
❍❆❘▲❊▼ ▼❆❯❘■❈■❖ ▼❆❉❘■❉ ❱■▲▲❆❉■❊●❖

❍❊❯❘❮❙❚■❈❆❙ P❆❘❆ ❖ P❘❖❇▲❊▼❆ ❉❊
❉■▼❊◆❙■❖◆❆▼❊◆❚❖ ❊ ❙❊◗❯❊◆❈■❆▼❊◆❚❖ ❉❊
▲❖❚❊❙ ❊▼ ❯▼ ❆▼❇■❊◆❚❊ ❉❊ P❘❖❉❯➬➹❖

❋▲❖❲❙❍❖P

❉✐ss❡rt❛çã♦ ❛♣r❡s❡♥t❛❞❛ á ❯♥✐✈❡rs✐❞❛❞❡ ❋❡✲
❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ❝♦♠♦ ♣❛rt❡ ❞❛s ❡①✐❣ê♥❝✐❛s
❞♦ Pr♦❣r❛♠❛ ❞❡ Pós✲●r❛❞✉❛çã♦ ❡♠ ❈✐ê♥❝✐❛
❞❛ ❈♦♠♣✉t❛çã♦✱ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦ tít✉❧♦
❞❡ ▼❛❣✐st❡r ❙❝✐❡♥t✐❛❡

❱■➬❖❙❆

▼■◆❆❙ ●❊❘❆■❙ − ❇❘❆❙■▲

✷✵✶✹



Ficha catalográfica preparada pela Biblioteca Central da Universidade
Federal de Viçosa - Câmpus Viçosa

 

T

 Madrid Villadiego, Harlem Mauricio, 2014-

M183h
2014

        Heurísticas para o problema de dimensionamento e
sequenciamento de lotes em um ambiente de produção flowshop.
/ Harlem Mauricio Madrid Villadiego. – Viçosa, MG, 2014.

         x, 126f. : il. (algumas color.) ; 29 cm.

  

         Inclui apêndices.

         Orientador: José Elias Claudio Arroyo.

         Dissertação (mestrado) - Universidade Federal de Viçosa.

         Inclui bibliografia.

  

         1. Heurística. 2. Algorítmo. 3. Flowshop. 4. Scheduling.
5. Dimensionamento de lotes . I. Universidade Federal de
Viçosa. Departamento de Informática. Programa de
Pós-graduação em Ciência da Computação. II. Título.

  

CDD 22. ed. 518.1

 

Ficha catalográfica preparada pela Biblioteca Central da Universidade
Federal de Viçosa - Câmpus Viçosa

 

T

 Madrid Villadiego, Harlem Mauricio, 2014-

M183h
2014

        Heurísticas para o problema de dimensionamento e
sequenciamento de lotes em um ambiente de produção flowshop.
/ Harlem Mauricio Madrid Villadiego. – Viçosa, MG, 2014.

         x, 126f. : il. (algumas color.) ; 29 cm.

  

         Inclui apêndices.

         Orientador: José Elias Claudio Arroyo.

         Dissertação (mestrado) - Universidade Federal de Viçosa.

         Inclui bibliografia.

  

         1. Heurística. 2. Algorítmo. 3. Flowshop. 4. Scheduling.
5. Dimensionamento de lotes . I. Universidade Federal de
Viçosa. Departamento de Informática. Programa de
Pós-graduação em Ciência da Computação. II. Título.

  

CDD 22. ed. 518.1

 



Ficha catalográfica preparada pela Biblioteca Central da Universidade
Federal de Viçosa - Câmpus Viçosa

 

T

 Madrid Villadiego, Harlem Mauricio, 2014-

M183h
2014

        Heurísticas para o problema de dimensionamento e
sequenciamento de lotes em um ambiente de produção flowshop.
/ Harlem Mauricio Madrid Villadiego. – Viçosa, MG, 2014.

         x, 126f. : il. (algumas color.) ; 29 cm.

  

         Inclui apêndices.

         Orientador: José Elias Claudio Arroyo.

         Dissertação (mestrado) - Universidade Federal de Viçosa.

         Inclui bibliografia.

  

         1. Heurística. 2. Algorítmo. 3. Flowshop. 4. Scheduling.
5. Dimensionamento de lotes . I. Universidade Federal de
Viçosa. Departamento de Informática. Programa de
Pós-graduação em Ciência da Computação. II. Título.

  

CDD 22. ed. 518.1

 



✏❖♥❧② ❚✐♠❡✑

✭❊♥②❛✮

✐✈



❙✉♠ár✐♦

▲✐st❛ ❞❡ ❋✐❣✉r❛s ✈✐✐

▲✐st❛ ❞❡ ❚❛❜❡❧❛s ✐①

❘❡s✉♠♦ ①✐

❆❜str❛❝t ①✐✐✐

✶ ■♥tr♦❞✉çã♦ ✶

✶✳✶ ❖❜❥❡t✐✈♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

✶✳✶✳✶ ❖❜❥❡t✐✈♦ ❣❡r❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

✶✳✶✳✷ ❖❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹

✶✳✷ ❊str✉t✉r❛ ❞♦ tr❛❜❛❧❤♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹

✷ ❘❡✈✐sã♦ ❞❛ ❧✐t❡r❛t✉r❛ ✺

✷✳✶ Pr♦❜❧❡♠❛s ✐♥t❡❣r❛❞♦s ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❧♦t❡s ✳ ✾

✸ ❉❡✜♥✐çã♦ ❡ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❜❧❡♠❛ ✶✸

✸✳✶ ▼♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣❛r❛ ♦ P❉❙▲❋❙ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹

✸✳✷ ❊①❡♠♣❧♦ ♥✉♠ér✐❝♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽

✹ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ❞❛ ❧✐t❡r❛t✉r❛ ✷✸

✹✳✶ ❍❡✉ríst✐❝❛ ❤♦r✐③♦♥t❡ r♦❧❛♥t❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸

✹✳✶✳✶ ❆❧❣♦r✐t♠♦ ❤❡✉ríst✐❝♦ ❤♦r✐③♦♥t❡ r♦❧❛♥t❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹

✹✳✷ ❍❡✉ríst✐❝❛ t✐♠❡s ❛ssí♥❝r♦♥♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺

✹✳✷✳✶ ❆❣❡♥t❡s ❝♦♥str✉t♦r❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻

✹✳✷✳✷ ❆❣❡♥t❡s ❞❡ ▼❡❧❤♦r✐❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✽

✺ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ♣r♦♣♦st♦s ✸✶

✺✳✶ ❍❡✉ríst✐❝❛ ❤♦r✐③♦♥t❡ r♦❧❛♥t❡ ✰ ■t❡r❛t❡❞ ●r❡❡❞② ✭■●✰❍❘✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶

✈



✺✳✶✳✶ ■t❡r❛t❡❞ ●r❡❡❞② ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✷

✺✳✷ ❍❡✉ríst✐❝❛ ■t❡r❛t❡❞ ●r❡❡❞② ❝♦♠ ♠❡❧❤♦r✐❛ ❞♦ ❉✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ▲♦t❡s

✭■●✰▼❉▲✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✾

✺✳✸ ■●✰▼❉▲ ♣r♦♣♦st♦ ♣❛r❛ ♦ P❉❙▲❋❙ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✾

✺✳✸✳✶ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ s♦❧✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶

✺✳✸✳✷ ❈♦♥str✉çã♦ ❞❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶

✺✳✸✳✸ Pr♦❝❡❞✐♠❡♥t♦ ❞❡ ❞❡str✉✐çã♦ ✲ ❝♦♥str✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✺✳✸✳✹ ❇✉s❝❛ ❧♦❝❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻

✺✳✸✳✺ ▼❡❧❤♦r✐❛ ❞♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻

✺✳✹ ❍❡✉ríst✐❝❛ ■t❡r❛t❡❞ ●r❡❡❞② ✰ ❋✐① ❛♥❞ ❖♣t✐♠✐③❡ ✭■●✰❋&❖✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵

✺✳✹✳✶ ❈♦♥str✉çã♦ ❞❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✶

✺✳✹✳✷ ▼❡❧❤♦r✐❛ ❞♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷

✻ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ✺✺

✻✳✶ ❆♠❜✐❡♥t❡ ❞❡ t❡st❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺

✻✳✷ ●❡r❛çã♦ ❞❡ ♣r♦❜❧❡♠❛s✲t❡st❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺

✻✳✸ ▼étr✐❝❛ ❞❡ ❛✈❛❧✐❛çã♦ ❞♦s ❛❧❣♦r✐t♠♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✼

✻✳✹ ❈❛❧✐❜r❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❞♦s ❛❧❣♦r✐t♠♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✼

✻✳✹✳✶ ❈❛❧✐❜r❛çã♦ ❞♦ t✐♠❡s ❛ssí♥❝r♦♥♦s ❤í❜r✐❞♦s ✭❚❆❍✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✻✳✹✳✷ ❈❛❧✐❜r❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ❛❧❣♦r✐t♠♦ ■●✰❍❘ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✷

✻✳✹✳✸ ❈❛❧✐❜r❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞❛ ❤❡✉ríst✐❝❛ ■●✰▼❉▲ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✹

✻✳✹✳✹ ❈❛❧✐❜r❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ❛❧❣♦r✐t♠♦ IG+ F✫O ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✼

✻✳✺ ❘❡s✉❧t❛❞♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✵

✻✳✺✳✶ ❆♥á❧✐s❡s ❞♦s r❡s✉❧t❛❞♦s ❞❛s ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦ ♣♦rt❡ ✼✵

✻✳✺✳✷ ❆♥á❧✐s❡s ❞❡ r❡s✉❧t❛❞♦s ♣❛r❛ ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡ ✼✾

✻✳✺✳✸ ❆♥á❧✐s❡s ♣❛r❛ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✸

✻✳✻ ❈♦♥❝❧✉sõ❡s ❞♦s ❡①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✻

✼ ❈♦♥❝❧✉sõ❡s ✽✾

❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s ✾✸

❆♣ê♥❞✐❝❡ ❆ ✾✾

❆♣ê♥❞✐❝❡ ❇ ✶✵✶

❆♣ê♥❞✐❝❡ ❈ ✶✶✶

✈✐



▲✐st❛ ❞❡ ❋✐❣✉r❛s

✸✳✶ ❉✐❛❣r❛♠❛ ❞❡ ●❛♥tt ♣❛r❛ ♦ ❡①❡♠♣❧♦ ♥✉♠ér✐❝♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✺✳✶ Pr♦❝❡❞✐♠❡♥t♦ ❞❡ ❉❡str✉✐çã♦ ✲ ❈♦♥str✉✐çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✻

✺✳✷ ❇✉s❝❛ ▲♦❝❛❧✿❚r♦❝❛ s✐♠♣❧❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

✺✳✸ ❇✉s❝❛ ▲♦❝❛❧✿ ■♥s❡rçã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✾

✺✳✹ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ ❙♦❧✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶

✺✳✺ ▼ét♦❞♦ ♣❛r❛ ❛❞✐❛♥t❛r ❛ ♣r♦❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽

✺✳✻ ▼ét♦❞♦ ♣❛r❛ ♣♦st❡r❣❛r ❛ ♣r♦❞✉çã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵
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✻✳✶ ■♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❙ ❛❣r✉♣❛❞❛ ♣❛r❛ às ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❞♦ ❚❆❍ ✻✷

✻✳✷ ■♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❙ ❛❣r✉♣❛❞❛ ♣❛r❛ às ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❞♦ ■●✰❍❘ ✻✹
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✻✳✻ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❛♠♣❧✐❛❞♦ ❞♦s ❘P❉✪ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦

♣♦rt❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✻

✻✳✼ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❞♦s ❘P❉✪ ✭t❡♠♣♦s✮ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦

♣♦rt❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✾

✻✳✽ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❛♠♣❧✐❛❞♦ ❞♦s ❘P❉✪ ✭t❡♠♣♦s✮ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦
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✻✳✾ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❞♦s ❘P❉✪ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✶

✻✳✶✵ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❞♦s ❘P❉✪ ✭t❡♠♣♦✮ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡✳ ✳ ✳ ✳ ✽✷

✻✳✶✶ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❛♠♣❧✐❛❞❛ ❞♦s ❘P❉✪ ✭t❡♠♣♦✮ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡
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✻✳✶✷ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❞♦s ❘P❉✪ ♣❛r❛ t♦❞❛s ❛s ✐♥stâ♥❝✐❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✹
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✻✳✶✹ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❞♦s ❘P❉✪ ✭t❡♠♣♦✮ ♣❛r❛ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ✳ ✳ ✽✺

✻✳✶✺ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❛♠♣❧✐❛❞♦ ❞♦s ❘P❉✪ ✭t❡♠♣♦✮ ♣❛r❛ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡
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▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✸✳✶ ❚❡♠♣♦ ❞❡ Pr♦❞✉çã♦ (bjm) ❞♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾

✸✳✷ ❈❛♣❛❝✐❞❛❞❡ (Cmt) ❞❛ ♠áq✉✐♥❛ m ♥♦ P❡rí♦❞♦ t ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾

✸✳✸ ❉❡♠❛♥❞❛ (djt) ❞♦ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾

✸✳✹ ❈✉st♦ ❞❡ ❡st♦q✉❡ (hjm) ❞♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾

✸✳✺ ❈✉st♦ ❞❡ ♣r♦❞✉çã♦ (pjmt) ❞♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m ♥♦ ♣❡rí♦❞♦ t ✳ ✳ ✳ ✳ ✷✵

✸✳✻ ❚❡♠♣♦ ❞❡ ♣r❡♣❛r❛çã♦ (Sijm) ❞♦ ♣r♦❞✉t♦ i ❛♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m ✳ ✳ ✷✵

✸✳✼ ❈✉st♦ ❞❡ ♣r❡♣❛r❛çã♦ (Wijm) ❞♦ ♣r♦❞✉t♦ i ❛♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m ✳ ✳ ✳ ✷✵

✸✳✽ ◗✉❛♥t✐❞❛❞❡s ❞♦ ♣r♦❞✉t♦ i ♥♦ ♣❡rí♦❞♦ t ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶

✸✳✾ ❊st♦q✉❡ ❞♦ ♣r♦❞✉t♦ i ♥♦ ♣❡rí♦❞♦ t ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶

✻✳✶ ❈❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❞❛ ❧✐t❡r❛t✉r❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✻

✻✳✷ ◆♦✈❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❣❡r❛❞❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✻

✻✳✸ ❉❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❢❛t♦r✐❛❧ ♠✉❧t✐✲♥í✈❡❧ ♣❛r❛ ♦ ❚❆❍ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✻✳✹ ❚❡st❡ ❞❡ ❑r✉s❦❛❧❧✲❲❛❧❧✐s ♣❛r❛ ❛s ❈❊❳ ❞♦ ❚❆❍ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

✻✳✺ ❉❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❢❛t♦r✐❛❧ ♠✉❧t✐✲♥í✈❡❧ ♣❛r❛ ♦ ■●✰❍❘ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✷

✻✳✻ ❚❡st❡ ❞❡ ❑r✉s❦❛❧❧✲❲❛❧❧✐s ♣❛r❛ ❛s ❈❊❳ ❞♦ ■●✰❍❘ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✸

✻✳✼ ❉❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❢❛t♦r✐❛❧ ♠✉❧t✐✲♥í✈❡❧ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ■●✰▼❉▲ ✳ ✳ ✳ ✻✺

✻✳✽ ❚❡st❡ ❞❡ ❑r✉s❦❛❧❧✲❲❛❧❧✐s ♣❛r❛ ❛s ❈❊❳ ❞♦ ■●✰▼❉▲ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✺

✻✳✾ ❉❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ♠✉❧t✐✲♥í✈❡❧ ♣❛r❛ ♦ IG+ F✫O ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✼

✻✳✶✵ ❚❡st❡ ❞❡ ❑r✉s❦❛❧❧✲❲❛❧❧✐s ♣❛r❛ ❛s ❈❊❳ ❞♦ ■●✰❋&❖ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✽

✻✳✶✶ ▼é❞✐❛ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✶

✻✳✶✷ ❘P❉✪ ♠é❞✐♦ ♣♦r ❝❧❛s❡ ❞❡ ✐♥stâ♥❝✐❛ ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✶

✻✳✶✸ ▼é❞✐❛ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♣❛r❛ ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ♠é❞✐♦ ♣♦rt❡ ✳ ✳ ✳ ✳ ✳ ✼✷

✻✳✶✹ ❘P❉✪ ♠é❞✐♦ ♣❛r❛ ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ♠é❞✐♦ ♣♦rt❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✸

✻✳✶✺ ❚❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦ ♣♦rt❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✹

✻✳✶✻ ❚❡♠♣♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ♠é❞✐♦s ♣❛r❛ ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡ ✼✼

✻✳✶✼ ❚❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♠é❞✐♦ ♣♦r ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ♠é❞✐♦ ♣♦rt❡ ✳ ✳ ✳ ✼✼

✻✳✶✽ ❚❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦ ♣♦rt❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✽

✐①



✻✳✶✾ ❚❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♣❛r❛ ❛s ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✵

✻✳✷✵ ❚❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♣❛r❛ ♣r♦❜❧❡♠❛ ❞❡ ❣r❛♥❞❡ ♣♦rt❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✶

✻✳✷✶ ❚❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♣❛r❛ t♦❞❛s ❛s ✐♥stâ♥❝✐❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✸

✻✳✷✷ ❚❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♣❛r❛ ♣r♦❜❧❡♠❛ ❞❡ ❣r❛♥❞❡ ♣♦rt❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✺

❆✳✶ ❚❡♠♣♦ ❞❡ Pr♦❞✉çã♦ (b) ❞♦ ♣r♦❞✉t♦ J ♥❛ ♠áq✉✐♥❛ M ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✾

❆✳✷ ❈❛♣❛❝✐❞❛❞❡ (C) ❞❛ ♠áq✉✐♥❛ M ♥♦ P❡rí♦❞♦ T ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✾

❆✳✸ ❉❡♠❛♥❞❛ (d) ❞♦ ♣r♦❞✉t♦ J ♥♦ ♣❡rí♦❞♦ T ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✾

❆✳✹ ❈✉st♦ ❞❡ ❡st♦q✉❡ (h) ❞♦ ♣r♦❞✉t♦ J ♥❛ ♠áq✉✐♥❛ M ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✵

❆✳✺ ❈✉st♦ ❞❡ ♣r♦❞✉çã♦ (p) ❞♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m ♥♦ ♣❡rí♦❞♦ t ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✵

❆✳✻ ❚❡♠♣♦ ❞❡ ♣r❡♣❛r❛çã♦ (S) ❞♦ ♣r♦❞✉t♦ i ❛♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m ✳ ✳ ✳ ✳ ✶✵✵

❆✳✼ ❈✉st♦ ❞❡ ♣r❡♣❛r❛çã♦ (W ) ❞♦ ♣r♦❞✉t♦ i ❛♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m ✳ ✳ ✳ ✳ ✶✵✵

❇✳✶ ❈♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ♣❛r❛ ♦ ❚❆❍ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✶

❇✳✷ ❈♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ♣❛r❛ ♦ ■●✰❍❘ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✸

❇✳✸ ❈♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ♣❛r❛ ♦ ■●✰▼❉▲ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✹

❇✳✹ ❈♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ♣❛r❛ ♦ ■●✰❋&❖ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✼

❈✳✶ ❘❡s✉❧t❛❞♦s ❡st❡♥❞✐❞♦s ♣❛r❛ ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛ ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡ ✳ ✳ ✳ ✳ ✳ ✶✶✶

❈✳✷ ❘❡s✉❧t❛❞♦s ❡st❡♥❞✐❞♦s ♣❛r❛ ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛ ❞❡ ♠é❞✐♦ ♣♦rt❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✷

❈✳✸ ❘❡s✉❧t❛❞♦s ❡st❡♥❞✐❞♦s ♣❛r❛ ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛ ❞❡ ❣r❛♥❞❡ ♣♦rt❡ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶✹

①



❘❡s✉♠♦

❱■▲▲❆❉■❊●❖✱ ❍❛r❧❡♠ ▼❛✉r✐❝✐♦ ▼❛❞r✐❞✱ ▼✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱

❥✉❧❤♦ ❞❡ ✷✵✶✹✳ ❍❡✉ríst✐❝❛s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡ s❡q✉❡♥✲

❝✐❛♠❡♥t♦ ❞❡ ❧♦t❡s ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ ✢♦✇s❤♦♣✳ ❖r✐❡♥t❛❞♦r✿ ❏♦sé

❊❧✐❛s ❈❧❛✉❞✐♦ ❆rr♦②♦✳ ❈♦♦r✐❡♥t❛❞♦r✿ ❆♥❞ré ●✉st❛✈♦ ❉♦s ❙❛♥t♦s✳

◆❡st❛ ❞✐ss❡rt❛çã♦ é ❝♦♥s✐❞❡r❛❞♦ ♦ ♣r♦❜❧❡♠❛ ✐♥t❡❣r❛❞♦ ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡ s❡✲

q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❧♦t❡s ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ ✢♦✇ s❤♦♣ ❝♦♠ ♠áq✉✐♥❛s q✉❡

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

t❡s ❞❛ s❡q✉ê♥❝✐❛✳ ◆❡st❡ tr❛❜❛❧❤♦ s❡ ❝♦♥s✐❞❡r❛ ✉♠ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ✜♥✐t♦ ❡

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

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

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

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

❡st♦q✉❡s✳ ❉❛❞❛ ❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♣r♦❜❧❡♠❛✱ ♥❡st❡ tr❛❜❛❧❤♦ ♣r♦♣õ❡✲s❡ três ❛❧❣♦r✐t♠♦s

❤❡✉ríst✐❝♦s✱ t♦❞♦s ❜❛s❡❛❞♦s ♥❛ ♠❡t❛❤❡✉ríst✐❝❛ ■t❡r❛t❡❞ ●r❡❡❞② ✭■●✮✳ ◆♦s ❛❧❣♦r✐t♠♦s

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

❝❡❞✐♠❡♥t♦s ❜ás✐❝♦s ✭❞❡str✉✐çã♦✲❝♦♥str✉çã♦ ❡ ❜✉s❝❛ ❧♦❝❛❧✮ ❞♦ ❛❧❣♦r✐t♠♦ ■● ❡ ♦ ♠❡❧❤♦r

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

③❛♥❞♦ ❞✐❢❡r❡♥t❡s ♠ét♦❞♦s✳ ◆♦ ♣r✐♠❡✐r♦ ❛❧❣♦r✐t♠♦✱ ❞❡♥♦♠✐♥❛❞♦ ■●✰❍❘✱ é ✉t✐❧✐③❛❞❛

✉♠❛ ❛❞❛♣t❛çã♦ ❞❛ ❤❡✉ríst✐❝❛ ❍♦r✐③♦♥t❡ ❘♦❧❛♥t❡ ✭❍❘✮✳ ◆♦ s❡❣✉♥❞♦ ❛❧❣♦r✐t♠♦✱ ❞❡♥♦✲

♠✐♥❛❞♦ ■●✰▼❉▲✱ é ✉t✐❧✐③❛❞♦ ✉♠ ♠ét♦❞♦ ❞❡ ▼❡❧❤♦r✐❛ ❞❡ ❉✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ▲♦t❡s

q✉❡ ❝♦♥s✐st❡ ❡♠ ❛❞✐❛♥t❛r ❡ ♣♦st❡r❣❛r ❛ ♣r♦❞✉çã♦ ❡♥tr❡ ♣❡rí♦❞♦s✳ ❏á ♥♦ t❡r❝❡✐r♦ ❛❧❣♦✲

r✐t♠♦✱ ❞❡♥♦♠✐♥❛❞♦ ■●✰❋&❖✱ é ✉t✐❧✐③❛❞❛ ✉♠❛ ❛❞❛♣t❛çã♦ ❞❛ ❤❡✉ríst✐❝❛ ❋✐① ❛♥❞ ❖t✐♠✐③❡

✭❋&❖✮ ♣r♦♣♦st♦ ♥❛ ❧✐t❡r❛t✉r❛✳ P❛r❛ ❛♥❛❧✐s❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s

①✐



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

✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦✱ ♠é❞✐♦ ❡ ❣r❛♥❞❡ ♣♦rt❡✳ ❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s sã♦ ❝♦♠♣❛r❛❞♦s

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

✈❛❧✐❞❛❞♦s ❛tr❛✈és ❞❡ t❡st❡s ❡st❛tíst✐❝♦s✳

①✐✐



❆❜str❛❝t

❱■▲▲❆❉■❊●❖✱ ❍❛r❧❡♠ ▼❛✉r✐❝✐♦ ▼❛❞r✐❞✱ ▼✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✳

❏✉❧②✱ ✷✵✶✹✳ ❍❡✉r✐st✐❝ t♦ ❧♦t s✐③✐♥❣ ❛♥❞ s❡q✉❡♥❝✐♥❣ ♣r♦❜❧❡♠ ✐♥ ❛ ✢♦✇ s❤♦♣

❡♥✈✐r♦♥♠❡♥t✳ ❆❞✈✐s❡r✿ ❏♦sé ❊❧✐❛s ❈❧❛✉❞✐♦ ❆rr♦②♦✳ ❈♦✲❛❞✈✐s❡r✿ ❆♥❞ré ●✉st❛✈♦ ❉♦s

❙❛♥t♦s✳

■♥ t❤✐s ✇♦r❦✱ ✇❡ ❝♦♥s✐❞❡r t❤❡ ✐♥t❡❣r❛t❡❞ ❧♦t s✐③✐♥❣ ❛♥❞ s❡q✉❡♥❝✐♥❣ ♣r♦❜❧❡♠ ✐♥ ❛

♣❡r♠✉t❛t✐♦♥ ✢♦✇ s❤♦♣ ❡♥✈✐r♦♥♠❡♥t ✇✐t❤ ♠❛❝❤✐♥❡s t❤❛t ❤❛✈❡ ❞✐✛❡r❡♥t ♣r♦❞✉❝t✐♦♥ ❝❛✲

♣❛❝✐t✐❡s ❛♥❞ ✇✐t❤ s❡q✉❡♥❝❡✲❞❡♣❡♥❞❡♥t s❡t✉♣ t✐♠❡s✳ ■♥ t❤✐s ✇♦r❦✱ ✇❡ ❝♦♥s✐❞❡r ❛ ✜♥✐t❡

♣❧❛♥♥✐♥❣ ❤♦r✐③♦♥ ❛♥❞ ❞✐✈✐❞❡❞ ✐♥t♦ ❡q✉❛❧ ♣❡r✐♦❞s✳ ❚❤❡ ♣r♦❜❧❡♠ ❝♦♥s✐sts ♦♥ ❞❡t❡r♠✐♥✐♥❣

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

t❤❡ ❝✉st♦♠❡r ❞❡♠❛♥❞s ✇✐❧❧ ❜❡ ♠❡t ❛♥❞ ♠❛❝❤✐♥❡s ❝❛♣❛❝✐t② r❡s♣❡❝t❡❞✳ ❚❤❡ ♦❜❥❡❝t✐✈❡

✐s t♦ ♠✐♥✐♠✐③❡ t❤❡ s✉♠ ♦❢ t❤❡ s❡t✉♣✱ ♣r♦❞✉❝t✐♦♥ ❛♥❞ ✐♥✈❡♥t♦r② ❝♦sts✳ ●✐✈❡♥ t❤❡ ❝♦♠✲

♣❧❡①✐t② ♦❢ t❤❡ ♣r♦❜❧❡♠✱ t❤✐s ✇♦r❦ ♣r♦♣♦s❡s t❤r❡❡ ❤❡✉r✐st✐❝ ❛❧❣♦r✐t❤♠s✱ ❛❧❧ t❤❡♠ ❜❛s❡❞

♦♥ ♠❡t❛❤❡✉r✐st✐❝ ■t❡r❛t❡❞ ●r❡❡❞② ✭■●✮✳ ■♥ t❤❡ ♣r♦♣♦s❡❞ ❛❧❣♦r✐t❤♠s✱ t❤❡ ❜❡tt❡r ♣r♦✲

❞✉❝t✐♦♥ s❡q✉❡♥❝❡✱ ✐♥ ❡❛❝❤ ♣❡r✐♦❞✱ ✐s ❞❡t❡r♠✐♥❡❞ ❜② t❤❡ ❜❛s✐❝ ♣r♦❝❡❞✉r❡s ✭❞❡str✉❝t✐♦♥✲

❝♦♥str✉❝t✐♦♥ ❛♥❞ ❧♦❝❛❧ s❡❛r❝❤✮ ♦❢ ■● ❛♥❞ t❤❡ ❜❡st ❧♦t s✐③✐♥❣✱ ❢♦r ❡❛❝❤ ♣r♦❞✉❝t ❢♦r ❡❛❝❤

♣❡r✐♦❞✱ ✐s ❞❡t❡r♠✐♥❡❞ ✉s✐♥❣ ❞✐✛❡r❡♥t ♠❡t❤♦❞s✳■♥ t❤❡ ✜rst ❛❧❣♦r✐t❤♠✱ ♥❛♠❡❞ ■●✰❍❘✱ ❛♥

❛❞❛♣t❛t✐♦♥s ♦❢ ❘♦❧❧✐♥❣ ❍♦r✐③♦♥ ✭❍❘✮ ❤❡✉r✐st✐❝ ✐s ✉s❡❞✳ ■♥ t❤❡ s❡❝♦♥❞ ❛❧❣♦r✐t❤♠✱ ♥❛♠❡❞

■●✰▼❉▲✱ ❛ ✐♠♣r♦✈❡♠❡♥t ❧♦t s✐③✐♥❣ ♠❡t❤♦❞ ✐s ✉s❡❞ ✐♥ ✇❤✐❝❤ t❤❡ ♣r♦❞✉❝t✐♦♥ ❜❡t✇❡❡♥

t❤❡ ♣❡r✐♦❞s ✐s ❛❞✈❛♥❝❡❞ ❛♥❞ ♣♦st♣♦♥❡❞✳ ■♥ t❤❡ t❤✐r❞ ❛❧❣♦r✐t❤♠✱ ♥❛♠❡❞ ■●✰❋&❖✱ ❛♥

❛❞❛♣t❛t✐♦♥s ♦❢ t❤❡ ❤❡✉r✐st✐❝ ❋✐① ❛♥❞ ❖♣t✐♠✐③❡ ✭❋&❖✮✱ ♣r♦♣♦s❡❞ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡✱ ✐s

✉s❡❞✳ ❚♦ ❛♥❛❧②s✐s t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡ ♣r♦♣♦s❡❞ ❤❡✉r✐st✐❝ ❛❧❣♦r✐t❤♠s✱ ❞✐✛❡r❡♥t ❝♦♠✲

♣✉t❛t✐♦♥❛❧ t❡sts ✇❡r❡ r❡❛❧✐③❡❞ ✉s✐♥❣ ❛ s❡t ♦❢ s♠❛❧❧✱ ♠❡❞✐✉♠ ❛♥❞ ❧❛r❣❡ ✐♥st❛♥❝❡s ♦❢ t❤❡

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

①✐✐✐



❛✈❛✐❧❛❜❧❡ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡✳ ❚❤❡s❡ r❡s✉❧ts ❛r❡ ✈❛❧✐❞❛t❡❞ ❜② st❛t✐st✐❝❛❧ t❡st✳

①✐✈



❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉çã♦

❉❛❞♦ ♦ ❢❡♥ô♠❡♥♦ ❞❛ ❣❧♦❜❛❧✐③❛çã♦✱ ❛s ✐♥❞ústr✐❛s ♣r♦❝✉r❛♠ ♠❡❧❤♦r❛r s❡✉s ♣❧❛♥❡❥❛♠❡♥✲

t♦s ❡str❛té❣✐❝♦s ❡ ♣r♦❝❡ss♦s ♣r♦❞✉t✐✈♦s ❥á q✉❡ ❡stã♦ ❡♥❢r❡♥t❛♥❞♦✱ ♥♦ ❞✐❛ ❛ ❞✐❛✱ ✉♠❛

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

❊♠ ✈✐st❛ ❞✐st♦✱ ❛s ✐♥❞ústr✐❛s ❞❡✈❡♠ s❡ ♣r♦♣♦r ♦❜❥❡t✐✈♦s ❝♦♠♦✿ ❛❞❛♣t❛r s❡✉s s✐st❡♠❛s

♣❛r❛ ❛ ♠❡❧❤♦r❛ ❝♦♥tí♥✉❛ ❞❛ ♣r♦❞✉t✐✈✐❞❛❞❡✱ ❡st❛❜❡❧❡❝❡r s✐st❡♠❛s ✢❡①í✈❡✐s✱ ❞❡s❡♥✈♦❧✈❡r

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

♣r✐♦r✐③❛♥❞♦ ♦ ❛t❡♥❞✐♠❡♥t♦ ❞❛s ♥❡❝❡ss✐❞❛❞❡s ❞♦ ❝❧✐❡♥t❡ ✭▲✉st♦s❛ ❡t ❛❧✳ ❬✷✵✵✽❪✮✳ ❚❡♥t❛r

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

♣r♦❞✉çã♦✳ ❆ss✐♠✱ ♥❛ ❜✉s❝❛ ❞❛ ❡①❝❡❧ê♥❝✐❛✱ ♣❡r❝❡❜❡✲s❡ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ ✉♠ ❡✜❝❛③ ❡

❡✜❝✐❡♥t❡ P❧❛♥❡❥❛♠❡♥t♦ ❡ ❈♦♥tr♦❧❡ ❞❛ Pr♦❞✉çã♦ ✭P❈P✮✳ ❆♦ ❣❡r❡♥❝✐❛r ✉♠ ♣r♦❝❡ss♦

♣r♦❞✉t✐✈♦ ♦ P❈P é ✐♠♣r❡s❝✐♥❞í✈❡❧ ♣❛r❛ ❛ s♦❜r❡✈✐✈ê♥❝✐❛ ❞❛ ❡♠♣r❡s❛ ❡♠ ✉♠ ♠❡r❝❛❞♦

❛❧t❛♠❡♥t❡ ❝♦♠♣❡t✐t✐✈♦ ✭▲✉st♦s❛ ❡t ❛❧✳ ❬✷✵✵✽❪✮✳

❊♠ ❣❡r❛❧ ♦ P❈P ❝♦♥s✐st❡✱ ❡ss❡♥❝✐❛❧♠❡♥t❡✱ ❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❢✉♥çõ❡s ✐♥t❡r✲

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

❞❡♠❛✐s s❡t♦r❡s ❛❞♠✐♥✐str❛t✐✈♦s ❞❛ ❡♠♣r❡s❛✳ ❖ P❈P t❡♠ três ❝❛r❛❝t❡ríst✐❝❛s ♣r✐♥❝✐♣❛✐s✿

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

s❡t♦r❡s ❛❞♠✐♥✐str❛t✐✈♦s✳ P♦❞❡✲s❡ ❞❡t❛❧❤❛r q✉❛✐s sã♦ ❡st❛s ❢✉♥çõ❡s✱ ❡♥tr❡t❛♥t♦✱ ❛

❞✐✈❡rs✐❞❛❞❡ ❞❡ t✐♣♦s ❞❡ ✐♥❞ústr✐❛ t♦r♥❛ ❞✐❢í❝✐❧ ❡s♣❡❝✐✜❝❛r ❝❛❞❛ ❢✉♥çã♦✱ ❥á q✉❡ ❛❧❣✉♠❛s

♣♦❞❡♠ s❡r ♠✉✐t♦ ✐♠♣♦rt❛♥t❡s ❡♠ ✉♠❛ ✐♥❞ústr✐❛ ❡ s❡♠ ✐♠♣♦rtâ♥❝✐❛ ♦✉ ✐♥❡①✐st❡♥t❡

❡♠ ♦✉tr❛s ✭❩❛❝❝❛r❡❧❧✐ ❬✶✾✻✼❪✮✳ ❊st❡ tr❛❜❛❧❤♦ s❡ ❝❡♥tr❛ ♥❛ ❢✉♥çã♦ ♣r✐♥❝✐♣❛❧ ❞♦ P❈P✱ ♦

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

P❈P é ❞❡t❡r♠✐♥❛❞♦ ❞❡ ♠❛♥❡✐r❛ s✐♠✐❧❛r✳

❖ P❈P ♥♦ s❡t♦r ♣r♦❞✉t✐✈♦ é ✉♠ s✐st❡♠❛ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s✳

✶



✷ ❈❛♣ít✉❧♦ ✶✳ ■♥tr♦❞✉çã♦

■♥❢♦r♠❛çõ❡s s♦❜r❡ ❡st♦q✉❡ ❡①✐st❡♥t❡s✱ ✈❡♥❞❛s ♣r❡✈✐st❛s✱ ❧✐♥❤❛ ❞❡ ♣r♦❞✉t♦s✱ ♠♦❞♦ ❞❡

♣r♦❞✉③✐r✱ ❝❛♣❛❝✐❞❛❞❡ ♣r♦❞✉t✐✈❛ ❡ ❞❡♥tr❡ ♦✉tr❛s ✐♥❢♦r♠❛çõ❡s sã♦ r❡❝❡❜✐❞❛s✳ ❖ P❈P t❡♠

❝♦♠♦ ❢✉♥çã♦ tr❛♥s❢♦r♠❛r ❡st❛s ✐♥❢♦r♠❛çõ❡s ❡♠ ♦r❞❡♥s ❞❡ ♣r♦❞✉çã♦ ✭❩❛❝❝❛r❡❧❧✐ ❬✶✾✻✼❪✮✳

❘❡❢❡r✐♥❞♦✲s❡ ❛ ✉♠ ❡♥t♦r♥♦ ❝♦♠♣❧❡t❛♠❡♥t❡ ♣r♦❞✉t✐✈♦✱ ❛s ♦r❞❡♥s ❞❡ ♣r♦❞✉çã♦ ❝♦♥tê♠

❞❡❝✐sõ❡s s♦❜r❡ ♦ ✏q✉❡✑✱ ✏q✉❛♥t♦✑ ❡ ✏q✉❛♥❞♦✑ ♣r♦❞✉③✐r ✭❩❛❝❝❛r❡❧❧✐ ❬✶✾✻✼❪✮✳ P❛r❛ ❛ t♦♠❛❞❛

❞❡st❛s ❞❡❝✐sõ❡s é ✐♠♣r❡s❝✐♥❞í✈❡❧ ❝♦♥s✐❞❡r❛r três ♣r♦❜❧❡♠❛s ♣r✐♥❝✐♣❛✐s ❞♦ P❈P✱ ❡s✲

t❡s sã♦✿ ♦ ❝❛rr❡❣❛♠❡♥t♦✱ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❡ ❛ ♣r♦❣r❛♠❛çã♦ ❞❛ ♣r♦❞✉çã♦ ❞♦s ♣r♦❞✉t♦s✳

❊♠ ✉♠ ❝♦♥t❡①t♦ ❣❡r❛❧✱ ♦ ❝❛rr❡❣❛♠❡♥t♦ é ❛ q✉❛♥t✐❞❛❞❡ ❞❡ tr❛❜❛❧❤♦ ❛❧♦❝❛❞♦ ❛

✉♠ ❝❡♥tr♦ ❞❡ tr❛❜❛❧❤♦ ✭❙❧❛❝❦ ❡t ❛❧✳ ❬✷✵✵✾❪✮✳ ◆♦ ❝♦♥t❡①t♦ ❞❡ ✉♠❛ ❡♠♣r❡s❛ ♣r♦❞✉t✐✈❛✱

♣♦❞❡✲s❡ ❞❡✜♥✐r ♦ ❝❛rr❡❣❛♠❡♥t♦ ❝♦♠♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✉♠ ♣r♦❞✉t♦ ✭t❛♠❛♥❤♦ ❞❡ ❧♦t❡s

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

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

❡st❛❜❡❧❡❝❡r ❛ ♦r❞❡♠ ♥❛ q✉❛❧ ♦s ❧♦t❡s ❞❡ ✈ár✐♦s ♣r♦❞✉t♦s s❡rã♦ ♣r♦❞✉③✐❞♦s✳ ◆❛ ♣rát✐❝❛✱

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

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

r❡str✐çõ❡s ❢ís✐❝❛s✱ ▲■❋❖✱ ❋■❋❖✱ ❞❡♥tr❡ ♦✉tr❛s✳ ◆❛ ❧✐t❡r❛t✉r❛✱ ❡st❛s r❡❣r❛s sã♦ ♣♦✉❝♦

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

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

❞❡✈❡♠ ✐♥✐❝✐❛r ❡ ✜♥❛❧✐③❛r s✉❛ ♣r♦❞✉çã♦ ✭❙❧❛❝❦ ❡t ❛❧✳ ❬✷✵✵✾❪✮✳ ❊st❡ ❝r♦♥♦❣r❛♠❛ é

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

❆ ♣r♦❣r❛♠❛çã♦ ❞❛ ♣r♦❞✉çã♦ ❞❡♣❡♥❞❡ ❞♦ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦✱ ❥á q✉❡ ♦s

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

❞✐❢❡r❡♥t❡s ♠áq✉✐♥❛s✱ ❞❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡st❛s ❡ ❞♦s t❡♠♣♦s ❞❡ ♦✉tr♦s ♣r♦❞✉t♦s ❞♦

♠❡s♠♦ ♦✉ ❞❡ ♦✉tr♦ ❧♦t❡ ✭❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳ ❬✷✵✵✾❪✮✳ P✐♥❡❞♦ ❬✷✵✵✽❪ ❝❧❛ss✐✜❝❛ ♦s ❛♠❜✐❡♥t❡s

❞❡ ♣r♦❞✉çã♦ ❡♠✿ ú♥✐❝❛ ♠áq✉✐♥❛✱ ♠áq✉✐♥❛s ♣❛r❛❧❡❧❛s ✭✐❞ê♥t✐❝❛s✱ ✉♥✐❢♦r♠❡s ❡ ♥ã♦

r❡❧❛❝✐♦♥❛❞❛s✮✱ ✢♦✇s❤♦♣✱ ❥♦❜s❤♦♣ ❡ ♦♣❡♥s❤♦♣✳ ❖ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ ❝♦♥s✐❞❡r❛❞♦

♥❡st❡ tr❛❜❛❧❤♦ é ♦ ✢♦✇s❤♦♣✱ ❡ ♥❡st❡ ♦s ❧♦t❡s ❞❡ ♣r♦❞✉çã♦ sã♦ ♣r♦❝❡ss❛❞♦s ♣♦r ❝❡rt♦

♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s ❧✐❣❛❞❛s ❡♠ sér✐❡✳ ❉❡ss❛ ❢♦r♠❛✱ ✉♠ ✢✉①♦ ✉♥✐❞✐r❡❝✐♦♥❛❧ ❡ ✐♥✐♥t❡r✲

r✉♣t♦ ❞❡ ❧♦t❡s ❞❡ ♣r♦❞✉çã♦ ♣❛ss❛ ❛tr❛✈és ❞❛ sér✐❡ ❞❡ ♠áq✉✐♥❛s ✭❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳ ❬✷✵✶✷❪✮✳

❖ ♣r♦❜❧❡♠❛ tr❛t❛❞♦ ♥❡st❛ ❞✐ss❡rt❛çã♦ é ❜❛s❡❛❞♦ ♥♦s tr❛❜❛❧❤♦s ❞❡ ▼♦❤❛♠♠❛❞✐

❡t ❛❧✳ ❬✷✵✶✵❝❪✱ ❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪ ❡ ❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳ ❬✷✵✶✷❪✳ ❖ ♣r♦❜❧❡♠❛ ❝♦♥s✐❞❡r❛

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

❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ t✐♣♦ ✢♦✇s❤♦♣✱ ♦♥❞❡ ❛s ♠áq✉✐♥❛s ♣♦ss✉❡♠ ❝❛♣❛❝✐❞❛❞❡ ❧✐♠✐t❛❞❛

❡ ❡stã♦ ❞✐s♣♦st❛s ❡♠ sér✐❡ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ✜♥✐t♦ ❡ ❞✐✈✐❞✐❞♦



✶✳✶✳ ❖❜❥❡t✐✈♦s ✸

❡♠ ♣❡rí♦❞♦s✳ P♦rt❛♥t♦✱ ❞❡✈❡✲s❡ ❞❡t❡r♠✐♥❛r ❛ q✉❛♥t✐❞❛❞❡ ❛ ♣r♦❞✉③✐r ❞❡ ❝❛❞❛ ♣r♦❞✉t♦✱

❛ss✐♠ ❝♦♠♦ ❛ ♦r❞❡♠ ❡♠ q✉❡ s❡rã♦ ♣r♦❝❡ss❛❞♦s ♥❛s ♠áq✉✐♥❛s✳ ❖ ♦❜❥❡t✐✈♦ é ❞❡t❡r♠✐♥❛r

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

P❛r❛ ❛❜♦r❞❛r ♦ ♣r♦❜❧❡♠❛ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s três ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s ❜❛s❡✲

❛❞♦s ♥❛ s✐♠♣❧❡s ❡ ❡✜❝✐❡♥t❡ ❤❡✉ríst✐❝❛ ■t❡r❛t❡❞ ●r❡❡❞② ✭■●✮✱ ❛ q✉❛❧ ❢♦✐ ♣r♦♣♦st❛ ♣♦r

❘✉✐③ ✫ ❙tüt③❧❡ ❬✷✵✵✼❪ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ✢♦✇s❤♦♣ s❝❤❡❞✉❧✐♥❣✳ ◆♦ ♣r✐♠❡✐r♦ ❛❧❣♦r✐t♠♦

♣r♦♣♦st♦✱ ❝♦♠❜✐♥❛✲s❡ ♦ ■● ❝♦♠ ❛ ❤❡✉ríst✐❝❛ ❍♦r✐③♦♥t❡ ❘♦❧❛♥t❡ ✭❍❘✮ ♣r♦♣♦st❛ ♣♦r

❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪✱ ♥❡st❡ ❛❧❣♦r✐t♠♦✱ ♦ q✉❛❧ é ♥♦♠❡❛❞♦ ■●✰❍❘✱ ♦ ■● ♣r♦❝✉r❛ ❛

♠❡❧❤♦r s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉t♦s ❡♠ ❝❛❞❛ ♣❡rí♦❞♦ ❡ ❛ ❍❘ ♣r♦❝✉r❛ ♦ ♠❡❧❤♦r ❞✐♠❡♥s✐♦♥❛✲

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

♦ ■● é ✉t✐❧✐③❛❞♦ ♣❛r❛ ♣r♦❝✉r❛r ❛s ♠❡❧❤♦r❡s s❡q✉ê♥❝✐❛s ❞❡ ❧♦t❡s ♥♦s ♣❡rí♦❞♦s✱ ❡♥q✉❛♥t♦

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

♣r♦♣♦st♦s ♣♦r ●♦♣❛❧❛❦r✐s❤♥❛♥ ❡t ❛❧✳ ❬✷✵✵✶❪ ❞❡♥♦♠✐♥❛❞♦s ▼ét♦❞♦s ♣❛r❛ ♠❡❧❤♦r❛r

♦ ❉✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ▲♦t❡s ✭▼❉▲✮✱ ❞❛❞♦ ❛ ✉t✐❧✐③❛çã♦ ❞❡st❡s✱ t❡♠♦s ♥♦♠❡❛❞♦ ♦

❛❧❣♦r✐t♠♦ ❝♦♠♦ ■●✰▼❉▲✳ ◆♦ t❡r❝❡✐r♦ ❛❧❣♦r✐t♠♦ ♣r♦♣♦st♦✱ ♦ ■● é ❝♦♠❜✐♥❛❞♦ ❝♦♠ ❛

❤❡✉ríst✐❝❛ ❋✐① ❛♥❞ ❖t✐♠✐③❡ ✭❋&❖✮ ♣r♦♣♦st❛ ♣♦r P♦❝❤❡t ✫ ❲♦❧s❡② ❬✷✵✵✻❪✱ r❡s✉❧t❛♥❞♦

♥♦ ■●✰❋&❖✳ ❉❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♥♦s ❞♦✐s ❛❧❣♦r✐t♠♦s ❛♥t❡r✐♦r❡s ♦ ■● t❡♥t❛ ♠❡❧❤♦r❛r

❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ❡♠ ❝❛❞❛ ♣❡rí♦❞♦✱ ❡♥q✉❛♥t♦ ❛ ❤❡✉ríst✐❝❛ ❋&❖ é ✉t✐❧✐③❛❞❛

♣❛r❛ ♣r♦❝✉r❛r ♠❡❧❤♦r❡s ❞✐♠❡♥s✐♦♥❛♠❡♥t♦s ❞❡ ❧♦t❡s✳ ❆s ❤❡✉ríst✐❝❛s ♣r♦♣♦st❛s ■●✰❍❘✱

■●✰▼❉▲ ❡ ■●✰❋&❖ sã♦ ❝♦♠♣❛r❛❞❛s ❝♦♠ ♦s ♠ét♦❞♦s q✉❡✱ ❞♦ ♥♦ss♦ ❝♦♥❤❡❝✐♠❡♥t♦✱

sã♦ ♦s ♠❡❧❤♦r❡s ❞❛ ❧✐t❡r❛t✉r❛✱ ❡st❡s sã♦✿ ♦ ❆✲❚❡❛♠s ♣r♦♣♦st♦ ♣♦r ❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳

❬✷✵✶✷❪ ❡ ❛ ❍❘ ♣r♦♣♦st❛ ♣♦r ❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪✳

✶✳✶ ❖❜❥❡t✐✈♦s

◆❡st❛ s❡çã♦ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s ♦❜❥❡t✐✈♦s ❞❡st❛ ❞✐ss❡rt❛çã♦✳

✶✳✶✳✶ ❖❜❥❡t✐✈♦ ❣❡r❛❧

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

❡✜❝❛③✱ ❡✜❝✐❡♥t❡ ❡ ❝♦♠♣❡t✐t✐✈♦ ❝♦♠ ♦s ♠ét♦❞♦s ❞❛ ❧✐t❡r❛t✉r❛ ♣❛r❛ ❡♥❝♦♥tr❛r s♦❧✉çõ❡s ❞❡

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

❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ ✢♦✇s❤♦♣✳

P❛r❛ ❛❧❝❛♥ç❛r ❡st❡ ♦❜❥❡t✐✈♦✱ ♦s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s ❛ s❡❣✉✐r ❞❡✈❡♠ s❡r ❛t✐♥❣✐❞♦s✳



✹ ❈❛♣ít✉❧♦ ✶✳ ■♥tr♦❞✉çã♦

✶✳✶✳✷ ❖❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s

• ❆♥❛❧✐s❛r ❛s ♣❡sq✉✐s❛s ❞❛ ❧✐t❡r❛t✉r❛ q✉❡ tr❛t❛♠ ♦ ♣r♦❜❧❡♠❛ ❛❜♦r❞❛❞♦ ❡ ♣r♦❜❧❡♠❛s

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

• ❉❡s❡♥✈♦❧✈❡r ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s ❤í❜r✐❞♦s r♦❜✉st♦s ♣❛r❛ r❡s♦❧✈❡r ❞❡ ♠❛♥❡✐r❛

❡✜❝✐❡♥t❡ ♦ ♣r♦❜❧❡♠❛ tr❛t❛❞♦✳

• ❘❡❛❧✐③❛r ✉♠❛ ❛❞❡q✉❛❞❛ ❝❛❧✐❜r❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ♣❛r❛ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s

• ❘❡s♦❧✈❡r ❛s ❝❧❛ss❡s ❞❡ ♣r♦❜❧❡♠❛s✲t❡st❡s ✭✐♥stâ♥❝✐❛s✮ ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ❛

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

✶✳✷ ❊str✉t✉r❛ ❞♦ tr❛❜❛❧❤♦

❖ r❡st❛♥t❡ ❞❛ ❞✐ss❡rt❛çã♦ é ♦r❣❛♥✐③❛❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ ♦ ❝❛♣ít✉❧♦ 2 ❛♣r❡s❡♥t❛ ✉♠❛

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

♣ít✉❧♦ 3 ♠♦str❛✲s❡ ❛ ❞❡✜♥✐çã♦ ❡ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛ ❞♦ ♣r♦❜❧❡♠❛ ❝♦♥s✐❞❡r❛❞♦✳ ◆♦s

❝❛♣ít✉❧♦s 4 ❡ 5 sã♦ ❞❡s❝r✐t♦s ♦s ❛❧❣♦r✐t♠♦s ❞❛ ❧✐t❡r❛t✉r❛ ❡ ♦s ❛❧❣♦r✐t♠♦s ♣r♦♣♦st♦s✱ r❡s✲

♣❡❝t✐✈❛♠❡♥t❡✳ ◆♦ ❝❛♣ít✉❧♦ 6✱ ♦s ❡①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s✱ ❝♦♠♦ ❛ ❝❛❧✐❜r❛çã♦ ❞♦s

❛❧❣♦r✐t♠♦s ❡ ♦s r❡s✉❧t❛❞♦s✱ sã♦ ❛♣r❡s❡♥t❛❞♦s✳ ❋✐♥❛❧♠❡♥t❡✱ ♥♦ ❝❛♣ít✉❧♦ 7 sã♦ ❛♣r❡s❡♥t❛✲

❞❛s ❛s ❝♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s s❡❣✉✐❞♦ ❞❛s ♣r♦♣♦st❛s ❞❡ ♣❡sq✉✐s❛s ❢✉t✉r❛s✳



❈❛♣ít✉❧♦ ✷

❘❡✈✐sã♦ ❞❛ ❧✐t❡r❛t✉r❛

❉❡✈✐❞♦ à ❝♦♠♣❡t✐t✐✈✐❞❛❞❡ ❝❛✉s❛❞❛ ♣❡❧❛ ❣❧♦❜❛❧✐③❛çã♦✱ ❛s ✐♥❞ústr✐❛s✱ ❡♠ ❡s♣❡❝✐❛❧ ❛s ♠❛✲

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

♣♦s✐❝✐♦♥❛♠❡♥t♦ ♥♦ ♠❡r❝❛❞♦✳ P❛r❛ ✐st♦✱ é ❞❡ ✈✐t❛❧ ✐♠♣♦rtâ♥❝✐❛ q✉❡ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❡

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

❖ ♣❧❛♥❡❥❛♠❡♥t♦ ❡ ❝♦♥tr♦❧❡ ❞❡ ♣r♦❞✉çã♦ ✭P❈P✮ é ❛ ❛t✐✈✐❞❛❞❡ q✉❡ ♣❡r♠✐t❡

❝♦♦r❞❡♥❛r ❡ ❞✐r✐❣✐r t♦❞❛s ❛s ♦♣❡r❛çõ❡s ❞❡ ✉♠ ♣r♦❝❡ss♦ ♣r♦❞✉t✐✈♦ ✭❚✉❜✐♥♦ ❬✷✵✵✾❪✮✳

❖ P❈P t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ❛ ❞❡s❝r✐çã♦ ❞❛s q✉❛♥t✐❞❛❞❡s ❛ ♣r♦❞✉③✐r ❡♠ ❝❛❞❛ ✉♠ ❞♦s

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

❞❛s ✐♥st❛❧❛çõ❡s ❡ s❡ ❞✐s♣♦♥❤❛ ❞❡ s✉✜❝✐❡♥t❡s ♣r♦❞✉t♦s ♣❛r❛ s❛t✐s❢❛③❡r ❛s ❞❡♠❛♥❞❛s ❞♦s

♠❡s♠♦s ✭❈♦rrê❛ ❡t ❛❧✳ ❬✷✵✵✶❪✮✳ ❚r❛t❛✲s❡ ❞❡ ✉♠❛ ❞❛s ❡t❛♣❛s ♠❛✐s ✐♠♣♦rt❛♥t❡s ❞❡♥tr♦

❞❛ ❡str❛té❣✐❛ ♣r♦❞✉t✐✈❛ ❞❛ ❡♠♣r❡s❛✳

❉❛ ❞❡✜♥✐çã♦ ❡①♣♦st❛ ❛❝✐♠❛✱ ♣♦❞❡✲s❡ ❞❡❞✉③✐r ♦ ❝♦♥❥✉♥t♦ ❞❡ ❡❧❡♠❡♥t♦ q✉❡ ❝♦♠✲

♣õ❡♠ ♦ P❈P✱ ❡♥tr❡ ❡st❡s✱ ♦ ❤♦r✐③♦♥t❡ t❡♠♣♦r❛❧✱ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❛ ♣r♦❞✉çã♦ ✐♥st❛❧❛❞❛✱

❛ t❛①❛ ❞❡ ♣r♦❞✉çã♦ ♦✉ q✉❛♥t✐❞❛❞❡ ❛ ♣r♦❞✉③✐r ❡♠ ❝❛❞❛ ✐♥st❛♥t❡ ❞❡ t❡♠♣♦ ❡ ♦ ❡st♦q✉❡

q✉❡ s❡ ♠❛♥té♠ ❞❡ ✉♠ ♣❡rí♦❞♦ ❛ ♦✉tr♦ ❛♦ ❧♦♥❣♦ ❞♦ ♣❡rí♦❞♦ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ✭❞❛ ❘♦❝❤❛

❬✷✵✵✽❪✮✳ ◆♦ P❈P ❞❡✈❡ s❡r r❡❛❧✐③❛❞♦ ❞❡ ❢♦r♠❛ s✐st❡♠át✐❝❛ ❡ ❛tr❛✈és ❞♦ ❡st✉❞♦ ❞♦

❝♦♥❥✉♥t♦ ❞♦s ❝✉st♦s ❞❛ ❡♠♣r❡s❛✱ ❡♥tr❡ ❡st❡s✿ ♦s ❝✉st♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✱ ❝✉st♦s ❞❡

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

♣r♦❞✉t✐✈❛✱ ❝✉st♦s ❞❡ ✈❛r✐❛çã♦ ❞❛ ♣r♦❞✉çã♦ ❡ ❝✉st♦s ❞❡ ♠ã♦ ❞❡ ♦❜r❛ ✭❆♥t✉♥❡s ❬✷✵✵✽❪✮✳

❖ P❈P ❞❡✈❡ s❛t✐s❢❛③❡r ❛s ❝♦♥❞✐çõ❡s ❞❛ ❡♠♣r❡s❛✱ ♠✐♥✐♠✐③❛♥❞♦ ♦s ❝✉st♦s t♦t❛✐s ❞❛

♠❡s♠❛✳

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

❡✱ s❡❣✉♥❞♦ ❩❛❝❝❛r❡❧❧✐ ❬✶✾✻✼❪✱ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❡ ❝♦♥tr♦❧❡ ❞❛ ♣r♦❞✉çã♦ ❡♥✈♦❧✈❡ ❞❡❝✐sõ❡s

✺



✻ ❈❛♣ít✉❧♦ ✷✳ ❘❡✈✐sã♦ ❞❛ ❧✐t❡r❛t✉r❛

s♦❜r❡✿ q✉ê✱ q✉❛♥❞♦ ❡ ❝♦♠♦ ♣r♦❞✉③✐r ❞❡t❡r♠✐♥❛❞♦s ♣r♦❞✉t♦s✳ ◆❡st❡ ❝♦♥t❡①t♦✱ s❡

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

♦ ❡s❝♦♣♦ ❞❡st❡ tr❛❜❛❧❤♦ ❡ ♣♦rt❛♥t♦ s❡rã♦ ❞❡s❝r✐t♦s ❛ s❡❣✉✐r✳

❖ ♣r♦❜❧❡♠❛ ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡ ✭P❉▲✮ ❝♦♥s✐st❡ ❡♠ ❞❡t❡r♠✐♥❛r ❛

q✉❛♥t✐❞❛❞❡s ❡ ♦ ♣❡rí♦❞♦ ♥♦ q✉❛❧ ♦s ❧♦t❡s s❡rã♦ ♣r♦❞✉③✐❞♦s ✭❇❛❤❧ ❡t ❛❧✳ ❬✶✾✽✼❪✮✳ ❆

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

♣❡rí♦❞♦s ✭s❡♠❛♥❛s✱ ♠❡s❡s✱ ❛♥♦s✱ ❡t❝✳✮ ♥♦ q✉❛❧ ❡①✐st❡ ✉♠❛ ❞❡♠❛♥❞❛ ❞❡ ♣r♦❞✉t♦s ❛ s❡r

❛t❡♥❞✐❞❛✳ ◆❡st❡ ♣r♦❜❧❡♠❛ ❡①✐st❡♠ ❝❡rt❛s r❡str✐çõ❡s ❝♦♠♦ ❛t❡♥❞✐♠❡♥t♦ à ❞❡♠❛♥❞❛✱

❧✐♠✐t❡s ❞❡ ❡st♦q✉❡ ❡ ❝❛♣❛❝✐❞❛❞❡ ❞♦s ❡q✉✐♣❛♠❡♥t♦s ✭♠áq✉✐♥❛s✮✳ ●❡r❛❧♠❡♥t❡✱ ♦ ♦❜❥❡t✐✈♦

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

s♦♠❛tór✐❛ ❞♦s ❝✉st♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦s✱ ❝✉st♦s ❞❡ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s ❡ ❝✉st♦s

❞❡ ❡st♦q✉❡✳

❖ P❉▲✱ s❡❣✉♥❞♦ ❇❛❤❧ ❡t ❛❧✳ ❬✶✾✽✼❪ ♣♦❞❡ s❡r ❝❧❛ss✐✜❝❛❞♦ ❝♦♠♦ ♠♦♥♦✲❡stá❣✐♦ ♦✉

♠ú❧t✐♣❧♦✲❡stá❣✐♦✳ ❖ P❉▲ ♠ú❧t✐♣❧♦✲❡stá❣✐♦ ❡♥❝♦♥tr❛✲s❡ ♥♦s ♣r♦❝❡ss♦s ♣r♦❞✉t✐✈♦s ❡♠

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

s❡❥❛✱ ❡①✐st❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❛t❡♥❞❡r ❛ ❞❡♠❛♥❞❛ ❞♦s ♣r♦❞✉t♦s ❝♦♠♣♦♥❡♥t❡s✱ ❝♦♥❤❡❝✐❞❛

❝♦♠♦ ❞❡♠❛♥❞❛ ✐♥t❡r♥❛✳ ❊♠ ❑✉✐❦ ❡t ❛❧✳ ❬✶✾✾✹❪✱ ❡♥❝♦♥tr❛✲s❡ ✉♠❛ r❡✈✐sã♦ ❡ ❝❧❛ss✐✜❝❛çõ❡s

♣❛r❛ ♦ P❉▲ ♠ú❧t✐♣❧♦✲❡stá❣✐♦✳ ❖ P❉▲ ♠♦♥♦✲❡stá❣✐♦ ❝❛r❛❝t❡r✐③❛✲s❡ ♣❡❧❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛

❞❡ s❡✉s ♣r♦❞✉t♦s ✜♥❛✐s ❞✉r❛♥t❡ ❛ ♣r♦❞✉çã♦✱ ♦✉ s❡❥❛✱ ♦s ♣r♦❞✉t♦s ♥ã♦ ❞❡♠❛♥❞❛♠

❛ ♣ré✲♣r♦❞✉çã♦ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❞❡ s✉❛ ❡str✉t✉r❛✳ ❖ P❉▲ ♠♦♥♦✲❡stá❣✐♦ ♣♦❞❡ s❡r

❝♦♥s✐❞❡r❛❞♦ t❛♥t♦ ♣❛r❛ ✉♠ ú♥✐❝♦ ♦✉ ✈ár✐♦s ♣r♦❞✉t♦s ✭♠ú❧t✐♣❧♦✲♣r♦❞✉t♦✮ ❡ ❝♦♠ ♦✉ s❡♠

r❡str✐çõ❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡✳ ❯♠❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ ❝♦♠♣❧❡t❛ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ❡♠

P♦❝❤❡t ✫ ❲♦❧s❡② ❬✷✵✵✻❪

❖ ❝❛s♦ ♠❛✐s ♣❡sq✉✐s❛❞♦ ♥❛ ❧✐t❡r❛t✉r❛ é ♦ P❉▲ ♠♦♥♦✲❡stá❣✐♦ ♠ú❧t✐♣❧♦✲♣r♦❞✉t♦

❝♦♠ r❡str✐çõ❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡✳ ❆ ♠♦t✐✈❛çã♦ ♣❛r❛ ❡st✉❞❛r ❡ss❛ ❝❧❛ss❡ ❞❡ ♣r♦❜❧❡♠❛s ❡stá

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

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

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

♣r♦❥❡t❛❞♦s ♣❛r❛ ♣r♦❜❧❡♠❛s ♠❛✐s ❣❡r❛✐s ✭❇❛❤❧ ❡t ❛❧✳ ❬✶✾✽✼❪✮✳

◗✉❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ ❝♦♥té♠ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ♠ú❧t✐♣❧♦✲♣r♦❞✉t♦✱ ❢❛t♦r❡s ✐♠✲

♣♦rt❛♥t❡s ❝♦♠♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦s ❞♦s ♣r♦❞✉t♦s ❡ t❡♠♣♦s ❞❡ ♣r❡♣❛r❛çã♦ ❞❛s

♠áq✉✐♥❛s sã♦ ❝♦♥s✐❞❡r❛❞♦s✱ ❥á q✉❡ ❡st❡s ✐♠♣❛❝t❛♠ ❞✐r❡t❛♠❡♥t❡ ♥❛s r❡str✐çõ❡s ❞❡

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



✼

❝♦♥s✐❞❡r❛r ♦s t❡♠♣♦s ❞❡ ♣r❡♣❛r❛çã♦✳ ❇✐❧❧✐♥❣t♦♥ ❡t ❛❧✳ ❬✶✾✾✹❪ ❞❡st❛❝❛♠ q✉❡ ❛ ✉t✐❧✐③❛çã♦

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

❛❧❣✉♥s ❝❛s♦s ♦s t❡♠♣♦s ❞❡ ♣r❡♣❛r❛çã♦ ❡stã♦ ✐♥❝❧✉í❞♦s ♥♦s t❡♠♣♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳

❚r✐❣❡✐r♦ ❡t ❛❧✳ ❬✶✾✽✾❪ t❛♠❜é♠ s❡ ❝❡♥tr❛♠ ♥❛ ✐♠♣♦rtâ♥❝✐❛ ❞♦s t❡♠♣♦s ❞❡ ♣r❡♣❛r❛çã♦✱

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

é ❢✉♥❞❛♠❡♥t❛❧✳ ❋❧♦r✐❛♥ ❡t ❛❧✳ ❬✶✾✽✵❪ ❛✜r♠❛♠ q✉❡ ♣❛r❛ ♣r♦❜❧❡♠❛s ❝♦♠ r❡❝✉rs♦s

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

❞❡ ♣r❡♣❛r❛çã♦ t♦r♥❛ ♦ P❉▲ ◆P✲❉✐❢í❝✐❧✳

❯♠ ❛s♣❡❝t♦ ❢✉♥❞❛♠❡♥t❛❧ q✉❡ s❡ ❛♣r❡s❡♥t❛ ♥♦ P❉▲ ♠♦♥♦✲❡stá❣✐♦ ♠ú❧t✐♣❧♦✲

♣r♦❞✉t♦ é ♦ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦✳ ●❡r❛❧♠❡♥t❡✱ ♦ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ é ❝♦♠♣♦st♦

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

❊st❛ ♣r❡♣❛r❛çã♦ ✐♥❝♦rr❡ ❞✐r❡t❛♠❡♥t❡ ❡♠ ✉♠ t❡♠♣♦ ❡✱ ♣♦rt❛♥t♦✱ ♥❛ ❝❛♣❛❝✐❞❛❞❡✱ q✉❡

❣❡r❛❧♠❡♥t❡ é ✉♠ ❧✐♠✐t❛♥t❡ ❞❡ t❡♠♣♦✳ ❈❛❜❡ r❡ss❛❧t❛r q✉❡ ❛ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s

♣♦❞❡ s❡r ❞❡♣❡♥❞❡♥t❡ ♦✉ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ s❡q✉ê♥❝✐❛ ❞♦s ♣r♦❞✉t♦s✳ ❉❛❞♦ à ❡①✐stê♥❝✐❛

❞❡ ♠❛✐s ❞❡ ✉♠ ♣r♦❞✉t♦ ❡ ❞❡ ✉♠❛ ♦✉ ✈ár✐❛s ♠áq✉✐♥❛s✱ é ♥❡❝❡ssár✐❛ ✉♠❛ ♣r♦❣r❛♠❛çã♦

❞❛ ♣r♦❞✉çã♦✳ ❆ ♣r♦❣r❛♠❛çã♦ ❞❛ ♣r♦❞✉çã♦ ❝♦♥s✐st❡ ♥❛ ♦r❞❡♠ ✭♦✉ s❡q✉ê♥❝✐❛✮ ♥❛ q✉❛❧

♦s ❧♦t❡s s❡rã♦ ♣r♦❝❡ss❛❞♦s✱ ❛ss✐♠ ❝♦♠♦ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞♦ t❡♠♣♦ ✐♥✐❝✐❛❧ ❡ ✜♥❛❧ ❞❡

♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ❝❛❞❛ ❧♦t❡ ❡♠ ❝❛❞❛ ♠áq✉✐♥❛ ✭P♦❝❤❡t ✫ ❲♦❧s❡② ❬✷✵✵✻❪✮✳

❆ ♣r♦❣r❛♠❛çã♦ ❞❛ ♣r♦❞✉çã♦ ❞❡♣❡♥❞❡ ❞♦ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦✱ ❥á q✉❡ ♦s t❡♠♣♦s

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

✭♠áq✉✐♥❛s✮ ❞❡ ♣r♦❞✉çã♦✱ ❞❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ss❡s ❡stá❣✐♦s ❡ ❞♦s t❡♠♣♦s ❞❡ ♦✉tr♦s

♣r♦❞✉t♦s ❞♦ ♠❡s♠♦ ♦✉ ❞❡ ♦✉tr♦ ❧♦t❡ ✭❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳ ❬✷✵✵✾❪✮✳ ❊①✐st❡♠ ✈ár✐♦s t✐♣♦s

❞❡ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ ❞❡✜♥✐❞♦s ❞❡ ❛❝♦r❞♦ à ❝♦♥✜❣✉r❛çã♦ ❞❛s ♠áq✉✐♥❛s ❡ ❛ r♦t❛

