✐♥st❛♥t❡ ✉♠❛ ✈❛r✐❛çã♦ ❛❜r✉♣t❛

❞❛ t❡♥sã♦ ♦❝❛s✐♦♥❛❞❛ ♣♦r ✉♠ ❝✉rt♦✲❝✐r❝✉✐t♦ é ♦❜s❡r✈❛❞❛✱ ❞❡ ♠♦❞♦ q✉❡ tr❛♥s✐tór✐♦s ❞❡

❢❛❧t❛ sã♦ ❣❡r❛❞♦s✳ ❉❡ss❛ ❢♦r♠❛✱ ♦♥❞❛s ✈✐❛❥❛♥t❡s sã♦ ❝r✐❛❞❛s ❡ ❝♦♠❡ç❛♠ ❛ s❡ ♣r♦♣❛✲

❣❛r ❛♦ ❧♦♥❣♦ ❞❛ ▲❚✳ ◗✉❛♥❞♦ ♦ s✐♥❛❧ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✾ ✭❛✮ ♣❛ss❛ ♣❡❧♦ ✜❧tr♦ ❞❛

❚❲❉❘✱ ♣✐❝♦s ❡ ✈❛❧❡s sã♦ ♦❜t✐❞♦s ♥❛ s❛í❞❛ ❞♦ ✜❧tr♦ ♥♦s ✐♥st❛♥t❡s ❞❡ t❡♠♣♦ ❡♠ q✉❡ ❛s

♦♥❞❛s ✈✐❛❥❛♥t❡s sã♦ ✐❞❡♥t✐✜❝❛❞❛s ♥♦✭s✮ t❡r♠✐♥❛❧✭✐s✮ ❞❛ ▲❚✳ ❖ ♣r✐♠❡✐r♦ ♣✐❝♦ r❡♣r❡s❡♥t❛

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

♦♥❞❛s r❡✢❡t❡♠ ❡ r❡❢r❛t❛♠ ❞♦s ♣♦♥t♦s ❞❡ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s ❞❛ ▲❚✱ ♣✐❝♦s sã♦ ❢♦r♠❛❞♦s
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♥❛ s❛í❞❛ ❞♦ ✜❧tr♦ ♣❛ss❛✲❛❧t❛ ❞❛ ❚❲❉❘✱ ❝♦♥❢♦r♠❡ ✸✳✾ ✭❜✮✳

❉❡ss❛ ❢♦r♠❛✱ ♦ ♣r♦❝❡ss♦ ❞❡ ❞❡t❡❝çã♦ ❡♥✈♦❧✈❡✱ ❜❛s✐❝❛♠❡♥t❡✱ ❛ ❞❡t❡❝çã♦ ❞♦s ✈❛❧❡s

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

sã♦ ♣❡r❝❡❜✐❞❛s ♥♦✭s✮ t❡r♠✐♥❛❧✭✐s✮ ❞❡ ♠❡❞✐çã♦ ❞❛ ▲❚✳

❙❛❜❡✲s❡ q✉❡ ♦ ♣r✐♠❡✐r♦ ♣✐❝♦ q✉❡ ❛♣❛r❡❝❡ ♥❛ r❡s♣♦st❛ ❞♦ ✜❧tr♦ ✇❛✈❡❧❡t r❡❢❡r❡✲s❡ à

♦♥❞❛ q✉❡ ✐♥❝✐❞❡ ♥♦ t❡r♠✐♥❛❧ ✈✐♥❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛✳ ❉❡t❡❝t❛r ♦ ✐♥st❛♥t❡ q✉❡ ❡ss❛ ♦♥❞❛

❛t✐♥❣❡ ♦ t❡r♠✐♥❛❧ ❞❛ ❧✐♥❤❛ é ✉♠❛ t❛r❡❢❛ s✐♠♣❧❡s q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛ à ❞❡t❡❝çã♦ ❞❛ ♦♥❞❛

r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦✳ ◆❛ ❧✐t❡r❛t✉r❛✱ té❝♥✐❝❛s q✉❡ ❡st✐♠❛♠ ♦ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦

❡♠ q✉❡ ❛s ♦♥❞❛s ✐♥❝✐❞❡♥t❡s ❛t✐❣❡♠ ♦s t❡r♠✐♥❛✐s ❞❛ ▲❚ sã♦ ❜❛st❛♥t❡ ❞✐❢✉♥❞✐❞❛s✱ ♣r✐♥✲

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

❞❡ ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ▲❚ ✭▲❖P❊❙ ❡t ❛❧✳✱ ✷✵✶✹✮ ✭❈❖❙❚❆ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ❆❧❣✉♥s ❞❡st❡s

❛❧❣♦r✐t♠♦s ❝♦♥s✐❞❡r❛♠ q✉❡ ♦s ❝♦❡✜❝✐❡♥t❡s ✇❛✈❡❧❡t ❡♥❝♦♥tr❛♠✲s❡ ❛❜❛✐①♦ ❞❡ ✉♠ ❞❡t❡r♠✐✲

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

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

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

✭❈❖❙❚❆❀ ❙❖❯❩❆✱ ✷✵✶✶✮✳ ❚♦❞❛✈✐❛✱ ❛ ♠❛✐♦r✐❛ ❞❡ss❡s ♣r♦❝❡ss♦s ♥ã♦ ❞❡t❡❝t❛♠✱ ♣♦r ♠✉✐✲

t❛s ✈❡③❡s✱ ♦ ♣r✐♠❡✐r♦ ♣✐❝♦ ♦✉ ✈❛❧❡ q✉❡ ❛♣❛r❡❝❡ ♥❛ s❛í❞❛ ❞❛ ❚❲❉❘✱ ❡ s✐♠✱ ❛ s✉❛ s✉❜✐❞❛

♦✉ ❞❡s❝✐❞❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ◆♦ ❡♥t❛♥t♦✱ ❡st❛s té❝♥✐❝❛s ♣♦❞❡♠ s❡r s❡♥sí✈❡✐s ❛ r✉í❞♦s ❡

❞❡t❡❝çõ❡s ❡rrô♥❡❛s ♣♦❞❡♠ s✉r❣✐r✱ ❞❡ss❛ ❢♦r♠❛✱ ❞❡ ♠♦❞♦ q✉❡ ❞❡t❡❝t❛r ♦ ♣✐❝♦ ♣♦❞❡ s❡r

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

✸✳✹ ▼ét♦❞♦s ❤í❜r✐❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s

❖s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❤í❜r✐❞♦s ❝♦♥s✐st❡♠ ♥❛ ❥✉♥çã♦ ❞❡ ❞✉❛s ♦✉ ♠❛✐s

té❝♥✐❝❛s ♣❛r❛ ❡st✐♠❛r ♦ ♣♦♥t♦ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳ ❆s ❧✐♠✐t❛çõ❡s ❞❡ té❝♥✐❝❛s

❜❛s❡❛❞❛s ❡♠ ✐♠♣❡❞â♥❝✐❛✱ ♣♦r ❡①❡♠♣❧♦✱ ♣♦❞❡♠ s❡r s✉♣❡r❛❞❛s q✉❛♥❞♦ ✉t✐❧✐③❛❞❛s ❡♠

❝♦♥❥✉♥t♦ ❝♦♠ ♦✉tr♦s ♠ét♦❞♦s✱ ❛ ❡①❡♠♣❧♦ ❞♦s ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s✳

❉❡♥tr❡ ♦s ♠ét♦❞♦s ❤í❜r✐❞♦s q✉❡ ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛✱ ❞❡st❛❝❛✲s❡ ❛

té❝♥✐❝❛ ❤í❜r✐❞❛ q✉❡ ✉t✐❧✐③❛ ✉♠❛ ❥❛♥❡❧❛ ❣❡r❛❧ ♣❛r❛ ❡st✐♠❛r ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡

❢❛❧t❛✳ ❚✐♣✐❝❛♠❡♥t❡ ♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦ é ❡st✐♠❛❞♦✱ ✐♥✐❝✐❛❧♠❡♥t❡✱ ♣♦r ✉♠ ♠ét♦❞♦ ❜❛s❡❛❞♦

❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s ❡✱ ♣♦st❡r✐♦r♠❡♥t❡✱ ♦ r❡s✉❧t❛❞♦ ♦❜t✐❞♦ é r❡✜♥❛❞♦ ♣♦r ♠❡✐♦
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❞♦ ✉s♦ ❞❛ té❝♥✐❝❛ ❜❛s❡❛❞❛ ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s✱ ❝✉❥♦ ♦❜❥❡t✐✈♦ é ❞❡ r❡❞✉③✐r ♦

❡rr♦ ❞❡ ❡st✐♠❛çã♦ ✭❳■◆❩❍❖❯ ❡t ❛❧✳✱ ✷✵✵✷✮✳

✸✳✹✳✶ ❚é❝♥✐❝❛ r❡♣♦rt❛❞❛ ❡♠ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮

❆ té❝♥✐❝❛ r❡♣♦rt❛❞❛ ❡♠ ✭❳■◆❩❍❖❯ ❡t ❛❧✳✱ ✷✵✵✷✮ ✉t✐❧✐③❛ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ❡♠♣í✲

r✐❝❛ ♣❛r❛ ❡st✐♠❛r ♦ ❧♦❝❛❧ ❞❡ ❢❛❧t❛✳ ❆ té❝♥✐❝❛ ❢❛s♦r✐❛❧ r❡♣♦rt❛❞❛ ❡♠ ❲✐s③♥✐❡✇s❦✐ ✭✶✾✽✸✮

é ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡st✐♠❛r ❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✱ ✐♥✐❝✐❛❧♠❡♥t❡✳ ❯♠❛ ✈❡③ ❡st✐♠❛❞❛ ❛ ❧♦✲

❝❛❧✐③❛çã♦ ♣❡❧♦ ♠ét♦❞♦ ❢❛s♦r✐❛❧✱ ✉♠❛ ❥❛♥❡❧❛ ❣❡r❛❧ é ❝♦♥str✉í❞❛ ❡✱ ♣♦r ♠❡✐♦ ❞♦ ✉s♦ ❞❛

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

♣♦❧❛r✐❞❛❞❡ ❞❛ ♦♥❞❛ ✐♥❝✐❞❡♥t❡✱ é ❞❡t❡❝t❛❞❛ ❡ ♦ ❧♦❝❛❧ ❞❡ ❢❛❧t❛ é ♥♦✈❛♠❡♥t❡ ❡st✐♠❛❞♦ ♣♦r

♠❡✐♦ ❞❛ r♦t✐♥❛ ❜❛s❡❛❞❛ ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❞❡ ✉♠ t❡r♠✐♥❛❧✳ ❆ ❥❛♥❡❧❛ ❝♦♥s✲

tr✉í❞❛ ✉t✐❧✐③❛ ❛ ❧♦❝❛❧✐③❛çã♦ ❡st✐♠❛❞❛ ♣♦r ❲✐s③♥✐❡✇s❦✐ ✭✶✾✽✸✮ ❡ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ▲❚✱

❝♦♥❢♦r♠❡ ❡q✉❛çã♦ ✭✸✳✹✵✮✿

x = df ± 10%L, (3.40)

s❡♥❞♦ x ♦s ❧✐♠✐t❡s ❞❛ r❡❢❡r✐❞❛ ❥❛♥❡❧❛✱ df ❛ ❧♦❝❛❧✐③❛çã♦ ❡st✐♠❛❞❛ ♣❡❧♦ ♠ét♦❞♦ ❢❛s♦r✐❛❧ ❡ L✱

♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ▲❚✳ ❯♠ ❡①❡♠♣❧♦ ❞❛ ❛♣❧✐❝❛çã♦ ❞❛ té❝♥✐❝❛ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶✵✱

❡♠ q✉❡ ✉♠ ❝✉rt♦✲❝✐r❝✉✐t♦ ♠♦♥♦❢ás✐❝♦ ❢♦✐ ❛♣❧✐❝❛❞♦ ❛ ✾✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦✱

❝♦♠ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❞❡ ✶✵ Ω ❡ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ❞❡ 90➦✳
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Figura 3.10 – Exemplo explicativo da técnica reportada em Xinzhou et al. (2002).

Fonte: autoria própria.

❆ ♣❛rt✐r ❞❛ ❋✐❣✉r❛ ✸✳✶✵✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♦ ♣r✐♠❡✐r♦ ♣✐❝♦ é ♥❡❣❛t✐✈♦ ❡ ❝♦rr❡s♣♦♥❞❡

❛♦ t❡♠♣♦ ❡♠ q✉❡ ❛ ♦♥❞❛ ✐♥❝✐❞❡♥t❡ ❛t✐♥❣✐✉ ♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦✳ ❈♦♠♦ ♦ ♣✐❝♦ ❞❛

♦♥❞❛ ✐♥❝✐❞❡♥t❡ é ♥❡❣❛t✐✈♦✱ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ t❛♠❜é♠ t❡rá ♣♦❧❛r✐❞❛❞❡

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

❞❡ r❡✢❡①ã♦ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s✳ ❆ ✐♠♣❡❞â♥❝✐❛ ❞❡ t❡r♠✐♥❛çã♦ ❞❛ ▲❚✱ Zt✱ é ❞❛❞❛ ♣❡❧♦

♣❛r❛❧❡❧♦ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❡ ❞❛ ✐♠♣❡❞â♥❝✐❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❛ ▲❚✳ ❉❡ss❛ ❢♦r♠❛✱ ♣❛r❛

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

♥❡❝❡ssár✐♦ ❛♣❡♥❛s q✉❡ Zc > 0✱ ♦ q✉❡ é ✈❡r❞❛❞❡✳ ◆❡st❡ ❡①❡♠♣❧♦✱ ♦ ❧♦❝❛❧ ❞❡ ❢❛❧t❛ ❡st✐♠❛❞♦

♣❡❧♦ ♠ét♦❞♦ ❢❛s♦r✐❛❧ ❢♦✐ ❞❡ ✾✹✱✼✹ ❦♠✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠ ❡rr♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ✷✱✸✼✪✳ ❆

❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ❝♦♠♣r❡❡♥❞❡ t♦❞❛ ❛ ❢❛✐①❛ ❡♠ ✈❡r♠❡❧❤♦ ❞❛ ❋✐❣✉r❛ ✸✳✶✵ ❞❡✜♥✐❞❛ ♣❡❧❛

❡q✉❛çã♦ ✭✸✳✹✵✮✳ ❖ ♣r✐♠❡✐r♦ ♣✐❝♦ ♥❡❣❛t✐✈♦ r❡❢❡r❡♥t❡ à ♦♥❞❛ r❡✢❡t✐❞❛ ❡stá ❞❡st❛❝❛❞♦ ♥❛

❋✐❣✉r❛ ✸✳✶✵✱ q✉❡ r❡s✉❧t❛ ❡♠ ✉♠❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ ❞❡ ✽✾✱✼✸ ❦♠ ❡ ✉♠ ❡rr♦ ♣❡r❝❡♥t✉❛❧ ❞❡

✵✱✶✸✪✳ ❉❡ss❛ ❢♦r♠❛✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ♦ ❛❧❣♦r✐t♠♦ ❤í❜r✐❞♦ ❢♦✐ ❝❛♣❛③ ❞❡ r❡✜♥❛r ♦ r❡s✉❧t❛❞♦

❡ r❡❞✉③✐r ♦ ❡rr♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✳
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✸✳✺ ❙í♥t❡s❡ ❞♦ ❝❛♣ít✉❧♦

◆❡st❡ ❝❛♣ít✉❧♦ ✉♠❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ s♦❜r❡ té❝♥✐❝❛s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s

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

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

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

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

❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s sã♦ ❞❡✜♥✐❞♦s ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ♣ré✈✐❛ ❝❧❛ss✐✜❝❛çã♦ ❞❛ ❢❛❧t❛

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

çã♦ ❡ ❞❡♠❛♥❞❛♠ ✉♠❛ ❜❛✐①❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠✳

❏á ♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s s❡ ❜❛s❡✐❛♠ ♥❛ ❞❡t❡❝çã♦ ❞❛s

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

t❡r♠✐♥❛✐s ♠♦♥✐t♦r❛❞♦s ❞❛ ▲❚✳ ❆ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞❡ss❛s té❝♥✐❝❛s ❞❡♣❡♥❞❡ ❞❛ ❛❧t❛ t❛①❛

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

✈✐❛❥❛♥t❡s✱ ✉♠❛ ✈❡③ q✉❡ ❡st❛s sã♦ ❢❡♥ô♠❡♥♦s ❞❡ ❛❧t❛ ❢r❡q✉ê♥❝✐❛✳

P♦r ✜♠✱ ♦ ❛❧❣♦r✐t♠♦ ❤í❜r✐❞♦ ❝❧áss✐❝♦ r❡♣♦rt❛❞♦ ❡♠ ✭❳■◆❩❍❖❯ ❡t ❛❧✳✱ ✷✵✵✷✮ ❢♦✐

❛♣r❡s❡♥t❛❞♦✳ ❖ q✉❛❧ ✉t✐❧✐③❛ ❢✉♥çõ❡s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s ❡ ♥❛

t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ♣❛r❛ r❡✜♥❛r ❛ ❡st✐♠❛çã♦ ❞♦ ❧♦❝❛❧ ❞❡ ❞❡❢❡✐t♦✳
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❈✉rt♦s✲❝✐r❝✉✐t♦s ♣♦❞❡♠ ♦❝♦rr❡r ♥♦s ❞✐❢❡r❡♥t❡s ❡❧❡♠❡♥t♦s ❞♦ ❙❊P✳ P♦r ❡st❛r❡♠ ♠❛✐s

❡①♣♦st❛s ❡ ❞❡✈✐❞♦ ❛s ❣r❛♥❞❡s ❞✐stâ♥❝✐❛s q✉❡ ♣❡r❝♦rr❡♠✱ ❛s ▲❚ ❡stã♦ ♠❛✐s s✉s❝❡tí✈❡✐s ❛

♦❝♦rrê♥❝✐❛ ❞❡ ❢❛❧t❛s ✭❙❆❍❆ ❡t ❛❧✳✱ ✷✵✶✵✮✳ P❛r❛ ❡✈✐t❛r ❧♦♥❣♦s ♣❡rí♦❞♦s ❞❡ ✐♥t❡rr✉♣çã♦ ❡

❣❛r❛♥t✐r ❛ ❝♦♥t✐♥✉✐❞❛❞❡ ❡ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❞♦ ❢♦r♥❡❝✐♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛✱ ❛ ❛♣❧✐❝❛çã♦

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

❉❡ss❛ ❢♦r♠❛✱ ♦ ❡st✉❞♦ ❞❡ té❝♥✐❝❛s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ✈ê♠ ❝r❡s❝❡♥❞♦ ❛♦ ❧♦♥❣♦

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

❞❡ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ✭❘❊P❖❘❚✱ ✶✾✺✺✮✱ ✭❙❆❍❆ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ❉❡♥tr❡ ❛s té❝♥✐❝❛s ❞❡

❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ♣❛r❛ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ r❡♣♦rt❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛✱ ❞✉❛s s❡rã♦

♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ❞❡st❡ tr❛❜❛❧❤♦✿ ❛s té❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s

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

r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ ❞❡ t❛✐s té❝♥✐❝❛s sã♦ ❛♣r❡s❡♥t❛❞❛s✳

✹✳✶ ❚é❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s

❚é❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s ❢♦r❛♠ ❡ ❛✐♥❞❛ sã♦ t✐♣✐❝❛♠❡♥t❡

✉t✐❧✐③❛❞❛s ❡♠ r❡❧és ❞❡ ♣r♦t❡çã♦ tr❛❞✐❝✐♦♥❛✐s✳ ❚❛✐s té❝♥✐❝❛s ✉t✐❧✐③❛♠ ♦s ❢❛s♦r❡s ❞❡ ❝♦r✲

r❡♥t❡ ❡ t❡♥sã♦ ♠❡❞✐❞♦s ❡♠ ✉♠❛ ♦✉ ❛♠❜❛s ❛s ❡①tr❡♠✐❞❛❞❡s ❞❛ ❧✐♥❤❛ ♣❛r❛ ❡st✐♠❛r ❛

❧♦❝❛❧✐③❛çã♦ ❞❛ ❢❛❧t❛✱ ❡♠ q✉❡ r❡q✉❡r❡r❡♠ ❜❛✐①❛s t❛①❛s ❞❡ ❛♠♦str❛❣❡♠ ❡ ♣♦✉❝♦ ❡s❢♦rç♦

❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ s✉❛ ❡①❡❝✉çã♦✳ ❆♣❡s❛r ❞❡ s❡r❡♠ r❡♣♦rt❛❞♦s ❝♦♠♦ ❞❡ s✐♠♣❧❡s ✐♠✲

♣❧❡♠❡♥t❛çã♦✱ ❡ss❛s r♦t✐♥❛s sã♦ s❡♥sí✈❡✐s ❛ ❢❛t♦r❡s ❝♦♠♦ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❝♦rr❡♥t❡ ❞❡
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❝❛r❣❛✱ ❡❢❡✐t♦ ❝❛♣❛❝✐t✐✈♦ ❞❛ ▲❚✱ s❛t✉r❛çã♦ ❞❡ ❚❈✱ ❡♥tr❡ ♦✉tr♦s✱ q✉❡ ♣♦❞❡♠ ❛❢❡t❛r ❞✐r❡✲

t❛♠❡♥t❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s

❢❛s♦r✐❛✐s ✭❙❆❍❆ ❡t ❛❧✳✱ ✷✵✶✵✮ ✭❉❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮ ✭●❆▼❆✱ ✷✵✶✽✮ ✳

❖s ♣r✐♠❡✐r♦s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦♥❡♥t❡s

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

♥ã♦ ♥❡❝❡ss✐❞❛❞❡ ❞♦ ✉s♦ ❞❡ ❝❛♥❛✐s ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❡ ❞❛ s✐♥❝r♦♥✐③❛çã♦ ❞❡ ❞❛❞♦s ❢♦r❛♠

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

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

❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛✱ ♦ ♠ét♦❞♦ ❞❡ r❡❛tâ♥❝✐❛ s✐♠♣❧❡s r❡♣♦rt❛❞♦ ❡♠ ✭❙❆❍❆ ❡t ❛❧✳✱

✷✵✶✵✮✱ ♣❛rt❡ ❞♦ ♣r❡ss✉♣♦st♦ ❞❡ q✉❡ ♦ s✐st❡♠❛ é ❤♦♠♦❣ê♥❡♦ ❡ q✉❡ ❛s ❝♦rr❡♥t❡s ❞❛s

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

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

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

✐♠❛❣✐♥ár✐❛s ❞♦s ❢❛s♦r❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♠♦♥✐t♦r❛❞♦s✳ ❈♦♥t✉❞♦✱ ♣❛r❛ s✐st❡♠❛s ♥ã♦

❤♦♠♦❣ê♥❡♦s✱ ❛s ❝♦rr❡♥t❡s ♥♦s t❡r♠✐♥❛✐s ❞❛ ▲❚ ♥ã♦ s❡ ❡♥❝♦♥tr❛♠ ❡♠ ❢❛s❡✱ ❞❡ ♠♦❞♦ q✉❡

❛ ✐♠♣❡❞â♥❝✐❛ ❞❡ ❢❛❧t❛ é ✉♠ ♥ú♠❡r♦ ❝♦♠♣❧❡①♦ ❡ ❛♣r❡s❡♥t❛ ✉♠❛ r❡❛tâ♥❝✐❛ ❛❞✐❝✐♦♥❛❧ ❛♦

❝✉rt♦✲❝✐r❝✉✐t♦✳ ❉✐t♦ ✐st♦✱ ♦♠✐t✐r ❡st❛ r❡❛tâ♥❝✐❛ ✐♥tr♦❞✉③ ✉♠ ❡rr♦ ♥❛s ❡st✐♠❛t✐✈❛s ❞♦s

❧♦❝❛✐s ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❞❡❢❡✐t♦ ✭■❊❊❊✱ ✷✵✵✺✮✳

❚❛❦❛❣✐ ❡t ❛❧✳ ✭✶✾✽✷✮✱ ♣♦r s✉❛ ✈❡③✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠❡❧❤♦r❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦

♠ét♦❞♦ ❞❛ r❡❛tâ♥❝✐❛ s✐♠♣❧❡s✱ ✐♥tr♦❞✉③✐✉ ♥♦ s❡✉ ❡q✉❛❝✐♦♥❛♠❡♥t♦ ❝♦♠♣♦♥❡♥t❡s ❞♦ ❝✐r✲

❝✉✐t♦ ❞❡ ♣ré✲❢❛❧t❛ ❡ ❞❡ ❢❛❧t❛✱ ♦s q✉❛✐s ♣♦❞❡♠ s❡r ❛♥❛❧✐s❛❞♦s ♣♦r ♠❡✐♦ ❞♦ ♣r✐♥❝í♣✐♦ ❞❛

s✉♣❡r♣♦s✐çã♦✱ ❝♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✸✳✷✳✸✳ ◆♦ ❡♥t❛♥t♦✱ ❛ té❝♥✐❝❛ ❛ss✉♠❡ q✉❡ ❛

❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ♣❡r♠❛♥❡❝❡ ❛ ♠❡s♠❛ ❛♥t❡s ❡ ❞✉r❛♥t❡ ♦ ❝✉rt♦✲❝✐r❝✉✐t♦✱ ♦ q✉❡ ♣♦❞❡ r❡✲

s✉❧t❛r ❡♠ ✉♠❛ ❢♦♥t❡ ❞❡ ❡rr♦s ❞❡ ❡st✐♠❛çã♦✳ ❆❧é♠ ❞✐ss♦✱ ♦ ♠ét♦❞♦ ❛ss✉♠❡ q✉❡ ❛ r❡❞❡ ❞❡

tr❛♥s♠✐ssã♦ é ❤♦♠♦❣ê♥❡❛✱ ♦✉ s❡❥❛✱ q✉❡ ❛ ✐♠♣❡❞â♥❝✐❛ ❞❛ ❢♦♥t❡ ❧♦❝❛❧ ❡ r❡♠♦t❛ ♣♦ss✉❡♠

♦ ♠❡s♠♦ â♥❣✉❧♦ ❞❡ ✐♠♣❡❞â♥❝✐❛ ❞❛ ▲❚✳ ❉❡ss❛ ❢♦r♠❛✱ ♦ s✉❝❡ss♦ ❞♦ ♠ét♦❞♦ ❞❡♣❡♥❞❡ ❞♦

❣r❛✉ ❞❡ ❤♦♠♦❣❡✐♥❡❞❛❞❡ ❞❛ r❡❞❡✳ ❆ ✜♠ ❞❡ ♠❡❧❤♦r❛r ♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ ❚❛❦❛❣✐ ❡t ❛❧✳

✭✶✾✽✷✮ ❛♣r❡s❡♥t❛ ♦ ♠ét♦❞♦ ❞❡ ❚❛❦❛❣✐ ♠♦❞✐✜❝❛❞♦✱ ♦ q✉❛❧ ✉t✐❧✐③❛ ❛ r❡❞❡ ❞❡ s❡q✉ê♥❝✐❛

③❡r♦ ♣❛r❛ ❝♦♠♣❡♥s❛r ✉♠ s✐st❡♠❛ ♥ã♦ ❤♦♠♦❣ê♥❡♦ ❡ ❛ ❝♦rr❡♥t❡ ❞❡ s❡q✉ê♥❝✐❛ ③❡r♦ ❛♦

✐♥✈és ❞❛ ❝♦rr❡♥t❡ ♣✉r❛ ❞❡ ❢❛❧t❛✳ ❆♣❡s❛r ❞♦ ♠ét♦❞♦ ♠♦str❛r✲s❡ s✉♣❡r✐♦r ❡♠ r❡❧❛çã♦ ❛♦

♠ét♦❞♦ ❞❡ ❚❛❦❛❣✐ ✭❚❆❑❆●■ ❡t ❛❧✳✱ ✶✾✽✷✮✱ ❛ ❡st✐♠❛t✐✈❛ ❞♦ ❧♦❝❛❧ ❞❡ ❢❛❧t❛ ❞❡♣❡♥❞❡ ❞♦
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❝♦♥❤❡❝✐♠❡♥t♦ ❞♦ ✈❛❧♦r ❞❛ ✐♠♣❡❞â♥❝✐❛ ❞❡ s❡q✉ê♥❝✐❛ ③❡r♦ ❞❛ ❢♦♥t❡ ❞♦ t❡r♠✐♥❛❧ r❡♠♦t♦✳

❏á ♦ ♠ét♦❞♦ r❡♣♦rt❛❞♦ ❡♠ ❊r✐❦ss♦♥ ❡t ❛❧✳ ✭✶✾✽✺✮✱ t❛♠❜é♠ ❞❡ ✉♠ t❡r♠✐♥❛❧✱ ✉t✐❧✐③❛ ♦

❢❛t♦r ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝♦rr❡♥t❡ ❡♠ s❡✉ ❡q✉❛❝✐♦♥❛♠❡♥t♦ ❡ ♦s ♣❛râ♠❡tr♦s ❞❡ ✐♠♣❡❞â♥❝✐❛

❞❛ ❢♦♥t❡ ♣❛r❛ t❡♥t❛r s✉♣❡r❛r ♦ ❡rr♦ ❞❡ r❡❛tâ♥❝✐❛✱ ❞❡ ❝❛r❣❛ ♦✉ ❞❡ ♥ã♦ ❤♦♠♦❣❡♥❡✐❞❛❞❡ ❞♦

s✐st❡♠❛ ✭❉❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ❞❡♣❡♥❞❡r ❞❡ ❝♦♠♦ ♦s ♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s

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

s❡r ❛❢❡t❛❞❛✳ ❇❛s✐❝❛♠❡♥t❡✱ ❛ ❞✐stâ♥❝✐❛ ❞❛ ❢❛❧t❛ é ❡st✐♠❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❡q✉❛çã♦

q✉❛❞rát✐❝❛ q✉❡ ♣♦❞❡ ❛ss✉♠✐r ❞♦✐s ✈❛❧♦r❡s ♣♦ssí✈❡✐s✳ ❖ ✈❛❧♦r ♦❜t✐❞♦ ❡♥tr❡ ③❡r♦ ❡ ✉♠ ♣✉

é ❡s❝♦❧❤✐❞♦ ❝♦♠♦ s❡♥❞♦ ❛ ❡st✐♠❛t✐✈❛ ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❢❛❧t❛✳

◆♦✈♦s❡❧ ❡t ❛❧✳ ✭✶✾✾✽✮ ♣r♦♣õ❡♠ ✉♠❛ ✈❡rsã♦ ♠♦❞✐✜❝❛❞❛ ❞♦ ♠ét♦❞♦ ❛♣r❡s❡♥t❛❞♦ ❡♠

❊r✐❦ss♦♥ ❡t ❛❧✳ ✭✶✾✽✺✮ ❡ ❛ss✉♠❡ ♦ ♠♦❞❡❧♦ ❞❡ ❝❛r❣❛ ❞❡ ✐♠♣❡❞â♥❝✐❛ ❝♦♥st❛♥t❡✳ ❚♦❞❛✈✐❛✱

❛ té❝♥✐❝❛ só ♣♦❞❡ s❡r ❛♣❧✐❝❛❞❛ ❡♠ ▲❚ r❛❞✐❛✐s✱ ✉♠❛ ✈❡③ q✉❡ t♦❞❛s ❛s ❝❛r❣❛s s❡r✈✐❞❛s

♣❡❧❛ ▲❚ sã♦ ❛❣r✉♣❛❞❛s ♥♦ ✜♥❛❧ ❞♦ ❛❧✐♠❡♥t❛❞♦r✳

❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❝♦♠♣❡♥s❛r ♦ ❡rr♦ ✐♥tr♦❞✉③✐❞♦ ♣❡❧♦ ❡❢❡✐t♦ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✱

❲✐s③♥✐❡✇s❦✐ ✭✶✾✽✸✮ ♣r♦♣õ❡ ✉♠ ♠ét♦❞♦ ❞❡ ✉♠ t❡r♠✐♥❛❧✳ ❈♦♥t✉❞♦✱ ♦ s✉❝❡ss♦ ❞♦ ❛❧✲

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

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

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

s❡r s✐❣♥✐✜❝❛t✐✈♦s✳

❉✐s♣♦st♦s ❛ ❝♦♥s✐❞❡r❛r ♦ ❡❢❡✐t♦ ❝❛♣❛❝✐t✐✈♦ ❞❛ ▲❚ ❡♠ s✉❛s ❢♦r♠✉❧❛çõ❡s✱ ❆❧✈❡s ✭✷✵✵✽✮ ❡

❙❛❧✐♠ ❡t ❛❧✳ ✭✷✵✶✶✮ ❛♣r❡s❡♥t❛♠ ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s ❞❡ ✉♠

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

♦❝❛s✐♦♥❛r ❡♠ ❡rr♦s ❞❡ ❡st✐♠❛çã♦ ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦✱ ❞❡ ❢♦r♠❛ ❛♥á❧♦❣❛ ❛♦s

♠ét♦❞♦s ❞❛ r❡❛tâ♥❝✐❛ s✐♠♣❧❡s ❡ ❞❡ ❚❛❦❛❣✐✳

❈♦♠ ✈✐st❛s ❛ r❡❞✉③✐r ♦s ❡rr♦s ❝❛✉s❛❞♦s ♣❡❧❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ❡ ♥ã♦ ❤♦♠♦❣❡♥❡✐❞❛❞❡

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

❞♦✐s t❡r♠✐♥❛✐s ❢♦r❛♠ ♣r♦♣♦st♦s✳ ❉❡♥tr❡ ❡❧❡s✱ ♣♦❞❡✲s❡ ❝✐t❛r ♦s ❛❧❣♦r✐t♠♦s ❞❡s❝r✐t♦s ❡♠ ❍❡

❡t ❛❧✳ ✭✷✵✶✶✮✱ ❏♦❤♥s ❡ ❏❛♠❛❧✐ ✭✶✾✾✵✮✱ ❚③✐♦✉✈❛r❛s ❡t ❛❧✳ ✭✷✵✵✶✮✱ ❡♥tr❡ ♦✉tr♦s✳ ❈♦♥t✉❞♦✱

❞❡♥tr❡ ❛s ❧✐♠✐t❛çõ❡s ❞❡ t❛✐s ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ❡stã♦ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s✐♥❝r♦♥✐③❛çã♦ ❞❡

❞❛❞♦s ❞♦s t❡r♠✐♥❛✐s ❞❛ ▲❚ ❡ ❞❛s ❢♦♥t❡s ❝♦♥❡❝t❛❞❛s ❛♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✳

❆ss✐♠✱ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❜❛s❡❛❞♦ ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s t❡♠ r❡q✉✐s✐t♦s ❡s♣❡✲
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❝í✜❝♦s ❞❡ ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❡ ❢❛③ ❝❡rt❛s s✉♣♦s✐çõ❡s ♣❛r❛ ❡st✐♠❛r ❛ ❞✐stâ♥❝✐❛ ❞♦ ♣♦♥t♦

❞❡ ❞❡❢❡✐t♦✳ ❊ss❛s s✉♣♦s✐çõ❡s ♣♦❞❡♠ ♦✉ ♥ã♦ s❡r ✈❡r❞❛❞❡✐r❛s✱ ❛ ❞❡♣❡♥❞❡r ❞❛s ❝♦♥❞✐çõ❡s

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

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

❛❜♦r❞❛❣❡♠ ♣❛r❛ ❧♦❝❛❧✐③❛r ❢❛❧t❛s ❛ ♣❛rt✐r ❞❡ ✉♠❛ ❛♠♣❧❛ s❡❧❡çã♦ ❞❡ ❛❧❣♦r✐t♠♦s ❞❡ ❧♦❝❛✲

