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

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

❈♦♦r❞❡♥❛çã♦ ❞❡ Pós✲●r❛❞✉❛çã♦ ❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛

❉✐ss❡rt❛çã♦ ❞❡ ▼❡str❛❞♦

❆♥❡♠♦♠❡tr✐❛ ❚ér♠✐❝❛ ❆♣❧✐❝❛❞❛ à ❍✐❞r♦♠❡tr✐❛ ❡♠

❘❡❣✐♠❡ ❞❡ ❙✉❜♠❡❞✐çã♦

❚♦♥② ❈❛r❧♦s ▼♦✉r❛ ❈❛✈❛❧❝❛♥t✐

❈❛♠♣✐♥❛ ●r❛♥❞❡ ✲ P❛r❛í❜❛ ✲ ❇r❛s✐❧

➞❚♦♥② ❈❛r❧♦s ▼♦✉r❛ ❈❛✈❛❧❝❛♥t✐✱ ✸✵ ❞❡ ♥♦✈❡♠❜r♦ ❞❡ ✷✵✶✻✳



❚♦♥② ❈❛r❧♦s ▼♦✉r❛ ❈❛✈❛❧❝❛♥t✐

❆♥❡♠♦♠❡tr✐❛ ❚ér♠✐❝❛ ❆♣❧✐❝❛❞❛ à ❍✐❞r♦♠❡tr✐❛ ❡♠

❘❡❣✐♠❡ ❞❡ ❙✉❜♠❡❞✐çã♦

❉✐ss❡rt❛çã♦ ❞❡ ♠❡str❛❞♦ ❛♣r❡s❡♥t❛❞❛ à ❈♦♦r❞❡♥❛çã♦ ❞♦ Pr♦❣r❛♠❛
❞❡ Pós✲●r❛❞✉❛çã♦ ❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧
❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡✱ ❡♠ ❝✉♠♣r✐♠❡♥t♦ às ❡①✐❣ê♥❝✐❛s ♣❛r❛ ♦❜t❡♥çã♦
❞♦ ●r❛✉ ❞❡ ▼❡str❡ ❡♠ ❈✐ê♥❝✐❛s ♥♦ ❉♦♠í♥✐♦ ❞❛ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛✳

➪r❡❛ ❞❡ ❝♦♥❝❡♥tr❛çã♦✿ ■♥str✉♠❡♥t❛çã♦ ❊❧❡trô♥✐❝❛

❖r✐❡♥t❛❞♦r

Pr♦❢✳ ❉❙❝✳ ❏♦sé ❙ér❣✐♦ ❞❛ ❘♦❝❤❛ ◆❡t♦

❈❛♠♣✐♥❛ ●r❛♥❞❡ ✲ P❛r❛í❜❛ ✲ ❇r❛s✐❧

➞❚♦♥② ❈❛r❧♦s ▼♦✉r❛ ❈❛✈❛❧❝❛♥t✐✱ ✸✵ ❞❡ ♥♦✈❡♠❜r♦ ❞❡ ✷✵✶✻✳
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  Cavalcanti, Tony Carlos Moura. 

       Anemometria térmica aplicada à hidrometria em regime de submedição 

/ Tony Carlos Moura Cavalcanti. – Campina Grande, 2017. 

      65 f. : il. color. 

   

       Dissertação (Mestrado em Engenharia Elétrica) – Universidade Federal   

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

         "Orientação: Prof. Dr. José Sérgio da Rocha Neto". 
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✏❲❤❡♥ ②♦✉ ❛r❡ ♥♦t ❤❛♣♣②✱

②♦✉ ♥❡❡❞ t♦ ❜❡ str♦♥❣ t♦ ❝❤❛♥❣❡✱

r❡s✐st✐♥❣ t❤❡ t❡♠♣t❛t✐♦♥ ♦❢ t✉r♥✐♥❣ ❜❛❝❦✳

❚❤❡ ✇❡❛❦ ❣♦❡s ♥♦✇❤❡r❡✳✑

❆②rt♦♥ ❙❡♥♥❛ ❞❛ ❙✐❧✈❛



❆❣r❛❞❡❝✐♠❡♥t♦s

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

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

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

❆❣r❛❞❡ç♦ ❛♦s ♣r♦❢❡ss♦r❡s✱ ❏♦sé ❙ér❣✐♦ ❞❛ ❘♦❝❤❛ ◆❡t♦ ❡ ❆♥t♦♥✐♦ ▼❛r❝✉s ◆♦❣✉❡✐r❛ ▲✐♠❛✱ ♣❡❧❛

♦r✐❡♥t❛çã♦ ❡ ❝♦❧❛❜♦r❛çã♦✳ ❆❣r❛❞❡ç♦ ♣❡❧♦s ❝♦♥s❡❧❤♦s ❡ ❡♥s✐♥❛♠❡♥t♦s ❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛ ❝♦♥✜❛♥ç❛

❞❡♣♦s✐t❛❞❛ ♥❛ ♠✐♥❤❛ ♣❡ss♦❛ ♣❛r❛ ❛ ❝♦♥❝❧✉sã♦ ❞❡st❛ ✐♠♣♦rt❛♥t❡ ❡t❛♣❛✳

❆♦ ♣r♦❢❡ss♦r ❏❛✐❞✐❧s♦♥ ❏ó ♣❡❧❛s ❝♦♥✈❡rs❛s✱ q✉❡ ❛♣♦♥t❛✈❛♠ q✉❡st✐♦♥❛♠❡♥t♦s s❡♠♣r❡ ♣❡rt✐♥❡♥t❡s

❡ ❢♦r❛♠ ❞❡ ❡♥♦r♠❡ ✈❛❧✐❛ ♣❛r❛ ❛ ❝♦♥❞✉çã♦ ❞♦ tr❛❜❛❧❤♦✳

❆♦ ♣r♦❢❡ss♦r ▼❛r❝♦s ▼♦r❛✐s✳

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

s❡✉ ❧❛❞♦ ❞❡ ❧❡✈❡③❛ ✈❛❧♦r✐③❛❞♦✱ ❡✱ ❛ss✐♠ ♣♦❞❡r ❛❧✐✈✐❛r ♦ ❡str❡ss❡ ❛❞✈✐♥❞♦ ❞❡ ♣❡q✉❡♥♦s ♣r♦❜❧❡♠❛s

❞♦ ❞✐❛ ❛ ❞✐❛✳

❆♦s ❝♦❧❡❣❛s ❞❡ ▲■❊❈ ❞❡ ❤♦❥❡ ❡ ❞❡ s❡♠♣r❡✳

❆s ♠❡♥✐♥❛s ❇✐❛✱ ❇r✉♥❛ ❡ ❈❧❛r❛✱ ♣♦r ♠❡ ❡s❝✉t❛r❡♠ s❡♠♣r❡ q✉❛♥❞♦ ❡✉ ❢❛❧❛✈❛ ❞♦s ❡st✉❞♦s ❞❛

♠✐♥❤❛ ♣❡sq✉✐s❛ ❡ ❛✉①✐❧✐♦ ❡♠ ❛❧❣✉♥s ❡①♣❡r✐♠❡♥t♦s✳

❆♦ ❛♠✐❣♦ ❙✐♠õ❡s✱ ♣♦r ❡st❛r s❡♠♣r❡ ❞✐s♣♦st♦ ❛ ♦❢❡r❡❝❡r ❛ s✉❛✱ s❡♠♣r❡ ❝♦♥✜á✈❡❧✱ ❛❥✉❞❛✳

❆ ❚❤❛♠✐❧❡s ♣❡❧❛ ❛❥✉❞❛ ❝r✉❝✐❛❧ ♣❛r❛ ❛ ❛q✉✐s✐çã♦ ❞❡ t♦❞❛s ❛s ✐♥❢♦r♠❛çõ❡s r❡❢❡r❡♥t❡s ❛♦s ❡①♣❡✲

r✐♠❡♥t♦s✳

❆♦ ❣r❛♥❞❡ ❛♠✐❣♦ ❏♦sé ▼❛✉rí❝✐♦✱ q✉❡ ♠❡s♠♦ ❡st❛♥❞♦ ❧♦♥❣❡ ❡♠ ♠✉✐t♦s ♠♦♠❡♥t♦s✱ s❡♠♣r❡ ❢♦✐

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

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

❆❣r❛❞❡ç♦ ❛ ❉❛♣❤♥❡✱ ♣♦r t♦❞♦s ♦s ♠♦♠❡♥t♦s ✈✐✈✐❞♦s✱ ♣♦r t♦❞❛s ❛s ♣❛❧❛✈r❛s ❞❡ â♥✐♠♦✱ ♣♦r

❝❛❞❛ ❞❡t❛❧❤❡ q✉❡ ❢❡③ ❡ss❛ ❝❛♠✐♥❤❛❞❛ ♠❡♥♦s ❞♦❧♦r♦s❛✳ ❆❣r❛❞❡ç♦ ♣♦r s❡♠♣r❡ ❛❝r❡❞✐t❛r ❡♠ ♠✐♠

❡ t❡r s❡♠♣r❡ ♣❛❧❛✈r❛s ❞❡ ❡stí♠✉❧♦ ❡ ❞❡ ❛♣♦✐♦ q✉❡ s❡♠♣r❡ ✉s❡✐ ♣❛r❛ r❡✢❡t✐r ♥❛s ♠✐♥❤❛s ❞❡❝✐sõ❡s✳

❆❣r❛❞❡ç♦ t♦❞♦ ♦ ❛♠♦r ❡ ❝❛r✐♥❤♦ r❡❝❡❜✐❞♦s✳ ❊ ❝❧❛r♦✱ t♦❞❛ ❛ ❛❥✉❞❛ ♦❢❡rt❛❞❛ ❛ ♠✐♠ ♣♦r ❡❧❛✱ ♣❛r❛ ❛

♠❡❧❤♦r✐❛ ❞♦ t❡①t♦✱ ❞❡ ✜❣✉r❛s ❡ ❞❛ ❢♦r♠❛t❛çã♦ ❞❡ss❛ ❞✐ss❡rt❛çã♦✳

❆ ❈♦♦r❞❡♥❛çã♦ ❞❡ Pós✲●r❛❞✉❛çã♦ ❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ♣❡❧♦ s✉♣♦rt❡ ❞❛❞♦ ❛♦ ❧♦♥❣♦ ❞♦

♠❡str❛❞♦✳

❆♦ ❈◆Pq ♣❡❧♦ ❛♣♦✐♦ ✜♥❛♥❝❡✐r♦✳

❚♦♥② ❈❛r❧♦s ▼♦✉r❛ ❈❛✈❛❧❝❛♥t✐



❙✉♠ár✐♦
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▲✐st❛ ❞❡ ✐❧✉str❛çõ❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽

▲✐st❛ ❞❡ t❛❜❡❧❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾
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✶✳✷ ❖❜❥❡t✐✈♦s ❡ ❝♦♥tr✐❜✉✐çõ❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸

✶✳✸ ❘❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹

✶✳✹ ❖r❣❛♥✐③❛çã♦ ❞❛ ❞✐ss❡rt❛çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✼

✷ ❋❯◆❉❆▼❊◆❚❆➬➹❖ ❚❊Ó❘■❈❆ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽

✷✳✶ ▼❡❞✐çã♦ ❞❡ ✈❛③ã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽

✷✳✷ ❙✐st❡♠❛s tér♠✐❝♦s ❛♣❧✐❝❛❞♦s ❛ ♠❡❞✐çã♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✢✉✐❞♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵
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❋✐❣✉r❛ ✷✵ ✕ ■♠❛❣❡♠ ❞♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ✲ ◆■ ❯❙❇✲✻✷✶✷ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵

❋✐❣✉r❛ ✷✶ ✕ ■♥t❡r❢❛❝❡ ♣❛r❛ ❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❞♦ ❡①♣❡r✐♠❡♥t♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✶

❋✐❣✉r❛ ✷✷ ✕ P❲▼ ❛♣❧✐❝❛❞♦ ❛ ❜♦♠❜❛ ❞❡ ♣♦rã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷

❋✐❣✉r❛ ✷✸ ✕ ❊str✉t✉r❛ ♣❛r❛ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷

❋✐❣✉r❛ ✷✹ ✕ P❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✸

❋✐❣✉r❛ ✷✺ ✕ ●rá✜❝♦ ❞❛ t❡♥sã♦ ❞❡ s❛í❞❛ ✭❚❡♥sã♦ s♦❜r❡ ❛ P♦♥t❡ ❞❡ ❲❤❡❛tst♦♥❡✮ ❡♠ ❢✉♥çã♦

❞❛ ✈❛③ã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺

❋✐❣✉r❛ ✷✻ ✕ ❘❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ♠❡❞✐❞♦r ♣❛r❛ ❛ ❢❛✐①❛

❞❡ s✉❜♠❡❞✐çã♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✾



▲✐st❛ ❞❡ t❛❜❡❧❛s

❚❛❜❡❧❛ ✶ ✕ ❉✐♠❡♥sõ❡s ❞♦ s❡♥s♦r ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻

❚❛❜❡❧❛ ✷ ✕ ❘❡s✐stê♥❝✐❛ ❞♦ s❡♥s♦r ❡ ❞♦ ❛q✉❡❝❡❞♦r ✭ ❘❡s✐stê♥❝✐❛ à ✵➸❈✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✼

❚❛❜❡❧❛ ✸ ✕ ◆ú♠❡r♦ ❞❡ ❘❡②♥♦❧❞s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✺

❚❛❜❡❧❛ ✹ ✕ ❱❛❧♦r❡s ❞❛ ❝❛r❛❝t❡r✐③❛çã♦ ❞♦ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

❚❛❜❡❧❛ ✺ ✕ ❱❛❧♦r❡s ❞♦s ♣❛râ♠❡tr♦s a ❡ b ❡ n ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶

❚❛❜❡❧❛ ✻ ✕ ❚❡♥sõ❡s ❞❡ s❛í❞❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

❚❛❜❡❧❛ ✼ ✕ ❱❛③ã♦ ❝❛❧❝✉❧❛❞❛ ❡ ❡rr♦ ♣❡r❝❡♥t✉❛❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✻



❘❡s✉♠♦

❖ ♦❜❥❡t✐✈♦ ♥❡st❡ tr❛❜❛❧❤♦ é ♣r♦♣♦r ✉♠ s✐st❡♠❛ ♣❛r❛ ❛ ❤✐❞r♦♠❡tr✐❛ ♥❛ ❢❛✐①❛ ❞❡ s✉❜♠❡❞✐çã♦

✉t✐❧✐③❛♥❞♦ ❛ ❛♥❡♠♦♠❡tr✐❛ tér♠✐❝❛✳ ❖ ♦❜❥❡t✐✈♦ ❞❡ ♠❡❞✐r ✈❛③ã♦ ❡stá ♣r❡s❡♥t❡ ❡♠ ♠✉✐t♦s ❝❛♠♣♦s

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

♦ ♠❡♥♦r ❡rr♦ ♣♦ssí✈❡❧✳ ◆❛ ♣r✐♠❡✐r❛ ♣❛rt❡ ❞❛ ♣❡sq✉✐s❛ ❢♦r❛♠ r❡❛❧✐③❛❞❛s s✐♠✉❧❛çõ❡s ❡♠ ❛♠❜✐❡♥t❡

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

P❛r❛ ♣♦❞❡r ✉s❛r ♦ s❡♥s♦r✱ é ♥❡❝❡ssár✐♦ ❝♦♥❤❡❝❡r ✈❛❧♦r❡s ❧✐♠ítr♦❢❡s ❞❡ tr❛❜❛❧❤♦ ❞♦ ♠❡s♠♦✱ ♦✉

s❡❥❛✱ ❛ ❢❛✐①❛ ❞❡ ♦♣❡r❛çã♦✱ ✐♥❞✐❝❛♥❞♦ ❛ss✐♠ ❛ ✈❛③ã♦ ♠í♥✐♠❛ ❡ ♠á①✐♠❛ ❞❡ ♦♣❡r❛çã♦ ❞♦ s❡♥s♦r

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

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

❞❡ ♠♦❞♦ ❛ ♣❡r♠✐t✐r q✉❡ ✉♠ ✢✉✐❞♦ ✢✉❛ ❛tr❛✈és ❞❡ ✉♠❛ t✉❜✉❧❛çã♦ ❡✱ ❛ss✐♠✱ ❞❡t❡r♠✐♥❛r q✉❛❧ é ❛

✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ❡✱ ♣♦rt❛♥t♦✱ ❛ ✈❛③ã♦✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ▼❡❞✐çã♦ ❞❡ ✈❛③ã♦❀ ❛♥❡♠♦♠❡tr✐❛ tér♠✐❝❛❀ ❈❚❆ ✭❈♦♥st❛♥t ❚❡♠♣❡r❛t✉r❡ ❆♥❡✲

♠♦♠❡t❡r✮❀ ❝♦♠♣❡♥s❛çã♦ ❞❡ t❡♠♣❡r❛t✉r❛✳



❆❜str❛❝t

❚❤❡ ♦❜❥❡❝t✐✈❡ ♦❢ t❤✐s ✇♦r❦ ✐s t♦ ♣r♦♣♦s❡ ❛ s②st❡♠ ❢♦r t❤❡ ❤②❞r♦♠❡tr② ✐♥ t❤❡ s✉❜✲♠❡❛s✉r❡♠❡♥t

r❛♥❣❡ ✉s✐♥❣ t❤❡r♠❛❧ ❛♥❡♠♦♠❡tr②✳ ❚❤❡ ♦❜❥❡❝t✐✈❡ ♦❢ ♠❡❛s✉r✐♥❣ ✢♦✇ ✐s ♣r❡s❡♥t ✐♥ ♠❛♥② ✜❡❧❞s ♦❢

s❝✐❡♥❝❡✱ ✐t ✐s ♥❡❝❡ss❛r② t♦ ❦♥♦✇ ✇❤❛t ✈❛❧✉❡s ♦❢ ❛ ♠❛t❡r✐❛❧ ✇❡r❡ ❝♦♥s✉♠❡❞ ✇✐t❤ t❤❡ s♠❛❧❧❡st ♣♦ss✐❜❧❡

❡rr♦r✳ ■♥ t❤❡ ✜rst ♣❛rt ♦❢ t❤❡ r❡s❡❛r❝❤✱ s✐♠✉❧❛t✐♦♥s ✇❡r❡ ♣❡r❢♦r♠❡❞ ✉s✐♥❣ ❈❖▼❙❖▲ s♦❢t✇❛r❡ t♦

✐❞❡♥t✐❢② ✇♦r❦✐♥❣ ❝♦♥❞✐t✐♦♥s ❛♥❞ ♣♦ss✐❜❧❡ s❡♥s♦r ❧♦❝❛❧✐③❛t✐♦♥ ♣♦✐♥ts✳ ■♥ ♦r❞❡r t♦ ❜❡ ❛❜❧❡ t♦ ✉s❡

t❤❡ s❡♥s♦r✱ ✐t ✐s ♥❡❝❡ss❛r② t♦ ❦♥♦✇ t❤❡ ❜♦✉♥❞❛r② ✈❛❧✉❡s ♦❢ t❤❡ s❡♥s♦r✱ ✐❡ t❤❡ ♦♣❡r❛t✐♥❣ r❛♥❣❡✱

t❤✉s ✐♥❞✐❝❛t✐♥❣ t❤❡ ♠✐♥✐♠✉♠ ❛♥❞ ♠❛①✐♠✉♠ ✢♦✇ r❛t❡ ♦❢ t❤❡ ❛♥❡♠♦♠❡tr✐❝ s❡♥s♦r✳ ❚❤❡r❡❢♦r❡✱ ✐♥

t❤❡ s❡❝♦♥❞ st❛❣❡ ♦❢ t❤❡ ✇♦r❦✱ ❛ ♣❧❛t❢♦r♠ ✇✐t❤ ❛ ♣✉♠♣✐♥❣ s②st❡♠ ✇❛s ♣r♦♣♦s❡❞ ✐♥ ♦r❞❡r t♦ t❡st

t❤❡ ♣r♦♣♦s❡❞ ♠❡❛s✉r❡♠❡♥t s②st❡♠✳ ❚❤❡ ♣❧❛t❢♦r♠ ✇❛s ❝♦♥str✉❝t❡❞ s♦ ❛s t♦ ❛❧❧♦✇ ❛ ✢✉✐❞ t♦ ✢♦✇

t❤r♦✉❣❤ ❛ ♣✐♣❡❧✐♥❡✱ ❛♥❞ t❤❡r❡❜② ❞❡t❡r♠✐♥❡ ✇❤❛t t❤❡ ✈❡❧♦❝✐t② ♦❢ t❤❡ ✢✉✐❞✱ ❛♥❞ ❤❡♥❝❡ t❤❡ ✢♦✇✱ ✐s✳

❑❡②✇♦r❞s✿ ❋❧♦✇ ♠❡❛s✉r❡♠❡♥t❀ ❛♥❡♠♦♠❡tr② ♣r✐♥❝✐♣❧❡❀ ❈❚❆ ✭❈♦♥st❛♥t ❚❡♠♣❡r❛t✉r❡ ❆♥❡♠♦✲

♠❡t❡r✮❀ t❡♠♣❡❛rt✉r❡ ❝♦♠♣❡♥s❛t✐♦♥✳



✶✷

✶ ■♥tr♦❞✉çã♦

❊♠ ♣r♦❝❡ss♦s ✐♥❞✉str✐❛✐s✱ ❛ ✈❛③ã♦ é ✉♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ❣r❛♥❞❡③❛s ❡♥✈♦❧✈✐❞❛s✱ ❞❡ ♠♦❞♦ q✉❡

s✉❛ ♠❡❞✐çã♦ é ❡ss❡♥❝✐❛❧ ♣❛r❛ ♦ ❝♦♥tr♦❧❡ ❞♦ ♣r♦❝❡ss♦✱ ❛♥á❧✐s❡ ❞❡ ❡✜❝✐ê♥❝✐❛✱ ❛♥á❧✐s❡ ❡ ❣❛r❛♥t✐❛ ❞❡

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

❞❡ ❛❜❛st❡❝✐♠❡♥t♦ ❞❡ á❣✉❛✱ ♥❛ ár❡❛ ❞❡ ♠❡❞✐❝✐♥❛✱ ♠❡❞✐çã♦ ❞❡ ✢✉✐❞♦s ❜✐♦❧ó❣✐❝♦s ❡ ♥❛ ✐♥❢✉sã♦ ❞❡

❞r♦❣❛s✱ ❛ ♠❡❞✐çã♦ ❞❡ ✢✉①♦ é ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛✳ ❊♠ ❢✉♥çã♦ ❞❛s ❛♣❧✐❝❛çõ❡s ♠❛✐s ✈❛r✐❛❞❛s✱

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

❡♠ ❞✐❢❡r❡♥t❡s ♣r✐♥❝í♣✐♦s ❢ís✐❝♦s✳ ❆ ❡s❝♦❧❤❛ ❞♦ s✐st❡♠❛ ❞❡ ♠❡❞✐çã♦ ♠❛✐s ❛❞❡q✉❛❞♦ ♣❛r❛ ✉♠❛ ❞❛❞❛

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

♦♣❡r❛çã♦✱ ❛ ❡①❛t✐❞ã♦ ❡①✐❣✐❞❛✱ ♦ ❝✉st♦✱ ❡♥tr❡ ♦✉tr♦s ❬✷❪✳

❯♠ ❞♦s ♣r✐♥❝í♣✐♦s ❢ís✐❝♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ♠❡❞✐çã♦ ❞❡ ✢✉①♦ é ♦ ♣r✐♥❝í♣✐♦ ❞❡ ❝♦♥❞✉çã♦ ❞❡ ❝❛❧♦r✱

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

♣r✐♥❝í♣✐♦ sã♦✿ s❡♥s♦r❡s ❝❛❧♦r✐♠étr✐❝♦s ❡ ❛♥❡♠ô♠❡tr♦s ❛ ✜♦ q✉❡♥t❡ ❡ ✜❧♠❡ q✉❡♥t❡✳ ❖s s❡♥s♦r❡s

❝❛❧♦r✐♠étr✐❝♦s sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ✈❡r✐✜❝❛r ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❝❛❧♦r ♥❛ ✈✐③✐♥❤❛♥ç❛ ❞❡ ✉♠ ❡❧❡♠❡♥t♦

❛q✉❡❝✐❞♦✱ ❡♠ ❢✉♥çã♦ ❞❛ ❞✐ss✐♣❛çã♦ tér♠✐❝❛ q✉❡ ♦❝♦rr❡ ❞❡✈✐❞♦ à ♣❛ss❛❣❡♠ ❞❡ ✢✉✐❞♦✱ ♣❛r❛ ❞❡t❡r✲

♠✐♥❛r ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✳ ❊♥q✉❛♥t♦ q✉❡ ♦s ❛♥❡♠ô♠❡tr♦s ❛ ✜♦ q✉❡♥t❡ ❡ ✜❧♠❡ q✉❡♥t❡ sã♦

s❡♥s♦r❡s q✉❡ ✉t✐❧✐③❛♠ ♦ ♣r✐♥❝í♣✐♦ ❞❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r ❬✸❪✳ ❖ s❡✉ ❢✉♥❝✐♦♥❛♠❡♥t♦ ♦❝♦rr❡ ♣❡❧♦

❛q✉❡❝✐♠❡♥t♦ ❞❡ ✉♠ ✜♦ ♦✉ ✜❧♠❡ ♠❡tá❧✐❝♦✱ ❞❡ ♠♦❞♦ q✉❡ q✉❛♥❞♦ ♦ s❡♥s♦r é s✉❜♠❡t✐❞♦ ❛ ✉♠ ✢✉✐❞♦

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

✐♥❢♦r♠❛çõ❡s ❛❝❡r❝❛ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ❬✹❪✳

◆♦s ú❧t✐♠♦s ❛♥♦s ❤♦✉✈❡ ✉♠ ❛✉♠❡♥t♦ ♥❛ ❝♦♥❢❡❝çã♦ ❞❡ s✐st❡♠❛s ❜❛s❡❛❞♦s ❡♠ t❡❝♥♦❧♦❣✐❛s ❞❡

▼✐❝r♦ss✐st❡♠❛s ❊❧❡tr♦♠❡❝â♥✐❝♦s ✭▼❊▼❙ ✲ ▼✐❝r♦✲❊❧❡❝tr♦♠❡❝❤❛♥✐❝❛❧ ❙②st❡♠s✮✱ ❡ ♦ ✉s♦ ❞❡ss❡s s✐s✲

t❡♠❛s ♣❛r❛ ♠❡❞✐çã♦ ❞❡ ✢✉①♦ t❡♠ ✉♠❛ ✈❛♥t❛❣❡♠ ✐♠♣♦rt❛♥t❡ ❡♠ r❡❧❛çã♦ ❛♦s ♠❡❞✐❞♦r❡s ❝♦♥✈❡♥❝✐✲

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

♣r❡❝✐sã♦ ❬✺❪✳ ❉❡ss❛ ❢♦r♠❛✱ ❡q✉✐♣❛♠❡♥t♦s ❝♦♥str✉í❞♦s ❝♦♠ ❜❛s❡ ♥❡ss❛ t❡❝♥♦❧♦❣✐❛ ❛♣r❡s❡♥t❛♠ ❛❧t❛

s❡♥s✐❜✐❧✐❞❛❞❡✱ r❡s♣♦st❛s rá♣✐❞❛s✱ ❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❜❛✐①♦ ❝♦♥s✉♠♦✳ ◆❡st❡ tr❛❜❛❧❤♦ é ♣r♦♣♦st♦ ✉♠

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

❞❡ ❝❛❧♦r✳
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✶✳✶ ▼♦t✐✈❛çã♦

❯♠ ♣r♦❜❧❡♠❛ ❡①✐st❡♥t❡ ♥♦s s✐st❡♠❛s ❞❡ ♠❡❞✐çã♦ ❞❡ ✢✉①♦ ✉t✐❧✐③❛❞♦s ♣❡❧❛s ❡♠♣r❡s❛s ❞✐str✐✲

❜✉✐❞♦r❛s ❞❡ á❣✉❛ é q✉❛♥t♦ ❛ ♥ã♦ t❛r✐❢❛çã♦ s♦❜r❡ ❞❡t❡r♠✐♥❛❞♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦✱ ❞❡✈✐❞♦ à ❢❛✐①❛