❞♦s ♣r♦❞✉t♦s ❛tr❛✈és ❞❡st❛s✳ P✐♥❡❞♦ ❬✷✵✵✽❪ ❝❧❛ss✐✜❝❛ ♦s ❛♠❜✐❡♥t❡s ❞❡ ♣r♦❞✉çã♦ ❡♠✿

ú♥✐❝❛ ♠áq✉✐♥❛✱ ♠áq✉✐♥❛s ♣❛r❛❧❡❧❛s ✭✐❞ê♥t✐❝❛s✱ ✉♥✐❢♦r♠❡s ❡ ♥ã♦ r❡❧❛❝✐♦♥❛❞❛s✮✱ ✢♦✇s❤♦♣✱

❥♦❜s❤♦♣ ❡ ♦♣❡♥s❤♦♣✳ ◆♦ ❛♠❜✐❡♥t❡ ❞❡ ú♥✐❝❛ ♠áq✉✐♥❛✱ t♦❞♦s ♣r♦❞✉t♦s ❞❡✈❡♠ s❡r ♣r♦✲

❝❡ss❛❞♦s ♥❡st❛ ú♥✐❝❛ ♠áq✉✐♥❛ ❡ s❡♠ ✐♥t❡rr✉♣çã♦✱ ❛ ♠áq✉✐♥❛ só ♣♦❞❡ ♣r♦❝❡ss❛r ✉♠

♣r♦❞✉t♦ ♣♦r ✈❡③✳ ❊♠ ♠áq✉✐♥❛s ♣❛r❛❧❡❧❛s ✐❞ê♥t✐❝❛s✱ ♦s ♣r♦❞✉t♦s tê♠ ♦ ♠❡s♠♦ t❡♠♣♦

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

♠áq✉✐♥❛s✳ ❊♠ ♠áq✉✐♥❛s ♣❛r❛❧❡❧❛s ✉♥✐❢♦r♠❡s✱ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✉♠ ♣r♦✲

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

❝♦rr❡s♣♦♥❞❡♥t❡s ❡♠ ♦✉tr❛s ♠áq✉✐♥❛s✳ ❊♠ ♠áq✉✐♥❛s ♣❛r❛❧❡❧❛s ♥ã♦ r❡❧❛❝✐♦♥❛❞❛s✱ ♥ã♦

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

❞✐st✐♥t❛s✱ ♦✉ s❡❥❛✱ ❝❛❞❛ ♠áq✉✐♥❛s t❡♠ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡ t❡♠♣♦ ❞❡ ♣r❡♣❛r❛✲

çã♦ ❞✐st✐♥t♦ ♣❛r❛ ❝❛❞❛ ♣r♦❞✉t♦✳ ◆♦ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ ✢♦✇s❤♦♣✱ ♦s ♣r♦❞✉t♦s sã♦



✽ ❈❛♣ít✉❧♦ ✷✳ ❘❡✈✐sã♦ ❞❛ ❧✐t❡r❛t✉r❛

♣r♦❝❡ss❛❞♦s ♣♦r ✉♠❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♠áq✉✐♥❛s ❧✐❣❛❞❛s ❡♠ sér✐❡✱ ❞❡ss❛ ❢♦r♠❛✱ ✉♠ ✢✉①♦

✉♥✐❞✐r❡❝✐♦♥❛❧ ❝♦♥tí♥✉♦ ❡ ✐♥✐♥t❡rr✉♣t♦ ❞❡ ♣r♦❞✉t♦s ♣❛ss❛ ❛tr❛✈és ❞❛ sér✐❡ ❞❡ ♠áq✉✐♥❛s✳

◆♦ ❥♦❜s❤♦♣✱ ❝❛❞❛ ♣r♦❞✉t♦ t❡♠ s✉❛ ♣ró♣r✐❛ r♦t❛ ❞❡ ♣r♦❞✉çã♦ ♣r❡❡st❛❜❡❧❡❝✐❞❛✱ s❡♥❞♦

♣♦ssí✈❡❧ ✉♠ ♣r♦❞✉t♦ s❡r ♣r♦❝❡ss❛❞♦s ♠❛✐s ❞❡ ✉♠❛ ✈❡③ ❡♠ ✉♠❛ ♠áq✉✐♥❛✳ ◆♦ ❖♣❡♥s❤♦♣

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

❖ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ ♣❡sq✉✐s❛❞♦ ♥❡st❛ ❞✐ss❡rt❛çã♦ é ♦ ✢♦✇s❤♦♣✱ ♣♦rt❛♥t♦✱ ❛

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

❏♦❤♥s♦♥ ❬✶✾✺✹❪ ❢♦✐ ♦ ♣r✐♠❡✐r♦ ❛ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛ ❞❡ ❢♦✇s❤♦♣ s❝❤❡❞✉❧✐♥❣✭P❋❙✮

♦t✐♠❛♠❡♥t❡ ♣❛r❛ ❞✉❛s ♠áq✉✐♥❛s✱ t❡♥❞♦ ❝♦♠♦ ♦❜❥❡t✐✈♦ ♦ ♠❛❦❡s♣❛♥ ✭✐♥st❛♥t❡ ❞❡ tér♠✐♥♦

❞❛ ♣r♦❞✉çã♦✮✳ ❙❡❣✉♥❞♦ ●❛r❡② ❡t ❛❧✳ ❬✶✾✼✻❪✱ ♦ P❋❙ ♣❛r❛ ♠❛✐s ❞❡ ❞✉❛s ♠áq✉✐♥❛s t♦r♥❛✲s❡

◆P✲❉✐❢í❝✐❧✳

◆♦ P❋❙ ❝❛❞❛ ♠áq✉✐♥❛ ❞♦ ♣r♦❝❡ss♦ ♣r♦❞✉t✐✈♦ ♣♦❞❡ t❡r ✉♠❛ s❡q✉ê♥❝✐❛ ❞✐❢❡r❡♥t❡ ❞❡

♣r♦❞✉çã♦✱ ❝❛r❛❝t❡r✐③❛♥❞♦ ♦ ✢♦✇s❤♦♣ ♣✉r♦✳ P♦ré♠✱ ♥❛ ❧✐t❡r❛t✉r❛ ❡ ♥❛ ♣rát✐❝❛ ✐♥❞✉str✐❛❧

❝♦♥s✐❞❡r❛✲s❡ ♦ ✢♦✇s❤♦♣ ♣❡r♠✉t❛❝✐♦♥❛❧✱ ♦ q✉❛❧ ♠❛♥té♠ ❛ ♠❡s♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦

♣❛r❛ t♦❞❛s ❛s ♠áq✉✐♥❛s✳ ❙❡❣✉♥❞♦ ❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳ ❬✷✵✶✷❪✱ ❡st❛ ❝♦♥s✐❞❡r❛çã♦ é ❥✉st✐✜❝❛❞❛

♣❡❧❛ r❡str✐çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ♣r♦❣r❛♠❛çõ❡s ♣♦ssí✈❡❧✱ ❥á q✉❡ ♥♦ ✢♦✇s❤♦♣ ♣✉r♦✱ ❝♦♠

▼ ♠áq✉✐♥❛s ❡ ◆ ♣r♦❞✉t♦s ❞✐❢❡r❡♥t❡s✱ ❡①✐st❡♠ (N !)m ♣r♦❣r❛♠❛çõ❡s ❡ ♣❛r❛ ♦ ❝❛s♦

♣❡r♠✉t❛❝✐♦♥❛❧ ❡①✐st❡♠ N !✳

❖ ♣r♦❜❧❡♠❛ ❞❡ ✢♦✇s❤♦♣ ♣❡r♠✉t❛❝✐♦♥❛❧ ❝♦♥s✐st❡ ❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ N ♣r♦❞✉t♦s

❛ s❡r❡♠ ♣r♦❝❡ss❛❞♦s ❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ M ♠áq✉✐♥❛s ♥❛ ♠❡s♠❛ ♦r❞❡♠ ✭♦✉ s❡q✉ê♥❝✐❛✮

♦❜❡❞❡❝❡♥❞♦ ❛s s❡❣✉✐♥t❡s s✉♣♦s✐çõ❡s✿

• ❈❛❞❛ ✉♠ ❞♦s ♣r♦❞✉t♦s t❡♠ ❛ ♠❡s♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ♥❛s ♠áq✉✐♥❛s✳

• ❈❛❞❛ ♣r♦❞✉t♦ só ♣♦❞❡ s❡r ♣r♦❝❡ss❛❞♦ ❡♠ ✉♠❛ ú♥✐❝❛ ♠áq✉✐♥❛ ❛♦ ♠❡s♠♦ t❡♠♣♦✳

• ❈❛❞❛ ♠áq✉✐♥❛ ♣♦❞❡ ♣r♦❝❡ss❛r só ✉♠ ♣r♦❞✉t♦ ❛♦ ♠❡s♠♦ t❡♠♣♦✳

• ❈❛❞❛ ♣r♦❞✉t♦ é ♣r♦❝❡ss❛❞♦ só ✉♠❛ ✈❡③ ❡♠ ❝❛❞❛ ♠áq✉✐♥❛✳

• ❈❤❛♠❛✲s❡ ♦♣❡r❛çã♦ à ❡①❡❝✉çã♦ ❞❡ ✉♠ ♣r♦❞✉t♦ ❡♠ ✉♠❛ ♠áq✉✐♥❛✱ ❡ ❡st❛s ♥ã♦ sã♦

✐♥t❡rr♦♠♣✐❞❛s✳

❖ ♣r♦❜❧❡♠❛ ❝♦♥s✐st❡ ❡♥tã♦ ❡♠ ❞❡✜♥✐r ❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦s ❞♦s ♣r♦❞✉t♦s

♥❛s ♠áq✉✐♥❛s✱ ❝♦♠ ♦❜❥❡t✐✈♦s ❡s♣❡❝✐✜❝❛❞♦s ❡ r❡s♣❡✐t❛♥❞♦ ❛s s✉♣♦s✐çõ❡s ❛♥t❡r✐♦r♠❡♥t❡

♠❡♥❝✐♦♥❛❞❛s✳ ❈❤❡♥❣ ❡t ❛❧✳ ❬✷✵✵✵❪ ❡ ❆❧❧❛❤✈❡r❞✐ ❡t ❛❧✳ ❬✶✾✾✾❪ r❡❛❧✐③❛♠ ✉♠❛ r❡✈✐sã♦ ❞❡

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



✷✳✶✳ Pr♦❜❧❡♠❛s ✐♥t❡❣r❛❞♦s ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡
❧♦t❡s ✾

♠❛✐s ❡①t❡♥s❛ é r❡❛❧✐③❛❞❛ ♣♦r ●✉♣t❛ ✫ ❙t❛✛♦r❞ ❏r ❬✷✵✵✻❪ ❝♦♠❡♠♦r❛♥❞♦ ♦s 50 ❛♥♦s ❞♦

✢♦✇s❤♦♣✱ ❛ ♣❛rt✐r ❞♦ tr❛❜❛❧❤♦ ❞❡ ❏♦❤♥s♦♥ ❬✶✾✺✹❪✱ ♦♥❞❡ sã♦ ❞✐s❝✉t✐❞♦s ❝r♦♥♦❧♦❣✐❝❛♠❡♥t❡

❡ ❝♦♠ ❞❡t❛❧❤❡s ❛s ♣❡sq✉✐s❛s r❡❛❧✐③❛❞❛s ♥❡st❡ ♣❡rí♦❞♦✳ P♦✉❝♦ ❞❡♣♦✐s✱ ❘✉✐③ ✫ ❙tüt③❧❡

❬✷✵✵✼❪ ❢♦r❛♠ ♦s ♣r✐♠❡✐r♦s ❛ ✐♠♣❧❡♠❡♥t❛r ❛ ♠❡t❛❤❡✉ríst✐❝❛ ■t❡r❛t❡❞ ●r❡❡❞② ❛ ✉♠ ♣r♦✲

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

❡♠ ♣r♦❜❧❡♠❛s ❞❡ ✢♦✇s❤♦♣ ❝♦♠ ✈ár✐❛s ❝❛r❛❝t❡ríst✐❝❛s✳ ❊①❡♠♣❧♦s ❞❡st❡s sã♦✿ ❘✉✐③ ✫

❙tüt③❧❡ ❬✷✵✵✽❪✱ ▼❛s❝✐❛ ❡t ❛❧✳ ❬✷✵✶✸❪✱ ❋❛t✐❤ ❚❛s❣❡t✐r❡♥ ❡t ❛❧✳ ❬✷✵✶✸❪ ❡ ▲✐♥ ❡t ❛❧✳ ❬✷✵✶✸❪✳

❘❡❝❡♥t❡♠❡♥t❡ P❛♥ ✫ ❘✉✐③ ❬✷✵✶✸❪ r❡❛❧✐③❛r❛♠ ✉♠❛ ❡①t❡♥s❛ r❡✈✐sã♦ ❞❛ ❧✐t❡r❛t✉r❛ s♦❜r❡

❤❡✉ríst✐❝❛s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❡♠ q✉❡stã♦✳

✷✳✶ Pr♦❜❧❡♠❛s ✐♥t❡❣r❛❞♦s ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡

s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❧♦t❡s

❑❛r✐♠✐ ❡t ❛❧✳ ❬✷✵✵✸❪ ❛✜r♠❛♠ q✉❡ ♦s ♣r♦❜❧❡♠❛s ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ❡ ♦s

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

t❛❞♦s ❞❡ ❢♦r♠❛ ✐♥❞❡♣❡♥❞❡♥t❡✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ❚♦s♦ ✫ ▼♦r❛❜✐t♦ ❬✷✵✵✺❪ ❡ ❚♦❧❡❞♦

❡t ❛❧✳ ❬✷✵✵✼❪ ❛✜r♠❛♠ q✉❡ ❡♠ ♣r♦❜❧❡♠❛s ♣rát✐❝♦s ❡s♣❡❝í✜❝♦s✱ ❛♦ tr❛tá✲❧♦s ❞❡ ❢♦r♠❛

✐♥❞❡♣❡♥❞❡♥t❡ s❡ ❛♣r❡s❡♥t❛♠ ❞✐✜❝✉❧❞❛❞❡s ♣❛r❛ q✉❡ ❛ ♣r♦❞✉çã♦ s❡ t♦r♥❡ ✢❡①í✈❡❧ às

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

♥❛ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥í✈❡❧ ❡ ♥♦s ♣r❛③♦s ❞❡ ❡♥tr❡❣❛s ❡st❛❜❡❧❡❝✐❞♦s✳ ❙t❛❞t❧❡r ❍❛rt♠✉t

❬✷✵✵✽❪✱ ❯rr✉t✐❛ ❡t ❛❧✳ ❬✷✵✶✷❪✱ ❙❡❡❛♥♥❡r ❡t ❛❧✳ ❬✷✵✶✸❪✱ ❘❛♠❡③❛♥✐❛♥ ✫ ❙❛✐❞✐✲▼❡❤r❛❜❛❞

❬✷✵✶✸❪ ❡ ❙♠✐t❤✲❉❛♥✐❡❧s ✫ ❘✐t③♠❛♥ ❬✶✾✽✽❪ t❛♠❜é♠ ❞✐s❝♦r❞❛♠ ❞❡ ❑❛r✐♠✐ ❡t ❛❧✳ ❬✷✵✵✸❪

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

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

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

❞✐r❡t❛♠❡♥t❡ ❛♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡ ✈✐❝❡✲✈❡rs❛✳ ❉r❡①❧ ✫ ❑✐♠♠s ❬✶✾✾✼❪✱ ❙t❛❣❣❡♠❡✐❡r ✫

❈❧❛r❦ ❬✷✵✵✶❪ ❡ ❩❤✉ ✫ ❲✐❧❤❡❧♠ ❬✷✵✵✻❪ r❡❛❧✐③❛♠ ✉♠❛ r❡✈✐sã♦ ❞❡ ❧✐t❡r❛t✉r❛ ❞❡ ❞✐♠❡♥s✐♦✲

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

❈♦♠♦ ♦ ❡s❝♦♣♦ ❞❡st❡ tr❛❜❛❧❤♦ é ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❧♦t❡s

❡♠ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ ✢♦✇s❤♦♣✱ ♦s tr❛❜❛❧❤♦s q✉❡ ♣❛r❛ ♥♦ss♦ ❝♦♥❤❡❝✐♠❡♥t♦ sã♦ ♦s

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

❙♠✐t❤✲❉❛♥✐❡❧s ✫ ❘✐t③♠❛♥ ❬✶✾✽✽❪ ❢♦r❛♠ ♦s ♣r✐♠❡✐r♦s ❛ ♣r♦♣♦r ✉♠ ♠♦❞❡❧♦

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

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



✶✵ ❈❛♣ít✉❧♦ ✷✳ ❘❡✈✐sã♦ ❞❛ ❧✐t❡r❛t✉r❛

❢❛♠í❧✐❛s ❞❡ ♣r♦❞✉t♦s✱ ❡st♦q✉❡ ✐♥t❡r♠❡❞✐ár✐♦✱ t❡♠♣♦s ❞❡ ♣r❡♣❛r❛çã♦ ❞❡♣❡♥❞❡♥t❡s ❞❛

s❡q✉ê♥❝✐❛✱ ❡ s❡t✉♣ ❝❛rr②♦✈❡r ✭♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s ♠❛♥t✐❞❛s ❡♥tr❡ ♣❡rí♦❞♦s✮✳

❖ ♠♦❞❡❧♦ é ❢♦r♠✉❧❛❞♦ ♣❛r❛ ✉♠❛ ✐♥❞ústr✐❛ ❞❡ ❛❧✐♠❡♥t♦s ❡s♣❡❝í✜❝❛✳ ❉❛❞❛ ❛ ❣r❛♥❞❡

q✉❛♥t✐❞❛❞❡ ❞❡ ✈❛r✐á✈❡✐s q✉❡ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❛♣r❡s❡♥t❛✱ ❡st❡ só é ✈✐á✈❡❧ ♣❛r❛

✐♥stâ♥❝✐❛s ♠❡♥♦r❡s✱ ♣♦rt❛♥t♦ ♥ã♦ ❢♦✐ ♠✉✐t♦ ❝♦♥s✐❞❡r❛❞♦ ♥❛ ❧✐t❡r❛t✉r❛✳

❙✐❦♦r❛ ❡t ❛❧✳ ❬✶✾✾✻❪ tr❛t❛♠ ♦ ♣r♦❜❧❡♠❛ ✐♥t❡❣r❛❞♦ ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡ ♣r♦✲

❣r❛♠❛çã♦ ❞❛ ♣r♦❞✉çã♦ ♥✉♠ ❛♠❜✐❡♥t❡ ✢♦✇ ❧✐♥❡✳ ❖ ♣r♦❜❧❡♠❛ ❢♦✐ ♦❜s❡r✈❛❞♦ ❡♠ ✉♠❛

✐♥❞ústr✐❛ ❞❡ ♣❧❛❝❛s ❞❡ ❝✐r❝✉✐t♦ ✐♠♣r❡ss♦✱ ❝♦♥s✐❞❡r❛♥❞♦ r❡str✐çõ❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡ ♥❛s

♠áq✉✐♥❛s✱ t❡♠♣♦s ❞❡ ♣r❡♣❛r❛çã♦ ❞❡♣❡♥❞❡♥t❡ ❞❛ s❡q✉ê♥❝✐❛ ❡ ❡st♦q✉❡ ✐♥t❡r♠❡❞✐ár✐♦✳

❖ ♦❜❥❡t✐✈♦ é ♠✐♥✐♠✐③❛r ♦ ♠❛❦❡s♣❛♥ ❞❡ ❝❛❞❛ ♣❡rí♦❞♦ ❡ ♦s ❝✉st♦s ❞❡ ❡st♦q✉❡✳ ❖s

❛✉t♦r❡s ♣r♦♣õ❡♠ ✉♠❛ ❤❡✉ríst✐❝❛ ❝❤❛♠❛❞❛ ✏✐♥t❡❣r❛t❡❞ ❛♣♣r♦❛❝❤✑ ❜❛s❡❛❞❛ ❡♠ ❞♦✐s

❡♥❢♦q✉❡s ❞✐❢❡r❡♥t❡s✱ ❛ ❤❡✉ríst✐❝❛ ❞❡ ❙✐❧✈❡r ✫ ▼❡❛❧ ❬✶✾✼✸❪ ♣❛r❛ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡ ❛

❤❡✉ríst✐❝❛ ❞❡ P❛❧♠❡r ❬✶✾✻✺❪ ♣❛r❛ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❧♦t❡s✳ P❛r❛ ♦ ♠❡s♠♦ ♣r♦❜❧❡♠❛✱

❙✐❦♦r❛ ❬✶✾✾✻❪ ♣r♦♣õ❡ ✉♠ ❆❧❣♦r✐t♠♦ ●❡♥ét✐❝♦ ♦ q✉❛❧ é ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦ ♠ét♦❞♦

❤❡✉ríst✐❝♦ ✏✐♥t❡❣r❛t❡❞ ❛♣♣r♦❛❝❤✑ ❞❡ ❙✐❦♦r❛ ❡t ❛❧✳ ❬✶✾✾✻❪ ❡ ❝♦♥❝❧✉✐ q✉❡ ♦ ❆❧❣♦r✐t♠♦

●❡♥ét✐❝♦ ❛♣r❡s❡♥t❛ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✳ ❖ ❛❧❣♦r✐t♠♦ ❣❡♥ét✐❝♦ ❛♣r❡s❡♥t❛ ♦♣❡r❛❞♦r❡s

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

❞❡ ❧♦t❡s✳

P♦♥♥❛♠❜❛❧❛♠ ✫ ❘❡❞❞② ❬✷✵✵✸❪ tr❛t❛♠ ♦ ♠❡s♠♦ ♣r♦❜❧❡♠❛ q✉❡ ❙✐❦♦r❛ ❬✶✾✾✻❪

❡ ❛✐♥❞❛ ❝♦♥s✐❞❡r❛ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❧♦t s♣❧✐tt✐♥❣ ✭❞✐✈✐sã♦ ❞❡ ✉♠ ❧♦t❡ ❞❡ ♣r♦❞✉çã♦✮✳ ❖s

❛✉t♦r❡s ♣r♦♣õ❡♠ ✉♠ ♠ét♦❞♦ ❤❡✉ríst✐❝♦ ❤í❜r✐❞♦ ❝♦♠❜✐♥❛♥❞♦ ✉♠ ❛❧❣♦r✐t♠♦ ❣❡♥ét✐❝♦

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

❞❡ ❧♦t❡s ❡♥q✉❛♥t♦ ♦ s✐♠✉❧❛t❡❞ ❛♥♥❡❛❧✐♥❣ tr❛t❛ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦✳ P♦♥♥❛♠❜❛❧❛♠ ✫

❘❡❞❞② ❬✷✵✵✸❪ ❝♦♠♣❛r❛♠ ♦ ♠ét♦❞♦ ❤❡✉ríst✐❝♦ ❤í❜r✐❞♦ ❝♦♠ ❛ ❤❡✉ríst✐❝❛ ♣r♦♣♦st❛ ♣♦r

❙✐❦♦r❛ ❬✶✾✾✻❪ ❡ ♦❜s❡r✈❛♠ q✉❡ ♦ ♠ét♦❞♦ ❤❡✉ríst✐❝♦ ❤í❜r✐❞♦ ♦❜té♠ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✳

❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳ ❬✷✵✵✾❪ ❝♦♥s✐❞❡r❛♠ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡ s❡q✉❡♥✲

❝✐❛♠❡♥t♦ ❞❡ ❧♦t❡s ❡♠ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ ✢♦✇s❤♦♣ ❝♦♠ ❡st♦q✉❡ ✐♥t❡r♠❡❞✐ár✐♦ ❡

r❡str✐çõ❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡✳ ❊ss❡s ❛✉t♦r❡s ♣r♦♣õ❡♠ ✉♠ s✐st❡♠❛ ♠✉❧t✐❛❣❡♥t❡s ✏❚✐♠❡s

❆ssí♥❝r♦♥♦s✑ ❡ ❝♦♠♣❛r❛♠ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦s ♠ét♦❞♦s ♣r♦♣♦st♦s ♣♦r

P♦♥♥❛♠❜❛❧❛♠ ✫ ❘❡❞❞② ❬✷✵✵✸❪ ❡ ❙✐❦♦r❛ ❬✶✾✾✻❪✳ ❖s ❛✉t♦r❡s ❛✜r♠❛♠ q✉❡ ♦ s✐st❡♠❛

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

▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❜❪ ❛♣r❡s❡♥t❛♠ ✉♠ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛

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



✷✳✶✳ Pr♦❜❧❡♠❛s ✐♥t❡❣r❛❞♦s ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡
❧♦t❡s ✶✶

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

é ♣r❡s❡r✈❛❞❛ ❡♥tr❡ ♦s ♣❡rí♦❞♦s✳ ❖✉tr❛s r❡str✐çõ❡s ❝♦♠♦ ❝❛♣❛❝✐❞❛❞❡s ♥❛s ♠áq✉✐♥❛s✱

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

♦ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ tr❛t❛❞♦ é ♦ ✢♦✇s❤♦♣ ♣✉r♦ ❡ ♦ ♣❡r♠✉t❛❝✐♦♥❛❧✳ ❏á q✉❡ ♦ ♠♦❞❡❧♦

♥ã♦ ❡♥❝♦♥tr❛ s♦❧✉çõ❡s ♣❛r❛ ✐♥stâ♥❝✐❛s ❣r❛♥❞❡s ❡♠ t❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ r❛③♦á✈❡❧✱

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

❜❛s❡❛❞♦s ♥❛ ❡str❛té❣✐❛ ❞❡ ✏❤♦r✐③♦♥t❡ r♦❧❛♥t❡✑ ❡ ❞♦✐s ♥❛ ❡str❛té❣✐❛ ✏r❡❧❛① ❛♥❞ ✜①✑✳ ❖s

❛✉t♦r❡s ❛✜r♠❛♠ q✉❡ ❛s ❤❡✉ríst✐❝❛s ❝♦♠ ❛ ú❧t✐♠❛ ❡str❛té❣✐❛ ❛♣r❡s❡♥t❛♠ ♠❡❧❤♦r❡s

r❡s✉❧t❛❞♦s✳

▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❛❪ tr❛❜❛❧❤❛♠ s♦❜r❡ ❛ ♣❡sq✉✐s❛ ❞❡ ▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳

❬✷✵✶✵❜❪✳ ❯s❛♥❞♦ ♦ ♠❡s♠♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❡ ♦s ♠❡s♠♦s ❧✐♠✐t❛♥t❡s ✐♥❢❡r✐♦r❡s✱ ♦s

❛✉t♦r❡s ❛♣r❡s❡♥t❛♠ ♠❡❧❤♦r❛s s✐❣♥✐✜❝❛t✐✈❛s ♥❛s ❤❡✉ríst✐❝❛s✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ sã♦

✉s❛❞❛s ❛s ♠❡s♠❛s ❡str❛té❣✐❛s ❞❡ ✏❤♦r✐③♦♥t❡ r♦❧❛♥t❡✑ ❡ ✏r❡❧❛① ❛♥❞ ✜①✑ ♣❛r❛ r❡s♦❧✈❡r ♦

♣r♦❜❧❡♠❛ ♥♦ ❛♠❜✐❡♥t❡ ✢♦✇s❤♦♣ ♣❡r♠✉t❛❝✐♦♥❛❧✳

▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❝❪ ❝♦♥s✐❞❡r❛♠ ♦ ♠❡s♠♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❡ ♦s

❧✐♠✐t❛♥t❡s ✐♥❢❡r✐♦r❡s ❞❡ ▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❜❪✳ P♦ré♠ ❛♣r❡s❡♥t❛♠ ❞✉❛s ♥♦✈❛s

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

❧♦t❡s ❡ ♣❛r❛ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦✱ ❛ ❝❧áss✐❝❛ ❤❡✉ríst✐❝❛ ♣❛r❛ ✢♦✇s❤♦♣✱ ◆❊❍ ❞❡ ◆❛✇❛③

❡t ❛❧✳ ❬✶✾✽✸❪✳ ◆❡ss❡ tr❛❜❛❧❤♦ ♦ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ é t❛♠❜é♠ ❧✐♠✐t❛❞♦ ❛♦ ✢♦✇s❤♦♣

♣❡r♠✉t❛❝✐♦♥❛❧✳

❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳ ❬✷✵✶✷❪ ❡st❡♥❞❡♠ ♦ tr❛❜❛❧❤♦ r❡❛❧✐③❛❞♦ ❡♠ 2009 ✭❇❡❧♦ ❋✐❧❤♦

❡t ❛❧✳ ❬✷✵✵✾❪✮ ♣r♦♣♦♥❞♦ ♦ ♠❡s♠♦ s✐st❡♠❛ ♠✉❧t✐❛❣❡♥t❡s ✏❚✐♠❡s ❆ssí♥❝r♦♥♦s✑ ♠❛s ❝♦♠

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

♦❜t✐❞♦s ♣❡❧♦s ♠ét♦❞♦s ♣r♦♣♦st♦s ♣♦r ▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❛❪ ❡ ❛✜r♠❛♠ q✉❡ ♦

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

❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪ ♣r♦♣õ❡♠ ✉♠ ♥♦✈♦ ❡ ♠❛✐s ❡✜❝✐❡♥t❡ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦

♣❛r❛ ♦ ♠❡s♠♦ ♣r♦❜❧❡♠❛✳ ❖s ❛✉t♦r❡s r❡ss❛❧t❛♠ q✉❡ ❛ ✈❛♥t❛❣❡♠ ❞♦ ♥♦✈♦ ♠♦❞❡❧♦

❡stá ♥❛s ♣♦✉❝❛s r❡str✐çõ❡s ❡ ♥❛s ♣♦✉❝❛s ✈❛r✐á✈❡✐s ❝♦♥tí♥✉❛s ❡ ❜✐♥ár✐❛s✳ ❆❧é♠ ❞♦

♥♦✈♦ ♠♦❞❡❧♦ sã♦ ❞❡s❡♥✈♦❧✈✐❞❛s ❞✉❛s ❤❡✉ríst✐❝❛s ❜❛s❡❛❞❛s ♥❛ ❡str❛té❣✐❛ ❞❡ ❤♦r✐③♦♥t❡

r♦❧❛♥t❡✳ ❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪ ❝♦♠♣❛r❛♠ t♦❞♦s s❡✉s ♠ét♦❞♦s ❝♦♠ ♦s ♣r♦♣♦st♦s ♣♦r

▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❝❪ ❡ ❞❡♠♦str❛♠ q✉❡ ♦s ♠ét♦❞♦s ♣r♦♣♦st♦s ❛♣r❡s❡♥t❛♠ ♠❡❧❤♦r

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



✶✷ ❈❛♣ít✉❧♦ ✷✳ ❘❡✈✐sã♦ ❞❛ ❧✐t❡r❛t✉r❛

❱❛❧❡ r❡ss❛❧t❛r q✉❡ ❛s ♣❡sq✉✐s❛s ❞❡ ▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❜❪✱ ▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳

❬✷✵✶✵❛❪✱ ▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❝❪✱ ❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪ ❡♥✈♦❧✈❡♠ ❡①❛t❛♠❡♥t❡ ♦

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

t❛çã♦ ❞❡ ♠❡t❛✲❤❡✉ríst✐❝❛s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ tr❛t❛❞♦✳



❈❛♣ít✉❧♦ ✸

❉❡✜♥✐çã♦ ❡ ♠♦❞❡❧❛❣❡♠ ❞♦

♣r♦❜❧❡♠❛

◆❡st❛ ❞✐ss❡rt❛çã♦ é ❝♦♥s✐❞❡r❛❞♦ ♦ Pr♦❜❧❡♠❛ ✐♥t❡❣r❛❞♦ ❞❡ ❉✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡ ❙❡q✉❡♥✲

❝✐❛♠❡♥t♦ ❞❡ ▲♦t❡s ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ ❋❧♦✇ ❙❤♦♣ ✭P❉❙▲❋❙✮✳ ❈❛❞❛ ❧♦t❡

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

❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♠áq✉✐♥❛s r❡str✐t❛s ❡♠ ❝❛♣❛❝✐❞❛❞❡ ❡ ❞✐s♣♦st❛s ❡♠ sér✐❡ ❡♠ ✉♠ ❤♦✲

r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ✜♥✐t♦ ❡ ❞✐✈✐❞✐❞♦ ❡♠ ♣❡rí♦❞♦s✳ ❊①✐st❡ ✉♠❛ ❞❡♠❛♥❞❛ ♣❛r❛ ❝❛❞❛

♣r♦❞✉t♦ ❡♠ ❝❛❞❛ ♣❡rí♦❞♦✱ ❛ q✉❛❧ ❞❡✈❡ s❡r ❛t❡♥❞✐❞❛ s❡♠ ❛tr❛s♦s✳ P♦rt❛♥t♦✱ ❞❡✈❡✲s❡

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

♦r❞❡♠ ♥❛ q✉❛❧ s❡rã♦ ♣r♦❝❡ss❛❞♦s ♥❛s ♠áq✉✐♥❛s ❡♠ ❝❛❞❛ ✉♠ ❞♦s ♣❡rí♦❞♦s✳ ❖ ♦❜❥❡t✐✈♦

❝♦♥s✐st❡ ♥❛ ♠✐♥✐♠✐③❛çã♦ ❞♦s ❝✉st♦s t♦t❛✐s ❞❡ ♣r♦❞✉çã♦ ✭❢✮✱ ♦s q✉❛✐s sã♦ ❝♦♠♣♦st♦s

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

❛ss✉♠❡✲s❡ q✉❡✿

• ❊①✐st❡ ✉♠ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❚ ✭♥ú♠❡r♦ ❞❡ ♣❡rí♦❞♦s ❞❡t❡r♠✐♥❛❞♦s ♣❛r❛

❛ ♣r♦❞✉çã♦✮✱ ♦ q✉❛❧ é ✜♥✐t♦ ❡ ❞✐✈✐❞✐❞♦ ❡♠ t ♣❡rí♦❞♦s ✐❣✉❛✐s✳

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

❥✉♥t♦ ❞❡ ▼ ♠áq✉✐♥❛s✳

• ❆s ▼ ♠áq✉✐♥❛s sã♦ ❞✐s♣♦st❛s ❡♠ sér✐❡✳

• ❈❛❞❛ ♠áq✉✐♥❛ ♣♦❞❡ ♣r♦❝❡ss❛r só ✉♠ ❧♦t❡ ❞❡ ❛❧❣✉♠ ♣r♦❞✉t♦ ♣♦r ✈❡③✳

• ❚♦❞❛s ❛s ▼ ♠áq✉✐♥❛s tê♠ r❡str✐çõ❡s ❞❡ ❝❛♣❛❝✐❞❛❞❡✳

• ❊①✐t❡♠ ❝✉st♦s ❡ t❡♠♣♦s ❞❡ ♣r❡♣❛r❛çã♦ ❞❡ ♠áq✉✐♥❛s ❞❡♣❡♥❞❡♥t❡s ❞❛ s❡q✉ê♥❝✐❛ ❛♦

❢❛③❡r ✉♠❛ tr♦❝❛ ❞❡ ♣r♦❞✉t♦s✳

✶✸



✶✹ ❈❛♣ít✉❧♦ ✸✳ ❉❡❢✐♥✐çã♦ ❡ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❜❧❡♠❛

• ❆ ♣r❡♣❛r❛çã♦ ❞❛ ♠áq✉✐♥❛ ❞❡✈❡ ✐♥✐❝✐❛r ❡ t❡r♠✐♥❛r ♥♦ ♠❡s♠♦ ♣❡rí♦❞♦✳

• ◆ã♦ é ♥❡❝❡ssár✐❛ ❛ ♣r❡♣❛r❛çã♦ ❞❡ ♠áq✉✐♥❛s ✭❡♥tr❡ ♣❡rí♦❞♦s✮ ♣❛r❛ ♣r♦❝❡ss❛r ♦

♠❡s♠♦ ♣r♦❞✉t♦✳ ❖✉ s❡❥❛✱ ❛s ♠áq✉✐♥❛s ♣r❡s❡r✈❛♠ s✉❛ ♣r❡♣❛r❛çã♦ ❡♥tr❡ ♦s ♣❡rí♦✲

❞♦s✳

• ◆♦ ✐♥í❝✐♦ ❞♦ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✱ ❛s ♠áq✉✐♥❛s ❡stã♦ ♣r❡♣❛r❛❞❛s ♣❛r❛ ✉♠

❞❡t❡r♠✐♥❛❞♦ ♣r♦❞✉t♦✳

• ❊♠ ❝❛❞❛ ♣❡rí♦❞♦ ❡①✐st❡ ✉♠❛ ❞❡♠❛♥❞❛ ❞❡ ♣r♦❞✉t♦s ❛❝❛❜❛❞♦s✱ ❛ q✉❛❧ s❡♠♣r❡ ❞❡✈❡

s❡r ❛t❡♥❞✐❞❛ s❡♠ ❛tr❛s♦s✳

• ◆ã♦ ❡①✐st❡ ❡st♦q✉❡ ❡♥tr❡ ❞✉❛s ♠áq✉✐♥❛s ❝♦♥s❡❝✉t✐✈❛s✳

• ❖ t❡♠♣♦ ❞❡ tr❛♥s♣♦rt❡ ❞❡ ♣r♦❞✉t♦s ✐♥t❡r♠❡❞✐ár✐♦s ❡ ♦✉tr♦s ♣r♦❝❡ss♦s ❡♥tr❡ ❛s

♠áq✉✐♥❛s s✉❝❡ss✐✈❛s é ❞❡s♣r❡③í✈❡❧✳

• ❖ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✉♠ ❧♦t❡ ❡♠ ✉♠❛ ♠áq✉✐♥❛ só s❡ ✐♥✐❝✐❛ s❡ t♦❞♦s ♦s r❡❝✉rs♦s

♥❡❝❡ssár✐♦s ❡stã♦ ❞✐s♣♦♥í✈❡❧ ♣❛r❛ ❛ ♣r♦❞✉çã♦✳ ❖✉ s❡❥❛✱ s❡ t♦❞♦ ❡st❡ ❧♦t❡ ❥á ❢♦✐

♣r♦❝❡ss❛❞♦ ♣❡❧❛ ♠áq✉✐♥❛ ❛♥t❡r✐♦r✳

• ◆ã♦ ❤á ♣r✐♦r✐❞❛❞❡ ❞❡ ♣r♦❞✉çã♦ ♥❛s ♠áq✉✐♥❛s ❡♥tr❡ ♣r♦❞✉t♦s✳

✸✳✶ ▼♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣❛r❛ ♦ P❉❙▲❋❙

◆❡st❛ s❡çã♦ sã♦ ❛♣r❡s❡♥t❛❞❛s ❛ ♥♦t❛çã♦ ❡ ❞❡✜♥✐çã♦ ❞♦s ♣❛râ♠❡tr♦s ❡ ✈❛r✐á✈❡✐s ✉t✐❧✐③❛❞❛s

♥♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✱ ♦ q✉❛❧ ❢♦✐ ♣r♦♣♦st♦ ♣♦r ❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪✳

P❛râ♠❡tr♦s

N ✿ ♥ú♠❡r♦ ❞❡ ♣r♦❞✉t♦s ❞✐❢❡r❡♥t❡s✳

M ✿ ♥ú♠❡r♦ ❞❡ ♠áq✉✐♥❛s✳

T ✿ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ✭♥ú♠❡r♦ ❞❡ ♣❡rí♦❞♦s✮✳

bjm✿ t❡♠♣♦ ❞❡ ♣r♦❞✉çã♦ ❞♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m✳
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Cmt✿ ❝❛♣❛❝✐❞❛❞❡ ✭t❡♠♣♦ ❞✐s♣♦♥í✈❡❧✮ ❞❛ ♠áq✉✐♥❛ m ♥♦ ♣❡rí♦❞♦ t✳

djt✿ ❞❡♠❛♥❞❛ ❡①t❡r♥❛ ❞♦ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t✳

pjmt✿ ❝✉st♦ ❞❡ ♣r♦❞✉çã♦ ❞♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m ♥♦ ♣❡rí♦❞♦ t✳

hjm✿ ❝✉st♦ ❞❡ ❡st♦q✉❡ ❞♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m✳

Sijm✿ t❡♠♣♦ ❞❡ ♣r❡♣❛r❛çã♦ ❞❡ ♠áq✉✐♥❛ ❞♦ ♣r♦❞✉t♦ i ❛♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m✳

Wijm✿ ❝✉st♦ ❞❡ ♣r❡♣❛r❛çã♦ ❞❡ ♠áq✉✐♥❛ ❞♦ ♣r♦❞✉t♦ i ❛♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m✳

Sj0m✿ ❝♦♥✜❣✉r❛çã♦ ✐♥✐❝✐❛❧ ❞❡ ♣r❡♣❛r❛çã♦ ❞❛ ♠áq✉✐♥❛ m✳

BigM ✿ ✉♠ ♥ú♠❡r♦ ❣r❛♥❞❡✳

❱❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦

xjt✿ q✉❛♥t✐❞❛❞❡ ❞♦ ♣r♦❞✉t♦ j ♣r♦❞✉③✐❞♦ ♥♦ ♣❡rí♦❞♦ t✳

Ijt✿ ❡st♦q✉❡ ❞♦ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t✳

SOjmt✿ t❡♠♣♦ ❞❡ ✐♥✐❝✐♦ ❞♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m ♥♦ ♣❡rí♦❞♦ t✳

COjmt✿ t❡♠♣♦ ❞❡ ✜♥❛❧✐③❛çã♦ ❞♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m ♥♦ ♣❡rí♦❞♦ t✳

Yijt✿ ✈❛r✐á✈❡❧ ❜✐♥ár✐❛ q✉❡ é ✐❣✉❛❧ ❛ ✶ s❡ ♦ ♣r♦❞✉t♦ j é ♣r♦❝❡ss❛❞♦ ✐♠❡❞✐❛t❛♠❡♥t❡

❞❡♣♦✐s ❞♦ ♣r♦❞✉t♦ i ♥♦ ♣❡rí♦❞♦ t✱ 0 ❝❛s♦ ❝♦♥tr❛r✐♦✳

Zjt✿ ✈❛r✐á✈❡❧ ❜✐♥ár✐❛ q✉❡ é ✐❣✉❛❧ ❛ ✶ s❡ xjt > 0✱ 0 ❝❛s♦ ❝♦♥trár✐♦✳

αjt✿ ✈❛r✐á✈❡❧ ❜✐♥ár✐❛ q✉❡ é ✐❣✉❛❧ ❛ ✶ s❡ ♦ ♣r♦❞✉t♦ j é ♣r♦❞✉③✐❞♦ ♣r✐♠❡✐r♦ ✭✐♥✐❝✐❛

s✉❛ ♣r♦❞✉çã♦✮ ♥♦ ♣❡rí♦❞♦ t✱ 0 ❝❛s♦ ❝♦♥trár✐♦✳



✶✻ ❈❛♣ít✉❧♦ ✸✳ ❉❡❢✐♥✐çã♦ ❡ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❜❧❡♠❛

βjt✿ ✈❛r✐á✈❡❧ ❜✐♥ár✐❛ q✉❡ é ✐❣✉❛❧ ❛ ✶ s❡ ♦ ♣r♦❞✉t♦ j é ♣r♦❞✉③✐❞♦ ♣♦r ú❧t✐♠♦

✭✜♥❛❧✐③❛ ❛ ♣r♦❞✉çã♦✮ ♥♦ ♣❡rí♦❞♦ t✱ 0 ❝❛s♦ ❝♦♥trár✐♦✳

wt✿ ✈❛r✐á✈❡❧ ❜✐♥ár✐❛ q✉❡ é ✐❣✉❛❧ ❛ 1 s❡ ♣❡❧♦ ♠❡♥♦s ✉♠ ♣r♦❞✉t♦ é ♣r♦❞✉③✐❞♦ ♥♦

♣❡rí♦❞♦ t✱ 0 ❝❛s♦ ❝♦♥trár✐♦✳

δt✿ é 0 s❡ ❡①❛t❛♠❡♥t❡ ✉♠ ♣r♦❞✉t♦ é ♣r♦❞✉③✐❞♦ ♥♦ ♣❡rí♦❞♦ t✱ ❡ ✉♠ ♥ú♠❡r♦ ♥ã♦

♥❡❣❛t✐✈♦ ❞✐❢❡r❡♥t❡ ❞❡ 0 ♥♦ ❝❛s♦ ❝♦♥trár✐♦✳

Y ′
ijt✿ ❱❛r✐á✈❡❧ ❝♦♥t✐♥✉❛✱ ♦♥❞❡ 0 ≤ Y ′

ijt ≤ 1✳ ➱ ❡str✐t❛♠❡♥t❡ ♣♦s✐t✐✈❛ q✉❛♥❞♦ ♦

♣r♦❞✉t♦ i é ♣r♦❞✉③✐❞♦ ♣♦r ú❧t✐♠♦ ♥♦ ♣❡rí♦❞♦ t− 1 ❡ ♦ ♣r♦❞✉t♦ j é ♣r♦❞✉③✐❞♦ ❞❡

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

▼♦❞❡❧♦ ▼❛t❡♠át✐❝♦

Min

J∑

j=1

M∑

m=1

T∑

t=1

pjmt × xjt +
J∑

j=1

M∑

m=1

T∑

t=1

hjm × Ijt +
J∑

i=1

J∑

j=1

M∑

m=1

T∑

t=1

wijm × (Yijt + Y ′
ijt)

✭✸✳✶✮

s✳t✳

Ij(t−1) + xjt = Ijt + djt ∀j ∈ N, t ∈ T ✭✸✳✷✮

xjt ≤ BigM × Zjt ∀j ∈ N, t ∈ T ✭✸✳✸✮

COjmt = SOjmt + bjm × xjt ∀j ∈ N,m ∈ M, t ∈ T ✭✸✳✹✮

COjmt ≤ Cmt ∀j ∈ N,m ∈ M, t ∈ T ✭✸✳✺✮

SOjmt ≥ COj(m−1)t ∀j ∈ N, t ∈ Tm = 2, ...,M ✭✸✳✻✮

SOjmt ≥ COimt+Simt×Yijt−BigM(1−Yijt) ∀i, j ∈ N, i 6= j,m ∈ M, t ∈ T ✭✸✳✼✮

∑

i∈J,i 6=j

∑

i∈J

Yijt ≥
∑

j∈J

Zjt − 1 ∀t ∈ T ✭✸✳✽✮

∑

i∈J,i 6=j

Yijt ≤ Zjt ∀j ∈ N, t ∈ T ✭✸✳✾✮
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∑

i∈J,i 6=j

Yjit ≤ Zjt ∀j ∈ N, t ∈ T ✭✸✳✶✵✮

∑

j∈J

Zjt ≤ BigM × wt ∀t ∈ T ✭✸✳✶✶✮

∑

j∈J

Zjt ≤ (N − 1)× δt ∀t ∈ T ✭✸✳✶✷✮

∑

j∈J

αjt = wt ∀t ∈ T ✭✸✳✶✸✮

∑

j∈J

βjt = wt ∀t ∈ T ✭✸✳✶✹✮

αjt ≤ (Zjt −
∑

i∈J

Yijt) ∀j ∈ N, t ∈ T ✭✸✳✶✺✮

βjt ≤ (Zjt −
∑

i∈J

Yjit) ∀j ∈ N, t ∈ T ✭✸✳✶✻✮

αjt + βjt ≤ 2− δt ∀j ∈ N, t ∈ T ✭✸✳✶✼✮

1 + Y ′
ijt ≥ αjt + βi(t−1) ∀i, j ∈ N, t = 2, ..., T ✭✸✳✶✽✮

SOjmt ≥
∑

i∈J

sijm × Y ′
ijt ∀j ∈ N,m ∈ Mt ∈ T ✭✸✳✶✾✮

xjt, Ijt, COjmt, SOjmt, Y
′
ijt, δt ≥ 0; Ij0 = 0; ∀j ∈ N,m ∈ M, t ∈ T ✭✸✳✷✵✮

Yijt, Zjt = {0, 1}; ∀i, j ∈ N, t ∈ T ✭✸✳✷✶✮

❆ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ ❊q✉❛çã♦ ✸✳✶✱ é ❛ ♠✐♥✐♠✐③❛çã♦ ❞♦s ❝✉st♦s t♦t❛✐s ❞❡ ♣r♦❞✉çã♦

✭❢✮✳ ❖s ❝✉st♦s ❡♥✈♦❧✈✐❞♦s sã♦✿ ❝✉st♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✱ ❝✉st♦s ❞❡ ♣r❡♣❛r❛çã♦ ❞❛s ♠á✲

q✉✐♥❛s (fcpm) ❡ ❝✉st♦s ❞❡ ❡st♦q✉❡✳ ❆s r❡str✐çõ❡s ✸✳✷ ❣❛r❛♥t❡♠ ♦ ❜❛❧❛♥ç♦ ❞♦ ✢✉①♦ ❞♦s

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

❝❛❞❛ ♣❡rí♦❞♦✳ ❆ r❡str✐çã♦ ✸✳✸ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ♦s ♣r♦❞✉t♦s ♣r❡✈✐st♦s ❛ ❢❛❜r✐❝❛r✱ é

♣♦r ✐st♦ q✉❡ ❡st❛ r❡str✐çã♦ ❛♣r❡s❡♥t❛ ✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ❛ ✈❛r✐á✈❡❧ xjt ❡ ❛ ✈❛r✐á✈❡❧ ❜✐♥ár✐❛

Zjt✱ ❛ q✉❛❧ ✐♥❞✐❝❛ s❡ ♦ ♣r♦❞✉t♦ j s❡rá ♣r♦❝❡ss❛❞♦ ♦✉ ♥ã♦ ♥♦ ♣❡rí♦❞♦ t✳ ❆s r❡str✐çõ❡s ✸✳✹

❡ ✸✳✻ ❞❡✜♥❡♠ ❛ r❡❧❛çã♦ ❡♥tr❡ ♦ t❡♠♣♦ ❞❡ ✐♥í❝✐♦ ❡ ❞❡ ✜♥❛❧✐③❛çã♦ ❞❛ ♣r♦❞✉çã♦ ♣r❡✈✐st❛✱

♦✉ s❡❥❛✱ ♥❡st❛s r❡str✐çõ❡s s❡ ❞❡t❡r♠✐♥❛ ♦ t❡♠♣♦ ❞❡ ✐♥í❝✐♦ ❡ ✜♥❛❧✐③❛çã♦ ❞❡ ❝❛❞❛ ❧♦t❡ ❞❡

♣r♦❞✉çã♦ ❡♠ ❝❛❞❛ ♠áq✉✐♥❛ ❡♠ ❝❛❞❛ ♣❡rí♦❞♦✳ ❆ r❡str✐çã♦ ✸✳✺ ♥ã♦ ♣❡r♠✐t❡ ✉❧tr❛♣❛ss❛r ❛



✶✽ ❈❛♣ít✉❧♦ ✸✳ ❉❡❢✐♥✐çã♦ ❡ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❜❧❡♠❛

❝❛♣❛❝✐❞❛❞❡ ❞❡ ❝❛❞❛ ♠áq✉✐♥❛ ❡♠ ❝❛❞❛ ♣❡rí♦❞♦✳ ❆ r❡str✐çã♦ ✸✳✻ ♦❜r✐❣❛ ❛ ✐♥✐❝✐❛r ♦ ♣r♦❝❡s✲

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

♥❛ ♠áq✉✐♥❛ ❛♥t❡r✐♦r✳ ❆ r❡str✐çã♦ ✸✳✼ ♣❡r♠✐t❡ ✐♥✐❝✐❛r ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✉♠ ❧♦t❡ ❞❡

✉♠ ♣r♦❞✉t♦ só q✉❛♥❞♦ ♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ ♣r❡❝❡❞❡♥t❡ ✜♥❛❧✐③♦✉ s❡✉ ♣r♦❝❡ss❛♠❡♥t♦ ♥❛

♠❡s♠❛ ♠áq✉✐♥❛✱ ✐♥❝❧✉í❞♦ ♦ t❡♠♣♦ ♥❡❝❡ssár✐♦ ❞❡ ♣r❡♣❛r❛çã♦✳ ❆s r❡str✐çõ❡s ✸✳✽ ❛ ✸✳✶✵

❞❡t❡r♠✐♥❛♠ ❛ s❡q✉ê♥❝✐❛ ❞♦s ❧♦t❡s ❞❡ ♣r♦❞✉çã♦✱ ❝♦♥s✐❞❡r❛♥❞♦ às r❡str✐çõ❡s ✸✳✾ ❡ ✸✳✶✵✱

♦♥❞❡ ✉♠ ♣r♦❞✉t♦ j é ✐♥❝❧✉í❞♦ ♥❛ s❡q✉ê♥❝✐❛ só s❡ é ♣r♦❞✉③✐❞♦ ♥♦ ♣❡rí♦❞♦ t✳

❖ ❝♦♥❥✉♥t♦ ❞❡ r❡str✐çõ❡s ✸✳✶✶ ❛ ✸✳✶✽ ❞❡t❡r♠✐♥❛♠ q✉❛❧ ♣r♦❞✉t♦ é ♣r♦❝❡ss❛❞♦ ♣r✐✲

♠❡✐r♦ ❡ ♣♦r ú❧t✐♠♦ ❡♠ ❝❛❞❛ ♣❡rí♦❞♦✳

❈♦♥❢♦r♠❡ ❛ r❡str✐çã♦ ✸✳✶✶✱ ❛ ✈❛r✐á✈❡❧ wt s❡rá 1 s❡ ♣❡❧♦ ♠❡♥♦s ✉♠ ♣r♦❞✉t♦ é

♣r♦❞✉③✐❞♦ ♥♦ ♣❡rí♦❞♦ t✳ ❆s r❡str✐çõ❡s ✸✳✶✸ ❡ ✸✳✶✹ ❣❛r❛♥t❡♠ q✉❡ α ❡ β s❡rã♦ ✐❣✉❛✐s ❛

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

♣r♦❞✉çã♦ ♥❡st❡ ♣❡rí♦❞♦✳ ❙❡ ♦ ♣r♦❞✉t♦ j ♥ã♦ é ♦ ♣r✐♠❡✐r♦ ♣r♦❞✉③✐❞♦ ♥♦ ♣❡rí♦❞♦ t✱

❛ r❡str✐çã♦ ✸✳✶✺ ❢♦rç❛ à ✈❛r✐á✈❡❧ α ❛ s❡r ③❡r♦✳ ❉♦ ♠❡s♠♦ ♠♦❞♦✱ ♥❛ r❡str✐çã♦ ✸✳✶✻✱ ❛

✈❛r✐á✈❡❧ β s❡rá ③❡r♦ s❡ ✉♠ ♣r♦❞✉t♦ j ♥ã♦ é ♣r♦❞✉③✐❞♦ ❞❡ ú❧t✐♠♦ ♥♦ ♣❡rí♦❞♦ t✳ ❆ r❡str✐çã♦

✸✳✶✼ ❢♦rç❛ ❛ ✈❛r✐á✈❡❧ δ ❛ ③❡r♦ s❡ ❡①❛t❛♠❡♥t❡ ✉♠ ♣r♦❞✉t♦ é ♣r♦❞✉③✐❞♦ ♥♦ ♣❡rí♦❞♦ t✳ δ

t♦r♥❛✲s❡ ♣♦s✐t✐✈❛ ♣❡❧❛ r❡str✐çã♦ ✸✳✶✷ s❡ ♠❛✐s ❞❡ ✉♠ ♣r♦❞✉t♦ é ♣r♦❞✉③✐❞♦ ♥♦ ♣❡rí♦❞♦ t✳

❙❡ δ > 0 ♣❛r❛ ✉♠ ♣❡rí♦❞♦ ❞❛❞♦✱ ❡♥tã♦ ♦s ✈❛❧♦r❡s ❞❡ α ❡ β ♥ã♦ ♣♦❞❡rã♦ s❡r ✐❣✉❛✐s ❛ 1

♣❛r❛ ♦ ♠❡s♠♦ ♣r♦❞✉t♦✱ ✐st♦ é ❧ó❣✐❝♦ ❥á q✉❡ q✉❛♥❞♦ ♠❛✐s ❞❡ ✉♠ ♣r♦❞✉t♦ é ♣r♦❞✉③✐❞♦

❡♠ ✉♠ ♣❡rí♦❞♦✱ ♦ ♠❡s♠♦ ♣r♦❞✉t♦ ♥ã♦ ♣♦❞❡ s❡r ♦ ♣r✐♠❡✐r♦ ♣r♦❞✉③✐❞♦ ❡ ❛♦ ♠❡s♠♦

t❡♠♣♦ ♦ ú❧t✐♠♦ ❡♠ ✉♠ ♠❡s♠♦ ♣❡rí♦❞♦✳ ❆ r❡str✐çã♦ ✸✳✶✽ ❛ss❡❣✉r❛ q✉❡ ❛ ✈❛r✐á✈❡❧ Y ′
ijt

s❡rá 1 q✉❛♥❞♦ ♦ ♣r♦❞✉t♦ i é ♦ ú❧t✐♠♦ ♣r♦❞✉③✐❞♦ ♥♦ ♣❡rí♦❞♦ t − 1 ❡ ♦ ♣r♦❞✉t♦ j é ♦

♣r✐♠❡✐r♦ ♣r♦❞✉③✐❞♦ ♥♦ ♣❡rí♦❞♦ t✱ 0 ❝❛s♦ ❝♦♥trár✐♦✳ ❆ r❡str✐çã♦ ✸✳✶✾ ♣❡r♠✐t❡ ✐♥✐❝✐❛r ♦

♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✉♠ ♣r♦❞✉t♦ ✭♣r✐♠❡✐r♦ ♣r♦❞✉t♦✮ só ❞❡♣♦✐s ❞❡ ♣r❡♣❛r❛r ❛ ♠áq✉✐♥❛ ♥♦

✐♥í❝✐♦ ❞❡ ❝❛❞❛ ♣❡rí♦❞♦✳ ❆s r❡str✐çõ❡s ✸✳✷✵ ❡ ✸✳✷✶✱ ✐♥❞✐❝❛♠ ♦ t✐♣♦ ❞❡ ❝❛❞❛ ✈❛r✐á✈❡❧✳

✸✳✷ ❊①❡♠♣❧♦ ♥✉♠ér✐❝♦

P❛r❛ ✉♠❛ ♠❡❧❤♦r ❝♦♠♣r❡❡♥sã♦ ❞♦ ♣r♦❜❧❡♠❛✱ ✉♠ ❡①❡♠♣❧♦ ♥✉♠ér✐❝♦ é ❛♣r❡s❡♥t❛❞♦✳ ❊st❡

❡①❡♠♣❧♦ ❝♦♥té♠ três ♣r♦❞✉t♦s✱ três ♠áq✉✐♥❛s ❡ três ♣❡rí♦❞♦s✳ ❖s ❞❛❞♦s sã♦ ♠♦str❛❞♦s

♥❛s ❚❛❜❡❧❛s ✸✳✶ ❛ ❚❛❜❡❧❛ ✸✳✼



✸✳✷✳ ❊①❡♠♣❧♦ ♥✉♠ér✐❝♦ ✶✾

❚❛❜❡❧❛ ✸✳✶✿ ❚❡♠♣♦ ❞❡ Pr♦❞✉çã♦ (bjm) ❞♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m

bjm m1 m2 m3

j1 ✶✳✾ ✶✳✾ ✶✳✼

j2 ✶✳✺ ✶✳✽ ✶✳✽

j3 ✶✳✽ ✶✳✺ ✶✳✾

❚❛❜❡❧❛ ✸✳✷✿ ❈❛♣❛❝✐❞❛❞❡ (Cmt) ❞❛ ♠áq✉✐♥❛ m ♥♦ P❡rí♦❞♦ t

Cmt t1 t2 t3

m1 ✶✸✹✾ ✶✹✵✾ ✶✸✻✼

m2 ✶✸✽✾ ✶✸✻✵ ✶✸✹✻

m3 ✶✸✺✺ ✶✸✶✼ ✶✹✹✼

❚❛❜❡❧❛ ✸✳✸✿ ❉❡♠❛♥❞❛ (djt) ❞♦ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t

djt t1 t2 t3

j1 ✶✵✵ ✶✷✵ ✾✽

j2 ✶✵✺ ✶✺✵ ✶✹✷

j3 ✶✶✵ ✶✶✹ ✶✷✸

❚❛❜❡❧❛ ✸✳✹✿ ❈✉st♦ ❞❡ ❡st♦q✉❡ (hjm) ❞♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m

hjm m1 m2 m3

j1 ✵✳✸ ✵✳✹ ✵✳✸

j2 ✵✳✸ ✵✳✷ ✵✳✷

j3 ✵✳✷ ✵✳✸ ✵✳✸



✷✵ ❈❛♣ít✉❧♦ ✸✳ ❉❡❢✐♥✐çã♦ ❡ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❜❧❡♠❛

❚❛❜❡❧❛ ✸✳✺✿ ❈✉st♦ ❞❡ ♣r♦❞✉çã♦ (pjmt) ❞♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m ♥♦ ♣❡rí♦❞♦ t

t1 t2 t3

m1 m2 m3 m1 m2 m3 m1 m2 m3

j1 ✵✳✶ ✵✳✼ ✵✳✾ j1 ✶✳✼ ✶✳✽ ✶✳✼ j1 ✹ ✶✳✽ ✶✳✼

j2 ✵✳✷ ✵✳✾ ✵✳✽ j2 ✶✳✼ ✷ ✶✳✽ j1 ✹✳✻ ✶✳✻ ✶✳✾

j3 ✵✳✸ ✵✳✾ ✵✳✻ j3 ✶✳✾ ✶✳✺ ✶✳✻ j1 ✹ ✷ ✶✳✽

❚❛❜❡❧❛ ✸✳✻✿ ❚❡♠♣♦ ❞❡ ♣r❡♣❛r❛çã♦ (Sijm) ❞♦ ♣r♦❞✉t♦ i ❛♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m

m1 m2 m3

j1 j2 j3 j1 j2 j3 j1 j2 j3

i1 ✵ ✹✶ ✹✶ i1 ✵ ✻✺ ✹✸ i1 ✵ ✺✻ ✹✹

i2 ✸✼ ✵ ✻✸ i2 ✹✾ ✵ ✻✻ i2 ✹✽ ✵ ✺✽

i3 ✸✼ ✸✾ ✵ i3 ✹✼ ✻✸ ✵ i3 ✹✹ ✺✸ ✵

❚❛❜❡❧❛ ✸✳✼✿ ❈✉st♦ ❞❡ ♣r❡♣❛r❛çã♦ (Wijm) ❞♦ ♣r♦❞✉t♦ i ❛♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m

m1 m2 m3

j1 j2 j3 j1 j2 j3 j1 j2 j3

i1 ✵ ✹✶ ✹✶ i1 ✵ ✻✺ ✹✸ i1 ✵ ✺✻ ✹✹

i2 ✸✼ ✵ ✻✸ i2 ✹✾ ✵ ✻✻ i2 ✹✽ ✵ ✺✽

i3 ✸✼ ✸✾ ✵ i3 ✹✼ ✻✸ ✵ i3 ✹✹ ✺✸ ✵

❖ ❡①❡♠♣❧♦ ♥✉♠ér✐❝♦ ❢♦✐ r❡s♦❧✈✐❞♦ ♣❡❧♦ s♦❢t✇❛r❡ ❞❡ ♦t✐♠✐③❛çã♦ ■▲❖● ■❇▼ ❈P▲❊❳

✶✷✳✹ ♣♦r ♠❡✐♦ ❞❛ ❜✐❜❧✐♦t❡❝❛ ❈♦♥❝❡rt ❚❡❝♥♦❧♦❣✐❝✳ ❆ s♦❧✉çã♦ ♦❜t✐❞❛ é ✐❧✉str❛❞❛ ♥❛ ❋✐❣✉r❛

✸✳✶ ✭❉✐❛❣r❛♠❛ ❞❡ ●❛♥tt✮✳ ◆❡st❛ ✜❣✉r❛✱ ♦s ✐♥t❡r✈❛❧♦s ❡♠ ❝♦r r♦①❛✱ ❛③✉❧ ❡ ✈❡r♠❡❧❤❛✱

r❡♣r❡s❡♥t❛♠ ♦s ♣r♦❝❡ss❛♠❡♥t♦s ❞♦s ❧♦t❡s ❞♦s ♣r♦❞✉t♦s 1✱ 2 ❡ 3 r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖s

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

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

♣❡rí♦❞♦ ✐♥✐❝✐❛ ❝♦♠ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ 2 ✭❛③✉❧✮✱ ❞❡♣♦✐s ❞♦ t❡♠♣♦

❞❡ ♣r❡♣❛r❛çã♦ ♥❡❝❡ssár✐♦ é ♣r♦❝❡ss❛❞♦ ♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ 1 ✭r♦①♦✮ ❡ ♣♦r ú❧t✐♠♦ ♥❡st❡



✸✳✷✳ ❊①❡♠♣❧♦ ♥✉♠ér✐❝♦ ✷✶

♣❡rí♦❞♦ ♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ 3 ✭✈❡r♠❡❧❤♦✮ é ♣r♦❝❡ss❛❞♦✳ ◆♦ s❡❣✉♥❞♦ ♣❡rí♦❞♦ ♦ ♣r✐♠❡✐r♦

❧♦t❡ ❛ ♣r♦❝❡ss❛r é ♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♣r♦❞✉t♦ 3✱ ❥á q✉❡ ❡st❡ ❢♦✐ ♦ ú❧t✐♠♦ ♣r♦❝❡ss❛❞♦

♥♦ ♣r✐♠❡✐r♦ ♣❡rí♦❞♦✳ ❉❡♣♦✐s ❞♦s t❡♠♣♦s ❞❡ ♣r❡♣❛r❛çã♦ ♥❡❝❡ssár✐♦s✱ sã♦ ♣r♦❝❡ss❛❞♦s

♦s ❧♦t❡s ❞♦s ♣r♦❞✉t♦s 2 ❡ 1✳ ❉❛ ♠❡s♠❛ ❢♦r♠❛✱ ❞♦ s❡❣✉♥❞♦ ♣❡rí♦❞♦ ♣❛r❛ ♦ t❡r❝❡✐r♦ ❛s

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

t❡r❝❡✐r♦ ♣❡rí♦❞♦ é ♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♣r♦❞✉t♦ 1✱ ❧♦❣♦ ♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ 3 ❡ ♣♦r ú❧t✐♠♦

♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ 2✳ ❖❜✈✐❛♠❡♥t❡ ❢♦r❛♠ r❡❛❧✐③❛❞❛s ❛s ♣r❡♣❛r❛çõ❡s ❞❛s ♠áq✉✐♥❛s ❡♥tr❡

♦s ♣r♦❝❡ss❛♠❡♥t♦s ❞❡ ❝❛❞❛ ❧♦t❡ ❞❡ ♣r♦❞✉çã♦✳ ❆s ❞✐♠❡♥sõ❡s ❞♦s ❧♦t❡s ❡ ♦s ❡st♦q✉❡s sã♦

♠♦str❛❞♦s ♥❛s ❚❛❜❡❧❛s ✸✳✽ ❡ ✸✳✾ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♦❜t✐❞❛

♣❛r❛ ❡st❡ ❡①❡♠♣❧♦ ❢♦✐ 6209, 96 ✉♥✐❞❛❞❡s ♠♦♥❡tár✐❛s✳

❚❛❜❡❧❛ ✸✳✽✿ ◗✉❛♥t✐❞❛❞❡s ❞♦ ♣r♦❞✉t♦ i ♥♦ ♣❡rí♦❞♦ t

xjt t1 t2 t3

j1 ✶✵✵ ✶✸✶✳✻✹✼ ✽✻✳✸✺✷✾

j2 ✶✵✺ ✶✺✵ ✶✹✷

j3 ✶✶✵ ✶✸✹ ✶✵✸

❚❛❜❡❧❛ ✸✳✾✿ ❊st♦q✉❡ ❞♦ ♣r♦❞✉t♦ i ♥♦ ♣❡rí♦❞♦ t

Ijt t1 t2 t3

j1 ✵ ✶✶✳✻✹✼ ✵

j2 ✵ ✵ ✵

j3 ✵ ✷✵ ✵



✷✷ ❈❛♣ít✉❧♦ ✸✳ ❉❡❢✐♥✐çã♦ ❡ ♠♦❞❡❧❛❣❡♠ ❞♦ ♣r♦❜❧❡♠❛

P❡rí♦❞♦ ✶

✵ ✶✺✼ ✶✾✹ ✸✹✻ ✸✽✹ ✸✾✺ ✹✸✵ ✺✸✺ ✺✽✺ ✻✷✽ ✼✺✺ ✼✾✸ ✼✾✾ ✶✵✵✽

M1 ✷ ✶ ✸

M2 ✷ ✶ ✸

M3 ✷ ✶ ✸

P❡rí♦❞♦ ✷

✵ ✷✹✶ ✷✽✵ ✹✹✷ ✺✵✺ ✺✾✷ ✻✾✻ ✼✼✺ ✽✹✸ ✶✵✹✺ ✶✵✾✸ ✶✷✵✵ ✶✸✵✵ ✶✸✶✼

M1 ✸ ✷ ✶

M2 ✸ ✷ ✶

M3 ✸ ✷ ✶

P❡rí♦❞♦ ✸

✵ ✶✻✹ ✷✵✺ ✸✷✽ ✸✾✵ ✹✷✾ ✹✼✹ ✺✹✹ ✻✹✷ ✼✹✵ ✽✾✽ ✶✵✵✵ ✶✶✵✵ ✶✶✸✸

M1 ✶ ✸ ✷

M2 ✶ ✸ ✷

M3 ✶ ✸ ✷

❋✐❣✉r❛ ✸✳✶✿ ❉✐❛❣r❛♠❛ ❞❡ ●❛♥tt ♣❛r❛ ♦ ❡①❡♠♣❧♦ ♥✉♠ér✐❝♦



❈❛♣ít✉❧♦ ✹

Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ❞❛

❧✐t❡r❛t✉r❛

❖ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❛❞♦t❛❞♦ ♥❡st❛ ❞✐ss❡rt❛çã♦ é✱ ♥❛ ♣rát✐❝❛✱ ✐♥❡✜❝✐❡♥t❡ q✉❛♥❞♦