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

❝♦♠♣r❡❡♥sã♦ ❞❡t❛❧❤❛❞❛ ❞♦ ♣r✐♥❝í♣✐♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ♣♦r trás ❞❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❞❡

❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✳

✹✳✷ ❚é❝♥✐❝❛s ❜❛s❡❛❞❛s ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦

❆s té❝♥✐❝❛s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞❛s ♥♦ ❞♦♠í♥✐♦ ❞♦ t❡♠♣♦ ✉t✐❧✐③❛♠ ❛s

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

❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳ ❉❡ss❡ ♠♦❞♦✱ ♣♦❞❡♠✱ ❜❛s✐❝❛♠❡♥t❡✱ ✉t✐❧✐③❛r ❞❛❞♦s ❞❡ ✉♠✱ ❞♦✐s✱ ♦✉

♠❛✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✳

✹✳✸ ❋✉♥çõ❡s ❞❡ ❞♦✐s t❡r♠✐♥❛✐s

❖s ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ❡♠ ♦♥❞❛s ✈✐❛❥❛♥t❡s q✉❡ ✉t✐❧✐③❛♠ ✐♥❢♦r✲

♠❛çõ❡s ❞❡ ❞♦✐s t❡r♠✐♥❛✐s ♠♦♥✐t♦r❛❞♦s ❞❛ ❧✐♥❤❛✱ sã♦ ❝♦♠✉♠❡♥t❡ r❡♣♦rt❛❞♦s ❝♦♠♦ ♠❛✐s

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

❞❡ ♦♥❞❛s r❡✢❡t✐❞❛s ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛✳ ◆❡st❡ ❝❡♥ár✐♦✱ ❏✐❛♥ ❡t ❛❧✳ ✭✶✾✾✽✮ ♣r♦♣✉s❡r❛♠

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

✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛❣❛çã♦ sã♦ ✉t✐❧✐③❛❞❛s ❡ ♦❜t✐❞❛s ❛ ♣❛rt✐r ❞❛ ❢r❡q✉ê♥❝✐❛ ❞♦♠✐♥❛♥t❡ ❞♦s

❞✐stúr❜✐♦s ♣♦r ♠❡✐♦ ❞❡ ♣❛râ♠❡tr♦s ❞❡ ❞✐❧❛t❛çã♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t✳ ❈♦♥t✉❞♦✱ ❛

♥❡❝❡ss✐❞❛❞❡ ❞❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❛s ❢r❡q✉ê♥❝✐❛s ❞♦♠✐♥❛♥t❡s ❞♦s s✐♥❛✐s ♠♦♥✐t♦r❛❞♦s ♣❛r❛

❡st✐♠❛r ❞✉❛s ✈❡❧♦❝✐❞❛❞❡s ❞❡ ♣r♦♣❛❣❛çã♦ s❡ ❝♦♥✜❣✉r❛ ❝♦♠♦ ✉♠❛ ❞❛s ❧✐♠✐t❛çõ❡s ❞❛ té❝✲

♥✐❝❛ ♣r♦♣♦st❛✱ ❛❧é♠ ❞✐ss♦✱ ♥❛ é♣♦❝❛ ❥á ❡①✐st✐❛♠ ❛❧❣♦r✐t♠♦s ❞❡ ❞♦✐s t❡r♠✐♥❛✐s r❡♣♦rt❛❞♦s

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

t❡s ❜❛s❡❛❞❛s ♥♦s ♣❛râ♠❡tr♦s ❞❛ ▲❚✱ ❡ q✉❡ ❡①✐❜✐r❛♠ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ✭●❆▲❊ ❡t ❛❧✳✱

✶✾✾✸✮✳
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❈♦♠ ♦ ♣r♦♣ós✐t♦ ❞❡ ❡❧✐♠✐♥❛r ❛s ❧✐♠✐t❛çõ❡s ✐♠♣♦st❛s ♣❡❧♦ ✉s♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛✲

❣❛çã♦✱ ●✐❧❛♥② ❡t ❛❧✳ ✭✷✵✵✻✮ ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ té❝♥✐❝❛ q✉❡ ♥ã♦ ❞❡♣❡♥❞❡ ❞❛ ✈❡❧♦❝✐❞❛❞❡✱

♠❛s q✉❡ r❡q✉❡r ❛ ❞❡t❡❝çã♦ ❞❡ ♦♥❞❛s r❡✢❡t✐❞❛s ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛✱ r❡❝❛✐♥❞♦ ♥❛s ♠❡s✲

♠❛s ❧✐♠✐t❛çõ❡s ❞❡ ❛❧❣♦r✐t♠♦s ❞❡ ✉♠ t❡r♠✐♥❛❧✳ ❆❧é♠ ❞✐ss♦✱ ♦ ♠ét♦❞♦ ♥❡❝❡ss✐t❛ ❞❡ ✉♠

❡q✉✐♣❛♠❡♥t♦ ❝♦♥❡❝t❛❞♦ ❛♦ ❚P❈ ♣❛r❛ ❞❡t❡❝t❛r ❛❧t❛s ❢r❡q✉ê♥❝✐❛s ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦✱

♦ q✉❡ ♣♦❞❡ ✐♠♣♦ss✐❜✐❧✐t❛r s✉❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞❡✈✐❞♦ à ❛q✉✐s✐çã♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s ❛❞✐❝✐✲

♦♥❛✐s✳ ❙✐♠✐❧❛♠❡♥t❡ ❛ ●✐❧❛♥② ❡t ❛❧✳ ✭✷✵✵✻✮✱ ❋❡♥❣ ❡t ❛❧✳ ✭✷✵✵✽✮ ♣r♦♣ôs ✉♠ ♠ét♦❞♦ q✉❡

♥ã♦ ❞❡♣❡♥❞❡ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ❡ q✉❡ ✉t✐❧✐③❛ ❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t ♥❛

❞❡t❡❝çã♦ ❞♦s tr❛♥s✐tór✐♦s✱ ❡♥tr❡t❛♥t♦✱ ♦ ✉s♦ ❞❡ ●❧♦❜❛❧ P♦s✐t✐♦♥✐♥❣ ❙②st❡♠ ✭●P❙✮ ♣❛r❛

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

✉♠❛ ✈❡③ q✉❡ ❛ ♣❡r❞❛ ❞❡ s✐♥❝r♦♥✐③❛çã♦ ❡♥tr❡ ♦s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ♣♦❞❡ r❡s✉❧t❛r ❡♠

❡rr♦s ♥❛ ❡st✐♠❛çã♦ ❞♦s ❧♦❝❛✐s ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦s ❝✉rt♦s✲❝✐r❝✉✐t♦s✳

❖ ✐♥t❡r❡ss❡ ❞♦s ♣❡sq✉✐s❛❞♦r❡s ❡♠ ❜✉s❝❛ ❞❡ ♥♦✈❛s ❢♦r♠✉❧❛çõ❡s ✐♠✉♥❡s ❛ ♥❡❝❡ss✐❞❛❞❡

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

♥♦✈❛s té❝♥✐❝❛s✱ ❛ ❡①❡♠♣❧♦ ❞♦s tr❛❜❛❧❤♦s r❡♣♦rt❛❞♦s ❡♠ ▲♦♣❡s ✭✷✵✶✻✮ ❡ ▲♦♣❡s ❡t ❛❧✳

✭✷✵✶✼✮✱ ♥♦s q✉❛✐s✱ ♠ét♦❞♦s q✉❡ ♥ã♦ ♥❡❝❡ss✐t❛♠ ❞❡ s✐♥❝r♦♥✐③❛çã♦ ❞❡ ❞❛❞♦s sã♦ ♣r♦♣♦s✲

t♦s✳ ❚♦❞❛✈✐❛✱ ❡♠ ▲♦♣❡s ✭✷✵✶✻✮✱ ♦ ♠ét♦❞♦ só ♣♦❞❡ s❡r ❛♣❧✐❝❛❞♦ ♣❛r❛ ❢❛❧t❛s ❛t❡rr❛❞❛s✱

❡♥q✉❛♥t♦ ❡♠ ▲♦♣❡s ❡t ❛❧✳ ✭✷✵✶✼✮ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❞❡t❡❝çã♦ ❞❡ ♦♥❞❛s r❡✢❡t✐❞❛s r❡❝❛✐ ♥❛s

❧✐♠✐t❛çõ❡s ✐♠♣♦st❛s ♣♦r ❛❧❣♦r✐t♠♦s ❞❡ ✉♠ t❡r♠✐♥❛❧✳ ❆❧é♠ ❞✐ss♦✱ ❛❧❣✉♠❛s té❝♥✐❝❛s ❞❡

❞♦✐s t❡r♠✐♥❛✐s sã♦ ❞❡♣❡♥❞❡♥t❡s ❞❡ ♣❛râ♠❡tr♦s ❞❛ ❧✐♥❤❛✱ ❝♦♠♦ ❝♦♠♣r✐♠❡♥t♦ ❡ ✈❡❧♦❝✐❞❛❞❡

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

♦✉ ♥ã♦✱ ♣❛r❛ tr♦❝❛ ❞❡ ✐♥❢♦r♠❛çõ❡s✳ ◆❡st❡ s❡♥t✐❞♦✱ ❡st✐♠❛t✐✈❛s ✐♠♣r❡❝✐s❛s ♣♦❞❡♠ s❡r

♦❜t✐❞❛s ❡♠ ❝❛s♦ ❞❡ ❢❛❧t❛ ❞❡ s✐♥❝r♦♥✐③❛çã♦ ❡♥tr❡ ♦s ❝❛♥❛✐s✱ ❝❛s♦ ♦ ♠ét♦❞♦ ♥❡❝❡ss✐t❡ ❞❡

❝❛♥❛✐s ❞❡ ❝♦♠✉♥✐❝❛çã♦ s✐♥❝r♦♥✐③❛❞♦s✳ ❆❞❡♠❛✐s✱ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞♦ ❝❛♥❛❧ ❞❡ ❝♦♠✉♥✐❝❛çã♦

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

t❡r♠✐♥❛❧ s❡r✐❛♠ ♠❛✐s ✐♥t❡r❡ss❛♥t❡s✱ ❝❛s♦ ♠❡❧❤♦r❡s s♦❧✉çõ❡s ❢♦ss❡♠ ❡♥❝♦♥tr❛❞❛s✳

✹✳✸✳✶ ❋✉♥çõ❡s ❞❡ ✉♠ t❡r♠✐♥❛❧

❚é❝♥✐❝❛s q✉❡ ✉t✐❧✐③❛♠ ❞❛❞♦s ❞❡ ❛♣❡♥❛s ✉♠ t❡r♠✐♥❛❧ ❞❛ ❧✐♥❤❛ s✉r❣❡♠ ❝♦♠♦ s♦❧✉çõ❡s

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

s❡r❡♠ ❛tr❛t✐✈❛s ❞♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❡❝♦♥ô♠✐❝♦✳
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❖ ✐♥t❡r❡ss❡ ♣♦r ♣❡sq✉✐s❛❞♦r❡s ❡♠ ❢✉♥çõ❡s ❜❛s❡❛❞❛s ❡♠ ♦♥❞❛s ✈✐❛❥❛♥t❡s q✉❡ ✉t✐❧✐✲

③❛♠ ❞❛❞♦s ❞❡ ✉♠ t❡r♠✐♥❛❧ r❡♠♦♥t❛♠ ❛♦ sé❝✉❧♦ ♣❛ss❛❞♦✳ ❯♠❛ ❞❛s ♣r✐♠❡✐r❛s té❝♥✐❝❛s

❢♦✐ ♣r♦♣♦st❛ ♣♦r ❈r♦ss❧❡② ❡ ▼❝▲❛r❡♥ ✭✶✾✽✸✮✱ ❡♠ q✉❡ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❝♦rr❡❧❛çã♦✱ ❡♥tr❡

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

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

♣r♦t❡çã♦ ❛ss♦❝✐❛❞❛ ❛♦ ❧♦❝❛❧ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦✱ ❢♦✐ ♣r♦♣♦st♦✳ ◆❡ss❡ ❛s♣❡❝t♦✱ ▼❝▲❛r❡♥ ❡

❘❛❥❡♥❞r❛ ✭✶✾✽✺✮ ❛♣r❡s❡♥t❛r❛♠ ♠❡❧❤♦r✐❛s ♥♦ ❡sq✉❡♠❛ ♣r♦♣♦st♦ ♣♦r ❈r♦ss❧❡② ❡ ▼❝▲❛r❡♥

✭✶✾✽✸✮✱ ❡♥tr❡t❛♥t♦ ❛ ❡s❝❛ss❡③ ❞❡ ❛✈❛❧✐❛çõ❡s✱ s♦❜r❡t✉❞♦ ❝♦♥s✐❞❡r❛♥❞♦ ❝❛s♦s ♣❛r❛ r❡s✐s✲

tê♥❝✐❛s ❞❡ ❢❛❧t❛s ❡❧❡✈❛❞❛s ❡ â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ♣ró①✐♠♦s ❛ ✵➦✱ ♥ã♦ ♣♦ss✐❜✐❧✐t♦✉ ❛❢❡r✐r

❛ ✈✐❛❜✐❧✐❞❛❞❡ ❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ss❛s té❝♥✐❝❛s✳

❈♦♠ ❛ ✐♥t❡♥çã♦ ❞❡ ♠❡❧❤♦r❛r ❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♣♦r ❈r♦ss❧❡② ❡ ▼❝▲❛r❡♥ ✭✶✾✽✸✮✱

❙❤❡❤❛❜✲❊❧❞✐♥ ❡ ▼❝▲❛r❡♥ ✭✶✾✽✽✮ ♣r♦♣✉s❡r❛♠ ♦ ✉s♦ ❞❡ ❞✉❛s ❥❛♥❡❧❛s ❞❡ t❛♠❛♥❤♦s ❞✐✲

❢❡r❡♥t❡s ♥❛ ❢✉♥çã♦ ❞❡ ❝♦rr❡❧❛çã♦✱ s❡♥❞♦ ✉♠❛ ❥❛♥❡❧❛ ❝✉rt❛ ❡ ♦✉tr❛ ❧♦♥❣❛✳ ❚♦❞❛✈✐❛✱

❞❡t❡r♠✐♥❛r ♦ t❛♠❛♥❤♦ ✐❞❡❛❧ ❞❛ ❥❛♥❡❧❛ é ✉♠❛ t❛r❡❢❛ ❞✐❢í❝✐❧✱ ✈✐st♦ q✉❡ ❥❛♥❡❧❛s ♠✉✐t♦ ❧♦♥✲

❣❛s ❞✐✜❝✉❧t❛♠ ❛ ❞❡t❡❝çã♦ ❞❛s ♦♥❞❛s r❡✢❡t✐❞❛s✱ ❛♦ ♣❛ss♦ q✉❡ ❥❛♥❡❧❛s ❝✉rt❛s ❛✉♠❡♥t❛♠ ❛

♣r♦❜❛❜✐❧✐❞❛❞❡ ❞♦ ❛❧❣♦r✐t♠♦ ❞❡t❡❝t❛r tr❛♥s✐tór✐♦s q✉❡ ♥ã♦ ♣r♦❝❡❞❡♠ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦✳

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

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

✭✶✾✽✽✮ ♣r♦♣✉s❡r❛♠ ✉♠ ❡sq✉❡♠❛ ❞❡ ♣r♦t❡çã♦ ❞❡ ▲❚ q✉❡ s❡ ❜❛s❡✐❛ ♥❛ ❛♠♣❧✐t✉❞❡ ❞♦s s✐♥❛✐s

❞❡ t❡♥sã♦ ♣❛r❛ ❡st✐♠❛r ♦ ❧♦❝❛❧ ❞♦ ❞✐stúr❜✐♦✳ ❙❡❣✉♥❞♦ ♦s ♣ró♣r✐♦s ❛✉t♦r❡s✱ ♦ ❡sq✉❡♠❛ é

❢❛❧❤♦ ♣❛r❛ ❢❛❧t❛s ♣ró①✐♠❛s ❛♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦ ❞❛ ❧✐♥❤❛ ❡ ♣❛r❛ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s

❝♦♠ â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ✐♥❢❡r✐♦r❡s ❛ ✶✵➦✳ ❆♣❡s❛r ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❝♦♥s✐❞❡rá✈❡❧ ❞❡

❛✈❛❧✐❛çõ❡s t❡r❡♠ s✐❞♦ r❡❛❧✐③❛❞❛s✱ ❛♥á❧✐s❡s ❞♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ♣r♦✈❡♥✐❡♥t❡s ❞❡ ❚P❈ ♥ã♦

❢♦r❛♠ r❡❛❧✐③❛❞❛s✳

P♦st❡r✐♦r♠❡♥t❡✱ ❏✐❡ ❡t ❛❧✳ ✭✶✾✾✾✮ ♣r♦♣✉s❡r❛♠ ✉♠ ❛❧❣♦r✐t♠♦ ❛❞❛♣t❛t✐✈♦ q✉❡ ✉s❛ ❞✉❛s

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

❡♠ ❈r♦ss❧❡② ❡ ▼❝▲❛r❡♥ ✭✶✾✽✸✮✱ ♦s ❛✉t♦r❡s r❡♠♦✈❡r❛♠ ♦s ✈❛❧♦r❡s ♠é❞✐♦s ❞♦s s✐♥❛✐s

❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❝♦♠ ✈✐st❛s ❛ ❡❧✐♠✐♥❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ❝♦♠♣♦♥❡♥t❡ ❈❈ ♥❛ ❢✉♥çã♦

❞❡ ❝♦rr❡❧❛çã♦✳ ❚♦❞❛✈✐❛✱ ❡st❡ ♠❡❝❛♥✐s♠♦ ♥ã♦ ❡❧✐♠✐♥❛ ♦ ✐♠♣❛❝t♦ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❞❡

❜❛✐①❛ ❢r❡q✉ê♥❝✐❛✱ ♣♦❞❡♥❞♦ ❝♦♠♣r♦♠❡t❡r ❛ ❞❡t❡❝çã♦ ❝♦rr❡t❛ ❞♦s ♣✐❝♦s✳ Pr♦❝❡❞✐♠❡♥t♦s

s✐♠✐❧❛r❡s ❛♦ ♣r♦♣♦st♦ ♣♦r ❈r♦ss❧❡② ❡ ▼❝▲❛r❡♥ ✭✶✾✽✸✮ sã♦ r❡♣♦rt❛❞♦s ❡♠ ❆✉r❛♥❣③❡❜
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❡t ❛❧✳ ✭✷✵✵✵✮✱ ❆✉r❛♥❣③❡❜ ❡t ❛❧✳ ✭✷✵✵✶✮ ❡ ❏❛♠❛❧✐ ❡ ●❤❡③❡❧❥❡❤ ✭✷✵✵✹✮✱ ♥♦ ❡♥t❛♥t♦ ♦s

❛❧❣♦r✐t♠♦s ♥ã♦ ✐❞❡♥t✐✜❝❛♠ ❛s ♦♥❞❛s r❡✢❡t✐❞❛s ❞❡ ❢♦r♠❛ ❛✉t♦♠át✐❝❛✱ s❡♥❞♦ ♥❡❝❡ssár✐❛

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

❆✐♥❞❛ ♥♦ ❝❡♥ár✐♦ ❞❡ té❝♥✐❝❛s q✉❡ ✉t✐❧✐③❛♠ ❢✉♥çõ❡s ❞❡ ❝♦rr❡❧❛çã♦✱ ▲✐❛♥❣ ❡t ❛❧✳ ✭✷✵✵✵✮

❛♣r❡s❡♥t❛r❛♠ ✉♠❛ ❢✉♥çã♦ ❜❛s❡❛❞❛ ♥❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t ♦❜t✐❞❛ ❛ ♣❛rt✐r ❞❡ três

❡s❝❛❧❛s✳ ❈♦♥t✉❞♦✱ ♦ ❙❊P ♣r❛t✐❝❛♠❡♥t❡ s❡♠ r✉í❞♦ ✉t✐❧✐③❛❞♦ ♥❛s s✐♠✉❧❛çõ❡s ❡ ❛ ❢❛❧t❛

❞❡ t❡st❡s ❝♦♥s✐❞❡r❛♥❞♦ ❝❡♥ár✐♦s ❝rít✐❝♦s ❝♦♠♦ ❢❛❧t❛s ❝♦♠ â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛

♣ró①✐♠♦s ❛ ✵➸✱ ♣♦❞❡♠ s❡r ❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦ ❧✐♠✐t❛çõ❡s ❞♦ tr❛❜❛❧❤♦✳ ◆❡st❡ â♠❜✐t♦✱

❞❡st❛❝❛✲s❡ ♦ tr❛❜❛❧❤♦ ♣r♦♣♦st♦ ♣♦r ❘❡✐s ✭✷✵✶✾✮✱ q✉❡ ✉t✐❧✐③❛ ❛ ❚r❛♥s❢♦r♠❛❞❛ ❞❡ P❛r❦

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

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

♠❛✐♦r❡s r❡s✐stê♥❝✐❛s✳

❱✐s❛♥❞♦ ❝♦♥t♦r♥❛r ❛s ❧✐♠✐t❛çõ❡s ✐♥❡r❡♥t❡s à ✐❞❡♥t✐✜❝❛çã♦ ❞❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦

❞❡ ❢❛❧t❛✱ ▲✐✉ ❡t ❛❧✳ ✭✷✵✶✷✮ ♣r♦♣✉s❡r❛♠ ✉♠ ♠ét♦❞♦ q✉❡ ✉t✐❧✐③❛ ✈❡❧♦❝✐❞❛❞❡s ❞♦ ♠♦❞♦ ❛ér❡♦

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

❡st✐♠❛r ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛❣❛çã♦ ❞♦

♠♦❞♦ t❡rr❛ ❞❡♣❡♥❞❡ ❞❡ ♣❛râ♠❡tr♦s ❝♦♠♦ ❛ r❡s✐st✐✈✐❞❛❞❡ ❞♦ s♦❧♦✱ q✉❡ ♥❡♠ s❡♠♣r❡ ❡stã♦

❞✐s♣♦♥í✈❡✐s✱ ♦ q✉❡ ♣♦❞❡ ♦❝❛s✐♦♥❛r ✐♠♣r❡❝✐sõ❡s ♥❛ ✉t✐❧✐③❛çã♦ ❞❛ té❝♥✐❝❛✳ ❆❞❡♠❛✐s✱ ❛

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

♦✉tr♦s t✐♣♦s ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s✳ ▼ét♦❞♦s s✐♠✐❧❛r❡s q✉❡ ✉t✐❧✐③❛♠ ♠♦❞♦s t❡rr❛ ❡ ❛ér❡♦s

❞✐r❡t❛ ♦✉ ✐♥❞✐r❡t❛♠❡♥t❡ sã♦ ❡♥❝♦♥tr❛❞♦s ❡♠ ❳✉ ❡ ❉♦♥❣ ✭✷✵✶✹✮✱ ▲❡✐ ❡t ❛❧✳ ✭✷✵✶✺✮✳

P❛r❛ ❝♦♥t♦r♥❛r ❛s ❞✐✜❝✉❧❞❛❞❡s ❛❝❡r❝❛ ❞♦ ♠♦❞♦ t❡rr❛✱ ❙♣♦♦r ❡ ❩❤✉ ✭✷✵✵✻✮ r❡♣♦rt❛r❛♠

✉♠❛ té❝♥✐❝❛ q✉❡ ✉t✐❧✐③❛ ❛♣❡♥❛s ✈❡❧♦❝✐❞❛❞❡s ❞❡ ♠♦❞♦ ❛ér❡♦✳ ❆ ❧♦❝❛❧✐③❛çã♦ ❞♦ ❝✉rt♦✲

❝✐r❝✉✐t♦ é ❞❡t❡r♠✐♥❛❞❛ ❛ ♣❛rt✐r ❞❛ ❞❡t❡❝çã♦ ❞❛ ♦♥❞❛ ✐♥❝✐❞❡♥t❡ ❡ ❞❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦

♣♦♥t♦ ❞❡ ❢❛❧t❛✱ ❛ q✉❛❧ é ❢❡✐t❛ ❝♦♠ ❜❛s❡ ♥❛ ♣♦❧❛r✐❞❛❞❡ ❞❛s ♦♥❞❛s✳ ❚♦❞❛✈✐❛✱ ❝♦♠♦ ❡♠ ❑❛❧❡

❡t ❛❧✳ ✭✷✵✶✷✮✱ ❊♥❣ ❡ ❘❛♠❛r ✭✷✵✵✾✮✱ ❳✐❡ ❡t ❛❧✳ ✭✷✵✶✸✮ ❡ ❆❧t❛② ❡t ❛❧✳ ✭✷✵✶✹✮✱ t❡st❡s ♣❛r❛

t♦♣♦❧♦❣✐❛s q✉❡ ♣♦ss✉❡♠ ❧✐♥❤❛s ❝✉rt❛s ❛❞❥❛❝❡♥t❡s ♥ã♦ sã♦ r❡❛❧✐③❛❞♦s✱ ♦ q✉❡ ❝♦♥✜❣✉r❛✲s❡

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

s❡r ❝♦♥❢✉♥❞✐❞❛s ❝♦♠ ♦♥❞❛s r❡✢❡t✐❞❛s ❡✴♦✉ r❡❢r❛t❛❞❛s ❞❡ ♦✉tr❛s t❡r♠✐♥❛çõ❡s ❞♦ s✐st❡♠❛

❡❧étr✐❝♦✳

❊♠ ●✉③♠á♥ ❡t ❛❧✳ ✭✷✵✶✽✮✱ ✉♠ ♠ét♦❞♦ ❜❛s❡❛❞♦ ❡♠ ❘❡♣❡❛t✐♥❣ ❚r❛✈❡❧ ❚✐♠❡ ✭❘❚❚✮
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é ♣r♦♣♦st♦✱ s❡♥❞♦ ❛ ❡st✐♠❛t✐✈❛ ❞❛ ♦♥❞❛ r❡✢❡t✐❞❛ ✐♥❞✐❝❛❞❛ ♣❡❧❛ ❛♥á❧✐s❡ ❞❡ t❡♠♣♦s ❡s✲

♣❡r❛❞♦s ❞❡ ❝❤❡❣❛❞❛ ❞❛s ♦♥❞❛s ❊①♣❡❝t❡❞ ❚r❛✈❡❧✐♥❣ ❲❛✈❡ ✭❊❚❲✮✳ ❚❡st❡s ✐♥❞✐❝❛♥❞♦ ♦

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

t✐❞❛s ❞❡✈✐❞♦ ❛ ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ♣♦❞❡ ♣r❡❥✉❞✐❝❛r ♥♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦✳ ❆❧é♠

❞✐ss♦✱ ❞❡t❡❝çõ❡s ✐♥❝♦rr❡t❛s ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s r❡✢❡t✐❞❛s ♣♦❞❡♠ ♦❝♦rr❡r ♣❛r❛ ❝❡♥ár✐♦s

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

✹✳✸✳✶✳✶ ▼ét♦❞♦s ❍í❜r✐❞♦s

❉✐❛♥t❡ ❞❛s ❞✐✜❝✉❧❞❛❞❡s ❞❡ s❡ ❞❡t❡r♠✐♥❛r ❝♦rr❡t❛♠❡♥t❡ ❛s ♦♥❞❛s r❡✢❡t✐❞❛s✱ ♣❡sq✉✐s❛s

tê♠ s✐❞♦ r❡❛❧✐③❛❞❛s ♥❛ t❡♥t❛t✐❞❛ ❞❡ ♣r♦♣♦r s♦❧✉çõ❡s ❛❧✐❛♥❞♦ ♦s ❜❡♥❡❢í❝✐♦s ❞❛ ❡①❛t✐❞ã♦

❞❡ té❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❝♦♠ ❛ s✐♠♣❧✐❝✐❞❛❞❡ ❞❡ ❛♣❧✐❝❛çõ❡s ❢❛s♦r✐❛s✳

◆❡st❡s ❝❛s♦s✱ s❡❣✉♥❞♦ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮✱ ♦s ♠ét♦❞♦s ❤í❜r✐❞♦s tê♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡

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

r❡❣✐ã♦ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦✱ ❡ ❛ ❡①❛t✐❞ã♦ ❞♦s ❛❧❣♦r✐t♠♦s ❜❛s❡❛❞♦s ❡♠ ♦♥❞❛s

✈✐❛❥❛♥t❡s ♣❛r❛ ❡st✐♠❛r ❝♦rr❡t❛♠❡♥t❡ ♦ ❧♦❝❛❧ ❞❡ ❢❛❧t❛✳ ❈♦♥❢♦r♠❡ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮✱

♦ ♠ét♦❞♦ ❤í❜r✐❞♦ é ❝❛♣❛③ ❞❡ s✉♣❡r❛r ❛s ❞❡s✈❛♥t❛❣❡♥s ❞♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ❢❛s♦r❡s

❡ ❞♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s q✉❛♥❞♦ sã♦ ❛♣❧✐❝❛❞♦s s♦③✐♥❤♦s✳

❊♠ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮✱ ♣♦r ❡①❡♠♣❧♦✱ ❛ r❡❣✐ã♦ ❞❛ ▲❚ s✉❜♠❡t✐❞❛ à ❢❛❧t❛ é ❡s✲

t✐♠❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ❧✐♠✐❛r ♣ré✲❞❡✜♥✐❞♦ ♣❡❧♦s ❛✉t♦r❡s✱ ♦ q✉❛❧ ❝♦♠♣r❡❡♥❞❡ ✶✵✪ ❞♦

❝♦♠♣r✐♠❡♥t♦ ❞❛ ▲❚ ♣❛r❛ ❛ ❞✐r❡✐t❛ ❡ ♣❛r❛ ❛ ❡sq✉❡r❞❛ ❛ ♣❛rt✐r ❞♦ ❧♦❝❛❧ ❡st✐♠❛❞♦ ♣❡❧♦

♠ét♦❞♦ ❢❛s♦r✐❛❧✳ ❯♠❛ ✈❡③ ❞❡t❡r♠✐♥❛❞❛ ❛ r❡❣✐ã♦ q✉❡ s✉♣♦st❛♠❡♥t❡ ♦❝♦rr❡✉ ♦ ❝✉rt♦✲

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

❜♦♥s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧♦s ❛✉t♦r❡s✱ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ♣♦❞❡ ❡st❛r

❛❧é♠ ❞♦s ❧✐♠✐t❡s ♣ré✲❞❡✜♥✐❞♦s ❞❡ ✶✵✪✱ ✉♠❛ ✈❡③ q✉❡ ♦ ❡rr♦ r❡❧❛❝✐♦♥❛❞♦ à ❡st✐♠❛çã♦

❞♦s ♠ét♦❞♦s ❢❛s♦r✐❛✐s ❞❡♣❡♥❞❡♠ ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✱ ♣r✐♥❝✐♣❛♠❡♥t❡ ❞❛ r❡s✐stê♥❝✐❛

❞❡ ❢❛❧t❛ ✭P❍❆❉❑❊❀ ❚❍❖❘P✱ ✷✵✵✾✮✱ ♦✉ ❛té ♠❡s♠♦ ❞♦s ❚■ ✭❉❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮ ✭❘❊■❙✱

✷✵✶✾✮✳

❉❡ ♠♦❞♦ ❛ ❛♣r✐♠♦r❛r ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡♠ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮✱ ✉♠❛ ❡①♣r❡ssã♦

♠❛t❡♠át✐❝❛ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ✐♥❞✐❝❛r ♦ ❝❛♠♣♦ ❞❡ ❜✉s❝❛ ❞❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❡♠ ❉♦♥❣ ❡t

❛❧✳ ✭✷✵✵✽✮✳ ❇❛s✐❝❛♠❡♥t❡✱ ❛ ❡q✉❛çã♦ ♠❛t❡♠át✐❝❛ é ❛❥✉stá✈❡❧ ♣❛r❛ ✉♠❛ ❢❛✐①❛ ❞❡ ❡rr♦ ❞❡

✸✪✱ q✉❡ ❛✉♠❡♥t❛ ❝♦♠ ❛ ❞✐stâ♥❝✐❛ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ❡ ♥ã♦ ❞❡♣❡♥❞❡ ❞❛ r❡s✐stê♥❝✐❛ ❞❡
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❢❛❧t❛✳ ◆♦ ❡♥t❛♥t♦✱ s❛❜❡✲s❡ q✉❡ ❛s té❝♥✐❝❛s ❢❛s♦r✐❛✐s sã♦ s❡♥sí✈❡✐s ❛ r❡s✐stê♥❝✐❛s ❞❡ ❢❛❧t❛s

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

❢❛❧t❛s ❡❧❡✈❛❞❛s✳ P♦rt❛♥t♦✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡♠ ❉♦♥❣ ❡t ❛❧✳ ✭✷✵✵✽✮ ♣♦❞❡ ♥ã♦ ❡st✐♠❛r

❝♦rr❡t❛♠❡♥t❡ ❛ r❡❣✐ã♦ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦✳

❚é❝♥✐❝❛s ❤í❜r✐❞❛s s❡♠❡❧❤❛♥t❡s ❛ ♣r♦♣♦st❛ ♣♦r ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮✱ q✉❡ ✉t✐❧✐③❛♠

✶✵✪ ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ▲❚ ♣❛r❛ ❞❡✜♥✐r ✉♠❛ r❡❣✐ã♦ ❞❡ ❜✉s❝❛ ❞❛ ♦♥❞❛ r❡✢❡t✐❞❛✱ sã♦

r❡♣♦rt❛❞❛s ❡♠ ❩❤❡♥❣ ❡t ❛❧✳ ✭✷✵✵✽✮ ❡ ❩❤❡♥❣ ❡t ❛❧✳ ✭✷✵✵✾✮✳ ◆♦ ❡♥t❛♥t♦✱ r❡❝❛❡♠ ♥❛s ♠❡s✲

♠❛s ❧✐♠✐t❛çõ❡s ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♣♦r ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮✳ ❆❧é♠ ❞✐ss♦✱ t❛♠❜é♠

❝♦♥✜❣✉r❛♠✲s❡ ❝♦♠♦ ❧✐♠✐t❛çõ❡s ❞❡ss❡s tr❛❜❛❧❤♦s ❛ ❜❛✐①❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❡ ♣r❡❝✐✲

sã♦ ❝♦♠♣r♦♠❡t✐❞❛ ♣❛r❛ â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ❞❡ ✵➦✳ ▼ét♦❞♦s s✐♠✐❧❛r❡s sã♦

❞❡♥♦t❛❞♦s ❡♠ ❍✉❛♥❣ ❡t ❛❧✳ ✭✷✵✶✶✮✱ ❙❝❤✇❡✐t③❡r ❡t ❛❧✳ ✭✷✵✶✻✮✱ ❙❤❛r♠❛ ❡ ▼②♥❛♠ ✭✷✵✶✾✮

❡ P❛t❤✐r❛♥❛ ❡t ❛❧✳ ✭✷✵✵✷✮✳

✹✳✹ ❙í♥t❡s❡ ❞♦ ❝❛♣ít✉❧♦

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

♥❡st❛ ❞✐ss❡rt❛çã♦✳ ◆♦ q✉❡ t❛♥❣❡ às té❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s✱

s❛❜❡✲s❡ q✉❡ ❣r❛♥❞❡ ♣❛rt❡ ❞❡❧❛s tê♠ s✉❛s ❡st✐♠❛çõ❡s ✐♥✢✉❡♥❝✐❛❞❛s ♣❡❧♦ ❛✉♠❡♥t♦ ❞❛

r❡s✐stê♥❝✐❛ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦✳ ❆❧é♠ ❞✐ss♦✱ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞♦ ✉s♦ ❞❡ ♣❛râ♠❡tr♦s ❞❛ ❧✐♥❤❛

