
●❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ♣r♦❝❡ss❛❞♦r❡s ❝♦♠ ♦

✉s♦ ❞❡ ❧ó❣✐❝❛ ❋✉③③②

❆✉❣✉st♦ ❏♦sé ❙✐❧✈❛ ❋✐r♠♦

❉✐ss❡rt❛çã♦ ❞❡ ▼❡str❛❞♦ ❛♣r❡s❡♥t❛❞❛ à ❈♦♦r❞❡♥❛çã♦ ❞♦ Pr♦❣r❛♠❛

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

❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡ ✲ ❈❛♠♣✉s ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡ ❝♦♠♦ ♣❛rt❡ ❞♦s

r❡q✉✐s✐t♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦ ❣r❛✉ ❞❡ ▼❡str❡ ❡♠ ❈✐ê♥❝✐❛s

♥♦ ❉♦♠í♥✐♦ ❞❛ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛✳

➪r❡❛ ❞❡ ❈♦♥❝❡♥tr❛çã♦✿ Pr♦❝❡ss❛♠❡♥t♦ ❞❛ ■♥❢♦r♠❛çã♦

❆♥t♦♥✐♦ ▼❛r❝✉s ◆♦❣✉❡✐r❛ ▲✐♠❛

❖r✐❡♥t❛❞♦r

❙❛✉❧♦ ❖❧✐✈❡✐r❛ ❉♦r♥❡❧❧❛s ▲✉✐③

❖r✐❡♥t❛❞♦r

❈❛♠♣✐♥❛ ●r❛♥❞❡✱ P❛r❛í❜❛✱ ❇r❛s✐❧

❝©❆✉❣✉st♦ ❏♦sé ❙✐❧✈❛ ❋✐r♠♦✱ ❆❣♦st♦ ❞❡ ✷✵✶✽



●❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ♣r♦❝❡ss❛❞♦r❡s ❝♦♠ ♦

✉s♦ ❞❡ ❧ó❣✐❝❛ ❋✉③③②

❆✉❣✉st♦ ❏♦sé ❙✐❧✈❛ ❋✐r♠♦

❉✐ss❡rt❛çã♦ ❞❡ ▼❡str❛❞♦ ❛♣r❡s❡♥t❛❞❛ ❡♠ ❆❣♦st♦ ❞❡ ✷✵✶✽

❆♥t♦♥✐♦ ▼❛r❝✉s ◆♦❣✉❡✐r❛ ▲✐♠❛

❖r✐❡♥t❛❞♦r

❙❛✉❧♦ ❖❧✐✈❡✐r❛ ❉♦r♥❡❧❧❛s ▲✉✐③

❖r✐❡♥t❛❞♦r

❆♥❣❡❧♦ P❡r❦✉s✐❝❤

❈♦♠♣♦♥❡♥t❡ ❞❛ ❇❛♥❝❛

❏❛✐❞✐❧s♦♥ ❏ó ❞❛ ❙✐❧✈❛

❈♦♠♣♦♥❡♥t❡ ❞❛ ❇❛♥❝❛

❈❛♠♣✐♥❛ ●r❛♥❞❡✱ P❛r❛í❜❛✱ ❇r❛s✐❧✱ ❆❣♦st♦ ❞❡ ✷✵✶✽

✐✐



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                         

 

F525g 

 

Firmo, Augusto José Silva. 

       Gerenciamento de energia em processadores com o uso de 

lógica fuzzy / Augusto José Silva Firmo. – Campina Grande, 2018. 

       111 f. : il. color. 

   

         Dissertação (Mestrado em Engenharia Elétrica) – 
Universidade Federal de Campina Grande, Centro de Engenharia 

Elétrica e Informática, 2018.  

          "Orientação: Prof. Dr. Antonio Marcus Nogueira Lima, Prof. 

Dr. Saulo Oliveira Dornellas Luiz ". 

     Referências. 

   

        1. Processador. 2. CPU. 3. Gerenciamento de energia. 4. 

Fuzzy. 5. Modelagem. I. Lima, Antonio Marcus Nogueira. II. 

Luiz, Saulo Oliveira Dornellas. III. Título. 

 

                                                                       CDU 004.31(043) 
                        FICHA CATALOGRÁFICA ELABORADA PELA BIBLIOTECÁRIA MARIA ANTONIA DE SOUSA CRB 15/398 

 

 
 





❆♦s ♠❡✉s ♣❛✐s ❡ ❛♠✐❣♦s

✐✐✐



❆❣r❛❞❡❝✐♠❡♥t♦s

❆❣r❛❞❡ç♦ ♣r✐♠❡✐r❛♠❡♥t❡ ❛♦s ♠❡✉s ♣❛✐s✱ ●❡♥✐❧❞❛ ❡ ❱❡♥✐❧t♦♥✱ ♣♦r t♦❞♦s ♦s s❛❝r✐❢í❝✐♦s r❡❛❧✐✲

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

♠✐♥❤❛ ✈✐❞❛✳

❆♦ ♠❡✉ ♦r✐❡♥t❛❞♦r✱ ♦ Pr♦❢❡ss♦r ❆♥t♦♥✐♦ ▼❛r❝✉s ◆♦❣✉❡✐r❛ ▲✐♠❛✱ ♠✉✐t♦ ♦❜r✐❣❛❞♦ ♣♦r

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

❆♦ Pr♦❢❡ss♦r ❙❛✉❧♦ ❖❧✐✈❡✐r❛ ❉♦r♥❡❧❧❛s ▲✉✐③✱ ♣♦r t♦❞❛ ❞❡❞✐❝❛çã♦✱ t❡♠♣♦✱ ❝♦♥✈❡rs❛s ❡

r✐s❛❞❛s✳ ❖❜r✐❣❛❞♦ ♣♦r s❡r ❡st❡ ❣r❛♥❞❡ ♣r♦❢❡ss♦r ❡ ❢ã ❞❡ ❙t❛r ❲❛rs✳

❆♦s ❛♠✐❣♦s ❞❡ ❧❛❜♦r❛tór✐♦✱ ❇r❡♥♦✱ ❇r✉♥❛✱ ❆♥❞r❡✐✱ ▼❛r❝✉s✱ ❚♦♥②✱ P❡❞r♦✱ ❏♦♥❛t❛s✱ ❲✐s✲

❧❛②♥❡✱ ❋❛❜✐❛♥♦✱ ❏✉❛♥✱ ❆✐s❧❛♥✱ ◆❛tá❧✐❛ ❡ ❑❛r❧❛✳ ❆❣r❛❞❡ç♦ ✐♠❡♥s❛♠❡♥t❡ t♦❞❛s ❛s r✐s❛❞❛s✱

❝♦♥✈❡rs❛s✱ ❝❛❢és ❡ s❛í❞❛s✳ ❙❡♠ ✈♦❝ês✱ ❡st❡ ❝❛♠✐♥❤♦ s❡ t♦r♥❛r✐❛ ♠✉✐t♦ ♠❛✐s ♣❡♥✐t❡♥t❡✳

❆♦s ❛♠✐❣♦s ❞❛ ✈✐❞❛✱ ❛♥õ❡s✱ ❡❧❢♦s ❡ ♠❛❣♦s✳ ❙❡♠ s✉❛s ❛♠✐③❛❞❡s✱ ❛ ✈✐❞❛ ♥ã♦ t❡r✐❛

♥❡♥❤✉♠❛ ❣r❛ç❛✳ ❊ ❡♠ ❡s♣❡❝✐❛❧ ❛ ♠✐♥❤❛ ❛♠✐❣❛ ❈❛♠✐❧❧❛ ♣♦r ❝♦♥s❡❣✉✐r ♠❡ ❛t✉r❛r ♥❡st❡

ú❧t✐♠♦ ❛♥♦ ❞❡ ♠❡str❛❞♦✳

✐✈



❘❡s✉♠♦

❈♦♠♣✉t❛❞♦r❡s ❞❡ ♣r♦♣ós✐t♦ ❣❡r❛❧ sã♦ ✉s❛❞♦s ❡♠ ❞✐✈❡rs♦s ❛♠❜✐❡♥t❡s✱ t❛✐s ❝♦♠♦ r❡s✐❞ê♥❝✐❛s✱

❝❡♥tr❛✐s ❞❡ ❡♥tr❡t❡♥✐♠❡♥t♦✱ ❡s❝r✐tór✐♦s✱ ♦✉ ❡♠ ❛♣❧✐❝❛çõ❡s ♥❛s q✉❛✐s ♥ã♦ s❡ r❡q✉❡r ❣r❛♥❞❡

♣♦❞❡r ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳ ◆❡st❛s ❛♣❧✐❝❛çõ❡s✱ ♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ♣♦tê♥❝✐❛ ❡♠ s❡✉s ♣r♦❝❡s✲

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

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

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

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

❞❡ ♦♣❡r❛çã♦ ❞❛ ✉♥✐❞❛❞❡ ❝❡♥tr❛❧ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳ P❛r❛ ❛ ✉t✐❧✐③❛çã♦ ❞❛ ▲ó❣✐❝❛ ❋✉③③②

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

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

❛❧t❡r❛r ❛s ❢r❡q✉ê♥❝✐❛s ♥♦s ♥ú❝❧❡♦s ❞♦s ♣r♦❝❡ss❛❞♦r❡s ❡ ❡❢❡t✉❛r ❛ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s✱ t❛✐s

❝♦♠♦ ♥í✈❡❧ ❞❡ ✉t✐❧✐③❛çã♦ ❞♦ ♣r♦❝❡ss❛❞♦r✱ ❛ ♣♦tê♥❝✐❛ ❡ ❛ ❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛s✳ P❛r❛ ❝❛r❣❛s

❞❡ tr❛❜❛❧❤♦ ❞❡ ♠é❞✐❛ ❡ ❜❛✐①❛ ✐♥t❡♥s✐❞❛❞❡✱ ♦ ❣❡r❡♥❝✐❛❞♦r ♣r♦♣♦st♦ ♥❡st❡ tr❛❜❛❧❤♦ ❢♦✐ ❝❛♣❛③

❞❡ ♣r♦♠♦✈❡r r❡❞✉çõ❡s ❞❛ ♦r❞❡♠ ❞❡ ✷✵✪ ♥♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳ ❆ ✉t✐❧✐③❛çã♦ ❞❛ ▲ó❣✐❝❛

❋✉③③② ❞❡♠❛♥❞❛ ♣♦✉❝♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡ ❞❡ss❛ ❢♦r♠❛ t❡♠ ♣♦✉❝♦ ✐♠♣❛❝t♦ ✭✵✱✾✸✪ ❞❛

❡♥❡r❣✐❛ ❝♦♥s✉♠✐❞❛✮ ♥♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛✳ ❈♦♥❝❧✉✐✉✲s❡ q✉❡ ♦ ✉s♦ ❞❡ té❝♥✐❝❛s ❞❡

❛♣r❡♥❞✐③❛❣❡♠ ❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s ❝♦♠♦ ▲ó❣✐❝❛ ❋✉③③② s❡ ♠♦str♦✉ ❡✜❝❛③ ♥♦ ❞❡✲

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

✐♠♣❧❡♠❡♥t❛çã♦ ❞❛ ❧❡✐ ❞❡ ❝♦♥tr♦❧❡✳

✈



❆❜str❛❝t

●❡♥❡r❛❧✲♣✉r♣♦s❡ ❝♦♠♣✉t❡rs ❛r❡ ✉s❡❞ ✐♥ ❛ ✈❛r✐❡t② ♦❢ ❡♥✈✐r♦♥♠❡♥ts✱ s✉❝❤ ❛s r❡s✐❞❡♥❝❡s✱ ❡♥✲

t❡rt❛✐♥♠❡♥t ❝❡♥t❡rs✱ ♦✣❝❡s✱ ♦r ✐♥ ❛♣♣❧✐❝❛t✐♦♥s ✇❤❡r❡ ❤✐❣❤ ♣r♦❝❡ss✐♥❣ ♣♦✇❡r ✐s ♥♦t r❡q✉✐r❡❞✳

■♥ t❤❡s❡ ❛♣♣❧✐❝❛t✐♦♥s✱ ♣♦✇❡r ♠❛♥❛❣❡♠❡♥t ✐♥ ✐ts ♣r♦❝❡ss♦rs ❛❧❧♦✇s ②♦✉ t♦ ❡✛❡❝t✐✈❡❧② r❡❞✉❝❡

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

t❛s❦s✳ ❚❤❡ ♠❛✐♥ ♦❜❥❡❝t✐✈❡ ♦❢ t❤✐s ✇♦r❦ ✇❛s t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ ❛ s♦❢t✇❛r❡ t❤❛t ❛❧❧♦✇s t♦

♣r♦❝❡ss t❤❡ ♠❡❛s✉r❡♠❡♥ts ♦❢ t❤❡ ✇♦r❦❧♦❛❞ ❛♥❞ t♦ ❝♦♥tr♦❧ t❤❡ ✉t✐❧✐③❛t✐♦♥ ♦❢ t❤❡ ♣r♦❝❡ss♦r

❜② ✈❛r②✐♥❣ t❤❡ ❢r❡q✉❡♥❝② ♦❢ ♦♣❡r❛t✐♦♥ ♦❢ t❤❡ ❈❡♥tr❛❧ Pr♦❝❡ss✐♥❣ ❯♥✐t✳ ❋♦r t❤❡ ✉s❡ ♦❢
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❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

❖ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❡ ❡♥❡r❣✐❛ ✭●❉❊✮ é ✉♠❛ ❞❛s ♠❛✐s ♣♦♣✉❧❛r❡s ❡ ❜❡♠ s✉❝❡❞✐✲

❞❛s té❝♥✐❝❛s ❞❡ r❡❞✉çã♦ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ❝✐r❝✉✐t♦s ✐♥t❡❣r❛❞♦s ✭❈■✮ ❝♦♠❡r❝✐❛✐s✱

❡s♣❡❝✐❛❧♠❡♥t❡ ♠✐❝r♦♣r♦❝❡ss❛❞♦r❡s✳❬✶❪

❊st❛ té❝♥✐❝❛ ♣❡r♠✐t❡ ❛ r❡❞✉çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ s✐st❡♠❛s ♠✐❝r♦♣r♦❝❡ss❛❞♦s

❡♠ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦✱ ♦✉ s❡❥❛✱ ❞✉r❛♥t❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ s✐st❡♠❛✳ ■st♦ é ❢❡✐t♦ ❝♦♠ ♠✉❞❛♥ç❛s

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

s✐st❡♠❛✳

❊♠ ❝♦♠♣✉t❛❞♦r❡s ❞❡ ✉s♦ ❣❡r❛❧✱ ♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ é ❞❡s❡❥❛❞♦ ♣♦r ✈ár✐❛s

r❛③õ❡s✱ ♣♦ré♠ ❞❡st❛❝❛♠✲s❡ ❝♦♠♦ ♠❛✐s ✐♠♣♦rt❛♥t❡s✿

✶✳ ❘❡❞✉çã♦ ❣❡r❛❧ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳

✷✳ Pr♦❧♦♥❣❛çã♦ ❞❛ ❞✉r❛çã♦ ❞❛ ❜❛t❡r✐❛ ♣❛r❛ s✐st❡♠❛s ♣♦rtát❡✐s✳

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

✹✳ ❘❡❞✉çã♦ ❞♦ r✉í❞♦ s♦♥♦r♦ ❝❛✉s❛❞♦ ♣♦r ✈❡♥t♦✐♥❤❛s ❡ ♠✐❝r♦ ♠♦t♦r❡s✳

❖ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❞✐r✐❣✐❞♦ ♣❡❧♦ s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧ t❡♠ ❞✉❛s ❝❛t❡❣♦r✐❛s✿ ✭✐✮

❡s❝❛❧♦♥❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❡ t❡♥sã♦ ❡ ❢r❡q✉ê♥❝✐❛ ❞♦ ♣r♦❝❡ss❛❞♦r❀ ✭✐✐✮ ♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞♦s

❡st❛❞♦s ❞❡ ❡♥❡r❣✐❛ ❞♦s ♣❡r✐❢ér✐❝♦s ✭❞✐s❝♦ rí❣✐❞♦✱ ♠♦♥✐t♦r✱ ✐♥t❡r❢❛❝❡s ❞❡ r❡❞❡✱ ❡t❝✳✮✳ ◗✉❛♥t♦

❛♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❞❡ ❞✐s♣♦s✐t✐✈♦s✱ é ♣♦ssí✈❡❧ ❞❡st❛❝❛r ❞♦✐s t✐♣♦s✿ ✭✐✮ ♦ ❣❡r❡♥❝✐❛✲

♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ♥♦ ♥í✈❡❧ ❞♦ ❞✐s♣♦s✐t✐✈♦ ✭●❊◆❉✮✱ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❝❡♥tr❛❞❛ ❡♠ ❤❛r❞✇❛r❡✱

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

s✐❞❡r❛❞❛s ✐♥❞✐st✐♥❣✉í✈❡✐s✱ ♣♦r ♥ã♦ s❡r❡♠ ♦❜s❡r✈❛❞❛s ❛s s✉❛s ❢♦♥t❡s❀ ✭✐✐✮ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡

❡♥❡r❣✐❛ ❜❛s❡❛❞♦ ❡♠ t❛r❡❢❛s ✭●❊❇❚✮✱ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❝❡♥tr❛❞❛ ❡♠ s♦❢t✇❛r❡✱ q✉❡ ✉t✐❧✐③❛

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

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

s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧✳❬✷❪

✶
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◆♦ ❑❡r♥❡❧ ❞♦ ▲✐♥✉①✱ ❛ té❝♥✐❝❛ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❡ t❡♥sã♦ ❡ ❢r❡q✉ê♥❝✐❛ ♥♦s

♣r♦❝❡ss❛r❡s é ✐♠♣❧❡♠❡♥t❛❞❛ ❛tr❛✈és ❞❡ ♣♦❧ít✐❝❛s ❞❡♥♦♠✐♥❛❞❛s ●♦✈❡r♥♦rs✳ ❆ ♠❛✐♦r✐❛ ❞❡s✲

s❛s ♣♦❧ít✐❝❛s ❢✉♥❝✐♦♥❛♠ ❞❡✜♥✐♥❞♦ ❛ ❢r❡q✉ê♥❝✐❛ ❡♥tr❡ ♦ ✈❛❧♦r ♠á①✐♠♦ ❡ ♠í♥✐♠♦ ♣❡r♠✐t✐❞♦✱

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

❊①✐st❡♠ ❝✐♥❝♦ t✐♣♦s ❞❡ ●♦✈❡r♥♦rs ♥♦ ❑❡r♥❡❧ ❞♦ ▲✐♥✉①✱ s❡♥❞♦ ❡st❡s✿

✶✳ P❡r❢♦r♠❛♥❝❡✿ ❈♦♥✜❣✉r❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❛ ❈P❯ ♣❛r❛ ♦ ♠á①✐♠♦ ♣❡r♠✐t✐❞♦✳

✷✳ P♦✇❡rs❛✈❡✿ ❈♦♥✜❣✉r❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❛ ❈P❯ ♣❛r❛ ♦ ♠í♥✐♠♦ ♣❡r♠✐t✐❞♦✳

✸✳ ❯s❡rs♣❛❝❡✿ P❡r♠✐t❡ q✉❡ ♦ ✉s✉ár✐♦✱ ♦✉ q✉❛❧q✉❡r ♣r♦❣r❛♠❛ r♦❞❛♥❞♦ ❝♦♠ ✉s❡r ■❉

❝♦♠♦ r♦♦t ❞❡✜♥✐r ✉♠❛ ❢r❡q✉ê♥❝✐❛ ❡s♣❡❝í✜❝❛ ♣❛r❛ ❛ ❈P❯✳

✹✳ ❖♥❞❡♠❛♥❞ ✿ ❈♦♥✜❣✉r❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❛ ❈P❯ ❡♥tr❡ ♦s ♥í✈❡✐s ♠á①✐♠♦s ❡ ♠í♥✐♠♦s

♣❡r♠✐t✐❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ✉s♦ ♣❛ss❛❞♦ ❞♦ ♣r♦❝❡ss❛❞♦r✳

✺✳ ❈♦♥s❡r✈❛t✐✈❡✿ ▼✉✐t♦ ♣❛r❡❝✐❞♦ ❝♦♠ ♦ ❖♥❞❡♠❛♥❞✱ ❞✐❢❡r✐♥❞♦ ♣♦r ♦♣t❛r ❡♠ ♣❡r♠❛♥❡❝❡r

♠❛✐s t❡♠♣♦ ❡♠ ❢r❡q✉ê♥❝✐❛s ❛❧t❛s✳

❉❡♥tr❡ t♦❞♦s ♦s ●♦✈❡r♥♦rs ♣r❡s❡♥t❡s ♥♦ ❑❡r♥❡❧ ❞♦ ▲✐♥✉①✱ ♦ ❖♥❞❡♠❛♥❞ ❡ ♦ ❈♦♥s❡r✈❛✲

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

❡st❡s ●♦✈❡r♥♦rs r❡❛t✐✈♦s✱ ♣♦✐s ♥❡❝❡ss✐t❛♠ ❛♥❛❧✐s❛r ✐♥❢♦r♠❛çõ❡s q✉❡ ♦❝♦rr❡r❛♠ ♥♦ ♣❛ss❛❞♦

♣❛r❛ ♣♦❞❡r ❡st✐♠❛r ❛ ❢r❡q✉ê♥❝✐❛ q✉❡ ❞❡✈❡rá s❡r ❛♣❧✐❝❛❞❛ s♦❜r❡ ♦ ♣r♦❝❡ss❛❞♦r✱ ❛ ✜♠ ❞❡

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

❬✸❪✳ ❖ ❯s❡rs♣❛❝❡ ●♦✈❡r♥♦r é ❛ ú♥✐❝❛ ♣♦❧ít✐❝❛ q✉❡ ♣❡r♠✐t❡ ❛s ❛♣❧✐❝❛çõ❡s ❞❡✜♥✐r❡♠ ❛s t❡♥✲

sõ❡s ❡ ❢r❡q✉ê♥❝✐❛s q✉❡ ❞❡✈❡rã♦ s❡r ✉t✐❧✐③❛❞❛s ♣❡❧♦ ♣r♦❝❡ss❛❞♦r✳ ❙❡♥❞♦ ❛ss✐♠✱ ♥ã♦ ❤á ✉♠

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

♣♦ss❛ t❡r ♦ ❝♦♥tr♦❧❡ ❞❛s t❡♥sõ❡s ❡ ❢r❡q✉ê♥❝✐❛s ✉t✐❧✐③❛❞❛s ♣♦r ❝❛❞❛ ✉♠❛ ❞❛s t❛r❡❢❛s ❡♠

❡①❡❝✉çã♦ ♥♦ s✐st❡♠❛ ❡♠ t❡♠♣♦ r❡❛❧✳

❆❧é♠ ❞❡st❛s ♣♦❧ít✐❝❛s ❝✐t❛❞❛s✱ ♦ ▲✐♥✉① ♣❡r♠✐t❡ ❛ ❝r✐❛çã♦ ❞❡ ♥♦✈❛s ♣♦❧ít✐❝❛s ♦✉ ♠♦✲

❞✐✜❝❛çã♦ ❞❡st❛s ♥♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❛❞♦t❛❞❛ ♣❡❧❛ ❈P❯✳ ❉❡✈✐❞♦ à ♥❛t✉r❡③❛

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

❝♦♥tr♦❧❡ ✐♥t❡❧✐❣❡♥t❡ s❡ ❢❛③ ♥❡❝❡ssár✐♦✳

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

♠♦❞❡❧♦s ❞❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞♦s s✐st❡♠❛s q✉❡ s❡rã♦ ❛♣❧✐❝❛❞♦s ❡♠ q✉❡stã♦✱ ♣❛r❛ ♦ ❝❛s♦

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

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

❇♦❛ ♣❛rt❡ ❞♦s ♠♦❞❡❧♦s ♣❛r❛ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ♣r♦❝❡ss❛❞♦r❡s ❝♦♠♦ ❛♣r❡s❡♥✲

t❛❞♦ ♣♦r ❇❛rr♦s ❬✹❪ sã♦ ❛❜str❛t♦s✱ ♥ã♦ ✉t✐❧✐③❛♥❞♦ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛ ✉t✐❧✐③❛çã♦ ♦✉ ❝❛r❣❛
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❞❡ tr❛❜❛❧❤♦ ✐♠♣♦st❛s s♦❜r❡ ♦ ♣r♦❝❡ss❛❞♦r✱ t♦r♥❛♥❞♦✲♦s ✐♥✈✐á✈❡✐s ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡

té❝♥✐❝❛s ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❡✜❝❛③❡s✳

❙❡♥❞♦ ❛ss✐♠✱ é ✐♠♣♦rt❛♥t❡ ❝♦♥s✐❞❡r❛r s✐t✉❛çõ❡s ❡♠ q✉❡ ❛s té❝♥✐❝❛s ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦

❞❡ ❡♥❡r❣✐❛ ♥ã♦ sã♦ ❞❡✜♥✐❞❛s ❛ ♣❛rt✐r ❞❡ ✉♠ ♠♦❞❡❧♦ ❛❝✉r❛❞♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞♦

s✐st❡♠❛✳ P❛r❛ ♦ ❝❛s♦ ❞❡ ♣r♦❝❡ss❛❞♦r❡s✱ ♦s ❣❡r❡♥❝✐❛❞♦r❡s ❞❡ ❡♥❡r❣✐❛ ❖♥❞❡♠❛♥❞ ❞♦ s✐st❡♠❛

▲✐♥✉① ♦✉ ♦ Pr♦❝❡ss♦r P♦✇❡r ▼❛♥❛❣❡r ❞♦ s✐st❡♠❛ ❲✐♥❞♦✇s sã♦ ✐♠♣❧❡♠❡♥t❛❞♦s s❡♠ ✐♥✲

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

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

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

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

❞✐s♣♦♥í✈❡✐s✳

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

çõ❡s ♠❛t❡♠át✐❝❛s q✉❡ ❞❡s❝r❡✈❛♠ ♦s ❝♦♠♣♦rt❛♠❡♥t♦s ❣❡r❛❞♦s ♣❡❧♦ ♣r♦❝❡ss❛❞♦r ❥✉♥t❛♠❡♥t❡

❝♦♠ ♦ s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧✱ ❡s❝❛❧♦♥❛❞♦r❡s ❞❡ t❛r❡❢❛s✱ ❇■❖❙ ✭❇❛s✐❝ ■♥♣✉t ✴ ❖✉t♣✉t ❙②st❡♠✮

❞❡♥tr❡ ♦✉tr♦s✱ sã♦ ❝♦♠♣❧✐❝❛❞❛s ❞❡ s❡r❡♠ ❞❡❞✉③✐❞❛s✳ ❉❡ss❛ ❢♦r♠❛ ♦✉tr❛s ❢♦r♠❛s ❞❡ ♠♦✲

❞❡❧❛❣❡♠ sã♦ ✉t✐❧✐③❛❞❛s ❡♠ ♣r♦❝❡ss❛❞♦r❡s✱ ❝♦♠♦ ♠♦❞❡❧♦s ♣r♦❜❛❜✐❧íst✐❝♦s✱ ❛♣r❡s❡♥t❛❞♦s ♣♦r

❇♦s♥❛❝❦✐ ❬✺❪ ❡ ❉❛r❣✐❡ ❬✻❪ ❬✼❪✳ ❆ss✐♠ ♦ ✉s♦ ❞❡ ▲ó❣✐❝❛ ❋✉③③② ♣♦❞❡ s❡r ✉♠❛ ❜♦❛ ❢❡rr❛♠❡♥t❛

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

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

✶✳✶ ❖❜❥❡t✐✈♦ ❣❡r❛❧

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

❞✐♥â♠✐❝♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ♣r♦❝❡ss❛❞♦r❡s ❜❛s❡❛❞♦ ❡♠ ▲ó❣✐❝❛ ❋✉③③②✳

✶✳✷ ❖❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s

P❛r❛ ❛ ❝♦♥❝❧✉sã♦ ❡ ✈❛❧✐❞❛çã♦ ❞♦ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ ❞❡st❡ tr❛❜❛❧❤♦✱ ♦s s❡❣✉✐♥t❡s ♦❜❥❡t✐✈♦s

❡s♣❡❝í✜❝♦s ❞❡✈❡♠ s❡r ❝♦♥❝❧✉í❞♦s✿

✶✳ Pr♦✈❡r ✉♠ s♦❢t✇❛r❡ ❝❛♣❛③ ❞❡ r❡❛❧✐③❛r ❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❡ ♦

❝♦♥tr♦❧❛❞♦r ❞❡ ❢r❡q✉ê♥❝✐❛s ❞♦ ♣r♦❝❡ss❛❞♦r ❞♦ s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧✱ ♣❛r❛ q✉❡ ❛♠❜♦s

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

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

▲ó❣✐❝❛ ❋✉③③② ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ✉t✐❧✐③❛çã♦ ❛t✉❛❧ ❞♦ ♣r♦❝❡ss❛❞♦r✳

✸✳ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡ ❝♦♥str✉çã♦ ❞❡ ✉♠❛ ♣❧❛t❛❢♦r♠❛ ❡①♣❡r✐♠❡♥t❛❧ ♣❛r❛ ❛ ♠❡❞✐çã♦ ❡

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



❈❛♣ít✉❧♦ ✶✳ ■♥tr♦❞✉çã♦ ✹

✹✳ ❉❡♠♦♥str❛r ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡ q✉❡ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ é ❝❛♣❛③ ❞❡ r❡❞✉③✐r ♦

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

s✐st❡♠❛ ▲✐♥✉①✳

✶✳✸ ❖r❣❛♥✐③❛çã♦ ❞♦ t❡①t♦

◆♦ ❈❛♣ít✉❧♦ ✷ é ❛♣r❡s❡♥t❛❞❛ ❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ r❡❛❧✐③❛❞❛ ♣❛r❛ ❡st❡ tr❛❜❛❧❤♦✱ s❡♥❞♦

❞✐✈✐❞✐❞❛ ❡♠ ❞✉❛s ♣❛rt❡s✳ ❆ ♣r✐♠❡✐r❛ ♣❛r❛ ♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❡ ❡♥❡r❣✐❛ ❡ ❛ s❡❣✉♥❞❛

♣❛r❛ ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③②✳

◆♦ ❈❛♣ít✉❧♦ ✸ é ❛♣r❡s❡♥t❛❞♦ ❛ ❜❛s❡ ❝♦♥❝❡✐t✉❛❧ ♣❛r❛ ♦ r❡st❛♥t❡ ❞♦ tr❛❜❛❧❤♦✱ ❢❛③❡♥❞♦ ❛

❞❡s❝r✐çã♦ ❞❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ♣r♦❝❡ss❛❞♦r❡s✱ ❡①❡♠♣❧✐✜❝❛♥❞♦ ❝♦♠♦ sã♦ s✉❛s t❛r❡❢❛s

❡ ♦ s✐st❡♠❛ ▲✐♥✉①✳ ❚❛♠❜é♠ é ❛♣r❡s❡♥t❛❞♦ ♦ ♠♦❞❡❧♦ ❞❡ t❛r❡❢❛s ♣❡r✐ó❞✐❝❛s ❛ s❡r ✉s❛❞♦

❝♦♠♦ ❜❛s❡ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❞♦ ♣r♦❝❡ss❛❞♦r ❞❡s❡♥✈♦❧✈✐❞♦s✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♣r✐♥❝✐♣❛✐s

❝♦♥❝❡✐t♦s s♦❜r❡ ❧ó❣✐❝❛ ❋✉③③② ✉s❛❞♦s ❡ ♦s ❛❧❣♦r✐t♠♦s ❞❡ ❝❧✉st❡r✐③❛çã♦ ❛❞♦t❛❞♦s✳

◆♦ ❈❛♣ít✉❧♦ ✹ é ❛♣r❡s❡♥t❛❞❛ ❛ ♣❧❛t❛❢♦r♠❛ ❡①♣❡r✐♠❡♥t❛❧ ❞❡s❡♥✈♦❧✈✐❞❛✱ ❞❡s❝r❡✈❡♥❞♦ ❛

❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ❡ ❡q✉✐♣❛♠❡♥t♦s ✉t✐❧✐③❛❞♦s✳

◆♦ ❈❛♣ít✉❧♦ ✺ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♠♦❞❡❧♦s ❋✉③③② ❞❡s❡♥✈♦❧✈✐❞♦s✱ r❡ss❛❧t❛♥❞♦ ❛ ♠❡✲

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

❞❛❞♦s✱ ❛ ❡str✉t✉r❛ ❞♦s ♠♦❞❡❧♦s ❡ ✈❛❧✐❞❛çã♦✳

◆♦ ❈❛♣ít✉❧♦ ✻ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❝♦♥tr♦❧❛❞♦r❡s ❞❡s❡♥✈♦❧✈✐❞♦s✱ r❡ss❛❧t❛♥❞♦ s✉❛s ❢✉♥✲

çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛✱ ❜❛s❡ ❞❡ r❡❣r❛s ❡ s❛í❞❛s✱ ❝♦♠♦ t❛♠❜é♠ ❛ ✈❛❧✐❞❛çã♦ ❞♦s ♠❡s♠♦s ♣♦r

s✐♠✉❧❛çã♦✳

◆♦ ❈❛♣ít✉❧♦ ✼ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s ♦❜t✐❞♦s ♣❛r❛ ♦ ❝♦♥tr♦❧❛❞♦r

❞❡s❡♥✈♦❧✈✐❞♦ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦ ●♦✈❡r♥♦r ❖♥❞❡♠❛♥❞✳

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

♣r✐♥❝✐♣❛✐s ❝♦♥tr✐❜✉✐çõ❡s ❡ s✉❣❡stõ❡s ♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳



❈❛♣ít✉❧♦ ✷

❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛

❆ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ ❞❡s❞❡ tr❛❜❛❧❤♦ ♣♦❞❡ s❡r ❞✐✈✐❞✐❞❛ ❡♠ três ♣❛rt❡s✳ ❆ ♣r✐♠❡✐r❛

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

s❡❣✉♥❞❛ ♣❛rt❡ tr❛t❛ ❞♦s ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③② ♣❛r❛ ♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❡ ❡♥❡r❣✐❛ ❡♠

♣r♦❝❡ss❛❞♦r❡s ❞❡ ❝♦♠♣✉t❛❞♦r❡s ❞❡ ♣r♦♣ós✐t♦ ❣❡r❛❧✳ ❊ ❛ t❡r❝❡✐r❛ ♣❛rt❡ tr❛❞❛ ❞♦s ♠♦❞❡❧♦s

❋✉③③② ✉s❛♥❞♦ té❝♥✐❝❛s ❞❡ ❛♣r❡♥❞✐③❛❞♦ ❝♦♠♦ ❝❧✉st❡r✐③❛çã♦ ♦✉ r❡❞❡s ♥❡✉r❛✐s✳ ❈❛❞❛ ✉♠❛

❞❡st❛s ♣❛rt❡s s❡rá ♠❡❧❤♦r ❞❡t❛❧❤❛❞❛ ❛❞✐❛♥t❡✳

✷✳✶ ●❡r❡♥❝✐❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❡ ❡♥❡r❣✐❛

❇❡♥✐♥✐ ❡t ❛❧✳ ❬✽❪ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠ s✐st❡♠❛ ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ✉s❛♥❞♦ ♠♦❞❡❧♦s

❡st♦❝ást✐❝♦s✳ ❆❧é♠ ❞✐ss♦✱ ❡ss❡s ❛✉t♦r❡s ♠♦str❛r❛♠ q✉❡ ♦ ♣r♦❜❧❡♠❛ ❢✉♥❞❛♠❡♥t❛❧ ❞❡ s❡

❡♥❝♦♥tr❛r ✉♠❛ ♣♦❧ít✐❝❛ ót✐♠❛ ♣❛r❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ s✐st❡♠❛ ♣♦❞❡ s❡r ❢♦r♠✉❧❛❞♦ ❝♦♠♦

✉♠ ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦ ❡st♦❝ást✐❝❛✳

▲✉✐③ ❡t ❛❧✳ ❬✾❪ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠ s✐st❡♠❛ ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ♣❛r❛ s✐st❡♠❛s

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

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

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

q✉❛❧✐❞❛❞❡ ♠❡❧❤♦r❡s q✉❡ té❝♥✐❝❛s ✉s❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡✳

❙r✐❞❤❛r❛♥✱ ●✉♣t❛ ❡ ▼❛❤❛♣❛tr❛ ❬✶✵❪ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❛ r❡❞✉çã♦ ❞❡

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

s✐st❡♠❛ ❢✉♥❝✐♦♥❛r s❡♠ ♦❝♦rrê♥❝✐❛ ❞❡ ❢❛❧❤❛s✱ ♦✉ s❡❥❛✱ ♠❛♥t❡♥❞♦ s✉❛ ❝♦♥✜❛❜✐❧✐❞❛❞❡✱ ❥á q✉❡

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

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

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

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

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

✺



❈❛♣ít✉❧♦ ✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛ ✻

❲❛♥❣ ❡t ❛❧✳ ❬✶✶❪ ❛♣r❡s❡♥t❛r❛♠ ♦ ❝♦♥tr♦❧❡ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡ ♣r♦❝❡ss❛❞♦r❡s ❡♠ t❡♠♣♦ r❡❛❧✱

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

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

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

❜❛s❡❛❞♦ ❡♠ ✉♠♠♦❞❡❧♦ ❧✐♥❡❛r✐③❛❞♦ ❞♦ ♣r♦❝❡ss❛❞♦r q✉❡ ❢♦✐ ✉s❛❞♦✳ ❙❡♥❞♦ ❛ss✐♠✱ é ♥❡❝❡ssár✐♦

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

❈❤❡♥ ❡t ❛❧✳ ❬✶✷❪ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠ ♠ét♦❞♦ ♣❛r❛ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❡ t❡♥sã♦

❡ ❢r❡q✉ê♥❝✐❛ ♣❛r❛ ♣r♦❝❡ss❛❞♦r❡s ♠✉❧t✐♥ú❝❧❡♦ ♦♥❞❡ ♦s r❡❝✉rs♦s ❝♦♠♣❛rt✐❧❤❛❞♦s ♣♦r t♦❞♦s

♦s ♥ú❝❧❡♦s ❢♦r♠❛♠ ✉♠ ú♥✐❝♦ ❞♦♠í♥✐♦ ❞❡ t❡♥sã♦ ❡ ❢r❡q✉ê♥❝✐❛✳ ❖ ❝♦♥tr♦❧❛❞♦r ❛❞♦t❛❞♦ é ❞♦

t✐♣♦ P■❉ ❞❡✈✐❞♦ à s✉❛ s✐♠♣❧✐❝✐❞❛❞❡✳ ❊st❡s ❛✉t♦r❡s ♥ã♦ ❝♦♥s✐❞❡r❛r❛♠ s✐st❡♠❛s ❡♠ t❡♠♣♦

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

❆♥❣❤❡❧ ❡t ❛❧✳ ❬✶✸❪ ❞❡s❡♥✈♦❧✈❡r❛♠ ❞✉❛s té❝♥✐❝❛s ♣❛r❛ ♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❡♠

♣r♦❝❡ss❛❞♦r❡s✱ ♣❡❧♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞♦s ♠❡s♠♦s✳ ❯♠ ♣r✐♠❡✐r♦ ❛❧✲

❣♦r✐t♠♦ ❜❛s❡❛❞♦ ♥♦ s✐st❡♠❛ ✐♠✉♥♦❧ó❣✐❝♦ ❤✉♠❛♥♦ ❡ ✉♠ s❡❣✉♥❞♦ ❜❛s❡❛❞♦ ❡♠ ▲ó❣✐❝❛ ❋✉③③②✳

❖ ♣r✐♠❡✐r♦ ✉s❛ ♦ ❛♥tí❣❡♥♦ ❤✉♠❛♥♦ ✭♣❛rtí❝✉❧❛ ❝❛♣❛③ ❞❡ ❞❡✢❛❣r❛r ❛ ♣r♦❞✉çã♦ ❞❡ ❛♥t✐❝♦r♣♦s✮

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

❝❡ss❛❞♦r✳ ❊ ❛ s❡❣✉♥❞❛ té❝♥✐❝❛ ✉s❛ ▲ó❣✐❝❛ ❋✉③③② ♣❛r❛ ❛❞❛♣t❛r ♦s ❡st❛❞♦s ❞❡ ❞❡s❡♠♣❡♥❤♦

❞♦ ♣r♦❝❡ss❛❞♦r ♣❛r❛ ❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ s✉❜s❡q✉❡♥t❡s✳

❊♥♦♠♦t♦ ❡ ❑♦❜❛②❛s❤✐ ❬✶✹❪ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠ ❛❧❣♦r✐t♠♦ ♣❛r❛ ♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞✐♥â♠✐❝♦

❞❡ ❡♥❡r❣✐❛ ✉s❛♥❞♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❡ t❡♥sã♦ ❡ ❢r❡q✉ê♥❝✐❛ ♦♥❞❡ é ✉s❛❞♦ ❡st✐♠❛çã♦

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

♣❡❧❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❛t✉❛❧✳

❇❛rr♦s ❬✹❪ ❛♣r❡s❡♥t♦✉ ✉♠❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ ❞♦s ♣r✐♥❝✐♣❛✐s ♠♦❞❡❧♦s ❞❡s❡♥✈♦❧✈✐❞♦s

♣❛r❛ ❛ ♣♦tê♥❝✐❛ ❞❡ ♣r♦❝❡ss❛❞♦r❡s ❞❡s❞❡ ✶✾✾✷ ❛té ✷✵✶✸✳ ➱ ♣♦ssí✈❡❧ ♥♦t❛r ❛ ♠✉❞❛♥ç❛ ♥❡st❡s

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

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

❝❤❛✈❡❛♠❡♥t♦ ❞♦s ♣r♦❝❡ss❛❞♦r❡s ❡ ♦ ❝♦♥s✉♠♦ ♣♦r ❝♦rr❡♥t❡ ❞❡ ❢✉❣❛ ♣r❡s❡♥t❡s ♥♦s tr❛♥s✐st♦r❡s

q✉❛♥❞♦ ♥ã♦ ❤á tr❛♥s✐çõ❡s ❞❡ ♥í✈❡❧ ❧ó❣✐❝♦✳

✷✳✷ ❈♦♥tr♦❧❛❞♦r❡s ❋✉③③②

❍❡ ❡t ❛❧✳ ❬✶✺❪ ❞❡s❡♥✈♦❧✈❡r❛♠ ✉♠ s✐st❡♠❛ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ t❛r❡❢❛s ❡ ✉♠ ❝♦♥tr♦❧❛❞♦r

P■❉ ❜❛s❡❛❞♦s ❡♠ ▲ó❣✐❝❛ ❋✉③③② ♣❛r❛ s✐st❡♠❛s ❡♠ t❡♠♣♦ r❡❛❧✳ ❖ ❡s❝❛❧♦♥❛❞♦r ❞❡ t❛r❡❢❛s

❢❛③ ✉s♦ ❞❛ ▲ó❣✐❝❛ ❋✉③③② ♣❛r❛ ❞❡❝✐❞✐r ❛ ♣ró①✐♠❛ t❛r❡❢❛ q✉❡ s❡rá ❡①❡❝✉t❛❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠

♦ t❡♠♣♦ r❡st❛♥t❡ ♣❛r❛ s❡✉ ❞❡❛❞❧✐♥❡✳ ❆ ✉t✐❧✐③❛çã♦ ❞❛ ❈P❯ é ❝♦♥tr♦❧❛❞♦ ♣❡❧♦ ❝♦♥tr♦❧❛❞♦r

P■❉ ❋✉③③② ♥♦ ❧✉❣❛r ❞❡ ✉♠ ❝♦♥tr♦❧❛❞♦r P■❉ ❝♦♥✈❡♥❝✐♦♥❛❧✳

❘❛tt❛♥❛t❛♠r♦♥❣ ❡ ❋♦rt❡s ❬✶✻❪ ♣r♦♣✉s❡r❛♠ ✉♠ r❡❝✉rs♦ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ✉s❛♥❞♦ ▲ó✲



❈❛♣ít✉❧♦ ✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛ ✼

❣✐❝❛ ❋✉③③②✱ ♥♦ q✉❛❧ ✉♠ ❝♦♥tr♦❧❛❞♦r ❋✉③③②✱ ✉♠ ❛❞❛♣t❛❞♦r ❞❡ ✉t✐❧✐③❛çã♦ ❞❡ t❛r❡❢❛s ❡ ✉♠

❡s❝❛❧♦♥❛❞♦r ❞❡ t❛r❡❢❛s ❡♠ t❡♠♣♦ r❡❛❧ tr❛❜❛❧❤❛♠ ❡♠ ❝♦♥❥✉♥t♦✳ ❈♦♥s✐❞❡r❛♥❞♦ ❛s ✐♥❝❡rt❡③❛s

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

❋✉③③② ❞❡t❡r♠✐♥❛ ♦ t♦t❛❧ ❞❡ ✉t✐❧✐③❛çã♦ ❞❛ ❈P❯✳ ❖ ❛❞❛♣t❛❞♦r ❞❡ ✉t✐❧✐③❛çã♦ ❛❧♦❝❛ ❝❛❞❛ ✉♠❛

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

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

❩❡r❦❛♦✉✐ ❡ ❇♦s❝❤❡ ❬✶✼❪ ❛♣r❡s❡♥t❛r❛♠ ✉♠ s✐st❡♠❛ ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ♣❛r❛

s✐st❡♠❛s ❤í❜r✐❞♦s ❞❡s❡♥✈♦❧✈✐❞♦ ♣♦r ♠❡✐♦ ❞❡ ▲ó❣✐❝❛ ❋✉③③②✳ ❊ss❡s ❛✉t♦r❡s ❛✜r♠❛r❛♠ q✉❡ ♦

♣r♦❥❡t♦ ❞♦ ❝♦♥tr♦❧❛❞♦r ♣♦r ♠❡✐♦ ❞❡ ❈♦♥tr♦❧❡ ❈❧áss✐❝♦ t❡r✐❛ ❞✐✜❝✉❧❞❛❞❡s ❞❡✈✐❞♦ às ✐♥❝❡rt❡✲

③❛s ♣❛r❛♠étr✐❝❛s ❡ ♥ã♦ ❧✐♥❡❛r✐❞❛❞❡s ❡①✐st❡♥t❡s ♥♦ s✐st❡♠❛✱ ❡ q✉❡ ♦ ♣r♦❥❡t♦ ❞♦ ❝♦♥tr♦❧❛❞♦r

♣♦r ♠❡✐♦ ❞❡ ▲ó❣✐❝❛ ❋✉③③② ♦❢❡r❡❝❡r✐❛ ✢❡①✐❜✐❧✐❞❛❞❡ ♣❛r❛ ❧✐❞❛r ❝♦♠ ❡ss❛s ❞✐✜❝✉❧❞❛❞❡s✳

❇❛s❛r❛♥✱ ❙✉③❡r ❡ ❑❛♥❣ ❬✶✽❪ ❛♣r❡s❡♥t❛r❛♠ ✉♠ ❝♦♥tr♦❧❛❞♦r ❜❛s❡❛❞♦ ❡♠ ▲ó❣✐❝❛ ❋✉③③②

♣❛r❛ ❛ ✉t✐❧✐③❛çã♦ ❞❛ ❈P❯✱ ♣♦ré♠ ❡♥❢❛t✐③❛r❛♠ ❛ ❛♥á❧✐s❡ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ♣❛r❛ ♦ s✐st❡♠❛

❋✉③③② ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛✱ ♣r♦✈❛♥❞♦✲❛ ♠❛t❡♠❛t✐❝❛♠❡♥t❡✳ ❊♠ ✉♠❛ ❛♣❧✐❝❛çã♦ ❡♠ t❡♠♣♦

r❡❛❧ ❝♦♠♣❛r❛♠ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ❝♦♠ ✉♠ ❝♦♥tr♦❧❛❞♦r P■ ❡ ✉♠ ❝♦♥tr♦❧❛❞♦r ❜❛s❡❛❞♦

♥♦ ♠♦❞❡❧♦ ♣r❡❞✐t✐✈♦ ❞❡ ✉t✐❧✐③❛çã♦ ♣❛r❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ♣❡r✐ó❞✐❝❛s✳ ❖

❝♦♥tr♦❧❛❞♦r ❋✉③③② ❝♦♥s❡❣✉✐✉ ♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❡♠ t❡r♠♦s ❞❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✳

❏❛❝♦♠❡t ❡ ❲❛❧t✐ ❬✶✾❪ ❛♣r❡s❡♥t❛r❛♠ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡ ✉♠ ♣r♦❝❡ss❛❞♦r ❱▲❙■ ✭❱❡r②

▲❛r❣❡ ❙❝❛❧❡ ■♥t❡❣r❛t✐♦♥✮ ❋✉③③②✱ ❢❛❜r✐❝❛❞♦ ❝♦♠ t❡❝♥♦❧♦❣✐❛ ❈▼❖❙✳ ❉❡✈✐❞♦ à ❛rq✉✐t❡t✉r❛

♣❛r❛❧❡❧❛ ❞♦ ❜❧♦❝♦ ❞❡ r❡❣r❛s ❋✉③③②✱ ♦✉ s❡❥❛✱ ♠❛✐s ❞❡ ✉♠❛ r❡❣r❛ ♣♦❞❡ s❡r ❛t✐✈❛❞❛ ♣♦r ✉♠

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

s❡♠ ♦ ✉s♦ ❞❡ té❝♥✐❝❛s ❋✉③③②✳

✷✳✸ ▼♦❞❡❧♦s ❋✉③③②

❨❛♥❣ ❡t ❛❧✳ ❬✷✵❪ ❛♣r❡s❡♥t❛♠ ✉♠ ♥♦✈♦ ❛❧❣♦r✐t♠♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ ❋✉③③② ♣❛r❛ ❛ ❛♥á❧✐s❡

❞❡ ❣r❛♥❞❡s q✉❛♥t✐❞❛❞❡s ❞❡ ❞❛❞♦s✳ ❖s ❞❛❞♦s ❞❡ ♠❛✐♦r ❞✐♠❡♥sã♦ ❞❡✈❡♠ s❡r ❞✐✈✐❞✐❞♦s ❡♠

❞❛❞♦s ❞❡ ♠❡♥♦r❡s ❞✐♠❡♥sõ❡s✱ ❡ ❡♠ s❡❣✉✐❞❛ ❡st❡s ❞❛❞♦s ❝♦♠ ♠❡♥♦r❡s ❞✐♠❡♥sõ❡s ❞❡✈❡♠

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

❝❧✉st❡r✐③❛çã♦ ❋✉③③② ❝♦♠ ❛❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s✱ t♦r♥❛♥❞♦ ❛ ❝♦♥✈❡r❣ê♥❝✐❛ ❞♦s ❣r✉♣♦s ♠❛✐s

rá♣✐❞❛✳

❖✬◆❡❛❧ ❡ ❇r✐s❦ ❬✷✶❪ ❛♣r❡s❡♥t❛♠ ✉♠❛ ♣❡sq✉✐s❛ s♦❜r❡ ♦s t✐♣♦s ❞❡ ♠♦❞❡❧♦s ❞❡ ♣r♦❝❡s✲

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

❜✐❧íst✐❝♦s ♣❛r❛ ❞❡t❡r♠✐♥❛çã♦ ❞❡ ✉t✐❧✐③❛çã♦ ❞♦s ♠❡s♠♦s✳ ▼♦❞❡❧♦s ❞❡ ❞✐♥â♠✐❝❛s tér♠✐❝❛s

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

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

❞❡ r❡❣r❡ssã♦✱ ❞❡ss❛ ❢♦r♠❛ ❛✉♠❡♥t❛♥❞♦ ❛ ♣r❡❝✐sã♦ ❞♦ ♠♦❞❡❧♦✳



❈❛♣ít✉❧♦ ✷✳ ❘❡✈✐sã♦ ❇✐❜❧✐♦❣rá✜❝❛ ✽

●✉ ❬✷✷❪ ❛♣r❡s❡♥t❛ ✉♠❛ ♥♦✈❛ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ❛ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛✱ ❛❣r✉♣❛♥❞♦✲❛