❛♣❧✐❝❛❞♦ ❛ ♣r♦❜❧❡♠❛s✲t❡st❡ ❞❡ ♠é❞✐♦ ❡ ❣r❛♥❞❡ ♣♦rt❡✱ ♣♦✐s ♥ã♦ ❡♥❝♦♥tr♦✉ s♦❧✉çõ❡s

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

❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞♦s ♣r♦❝❡❞✐♠❡♥t♦s ❤❡✉ríst✐❝♦s ♣❛r❛ t❡♥t❛r ❡♥❝♦♥tr❛r ✏❜♦❛s✑ s♦❧✉çõ❡s

❡♠ t❡♠♣♦ r❛③♦á✈❡❧✳

❊st❡ ❝❛♣ít✉❧♦ ❡stá ❞✐✈✐❞✐❞♦ ❡♠ ❞✉❛s s❡çõ❡s✳ ◆❛ ♣r✐♠❡✐r❛ s❡ ❞❡s❝r❡✈❡ ✉♠❛ ❤❡✉rís✲

t✐❝❛ ❜❛s❡❛❞❛ ♥❛ ❡str❛té❣✐❛ ❞❡ ❍♦r✐③♦♥t❡ ❘♦❧❛♥t❡ ❛ q✉❛❧ t❡♠ s✐❞♦ ❜❛st❛♥t❡ ❛♣❧✐❝❛❞❛

❛ ♣r♦❜❧❡♠❛s ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s✳ ◆❛ s❡❣✉♥❞❛ s❡çã♦ é ❞❡s❝r✐t❛ ❛ ♠❡t❛❤❡✉rís✲

t✐❝❛ ❚✐♠❡s ❆ssí♥❝r♦♥♦s q✉❡ t❡♠ s✐❞♦ ❛♣❧✐❝❛❞❛ ❝♦♠ s✉❝❡ss♦ ❡♠ ✈ár✐♦s ♣r♦❜❧❡♠❛s ❞❡

♦t✐♠✐③❛çã♦ ❝♦♠❜✐♥❛tór✐❛✳

❆s ❤❡✉ríst✐❝❛s ♣r♦♣♦st❛s ♥❡st❡ tr❛❜❛❧❤♦ sã♦ ❝♦♠♣❛r❛❞❛s ❝♦♠ ❡ss❛s ❤❡✉ríst✐❝❛s

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

tr❛t❛❞♦✳

✹✳✶ ❍❡✉ríst✐❝❛ ❤♦r✐③♦♥t❡ r♦❧❛♥t❡

❆ ❤❡✉ríst✐❝❛ ❤♦r✐③♦♥t❡ r♦❧❛♥t❡ ✭❍❘✮ é ✉s✉❛❧♠❡♥t❡ ❛♣❧✐❝❛❞❛ ❛ ♣r♦❜❧❡♠❛s ❞❡ ❞✐♠❡♥s✐♦✲

♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ♥♦s q✉❛✐s ♦ ❛♠❜✐❡♥t❡ é ❞✐♥â♠✐❝♦✳ P♦ré♠✱ t❛♠❜é♠ t❡♠ s✐❞♦ ❛♣❧✐❝❛❞❛

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

❝♦♥❤❡❝✐❞♦s ❡ t❡♠ ♦❜t✐❞♦ ❜♦♥s r❡s✉❧t❛❞♦s ✭❞❡ ❆r❛✉❥♦ ❡t ❛❧✳ ❬✷✵✵✼❪✮✳

❯s❛♥❞♦ ❛ ❤❡✉ríst✐❝❛ ❍❘ ♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ é ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ r❡❞✉③✐❞♦✱ ❥á

q✉❡ é ✉t✐❧✐③❛❞❛ ✉♠❛ ❡str❛té❣✐❛ ❞❡ r❡❧❛①❛çã♦ ❞❡ ✈❛r✐á✈❡✐s✳ ❆ss✐♠✱ ❛s ✈❛r✐á✈❡✐s ❜✐♥ár✐❛s sã♦

✷✸



✷✹ ❈❛♣ít✉❧♦ ✹✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ❞❛ ❧✐t❡r❛t✉r❛

s✉❜st✐t✉í❞❛s ♣♦r ✈❛r✐á✈❡✐s ❝♦♥tí♥✉❛s ❡♠ ♣❡rí♦❞♦s q✉❡ ♥ã♦ sã♦ ❝♦♥s✐❞❡r❛❞♦s ❞✐r❡t❛♠❡♥t❡

❡♠ ❞❡t❡r♠✐♥❛❞♦s ♣❛ss♦s ❞❛ ❤❡✉ríst✐❝❛ ✭▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❝❪✮✳

❖ ♣r♦❝❡❞✐♠❡♥t♦ ❤❡✉ríst✐❝♦ ❝♦♥st❛ ❞❡ ✐t❡r❛çõ❡s✱ ♦♥❞❡ ❡♠ ❝❛❞❛ ✐t❡r❛çã♦ t❡♥t❛✲s❡

❡♥❝♦♥tr❛r ♦s ✈❛❧♦r❡s ót✐♠♦s ♣❛r❛ ❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣❡rí♦❞♦✳

❖ ♣r♦❝❡❞✐♠❡♥t♦ ❝♦♠❡ç❛ ♣❡❧♦ ♣r✐♠❡✐r♦ ♣❡rí♦❞♦ ❡ ❛✈❛♥ç❛✱ ❞❡ ✉♠ ❡♠ ✉♠✱ ❛té ❝❤❡❣❛r ❛♦

ú❧t✐♠♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ▼❡r❝é ✫ ❋♦♥t❛♥ ❬✷✵✵✸❪✱ ❡♠ ❝❛❞❛ ♣❛ss♦ ❞♦ ♣r♦❝❡ss♦ ✐t❡r❛t✐✈♦✱ q✉❡

❝♦♥st❛ ❞❡ k ✐t❡r❛çõ❡s (k = 1, ..., T )✱ ♦ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ é ❞✐✈✐❞✐❞♦ ❡♠ três

s❡çõ❡s✿ ✐♥✐❝✐❛❧✱ ❝❡♥tr❛❧ ❡ ✜♥❛❧✳

• ❙❡çã♦ ✐♥✐❝✐❛❧✿ ❝♦♥s✐st❡ ❞❡ k − 1 ♣❡rí♦❞♦s✳ ◆❡st❛ s❡çã♦✱ ❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦

❝♦rr❡s♣♦♥❞❡♥t❡s ❛ ❡ss❡s ♣❡rí♦❞♦s sã♦ ❝♦♠♣❧❡t❛♠❡♥t❡ ❝♦♥❣❡❧❛❞❛s ✭✜①❛s✮✱ ❞❡ ❛❝♦r❞♦

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

• ❙❡çã♦ ❝❡♥tr❛❧✿ só ❝♦♥té♠ ♦ k−és✐♠♦ ♣❡rí♦❞♦ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✳ P❛r❛ ❡st❡ ♣❡rí♦❞♦

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

❞❛s ❛♦ ♣❡rí♦❞♦ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ sã♦ ❝♦♥s✐❞❡r❛❞❛s ❝♦♠♦ ❜✐♥ár✐❛s✳ ◆♦ ♣❡rí♦❞♦ ❞❡

♣❧❛♥❡❥❛♠❡♥t♦ tr❛t❛❞♦ ♥❡st❛ s❡çã♦ ❛ ❡str❛té❣✐❛ ❞❡ r❡❧❛①❛çã♦ ♥ã♦ é ❛♣❧✐❝❛❞❛✳

• ❙❡çã♦ ❋✐♥❛❧✿ ❊st❛ s❡çã♦ ❝♦♥té♠ ♦s ♣❡rí♦❞♦s r❡st❛♥t❡s✱ ♦s q✉❛✐s ♥ã♦ sã♦ ✐♥❝❧✉s♦s

♥❛s s❡çõ❡s ❛♥t❡r✐♦r❡s✳ ❉♦ ♣❡rí♦❞♦ k + 1 ❛♦ ♣❡rí♦❞♦ T é ❛♣❧✐❝❛❞❛ ❛ ❡str❛té❣✐❛ ❞❡

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

sã♦ r❡❧❛①❛❞❛s✳

◆♦ ✜♥❛❧ ❞❡ ❝❛❞❛ ✐t❡r❛çã♦ k✱ ✉♠ ♣❡rí♦❞♦ é ✏r♦❧❛❞♦✑ ♣❛r❛ ❝❛❞❛ s❡çã♦✱ ❛ss✐♠ ✉♠❛

♥♦✈❛ ✐t❡r❛çã♦ ♣♦❞❡ s❡r ✐♥✐❝✐❛❞❛✳ ❖ ♣r♦❝❡❞✐♠❡♥t♦ ❤❡✉ríst✐❝♦ é ✜♥❛❧✐③❛❞♦ ♥❛ ✐t❡r❛çã♦ T ✱

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

◆❡st❡ tr❛❜❛❧❤♦✱ s❡ r❡✲✐♠♣❧❡♠❡♥t♦✉ ❛ ❤❡✉ríst✐❝❛ ❤♦r✐③♦♥t❡ r♦❧❛♥t❡ ♣r♦♣♦st❛ ♣♦r

❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪ ♣❛r❛ ♦ P❉❙▲❋❙✱ ❡st❛ ❤❡✉ríst✐❝❛ é ❞❡s❝r✐t❛ ❛ s❡❣✉✐r✳

✹✳✶✳✶ ❆❧❣♦r✐t♠♦ ❤❡✉ríst✐❝♦ ❤♦r✐③♦♥t❡ r♦❧❛♥t❡

◆❛ ❤❡✉ríst✐❝❛ ♣r♦♣♦st❛ ♣♦r ❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪✱ ❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ ❜✐♥ár✐❛s

❝♦♥❣❡❧❛❞❛s ✭✜①❛s✮ ♥❛ ♣r✐♠❡✐r❛ s❡çã♦ sã♦ só ❛s ❜✐♥ár✐❛s w✱ α✱ β ❡ Y ✳ ❆ ✈❛r✐á✈❡❧ xjt

❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡ ❡st❛rá ❧✐✈r❡ ❡ s❡rá ❞❡t❡r♠✐♥❛❞❛ ❛tr❛✈és ❞♦

❛❧❣♦r✐t♠♦✱ ♠❛s só ❛ ❛ss♦❝✐❛❞❛ ❛♦ ♣❡rí♦❞♦ s♦❜r❡ ❛ s❡çã♦ ❝❡♥tr❛❧✳ ❊♠ ❝❛❞❛ ✐t❡r❛çã♦ k✱ ❛s

✈❛r✐á✈❡✐s xjt ❡ Y sã♦ ❞❡t❡r♠✐♥❛❞❛s ❞♦ ♣❡rí♦❞♦ 1 ❛té ♦ ♣❡rí♦❞♦ k ✭♣❡rí♦❞♦ q✉❡ ♣❡rt❡♥❝❡

à s❡çã♦ ❝❡♥tr❛❧✮✳ ◆♦t❡✲s❡ q✉❡ ❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ ❜✐♥ár✐❛s r❡❧❛❝✐♦♥❛❞❛s ❛♦s ♣❡rí♦❞♦s

1 ❛té k − 1 sã♦ ❞❡t❡r♠✐♥❛❞❛s ♥❛s ✐t❡r❛çõ❡s ❛♥t❡r✐♦r❡s✳ ❆s ✈❛r✐á✈❡✐s ❝♦rr❡s♣♦♥❞❡♥t❡s à



✹✳✷✳ ❍❡✉ríst✐❝❛ t✐♠❡s ❛ssí♥❝r♦♥♦s ✷✺

s❡çã♦ ✜♥❛❧✱ ✈❛r✐á✈❡✐s ❛ss♦❝✐❛❞❛s ❛♦s ♣❡rí♦❞♦s k + 1 ❛té T ✱ sã♦ r❡❧❛①❛❞❛s ✭❡str❛té❣✐❛ ❞❡

s✐♠♣❧✐✜❝❛çã♦✮✳ ❆ss✐♠✱ ❛ ❡str❛té❣✐❛ ❞❡ s✐♠♣❧✐✜❝❛çã♦ ✐❣♥♦r❛ ❛s ✈❛r✐á✈❡✐s ❝♦rr❡s♣♦♥❞❡♥t❡s

à ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s ✭❞❡♥tr❡ ♦✉tr❛s✮ ❞♦ ♣❡rí♦❞♦ k + 1 ❛té ♦ ♣❡rí♦❞♦ T ✳ ❊♠

❝❛❞❛ ✐t❡r❛çã♦✱ ❛s ú♥✐❝❛s ✈❛r✐á✈❡✐s ❜✐♥ár✐❛s ❡♥✈♦❧✈✐❞❛s ♥♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ sã♦ ❛s

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

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

♣♦r ❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪ é ❛♣r❡s❡♥t❛❞♦ ♥♦ ❆❧❣♦r✐t♠♦ ✶✳

❆❧❣♦r✐t❤♠ ✶ ✿ ❍♦r✐③♦♥t❡ ❘♦❧❛♥t❡

✶✿ k = 1❀
✷✿ ✇❤✐❧❡ k < T ❞♦
✸✿ ❘❡s♦❧✈❡r ♦ ♠♦❞❡❧♦ ❝♦♠ ❛s s❡❣✉✐♥t❡s s✉♣♦s✐çõ❡s✿
✹✿ ❙❡çã♦ ✐♥✐❝✐❛❧ ✭só ✜①❛ ❛s ✈❛r✐á✈❡✐s ❜✐♥ár✐❛s✮
✺✿ Yijt = Y ∗

ijt i, j = 1..N, t = 1..k − 1
✻✿ wt = w∗

t t = 1..k − 1
✼✿ αjt = α∗

jt i, j = 1..N, t = 1..k − 1
✽✿ βjt = β∗

jt i, j = 1..N, t = 1..k − 1
✾✿ ❙❡çã♦ ✜♥❛❧ ✭❡str❛té❣✐❛ ❞❡ s✐♠♣❧✐✜❝❛çã♦✿ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❜✐♥ár✐❛s sã♦ r❡❧❛①❛❞❛s✮

✶✵✿ 0 ≤ Yijt ≤ 1 i, j = 1..N, t = k + 1..T
✶✶✿ 0 ≤ wt ≤ 1 t = k + 1..T
✶✷✿ 0 ≤ αjt ≤ 1 i, j = 1..N, t = k + 1..T
✶✸✿ 0 ≤ βjt ≤ 1 i, j = 1..N, t = k + 1..T
✶✹✿ k = k + 1
✶✺✿ ❡♥❞ ✇❤✐❧❡
✶✻✿ ▼♦str❛r ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ ❤❡✉ríst✐❝❛

✹✳✷ ❍❡✉ríst✐❝❛ t✐♠❡s ❛ssí♥❝r♦♥♦s

❚✐♥❡s ❛ssí♥❝r♦♥♦s ✭❆✲❚❡❛♠s✮ ❢♦✐ ♣r♦♣♦st♦ ♣♦r ❞❡ ❙♦✉③❛ ✫ ❚❛❧✉❦❞❛r ❬✶✾✾✸❪✳ ❊st❛ ❤❡✉✲

ríst✐❝❛ ❝♦♥s✐st❡ ❞❡ ❛❣❡♥t❡s q✉❡ ❝♦♠♣❛rt✐❧❤❛♠ ♠❡♠ór✐❛ ❡ t❡♠ três ❝❛r❛❝t❡ríst✐❝❛s ❢✉♥✲

❞❛♠❡♥t❛✐s✱ ❛s q✉❛✐s sã♦✿

• ❆❣❡♥t❡s ❛✉tô♥♦♠♦s✿ ♦s ❛❣❡♥t❡s t♦♠❛♠ s✉❛s ♣ró♣r✐❛s ❞❡❝✐sõ❡s ❝♦♠ r❡s♣❡✐t♦ às

s♦❧✉çõ❡s✿ s❡❧❡çã♦✱ ♠♦❞✐✜❝❛çã♦✱ ❞❡str✉✐çã♦✱ ❞❡♥tr❡ ♦✉tr❛s✳

• ❈♦♠✉♥✐❝❛çã♦ ❛ssí♥❝r♦♥❛✿ ♦s ❛❣❡♥t❡s ♣♦❞❡♠ ♠♦❞✐✜❝❛r ✐♥❢♦r♠❛çã♦ ❝♦♠ r❡s♣❡✐t♦ ❛

s♦❧✉çõ❡s ♥❛s ♠❡♠ór✐❛s ❝♦♠♣❛rt✐❧❤❛❞❛s s❡♠ q✉❛❧q✉❡r s✐♥❝r♦♥✐③❛çã♦ ❡♥tr❡ ❡❧❡s✳

• ❋❧✉①♦ ❞❡ ❞❛❞♦s ❝í❝❧✐❝♦✿ ♦s ❛❣❡♥t❡s t♦♠❛♠✱ ♠♦❞✐✜❝❛♠ ❡ s❛❧✈❛♠ ✐♥❢♦r♠❛çã♦ ❝♦♥✲

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



✷✻ ❈❛♣ít✉❧♦ ✹✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ❞❛ ❧✐t❡r❛t✉r❛

❖s ❛❣❡♥t❡s sã♦ ♥♦r♠❛❧♠❡♥t❡ ❤❡✉ríst✐❝❛s ♦✉ ♣r♦❝❡❞✐♠❡♥t♦s ❛❧❣♦rít♠✐❝♦s s✐♠♣❧❡s✱

♠❛s ♠❡t❛❤❡✉ríst✐❝❛s ❝♦♠♦ ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s✱ ❇✉s❝❛ ❚❛❜✉✱ ❞❡♥tr❡ ♦✉tr♦s t❛♠❜é♠

♣♦❞❡♠ s❡r ✉s❛❞♦s ✭❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳ ❬✷✵✵✾❪✮✳

◆❡st❡ tr❛❜❛❧❤♦✱ s❡ r❡✲✐♠♣❧❡♠❡♥t❛ ♦ ❆✲❚❡❛♠s ♣r♦♣♦st♦ ♣♦r ❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳ ❬✷✵✶✷❪

♣❛r❛ ♦ P❉❙▲❋❙✱ ♦ q✉❛❧ é ❝❤❛♠❛❞♦ t❛♠❜é♠ ❞❡ ❚✐♠❡s ❆ssí♥❝r♦♥♦s ❍í❜r✐❞♦ ✭❚❆❍✮✳

❖s ❛❣❡♥t❡s ✐♠♣❧❡♠❡♥t❛❞♦s ♣♦r ❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳ ❬✷✵✶✷❪ ❡stã♦ ❞✐✈✐❞✐❞♦s ❡♠ ❛❣❡♥t❡s

❝♦♥str✉t♦r❡s✱ ❞❡ ♠❡❧❤♦r✐❛ ❡ ❞❡str✉t♦r❡s✳ ❆❣❡♥t❡s ❝♦♥str✉t♦r❡s ✭❆❣❈✮ sã♦ ♦s r❡s♣♦♥sá✲

✈❡✐s ♣♦r ❝r✐❛r ❛s s♦❧✉çõ❡s ❡ ✐♥s❡r✐✲❧❛s ♥❛ ♠❡♠ór✐❛ ❝♦♠♣❛rt✐❧❤❛❞❛ ✭▼❈✮✳ ❖s ❛❣❡♥t❡s ❞❡

♠❡❧❤♦r✐❛ ✭❆❣▼✮ s❡❧❡❝✐♦♥❛♠ s♦❧✉çõ❡s ❞❛ ▼❈ ❡ r❡❛❧✐③❛♠ ♣r♦❝❡❞✐♠❡♥t♦s ♣❛r❛ ♠❡❧❤♦r❛r

❡ss❛s s♦❧✉çõ❡s✱ ❧♦❣♦ sã♦ r❡t♦r♥❛❞❛s ❛♦s ❛❣❡♥t❡s ❞❡str✉t♦r❡s ✭❆❣❉✮ q✉❡ ❛♥❛❧✐s❛♠ ❡ ❝♦♠✲

♣❛r❛♠ ❛s s♦❧✉çõ❡s✳ ❙❡ ❛ s♦❧✉çã♦ r❡t♦r♥❛❞❛ ♣♦r ✉♠ ❆❣▼ é ♠❡❧❤♦r q✉❡ ❛❧❣✉♠❛ s♦❧✉çã♦

❞❛ ▼❈✱ ❡st❛ s♦❧✉çã♦ é ❡❧✐♠✐♥❛❞❛ ❡ ❛ s♦❧✉çã♦ r❡t♦r♥❛❞❛ ♣❡❧♦ ❆❣▼ é ✐♥s❡r✐❞❛ ♥❛ ▼❈✱

❡st❡ ♣r♦❝❡ss♦ é r❡❛❧✐③❛❞♦ ♣❡❧♦ ❆❣❉✳

❖s ❛❣❡♥t❡s ✐♠♣❧❡♠❡♥t❛❞♦s ♣♦r ❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳ ❬✷✵✶✷❪ sã♦ ❛♣r❡s❡♥t❛❞♦s ❛ s❡❣✉✐r✿

✹✳✷✳✶ ❆❣❡♥t❡s ❝♦♥str✉t♦r❡s

❙ã♦ ❛♣r❡s❡♥t❛❞♦s ❞♦✐s ❛❣❡♥t❡s ❝♦♥str✉t♦r❡s ✭❆❣❈✶ ❡ ❆❣❈✷✮✳ ❆♠❜♦s ❞❡t❡r♠✐♥❛♠ ❛

s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ♣♦r ♠ét♦❞♦s ❛♣r♦①✐♠❛❞♦s ❡♥q✉❛♥t♦ ❛s ❞❡❝✐sõ❡s ❞♦ ❞✐♠❡♥s✐♦✲

♥❛♠❡♥t♦ ❞❡ ❧♦t❡ sã♦ ❜❛s❡❛❞❛s ❡♠ ✉♠❛ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛✱ ❛ q✉❛❧ s❡rá ❞❡t❛❧❤❛❞❛

♣♦st❡r✐♦r♠❡♥t❡✳

❆❣❡♥t❡ ❈♦♥str✉t♦r ✶ ✭❆❣❈✶✮✿ ◆❡st❡ ❛❣❡♥t❡ ❝♦♥str✉t♦r✱ ❛s s❡q✉ê♥❝✐❛s ❞❡ ♣r♦✲

❞✉çã♦ ♣❛r❛ t♦❞♦s ♦s ♣❡rí♦❞♦s sã♦ ♦❜t✐❞❛s ❛❧❡❛t♦r✐❛♠❡♥t❡✳ ❆ ♣❛rt✐r ❞♦ s❡❣✉♥❞♦ ♣❡rí♦❞♦

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

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

❛t✉❛❧ ✭♣♦r ✐♥s❡rçã♦ s✐♠♣❧❡s✮✳ ❖ ♣r♦♣ós✐t♦ ❞❡st❡ ♣r♦❝❡❞✐♠❡♥t♦ é ♣r❡s❡r✈❛r ❛ ♣r❡♣❛r❛çã♦

❞❛s ♠áq✉✐♥❛s ❡♥tr❡ ♦s ♣❡rí♦❞♦s ✭s❡t✉♣ ❝❛rr②♦✈❡r✮✳ ❋✐①❛❞❛s ❛s s❡q✉ê♥❝✐❛s ❞❡ ♣r♦❞✉çã♦

♣❛r❛ t♦❞♦s ♦s ♣❡rí♦❞♦s✱ ❛s ❞❡❝✐sõ❡s ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s sã♦ ❞❡t❡r♠✐♥❛❞❛s

♣♦r ♠❡✐♦ ❞❛ r❡s♦❧✉çã♦ ❡①❛t❛ ❞♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣r♦♣♦st♦ ♣♦r ❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳

❬✷✵✶✷❪✱ ♠❛s ❝♦♠ ❛❧❣✉♠❛s ♠♦❞✐✜❝❛çõ❡s ❛s q✉❛✐s s❡rã♦ ❞❡t❛❧❤❛❞❛s ❛❞✐❛♥t❡✳

❆❣❡♥t❡ ❈♦♥str✉t♦r ✷ ✭❆❣❈✷✮✿ ◆❡st❡ ❛❣❡♥t❡✱ ❛s s❡q✉ê♥❝✐❛s ❞❡ ♣r♦❞✉çã♦ ♣❛r❛

t♦❞♦s ♦s ♣❡rí♦❞♦s sã♦ ❞❡t❡r♠✐♥❛❞❛s ♣♦r ♠❡✐♦ ❞❛ ❤❡✉ríst✐❝❛ ◆❊❍✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛❧❣✉♥s

❝r✐tér✐♦s✱ ❝♦♠♦ ♦ s❡t✉♣ ❝❛rr②♦✈❡r✳ ❆ ❤❡✉ríst✐❝❛ ◆❊❍ é ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ❝♦♥str✉t✐✈♦

❞❡ ✐♥s❡rçã♦ ♥♦ q✉❛❧ ❞✉❛s s❡q✉ê♥❝✐❛s sã♦ ✉t✐❧✐③❛❞❛s✱ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ q✉❡

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

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



✹✳✷✳ ❍❡✉ríst✐❝❛ t✐♠❡s ❛ssí♥❝r♦♥♦s ✷✼

✐♥s❡rçã♦✱ ❛ ❝❛❞❛ ✐t❡r❛çã♦ ❞❛ ❤❡✉ríst✐❝❛✳ ◆❡st❡ ♣r♦❝❡❞✐♠❡♥t♦ ❤❡✉ríst✐❝♦✱ ❛ s❡q✉ê♥❝✐❛

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

❞❡ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s✳ ❖ ♣r♦❝❡ss♦ ❝♦♥str✉t✐✈♦ ❝♦♠❡ç❛ ✐♥s❡r✐♥❞♦ ♦ ♣r✐♠❡✐r♦

♣r♦❞✉t♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ ♥❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦✳ ❖ ♣r♦❝❡ss♦ ❝♦♥t✐♥✉❛

✐♥s❡r✐♥❞♦ ♣r♦❞✉t♦ ❛ ♣r♦❞✉t♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ ♥❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦✱ ❞❡

♠❛♥❡✐r❛ ❣✉❧♦s❛✱ ♥❛ ♠❡❧❤♦r ♣♦s✐çã♦ ♣♦ssí✈❡❧✱ ♦✉ s❡❥❛ ♥❛ ♣♦s✐çã♦ ♦♥❞❡ s❡❥❛ ❣❡r❛❞♦ ♦

♠❡♥♦r ❝✉st♦ ❞❡ ♣r❡♣❛r❛çã♦✳ ◆♦t❡ q✉❡ ❞❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♥♦ ❆❣❈✶ ♦ s❡t✉♣ ❝❛rr②♦✈❡r

é ❝♦♥s✐❞❡r❛❞♦✱ ♣♦rt❛♥t♦✱ ❛ ♣❛rt✐r ❞♦ s❡❣✉♥❞♦ ♣❡rí♦❞♦✱ ♦ ♣r✐♠❡✐r♦ ♣r♦❞✉t♦ ♥❛ s❡q✉ê♥❝✐❛

❞❡ ♣r♦❞✉çã♦ s❡rá ♦ ú❧t✐♠♦ ♣r♦❞✉t♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ❞♦ ♣❡rí♦❞♦ ❛♥t❡r✐♦r✳

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

s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ ❝♦♠♦ ❢♦✐ ❞❡s❝r✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✳

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

❞✐♠❡♥sã♦ ❞♦s ❧♦t❡s é ❞❡r✐✈❛❞❛ ❞♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣r♦♣♦st♦ ♣♦r ❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳

❬✷✵✶✷❪ ✭❡q✉❛çõ❡s✿ ✸✳✶ ✲ ✸✳✷✶✮✳ ❈♦♠♦ ♦s ❆❣❈ ❞❡t❡r♠✐♥❛♠ ❛s s❡q✉ê♥❝✐❛s ❞❡ ♣r♦❞✉çã♦✱

❛s q✉❛✐s ❢❛③❡♠ r❡❢❡rê♥❝✐❛ à ✈❛r✐á✈❡❧ Yijt ✱♣♦r ♠❡✐♦ ❞❡ ♠ét♦❞♦s ❤❡✉ríst✐❝♦s✱ ❡st❛ ✈❛r✐á✈❡❧

s❡ t♦r♥❛ ✉♠ ♣❛râ♠❡tr♦✳ ❖s ❆❣❈ t❛♠❜é♠ ❣❛r❛♥t❡♠ ❛ ♣r❡s❡r✈❛çã♦ ❞❛ ♣r❡♣❛r❛çã♦ ❞❛s

♠áq✉✐♥❛s ❡♥tr❡ ♦s ♣❡rí♦❞♦s✱ ❛ss✐♠✱ ❛s ✈❛r✐á✈❡✐s (α, β, w, δ, Y ′) ❡ ❛s r❡str✐çõ❡s ❝♦rr❡s✲

♣♦♥❞❡♥t❡s ❛♦ s❡t✉♣ ❝❛rr②♦✈❡r sã♦ ❞❡s♥❡❝❡ssár✐❛s✳ ❆s ♦✉tr❛s ✈❛r✐á✈❡✐s ❡ r❡str✐çõ❡s sã♦

❛♥á❧♦❣❛s ❛♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♦r✐❣✐♥❛❧✳ ❆ss✐♠✱ ❛ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛ r❡s✉❧t❛♥t❡ é✿

❋♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛ ♣❛r❛ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ✭♥♦t❡ q✉❡ ❛ ✈❛r✐á✈❡❧ Yijt

é ✉♠ ♣❛râ♠❡tr♦✱ ❡ ❛s ❞❡♠❛✐s r❡str✐çõ❡s sã♦ ❛♥á❧♦❣❛s ❛♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♦r✐❣✐♥❛❧✮✳

Min

J∑

j=1

M∑

m=1

T∑

t=1

pjmt × xjt +
J∑

j=1

M∑

m=1

T∑

t=1

hjm × Ijt +
J∑

i=1

J∑

j=1

M∑

m=1

T∑

t=1

wijm × Yijt ✭✹✳✶✮

s✳t✳

Ij(t−1) + xjt = Ijt + djt ∀j ∈ N, t ∈ T ✭✹✳✷✮

xjt ≤ BigM × Zjt ∀j ∈ N, t ∈ T ✭✹✳✸✮

COjmt = SOjmt + bjm × xjt ∀j ∈ N,m ∈ M, t ∈ T ✭✹✳✹✮

COjmt ≤ Cmt ∀j ∈ N,m ∈ M, t ∈ T ✭✹✳✺✮

SOjmt ≥ COj(m−1)t ∀j ∈ N, t ∈ Tm = 2, ...,M ✭✹✳✻✮



✷✽ ❈❛♣ít✉❧♦ ✹✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ❞❛ ❧✐t❡r❛t✉r❛

SOjmt ≥ COimt+Simt×Yijt−BigM(1−Yijt) ∀i, j ∈ N, i 6= j,m ∈ M, t ∈ T ✭✹✳✼✮

∑

i∈J,i 6=j

∑

i∈J

Yijt ≥
∑

j∈J

Zjt − 1 ∀t ∈ T ✭✹✳✽✮

∑

i∈J,i 6=j

Yijt ≤ Zjt ∀j ∈ N, t ∈ T ✭✹✳✾✮

∑

i∈J,i 6=j

Yjit ≤ Zjt ∀j ∈ N, t ∈ T ✭✹✳✶✵✮

xjt, Ijt, COjmt, SOjmt ≥ 0; Ij0 = 0; ∀j ∈ N,m ∈ M, t ∈ T ✭✹✳✶✶✮

Zjt = {0, 1}; ∀i, j ∈ N, t ∈ T ✭✹✳✶✷✮

✹✳✷✳✷ ❆❣❡♥t❡s ❞❡ ▼❡❧❤♦r✐❛

❚♦❞♦s ♦s ❛❣❡♥t❡s ❞❡ ♠❡❧❤♦r✐❛ ❡s❝♦❧❤❡♠ ✉♠❛ s♦❧✉çã♦ ❞❛ ♠❡♠ór✐❛ ❝♦♠♣❛rt✐❧❤❛❞❛

✉t✐❧✐③❛♥❞♦ ❛ s❡❧❡çã♦ ♣♦r t♦r♥❡✐♦ ❞❡ t❛♠❛♥❤♦ ✷✱ ♦✉ s❡❥❛✱ sã♦ ❡s❝♦❧❤✐❞❛s ❞✉❛s s♦❧✉çõ❡s

❛❧❡❛tór✐❛s ❡ ❛ ♠❡❧❤♦r ❞❡❧❛s ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ s❡rá ❛ s❡❧❡❝✐♦♥❛❞❛

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

❆❣❡♥t❡ ❞❡ ▼❡❧❤♦r✐❛ ✶ ✭❆❣❙✇✮✿ ❖ ❛❣❡♥t❡ ❆❣❙✇ ❡①♣❧♦r❛ ✉♠❛ ✈✐③✐♥❤❛♥ç❛

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

♣❡rí♦❞♦✳ ❖ ♣❡rí♦❞♦ ❡ ♦s ♣r♦❞✉t♦s sã♦ s❡❧❡❝✐♦♥❛❞♦s ❞❡ ♠❛♥❡✐r❛ ❛❧❡❛tór✐❛✳ ❆♣ós

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

s♦❧✉çõ❡s ✈✐③✐♥❤❛s✱ ♠❛s só r❡❛❧✐③❛♥❞♦ ♠♦✈✐♠❡♥t❛çõ❡s ♥❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ❞♦

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

t✐♣♦ ❞❡ ♠♦✈✐♠❡♥t❛çã♦ ✉t✐❧✐③❛❞❛ ♣♦r ❡st❡ ❛❣❡♥t❡ é t❛♠❜é♠ ❝❤❛♠❛❞❛ ❞❡ ✈✐③✐♥❤❛♥ç❛ s✇❛♣✳

❆❣❡♥t❡ ❞❡ ▼❡❧❤♦r✐❛ ✷ ✭❆❣■♥✮✿ ❊st❡ ❛❣❡♥t❡ ❛❞♦t❛ ❛ ✈✐③✐♥❤❛♥ç❛ ♣♦r ✐♥s❡rçã♦✱

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

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

♥❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦✳ ❚❛♥t♦ ♦ ♣r♦❞✉t♦ ❝♦♠♦ ❛ ♥♦✈❛ ♣♦s✐çã♦ sã♦ ❞❡t❡r♠✐♥❛❞♦s

t❛♠❜é♠ ❛❧❡❛t♦r✐❛♠❡♥t❡✳ ❖s ♣r♦❞✉t♦s ❡♥tr❡ ❛ ❛t✉❛❧ ❡ ♥♦✈❛ ♣♦s✐çã♦ sã♦ ♠♦✈✐♠❡♥t❛❞♦s

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

❆❣❡♥t❡ ❞❡ ♠❡❧❤♦r✐❛ ✸ ✭❆❣❇■✮✿ ❙✐♠✐❧❛r ❛♦ ❛❣❡♥t❡ ❛♥t❡r✐♦r✱ ❡st❡ ❛❣❡♥t❡ ❛❞♦t❛

❛ ❡str❛té❣✐❛ ❞❡ ✈✐③✐♥❤❛♥ç❛ ♣♦r ✐♥s❡rçã♦✱ ♦ ♣❡rí♦❞♦ ❡ ♦ ♣r♦❞✉t♦ sã♦ s❡❧❡❝✐♦♥❛❞♦s ❛❧❡❛t♦✲



✹✳✷✳ ❍❡✉ríst✐❝❛ t✐♠❡s ❛ssí♥❝r♦♥♦s ✷✾

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

♣♦ssí✈❡✐s ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦✳ ❆ s♦❧✉çã♦ ✜♥❛❧ é ❞❛❞❛ ♣❡❧❛ ✐♥s❡rçã♦ ❞♦ ♣r♦❞✉t♦

♥❛ ♣♦s✐çã♦ ❞❛ s❡q✉ê♥❝✐❛ ♦♥❞❡ ❣❡r♦✉ ♠❡♥♦r ❝✉st♦ ❞❡ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s✳

❆❣❡♥t❡ ❞❡ ♠❡❧❤♦r✐❛ ✹ ✭❆❣❈❖✮✿ ❖ ú❧t✐♠♦ ❛❣❡♥t❡ q✉❡ tr❛t❛ s♦❜r❡ ♦ s❡✲

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

❝♦♥s❡❝✉t✐✈♦s✱ ♦♥❞❡ ♦ ♣r✐♠❡✐r♦ ♣❡rí♦❞♦ t✱ s❡♥❞♦ (t < T − 1) é ❞❡t❡r♠✐♥❛❞♦ ❛❧❡❛t♦r✐❛✲

♠❡♥t❡✳ ▲♦❣♦✱ é s❡❧❡❝✐♦♥❛❞♦ ✉♠ ♣r♦❞✉t♦ t❛♠❜é♠ ❞❡ ♠❛♥❡✐r❛ ❛❧❡❛tór✐❛✳ ❊st❡ ♣r♦❞✉t♦✱

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

♣r✐♠❡✐r❛ ♣♦s✐çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ❞♦ ♣❡rí♦❞♦ t + 1✳ ❖ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧

❞❡st❡ ❛❣❡♥t❡ é ♠❡❧❤♦r❛r ❛ s♦❧✉çã♦ ♠❛♥t❡♥❞♦ ❛ ♣r❡s❡r✈❛çã♦ ❞❛ ♣r❡♣❛r❛çã♦ ❞❛ ♠áq✉✐♥❛

❡♥tr❡ ♣❡rí♦❞♦s✳

❆❣❡♥t❡ ❞❡ ♠❡❧❤♦r✐❛ ✺ ✭❆❣❆P✮✿ ❞❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♦s ❛❣❡♥t❡s ❞❡ s❡✲

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

◆❡st❡ ❛❣❡♥t❡✱ ✉♠ ♣❡rí♦❞♦ t✱ ♦♥❞❡ (t < T − 1)✱ ❝♦♠ ♣r♦❞✉çã♦ ❡①❝❡❞❡♥t❡ é s❡❧❡❝✐♦♥❛❞♦

❛❧❡❛t♦r✐❛♠❡♥t❡✳ ❯♠ ♣r♦❞✉t♦ ❡♥tr❡ ♦s q✉❡ tê♠ ❡st♦q✉❡ ♣♦s✐t✐✈♦ é t❛♠❜é♠ s❡❧❡❝✐♦♥❛❞♦

❞❡ ♠❛♥❡✐r❛ ❛❧❡❛tór✐❛✳ ▲♦❣♦✱ ❛ ♣r♦❞✉çã♦ ❡①❝❡❞❡♥t❡ ❞♦ ♣r♦❞✉t♦ s❡❧❡❝✐♦♥❛❞♦ é ♣♦st❡r❣❛❞❛

❛♦ ♣❡rí♦❞♦ ✐♠❡❞✐❛t❛♠❡♥t❡ s❡❣✉✐♥t❡ ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥í✈❡❧✳ ◆♦t❡ q✉❡ ❛s r❡str✐çõ❡s

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

♠á①✐♠♦ ♣♦ssí✈❡❧✱ ♠❛s ❞❡♣❡♥❞❡♥❞♦ ❞✐r❡t❛♠❡♥t❡ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥í✈❡❧ ♥♦ ♣❡rí♦❞♦

q✉❡ r❡❝❡❜❡rá ❛s q✉❛♥t✐❞❛❞❡s✳ ❉❡st❛ ❢♦r♠❛✱ ♦ ❛❣❡♥t❡ ♣r♦❝✉r❛ r❡❞✉③✐r ♣❛rt❡ ♦✉ t♦❞♦ ♦

❡st♦q✉❡ ❞❡ ✉♠ ♣r♦❞✉t♦ ❡♠ ✉♠ ♣❡rí♦❞♦ ❞❡t❡r♠✐♥❛❞♦✳

❆❣❡♥t❡ ❞❡ ♠❡❧❤♦r✐❛ ✻ ✭❆❣❊P✮✿ ◆❡st❡ ❛❣❡♥t❡ é s❡❧❡❝✐♦♥❛❞♦ ✉♠ ♣❡rí♦❞♦ t

(t > 1) ❛❧❡❛t♦r✐❛♠❡♥t❡✳ ➱ t❛♠❜é♠ s❡❧❡❝✐♦♥❛❞♦ ✉♠ ♣r♦❞✉t♦ q✉❛❧q✉❡r ♣❛r❛ q✉❡ s✉❛

♣r♦❞✉çã♦ s❡❥❛ ❛❞✐❛♥t❛❞❛ ♣❛r❛ ♦ ♣❡rí♦❞♦ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♥t❡r✐♦r✳ ❆ q✉❛♥t✐❞❛❞❡ ❞❡

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

❛♥t❡r✐♦r✳ ❙❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❢♦r s✉✜❝✐❡♥t❡✱ t♦❞❛ ❛ ♣r♦❞✉çã♦ ❞♦ ♣r♦❞✉t♦ s❡rá ❛❞✐❛♥t❛❞❛✱ s❡

❛ ❝❛♣❛❝✐❞❛❞❡ ♥ã♦ é s✉✜❝✐❡♥t❡✱ s❡rá ❛❞✐❛♥t❛❞❛ ✉♠❛ ♣❛rt❡ ❞❛ ♣r♦❞✉çã♦✱ t❛❧ q✉❡ r❡s♣❡✐t❡

❛ r❡str✐çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ♥♦ ♣❡rí♦❞♦ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♥t❡r✐♦r✳

❇❛s❡❛❞♦ ♥♦s ❛❣❡♥t❡s ❞❡s❝r✐t♦s ❛❝✐♠❛✱ ♦ ❆❧❣♦r✐t♠♦ ✷ ❛♣r❡s❡♥t❛ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞♦

❆✲❚❡❛♠s✳ Pr✐♠❡✐r❛♠❡♥t❡ ♦s ❛❣❡♥t❡s ❝♦♥str✉t♦r❡s✭❆❣❈✮ ♣r❡❡♥❝❤❡♠ ❛ ♠❡♠ór✐❛ ❝♦♠♣❛r✲

t✐❧❤❛❞❛ ✭▼❈✮ ❝♦♠ ❚❛♠▼❡♠ ✭t❛♠❛♥❤♦ ❞❛ ♠❡♠ór✐❛✮ s♦❧✉çõ❡s ✭❧✐♥❤❛s 2 − 7✮✳ ❖ ❆❣❈✶

só ❝♦♥stró✐ ✉♠❛ s♦❧✉çã♦✱ ❡♥q✉❛♥t♦ q✉❡ ♦ ❆❣❈✷ ❝♦♥str✉✐rá ❛s TamMem − 1 s♦❧✉çõ❡s

r❡st❛♥t❡s✳ ❖ ❛❣❡♥t❡ ❞❡str✉✐t♦r ✭❆❣❉✮ ♣❡r♠✐t❡ ✐♥s❡r✐r só s♦❧✉çõ❡s ❞✐st✐♥t❛s ♥❛ ✭▼❈✮

✭❧✐♥❤❛s 4 − 6✮✳ ❊♠ ✉♠ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛çõ❡s IterMax✱ ❛❣❡♥t❡s ❞❡ ♠❡❧❤♦r✐❛



✸✵ ❈❛♣ít✉❧♦ ✹✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ❞❛ ❧✐t❡r❛t✉r❛

✭❆❣▼✮ ♠❛♥✐♣✉❧❛♠ s♦❧✉çõ❡s ♣r♦❝✉r❛♥❞♦ ♠❡❧❤♦rá✲❧❛s ✭❧✐♥❤❛s 8 − 16✮✳ ❖s ❆❣▼ ✉s❛♠ ♦

♣❛râ♠❡tr♦ TamV iz ✭❚❛♠❛♥❤♦ ❞❛ ✈✐③✐♥❤❛♥ç❛✮ ♣❛r❛ ❧✐♠✐t❛r ♦ ♥ú♠❡r♦ ❞❡ s♦❧✉çõ❡s ❛♥❛✲

❧✐s❛❞❛s ✭❧✐♥❤❛ 11✮✳ ❙❡ ✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r é ❡♥❝♦♥tr❛❞❛ ♣♦r ✉♠ ❆❣▼✱ ♦ ❆❣❉ s✉❜st✐t✉✐

❛ ♣✐♦r s♦❧✉çã♦ ♥❛ ▼❈ ♣❡❧❛ ♥♦✈❛ s♦❧✉çã♦ ✭❧✐♥❤❛s 12− 15✮✳

❆❧❣♦r✐t❤♠ ✷ ✿ ❆❴❚❡❛♠

✶✿ ❈r✐❛r ✉♠❛ ♠❡♠ór✐❛ ❝♦♠♣❛rt✐❧❤❛❞❛ ✈❛③✐❛❀
✷✿ ✇❤✐❧❡ ❚❛♠❛♥❤♦❴▼❡♠♦r✐❛ < TamMem ❞♦
✸✿ ❈r✐❛r ✉♠❛ s♦❧✉çã♦ Sol = AgC❀
✹✿ ✐❢ AgD(Sol) t❤❡♥
✺✿ ■♥s❡r✐r Sol ❡♠ MC❀
✻✿ ❡♥❞ ✐❢
✼✿ ❡♥❞ ✇❤✐❧❡
✽✿ ✇❤✐❧❡ Iteracoes ≤ IterMax ❞♦
✾✿ ❊s❝♦❧❤❛ ✉♠❛ s♦❧✉çã♦ Sol ❞❛ MC ♣♦r t♦r♥❡✐♦ ❞❡ t❛♠❛♥❤♦ 2❀

✶✵✿ ❊s❝♦❧❤❛ ❛❧❡❛t♦r✐❛♠❡♥t❡ ✉♠ AgM ❀
✶✶✿ ❖❜t❡r ✉♠❛ ♥♦✈❛ s♦❧✉çã♦ NSol = AgM(Sol, TamV iz)❀
✶✷✿ ✐❢ AgD(NSol) t❤❡♥
✶✸✿ ❊❧✐♠✐♥❛r ❛ ♣✐♦r s♦❧✉çã♦ ❞❛ MC❀
✶✹✿ ■♥s❡r✐r NSol ❡♠ MC❀
✶✺✿ ❡♥❞ ✐❢
✶✻✿ ❡♥❞ ✇❤✐❧❡
✶✼✿ ❘❡t♦r♥❡ ❛ ♠❡❧❤♦r s♦❧✉çã♦ ❞❛ MC❀



❈❛♣ít✉❧♦ ✺

Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦

♣r♦♣♦st♦s

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

♥❛ ♠❡t❛❤❡✉ríst✐❝❛ ■t❡r❛t❡❞ ●r❡❡❞② ✭■●✮ ❞❡ ❘✉✐③ ✫ ❙tüt③❧❡ ❬✷✵✵✼❪✱ ♥❛ ❤❡✉ríst✐❝❛ ❍♦r✐✲

③♦♥t❡ ❘♦❞❛♥t❡ ✭❍❘✮ ❞❡ ❘❛♠❡③❛♥✐❛♥ ✫ ❙❛✐❞✐✲▼❡❤r❛❜❛❞ ❬✷✵✶✸❪ ❡ ♥❛ ❤❡✉ríst✐❝❛ ❋✐① ❛♥❞

❖t✐♠✐③❡ ✭❋&❖✮ ❞❡ P♦❝❤❡t ✫ ❲♦❧s❡② ❬✷✵✵✻❪✱ ❝✉❥♦s ❞❡t❛❧❤❡s s❡rã♦ ❞❡s❝r✐t♦s ♥❛s s❡çõ❡s

s❡❣✉✐♥t❡s✳

✺✳✶ ❍❡✉ríst✐❝❛ ❤♦r✐③♦♥t❡ r♦❧❛♥t❡ ✰ ■t❡r❛t❡❞ ●r❡❡❞②

✭■●✰❍❘✮

■♥✐❝✐❛❧♠❡♥t❡ ❛ ❤❡✉ríst✐❝❛ ❍♦r✐③♦♥t❡ ❘♦❧❛♥t❡ ❢♦✐ ✉s❛❞❛ ♣♦r ♠✉✐t♦s ❛✉t♦r❡s ♣❛r❛ s✉♣❡r❛r

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

♠❛♥❤♦✳ ❈♦♠♦ ❢♦✐ ❞✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❛ ❡str❛té❣✐❛ ✉t✐❧✐③❛❞❛ ♣♦r ❡st❡ ♠ét♦❞♦ ❝♦♥s✐st❡

♥❛ s✉❜st✐t✉✐çã♦ ❞❛ ♠❛✐♦r ♣❛rt❡ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ ❜✐♥ár✐❛ ♣♦r ✈❛r✐á✈❡✐s ❝♦♥tí♥✉❛s✳

■st♦ é ❢❡✐t♦ ❞❡❝♦♠♣♦♥❞♦ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❡♠ ✈ár✐♦s s✉❜♠♦❞❡❧♦s ❝♦♠ ✉♠ ♥ú♠❡r♦

♠❡♥♦r ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ ❜✐♥ár✐❛s✳ P♦ré♠✱ s❡ ❡s♣❡r❛ q✉❡ ♣❛r❛ ♣r♦❜❧❡♠❛s ❣r❛♥❞❡s

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

❤❡✉ríst✐❝❛ ❍♦r✐③♦♥t❡ ❘♦❧❛♥t❡ ✭❍❘✮ t❡♠ s✐❞♦ ❝♦♠❜✐♥❛❞❛ ❝♦♠ ♦ ■t❡r❛t❡❞ ●r❡❡❞② ✭■●✮

r❡s✉❧t❛♥❞♦ ♥♦ ■●✰❍❘ ♣❛r❛ ❢❛❝✐❧✐t❛r ❛ ♥♦t❛çã♦✳ ❖ ♣r♦❜❧❡♠❛ ❝♦♥t✐♥✉❛ s❡♥❞♦ r❡s♦❧✈✐❞♦

❝♦♠ ❛ ❡str❛té❣✐❛ ❞❛ ❍❘✱ ❡♠ T ✐t❡r❛çõ❡s ❡✱ ❡♠ ✉♠❛ ✐t❡r❛çã♦ ❡s♣❡❝í✜❝❛ k ♦ ✈❛❧♦r ❞❛

✈❛r✐á✈❡❧ ❜✐♥ár✐❛ Y ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞♦s ♣r♦❞✉t♦s é ❞❡t❡r♠✐♥❛❞❛ ❝♦♠

♦ ■●✳ ❈♦♠♦ ♥❛ ✈❡rsã♦ ✐♥✐❝✐❛❧ ❞❛ HR✱ ♦ IG + HR é ❞✐✈✐❞✐❞♦ ❡♠ três s❡çõ❡s✿ ✐♥✐❝✐❛❧✱

❝❡♥tr❛❧ ❡ ✜♥❛❧✳

✸✶



✸✷ ❈❛♣ít✉❧♦ ✺✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ♣r♦♣♦st♦s

• ❙❡çã♦ ✐♥✐❝✐❛❧✿ ❝♦♥té♠ k − 1 ♣❡rí♦❞♦s✳ ◆❡st❛ s❡çã♦✱ ❛s ✈❛r✐á✈❡✐s ❜✐♥ár✐❛s w✱ α✱ β

❡ Y ❝♦rr❡s♣♦♥❞❡♥t❡s ❛ ❡st❡s ♣❡rí♦❞♦s (1 ❛ k − 1) sã♦ ❝♦♠♣❧❡t❛♠❡♥t❡ ❝♦♥❣❡❧❛❞❛s

✭✜①❛❞❛s✮ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦s ✈❛❧♦r❡s ❡♥❝♦♥tr❛❞♦s ❡♠ ✐t❡r❛çõ❡s ❛♥t❡r✐♦r❡s✳

• ❙❡çã♦ ❈❡♥tr❛❧✿ só ❝♦♥té♠ ♦ k−és✐♠♦ ♣❡rí♦❞♦ ❞♦ ♣❧❛♥❡❥❛♠❡♥t♦✳ ❆s ✈❛r✐á✈❡✐s w✱

α✱ β ❛ss♦❝✐❛❞❛s ❛ ❡st❡ ♣❡rí♦❞♦ sã♦ ❝♦♥s✐❞❡r❛❞❛s ❝♦♠♦ ❜✐♥ár✐❛s ❡ ❞❡t❡r♠✐♥❛❞❛s

♦t✐♠❛♠❡♥t❡✱ ❡①❝❡t♦ ❛ ✈❛r✐á✈❡❧ Y q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ♣r♦❞✉t♦s

s❡♥❞♦ ❞❡t❡r♠✐♥❛❞❛ ♣❡❧♦ IG✳

• ❙❡çã♦ ✜♥❛❧✿ ❡st❛ s❡çã♦ ❝♦♥té♠ ♦s ♣❡rí♦❞♦s q✉❡ ♥ã♦ ❢♦r❛♠ ✐♥❝❧✉s♦ ♥❛s s❡çõ❡s

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

❛s ✈❛r✐á✈❡✐s ❜✐♥ár✐❛s w✱ α✱ β✱ Y ❛ss♦❝✐❛❞❛s ❛ ❡st❡s ♣❡rí♦❞♦s sã♦ r❡❧❛①❛❞❛s✳

◆♦t❡ q✉❡ ❛ ú♥✐❝❛ s❡çã♦ ❞✐❢❡r❡♥t❡ ❞❛ ❍❘ é ❛ s❡çã♦ ❝❡♥tr❛❧✱ ♥❛ q✉❛❧ ♦ ■● é ❡①❡❝✉t❛❞♦

♣❛r❛ ❞❡t❡r♠✐♥❛r ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ♣r♦❞✉t♦s ♣❛r❛ ♦ ♣❡rí♦❞♦ tr❛t❛❞♦ ♥❡st❛ s❡çã♦✳ ❆s

s❡çõ❡s ✐♥✐❝✐❛❧ ❡ ✜♥❛❧ sã♦ ♠❛♥t✐❞❛s✳ ❆ s❡❣✉✐r✱ ♦ ❆❧❣♦r✐t♠♦ ✸ ✭■●✰❍❘✮ é ❛♣r❡s❡♥t❛❞♦ ❡

♣♦st❡r✐♦r♠❡♥t❡ ♦ ■● ✉s❛❞♦ ♥❡st❡ ♣r♦❝❡❞✐♠❡♥t♦ é ❞❡t❛❧❤❛❞♦✳

❆❧❣♦r✐t❤♠ ✸ ✿ ❍♦r✐③♦♥t❡ ❘♦❧❛♥t❡ ✰ ■t❡r❛t❡❞ ●r❡❡❞②

✶✿ k = 1❀
✷✿ ✇❤✐❧❡ k < T ❞♦
✸✿ ❘❡s♦❧✈❡r ♦ ♠♦❞❡❧♦ ❝♦♠ ❛s s❡❣✉✐♥t❡s s✉♣♦s✐çõ❡s❀
✹✿ ■t❡r❛t❡❞❴●r❡❡❞②✭Y ✮❀ ✴✴Y é ✜①❛ ♥❡st❡ ♣❛ss♦✱ ♠❛s só ❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦

❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♣❡rí♦❞♦ k❀
✺✿ ❙❡çã♦ ✐♥✐❝✐❛❧ ✭só ✜①❛ ❛s ✈❛r✐á✈❡✐s ❜✐♥ár✐❛s✮
✻✿ Yijt = Y ∗

ijt i, j = 1..N, t = 1..k − 1
✼✿ wt = w∗

t t = 1..k − 1
✽✿ αjt = α∗

jt i, j = 1..N, t = 1..k − 1
✾✿ βjt = β∗

jt i, j = 1..N, t = 1..k − 1
✶✵✿ ❙❡çã♦ ✜♥❛❧ ✭❡str❛té❣✐❛ ❞❡ s✐♠♣❧✐✜❝❛çã♦✿ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❜✐♥ár✐❛s sã♦ r❡❧❛①❛❞❛s✮
✶✶✿ 0 ≤ Yijt ≤ 1 i, j = 1..N, t = k + 1..T
✶✷✿ 0 ≤ wt ≤ 1 t = k + 1..T
✶✸✿ 0 ≤ αjt ≤ 1 i, j = 1..N, t = k + 1..T
✶✹✿ 0 ≤ βjt ≤ 1 i, j = 1..N, t = k + 1..T
✶✺✿ k = k + 1❀
✶✻✿ ❡♥❞ ✇❤✐❧❡
✶✼✿ ▼♦str❛r ♦ r❡s✉❧t❛❞♦s ♦❜t✐❞♦ ♣❡❧❛ ❤❡✉ríst✐❝❛

✺✳✶✳✶ ■t❡r❛t❡❞ ●r❡❡❞②

❆ ♠❡t❛❤❡✉ríst✐❝❛ ■● ❞❡s❞❡ 1995 ❥á t✐♥❤❛ s✐❞♦ ❛♣❧✐❝❛❞❛ ❝♦♠ s✉❝❡ss♦ ♣♦r ❏❛❝♦❜s ✫ ❇r✉s❝♦

❬✶✾✾✺❪✱ ❱❛s❦♦ ❬✶✾✽✹❪ ❡ ▼❛r❝❤✐♦r✐ ✫ ❙t❡❡♥❜❡❡❦ ❬✷✵✵✵❪ ♥♦ ❙❡t ❈♦✈❡r✐♥❣ Pr♦❜❧❡♠✳ ▼❛✐s



✺✳✶✳ ❍❡✉ríst✐❝❛ ❤♦r✐③♦♥t❡ r♦❧❛♥t❡ ✰ ■t❡r❛t❡❞ ●r❡❡❞② ✭■●✰❍❘✮ ✸✸

r❡❝❡♥t❡♠❡♥t❡✱ ❘✉✐③ ✫ ❙tüt③❧❡ ❬✷✵✵✼❪ ❛♣❧✐❝❛r❛♠ ♦ ■● ❛♦ ♣❡r♠✉t❛t✐♦♥ ✢♦✇s❤♦♣ s❝❤❡❞✉❧✐♥❣

♣r♦❜❧❡♠ ✭P❋❙P✮✳ ❊ss❡s ❛✉t♦r❡s ❢♦r❛♠ ♦s ♣r✐♠❡✐r♦s ❛ ❛♣❧✐❝❛r ❡st❡ ♠ét♦❞♦ ❛ ✉♠ ♣r♦❜❧❡♠❛

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

❊♠ sí♥t❡s❡✱ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞♦ ■● ♣r♦♣♦st♦ ♣♦r ❘✉✐③ ✫ ❙tüt③❧❡ ❬✷✵✵✼❪ ♣❛r❛ ♦

P❋❙P é ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ ❣❡r❛✲s❡ ✉♠❛ s♦❧✉çã♦ ✭s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉t♦s✮ ✐t❡r❛t✐✈❛♠❡♥t❡

♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❡str❛té❣✐❛ ❝♦♥str✉t✐✈❛ ❞❡ ❞✉❛s ❢❛s❡s✿ ❞❡str✉✐çã♦ ❡ ❝♦♥str✉çã♦✳ ◆❛

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

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

❝♦♥str✉t✐✈♦ ❣✉❧♦s♦ ♣❛r❛ r❡❝♦♥str✉✐r ❛ s♦❧✉çã♦ ✐♥❝♦♠♣❧❡t❛ r❡s✉❧t❛♥t❡ ♥❛ ❢❛s❡ ❛♥t❡r✐♦r✳

❯♠❛ ✈❡③ q✉❡ ❛ s♦❧✉çã♦ t❡♠ s✐❞♦ ❝♦♠♣❧❡t❛❞❛✱ ✉♠ ❝r✐tér✐♦ ❞❡ ❛❝❡✐t❛çã♦ ❞❡❝✐❞❡ s❡ ❛

s♦❧✉çã♦ ❝♦♥str✉í❞❛ ✐rá s✉❜st✐t✉✐r ❛ s♦❧✉çã♦ ❛t✉❛❧✳ ❖ ♣r♦❝❡ss♦ ❝♦♥str✉t✐✈♦ ❞♦ ■● é s✐♠✐❧❛r

❛♦ ♣r♦❝❡ss♦ ❝♦♥str✉t✐✈♦ ❣✉❧♦s♦ ❞❛ ❤❡✉ríst✐❝❛ ◆❊❍ ✭◆❛✇❛③ ❡t ❛❧✳ ❬✶✾✽✸❪✮✳ ❖ ♣r♦❝❡ss♦

❣❡r❛❧ ❞♦ ■● é t❛♠❜é♠ r❡❧❛❝✐♦♥❛❞♦ ❛♦ ♣r♦❝❡ss♦ ❞❛ ■t❡r❛t❡❞ ▲♦❝❛❧ ❙❡❛r❝❤ ✭■▲❙✮✱ só q✉❡

❡♠ ❧✉❣❛r ❞❡ ✐t❡r❛r s♦❜r❡ ❛ ❜✉s❝❛ ❧♦❝❛❧ ❝♦♠♦ é ❢❡✐t♦ ♥♦ ■▲❙✱ ♦ ■● ✐t❡r❛ ❞❡ ♠❛♥❡✐r❛

❛♥á❧♦❣❛ ❡♠ ✉♠ ♣r♦❝❡ss♦ ❝♦♥str✉t✐✈♦ ✭❘✉✐③ ✫ ❙tüt③❧❡ ❬✷✵✵✼❪✮✳ ❖ ■● ✉t✐❧✐③❛❞♦ ♥❡st❡

tr❛❜❛❧❤♦ é ♦ ♣r♦♣♦st♦ ♣♦r ❘✉✐③ ✫ ❙tüt③❧❡ ❬✷✵✵✼❪✱ ♦ q✉❛❧ é ❛♣r❡s❡♥t❛❞♦ ♥♦ ❆❧❣♦r✐t♠♦ ✹

r❡❝❡❜❡♥❞♦ ❝♦♠♦ ♣❛râ♠❡tr♦s✿ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s ❞♦ ❛❧❣♦r✐t♠♦ (Itertotais)✱ ♣❛râ♠❡tr♦

❞❡ ❞❡str✉✐çã♦ (d) ❡ ✐t❡r❛çõ❡s ❞❛ ❜✉s❝❛ ❧♦❝❛❧ (IterBL)✳ ❖s ♣r♦❝❡❞✐♠❡♥t♦s ❞❡st❡ ❛❧❣♦r✐t♠♦✱

s❡rã♦ ❞❡s❝r✐t♦s ♥❛s s❡❣✉✐♥t❡s s✉❜s❡çõ❡s✳

❆❧❣♦r✐t❤♠ ✹ ✿ ■●✭Itertotais✱ d✱ IterBL✮

✶✿ π ✿❂ ❈♦♥str✉çã♦❴❙❡q✉❡♥❝✐❛❴■♥✐❝✐❛❧✭✮❀

✷✿ π∗ := π❀

✸✿ ✐t❡r❛çõ❡s✿❂0❀

✹✿ ✇❤✐❧❡ ✐t❡r❛çõ❡s ≤ Itertotais ❞♦

✺✿ π ✿❂ ❉❡str✉✐çã♦❴❈♦♥str✉çã♦(π, d)❀

✻✿ π ✿❂ ❇✉s❝❛❴▲♦❝❛❧(π, IterBL)❀

✼✿ ✐❢ fcpm(π) < fcpm(π
∗) t❤❡♥

✽✿ π∗ := π❀

✾✿ ❡❧s❡

✶✵✿ π := π∗❀

✶✶✿ ❡♥❞ ✐❢

✶✷✿ ✐t❡r❛çõ❡s✿❂ ✐t❡r❛çõ❡s +1❀

✶✸✿ ❡♥❞ ✇❤✐❧❡

✶✹✿ r❡t✉r♥ π∗❀



✸✹ ❈❛♣ít✉❧♦ ✺✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ♣r♦♣♦st♦s

✺✳✶✳✶✳✶ ■♥✐❝✐❛❧✐③❛çã♦ ❞❛s s❡q✉ê♥❝✐❛s ✐♥✐❝✐❛✐s ❞❡ ♣r♦❞✉çã♦

◆❛ ❝♦♥str✉çã♦ ❞❛s s❡q✉ê♥❝✐❛s ❞❡ ♣r♦❞✉çã♦ é ❛❞♦t❛❞❛ ❛ ✐❞❡✐❛ ❞❡ ▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳

❬✷✵✶✵❝❪ q✉❡ ♣r♦♣õ❡ ✉♠❛ ❤❡✉ríst✐❝❛ ❜❛s❡❛❞❛ ♥❛ ❡str❛té❣✐❛ ❞❡ ❤♦r✐③♦♥t❡ r♦❧❛♥t❡ ❥✉♥t♦ ❝♦♠

❛ ❤❡✉ríst✐❝❛ ◆❊❍✱ ❛ q✉❛❧ t❡♠ s✐❞♦ ❜❛st❛♥t❡ ✉t✐❧✐③❛❞❛ ♥❛ ❧✐t❡r❛t✉r❛ ♣❛r❛ ♣r♦❜❧❡♠❛s ❞❡

s❡q✉❡♥❝✐❛♠❡♥t♦✱ ♣♦r s❡r ❢á❝✐❧ ❞❡ ✐♠♣❧❡♠❡♥t❛r ❡ ♣r♦❞✉③✐r ❜♦♥s r❡s✉❧t❛❞♦s✳ ❆ ❤❡✉ríst✐❝❛

◆❊❍ ✉t✐❧✐③❛ ❞✉❛s s❡q✉ê♥❝✐❛s✱ ❛ ❞❡ ✐♥s❡rçã♦ ❡ ❛ ❞❡ ♣r♦❞✉çã♦✳ ❖ ♣r♦❝❡❞✐♠❡♥t♦ ❝♦♥s✐st❡

❡♠ ❝♦♥str✉✐r ❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ t❡♥❞♦ ❝♦♠♦ ❜❛s❡ ❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ ♦♥❞❡

✈ár✐❛s s♦❧✉çõ❡s ♣❛r❝✐❛✐s sã♦ t❡st❛❞❛s✳

◆❛ ❤❡✉ríst✐❝❛ ◆❊❍ é ✐♠♣♦rt❛♥t❡ ❛ ❞❡✜♥✐çã♦ ❞❡ ✉♠❛ ✏❜♦❛✑ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦✱

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

s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ é ❞❡✜♥✐❞❛ ❝♦♠♦ ❛ ♦r❞❡♠ ❞❡❝r❡s❝❡♥t❡ ❞♦s ♣r♦❞✉t♦s ❞❡ ❛❝♦r❞♦ ❛♦

❝✉st♦ ❞❡ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s✳

❖ ♣r♦❝❡❞✐♠❡♥t♦ ❤❡✉ríst✐❝♦ é ❛♣❧✐❝❛❞♦ ♣❛r❛ t♦❞♦s ♦s ♣❡rí♦❞♦s✱ ❡✱ ❞❛❞♦ q✉❡ ♦ ❝r✐tér✐♦

❛ ♠✐♥✐♠✐③❛r é ♦ ❝✉st♦ ❞❡ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s✱ ✐♥❝❧✉s♦ ❡♥tr❡ ♣❡rí♦❞♦s✱ ❛ ♣❛rt✐r ❞♦

s❡❣✉♥❞♦ ♣❡rí♦❞♦✱ ♦ ♣r✐♠❡✐r♦ ♣r♦❞✉t♦ ♥❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ s❡rá ♦ ú❧t✐♠♦ ♣r♦❞✉t♦

❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ❞♦ ♣❡rí♦❞♦ ❛♥t❡r✐♦r✳

❖s s❡❣✉✐♥t❡s ♣❛ss♦s ❝♦rr❡s♣♦♥❞❡♠ ❛♦ ♣r♦❝❡ss♦ ❝♦♥str✉t✐✈♦ ❞❛ ❤❡✉ríst✐❝❛✿

❙❡❥❛ πIns ❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ ❞❛❞❛ ♣♦r πIns = π1, π2, ..., πN . ❊ πProd ❛ s❡q✉ê♥✲

❝✐❛ ❞❡ ♣r♦❞✉çã♦ ✐♥✐❝✐❛❧♠❡♥t❡ ✈❛③✐❛✳

• ❆t✉❛❧✐③❛r πIns ❝♦♥s✐❞❡r❛♥❞♦ ❛ πProd ❞♦ ♣❡rí♦❞♦ ❛♥t❡r✐♦r✳

• P❛r❛ ❝❛❞❛ ♣r♦❞✉t♦ πi q✉❡ ♣❡rt❡♥❝❡ à s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦✱ ♦♥❞❡ i = 1, 2, ..., N ✳

✕ ■♥s❡r✐r ♦ ♣r♦❞✉t♦ πi ❡♠ t♦❞❛s ❛s ♣♦s✐çõ❡s ♣♦ssí✈❡✐s ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦

πProd✳

∗ ❈❛❧❝✉❧❛r ♦ ❝✉st♦ ❞❡ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s fcpm ✭❝r✐tér✐♦ ❛ ♠✐♥✐♠✐③❛r✮

♣❛r❛ ❝❛❞❛ s❡q✉ê♥❝✐❛ ♣❛r❝✐❛❧ πProd✳

• ■♥s❡r✐r πi ♥❛ ♣♦s✐çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ q✉❡ ❣❡r♦✉ ♠❡♥♦r ❝✉st♦ ❞❡ ♣r❡♣❛✲

r❛çã♦✳

• r❡t♦r♥❛r ❛♦ ♣♦♥t♦ 2 ❛té q✉❡ ❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ ❡st❡❥❛ ✈❛③✐❛✳

❋✐♥❛❧✐③❛❞♦ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❤❡✉ríst✐❝♦✱ t❡r❡♠♦s ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ♣❛r❛

❝❛❞❛ ♣❡rí♦❞♦✱ ♣r❡s❡r✈❛♥❞♦ ❛ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s ❡♥tr❡ ❡st❡s✳ ❯♠ ❡①❡♠♣❧♦ ❞❡