❧✐♠✐t❛❞❛ ❞❡ ♦♣❡r❛çã♦ ❞♦s ♠❡❞✐❞♦r❡s ❝♦♥✈❡♥❝✐♦♥❛✐s✳ ❊ss❛ ♣❡r❞❛ é ♦r✐❣✐♥❛❞❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ❡♠

❢✉♥çã♦ ❞❡ ✈❛③❛♠❡♥t♦s q✉❡ ❣❡r❛♠ ✈❛③õ❡s ♠✉✐t♦ ♣❡q✉❡♥❛s✱ ❞❡ ♠♦❞♦ q✉❡ ♥ã♦ ♣♦❞❡♠ s❡r ❛❢❡r✐❞❛s

♣❡❧♦s ♠❡❞✐❞♦r❡s à t✉r❜✐♥❛ ✳ ❖s ♠❡❞✐❞♦r❡s q✉❡ ❡stã♦ ❤♦❥❡ ♥♦ ♠❡r❝❛❞♦ sã♦ ❝❛♣❛③❡s ❞❡ tr❛❜❛❧❤❛r ❡♠

✉♠❛ r❡❣✐ã♦ ❡♠ t♦r♥♦ ❞❡ ✵✱✻ m3/h ❝♦♠♦ ✈❛③ã♦ ♥♦♠✐♥❛❧ ❡ ❡♠ ✉♠❛ t❡♠♣❡r❛t✉r❛ ✐♥❢❡r✐♦r ❛ ✹✵ ➦❈✳

❊ss❡s ♠❡❞✐❞♦r❡s ❞❡ ✈❛③ã♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♦s ♠❡❞✐❞♦r❡s ✈❡❧♦❝✐♠étr✐❝♦s✱ ♥ã♦ tê♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡

♠❡❞✐r ✈❛③õ❡s ❞❡ ♦r❞❡♠ ♠✉✐t♦ ❜❛✐①❛ ✭✈❛③õ❡s ♠❡♥♦r❡s q✉❡ ✶✺ l/h✱ ♣❛r❛ ♠❡❞✐❞♦r❡s ✈❡❧♦❝✐♠étr✐❝♦s

❞❛ ❝❧❛ss❡ ❈✮✱ ❞❡ ♠♦❞♦ q✉❡ ❛♣r❡s❡♥t❛♠ ❡rr♦s s✐❣♥✐✜❝❛t✐✈♦s ❞❡ ❧❡✐t✉r❛✳ ■ss♦ ❛❝❛rr❡t❛ ❞❡s♣❡r❞í❝✐♦ ❡

♣❡r❞❛s ❞❡ ❢❛t✉r❛♠❡♥t♦ ❛ ❝♦♥❝❡ss✐♦♥ár✐❛✱ ♣♦✐s ❡❧❛ ❡stá tr❛t❛♥❞♦ á❣✉❛ q✉❡ ♥ã♦ ❡stá s❡♥❞♦ t❛r✐❢❛❞❛✱

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

①❛s ✈❛③õ❡s é ✉t✐❧✐③❛r ✉♠ ♠❡❞✐❞♦r ❛ ❜❛s❡ ❞❡ ❡❧❡♠❡♥t♦ ❛q✉❡❝✐❞♦✱ ❝♦♠♦ ♥♦ ♣r✐♥❝í♣✐♦ ❝❛❧♦r✐♠étr✐❝♦

♦✉ ❛♥❡♠♦♠étr✐❝♦✱ ✈✐st♦ q✉❡ s❡♥s♦r❡s ❞❡ss❡ t✐♣♦ ❛♣r❡s❡♥t❛♠ ❛❧t❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❬✻❪✳ ❉❡st❡ ♠♦❞♦✱ é

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

P♦rt❛♥t♦✱ ❛ ♣r♦♣♦st❛ ❞♦ tr❛❜❛❧❤♦ ✈♦❧t❛❞❛ ♣❛r❛ ❛ ✐♥✈❡st✐❣❛çã♦ ❞❡ss❛s té❝♥✐❝❛s é ❜❛st❛♥t❡ r❡❧❡✈❛♥t❡

❡ ♥❡❝❡ssár✐❛ ♣❛r❛ ♦ ❡st✉❞♦ ❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ s✐st❡♠❛s ❝❛♣❛③❡s ❞❡ ♦♣❡r❛r ❡♠ ✉♠❛ ♠❛✐♦r ❢❛✐①❛

❞❡ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦✳

✶✳✷ ❖❜❥❡t✐✈♦s ❡ ❝♦♥tr✐❜✉✐çõ❡s

◆❡ss❛ ❞✐ss❡rt❛çã♦✱ ♦ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ é ❛✈❛❧✐❛r ♦ ♣r✐♥❝í♣✐♦ ❞❛ ❝♦♥❞✉çã♦ ❞❡ ❝❛❧♦r ❛♣❧✐❝❛❞♦ à

♠❡❞✐çã♦ ❞❡ ✈❛③ã♦ ❡♠ r❡❣✐♠❡ ❞❡ s✉❜♠❡❞✐çã♦✳ ❊ ♦s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s ♥❡st❡ tr❛❜❛❧❤♦ sã♦✿

✶✳ ❆✈❛❧✐❛r ♦ ❡st❛❞♦ ❞❛ ❛rt❡ s♦❜r❡ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦❀

✷✳ ❆✈❛❧✐❛r ❛s té❝♥✐❝❛s ❛♥❡♠♦♠étr✐❝❛s ♥❛ ♠❡❞✐çã♦ ✐♥❞✐r❡t❛ ❞❛ ✈❛③ã♦❀

✸✳ ■♠♣❧❡♠❡♥t❛r ♠♦❞❡❧♦s ❡♠ ❛♠❜✐❡♥t❡s ❞❡ s✐♠✉❧❛çã♦❀

✹✳ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ♣❧❛t❛❢♦r♠❛ ♣❛r❛ r❡❛❧✐③❛çã♦ ❞❡ t❡st❡s❀

✺✳ ❆✈❛❧✐❛r ❝✐r❝✉✐t♦s ❡❧❡trô♥✐❝♦s ♣❛r❛ ❛ ❝♦♠♣❡♥s❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❞♦ ✢✉✐❞♦❀
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✻✳ ❯t✐❧✐③❛r ❝✐r❝✉✐t♦s ❡❧❡trô♥✐❝♦s q✉❡ ♣r♦♠♦✈❛♠ ♦ ❛q✉❡❝✐♠❡♥t♦ ❞♦ s❡♥s♦r❀

❆ ♣r✐♥❝✐♣❛❧ ❝♦♥tr✐❜✉✐çã♦ ❞♦ tr❛❜❛❧❤♦ ♣r♦♣♦st♦ é ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠❛ té❝♥✐❝❛ ❞❡ ♠❡❞✐çã♦

❞❡ ✈❛③ã♦ ✉t✐❧✐③❛♥❞♦ ❛ ❛♥❡♠♦♠❡tr✐❛ tér♠✐❝❛ ❞❡ ❢♦r♠❛ ❛ ♦❜t❡r ❛ ❧❡✐t✉r❛ ❞❡ ✈❛③õ❡s ♥❛ ❢❛✐①❛ ❞❡

♠❡❞✐çã♦ ❞♦s ❤✐❞rô♠❡tr♦s ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ s✉❜♠❡❞✐çã♦✳ ❙❡♥s♦r❡s ❜❛s❡❛❞♦s ❡♠ ❡❧❡♠❡♥t♦s ❛q✉❡❝✐❞♦s

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

✈❛③ã♦ ❢✉♥❞❛♠❡♥t❛❞♦ ♥❡ss❡s ♣r✐♥❝í♣✐♦s ♣♦❞❡ s❡r ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ♦s ♣r♦❜❧❡♠❛s ❡①✐st❡♥t❡s ❝♦♠ ♦s

♠❡❞✐❞♦r❡s ❝♦♥✈❡♥❝✐♦♥❛✐s q✉❛♥t♦ à ♠❡❞✐çã♦ ❞❡ ♣❡q✉❡♥❛s ✈❛③õ❡s ✭♣♦✉❝♦s ❧✐tr♦s ♣♦r ❤♦r❛✮✳ P♦rt❛♥t♦✱

é ♣♦ssí✈❡❧ ❝♦♥str✉✐r ✉♠ ♠❡❞✐❞♦r ❝❛♣❛③ ❞❡ ♦♣❡r❛r ❡♠ ✉♠❛ ♠❛✐♦r ❢❛✐①❛ ❞❡ ✈❛③ã♦✳

✶✳✸ ❘❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛

❖ ♣r♦❝❡ss♦ ❞❡ ♠❡♥s✉r❛r ♦ ❝♦♥s✉♠♦ ❞❡ ✉♠ ✢✉✐❞♦ ✭❧íq✉✐❞♦ ♦✉ ❣ás✮ é ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛

♣❛r❛ q✉❛❧q✉❡r ♣r♦❝❡ss♦✱ s❡❥❛ ❡❧❡ r❡s✐❞❡♥❝✐❛❧✱ ❝♦♠❡r❝✐❛❧ ♦✉ ✐♥❞✉str✐❛❧✳ ❯♠❛ ♠❡❞✐çã♦ ❡rrô♥❡❛ ♣♦❞❡

✐♠♣❧✐❝❛r ❡♠ ♣❡r❞❛s ❝♦♥s✐❞❡rá✈❡✐s✳ P♦r ❡ss❛ r❛③ã♦✱ é ✐♠♣♦rt❛♥t❡ q✉❡ s❡❥❛ ✉t✐❧✐③❛❞♦ ♦ ♠❡❞✐❞♦r ❞❡

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

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

r❡♣r❡s❡♥tá✲❧❛ ❡♠ l/h ♦✉ ❡♠ m3/h✱ ♣♦ré♠ ❛✐♥❞❛ ❤á ♦✉tr❛s ✉♥✐❞❛❞❡s ✐♥t❡r♥❛❝✐♦♥❛✐s q✉❡ t❛♠❜é♠

sã♦ ♠✉✐t♦ ✉s❛❞❛s ❝♦♠♦ ♦ gal/h✳ ❆ ✈❛③ã♦ ♣♦❞❡ s❡r ❝❧❛ss✐✜❝❛❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✈ár✐♦s ❛s♣❡❝t♦s✱

♠❛s ♦s ♣r✐♥❝✐♣❛✐s sã♦✿ ❧❛♠✐♥❛r ❡ t✉r❜✉❧❡♥t♦✳ ❆ ✈❛③ã♦ ❧❛♠✐♥❛r é ❝❛r❛❝t❡r✐③❛❞❛ ♣♦r ✉♠ ♠♦✈✐♠❡♥t♦

s✉❛✈❡ ❡ ❝♦♥tí♥✉♦ ❡ ♣♦❞❡ s❡r ♦❜t✐❞❛ ❝♦♠ ❜❛✐①❛s ✈❡❧♦❝✐❞❛❞❡s ❡ ❝♦♠ ✢✉✐❞♦s ❞❡ ❜❛✐①❛ ❞❡♥s✐❞❛❞❡✳ ❆

✈❛③ã♦ t✉r❜✉❧❡♥t❛ é ❝❛r❛❝t❡r✐③❛❞❛ ♣♦r ✉♠ ♠♦✈✐♠❡♥t♦ ❞❡s♦r✐❡♥t❛❞♦ s❡♠❡❧❤❛♥t❡ ❛ r❡❞❡♠♦✐♥❤♦s ❡

sã♦ ♠❛✐s ❝♦♠✉♠❡♥t❡ ❡♥❝♦♥tr❛❞❛s ❡♠ r❡❣✐♠❡s q✉❡ ❛♣r❡s❡♥t❛♠ ❣r❛♥❞❡ ✈❡❧♦❝✐❞❛❞❡s ❬✼❪✳

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

❞❡ ✈❛③ã♦ ❞❡♣❡♥❞❡♠ ❞❡ ✈ár✐♦s ❢❛t♦r❡s✱ s❡❣✉♥❞♦ ✭❈❛ss✐♦❧❛t♦✱ ✷✵✵✽✮ ❬✽❪✱ ❞❡st❛❝❛✲s❡ q✉❡ ❛ ♠❡❞✐çã♦ ❞❡

✈❛③ã♦ ❞❡✈❡ s❡r r❡❧❛❝✐♦♥❛❞❛ ❝♦♠✿

✶✳ ❡①❛t✐❞ã♦ ❛ s❡r ❛❧❝❛♥ç❛❞❛❀

✷✳ t✐♣♦ ❞❡ ✢✉✐❞♦ ✲ ❣ás ♦✉ ❧íq✉✐❞♦❀

✸✳ ❝♦♥❞✐çõ❡s t❡r♠♦❞✐♥â♠✐❝❛s ✲ t❡♠♣❡r❛t✉r❛ ❡ ♣r❡ssã♦❀



❈❛♣ít✉❧♦ ✶✳ ■♥tr♦❞✉çã♦ ✶✺

✹✳ ❝✉st♦✳

P♦r ♠❡✐♦ ❞❡ss❡s ❢❛t♦r❡s✱ é ♣♦ssí✈❡❧ s❡❧❡❝✐♦♥❛r ♦ t✐♣♦ ❞❡ ♠❡❞✐❞♦r ♠❛✐s ❛❞❡q✉❛❞♦✳

❊♠ ❛♣❧✐❝❛çõ❡s ❞❡ ♠❡❞✐çã♦ ❞❛ ✈❛③ã♦✱ é ❝♦♠✉♠ t❡r ✐♥st❛❧❛çõ❡s ❡♠ t✉❜♦s ♣❛r❛ ♦ tr❛♥s♣♦rt❡

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

r❡s✐stê♥❝✐❛ ❡str✉t✉r❛❧ ❡ ❛✐♥❞❛ ❛♣r❡s❡♥t❛ ✉♠❛ ♠❛✐♦r ár❡❛ tr❛♥s✈❡rs❛❧ ♣♦r ✉♥✐❞❛❞❡✳ ❆ss✐♠✱ ❛ ♣❛❧❛✈r❛

t✉❜♦ é r❡❢❡r✐❞❛ ❛ ✉♠❛ t✉❜✉❧❛çã♦ ❞❡ s❡❝çã♦ ❝✐r❝✉❧❛r ❬✶❪✳

P❛r❛ tr❛♥s❢❡r✐r ♦ ✢✉✐❞♦ ❞❡ ✉♠ ❧♦❝❛❧ ♣❛r❛ ♦✉tr♦ é ✉t✐❧✐③❛❞❛ ✉♠❛ t✉❜✉❧❛çã♦✱ ❡ ❡♠ ✉♠❛ ❞❛s

❡①tr❡♠✐❞❛❞❡s é ❧✐❣❛❞❛ ✉♠❛ ❜♦♠❜❛✱ q✉❡ ✐rá ✐♠♣✉❧s✐♦♥❛r ♦ ✢✉✐❞♦ ♣❛r❛ ❛ ♦✉tr❛ ❡①tr❡♠✐❞❛❞❡✳ ❉❡st❛

❢♦r♠❛✱ é ♥❡❝❡ssár✐♦ q✉❡ ❤❛❥❛ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❞❡ ♣r❡ssã♦ ♣❛r❛ q✉❡ ♦ ✢✉✐❞♦ ♣♦ss❛ ❡s❝♦❛r✳ ❆ ❞✐❢❡r❡♥ç❛

❞❡ ♣r❡ssã♦ ❣❛r❛♥t❡ q✉❡ ♦ ✢✉✐❞♦ ❛t✐♥❥❛ ❡q✉✐❧í❜r✐♦ ♦✉ ✜q✉❡ ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✳ ❆ t✉❜✉❧❛çã♦

❝✐r❝✉❧❛r ❛❝❛rr❡t❛ ♣❡r❞❛ ❞❡ ❝❛r❣❛ ❛♦ ❧♦♥❣♦ ❞❛ ❡str✉t✉r❛✳ ❊ss❛ ♣❡r❞❛ ❞❡ ❝❛r❣❛ é ❛tr✐❜✉í❞❛ ❛ ✈ár✐♦s

♣❛râ♠❡tr♦s ❝♦♠♦✿ ♠❛t❡r✐❛❧ ❞❡ ❢❛❜r✐❝❛çã♦ ❞♦ t✉❜♦❀ ❞✐â♠❡tr♦ ❞♦ t✉❜♦❀ ♦ tr❛t❛♠❡♥t♦ ❞❛ s✉♣❡r❢í❝✐❡

✐♥t❡r♥❛ ❞♦ t✉❜♦❀ ✐❞❛❞❡ ❞❛ t✉❜✉❧❛çã♦✱ ❡♥tr❡ ♦✉tr♦s ❬✽❪✳

P❛r❛ t✉❜✉❧❛çõ❡s ✉t✐❧✐③❛❞❛s ♣❛r❛ ❛ ♠❡❞✐çã♦ ❡ ❢❛t✉r❛♠❡♥t♦ ❞❡ á❣✉❛✱ s❡❣✉♥❞♦ ✭P❡r❡✐r❛✱ ✷✵✵✽✮✱

❛✈❛❧✐❛✲s❡ q✉❡ ❞❡ ✽✪ ❛ ✷✸✪ ❞❛ á❣✉❛ ♣r♦❞✉③✐❞❛ é ♣❡r❞✐❞❛ ♣♦r s✉❜♠❡❞✐çã♦✱ ❞❡✈✐❞♦ ❛ s✐st❡♠❛s q✉❡

❛♣r❡s❡♥t❛♠ ❜❛✐①❛s ✈❛③õ❡s✱ ♣r♦♣♦r❝✐♦♥❛❞❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❡❧♦ ✉s♦ ❞❡ s✐st❡♠❛s ❧❡♥t♦s ❞❡ ❛❜❛st❡✲

❝✐♠❡♥t♦s ❝♦♠♦✿ ❝❛✐①❛s ❞✬á❣✉❛✱ t❛♥q✉❡s ❞❡ ❛❜❛st❡❝✐♠❡♥t♦✱ ❡t❝ ❬✶❪✳

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

❞❡♥♦♠✐♥❛❞♦s ❞❡ ♠♦♥♦❥❛t♦s ❡ ♠✉❧t✐❥❛t♦s✳ ❊ss❡s ♠❡❞✐❞♦r❡s sã♦ ❡①t❡♥s✐✈❛♠❡♥t❡ ✉t✐❧✐③❛❞♦s ❡♠ t♦❞♦ ♦

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

r❡s✐❞❡♥❝✐❛✐s ❡ ♥ã♦ r❡s✐❞❡♥❝✐❛✐s✳ ◆♦ ❇r❛s✐❧✱ ❡ss❡ t✐♣♦ ❞❡ ♠❡❞✐❞♦r ❡stá ♣r❡s❡♥t❡ ❡♠ q✉❛s❡ t♦❞❛s ❛s

❞❡ ✐♥st❛❧❛çõ❡s r❡s✐❞❡♥❝✐❛✐s ❤✐❞r♦♠❡tr❛❞❛s✳ P❛r❛ ✈❛③õ❡s ♠❛✐s ❜❛✐①❛s✱ ♦ ❡rr♦ ❞❡ ✐♥❞✐❝❛çã♦ ♣♦❞❡

❝❤❡❣❛r ❛ ✶✵✵✪✳ ◆❡ss❛s ✈❛③õ❡s✱ ❡ss❡s ♠❡❞✐❞♦r❡s sã♦ ✐♥❝❛♣❛③❡s ❞❡ ♣r♦♣♦r❝✐♦♥❛r ♦ ♠♦✈✐♠❡♥t♦ ❞❛s

t✉r❜✐♥❛s✱ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❡❢❡t✉❛r ❛ t❛r✐❢❛çã♦ ❞❛ á❣✉❛ ❝♦♥s✉♠✐❞❛✳

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

r❛r ❡ss❛s ✈❛③õ❡s ♠í♥✐♠❛s✳ P♦rt❛♥t♦✱ s✉r❣❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞♦ ✉s♦ ❞❡ t❡❝♥♦❧♦❣✐❛s q✉❡ ♥ã♦ ❞❡♣❡♥❞❛♠

❞♦ ♠♦✈✐♠❡♥t♦ ❞❡ ✉♠❛ t✉r❜✐♥❛✱ ♦✉ s❡❥❛✱ q✉❡ ♥ã♦ ♥❡❝❡ss✐t❡♠ ❞❡ ✉♠❛ ❢♦rç❛ ♠í♥✐♠❛ ♣❛r❛ ♣r♦♣♦r✲

❝✐♦♥❛r ♦ s❡✉ ♠♦✈✐♠❡♥t♦✱ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❛ t❛r✐❢❛çã♦ ❛ss♦❝✐❛❞❛✳ ❆s té❝♥✐❝❛s ❛♥❡♠♦♠étr✐❝❛ ❡

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

❡ss❡ ♣r♦❜❧❡♠❛ ❡①✐st❡♥t❡ ♥♦s ♠❡❞✐❞♦r❡s ❞❡ t✉r❜✐♥❛✳

❙❡❣✉♥❞♦ ✭❉❛❧♦❧❛✱ ✷✵✶✷✮✱ ▼❊▼❙ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ♣❛r❛ ♠❡❞✐r ✈❛③õ❡s✱ ❛t✐♥❣✐♥❞♦ ❛❧t❛ s❡♥✲

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

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

s✐st❡♠❛s ✐♥t❡❧✐❣❡♥t❡s✱ ❡ ♠✉✐t♦s ❞❡ss❡s s✐st❡♠❛s s❡ ❛♣♦✐❛♠ ❡♠ té❝♥✐❝❛s ❞❡ tr❛♥s❞✉çã♦ tér♠✐❝❛✱

❝♦♠♦ ❛ ❝❛❧♦r✐♠étr✐❝❛ ❡ ❛♥❡♠♦♠étr✐❝❛ ❬✾❪✳
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P❡sq✉✐s❛s ❛♣♦♥t❛♠ ♣❛r❛ ✉♠ ❣r❛♥❞❡ ✉s♦ ❞❡ ▼❊▼❙ ♥❛ ♠❡❞✐çã♦ ❞❡ ✢✉①♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❡❧♦

✉s♦ ❞❡ ♥♦✈❛s t❡❝♥♦❧♦❣✐❛s ❞❡ ♠✐❝r♦✲✉s✐♥❛❣❡♠✳ ❖s s❡♥s♦r❡s ❞❡ ✢✉①♦ q✉❡ ♠❡❞❡♠ ❛ ❛ss✐♠❡tr✐❛ ❞♦ ♣❡r✜❧

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

s❡❣✉♥❞♦ ✭◆❣✉②❡♥✱ ✷✵✵✼✮ ❬✶✵❪✳

P❛r❛ ♦ ✉s♦ ❞❛ ❛♥❡♠♦♠❡tr✐❛ tér♠✐❝❛✱ ❙❡❣✉♥❞♦ ✭❈❡r✐♠♦✈✐❝✱ ✷✵✵✾✮✱ ♦ ♣❡q✉❡♥♦ t❛♠❛♥❤♦ ❞♦

s❡♥s♦r r❡s✉❧t❛ ❡♠ ❜❛✐①♦s t❡♠♣♦s ❞❡ r❡s♣♦st❛✳ ❊ss❡s s❡♥s♦r❡s ♣♦❞❡♠ s❡r ♦♣❡r❛❞♦s ❡♠ ❞♦✐s ♠♦❞♦s

❞✐❢❡r❡♥t❡s✿ ♠♦❞♦ ♣♦tê♥❝✐❛ ❝♦♥st❛♥t❡ ❡ ♠♦❞♦ ❞❡ ❞✐❢❡r❡♥ç❛ ❞❡ t❡♠♣❡r❛t✉r❛ ❝♦♥st❛♥t❡✳ ❆♣❧✐❝❛♥❞♦

♣♦tê♥❝✐❛ ❞❡ ❛q✉❡❝✐♠❡♥t♦ ❝♦♥st❛♥t❡✱ ✉♠❛ ❛❧t❛ s❡♥s✐❜✐❧✐❞❛❞❡ só é ✈✐á✈❡❧ ❞❡♥tr♦ ❞❡ ✉♠❛ ❢❛✐①❛ ❞❡ ✢✉①♦

❧✐♠✐t❛❞♦✳ ❆ss✐♠✱ ♣❛r❛ ❛s ✈❡❧♦❝✐❞❛❞❡s ♠❛✐s ❡❧❡✈❛❞❛s✱ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ s❛í❞❛ t♦r♥❛✲s❡ ❛♠❜í❣✉❛✳

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

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

❡ ♦ ✢✉✐❞♦ é ❞❡s❡❥á✈❡❧ ❬✶✶❪✳

P❛r❛ s❡ ✉s❛r ✉♠❛ ❡str✉t✉r❛ ❝❛❧♦r✐♠étr✐❝❛ é ♥❡❝❡ssár✐♦ t❡r ✉♠ ❛q✉❡❝❡❞♦r ❡ s❡♥s♦r❡s ❞❡ t❡♠♣❡✲

r❛t✉r❛ ♣❛r❛ ♠❡❞✐r ❛ ❞✐str✐❜✉✐çã♦ ❞❡ t❡♠♣❡r❛t✉r❛ ♥❛ ✈✐③✐♥❤❛♥ç❛ ❞♦ ❛q✉❡❝❡❞♦r✳ ❙❡❣✉♥❞♦ ✭❇❛rr❡t♦✱

✷✵✶✶✮✱ ❛s ❞✐stâ♥❝✐❛s ❛ q✉❡ ♦s ❡❧❡♠❡♥t♦s ✐rã♦ s❡ ❧♦❝❛❧✐③❛r ❢❛③❡♠ ❝♦♠ q✉❡ ♦ ❞✐s♣♦s✐t✐✈♦ ❝♦♥str✉í❞♦

s❡❥❛ ❛tr✐❜✉í❞♦ ❛ ✉♠❛ ♠❛r❣❡♠ ❡s♣❡❝í✜❝❛ ❞❡ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦✳ ❖✉tr♦ ♣♦♥t♦ ✐♠♣♦rt❛♥t❡ é ❛ ❞✐s✲

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

✈❡❧♦❝✐❞❛❞❡ ♥❛ ✈✐③✐♥❤❛♥ç❛ ❞❛ ♣❛r❡❞❡ ❞♦ t✉❜♦ é ♣r❛t✐❝❛♠❡♥t❡ ♥✉❧♦ ❡ s❡ ❢♦r ❝♦❧♦❝❛❞♦ ❞✐st❛♥t❡ ❞❛ ♣❛✲

r❡❞❡ ❞♦ t✉❜♦ ♣♦❞❡ ✐♥✢✉❡♥❝✐❛r ♥♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡✳ ❉❡ss❛ ❢♦r♠❛✱ s❡ t♦r♥❛ ♥❡❝❡ssár✐♦ ❡♥❝♦♥tr❛r

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

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

♠é❞✐❛ ❞♦ ✢✉①♦✱ ❜❛st❛♥❞♦ ❝❛❧❝✉❧❛r ❛ ✈❛③ã♦ ❞❡ s❛í❞❛ ♣❡❧❛ ✐♥t❡❣r❛❧ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ♦✉t❧❡t ❬✶✷❪✳

P♦rt❛♥t♦✱ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦✱ ❛ ❛♣❧✐❝❛çã♦ ❞❡ té❝♥✐❝❛s ❛♥❡♠♦♠étr✐❝❛s ♦✉ ❝❛❧♦r✐♠étr✐❝❛s

❛ss♦❝✐❛❞❛s ❛ t❡❝♥♦❧♦❣✐❛ ▼❊▼❙ ♠♦str❛✲s❡ ❝♦♠♦ ✉♠❛ s♦❧✉çã♦ ♣r♦♠✐ss♦r❛ ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞❡

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

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

♣❡r❞❛s ♣❛r❛ ❛s ❡♠♣r❡s❛s ❞❡ ❛❜❛st❡❝✐♠❡♥t♦ ❞❡ á❣✉❛✳ ◆❡st❡ tr❛❜❛❧❤♦ é ♣r♦♣♦st♦ q✉❡ ❛ ❛♥❡♠♦♠❡tr✐❛

tér♠✐❝❛ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ♣❛r❛ ♠❡❞✐r ❛ ✈❛③ã♦ ❞❡ á❣✉❛ ❡♠ t✉❜✉❧❛çõ❡s ❞❡ ❛❜❛st❡❝✐♠❡♥t♦ ❡♠

r❡❣✐♠❡ ❞❡ s✉❜♠❡❞✐çã♦✱ ✉t✐❧✐③❛♥❞♦ ♣❛r❛ ✐ss♦ ✉♠ s❡♥s♦r ❛q✉❡❝✐❞♦ ✭❍♦t✲✜❧♠✮ ❢❛❜r✐❝❛❞♦ ♥❛ t❡❝♥♦❧♦❣✐❛