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

♦♥❞❡ ♣♦ss✉✐ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦✳ ❊st❡ ♥♦✈♦ ♠ét♦❞♦ ❛✉♠❡♥t❛ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ t♦♠❛❞❛

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

❝♦♥✈❡r❣ê♥❝✐❛ ❞❡st❡s✳

❆❤♠❡❞ ❡t ❛❧✳ ❬✷✸❪ ❛♣r❡s❡♥t❛♠ ✉♠ ♠ét♦❞♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♠♦✈✐♠❡♥t♦s ❤✉♠❛♥♦s

❜❛s❡❛❞❛ ❡♠ s✐st❡♠❛s ♥❡✉r♦✲❢✉③③②✳ ❉✐✈✐❞✐♥❞♦✲s❡ ❡♠ três ♣❛rt❡s ♣r✐♥❝✐♣❛✐s✳ ❆ ♣r✐♠❡✐r❛ é ❛

❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ❝♦♠ ❝â♠❡r❛s ❝♦♠ s❡♥s♦r❡s ❞❡ ♠♦✈✐♠❡♥t♦✳ ❆ s❡❣✉♥❞❛ ❢❛s❡ é ❞❡ tr❡✐✲

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

♣❛r❛ ❞❡t❡r♠✐♥❛r ♦ ♠❡❧❤♦r ♥ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❢✉③③②✳ ❆❥✉❞❛♥❞♦ ♥❛ r❡✲

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

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

❡♠♣r❡❣❛ s♦♠❡♥t❡ ♦ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞♦ ♠♦✈✐♠❡♥t♦ ❞♦s ♠❡♠❜r♦s s✉♣❡r✐♦r❡s✱ ♣♦ré♠ ❞á

♠❛r❣❡♠ ♣❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♠♦✈✐♠❡♥t♦s ❞❡ t♦❞♦ ♦ ❝♦r♣♦✳

✷✳✹ ❈♦♥❝❧✉sõ❡s

◆❡st❡ ❝❛♣ít✉❧♦ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ❛❧❣✉♥s tr❛❜❛❧❤♦s q✉❡ ✉s❡♠ ❝♦♠♦ ❜❛s❡ ❛ ❧ó❣✐❝❛ ❋✉③③②

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

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

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

♣r♦❝❡ss❛❞♦r❡s✳ ❚❛♠❜é♠ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ✉s♦s ❞❡ ❧ó❣✐❝❛ ❋✉③③② ✉♥✐❞❛ ❛ té❝♥✐❝❛s ❞❡ ❝❧✉st❡✲

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

❧✐t❡r❛t✉r❛✳ ❉❡ss❛ ❢♦r♠❛ s❡rá ❛♣r❡s❡♥t❛❞♦ ♥♦s ♣ró①✐♠♦s ❝❛♣ít✉❧♦s ❝♦♥❝❡✐t♦s ❢✉♥❞❛♠❡♥t❛✐s

s♦❜r❡ ❧ó❣✐❝❛ ❋✉③③②✱ ♠♦❞❡❧❛❣❡♠ ❡ ❝♦♥tr♦❧❡ ❝♦♠ ❛ ♠❡s♠❛ té❝♥✐❝❛✳



❈❛♣ít✉❧♦ ✸

❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛

◆❡st❡ ❝❛♣ít✉❧♦ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ❞✐✈❡rs♦s ❝♦♥❝❡✐t♦s ✉t✐❧✐③❛❞♦s ❞✉r❛♥t❡ ❛ ❡❧❛❜♦r❛çã♦ ❞♦

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

❞❡ tr❛❜❛❧❤♦ ❡♠ s✐st❡♠❛s ♦♣❡r❛❝✐♦♥❛✐s ❞❡ ♣r♦♣ós✐t♦ ❣❡r❛❧✳ ❖ r❡st❛♥t❡ ✐rá ❛❜♦r❞❛r ❝♦♥❝❡✐t♦s

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

✸✳✶ ❈♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ♣r♦❝❡ss❛❞♦r❡s

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ t❛r❡❢❛✱ ❡①✐st❡ ✉♠ ❣❛st♦ ❞❡ ❡♥❡r❣✐❛

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

❡✜❝✐❡♥t❡✳ P♦rt❛♥t♦✱ ♥❡ss❡ s❡♥t✐❞♦✱ ❛ ♠❡t❛ ♣❛r❛ ♦s ♣r♦❝❡ss❛❞♦r❡s é ❡①❡❝✉t❛r ❛ ♠❡s♠❛ ❝❛r❣❛

❞❡ tr❛❜❛❧❤♦ ❝♦♠ ♠❡♥♦s ❡♥❡r❣✐❛ ♦✉✱ ❡♥tã♦✱ ❢❛③❡r ♠❛✐s ❝♦♠ ❛ ♠❡s♠❛ ❡♥❡r❣✐❛❬✹❪✳

❖ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ♣r♦❝❡ss❛❞♦r❡s ❡ ♦✉tr♦s t✐♣♦s ❞❡ ❝✐r❝✉✐t♦s ✐♥t❡❣r❛❞♦s s❡ ❞á ♣❡❧❛

t❡❝♥♦❧♦❣✐❛ ❡♠♣r❡❣❛❞❛ ♥❛ s✉❛ ❝♦♥str✉çã♦✱ s❡♥❞♦ ✉s❛❞♦ t❡❝♥♦❧♦❣✐❛ ❈▼❖❙ ✭✏❝♦♠♣❧❡♠❡♥t❛r②

♠❡t❛❧✲♦①✐❞❡✲s❡♠✐❝♦♥❞✉❝t♦r✑✮ ♣❛r❛ ♦s ✈❛r✐❛❞♦s t✐♣♦s ❞❡ ♣r♦❝❡ss❛❞♦r❡s ❬✷✹❪✳ ❆s ♣r✐♥❝✐♣❛✐s

❢♦♥t❡s ❞❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ❝♦♠♣♦♥❡♥t❡s ❈▼❖❙ sã♦ s✉❛ t❡♥sã♦ ❞❡ ❛❧✐♠❡♥t❛çã♦✱

❝❤❛✈❡❛♠❡♥t♦ ❡ ❝♦rr❡♥t❡ ❞❡ ❢✉❣❛✿

✶✳ ❚❡♥sã♦ ❞❡ ❛❧✐♠❡♥t❛çã♦✿ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ❝♦♠♣♦♥❡♥t❡s ❈▼❖❙ é ♣r♦♣♦r❝✐✲

♦♥❛❧ ❛♦ q✉❛❞r❛❞♦ ❞❛ s✉❛ t❡♥sã♦ ❞❡ ❛❧✐♠❡♥t❛çã♦✳ ❘❡❞✉③✐♥❞♦ ❡st❡ ♥í✈❡❧ ❞❡ t❡♥sã♦ ❛♦

♠❡♥♦r ♣♦ssí✈❡❧ q✉❡ ♣r♦✈❡❥❛ ♦ ❞❡s❡♠♣❡♥❤♦ r❡q✉❡r✐❞♦✱ ♣♦❞❡✲s❡ r❡❞✉③✐r ♦ ❝♦♥s✉♠♦ ❞❡

❡♥❡r❣✐❛ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡✳

✷✳ ❈❤❛✈❡❛♠❡♥t♦✿ ❛ ♠❛✐♦r ♣❛rt❡ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ❝♦♠♣♦♥❡♥t❡s ❈▼❖❙ ❡stá

♥♦ ❝❤❛✈❡❛♠❡♥t♦ ❞♦s s❡✉s ✈❛❧♦r❡s ❞❡ s❛í❞❛✳ ❙❡♥❞♦ ❛ss✐♠✱ é ♣♦ssí✈❡❧ s❡ r❡❞✉③✐r ❛

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

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

❞❡s♥❡❝❡ssár✐❛s ❡♠ s✉❛s s❛í❞❛s✳

✾



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✶✵

✸✳ ❈♦rr❡♥t❡ ❞❡ ❢✉❣❛✿ ♠❡s♠♦ q✉❛♥❞♦ ✉♠ ❝♦♠♣♦♥❡♥t❡ ❈▼❖❙ ♥ã♦ ❡stá ❛t✐✈♦✱ ✉♠❛ q✉❛♥✲

t✐❞❛❞❡ ❞❡ ❝♦rr❡♥t❡ ✢✉✐ ❞♦ ❝✐r❝✉✐t♦ ♣❛r❛ ♦ s✉❜str❛t♦✳ ❆ ú♥✐❝❛ ♠❛♥❡✐r❛ ❞❡ ❡❧✐♠✐♥á✲❧❛

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

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

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

❡①❡♠♣❧♦ ♣♦r ♠❡✐♦ ❞❡ ♣♦✇❡r ❣❛t✐♥❣✳

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

❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❡stát✐❝♦ ❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❞✐♥â♠✐❝♦✳ ❖ ♣r✐♠❡✐r♦ ♥ã♦

❞❡♣❡♥❞❡ ❞♦ ❡st❛❞♦ ♦✉ ❛t✐✈✐❞❛❞❡s r❡❛❧✐③❛❞❛s ♣❡❧♦ ♣r♦❝❡ss❛❞♦r✳ ❖ s❡❣✉♥❞♦ ❡①❡❝✉t❛ ❛çõ❡s

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

❞❡ ❡♥❡r❣✐❛✳

❉❡ ♠❛♥❡✐r❛ ❣❡r❛❧✱ ♣♦❞❡✲s❡ ❞✐✈✐❞✐r ❛ ♣♦tê♥❝✐❛ ❞✐ss✐♣❛❞❛ ❡♠ ♣r♦❝❡ss❛❞♦r❡s ❡ ♦✉tr♦s t✐♣♦s

❞❡ ❝✐r❝✉✐t♦s ✐♥t❡❣r❛❞♦s ❡♠ ❞♦✐s ❣r✉♣♦s✿ ❛ P♦tê♥❝✐❛ ❉✐♥â♠✐❝❛ ✭Pdin✮ ❡ ❛ P♦tê♥❝✐❛ ❊stát✐❝❛

✭Pest✮✱ s❡♥❞♦ ❛ P♦tê♥❝✐❛ ❚♦t❛❧ ❝♦♥s✉♠✐❞❛ ♥♦s ♣r♦❝❡ss❛❞♦r❡s ❛ s♦♠❛ ❞❡st❛s✳ ❆ ♣♦tê♥❝✐❛

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

❝♦♥s✐❞❡r❛çã♦ ❛ ♣♦tê♥❝✐❛ ❞✐ss✐♣❛❞❛ q✉❛♥❞♦ ♦ ❝♦♠♣♦♥❡♥t❡ ❡stá ❛t✐✈♦✱ q✉❡ s❡rá t❛♥t♦ ♠❛✐♦r✱

q✉❛♥t♦ ♠❛✐♦r ❢♦r ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çã♦ ❞♦ ♣r♦❝❡ss❛❞♦r✳ ❆ ♣♦tê♥❝✐❛ ❡stát✐❝❛ ❧❡✈❛ ❡♠

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

q✉❛♥❞♦ ❡st❡ ♥ã♦ ❡stã♦ ♦♣❡r❛♥❞♦✱ ❞❡✈✐❞♦ à s✉❛ ❝♦rr❡♥t❡ ❞❡ ❢✉❣❛✳

❇❛rr♦s ❬✹❪ ❛♣r❡s❡♥t❛ ❛s ❡①♣r❡ssõ❡s ♠❛✐s ❝♦♠✉♥s ❡♥❝♦♥tr❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ ♣❛r❛ r❡♣r❡✲

s❡♥t❛r ♠❛t❡♠❛t✐❝❛♠❡♥t❡ ❛s ♣♦tê♥❝✐❛s ❞✐ss✐♣❛❞❛s ♣❡❧♦s ♣r♦❝❡ss❛❞♦r❡s✳ ❊st❛s ❡①♣r❡ssõ❡s

sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✸✳✶✳

❚❛❜❡❧❛ ✸✳✶✿ ❱❛r✐❛♥t❡s ❞❛s ❡①♣r❡ssõ❡s ❞❛ ♣♦tê♥❝✐❛ ❡❧étr✐❝❛ ♥♦s ♣r♦❝❡ss❛❞♦r❡s✳
❘❡❢❡rê♥❝✐❛ ❝♦rr❡s♣♦♥❞❡♥t❡ P♦tê♥❝✐❛ t♦t❛❧

✭❈❍❆◆❉❘❆❑❆❙❆◆❀ ❙❍❊◆●❀ P = A(ClVddfclk) + IscVdd + IleakVdd

❇❘❖❉❊❘❙❊◆✱ ✶✾✾✷✮❬✷✺❪

✭❇❯❘❉❀ ❇❘❖❉❊❘❙❊◆✱ ✶✾✾✺✮❬✷✻❪ P ≈ V 2
ddfclkCl

✭▼❯❉●❊✱ ✷✵✵✶✮ ❬✷✼❪ P = ACV 2
ddfclk + AVddIshortfclk + VddIleak

✭❲❊●▲❆❘❩❀ ❙❆▲❯❏❆❀ ▲■P❆❙❚■✱ ✷✵✵✷✮❬✷✽❪ P = ACV 2
ddfclk

✭❑■▼ ❡t ❛❧✳✱ ✷✵✵✸✮ ❬✷✾❪ P = ACV 2
ddfclk + VddIleak

✭❱❊◆❑❆❚❆❈❍❆▲❆▼❀ ❋❘❆◆❩✱ ✷✵✵✺✮ ❬✸✵❪ P ≈ ACV 2
ddfclk

✭❈❍❆◆● ❡t ❛❧✳✱ ✷✵✶✵✮❬✸✶❪ P = AClV
2
dd + IleakVdd

✭❑❖❘❚❍■❑❆◆❚■❀ ❆●❍❆✱ ✷✵✶✵✮ ❬✸✷❪ P = CLV
2
ddfclk + IleakVdd

✭❯❙▼❆◆❀ ❑❍❆◆❀ ❑❍❆◆✱ ✷✵✶✸✮ ❬✸✸❪ P = V 2
ddfclkCl

♦♥❞❡ Ishort é ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦✱ Ileak é ❛ ❝♦rr❡♥t❡ ❞❡ ❢✉❣❛✱ Isc é ❛ ❝♦rr❡♥t❡



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✶✶

❞❡ ❝❤❛✈❡❛♠❡♥t♦✱ Vdd é ❛ t❡♥sã♦ ❞❡ ❛❧✐♠❡♥t❛çã♦✱ Cl é ❛ ❝❛♣❛❝✐tâ♥❝✐❛ ❞❡ ❝♦♠✉t❛çã♦✱ fclk é

❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❡ A é ♦ ❢❛t♦r ❞❡ ❛t✐✈✐❞❛❞❡✱ ✉♠❛ ❝♦♥st❛♥t❡ q✉❡ s❡ r❡❢❡r❡ ❛

q✉❛♥t❛s tr❛♥s✐çõ❡s ❞❡ ❡st❛❞♦ ❜✐♥ár✐❛s ♦❝♦rr❡♠ ♥♦ ❝❤✐♣✳ ❙ã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✸✳✶

♦s ♣❛râ♠❡tr♦s ❝✐t❛❞♦s ❡♠ ✉♠ ✐♥✈❡rs♦r ❈▼❖❙✳

❋✐❣✉r❛ ✸✳✶✿ ❈♦rr❡♥t❡s ❡ t❡♥sõ❡s ♣r❡s❡♥t❡s ❡♠ ✉♠ ✐♥✈❡rs♦r ❈▼❖❙✳

❋♦♥t❡✿ ❆✉t♦r✳

✸✳✷ ❊s❝❛❧♦♥❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❡ t❡♥sã♦ ❡ ❢r❡q✉ê♥❝✐❛

❆ ✐❞é✐❛ ♣r✐♥❝✐♣❛❧ ❞❛ té❝♥✐❝❛ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❡ t❡♥sã♦ ❡ ❢r❡q✉ê♥❝✐❛ ✭❉❱❋❙✮

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

❝❛♠❡♥t❡ ❝♦♥tr♦❧❛❞❛s ❛té ♦ ♥í✈❡❧ ♠❛✐s ❜❛✐①♦ ♣♦ssí✈❡❧ ❡♥q✉❛♥t♦ r❡s♣❡✐t❡ ❛s ❝♦♥st❛♥t❡s ❞❡

t❡♠♣♦ ❞❛s t❛r❡❢❛s ❡♠ r❡❛❧✐③❛çã♦✳ ▼❡s♠♦ q✉❡ ❡st❛ té❝♥✐❝❛ ♣♦ss✉❛ ❛❧❣✉♥s ❝✉st♦s ✭❝♦♠♦

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

❬✸✹❪✳

❆ ❡①♣r❡ssã♦ ❡♠ ✭✸✳✶✮ ❞❡✜♥❡ ✉♠❛ ❛♣r♦①✐♠❛çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞✐♥â♠✐❝❛ ❞♦

♣r♦❝❡ss❛❞♦r✱ ❛♣r❡s❡♥t❛❞❛ ♣♦r ❙❤✐♥✱ ▲❡❡ ❡ ❑✐♠ ❬✸✺❪✳

E ∝ ClfclkV
2
dd ✭✸✳✶✮

♥❛ q✉❛❧ Cl é ❛ ❝❛♣❛❝✐tâ♥❝✐❛ ❞❡ ❝♦♠✉t❛çã♦✱ fclk é ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❡ Vdd é

❛ t❡♥sã♦ ❢♦r♥❡❝✐❞❛✳ ❈♦♠♦ ♣♦❞❡✲s❡ ♥♦t❛r✱ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ é ♣r♦♣♦r❝✐♦♥❛❧ ❡♥tã♦ à

t❡♥sã♦ ❡ ❢r❡q✉ê♥❝✐❛ ✉s❛❞❛s ♥♦ ♣r♦❝❡ss❛❞♦r✳ ❊ss❛s ❝❛r❛❝t❡ríst✐❝❛s t♦r♥❛♠ té❝♥✐❝❛s ❞❡ ❉❱❋❙

❜❛st❛♥t❡ ❡✜❝❛③❡s ♥♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ✉♠ ♣r♦❝❡ss❛❞♦r✳

❆t✉❛❧♠❡♥t❡✱ ❛ té❝♥✐❝❛ ❉❱❋❙ só é ♣♦ssí✈❡❧ ❞❡✈✐❞♦ à ❣r❛♥❞❡ ♠❛✐♦r✐❛ ❞♦s ♣r♦❝❡ss❛❞♦r❡s

✉t✐❧✐③❛r❡♠ ❛s t❡❝♥♦❧♦❣✐❛s ❈▼❖❙ ❡ ▼❖❙❋❊❚ ✭▼❡t❛❧ ❖①✐❞❡ ❙❡♠✐❝♦♥❞✉❝t♦r ❋✐❡❧❞ ❊✛❡❝t

❚r❛♥s✐st♦r✮✱ ♣♦✐s ❡❧❛s ♣❡r♠✐t❡♠ ❝♦♥tr♦❧❛r ✈✐❛ s♦❢t✇❛r❡ ❛s t❡♥sõ❡s ❡ ❢r❡q✉ê♥❝✐❛s q✉❡ sã♦



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✶✷

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

à ♠❡❞✐❞❛ q✉❡ ♦ s✐st❡♠❛ ♥❡❝❡ss✐t❡ ❞❡ ♠❛✐s ♦✉ ♠❡♥♦s ❝❛♣❛❝✐❞❛❞❡ ❬✸✻❪✳

❉❡ss❛ ❢♦r♠❛ ♦ s✉r❣✐♠❡♥t♦ ❞❡st❛ té❝♥✐❝❛ ♣❡r♠✐t✐✉ q✉❡ ❢♦ss❡ ♣♦ssí✈❡❧ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

❞❡ ♣♦❧ít✐❝❛s ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞✐♥â♠✐❝♦ ❞❛s t❡♥sõ❡s ❡ ❢r❡q✉ê♥❝✐❛s ✉t✐❧✐③❛❞❛s ♥♦ ♣r♦❝❡ss❛❞♦r

♣❛r❛ ✉s♦ ❡♠ s✐st❡♠❛s ♦♣❡r❛❝✐♦♥❛✐s✳

❊♠ s✐st❡♠❛s r❡❛✐s✱ ❡①✐st❡♠ ❞♦✐s t✐♣♦s ♣r✐♥❝✐♣❛✐s ❞❡ té❝♥✐❝❛s ❉❱❋❙✿

✶✳ ❉❱❋❙ ✐♥tr❛✲t❛r❡❢❛✿ ❛s t❡♥sõ❡s ❡ ❢r❡q✉ê♥❝✐❛s sã♦ ❞❡✜♥✐❞❛s ♣❡❧❛s t❛r❡❢❛s ❞❡ t❡♠♣♦

r❡❛❧✱ ❧❡✈❛♥❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛♣❡♥❛s ♦s ❞❛❞♦s ❧♦❝❛✐s ❞❛ ❛♣❧✐❝❛çã♦✳ ❯♠❛ ❞❛s ❢♦r♠❛s

❞❡ s❡ ♦❜t❡r ❡ss❛s t❡♥sõ❡s ❡ ❢r❡q✉ê♥❝✐❛s é ♣♦r ♠❡✐♦ ❞❛s ❛♥á❧✐s❡s ❡stát✐❝❛s ❞♦ ❣r❛❢♦ ❞❡

✢✉①♦ ❞❡ ❝♦♥tr♦❧❡✳

❊st❡s ❣r❛❢♦s sã♦ ❛❜str❛çõ❡s ❡st❛tíst✐❝❛s ❞♦ ✢✉①♦ ❞❡ ❡①❡❝✉çã♦ ❞❡ ✉♠❛ ❛♣❧✐❝❛çã♦✱

❡①tr❛í❞♦s ❛ ♣❛rt✐r ❞♦ s❡✉ ❝ó❞✐❣♦ ❢♦♥t❡ ❬✸✼❪✳

✷✳ ❉❱❋❙ ✐♥t❡r✲t❛r❡❢❛✿ ❆s t❡♥sõ❡s ❡ ❢r❡q✉ê♥❝✐❛s sã♦ ❞❡✜♥✐❞❛s t❛r❡❢❛ ♣♦r t❛r❡❢❛s ❛ ❝❛❞❛

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

❢♦r♠❛çõ❡s ❞❡ t♦❞❛s ❛s t❛r❡❢❛s ❡♠ ❡①❡❝✉çã♦ ♥♦ s✐st❡♠❛✳

✸✳✸ ▼♦❞❡❧♦ ❞❡ t❛r❡❢❛s ♣❡r✐ó❞✐❝❛s

◆✉♠ s✐st❡♠❛ ❞❡ ❝♦♠♣✉t❛çã♦ ❞❡ ♣r♦♣ós✐t♦ ❣❡r❛❧✱ ❞❡s❡❥❛✲s❡ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ♣r♦❝❡ss❛❞♦r

s❡❥❛ ♠❡♥♦r q✉❡ ✶✵✵✪✱ ♣♦✐s✱ s❡ s✉r❣❡♠ ♥♦✈❛s r❡q✉✐s✐çõ❡s ❞❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ q✉❛♥❞♦ ❛ ✉t✐✲

❧✐③❛çã♦ ❞♦ ♣r♦❝❡ss❛❞♦r é ✐❣✉❛❧ ❛ ✶✵✵✪✱ ❡ss❛s r❡q✉✐s✐çõ❡s ♥ã♦ s❡rã♦ s❡r✈✐❞❛s ✐♠❡❞✐❛t❛♠❡♥t❡

❬✷❪✳

■♥✐❝✐❛❧♠❡♥t❡ é ♥❡❝❡ssár✐♦ ❛♥❛❧✐s❛r ❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ✈❛r✐á✈❡❧ ❝♦♥tr♦❧❛❞❛ y(t) ✭❛ ✉t✐❧✐③❛çã♦

❞♦ ♣r♦❝❡ss❛❞♦r✮ ❡ ♦ s✐♥❛❧ ❞❡ ❝♦♥tr♦❧❡ u(t)✱ q✉❡ ❛❢❡t❛ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çã♦ ❞♦ ♣r♦❝❡s✲

s❛❞♦r✳ ❖ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ δ ❞❡ ✉♠❛ t❛r❡❢❛ ♣♦❞❡ s❡r s✉❜❞✐✈✐❞✐❞♦ ❡♠ ❞♦✐s s✉❜✐♥t❡r✈❛❧♦s✿

❬✸✽❪✳

✶✳ ❖♥✲❝❤✐♣ ✭δon✮✱ q✉❛♥❞♦ ♦ ♣r♦❝❡ss❛❞♦r ❡①❡❝✉t❛ ✐♥str✉çõ❡s ❞❡ t❛r❡❢❛s✳ ❊st❡ s✉❜✐♥t❡r✈❛❧♦

é ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ à ❢r❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çã♦ ❞♦ ♣r♦❝❡ss❛❞♦r ❞✉r❛♥t❡ ❛

❡①❡❝✉çã♦ ❞❛ t❛r❡❢❛✳

✷✳ ❖✛✲❝❤✐♣ ✭δoff ✮✱ q✉❛♥❞♦ ♦ ♣r♦❝❡ss❛❞♦r ❛❣✉❛r❞❛ ♦ ✜♥❛❧ ❞❛ ❡①❡❝✉çã♦ ❞❡ tr❛♥s❛çõ❡s

❝♦♠ ❛ ♠❡♠ór✐❛ ❡①t❡r♥❛✳ ❊st❡ s✉❜✐♥t❡r✈❛❧♦ ♥ã♦ ❞❡♣❡♥❞❡ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çã♦

❛t✉❛❧ ❞♦ ♣r♦❝❡ss❛❞♦r✳

❈♦♥s✐❞❡r❛♥❞♦ ❛ ❢r❡q✉ê♥❝✐❛ ♠á①✐♠❛ ❞♦ ♣r♦❝❡ss❛❞♦r s0 ❡♠ ✉♠ ❝♦♥❥✉♥t♦ S ❞❡ ❢r❡q✉ê♥❝✐❛s

❞♦ ♣r♦❝❡ss❛❞♦r✱ ❞❡✜♥✐❞♦ ❡♠ ✸✳✷✱ ❝♦♠ k ❢r❡q✉ê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s✳ ❖ s✉❜✐♥t❡r✈❛❧♦ ♦♥✲❝❤✐♣ é



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✶✸

δon(s0) ♣❛r❛ ✉♠❛ t❛r❡❢❛ q✉❡ é ❡①❡❝✉t❛❞❛ ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡ ❛♠♦str❛❣❡♠ h✳ ❊♥tã♦✱ s❡

❛ ❢r❡q✉ê♥❝✐❛ ❢♦ss❡ s < s0✱ ♦ s✉❜✐♥t❡r✈❛❧♦ ♦♥✲❝❤✐♣ s❡r✐❛ δon(s) = s0
s
δon(s0)✳ ▲♦❣♦✱ ♦ t❡♠♣♦

❞❡ ❡①❡❝✉çã♦ δ ❞❡ ✉♠❛ t❛r❡❢❛ é s0
s
δon(s0) + δoff ❬✷❪✳ ◆❛ ❋✐❣✉r❛ ✸✳✷✱ é ❛♣r❡s❡♥t❛❞♦ ♦ ❡❢❡✐t♦

❞❛ r❡❞✉çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ♥♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞❡ ✉♠❛ t❛r❡❢❛✳

S = {sk−1, sk−2, sk−3, ..., s0} ✭✸✳✷✮

❋✐❣✉r❛ ✸✳✷✿ ❊❢❡✐t♦ ❞❛ r❡❞✉çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ♥♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ❞❡ ✉♠❛ t❛r❡❢❛✳

❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ▲✉✐③ ❬✷❪✳

❙❡ N ♠ú❧t✐♣❧❛s t❛r❡❢❛s i = 0, 1, ..., N − 1✱ sã♦ ❡①❡❝✉t❛❞❛s ❞✉r❛♥t❡ ♦ ♣❡rí♦❞♦ ❞❡ ❛♠♦s✲

tr❛❣❡♠ h✱ ❝❛❞❛ ✉♠❛ ❞✉r❛♥t❡ ✉♠ ✐♥t❡r✈❛❧♦ δi✱ ❡♥tã♦ ♦ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦ ∆ ♥♦ q✉❛❧ ♦

♣r♦❝❡ss❛❞♦r ❡stá ❛t✐✈♦ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♣♦r ✭✸✳✸✮✳

∆ =
N−1∑

i=0

δi =
s0
s

N−1∑

i=0

δoni (s0) +
N−1∑

i=0

δoffi ✭✸✳✸✮

❉❡st❛ ❢♦r♠❛ ♦ ✉t✐❧✐③❛çã♦ ❞♦ ♣r♦❝❡ss❛❞♦r y s❡rá ♦ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦ ∆ ❞✐✈✐❞✐❞♦ ♣❡❧♦

t❡♠♣♦ ❞❡ ❛♠♦str❛❣❡♠ h✱ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✸✳✹✮✳

y(s) =
∆

h
=

s0
s

1

h

N−1∑

i=0

δoni (s0)

︸ ︷︷ ︸

uon

+
1

h

N−1∑

i=0

δoffi

︸ ︷︷ ︸

uoff

=
s0
s
yon + yoff ✭✸✳✹✮

❊♠ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦✱ ♦s ✈❛❧♦r❡s ❞❡ uon ❡ uoff sã♦ ❞❡s❝♦♥❤❡❝✐❞♦s✱ ♥❡❝❡ss✐t❛♥❞♦ ❞❡

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

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

t❛❧ ❝♦♠♦ ▲ó❣✐❝❛ ❋✉③③②✳



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✶✹

✸✳✹ ▲ó❣✐❝❛ ❋✉③③②

❖s ♣r✐♥❝í♣✐♦s ❞❡ ❧ó❣✐❝❛ ❋✉③③② ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ♣r✐♠❡✐r❛♠❡♥t❡ ♣♦r ❏❛♥ ▲✉❦❛s✐❡✇✐❝③

✭✶✽✼✽✲✶✾✺✻✮✱ q✉❡ ❡♠ ✶✾✷✵ ❞❡s❡♥✈♦❧✈❡✉ ❡ ✐♥tr♦❞✉③✐✉ ❝♦♥❥✉♥t♦s ❝♦♠ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛✱ ❡

♦s ❝♦♠❜✐♥♦✉ ❛♦s ❝♦♥❝❡✐t♦s ❞❛ ❧ó❣✐❝❛ ❝❧áss✐❝❛✱ ❞❡s❡♥✈♦❧✈✐❞❛ ♣♦r ❆r✐stót❡❧❡s✳ ❚❛❧ tr❛❜❛❧❤♦

♦❢❡r❡❝❡✉ ♦s ❢✉♥❞❛♠❡♥t♦s ♣❛r❛ q✉❡ ♥❛ ❞é❝❛❞❛ ❞❡ ✻✵✱ ▲♦❢t✐ ❆s❦❡r ❩❛❞❡❤✱ ♣r♦❢❡ss♦r ❞❡

❈✐ê♥❝✐❛s ❞❛ ❈♦♠♣✉t❛çã♦ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❞❛ ❈❛❧✐❢ór♥✐❛✱ ❝❤❡❣❛ss❡ ❛ s❡r ♦ ♣r✐♠❡✐r♦ ❛✉t♦r

❞❡ ✉♠❛ ♣✉❜❧✐❝❛çã♦ s♦❜r❡ ❧ó❣✐❝❛ ❋✉③③② ❬✸✾❪✳

❚r❛❞✐❝✐♦♥❛❧♠❡♥t❡✱ ♥♦ ♣r♦❥❡t♦ ❞♦s s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡ ❛ ♠♦❞❡❧❛❣❡♠ é ❢❡✐t❛ ♠❛t❡♠❛✲

t✐❝❛♠❡♥t❡✱ ✉s❛♥❞♦✲s❡ ❡q✉❛çõ❡s ❛❧❣é❜r✐❝❛s✱ ❞✐❢❡r❡♥❝✐❛✐s ❡ ♦✉tr♦s ♠ét♦❞♦s ❞❡ ❝á❧❝✉❧♦✳ ❆

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

❢✉♥❞❛♠❡♥t❛✐s ❞❛ ❢ís✐❝❛✳ ❚❛❧ ♠♦❞❡❧❛❣❡♠✱ ❡♥tr❡t❛♥t♦✱ r❡q✉❡r ✉♠ ❡①❝❡❧❡♥t❡ ❞♦♠í♥✐♦ ❞♦ ❛s✲

♣❡❝t♦ ❢ís✐❝♦ ❡ ♠❛t❡♠át✐❝♦ ❞♦ ♣r♦❝❡ss♦✱ ♦ q✉❡ ♣♦❞❡ ♥ã♦ s❡r tã♦ s✐♠♣❧❡s ❞❡ s❡ ♦❜t❡r✳ ❖✉tr♦

♠♦❞♦ é r❡❛❧✐③❛r ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦ s✐st❡♠❛ ✉s❛♥❞♦ ❞❛❞♦s r❡❛✐s ❞❛ ♣❧❛♥t❛ ♣❛r❛ ♣r♦❞✉③✐r ✉♠

♠♦❞❡❧♦ ❝❛✐①❛✲♣r❡t❛ ✭♦✉ ✧❜❧❛❝❦✲❜♦①✧✮✳ ❆ ❡str✉t✉r❛ ❞♦s ♠♦❞❡❧♦s t✐♣♦ ❝❛✐①❛✲♣r❡t❛ ♥♦r♠❛❧✲

♠❡♥t❡ ♥ã♦ ♣♦ss✉❡♠ ❝♦♥❡①ã♦ ❝♦♠ ❛ ❡str✉t✉r❛ ❞♦ s✐st❡♠❛ r❡❛❧ ❡ ♦s ♣❛râ♠❡tr♦s ❞♦ ♠♦❞❡❧♦

♥ã♦ tê♠ s✐❣♥✐✜❝❛❞♦ ❢ís✐❝♦✳ ❖✉tr♦ ♣r♦❜❧❡♠❛ é q✉❡ ♠✉✐t♦s ❛❧❣♦r✐t♠♦s ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s

♣❛r❛ s✐st❡♠❛s ❧✐♥❡❛r❡s✳ ❊♥tr❡t❛♥t♦✱ ❛ ♠❛✐♦r✐❛ ❞♦s ♣r♦❝❡ss♦s r❡❛✐s é ♥ã♦✲❧✐♥❡❛r ✭❝♦♠♦ é ♦

❝❛s♦ ❞❡ ♠♦t♦r❡s ❉✐❡s❡❧✮ ❡ ♣♦❞❡♠ s❡r ❛♣r♦①✐♠❛❞♦s ❛♣❡♥❛s ❧♦❝❛❧♠❡♥t❡ ♣♦r ♠♦❞❡❧♦s✳ ❊♠

♦✉tr♦s ❝❛s♦s✱ sã♦ ❢❡✐t❛s s✉♣♦s✐çõ❡s s✐♠♣❧✐✜❝❛❞❛s✱ ❞✐st❛♥t❡s ❞❛ r❡❛❧✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦✳ P♦r

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

✐♥s✉✜❝✐❡♥t❡ ❡ ♥ã♦ ♣♦❞❡ s❡r ✉s❛❞❛ ❞❡ ♠♦❞♦ ❡❢❡t✐✈♦ ♣❡❧❛s ❛♣r♦①✐♠❛çõ❡s tr❛❞✐❝✐♦♥❛✐s ❞❡ ♠♦✲

❞❡❧❛❣❡♠✳ ■st♦ ✐♠♣❧✐❝❛ q✉❡ ♠✉✐t♦s ♣r♦❝❡ss♦s ♦✉ ♥ã♦ ♣♦❞❡♠ s❡r ❞❡s❝r✐t♦s ♠❛t❡♠❛t✐❝❛♠❡♥t❡

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

♣rát✐❝❛✳ ■st♦ ❡st✐♠✉❧❛ ♦ ✉s♦ ❞❡ té❝♥✐❝❛s ❞❡ ❝♦♥tr♦❧❡ q✉❡ ♥ã♦ r❡q✉❡✐r❛♠ ♦❜r✐❣❛t♦r✐❛♠❡♥t❡

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

♥❡✉r❛✐s ❬✹✵❪✳

P❛r❛ ✐❧✉str❛r ❝♦♠♦ ❛ ❧ó❣✐❝❛ ❋✉③③② ❢✉♥❝✐♦♥❛✱ ✉♠ ❡①❡♠♣❧♦ s✐♠♣❧❡s s❡rá ❛♣r❡s❡♥t❛❞♦✳

❆s r❡❣r❛s ❞❡st❛ ❧ó❣✐❝❛ ♣❡r♠✐t❡♠ ❡①♣r❡ss❛r r❡❧❛çõ❡s ❡♥tr❡ ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✱ ❝♦♠♦

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

♣r♦❝❡ss❛❞♦r✳ ❙❡❥❛ ❛ r❡❣r❛❬✹✶❪✿

Se ❋r❡q✉ê♥❝✐❛ ➱ ❜❛✐①❛ ❊ ❈❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ➱ ❆❧t❛ ❊◆❚➹❖ ❯t✐❧✐③❛çã♦ ➱ ▼✉✐t♦ ❆❧t❛

❖s ❝♦♠♣♦♥❡♥t❡s ❞❡ss❛ r❡❣r❛ sã♦ ❞❡♥♦t❛❞♦s ❝♦♠♦✿

✶✳ ✏❋r❡q✉ê♥❝✐❛✱ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❡ ✉t✐❧✐③❛çã♦✑ sã♦ ✈❛r✐á✈❡✐s ❧✐♥❣✉íst✐❝❛s✱

✷✳ ✏❇❛✐①❛✱ ❛❧t❛ ❡ ♠✉✐t♦ ❛❧t❛✑ sã♦ t❡r♠♦s ❧✐♥❣✉íst✐❝♦s✱



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✶✺

✸✳ ✏❊✑ é ✉♠ ♦♣❡r❛❞♦r ❧ó❣✐❝♦✱

✹✳ ✏❋r❡q✉ê♥❝✐❛ ➱ ❜❛✐①❛✱ ❈❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ➱ ❛❧t❛✑ sã♦ ❝♦♥✜r♠❛çõ❡s ❧✐♥❣✉íst✐❝❛s✱

✺✳ ✏❋r❡q✉ê♥❝✐❛ ➱ ❜❛✐①❛ ❊ ❈❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ➱ ❛❧t❛✑ é ❛ ♣r❡♠✐ss❛✱

✻✳ ✏❯t✐❧✐③❛çã♦ ➱ ▼✉✐t♦ ❆❧t❛✑ é ♦ ❝♦♥s❡q✉❡♥t❡✳

❋r❡q✉❡♥t❡♠❡♥t❡ ❛s ✈❛r✐á✈❡✐s ❧✐♥❣✉íst✐❝❛s sã♦ ❝❤❛♠❛❞❛s ❞❡ ❡♥tr❛❞❛s q✉❛♥❞♦ ♣❡rt❡♥❝❡♠

à ♣r❡♠✐ss❛ ❡ s❛í❞❛s q✉❛♥❞♦ ♣❡rt❡♥❝❡♠ ❛♦ ❝♦♥s❡q✉❡♥t❡✳ ❖ ♥ú♠❡r♦ t♦t❛❧ ❞❡ r❡❣r❛s ✐rá

❞❡♣❡♥❞❡r ❞❛ r❡s♦❧✉çã♦ ❞♦s ❝♦♥❥✉♥t♦s ❋✉③③② ❡s❝♦❧❤✐❞♦s ❡ ❞❛ ♣r❡❝✐sã♦ ♥❡❝❡ssár✐❛ ♣❛r❛ ❛

s❛í❞❛✳ ❖s ❝♦♠♣♦♥❡♥t❡s ❞❛s r❡❣r❛s ❋✉③③② sã♦ ♠❡❧❤♦r❡s ❡①♣❧✐❝❛❞♦s ❛ s❡❣✉✐r✿

✸✳✹✳✶ ❉❡✜♥✐çã♦

❯♠ ✉♥✐✈❡rs♦ ❞❡ ❞✐s❝✉rs♦ é ✉♠ ❝♦♥❥✉♥t♦ ❝❧áss✐❝♦ q✉❡ ❝♦♥té♠ t♦❞♦s ♦s ♦❜❥❡t♦s ❞❡ ✉♠

❞♦♠í♥✐♦ ❞❡ ✐♥t❡r❡ss❡ r❡♣r❡s❡♥t❛❞♦ ♣♦r X = [x1, . . . , xn]✳

❙❡❥❛ U ⊆ ℜn ✉♠ ✉♥✐✈❡rs♦ ❞❡ ❞✐s❝✉rs♦✳ ❯♠ s✉❜❝♦♥❥✉♥t♦ ❋✉③③② A ❡♠ U é ❝❛r❛❝t❡r✐③❛❞♦

♣❡❧❛ s✉❛ ❢✉♥çã♦ ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ µA : U → [0,1] ❝♦♠ µA(X) r❡♣r❡s❡♥t❛♥❞♦ ♦ ❣r❛✉ ❞❡

♣❡rt❡♥❝✐♠❡♥t♦ ❞❡ X ∈ U ❡♠ A✳

✸✳✹✳✷ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦

◆❛s r❡❣r❛s ❋✉③③②✱ ❛s ✈❛r✐á✈❡✐s ❧✐♥❣✉íst✐❝❛s sã♦ ❡①♣r❡ss❛s ♥❛ ❢♦r♠❛ ❞❡ ❝♦♥❥✉♥t♦s ❋✉③③②✳ ◆♦

❡①❡♠♣❧♦ ❛♥t❡r✐♦r✱ ❛s ✈❛r✐á✈❡✐s ❧✐♥❣✉íst✐❝❛s ❢r❡q✉ê♥❝✐❛ ❡ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ sã♦ ❝❧❛ss✐✜❝❛❞❛s

♣❡❧♦s t❡r♠♦s ❧✐♥❣✉íst✐❝♦s ❜❛✐①♦✱ ♠é❞✐♦ ❡ ❛❧t♦✳ ❊ss❡s t❡r♠♦s ❧✐♥❣✉íst✐❝♦s sã♦ ❞❡✜♥✐❞♦s ♣♦r

✉♠❛ ❛ss♦❝✐❛çã♦ ❛ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦✳ ❊st❛s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❡✜♥❡♠

✉♠ ❣r❛✉ ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❛s ✈❛r✐á✈❡✐s ❧✐♥❣✉íst✐❝❛s ❛♦s ❝♦♥❥✉♥t♦s ❋✉③③②✳ ❖s ❣r❛✉s ❞❡

♣❡rt❡♥❝✐♠❡♥t♦ sã♦ ❞❡✜♥✐❞♦s ❝♦♠♦✿ µi(F ) ♣❛r❛ ❛ ❢r❡q✉ê♥❝✐❛ F ✱ ♥❛ q✉❛❧ i r❡♣r❡s❡♥t❛ ❜❛✐①♦✱

♠é❞✐♦ ❡ ❛❧t♦❀ ❡ µi(W )✱ ♣❛r❛ ❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦W ♥❛ q✉❛❧ i r❡♣r❡s❡♥t❛ ❜❛✐①♦✱ ♠é❞✐♦ ❡ ❛❧t♦✳

P♦r ❡①❡♠♣❧♦ ✉♠ ✈❛❧♦r ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡ ✵✱✽✺ ●❍③ é ❝♦♥s✐❞❡r❛❞♦ ❜❛✐①♦ ❝♦♠ µbaixo(F ) = 0,37✱

♠é❞✐♦ ❝♦♠ µmedio(F ) = 0,13 ❡ ❛❧t♦ ❝♦♠ µalto(F ) = 0✱ ❡ ✉♠❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❝♦♠

✐♥t❡♥s✐❞❛❞❡ ❞❡ ✵✱✻✻ é ❝♦♥s✐❞❡r❛❞♦ ♠é❞✐♦ ❝♦♠ µmedio(W ) = 0,2 ❡ ❛❧t♦ ❝♦♠ µalto(W ) = 0,3

❝♦♠♦ ❛♣r❡s❡♥t❛ ❛ ❋✐❣✉r❛ ✸✳✸✳



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✶✻

❋✐❣✉r❛ ✸✳✸✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ❛s ✈❛r✐á✈❡✐s ❧✐♥❣✉íst✐❝❛s ❢r❡q✉ê♥❝✐❛ ❋ ❡ ❝❛r❣❛

❞❡ tr❛❜❛❧❤♦ ❲✳

❋♦♥t❡✿ ❆✉t♦r

❊st❡ ♣r♦❝❡ss♦ ❞❡ ❝❛❧❝✉❧❛r ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❛tr❛✈és ❞❡ ✉♠ ✈❛❧♦r ❞❡ ✉♠❛ ✈❛r✐á✈❡❧

❧✐♥❣✉íst✐❝❛ é ❝❤❛♠❛❞♦ ❞❡ ❢✉③③②✜❝❛çã♦✳ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ sã♦ ❢✉♥çõ❡s ❞❡ ✉♠❛

✈❛r✐á✈❡❧✱ ❞❡ss❛ ❢♦r♠❛ ♦s s✐st❡♠❛s ❋✉③③② ❧✐❞❛♠ ❝♦♠ ❝❛❞❛ ❡♥tr❛❞❛ s❡♣❛r❛❞❛♠❡♥t❡✱ ❡ ❡st❛s

❡♥tr❛❞❛s sã♦ ❝♦♠❜✐♥❛❞❛s ♥❛s r❡❣r❛s ❛tr❛✈és ❞❡ ♦♣❡r❛❞♦r❡s ❧ó❣✐❝♦s ❝♦♠♦ ❊ ♦✉ ❖❯✳

✸✳✹✳✸ ❖♣❡r❛❞♦r❡s ❧ó❣✐❝♦s

❖♣❡r❛❞♦r❡s ❧ó❣✐❝♦s ❋✉③③② sã♦ ✉♠❛ ❡①t❡♥sã♦ ❞♦s ♦♣❡r❛❞♦r❡s ❧ó❣✐❝♦s ❜♦♦❧❡❛♥♦s✳ ❙ã♦ ✐❣✉❛✐s

❛♦s ♦♣❡r❛❞♦r❡s ❜♦♦❧❡❛♥♦s ♣❛r❛ ♦ ❝❛s♦ ❞♦s ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ s❡r❡♠ ✵ ♦✉ ✶✳ P❛r❛

♦ ❝❛s♦ ❞❡ ❞✉❛s ✈❛r✐á✈❡✐s ❧✐♥❣✉íst✐❝❛s✱ ❡①✐st❡♠ ❞✐✈❡rs❛s ❢✉♥çõ❡s ❛♣❧✐❝á✈❡✐s ❛♦s ♦♣❡r❛❞♦r❡s

❧ó❣✐❝♦s ❊ ♦✉ ❖❯✱ ❝❤❛♠❛❞❛s ❞❡ t✲♥♦r♠❛s ❡ s✲♥♦r♠❛s✳

❯♠❛ ❢✉♥çã♦ ▽ : [0,1]2 → [0,1] é ❞✐t❛ s❡r ❝♦♠✉t❛t✐✈❛✱ ❛ss♦❝✐❛t✐✈❛ ❡ ♠♦♥♦tô♥✐❝❛ s❡ ▽

s❛t✐s❢❛③ ❛s s❡❣✉✐♥t❡s ♣r♦♣r✐❡❞❛❞❡s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣❛r❛ ∀a.b ∈ [0,1]❬✹✷❪✿

✶✳ ❈♦♠✉t❛t✐✈✐❞❛❞❡✿ ▽(a,b) = ▽(b,a)

✷✳ ❆ss♦❝✐❛t✐✈✐❞❛❞❡✿ ▽(a,▽(b,c)) = ▽(▽(a,b),c)

✸✳ ▼♦♥♦t♦♥✐❝✐❞❛❞❡ ▽(a,b) ≤ ▽(c,d) s❡ a ≤ c ❡ b ≤ d

❯♠ ♦♣❡r❛❞♦r ⊤ : [0,1]2 → [0,1] é ❞❡♥♦♠✐♥❛❞♦ ❞❡ t✲♥♦r♠❛ s❡ ⊤ é ❝♦♠✉t❛t✐✈♦✱ ❛ss♦❝✐❛✲

t✐✈♦ ❡ ♠♦♥♦tô♥✐❝♦ ❡ ✈❡r✐✜❝❛ ❛ s❡❣✉✐♥t❡ ♣r♦♣r✐❡❞❛❞❡✱ ♣❛r❛ ∀a ∈ [0,1]✿



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✶✼

❊❧❡♠❡♥t♦ ♥❡✉tr♦ ❂ ✶✿ ⊤(a,1) = a

❯♠ ♦♣❡r❛❞♦r ⊥ : [0,1]2 → [0,1] é ❞❡♥♦♠✐♥❛❞♦ ❞❡ s✲♥♦r♠❛ s❡ ⊥ é ❝♦♠✉t❛t✐✈♦✱ ❛ss♦❝✐❛✲

t✐✈♦ ❡ ♠♦♥♦tô♥✐❝♦ ❡ ✈❡r✐✜❝❛ ❛ s❡❣✉✐♥t❡ ♣r♦♣r✐❡❞❛❞❡✱ ♣❛r❛ ∀a ∈ [0,1]✿

❊❧❡♠❡♥t♦ ♥❡✉tr♦ ❂ ✶✿ ⊥(a,0) = a

❯♠❛ t✲♥♦r♠❛ ❡ ✉♠❛ s✲♥♦r♠❛ sã♦ ❞✉❛✐s ❡♠ r❡❧❛çã♦ ❛ ✉♠❛ ♦♣❡r❛çã♦ ❞❡ ♥❡❣❛çã♦ ¬ :

[0,1] → [0,1] s❡ ♣❛r❛ ∀a, b ∈ [0,1] s❛t✐s❢❛③❡♠ ❛s ❧❡✐s ❞❡ ▼♦r❣❛♥✿

¬(⊤(a,b)) = ⊥(¬a,¬b)

¬(⊥(a,b)) = ⊤(¬a,¬b)

♦♥❞❡ ♦ ♦♣❡r❛❞♦r ❞❡ ♥❡❣❛çã♦ é ❞❛❞♦ ♣♦r✿

¬a = 1− a

❙ã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✸✳✷ ❛s ♣r✐♥❝✐♣❛✐s t✲♥♦r♠❛s ❡ s✲♥♦r♠❛s ❞✉❛✐s ♠❛✐s ✉t✐❧✐③❛❞❛s

♥❛ ❧✐t❡r❛t✉r❛✳ ❆ ♥♦r♠❛ ❩❛❞❡❤ r❡♣r❡s❡♥t❛ ❛ ❢✉♥çã♦ ♠✐♥í♠❛ ❡ ♠á①✐♠❛ ♣❛r❛ t✲♥♦r♠❛ ❡

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

❛❧❣é❜r✐❝❛ ♣❛r❛ t✲♥♦r♠❛ ❡ s✲♥♦r♠❛ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ ♥♦r♠❛ ▲✉❦❛s✐❡✇✐❝③ r❡♣r❡s❡♥t❛ ❛

❢✉♥çã♦ ❞✐❢❡r❡♥ç❛ ❧✐♠✐t❛❞❛ ❡ s♦♠❛ ❧✐♠✐t❛❞❛ ♣❛r❛ t✲♥♦r♠❛ ❡ s✲♥♦r♠❛ r❡s♣❡❝t✐✈❛♠❡♥t❡ ❬✹✶❪✳

❚❛❜❡❧❛ ✸✳✷✿ Pr✐♥❝✐♣❛✐s t✲♥♦r♠❛s ❡ s✲♥♦r♠❛s ❞✉❛✐s✳
◆♦♠❡ t✲♥♦r♠❛ s✲♥♦r♠❛

❩❛❞❡❤ min(a,b) max(a,b)

Pr♦❜❛❜✐❧✐st❛ a.b a+ b− ab

▲✉❦❛s✐❡✇✐❝③ max(a+ b− 1, a) min(a+ b,1)

P❛r❛ s✐st❡♠❛s ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❛s ❢✉♥çõ❡s ♠á①✐♠❛s ❡ ♠í♥✐♠❛s sã♦ ♠❛✐s ♣♦♣✉❧❛r❡s✳ P❛r❛