❡ ❞❛ ❢♦♥t❡ s❡ ❝♦♥✜❣✉r❛♠ ❝♦♠♦ ❢♦♥t❡s ❞❡ ❡rr♦s✱ ✉♠❛ ✈❡③ q✉❡ ❡①✐st❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❛

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

❢✉♥❝✐♦♥❛r ❝♦rr❡t❛♠❡♥t❡✳

◆♦ q✉❡ ❝♦♥❝❡r♥❡ ❛♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❞❡ ✉♠ t❡r♠✐♥❛❧✱ s❛❜❡✲s❡

❞❛ ❞✐✜❝✉❧❞❛❞❡ ❡♠ s❡ ❞❡t❡❝t❛r ❝♦rr❡t❛♠❡♥t❡ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛✱ ✉♠❛ ✈❡③

q✉❡ ❡ss❛s ♦♥❞❛s ♣♦❞❡♠ s❡r ❝♦♥❢✉♥❞✐❞❛s ❝♦♠ ♦♥❞❛s r❡✢❡t✐❞❛s ❡ ❛té ♠❡s♠♦ r❡❢r❛t❛❞❛s ❞❡

♦✉tr♦s ♣♦♥t♦s ❞❡ ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s ❞♦ ❙❊P✳ ❏á ♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ♦♥❞❛s ✈✐❛❥❛♥t❡s

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

♣♦❞❡♠ ♥❡❝❡ss✐t❛r ❞❡ s✐♥❝r♦♥✐③❛çã♦ ♦✉ ♥ã♦✳ ◗✉❛♥t♦ ❛ ❛❧❣♦r✐t♠♦s q✉❡ ❞❡♣❡♥❞❡♠ ❞❡

❝❛♥❛✐s ❞❡ ❝♦♠✉♥✐❝❛çã♦ s✐♥❝r♦♥✐③❛❞♦s✱ ✉♠❛ ♣♦ssí✈❡❧ ♣❡r❞❛ ❞❡ r❡❢❡rê♥❝✐❛ ❡♥tr❡ ♦s ❝❛♥❛✐s

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

❞♦ ❧♦❝❛❧ ❞❛ ❢❛❧t❛✳
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❆❧é♠ ❞✐ss♦✱ tê♠✲s❡ ❞✐s♣♦♥í✈❡❧ ♥❛ ❧✐t❡r❛t✉r❛ ❛❧❣✉♥s ♠ét♦❞♦s q✉❡ ✉t✐❧✐③❛♠ ♦ ❝♦♥❝❡✐t♦

t❛♥t♦ ❞❡ ♠ét♦❞♦s ❢❛s♦r✐❛✐s q✉❛♥t♦ ❞❡ té❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ♦♥❞❛s ✈✐❛❥❛♥t❡s✳ ❙❛❜❡✲s❡ q✉❡

❛ ♣r❡❝✐sã♦ ❞❡ t❛✐s ♠ét♦❞♦s ♣♦❞❡ s❡r ❛❢❡t❛❞❛ ♣❡❧❛s ❧✐♠✐t❛çõ❡s ❞❡ ❛♠❜❛s ❛s té❝♥✐❝❛s✳ ◆♦

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

❉❡♥tr❡ ❛s ❧✐♠✐t❛çõ❡s ❞❡st❛ ❝❧❛ss❡ ❞❡ ♠ét♦❞♦s ❡♥❝♦♥tr❛✲s❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ♦ ✉s♦ ❞❡

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

❛❞❛♣t❛t✐✈❛s✳ ❙❛❜❡✲s❡ q✉❡ ♦ ❡rr♦ ❞❡ ❡st✐♠❛çã♦ ❞❛s té❝♥✐❝❛s ❢❛s♦r✐❛✐s ♣♦❞❡ s❡r ❡①♣r❡ss✐✈♦

❛ ❞❡♣❡♥❞❡r ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❛ r❡s✐stê♥❝✐❛✱ ❡✱ ♣♦rt❛♥t♦✱ ❛ ❥❛♥❡❧❛

✉t✐❧✐③❛❞❛ ♣♦❞❡ ♥ã♦ ❝♦❜r✐r ❛ ár❡❛ q✉❡ r❡❛❧♠❡♥t❡ ❛❝♦♥t❡❝❡✉ ♦ ❝✉rt♦✲❝✐r❝✉✐t♦✱ ❢❛③❡♥❞♦ ❝♦♠

q✉❡ ♦ ❛❧❣♦r✐t♠♦ ❜❛s❡❛❞♦ ❡♠ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❞❡t❡❝t❡ ✐♥❝♦rr❡t❛♠❡♥t❡ ❛ ♦♥❞❛ r❡✢❡t✐❞❛

❞❛ ❢❛❧t❛✳

❉✐❛♥t❡ ❞✐ss♦✱ ♥❡st❛ ❞✐ss❡rt❛çã♦ ♣r♦♣õ❡✲s❡ ✉♠ ❛♣r✐♠♦r❛♠❡♥t♦ ❞❛s té❝♥✐❝❛s ❤í❜r✐❞❛s

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

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

❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✱ é ♣r♦♣♦st❛✱ ❞❡ ♠♦❞♦ ❛ s✉♣❡r❛r ✉♠❛ ❞❛s ❧✐♠✐t❛çõ❡s ❞♦s ♠ét♦❞♦s

❤í❜r✐❞♦s tr❛❞✐❝✐♦♥❛✐s✳ ❆❧é♠ ❞♦ ♠❛✐s✱ ❛ ❞❡t❡❝çã♦ ♣r♦♣♦st❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s é ❢❡✐t❛ ❞❡

♠❛♥❡✐r❛ ❛✉t♦♠át✐❝❛✱ ❛❧❣♦ q✉❡ r❛r❛♠❡♥t❡ ♦❝♦rr❡ ♥❛ ♣r♦♣♦s✐çã♦ ❞❡ t❛✐s s♦❧✉çõ❡s✳
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Capítulo 5

Análise comparativa de métodos de

localização de faltas baseados em fasores

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

❞❡ ✉♠ t❡r♠✐♥❛❧ ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s✱ ♣♦r ♠❡✐♦ ❞❡ ❛♥á❧✐s❡s ❞❡ s❡♥✲

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

❡st✐♠❛çã♦ ❞♦ ♣♦♥t♦ ❞❡ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❞✐stúr❜✐♦✳ P❛r❛ t❛♥t♦✱ ✐♥✐❝✐❛✲s❡ ❡st❡ ❝❛♣ít✉❧♦

❛♣r❡s❡♥t❛♥❞♦ ❛ ♠❡t♦❞♦❧♦❣✐❛ ✉t✐❧✐③❛❞❛ ❞✉r❛♥t❡ ♦s ❡st✉❞♦s ❡ ❛s té❝♥✐❝❛s ❛✈❛❧✐❛❞❛s✳ P♦r

✜♠✱ ❛♣r❡s❡♥t❛✲s❡ ♦s r❡s✉❧t❛❞♦s ❡ ❞✐s❝✉ssõ❡s ♣♦r ♠❡✐♦ ❞❡ ❝♦♠♣❛r❛çõ❡s ❞❡ ❞❡s❡♠♣❡♥❤♦

❞❛s r❡❢❡r✐❞❛s ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s✳

✺✳✶ ▼❡t♦❞♦❧♦❣✐❛ ❞❡ ❛♥á❧✐s❡

❖ s✐st❡♠❛ ❡❧étr✐❝♦ t❡st❡ ❞❡ ✷✸✵ ❦❱✴✻✵ ❍③✱ r❡♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✶ ❢♦✐ ✉t✐❧✐③❛❞♦

♣❛r❛ r❡❛❧✐③❛r ❛s ❛✈❛❧✐❛çõ❡s✳ ❊st❡ ❙❊P é ❝♦♠♣♦st♦ ♣♦r ✉♠❛ ▲❚ ❞❡ ✷✵✵ ❦♠ ❞❡ ❝♦♠♣r✐✲

♠❡♥t♦ ❡ ❧✐♥❤❛s ❞❡ ✽✵ ❦♠ ❛❞❥❛❝❡♥t❡s às ❜❛rr❛s L ❡ G✳ P❛r❛ t❛♥t♦✱ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❢♦r❛♠

❛♣❧✐❝❛❞♦s ❛♦ ❧♦♥❣♦ ❞❛ ❧✐♥❤❛ ❞❡ ✷✵✵ ❦♠✱ ❛ ✜♠ ❞❡ r❡❛❧✐③❛r ❛s ❛♥á❧✐s❡s ❞❛s té❝♥✐❝❛s ❞❡

❧♦❝❛❧✐③❛çã♦ ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s✳ ❆s ▲❚ ❢♦r❛♠ ♠♦❞❡❧❛❞❛s ❛ ♣❛rt✐r

❞❡ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s ❞❡♣❡♥❞❡♥t❡s ♥❛ ❢r❡q✉ê♥❝✐❛✱ ❝✉❥♦ ♠♦❞❡❧♦ ❞❡ ❧✐♥❤❛ ❡s❝♦❧❤✐❞♦

❢♦✐ ♦ ♠♦❞❡❧♦ ❞❡ ❏▼❛rtí ✭▼❆❘❚■✱ ✶✾✽✷✮✳ ❖s ♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛ ♠♦❞❡❧❛❣❡♠

❡stã♦ ✐❧✉str❛❞♦s ♥❛ ❋✐❣✉r❛ ✺✳✷✳ ❈♦♥❢♦r♠❡ ❋✐❣✉r❛ ✺✳✷✱ ❛ ♣❡r❢❡✐t❛ tr❛♥s♣♦s✐çã♦ ❞♦s ❝♦♥✲

❞✉t♦r❡s ❢♦✐ ❝♦♥s✐❞❡r❛❞❛✱ ✉♠❛ ✈❡③ q✉❡✱ s❡❣✉♥❞♦ ❖◆❙ ✭✷✵✷✷❜✮✱ ▲❚ ❝♦♠ ❝♦♠♣r✐♠❡♥t♦s
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♠❛✐♦r❡s ❞♦ q✉❡ ✶✵✵ ❦♠ ❞❡✈❡♠ s❡r tr❛♥s♣♦st❛s✳ ❆❧é♠ ❞✐ss♦✱ ♦ ❡❢❡✐t♦ ❝♦r♦♥❛ ❡ ❛ ♠❛tr✐③

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

Figura 5.1 – Representação do sistema elétrico analisado.

Fonte: autoria própria.

Figura 5.2 – Parâmetros utilizados para modelar a LT a partir do modelo JMarti.

Fonte: autoria própria.

❖s ❞❛❞♦s ❣❡♦♠étr✐❝♦s ❞❛ t♦rr❡ ❞❡ tr❛♥s♠✐ssã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ♠♦❞❡❧❛r ❛ ▲❚ sã♦
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❞❡ ✉♠❛ ❧✐♥❤❛ r❡❛❧ ❞♦ ❙■◆ ✭❘❊■❙✱ ✷✵✶✾✮✱ ♦s q✉❛✐s ❡♥❝♦♥tr❛♠✲s❡ ✐❧✉str❛❞♦s ♥❛ ❋✐❣✉r❛

✺✳✸✳ ❖s ♣❛râ♠❡tr♦s ❞♦ ❝♦♥❞✉t♦r sã♦ ❞♦ t✐♣♦ ▼❈▼ ✻✸✻✳✵ ▼❈▼ ✷✻✴✼ ♣♦r ❢❛s❡✱ ❡ ❛

r❡s✐st✐✈✐❞❛❞❡ ❞♦ s♦❧♦ ✐❣✉❛❧ ❛ ✺✸✶ Ω✳♠✳ ❆s ♠❡❞✐çõ❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ r❡♣❛ss❛❞❛s

❛♦s ❛❧❣♦r✐t♠♦s ❧♦❝❛❧✐③❛❞♦r❡s ❞❡ ❢❛❧t❛s sã♦ ❢♦r♥❡❝✐❞♦s ♣♦r ✉♠ ❚P❈ ❡ ❚❈ r❡♣♦rt❛❞♦s ♥❛

❧✐t❡r❛t✉r❛ ✭■❊❊❊✱ ✷✵✵✹✮✳ ❖s ❞❛❞♦s ❞❛s ❢♦♥t❡s ❡stã♦ ❞✐s♣♦st♦s ♥❛ ❚❛❜❡❧❛ ✺✳✶✳

Figura 5.3 – Parâmetros geométricos da torre de transmissão.

Fonte: (REIS, 2019).

Tabela 5.1 – Dados das fontes.

Fontes Tensão (kV) Sequência Positiva (Ω) Sequência Zero (Ω)

ÊL 230 6 0° 0, 0346 + j0, 3005 0, 4177 + j1, 5238

ÊG 225, 4 6 15° 0, 0346 + j0, 3005 0, 4177 + j1, 5238

✺✳✶✳✶ ◆♦t❛çã♦ ❛❞♦t❛❞❛

P❛r❛ ♣r♦♣♦r❝✐♦♥❛r ✉♠❛ ♠❡❧❤♦r ❝♦♠♣r❡❡♥sã♦ ❞♦s ♠ét♦❞♦s ❛q✉✐ ❞❡♥♦t❛❞♦s✱ ✉♠❛

♠❡s♠❛ ♥♦t❛çã♦ ❢♦✐ ❛❞♦t❛❞❛✱ ❛ q✉❛❧ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✶✳ ❉❡st❛ ❢♦r♠❛✱ ♦

t❡r♠✐♥❛❧ ✬Barra L✬ r❡♣r❡s❡♥t❛ ♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦ ♦✉ ❞❡ ♠❡❞✐çã♦✱ ❡ ✬Barra G✬ ♦

t❡r♠✐♥❛❧ r❡♠♦t♦✱ s❡♥❞♦✿ V̂L, V̂G, ÎL ❡ ÎG ♦s ❢❛s♦r❡s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♥♦s t❡r♠✐♥❛✐s ❞❛
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❧✐♥❤❛ ❡ ZL ❡ ZG ❛s ✐♠♣❡❞â♥❝✐❛s ❡q✉✐✈❛❧❡♥t❡s ❞❡ ❚❤é✈❡♥✐♥ ❡♥tr❡ ❛s ❢♦♥t❡s ❡ ♦ ❜❛rr❛♠❡♥t♦

❝♦♥✈✐③✐♥❤♦✳

◆❛ ♣rát✐❝❛✱ ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♣r♦✈❡♥✐❡♥t❡s ❞❡ ❙❊P ♥ã♦ sã♦ s❡♥ó✐❞❡s

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

♥❡♥t❡s ❤❛r♠ô♥✐❝❛s ❡ r✉í❞♦s ❝♦♠ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ♥♦r♠❛❧ ✭❈❖❙❚❆ ❡t ❛❧✳✱

✷✵✶✵✮✳ ❆ss✐♠✱ ✉♠ r✉í❞♦ ❣❛✉ss✐❛♥♦ ❜r❛♥❝♦ ❝♦♠ ❙◆❘ ❞❡ ✼✵ ❞❇✱ ✈❛❧♦r tí♣✐❝♦ ❡♠ s✐st❡✲

♠❛s ❡❧étr✐❝♦s ❞❡ ♣♦tê♥❝✐❛ ❞❡✈✐❞♦ ❛♦s ❡q✉✐♣❛♠❡♥t♦s ❞❡ ♠❡❞✐çã♦ ✭❉❏❯❘■❶❀ ❉❏❯❘■➆■❶✱

✷✵✵✽✮✱ ❢♦✐ ❛❞✐❝✐♦♥❛❞♦ ❛♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❛s s✐♠✉❧❛çõ❡s

r❡❛❧✐③❛❞❛s ♥♦ ❆❚P✱ ♣❛r❛ ♣r♦♣♦r❝✐♦♥❛r ❛ ❡♥tr❛❞❛ ❞❡ s✐♥❛✐s ♠❛✐s r❡❛❧íst✐❝♦s ♥♦s ❛❧❣♦✲

r✐t♠♦s ❞❡ ❧♦❝❛❧✐③❛çã♦✳ P❛r❛ ❡✈✐t❛r ❛ s♦❜r❡♣♦s✐çã♦ ❞❡ ❡s♣❡❝tr♦s ❢♦r❛♠ ❛♣❧✐❝❛❞♦s ❛♦s

s✐♥❛✐s ❞❡ ❡♥tr❛❞❛ ❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ✜❧tr♦s ❛♥t✐✲❛❧✐❛s✐♥❣ ❞♦ t✐♣♦

❇✉tt❡r✇♦rt❤ ❞❡ t❡r❝❡✐r❛ ♦r❞❡♠✱ ❝♦♠ ❢r❡q✉ê♥❝✐❛s ❞❡ ❝♦rt❡ ❞❡ ✶✽✵ ❍③ ♣❛r❛ ♦s ❛❧❣♦r✐t♠♦s

❜❛s❡❛❞♦s ❡♠ ❢❛s♦r❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❋♦✉r✐❡r ❞❡ ❝✐❝❧♦ ❝♦♠♣❧❡t♦ ✭P❍❆❉❑❊❀ ❚❍❖❘P✱

✷✵✵✾✮ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ♣❛r❛ r❡❛❧✐③❛r ❛ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧ ❞♦s s✐♥❛✐s ✉t✐❧✐③❛❞♦s ❝♦♠♦

❡♥tr❛❞❛s ❞❛s té❝♥✐❝❛s ❛q✉✐ ❛✈❛❧✐❛❞❛s✳ ❖s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❢♦r❛♠ ❛♠♦str❛❞♦s

❛ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✾✻✵ ❍③✱ t❛①❛ ❡st❛ ♥♦r♠❛❧♠❡♥t❡ ✉t✐❧✐③❛❞❛ ❡♠ ❛♣❧✐❝❛çõ❡s ❞❡ té❝♥✐❝❛s

❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞❛s ❡♠ ✐♠♣❡❞â♥❝✐❛ ✭P❍❆❉❑❊❀ ❚❍❖❘P✱ ✷✵✵✾✮✳ ❋♦r❛♠

✉t✐❧✐③❛❞♦s ❢❛s♦r❡s ❝❛❧❝✉❧❛❞♦s ❛♣ós ✶✱✺ ❝✐❝❧♦s ❞♦ ✐♥st❛♥t❡ ✐♥✐❝✐❛❧ ❞❛ ❢❛❧t❛ ♣❛r❛ ❡st✐♠❛r ♦

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

❢❛❧t❛ ♣❛r❛ ❝❛❞❛ s✐♠✉❧❛çã♦ ❢♦✐ ❝❛❧❝✉❧❛❞♦ ♣♦r✿

ε(%) =
|d− d̃|

L
.100%, (5.1)

❡♠ q✉❡ d é ❛ ❞✐stâ♥❝✐❛ r❡❛❧ ❞❛ ❢❛❧t❛✱ d̃ ❛ ❞✐stâ♥❝✐❛ ❡st✐♠❛❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦

❡ L ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ▲❚ ❡♠ ❦♠✳ ❆♦ t♦❞♦✱ ✉♠❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✷✽✷ s✐♠✉❧❛çõ❡s ❞❡

❢❛❧t❛ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ♥♦ ❆❚P✱ q✉❡ ❝♦♠♣r❡❡♥❞❡♠ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♣❛râ♠❡tr♦s

❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✺✳✷✳ ❇❛s✐❝❛♠❡♥t❡✱ ❢♦r❛♠ s✐♠✉❧❛❞♦s ❝❡♥ár✐♦s ❝♦♠ r❡s✐stê♥❝✐❛s

❞❡ ❢❛❧t❛s ✭RF ✮ ❞❡ ✶✱ ✶✵✱ ✶✵✵ ❡ ✷✵✵ Ω✱ ❛❧é♠ ❞❡ â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ✭Θ✮ ❝♦♠

✈❛❧♦r❡s ❞❡ ✵✱ ✸✵✱ ✻✵ ❡ ✾✵ ❣r❛✉s ❡ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❢❛❧t❛s✱ ❛ s❛❜❡r✿ ❢❛❧t❛ ♠♦♥♦❢ás✐❝❛s

✭❆❚✮✱ ❜✐❢ás✐❝❛s ✭❇❈✮✱ ❜✐❢ás✐❝❛s✲t❡rr❛ ✭❇❈❚✮ ❡ ❢❛❧t❛s tr✐❢ás✐❝❛s ✭❆❇❈✮✳
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Tabela 5.2 – Cenários Avaliados.

Modelo de LT Rf Θ Tipos de Faltas Distância da Falta

J.Martí 1, 10, 100, 200 0,01;30;60;90 AT, BC, BCT, ABC 10:10:190

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

✺✳✷ ❆♣r❡s❡♥t❛çã♦ ❞♦s ♠ét♦❞♦s ❛✈❛❧✐❛❞♦s

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

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

♥ã♦ s❡ ❝♦♥✜❣✉r❛ ❝♦♠♦ ❡st✉❞♦ ❝❡♥tr❛❧✳ P❛r❛ t❛♥t♦✱ ❛❞♠✐t❡✲s❡ q✉❡ ♦s ❝❡♥ár✐♦s ❛q✉✐ ❛✈❛✲

❧✐❛❞♦s ❢♦r❛♠ ❝❧❛ss✐✜❝❛❞♦s q✉❛♥t♦ ❛♦ t✐♣♦ ❞❡ ❢❛❧t❛ ❞❡ ♠❛♥❡✐r❛ ❛❝❡✐tá✈❡❧✳ ❯♠ t♦t❛❧ ❞❡

❝✐♥❝♦ ♠ét♦❞♦s ❝❧áss✐❝♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ❡♠ ❢❛s♦r❡s ❞❡ ✉♠ t❡r♠✐♥❛❧

❢♦r❛♠ ❛✈❛❧✐❛❞♦s✱ ❛ s❛❜❡r✿ ♠ét♦❞♦ ❞❡ ❚❛❦❛❣✐ ✭❚❑✮ ✭❚❆❑❆●■ ❡t ❛❧✳✱ ✶✾✽✷✮✱ ♠ét♦❞♦

❞❡ ❚❛❦❛❣✐ ♠♦❞✐✜❝❛❞♦ ✭❚❑▼✮ ✭❚❆❑❆●■ ❡t ❛❧✳✱ ✶✾✽✷✮✱ ♠ét♦❞♦ ❞❡ ❲✐s③♥✐❡✇s❦✐ ✭❲❩✮

✭❲■❙❩◆■❊❲❙❑■✱ ✶✾✽✸✮✱ ♠ét♦❞♦ ❞❡ ❊r✐❦ss♦♥✭❊❘✮ ✭❊❘■❑❙❙❖◆ ❡t ❛❧✳✱ ✶✾✽✺✮ ❡ ♠ét♦❞♦

❞❡ ◆♦✈♦s❡❧ ✭◆❱✮ ✭◆❖❱❖❙❊▲ ❡t ❛❧✳✱ ✶✾✾✽✮✳

P♦r ❝♦♥✈❡♥✐ê♥❝✐❛✱ ❛ ❡q✉❛çã♦ ✭✸✳✶✵✮ s❡rá r❡♣❧✐❝❛❞❛ ♥❛ ❡q✉❛çã♦ ✭✺✳✷✮ ♣❛r❛ ❢❛❝✐❧✐t❛r ♦

❡♥t❡♥❞✐♠❡♥t♦ ❞♦s ♠ét♦❞♦s ❛✈❛❧✐❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳

Zapp =
V̂L

ÎL
= ZLF +RF

ÎF

ÎL
. (5.2)

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

✺✳✷✳✶ ▼ét♦❞♦ ❞❡ ❚❛❦❛❣✐ ✭❚❑✮

❖ ♠ét♦❞♦ ❞❡ ❚❛❦❛❣✐ ✭❚❆❑❆●■ ❡t ❛❧✳✱ ✶✾✽✷✮ ❢❛③ ✉s♦ ❞❡ ❞❛❞♦s ❞❡ ♣ré✲❢❛❧t❛ ♣❛r❛

r❡❞✉③✐r ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ❝❛rr❡❣❛♠❡♥t♦ ❞♦ s✐st❡♠❛ ❛ ♣❛rt✐r ❞♦ ✉s♦ ❞❛ ❝♦rr❡♥t❡ ✐♥❝r❡♠❡♥t❛❧✳

❈♦♠♦ ÎF = ∆ÎL
k
✱ ❡q✉❛çã♦ ✭✸✳✶✸✮✱ ❡ ZLF = dZl1✱ t❡♠✲s❡ q✉❡✱ s✉❜st✐t✉✐♥❞♦ ❡♠ ✭✺✳✷✮✿

V̂L∆Î∗L = dZl1∆Î∗L +Rf
1

k
, (5.3)

❡♠ q✉❡ ✯ é ✉♠ ♦♣❡r❛❞♦r q✉❡ r❡♣r❡s❡♥t❛ ♦ ❝♦♥❥✉❣❛❞♦ ❝♦♠♣❧❡①♦ ❞❡ ✉♠ ♥ú♠❡r♦ ❝♦♠✲

♣❧❡①♦✳ ❖ ♠ét♦❞♦ ❚❑ ❝♦♥s✐❞❡r❛ q✉❡ ❛ r❡❞❡ é ❤♦♠♦❣ê♥❡❛✱ ♦ q✉❡ ✐♠♣❧✐❝❛ q✉❡ RF ❡ k sã♦
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r❡❛✐s✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ❡st✐♠❛t✐✈❛ ❞❛ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❢❛❧t❛ é ❝❛❧❝✉❧❛❞❛ ♣❡❧❛s ❝♦♠♣♦♥❡♥t❡s

✐♠❛❣✐♥ár✐❛s ❞❛ ❊q✉❛çã♦ ✭✺✳✸✮✱ ❝♦♥❢♦r♠❡✿

df =
imag(V̂L.∆ÎL)

imag(ZL1.ÎL.∆ÎL)
. (5.4)

✺✳✷✳✷ ▼ét♦❞♦ ❞❡ ❚❛❦❛❣✐ ▼♦❞✐✜❝❛❞♦ ✭❚❑▼✮

❖ ♠ét♦❞♦ ❞❡ ❚❛❦❛❣✐ ♠♦❞✐✜❝❛❞♦ ❝♦♥s✐st❡ ❡♠ ✉♠❛ ♦✉tr❛ ✈❡rsã♦ ❞♦ ♠ét♦❞♦ ❛♣r❡s❡♥✲

t❛❞♦ ❡♠ ❚❛❦❛❣✐ ❡t ❛❧✳ ✭✶✾✽✷✮✳ ❇❛s✐❝❛♠❡♥t❡✱ ♦ ♠ét♦❞♦ ❞❡ ❚❛❦❛❣✐ ♠♦❞✐✜❝❛❞♦ s✉❜st✐t✉✐

♦ ✉s♦ ❞❛ ❝♦rr❡♥t❡ ♣✉r❛ ❞❡ ❢❛❧t❛ ♣❡❧❛ ❝♦rr❡♥t❡ ❞❡ s❡q✉ê♥❝✐❛ ③❡r♦ (ÎL0)✱ ❛❧é♠ ❞❡ ❝♦♥s✐✲

❞❡r❛r ♦ â♥❣✉❧♦ φ ❞♦ ❢❛t♦r ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝♦rr❡♥t❡ k✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦

❝✉rt♦✲❝✐r❝✉✐t♦ ♣❡❧♦ ♠ét♦❞♦ ❚❑▼ é ❡st✐♠❛❞❛ ♣♦r✿

df =
imag(V̂L.3ÎL0.e

−jφ)

imag(ZL1.ÎL.3ÎL0e−jφ)
. (5.5)

✺✳✷✳✸ ▼ét♦❞♦ ❲✐s③♥✐❡✇s❦✐ ✭❲❩✮

❆ té❝♥✐❝❛ r❡♣♦rt❛❞❛ ❡♠ ❲✐s③♥✐❡✇s❦✐ ✭✶✾✽✸✮✱ ✉t✐❧✐③❛ ❡♠ s✉❛ ❢♦r♠✉❧❛çã♦ ❛s ❣r❛♥❞❡③❛s

❞❡ ♣ré✲❢❛❧t❛ ❡ ♦ ❢❛t♦r ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝♦rr❡♥t❡✳ P❛rt✐♥❞♦ ❞❛ ❊q✉❛çã♦ ✭✺✳✷✮✱ ❡ ♣♦r ♠❡✐♦

❞❛ ❛♥á❧✐s❡ ❞♦s ❝✐r❝✉✐t♦s ❛♣r❡s❡♥t❛❞♦s ❞❛ ❋✐❣✉r❛ ✸✳✹✱ ✉t✐❧✐③❛♥❞♦ ♦s ❝♦♥❝❡✐t♦s ❞♦ ♣r✐♥❝í♣✐♦

❞❛ s✉♣❡r♣♦s✐çã♦✱ s❛❜❡✲s❡ q✉❡ ÎF = ∆ÎL.k ❡ ∆ÎL = ÎL − Îpre✱ ♣♦rt❛♥t♦✱ s✉❜st✐t✉✐♥❞♦✱

t❡♠♦s q✉❡✿

Zapp = ZLF +RF
ÎL − Îpre

k.ÎL.ejφ
. (5.6)

❆ ❊q✉❛çã♦ ✭✺✳✻✮ ♣♦❞❡ s❡r s❡♣❛r❛❞❛ ❡♠ ♣❛rt❡s r❡❛✐s ❡ ✐♠❛❣✐♥ár✐❛s✱ ❝♦♥❢♦r♠❡ ✭❲■❙❩◆■✲

❊❲❙❑■✱ ✶✾✽✸✮✿

Xapp = XLF +
RF .b

k
, (5.7)

Rapp = RLF +
RF .a

k
(5.8)

s❡♥❞♦✱

a = real

(

ÎL − Îpre

ÎL.ejφ

)

(5.9)



CAPÍTULO 5. ANÁLISE COMPARATIVA DE MÉTODOS DE LOCALIZAÇÃO DE
FALTAS BASEADOS EM FASORES 58

b = imag

(

ÎL − Îpre

ÎL.ejφ

)

. (5.10)

P❛r❛ ❡❧✐♠✐♥❛r Rf

k
❞❛ ❊q✉❛çã♦ ✭✺✳✼✮✱ ❝♦♥s✐❞❡r❛✲s❡ q✉❡✿

tan(φL) =
XLF

RLF

, (5.11)

❡♠ q✉❡ φL é ♦ â♥❣✉❧♦ ❞❡ ❢❛s❡ ❞❛ ✐♠♣❡❞â♥❝✐❛ ❞❛ ❧✐♥❤❛✱ ❡✱ ♣♦rt❛♥t♦✿

RF

k
=

RAtan(φL)−Xapp

a.tan(φL)− b
. (5.12)

❉❡ss❛ ❢♦r♠❛✱ ♦ ❧♦❝❛❧ ❞❛ ❢❛❧t❛ é ❡st✐♠❛❞♦ ♣♦r✿

d =
Xapp

XLF

−
real(Zapp)tan

(

imag(ZLF )
real(ZLF )

)

− imag(Zapp)

a
b
.tan

(

imag(ZLF )
real(ZLF )

)

− 1
. (5.13)

✺✳✷✳✹ ▼ét♦❞♦ ❞❡ ❊r✐❦ss♦♥ ✭❊❘✮

❖ ♠ét♦❞♦ ❞❡ ❊r✐❦ss♦♥ ✉t✐❧✐③❛ ♦s ♣❛râ♠❡tr♦s ❞❡ ✐♠♣❡❞â♥❝✐❛ ❞❛ ❢♦♥t❡ ❡♠ s❡✉ ❡q✉❛✲

❝✐♦♥❛♠❡♥t♦ ♣❛r❛ t❡♥t❛r s✉♣❡r❛r ♦ ❡rr♦ ❞❡ r❡❛tâ♥❝✐❛ ❝❛✉s❛❞♦ ♣❡❧❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✱

❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ❡ ♥ã♦ ❤♦♠♦❣❡♥❡✐❞❛❞❡ ❞♦ s✐st❡♠❛ ✭❉❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❙✉❜st✐t✉✐♥❞♦ ❛

❡q✉❛çã♦ ✭✸✳✶✽✮✱ ♥❛ ❡q✉❛çã♦ ✭✺✳✷✮✱ t❡♠✲s❡ q✉❡✿

V̂L = dZL1IL +RF .

(

ZG + Zc + ZL

ZG + (1− d)Zc

.