▼❊▼❙ ✳
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✶✳✹ ❖r❣❛♥✐③❛çã♦ ❞❛ ❞✐ss❡rt❛çã♦

❆ ❞✐ss❡rt❛çã♦ ❡stá ♦r❣❛♥✐③❛❞❛ ❡♠ s❡✐s ❝❛♣ít✉❧♦s✱ ✐♥❝❧✉✐♥❞♦ ❡st❡ ❝❛♣ít✉❧♦ ✐♥tr♦❞✉tór✐♦✱ ❞❛ s❡✲

❣✉✐♥t❡ ❢♦r♠❛✿

❼ ♥♦ ❝❛♣ít✉❧♦ ✷ é ❛♣r❡s❡♥t❛❞❛ ❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ❞♦ tr❛❜❛❧❤♦✱ ❛❜♦r❞❛♥❞♦ ♦s ♣r✐♥❝í♣✐♦s

tér♠✐❝♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦✱ ❛❧é♠ ❞❛s té❝♥✐❝❛s ❞❡ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦ ❡♥❝♦♥✲

tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛✳ ❚❛♠❜é♠ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ❡st✉❞♦ s♦❜r❡ ♦s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s❀

❼ ♥♦ ❝❛♣ít✉❧♦ ✸ é ❛♣r❡s❡♥t❛❞❛ ❛ s♦❧✉çã♦ ♣r♦♣♦st❛ ♣❛r❛ ❡ss❡ tr❛❜❛❧❤♦ ❡ t❛♠❜é♠ sã♦ ❛♣r❡s❡♥✲

t❛❞♦s ♦s r❡s✉❧t❛❞♦s ❞❡ s✐♠✉❧❛çõ❡s r❡❛❧✐③❛❞❛s ♥♦ s♦❢t✇❛r❡ ❈❖▼❙❖▲✱ q✉❡ sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛

❝♦♠♣r❡❡♥❞❡r ❝♦♠♦ ♦ ✢✉✐❞♦ s❡ ❝♦♠♣♦rt❛ ❝♦♠ ❛ ♣r❡s❡♥ç❛ ❞♦ s❡♥s♦r✳ ❙❡♥❞♦ ♣♦ssí✈❡❧ ❞❡t❡r✲

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

t❡st❡s✮✳

❼ ♥♦ ❝❛♣ít✉❧♦ ✹ é ❛♣r❡s❡♥t❛❞♦ ✉♠ ❡st✉❞♦ s♦❜r❡ ❛♥❡♠ô♠❡tr♦s ❡♠ ❝✐r❝✉✐t♦ ❛ t❡♠♣❡r❛t✉r❛ ❝♦♥s✲

t❛♥t❡✳ ❈♦♠❡♥t❛✲s❡ s♦❜r❡ ❛ ❝❛r❛❝t❡r✐③❛çã♦ ❞❡ss❡s s❡♥s♦r❡s ❡ ❝♦♠♦ ♦s ♣❛râ♠❡tr♦s ❞❛ ▲❡✐

❞❡ ❑✐♥❣ ♣♦❞❡♠ s❡r ❞❡t❡r♠✐♥❛❞♦s✱ ❛✐♥❞❛ é ❛♣r❡s❡♥t❛❞♦ ❛ t❡♦r✐❛ s♦❜r❡ ❛ ❝♦♠♣❡♥s❛çã♦ ❞❛

t❡♠♣❡r❛t✉r❛ ❞♦ ✢✉✐❞♦ ♣❛r❛ ❛♥❡♠ô♠❡tr♦s ❛ ✜❧♠❡ q✉❡♥t❡❀

❼ ♥♦ ❝❛♣ít✉❧♦ ✺ é ❛♣r❡s❡♥t❛❞❛ ❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s q✉❡ ❢♦✐ ❝♦♥str✉í❞❛ ♣❛r❛ ❛✈❛❧✐❛r ♦ ❞❡s❡♠✲

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

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

❞♦s ❡①♣❡r✐♠❡♥t❛✐s ♦❜t✐❞♦s ❡ ❛ ❛♥á❧✐s❡ ❞♦s ❞❛❞♦s ❛ ✜♠ ❞❡ ❝♦♠♣r♦✈❛r ♦ ✉s♦ ❞❛ ❛♥❡♠♦♠❡tr✐❛

tér♠✐❝❛ ♥❛ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦❀

❼ ♣♦r ✜♠✱ ♥♦ ❝❛♣ít✉❧♦ ✻ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝♦♥❝❧✉sõ❡s ❡ ❛s ♣❡rs♣❡❝t✐✈❛s ❞❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳



✶✽

✷ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛

❆ ♠❡❞✐çã♦ ❛❞❡q✉❛❞❛ ❞❡ ✈❛③ã♦ ❞❡ ✢✉✐❞♦s é ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♥♦s ♣r♦❝❡ss♦s ✐♥❞✉str✐❛✐s✱

♣♦✐s t❡♠ ✐♠♣❧✐❝❛çõ❡s ❞✐r❡t❛s ♥❛ q✉❛❧✐❞❛❞❡✱ ♣r♦❞✉t✐✈✐❞❛❞❡✱ s❡❣✉r❛♥ç❛ ❡ ❡✜❝✐ê♥❝✐❛ ❞♦s ♣r♦❝❡ss♦s✳

◆ã♦ s♦♠❡♥t❡ ♥♦s ♣r♦❝❡ss♦s ✐♥❞✉str✐❛✐s✱ ♠❛s ❛ ♠❡❞✐çã♦ ❝♦rr❡t❛ ❞❛ ✈❛③ã♦ t❛♠❜é♠ é ❡ss❡♥❝✐❛❧ ❛♦

tr❛t❛r ❞❡ ✈♦❧✉♠❡s ❞❡ ♣r♦❞✉t♦s ❝♦♠❡r❝✐❛❧✐③❛❞♦s✱ ❝♦♠♦ á❣✉❛ ❡ ❣ás ♥❛t✉r❛❧✳ ❚♦❞♦s ♦s ♠❡❞✐❞♦r❡s

❞❡ ✈❛③ã♦ ❛♣r❡s❡♥t❛♠ ✉♠ ❡rr♦ ✐♥❡r❡♥t❡ ❞❡ ❧❡✐t✉r❛✱ ❡ ❡ss❡ ❡rr♦ ❡stá ❞✐r❡t❛♠❡♥t❡ ❛ss♦❝✐❛❞♦ ❛♦ t✐♣♦

❞❡ ✢✉✐❞♦ ❡ ❛♣❧✐❝❛çã♦ ❛ q✉❡ s❡ ❞❡st✐♥❛✳ P♦r ❡st❛ r❛③ã♦✱ é ♣♦ssí✈❡❧ ❡♥❝♦♥tr❛r ❞✐✈❡rs♦s t✐♣♦s ❞❡

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

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

❛ ✈❛③ã♦ ❞❡ á❣✉❛ ❡♠ r❡s✐❞ê♥❝✐❛s✱ ♣♦✐s ❛❝❛rr❡t❛r✐❛ ❡rr♦s ❞❡ ❧❡✐t✉r❛✱ ❝♦♠♣r♦♠❡t❡♥❞♦ ♦ ❢❛t✉r❛♠❡♥t♦

❞❛s ❝♦♥❝❡ss✐♦♥ár✐❛s ❞❡ á❣✉❛✳ ❆♦ ♣r❡st❛r ✉♠ s❡r✈✐ç♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❛❧❣✉♠ ✢✉✐❞♦✱ ❛ ❡♠♣r❡s❛

q✉❡r t❡r ❛ ❝❡rt❡③❛ ❞❡ q✉❡ ♣❡r❞❡rá ♦ ♠í♥✐♠♦ ♣♦ssí✈❡❧ ❞❡ss❡ ✢✉✐❞♦✳ P♦rt❛♥t♦✱ ♦ ❡st✉❞♦ s♦❜r❡ ❛

♠❡❞✐çã♦ ❞❡ ✈❛③ã♦✱ ❜❡♠ ❝♦♠♦ ♦s ♠ét♦❞♦s ❞❡ ♠❡❞✐çã♦✱ sã♦ ♥❡❝❡ssár✐♦s ❡ ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛

♣❛r❛ ❛s ❡♠♣r❡s❛s✳ ◆❡st❡ tr❛❜❛❧❤♦ é ♣r♦♣♦st♦ ✉♠ s✐st❡♠❛ ❞❡ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦ q✉❡ s❡ ❜❛s❡✐❛ ♥❛

❛♥❡♠♦♠❡tr✐❛ tér♠✐❝❛✱ ❡ ✉t✐❧✐③❛ ❛ t❡❝♥♦❧♦❣✐❛ ▼❊▼❙ ✳

❖s ♣r✐♥❝✐♣❛✐s ❛s♣❡❝t♦s s♦❜r❡ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦✱ ❛♥❡♠♦♠❡tr✐❛ tér♠✐❝❛ ❡ ❛ t❡❝♥♦❧♦❣✐❛ ▼❊▼❙

sã♦ ❛♣r❡s❡♥t❛❞♦s ❛ s❡❣✉✐r✱ ❡ ♣♦r ✜♠ é ❢❡✐t❛ ✉♠❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ ❛❝❡r❝❛ ❞❡ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦

❜❛s❡❛❞❛ ❡♠ ❡❧❡♠❡♥t♦s ❛q✉❡❝✐❞♦s✱ ✐♥❝❧✉✐♥❞♦ ♦s s❡♥s♦r❡s ❝❛❧♦r✐♠étr✐❝♦s ❡ ♦s ❛♥❡♠ô♠❡tr♦s ❛ ✜♦

q✉❡♥t❡ ❡ ✜❧♠❡ q✉❡♥t❡✳

✷✳✶ ▼❡❞✐çã♦ ❞❡ ✈❛③ã♦

❆ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦ ♥ã♦ ❡stá ♣r❡s❡♥t❡ ❛♣❡♥❛s ♥❛s ✐♥❞ústr✐❛s✱ ♣❛r❛ ❝♦♥tr♦❧❡ ❡ ♠❡❞✐çã♦ ❞❛

q✉❛♥t✐❞❛❞❡ ❞❡ ✢✉①♦ ❞❡ ✢✉✐❞♦s ♥♦s ♣r♦❝❡ss♦s✱ ♠❛s ❡stá t❛♠❜é♠ ❞❡♥tr♦ ❞❛s r❡s✐❞ê♥❝✐❛s ♣❛r❛ r❡❛❧✐③❛r

♦ ❢❛t✉r❛♠❡♥t♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ á❣✉❛ ❬✽❪✳ ❆ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦ ❝♦♥s✐st❡ ❡♠ ♠❡♥s✉r❛r ❛ q✉❛♥t✐❞❛❞❡

❞❡ ✢✉✐❞♦ q✉❡ ❛tr❛✈❡ss❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ s❡❝çã♦ ♣❧❛♥❛ ❡♠ ✉♠ ❞❛❞♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦✳ ❱❛③ã♦

♣♦❞❡ s❡r ❞❡✜♥✐❞❛ ❝♦♠♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♠❛ss❛ ♦✉ ❧íq✉✐❞♦ q✉❡ ❡s❝♦❛ ❛tr❛✈és ❞❡ ✉♠❛ s❡çã♦ ❞❡ ✉♠❛



❈❛♣ít✉❧♦ ✷✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✶✾

t✉❜✉❧❛çã♦ ♦✉ ❝❛♥❛❧ ♣♦r ✉♥✐❞❛❞❡ ❞❡ t❡♠♣♦✱ ♣♦❞❡♥❞♦ s❡r ✈♦❧✉♠étr✐❝❛ ♦✉ ♠áss✐❝❛ ✭kg/h✮✳ ❆ ✈❛③ã♦

✈♦❧✉♠étr✐❝❛ ❝♦rr❡s♣♦♥❞❡ à q✉❛♥t✐❞❛❞❡ ❡♠ ✈♦❧✉♠❡ ❞❡ ✉♠ ✢✉✐❞♦ q✉❡ ❡s❝♦❛ ❛tr❛✈és ❞❡ ✉♠❛ s❡❝çã♦

❡♠ ✉♠ ❞❛❞♦ ✐♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❬✷❪✱ ❬✼❪✱ ❞❛❞❛ ♣❡❧❛ ❡q✉❛çã♦ ✷✳✶✿

Qv =
V

t
✭✷✳✶✮

♦♥❞❡✿ ❱ é ♦ ✈♦❧✉♠❡ ✭m3✮ ❡ t ♦ t❡♠♣♦ ✭s✮✳

❊♥q✉❛♥t♦ q✉❡ ❛ ✈❛③ã♦ ♠áss✐❝❛ ♣♦❞❡ s❡r ❞❡✜♥✐❞❛ ❝♦♠♦ ❛ q✉❛♥t✐❞❛❞❡ ❡♠ ♠❛ss❛ ❞❡ ✉♠ ✢✉✐❞♦

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

✷✳✷✿

Qm =
m

t
✭✷✳✷✮

♦♥❞❡✿ ♠ é ❛ ♠❛ss❛ ✭kg✮ ❡ t ♦ t❡♠♣♦ ✭s✮✳

◆❛ ♠❛✐♦r✐❛ ❞❛s ❛♣❧✐❝❛çõ❡s✱ ❛ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦ é ❢❡✐t❛ ✐♥❞✐r❡t❛♠❡♥t❡✳ P❛r❛ ♠❡❞✐r ❛ ✈❛③ã♦

❞❡ á❣✉❛ ❡♠♣r❡❣❛✲s❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞♦✐s ♠ét♦❞♦s✿ ♦s ✈♦❧✉♠étr✐❝♦s ❡ ♦s ✈❡❧♦❝✐♠étr✐❝♦s ❬✶✸❪✳ ❖s

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

♦❜t✐❞❛s ❛ ♣❛rt✐r ❞♦ ❡♥❝❤✐♠❡♥t♦ ❡ ❡s✈❛③✐❛♠❡♥t♦ ❞❡ ✉♠❛ ❝â♠❛r❛✳ ■ss♦ ♦ t♦r♥❛ ♠❛✐s s❡♥sí✈❡❧ q✉❡

♦s ❞❡♠❛✐s✱ s❡♥❞♦ ♣♦ssí✈❡❧ ♠❡❞✐r ✈❛③õ❡s ♠✉✐t♦ ❜❛✐①❛s✱ ❞❛ ♦r❞❡♠ ❞❡ 1l/h✳ ◆♦ ❡♥t❛♥t♦✱ ♦ s❡✉ ✉s♦

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

♠❡❞✐❞♦r❡s ❡ ✉♠❛ ♠❛✐♦r ♣❡r❞❛ ❞❡ ❝❛r❣❛✱ q✉❡ sã♦ ♣❡r❞❛s ❞❡✈✐❞♦ ❛ ✈✐s❝♦s✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ❡ ♦ s❡✉

❛tr✐t♦ ❝♦♠ ❛s ♣❛r❡❞❡s ✐♥t❡r♥❛s✱ ❝♦♠♣❛r❛❞❛ ❛♦s ✈❡❧♦❝✐♠étr✐❝♦s✳ ❖s ♠❡❞✐❞♦r❡s ✈❡❧♦❝✐♠étr✐❝♦s tê♠

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

♣❛ss❛❣❡♠ ❞♦ ✢✉✐❞♦✳ ❊ss❡ s✐st❡♠❛ ❛❝❛rr❡t❛ ❛❧❣✉♥s ♣r♦❜❧❡♠❛s✱ ♣♦✐s é ♥❡❝❡ssár✐♦ ✈❡♥❝❡r ❛ ✐♥ér❝✐❛

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

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

❛♦s ✈♦❧✉♠étr✐❝♦s✱ ❡ ❛✐♥❞❛ ♣♦❞❡♠ tr❛❜❛❧❤❛r ❡♠ ✈❛③õ❡s ❡①tr❡♠❛s✱ ❝❛s♦ s❡❥❛ ♥❡❝❡ssár✐♦ ❬✶❪✳

❊①✐st❡♠ ✈ár✐♦s ♣r♦❜❧❡♠❛s q✉❡ ❛❢❡t❛♠ ❛ ♠❡❞✐çã♦ ❝♦rr❡t❛ ❞♦s ✈❛❧♦r❡s ❝♦♥s✉♠✐❞♦s ❞❡ á❣✉❛✳ ❊ss❡s

♣r♦❜❧❡♠❛s ♣♦❞❡♠ s❡r ❞❡ ♦r✐❣❡♠ ❤✉♠❛♥❛✱ ♥♦ q✉❡ ❞✐③ r❡s♣❡✐t♦ às ❢r❛✉❞❡s✳ P♦❞❡♠ ❛✐♥❞❛ ❡st❛r

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

♣r❡ssã♦✳ ❊ ♣♦r ✜♠✱ ♣♦❞❡♠ s❡r ❞❡❝♦rr❡♥t❡s ❞❛ ❢❛❜r✐❝❛çã♦ ❞♦ ♠❡❞✐❞♦r ❞❡ ✈❛③ã♦✱ ❝♦♠♦ ❞❡❢❡✐t♦s ❞❡

❢❛❜r✐❝❛çã♦✱ ❞❡s❣❛st❡ ❡ s✉❜♠❡❞✐çã♦✳ ❆ s✉❜♠❡❞✐çã♦ ❡stá r❡❧❛❝✐♦♥❛❞❛ às ♣❡q✉❡♥❛s ✈❛③õ❡s q✉❡ ♥ã♦

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



❈❛♣ít✉❧♦ ✷✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✵

♥❛s r❡s✐❞ê♥❝✐❛s✳ ◆❛ ❋✐❣✉r❛ ✶✱ t❡♠♦s ✉♠ ❣rá✜❝♦ ♠♦str❛♥❞♦ ❛s r❡❣✐õ❡s ❞❡ ♠❡❞✐çã♦ ❞♦s ♠❡❞✐❞♦r❡s

✈❡❧♦❝✐♠étr✐❝♦s✳

❋✐❣✉r❛ ✶ ✕ ❈✉r✈❛s ❞❡ ❡rr♦s ❞❡ ✉♠ ❤✐❞rô♠❡tr♦ ✭❱❛③õ❡s ❡♠ l/h✮✳ ❬✶❪

❈♦♥❢♦r♠❡ ♦❜s❡r✈❛❞♦✱ ♦s ❤✐❞rô♠❡tr♦s ♥ã♦ sã♦ ❝❛♣❛③❡s ❞❡ ♠❡❞✐r ✈❛❧♦r❡s ✐♥❢❡r✐♦r❡s ❛ Qmin✳

❊♥tã♦✱ ❝♦♠ ❛ ❛♣❧✐❝❛çã♦ ❞❛ té❝♥✐❝❛ ❞❡ ❛♥❡♠♦♠❡tr✐❛ tér♠✐❝❛✱ é ♣♦ssí✈❡❧ ✐♠♣❧❡♠❡♥t❛r s✐st❡♠❛s ❞❡

♠❡❞✐çã♦ ❝❛♣❛③❡s ❞❡ ♠❡❞✐r ✈❛❧♦r❡s ♠✉✐t♦ ❜❛✐①♦s ❞❡ ✈❛③ã♦✳ ❊♠ ❛❧❣✉♥s tr❛❜❛❧❤♦s sã♦ ❛❧❝❛♥ç❛❞♦s

✈❛❧♦r❡s ❞❛ ♦r❞❡♠ ❞❡ ✵✱✶ l/h✳

✷✳✷ ❙✐st❡♠❛s tér♠✐❝♦s ❛♣❧✐❝❛❞♦s ❛ ♠❡❞✐çã♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✢✉✐❞♦s

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

❛q✉❡❝✐❞♦ ❬✶✹❪✳ ❙ã♦ ❡❧❛s✿

✶✳ ❆♥❡♠♦♠❡tr✐❛ tér♠✐❝❛✿ ✉♠ ❛q✉❡❝❡❞♦r é ♠❛♥t✐❞♦ ❛ ✉♠❛ t❡♠♣❡r❛t✉r❛ ❝♦♥st❛♥t❡ ♦✉ ❛ ✉♠❛

♣♦tê♥❝✐❛ ❝♦♥st❛♥t❡ ❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ é ❝❛❧❝✉❧❛❞❛ ❛ ♣❛rt✐r ❞❛ ♣❡r❞❛ ❞❡ ❝❛❧♦r ❞♦ ❡❧❡♠❡♥t♦

❛q✉❡❝❡❞♦r❀

✷✳ Pr✐♥❝í♣✐♦ ❈❛❧♦r✐♠étr✐❝♦✿ ✉♠ ❛q✉❡❝❡❞♦r é ♠❛♥t✐❞♦ s♦❜r❡ ✉♠❛ t❡♠♣❡r❛t✉r❛✱ ❡ ❞♦✐s s❡♥s♦r❡s

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



❈❛♣ít✉❧♦ ✷✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✶

✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦❀

✸✳ Pr✐♥❝í♣✐♦ ▼✐❝r♦ ❈❛❧♦r✐♠étr✐❝♦✿ ➱ s✐♠✐❧❛r ❛♦ ♣r✐♥❝í♣✐♦ ❝❛❧♦r✐♠étr✐❝♦✱ é ❞✐❢❡r❡♥t❡ ❛♣❡♥❛s ♣❡❧❛

❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ❡❧❡♠❡♥t♦ ❛q✉❡❝❡❞♦r ❡ ♦s ❡❧❡♠❡♥t♦s s❡♥s♦r❡s✳ ❊❧❡s ❡stã♦ ❞✐s♣♦st♦s ♠✉✐t♦

♣ró①✐♠♦s✱ ♣♦❞❡♥❞♦ ❡st❛r ❛ ❞é❝✐♠♦s ❞❡ ♠✐❧í♠❡tr♦s ❞❡ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ s❡♥s♦r ❛q✉❡❝✐❞♦ ❡ ♦s

s❡♥s♦r❡s ❞❡ t❡♠♣❡r❛t✉r❛❀

✹✳ ❚✐♠❡ ♦❢ ❋❧✐❣❤t ✿ ❯♠ ❛q✉❡❝❡❞♦r ✐♥s❡r❡ ✉♠ ♣✉❧s♦ ❞❡ ❝❛❧♦r ♥♦ ✢✉✐❞♦ ❡ ❞❡♣♦✐s ❞❡ ❛❧❣✉♥s ♠✐✲

❧✐ss❡❣✉♥❞♦s é s❡♥t✐❞♦ ♣♦r ✉♠ s❡♥s♦r ❞❡ t❡♠♣❡r❛t✉r❛ ❝♦❧♦❝❛❞♦ ❛ ✉♠❛ ❞✐stâ♥❝✐❛ ❝♦♥❤❡❝✐❞❛ ❡

❝♦♠ ♦ t❡♠♣♦ ❡ ❛ ❞✐stâ♥❝✐❛ ❝♦♥❤❡❝✐❞♦s ❡♥❝♦♥tr❛✲s❡ ❛ ✈❡❧♦❝✐❞❛❞❡✳

❈❛❞❛ té❝♥✐❝❛ ❡✈✐❞❡♥❝✐❛ ✉♠❛ ❢♦r♠❛ ❞❡ ❛♣❧✐❝❛çã♦✳ ❖ ♣r✐♥❝í♣✐♦ ❛♥❡♠♦♠étr✐❝♦ ✭❛♥❡♠♦♠❡tr✐❛ tér✲

♠✐❝❛✮ ✉t✐❧✐③❛❞♦ ♣❛r❛ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦ ✭♣r✐♥❝í♣✐♦ ❛❞♦t❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦✮ s❡ ❜❛s❡✐❛ ♥❛ ♣❡r❞❛ ❞❡

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

r❡❢r✐❣❡r❛❞♦ ❛ ♣❛rt✐r ❞♦ ❡s❝♦❛♠❡♥t♦ ❞♦ ✢✉✐❞♦✳ ❊ss❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r ❞❡♣❡♥❞❡ ❞❛ ✈❡❧♦❝✐❞❛❞❡

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

♠❛✐♦r s❡rá ❛ r❡❢r✐❣❡r❛çã♦ ❞♦ s❡♥s♦r ❞❡ t❡♠♣❡r❛t✉r❛✳

❖ ♣r✐♥❝✐♣✐♦ ❛♥❡♠♦♠étr✐❝♦ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ❡♠ ❞♦✐s ♠♦❞♦s✿ ♠♦❞♦ ❞❡ ♣♦tê♥❝✐❛ ❝♦♥st❛♥t❡ ❡ ♦

♠♦❞♦ ❞❡ ❞✐❢❡r❡♥ç❛ ❞❡ t❡♠♣❡r❛t✉r❛ ❝♦♥st❛♥t❡✳ ◆♦ ♠♦❞♦ ❞❡ ♣♦tê♥❝✐❛ ❝♦♥st❛♥t❡✱ ❛ ♣♦tê♥❝✐❛ ✉s❛❞❛

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

é r❡❧❛❝✐♦♥❛❞❛ à q✉❡❞❛ ❞❡ t❡♠♣❡r❛t✉r❛ ❞♦ ❛q✉❡❝❡❞♦r✳ ❊♥q✉❛♥t♦ q✉❡ ♥♦ ♠♦❞♦ ❞❡ t❡♠♣❡r❛t✉r❛

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

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

✢✉✐❞♦✱ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❛ ✈❛③ã♦✳ P❛r❛ q✉❡ ✐ss♦ ♦❝♦rr❛ ❞❡✈❡✲s❡ ❢❛③❡r ♦ s❡♥s♦r ♦♣❡r❛r ❡♠ ✉♠

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

t❡♥sã♦ é r❡❧❛❝✐♦♥❛❞❛ à ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ❬✶✺❪✳ ❉❡♣❡♥❞❡♥❞♦ ❞❛ ❢❛❜r✐❝❛çã♦ ❡❧❡s ♣♦❞❡♠ s❡r t❡r♠♦✲

r❡s✐st♦r❡s ♦✉ t❡r♠♦❡❧étr✐❝♦s✳ ❚❡r♠♦r❡s✐st♦r❡s sã♦ s❡♥s♦r❡s ❝✉❥❛ r❡s✐stê♥❝✐❛ ❡❧étr✐❝❛ é ❛❧t❡r❛❞❛ ❡♠

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

♥❛ ❝♦♥✈❡rsã♦ ❞❡ ❡♥❡r❣✐❛ tér♠✐❝❛ ❡♠ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ ❬✹❪✳



❈❛♣ít✉❧♦ ✷✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✷

✷✳✸ ❊q✉❛çõ❡s ❞❡ ◆❛✈✐❡r✲❙t♦❦❡s ❡ ❞❡ ❝♦♥✈❡❝çã♦✲❞✐❢✉sã♦

❖♠♦❞❡❧❛♠❡♥t♦ ❞❡ ❡s❝♦❛♠❡♥t♦s ❝♦♠♣r❡ssí✈❡✐s✱ ✐♥❝♦♠♣r❡ssí✈❡✐s✱ t✉r❜✉❧❡♥t♦ ❡ ❧❛♠✐♥❛r ❞❡ ✢✉✐❞♦s

é ❢❡✐t♦ ❛ ♣❛rt✐r ❞❛s ❡q✉❛çõ❡s ❞❡ ◆❛✈✐❡r✲❙t♦❦❡s✳ ❊st❛s ❡q✉❛çõ❡s r❡♣r❡s❡♥t❛♠ ♣r✐♥❝í♣✐♦s ❢ís✐❝♦s

❜ás✐❝♦s✿ ❝♦♥s❡r✈❛çã♦ ❞❛ ♠❛ss❛✱ ❝♦♥s❡r✈❛çã♦ ❞♦ ♠♦♠❡♥t♦ ❡ ❝♦♥s❡r✈❛çã♦ ❞❛ ❡♥❡r❣✐❛ ❬✶✷❪✳ P❛r❛ ♦

♠♦❞❡❧❛♠❡♥t♦ ❞♦ ❡s❝♦❛♠❡♥t♦ ❞❡ ✉♠ ✢✉✐❞♦ ✐♥❝♦♠♣r❡ssí✈❡❧✱ ❛s ❡q✉❛çõ❡s ❞❡ ◆❛✈✐❡r✲❙t♦❦❡s sã♦ ❞❛❞❛s

♣♦r✿

ρ

(

∂u

∂t
+ u · ∇u

)