❛♣r♦①✐♠❛çã♦ ❡ ✐❞❡♥t✐✜❝❛çã♦✱ ❛s ❢✉♥çõ❡s ❞❡ ♣r♦❞✉t♦ ❡ s♦♠❛ ❛❧❣é❜r✐❝❛ sã♦ ♠❛✐s ✉s❛❞❛s

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

♥❡✉r♦✲❢✉③③②✱ ❛s ❢✉♥çõ❡s ❞✐❢❡r❡♥ç❛ ❡ s♦♠❛ ❧✐♠✐t❛❞❛ ♣♦❞❡♠ ♦❢❡r❡❝❡r ✈❛♥t❛❣❡♥s✳

✸✳✹✳✹ ❘❡❣r❛s ❋✉③③②

❈♦♠ ❛s ❢✉♥çõ❡s ❞♦s ♦♣❡r❛❞♦r❡s ❧ó❣✐❝♦s✱ é ♣♦ssí✈❡❧ ❝♦♠❜✐♥❛r ♦s ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦

❞❡ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❧✐♥❣✉íst✐❝❛s ♥❛ ♣r❡♠✐ss❛ ❞❛ r❡❣r❛✳ ❯s❛♥❞♦ ♦ ❡①❡♠♣❧♦ ❝✐t❛❞♦ ❛♥t❡r✐✲

♦r♠❡♥t❡✱ t❡♠♦s ♦s ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ✉♠ ✈❛❧♦r ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡ ✵✱✽✺ ●❍③ ❡♠

❜❛✐①♦ ❝♦♠ µbaixo(F ) = 0,37✱ ♠é❞✐♦ ❝♦♠ µmedio(F ) = 0,13 ❡ ❛❧t♦ ❝♦♠ µalto(F ) = 0✱ ❡ ✉♠❛

❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ✐♥t❡♥s✐❞❛❞❡ ❞❡ ✵✱✻✻ ❡♠ ❜❛✐①❛ ❝♦♠ µbaixo(W ) = 0 ❡♠ ♠é❞✐❛ ❝♦♠

µmedio(W ) = 0,2 ❡ ❛❧t❛ ❝♦♠ µalta(W ) = 0,3✳



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✶✽

❆ ❝♦♠❜✐♥❛çã♦ ❞❡ t♦❞♦s ♦s ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❡ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❧✐♥❣✉íst✐❝❛s

❝❤❛♠❛✲s❡ ❣r❛✉ ❞❡ ❝✉♠♣r✐♠❡♥t♦ ❞❛s r❡❣r❛s ❡ ❡①♣r❡ss❛ ♦ q✉ã♦ ❜❡♠ ❛s ♣r❡♠✐ss❛s ❞❡ ✉♠❛

r❡❣r❛ ❝♦♠❜✐♥❛♠ ❝♦♠ ♦s ✈❛❧♦r❡s ❞❡ ❡♥tr❛❞❛ ❡s♣❡❝í✜❝♦s✱ ♥❡st❡ ❡①❡♠♣❧♦✱ ❢r❡q✉ê♥❝✐❛ ❞❡ ✵✱✽✺

●❍③ ❡ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❝♦♠ ✐♥t❡♥s✐❞❛❞❡ ❞❡ ✵✱✻✻✳

❉❡st❛ ❢♦r♠❛✱ s♦♠❡♥t❡ r❡❣r❛s ❝♦♠ ❣r❛✉ ❞❡ ❝✉♠♣r✐♠❡♥t♦ ❛❝✐♠❛ ❞❡ ③❡r♦ sã♦ r❡❧❡✈❛♥t❡s

♣❛r❛ ♦s ✈❛❧♦r❡s ❞❡ ❡♥tr❛❞❛ r❡❝❡❜✐❞♦s✳ ❚♦❞❛s ❛s ♦✉tr❛s r❡❣r❛s ✜❝❛♠ ✐♥❛t✐✈❛s✳ ◆♦ ❡①❡♠♣❧♦✱

r❡❣r❛s q✉❡ s❡❥❛♠ ❛t✐✈❛❞❛s ❝♦♠ µalto(F ) ♦✉ µbaixo(W ) ♥ã♦ sã♦ ❛t✐✈❛❞❛s ♣❛r❛ ♦s ✈❛❧♦r❡s ❞❡

❡♥tr❛❞❛ r❡❝❡❜✐❞♦s✳ ➱ ♥❡❝❡ssár✐♦ s❡ t♦♠❛r ❝✉✐❞❛❞♦ ♣❛r❛ q✉❡ t♦❞♦ ♦ ❡s♣❛ç♦ ❞❡ ❡♥tr❛❞❛s s❡❥❛

❝♦❜❡rt♦ ♣❡❧❛s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ❡✈✐t❛r ❝❛s♦s ❡♠ q✉❡ t♦❞❛s ❛s r❡❣r❛s ❋✉③③②

sã♦ ✐♥❛t✐✈❛s✳

✸✳✹✳✺ ❆❣r❡❣❛çã♦

❆♣ós ♦ ❣r❛✉ ❞❡ ❝✉♠♣r✐♠❡♥t♦ ❞❡ ❝❛❞❛ r❡❣r❛ s❡r ❝❛❧❝✉❧❛❞♦ ♣❛r❛ t♦❞❛s ❛s r❡❣r❛s ❋✉③③②✱ ♦s

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

❋✉③③②✳ ❊st❡ ♣r♦❝❡ss♦ é ❝❤❛♠❛❞♦ ❞❡ ❞❡❢✉③③✐✜❝❛çã♦ ❡ é r❡s♣♦♥sá✈❡❧ ♣♦r ♦❜t❡r ✉♠ ✈❛❧♦r

♥✉♠ér✐❝♦ ♣❛r❛ ❛ s❛í❞❛✳ ➱ ✐♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡ ❡st❛ ❞❡❢✉③③✐✜❝❛çã♦ ♥ã♦ é ♥❡❝❡ssár✐❛ ♣❛r❛

♦s ❝❛s♦s ♦♥❞❡ ❛ s❛í❞❛ é ❛♣r❡s❡♥t❛❞❛ ❞✐r❡t❛♠❡♥t❡ ♣❛r❛ ✉♠ ❤✉♠❛♥♦✳ ❖ ♣r♦❝❡ss♦ ♣❛r❛ ♦❜t❡r

✉♠ ✈❛❧♦r ♥✉♠ér✐❝♦ ❞❡ s❛í❞❛ ❞❡♣❡♥❞❡ ❞♦s t✐♣♦s ❞❡ s✐st❡♠❛ ❋✉③③②✱ ♦s q✉❛✐s sã♦ ❞❡s❝r✐t♦s ♥❛

♣ró①✐♠❛ s❡çã♦✳

✸✳✹✳✻ ❙✐st❡♠❛s ❞❡ ✐♥❢❡rê♥❝✐❛

❊st❛ s❡çã♦ ✐rá ❛♣r❡s❡♥t❛r ♦s t✐♣♦s ❞❡ s✐st❡♠❛s ❋✉③③② ✉s❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✿ ▼❛♠❞❛♥✐✱

s✐♥❣❧❡t♦♥ ❡ ❚❛❦❛❣✐✲❙✉❣❡♥♦✳ ❆♣r❡s❡♥t❛♥❞♦ s❡✉s ❝♦♥❝❡✐t♦s ❜ás✐❝♦s✱ ❝♦♠♦ t✐♣♦s ❞❡ ❡♥tr❛❞❛s✱

❞❡✜♥✐çõ❡s ❞❡ r❡❣r❛s✱ ❡ t✐♣♦s ❞❡ s❛í❞❛s✳

❙✐st❡♠❛s ❋✉③③② t✐♣♦ ▼❛♠❞❛♥✐

❖ s✐st❡♠❛ ❋✉③③② t✐♣♦ ▼❛♠❞❛♥✐ ♣♦ss✉✐ r❡❣r❛s ♥❛ ❢♦r♠❛✿

R1 : Se u1 = Ai1 E u2 = Ai2 E ...up = Aip ❊◆❚➹❖ y = Bi

♦♥❞❡ u1, . . . , up sã♦ ❛s p ❡♥tr❛❞❛s ❞♦ s✐st❡♠❛ ❋✉③③②✱ y é ❛ s❛í❞❛✱ ♦ ✐♥❞❡①❛❞♦r i = 1, ... M ✱

♣❡r❝♦rr❡ t♦❞❛s ❛s M r❡❣r❛s ❋✉③③②✱ Aij ❝♦♥❞✐③ ❛♦ ❝♦♥❥✉♥t♦ ❋✉③③② ✉s❛❞♦ ♣❡❧❛ ❡♥tr❛❞❛ uj

♥❛ r❡❣r❛ i✱ ❡ Bi é ♦ ❝♦♥❥✉♥t♦ ❋✉③③② ✉s❛❞♦ ♣❡❧❛ s❛í❞❛ ♥❛ r❡❣r❛ i✳

◆❡st❡ t✐♣♦ ❞❡ s✐st❡♠❛ ❋✉③③②✱ t❛♥t♦ ❛s ❡♥tr❛❞❛s q✉❛♥t♦ ❛s s❛í❞❛s sã♦ ❞❡s❝r✐t❛s ♣♦r

✈❛r✐á✈❡✐s ❧✐♥❣✉íst✐❝❛s✳ ❈♦♥t✉❞♦ ❛ ❛♥á❧✐s❡ ❞❡st❡ s✐st❡♠❛ ❡①✐❣❡ ✉♠ ♠❛✐♦r ♣r♦❝❡ss❛♠❡♥t♦

❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ s✉❛ ✈❛❧✐❞❛çã♦✳ ❉❡st❛ ❢♦r♠❛✱ ❡st❡ t✐♣♦ ❞❡ s✐st❡♠❛ ❋✉③③② s❡❣✉❡ ♦s

♣❛ss♦s✿



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✶✾

❋✉③③✐✜❝❛çã♦ → ❆❣r❡❣❛çã♦ → ❆t✐✈❛çã♦ → ❆❝✉♠✉❧❛çã♦ → ❉❡❢✉③③✐✜❝❛çã♦

◆❛ ❢❛s❡ ❞❡ ❢✉③③✐✜❝❛çã♦ ♦s ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❡ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❧✐♥❣✉íst✐❝❛s sã♦

❝❛❧❝✉❧❛❞♦s ❡ ❞❡♥♦t❛❞♦s ♣♦r µij(uj)✱ i = 1,...,M ❡ j = 1,...,p✳

◆❛ ❢❛s❡ ❞❡ ❛❣r❡❣❛çã♦ ❡st❡s ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ sã♦ ❝♦♠❜✐♥❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s

♦♣❡r❛❞♦r❡s ❋✉③③② ❞❡t❡r♠✐♥❛❞♦s ♥❛s r❡❣r❛s ❞♦ s✐st❡♠❛✳ P❛r❛ ❛ t✲♥♦r♠❛ ❞♦ ♣r♦❞✉t♦✱ ♦ ❣r❛✉

❞❡ ❝✉♠♣r✐♠❡♥t♦ ❞❛ r❡❣r❛✱ ♣❛r❛ ❛ r❡❣r❛ i s❡rá✿

µi(u) = µi1(u1)µi2(u2) . . . µip(up) ✭✸✳✺✮

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

❛ ❛t✐✈❛çã♦ ❞❛s s❛í❞❛s ❞❡ ❝❛❞❛ r❡❣r❛✳ ◆❛ ❢❛s❡ ❞❡ ❛❝✉♠✉❧❛çã♦✱ ❛s s❛í❞❛s ❞❡ ❛t✐✈❛çã♦ ❞❡

t♦❞❛s ❛s r❡❣r❛s sã♦ ❝♦❧♦❝❛❞❛s ❥✉♥t❛s✳ ❆ ❛❝✉♠✉❧❛çã♦ ♣r♦❞✉③ ✉♠ ❝♦♥❥✉♥t♦ ❋✉③③②✱ q✉❡ é

♦ ❝♦♥❥✉♥t♦ ❞❡ s❛í❞❛ ❞♦ s✐st❡♠❛ ❋✉③③②✳ ❙❡ ♥❡♥❤✉♠ ✈❛❧♦r ♥✉♠ér✐❝♦ ❢♦r ♥❡❝❡ssár✐♦ ♣❛r❛ ❛

s❛í❞❛✱ ♦ ♠❡❝❛♥✐s♠♦ ❞❡ ✐♥❢❡rê♥❝✐❛ ♣❛r❛ ❛q✉✐✳

❯♠ ✈❛❧♦r ♥✉♠ér✐❝♦ ❞❡ s❛í❞❛ ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞♦ ♣❡❧♦ ♣❛ss♦ ✜♥❛❧✱ ❝❤❛♠❛❞♦ ❞❡❢✉③③✐✜❝❛✲

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

❞❡ ❝❡♥tr♦✲❞❛✲ár❡❛ ✭❈✲♦✲❆✮✱ ❝❡♥tr♦✲❞♦✲♠á①✐♠♦ ✭❈✲♦✲▼✮ ❡ ❛ ▼é❞✐❛✲❞♦✲♠á①✐♠♦ ✭▼✲♦✲▼✮✳

❖ ♠ét♦❞♦ ❞❡ ❞❡❢✉③③✐✜❝❛çã♦ ❈✲♦✲❆ ❡ ❈✲♦✲▼ sã♦ ❝♦♥tí♥✉♦s ❡ ✉t✐❧✐③❛♠ ♦ ♠á①✐♠♦ ❞❛s

❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❡ ♦ ♠ét♦❞♦ ▼✲♦✲▼ é ❞❡s❝♦♥tí♥✉♦✳ ❖ ♠ét♦❞♦ ❈✲♦✲❆ é ♠❛✐s rá♣✐❞♦

❡ ♠✉✐t♦ ✉s❛❞♦ ❡♠ s♦❢t✇❛r❡s ❡ ♣r♦❝❡ss❛❞♦r❡s ❞❡ ❧ó❣✐❝❛ ❋✉③③②✱ ♣♦ré♠ ✐❣♥♦r❛ ❛ s✉♣❡r♣♦s✐çõ❡s

❞❡ ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛✳

❖ ♠ét♦❞♦ ❈✲♦✲❆✱ ❝❛❧❝✉❧❛ ♦ ❝❡♥tró✐❞❡ ❞❛ ár❡❛ ❝♦♠♣♦st❛ q✉❡ r❡♣r❡s❡♥t❛ ♦ t❡r♠♦ ❞❡

s❛í❞❛ ❋✉③③② ✭µOUT ✮✱ ❡st❡ t❡r♠♦ ❞❡ s❛í❞❛ é ❢♦r♠❛❞♦ ♣❡❧❛ ✉♥✐ã♦ ❞❡ t♦❞❛s ❛s ❝♦♥tr✐❜✉✐çõ❡s

❞❡ r❡❣r❛s✳ ❖ ❝❡♥tró✐❞❡ é ✉♠ ♣♦♥t♦ q✉❡ ❞✐✈✐❞❡ ❛ ár❡❛ ❞❡ µOUT ❡♠ ❞✉❛s ♣❛rt❡s ❞❡ ♠❡s♠❛

ár❡❛✳ ➱ ❞❡s❝r✐t♦ ♥❛ ❡①♣r❡ssã♦ ✭✸✳✻✮ ♦ ❝á❧❝✉❧♦ ❞♦ ❝❡♥tró✐❞❡ ❞❛ ár❡❛✳

yCoA =

∑N

i=1 uiµOUT (ui)
∑N

i=1 µOUT (ui)
✭✸✳✻✮

♦♥❞❡ µOUT (ui) é ❛ ár❡❛ ❞❡ ✉♠❛ ❢✉♥çã♦ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ♠♦❞✐✜❝❛❞♦ ♣❡❧♦ r❡s✉❧t❛❞♦ ❞❛ ✐♥❢❡✲

rê♥❝✐❛ ♥❡❜✉❧♦s❛ ❡ ui é ❛ ár❡❛ ❞♦ ❝❡♥tró✐❞❡ ❞❛ ❢✉♥çã♦ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ✐♥❞✐✈✐❞✉❛❧✳

❖ ♠ét♦❞♦ ❈✲♦✲▼ ❞❡t❡r♠✐♥❛ ♦ ✈❛❧♦r ♠❛✐s ❝♦♠✉♠ ❞❡ ❝❛❞❛ t❡r♠♦ ❡ ❡♥tã♦ ♣r♦❝❡ss❛ ♦

✈❛❧♦r q✉❡ ✐♥❞✐❝❛ ♠❡❧❤♦r ✈❡r❛❝✐❞❛❞❡ ❝♦♠ ♦ ♥ú♠❡r♦ r❡❛❧✳ ❆s ♣❡rt✐♥ê♥❝✐❛s ❞❡st❡ r❡s✉❧t❛❞♦

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

s❡ ❛❞❛♣t❛ é ♦ ✏♣♦♥t♦ ❞❡ ❡q✉✐❧í❜r✐♦✑ ❞♦s ♣❡s♦s ♣♦r ♠❡✐♦ ❞❡ ♠é❞✐❛ ♣♦♥❞❡r❛❞❛✳ ➱ ❛♣r❡s❡♥t❛❞♦

♥❛ ❡①♣r❡ssã♦ ✭✸✳✼✮ ❝♦♠♦ ❡st❡ ♠ét♦❞♦ é ❝❛❧❝✉❧❛❞♦✱ ♥♦ q✉❛❧ µ0,k(ui), k = 1, 2, ..., n sã♦ ♦s

♣♦♥t♦s q✉❡ ♦❝♦rr❡♠ ♦s ♠á①✐♠♦s ❞❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞❛ s❛í❞❛✳

yCoM =

∑N

i=1 ui

∑n

k=1 µ0,k(ui)
∑N

i=1

∑n

k=1 µ0,k(ui)
✭✸✳✼✮



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✵

❖ ♠ét♦❞♦ ▼✲♦✲▼ s❡❧❡❝✐♦♥❛ ♦ ✈❛❧♦r ♠❛✐s ♣❧❛✉sí✈❡❧ ❡♥tr❡ ♦s ♦❜t✐❞♦s ❡ ❞❡s♣r❡③❛ ♦s ❞❡♠❛✐s✱

❞❡s❝♦♥s✐❞❡r❛♥❞♦ ♦ ❢♦r♠❛t♦ ❞❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞❛ s❛í❞❛✳ ❘❡❛❧✐③❛♥❞♦ ❛ ♠é❞✐❛ ❞❡

t♦❞♦s ♦s ♠á①✐♠♦s✱ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✸✳✽✮✳

yMoM =
M∑

m=1

um

M
✭✸✳✽✮

❖♥❞❡ um é ♦ m − és✐♠♦ ❡❧❡♠❡♥t♦ ❞♦ ✉♥✐✈❡rs♦ ❞❡ ❞✐s❝✉rs♦✱ ♦♥❞❡ ❛ ❢✉♥çã♦ µOUT (ui)

t❡♥❤❛ ✉♠ ♠á①✐♠♦ ❡ M é ♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡st❡s ❡❧❡♠❡♥t♦s✳

P❛r❛ ❛♣❧✐❝❛çõ❡s ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛✱ q✉❡ ♣♦ss✉❡♠ ♣r♦♣r✐❡❞❛❞❡ ❞❡ ❝♦♥t✐♥✉✐❞❛❞❡✱ ♥❛ q✉❛❧

❛ s❛í❞❛ ❞❡ ❝♦♥tr♦❧❡ ❋✉③③② ✐♥✢✉❡♥❝✐❛ ❛ ✈❛r✐á✈❡❧ ❞❡ ✉♠ ♣r♦❝❡ss♦✱ ✐♥❞✐❝❛✲s❡ ❛ ❞❡❢✉③③✐✜❝❛çã♦

❈✲♦✲▼✳ P❛r❛ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s✱ ✐♥❞✐❝❛✲s❡ ♦ ♠ét♦❞♦ ▼✲♦✲▼ ❡ ♣❛r❛ s✉♣♦rt❡ à

❞❡❝✐sã♦ ♦ ♠ét♦❞♦ ❞❡ ❞❡❢✉③③✐✜❝❛çã♦ ❞❡♣❡♥❞❡ ❞♦ ❝♦♥t❡①t♦✱ ♣♦❞❡♥❞♦✲s❡ ✉t✐❧✐③❛r ▼✲♦✲▼ ♦✉

❈✲♦✲▼ ❬✹✸❪✳

❙✐st❡♠❛s ❋✉③③② t✐♣♦ ❙✐♥❣❧❡t♦♥

❆ ❝♦♠♣❧❡①✐❞❛❞❡ ❞❛ ❢❛s❡ ❞❡ ❞❡✛✉③✐✜❝❛çã♦ ♥♦ s✐st❡♠❛ t✐♣♦ ▼❛♠❞❛♥✐ ♣♦❞❡ s❡r s✐♠♣❧✐✜❝❛❞❛

❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ♣❡❧♦ ✉s♦ ❞❡ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ❛s s❛í❞❛s ❞♦ t✐♣♦ s✐♥❣❧❡t♦♥✳

❆s r❡❣r❛s ♣❛r❛ ♦ s✐st❡♠❛ t✐♣♦ s✐♥❣❧❡t♦♥ sã♦ ❞❛ ❢♦r♠❛✿

Ri : Se u1 = Ai1 E u2 = Ai2 E ...up = Aip ❊◆❚➹❖ y = si

♦♥❞❡ si é ✉♠ ✈❛❧♦r r❡❛❧✱ ❝❤❛♠❛❞♦ ❞❡ s✐♥❣❧❡t♦♥ ❞❛ r❡❣r❛ i✳ ◆❡st❡ t✐♣♦ ❞❡ s✐st❡♠❛✱ ♦s

♣r♦❝❡ss♦s ❞❡ ❢✉③③✐✜❝❛çã♦✱ ❛❣r❡❣❛çã♦ ❡ ❛t✐✈❛çã♦ sã♦ ✐❞ê♥t✐❝♦s ❛♦s ❞♦ s✐st❡♠❛ ▼❛♠❞❛♥✐✱

♣♦ré♠ ❛ s❛í❞❛ ❞♦ s✐st❡♠❛ ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞❛ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✸✳✾✮✱ ♦♥❞❡ M ❞❡♥♦t❛

♦ ♥ú♠❡r♦ ❞❡ r❡❣r❛s ❡ µi(u) é ♦ ❣r❛✉ ❞❡ ❝✉♠♣r✐♠❡♥t♦ ❞❛ r❡❣r❛ i✳

y =

∑M

i=1 siµi(u)
∑M

i=1 µi(u)
✭✸✳✾✮

❖ ❣r❛✉ ❞❡ ❝✉♠♣r✐♠❡♥t♦ ❞❛ r❡❣r❛ i ❞❡♣❡♥❞❡ ❞♦ t✐♣♦ ❞❡ t✲♥♦r♠❛ ✉s❛❞❛✳ P❛r❛ ❛ t✲♥♦r♠❛

♣r♦❞✉t♦✱ ♣♦❞❡✲s❡ ❞❡✜♥✐r ♦ ❣r❛✉ ❞❡ ❝✉♠♣r✐♠❡♥t♦ ♣❛r❛ ❛ r❡❣r❛ i ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠

✭✸✳✶✵✮✳

µi(u) = µi1(u1) · µi2(u2) · ... · µip(up) ✭✸✳✶✵✮

❙✐st❡♠❛s ❋✉③③② t✐♣♦ ❚❛❦❛❣✐✲❙✉❣❡♥♦

❊♠ ✶✾✽✺ ❚❛❦❛❣✐✲❙✉❣❡♥♦ ❬✹✹❪ ♣r♦♣✉s❡r❛♠ ✉♠ ♥♦✈♦ t✐♣♦ ❞❡ s✐st❡♠❛ ❋✉③③② ❝♦♠ r❡❣r❛s ❞♦

t✐♣♦✿



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✶

Ri : Se u1 = Ai1 E u2 = Ai2 E ...up = Aip ❊◆❚➹❖ y = fi(u1, u2, ..., up)

❚❛❧ t✐♣♦ ❞❡ r❡❣r❛ ♣♦❞❡ s❡r ✈✐st♦ ❝♦♠♦ ✉♠❛ ❡①t❡♥sã♦ ❞♦s s✐st❡♠❛ ❋✉③③② ❞♦ t✐♣♦ s✐♥✲

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

❞❡ ♣❡rt❡♥❝✐♠❡♥t♦✱ ❛s ❢✉♥çõ❡s fi(u1, u2, ..., up) ❞❡✜♥✐t✐✈❛♠❡♥t❡ ♥ã♦ sã♦ ❝♦♥❥✉♥t♦s ❋✉③③②✳

❙♦♠❡♥t❡ ❛ ♣r❡♠✐ss❛ ❞♦ t✐♣♦ ❚❛❦❛❣✐✲❙✉❣❡♥♦ ♣♦❞❡ s❡r ❧✐♥❣✉✐st✐❝❛♠❡♥t❡ ✐♥t❡r♣r❡t❛❞❛✳

❙❡ ❛s ❢✉♥çõ❡s fi(u1, u2, ..., up) ❢♦r❡♠ ❡s❝♦❧❤✐❞❛s ❝♦♠♦ ❝♦♥st❛♥t❡s✱ t❡r❡♠♦s ❡♥tã♦ ✉♠

♠♦❞❡❧♦ ❞♦ t✐♣♦ s✐♥❣❧❡t♦♥✱ ❡ ♥❡st❡ ❝❛s♦ t❛♠❜é♠ ❛♠♣❧❛♠❡♥t❡ ❝❤❛♠❛❞♦ ❞❡ s✐st❡♠❛ ❋✉③③②

❚❛❦❛❣✐✲❙✉❣❡♥♦ ❞❡ ♦r❞❡♠ ③❡r♦✳ ❈♦♠✉♠❡♥t❡♠❡♥t❡✱ ❛s ❛♣❧✐❝❛çõ❡s ♣❛r❛ ♦ s✐st❡♠❛ ❚❛❦❛❣✐✲

❙✉❣❡♥♦ s❡ ❞ã♦ ❝♦♠ fi ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠✳ P❛r❛ s✐st❡♠❛s ❝♦♠ ♠❛✐s ❞❡ ✉♠❛ ❡♥tr❛❞❛✱ ❛ s❛í❞❛

y é ♦❜t✐❞❛ ♣❡❧❛ ♣♦♥❞❡r❛çã♦ ❞❛s ✈ár✐❛s s❛í❞❛s ♦❜t✐❞❛s ♣♦r ❝❛❞❛ r❡❣r❛✱ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦

❡♠ ✭✸✳✶✶✮✳

y =

∑M

i=1 wiµi(u)
∑M

i=1 wi

✭✸✳✶✶✮

♦♥❞❡ M é ♦ ♥ú♠❡r♦ ❞❡ r❡❣r❛s ❞♦ ❝♦♥tr♦❧❛❞♦r✱µi(u) é ♦ ❣r❛✉ ❞❡ ❝✉♠♣r✐♠❡♥t♦ ❞❛ r❡❣r❛ i

❝♦♠♦ ❡①❡♠♣❧✐✜❝❛❞♦ ❡♠ ✭✸✳✶✵✮✱ yi é ❛ s❛í❞❛ r❡❢❡r❡♥t❡ à r❡❣r❛ i✱ wi é ♦ ♣❡s♦ ❛tr✐❜✉í❞♦ à r❡❣r❛

i✳ ❊st❡ ♣❡s♦ é ❞❡t❡r♠✐♥❛❞♦ ❝♦♠♦ ♦ ♠❡♥♦r ❣r❛✉ ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❡♥tr❡ ♦s ♣❡rt❡♥❝❡♥t❡s à

r❡❣r❛ i✱ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✹✳ ❖ ♣❡s♦ w1 é ❞❡t❡r♠✐♥❛❞♦ ❝♦♠♦ ♦ ♠❡♥♦r ❣r❛✉

❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❛s ❡♥tr❛❞❛s u1 ❡ u2 ❛♦s ❣r✉♣♦s A11 ❡ A12❀ ❡ ♦ ♣❡s♦ w2 é ❞❡t❡r♠✐♥❛❞♦

❝♦♠♦ ♦ ♠❡♥♦r ❣r❛✉ ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❛s ♠❡s♠❛s ❡♥tr❛❞❛s ❛♦s ❣r✉♣♦s A21 ❡ A22✳

❋✐❣✉r❛ ✸✳✹✿ ❉❡✜♥✐çã♦ ❞♦s ♣❡s♦s ♣❛r❛ ♦ ❝♦♥tr♦❧❛❞♦r ❚❛❦❛❣✐✲❙✉❣❡♥♦✳

❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ❏❛♥❣ ❬✹✺❪✳



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✷

✸✳✹✳✼ ❈❧❛ss✐✜❝❛çã♦ ❞♦s ❙✐st❡♠❛s ❋✉③③②

❖s t✐♣♦s ❞❡ s✐st❡♠❛s ❋✉③③② ❛♣r❡s❡♥t❛❞♦s ♥❛ ❙❡çã♦ ✸✳✹✳✻ ♣♦❞❡♠ s❡r ❝❧❛ss✐✜❝❛❞♦s ❝♦♠♦

s✐st❡♠❛s ❡stát✐❝♦s✱ s✐st❡♠❛s ❛❞❛♣t❛t✐✈♦s ♦✉ s✐st❡♠❛s r❡❝♦rr❡♥t❡s✳

❙✐st❡♠❛s ❋✉③③② ❡stát✐❝♦s

❖s s✐st❡♠❛s ❋✉③③② ❡stát✐❝♦s sã♦ ❞❡✜♥✐❞♦s ❝♦♠♦ ✉♠ ♠♦❞❡❧♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞✐r❡t♦✱ ♦✉

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

❞❡ s❛í❞❛s sã♦ ❞❡t❡r♠✐♥❛❞❛s ❣❡r❛❧♠❡♥t❡ ♣♦r ❝♦♥❤❡❝✐♠❡♥t♦ ❡s♣❡❝✐❛❧✐st❛ ❡ ♥ã♦ ✉s❛♠ ♥❡♥❤✉♠

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

❙✐st❡♠❛s ❋✉③③② ❛❞❛♣t❛t✐✈♦s

❖s s✐st❡♠❛s ❋✉③③② ❛❞❛♣t❛t✐✈♦s sã♦ ❞❡✜♥✐❞♦s ❝♦♠♦ s✐st❡♠❛s ❋✉③③② ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❛❧❣✉♠

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

♣❡rt❡♥❝✐♠❡♥t♦✱ ♦✉ ❛♠❜♦s✳ ❙❡❥❛ X ∈ U ✱ ♦♥❞❡ U ⊆ ℜn é ♦ ✉♥✐✈❡rs♦ ❞❡ ❞✐s❝✉rs♦ ♣❛r❛ X✱ ❡ A

é ✉♠ s✉❜❝♦♥❥✉♥t♦ ❋✉③③② ❡♠ U ✳ ❖ s✐st❡♠❛ ❋✉③③② ❛❞❛♣t❛t✐✈♦ ♣♦ss✉✐ ❝♦♠♦ ❝❛r❛❝t❡ríst✐❝❛s✿

✶✳ ❇❛s❡ ❞❡ r❡❣r❛s✿ ❙❡❥❛♠ M r❡❣r❛s ❞♦ t✐♣♦ ❙❊✲❊◆❚➶❖ ❝♦♠ ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛

❣❛✉ss✐❛♥❛s✿

µij(uj) = exp

[

−

(
uj − ūji

σij

)2
]

✭✸✳✶✷✮

♦♥❞❡ ūji ❡ σij > 0 sã♦ ♣❛râ♠❡tr♦s ❞❛ ❢✉♥çã♦ ❣❛✉ss✐❛♥❛✱ ❛♠❜♦s ❛❥✉stá✈❡✐s✳

✷✳ ❋✉③③✐✜❝❛❞♦r✿ ❖ ♠❡❝❛♥✐s♠♦ ❞❡ ❢✉③③✐✜❝❛çã♦ ❡①❡❝✉t❛ ✉♠ ♠❛♣❡❛♠❡♥t♦ ❞❛ ❡♥tr❛❞❛

u ∈ U ♣❛r❛ ❛s ✐♠❛❣❡♥s µij(uj) ❞❛s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❛❞♦t❛❞❛s ❡♠ ✭✸✳✶✷✮✳

✸✳ ❉❡✛✉③✐✜❝❛❞♦r✿ ❆ ❞❡✛✉③✐✜❝❛çã♦ é ❢❡✐t❛ ❝♦♠♦ ❛♣r❡s❡♥t❛❞❛ ❡♠ ✭✸✳✶✶✮✳ ❉❡ss❛ ❢♦r♠❛✱ ❛

♣❛rt✐r ❞❛ t✲♥♦r♠❛ ❞♦ ♣r♦❞✉t♦✱ ♦ s✐st❡♠❛ ❋✉③③② ♣♦ss✉✐ ❛ s❛í❞❛ ❛♣r❡s❡♥t❛r❛ ❡♠ ✭✸✳✶✸✮✱

❛♣❧✐❝❛♥❞♦ ✭✸✳✶✷✮ ❡♠ ✭✸✳✶✶✮✳

y =

∑M

i=1 wi

[
∏p

i=1 exp

(

−
(

uj−uji

σij

)2
)]

∑M

i=1 wi

✭✸✳✶✸✮

❆ s❛í❞❛ ❛♣r❡s❡♥t❛❞❛ ❡♠ ✭✸✳✶✸✮ é ✉t✐❧✐③❛❞❛ ❝♦♠♦ ✐♥✐❝✐❛çã♦ ♣❛r❛ ♦ ♠♦❞❡❧♦✱ ♣♦✐s ✉s❛♥❞♦

té❝♥✐❝❛s ❞❡ ❛❣r✉♣❛♠❡♥t♦ ✭❝❧✉st❡r✐♥❣✮ é ♣♦ssí✈❡❧ ❞❡✜♥✐r ❞✉r❛♥t❡ ♦ tr❡✐♥❛♠❡♥t♦ ♦

♥ú♠❡r♦ ❞❡ r❡❣r❛s M ✱ ❝♦♠♦ t❛♠❜é♠ ♦s ♣❛râ♠❡tr♦s ❞❛s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❡

❢✉♥çõ❡s ❞❡ s❛í❞❛✳



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✸

✸✳✺ ❙✐st❡♠❛ ❞❡ ■♥❢❡rê♥❝✐❛ ◆❡✉r♦✲❋✉③③② ❆❞❛♣t❛t✐✈♦

❖ ❙✐st❡♠❛ ❞❡ ■♥❢❡rê♥❝✐❛ ◆❡✉r♦✲❋✉③③② ❆❞❛♣t❛t✐✈♦ ✭❆❞❛♣t✐✈❡ ◆❡✉r♦✲❋✉③③② ■♥❢❡r❡♥❝❡ ❙②st❡♠

✲ ❆◆❋■❙✮ é ✉♠❛ r❡❞❡ ♥❡✉r❛❧ ♣r♦♣♦st❛ ♣♦r ❏❛♥❣ ✭✶✾✾✸✮✱ ❝✉❥❛ ✐❞❡✐❛ ❜ás✐❝❛ é ❞❡ ✐♠♣❧❡♠❡♥✲

t❛r ✉♠ s✐st❡♠❛ ❞❡ ✐♥❢❡rê♥❝✐❛ ❋✉③③② ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❛rq✉✐t❡t✉r❛ ♣❛r❛❧❡❧❛ ❞✐str✐❜✉í❞❛✱

♥❡st❡ ❝❛s♦✱ ❛ ❞❡ ✉♠❛ ❘❡❞❡ ◆❡✉r❛❧ ❆rt✐✜❝✐❛❧ ✭❘◆❆✮✳ ❉❡ss❛ ❢♦r♠❛ q✉❡ ♦s ❛❧❣♦r✐t♠♦s ❞❡

❛♣r❡♥❞✐③❛❞♦ ♣♦ss❛♠ s❡r ✉s❛❞♦s ♣❛r❛ ❛❥✉st❛r ❡st❡ s✐st❡♠❛ ❞❡ ✐♥❢❡rê♥❝✐❛ ❋✉③③② ❬✹✻❪✳

❆s ❡♥tr❛❞❛s ❛ss♦❝✐❛❞♦s ❝♦♠ ❛s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ sã♦ ❛❥✉st❛❞♦s ✈✐❛ ✉♠ ❛❧✲

❣♦r✐t♠♦ ❞❡ ❛♣r❡♥❞✐③❛❞♦✳ ❖ ❛❥✉st❡ ❞❡st❡s ♣❛râ♠❡tr♦s é ❡❢❡t✉❛❞♦ ✉t✐❧✐③❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦

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

❞♦s✳ ❊st❛ ❡str✉t✉r❛ ♣r♦❣r❛♠❛ s✐st❡♠❛s ❞♦ t✐♣♦ ❚❛❦❛❣✐✲❙✉❣❡♥♦✱ ❝♦♠ ❢✉♥çõ❡s ❧✐♥❡❛r❡s ♦✉

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

✉♥✐tár✐♦s ❬✹✼❪✳

✸✳✺✳✶ ❆rq✉✐t❡t✉r❛ ❆◆❋■❙

❆ ❛rq✉✐t❡t✉r❛ ❞❡ ✉♠ s✐st❡♠❛ ❆◆❋■❙ ❝♦♥s✐st❡ ❡♠ ✉♠❛ r❡❞❡ ❛❞❛♣t❛t✐✈❛ q✉❡ ✉s❛ ❛❧❣♦r✐t♠♦s

❞❡ ❛♣r❡♥❞✐③❛❣❡♠✱ ♣♦ss✉✐♥❞♦ ✉♠❛ ❢♦r♠❛ s✐♠✐❧❛r ❛♦ s✐st❡♠❛ ❋✉③③② ❞♦ t✐♣♦ ❚❛❦❛❣✐✲❙✉❣❡♥♦

♣❛r❛ tr❛t❛r ❞❛s ♣❛rt❡s ❞❡ ♣r❡♠✐ss❛ ❡ ❝♦♥s❡q✉❡♥t❡✳ ➱ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✺ ❛ ❛r✲

q✉✐t❡t✉r❛ ❣❡r❛❧ ❞♦ ❆◆❋■❙✱ ❝♦♥s✐st✐♥❞♦ ❡♠ ❝✐♥❝♦ ❝❛♠❛❞❛s✳ ❆ ♣r✐♠❡✐r❛ ❡ q✉❛rt❛ ❝❛♠❛❞❛s

❝♦♥t❡♠ ♦s ♥ós ❛❞❛♣t❛t✐✈♦s✱ ❡♥q✉❛♥t♦ ❛s ❞❡♠❛✐s ❝♦♥té♠ ♥ós ✜①♦s✳ ❈❛❞❛ ❝❛♠❛❞❛ ❞♦ ❆◆❋■❙

é ♠❡❧❤♦r ❡①♣❧✐❝❛❞❛ ❛ s❡❣✉✐r✿

❋✐❣✉r❛ ✸✳✺✿ ❆rq✉✐t❡t✉r❛ ❞♦ s✐st❡♠❛ ❆◆❋■❙✳

❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ❍✉❛♠❛♥✐ ❬✹✼❪✳



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✹

✶✳ ❈❛♠❛❞❛ ✶✿ ❈❛❞❛ ♥ó ♥❡st❛ ❝❛♠❛❞❛ ❛❞❛♣t❛ ✉♠❛ ❢✉♥çã♦ ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❡ ❛❧❣✉♠

♣❛râ♠❡tr♦ ❞❡ ❡♥tr❛❞❛✳ ❆ s❛í❞❛ ❞❡ ❝❛❞❛ ♥ó é ♦ ✈❛❧♦r ❞❡ ❣r❛✉ ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❛tr✐✲

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

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

❡♠ ✭✸✳✶✹✮ ❡ ✭✸✳✶✺✮ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

µAi(x) = exp

[

−

(
x− ci
2ai

)2
]

✭✸✳✶✹✮

µAi(x) =
1

1 +
∣
∣
∣
x−ci
ai

∣
∣
∣

2bi
✭✸✳✶✺✮

❆s s❛í❞❛s ❞❛ ❝❛♠❛❞❛ sã♦ ♦s ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ µAi(x) ♣❛r❛ i = 1,2 ♦✉ µBi(y)

♣❛r❛ i = 3,4 ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✸✳✶✻✮ ❡ ✭✸✳✶✼✮ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

O1,i = µAi(x) ✭✸✳✶✻✮

O1,i = µBi(x) ✭✸✳✶✼✮

♦♥❞❡ ♦s ❣r❛✉s µAi(x) ❡ µBi(y) sã♦ r❡❢❡r❡♥t❡s ❛♦s ❝♦♥❥✉♥t♦s ❋✉③③② Ai ❡ Bi r❡s♣❡❝t✐✲

✈❛♠❡♥t❡ ❡ ai, bi, ci sã♦ ♦s ♣❛râ♠❡tr♦s q✉❡ ♣♦❞❡♠ ♠✉❞❛r ♦ ❢♦r♠❛t♦ ❞❛s ❢✉♥çõ❡s ❞❡

♣❡rt❡♥❝✐♠❡♥t♦✳

✷✳ ❈❛♠❛❞❛ ✷✿ ❈❛❞❛ ♥ó ❞❡st❛ ❝❛♠❛❞❛ é ✜①♦ ❡ ♥ã♦✲❛❞❛♣t❛t✐✈♦✳ ❆ s❛í❞❛ ❞❡st❡ ♥ó é

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

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

❡♠ ✭✸✳✶✽✮ ♣❛r❛ i = 1,2✳ ❖♥❞❡ · r❡♣r❡s❡♥t❛ ❛ ❢✉♥çã♦ ❞♦ ♦♣❡r❛❞♦r ❊✱ s❡♥❞♦ ♦ ♣r♦❞✉t♦

❛ ♠❛✐s ❝♦♠✉♠ ❞❡ s❡r ✉s❛❞❛✳ ❈❛❞❛ s❛í❞❛ ❞❡st❡ ♥ó r❡♣r❡s❡♥t❛ ♦ ♣❡s♦ ❞❡ ❝❛❞❛ r❡❣r❛✱

r❡♣r❡s❡♥t❛❞♦ ♣♦r wi ♣❛r❛ ❛ r❡❣r❛ i✳

O2,i = wi = µAi(x) · µBi(y) ✭✸✳✶✽✮

✸✳ ❈❛♠❛❞❛ ✸✿ ❈❛❞❛ ♥ó ❞❡st❛ ❝❛♠❛❞❛ é ✜①♦ ❡ ♥ã♦ ❛❞❛♣t❛t✐✈♦✳ ❈❛❞❛ ♥ó r❡♣r❡s❡♥t❛ ✉♠❛

r❡❧❛çã♦ ❡♥tr❡ ♦ ♣❡s♦ ❞❛ r❡❣r❛ i ❝♦♠ ❛ s♦♠❛ ❞♦ ♣❡s♦ ❞❡ t♦❞❛s ❛s r❡❣r❛s ❡①✐st❡♥t❡s✱

❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✸✳✶✾✮

O3,i = wi =
wi

∑

i wi

✭✸✳✶✾✮
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✹✳ ❈❛♠❛❞❛ ✹✿ ❈❛❞❛ ♥ó ❞❡st❛ ❝❛♠❛❞❛ é ❛❞❛♣t❛t✐✈♦ ♣❛r❛ ✉♠❛ ❝❡rt❛ s❛í❞❛✳ ❆ s❛í❞❛ ❞❡

❝❛❞❛ ♥ó é ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✸✳✷✵✮✳

O4,i = wifi = wi(pix+ qiy + ri) ✭✸✳✷✵✮

♦♥❞❡ wi é ❛ s❛í❞❛ ❞❛ ❝❛♠❛❞❛ ❛♥t❡r✐♦r ✭t❡r❝❡✐r❛ s❛í❞❛✮ ♣❛r❛ ❛ r❡❣r❛ i ❡ (pix+qiy+ri)

sã♦ ♦s ♣❛râ♠❡tr♦s ❞♦ ♥ó✱ ❝❤❛♠❛❞♦s ❞❡ ♣❛râ♠❡tr♦s ❝♦♥s❡❣✉❡♥t❡s✳

✺✳ ❈❛♠❛❞❛ ✺✿ ❖ ♥ó ú♥✐❝♦ ♥❡st❛ ❝❛♠❛❞❛ é ✜①♦ ❡ ♥ã♦✲❛❞❛♣t❛t✐✈♦✳ ❊st❡ ❝♦♠♣✉t❛ ❛ s❛í❞❛

❣❧♦❜❛❧ ❞♦ s✐st❡♠❛ ❝♦♠♦ ✉♠❛ s♦♠❛ ❞❡ t♦❞♦s ♦s s✐♥❛✐s ❞❡ ❡♥tr❛❞❛ ❞♦ ♥ó ❛♥t❡r✐♦r✱

❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✸✳✷✶✮✳

O5,i =
∑

i

wifi =

∑

i wifi
∑

i wi

✭✸✳✷✶✮

✸✳✺✳✷ ❆❧❣♦r✐t♠♦ ❞❡ ❛♣r❡♥❞✐③❛❞♦ ❤í❜r✐❞♦

◆❛ ❛rq✉✐t❡t✉r❛ ❆◆❋■❙✱ ❛ ♣r✐♠❡✐r❛ ❡ q✉❛rt❛ ❝❛♠❛❞❛ ❝♦♥tê♠ ♦s ♣❛râ♠❡tr♦s q✉❡ ♣♦❞❡♠

s❡r ♠♦❞✐✜❝❛❞♦s ❝♦♠ ♦ t❡♠♣♦✳ ❆ ♣r✐♠❡✐r❛ ❝❛♠❛❞❛ ❝♦♥tê♠ ♦s ♣❛râ♠❡tr♦s ❞❡ ♣r❡♠✐ss❛

❡♥q✉❛♥t♦ ❛ q✉❛rt❛ ❝❛♠❛❞❛ ❝♦♥tê♠ ♦s ♣❛râ♠❡tr♦s ❝♦♥s❡q✉❡♥t❡s✳ P❛r❛ ❛ ❡st✐♠❛çã♦ ❞❡s✲

t❡s ♣❛râ♠❡tr♦s é ♥❡❝❡ssár✐♦ ✉♠ ♠ét♦❞♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ q✉❡ ♣♦ss❛ tr❡✐♥❛r ♣r❡♠✐ss❛ ❡

❝♦♥s❡❣✉❡♥t❡✱ ❞❡st❛ ❢♦r♠❛✱ ✉♠ ❛❧❣♦r✐t♠♦ ❤í❜r✐❞♦ ❢♦✐ ♣r♦♣♦st♦ ♣♦r ❬✹✽❪✳

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

◆❛ ♣❛rt❡ ❞❡ ❝❛♠✐♥❤♦ ❞✐r❡t♦ ♦s ♣❛râ♠❡tr♦s ❞❛ ♣r❡♠✐ss❛ ♥❛ ♣r✐♠❡✐r❛ ❝❛♠❛❞❛ ❞❡✈❡♠ ❡stá

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

✭❘❡❝✉rs✐✈❡ ❧❡❛st sq✉❛r❡ ❡st✐♠❛t♦r✱ ❘▲❙❊✮ é ❛♣❧✐❝❛❞❛ ♥♦ ❝♦♥s❡q✉❡♥t❡ ❞❛ q✉❛rt❛ ❝❛♠❛❞❛ ❡

♣♦r s❡r❡♠ ♣❛râ♠❡tr♦s ❧✐♥❡❛r❡s✱ ❡st❡ ♠ét♦❞♦ ❞❡ ❡st✐♠❛çã♦ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞♦ ♣❛r❛ ❛❝❡❧❡r❛r

❛ ❝♦♥✈❡r❣ê♥❝✐❛ ❞♦s ♠❡s♠♦s✳ ❆♣ós ♦s ♣❛râ♠❡tr♦s ❞♦ ❝♦♥s❡q✉❡♥t❡ s❡r❡♠ ♦❜t✐❞♦s✱ ♦s ❞❛❞♦s

❞❡ ❡♥tr❛❞❛ sã♦ ♣❛ss❛❞♦s ♥♦✈❛♠❡♥t❡ ♣❛r❛ ❛ r❡❞❡ ♥❡✉r❛❧ ❛❞❛♣t❛t✐✈❛ ❡ ❛ s❛í❞❛ ❣❡r❛❞❛ é

❝♦♠♣❛r❛❞❛ ❝♦♠ ♦ s❛í❞❛ ❛t✉❛❧✳

❊♥q✉❛♥t♦ ❛ ♣❛rt❡ ❞❡ ❝❛♠✐♥❤♦ ❝♦♥trár✐♦ ❡stá s❡♥❞♦ ❡①❡❝✉t❛❞❛✱ ♦s ♣❛râ♠❡tr♦s ❝♦♥s❡✲

q✉❡♥t❡s ❞❡✈❡♠ ❡stá ❡♠ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✳ ❆ss✐♠✱ ♦s ♣❛râ♠❡tr♦s ❞❛ ♣r❡♠✐ss❛ ♥❛ ♣r✐♠❡✐r❛

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

tr♦♣r♦♣❛❣❛çã♦✳

▼ét♦❞♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ r❡tr♦♣r♦♣❛❣❛çã♦

❖ ❛❧❣♦r✐t♠♦ ❞❡ r❡tr♦♣r♦♣❛❣❛çã♦ ❝♦♥s✐st❡ ❡♠ ❜❛s✐❝❛♠❡♥t❡ ❞✉❛s ❡t❛♣❛s ❬✹✽❪✿
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✶✳ ❊t❛♣❛ ❢♦✇❛r❞ ✿ ❆s ❡♥tr❛❞❛s sã♦ ❛♣r❡s❡♥t❛❞❛s ❡ ♣r♦♣❛❣❛❞❛s ❝❛♠❛❞❛ ♣♦r ❝❛♠❛❞❛

♠❛♥t❡♥❞♦ ♦s ♣❡s♦s ✜①♦s❀ ❛ s❛í❞❛ é ❝♦♠♣❛r❛❞❛ ❝♦♠ ❛ s❛í❞❛ ❞❡s❡❥❛❞❛✱ ❞❡ss❛ ❢♦r♠❛✱ é

♦❜t✐❞♦ ♦ s✐♥❛❧ ❞❡ ❡rr♦✳

✷✳ ❊t❛♣❛ ❜❛❝❦✇❛r❞ ✿ ❖ ❡rr♦ é r❡tr♦♣r♦♣❛❣❛❞♦✱ s❡♥❞♦ ♦s ♣❡s♦s ❛t✉❛❧✐③❛❞♦s ✈✐❛ ♦ ♠ét♦❞♦

❞♦ ❣r❛❞✐❡♥t❡ ❞❡s❝❡♥❞❡♥t❡✳

❙✉♣♦♥❤❛ q✉❡ ✉♠❛ ❞❛❞❛ r❡❞❡ ❛❞❛♣t❛t✐✈❛ ♣♦ss✉✐ L ❝❛♠❛❞❛s ❡ ❛ k−és✐♠❛ ❝❛♠❛❞❛ ♣♦ss✉✐

Ω(k) ♥ós✳ P♦❞❡♠♦s ❛ss✉♠✐r ♦ ♥ó ♥❛ ♣♦s✐çã♦ i ❞❛ ❝❛♠❛❞❛ k ♣♦r (k,i) ❡ ❛ s❛í❞❛ ❞❡ss❡ ♥ó

♣♦r Ok
i ✳ ❈♦♠♦ ❛ s❛í❞❛ ❞❡st❡ ♥ó ❞❡♣❡♥❞❡ ❞♦s s✐♥❛✐s ❞❡ ❡♥tr❛❞❛ ❡ s❡✉s ♣❛râ♠❡tr♦s✱ t❡♠♦s✿

Ok
i = Ok

i (O
k−1
1 , . . . Ok−1

Ω(k−1), a, b, c, . . .) ✭✸✳✷✷✮

♦♥❞❡ a, b, c, . . . sã♦ ♦s ♣❛râ♠❡tr♦s ❞❡st❡ ♥ó✱ ✈✐♥❞♦s ❞❛s ❡q✉❛çõ❡s ✭✸✳✶✹✮ ❡ ✭✸✳✶✺✮✳ ❚❛♠❜é♠