)

.∆IL. (5.14)

❙✐♠♣❧✐✜❝❛♥❞♦ ❡ r❡♦r❣❛♥✐③❛♥❞♦ ♦s t❡r♠♦s✱ ♦❜té♠✲s❡ ❛ ❡q✉❛çã♦ q✉❛❞rát✐❝❛✿

d2 − k1d+ k2 − k3RF = 0, (5.15)

❡♠ q✉❡ k1✱ k2 ❡ k3 sã♦ ❝♦❡✜❝✐❡♥t❡s ❞❛ ❡q✉❛çã♦ q✉❛❞rát✐❝❛ ❝♦♥st✐t✉í❞♦s ♣♦r t❡♥sã♦✱

❝♦rr❡♥t❡✱ ✐♠♣❡❞â♥❝✐❛ ❞❛ ❧✐♥❤❛ ❡ ❞❛ ❢♦♥t❡✱ ❝♦♥❢♦r♠❡✿

k1 = i+ jl = 1 +
ZG

Zl1

+

(

V̂L

ÎL.Zl1

)

, (5.16)

k2 = m+ jn =

(

ZG

Zl1

+ 1

)

(

V̂L

Zl1.ÎL

)

, (5.17)

k3 = o+ jp =
∆ÎL

Zl1.ÎL

(

1 +
ZG + ZL

Zl1

)

. (5.18)
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P♦r ❝♦♥s❡❣✉✐♥t❡✱ ❛ ❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ é ❡st✐♠❛❞❛ ♣♦r✿

d =

(

i− ol
p

)

±
√

(

i− ol
p

)2

− 4
(

m− ol
p

)

2
, (5.19)

s❡♥❞♦ ZG ❛ ✐♠♣❡❞â♥❝✐❛ ❞♦ t❡r♠✐♥❛❧ r❡♠♦t♦ ❡ ZL ❛ ✐♠♣❡❞â♥❝✐❛ ❞♦ t❡r♠✐♥❛❧ ❧♦❝❛❧✳ ❆

❡q✉❛çã♦ ♣♦ss✉✐ ❞✉❛s r❛í③❡s✱ ♣❛r❛ t❛♥t♦✱ ♦ ♣♦ssí✈❡❧ ❧♦❝❛❧ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦✱ q✉❡ é ❞❛❞♦ ❡♠

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

♦ ♠ét♦❞♦ ❊❘ ❢❛③ ✉s♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❞♦ t❡r♠✐♥❛❧ r❡♠♦t♦✱ ❡ ❛✈❛❧✐❛✲s❡ ♥❡st❛ ❞✐ss❡rt❛çã♦

❛♣❡♥❛s té❝♥✐❝❛s ❞❡ ✉♠ t❡r♠✐♥❛❧✱ ❛ ✐♠♣❡❞â♥❝✐❛ ❞❛s ❢♦♥t❡s✱ ZG✱ ❢♦✐ ❛❞♠✐t✐❞❛ ❝♦♠♦ s❡♥❞♦

✐❣✉❛❧ ❛ ✐♠♣❡❞â♥❝✐❛ ❞❛ ❢♦♥t❡ ZL✱ ♦✉ s❡❥❛✿

ZL = ZG =
∆V̂L

∆ÎL
, (5.20)

s❡♥❞♦ ∆V̂L = V̂L − V̂pre✳ ❆❧é♠ ❞✐ss♦✱ ❛ té❝♥✐❝❛ ♣❡r♠✐t❡ ❡st✐♠❛r ❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✱

❞❡ ❛❝♦r❞♦ ❝♦♠✿

Rf =
n− dl

p
. (5.21)

✺✳✷✳✺ ▼ét♦❞♦ ❞❡ ◆♦✈♦s❡❧ ✭◆❱✮

❆ té❝♥✐❝❛ ❞❡ ◆♦✈♦s❡❧ é ✉♠❛ ✈❡rsã♦ ♠♦❞✐✜❝❛❞❛ ❞♦ ♠ét♦❞♦ ❞❡ ❊r✐❦ss♦♥ ❡t ❛❧✳ ✭✶✾✽✺✮✱

❡ ❛ss✉♠❡ ✉♠ ♠♦❞❡❧♦ ❞❡ ❝❛r❣❛ ❞❡ ✐♠♣❡❞â♥❝✐❛ ❝♦♥st❛♥t❡✱ s❡❣✉♥❞♦✿

Zcarga = R + jX =
Vpre

Ipre
− Zl1. (5.22)

❙❡♠❡❧❤❛♥t❡ ❛♦ ♠ét♦❞♦ ❞❡ ❊❘✱ ❛s ❝♦♥st❛♥t❡s ❞❛ ❡q✉❛çã♦ ✭✺✳✶✺✮✱ sã♦ ❞❡✜♥✐❞❛s ♣♦r✿

k1 = i+ jl = 1 +
Zcarga

Zl1

+

(

V̂L

ÎL.Zl1

)

, (5.23)

k2 = m+ jn =

(

Zcarga

Zl1

+ 1

)

(

V̂L

Zl1.ÎL

)

, (5.24)

k3 = o+ jp =
∆ÎL

Zl1.ÎL

(

1 +
Zcarga + ZL

Zl1

)

. (5.25)
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❙✐♠✐❧❛r♠❡♥t❡ ❛♦ ♠ét♦❞♦ ❞❡ ❊r✐❦ss♦♥✱ ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦ é ♦❜t✐❞❛ ❡♠

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

❡ ✉♠✳ P❛r❛ ❡❢❡✐t♦s ❝♦♠♣❛r❛t✐✈♦s ♦ ❡rr♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s é ❞❛❞♦ ♣♦r✿

ε =
d− d̃

ℓ
.100, (5.26)

❡♠ q✉❡ d é ❛ ❞✐stâ♥❝✐❛ r❡❛❧ ❞❛ ❢❛❧t❛ ❛té ❛ ❜❛rr❛ ♠♦♥✐t♦r❛❞❛✱ d̃ ❛ ❞✐stâ♥❝✐❛ ❡st✐♠❛❞❛ ♥❛

s✐♠✉❧❛çã♦ ❡ ℓ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ❧✐♥❤❛✳

✺✳✸ ❆✈❛❧✐❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞❛s té❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥✲

❞❛♠❡♥t❛✐s

❆s té❝♥✐❝❛s ❢♦r❛♠ ❛✈❛❧✐❛❞❛s ♣♦r ♠❡✐♦ ❞❛ ✈❛r✐❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❞❡ ❧♦❝❛❧✐③❛çã♦

❞❡ ❢❛❧t❛s✳ ❉❡ss❡ ♠♦❞♦✱ ❛♣r❡s❡♥t❛✲s❡ ♦s r❡s✉❧t❛❞♦s ❡ ❞✐s❝✉ssõ❡s ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞❛

✈❛r✐❛çã♦ ❞♦ ♣♦♥t♦ ❞❡ ❛♣❧✐❝❛çã♦ ❞❛ ❢❛❧t❛✱ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛

❡ ❞♦ t✐♣♦ ❞❡ ❢❛❧t❛✳

✺✳✸✳✶ ❆♥á❧✐s❡ ❞♦ P♦♥t♦ ❞❡ ❆♣❧✐❝❛çã♦ ❞♦ ❈✉rt♦✲❈✐r❝✉✐t♦

❘❡❛❧✐③❛✲s❡ ♥❡st❛ ❡t❛♣❛ ✉♠❛ ❛♥á❧✐s❡ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ♣♦♥t♦ ❞❡ ❛♣❧✐❝❛çã♦ ❞❛ ❢❛❧t❛

❡♠ r❡❧❛çã♦ ❛♦ t❡r♠✐♥❛❧ ❞❡ ♠❡❞✐çã♦✳ P❛r❛ t❛♥t♦✱ ❝✉rt♦s✲❝✐r❝✉✐t♦s ♠♦♥♦❢ás✐❝♦s✱ ❝♦♠

r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❞❡ ✶ Ω ❡ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ Θ❂✾✵➦ ❢♦r❛♠ ❛♣❧✐❝❛❞♦s ❛♦ ❧♦♥❣♦

❞❛ ▲❚ ❡♠ ❡st✉❞♦✱ ❡♠ q✉❡ ✉♠ t♦t❛❧ ❞❡ ✶✾ ❝❛s♦s ❢♦r❛♠ ❛✈❛❧✐❛❞♦s✱ ✈❛r✐❛♥❞♦✲s❡ ♦ ❧♦❝❛❧

❞❛ ❢❛❧t❛ ❞♦ q✉✐❧ô♠❡tr♦ ✶✵ ❛♦ ✶✾✵✱ ❡♠ ♣❛ss♦s ❞❡ ✶✵ ❦♠✳ ❆♣r❡s❡♥t❛✲s❡ ♥❛ ❋✐❣✉r❛ ✺✳✹ ♦s

r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❡♠ ❢♦r♠❛ ❞❡ ❣rá✜❝♦ ❞❡ ❡rr♦s ♣❛r❛ ❝❛❞❛ té❝♥✐❝❛ ❛✈❛❧✐❛❞❛✳
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Figura 5.4 – Influência do ponto de aplicação do curto-circuito.

Fonte: autoria própria.

❉❛ ❋✐❣✉r❛ ✺✳✹✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ♣❛r❛ t♦❞❛s ❛s té❝♥✐❝❛s ❛✈❛❧✐❛❞❛s✱ ❝♦♠ ❡①❝❡çã♦ ❞♦

♠ét♦❞♦ ❚❑▼✱ ♦ ❡rr♦ ♣❡r❝❡♥t✉❛❧ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❛✉♠❡♥t❛ ♣❛r❛ ❞✐stúr❜✐♦s ❞✐st❛♥t❡s ❞♦

t❡r♠✐♥❛❧ ❞❡ ♠❡❞✐çã♦✳ ■ss♦ s❡ ❞á ♣❡❧❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ❡❢❡✐t♦ ❝❛♣❛❝✐t✐✈♦ ❞❛ ❧✐♥❤❛✱ q✉❡ ♥ã♦

é ❝♦♥s✐❞❡r❛❞❛ ❡♠ ♥❡♥❤✉♠❛ ❞❛s ❢♦r♠✉❧❛çõ❡s ❞♦s ♠ét♦❞♦s ❛✈❛❧✐❛❞♦s ❡ q✉❡ ❛✉♠❡♥t❛ à

♠❡❞✐❞❛ q✉❡ ♦ ❝✉rt♦✲❝✐r❝✉✐t♦ s❡ ❞✐st❛♥❝✐❛ ❞♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦ ✭❙❆❍❆ ❡t ❛❧✳✱ ✷✵✶✵✮✳

❆❧é♠ ❞✐ss♦✱ ♦ ❡rr♦ r❡❧❛❝✐♦♥❛❞♦ à ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ t❛♠❜é♠ ❛✉♠❡♥t❛ ♣❛r❛ ❢❛❧t❛s ❞✐s✲

t❛♥t❡s ❞♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦✳

❖ ❡rr♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞♦ ❛ ♣❛rt✐r ❞♦ ❝♦❡✜❝✐❡♥t❡ ✐♠❛❣✐♥ár✐♦

b✱ ❞❛❞♦ ♣❡❧❛ ❊q✉❛çã♦ ✭✺✳✶✵✮✱ ✉♠❛ ✈❡③ q✉❡ ♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥✲

❞❛♠❡♥t❛✐s ❡st✐♠❛♠ ♦ ❧♦❝❛❧ ❞❛ ❢❛❧t❛ ❛ ♣❛rt✐r ❞♦s ❝♦❡✜❝✐❡♥t❡s ✐♠❛❣✐♥ár✐♦s ❞❛s ❡q✉❛çõ❡s✳

❆ ✜♠ ❞❡ ✐❧✉str❛r ❡st❡ ❡rr♦✱ ❛♣r❡s❡♥t❛✲s❡ ❡♠ ❢♦r♠❛ ❞❡ ❣rá✜❝♦ ♦ ✈❛❧♦r ❡st✐♠❛❞♦ ❞❡ ”b”

♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ♥❡st❛ s❡çã♦✱ ♥❛ ❋✐❣✉r❛ ✺✳✺✳

❉❡ss❛ ❢♦r♠❛✱ ♦ ❡rr♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ❛✉♠❡♥t❛ ♣❛r❛ ❝✉rt♦s✲❝✐r❝✉✐t♦s ♠❛✐s ❞✐s✲

t❛♥t❡s ❞♦ ♣♦♥t♦ ❞❡ ♠❡❞✐çã♦✱ ✐st♦ ♣♦rq✉❡ q✉❛♥❞♦ ♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ♦❝♦rr❡ ♣ró①✐♠♦ ❛♦

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

♣♦r❝✐♦♥❛♥❞♦ ✉♠ ❛✉♠❡♥t♦ ♥♦ ❡rr♦ ❞❡ r❡❛tâ♥❝✐❛ ✭❉❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❚❛❧ ❢❛t♦ ♥ã♦ ♣♦❞❡

s❡r ♦❜s❡r✈❛❞♦ ♣❛r❛ ♦ ♠ét♦❞♦ ❚❑▼✱ ✉♠❛ ✈❡③ q✉❡ ❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ♥ã♦ é ✉t✐❧✐③❛❞❛

♥❛ ❢♦r♠✉❧❛çã♦ ❞❡st❡ ❛❧❣♦r✐t♠♦✳ ■st♦ ♣♦rq✉❡ t❛❧ ❛❧❣♦r✐t♠♦ ✉s❛ ❡♠ s✉❛ ❢♦r♠✉❧❛çã♦ ❛

❝♦rr❡♥t❡ ❞❡ s❡q✉ê♥❝✐❛ ③❡r♦✱ ❛♦ ❝♦♥trár✐♦ ❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ❚❑✱ ❲❩✱ ◆❱ ❡ ❊❘✱ q✉❡

✉t✐❧✐③❛♠ ❡♠ s✉❛s ❢♦r♠✉❧❛çõ❡s ❛ ❝♦rr❡♥t❡ ♣✉r❛ ❞❡ ❢❛❧t❛✱ q✉❡ ✐♥tr✐♥s❡❝❛♠❡♥t❡ ♥❡❝❡ss✐t❛
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❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ (Îpre) ❝♦♠♦ ❡♥tr❛❞❛✳

Figura 5.5 – Erro da corrente de carga ao longo da LT.

Fonte: autoria própria.

❆❧é♠ ❞✐ss♦✱ ❞❛ ❋✐❣✉r❛ ✺✳✹✱ ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ❡♠ q✉❡ ❛♣❡♥❛s ❛ ❞✐stâ♥❝✐❛

❞♦ ♣♦♥t♦ ❞❡ ♠❡❞✐çã♦ ❢♦✐ ✈❛r✐❛❞❛✱ ♠❛✐♦r❡s ❞❡s✈✐♦s ❢♦r❛♠ ♦❜t✐❞♦s ♣❛r❛ ♦ ♠ét♦❞♦ ❚❑

♣❛r❛ ❢❛❧t❛s ❞✐st❛♥t❡s ❞♦ t❡r♠✐♥❛❧ ❞❡ ♠❡❞✐çã♦✱ ❝♦♠ ❡rr♦s ❞❛ ♦r❞❡♠ ❞❡ ✼✱✺ ❦♠ ♣❛r❛ ♦

❝✉rt♦✲❝✐r❝✉✐t♦ ❛♣❧✐❝❛❞♦ ❛ ✶✾✵ ❦♠✳ ❉❡ ❢❛t♦✱ ♦s ♠ét♦❞♦s ❲❩✱ ❊❘ ❡ ◆❱ ❢❛③❡♠ ✉s♦ ❞❡

♦✉tr♦s ♣❛râ♠❡tr♦s✱ ❝♦♠♦ ❞♦ ❢❛t♦r ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝♦rr❡♥t❡✱ ♣❛r❛ ♠✐♥✐♠✐③❛r ♦s ❡rr♦s

♥❛ ❡st✐♠❛çã♦ ❞♦ ♣♦♥t♦ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❞✐stúr❜✐♦✳ ❖ ♠ét♦❞♦ ❚❑▼ ❛♣r❡s❡♥t♦✉ ♦ ♠❡❧❤♦r

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

✺✳✸✳✷ ■♥✢✉ê♥❝✐❛ ❞❛ ❘❡s✐stê♥❝✐❛ ❞❡ ❋❛❧t❛

❆✈❛❧✐❛✲s❡ ♥❡st❛ s❡çã♦ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❛❧❣♦r✐t♠♦s s♦❜ ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ r❡s✐stê♥❝✐❛

❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✳ P❛r❛ t❛♥t♦✱ ❝✉rt♦s✲❝✐r❝✉✐t♦s ♠♦♥♦❢ás✐❝♦s ❢♦r❛♠ s✐♠✉❧❛❞♦s ❛♦ ❧♦♥❣♦

❞❛ ▲❚✱ ✈❛r✐❛♥❞♦ ♦ ❧♦❝❛❧ ❞❡ ❛♣❧✐❝❛çã♦ ❞❡ ❢❛❧t❛ ❞❡ ✶✵ ❡♠ ✶✵ ❦♠✱ ✐♥✐❝✐❛♥❞♦ ♥♦ q✉✐❧ô♠❡tr♦

✶✵ ❛té ♦ ✶✾✵✳ ❖ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ❢♦✐ ♠❛♥t✐❞♦ ❡♠ ✾✵➦ ❡ ❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛

❢♦✐ ✈❛r✐❛❞❛ ♣❛r❛ ♦s ✈❛❧♦r❡s ❞❡ ✶✱ ✶✵✱ ✶✵✵ ❡ ✷✵✵ Ω✱ r❡s✉❧t❛♥❞♦ ❡♠ ✼✻ ❝❛s♦s s✐♠✉❧❛❞♦s✳

❆♣r❡s❡♥t❛✲s❡ ♥❛ ❋✐❣✉r❛s ✺✳✻ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ❝❛❞❛ té❝♥✐❝❛✳
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Figura 5.6 – Influência da resistência de falta para as técnicas avaliadas.

Fonte: autoria própria.

❉❛ ❋✐❣✉r❛ ✺✳✻✱ ♦❜s❡r✈❛✲s❡ q✉❡✱ ♥♦ ❣❡r❛❧✱ ♦s ❞❡s✈✐♦s ❛✉♠❡♥t❛♠ ❛❜r✉♣t❛♠❡♥t❡ ♣❛r❛

❝✉rt♦s✲❝✐r❝✉✐t♦s ❝♦♠ r❡s✐stê♥❝✐❛s ❞❡ ❢❛❧t❛s ❡❧❡✈❛❞❛s ✭✶✵✵ ❡ ✷✵✵ Ω✮✱ ♣❛r❛ t♦❞❛s ❛s té❝♥✐❝❛s

❛q✉✐ ❛✈❛❧✐❛❞❛s✳ ◆♦ ❡♥t❛♥t♦✱ ♦ ❛❧❣♦r✐t♠♦ ❚❑▼ ♥ã♦ ❝♦♥✈❡r❣✐✉ ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞♦s ❝❡♥ár✐♦s

❝♦♠ r❡s✐stê♥❝✐❛ ♠❛✐♦r❡s ❞♦ q✉❡ ✶✵✵ Ω ❡ ❛♣r❡s❡♥t♦✉ ♦ ♣✐♦r ❞❡s❡♠♣❡♥❤♦✱ ❡♠ q✉❡ ❡rr♦s

❞❛ ♦r❞❡♠ ❞❡ ✸✵✵✪ ❢♦r❛♠ ♦❜t✐❞♦s ❡ ♦s ❞❡s✈✐♦s ♦❜t✐❞♦s ❡♠ ❦♠ ❢♦r❛♠ ♠❛✐♦r❡s ❞♦ q✉❡ ♦

♣ró♣r✐♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ▲❚✳ P❛r❛ ♦s ❛❧❣♦r✐t♠♦s ❞❡ ❚❑✱ ❊❘✱ ◆❱ ❡ ❲❩✱ ♦ ♠❛✐♦r ❡rr♦ ❢♦✐

❞❛ ♦r❞❡♠ ❞❡ ✶✾✵ ❦♠✱ ✸✾ ❦♠✱ ✻✼ ❦♠ ❡ ✻✶ ❦♠✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P♦rt❛♥t♦✱ ❝♦♥st❛t❛✲s❡

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

❡♠ ❢❛s♦r❡s sã♦ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ❛❢❡t❛❞❛s ♣♦r ✈❛❧♦r❡s ♠❛✐s ❡❧❡✈❛❞♦s ❞❡ r❡s✐stê♥❝✐❛ ❞❡

❢❛❧t❛✱ ❝♦♥❢♦r♠❡ ❧✐♠✐t❛çã♦ ❥á r❡♣♦rt❛❞❛ ♥❛ ❧✐t❡r❛t✉r❛✳



CAPÍTULO 5. ANÁLISE COMPARATIVA DE MÉTODOS DE LOCALIZAÇÃO DE
FALTAS BASEADOS EM FASORES 64

✺✳✸✳✸ ■♥✢✉ê♥❝✐❛ ❞♦ ➶♥❣✉❧♦ ❞❡ ■♥❝✐❞ê♥❝✐❛ ❞❡ ❋❛❧t❛

◆❡st❛ ❡t❛♣❛✱ ❛✈❛❧✐❛✲s❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s té❝♥✐❝❛s ❢r❡♥t❡ ❛ ✈❛r✐❛çã♦ ❞♦ â♥❣✉❧♦ ❞❡

✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✳ P❛r❛ t❛♥t♦✱ ❝✉rt♦s✲❝✐r❝✉✐t♦s ♠♦♥♦❢ás✐❝♦s ❢♦r❛♠ ❛♣❧✐❝❛❞♦s ❞❡ ✶✵

❡♠ ✶✵ ❦♠ ❛♦ ❧♦♥❣♦ ❞❛ ▲❚✱ ❝♦♠ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ♠❛♥t✐❞❛ ❡♠ ✶ Ω ❡ â♥❣✉❧♦s ❞❡

✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ❞❡ ✵➦✱ ✸✵➦✱ ✻✵➦ ❡ ✾✵➦✱ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠ t♦t❛❧ ❞❡ ✼✻ s✐♠✉❧❛çõ❡s ❞❡

❝✉rt♦s✲❝✐r❝✉✐t♦s✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ❝❛❞❛ ♠ét♦❞♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ❡♠ ❢♦r♠❛

❞❡ ❣rá✜❝♦ ❞♦ ❡rr♦ ♣❡r❝❡♥t✉❛❧✱ ❝♦♥❢♦r♠❡ ❞✐s♣♦st♦ ♥❛ ❋✐❣✉r❛ ✺✳✼✳

Figura 5.7 – Influência do ângulo de incidência de falta.

Fonte: autoria própria.

❉❛ ❋✐❣✉r❛ ✺✳✼✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❛❧❣♦r✐t♠♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦✲

♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s sã♦ ♣♦✉❝♦ ✐♥✢✉❡♥❝✐❛❞♦s ♣❡❧❛ ✈❛r✐❛çã♦ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡

❢❛❧t❛✳ ❉♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s✱ ♦ ♠❛✐♦r ❡rr♦ ♣❡r❝❡♥t✉❛❧ ❢♦✐ ♦❜t✐❞♦ ♣❛r❛ ♦ ♠ét♦❞♦
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❚❑✱ ❡q✉✐✈❛❧❡♥t❡ ❛ ✼✱✺ ❦♠✱ q✉❛♥❞♦ ♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ❢♦✐ ❛♣❧✐❝❛❞♦ ❛ ✶✾✵ ❦♠ ❞♦ t❡r♠✐♥❛❧

❞❡ ♠❡❞✐çã♦✱ ❝♦♠ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ❞❡ ✾✵➦✳

❖ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❡st✐♠❛çã♦ ❢❛s♦r✐❛❧ ✉t✐❧✐③❛❞♦ ♣❡❧❛s té❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠✲

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

✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✳ ❉❡ss❛ ❢♦r♠❛✱ ❛♣r❡s❡♥t❛✲s❡ ♥❛ ❋✐❣✉r❛ ✺✳✽✱ ♦s ❢❛s♦r❡s ❞❡ t❡♥sã♦ ❞❛

❢❛s❡ ❆ ♣❛r❛ ✉♠❛ ❢❛❧t❛ ♠♦♥♦❢ás✐❝❛ ❛ ✶✾✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦✱ ❝♦♠ RF ❂ ✶ Ω ❡

â♥❣✉❧♦s ❞❡ ✵➦✱ ✸✵➦✱ ✻✵➦❡ ✾✵➦✳

Figura 5.8 – Estimação fasorial da tensão da fase A para curtos-circuitos com RF = 1Ω e diferentes ângulos
de incidência de falta.

Fonte: autoria própria.

❖❜s❡r✈❛✲s❡ ♥❛ ❋✐❣✉r❛ ✺✳✽ q✉❡ ♠❛✐♦r❡s ♦s❝✐❧❛çõ❡s ❞❡ t❡♥sã♦ sã♦ ✈❡r✐✜❝❛❞❛s ♣❛r❛ ❢❛❧t❛s

❝♦♠ â♥❣✉❧♦s ❞❡ ✾✵➦ ❡ ✻✵➦✱ ♦ q✉❡ ♣♦❞❡ t❡r ♦❝❛s✐♦♥❛❞♦ ♠❛✐♦r❡s ❞❡s✈✐♦s ♥❛s ❡st✐♠❛t✐✈❛s

❞❡ ❢❛❧t❛ ✐❧✉str❛❞❛s ♥❛ ❋✐❣✉r❛ ✺✳✼ ♣❛r❛ ❢❛❧t❛s ❝♦♠ â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ✾✵➦ ♣❛r❛ ♦

❙❊P ❡♠ ❡st✉❞♦✳

✺✳✸✳✹ ■♥✢✉ê♥❝✐❛ ❞♦ ❚✐♣♦ ❞❡ ❋❛❧t❛

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

❞❡ ❢❛❧t❛ ❝♦♥s✐❞❡r❛❞♦s ✭✈✐❞❡ ❚❛❜❡❧❛ ✺✳✸✮✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ❝♦♠♣❛r❛✲s❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s

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

q✉❡ ❡ss❡s t✐♣♦s ❞❡ ❢❛❧t❛s r❡♣r❡s❡♥t❛♠ ♠❛✐s ❞❡ ✺✵✪ ❞♦s ❝✉rt♦s✲❝✐r❝✉✐t♦s ♣r❡s❡♥t❡s ❡♠

❙❊P ✭❙❆❍❆ ❡t ❛❧✳✱ ✷✵✶✵✮✳ P❛r❛ t❛♥t♦✱ ✉♠ t♦t❛❧ ❞❡ ✷✷✽ ❝❡♥ár✐♦s ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s✱
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r❡s✉❧t❛♥t❡ ❞❡ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞❛s ✈❛r✐á✈❡✐s ❞❡s❝r✐t❛s ♥❛ ❚❛❜❡❧❛ ✺✳✸✱ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s

♥❡st❛ ♣r✐♠❡✐r❛ ❛♥á❧✐s❡✳ ❉❡ss❛ ❢♦r♠❛✱ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ❡♠ ❢♦r♠❛

❞❡ boxplots✱ ♣❛r❛ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❛✈❛❧✐❛❞♦✱ ❝♦♥❢♦r♠❡ ❞✐s♣♦st♦ ♥❛ ❋✐❣✉r❛ ✺✳✾✳

Tabela 5.3 – Cenários avaliados para faltas monofásicas.

Tipo Θ (°) RF (Ω) Distância (km)

AT 0, 30, 60, 90 1, 10, 100 10:10:190

❖ ❜♦①♣❧♦t é ✉♠❛ ❢❡rr❛♠❡♥t❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛♥❛❧✐s❛r ✈❛r✐á✈❡✐s q✉❛♥t✐t❛t✐✈❛s✱ ❡ t❡♠

❝❛♣❛❝✐❞❛❞❡ ❞❡ ❢♦r♥❡❝❡r ♠❡❞✐❞❛s ❡st❛tíst✐❝❛s ❝♦♠♦ ♠í♥✐♠♦✱ ♣r✐♠❡✐r♦✱ s❡❣✉♥❞♦ ❡ t❡r❝❡✐r♦

q✉❛rt✐s✱ ♠á①✐♠♦ ❡ ♦✉t❧✐❡rs✳ ❖s q✉❛rt✐s sã♦ ❣r✉♣♦s q✉❡ ♣♦ss✉❡♠ ✶✴✹ ♦✉ ✷✺✪ ❞♦s ✈❛❧♦r❡s

✐♥❝❧✉s♦s ♥♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✳ ❖ r❡tâ♥❣✉❧♦ ♥♦ ♠❡✐♦ é ❝♦♠♣♦st♦ ♣❡❧❛s ♠❡❞✐❞❛s ❞♦s

♣r✐♠❡✐r♦s✱ s❡❣✉♥❞♦ ❡ t❡r❝❡✐r♦s q✉❛rt✐s✱ s❡♥❞♦ q✉❡ ❛ ❧✐♥❤❛ ✐♥❢❡r✐♦r ❞♦ r❡tâ♥❣✉❧♦ r❡♣r❡s❡♥t❛

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

♦✉ s❡❣✉♥❞♦ q✉❛rt✐❧✳

Figura 5.9 – Influência de faltas monofásicas para os algoritmos avaliados.

Fonte: autoria própria.

❉❛ ❋✐❣✉r❛ ✺✳✾✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ❞♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✱ ♦ ♠ét♦❞♦ ❚❑▼ ❛♣r❡s❡♥t♦✉

♦ ♣✐♦r ❞❡s❡♠♣❡♥❤♦✱ ✉♠❛ ♠❛✐♦r ❞✐s♣❡rsã♦ ❞♦s ❞❛❞♦s ♣♦r ♠❡✐♦ ❞❛ ❧❛r❣✉r❛ ❞❛ ❝❛✐①❛

❢♦✐ ♦❜t✐❞♦✱ ❛❧é♠ ❞❛ ♠❡❞✐❛♥❛ ❡ ❞♦ ♠á①✐♠♦ ✈❛❧♦r✱ q✉❡ r❡♣r❡s❡♥t❛ ♠❛✐♦r❡s ❞❡s✈✐♦s ❞♦s

❡rr♦s ♣❡r❝❡♥t✉❛✐s ♦❜t✐❞♦s ❡♠ ❝♦♠♣❛r❛çã♦ ❛♦s ♦✉tr♦s ❛❧❣♦r✐t♠♦s✳ ❉❡ ❢❛t♦✱ ♦ ♠ét♦❞♦

❚❑▼ ❢♦✐ ♦ ♠❛✐s ✐♥✢✉❡♥❝✐❛❞♦ ♣❡❧♦ ❛✉♠❡♥t♦ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❡♠ ❝♦♠♣❛r❛çã♦
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❛♦s ♦✉tr♦s ♠ét♦❞♦s✱ ❡♠ q✉❡ ❡rr♦s ❞❛ ♦r❞❡♠ ❞❡ ✶✻✵✪ ❢♦r❛♠ ♦❜t✐❞♦s ♣❛r❛ ♦s ❝❛s♦s

❛✈❛❧✐❛❞♦s ♥❡st❛ ❡t❛♣❛✳ ❏á ♦s ♠ét♦❞♦s ❊❘ ❡ ◆❱ ❛♣r❡s❡♥t❛r❛♠ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✱

♠❡s♠♦ ❛♣r❡s❡♥t❛♥❞♦ ❛❧❣✉♥s ♦✉t❧✐❡rs ❝♦♠ ❡rr♦s ♣❡r❝❡♥t✉❛✐s ❞❛ ♦r❞❡♠ ❞❡ ✷✺✪ ❡ ✷✷✪✱

r❡s♣❡t✐✈❛♠❡♥t❡✳

❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ✈❡r✐✜❝❛r ♦ ❛❧❣♦r✐t♠♦ q✉❡ ❛♣r❡s❡♥t♦✉ ♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♣❛r❛

❛❧t❛s r❡s✐stê♥❝✐❛s✱ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s r❡❢❡r❡♥t❡s à ❝♦♠❜✐✲

♥❛çã♦ ❞♦s ❝✉rt♦s✲❝✐r❝✉✐t♦s ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✺✳✹ sã♦ ♠♦str❛❞♦s ♥❛ ❋✐❣✉r❛ ✺✳✶✵✳

Tabela 5.4 – Cenários avaliados para faltas monofásicas com RF = 100 Ω.

Tipo Θ (°) RF (Ω) Distância (km)

AT 0, 30, 60, 90 100 10:10:190

Figura 5.10 – Influência de faltas monofásicas com RF = 100 Ω.

Fonte: autoria própria.

❱❡r✐✜❝❛✲s❡ ♥❛ ❋✐❣✉r❛ ✺✳✶✵✱ q✉❡ ♦ ♠ét♦❞♦ ❲❩ ❛♣r❡s❡♥t♦✉ ♠❡♥♦r ❞✐s♣❡rsã♦ ❞♦s r❡✲

s✉❧t❛❞♦s✱ ❞❡✈✐❞♦ ❛ ❧❛r❣✉r❛ ❞♦ r❡tâ♥❣✉❧♦ s❡r ♠❛✐s ❡str❡✐t❛ ❡♠ ❝♦♠♣❛r❛çã♦ ❛♦s ♦✉tr♦s

♠ét♦❞♦s✳ ◆♦ ❡♥t❛♥t♦✱ ♦ ❛❧❣♦r✐t♠♦ ❲❩ ❛♣r❡s❡♥t♦✉ ♠❡❞✐❛♥❛ ♠❛✐♦r ❞♦ q✉❡ ♦s ♠ét♦❞♦s

❊❘ ❡ ◆❱✳ ◆♦✈❛♠❡♥t❡ ♦ ♠ét♦❞♦ ❚❑▼ ❛♣r❡s❡♥t♦✉ ♦ ♣✐♦r ❞❡s❡♠♣❡♥❤♦ ♣❛r❛ ♦s ❝❡♥ár✐♦s

❛✈❛❧✐❛❞♦s✱ s❡❣✉✐❞♦ ❞♦ ♠ét♦❞♦ ❚❑✳ ❖s ♠ét♦❞♦s ❊❘ ❡ ❲❩ t❛♠❜é♠ ❛♣r❡s❡♥t❛r❛♠ ❜♦♥s

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

✉♠❛ ♠❛✐♦r ✈❛r✐❛❜✐❧✐❞❛❞❡ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❡♠ ❝♦♠♣❛r❛çã♦ ❛♦ ♠ét♦❞♦ ❲❩✳
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◆♦ q✉❡ ❝♦♥❝❡r♥❡ às ❢❛❧t❛s ❜✐❢ás✐❝❛s ✭❇❈ ❡ ❇❈❚✮ ❡ tr✐❢ás✐❝❛s ✭❆❇❈✮✱ ✉♠ t♦t❛❧ ❞❡

✷✽✽ s✐♠✉❧❛çõ❡s ❞❡ ❢❛❧t❛s ❢♦r❛♠ r❡❛❧✐③❛❞❛s✱ s❡❣✉✐♥❞♦ ♦s ♣❛râ♠❡tr♦s ❞❡s❝r✐t♦s ♥❛ ❚❛❜❡❧❛

✺✳✺✳ ◆❡st❡s t❡st❡s✱ ♦ ❛❧❣♦r✐t♠♦ ❚❑▼ t❛♠❜é♠ ❢♦✐ ❛✈❛❧✐❛❞♦✱ ❛♣❡s❛r ❞♦ ♠❡s♠♦ só s❡r

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

❞❡ s❡q✉ê♥❝✐❛ ③❡r♦✳ P❛r❛ t❛♥t♦✱ ♦s ❝❛s♦s ❝♦♥s✐❞❡r❛❞♦s ♣❛r❛ ❡ss❛ ❛♥á❧✐s❡ ❡stã♦ ❞✐s♣♦st♦s

♥❛ ❚❛❜❡❧❛ ✺✳✺✳

Tabela 5.5 – Casos considerados para avaliar a influência do tipo de falta

Tipo de Falta Rf Θ Distância da Falta (km)
AT, BC, BCT, ABC 1, 10, 100 0, 30, 60, 90 10, 50, 90, 110, 130, 170
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Figura 5.11 – Influência do tipo de falta

Fonte: autoria própria

❉♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✱ ♦ ♠ét♦❞♦ ❚❑▼ ❛♣r❡s❡♥t♦✉ ✉♠ ❡rr♦ ❣❧♦❜❛❧ ♠é❞✐♦ ❞❡ ✶✷✺✪ ❡

♥ã♦ ❝♦♥✈❡r❣✐✉ ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞♦s ❝❛s♦s ❛✈❛❧✐❛❞♦s✱ ♦ q✉❡ ❥á ❡r❛ ❡s♣❡r❛❞♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡

♣❛r❛ ❢❛❧t❛s ❜✐❢ás✐❝❛s ❡ tr✐❢ás✐❝❛s ❞❡✈✐❞♦ ❛♦ ✉s♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ s❡q✉ê♥❝✐❛ ③❡r♦✳ ❏á ♦

♠ét♦❞♦ ❊❘ ❛♣r❡s❡♥t♦✉ ♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♣❛r❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s

❛✈❛❧✐❛❞❛s q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❛♦s ♦✉tr♦s ❛❧❣♦r✐t♠♦s✳ ❖ ♠ét♦❞♦ ❲❩ ❛♣r❡s❡♥t♦✉ ♦ ♠❡♥♦r

❡rr♦ ♠é❞✐♦ ❣❧♦❜❛❧ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❞❡ ✷✱✵✷✾✪ ❡ ♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ♣❛r❛

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

♦ ❞❡s❡♠♣❡♥❤♦ ♣❛r❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✳ ❉❡ ❢❛t♦✱ ♦ ❡rr♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ é

♠✐♥✐♠✐③❛❞♦ ❞❡✈✐❞♦ ❛♦ ✉s♦ ❞❡ ♠❛✐s ❞❛❞♦s ❞♦ ❙❊P ❝♦♠♦ ❣r❛♥❞❡③❛s ❞❡ ♣ré✲❢❛❧t❛ ❡ ❢❛t♦r
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❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝♦rr❡♥t❡✳ P♦rt❛♥t♦✱ ♦s ❛❧❣♦r✐t♠♦s ❲❩✱ ❊❘ ❡ ◆❱ ❛♣r❡s❡♥t❛r❛♠ ♦s

♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❝♦♠ ❡rr♦s ❞❡ ❡st✐♠❛çã♦ ♠❡♥♦r❡s ❞♦ q✉❡ ♦s ♠ét♦❞♦s ❚❑ ❡ ❚❑▼✳

❚♦❞♦s ♦s ❛❧❣♦r✐t♠♦s t❡st❛❞♦s ❢♦r❛♠ s❡♥sí✈❡✐s ❛ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❝♦♠ ❛❧t❛s r❡s✐stê♥❝✐❛s