= ∇p + η∇2
u + pg ✭✷✳✸✮

∇ · u = 0 ✭✷✳✹✮

♦♥❞❡✿ u = uxi + uyj✱ é ♦ ✈❡t♦r ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✱ ρ é ❛ ❞❡♥s✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ❞❛❞❛ ❡♠

✭kg/m3✮✱ η é ❛ ✈✐s❝♦s✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ❞❛❞❛ ❡♠ ✭Pa.s✮✱ p é ❛ ♣r❡ssã♦ ❡ g é ❛ ❛❝❡❧❡r❛çã♦ ❞❛ ❣r❛✈✐❞❛❞❡

❞❛❞❛ ❡♠ ✭m/s2✮✳

❆ ❡q✉❛çã♦ ✷✳✸ ❡stá ❛ss♦❝✐❛❞❛ à ❝♦♥s❡r✈❛çã♦ ❞❛ ♠❛ss❛✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❛ ❡q✉❛çã♦ ❞❛

❝♦♥t✐♥✉✐❞❛❞❡✱ ❡ ❛ ❡q✉❛çã♦ ✷✳✹ é r❡❢❡r❡♥t❡ à ❝♦♥s❡r✈❛çã♦ ❞♦ ♠♦♠❡♥t♦ ❬✶✻❪✳
❖ ❝♦♠♣♦rt❛♠❡♥t♦ r❡❢❡r❡♥t❡ ❛♦ ♠♦✈✐♠❡♥t♦ ❞♦ ❝❛❧♦r s♦❜r❡ ✉♠❛ ♠❛ss❛ ✢✉í❞✐❝❛ é ❞❛❞♦ ♣❡❧❛

❡q✉❛çã♦ ❞❡ ❝♦♥✈❡❝çã♦✲❞✐❢✉sã♦✿

ρCp

(

∂T

∂t
+ u · ∇T

)

= k∇2T ✭✷✳✺✮

♦♥❞❡✿ ρs é ❞❡♥s✐❞❛❞❡ ❞❛❞❛ ❡♠ ❬kg/m3❪✱ Cp é ♦ ❝❛❧♦r ❡s♣❡❝í✜❝♦ ❞♦ ♠❛t❡r✐❛❧ ❞❛❞♦ ❡♠ ✭J/kg.K✮✱

T é ❛ t❡♠♣❡r❛t✉r❛ ❞♦ ♠❛t❡r✐❛❧ ❞❛❞♦ ❡♠ ✭K✮✱ ❡ k é ❝♦♥❞✉t✐✈✐❞❛❞❡ tér♠✐❝❛ ❞❛❞❛ ❡♠ ✭W/m.K✮✳

❆ ♣r✐♠❡✐r❛ ♣❛rt❡ ❞❛ ❡q✉❛çã♦ ✷✳✺ ❡stá ❛ss♦❝✐❛❞❛ ❝♦♠ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✱ ❡ é ❞❡♥♦♠✐♥❛❞❛ ❞❡

t❡r♠♦ ❝♦♥✈❡❝t✐✈♦✳ ❊♥q✉❛♥t♦ q✉❡ ❛ s❡❣✉♥❞❛ ♣❛rt❡✱ à ❞✐r❡✐t❛ ❞❛ ✐❣✉❛❧❞❛❞❡✱ ❝♦rr❡s♣♦♥❞❡ à ❞✐❢✉sã♦

♠♦❧❡❝✉❧❛r✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ♣❛rt✐r ❞♦ ❛❝♦♣❧❛♠❡♥t♦ ❡♥tr❡ ❛s ❡q✉❛çõ❡s ❞❡ ◆❛✈✐❡r✲❙t♦❦❡s✱ ❡q✉❛çã♦ ✷✳✸

❡ ❡q✉❛çã♦ ✷✳✹✱ ❡ ❛ ❡q✉❛çã♦ ❞❡ ❝♦♥✈❡❝çã♦✲❞✐❢✉sã♦ ❡q✉❛çã♦ ✷✳✺✱ ♦ q✉❛❧ é ❞❛❞♦ ♣❡❧♦ ✈❡t♦r ✈❡❧♦❝✐❞❛❞❡✱

é ♣♦ssí✈❡❧ ♦❜t❡r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ ❝❛❧♦r ❛♦ ❧♦♥❣♦ ❞♦ ✢✉✐❞♦✳ ❆s ❡q✉❛çõ❡s ✷✳✸ ❡ ✷✳✺ ❢♦r♠❛♠

✉♠ s✐st❡♠❛ ❞❡ ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ♣❛r❝✐❛✐s ❛❝♦♣❧❛❞♦ ❬✶✷❪✱ ❬✶✼❪✱ ❬✶✻❪✳ ❖ ❝♦♥❥✉♥t♦ ❞❡ ❡q✉❛çõ❡s

♣♦❞❡ s❡r r❡s♦❧✈✐❞♦ ♦✉ ♣❡❧♦ ♠ét♦❞♦ ❞❛s ❞✐❢❡r❡♥ç❛s ✜♥✐t❛s ♦✉ ♣❡❧♦ ♠ét♦❞♦ ❞♦s ❡❧❡♠❡♥t♦s ✜♥✐t♦s✱



❈❛♣ít✉❧♦ ✷✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✸

q✉❡ é ♦ ♠ét♦❞♦ ❞❡ s♦❧✉çã♦ ♣r❡s❡♥t❡ ♥❛ ❢❡rr❛♠❡♥t❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❈♦♠s♦❧➤ ❬✶✽❪ ✉t✐❧✐③❛❞❛ ♥♦

❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s s✐♠✉❧❛çõ❡s ❞❡ss❡ tr❛❜❛❧❤♦✳

✷✳✹ ❙❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s

❖s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s sã♦ ❡♠♣r❡❣❛❞♦s ❡♠ ❞✐✈❡rs❛s ár❡❛s✱ ❝♦♠♦✿ ✐♥str✉♠❡♥t❛çã♦ ❡❧❡trô✲

♥✐❝❛❀ ❜✐♦♠❡❞✐❝✐♥❛❀ ♠❡❝â♥✐❝❛ ❞♦s ✢✉✐❞♦s❀ ❛❣r✐❝✉❧t✉r❛✱ ❞❡♥tr❡ ♦✉tr❛s✳ ❊ss❡s s❡♥s♦r❡s sã♦ ❡♠♣r❡❣❛✲

❞♦s ❡♠ s✐st❡♠❛s ❞❡ ♠❡❞✐çã♦ q✉❡ ♠♦♥✐t♦r❛♠ ❣r❛♥❞❡③❛s ❝♦♠♦✿ t❡♠♣❡r❛t✉r❛❀ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✢✉✐❞♦❀

r❛❞✐❛çã♦✳

❖s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ♣♦ss✉❡♠ ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s ❞❡ ❛❝♦r❞♦ ❝♦♠

♦ ✐♥t❡r❡ss❡ ❞❡ ♠❡❞✐çã♦ ❞❡ ✉♠❛ ❣r❛♥❞❡③❛ ❝♦♠♦ ❛s ♠❡♥❝✐♦♥❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡✳ ❉❡ss❛ ❢♦r♠❛ t♦r♥❛✲

s❡ ♥❡❝❡ssár✐♦ ❝♦♥❤❡❝❡r s✉❛s ❝❛r❛❝t❡ríst✐❝❛s ❡ ❝♦♠♣r❡❡♥❞❡r s❡✉ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s

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

◆❡ss❡ tr❛❜❛❧❤♦ sã♦ ✉s❛❞♦s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ❞❡ ✜❧♠❡ ♠❡tá❧✐❝♦ ♣❛r❛ ♦ ♠♦♥✐t♦r❛♠❡♥t♦

❞❛ ✈❛③ã♦ ❞❡ á❣✉❛ ❡♠ ✉♠❛ t✉❜✉❧❛çã♦ ✉t✐❧✐③❛♥❞♦ ✉♠❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s✳

✷✳✹✳✶ ❊q✉❛çõ❡s q✉❡ ❞❡s❝r❡✈❡♠ ♦s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s

❖s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s sã♦ ❞❡s❝r✐t♦s ♣♦r ❞✉❛s ❡q✉❛çõ❡s✿ ❛ ♣r✐♠❡✐r❛ ❡q✉❛çã♦ r❡❧❛❝✐♦♥❛ ❛

r❡s✐stê♥❝✐❛ ❝♦♠ ❛ t❡♠♣❡r❛t✉r❛ ❡ ❛ s❡❣✉♥❞❛ ❡q✉❛çã♦ é ♣r✐♠❡✐r❛ ▲❡✐ ❞❛ ❚❡r♠♦❞✐♥â♠✐❝❛ ❛♣❧✐❝❛❞❛

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

❡q✉❛çã♦ ✷✳✻✱ ❛ s❡❣✉✐r✿

Rs = F (Ts ) ✭✷✳✻✮

♦♥❞❡✿ Rs é ❛ r❡s✐stê♥❝✐❛ ❞♦ s❡♥s♦r ❞❛❞❛ ❡♠ ✭Ω✮ ❡ Ts é ❛ t❡♠♣❡r❛t✉r❛ ❞♦ s❡♥s♦r ❞❛❞❛ ❡♠ ✭K ♦✉

➸❈✮✳



❈❛♣ít✉❧♦ ✷✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✹

F (T ) r❡♣r❡s❡♥t❛ ❛ ❢✉♥çã♦ q✉❡ ❞❡t❡r♠✐♥❛ s❡ ♦ s❡♥s♦r r❡s✐st✐✈♦ ♣♦❞❡ ♣♦ss✉✐r ✉♠ ❝♦❡✜❝✐❡♥t❡ ❞❡

t❡♠♣❡r❛t✉r❛ ♣♦s✐t✐✈♦ ♦✉ ♥❡❣❛t✐✈♦✳

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

❞✐ss✐♣❛❞❛ ♥♦ ♠❡✐♦ ❡ ❛✐♥❞❛ ❛ ✈❛r✐❛çã♦ ❞❡ s✉❛ ❡♥❡r❣✐❛ ✐♥t❡r♥❛✳ ❆ ❡q✉❛çã♦ ✷✳✼✱ ❞❡s❝r✐t❛ ❛ s❡❣✉✐r é

❞❡✜♥✐❞❛ ❝♦♠♦ ❛ ♣r✐♠❡✐r❛ ▲❡✐ ❞❛ ❚❡r♠♦❞✐♥â♠✐❝❛✳

αSH + Pe = hS(Ts − Ta) +mc
dTs

dt
✭✷✳✼✮

♦♥❞❡✿ αSH é ❛ ❡♥❡r❣✐❛ tér♠✐❝❛ ❡♠ ❢♦r♠❛ ❞❡ r❛❞✐❛çã♦✱ Pe é ❛ ♣♦tê♥❝✐❛ ❡❧étr✐❝❛ ❡♥tr❡❣✉❡ ❛♦ s❡♥s♦r✱

hS(Ts − Ta) é ❛ ❡♥❡r❣✐❛ tér♠✐❝❛ ♣❡r❞✐❞❛ ♣❡❧♦ s❡♥s♦r ❡ mcdTs

dt é ❛ ✈❛r✐❛çã♦ ❞❡ ❡♥❡r❣✐❛ ✐♥t❡r♥❛ ❞♦

s❡♥s♦r✳

✷✳✹✳✷ ❚✐♣♦s ❞❡ s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s

❖s s❡♥s♦r❡s t❡r♠♦ r❡s✐st✐✈♦s ♣♦❞❡♠ s❡r ❞✐✈✐❞✐❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ s❡✉ ❝♦❡✜❝✐❡♥t❡ ❞❡ t❡♠✲

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

t❡♠♣❡r❛t✉r❛ ♥❡❣❛t✐✈♦✳ ■ss♦ ✐♥❞✐❝❛ ❝♦♠♦ ❛ r❡s✐stê♥❝✐❛ ❡❧étr✐❝❛ ❞♦ s❡♥s♦r s❡ ❝♦♠♣♦rt❛ ❝♦♠ ❛ t❡♠✲

♣❡r❛t✉r❛ à q✉❛❧ ♦ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦ ❡stá ❡①♣♦st♦✳

❉❡ss❛ ❢♦r♠❛ t❡r❡♠♦s ❡q✉❛çõ❡s ❞✐st✐♥t❛s ♣❛r❛ ❝❛❞❛ ❝❛s♦✳ P❛r❛ s❡♥s♦r❡s ❞♦ t✐♣♦ ◆❚❈ ✭◆❡❣❛t✐✈❡

❚❡♠♣❡r❛t✉r❡ ❈♦❡✣❝✐❡♥t✮ ❛ ❡q✉❛çã♦ ♠❛✐s ❝♦♠✉♠ q✉❡ ❞❡s❝r❡✈❡ ♦ s❡✉ ❝♦♠♣♦rt❛♠❡♥t♦ é ♠♦str❛❞❛

❛ s❡❣✉✐r✱ ♥❛ ❡q✉❛çã♦ ✷✳✽ ❬✹❪✳

Rs = R0 e
B
(

1

Ts
−

1

T0

)

✭✷✳✽✮

❖s s❡♥s♦r❡s ❝♦♠ ❝♦❡✜❝✐❡♥t❡ ♣♦s✐t✐✈♦ ❞❡ t❡♠♣❡r❛t✉r❛✱ P❚❈ ✭P♦s✐t✐✈❡ ❚❡♠♣❡r❛t✉r❡ ❈♦❡✣❝✐❡♥t✮

❡ ♦s s❡♥s♦r❡s ♠❡tá❧✐❝♦s✱ ❛ ✈❛r✐❛çã♦ ❞❛ r❡s✐stê♥❝✐❛ ❡❧étr✐❝❛ ♣♦❞❡ s❡r ❞❛❞❛ ♣❡❧❛ ❡q✉❛çã♦ ✷✳✾ ❬✹❪

♠♦str❛❞❛ ❛ s❡❣✉✐r✳

Rs = Ro[1 + α1(Ts − To) + α2(Ts − To) + ...+ αn(Ts − To)] ✭✷✳✾✮



❈❛♣ít✉❧♦ ✷✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✺

❆ ❡q✉❛çã♦ ✷✳✾ ♣♦❞❡ s❡r s✐♠♣❧✐✜❝❛❞❛✱ ❞❡s♣r❡③❛♥❞♦ ♦s ❝♦❡✜❝✐❡♥t❡s tér♠✐❝♦s ✭α✮✱ ❛❝✐♠❛ ❞❡ ✉♠✱

♣♦✐s ♣❛r❛ ❡❧❡♠❡♥t♦s ♠❡tá❧✐❝♦s ♣♦❞❡✲s❡ ❝♦♥s✐❞❡r❛r αi ≫ αi+1 ✳ ❙✐♠♣❧✐✜❝❛♥❞♦ ❛ ❡q✉❛çã♦ ✷✳✶✵✱

❛♣r❡s❡♥t❛❞❛ ❛ s❡❣✉✐r✿

Rs = Ro[1 + α1(Ts − To))] ✭✷✳✶✵✮

✷✳✺ ❈♦❡✜❝✐❡♥t❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r ✭h✮

❯t✐❧✐③❛♥❞♦ ❛ ♣r✐♠❡✐r❛ ▲❡✐ ❞❛ ❚❡r♠♦❞✐♥â♠✐❝❛ ♣♦❞❡♠♦s ❡①♣❧✐❝❛r ♦ ♣r✐♥❝✐♣✐♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦

❞❡ ✉♠ ❛♥❡♠ô♠❡tr♦ ❛ ✜❧♠❡ q✉❡♥t❡✱ ♣♦✐s ♦ ♠❡s♠♦ s❡ ❜❛s❡✐❛ ♥♦ ♣r✐♥❝✐♣✐♦ ❞❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r✳

❖ ✢✉✐❞♦ ♣❡r❞❡ ❝❛❧♦r ♣❛r❛ ♦ ♠❡✐♦✱ s❡♥❞♦ ♦ ♠❡✐♦ ❣❛s♦s♦ ♦✉ ❧íq✉✐❞♦✳ ❈♦♠♦ ♦ ❡❧❡♠❡♥t♦ ❛q✉❡❝✐❞♦

♣❡r❞❡ ❝❛❧♦r é ♥❡❝❡ssár✐♦ ❝♦♠♣❡♥s❛r ❡ss❛ ♣❡r❞❛✳ ❖s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s q✉❡ sã♦ ♠♦❞❡❧❛❞♦s

♣♦r ❡ss❛s ❡q✉❛çõ❡s ♣♦ss✉❡♠ ❝♦♠♦ ❝❛r❛❝t❡ríst✐❝❛ ✐♠♣♦rt❛♥t❡ ♦ s❡✉ ❝♦❡✜❝✐❡♥t❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡

❝❛❧♦r ✭h✮✳ ❊ss❡ ❝♦❡✜❝✐❡♥t❡ ✈❛r✐❛ ❝♦♠ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✢✉✐❞♦ ❛ q✉❛❧ ♦ s❡♥s♦r ❛q✉❡❝✐❞♦ ❡stá ✐♠❡rs♦✳

❖ ❝♦❡✜❝✐❡♥t❡ ✭h✮ ♣♦❞❡ s❡r ♦❜t✐❞♦ ❛tr❛✈és ❞❛ ▲❡✐ ❞❡ ❑✐♥❣ ♠♦❞✐✜❝❛❞❛✱ q✉❡ ♣❛r❛ ✉s♦ ❡♠ ✢✉✐❞♦s ❝♦♠

❞❡♥s✐❞❛❞❡ ❝♦♥st❛♥t❡ ♣♦❞❡ s❡r ❞❛❞❛ ♣❡❧❛ ❡q✉❛çã♦ ✷✳✶✶✿

h = a+ b vn ✭✷✳✶✶✮

♦♥❞❡✿ h é ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r❀ a✱ b ❡ n sã♦ ❝♦♥st❛♥t❡s q✉❡ sã♦ ♦❜t✐❞❛s ❛tr❛✈és

❞❡ ❡♥s❛✐♦s❀ v é ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✳

❖s ✈❛❧♦r❡s ❞❡ a ❡ b ❡ n sã♦ ♦❜t✐❞♦s ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡✳ P♦ré♠✱ ♦ ✈❛❧♦r ❞❡ n é ❣❡r❛❧♠❡♥t❡

❝♦♥s✐❞❡r❛❞♦ ✐❣✉❛❧ ❛ ✵✱✺ ♣❛r❛ s✐st❡♠❛s ❡♠ q✉❡ ❛ ❝♦♥✈❡❝çã♦ ❢♦rç❛❞❛ é ❜❡♠ ♠❛✐♦r q✉❡ ❛ ❝♦♥✈❡❝çã♦

❧✐✈r❡ ❬✶✾❪✳

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

q✉❡ ❡❧❡ s♦❢r❡ ✈❛r✐❛çã♦ ❝♦♠ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✱ ❡♥tã♦ ❡♠ ❛❧❣✉♥s ❡st✉❞♦s ❞❡ ❛♥❡♠♦♠❡tr✐❛ ❛

t❡♠♣❡r❛t✉r❛ ❝♦♥st❛♥t❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ q✉❡ ❛ ❡q✉❛çã♦ ✷✳✶✶ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❛ ❡q✉❛çã♦ ✷✳✼

♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s ♣❛r❛ r❡❧❛❝✐♦♥❛r ❛ ♣♦tê♥❝✐❛ ❡❧étr✐❝❛ ❡♥tr❡❣✉❡ ❛♦ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦ ❝♦♠ ❛

✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✳ ❈♦♠♦ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ t❡♠♣❡r❛t✉r❛ é ❝♦♥st❛♥t❡✱ ❛ ❡q✉❛çã♦ ♣♦❞❡ s❡r r❡❢❡r✐❞❛

❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❡q✉❛çã♦ ✷✳✶✷✳



❈❛♣ít✉❧♦ ✷✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✻

Pe = hS (Ts − Ta) ✭✷✳✶✷✮

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

❝♦♥❞✐çã♦ ❞❡ ❡q✉✐❧í❜r✐♦ tér♠✐❝♦ ❡stát✐❝♦✿

Pe = (a+ b vn)S (Ts − Ta) ✭✷✳✶✸✮

✷✳✻ ❙❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦ ✭▼❊▼❙✮

❖ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦ ✉t✐❧✐③❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦ é ✉♠ ▼❊▼❙ ✭▼✐❝r♦❡❧❡❝tr♦♠❡❝❤❛♥✐❝❛❧ ❙②s✲

t❡♠s✮ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❡❧♦ ■❙❚ ✭■♥♥♦✈❛t❡ ❙❡♥s♦r ❚❡❝❤♥♦❧♦❣②✮✱ q✉❡ ❢❛❜r✐❝❛ ✈ár✐♦s t✐♣♦s ❞❡ s❡♥s♦r❡s

✉t✐❧✐③❛♥❞♦ ♦ ♣r✐♥❝✐♣✐♦ ❞❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r✳ ❖ ✉s♦ ❞❡ ▼❊▼❙ t❡♠ ❛✉♠❡♥t❛❞♦ ❝♦♥s✐❞❡r❛✈❡❧✲

♠❡♥t❡ ♥♦s ú❧t✐♠♦s ❛♥♦s ❬✶✹❪ ❬✷✵❪✳ ❊ss❡ t✐♣♦ ❞❡ ❞✐s♣♦s✐t✐✈♦ ♣r♦♣♦r❝✐♦♥❛ ✉♠❛ ♠❛✐♦r ♣r❡❝✐sã♦✱ é ♠❛✐s

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

♥♦s ❡①♣❡r✐♠❡♥t♦s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✳ ❈♦♠♦ ❡ss❡s s❡♥s♦r❡s sã♦ ♣❡q✉❡♥♦s é ♥❡❝❡ssár✐❛ ✉♠❛

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

❡♠ ♣r❡ç♦s ❜❛✐①♦s✳ ❊st❡ ❞✐s♣♦s✐t✐✈♦ ♣♦❞❡ ♠❡❞✐r ✢✉①♦ ❞❡ ♠❛ss❛ ♣❛r❛ ❣❛s❡s ❡ ❧íq✉✐❞♦s ❬✷✶❪✱ ❬✷✷❪✳ ❖

s❡♥s♦r ❡ ❛q✉❡❝❡❞♦r ❡stã♦ ✐♥❝❧✉s♦s ♥♦ ♠❡s♠♦ ❝❤✐♣✳ ❊ ♣♦ss✉❡♠ ❛s ❞✐♠❡♥sõ❡s ✐♥❢♦r♠❛❞❛s ♥❛ ❚❛❜❡❧❛

✶✱ ❞❛❞❛ ❛ s❡❣✉✐r✿

❚❛❜❡❧❛ ✶ ✕ ❉✐♠❡♥sõ❡s ❞♦ s❡♥s♦r

❈♦♠♣r✐♠❡♥t♦ ✻✱✾ mm

▲❛r❣✉r❛ ✷✱✹ mm

❊s♣❡ss✉r❛ ✵✱✷ mm

❆s ✐♥❢♦r♠❛çõ❡s ❡❧étr✐❝❛s sã♦ ❞✐s♣♦st❛s ♥❛ ❚❛❜❡❧❛ ✷✱ ❛♣r❡s❡♥t❛❞❛ ❛ s❡❣✉✐r✿



❈❛♣ít✉❧♦ ✷✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✼

❚❛❜❡❧❛ ✷ ✕ ❘❡s✐stê♥❝✐❛ ❞♦ s❡♥s♦r ❡ ❞♦ ❛q✉❡❝❡❞♦r ✭ ❘❡s✐stê♥❝✐❛ à ✵➸❈✮

❘❡s✐stê♥❝✐❛

❆q✉❡❝❡❞♦r ✹✺ Ω

❙❡♥s♦r ❞❡ ❘❡❢❡rê♥❝✐❛ ✶✱✷ kΩ

❖ ❞✐s♣♦s✐t✐✈♦ ♣♦ss✉✐ ♦ ❛q✉❡❝❡❞♦r ❡ ♦ s❡♥s♦r ❞❡ r❡❢❡rê♥❝✐❛ ❝♦♥st✐t✉í❞♦s ❞♦ ♠❡s♠♦ ♠❛t❡r✐❛❧✱

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

❡st❛❜✐❧✐❞❛❞❡ q✉❛♥❞♦ ♠❛♥t✐❞♦ ❛ ❛❧t❛s t❡♠♣❡r❛t✉r❛s ✭♠❡♥♦r❡s q✉❡ ✹✵✵ ➸❈✮✳ ◆❛ ❋✐❣✉r❛ ✷ é ❛♣r❡✲

s❡♥t❛❞❛ ✉♠❛ ✐♠❛❣❡♠ ❞❡ss❡ ❞✐s♣♦s✐t✐✈♦ ❝♦♠♦ t❛♠❜é♠ ❛ s✉❛ ❡str✉t✉r❛ r❡s✐st✐✈❛✱ ✐❞❡♥t✐✜❝❛♥❞♦ ♦

s❡♥s♦r ❡ ♦ ❛q✉❡❝❡❞♦r ❞♦ ❞✐s♣♦s✐t✐✈♦✳

❋✐❣✉r❛ ✷ ✕ ■♠❛❣❡♠ ❞❛ ❡str✉t✉r❛ ❞♦ s❡♥s♦r ❡ s✉❛ ❡str✉t✉r❛ r❡s✐st✐✈❛

◆♦ ❝❛♣ít✉❧♦ s❡❣✉✐♥t❡ é ❛♣r❡s❡♥t❛❞❛ ❛ s♦❧✉çã♦ ♣r♦♣♦st❛ ♣❛r❛ ❡ss❡ tr❛❜❛❧❤♦✱ ❛♣r❡s❡♥t❛♥❞♦ ❛❧❣✉✲
♠❛s ❞✐s❝✉ssõ❡s ❝r✉❝✐❛s r❡❢❡r❡♥t❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❛♣r❡s❡♥t❛❞❛s ♥❛ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦ ❡♠ ♥í✈❡❧ ❞❡
s✉❜♠❡❞✐çã♦✳ ❙ã♦ ❛♣r❡s❡♥t❛❞❛s✱ t❛♠❜é♠✱ s✐♠✉❧❛çõ❡s ♣❛r❛ ❝♦♠♣r❡❡♥❞❡r♠♦s ♠❡❧❤♦r ♦ ❡s❝♦❛♠❡♥t♦
❞♦ ✢✉✐❞♦ ❝♦♠ ❛ ♣r❡s❡♥ç❛ ❞♦ s❡♥s♦r ♥❛ t✉❜✉❧❛çã♦ ❡ é ✐♥✈❡st✐❣❛❞❛ ❛ s✐t✉❛çã♦ ❞♦ r❡❣✐♠❡ ❞❡ ✢✉✐❞♦
♥♦s t❡st❡s✳



✷✽

✸ ❙♦❧✉çã♦ ♣r♦♣♦st❛ ❡ ❛♥á❧✐s❡ ❞♦ r❡❣✐♠❡ ❞❡ ✢✉①♦

✸✳✶ ❙♦❧✉çã♦ ♣r♦♣♦st❛

❆ s♦❧✉çã♦ ♣r♦♣♦st❛ ♣❛r❛ ❡ss❡ tr❛❜❛❧❤♦ é ❛♣❧✐❝❛r ❛♥❡♠♦♠❡tr✐❛ tér♠✐❝❛✱ ✉t✐❧✐③❛♥❞♦ ❛♥❡♠ô♠❡tr♦

❛ ✜❧♠❡ q✉❡♥t❡✱ ♣❛r❛ ❛ ❤✐❞r♦♠❡tr✐❛ ❡♠ r❡❣✐♠❡ ❞❡ s✉❜♠❡❞✐çã♦✳ ❊①✐st❡♠ ✈ár✐♦s ♣♦♥t♦s ❛ s❡r❡♠

❝♦♥s✐❞❡r❛❞♦s s♦❜r❡ ❛ ♠❡❞✐çã♦ ❡ ❛ ❝♦♥str✉çã♦ ❞❡ ✉♠ ❡q✉✐♣❛♠❡♥t♦ ❝❛♣❛③ ❞❡ ♦♣❡r❛r ♥❡ss❛ ❢❛✐①❛ ❞❡

♠❡❞✐çã♦✱ ❝♦♠♦✿ ❝♦♥✈❡rs♦r ❆✴❉❀ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ ♣❛r❛ ♦ ❢♦r♥❡❝✐♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ♣❛r❛ ♦s ❝✐r❝✉✐t♦s❀

r❡❛❧✐③❛çã♦ ❞❛ ❧❡✐t✉r❛❀ ❛ ✉♥✐ã♦ ♠❡❝â♥✐❝❛✲❡❧étr✐❝❛ ❞❛ ❡str✉t✉r❛✱ ❞❡♥tr❡ ♦✉tr❛s✳ ◆❛ ❋✐❣✉r❛ ✸ é