é ✉s❛❞❛ ❛ ♠❡s♠❛ ♥♦t❛çã♦ ♣❛r❛ ❛ s❛í❞❛ ❞♦ ♥ó ❡ s✉❛ ❢✉♥çã♦✳

❙❡❥❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ❝♦♠ P ❡♥tr❛❞❛s✱ ♦ ♦❜❥❡t✐✈♦ ❡ ❞✐♠✐♥✉✐r

❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ q✉❡ ♣♦❞❡ s❡r ❞❡✜♥✐❞❛ ❝♦♠♦ ❛ ♠❡❞✐❞❛ ❞❡ ❡rr♦ ♣❛r❛ ❛ ❡♥tr❛❞❛ p ♦♥❞❡

(1 ≤ p ≤ P ) ❞♦s ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ❝♦♠♦ ❛ s♦♠❛ ❞♦s ❡rr♦s q✉❛❞rát✐❝♦s✳

Ep =

Ω(L)
∑

m=1

(Tm,p −OL
m,p)

2 ✭✸✳✷✸✮

♦♥❞❡ Tm,p é ♦ m− és✐♠♦ ❝♦♠♣♦♥❡♥t❡ ❞❛ s❛í❞❛ ♣❛r❛ ❛ ❡♥tr❛❞❛ p✱ ❡ OL
m,p é ♦ m− és✐♠♦ ❞❛

s❛í❞❛ ❛t✉❛❧✳

▼ét♦❞♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ❘▲❙❊

P❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦s ♣❛râ♠❡tr♦s ❝♦♥s❡q✉❡♥t❡s✱ ♣♦❞❡✲s❡ r❡❛❧✐③❛r ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r

❞♦s ♠❡s♠♦s ❬✹✺❪✿

f = w̄1f1 + w̄2f2

= w̄1(p1x+ q1y + r1) + w̄2(p2x+ q2y + r2)

= (w̄1x)p1 + (w̄1y)q1 + (w̄1)r1 + (w̄2x)p2 + (w̄2y)q2 + (w̄2)r2

✭✸✳✷✹✮

❈♦♠ N ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ❢♦r♥❡❝✐❞♦s ♣♦r ✭✸✳✷✹✮✱ ♣♦❞❡♠♦s r❡❡s❝r❡✈ê✲❧❛ ❝♦♠♦✿

f1 = (w̄1x)1p1 + (w̄1y)1q1 + (w̄1)1r1 + (w̄2x)2p2 + (w̄2y)2q2 + (w̄2)2r2

...

fn = (w̄1x)np1 + (w̄1y)nq1 + (w̄1)nr1 + (w̄2x)np2 + (w̄2y)nq2 + (w̄2)nr2

✭✸✳✷✺✮
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P❛r❛ s✐♠♣❧✐✜❝❛r ❛ ❡q✉❛çã♦ ✭✸✳✷✺✮✱ ♣♦❞❡✲s❡ r❡❡s❝r❡✈ê✲❧❛ ♥❛ ❢♦r♠❛ ♠❛tr✐❝✐❛❧ ❝♦♠♦ ❛♣r❡✲

s❡♥t❛❞♦ ❡♠ ✭✸✳✷✻✮✳

Aθ = y ✭✸✳✷✻✮

♦♥❞❡ θ é ✉♠ ✈❡t♦r M × 1✳ M s❡ r❡❢❡r❡ ❛♦ ♥ú♠❡r♦ ❞❡ ❡❧❡♠❡♥t♦s q✉❡ sã♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡

♣❛râ♠❡tr♦s ❞♦ ❝♦♥s❡q✉❡♥t❡✳ A é ✉♠❛ ♠❛tr✐③ P ×M ✱ ♦♥❞❡ P é ♦ ♥ú♠❡r♦ ❞❡ N ❞❛❞♦s ❞❡

tr❡✐♥❛♠❡♥t♦ ♣r♦✈✐♥❞♦s ❞❛ r❡❞❡ ❛❞❛♣t❛t✐✈❛✳ ❆ s❛í❞❛ y é ✉♠ ✈❡t♦r P × 1 ❝✉❥♦ ❡❧❡♠❡♥t♦s

sã♦ N ❞❛❞♦s ❞❡ s❛í❞❛ ♣r♦✈✐❞♦s ❞❡ ✉♠❛ r❡❞❡ ❛❞❛♣t❛t✐✈❛✳

◆♦r♠❛❧♠❡♥t❡ ♦ ♥ú♠❡r♦ ❞❡ ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ é ♠❛✐♦r q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ♣❛râ♠❡tr♦s

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

♠✐♥✐♠✐③❛çã♦ ❞♦ ❡rr♦ q✉❛❞r❛❞♦ ||Aθ = y2||✳ P♦r ✉♠ ❡st✐♠❛❞♦r ❞❡ ♠í♥✐♠♦s q✉❛❞r❛❞♦s✱ θ

♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ❝♦♠♦ ✭✸✳✷✼✮✿

θ∗ = (ATA)−1ATy ✭✸✳✷✼✮

❯s❛♥❞♦ ❡st✐♠❛çã♦ ❞♦s ♠í♥✐♠♦s q✉❛❞r❛❞♦s r❡❝✉rs✐✈♦s✱ ❛ ❡q✉❛çã♦ ✭✸✳✷✼✮ s❡ t♦r♥❛✿

θi+1 = θi + Pi+1ai+1(y
T
i+1 − aTi+1θi)

Pi+1 = Pi −
Pi + ai+1a

T
i+1Pi

1 + aTi+1Piai+1

, i = 1, 2, . . . , P − 1
✭✸✳✷✽✮

♦♥❞❡ aTi é ✉♠ ✈❡t♦r ❧✐♥❤❛ ❞❡ ❝❛❞❛ ❧✐♥❤❛ ❞❡ A✱ yi é ♦ i−és✐♠♦ ❡❧❡♠❡♥t♦ ❞❡ y✳ Pi é ❝❤❛♠❛❞♦

❞❡ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ ❡ é ❞❡✜♥✐❞❛ ♣♦r ✭✸✳✷✾✮✳

Pi = (ATA)−1 ✭✸✳✷✾✮

✸✳✻ ▼ét♦❞♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ ❋✉③③② ❈✲▼❡❛♥s ✭❋❈▼✮

❖ ❛❧❣♦r✐t♠♦ ❋❈▼ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❡♥❝♦♥tr❛r ❣r✉♣♦s ❋✉③③② ♣❛r❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✳

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

às ❞✐stâ♥❝✐❛s ❡♥tr❡ ♦s ❞❛❞♦s ❡ ♦s ❝❡♥tr♦s ❞♦s ❣r✉♣♦s ❛♦s q✉❛✐s t❛✐s ❞❛❞♦s ♣❡rt❡♥❝❡♠ ❝♦♠

❛❧❣✉♠ ❣r❛✉ ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❬✹✾❪✳ ❆ ❢✉♥çã♦ ❞❡ ❝✉st♦ é ❛♣r❡s❡♥t❛❞❛ ❡♠ ✭✸✳✸✵✮✱ ♦♥❞❡ n é ♦

♥ú♠❡r♦ ❞❡ ❞❛❞♦s ❛ s❡r❡♠ ❛❣r✉♣❛❞♦s✱ c é ♦ ♥ú♠❡r♦ ❞❡ ❝❧✉st❡rs ❛❞♦t❛❞♦s✱ m é ✉♠ ♥ú♠❡r♦

r❡❛❧ ♣♦s✐t✐✈♦✱ ❝♦♠ m > 1✱ xi é ♦ i − és✐♠♦ ❞❛❞♦ ❛ s❡r ❛❣r✉♣❛❞♦ ❞❡ ✉♠ ✈❡t♦r ❞❡ ❞❛❞♦s

❳ = [x1, x2, · · · , xn]✱ cj é ♦ j − és✐♠♦ ❝❧✉st❡r ❞❡ ✉♠ ✈❡t♦r ❞❡ ❝❧✉st❡rs ❈ = [c1, c2, · · · , cc]

❛ s❡r❡♠ ❞❡t❡r♠✐♥❛❞♦s ❡ µij é ♦ ❣r❛✉ ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞♦ ❞❛❞♦ xi ❛♦ ❝❧✉st❡r cj✳

JFCM =
c∑

i=1

n∑

j=1

(µij)
m||xi − cj||

2 ✭✸✳✸✵✮



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✽

❖s ✈❛❧♦r❡s ✐♥✐❝✐❛✐s ❞♦s ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ µij sã♦ ❞❡✜♥✐❞♦s ❞❡ ♠❛♥❡✐r❛ ❛❧❡❛tór✐❛

❡ ✉s❛❞♦s ♣❛r❛ ❛t✉❛❧✐③❛r ♦s ✈❛❧♦r❡s ❞♦s ❝❧✉st❡rs cj ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✸✳✸✶✮✳

cj =

∑n

i=1(µij)
mxi

∑n

i=1(µij)m
✭✸✳✸✶✮

◗✉❛♥❞♦ ♦s ✈❛❧♦r❡s ❞♦s ❝❧✉st❡rs sã♦ ❛t✉❛❧✐③❛❞♦s✱ ♦s ✈❛❧♦r❡s ❞♦s ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦

❞❡ ❝❛❞❛ ❞❛❞♦ t❛♠❜é♠ sã♦ ❛t✉❛❧✐③❛❞♦s✱ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✸✳✸✷✮✳

µij =
1

∑c

k=1(
||xi−cj ||

||xi−ck||
)

2

m−1

✭✸✳✸✷✮

❉❡ss❛ ❢♦r♠❛✱ ❛ ❢✉♥çã♦ ❞❡ ❝✉st♦ ✭✸✳✸✵✮ é ❝❛❧❝✉❧❛❞❛ ♥♦✈❛♠❡♥t❡ ❡ ❡ss❡ ♣r♦❝❡ss♦ s❡ r❡♣❡t❡

❛té JFCM s❡r ♠❡♥♦r q✉❡ ♦ ❡rr♦ ♠í♥✐♠♦ ❛❞♦t❛❞♦ ♦✉ ❛té ♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐♥t❡r❛çõ❡s

s❡r ❛❧❝❛♥ç❛❞♦✳

❖s ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ µij ♣♦❞❡♠ s❡r ❛❣r✉♣❛❞♦s ❡♠ ✉♠❛ ♠❛tr✐③✱ ❝❤❛♠❛❞❛ ❞❡

♠❛tr✐③ ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❋✉③③②✱ ❞❡✜♥✐❞❛ ♣♦r ✭✸✳✸✸✮✳

µFCM =










µ11 µ12 . . . µ1n

µ21 µ22 . . . µ2n

...
...

. . .
...

µc1 µc2 . . . µcn










✭✸✳✸✸✮

❖ ❛❧❣♦r✐t♠♦ ❋❈▼ é ❛♣r❡s❡♥t❛❞♦ ❛ s❡❣✉✐r✿

✶✳ ❉❡t❡r♠✐♥❡ ♦ ✈❛❧♦r ❞❡ m❀

✷✳ ❉❡t❡r♠✐♥❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❧✉st❡rs c❀

✸✳ ❉❡t❡r♠✐♥❡ ♦ ✈❛❧♦r ❞♦ ❡rr♦ ♠á①✐♠♦ ❛❞♦t❛❞♦ ♥♦ ♣r♦❝❡ss♦ ❡ ♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡

✐t❡r❛çõ❡s❀

✹✳ ■♥✐❝✐❡ ❛ ♠❛tr✐③ ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❋✉③③② ❛❧❡❛t♦r✐❛♠❡♥t❡❀

✺✳ ❈❛❧❝✉❧❡ ♦s ❝❧✉st❡rs ✉s❛♥❞♦ ✭✸✳✸✶✮❀

✻✳ ❆t✉❛❧✐③❡ ♦s ✈❛❧♦r❡s ❞♦s ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ✉s❛♥❞♦ ✭✸✳✸✷✮❀

✼✳ ❈❛❧❝✉❧❡ ❛ ❢✉♥çã♦ ❞❡ ❝✉st♦ ✭✸✳✸✵✮❀

✽✳ ❘❡♣✐t❛ ♦s ♣❛ss♦s ✺✱ ✻ ❡ ✼ ❛té q✉❡ JFMC s❡❥❛ ♠❡♥♦r q✉❡ ♦ ✈❛❧♦r ❞❡t❡r♠✐♥❛❞♦ ♣❛r❛ ♦

❡rr♦ ♠á①✐♠♦ ♦✉ ❛té q✉❡ s❡ ❛❧❝❛♥❝❡ ♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛çõ❡s ❞❡t❡r♠✐♥❛❞❛s✳



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✷✾

✸✳✼ ▼ét♦❞♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛

❖ ♠ét♦❞♦ s✉❜tr❛t✐✈❡ ❝❧✉st❡r✐♥❣ é ✉♠❛ ❡①t❡♥sã♦ ❞♦ ♠ét♦❞♦ ♠♦✉♥t❛✐♥ ❝❧✉st❡r✐♥❣ ♣r♦♣♦st♦

♣♦r ❘✳ ❨❛❣❡r ❬✺✵❪✳ ❋♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ♣♦r ❙t❡♣❤❡♥ ▲✳ ❈❤✉✐ ❬✺✶❪ ❡ t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ❡st✐♠❛r

♦s ❝❡♥tr♦s ❞♦s ❝❧✉st❡rs ❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❧✉st❡rs ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✳

❊st❡ ♠ét♦❞♦ ❛ss✉♠❡ q✉❡ ❝❛❞❛ ♣♦♥t♦ é ✉♠ ❝❡♥tr♦ ❞❡ ❝❧✉st❡r ❡♠ ♣♦t❡♥❝✐❛❧ ❡ ❝❛❧❝✉❧❛ ♣❛r❛

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

♣♦♥t♦ s❡r ✉♠ ❝❡♥tr♦ ❞♦ ❝❧✉st❡r✳ ❊st❡ ❝á❧❝✉❧♦ é ❜❛s❡❛❞♦ ♥♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❞❡♥s✐❞❛❞❡

❞♦s n ♣♦♥t♦s q✉❡ ❝♦♥st✐t✉❡♠ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✳ ❖ ♣♦t❡♥❝✐❛❧ é ❝❛❧❝✉❧❛❞♦ ♣♦r ♠❡✐♦ ❞❡

✭✸✳✸✹✮✿

Pi =
n∑

j=1

e−α||xi−xj ||
2

✭✸✳✸✹✮

♦♥❞❡ α = 4
r2a

❡ ra é ✉♠❛ ❝♦♥st❛♥t❡ ♣♦s✐t✐✈❛✳

❖ ♣♦t❡♥❝✐❛❧ é ❝❛❧❝✉❧❛❞♦ ❡♠ ❢✉♥çã♦ ❞❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ♣♦ssí✈❡❧ ❝❡♥tr♦ ❞❡ ❝❧✉st❡r ❡

♦s ♦✉tr♦s ♣♦♥t♦s✳ ❖ ♣♦♥t♦ q✉❡ t✐✈❡r ✉♠❛ ♠❛✐♦r q✉❛♥t✐❞❛❞❡ ❞❡ ✈✐③✐♥❤♦s t❡rá ✉♠ ♠❛✐♦r

♣♦t❡♥❝✐❛❧ ❡ s❡rá ♦ ♣r✐♠❡✐r♦ ❝❡♥tr♦ ❞❡ ❝❧✉st❡r✳ ❆ ❝♦♥st❛♥t❡ ra r❡♣r❡s❡♥t❛ ♦ r❛✐♦ ❞♦ ❝❧✉st❡r

❡ ❞❡st❛ ❢♦r♠❛ ❧✐♠✐t❛ ❛ ✈✐③✐♥❤❛♥ç❛✳

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

✶✳ ❉❡♣♦✐s ❞❡ ❝❛❧❝✉❧❛❞♦ ♦ ♣♦t❡♥❝✐❛❧ ❞❡ ❝❛❞❛ ✉♠ ❞♦s ♣♦♥t♦s q✉❡ ❝♦♥st✐t✉❡♠ ♦ ❝♦♥❥✉♥t♦

❞❡ ❞❛❞♦s q✉❡ r❡♣r❡s❡♥t❛ ♦ ♣r♦❜❧❡♠❛✱ ❡s❝♦❧❤❡✲s❡ ♦ ♣r✐♠❡✐r♦ ❝❡♥tr♦ ❞❡ ❝❧✉st❡r (x∗
1, P

∗
1 )

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

✷✳ ❊s❝♦❧❤✐❞♦ ♦ ♣r✐♠❡✐r♦ ❝❡♥tr♦ ❞❡ ❝❧✉st❡r é r❡❛❧✐③❛❞❛ ✉♠❛ ❝♦rr❡çã♦ ❞♦s ♣♦t❡♥❝✐❛✐s ❞♦s

❞❛❞♦s ♥ã♦ ❡s❝♦❧❤✐❞♦s ❝♦♠♦ ❝❡♥tr♦ ❞❡ ❝❧✉st❡rs ✉s❛♥❞♦ ✭✸✳✸✺✮✳

Pi = Pi − P ∗
1 e

−β||xi−x∗

1
||2 ✭✸✳✸✺✮

♦♥❞❡ β = 4
r2
b

❡ rb é ✉♠❛ ❝♦♥st❛♥t❡ ♣♦s✐t✐✈❛ ♠❛✐♦r q✉❡ ra ♣❛r❛ ❡s❝♦❧❤❡r ✉♠ ♥♦✈♦ ❝❡♥tr♦

❞❡ ❝❧✉st❡r ❧♦♥❣❡ ❞❛ ✈✐③✐♥❤❛♥ç❛ ❞♦ ❝❡♥tr♦ ❞❡ ❝❧✉st❡r ❥á ❡s❝♦❧❤✐❞♦✳ ◆♦r♠❛❧♠❡♥t❡

❛❞♠✐t❡✲s❡ rb = 1,5ra✳

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

t♦❞♦s ♦s ❝❡♥tr♦s ❞❡ ❝❧✉st❡r q✉❡ r❡♣r❡s❡♥t❛♠ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s✳

✹✳ ❘❡❛❧✐③❛r ♦ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s ♥❡❝❡ssár✐♦ ❛té q✉❡ t♦❞♦s ♦s ❝❡♥tr♦s ❞❡ ❝❧✉st❡rs s❡❥❛♠

❡♥❝♦♥tr❛❞♦s✳



❈❛♣ít✉❧♦ ✸✳ ❋✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ✸✵

❖ ❛❧❣♦r✐t♠♦ ✉t✐❧✐③❛ ❝♦♠♦ ❝r✐tér✐♦ ❞❡ ♣❛r❛❞❛ ✉♠ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❛❝❡✐t❛çã♦ ❡ ❞❡ r❡❥❡✐çã♦

❞❡ ✉♠ ❞❛❞♦ ❡♠ s❡ t♦r♥❛r ✉♠ ❝❡♥tr♦ ❞❡ ❝❧✉st❡r✱ ♦✉ s❡❥❛✱ ❡❧❡ ❧✐♠✐t❛ ❛ r❡❣✐ã♦ ❞❡ ❞❛❞♦s q✉❡

♣♦❞❡♠ s❡r ❝❡♥tr♦s ❞❡ ❝❧✉st❡rs ❬✺✶❪✳ ❖ ♣r♦❝❡ss♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ ♣❡r♠✐t❡ ✐♥❢♦r♠❛r ❛ ❢❛✐①❛

❞❡ ✐♥✢✉ê♥❝✐❛ ❞♦ ❝❡♥tr♦ ❞❡ ❝❧✉st❡r ♣❛r❛ ❝❛❞❛ ❞✐♠❡♥sã♦ ❞♦s ❞❛❞♦s✱ ♦✉ s❡❥❛✱ s❡ t✐✈❡r♠♦s ✉♠

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

❞❡ ✐♥✢✉ê♥❝✐❛✳ ❈♦♥s✐❞❡r❛✲s❡ ❝❛❞❛ ❝❡♥tr♦ ❞❡ ❝❧✉st❡r ❝♦♠♦ ✉♠❛ r❡❣r❛ ❋✉③③② q✉❡ ❞❡s❝r❡✈❡

♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦ s✐st❡♠❛✱ ♦✉ s❡❥❛✱ ♦ ♥ú♠❡r♦ ❞❡ r❡❣r❛s s❡rá ✐❣✉❛❧ ❛ q✉❛♥t✐❞❛❞❡ ❞❡

❝❧✉st❡rs ❞♦ s✐st❡♠❛✳ ❖ ♣r♦❝❡ss♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ ✐rá ❞❡t❡r♠✐♥❛r ♦ ♥ú♠❡r♦ ❞❡ r❡❣r❛s ❡

❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❞♦s ❛♥t❡❝❡❞❡♥t❡s ❡ ❞❡♣♦✐s ✉t✐❧✐③❛rá ♦ ♠ét♦❞♦ ❞❡ ❡st✐♠❛çã♦ ❞♦s

♠í♥✐♠♦s q✉❛❞r❛❞♦s ♣❛r❛ ❣❡r❛r ♦s ❝♦♥s❡q✉❡♥t❡s ❞❡ ❝❛❞❛ r❡❣r❛❬✺✷❪✳

✸✳✽ ❈♦♥❝❧✉sã♦

◆❡st❡ ❝❛♣ít✉❧♦ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ♦s ❝♦♥❝❡✐t♦s ❜ás✐❝♦s q✉❡ s❡rã♦ ✉s❛❞♦s ♥♦ ❞❡s❡♥✈♦❧✈✐✲

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

❡s♣❡❝✐✜❝❛♥❞♦ ❝❛❞❛ ♣❛r❝❡❧❛ ❞❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛✳ ❯♠❛ ✐♥tr♦❞✉çã♦ ❛♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡

t❡♥sã♦ ❡ ❢r❡q✉ê♥❝✐❛ ♣❛r❛ ♣r♦❝❡ss❛❞♦r❡s✳ ❋♦✐ ❛♣r❡s❡♥t❛❞♦ ♦ ♠♦❞❡❧♦ ❞❡ t❛r❡❢❛s ❛ s❡r ✉s❛❞♦✱

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

❝♦♥❝❡✐t♦s ❜ás✐❝♦s ❞❛ ▲ó❣✐❝❛ ❋✉③③②✱ té❝♥✐❝❛ ✉s❛❞❛ ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❝♦♥tr♦❧❛❞♦r ❞❡st❡

tr❛❜❛❧❤♦✳ ❉❛♥❞♦ ❜❛s❡ ❛♦s ♣ró①✐♠♦s ❝❛♣ít✉❧♦s ❞❡st❡ tr❛❜❛❧❤♦ s♦❜r❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦

❝♦♥tr♦❧❛❞♦r ❋✉③③② ❡ ❞❛ ♣❧❛t❛❢♦r♠❛ ❡①♣❡r✐♠❡♥t❛❧ q✉❡ s❡rá ✉s❛❞❛ ♥♦s ❡♥s❛✐♦s✳
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P❧❛t❛❢♦r♠❛ ❊①♣❡r✐♠❡♥t❛❧

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

✈♦❧✈✐❞❛ ♥♦ tr❛❜❛❧❤♦ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❛ r❡❛❧✐③❛çã♦ ❞❡ ❡①♣❡r✐♠❡♥t♦s ❡ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ❞♦

♣r♦❝❡ss❛❞♦r ❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛✱ ✉s❛♥❞♦✲s❡ ♦ ❝♦♥tr♦❧❛❞♦r ❞❡s❡♥✈♦❧✈✐❞♦ ❡ ♦s ●♦✈❡r♥♦rs ❥á

♣r❡s❡♥t❡s ♥♦ s✐st❡♠❛ ▲✐♥✉①✱ ♣❛r❛ q✉❡ s❡❥❛ r❡❛❧✐③❛❞❛ ❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ t♦❞♦s ♦s ♠ét♦❞♦s✳

❚❛♠❜é♠ s❡rá ❛♣r❡s❡♥t❛❞♦ ♦ s✐st❡♠❛ ❡♠ q✉❡ s❡ ❞❡s❡❥❛ r❡❛❧✐③❛r ❛ r❡❞✉çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡

❡♥❡r❣✐❛✳

✹✳✶ ❆q✉✐s✐çã♦ ❞❡ ❞❛❞♦s

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

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

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

♠❡❞✐çõ❡s ❡①t❡r♥❛s ❛♦ ❝♦♠♣✉t❛❞♦r✳

✹✳✶✳✶ ❆q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ❞♦ ♣r♦❝❡ss❛❞♦r

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

■♥t❡❧ ✐✺✲✻✺✵✵ ❝♦♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢r❡q✉ê♥❝✐❛s ④✽✵✵ ▼❍③✱ ✶ ●❍③✱✶✱✶ ●❍③✱ ✶✱✸ ●❍③✱ ✶✱✺

●❍③✱ ✶✱✼ ●❍③✱ ✶✱✽ ●❍③✱ ✷ ●❍③✱ ✷✱✷ ●❍③✱ ✷✱✸ ●❍③✱ ✷✱✺ ●❍③✱ ✷✱✼ ●❍③✱ ✷✱✾ ●❍③✱ ✸ ●❍③✱

✸✱✷ ●❍③⑥✱ ✽ ●❇ ❞❡ ♠❡♠ór✐❛ ❡ ✶ ❚❇ ❞❡ ❞✐s❝♦ rí❣✐❞♦✳ ❖ s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧ ❛❞♦t❛❞♦ ❢♦✐ ♦

▲✐♥✉① ▼✐♥t ✶✽✳✸ ❙②❧✈✐❛ ❈✐♥♥❛♠♦♥ ✻✹✲❜✐t✳

❖ ❛rq✉✐✈♦ ✴♣r♦❝✴st❛t✶ ❢♦✐ ✉s❛❞♦ ♣❛r❛ r❡❛❧✐③❛r ❛ ♠❡❞✐çã♦ ❞❛ ✉t✐❧✐③❛çã♦ ❡ ♦❝✐♦s✐❞❛❞❡ ❞♦

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

❡ss❡ é ✐♥✐❝✐❛❞♦ ♣❡❧❛ ú❧t✐♠❛ ✈❡③✳ ❯♠ ❡①❡♠♣❧♦ ❞♦ s❡✉ ❝♦♥t❡ú❞♦ ❡♠ r❡s♣❡✐t♦ ❛♦ ♣r♦❝❡ss❛❞♦r

❡ s❡✉s ♥ú❝❧❡♦s é ❛♣r❡s❡♥t❛❞♦ ❛ s❡❣✉✐r✿

✶❤tt♣✿✴✴✇✇✇✳❧✐♥✉①❤♦✇t♦s✳♦r❣✴♠❛♥♣❛❣❡s✴✺✴♣r♦❝✳❤t♠

✸✶
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❃❃ ❝❛t ✴♣r♦❝✴st❛t

❝♣✉ ✼✾✷✹✷ ✵ ✼✹✸✵✻ ✽✹✷✹✽✻✹✶✸ ✼✺✻✽✺✾ ✻✶✹✵ ✻✼✼✵✶

❝♣✉✵ ✹✾✻✻✸ ✵ ✹✵✷✸✹ ✶✵✹✼✺✼✸✶✼ ✺✹✷✻✾✶ ✹✹✷✵ ✸✾✺✼✷

❝♣✉✶ ✷✼✷✹ ✵ ✷✶✶✽ ✶✵✺✹✷✵✹✷✹ ✼✻✼ ✶✼✶✾ ✻✵✽✹

❝♣✉✷ ✶✽✺✼✽ ✵ ✶✽✹✸✵ ✶✵✺✶✾✶✺✷✷ ✷✵✹✺✾✷ ✵ ✼✶✹

❝♣✉✸ ✺✶✸ ✵ ✾✼✾ ✶✵✺✹✷✽✻✾✽ ✼✸✾ ✵ ✷✾✵✼

❝♣✉✹ ✶✻✷✸ ✵ ✷✶✵✺ ✶✵✺✹✷✻✷✾✶ ✹✹✹ ✵ ✸✸✼✸

❝♣✉✺ ✸✹✾✶ ✵ ✺✸✷✻ ✶✵✺✹✶✹✼✾✽ ✼✶✸✹ ✵ ✸✵✽✼

❝♣✉✻ ✶✻✸✻ ✵ ✸✵✽✶ ✶✵✺✹✷✵✻✽✾ ✷✵✶ ✵ ✽✷✷✾

❝♣✉✼ ✶✵✶✶ ✵ ✷✵✷✾ ✶✵✺✹✷✻✻✼✵ ✷✽✽ ✵ ✸✼✸✶

❖s ✐♥t❡r✈❛❧♦s ❞❡ ❛♠♦str❛❣❡♠ ❞♦s ♥ú❝❧❡♦s ❞♦s ♣r♦❝❡ss❛❞♦r❡s sã♦ ❡♠ ✉♥✐❞❛❞❡s ❞❡ t❡♠♣♦

❯❙❊❘❴❍❩ ♦r ❏✐✣❡s ✭✉s✉❛❧♠❡♥t❡ ♠✐❧és✐♠♦s ❞❡ s❡❣✉♥❞♦s✱ ❡ ♣♦❞❡♠ ♠✉❞❛r ❞❡ ❛❝♦r❞♦ ❝♦♠

❛ ❛rq✉✐t❡t✉r❛ ♦✉ ❞✐str✐❜✉✐çã♦ ✉s❛❞❛✮✳ ❖s ♥ú♠❡r♦s ❞♦ ❛rq✉✐✈♦ ✴♣r♦❝✴st❛t sã♦ ✈❛❧♦r❡s ❞❡

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

♦✉ ❞❡t❡r♠✐♥❛❞♦ ♥ú❝❧❡♦ r❡❛❧✐③❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❛t✐✈✐❞❛❞❡✳ ❈♦♠♦ ❛ ✉t✐❧✐③❛çã♦ ❡ ♦❝✐♦s✐❞❛❞❡

sã♦ ❝❛❧❝✉❧❛❞❛s ❡♠ ✈❛❧♦r❡s ❛❜s♦❧✉t♦s✱ ♥ã♦ é ♥❡❝❡ssár✐♦ ♥❡♥❤✉♠ t✐♣♦ ❞❡ ❝♦♥✈❡rsã♦ ♣❛r❛ ❡st❡s

❝♦♥t❛t♦r❡s✳ P❡r❝❡❜❡✉✲s❡ q✉❡ ✐♥t❡r✈❛❧♦s ❞❡ ❛♠♦str❛❣❡♠ ❛❜❛✐①♦ ❞❡ 50ms ♣♦❞❡♠ r❡s✉❧t❛r

❡♠ ♠ás ♠❡❞✐çõ❡s ❞❡✈✐❞♦ ❛ ♥ã♦ ❛t✉❛❧✐③❛çã♦ ❞♦s ✈❛❧♦r❡s ♥✉♠ér✐❝♦s ♥♦ ❛rq✉✐✈♦ ✴♣r♦❝✴st❛t✳

❆ ♣r✐♠❡✐r❛ ❧✐♥❤❛ ✏❝♣✉✑ ❞♦ ❛rq✉✐✈♦ ✴♣r♦❝✴st❛t ❝♦♥tê♠ ❞❛❞♦s ❞❡ t♦❞♦s ♦s ♥ú❝❧❡♦s ❞♦

♣r♦❝❡ss❛❞♦r✳ ❆s ♣ró①✐♠❛s ❧✐♥❤❛s ✏❝♣✉✐✑✱ ♦♥❞❡ i = 0, 1, 2, 3, ..., 7✱ ❝♦♥tê♠ ❞❛❞♦s ❞❡ ❝❛❞❛

♥ú❝❧❡♦ ♥♦ ♣r♦❝❡ss❛❞♦r✳ ❈❛❞❛ ❝♦❧✉♥❛ ❞❡st❛s ❧✐♥❤❛s s❡ r❡❢❡r❡ ❛ ✉♠ t✐♣♦ ❞❡ ❛t✐✈✐❞❛❞❡ ❞♦

♥ú❝❧❡♦ ❡♠ q✉❡stã♦✳

• ✶♦ ✭❯s❡r✮✿ Pr♦❝❡ss♦s ❡①❡❝✉t❛♥❞♦ ♥♦ ♠♦❞♦ ❞❡ ✉s✉ár✐♦❀

• ✷♦ ✭◆✐❝❡✮✿ Pr♦❝❡ss♦s ❞❡ ❛❧t❛ ♣r✐♦r✐❞❛❞❡ ❡①❡❝✉t❛♥❞♦ ❡♠ ♠♦❞♦ ❞❡ ✉s✉ár✐♦❀

• ✸♦ ✭❙②st❡♠✮✿ Pr♦❝❡ss♦s ❡①❡❝✉t❛♥❞♦ ♥♦ ♠♦❞♦ ❑❡r♥❡❧ ❀

• ✹♦ ✭■❞❧❡✮✿ ❚❡♠♣♦ ❞❡ ❡s♣❡r❛❀

• ✺♦ ✭■❖✇❛✐t✮✿ ❊s♣❡r❛ ♣♦r ♣r♦❝❡ss♦s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛❀

• ✻♦ ✭■rq✮✿ ■♥t❡rr✉♣çã♦ ❞❡ s❡r✈✐ç♦s❀

• ✼♦ ✭❙♦❢t✐rq✮✿ Pr♦❝❡ss♦s ❞❡ ♠❛♥✉t❡♥çã♦✳



❈❛♣ít✉❧♦ ✹✳ P❧❛t❛❢♦r♠❛ ❊①♣❡r✐♠❡♥t❛❧ ✸✸

❇❛s❡❛❞♦ ♥❡st❡s ❞❛❞♦s✱ é ♣♦ssí✈❡❧ ❛✈❛❧✐❛r ❛ ✉t✐❧✐③❛çã♦ ❞❡ ❝❛❞❛ ♥ú❝❧❡♦ ❞♦ ♣r♦❝❡ss❛❞♦r i✳

❆ s♦♠❛ ❞❡ t♦❞❛s ❡st❛s ❝♦❧✉♥❛s é ❝❤❛♠❛❞❛ ❞❡ ttotal ❡ ❛ s♦♠❛ ❞❛s ❝♦❧✉♥❛s ■❞❧❡ ❡ ■❖✇❛✐t é

❝❤❛♠❛❞♦ ❞❡ tidle✳ ▼❡❞✐çõ❡s ❞❡st❛s ✈❛r✐á✈❡✐s sã♦ ❢❡✐t❛s ❛ ❝❛❞❛ ✐♥t❡r✈❛❧♦ ❞❡ ❛♠♦str❛❣❡♠✳

❖ ✐♥t❡r✈❛❧♦ ❞❡❝♦rr✐❞♦ ∆ttotal ❡ ♦ ✐♥t❡r✈❛❧♦ ❞❡ ♦❝✐♦s✐❞❛❞❡ ∆tidle sã♦ ♠♦str❛❞♦s ❡♠ ✭✹✳✶✮ ❡

✭✹✳✷✮ r❡s♣❡❝t✐✈❛♠❡♥t❡❬✺✸❪✳

∆ttotal(t) = ttotal(t)− ttotal(t− 1) ✭✹✳✶✮

∆tidle(t) = tidle(t)− tidle(t− 1) ✭✹✳✷✮

❆ ✉t✐❧✐③❛çã♦ y ❡ ❛ ♦❝✐♦s✐❞❛❞❡ ι sã♦ ❞❡t❡r♠✐♥❛❞❛s ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✹✳✸✮ ❡ ✭✹✳✹✮

r❡s♣❡❝t✐✈❛♠❡♥t❡✳

y(t) =
∆ttotal(t)−∆tidle(t)

∆ttotal(t)
✭✹✳✸✮

ι(t) =
∆tidle(t)

∆ttotal(t)
= 1− y(t) ✭✹✳✹✮

✹✳✶✳✷ ❆q✉✐s✐çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛

P❛r❛ ❛ ❛q✉✐s✐çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛✱ ❢♦✐ ✉s❛❞♦ ♦ ♠❡❞✐❞♦r ❲❛tts❯♣✱ ❝❛♣❛③ ❞❡ r❡❛❧✐③❛r

♠❡❞✐çõ❡s ❞❡ ❞✐✈❡rs❛s ❣r❛♥❞❡③❛s ❝♦♠♦ ♣♦tê♥❝✐❛✱ t❡♥sã♦✱ ❝♦rr❡♥t❡✱ ❢r❡q✉ê♥❝✐❛ ❡ ❢❛t♦r ❞❡

♣♦tê♥❝✐❛✳

❊st❡ ♠❡❞✐❞♦r ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❡❧❛ ❱❡r♥✐❡r✷ ❡ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✹✳✶✳ ❊st❡

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

❝♦♠♣♦st❛ ♣♦r ✉♠▼✐❝r♦❝❤✐♣ P■❈✶✽❋✹✺❏✶✵✸ ❡ q✉❛tr♦ ♠❡♠ór✐❛s ✻✹❑ ✷✹❈✺✶✷◆ ❊❊P❘❖▼s✹✱

r❡s♣♦♥sá✈❡✐s ♣❡❧♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❛ ♣❧❛❝❛ ❡ ♣❛✐♥❡❧ ▲❈❉ ❡ ♣❛r❛ ♦ ❛r♠❛③❡♥❛♠❡♥t♦ ❞♦s

❞❛❞♦s r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❙✉❛ s❡❣✉♥❞❛ ♣❛rt❡ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛s ♠❡❞✐çõ❡s ♦❢❡r❡❝✐❞❛s ♣❡❧♦

❡q✉✐♣❛♠❡♥t♦✱ ❝♦♥s✐st✐♥❞♦ ❡♠ ✉♠ ❝❤✐♣ ❞❡ ♠❡❞✐çã♦ ❞❡ ♣♦tê♥❝✐❛ ❞❡❞✐❝❛❞❛ ❆❉❊✼✼✻✸✺✱ ✉♠

♠❡❞✐❞♦r ❞❡ ❡♥❡r❣✐❛ ❛t✐✈♦ ❞❡ ❢❛s❡ ú♥✐❝❛✱ ❝❛♣❛③ ❞❡ ❧✐❞❛r ❝♦♠ t♦❞❛s ❛s ♠❡❞✐çõ❡s ❡ss❡♥❝✐❛✐s✳

❊st❡ ♠♦❞❡❧♦ ❞❡ ♠❡❞✐❞♦r ♣♦ss✉✐ ❝♦♠♦ ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s✿

• ❚❡♥sã♦✿ ✶✵✵✲✷✼✼ ❱❀

• ❋r❡q✉ê♥❝✐❛✿ ✻✵✴✺✵ ❍③❀

• ❈♦rr❡♥t❡ ♠á①✐♠❛✿ ✶✺ ❆❀

✷❤tt♣s✿✴✴✇✇✇✳✈❡r♥✐❡r✳❝♦♠✴
✸❤tt♣✿✴✴✇✇✶✳♠✐❝r♦❝❤✐♣✳❝♦♠✴❞♦✇♥❧♦❛❞s✴❡♥✴❉❡✈✐❝❡❉♦❝✴✸✾✻✽✷❊✳♣❞❢
✹❤tt♣s✿✴✴♣❞❢✳❞❛t❛s❤❡❡t❝❛t❛❧♦❣✳❝♦♠✴❞❛t❛s❤❡❡ts✴✷✼✵✴✶✻✵✺✾✶❴❉❙✳♣❞❢
✺❤tt♣✿✴✴✇✇✇✳❛♥❛❧♦❣✳❝♦♠✴♠❡❞✐❛✴❡♥✴t❡❝❤♥✐❝❛❧✲❞♦❝✉♠❡♥t❛t✐♦♥✴❞❛t❛✲s❤❡❡ts✴❆❉❊✼✼✻✸✳♣❞❢



❈❛♣ít✉❧♦ ✹✳ P❧❛t❛❢♦r♠❛ ❊①♣❡r✐♠❡♥t❛❧ ✸✹

❋✐❣✉r❛ ✹✳✶✿ ▼❡❞✐❞♦r ❲❛tts❯P✳

❋♦♥t❡✿ ❆✉t♦r✳

• ❚❡♠♣♦ ❞❡ ❛♠♦str❛❣❡♠ ♠í♥✐♠♦✿ ✶ s❡❣✉♥❞♦❀

• Pr❡❝✐sã♦✿ ± ✸✪ ♣❛r❛ ❝❛r❣❛s ❛❝✐♠❛ ❞❡ ✶✵ ❲ ❡ ± ✺✪ ♣❛r❛ ❝❛r❣❛s ❛❜❛✐①♦ ❞❡ ✶✵ ❲❀

• ❉✐♠❡♥sõ❡s✿ ✶✽①✶✵①✺ ❝♠❀

• P❡s♦✿ ✵✱✼ ❑❣❀

• ❈♦♠✉♥✐❝❛çã♦✿ ■♥t❡r❢❛❝❡ ❯❙❇✳

✹✳✶✳✸ P❧❛t❛❢♦r♠❛

❖ ❞✐❛❣r❛♠❛ ❞❛ ♣❧❛t❛❢♦r♠❛ ❡①♣❡r✐♠❡♥t❛❧ ❞❡s❡♥✈♦❧✈✐❞❛ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✹✳✷✳ ❆

r❡❞❡ ❞❡ ❛❧✐♠❡♥t❛çã♦ é ❝♦♥❡❝t❛❞❛ ❛♦ ❲❛tts❯♣ ❡ ❡st❡ ❛❧✐♠❡♥t❛ ♦ ❝♦♠♣✉t❛❞♦r ✉s❛❞♦✳ ❖s

❞❛❞♦s ❞❡ ♣♦tê♥❝✐❛ ❣❡r❛❞♦s ♣❡❧♦ ❲❛tts❯♣ sã♦ r❡q✉✐s✐t❛❞♦s ♣♦r ❯❙❇ ♣❛r❛ ✉♠ ♥♦t❡❜♦♦❦ ❝♦♠

r❡❧ó❣✐♦ s✐♥❝r♦♥✐③❛❞♦ ❝♦♠ ♦ ❝♦♠♣✉t❛❞♦r ♣❡❧♦ ♣r♦t♦❝♦❧♦ ◆❚P✻ ✭◆❡t✇♦r❦ ❚✐♠❡ Pr♦t♦❝♦❧✮✳

❖s ❞❛❞♦s ❞♦ ♣r♦❝❡ss❛❞♦r ❡ ♣♦tê♥❝✐❛ sã♦ ❛rq✉✐✈❛❞♦s ❡♠ ❛rq✉✐✈♦s ❡♠ ❢♦r♠❛ ❞❡ ♠❛tr✐③❡s✳

❋✐❣✉r❛ ✹✳✷✿ ❉✐❛❣r❛♠❛ ❞❛ ♣❧❛t❛❢♦r♠❛ ❞❡s❡♥✈♦❧✈✐❞❛✳

❋♦♥t❡✿ ❆✉t♦r✳

✻❤tt♣s✿✴✴♥t♣✳❜r✴❣✉✐❛✲❧✐♥✉①✲❝♦♠✉♠✳♣❤♣



❈❛♣ít✉❧♦ ✹✳ P❧❛t❛❢♦r♠❛ ❊①♣❡r✐♠❡♥t❛❧ ✸✺

✹✳✶✳✹ ❆❧❣♦r✐t♠♦ ❞❡ ❛q✉✐s✐çã♦ ❞♦ ♣r♦❝❡ss❛❞♦r

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

♥❛s ❡t❛♣❛s ❛♣r❡s❡♥t❛❞❛s ♥♦ ✢✉①♦❣r❛♠❛ ❞❛ ❋✐❣✉r❛ ✹✳✸✭❛✮✳ ■♥✐❝✐❛❧♠❡♥t❡ é ❢❡✐t♦ ❛ ❛❧♦❝❛çã♦

❞❛ ♠❡♠ór✐❛ ♣❛r❛ ❛s ♠❛tr✐③❡s ✉t✐❧✐③❛❞❛s✱ ❡♠ s❡❣✉✐❞❛ t♦❞♦s ♦s ♥ú❝❧❡♦s sã♦ ❞❡✜♥✐❞♦s ❝♦♠ ♦

❣♦✈❡r♥♦r ✉s❡rs♣❛❝❡ ❝♦♠ ♦ ❝♦♠❛♥❞♦✿

❃❃ ❡❝❤♦ ✉s❡rs♣❛❝❡ ❃ ✴s②s✴❞❡✈✐❝❡s✴s②st❡♠✴❝♣✉✴❝♣✉✐✴❝♣✉❢r❡q✴s❝❛❧✐♥❣❴❣♦✈❡r♥♦r

❖♥❞❡ i ❡♠ ✏❝♣✉✐✑ ❡q✉✐✈❛❧❡ ❛♦ ♥ú❝❧❡♦ ❞♦ ♣r♦❝❡ss❛❞♦r ♦♥❞❡ s❡rá r❡❛❧✐③❛❞❛ ❛ ❛❧t❡r❛çã♦✳ ➱

❞❡t❡r♠✐♥❛❞♦ ♦ t❡♠♣♦ ❞❡ ❛♠♦str❛❣❡♠ h✱ ❛❝✐♠❛ ❞❡ 50ms ♣❛r❛ ❣❛r❛♥t✐❛ ❞❛ ❛t✉❛❧✐③❛çã♦ ❞♦

❛rq✉✐✈♦ ✴♣r♦❝✴st❛t✳ ➱ ❞❡t❡r♠✐♥❛❞♦ ♦ t❡♠♣♦ ❞❡ ❛♠♦str❛❣❡♠ ❡♠ ❝❛❞❛ ❢r❡q✉ê♥❝✐❛ ❞♦ ♣r♦✲

❝❡ss❛❞♦r Tf ✳ ■♥✐❝✐❛✲s❡ ❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❞❡s❡❥❛❞❛ ❡ ❡♠ s❡❣✉✐❞❛ ❛ ❛q✉✐s✐çã♦ ♥❛ ❢r❡q✉ê♥❝✐❛

❞❡t❡r♠✐♥❛❞❛✳ P❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❞❡s❡❥❛❞❛ ✉s❛✲s❡ ♦ ❝♦♠❛♥❞♦✿

❃❃ ❝♣✉❢r❡q✲s❡t ✲❝ ✐ ✲❢ ❢❛

❖♥❞❡ i ❡q✉✐✈❛❧❡ ❛♦ ♥ú❝❧❡♦ ❞♦ ♣r♦❝❡ss❛❞♦r ♦♥❞❡ s❡rá r❡❛❧✐③❛❞❛ ❛ ❛❧t❡r❛çã♦ ❡ fa ❝♦rr❡s✲

♣♦♥❞❡ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡s❡❥❛❞❛ ❡♠ ❍③✳ ◗✉❛♥❞♦ ♦ t❡♠♣♦ Tf é ❛t✐♥❣✐❞♦✱ ❛❝♦♥t❡❝❡ ❛ ♠✉❞❛♥ç❛

♣❛r❛ ❛ ♥♦✈❛ ❢r❡q✉ê♥❝✐❛ ❞❡s❡❥❛❞❛ ❡ r❡♣❡t❡✲s❡ ❛té q✉❡ t♦❞❛s ❛s ❢r❡q✉ê♥❝✐❛s s❡❥❛♠ ❡①❡❝✉t❛❞❛s✱

❡♥tã♦✱ ❡♥❝❡r❛✲s❡ ❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❡ ❝r✐❛✲s❡ ♦s ❛rq✉✐✈♦s ❞❡ ❞❛❞♦s✳

◆♦s ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ ❢♦✐ ✉s❛❞♦ ♦s t❡♠♣♦s ❞❡ ❛♠♦str❛❣❡♠ h ❞❡ 100ms ❡ Tf ❞❡

60s✳ ❆❧é♠ ❞❡ s❡r❡♠ ❡①❡❝✉t❛❞❛s t♦❞❛s ❛s ❢r❡q✉ê♥❝✐❛s ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ♦ ♣r♦❝❡ss❛❞♦r✳

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

❞❛ ♠❡s♠❛ ❢♦r♠❛✱ t❡♥❞♦ ❛ ❛✉sê♥❝✐❛ ❞♦ t❡♠♣♦ Tf ❥á q✉❡ ❛ ❢r❡q✉ê♥❝✐❛ ❡r❛ ❞❡t❡r♠✐♥❛❞❛

♣❡❧♦ ♣ró♣r✐♦ ❝♦♥tr♦❧❛❞♦r ❡ t❡♠♣♦ ❞❡ ❛♠♦str❛❣❡♠ h t❛♠❜é♠ ❞❡ 100ms✱ ♣♦ré♠ ♦ t❡♠♣♦

❞❡ ❡s❝r✐t❛ ♥♦ ❛rq✉✐✈♦ ❞❡ ❞❛❞♦s ❡r❛ ❞❡ 1s ❞❡✈✐❞♦ ❛♦ t❡♠♣♦ ♠í♥✐♠♦ ❞❡ ❛♠♦str❛❣❡♠ ♥♦

❲❛tts❯♣ s❡r 1s✳

✹✳✶✳✺ ❆❧❣♦r✐t♠♦ ❞❡ ❛q✉✐s✐çã♦ ❞❛ ♣♦tê♥❝✐❛

❆ ❛q✉✐s✐çã♦ ❞♦s ❞❛❞♦s ❞❡ ♣♦tê♥❝✐❛ ♦❝♦rr❡♠ ❛tr❛✈és ❞❛ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ♦ ❲❛tts❯♣ ❡

✉♠ ❝♦♠♣✉t❛❞♦r ❡①t❡r♥♦✳ ❉❡ss❛ ❢♦r♠❛ t❛♠❜é♠ ❢♦✐ ❝r✐❛❞♦ ✉♠ s♦❢t✇❛r❡ ❡♠ ❈ ♣❛r❛ ❡st❛

❛q✉✐s✐çã♦✱ ❝♦♥s✐st✐♥❞♦ ♥❛s ❡t❛♣❛s ❛♣r❡s❡♥t❛❞❛s ♥♦ ✢✉①♦❣r❛♠❛ ❞❛ ❋✐❣✉r❛ ✹✳✸✭❜✮✳ Pr✐♠❡✐✲

r❛♠❡♥t❡ ♦❝♦rr❡ ❛ ❛❧♦❝❛çã♦ ❞❛ ♠❡♠ór✐❛ ♣❛r❛ ❛s ♠❛tr✐③❡s ✉t✐❧✐③❛❞❛s✱ ❡♠ s❡❣✉✐❞❛ ♦❝♦rr❡ ✉♠

t❡st❡ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❡♥tr❡ ♦ ❲❛tts❯♣ ❡ ♦ ❝♦♠♣✉t❛❞♦r ❡①t❡r♥♦✱ ❝❛s♦ ❡st❛ ❢❛❧❤❡✱ é ❡♥✈✐❛❞❛

✉♠❛ ♠❡♥s❛❣❡♠ ❞❡ ❡rr♦ ♣❛r❛ q✉❡ ♠❡❞✐❞❛s ❞❡ ❝♦rr❡çã♦ s❡❥❛♠ t♦♠❛❞❛s✳ ❈❛s♦ ♥ã♦ ♦❝♦rr❛♠

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

❞❛ ♣♦tê♥❝✐❛ ❡ ❞♦ ❤♦rár✐♦ ❞♦ s✐st❡♠❛ ❡ ❛ss✐♠ ❛ ❡s❝r✐t❛ ❞♦s ❛rq✉✐✈♦s ❞❡ ❞❛❞♦s ❞❡ ♣♦tê♥❝✐❛✳



❈❛♣ít✉❧♦ ✹✳ P❧❛t❛❢♦r♠❛ ❊①♣❡r✐♠❡♥t❛❧ ✸✻

❋✐❣✉r❛ ✹✳✸✿ ❋❧✉①♦❣r❛♠❛ ❞♦ s♦❢t✇❛r❡ ❞❡ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ❞♦ ♣r♦❝❡ss❛❞♦r ✭❛✮ ❡ ❞❛ ❛q✉✐✲

s✐çã♦ ❞♦s ❞❛❞♦s ❞❡ ♣♦tê♥❝✐❛✭❜✮✳

❋♦♥t❡✿ ❆✉t♦r✳

✹✳✷ ❈♦♥❝❧✉sã♦

❊st❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t♦✉ ❛ ♣❧❛t❛❢♦r♠❛ ❡①♣❡r✐♠❡♥t❛❧ q✉❡ s❡rá ✉s❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✱ ❡✈✐✲