❞❡ ❢❛❧t❛✳ ◆♦ ❡♥t❛♥t♦✱ ♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ♥ã♦ ❢♦✐ ❢❛t♦r ❞❡t❡r♠✐♥❛♥t❡ ♣❛r❛

s❡♥s✐❜✐❧✐③❛r ♦s ❛❧❣♦r✐t♠♦s t❡st❛❞♦s ♥❡st❡ ❝❛♣ít✉❧♦✳ ❚❛♠❜é♠ ❢♦✐ ❝♦♥st❛t❛❞♦ q✉❡ à ♠❡❞✐❞❛

q✉❡ ♦ ❧♦❝❛❧ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦ s❡ ❞✐st❛♥❝✐❛ ❞♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦✱ ♦ ❡rr♦ ❞❡ ❧♦❝❛❧✐③❛çã♦

t❡♥❞❡ ❛ ❛✉♠❡♥t❛r ❞❡✈✐❞♦ ❛♦ ❡rr♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✳

✺✳✹ ❙í♥t❡s❡ ❞♦ ❈❛♣ít✉❧♦

◆❡st❡ ❝❛♣ít✉❧♦✱ ✉♠❛ ❛✈❛❧✐❛çã♦ ❞❡ té❝♥✐❝❛s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❝❧áss✐❝❛s ❜❛s❡❛❞❛s

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

❢♦r❛♠ ❛✈❛❧✐❛❞♦s ♣♦r ♠❡✐♦ ❞❡ ❛♥á❧✐s❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ❢r❡♥t❡ ❛ ❞✐❢❡r❡♥t❡s ♣❛râ♠❡tr♦s ❞❡

❢❛❧t❛✱ t❛✐s ❝♦♠♦✿ ❞✐stâ♥❝✐❛ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ❛♦ ♣♦♥t♦ ❞❡ ♠❡❞✐çã♦✱ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✱

â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ❡ t✐♣♦ ❞❡ ❢❛❧t❛✳

❉♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s✱ ❢♦✐ ❝♦♥st❛t❛❞♦ q✉❡ ♦ ♠ét♦❞♦ ❚❑▼ ♥ã♦ ❝♦♥✈❡r❣✐✉ ♣❛r❛

♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ♣❛r❛ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❜✐❢ás✐❝♦s ❡ tr✐❢ás✐❝♦s✳ ❆❧é♠ ❞✐ss♦✱ ❝♦♠♦ ❥á

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

♠❡♥t❛✐s ❛✈❛❧✐❛❞♦s ♥❡st❡ ❝❛♣ít✉❧♦ ♠♦str❛r❛♠✲s❡ s❡♥sí✈❡✐s ❛ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❝♦♠ ❡❧❡✈❛❞❛

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

çã♦ ✭❙❆❍❆ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ❖s ♠ét♦❞♦s r❡♣♦rt❛❞♦s ❡♠ ❊❘ ❡ ◆❱ ❛♣r❡s❡♥t❛r❛♠ ♠❡❧❤♦r❡s

❞❡s❡♠♣❡♥❤♦s ♣❛r❛ t✐♣♦s ❞❡ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s✱ ❥á ♦ ❛❧❣♦r✐t♠♦ r❡♣♦rt❛❞♦ ❡♠ ❲❩ ❛♣r❡✲

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

♠❡♥♦r ❡rr♦ ♠é❞✐♦ ❣❧♦❜❛❧ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✳



Capítulo 6

Impacto de modelos de LT em técnicas de

localização de faltas

❖ ❛✈❛♥ç♦ ❞❛ t❡❝♥♦❧♦❣✐❛ t❡♠ ♣r♦♣♦r❝✐♦♥❛❞♦ ❛ ♠❡❧❤♦r✐❛ ❞❡ ❞✐s♣♦s✐t✐✈♦s ❞❡ ❧♦❝❛❧✐③❛çã♦

❞❡ ❢❛❧t❛s ❞❡ ▲❚✳ ❆❧❣♦r✐t♠♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❝❛❞❛ ✈❡③ ♠❛✐s r♦❜✉st♦s

tê♠ s✐❞♦ ♣r♦♣♦st♦s ❡ ✐♥❝♦r♣♦r❛❞♦s ❛ ❞✐s♣♦s✐t✐✈♦s ❞❡ ♣r♦t❡çã♦ r❡❛✐s✳ ◆♦ ❡♥t❛♥t♦✱ ❛♥✲

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

❞❡✈❡♠ s❡r r❡❛❧✐③❛❞♦s ♣❛r❛ ❛✈❛❧✐❛r s✉❛s ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ❡ s❡✉s ❞❡s❡♠♣❡♥❤♦s✳ ●❡r❛❧✲

♠❡♥t❡✱ t❡st❡s ❡♠ s♦❢t✇❛r❡s ❞♦ t✐♣♦ ❊❧❡❝tr♦♠❛❣♥❡t✐❝ ❚r❛♥s✐❡♥ts Pr♦❣r❛♠ ✭❊▼❚P✮✱ sã♦

✉t✐❧✐③❛❞♦s ❝♦♠♦ ❛rt✐❢í❝✐♦ ♣❛r❛ ✈❛❧✐❞❛r ❛s ❛♣❧✐❝❛❜✐❧✐❞❛❞❡s ❞❡ss❛s ♥♦✈❛s té❝♥✐❝❛s✳

❉❡♥tr❡ ❛s ♠✉✐t❛s ✈❛r✐á✈❡✐s q✉❡ ♣♦❞❡♠ ✐♥✢✉❡♥❝✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s té❝♥✐❝❛s ❞❡

❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✱ ♦ ♠♦❞❡❧♦ ❞❡ ▲❚ ✉t✐❧✐③❛❞♦ ❞✉r❛♥t❡ ♦s ❡st✉❞♦s é ✉♠❛ ❞❡❧❛s✳ ❉❛

❧✐t❡r❛t✉r❛✱ s❛❜❡✲s❡ q✉❡ ♠♦❞❡❧♦s ❛ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s ❞❡♣❡♥❞❡♥t❡s ♥❛ ❢r❡q✉ê♥❝✐❛ r❡✲

♣r❡s❡♥t❛♠ ❝♦♠ ♠❛✐♦r ✜❞❡❧✐❞❛❞❡ ♦s tr❛♥s✐tór✐♦s ❡❧❡tr♦♠❛❣♥ét✐❝♦s ♣r♦✈❡♥✐❡♥t❡s ❞❡ ❢❛❧t❛s

✭❘■❇❊■❘❖ ❡t ❛❧✳✱ ✷✵✷✵✮✳

◆♦ ❡♥t❛♥t♦✱ ❛♣❡s❛r ❞❡ ♠✉✐t♦s tr❛❜❛❧❤♦s r❡❛❧✐③❛r❡♠ ❡st✉❞♦s ❝♦♥s✐❞❡r❛♥❞♦ ♠♦❞❡❧♦s

❞❡ ▲❚ ❛ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s ❝♦♥st❛♥t❡s ❡ ❞❡♣❡♥❞❡♥t❡s ♥❛ ❢r❡q✉ê♥❝✐❛ ✭❘❊■❙✱ ✷✵✶✾✮✱

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

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

♥❡st❡ ❝❛♣ít✉❧♦✱ ✉♠❛ ❛✈❛❧✐❛çã♦ s♦❜r❡ ♦ ✐♠♣❛❝t♦ ❞❡ ♠♦❞❡❧♦s ❞❡ ▲❚ ❢r❡♥t❡ ❛ ❞✐❢❡r❡♥t❡s

♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s ❡ ❡♠ ♦♥❞❛s

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

❧✐s❡s ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ♠♦❞❡❧♦s ❞❡ ❧✐♥❤❛ ❛ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s ❝♦♥s✲

t❛♥t❡s ✭❇❡r❣❡r♦♥✮ ❡ ❞❡♣❡♥❞❡♥t❡s ♥❛ ❢r❡q✉ê♥❝✐❛ ✭❏▼❛rtí✮✱ ♣♦ss❛♠ s❡r ❢❡✐t❛s✳ ❉♦s s❡t❡

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

❝❛♣ít✉❧♦ ✺✮✱ ✉♠ ❜❛s❡❛❞♦ ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❞❡ ❞♦✐s t❡r♠✐♥❛✐s ❡ ✉♠ ❛❧❣♦r✐t♠♦

❤í❜r✐❞♦ ❞❡ ✉♠ t❡r♠✐♥❛❧✳ ❆♣❡s❛r ❞❡ s❡ ❡s♣❡r❛r q✉❡ ♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦♥❡♥✲

t❡s ❢✉♥❞❛♠❡♥t❛✐s ♥ã♦ s❡❥❛♠ ✐♥✢✉❡♥❝✐❛❞♦s ♣♦r ♠♦❞❡❧♦s ❛ ♣❛râ♠❡tr♦s ❞✐str✐❜✉í❞♦s✱ ✉♠❛

✈❡③ q✉❡ tê♠ ❝♦♠♦ ❜❛s❡ ❞❡ s✉❛s ❢♦r♠✉❧❛çõ❡s✱ ❡♠ s✉❛ ♠❛✐♦r✐❛✱ ♦s ♠♦❞❡❧♦s ❛ ♣❛râ♠❡tr♦s

❝♦♥❝❡♥tr❛❞♦s✱ t❛✐s ❛✈❛❧✐❛çõ❡s s❡rã♦ r❡❛❧✐③❛❞❛s ❝♦♠♦ ❢♦r♠❛ ❞❡ ✐♥✈❡st✐❣❛çã♦ ❡ ✈❛❧✐❞❛çã♦

❞♦s r❡s✉❧t❛❞♦s✳

✻✳✶ ▼❡t♦❞♦❧♦❣✐❛ ❞❛s ❛✈❛❧✐❛çõ❡s

❖ s✐st❡♠❛ ❡❧étr✐❝♦ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✶ ❢♦✐ ✉t✐❧✐③❛❞♦ ♣❛r❛ r❡❛❧✐③❛r ❛s s✐♠✉❧❛çõ❡s

❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s✳ ❇❛s✐❝❛♠❡♥t❡✱ ♦s ❝✉rt♦s✲❝✐r❝✉✐t♦s ❢♦r❛♠ ❛♣❧✐❝❛❞♦s ❛♦ ❧♦♥❣♦ ❞❛ ▲❚

❞❡ ✷✵✵ ❦♠ ❡ ✐♥✐❝✐❛❧♠❡♥t❡ ❛ ♣❡r❢❡✐t❛ tr❛♥s♣♦s✐çã♦ ❞♦s ❝♦♥❞✉t♦r❡s ❢♦✐ ❝♦♥s✐❞❡r❛❞❛✳ ❆s ▲❚

❢♦r❛♠ ♠♦❞❡❧❛❞❛s ❛ ♣❛rt✐r ❞♦ ❜❧♦❝♦ ▲✐♥❡ ❈❛❜❧❡ ❈♦♥st❛♥t ✭▲❈❈✮ ❞♦ ❆❚P❉r❛✇ ✭❈❊◆✲

❚❊❘✱ ✶✾✽✼✮✱ ❡♠ q✉❡ ❞♦✐s ♠♦❞❡❧♦s ❞❡ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞♦s✿ ♦

♠♦❞❡❧♦ ❞❡ ❏▼❛rt✐ ✭▼❆❘❚■✱ ✶✾✽✷✮ ❡ ♦ ♠♦❞❡❧♦ ❞❡ ❇❡r❣❡r♦♥ ✭❉❖▼▼❊▲✱ ✶✾✻✾✮✳ ❖s

♣❛râ♠❡tr♦s ❞❡ ❡♥tr❛❞❛ ♣❛r❛ ❛ ♠♦❞❡❧❛❣❡♠ ❞❡ ❏▼❛rt✐ ❡stã♦ ❞❡s❝r✐t♦s ♥❛ ❋✐❣✉r❛ ✺✳✷✱ ❡

❞♦ ♠♦❞❡❧♦ ❞❡ ❇❡r❣❡r♦♥ ♥❛ ❋✐❣✉r❛ ✻✳✶✳
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Figura 6.1 – Parâmetros utilizados para modelar a LT utilizando Bergeron.

Fonte: autoria própria.

❙❛❜❡✲s❡ q✉❡ ♦ ♠♦❞❡❧♦ ❞❡ ❏✳▼❛rtí ❝♦♥s✐❞❡r❛ ♦s ♣❛râ♠❡tr♦s ❞❛ ▲❚ ❞✐str✐❜✉í❞♦s ❡

❞❡♣❡♥❞❡♥t❡s ♥❛ ❢r❡q✉ê♥❝✐❛✱ ❞❡ss❛ ❢♦r♠❛ ✉♠❛ ❢❛✐①❛ q✉❡ ❛❜r❛♥❣❡ ❛s ❢r❡q✉ê♥❝✐❛s ❞♦ s✐♥❛❧

❞❡✈❡ s❡r ❞❡✜♥✐❞❛✳ ❈♦♠♦ ❛ ❢r❡q✉ê♥❝✐❛ tí♣✐❝❛ ❞❡ ❛♠♦str❛❣❡♠ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛♣❧✐❝❛çã♦ ❞❡

♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s é ❞❡ ✶ ▼❍③✱ ❛ ❢r❡q✉ê♥❝✐❛

✐♥✐❝✐❛❧ ❞❡✜♥✐❞❛✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✺✳✷✱ ❢♦✐ ❞❡ ✵✳✵✵✶ ❍③✱ ❝♦♥s✐❞❡r❛♥❞♦ ✶✵ ❞é❝❛❞❛s✱ s❡♥❞♦ ❛

❢r❡q✉ê♥❝✐❛ ♠á①✐♠❛ ❛❞♦t❛❞❛ ❞❡ ✶ ▼❍③✳ ❆❧é♠ ❞✐ss♦✱ ❝♦♥s✐❞❡r♦✉✲s❡ ♥❛ ♠♦❞❡❧❛❣❡♠ ❞❛s ▲❚

♦ ❡❢❡✐t♦ ♣❡❧✐❝✉❧❛r ✭❙❦✐♥ ❡✛❡❝t✮✱ ❝♦♥❞✉t♦r❡s s✐♠♣❧❡s ✭♦♣çã♦ ✧❆✉t♦✲❜✉♥❞❧✐♥❣✧❞❡s♠❛r❝❛❞❛✮

❡ ❛ ♦♣çã♦ ✧❖✈❡r❤❡❛❞ ▲✐♥❡✧❢♦✐ s❡❧❡❝✐♦♥❛❞❛ ♣❛r❛ ▲❚ ❛ér❡❛s✳ ❆❞❡♠❛✐s✱ ❛ ♦♣çã♦ ✧s❡❣♠❡♥t❡❞

❣r♦✉♥❞✧♥ã♦ ❢♦✐ ♠❛r❝❛❞❛✱ ✉♠❛ ✈❡③ q✉❡ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ❝♦♥❞✉t♦r❡s t❡rr❛ ❝♦♥t✐♥✉❛♠❡♥t❡

❛t❡rr❛❞♦s✳

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

❢❛❧t❛s ♣♦r ✉♠ ♠♦❞❡❧♦ ❞✐❣✐t❛❧ ❞❡ ❚P❈ ❡ ❚❈ ✭❈❖▼▼■❚❚❊❊ ❡t ❛❧✳✱ ✷✵✵✹✮✳ P❛r❛ ❡❢❡✐t♦s

❝♦♠♣❛r❛t✐✈♦s✱ ♦ ❡rr♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❢♦✐ ❡st✐♠❛❞♦ ❛ ♣❛rt✐r ❞❛ ❊q✉❛çã♦ ✭✺✳✶✮✳

❋✐❧tr♦s ❛♥t✐✲❛❧✐❛s✐♥❣ ❞♦ t✐♣♦ ❇✉tt❡r✇♦rt❤ ❞❡ t❡r❝❡✐r❛ ♦r❞❡♠✱ ❝♦♠ ❢r❡q✉ê♥❝✐❛s ❞❡ ❝♦rt❡

❞❡ ✶✽✵ ❍③ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ❜❛s❡❛❞♦ ❡♠ ❢❛s♦r❡s ❡ ✹✵✵ ❦❍③ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ❜❛s❡❛❞♦

❡♠ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞♦s✳ ❖ ❖s s✐♥❛✐s ❞❡ ❡♥tr❛❞❛ ❞♦s ❛❧❣♦r✐t♠♦s ❞❡
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❧♦❝❛❧✐③❛çã♦ sã♦ ❞✐s❝r❡t✐③❛❞♦s ❛ ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✾✻✵ ❍③ ♣❛r❛ ♦ ♠ét♦❞♦

❞❡ ❚❛❦❛❣✐ ❡ ❛ ✶ ▼❍③ ♣❛r❛ ♦ ♠ét♦❞♦ ❜❛s❡❛❞♦ ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s✳

✻✳✷ ❆♣r❡s❡♥t❛çã♦ ❞♦s ♠ét♦❞♦s ❛✈❛❧✐❛❞♦s

❈♦♥❢♦r♠❡ ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✻✳✶✱ s❡t❡ ♠ét♦❞♦s s❡rã♦ ❛✈❛❧✐❛❞♦s ♣❛r❛ ❞♦✐s t✐♣♦s ❞❡

♠♦❞❡❧♦s ❞❡ ❧✐♥❤❛s✱ ♦ ♠♦❞❡❧♦ ❞❡ ❇❡r❣❡r♦♥ ❡ ♦ ♠♦❞❡❧♦ ❞❡ ❏▼❛rt✐✳ ❈✐♥❝♦ ♠ét♦❞♦s ❜❛s❡✲

❛❞♦s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s ❢♦r❛♠ ❛✈❛❧✐❛❞♦s✿ ♦s ♠ét♦❞♦s ❞❡ ❚❑✱ ❚❑▼✱ ❲❩✱

❊❘ ❡ ◆❱✳ ❆❧é♠ ❞❡❧❡s✱ ❛✈❛❧✐❛r✲s❡✲á ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s té❝♥✐❝❛s r❡♣♦rt❛❞❛s ❡♠ ●❛❧❡ ❡t

❛❧✳ ✭✶✾✾✸✮✱ ❛ q✉❛❧ é ❜❛s❡❛❞❛ ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❡ ✉t✐❧✐③❛ ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ▲❚

♣❛r❛ ❡st✐♠❛r ♦ ♣♦♥t♦ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✱ ❡ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮✱ ✉♠❛ té❝♥✐❝❛ ❤í❜r✐❞❛ ❞❡

✉♠ t❡r♠✐♥❛❧✳ P❛r❛ t❛♥t♦✱ r❡❛❧✐③❛✲s❡ ❛ s❡❣✉✐r ✉♠❛ ❜r❡✈❡ ❞❡s❝r✐çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ●❛❧❡

❡t ❛❧✳ ✭✶✾✾✸✮ ❡ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮✳

✻✳✷✳✶ ▼ét♦❞♦ ❞❡ ●❛❧❡ ❡t ❛❧✳ ✭✶✾✾✸✮ ✭●❆✮

❆ té❝♥✐❝❛ r❡♣♦rt❛❞❛ ❡♠ ✭●❆▲❊ ❡t ❛❧✳✱ ✶✾✾✸✮ é ❜❛s❡❛❞❛ ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s

❡ ✉t✐❧✐③❛ ✐♥❢♦r♠❛çõ❡s ❞❡ ❞♦✐s t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛ ♣❛r❛ ❡st✐♠❛r ♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦✳ ❇❛s✐✲

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

t❡r♠✐♥❛✐s ❞❛ ❧✐♥❤❛✳ ❆ss✐♠✱ ❛ ❞✐stâ♥❝✐❛ ❞❛ ❢❛❧t❛ ❡st✐♠❛❞❛ ♣♦r ✭❝♦♥❢♦r♠❡ ❋✐❣✉r❛ ✸✳✺✮✿

d = v
ℓ+ v(tA1 − tB1)

2
, (6.1)

❡♠ q✉❡ tA1 ❡ tB1 sã♦ ♦s ✐♥st❛♥t❡s q✉❡ ❛ ♦♥❞❛ ✐♥❝✐❞❡♥t❡ é ❞❡t❡❝t❛❞❛ ♥♦ t❡r♠✐♥❛❧ ❆ ❡

t❡r♠✐♥❛❧ ❇✱ r❡s♣❡❝t✐✈❛♠❡♥t❡ v é ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❡ ℓ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛

▲❚✳

✻✳✷✳✷ ▼ét♦❞♦ ❞❡ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮ ✭❳■✮

❆ té❝♥✐❝❛ r❡♣♦rt❛❞❛ ❡♠ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮ ✉t✐❧✐③❛ ✉♠ ♠ét♦❞♦ ❜❛s❡❛❞♦ ❡♠ ❝♦♠✲

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

r❡s✉❧t❛❞♦ ❛ ♣❛rt✐r ❞❡ s♦❧✉çõ❡s ❜❛s❡❛❞❛s ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s✳ P♦r ✉t✐❧✐③❛r ♠❛✐s

❞❡ ✉♠❛ té❝♥✐❝❛ ❞❡ ❧♦❝❛❧✐③❛çã♦ é ❝❤❛♠❛❞❛ ❞❡ ♠ét♦❞♦ ❤í❜r✐❞♦✳ ❇❛s✐❝❛♠❡♥t❡✱ ❡st❛ té❝✲

♥✐❝❛ ❢✉♥❝✐♦♥❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ ❡♠ ♣r✐♠❡✐r♦ ❧✉❣❛r ♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦ é ❡st✐♠❛❞♦ ♣❡❧❛
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té❝♥✐❝❛ ❢❛s♦r✐❛❧ r❡♣♦rt❛❞❛ ❡♠ ❲✐s③♥✐❡✇s❦✐ ✭✶✾✽✸✮✱ ❡♠ s❡❣✉✐❞❛✱ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛

q✉❡ ❝♦♥té♠ ♦ ❧♦❝❛❧ ❞❛ ❢❛❧t❛ é ❝❛❧❝✉❧❛❞❛ ❡♠♣✐r✐❝❛♠❡♥t❡✱ s❡♥❞♦ ❛ ❞✐stâ♥❝✐❛ ❡st✐♠❛❞❛

♣❡❧♦ ♠ét♦❞♦ ❢❛s♦r✐❛❧ ♦ ❝❡♥tr♦ ❞❡ss❛ ❥❛♥❡❧❛ ❡ ±✶✵✪ ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ❧✐♥❤❛ ✐♠♣♦st♦

❝♦♠♦ ❧✐♠✐t❡s ❞❛ r❡❢❡r✐❞❛ ❥❛♥❡❧❛✳ ❆♣ós ❡ss❛ ❡t❛♣❛✱ ❛ ♦♥❞❛ ✈✐❛❥❛♥t❡ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡

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

✐♥❝✐❞❡♥t❡✱ q✉❡ ❡stá ❞❡♥tr♦ ❞❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛✳ P❛r❛ ❛✉①✐❧✐❛r ♥♦ ♣r♦❝❡ss♦ ❞❡ ❞❡t❡❝çã♦

❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t é ✉t✐❧✐③❛❞❛ ❡♠ ✭❳■◆❩❍❖❯ ❡t ❛❧✳✱ ✷✵✵✷✮✳

✻✳✸ ❆✈❛❧✐❛çã♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s té❝♥✐❝❛s ♣❛r❛ ♦s ♠♦❞❡❧♦s ❞❡ ❇❡r❣❡r♦♥

❡ ❏✳ ▼❛rtí

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

s♦❜ ❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ❞♦✐s ♠♦❞❡❧♦s ❞❡ ▲❚✱ ❛ s❛❜❡r✿ ♦ ♠♦❞❡❧♦ ❞❡ ❇❡r❣❡r♦♥ ✭❇●✮ ❡ ♦ ♠♦❞❡❧♦

❞❡ ❏▼❛rt✐ ✭❏▼✮✳ ◆❡st❡ ❝❡♥ár✐♦✱ ✉♠ t♦t❛❧ ❞❡ ✹✺✻ ❝❡♥ár✐♦s ❞❡ ❢❛❧t❛ ❢♦r❛♠ s✐♠✉❧❛❞♦s ♥♦

❆❚P✱ ♦s q✉❛✐s ❝♦♥st✐t✉❡♠ ❞❡ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞✐s♣♦♥í✈❡✐s ♥❛ ❚❛❜❡❧❛

✻✳✶✳

Tabela 6.1 – Paramêtros avaliados.

Modelo de LT Rf Θ Tipos de Faltas Distância da Falta
BG, JM 1, 10, 100 0,01;30;60;90 AT 10:10:190

❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❢♦r❛♠ ❛✈❛❧✐❛❞♦s ♣♦r ♠❡✐♦ ❞❡ ❜♦①♣❧♦ts✳ ❉❡st❛ ❢♦r♠❛✱ ❛♣r❡s❡♥t❛✲

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

❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ▲❚ ❞❡ ❇❡r❣❡r♦♥ ❡ ❏▼❛rt✐✳
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Figura 6.2 – Resultados obtidos para os métodos de localização fasoriais quando a LT é modelada por Bergeron
e JMarti.

Fonte: autoria própria.

❉❛ ❋✐❣✉r❛ ✻✳✷✱ ♥♦ ❣❡r❛❧✱ ♥ã♦ sã♦ ♦❜s❡r✈❛❞♦s ❞❡s✈✐♦s s✐❣♥✐✜❝❛t✐✈♦s q✉❛♥❞♦ ♦s ♠♦❞❡✲

❧♦s ❞❡ ▲❚ ❞❡ ❇❡r❣❡r♦♥ ❡ ❏▼❛rt✐ sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❡st✐♠❛r ♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ❛ ♣❛rt✐r ❞❡

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

❝♦♠♦ ❛♠❜♦s ♦s ♠♦❞❡❧♦s ❞❡ ❧✐♥❤❛ ❢♦r❛♠ ❛❥✉st❛❞♦s ♣❛r❛ q✉❡ ♦ ❝á❧❝✉❧♦ ❞❡ s❡✉s ♣❛râ♠❡✲

tr♦s ♦❝♦rr❡ss❡ ♣❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ ❢✉♥❞❛♠❡♥t❛❧ ✭✻✵ ❍③✮✱ ♦s ❞❡s❡♠♣❡♥❤♦s ❞❛s té❝♥✐❝❛s ❞❡

❧♦❝❛❧✐③❛çã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❛✈❛❧✐❛❞❛s ❢♦r❛♠ s❡♠❡❧❤❛♥t❡s✱ ✉♠❛ ✈❡③ q✉❡ ❛s ♠❡s♠❛s

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

❞❛ ❧✐♥❤❛ ❢♦r❛♠ ❝❛❧❝✉❧❛❞♦s✳ ❉❡s✈✐♦s s✐❣♥✐✜❝❛t✐✈♦s ❢♦r❛♠ ♦❜t✐❞♦s ♣❛r❛ t♦❞♦s ♦s ♠ét♦✲
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❞♦s ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✷✱ t❛✐s ❞❡s✈✐♦s sã♦ ❞❡❝♦rr❡♥t❡s ❞♦s ❝❡♥ár✐♦s ❡♠ q✉❡ ❛

r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ s✐♠✉❧❛❞❛ ❢♦✐ ❛ ❞❡ ✶✵✵ Ω✱ ❝♦♠♦ r❡♣♦rt❛❞♦ ♥♦ ❝❛♣ít✉❧♦ ✺✳

P❛r❛ ✜♥s ❞❡ ✐❧✉str❛çã♦✱ ♠♦str❛✲s❡ ♥❛ ❋✐❣✉r❛ ✻✳✸ ♦s ❢❛s♦r❡s ❞❡ t❡♥sã♦ ❞❛ ❢❛s❡ ❆ ♣❛r❛

♦s r❡❢❡r✐❞♦s ♠♦❞❡❧♦s q✉❛♥❞♦ ✉♠❛ ❝✉rt♦✲❝✐r❝✉✐t♦ ♠♦♥♦❢ás✐❝♦ ✭❆❚✮ é ❛♣❧✐❝❛❞♦ ❛ ✶✵ ❦♠

❞♦ t❡r♠✐♥❛❧ ❞❡ ♠❡❞✐çã♦ ❝♦♠ RF = 1Ω ❡ Θ ❂ ✸✵➦✳

Figura 6.3 – Fasor de tensão da Fase A para LT modelada por Bergeron e JMarti quando um curto-circuito é
aplicado a 10km do terminal de medição com RF = 1Ω e Θ = 30°.

Fonte: autoria própria.

❉❛ ❋✐❣✉r❛ ✻✳✸✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ❛ ❝✉r✈❛ ♣❛r❛ ❛♠❜♦s ♦s ♠♦❞❡❧♦s ❛✈❛❧✐❛❞♦s sã♦ ❛s

♠❡s♠❛s✱ ✉♠❛ ✈❡③ q✉❡ ♦ ❢❛s♦r r❡❢❡r❡♥t❡ ❛♦ ♠♦❞❡❧♦ ❞❡ ❏▼❛rt✐ ❡stá s♦❜r❡♣♦st♦ ❞♦ ♠♦❞❡❧♦

❞❡ ❇❡r❣❡r♦♥✱ ♦✉ s❡❥❛✱ ♣❛r❛ ♦ ❝❡♥ár✐♦ ❛✈❛❧✐❛❞♦ ♥ã♦ ❤♦✉✈❡ ❞❡s✈✐♦ q✉❛♥t♦ ❛♦ ❝á❧❝✉❧♦ ❞♦s

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

♠❡s♠❛s✳

❆♣r❡s❡♥t❛✲s❡ ♥❛ ❋✐❣✉r❛ ✻✳✹ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ❛s té❝♥✐❝❛s ●❆ ❡ ❳■✳ P❛r❛

❛♠❜♦s ♦s ♠ét♦❞♦s ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ❢♦r❛♠ ❡st✐♠❛❞❛s ❛ ♣❛rt✐r ❞❡ ✉♠ ♣r♦✲

❝❡ss♦ ❞❡ ❡♥❡r❣✐③❛çã♦ ❞❛ ❧✐♥❤❛✱ ❝✉❥❛s ✈❡❧♦❝✐❞❛❞❡s ♦❜t✐❞❛s ❢♦r❛♠ ❞❡ v = 295.857, 9882km/s

❡ v = 297.619, 05km/s ♣❛r❛ ♦s ♠♦❞❡❧♦s ❞❡ ❇❡r❣❡r♦♥ ❡ ❏▼❛rt✐✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
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Figura 6.4 – Resultados obtidos para os métodos GA e XI para LT modeladas por Bergeron e JMarti.

Fonte: autoria própria.

❉❛ ❋✐❣✉r❛ ✻✳✹✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ♠❛✐♦r❡s ❞❡s✈✐♦s ❢♦r❛♠ ♦❜t✐❞♦s ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛✲

❧✐❛❞♦s ❛ ♣❛rt✐r ❞♦ ♠♦❞❡❧♦ ❞❡ ❏▼❛rt✐ ♣❛r❛ ❛♠❜❛s ❛s té❝♥✐❝❛s✳ ❉❡ ❢❛t♦✱ ♦ ♠♦❞❡❧♦ ❞❡

❇❡r❣❡r♦♥ r❡♣r❡s❡♥t❛ ❛s ▲❚ ❞❡ ♠♦❞♦ ♠❛✐s ♣ró①✐♠♦ ❞♦ ✐❞❡❛❧ ♦ q✉❡ ♣❡r♠✐t❡ ♦❜t❡r r❡s✉❧✲

t❛❞♦s ❝♦♠ ♠❡♥♦r❡s ❞❡s✈✐♦s✳ P♦ré♠ ♥❛ ♣rát✐❝❛✱ ❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s sã♦ s✉❜♠❡t✐❞❛s ❛♦s

❢❡♥ô♠❡♥♦s ❞❡ ❛t❡♥✉❛çã♦ ❡ ❞✐s♣❡rsã♦✱ q✉❡ sã♦ ♠❛✐s ✈✐sí✈❡✐s ♥♦ ♠♦❞❡❧♦ ❞❡ ❏▼❛rt✐✱ ❝♦♥✲

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

❞❛ ❛❜❡rt✉r❛ ❞❡ ✉♠❛ ❝❤❛✈❡✳

Figura 6.5 – Comparação dos coeficientes wavelet dos modelos de JMarti e Bergeron.

Fonte: autoria própria.