❝♦♥str✉çã♦ ❞❡ ✉♠❛ s♦❧✉çã♦ é ♠♦str❛❞♦ ♥❛ ❙✉❜s❡çã♦ ✺✳✸✳✷✳✶✳



✺✳✶✳ ❍❡✉ríst✐❝❛ ❤♦r✐③♦♥t❡ r♦❧❛♥t❡ ✰ ■t❡r❛t❡❞ ●r❡❡❞② ✭■●✰❍❘✮ ✸✺

✺✳✶✳✶✳✷ Pr♦❝❡❞✐♠❡♥t♦ ❞❡ ❞❡str✉✐çã♦ ✲ ❝♦♥str✉çã♦

❖ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❞❡str✉✐çã♦ é ❛♣❧✐❝❛❞♦ ❛ ❝❛❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ π ❞❡ N ♣r♦❞✉✲

t♦s✳ ❊st❡ ♣r♦❝❡❞✐♠❡♥t♦ r❡♠♦✈❡ ❛❧❡❛t♦r✐❛♠❡♥t❡ d ❞✐❢❡r❡♥t❡s ♣r♦❞✉t♦s ❞❡ π✳ ■st♦ ♣r♦❞✉③

❞✉❛s s✉❜s❡q✉ê♥❝✐❛s✱ ❛ ♣r✐♠❡✐r❛ ✭πD✮ ❝♦♠ N −d ♣r♦❞✉t♦s ❡ ❛ s❡❣✉♥❞❛ ❝♦♠ ♦s ♣r♦❞✉t♦s

r❡♠♦✈✐❞♦s✱ ❛ q✉❛❧ é ❞❡✜♥✐❞❛ ❝♦♠♦ πR✳ πR ❝♦♥té♠ ♦s ♣r♦❞✉t♦s q✉❡ s❡rã♦ r❡✐♥s❡r✐❞♦s ❡♠

πD ♣❛r❛ ❝♦♠♣❧❡t❛r ❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦✳ ❖ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❝♦♥str✉çã♦ ✐♥✐❝✐❛ ❝♦♠

❛ s✉❜s❡q✉ê♥❝✐❛ πD ❡ r❡❛❧✐③❛ d ✐t❡r❛çõ❡s✱ s❡♥❞♦ q✉❡ ❛ ❝❛❞❛ ✐t❡r❛çã♦ ✉♠ ♣r♦❞✉t♦ ❞❡ πR é

r❡✐♥s❡r✐❞♦ ❡♠ πD✳ ❊st❡ ♣r♦❝❡ss♦ ✐♥✐❝✐❛ ✐♥s❡r✐♥❞♦ ♦ ♣r✐♠❡✐r♦ ♣r♦❞✉t♦ ❞❡ πR ❡♠ t♦❞❛s ❛s

N − d+ 1 ♣♦ssí✈❡✐s ♣♦s✐çõ❡s ❞❡ πD✳ ❆ ♠❡❧❤♦r ♣♦s✐çã♦ ♣❛r❛ ❡st❡ ♣r♦❞✉t♦ ♥❛ s❡q✉ê♥❝✐❛

πD é ❛q✉❡❧❛ q✉❡ ❣❡r❛ ♦ ♠❡♥♦r ❝✉st♦s ❞❡ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s (fcpm)✳

❊st❡ ♣r♦❝❡❞✐♠❡♥t♦ é r❡♣❡t✐❞♦ ❛té q✉❡ ❛ s✉❜s❡q✉ê♥❝✐❛ πR ❡st❡❥❛ ✈❛③✐❛✳ ❖ ♣r♦✲

❝❡❞✐♠❡♥t♦ ❞❡ ❞❡str✉✐çã♦ ✲ ❝♦♥str✉çã♦ é ❛♣❧✐❝❛❞♦ à s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ❞❡ ❝❛❞❛

♣❡rí♦❞♦✳ ❖ ❆❧❣♦r✐t♠♦ ✺ ❛♣r❡s❡♥t❛ ❡st❡ ♣r♦❝❡❞✐♠❡♥t♦✱ ♦ q✉❛❧ r❡❝❡❜❡ ❝♦♠♦ ♣❛râ♠❡tr♦s

✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉t♦s π ❡ ♦ ♣❛râ♠❡tr♦ ❞❡ ❞❡str✉✐çã♦ d✳

❆❧❣♦r✐t❤♠ ✺ ✿ ❉❡str✉✐çã♦❴❈♦♥str✉çã♦(π, d);

✶✿ π ✿❂ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ✐♥✐❝✐❛❧✳

✷✿ πD := π❀

✸✿ πR := ∅❀

✹✿ ❢♦r i := 1 t♦ d ❞♦

✺✿ πD ✿❂ r❡♠♦✈❛ ✉♠ ♣r♦❞✉t♦ ❛❧❡❛t♦r✐❛♠❡♥t❡ ❞❡ πD ❡ ✐♥s✐r❛ ❡st❡ ❡♠ πR❀

✻✿ ❡♥❞ ❢♦r

✼✿ ✴✴♦s t❛♠❛♥❤♦s ❞❡ πD ❡ πR sã♦ N − d ❡ d r❡s♣❡❝t✐✈❛♠❡♥t❡✳

✽✿ ❢♦r i := 1 t♦ d ❞♦

✾✿ πD := ♠❡❧❤♦r s❡q✉ê♥❝✐❛ ♦❜t✐❞❛ ❛♣ós ✐♥s❡r✐r ♦ ♣r♦❞✉t♦ πR(i) ❡♠ t♦❞❛s ❛s ♣♦s✐çõ❡s

♣♦ssí✈❡✐s ❞❡ πD❀

✶✵✿ ❡♥❞ ❢♦r

✶✶✿ ✐❢ fcpm(πD) < fcpm(π) t❤❡♥

✶✷✿ π := πD❀

✶✸✿ ❡♥❞ ✐❢

✶✹✿ r❡t✉r♥ π❀

❆ ✜♠ ❞❡ ❢❛❝✐❧✐t❛r ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞♦ ♣r♦❝❡❞✐♠❡♥t♦ ❉❡str✉✐çã♦✲❈♦♥str✉çã♦✱ ♥❛

❋✐❣✉r❛ ✺✳✶ ♠♦str❛✲s❡ ✉♠ ❡①❡♠♣❧♦ ✐❧✉str❛t✐✈♦✳ ❖s ❞❛❞♦s ♥❡❝❡ssár✐♦s ❡♥✈♦❧✈✐❞♦s ♥❡st❡

❡①❡♠♣❧♦ s❡ ❡♥❝♦♥tr❛♠ ♥♦ ❛♣ê♥❞✐❝❡ ❆✳



✸✻ ❈❛♣ít✉❧♦ ✺✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ♣r♦♣♦st♦s

5 // 2 // 3 // 4 // 1 ❙❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ✐♥✐❝✐❛❧

1
��

2
��

5 // 2 // 3 // 4 // 1 ❙❡❧❡❝✐♦♥❛♥❞♦ d = 2 ♣r♦❞✉t♦s ❛❧❡❛t♦r✐❛♠❡♥t❡

5 // 3 // 1 ❙❡q✉ê♥❝✐❛ πD ❛ s❡r r❡❝♦♥str✉✐❞❛

2 // 4 ❙❡q✉ê♥❝✐❛ πR✱ ♣r♦❞✉t♦s ❛ s❡r r❡✐♥s❡r✐❞♦s ❡♠ πD

❆♣ós ✐♥s❡r✐r ♦ ♣r♦❞✉t♦ πR(2) ❡♠ t♦❞❛s ❛s ♣♦s✐çõ❡s ♣♦ssí✈❡✐s ❞❡ πD ♦❜t❡♠♦s ❛s s❡q✉ê♥❝✐❛s✿

✷ // 5 // 3 // 1 CPM = 462

5 // ✷ // 3 // 1 CPM = 462

5 // 3 // ✷ // 1 ❈P▼ ❂ ✹✹✻✯

5 // 3 // 1 // ✷ CPM = 462

❆♣ós ✐♥s❡r✐r ♦ ♣r♦❞✉t♦ πR(4) ❡♠ t♦❞❛s ❛s ♣♦s✐çõ❡s ♣♦ssí✈❡✐s ❞❡ πD ♦❜t❡♠♦s ❛s s❡q✉ê♥❝✐❛s✿

✹ // 5 // 3 // 1 // 2 CPM = 603

5 // ✹ // 3 // 1 // 2 CPM = 613

5 // 3 // ✹ // 1 // 2 CPM = 601

5 // 3 // 1 // ✹ // 2 CPM = ✺✼✽✯

5 // 3 // 1 // 2 // ✹ CPM = 624
❋✐♥❛❧✐③❛❞♦ ♦ ♣r♦❝❡ss♦ t❡♠♦s ❡♥❝♦♥tr❛❞♦ ❛ ♠❡❧❤♦r s❡q✉❡♥❝✐❛ ❞❡ ♣r♦❞✉çã♦✱ s❡♥❞♦ ❛q✉❡❧❛

q✉❡ ♦❜t❡✈❡ ♦ ♠❡♥♦r ❝✉st♦ ❞❡ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s ✭✺✼✽✮

❋✐❣✉r❛ ✺✳✶✿ Pr♦❝❡❞✐♠❡♥t♦ ❞❡ ❉❡str✉✐çã♦ ✲ ❈♦♥str✉✐çã♦

✺✳✶✳✶✳✸ ❇✉s❝❛ ❧♦❝❛❧

❆ s❡q✉ê♥❝✐❛ r❡t♦r♥❛❞❛ ♣❡❧♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❞❡str✉✐çã♦ ✲ ❝♦♥str✉çã♦ é ♠❡❧❤♦r❛❞❛ ♣❡❧♦

♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❜✉s❝❛ ❧♦❝❛❧ ✭❇▲✮✳ ❊st❡ ♣r♦❝❡❞✐♠❡♥t♦ é ❜❛s❡❛❞♦ ♥♦s ♠♦✈✐♠❡♥t♦s ❞❡

tr♦❝❛ s✐♠♣❧❡s ❡ ✐♥s❡rçã♦✳ ❊st❛ ❇▲ é ✉♠❛ ✈❛r✐❛♥t❡ ❞♦ ♠ét♦❞♦ ❞❡ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞

❙❡❛r❝❤ ✭❱◆❙✮ ❞❡♥♦♠✐♥❛❞❛ ❝♦♠♦ ❘❡❞✉❝❡❞ ❱◆❙ ✭❘❱◆❙✮ ♣r♦♣♦st❛ ♣♦r ❍❛♥s❡♥ ❡t ❛❧✳

❬✷✵✶✵❪ ♣❛r❛ r❡s♦❧✈❡r ♦ P❋❙P✳ ❖ ♠♦✈✐♠❡♥t♦ ❞❡ tr♦❝❛ s✐♠♣❧❡s s❡❧❡❝✐♦♥❛ ❛❧❡❛t♦r✐❛♠❡♥t❡

❞♦✐s ♣r♦❞✉t♦s ♥❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ❡ tr♦❝❛ s✉❛s ♣♦s✐çõ❡s✳ ❖ ♠♦✈✐♠❡♥t♦ ❞❡ ✐♥s❡rçã♦

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

♣♦s✐çõ❡s✳ ❆ ❢✉♥çã♦ ❛ ♠✐♥✐♠✐③❛r ♥❛ ❇▲ é t❛♠❜é♠ ♦ ❝✉st♦ ❞❡ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s

(fcpm)✳ ❆ ❇▲ é ❞❡t❛❧❤❛❞❛ ♥♦ ❆❧❣♦r✐t♠♦ ✻✱ ♦ q✉❛❧ r❡❝❡❜❡ ❝♦♠♦ ♣❛râ♠❡tr♦s✿ ✉♠❛ s♦❧✉çã♦

❙❖▲ ❡ ♦ ♠á①✐♠♦ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s (IterBL) ✉s❛❞♦ ❝♦♠♦ ❝r✐tér✐♦ ❞❡ ♣❛r❛❞❛✳

◆♦t❡✲s❡ q✉❡ ♥❡st❡ ♣r♦❝❡❞✐♠❡♥t♦ é r❡❝❡❜✐❞❛ ❝♦♠♦ ♣❛râ♠❡tr♦ ✉♠❛ s♦❧✉çã♦ ❙❖▲ ❡
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❡st❛ é ✉♠ ♦❜❥❡t♦ ♦ q✉❛❧ ❝♦♥té♠ ✉♠❛ s❡q✉❡♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ π ♣❛r❛ ❝❛❞❛ ♣❡rí♦❞♦ ❡ ♦s

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

❆❧❣♦r✐t❤♠ ✻ ✿ ❇✉s❝❛❴▲♦❝❛❧(SOL, IterBL)

✶✿ ❢♦r l := 1 t♦ IterBL ❞♦

✷✿ ▲♦♦♣ := 1✱ ❚✐♣♦❴❱✐③ := 1

✸✿ ✇❤✐❧❡ ▲♦♦♣ := 1 ❞♦

✹✿ φ := π

✺✿ ✐❢ ❚✐♣♦❴❱✐③ := 1 t❤❡♥

✻✿ φ := ❙❡q✉ê♥❝✐❛ ♦❜t✐❞❛ ♣❡❧❛ tr♦❝❛ ❞❡ ❞♦✐s ♣r♦❞✉t♦s s❡❧❡❝✐♦♥❛❞♦s ❛❧❡❛t♦r✐❛✲

♠❡♥t❡❀

✼✿ ❡❧s❡

✽✿ φ := ▼❡❧❤♦r s❡q✉ê♥❝✐❛ ♦❜t✐❞❛ ❛♣ós ✐♥s❡r✐r ✉♠ ♣r♦❞✉t♦ ❛❧❡❛t♦r✐❛♠❡♥t❡ s❡❧❡✲

❝✐♦♥❛❞♦ ❡♠ t♦❞❛s ❛s ♣♦s✐çõ❡s ♣♦ssí✈❡✐s❀

✾✿ ▲♦♦♣ := 0;

✶✵✿ ❡♥❞ ✐❢

✶✶✿ ✐❢ fcpm(φ) < fcpm(π) t❤❡♥

✶✷✿ π := φ❀ ✴✴SOL é ❛t✉❛❧✐③❛❞❛ ♥❡st❡ ♣❛ss♦✳

✶✸✿ ▲♦♦♣ := 1✱ ❚✐♣♦❴❱✐③ := 1

✶✹✿ ❡❧s❡

✶✺✿ ❚✐♣♦❴❱✐③ := 0

✶✻✿ ❡♥❞ ✐❢

✶✼✿ ❡♥❞ ✇❤✐❧❡

✶✽✿ ❡♥❞ ❢♦r

✶✾✿ r❡t✉r♥ SOL❀

P❛r❛ ✉♠ ♠❡❧❤♦r ❡♥t❡♥❞✐♠❡♥t♦ ❞❛ ❇▲✱ ❛s ❋✐❣✉r❛s ✺✳✷ ❡ ✺✳✸ ♠♦str❛♠ ❡①❡♠♣❧♦s

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

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

♠❡♥t❡ ♦s ♣r♦❞✉t♦s 1 ❡ 4✱ ♣r✐♠❡✐r♦ ❡ q✉❛rt♦ ♥❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦✳ P♦st❡r✐♦r♠❡♥t❡✱

❡st❡s ♣r♦❞✉t♦s tr♦❝❛♠ s✉❛s ♣♦s✐çõ❡s✱ ✜❝❛♥❞♦ ♦ ♣r♦❞✉t♦ 4 ❡ ♦ ♣r♦❞✉t♦ 1 ♥❛ ♣r✐♠❡✐r❛ ❡

♥❛ q✉❛rt❛ ♣♦s✐çã♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ◆❛ ❋✐❣✉r❛✱ ❛ s❡q✉ê♥❝✐❛ ❞♦ ❧❛❞♦ ❡sq✉❡r❞♦ ❞❛ s❡t❛

r❡♣r❡s❡♥t❛ ❛ s❡q✉ê♥❝✐❛ ♦r✐❣✐♥❛❧ ♦♥❞❡ ♦s ♣r♦❞✉t♦s ✭❡♠ ❝♦r ✈❡r♠❡❧❤❛✮ ❢♦r❛♠ s❡❧❡❝✐♦♥❛❞♦s

❡ ❛ s❡q✉ê♥❝✐❛ ❞♦ ❧❛❞♦ ❞✐r❡✐t♦ ❞❛ s❡t❛ é ❛ r❡s✉❧t❛♥t❡ ❞❡♣♦✐s ❞❛ tr♦❝❛✳



✸✽ ❈❛♣ít✉❧♦ ✺✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ♣r♦♣♦st♦s

1 6>2 3 4
v~

5 +3 4 // 2 // 3 // 1 // 5

❋✐❣✉r❛ ✺✳✷✿ ❇✉s❝❛ ▲♦❝❛❧✿❚r♦❝❛ s✐♠♣❧❡s

❆ ❋✐❣✉r❛ ✺✳✸ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛ ✉♠❛ ❜✉s❝❛ ❧♦❝❛❧ ♣♦r ✐♥s❡rçã♦✱ ❞❛❞♦ q✉❡ ❛ s❡q✉ê♥✲

❝✐❛ ❞❡ ♣r♦❞✉çã♦ ❝♦♥té♠ ✺ ♣r♦❞✉t♦s✱ sã♦ r❡❛❧✐③❛❞❛s q✉❛tr♦ ✐♥s❡rçõ❡s✳ ◆♦t❡ q✉❡ ♥❡st❛

✜❣✉r❛ ❛s s❡q✉ê♥❝✐❛s à ❡sq✉❡r❞❛ ❞❛ s❡t❛ r❡♣r❡s❡♥t❛♠ ❛s s❡q✉ê♥❝✐❛s ✐♥✐❝✐❛✐s✱ ❡♥q✉❛♥t♦

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

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

❡ ❛s s❡t❛s s♦❜r❡ ❡st❡s ♣r♦❞✉t♦s ♠♦str❛♠ ❛ ♣♦s✐çã♦ ♥❛ q✉❛❧ s❡rã♦ s✐t✉❛❞♦s✳ P❛r❛ ♦

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

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

♣♦s✐çõ❡s ♣♦ssí✈❡✐s ❞❛ s❡q✉ê♥❝✐❛✳

◆❛ ♣r✐♠❡✐r❛ ✐♥s❡rçã♦✱ ♦ ♣r♦❞✉t♦ 3 é ✐♥s❡r✐❞♦ ♥❛ q✉❛rt❛ ♣♦s✐çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡

♣r♦❞✉çã♦✱ ♥❡st❛ ♣♦s✐çã♦ ❡♥❝♦♥tr❛✲s❡ ♦ ♣r♦❞✉t♦ 4✱ ♦ q✉❛❧ é ♠♦✈✐♠❡♥t❛❞♦ ✉♠❛ ♣♦s✐çã♦

❛❞❥❛❝❡♥t❡ ❛♦ ♣r♦❞✉t♦ 3✱ ❞❛❞♦ q✉❡ ♦s ♣r♦❞✉t♦s 3 ❡ 4 ❡stã♦ s✐t✉❛❞♦s ✉♠ ❞♦ ❧❛❞♦ ❞♦

♦✉tr♦ ❡st❛ ♠♦✈✐♠❡♥t❛çã♦ é ✉♠❛ tr♦❝❛ s✐♠♣❧❡s✳ ◆❛ s❡❣✉♥❞❛ ✐♥s❡rçã♦✱ ♦ ♣r♦❞✉t♦ 3

é ✐♥s❡r✐❞♦ ♥❛ q✉✐♥t❛ ♣♦s✐çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦✱ ♥❡st❛ ♣♦s✐çã♦ ❡♥❝♦♥tr❛✲s❡ ♦

♣r♦❞✉t♦ 5✱ ❛ss✐♠✱ ♦ ♣r♦❞✉t♦ 3 é ✐♥s❡r✐❞♦ ♥❛ q✉✐♥t❛ ♣♦s✐çã♦ ❡ ♦s ♣r♦❞✉t♦s 4 ❡ 5 sã♦

♠♦✈✐♠❡♥t❛❞♦s ✉♠❛ ♣♦s✐çã♦ à ❡sq✉❡r❞❛ ✭❡♠ ❞✐r❡çã♦ á ❛♥t❡r✐♦r ♣♦s✐çã♦ ❞♦ ♣r♦❞✉t♦ 3✮✳

◆❛ t❡r❝❡✐r❛ ✐♥s❡rçã♦✱ ♦ ♣r♦❞✉t♦ 3 é ✐♥s❡r✐❞♦ ♥❛ s❡❣✉♥❞❛ ♣♦s✐çã♦ ❞❛ s❡q✉ê♥❝✐❛✱ ❞❛❞♦

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

❈♦♠♦ ú❧t✐♠❛ ✐♥s❡rçã♦✱ ♦ ♣r♦❞✉t♦ 3 s❡rá ✐♥s❡r✐❞♦ ♥❛ ♣r✐♠❡✐r❛ ♣♦s✐çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡

♣r♦❞✉çã♦✱ ♥❡st❡ ❝❛s♦✱ ♦s ♣r♦❞✉t♦s 1 ❡ ♦ 2 s✐t✉❛❞♦s ♥❛ ♣r✐♠❡✐r❛ ❡ s❡❣✉♥❞❛ ♣♦s✐çã♦ ❞❛

s❡q✉ê♥❝✐❛ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ s❡rã♦ ♠♦✈✐♠❡♥t❛❞♦s ✉♠❛ ♣♦s✐çã♦ ❛❞❥❛❝❡♥t❡ ✭❡♠ ❞✐r❡çã♦ à

♣♦s✐çã♦ ❛♥t❡r✐♦r ❞♦ ♣r♦❞✉t♦ 3✮✳
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❋✐❣✉r❛ ✺✳✸✿ ❇✉s❝❛ ▲♦❝❛❧✿ ■♥s❡rçã♦

◆♦t❡ q✉❡ ♦s ♣r♦❝❡❞✐♠❡♥t♦s ❞❡ ❉❡str✉✐çã♦✲❈♦♥str✉çã♦ ❡ ❇✉s❝❛ ▲♦❝❛❧ sã♦ ❡①❡❝✉t❛✲

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

t♦❞♦s ♦s ♣❡rí♦❞♦s✳

✺✳✷ ❍❡✉ríst✐❝❛ ■t❡r❛t❡❞ ●r❡❡❞② ❝♦♠ ♠❡❧❤♦r✐❛ ❞♦

❉✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ▲♦t❡s ✭■●✰▼❉▲✮

❈♦♠♦ s❡ ♣♦❞❡ ♥♦t❛r✱ ♦ ■● ♣r♦♣♦st♦ ♣♦r ❘✉✐③ ✫ ❙tüt③❧❡ ❬✷✵✵✼❪ ♣r♦❝✉r❛ ♠❡❧❤♦r❛r ♦

s❡q✉❡♥❝✐❛♠❡♥t♦ ❞♦s ♣r♦❞✉t♦s✳ ❉❛❞♦ q✉❡ ♥♦ P❉❙▲❋❙ é ♥❡❝❡ssár✐♦ ♠❡❧❤♦r❛r t❛♠❜é♠ ♦

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

♣r♦♣ós✐t♦❀ ♥♦ ❝❛s♦ ❛s ♣r♦♣♦st❛s ♣♦r ●♦♣❛❧❛❦r✐s❤♥❛♥ ❡t ❛❧✳ ❬✷✵✵✶❪✱ ❛s q✉❛✐s ❝♦♥s✐st❡♠

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

❞❡ss❡s ♠ét♦❞♦s ❛♦ ■● é ❞❡t❛❧❤❛❞❛✳

✺✳✸ ■●✰▼❉▲ ♣r♦♣♦st♦ ♣❛r❛ ♦ P❉❙▲❋❙

❖ ■●✰▼❉▲ ♣r♦♣♦st♦ t❡♥t❛ ♠❡❧❤♦r❛r✱ ✐t❡r❛t✐✈❛♠❡♥t❡✱ ✉♠❛ s♦❧✉çã♦ ✉t✐❧✐③❛♥❞♦ q✉❛tr♦

❞✐❢❡r❡♥t❡s ♣r♦❝❡❞✐♠❡♥t♦s✿ ❞❡str✉✐çã♦ ✲ ❝♦♥str✉çã♦✱ ❜✉s❝❛ ❧♦❝❛❧✱ ♠❡❧❤♦r✐❛ ❞♦ ❞✐♠❡♥s✐♦✲

♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ▼❉▲ ❡ ♦ ❝r✐tér✐♦ ❞❡ ❛❝❡✐t❛çã♦✳ ❖ ■●✰▼❉▲ ❣❡r❛ ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧

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

❝❡❞✐♠❡♥t♦s ❝✐t❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡ ❛té q✉❡ ❛ ❝♦♥❞✐çã♦ ❞❡ ♣❛r❛❞❛ s❡❥❛ s❛t✐s❢❡✐t❛✳ ❖s

♠ét♦❞♦s ❞❡str✉✐çã♦ ✲ ❝♦♥str✉çã♦ ❡ ❜✉s❝❛ ❧♦❝❛❧ sã♦ ✉s❛❞♦s ♣❛r❛ ❣❡r❛r ✉♠❛ ❜♦❛ s❡q✉ê♥✲

❝✐❛ ❞❡ ♣r♦❞✉çã♦✳ ❖ ▼❉▲ é ❛♣❧✐❝❛❞♦ à ♠❡❧❤♦r s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ♦❜t✐❞❛ ♣❡❧❛ ❜✉s❝❛

❧♦❝❛❧ ❛ ✜♠ ❞❡ ♠❡❧❤♦r❛r ❛s q✉❛♥t✐❞❛❞❡s ❛ s❡r❡♠ ♣r♦❞✉③✐❞❛s✳ ❊♠ ❝❛❞❛ ✐t❡r❛çã♦✱ ❡ ♣♦r

♠❡✐♦ ❞♦ ❝r✐tér✐♦ ❞❡ ❛❝❡✐t❛çã♦✱ ❛ s♦❧✉çã♦ ❛ s❡r ❝♦♥s✐❞❡r❛❞❛ ♥❛ ♣ró①✐♠❛ ✐t❡r❛çã♦ é ❡❧❡✐t❛

❡♥tr❡ ❛ s♦❧✉çã♦ ❛t✉❛❧ ❡ ❛ s♦❧✉çã♦ ♦❜t✐❞❛ ♣❡❧♦ ▼❉▲✳



✹✵ ❈❛♣ít✉❧♦ ✺✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ♣r♦♣♦st♦s

❖ ❆❧❣♦r✐t♠♦ ✼ ❛♣r❡s❡♥t❛ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ ❤❡✉ríst✐❝❛ ■●✰▼❉▲ ❡ s❡✉s ❝♦♠✲

♣♦♥❡♥t❡s✳ ❊❧❛ r❡❝❡❜❡ ❝♦♠♦ ♣❛râ♠❡tr♦s✿ ◆ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛çõ❡s ❞♦ ❛❧❣♦r✐t♠♦

(It❴Max)✱ ♣❛râ♠❡tr♦ ❞❡ ❞❡str✉✐çã♦ (d) ✱ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s ❞❛ ❜✉s❝❛ ❧♦❝❛❧ (It❴Bl)

❡ ♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛çõ❡s ♣❛r❛ ♦ ♠ét♦❞♦ ❞❡ ♠❡❧❤♦r✐❛ ❞♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡

❧♦t❡s (It❴Dl)✳ ❆ ❤❡✉ríst✐❝❛ ✐♥✐❝✐❛ ❣❡r❛♥❞♦ ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ✭❧✐♥❤❛ ✶✮✳ ❙❡ é ❝♦♥s✲

tr✉í❞❛ ✉♠❛ s♦❧✉çã♦ ✐♥❢❛❝tí✈❡❧✱ é ♥❡❝❡ssár✐♦ ✉s❛r ❛ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛ ♣r♦♣♦st❛ ♣♦r

❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪ ♣❛r❛ ♦❜t❡r ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧ ✭❧✐♥❤❛s ✷ ✲ ✹✮✱ ❞❛ ♠❡s♠❛

❢♦r♠❛ q✉❡ ♥♦s ❛❣❡♥t❡s ❝♦♥str✉t♦r❡s ❞♦ ❆✲❚❡❛♠s✳ ❆s ✐t❡r❛çõ❡s ❞♦ ■● sã♦ ❡①❡❝✉t❛❞❛s

♥❛s ❧✐♥❤❛s ✼ ❛ ✶✼✱ ❛té q✉❡ ♦ ❝r✐tér✐♦ ❞❡ ♣❛r❛❞❛ s❡❥❛ s❛t✐s❢❡✐t♦✳ ◆❛s ❧✐♥❤❛s ✽ ❡ ✾ sã♦ ❡①❡✲

❝✉t❛❞♦s ♦s ♣r♦❝❡❞✐♠❡♥t♦s ❞❡ ❞❡str✉✐çã♦ ✲ ❝♦♥str✉çã♦ ❡ ❜✉s❝❛ ❧♦❝❛❧ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖

MDL é ❡①❡❝✉t❛❞♦ ♥❛ ❧✐♥❤❛ ✶✵✳ ◆❛s ❧✐♥❤❛s ✶✶ ❛té ✶✺ é ✈❡r✐✜❝❛❞♦ ♦ ❝r✐tér✐♦ ❞❡ ❛❝❡✐t❛çã♦✳

❋✐♥❛❧♠❡♥t❡✱ ❛ ♠❡❧❤♦r s♦❧✉çã♦ ♦❜t✐❞❛ ♣❡❧♦ ❛❧❣♦r✐t♠♦ é r❡t♦r♥❛❞❛✱ ❧✐♥❤❛ ✶✽✳

❆❧❣♦r✐t❤♠ ✼ ✿ ■●✰▼❉▲✭It❴Max✱ d✱ It❴Bl✱ It❴Dl✮

✶✿ SOL ✿❂ ❈♦♥str✉çã♦❴❙♦❧✉çã♦❴■♥✐❝✐❛❧✭✮❀
✷✿ ✐❢ ❙♦❧✉çã♦❴■♥❢❛tí✈❡❧(SOL) t❤❡♥
✸✿ SOL ✿❂ ❋♦r♠✉❧❛çã♦❴▼❛t❡♠át✐❝❛(SOL)❀
✹✿ ❡♥❞ ✐❢
✺✿ SOL∗ := SOL❀
✻✿ ✐t❡r❛çõ❡s✿❂0❀
✼✿ ✇❤✐❧❡ ✐t❡r❛çõ❡s ≤ It❴Max ❞♦
✽✿ SOL ✿❂ ❉❡str✉✐çã♦ ✲ ❈♦♥str✉çã♦(SOL, d)❀
✾✿ SOL ✿❂ ❇✉s❝❛❴▲♦❝❛❧(SOL, It❴Bl)❀

✶✵✿ SOL ✿❂ ▼❡❧❤♦r✐❛❴❉✐♠❡♥s✐♦♥❛♠❡♥t♦❴▲♦t❡s(SOL, It❴Dl)❀
✶✶✿ ✐❢ f(SOL) < f(SOL∗) t❤❡♥
✶✷✿ SOL∗ := SOL❀
✶✸✿ ❡❧s❡
✶✹✿ SOL := SOL∗❀
✶✺✿ ❡♥❞ ✐❢
✶✻✿ ✐t❡r❛çõ❡s✿❂ ✐t❡r❛çõ❡s +1❀
✶✼✿ ❡♥❞ ✇❤✐❧❡
✶✽✿ r❡t✉r♥ SOL∗❀

P❛r❛ ❢❛❝✐❧✐t❛r ❛ ❡①♣❧✐❝❛çã♦ ❞♦s ♠ét♦❞♦s ✉t✐❧✐③❛❞♦s ♣❡❧♦s ❛❧❣♦r✐t♠♦s✱ é ♥❡❝❡ssá✲

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

❞❛❞♦s ✉t✐❧✐③❛❞❛✱ ❛ss✐♠✱ ♥❛ s❡çã♦ s❡❣✉✐♥t❡ ✭✺✳✸✳✶✮ ♠♦str❛✲s❡ ❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠❛ s♦❧✉✲

çã♦ ✉s❛❞❛ ♣❡❧♦s ❛❧❣♦r✐t♠♦s ✐♠♣❧❡♠❡♥t❛❞♦s ♥❡st❛ ❞✐ss❡rt❛çã♦✳ ◆❛ s❡çã♦ ✺✳✸✳✷ ♠♦str❛✲s❡

❝♦♠♦ ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ é ❝♦♥str✉í❞❛✳ ◆❛s s❡çõ❡s ✺✳✸✳✸✱ ✺✳✸✳✹ ❡ ✺✳✸✳✺✱ ♠♦str❛✲s❡ ❝♦♠♦

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

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



✺✳✸✳ ■●✰▼❉▲ ♣r♦♣♦st♦ ♣❛r❛ ♦ P❉❙▲❋❙ ✹✶

✺✳✸✳✶ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ s♦❧✉çã♦

❯♠❛ s♦❧✉çã♦ é r❡♣r❡s❡♥t❛❞❛ ♣♦r T ✭♥ú♠❡r♦s ❞❡ ♣❡rí♦❞♦s✮ ♠❛tr✐③❡s ❞❡ ♦r❞❡♠ 3 × N

✭♦♥❞❡ N é ♦ ♥ú♠❡r♦ ❞❡ ♣r♦❞✉t♦s✮✳ ❆ ♣r✐♠❡✐r❛ ❧✐♥❤❛ ❞❡ ❝❛❞❛ ♠❛tr✐③ r❡♣r❡s❡♥t❛

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

♣r♦❞✉③✐❞❛s ❡ ♦ ❡st♦q✉❡ ❞❡ ❝❛❞❛ ♣r♦❞✉t♦ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ◆❛ ❋✐❣✉r❛ ✺✳✹ ♠♦str❛✲s❡

✉♠ ❡①❡♠♣❧♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ❞♦✐s ♣❡rí♦❞♦s (t1 ❡ t2) ❡ três ♣r♦❞✉t♦s (j1, j2✱ ❡ j3)✳

❆ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ♥♦ ♣r✐♠❡✐r♦ ♣❡rí♦❞♦ é (j3, j2, j1) ❡ ♥♦ s❡❣✉♥❞♦ é (j1, j2, j3)✳

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

♣❛r❛ ❝❛❞❛ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t✳

t1 t2

❙❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ j3 j2 j1 j1 j2 j3

❉✐♠❡♥sã♦ ❞♦ ▲♦t❡ DL31 DL21 DL11 DL12 DL22 DL32

❊st♦q✉❡ Est31 Est21 Est11 Est12 Est22 Est32

❋✐❣✉r❛ ✺✳✹✿ ❘❡♣r❡s❡♥t❛çã♦ ❞❛ ❙♦❧✉çã♦

❉❛❞❛ ❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠❛ s♦❧✉çã♦✱ ♦s ♣r♦❝❡❞✐♠❡♥t♦s ❞❛ ❤❡✉ríst✐❝❛ IG+MDL

♣r♦♣♦st❛ sã♦ ❞❡s❝r✐t♦s ❛ s❡❣✉✐r✳

✺✳✸✳✷ ❈♦♥str✉çã♦ ❞❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧

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

❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ♣❛r❛ ❝❛❞❛ ♣❡rí♦❞♦✳ ◆❛ s❡❣✉♥❞❛ ❢❛s❡✱ ❝♦♥s✐❞❡r❛♥❞♦ ❛ s❡q✉ê♥❝✐❛

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

✺✳✸✳✷✳✶ ■♥✐❝✐❛❧✐③❛çã♦ ❞❛s s❡q✉ê♥❝✐❛s ❞❡ ♣r♦❞✉çã♦

❆ ✐♥✐❝✐❛❧✐③❛çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ é ♦❜t✐❞❛ ❞❛ ♠❡s♠❛ ♠❛♥❡✐r❛ q✉❡ ♦ ■●✱ ❢❛③❡♥❞♦

✉s♦ ❞❛ ❤❡✉ríst✐❝❛ ◆❊❍✱ ❝♦♠♦ ♥❛ ❙✉❜s❡çã♦ ✺✳✶✳✶✳✶✳ P❛r❛ ❢❛❝✐❧✐t❛r ♦ ❡♥t❡♥❞✐♠❡♥t♦✱ ✉♠

❡①❡♠♣❧♦ é ♠♦str❛❞♦ ❛ s❡❣✉✐r✳ ❖s ❞❛❞♦s ♣❛r❛ ❡st❡ ❡①❡♠♣❧♦ s❡ ❡♥❝♦♥tr❛♠ ♥♦ ❆♣ê♥❞✐❝❡

❆✳

❆ ❚❛❜❡❧❛ ❆✳✼ ✭♥♦ ❆♣ê♥❞✐❝❡ ❆✮ ♠♦str❛ ♦s ❝✉st♦s ❞❡ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s✳

❇❛s❡❛❞❛ ♥❡st❡s ❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ é ❡st❛❜❡❧❡❝✐❞❛✳

P❛r❛ ❞❡t❡r♠✐♥❛r ❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ πIns ❝❛❧❝✉❧❛✲s❡ ♦s ❝✉st♦s ❞❡ ♣r❡♣❛r❛çã♦

❞❡ ❝❛❞❛ ♣r♦❞✉t♦✿
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Wj =
∑N

i=1

∑M

m=1 wijm ∀j = 1, 2, ...N

Wj1 = (0+26+38+25+13)+(0+21+58+32+54)+(0+45+23+45+10) = 390

Wj2 = (42+0+17+22+25)+(42+0+26+56+49)+(25+0+29+54+26) = 413

Wj3 = (21+42+0+55+47)+(41+10+0+27+41)+(47+32+0+51+23) = 437

Wj4 = (25+52+64+0+61)+(51+47+23+0+61)+(29+51+34+0+41) = 539

Wj5 = (13+58+41+37+0)+(26+26+19+27+0)+(15+37+13+61+0) = 373

❉❡st❛ ❢♦r♠❛✱ ❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ é ✿ πIns = (j4, j3, j2, j1, j5)✳

■♥✐❝✐❛❧♠❡♥t❡ ❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ πProd t❡♠ ❝✉st♦ 0 ❥á q✉❡ ♥ã♦ ❝♦♥té♠

♥❡♥❤✉♠ ♣r♦❞✉t♦✳

❙❡❥❛ fcpm ♦ ❝✉st♦ ❞❡ ♣r❡♣❛r❛çã♦ ❞❛ ♠áq✉✐♥❛ r❡s✉❧t❛♥t❡ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦

πProd✳ ■♥✐❝✐❛❧♠❡♥t❡ ♦ ♣r✐♠❡✐r♦ ♣r♦❞✉t♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ (j4) é ✐♥s❡r✐❞♦ ❡♠

πProd ♦❜t❡♥❞♦ πProd = (j4) ❝♦♠ ❝✉st♦ fcpm = 0✱ ❥á q✉❡ ❛ ♠áq✉✐♥❛ ❡stá ♣r❡✈✐❛♠❡♥t❡

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

♥❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ (j3) é ✐♥s❡r✐❞♦ ❡♠ t♦❞❛s ❛s ♣♦s✐çõ❡s ♣♦ssí✈❡✐s ❞❛ s❡q✉ê♥✲

❝✐❛ ❞❡ ♣r♦❞✉çã♦✳ ❖ fcpm é ❝❛❧❝✉❧❛❞♦ ♣❛r❛ ❝❛❞❛ s❡q✉ê♥❝✐❛ ♣❛r❝✐❛❧ r❡s✉❧t❛♥t❡ ❝♦♠♦ s❡❣✉❡✿

fcpm:43 = j4 → j3 = 55 + 27 + 51 = 133✳

fcpm:34 = j3 → j4 = 64 + 23 + 34 = 121✳

❆ ú❧t✐♠❛ s❡q✉ê♥❝✐❛ é s❡❧❡❝✐♦♥❛❞❛ ✭πProd = j3 → j4✮ ❥á q✉❡ ♦❜t❡✈❡ ♦ ♠❡♥♦r ❝✉st♦

fcpm:34✳ ❖ ♣ró①✐♠♦ ♣r♦❞✉t♦ ❛ ✐♥s❡r✐r é ♦ j2✱ ❡ ❞❡ ✐❣✉❛❧ ♠❛♥❡✐r❛ ❝❛❧❝✉❧❛✲s❡ ♦ ❝✉st♦

❞❡ ❝❛❞❛ s❡q✉ê♥❝✐❛ ♣❛r❝✐❛❧ r❡s✉❧t❛♥t❡✳ ❆♦ ✐♥s❡r✐r ❡st❡ ♣r♦❞✉t♦ ❡♠ t♦❞❛s ❛s ♣♦s✐çõ❡s

♣♦ssí✈❡✐s ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ t❡♠♦s✿

fcpm:234 = j2 → j3 → j4 = 42 + 10 + 32 + fcpm:34 = 205✳

fcpm:324 = j3 → j2 → j4 = 17 + 26 + 29 + 52 + 47 + 51 = 222✳

fcpm:342 = j3 → j4 → j2 = fcpm:34 + 22 + 56 + 54 = 253✳
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➮ s❡❧❡❝✐♦♥❛❞❛ ❛ s❡q✉ê♥❝✐❛ πProd = j2 → j3 → j4 ❛ q✉❛❧ ❛♣r❡s❡♥t❛ ✉♠ ♠❡♥♦r

❝✉st♦✳ ❖ ♣r♦❝❡ss♦ ❝♦♥t✐♥✉❛ ❡ ♦ ♣r♦❞✉t♦ ❛ ✐♥s❡r✐r é ♦ j1✳

fcpm:1234 = j1 → j2 → j3 → j4 = 42 + 42 + 25 + fcpm:234 = 314✳

fcpm:2134 = j2 → j1 → j3 → j4 = 26 + 21 + 45 + 21 + 41 + 47 + fcpm:34 = 322✳

fcpm:2314 = j2 → j3 → j1 → j4 = 42+10+32+38+58+23+25+51+29 = 308✳

fcpm:2341 = j2 → j3 → j4 → j1 = fcpm:234 + 25 + 32 + 45 = 282✳

❆ s❡q✉ê♥❝✐❛ πProd = j2 → j3 → j4 → j1 ❣❡r♦✉ ♠❡♥♦r ❝✉st♦ (fcpm:2341 = 282)✱

♣♦rt❛♥t♦ ❡ss❛ é s❡❧❡❝✐♦♥❛❞❛ ♣❛r❛ ✐♥s❡r✐r ♦ ♣ró①✐♠♦ ♣r♦❞✉t♦✱ j5✿

fcpm:52341 = j5 → j2 → j3 → j4 → j1 = (13 + 54 + 10) + fcpm:2341 = 359✳

fcpm:25341 = j2 → j5 → j3 → j4 → j1 = (58 + 26 + 37) + (47 + 41 + 23) + (64 +

23 + 34) + (25 + 32 + 45) = 455

fcpm:23541 = j2 → j3 → j5 → j4 → j1 = (42 + 10 + 32) + (41 + 19 + 13) + (61 +

61 + 41) + (25 + 32 + 45) = 455✳

fcpm:23451 = j2 → j3 → j4 → j5 → j1 = (42 + 10 + 32) + (64 + 23 + 34) + (37 +

27 + 61) + (13 + 54 + 10) = 407

fcpm:23415 = j2 → j3 → j4 → j1 → j5 = fcpm:234+(25+32+45)+(13+26+15) =

361✳

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

♣❡rí♦❞♦✱ s❡♥❞♦✿ fcpm:52341 = j5 → j2 → j3 → j4 → j1✳

P❛r❛ ♠❛♥t❡r ❛ ♣r❡s❡r✈❛çã♦ ❞❛ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s ❡♥tr❡ ♦s ♣❡rí♦❞♦s✱ ❛ ♣❛rt✐r

❞♦ s❡❣✉♥❞♦ ♣❡rí♦❞♦✱ ♦ ♣r✐♠❡✐r♦ ♣r♦❞✉t♦ ♥❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦ é ♦ ú❧t✐♠♦ ♣r♦❞✉t♦ ♥❛

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

♦ s❡❣✉♥❞♦ ♣❡rí♦❞♦ é✿ πIns = (j1, j4, j3, j2, j5) ❡ ❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ♦❜t✐❞❛ ❛♣ós

♦ ♣r♦❝❡ss♦ ❤❡✉ríst✐❝♦ é✿ πprod = j1 → j5 → j2 → j3 → j4✱ ❝♦✐♥❝✐❞❡♥t❡♠❡♥t❡ ♦ ú❧t✐♠♦

♣r♦❞✉t♦ ❞❡st❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ é ♦ ♣r♦❞✉t♦ ✐♥✐❝✐❛❧ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥s❡rçã♦✳

❆ss✐♠✱ ❡st❛ ♥ã♦ ♥❡❝❡ss✐t❛ s❡r ❛❧t❡r❛❞❛✱ ♣♦rt❛♥t♦ ♣❛r❛ ♦ t❡r❝❡✐r♦ ♣❡rí♦❞♦ ❛ s❡q✉ê♥❝✐❛ ❞❡

♣r♦❞✉çã♦ ♦❜t✐❞❛ é✿ πprod = j4 → j1 → j3 → j5 → j2✳ ❋✐♥❛❧✐③❛❞♦ ♦ ♣r♦❝❡ss♦ ❤❡✉ríst✐❝♦

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

✐st♦ é ❡①♣❧✐❝❛❞♦ ♥❛ s❡❣✉✐♥t❡ s✉❜s❡çã♦✳
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✺✳✸✳✷✳✷ ■♥✐❝✐❛❧✐③❛çã♦ ❞♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s

❈♦♥s✐❞❡r❛♥❞♦ ❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ♦❜t✐❞❛ ♥❛ ❢❛s❡ ❛♥t❡r✐♦r✱ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡

❧♦t❡s é r❡❛❧✐③❛❞♦ ❡♠ ♦r❞❡♠ ❞❡❝r❡s❝❡♥t❡ ✭❞✐♠❡♥s✐♦♥❛♠❡♥t♦ r❡❣r❡ss✐✈♦✮✱ ❝♦♠❡ç❛♥❞♦ ♣❡❧♦

ú❧t✐♠♦ ♣❡rí♦❞♦ ❡ t❡r♠✐♥❛♥❞♦ ♥♦ ♣r✐♠❡✐r♦ ❝♦♥s✐❞❡r❛♥❞♦ ❞♦✐s ❝❛s♦s✿ s❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡

✉♠ ♣❡rí♦❞♦ t é s✉✜❝✐❡♥t❡ ♣❛r❛ ♣r♦❞✉③✐r t♦❞❛s ❛s q✉❛♥t✐❞❛❞❡s ❡q✉✐✈❛❧❡♥t❡s à ❞❡♠❛♥❞❛

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

é ✐❣✉❛❧ à ❞❡♠❛♥❞❛ ❞♦ ♠❡s♠♦✱ ❡st❛ é ❛ ♣♦❧ít✐❝❛ ❧♦t❡ ♣♦r ❧♦t❡✳ P♦r ♦✉tr♦ ❧❛❞♦✱ s❡ ❛

❝❛♣❛❝✐❞❛❞❡ ❞❡ ✉♠ ♣❡rí♦❞♦ t ♥ã♦ é s✉✜❝✐❡♥t❡ ♣❛r❛ ♣r♦❞✉③✐r ❛s q✉❛♥t✐❞❛❞❡s ❞❡ t♦❞♦s

♦s ♣r♦❞✉t♦s ❝♦rr❡s♣♦♥❞❡♥t❡s à ❞❡♠❛♥❞❛ ❞♦ ♠❡s♠♦ ♣❡rí♦❞♦ t✱ é r❡❛❧✐③❛❞❛ ❛ ♣♦❧ít✐❝❛

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

♣r♦❣r❡ss✐✈❛♠❡♥t❡ ✭♣r♦❞✉t♦ ❛ ♣r♦❞✉t♦✮ ♥❡st❛ s❡q✉ê♥❝✐❛✱ ❛té q✉❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ♦ ♣❡r♠✐t❛✳

❖s ♣r♦❞✉t♦s ♥ã♦ ♣r♦❞✉③✐❞♦s ♥♦ ♣❡rí♦❞♦ t s❡rã♦ ♣r♦❞✉③✐❞♦s ♥♦ ♣❡rí♦❞♦ ✐♠❡❞✐❛t❛♠❡♥t❡

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

♣♦r ❙❤✐♠ ❡t ❛❧✳ ❬✷✵✶✶❪✳ ❊♠ ❛❧❣✉♥s ❝❛s♦s ✭♣♦✉❝♦s✮✱ ❝♦♠ ❡st❡ ♣r♦❝❡❞✐♠❡♥t♦ ♥ã♦ s❡

♦❜té♠ ✉♠❛ s♦❧✉çã♦ ❢❛❝tí✈❡❧✱ ❞❛❞♦ q✉❡ ❛s ❝❛♣❛❝✐❞❛❞❡s ❞♦s ♣r✐♠❡✐r♦s ♣❡rí♦❞♦s ♣♦❞❡♠

s❡r ✐♥s✉✜❝✐❡♥t❡s✳ ◗✉❛♥❞♦ ✐st♦ ♦❝♦rr❡✱ ✉t✐❧✐③❛✲s❡ ❛ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛ ♣r♦♣♦st❛ ♣♦r

❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪ ✭❡q✉❛çõ❡s ✹✳✶ ✲ ✹✳✶✷✮ ♣❛r❛ ❞❡t❡r♠✐♥❛r ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡

❧♦t❡s✱ ❥á q✉❡ sã♦ ✉s❛❞❛s ❛s s❡q✉ê♥❝✐❛s ❞❡ ♣r♦❞✉çã♦ ♦❜t✐❞❛s ♣❡❧❛ ❤❡✉ríst✐❝❛ ◆❊❍✱ s❡♥❞♦

♦ ♣r♦❝❡❞✐♠❡♥t♦ s✐♠✐❧❛r ❛♦ r❡❛❧✐③❛❞♦ ♣❡❧♦ ❛❣❡♥t❡ ❝♦♥str✉t♦r AgC2 ❞♦ ❆✲❚❡❛♠s✳

❖ ❆❧❣♦r✐t♠♦ ✽ ❛♣r❡s❡♥t❛ ❛ ✐♥✐❝✐❛❧✐③❛çã♦ ❞♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ✭■❉▲✮✱ ♦

q✉❛❧ r❡❝❡❜❡ ❝♦♠♦ ♣❛râ♠❡tr♦ ❛s s❡q✉ê♥❝✐❛s ❞❡ ♣r♦❞✉çã♦ ❞❡ t♦❞♦s ♦s ♣❡rí♦❞♦s✳ ◆❡st❡

❛❧❣♦r✐t♠♦✱ ❛s ❧✐♥❤❛s 1✱ 2 ❡ 18✱ ♠♦str❛♠ q✉❡ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s é r❡❛❧✐③❛❞♦ ❞❡

♠❛♥❡✐r❛ r❡❣r❡ss✐✈❛✱ ✐♥✐❝✐❛♥❞♦ ❝♦♠ ♦ ú❧t✐♠♦ ♣❡rí♦❞♦ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❡ t❡r♠✐♥❛♥❞♦ ♥♦

♣r✐♠❡✐r♦✳ ❆♣ós ❞❡✜♥✐❞♦ ♦ ♣❡rí♦❞♦ ❛♦ q✉❛❧ s❡ ❡st❛❜❡❧❡❝❡rã♦ ♦s ❞✐♠❡♥s✐♦♥❛♠❡♥t♦s ❞❡

❧♦t❡s✱ ❛s ❧✐♥❤❛s 3✱ 4 ❡ 12 ✐♥❞✐❝❛♠ ❛ ♦r❞❡♠ ❞♦s ♣r♦❞✉t♦s ♣❛r❛ ❡st❛❜❡❧❡❝❡r ❛ ❞✐♠❡♥sã♦ ❞❡

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

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

ú❧t✐♠♦ ♣r♦❞✉t♦ ❞❡st❛ s❡q✉ê♥❝✐❛✳ ❆ ❧✐♥❤❛ 5 t❡st❛ s❡ ❡①✐st❡ ❝❛♣❛❝✐❞❛❞❡ s✉✜❝✐❡♥t❡ ♣❛r❛

♣r♦❞✉③✐r ❛s q✉❛♥t✐❞❛❞❡s ❡q✉✐✈❛❧❡♥t❡s ❞❡♠❛♥❞❛❞❛s ❞♦ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t✱ s❡ ❡①✐st❡

t❛❧ ❝❛♣❛❝✐❞❛❞❡✱ ♥❛ ❧✐♥❤❛ 6 s❡ ❞❡✜♥❡ ❛ ❞✐♠❡♥sã♦ ❞♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t

(DLjt) ✐❣✉❛❧ à ❞❡♠❛♥❞❛ ❞♦ ♠❡s♠♦ ♣r♦❞✉t♦ j ♥♦ ♠❡s♠♦ ♣❡rí♦❞♦ t (djt)✳ ◆❛ ❧✐♥❤❛ 7✱

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

♥♦ ♣❡rí♦❞♦ t é r❡❞✉③✐❞❛✳ ❙❡ ♥♦ t❡st❡ ❞❛ ❧✐♥❤❛ ✺ ✈❡r✐✜❝❛✲s❡ q✉❡ ❡①✐st❡ ✉♠❛ ❝❛♣❛❝✐❞❛❞❡

✐♥s✉✜❝✐❡♥t❡ ♣❛r❛ ❞✐♠❡♥s✐♦♥❛r ♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t✱ ♥❛ ❧✐♥❤❛ ✾ ✐❞❡♥t✐✜❝❛✲s❡

❡ss❡ ♣r♦❞✉t♦ (i) ❡ ♥❛ ❧✐♥❤❛ 10 s❡ ✐♥t❡rr♦♠♣❡ r❡❢❡r❡♥t❡ ❛♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦✱ ❧❡✈❛♥❞♦



✺✳✸✳ ■●✰▼❉▲ ♣r♦♣♦st♦ ♣❛r❛ ♦ P❉❙▲❋❙ ✹✺

♦ ♣r♦❝❡❞✐♠❡♥t♦ à ♠♦❞✐✜❝❛çã♦ ❞❛s ❞❡♠❛♥❞❛s✳ ❉❛❞♦ q✉❡ é ♦❜r✐❣❛tór✐♦ ❛t❡♥❞❡r t♦❞❛ ❛

❞❡♠❛♥❞❛✱ ❛ ♣❛rt✐r ❞♦ ♣r♦❞✉t♦ i ❛té ♦ ú❧t✐♠♦ ♣r♦❞✉t♦ ♥❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦✱ ♦s

q✉❛✐s ♥ã♦ ❢♦r❛♠ ♣r♦❞✉③✐❞♦s ♥♦ ♣❡rí♦❞♦ t ♣♦r ❝❛♣❛❝✐❞❛❞❡ ✐♥s✉✜❝✐❡♥t❡✱ ❡st❡s ❞❡✈❡rã♦ s❡r

♣r♦❝❡ss❛❞♦s ♥♦ ♣❡rí♦❞♦ ✐♠❡❞✐❛t❛♠❡♥t❡ ❛♥t❡r✐♦r ❛ t ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥í✈❡❧✳ P❛r❛

✐st♦✱ ❛ ❞❡♠❛♥❞❛ ❞❡ ❝❛❞❛ ♣r♦❞✉t♦ i ♥♦ ♣❡rí♦❞♦ t (dit) é tr❛♥s❢❡r✐❞❛ ♣❛r❛ ♦ ♣❡rí♦❞♦

❛♥t❡r✐♦r t− 1✳ ❊st❡ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ❞❡♠❛♥❞❛ ❛ ✉♠ ♣❡rí♦❞♦ ❛♥t❡r✐♦r

❡stá r❡♣r❡s❡♥t❛❞♦ ♥❛s ❧✐♥❤❛s 14 ❛ 17✳ ❋✐♥❛❧♠❡♥t❡ ♥❛ ❧✐♥❤❛ 20 r❡t♦r♥❛✲s❡ ✉♠❛ s♦❧✉çã♦✳

❆❧❣♦r✐t❤♠ ✽ ✿ IDL(SOL);

✶✿ t := T ❀

✷✿ ✇❤✐❧❡ t ≥ 1 ❞♦

✸✿ j := 1✱ i := N + 1❀

✹✿ ✇❤✐❧❡ j ≤ N ❞♦

✺✿ ✐❢ Capacidade❴Suficiente(j, t) t❤❡♥

✻✿ DLjt = djt❀ ✴✴SOL é ❛t✉❛❧✐③❛❞❛ ♥❡st❡ ♣❛ss♦✳

✼✿ Atualizar❴Capacidade(t);

✽✿ ❡❧s❡

✾✿ i := j❀

✶✵✿ break❀

✶✶✿ ❡♥❞ ✐❢

✶✷✿ j := j + 1❀

✶✸✿ ❡♥❞ ✇❤✐❧❡

✶✹✿ ✇❤✐❧❡ i ≤ N ❞♦

✶✺✿ di(t−1) := di(t−1) ✰ dit

✶✻✿ i := i+ 1❀

✶✼✿ ❡♥❞ ✇❤✐❧❡

✶✽✿ t := t− 1❀

✶✾✿ ❡♥❞ ✇❤✐❧❡

✷✵✿ r❡t✉r♥ ❙❖▲❀

✺✳✸✳✸ Pr♦❝❡❞✐♠❡♥t♦ ❞❡ ❞❡str✉✐çã♦ ✲ ❝♦♥str✉çã♦

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

■●✰❍❘✱ ❝♦♠♦ s❡ ❞❡s❝r❡✈❡ ♥❛ s✉❜s❡çã♦ ✺✳✶✳✶✳✷✳



✹✻ ❈❛♣ít✉❧♦ ✺✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ♣r♦♣♦st♦s

✺✳✸✳✹ ❇✉s❝❛ ❧♦❝❛❧

❆ ❜✉s❝❛ ❧♦❝❛❧ ✭❇▲✮ é ❛ ♠❡s♠❛ ✉t✐❧✐③❛❞❛ ♥♦ ❛❧❣♦rít✐♠♦ ■●✰❍❘✱ ❛ q✉❛❧ é ❞❡t❛❧❤❛❞❛ ♥♦

❆❧❣♦r✐t♠♦ ✻ ❞❛ s✉❜s❡çã♦ ✺✳✶✳✶✳✸✳

◆♦t❡ q✉❡ ♦s ♣r♦❝❡❞✐♠❡♥t♦s ❞❡ ❉❡str✉✐çã♦✲❈♦♥str✉çã♦ ❡ ❇✉s❝❛ ▲♦❝❛❧ sã♦ ❡①❡❝✉✲

t❛❞♦s ♣❛r❛ t♦❞❛s ❛s s❡q✉ê♥❝✐❛s ❞❡ ♣r♦❞✉çã♦ ♣❡rt❡♥❝❡♥t❡s à s♦❧✉çã♦✳

✺✳✸✳✺ ▼❡❧❤♦r✐❛ ❞♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s

❆ ▼❡❧❤♦r✐❛ ❞♦ ❉✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ✭▼❉▲✮ ❝♦♥s✐st❡ ❞❡ ❞♦✐s ♠ét♦❞♦s✿ ▼ét♦❞♦

♣❛r❛ ❆❞✐❛♥t❛r ❛ Pr♦❞✉çã♦ ▼❆P ❡ ▼ét♦❞♦ ♣❛r❛ P♦st❡r❣❛ ❛ Pr♦❞✉çã♦ ✭▼PP✮✳ ❈♦♠

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

❣❛♥❞♦ ❛ ♣r♦❞✉çã♦ ❡♥tr❡ ♣❡rí♦❞♦s✱ r❡s♣❡✐t❛♥❞♦ ❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡ ♣r♦❞✉çã♦ ❞❡st❡s✳ ❆

s❡❣✉✐r s❡ ❞❡s❝r❡✈❡♠ ❡ss❡s ♠ét♦❞♦s✳

❖ MAP ❛❞✐❛♥t❛ ❛ ♣r♦❞✉çã♦ ❞❡ ✉♠ ♣r♦❞✉t♦ j ❞❡ ✉♠ ♣❡rí♦❞♦ t ♣❛r❛ ♦ ♣❡rí♦❞♦

✐♠❡❞✐❛t❛♠❡♥t❡ ❛♥t❡r✐♦r t − 1 s❡ ❡st❡ t❡♠ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥í✈❡❧ ❡ ♦ ♣r♦❞✉t♦ j ❡stá

s❡♥❞♦ ♣r♦❞✉③✐❞♦✳ ❈♦♠ ❡st❡ ♠ét♦❞♦ s❡ ♣r♦❝✉r❛ ❛❞✐❛♥t❛r t♦❞❛ ❛ ♣r♦❞✉çã♦ ✭❧♦t❡ ✐♥t❡✐r♦✮

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

✐♥❝♦rr❡♠ ♥❡st❡ ♣r♦❞✉t♦✱ s❡rã♦ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ r❡❞✉③✐❞♦s✳ ❉❛❞♦ q✉❡ j ❥á ❡stá s❡♥❞♦

♣r♦❞✉③✐❞♦ ♥♦ ♣❡rí♦❞♦ t− 1✱ ♥ã♦ s❡rá ♥❡❝❡ssár✐♦ ✐♥❝♦rr❡r ❡♠ ♠❛✐s ❝✉st♦s ❞❡ ♣r❡♣❛r❛çã♦

♥❡st❡ ♣❡rí♦❞♦✳ ❖ ♣r♦❞✉t♦ j ❡ ♦ ♣❡rí♦❞♦ t sã♦ ❛❧❡❛t♦r✐❛♠❡♥t❡ s❡❧❡❝✐♦♥❛❞♦s✳ ◆♦t❡ q✉❡

♥❡st❡ ♠ét♦❞♦ ❛ ❞✐✈✐sã♦ ❞❡ ✉♠ ❧♦t❡ ❞❡ ♣r♦❞✉çã♦ ♥ã♦ é ❝♦♥s✐❞❡r❛❞❛ ✭❧♦t✲s♣❧✐tt✐♥❣✮✳

❖MAP é ❞❡s❝r✐t♦ ♥♦ ❆❧❣♦r✐t♠♦ ✾ ❡ r❡❝❡❜❡ ❝♦♠♦ ♣❛râ♠❡tr♦s ✉♠❛ s♦❧✉çã♦ SOL ❡ ♦

♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛çõ❡s IterDL✳ ❊st❡s ♣❛râ♠❡tr♦s sã♦ ✐♥✐❝✐❛❧✐③❛❞♦s ♥❛s ❧✐♥❤❛s ✶ ❡ ✷

r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ◆❛ ❧✐♥❤❛ ✸ ♦❜s❡r✈❛✲s❡ ♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ s♦❧✉çõ❡s ❛ s❡r❡♠ ✈✐s✐t❛❞❛s

(IterDL)✳ Pr✐♠❡✐r❛♠❡♥t❡ é s❡❧❡❝✐♦♥❛❞♦ ❞❡ ♠❛♥❡✐r❛ ❛❧❡❛tór✐❛ ✉♠ ♣❡rí♦❞♦ t − 1 ✭❝♦♠

❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❞✉çã♦ ❞✐s♣♦♥í✈❡❧✮ ♦ q✉❛❧ ❞❡✈❡ s❡r ♠❡♥♦r q✉❡ T ✱ ♥❛ ❧✐♥❤❛ ✹ é r❡❛❧✐③❛❞❛

❡ss❛ ❡❧❡✐çã♦✳ ◆❛ ❧✐♥❤❛ ✺ é s❡❧❡❝✐♦♥❛❞♦ ✉♠ ♣r♦❞✉t♦ ❛❧❡❛tór✐♦ j ❞♦ ♣❡rí♦❞♦ t✱ ❡st❡ ❞❡✈❡

s❡r ✐♠❡❞✐❛t❛♠❡♥t❡ ♣♦st❡r✐♦r ❛ t− 1✳ ◆❛ ❧✐♥❤❛ ✻ t❡st❛✲s❡ s❡ ❡①✐st❡ ❝❛♣❛❝✐❞❛❞❡ s✉✜❝✐❡♥t❡

♥♦ ♣❡rí♦❞♦ t − 1 ♣❛r❛ ♣r♦❞✉③✐r t♦❞♦ ♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ j q✉❡ ❡stá s❡♥❞♦ ♣r♦❞✉③✐❞♦ ♥♦

♣❡rí♦❞♦ t✳ ❙❡ ❡①✐st❡ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥í✈❡❧✱ ♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t (DLjt)

s❡rá t♦❞♦ ♣r♦❞✉③✐❞♦ ♥♦ ♣❡rí♦❞♦ ❛♥t❡r✐♦r t− 1✳ ❆ss✐♠✱ ♥❛ ❧✐♥❤❛ ✼✱ é ❛❞✐❝✐♦♥❛❞♦ ❛♦

❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t− 1 (DLj(t−1)) ❛ ❞✐♠❡♥sã♦ ❞♦ ❧♦t❡

❞♦ ♠❡s♠♦ ♣r♦❞✉t♦ j ♠❛✐s ♦ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦ ♣❡rí♦❞♦ t (DLjt)✱ ♣♦rt❛♥t♦✱ ❛ ❞✐♠❡♥sã♦

❞♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t s❡rá ✐❣✉❛❧ ❛ ③❡r♦ ✭❧✐♥❤❛ ✽✮ ❡ ♦ ❡st♦q✉❡ ❞♦ ♣r♦❞✉t♦

j ♥♦ ♣❡rí♦❞♦ t − 1 ❞❡✈❡rá s❡r ❛❥✉st❛❞♦ ❝♦♥❢♦r♠❡ ♦ ❧♦t❡ ♣r♦❞✉③✐❞♦ ❡ ❛ ❞❡♠❛♥❞❛ ❞❡st❡



✺✳✸✳ ■●✰▼❉▲ ♣r♦♣♦st♦ ♣❛r❛ ♦ P❉❙▲❋❙ ✹✼

♣❡rí♦❞♦ ✭❧✐♥❤❛ ✾✮✳ ❉❡s❞❡ ❛ ❧✐♥❤❛ ✶✷ ❛té ❛ ❧✐♥❤❛ ✶✻ ♦ ❝r✐tér✐♦ ❞❡ ❛❝❡✐t❛çã♦ é ❛♣❧✐❝❛❞♦✳

◆❛ ❧✐♥❤❛ ✶✾✱ ✜♥❛❧♠❡♥t❡✱ ✉♠❛ s♦❧✉çã♦ é r❡t♦r♥❛❞❛✳

❆❧❣♦r✐t❤♠ ✾ ✿ MAP (SOL, IterDL)❀

✶✿ SOL∗ := SOL❀

✷✿ iter := 1❀

✸✿ ✇❤✐❧❡ iter < IterDL ❞♦

✹✿ t − 1 := ♣❡rí♦❞♦ s❡❧❡❝✐♦♥❛❞♦ ❛❧❡❛t♦r✐❛♠❡♥t❡ ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥í✈❡❧ ♠❡♥♦r

q✉❡ T ✳

✺✿ j := ♣r♦❞✉t♦ s❡❧❡❝✐♦♥❛❞♦ ❛❧❡❛t♦r✐❛♠❡♥t❡ ❞♦ ♣❡rí♦❞♦ t✳

✻✿ ✐❢ ❈❛♣❛❝✐❞❛❞❡❴❙✉✜❝✐❡♥t❡(t− 1) t❤❡♥

✼✿ DLj(t−1) ✿❂ DLj(t−1) ✰ DLjt❀

✽✿ DLjt := 0❀

✾✿ Estj(t−1) ✿❂ DLj(t−1) − dj(t−1)❀

✶✵✿ ✴✴SOL é ❛t✉❧✐③❛❞❛ ♥♦s três ♣❛ss♦s ❛♥t❡r✐♦r❡s✳

✶✶✿ ❡♥❞ ✐❢

✶✷✿ ✐❢ f(SOL) < f(SOL∗) t❤❡♥

✶✸✿ SOL∗ := SOL❀

✶✹✿ ❡❧s❡

✶✺✿ SOL := SOL∗❀

✶✻✿ ❡♥❞ ✐❢

✶✼✿ iter := iter + 1❀

✶✽✿ ❡♥❞ ✇❤✐❧❡

✶✾✿ r❡t✉r♥ ❙❖▲❀

❇❛s❡❛❞♦ ♥♦ ❡①❡♠♣❧♦ ♥✉♠ér✐❝♦ ❞❛ ❙✉❜s❡çã♦ ✸✳✷✱ ♥❛ ❋✐❣✉r❛ ✺✳✺ ♠♦str❛✲s❡ ✉♠❛

s♦❧✉çã♦ q✉❡ ❝♦♥té♠ três ♣❡rí♦❞♦s (t1, t2 ❡ t3) ❡ três ♣r♦❞✉t♦s (1, 2 ❡ 3)✳ ❆ s♦❧✉çã♦

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

s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ❡ ❞♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ❢♦r❛♠ ✉s❛❞❛ ❛ ❤❡✉ríst✐❝❛ ◆❊❍

❡ ❛ ♣♦❧ít✐❝❛ ❧♦t❡ ♣♦r ❧♦t❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

P❛r❛ ✐❧✉str❛r ✉♠ ♠♦✈✐♠❡♥t♦ ❞♦ MAP ✱ ♥❛ ❋✐❣✉r❛ ✺✳✺✱ ♦ ♣r♦❞✉t♦ 3 ❡ ♦ ♣❡rí♦❞♦

t3 ❢♦r❛♠ ❛♠❜♦s s❡❧❡❝✐♦♥❛❞♦s ❞❡ ♠❛♥❡✐r❛ ❛❧❡❛tór✐❛✳ P♦st❡r✐♦r♠❡♥t❡✱ ♥♦ ♣❡rí♦❞♦ t2 s❡