❞❡♥❝✐❛♥❞♦ ♦ s❡✉ ✉s♦ ♣❛r❛ ❛ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s ❞♦ ♣r♦❝❡ss❛❞♦r ❡ ❞❛❞♦s ❞❡ ♣♦tê♥❝✐❛ ❝♦♠

♦ ✉s♦ ❞♦ ❲❛tts❯♣ ❡♠ ❢♦r♠❛ ❞❡ ✢✉①♦❣r❛♠❛s✱ ❡①♣❧✐❝❛♥❞♦ ♦s s♦❢t✇❛r❡s ❞❡s❡♥✈♦❧✈✐❞♦s ♣❛r❛

t❛✐s t❛r❡❢❛s✳ ❋♦✐ ❛♣r❡s❡♥t❛❞❛ ❛ ♠❡t♦❞♦❧♦❣✐❛ ✉s❛❞❛ ♣❛r❛ ♦s ❝á❧❝✉❧♦s ❞♦s ❞❛❞♦s ❞♦ ♣r♦❝❡ss❛✲

❞♦r✱ ❡✈✐❞❡♥❝✐❛♥❞♦ ♦s ❛rq✉✐✈♦s ✉t✐❧✐③❛❞♦s✱ ❞❡s❝r❡✈❡♥❞♦✲♦s✳ P❛r❛ ❛ ♣♦tê♥❝✐❛ ❢♦✐ ❛♣r❡s❡♥t❛❞♦



❈❛♣ít✉❧♦ ✹✳ P❧❛t❛❢♦r♠❛ ❊①♣❡r✐♠❡♥t❛❧ ✸✼

❛s ❡t❛♣❛s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ❲❛tts❯♣✱ ❡✈✐❞❡♥❝✐❛♥❞♦ ❞❡ ♠❛♥❡✐r❛ s✉❝✐♥t❛ s❡✉s ❛s♣❡❝✲

t♦s ❝♦♥str✉t✐✈♦s✳ ❚❛♠❜é♠ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ♦ ❝♦♠♣✉t❛❞♦r q✉❡ s❡rá ✉s❛❞♦ ♥♦ tr❛❜❛❧❤♦✱

❡✈✐❞❡♥❝✐❛♥❞♦ s❡✉ ♣r♦❝❡ss❛❞♦r✳



❈❛♣ít✉❧♦ ✺

▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r

◆❡st❡ ❈❛♣✐t✉❧♦ s❡rá ❛♣r❡s❡♥t❛❞♦ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❡ ♦s ♠♦❞❡❧♦s ❋✉③③② ❞❡s❡♥✈♦❧✈✐❞♦s ♣❛r❛ ♦

♣r♦❝❡ss❛❞♦r✳ ❆ ♣r✐♠❡✐r❛ ♣❛rt❡ ✐rá ❛❜♦r❞❛r ♠❡t♦❞♦❧♦❣✐❛s ♣❛r❛ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♠♦❞❡❧♦s

❞♦ t✐♣♦ ❋✉③③②✱ ❛♣r❡s❡♥t❛♥❞♦ ❛s ❡str✉t✉r❛s ❡ ♦s ♣❛ss♦s s❡❣✉✐❞♦s ♣❛r❛ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❝♦♠✲

♣✉t❛❝✐♦♥❛❧✳ ❆s ♣❛rt❡s s❡❣✉✐♥t❡s ✐rã♦ ❛♣r❡s❡♥t❛r ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s ♠♦❞❡❧♦s ❝♦♠ ♦s

❞❛❞♦s ❛q✉✐s✐t❛❞♦s✱ ❝♦♠♦ t❛♠❜é♠ s✉❛ ✈❛❧✐❞❛çã♦✳

✺✳✶ ▼❡t♦❞♦❧♦❣✐❛ ❞❡ ✐❞❡♥t✐✜❝❛çã♦

❙❡❥❛ ✉♠ s✐st❡♠❛ r❡♣r❡s❡♥t❛❞♦ ♣♦rM ✱ ✉♠ ♠❛♣❡❛♠❡♥t♦ ❞♦ ❡s♣❛ç♦ ❞❡ ❡♥tr❛❞❛ ♣❛r❛ ♦ ❡s♣❛ç♦

❞❛ s❛í❞❛✳ ❙❡❥❛ C ❛ ❢❛♠í❧✐❛ ❞❡ ♠♦❞❡❧♦s ❞❡ s✐st❡♠❛s ♥ã♦ ❧✐♥❡❛r❡s t❛❧ q✉❡ S ∈ C✳ ❖ ♣r♦❜❧❡♠❛

❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❝♦♥s✐st❡ ❡♠ ❞❡t❡r♠✐♥❛r ✉♠❛ ❝♦❧❡çã♦ ❞❡ ♠♦❞❡❧♦s Ĉ ⊂ C ❡ ✉♠ ♠❛♣❡❛♠❡♥t♦

M̂ ∈ Ĉ ⊂ C t❛❧ q✉❡ M̂ ❛♣r♦①✐♠❡ M ❬✺✹❪✳

❉❡ss❛ ❢♦r♠❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❛♣r♦①✐♠❛çã♦ ❝♦♥s✐st❡ ❡♠ ❞❡t❡r♠✐♥❛r ✉♠ s✐st❡♠❛ ❛♣r♦①✐✲

♠❛❞♦ Ŝ✱ t❛❧ q✉❡✿

||M̂ −M || ≤ ǫ ✭✺✳✶✮

♥♦ q✉❛❧ ǫ é ✉♠ ❡rr♦ ♠á①✐♠♦ ♣❡r♠✐t✐❞♦✳

◆♦ ❝❛s♦ ❞❡ ♠♦❞❡❧♦s ❋✉③③②✱ ♦ ♣r♦❜❧❡♠❛ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❝♦♥s✐st❡ ❡♠ s❡❧❡❝✐♦♥❛r ✉♠

♠♦❞❡❧♦ M̂ ❡ ❛❥✉st❛r s✉❛s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❡ r❡❣r❛s ❜❛s❡❛❞♦ ♥♦ ❡rr♦ ❡♥tr❡ ❛ s❛í❞❛

❞♦ ♠♦❞❡❧♦ ❡ ❛ s❛í❞❛ r❡❛❧ ❞♦ s✐st❡♠❛✱ ❞❡ ❢♦r♠❛ q✉❡ ❛ ❡str✉t✉r❛ ❋✉③③② ❞❡s❡♥✈♦❧✈✐❞❛ ♣♦ss✉❛

✉♠ ❝♦♠♣♦rt❛♠❡♥t♦ ✐❞ê♥t✐❝♦ ♦✉ ♠❛✐s ♣ró①✐♠♦ ♣♦ssí✈❡❧ ❛♦ ❝♦♠♣♦rt❛♠❡♥t♦ r❡❛❧ ❞♦ s✐st❡♠❛

♠♦❞❡❧❛❞♦✳

❊①✐st❡♠ ❞✉❛s ❡str✉t✉r❛s ♣❛r❛ ♦ ♣r♦❝❡ss♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❋✉③③② q✉❡ ♣♦❞❡♠ s❡r ✉t✐❧✐✲

③❛❞❛s✿

✶✳ ❊str✉t✉r❛ ♣❛r❛❧❡❧❛✿ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✶ ♦ ♠♦❞❡❧♦ ♣❛r❛❧❡❧♦ ♣❛r❛ ✉♠ s✐st❡♠❛

♥ã♦✲❧✐♥❡❛r ❝♦♠ ❛tr❛s♦s ✐❣✉❛✐s ❛ ✶ ❡♠ ❛♠❜❛s r❡❛❧✐♠❡♥t❛çõ❡s✳ ◆❡st❛ ❡str✉t✉r❛ ♦ s✐s✲

✸✽



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✸✾

t❡♠❛ r❡❛❧ é r❡❛❧✐♠❡♥t❛❞♦ ♣♦r s✉❛ s❛í❞❛ ❡ ♦ s✐st❡♠❛ ♠♦❞❡❧❛❞♦ t❛♠❜é♠ é r❡❛❧✐♠❡♥t❛❞♦

♣♦r s✉❛ s❛í❞❛✳

❋✐❣✉r❛ ✺✳✶✿ ❊str✉t✉r❛ ♣❛r❛❧❡❧❛ ♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s✳

❋♦♥t❡✿ ❆✉t♦r✳

❖ ♠♦❞❡❧♦ ♣♦❞❡ s❡r ❞❡s❝r✐t♦ ♣♦r ✭✺✳✷✮✳

ŷ(t+ 1) = f̂ [ŷ(t), u(t)] ✭✺✳✷✮

✷✳ ❊str✉t✉r❛ sér✐❡✲♣❛r❛❧❡❧❛✿ ◆❡st❛ ❡str✉t✉r❛✱ t❛♥t♦ ♦ s✐st❡♠❛ r❡❛❧ q✉❛♥t♦ ♦ ♠♦❞❡❧♦

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



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✹✵

❋✐❣✉r❛ ✺✳✷✿ ❊str✉t✉r❛ sér✐❡✲♣❛r❛❧❡❧❛ ♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s✳

❋♦♥t❡✿ ❆✉t♦r✳

❖ ♠♦❞❡❧♦ ♣♦❞❡ s❡r ❞❡s❝r✐t♦ ♣♦r ✭✺✳✸✮

ŷ(t+ 1) = f̂ [y(t), u(t)] ✭✺✳✸✮

❆s ♣r✐♥❝✐♣❛✐s ✈❛♥t❛❣❡♥s ❡♠ ✉s❛r ❛ ❡str✉t✉r❛ sér✐❡✲♣❛r❛❧❡❧❛ sã♦✿

✭❛✮ ❉❛❞♦ q✉❡ ♦ s✐st❡♠❛ ❛ss✉♠✐❞♦ é ❇■❇❖ ❡stá✈❡❧✱ t♦❞♦s ♦s s✐♥❛✐s ❞❡ ❡♥tr❛❞❛ ✉t✐❧✐✲

③❛❞♦s ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ♥♦ ♠♦❞❡❧♦ ❋✉③③② ♦✉✱ q✉❛❧q✉❡r ♦✉tr❛

❛❜♦r❞❛❣❡♠✱ s❡rã♦ ❧✐♠✐t❛❞♦s✳

✭❜✮ ❉❡✈✐❞♦ à ♥ã♦ ❡①✐stê♥❝✐❛ ❞♦ ❧❛ç♦ ❞❡ r❡❛❧✐♠❡♥t❛çã♦ ♥♦ ♠♦❞❡❧♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦✱

é ♣♦ssí✈❡❧ ✉t✐❧✐③❛r ♦ ♠ét♦❞♦ ❞❡ r❡tr♦♣r♦♣❛❣❛çã♦ ♣❛r❛ ♦ ❛❥✉st❡ ❞♦s ♣❛râ♠❡tr♦s

❞✐♠✐♥✉✐♥❞♦ ❛ss✐♠✱ ♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳

❖ ♣r♦❝❡ss♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ s✐st❡♠❛s ♥ã♦✲❧✐♥❡❛r❡s ♣♦❞❡ s❡r ❞❡s❡♥✈♦❧✈✐❞♦ ❞❡ ❢♦r♠❛

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

✐❞❡♥t✐✜❝❛çã♦ ❛♥❛❧ít✐❝❛ ❡♥✈♦❧✈❡ ❛ ❛♥á❧✐s❡ ❞✐♥â♠✐❝❛ ❞♦ s✐st❡♠❛ ❡ é ❞❡s❡♥✈♦❧✈✐❞♦ ✉♠ ♠♦❞❡❧♦

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

❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞♦ s✐st❡♠❛ ❡ s❡✉ ✉s♦ ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠

♠♦❞❡❧♦ q✉❡ ❛♣r♦①✐♠❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ♦❜s❡r✈❛❞♦✳ ❊st❡ t✐♣♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ♣♦❞❡ s❡r

r❡s✉♠✐❞♦ ♥♦s s❡❣✉✐♥t❡s ♣❛ss♦s✿

✶✳ P❧❛♥❡❥❛♠❡♥t♦ ❡①♣❡r✐♠❡♥t❛❧✿ ❉❡t❡r♠✐♥❛çã♦ ❞❡ ❝♦♠♦ ♦s ❞❛❞♦s s❡rã♦ ❛q✉✐s✐t❛❞♦s✳

◆❡st❛ ❡t❛♣❛ ♦❝♦rr❡ ❛ ❡s❝♦❧❤❛ ❞♦s ❡q✉✐♣❛♠❡♥t♦s ♦✉ ♠ét♦❞♦s ❞❡ ♠❡❞✐çã♦ q✉❡ s❡rã♦



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✹✶

❛❞♦t❛❞♦s✱ t❛①❛s ❞❡ ❛♠♦str❛❣❡♠✱ ♥í✈❡✐s ❛❞♦t❛❞♦s ♣❛r❛ ❡♥tr❛❞❛ ❛❧é♠ ❞❛ s❡❧❡çã♦ ❞❛s

❡♥tr❛❞❛s ❡ s❛í❞❛s ❞♦ ♠♦❞❡❧♦✳

✷✳ ❙❡❧❡çã♦ ❞❛ ❡str✉t✉r❛ ❞♦ ♠♦❞❡❧♦✿ ❙❡❧❡çã♦ ❞❛ ❡str✉t✉r❛ ❞♦ ♠♦❞❡❧♦ ❛❞♦t❛❞♦ ✭♣❛r❛❧❡❧❛

♦✉ sér✐❡✲♣❛r❛❧❡❧❛ ♥❡st❡ tr❛❜❛❧❤♦✮ ❡ ❞❡t❡r♠✐♥❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❛ s❡r❡♠ ❛❥✉st❛❞♦s

✭❡♠ ♠♦❞❡❧♦s ❞♦ t✐♣♦ ❋✉③③② sã♦ ♥ú♠❡r♦ ❡ t✐♣♦ ❞❡ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛

❡♥tr❛❞❛s ❡ s❛í❞❛s✱ ♥ú♠❡r♦ ❞❡ r❡❣r❛s ❡ ❞❡♠❛✐s ❝❛r❛❝t❡ríst✐❝❛s✮✳

✸✳ ❊st✐♠❛çã♦ ❞♦s ♣❛râ♠❡tr♦s✿ ❆❥✉st❡ ❞♦s ♣❛râ♠❡tr♦s ❞❡t❡r♠✐♥❛❞♦s ♥♦ ✐t❡♠ ❛♥t❡r✐♦r✱

✉t✐❧✐③❛♥❞♦ ♦s ❞❛❞♦s ❛q✉✐s✐t❛❞♦s s♦❜r❡ ♦ s✐st❡♠❛ ❡ ♦s ❛❧❣♦rít✐♠♦s ❞❡ ❡st✐♠❛çã♦✳

✹✳ ❱❛❧✐❞❛çã♦✿ ❱❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦ ♣❛r❛ ♦s ❞❛❞♦s ❞❡ t❡st❡✳ ❊①✐st❡♠ ♠✉✐t❛s ❢❡rr❛♠❡♥t❛s

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

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

❞✉❛s té❝♥✐❝❛s s❡rã♦ ✉♥✐❞❛s ♣❛r❛ ❛ ✈❛❧✐❞❛çã♦✳

❆ ❛❜♦r❞❛❣❡♠ ♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦ ✉t✐❧✐③❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦ ♣♦❞❡ s❡r ✐❧✉str❛❞❛ ♣❡❧❛ ❋✐❣✉r❛

✺✳✸✳ ❖ ♠♦❞❡❧♦ ❋✉③③② é ❝♦♥❡❝t❛❞♦ ❡♠ ♣❛r❛❧❡❧♦ ❝♦♠ ♦ s✐st❡♠❛ ♥ã♦ ❧✐♥❡❛r ❡ ♦ s✐♥❛❧ ❞❡ ❡rr♦

❡♥tr❡ ❛s s❛í❞❛s ❞♦ s✐st❡♠❛ ❡ ❞♦ ♠♦❞❡❧♦ ❋✉③③② é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛ ❛t✉❛❧✐③❛çã♦ ❞♦s ♣❛râ♠❡tr♦s

❛❥✉stá✈❡✐s ❞♦ ♠♦❞❡❧♦✳

❋✐❣✉r❛ ✺✳✸✿ ■❞❡♥t✐✜❝❛çã♦ ✉s❛♥❞♦ ❧ó❣✐❝❛ ❋✉③③②✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✹✷

✺✳✷ P❧❛♥❡❥❛♠❡♥t♦ ❡①♣❡r✐♠❡♥t❛❧

▲✉✐③ ❬✷❪ ❞❡s❝r❡✈❡✉ ❛❧❣✉♠❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ✉s✉❛✐s ❡♠ ❝♦♠♣✉t❛❞♦r❡s ❞❡ ✉s♦ ❣❡r❛❧✱

♠♦str❛♥❞♦ ❛ r❡❧❛çã♦ ❡①✐st❡♥t❡ ❡♥tr❡ ❢r❡q✉ê♥❝✐❛ ❡ ✉t✐❧✐③❛çã♦✳ ➱ ❛♣r❡s❡♥t❛❞❛ ♥❛s ❋✐❣✉r❛s

✭✺✳✹✮ ❡ ✭✺✳✺✮ ❛ ✉t✐❧✐③❛çã♦ ♠é❞✐❛ ❡♠ ❢✉♥çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛✱ ♣❛r❛ ✉♠❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦

❧❡✈❡ ❡ ♦✉tr❛ ♣❡s❛❞❛ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ❛ r❡❞✉çã♦ ❞❡ ✉t✐❧✐③❛çã♦ ♥♦

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

s❡ r❡❧❛❝✐♦♥❛♠✳

❋✐❣✉r❛ ✺✳✹✿ ❯t✐❧✐③❛çã♦ ❡♠ ❢✉♥çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ♣❛r❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❧❡✈❡✳

❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ▲✉✐③❬✷❪✳

❋✐❣✉r❛ ✺✳✺✿ ❯t✐❧✐③❛çã♦ ❡♠ ❢✉♥çã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ♣❛r❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ♣❡s❛❞❛✳

❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ▲✉✐③❬✷❪✳

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

❞♦ ♣r♦❝❡ss❛❞♦r y ❡ ❛ ♦❝✐♦s✐❞❛❞❡ ι✳ ❆ ❡s❝♦❧❤❛ ❞♦ ✉s♦ ❞❛ ✉t✐❧✐③❛çã♦ ❡ ❢r❡q✉ê♥❝✐❛ ❞❡✈✐❞♦

à r❡❧❛çã♦ ❡①✐st❡♥t❡ ❡♥tr❡ ❡st❛s ❣r❛♥❞❡③❛s ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ♣♦r ▲✉✐③ ❬✷❪✳ ❆ ❢r❡q✉ê♥❝✐❛

♥♦r♠❛❧✐③❛❞❛ é ❛♣r❡s❡♥t❛❞❛ ❡♠ ✭✺✳✹✮✱ ♦♥❞❡ s0 é ❛ ❢r❡q✉ê♥❝✐❛ ♠á①✐♠❛ ❞♦ ♣r♦❝❡ss❛❞♦r ❡ s(t)

é ❛ ❢r❡q✉ê♥❝✐❛ ❛t✉❛❧ ❞♦ ♣r♦❝❡ss❛❞♦r✳ ❆ ❞✐✈✐sã♦ ♦❝♦rr❡ ❞❡✈✐❞♦ ❛ ✉t✐❧✐③❛çã♦ s❡r ✉♠❛ ❢✉♥çã♦

♠♦♥♦t♦♥✐❝❛♠❡♥t❡ ❝r❡s❝❡♥t❡ ❞❡ s0
s
❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✸✳✹✮✳

u(t) =
s0
s(t)

✭✺✳✹✮

❉✐❢❡r❡♥t❡s ✈❛❧♦r❡s ❞❡ y♦♥ ❡ y♦✛ ♣r❡❝✐s❛♠ s❡r ❣❡r❛❞♦s ♣❛r❛ ❝❛❞❛ t✐♣♦ ❞❡ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦

❡♠ ✭✸✳✹✮✳ ❆ ❡st✐♠❛çã♦ ❞❡st❡s ♣❛râ♠❡tr♦s ❡♠ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ r❡q✉❡r ♦ ✉s♦ ❞❡ té❝♥✐❝❛s

❞❡ ❡st✐♠❛çã♦ t❛✐s ❝♦♠♦ ♠í♥✐♠♦s q✉❛❞r❛❞♦s r❡❝✉rs✐✈♦s✱ ♦ q✉❡ ♣♦❞❡ ❝❛✉s❛r ✉♠❛ s♦❜r❡❝❛r❣❛



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✹✸

♥♦ ❣❡r❡♥❝✐❛❞♦r ❞❡ ❡♥❡r❣✐❛✳ ■st♦ ♣♦❞❡ s❡r ❡✈✐t❛❞♦ ♣❡❧♦ ✉s♦ ❞❡ ι(t − 1)✱ q✉❡ ❢♦r♥❡❝❡ ✉♠❛

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

❛♦ ♠♦❞❡❧♦✱ ♦ t♦r♥❛ ♠❛✐s ❣❡♥ér✐❝♦✳

❋♦r❛♠ s❡❧❡❝✐♦♥❛❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ♣❛r❛ ❣❡r❛r ❞❡♠❛♥❞❛ ♥♦ ♣r♦❝❡ss❛❞♦r✱ s❡♥❞♦ ❡st❛s

❞❡✜♥✐❞❛s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❣❡r❛❞❛✳ ❊①tr❡♠❛✶ ♣❛r❛ ✉t✐❧✐③❛çõ❡s ❡♥tr❡ ✺✺✪ ❡ ✾✺✪✱

♣❡s❛❞❛2 ♣❛r❛ ✉t✐❧✐③❛çõ❡s ❡♥tr❡ ✸✺✪ ❡ ✽✺✪✱ ♠é❞✐❛2 ♣❛r❛ ✉t✐❧✐③❛çõ❡s ❡♥tr❡ ✶✺✪ ❡ ✺✺✪✱ ❧❡✈❡✷

♣❛r❛ ✉t✐❧✐③❛çõ❡s ❡♥tr❡ ✶✵✪ ❡ ✸✺✪ ❡ ♠í♥✐♠❛✸ ♣❛r❛ ✉t✐❧✐③❛çõ❡s ❡♥tr❡ ✸✪ ❡ ✶✹✪✳ ❚❛✐s ❝❛r❣❛s

sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✺✳✶✳

❚❛❜❡❧❛ ✺✳✶✿ ❉❡s❝r✐çã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ✉s❛❞❛s✳
❈❛r❣❛ ❉❡s❝r✐çã♦

❊①tr❡♠❛ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✹❑ ✭✸✽✹✵①✷✶✻✵✮ ✻✵ ❢♣s

P❡s❛❞❛ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✹❑ ✭✸✽✹✵①✷✶✻✵✮ ✸✵ ❢♣s

▼é❞✐❛ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✶✵✽✵♣ ✭✶✾✷✵①✶✵✽✵✮ ✻✵ ❢♣s

▲❡✈❡ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✶✵✽✵♣ ✭✶✾✷✵①✶✵✽✵✮ ✸✵ ❢♣s

▼í♥✐♠❛ ▼ús✐❝❛ ❡♠ ❢♦r♠❛t♦ ♠♣✸ ❝♦♠ t❛①❛ ❞❡ ✸✷✵ ❦❜♣s

❖s ✈í❞❡♦s sã♦ ❝♦❞✐✜❝❛❞♦s ❡♠ ❍✳✷✻✹ ♣♦r ♠❡✐♦ ❞❛ ❜✐❜❧✐♦t❡❝❛ ①✷✻✹ ✹✳ ❖ ❍✳✷✻✹ é ✉♠ ♠é✲

t♦❞♦ ❡ ❢♦r♠❛t♦ ♣❛r❛ ❝♦♠♣r❡ssã♦ ❞❡ ✈í❞❡♦✱ ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ✈í❞❡♦ ❞✐❣✐t❛❧ ❡♠ ✉♠

❢♦r♠❛t♦ q✉❡ ♦❝✉♣❛ ♠❡♥♦s ❝❛♣❛❝✐❞❛❞❡ q✉❛♥❞♦ é ❛r♠❛③❡♥❛❞♦ ♦✉ tr❛♥s♠✐t✐❞♦✳ ❈♦♠♣r❡ssã♦

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

❚❱ ♠ó✈❡❧✱ ✈✐❞❡♦❝♦♥❢❡rê♥❝✐❛ ❡ tr❛♥s♠✐ssã♦ ❞❡ ✈í❞❡♦ ♣❡❧❛ ✐♥t❡r♥❡t ❬✺✺❪✳

P❛r❛ ❝♦♥s❡❣✉✐r ❡st❛ ❝♦♠♣r❡ssã♦✱ ♦ ❝♦❞✐✜❝❛❞♦r ❍✳✷✻✹ ❛t✉❛ r❡♠♦✈❡♥❞♦ r❡❞✉♥❞â♥❝✐❛s ♥♦s

s✐♥❛✐s ❞❡ ✈í❞❡♦✱ s❡♥❞♦ ❛s ♣r✐♥❝✐♣❛✐s✿

✶✳ ❘❡❞✉♥❞â♥❝✐❛ ❡s♣❛❝✐❛❧✿ ❡♠ ✉♠ ❢r❛♠❡ ❞❡ ✉♠ ✈í❞❡♦✱ ♣✐①❡❧s ♣ró①✐♠♦s ❣❡r❛❧♠❡♥t❡ sã♦

❝♦rr❡❧❛❝✐♦♥❛❞♦s✱ ❞❡ss❛ ❢♦r♠❛✱ ♦ ❝♦❞✐✜❝❛❞♦r r❡❡s❝r❡✈❡ ❛s ✐♥❢♦r♠❛çõ❡s ❞♦ ❢r❛♠❡ ❛♣r♦✲

✈❡✐t❛♥❞♦ ✐♥❢♦r♠❛çõ❡s ❞❡ ♣✐①❡❧s ❛♥t❡r✐♦r❡s✱ ✉t✐❧✐③❛♥❞♦ ♠❡♥♦s ✐♥❢♦r♠❛çã♦ ♣❛r❛ r❡♣r❡✲

s❡♥t❛r ❝❛❞❛ ♣✐①❡❧✳

✷✳ ❘❡❞✉♥❞â♥❝✐❛ t❡♠♣♦r❛❧✿ ❡♠ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❢r❛♠❡s✱ ♠✉✐t❛s ✈❡③❡s ✉♠ ♣✐①❡❧ ♥ã♦

♠✉❞❛ ♠✉✐t♦ s✉❛ ♣♦s✐çã♦ ♦✉ ♥ã♦ ♠✉❞❛✳ ❉❡ss❛ ❢♦r♠❛✱ ♦ ❝♦❞✐✜❝❛❞♦r ❜❛s❡✐❛✲s❡ ♥♦s

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

❞♦s ♣✐①❡❧s ❛t✉❛✐s✳

✶❤tt♣✿✴✴❜❜❜✸❞✳r❡♥❞❡r❢❛r♠✐♥❣✳♥❡t✴❞♦✇♥❧♦❛❞✳❤t♠❧
✷❤tt♣s✿✴✴❞✉r✐❛♥✳❜❧❡♥❞❡r✳♦r❣✴❞♦✇♥❧♦❛❞✴
✸❤tt♣✿✴✴❢r❡❡♠✉s✐❝❛r❝❤✐✈❡✳♦r❣✴
✹❤tt♣✿✴✴✇✇✇✳✈✐❞❡♦❧❛♥✳♦r❣✴❞❡✈❡❧♦♣❡rs✴①✷✻✹✳❤t♠❧



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✹✹

✸✳ ❘❡❞✉♥❞â♥❝✐❛ Ps✐❝♦✲❱✐s✉❛❧✿ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✈✐s✉❛❧✐③❛çã♦ ❞♦ ♦❧❤♦ ❤✉♠❛♥♦ ♣♦ss✉✐

❧✐♠✐t❡s ♣❛r❛ ❛ ❞✐st✐♥çã♦ ❞❡ ❞❡t❛❧❤❡s✳ ❉❡ss❛ ❢♦r♠❛✱ ♦ ❝♦❞✐✜❝❛❞♦r r❡t✐r❛ ✐♥❢♦r♠❛çõ❡s

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

✐♥❢♦r♠❛çõ❡s ♥♦ ✈í❞❡♦✳

❙❡♥❞♦ ❛ss✐♠✱ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❡①✐❣✐❞♦ ♣❛r❛ ♦s ✈í❞❡♦s s❡ t♦r♥❛ ♠❡♥♦r q✉❛♥❞♦ ❡①✐st❡

✉♠❛ s❡q✉ê♥❝✐❛s ❞❡ ❢r❛♠❡s ♣❛r❡❝✐❞♦s ❡♥tr❡ s✐ ❡ ❝♦♠ ✐♠❛❣❡♥s ❞❡ ❢✉♥❞♦ ❡stát✐❝❛s✱ r❡s✉❧t❛♥❞♦

❡♠ ✉♠ ❝♦♥s✉♠♦ ♠❡♥♦r ❞❡ ♣♦tê♥❝✐❛ ♥❡st❛s s❡q✉ê♥❝✐❛s ❡ ❡①✐❣❡ ✉♠ ♣r♦❝❡ss❛♠❡♥t♦ ♠❛✐♦r

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

♣♦tê♥❝✐❛✳

❋♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ✉♠ s♦❢t✇❛r❡ ❡♠ ❈ ♣❛r❛ ❡①❡❝✉t❛r ❡♠ ❡s♣❛ç♦ ❞❡ ✉s✉ár✐♦ ❞♦ ▲✐♥✉① ♣❛r❛

❛♣❧✐❝❛r ❢r❡q✉ê♥❝✐❛s ❞❡s❡❥❛❞❛s ❡♠ t♦❞♦s ♦s ♥ú❝❧❡♦s ❞♦ ♣r♦❝❡ss❛❞♦r ❝♦♠ ♦ ✉s♦ ❞♦ ✉t✐❧✐tár✐♦

✐♥❞✐❝❛t♦r✲❝♣✉❢r❡q✺ ❡ r❡❛❧✐③❛r ♠❡❞✐çõ❡s ❞❛ ✉t✐❧✐③❛çã♦ y ❡ ❞❛ ♦❝✐♦s✐❞❛❞❡ ι✳

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

tr❛❜❛❧❤♦ ❞❡s❝r✐t❛s ♥❛ ❚❛❜❡❧❛ ✺✳✶ ❡♠ ❞✐❢❡r❡♥t❡s ❢r❡q✉ê♥❝✐❛s✱ ❡ ♠❡❞✐r ❛ ✉t✐❧✐③❛çã♦ y ❡ ♦❝✐♦s✐✲

❞❛❞❡ ι ❞♦ ♣r♦❝❡ss❛❞♦r ❞✉r❛♥t❡ ♦ t❡st❡ ✭♣r✐♠❡✐r❛ ❧✐♥❤❛ ❞♦ ❛rq✉✐✈♦ ✴♣r♦❝✴st❛t✮✳ ❈❛❞❛ ❝❛r❣❛

❞❡ tr❛❜❛❧❤♦ ❢♦✐ ❡①❡❝✉t❛❞❛ ♣♦r ✶✻ ♠✐♥✉t♦s✱ ❝♦♠ ❛ ❢r❡q✉ê♥❝✐❛ ❞✐str✐❜✉í❞❛ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦✿

✶✳ P❛r❛ t ∈ [0, 60]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 3,2GHz✳

✷✳ P❛r❛ t ∈ (60, 120]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 800MHz✳

✸✳ P❛r❛ t ∈ (120, 180]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 1GHz✳

✹✳ P❛r❛ t ∈ (180, 240]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 1,1GHz✳

✺✳ P❛r❛ t ∈ (240, 300]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 1,3GHz✳

✻✳ P❛r❛ t ∈ (300, 360]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 1,5GHz✳

✼✳ P❛r❛ t ∈ (360, 420]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 1,7GHz✳

✽✳ P❛r❛ t ∈ (420, 480]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 1,8GHz✳

✾✳ P❛r❛ t ∈ (480, 540]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 2,0GHz✳

✶✵✳ P❛r❛ t ∈ (540, 600]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 2,2GHz✳

✶✶✳ P❛r❛ t ∈ (600, 660]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 2,3GHz✳

✶✷✳ P❛r❛ t ∈ (660, 720]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 2,5GHz✳

✶✸✳ P❛r❛ t ∈ (720, 780]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 2,7GHz✳

✺❤tt♣s✿✴✴❧❛✉♥❝❤♣❛❞✳♥❡t✴✐♥❞✐❝❛t♦r✲❝♣✉❢r❡q
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✶✹✳ P❛r❛ t ∈ (780, 840]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 2,9GHz✳

✶✺✳ P❛r❛ t ∈ (840, 900]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 3,0GHz✳

✶✻✳ P❛r❛ t ∈ (900, 960]s✿ ❢r❡q✉ê♥❝✐❛ ❡♠ 3,2GHz✳

P❛r❛ q✉❡ ♦ ♠♦❞❡❧♦ ♣❡r❝❡❜❛ ♦ ♠á①✐♠♦ ❡ ♦ ♠í♥✐♠♦ ❞❡ ✉t✐❧✐③❛çã♦ q✉❡ ❛❝♦♥t❡❝❡ ❡♠ ❝❛❞❛

❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❡s❝♦❧❤✐❞❛✱ ♦ t❡st❡ é ✐♥✐❝✐❛❞♦ ❝♦♠ ❛ ♠á①✐♠❛ ❢r❡q✉ê♥❝✐❛ ♣♦ssí✈❡❧ ❡♠

❝❛❞❛ ♥ú❝❧❡♦ ❞♦ ♣r♦❝❡ss❛❞♦r✱ ♦❜t❡♥❞♦✲s❡ ❛ ♠í♥✐♠❛ ✉t✐❧✐③❛çã♦ ♣❛r❛ ❛q✉❡❧❛ ❝❛r❣❛✳ ❆♣ós ✻✵

s❡❣✉♥❞♦s✱ ❛ ❢r❡q✉ê♥❝✐❛ é ♠✉❞❛❞❛ ♣❛r❛ ♦ ♠í♥✐♠♦ ♣♦ssí✈❡❧ ❡♠ ❝❛❞❛ ♥ú❝❧❡♦ ❞♦ ♣r♦❝❡ss❛❞♦r✱

♦❜t❡♥❞♦✲s❡ ❛ss✐♠ ❛ ♠á①✐♠❛ ✉t✐❧✐③❛çã♦ ♣❛r❛ ❛q✉❡❧❛ ❝❛r❣❛✳ ❊♠ s❡❣✉✐❞❛ ❛s ❢r❡q✉ê♥❝✐❛s sã♦

✐♥❝r❡♠❡♥t❛❞❛s ❛ ❝❛❞❛ ✻✵ s❡❣✉♥❞♦s ♣❛r❛ q✉❡ s❡❥❛ ♦❜t✐❞❛ ❛ ✉t✐❧✐③❛çã♦ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❡st❛s✳

❊st❛s ♠✉❞❛♥ç❛s ❞❡ ❢r❡q✉ê♥❝✐❛s ❝❛✉s❛♠ ♦ ❡❢❡✐t♦ ✐♥✈❡rs♦ ♥❛ ♦❝✐♦s✐❞❛❞❡ ❞♦ ♣r♦❝❡ss❛❞♦r✱

♦✉ s❡❥❛✱ ❞✉r❛♥t❡ ♦s ♣r✐♠❡✐r♦s ✻✵ s❡❣✉♥❞♦s s❡rá ♦❜t✐❞♦ ❛ ♦❝✐♦s✐❞❛❞❡ ♠á①✐♠❛✱ ✉s❛♥❞♦ ❛

♠á①✐♠❛ ❢r❡q✉ê♥❝✐❛ ❡ ♥♦s ♣ró①✐♠♦s ✻✵ s❡❣✉♥❞♦s ❛ ♦❝✐♦s✐❞❛❞❡ ♠í♥✐♠❛ ✉s❛♥❞♦✲s❡ ❛ ♠í♥✐♠❛

❢r❡q✉ê♥❝✐❛✳

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

❚❛❜❡❧❛ ✺✳✶✳ ❉❡ss❛ ❢♦r♠❛✱ ♦ t❡st❡ t♦t❛❧ t❡♠ ❞✉r❛çã♦ ❞❡ ✽✵ ♠✐♥✉t♦s✱ ❞✐✈✐❞✐❞♦s ❡♠✿

✶✳ P❛r❛ t ∈ [0, 16]min✿ ❡①❡❝✉çã♦ ❞❛ ❝❛r❣❛ ❡①tr❡♠❛✳

✷✳ P❛r❛ t ∈ (16, 32]min✿ ❡①❡❝✉çã♦ ❞❛ ❝❛r❣❛ ♣❡s❛❞❛✳

✸✳ P❛r❛ t ∈ (32, 48]min✿ ❡①❡❝✉çã♦ ❞❛ ❝❛r❣❛ ♠é❞✐❛✳

✹✳ P❛r❛ t ∈ (48, 64]min✿ ❡①❡❝✉çã♦ ❞❛ ❝❛r❣❛ ❧❡✈❡✳

✺✳ P❛r❛ t ∈ (64, 80]min✿ ❡①❡❝✉çã♦ ❞❛ ❝❛r❣❛ ♠í♥✐♠❛✳

✺✳✸ ❊str✉t✉r❛ ❞♦ ♠♦❞❡❧♦

❖ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ✉s❛❞♦s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❋✉③③② é ❝♦♠♣♦st♦ ♣❡❧♦ q✉♦❝✐❡♥t❡ u(t) ❡♥tr❡ ❛

♠á①✐♠❛ ❢r❡q✉ê♥❝✐❛ ❡ ❢r❡q✉ê♥❝✐❛ ❛t✉❛❧✱ ❛ ♦❝✐♦s✐❞❛❞❡ ❛tr❛s❛❞❛ ι(t − 1) ❡ ❛ ✉t✐❧✐③❛çã♦ y(t)✱

❝♦♠♦ ❞❡✜♥✐❞♦ ❡♠ ✭✺✳✺✮✳

ZN = {(u(t),ι(t− 1),y(t))}, t = 1,2 . . . ,N ✭✺✳✺✮

♦♥❞❡ N é ♦ ♥ú♠❡r♦ ❞❡ ❞❛❞♦s ❛q✉✐s✐t❛❞♦s✳

❖s ❞❛❞♦s ✉s❛❞♦s ♣❛r❛ ♦ tr❡✐♥❛♠❡♥t♦ ❞♦s ♠♦❞❡❧♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❋✐❣✉r❛ ✺✳✻✳

❊st❡s ❞❛❞♦s ❢♦r❛♠ ♦❜t✐❞♦s ♣♦r ♠❡✐♦ ❞♦s t❡st❡s ❞❡s❝r✐t♦s ♥❛ ❙❡çã♦ ✺✳✷✳ ❈♦♠♦ ♣♦❞❡ s❡r

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

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



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✹✻

♣❛r❛ ❡st❡ t✐♣♦ ❞❡ s✐st❡♠❛✳ ❚❛♠❜é♠ é ♣♦ssí✈❡❧ ♥♦t❛r ❛ ❞✐❢❡r❡♥ç❛ ❡①✐st❡♥t❡ ♥❛ ✉t✐❧✐③❛çã♦

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

❜❛✐①❛ ❡ ♦❝✐♦s✐❞❛❞❡ ♠❛✐s ❛❧t❛ ❡♥❝♦♥tr❛❞❛ é ♣❛r❛ ❛ ❝❛r❣❛ ♠í♥✐♠❛✱ ❝♦♠♦ ❡s♣❡r❛❞♦✱ ❡♠

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

❡ ❡①tr❡♠❛✳ ❈♦♠ ❜❛s❡ ♥❡st❡s ❞❛❞♦s✱ ❛ ❡str✉t✉r❛ ✉s❛❞❛ ♣❛r❛ ♦ tr❡✐♥❛♠❡♥t♦ ❞♦s ♠♦❞❡❧♦s

❋✉③③② é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✼✳

❋✐❣✉r❛ ✺✳✻✿ ❉❛❞♦s ✉t✐❧✐③❛❞♦s ♥♦ tr❡✐♥❛♠❡♥t♦ ❞♦ ♠♦❞❡❧♦s ❋✉③③②✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✺✳✼✿ ❊str✉t✉r❛ ✉s❛❞❛ ♣❛r❛ ♦ tr❡✐♥❛♠❡♥t♦✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✹✼

✺✳✹ ❊st✐♠❛çã♦ ❞❡ ♣❛râ♠❡tr♦s

❖s ♣r✐♥❝✐♣❛✐s ♣❛râ♠❡tr♦s ❛ s❡r❡♠ ❡st✐♠❛❞♦s ♣❛r❛ ♦s ♠♦❞❡❧♦s ❋✉③③② sã♦ ❛s ❢✉♥çõ❡s ❞❡

♣❡rt❡♥❝✐♠❡♥t♦ ❞❛s ❡♥tr❛❞❛s ✭q✉❛♥t✐❞❛❞❡ ❡ t✐♣♦✮✱ ❝♦♠♦ ❛s ❢✉♥çõ❡s ❞❡ s❛í❞❛ ❡ r❡❣r❛s✳ P❛r❛

♦ ❛❧❣♦r✐t♠♦ ❆◆❋■❙ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✸✳✺✳✶✱ ♣♦❞❡♠ s❡r ✉s❛❞❛s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐✲

♠❡♥t♦ ❞♦ t✐♣♦ ❣❛✉ss✐❛♥❛ ♦✉ s✐♥♦✱ r❡❛♣r❡s❡♥t❛❞❛s ❡♠ ✭✺✳✻✮ ❡ ✭✺✳✼✮ r❡s♣❡❝t✐✈❛♠❡♥t❡ ♣♦r

❝♦♠♦❞✐❞❛❞❡✳

µij(x) = exp

[

−

(
x− cj
2ai

)2
]

✭✺✳✻✮

µij(x) =
1

1 +
∣
∣
∣
x−cj
ai

∣
∣
∣

2b
✭✺✳✼✮

♦♥❞❡ ai✱ bi ❡ ci sã♦ ❛❥✉st❛❞♦s ♣♦r ♠❡✐♦ ❞♦ ♠ét♦❞♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ r❡tr♦♣r♦♣❛❣❛çã♦✳

P❛r❛ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ ❋❈▼ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✸✳✻✱ ❛s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥✲

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

❞❡ ❝❛❞❛ ❞❛❞♦ ❛♦ ❞❡t❡r♠✐♥❛❞♦ ❝❧✉st❡r✱ s❡♥❞♦ r❡❛♣r❡s❡♥t❛❞❛ ❡♠ ✭✺✳✽✮ ♣♦r ❝♦♠♦❞✐❞❛❞❡✳

µij =
1

∑c

k=1(
||xi−cj ||

||xi−ck||
)

2

m−1

✭✺✳✽✮

❉❡st❛ ❢♦r♠❛ sã♦ ✉s❛❞♦s ♦s ♣ró♣r✐♦s ❝❧✉st❡rs ❝♦♠♦ ❝❡♥tr♦s ❞❛s ❢✉♥çõ❡s ❣❛✉ss✐❛♥❛s ❡

❧❛r❣✉r❛ σ é ❞❡✜♥✐❞❛ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✺✳✾✮✳

σ =

∑n

i=1

√
−(xi−cj)2

2log(µij)

n
✭✺✳✾✮

♦♥❞❡ xi é ♦ ❞❛❞♦ ❞❡ ✉♠❛ ❡♥tr❛❞❛✱ cj é ♦ ❝❧✉st❡r ✉s❛❞♦ ❝♦♠♦ ❝❡♥tr♦ ❞❛ ❢✉♥çã♦ ❞❡ ♣❡r✲

t❡♥❝✐♠❡♥t♦ ❣❛✉ss✐❛♥❛ ❡ µij sã♦ ♦s ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞♦ ❞❛❞♦ xi ❛♦ ❝❧✉st❡r cj ❝♦♠♦

❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✺✳✽✮✳

P❛r❛ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❙❡çã♦ ✸✳✼✱ ❛s ❢✉♥çõ❡s ❞❡

♣❡rt❡♥❝✐♠❡♥t♦ sã♦ ❞♦ t✐♣♦ ❣❛✉ss✐❛♥❛ ❡ ❞❡✜♥✐❞❛s ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✺✳✶✵✮✳

µij = e−α||xi−cj || ✭✺✳✶✵✮

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

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

✉s❛❞❛s ❛s ♣ró♣r✐❛s ♠étr✐❝❛s ❞♦s ♠ét♦❞♦s ❆◆❋■❙ ❡ ❋❈▼✳ ❆♣❡♥❛s ♦ ♠♦❞❡❧♦ ❝r✐❛❞♦ ♣♦r

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

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

❝❧✉st❡rs ♦s ❞❛❞♦s q✉❡ ♣♦ss✉❡♠ ♠❛✐♦r ♣❡s♦ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✸✳✸✹✮✳ ❆ss✐♠ ❢♦✐ ✉s❛❞♦



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✹✽

❝♦♠♦ ❝r✐tér✐♦ ❞❡ ❛✈❛❧✐❛çã♦ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❆◆❋■❙ ♦ ❡rr♦ ♠é❞✐♦ q✉❛❞rát✐❝♦ ✭❘▼❙❊✮

❞❡t❡r♠✐♥❛❞♦ ♥❛ ❝r✐❛çã♦ ❞❛s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦✱ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✸✳✷✸✮ ❡ ♦ ♥ú♠❡r♦

❞❡ r❡❣r❛s ❝r✐❛❞♦s ♣♦r ❡st❡s ♠♦❞❡❧♦s✳ P❛r❛ ♦s ♠♦❞❡❧♦s ❋❈▼✱ ♦ ❝r✐tér✐♦ ❢♦✐ ❛ ♠✐♥✐♠✐③❛çã♦

❞❛ ❢✉♥çã♦ ❞❡ ❝✉st♦ ❛♣r❡s❡♥t❛❞❛ ❡♠ ✭✸✳✸✵✮ ❡ ♦ ♥ú♠❡r♦ ❞❡ r❡❣r❛s ❝r✐❛❞♦ ♣♦r ❡st❡s ♠♦❞❡❧♦s✳

➱ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❚❛❜❡❧❛ ✺✳✷ ♦ ❡rr♦ ♠é❞✐♦ q✉❛❞rát✐❝♦ ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ r❡❣r❛s ❣❡r❛❞❛s

♣❛r❛ ♦s ♠♦❞❡❧♦s ❞❡s❡♥✈♦❧✈✐❞♦s ♣♦r ♠❡✐♦ ❞❡ ❆◆❋■❙ ❡ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞♦ t✐♣♦

s✐♥♦✳ ➱ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✽ ❛ r❡❧❛çã♦ ❡♥tr❡ ❡rr♦ ❡ ♥ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ♣❛r❛ ♠❡✲

❧❤♦r ✈✐s✉❛❧✐③❛çã♦✳ ❖s ❡rr♦s ❞✐♠✐♥✉❡♠ ❛ ❝❛❞❛ ♥♦✈❛ ❢✉♥çã♦ ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦✱ ♣♦ré♠ ✐st♦

❛✉♠❡♥t❛ ♠✉✐t♦ ♦ ♥ú♠❡r♦ ❞❡ r❡❣r❛s ❞♦ ♠♦❞❡❧♦✱ ❥á q✉❡ ❡st❛s ❛✉♠❡♥t❛♠ ❝♦♠ ♦ q✉❛❞r❛❞♦

❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❢✉♥çõ❡s✱ ♦ t♦r♥❛♥❞♦ ❜❡♠ ♠❛✐s ❝♦♠♣❧❡①♦✳ P♦ré♠ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r

q✉❡✱ ❛té ❝✐♥❝♦ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♦ ❡rr♦ ❞✐♠✐♥✉✐ ❝♦♠ ✉♠❛ t❛①❛ ♠❛✐♦r q✉❡ ❛❝✐♠❛

❞❡ ❝✐♥❝♦ ❢✉♥çõ❡s✳ ❉❡ss❛ ❢♦r♠❛ ❢♦✐ ❛❞♦t❛❞❛ ❡st❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❢✉♥çõ❡s✱ ❥á q✉❡ ❝♦♠ ♠❛✐s

❢✉♥çõ❡s✱ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♠♦❞❡❧♦ ❡♠ r❡❧❛çã♦ ❛♦ ❡rr♦ ♦ t♦r♥❛ ✐♥✈✐á✈❡❧✳

❚❛❜❡❧❛ ✺✳✷✿ ◆ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦✱ ❡rr♦ ♠é❞✐♦ q✉❛❞rát✐❝♦ ❡ ♥ú♠❡r♦ ❞❡

r❡❣r❛s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆◆❋■❙ ✉s❛♥❞♦ ❢✉♥çõ❡s ❞♦ t✐♣♦ s✐♥♦✳
▼♦❞❡❧♦ ❆◆❋■❙ ✲ ❋✉♥çã♦ t✐♣♦ s✐♥♦

◆ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❘▼❙❊ ◆ú♠❡r♦ ❞❡ r❡❣r❛s

✷ ✵✱✵✸✼✾✹✵ ✹

✸ ✵✱✵✸✼✹✼✺ ✾

✹ ✵✱✵✸✻✻✹✻ ✶✻

✺ ✵✱✵✸✺✾✽✺ ✷✺

✻ ✵✱✵✸✺✽✻✸ ✸✻

✼ ✵✱✵✸✺✽✶✵ ✹✾

✽ ✵✱✵✸✺✼✺✷ ✻✹

✾ ✵✱✵✸✺✺✸✶ ✽✶

✶✵ ✵✱✵✸✺✸✷✶ ✶✵✵

✶✶ ✵✱✵✸✺✵✹✷ ✶✷✶

✶✷ ✵✱✵✸✹✽✼✹ ✶✹✹

✶✸ ✵✱✵✸✹✻✷✸ ✶✻✾

✶✹ ✵✱✵✸✹✷✻✺ ✶✾✻

✶✺ ✵✱✵✸✸✾✽✺ ✷✷✺

❖s ❡rr♦s ♠é❞✐♦s q✉❛❞rát✐❝♦s ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ r❡❣r❛s ❣❡r❛❞❛s ♣❛r❛ ♦s ♠♦❞❡❧♦s ❞❡s❡♥✲

✈♦❧✈✐❞♦s ❝♦♠ ❆◆❋■❙ ❡ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞♦ t✐♣♦ ❣❛✉ss✐❛♥❛s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛

❚❛❜❡❧❛ ✺✳✸✳ ➱ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✾ ❛ r❡❧❛çã♦ ❡♥tr❡ ❡rr♦ ❡ ♥ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ♣❛r❛

♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦✳



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✹✾

❋✐❣✉r❛ ✺✳✽✿ ❘▼❙❊ ❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❢✉♥çõ❡s ♣❛r❛ ♠♦❞❡❧♦s ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦ s✐♥♦✳

❋♦♥t❡✿ ❆✉t♦r✳

❚❛❜❡❧❛ ✺✳✸✿ ◆ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦✱ ❡rr♦ ♠é❞✐♦ q✉❛❞rát✐❝♦ ❡ ♥ú♠❡r♦ ❞❡

r❡❣r❛s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆◆❋■❙ ✉s❛♥❞♦ ❢✉♥çõ❡s ❞♦ t✐♣♦ ❣❛✉ss✐❛♥❛✳
▼♦❞❡❧♦ ❆◆❋■❙ ✲ ❋✉♥çã♦ t✐♣♦ ❣❛✉ss✐❛♥❛

◆ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❘▼❙❊ ◆ú♠❡r♦ ❞❡ r❡❣r❛s

✷ ✵✱✵✸✼✾✺✻ ✹

✸ ✵✱✵✸✻✾✽✺ ✾

✹ ✵✱✵✸✻✷✽✻ ✶✻

✺ ✵✱✵✸✺✸✹✼ ✷✺

✻ ✵✱✵✸✺✷✻✷ ✸✻

✼ ✵✱✵✸✺✶✹✸ ✹✾

✽ ✵✱✵✸✹✾✺✹ ✻✹

✾ ✵✱✵✸✹✼✺✸ ✽✶

✶✵ ✵✱✵✸✹✺✾✽ ✶✵✵

✶✶ ✵✱✵✸✹✸✻✻ ✶✷✶

✶✷ ✵✱✵✸✹✷✽✶ ✶✹✹

✶✸ ✵✱✵✸✸✾✺✸ ✶✻✾

✶✹ ✵✱✵✸✸✻✷✷ ✶✾✻

✶✺ ✵✱✵✸✸✺✺✻ ✷✷✺

❖ ♠❡s♠♦ ❢❡♥ô♠❡♥♦ s❡ r❡♣❡t❡ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s ❞♦ t✐♣♦ ❣❛✉ss✐❛♥❛✱