◆❛ ❋✐❣✉r❛ ✻✳✺✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ♦s ♣✐❝♦s r❡❢❡r❡♥t❡s ❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♦❜t✐❞❛s ❛ ♣❛rt✐r

❞♦ ♠♦❞❡❧♦ ❞❡ ❏▼❛rt✐ s♦❢r❡♠ ✉♠❛ ❛t❡♥✉❛çã♦ ❡ ❞✐s♣❡rsã♦ ♠❛✐♦r ❡♠ ❝♦♠♣❛r❛çã♦ ❛♦
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♠♦❞❡❧♦ ❞❡ ❇❡r❣❡r♦♥✱ ❞❡✈✐❞♦ ❛ ❞❡♣❡♥❞ê♥❝✐❛ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞♦s s❡✉s ♣❛râ♠❡tr♦s✳ ◆❡st❡

s❡♥t✐❞♦✱ ♦ ♠♦❞❡❧♦ ❞❡ ❏▼❛rt✐ r❡♣r❡s❡♥t❛ ❝♦♠ ♠❛✐s ❛✜♥❝♦ ♦s tr❛♥s✐tór✐♦s ❞❡ ❢❛❧t❛ ❡ ♣♦r

❝♦♥s❡❣✉✐♥t❡✱ ❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s✱ ❞❡ ♠♦❞♦ ♠❛✐s ♣ró①✐♠♦ ❞♦ q✉❡ ♦❝♦rr❡ ♥❛ r❡❛❧✐❞❛❞❡ ❡

♣♦rt❛♥t♦ ❞❡✈❡ s❡r ✉t✐❧✐③❛❞♦ ❡♠ t❡st❡s ♣❛r❛ ✈❛❧✐❞❛r té❝♥✐❝❛s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠

▲❚✳

✻✳✹ ■♠♣❛❝t♦ ❞❛ tr❛♥s♣♦s✐çã♦ ❞❡ ▲❚ s♦❜ ♠ét♦❞♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s

❉❡✈✐❞♦ ❛ ♣ró♣r✐❛ ❣❡♦♠❡tr✐❛ ❞❛ ▲❚ ❡ ❞❛s ❞✐❢❡r❡♥t❡s ❞✐stâ♥❝✐❛s ❡♥tr❡ ❛s ❢❛s❡s ❡ ❛

t❡rr❛ ❡①✐st❡ ✉♠ ❛❝♦♣❧❛♠❡♥t♦ ♠út✉♦ ❡✱ ♣♦rt❛♥t♦✱ ❞❡s❡q✉✐❧í❜r✐♦s ♣♦❞❡♠ s✉r❣✐r✳ ❊st❡

❞❡s❡q✉✐❧í❜r✐♦ ♦❝♦rr❡ ♠❛✐s ♥❛s t❡♥sõ❡s ❡ ❝♦rr❡♥t❡s ❞❡ ♦♣❡r❛çã♦ ♥❛ ❢r❡q✉ê♥❝✐❛ ♥♦♠✐♥❛❧

♥♦s t❡r♠✐♥❛✐s ❞❛ ▲❚ ♣❛r❛ ❧✐♥❤❛s ♥ã♦ tr❛♥s♣♦st❛s✳ P❛r❛ ♠✐♥✐♠✐③❛r ♦s ❡❢❡✐t♦s ❞❡ss❡

❞❡s❜❛❧❛♥ç♦ ♦ ♠ét♦❞♦ ❞❡ tr❛♥s♣♦r ❛s ▲❚ é ✉s❛❞♦ ♣❛r❛ r❡❞✉③✐r ❡ ❜❛❧❛♥❝❡❛r ❛s t❡♥sõ❡s

❡ ❝♦rr❡♥t❡s ❡♥tr❡ ❛s ❢❛s❡s✳ ❆ tr❛♥s♣♦s✐çã♦ ❞❡ ▲❚ ❝♦♥s✐st❡✱ ❜❛s✐❝❛♠❡♥t❡✱ ❡♠ ❛❧t❡r❛r ❛

❞✐s♣♦s✐çã♦ ❢ís✐❝❛ ❞♦s ❝♦♥❞✉t♦r❡s ❞❡ ❢❛s❡✱ ❞❡ ♠♦❞♦ q✉❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❝♦♥❞✉t♦r ♦❝✉♣❡

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

tr♦❝❛♠ ❞❡ ♣♦s✐çã♦ ❛ ❝❛❞❛ ✉♠ t❡rç♦ ❞❛ ▲❚ ✭❉❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❆♦ ❝❛❧❝✉❧❛r ♦s ♣❛râ♠❡tr♦s

❞❡ s❡q✉ê♥❝✐❛ ❞❛ ▲❚✱ ❛s ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ sã♦ ❛ss✉♠✐❞❛s ♣❛r❛ s❡r tr❛♥s♣♦st❛s ✭❲■▲✲

▲■❆▼ ❡t ❛❧✳✱ ✷✵✵✷✮✳ ❆ tr❛♥s♣♦s✐çã♦ ✐❣✉❛❧❛ ♦ ❛❝♦♣❧❛♠❡♥t♦ ♠út✉♦ ❡♥tr❡ ❛s três ❢❛s❡s ❡

r❡❞✉③ ❛ ♠❛tr✐③ ❞❡ ✐♠♣❡❞â♥❝✐❛ ❞❡ s❡q✉ê♥❝✐❛ ♣❛r❛ ✉♠❛ ♠❛tr✐③ ❞✐❛❣♦♥❛❧✳ ❖s ❡❧❡♠❡♥t♦s ❞❛

❞✐❛❣♦♥❛❧ ❞❛ ♠❛tr✐③ ✐♠♣❡❞â♥❝✐❛ sã♦ ❢♦r♠❛❞♦s ♣❡❧❛s ✐♠♣❡❞â♥❝✐❛s ❞❛ ❧✐♥❤❛ ❞❡ s❡q✉ê♥❝✐❛

❡♥q✉❛♥t♦ ♦s ❡❧❡♠❡♥t♦s ❢♦r❛ ❞❛ ❞✐❛❣♦♥❛❧ sã♦ ③❡r♦✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ♥ã♦ ❤á ✐♠♣❡❞â♥❝✐❛

♠út✉❛✳ ❊♠❜♦r❛ ❛ tr❛♥s♣♦s✐çã♦ ❞❡ ❧✐♥❤❛ s❡❥❛ ✈❛♥t❛❥♦s❛✱ ❡❧❛ ✐♥tr♦❞✉③ ❝♦♠♣❧✐❝❛çõ❡s ♥♦

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

❞❡ s✉♣♦rt❡ ❛❞✐❝✐♦♥❛✐s ❡ r❡q✉✐s✐t♦s ❞❛ ❝♦❧✉♥❛ ❞♦ ✐s♦❧❛❞♦r ✭❉❆❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❉❡ss❡

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

❛ ✐♥✢✉ê♥❝✐❛ ❞❛s ♥ã♦ tr❛♥s♣♦s✐çã♦ ❡ tr❛♥s♣♦s✐çã♦ ♣❡r❢❡✐t❛ ❞♦s ❝♦♥❞✉t♦r❡s✳ P❛r❛ t❛♥t♦✱

❛✈❛❧✐♦✉✲s❡ ❝❡♥ár✐♦s ❝♦♠♣♦st♦s ♣❡❧♦s ♠♦❞❡❧♦s ❞❡ ❇❡r❣❡r♦♥ ❡ ❏▼❛rt✐✱ ❝✉❥❛s ❢❛❧t❛s ❢♦r❛♠

❛♣❧✐❝❛❞❛s ❛♦ ❧♦♥❣♦ ❞❛ ▲❚✱❞❡ ✶✵ ❛ ✶✾✵ ❦♠ ❡♠ ♣❛ss♦s ❞❡ ✶✵ ❦♠✱ ❝♦♠ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛

❞❡ ✶ Ω ❡ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ❞❡ ✾✵➦✳ ◆❛ ❋✐❣✉r❛ ✻✳✻✱ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s

sã♦ ❛♣r❡s❡♥t❛❞♦s ♣❛r❛ ❛s té❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s q✉❛♥❞♦ ♦
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♠♦❞❡❧♦ ❞❡ ❏▼❛rt✐ é ✉t✐❧✐③❛❞♦ ❡ ♥❛ ❋✐❣✉r❛ ✻✳✼✱ q✉❛♥❞♦ ❛ ▲❚ é ♠♦❞❡❧❛❞❛ ❛ ♣❛rt✐r ❞❡

❇❡r❣❡r♦♥✳

Figura 6.6 – Resultados obtidos para as técnicas fasoriais quando submetidos a dados de LT transposta e não
transposta modelada por JMarti.

Fonte: autoria própria.
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Figura 6.7 – Resultados obtidos para as técnicas fasoriais quando submetidos a dados de LT transposta e não
transposta modelada por Bergeron.

Fonte: autoria própria.

❉❛s ❋✐❣✉r❛s ✻✳✻ ❡ ✻✳✼✱ sã♦ ♦❜s❡r✈❛❞♦s ♠❛✐♦r❡s ❞❡s✈✐♦s q✉❛♥❞♦ ❛ ▲❚ é ❝♦♥✜❣✉r❛❞❛

❝♦♠♦ ♥ã♦ tr❛♥s♣♦st❛✳ ❉❡ ❢❛t♦✱ ❛❧❣♦r✐t♠♦s ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛ ❜❛s❡❛❞♦s ❡♠ ✐♠♣❡✲

❞â♥❝✐❛ r❡q✉❡r❡♠ ✐♥❢♦r♠❛çõ❡s ❞❡ ✐♠♣❡❞â♥❝✐❛s ❞❡ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❡ ③❡r♦ ❞❡ ✉♠❛ ▲❚

♣❛r❛ ❡st✐♠❛r ❛ ❞✐stâ♥❝✐❛ ❛té ❛ ❢❛❧t❛✳ ❯♠❛ ✈❡③ q✉❡ té❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s

❢✉♥❞❛♠❡♥t❛✐s ❛ss✉♠❡♠ q✉❡ ❛s r❡❞❡s ❞❡ s❡q✉ê♥❝✐❛ s❡❥❛♠ ❞❡s❛❝♦♣❧❛❞❛s ✉♠❛s ❞❛s ♦✉tr❛s✱

✉♠❛ ❧✐♥❤❛ ❞❡ tr❛♥s♠✐ssã♦ ♥ã♦ tr❛♥s♣♦st❛ ❛❢❡t❛rá ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ss❛s té❝♥✐❝❛s✳

❆✈❛❧✐❛✲s❡ ❛❣♦r❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ♠ét♦❞♦s r❡♣♦rt❛❞♦s ❡♠ ●❆ ❡ ❳■ ♣❛r❛ ▲❚ tr❛♥s✲

♣♦st❛ ❡ ♥ã♦ tr❛♥s♣♦st❛ ❛♣❡♥❛s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ❏▼❛rt✐✳ ❆s ✈❡❧♦❝✐❞❛❞❡s ❞❡ ❡♥❡r❣✐③❛çã♦
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❞❛s ▲❚ ♦❜t✐❞❛s ❢♦r❛♠ ❞❡ ✷✾✼✳✽✹✵✱✻✺ ❦♠✴s ♣❛r❛ ▲❚ ♥ã♦ tr❛♥s♣♦st❛ ❡ ✷✾✼✳✻✶✾✱✵✺ ❦♠✴s

♣❛r❛ ❛ tr❛♥s♣♦st❛✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❡stã♦ ✐❧✉str❛❞♦s ♥❛ ❋✐❣✉r❛ ✻✳✽✳

Figura 6.8 – Influência da transposição da LT para os métodos de Gale et al. (1993) e Xinzhou et al. (2002).

Fonte: autoria própria.

❖❜s❡r✈❛✲s❡✱ ♥❛ ❋✐❣✉r❛ ✻✳✽✱ q✉❡ ♥♦✈❛♠❡♥t❡ ♠❛✐♦r❡s ❞❡s✈✐♦s ❢♦r❛♠ ♦❜t✐❞♦s ♣❛r❛ ▲❚

♥ã♦ tr❛♥s♣♦st❛s ❡♠ ❛♠❜♦s ♦s ♠ét♦❞♦s✱ ♦ q✉❡ ❥á ❡r❛ ❡s♣❡r❛❞♦✱ ❞❡✈✐❞♦ ❛♦s ❡❧❡♠❡♥t♦s

❞❡ ✐♠♣❡❞â♥❝✐❛ ♠út✉❛ ♣r❡s❡♥t❡s ♥❛ ♠❛tr✐③ ❞❡ ✐♠♣❡❞â♥❝✐❛✱ ♦ q✉❡ ♦❝❛s✐♦♥❛ ♦ ❛✉♠❡♥t♦

❞♦s ❞❡s✈✐♦s ♦❜t✐❞♦s ♣❛r❛ ▲❚ ♥ã♦ tr❛♥s♣♦st❛s✳ ❉❡ss❛ ❢♦r♠❛✱ ❝❡♥ár✐♦s ❝♦♠ ▲❚ ♥ã♦

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

✻✳✺ ■♥✢✉ê♥❝✐❛ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s

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

♠❛r ❝✉rt♦s✲❝✐r❝✉✐t♦s ❡♠ ▲❚✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛s ❡q✉❛çõ❡s ✭✸✳✷✸✮ ❡ ✭✸✳✷✹✮✳ ◆♦

❡♥t❛♥t♦✱ ❡st❛ ✈❛r✐á✈❡❧ ♣♦❞❡ s❡r ❡st✐♠❛❞❛ ❞❡ ❢♦r♠❛s ❞✐❢❡r❡♥t❡s✳ ❚✐♣✐❝❛♠❡♥t❡✱ v é ❞❡t❡r✲

♠✐♥❛❞❛ ❡♠ ❢✉♥çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞❡ s❡q✉ê♥❝✐❛ ❞❛ ▲❚✱ ♦s q✉❛✐s ♣♦❞❡♠ s❡r ❢♦r♥❡❝✐❞♦s

♣❡❧❛s ❝♦♥❝❡ss✐♦♥ár✐❛s ❝♦♠ ❝❡rt❛s ✐♠♣r❡❝✐sõ❡s✳ ❆❧é♠ ❞✐ss♦✱ ❛ ❞❡♣❡♥❞❡r ❞❛s ❝♦♥✜❣✉r❛çõ❡s

❞♦ s✐st❡♠❛✱ ❞♦ ♠♦❞❡❧♦ ❞❡ ▲❚ ✉t✐❧✐③❛❞♦ ❞✉r❛♥t❡ ♦s ❡st✉❞♦s✱ ❞❛ tr❛♥s♣♦s✐çã♦ ♦✉ ♥ã♦ ❞❡

❧✐♥❤❛s✱ ❛ ❡st✐♠❛çã♦ ❞❡ v ♣♦❞❡ s❡r ❛❢❡t❛❞❛✳

❉❡ss❡ ♠♦❞♦✱ ❛♣r❡s❡♥t❛✲s❡ ♥❡st❛ s❡çã♦ ✉♠❛ ❛✈❛❧✐❛çã♦ ❞♦s ♠ét♦❞♦s ❞❡ ●❛❧❡ ❡t ❛❧✳

✭✶✾✾✸✮ ❡ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮✱ q✉❡ ✉t✐❧✐③❛♠ ❢✉♥çõ❡s ❜❛s❡❛❞❛s ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s

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

❛s q✉❛✐s s❡rã♦ ❡st✐♠❛❞❛s ❞❛s s❡❣✉✐♥t❡s ❢♦r♠❛s✿
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❼ ❛ ♣❛rt✐r ❞♦ ♣r♦❝❡ss♦ ❞❡ ❡♥❡r❣✐③❛çã♦ ❞❛ ▲❚✱ t❛♥t♦ ♣❛r❛ ♦s ♠♦❞❡❧♦ ❞❡ ❏▼❛rt✐ q✉❛♥t♦

♣❛r❛ ♦ ♠♦❞❡❧♦ ❞❡ ❇❡r❣❡r♦♥✳

❼ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ❛s ♣❡r❞❛s ❞❛ ▲❚ ❡♠ q✉❡ ❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s s❡ ♣r♦♣❛❣❛♠ sã♦

❞❡s♣r❡③í✈❡✐s✱ ♣♦r ♠❡✐♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♠♦❞♦ ❛ér❡♦✱ ❡♠ q✉❡ v = 1√
lc
✱ s❡♥❞♦ ❧ ❡ ❝

❛ ✐♥❞✉tâ♥❝✐❛ ❡ ❝❛♣❛❝✐tâ♥❝✐❛ ❞❡ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❞❛ ▲❚✱ ❛♣❡♥❛s ♣❛r❛ ♦ ♠♦❞❡❧♦

❞❡ ❇❡r❣❡r♦♥✳

❼ ❞❡ ♠♦❞♦ ❡♠♣ír✐❝♦ ❛♣r♦①✐♠❛♥❞♦ ♣❛r❛ ✈❛❧♦r❡s ♣ró①✐♠♦s ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ ❧✉③✱ v =

0.98c✱ ❡♠ q✉❡ ❝ é ❞❛❞♦ ♣♦r ✸✵✵✳✵✵✵✱✵✵ ❦♠✴s ✭▲❖P❊❙ ❡t ❛❧✳✱ ✷✵✶✹✮ ✭❈❖❙❚❆ ❡t

❛❧✳✱ ✷✵✶✵✮✳

❆♣r❡s❡♥t❛✲s❡ ♥❛ ❋✐❣✉r❛ ✻✳✾ ❡ ✻✳✶✵ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ❢❛❧t❛s ❝♦♠ r❡s✐stê♥❝✐❛

✐❣✉❛❧ ❛ ✶ Ω ❡ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ✐❣✉❛❧ ❛ ✾✵➦✱ s❡♥❞♦ ❛ ▲❚ ♠♦❞❡❧❛❞❛ à ♣❛rt✐r

❞♦ ♠♦❞❡❧♦ ❞❡ ❇❡r❣❡r♦♥ ❡♠ q✉❡ ❛s té❝♥✐❝❛s ❞❡ ●❆ ❡ ❳■ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❡st✐♠❛r

♦s ❧♦❝❛✐s ❞❡ ❢❛❧t❛✳

Figura 6.9 – Resultados obtidos para o método reportado em Gale et al. (1993) para simulações com LT mode-
lada por Bergeron.

Fonte: autoria própria.
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Figura 6.10 – Resultados obtidos para o método reportado em Xinzhou et al. (2002) para simulações com LT
modelada por Bergeron.

Fonte: autoria própria.

❆ ♣❛rt✐r ❞❛s ❋✐❣✉r❛s ✻✳✾ ❡ ✻✳✶✵✱ ✈❡r✐✜❝❛✲s❡ q✉❡ ♠❡♥♦r❡s ❡rr♦s sã♦ ♦❜t✐❞♦s q✉❛♥❞♦

❛ ✈❡❧♦❝✐❞❛❞❡ é ❡st✐♠❛❞❛ ❛ ♣❛rt✐r ❞❛ ♠❛♥♦❜r❛ ❞❡ ❡♥❡r❣✐③❛çã♦ ❞❛ ▲❚✳ ❖s ♣✐♦r❡s ❝❛s♦s

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

♣♦s✐t✐✈❛ ✐♥❢♦r♠❛❞♦s ♣❡❧❛ ❝♦♥❝❡ss✐♦♥ár✐❛✳ ❉❡ ❢❛t♦✱ t❛✐s ♣❛râ♠❡tr♦s ♣♦❞❡♠ tr❛③❡r ❝♦♥s✐❣♦

❝❡rt❛s ✐♠♣r❡❝✐sõ❡s✱ ❞❡✈✐❞♦ ❛ ❡rr♦s ❞❡ ♠❡❞✐çã♦✱ ♣♦r ❡①❡♠♣❧♦✳ ◆❡st❡s ❝❛s♦s✱ ❛ ✈❡❧♦❝✐❞❛❞❡

❛♣r♦①✐♠❛❞❛✱ ❡♠♣✐r✐❝❛♠❡♥t❡✱ ♣❛r❛ ✾✽✪ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛ ❧✉③ ❛♣r❡s❡♥t♦✉ ♠❡❧❤♦r❡s r❡s✉❧✲

t❛❞♦s ❞♦ q✉❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡t❡r♠✐♥❛❞❛ ♣❡❧♦s ♣❛râ♠❡tr♦s ❞❛ ▲❚ ♣♦r ❡st❛r ♠❛✐s ♣ró①✐♠❛

❞♦ ✈❛❧♦r ❡♥❝♦♥tr❛❞♦ ♣❡❧♦ ♣r♦❝❡ss♦ ❞❡ ❡♥❡r❣✐③❛çã♦✳ ❘❡s✉❧t❛❞♦s s❡♠❡❧❤❛♥t❡s ❢♦r❛♠ ♦❜t✐✲

❞♦s ♣❛r❛ ❝✉rt♦s✲❝✐r❝✉✐t♦s s✐♠✉❧❛❞♦s ♣♦r ♠❡✐♦ ❞♦ ♠♦❞❡❧♦ ❏▼❛rt✐✱ ❝♦♥❢♦r♠❡ ❋✐❣✉r❛s ✻✳✶✶

❡ ✻✳✶✷✳
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Figura 6.11 – Resultados obtidos para o método reportado em Gale et al. (1993) para simulações com LT
modelada por JMarti.

Fonte: autoria própria.

Figura 6.12 – Resultados obtidos para o método reportado em Xinzhou et al. (2002) para simulações com LT
modelada por JMarti.

Fonte: autoria própria.

P♦rt❛♥t♦✱ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❛s ❛✈❛❧✐❛çõ❡s r❡❛❧✐③❛❞❛s✱ ❝♦♥st❛t❛✲s❡ q✉❡ q✉❛♥❞♦

❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ♦❜t✐❞❛ ♣♦r ♠❡✐♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❡♥❡r❣✐✲

③❛çã♦ ❞❛ ▲❚ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡st✐♠❛r ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦✱ ❛ ♠✐♥✐♠✐③❛çã♦ ❞♦s

❞❡s✈✐♦s ♦❜t✐❞♦s ♣♦❞❡ s❡r ✈❡r✐✜❝❛❞❛✳ ❉❡ss❛ ❢♦r♠❛✱ é r❡❝♦♠❡♥❞❛❞♦ ♦ ✉s♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡

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

♦s ❡rr♦s ❞❡ ❡st✐♠❛çã♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s✳
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✻✳✻ ❘❡s✉♠♦ ❞♦ ❝❛♣ít✉❧♦

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

❜❛s❡❛❞♦s ❡♠ ❢✉♥çõ❡s ❢❛s♦r✐❛✐s ❡ ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ♣❛r❛ ❞♦✐s ♠♦❞❡❧♦s ❞❡ ▲❚✳

❱ár✐♦s ❝❡♥ár✐♦s ❢♦r❛♠ s✐♠✉❧❛❞♦s ❝♦♥s✐❞❡r❛♥❞♦ ❛ ▲❚ ♠♦❞❡❧❛❞❛ ❛ ♣❛rt✐r ❞♦s ♠♦❞❡❧♦ ❞❡

❇❡r❣❡r♦♥ ❡ ❏▼❛rt✐✳

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

❢✉♥❞❛♠❡♥t❛✐s ♣♦✉❝♦ ❢♦r❛♠ ✐♥✢✉❡♥❝✐❛❞♦s ♣❡❧❛ ♠♦❞❡❧❛❣❡♠ ❞❡ ▲❚ ✉t✐❧✐③❛❞❛ ❞✉r❛♥t❡ ♦s

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

✈✐❛❥❛♥t❡s ♠♦str♦✉ q✉❡ q✉❛♥❞♦ ♦ ♠♦❞❡❧♦ ❞❡ ❏▼❛rt✐ é ✉t✐❧✐③❛❞♦ ♥❛s ❛✈❛❧✐❛çõ❡s ♠❛✐♦r❡s

❞❡s✈✐♦s sã♦ ♦❜t✐❞♦s✱ ✉♠❛ ✈❡③ q✉❡ ❡st❡ ♠♦❞❡❧♦ r❡♣r❡s❡♥t❛ ❞❡ ♠♦❞♦ ♠❛✐s ✜❡❧ ❛ ❛t❡♥✉❛çã♦

❡ ❞✐s♣❡rsã♦ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s✳

❆✈❛❧✐♦✉✲s❡ t❛♠❜é♠ ❛ tr❛♥s♣♦s✐çã♦ ❞❡ ▲❚✱ ❝♦♠♦ ❡r❛ ❡s♣❡r❛❞♦✱ ♠❛✐♦r❡s ❞❡s✈✐♦s ❢♦r❛♠

♦❜t✐❞♦s q✉❛♥❞♦ ❛ ♥ã♦ tr❛s♣♦s✐çã♦ ❞❛ ▲❚ ❢♦✐ ❝♦♥s✐❞❡r❛❞❛✳ ◆♦ q✉❡ ❝♦♥❝❡r♥❡ à ❛✈❛❧✐❛çã♦

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

q✉❛♥❞♦ ❡st✐♠❛❞❛ ❛ ♣❛rt✐r ❞♦ ♣r♦❝❡ss♦ ❞❡ ❡♥❡r❣✐③❛çã♦ ❞❛ ▲❚✳



Capítulo 7

Método proposto

❯♠❛ ♠❡❧❤♦r✐❛ ♣❛r❛ ♦ ♠ét♦❞♦ ❤í❜r✐❞♦ tr❛❞✐❝✐♦♥❛❧ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ▲❚ q✉❡

✉t✐❧✐③❛ ✐♥❢♦r♠❛çõ❡s ❞❡ ✉♠ t❡r♠✐♥❛❧ ❞❡ ♠❡❞✐çã♦✱ r❡♣♦rt❛❞♦ ❡♠ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮✱ é

❛♣r❡s❡♥t❛❞❛✳ ❈♦♥❢♦r♠❡ ❛ ❡q✉❛çã♦ ✭✼✳✶✮ ❡ ❋✐❣✉r❛ ✼✳✶✱ ❛ ❞✐stâ♥❝✐❛ ❞❛ ❢❛❧t❛ ✭d✮ ♣♦❞❡ s❡r

❡st✐♠❛❞❛ ❛ ♣❛rt✐r ❞❛ ❞❡t❡❝çã♦ ❞❛ ♦♥❞❛ q✉❡ ✐♥❝✐❞❡ ♥♦ t❡r♠✐♥❛❧ ❞❡ ♠♦♥✐t♦r❛❞♦ ✭tA1✮✱ ❞♦

❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♥❛ ▲❚ ✭v✮ ❡ ❞❛ ❞❡t❡❝çã♦ ❞♦ ✐♥st❛♥t❡

❞❡ t❡♠♣♦ ❡♠ q✉❡ ❛ ♦♥❞❛ ✈✐❛❥❛♥t❡ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ r❡✢❡t❡ ♥♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦

✭tA2✮ ✭●❆▲❊ ❡t ❛❧✳✱ ✶✾✾✸✮✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ❞❡t❡❝çã♦ ❝♦rr❡t❛ ❞❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❛✐♥❞❛ é

♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ❡♥tr❡ ♦s ♣❡sq✉✐s❛❞♦r❡s✱ ✉♠❛ ✈❡③ q✉❡ ♣♦❞❡ s❡r ❝♦♥❢✉♥❞✐❞❛ ❝♦♠ r❡✢❡①õ❡s

♣r♦✈❡♥✐❡♥t❡s ❞❡ ♦✉tr❛s ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s ❞♦ ❙❊P✳ ❉❡ss❛ ❢♦r♠❛✱ ♦ ♠ét♦❞♦ ❛♣r❡s❡♥t❛❞♦

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

tA2✳

d = v
(tA2 − tA1)

2
. (7.1)
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Figura 7.1 – SEP de 230 kV com LT adjacente ao terminal de medição.

Fonte: autoria própria.

P❛r❛ ❝♦♠♣r❡❡♥❞❡r ♦s ♣r♦❝❡❞✐♠❡♥t♦s ✉t✐❧✐③❛❞♦s ♥❛ ✐♠♣❧❛♥t❛çã♦ ❞♦ ♠ét♦❞♦ ❤í❜r✐❞♦

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

r❡♣♦rt❛❞♦ ❡♠ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮✿

❼ ❊st✐♠❛✲s❡ ❛ ❧♦❝❛❧✐③❛çã♦ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ❛ ♣❛rt✐r ❞♦ ♠ét♦❞♦ ❢❛s♦r✐❛❧ ♣r♦♣♦st♦ ❡♠

❲✐s③♥✐❡✇s❦✐ ✭✶✾✽✸✮❀

❼ ❯♠❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ❡♠♣ír✐❝❛ é ❝r✐❛❞❛ ❛ ♣❛rt✐r ❞♦ ❧♦❝❛❧ ❡st✐♠❛❞♦ ♥♦ ✐t❡♠ ❛♥t❡r✐♦r

♣❛r❛ ❞❡t❡❝t❛r ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ♣♦r ♠❡✐♦ ❞❡ té❝♥✐❝❛s ❜❛s❡❛❞❛s

❡♠ ♦♥❞❛s ✈✐❛❥❛♥t❡s✱ ❞❛❞❛ ♣♦r [d− 10%ℓ, d, d+ 10%ℓ]✱ ❡♠ q✉❡ d é ❛ ❞✐stâ♥❝✐❛ ❞❡

❢❛❧t❛ ❡st✐♠❛❞❛ ♥♦ ✐t❡♠ ❛♥t❡r✐♦r ❡ ℓ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ▲❚❀

❼ ❯♠❛ ✈❡③ ❝r✐❛❞❛ ❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛✱ ❛ ♣r✐♠❡✐r❛ ♦♥❞❛ ✈✐❛❥❛♥t❡ ✭s✉♣♦st❛ ♦♥❞❛ r❡✢❡✲

t✐❞❛ ❛ ♣❛rt✐r ❞❛ ❢❛❧t❛✮ q✉❡ ❡stá ✐♥s❡r✐❞❛ ❞❡♥tr♦ ❞❛ ❥❛♥❡❧❛ ❡ q✉❡ ♣♦ss✉❛ ❛ ♠❡s♠❛

♣♦❧❛r✐❞❛❞❡ ❞❛ ♦♥❞❛ ✐♥❝✐❞❡♥t❡ é ❞❡t❡❝t❛❞❛✱ s❡♥❞♦ ❛ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t ✉t✐❧✐③❛❞❛

♣❛r❛ ❛✉①✐❧✐❛r ♥♦ ♣r♦❝❡ss♦ ❞❡ ❞❡t❡❝çã♦ ❞❡ ♦♥❞❛s✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮✱ ♦ ♠❛✐♦r ❡rr♦ ❞♦ ❛❧❣♦r✐t♠♦ ❜❛s❡❛❞♦ ❡♠ ✐♠✲

♣❡❞â♥❝✐❛ ❡stá ❞❡♥tr♦ ❞❡ ✉♠❛ r❡❣✐ã♦ ❞❡ ✶✵✪ ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ▲❚✱ ♦ q✉❡ s✉❣❡r❡ q✉❡

❛ ❞✐stâ♥❝✐❛ r❡❛❧ ❞♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦ é ❣❛r❛♥t✐❞❛ ♥♦ ❧✐♠✐t❡ ❞❡✜♥✐❞♦ ♣❡❧♦s ❛✉t♦r❡s✳ ◆♦

❡♥t❛♥t♦✱ s❛❜❡✲s❡ q✉❡ ❛ ❞❡♣❡♥❞❡r ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❢❛❧t❛✱ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ✐♥❞✉③✐❞❛
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♣❡❧♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ♣♦❞❡ ❡st❛r ❛❧é♠ ❞♦ ❧✐♠✐❛r ♣r❡❞❡✜♥✐❞♦✱ ✉♠❛ ✈❡③ q✉❡ ✈ár✐♦s ❢❛t♦r❡s

❛❢❡t❛♠ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s té❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s ✭❉❆❙ ❡t

❛❧✳✱ ✷✵✶✹✮✳ ❉❡✈✐❞♦ ❛♦s ❢❛t♦r❡s ❧✐♠✐t❛♥t❡s ❞♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥✲

❞❛♠❡♥t❛✐s t✐♣✐❝❛♠❡♥t❡ r❡♣♦rt❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ❡ ❝♦♥st❛t❛❞♦s ♥❛s ❛♥á❧✐s❡s r❡❛❧✐③❛❞❛s

♥♦ ❝❛♣ít✉❧♦ ✺ ✭❙❆❍❆ ❡t ❛❧✳✱ ✷✵✶✵✮✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♥❡st❛ ❞✐ss❡rt❛çã♦ ❝♦♥s✐❞❡r❛ ♦

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

❡ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ♣❛r❛ ❝♦♥str✉✐r ✉♠❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ❝❛♣❛③ ❞❡ ❞❡t❡❝t❛r ❛ ♦♥❞❛

r❡✢❡t✐❞❛✳ ❖ ❡rr♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛ ✐♥tr♦❞✉③✐❞♦ ♣❡❧♦ ❡❢❡✐t♦ ❝♦♠❜✐♥❛❞♦ ❞❛ r❡s✐stê♥✲

❝✐❛ ❞❡ ❢❛❧t❛ ❡ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ é ❞❡t❡r♠✐♥❛❞♦ ❛ ♣❛rt✐r ❞❛s ❡q✉❛çõ❡s ✭✺✳✻✮✱ ✭✺✳✼✮ ❡

✭✺✳✶✵✮✱ ❝♦♠♦ s❡ s❡❣✉❡ ✭❡q✉❛çã♦ ✭✼✳✷✮✮✱ ✉♠❛ ✈❡③ q✉❡ ♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦✲

♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s ✉t✐❧✐③❛♠ ❛ ♣❛rt❡ ✐♠❛❣✐♥ár✐❛ ❞♦s ❢❛s♦r❡s ❡st✐♠❛❞♦s ♣❛r❛ ❝❛❧❝✉❧❛r ❛

❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ ♥❛s s✉❛s ❢♦r♠✉❧❛çõ❡s✳

∆X = Xapp −XLF =
RF

k
Im

(

ÎL − Îpre

ÎLejφ

)

, (7.2)

❡♠ q✉❡ Xapp é ❛ r❡❛tâ♥❝✐❛ ❛♣❛r❡♥t❡ ♠❡❞✐❞❛ ♥♦ t❡r♠✐♥❛❧ ❞❛ ▲❚ ❡ XLF é ❛ r❡❛tâ♥❝✐❛ ❞❡

s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❝❛❧❝✉❧❛❞❛ ♥♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦✳

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

❞❛ ❡q✉❛çã♦ ✭✼✳✷✮✱ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ é ♣r♦♣♦st❛ ♣❛r❛ ❞❡t❡❝t❛r ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦

♣♦♥t♦ ❞❡ ❢❛❧t❛✱ ❝♦♥❢♦r♠❡ ✭✼✳✸✮✿

sw1 = dF ± ∆X

X+
, (7.3)

s❡♥❞♦ sw1 ❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛✱ X+ ❛ r❡❛tâ♥❝✐❛ ❞❡ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❞❛ ❧✐♥❤❛ ❡ dF ❛

❞✐stâ♥❝✐❛ ❞❛ ❢❛❧t❛ ❡st✐♠❛❞❛ ♣❡❧♦ ♠ét♦❞♦ ❜❛s❡❛❞♦ ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s✳ ❆ss✐♠

❝♦♠♦ ♥♦ ♠ét♦❞♦ ❝❧áss✐❝♦ ♦ ❛❧❣♦r✐t♠♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡st✐♠❛r ♦ ❧♦❝❛❧ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦

♣♦r ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s ❢♦✐ ♦ r❡♣♦rt❛❞♦ ❡♠ ❲✐s③♥✐❡✇s❦✐ ✭✶✾✽✸✮✳

❈♦♠♦ ✈✐st♦✱ ♦ ❡rr♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛ ❡①♣r❡ss♦ ♥❛ ❡q✉❛çã♦ ✭✼✳✷✮ é ❞❡t❡r♠✐♥❛❞♦

♣❡❧♦ ❡❢❡✐t♦ ❝♦♠❜✐♥❛❞♦ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❡ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✱ ♥♦ ❡♥t❛♥t♦✱ ♥ã♦

é ❣❛r❛♥t✐❞♦ q✉❡✱ ♣❛r❛ ❜❛✐①❛s r❡s✐stê♥❝✐❛s ❞❡ ❢❛❧t❛ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❡st❛rá ❞❡♥tr♦ ❞♦s

❧✐♠✐t❡s ❡st❛❜❡❧❡❝✐❞♦s ♥❛ ❡q✉❛çã♦ ✭✼✳✸✮✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠

❢❛s♦r❡s ♣♦✉❝♦ sã♦ ❛❢❡t❛❞♦s ♣♦r r❡s✐stê♥❝✐❛s ❞❡ ❢❛❧t❛ ❜❛✐①❛s✳ ❆ss✐♠✱ ✉♠❛ ♥♦✈❛ ❥❛♥❡❧❛ ❞❡
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❜✉s❝❛ ❢♦✐ ❝r✐❛❞❛ ♣❛r❛ s❡r ✉s❛❞❛ q✉❛♥❞♦ ❛ ❡q✉❛çã♦ ✭✼✳✸✮ ♥ã♦ t✐✈❡r ♦ t❛♠❛♥❤♦ s✉✜❝✐❡♥t❡

♣❛r❛ ❞❡t❡❝t❛r ♦♥❞❛s ✐♥❞✉③✐❞❛s ♣♦r ❢❛❧t❛s✳ ❆ ♥♦✈❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ é ❝♦♥str✉í❞❛ ❝♦♠ ❜❛s❡

♥❛ ♠é❞✐❛ ❛r✐t♠ét✐❝❛ ❞♦s ❡rr♦s ❛❜s♦❧✉t♦s ✭❡♠ ❦♠✮✱ ❞❛ ❝♦♥tr✐❜✉✐çã♦ ❞♦ ❡rr♦ r❡❢❡r❡♥t❡ à

r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ✭❡q✉❛çã♦ ✭✼✳✹✮✮ ❡ à ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ✭❡q✉❛çã♦ ✭✼✳✺✮✮✱ ❝♦♥❢♦r♠❡

❡q✉❛çã♦ ✭✼✳✻✮✿

erro(RF ) =
RF

k
=

RF .ÎF

∆ÎL
, (7.4)

erro(ÎL) = Im

(

ÎL − Îpre

ÎLejφ

)

, (7.5)

sw2 = dF ±

∣

∣

∣

RF /k
X+

∣

∣

∣
+
∣

∣

∣
Im
(

ÎL−Îpre

ÎLejφ

)

.dF

∣

∣

∣

2
. (7.6)

❈♦♠♦ ♦ ❡rr♦ r❡❢❡r❡♥t❡ ❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ✭❡q✉❛çã♦ ✭✼✳✹✮✮ é ❞❛❞♦ ❡♠ ♦❤♠s ✭Ω✮ ❡ ❛

❥❛♥❡❧❛ ❝♦♥str✉í❞❛ t❡♠ ♣♦r ✉♥✐❞❛❞❡ ♦ q✉✐❧ô♠❡tr♦ ✭km✮✱ ♦ ❡rr♦ ♣r♦♣♦r❝✐♦♥❛❧ ❛ r❡s✐stê♥❝✐❛

❞❡ ❢❛❧t❛ ❢♦✐ ❞✐✈✐❞✐❞♦ ♣❡❧❛ r❡❛tâ♥❝✐❛ ❞❡ s❡q✉ê♥❝✐❛ ♣♦s✐t✐✈❛ ❞❛ ❧✐♥❤❛✳ ❏á ♦ ❡rr♦ r❡❧❛❝✐♦♥❛❞♦

à ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ✭❡q✉❛çã♦ ✭✼✳✺✮✮✱ é ✉♠ ✈❛❧♦r ❛❞✐♠❡♥s✐♦♥❛❧ ❡ é ♣r♦♣♦r❝✐♦♥❛❧ ❛ ❞✐stâ♥❝✐❛

❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ✭dF ✮✳

❉❡ss❡ ♠♦❞♦✱ ♦ ♠ét♦❞♦ ❝♦♥s✐st❡ ♥❛ ❞❡t❡❝çã♦ ❞❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ s✉rt♦ ❛ ♣❛rt✐r ❞❡

❞✉❛s ❥❛♥❡❧❛s ❞❡ ♣❡sq✉✐s❛ ❜❛s❡❛❞❛s ♥♦ ❡rr♦ ❝♦♠❜✐♥❛❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ♣r♦✈❡♥✐❡♥t❡ ❞♦s

❡❢❡✐t♦s ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛ ❡ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✳

◆❛ ❋✐❣✉r❛ ✼✳✷✱ ❛ ♠❡t♦❞♦❧♦❣✐❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡st✐♠❛r ❝♦rr❡t❛♠❡♥t❡ ♦ ❧♦❝❛❧ ❞❡ ❢❛❧t❛ é

❛♣r❡s❡♥t❛❞❛✳ ❈♦♠♦ ♣♦❞❡ s❡r ✈✐st♦✱ ✐♥✐❝✐❛❧♠❡♥t❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❡st✐♠❛ ❛ ❧♦❝❛❧✐③❛çã♦

❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ❛ ♣❛rt✐r ❞❛ té❝♥✐❝❛ ❲❩✱ ❛ q✉❛❧ ❛♣r❡s❡♥t♦✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ♥❛

❛✈❛❧✐❛çã♦ r❡❛❧✐③❛❞❛ ♥♦ ❝❛♣ít✉❧♦ ✺✳ P❛r❛ ❛❝❡❧❡r❛r ♦ ♣r♦❝❡ss♦ ❞❡ s❡❧❡çã♦ ❞❛ ❥❛♥❡❧❛ ❞❡

❜✉s❝❛✱ ♦ ❛❧❣♦r✐t♠♦ t❡st❛ s❡ ∆X/X+ > b.dF ✱ s❡♥❞♦ b ❞❡s❝r✐t♦ ♥❛ ❡q✉❛çã♦ ✭✺✳✶✵✮✳ ❙❡

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

❢❛❧t❛ é ♠❛✐♦r ❞♦ q✉❡ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✱ ❡ ♣♦rt❛♥t♦✱ sw1 é ✉s❛❞❛ ❝♦♠♦

❥❛♥❡❧❛ ❞❡ ❜✉s❝❛✳ ❈❛s♦ ❝♦♥trár✐♦✱ sw2 é s❡❧❡❝✐♦♥❛❞❛✳ ❯♠❛ ✈❡③ ❞❡t❡r♠✐♥❛❞❛ ❛ ❥❛♥❡❧❛ ❞❡

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

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

❛ss✐♠ ❝♦♠♦ ♥♦ ♠ét♦❞♦ ❤í❜r✐❞♦ tr❛❞✐❝✐♦♥❛❧✳ ❈❛s♦ ❛ ú❧t✐♠❛ ❝♦♥❞✐çã♦ ♥ã♦ ❡st❡❥❛ s❛t✐s❢❡✐t❛✱
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♦✉ s❡❥❛✱ ♥ã♦ ❢♦r ❞❡t❡❝t❛❞❛ ❛ ♦♥❞❛ ✈✐❛❥❛♥t❡ ❡♠ q✉❡stã♦✱ ♦ ❛❧❣♦r✐t♠♦ ❡st✐♠❛ ♦ ❧♦❝❛❧ ❞❡

❢❛❧t❛ ❛ ♣❛rt✐r ❞♦ ♠ét♦❞♦ ❢❛s♦r✐❛❧ ✉t✐❧✐③❛❞♦✳

❆ tr❛♥s❢♦r♠❛❞❛ ✇❛✈❡❧❡t ❢♦✐ ✉t✐❧✐③❛❞❛ ❝♦♠♦ ❢❡rr❛♠❡♥t❛ ♣❛r❛ ❞❡t❡❝t❛r ♦s s✉rt♦s ♣r♦✲

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

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

✐♥✢✉❡♥❝✐❛❞♦s ♣❡❧❛s r❡s♣♦st❛s ❡♠ ❢r❡q✉ê♥❝✐❛ ❞♦s ❚P❈✳

Figura 7.2 – Fluxograma do método proposto.