✈❡r✐✜❝❛ s❡ ❡①✐st❡ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥í✈❡❧ ♣❛r❛ ♣r♦❞✉③✐r t♦❞♦ ♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ 3✳ ❉❛❞♦

q✉❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❡①✐st❡✱ t♦❞♦ ❡st❡ ❧♦t❡ é ❛❞✐❛♥t❛❞♦ ♣❛r❛ ♦ ♣❡rí♦❞♦ ❛♥t❡r✐♦r t2✳ ❈♦♥s❡✲

q✉❡♥t❡♠❡♥t❡✱ é ❣❡r❛❞♦ ✉♠ ❡st♦q✉❡ ❞♦ ♣r♦❞✉t♦ 3 ♥♦ ♣❡rí♦❞♦ t2 ❡ ♦ ♣r♦❞✉t♦ 3 ♥♦ ♣❡rí♦❞♦

t3 ❞❡✈❡ s❡r ❡①❝❧✉í❞♦✱ ❥á q✉❡ ❛s q✉❛♥t✐❞❛❞❡s ❡q✉✐✈❛❧❡♥t❡s à ❞❡♠❛♥❞❛ ❞❡st❡ ♣r♦❞✉t♦ ❡stã♦



✹✽ ❈❛♣ít✉❧♦ ✺✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ♣r♦♣♦st♦s

s❡♥❞♦ ♣r♦❞✉③✐❞❛s ♥♦ ♣❡rí♦❞♦ t2✳

t1 t2 t3

2 1 3 3 2 1 1 3
x�

2
105 100 110 114 150 120 98 123 142
0 0 0 0 0 0 0 0 0

2 1 3 3 2 1 1 − 2
105 100 110 237 150 120 98 − 142
0 0 0 123 0 0 0 − 0

❋✐❣✉r❛ ✺✳✺✿ ▼ét♦❞♦ ♣❛r❛ ❛❞✐❛♥t❛r ❛ ♣r♦❞✉çã♦

◆♦ MPP ✱ ❛ ♣r♦❞✉çã♦ ❡①❝❡❞❡♥t❡ ❞❡ ✉♠ ♣r♦❞✉t♦ j ❞❡ ✉♠ ♣❡rí♦❞♦ t é ♣♦st❡r❣❛❞❛

❛♦ ♣❡rí♦❞♦ ✐♠❡❞✐❛t❛♠❡♥t❡ ♣♦st❡r✐♦r t+1✱ s❡ ♦ ♣r♦❞✉t♦ j ❡st✐✈❡r s❡♥❞♦ ♣r♦❞✉③✐❞♦ ♥❡st❡

♣❡rí♦❞♦✳ ❆ ♣r♦❞✉çã♦ ❡①❝❡❞❡♥t❡ ❛ s❡r ♣♦st❡r❣❛❞❛ ❞❡♣❡♥❞❡ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥í✈❡❧

♥♦ ♣❡rí♦❞♦ t + 1✳ ❉❡st❛ ❢♦r♠❛✱ s❡ ❢♦r ♣♦ssí✈❡❧✱ t♦❞♦ ♦ ❡st♦q✉❡ ❞♦ ♣r♦❞✉t♦ j s❡rá

♣♦st❡r❣❛❞♦✳ ❙❡ ♥ã♦ ❢♦r ♣♦ssí✈❡❧✱ s❡rá ♣♦st❡r❣❛❞♦ ❛ ♣❛rt❡ ❞♦ ❡st♦q✉❡ q✉❡ s❡❥❛ ♣❡r♠✐t✐❞♦

♣❡❧❛ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥í✈❡❧ ♥♦ ♣❡rí♦❞♦ t+1✳ ❯♠ ❞♦s ♣r✐♥❝✐♣❛✐s ♣r♦♣ós✐t♦ ❞❡st❡ ♠ét♦❞♦

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

♣❡rí♦❞♦ t✱ ❞❡✈❡rá t❡r ♣r♦❞✉çã♦ ❡①❝❡❞❡♥t❡✳

❖ MPP é ❞❡s❝r✐t♦ ♥♦ ❆❧❣♦r✐t♠♦ ✶✵ ❡ r❡❝❡❜❡ ❝♦♠♦ ♣❛râ♠❡tr♦s ✉♠❛ s♦❧✉çã♦ SOL

❡ ♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛çõ❡s IterDL✳ ❉❡s❞❡ ❛ ❧✐♥❤❛ ✸ ❛té ❛ ❧✐♥❤❛ ✶✼ ❡♥❝♦♥tr❛✲s❡ ♦

❧♦♦♣ ♣r✐♥❝✐♣❛❧ ❞♦ ❛❧❣♦r✐t♠♦✳ ◆❛ ❧✐♥❤❛ ✹ s❡ s❡❧❡❝✐♦♥❛ ✉♠ ♣❡rí♦❞♦ (t) ❞❡ ♠❛♥❡✐r❛ ❛❧❡❛tór✐❛

❞❡♥tr❡ t♦❞♦s ♦s ♣❡rí♦❞♦s ❝♦♠♦ ♣r♦❞✉çã♦ ❡①❝❡❞❡♥t❡✳ ◆❛ ❧✐♥❤❛ ✺ é s❡❧❡❝✐♦♥❛❞♦ ❛❧❡❛t♦✲

r✐❛♠❡♥t❡ ✉♠ ♣r♦❞✉t♦ j ❝♦♠ ❡st♦q✉❡ ♣♦s✐t✐✈♦ q✉❡ ❡st❡❥❛ s❡♥❞♦ ♣r♦❞✉③✐❞♦ ♥♦ ♣❡rí♦❞♦

t✳ ◆❛ ❧✐♥❤❛ ✻ t❡st❛✲s❡ s❡ ♥♦ ♣❡rí♦❞♦ t + 1 ❡①✐st❡ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥í✈❡❧ ♣❛r❛ ♣r♦❞✉③✐r

t♦❞♦ ♦✉ ♣❛rt❡ ❞♦ ❡st♦q✉❡ ❞♦ ♣r♦❞✉t♦ j ❞♦ ♣❡rí♦❞♦ t (Estjt)✳ ❙❡ ❡①✐st❡ ❛ ❝❛♣❛❝✐❞❛❞❡

❞✐s♣♦♥í✈❡❧✱ ♥❛ ❧✐♥❤❛ ✼ s❡ ♣♦st❡r❣❛ ♦ ❡st♦q✉❡ ♣❡r♠✐t✐❞♦ ✭s❡❣✉♥❞♦ ❛ ❝❛♣❛❝✐❞❛❞❡✮ ❞♦ ♣r♦✲

❞✉t♦ j ❞♦ ♣❡rí♦❞♦ t (Est❴Pjt) ♣❛r❛ ♦ ♣❡rí♦❞♦ t+ 1✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ♦ (Est❴Pjt)

s❡rá ❛❞✐❝✐♦♥❛❞♦ à ❞✐♠❡♥sã♦ ❞♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t + 1 (DLj(t+1))✳ ❉❛❞❛

✉♠❛ ♣♦st❡r❣❛çã♦✱ ♦ ❡st♦q✉❡ ❞♦ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t ❞❡✈❡rá s❡r ❛t✉❛❧✐③❛❞♦✱ s❡♥❞♦ ♦

❡st♦q✉❡ ✐♥✐❝✐❛❧ (Estjt) ♠❡♥♦s ♦ ❡st♦q✉❡ ♣♦st❡r❣❛❞♦ (Est❴Pjt)✱ ♥❛ ❧✐♥❤❛ ✽ ♦❜s❡r✈❛✲s❡

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

❛ ❞✐♠❡♥sã♦ ❞♦ ❧♦t❡ ♣❛r❛ ♦ ♣r♦❞✉t♦ j ♥♦ ♣❡rí♦❞♦ t (DLjt) s❡rá ✐❣✉❛❧ à ❞❡♠❛♥❞❛ (djt)

❞♦ ♠❡s♠♦ ♣r♦❞✉t♦ j ❞♦ ♠❡s♠♦ ♣❡rí♦❞♦ t ♠❛✐s ♦ ❡st♦q✉❡ ❞♦ ♣r♦❞✉t♦ j q✉❡ ♥ã♦ ❢♦✐

♣♦st❡r❣❛❞♦ ✭❧✐♥❤❛ ✾✮✳ ❉❛ ❧✐♥❤❛ ✶✷ ❛ ❧✐♥❤❛ ✶✻ é ❡st❛❜❡❧❡❝✐❞♦ ♦ ❝r✐tér✐♦ ❞❡ ❛❝❡✐t❛çã♦



✺✳✸✳ ■●✰▼❉▲ ♣r♦♣♦st♦ ♣❛r❛ ♦ P❉❙▲❋❙ ✹✾

♣❛r❛ ❛✈❛❧✐❛r ❛s ♥♦✈❛s s♦❧✉çõ❡s ❣❡r❛❞❛s✳ ❋✐♥❛❧♠❡♥t❡✱ ♥❛ ❧✐♥❤❛ ✶✽✱ é r❡t♦r♥❛❞❛ ❛ ♠❡❧❤♦r

s♦❧✉çã♦ ❡♥❝♦♥tr❛❞❛ ♣❡❧♦ MPP ✳

❆❧❣♦r✐t❤♠ ✶✵ ✿ MPP (SOL, IterDL)❀

✶✿ SOL∗ := SOL❀

✷✿ Iter := 1❀

✸✿ ✇❤✐❧❡ Iter < IterDL ❞♦

✹✿ t := ♣❡rí♦❞♦ s❡❧❡❝✐♦♥❛❞♦ ❛❧❡❛t♦r✐❛♠❡♥t❡ ❝♦♠ ♣r♦❞✉çã♦ ❡①❝❡❞❡♥t❡ ❞❡ ♣❡❧♦ ♠❡♥♦s

✉♠ ♣r♦❞✉t♦✳

✺✿ j := ♣r♦❞✉t♦ ❝♦♠ ♣r♦❞✉çã♦ ❡①❝❡❞❡♥t❡ s❡❧❡❝✐♦♥❛❞♦ ❛❧❡❛t♦r✐❛♠❡♥t❡ ❞♦ ♣❡rí♦❞♦ t✳

✻✿ ✐❢ ❈❛♣❛❝✐❞❛❞❡❴❉✐s♣♦♥í✈❡❧(t+ 1) t❤❡♥

✼✿ DLj(t+1) ✿❂ DLj(t+1) ✰ Est❴Pjt❀

✽✿ Estjt := Estjt − Est❴Pjt❀

✾✿ DLjt := djt + Estjt❀

✶✵✿ ✴✴SOL é ❛t✉❧✐③❛❞❛ ♥♦s três ♣❛ss♦s ❛♥t❡r✐♦r❡s✳

✶✶✿ ❡♥❞ ✐❢

✶✷✿ ✐❢ f(SOL) < f(SOL∗) t❤❡♥

✶✸✿ SOL∗ := SOL❀

✶✹✿ ❡❧s❡

✶✺✿ SOL := SOL∗❀

✶✻✿ ❡♥❞ ✐❢

✶✼✿ ❡♥❞ ✇❤✐❧❡

✶✽✿ r❡t✉r♥ ❙❖▲❀

❯s❛♥❞♦ ♦ ♠❡s♠♦ ♣r♦❜❧❡♠❛ ❞♦ ❡①❡♠♣❧♦ ♥✉♠ér✐❝♦ ❞❛ ❙✉❜s❡çã♦ ✸✳✷✱ ♥❛ ❋✐❣✉r❛ ✺✳✻

✐❧✉str❛ ✉♠ ♠♦✈✐♠❡♥t♦ ❞♦ MPP ✳ Pr✐♠❡✐r❛♠❡♥t❡ é s❡❧❡❝✐♦♥❛❞♦ ❛❧❡❛t♦r✐❛♠❡♥t❡ ✉♠ ♣❡✲

rí♦❞♦ ❝♦♠ ♣r♦❞✉çã♦ ❡①❝❡❞❡♥t❡ ❞❡ ❛❧❣✉♠ ♣r♦❞✉t♦✳ ◆♦ ❡①❡♠♣❧♦ é s❡❧❡❝✐♦♥❛❞♦ ♦ ♣❡rí♦❞♦

t2✱ ❡st❡ t❡♠ ♦s ♣r♦❞✉t♦s 1 ❡ 3 ❝♦♠ ❡st♦q✉❡s✳ ❊♥tr❡ ❡st❡s ♣r♦❞✉t♦s✱ ♦ 1 é ❛❧❡❛t♦r✐❛♠❡♥t❡

s❡❧❡❝✐♦♥❛❞♦✳ ❙❡❣✉✐❞❛♠❡♥t❡✱ ♥♦ ♣❡rí♦❞♦ t3 ✈❡r✐✜❝❛✲s❡ ❛ ❡①✐stê♥❝✐❛ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦✲

♥í✈❡❧ ♣❛r❛ ♣r♦❞✉③✐r t♦❞♦ ♦ ❡st♦q✉❡ ❞♦ ♣r♦❞✉t♦ 1 ❞♦ ♣❡rí♦❞♦ t2✳ ❉❛❞♦ q✉❡ ❛ ❝❛♣❛❝✐❞❛❞❡

é s✉✜❝✐❡♥t❡✱ t♦❞♦ ♦ ❡st♦q✉❡ ❞♦ ♣r♦❞✉t♦ 1 ♥♦ ♣❡rí♦❞♦ t2 é ♣♦st❡r❣❛❞♦ ♣❛r❛ ♦ ♣❡rí♦❞♦

t3✳ ◆♦t❡ q✉❡ ♦ ❡st♦q✉❡ ❞♦ ♣r♦❞✉t♦ 1 ♥♦ ♣❡rí♦❞♦ t2 ❢♦✐ r❡❞✉③✐❞♦ ❛ ③❡r♦✱ ✐st♦ ❧❡✈❛ ❛ ✉♠

❛✉♠❡♥t♦ ♥❛ ❞✐♠❡♥sã♦ ❞♦ ❧♦t❡ ❞❡st❡ ♠❡s♠♦ ♣r♦❞✉t♦ ♥♦ ♣❡rí♦❞♦ t3✳



✺✵ ❈❛♣ít✉❧♦ ✺✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ♣r♦♣♦st♦s

t1 t2 t3

2 1 3 3 2 1
��
1 3 2

105 100 110 134 150 131.7 86.3 103 142
0 0 0 10 0 11.7 0 0 0

2 1 3 3 2 1 1 3 2
105 100 110 134 150 120.0 98.0 103 142
0 0 0 10 0 0 0 0 0

❋✐❣✉r❛ ✺✳✻✿ ▼ét♦❞♦ ♣❛r❛ ♣♦st❡r❣❛r ❛ ♣r♦❞✉çã♦

✺✳✹ ❍❡✉ríst✐❝❛ ■t❡r❛t❡❞ ●r❡❡❞② ✰ ❋✐① ❛♥❞ ❖♣t✐♠✐③❡

✭■●✰❋&❖✮

❆❧é♠ ❞♦ ❛❧❣♦r✐t♠♦ ■● ❛♣r❡s❡♥t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ é t❛♠❜é♠ ♣r♦♣♦st♦ ✉♠ ❤í❜r✐❞♦ ❡♥tr❡

♦ ■● ❡ ❛ ❤❡✉ríst✐❝❛ ❋✐① ✫ ❖♣t✐♠✐③❡✱ r❡s✉❧t❛♥❞♦ ♥♦ ❛❧❣♦r✐t♠♦ ❤í❜r✐❞♦ IG+ F✫O✳

❆ ❤❡✉ríst✐❝❛ ❋✐① ✫ ❖♣t✐♠✐③❡✱ ❛♥t❡r✐♦r♠❡♥t❡ ❞❡♥♦♠✐♥❛❞❛ ✏❡①❝❤❛♥❣❡✑✱ ♣r♦♣♦st❛

♣♦r P♦❝❤❡t ✫ ❲♦❧s❡② ❬✷✵✵✻❪✱ ❢♦✐ ✉♠❛ ✈❡rsã♦ ♠❡❧❤♦r❛❞❛ ❞❛ ❤❡✉ríst✐❝❛ ❘❡❧❛① ❛♥❞ ❋✐①✱

t❛♠❜é♠ ♣r♦♣♦st❛ ♥❡st❡ ♠❡s♠♦ tr❛❜❛❧❤♦✳ ◆♦ tr❛❜❛❧❤♦ ❞❡ ❙❛❤❧✐♥❣ ❡t ❛❧✳ ❬✷✵✵✾❪ ❢♦✐

✐♥tr♦❞✉③✐❞❛ ✉♠❛ ♥♦✈❛ ❡str❛té❣✐❛✱ ❝♦♠❜✐♥❛❞❛ ❝♦♠ ❛ ❤❡✉ríst✐❝❛ ❡①❝❤❛♥❣❡✱ r❡s✉❧t❛♥❞♦ ♥❛

❤❡✉ríst✐❝❛ ❋✐① ❛♥❞ ❖♣t✐♠✐③❡ (F✫O)✳

❋&❖ é ❜❛s❡❛❞❛ ♥❛ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛ ❞♦ ♣r♦❜❧❡♠❛✳ ❋&❖ ❝♦♥s✐st❡ ❡♠ ❞✐✈✐❞✐r

❛❧❣✉♠❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ ❞♦ ♣r♦❜❧❡♠❛ ❡♠ ❞♦✐s ❝♦♥❥✉♥t♦s✿ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❛

s❡r❡♠ ✜①❛❞❛s ❡ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s ❛ s❡r❡♠ ♦t✐♠✐③❛❞❛s✳ ❊st❡ ú❧t✐♠♦ ❝♦♥❥✉♥t♦ r❡❝❡❜❡

♦ ♥♦♠❡ ❞❡ s✉❜♣r♦❜❧❡♠❛✳ ❆ ✐❞❡✐❛ ❞❛ ❤❡✉ríst✐❝❛ é r❡s♦❧✈❡r ♦ s✉❜♣r♦❜❧❡♠❛ ❞❡ ♠❛♥❡✐r❛

ót✐♠❛✱ ❥á q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ❛ s❡r❡♠ ♦t✐♠✐③❛❞❛s é ♠❡♥♦r✱ ❞❛❞❛ ❛ ✜①❛çã♦ ❞❡

✉♠ ♥ú♠❡r♦ ❝♦♥s✐❞❡r❛❞♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ ❞❛ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛ ♦r✐❣✐♥❛❧✳ ❖

♣r♦❝❡ss♦ ❞❛ ❤❡✉ríst✐❝❛ é ✐t❡r❛t✐✈♦ ❡✱ ❡♠ ❝❛❞❛ ✐t❡r❛çã♦✱ ♥♦✈♦s ❝♦♥❥✉♥t♦s ❞❡ ✈❛r✐á✈❡✐s ♣❛r❛

✜①❛r ❡ ♦t✐♠✐③❛r sã♦ ❝♦♥s✐❞❡r❛❞♦s✳ ◆♦t❡ q✉❡ ♦s s✉❜♣r♦❜❧❡♠❛s t❛♠❜é♠ sã♦ ♣r♦❜❧❡♠❛s

✐♥t❡✐r♦s ♠✐st♦s✱ ♠❛s ❝♦♠ ✉♠ ♥ú♠❡r♦ ♠❡♥♦r ❞❡ ✈❛r✐á✈❡✐s ✐♥t❡✐r❛s ❛ ♦t✐♠✐③❛r ❡✱ ♣♦rt❛♥t♦✱

♠❛✐s ❢á❝❡✐s ❞❡ r❡s♦❧✈❡r✳

❖ ■●✰❋&❖ é ❛♣r❡s❡♥t❛❞♦ ♥♦ ❆❧❣♦r✐t♠♦ ✶✶✳ ❖s ♣r♦❝❡❞✐♠❡♥t♦s ❞❡ ❞❡str✉✐çã♦ ✲

❝♦♥str✉çã♦ ❡ ❜✉s❝❛ ❧♦❝❛❧ ♥ã♦ s♦❢r❡♠ ❛❧t❡r❛çõ❡s✱ ❡♥q✉❛♥t♦ à ❝♦♥str✉çã♦ ❞❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧

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

❧♦t❡s✱ ❡st❡s sã♦ ❞❡✜♥✐❞♦s ♥♦s ♣r♦❝❡❞✐♠❡♥t♦s ❡①❛t♦s ❞❛ ❤❡✉ríst✐❝❛ ❋&❖✳



✺✳✹✳ ❍❡✉ríst✐❝❛ ■t❡r❛t❡❞ ●r❡❡❞② ✰ ❋✐① ❛♥❞ ❖♣t✐♠✐③❡ ✭■●✰❋&❖✮ ✺✶

❆❧❣♦r✐t❤♠ ✶✶ ✿ ■●✰❋&❖✭d✱ It❴Bl✱ It❴IG✮

✶✿ SOL ✿❂ ❈♦♥str✉çã♦❴❙♦❧✉çã♦❴■♥✐❝✐❛❧✭✮❀
✷✿ ✐❢ ❙♦❧✉çã♦❴■♥❢❛❝tí✈❡❧(SOL)❀ t❤❡♥
✸✿ ❋♦r♠✉❧❛çã♦❴▼❛t❡♠át✐❝❛(SOL)❀
✹✿ ❡♥❞ ✐❢
✺✿ SOL∗ := SOL❀
✻✿ ✐t❡r❛çõ❡s✿❂0❀
✼✿ ✇❤✐❧❡ ✐t❡r❛çõ❡s ≤ It❴IG ❞♦
✽✿ SOL ✿❂ ❉❡str✉✐çã♦✲❈♦♥str✉çã♦(SOL, d)❀
✾✿ SOL ✿❂ ❇✉s❝❛❴▲♦❝❛❧(SOL, It❴Bl)❀

✶✵✿ SOL ✿❂ ❋✐①❴❖♣t✐♠✐③❡(SOL)❀
✶✶✿ ✐❢ f(SOL) < SOL∗ t❤❡♥
✶✷✿ SOL∗ := SOL❀
✶✸✿ ❡❧s❡
✶✹✿ SOL := SOL∗❀
✶✺✿ ❡♥❞ ✐❢
✶✻✿ ✐t❡r❛çõ❡s ✿❂ ✐t❡r❛çõ❡s +1❀
✶✼✿ ❡♥❞ ✇❤✐❧❡
✶✽✿ r❡t✉r♥ SOL∗❀

✺✳✹✳✶ ❈♦♥str✉çã♦ ❞❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧

❆ ♦❜t❡♥çã♦ ❞❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ é r❡❛❧✐③❛❞❛ ❞❡ ❢♦r♠❛ s✐♠✐❧❛r ❛♦ ♣r♦❝❡❞✐♠❡♥t♦ ■❉▲ ❞♦

❆❧❣♦r✐t♠♦ ✼ ✭■●✰▼❉▲✮ ❡ ❝♦♥t✐♥✉❛ s❡♥❞♦ ❞❡ ❞✉❛s ❢❛s❡s✳ ❖ s❡q✉❡♥❝✐❛♠❡♥t♦ é ❞❡t❡r✲

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

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

❆♣ós ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞♦s ♣r♦❞✉t♦s t❡r s✐❞♦ ❞❡t❡r♠✐♥❛❞♦✱ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦

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

t❡r♠✐♥❛♥❞♦ ♥♦ ♣r✐♠❡✐r♦ ♣❡rí♦❞♦✳ ❊st❡ ♣r♦❝❡❞✐♠❡♥t♦ é s✐♠✐❧❛r ❛♦ (IDL) ❞♦ ❆❧❣♦✲

r✐t♠♦s ✼ ❛♥t❡r✐♦r♠❡♥t❡ ❞❡s❝r✐t♦✳ ❊♠ ❛❧❣✉♥s ❝❛s♦s✱ ❡st❡ ♣r♦❝❡❞✐♠❡♥t♦ ♥ã♦ ❣❡r❛ ✉♠❛

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

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

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

❝✉♠♣r✐r ❛ ❞❡♠❛♥❞❛✱ s❡ ❡st❡ ♣❡rí♦❞♦ ❛✐♥❞❛ t❡♠ ❝❛♣❛❝✐❞❛❞❡ ❞✐s♣♦♥í✈❡❧✱ ❡st❛ é ✉s❛❞❛

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

rí♦❞♦ s❡❣✉✐♥t❡✳ ❊st❡ ♣r♦❝❡ss♦ é r❡♣❡t✐❞♦ ❛té ❝❤❡❣❛r ❛♦ ú❧t✐♠♦ ♣❡rí♦❞♦✳ ●❡r❛❧♠❡♥t❡✱ ♦

❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ♣r♦❣r❡ss✐✈♦ ❣❡r❛ ✉♠ ❡st♦q✉❡ ❝♦♥s✐❞❡rá✈❡❧✳ P❛r❛ t❡♥t❛r ♠✐✲

♥✐♠✐③❛r ❡st❡s✱ é ❛♣❧✐❝❛❞♦ ♦ ♠ét♦❞♦ ♣❛r❛ ♣♦st❡r❣❛r ❛ ♣r♦❞✉çã♦ (MPP )✱ ❝♦♠ ❛❧❣✉♠❛s

♠♦❞✐✜❝❛çõ❡s✳ ◆❡st❛ ✈❡③✱ ♦ ♣r♦❞✉t♦ s❡❧❡❝✐♦♥❛♥❞♦ s❡rá ❛q✉❡❧❡ q✉❡ ♣♦ss✉❛ ♠❛✐s ❡st♦q✉❡

♣❛r❛ ♣♦st❡r❣❛r ♣❛rt❡ ❞❛ s✉❛ ♣r♦❞✉çã♦ ♣❛r❛ ♦ ♣❡rí♦❞♦ s❡❣✉✐♥t❡✳ ❖ ▼PP ♠♦❞✐✜❝❛❞♦



✺✷ ❈❛♣ít✉❧♦ ✺✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ♣r♦♣♦st♦s

(MPP❴M) é ❛♣❧✐❝❛❞♦ ❡♠ t♦❞♦s ♦s ♣❡rí♦❞♦s ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ t1 → t2✱ t2 → t3✱✳✳✳✱

tT−1 → tT ✳ ❖ ❆❧❣♦r✐t♠♦ ✶✷ ❞❡s❝r❡✈❡ ❛ ✐♥✐❝✐❛❧✐③❛çã♦ ❞♦ ♥♦✈♦ ♠ét♦❞♦ ❞❡ ❞✐♠❡♥s✐♦♥❛✲

♠❡♥t♦ ❞❡ ❧♦t❡s✱ ♦ q✉❛❧ t❡♠ s✐❞♦ ❝❤❛♠❛❞♦ IDL2✳ ➱ ♣♦ssí✈❡❧ q✉❡ ❛♣ós ❛ ❡①❡❝✉çã♦ ❞❡st❡

♠ét♦❞♦ ❛✐♥❞❛ r❡s✉❧t❡ ✉♠❛ s♦❧✉çã♦ ✐♥✈✐á✈❡❧✳ ◆❡st❡ ❝❛s♦✱ ❡ ❝♦♠♦ ú❧t✐♠♦ r❡❝✉rs♦✱ s❡ ❢❛③

♥❡❝❡ssár✐❛ ❛ ❡①❡❝✉çã♦ ❞❛ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛ ❝♦♠♦ é ❢❡✐t♦ ♥♦ IG + MDL ❡ ♥♦s

❛❣❡♥t❡s ❝♦♥str✉t♦r❡s ❞♦ A− Teams✳

❆❧❣♦r✐t❤♠ ✶✷ ✿ IDL2(SOL);

✶✿ IDL(SOL);

✷✿ ✐❢ Solucao❴Infactivel(SOL) t❤❡♥

✸✿ ❢♦r t = 1 ≤ T ❞♦

✹✿ ❢♦r j = 1 ≤ N ❞♦

✺✿ Dimensao❴Lote❴jt = Demanda❴jt❀

✻✿ ✐❢ ❈❛♣❛❝✐❞❛❞❡❴■♥s✉✜❝✐❡♥t❡✭✮ t❤❡♥

✼✿ ❙❛✐r ❞❡st❡ ♣r♦❝❡❞✐♠❡♥t♦ ❡ ❡①❡❝✉t❛r ❛ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛❀

✽✿ ❡♥❞ ✐❢

✾✿ ❡♥❞ ❢♦r

✶✵✿ ✇❤✐❧❡ Capacidade❴Disponivel(t) ❞♦

✶✶✿ ❙❡❧❡❝✐♦♥❡ ♦ ♣r♦❞✉t♦ i q✉❡ r❡q✉❡r ♠❛✐s t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♥♦ ♣❡rí♦❞♦

t+ 1✳

✶✷✿ Pr♦❞✉③✐r ♦ ♣❡r♠✐t✐❞♦ ❞♦ ♣r♦❞✉t♦ i ♥♦ ♣❡rí♦❞♦ t✳

✶✸✿ ❡♥❞ ✇❤✐❧❡

✶✹✿ ❡♥❞ ❢♦r

✶✺✿ ▼PP❴▼✭✮❀

✶✻✿ ❡♥❞ ✐❢

✺✳✹✳✷ ▼❡❧❤♦r✐❛ ❞♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s

❆♣ós t❡r♠✐♥❛❞♦ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡ ❜✉s❝❛ ❧♦❝❛❧✱ ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ❤❡✉ríst✐❝♦ é ✐♥✐❝✐❛❞♦

❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠❡❧❤♦r❛r ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ❢❛③❡♥❞♦ ✉s♦ ❞❛ ❤❡✉ríst✐❝❛ ❋&❖

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

❛ ♣r❡s❡r✈❛çã♦ ❞❛ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s ❡♥tr❡ ♦s ♣❡rí♦❞♦s✱ é ✉s❛❞❛ ❛ ❢♦r♠✉❧❛çã♦

♠❛t❡♠át✐❝❛ r❡❞✉③✐❞❛ ✭❡q✉❛çõ❡s ✹✳✶ ✲ ✹✳✶✷✮✳

❊♠ ❝❛❞❛ ✐t❡r❛çã♦ ❞❛ ❤❡✉ríst✐❝❛✱ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ n ♣r♦❞✉t♦s sã♦ s❡❧❡❝✐♦♥❛❞♦s ❞❡

♠❛♥❡✐r❛ ❛❧❡❛tór✐❛✳ ❆s ✈❛r✐á✈❡✐s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡✱ r❡❧❛❝✐♦✲

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

♦ q✉❛❧ s❡rá ♦t✐♠✐③❛❞♦✳ ❆s ✈❛r✐á✈❡✐s r❡st❛♥t❡s✱ ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡



✺✳✹✳ ❍❡✉ríst✐❝❛ ■t❡r❛t❡❞ ●r❡❡❞② ✰ ❋✐① ❛♥❞ ❖♣t✐♠✐③❡ ✭■●✰❋&❖✮ ✺✸

❧♦t❡✱ ❛s q✉❛✐s ♥ã♦ ❡stã♦ ♥♦ s✉❜♣r♦❜❧❡♠❛✱ ❡ ❛s ✈❛r✐á✈❡✐s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦ s❡q✉❡♥❝✐❛✲

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

◆❡st❡ ♣r♦❝❡❞✐♠❡♥t♦✱ ❛s ✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦ ❝♦♥s✐❞❡r❛❞❛s sã♦ SOjmt✱ COjmt✱ Zjt✱

xjt ❡ Ijt✳ ❖ r❡st♦ ❞❛s ✈❛r✐á✈❡✐s ❝♦♥s✐❞❡r❛❞❛s ♣❡❧♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❡ ❛ ✈❛r✐á✈❡❧ Yijt

sã♦ ✜①❛❞❛s ❝♦♠ ✈❛❧♦r❡s ❡♥❝♦♥tr❛❞♦s ❡♠ ✐t❡r❛çõ❡s ❛♥t❡r✐♦r❡s✳ ◆♦t❡ q✉❡ ❛s ✈❛r✐á✈❡✐s

r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❝♦♥❥✉♥t♦ ❞❡ ♣r♦❞✉t♦s s❡❧❡❝✐♦♥❛❞♦s ✭s✉❜♣r♦❜❧❡♠❛✮ sã♦ ♦t✐♠✐③❛❞❛s s♦❜r❡

t♦❞♦ ♦ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✳

❆ ❋✐❣✉r❛ ✺✳✼ ♠♦str❛ ✉♠ ❡①❡♠♣❧♦ ❞♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ ❤❡✉ríst✐❝❛ ❋&❖✳ ❖ ❤♦r✐✲

③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❝♦♥st❛ ❞❡ três ♣❡rí♦❞♦s (t1✱ t2 ❡ t3) ❡ três ♣r♦❞✉t♦s (j1✱ j2 ❡ j3)✳

❆s ♥♦t❛çõ❡s Seq✱ DL ❡ Est✱ r❡♣r❡s❡♥t❛♠ ♦ ♦r❞❡♠ ❞❡ ♣r♦❞✉çã♦✱ ❛ ❞✐♠❡♥sã♦ ❞♦ ❧♦t❡ (x)

❡ ♦ ❡st♦q✉❡ (I) ❞❡ ❝❛❞❛ ♣r♦❞✉t♦ (j) ❡♠ ❝❛❞❛ ♣❡rí♦❞♦ (t)✳ ❆s ✈❛r✐á✈❡✐s SOjmt ❡ COjmt

❞❡t❡r♠✐♥❛♠ ♦ t❡♠♣♦ ❞❡ ✐♥í❝✐♦ ❡ ✜♥❛❧✐③❛çã♦ ❞❡ ✉♠ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ j ❡♠ ✉♠❛ ♠áq✉✐♥❛

m ♥♦ ♣❡rí♦❞♦ t✳

◆♦ ❡①❡♠♣❧♦✱ ❢♦✐ s❡❧❡❝✐♦♥❛❞♦ ❛❧❡❛t♦r✐❛♠❡♥t❡ ✉♠ ♣r♦❞✉t♦ (j1)✱ ♦ q✉❛❧ s❡rá ♦t✐♠✐✲

③❛❞♦ ❛♦ ❧♦♥❣♦ ❞♦ ❤♦r✐③♦♥t❡ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✳ ❆s ✈❛r✐á✈❡✐s r❡❧❛❝✐♦♥❛❞❛s à ❞✐♠❡♥sã♦ ❞❡

❧♦t❡ (x1) ❡ ❛♦ ❡st♦q✉❡ (I1) ❞♦ ♣r♦❞✉t♦ j1 s❡rã♦ ♦t✐♠✐③❛❞❛s ✭s✉❜♣r♦❜❧❡♠❛✿ ✈❛r✐á✈❡✐s ❡♠

✈❡r❞❡✮✱ ❡♥q✉❛♥t♦ ❛s ✈❛r✐á✈❡✐s ❝♦rr❡s♣♦♥❞❡♥t❡ ❛♦s ♣r♦❞✉t♦s ♥ã♦ s❡❧❡❝✐♦♥❛❞♦s ✭x2✱ x3✱ I2
❡ I3) sã♦ ✜①❛❞❛s ✭✈❛r✐á✈❡✐s ❡♠ ✈❡r♠❡❧❤♦✮✳ ❈♦♠ r❡s♣❡✐t♦ às ✈❛r✐á✈❡✐s q✉❡ ❞❡t❡r♠✐♥❛♠ ♦

t❡♠♣♦ ❞❡ ✐♥í❝✐♦ ❡ ✜♥❛❧✐③❛çã♦ ❞❡ ✉♠ ❧♦t❡ ❞❡ ♣r♦❞✉çã♦ (SO ❡ CO)✱ sã♦ ❛♣❡♥❛s ✜①❛s ❛s

✈❛r✐á✈❡✐s ❝♦rr❡s♣♦♥❞❡s ❛♦s ♣r♦❞✉t♦s q✉❡ sã♦ ♣r♦❝❡ss❛❞♦s ❛♥t❡s q✉❡ ♦ ♣r♦❞✉t♦ s❡❧❡❝✐♦✲

♥❛❞♦ (j1)✳ ◆♦t❡ q✉❡ ♥♦ ♣❡rí♦❞♦ t1 ♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ j2 é ♣r♦❝❡ss❛❞♦ ❛♥t❡s ❞♦ ♣r♦❞✉t♦

j1✱ ♣♦rt❛♥t♦✱ ❛s ✈❛r✐á✈❡✐s SOJ2m1 ❡ COJ2m1 sã♦ ✐♥❛❧t❡r❛❞❛s✳ ❉❛❞♦ q✉❡ ❛ ♣r♦❞✉çã♦ ❞♦

❧♦t❡ ❞♦ ♣r♦❞✉t♦ j1 ♣♦❞❡ s❡r ❛❧t❡r❛❞♦✱ ❛ ✈❛r✐á✈❡❧ COJ1m1 ♣♦❞❡rá s❡r ♠♦❞✐✜❝❛❞❛✱ ♦ q✉❡

t❡♠ ✐♥✢✉❡♥❝✐❛ ❞✐r❡t❛ ♥❛s ✈❛rá✈❡✐s SOJ3m1 ❡ COJ3m1 ❞♦ ❧♦t❡ ❞♦ ♣r♦❞✉t♦ j3✱ ❥á q✉❡ ❛

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

j1 t❡r t❡r♠✐♥❛❞♦ ♠❛✐s ♦ t❡♠♣♦ ❞❡ ♣r❡♣❛r❛çã♦ ♥❡❝❡ssár✐♦✳ ◆♦ ♣❡rí♦❞♦ t2✱ ♦ ♣r♦❞✉t♦ j1

❡stá s✐t✉❛❞♦ ♥❛ ú❧t✐♠❛ ♣♦s✐çã♦ ❞❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦✱ ❛ss✐♠✱ ❛s ✈❛r✐á✈❡✐s ❝♦rr❡s♣♦♥✲

❞❡♥t❡s ❛♦s ♣r♦❞✉t♦s ❞✐❢❡r❡♥t❡s ❞❡ j1 sã♦ ✜①❛❞❛s ✭SOJ2m2✱ COJ2m2✱ SOJ3m2 ❡ COJ3m2✮✳

◆❡st❡ ♣❡rí♦❞♦ só ♦ ❧♦t❡ ❞❡ ♣r♦❞✉çã♦ ❞♦ ♣r♦❞✉t♦ j1 ♣♦❞❡ s❡r ❛❧t❡r❛❞♦✱ ♣♦rt❛♥t♦ só ❛s

✈❛r✐á✈❡✐s SOJ1m2 ❡ COJ1m2 s❡rã♦ ♠♦❞✐✜❝❛❞❛s✳ ◆♦ ú❧t✐♠♦ ♣❡rí♦❞♦✱ ♦ ♣r♦❞✉t♦ ❛ s❡r

♦t✐♠✐③❛❞♦ ❡stá s✐t✉❛❞♦ ♥❛ ♣r✐♠❡✐r♦ ♣♦s✐çã♦ ♥❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦✳ ❙❡ ♦ ❧♦t❡ ❞❡st❡

♣r♦❞✉t♦ é ❛❧t❡r❛❞♦✱ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ❛s ✈❛r✐á✈❡✐s SOjmt ❡ COjmt ❞❡ t♦❞♦s ♦s ♣r♦❞✉t♦s

s❡rã♦ t❛♠❜é♠ ❛❧t❡r❛❞❛s✱ ♣♦✐s ♦ t❡♠♣♦ ❞❡ ✐♥í❝✐♦ ♣❛r❛ ♣r♦❝❡ss❛r ✉♠ ❧♦t❡✱ ❞❡♣❡♥❞❡ ❞♦

t❡♠♣♦ ❞❡ ✜♥❛❧✐③❛çã♦ ❞♦ ❧♦t❡ ❛♥t❡r✐♦r✱ ♠❛✐s ♦ t❡♠♣♦ ❞❡ ♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s✳



✺✹ ❈❛♣ít✉❧♦ ✺✳ Pr♦❝❡❞✐♠❡♥t♦s ❞❡ s♦❧✉çã♦ ♣r♦♣♦st♦s

�態 �怠 �戴 

荊態 荊怠 荊戴 

蛍態 蛍怠 蛍戴 

�戴 �態 �怠 

荊戴 荊態 荊怠 

蛍戴 蛍態 蛍怠 

�怠 �態 �戴 

荊怠 荊態 荊戴 

蛍怠 蛍態 蛍戴 

����層 警  蛍態 ���匝�層 蛍怠 ���層�層 蛍戴 ���惣�層 

����匝 警  蛍戴 ���惣�匝 蛍態 ���匝�匝 蛍怠 ���層�匝 

����層 警  蛍態 ���匝�層 蛍怠 ���層�層 蛍戴 ���惣�層 

����匝 警  蛍態 ���惣�匝 蛍怠 ���匝�匝 蛍戴 ���層�匝 

����惣 警  蛍怠 ���層�惣 蛍態 ���匝�惣 蛍戴 ���惣�惣 

����惣 警  蛍怠 ���層�惣 蛍態 ���匝�惣 蛍戴 ���惣�惣 

劇怠 劇態 劇戴 

鯨��. : 
経詣: 
継嫌建. : 

鯨��. : 
経詣: 
継嫌建. : 

鯨��. : 
経詣: 
継嫌建. : 

❋✐❣✉r❛ ✺✳✼✿ ❋✐① ❛♥❞ ❖♣t✐♠✐③❡



❈❛♣ít✉❧♦ ✻

❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

◆❡st❡ ❝❛♣ít✉❧♦ ❛♣r❡s❡♥t❛♠✲s❡ ♦s t❡st❡s ❝♦♠♣✉t❛❝✐♦♥❛✐s r❡❛❧✐③❛❞♦s ♣❛r❛ ❛♥❛❧✐s❛r ♦ ❞❡s❡♠✲

♣❡♥❤♦ ❞♦s ❛❧❣♦r✐t♠♦s ♣r♦♣♦st♦s ✭■●✰❍❘✱ ■●✰▼❉▲✱ ■●✰❋&❖✮ ❡♠ r❡❧❛çã♦ á q✉❛❧✐❞❛❞❡

❞❛ s♦❧✉çã♦ ❡ t❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦s ❛❧❣♦r✐t♠♦s ❞❛ ❧✐t❡r❛t✉r❛ ✭❍❘

❆✲❚❡❛♠s✮✱ ❡ss❡s ❢♦r❛♠ r❡✐♠♣❧❡♠❡♥t❛❞❛s ❝♦♥❢♦r♠❡ ♦s ❛rt✐❣♦s ♦r✐❣✐♥❛✐s✳

✻✳✶ ❆♠❜✐❡♥t❡ ❞❡ t❡st❡

❖s t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ✉s❛♥❞♦ ✉♠ ❝♦♠♣✉t❛❞♦r ❝♦♠ ♣r♦❝❡ss❛❞♦r ■♥t❡❧✭❘✮ ❳❡♦♥✭❘✮

❈P❯ ❳✺✻✺✵ ✷✱✻✼●❍③ ❝♦♠ ✹✽●❇ ❞❡ ❘❆▼✳ ❚♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞♦s

❡♠ ❈✰✰✳ P❛r❛ ❛ r❡s♦❧✉çã♦ ❞♦s ♣r♦❜❧❡♠❛s ❞❡ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r ❡ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r

✐♥t❡✐r❛ ♠✐st❛ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ s♦❢t✇❛r❡ ■❇▼ ■▲❖● ❈P▲❊❳ ✶✷✳✹ ♣♦r ♠❡✐♦ ❞❛ ❜✐❜❧✐♦t❡❝❛

❈P▲❊❳ ❈♦♥❝❡rt ❚❡❝♥♦❧♦❣✐❝✳

✻✳✷ ●❡r❛çã♦ ❞❡ ♣r♦❜❧❡♠❛s✲t❡st❡

❖s ♣r♦❜❧❡♠❛s✲t❡st❡ ✭♦✉ ✐♥stâ♥❝✐❛s✮ ❢♦r❛♠ ❣❡r❛❞♦s ❝♦♥❢♦r♠❡ ♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s

♣♦r ▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❜❪✳ ❆s ✐♥stâ♥❝✐❛s ❞❡ ♣r♦❜❧❡♠❛s ❝♦♥s✐❞❡r❛❞❛s ♥❡ss❡s ❡①♣❡r✐✲

♠❡♥t♦s sã♦ ❝❧❛ss✐✜❝❛❞❛s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ♣r♦❞✉t♦s✱ ♠áq✉✐♥❛s ❡ ♣❡rí♦❞♦s ✭◆✱

▼✱ ❚✮✳ ❆s 20 ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❣❡r❛❞❛s ♣♦r ❡ss❡s ❛✉t♦r❡s sã♦ ♠♦str❛❞❛s ♥❛ ❚❛❜❡❧❛

✻✳✶✳ ◆♦t❡ q✉❡ ♦s t❛♠❛♥❤♦s ❞❡ ✐♥stâ♥❝✐❛s ✈❛r✐❛♠ ❞❡ (3, 3, 3) ❛ (15, 15, 15)✳

✺✺



✺✻ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

❚❛❜❡❧❛ ✻✳✶✿ ❈❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❞❛ ❧✐t❡r❛t✉r❛

✭◆✱▼✱❚✮ ✭◆✱▼✱❚✮ ✭◆✱▼✱❚✮ ✭◆✱▼✱❚✮

✭✸✱✸✱✸✮ ✭✼✱✺✱✺✮ ✭✺✱✶✵✱✺✮ ✭✶✵✱✶✵✱✶✵✮

✭✺✱✸✱✸✮ ✭✺✱✼✱✺✮ ✭✼✱✼✱✶✵✮ ✭✶✵✱✶✵✱✶✺✮

✭✸✱✺✱✸✮ ✭✺✱✺✱✼✮ ✭✼✱✶✵✱✼✮ ✭✶✵✱✶✺✱✶✵✮

✭✸✱✸✱✺✮ ✭✼✱✼✱✼✮ ✭✶✵✱✺✱✺✮ ✭✶✺✱✶✵✱✶✵✮

✭✺✱✺✱✺✮ ✭✺✱✺✱✶✵✮ ✭✶✵✱✼✱✼✮ ✭✶✺✱✶✺✱✶✺✮

◆❡st❡ tr❛❜❛❧❤♦✱ ❢♦r❛♠ ❣❡r❛❞❛s ✐♥stâ♥❝✐❛s ❝✉❥❛s ❞✐♠❡♥sõ❡s ✈❛r✐❛♠ ❞❡ (3, 3, 3) ❛

(15, 15, 15) ❝♦♠♦ ❡♠ ▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❜❪✱ ❡ ✐♥stâ♥❝✐❛s ♠❛✐♦r❡s ♥♦ q✉❛❧ ❛s ❞✐♠❡♥✲

sõ❡s (N,M, T ) ✈❛r✐❛♠ ❡♥tr❡ (20, 10, 10) ❛ (60, 20, 20)✱ ✈❡❥❛ ❚❛❜❡❧❛ ✻✳✷✳ ❉❡st❛ ❢♦r♠❛✱

✉♠ t♦t❛❧ ❞❡ 101 ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❢♦r❛♠ ❣❡r❛❞❛s✳ P❛r❛ ❝❛❞❛ ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s

❢♦r❛♠ ❣❡r❛❞♦s 5 ❡①❡♠♣❧❛r❡s❀ ❛ss✐♠✱ ♥♦ t♦t❛❧ t❡♠♦s 505 ♣r♦❜❧❡♠❛s ♣❛r❛ t❡st❛r t♦❞♦s ♦s

❛❧❣♦r✐t♠♦s✳

❚❛❜❡❧❛ ✻✳✷✿ ◆♦✈❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❣❡r❛❞❛s

✭◆✱▼✱❚✮ ✭◆✱▼✱❚✮ ✭◆✱▼✱❚✮ ✭◆✱▼✱❚✮ ✭◆✱▼✱❚✮ ✭◆✱▼✱❚✮

✭✷✵✱✶✵✱✶✵✮ ✭✷✺✱✶✺✱✷✵✮ ✭✸✺✱✶✵✱✶✺✮ ✭✹✵✱✷✵✱✶✵✮ ✭✺✵✱✶✵✱✷✵✮ ✭✺✺✱✷✵✱✶✺✮

✭✷✵✱✶✵✱✶✺✮ ✭✷✺✱✷✵✱✶✵✮ ✭✸✺✱✶✵✱✷✵✮ ✭✹✵✱✷✵✱✶✺✮ ✭✺✵✱✶✺✱✶✵✮ ✭✺✺✱✷✵✱✷✵✮

✭✷✵✱✶✵✱✷✵✮ ✭✷✺✱✷✵✱✶✺✮ ✭✸✺✱✶✺✱✶✵✮ ✭✹✵✱✷✵✱✷✵✮ ✭✺✵✱✶✺✱✶✺✮ ✭✻✵✱✶✵✱✶✵✮

✭✷✵✱✶✺✱✶✵✮ ✭✷✺✱✷✵✱✷✵✮ ✭✸✺✱✶✺✱✶✺✮ ✭✹✺✱✶✵✱✶✵✮ ✭✺✵✱✶✺✱✷✵✮ ✭✻✵✱✶✵✱✶✺✮

✭✷✵✱✶✺✱✶✺✮ ✭✸✵✱✶✵✱✶✵✮ ✭✸✺✱✶✺✱✷✵✮ ✭✹✺✱✶✵✱✶✺✮ ✭✺✵✱✷✵✱✶✵✮ ✭✻✵✱✶✵✱✷✵✮

✭✷✵✱✶✺✱✷✵✮ ✭✸✵✱✶✵✱✶✺✮ ✭✸✺✱✷✵✱✶✵✮ ✭✹✺✱✶✵✱✷✵✮ ✭✺✵✱✷✵✱✶✺✮ ✭✻✵✱✶✺✱✶✵✮

✭✷✵✱✷✵✱✶✵✮ ✭✸✵✱✶✵✱✷✵✮ ✭✸✺✱✷✵✱✶✺✮ ✭✹✺✱✶✺✱✶✵✮ ✭✺✵✱✷✵✱✷✵✮ ✭✻✵✱✶✺✱✶✺✮

✭✷✵✱✷✵✱✶✺✮ ✭✸✵✱✶✺✱✶✵✮ ✭✸✺✱✷✵✱✷✵✮ ✭✹✺✱✶✺✱✶✺✮ ✭✺✺✱✶✵✱✶✵✮ ✭✻✵✱✶✺✱✷✵✮

✭✷✵✱✷✵✱✷✵✮ ✭✸✵✱✶✺✱✶✺✮ ✭✹✵✱✶✵✱✶✵✮ ✭✹✺✱✶✺✱✷✵✮ ✭✺✺✱✶✵✱✶✺✮ ✭✻✵✱✷✵✱✶✵✮

✭✷✺✱✶✵✱✶✵✮ ✭✸✵✱✶✺✱✷✵✮ ✭✹✵✱✶✵✱✶✺✮ ✭✹✺✱✷✵✱✶✵✮ ✭✺✺✱✶✵✱✷✵✮ ✭✻✵✱✷✵✱✶✺✮

✭✷✺✱✶✵✱✶✺✮ ✭✸✵✱✷✵✱✶✵✮ ✭✹✵✱✶✵✱✷✵✮ ✭✹✺✱✷✵✱✶✺✮ ✭✺✺✱✶✺✱✶✵✮ ✭✻✵✱✷✵✱✷✵✮

✭✷✺✱✶✵✱✷✵✮ ✭✸✵✱✷✵✱✶✺✮ ✭✹✵✱✶✺✱✶✵✮ ✭✹✺✱✷✵✱✷✵✮ ✭✺✺✱✶✺✱✶✺✮ −

✭✷✺✱✶✺✱✶✵✮ ✭✸✵✱✷✵✱✷✵✮ ✭✹✵✱✶✺✱✶✺✮ ✭✺✵✱✶✵✱✶✵✮ ✭✺✺✱✶✺✱✷✵✮ −

✭✷✺✱✶✺✱✶✺✮ ✭✸✺✱✶✵✱✶✵✮ ✭✹✵✱✶✺✱✷✵✮ ✭✺✵✱✶✵✱✶✺✮ ✭✺✺✱✷✵✱✶✵✮ −

❖s ♣❛râ♠❡tr♦s ♣❛r❛ ❝❛❞❛ ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s sã♦ ❣❡r❛❞♦s ♣♦r ♠❡✐♦ ❞❡ ✉♠❛ ❞✐str✐✲

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

▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❜❪✳ ❆ s❡❣✉✐r ♠♦str❛♠✲s❡ ♦s ✈❛❧♦r❡s ❡ ✐♥t❡r✈❛❧♦s ❞❡ ❝❛❞❛ ✉♠ ❞♦s

♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s✿



✻✳✸✳ ▼étr✐❝❛ ❞❡ ❛✈❛❧✐❛çã♦ ❞♦s ❛❧❣♦r✐t♠♦s ✺✼

• ❉❡♠❛♥❞❛✿ djt = U(0; 180)

• ❈✉st♦ ❞❡ ❡st♦q✉❡✿ hjm = U(0, 2; 0, 4)

• ❚❡♠♣♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦s✿ bjm = (1, 5; 2)

• ❈✉st♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦s✿ pjmt = U(1, 5; 2)

• ❚❡♠♣♦s ❞❡ ♣r❡♣❛r❛çã♦✿ Sijm = (35; 70)

• ❈✉st♦s ❞❡ ♣r❡♣❛r❛çã♦✿ Wijm = (35; 70)

• ❈❛♣❛❝✐❞❛❞❡✿ Cmt = (x, y) ♦♥❞❡✱ x = 200N+100(M−1) ❡ y = 200N+200(M−1)

✻✳✸ ▼étr✐❝❛ ❞❡ ❛✈❛❧✐❛çã♦ ❞♦s ❛❧❣♦r✐t♠♦s

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

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

❛❧❣♦r✐t♠♦✱ ❥á q✉❡ s❡ ❛♣r❡s❡♥t❛♠ ♠✉✐t❛s ✐♥stâ♥❝✐❛s ❞❡ ❞✐❢❡r❡♥t❡s ❝❧❛ss❡s✱ ❝♦♥t❡♥❞♦✱ ✉♠

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

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

❛ ♠é❞✐❛ ❞♦ ❞❡s✈✐♦ r❡❧❛t✐✈♦ ♣♦r❝❡♥t✉❛❧ ✭❘❡❧❛t✐✈❡ P❡r❝❡♥t✉❛❧ ❉❡✈✐❛t✐♦♥✱ ❘P❉✮✳ ❊st❛

♠❡❞✐❞❛ é ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞❛ ♥❛ ❧✐t❡r❛t✉r❛ ✭❱❛❧❧❛❞❛ ✫ ❘✉✐③ ❬✷✵✶✶❪✮✳

❖ ❘P❉ é ❝❛❧❝✉❧❛❞♦ ♣❡❧❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✿

RPD% = 100 ×
Metodosol −Melhorsol

Melhorsol
✭✻✳✶✮

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

❛❧❣♦r✐t♠♦s ❡ Melhorsol é ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ❡♥❝♦♥tr❛❞❛

❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❝♦♠♣❛r❛❞♦s✳ ❉❡st❛ ❢♦r♠❛✱ ♦ ❘P❉ ❞❡✜♥❡ ❛ q✉❛❧✐❞❛❞❡ ❞❡

✉♠❛ s♦❧✉çã♦ ❡♠ r❡❧❛çã♦ à ♠❡❧❤♦r s♦❧✉çã♦ ♦❜t✐❞❛✳ ◗✉❛♥t♦ ♠❡♥♦r é ♦ ✈❛❧♦r ❞♦ ❘P❉✱

♠❡❧❤♦r s❡rá ❛ q✉❛❧✐❞❛❞❡ ❞❛ s♦❧✉çã♦ ❞♦ ❛❧❣♦r✐t♠♦✳ ❖ ❘P❉ ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ é ❝❛❧❝✉❧❛❞♦

✉t✐❧✐③❛♥❞♦ ❛ ♠é❞✐❛ ❞♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❞❡ 10 ❡①❡❝✉çõ❡s ❞❡ss❡ ❛❧❣♦r✐t♠♦ ❡♠

❝❛❞❛ ✉♠❛ ❞❛s ✐♥stâ♥❝✐❛s✳

✻✳✹ ❈❛❧✐❜r❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❞♦s ❛❧❣♦r✐t♠♦s

P❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❝♦♥✜❣✉r❛çã♦ ót✐♠❛ ❞♦s ♣❛râ♠❡tr♦s ❞♦s ❛❧❣♦r✐t♠♦s ♣r♦♣♦st♦s

✭■●✰❍❘✱ ■●✰▼❉▲✱ ■●✰❋&❖✮ ❡ ❞❛ ❧✐t❡r❛t✉r❛ ✭❚❆❍✮✱ ❢♦✐ ♥❡❝❡ssár✐♦ r❡❛❧✐③❛r ✉♠



✺✽ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

❞❡s❡♥❤♦ ❞❡ ❡①♣❡r✐♠❡♥t♦ ✭❞❡s✐❣♥ ♦❢ ❡①♣❡r✐♠❡♥ts✱ ❉❖❊✮✳ ◆❡st❛ ❞✐ss❡rt❛çã♦ t❡♠♦s

♦♣t❛❞♦ ♣❡❧♦ ❞❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❢❛t♦r✐❛❧ ♠✉❧t✐✲♥í✈❡❧ ▼♦♥t❣♦♠❡r② ❬✷✵✵✶❪✳

❖s ❞❡s❡♥❤♦s ❢❛t♦r✐❛✐s ♠✉❧t✐✲♥í✈❡❧ sã♦ ✉s❛❞♦s ♣❛r❛ ❡st✉❞❛r ❡❢❡✐t♦s ❞❡ q ❢❛t♦r❡s

✭♣❛râ♠❡tr♦s✮ q✉❛♥t✐t❛t✐✈♦s✳ ◆❡st❡ t✐♣♦ ❞❡ ❞❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❞❡✈❡✲s❡ ❡s♣❡❝✐✜❝❛r ❛

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

♦ ❡①♣❡r✐♠❡♥t♦✳ ▲♦❣♦✱ ❝♦♥stró✐✲s❡ ♦ ❜❛♥❝♦ ❞❡ ❞❛❞♦s q✉❡ ❝♦♥tê♠ t♦❞❛s ❛s ❝♦♥✜❣✉r❛çõ❡s

❞♦s ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ t♦❞♦s ♦s ❢❛t♦r❡s✱ ❝❤❛♠❛❞❛s ❞❡ ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ✭❈❊❳✮✳

P❛r❛ t❡st❛r ❛s ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s é ♥❡❝❡ssár✐♦ ❞❡✜♥✐r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝❧❛ss❡s

❞❡ ✐♥stâ♥❝✐❛s ❛ ✉t✐❧✐③❛r ♥♦ ❡①♣❡r✐♠❡♥t♦✳ ❋♦r❛♠ ✉t✐❧✐③❛❞❛s ❛s ✐♥stâ♥❝✐❛s ❞❡ ♠é❞✐♦ ♣♦rt❡✱

❛s ✐♥stâ♥❝✐❛s ❞❡ t❛♠❛♥❤♦ ❡♥tr❡ (5, 5, 10) ❡ (15, 15, 15)✳ ❆ss✐♠✱ t❡♠✲s❡ 11 ❝❧❛ss❡s✱ ❞❡

✐♥stâ♥❝✐❛s✳ P❛r❛ ❝❛❞❛ ❝❧❛ss❡ 10 ❡①❡♠♣❧❛r❡s ❢♦r❛♠ ❣❡r❛❞♦s✳ ❉❡st❛ ❢♦r♠❛ t❡♠✲s❡ ✉♠

❝♦♥❥✉♥t♦ ❞❡ 110 ✐♥stâ♥❝✐❛s✳ ◆♦s ❡①♣❡r✐♠❡♥t♦s ❞❡ ❝❛❧✐❜r❛çã♦ ❞❡ ♣❛râ♠❡tr♦s é ♣♦ssí✈❡❧

✉t✐❧✐③❛r t♦❞❛s ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s só q✉❡ ♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ s❡r✐❛ ❞❡♠❛s✐❛❞♦

❛❧t♦✱ ♣♦r ✐ss♦✱ t❡♠♦s s❡❧❡❝✐♦♥❛❞♦ ✉♠❛ ✏❛♠♦str❛✑ ❡ ❡st❛ ❝♦♥té♠ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ t♦❞❛s

❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s✳

❆ s❡❣✉✐r ❞❡s❝r❡✈❡♠✲s❡ ♦s ❞❡t❛❧❤❡s ❞❛ ❝❛❧✐❜r❛çã♦ ❞♦s ❢❛t♦r❡s ✭♦✉ ♣❛râ♠❡tr♦s✮ ❞❡

❝❛❞❛ ✉♠ ❞♦s ❛❧❣♦r✐t♠♦s✳

✻✳✹✳✶ ❈❛❧✐❜r❛çã♦ ❞♦ t✐♠❡s ❛ssí♥❝r♦♥♦s ❤í❜r✐❞♦s ✭❚❆❍✮

❖ ❚❆❍ t❡♠ q✉❛tr♦ ♣❛râ♠❡tr♦s✿ ❚❛♠❛♥❤♦ ❞❛ ♠❡♠ór✐❛ ❝♦♠♣❛rt✐❧❤❛❞❛ (T❴Mc)✱ ✐t❡r❛✲

çõ❡s ❞♦s ❛❣❡♥t❡s (Iter❴Ag)✱ ✐t❡r❛çõ❡s s❡♠ ♠❡❧❤♦r❛ (Iter❴Sm) ❡ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s

t♦t❛✐s ❞♦ ❛❧❣♦r✐t♠♦ (Iter❴Alg)✳ ❆ ❚❛❜❡❧❛ ✻✳✸ ❛♣r❡s❡♥t❛ ♦ ❞❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❢❛t♦r✐❛❧

♠✉❧t✐✲♥í✈❡❧✱ ❡st❛ t❛❜❡❧❛ ❝♦♥té♠ ❝❛❞❛ ✉♠ ❞♦s ❢❛t♦r❡s ✭♣❛râ♠❡tr♦s✮ ❝♦♠ s✉❛ r❡s♣❡❝t✐✈❛

❢❛✐①❛ ❞❡ ❝♦❜❡rt✉r❛ ❡ ♦ ♥ú♠❡r♦ ❞❡ ♥í✈❡✐s ❡st❛❜❡❧❡❝✐❞♦s✳ ❖s ✈❛❧♦r❡s ♠í♥✐♠♦s ❡ ♠á①✐♠♦s

❞❛ ❢❛✐①❛ ❞❡ ❝♦❜❡rt✉r❛ ✭❝♦❧✉♥❛s 2 ❡ 3✮ ❡ ♦ ♥ú♠❡r♦ ❞❡ ♥í✈❡❧ ❞❡ ❝❛❞❛ ❢❛t♦r ✭❝♦❧✉♥❛ 3✮

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

❚❛❜❡❧❛ ✻✳✸✿ ❉❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❢❛t♦r✐❛❧ ♠✉❧t✐✲♥í✈❡❧ ♣❛r❛ ♦ ❚❆❍

❋❛t♦r❡s ▼í♥✐♠♦ ▼á①✐♠♦ ◆í✈❡✐s

T❴Mc ✺ ✷✵ ✸

Iter❴Ag ✹ ✾ ✸

Iter❴Sm ✷✵ ✻✵ ✸

Iter❴Alg ✺✵✵✵✵ ✶✵✵✵✵✵ ✸



✻✳✹✳ ❈❛❧✐❜r❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❞♦s ❛❧❣♦r✐t♠♦s ✺✾

❖ ❞❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧✱ ♦ q✉❛❧ ❢♦✐ r❡❛❧✐③❛❞♦ ♥♦ s♦❢t✇❛r❡ ❙t❛t❣r❛♣❤✐❝s ❈❡♥t✉r✐♦♥

❳❱ ❡♥❝♦♥tr♦✉ 81 ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ✭❝♦♠❜✐♥❛çõ❡s ❞❡ ♣❛râ♠❡tr♦s✮✱ ❡st❛s sã♦

❛♣r❡s❡♥t❛❞❛s ♥❛ ❚❛❜❡❧❛ ❇✳✶ ✭✈❡r ❛♣ê♥❞✐❝❡ ❇✮✳

❆♣ós t❡st❛r t♦❞❛s ❛s ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s ✐♥stâ♥❝✐❛s ❢♦r❛♠

❝❛❧❝✉❧❛❞♦s ♦s ✈❛❧♦r❡s ❞♦ ❘P❉ ❝♦♥❢♦r♠❡ ❛ ❡q✉❛çã♦ ✻✳✶✳

●❡r❛❧♠❡♥t❡ ♦s ❞❡s❡♥❤♦s ❡①♣❡r✐♠❡♥t❛✐s ❡stã♦ ❜❛s❡❛❞♦s ♥❛ ❛♥á❧✐s❡ ❞❡ ✈❛r✐â♥❝✐❛

❆◆❖❱❆✭▼♦♥t❣♦♠❡r② ❬✷✵✵✶❪✮✱ ♣♦ré♠ ❡♠ ❛❧❣✉♥s ❝❛s♦s ♥ã♦ é ♣♦ssí✈❡❧ s❡ ❜❛s❡❛r ♥❡st❛

❛♥á❧✐s❡✱ ❞❛❞♦ q✉❡ ♦s r❡sí❞✉♦s ❞❛ ✈❛r✐á✈❡❧ r❡s♣♦st❛ ❞♦ ❡st✉❞♦ ❡①♣❡r✐♠❡♥t❛❧✱ ❡♠ ♥♦ss♦

❝❛s♦ ♦ ❘P❉✱ ♥ã♦ ❝✉♠♣r❡ ❝♦♠ ❛s s✉♣♦s✐çõ❡s ❞❛ ❆◆❖❱❆ ✭♥♦r♠❛❧✐❞❛❞❡✱ ✐♥❞❡♣❡♥❞ê♥❝✐❛

❡ ❤♦♠♦❣❡♥❡✐❞❛❞❡ ❞❡ ✈❛r✐â♥❝✐❛✮✳ ◆♦ss♦ ❝❛s♦✱ ❛ ✈❛r✐á✈❡❧ r❡s♣♦st❛ ✭r❡sí❞✉♦s ❞♦ ❘P❉✮

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

t❡st❡ ❞❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ✭▼♦♥t❣♦♠❡r② ❬✷✵✵✶❪✮✳

❖ t❡st❡ ❞❡ ❑r✉s❦❛❧✲❲❛❧❧✐s é ✉♠❛ ❡①t❡♥sã♦ ❞♦ t❡st❡ ❞❡ ❲✐❧❝♦①♦♥✲▼❛♥♥✲❲❤✐t♥❡②

✭▼♦♥t❣♦♠❡r② ❬✷✵✵✶❪✮ ❡ é ❛♥á❧♦❣♦ ❛♦ t❡st❡ ❋ ✉t✐❧✐③❛❞♦ ♥❛ ❆◆❖❱❆✳ ❊♥q✉❛♥t♦ ❛ ❆◆❖❱❆

❡stá s✉❥❡✐t❛ ❛♦ ❝✉♠♣r✐♠❡♥t♦ ♦❜r✐❣❛tór✐♦ ❞❛s s✉♣♦s✐çõ❡s✱ ♦ t❡st❡ ❞❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♥ã♦

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

s✉❝❡ss♦✳

❖ t❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s é ✉s❛❞♦ ♣❛r❛ t❡st❛r ❛ ❤✐♣ót❡s❡ ♥✉❧❛ (H0) ❞❡ q✉❡

✏t♦❞❛s ❛s ♠❡❞✐❛♥❛s (Me) ❞❛s ❛♠♦str❛s (1, .., n) sã♦ ✐❣✉❛✐s✑ ❝♦♥tr❛ ❛ ❤✐♣ót❡s❡ ❛❧✲

t❡r♥❛t✐✈❛ (H1) ❞❡ q✉❡ ✏❛♦ ♠❡♥♦s ✉♠❛ ❞❛s ♠❡❞✐❛♥❛s é ❞✐❢❡r❡♥t❡✑✳ ◆♦ss♦ ❝❛s♦✱ ✉♠❛

❛♠♦str❛ é ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❥á ♣❛❞r♦♥✐③❛❞♦s ♦❜t✐❞♦s ♣♦r ✉♠❛ ❝♦♥❞✐çã♦ ❡①♣❡r✐♠❡♥t❛❧✳

❆s ❤✐♣ót❡s❡s (H0) ❡ (H1) sã♦ ❡s❝r✐t❛s ❢♦r♠❛❧♠❡♥t❡ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

H0 : Me1 = Me2 = ... = Men.

H1 : Mei 6= Mej ♣❛r❛ ♣❡❧♦ ♠❡♥♦s ✉♠ ♣❛r i, j.