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

➱ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❚❛❜❡❧❛ ✺✳✹ ❛ ❢✉♥çã♦ ❞❡ ❝✉st♦ JFCM ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ r❡❣r❛s ❣❡r❛❞❛s

♣❛r❛ ♦s ♠♦❞❡❧♦s ❞❡s❡♥✈♦❧✈✐❞♦s ❝♦♠ ❋❈▼ ❞♦ t✐♣♦ ❙✉❣❡♥♦✳ ➱ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✶✵

❛ r❡❧❛çã♦ ❡♥tr❡ ❡rr♦ ❡ ♥ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❡ ❡♠ ❞❡t❛❧❤❡ ♣❛r❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦✳

❆ ❢✉♥çã♦ ❞❡ ❝✉st♦ JFCM ♣❛r❛ ♦s ♠♦❞❡❧♦s t✐♣♦ ❙✉❣❡♥♦ é r❡❞✉③✐❞❛ ❛ ❝❛❞❛ ♥♦✈❛ ❢✉♥çã♦

❞❡ ♣❡rt❡♥❝✐♠❡♥t♦✳ ➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡✱ ❛té s❡✐s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦✱ ❛ ❢✉♥çã♦ é

r❡❞✉③✐❞❛ ❝♦♠ ✉♠❛ t❛①❛ ♠❛✐♦r q✉❡ ❛❝✐♠❛ ❞❡ s❡✐s ❢✉♥çõ❡s✳ ❉❡ss❛ ❢♦r♠❛✱ ❢♦✐ ❡s❝♦❧❤✐❞♦ ❡st❛



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✺✵

❋✐❣✉r❛ ✺✳✾✿ ❘▼❙❊ ❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❢✉♥çõ❡s ♣❛r❛ ♠♦❞❡❧♦s ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦ ❣❛✉s✲

s✐❛♥❛✳

❋♦♥t❡✿ ❆✉t♦r✳

❚❛❜❡❧❛ ✺✳✹✿ ◆ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦✱ ❢✉♥çã♦ ❞❡ ❝✉st♦ ❡ ♥ú♠❡r♦ ❞❡ r❡❣r❛s

♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼ ❞♦ t✐♣♦ ❙✉❣❡♥♦✳
▼♦❞❡❧♦ ❋❈▼ ✲ ❚✐♣♦ ❙✉❣❡♥♦

◆ú♠❡r♦ ❞❡ ❢✉♥çõ❡s JFCM ◆ú♠❡r♦ ❞❡ r❡❣r❛s

✷ ✷✽✱✷✾✹✺✺✽ ✷

✸ ✶✱✺✾✹✶✺✸✵ ✸

✹ ✵✱✷✶✶✾✾✷ ✹

✺ ✵✱✵✹✹✺✵✹ ✺

✻ ✵✱✵✶✷✺✶✶ ✻

✼ ✵✱✵✵✹✷✺✶ ✼

✽ ✵✱✵✵✶✻✼✾ ✽

✾ ✵✱✵✵✵✼✻✺ ✾

✶✵ ✵✱✵✵✵✹✶✸ ✶✵

✶✶ ✵✱✵✵✵✷✶✶ ✶✶

✶✷ ✵✱✵✵✵✶✶✻ ✶✷

✶✸ ✵✱✵✵✵✵✻✻ ✶✸

✶✹ ✵✱✵✵✵✵✸✾ ✶✹

✶✺ ✵✱✵✵✵✵✷✹ ✶✺

q✉❛♥t✐❞❛❞❡ ❞❡ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ❡st❡ t✐♣♦ ❞❡ ♠♦❞❡❧♦✳

➱ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❚❛❜❡❧❛ ✺✳✺ ❛ ❢✉♥çã♦ ❞❡ ❝✉st♦ ❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ r❡❣r❛s ❣❡r❛❞❛s ♣❛r❛

♦s ♠♦❞❡❧♦s ❞❡s❡♥✈♦❧✈✐❞♦s ❝♦♠ ❋❈▼ ❞♦ t✐♣♦ ▼❛♠❞❛♥✐✳ ➱ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✺✳✶✶ ❛

r❡❧❛çã♦ ❡♥tr❡ ❡rr♦ ❡ ♥ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❡ ❡♠ ❞❡t❛❧❤❡ ♣❛r❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦✳

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

❞❡ ♣❡rt❡♥❝✐♠❡♥t♦✳ ◆♦✈❛♠❡♥t❡ ❛té s❡✐s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❛ ❢✉♥çã♦ é r❡❞✉③✐❞❛ ❝♦♠

✉♠❛ t❛①❛ ♠❛✐♦r q✉❡ ❛❝✐♠❛ ❞❡ s❡✐s ❢✉♥çõ❡s✱ ❝♦♠♦ ❡①♣♦st♦ ♥♦ t✐♣♦ ❙✉❣❡♥♦✳ ❆ q✉❛♥t✐❞❛❞❡



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✺✶

❋✐❣✉r❛ ✺✳✶✵✿ ❋✉♥çã♦ ❞❡ ❝✉st♦ ❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❢✉♥çõ❡s ♣❛r❛ ♠♦❞❡❧♦s ❋❈▼ ❞♦ t✐♣♦ ❙✉❣❡♥♦✳

❋♦♥t❡✿ ❆✉t♦r✳

❚❛❜❡❧❛ ✺✳✺✿ ◆ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦✱ ❢✉♥çã♦ ❞❡ ❝✉st♦ ❡ ♥ú♠❡r♦ ❞❡ r❡❣r❛s

♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼ ❞♦ t✐♣♦ ▼❛♠❞❛♥✐✳
▼♦❞❡❧♦ ❋❈▼ ✲ ❚✐♣♦ ▼❛♠❞❛♥✐

◆ú♠❡r♦ ❞❡ ❢✉♥çõ❡s JFCM ◆ú♠❡r♦ ❞❡ r❡❣r❛s

✷ ✷✽✱✷✾✹✺✺✺ ✷

✸ ✶✱✺✾✹✶✺✷ ✸

✹ ✵✱✷✶✷✷✾✽ ✹

✺ ✵✱✵✹✹✹✺✽ ✺

✻ ✵✱✵✶✷✸✶✷ ✻

✼ ✵✱✵✵✹✷✸✼ ✼

✽ ✵✱✵✵✶✾✽✼ ✽

✾ ✵✱✵✵✵✽✻✶ ✾

✶✵ ✵✱✵✵✵✹✶✵ ✶✵

✶✶ ✵✱✵✵✵✷✶✶ ✶✶

✶✷ ✵✱✵✵✵✶✶✹ ✶✷

✶✸ ✵✱✵✵✵✵✻✻ ✶✸

✶✹ ✵✱✵✵✵✵✸✾ ✶✹

✶✺ ✵✱✵✵✵✵✷✹ ✶✺

❞❡ ❢✉♥çõ❡s ❡s❝♦❧❤✐❞❛s ❢♦✐ s❡✐s✳

❖ ♠♦❞❡❧♦ ❞❡s❡♥✈♦❧✈✐❞♦ ❝♦♠ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛ ♣♦ss✉✐ ❝✐♥❝♦ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐✲

♠❡♥t♦ ♣❛r❛ ❝❛❞❛ ❡♥tr❛❞❛✱ ❝♦♠ s❡✉s ♣❡s♦s Pi ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✺✳✻✳

✺✳✺ ▼♦❞❡❧♦s ❞❡s❡♥✈♦❧✈✐❞♦s

❆s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❡s❡♥✈♦❧✈✐❞❛s sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛s ❋✐❣✉r❛s ✺✳✶✷✱ ✺✳✶✸✱ ✺✳✶✹✱

✺✳✶✺ ❡ ✺✳✶✻ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦ s✐♥♦✱ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✺✷

❋✐❣✉r❛ ✺✳✶✶✿ ❋✉♥çã♦ ❞❡ ❝✉st♦ ❡ q✉❛♥t✐❞❛❞❡ ❞❡ ❢✉♥çõ❡s ♣❛r❛ ♠♦❞❡❧♦s ❋❈▼ ❞♦ t✐♣♦ ▼❛♠✲

❞❛♥✐✳

❋♦♥t❡✿ ❆✉t♦r✳

❚❛❜❡❧❛ ✺✳✻✿ P❡s♦s ❞❡ ❝❛❞❛ ❝❧✉st❡r ♣❛r❛ ♦ ♠♦❞❡❧♦ ❝♦♠ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛✳
▼♦❞❡❧♦ ❝♦♠ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛

❈❧✉st❡r P❡s♦ Pi

✶ ✶

✷ ✵✱✺✺✻✽✵✽

✸ ✵✱✷✷✶✹✸✶

✹ ✵✱✷✶✽✽✷✻

✺ ✵✱✶✾✶✷✽✾

❣❛✉ss✐❛♥❛✱ ❋❈▼ ❙✉❣❡♥♦✱ ❋❈▼ ▼❛♠❞❛♥✐ ❡ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ➱

♣♦ssí✈❡❧ ♥♦t❛r q✉❡ ❛❧❣✉♠❛s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♥♦s ♠♦❞❡❧♦s ❋❈▼ ❡stã♦ s♦❜r❡♣♦st❛s

❡♠ ❛♠❜❛s ❛s ❡♥tr❛❞❛s✿ ♥❛ ❋✐❣✉r❛ ✺✳✶✹ ❛s ❢✉♥çõ❡s u4 ❡ u6✱ ι1 ❡ ι5 ♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼

❙✉❣❡♥♦ ❡ ♥❛ ❋✐❣✉r❛ ✺✳✶✺ ❛s ❢✉♥çõ❡s u3 ❡ u4✱ ι5 ❡ ι6 ♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼ t✐♣♦ ▼❛♠❞❛♥✐✳

❉❡ss❛ ❢♦r♠❛✱ ♦♣t♦✉✲s❡ ♣♦r r❡❞✉③✐r ♦ ♥ú♠❡r♦ ❞❡ ❢✉♥çõ❡s ❞❡st❡s ♠♦❞❡❧♦s ♣❛r❛ ❝✐♥❝♦✱ r❡s✉❧✲

t❛♥❞♦ ♥❛s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❛♣r❡s❡♥t❛❞❛s ♥❛s ❋✐❣✉r❛s ✺✳✶✼ ❡ ✺✳✶✽ ♣❛r❛ ♦s ♠♦❞❡❧♦s

❋❈▼ ❙✉❣❡♥♦ ❡ ▼❛♠❞❛♥✐ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ r❡s✉❧t❛♥❞♦ ❡♠ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ s❡♠

s♦❜r❡♣♦s✐çõ❡s✳



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✺✸

❋✐❣✉r❛ ✺✳✶✷✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐✲

♠❡♥t♦ t✐♣♦ s✐♥♦✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✺✳✶✸✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐✲

♠❡♥t♦ t✐♣♦ ❣❛✉ss✐❛♥❛✳

❋♦♥t❡✿ ❆✉t♦r✳
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❋✐❣✉r❛ ✺✳✶✹✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼ t✐♣♦ ❙✉❣❡♥♦✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✺✳✶✺✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼ t✐♣♦ ▼❛♠❞❛♥✐✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✺✺

❋✐❣✉r❛ ✺✳✶✻✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❝♦♠ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✺✳✶✼✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼ t✐♣♦ ❙✉❣❡♥♦✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✺✻

❋✐❣✉r❛ ✺✳✶✽✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼ t✐♣♦ ▼❛♠❞❛♥✐✳

❋♦♥t❡✿ ❆✉t♦r✳

❆s s❛í❞❛s ♣❛r❛ ♦s ♠♦❞❡❧♦s ❆◆❋■❙✱ ❋❈▼ t✐♣♦ ❙✉❣❡♥♦ ❡ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛ sã♦

❞❡s❝r✐t❛s ♣♦r ✭✺✳✶✶✮✳ ❆♣❡♥❛s ♦ ♠♦❞❡❧♦ ❋❈▼ t✐♣♦ ▼❛♠❞❛♥✐ ♣♦ss✉✐ s❛í❞❛ ❞✐❢❡r❡♥t❡✱ s❡♥❞♦

❡st❛ ❝♦♥st✐t✉í❞❛ ♣♦r ♦✉tr❛s ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦✳

zi = au(t) + bι(t− 1) + c ✭✺✳✶✶✮

❖s ♣❛râ♠❡tr♦s a✱ b ❡ c sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❚❛❜❡❧❛s ✺✳✼✱ ✺✳✽✱ ✺✳✾✱ ✺✳✶✵ ♣❛r❛ ♦s ♠♦❞❡❧♦s

❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦ s✐♥♦✱ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦ ❣❛✉ss✐❛♥❛s✱ ❋❈▼ ❙✉❣❡♥♦ ❡ ❝❧✉s✲

t❡r✐③❛çã♦ s✉❜tr❛t✐✈❛ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❆ s❛í❞❛ ❞♦ ♠♦❞❡❧♦ ❋❈▼ ▼❛♠❞❛♥✐ é ❛♣r❡s❡♥t❛❞❛

♥❛ ❋✐❣✉r❛ ✺✳✶✾✳



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✺✼

❚❛❜❡❧❛ ✺✳✼✿ P❛râ♠❡tr♦s ❞❛s s❛í❞❛s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦ s✐♥♦✱
❙❛í❞❛s a b c ❙❛í❞❛s a b c

z1 ✵✱✸✹✷✽ ✽✱✽✺✻ ✲✵✱✸✸✷ z14 ✵✱✶✾✺✸ ✲✷✱✸✶✶ ✶✱✺✹✾

z2 ✲✵✱✷✸✹✽ ✲✵✱✵✾✾✸✷ ✵✱✵✸✷✵✼ z15 ✲✵✱✹✽✻✸ ✲✼✱✺✷ ✽✱✽✹

z3 ✵✱✶✹✷✺ ✲✷✱✾✺✺ ✷✱✵✽✶ z16 ✲✵✱✵✹✾✵✻ ✹✱✽✻✺ ✶✱✶✹✽

z4 ✲✵✱✵✷✻✶✻ ✲✵✱✹✹✹✸ ✵✱✻✶✽✶ z17 ✲✵✱✵✸✵✷✹ ✶✱✻✵✾ ✲✵✱✺✹✾✾

z5 ✵✱✵✼✷✽✾ ✼✱✼✸✾ ✲✼✱✺✷ z18 ✵✱✶✺✼✹ ✲✷✱✶✾✽ ✶✱✷✻✽

z6 ✵✱✵✹✹✵✸ ✲✹✱✹✾✶ ✶✱✺✼✸ z19 ✵✱✶✶✵✸ ✲✶✱✶✵✺ ✵✱✽✶✹✷

z7 ✲✵✱✵✸✸✷✷ ✵✱✼✻ ✵✱✼✼✻✼ z20 ✵✱✵✻✵✺✻ ✶✽✱✽✼ ✲✶✼✱✺✸

z8 ✵✱✵✼✺✷✹ ✲✵✱✶✽✵✶ ✵✱✶✽✻ z21 ✲✵✱✷✹✵✺ ✸✱✾✻✹ ✶✱✻✺

z9 ✵✱✵✷✾✽ ✲✶✱✻✷✹ ✶✱✻✹✾ z22 ✲✶✱✸✵✼ ✲✶✱✸✽✹ ✺✱✻✹✽

z10 ✲✵✱✵✶✺✼ ✶✸✱✼✻ ✲✶✷✱✾✸ z23 ✹✱✹✷✼ ✲✸✱✺✺✺ ✲✶✺✱✵✼

z11 ✵✱✵✹✶✺✺ ✲✵✱✶✵✷✹ ✵✱✹✻✸✺ z24 ✲✵✱✺✼✺✻ ✲✽✱✸✼✶ ✾✱✷✻✷

z12 ✲✵✱✵✹✽✽✼ ✲✷✱✼✾ ✶✱✻✼✷ z25 ✻✱✹✼✻ ✲✷✾✱✻✾ ✸✱✾✽

z13 ✵✱✵✹✹✹✺ ✲✶✱✸✶✽ ✶✱✷✻✶

❚❛❜❡❧❛ ✺✳✽✿ P❛râ♠❡tr♦s ❞❛s s❛í❞❛s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦ ❣❛✉ss✐❛♥❛✱
❙❛í❞❛s a b c ❙❛í❞❛s a b c

z1 ✵✱✸✸✸ ✻✱✶✷✾ ✲✵✱✹✵✻✸ z14 ✵✱✵✼✺✵✷ ✲✷✱✵✼✼ ✶✱✼✽✶

z2 ✲✵✱✶✶✽✽ ✲✵✱✽✷✷ ✵✱✼✸✻✺ z15 ✵✱✵✻✸✼✶ ✶✱✷✻✻ ✲✶✱✵✾✹

z3 ✵✱✵✹✶✸✶ ✲✶✱✹✷✶ ✶✱✷✼✺ z16 ✲✵✱✵✵✼✸✼✶ ✺✱✼✻✸ ✵✱✹✺✹✼

z4 ✲✵✱✵✽✼✾✺ ✲✵✱✺✹✾✷ ✵✱✼✻✺✾ z17 ✲✵✱✶✽✷ ✵✱✷✺✷✼ ✵✱✼✺✵✸

z5 ✵✱✶✼✶✻ ✹✱✻✶✼ ✲✹✱✹✾✺ z18 ✵✱✶✶✾✽ ✲✶✱✷✺✹ ✵✱✽✷✼

z6 ✵✱✶✶✾✾ ✶✶✱✻✻ ✵✱✷✶✾✻ z19 ✲✵✱✵✹✼✵✼ ✲✷✱✼✾✻ ✷✱✺✷✹

z7 ✲✵✱✵✹✹✺✹ ✻✱✼✶✸ ✲✶✱✺✹✽ z20 ✶✱✷✻✼ ✲✻✱✸✶✾ ✷✱✼✻✹

z8 ✵✱✵✺✻✹✷ ✶✱✵✽✶ ✲✵✱✻✽ z21 ✵✱✵✵✵✺✾✾✷ ✶✵✱✷ ✵✱✺✽✵✽

z9 ✲✵✱✵✹✶✸✸ ✷✱✷✵✼ ✲✶✱✹✹ z22 ✲✶✱✺ ✹✱✺✸✼ ✹✱✽✷✶

z10 ✵✱✶✹✶✽ ✷✷✱✵✺ ✲✷✶✱✸ z23 ✶✱✸✻✷ ✲✵✱✷✸✼✺ ✲✺✱✵✾✷

z11 ✲✵✱✵✹✵✺✻ ✲✸✱✵✶✸ ✵✱✾✸✷✼ z24 ✲✷✱✶✷✹ ✲✶✻✱✾✹ ✷✷✱✺✽

z12 ✲✵✱✵✷✸✷✻ ✲✸✱✽✵✺ ✶✱✽✺✻ z25 ✶✸✱✻✼ ✲✻✹✱✺✽ ✼✱✻✸✺

z13 ✵✱✵✶✸✵✽ ✲✷✱✵✾ ✶✱✼✻



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✺✽

❚❛❜❡❧❛ ✺✳✾✿ P❛râ♠❡tr♦s ❞❛s s❛í❞❛s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼ t✐♣♦ ❙✉❣❡♥♦✱
❙❛í❞❛s a b c

z1 ✵✱✵✵✶✺✸✹ ✲✵✱✾✽✼✸ ✵✱✾✽✾✺

z2 ✲✵✱✵✹✾✻ ✲✵✱✷✶✺✽ ✵✱✾✽✼✹

z3 ✲✵✱✵✼✾✸ ✲✵✱✵✾✺✼✽ ✵✱✺✾✻✼

z4 ✲✵✱✵✵✶✹✺✸ ✲✶✱✶✷✺ ✶✱✶✶✼

z5 ✵✱✵✶✶✷✻ ✲✶✱✵✵✸ ✵✱✾✶✾✺

❚❛❜❡❧❛ ✺✳✶✵✿ P❛râ♠❡tr♦s ❞❛s s❛í❞❛s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❝♦♠ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛✱
❙❛í❞❛s a b c

z1 ✵✱✵✸✻✹ ✲✵✱✼✵✼✶ ✵✱✻✹✼✼

z2 ✲✵✱✵✸✻✷✶ ✲✵✱✶✾✸✼ ✵✱✾✷✷

z3 ✲✵✱✵✽✸✷✼ ✲✵✱✵✾✶✹✺ ✵✱✺✺✵✶

z4 ✲✵✱✵✵✶✷✺✶ ✲✶✱✵✾✾ ✶✱✵✷✸

z5 ✵✱✵✶✵✹✺ ✲✶✱✵✷✹ ✵✱✾✾✶✺

❋✐❣✉r❛ ✺✳✶✾✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❛ s❛í❞❛ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼ t✐♣♦ ▼❛♠❞❛♥✐✳

❋♦♥t❡✿ ❆✉t♦r✳

❆s r❡❣r❛s ♦s ♠♦❞❡❧♦s ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦ s✐♥♦ ❡ ❣❛✉ss✐❛♥❛ sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛

❚❛❜❡❧❛ ✺✳✶✶ ❡ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❋❈▼ t✐♣♦ ❙✉❣❡♥♦ ❡ ▼❛♠❞❛♥✐ ❡ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛

sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✺✳✶✷✳



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✺✾

❚❛❜❡❧❛ ✺✳✶✶✿ ❘❡❣r❛s ♣❛r❛ ♦s ♠♦❞❡❧♦s ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦ s✐♥♦ ❡ ❣❛✉ss✐❛♥❛✳

❘❡❣r❛s
❊♥tr❛❞❛s ❙❛í❞❛

u(t) t✲♥♦r♠❛ ι(t− 1) ŷ(t)

R1 u1 ❊ ι1 y1

R2 u1 ❊ ι2 y2

R3 u1 ❊ ι3 y3

R4 u1 ❊ ι4 y4

R5 u1 ❊ ι5 y5

R6 u2 ❊ ι1 y6

R7 u2 ❊ ι2 y7

R8 u2 ❊ ι3 y8

R9 u2 ❊ ι4 y9

R10 u2 ❊ ι5 y10

R11 u3 ❊ ι1 y11

R12 u3 ❊ ι2 y12

R13 u3 ❊ ι3 y13

R14 u3 ❊ ι4 y14

R15 u3 ❊ ι5 y15

R16 u4 ❊ ι1 y16

R17 u4 ❊ ι2 y17

R18 u4 ❊ ι3 y18

R19 u4 ❊ ι4 y19

R20 u4 ❊ ι5 y20

R21 u5 ❊ ι1 y21

R22 u5 ❊ ι2 y22

R23 u5 ❊ ι3 y23

R24 u5 ❊ ι4 y24

R25 u5 ❊ ι5 y25



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✻✵

❚❛❜❡❧❛ ✺✳✶✷✿ ❘❡❣r❛s ♣❛r❛ ♦s ♠♦❞❡❧♦s ❋❈▼ t✐♣♦ ❙✉❣❡♥♦ ❡ ▼❛♠❞❛♥✐ ❡ ❝❧✉st❡r✐③❛çã♦ s✉❜✲

tr❛t✐✈❛✳

❘❡❣r❛s
❊♥tr❛❞❛s ❙❛í❞❛

u(t) t✲♥♦r♠❛ ι(t− 1) ŷ(t)

R1 u1 ❊ ι1 y1

R2 u2 ❊ ι2 y2

R3 u3 ❊ ι3 y3

R4 u4 ❊ ι4 y4

R5 u5 ❊ ι5 y5

✺✳✻ ❱❛❧✐❞❛çã♦

❋♦r❛♠ ✉s❛❞♦s ❞♦✐s ♣r♦❝❡ss♦s ♣❛r❛ ❛ ✈❛❧✐❞❛çã♦ ❞♦s ♠♦❞❡❧♦s✿ ♦ t❡st❡ ❞❡ q✉✐✲q✉❛❞r❛❞♦✱ ♣❛r❛

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

❡ ♦ ❡rr♦ ♠é❞✐♦ q✉❛❞rát✐❝♦✱ ♣❛r❛ ✈❛❧✐❞❛r ✉♠❛ ❜♦❛ ♣r❡❝✐sã♦ ❡♥tr❡ ♦s ✈❛❧♦r❡s ❡st✐♠❛❞♦s ❡

❡s♣❡r❛❞♦s✳

✺✳✻✳✶ ❚❡st❡ ◗✉✐✲q✉❛❞r❛❞♦

❚❛❧ t❡st❡ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ✈❡r✐✜❝❛r s❡ ❛ ❢r❡q✉ê♥❝✐❛ ❝♦♠ q✉❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❛❝♦♥t❡❝✐♠❡♥t♦

♦❜s❡r✈❛❞♦ ❡♠ ✉♠❛ ❛♠♦str❛ s❡ ❞❡s✈✐❛ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♦✉ ♥ã♦ ❞❛ ❢r❡q✉ê♥❝✐❛ ❝♦♠ q✉❡ ❡❧❡

é ❡s♣❡r❛❞♦❬✺✻❪✳ P❛r❛ t❛❧✱ ❛❧❣✉♠❛s ❝♦♥❞✐çõ❡s ❞❡✈❡♠ s❡r ❛t❡♥❞✐❞❛s ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦

t❡st❡✿

✶✳ ❖s ❞❛❞♦s ♣r❡❝✐s❛♠ s❡r ❞✐✈✐❞✐❞♦s ❡♠ ❣r✉♣♦s❀

✷✳ ❖s ❣r✉♣♦s sã♦ ✐♥❞❡♣❡♥❞❡♥t❡s❀

✸✳ ❖s ✐t❡♥s ❞❡ ❝❛❞❛ ❣r✉♣♦ sã♦ s❡❧❡❝✐♦♥❛❞♦s ❛❧❡❛t♦r✐❛♠❡♥t❡❀

✹✳ ❆s ♦❜s❡r✈❛çõ❡s ❞❡✈❡♠ s❡r ❢r❡q✉ê♥❝✐❛s ♦✉ ❝♦♥t❛❣❡♥s❀

✺✳ ❈❛❞❛ ♦❜s❡r✈❛çã♦ ♣❡rt❡♥❝❡ ❛ ✉♠❛ ❡ s♦♠❡♥t❡ ✉♠❛ ❝❛t❡❣♦r✐❛✳

❉❡ss❛ ❢♦r♠❛✱ s❡❥❛ ✉♠ ❡①♣❡r✐♠❡♥t♦ ♦♥❞❡ ❢♦r❛♠ r❡❛❧✐③❛❞❛s N ♠❡❞✐çõ❡s ❞❡ ✉♠❛ ✈❛r✐á✈❡❧

X✱ s❡♥❞♦ X ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✺✳✶✷✮✳ P❛r❛ ❛ ✈❡r✐✜❝❛çã♦ s❡ ❛ ❞✐str✐❜✉✐çã♦ ❞❡st❡s ❞❛❞♦s

é ❝♦♥s✐st❡♥t❡ ❝♦♠ ❛ ❞✐str✐❜✉✐çã♦ ❡s♣❡r❛❞❛ ♣❛r❛ ♦ ❢❡♥ô♠❡♥♦✱ é ♥❡❝❡ssár✐♦ ❞❡✜♥✐r ✐♥t❡r✈❛❧♦s

aj ≤ x ≤ bj ❡ ❝❛❧❝✉❧❛r ♦ ♥ú♠❡r♦ ❡s♣❡r❛❞♦ ❞❡ ♠❡❞✐❞❛s q✉❡ ❞❡✈❡♠ ❡st❛r ❞❡♥tr♦ ❞❡ ❝❛❞❛

✐♥t❡r✈❛❧♦ j ❞❡✜♥✐❞♦✱ ♦♥❞❡ j = 1, 2, ..., n ❡ n é ♦ ♥ú♠❡r♦ ❞❡ ✐♥t❡r✈❛❧♦s ❞❡✜♥✐❞♦s✳



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✻✶

X = [x1, x2, ..., xN ] ✭✺✳✶✷✮

❆s ❞✐s❝r❡♣â♥❝✐❛s ❡♥tr❡ ❛s ♣r♦♣♦rçõ❡s ♦❜s❡r✈❛❞❛s ❡ ❡s♣❡r❛❞❛s sã♦ ❛♣r❡s❡♥t❛❞❛ ❡♠ ✭✺✳✶✸✮✳

χ2
exp =

n∑

j=1

(Oj − Ej)
2

Ej

✭✺✳✶✸✮

♦♥❞❡ Oj é ❛ ❢r❡q✉ê♥❝✐❛ ♦❜s❡r✈❛❞❛ ♣❛r❛ ❝❛❞❛ ❣r✉♣♦ ❡ Ej é ❛ ❢r❡q✉ê♥❝✐❛ ❡s♣❡r❛❞❛ ♣❛r❛ ❝❛❞❛

❣r✉♣♦✳

❉❡✈❡♠ s❡r ❡♥tã♦ t❡st❛❞❛s ❞✉❛s ❤✐♣ót❡s❡s✿

✶✳ ❍✐♣ót❡s❡ ♥✉❧❛✿ ❆s ❢r❡q✉ê♥❝✐❛s ♦❜s❡r✈❛❞❛s ♥ã♦ sã♦ ❞✐❢❡r❡♥t❡s ❞❛s ❢r❡q✉ê♥❝✐❛s ❡s♣❡r❛✲

❞❛s✳ P♦rt❛♥t♦ ♥ã♦ ❡①✐st❡ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s ❢r❡q✉ê♥❝✐❛s ✭❝♦♥t❛❣❡♥s✮ ❞♦s ❣r✉♣♦s❀

✷✳ ❍✐♣ót❡s❡ ❛❧t❡r♥❛t✐✈❛✿ ❆s ❢r❡q✉ê♥❝✐❛s ♦❜s❡r✈❛❞❛s sã♦ ❞✐❢❡r❡♥t❡s ❞❛ ❢r❡q✉ê♥❝✐❛s ❡s♣❡✲

r❛❞❛s✳ P♦rt❛♥t♦ ❡①✐st❡ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❛s ❢r❡q✉ê♥❝✐❛s✳

P❛r❛ t❡st❛r ❛s ❤✐♣ót❡s❡s é ♥❡❝❡ssár✐♦ ♦ ❝á❧❝✉❧♦ ❞❡ ✭✺✳✶✸✮ ❡ ❞❡ ✉♠ χ2
teo t❡ór✐❝♦✱ ♣❛r❛

❝♦♠♣❛r❛çã♦ ❡ t♦♠❛❞❛ ❞❡ ❞❡❝✐sã♦✳ ❙❡ χ2
exp ≥ χ2

teo r❡❥❡✐t❛✲s❡ ❛ ❤✐♣ót❡s❡ ♥✉❧❛ ❡ ❛❝❡✐t❛✲s❡

❛ ❤✐♣ót❡s❡ ❛❧t❡r♥❛t✐✈❛✳ ❙❡ χ2
exp < χ2

teo ❛❝❡✐t❛✲s❡ ❛ ❤✐♣ót❡s❡ ♥✉❧❛ ❡ r❡❥❡✐t❛✲s❡ ❛ ❤✐♣ót❡s❡

❛❧t❡r♥❛t✐✈❛✳

P❛r❛ ♦ χ2
teo é ♥❡❝❡ssár✐♦ ❡st❛❜❡❧❡❝❡r ✉♠ ♥í✈❡❧ ❞❡ s✐❣♥✐✜❝â♥❝✐❛ α✱ r❡♣r❡s❡♥t❛♥❞♦ ♦ r✐s❝♦

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

✐❣✉❛❧ ❛ 5%✱ ♦✉ s❡❥❛✱ 0 < α ≤ 0,05✳ ❊ ❛❧é♠ ❞✐ss♦✱ é ♥❡❝❡ssár✐♦ ❞❡t❡r♠✐♥❛r ✉♠ ❣r❛✉ ❞❡

❧✐❜❡r❞❛❞❡ ♣❛r❛ ♦s ✐♥t❡r✈❛❧♦s j ❞❡✜♥✐❞♦s✳

➱ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✺✳✷✵ ❛ ❞✐str✐❜✉✐çã♦ χ2 ♣❛r❛ ❞✐❢❡r❡♥t❡s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡✳

❋✐❣✉r❛ ✺✳✷✵✿ ❉✐str✐❜✉✐çã♦ χ2✳

❋♦♥t❡✿ ❆✉t♦r✳

●r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡

❈♦♥s✐❞❡r❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s q✉❛❧q✉❡r✳ ●r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ é ♦ ♥ú♠❡r♦ ❞❡ ✈❛❧♦r❡s

❞❡st❡ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s q✉❡ ♣♦❞❡♠ ✈❛r✐❛r ❛♣ós t❡r❡♠ s✐❞♦ ✐♠♣♦st❛s ❝❡rt❛s r❡str✐çõ❡s ❛



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✻✷

t♦❞♦s ♦s ✈❛❧♦r❡s✳ ❉❡st❛ ❢♦r♠❛✱ s❡♥❞♦ ♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ❝é❧✉❧❛s ❡♠ ✉♠❛ t❛❜❡❧❛ ❞❡ ❞❛❞♦s

❡s♣❡r❛❞♦s ❡ ♦❜s❡r✈❛❞♦s (l× c) lc✳ ❈♦♥❤❡❝❡♥❞♦ ♦s l t♦t❛✐s ❞❛s ❧✐♥❤❛s✱ ✜❝❛♠ ✐♠❡❞✐❛t❛♠❡♥t❡

❝♦♥❤❡❝✐❞♦s l ❞♦s lc ✈❛❧♦r❡s ❞❛s ❝é❧✉❧❛s ✭✉♠ ❞❡ ❝❛❞❛ ❧✐♥❤❛✮✳ ❊♥tã♦ ♦ ♥ú♠❡r♦ ❞❡ ❝é❧✉❧❛s

✐♥❞❡♣❡♥❞❡♥t❡s ♣❛ss❛rá ❛ lc − l✳ ❙❡ ❝♦♥s✐❞❡r❛r♠♦s ♦s c t♦t❛✐s ❞❛s ❝♦❧✉♥❛s✱ ♣❡r❝❡❜❡♠♦s

q✉❡ ❛♣❡♥❛s c − 1 ❞❡❧❡s ❞❡✈❡♠ s❡r ❝♦♥s✐❞❡r❛❞♦s✳ ❈❛❞❛ ✉♠ ❞❡st❡s c − 1 t♦t❛✐s✱ ✜①❛ ✉♠

✈❛❧♦r ❞❡ ❝é❧✉❧❛ ❡♠ ❝❛❞❛ ❝♦❧✉♥❛✳ ❊♥tã♦ ♦ ♥ú♠❡r♦ ❞❡ t❡r♠♦s ✐♥❞❡♣❡♥❞❡♥t❡s ♣❛ss❛rá ❛ s❡r

(lc− l)− (c− 1) = (l − 1)(c− 1)✳

❉❛❞♦s ❡s♣❡r❛❞♦s ❡ ♦❜s❡r✈❛❞♦s

P❛r❛ ✈❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦✱ ❢♦r❛♠ ❢❡✐t❛s ♠❡❞✐çõ❡s ❞❡ ❢r❡q✉ê♥❝✐❛ ♥♦r♠❛❧✐③❛❞❛ u(t)✱ ♦❝✐✲

♦s✐❞❛❞❡ ι(t − 1) ❡ ✉t✐❧✐③❛çõ❡s y(t) ♣❛r❛ ♦✉tr❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ❞❡ ♠❡s♠❛ ♥❛t✉r❡③❛✱

❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✺✳✶✸✳ ❉✉r❛♥t❡ ❛ r❡❛❧✐③❛çã♦ ❞♦s t❡st❡s✱ ❛s ✐♥t❡r❢❛❝❡s ❞❡ r❡❞❡ ❢♦r❛♠

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

s✐st❡♠❛ ♦♣❡r❛❝✐♦♥❛❧ ❢♦r❛♠ ❝❛♥❝❡❧❛❞♦s✳

❚❛❜❡❧❛ ✺✳✶✸✿ ❈❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ♣❛r❛ ✈❛❧✐❞❛çã♦ ❞♦s ♠♦❞❡❧♦s✳
❈❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ❉❡s❝r✐çã♦

❈❛r❣❛ ✶ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✶✵✽✵♣ ✭✶✾✷✵①✶✵✽✵✮ ✸✵ ❢♣s

❈❛r❣❛ ✷ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✶✵✽✵♣ ✭✶✾✷✵①✶✵✽✵✮ ✻✵ ❢♣s

❈❛r❣❛ ✸ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✶✹✹✵♣ ✭✷✺✻✵①✶✹✹✵✮ ✸✵ ❢♣s

❈❛r❣❛ ✹ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✹❦ ✭✸✽✹✵①✷✶✻✵✮ ✸✵ ❢♣s

❈❛r❣❛ ✺ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✹❦ ✭✸✽✹✵①✷✶✻✵✮ ✻✵ ❢♣s

❖s ❞❛❞♦s ❞❡ ✈❛❧✐❞❛çã♦ ❡ ❡st✐♠❛❞♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣✉r❛s ✺✳✷✶✱ ✺✳✷✷✱ ✺✳✷✸✱ ✺✳✷✹✱

✺✳✷✺ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s s✐♥♦✱ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s ❣❛✉ss✐❛♥❛s✱ ❋❈▼ t✐♣♦

❙✉❣❡♥♦✱ ❋❈▼ t✐♣♦ ▼❛♠❞❛♥✐ ❡ ❝♦♠ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❋✐❣✉r❛ ✺✳✷✶✿ ❘❡s✉❧t❛❞♦ ❞❡ ✈❛❧✐❞❛çã♦ ♣❛r❛ ♠♦❞❡❧♦ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦ s✐♥♦✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✻✸

❋✐❣✉r❛ ✺✳✷✷✿ ❘❡s✉❧t❛❞♦ ❞❡ ✈❛❧✐❞❛çã♦ ♣❛r❛ ♠♦❞❡❧♦ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦ ❣❛✉ss✐❛♥❛✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✺✳✷✸✿ ❘❡s✉❧t❛❞♦ ❞❡ ✈❛❧✐❞❛çã♦ ♣❛r❛ ♠♦❞❡❧♦ ❋❈▼ t✐♣♦ ❙✉❣❡♥♦✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✺✳✷✹✿ ❘❡s✉❧t❛❞♦ ❞❡ ✈❛❧✐❞❛çã♦ ♣❛r❛ ♠♦❞❡❧♦ ❋❈▼ t✐♣♦ ▼❛♠❞❛♥✐✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✻✹

❋✐❣✉r❛ ✺✳✷✺✿ ❘❡s✉❧t❛❞♦ ❞❡ ✈❛❧✐❞❛çã♦ ♣❛r❛ ♠♦❞❡❧♦ ❝♦♠ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛✳

❋♦♥t❡✿ ❆✉t♦r✳

❖s ❣r✉♣♦s j ♣❛r❛ ❛s ❢r❡q✉ê♥❝✐❛s ❡s♣❡r❛❞❛s ❡ ♦❜s❡r✈❛❞❛s ❛❞♦t❛❞♦s sã♦✿

✶✳ E1 ❡ O1 ♣❛r❛ y ❡ ŷ ∈ [0; 0,2]❀

✷✳ E2 ❡ O2 ♣❛r❛ y ❡ ŷ ∈ (0,2; 0,4]❀

✸✳ E3 ❡ O3 ♣❛r❛ y ❡ ŷ ∈ (0,4; 0,6]❀

✹✳ E4 ❡ O4 ♣❛r❛ y ❡ ŷ ∈ (0,6; 0,8]❀

✺✳ E5 ❡ O5 ♣❛r❛ y ❡ ŷ ∈ (0,8; 1]❀

❆s ❢r❡q✉ê♥❝✐❛s ❡s♣❡r❛❞❛s ❡ ♦❜s❡r✈❛❞❛s sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛s ❚❛❜❡❧❛s ✺✳✶✹✱ ✺✳✶✺✱ ✺✳✶✻✱

✺✳✶✼✱ ✺✳✶✽ ♣❛r❛ ♦s ♠♦❞❡❧♦s ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦ s✐♥♦✱ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s t✐♣♦ ❣❛✉ss✐✲

❛♥❛s✱ ❋❈▼ t✐♣♦ ❙✉❣❡♥♦✱ ❋❈▼ t✐♣♦ ▼❛♠❞❛♥✐ ❡ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❯s❛♥❞♦ ✺✳✶✸ ♣♦❞❡✲s❡ ❝❛❧❝✉❧❛r χ2
exp ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ♠♦❞❡❧♦s✳ ❖ ❣r❛✉ ❞❡ ❧✐❜❡r❞❛❞❡ ♣❛r❛

❝❛❞❛ ✉♠ ❞♦s ♠♦❞❡❧♦s é (5− 1)(2− 1)✱ r❡s✉❧t❛♥❞♦ ❡♠ 4 ❡ ❛❞♦t♦✉✲s❡ α = 0,01 ❞❡ss❛ ❢♦r♠❛

❡①✐st❡ ✉♠ r✐s❝♦ ❞❡ ✶✪ ❞❡ s❡ r❡❥❡✐t❛r ❛ ❤✐♣ót❡s❡ ✈❡r❞❛❞❡✐r❛✳

❚❛❜❡❧❛ ✺✳✶✹✿ ❋r❡q✉ê♥❝✐❛s ❡s♣❡r❛❞❛s ❡ ♦❜s❡r✈❛❞❛s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s s✐♥♦✳
j Ej Oj

✶ ✶ ✷

✷ ✶✼✷✺ ✶✼✷✼

✸ ✶✷✾✵ ✶✸✵✸

✹ ✶✵✹✼ ✶✶✵✾

✺ ✼✹✷ ✻✻✹



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✻✺

❚❛❜❡❧❛ ✺✳✶✺✿ ❋r❡q✉ê♥❝✐❛s ❡s♣❡r❛❞❛s ❡ ♦❜s❡r✈❛❞❛s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s

❣❛✉ss✐❛♥❛s✳
j Ej Oj

✶ ✶ ✷

✷ ✶✼✷✺ ✶✻✺✶

✸ ✶✷✾✵ ✶✹✸✾

✹ ✶✵✹✼ ✶✷✸✺

✺ ✼✹✷ ✹✼✽

❚❛❜❡❧❛ ✺✳✶✻✿ ❋r❡q✉ê♥❝✐❛s ❡s♣❡r❛❞❛s ❡ ♦❜s❡r✈❛❞❛s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼ ❞♦ t✐♣♦ ❙✉❣❡♥♦✳
j Ej Oj

✶ ✶ ✶

✷ ✶✼✷✺ ✶✼✷✽

✸ ✶✷✾✵ ✶✸✵✸

✹ ✶✵✹✼ ✶✶✵✼

✺ ✼✹✷ ✻✻✻

❚❛❜❡❧❛ ✺✳✶✼✿ ❋r❡q✉ê♥❝✐❛s ❡s♣❡r❛❞❛s ❡ ♦❜s❡r✈❛❞❛s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼ ❞♦ t✐♣♦ ▼❛♠❞❛♥✐✳
j Ej Oj

✶ ✶ ✵

✷ ✶✼✷✺ ✶✶✻✷

✸ ✶✷✾✵ ✶✹✶✸

✹ ✶✵✹✼ ✷✷✸✵

✺ ✼✹✷ ✵

❚❛❜❡❧❛ ✺✳✶✽✿ ❋r❡q✉ê♥❝✐❛s ❡s♣❡r❛❞❛s ❡ ♦❜s❡r✈❛❞❛s ♣❛r❛ ♦ ♠♦❞❡❧♦ ❝♦♠ ❝❧✉st❡r✐③❛çã♦ s✉❜✲

tr❛t✐✈❛✳
j Ej Oj

✶ ✶ ✶

✷ ✶✼✷✺ ✶✼✶✾

✸ ✶✷✾✵ ✶✸✵✻

✹ ✶✵✹✼ ✶✶✶✷

✺ ✼✹✷ ✻✻✼

❚❡♠♦s χ2
teo = 13,2767 ❡ ♣❛r❛ ❝❛❞❛ ♠♦❞❡❧♦ t❡♠♦s✿



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✻✻

✶✳ ▼♦❞❡❧♦ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s s✐♥♦✿ χ2
exp = 13,0042✱ ❧♦❣♦ ❛ ❤✐♣ót❡s❡ ♥✉❧❛ é ❛❝❡✐t❛ ❡ ♦

♠♦❞❡❧♦ é ❛♣r♦✈❛❞♦❀

✷✳ ▼♦❞❡❧♦ ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s ❣❛✉ss✐❛♥❛s✿ χ2
exp = 149,0719✱ ❧♦❣♦ ❛ ❤✐♣ót❡s❡ ❛❧t❡r♥❛t✐✈❛

é ❛❝❡✐t❛ ❡ ♦ ♠♦❞❡❧♦ é r❡♣r♦✈❛❞♦❀

✸✳ ▼♦❞❡❧♦ ❋❈▼ t✐♣♦ ❙✉❣❡♥♦✿ χ2
exp = 11,3590✱ ❧♦❣♦ ❛ ❤✐♣ót❡s❡ ♥✉❧❛ é ❛❝❡✐t❛ ❡ ♦ ♠♦❞❡❧♦

é ❛♣r♦✈❛❞♦❀

✹✳ ▼♦❞❡❧♦ ❋❈▼ t✐♣♦ ▼❛♠❞❛♥✐✿ χ2
exp = 2275,1✱ ❧♦❣♦ ❛ ❤✐♣ót❡s❡ ❛❧t❡r♥❛t✐✈❛ é ❛❝❡✐t❛ ❡ ♦

♠♦❞❡❧♦ é r❡♣r♦✈❛❞♦❀

✺✳ ▼♦❞❡❧♦ ❝♦♠ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛✿ χ2
exp = 11,8355✱ ❧♦❣♦ ❛ ❤✐♣ót❡s❡ ♥✉❧❛ é ❛❝❡✐t❛

❡ ♦ ♠♦❞❡❧♦ é ❛♣r♦✈❛❞♦✳

❖s ♠♦❞❡❧♦s ❛♣r♦✈❛❞♦s ♣❡❧♦ t❡st❡ q✉✐✲q✉❛❞r❛❞♦ ❢♦r❛♠ ♦s ♠♦❞❡❧♦s ❆◆❋■❙ ❝♦♠ ❢✉♥çõ❡s

s✐♥♦✱ ❋❈▼ t✐♣♦ ❙✉❣❡♥♦ ❡ ❝❧✉st❡r✐③❛çã♦ s✉❜tr❛t✐✈❛✳ P❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ ♠❡❧❤♦r ♠♦✲

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

❞✐str✐❜✉✐çõ❡s ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞♦s s✐♥❛✐s ❡st✐♠❛❞♦s✳

✺✳✻✳✷ ▼♦♠❡♥t♦s

❊♠ ❡st❛tíst✐❝❛✱ ♠♦♠❡♥t♦s sã♦ ✉s❛❞♦s ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ❢✉♥çõ❡s ❞❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐✲

❧✐❞❛❞❡ q✉❛♥❞♦ ♥ã♦ s❡ ♣♦ss✉❡♠ ♠✉✐t❛s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❛s ♠❡s♠❛s✳ ❖ ❦✲és✐♠♦ ♠♦♠❡♥t♦

❞❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❞✐s❝r❡t❛ ① ❝♦♠ ❢✉♥çã♦ ❞❡ ❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ fx(x) é ❞❡✜♥✐❞♦

❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✺✳✶✹✮❬✺✼❪✳

µ.
k = E[xk] =

∑

x

[fx(x)x
k] ✭✺✳✶✹✮

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

✭✺✳✶✺✮✳ ❊st❡s sã♦ ✉s❛❞♦s ❡♠ ♣r❡❢❡rê♥❝✐❛ ❛ ♠♦♠❡♥t♦s ❝♦♠✉♥s ♣♦r s❡r❡♠ ❝❛❧❝✉❧❛❞♦s ❡♠

t❡r♠♦s ❞❡ ❞❡s✈✐♦s ❞❛ ♠é❞✐❛ ❡♠ ✈❡③ ❞❡ ③❡r♦✳

µk = E[x− µ.
1]

k =
∑

x

[fx(x)(x− µ.
1)]

k ✭✺✳✶✺✮

❖s ♣r✐♥❝✐♣❛✐s ♠♦♠❡♥t♦s ♣❛r❛ ♦s ❞❛❞♦s ♦❜t✐❞♦s ♥♦s ♠♦❞❡❧♦s sã♦ ♦s ❞❡ ♣r✐♠❡✐r❛ ❛té

q✉❛rt❛ ♦r❞❡♠✳ ❖ ♠♦♠❡♥t♦ ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠✱ µ.
1 é ❞❡✜♥✐❞♦ ❝♦♠♦ ❛ ♠é❞✐❛✱ ❝♦♠♦ ❛♣r❡✲

s❡♥t❛❞♦ ❡♠ ✭✺✳✶✻✮✳

µ.
1 = E[x1] =

∑

x

[fx(x)x
1] ✭✺✳✶✻✮



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✻✼

❖ ♠♦♠❡♥t♦ ❝❡♥tr❛❧ ❞❡ s❡❣✉♥❞❛ ♦r❞❡♠✱ µ2 é ❞❡✜♥✐❞♦ ❝♦♠♦ ❛ ✈❛r✐â♥❝✐❛ ❞❛ ✈❛r✐á✈❡❧

❛❧❡❛tór✐❛ ❞✐s❝r❡t❛ ❡ s✉❛ r❛✐③ é ♦ ❞❡s✈✐♦ ♣❛❞rã♦✱ ❞❡♥♦♠✐♥❛❞♦ σ✳ ❊st❡ ♠♦♠❡♥t♦ é ❛♣r❡s❡♥t❛❞♦

❡♠ ✭✺✳✶✼✮✳

µ2 = E[x− µ.
1]

2 = E[x− E(x)2] = V ar(x) ✭✺✳✶✼✮

❖ ♠♦♠❡♥t♦ ❝❡♥tr❛❧ ❞❡ t❡r❝❡✐r❛ ♦r❞❡♠✱ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✺✳✶✽✮ é ❞❡✜♥✐❞♦ ❝♦♠♦ ♦❜❧✐✲

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

♣r♦❜❛❜✐❧✐❞❛❞❡✳ ❱❛❧♦r❡s ♣ró①✐♠♦ ❞❡ ③❡r♦ s✐❣♥✐✜❝❛ s✐♠❡tr✐❛✱ ❝❛s♦ ❝♦♥trár✐♦✱ ✉♠❛ t❡♥❞ê♥❝✐❛

à ❡sq✉❡r❞❛ ♣❛r❛ ♥ú♠❡r♦s ♥❡❣❛t✐✈♦s ❡ à ❞✐r❡✐t❛ ♣❛r❛ ♥ú♠❡r♦s ♣♦s✐t✐✈♦s✳

µ3 = E[x− µ.
1]

3 = E[x− E(x)3] ✭✺✳✶✽✮

❖ ♠♦♠❡♥t♦ ❝❡♥tr❛❧ ❞❡ q✉❛rt❛ ♦r❞❡♠✱ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✺✳✶✾✮ é ❞❡✜♥✐❞♦ ❝♦♠♦ ❝✉r✲

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

♣r♦❜❛❜✐❧✐❞❛❞❡✳

µ4 = E[x− µ.
1]

4 = E[x− E(x)4] ✭✺✳✶✾✮

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

♦r❞❡♠ ❞♦s ❞❛❞♦s ❞❡ ✈❛❧✐❞❛çã♦ ❡ ♦s ♠♦❞❡❧♦s ❛♣r♦✈❛❞♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✺✳✶✾✳

❖s ❡rr♦s r❡❧❛t✐✈♦s ❡♥tr❡ ♦s ♠♦♠❡♥t♦s ❣❡r❛❞♦s ♣❡❧♦s ♠♦❞❡❧♦s ❡ ♦s ♠♦♠❡♥t♦s ❣❡r❛❞♦s ♣❡❧♦s