Fonte: autoria própria.

✼✳✶ ❙í♥t❡s❡ ❞♦ ❝❛♣ít✉❧♦

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

❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ❞♦ ♠ét♦❞♦ ❤í❜r✐❞♦ ❝❧áss✐❝♦✳ ●❡r❛❧♠❡♥t❡✱ ❛ ❥❛♥❡❧❛

❞❡ ❜✉s❝❛ r❡♣♦rt❛❞❛ ♥❛ ❧✐t❡r❛t✉r❛ é ✉♠❛ ❥❛♥❡❧❛ ✜①❛✱ ❛ q✉❛❧ ❞❡♣❡♥❞❡ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛

❡st✐♠❛❞♦ ♣❡❧♦ ♠ét♦❞♦ ❢❛s♦r✐❛❧ ❡ ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ▲❚✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ♦♥❞❛ r❡✢❡t✐❞❛

♣♦❞❡ ❡st❛r ❛❧é♠ ❞♦s ❧✐♠✐t❡s ❞❡ss❛ ❥❛♥❡❧❛ ❛ ❞❡♣❡♥❞❡r ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❞♦ ❝✉rt♦✲

❝✐r❝✉✐t♦✳ ❉❡ss❛ ❢♦r♠❛✱ ✉♠❛ ❥❛♥❡❧❛ ❛❞❛♣t❛t✐✈❛ ♣♦❞❡ ♠❡❧❤♦r❛r ❛ ❡①❛t✐❞ã♦ ❞♦s ♠ét♦❞♦s
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❤í❜r✐❞♦s✳ P♦rt❛♥t♦✱ ✉♠ ♥♦✈♦ ❝♦♥❝❡✐t♦ ♣❛r❛ ❝r✐❛r ❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ♣❛r❛ ❞❡t❡❝t❛r ❛ ♦♥❞❛

r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ❢♦✐ ❛♣r❡s❡♥t❛❞♦✱ ❡♠ q✉❡ ❞✉❛s ❥❛♥❡❧❛s ❞❡ ❜✉s❝❛ sã♦ ❝♦♥str✉í❞❛s

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

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

♥♦ ❡rr♦ ♠é❞✐♦ ❛r✐t♠ét✐❝♦ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❡ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❝❛r❣❛✳ ❆ s❡❣✉♥❞❛ ❥❛♥❡❧❛

é ❛♣❡♥❛s ✉s❛❞❛ ♥♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ q✉❛♥❞♦ ♦ ❡rr♦ ❞❡ r❡s✐stê♥❝✐❛ é ♠❡♥♦r ❞♦ q✉❡ ♦

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

❝♦♠ t❛♠❛♥❤♦s ✐♥s✉✜❝✐❡♥t❡s ♣❛r❛ ❞❡t❡❝t❛r ♦♥❞❛s r❡✢❡t✐❞❛s✱ ✐ss♦ ♦❝♦rr❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡

♣❛r❛ ❢❛❧t❛s ♣ró①✐♠❛s ❛♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦ ❝♦♠ ❜❛✐①❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✳



Capítulo 8

Avaliação do método proposto

❆ ❛✈❛❧✐❛çã♦ ❞❡ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ❛♣r✐♠♦r❛❞♦ ♣❛r❛ ❡st✐♠❛r ❛ ❧♦❝❛❧✐③❛çã♦ ❞❡

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

s❡❣✉✐♥t❡s ❡t❛♣❛s✿

❼ ❆♥á❧✐s❡s ❝♦♠♣❛r❛t✐✈❛s ❝♦♠ ♦ ♠ét♦❞♦ ❢❛s♦r✐❛❧ ❲❩ ✉t✐❧✐③❛❞♦ ♥♦ ❛❧❣♦r✐t♠♦ ❤í❜r✐❞♦❀

❼ ❆♥á❧✐s❡s ❝♦♠♣❛r❛t✐✈❛s ❝♦♠ ♦ ♠ét♦❞♦ ❤í❜r✐❞♦ tr❛❞✐❝✐♦♥❛❧ r❡♣♦rt❛❞♦ ❡♠ ❳✐♥③❤♦✉

❡t ❛❧✳ ✭✷✵✵✷✮✳

❖ ♠ét♦❞♦ ♣r♦♣♦st♦ ❢♦✐ ❛♣❡♥❛s ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦ ♠ét♦❞♦ ❲❩ ❡ ❳■ ♣❛r❛ ✈❡r✐✜❝❛r

♦s ❣❛♥❤♦s ❞❛ ❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❤í❜r✐❞♦ ❡♠ r❡❧❛çã♦ ❛♦ ♠ét♦❞♦ ❢❛s♦r✐❛❧ ❡ ❛ ♠❡❧❤♦r✐❛

❞❡ ❞❡s❡♠♣❡♥❤♦ ♥❛ ❞❡t❡❝çã♦ ❞❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦ ♠ét♦❞♦ ❳■✳ P❛r❛

t❛♥t♦✱ ✉t✐❧✐③♦✉✲s❡ ♦ ❙❊P ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✻✳✶✳ ❆ ❢r❡q✉ê♥❝✐❛ ❛♠♦str❛❧ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛s

s✐♠✉❧❛çõ❡s ❢♦✐ ❞❡ ✶ ▼❍③ ✭❙❈❍❲❊■❚❩❊❘ ❡t ❛❧✳✱ ✷✵✶✻✮ ♣❛r❛ ♦ ♠ét♦❞♦ ❜❛s❡❛❞♦ ♥❛ t❡♦✲

r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❡ ❞❡ ✾✻✵ ❍③ ♣❛r❛ ♦ ♠ét♦❞♦ ❜❛s❡❛❞♦ ❡♠ ✐♠♣❡❞â♥❝✐❛ ✭P❍❆❉❑❊❀

❚❍❖❘P✱ ✷✵✵✾✮✳ ❖s r❡❣✐str♦s ♦s❝✐❧♦❣rá✜❝♦s ♦❜t✐❞♦s ♣❡❧❛ s✐♠✉❧❛çã♦ ✈✐❛ ❆❚P ❢♦r❛♠ ♣r♦✲

❝❡ss❛❞♦s ♣♦r ♠❡✐♦ ❞❡ ❛✈❛❧✐❛çõ❡s ♦✤✐♥❡✳ P❛r❛ ❡❢❡✐t♦s ❝♦♠♣❛r❛t✐✈♦s✱ ♦ ❡rr♦ ❞❡ ❧♦❝❛❧✐③❛çã♦

❞❡ ❢❛❧t❛s ❢♦✐ ❡st✐♠❛❞♦ ❛ ♣❛rt✐r ❞❛ ❊q✉❛çã♦ ✭✺✳✶✮

✽✳✶ ❆♥á❧✐s❡s ❝♦♠♣❛r❛t✐✈❛s ❡♥tr❡ ♦s ♠ét♦❞♦s ❛✈❛❧✐❛❞♦s

❆ ❡t❛♣❛ ❞❡ ❛✈❛❧✐❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ✭❆P✮ ❢♦✐ ❢❡✐t❛ ❛ ♣❛rt✐r ❞❡ ❝♦♠♣❛r❛çõ❡s

❞❡ ❞❡s❡♠♣❡♥❤♦ ❝♦♠ ♦ ♠ét♦❞♦ ❳■ ❡ ❲❩✳ P❛r❛ t❛♥t♦✱ ❛✈❛❧✐♦✉✲s❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s
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❛❧❣♦r✐t♠♦s ♣♦r ♠❡✐♦ ❞❡ ❛♥á❧✐s❡s ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❞❡ ♣❛râ♠❡tr♦s q✉❡ ♣♦❞❡♠ ❛❢❡t❛r s❡✉s

❞❡s❡♠♣❡♥❤♦s✳ ❚❛✐s ❛✈❛❧✐❛çõ❡s sã♦ ♥❡❝❡ssár✐❛s ♣❛r❛ ❝♦♠♣r❡❡♥❞❡r ♦s ❣❛♥❤♦s ♦❜t✐❞♦s ❝♦♠

❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ❛♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛ ❡♥tr❡ ♦s

♠ét♦❞♦s é ❞✐✈✐❞✐❞❛ ❡♠ q✉❛tr♦ ♣❛rt❡s✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ❢❛③✲s❡ ✉♠❛ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s

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

♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❛❧❣♦r✐t♠♦s s♦❜ ❛ ✐♥✢✉ê♥❝✐❛ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛✳ ❉❡♣♦✐s✱ ❛✈❛❧✐❛✲s❡

♦s ❛❧❣♦r✐t♠♦s s♦❜ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❡ ♣♦r ✜♠✱ ✉♠ ❝♦♥❥✉♥t♦

❞❡ ❝❛s♦s sã♦ ❛✈❛❧✐❛❞♦s ❛ ♣❛rt✐r ❞❛ ❝♦♠❜✐♥❛çã♦ ❞❛s ✈❛r✐á✈❡✐s s❡❧❡❝✐♦♥❛❞❛s✳

✽✳✶✳✶ ■♥✢✉ê♥❝✐❛ ❞❛ ❉✐stâ♥❝✐❛ ❞❡ ❋❛❧t❛

❆✈❛❧✐❛✲s❡ ♥❡st❛ s✉❜s❡çã♦✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❛❧❣♦r✐t♠♦s ♣r♦♣♦st♦✱ ❲❩ ❡ ❳■ ❞✐❛♥t❡ ❞❛

✈❛r✐❛çã♦ ❞❛ ❞✐stâ♥❝✐❛ ❞♦ ♣♦♥t♦ ❞❡ ♠❡❞✐çã♦ ❛té ♦ ❧♦❝❛❧ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦✳

P❛r❛ t❛♥t♦✱ ❝✉rt♦s✲❝✐r❝✉✐t♦s ♠♦♥♦❢ás✐❝♦s ❝♦♠ RF = 1Ω✱ ❡ Θ = 90 ➦✱ ❢♦r❛♠ s✐♠✉❧❛❞♦s

❛♦ ❧♦♥❣♦ ❞❛ ▲❚ ❞❡ ✶✵ ❛♦ ❦♠ ✶✾✵✱ ❡♠ ♣❛ss♦s ❞❡ ✶✵ ❦♠✱ t♦t❛❧✐③❛♥❞♦ ❛ss✐♠✱ ✶✾ ❝❛s♦s✳ ◆❛

❋✐❣✉r❛ ✽✳✶✱ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s sã♦ ✐❧✉str❛❞♦s✳

Figura 8.1 – Influência da distância de falta para os casos simulados.

Fonte: autoria própria.

❉❛ ❋✐❣✉r❛ ✽✳✶✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♦s ❞❡s✈✐♦s ♦❜t✐❞♦s ♣❛r❛ ♦s ❝❛s♦s ❛✈❛❧✐❛❞♦s ❞♦ ❛❧❣♦r✐t♠♦

❤í❜r✐❞♦ ♣r♦♣♦st♦ ❢♦r❛♠ ❡①❛t❛♠❡♥t❡ ♦s ♠❡s♠♦s ♦❜t✐❞♦s ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ❳■ ❡ ♠❡♥♦r❡s

❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦ ♠ét♦❞♦ ❢❛s♦r✐❛❧ ❲❩✳ ■st♦ s❡ ❞❡✈❡ ❛♦ ❢❛t♦ ❞❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ❞♦s

♠ét♦❞♦s ❤í❜r✐❞♦s t❡r❡♠ t❛♠❛♥❤♦s s✉✜❝✐❡♥t❡s ♣❛r❛ ❞❡t❡❝t❛r ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ✐♥❞✉③✐❞❛

♣❡❧❛ ❢❛❧t❛ ❝♦♠♦ ❛ ♣r✐♠❡✐r❛ ♦♥❞❛ ❝♦♥t✐❞❛ ♥❛ ❥❛♥❡❧❛✱ ❡①❝❡t♦ ♣❛r❛ ♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ❛ ✽✵
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❦♠ ❞♦ t❡r♠✐♥❛❧ ❞❡ ♠❡❞✐çã♦✱ ✉♠❛ ✈❡③ q✉❡ ❛ s♦❜r❡♣♦s✐çã♦ ❞❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❛ ♣❛rt✐r ❞♦

♣♦♥t♦ ❞❡ ❢❛❧t❛ ❝♦♠ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ t❡r♠✐♥❛❧ ❞❛ ▲❚ ❛❞❥❛❝❡♥t❡ ❝❛✉s♦✉ ✉♠❛ ✐♥✈❡rsã♦

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

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

❞❛ ♦♥❞❛ ✐♥❞✐❝❛❞❛ ♥❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ é ✐♥✈❡rs❛ ❛ ♣♦❧❛r✐❞❛❞❡ ❞❛ ♦♥❞❛ ✐♥❝✐❞❡♥t❡✮✳

Figura 8.2 – Coeficientes wavelet da corrente para falta aplicada a 80 km

Fonte: autoria própria.

❆❧é♠ ❞✐ss♦✱ ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞♦s ❝❛s♦s✱ ❡①❝❡t♦ ♣❛r❛ ❛ ❢❛❧t❛ ❛♣❧✐❝❛❞❛ à ✽✵ ❦♠ ❞♦

t❡r♠✐♥❛❧ ❞❡ ♠❡❞✐çã♦✱ ♦s ❞❡s✈✐♦s ♦❜t✐❞♦s ❢♦r❛♠ ✐♥❢❡r✐♦r❡s ❛ ✵✱✺✵✪ ♣❛r❛ ❆P ❡ ❳❩✳ ■ss♦

s✐❣♥✐✜❝❛ q✉❡ ♦ ♣♦♥t♦ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ❢♦✐ ❡st✐♠❛❞♦ ❝♦rr❡t❛♠❡♥t❡✱ ♦ q✉❡

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

❛♠❜♦s ♦s ♠ét♦❞♦s✳ ❚❛✐s ✈❛❧♦r❡s ❞❡ ❞❡s✈✐♦s sã♦ tí♣✐❝♦s ❞❡ r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r té❝♥✐❝❛s

❜❛s❡❛❞❛s ❡♠ ♦♥❞❛s ✈✐❛❥❛♥t❡s✳ ❏á ♣❛r❛ ♦ ♠ét♦❞♦ ❲❩✱ ♦s ❞❡s✈✐♦s ♦❜t✐❞♦s ❢♦r❛♠ ♠❛✐♦r❡s

❡ s❡ ✐♥t❡♥s✐✜❝❛r❛♠ à ♠❡❞✐❞❛ q✉❡ ❛ ❛♣❧✐❝❛çã♦ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦ s❡ ❞✐st❛♥❝✐♦✉ ❞♦ t❡r♠✐♥❛❧

♠♦♥✐t♦r❛❞♦✱ ❝✉❥♦ r❡s✉❧t❛❞♦ ❥á ❡r❛ ❡s♣❡r❛❞♦✱ tí♣✐❝♦ ❞❛ ❛♣❧✐❝❛çã♦ ❞❡ ♠ét♦❞♦s ❢❛s♦r✐❛✐s ❞❡

✉♠ t❡r♠✐♥❛❧✳
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✽✳✶✳✷ ■♥✢✉ê♥❝✐❛ ❞❛ ❘❡s✐stê♥❝✐❛ ❞❡ ❋❛❧t❛

❆✈❛❧✐❛✲s❡ ♥❡st❛ ❡t❛♣❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❛ ♣❛rt✐r ❞❡ ❛♥á❧✐s❡s ❝♦♠✲

♣❛r❛t✐✈❛s ❝♦♠ ❳❩✱ ♣♦r ♠❡✐♦ ❞❛ ✈❛r✐❛çã♦ ❞❛ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❝❡♥ár✐♦s✳

◆❡st❡ s❡♥t✐❞♦✱ ❛♣r❡s❡♥t❛✲s❡ ♥❛ ❚❛❜❡❧❛ ✽✳✶✱ ♦s ❝❛s♦s ❛✈❛❧✐❛❞♦s q✉❡ ❝♦♥s✐st❡♠ ❡♠ ✉♠❛

❝♦♠❜✐♥❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞❡s❝r✐t♦s✱ ♣❡r❢❛③❡♥❞♦ ✉♠ t♦t❛❧ ❞❡ ✼✻ ❝❡♥ár✐♦s✳

Tabela 8.1 – Casos Avaliados.

Tipo de Falta Rf (Ω) Θ (°) Distância da Falta
AT 1, 10, 50, 100 90 10:10:190

◆❛ ❋✐❣✉r❛ ✽✳✸✱ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦s ♠ét♦❞♦s sã♦ ❛♣r❡s❡♥t❛❞♦s✳

Figura 8.3 – Influência da resistência de falta para os casos simulados.

Fonte: autoria própria.

❆ ♣❛rt✐r ❞❛ ❋✐❣✉r❛ ✽✳✸✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ♣❛r❛ ♦ ♠ét♦❞♦ ❤í❜r✐❞♦ ♣r♦♣♦st♦✱ ♦s ❞❡s✈✐♦s

♦❜t✐❞♦s ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞♦s ❝❛s♦s ✜❝❛r❛♠ ❛❜❛✐①♦ ❞❡ ✶✪✳ ◆♦ ❡♥t❛♥t♦✱ ♣❛r❛ ❝✉rt♦s✲

❝✐r❝✉✐t♦s ❛ ✽✵ ❦♠ ✭❝♦♠♣r✐♠❡♥t♦ ❞❛ ❧✐♥❤❛ ❛❞❥❛❝❡♥t❡ ❛♦ t❡r♠✐♥❛❧ ❞❡ ♠❡❞✐çã♦✮ ❡ ✶✵✵

❦♠ ✭♥♦ ♠❡✐♦ ❞❛ ❧✐♥❤❛ ❛✈❛❧✐❛❞❛✮✱ ♦s ❞❡s✈✐♦s ❛✉♠❡♥t❛r❛♠ à ♠❡❞✐❞❛ q✉❡ ❛ r❡s✐stê♥❝✐❛

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

s♦❜r❡♣♦s✐çã♦ ❞❡ ♦♥❞❛s ❞❡ ✈✐❛❥❛♥t❡s ♥❡ss❡s ❧♦❝❛✐s✱ ♦ q✉❡ ❝❛✉s♦✉ ✐♥✈❡rsã♦ ❞❡ ♣♦❧❛r✐❞❛❞❡
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♣❛r❛ ❝✉rt♦✲❝✐r❝✉✐t♦s ❛ ✽✵ ❦♠ ❡ ❛t❡♥✉❛çã♦ ❞❡ss❛s ♦♥❞❛s ♣❛r❛ ❝✉rt♦s✲❝✐r❝✉✐t♦s ♥♦ ♠❡✐♦

❞❛ ❧✐♥❤❛ ✭✶✵✵ ❦♠✮✱ ❢❛③❡♥❞♦ ❝♦♠ q✉❡ ♦s ♠ét♦❞♦s ♥ã♦ ❢♦ss❡♠ ❝❛♣❛③❡s ❞❡ ❞❡t❡❝t❛r ❛ ♦♥❞❛

r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ❝♦rr❡t❛♠❡♥t❡ ❡✱ ♣♦rt❛♥t♦✱ ❡st✐♠❛♥❞♦ ♦ ♣♦♥t♦ ❞❡ ❞❡❢❡✐t♦ ❛

♣❛rt✐r ❞❛ té❝♥✐❝❛ ❜❛s❡❛❞❛ ❡♠ ✐♠♣❡❞â♥❝✐❛✳

◗✉❛♥t♦ ❛♦s ❝❛s♦s ❡♠ q✉❡ ♦s ❞❡s✈✐♦s ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❢♦r❛♠ ❝♦♥s✐❞❡rá✈❡✐s✱ ❞❡✈❡✲

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

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

s✉rt♦s r❡✢❡t✐❞♦s✴r❡❢r❛t❛❞♦s ❞❡ ♦✉tr❛s ❞❡s❝♦♥t✐♥✉✐❞❛❞❡s ❞♦ ❙❊P✳ ◆♦ ❡♥t❛♥t♦✱ ❢♦✐ ❛✈❛❧✐❛❞♦

q✉❡ ♠❡s♠♦ ♣❛r❛ ❡ss❡s ❝❛s♦s✱ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ❡stá ❝♦♥t✐❞❛ ❞❡♥tr♦ ❞❛

❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✳ ❏á ♣❛r❛ ♦ ♠ét♦❞♦ ❳■✱ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❡stá ❢♦r❛

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

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

❆ r❡❣✐ã♦ ❞❡ ❜✉s❝❛ ❝♦♥str✉í❞❛ ❛ ♣❛rt✐r ❞♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ♥ã♦ ❢♦✐ ❝❛♣❛③ ❞❡ ❞❡✲

t❡❝t❛r ❝♦rr❡t❛♠❡♥t❡ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ♣❛r❛ ✾✺✪ ❞♦s ❝❛s♦s s✐♠✉❧❛❞♦s

❝♦♠ RF = ✶✵✵ Ω✳ ◆❡ss❡s ❝❡♥ár✐♦s✱ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❡st❛✈❛ ❛❧é♠ ❞♦s ❧✐♠✐t❡s ♣r❡❞❡✜♥✐❞♦s

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

❞❡♥tr♦ ❞❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛✱ ❢❛③❡♥❞♦ ❝♦♠ q✉❡ ♦ ❧♦❝❛❧ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❢♦ss❡ ❡st✐♠❛❞♦

♣❡❧❛ té❝♥✐❝❛ ❜❛s❡❛❞❛ ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s ❡ ❡♥tã♦✱ ♠❛✐♦r❡s ❞❡s✈✐♦s ❢♦ss❡♠

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

❢❛❧t❛✳ ❆❧é♠ ❞✐ss♦✱ ♣❛r❛ ❛❧❣✉♥s ❝❡♥ár✐♦s ❡♠ q✉❡ ❛ ❢❛❧t❛ ❢♦✐ ❛♣❧✐❝❛❞❛ ♥❛ s❡❣✉♥❞❛ ♠❡✲

t❛❞❡ ❞❛ ▲❚✱ ❛s ❞✐stâ♥❝✐❛s ❡st✐♠❛❞❛s ♣❡❧♦ ♠ét♦❞♦ ❳■ ❢♦r❛♠ ♠❛✐♦r❡s ❞♦ q✉❡ ♦ ♣ró♣r✐♦

❝♦♠♣r✐♠❡♥t♦ ❞❛ ▲❚✳ ■st♦ ❢♦✐ ♦❜s❡r✈❛❞♦ ♣❛r❛ ❝❡♥ár✐♦s ❡♠ q✉❡ ♦ ♣♦♥t♦ ❞❡ ❛♣❧✐❝❛çã♦ ❞♦

❝✉rt♦✲❝✐r❝✉✐t♦ ❢♦✐ ♠❛✐♦r ❞♦ q✉❡ ✶✼✵ ❦♠ ❝♦♠ RF = 100 Ω✳

P❛r❛ ✈❛❧✐❞❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ q✉❛♥t♦ à ✈❛r✐❛çã♦ ❞❛ r❡s✐stê♥❝✐❛

❞❡ ❢❛❧t❛✱ ♥❛ ❋✐❣✉r❛ ✽✳✹✱ ✉♠ ❜♦①♣❧♦t ❞♦s ❞❡s✈✐♦s ♦❜t✐❞♦s ♣❛r❛ ❛♠❜♦s ♦s ♠ét♦❞♦s é

❛♣r❡s❡♥t❛❞♦✳
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Figura 8.4 – Influência da resistência de falta para a técnica tradicional e a proposta.

Fonte: autoria própria.

❉❛ ❋✐❣✉r❛ ✽✳✹✱ ♣♦❞❡ s❡r ✈❡r✐✜❝❛❞♦ ❛❧❣✉♥s ♦✉t❧✐❡rs ♥♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦

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

♣❡r❝❡♥t✉❛✐s ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦ ❛❧❣♦r✐t♠♦ ❳■✱ ❛❧é♠ ❞❛

♠é❞✐❛ q✉❡ t❛♠❜é♠ ❢♦✐ ♠❡♥♦r ♣❛r❛ ❆P✱ ❝✉❥♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ❢♦✐ ❞❡ ✹✱✶✾✶✹✪ ♣❛r❛ ❆P✱

❝♦♥tr❛ ✶✷✱✼✷✺✶✪ ♣❛r❛ ❳■✳ ➱ ✐♠♣♦rt❛♥t❡ ❢r✐s❛r q✉❡ ♠❡s♠♦ ♥♦s ❝❡♥ár✐♦s ❡♠ q✉❡ ♦s ❡rr♦s

♦❜t✐❞♦s ♣❛r❛ ❆P ❢♦r❛♠ ♠❛✐♦r❡s ✭♦✉t❧✐❡rs✮✱ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ✈❡r❞❛❞❡✐r❛ ❢♦✐ ❡♥❝♦♥tr❛❞❛

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

♣r✐♠❡✐r❛ ♦♥❞❛✳

❉❡ ✉♠ t♦t❛❧ ❞❡ ✼✻ ❝❛s♦s ❛✈❛❧✐❛❞♦s✱ ❡♠ ✽✹✪ ❞❡❧❡s✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❞❡t❡❝t♦✉

❝♦rr❡t❛♠❡♥t❡ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❛ ♣❛rt✐r ❞❛ ❢❛❧t❛✳ ❉♦s ✶✻✪ ❡♠ q✉❡ ♦ ♠ét♦❞♦ ♥ã♦ ❡st✐♠♦✉

❝♦rr❡t❛♠❡♥t❡ ♦ ♣♦♥t♦ ❞❡ ♦❝♦rrê♥❝✐❛ ❞♦ ❞✐stúr❜✐♦✱ ✶✵✪ r❡❢❡r❡✲s❡ ❛ ❝❡♥ár✐♦s ❡♠ q✉❡

❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❢♦✐ ❞❡t❡❝t❛❞❛ ❞❡ ♠♦❞♦ ✐♥❝♦rr❡t♦✱ ♠❛s ❡♥❝♦♥tr❛✲s❡ ❞❡♥tr♦ ❞❛ ❥❛♥❡❧❛

❞❡ ❜✉s❝❛✳ ❖s ♦✉tr♦s ✻✪ ❢❛③❡♠ ♣❛rt❡ ❞♦s ❝✉rt♦s✲❝✐r❝✉✐t♦s ❛♣❧✐❝❛❞♦s ❛ ✽✵ ❡ ✶✵✵ ❦♠✱

❡♠ q✉❡ ❛s ♦♥❞❛s s♦❢r❡r❛♠ ✐♥✈❡rsã♦ ❞❡ ♣♦❧❛r✐❞❛❞❡ ♦✉ ❛t❡♥✉❛çã♦ ❞❡ tr❛♥s✐tór✐♦s✳ ❊♠

❝♦♥tr❛♣❛rt✐❞❛✱ ♦ ♠ét♦❞♦ ❤í❜r✐❞♦ tr❛❞✐❝✐♦♥❛❧ ❛❝❡rt♦✉ ✺✵✪ ❞♦s ❝❛s♦s ❛✈❛❧✐❛❞♦s✱ ♦s ♦✉tr♦s

✺✵✪ sã♦ r❡❢❡r❡♥t❡s ❛ ❡st✐♠❛çã♦ ♣♦r té❝♥✐❝❛ ❢❛s♦r✐❛❧ ♦✉ ❞❡t❡❝çã♦ ❞❡ ✉♠❛ ♦♥❞❛ r❡✢❡t✐❞❛

q✉❡ ♥ã♦ s❡ r❡❢❡r❡ ❛ ♦♥❞❛ ♣r♦✈❡♥✐❡♥t❡ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛✳ ❆ss✐♠✱ ❞✐❛♥t❡ ❞❛ ❡①♣♦s✐çã♦

❞♦s r❡s✉❧t❛❞♦s✱ ❝♦♥❝❧✉✐✲s❡ q✉❡ ♦ ♠ét♦❞♦ ❤í❜r✐❞♦ ♣r♦♣♦st♦ ♠♦str♦✉ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦

♣❛r❛ ❛♥á❧✐s❡ ❞❡ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❞♦ q✉❡ ♦ ♠ét♦❞♦ ❤í❜r✐❞♦ tr❛❞✐❝✐♦♥❛❧✳
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✽✳✶✳✸ ■♥✢✉ê♥❝✐❛ ❞♦ ➶♥❣✉❧♦ ❞❡ ■♥❝✐❞ê♥❝✐❛ ❞❡ ❋❛❧t❛

❆✈❛❧✐❛✲s❡✱ ♥❡st❛ s✉❜s❡çã♦✱ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ❡ ❞♦ ❛❧❣♦r✐t♠♦ ❳■

s♦❜ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛✱ ❝♦♠ ❜❛s❡ ❡♠ s✐♠✉❧❛çõ❡s r❡❛❧✐③❛❞❛s

❝♦♥s✐❞❡r❛♥❞♦ ❝✉rt♦s✲❝✐r❝✉✐t♦s ♠♦♥♦❢ás✐❝♦s✱ ❝♦♠RF ❂ ✶ Ω✱ ❡ â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ✐❣✉❛✐s

❛ ✵➦✱ ✸✵➦✱ ✻✵➦ ❡ ✾✵➦✳ ◆❛ ❋✐❣✉r❛ ✽✳✺✱ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❡st❛ ❡t❛♣❛ sã♦ ❛♣r❡s❡♥t❛❞♦s

♣❛r❛ ❛♠❜❛s ❛s té❝♥✐❝❛s✳

Figura 8.5 – Influência do ângulo de incidência de falta para os algoritmos proposto e tradicional.

Fonte: autoria própria.