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

❋✐❣✉r❛ ✸ ✕ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ s♦❧✉çã♦ ♣r♦♣♦st❛ ♣❛r❛ ❤✐❞r♦♠❡tr✐❛ ❡♠ r❡❣✐♠❡ ❞❡ s✉❜♠❡❞✐çã♦

❖ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦ ❞❡✈❡ s❡r ❝♦♥❡❝t❛❞♦ ❛ ✉♠ ❝✐r❝✉✐t♦ ❡♠ P♦♥t❡ ❞❡ ❲❤❡❛tst♦♥❡✱ q✉❛♥❞♦

✉t✐❧✐③❛❞♦ ✉♠❛ ❝♦♥✜❣✉r❛çã♦ ❡♠ t❡♠♣❡r❛t✉r❛ ❝♦♥st❛♥t❡✳ ❆ P♦♥t❡ ❞❡ ❲❤❡❛tst♦♥❡ ❞❡✈❡ s❛t✐s❢❛③❡r ♦s

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

❡ q✉❡ ❛ r❡s✐stê♥❝✐❛ ❞♦ s❡♥s♦r ♥ã♦ s❡❥❛ ❛❧t❡r❛❞❛ ❝♦♠ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✱ ♣r♦♠♦✈❡♥❞♦ ✉♠❛



❈❛♣ít✉❧♦ ✸✳ ❙♦❧✉çã♦ ♣r♦♣♦st❛ ❡ ❛♥á❧✐s❡ ❞♦ r❡❣✐♠❡ ❞❡ ✢✉①♦ ✷✾

❝♦♥✜❣✉r❛çã♦ ❈❚❆ ✭❈♦♥st❛♥t ❚❡♠♣❡r❛t✉r❡ ❆♥❡♠♦♠❡t❡r✮✳ P♦ré♠✱ ♦ ❝♦♥❥✉♥t♦ q✉❡ ❢♦r♠❛ ❛ P♦♥t❡

❞❡ ❲❤❡❛tst♦♥❡ ✭♣♦♥t❡ ❡ ❛♠♣❧✐✜❝❛❞♦r ♦♣❡r❛❝✐♦♥❛❧✮ ❡♠ s✐ ♥ã♦ ♣♦ss✉✐ ❝❛♣❛❝✐❞❛❞❡ ❞❡ s✉♣r✐r ❛ ❝♦rr❡♥t❡

❞❡♠❛♥❞❛❞❛ ♣❡❧♦ s❡♥s♦r✱ ❛ss✐♠ é ✉t✐❧✐③❛❞❛ ✉♠❛ ❡str✉t✉r❛ q✉❡ ♣r♦♠♦✈❛ ✉♠ ❣❛♥❤♦ ❞❡ ❝♦rr❡♥t❡✳ ❊♠

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

é ❧❡✈❛❞♦ ❛ r❡❛❧✐♠❡♥t❛çã♦ ❞❛ P♦♥t❡ ❞❡ ❲❤❡❛tst♦♥❡✳ ▼❛✐s ❞❡t❛❧❤❡s ❞♦s ❝✐r❝✉✐t♦s s❡rã♦ ✈✐st♦s ♥♦s

❝❛♣ít✉❧♦s s❡❣✉✐♥t❡s✳

❆ ❡t❛♣❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ é r❡❛❧✐③❛❞❛ ♣♦r ✉♠ s✐st❡♠❛ ❞❡ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ✭❉❆◗ ◆■✲❯❙❇

✻✷✶✷✱ ❞❛ ◆❛t✐♦♥❛❧ ■♥str✉♠❡♥ts✮ ❡ ✉t✐❧✐③❛♥❞♦ ✉♠❛ ✐♥t❡r❢❛❝❡ ❝r✐❛❞❛ ♥♦ ❛♠❜✐❡♥t❡ ▲❛❜❱✐❡✇✱ ❝♦♠ ♦

♣♦st❡r✐♦r ♣r♦❝❡ss❛♠❡♥t♦ ❞♦s ❞❛❞♦s ❛❞q✉✐r✐❞♦s ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❛ ✈❛③ã♦✳ ❖ ❉❆◗ ♣♦ss✉✐ ❝♦♥✈❡rs♦r❡s

❆✴❉ ❞❡ ✶✻ ❜✐ts ❝♦♠ t❛①❛ ❞❡ ❛q✉✐s✐çã♦ ❞❡ ✹✵✵ kS/s✱ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛ ❧❡✐t✉r❛ ❞♦ s✐♥❛❧ ❞❡ t❡♥sã♦ ❞♦

s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦✱ ♣r♦✈❡♥✐❡♥t❡ ❞❛ P♦♥t❡ ❞❡ ❲❤❡❛tst♦♥❡✳ ❊ss❛ t❡♥sã♦ é ❝♦♥tí♥✉❛ ❡ ❞❡♣❡♥❞❡♥t❡

❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ❡✱ ♣♦r ❝♦♥s❡q✉ê♥❝✐❛✱ ❞❛ ✈❛③ã♦✳

❋♦r❛♠ ♦❜t✐❞❛s ♠❡❞✐çõ❡s ❞❛ t❡♥sã♦ ❞❡ s❛í❞❛ ❞❛ P♦♥t❡ ❞❡ ❲❤❡❛tst♦♥❡✱ ♠♦♥✐t♦r❛❞❛ ♣♦r ♠❡✐♦ ❞❡

✉♠❛ ✐♥t❡r❢❛❝❡ ♥♦ ▲❛❜❱✐❡✇✳ ◆❡st❡ ❝❛♣ít✉❧♦ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ s✐♠✉❧❛çã♦ ♠✉❧t✐❢ís✐❝❛ ❝♦♠ ❝❛r❛❝✲

t❡ríst✐❝❛s ♣ró①✐♠❛s ❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s✳ ➱ ❛✈❛❧✐❛❞♦ ♦ r❡❣✐♠❡ ❞♦ ✢✉①♦ ❞♦ ❧íq✉✐❞♦✱ ❞❡t❡r♠✐♥❛❞♦

s❡ ❛ ❢❛✐①❛ ❡♠ q✉❡stã♦ ✭✈❛③õ❡s ♠❡♥♦r❡s q✉❡ ✸✵ l/h✮ s❡ ❡♥q✉❛❞r❛♠ ❡♠ ✉♠ r❡❣✐♠❡ ❞❡ ✢✉①♦ ❧❛♠✐♥❛r✳

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

s❡çã♦ ✷✳✻✱ ♥♦ q✉❛❧ ❡stã♦ ❝♦♥t✐❞♦s t❛♥t♦ ✉♠ ❛q✉❡❝❡❞♦r ❝♦♠♦ ✉♠ s❡♥s♦r ❞❡ t❡♠♣❡r❛t✉r❛✳ ❖ ❡❧❡♠❡♥t♦

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

❛ t❡♠♣❡r❛t✉r❛ ❞♦ ✢✉✐❞♦✳

◆❡st❡ ❝❛♣ít✉❧♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❛ ♣❛rt✐r ❞❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ss❡ s✐st❡♠❛

❡♠ ❛♠❜✐❡♥t❡ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ✉t✐❧✐③❛♥❞♦ ♦ s♦❢t✇❛r❡ ❈❖▼❙❖▲ ▼✉❧t✐♣❤②s✐❝s✳ ❈♦♠ ❡st❛ ❢❡rr❛♠❡♥t❛

é ♣♦ssí✈❡❧ s✐♠✉❧❛r q✉❛❧q✉❡r ♣r♦❝❡ss♦ ❢ís✐❝♦ q✉❡ ♣♦ss❛ s❡r ❞❡s❝r✐t♦ ♣♦r ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ♣❛r❝✐✲

❛✐s✳ ❆❧é♠ ❞✐ss♦✱ é ♣♦ssí✈❡❧ ❛❞❛♣t❛r ♠♦❞❡❧♦s ♣ré✲❞❡✜♥✐❞♦s ♣❛r❛ ❛♣❧✐❝❛çõ❡s ❡s♣❡❝í✜❝❛s✳ ❆ s♦❧✉çã♦

♥✉♠ér✐❝❛ ❞❛s ❡q✉❛çõ❡s ❞✐❢❡r❡♥❝✐❛✐s ♣❛r❝✐❛✐s ❡ ♦r❞✐♥ár✐❛s ✉t✐❧✐③❛❞❛ ♣❡❧♦ ❈❖▼❙❖▲ s❡ ❜❛s❡✐❛ ♥♦

♠ét♦❞♦ ❞♦s ❡❧❡♠❡♥t♦s ✜♥✐t♦s ❬✶✽❪✳ ❖ ❈❖▼❙❖▲ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛✈❛❧✐❛r ✈ár✐♦s ♣r♦❜❧❡♠❛s

♠✉❧t✐❢ís✐❝♦s✱ ❝♦♠♦ ♦s s✐st❡♠❛s ❝♦♠ ❛♥❡♠ô♠❡tr♦s ❛ ✜♦ ♦✉ ✜❧♠❡ q✉❡♥t❡ ♦✉ té❝♥✐❝❛s ❝❛❧♦r✐♠étr✐❝❛s

❬✷✸❪✳ ❊st❡ s♦❢t✇❛r❡ ❢♦✐ ❡s❝♦❧❤✐❞♦ ❞❡✈✐❞♦ à s✉❛ r♦❜✉st❡③ ♣❛r❛ ❛ ❝♦♥❞✉çã♦ ❞❛s s✐♠✉❧❛çõ❡s✱ ❛ss✐♠

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

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

◆❛ ♣ró①✐♠❛ s❡çã♦ é ❞❡s❝r✐t❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ s✐st❡♠❛ ❞❡ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦ ♣r♦♣♦st♦ ♥❡st❡

tr❛❜❛❧❤♦ ♥♦ ❛♠❜✐❡♥t❡ ❞♦ ❈❖▼❙❖▲✳ ❆s s✐♠✉❧❛çõ❡s s❡rã♦ r❡❛❧✐③❛❞❛s ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛ ♣♦s✐çã♦ ❞♦

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



❈❛♣ít✉❧♦ ✸✳ ❙♦❧✉çã♦ ♣r♦♣♦st❛ ❡ ❛♥á❧✐s❡ ❞♦ r❡❣✐♠❡ ❞❡ ✢✉①♦ ✸✵

✸✳✷ ❙✐♠✉❧❛çõ❡s

❆ ✜♠ ❞❡ t♦r♥❛r ❛s s✐♠✉❧❛çõ❡s ♠❛✐s ♣ró①✐♠❛s ❛♦s r❡s✉❧t❛❞♦s ❡s♣❡r❛❞♦s ♥❛ ♣rát✐❝❛✱ ✐st♦ é✱ ♥❛

♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s✱ ♦ s✐st❡♠❛ ♣r♦♣♦st♦ ❢♦✐ ♠♦❞❡❧❛❞♦ ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ✸❉ ❝♦♠ ♣r♦①✐♠✐❞❛❞❡

❛s ❝❛r❛❝t❡ríst✐❝❛s ❢ís✐❝❛s ❞❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s✳ ❆s s✐♠✉❧❛çõ❡s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❝♦♥s✐❞❡r❛♥❞♦

❛♣❡♥❛s ✉♠ tr❡❝❤♦ ❞❛ ❡str✉t✉r❛✱ q✉❡ é ❛ ♣❛rt❡ ♣r✐♥❝✐♣❛❧ ❞♦s t❡st❡s✱ ♦♥❞❡ ❡stá ❞✐s♣♦st♦ ♦ s❡♥s♦r

t❡r♠♦✲r❡s✐st✐✈♦✳

✸✳✷✳✶ ❊str✉t✉r❛s s✐♠✉❧❛❞❛s

❋♦✐ ❝♦♥str✉í❞♦ ✉♠ t✉❜♦ ❝♦♠ ❞✐â♠❡tr♦ ❞❡ ✷ cm ❡ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ✷✵ cm✱ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥✲

t❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳ ❖ ❡❧❡♠❡♥t♦ s❡♥s♦r ✭s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦✮ ❢♦✐ ❝♦♥str✉í❞♦ ❝♦♠ ❛s ❞✐♠❡♥sõ❡s

✐♥❢♦r♠❛❞❛s ♥❛ ❚❛❜❡❧❛ ✶✳ ❖ ✢✉✐❞♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ r❡❛❧✐③❛r ❛s s✐♠✉❧❛çõ❡s ❢♦✐ ❛ á❣✉❛✱ ❝♦♠ ❞❡♥s✐❞❛❞❡

✐❣✉❛❧ à ✶✵✵✵ kg/m3✱ ❡ ❛ t❡♠♣❡r❛t✉r❛ ❞♦ ✢✉✐❞♦ ❢♦✐ ❡st❛❜❡❧❡❝✐❞❛ ❡♠ ✷✾✸ K ✭✷✵ ➸❈✮✱ ❝♦rr❡s♣♦♥❞❡♥❞♦

à t❡♠♣❡r❛t✉r❛ ❛♠❜✐❡♥t❡✳ ❆ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❡♥tr❛❞❛ ✭inlet✮ ❢♦✐ ❡st❛❜❡❧❡❝✐❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❢❛✐①❛

❞❡ ✈❛❧♦r❡s ♠♦str❛❞❛ ❛ s❡❣✉✐r✿

✭ 0, 00100 ≤ vinlet ≤ 0, 0275✮ m/s✳

❆s s✐♠✉❧❛çõ❡s ❛♣r❡s❡♥t❛❞❛s ♥❡ss❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t❛♠ ♦ ✈❛❧♦r ♠á①✐♠♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ✐♥❢♦r♠❛❞❛

❛♥t❡r✐♦r♠❡♥t❡✱ ♣♦✐s é ❝♦♠ ❡ss❡ ✈❛❧♦r ❞❡ ✈❡❧♦❝✐❞❛❞❡ ✭v = 0, 0275m/s✮ q✉❡ ❛ ✈❛③ã♦ ❞❛ t✉❜✉❧❛çã♦

❡stá ❡♠ ✸✶ l/h✳ ◆❛ ❋✐❣✉r❛ ✹ é ❛♣r❡s❡♥t❛❞♦ ♦ tr❡❝❤♦ ❞❛ ♣❧❛t❛❢♦r♠❛ ♦♥❞❡ s❡ ❧♦❝❛❧✐③❛ ♦ s❡♥s♦r✳



❈❛♣ít✉❧♦ ✸✳ ❙♦❧✉çã♦ ♣r♦♣♦st❛ ❡ ❛♥á❧✐s❡ ❞♦ r❡❣✐♠❡ ❞❡ ✢✉①♦ ✸✶

❋✐❣✉r❛ ✹ ✕ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ ✈✐st❛ ❞♦ ❚✉❜♦ ❡♠ ✸❉ ✭❱✐st❛ só❧✐❞❛✮✳

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

✢✉✐❞♦✳ ❙♦❜r❡ ♦ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❢♦r❛♠ ❛✈❛❧✐❛❞❛s q✉❛tr♦ ♣♦s✐çõ❡s✳ ❚rês ♣♦s✐çõ❡s ❡♠ q✉❡ ♦ s❡♥s♦r

❡stá ❝♦❧♦❝❛❞♦ ❞❡ ❢♦r♠❛ ❧♦♥❣✐t✉❞✐♥❛❧ ❛♦ ✢✉①♦ ❡ ♦✉tr❛ ❡♠ q✉❡ ♦ s❡♥s♦r ❡stá ❞❡ ❢♦r♠❛ tr❛♥s✈❡rs❛❧

❛♦ ✢✉✐❞♦✳ ❊ss❛s ♣♦s✐çõ❡s ♣♦❞❡♠ s❡r ✈✐st❛s ♥❛s ❋✐❣✉r❛s ✺✱ ✻✱ ✼✱ ✽ ❛ s❡❣✉✐r✳

❋✐❣✉r❛ ✺ ✕ ❊str✉t✉r❛ ✶ ✲ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ s❡♥s♦r ♣♦s✐❝✐♦♥❛❞♦ ♥♦ ♠❡✐♦ ❞♦ t✉❜♦ ♥❛ ❞✐r❡çã♦ ♣❡r♣❡♥❞✐❝✉❧❛r
❛♦ ✢✉✐❞♦



❈❛♣ít✉❧♦ ✸✳ ❙♦❧✉çã♦ ♣r♦♣♦st❛ ❡ ❛♥á❧✐s❡ ❞♦ r❡❣✐♠❡ ❞❡ ✢✉①♦ ✸✷

❋✐❣✉r❛ ✻ ✕ ❊str✉t✉r❛ ✷ ✲ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ s❡♥s♦r ♣♦s✐❝✐♦♥❛❞♦ ♥♦ ♠❡✐♦ ❞♦ t✉❜♦ ♥❛ ❞✐r❡çã♦ ❞♦ ✢✉①♦ ✭s❡♥t✐❞♦
❝♦♠♣r✐♠❡♥t♦✮

❋✐❣✉r❛ ✼ ✕ ❊str✉t✉r❛ ✸ ✲ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ s❡♥s♦r ♣♦s✐❝✐♦♥❛❞♦ ♥♦ ♠❡✐♦ ❞♦ t✉❜♦ ♥❛ ❞✐r❡çã♦ ❞♦ ✢✉①♦ ✭s❡♥t✐❞♦
❧❛r❣✉r❛✮

❋✐❣✉r❛ ✽ ✕ ❊str✉t✉r❛ ✹ ✲ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ s❡♥s♦r ♣♦s✐❝✐♦♥❛❞♦ ♥♦ ♠❡✐♦ ❞♦ t✉❜♦ ✭♣❛rt❡ s✉♣❡r✐♦r✮ ♥❛ ❞✐r❡çã♦
❞♦ ✢✉①♦ ✭s❡♥t✐❞♦ ❧❛r❣✉r❛✮



❈❛♣ít✉❧♦ ✸✳ ❙♦❧✉çã♦ ♣r♦♣♦st❛ ❡ ❛♥á❧✐s❡ ❞♦ r❡❣✐♠❡ ❞❡ ✢✉①♦ ✸✸

✸✳✷✳✷ ❈✉r✈❛s ❞❡ ✈❡❧♦❝✐❞❛❞❡

❯t✐❧✐③❛♥❞♦ ❛s ❡str✉t✉r❛s ♠♦str❛❞❛s ♥❛s ❋✐❣✉r❛s ✺✱ ✻✱ ✼ ❡ ✽ ✈❡r✐✜❝♦✉✲s❡ ❝♦♠♦ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦

✢✉✐❞♦ s❡ ❝♦♠♣♦rt❛ ❝♦♠ ❛ ♣r❡s❡♥ç❛ ❞♦ s❡♥s♦r✳ ❊ss❡ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ♥❛s

♣r♦①✐♠✐❞❛❞❡s ❞♦ s❡♥s♦r ♣♦❞❡ ✐♥❞✐❝❛r ♣❡rt✉r❜❛çõ❡s q✉❡ ❞❡✈❡♠ s❡r ❛♥❛❧✐s❛❞❛s ❡ ❛ss✐♠ ❞❡t❡r♠✐♥❛r

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

◆❛s ❋✐❣✉r❛s ✾✱ ✶✵✱ ✶✶ ❡ ✶✷ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❝✉r✈❛s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ♣❛r❛ ❝❛❞❛ ✉♠❛

❞❛s ❡str✉t✉r❛s s✐♠✉❧❛❞❛s✳ ❆s ❋✐❣✉r❛s sã♦ ❛♥❛❧✐s❛❞❛s ♥❛ r❡❣✐ã♦ ♦♥❞❡ s❡ ❡♥❝♦♥tr❛ ♦ s❡♥s♦r✳

❋✐❣✉r❛ ✾ ✕ ❈✉r✈❛ ❞❡ ✈❡❧♦❝✐❞❛❞❡✱ ❡str✉t✉r❛ ✶

◆❛ ❋✐❣✉r❛ ✾✱ ♥♦t❛✲s❡ q✉❡ ♦ s❡♥s♦r s❡♥❞♦ ♣♦st♦ ❞❡ ❢♦r♠❛ tr❛♥s✈❡rs❛❧ ❛♦ s❡♥t✐❞♦ ❞♦ ✢✉①♦ ❢❛rá

❝♦♠ q✉❡ ♦ ♣❡r✜❧ ❞❡ ✈❡❧♦❝✐❞❛❞❡ s❡❥❛ ♣❡rt✉r❜❛❞♦ ❡ ❛✐♥❞❛ ♥ã♦ ❝♦♥tr✐❜✉✐rá ❝♦♠ ✉♠❛ tr♦❝❛ ❡❢❡t✐✈❛ ❞❡

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

❋✐❣✉r❛ ✶✵ ✕ ❈✉r✈❛ ❞❡ ✈❡❧♦❝✐❞❛❞❡✱ ❡str✉t✉r❛ ✷

◆❛ ❋✐❣✉r❛ ✶✵✱ ♦ s❡♥s♦r ❡stá ❝♦❧♦❝❛❞♦ ♥♦ s❡♥t✐❞♦ ❞♦ ✢✉①♦✱ ♥ã♦ ♦❝♦rr❡ ❣r❛♥❞❡ ♣❡rt✉r❜❛çã♦ ♣❡❧❛

♣r❡s❡♥ç❛ ❞♦ s❡♥s♦r✱ ♣♦ré♠✱ ❡ss❛ ❞✐s♣♦s✐çã♦ ❞♦ s❡♥s♦r ❞❡✈❡ s❡r ❡✈✐t❛❞❛✱ ♣♦✐s ❛ ❝♦♥str✉çã♦ ❞♦ s❡♥s♦r



❈❛♣ít✉❧♦ ✸✳ ❙♦❧✉çã♦ ♣r♦♣♦st❛ ❡ ❛♥á❧✐s❡ ❞♦ r❡❣✐♠❡ ❞❡ ✢✉①♦ ✸✹

✐♠♣❡❞❡ q✉❡ ❡ss❛ ❡str✉t✉r❛ s❡❥❛ ✉t✐❧✐③❛❞❛✳ ❖ s❡♥s♦r é ❢♦r♠❛❞♦ ♣♦r ✉♠ ❡❧❡♠❡♥t♦ q✉❡ s❡rá ❛q✉❡❝✐❞♦

❡ ✉♠ ♦✉tr♦ ❡❧❡♠❡♥t♦ q✉❡ é ✉t✐❧✐③❛❞♦ ❝♦♠♦ ❝♦♠♣❡♥s❛❞♦r ❞❛ t❡♠♣❡r❛t✉r❛ ❞♦ ✢✉✐❞♦✱ ❝♦♠♦ ♦ s❡♥t✐❞♦

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

❛q✉❡❝✐❞♦✳

❋✐❣✉r❛ ✶✶ ✕ ❈✉r✈❛ ❞❡ ✈❡❧♦❝✐❞❛❞❡✱ ❡str✉t✉r❛ ✸

❆ ❝✉r✈❛ ❞❡ ✈❡❧♦❝✐❞❛❞❡ r❡❢❡r❡♥t❡ ❛ ❡str✉t✉r❛ três é ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛ ✶✶✳ ❊ss❛ ❡str✉t✉r❛

♠♦str❛ ♦ s❡♥s♦r ♣♦s✐❝✐♦♥❛❞♦ ❡♠ ✉♠❛ r❡❣✐ã♦ q✉❡ ♥ã♦ ✐♠♣❡❞✐rá ♦ ✢✉①♦ ❞♦ ❧íq✉✐❞♦ ❡ t❛♠❜é♠ ♦

s❡✉ s❡♥t✐❞♦ ♥ã♦ ✐♥✢✉❡♥❝✐❛rá ❛ ❝♦♠♣❡♥s❛çã♦ ❞❡ t❡♠♣❡r❛t✉r❛✳ P♦❞❡♥❞♦✱ ❛ss✐♠✱ s❡r ✉s❛❞❛ ♣❛r❛ ❛

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

❝♦♥str✉çã♦ ❞♦ s❡♥s♦r✱ q✉❡ ♣♦ss✉✐ ✉♠ ❡♥❝❛✐①❡ q✉❡ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛ ✜①❛çã♦ ♥♦s t✉❜♦s ♦✉ ❞✉t♦s✳

❋✐❣✉r❛ ✶✷ ✕ ❈✉r✈❛ ❞❡ ✈❡❧♦❝✐❞❛❞❡✱ ❡str✉t✉r❛ ✶

◆❛ ❋✐❣✉r❛ ✶✷✱ é ❛♣r❡s❡♥t❛❞❛ ❛ s✐♠✉❧❛çã♦ ♠♦str❛♥❞♦ ❛ ❝✉r✈❛ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♣❛r❛ ❛ ❡str✉t✉r❛

❞❡ t❡st❡s✳ ❊ss❛ s✐♠✉❧❛çã♦ ❝♦♥s✐❞❡r❛ ♦ s❡♥s♦r s❡♥❞♦ ❝♦♥❡❝t❛❞♦ ♥♦ t✉❜♦ ❛tr❛✈és ❞♦ s❡✉ ❡♥❝❛✐①❡

♣❛❞rã♦✱ ❛ss✐♠ ❛ ❞✐stâ♥❝✐❛ q✉❡ ❡❧❡ ❛❞❡♥tr❛ ♦ t✉❜♦ é ✉t✐❧✐③❛❞❛ ♣❛r❛ s❛❜❡r ♦ ❛❧❝❛♥❝❡ ❞❡ ♣r♦❢✉♥❞✐❞❛❞❡

❞♦ s❡♥s♦r✳ ❊ss❛ ❡str✉t✉r❛ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✶✷ é ❛ q✉❡ ❡stá ♠❛✐s ♣ró①✐♠❛ ❞❛ ❡str✉t✉r❛

✉t✐❧✐③❛❞❛ ♥❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s✳



❈❛♣ít✉❧♦ ✸✳ ❙♦❧✉çã♦ ♣r♦♣♦st❛ ❡ ❛♥á❧✐s❡ ❞♦ r❡❣✐♠❡ ❞❡ ✢✉①♦ ✸✺

✸✳✸ ◆ú♠❡r♦ ❞❡ ❘❡②♥♦❧❞s

❖s ✈❛❧♦r❡s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ❥✉♥t❛♠❡♥t❡ ❝♦♠ ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ❡str✉t✉r❛✱ ❝♦♠♦✿ ❞❡♥✲

s✐❞❛❞❡ ❞♦ ✢✉✐❞♦❀ ✈✐s❝♦s✐❞❛❞❡❀ ❞✐â♠❡tr♦✱ sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦ r❡❣✐♠❡ ❞❡ ❡s❝♦❛♠❡♥t♦

❞♦ ✢✉✐❞♦✳ P♦❞❡♥❞♦ s❡r ❧❛♠✐♥❛r ♦✉ t✉r❜✉❧❡♥t♦✳ P❛r❛ q✉❡ ✉♠ ✢✉✐❞♦ s❡❥❛ ❝❧❛ss✐✜❝❛❞♦ ❝♦♠ ❝♦♠♣♦r✲

t❛♠❡♥t♦ ❧❛♠✐♥❛r✱ ♦ ♠❡s♠♦ ❞❡✈❡ ♦❜❡❞❡❝❡r ❛♦ ♥ú♠❡r♦ ❞❡ ❘❡②♥♦❧❞s✱ ♦ q✉❛❧ é ❞❛❞♦ ♣❡❧❛ s❡❣✉✐♥t❡

❡q✉❛çã♦✿

Re =
ρ · v · D

µ
✭✸✳✶✮

♦♥❞❡✿ ρ é ❛ ♠❛ss❛ ❡s♣❡❝í✜❝❛ ❞♦ ✢✉✐❞♦ ✭kg/m3✮✱ ✈ é ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ✭m/s✮✱ ❉ é ♦ ❞✐â♠❡tr♦

❞♦ t✉❜♦ ✭m✮ ❡ ♣♦r ✜♠✱ µ é ❛ ✈✐s❝♦s✐❞❛❞❡ ❞✐♥â♠✐❝❛ ❞♦ ✢✉✐❞♦✳ ◆❛ ❚❛❜❡❧❛ ✸ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s

r❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❘❡②♥♦❧❞s ♣❛r❛ ❛❧❣✉♥s ✈❛❧♦r❡s ❞❛ ❢❛✐①❛ ❞❡ ✈❡❧♦❝✐❞❛❞❡