❖♥❞❡

H0 : ❍✐♣ót❡s❡ ♥✉❧❛✳

H1 : ❍✐♣ót❡s❡ ❛❧t❡r♥❛t✐✈❛✳

Me1 : ▼❡❞✐❛♥❛ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ ❛♠♦str❛ 1✳

Me2 : ▼❡❞✐❛♥❛ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ ❛♠♦str❛ 2✳

Men : ▼❡❞✐❛♥❛ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ ❛♠♦str❛ n✳

Mei ❡ Mej sã♦ ❞✉❛s ♠❡❞✐❛♥❛s q✉❛✐sq✉❡r ✭❞✐❢❡r❡♥t❡s✮ ❞❛s n ❛♠♦str❛s✳

◆♦s t❡st❡s ❡st❛tíst✐❝♦s ❝♦♠♦ ♦ ❑r✉s❦❛❧✲❲❛❧❧✐s✱ ❛ ✐♥❢♦r♠❛çã♦ ♠❛✐s ✐♠♣♦rt❛♥t❡ é ♦



✻✵ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

✈❛❧♦r✲P✳ ❊st❡ ✈❛❧♦r ❡♥❝♦♥tr❛✲s❡ ❛ss♦❝✐❛❞♦ ❝♦♠ ❛s ❤✐♣ót❡s❡s ❡st❛❜❡❧❡❝✐❞❛s✳ ❙❡ ♦ ✈❛❧♦r✲P

é ♠❡♥♦r ♦✉ ✐❣✉❛❧ 0, 05 ❛ ❤✐♣ót❡s❡s ♥✉❧❛ ❡st❛❜❡❧❡❝✐❞❛ ♣❛r❛ ♦ t❡st❡ é r❡❥❡✐t❛❞❛✳ ■st♦

✐♥❞✐❝❛ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛s ❛♠♦str❛s✳ ◆♦ ❝❛s♦ ❞❡ ♦ ✈❛❧♦r✲P

s❡r ♠❛✐♦r q✉❡ 0, 05 ❛ ❤✐♣ót❡s❡ ♥✉❧❛ é ❛❝❡✐t❛✱ ✐st♦ ❛✜r♠❛ q✉❡ ♥ã♦ ❡①✐st❡ ✉♠❛ ❞✐❢❡r❡♥ç❛

❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛s ❛♠♦str❛s✳ ❉❛❞♦ q✉❡ ♦ ✈❛❧♦r✲P ❡stá ❞✐r❡t❛♠❡♥t❡

r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ❛s ♣r♦✈❛s ❞❡ ❤✐♣ót❡s❡s✱ só s❡rá ♥❡❝❡ssár✐♦ ❛ ❡①♣❧✐❝❛çã♦ ❞♦ ✈❛❧♦r✲P ♦✉

❞❛s ❤✐♣ót❡s❡s ❡st❛❜❡❧❡❝✐❞❛s✳

❖ t❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ❛♣❧✐❝❛❞♦ às ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❞♦ ❆❧❣♦r✐t♠♦ ❚❆❍

é ♠♦str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✹✳ ◆❡st❛ t❛❜❡❧❛ ♠♦str❛✲s❡ ❛s 40 ❝♦♥✜❣✉r❛çõ❡s q✉❡ ♦❜t✐✈❡r❛♠

♦s ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s ❝♦♠ r❡❧❛çã♦ à ✈❛r✐á✈❡❧ ❘P❉✱ ❛s 41 ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s

r❡st❛♥t❡s ♥ã♦ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s ❞❛❞♦ q✉❡ ♦❜t✐✈❡r❛♠ ✈❛❧♦r❡s ✭❘P❉✮ ❡①❝❡ss✐✈❛♠❡♥t❡

❛❧t♦s✳ ❖ ❱❛❧♦r✲P❂✵✱✵ ❞♦ t❡st❡ ❣❛r❛♥t❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛s

♠❡❞✐❛♥❛s ❞❛s ❛♠♦str❛s✱ r❡❥❡✐t❛♥❞♦ H0 ❡ s❡❣✉♥❞♦ ❛ ❝♦❧✉♥❛ ❞♦ r❛♥❦✐♥❣ ♠é❞✐♦ ❛ ♠❡❧❤♦r

❝♦♥❞✐çã♦ ❡①♣❡r✐♠❡♥t❛❧ é ❛ CEX❴67 ❝♦♠ r❛♥❦✐♥❣ ❞❡ 66✳

❚❛❜❡❧❛ ✻✳✹✿ ❚❡st❡ ❞❡ ❑r✉s❦❛❧❧✲❲❛❧❧✐s ♣❛r❛ ❛s ❈❊❳ ❞♦ ❚❆❍

❈♦♥❞✐çã♦ ❊①♣✳ ❚❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

CEX❴1 ✶✶✵ ✼✼✱✺✺

CEX❴3 ✶✶✵ ✷✽✹✱✻

CEX❴5 ✶✶✵ ✸✼✾✱✻

CEX❴6 ✶✶✵ ✸✽✸✱✺

CEX❴7 ✶✶✵ ✶✷✺✱✺

CEX❴8 ✶✶✵ ✶✹✼✱✻

CEX❴10 ✶✶✵ ✷✷✼✱✼

CEX❴11 ✶✶✵ ✶✵✹✱✺

CEX❴13 ✶✶✵ ✷✶✶✱✶

CEX❴14 ✶✶✵ ✼✷

CEX❴17 ✶✶✵ ✸✷✵✱✹

CEX❴18 ✶✶✵ ✸✹✹✱✽

CEX❴19 ✶✶✵ ✷✾✷✱✾

CEX❴23 ✶✶✵ ✸✵✵✱✺

CEX❴24 ✶✶✵ ✸✼✾✱✶

CEX❴25 ✶✶✵ ✷✷✻✱✾

CEX❴26 ✶✶✵ ✷✵✸✱✶

CEX❴27 ✶✶✵ ✸✽✶✱✻

❈♦♥t✐♥✉❛ ♥❛ ♣ró①✐♠❛ ♣á❣✐♥❛



✻✳✹✳ ❈❛❧✐❜r❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❞♦s ❛❧❣♦r✐t♠♦s ✻✶

❚❛❜❡❧❛ ✻✳✹ ✕ ❈♦♥t✐♥✉❛çã♦ ❞❛ ♣á❣✐♥❛ ❛♥t❡r✐♦r

❈♦♥❞✐çã♦ ❊①♣✳ ❚❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

CEX❴29 ✶✶✵ ✼✼✱✷✼

CEX❴32 ✶✶✵ ✽✷✱✸✻

CEX❴39 ✶✶✵ ✶✹✵✱✶

CEX❴43 ✶✶✵ ✶✸✽✱✹

CEX❴44 ✶✶✵ ✷✾✻✱✸

CEX❴49 ✶✶✵ ✷✷✾✱✶

CEX❴51 ✶✶✵ ✷✸✽✱✸

CEX❴52 ✶✶✵ ✸✷✶✱✺

CEX❴55 ✶✶✵ ✸✹✹✱✾

CEX❴57 ✶✶✵ ✷✾✸

CEX❴60 ✶✶✵ ✸✵✶

CEX❴65 ✶✶✵ ✸✼✾✱✺

CEX❴66 ✶✶✵ ✼✸

CEX❴67 ✶✶✵ ✻✻

CEX❴68 ✶✶✵ ✶✾✹✱✼

CEX❴69 ✶✶✵ ✷✶✼✱✷

CEX❴70 ✶✶✵ ✷✹✾✱✺

CEX❴72 ✶✶✵ ✶✶✼

CEX❴77 ✶✶✵ ✶✸✼✱✶

CEX❴78 ✶✶✵ ✶✼✻✱✺

CEX❴80 ✶✶✵ ✼✽✱✺✺

CEX❴81 ✶✶✵ ✷✵✺✱✽

❱❛❧♦r✲P ❂ ✵✱✵

❆ ✜♠ ❞❡ t❡r ✉♠❛ ♠❡❧❤♦r ❛♣r❡❝✐❛çã♦ ❞❛s 40 ♠❡❧❤♦r❡s ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s✱ ♦

❣rá✜❝♦ ❞❡ ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❙ ❛❣r✉♣❛❞❛ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✶✳ ◆❡st❡ ❣rá✜❝♦

♣♦❞❡✲s❡ ♦❜s❡r✈❛r ❛ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ q✉❡ ❡①✐st❡ ❡♥tr❡ ❛❧❣✉♠❛s ❝♦♥❞✐✲

çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❝♦♥❝♦r❞❛♥❞♦ ❝♦♠ ♦ ✈❛❧♦r✲P ❞♦ t❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s✳ ◆♦ ❣rá✜❝♦

t❛♠❜é♠ s❡ ❛♣r❡❝✐❛ q✉❡ sã♦ 8 ❛s ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s q✉❡ ❛♣r❡s❡♥t❛♠ ♦s ♠❡♥♦r❡s

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

❝✐♦♥❛r q✉❛❧q✉❡r ✉♠❛ ❞❡st❛ 8 ❝♦♥❞✐çõ❡s✱ ♣♦ré♠ ♣❛r❛ ♦ ❆❧❣♦r✐t♠♦ ❚❆❍ s❡❧❡❝✐♦♥❛♠♦s ❛

q✉❡ ❛♣r❡s❡♥t❛ ♦ ♠❡♥♦r r❛♥❦✐♥❣ ♠é❞✐♦ ✭✻✻✮ s❡♥❞♦ ❛ ❝♦♥❞✐çã♦ ❡①♣❡r✐♠❡♥t❛❧ CEX❴67✿

T❴Mc = 20✱ Iter❴Ag = 9✱ Iter❴Sm = 40✱ Iter❴Alg = 50000✳



✻✷ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

Condições-Experimentais
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-2

8

18

28

38

48

❋✐❣✉r❛ ✻✳✶✿ ■♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❙ ❛❣r✉♣❛❞❛ ♣❛r❛ às ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❞♦
❚❆❍

✻✳✹✳✷ ❈❛❧✐❜r❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ❛❧❣♦r✐t♠♦ ■●✰❍❘

◆❛ ❝❛❧✐❜r❛çã♦ ❞❡st❡ ❛❧❣♦r✐t♠♦ ❤í❜r✐❞♦ só é ♥❡❝❡ssár✐♦ ❝❛❧✐❜r❛r ♦ ■●✱ ♣♦✐s ❛ ❍❘ ♥ã♦

t❡♠ ♣❛râ♠❡tr♦s✳ P♦ré♠ ♥❛ ❡①❡❝✉çã♦ ❞♦s ♣r♦❜❧❡♠❛s ❛ ❤❡✉ríst✐❝❛ ❍❘ é ❝♦♥s✐❞❡r❛❞❛✱

❞❡❝✐sõ❡s ❞❡st❛ ♣♦❞❡♠ ❛❢❡t❛r ❞✐r❡t❛♠❡♥t❡ ♥♦ ■●✳

❖ ■● t❡♠ 3 ♣❛râ♠❡tr♦s ❛ s❡r❡♠ ❝❛❧✐❜r❛❞♦s✿ ♣❛râ♠❡tr♦ ❞❡ ❞❡str✉✐çã♦ (d)✱ ♥ú✲

♠❡r♦s ✐t❡r❛çõ❡s ❞❛ ❜✉s❝❛ ❧♦❝❛❧ (Iter❴Bl) ❡ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s t♦t❛✐s ❞♦ ❛❧❣♦r✐t♠♦

(Iter❴Alg)✳ ❋♦✐ r❡❛❧✐③❛❞♦ ✉♠ ❞❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❢❛t♦r✐❛❧ ♠✉❧t✐✲♥í✈❡❧ ❡ ♦s ❞❛❞♦s ❞❡

❡♥tr❛❞❛ r❡q✉❡r✐❞♦s ♣♦r ❡st❡✱ sã♦ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✺✳ ◆❛ ♣r✐♠❡✐r❛ ❝♦❧✉♥❛ ❡♥❝♦♥tr❛✲

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

♠á①✐♠♦ ❞❛ ❢❛✐①❛ ❞❡ ❝♦❜❡rt✉r❛ ❞❡ ❝❛❞❛ ❢❛t♦r ❡ ❛ ú❧t✐♠❛ ❝♦❧✉♥❛ ♠♦str❛ ♦ ♥ú♠❡r♦ ❞❡

♥í✈❡✐s ❡st❛❜❡❧❡❝✐❞♦s ♣♦r ❢❛t♦r✳

❚❛❜❡❧❛ ✻✳✺✿ ❉❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❢❛t♦r✐❛❧ ♠✉❧t✐✲♥í✈❡❧ ♣❛r❛ ♦ ■●✰❍❘

❋❛t♦r❡s ▼í♥✐♠♦ ▼á①✐♠♦ ◆í✈❡✐s

d ✵✱✸◆ ✵✱✼◆ ✸

Iter❴Bl ✹ ✾ ✸

Iter❴Alg ✷✵ ✻✵ ✸

❖ ❞❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❢❛t♦r✐❛❧ ♠✉❧t✐✲♥í✈❡❧ ❛❝❤♦✉ 27 ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s✱

❡st❛s sã♦ ♠♦str❛❞❛s ♥❛ ❚❛❜❡❧❛ ❇✳✷ ✭✈❡r ❆♣ê♥❞✐❝❡ ❇✮



✻✳✹✳ ❈❛❧✐❜r❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❞♦s ❛❧❣♦r✐t♠♦s ✻✸

❈❛❞❛ ❝♦♥❞✐çã♦ ❡①♣❡r✐♠❡♥t❛❧ ❞♦ ■●✰❍❘ ❢♦✐ ❡①❡❝✉t❛❞❛ ♣❛r❛ ❝❛❞❛ ❝❧❛ss❡ ❞❡

✐♥stâ♥❝✐❛✱ ♦s ✈❛❧♦r❡s ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♦❜t✐❞♦s ❢♦r❛♠ ♣❛❞r♦♥✐③❛❞♦s ❝♦♥❢♦r♠❡ ♦ ❘P❉✱

❡q✉❛çã♦ ✻✳✶✳

❊st❛ ❝❛❧✐❜r❛çã♦ t❛♠❜é♠ é ❜❛s❡❛❞❛ ♥♦ t❡st❡ ❞❡ ❑r✉s❦❛❧✲❲❛❧❧✐s✱ ❝✉❥♦ r❡s✉❧t❛❞♦

é ♠♦str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✻✳ ❖ t❡st❡ ♠♦str❛ ✉♠ ❱❛❧♦r✲P ✐❣✉❛❧ à ③❡r♦ ✐♥❞✐❝❛♥❞♦ ✉♠❛

❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛s ♠❡❞✐❛♥❛s ❞❛s ❛♠♦str❛s✱ s❡♥❞♦ ❛s ❛♠♦str❛s

♦s ❞❛❞♦s ♦❜t✐❞♦s ♣♦r ❝❛❞❛ ❝♦♥❞✐çã♦ ❡①♣❡r✐♠❡♥t❛❧✳ ❙❡❣✉♥❞♦ ♦ r❛♥❦✐♥❣ ♠é❞✐♦ ✭❝♦❧✉♥❛

três ❞❛ ❚❛❜❡❧❛ ✻✳✻✮✱ três ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❛♣r❡s❡♥t❛♠ ♠❡♥♦r❡s ✈❛❧♦r❡s q✉❡ ❛s

r❡st❛♥t❡s✱ ❡st❛s ❝♦♥❞✐çõ❡s sã♦ 0, 5N − 6 − 80✱ 0, 5N − 6 − 20 ❡ 0, 3N − 4 − 20 ❝♦♠

r❛♥❦✐♥❣s ♠é❞✐♦s ❞❡ 47.5✱ 47.5 ❡ 59 r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❚❛❜❡❧❛ ✻✳✻✿ ❚❡st❡ ❞❡ ❑r✉s❦❛❧❧✲❲❛❧❧✐s ♣❛r❛ ❛s ❈❊❳ ❞♦ ■●✰❍❘

❈♦♥❞✐çã♦ ❊①♣✳ ❚❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

0, 3N − 8− 50 ✶✶✵ ✼✾✱✸

0, 7N − 8− 80 ✶✶✵ ✷✷✽✱✺

0, 3N − 6− 20 ✶✶✵ ✾✷✱✺

0, 3N − 4− 80 ✶✶✵ ✽✻✱✶✺

0, 3N − 4− 20 ✶✶✵ ✺✾

0, 5N − 8− 20 ✶✶✵ ✷✷✶

0, 3N − 8− 20 ✶✶✵ ✷✵✷✱✸

0, 7N − 4− 50 ✶✶✵ ✾✵✱✹

0, 5N − 4− 80 ✶✶✵ ✾✵✱✹

0, 3N − 4− 50 ✶✶✵ ✶✻✵✱✶

0, 7N − 6− 20 ✶✶✵ ✷✸✻✱✾

0, 7N − 4− 20 ✶✶✵ ✼✽✱✺

0, 7N − 8− 50 ✶✶✵ ✶✵✾✱✹

0, 7N − 6− 80 ✶✶✵ ✶✵✾✱✹

0, 5N − 4− 20 ✶✶✵ ✷✵✼✱✼

0, 7N − 4− 80 ✶✶✵ ✶✷✹✱✸

0, 5N − 4− 50 ✶✶✵ ✼✼✱✼

0, 5N − 6− 20 ✶✶✵ ✹✼✱✺

0, 5N − 6− 80 ✶✶✵ ✹✼✱✺

0, 5N − 6− 50 ✶✶✵ ✶✸✺

0, 3N − 8− 80 ✶✶✵ ✷✷✻✱✾

0, 7N − 8− 20 ✶✶✵ ✾✾✱✺

❈♦♥t✐♥✉❛ ♥❛ ♣ró①✐♠❛ ♣á❣✐♥❛



✻✹ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

❚❛❜❡❧❛ ✻✳✻ ✕ ❈♦♥t✐♥✉❛çã♦ ❞❛ ♣á❣✐♥❛ ❛♥t❡r✐♦r

❈♦♥❞✐çã♦ ❊①♣✳ ❚❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

0, 3N − 6− 50 ✶✶✵ ✷✸✶✱✺

0, 3N − 6− 80 ✶✶✵ ✶✸✼

0, 7N − 6− 50 ✶✶✵ ✶✸✼

0, 5N − 8− 50 ✶✶✵ ✶✸✷✱✶

0, 5N − 8− 80 ✶✶✵ ✷✶✶

❱❛❧♦r✲P ❂ ✵✱✵

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

♥❛ ❋✐❣✉r❛ ✻✳✷ ♠♦str❛✲s❡ ♦ ❣rá✜❝♦ ❞❡ ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❙ ❛❣r✉♣❛❞❛ ♣♦r ❝♦♥❞✐çã♦

❡①♣❡r✐♠❡♥t❛❧✱ ❡st❡ ❣rá✜❝♦ ♠♦str❛ q✉❡ ❞❡✜♥✐t✐✈❛♠❡♥t❡ ❛s três ❝♦♥❞✐çõ❡s ♠❡♥❝✐♦♥❛❞❛s

❛❝✐♠❛ sã♦ ❛s q✉❡ ♦❜t✐✈❡r❛♠ ♦s ♠❡♥♦r❡s ❘P❉s✳ P❛r❛ ♦ ❛❧❣♦r✐t♠♦ ■●✰❍❘ s❡❧❡❝✐♦♥❛♠♦s

❛ ❝♦♥❞✐çã♦ ❡①♣❡r✐♠❡♥t❛❧ q✉❡ ❛♣r❡s❡♥t❛ ♦ ♠❡♥♦r r❛♥❦✐♥❣ ♠é❞✐♦✱ s❡♥❞♦ ❛ d = 0, 5N ✱

Iter❴Bl = 6✱ Iter❴Alg = 80✳

Condições0Experimentais

R
P

D
8

Intervalos0de0confiança06S0agrupada2

0
13

N
X8

X5
0

0
17

N
X8

X8
0

0
13

N
X6

X2
0

0
13

N
X4

X8
0

0
13

N
X4

X2
0

0
15

N
X8

X2
0

0
13

N
X8

X2
0

0
17

N
X4

X5
0

0
15

N
X4

X8
0

0
13

N
X4

X5
0

0
17

N
X6

X2
0

0
17

N
X4

X2
0

0
17

N
X8

X5
0

0
17

N
X6

X8
0

0
15

N
X4

X2
0

0
17

N
X4

X8
0

0
15

N
X4

X5
0

0
15

N
X6

X2
0

0
15

N
X6

X8
0

0
15

N
X6

X5
0

0
13

N
X8

X8
0

0
17

N
X8

X2
0

0
13

N
X6

X5
0

0
13

N
X6

X8
0

0
17

N
X6

X5
0

0
15

N
X8

X5
0

0
15

N
X8

X8
0

0
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12

15

18
6X00100012

❋✐❣✉r❛ ✻✳✷✿ ■♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❙ ❛❣r✉♣❛❞❛ ♣❛r❛ às ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❞♦
■●✰❍❘

✻✳✹✳✸ ❈❛❧✐❜r❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞❛ ❤❡✉ríst✐❝❛ ■●✰▼❉▲

❖ ■●✰▼❉▲ t❡♠ 4 ♣❛râ♠❡tr♦s✿ ♦s ❜ás✐❝♦s ❞♦ IG✱ ♣❛râ♠❡tr♦ ❞❡ ❞❡str✉✐çã♦ (d)✱ ♥ú✲

♠❡r♦ ✐t❡r❛çõ❡s ❞❛ ❜✉s❝❛ ❧♦❝❛❧ (Iter❴Bl) ❡ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s t♦t❛✐s ❞♦ ❛❧❣♦r✐t♠♦

✭Iter❴Alg✮✱ ❛❧é♠ ❞❡st❡s✱ é ♥❡❝❡ssár✐♦ ❛ ❝❛❧✐❜r❛çã♦ ❞♦ ♣❛râ♠❡tr♦s ❞❛s ✐t❡r❛çõ❡s ❞♦▼❉▲

✭Iter❴MDL✮✳ ❘❡❛❧✐③♦✉✲s❡ t❛♠❜é♠ ✉♠ ❞❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❢❛t♦r✐❛❧ ♠✉❧t✐✲♥í✈❡❧✱ ♦s

❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ♣❛r❛ r❡❛❧✐③❛r ❡st❡ ❡①♣❡r✐♠❡♥t♦ sã♦ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✼✳



✻✳✹✳ ❈❛❧✐❜r❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❞♦s ❛❧❣♦r✐t♠♦s ✻✺

❚❛❜❡❧❛ ✻✳✼✿ ❉❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❢❛t♦r✐❛❧ ♠✉❧t✐✲♥í✈❡❧ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ■●✰▼❉▲

❋❛t♦r❡s ▼í♥✐♠♦ ▼á①✐♠♦ ◆í✈❡✐s

d ✵✱✷◆ ✵✱✹◆ ✸

Iter❴Bl ✸ ✺ ✸

Iter❴MDL ✹ ✻ ✸

Iter❴Alg ✶✵✵ ✷✵✵ ✸

❇❛s❡❛❞♦s ♥♦s ❞❛❞♦s ❞❛ t❛❜❡❧❛ ✻✳✼✱ ❢♦r❛♠ ❛❝❤❛❞❛s 81 ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s

♣❡❧♦ ❞❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❢❛t♦r✐❛❧ ♠✉❧t✐✲♥í✈❡❧✱ ❡st❛s sã♦ ♠♦str❛❞❛s ♥❛ ❚❛❜❡❧❛ ❇✳✸ ✭✈❡r

❆♣ê♥❞✐❝❡ ❇✮✳

❆♣ós t❡st❛r t♦❞❛s ❛s ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❡♠ ❝❛❞❛ ✉♠❛ ❞❛s ❝❧❛ss❡s ❞❡ ✐♥s✲

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

♦ ❘P❉✳ ▲♦❣♦✱ é r❡❛❧✐③❛❞♦ ♦ t❡st❡ ❞❡ ❑r✉s❦❛❧✲❲❛❧❧✐s✱ ♦ q✉❛❧ é ♠♦str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✽✱

♥❡st❛ t❛❜❡❧❛ sã♦ ♠♦str❛❞❛s ❛s 40 ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s q✉❡ ♦❜t✐✈❡r❛♠ ♦s ♠❡❧❤♦r❡s

r❡s✉❧t❛❞♦s✱ ❛s 41 r❡st❛♥t❡s ♥ã♦ ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞❛s ❥á q✉❡ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣♦r ❡st❛s

❢♦r❛♠ ❡①❝❡ss✐✈❛♠❡♥t❡ ❛❧t♦s✳

❚❛❜❡❧❛ ✻✳✽✿ ❚❡st❡ ❞❡ ❑r✉s❦❛❧❧✲❲❛❧❧✐s ♣❛r❛ ❛s ❈❊❳ ❞♦ ■●✰▼❉▲

❈♦♥❞✐çã♦ ❊①♣✳ ❚❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

CEX❴1 ✶✵ ✷✻✺✱✶

CEX❴2 ✶✵ ✻✵✱✸

CEX❴3 ✶✵ ✸✸✺✱✻

CEX❴5 ✶✵ ✷✻✼✱✾

CEX❴6 ✶✵ ✷✺✶✱✺

CEX❴8 ✶✵ ✹✼✱✽

CEX❴10 ✶✶✵ ✸✷✵✱✺

CEX❴12 ✶✶✵ ✷✾✸✱✸

CEX❴14 ✶✶✵ ✷✼✼✱✼

CEX❴16 ✶✶✵ ✶✸✱✾✺

CEX❴17 ✶✶✵ ✷✻✼✱✻

CEX❴19 ✶✶✵ ✸✵✼

CEX❴20 ✶✶✵ ✶✺✱✽

CEX❴22 ✶✶✵ ✶✾✾✱✸

CEX❴24 ✶✶✵ ✸✻✶✱✻

CEX❴26 ✶✶✵ ✾✺✱✻

CEX❴28 ✶✶✵ ✸✵✸✱✾

❈♦♥t✐♥✉❛ ♥❛ ♣ró①✐♠❛ ♣á❣✐♥❛



✻✻ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

❚❛❜❡❧❛ ✻✳✽ ✕ ❈♦♥t✐♥✉❛çã♦ ❞❛ ♣á❣✐♥❛ ❛♥t❡r✐♦r

❈♦♥❞✐çã♦ ❊①♣✳ ❚❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

CEX❴30 ✶✶✵ ✶✽✷✱✹

CEX❴35 ✶✶✵ ✷✶✱✻✺

CEX❴36 ✶✶✵ ✸✶✼✱✶

CEX❴37 ✶✶✵ ✶✵✵

CEX❴42 ✶✶✵ ✷✺✵✱✶

CEX❴46 ✶✶✵ ✸✶✻✱✶

CEX❴51 ✶✶✵ ✾✵✱✾

CEX❴53 ✶✶✵ ✶✹✺✱✸

CEX❴55 ✶✶✵ ✺✶✱✺

CEX❴56 ✶✶✵ ✶✻✾✱✽

CEX❴57 ✶✶✵ ✸✷✸✱✾

CEX❴58 ✶✶✵ ✸✼✽✱✸

CEX❴59 ✶✶✵ ✶✹✺✱✼

CEX❴61 ✶✶✵ ✸✶✵

CEX❴62 ✶✶✵ ✺✾✱✸

CEX❴64 ✶✶✵ ✶✾✽✱✽

CEX❴65 ✶✶✵ ✷✶✼✱✽

CEX❴68 ✶✶✵ ✸✹✷✱✶

CEX❴71 ✶✶✵ ✶✺✹✱✹

CEX❴73 ✶✶✵ ✶✼✹✱✸

CEX❴77 ✶✶✵ ✶✹✾✱✸

CEX❴79 ✶✶✵ ✺✸✱✼

CEX❴81 ✶✶✵ ✶✽✸

❱❛❧♦r✲P ❂ ✵✱✵

❙❡❣✉♥❞♦ ❛ t❡r❝❡✐r❛ ❝♦❧✉♥❛ ✭r❛♥❦✐♥❣ ♠é❞✐♦✮ ❞❛ t❛❜❡❧❛ ❞♦ t❡st❡ ❑r✉s❦❛❧❧✲❲❛❧❧✐s ❡①✐s✲

t❡♠ 2 ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s q✉❡ ♦❜tê♠ ✈❛❧♦r❡s ♠✉✐t♦ ♠❡♥♦r❡s ❝♦♠ r❡❧❛çã♦ às ♦✉tr❛s

❝♦♥❞✐çõ❡s✳ ❊st❛s ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s sã♦✿ CEX❴16 ❡ CEX❴20 ❝♦♠ r❛♥❦✐♥❣ ♠é✲

❞✐♦s ❞❡ 13, 95 ❡ 15, 8 r❡s♣❡❝t✐✈❛♠❡♥t❡✳ P❛r❛ ❛❥✉❞❛r ❛ s❡❧❡❝✐♦♥❛r ❛ ♠❡❧❤♦r ❝♦♥❞✐çã♦✱ ♦

❣rá✜❝♦ ✻✳✸ ♠♦str❛ ♦s ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❙ ❛❣r✉♣❛❞❛ ❞❡ ❝❛❞❛ ❝♦♥❞✐çã♦ ❡①♣❡r✐♠❡♥t❛❧✳

◆❡st❡ ❣rá✜❝♦ s❡ ❛♣r❡❝✐❛♠ 11 ❝♦♥❞✐çõ❡s q✉❡ ❛♣r❡s❡♥t❛♠ ✈❛❧♦r❡s r❡❧❛t✐✈❛♠❡♥t❡ ♠❡♥♦r❡s

❡ ♣ró①✐♠♦s ❡♥tr❡ s✐✱ ❛ss✐♠✱ ❡♥tr❡ ❡st❛s ❝♦♥❞✐çõ❡s ♥ã♦ ❡①✐st❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ s✐❣♥✐✜❝❛t✐✈❛✱

♣♦rt❛♥t♦✱ ♣❛r❛ ♦ ♣r♦❝❡❞✐♠❡♥t♦ IG+MDL s❡❧❡❝✐♦♥❛♠♦s ❛ ❝♦♥❞✐çã♦ ❡①♣❡r✐♠❡♥t❛❧ q✉❡

❛♣r❡s❡♥t♦✉ ♦ ♠❡♥♦r r❛♥❦✐♥❣ ♠é❞✐♦✱ s❡♥❞♦ ❛ CEX❴16 ❝♦♠✿ d = 0, 2✱ Iter❴Bl = 5✱

Iter❴MDL = 4✱ Iter❴Alg = 200✳



✻✳✹✳ ❈❛❧✐❜r❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❞♦s ❛❧❣♦r✐t♠♦s ✻✼
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❋✐❣✉r❛ ✻✳✸✿ ■♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❙ ❛❣r✉♣❛❞❛ ♣❛r❛ às ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❞♦
■●✰▼❉▲

✻✳✹✳✹ ❈❛❧✐❜r❛çã♦ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ❛❧❣♦r✐t♠♦ IG+ F✫O

❆ ❝❛❧✐❜r❛çã♦ ❞❡st❡ ♣r♦❝❡❞✐♠❡♥t♦ é s✐♠✐❧❛r às r❡❛❧✐③❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡✳ ❖ ■●✰❋&❖✱

❝♦♠♦ ♦ ❛❧❣♦r✐t♠♦ ■●✰▼❉▲✱ ❝♦♥té♠ ♦s ♣❛râ♠❡tr♦s ❜ás✐❝♦s ❞♦ ■● ✿ ♣❛râ♠❡tr♦s ❞❡ ❞❡s✲

tr✉✐çã♦ (d)✱ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s ❞❛ ❜✉s❝❛ ❧♦❝❛❧ (Iter❴Bl)✱ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s t♦t❛✐s

❞♦ ❛❧❣♦r✐t♠♦ (Iter❴Alg)✱ ❛❧é♠ ❞❡st❡s ♣❛râ♠❡tr♦s✱ ♦ ■●✰❋&❖ ❝♦♥té♠ ♦ ♥ú♠❡r♦ ❞❡

♣r♦❞✉t♦s (n❴Sub) ❛ ❢♦r♠❛r ♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ ♣r♦❞✉t♦s ❛ s❡r❡♠ ♦t✐♠✐③❛❞♦s✳ ❘❡❛❧✐③♦✉✲

s❡ t❛♠❜é♠ ✉♠ ❞❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ❢❛t♦r✐❛❧ ♠✉❧t✐✲♥í✈❡❧✳ ❖s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ♣❛r❛

❡st❡ ❡①♣❡r✐♠❡♥t♦ sã♦ ♠♦str❛❞♦s ♥❛ ❚❛❜❡❧❛ ✻✳✾✳

❚❛❜❡❧❛ ✻✳✾✿ ❉❡s❡♥❤♦ ❡①♣❡r✐♠❡♥t❛❧ ♠✉❧t✐✲♥í✈❡❧ ♣❛r❛ ♦ IG+ F✫O

❋❛t♦r❡s ▼í♥✐♠♦ ▼á①✐♠♦ ◆í✈❡✐s

d ✵✱✷◆ ✵✱✹ ◆ ✸

Iter❴Bl ✸ ✼ ✸

n❴Sub ✵✱✷◆ ✵✱✹◆ ✸

Iter❴Alg ✶✵✵ ✷✵✵ ✸

❈♦♠ ♦s ❞❛❞♦s ❞❛ ❚❛❜❡❧❛ ✻✳✾✱ ❢♦r❛♠ ♦❜t✐❞❛s 81 ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s✱ ❛s q✉❛✐s

sã♦ ♠♦str❛❞❛s ♥❛ ❚❛❜❡❧❛ ❇✳✹ ✭✈❡r ❆♣ê♥❞✐❝❡ ❇✮✳

❉❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♥♦s ❡①♣❡r✐♠❡♥t♦s ❛♥t❡r✐♦r❡s ❢♦✐ r❡❛❧✐③❛❞♦ ♦ t❡st❡ ❞❡ ❑r✉s❦❛❧✲

❲❛❧❧✐s ♣❛r❛ ❛s 40♠❡❧❤♦r❡s ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s✳ ❖ t❡st❡ é ♠♦str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✶✵✱

♥❛ ú❧t✐♠❛ ❝♦❧✉♥❛ ❞❡st❛ t❛❜❡❧❛✱ ❞✉❛s ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❛♣r❡s❡♥t❛♠ ♦s ♠❡♥♦r❡s



✻✽ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

r❛♥❦✐♥❣ ♠é❞✐♦s✱ r❡❧❛t✐✈❛♠❡♥t❡ ♣ró①✐♠♦s ❡♥tr❡ s✐✱ ❡ ❜❡♠ ❞✐st❛♥t❡s ❞❛s ♦✉tr❛s ❝♦♥❞✐çõ❡s

❡①♣❡r✐♠❡♥t❛✐s✳ P❛r❛ ❛❥✉❞❛r ❛ s❡❧❡❝✐♦♥❛r ❛ ♠❡❧❤♦r ❝♦♥❞✐çã♦ ❡①♣❡r✐♠❡♥t❛❧ é ♠♦str❛❞♦

♦ ❣rá✜❝♦ ❞❡ ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❙ ❛❣r✉♣❛❞❛ ✭❋✐❣✉r❛ ✻✳✹✮✳ ◆♦ ❣rá✜❝♦ s❡ ♦❜s❡r✈❛♠

10 ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s q✉❡ ❛♣r❡s❡♥t❛♠ ✈❛❧♦r❡s r❡❧❛t✐✈❛♠❡♥t❡ ♠❡♥♦r❡s✱ ♣♦ré♠✱ ♥ã♦

❡①✐st❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❡st❛s✱ ❛ss✐♠✱ é ✐♥❞✐❢❡r❡♥t❡ s❡❧❡❝✐♦♥❛r q✉❛❧q✉❡r

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

r❛♥❦✐♥❣ ♠é❞✐♦✱ s❡♥❞♦ ❛ CEX❴26 ❝♦♠✿ d = 0, 2N ✱ Iter❴Bl = 3✱ n❴Sub = 0, 3N ✱

Iter❴Alg = 200✳

❚❛❜❡❧❛ ✻✳✶✵✿ ❚❡st❡ ❞❡ ❑r✉s❦❛❧❧✲❲❛❧❧✐s ♣❛r❛ ❛s ❈❊❳ ❞♦ ■●✰❋&❖

❈♦♥❞✐çã♦ ❊①♣✳ ❚❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

CEX❴2 ✶✶✵ ✸✸✽✱✽

CEX❴3 ✶✶✵ ✶✹✼✱✼

CEX❴7 ✶✶✵ ✶✻✽✱✼

CEX❴8 ✶✶✵ ✶✹✷✱✸

CEX❴9 ✶✶✵ ✹✽

CEX❴13 ✶✶✵ ✶✼✽✱✶

CEX❴15 ✶✶✵ ✸✶✽✱✻

CEX❴19 ✶✶✵ ✸✶✵✱✽

CEX❴21 ✶✶✵ ✷✼✺✱✾

CEX❴25 ✶✶✵ ✶✸✱✹✺

CEX❴26 ✶✶✵ ✶✺

CEX❴27 ✶✶✵ ✶✾✺✱✶

CEX❴35 ✶✶✵ ✶✸✽✱✷

CEX❴37 ✶✶✵ ✷✻✻✱✼

CEX❴39 ✶✶✵ ✸✻✵✱✼

CEX❴41 ✶✶✵ ✹✺✱✽

CEX❴42 ✶✶✵ ✸✵✺✱✹

CEX❴43 ✶✶✵ ✽✺✱✻

CEX❴44 ✶✶✵ ✸✷✷✱✽

CEX❴45 ✶✶✵ ✸✵✶✱✺

CEX❴47 ✶✶✵ ✶✼✼✱✷

CEX❴51 ✶✶✵ ✸✼✼✱✻

CEX❴52 ✶✶✵ ✷✵✱✺✺

CEX❴56 ✶✶✵ ✷✹✾✱✸

CEX❴57 ✶✶✵ ✶✾✹✱✻

❈♦♥t✐♥✉❛ ♥❛ ♣ró①✐♠❛ ♣á❣✐♥❛



✻✳✹✳ ❈❛❧✐❜r❛çã♦ ❞❡ ♣❛râ♠❡tr♦s ❞♦s ❛❧❣♦r✐t♠♦s ✻✾

❚❛❜❡❧❛ ✻✳✶✵ ✕ ❈♦♥t✐♥✉❛çã♦ ❞❛ ♣á❣✐♥❛ ❛♥t❡r✐♦r

❈♦♥❞✐çã♦ ❊①♣✳ ❚❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

CEX❴58 ✶✶✵ ✾✵

CEX❴59 ✶✶✵ ✶✻✸✱✾

CEX❴60 ✶✶✵ ✸✶✺

CEX❴61 ✶✶✵ ✽✵✱✾

CEX❴63 ✶✶✵ ✶✸✽✱✻

CEX❴64 ✶✶✵ ✸✵✼✱✾

CEX❴65 ✶✶✵ ✺✷✱✹

CEX❴68 ✶✶✵ ✸✶✺✱✹

CEX❴69 ✶✶✵ ✷✶✺✱✷

CEX❴70 ✶✶✵ ✷✻✸✱✻

CEX❴71 ✶✶✵ ✺✸✱✸

CEX❴74 ✶✶✵ ✸✸✹✱✻

CEX❴75 ✶✶✵ ✷✻✻✱✹

CEX❴76 ✶✶✵ ✷✺✵

CEX❴77 ✶✶✵ ✶✼✹✱✹

❱❛❧♦r✲P ❂ ✵✱✵
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❋✐❣✉r❛ ✻✳✹✿ ■♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❙ ❛❣r✉♣❛❞❛ ♣❛r❛ às ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❞♦
■●✰❋&❖



✼✵ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

✻✳✺ ❘❡s✉❧t❛❞♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

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

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

r❡s✉❧t❛❞♦s ❝♦♠♣❧❡t♦s✱ s❡♥❞♦ ♦ ✈❛❧♦r ❛❜s♦❧✉t♦ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❞♦ ♠♦❞❡❧♦ ♠❛t❡♠á✲

t✐❝♦✱ ♦s ✈❛❧♦r❡s ♠é❞✐♦s ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♦❜t✐❞♦s ♣❡❧❛s ❤❡✉ríst✐❝❛s ❞❛ ❧✐t❡r❛t✉r❛ ✭❚❆❍✱

❍❘✮ ❡ ❞♦s ❛❧❣♦r✐t♠♦s ♣r♦♣♦st♦s ✭■●✰❍❘✱ ■●✰▼❉▲✱ ■●✰❋&❖✮✱ sã♦ ♠♦str❛❞♦s ♥♦

❆♣ê♥❞✐❝❡ ❈✳ ❖s r❡s✉❧t❛❞♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s sã♦ ❞✐✈✐❞✐❞♦s ❡♠ três ❛♥á❧✐s❡s ❡st❛tíst✐❝❛s✳

❆♥á❧✐s❡ ♣❛r❛ ❛s 20 ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❣❡r❛❞❛s ❝♦♥❢♦r♠❡ ❛ ❧✐t❡r❛t✉r❛✱ ✐♥stâ♥❝✐❛s q✉❡

✈❛r✐❛♠ ❡♥tr❡ ❛s ❞✐♠❡♥sõ❡s (3, 3, 3) ❛ (15, 15, 15)✳ ❊st❛s ✐♥stâ♥❝✐❛s sã♦ ❞✐✈✐❞✐❞❛s ❡♠

❝❧❛ss❡s ❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦ ♣♦rt❡✳ ❆s ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡✱ ✈❛r✐❛♠

♥♦s t❛♠❛♥❤♦s ❞❡ (3, 3, 3) ❛ (7, 7, 7)✳ ❆s ❝❧❛ss❡s ❞❡ ♠é❞✐♦ ♣♦rt❡ ✈❛r✐❛♠ ♥♦s t❛♠❛♥❤♦s

❞❡ (5, 5, 10) ❛ (15, 15, 15)✳ ❆ s❡❣✉♥❞❛ ❛♥á❧✐s❡ ❝♦♥s✐❞❡r❛ ❛s 81 ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s

♣r♦♣♦st❛s✱ ❝♦♥s✐❞❡r❛❞❛s ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡✱ ❡ ✐♥✐❝✐❛♠ ❝♦♠ ❛ ❝❧❛ss❡ (20, 10, 10) ❡

✜♥❛❧✐③❛♠ ♥❛ ❝❧❛ss❡ (60, 20, 20)✳ ❋✐♥❛❧♠❡♥t❡ é r❡❛❧✐③❛❞♦ ♠❛✐s ✉♠❛ ❛♥á❧✐s❡ ❝♦♥s✐❞❡r❛♥❞♦

t♦❞❛s ❛s 101 ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s✳

✻✳✺✳✶ ❆♥á❧✐s❡s ❞♦s r❡s✉❧t❛❞♦s ❞❛s ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ❡

♠é❞✐♦ ♣♦rt❡

❈♦♠♦ ❢♦✐ ❞✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❘❛♠❡③❛♥✐❛♥ ✫ ❙❛✐❞✐✲▼❡❤r❛❜❛❞ ❬✷✵✶✸❪ ❢♦r♠✉❧❛r❛♠ ♦

♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣❛r❛ ♦ P❉❙▲❋❙✳ P♦ré♠ ❡st❡ só r❡s♦❧✈❡ ♦t✐♠❛♠❡♥t❡ ❛s ✐♥stâ♥❝✐❛s

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

✐♥❝❧✉s♦ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✱ ❢♦✐ ✐♠♣♦st♦ ✉♠ t❡♠♣♦ ♠á①✐♠♦ ❞❡ 3600 s❡❣✉♥❞♦s✱ ✉s❛❞♦

t❛♠❜é♠ ❝♦♠♦ t❡♠♣♦ ♠á①✐♠♦ ❡♠ ❘❛♠❡③❛♥✐❛♥ ✫ ❙❛✐❞✐✲▼❡❤r❛❜❛❞ ❬✷✵✶✸❪✳

P❛r❛ ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡✱ ❛ ❚❛❜❡❧❛ ✻✳✶✶ ♠♦str❛ ❛ ♠é❞✐❛ ❞♦s

✈❛❧♦r❡s ót✐♠♦s ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❡♥❝♦♥tr❛❞♦ ♣❡❧♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ✭❝♦❧✉♥❛ ▼■P✮✳

❆❧é♠ ❞✐ss♦✱ ♥❡st❛ t❛❜❡❧❛ ♠♦str❛✲s❡ ♦ ✈❛❧♦r ♠é❞✐♦ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♣♦r ❝❧❛ss❡ ❞❡

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



✻✳✺✳ ❘❡s✉❧t❛❞♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ✼✶

❚❛❜❡❧❛ ✻✳✶✶✿ ▼é❞✐❛ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡
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P❛r❛ ✉♠❛ ♠❡❧❤♦r ✐♥t❡r♣r❡t❛çã♦ ❞♦s r❡s✉❧t❛❞♦s✱ ♥❛ ❚❛❜❡❧❛ ✻✳✶✷ s❡ ♠♦str❛♠ ♦s

❘P❉✪ ♠é❞✐♦s ♣♦r ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡✳ ◆❡st❛ t❛❜❡❧❛ ♣♦❞❡ s❡r ♦❜s❡r✲

✈❛❞♦ q✉❡ ♦ ❛❧❣♦r✐t♠♦ ■●✰❋&❖ ♥❛s ♥♦✈❡ ❝❧❛ss❡s ❞❡ ♣r♦❜❧❡♠❛s ♦❜té♠ ✉♠ ❡rr♦ r❡❧❛t✐✈♦

♠❛✐s ❛♣r♦①✐♠❛❞♦ ❛♦ ✈❛❧♦r ❡①❛t♦ ✭✈❛❧♦r ♦❜t✐❞♦ ♣❡❧♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✮✳ ❆ ❤❡✉ríst✐❝❛

❍❘ t❛♠❜é♠ ♦❜té♠ ✈❛❧♦r❡s ♣ró①✐♠♦s ❛♦ ✈❛❧♦r ❡①❛t♦✱ ♣♦ré♠ ♥ã♦ tã♦ ♣ró①✐♠♦s q✉❛♥t♦

♦ ■●✰❋&❖✳ ❏á ❛s ❤❡✉ríst✐❝❛s ❚❆❍✱ ■●✰❍❘ ❡ ■●✰▼❉▲✱ ♦❜tê♠ ✈❛❧♦r❡s ✉♠ ♣♦✉❝♦

❞✐st❛♥t❡ ❛♦ ✈❛❧♦r ót✐♠♦✳ ❈♦♠ r❡❢❡rê♥❝✐❛s ❛ ❡st❡s três ❛❧❣♦r✐t♠♦s✱ ♦ ■●✰▼❉▲ ♦❜té♠

♠❡❧❤♦r❡s ✈❛❧♦r❡s ♠é❞✐♦s ❡♠ s❡✐s ❝❧❛ss❡s ❞❡ ♣r♦❜❧❡♠❛s✱ s❡❣✉✐❞♦ ♣❡❧♦ ■●✰❍❘ q✉❡ ♦❜té♠

três ✈❛❧♦r❡s ♠❛✐s ♣ró①✐♠♦s ❛♦ ✈❛❧♦r ót✐♠♦ ❡ ♣♦r ú❧t✐♠♦ ♦ ❚❆❍ q✉❡ ♦❜t❡✈❡ ♦s ✈❛❧♦r❡s

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

❚❛❜❡❧❛ ✻✳✶✷✿ ❘P❉✪ ♠é❞✐♦ ♣♦r ❝❧❛s❡ ❞❡ ✐♥stâ♥❝✐❛ ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡
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❈♦♠♦ ❢♦✐ ❞✐t♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ só r❡s♦❧✈❡ ❛s ✐♥stâ♥❝✐❛s ❞❡



✼✷ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

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

♣✉t❛❝✐♦♥❛❧ ❡st❛❜❡❧❡❝✐❞♦✱ ♥ã♦ é ❣❛r❛♥t✐❞❛✳ P♦r ❡ss❛ r❛③ã♦ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣❛r❛ ❛s

✐♥stâ♥❝✐❛s ❞❡ ♠é❞✐♦ ❡ ❣r❛♥❞❡ ♣♦rt❡ ♥ã♦ é ❝♦♥s✐❞❡r❛❞♦✳ ❆ s❡❣✉✐r ♠♦str❛♠✲s❡ ❛s ❛♥á❧✐s❡s

♣❛r❛ ❛s ✐♥stâ♥❝✐❛s ❞❡ ♠é❞✐♦ ♣♦rt❡✳ ◆❛ ❚❛❜❡❧❛ ✻✳✶✸✱ ❛♣r❡s❡♥t❛✲s❡ ❛ ♠é❞✐❛ ❞❛ ❢✉♥çã♦

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

❚❛❜❡❧❛ ✻✳✶✸✿ ▼é❞✐❛ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♣❛r❛ ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ♠é❞✐♦ ♣♦rt❡

✭◆✱▼✱❚✮ ❍❘ ❚❆❍ ■●✰❍❘ ■●✰▼❉▲ ■●✰❋&❖

✭✺✱✺✱✶✵✮ ✹✽✺✻✺✱✶ ✹✾✵✺✻✱✸ ✹✽✺✾✶✱✹✼✻ ✹✽✸✷✹✱✻✵✽ ✹✽✽✺✼✱✺

✭✺✱✶✵✱✺✮ ✸✻✵✾✺✱✹✽ ✸✽✸✷✾✱✾✾✹ ✸✼✶✶✾✱✻✽✻ ✸✼✶✷✾✱✵✻✹ ✸✺✻✺✾✱✽
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✭✼✱✶✵✱✼✮ ✽✸✸✼✽✱✶✹ ✽✹✺✻✼✱✺✸✽ ✽✵✶✺✻✱✺✸✷ ✽✵✻✵✺✱✸✷✻ ✼✼✽✾✽✱✺✽✻

✭✶✵✱✺✱✺✮ ✹✼✵✶✽✱✾ ✹✺✷✾✽✱✺ ✹✺✶✼✾✱✻✹✹ ✹✺✷✸✸✱✻✾ ✹✶✻✻✼✱✵✷

✭✶✵✱✼✱✼✮ ✽✾✾✹✻✱✶✽ ✽✾✸✹✶✱✵✽ ✽✾✷✷✻✱✼✹ ✽✾✸✺✼✱✵✽ ✽✷✾✷✺✱✼

✭✶✵✱✶✵✱✶✵✮ ✶✻✹✺✻✹✱✵✺ ✶✸✺✸✵✾✱✸✷ ✶✸✹✸✶✶✱✺✷ ✶✸✹✹✹✸✱✺ ✶✸✺✽✼✺✱✾✻

✭✶✵✱✶✵✱✶✺✮ ✶✽✸✽✵✵✱✹ ✶✾✼✷✸✻✱✻ ✶✾✻✺✸✷✱✹ ✶✾✻✽✷✺✱✸✻ ✶✻✶✶✸✽✱✶✹

✭✶✵✱✶✺✱✶✵✮ ✷✶✵✻✾✵✱✺ ✶✾✷✾✸✾✱✽✽ ✶✽✺✼✷✺✱✵✹ ✶✽✻✽✸✻✱✽✹ ✶✾✷✾✸✾✱✽✽

✭✶✺✱✶✵✱✶✵✮ ✶✽✶✵✸✼ ✶✻✾✾✻✺✱✼✹ ✶✻✼✸✽✽✱✹✷ ✶✻✻✵✶✾✱✷✷ ✶✻✺✼✾✺✱✾✷

✭✶✺✱✶✺✱✶✺✮ ✻✻✹✾✸✾✱✹ ✻✸✷✾✾✸✱✺ ✻✷✻✾✸✶✱✼✷ ✻✷✽✻✽✶✱✷✷ ✻✸✽✺✽✽✺✱✽

P❛r❛ ❛ ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛ ❞❡ ♠é❞✐♦ ♣♦rt❡✱ ✉♠ ✈❛❧♦r ❡①❛t♦ ♦✉ ót✐♠♦ ♥ã♦ é ❝♦✲

♥❤❡❝✐❞♦✱ ♣♦rt❛♥t♦✱ ♦ ✈❛❧♦r r❡❢❡rê♥❝✐❛ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ ❘P❉ s❡rá ❛ ♠❡♥♦r ♠é❞✐❛ ❞❛

❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♣♦r ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s ❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✳ ❉❡✜♥✐❞♦ ❡st❡ ✈❛❧♦r✱

♥❛ ❚❛❜❡❧❛ ✻✳✶✹ ♠♦str❛✲s❡ ♦s ❘P❉✪ ♠é❞✐♦s ♣♦r ❝❧❛ss❡ ❞❡ ♣r♦❜❧❡♠❛s ✭♠é❞✐♦ ♣♦rt❡✮✳

◆❡st❛ t❛❜❡❧❛✱ ♦ ❛❧❣♦r✐t♠♦ ■●✰❋&❖ ♥♦✈❛♠❡♥t❡ ❛♣r❡s❡♥t❛ s✉♣❡r✐♦r✐❞❛❞❡ ❡♥tr❡ ♦s ❞❡✲

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

s❡♥❞♦ ❡st❡s ♦s ✈❛❧♦r❡s r❡❢❡rê♥❝✐❛ ♣❛r❛ ♦ ❣r✉♣♦ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ♠é❞✐♦ ♣♦rt❡✳ ❖ s❡❣✉♥❞♦

❛❧❣♦r✐t♠♦ ❝♦♠ ♠❡❧❤♦r ❞❡s❡♠♣❡♥❤♦ é ♦ ■●✰❍❘ ❡♥❝♦♥tr❛♥❞♦ três ✈❡③❡s ♦ ♠❡♥♦r ✈❛❧♦r

❞♦s ♦♥③❡ ♣♦ssí✈❡✐s✳ ❖ ■●✰▼❉▲ ♦❜té♠ ✈❛❧♦r❡s ✉♠ ♣♦✉❝♦ ❛❧t♦s ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦

■●✰❋&❖ ❀ ♣♦ré♠✱ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣♦r ❡st❡ ❛❧❣♦r✐t♠♦ ❡stã♦ r❡❧❛t✐✈❛♠❡♥t❡ ♣ró①✐♠♦s

❛♦ ■●✰❍❘✳ ❙❡❣✉❡ ♦ ❛❧❣♦r✐t♠♦ ❚❆❍ q✉❡ ♥❡ss❛s ❝❧❛ss❡s ❞❡ ♣r♦❜❧❡♠❛s ❛❧❝❛♥ç❛ s❡✐s ♠❡✲

❧❤♦r❡s ✈❛❧♦r❡s q✉❡ ❛ ❤❡✉ríst✐❝❛ ❍❘✱ ❡st❡ ú❧t✐♠♦ ♦❜t❡✈❡ ✈❛❧♦r❡s ❜❡♠ ❞✐st❛♥t❡s ❞♦s ♦✉tr♦s

❛❧❣♦r✐t♠♦s✳



✻✳✺✳ ❘❡s✉❧t❛❞♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ✼✸

❚❛❜❡❧❛ ✻✳✶✹✿ ❘P❉✪ ♠é❞✐♦ ♣❛r❛ ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ♠é❞✐♦ ♣♦rt❡

✭◆✱▼✱❚✮ ❍❘ ❚❆❍ ■●✰❍❘ ■●✰▼❉▲ ■●✰❋&❖
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✭✶✵✱✶✺✱✶✵✮ ✶✸✱✹✹✷✷ ✪ ✸✱✽✶✹✷ ✪ ✵✱✵✵✵✵✪ ✵✱✺✾✽✻✪ ✸✱✽✽✹✼✪
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❆ ✜♠ ❞❡ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❛❧❣♦r✐t♠♦s ♣r♦♣♦st♦s ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦s

❛❧❣♦r✐t♠♦s ❞❛ ❧✐t❡r❛t✉r❛ ❡ ❞❡t❡r♠✐♥❛r s❡ ❡①✐st❡♠ ❞✐❢❡r❡♥ç❛s ❡st❛tíst✐❝❛s s✐❣♥✐✜❝❛t✐✈❛s

❡♥tr❡ ❛s s♦❧✉çõ❡s ✭❘P❉✪✮ ♦❜t✐❞❛s ♣♦r ❡st❡s ❛❧❣♦r✐t♠♦s✱ ✉♠❛ ❛♥á❧✐s❡ ❡st❛tíst✐❝❛ é

r❡❛❧✐③❛❞❛✳ ■♥✐❝✐❛❧♠❡♥t❡ ❢♦✐ r❡❛❧✐③❛❞❛ ✉♠❛ ❛♥á❧✐s❡ ❞❡ ✈❛r✐â♥❝✐❛ ✭❆◆❖❱❆✮✱ ♠❛s ❛s

s✉♣♦s✐çõ❡s ❞❡st❛ ♥ã♦ ❢♦r❛♠ s❛t✐s❢❡✐t❛s✳ ◆♦ ❝❛s♦ ❞❡ ❛❧❣✉♠❛ s✉♣♦s✐çã♦ ❞❛ ❆◆❖❱❆ ♥ã♦

s❡r s❛t✐s❢❡✐t❛ ♦ t❡st❡ ❞❡ ❑r✉s❦❛❧✲❲❛❧❧✐s é ✉♠❛ ❛❧t❡r♥❛t✐✈❛ ♥ã♦ ♣❛r❛♠étr✐❝❛ q✉❡ é ✉s❛❞❛

♣❛r❛ ♣r♦✈❛r s❡ ❡①✐st❡ ♦✉ ♥ã♦ ❞✐❢❡r❡♥ç❛s ❡st❛tíst✐❝❛s s✐❣♥✐✜❝❛t✐✈❛s ❡♥tr❡ ✈ár✐❛s ❛♠♦str❛s

❞❡ r❡s✉❧t❛❞♦s✳ ❊♥t❡♥❞❛✲s❡ ♣♦r ❛♠♦str❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ♦❜t✐❞♦ ♣♦r ✉♠ ❛❧❣♦r✐t♠♦✳

❖ t❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s é ✉s❛❞♦ ♣❛r❛ t❡st❛r ❛ ❤✐♣ót❡s❡ ♥✉❧❛ H0 ❞❡ q✉❡ ✏t♦❞❛s ❛s

♠❡❞✐❛♥❛s ❞❛s ❛♠♦str❛s sã♦ ✐❣✉❛✐s✑ ❝♦♥tr❛ ❛ ❤✐♣ót❡s❡ ❛❧t❡r♥❛t✐✈❛ H1 ❞❡ q✉❡ ✏❛♦ ♠❡♥♦s

✉♠❛ ❞❛s ♠❡❞✐❛♥❛s é ❞✐❢❡r❡♥t❡✑✳ ❆s ❤✐♣ót❡s❡s sã♦ ❡s❝r✐t❛s ❢♦r♠❛❧♠❡♥t❡ ❞❛ s❡❣✉✐♥t❡

❢♦r♠❛✿

H0 : Me1 = Me2 = Me3 = Me4 = Me5.

H1 : Mei 6= Mej ♣❛r❛ ♣❡❧♦ ♠❡♥♦s ✉♠ ♣❛r i, j.

❖♥❞❡❀

Me1 : ▼❡❞✐❛♥❛ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ❍❘✳

Me2 : ▼❡❞✐❛♥❛ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ❚❆❍✳

Me3 : ▼❡❞✐❛♥❛ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ■●✰❍❘✳

Me4 : ▼❡❞✐❛♥❛ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r ■●✰▼❉▲✳

Me5 : ▼❡❞✐❛♥❛ ❞♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣♦r IG+ F✫O✳



✼✹ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

Mei : ❡ Mej sã♦ ❞✉❛s ♠❡❞✐❛♥❛s q✉❛✐q✉❡r ❞❡♥tr❡ ❛s 5 ❛♠♦str❛s✳

❆ s❡❣✉✐r ♠♦str❛✲s❡ ♦ t❡st❡ ❞❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ❛ ✜♠ ❞❡ ❞❡t❡r♠✐♥❛r s❡ ❡①✐st❡ ♦✉

♥ã♦ ❞✐❢❡r❡♥ç❛s ❡st❛tíst✐❝❛s s✐❣♥✐✜❝❛t✐✈❛s ❡♥tr❡ ❛s ❛♠♦str❛s ❞♦s ❛❧❣♦r✐t♠♦s✳ ❆s ❛♠♦str❛s

❝♦♥tê♠ ♦s r❡s✉❧t❛❞♦s ❞❛s ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦ ♣♦rt❡✳ ◆❛ ❚❛❜❡❧❛ ✻✳✶✺ ♠♦str❛✲

s❡ ♦ r❡s✉❧t❛❞♦ ❞♦ t❡st❡ ❞❡ ❑r✉s❦❛❧✲❲❛❧❧✐s✳ ❆ ❝♦❧✉♥❛ ✏❆♠♦str❛✑ ❝♦rr❡s♣♦♥❞❡ ❛♦s ♥♦♠❡s

❞♦s ❛❧❣♦r✐t♠♦s✱ ❛ s❡❣✉♥❞❛ ❝♦❧✉♥❛ ❝♦♥té♠ ♦ ✏❚❛♠❛♥❤♦ ❞❛ ❛♠♦str❛✑ ♣♦r ❝❛❞❛ ❛❧❣♦r✐t♠♦✳

◆♦t❡ q✉❡ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ é 100 ♣❛r❛ ❝❛❞❛ ❛❧❣♦r✐t♠♦✱ ♣♦✐s sã♦ 20 ❝❧❛ss❡s ❞❡ ✐♥s✲

tâ♥❝✐❛s ❝♦♠ 5 ❡①❡♠♣❧❛r❡s ♣❛r❛ ❝❛❞❛✳ ◆❛ ú❧t✐♠❛ ❝♦❧✉♥❛ ❞❛ t❛❜❡❧❛ ♠♦str❛✲s❡ ♦ ✏❘❛♥❦✐♥❣

♠é❞✐♦✑ ♣♦r ❛❧❣♦r✐t♠♦s✳ ◆♦t❡ q✉❡ ♥❡st❛ ❝♦❧✉♥❛ ♦ ❛❧❣♦r✐t♠♦ ❝♦♠ ♦ ♠❡♥♦r r❛♥❦✐♥❣ ♠é❞✐♦

é ♦ IG+F✫O ❝♦♠ 148.8✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ❡st❡ ♦❜t❡✈❡ ♠❡♥♦r❡s RPD′s ♣❛r❛ ❛s ❝❧❛ss❡s ❞❡

✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦ ♣♦rt❡✱ s❡❣✉✐❞♦ ♣❡❧♦s ❛❧❣♦r✐t♠♦s ■●✰▼❉▲ ✭❝♦♠ 251, 6✮✱

IG +HR ✭❝♦♠ 272, 1✮✱ ❍❘ ✭❝♦♠ 275, 2✮ ❡ ✜♥❛❧♠❡♥t❡ ♦ ❚❆❍ q✉❡ ♦❜t❡✈❡ ✉♠ r❛♥❦✐♥❣

♠é❞✐♦ ❞❡ 304, 8✳ ❖ t❡st❡ ❞❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ❢♦✐ r❡❛❧✐③❛❞♦ ❝♦♠ ✉♠ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❞♦

95%✱ ♣❡❧♦ q✉❡ ♦ ✈❛❧♦r✲P ❂ ✵✱✵ ✐♥❞✐❝❛ q✉❡ ❡①✐st❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛

❡♥tr❡ ❛s ❛♠♦str❛s✱ ❛ss✐♠✱ ❛ ❤✐♣ót❡s❡ ♥✉❧❛ (H0) é r❡❥❡✐t❛❞❛✳

❚❛❜❡❧❛ ✻✳✶✺✿ ❚❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦ ♣♦rt❡

❆♠♦str❛ ❚❛♠♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

❘❍ ✶✵✵ ✷✼✺✱✷

❚❆❍ ✶✵✵ ✸✵✹✱✽

■●✰❍❘ ✶✵✵ ✷✼✷✱✶

■●✰▼❉▲ ✶✵✵ ✷✺✶✱✻

■●✰❋&❖ ✶✵✵ ✶✹✽✱✽

❱❛❧♦r✲P ❂ ✵✱✵

❙❡♥❞♦ H0 r❡❥❡✐t❛❞❛✱ ♦ ✈❛❧♦r✲P❂✵✱✵ ✐♥❞✐❝❛♥❞♦ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛✲

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

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

❡st❛ r❛③ã♦ é r❡❛❧✐③❛❞❛ ✉♠❛ ❛♥á❧✐s❡ ❡st❛tíst✐❝❛ ✜♥❛❧ ❜❛s❡❛❞❛ ♥♦ ✏❣rá✜❝♦ ❞❡ ❝❛✐①❛✑✳

❖ ❣rá✜❝♦ ❞❡ ❝❛✐①❛✱ ✐♥✈❡♥t❛❞♦ ♣♦r ❏♦❤♥ ❚✉❦❡② ✭▼♦♥t❣♦♠❡r② ❬✷✵✵✶❪✮✱ ♦❢❡r❡❝❡ ♦

r❡s✉♠♦ ❞♦s ❞❛❞♦s ❞❡ ❝❛❞❛ ❛♠♦str❛✳ ❆ ❝❛✐①❛ ❝❡♥tr❛❧ ❝♦♥té♠ ❛ ♠❡t❛❞❡ ❞♦s ❞❛❞♦s✱ s❡

❡st❡♥❞❡♥❞♦ ❞❡s❞❡ ♦ q✉❛rt✐❧ ✐♥❢❡r✐♦r ❛té ♦ q✉❛rt✐❧ s✉♣❡r✐♦r✳ ❆s ❧✐♥❤❛s q✉❡ s❡ ❡st❡♥❞❡♠

♥♦s ❡①tr❡♠♦s ✐♥❢❡r✐♦r❡s ❡ s✉♣❡r✐♦r❡s ❞❛ ❝❛✐①❛ ✭❜✐❣♦❞❡s✮ ♠♦str❛♠ ♦ ✈❛❧♦r ♠❛✐s ❜❛✐①♦

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



✻✳✺✳ ❘❡s✉❧t❛❞♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ✼✺

❧♦♥❣❡ ❞❛s ❝❛✐①❛s✳ ❆ ❧✐♥❤❛ ❤♦r✐③♦♥t❛❧ ♥♦ ✐♥t❡r✐♦r ❞❛ ❝❛✐①❛ ❝♦rr❡s♣♦♥❞❡ ❛♦ ✈❛❧♦r

❞❛ ♠❡❞✐❛♥❛ ❛♠♦str❛❧✱ ❡♥q✉❛♥t♦ q✉❡ ♦ s✐♥❛❧ (+) r❡♣r❡s❡♥t❛ ❛ ♠é❞✐❛ ❛♠♦str❛❧✳ ❖s

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

❝♦♥✜❛♥ç❛ ❛♣r♦①✐♠❛❞♦s ♣❛r❛ ❛ ♠❡❞✐❛♥❛ ♣♦♣✉❧❛❝✐♦♥❛❧✳ P❛r❛ ❢❛❝✐❧✐t❛r ❛ ♥♦t❛çã♦ ♦ ❣rá✲

✜❝♦ ❞❡ ❝❛✐①❛ ❡ ❜✐❣♦❞❡ s❡rá ♥♦♠❡❛❞♦ s✐♠♣❧❡s♠❡♥t❡ ❝♦♠♦ ❣rá✜❝♦ ❞❡ ✏❝❛✐①❛✑ ♦✉ ✏❜♦①♣❧♦t✑✳

◆❛ ❋✐❣✉r❛ ✻✳✺ é ❛♣r❡s❡♥t❛❞♦ ♦ ❣rá✜❝♦ ❞❡ ❝❛✐①❛ ♣❛r❛ ❝♦♠♣❛r❛r ♦s 5 ❛❧❣♦r✐t♠♦s✳

❊st❡ ❣rá✜❝♦ ❡stá ❞✐r❡t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦ ❝♦♠♦ ❛ ❚❛❜❡❧❛ ✻✳✶✺ ❞♦ t❡st❡ ❞❡ ❑r✉s❦❛❧ ❲❛❧❧✐s✳

❆ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❞❡♠♦♥str❛❞❛ ♣❡❧♦ ❱❛❧♦r✲P ❡♥tr❡ ❛s ❛♠♦str❛s✱ é

t❛♠❜é♠ ✈✐sí✈❡❧ ♥♦ ❣rá✜❝♦ ❞❡ ❝❛✐①❛✳ ◆♦t❡ q✉❡ ❛ ❝❛✐①❛ ❞❡ ❝❛❞❛ ❛♠♦str❛ ❛♣r❡s❡♥t❛ ❝♦rt❡s

q✉❡ r❡♣r❡s❡♥t❛♠ ✐♥t❡r✈❛❧♦s ❞❡ ❝♦♥✜❛♥ç❛ ❞❛ ♠❡❞✐❛♥❛✳ ❙❡ ❝♦rt❡s ❞❡ ❝❛✐①❛s ❞✐❢❡r❡♥t❡s

s❡ s♦❜r❡♣õ❡♠✱ ♦ ❝❛s♦ ❞♦s ❝♦rt❡s ❞❛s ❝❛✐①❛s ❞♦s ❛❧❣♦r✐t♠♦s ❚❆❍ ❡ ■●✰❍❘ s✐❣♥✐✜❝❛

q✉❡ ♥ã♦ ❡①✐st❡ ❞✐❢❡r❡♥ç❛s ❡st❛tíst✐❝❛s s✐❣♥✐✜❝❛t✐✈❛s✱ ❝❛s♦ ❝♦♥trár✐♦✱ q✉❛♥❞♦ ♦s ❝♦rt❡s

❞❡ ❝❛✐①❛s ❞✐❢❡r❡♥t❡s ♥ã♦ s❡ s♦❜r❡♣õ❡♠✱ s✐t✉❛çã♦ q✉❡ ❛♣r❡s❡♥t❛ ♦ ■●✰❋&❖ ❡♠ r❡❧❛çã♦

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

❡①✐st❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❝♦♠ ✉♠ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❞♦ 95% ❡♥tr❡ ♦

■●✰❋&❖ ❡ ♦s ❞❡♠❛✐s ❛❧❣♦r✐t♠♦s✳ ❖✉tr♦ ❢❛t♦r ✐♠♣♦rt❛♥t❡ ♥❡st❡ ❣rá✜❝♦ é q✉❡ t❛♠❜é♠

s❡ ❛♣r❡❝✐❛ q✉❛❧ ❛❧❣♦r✐t♠♦ ♦❜té♠ ♠❡♥♦r❡s ✈❛❧♦r❡s✱ é ♦ ❝❛s♦ ❞♦ ■●✰❋&❖ ❥á q✉❡ ❛ ❝❛✐①❛

q✉❡ ♦ r❡♣r❡s❡♥t❛ ❡♥❝♦♥tr❛✲s❡ ♣ró①✐♠❛ ❛♦ ❡✐①♦ ❤♦r✐③♦♥t❛❧✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ❡♥❝♦♥tr❛ ✈❛❧♦r❡s

♠❛✐s ♣ró①✐♠♦s ❛ ③❡r♦ q✉❡ ♦s ♦✉tr♦s ❛❧❣♦r✐t♠♦s✳ ❯♠ ❣rá✜❝♦ ❞❡ ❝❛✐①❛ ❛♠♣❧✐❛❞♦ ♣❛r❛

✉♠❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✻✳
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❋✐❣✉r❛ ✻✳✺✿ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❞♦s ❘P❉✪ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦ ♣♦rt❡✳

❆❧é♠ ❞❡ ❛✈❛❧✐❛r ♦s ❛❧❣♦r✐t♠♦s ❝♦♠ r❡❧❛çã♦ à q✉❛❧✐❞❛❞❡ ❞❛ s♦❧✉çã♦ ♦❜t✐❞❛ é

t❛♠❜é♠ ♥❡❝❡ssár✐❛ ❛ ❝♦♠♣❛r❛çã♦ ❞♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞♦s ♠❡s♠♦s✳ Pr✐♠❡✐r❛♠❡♥t❡



✼✻ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s
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❋✐❣✉r❛ ✻✳✻✿ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❛♠♣❧✐❛❞♦ ❞♦s ❘P❉✪ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦
♣♦rt❡✳

sã♦ ❞✐s❝✉t✐❞♦s ♦s t❡♠♣♦s ♠é❞✐♦s ♣♦r ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s ❡ ♣♦st❡r✐♦r♠❡♥t❡ ✉♠❛ ❛♥á❧✐s❡