P♦❞❡✲s❡ ✈❡r✐✜❝❛r ❛ ♣❛rt✐r ❞❛ ❋✐❣✉r❛ ✽✳✺✱ q✉❡ ♦s ♠❡s♠♦s ❞❡s✈✐♦s ❢♦r❛♠ ♦❜t✐❞♦s ♣❛r❛

❛♠❜♦s ♦s ❛❧❣♦r✐t♠♦s✳ ❉❡ ❢❛t♦✱ ♦ â♥❣✉❧♦ ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ❢❛❧t❛ ♥ã♦ ❛❢❡t❛ ❞❡ ♠♦❞♦ s✐❣♥✐✲

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

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

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

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

✐❣✉❛✐s ❛ ✵➦✱ ♦s ❞❡s✈✐♦s ❢♦r❛♠ ♠❛✐♦r❡s✱ ✉♠❛ ✈❡③ q✉❡ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ❡st✐♠❛r ❛ ❧♦❝❛❧✐③❛✲

çã♦ ❞♦s ❝✉rt♦s✲❝✐r❝✉✐t♦s ♣♦r ♦♥❞❛s ✈✐❛❥❛♥t❡s✳ ❈✉rt♦s✲❝✐r❝✉✐t♦s q✉❡ ♦❝♦rr❡♠ ♣ró①✐♠♦s

❛♦ ③❡r♦ ❞❛ t❡♥sã♦ t✐♣✐❝❛♠❡♥t❡ ♥ã♦ ❧❛♥ç❛♠ ♦♥❞❛s ✈✐❛❥❛♥t❡s ♦✉ ❛♣r❡s❡♥t❛♠ tr❛♥s✐tór✐♦s

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

❜❛s❡❛❞❛ ❡♠ ❝♦♠♣♦♥❡♥t❡ ❢✉♥❞❛♠❡♥t❛❧✳ ❏á ♣❛r❛ ❛s ❢❛❧t❛s ❛ ✽✵ ❦♠✱ ❤♦✉✈❡ ✉♠❛ ✐♥✈❡r✲

sã♦ ❞❡ ♣♦❧❛r✐❞❛❞❡ ❞❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞❡✈✐❞♦ ❛ ❡①✐stê♥❝✐❛ ❞❡ ▲❚ ❛❞❥❛❝❡♥t❡s ❞❡ ♠❡s♠♦

❝♦♠♣r✐♠❡♥t♦ ❞♦ ❧♦❝❛❧ ❞❡ ❢❛❧t❛✳
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✽✳✶✳✹ ■♥✢✉ê♥❝✐❛ ❞♦ ❚✐♣♦ ❞❡ ❋❛❧t❛

◆❡st❛ ú❧t✐♠❛ s✉❜s❡çã♦ ❞❛ ❛♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛ ❡♥tr❡ ♦s ♠ét♦❞♦s ♣r♦♣♦st♦ ❡ tr❛❞✐✲

❝✐♦♥❛❧✱ ❢❛③✲s❡ ✉♠ ❡st✉❞♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞❛s té❝♥✐❝❛s ❛❝❡r❝❛ ❞❛ ✐♥✢✉ê♥❝✐❛ ❞♦ t✐♣♦ ❞❡

❢❛❧t❛✳ P❛r❛ t❛♥t♦✱ ❛♣r❡s❡♥t❛✲s❡ ♥❛ ❋✐❣✉r❛ ✽✳✻ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦ ❝♦♥❥✉♥t♦ ❞❡

❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s ❞❡s❝r✐t♦s ♥❛ ♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛ ❧✐♥❤❛s ❞❛ ❚❛❜❡❧❛ ✽✳✷✱ ❡ ♥❛ ❋✐❣✉r❛

✽✳✼ ♣❛r❛ ♦s ❝❛s♦s ❛✈❛❧✐❛❞♦s ❝♦♥❢♦r♠❡ t❡r❝❡✐r❛ ❧✐♥❤❛ ❞❛ ❚❛❜❡❧❛ ✽✳✷✳

Tabela 8.2 – Casos avaliados.

Tipo de Falta Rf Θ° Distância da Falta (km)
AT 200 90 10:10:190
AT 1, 10, 100, 90, 30, 60, 0 10:10:190

BC, BCT, ABC 1, 10, 100 90 0, 50, 90, 110, 150, 170

Figura 8.6 – Influência de faltas AT para XI e AP.

Fonte: autoria própria.
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Figura 8.7 – Influência de faltas BC, BCT e ABC para XI e AP

Fonte: autoria própria

P♦❞❡✲s❡ ✈❡r✐✜❝❛r ❛ ♣❛rt✐r ❞❛ ❋✐❣✉r❛ ✽✳✻ q✉❡ ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✱ sã♦ ♦❜s❡r✲

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

❝❛s♦s s✐♠✉❧❛❞♦s r❡♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✽✳✻ ❢♦✐ ❞❡ ✷✹✼ ❝❡♥ár✐♦s✱ ❞♦s q✉❛✐s ✶✺ ♦✉t❧✐❡rs

❢♦r❛♠ ♦❜t✐❞♦s✱ ♦✉ s❡❥❛✱ ✻✪ ❞♦s ❝❛s♦s ❛✈❛❧✐❛❞♦s✳ ❆❧é♠ ❞✐ss♦✱ ❢♦✐ ♦❜s❡r✈❛❞♦ q✉❡ ♣❛r❛

t♦❞♦s ♦s ❝❛s♦s r❡♣r❡s❡♥t❛❞♦s ♣❡❧♦s ♦✉t❧✐❡rs✱ ❝♦♠ ❡①❝❡çã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❧♦❝❛❧✐③❛❞♦s

❛ ✽✵ ❦♠✱ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡ ❢❛❧t❛ ❢♦✐ ✈✐s✉❛❧✐③❛❞❛ ❞❡♥tr♦ ❞❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛✱

♣♦ré♠ ♥ã♦ ❞❡t❡❝t❛❞❛ ❞❡✈✐❞♦ à ❡①✐stê♥❝✐❛ ❞❡ ♠❛✐s ❞❡ ✉♠❛ ♦♥❞❛ r❡✢❡t✐❞❛ ♥❛ r❡❣✐ã♦ ❞❡

❜✉s❝❛ ❝♦♥str✉í❞❛ ♣❛r❛ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❞✐st❛♥t❡s ❞♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦ ❡ ❝♦♠ ❛❧t❛s

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

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

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

❛❧é♠ ❞❛ ♠é❞✐❛ q✉❡ t❛♠❜é♠ ❢♦✐ ♠❡♥♦r ♣❛r❛ ❆P✱ ❝✉❥♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ❢♦✐ ❞❡ ✷✱✼✸✼✹ ✪

♣❛r❛ ❆P✱ ❝♦♥tr❛ ✻✱✸✽✷✺ ✪ ♣❛r❛ ❳■✳

❉❛ ❋✐❣✉r❛ ✽✳✼✱ ✈❡r✐✜❝❛✲s❡ ♣♦✉❝❛s ❞✐❢❡r❡♥ç❛s ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦ ❆P ❡

❳■✳ ❖s ♦✉t❧✐❡rs ♣r❡s❡♥t❡s ❡♠ ❆P ♦❝♦rr❡r❛♠ ❞❡✈✐❞♦ à ❡①✐stê♥❝✐❛ ❞❡ ♠❛✐s ❞❡ ✉♠❛ ♦♥❞❛

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

❝✉rt♦s✲❝✐r❝✉✐t♦s ❛ ✶✼✵ ❦♠ ❞♦ t❡r♠✐♥❛❧ ❞❡ ♠❡❞✐çã♦ ❡ ❝♦♠ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ❞❡ ✶✵✵

Ω✳ ◆❡st❡s ❝❛s♦s✱ ♦ ❞❡s✈✐♦ ♦❜t✐❞♦ ♣❡❧♦ ♠ét♦❞♦ ❢❛s♦r✐❛❧ ♥ã♦ ❢♦✐ tã♦ ❣r❛♥❞❡✱ ♠❛s ❞❡✈✐❞♦

❛♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛ ❛ ❥❛♥❡❧❛ ❝r✐❛❞❛ ❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ❢♦✐ s✉♣❡r❡st✐♠❛❞❛✳ ◆♦

❡♥t❛♥t♦✱ ❣❛r❛♥t❡✲s❡ q✉❡ ❛ ♦♥❞❛ ✈✐❛❥❛♥t❡ r❡✢❡t✐❞❛ ❡stá ❝♦♥t✐❞❛ ❞❡♥tr♦ ❞❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛✳
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P♦rt❛♥t♦✱ ❛ ♣❛rt✐r ❞❛s ❛♥á❧✐s❡s r❡❛❧✐③❛❞❛s ❢♦✐ ✈❡r✐✜❝❛❞♦ q✉❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❛♣r✐✲

♠♦r♦✉ ♦ ♠ét♦❞♦ ❤í❜r✐❞♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ❳✐♥③❤♦✉ ❡t ❛❧✳ ✭✷✵✵✷✮ ♥❛ ❝r✐❛çã♦ ❞❡ ✉♠❛ ❥❛♥❡❧❛

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

❛♣r❡s❡♥t❛❞♦ ❡♠ ❳■✱ s♦❜r❡t✉❞♦ ♥♦s ❝❛s♦s ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❝♦♠ ❛❧t❛s r❡s✐stê♥❝✐❛s✱ ✉♠❛

✈❡③ q✉❡ ❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ❝r✐❛❞❛ ♣❡❧♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❢♦✐ s✉✜❝✐❡♥t❡ ♣❛r❛ ❞❡t❡❝t❛r ❛

♦♥❞❛ r❡✢❡t✐❞❛ ❞❛ ❢❛❧t❛✱ ❡♥q✉❛♥t♦ q✉❡ ♥❛s ❛✈❛❧✐❛çõ❡s r❡❛❧✐③❛❞❛s ♣❛r❛ ♦ ♠ét♦❞♦ ❳■✱ ❛

♦♥❞❛ r❡✢❡t✐❞❛ s❡ ❡♥❝♦♥tr♦✉ ❢♦r❛ ❞❛ r❡❣✐ã♦ ❞❡ ❜✉s❝❛✳

❆ss✐♠✱ ❝♦♥st❛t❛✲s❡ q✉❡ ♦ ♠ét♦❞♦ ❤í❜r✐❞♦ ♣r♦♣♦st♦ ❢♦✐ ♠❛✐s ❡✜❝✐❡♥t❡ ♣❛r❛ ♦s ❝❡♥ár✐♦s

❛✈❛❧✐❛❞♦s ❞♦ q✉❡ ♦ ♠ét♦❞♦ ❳■ ❡ ❞❡ q✉❡ é ♣♦ssí✈❡❧ ❛❧❝❛♥ç❛r ❜♦♥s r❡s✉❧t❛❞♦s ♣♦r ♠❡✐♦

❞♦ ❛♣r✐♠♦r❛♠❡♥t♦ ❞❡ té❝♥✐❝❛s ❤í❜r✐❞❛s✳
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Conclusões

❯♠ ♠ét♦❞♦ ❤í❜r✐❞♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛s ❡♠ ❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦ q✉❡ ✉t✐❧✐③❛

✐♥❢♦r♠❛çõ❡s ❞❡ ❛♣❡♥❛s ✉♠ t❡r♠✐♥❛❧ ❞❛ ▲❚ ❢♦✐ ❛♣r❡s❡♥t❛❞♦✳ ❆ té❝♥✐❝❛ ✉t✐❧✐③❛ ♦ ❡rr♦

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

q✉❡ ❝♦♥t❡♥❤❛ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞❛ ❢❛❧t❛✳ ❆♣❡s❛r ❞❛ r♦❜✉st❡③ ❞❛s té❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠

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

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

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

❞❡ s✐♥❝r♦♥✐③❛çã♦✱ ♦✉ ❛té ♠❡s♠♦ ❞❛ ❢❛❧❤❛ ❞❡ ❝❛♥❛✐s ❞❡ ❝♦♠✉♥✐❝❛çã♦✳

❖ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ❝♦♥s✐st❡ ♥♦ ❛♣r✐♠♦r❛♠❡♥t♦ ❞❡ ✉♠ ♠ét♦❞♦ ❤í❜r✐❞♦ ❥á ❡①✐st❡♥t❡

r❡♣♦rt❛❞♦ ♥❛ ❧✐t❡r❛t✉r❛✱ q✉❡ ✉t✐❧✐③❛ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ✜①❛ ❡ ❡♠♣ír✐❝❛ ♣❛r❛ ❞❡t❡❝t❛r

❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞❛ ❢❛❧t❛✳ ◆♦ ❡♥t❛♥t♦✱ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ♣♦❞❡ ❡st❛r ❛❧é♠ ❞♦s ❧✐♠✐t❡s

♣ré✲❞❡✜♥✐❞♦s✱ ✉♠❛ ✈❡③ q✉❡ ♦ ❡rr♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❡♣❡♥❞❡ ❞♦s ♣❛râ♠❡tr♦s ❞❡ ❢❛❧t❛✳

❇❛s✐❝❛♠❡♥t❡✱ ♦ ❛❧❣♦r✐t♠♦ ❤í❜r✐❞♦ ❡st✐♠❛ ♦ ❧♦❝❛❧ ❞❛ ❢❛❧t❛ ❛ ♣❛rt✐r ❞❡ ✉♠❛ ♣ré ❡st✐♠❛çã♦

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

❞❡ ❜✉s❝❛ é ❝r✐❛❞❛ ❛ ♣❛rt✐r ❞❡ss❛ ❧♦❝❛❧✐③❛çã♦ ♣❛r❛ ❞❡t❡❝t❛r ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♣♦♥t♦ ❞❡

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

❉✐❢❡r❡♥t❡♠❡♥t❡ ❞❡ té❝♥✐❝❛s ❝❧áss✐❝❛s r❡♣♦rt❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ q✉❡ ✉t✐❧✐③❛♠ ❥❛♥❡❧❛s

❝r✐❛❞❛s ❞❡ ♠♦❞♦ ❡♠♣ír✐❝♦✱ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❜❛s❡✐❛✲s❡ ♥❛ ❝r✐❛çã♦ ❞❡ ❞✉❛s ❥❛♥❡❧❛s ❞❡

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

❝♦♠♦ ❞✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✳ ❆ ✉t✐❧✐③❛çã♦ ❞❡st❡ ❡rr♦ ♣❡r♠✐t❡ q✉❡ ❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ s❡❥❛

❛✉t♦❛❞❛♣t❛t✐✈❛✱ ✉♠❛ ✈❡③ q✉❡ ♦ ❡rr♦ ❝♦♠❜✐♥❛❞♦ é ❞✐❢❡r❡♥t❡ ♣❛r❛ ❝❛❞❛ t✐♣♦ ❞❡ ❢❛❧t❛
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s✐♠✉❧❛❞❛✳ ❊ss❛ ❛✉t♦❛❞❛♣t❛çã♦ ❞❛ ❥❛♥❡❧❛ é ♥❡❝❡ssár✐❛ ✉♠❛ ✈❡③ q✉❡ ♦ s✉❝❡ss♦ ❞♦ ♠é✲

t♦❞♦ ❤í❜r✐❞♦ ❞❡♣❡♥❞❡ ❞❛ ❡st✐♠❛çã♦ ❞♦ ❧♦❝❛❧ ❞♦ ❝✉rt♦✲❝✐r❝✉✐t♦ ♣♦r té❝♥✐❝❛s ❜❛s❡❛❞❛s

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

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

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

t❡s ❢✉♥❞❛♠❡♥t❛✐s✳ ❊♥tã♦✱ ❞✉❛s ❥❛♥❡❧❛s ❢♦r❛♠ ♣r♦♣♦st❛s✱ ❛ ♣r✐♠❡✐r❛ ❜❛s❡❛❞❛ ♥♦ ♣ró♣r✐♦

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

❥❛♥❡❧❛ ❝♦♥str✉í❞❛ ❛ ♣❛rt✐r ❞❛ ♠é❞✐❛ ❞❡ss❡s ❡rr♦s✱ q✉❡ ❞❡t❡❝t❛ ❛s ♦♥❞❛s ✈✐❛❥❛♥t❡s ♣❛r❛

❝✉rt♦s✲❝✐r❝✉✐t♦s ❝♦♠ ❜❛✐①❛s r❡s✐stê♥❝✐❛s✳

P❛r❛ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ ❞✐✈❡rs♦s ❝❡♥ár✐♦s ❞❡ ❢❛❧t❛s ❢♦r❛♠

s✐♠✉❧❛❞♦s ♥♦ ❆❚P✱ ❡♠ q✉❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ❢♦✐ ❝♦♠♣❛r❛❞♦ ❛♦

❞❡s❡♠♣❡♥❤♦ ❞♦ ❛❧❣♦r✐t♠♦ tr❛❞✐❝✐♦♥❛❧ s♦❜ ❛s ♠❡s♠❛s ❝♦♥❞✐çõ❡s✳ P❛r❛ t❛♥t♦✱ ❢♦r❛♠

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

t✐♣♦s ❞✐❢❡r❡♥t❡s ❞❡ ❢❛❧t❛s✱ â♥❣✉❧♦s ❞❡ ✐♥❝✐❞ê♥❝✐❛ ❡ r❡s✐stê♥❝✐❛ ❞❡ ❢❛❧t❛ ✈❛r✐❛❞❛s✳ ❉♦s

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

♣r✐♥❝✐♣❛❧♠❡♥t❡ q✉❛♥❞♦ ❝❡♥ár✐♦s ❝♦♠ r❡s✐stê♥❝✐❛s ❞❡ ❢❛❧t❛s ❞❡ ✶✵✵ ❡ ✷✵✵ Ω ❢♦r❛♠ ❛✈❛❧✐✲

❛❞♦s✳

❉❡ ❢❛t♦✱ ♦ ♠ét♦❞♦ ❤í❜r✐❞♦ ♣r♦♣♦st♦ t❡♠ ✉♠ ❞❡s❡♠♣❡♥❤♦ s❡♠❡❧❤❛♥t❡ ❛♦ ♠ét♦❞♦

❤í❜r✐❞♦ tr❛❞✐❝✐♦♥❛❧ ♣❛r❛ ❝✉rt♦s✲❝✐r❝✉✐t♦s q✉❡ ♦❝♦rr❡♠ ❝♦♠ ❜❛✐①❛s r❡s✐stê♥❝✐❛s ❞❡ ❢❛❧t❛s

❡ ❞✐stâ♥❝✐❛s ♣ró①✐♠❛s ❛♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦✱ ✉♠❛ ✈❡③ q✉❡ ♦ ❡rr♦ ❡st✐♠❛❞♦ ♣❡❧♦ ♠ét♦❞♦

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

❞❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞♦ ♠ét♦❞♦ ❤í❜r✐❞♦ tr❛❞✐❝✐♦♥❛❧ ❡ ❞♦ ♠ét♦❞♦ ❤í❜r✐❞♦ ♣r♦♣♦st♦✳

P❛r❛ ❢❛❧t❛s ❆❚✱ ♠❡♥♦r❡s ❞❡s✈✐♦s ❢♦r❛♠ ♦❜t✐❞♦s ♣❛r❛ ❛ ♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦ ❡♠

r❡❧❛çã♦ ❛♦ ❛❧❣♦r✐t♠♦ tr❛❞✐❝✐♦♥❛❧✳ ❉❡ ❢❛t♦✱ ♣❛r❛ ❝✉rt♦✲❝✐r❝✉✐t♦s s✐♠✉❧❛❞♦s ❝♦♠ ❛❧t❛s

r❡s✐stê♥❝✐❛s ❡ ❞✐st❛♥t❡s ❞❛ ❧✐♥❤❛✱ ❛♦ ♠❡s♠♦ t❡♠♣♦✱ ♦✉ ♥ã♦✱ ❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ❞♦ ♠ét♦❞♦

tr❛❞✐❝✐♦♥❛❧ ♥ã♦ ❢♦✐ ❝❛♣❛③ ❞❡ ❞❡t❡❝t❛r ♦♥❞❛s r❡✢❡t✐❞❛s✱ ♣♦✐s ♦ ❛❧❣♦r✐t♠♦ ❢❛s♦r✐❛❧ ❡st✐♠♦✉ ❛

❞✐stâ♥❝✐❛ ❞❡ ❢❛❧t❛ ❝♦♠ ❡rr♦s ❛❧é♠ ❞♦s ❧✐♠✐t❡s ♣r❡❞❡✜♥✐❞♦s ♣❡❧♦ r❡❢❡r✐❞♦ ♠ét♦❞♦✳ ❆ss✐♠✱

♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ❤í❜r✐❞♦ ♣r♦♣♦st♦ é s✉♣❡r✐♦r ❛♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ❤í❜r✐❞♦

tr❛❞✐❝✐♦♥❛❧✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛ ❝✉rt♦s✲❝✐r❝✉✐t♦s q✉❡ ♦❝♦rr❡♠ ♣❛r❛ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s✳

❆❧é♠ ❞✐ss♦✱ ♠❡s♠♦ ♣❛r❛ ❢❛❧t❛s ♠♦♥♦❢ás✐❝❛s ❡♠ q✉❡ ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ♥ã♦ ❢♦✐ ❞❡t❡❝t❛❞❛

❝♦rr❡t❛♠❡♥t❡ ♣❡❧♦ ❛❧❣♦r✐t♠♦ tr❛❞✐❝✐♦♥❛❧✱ ❝♦♥st❛t♦✉✲s❡ q✉❡✱ ♣❛r❛ ♦s ❝❡♥ár✐♦s ❛✈❛❧✐❛❞♦s✱
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❛ ✈❡r❞❛❞❡✐r❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❡♥❝♦♥tr❛✲s❡ ❞❡♥tr♦ ❞❛ ❥❛♥❡❧❛ ❞❡ ❜✉s❝❛ ❝♦♥str✉í❞❛✱ só ♥ã♦

❢♦✐ ❞❡t❡❝t❛❞❛ ❝♦♠♦ ❛ ♣r✐♠❡✐r❛ ❞❛ ❥❛♥❡❧❛✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ♣❛r❛ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❞✐st❛♥t❡s ❞♦ t❡r♠✐♥❛❧ ♠♦♥✐t♦r❛❞♦ ❡ ❝♦♠ ❛❧t❛s

r❡s✐stê♥❝✐❛s ❞❡ ❢❛❧t❛✱ ♦ ♠ét♦❞♦ tr❛❞✐❝✐♦♥❛❧ ♥ã♦ ❢♦✐ ❝❛♣❛③ ❞❡ ❞❡t❡❝t❛r ❛ ♦♥❞❛ r❡✢❡t✐❞❛ ❞❛

❢❛❧t❛✱ ♥♦ ❡♥t❛♥t♦✱ ♦ ♥ã♦ ❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ♠♦❞♦ t❡rr❛✱ ♣❛r❛ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❇❈ ❡ ❆❇❈

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

❝♦rr❡t❛ ❞❛ ♦♥❞❛ r❡✢❡t✐❞❛✳

❆❧é♠ ❞✐ss♦✱ ❛✈❛❧✐♦✉✲s❡ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡ ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛✲

♠❡♥t❛✐s ❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❞❡ ✉♠ ❡ ❞♦✐s t❡r♠✐♥❛✐s s♦❜ ❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ❞✐❢❡r❡♥t❡s ♠♦❞❡❧♦s

❞❡ ▲❚ ✭❇❡r❣❡r♦♥ ❡ ❏▼❛rt✐✮ ✉t✐❧✐③❛❞♦s ♣❛r❛ s✐♠✉❧❛r ♦s ❝✉rt♦s✲❝✐r❝✉✐t♦s✳ ❈♦♠♦ ❡s♣❡r❛❞♦✱

♦s ❝❡♥ár✐♦s ❡♠ q✉❡ ♦ ♠♦❞❡❧♦ ❞❡ ❇❡r❣❡r♦♥ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ❛♣r❡s❡♥t❛r❛♠ ♠❡♥♦r❡s ❞❡s✲

✈✐♦s ♣❛r❛ ♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s✳ ❊♠ ❝♦♥tr❛♣❛rt✐❞❛✱ ♠❛✐♦r❡s

❞❡s✈✐♦s ❢♦r❛♠ ♦❜t✐❞♦s ♣❛r❛ ♦s ❝❡♥ár✐♦s s✐♠✉❧❛❞♦s ❝♦♥s✐❞❡r❛♥❞♦ ♦ ♠♦❞❡❧♦ ❞❡ ❏▼❛rt✐✱ ❡✱

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

✈❡③ q✉❡ r❡♣r❡s❡♥t❛ ♦s tr❛♥s✐tór✐♦s ❞❡ ♠♦❞♦ ♠❛✐s r❡❛❧íst✐❝♦✱ ♣❡r♠✐t✐♥❞♦ q✉❡ r❡s✉❧t❛❞♦s

♠❛✐s ❝♦♥✜á✈❡✐s ❡ ♣ró①✐♠♦s ❞❛ r❡❛❧✐❞❛❞❡ s❡❥❛♠ ♦❜t✐❞♦s✳

❆✐♥❞❛ s♦❜r❡ ❛s ❛✈❛❧✐❛çõ❡s r❡❛❧✐③❛❞❛s ♣❛r❛ ♦s ♠♦❞❡❧♦s ❞❡ ▲❚✱ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s

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

❛✈❛❧✐❛❞♦s✱ ♦ q✉❡ ❥❛ ❡r❛ ❡s♣❡r❛❞♦✱ ✉♠❛ ✈❡③ q✉❡ ♦s ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ❝♦♠♣♦♥❡♥t❡s

❢✉♥❞❛♠❡♥t❛✐s ✉t✐❧✐③❛♠ ❛♣❡♥❛s ❛ ❡st✐♠❛çã♦ ❞♦s ❢❛s♦r❡s ♠❡❞✐❞♦s ♥♦ t❡r♠✐♥❛❧ ❞❛ ▲❚✱ ❡

♣❛r❛ ✐ss♦ ♥❡❝❡ss✐t❛♠ ❞❡ ✉♠❛ ❜❛✐①❛ t❛①❛ ❞❡ ❛♠♦str❛❣❡♠✱ ♥ã♦ ♣❡r♠✐t✐♥❞♦ q✉❡ ♦s ❡❢❡✐t♦s

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

✈✐s✉❛❧✐③❛❞♦s ♥❡♠ ❝♦♥s✐❞❡r❛❞♦s ♣❛r❛ ❡ss❡s ❝❛s♦s✳

❆❞❡♠❛✐s✱ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❡ ♦♥❞❛s ✈✐❛❥❛♥t❡s ❡♠ ▲❚ ❢♦✐ ❛✈❛❧✐❛❞❛ ❞❡ três

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

▲❚ ♠❛✐s ✐♥❞✐❝❛❞❛ ♣❛r❛ ✉s♦ ♣rát✐❝♦✳

P❛r❛ ❝♦♥t✐♥✉❛çã♦ ❞❛ ♣❡sq✉✐s❛ r❡❛❧✐③❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✱ ♣r♦♣õ❡✲s❡ ♦s s❡❣✉✐♥t❡s t❡♠❛s

♣❛r❛ ♦s tr❛❜❛❧❤♦s ❢✉t✉r♦s✿

❼ ❆✈❛❧✐❛çã♦ ❞♦ ♠ét♦❞♦ ❤í❜r✐❞♦ ❝♦♥s✐❞❡r❛♥❞♦ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ té❝♥✐❝❛s ❞❡ ❞❡t❡❝çã♦

❞❡ tr❛♥s✐tór✐♦s❀
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❼ ❆✈❛❧✐❛çã♦ ❞♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ❝♦♥s✐❞❡r❛♥❞♦ ❞✐❢❡r❡♥t❡s té❝♥✐❝❛s ❜❛s❡❛❞❛s ❡♠ ❝♦♠✲

♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s❀

❼ ❆✈❛❧✐❛çã♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ té❝♥✐❝❛ ♣r♦♣♦st❛ ♣❛r❛ ❙❊P ❝♦♠ ▲❚ ❝♦♠ ❝♦♠♣❡♥s❛✲

çã♦ sér✐❡❀

❼ ❘❡❛❧✐③❛r ❛♥á❧✐s❡ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ♣❛r❛ ❞✐❢❡r❡♥t❡s r❡❧❛çõ❡s s✐♥❛❧✲r✉í❞♦❀

❼ ❆✈❛❧✐❛r ♦s ♠♦❞❡❧♦s ❞❡ ▲❚ ♣❛r❛ ❧✐♥❤❛s ♥ã♦ tr❛♥s♣♦st❛s ❡ ❝♦♠♣❛rá✲❧♦s❀

❼ ❘❡❛❧✐③❛r ❛✈❛❧✐❛çã♦ ❞♦s tr❛♥s❞✉t♦r❡s✳
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▼❈▲❆❘❊◆✱ P✳❀ ❘❆❏❊◆❉❘❆✱ ❙✳ ❚r❛✈❡❧❧✐♥❣✲✇❛✈❡ t❡❝❤♥✐q✉❡s ❛♣♣❧✐❡❞ t♦ t❤❡ ♣r♦t❡❝t✐♦♥
♦❢ t❡❡❞ ❝✐r❝✉✐ts✿✲♣r✐♥❝✐♣❧❡ ♦❢ tr❛✈❡❧❧✐♥❣✲✇❛✈❡ t❡❝❤♥✐q✉❡s✳ ■❊❊❊ tr❛♥s❛❝t✐♦♥s ♦♥ ♣♦✇❡r
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◆●❯✱ ❊✳❀ ▼❖◆❚❆Ñ❖✱ ❘✳❀ ❘❆▼❆❘✱ ❑✳❀ ❈❖❖❘❆❨✱ ❱✳ ■♥✢✉❡♥❝❡ ♦❢ ✈❛r✐♦✉s tr❛♥s✲
♠✐ss✐♦♥ ❧✐♥❡ ♠♦❞❡❧s ♦♥ t❤❡ ✇❛✈❡❧❡t tr❛♥s❢♦r♠❛t✐♦♥ ❜❛s❡❞ ❢❛✉❧t ❧♦❝❛t✐♦♥ ♠❡t❤♦❞s✳ ■♥✿
■❊❊❊✳ ✷✵✵✾ ■❊❊❊ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ❙✐❣♥❛❧ ❛♥❞ ■♠❛❣❡ Pr♦❝❡ss✐♥❣ ❆♣♣❧✐❝❛✲
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◆❖❱❖❙❊▲✱ ❉✳❀ ❍❆❘❚✱ ❉✳❀ ❍❯✱ ❨✳❀ ▼❨▲▲❨▼❆❑■✱ ❏✳ ❙②st❡♠ ❢♦r ❧♦❝❛t✐♥❣ ❢❛✉❧ts ❛♥❞
❡st✐♠❛t✐♥❣ ❢❛✉❧t r❡s✐st❛♥❝❡ ✐♥ ❞✐str✐❜✉t✐♦♥ ♥❡t✇♦r❦s ✇✐t❤ t❛♣♣❡❞ ❧♦❛❞s✳ ❬❙✳❧✳❪✿ ●♦♦❣❧❡
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❖◆❙✳ ❊①t❡♥s❛♦ ❞❛ r❡❞❡ ❜❛s✐❝❛ ❞❡ tr❛♥s♠✐ss❛♦✳ ❉✐s♣♦♥✐✈❡❧ ❡♠✿
❤tt♣✿✴✴✇✇✇✳♦♥s✳♦r❣✳❜r✴♣❛❣✐♥❛s✴s♦❜r❡✲♦✲s✐♥✴♦✲s✐st❡♠❛✲❡♠✲♥✉♠❡r♦s✳ ❆❝❡ss♦ ❡♠ ✷✸
❞❡ ❏✉❧❤♦ ❞❡ ✷✵✷✷✳ ❬❙✳❧✳❪✱ ✷✵✷✷✳
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❘❊■❙✱ ❘✳❀ ◆❊❱❊❙✱ ❲✳❀ ❏❘✱ ❉✳ ❋✳❀ ▲❖P❊❙✱ ❋✳ ■♥✢✉ê♥❝✐❛ ❞❡ tr❛♥s❢♦r♠❛❞♦r❡s ♣❛r❛
✐♥str✉♠❡♥t♦s ❡ ✜❧tr♦s ❛♥t✐✲❛❧✐❛s✐♥❣ s♦❜r❡ ❧♦❝❛❧✐③❛❞♦r❡s ❞❡ ❢❛❧t❛s ❜❛s❡❛❞♦s ♥❛ t❡♦r✐❛ ❞❡
♦♥❞❛s ✈✐❛❥❛♥t❡s✳

❘❊■❙✱ ❘✳ ▲✳ ❞✳ ❆✳ ❆♣r✐♠♦r❛♠❡♥t♦ ❞❡ s♦❧✉❝õ❡s ❞❡ ❧♦❝❛❧✐③❛❝ã♦ ❞❡ ❝✉rt♦s✲❝✐r❝✉✐t♦s ❡♠
❧✐♥❤❛s ❞❡ tr❛♥s♠✐ssã♦✳ ❚❡s❡ ✭❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛✮ ✖ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛
●r❛♥❞❡✱ ✷✵✶✾✳

❘❊P❖❘❚✱ ❆✳ ❈✳ ❇✐❜❧✐♦❣r❛♣❤② ❛♥❞ s✉♠♠❛r② ♦❢ ❢❛✉❧t ❧♦❝❛t✐♦♥ ♠❡t❤♦❞s ❬✐♥❝❧✉❞❡s ❞✐s❝✉s✲
s✐♦♥❪✳ ❚r❛♥s❛❝t✐♦♥s ♦❢ t❤❡ ❆♠❡r✐❝❛♥ ■♥st✐t✉t❡ ♦❢ ❊❧❡❝tr✐❝❛❧ ❊♥❣✐♥❡❡rs✳ P❛rt ■■■✿ P♦✇❡r
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❞❡ tr❛♥s♠✐s✐ó♥ ♣❛r❛ tr❛♥s✐t♦r✐♦s ❡❧❡❝tr♦♠❛❣♥ét✐❝♦s ❡♥ s✐st❡♠❛s ❞❡ ♣♦t❡♥❝✐❛✳ ❊♥❡r❣í❛ ②
❝♦♠♣✉t❛❝✐ó♥✱ ✈✳ ✶✻✱ ♥✳ ✶✱ ✷✵✵✽✳
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❆♥❛❧②s✐s ♦❢ tr❛✈❡❧✐♥❣ ✇❛✈❡s ♣r♦♣❛❣❛t✐♦♥ ❝❤❛r❛❝t❡r✐st✐❝s ❝♦♥s✐❞❡r✐♥❣ ❞✐✛❡r❡♥t tr❛♥s♠✐s✲
s✐♦♥ ❧✐♥❡ ❡♠t♣ ♠♦❞❡❧s✳ ■♥✿ ■❊❊❊✳ ✷✵✷✵ ❲♦r❦s❤♦♣ ♦♥ ❈♦♠♠✉♥✐❝❛t✐♦♥ ◆❡t✇♦r❦s ❛♥❞
P♦✇❡r ❙②st❡♠s ✭❲❈◆P❙✮✳ ❬❙✳❧✳❪✱ ✷✵✷✵✳ ♣✳ ✶✕✻✳

❙❆❍❆✱ ▼✳ ▼✳❀ ■❩❨❑❖❲❙❑■✱ ❏✳❀ ❘❖❙❖▲❖❲❙❑■✱ ❊✳ ❋❛✉❧t ❧♦❝❛t✐♦♥ ♦♥ ♣♦✇❡r ♥❡t✇♦r❦s✳
❬❙✳❧✳❪✿ ❙♣r✐♥❣❡r✱ ✷✵✶✵✳ ✈✳ ✷✳

❙❆▲■▼✱ ❘✳❀ ❙❆▲■▼✱ ❑✳❀ ❇❘❊❚❆❙✱ ❆✳ ❋✉rt❤❡r ✐♠♣r♦✈❡♠❡♥ts ♦♥ ✐♠♣❡❞❛♥❝❡✲❜❛s❡❞ ❢❛✉❧t
❧♦❝❛t✐♦♥ ❢♦r ♣♦✇❡r ❞✐str✐❜✉t✐♦♥ s②st❡♠s✳ ■❊❚ ●❡♥❡r❛t✐♦♥✱ ❚r❛♥s♠✐ss✐♦♥ ✫ ❉✐str✐❜✉t✐♦♥✱
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❞♦♠❛✐♥ ❧✐♥❡ ♣r♦t❡❝t✐♦♥ ❡❧❡♠❡♥ts ♦♥ r❡❛❧✲✇♦r❧❞ ❢❛✉❧ts✳ ■♥✿ ■❊❊❊✳ ✷✵✶✻ ✻✾t❤ ❆♥♥✉❛❧
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