✉t✐❧✐③❛❞❛ ♥❛s s✐♠✉❧❛çõ❡s✳

❚❛❜❡❧❛ ✸ ✕ ◆ú♠❡r♦ ❞❡ ❘❡②♥♦❧❞s

✈ (m/s) ❘❡

✵✱✵✶✵✵ ✶✾✾✱✵✹✹✸

✵✱✵✶✹✷ ✷✽✷✱✻✹✷✾

✵✱✵✽✶✵ ✸✻✵✱✷✼✵✷

✵✱✵✷✷✸ ✹✹✸✱✽✻✽✽

✵✱✵✷✼✺ ✺✹✼✱✸✼✶✽

❈♦♥❢♦r♠❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦✱ ♦ ♠á①✐♠♦ ♥ú♠❡r♦ ❞❡ ❘❡②♥♦❧❞s ♣r❡s❡♥t❡ ♥❛ ❡str✉t✉r❛ é ✺✹✼✱✸✼✶✽✳

❊ss❡ ♥ú♠❡r♦ é ❜❡♠ ♠❡♥♦r q✉❡ ♦ ♥ú♠❡r♦ ❧✐♠✐t❡ q✉❡ ❝❛r❛❝t❡r✐③❛ ♦ r❡❣✐♠❡ ❧❛♠✐♥❛r✱ q✉❡ é ❞❡ ✷✵✵✵✳

P♦rt❛♥t♦✱ ❛ ❡①✐stê♥❝✐❛ ❞❡ t✉r❜✉❧ê♥❝✐❛ ♥♦ ✢✉✐❞♦ ♣♦❞❡ s❡r ❞❡s♣r❡③❛❞❛ ❬✷✹❪✳

❈♦♠♦ ♥ã♦ ❤á t✉r❜✉❧ê♥❝✐❛ ♥♦ ❡s❝♦❛♠❡♥t♦✱ ♦ q✉❡ ♣ô❞❡ s❡r ❝♦♠♣r♦✈❛❞♦ ♣❡❧❛s s✐♠✉❧❛çõ❡s✱ ♦ r❡❣✐♠❡

❞❡ ❡s❝♦❛♠❡♥t♦ ♣❛r❛ t♦❞❛ ❛ ❢❛✐①❛ ❡st❛❜❡❧❡❝✐❞❛ ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ é ❧❛♠✐♥❛r✳ ■ss♦ ♣r♦♣♦r❝✐♦♥❛

q✉❡ ♣♦ss❛ s❡r ✉s❛❞♦ ❛♣❡♥❛s ✉♠ s❡♥s♦r ♣❛r❛ r❡❛❧✐③❛r ❛ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦✱ ✈✐st♦ q✉❡ ♥ã♦ ♦❝♦rr❡rá

♦✉tr♦ r❡❣✐♠❡ ❞❡ ❡s❝♦❛♠❡♥t♦ ❡ ❛ss✐♠ ♥ã♦ ❡①✐st✐rá ✈❡❧♦❝✐❞❛❞❡ ❡♠ ♦✉tr❛ ❞✐r❡çã♦✳



❈❛♣ít✉❧♦ ✸✳ ❙♦❧✉çã♦ ♣r♦♣♦st❛ ❡ ❛♥á❧✐s❡ ❞♦ r❡❣✐♠❡ ❞❡ ✢✉①♦ ✸✻

◆♦ ❝❛♣ít✉❧♦ s❡❣✉✐♥t❡ s❡rá ❞✐s❝✉t✐❞♦ ❛ t❡♦r✐❛ s♦❜r❡ ♦s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ❡ ❝♦♠♦ ❛ t❡♠✲
♣❡r❛t✉r❛ ❞♦ ✢✉✐❞♦ é ❝♦♠♣❡♥s❛❞❛ ❞❡ ❢♦r♠❛ ❛ ♥ã♦ ✐♥✢✉❡♥❝✐❛r ♥❛s ♠❡❞✐çõ❡s✳ ❙❡♥❞♦ ❞❡t❡r♠✐♥❛❞♦ ♦
♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ q✉❡ r❡♣r❡s❡♥t❛ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✳



✸✼

✹ ❙❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s

✹✳✶ ❈❛r❛❝t❡r✐③❛çã♦ ❞♦s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s

❖s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ❞❡✈❡♠ s❡r ❝❛r❛❝t❡r✐③❛❞♦s ❡♠ ♣r♦❝❡ss♦s ❡stát✐❝♦s ❡ ❞✐♥â♠✐❝♦s ♣❛r❛

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

sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ♣♦♥t♦s ❞❡ ♦♣❡r❛çã♦ ❡ t❡♠♣♦ ❞❡ r❡s♣♦st❛ ❞♦ s❡♥s♦r ❬✹❪✳

✹✳✶✳✶ ❈❛r❛❝t❡r✐③❛çã♦ ❡stát✐❝❛

❆ ❝❛r❛❝t❡r✐③❛çã♦ ❡stát✐❝❛ ❞♦s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s✱ ❡♠ ♥♦ss♦ ❝❛s♦ ♥♦s ♠❡tá❧✐❝♦s✱ é r❡❛❧✐③❛❞❛

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

❞♦ ♠❡✐♦ ❛♦ q✉❛❧ ♦ s❡♥s♦r ❡stá ❡♥✈♦❧✈✐❞♦✳ P❛r❛ ✐ss♦ ✉s❛✲s❡ ✉♠❛ ❡st✉❢❛ ❡ r❡❛❧✐③❛✲s❡ ♦ ♠♦♥✐t♦r❛♠❡♥t♦

❞❛ t❡♠♣❡r❛t✉r❛ Ts ❡ ❞❛ r❡s✐stê♥❝✐❛ ❡❧étr✐❝❛ ❞♦ s❡♥s♦r Rs✳ ❖s ✈❛❧♦r❡s ♣♦❞❡♠ s❡r ❝♦❧❡t❛❞♦s ❛tr❛✈és

❞❡ ✉♠ ♠✐❝r♦❝♦♥tr♦❧❛❞♦r✱ ✉♠ ♠✉❧tí♠❡tr♦ ❝♦♠ ✐♥t❡r❢❛❝❡ ❞❡ ❧❡✐t✉r❛ ❞❡ ❞❛❞♦s ♦✉ ✉♠ ❉❆◗ ✭❉❛t❛

❛❝q✉✐s✐t✐♦♥✮✳ ❊ss❡s ❡q✉✐♣❛♠❡♥t♦s ❞❡✈❡♠ ♣♦ss✉✐r ✉♠❛ ❜♦❛ r❡s♦❧✉çã♦ ❞❡ ❝♦♥✈❡rsã♦ ❆✴❉✱ ♣♦✐s ♦ s✐♥❛❧

❛❞q✉✐r✐❞♦ ♣♦ss✉✐ ✈❛r✐❛çã♦ ❡♠ ❝❡♥t❡♥❛s ❞❡ ♠✐❧✐✈♦❧t✳ ◆❡ss❡ tr❛❜❛❧❤♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ✉♠ s✐st❡♠❛ ❞❡

❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ✭❉❆◗ ◆■ ❯❙❇✲✻✷✶✷✱ ❞❛ ◆❛t✐♦♥❛❧ ■♥str✉♠❡♥ts✮ ❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❡♠ ▲❛❜❱✐❡✇

♣❛r❛ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❛ ❝❛r❛❝t❡r✐③❛çã♦ ❡stát✐❝❛✳ ❆ t❡♠♣❡r❛t✉r❛ ❢♦✐ ✈❛r✐❛❞❛ ❞❡ ✷✵ ➸❈ ❛té ✻✵

➸❈ ❡ ♦s ✈❛❧♦r❡s ❞❡ r❡s✐stê♥❝✐❛ ❢♦r❛♠ ❝♦❧❡t❛❞♦s✳ ❯♠ ❡sq✉❡♠❛ ❞❛ ♠♦♥t❛❣❡♠ ♣❛r❛ ❛ ❝❛r❛t❡r✐③❛çã♦

❡stát✐❝❛ é ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✶✸✱ ❛ s❡❣✉✐r✿

❋✐❣✉r❛ ✶✸ ✕ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ ❡st✉❢❛ ♣❛r❛ ❝❛r❛❝t❡r✐③❛çã♦ ❡stát✐❝❛



❈❛♣ít✉❧♦ ✹✳ ❙❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ✸✽

❆ ❝❛r❛❝t❡r✐③❛çã♦ ❡stát✐❝❛ ❢♦✐ r❡❛❧✐③❛❞❛ ❡ ❝♦♠ ♦ r❡s✉❧t❛❞♦ ❢♦✐ ♦❜t✐❞♦ ❛ ❝❛r❛❝t❡ríst✐❝❛ Rs ❳ Ts

❞♦ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦✳ ❊ss❛ ❝❛r❛❝t❡ríst✐❝❛ é ♦❜s❡r✈❛❞❛ ♥❛ ❋✐❣✉r❛ ✶✹✱ ❛ s❡❣✉✐r✳

❋✐❣✉r❛ ✶✹ ✕ ❈❛r❛❝t❡ríst✐❝❛ Rs ① Ts ❞♦ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦

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

s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦✳ ❖s ✈❛❧♦r❡s ❞❡ R0 ❡ β ❢♦r❛♠ ♦❜t✐❞♦s ❡ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✹✳

❚❛❜❡❧❛ ✹ ✕ ❱❛❧♦r❡s ❞❛ ❝❛r❛❝t❡r✐③❛çã♦ ❞♦ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦

R0 ✹✹✱✾✾✷✵ Ω

β ✵✱✵✵✼✵✻ ➸❈✲✶

❖ ✈❛❧♦r ❡♥❝♦♥tr❛❞♦ ♣❛r❛ R0 é ❜❡♠ ♣ró①✐♠♦ ❞♦ ✈❛❧♦r ✐♥❢♦r♠❛❞♦ ♣❡❧♦ ❢❛❜r✐❝❛♥t❡ ❞♦ s❡♥s♦r q✉❡

♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❚❛❜❡❧❛ ✷✱ s❡♥❞♦ s❡✉ ✈❛❧♦r ❞❡ ✹✺Ω✳



❈❛♣ít✉❧♦ ✹✳ ❙❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ✸✾

✹✳✶✳✷ ❈❛r❛❝t❡r✐③❛çã♦ ❞✐♥â♠✐❝❛

❆ ❝❛r❛❝t❡r✐③❛çã♦ ❞✐♥â♠✐❝❛ t❡♠ ❝♦♠♦ ✜♥❛❧✐❞❛❞❡ ❞❡t❡r♠✐♥❛r ❛ ❝♦♥t❛♥t❡ ❞❡ t❡♠♣♦ ❞♦s s❡♥s♦r❡s

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

♣♦❞❡♠♦s ❞❡t❡r♠✐♥❛r ❛ ❝♦♥st❛♥t❡ ❞❡ t❡♠♣♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡q✉❛çã♦ ✹✳✶✳❬✹❪

τ =
mc

hS
✭✹✳✶✮

❖ ♣r♦❝❡ss♦ ❞❡ ❝❛r❛❝t❡r✐③❛çã♦ ❞✐♥â♠✐❝❛ ♣♦❞❡ s❡r r❡❛❧✐③❛❞♦ ❞❡ ❢♦r♠❛ ❛♥❛❧ít✐❝❛ ♦✉ ❞❡ ❢♦r♠❛

❡①♣❡r✐♠❡♥t❛❧✳ ❊♠ ❣❡r❛❧ ❛ ❢♦r♠❛ ❛♥❛❧ít✐❝❛ é ✉♠❛ ❢♦r♠❛ ♠❛✐s ❞✐❢í❝✐❧ ❞❡ s❡ ♦❜t❡r ❛ ❝♦♥st❛♥t❡ ❡♠

✈✐rt✉❞❡ ❞❡ ❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s s❡r❡♠ ❞❡ ❞✐❢í❝✐❧ ❝♦♥❤❡❝✐♠❡♥t♦✳

❆ss✐♠✱ ❛ ❢♦r♠❛ ❡①♣❡r✐♠❡♥t❛❧ é ♠❛✐s ❡♠♣r❡❣❛❞❛ ♣❛r❛ ❡♥❝♦♥tr❛r ♦s ♣❛râ♠❡tr♦s✳

❖ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦ ✉t✐❧✐③❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦ ♣♦ss✉✐ ❜❛✐①❛ ❝♦♥st❛♥t❡ ❞❡ t❡♠♣♦ ❞❛ ♦r❞❡♠

❞❡ ✵✱✵✶ ms✳ ❆ ❝❛r❛❝t❡r✐③❛çã♦ ❞✐♥â♠✐❝❛ ♥ã♦ ❢♦✐ r❡❛❧✐③❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✳

✹✳✶✳✸ ❊st✐♠❛çã♦ ❞♦s ♣❛râ♠❡tr♦s

P❛r❛ ❞❡t❡r♠✐♥❛r ♦s ♣❛râ♠❡tr♦s a✱ b ❡ n ✉t✐❧✐③❛✲s❡ ❛ Pr✐♠❡✐r❛ ▲❡✐ ❞❛ ❚❡r♠♦❞✐♥â♠✐❝❛ ✭❡q✉❛çã♦

✷✳✼✮✳ ➱ ♥❡❝❡ssár✐♦ ❞✉r❛♥t❡ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❝❛r❛❝t❡r✐③❛çã♦ ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♣❛râ♠❡tr♦s

❛❝♦♠♣❛♥❤❛r ❛ ♣♦tê♥❝✐❛ ❡❧étr✐❝❛ ❡♥tr❡❣✉❡ ❛♦ s❡♥s♦r✱ ❛tr❛✈és ❞❛ t❡♥sã♦ ❡❧étr✐❝❛ s♦❜r❡ ♦ s❡♥s♦r

t❡r♠♦✲r❡s✐st✐✈♦ ❡ ❛ ❝♦rr❡♥t❡ ❡❧étr✐❝❛ q✉❡ ♦ ❛tr❛✈❡ss❛✳ ❊①✐st❡♠ ❛❧❣✉♠❛s ♠♦♥t❛❣❡♥s ❡①♣❡r✐♠❡♥t❛✐s

q✉❡ sã♦ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❡ss❡ ❛❝♦♠♣❛♥❤❛♠❡♥t♦✳ P❛r❛ ❡ss❡ ♣r♦❝❡❞✐♠❡♥t♦ ✉t✐❧✐③❛✲s❡ ❛ ❡q✉❛çã♦ ✷✳✶✸✳

■♥✐❝✐❛❧♠❡♥t❡ ❞❡✈❡✲s❡ ❢❛③❡r ❝♦♠ q✉❡ ♦ ✢✉✐❞♦ t❡♥❤❛ ✈❡❧♦❝✐❞❛❞❡ ♥✉❧❛ ✭v = 0 cm/s✮ ✱ ❞❡ss❛ ❢♦r♠❛✱

❝♦♠♦ ♥ã♦ ❤á ✈❡❧♦❝✐❞❛❞❡ ❛ ❡q✉❛çã♦ s❡rá r❡❞✉③✐❞❛ ❝♦♠♦ ❞❡♠♦♥str❛❞❛ ❛ s❡❣✉✐r✿

a =
Pe

S (Ts − Ta)
✭✹✳✷✮



❈❛♣ít✉❧♦ ✹✳ ❙❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ✹✵

❈♦♠ ♦ ✈❛❧♦r ❞❡ a ❞❡t❡r♠✐♥❛❞♦ ❞❡✈❡✲s❡ ❢❛③❡r ❝♦♠ q✉❡ ♦ ✢✉✐❞♦ ❛❣♦r❛ ♣♦ss✉❛ ✉♠❛ ✈❡❧♦❝✐❞❛❞❡

❝♦♥tr♦❧❛❞❛✳ P❛r❛ ❢❛❝✐❧✐t❛r ♦ ❝á❧❝✉❧♦ ❞❡ss❡ ♣❛râ♠❡tr♦ ✭b ✮ ✉t✐❧✐③❛✲s❡ ✉♠ ✈❛❧♦r ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❜❡♠

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

❞❡s❝♦❜❡rt♦✳ ❈♦♠ ✐ss♦✱ ❞❡✈❡ ❛❥✉st❛r ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ❛ 1m/s✳

b =
Pe

S (Ts − Ta)
− a ✭✹✳✸✮

❆♦ ❞❡t❡r♠✐♥❛r✲s❡ ♦s ♣❛râ♠❡tr♦ a ❡ b✱ r❡st❛ ❞❡t❡r♠✐♥❛r ♦ ú❧t✐♠♦ ♣❛râ♠❡tr♦ ❞❛ ❡q✉❛çã♦ ❞❡

❑✐♥❣✱ ♦ ♣❛râ♠❡tr♦ n✳ P❛r❛ ❞❡t❡r♠✐♥❛r ❡ss❡ ♣❛râ♠❡tr♦ ✉t✐❧✐③❛✲s❡ ♦ ♠❡s♠♦ ♣r✐♥❝✐♣✐♦ ✉t✐❧✐③❛❞♦ ♣❛r❛

❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♦✉tr♦s ♣❛râ♠❡tr♦s✳ ❯t✐❧✐③❛♠♦s ✉♠ ✈❛❧♦r ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✢✉✐❞♦✳ P♦ré♠✱ s❡♠

❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✈❛❧♦r❡s ❡s♣❡❝✐❛✐s✳ ❆ss✐♠✱ ✉t✐❧✐③❛✲s❡ ✉♠ ✈❛❧♦r q✉❛❧q✉❡r ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦

✭v = vm/s✮ ❬✶✾❪✳

vn =
Pe

S b (Ts − Ta)
−

a

b
✭✹✳✹✮

❖s ✈❛❧♦r❡s ❡♥❝♦♥tr❛❞♦s ♣♦❞❡♠ s♦❢r❡r ❛❧❣✉♠❛s ✈❛r✐❛çõ❡s ❞❡✈✐❞♦ ❛s ✐♥❝❡rt❡③❛s q✉❡ ♣♦❞❡♠ s✉r❣✐r

❞❡ ♦✉tr❛s ❣r❛♥❞❡③❛s✳

P❛râ♠❡tr♦s a✱ b ❡ n

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

✜❧♠❡ q✉❡♥t❡✱ é ❛ ❡st✐♠❛çã♦ ❞♦s ❞♦s ♣❛râ♠❡tr♦s ❞❛ ▲❡✐ ❞❡ ❑✐♥❣ ✭♣❛râ♠❡tr♦s a✱ b ❡ n✮✳ P♦❞❡♠♦s

✉t✐❧✐③❛r ❛ ♣ró♣r✐❛ ❡str✉t✉r❛ ❞❡ t❡st❡s ♣❛r❛✱ ❛tr❛✈és ❞❡ ❡♥s❛✐♦s✱ ❡st✐♠❛r ♦s ✈❛❧♦r❡s ❞♦s ♣❛râ♠❡tr♦s✳

❊♠ ❛❧❣✉♥s tr❛❜❛❧❤♦s ♦s ♣❛râ♠❡tr♦s sã♦ ❡♥❝♦♥tr❛❞♦s ❛tr❛✈és ❞❛ ❛♣❧✐❝❛çã♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡s ❝♦♥❤❡❝✐✲

❞❛s✳ ◆♦ ❝❛s♦✱ v = 0m/s✱ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦ ✈❛❧♦r ❞♦ ♣❛râ♠❡tr♦ a✱ v = 1m/s✱ ♣❛r❛ ❞❡t❡r♠✐♥❛r

♦ ✈❛❧♦r ❞❡ b ❡ v = v m/s✱ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦ ✈❛❧♦r ❞❡ n✳ P♦ré♠✱ ❡ss❛ té❝♥✐❝❛ ✉t✐❧✐③❛ ❛♣❡♥❛s três

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

◆❡ss❡ tr❛❜❛❧❤♦ ❢♦✐ r❡❛❧✐③❛❞♦ ♦ s❡❣✉✐♥t❡ ♣r♦❝❡❞✐♠❡♥t♦ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦s ♣❛râ♠❡tr♦s ❞❛ ▲❡✐ ❞❡

❑✐♥❣✳ ❆ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ❢♦✐ ❛❥✉st❛❞❛ ♣❛r❛ ❞✐✈❡rs♦s ✈❛❧♦r❡s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✱ ❝❛❞❛ q✉❛❧



❈❛♣ít✉❧♦ ✹✳ ❙❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ✹✶

❝♦rr❡s♣♦♥❞❡♥t❡ ❛ ✉♠ ✈❛❧♦r ❞❡ ✈❛③ã♦ ❞❛ ❡str✉t✉r❛✳ ❋♦r❛♠ r❡❛❧✐③❛❞❛s ❧❡✐t✉r❛s ❞♦s ✈❛❧♦r❡s ❞❡ t❡♥sã♦

❞❡ s❛í❞❛ ✭Vo✮ ♣❛r❛ t♦❞❛s ❛s ✈❡❧♦❝✐❞❛❞❡s ❞❡ t❡st❡s✱ ✉t✐❧✐③❛♥❞♦ ♦s ✈❛❧♦r❡s ❞❛s t❡♥sõ❡s ✭Vo✮ ❝❛❧❝✉❧♦✉✲s❡

♦s r❡s♣❡❝t✐✈♦s ✈❛❧♦r❡s ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r ✭h✮✳ ❈♦♠ ♦s ✈❛❧♦r❡s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ✭v✮

❡ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r ✭h) ❝❛❧❝✉❧❛❞♦s ♣❛r❛ t♦❞❛ ❛ ❢❛✐①❛ ❞❡ ✉s♦ ❞❛ ♣❧❛t❛❢♦r♠❛

❞❡ t❡st❡s ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ❛❧❣✉♠ ♠ét♦❞♦ ♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦ ♦✉ ❛❥✉st❡ ❞❡ ♣❛râ♠❡tr♦s ❜❛s❡❛❞♦ ♥♦

♠ét♦❞♦ ❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s✳ ❆ss✐♠✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ♠ét♦❞♦ ❞❡ ▲❡✈❡♥❜❡r❣✲▼❛rq✉❛r❞t✱ ♦ q✉❛❧

é ✉♠ ♠ét♦❞♦ ❞❡ ♠í♥✐♠♦s q✉❛❞r❛❞♦s ✉t✐❧✐③❛❞♦ ❡♠ ❛♣❧✐❝❛çõ❡s ♥ã♦ ❧✐♥❡❛r❡s✳ ❈♦♠ ❛ ✉t✐❧✐③❛çã♦

❛❞❡q✉❛❞❛ ❞❡ss❡ ♠ét♦❞♦ ♣♦❞❡✲s❡ ❞❡t❡r♠✐♥❛r ♦s ♣❛râ♠❡tr♦s ❞❛ ▲❡✐ ❞❡ ❑✐♥❣✳

❖s ♣❛râ♠❡tr♦s a✱ b ❡ n✱ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✺✱ ❛♣r❡s❡♥t❛❞❛ ❛ s❡❣✉✐r✳

❚❛❜❡❧❛ ✺ ✕ ❱❛❧♦r❡s ❞♦s ♣❛râ♠❡tr♦s a ❡ b ❡ n

P❛râ♠❡tr♦ ❱❛❧♦r

a ✹✼✹✽✽✱✾✾ W
➸❈·m2

b ✺✾✹✾✻✱✹✾ W
➸❈·m2

n ✵✱✸✺✶✺

✹✳✷ ❆♣❧✐❝❛çõ❡s ❞❡ s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s

❖s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s sã♦ ❡♠♣r❡❣❛❞♦s ❡♠ ❞✐✈❡rs❛s ár❡❛s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛♣❧✐❝❛❞♦s ♥❛ ♠❡✲

❞✐çã♦ ❞❡ t❡♠♣❡r❛t✉r❛✱ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✢✉✐❞♦s ❡ r❛❞✐❛çã♦✳ ❊❧❡s sã♦ ❡♠♣r❡❣❛❞♦s ❡♠ ❛♠❜✐❡♥t❡s ✐♥✲

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

♥❡❝❡ssár✐♦ ❝♦♥❤❡❝❡r ❛ ❝❛r❛❝t❡ríst✐❝❛ r❡s✐stê♥❝✐❛ ❞♦ s❡♥s♦r ❳ t❡♠♣❡r❛t✉r❛✱ ❛ss✐♠ ♣♦❞❡✲s❡ ❞❡t❡r✲

♠✐♥❛r ❛ t❡♠♣❡r❛t✉r❛ ❞❡ ✉♠ ❛♠❜✐❡♥t❡ ❛tr❛✈és ❞♦ s❡✉ ✉s♦✳ ❖s s❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s t❛♠❜é♠

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

✉♠ s✐st❡♠❛✳ P❛r❛ ✐ss♦✱ ✉t✐❧✐③❛✲s❡ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r h✳

❯♠❛ ❝❛r❛❝t❡ríst✐❝❛ q✉❡ ❢❛③ ❝♦♠ q✉❡ ♦s ❛♥❡♠ô♠❡tr♦s ❛ ✜❧♠❡ ♦✉ ✜♦ q✉❡♥t❡ s❡❥❛♠ ❜❛st❛♥t❡

❞✐❢✉♥❞✐❞♦s ♥♦ ✉s♦ ❞❛ ♠❡❞✐çã♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✢✉✐❞♦s é ❛ s✉❛ ♣❡q✉❡♥❛ ❞✐♠❡♥sã♦✱ ❢❛③❡♥❞♦ ❝♦♠

q✉❡ ♥ã♦ ♦❝♦rr❛ ❣r❛♥❞❡ ♣❡rt✉r❜❛çã♦ ♥❛ ♠❡❞✐çã♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✉♠ ✢✉✐❞♦✳



❈❛♣ít✉❧♦ ✹✳ ❙❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ✹✷

✹✳✷✳✶ ▼♦❞♦s ❞❡ ♦♣❡r❛çã♦

❆ ♠❡❞✐çã♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✉♠ ✢✉✐❞♦ é ❛❧❝❛♥ç❛❞❛ ❞❡✈✐❞♦ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r

✭h✮✳ ◗✉❛♥❞♦ ✉♠ ✢✉✐❞♦ ♣❡r❝♦rr❡ ♦ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦ ♦❝♦rr❡ ✉♠❛ ♣❡r❞❛ ❞❡ ❡♥❡r❣✐❛ tér♠✐❝❛✳

❖ ❝♦❡✜❝✐❡♥t❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r ✭h✮ é ❡①♣r❡ss♦ ♣♦r ❡q✉❛çõ❡s q✉❡ s❡ r❡❧❛❝✐♦♥❛♠ ❝♦♠ ❛

✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✳ ❉❡ss❛ ❢♦r♠❛✱ ❛ ❡♥❡r❣✐❛ ♣❡r❞✐❞❛ ♣❡❧♦ s❡♥s♦r é ✉t✐❧✐③❛❞❛ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❛

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

t♦❞♦s ❜❛s❡❛❞♦s ♥❛ ▲❡✐ ❞❡ ❑✐♥❣✳

❼ ❚❡♥sã♦ ❝♦♥st❛♥t❡ ✭❈❱❆ ✲ ❈♦♥st❛♥t ❱♦❧t❛❣❡ ❆♥❡♠♦♠❡t❡r✮✿ ❛ t❡♥sã♦ s♦❜r❡ ♦ s❡♥s♦r é ♠❛♥t✐❞❛

❝♦♥st❛♥t❡✳ ❖ ❈❱❆ ♣r♦♣♦r❝✐♦♥❛ r❡s♣♦st❛ ❡♠ ❛❧t❛ ❢r❡q✉ê♥❝✐❛ ❡ ❜❛✐①♦ r✉í❞♦✱ ❣❡r❛❧♠❡♥t❡ é

✉t✐❧✐③❛❞♦ ♣❛r❛ s✐st❡♠❛s t✉r❜✉❧❡♥t♦s✳

❼ ❈♦rr❡♥t❡ ❝♦♥t❛♥t❡ ✭❈❈❆ ✲ ❈♦♥st❛♥t ❈✉rr❡♥t ❆♥❡♠♦♠❡t❡r✮✿ ❛ ❝♦rr❡♥t❡ s♦❜r❡ ♦ r❡s✐st♦r é