❞❛❞♦s ❞❡ ✈❛❧✐❞❛çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✺✳✷✵✳

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

✉♠ ❡rr♦ r❡❧❛t✐✈♦ ❞❡ ✵✱✷✶✪ ❡♠ r❡❧❛çã♦ ❛♦ ♠♦♠❡♥t♦ ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠ ♦❜t✐❞♦ ♣❡❧♦s ❞❛❞♦s

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

s❡❣✉♥❞❛ ♦r❞❡♠✱ ♦ ♠❡♥♦r ❡rr♦ r❡❧❛t✐✈♦ ♦❜t✐❞♦ ❢♦✐ ❞❡ ✷✱✵✹✪ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼ ❙✉❣❡♥♦✳

P❛r❛ ♦ ♠♦♠❡♥t♦ ❝❡♥tr❛❧ ❞❡ t❡r❝❡✐r❛ ♦r❞❡♠✱ ♦ ♠❡♥♦r ❡rr♦ ♦❜t✐❞♦ ❢♦✐ ❞❡ ✷✱✵✺✪ ♣❛r❛ ♦ ♠♦❞❡❧♦

❋❈▼ ❙✉❣❡♥♦✱ ❡st❛♥❞♦ ❜❡♠ ❛❜❛✐①♦ ❞♦s ❡rr♦s ❞❡ ✶✷✱✻✺✪ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❆◆❋■❙ t✐♣♦ s✐♥♦ ❡

♦ ❡rr♦ ❞❡ ✶✹✱✾✾✪ ❞♦ ♠♦❞❡❧♦ ❈❧✉st❡r✐③❛çã♦ ❙✉❜tr❛t✐✈❛✳ P❛r❛ ♦ ♠♦♠❡♥t♦ ❝❡♥tr❛❧ ❞❡ q✉❛rt❛

♦r❞❡♠✱ ♦ ♠❡♥♦r ❡rr♦ r❡❧❛t✐✈♦ ♦❜t✐❞♦ ❢♦✐ ❞❡ ✸✱✼✪✱ ♥♦✈❛♠❡♥t❡ ♣❛r❛ ♦ ♠♦❞❡❧♦ ❋❈▼ ❙✉❣❡♥♦✳

❈♦♠ ❡①❝❡çã♦ ❞♦ ♠♦♠❡♥t♦ ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠✱ ♦s ♠❡♥♦r❡s ❡rr♦s ♦❜t✐❞♦s ♣❛r❛ ❝❛❞❛

♠♦♠❡♥t♦ ❢♦r❛♠ ❞♦ ♠♦❞❡❧♦ ❋❈▼ ❙✉❣❡♥♦✱ ❞❡ss❛ ❢♦r♠❛✱ ❡st❡ ♠♦❞❡❧♦ ❢♦✐ ❡s❝♦❧❤✐❞♦ ♣❛r❛ ♦

❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡ s✐♠✉❧❛çã♦ ❞♦s ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③②✳



❈❛♣ít✉❧♦ ✺✳ ▼♦❞❡❧♦ ❋✉③③② ❞♦ ♣r♦❝❡ss❛❞♦r ✻✽

❚❛❜❡❧❛ ✺✳✶✾✿ ▼♦♠❡♥t♦ ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠ ❡ ♠♦♠❡♥t♦s ❝❡♥tr❛✐s ❞❡ s❡❣✉♥❞❛✱ t❡r❝❡✐r❛ ❡

q✉❛rt❛ ♦r❞❡♠✳
▼♦♠❡♥t♦s

✶❛ ❖r❞❡♠ ✷❛ ❖r❞❡♠ ✸❛ ❖r❞❡♠ ✹❛ ❖r❞❡♠

❉❛❞♦s ❞❡ ✈❛❧✐❞❛çã♦ ✵✱✺✸✵✾ ✵✱✵✹✵✽ ✵✱✵✵✷✺ ✵✱✵✵✷✼

❆◆❋■❙ ❙✐♥♦ ✵✱✺✷✽✷ ✵✱✵✸✽✺ ✵✱✵✵✷✷ ✵✱✵✵✷✺

❋❈▼ ❙✉❣❡♥♦ ✵✱✺✷✾✸ ✵✱✵✹✵✵ ✵✱✵✵✷✺ ✵✱✵✵✷✻

❈❧✉st❡r✐③❛çã♦ ❙✉❜tr❛t✐✈❛ ✵✱✺✷✾✽ ✵✱✵✸✽✺ ✵✱✵✵✷✶ ✵✱✵✵✷✺

❚❛❜❡❧❛ ✺✳✷✵✿ ❊rr♦s r❡❧❛t✐✈♦s ♣❛r❛ ♦ ♠♦♠❡♥t♦ ❞❡ ♣r✐♠❡✐r❛ ♦r❞❡♠ ❡ ♠♦♠❡♥t♦s ❝❡♥tr❛✐s ❞❡

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

✶❛ ❖r❞❡♠ ✷❛ ❖r❞❡♠ ✸❛ ❖r❞❡♠ ✹❛ ❖r❞❡♠

❆◆❋■❙ ❙✐♥♦ ✵✱✵✵✺✶ ✵✱✵✺✺✼ ✵✱✶✷✻✺ ✵✱✵✽✹✵

❋❈▼ ❙✉❣❡♥♦ ✵✱✵✵✸✶ ✵✱✵✷✵✹ ✵✱✵✷✵✺ ✵✱✵✸✼✵

❈❧✉st❡r✐③❛çã♦ ❙✉❜tr❛t✐✈❛ ✵✱✵✵✷✶ ✵✱✵✺✻✵ ✵✱✶✹✾✾ ✵✱✵✾✹✸



❈❛♣ít✉❧♦ ✻

❈♦♥tr♦❧❛❞♦r ❋✉③③②

❆ ✐❞❡✐❛ ❜ás✐❝❛ ❡♠ ❝♦♥tr♦❧❡ ❋✉③③② é ♠♦❞❡❧❛r ❛s ❛çõ❡s ❛ ♣❛rt✐r ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦ ❡s♣❡❝✐❛❧✐st❛✱

❛♦ ✐♥✈és ❞❡✱ ♥❡❝❡ss❛r✐❛♠❡♥t❡✱ ♠♦❞❡❧❛r ♦ ♣r♦❝❡ss♦ ❡♠ s✐✳ ■ss♦ ♥♦s ❧❡✈❛ ❛ ✉♠❛ ❛❜♦r❞❛❣❡♠

❞✐❢❡r❡♥t❡ ❞♦s ♠ét♦❞♦s ❝♦♥✈❡♥❝✐♦♥❛✐s ❞❡ ❝♦♥tr♦❧❡ ❞❡ ♣r♦❝❡ss♦s✱ ♦♥❞❡ ♦s ♠❡s♠♦s sã♦ ❞❡s❡♥✲

✈♦❧✈✐❞♦s ✈✐❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❞♦s ♣r♦❝❡ss♦s ❞❡ ♠♦❞♦ ❛ ❞❡r✐✈❛r ❛s ❛çõ❡s ❞❡ ❝♦♥tr♦❧❡

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

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

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

❝♦♠♣❧✐❝❛❞♦s ♣❛r❛ s❡r❡♠ ❞❡s❡♥✈♦❧✈✐❞♦s✳

✻✳✵✳✶ ❱✐sã♦ ❣❡r❛❧ ❞♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③②

❉✉r❛♥t❡ ♦ ♣r♦❥❡t♦ ❞❡ ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③②✱ é ♥❡❝❡ssár✐❛ ❛ ❞❡✜♥✐çã♦ ❞❡ ❛❧❣✉♥s ♣❛râ♠❡tr♦s✳

❊st❡s ♣❛râ♠❡tr♦s sã♦ ❞❡✜♥✐❞♦s ❛ ♣❛rt✐r ❞❛ ❡①♣❡r✐ê♥❝✐❛ ❞♦ ♣r♦❥❡t✐st❛ ♦✉ ❛tr❛✈és ❞❡ ❡①✲

♣❡r✐♠❡♥t♦s✳ ❉❛❞♦ ✉♠ ♣r♦❝❡ss♦✱ ❛❧❣✉♥s ❞♦s ♣❛râ♠❡tr♦s sã♦ ✜①♦s✱ ❞❡♥tr♦ ❞❛s ❝♦♥❞✐çõ❡s

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

♣❛râ♠❡tr♦s ✜①♦s sã♦ ❝❤❛♠❛❞♦s ❞❡ ♣❛râ♠❡tr♦s ❡str✉t✉r❛✐s ❡ ♦s ✈❛r✐á✈❡✐s sã♦ ❝❤❛♠❛❞♦s ❞❡

♣❛râ♠❡tr♦s ❞❡ s✐♥t♦♥✐③❛çã♦✿

• P❛râ♠❡tr♦s ❡str✉t✉r❛✐s✿

✶✳ ◆ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ s❛í❞❛❀

✷✳ ◆ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❡♥tr❛❞❛❀

✸✳ ❘❡❝✉rs♦s ❞❡ ♦♣❡r❛çã♦ s♦❜r❡ ♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ✭t❛✐s ❝♦♠♦ s♦♠❛s ❡ ♠✉❧t✐♣❧✐✲

❝❛çõ❡s✮❀

✹✳ ❱❛r✐á✈❡✐s ❧✐♥❣✉íst✐❝❛s❀

✺✳ ❋✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ♣❛r❛♠❡tr✐③❛❞❛s❀

✻✳ ■♥t❡r✈❛❧♦s ❞❡ ❞✐s❝r❡t✐③❛çã♦ ❡ ♥♦r♠❛❧✐③❛çã♦❀

✻✾



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✼✵

✼✳ ❊str✉t✉r❛ ❞❛ ❜❛s❡ ❞❡ r❡❣r❛s❀

✽✳ ❈♦♥❥✉♥t♦ ❜ás✐❝♦ ❞❡ r❡❣r❛s✳

• P❛râ♠❡tr♦s ❞❡ s✐♥t♦♥✐③❛çã♦✿

✶✳ ❯♥✐✈❡rs♦ ❞❡ ❞✐s❝✉rs♦ ❞❛s ✈❛r✐á✈❡✐s❀

✷✳ P❛râ♠❡tr♦s ❞❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛✱ t❛✐s ❝♦♠♦ ❛❧t✉r❛✱ ❧❛r❣✉r❛ ♦✉ ❝♦♥❥✉♥t♦

s✉♣♦rt❡❀

✸✳ ❣❛♥❤♦s ❡ ♦✛s❡t ❞❛s ❡♥tr❛❞❛s ❡ s❛í❞❛s✳

❆ s✐♥t♦♥✐③❛çã♦ é ✉♠❛ ❞❛s ❡t❛♣❛s ♠❛✐s ❝✉st♦s❛s ❞♦ ♣r♦❥❡t♦ ❞❡ ✉♠ ❝♦♥tr♦❧❛❞♦r ❋✉③③②✳

❆ ❣r❛♥❞❡ ✢❡①✐❜✐❧✐❞❛❞❡ q✉❡ ❞❡❝♦rr❡ ❞❛ ❡①✐stê♥❝✐❛ ❞❡ ♠✉✐t♦s ♣❛râ♠❡tr♦s ❡①✐❣❡ ✉♠ ❣r❛♥❞❡

❡s❢♦rç♦ ❞♦ ♣r♦❥❡t✐st❛ ❞❡ ♠♦❞♦ ❛ ♦❜t❡r ♦ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝♦♥tr♦❧❛❞♦r✳

❆ ❡str✉t✉r❛ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❝♦♥tr♦❧❛❞♦ ♣♦r ✉♠ ❝♦♥tr♦❧❛❞♦r ❋✉③③② é ♠♦str❛❞❛ ♥❛ ❋✐✲

❣✉r❛ ✻✳✶✱ ❡♥❢❛t✐③❛♥❞♦✲s❡ s❡✉s ❝♦♠♣♦♥❡♥t❡s ❜ás✐❝♦s✿ ❛ ✐♥t❡r❢❛❝❡ ❞❡ ❢✉③③②✜❝❛çã♦✱ ❛ ❜❛s❡ ❞❡

❝♦♥❤❡❝✐♠❡♥t♦✱ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s✱ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ✐♥❢❡rê♥❝✐❛ ❡ ❛ ✐♥t❡r❢❛❝❡ ❞❡ ❞❡❢✉③③②✜❝❛✲

çã♦✳

❆q✉✐ ❛ ❜❛s❡ ❞❡ r❡❣r❛s ♦✉ ❝♦♥❤❡❝✐♠❡♥t♦ ❝❛r❛❝t❡r✐③❛ ❛ ❡str❛té❣✐❛ ❞❡ ❝♦♥tr♦❧❡ ❡ s✉❛s

♠❡t❛s✳ ❆ ❜❛s❡ ❞❡ ❞❛❞♦s ❛r♠❛③❡♥❛ ❛s ❞❡✜♥✐çõ❡s ♥❡❝❡ssár✐❛s s♦❜r❡ ❞✐s❝r❡t✐③❛çõ❡s ❡ ♥♦r♠❛✲

❧✐③❛çõ❡s ❞♦s ✉♥✐✈❡rs♦s ❞❡ ❞✐s❝✉rs♦✱ ❛s ♣❛rt✐çõ❡s ❢✉③③② ❞♦s ❡s♣❛ç♦s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❡ ❛s

❞❡✜♥✐çõ❡s ❞❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛✳ ❖s ❞❡♠❛✐s ♣r♦❝❡ss♦s ❝♦♠♦ ❢✉③③②✜❝❛çã♦✱ ✐♥❢❡rê♥❝✐❛

❡ ❞❡✛✉③②✜❝❛çã♦ s❡❣✉❡♠ ♦ q✉❡ ❢♦✐ ❞❡t❡r♠✐♥❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✸✳

❋✐❣✉r❛ ✻✳✶✿ ❊str✉t✉r❛ ❣❡r❛❧ ❞♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③②✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✼✶

❖ ❝♦♥tr♦❧❛❞♦r ❞❡st❡ tr❛❜❛❧❤♦ é r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ❋✐❣✉r❛ ✻✳✷✳ ❖ ❜❧♦❝♦ s❡♥s♦r é r❡s♣♦♥✲

sá✈❡❧ ♣❡❧❛ ❛q✉✐s✐çã♦ ❞❛ ✈❛r✐á✈❡❧ ❝♦♥tr♦❧❛❞❛ y(k)✱ ♥❡st❡ tr❛❜❛❧❤♦✱ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ♣r♦❝❡ss❛✲

❞♦r✳ ■st♦ é ❢❡✐t♦ ♣♦r ❧❡✐t✉r❛s ♥♦ ❛rq✉✐✈♦ ✴♣r♦❝✴st❛t ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✹✳✸✮✳ ❖ ❜❧♦❝♦

❛t✉❛❞♦r é r❡s♣♦♥sá✈❡❧ ♣❛r❛ ♠❛♣❡❛r ♦ s✐♥❛❧ ❞❡ ❝♦♥tr♦❧❡ u(k) ❡ ♠♦❞✉❧❛r ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡

❝♦♠❛♥❞♦s ❛♣❧✐❝❛❞♦s ❡♠ s✉❜✲✐♥t❡r✈❛❧♦s ❞♦ ♣❡rí♦❞♦ ❞❡ ❛♠♦str❛❣❡♠ c(k)✱ t❛❧ ❝♦♠♦ ✉♠ s✐♥❛❧

❞❡ ♠♦❞✉❧❛çã♦ ♣♦r ❧❛r❣✉r❛ ❞❡ ♣✉❧s♦✱ ❝♦rr❡s♣♦♥❞❡♥❞♦ ❛♦ s✐♥❛❧ ❞❡ ❢r❡q✉ê♥❝✐❛ ❞❡s❡❥❛❞♦ ♣❛r❛

♦ ♣r♦❝❡ss❛❞♦r✳ ■st♦ é ❢❡✐t♦ ♣♦r ♠❡✐♦ ❞♦ ✉t✐❧✐tár✐♦ ✐♥❞✐❝❛t♦r✲❝♣✉❢r❡q✶✳

❋✐❣✉r❛ ✻✳✷✿ ❊str✉t✉r❛ ❞❡ ❝♦♥tr♦❧❡✳

❋♦♥t❡✿ ❆✉t♦r✳

❋♦✐ ✉t✐❧✐③❛❞♦ ✉♠ s✉❜✲✐♥t❡r✈❛❧♦ ❝✐♥q✉❡♥t❛ ✈❡③❡s ♠❡♥♦r q✉❡ ♦ ♣❡rí♦❞♦ ❞❡ ❛♠♦str❛❣❡♠

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

❝✐❛s ♥♦r♠❛t✐③❛❞❛s ♣♦ssí✈❡✐s ♣❛r❛ ♦ ♣r♦❝❡ss❛❞♦r ❛♣r❡s❡♥t❛❞❛s ❡♠ ✭✻✳✶✮✳ ❙ã♦ ❡s❝♦❧❤✐❞♦s ♦s

✈❛❧♦r❡s ✐♠❡❞✐❛t❛♠❡♥t❡ s✉♣❡r✐♦r ❡ ✐♥❢❡r✐♦r ❛♦ s✐♥❛❧ ❞❡ ❝♦♥tr♦❧❡ u(k)✱ ❞❡♥♦♠✐♥❛❞♦s ssup ❡

sinf r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❉❡ss❛ ❢♦r♠❛✱ ♦ ❞✉t② ❝✐❝❧❡ D(k) ♥❡❝❡ssár✐♦ ♣❛r❛ ♦ ♠♦❞✉❧❛çã♦ ♣♦r

❧❛r❣✉r❛ ❞❡ ♣✉❧s♦ é ❝❛❧❝✉❧❛❞♦ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✻✳✷✮✳

S = {s1, s2, s3, ..., sn} ✭✻✳✶✮

D(k) =
u(k)

ssup + sinf
✭✻✳✷✮

✻✳✶ Pr♦❥❡t♦ ❞♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③②

❆ ♣r✐♠❡✐r❛ ❛❜♦r❞❛❣❡♠ r❡❛❧✐③❛❞❛ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③② ♣❛rt✐✉

❞❛ ❛❞❛♣t❛çã♦ ❞❡ ❝♦♥tr♦❧❛❞♦r❡s ❞♦ t✐♣♦ P■❉ ❞✐s❝r❡t✐③❛❞♦s ❝♦♠ s❛í❞❛ ❞❡ ❝♦♥tr♦❧❡ ✭✻✳✸✮ ♣❛r❛

❝♦♥tr♦❧❛❞♦r❡s ❋✉③③②✱ ❞❡♥♦♠✐♥❛❞♦s ❞❡ ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③② P■❉✱ ❛♣r❡s❡♥t❛❞♦s ♣♦r ❏❛♥t③❡♥

❬✺✽❪✳

✶❤tt♣s✿✴✴❧❛✉♥❝❤♣❛❞✳♥❡t✴✐♥❞✐❝❛t♦r✲❝♣✉❢r❡q



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✼✷

u(k) = u(k − 1) +Kp

[

(e(k)− e(k − 1)) +
1

Ti

Tse(k) +
Td

Ts

(e(k)− 2e(k − 1) + e(k − 2))

]

✭✻✳✸✮

❆s ❡♥tr❛❞❛s ❞♦ ❝♦♥tr♦❧❛❞♦r sã♦ ♦ ❡rr♦ ❡ ❛ ✈❛r✐❛çã♦ ❞♦ ❡rr♦✳ ❆ ✉t✐❧✐③❛çã♦ ❞♦ ♣r♦❝❡ss❛❞♦r

y(k) é ♠❡♥s✉r❛❞❛ ♥♦ k − ésimo ♣♦♥t♦ ❞❡ ❛♠♦str❛❣❡♠ ❡ ❝♦♠♣❛r❛❞♦ ❝♦♠ ❛ r❡❢❡rê♥❝✐❛ ❞❡

✉t✐❧✐③❛çã♦ ys(k) ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ❡rr♦ e(k)✱ s❡♥❞♦ ❡st❡ ❞❡✜♥✐❞♦ ❡♠ ✭✻✳✹✮✳ ❆ ✈❛r✐❛çã♦ ❞♦

❡rr♦ ∆e(k)✱ é ❞❡✜♥✐❞❛ ❡♠ ✭✻✳✺✮✳

e(k) = ys(k)− y(k) ✭✻✳✹✮

∆e(k) = e(k)− e(k − 1) ✭✻✳✺✮

❆ s❛í❞❛ ❞♦ ❝♦♥tr♦❧❛❞♦r é ❛ ❢r❡q✉ê♥❝✐❛ ♥♦r♠❛t✐③❛❞❛✱ r❡❛♣r❡s❡♥t❛❞❛ ❡♠ ✭✻✳✻✮ ♣♦r ❝♦♠♦✲

❞✐❞❛❞❡✱ ♦♥❞❡ s0 é ❛ ❢r❡q✉ê♥❝✐❛ ♠á①✐♠❛ ❞♦ ♣r♦❝❡ss❛❞♦r ❡ s(k) é ❛ ❢r❡q✉ê♥❝✐❛ ♥♦ ✐♥st❛♥t❡

k✳

u(k) =
s0
s(k)

✭✻✳✻✮

❖s ❝♦♥tr♦❧❛❞♦r❡s ❛♣r❡s❡♥t❛❞♦s ♣♦r ❏❛♥t③❡♥ ❬✺✽❪ sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣✉r❛s ✻✳✸✱ ✻✳✹

❡ ✻✳✺✱ ♣❛r❛ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉✱ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉ ✰ ■ ❡ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③②

✐♥❝r❡♠❡♥t❛❧ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❋✐❣✉r❛ ✻✳✸✿ ❊str✉t✉r❛ ❞♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✼✸

❋✐❣✉r❛ ✻✳✹✿ ❊str✉t✉r❛ ❞♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉ ✰ ■✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✻✳✺✿ ❊str✉t✉r❛ ❞♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ✐♥❝r❡♠❡♥t❛❧✳

❋♦♥t❡✿ ❆✉t♦r✳

❆s r❡❧❛çõ❡s ❡♥tr❡ ♦s ❣❛♥❤♦s ❞♦ ❝♦♥tr♦❧❛❞♦r P■❉ ❡ ♦s ❣❛♥❤♦s ❞♦s ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③②

❛❜♦r❞❛❞♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✶✳

❚❛❜❡❧❛ ✻✳✶✿ ❘❡❧❛çõ❡s ❡♥tr❡ ❣❛♥❤♦s P■❉ ❡ ❣❛♥❤♦s ❞♦s ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③②✳
❈♦♥tr♦❧❛❞♦r Kp 1/Ti Td

❋✉③③② P❉ GE.GU GCE/GE

❋✉③③② P❉ ✰ ■ GE.GU GIE/GE GCE/GE

❋✉③③② ✐♥❝r❡♠❡♥t❛❧ GCE.GUC GE/GCE

❊①✐st❡♠ q✉❛tr♦ t✐♣♦s ❞❡ ❡str✉t✉r❛s ❋✉③③② ♣❛r❛ ♦s ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③② ❛♣r❡s❡♥t❛❞♦s

♥❛s ❋✐❣✉r❛s ✻✳✸✱ ✻✳✹ ❡ ✻✳✺✱ ❞✐❢❡r❡♥❝✐❛♥❞♦✲s❡ ♥❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ❡ ❝♦♥❥✉♥t♦ ❞❡ r❡❣r❛s✱

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

✐rr❡❣✉❧❛r✳ ❆ ❡str✉t✉r❛ ❞♦ t✐♣♦ s✉♣❡r❢í❝✐❡ ❧✐♥❡❛r ♣♦ss✉✐ ❛s r❡❣r❛s ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛

✻✳✷ ❡ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❛s ❡♥tr❛❞❛s ❛♣r❡s❡♥t❛❞❛s ♥❛ ❋✐❣✉r❛ ✻✳✻ r❡s✉❧t❛♥❞♦ ❡♠

✉♠❛ s✉♣❡r❢í❝✐❡ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✻✳✼✳
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❚❛❜❡❧❛ ✻✳✷✿ ❘❡❣r❛s ♣❛r❛ ❛ ❡str✉t✉r❛ ❋✉③③② t✐♣♦ s✉♣❡r❢í❝✐❡ ❧✐♥❡❛r✳

❘❡❣r❛s
❊♥tr❛❞❛s ❙❛í❞❛

e(k) t✲♥♦r♠❛ ∆e(k) u(k)

R1 Neg ❊ Neg −1

R2 Neg ❊ Zero −0,5

R3 Neg ❊ Pos 0

R4 Zero ❊ Neg −0,5

R5 Zero ❊ Zero 0

R6 Zero ❊ Pos 0,5

R7 Pos ❊ Neg 0

R8 Pos ❊ Zero 0,5

R9 Pos ❊ Pos 1

❋✐❣✉r❛ ✻✳✻✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❛s ❡♥tr❛❞❛s ♣❛r❛ ❛ ❡str✉t✉r❛ ❋✉③③② t✐♣♦ s✉♣❡r❢í❝✐❡

❧✐♥❡❛r✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✻✳✼✿ ❙✉♣❡r❢í❝✐❡ ♣❛r❛ ❛ ❡str✉t✉r❛ ❋✉③③② t✐♣♦ s✉♣❡r❢í❝✐❡ ❧✐♥❡❛r✳

❋♦♥t❡✿ ❆✉t♦r✳
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❆ ❡str✉t✉r❛ ❞♦ t✐♣♦ s✉♣❡r❢í❝✐❡ í♥❣r❡♠❡ ♣♦ss✉✐ ❛s r❡❣r❛s R1✱ R3✱ R7✱ ❡ R9 ❛♣r❡s❡♥t❛✲

❞❛s ♥❛ ❚❛❜❡❧❛ ✻✳✷ ❡ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❛s ❡♥tr❛❞❛s ❛♣r❡s❡♥t❛❞❛s ♥❛ ❋✐❣✉r❛ ✻✳✽

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

❋✐❣✉r❛ ✻✳✽✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❛s ❡♥tr❛❞❛s ♣❛r❛ ❛ ❡str✉t✉r❛ ❋✉③③② t✐♣♦ s✉♣❡r❢í❝✐❡

í♥❣r❡♠❡✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✻✳✾✿ ❙✉♣❡r❢í❝✐❡ ♣❛r❛ ❛ ❡str✉t✉r❛ ❋✉③③② t✐♣♦ s✉♣❡r❢í❝✐❡ í♥❣r❡♠❡✳

❋♦♥t❡✿ ❆✉t♦r✳

❆ ❡str✉t✉r❛ ❞♦ t✐♣♦ s✉♣❡r❢í❝✐❡ ❞❡❧✐❝❛❞❛♠❡♥t❡ ✐♥❝❧✐♥❛❞❛ ♣♦ss✉✐ ❛s r❡❣r❛s R1✱ R3✱ R7✱ ❡

R9 ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✻✳✷ ❡ ❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❛s ❡♥tr❛❞❛s ❛♣r❡s❡♥t❛❞❛s ♥❛

❋✐❣✉r❛ ✻✳✶✵ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠❛ s✉♣❡r❢í❝✐❡ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✻✳✶✶✳
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❋✐❣✉r❛ ✻✳✶✵✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❛s ❡♥tr❛❞❛s ♣❛r❛ ❛ ❡str✉t✉r❛ ❋✉③③② t✐♣♦ s✉♣❡r❢í❝✐❡

❞❡❧✐❝❛❞❛♠❡♥t❡ ✐♥❝❧✐♥❛❞❛✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✻✳✶✶✿ ❙✉♣❡r❢í❝✐❡ ♣❛r❛ ❛ ❡str✉t✉r❛ ❋✉③③② t✐♣♦ s✉♣❡r❢í❝✐❡ ❞❡❧✐❝❛❞❛♠❡♥t❡ ✐♥❝❧✐♥❛❞❛✳

❋♦♥t❡✿ ❆✉t♦r✳

❆ ❡str✉t✉r❛ ❞♦ t✐♣♦ s✉♣❡r❢í❝✐❡ ✐rr❡❣✉❧❛r ♣♦ss✉✐ ❛s r❡❣r❛s ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✻✳✷ ❡

❢✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❛s ❡♥tr❛❞❛s ❛♣r❡s❡♥t❛❞❛s ♥❛ ❋✐❣✉r❛ ✻✳✶✷ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠❛

s✉♣❡r❢í❝✐❡ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✻✳✶✸✳

❋✐❣✉r❛ ✻✳✶✷✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❛s ❡♥tr❛❞❛s ♣❛r❛ ❛ ❡str✉t✉r❛ ❋✉③③② t✐♣♦ s✉♣❡r❢í❝✐❡

✐rr❡❣✉❧❛r✳

❋♦♥t❡✿ ❆✉t♦r✳
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❋✐❣✉r❛ ✻✳✶✸✿ ❙✉♣❡r❢í❝✐❡ ♣❛r❛ ❛ ❡str✉t✉r❛ ❋✉③③② t✐♣♦ s✉♣❡r❢í❝✐❡ ✐rr❡❣✉❧❛r✳

❋♦♥t❡✿ ❆✉t♦r✳

❖✉tr❛ ♠❛♥❡✐r❛ ✉s❛❞❛ ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ r❡❣r❛s ❋✉③③② é ❛♣r❡s❡♥t❛❞♦ ♣♦r ❲❛♥❣ ❡t

❛❧✳ ❬✺✾❪✱ ❜❛s❡❛❞❛ ❡♠ ❞❛❞♦s ♥✉♠ér✐❝♦s✳ ❊st❡ ♠ét♦❞♦ é ❞✐✈✐❞✐❞♦ ❡♠ ❝✐♥❝♦ ♣❛ss♦s ♣r✐♥❝✐♣❛✐s✱

s❡♥❞♦✿

✶✳ ❉✐✈✐❞✐r ♦s ❞❛❞♦s ♥✉♠ér✐❝♦s ❞❡ ❡♥tr❛❞❛s ❡ s❛í❞❛s ❡♠ r❡❣✐õ❡s ❋✉③③②✿

❙❡❥❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❡♥tr❛❞❛s ❡ s❛í❞❛s ❛♣r❡s❡♥t❛❞❛s ❡♠ ✭✻✳✼✮✳

(x
(1)
1 , x

(1)
2 , y(1)),(x

(2)
1 , x

(2)
2 , y(2)), ...,(x

(i)
1 , x

(i)
2 , y(i)) ✭✻✳✼✮

❈♦♠ ✐♥t❡r✈❛❧♦s [x−
1 , x

+
1 ]✱ [x

−
2 , x

+
2 ] ❡ [y−, y+]✳ ❊ ❞❡st❛ ❢♦r♠❛ ❞✐✈✐❞❡✲s❡ ❝❛❞❛ ✐♥t❡r✈❛❧♦

❡♠ 2N + 1 r❡❣✐õ❡s✱ ♦♥❞❡ N ♣♦❞❡ t❡r ✈❛❧♦r❡s ❞✐❢❡r❡♥t❡s ♣❛r❛ ❝❛❞❛ ❡♥tr❛❞❛ ♦✉ s❛í❞❛

❞✐❢❡r❡♥t❡s✳

✷✳ ●❡r❛r ❛s r❡❣r❛s ❋✉③③② ❛ ♣❛rt✐r ❞❡st❡s ❞❛❞♦s✿

P❛r❛ ✐ss♦ é ♥❡❝❡ssár✐♦ ❞❡t❡r♠✐♥❛r ♦s ❣r❛✉s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ❞❛s ❡♥tr❛❞❛s (x(i)
1 , x

(i)
2 )

❡ s❛í❞❛s y(i) ❡♠ ❞✐❢❡r❡♥t❡s r❡❣✐õ❡s✳ ❈♦♥s✐❞❡r❡ ♦s ❝♦♥❥✉♥t♦s ❞❡ ❞❛❞♦s ❛♣r❡s❡♥t❛❞♦s

♥❛ ❋✐❣✉r❛ ✻✳✶✹✳ ◆❡st❡ ❝❛s♦ ❛ ❡♥tr❛❞❛ x
(1)
1 ♣♦ss✉✐ ✉♠ ❣r❛✉ ❞❡ 0,8 ❡♠ B1✱ ✉♠ ❣r❛✉

❞❡ 0,2 ❡♠ B2 ❡ ✉♠ ❣r❛✉ ③❡r♦ ❡♠ t♦❞❛s ❛s ♦✉tr❛s r❡❣✐õ❡s✳ ❉❡ ♠❛♥❡✐r❛ s✐♠✐❧❛r✱ x(2)
2

♣♦ss✉✐ ✉♠ ❣r❛✉ ❞❡ 1 ❡♠ CE ❡ ③❡r♦ ❡♠ t♦❞❛s ❛s ♦✉tr❛s r❡❣✐õ❡s✳

❈♦♥s✐❞❡r❛♥❞♦ ❡♥tã♦ ❝❛❞❛ ✉♠ ❞♦s ♣❛r❡s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✱ ♣♦❞❡✲s❡ ❣❡r❛r ✉♠❛ r❡❣r❛

♣❛r❛ ❝❛❞❛ ✉♠ ❞❡st❡s✱ s❡♥❞♦✿

(x
(1)
1 , x

(1)
2 , y(1)) → [x

(1)
1 (0,8 em B1,max), x

(1)
2 (0,7 em S1,max); y(1)(0,9 em CE,max)] → Regra1.
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❋✐❣✉r❛ ✻✳✶✹✿ ❈♦♥❥✉♥t♦ ❞❡ ❡♥tr❛❞❛s ❡ s❛í❞❛s✳

❋♦♥t❡✿ ●❡♥❡r❛t✐♥❣ ❋✉③③② ❘✉❧❡s ❜② ▲❡❛r♥✐♥❣ ❢r♦♠ ❊①❛♠♣❧❡s✱ ❲❛♥❣✱ ✶✾✾✷✳

●❡r❛♥❞♦ ❛ r❡❣r❛✿

❙❊ x1 é B1 ❡ x2 é S1✱ ❊◆❚➹❖ y é B1✳

✸✳ ❉❡t❡r♠✐♥❛r ♦ ❣r❛✉ ❝♦♠ q✉❡ ❝❛❞❛ ✉♠❛ ❞❛s r❡❣r❛s é ❣❡r❛❞❛s✱ ♣❛r❛ r❡s♦❧✈❡r ❝♦♥✢✐t♦s

❡♥tr❡ ❡st❛s✿

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

♣r♦✈á✈❡❧ q✉❡ ❡①✐st❛♠ ❛❧❣✉♠❛s r❡❣r❛s ❝♦♥✢✐t❛♥t❡s✱ ♦✉ s❡❥❛✱ r❡❣r❛s q✉❡ ♣♦ss✉❡♠ ❛

♠❡s♠❛ ♣❛rt❡ ❙❊✱ ♣♦ré♠ ♣❛rt❡s ❊◆❚➹❖ ❞✐❢❡r❡♥t❡s✳ ❯♠❛ ♠❛♥❡✐r❛ ❞❡ s❡ r❡s♦❧✈❡r ✐ss♦

é ❞❡t❡r♠✐♥❛♥❞♦ ✉♠ ❣r❛✉ ♣❛r❛ ❝❛❞❛ r❡❣r❛ ❡ ❛❝❡✐t❛r ❛ r❡❣r❛ ❞♦ ❝♦♥✢✐t♦ ❝♦♠ ♦ ❣r❛✉

♠❛✐♦r✳

❯s❛✲s❡ ❛ ❡str❛té❣✐❛ ❞♦ ♣r♦❞✉t♦ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦ ❣r❛✉ ❞❡ ❝❛❞❛ r❡❣r❛✱ ♣♦r ❡①❡♠♣❧♦✱

♣❛r❛ ❛ r❡❣r❛✿ ✧❙❊ x1 é A ❡ x2 é B✱ ❊◆❚➹❖ y é C✧✳ ❖ ❣r❛✉ ❞❛ r❡❣r❛ D(Regra) é

❞❡✜♥✐❞♦ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✻✳✽✮✳

D(Regra) = mA(x1)mB(x2)mC(y) ✭✻✳✽✮



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✼✾

❙❡♥❞♦ ❛ss✐♠ ♣❛r❛ ❛ r❡❣r❛ ✶ ❞❡✜♥✐❞❛ ❛♥t❡r✐♦r♠❡♥t❡✿

D(Regra1) = mB1(x1)mCE(x2)mB1(y) = (0,8)(0,7)(0,9) = 0,504

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

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

❡♠ q✉❡stã♦ ♦❝♦rr❡ ❡♠ r❡❧❛çã♦ ❛ ❛❧❣✉♠❛ ❝♦♥✢✐t❛♥t❡✳

✹✳ ❈r✐❛r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ r❡❣r❛s ❋✉③③②✱ ❝♦♠❜✐♥❛♥❞♦ ❛s r❡❣r❛s ❣❡r❛❞❛s ❡ ❛s r❡❣r❛s ❧✐♥✲

❣✉íst✐❝❛s ❞❡ ❤✉♠❛♥♦s ❡s♣❡❝✐❛❧✐st❛s ❡♠ ❢♦r♠❛ ❞❡ t❛❜❡❧❛✳ ❖s ❡s♣❛ç♦s ❞❡✈❡♠ s❡r ♣r❡✲

❡♥❝❤✐❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❣r❛✉ ❞❡ ❝❛❞❛ r❡❣r❛ ❞❡ ❞❛❞♦s ♥✉♠ér✐❝♦s ♦✉ ❧✐♥❣✉íst✐❝♦s✳

❈❛s♦ ❤❛❥❛ ♠❛✐s ❞❡ ✉♠❛ r❡❣r❛ ❋✉③③② ♣❛r❛ ❝❛❞❛ ❡s♣❛ç♦✱ ❡s❝♦❧❤❡✲s❡ ❛ ❞❡ ♠❛✐♦r ❣r❛✉✳

✺✳ ❉❡t❡r♠✐♥❛r ✉♠ ♠❛♣❡❛♠❡♥t♦ ❡♥tr❡ ❛s ❡♥tr❛❞❛s ❡ s❛í❞❛s✱ ❜❛s❡❛❞♦ ♥❛s ❝♦♠❜✐♥❛çõ❡s

❞❡ r❡❣r❛s ❋✉③③② ✉s❛♥❞♦ ✉♠ ♣r♦❝❡ss♦ ❞❡ ❞❡❢✉③③②✜❝❛çã♦ ❛❞❡q✉❛❞♦ ♣❛r❛ ♦ t✐♣♦ ❞❡

❝♦♥tr♦❧❡ ❡ s✐st❡♠❛ ✉s❛❞♦s✳

✻✳✶✳✶ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ♣❡❧♦ ♠ét♦❞♦ ❞❡ ❲❛♥❣

◆❛s ❋✐❣✉r❛s ✻✳✶✺✱ ✻✳✶✻ ❡ ✻✳✶✼ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ ✉s❛❞❛s ♥❛s ❞✉❛s

❡♥tr❛❞❛s ❞♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ♣❛r❛ N = 3✱ N = 2 ❡ N = 1✳

❋✐❣✉r❛ ✻✳✶✺✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ❡♥tr❛❞❛s ♣❛r❛ N = 3✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✽✵

❋✐❣✉r❛ ✻✳✶✻✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ❡♥tr❛❞❛s ♣❛r❛ N = 2✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✻✳✶✼✿ ❋✉♥çõ❡s ❞❡ ♣❡rt❡♥❝✐♠❡♥t♦ ♣❛r❛ ❡♥tr❛❞❛s ♣❛r❛ N = 1✳

❋♦♥t❡✿ ❆✉t♦r✳

❖s ✈❛❧♦r❡s ❧✐♥❣üíst✐❝♦s ❛ss♦❝✐❛❞♦s ❛ ❡st❛s ❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛ sã♦✿

✶✳ ◆▲✿ ◆❡❣❛t✐✈❡ ▲❛r❣❡

✷✳ ◆▼✿ ◆❡❣❛t✐✈❡ ▼❡❞✐✉♠

✸✳ ◆❙✿ ◆❡❣❛t✐✈❡ ❙♠❛❧❧

✹✳ ❩❊✿ ❩❡r♦

✺✳ P❙✿ P♦s✐t✐✈❡ ❙♠❛❧❧

✻✳ P▼✿ P♦s✐t✐✈❡ ▼❡❞✐✉♠

✼✳ P▲✿ P♦s✐t✐✈❡ ▲❛r❣❡

❆s s❛í❞❛s ♣♦ss✉❡♠ ♦s ♠❡s♠♦s ✈❛❧♦r❡s ❧✐♥❣üíst✐❝♦s ❞❛s ❡♥tr❛❞❛s✱ s❡♥❞♦ ❡st❛s ✈❛❧♦r❡s

❝♦♥st❛♥t❡s ♣❛r❛ ✉♠ s✐st❡♠❛ ❋✉③③② t✐♣♦ ❙✉❣❡♥♦✳

✶✳ ❙❛í❞❛ ◆▲✿ −1



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✽✶

✷✳ ❙❛í❞❛ ◆▼✿ −0,5

✸✳ ❙❛í❞❛ ◆❙✿ −0,25

✹✳ ❙❛í❞❛ ❩❊✿ 0

✺✳ ❙❛í❞❛ P❙✿ 0,25

✻✳ ❙❛í❞❛ P▼✿ 0,5

✼✳ ❙❛í❞❛ P▲✿ 1

❇❛s❡ ❞❡ r❡❣r❛s

❙ã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❋✐❣✉r❛ ✻✳✶✽ ❛s ❝✐♥❝♦ ③♦♥❛s q✉❡ ❝❛r❛❝t❡r✐③❛♠ ❛ ❞✐♥â♠✐❝❛ ❡①✐st❡♥t❡

❡♠ s✐st❡♠❛s✱ ❡ é ❛ ♣❛rt✐r ❞❡st❛s ③♦♥❛s q✉❡ ❛ ❜❛s❡ ❞❡ r❡❣r❛s ❞♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② s❡rá

❝♦♥str✉í❞❛✳

❋✐❣✉r❛ ✻✳✶✽✿ ❈❛r❛❝t❡ríst✐❝❛s ❞♦ ❝♦♥tr♦❧❡ ❞❡ ✉t✐❧✐③❛çã♦✳

❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ❯t✐❧✐③❛t✐♦♥ ❈♦♥tr♦❧ ❛♥❞ ❖♣t✐♠✐③❛t✐♦♥ ♦❢ ❘❡❛❧✲❚✐♠❡ ❊♠❜❡❞❞❡❞

❙②st❡♠s✱ ✷✵✶✺✳

❉❡ ♠❛♥❡✐r❛ ❣❡r❛❧✱ ♦ s✐♥❛❧ ❞❡ ❡rr♦ e(k) ❞❡✜♥❡ s❡ ♦ s✐st❡♠❛ ❡stá s♦❜r❡❝❛rr❡❣❛❞♦ ♦✉

s✉❜✉t✐❧✐③❛❞♦ ❡ ♦ s✐♥❛❧ ❞❛ ♠✉❞❛♥ç❛ ❞♦ ❡rr♦ ∆e(k) ❞❡✜♥❡ s❡ ❛ ✉t✐❧✐③❛çã♦ ❞♦ s✐st❡♠❛ ❝r❡s❝❡

♦✉ ❞✐♠✐♥✉✐✳ P♦❞❡✲s❡ ❞❡✜♥✐r ❡♥tã♦✿

e(k) < 0, ❙✐st❡♠❛ s♦❜r❡❝❛rr❡❣❛❞♦

e(k) > 0, ❙✐st❡♠❛ s✉❜✉t✐❧✐③❛❞♦
✭✻✳✾✮

∆e(k) < 0,❯t✐❧✐③❛çã♦ ❝r❡s❝❡

∆e(k) > 0,❯t✐❧✐③❛çã♦ ❞❡❝r❡s❝❡
✭✻✳✶✵✮



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✽✷

❯s❛♥❞♦ ✭✻✳✾✮ ❡ ✭✻✳✶✵✮ é ♣♦ssí✈❡❧ r❡❛❧✐③❛r ❛ ❛♥á❧✐s❡ ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s ③♦♥❛s ❛♣r❡s❡♥t❛❞❛s

♥❛ ❋✐❣✉r❛ ✻✳✶✽ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s r❡❣r❛s ✉s❛❞❛s ♥♦ ❝♦♥tr♦❧❛❞♦r✳ ❉❡st❛ ❢♦r♠❛

t❡♠♦s✿

✶✳ ❩♦♥❛ ✶✿ ◆❡st❛ ③♦♥❛ t❡♠♦s e(k) ≥ 0 ❡ ∆e(k) ≤ 0✱ s❡♥❞♦ ❛ss✐♠✱ ♦ s✐st❡♠❛ s❡ ❡♥❝♦♥tr❛

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

s❡r ❞❡t❡r♠✐♥❛❞♦ ♣❡❧❛ ❝♦♠♣❛r❛çã♦ ❞❛s ♠❛❣♥✐t✉❞❡s ❞❛ ❢✉③③✐✜❝❛çã♦ ❞❡ e(k) ❡ ∆e(k)✱

❝❤❛♠❛❞❛s ❛q✉✐ ❞❡ Fe(k) ❡ F∆e(k)✳

• ⑤Fe(k)⑤ ❃ ⑤F∆e(k)⑤✿ ❛q✉✐ t❡♠♦s ✉♠ s✐st❡♠❛ s✉❜✉t✐❧✐③❛❞♦ ❡ ❝♦♠ s✉❛ ✉t✐❧✐③❛çã♦

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

♠❛✐s ❛❧t❛ ♣❛r❛ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❛✉♠❡♥t❡ ❞❡ ♠❛♥❡✐r❛ ♠❛✐s rá♣✐❞❛✳

• ⑤Fe(k)⑤ ❂ ⑤F∆e(k)⑤✿ ❛q✉✐ t❡♠♦s ❛ s✐t✉❛çã♦ ❞♦ s✐st❡♠❛ ♥❛ r❡❢❡rê♥❝✐❛ ❞❡s❡❥❛❞❛✱ s❡♥❞♦

❛ss✐♠✱ ❛ s❛í❞❛ ❞♦ ❝♦♥tr♦❧❛❞♦r ❞❡✈❡ s❡r ③❡r♦ ♣❛r❛ q✉❡ ♦ s✐st❡♠❛ ♣❡r♠❛♥❡ç❛ ♥♦

❡st❛❞♦ ❡♠ q✉❡ s❡ ❡♥❝♦♥tr❛✳

• ⑤Fe(k)⑤ ❁ ⑤F∆e(k)⑤✿ ❛q✉✐ t❡♠♦s ✉♠ s✐st❡♠❛ s✉❜✉t✐❧✐③❛❞♦✱ ♣♦ré♠ ❝♦♠ s✉❛ ✉t✐❧✐③❛✲

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

✉♠❛ s❛í❞❛ ♠❛✐s ❜❛✐①❛ ♣❛r❛ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞✐♠✐♥✉❛ ❡ ❡✈✐t❡ ✉♠ s♦❜r❡ss✐♥❛❧ ❛❧t♦✳

✷✳ ❩♦♥❛ ✷✿ ◆❡st❛ ③♦♥❛ t❡♠♦s e(k) < 0 ❡ ∆e(k) ≤ 0✱ s❡♥❞♦ ❛ss✐♠✱ ♦ s✐st❡♠❛ s❡ ❡♥❝♦♥✲

tr❛ s♦❜r❡❝❛rr❡❣❛❞♦ ❡ ❝♦♠ s✉❛ ✉t✐❧✐③❛çã♦ ❝r❡s❝❡♥❞♦✱ ❞❡ss❛ ❢♦r♠❛ ♦ ❝♦♥tr♦❧❛❞♦r ❞❡✈❡

❛♣❧✐❝❛r ✉♠❛ s❛í❞❛ ♠❛✐s ❜❛✐①❛ ♣❛r❛ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞✐♠✐♥✉❛✳

✸✳ ❩♦♥❛ ✸✿ ◆❡st❛ ③♦♥❛ t❡♠♦s e(k) ≤ 0 ❡ ∆e(k) > 0✱ s❡♥❞♦ ❛ss✐♠✱ ♦ s✐st❡♠❛ s❡ ❡♥❝♦♥tr❛

s♦❜r❡❝❛rr❡❣❛❞♦ ❡ ❝♦♠ s✉❛ ✉t✐❧✐③❛çã♦ ❞❡❝r❡s❝❡♥❞♦✳ ■❣✉❛❧♠❡♥t❡ ❛ ③♦♥❛ ✶✱ ♦ s✐♥❛❧ ❞❡

❝♦♥tr♦❧❡ ❞❡✈❡ s❡r ❞❡t❡r♠✐♥❛❞♦ ♣❡❧❛ ❝♦♠♣❛r❛çã♦ ❞❛s ♠❛❣♥✐t✉❞❡s ❞❡ Fe(k) ❡ F∆e(k)✳

• ⑤Fe(k)⑤ ❃ ⑤F∆e(k)⑤✿ ❛q✉✐ t❡♠♦s ✉♠ s✐st❡♠❛ s♦❜r❡❝❛rr❡❣❛❞♦ ❡ ❝♦♠ s✉❛ ✉t✐❧✐③❛çã♦

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

♠❛✐s ❜❛✐①❛ ♣❛r❛ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞✐♠✐♥✉❛ ❞❡ ♠❛♥❡✐r❛ ♠❛✐s rá♣✐❞❛✳

• ⑤Fe(k)⑤ ❂ ⑤F∆e(k)⑤✿ ❛q✉✐ t❡♠♦s ❛ s✐t✉❛çã♦ ❞♦ s✐st❡♠❛ ♥❛ r❡❢❡rê♥❝✐❛ ❞❡s❡❥❛❞❛✱ s❡♥❞♦

❛ss✐♠✱ ❛ s❛í❞❛ ❞♦ ❝♦♥tr♦❧❛❞♦r ❞❡✈❡ s❡r ③❡r♦ ♣❛r❛ q✉❡ ♦ s✐st❡♠❛ ♣❡r♠❛♥❡ç❛ ♥♦

❡st❛❞♦ ❡♠ q✉❡ s❡ ❡♥❝♦♥tr❛✳

• ⑤Fe(k)⑤ ❁ ⑤F∆e(k)⑤✿ ❛q✉✐ t❡♠♦s ✉♠ s✐st❡♠❛ s♦❜r❡❝❛rr❡❣❛❞♦✱ ♣♦ré♠ ❝♦♠ s✉❛ ✉t✐✲

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

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

rê♥❝✐❛ ❞♦ s✐st❡♠❛ ❞❡ ♠❛♥❡✐r❛ ♠❛✐s ❜r❛♥❞❛✳



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✽✸

✹✳ ❩♦♥❛ ✹✿ ◆❡st❛ ③♦♥❛ t❡♠♦s e(k) > 0 ❡ ∆e(k) > 0✱ s❡♥❞♦ ❛ss✐♠✱ ♦ s✐st❡♠❛ s❡ ❡♥❝♦♥tr❛

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

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

✺✳ ❩♦♥❛ ✺✿ ◆❡st❛ ③♦♥❛ t❡♠♦s |e(k)| < ǫ ❡ |∆e(k)| < ǫ✱ ♦♥❞❡ ǫ é ❛ t♦❧❡râ♥❝✐❛ ❛❞♦t❛❞❛✳

◆❡st❡ ❝❡♥ár✐♦✱ t❡♠♦s ❛ ✉t✐❧✐③❛çã♦ ❞♦ s✐st❡♠❛ ♥❛ r❡❢❡rê♥❝✐❛ ❞❡s❡❥❛❞❛✱ s❡♥❞♦ ❛ss✐♠✱ ❛

s❛í❞❛ ❞♦ ❝♦♥tr♦❧❛❞♦r ❞❡✈❡ s❡r ③❡r♦ ♣❛r❛ q✉❡ ♦ s✐st❡♠❛ ♣❡r♠❛♥❡ç❛ ♥♦ ❡st❛❞♦ ❡♠ q✉❡

s❡ ❡♥❝♦♥tr❛✳

❆s r❡❣r❛s ♣❛r❛ ♦s ❝♦♥tr♦❧❛❞♦r❡s ❝♦♠ N = 3✱ N = 2 ❡ N = 1 sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛s