❡st❛tíst✐❝❛✱ é r❡❛❧✐③❛❞❛✱ ❝♦♥s✐❞❡r❛♥❞♦ ❝❛❞❛ ✉♠❛ ❞❛s ✐♥stâ♥❝✐❛s✳

◆❛ ❚❛❜❡❧❛ ✻✳✶✻ ♠♦str❛✲s❡ ♦ t❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♠é❞✐♦ ♣♦r ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s

❞❡ ♣❡q✉❡♥♦ ♣♦rt❡✳ ❖ ❛❧❣♦r✐t♠♦ ■●✰▼❉▲✱ ♣❛r❛ t♦❞❛s ❛s ♥♦✈❡ ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s✱

♦❜t❡✈❡ ♦s ♠❡♥♦r❡s t❡♠♣♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s✳ ❖ ❛❧❣♦r✐t♠♦ ■●✰❋&❖ ❢♦✐ ♦ s❡❣✉♥❞♦

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

ú❧t✐♠❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ♠❡❧❤♦r❡s t❡♠♣♦s q✉❡ ♦s ❛❧❣♦r✐t♠♦s ❚❆❍✱ ■●✰❍❘✱ ❡

❍❘✳ ❖ t❡r❝❡✐r♦ ❛❧❣♦r✐t♠♦ ❡♠ r❡s♦❧✈❡r ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛ ❡♠ ✉♠ ♠❡♥♦r t❡♠♣♦

é ♦ ❚❆❍✳ ❊❧❡ ♦❜té♠ ♠❡♥♦r❡s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ q✉❡ ❛s ❤❡✉ríst✐❝❛s ■●✰❍❘ ❡ ❍❘✱

✐st♦ é ❡①♣❧✐❝❛❞♦ ♣❡❧♦ ❢❛t♦ q✉❡ ❡st❛s ❞✉❛s ❤❡✉ríst✐❝❛s ✉t✐❧✐③❛♠ ❛ ❡①❡❝✉çã♦ ❞♦ ♠♦❞❡❧♦

♠❛t❡♠át✐❝♦✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ❛ ❤❡✉ríst✐❝❛ ❍❘ ❛♣r❡s❡♥t❛ t❡♠♣♦s ♠✉✐t♦s ❛❧t♦s ❡♠

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

♣❡rt❡♥❝❡♥t❡ às ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡✱ ❝♦♠ 7 t❛r❡❢❛s✱ 7 ♠áq✉✐♥❛s ❡ 7 ♣❡rí♦❞♦s✱ ♦ ■●✰❍❘

❞❡♠♦r❛ ♠❛✐s q✉❡ ♦ ■●✰▼❉▲✱ ■●✰❋&❖ ❡ ❚❆❍ ❝♦♠ ✉♠ t❡♠♣♦ ❞❡ 0.19 s❡❣✉♥❞♦s✱ ❡ ❛

❤❡✉ríst✐❝❛ ❍❘ ❞❡♠♦r♦✉ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 30 s❡❣✉♥❞♦s✳

◆❛ ❚❛❜❡❧❛ ✻✳✶✼✱ ♠♦str❛✲s❡ ♦ t❡♠♣♦ ♠é❞✐♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣♦r ❝❧❛ss❡ ❞❡ ✐♥stâ♥✲

❝✐❛ ❞❡ ♠é❞✐♦ ♣♦rt❡✳ ❖ ❛❧❣♦r✐t♠♦ ■●✰▼❉▲ ❝♦♥t✐♥✉❛ ♦❜t❡♥❞♦ ♦s ♠❡♥♦r❡s t❡♠♣♦s ❞❡

❡①❡❝✉çã♦ ❡♠ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡ ♣r♦❜❧❡♠❛s ❡♠ r❡❧❛çã♦ ❛ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✳ ❖s ♦✉✲

tr♦ ❛❧❣♦r✐t♠♦s q✉❡ ♦❜t✐✈❡r❛♠ ♦s ♠❡♥♦r❡s t❡♠♣♦s sã♦ ♦ ■●✰❋&❖ ❡ ♦ ❚❆❍✱ s❡♥❞♦ ♦

■●✰❋&❖ ♠❛✐s ❡✜❝✐❡♥t❡ ❡♠ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s q✉❡ ♦ ❚❆❍✳ ◆♦s ❛❧❣♦r✐t♠♦s



✻✳✺✳ ❘❡s✉❧t❛❞♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ✼✼

❚❛❜❡❧❛ ✻✳✶✻✿ ❚❡♠♣♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ♠é❞✐♦s ♣❛r❛ ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦
♣♦rt❡

✭◆✱▼✱❚✮ ▼■P ❍❘ ❚❆❍ ■●✰❍❘ ■●✰▼❉▲ ■●✰❋&❖
✭✸✱✸✱✸✮ ✵✱✶✵✷✵ ✵✱✵✹✵✵ ✵✱✵✶✼✽ ✵✱✵✶✷✽ ✵✱✵✶✷✽ ✵✱✵✷✷✻
✭✺✱✸✱✸✮ ✶✱✶✼✵✵ ✵✱✶✻✵✵ ✵✱✵✷✹✷ ✵✱✵✶✺✻ ✵✱✵✶✹✵ ✵✱✵✷✹✹
✭✸✱✺✱✸✮ ✵✱✵✷✽ ✵✱✵✹✽ ✵✱✵✷✸✷ ✵✱✵✶✹✹ ✵✱✵✶✸✽ ✵✱✵✷✸✹
✭✸✱✸✱✺✮ ✵✱✼✾✼✺ ✵✱✷✼✷✺ ✵✱✵✷✸✻ ✵✱✵✷✺✵ ✵✱✵✷✶✵ ✵✱✵✸✽✹
✭✺✱✺✱✺✮ ✼✱✵✶✺ ✶✱✷✽✼✺ ✵✱✵✹✾ ✵✱✵✺✶✽ ✵✱✵✷✼✷ ✵✱✵✹✼
✭✼✱✺✱✺✮ ✻✼✱✼✶ ✷✱✽✻✹ ✵✱✵✻✽✻ ✵✱✵✼✺ ✵✱✵✷✹✹ ✵✱✵✺✼
✭✺✱✼✱✺✮ ✽✻✱✸✶✺ ✷✱✶✼✻ ✵✱✵✻✹✻ ✵✱✵✻✼✽ ✵✱✵✷✾✻ ✵✱✵✺✵✻
✭✺✱✺✱✼✮ ✹✺✱✾✾✷ ✷✱✻✼✻ ✵✱✵✼✵✹ ✵✱✶✵✶ ✵✱✵✹✵✵ ✵✱✵✻✼✷
✭✼✱✼✱✼✮ ✸✻✵✸✱✾✺✷ ✸✵✱✹✶✵✵ ✵✱✶✷✼✵ ✵✱✶✾✵✵ ✵✱✵✹✵✹ ✵✱✶✷✹✻

❍❘ ❡ ■●✰❍❘ ♥♦t❡✲s❡ ♦ ❝♦♥s✉♠♦ ❞❡ t❡♠♣♦ ♣❡❧❛ ❡①❡❝✉çã♦ ❞❛ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛✱

♠❡s♠♦ q✉❡ ♦ ■●✰❍❘ ❛♣r❡s❡♥t❛ ♠❡♥♦r❡s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ q✉❡ ❛ ❤❡✉ríst✐❝❛ ❍❘✱

❡st❡s t❡♠♣♦s ❡stã♦ ❜❛st❛♥t❡ ❞✐st❛♥t❡s ❞♦s t❡♠♣♦s ♦❜t✐❞♦s ♣❡❧♦ ■●✰▼❉▲ ♦ q✉❛❧ ♦❜✲

t❡✈❡ ♦s ♠❡♥♦r❡s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦✳ ❖s t❡♠♣♦s ❛❧❝❛♥ç❛❞♦s ♣❡❧❛ ❤❡✉ríst✐❝❛ ❍❘ sã♦

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

❚❛❜❡❧❛ ✻✳✶✼✿ ❚❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♠é❞✐♦ ♣♦r ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ♠é❞✐♦ ♣♦rt❡

✭◆✱▼✱❚✮ ❍❘ ❚❆❍ ■●✰❍❘ ■●✰▼❉▲ ■●✰❋&❖
✭✺✱✺✱✶✵✮ ✶✶✱✽✻✵✵ ✵✱✷✻✻✹ ✵✱✹✷✻✽ ✵✱✶✵✼✵ ✵✱✶✸✷✵
✭✺✱✶✵✱✺✮ ✷✱✹✻✷✵ ✵✱✶✶✺✻ ✵✱✸✹✷✻ ✵✱✵✼✹✻ ✵✱✵✽✾✽
✭✼✱✼✱✶✵✮ ✼✸✱✹✺✹✵ ✵✱✺✵✵✹ ✵✱✾✷✻ ✵✱✵✾✻✵ ✵✱✷✷✸✽
✭✼✱✶✵✱✼✮ ✸✷✷✱✾✸✷✵ ✵✱✸✹✽✻ ✵✱✼✺✵✹ ✵✱✵✾✻✽ ✵✱✶✻✵✽
✭✶✵✱✺✱✺✮ ✷✼✸✱✸✾✺✷ ✵✱✶✺✶✹ ✵✱✺✹✺✷ ✵✱✵✺✺✵ ✵✱✶✷✶✽
✭✶✵✱✼✱✼✮ ✹✷✹✱✽✹✵✵ ✵✱✸✾✻✻ ✵✱✽✼✺✷ ✵✱✵✾✻✵ ✵✱✷✵✹✷

✭✶✵✱✶✵✱✶✵✮ ✶✶✾✱✹✾✵✵ ✶✱✶✼✸✻ ✷✱✵✻✽✷ ✵✱✶✽✸✷ ✵✱✹✼✹✹
✭✶✵✱✶✵✱✶✺✮ ✸✼✽✱✹✸✻✵ ✷✱✼✶✽✹ ✷✱✺✵✼✵ ✵✱✷✼✷✽ ✵✱✼✷✷✹
✭✶✵✱✶✺✱✶✵✮ ✶✻✵✱✹✾✺✵ ✶✱✽✻✼✻ ✷✱✹✹✶✺ ✵✱✷✻✺✷ ✵✱✻✸✺✻
✭✶✺✱✶✵✱✶✵✮ ✸✵✶✱✹✵✾✻ ✷✱✶✽✶✽ ✷✱✺✷✻✽ ✵✱✷✽✾✹ ✵✱✽✷✻
✭✶✺✱✶✺✱✶✺✮ ✷✹✾✱✻✶✷✵ ✶✻✱✹✻✸✹ ✷✽✱✷✺✶✷ ✵✱✻✵✻✽ ✸✱✹✾✽✻

❉❛❞♦ q✉❡ ❛s ❛♥á❧✐s❡s r❡❛❧✐③❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡ ❢♦r❛♠ ❜❛s❡❛❞❛s só ♥♦s t❡♠♣♦s ♠é✲

❞✐♦s ♣♦r ❝❧❛ss❡ ❞❡ ✐♥stâ♥❝✐❛s✱ é ❝♦♥s✐❞❡r❛❞❛ ✉♠❛ ❛♥á❧✐s❡ ❡st❛tíst✐❝❛ ♣❛r❛ ❝♦♠♣r♦✈❛r ❛

❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ q✉❡ ❡①✐st❡ ❡♥tr❡ t♦❞♦s ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ♦❜t✐❞♦s

♣❡❧♦s ❛❧❣♦r✐t♠♦s✳ ◆❡st❛ ❛♥á❧✐s❡ sã♦ ❝♦♥s✐❞❡r❛❞♦s ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞♦s ❛❧❣♦r✐t✲

♠♦s ♣❛r❛ ❝❛❞❛ ✉♠❛ ❞❛s ✐♥stâ♥❝✐❛s ♣❡rt❡♥❝❡♥t❡s às ❝❧❛ss❡s ❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦ ♣♦rt❡✳

❖ t❡st❡ ❞❡ ❑r✉s❦❛❧ ✲ ❲❛❧❧✐s é r❡❛❧✐③❛❞♦ ♣❛r❛ ❝♦♠♣r♦✈❛r s❡ ❡①✐st❡ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛

s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛s ♠❡❞✐❛♥❛s ❞❛s ❛♠♦str❛s✱ ♥❡st❡ ❝❛s♦✱ ❛ ❛♠♦str❛ ❝♦rr❡s♣♦♥❞❡ ❛♦s

t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ♦❜t✐❞♦s ♣♦r ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❡♠ ❝❛❞❛ ✐♥stâ♥❝✐❛✳ ◆❛ ❚❛❜❡❧❛ ✻✳✶✽



✼✽ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

♠♦str❛✲s❡ ♦ r❡s✉❧t❛❞♦ ❞♦ t❡st❡ ❞❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♣❛r❛ ❝♦♠♣❛r❛r ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦

❞♦s ❛❧❣♦r✐t♠♦✳ ❉❛❞♦ q✉❡ ♦ t❡st❡ ❢♦✐ r❡❛❧✐③❛❞♦ ❝♦♠ ✉♠ ♥í✈❡❧ ❞❡ ❝♦♥✜❛♥ç❛ ❞♦ 95%✱ ♦

❱❛❧♦r✲P ❂ ✵✱✵ ✐♥❞✐❝❛ q✉❡ ❡①✐st❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛s ❛♠♦s✲

tr❛s✱ r❡❥❡✐t❛♥❞♦ ❛ ❤✐♣ót❡s❡ ♥✉❧❛✳ ❖ r❛♥❦✐♥❣ ♠é❞✐♦ ❞♦ ■●✰▼❉▲ (55, 73) s❡♥❞♦ ❜❡♠

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

❣✉✐❞♦ ♥❛ ♦r❞❡♠ ♣❡❧♦s ❛❧❣♦r✐t♠♦s ■●✰❋&❖✱ ❚❆❍ ❡ ■●✰❍❘ ❝♦♠ r❛♥❦✐♥❣ 211, 0✱ 250, 9

❡ 284, 4 r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❚❛❜❡❧❛ ✻✳✶✽✿ ❚❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ♣❡q✉❡♥♦ ❡ ♠é❞✐♦ ♣♦rt❡

❆♠♦str❛ ❚❛♠♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

❚❆❍ ✶✵✵ ✷✺✵✱✾✵

■●✰❍❘ ✶✵✵ ✷✽✹✱✹✵

■●✰▼❉▲ ✶✵✵ ✺✺✱✼✸

■●✰❋&❖ ✶✵✵ ✷✶✶✱✵✵

❱❛❧♦r✲P ❂ ✵✱✵

P❛r❛ ❝♦♠♣r♦✈❛r ❛ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ ❡♥❝♦♥tr❛❞❛ ♣❡❧♦ ✈❛❧♦r✲P✱ é ✉t✐❧✐③❛❞♦ ♦

❣rá✜❝♦ ❞❡ ❝❛✐①❛✱ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✼✱ ♣♦ré♠✱ ◆❡st❡ ❣rá✜❝♦ ♥ã♦ s❡ ❛♣r❡❝✐❛ ❜❡♠ ❛

❞✐❢❡r❡♥ç❛s q✉❡ ❡①✐st❡♠ ❡♥tr❡ ❛s ❛♠♦str❛s ❞❛❞♦ q✉❡ ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❞❛ ❤❡✉ríst✐❝❛

❍❘ ♣❛r❛ ❡st❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❢♦r❛♠ ♠✉✐t♦s ❛❧t♦s ❡♠ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦s ♦✉tr♦s

❛❧❣♦r✐t♠♦s✱ ♣♦r ✐ss♦✱ ❢♦✐ ♥❡❝❡ssár✐♦ ♥ã♦ ❝♦♥s✐❞❡r❛r ❡st❛ ❤❡✉ríst✐❝❛✳ ❯♠ ♥♦✈♦ ❣rá✜❝♦ ❞❡

❝❛✐①❛s ❢♦✐ ♥❡❝❡ssár✐♦ ❡ ❡st❡ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✽✳ ◆❡st❡ ú❧t✐♠♦ ❣rá✜❝♦ s❡ ♦❜s❡r✈❛

❛ ❞✐❢❡r❡♥ç❛ ❡st❛❞íst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❞❡s❞❡ q✉❡ ♦s ❝♦rt❡s ❞❛s ❝❛✐①❛s ❞❡ ❝❛❞❛ ❛♠♦str❛ ♥ã♦

s❡ s♦❜r❡♣õ❡♠✳ ◆♦ ❣rá✜❝♦ t❛♠❜é♠ s❡ ♦❜s❡r✈❛ q✉❡ ♦ ❛❧❣♦r✐t♠♦ ■●✰▼❉▲ ♦❜té♠ ♦s

✈❛❧♦r❡s ♠❛✐s ♣ró①✐♠♦s ❛ ③❡r♦✳ ❖ ❢❛t♦ q✉❡ ♦ ❞❡s❡♥❤♦ ❞❛ ❝❛✐①❛ ❞♦ ❛❧❣♦r✐t♠♦ ■●✰▼❉▲ é

só ✉♠❛ ✏❧✐♥❤❛✑ s✐❣♥✐✜❝❛ q✉❡ ♦s ✈❛❧♦r❡s ♦❜t✐❞♦s ♣♦r ❡st❡ sã♦ ♠✉✐t♦ ♣❛r❡❝✐❞♦s ♦✉ ♠✉✐t♦

♣ró①✐♠♦s✱ ❡♠ ♦✉tr❛s ♣❛❧❛✈r❛s ✐♥❞✐❝❛ ❛ r♦❜✉st❡③ ❞❡st❡ ❛❧❣♦r✐t♠♦ ❡♠ r❡❧❛çã♦ ❛♦s t❡♠♣♦s

❞❡ ❡①❡❝✉çã♦✳
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❋✐❣✉r❛ ✻✳✽✿ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❛♠♣❧✐❛❞♦ ❞♦s ❘P❉✪ ✭t❡♠♣♦s✮ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡
♣❡q✉❡♥♦ ❡ ♠é❞✐♦ ♣♦rt❡✳

✻✳✺✳✷ ❆♥á❧✐s❡s ❞❡ r❡s✉❧t❛❞♦s ♣❛r❛ ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❞❡

❣r❛♥❞❡ ♣♦rt❡

P❛r❛ ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡✱ ❛s q✉❛✐s sã♦ ❝♦♠♣r❡❡♥❞✐❞❛s ❡♥tr❡ ♦s

t❛♠❛♥❤♦s ❞❡ (20, 10, 10) ❛té (60, 20, 20) é t❛♠❜é♠ r❡❛❧✐③❛❞♦ ✉♠❛ ❛♥á❧✐s❡ s♦❜r❡ ♦s ❘P❉s

♠é❞✐♦s✳ P♦st❡r✐♦r♠❡♥t❡ é r❡❛❧✐③❛❞♦ ✉♠ ❛♥á❧✐s❡ ❡st❛tíst✐❝❛ ♣❛r❛ ✈❡r✐✜❝❛r s❡ ♦s r❡s✉❧t❛❞♦s

sã♦ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❞✐❢❡r❡♥t❡s✳



✽✵ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

P❛r❛ ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡ é t❛♠❜é♠ r❡❛❧✐③❛❞♦ ♦ t❡st❡ ❞❡ ❑r✉s❦❛❧✲

❲❛❧❧✐s✱ ♦ q✉❛❧ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✶✾✳ ❖ ✈❛❧♦r✲P ❞❛ t❛❜❡❧❛ ✐♥❞✐❝❛ ✉♠❛ ❞✐❢❡r❡♥ç❛

❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛s ❛♠♦str❛s✱ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ é ❞❡ 405 ❥á q✉❡ sã♦ 81

❝❧❛ss❡s ❞❡ ♣r♦❜❧❡♠❛s ❡ 5 ❡①❡♠♣❧❛r❡s ♣♦r ❝❛❞❛ ✉♠❛✳ ◆❛ ú❧t✐♠❛ ❝♦❧✉♥❛ ♣♦❞❡✲s❡ ♥♦t❛r q✉❡

❡①✐st❡ ❜❛st❛♥t❡ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦ r❛♥❦✐♥❣ ♠é❞✐♦ ❞♦ ❛❧❣♦r✐t♠♦ ■●✰❋&❖ ❡ ❞♦s ❛❧❣♦r✐t♠♦s

■●✰▼❉▲ ❡ ■●✰❍❘ ❡ ❛✐♥❞❛ ♠❛✐s ❞♦ ❚❆❍✳ ❊♥tr❡ ♦s ❛❧❣♦r✐t♠♦s ■●✰▼❉▲ ❡ ■●✰❍❘

♥ã♦ ❡①✐st❡ ♠✉✐t❛ ❞✐❢❡r❡♥ç❛ ❡ ❡♥q✉❛♥t♦ ♦ ❚❆❍ ♣❡r♠❛♥❡❝❡✉ ❝♦♠ ♦ r❛♥❦✐♥❣ ♠é❞✐♦ ❜❡♠

♠❛✐s ❞✐st❛♥t❡ ❞❡st❡s✳

❚❛❜❡❧❛ ✻✳✶✾✿ ❚❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♣❛r❛ ❛s ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡

❆♠♦str❛ ❚❛♠♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

❚❆❍ ✹✵✺ ✶✷✽✺✱✵

■●✰❍❘ ✹✵✺ ✽✾✸✱✵

■●✰▼❉▲ ✹✵✺ ✽✸✵✱✾

■●✰❋&❖ ✹✵✺ ✷✸✸✱✹

❱❛❧♦r✲P ❂ ✵✱✵

❆ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❞❡♠♦♥str❛❞❛ ♣❡❧♦ ❱❛❧♦r✲P ❡ ♦ ♠❡❧❤♦r ❞❡✲

s❡♠♣❡♥❤♦ ♦❜t✐❞♦ ♣❡❧♦ ❛❧❣♦r✐t♠♦ ■●✰❋&❖ ❝♦♠♣r♦✈❛❞❛ ♣❡❧♦ r❛♥❦✐♥❣ ♠é❞✐♦✱ ♣♦❞❡✲s❡

♦❜s❡r✈❛r t❛♠❜é♠ ♥❛ ❋✐❣✉r❛ ✻✳✾ q✉❡ ♠♦str❛ ❣rá✜❝♦ ❞❡ ❝❛✐①❛ ♣❛r❛ ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛

❞❡ ❣r❛♥❞❡ ♣♦rt❡✳ ◆❡st❛ ✜❣✉r❛✱ ♦❜s❡r✈❛✲s❡ q✉❡ ♦s ❛❧❣♦r✐t♠♦s ■●✰❍❘ ❡ ■●✰▼❉▲ ♥ã♦

❛♣r❡s❡♥t❛♠ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ s✐✱ ❥á q✉❡ ♦s ❝♦rt❡s ✐♥❝✐❞❡♥t❡s ♥❛

♠❡❞✐❛♥❛ ♥ã♦ s❡ s♦❜r❡♣õ❡♠✳ ❏á ♦s ❛❧❣♦r✐t♠♦s ❚❆❍ ❡ ■●✰❋&❖ t❡♠ ❞✐❢❡r❡♥ç❛ ❡st❛tís✲

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

❚❆❍ ❛♣r❡s❡♥t❛ ❞✐❢❡r❡♥ç❛s ♣♦rq✉❡ ♦❜t❡✈❡ ✈❛❧♦r❡s ♠✉✐t♦ ❛❧t♦s ❡ ♦ ■●✰❋&❖ ♣♦rq✉❡ t♦✲

❞♦s ♦s ✈❛❧♦r❡s ❛❧❝❛♥ç❛❞♦s ♣♦r ❡st❡ sã♦ ♦s ♠❡♥♦r❡s ❡♥tr❡ t♦❞❛s ❛s ❛♠♦str❛s ❡ ❡stã♦ ❜❡♠

♣ró①✐♠♦s à ③❡r♦✳
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❋✐❣✉r❛ ✻✳✾✿ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❞♦s ❘P❉✪ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡✳

❯♠❛ ❛♥á❧✐s❡s ❡st❛tíst✐❝❛ é t❛♠❜é♠ r❡❛❧✐③❛❞❛ ♣❛r❛ ❝♦♠♣❛r❛r ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦

❞♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡✳ ❖ r❡s✉❧t❛❞♦ ❞❡ t❡st❡ ❞❡

❑r✉s❦❛❧ ✲ ❲❛❧❧✐s é ♠♦str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✷✵✳ ◆♦✈❛♠❡♥t❡ ♦ ❱❛❧♦r✲P ❞♦ t❡st❡ ✐♥❞✐❝❛ ❛

❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❡ ♦ r❛♥❦✐♥❣ ♠é❞✐♦ ✐♥❞✐❝❛

q✉❡ ♦ ❛❧❣♦r✐t♠♦ q✉❡ ❛♣r❡s❡♥t❛ ♠❡♥♦r❡s t❡♠♣♦s é ♦ ■●✰▼❉▲ ❡ ♣♦✉❝♦ ♠❛✐s ❞✐st❛♥t❡ ♦

■●✰❋&❖ s❡❣✉✐♥❞♦ ♦ ❚❆❍ ❡ ✜♥❛❧♠❡♥t❡ ♦ ■●✰❍❘✳ ❖s ❞❛❞♦s ♦❜t✐❞♦s ♥❡st❡ t❡st❡ sã♦

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

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

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

♠❛✐♦r sã♦✿ ■●✰▼❉▲ → ■●✰❋&❖ → ❚❆❍ → ■●✰❍❘✳

❚❛❜❡❧❛ ✻✳✷✵✿ ❚❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♣❛r❛ ♣r♦❜❧❡♠❛ ❞❡ ❣r❛♥❞❡ ♣♦rt❡

❆♠♦str❛ ❚❛♠♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

❚❆❍ ✹✵✺ ✾✸✷✱✵

■●✰❍❘ ✹✵✺ ✶✷✸✽✱✵

■●✰▼❉▲ ✹✵✺ ✷✶✵✱✼

■●✰❋&❖ ✹✵✺ ✽✻✶✱✻

❱❛❧♦r✲P ❂ ✵✱✵

❖s ❞❛❞♦s ♦❜t✐❞♦s ♥♦ t❡st❡ ❞❡ ❑r✉s❦❛❧✲❲❛❧❧✐s sã♦ r❡❧❛❝✐♦♥❛❞♦s ❝♦♠ ♦ ❣rá✜❝♦ ❞❡

❝❛✐①❛s ♣❛r❛ ❛s ♠❡s♠❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s✳ ◆❛ ❋✐❣✉r❛ ✻✳✶✵ ✭❣rá✜❝♦ ❞❡ ❝❛✐①❛✮ ♣♦❞❡✲s❡

♦❜s❡r✈❛r q✉❡ ♥ã♦ ❡①✐st❡ ♥❡♥❤✉♠❛ r❡❧❛çã♦ ❡♥tr❡ ♦s r❛♥❦✐♥❣s ♠é❞✐♦s ❞♦s ❛❧❣♦r✐t♠♦s✱ ❥á

q✉❡ ❝❛❞❛ r❛♥❦✐♥❣ ❡stá ❞✐st❛♥t❡ ❞❡ ♦✉tr♦✱ ✐st♦ é ❛♣r❡❝✐❛❞♦ ♥♦ ❣rá✜❝♦✱ ❞❡s❞❡ q✉❡ ♦s ❝♦rt❡s



✽✷ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

❞❡ ❝❛❞❛ ❝❛✐①❛ ♥ã♦ s❡ s♦❜r❡♣õ❡♠ ❝♦♠ ♥❡♥❤✉♠ ♦✉tr♦ ❝♦rt❡ ❞❡ ♦✉tr❛ ❝❛✐①❛✳ ❖ s✐❣♥✐✜❝❛❞♦

❞✐st♦ é ✉♠❛ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❞❛s ❛♠♦str❛s ❡♥tr❡ s✐✳ ◆❡st❡ ❣rá✜❝♦ t❛♠✲

❜é♠ s❡ ♦❜s❡r✈❛ ♥♦✈❛♠❡♥t❡ ❛ r♦❜✉st❡③ ❞♦ ❛❧❣♦r✐t♠♦ ■●✰▼❉▲ ❡♠ r❡❧❛çã♦ ❛♦s t❡♠♣♦s

❞❡ ❡①❡❝✉çã♦✱ s❡♥❞♦ s✉❛ ❝❛✐①❛ ❞❡ ❞❛❞♦s ✉♠❛ ✏❧✐♥❤❛✑✳ ❖ ❛❧❣♦r✐t♠♦ ■●✰❋&❖ ❝♦♠ ✈❛❧♦r❡s

♣♦✉❝♦ ♠❛✐s ❛❧t♦s q✉❡ ♦ ■●✰▼❉▲✱ t❛♠❜é♠ r❡♣r❡s❡♥t❛ ❝❡rt❛ r♦❜✉st❡③ ❡♠ ❝♦♠♣❛r❛çã♦

❝♦♠ ♦s ❛❧❣♦r✐t♠♦s ❚❆❍ ❡ ■●✰❍❘✱ t❡♥❞♦ ❡st❡ ú❧t✐♠♦ ♦s ✈❛❧♦r❡s ♠❛✐s ❞✐st❛♥t❡s ❡

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

■●✰❍❘ ♣❛r❛ ❝❧❛ss❡s ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡ ♥ã♦ ♦❜té♠ s♦❧✉çõ❡s ❡♠ ✉♠ t❡♠♣♦

❝♦♠♣✉t❛❝✐♦♥❛❧ r❛③♦á✈❡❧✳ ❈♦♠♦ ❢♦✐ r❡❛❧✐③❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ✉♠❛ ❛♠♣❧✐❛çã♦ ❞♦ ❣rá✜❝♦

❞❡ ❝❛✐①❛ é ♥❡❝❡ssár✐❛ ♣❛r❛ ✉♠❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦ ❡ ❡st❛ é ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✻✳✶✶✳
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✻✳✺✳ ❘❡s✉❧t❛❞♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ✽✸
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❋✐❣✉r❛ ✻✳✶✶✿ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❛♠♣❧✐❛❞❛ ❞♦s ❘P❉✪ ✭t❡♠♣♦✮ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡
♣♦rt❡✳

✻✳✺✳✸ ❆♥á❧✐s❡s ♣❛r❛ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s

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

◆❛ ❚❛❜❡❧❛ ✻✳✷✶ ♠♦str❛✲s❡ ♦ t❡st❡ ❞❡ ❑r✉s❦❛❧ ✲ ❲❛❧❧✐s ♣❛r❛ t♦❞❛s ❛s ✐♥stâ♥❝✐❛s ❞❡

♣r♦❜❧❡♠❛s✳ ◆❛ ❝♦❧✉♥❛ ✏t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛✑ ♠♦str❛ 505 ♣❛r❛ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❥á q✉❡

sã♦ 101 ❝❧❛ss❡s ❞❡ ♣r♦❜❧❡♠❛s ❡ 5 ❡①❡♠♣❧❛r❡s ♣♦r ❝❧❛ss❡✳ ❖ ✈❛❧♦r✲P❂✵✱✵✱ r❡s✉❧t❛❞♦

❞♦ t❡st❡ ♣r♦✈❛ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛s ♠❡❞✐❛♥❛s ❞❛s ❛♠♦str❛s✱

r❡❥❡✐t❛♥❞♦ H0✳ ❖ r❛♥❦✐♥❣ ♠é❞✐♦ ❞♦ ■●✰❋&❖ é ♦ ♠❡♥♦r ❡ ❝♦♠ ❛♠♣❧❛ ❞✐❢❡r❡♥ç❛ ❞❡♥tr❡

t♦❞❛s ❛s ❛♠♦str❛s✳ ❖s r❛♥❦✐♥❣s ❞♦s ❛❧❣♦r✐t♠♦s ■●✰▼❉▲ ❡ ■●✰❍❘ ❡stã♦ r❡❧❛t✐✈❛♠❡♥t❡

♣ró①✐♠♦s✱ ❡♥q✉❛♥t♦ ♦ r❛♥❦✐♥❣ ❞♦ ❚❆❍ ❡♥❝♦♥tr❛✲s❡ ❜❡♠ ❞✐st❛♥t❡s ❞♦s ❞❡♠❛✐s✳

❚❛❜❡❧❛ ✻✳✷✶✿ ❚❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♣❛r❛ t♦❞❛s ❛s ✐♥stâ♥❝✐❛s

❆♠♦str❛ ❚❛♠❛♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

❚❆❍ ✺✵✺ ✶✹✾✾✱✵

■●✰❍❘ ✺✵✺ ✶✶✷✽✱✵

■●✰▼❉▲ ✺✵✺ ✶✵✻✾✱✵

■●✰❋&❖ ✺✵✺ ✸✹✻✱✾

❱❛❧♦r✲P❂ ✵✱✵

❙❡♥❞♦ ♦ ❱❛❧♦r✲P ✐❣✉❛❧ ❛ ③❡r♦ ❡ ♦ r❛♥❦✐♥❣ ♠é❞✐♦ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ■●✰❋&❖ ♦

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

❞❡s❡♠♣❡♥❤♦ ♣❛r❛ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡ ♣r♦❜❧❡♠❛s✳ ❊st❛ ❛✜r♠❛çã♦ ♣♦❞❡✲s❡ ❝♦♠♣r♦✈❛r



✽✹ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

♥❛ ❋✐❣✉r❛ ✻✳✶✷✱ ❣rá✜❝♦ ❞❡ ❝❛✐①❛ r❡❧❛❝✐♦♥❛❞♦ ❛♦ t❡st❡ ❞❡ ❑r✉s❦❛❧❧✲❲❛❧❧✐s✳ ◆♦ ❣rá✜❝♦ é

❝♦♠♦ s❡ ❡s♣❡r❛✱ ♦ ■●✰❋&❖ ♦❜té♠ ♦s ♠❡♥♦r❡s ✈❛❧♦r❡s✱ ❞❡ ❢❛t♦ ❜❡♠ ♣ró①✐♠♦s ❛ ③❡r♦✳

❊♥tr❡ ♦s ❛❧❣♦r✐t♠♦s ■●✰❍❘ ❡ ■●✰▼❉▲ ♥ã♦ ❡①✐st❡ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❡ ♦

❚❆❍ ❛♣r❡s❡♥t❛ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♠ r❡❧❛çã♦ ❛ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✱

♦❜t❡♥❞♦ ✈❛❧♦r❡s ♠✉✐t♦ ❞✐st❛♥t❡s às ❞❡♠❛✐s ❛♠♦str❛s✳ P❛r❛ ✉♠❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦✱ ♦

❣rá✜❝♦ é ❛♠♣❧✐❛❞♦ ❡ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✶✸✳
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❋✐❣✉r❛ ✻✳✶✸✿ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❛♠♣❧✐❛❞♦ ❞♦s ❘P❉✪ ♣❛r❛ t♦❞❛s ❛s ✐♥stâ♥❝✐❛s

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

❞❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♦ q✉❛❧ é ♠♦str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✻✳✷✷✳ ◆❡st❛ ❚❛❜❡❧❛ ♦ ❱❛❧♦r✲P ❢♦r♠❛❧✲

♠❡♥t❡ ✐♥❞✐❝❛ q✉❡ ♣❡❧♦ ♠❡♥♦s ✉♠❛ ♠❡❞✐❛♥❛ ❞❛s ❛♠♦str❛s é s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❞✐❢❡r❡♥t❡s



✻✳✺✳ ❘❡s✉❧t❛❞♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ✽✺

❞❛s ♠❡❞✐❛♥❛s ❞❛s ♦✉tr❛s ❛♠♦str❛s✳ ❈♦♠♦ ♦ r❛♥❦✐♥❣ ♠é❞✐♦ ❞♦ ■●✰▼❉▲ é ♦ ♠❡♥♦r ❞❡

t♦❞♦s ❡s♣❡r❛✲s❡ q✉❡ ❡st❡ ❛❧❣♦r✐t♠♦ s❡❥❛ ♦ q✉❡ ❛♣r❡s❡♥t❛ ❛ ❞✐❢❡r❡♥ç❛ s✐❣♥✐✜❝❛t✐✈❛✳ ❉❛❞♦

q✉❡ ♦s r❛♥❦✐♥❣s ♠é❞✐♦s ❞♦s ♦✉tr♦s ❛❧❣♦r✐t♠♦s ❡stã♦ r❡❧❛t✐✈❛♠❡♥t❡ ♣ró①✐♠♦s ❞✐✜❝✉❧t❛

✉♠❛ ❝♦♥❝❧✉sã♦ só ❝♦♥s✐❞❡r❛♥❞♦ ❡st❡ t❡st❡✳ P❛r❛ ❡s❝❧❛r❡❝❡r r❡❛❧♠❡♥t❡ q✉❛❧ ❛❧❣♦r✐t♠♦ é

♠❡❧❤♦r ❝♦♠ r❡❧❛çã♦ ❛♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦✱ ♠♦str❛s✲s❡ ❛ ❋✐❣✉r❛ ✻✳✶✹✱ ❣rá✜❝♦ ❞❡ ❝❛✐①❛

r❡❧❛❝✐♦♥❛❞♦ ❛♦ t❡st❡ ❞❡ ❑r✉s❦❛❧❧ ✲ ❲❛❧❧✐s ♣❛r❛ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛✳

❚❛❜❡❧❛ ✻✳✷✷✿ ❚❡st❡ ❑r✉s❦❛❧✲❲❛❧❧✐s ♣❛r❛ ♣r♦❜❧❡♠❛ ❞❡ ❣r❛♥❞❡ ♣♦rt❡

❆♠♦str❛ ❚❛♠♥❤♦ ❞❛ ❛♠♦str❛ ❘❛♥❦✐♥❣ ♠é❞✐♦

❚❆❍ ✺✵✺ ✶✶✽✷✱✵

■●✰❍❘ ✺✵✺ ✶✹✾✻✱✵

■●✰▼❉▲ ✺✵✺ ✷✻✺✱✽

■●✰❋&❖ ✺✵✺ ✶✵✾✾✱✵

❱❛❧♦r✲P ❂ ✵✱✵

◆♦t❡ q✉❡ ♥♦ ❣rá✜❝♦ ❞❡ ❝❛✐①❛ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✶✹ ❡①✐st❡♠ ❞✐❢❡r❡♥ç❛s ❡st❛✲

tíst✐❝❛s s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s✱ ❥á q✉❡ ♥❡♥❤✉♠ ❝♦rt❡ ❞❡ ❝❛❞❛ ❝❛✐①❛ s❡

s♦❜r❡♣õ❡♠ s♦❜r❡ ♦✉tr♦ ❝♦rt❡ ❞❡ ♦✉tr❛ ❝❛✐①❛✳ ◆❡st❡ ❣rá✜❝♦ t❛♠❜é♠ ✈❡r✐✜❝❛✲s❡ ♦ r❡s✉❧✲

t❛❞♦ ❞♦ t❡st❡ ❞❡ ❑r✉s❦❛❧❧✲❲❆❧❧✐s q✉❡ ♠♦str❛ q✉❡ ♦ ❛❧❣♦r✐t♠♦ ■●✰▼❉▲ ♣♦ss✉✐ ♦ ♠❡♥♦r

r❛♥❦✐♥❣ ♠é❞✐♦ (265, 8)✱ s❡❣✉✐❞♦ ❞♦s ❛❧❣♦r✐t♠♦s ■●✰❋&❖ ❝♦♠ (1099)✱ ❚❆❍ ❝♦♠ (1182)

❡ ■●✰❍❘ ❝♦♠ (1496)✱ ♥❡st❛ ♠❡s♠❛ ♦r❞❡♠✳ P❛r❛ ❛♣r❡❝✐❛r ♠❡❧❤♦r ❛s ❞✐❢❡r❡♥ç❛s ❡♠ r❡✲

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

❡st❡ é ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✻✳✶✺✳
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❋✐❣✉r❛ ✻✳✶✹✿ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❞♦s ❘P❉✪ ✭t❡♠♣♦✮ ♣❛r❛ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s



✽✻ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s
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❋✐❣✉r❛ ✻✳✶✺✿ ●rá✜❝♦ ❞❡ ❝❛✐①❛ ❛♠♣❧✐❛❞♦ ❞♦s ❘P❉✪ ✭t❡♠♣♦✮ ♣❛r❛ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡
✐♥stâ♥❝✐❛s

✻✳✻ ❈♦♥❝❧✉sõ❡s ❞♦s ❡①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

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

❝❛❞❛ ✉♠ ❞♦s ❛❧❣♦r✐t♠♦s✳ ❈♦♠ r❡s♣❡✐t♦ à ❝❛❧✐❜r❛çã♦ ❞♦ ❚❆❍✱ ♦ ♣❛râ♠❡tr♦ ♥ú♠❡r♦

♠á①✐♠♦ ❞❡ ✐t❡r❛çõ❡s ❞♦ ❛❧❣♦r✐t♠♦ ✭■t❡r❴❆❧❣✮ ❢♦✐ ❡st❛❜❡❧❡❝✐❞♦ ♣♦r ❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳

❬✷✵✶✷❪ ❡♠ 100000✱ s❡♥❞♦ q✉❡ ✉♠❛ ✐t❡r❛çã♦ ❢♦✐ ❞❡✜♥✐❞❛ ❝♦♠♦ ♦ ♣r♦❝❡ss♦ ❞❡ ❝á❧❝✉❧♦ ❞❛

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

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

❞❡ ✐t❡r❛çã♦ ❞❡✜♥✐❞♦ ♣❡❧♦ ❛✉t♦r✳ ◆❛ ❧✐t❡r❛t✉r❛ ♥ã♦ ❡①✐st❡ ✐♥❢♦r♠❛çã♦ s♦❜r❡ ♣❛râ♠❡tr♦s

❞♦ ❚❆❍ ♣❛r❛ ♣r♦❜❧❡♠❛s s✐♠✐❧❛r❡s✱ ♠❡s♠♦ ❛ss✐♠✱ 100000 ❝♦♠♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡

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

❢❛✐①❛ ❞❡ ❝♦❜❡rt✉r❛ ♣❛r❛ ❡st❡ ♣❛râ♠❡tr♦ ❢♦✐✿ ♠í♥✐♠♦ ❞❡ 50000 ❡ ♠á①✐♠♦ ❞❡ 100000✳

◆ã♦ s❛t✐s❢❡✐t♦ ❝♦♠ ♦s ✈❛❧♦r❡s ♠í♥✐♠♦ ❡ ♠á①✐♠♦ ❡st❛❜❡❧❡❝✐❞♦s ♣❛r❛ ♦ ♣❛râ♠❡tr♦ ❞❡

♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s✱ ❢♦✐ ♣r♦♣♦st♦ ✉♠ ♥♦✈♦ ♣❛râ♠❡tr♦ q✉❡ ♣♦❞❡ ❢❛✈♦r❡❝❡r ❛ ❡✜❝✐ê♥❝✐❛

❞♦ ❚❆❍✱ ❛ s❛❜❡r✱ ♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛çõ❡s s❡♠ ♠❡❧❤♦r❛ Iter❴Sm✳ ❆♦ ❡st❛❜❡✲

❧❡❝❡r ♥♦✈❛s ❢❛✐①❛s ❞❡ ❝♦❜❡rt✉r❛ ♣❛r❛ ♦s ♣❛râ♠❡tr♦s ❞♦ ❚❆❍ ❡ ❛ ❛❞✐çã♦ ❞❡ ✉♠ ♥♦✈♦

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

❞❛ s♦❧✉çã♦ ❢♦✐ ♠❛♥t✐❞❛ ❝♦♥❢♦r♠❡ ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♣♦r ❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳ ❬✷✵✶✷❪✳

◗✉❛♥t♦ à ❝❛❧✐❜r❛çã♦ ❞♦s ❛❧❣♦r✐t♠♦s ♣r♦♣♦st♦s ✭■●✰❍❘✱ ■●✰▼❉▲ ❡ ■●✰❋&❖✮✱

s❡ t♦♠♦✉ ❝♦♠♦ ❜❛s❡ ❛s ♣❡sq✉✐s❛s ♥❛s q✉❛✐s ♦ ■● ❢♦✐ ♣r♦♣♦st♦ ♣❛r❛ tr❛t❛r ♦ ✢♦✇s❤♦♣✳

❆❝r❡❞✐t❛♠♦s q✉❡ ♥❡st❡ tr❛❜❛❧❤♦ é ❛ ♣r✐♠❡✐r❛ ✈❡③ q✉❡ ♦ ■● é ♣r♦♣♦st♦ ♣❛r❛ ♦ P❉❙▲❋❙✳



✻✳✻✳ ❈♦♥❝❧✉sõ❡s ❞♦s ❡①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ✽✼

P♦rt❛♥t♦✱ ❛s ❢❛✐①❛s ❞❡ ❝♦❜❡rt✉r❛ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ♣❛râ♠❡tr♦s ❞♦ ■● ❢♦r❛♠ t❛♠❜é♠

s❡❧❡❝✐♦♥❛❞♦s ❡♠ ❜❛s❡ ♥❛ ❡①♣❡r✐ê♥❝✐❛ ♥❛ ❢❛s❡ ❞❡ ♣r♦❣r❛♠❛çã♦ ❞♦ ♠❡s♠♦✳

❘❡❢❡r✐♥❞♦✲♥♦s à q✉❛❧✐❞❛❞❡ ❞❡ s♦❧✉çã♦ ♣r♦❞✉③✐❞❛ ♣❡❧♦s ❛❧❣♦r✐t♠♦s✱ ❛ ❤❡✉ríst✐❝❛

❍❘ é ❛ ♠❡❧❤♦r ♦♣çã♦ ♣❛r❛ ❝❧❛ss❡s ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡✳ ❊♥tr❡t❛♥t♦✱ ♣❛r❛ ❛

❝❧❛ss❡ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ♠é❞✐♦ ❡ ❣r❛♥❞❡ ♣♦rt❡ ❡st❛ ❤❡✉ríst✐❝❛ ♥ã♦ ❞❡✈❡ s❡r ❝♦♥s✐❞❡r❛❞❛ ❥á

q✉❡ ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ sã♦ ❡①❝❡ss✐✈❛♠❡♥t❡ ❛❧t♦s✳ ●❡r❛❧♠❡♥t❡✱ ❝♦♠ ❡st❛ ❤❡✉ríst✐❝❛✱

♥ã♦ s❡ ♦❜t❡✈❡ ✉♠❛ s♦❧✉çã♦ ♣❛r❛ ❛s ❝❧❛ss❡s ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡ ♥♦ t❡♠♣♦ ❞❡

❡①❡❝✉çã♦ ❡st❛❜❡❧❡❝✐❞♦✳

❆ ❝♦♠❜✐♥❛çã♦ ❞❛s ❤❡✉ríst✐❝❛s ■●✰❍❘ r❡❞✉③✐✉ ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦✱ ♣♦ré♠✱ ❛

q✉❛❧✐❞❛❞❡ ❞❛ s♦❧✉çã♦ ❞❛ ❤❡✉ríst✐❝❛ ❍❘ é ♠❡❧❤♦r✱ ✐st♦ é ❡s♣❡r❛❞♦✱ ❥á q✉❡ é s✉❜st✐t✉í❞♦

♦ ♣r♦❝❡❞✐♠❡♥t♦ ❡①❛t♦ ♣♦r ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ❛♣r♦①✐♠❛❞♦ ♣❛r❛ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞♦s

♣r♦❞✉t♦s✳ ◆♦t❡✲s❡ q✉❡ ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ❛♦ ✐♥t❡❣r❛r ♦ ■● à ❍❘ ❢♦r❛♠ ❝♦♥s✐✲

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

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

❊♠ t❡r♠♦s ❣❡r❛✐s ♦ ❛❧❣♦r✐t♠♦ ❚❆❍ ♦❜tê♠ ❜♦❛s s♦❧✉çõ❡s ❡♠ t❡♠♣♦ ❝♦♠♣✉t❛❝✐♦✲

♥❛❧ r❛③♦á✈❡❧✳ ❆s s♦❧✉çõ❡s ✐♥✐❝✐❛✐s ❝♦♥str✉í❞❛s ♣♦r ❡st❡ ❛❧❣♦r✐t♠♦ sã♦ ❞❡ ❜♦❛ q✉❛❧✐❞❛❞❡✱

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

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

❜♦♥s ♠ét♦❞♦s tr❛❞✐❝✐♦♥❛✐s ❥á t❡st❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛✱ ♣♦rt❛♥t♦✱ ❡st❡s ❛❣❡♥t❡s ❣❡r❛❧♠❡♥t❡

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

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

♣r♦❜❧❡♠❛s só ♦s ❛❣❡♥t❡s ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦s ♠❡❧❤♦r❛♠ ❛ s♦❧✉çã♦✳ ❖ ❚❆❍ s✉♣❡r❛ ❡♠

t❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ à ❤❡✉ríst✐❝❛ ■●✰❍❘✱ s❡♥❞♦ q✉❡ ❛ ❞✐❢❡r❡♥ç❛ q✉❡ ❡①✐st❡ ❡♥tr❡ ♦s

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

♥ã♦ sã♦ s✐❣♥✐✜❝❛t✐✈♦s✳ ❊♥q✉❛♥t♦ ❛ q✉❛❧✐❞❛❞❡ s❡ r❡❢❡r❡✱ ❛ ❤❡✉ríst✐❝❛ ■●✰❍❘ ♥❛ ♠❛✐♦r✐❛

❞♦s ❝❛s♦s ❞❡ ✐♥stâ♥❝✐❛s ♦❜té♠ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s q✉❡ ♦ ❚❆❍✱ ❡①✐st✐♥❞♦ ✉♠❛ ❞✐❢❡r❡♥ç❛

❡st❛tíst✐❝❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♠ r❡❧❛çã♦ à q✉❛❧✐❞❛❞❡ ❞❛ s♦❧✉çã♦✳

❙✐t✉❛çã♦ ❛♥á❧♦❣❛ ❛♦ ❚❆❍ ❛❝♦♥t❡❝❡ ❝♦♠ ♦ ■●✰▼❉▲✱ ❛s s❡q✉ê♥❝✐❛s ❞❡ ♣r♦❞✉✲

çã♦ sã♦ ❝♦♥st❛♥t❡♠❡♥t❡ ♠❡❧❤♦r❛❞❛s✱ ♠❛s ❞❡❝✐sõ❡s ❡♠ r❡❧❛çã♦ ❛♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ sã♦

♣♦✉❝❛s ✈❡③❡s t♦♠❛❞❛s✳ ❆ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦ ❚❆❍ ❡ ♦ ■●✰▼❉▲ ❡♥❝♦♥tr❛✲s❡ ❡♠ q✉❡ ♦

■●✰▼❉▲ ♣♦✉❝❛s ✈❡③❡s ❢❛③ ✉s♦ ❞❛ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛✱ ✐st♦ r❡❞✉③ ♦ t❡♠♣♦ ❝♦♠✲

♣✉t❛❝✐♦♥❛❧ ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♥♦t❡ q✉❡ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞♦ ❚❆❍ ♣❛r❛

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

♠❡♥t♦ ❞❡ ❧♦t❡s✱ ❡st❡ s❡❧❡❝✐♦♥❛ só ✉♠ ♣❡rí♦❞♦ ❛❧❡❛t♦r✐❛♠❡♥t❡✱ ♦✉ s❡❥❛✱ ♦ ❛❣❡♥t❡ ♠❡❧❤♦r❛



✽✽ ❈❛♣ít✉❧♦ ✻✳ ❊①♣❡r✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s

só ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦ ❡♠ t♦❞❛ ✉♠❛ s♦❧✉çã♦✱ ❡♥q✉❛♥t♦ ♦ ■●✰▼❉▲ ♣r♦❝✉r❛

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

s♦❧✉çã♦ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡✳ ▼❡s♠♦ q✉❡ ✉♠❛ ✐t❡r❛çã♦ ❞♦ ❚❆❍ ❢♦ss❡ ❝♦♥s✐❞❡r❛❞❛ ❝♦♠♦

❛ ❡①❡❝✉çã♦ ❞♦ ❝♦r♣♦ ♣r✐♥❝✐♣❛❧ ❞♦ ❛❧❣♦r✐t♠♦ ✭❞❛ ❧✐♥❤❛ ✽ ❛té ❛ ❧✐♥❤❛ ✶✻ ❞♦ ❛❧❣♦r✐t♠♦

❆✲❚❡❛♠s✮✱ ♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛çõ❡s ❞♦ ■●✰▼❉▲ s❡r✐❛ ❛✐♥❞❛ ♠❡♥♦r q✉❡ ♦ ♥ú✲

♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛çõ❡s ❞♦ ❚❆❍✳ P♦r ❝❛✉s❛ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❡ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ❞❛

❤❡✉ríst✐❝❛ ■●✰▼❉▲ ❡①♣♦st❛s ❛♥t❡r✐♦r♠❡♥t❡✱ s✉♣❡r❛ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ t❛♥t♦ ❡♠ t❡♠♣♦

❝♦♠♣✉t❛❝✐♦♥❛❧ ❝♦♠♦ ❡♠ q✉❛❧✐❞❛❞❡ ❞❛ s♦❧✉çã♦ à ❤❡✉ríst✐❝❛ ❚❆❍✳

❆ ❤❡✉ríst✐❝❛ ■●✰❋&❖ ❞❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ♦ ■●✰▼❉▲ ♦❜té♠ ❜♦❛s s❡q✉ê♥❝✐❛s

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

❞❛ ❤❡✉ríst✐❝❛ ❋&❖✱ ❛ q✉❛❧ ❢❛③ ✉s♦ ❞❛ ❢♦r♠✉❧❛çã♦ ♠❛t❡♠át✐❝❛✱ t♦r♥❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦

♣♦✉❝♦ ♠❛✐s ❞❡♠♦r❛❞♦ q✉❡ ♦ ❛❧❣♦r✐t♠♦ ■●✰▼❉▲✱ ♣♦ré♠✱ ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ t❡♠♣♦s ❞❡

❡①❡❝✉çã♦ ♥ã♦ é ❝♦♥s✐❞❡rá✈❡❧✳ ❱❛❧❡ ❞❡st❛❝❛r t❛♠❜é♠ q✉❡ ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ♦❜t✐❞♦s

♣❡❧♦ ■●✰❋&❖ sã♦✱ ♥❛ ♠❛✐♦r✐❛ ❞♦s ❝❛s♦s✱ ♠❡♥♦r❡s q✉❡ ♦s t❡♠♣♦s ❞❡ ❡①❡❝✉çã♦ ♦❜t✐❞♦s

♣❡❧♦ ❚❆❍✳ ❆ q✉❛❧✐❞❛❞❡ ❞❛ s♦❧✉çã♦ ♦❜t✐❞❛ ♣❡❧❛ ■●✰❋&❖✱ é ❛ ♠❡❧❤♦r ❡♠ ❝♦♠♣❛r❛✲

çã♦ ❝♦♠ t♦❞♦s ♦s ❛❧❣♦r✐t♠♦s ❡♠ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s✱ ✐st♦✱ ❢♦✐ ❝♦♠♣r♦✈❛❞♦

❡st❛t✐st✐❝❛♠❡♥t❡ ♥❛ s❡çã♦ ❛♥t❡r✐♦r✳



❈❛♣ít✉❧♦ ✼

❈♦♥❝❧✉sõ❡s

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

❧♦t❡s ❡♠ ✉♠ ❛♠❜✐❡♥t❡ ❞❡ ♣r♦❞✉çã♦ ❞♦ t✐♣♦ ✢♦✇s❤♦♣ ✭P❉❙▲❋❙✮✳ ❖ ❤♦r✐③♦♥t❡ ❞❡

♣❧❛♥❡❥❛♠❡♥t♦ ❝♦♥s✐❞❡r❛❞♦ é ✜♥✐t♦ ❡ ❞✐✈✐❞✐❞♦ ❡♠ ♣❡rí♦❞♦s✳ P❛r❛ ❝❛❞❛ ♣❡rí♦❞♦ ❡①✐st❡

✉♠❛ ❞❡♠❛♥❞❛ ❞❡t❡r♠✐♥íst✐❝❛ ❡ ❞❡✈❡ s❡r ❛t❡♥❞✐❞❛ s❡♠ ❛tr❛s♦s✳ ❆s ♠áq✉✐♥❛s sã♦

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

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

❞❛ ♣r♦❞✉çã♦ ❡✜❝✐❡♥t❡ q✉❡ s❛t✐s❢❛ç❛ ♦s ❝❧✐❡♥t❡s ❞❛ ♠❛♥❡✐r❛ ♠❛✐s ❡❝♦♥ô♠✐❝❛ ♣♦ssí✈❡❧✱

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

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

♣r❡♣❛r❛çã♦ ❞❛s ♠áq✉✐♥❛s✳

◆❛ ❧✐t❡r❛t✉r❛ s❡ ❡♥❝♦♥tr♦✉ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣❛r❛ ♦ P❉❙▲❋❙ ♣r♦♣♦st♦ ♣♦r

❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪✱ q✉❡ ❛♣r❡s❡♥t❛ s♦❧✉çõ❡s ❝♦♠ ❝❛r❛❝t❡ríst✐❝❛s ♣❡r♠✉t❛❝✐♦♥❛✐s✳

❖ ❛✉t♦r ❞❡st❡ ♠♦❞❡❧♦ ❛✜r♠❛ q✉❡ t❛❧ ❝❛r❛❝t❡ríst✐❝❛ é ❜❡♠ ❝♦♥s✐❞❡r❛❞❛ t❛♥t♦ ♥❛ ♣rát✐❝❛

✐♥❞✉str✐❛❧ ❝♦♠♦ ♥❛ ❧✐t❡r❛t✉r❛✳ ❉❛❞♦ q✉❡ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ só r❡s♦❧✈❡ ♣r♦❜❧❡♠❛s

❞❡ ♣❡q✉❡♥♦ ♣♦rt❡✱ ♦ ♠❡s♠♦ ❛✉t♦r ♣r♦♣✉s ❛ ❤❡✉ríst✐❝❛ ❍♦r✐③♦♥t❡ ❘♦❧❛♥t❡✱ ❝♦♠ ❡❧❛ s❡

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

♠❛t❡♠át✐❝♦ r❡q✉❡r ✉♠ ❛❧t♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳ ❆♥t❡s ❞❡ ❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪✱

❇❡❧♦ ❋✐❧❤♦ ❡t ❛❧✳ ❬✷✵✶✷❪ ♣r♦♣✉s❡r❛♠ ♦ ❆✲❚❡❛♠s ♣❛r❛ ❡st❡ ♠❡s♠♦ ♣r♦❜❧❡♠❛✳ ❊st❡ é

✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ❤❡✉ríst✐❝♦ ❤í❜r✐❞♦ ❥á q✉❡ s✉❛s s♦❧✉çõ❡s sã♦ ❝♦♥str✉í❞❛s ❜❛s❡❛❞❛s

♥♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞❡ ▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❜❪✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦ ♠♦❞❡❧♦

♠❛t❡♠át✐❝♦ ♣r♦♣♦st♦ ♣♦r ❘❛♠❡③❛♥✐❛♥ ❡t ❛❧✳ ❬✷✵✶✷❪ é ♠✉✐t♦ ♠❛✐s ❡✜❝✐❡♥t❡ q✉❡ ♦ ❞❡

▼♦❤❛♠♠❛❞✐ ❡t ❛❧✳ ❬✷✵✶✵❜❪ ❡ ❛s ❤❡✉ríst✐❝❛s ❍❘ ❡ ❆✲❚❡❛♠s ♥ã♦ ❢♦r❛♠ ❛♥t❡r✐♦r♠❡♥t❡

❝♦♠♣❛r❛❞❛s✳

✽✾



✾✵ ❈❛♣ít✉❧♦ ✼✳ ❈♦♥❝❧✉sõ❡s

◆❡st❡ tr❛❜❛❧❤♦✱ ♣❛r❛ tr❛t❛r ♦ P❉❙▲❋❙ sã♦ ♣r♦♣♦st❛s ❤❡✉ríst✐❝❛s ❜❛s❡❛❞❛s ♥♦ ❛❧❣♦✲

r✐t♠♦ ■●✳ Pr✐♠❡✐r❛♠❡♥t❡ ♦ ■● ❢♦✐ ❝♦♠❜✐♥❛❞♦ ❝♦♠ ❛ ❍❘✱ r❡s✉❧t❛♥❞♦ ♦ ❤í❜r✐❞♦ ■●✰❍❘✳

❆ ❝♦♠❜✐♥❛çã♦ ❞❡st❡s ♠ét♦❞♦s ✭■●✰❍❘✮ ❛❝❡❧❡r♦✉ ♦ ♣r♦❝❡ss♦ ❞❡ ❜✉s❝❛ ❞❡ s♦❧✉çã♦ ❡♠

❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✉♠ 60% ❡♠ r❡❧❛çã♦ à ❤❡✉ríst✐❝❛ ❍❘✳ ❊♠❜♦r❛ ❛ q✉❛❧✐❞❛❞❡ ❞❛ s♦❧✉çã♦

❞♦ ❍❘ s❡❥❛ ♣✐♦r❛❞❛ ❡♠ ✉♠ 15% ❛♣r♦①✐♠❛❞❛♠❡♥t❡✱ é r❡❝♦♠❡♥❞á✈❡❧ ✉s❛r ❡st❡ ♠ét♦❞♦

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

♦ ♣♦✉❝♦ t❡♠♣♦ ❣❛st♦ ✉s❛❞♦ ♣❡❧♦ ♣r♦❝❡❞✐♠❡♥t♦ ♣❛r❛ ❛❝❤❛r ✉♠❛ ❜♦❛ s♦❧✉çã♦✳ ❆ ■●✰❍❘

❛✐♥❞❛ é ❢♦rt❡♠❡♥t❡ ❞❡♣❡♥❞❡♥t❡ ❞❡ ♠✉✐t❛s ✈❛r✐á✈❡✐s ❛ s❡r❡♠ ♦t✐♠✐③❛❞❛s ♥❛ ❢♦r♠✉❧❛çã♦

♠❛t❡♠át✐❝❛✱ ❞❡st❛ ❢♦r♠❛✱ ♣❛r❛ ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡ ♦ ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ é

❞❡♠❛s✐❛❞♦✳

❉❛❞♦ q✉❡ ✐♥stâ♥❝✐❛s ❞❡ ❣r❛♥❞❡ ♣♦rt❡ sã♦ ❞✐❢í❝❡✐s ❞❡ r❡s♦❧✈ê✲❧❛s ❝♦♠ ❛ ❤❡✉ríst✐❝❛

■●✰❍❘ ❡♠ t❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ r❛③♦á✈❡❧✱ ❢♦✐ ♥❡❝❡ssár✐♦ ♣r♦♣♦r ♦✉tr❛ ❤❡✉ríst✐❝❛✱ ❞❡st❛

✈❡③✱ ♦ ■● ❢♦✐ ❝♦♠❜✐♥❛❞♦ ❝♦♠ ♠ét♦❞♦s t♦t❛❧♠❡♥t❡ ❛♣r♦①✐♠❛❞♦s ♣❛r❛ ♠❡❧❤♦r❛r ♦ ❞✐♠❡♥✲

s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ✭▼❉▲✮✱ ❛ q✉❛❧ é ❝❤❛♠❛❞❛ ■●✰▼❉▲✳ ◆❡st❛ ❤❡✉ríst✐❝❛ ✭■●✰▼❉▲✮

♥♦t♦✉✲s❡ q✉❡ ♦ ■● ♥♦ ♣r♦❝❡ss♦ ❞❡ ❜✉s❝❛ ❤❡✉ríst✐❝♦ ♠❡❧❤♦r❛✈❛ ❛ s❡q✉ê♥❝✐❛ ❞❡ ♣r♦❞✉çã♦

❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡✱ ❡♥q✉❛♥t♦✱ ♦ ▼❉▲ ❢❛③ ♣♦✉❝❛ ❝♦♥tr✐❜✉✐çã♦ às ❞❡❝✐sõ❡s ❞❡ ❞✐♠❡♥s✐♦✲

♥❛♠❡♥t♦ ❞❡ ❧♦t❡s✱ ♣♦ré♠✱ ❛s s♦❧✉çõ❡s ♦❜t✐❞❛s ♣❡❧♦ ■●✰▼❉▲ sã♦ ❞❡ q✉❛❧✐❞❛❞❡ ❛❝❡✐tá✈❡❧

❞❛❞♦ ♦ ♣♦✉❝♦ t❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❣❛st♦ ♣❛r❛ ❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦✳ ❆ ♣♦✉❝❛ ✉t✐✲

❧✐③❛çã♦ ❞❡ ♠ét♦❞♦s ❡①❛t♦s ♥♦ ❛❧❣♦r✐t♠♦ ■●✰▼❉▲ ♦ ❢❛③ 69% ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ♠❛✐s

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

✉♠❛ ❜♦❛ s♦❧✉çã♦ ✭■●✰❋&❖✮✳

❈♦♠ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛ ❤❡✉ríst✐❝❛ ■●✰❋&❖✱ s❡ ❜✉s❝♦✉ r❡❞✉③✐r ♦ t❡♠♣♦

❝♦♠♣✉t❛❝✐♦♥❛❧ ❣❛st♦ ❡♠ r❡❧❛çã♦ à ❤❡✉ríst✐❝❛ ■●✰❍❘ ✭♠❛♥t❡♥❞♦ ❛ ❡✜❝á❝✐❛✮ ❡ ♠❡❧❤♦r❛r

❛ q✉❛❧✐❞❛❞❡ ❞❛ s♦❧✉çã♦ ♦❜t✐❞❛ ♣❡❧❛ ❤❡✉ríst✐❝❛ ■●✰▼❉▲ ✭♠❛♥t❡♥❞♦ ❛ ❡✜❝✐ê♥❝✐❛✮✳ ❊ss❡s

❞♦✐s ♦❜❥❡t✐✈♦s ❢♦r❛♠ ❝♦♥s❡❣✉✐❞♦s✱ ❥á q✉❡ ❛ ❤❡✉ríst✐❝❛ ■●✰❋&❖ ❡♥❝♦♥tr❛ ♠❡❧❤♦r❡s

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

✐♥stâ♥❝✐❛s✱ ❞❡st❛ ❢♦r♠❛✱ ❡♥q✉❛♥t♦ ❛ q✉❛❧✐❞❛❞❡ s❡ r❡❢❡r❡ ❛ ❤❡✉ríst✐❝❛ ■●✰❋&❖ é 100%

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

■●✰▼❉▲ é ♠❛✐s rá♣✐❞♦✱ ♠ás ♦s t❡♠♣♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❣❛st♦s ♣❡❧♦ ■●✰❋&❖ ❡♠

t♦❞♦s ♦s ❝❛s♦s ❞❡ ✐♥stâ♥❝✐❛s sã♦ r❛③♦á✈❡❧ ❡ ❛❝❡✐tá✈❡❧✳

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

■●✰❋&❖✳ ❚❛♠❜é♠✱ ♣r♦♣♦r ♥♦✈❛s ❡str❛té❣✐❛s ❜❛s❡❛❞❛s ❡♠ ♠ét♦❞♦s ❛♣r♦①✐♠❛❞♦s q✉❡

♠❡❧❤♦r❡♠ ♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s✱ ❞❛❞♦ q✉❡ ❛s ♣r♦♣♦st❛s ♣♦r ●♦♣❛❧❛❦r✐s❤♥❛♥ ❡t ❛❧✳

❬✷✵✵✶❪ sã♦ ❛s ú♥✐❝❛s ✉t✐❧✐③❛❞❛s ♥❛ ❧✐t❡r❛t✉r❛ ❡ ❡st❛s ❛♣r❡s❡♥t❛♠ ♣♦✉❝❛ ❝♦♥tr✐❜✉✐çã♦✳ ❊♠

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

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



✾✶

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

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

❝♦♠♦ ♦ ❥♦❜s❤♦♣✱ ✢♦✇s❤♦♣ ✢❡①í✈❡❧ ❡ ❥♦❜s❤♦♣ ✢❡①í✈❡❧✳





❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❆❧❧❛❤✈❡r❞✐✱ ❆✳❀ ●✉♣t❛✱ ❏✳ ✫ ❆❧❞♦✇❛✐s❛♥✱ ❚✳ ✭✶✾✾✾✮✳ ❆ r❡✈✐❡✇ ♦❢ s❝❤❡❞✉❧✐♥❣ r❡s❡❛r❝❤

✐♥✈♦❧✈✐♥❣ s❡t✉♣ ❝♦♥s✐❞❡r❛t✐♦♥s✳ ❖♠❡❣❛✱ ✷✼✭✷✮✿✷✶✾✲✲✷✸✾✳

❆♥t✉♥❡s✱ ❏✳ ✭✷✵✵✽✮✳ ❙✐st❡♠❛s ❞❡ ♣r♦❞✉çã♦✿ ❝♦♥❝❡✐t♦s ❡ ♣rát✐❝❛s ♣❛r❛ ♣r♦❥❡t♦s ❡ ❣❡stã♦

❞❛ ♣r♦❞✉çã♦ ❡♥①✉t❛✳ ❇♦♦❦♠❛♥✳

❇❛❤❧✱ ❍✳ ❈✳❀ ❘✐t③♠❛♥✱ ▲✳ P✳ ✫ ●✉♣t❛✱ ❏✳ ◆✳ ✭✶✾✽✼✮✳ ❖r ♣r❛❝t✐❝❡ ❞❡t❡r♠✐♥✐♥❣ ❧♦t s✐③❡s

❛♥❞ r❡s♦✉r❝❡ r❡q✉✐r❡♠❡♥ts✿ ❆ r❡✈✐❡✇✳ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤✱ ✸✺✭✸✮✿✸✷✾✲✲✸✹✺✳

❇❡❧♦ ❋✐❧❤♦✱ ▼✳❀ ❙❛♥t♦s✱ ▼✳ ❖✳ ✫ ▼❡♥❡s❡s✱ ❈✳ ◆✳ ✭✷✵✶✷✮✳ ❆s②♥❝❤r♦♥♦✉s t❡❛♠s ❢♦r ❥♦✐♥t

❧♦t✲s✐③✐♥❣ ❛♥❞ s❝❤❡❞✉❧✐♥❣ ♣r♦❜❧❡♠ ✐♥ ✢♦✇ s❤♦♣s✳ ■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ♦❢ Pr♦❞✉❝t✐♦♥