♠❛♥t✐❞❛ ❝♦♥st❛♥t❡✳ ❉❡ss❛ ❢♦r♠❛ ✉♠❛ ♠✉❞❛♥ç❛ ♥❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ❝❛✉s❛ ❛❧t❡r❛çã♦ ❞❛

r❡s✐stê♥❝✐❛ ❞♦ s❡♥s♦r Rs✳

❼ ❚❡♠♣❡r❛t✉r❛ ❝♦♥st❛♥t❡ ✭❈❚❆ ✲ ❈♦♥st❛♥t ❚❡♠♣❡r❛t✉r❡ ❆♥❡♠♦♠❡t❡r✮✿ ❛ r❡s✐stê♥❝✐❛ ❞♦ s❡♥✲

s♦r é ♠❛♥t✐❞❛ ❝♦♥st❛♥t❡✱ s❡♥❞♦ ✉t✐❧✐③❛❞♦ ✉♠ ❝✐r❝✉✐t♦ ❞❡ r❡❛❧✐♠❡♥t❛çã♦ q✉❡ ❛❥✉st❛ ✈❛❧♦r❡s ❞❛

❝♦rr❡♥t❡ s♦❜r❡ ♦ s❡♥s♦r ❞❡ ❢♦r♠❛ ❛ ♠❛♥t❡r ❛ t❡♠♣❡r❛t✉r❛ ❞♦ s❡♥s♦r ❝♦♥st❛♥t❡ ❡ ❝♦♥s❡q✉❡♥✲

t❡♠❡♥t❡ ❛ s✉❛ r❡s✐stê♥❝✐❛✳

◆❡st❡ tr❛❜❛❧❤♦ é ✉t✐❧✐③❛❞♦ ♦ ♠♦❞♦ ❞❡ ♦♣❡r❛çã♦ ❛ t❡♠♣❡r❛t✉r❛ ❝♦♥st❛♥t❡ ✭❈❚❆✮✳ ❊ss❡ ♠♦❞♦ ❞❡

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

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

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

❚❡r♠♦❞✐♥â♠✐❝❛ ✭❡q✉❛çã♦ ✷✳✼✮ s❡❥❛ ❞❡s❝♦♥s✐❞❡r❛❞♦ t♦r♥❛♥❞♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ♠❛t❡♠át✐❝♦ ♠❛✐s

s✐♠♣❧❡s✳



❈❛♣ít✉❧♦ ✹✳ ❙❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ✹✸

✹✳✸ ▼♦❞♦ ❞❡ ♦♣❡r❛çã♦ à t❡♠♣❡r❛t✉r❛ ❝♦♥st❛♥t❡ ✭❈❚❆✮

◆❡ss❡ ♠♦❞♦ ❞❡ ♦♣❡r❛çã♦ ❛ t❡♠♣❡r❛t✉r❛ s♦❜r❡ ♦ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦ é ♠❛♥t✐❞❛ ❝♦♥st❛♥t❡ ♦

q✉❡ ❛❝❛rr❡t❛ q✉❡ ❛ s✉❛ r❡s✐stê♥❝✐❛ t❛♠❜é♠ s❡rá ❝♦♥st❛♥t❡✳ ❆ss✐♠✱ ❛ ♣♦tê♥❝✐❛ s♦❜r❡ ♦ s❡♥s♦r ♣♦❞❡

s❡r ❞❛❞❛ ♣♦r✿

Pe = Rs · I
2
s =

V 2
s

Rs

✭✹✳✺✮

❙✉❜st✐t✉✐♥❞♦ ❛ ♣♦tê♥❝✐❛ ❡❧étr✐❝❛ ❞♦ s❡♥s♦r ♥❛ ❡q✉❛çã♦ ✷✳✼ ✭▲❡✐ ❞❛ ❚❡r♠♦❞✐♥â♠✐❝❛✮ ❡ s❛❜❡♥❞♦

q✉❡ ❛ t❡♠♣❡r❛t✉r❛ s♦❜r❡ ♦ s❡♥s♦r é ❝♦♥st❛♥t❡ ♥❛ ❝♦♥❞✐çã♦ ❞❡ ❡q✉✐❧í❜r✐♦ ✭dTs

dt = 0✮✳ ❆ t❡♥sã♦ s♦❜r❡

♦ s❡♥s♦r s❡rá ❞❛❞❛ ♣❡❧❛ ❡q✉❛çã♦ ✹✳✻✳

V 2
s = Rs · h · S · (Ts − Ta) − Rs · α · S ·H ✭✹✳✻✮

❯♠ ❡①❡♠♣❧♦ ❞❡ ❝✐r❝✉✐t♦ q✉❡ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛ ❝♦♠♣❡♥s❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❞♦ ✢✉✐❞♦✱

♠♦❞♦ t❡♠♣❡r❛t✉r❛ ❝♦♥st❛♥t❡✱ é ❛♣r❡s❡♥t❛❞♦ ❛ s❡❣✉✐r ♥❛ ❋✐❣✉r❛ ✶✺✳

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

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

t✐♣♦ P❚❈ ✭P♦s✐t✐✈❡ ❚❡♠♣❡r❛t✉r❡ ❈♦❡✣❝✐❡♥t✮ sã♦ ❝♦♥❡❝t❛❞♦s ❛♦ t❡r♠✐♥❛❧ ❞❛ ❡♥tr❛❞❛ ✐♥✈❡rs♦r❛✱

❡♥q✉❛♥t♦ ♦s s❡♥s♦r❡s ◆❚❈ ✭◆❡❣❛t✐✈❡ ❚❡♠♣❡r❛t✉r❡ ❈♦❡✣❝✐❡♥t✮ ❞❡✈❡♠ s❡r ❝♦♥❡❝t❛❞♦s ❛♦ t❡r♠✐♥❛❧

❞❛ ❡♥tr❛❞❛ ♥ã♦✲✐♥❡rs♦r❛✳ ■ss♦ ♦❝♦rr❡ ♣♦r ❝❛✉s❛ ❞♦ t✐♣♦ ❞❡ r❡s♣♦st❛ ❞❡ss❡s s❡♥s♦r❡s✱ s❡♥s♦r❡s q✉❡

❛✉♠❡♥t❛♠ ❛ r❡s✐stê♥❝✐❛ ❝♦♠ ❛ t❡♠♣❡r❛t✉r❛ sã♦ ❝♦♥❡❝t❛❞♦s ♥❛ ❡♥tr❛❞❛ ✐♥✈❡rs♦r❛ ❡ s❡♥s♦r❡s q✉❡

❞✐♠✐♥✉❡♠ ❛ r❡s✐stê♥❝✐❛ ❝♦♠ ❛ t❡♠♣❡r❛t✉r❛ sã♦ ❝♦♥❡❝t❛❞♦s ❛ ❡♥tr❛❞❛ ♥ã♦✲✐♥✈❡rs♦r❛✳



❈❛♣ít✉❧♦ ✹✳ ❙❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ✹✹

❋✐❣✉r❛ ✶✺ ✕ ❘❡♣r❡s❡♥t❛çã♦ ❞♦ ❝✐r❝✉✐t♦ ❞❡ ♠❡❞✐çã♦ ❝♦♠ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦

✹✳✹ ❈♦♠♣❡♥s❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❞♦ ✢✉✐❞♦

❊♠ s✐st❡♠❛s ❛♥❡♠♦♠étr✐❝♦s ❛ ✈❡❧♦❝✐❞❛❞❡ r❡❧❛t✐✈❛ ❡♥tr❡ ♦ ✢✉✐❞♦ ❡ ♦ s❡♥s♦r ❛q✉❡❝✐❞♦ é ❞❡✲

♣❡♥❞❡♥t❡ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r ✭h✮✳ ❆ ❡♥❡r❣✐❛ ♣❡r❞✐❞❛ ♣❛r❛ ♦ ♠❡✐♦ ♣♦❞❡ s❡r

✉t✐❧✐③❛❞❛✱ ❡♥tã♦✱ ♣❛r❛ s❡ ❞❡t❡r♠✐♥❛r ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✳ ❆♦ ✉t✐❧✐③❛r✲s❡ ❛♥❡♠ô♠❡tr♦s ❜❛s❡❛❞♦s

♥♦ ♣r✐♥❝í♣✐♦ ❞❛ tr♦❝❛ ❞❡ ❝❛❧♦r t♦r♥❛✲s❡ ♥❡❝❡ssár✐♦ ❡st❛❜❡❧❡❝❡r ✉♠ ❝✐r❝✉✐t♦ ❝❛♣❛③ ❞❡ ❝♦♠♣❡♥s❛r

❛ ✐♥✢✉ê♥❝✐❛ ❞❛ t❡♠♣❡r❛t✉r❛ ❞♦ ✢✉✐❞♦✱ ♣♦✐s ✭h✮ ❞❡♣❡♥❞❡ t❛♥t♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ❝♦♠♦ ❞❛

t❡♠♣❡r❛t✉r❛ ❛♠❜✐❡♥t❡✳ ❙❡ ❛ ❝♦♠♣❡♥s❛çã♦ ♥ã♦ ❢♦r r❡❛❧✐③❛❞❛ ❛s ♠❡❞✐çõ❡s ❡❢❡t✉❛❞❛s ❡st❛rã♦ ✐♥✲

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

✐♥✢✉ê♥❝✐❛ ❞❡ ❡rr♦s✳

◆❛ ❧✐t❡r❛t✉r❛ ❤á ❞✐✈❡rs❛s ❛♣❧✐❝❛çõ❡s ♣❛r❛ r❡❛❧✐③❛r ❛ ❝♦♠♣❡♥s❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❞♦ ✢✉✐❞♦✱

❝♦♠♦✿ ❛♥❡♠ô♠❡tr♦ ❝♦♠ ❞✉❛s ❢♦♥t❡s ❞❡ ❝♦rr❡♥t❡❀ ❛♥❡♠ô♠❡tr♦ ❝♦♠ ❞♦✐s s❡♥s♦r❡s ♥❛ ♣♦♥t❡❀ ❛♥❡♠ô✲

♠❡tr♦ ❝♦♠ s❡♥s♦r ú♥✐❝♦✳

◆❡st❡ tr❛❜❛❧❤♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ❝✐r❝✉✐t♦ ❝♦♠ ❞♦✐s s❡♥s♦r❡s ♥❛ ♣♦♥t❡✳ ❚❛❧ ❝✐r❝✉✐t♦ ❢♦✐ ✉t✐❧✐③❛❞♦

♣❡❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❝♦♥❢❡❝çã♦ ❞♦ ❡❧❡♠❡♥t♦ s❡♥s♦r✱ ❝♦♠♦ ❞❡s❝r✐t♦ ♥♦ ❝❛♣ít✉❧♦ ✷✳ ❖ s❡♥s♦r

t❡r♠♦✲r❡s✐st✐✈♦ ❞❡ ❢❛❜r✐❝❛çã♦ ❞♦ ■❙❚ ♣♦ss✉✐ ✉♠ ❡❧❡♠❡♥t♦ ❛q✉❡❝❡❞♦r✱ ♦ q✉❛❧ ❡st❛rá r❡❧❛❝✐♦♥❛❞♦

❝♦♠ ❛ tr♦❝❛ ❞❡ ❡♥❡r❣✐❛ tér♠✐❝❛ ❝♦♠ ♦ ♠❡✐♦ ❡ ✉♠ ♦✉tr♦ ❡❧❡♠❡♥t♦ q✉❡ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝♦♠♣❡♥s❛r

❛ t❡♠♣❡r❛t✉r❛ ❞♦ ✢✉✐❞♦✳ ❊ss❡ t✐♣♦ ❞❡ ❝✐r❝✉✐t♦ ❝♦♠ ❞♦✐s s❡♥s♦r❡s ♥❛ ♣♦♥t❡ ❢♦✐ ♣r♦♣♦st♦ ♣♦r ▲♦♠❛s



❈❛♣ít✉❧♦ ✹✳ ❙❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ✹✺

✭✶✾✽✻✮✳ ❖ ❝✐r❝✉✐t♦ ♣♦ss✉✐ ♦s ❞♦✐s s❡♥s♦r❡s ❝♦♥❡❝t❛❞♦s ♥❛ P♦♥t❡ ❞❡ ❲❤❡❛tst♦♥❡✱ ♣♦ré♠ ❡♠ ❧❛❞♦s

♦♣♦st♦s ❬✷✺❪✳ ❖ ❝✐r❝✉✐t♦ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✶✻✱ ❛ s❡❣✉✐r✳

❋✐❣✉r❛ ✶✻ ✕ ❈✐r❝✉✐t♦ ❞❡ ❝♦♠♣❡♥s❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❞♦ ✢✉✐❞♦

P❛r❛ ❛ ❞❡♠♦♥str❛çã♦ ❞❛ ❝♦♠♣❡♥s❛çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ❞♦ ✢✉✐❞♦ ❛❞♠✐t❡✲s❡ q✉❡ ♦s ❝♦❡✜❝✐❡♥t❡s

❞❡ t❡♠♣❡r❛t✉r❛ ❞❡ Rs ❡ Rf sã♦ ✐❣✉❛✐s✳ ❆ss✐♠✱ t❡r❡♠♦s✿

Tf =
1

β

(

Rf

R0−f

− 1

)

✭✹✳✼✮

❡

Ts =
1

β

(

Rs

R0−s

− 1

)

✭✹✳✽✮

❯t✐❧✐③❛♥❞♦ ❛ ❡q✉❛çã♦ ✷✳✶✷✱ ♣♦❞❡♠♦s ❞❡t❡r♠✐♥❛r ❝♦♠♦ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ s❡ ❝♦♠♣♦rt❛rá

❡♠ r❡❧❛çã♦ ❛s ♦✉tr❛s ❣r❛♥❞❡③❛s✳ ❚❛❧ ❡q✉❛çã♦ é r❡♣❡t✐❞❛ ❛q✉✐ ♣♦r ❝♦♥✈❡♥✐ê♥❝✐❛✳



❈❛♣ít✉❧♦ ✹✳ ❙❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ✹✻

Pe = h · S · (Ts − Tf ) ✭✹✳✾✮

❙✉❜st✐t✉✐♥❞♦ ❛ ♣♦tê♥❝✐❛ ❡❧étr✐❝❛ s♦❜r❡ ♦ s❡♥s♦r ❡ ❛s t❡♠♣❡r❛t✉r❛s ❞♦ s❡♥s♦r ❡ ❞♦ ✢✉✐❞♦✱ t❡r❡♠♦s✿

Rs · I
2
s = h · S · (

1

β

(

Rs

R0−s

− 1

)

−
1

β

(

Rf

R0−f

− 1

)

✭✹✳✶✵✮

♦♥❞❡✿ R0−s ❡ R0−f sã♦ r❡s✐stê♥❝✐❛s ❛ ✵➸ ❈✳

❘❡♦r❣❛♥✐③❛♥❞♦ ❛ ❡q✉❛çã♦ ✹✳✶✵ ❡ ♣❛r❛ ❛ ❝♦♥❞✐çã♦ ❞❡ ❡q✉✐❧í❜r✐♦ ❞❛ ♣♦♥t❡ Rf = Rs
R1

R2
− Rb✱

t❡♠♦s✿

I2s =
1

R0−sβ

(

1−
R0−s ·R1

R0−f ·R2

+
R0−s ·Rb

R0−f ·Rs

)

h · S ✭✹✳✶✶✮

❖ r❡s✐st♦r Rb é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❣❡r❛r ♦ s♦❜r❡❛q✉❡❝✐♠❡♥t♦ ♥❡❝❡ssár✐♦ s♦❜r❡ ♦ s❡♥s♦r Rs✳

❈♦♠♦ ♦ s❡♥s♦r ♣♦ss✉✐ ♦ ♠❡s♠♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ t❡♠♣❡r❛t✉r❛ ❡ ❛s r❡s✐stê♥❝✐❛s ❞❡ Rs ❡ Rf sã♦

❞✐❢❡r❡♥t❡s à ✵ ➸❈✳ ❖ s✐♥❛❧ ❞❡ s❛í❞❛ ♥ã♦ ❞❡♣❡♥❞❡rá ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦✳ ◆❡ss❡ t✐♣♦ ❞❡ ❝♦♥✜✲

❣✉r❛çã♦ ❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❞✐r❡t❛♠❡♥t❡ ❝♦♠ ❛ ♣r♦①✐♠✐❞❛❞❡ ❞♦s ✈❛❧♦r❡s ❞❡ R1 ❡ Rs✱

♣♦✐s q✉❛♥t♦ ♠❛✐s ♣ró①✐♠❛ ❛ r❡s✐stê♥❝✐❛ ❞❡ ♦♣❡r❛çã♦ ❛ ✈❛r✐❛çã♦ ❞❛ t❡♥sã♦ ❞❡ s❛í❞❛ r❡s♣♦♥❞❡rá às

✈❛r✐❛çõ❡s ❞❡ Rs ❬✶✾❪✳

❆ ♣❛rt✐r ❞❛ ❡q✉❛çã♦ ✹✳✶✶✱ ♣♦❞❡♠♦s ❞❡t❡r♠✐♥❛r ✉♠❛ ❡q✉❛çã♦ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦

✢✉✐❞♦✱ s❛❜❡♥❞♦ q✉❡✿

I2s =
Vo

Rs +R2

✭✹✳✶✷✮

❡

h = a+ b · vn ✭✹✳✶✸✮



❈❛♣ít✉❧♦ ✹✳ ❙❡♥s♦r❡s t❡r♠♦✲r❡s✐st✐✈♦s ✹✼

❆ss✐♠✱ s✉❜st✐t✉✐♥❞♦ ❛s ❡q✉❛çõ❡s ✹✳✶✷ ❡ ✹✳✶✸ ♥❛ ❡q✉❛çã♦ ✹✳✶✶✱ ❞❡t❡r♠✐♥❛✲s❡ ❛ ❡q✉❛çã♦ ✹✳✶✹ ♣❛r❛

♦ ❝á❧❝✉❧♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✢✉✐❞♦ ❛ ♣❛rt✐r ❞❛ t❡♥sã♦ ❞❡ r❡❛❧✐♠❡♥t❛çã♦ ❞❛ P♦♥t❡ ❞❡ ❲❤❡❛tst♦♥❡ (Vo)✱

t❡♥sã♦ ❞✐✈✐❞✐❞❛ ♣❡❧♦ ❜r❛ç♦ ❞❛ P♦♥t❡ ❞❡ ❲❤❡❛tst♦♥❡ ♦♥❞❡ ❡stá ❧♦❝❛❧✐③❛❞♦ ♦ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦✳

v =





V 2
o

S · b · (Rs+R2)
2

β·R0−s
·

[

1− R1·Ro−s

R2·Ro−f
+ R0−s·Rb

R0−f ·Rs

] −
a

b





1/n

✭✹✳✶✹✮

◆♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦ é ❞❡s❝r✐t❛ ❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s✱ ✐❞❡♥t✐✜❝❛♥❞♦ ♦s ❡❧❡♠❡♥t♦s q✉❡ ❛ ❝♦♠♣õ❡
❡ ❛♣r❡s❡♥t❛♥❞♦ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ ❝❛❞❛ ✉♠ ❞♦s s❡✉s ❡❧❡♠❡♥t♦s ❢♦r♠❛❞♦r❡s✳
❆✐♥❞❛ ♥♦ ♣ró①✐♠♦ ❝❛♣ít✉❧♦ sã♦ ❛♣r❡s❡♥t❛❞♦s r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❞❡ ❢♦r♠❛ ❛ ❛♣r❡s❡♥t❛r ❛
té❝♥✐❝❛ ❛♥❡♠♦♠étr✐❝❛ ❝♦♠♦ ❛❞❡q✉❛❞❛ ❛ ♠❡❞✐çã♦ ♥❛ ❢❛✐①❛ ❞❛ s✉❜♠❡❞✐çã♦✳



✹✽

✺ P❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s

◆♦ ❝❛♣ít✉❧♦ três ❢♦r❛♠ ❛♣r❡s❡♥t❛❞❛s ❛s s✐♠✉❧❛çõ❡s r❡❛❧✐③❛❞❛s ♥♦ ❈❖▼❙❖▲ ❛ ✜♠ ❞❡ ❛✈❛❧✐❛r ♦

❝♦♠♣♦rt❛♠❡♥t♦ tér♠✐❝♦ ✈✐st♦ ♣❡❧❛ ❛♥❡♠♦♠❡tr✐❛✱ ♣♦✐s ❛s s✐♠✉❧❛çõ❡s ❝♦♠♣r♦✈❛♠ q✉❡ ♦ ❡❧❡♠❡♥t♦

❛q✉❡❝✐❞♦ ♣❡r❞❡ ❝❛❧♦r ♣❛r❛ ♦ ♠❡✐♦ ✢✉✐❞♦✳ ❙❡♥❞♦✱ ❛ss✐♠ é ✈❛❧✐❞❛ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❡❢❡t✉❛r ❛

♠❡❞✐çã♦ ❞❡ ✈❛③ã♦ ❛ ♣❛rt✐r ❞❛ ✈❡r✐✜❝❛çã♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ♣r❡s❡♥t❡ ❡♠ ✉♠ ❛♥❡♠ô♠❡tr♦ ❛ ✜♦ ♦✉ ✜❧♠❡

q✉❡♥t❡✳

◆❡st❡ ❝❛♣ít✉❧♦ é ❞❡s❝r✐t❛ ❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s✳ ❖s ❝♦♠♣♦♥❡♥t❡s ✉s❛❞♦s✱ ❛ ❡str✉t✉r❛ ❡ ❝♦♠♦

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

✺✳✶ P❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s

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

❞♦s t❡st❡s✳ P❛r❛ q✉❡ ✐ss♦ s❡❥❛ ♣♦ssí✈❡❧ é ♥❡❝❡ssár✐♦ ♣♦ss✉✐r ✉♠❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s q✉❡ ♣♦ss✐❜✐❧✐t❡

t❛❧ ❝♦♥❞✐çã♦ ♣❛r❛ ❡ss❡s ❡①♣❡r✐♠❡♥t♦s✳ ❙❡♥❞♦ ❛ss✐♠✱ ❛ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s é ❝♦♥st✐t✉í❞❛ ♣♦r ✉♠

r❡❝✐♣✐❡♥t❡ ❞❡ ✈✐❞r♦✱ q✉❡ ❢♦✐ ✉t✐❧✐③❛❞♦ ❝♦♠♦ r❡s❡r✈❛tór✐♦ ❞❡ á❣✉❛✱ ✉♠❛ t✉❜✉❧❛çã♦ ❞❡ P❱❈ ✭P♦❧②✈✐♥②❧

❈❤❧♦r✐❞❡✮✱ ❛ q✉❛❧ tr❛♥s♣♦rt❛ ♦ ✢✉✐❞♦ ❡♠ ✉♠ ♣❡r❝✉rs♦✱ r❡t♦r♥❛♥❞♦ ❛♦ r❡s❡r✈❛tór✐♦ ❡♠ ❞❡s❝❛r❣❛

♣❛r❛ ♥ã♦ ❛❝❛rr❡t❛r ♠❛✐♦r r❡s✐stê♥❝✐❛ ♥♦ tr❛♥s♣♦rt❡ ❞♦ ❧íq✉✐❞♦✳ ❖ s✐st❡♠❛ ♣r♦♣✉❧s♦r ❞❛ ♣❧❛t❛❢♦r♠❛

é ✉♠❛ ❜♦♠❜❛ ❞❡ á❣✉❛ s✉❜♠❡rs❛✱ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❜♦♠❜❛ ♣♦rã♦✱ ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛ ✶✼✳ ❊ss❛

❜♦♠❜❛ ♣♦rã♦ ❞❡✈❡ s❡r ❛❧✐♠❡♥t❛❞❛ ♣♦r ✉♠❛ ❢♦♥t❡ ❞❡ ❝♦rr❡♥t❡ ❝♦♥tí♥✉❛✳ ❆s ✐♥❢♦r♠❛çõ❡s ❞❡t❛❧❤❛❞❛s

r❡❢❡r❡♥t❡s à ❜♦♠❜❛ s❡ ❡♥❝♦♥tr❛♠ ♥♦ ❆♥❡①♦✳ P❛r❛ ❡ss❡ tr❛❜❛❧❤♦ ❛ ❜♦♠❜❛ ♣♦rã♦ ❢♦✐ ❛❧✐♠❡♥t❛❞❛

❝♦♠ ✉♠ s✐♥❛❧ P❲▼ ✭P✉❧s❡ ❲✐❞t❤ ▼♦❞✉❧❛t✐♦♥✮ ♣r♦✈❡♥✐❡♥t❡ ❞❡ ❛❥✉st❡s ❡♠ ✉♠❛ ✐♥t❡r❢❛❝❡ ❝♦♥❝❡❜✐❞❛

♥♦ ❛♠❜✐❡♥t❡ ▲❛❜❱✐❡✇✳

❆ ♣❧❛t❛❢♦r♠❛ é ❝♦♥st✐t✉í❞❛ t❛♠❜é♠ ♣♦r ❛❧❣✉♠❛s ❥✉♥çõ❡s q✉❡ ♣r♦♣✐❝✐❛♠ ❛s ❧✐❣❛çõ❡s ❛❞❡q✉❛❞❛s

❡♥tr❡ ♦s t✉❜♦s ❞❡ P❱❈ ❡ ♦ s❡♥s♦r ❞❡ ❡❢❡✐t♦ ❍❛❧❧✱ q✉❡ é ♦ s❡♥s♦r ✉t✐❧✐③❛❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛✳ ◆❛

❋✐❣✉r❛ ✶✽ ♣♦❞❡✲s❡ ✈✐s✉❛❧✐③❛r ❡ss❡ s❡♥s♦r ❞❡ r❡❢❡rê♥❝✐❛✱ ♦ q✉❛❧ é r❡s♣♦♥sá✈❡❧ ♣♦r ❞❡t❡r♠✐♥❛r q✉❛❧

é ❛ ✈❛③ã♦ q✉❡ ♦ ✢✉✐❞♦ ❡stá ♣❡r❝♦rr❡♥❞♦ ❛ t✉❜✉❧❛çã♦✳

❖ s❡♥s♦r ❞❡ r❡❢❡rê♥❝✐❛ r❡❧❛❝✐♦♥❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ✉♠ s✐♥❛❧ q✉❛❞r❛❞♦ ❝♦♠ ❛ ✈❛③ã♦ ❞❡ ❢♦r♠❛

❧✐♥❡❛r✳ ◆❛ ❋✐❣✉r❛ ✶✾ é ❛♣r❡s❡♥t❛❞♦ ♦ s✐♥❛❧ q✉❛❞r❛❞♦ r❡❢❡r❡♥t❡ ❛♦ s❡♥s♦r ❞❡ ❡❢❡✐t♦ ❍❛❧❧✳ ❖ s✐♥❛❧



❈❛♣ít✉❧♦ ✺✳ P❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ✹✾

❋✐❣✉r❛ ✶✼ ✕ ■♠❛❣❡♠ ❞❛ ❜♦♠❜❛ ❞❡ ♣♦rã♦✳

❋✐❣✉r❛ ✶✽ ✕ ■♠❛❣❡♠ ❞♦ s❡♥s♦r ❞❡ ❡❢❡✐t♦ ❍❛❧❧ ✉t✐❧✐③❛❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛ ♣❛r❛ ♦s t❡st❡s ❞❡ ✈❛③ã♦✳

q✉❛❞r❛❞♦ ♣♦ss✉✐ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✾ ❍③ ❞❡ ❢r❡q✉ê♥❝✐❛✳

❊st❡ ✈❛❧♦r ❞❡ ❢r❡q✉ê♥❝✐❛✱ ♣♦r s✉❛ ✈❡③✱ ❡stá ❞✐r❡t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ❛ ✈❛③ã♦ ❞♦ ✢✉✐❞♦

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

♦♥❞❡ ❡stá ♦ s❡♥s♦r t❡r♠♦✲r❡s✐st✐✈♦✳

❆ ❛q✉✐s✐çã♦ ❞❛s ❛♠♦str❛s ❞♦ t❡st❡ ❢♦✐ r❡❛❧✐③❛❞❛ ❝♦♠ ♦ ❛✉①í❧✐♦ ❞♦ ◆■ ❯❙❇✲✻✷✶✷ ❞❛ ◆❛t✐♦♥❛❧

■♥str✉♠❡♥ts✱ q✉❡ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✵✳ ❊ss❡ ❞✐s♣♦s✐t✐✈♦ ❞❡ ❛q✉✐s✐çã♦ ✭❉❆◗✮ ❞❡ ❞❛❞♦s✱

❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✵✱ ♣♦ss✉✐ ❛s s❡❣✉✐♥t❡s ❝❛r❛❝t❡ríst✐❝❛s✿ ✹✵✵ ❦❙✴s❀ ✶✻ ❡♥tr❛❞❛s ❛♥❛❧ó❣✐❝❛s❀