❚❛❜❡❧❛s ✻✳✸✱ ✻✳✹ ❡ ✻✳✺ ✉s❛♥❞♦ ❝♦♠♦ ❜❛s❡ ❝❛❞❛ ✉♠❛ ❞❛s ❝✐♥❝♦ r❡❣✐õ❡s ❞❡s❝r✐t❛s✱ s❡♥❞♦ ❡st❛s

r❡❣r❛s ❞♦ t✐♣♦ ❙❊✲❊◆❚➹❖✳ ❉❡ ❛❝♦r❞♦ ❝♦♠ ❝❛❞❛ ✉♠❛ ❞❛s ❡♥tr❛❞❛s é ♠♦str❛❞♦ ❛ ❢✉♥çã♦

❞❡ ♣❡rt✐♥ê♥❝✐❛ ❛ss✉♠✐❞❛ ♣❡❧❛ s❛í❞❛✳ ❖♥❞❡ ❛s s❛í❞❛s ♥❛ ❝♦r ✈❡r♠❡❧❤❛ ♣❡rt❡♥❝❡♠ à ❩♦♥❛

✶✱ ♥❛ ❝♦r ❛③✉❧ à ❩♦♥❛ ✷✱ ♥❛ ❝♦r ✈❡r❞❡ à ③♦♥❛ ✸✱ ♥❛ ❝♦r ❧❛r❛♥❥❛ à ③♦♥❛ ✹ ❡ ♥❛ ❝♦r ♣r❡t❛ à

❩♦♥❛ ✺✳

❚❛❜❡❧❛ ✻✳✸✿ ❇❛s❡ ❞❡ r❡❣r❛s ❋✉③③② ♣❛r❛ N = 3✳
∆e(k)

◆▲ ◆▼ ◆❙ ❩❊ P❙ P▼ P▲

◆▲ ◆▲ ◆▲ ◆▲ ◆▲ ◆▼ ◆▼ ❩❊

◆▼ ◆▲ ◆▲ ◆▲ ◆▼ ◆❙ ❩❊ P❙

◆❙ ◆▲ ◆▲ ◆▼ ◆❙ ❩❊ P❙ P▼

❩❊ ◆▲ ◆▼ ◆❙ ❩❊ P❙ P▼ P▲

P❙ ◆▼ ◆❙ ❩❊ P❙ P▼ P▲ P▲

P▼ ◆❙ ❩❊ P❙ P▼ P▲ P▲ P▲

e(k)

P▲ ❩❊ P❙ P▼ P▲ P▲ P▲ P▲

❚❛❜❡❧❛ ✻✳✹✿ ❇❛s❡ ❞❡ r❡❣r❛s ❋✉③③② ♣❛r❛ N = 2✳
∆e(k)

◆▲ ◆❙ ❩❊ P❙ P▲

◆▲ ◆▲ ◆▲ ◆▲ ◆▼ ❩❊

◆❙ ◆▲ ◆▼ ◆❙ ❩❊ P▼

❩❊ ◆▲ ◆❙ ❩❊ P❙ P▲

P❙ ◆▼ ❩❊ P❙ P▼ P▲

e(k)

P▲ ❩❊ P▼ P▲ P▲ P▲



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✽✹

❚❛❜❡❧❛ ✻✳✺✿ ❇❛s❡ ❞❡ r❡❣r❛s ❋✉③③② ♣❛r❛ N = 1✳
∆e(k)

◆▲ ❩❊ P▲

◆▲ ◆▲ ◆▲ ❩❊

❩❊ ◆▲ ❩❊ P▲
e(k)

P▲ ❩❊ P▲ P▲

✻✳✷ ❱❛❧✐❞❛çã♦

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

❞♦r❡s ❞❡s❡♥✈♦❧✈✐❞♦s ❡ ♦ ♠♦❞❡❧♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♥♦ ❈❛♣ít✉❧♦ ✺✳ ❖ s❡t♣♦✐♥t ❡s❝♦❧❤✐❞♦ ♣❛r❛ ❛s

s✐♠✉❧❛çõ❡s ❢♦✐ ❞❡ 70% ❞❡ ✉t✐❧✐③❛çã♦ ❝♦♠ t❡♠♣♦ ❞❡ ❛♠♦str❛❣❡♠ Ts = 0,1s ❡ s✐♠✉❧❛çã♦ ❞❛

❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ♣❡s❛❞❛ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❚❛❜❡❧❛ ✺✳✶✳ ❖ ✈❛❧♦r ❞❡ s❡t♣♦✐♥t ❢♦✐ ❞❡t❡r♠✐♥❛❞♦

♣❛r❛ q✉❡ ❡①✐st❛ ✉♠❛ ♠❛r❣❡♠ ❞❡ s❡❣✉r❛♥ç❛ ♣❛r❛ ♦ ❝❛s♦ ❞❡ s❡r❡♠ ❡①✐❣✐❞❛s ♠❛✐s t❛r❡❢❛s ❛♦

♣r♦❝❡ss❛❞♦r ❡ ♥ã♦ ♦❝♦rr❛ ♣❡♥❛❧✐❞❛❞❡s ❞❡ ❞❡s❡♠♣❡♥❤♦ ♣♦r ✉t✐❧✐③❛çõ❡s ✐❣✉❛✐s ❛ ✶✵✵✪✳ ❖

t❡♠♣♦ ❞❡ ❛♠♦str❛❣❡♠ ✉s❛❞♦ é ♦ ♠❡s♠♦ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❈❛♣ít✉❧♦ ✹✳

Pr✐♠❡✐r❛♠❡♥t❡ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦s ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③②

❛❞❛♣t❛❞♦s ❛ ♣❛rt✐r ❞♦ ❝♦♥tr♦❧❛❞♦r P■❉ ❡ ❡♠ s❡❣✉✐❞❛ ♦s ❝♦♥tr♦❧❛❞♦r❡s ❞❡s❡♥✈♦❧✈✐❞♦s ♣❡❧♦

♠ét♦❞♦ ❞❡ ❲❛♥❣✳

✻✳✷✳✶ ❈♦♥tr♦❧❛❞♦r❡s ❋✉③③② ❛❞❛♣t❛❞♦s ❛ ♣❛rt✐r ❞♦ ❝♦♥tr♦❧❛❞♦r P■❉

❖ ❝♦♥tr♦❧❛❞♦r P■❉ ❞❡s❡♥✈♦❧✈✐❞♦ ❢♦✐ s✐♥t♦♥✐③❛❞♦ ♣❡❧♦ ♠ét♦❞♦ ❞❡ ❩✐❡❣❧❡r ◆✐❝❤♦❧s✳ ❙❡✉s

❣❛♥❤♦s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✻✳ ❆ s✐♠✉❧❛çã♦ ♣❛r❛ ❡st❡ ❝♦♥tr♦❧❛❞♦r é ❛♣r❡s❡♥t❛❞❛

♥❛ ❋✐❣✉r❛ ✻✳✶✾✳

❚❛❜❡❧❛ ✻✳✻✿ ●❛♥❤♦s ❞♦ ❝♦♥tr♦❧❛❞♦r P■❉✳
●❛♥❤♦ ❱❛❧♦r

Kp ✷✱✺

Ti ✵✱✶✺✼✷

Td ✵✱✵✹



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✽✺

❋✐❣✉r❛ ✻✳✶✾✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r P■❉✳

❋♦♥t❡✿ ❆✉t♦r✳

❈♦♥tr♦❧❛❞♦r❡s ❞❡s❡♥✈♦❧✈✐❞♦s ❝♦♠ s✉♣❡r❢í❝✐❡ ❧✐♥❡❛r

❙ã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛s ❋✐❣✉r❛s ✻✳✷✵✱ ✻✳✷✶ ❡ ✻✳✷✷ ❛s ❝✉r✈❛s ❞❡ ❝♦♥tr♦❧❡ ♦❜t✐❞❛s ♣❛r❛ ♦s

❝♦♥tr♦❧❛❞♦r❡s ❋✉③③② P❉✱ ❋✉③③② P❉ ✰ ■ ❡ ❋✉③③② ■♥❝r❡♠❡♥t❛❧ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖s ❝♦♥tr♦✲

❧❛❞♦r❡s ❋✉③③② P❉ ❡ ❋✉③③② P❉ ✰ ■ r❡❛❧✐③❛♠ ♦ ❝♦♥tr♦❧❡ ❞❛ ❝❛r❣❛ ♥❛ ✉t✐❧✐③❛çã♦ ❞❡s❡❥❛❞❛✱

♣♦ré♠ ❝♦♠ t❡♠♣♦ ❞❡ ❛❝♦♠♦❞❛çã♦ ❛❝✐♠❛ ❞♦ ♦❜t✐❞♦ ♣❡❧♦ ❝♦♥tr♦❧❛❞♦r P■❉✳ ❖ ❝♦♥tr♦❧❛❞♦r

❋✉③③② ■♥❝r❡♠❡♥t❛❧ ♥ã♦ r❡❛❧✐③♦✉ ♦ ❝♦♥tr♦❧❡ ❞❛ ❝❛r❣❛✱ ♦❜t❡♥❞♦ ✉t✐❧✐③❛çã♦ ❛❝✐♠❛ ❞♦ s❡t♣♦✐♥t

❞❡s❡❥❛❞♦✳

❋✐❣✉r❛ ✻✳✷✵✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉ ❝♦♠ s✉♣❡r❢í❝✐❡ ❧✐♥❡❛r✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✽✻

❋✐❣✉r❛ ✻✳✷✶✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉ ✰ ■ ❝♦♠ s✉♣❡r❢í❝✐❡ ❧✐♥❡❛r✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✻✳✷✷✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ■♥❝r❡♠❡♥t❛❧ ❝♦♠ s✉♣❡r❢í❝✐❡ ❧✐♥❡❛r✳

❋♦♥t❡✿ ❆✉t♦r✳

❈♦♥tr♦❧❛❞♦r❡s ❞❡s❡♥✈♦❧✈✐❞♦s ❝♦♠ s✉♣❡r❢í❝✐❡ í♥❣r❡♠❡

❙ã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛s ❋✐❣✉r❛s ✻✳✷✸✱ ✻✳✷✹ ❡ ✻✳✷✺ ❛s ❝✉r✈❛s ❞❡ ❝♦♥tr♦❧❡ ♦❜t✐❞❛s ♣❛r❛ ♦s ❝♦♥✲

tr♦❧❛❞♦r❡s ❋✉③③② P❉✱ ❋✉③③② P❉ ✰ ■ ❡ ❋✉③③② ■♥❝r❡♠❡♥t❛❧ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖ ❝♦♥tr♦❧❛❞♦r

❋✉③③② P❉ r❡❛❧✐③❛ ♦ ❝♦♥tr♦❧❡ ❞❛ ❝❛r❣❛ ♥❛ ✉t✐❧✐③❛çã♦ ❞❡s❡❥❛❞❛✱ ♣♦ré♠ ❝♦♠ t❡♠♣♦ ❞❡ ❛❝♦✲

♠♦❞❛çã♦ ❛❝✐♠❛ ❞♦ ♦❜t✐❞♦ ♣❡❧♦ ❝♦♥tr♦❧❛❞♦r P■❉✳ ❖ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉ ✰ ■ ❡ ❋✉③③②

■♥❝r❡♠❡♥t❛❧ ♥ã♦ r❡❛❧✐③❛♠ ♦ ❝♦♥tr♦❧❡ ❞❛ ❝❛r❣❛ ♥❛ ✉t✐❧✐③❛çã♦ ❞❡s❡❥❛❞❛✱ ❝♦♠ ♦ ❝♦♥tr♦❧❛❞♦r



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✽✼

❋✉③③② P❉ ✰ ■ ❛♣r❡s❡♥t❛♥❞♦ ♦s❝✐❧❛çõ❡s ❡ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ■♥❝r❡♠❡♥t❛❧ ❛♣r❡s❡♥t❛❞♦

✉t✐❧✐③❛çã♦ ❛❝✐♠❛ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡s❡❥❛❞❛✳

❋✐❣✉r❛ ✻✳✷✸✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉ ❝♦♠ s✉♣❡r❢í❝✐❡ í♥❣r❡♠❡✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✻✳✷✹✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉ ✰ ■ ❝♦♠ s✉♣❡r❢í❝✐❡ í♥❣r❡♠❡✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✽✽

❋✐❣✉r❛ ✻✳✷✺✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ■♥❝r❡♠❡♥t❛❧ ❝♦♠ s✉♣❡r❢í❝✐❡ í♥✲

❣r❡♠❡✳

❋♦♥t❡✿ ❆✉t♦r✳

❈♦♥tr♦❧❛❞♦r❡s ❞❡s❡♥✈♦❧✈✐❞♦s ❝♦♠ s✉♣❡r❢í❝✐❡ ❞❡❧✐❝❛❞❛♠❡♥t❡ ✐♥❝❧✐♥❛❞❛

❙ã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛s ❋✐❣✉r❛s ✻✳✷✻✱ ✻✳✷✼ ❡ ✻✳✷✽ ❛s ❝✉r✈❛s ❞❡ ❝♦♥tr♦❧❡ ♦❜t✐❞❛s ♣❛r❛ ♦s

❝♦♥tr♦❧❛❞♦r❡s ❋✉③③② P❉✱ ❋✉③③② P❉ ✰ ■ ❡ ❋✉③③② ■♥❝r❡♠❡♥t❛❧ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖s ❝♦♥tr♦✲

❧❛❞♦r❡s ❋✉③③② P❉ ❡ ❋✉③③② P❉ ✰ ■ r❡❛❧✐③❛♠ ♦ ❝♦♥tr♦❧❡ ❞❛ ❝❛r❣❛ ♥❛ ✉t✐❧✐③❛çã♦ ❞❡s❡❥❛❞❛✱

♣♦ré♠ ❝♦♠ t❡♠♣♦ ❞❡ ❛❝♦♠♦❞❛çã♦ ❛❝✐♠❛ ❞♦ ♦❜t✐❞♦ ♣❡❧♦ ❝♦♥tr♦❧❛❞♦r P■❉✳ ❖ ❝♦♥tr♦❧❛❞♦r

❋✉③③② ■♥❝r❡♠❡♥t❛❧ ♥ã♦ r❡❛❧✐③♦✉ ♦ ❝♦♥tr♦❧❡ ❞❛ ❝❛r❣❛✱ ♦❜t❡♥❞♦ ✉t✐❧✐③❛çã♦ ❛❝✐♠❛ ❞♦ s❡t♣♦✐♥t

❞❡s❡❥❛❞♦✳



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✽✾

❋✐❣✉r❛ ✻✳✷✻✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉ ❝♦♠ s✉♣❡r❢í❝✐❡ ❞❡❧✐❝❛❞❛♠❡♥t❡

✐♥❝❧✐♥❛❞❛✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✻✳✷✼✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉ ✰ ■ ❝♦♠ s✉♣❡r❢í❝✐❡ ❞❡❧✐❝❛❞❛✲

♠❡♥t❡ ✐♥❝❧✐♥❛❞❛✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✾✵

❋✐❣✉r❛ ✻✳✷✽✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ■♥❝r❡♠❡♥t❛❧ ❝♦♠ s✉♣❡r❢í❝✐❡ ❞❡❧✐✲

❝❛❞❛♠❡♥t❡ ✐♥❝❧✐♥❛❞❛✳

❋♦♥t❡✿ ❆✉t♦r✳

❈♦♥tr♦❧❛❞♦r❡s ❞❡s❡♥✈♦❧✈✐❞♦s ❝♦♠ s✉♣❡r❢í❝✐❡ ✐rr❡❣✉❧❛r

❙ã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛s ❋✐❣✉r❛s ✻✳✷✾✱ ✻✳✸✵ ❡ ✻✳✸✶ ❛s ❝✉r✈❛s ❞❡ ❝♦♥tr♦❧❡ ♦❜t✐❞❛s ♣❛r❛ ♦s ❝♦♥✲

tr♦❧❛❞♦r❡s ❋✉③③② P❉✱ ❋✉③③② P❉ ✰ ■ ❡ ❋✉③③② ■♥❝r❡♠❡♥t❛❧ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖ ❝♦♥tr♦❧❛❞♦r

❋✉③③② P❉ r❡❛❧✐③❛ ♦ ❝♦♥tr♦❧❡ ❞❛ ❝❛r❣❛ ♥❛ ✉t✐❧✐③❛çã♦ ❞❡s❡❥❛❞❛✱ ♣♦ré♠ ❝♦♠ t❡♠♣♦ ❞❡ ❛❝♦♠♦✲

❞❛çã♦ ❛❝✐♠❛ ❞♦ ♦❜t✐❞♦ ♣❡❧♦ ❝♦♥tr♦❧❛❞♦r P■❉✳ ❖ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉ ✰ ■ t❛♠❜é♠ r❡❛❧✐③❛

♦ ❝♦♥tr♦❧❡ ❞❛ ❝❛r❣❛ ♥❛ ✉t✐❧✐③❛çã♦ ❞❡s❡❥❛❞❛✱ ♣♦ré♠ ❛♣r❡s❡♥t❛ ♦s❝✐❧❛çõ❡s ❛té s❡ ❡st❛❜✐❧✐③❛r

❡ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ■♥❝r❡♠❡♥t❛❧ ♥ã♦ r❡❛❧✐③❛ ♦ ❝♦♥tr♦❧❡ ❞❛ ❝❛r❣❛✱ ❛♣r❡s❡♥t❛❞♦ ✉t✐❧✐③❛çã♦

❛❝✐♠❛ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡s❡❥❛❞❛✳



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✾✶

❋✐❣✉r❛ ✻✳✷✾✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉ ❝♦♠ s✉♣❡r❢í❝✐❡ ❞❡❧✐❝❛❞❛♠❡♥t❡

✐♥❝❧✐♥❛❞❛✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✻✳✸✵✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② P❉ ✰ ■ ❝♦♠ s✉♣❡r❢í❝✐❡ ❞❡❧✐❝❛❞❛✲

♠❡♥t❡ ✐♥❝❧✐♥❛❞❛✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✾✷

❋✐❣✉r❛ ✻✳✸✶✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ■♥❝r❡♠❡♥t❛❧ ❝♦♠ s✉♣❡r❢í❝✐❡ ❞❡❧✐✲

❝❛❞❛♠❡♥t❡ ✐♥❝❧✐♥❛❞❛✳

❋♦♥t❡✿ ❆✉t♦r✳

❈♦♥tr♦❧❛❞♦r❡s ❞❡s❡♥✈♦❧✈✐❞♦s ❝♦♠ ♠ét♦❞♦ ❞❡ ❲❛♥❣

P❛r❛ ❛ ✈❛❧✐❞❛çã♦ ❞♦s ❝♦♥tr♦❧❛❞♦r❡s ❞❡s❡♥✈♦❧✈✐❞♦s ♣❡❧♦ ♠ét♦❞♦ ❞❡ ❲❛♥❣ ❢♦r❛♠ r❡❛❧✐③❛❞❛s

s✐♠✉❧❛çõ❡s ❝♦♠ ❛s ♠❡s♠❛s ❝♦♥❞✐çõ❡s ✉s❛❞❛s ♣❛r❛ ♦s ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③② ❛❞❛♣t❛❞♦s ❞♦

❝♦♥tr♦❧❛❞♦r P■❉✳ ❖ s❡t♣♦✐♥t ❢♦✐ ❞❡ 70% ❞❡ ✉t✐❧✐③❛çã♦ ❝♦♠ t❡♠♣♦ ❞❡ ❛♠♦str❛❣❡♠ Ts = 0,1s

❡ s✐♠✉❧❛çã♦ ❞❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦ ♣❡s❛❞❛ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❚❛❜❡❧❛ ✺✳✶✳ ❖s r❡s✉❧t❛❞♦s sã♦

❛♣r❡s❡♥t❛❞♦s ♥❛s ❋✐❣✉r❛s ✻✳✸✷✱ ✻✳✸✸ ❡ ✻✳✸✹✱ ♣❛r❛ ♦s ❝♦♥tr♦❧❛❞♦r❡s ❝♦♠ N = 3✱ N = 2 ❡

N = 1 r❡s♣❡❝t✐✈❛♠❡♥t❡✳



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✾✸

❋✐❣✉r❛ ✻✳✸✷✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ❝♦♠ ♠ét♦❞♦ ❞❡ ❲❛♥❣ ❡ N = 3✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✻✳✸✸✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ❝♦♠ ♠ét♦❞♦ ❞❡ ❲❛♥❣ ❡ N = 2✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✻✳ ❈♦♥tr♦❧❛❞♦r ❋✉③③② ✾✹

❋✐❣✉r❛ ✻✳✸✹✿ ❈✉r✈❛ ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ❝♦♠ ♠ét♦❞♦ ❞❡ ❲❛♥❣ ❡ N = 1✳

❋♦♥t❡✿ ❆✉t♦r✳

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

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

♣❡❧♦ ❝♦♥tr♦❧❛❞♦r ❝♦♠ N = 3 ❡ ♦ ♠❡♥♦r ❝♦♠ ♦ ❝♦♥tr♦❧❛❞♦r N = 1✱ ✐st♦ ❞❡✈❡✲s❡ ❛♦ ú❧t✐♠♦

❝♦♥tr♦❧❛❞♦r ♣♦ss✉✐r ❛♣❡♥❛s ❛s s❛í❞❛s P♦s✐t✐✈❡ ▲❛r❣❡✱ ❩❡r♦ ❡ ◆❡❣❛t✐✈❡ ▲❛r❣❡✱ ❞❡ss❛ ❢♦r♠❛

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

✻✳✸ ❈♦♥❝❧✉sã♦

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

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

❢✉♥çõ❡s ❞❡ ♣❡rt✐♥ê♥❝✐❛s ❞❛s ❡♥tr❛❞❛s ❡ ❞❛ s❛í❞❛ ❝♦♠♦ t❛♠❜é♠ t♦❞♦s ♦s ❝♦♥❝❡✐t♦s ✉s❛✲

❞♦s ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ❜❛s❡ ❞❡ r❡❣r❛s ❞♦ ❝♦♥tr♦❧❛❞♦r❡s✳ ❆ ✈❛❧✐❞❛çã♦ ❞♦s ♠❡s♠♦s ❢♦✐

r❡❛❧✐③❛❞❛ ♣♦r s✐♠✉❧❛çõ❡s ✉t✐❧✐③❛♥❞♦ ♦ ♠♦❞❡❧♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♥♦ ❈❛♣ít✉❧♦ ✺✳ ❖s ♠❡❧❤♦r❡s

r❡s✉❧t❛❞♦s ❢♦r❛♠ ♦❜t✐❞♦s ❝♦♠ ♦s ❝♦♥tr♦❧❛❞♦r❡s ❞❡s❡♥✈♦❧✈✐❞♦s ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ❲❛♥❣ ❡

❡st❡s ❢♦r❛♠ s❡❧❡❝✐♦♥❛❞♦s ♣❛r❛ ❛♣❧✐❝❛çõ❡s r❡❛✐s ❡ ❝♦♠♣❛r❛çõ❡s ❝♦♠ ♦ ●♦✈❡r♥♦r ❖♥❞❡♠❛♥❞✳



❈❛♣ít✉❧♦ ✼

❘❡s✉❧t❛❞♦s ❊①♣❡r✐♠❡♥t❛✐s

◆❡st❡ ❝❛♣ít✉❧♦ ❡♥❝♦♥tr❛♠✲s❡ ♦s r❡s✉❧t❛❞♦s ♣rát✐❝♦s ♦❜t✐❞♦s ❝♦♠ ♦s ❝♦♥tr♦❧❛❞♦r❡s ❞❡s❡♥✲

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

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

❈❛♣ít✉❧♦ ✺✳

✼✳✶ ❊①♣❡r✐♠❡♥t♦s ❝♦♠ ❝❛r❣❛s ✜①❛s

❙ã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ✼✳✶ ❛s ❝❛r❣❛s ✉t✐❧✐③❛❞❛s ❡♠ ❝❛❞❛ t❡st❡✳ ❖s ❝♦♥tr♦❧❛❞♦r❡s sã♦

❛t✉❛❧✐③❛❞♦s ❛ ❝❛❞❛ 100ms ♣❛r❛ ❣❛r❛♥t✐r ❛ ❛t✉❛❧✐③❛çã♦ ❞♦s ✈❛❧♦r❡s ♥✉♠ér✐❝♦s ❞♦ ❛rq✉✐✈♦

✴♣r♦❝✴st❛t✱ ♣♦ré♠ ❛q✉✐s✐çõ❡s ❞❡ ❞❛❞♦s ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❛ ❝❛❞❛ 1s ❞❡✈✐❞♦ ❛ ❧✐♠✐t❛çõ❡s ♥❛

t❛①❛ ❞❡ ❛♠♦str❛❣❡♠ ❞♦ ❲❛tts❯♣✳ ❖ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ❝❛r❣❛s ♣♦❞❡

s❡r q✉❛♥t✐✜❝❛❞♦ ❝♦♠♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✭✼✳✶✮✳ ❖♥❞❡ E(t) é ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ Wh

❡ P (t) é ❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦ ❡♠ W ✳ ❈❛❞❛ t❡st❡ t❡♠ ❞✉r❛çã♦ ❞❡ ✷

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

E(t) =

∫ t

0

P (t)dt ✭✼✳✶✮

❚❛❜❡❧❛ ✼✳✶✿ ❉❡s❝r✐çã♦ ❞❛s ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦ ✉s❛❞❛s ♥♦s ❡①♣❡r✐♠❡♥t♦s ❝♦♠ ❝❛r❣❛ ✜①❛✳
❊①♣❡r✐♠❡♥t♦ ❉❡s❝r✐çã♦ ❞❛ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦

❈❛r❣❛ ✶ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✹❑ ✭✸✽✹✵①✷✶✻✵✮ ✻✵ ❢♣s

❈❛r❣❛ ✷ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✶✵✽✵♣ ✭✶✾✷✵①✶✵✽✵✮ ✻✵ ❢♣s

❈❛r❣❛ ✸ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✶✵✽✵♣ ✭✶✾✷✵①✶✵✽✵✮ ✸✵ ❢♣s

❈❛r❣❛ ✹ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✼✷✵♣ ✭✶✷✽✵①✼✷✵✮ ✸✵ ❢♣s

❈❛r❣❛ ✺ ❱í❞❡♦ ❝♦♠ r❡s♦❧✉çã♦ ✸✻✵♣ ✭✻✹✵①✸✻✵✮ ✸✵ ❢♣s

❙ã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛s ❋✐❣✉r❛s ✼✳✶✱ ✼✳✷✱ ✼✳✸✱ ✼✳✹ ❡ ✼✳✺ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦s

❡①♣❡r✐♠❡♥t♦s ❝♦♠ ❛s ❝❛r❣❛s ✶✱ ✷✱ ✸✱ ✹ ❡ ✺ r❡s♣❡❝t✐✈❛♠❡♥t❡ ♣❛r❛ ♦ ●♦✈❡r♥♦r ❖♥❞❡♠❛♥❞✳

✾✺



❈❛♣ít✉❧♦ ✼✳ ❘❡s✉❧t❛❞♦s ❊①♣❡r✐♠❡♥t❛✐s ✾✻

❆s ♣♦tê♥❝✐❛s✱ ✉t✐❧✐③❛çõ❡s ❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♠é❞✐❛s ♦❜t✐❞❛s ❡♠ ❝❛❞❛ ❡①♣❡r✐♠❡♥t♦ sã♦

❛♣r❡s❡♥t❛❞♦s ♥❛ ❚❛❜❡❧❛ ✼✳✷✳

➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ♣♦tê♥❝✐❛✱ ✉t✐❧✐③❛çã♦ ❡ ❢r❡q✉ê♥❝✐❛ sã♦ ♠❛✐♦r❡s ♣❛r❛ ❛ ♣r✐♠❡✐r❛

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

♠❡s♠❛ é s✉♣❡r✐♦r ❛s ♦✉tr❛s ❝❛r❣❛s✳ ❆ s❡❣✉♥❞❛ ❝❛r❣❛ é ♣r♦❝❡ss❛❞❛ ❜❛s✐❝❛♠❡♥t❡ ♥❛ ♠❡s♠❛

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

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

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

♣❛r❛ ❛ ♣♦tê♥❝✐❛ q✉❛♥t♦ ♣❛r❛ ❛ ✉t✐❧✐③❛çã♦✱ ❥á q✉❡ ♦ ●♦✈❡r♥♦r ❖♥❞❡♠❛♥❞ ❢❡③ ♦ ❝♦♥tr♦❧❡ ❞❡

t♦❞❛s ❛s ❝❛r❣❛s ✉t✐❧✐③❛♥❞♦ ❢r❡q✉ê♥❝✐❛s ♣ró①✐♠❛s ❛ ❢r❡q✉ê♥❝✐❛ ♠á①✐♠❛ ❞♦ ♣r♦❝❡ss❛❞♦r✳

❋✐❣✉r❛ ✼✳✶✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ❝❛r❣❛ ✶ ♣❛r❛ ♦ ●♦✈❡r♥♦r ❖♥❞❡♠❛♥❞✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✼✳ ❘❡s✉❧t❛❞♦s ❊①♣❡r✐♠❡♥t❛✐s ✾✼

❋✐❣✉r❛ ✼✳✷✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ❝❛r❣❛ ✷ ♣❛r❛ ♦ ●♦✈❡r♥♦r ❖♥❞❡♠❛♥❞✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✼✳✸✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ❝❛r❣❛ ✸ ♣❛r❛ ♦ ●♦✈❡r♥♦r ❖♥❞❡♠❛♥❞✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✼✳ ❘❡s✉❧t❛❞♦s ❊①♣❡r✐♠❡♥t❛✐s ✾✽

❋✐❣✉r❛ ✼✳✹✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ❝❛r❣❛ ✹ ♣❛r❛ ♦ ●♦✈❡r♥♦r ❖♥❞❡♠❛♥❞✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✼✳✺✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ❝❛r❣❛ ✺ ♣❛r❛ ♦ ●♦✈❡r♥♦r ❖♥❞❡♠❛♥❞✳

❋♦♥t❡✿ ❆✉t♦r✳

❙ã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛s ❋✐❣✉r❛s ✼✳✻✱ ✼✳✼✱ ✼✳✽✱ ✼✳✾ ❡ ✼✳✶✵ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ♦s

❡①♣❡r✐♠❡♥t♦s ❝♦♠ ❛s ❝❛r❣❛s ✶✱ ✷✱ ✸✱ ✹ ❡ ✺ r❡s♣❡❝t✐✈❛♠❡♥t❡ ♣❛r❛ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ❞❡s❡♥✲

✈♦❧✈✐❞♦✳ ❆s ♣♦tê♥❝✐❛s ❡ ✉t✐❧✐③❛çõ❡s ♠é❞✐❛s ♦❜t✐❞❛s ❡♠ ❝❛❞❛ ❡①♣❡r✐♠❡♥t♦ sã♦ ❛♣r❡s❡♥t❛❞♦s

♥❛ ❚❛❜❡❧❛ ✼✳✸✳

◆♦✈❛♠❡♥t❡ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ♣♦tê♥❝✐❛✱ ✉t✐❧✐③❛çã♦ ❡ ❢r❡q✉ê♥❝✐❛ sã♦ ♠❛✐♦r❡s ♣❛r❛

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

❡♥❡r❣✐❛ ❞❛ ♠❡s♠❛ é s✉♣❡r✐♦r ❛s ♦✉tr❛s ❝❛r❣❛s✳ P❛r❛ ❛ s❡❣✉♥❞❛ ❝❛r❣❛ ❥á ❡①✐st❡ ✉♠❛ ❣r❛♥❞❡

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



❈❛♣ít✉❧♦ ✼✳ ❘❡s✉❧t❛❞♦s ❊①♣❡r✐♠❡♥t❛✐s ✾✾

❚❛❜❡❧❛ ✼✳✷✿ P♦tê♥❝✐❛✱ ✉t✐❧✐③❛çã♦ ❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♠é❞✐❛s ♣❛r❛ ❛s ❝❛r❣❛s ✶✱ ✷✱ ✸✱ ✹✱ ✺

❡ ●♦✈❡r♥♦r ❖♥❞❡♠❛♥❞✳
❖♥❞❡♠❛♥❞

❊①♣❡r✐♠❡♥t♦ P♦tê♥❝✐❛ (W ) ❯t✐❧✐③❛çã♦ ❊♥❡r❣✐❛ (kWh)

❈❛r❣❛ ✶ ✶✵✸✱✵✵✸✸ ✵✱✼✽✾✾ ✵✱✷✻✵✵

❈❛r❣❛ ✷ ✽✻✱✾✷✵✽ ✵✱✹✷✶✹ ✵✱✶✼✸✽

❈❛r❣❛ ✸ ✽✹✱✶✺✵✽ ✵✱✸✺✶✺ ✵✱✶✻✽✸

❈❛r❣❛ ✹ ✽✸✱✺✻✷✺ ✵✱✸✷✶✸ ✵✱✶✻✼✶

❈❛r❣❛ ✺ ✽✶✱✼✽✵✽ ✵✱✸✵✶✾ ✵✱✶✻✸✻

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

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

❧❡✈❡ ❡ ♥❡❝❡ss✐t❛r ❞❡ ♠❡♥♦s ♣r♦❝❡ss❛♠❡♥t♦✳ P❛r❛ ❛s ❞❡♠❛✐s ❝❛r❣❛s ❡ss❡ ❝♦♠♣♦rt❛♠❡♥t♦ s❡

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

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

❋✐❣✉r❛ ✼✳✻✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ❝❛r❣❛ ✶ ♣❛r❛ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③②✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✼✳ ❘❡s✉❧t❛❞♦s ❊①♣❡r✐♠❡♥t❛✐s ✶✵✵

❋✐❣✉r❛ ✼✳✼✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ❝❛r❣❛ ✷ ♣❛r❛ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③②✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✼✳✽✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ❝❛r❣❛ ✸ ♣❛r❛ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③②✳

❋♦♥t❡✿ ❆✉t♦r✳



❈❛♣ít✉❧♦ ✼✳ ❘❡s✉❧t❛❞♦s ❊①♣❡r✐♠❡♥t❛✐s ✶✵✶

❋✐❣✉r❛ ✼✳✾✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ❝❛r❣❛ ✹ ♣❛r❛ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③②✳

❋♦♥t❡✿ ❆✉t♦r✳

❋✐❣✉r❛ ✼✳✶✵✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ❝♦♠ ❝❛r❣❛ ✺ ♣❛r❛ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③②✳

❋♦♥t❡✿ ❆✉t♦r✳

P❛r❛ ❛ ❝❛r❣❛ ✶✱ ♦ s❡t♣♦✐♥t ♥ã♦ é ♣♦ssí✈❡❧ ❞❡ s❡r ❛❧❝❛♥ç❛❞♦✱ ❥á q✉❡ ♠❡s♠♦ ❡♠ ❢r❡q✉ê♥❝✐❛

♠á①✐♠❛ ❛ ❝❛r❣❛ ❣❡r❛ ✉t✐❧✐③❛çõ❡s ♠❛✐♦r❡s q✉❡ 70%✱ ♥❡st❡ ❝❡♥ár✐♦ ❛ ❛çã♦ ❞♦ ●♦✈❡r♥♦r

❖♥❞❡♠❛♥❞ ❡ ❞♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② sã♦ ❛s ♠❡s♠❛s✱ ❡①❡❝✉t❛r ❛ ❝❛r❣❛ ❡♠ ♠á①✐♠❛ ❢r❡q✉ê♥❝✐❛✳

P❛r❛ ❛ ❝❛r❣❛ ✷✱ é ♣♦ssí✈❡❧ ❛❧❝❛♥ç❛r ♦ s❡t♣♦✐♥t✱ ❞❡ss❡ ❢♦r♠❛ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② r❡❛❧✐③❛

❡st❛ ❛çã♦✱ ♦ ●♦✈❡r♥♦r ❖♥❞❡♠❛♥❞ ❡①❡❝✉t❛ ❛ ❝❛r❣❛ ❡♠ ❢r❡q✉ê♥❝✐❛s ♠❛✐♦r❡s✱ ♠❛♥t❡♥❞♦ ❛

✉t✐❧✐③❛çã♦ ❞♦ ♣r♦❝❡ss❛❞♦r ♠❛✐s ❜❛✐①❛✱ ♣♦ré♠ ❝♦♠ ♠❛✐♦r ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛✳ P❛r❛ ❛s

❝❛r❣❛s ✸✱ ✹ ❡ ✺ ♦ s❡t♣♦✐♥t ♥ã♦ ♣♦❞❡ s❡r ❛❧❝❛♥ç❛❞♦ ♣♦✐s ♠❡s♠♦ ♥❛ ❢r❡q✉ê♥❝✐❛ ♠í♥✐♠❛✱ ❛s

❝❛r❣❛s ❣❡r❛♠ ✉t✐❧✐③❛çõ❡s ♠❡♥♦r❡s q✉❡ ♦ ♠❡s♠♦✱ ❞❡ss❛ ❢♦r♠❛✱ ♦ ❝♦♥tr♦❧❛❞♦r ❋✉③③② ❡①❡❝✉t❛



❈❛♣ít✉❧♦ ✼✳ ❘❡s✉❧t❛❞♦s ❊①♣❡r✐♠❡♥t❛✐s ✶✵✷

❚❛❜❡❧❛ ✼✳✸✿ P♦tê♥❝✐❛✱ ✉t✐❧✐③❛çã♦ ❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ♠é❞✐❛s ♣❛r❛ ❛s ❝❛r❣❛s ✶✱ ✷✱ ✸✱ ✹✱ ✺

❡ ❝♦♥tr♦❧❛❞♦r ❋✉③③②✳
❈♦♥tr♦❧❛❞♦r ❋✉③③②

❊①♣❡r✐♠❡♥t♦ P♦tê♥❝✐❛ (W ) ❯t✐❧✐③❛çã♦ ❊♥❡r❣✐❛ (kWh)

❈❛r❣❛ ✶ ✶✵✶✱✼✵✷✺ ✵✱✼✽✷✵ ✵✳✷✵✸✹

❈❛r❣❛ ✷ ✼✵✱✹✵✹✷ ✵✱✻✾✽✹ ✵✳✶✹✵✽

❈❛r❣❛ ✸ ✻✽✱✺✵✽✸ ✵✱✺✷✸✸ ✵✳✶✸✼✵

❈❛r❣❛ ✹ ✻✼✱✼✻✸✸ ✵✱✹✸✽✸ ✵✳✶✸✺✺

❈❛r❣❛ ✺ ✻✺✱✾✵✵✵ ✵✱✸✽✻✸ ✵✳✶✸✶✽

❡st❛s ❝❛r❣❛s ❡♠ ♠í♥✐♠❛ ❢r❡q✉ê♥❝✐❛✱ r❡❞✉③✐♥❞♦ ♦ ❝♦♥s✉♠♦ ❞❡ ♣♦tê♥❝✐❛✱ ❥á ♦ ●♦✈❡r♥♦r

❖♥❞❡♠❛♥❞ ❡①❡❝✉t❛ ❡st❛s ❝❛r❣❛s ❝♦♠ ❢r❡q✉ê♥❝✐❛s ♠❛✐♦r❡s✱ ❛✉♠❡♥t❛♥❞♦ ♦ ❝♦♥s✉♠♦ ❞❡

♣♦tê♥❝✐❛✳ ❆ ♣♦r❝❡♥t❛❣❡♠ ❞❡ r❡❞✉çã♦ ❞❡ ♣♦tê♥❝✐❛ ♣❛r❛ ❝❛❞❛ ❝❛r❣❛ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❚❛❜❡❧❛

✼✳✹✳ P❛r❛ ❛ ❝❛r❣❛ ✶✱ ❛ r❡❞✉çã♦ ❢♦✐ ❞❡ 1,2629% ♣r❛t✐❝❛♠❡♥t❡ ♥ã♦ r❡❞✉③✐♥❞♦✳ P❛r❛ ❛s ❝❛r❣❛s

✷✱ ✸✱ ✹ ❡ ✺ ❛ r❡❞✉çã♦ ❢♦✐ ❞❡ 19,0019%✱ 18,5887%✱ 18,9070% ❡ 19,4187% r❡s♣❡❝t✐✈❛♠❡♥t❡✱

r❡♣r❡s❡♥t❛♥❞♦ ✉♠❛ r❡❞✉çã♦ ♠é❞✐❛ ❞❡ 18,9791% ♣❛r❛ ❝❛r❣❛s ♣❡s❛❞❛s✱ ♠é❞✐❛s✱ ❧❡✈❡s ❡

♠í♥✐♠❛s✳

❚❛❜❡❧❛ ✼✳✹✿ P♦r❝❡♥t❛❣❡♠ ❞❡ r❡❞✉çã♦ ❞❡ ♣♦tê♥❝✐❛✳
❊①♣❡r✐♠❡♥t♦ ❘❡❞✉çã♦ ❞❡ ♣♦tê♥❝✐❛

❈❛r❣❛ ✶ ✶✱✷✻✷✾✪

❈❛r❣❛ ✷ ✶✾✱✵✵✶✾✪

❈❛r❣❛ ✸ ✶✽✱✺✽✽✼✪

❈❛r❣❛ ✹ ✶✽✱✾✵✼✵✪

❈❛r❣❛ ✺ ✶✾✱✹✶✽✼✪



❈❛♣ít✉❧♦ ✽

❈♦♥❝❧✉sõ❡s

◆❛s ❝♦♥❞✐çõ❡s ❡♠ q✉❡ ❢♦r❛♠ r❡❛❧✐③❛❞♦s ♦s ❡①♣❡r✐♠❡♥t♦s ❡ ❜❛s❡❛♥❞♦✲s❡ ♥❛ ♣r♦♣♦st❛ ✐♥✐❝✐❛❧✲

♠❡♥t❡ ❡st❛❜❡❧❡❝✐❞❛✱ ❡st❡ tr❛❜❛❧❤♦ ♠♦str♦✉ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞♦ ✉s♦ ❞❡ ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③②

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

♣r♦♣ós✐t♦ ❣❡r❛❧✳

◆❡st❡ tr❛❜❛❧❤♦ ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s tó♣✐❝♦s ✐♠♣♦rt❛♥t❡s ♣❛r❛ ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞♦ ❝♦♥✲

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

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

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

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

❞✐♥â♠✐❝♦ ❞❡ t❡♥sã♦ ❡ ❢r❡q✉ê♥❝✐❛✱ ♠♦str❛♥❞♦ q✉❡ ♦ ❝♦♥tr♦❧❡ ❞❡ ❢r❡q✉ê♥❝✐❛ é ❡❢❡t✐✈♦ ♥♦

❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ♥♦ ♣r♦❝❡ss❛❞♦r✳

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

❞❡ ❝❛❞❛ t❛r❡❢❛✱ s❡♥❞♦ ♥❡❝❡ssár✐♦ ❛ ❡st✐♠❛çã♦ ❞❡st❡s ♣❛râ♠❡tr♦s ❡♠ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦ ♣❛r❛

♦ ✉s♦ ❞❡st❡ ♠♦❞❡❧♦ ❡♠ ♣♦❧ít✐❝❛s ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛✳ ❆ ♣❛rt✐r ❞❡st❡ ♠♦❞❡❧♦ ❞❡

t❛r❡❢❛s✱ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ✉♠ ♠♦❞❡❧♦ ❋✉③③② ♣❛r❛ ♦ ♣r♦❝❡ss❛❞♦r✱ t♦r♥❛♥❞♦✲♦ ♠❛✐s ❣❡♥ér✐❝♦✱

❥á q✉❡ ♥ã♦ é ♥❡❝❡ssár✐❛ ❛s ❡st✐♠❛çõ❡s ❞♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦✱ s❡♥❞♦ ♣♦ssí✈❡❧ ❡st✐♠❛r ❛

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

P❛r❛ ♦ ♠♦❞❡❧♦ ❞♦ ♣r♦❝❡ss❛❞♦r ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ❝♦♥❝❡✐t♦s s♦❜r❡ ♦ s✐st❡♠❛ ❆◆❋■❙✱

✉♠❛ té❝♥✐❝❛ ❤í❜r✐❞❛✱ ❥✉♥t❛♥❞♦ r❡❞❡s ♥❡✉r❛✐s ❡ ❧ó❣✐❝❛ ❋✉③③②✱ ❛❧é♠ ❞♦ ✉s♦ ❞❡ ❛❧❣♦r✐t♠♦s

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

s✐❞❛❞❡s ❡♠ ♣r♦❝❡ss❛❞♦r❡s✳ ❋♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ❝✐♥❝♦ ♠♦❞❡❧♦s ♣❛r❛ ♦ ♣r♦❝❡ss❛❞♦r ❞❛

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

♣❛r❛ ✈❡r✐✜❝❛r s❡ ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ♦❝♦rrê♥❝✐❛ ❞❡ ✉♠❛ ❛♠♦str❛ s❡ ❞❡s✈✐❛ s✐❣♥✐✜❝❛♥t❡♠❡♥t❡ ❞❛

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

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

P❛r❛ ❛ ❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s✱ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ✉♠❛ ♣❧❛t❛❢♦r♠❛ ❡①♣❡r✐♠❡♥t❛❧✱ ✉♥✐♥❞♦

✶✵✸
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❛❧❣♦r✐t♠♦s ♣❛r❛ ♠❡❞✐r ✉t✐❧✐③❛çõ❡s ❡ ♦❝✐♦s✐❞❛❞❡s ❞♦ ♣r♦❝❡ss❛❞♦r ❡♠ s✐st❡♠❛s ▲✐♥✉① ❛ ✉♠

♠❡❞✐❞♦r ❞❡ ❡♥❡r❣✐❛ ♣❛r❛ ❛ ❛q✉✐s✐çã♦ ❞❛ ♣♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ♣❡❧♦ ❝♦♠♣✉t❛❞♦r✳ ❆❧é♠ ❞❡

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

❝❛❞❛ ♥ú❝❧❡♦ ❞♦ ♣r♦❝❡ss❛❞♦r✱ s❡♥❞♦ ♣♦ssí✈❡❧ ♦ ❡st✉❞♦ ❞❛ ❞✐♥â♠✐❝❛ ❞❡ ❡①❡❝✉çã♦ ❞❡ ❞✐❢❡r❡♥t❡s

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

❖s ❝♦♥tr♦❧❛❞♦r❡s ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s ✉s❛♥❞♦✲s❡ té❝♥✐❝❛s ❞❡ ❝♦♥✈❡rsã♦ ❞❡ ❝♦♥tr♦❧❛✲

❞♦r❡s P■❉ ❡♠ ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③② ❡ ❝♦♥tr♦❧❛❞♦r❡s ❝♦♥str✉í❞♦s ♣♦r ❝♦♥❤❡❝✐♠❡♥t♦ ❡s♣❡✲

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

❊s❝♦❧❤❡♥❞♦✲s❡ ♦ ♠❡❧❤♦r ❝♦♠ ❜❛s❡ ♥♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥❡st❛s s✐♠✉❧❛çõ❡s✳

❖ ❝♦♥tr♦❧❛❞♦r s❡ ♠♦str♦✉ ❡✜❝✐❡♥t❡ ♥❛ r❡❞✉çã♦ ❞♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ q✉❛♥❞♦ ❝♦♠♣❛✲

r❛❞♦ ❛♦ ●♦✈❡r♥♦r ❖♥❞❡♠❛♥❞✱ ❥á q✉❡ ❛❞♦t❛ ❢r❡q✉ê♥❝✐❛s ♠❛✐s ❜❛✐①❛s ♣❛r❛ ❛❧❣✉♠❛s ❝❛r❣❛s

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

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

r♦❜✉st♦s ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③②✱ ♣♦❞❡♠ tr❛③❡r ❜♦♥s ❜❡♥❡❢í❝✐♦s ♥❛

r❡❧❛çã♦ ❝♦♥s✉♠♦ ❡ ❞❡s❡♠♣❡♥❤♦✳

✽✳✶ Pr✐♥❝✐♣❛✐s ❝♦♥tr✐❜✉✐çõ❡s ❞❡st❛ ❞✐ss❡rt❛çã♦

✶✳ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♠♦❞❡❧♦s ❋✉③③② ❞❡ ♣r♦❝❡ss❛❞♦r❡s ❝❛♣❛③❡s ❞❡ ❡st✐♠❛r ❛ ✉t✐❧✐③❛çã♦

✉s❛♥❞♦ ❛ ❢r❡q✉ê♥❝✐❛ ❛t✉❛❧ ❛♣❧✐❝❛❞❛ ❛♦ ♣r♦❝❡ss❛❞♦r ❡ s✉❛ ♦❝✐♦s✐❞❛❞❡ ❛tr❛s❛❞❛✱ ♥ã♦

s❡♥❞♦ ♥❡❝❡ssár✐♦ ♦ ✉s♦ ❞❡ té❝♥✐❝❛s ❞❡ ❡st✐♠❛çõ❡s ❡♠ t❡♠♣♦ r❡❛❧✳

✷✳ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ✉♠❛ ♣❧❛t❛❢♦r♠❛ ❡①♣❡r✐♠❡♥t❛❧ ♣❛r❛ ❡st✉❞♦ ❡ ❝♦♥tr♦❧❡ ❞❡ ♣r♦❝❡s✲

s❛❞♦r❡s ❡♠ s✐st❡♠❛s ▲✐♥✉①✳

✸✳ ❊st✉❞♦ s♦❜r❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ♣r♦❝❡ss❛❞♦r❡s ♥❛ ❡①❡❝✉çã♦ ❞❡ ❝❛r❣❛s ❞❡ tr❛❜❛❧❤♦

❞❡ ❞✐❢❡r❡♥t❡s ✐♥t❡♥s✐❞❛❞❡s✳

✹✳ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❝♦♥tr♦❧❛❞♦r❡s ❋✉③③② ♣❛r❛ ♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ♣r♦✲

❝❡ss❛❞♦r❡s✳

✽✳✷ ❙✉❣❡stõ❡s ♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s

❊①✐st❡ ♠✉✐t♦ ❛✐♥❞❛ ❛ s❡r ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ ✉♠ ♠❡❧❤♦r ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❡♠

♣r♦❝❡ss❛❞♦r❡s✳ ❆s r❡❝♦♠❡♥❞❛çõ❡s ❛ s❡❣✉✐r ♣♦❞❡♠ s❡r út❡✐s ♣❛r❛ ♦ s❡❣✉✐♠❡♥t♦ ❞❛ ♣❡sq✉✐s❛✳

✶✳ ❯s♦ ❞❡ ♦✉tr❛s té❝♥✐❝❛s ♣❛r❛ ♦ ❣❡r❡♥❝✐❛♠❡♥t♦ ❞❡ ❡♥❡r❣✐❛ ❡♠ ♣r♦❝❡ss❛❞♦r❡s✱ ❝♦♠♦

r❡❞❡s ♥❡✉r❛✐s ♦✉ ❛❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s❀
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✷✳ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ♠♦❞❡❧♦ ✐♥✈❡rs♦ ❞♦ ♣r♦❝❡ss❛❞♦r✱ ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❞❡ ♦✉tr❛s té❝✲

♥✐❝❛s ❞❡ ❝♦♥tr♦❧❡✳

✸✳ ❉❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ♣♦❧ít✐❝❛ ❞❡ ❣❡r❡♥❝✐❛♠❡♥t♦ ❝♦♠ s❡t♣♦✐♥t ❛❥✉stá✈❡❧ ♣❛r❛ ❝❛❞❛ t✐♣♦

❞❡ ❝❛r❣❛ ❞❡ tr❛❜❛❧❤♦❀

✹✳ ❈♦♠♦ ❞❡t❡r♠✐♥❛r ❛ ❜❛s❡ ❞❡ r❡❣r❛s ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠✐♥✐♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞❡

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



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

✶ ❚■❲❆❘■✱ ❱✳ ❡t ❛❧✳ ❉②♥❛♠✐❝ ♣♦✇❡r ♠❛♥❛❣❡♠❡♥t ❢♦r ♠✐❝r♦♣r♦❝❡ss♦rs✿ ❆ ❝❛s❡ st✉❞②✳

■♥✿ ■❊❊❊✳ ❱▲❙■ ❉❡s✐❣♥✱ ✶✾✾✼✳ Pr♦❝❡❡❞✐♥❣s✳✱ ❚❡♥t❤ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥✳ ✶✾✾✼✳
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