✹ ❡♥tr❛❞❛s ❞✐❣✐t❛✐s❀ ✹ s❛í❞❛s ❞✐❣✐t❛✐s❀ ❛❧✐♠❡♥t❛çã♦ ♣♦r ❜❛rr❛♠❡♥t♦ ❯❙❇ ❡ ❝♦♠♣❛t✐❜✐❧✐❞❛❞❡ ❝♦♠ ♦

▲❛❜❱■❊❲✳ ❆ ✐♥t❡r❢❛❝❡ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❞♦ ❡①♣❡r✐♠❡♥t♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞❛ ♥❛

❋✐❣✉r❛ ✷✶✳



❈❛♣ít✉❧♦ ✺✳ P❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ✺✵

❋✐❣✉r❛ ✶✾ ✕ ❙✐♥❛❧ q✉❛❞r❛❞♦ ❞♦ s❡♥s♦r r❡❢❡rê♥❝✐❛✳

❋✐❣✉r❛ ✷✵ ✕ ■♠❛❣❡♠ ❞♦ ❞✐s♣♦s✐t✐✈♦ ❞❡ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ✲ ◆■ ❯❙❇✲✻✷✶✷



❈❛♣ít✉❧♦ ✺✳ P❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ✺✶

❋✐❣✉r❛ ✷✶ ✕ ■♥t❡r❢❛❝❡ ♣❛r❛ ❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❞♦ ❡①♣❡r✐♠❡♥t♦✳

❆ ❜♦♠❜❛ ❞❡ ♣♦rã♦ ❢♦✐ ❛❧✐♠❡♥t❛❞❛ ❛tr❛✈és ❞❡ ✉♠ s✐♥❛❧ P❲▼✱ ♣❛r❛ q✉❡ ♣✉❞❡ss❡ ❝♦♥tr♦❧❛r ❛ss✐♠

❛ ✈❛③ã♦ ♥❛ ❡str✉t✉r❛✳ ❖s ✈❛❧♦r❡s ❞❡ P❲▼ ❢♦r❛♠ ♠❛♥t✐❞♦s ❝♦♥st❛♥t❡s ❞✉r❛♥t❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦

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

◆❛ ❋✐❣✉r❛ ✷✷ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ❛ ✈❛r✐❛çã♦ ❞♦ P❲▼ ❛♣❧✐❝❛❞♦ ❛ ❜♦♠❜❛ ❞❡ ♣♦rã♦✳

❖s ❡①♣❡r✐♠❡♥t♦s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ♥♦ ▲■❊❈ ✭▲❛❜♦r❛tór✐♦ ❞❡ ■♥str✉♠❡♥t❛çã♦ ❊❧❡trô♥✐❝❛ ❡ ❈♦♥✲

tr♦❧❡✮ ♣❡rt❡♥❝❡♥t❡ ❛♦ ❉❊❊✴❯❋❈● ✭❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛✴❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧

❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡✮✳ P❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦s ❡①♣❡r✐♠❡♥t♦s ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ❞✐❛❣r❛♠❛ ❛♣r❡s❡♥t❛❞♦

♥❛ ❋✐❣✉r❛ ✷✸✳



❈❛♣ít✉❧♦ ✺✳ P❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ✺✷

❋✐❣✉r❛ ✷✷ ✕ P❲▼ ❛♣❧✐❝❛❞♦ ❛ ❜♦♠❜❛ ❞❡ ♣♦rã♦✳

❋✐❣✉r❛ ✷✸ ✕ ❊str✉t✉r❛ ♣❛r❛ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦✳

◆❛ ❋✐❣✉r❛ ✷✹✱ é ❛♣r❡s❡♥t❛❞❛ ✉♠❛ ❢♦t♦❣r❛✜❛ ✐❞❡♥t✐✜❝❛♥❞♦ ❛❧❣✉♠❛s ❞❛s ♣❛rt❡s ❝♦♥st✐t✉✐♥t❡s ❞❛

♣❧❛t❛❢♦r♠❛✳



❈❛♣ít✉❧♦ ✺✳ P❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ✺✸

❋✐❣✉r❛ ✷✹ ✕ P❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s

✺✳✷ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s

◆❡st❡ ❝❛♣ít✉❧♦ sã♦ ♠♦str❛❞♦s ♦s r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ❞♦s t❡st❡s r❡❛❧✐③❛❞♦s ♥❛ ♣❧❛t❛❢♦r♠❛✳

❖s ✈❛❧♦r❡s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♣♦❞❡♠ s❡r ❝❛❧❝✉❧❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ♣❛râ♠❡tr♦s ❞♦ ❝✐r❝✉✐t♦✳ ❈♦♠♦

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

❛tr❛✈és ❞❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❝r✐❛❞❛ ♥♦ ▲❛❜❱✐❡✇ ❝♦♠ ♦ ❛♣♦✐♦ ❞❡ ✉♠ ❉❆◗ ✭❞✐s♣♦s✐t✐✈♦ ❞❡ ❛q✉✐s✐çã♦

❞❡ ❞❛❞♦s✮✳

❆ ♣❛rt✐r ❞❛ ❝♦♥✜❣✉r❛çã♦ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✷✸ ❢♦r❛♠ r❡❛❧✐③❛❞♦s ♦s t❡st❡s✱ ❡♠ q✉❡ ❢♦✐

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

❞♦ ✢✉✐❞♦✳

❆ ♣❛rt✐r ❞❛ ❛♣❧✐❝❛çã♦ ❞❡ ❝❛❞❛ ♥í✈❡❧ ❞❡ t❡♥sã♦ é ♣♦ssí✈❡❧ ✈❡r✐✜❝❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ✈❡❧♦❝✐✲

❞❛❞❡ ❞♦ ✢✉✐❞♦ ❛ ♣❛rt✐r ❞❛ t❡♥sã♦ ❞❡ r❡❛❧✐♠❡♥t❛çã♦ ❞❛ P♦♥t❡ ❞❡ ❲❤❡❛tst♦♥❡✱ ❛ q✉❛❧ ♦ s❡♥s♦r ❡stá

❧♦❝❛❧✐③❛❞♦✳ ❖s ✈❛❧♦r❡s ❞❛ t❡♥sã♦ ❞❡ s❛í❞❛ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✱ ♣❛r❛ ✈❛③õ❡s ❞❡ ❛té ✸✵

l/h✳



❈❛♣ít✉❧♦ ✺✳ P❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ✺✹

❚❛❜❡❧❛ ✻ ✕ ❚❡♥sõ❡s ❞❡ s❛í❞❛

V0(V ) ❱❛③ã♦ (l/h)

✷✱✽✼✵✵ ✵

✸✱✵✶✻✷ ✹✱✻✽

✸✱✵✾✷✵ ✾✱✾✾

✸✱✶✶✾✾ ✶✸✱✻✸

✸✱✶✸✾✹ ✶✻✱✹✼

✸✱✶✺✷✾ ✶✽✱✾✷

✸✱✶✻✹✵ ✷✵✱✾✾

✸✱✶✼✽✾ ✷✷✱✽✺

✸✱✶✾✽✻ ✷✺✱✸✺

✸✱✷✵✼✷ ✷✻✱✼✷

✸✱✷✷✶✸ ✷✽✱✺✵

✸✱✷✷✽✵ ✸✵✱✶✸

❈♦♠ ♦s ❞❛❞♦s ❞❛ t❡♥sã♦ ❞❡ s❛í❞❛ ♣♦❞❡✲s❡ ❞❡t❡r♠✐♥❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ss❛ t❡♥sã♦ ❝♦♠ ❛

✈❛③ã♦ ❞♦ s✐st❡♠❛ ❤í❞r✐❝♦✳

◆❛ ❋✐❣✉r❛ ✷✺ t❡♠✲s❡ ♦ ❣rá✜❝♦ ❞❛ t❡♥sã♦ ❞❡ s❛í❞❛ ❳ ✈❛③ã♦✳ ❖ s✐st❡♠❛ ♣r♦♣♦st♦ ♣♦ss✉✐ s❡♥s✐❜✐✲

❧✐❞❛❞❡ ♣❛r❛ ♣❡q✉❡♥❛s ✈❛③õ❡s✱ s❡♥❞♦ ♣♦ssí✈❡❧ ❡♠♣r❡❣á✲❧♦ ❝♦♠♦ ❛❧t❡r♥❛t✐✈❛ ♥❛s ♠❡❞✐çõ❡s ❞❡ á❣✉❛✳

❋❛③❡♥❞♦ ❝♦♠ q✉❡ ♦ ❝♦♥s✉♠♦ ♣♦ss❛ s❡r t❛r✐❢❛❞♦ ❡♠ ✉♠❛ ❢❛✐①❛ ♠❛✐♦r ❞❡ ✈❛❧♦r❡s✱ ♦ q✉❡ t❛♠❜é♠

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



❈❛♣ít✉❧♦ ✺✳ P❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ✺✺

❋✐❣✉r❛ ✷✺ ✕ ●rá✜❝♦ ❞❛ t❡♥sã♦ ❞❡ s❛í❞❛ ✭❚❡♥sã♦ s♦❜r❡ ❛ P♦♥t❡ ❞❡ ❲❤❡❛tst♦♥❡✮ ❡♠ ❢✉♥çã♦ ❞❛ ✈❛③ã♦✳

❆♦ ♦❜s❡r✈❛r ❛ ❋✐❣✉r❛ ✷✺ ✈❡r✐✜❝❛✲s❡ q✉❡ ❛ ✈❛③ã♦ ❞❡t❡r♠✐♥❛❞❛ ❛ ♣❛rt✐r ❞♦s t❡st❡s ❡①♣❡r✐♠❡♥t❛✐s

❛♣r❡s❡♥t❛ ✉♠ ❝r❡s❝✐♠❡♥t♦ s✉❛✈❡✱ ❡ q✉❡ ♦▼❊▼❙ s❡♥❞♦ ✉t✐❧✐③❛❞♦ ❝♦♠♦ ❛♥❡♠ô♠❡tr♦ ❛ ✜❧♠❡ q✉❡♥t❡

♣♦ss✉✐ ❝♦♥❞✐çõ❡s ❞❡ ❡st❛❜❡❧❡❝❡r ❧❡✐t✉r❛s ❞❡ ✈❛❧♦r❡s r❡❞✉③✐❞♦s ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❡ ♣♦r ❝♦♥s❡q✉ê♥❝✐❛ ❛

✈❛③ã♦✱ ♣♦ss✐❜✐❧✐t❛♥❞♦ s❡r ✉s❛❞♦ ♣❛r❛ ❛ ♠❡❞✐çã♦ ❞❡ ♣❡q✉❡♥❛s ✈❛③õ❡s q✉❡ ♣♦❞❡♠ s❡r ❡♠♣r❡❣❛❞❛s

❡♠ ❞✐✈❡rs❛s ár❡❛s✱ ❝♦♠♦✿ ♠❡❞✐❝✐♥❛❀ s✉❜♠❡❞✐çã♦ ❞❡ á❣✉❛❀ s✐st❡♠❛s ❛♠❜✐❡♥t❛✐s✱ ❡t❝✳

◆❛ ❚❛❜❡❧❛ ✼ é ❛♣r❡s❡♥t❛❞♦ ♦ ❝á❧❝✉❧♦ ❞❛ ✈❛③ã♦ ❞♦ ✢✉✐❞♦ ❡ ♦ ❡rr♦ r❡❢❡r❡♥t❡ ♣❛r❛ ❛s ♠❡❞✐çõ❡s✳



❈❛♣ít✉❧♦ ✺✳ P❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ✺✻

❚❛❜❡❧❛ ✼ ✕ ❱❛③ã♦ ❝❛❧❝✉❧❛❞❛ ❡ ❡rr♦ ♣❡r❝❡♥t✉❛❧✳

❱❛③ã♦ ❞♦ ❋❧✉✐❞♦ ✭❧✴❤✮ ✲

❙❡♥s♦r ❛q✉❡❝✐❞♦

❱❛③ã♦ ❞♦ ❋❧✉✐❞♦ ✭❧✴❤✮ ✲

❙❡♥s♦r r❡❢❡rê♥❝✐❛
❚❡♥sã♦ ❞❡ s❛í❞❛ ✭V ✮ ❡rr♦ ✭✪✮

✶✱✼✻ ✶✱✽✽ ✷✱✾✹✼✶ ✻✱✷✻

✹✱✼✸ ✹✱✻✽ ✸✱✵✶✻✷ ✶✱✵✵

✽✱✻✻ ✼✱✽✵ ✸✱✵✼✶✵ ✶✶✱✵✵

✶✵✱✻✸ ✾✱✾✾ ✸✱✵✾✷✵ ✻✱✹✹

✶✷✱✹✼ ✶✷✱✶✸ ✸✱✶✵✾✹ ✷✱✽✵

✶✸✱✻✽ ✶✸✱✻✸ ✸✱✶✶✾✾ ✵✱✸✻

✶✺✱✸✹ ✶✺✱✵✾ ✸✱✶✸✸✷ ✶✱✻✵

✶✻✱✶✹ ✶✻✱✹✼ ✸✱✶✸✾✹ ✶✱✾✽

✶✼✱✷✶ ✶✼✱✻✶ ✸✱✶✹✼✸ ✷✱✷✵

✶✽✱✵✷ ✶✽✱✾✷ ✸✱✶✺✷✾ ✹✱✼✾

✶✽✱✾✷ ✶✾✱✽✶ ✸✱✶✺✾✶ ✹✱✹✽

✶✾✱✻✺ ✷✵✱✾✾ ✸✱✶✻✹✵ ✻✱✸✽

✷✵✱✼✻ ✷✶✱✾✵ ✸✱✶✼✶✶ ✺✱✷✷

✷✷✱✵✷ ✷✷✱✽✺ ✸✱✶✼✽✾ ✸✱✻✹

✷✸✱✻✻ ✷✹✱✸✵ ✸✱✶✽✽✻ ✷✱✻✶

✷✺✱✹✸ ✷✺✱✸✺ ✸✱✶✾✽✻ ✵✱✸✵

✷✻✱✸✹ ✷✻✱✷✹ ✸✱✷✵✸✺ ✵✱✸✾

✷✼✱✵✹ ✷✻✱✼✷ ✸✱✷✵✼✷ ✶✱✷✵

✷✽✱✶✹ ✷✼✱✹✽ ✸✱✷✶✷✾ ✷✱✸✾

✷✾✱✽✷ ✷✽✱✺✵ ✸✱✷✷✶✸ ✹✱✻✶

✸✵✱✻✵ ✷✾✱✸✻ ✸✱✷✷✺✶ ✹✱✷✷

✸✶✱✷✵ ✸✵✱✶✹ ✸✱✷✷✽✵ ✸✱✺✹

❖ s❡♥s♦r ♣♦ss✉✐ ❜♦❛ s❡♥s✐❜✐❧✐❞❛❞❡ ♥❛ ❢❛✐①❛ ❞❡ ❛t✉❛çã♦ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ s✉❜♠❡❞✐çã♦ ❞❡ á❣✉❛✳
P♦ré♠✱ t❡st❡s ♠❛✐s ♠✐♥✉❝✐♦s♦s ❞❡✈❡♠ s❡r r❡❛❧✐③❛❞♦s ♣❛r❛ q✉❡ ❛ ❢❛✐①❛ ❞❡ ♦♣❡r❛çã♦ ❞♦ s❡♥s♦r
♣♦ss❛ s❡r ❡①♣❛♥❞✐❞❛✳ P❛r❛ ✐ss♦✱ t♦r♥❛✲s❡ ♥❡❝❡ssár✐♦ ✉♠ s✐st❡♠❛ ♠✐❝r♦✢✉í❞✐❝♦ q✉❡ ♣♦ss❛ ❣❛r❛♥t✐r



❈❛♣ít✉❧♦ ✺✳ P❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s ✺✼

♣❡q✉❡♥♦s ✈❛❧♦r❡s ❞❡ ✈❛③ã♦ ✭♠❡♥♦r❡s q✉❡ 30 l/h✱ q✉❡ é ❛ ✈❛③ã♦ ❞❡ tr❛♥s✐çã♦ ❞❛ ♠❛✐♦r✐❛ ❞♦s
❤✐❞rô♠❡tr♦s ❡♠♣r❡❣❛❞♦s ♣❡❧❛s ❡♠♣r❡s❛s ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ á❣✉❛✮ ❡ ✉t✐❧✐③❛r s❡♥s♦r❡s ❞❡ r❡❢❡rê♥❝✐❛
q✉❡ ❛♣r❡s❡♥t❡♠ ✉♠❛ ❢❛✐①❛ ❞❡ ♦♣❡r❛çã♦ ♠❛✐♦r ❡ ❛❧❝❛♥ç❛♥❞♦ ✈❛③õ❡s ♠❛✐s ❜❛✐①❛s✳



✺✽

✻ ❈♦♥❝❧✉sõ❡s ❡ ♣❡rs♣❡❝t✐✈❛s

◆❡ss❡ tr❛❜❛❧❤♦ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ✉♠ s✐st❡♠❛ ❞❡ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦ s❡❣✉✐♥❞♦ ♦s ♣r✐♥❝í♣✐♦s ❞❛

❛♥❡♠♦♠❡tr✐❛ tér♠✐❝❛✳ ❋♦r❛♠ r❡❛❧✐③❛❞❛s s✐♠✉❧❛çõ❡s ♥♦ ❈❖▼❙❖▲ ▼✉❧t✐♣❤②s✐❝sr ♣❛r❛ ❛ ❛✈❛❧✐❛r

❛ ✐♥✢✉ê♥❝✐❛ ❞❛ ♣♦s✐çã♦ ❞♦ s❡♥s♦r✳ ❈♦♠ ♦s r❡s✉❧t❛❞♦s ❞❛ s✐♠✉❧❛çã♦ ♦❜s❡r✈♦✉✲s❡ q✉❡ ♦ r❡❣✐♠❡ é

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

◆❛ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦✱ ❡st✉❞♦s ❛♣♦♥t❛♠ q✉❡ ✉♠❛ ♣❛r❝❡❧❛ ❞♦s ✢✉✐❞♦s é ♣❡r❞✐❞❛ ❞❡✈✐❞♦ ❛ ❡q✉✐♣❛✲

♠❡♥t♦s q✉❡ ❛♣r❡s❡♥t❛♠ ❜❛✐①❛ s❡♥s✐❜✐❧✐❞❛❞❡✳ ❖s ❛♥❡♠ô♠❡tr♦s ❛♣❧✐❝❛❞♦s ❛ ♠❡❞✐çã♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡

♦✉ ✈❛③ã♦ sã♦ ❝❛♣❛③❡s ❞❡ ✈❡r✐✜❝❛r ✈❛❧♦r❡s ♠í♥✐♠♦s ❞❡ ✈❛r✐❛çã♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ♦✉ ♠❡s♠♦ ♦ ❝♦♥s✉♠♦

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

❞❡ r❡❣✐♠❡ t✉r❜✉❧❡♥t♦✳

❖s ❡rr♦s ❡♥❝♦♥tr❛❞♦s ♣♦❞❡♠ s❡r r❡❞✉③✐❞♦s ❛♦ s❡ ❢❛③❡r ✉♠❛ ❝❛❧✐❜r❛çã♦ ♠❛✐s ♠✐♥✉❝✐♦s❛ ❞♦s

❡❧❡♠❡♥t♦s s❡♥s♦r❡s✳ ❖ ❡st✉❞♦ ❞❡ ❡q✉✐♣❛♠❡♥t♦s q✉❡ ♣♦ss❛♠ s❡r s❡♥sí✈❡✐s ❛ ✉♠❛ ❣r❛♥❞❡ ❢❛✐①❛ ❞❡

♦♣❡r❛çã♦ ♣♦❞❡ ❛❝❛rr❡t❛r ♣r♦❜❧❡♠❛s✳ P♦r ✐ss♦✱ ♦s ♠❡❞✐❞♦r❡s ❞❡✈❡♠ s❡r ❞❡❞✐❝❛❞♦s ❛ ✈❛❧♦r❡s r❡str✐t♦s

❞❡ ❢❛✐①❛ ❞❡ ♦♣❡r❛çã♦✱ ♣♦✐s ❛ss✐♠ é ♣♦ssí✈❡❧ ❛❞❡q✉❛❞❛r ♦ ♠❛t❡r✐❛❧ ❞❡ ❢❛❜r✐❝❛çã♦ ❞♦s ♠❡❞✐❞♦r❡s ❛♦

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

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

❞❛ s✉❜♠❡❞✐çã♦ ❞♦s ❤✐❞rô♠❡tr♦s ✈❡❧♦❝✐♠étr✐❝♦s ✉t✐❧✐③❛❞♦s ❡♠ ❧❛r❣❛ ❡s❝❛❧❛ ♣❛r❛ ❛ t❛r✐❢❛çã♦ ❞♦ ❝♦♥✲

s✉♠♦ ❞❡ á❣✉❛ ❡♠ ❡st❛❜❡❧❡❝✐♠❡♥t♦s r❡s✐❞❡♥❝✐❛✐s✱ ❝♦♠❡r❝✐❛✐s ❡ ✐♥❞✉str✐❛✐s✳ ❆❧❝❛♥ç❛♥❞♦ ✉♠❛ ❢❛✐①❛

❞❡ ♠❡❞✐çã♦ q✉❡ ♦s ♠❡❞✐❞♦r❡s ✈❡❧♦❝✐♠étr✐❝♦s ❝♦♥✈❡♥❝✐♦♥❛✐s ✭❤✐❞rô♠❡tr♦s✮ ✐♥❝♦r♣♦r❛♠ ❣r❛♥❞❡s ❡r✲

r♦s✱ ♣♦✐s ♦s ❤✐❞rô♠❡tr♦s ♥❡ss❛ r❡❣✐ã♦ ❞❡ ♠❡❞✐çã♦ ♥ã♦ ♣♦ss✉✐ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✈❡♥❝❡r ❛ ✐♥ér❝✐❛ ❞♦

s✐st❡♠❛ ♠❡❝â♥✐❝♦ ❞❡ ♠♦❞♦ ❛ ♠♦✈✐♠❡♥t❛r s❡✉s ♠❡❝❛♥✐s♠♦s r❡s♣♦♥sá✈❡✐s ♣❛r❛ r❡❛❧✐③❛r ❛ ❧❡✐t✉r❛

❞♦ ❝♦♥s✉♠♦ ❞❡ á❣✉❛✳ ❊ss❡s ❡rr♦s ♣♦❞❡♠ s❡r ♠❛✐♦r❡s q✉❡ ✶✵✵✪✳ ❈♦♥s✐❞❡r❛♥❞♦ ❛ s✉❜♠❡❞✐çã♦

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

t♦r♥❛✲s❡ ♥❡❝❡ssár✐♦ ❡st❛❜❡❧❡❝❡r ❝♦♥✜❛♥ç❛ ♥♦s ✈❛❧♦r❡s ♠❡❞✐❞♦s ❡ ❛ss✐♠ r❡❞✉③✐r s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡

❛s ♣❡r❞❛s ❞♦ s✐st❡♠❛✳

❆ ♣❧❛t❛❢♦r♠❛ ❞❡ t❡st❡s s❡ ♠♦str♦✉ ❡✜❝✐❡♥t❡ ♣❛r❛ ❛ ❢❛✐①❛ ❞❡ ♠❡❞✐çã♦ ❛ q✉❛❧ ❢♦✐ s✉❜♠❡t✐❞❛✳ ❖s

✈❛❧♦r❡s ♦❜t✐❞♦s sã♦ ❞❡ ♦r❞❡♠ ❜❛✐①❛✱ ❡✈✐❞❡♥❝✐❛♥❞♦ ✉♠❛ ♠❡❧❤♦r ❛♥á❧✐s❡ ❞❛ ❡❧❡trô♥✐❝❛ ✉t✐❧✐③❛❞❛ ♥♦s

t❡st❡s ❡ t❛♠❜é♠ ❛ ❡str✉t✉r❛ ❢ís✐❝❛ ❡ ❞✐s♣♦s✐çã♦ ❞♦s ❡❧❡♠❡♥t♦s s❡♥s♦r❡s ❡ ❛q✉❡❝❡❞♦r❡s✳ ❊①✐st❡♠✱

❛✐♥❞❛✱ ✈ár✐❛s ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ♣♦❞❡♠ s❡r ❡st✉❞❛❞❛s s♦❜r❡ ♦s ❛♥❡♠ô♠❡tr♦s ❛ ✜♦ ❡ ✜❧♠❡ q✉❡♥t❡

s❡♥❞♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦✳ ❆ s❡❣✉✐r sã♦ ❞❛❞❛s ❛❧❣✉♠❛s s✉❣❡stõ❡s ❞❡ tr❛❜❛❧❤♦s

q✉❡ ♣♦ss❛♠ s❡r s❡❣✉✐❞♦s ❢✉t✉r❛♠❡♥t❡✿



❈❛♣ít✉❧♦ ✻✳ ❈♦♥❝❧✉sõ❡s ❡ ♣❡rs♣❡❝t✐✈❛s ✺✾

✶✳ ❯t✐❧✐③❛r ♠❛✐s s❡♥s♦r❡s ♣❛r❛ ❛ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦ ❡ ♦❜s❡r✈❛r ♦ q✉❛♥t♦ ❛ ❢❛✐①❛ ❞❡ ♦♣❡r❛çã♦ ♣♦❞❡

s❡r ❛✉♠❡♥t❛❞❛❀

✷✳ ❆✈❛❧✐❛r s✐♠✉❧❛çõ❡s ❝♦♠♣✉t❛❝✐♦♥❛✐s ♠❛✐s ❝♦♠♣❧❡①❛s❀

✸✳ ❈r✐❛r ✉♠❛ ❡str✉t✉r❛ ▼❊▼❙ q✉❡ ♣♦ss❛ s❡r ✉s❛❞❛ ❡♠ s✐♠✉❧❛çõ❡s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❡ t❡stá✲❧❛

❡♠ ❞✐✈❡rs❛s ❡str✉t✉r❛s❀

✹✳ ❘❡❛❧✐③❛r ❝♦♠♣❛r❛çõ❡s s♦❜r❡ q✉❛✐s ✢✉✐❞♦s ♣♦ss✉❡♠ ♠❡❧❤♦r ✉s♦ ♥❛ ♠❡❞✐çã♦ ❞❡ ✈❛③ã♦ ✉t✐❧✐③❛♥❞♦

s❡♥s♦r❡s ❛♥❡♠♦♠étr✐❝♦s❀

✺✳ ❯t✐❧✐③❛r ♦✉tr♦s ♠❛t❡r✐❛✐s ♥❛ ❝♦♥str✉çã♦ ❞♦ t✉❜♦ ❞❡ t❡st❡s✱ ♣♦r ❡①❡♠♣❧♦ ✈✐❞r♦✳

✻✳ ❘❡❛❧✐③❛r ✉♠❛ ❝♦♠♣❛r❛çã♦ s♦❜r❡ ❛s té❝♥✐❝❛s ❞❡ ♠❡❞✐çã♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✢✉✐❞♦s q✉❡ ❡♠♣r❡✲

❣❛♠ ❛ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❝❛❧♦r ♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ♦✉ ❞❛ ✈❛③ã♦✳

✼✳ ❯t✐❧✐③❛r ♦✉tr♦s ♠❡❝❛♥✐s♠♦s ♣❛r❛ ♦ ❝♦♥tr♦❧❡ ❞❛ ✈❛③ã♦✳

✽✳ ❘❡❛❧✐③❛r ❛ s✉❜st✐t✉✐çã♦ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ❢❡✐t♦ ❡♠ ❝♦♠♣✉t❛❞♦r ♣❛r❛ ✉♠ ♣r♦❝❡ss❛♠❡♥t♦

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

❞r♦♠❡tr✐❛ ❡♠ r❡❣✐♠❡ ❞❡ s✉❜♠❡❞✐çã♦✱ ❝♦♠ ❛ ❞❡✈✐❞❛ ✐♥t❡❣r❛çã♦ ❡❧étr✐❝❛✲♠❡❝â♥✐❝❛ ❝♦♠♦ ✈✐st♦

♥❛ ❋✐❣✉r❛ ✷✻✳

❋✐❣✉r❛ ✷✻ ✕ ❘❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ♠❡❞✐❞♦r ♣❛r❛ ❛ ❢❛✐①❛ ❞❡ s✉❜♠❡❞✐çã♦✳



✻✵

❘❡❢❡rê♥❝✐❛s
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