❘❡s❡❛r❝❤✱ ✺✵✭✷✵✮✿✺✽✵✾✲✲✺✽✷✷✳

❇❡❧♦ ❋✐❧❤♦✱ ▼✳ ❆✳ ❋✳❀ ❞♦s ❙❛♥t♦s✱ ▼✳ ❖✳ ✫ ❞❡ ▼❡♥❡s❡s✱ ❈✳ ◆✳ ✭✷✵✵✾✮✳ Pr♦❣r❛♠❛çã♦ ❞❡

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

❇✐❧❧✐♥❣t♦♥✱ P✳❀ ❇❧❛❝❦❜✉r♥✱ ❏✳❀ ▼❛❡s✱ ❏✳❀ ▼✐❧❧❡♥✱ ❘✳ ✫ ❱❛♥ ❲❛ss❡♥❤♦✈❡✱ ▲✳ ◆✳ ✭✶✾✾✹✮✳

▼✉❧t✐✲✐t❡♠ ❧♦ts✐③✐♥❣ ✐♥ ❝❛♣❛❝✐t❛t❡❞ ♠✉❧t✐✲st❛❣❡ s❡r✐❛❧ s②st❡♠s✳ ■■❊ tr❛♥s❛❝t✐♦♥s✱

✷✻✭✷✮✿✶✷✲✲✶✽✳

❈❤❡♥❣✱ ❚✳ ❊✳❀ ●✉♣t❛✱ ❏✳ ◆✳ ✫ ❲❛♥❣✱ ●✳ ✭✷✵✵✵✮✳ ❆ r❡✈✐❡✇ ♦❢ ✢♦✇s❤♦♣ s❝❤❡❞✉❧✐♥❣

r❡s❡❛r❝❤ ✇✐t❤ s❡t✉♣ t✐♠❡s✳ Pr♦❞✉❝t✐♦♥ ❛♥❞ ❖♣❡r❛t✐♦♥s ▼❛♥❛❣❡♠❡♥t✱ ✾✭✸✮✿✷✻✷✲✲✷✽✷✳

❈♦rrê❛✱ ❍✳ ▲✳❀ ●✐❛♥❡s✐✱ ■✳ ●✳ ✫ ❈❛♦♥✱ ▼✳ ✭✷✵✵✶✮✳ P❧❛♥❡❥❛♠❡♥t♦✱ ♣r♦❣r❛♠❛çã♦ ❡ ❝♦♥tr♦❧❡

❞❛ ♣r♦❞✉çã♦✳ ❙ã♦ P❛✉❧♦✿ ❆t❧❛s✱ ✶✳

❞❛ ❘♦❝❤❛✱ ❉✳ ❘✳ ✭✷✵✵✽✮✳ ●❡stã♦ ❞❛ ♣r♦❞✉çã♦ ❡ ♦♣❡r❛çõ❡s✳ ❈✐ê♥❝✐❛ ▼♦❞❡r♥❛✳

❞❡ ❆r❛✉❥♦✱ ❙✳ ❆✳❀ ❆r❡♥❛❧❡s✱ ▼✳ ◆✳ ✫ ❈❧❛r❦✱ ❆✳ ❘✳ ✭✷✵✵✼✮✳ ❏♦✐♥t r♦❧❧✐♥❣✲❤♦r✐③♦♥ s❝❤❡❞✉✲

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

♦❢ ❍❡✉r✐st✐❝s✱ ✶✸✭✹✮✿✸✸✼✲✲✸✺✽✳

✾✸



✾✹ ❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá❢✐❝❛s

❞❡ ❙♦✉③❛✱ P✳ ❙✳ ✫ ❚❛❧✉❦❞❛r✱ ❙✳ ◆✳ ✭✶✾✾✸✮✳ ❆s②♥❝❤r♦♥♦✉s ♦r❣❛♥✐③❛t✐♦♥s ❢♦r ♠✉❧t✐✲

❛❧❣♦r✐t❤♠ ♣r♦❜❧❡♠s✳ ❊♠ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ✶✾✾✸ ❆❈▼✴❙■●❆PP s②♠♣♦s✐✉♠ ♦♥

❆♣♣❧✐❡❞ ❝♦♠♣✉t✐♥❣✿ st❛t❡s ♦❢ t❤❡ ❛rt ❛♥❞ ♣r❛❝t✐❝❡✱ ♣♣✳ ✷✽✻✲✲✷✾✸✳ ❆❈▼✳

❉r❡①❧✱ ❆✳ ✫ ❑✐♠♠s✱ ❆✳ ✭✶✾✾✼✮✳ ▲♦t s✐③✐♥❣ ❛♥❞ s❝❤❡❞✉❧✐♥❣❄s✉r✈❡② ❛♥❞ ❡①t❡♥s✐♦♥s✳

❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧ ♦❢ ❖♣❡r❛t✐♦♥❛❧ ❘❡s❡❛r❝❤✱ ✾✾✭✷✮✿✷✷✶✲✲✷✸✺✳

❋❛t✐❤ ❚❛s❣❡t✐r❡♥✱ ▼✳❀ P❛♥✱ ◗✳✲❑✳❀ ❙✉❣❛♥t❤❛♥✱ P✳ ◆✳ ✫ ❇✉②✉❦❞❛❣❧✐✱ ❖✳ ✭✷✵✶✸✮✳ ❆ ✈❛r✐❛✲

❜❧❡ ✐t❡r❛t❡❞ ❣r❡❡❞② ❛❧❣♦r✐t❤♠ ✇✐t❤ ❞✐✛❡r❡♥t✐❛❧ ❡✈♦❧✉t✐♦♥ ❢♦r t❤❡ ♥♦✲✐❞❧❡ ♣❡r♠✉t❛t✐♦♥

✢♦✇s❤♦♣ s❝❤❡❞✉❧✐♥❣ ♣r♦❜❧❡♠✳ ❈♦♠♣✉t❡rs ✫ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤✱ ✹✵✭✼✮✿✶✼✷✾✲✲✶✼✹✸✳

❋❧♦r✐❛♥✱ ▼✳❀ ▲❡♥str❛✱ ❏✳ ❑✳ ✫ ❘✐♥♥♦♦② ❑❛♥✱ ❆✳ ✭✶✾✽✵✮✳ ❉❡t❡r♠✐♥✐st✐❝ ♣r♦❞✉❝t✐♦♥

♣❧❛♥♥✐♥❣✿ ❆❧❣♦r✐t❤♠s ❛♥❞ ❝♦♠♣❧❡①✐t②✳ ▼❛♥❛❣❡♠❡♥t s❝✐❡♥❝❡✱ ✷✻✭✼✮✿✻✻✾✲✲✻✼✾✳

❋✉r❧❛♥✱ ▼✳ ▼✳ ✫ ❞♦s ❙❛♥t♦s✱ ▼✳ ❖✳ ✭✷✵✶✶✮✳ ❯♠❛ ❛❜♦r❞❛❣❡♠ ❤í❜r✐❞❛ ❞❡ ❛❧❣♦r✐t♠♦ ❞❡

❛❜❡❧❤❛s ❡ ①✲❛♥❞✲♦♣t✐♠✐③❡ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❧♦t❡s ♠✉❧t✐❡stá❣✐♦

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

●❛r❡②✱ ▼✳ ❘✳❀ ❏♦❤♥s♦♥✱ ❉✳ ❙✳ ✫ ❙❡t❤✐✱ ❘✳ ✭✶✾✼✻✮✳ ❚❤❡ ❝♦♠♣❧❡①✐t② ♦❢ ✢♦✇s❤♦♣ ❛♥❞

❥♦❜s❤♦♣ s❝❤❡❞✉❧✐♥❣✳ ▼❛t❤❡♠❛t✐❝s ♦❢ ♦♣❡r❛t✐♦♥s r❡s❡❛r❝❤✱ ✶✭✷✮✿✶✶✼✲✲✶✷✾✳

●♦♣❛❧❛❦r✐s❤♥❛♥✱ ▼✳❀ ❉✐♥❣✱ ❑✳❀ ❇♦✉r❥♦❧❧②✱ ❏✳✲▼✳ ✫ ▼♦❤❛♥✱ ❙✳ ✭✷✵✵✶✮✳ ❆ t❛❜✉✲s❡❛r❝❤

❤❡✉r✐st✐❝ ❢♦r t❤❡ ❝❛♣❛❝✐t❛t❡❞ ❧♦t✲s✐③✐♥❣ ♣r♦❜❧❡♠ ✇✐t❤ s❡t✲✉♣ ❝❛rr②♦✈❡r✳ ▼❛♥❛❣❡♠❡♥t

❙❝✐❡♥❝❡✱ ✹✼✭✻✮✿✽✺✶✲✲✽✻✸✳

●✉♣t❛✱ ❏✳ ◆✳ ✫ ❙t❛✛♦r❞ ❏r✱ ❊✳ ❋✳ ✭✷✵✵✻✮✳ ❋❧♦✇s❤♦♣ s❝❤❡❞✉❧✐♥❣ r❡s❡❛r❝❤ ❛❢t❡r ✜✈❡

❞❡❝❛❞❡s✳ ❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧ ♦❢ ❖♣❡r❛t✐♦♥❛❧ ❘❡s❡❛r❝❤✱ ✶✻✾✭✸✮✿✻✾✾✲✲✼✶✶✳

❍❛♥s❡♥✱ P✳❀ ▼❧❛❞❡♥♦✈✐➣✱ ◆✳ ✫ Pér❡③✱ ❏✳ ❆✳ ▼✳ ✭✷✵✶✵✮✳ ❱❛r✐❛❜❧❡ ♥❡✐❣❤❜♦✉r❤♦♦❞ s❡❛r❝❤✿

♠❡t❤♦❞s ❛♥❞ ❛♣♣❧✐❝❛t✐♦♥s✳ ❆♥♥❛❧s ♦❢ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤✱ ✶✼✺✭✶✮✿✸✻✼✲✲✹✵✼✳

❏❛❝♦❜s✱ ▲✳ ❲✳ ✫ ❇r✉s❝♦✱ ▼✳ ❏✳ ✭✶✾✾✺✮✳ ◆♦t❡✿ ❆ ❧♦❝❛❧✲s❡❛r❝❤ ❤❡✉r✐st✐❝ ❢♦r ❧❛r❣❡ s❡t✲

❝♦✈❡r✐♥❣ ♣r♦❜❧❡♠s✳ ◆❛✈❛❧ ❘❡s❡❛r❝❤ ▲♦❣✐st✐❝s ✭◆❘▲✮✱ ✹✷✭✼✮✿✶✶✷✾✲✲✶✶✹✵✳

❏♦❤♥s♦♥✱ ❙✳ ▼✳ ✭✶✾✺✹✮✳ ❖♣t✐♠❛❧ t✇♦✲ ❛♥❞ t❤r❡❡✲st❛❣❡ ♣r♦❞✉❝t✐♦♥ s❝❤❡❞✉❧❡s ✇✐t❤ s❡t✉♣

t✐♠❡s ✐♥❝❧✉❞❡❞✳ ◆❛✈❛❧ ❘❡s❡❛r❝❤ ▲♦❣✐st✐❝s ◗✉❛rt❡r❧②✱ ✶✭✶✮✿✻✶✲✲✻✽✳ ■❙❙◆ ✶✾✸✶✲✾✶✾✸✳

❑❛r✐♠✐✱ ❇✳❀ ❋❛t❡♠✐ ●❤♦♠✐✱ ❙✳ ✫ ❲✐❧s♦♥✱ ❏✳ ✭✷✵✵✸✮✳ ❚❤❡ ❝❛♣❛❝✐t❛t❡❞ ❧♦t s✐③✐♥❣ ♣r♦❜❧❡♠✿

❛ r❡✈✐❡✇ ♦❢ ♠♦❞❡❧s ❛♥❞ ❛❧❣♦r✐t❤♠s✳ ❖♠❡❣❛✱ ✸✶✭✺✮✿✸✻✺✲✲✸✼✽✳

❑✉✐❦✱ ❘✳❀ ❙❛❧♦♠♦♥✱ ▼✳ ✫ ❱❛♥ ❲❛ss❡♥❤♦✈❡✱ ▲✳ ◆✳ ✭✶✾✾✹✮✳ ❇❛t❝❤✐♥❣ ❞❡❝✐s✐♦♥s✿ str✉❝t✉r❡

❛♥❞ ♠♦❞❡❧s✳ ❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧ ♦❢ ❖♣❡r❛t✐♦♥❛❧ ❘❡s❡❛r❝❤✱ ✼✺✭✷✮✿✷✹✸✲✲✷✻✸✳



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá❢✐❝❛s ✾✺

▲✐♥✱ ❙✳✲❲✳❀ ❨✐♥❣✱ ❑✳✲❈✳ ✫ ❍✉❛♥❣✱ ❈✳✲❨✳ ✭✷✵✶✸✮✳ ▼✐♥✐♠✐s✐♥❣ ♠❛❦❡s♣❛♥ ✐♥ ❞✐str✐❜✉t❡❞

♣❡r♠✉t❛t✐♦♥ ✢♦✇s❤♦♣s ✉s✐♥❣ ❛ ♠♦❞✐✜❡❞ ✐t❡r❛t❡❞ ❣r❡❡❞② ❛❧❣♦r✐t❤♠✳ ■♥t❡r♥❛t✐♦♥❛❧

❏♦✉r♥❛❧ ♦❢ Pr♦❞✉❝t✐♦♥ ❘❡s❡❛r❝❤✱ ✺✶✭✶✻✮✿✺✵✷✾✲✲✺✵✸✽✳

▲✉st♦s❛✱ ▲✳ ❏✳❀ ❞❡ ▼❡sq✉✐t❛✱ ▼✳ ❆✳ ✫ ❖▲■❱❊■❘❆✱ ❘✳ ❏✳ ✭✷✵✵✽✮✳ P❧❛♥❡❥❛♠❡♥t♦ ❡ ❝♦♥tr♦❧❡

❞❛ ♣r♦❞✉çã♦✳ ❊❧s❡✈✐❡r ❇r❛s✐❧✳

▼❛r❝❤✐♦r✐✱ ❊✳ ✫ ❙t❡❡♥❜❡❡❦✱ ❆✳ ✭✷✵✵✵✮✳ ❆♥ ❡✈♦❧✉t✐♦♥❛r② ❛❧❣♦r✐t❤♠ ❢♦r ❧❛r❣❡ s❝❛❧❡ s❡t

❝♦✈❡r✐♥❣ ♣r♦❜❧❡♠s ✇✐t❤ ❛♣♣❧✐❝❛t✐♦♥ t♦ ❛✐r❧✐♥❡ ❝r❡✇ s❝❤❡❞✉❧✐♥❣✳ ❊♠ ❘❡❛❧✲❲♦r❧❞ ❆♣✲

♣❧✐❝❛t✐♦♥s ♦❢ ❊✈♦❧✉t✐♦♥❛r② ❈♦♠♣✉t✐♥❣✱ ♣♣✳ ✸✼✵✲✲✸✽✹✳ ❙♣r✐♥❣❡r✳

▼❛s❝✐❛✱ ❋✳❀ ▲ó♣❡③✲■❜áñ❡③✱ ▼✳❀ ❉✉❜♦✐s✲▲❛❝♦st❡✱ ❏✳ ✫ ❙tüt③❧❡✱ ❚✳ ✭✷✵✶✸✮✳ ❋r♦♠ ❣r❛♠✲

♠❛rs t♦ ♣❛r❛♠❡t❡rs✿ ❆✉t♦♠❛t✐❝ ✐t❡r❛t❡❞ ❣r❡❡❞② ❞❡s✐❣♥ ❢♦r t❤❡ ♣❡r♠✉t❛t✐♦♥ ✢♦✇✲s❤♦♣

♣r♦❜❧❡♠ ✇✐t❤ ✇❡✐❣❤t❡❞ t❛r❞✐♥❡ss✳ ❊♠ ▲❡❛r♥✐♥❣ ❛♥❞ ■♥t❡❧❧✐❣❡♥t ❖♣t✐♠✐③❛t✐♦♥✱ ♣♣✳

✸✷✶✲✲✸✸✹✳ ❙♣r✐♥❣❡r✳

▼❡r❝é✱ ❈✳ ✫ ❋♦♥t❛♥✱ ●✳ ✭✷✵✵✸✮✳ ▼✐♣✲❜❛s❡❞ ❤❡✉r✐st✐❝s ❢♦r ❝❛♣❛❝✐t❛t❡❞ ❧♦ts✐③✐♥❣ ♣r♦❜❧❡♠s✳
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❁❝❡✿t✐t❧❡❃P❧❛♥♥✐♥❣ ❛♥❞ ❈♦♥tr♦❧ ♦❢ Pr♦❞✉❝t✐✈❡ ❙②st❡♠s❁✴❝❡✿t✐t❧❡❃✳

▼♦❤❛♠♠❛❞✐✱ ▼✳❀ ❋❛t❡♠✐ ●❤♦♠✐✱ ❙✳❀ ❑❛r✐♠✐✱ ❇✳ ✫ ❚♦r❛❜✐✱ ❙✳ ✭✷✵✶✵❛✮✳ ▼✐♣✲❜❛s❡❞

❤❡✉r✐st✐❝s ❢♦r ❧♦ts✐③✐♥❣ ✐♥ ❝❛♣❛❝✐t❛t❡❞ ♣✉r❡ ✢♦✇ s❤♦♣ ✇✐t❤ s❡q✉❡♥❝❡✲❞❡♣❡♥❞❡♥t s❡t✉♣s✳

■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ♦❢ Pr♦❞✉❝t✐♦♥ ❘❡s❡❛r❝❤✱ ✹✽✭✶✵✮✿✷✾✺✼✲✲✷✾✼✸✳

▼♦❤❛♠♠❛❞✐✱ ▼✳❀ ●❤♦♠✐✱ ❙✳ ❋✳❀ ❑❛r✐♠✐✱ ❇✳ ✫ ❚♦r❛❜✐✱ ❙✳ ✭✷✵✶✵❜✮✳ ❘♦❧❧✐♥❣✲❤♦r✐③♦♥

❛♥❞ ✜①✲❛♥❞✲r❡❧❛① ❤❡✉r✐st✐❝s ❢♦r t❤❡ ♠✉❧t✐✲♣r♦❞✉❝t ♠✉❧t✐✲❧❡✈❡❧ ❝❛♣❛❝✐t❛t❡❞ ❧♦ts✐③✐♥❣

♣r♦❜❧❡♠ ✇✐t❤ s❡q✉❡♥❝❡✲❞❡♣❡♥❞❡♥t s❡t✉♣s✳ ❏♦✉r♥❛❧ ♦❢ ■♥t❡❧❧✐❣❡♥t ▼❛♥✉❢❛❝t✉r✐♥❣✱

✷✶✭✹✮✿✺✵✶✲✲✺✶✵✳

▼♦❤❛♠♠❛❞✐✱ ▼✳❀ ❚♦r❛❜✐✱ ❙✳❀ ●❤♦♠✐✱ ❙✳ ❋✳ ✫ ❑❛r✐♠✐✱ ❇✳ ✭✷✵✶✵❝✮✳ ❆ ♥❡✇ ❛❧❣♦r✐t❤♠✐❝

❛♣♣r♦❛❝❤ ❢♦r ❝❛♣❛❝✐t❛t❡❞ ❧♦t✲s✐③✐♥❣ ♣r♦❜❧❡♠ ✐♥ ✢♦✇ s❤♦♣s ✇✐t❤ s❡q✉❡♥❝❡✲❞❡♣❡♥❞❡♥t

s❡t✉♣s✳ ❚❤❡ ■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ♦❢ ❆❞✈❛♥❝❡❞ ▼❛♥✉❢❛❝t✉r✐♥❣ ❚❡❝❤♥♦❧♦❣②✱ ✹✾✭✶✲

✹✮✿✷✵✶✲✲✷✶✶✳

▼♦♥t❣♦♠❡r②✱ ❉✳ ✭✷✵✵✶✮✳ ❆♥❛❧②s✐s ♦❢ ❡①♣❡r✐♠❡♥ts✳

◆❛✇❛③✱ ▼✳❀ ❊♥s❝♦r❡✱ ❊✳ ❊✳ ✫ ❍❛♠✱ ■✳ ✭✶✾✽✸✮✳ ❆ ❤❡✉r✐st✐❝ ❛❧❣♦r✐t❤♠ ❢♦r t❤❡❁ ✐❃ ♠❁✴✐❃✲

♠❛❝❤✐♥❡✱❁ ✐❃ ♥❁✴✐❃✲❥♦❜ ✢♦✇✲s❤♦♣ s❡q✉❡♥❝✐♥❣ ♣r♦❜❧❡♠✳ ❖♠❡❣❛✱ ✶✶✭✶✮✿✾✶✲✲✾✺✳

P❛♥✱ ◗✳✲❑✳ ✫ ❘✉✐③✱ ❘✳ ✭✷✵✶✸✮✳ ❆ ❝♦♠♣r❡❤❡♥s✐✈❡ r❡✈✐❡✇ ❛♥❞ ❡✈❛❧✉❛t✐♦♥ ♦❢ ♣❡r♠✉t❛✲

t✐♦♥ ✢♦✇s❤♦♣ ❤❡✉r✐st✐❝s t♦ ♠✐♥✐♠✐③❡ ✢♦✇t✐♠❡✳ ❈♦♠♣✉t❡rs ✫ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤✱

✹✵✭✶✮✿✶✶✼✲✲✶✷✽✳
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P✐♥❡❞♦✱ ▼✳ ✭✷✵✵✽✮✳ ❙❝❤❡❞✉❧✐♥❣✿ t❤❡♦r②✱ ❛❧❣♦r✐t❤♠s✱ ❛♥❞ s②st❡♠s✳ ❙♣r✐♥❣❡r ❙❝✐❡♥❝❡✰

❇✉s✐♥❡ss ▼❡❞✐❛✳

P♦❝❤❡t✱ ❨✳ ✫ ❲♦❧s❡②✱ ▲✳ ❆✳ ✭✷✵✵✻✮✳ Pr♦❞✉❝t✐♦♥ ♣❧❛♥♥✐♥❣ ❜② ♠✐①❡❞ ✐♥t❡❣❡r ♣r♦❣r❛♠♠✐♥❣✳

❙♣r✐♥❣❡r ❱❡r❧❛❣✳

P♦♥♥❛♠❜❛❧❛♠✱ ❙✳ ✫ ❘❡❞❞②✱ ▼✳ ✭✷✵✵✸✮✳ ❆ ❣❛✲s❛ ♠✉❧t✐♦❜❥❡❝t✐✈❡ ❤②❜r✐❞ s❡❛r❝❤ ❛❧❣♦r✐t❤♠

❢♦r ✐♥t❡❣r❛t✐♥❣ ❧♦t s✐③✐♥❣ ❛♥❞ s❡q✉❡♥❝✐♥❣ ✐♥ ✢♦✇✲❧✐♥❡ s❝❤❡❞✉❧✐♥❣✳ ❚❤❡ ■♥t❡r♥❛t✐♦♥❛❧

❏♦✉r♥❛❧ ♦❢ ❆❞✈❛♥❝❡❞ ▼❛♥✉❢❛❝t✉r✐♥❣ ❚❡❝❤♥♦❧♦❣②✱ ✷✶✭✷✮✿✶✷✻✲✲✶✸✼✳

❘❛♠❡③❛♥✐❛♥✱ ❘✳ ✫ ❙❛✐❞✐✲▼❡❤r❛❜❛❞✱ ▼✳ ✭✷✵✶✸✮✳ ❍②❜r✐❞ s✐♠✉❧❛t❡❞ ❛♥♥❡❛❧✐♥❣ ❛♥❞ ♠✐♣✲

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

st❛❣❡ ♣r♦❞✉❝t✐♦♥ s②st❡♠✳ ❆♣♣❧✐❡❞ ▼❛t❤❡♠❛t✐❝❛❧ ▼♦❞❡❧❧✐♥❣✱ ✸✼✭✼✮✿✺✶✸✹ ✕ ✺✶✹✼✳ ■❙❙◆
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❘❛♠❡③❛♥✐❛♥✱ ❘✳❀ ❙❛✐❞✐✲▼❡❤r❛❜❛❞✱ ▼✳ ✫ ❚❡✐♠♦✉r②✱ ❊✳ ✭✷✵✶✷✮✳ ❆ ♠❛t❤❡♠❛t✐❝❛❧ ♠♦❞❡❧

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

♠❡♥ts✳ ❚❤❡ ■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ♦❢ ❆❞✈❛♥❝❡❞ ▼❛♥✉❢❛❝t✉r✐♥❣ ❚❡❝❤♥♦❧♦❣②✱ ♣♣✳ ✶✲✲✶✺✳

❘✉✐③✱ ❘✳ ✫ ❙tüt③❧❡✱ ❚✳ ✭✷✵✵✼✮✳ ❆ s✐♠♣❧❡ ❛♥❞ ❡✛❡❝t✐✈❡ ✐t❡r❛t❡❞ ❣r❡❡❞② ❛❧❣♦r✐t❤♠ ❢♦r

t❤❡ ♣❡r♠✉t❛t✐♦♥ ✢♦✇s❤♦♣ s❝❤❡❞✉❧✐♥❣ ♣r♦❜❧❡♠✳ ❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧ ♦❢ ❖♣❡r❛t✐♦♥❛❧

❘❡s❡❛r❝❤✱ ✶✼✼✭✸✮✿✷✵✸✸✲✲✷✵✹✾✳

❘✉✐③✱ ❘✳ ✫ ❙tüt③❧❡✱ ❚✳ ✭✷✵✵✽✮✳ ❆♥ ✐t❡r❛t❡❞ ❣r❡❡❞② ❤❡✉r✐st✐❝ ❢♦r t❤❡ s❡q✉❡♥❝❡ ❞❡♣❡♥❞❡♥t

s❡t✉♣ t✐♠❡s ✢♦✇s❤♦♣ ♣r♦❜❧❡♠ ✇✐t❤ ♠❛❦❡s♣❛♥ ❛♥❞ ✇❡✐❣❤t❡❞ t❛r❞✐♥❡ss ♦❜❥❡❝t✐✈❡s✳

❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧ ♦❢ ❖♣❡r❛t✐♦♥❛❧ ❘❡s❡❛r❝❤✱ ✶✽✼✭✸✮✿✶✶✹✸ ✕ ✶✶✺✾✳ ■❙❙◆ ✵✸✼✼✲✷✷✶✼✳

❙❛❤❧✐♥❣✱ ❋✳❀ ❇✉s❝❤❦ü❤❧✱ ▲✳❀ ❚❡♠♣❡❧♠❡✐❡r✱ ❍✳ ✫ ❍❡❧❜❡r✱ ❙✳ ✭✷✵✵✾✮✳ ❙♦❧✈✐♥❣ ❛ ♠✉❧t✐✲

❧❡✈❡❧ ❝❛♣❛❝✐t❛t❡❞ ❧♦t s✐③✐♥❣ ♣r♦❜❧❡♠ ✇✐t❤ ♠✉❧t✐✲♣❡r✐♦❞ s❡t✉♣ ❝❛rr②✲♦✈❡r ✈✐❛ ❛ ✜①✲❛♥❞✲

♦♣t✐♠✐③❡ ❤❡✉r✐st✐❝✳ ❈♦♠♣✉t❡rs ✫ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤✱ ✸✻✭✾✮✿✷✺✹✻✲✲✷✺✺✸✳

❙❡❡❛♥♥❡r✱ ❋✳❀ ❆❧♠❛❞❛✲▲♦❜♦✱ ❇✳ ✫ ▼❡②r✱ ❍✳ ✭✷✵✶✸✮✳ ❈♦♠❜✐♥✐♥❣ t❤❡ ♣r✐♥❝✐♣❧❡s ♦❢ ✈❛r✐❛❜❧❡

♥❡✐❣❤❜♦r❤♦♦❞ ❞❡❝♦♠♣♦s✐t✐♦♥ s❡❛r❝❤ ❛♥❞ t❤❡ ✜① ❛♠♣❀♦♣t✐♠✐③❡ ❤❡✉r✐st✐❝ t♦ s♦❧✈❡ ♠✉❧t✐✲

❧❡✈❡❧ ❧♦ts✐③✐♥❣ ❛♥❞ s❝❤❡❞✉❧✐♥❣ ♣r♦❜❧❡♠s✳ ❈♦♠♣✉t❡rs ✫ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤✱ ✹✵✭✶✮✿✸✵✸

✕ ✸✶✼✳ ■❙❙◆ ✵✸✵✺✲✵✺✹✽✳

❙❤✐♠✱ ■✳✲❙✳❀ ❑✐♠✱ ❍✳✲❈✳❀ ❉♦❤✱ ❍✳✲❍✳ ✫ ▲❡❡✱ ❉✳✲❍✳ ✭✷✵✶✶✮✳ ❆ t✇♦✲st❛❣❡ ❤❡✉r✐st✐❝ ❢♦r

s✐♥❣❧❡ ♠❛❝❤✐♥❡ ❝❛♣❛❝✐t❛t❡❞ ❧♦t✲s✐③✐♥❣ ❛♥❞ s❝❤❡❞✉❧✐♥❣ ✇✐t❤ s❡q✉❡♥❝❡✲❞❡♣❡♥❞❡♥t s❡t✉♣

❝♦sts✳ ❈♦♠♣✉t❡rs ✫ ■♥❞✉str✐❛❧ ❊♥❣✐♥❡❡r✐♥❣✱ ✻✶✭✹✮✿✾✷✵ ✕ ✾✷✾✳ ■❙❙◆ ✵✸✻✵✲✽✸✺✷✳



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá❢✐❝❛s ✾✼

❙✐❦♦r❛✱ ❘✳ ✭✶✾✾✻✮✳ ❆ ❣❡♥❡t✐❝ ❛❧❣♦r✐t❤♠ ❢♦r ✐♥t❡❣r❛t✐♥❣ ❧♦t✲s✐③✐♥❣ ❛♥❞ s❡q✉❡♥❝✐♥❣ ✐♥

s❝❤❡❞✉❧✐♥❣ ❛ ❝❛♣❛❝✐t❛t❡❞ ✢♦✇ ❧✐♥❡✳ ❈♦♠♣✉t❡rs ✫ ■♥❞✉str✐❛❧ ❊♥❣✐♥❡❡r✐♥❣✱ ✸✵✭✹✮✿✾✻✾✲✲

✾✽✶✳

❙✐❦♦r❛✱ ❘✳❀ ❈❤❤❛❥❡❞✱ ❉✳ ✫ ❙❤❛✇✱ ▼✳ ❏✳ ✭✶✾✾✻✮✳ ■♥t❡❣r❛t✐♥❣ t❤❡ ❧♦t✲s✐③✐♥❣ ❛♥❞ s❡q✉❡♥❝✐♥❣

❞❡❝✐s✐♦♥s ❢♦r s❝❤❡❞✉❧✐♥❣ ❛ ❝❛♣❛❝✐t❛t❡❞ ✢♦✇ ❧✐♥❡✳ ❈♦♠♣✉t❡rs ✫ ■♥❞✉str✐❛❧ ❊♥❣✐♥❡❡r✐♥❣✱

✸✵✭✹✮✿✻✺✾ ✕ ✻✼✾✳ ■❙❙◆ ✵✸✻✵✲✽✸✺✷✳

❙✐❧✈❡r✱ ❊✳ ❆✳ ✫ ▼❡❛❧✱ ❍✳ ✭✶✾✼✸✮✳ ❆ ❤❡✉r✐st✐❝ ❢♦r s❡❧❡❝t✐♥❣ ❧♦t s✐③❡ q✉❛♥t✐t✐❡s ❢♦r t❤❡

❝❛s❡ ♦❢ ❛ ❞❡t❡r♠✐♥✐st✐❝ t✐♠❡✲✈❛r②✐♥❣ ❞❡♠❛♥❞ r❛t❡ ❛♥❞ ❞✐s❝r❡t❡ ♦♣♣♦rt✉♥✐t✐❡s ❢♦r r❡✲

♣❧❡♥✐s❤♠❡♥t✳ Pr♦❞✉❝t✐♦♥ ❛♥❞ ■♥✈❡♥t♦r② ▼❛♥❛❣❡♠❡♥t✱ ✶✹✭✷✮✿✻✹✲✲✼✹✳

❙❧❛❝❦✱ ◆✳❀ ❈❤❛♠❜❡rs✱ ❙✳ ✫ ❏♦❤♥st♦♥✱ ❘✳ ✭✷✵✵✾✮✳ ❆❞♠✐♥✐str❛çã♦ ❞❛ ♣r♦❞✉çã♦✳ ❆t❧❛s✳

❙♠✐t❤✲❉❛♥✐❡❧s✱ ❱✳ ✫ ❘✐t③♠❛♥✱ ▲✳ P✳ ✭✶✾✽✽✮✳ ❆ ♠♦❞❡❧ ❢♦r ❧♦t s✐③✐♥❣ ❛♥❞ s❡q✉❡♥❝✐♥❣ ✐♥

♣r♦❝❡ss ✐♥❞✉str✐❡s✳ ❚❤❡ ■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ❖❢ Pr♦❞✉❝t✐♦♥ ❘❡s❡❛r❝❤✱ ✷✻✭✹✮✿✻✹✼✲✲

✻✼✹✳

❙t❛❞t❧❡r ❍❛rt♠✉t✱ ❑✳ ❈✳ ✭✷✵✵✽✮✳ ❙✉♣♣❧② ❝❤❛✐♥ ♠❛♥❛❣❡♠❡♥t ❛♥❞ ❛❞✈❛♥❝❡❞ ♣❧❛♥♥✐♥❣✿

❈♦♥❝❡♣ts✱♠♦❞❡❧s s♦❢t✇❛r❡ ❛♥❞ ❝❛s❡ st✉❞✐❡s✳ ❙♣r✐♥❣❡r✲❱❡r❧❛❣✱ ✾✭✹✮✳

❙t❛❣❣❡♠❡✐❡r✱ ❆✳ ❚✳ ✫ ❈❧❛r❦✱ ❆✳ ❘✳ ✭✷✵✵✶✮✳ ❆ s✉r✈❡② ♦❢ ❧♦t✲s✐③✐♥❣ ❛♥❞ s❝❤❡❞✉❧✐♥❣

♠♦❞❡❧s✳ ❊♠ ✷✸r❞ ❆♥♥✉❛❧ ❙②♠♣♦s✐✉♠ ♦❢ t❤❡ ❇r❛③✐❧✐❛♥ ❖♣❡r❛t✐♦♥❛❧ ❘❡s❡❛r❝❤ ❙♦❝✐❡t②

✭❙❖❇❘❆P❖✮✱ ♣♣✳ ✾✸✽✲✲✾✹✼✳ ❈✐t❡s❡❡r✳

❚♦❧❡❞♦✱ ❈✳ ❋✳❀ ❋r❛♥ç❛✱ P✳ ▼✳❀ ▼♦r❛❜✐t♦✱ ❘✳ ✫ ❑✐♠♠s✱ ❆✳ ✭✷✵✵✼✮✳ ❯♠ ♠♦❞❡❧♦ ❞❡

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

❞❛ ♣r♦❞✉çã♦ ❡♠ ❢á❜r✐❝❛s ❞❡ r❡❢r✐❣❡r❛♥t❡s✳ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧✱ ✷✼✭✶✮✿✶✺✺✲✲✶✽✻✳

❚♦s♦✱ ❊✳ ❆✳ ❱✳ ✫ ▼♦r❛❜✐t♦✱ ❘✳ ✭✷✵✵✺✮✳ ❖t✐♠✐③❛çã♦ ♥♦ ❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❡ s❡q✉❡♥❝✐✲

❛♠❡♥t♦ ❞❡ ❧♦t❡s ❞❡ ♣r♦❞✉çã♦✿ ❡st✉❞♦ ❞❡ ❝❛s♦ ♥✉♠❛ ❢á❜r✐❝❛ ❞❡ r❛çõ❡s✳ ●❡stã♦ ✫

Pr♦❞✉çã♦✱ ✶✷✭✷✮✿✷✵✸✲✲✷✶✼✳

❚r✐❣❡✐r♦✱ ❲✳ ❲✳❀ ❚❤♦♠❛s✱ ▲✳ ❏✳ ✫ ▼❝❈❧❛✐♥✱ ❏✳ ❖✳ ✭✶✾✽✾✮✳ ❈❛♣❛❝✐t❛t❡❞ ❧♦t s✐③✐♥❣ ✇✐t❤

s❡t✉♣ t✐♠❡s✳ ▼❛♥❛❣❡♠❡♥t s❝✐❡♥❝❡✱ ✸✺✭✸✮✿✸✺✸✲✲✸✻✻✳

❚✉❜✐♥♦✱ ❉✳ ❋✳ ✭✷✵✵✾✮✳ P❧❛♥❡❥❛♠❡♥t♦ ❡ ❝♦♥tr♦❧❡ ❞❛ ♣r♦❞✉çã♦✿ t❡♦r✐❛ ❡ ♣rát✐❝❛✳ ❆t❧❛s✳

❯rr✉t✐❛✱ ❊✳ ❉✳ ●✳❀ ❆❣❣♦✉♥❡✱ ❘✳❀ ❉❛✉③èr❡✲Pérès✱ ❙✳ ❡t ❛❧✳ ✭✷✵✶✷✮✳ ◆❡✇ ✐♥t❡❣r❛t❡❞

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

▼❖❙■▼✬✶✷✳



✾✽ ❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá❢✐❝❛s

❱❛❧❧❛❞❛✱ ❊✳ ✫ ❘✉✐③✱ ❘✳ ✭✷✵✶✶✮✳ ❆ ❣❡♥❡t✐❝ ❛❧❣♦r✐t❤♠ ❢♦r t❤❡ ✉♥r❡❧❛t❡❞ ♣❛r❛❧❧❡❧ ♠❛✲

❝❤✐♥❡ s❝❤❡❞✉❧✐♥❣ ♣r♦❜❧❡♠ ✇✐t❤ s❡q✉❡♥❝❡ ❞❡♣❡♥❞❡♥t s❡t✉♣ t✐♠❡s✳ ❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧

♦❢ ❖♣❡r❛t✐♦♥❛❧ ❘❡s❡❛r❝❤✱ ✷✶✶✭✸✮✿✻✶✷✲✲✻✷✷✳

❱❛s❦♦✱ ❋✳ ❏✳ ✭✶✾✽✹✮✳ ❆♥ ❡✣❝✐❡♥t ❤❡✉r✐st✐❝ ❢♦r ❧❛r❣❡ s❡t ❝♦✈❡r✐♥❣ ♣r♦❜❧❡♠s✳ ◆❛✈❛❧

❘❡s❡❛r❝❤ ▲♦❣✐st✐❝s ◗✉❛rt❡r❧②✱ ✸✶✭✶✮✿✶✻✸✲✲✶✼✶✳

❩❛❝❝❛r❡❧❧✐✱ ❙✳ ❇✳ ✭✶✾✻✼✮✳ Pr♦❣r❛♠❛çã♦ ❡ ❝♦♥tr♦❧❡ ❞❛ ♣r♦❞✉çã♦✳ ▲✐✈r❛r✐❛ P✐♦♥❡✐r❛ ❊❞✐tôr❛✳

❩❤✉✱ ❳✳ ✫ ❲✐❧❤❡❧♠✱ ❲✳ ❊✳ ✭✷✵✵✻✮✳ ❙❝❤❡❞✉❧✐♥❣ ❛♥❞ ❧♦t s✐③✐♥❣ ✇✐t❤ s❡q✉❡♥❝❡✲❞❡♣❡♥❞❡♥t

s❡t✉♣✿ ❆ ❧✐t❡r❛t✉r❡ r❡✈✐❡✇✳ ■■❊ tr❛♥s❛❝t✐♦♥s✱ ✸✽✭✶✶✮✿✾✽✼✲✲✶✵✵✼✳



❆♣ê♥❞✐❝❡ ❆

■♥stâ♥❝✐❛ ✉t✐❧✐③❛ ♥♦s ♣r♦❝❡❞✐♠❡♥t♦s✿ ❝♦♥str✉çã♦ ❞❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧✱ ♣r♦❝❡❞✐♠❡♥t♦ ❞❡

❞❡str✉✐çã♦✲❝♦♥str✉çã♦ ❡ ♥❛ ❜✉s❝❛ ❧♦❝❛❧ ❞♦s ❛❧❣♦r✐t♠♦s ■●✰❘❍✱ ■●✰▼❉▲✱ ❡ ■●✰❋&❖✳

❚❛❜❡❧❛ ❆✳✶✿ ❚❡♠♣♦ ❞❡ Pr♦❞✉çã♦ (b) ❞♦ ♣r♦❞✉t♦ J ♥❛ ♠áq✉✐♥❛ M

bjm M1 M2 M3

J1 ✶✳✽ ✷ ✶✳✾
J2 ✶✳✻ ✶✳✼ ✶✳✻
J3 ✶✳✾ ✶✳✻ ✶✳✺
J4 ✶✳✺ ✶✳✼ ✶✳✾
J5 ✷✳✵ ✶✳✼ ✷✳✵

❚❛❜❡❧❛ ❆✳✷✿ ❈❛♣❛❝✐❞❛❞❡ (C) ❞❛ ♠áq✉✐♥❛ M ♥♦ P❡rí♦❞♦ T

Cmt T1 T2 T3

M1 ✶✾✼✼ ✷✵✷✵ ✶✾✾✵
M2 ✷✵✻✶ ✶✾✷✺ ✷✵✼✺
M3 ✷✵✵✻ ✶✾✽✽ ✷✵✼✹

❚❛❜❡❧❛ ❆✳✸✿ ❉❡♠❛♥❞❛ (d) ❞♦ ♣r♦❞✉t♦ J ♥♦ ♣❡rí♦❞♦ T

djt T1 T2 T3

J1 ✶✷✼ ✶✶✶ ✶✹✸
J2 ✶✼✷ ✶✶✹ ✶✵✵
J3 ✶✾✹ ✶✷✺ ✶✵✸
J4 ✶✷✵ ✾✾ ✶✹✻
J5 ✽✽ ✻✻ ✶✶✾

✾✾



✶✵✵ ❆♣ê♥❞✐❝❡ ❆✳

❚❛❜❡❧❛ ❆✳✹✿ ❈✉st♦ ❞❡ ❡st♦q✉❡ (h) ❞♦ ♣r♦❞✉t♦ J ♥❛ ♠áq✉✐♥❛ M

hjm M1 M2 M3

J1 ✵✳✸ ✵✳✸ ✵✳✹
J2 ✵✳✷ ✵✳✹ ✵✳✹
J3 ✵✳✷ ✵✳✸ ✵✳✷
J4 ✵✳✸ ✵✳✹ ✵✳✹
J5 ✵✳✹ ✵✳✷ ✵✳✹

❚❛❜❡❧❛ ❆✳✺✿ ❈✉st♦ ❞❡ ♣r♦❞✉çã♦ (p) ❞♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m ♥♦ ♣❡rí♦❞♦ t

T1 T2 T3

M1 M2 M3 M1 M2 M3 M1 M2 M3

J1 ✶✳✺ ✶✳✽ ✶✳✾ J1 ✶✳✾ ✶✳✺ ✷✳✵ J1 ✶✳✽ ✶✳✽ ✷✳✵
J2 ✶✳✼ ✷✳✵ ✷✳✵ J2 ✶✳✾ ✶✳✾ ✶✳✼ J2 ✶✳✻ ✷✳✵ ✶✳✽
J3 ✶✳✾ ✶✳✼ ✶✳✽ J3 ✶✳✺ ✶✳✼ ✶✳✺ J3 ✶✳✾ ✶✳✻ ✷✳✵
J4 ✶✳✺ ✶✳✾ ✶✳✼ J4 ✶✳✻ ✶✳✽ ✷✳✵ J4 ✶✳✻ ✶✳✻ ✶✳✻
J5 ✶✳✽ ✷✳✵ ✶✳✽ J5 ✶✳✾ ✶✳✽ ✶✳✾ J5 ✶✳✽ ✶✳✽ ✶✳✺

❚❛❜❡❧❛ ❆✳✻✿ ❚❡♠♣♦ ❞❡ ♣r❡♣❛r❛çã♦ (S) ❞♦ ♣r♦❞✉t♦ i ❛♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m

M1 M2 M3

J1 J2 J3 J4 J5 J1 J2 J3 J4 J5 J1 J2 J3 J4 J5

i1 ✵ ✺✷ ✻✵ ✹✽ ✹✸ i1 ✵ ✹✹ ✻✶ ✻✶ ✹✻ i1 ✵ ✸✺ ✹✽ ✻✾ ✸✺
i2 ✺✻ ✵ ✹✻ ✺✼ ✹✽ i2 ✹✶ ✵ ✺✵ ✺✼ ✸✻ i2 ✺✺ ✵ ✸✼ ✺✺ ✹✼
i3 ✺✽ ✸✼ ✵ ✻✽ ✹✸ i3 ✺✽ ✹✻ ✵ ✺✸ ✸✾ i3 ✺✸ ✹✾ ✵ ✸✽ ✻✸
i4 ✸✺ ✹✷ ✺✽ ✵ ✸✾ i4 ✸✻ ✻✻ ✹✼ ✵ ✺✼ i4 ✺✺ ✻✹ ✺✹ ✵ ✻✶
i5 ✻✸ ✸✺ ✹✽ ✻✷ ✵ i5 ✺✼ ✻✾ ✺✶ ✻✶ ✵ i5 ✻✵ ✺✻ ✻✸ ✹✼ ✵

❚❛❜❡❧❛ ❆✳✼✿ ❈✉st♦ ❞❡ ♣r❡♣❛r❛çã♦ (W ) ❞♦ ♣r♦❞✉t♦ i ❛♦ ♣r♦❞✉t♦ j ♥❛ ♠áq✉✐♥❛ m

M1 M2 M3

J1 J2 J3 J4 J5 J1 J2 J3 J4 J5 J1 J2 J3 J4 J5

i1 ✵ ✹✷ ✷✶ ✷✺ ✶✸ i1 ✵ ✹✷ ✹✶ ✺✶ ✷✻ i1 ✵ ✷✺ ✹✼ ✷✾ ✶✺
i2 ✷✻ ✵ ✹✷ ✺✷ ✺✽ i2 ✷✶ ✵ ✶✵ ✹✼ ✷✻ i2 ✹✺ ✵ ✸✷ ✺✶ ✸✼
i3 ✸✽ ✶✼ ✵ ✻✹ ✹✶ i3 ✺✽ ✷✻ ✵ ✷✸ ✶✾ i3 ✷✸ ✷✾ ✵ ✸✹ ✶✸
i4 ✷✺ ✷✷ ✺✺ ✵ ✸✼ i4 ✸✷ ✺✻ ✷✼ ✵ ✷✼ i4 ✹✺ ✺✹ ✺✶ ✵ ✻✶
i5 ✶✸ ✷✺ ✹✼ ✻✶ ✵ i5 ✺✹ ✹✾ ✹✶ ✻✶ ✵ i5 ✶✵ ✷✻ ✷✸ ✹✶ ✵



❆♣ê♥❞✐❝❡ ❇

❚❛❜❡❧❛s ❝♦rr❡s♣♦♥❞❡♥t❡s às ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ❡♥❝♦♥tr❛❞❛s ♣❡❧♦ ❞❡s❡♥❤♦ ❡①♣❡r✐✲

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

❚❛❜❡❧❛ ❇✳✶✿ ❈♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ♣❛r❛ ♦ ❚❆❍

❈♦♥❞✐çã♦ ❊①♣✳ T❴Mc Iter❴Ag Iter❴Sm Iter❴Alg

CEX❴1 ✶✸ ✹ ✹✵ ✶✱✵✵❊✰✵✵✺

CEX❴2 ✺ ✼ ✹✵ ✶✱✵✵❊✰✵✵✺

CEX❴3 ✶✸ ✾ ✻✵ ✺✱✵✵❊✰✵✵✹

CEX❴4 ✺ ✾ ✹✵ ✺✱✵✵❊✰✵✵✹

CEX❴5 ✷✵ ✹ ✻✵ ✶✱✵✵❊✰✵✵✺

CEX❴6 ✷✵ ✹ ✻✵ ✺✱✵✵❊✰✵✵✹

CEX❴7 ✷✵ ✼ ✷✵ ✺✱✵✵❊✰✵✵✹

CEX❴8 ✷✵ ✹ ✹✵ ✼✱✺✵❊✰✵✵✹

CEX❴9 ✺ ✼ ✻✵ ✶✱✵✵❊✰✵✵✺

CEX❴10 ✷✵ ✹ ✷✵ ✶✱✵✵❊✰✵✵✺

CEX❴11 ✷✵ ✼ ✷✵ ✶✱✵✵❊✰✵✵✺

CEX❴12 ✺ ✼ ✷✵ ✼✱✺✵❊✰✵✵✹

CEX❴13 ✷✵ ✹ ✷✵ ✺✱✵✵❊✰✵✵✹

CEX❴14 ✶✸ ✼ ✻✵ ✶✱✵✵❊✰✵✵✺

CEX❴15 ✶✸ ✹ ✷✵ ✼✱✺✵❊✰✵✵✹

CEX❴16 ✶✸ ✾ ✷✵ ✺✱✵✵❊✰✵✵✹

CEX❴17 ✷✵ ✾ ✷✵ ✼✱✺✵❊✰✵✵✹

CEX❴18 ✶✸ ✾ ✻✵ ✶✱✵✵❊✰✵✵✺

CEX❴19 ✶✸ ✾ ✷✵ ✶✱✵✵❊✰✵✵✺

CEX❴20 ✺ ✹ ✹✵ ✼✱✺✵❊✰✵✵✹

CEX❴21 ✶✸ ✼ ✷✵ ✺✱✵✵❊✰✵✵✹

❈♦♥t✐♥✉❛ ♥❛ ♣ró①✐♠❛ ♣á❣✐♥❛

✶✵✶



✶✵✷ ❆♣ê♥❞✐❝❡ ❇✳

❚❛❜❡❧❛ ❇✳✶ ✕ ❈♦♥t✐♥✉❛çã♦ ❞❛ ♣á❣✐♥❛ ❛♥t❡r✐♦r

❈♦♥❞✐çã♦ ❊①♣✳ T❴Mc Iter❴Ag Iter❴Sm Iter❴Alg

CEX❴22 ✺ ✾ ✹✵ ✼✱✺✵❊✰✵✵✹

CEX❴23 ✷✵ ✼ ✹✵ ✼✱✺✵❊✰✵✵✹

CEX❴24 ✶✸ ✾ ✻✵ ✼✱✺✵❊✰✵✵✹

CEX❴25 ✷✵ ✹ ✹✵ ✶✱✵✵❊✰✵✵✺

CEX❴26 ✷✵ ✾ ✻✵ ✶✱✵✵❊✰✵✵✺

CEX❴27 ✺ ✾ ✻✵ ✶✱✵✵❊✰✵✵✺

CEX❴28 ✶✸ ✹ ✷✵ ✺✱✵✵❊✰✵✵✹

CEX❴29 ✶✸ ✾ ✹✵ ✶✱✵✵❊✰✵✵✺

CEX❴30 ✶✸ ✼ ✷✵ ✶✱✵✵❊✰✵✵✺

CEX❴31 ✺ ✼ ✹✵ ✺✱✵✵❊✰✵✵✹

CEX❴32 ✶✸ ✹ ✻✵ ✶✱✵✵❊✰✵✵✺

CEX❴33 ✶✸ ✾ ✹✵ ✺✱✵✵❊✰✵✵✹

CEX❴34 ✶✸ ✾ ✷✵ ✼✱✺✵❊✰✵✵✹

CEX❴35 ✺ ✼ ✷✵ ✺✱✵✵❊✰✵✵✹

CEX❴36 ✺ ✹ ✻✵ ✺✱✵✵❊✰✵✵✹

CEX❴37 ✺ ✾ ✻✵ ✺✱✵✵❊✰✵✵✹

CEX❴38 ✺ ✼ ✷✵ ✶✱✵✵❊✰✵✵✺

CEX❴39 ✷✵ ✹ ✻✵ ✼✱✺✵❊✰✵✵✹

CEX❴40 ✺ ✹ ✹✵ ✺✱✵✵❊✰✵✵✹

CEX❴41 ✶✸ ✼ ✹✵ ✺✱✵✵❊✰✵✵✹

CEX❴42 ✺ ✹ ✷✵ ✶✱✵✵❊✰✵✵✺

CEX❴43 ✺ ✾ ✻✵ ✼✱✺✵❊✰✵✵✹

CEX❴44 ✷✵ ✾ ✷✵ ✺✱✵✵❊✰✵✵✹

CEX❴45 ✶✸ ✹ ✹✵ ✼✱✺✵❊✰✵✵✹

CEX❴46 ✺ ✹ ✹✵ ✶✱✵✵❊✰✵✵✺

CEX❴47 ✺ ✹ ✷✵ ✼✱✺✵❊✰✵✵✹

CEX❴48 ✺ ✾ ✷✵ ✶✱✵✵❊✰✵✵✺

CEX❴49 ✷✵ ✼ ✻✵ ✺✱✵✵❊✰✵✵✹

CEX❴50 ✺ ✾ ✹✵ ✶✱✵✵❊✰✵✵✺

CEX❴51 ✷✵ ✾ ✹✵ ✶✱✵✵❊✰✵✵✺

CEX❴52 ✷✵ ✼ ✹✵ ✺✱✵✵❊✰✵✵✹

CEX❴53 ✶✸ ✹ ✷✵ ✶✱✵✵❊✰✵✵✺

CEX❴54 ✺ ✼ ✹✵ ✼✱✺✵❊✰✵✵✹

CEX❴55 ✷✵ ✹ ✹✵ ✺✱✵✵❊✰✵✵✹

❈♦♥t✐♥✉❛ ♥❛ ♣ró①✐♠❛ ♣á❣✐♥❛



✶✵✸

❚❛❜❡❧❛ ❇✳✶ ✕ ❈♦♥t✐♥✉❛çã♦ ❞❛ ♣á❣✐♥❛ ❛♥t❡r✐♦r

❈♦♥❞✐çã♦ ❊①♣✳ T❴Mc Iter❴Ag Iter❴Sm Iter❴Alg

CEX❴56 ✶✸ ✼ ✻✵ ✺✱✵✵❊✰✵✵✹

CEX❴57 ✷✵ ✼ ✷✵ ✼✱✺✵❊✰✵✵✹

CEX❴58 ✺ ✹ ✷✵ ✺✱✵✵❊✰✵✵✹

CEX❴59 ✺ ✾ ✷✵ ✺✱✵✵❊✰✵✵✹

CEX❴60 ✶✸ ✼ ✹✵ ✶✱✵✵❊✰✵✵✺

CEX❴61 ✶✸ ✹ ✻✵ ✼✱✺✵❊✰✵✵✹

CEX❴62 ✺ ✼ ✻✵ ✺✱✵✵❊✰✵✵✹

CEX❴63 ✺ ✾ ✷✵ ✼✱✺✵❊✰✵✵✹

CEX❴64 ✶✸ ✹ ✻✵ ✺✱✵✵❊✰✵✵✹

CEX❴65 ✷✵ ✾ ✻✵ ✺✱✵✵❊✰✵✵✹

CEX❴66 ✶✸ ✾ ✹✵ ✼✱✺✵❊✰✵✵✹

CEX❴67 ✷✵ ✾ ✹✵ ✺✱✵✵❊✰✵✵✹

CEX❴68 ✷✵ ✼ ✻✵ ✼✱✺✵❊✰✵✵✹

CEX❴69 ✷✵ ✼ ✻✵ ✶✱✵✵❊✰✵✵✺

CEX❴70 ✷✵ ✾ ✷✵ ✶✱✵✵❊✰✵✵✺

CEX❴71 ✶✸ ✹ ✹✵ ✺✱✵✵❊✰✵✵✹

CEX❴72 ✷✵ ✹ ✷✵ ✼✱✺✵❊✰✵✵✹

CEX❴73 ✺ ✹ ✻✵ ✼✱✺✵❊✰✵✵✹

CEX❴74 ✶✸ ✼ ✷✵ ✼✱✺✵❊✰✵✵✹

CEX❴75 ✶✸ ✼ ✻✵ ✼✱✺✵❊✰✵✵✹

CEX❴76 ✺ ✼ ✻✵ ✼✱✺✵❊✰✵✵✹

CEX❴77 ✷✵ ✾ ✻✵ ✼✱✺✵❊✰✵✵✹

CEX❴78 ✷✵ ✾ ✹✵ ✼✱✺✵❊✰✵✵✹

CEX❴79 ✺ ✹ ✻✵ ✶✱✵✵❊✰✵✵✺

CEX❴80 ✶✸ ✼ ✹✵ ✼✱✺✵❊✰✵✵✹

CEX❴81 ✷✵ ✼ ✹✵ ✶✱✵✵❊✰✵✵✺

❚❛❜❡❧❛ ❇✳✷✿ ❈♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ♣❛r❛ ♦ ■●✰❍❘

Dest− Cons (d) Iter❴Bl Iter❴Alg

0, 3N ✽ ✺✵

0, 7N ✽ ✽✵

0, 3N ✻ ✷✵

0, 3N ✹ ✽✵

❈♦♥t✐♥✉❛ ♥❛ ♣ró①✐♠❛ ♣á❣✐♥❛



✶✵✹ ❆♣ê♥❞✐❝❡ ❇✳

❚❛❜❡❧❛ ❇✳✷ ✕ ❈♦♥t✐♥✉❛çã♦ ❞❛ ♣á❣✐♥❛ ❛♥t❡r✐♦r

Dest− Cons (d) Iter❴Bl Iter❴Alg

0, 3N ✹ ✷✵

0, 5N ✽ ✷✵

0, 3N ✽ ✷✵

0, 7N ✹ ✺✵

0, 5N ✹ ✽✵

0, 3N ✹ ✺✵

0, 7N ✻ ✷✵

0, 7N ✹ ✷✵

0, 7N ✽ ✺✵

0, 7N ✻ ✽✵

0, 5N ✹ ✷✵

0, 7N ✹ ✽✵

0, 5N ✹ ✺✵

0, 5N ✻ ✷✵

0, 5N ✻ ✽✵

0, 5N ✻ ✺✵

0, 3N ✽ ✽✵

0, 7N ✽ ✷✵

0, 3N ✻ ✺✵

0, 3N ✻ ✽✵

0, 7N ✻ ✺✵

0, 5N ✽ ✺✵

0, 5N ✽ ✽✵

❚❛❜❡❧❛ ❇✳✸✿ ❈♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ♣❛r❛ ♦ ■●✰▼❉▲

❈♦♥❞✐çã♦ ❊①♣✳ d Iter❴Bl Iter❴MDL Iter❴Alg

CEX❴1 ✵✱✻ ✼ ✻ ✷✵✵

CEX❴2 ✵✱✷ ✼ ✻ ✶✵✵

CEX❴3 ✵✱✷ ✸ ✻ ✷✵✵

CEX❴4 ✵✱✻ ✺ ✽ ✶✵✵

CEX❴5 ✵✱✻ ✼ ✽ ✶✺✵

CEX❴6 ✵✱✻ ✸ ✻ ✷✵✵

CEX❴7 ✵✱✻ ✺ ✽ ✶✺✵

❈♦♥t✐♥✉❛ ♥❛ ♣ró①✐♠❛ ♣á❣✐♥❛



✶✵✺

❚❛❜❡❧❛ ❇✳✸ ✕ ❈♦♥t✐♥✉❛çã♦ ❞❛ ♣á❣✐♥❛ ❛♥t❡r✐♦r

❈♦♥❞✐çã♦ ❊①♣✳ d Iter❴Bl Iter❴MDL Iter❴Alg

CEX❴8 ✵✱✹ ✼ ✻ ✶✺✵

CEX❴9 ✵✱✻ ✸ ✽ ✶✺✵

CEX❴10 ✵✱✹ ✸ ✻ ✷✵✵

CEX❴11 ✵✱✷ ✺ ✻ ✶✺✵

CEX❴12 ✵✱✹ ✺ ✻ ✷✵✵

CEX❴13 ✵✱✷ ✺ ✽ ✶✺✵

CEX❴14 ✵✱✹ ✺ ✽ ✷✵✵

CEX❴15 ✵✱✹ ✺ ✹ ✶✺✵

CEX❴16 ✵✱✷ ✼ ✹ ✷✵✵

CEX❴17 ✵✱✹ ✼ ✻ ✶✵✵

CEX❴18 ✵✱✹ ✺ ✽ ✶✺✵

CEX❴19 ✵✱✷ ✺ ✹ ✷✵✵

CEX❴20 ✵✱✻ ✸ ✹ ✷✵✵

CEX❴21 ✵✱✷ ✼ ✹ ✶✺✵

CEX❴22 ✵✱✹ ✸ ✹ ✷✵✵

CEX❴23 ✵✱✹ ✸ ✻ ✶✺✵

CEX❴24 ✵✱✹ ✼ ✽ ✶✺✵

CEX❴25 ✵✱✹ ✼ ✹ ✶✵✵

CEX❴26 ✵✱✷ ✺ ✻ ✷✵✵

CEX❴27 ✵✱✷ ✺ ✽ ✶✵✵

CEX❴28 ✵✱✻ ✼ ✽ ✷✵✵

CEX❴29 ✵✱✷ ✸ ✽ ✶✺✵

CEX❴30 ✵✱✷ ✼ ✻ ✶✺✵

CEX❴31 ✵✱✹ ✺ ✽ ✶✵✵

CEX❴32 ✵✱✹ ✸ ✻ ✶✵✵

CEX❴33 ✵✱✷ ✼ ✹ ✶✵✵

CEX❴34 ✵✱✻ ✸ ✹ ✶✺✵

CEX❴35 ✵✱✹ ✺ ✹ ✷✵✵

CEX❴36 ✵✱✻ ✼ ✹ ✷✵✵

CEX❴37 ✵✱✹ ✼ ✹ ✷✵✵

CEX❴38 ✵✱✷ ✸ ✹ ✶✵✵

CEX❴39 ✵✱✷ ✸ ✻ ✶✵✵

CEX❴40 ✵✱✷ ✺ ✹ ✶✺✵

CEX❴41 ✵✱✹ ✸ ✹ ✶✺✵

❈♦♥t✐♥✉❛ ♥❛ ♣ró①✐♠❛ ♣á❣✐♥❛
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CEX❴42 ✵✱✻ ✸ ✽ ✷✵✵

CEX❴43 ✵✱✻ ✸ ✹ ✶✵✵

CEX❴44 ✵✱✻ ✼ ✻ ✶✵✵

CEX❴45 ✵✱✹ ✺ ✹ ✶✵✵

CEX❴46 ✵✱✷ ✼ ✽ ✶✵✵

CEX❴47 ✵✱✻ ✸ ✻ ✶✵✵

CEX❴48 ✵✱✷ ✸ ✹ ✶✺✵

CEX❴49 ✵✱✹ ✸ ✽ ✶✺✵

CEX❴50 ✵✱✻ ✺ ✻ ✶✵✵

CEX❴51 ✵✱✹ ✼ ✽ ✷✵✵

CEX❴52 ✵✱✻ ✼ ✹ ✶✺✵

CEX❴53 ✵✱✷ ✸ ✽ ✷✵✵

CEX❴54 ✵✱✻ ✺ ✹ ✶✵✵

CEX❴55 ✵✱✻ ✼ ✹ ✶✵✵

CEX❴56 ✵✱✻ ✼ ✻ ✶✺✵

CEX❴57 ✵✱✷ ✼ ✽ ✷✵✵

CEX❴58 ✵✱✻ ✺ ✽ ✷✵✵

CEX❴59 ✵✱✻ ✺ ✹ ✷✵✵

CEX❴60 ✵✱✷ ✺ ✻ ✶✵✵

CEX❴61 ✵✱✻ ✼ ✽ ✶✵✵

CEX❴62 ✵✱✷ ✸ ✹ ✷✵✵

CEX❴63 ✵✱✹ ✸ ✹ ✶✵✵

CEX❴64 ✵✱✹ ✸ ✽ ✷✵✵

CEX❴65 ✵✱✷ ✺ ✽ ✷✵✵

CEX❴66 ✵✱✹ ✺ ✻ ✶✺✵

CEX❴67 ✵✱✻ ✺ ✹ ✶✺✵

CEX❴68 ✵✱✹ ✼ ✹ ✶✺✵

CEX❴69 ✵✱✻ ✸ ✽ ✶✵✵

CEX❴70 ✵✱✷ ✺ ✹ ✶✵✵

CEX❴71 ✵✱✹ ✼ ✻ ✷✵✵

CEX❴72 ✵✱✷ ✼ ✽ ✶✺✵

CEX❴73 ✵✱✻ ✺ ✻ ✷✵✵

CEX❴74 ✵✱✷ ✼ ✻ ✷✵✵

CEX❴75 ✵✱✹ ✺ ✻ ✶✵✵

❈♦♥t✐♥✉❛ ♥❛ ♣ró①✐♠❛ ♣á❣✐♥❛
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CEX❴76 ✵✱✷ ✸ ✽ ✶✵✵

CEX❴77 ✵✱✻ ✺ ✻ ✶✺✵

CEX❴78 ✵✱✷ ✸ ✻ ✶✺✵

CEX❴79 ✵✱✻ ✸ ✻ ✶✺✵

CEX❴80 ✵✱✹ ✸ ✽ ✶✵✵

CEX❴81 ✵✱✹ ✼ ✽ ✶✵✵

❚❛❜❡❧❛ ❇✳✹✿ ❈♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥t❛✐s ♣❛r❛ ♦ ■●✰❋&❖

❈♦♥❞✐çã♦ ❊①♣✳ d Iter❴Bl n❴Sub Iter❴Alg

CEX❴1 ✵✱✹ ✺ ✵✱✹ ✶✺✵

CEX❴2 ✵✱✹ ✸ ✵✱✸ ✷✵✵

CEX❴3 ✵✱✷ ✼ ✵✱✸ ✷✵✵

CEX❴4 ✵✱✹ ✺ ✵✱✹ ✶✵✵

CEX❴5 ✵✱✸ ✺ ✵✱✷ ✶✺✵

CEX❴6 ✵✱✸ ✸ ✵✱✷ ✶✺✵

CEX❴7 ✵✱✹ ✸ ✵✱✷ ✷✵✵

CEX❴8 ✵✱✸ ✺ ✵✱✹ ✷✵✵

CEX❴9 ✵✱✷ ✺ ✵✱✹ ✷✵✵

CEX❴10 ✵✱✹ ✺ ✵✱✷ ✶✵✵

CEX❴11 ✵✱✹ ✸ ✵✱✷ ✶✵✵

CEX❴12 ✵✱✸ ✼ ✵✱✸ ✶✺✵

CEX❴13 ✵✱✸ ✺ ✵✱✸ ✷✵✵

CEX❴14 ✵✱✹ ✺ ✵✱✸ ✶✺✵

CEX❴15 ✵✱✷ ✼ ✵✱✹ ✷✵✵

CEX❴16 ✵✱✸ ✺ ✵✱✷ ✶✵✵

CEX❴17 ✵✱✷ ✸ ✵✱✸ ✶✺✵

CEX❴18 ✵✱✷ ✼ ✵✱✹ ✶✺✵

CEX❴19 ✵✱✷ ✸ ✵✱✹ ✷✵✵

CEX❴20 ✵✱✹ ✸ ✵✱✸ ✶✺✵

CEX❴21 ✵✱✷ ✺ ✵✱✷ ✷✵✵

CEX❴22 ✵✱✷ ✺ ✵✱✸ ✶✺✵

CEX❴23 ✵✱✷ ✼ ✵✱✹ ✶✵✵

CEX❴24 ✵✱✸ ✸ ✵✱✸ ✶✺✵

❈♦♥t✐♥✉❛ ♥❛ ♣ró①✐♠❛ ♣á❣✐♥❛
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CEX❴25 ✵✱✹ ✼ ✵✱✹ ✷✵✵

CEX❴26 ✵✱✷ ✸ ✵✱✸ ✷✵✵

CEX❴27 ✵✱✷ ✼ ✵✱✷ ✶✵✵

CEX❴28 ✵✱✸ ✺ ✵✱✹ ✶✺✵

CEX❴29 ✵✱✷ ✺ ✵✱✷ ✶✵✵

CEX❴30 ✵✱✹ ✺ ✵✱✸ ✶✵✵

CEX❴31 ✵✱✷ ✺ ✵✱✹ ✶✺✵

CEX❴32 ✵✱✷ ✸ ✵✱✷ ✶✺✵

CEX❴33 ✵✱✸ ✸ ✵✱✷ ✶✵✵

CEX❴34 ✵✱✹ ✸ ✵✱✸ ✶✵✵

CEX❴35 ✵✱✹ ✼ ✵✱✹ ✶✵✵

CEX❴36 ✵✱✹ ✸ ✵✱✹ ✶✺✵

CEX❴37 ✵✱✸ ✼ ✵✱✸ ✷✵✵

CEX❴38 ✵✱✸ ✸ ✵✱✸ ✶✵✵

CEX❴39 ✵✱✹ ✸ ✵✱✹ ✷✵✵

CEX❴40 ✵✱✷ ✺ ✵✱✷ ✶✺✵

CEX❴41 ✵✱✷ ✼ ✵✱✷ ✶✺✵

CEX❴42 ✵✱✸ ✼ ✵✱✷ ✷✵✵

CEX❴43 ✵✱✸ ✸ ✵✱✸ ✷✵✵

CEX❴44 ✵✱✹ ✺ ✵✱✹ ✷✵✵

CEX❴45 ✵✱✸ ✼ ✵✱✷ ✶✺✵

CEX❴46 ✵✱✸ ✸ ✵✱✹ ✶✺✵

CEX❴47 ✵✱✹ ✺ ✵✱✷ ✷✵✵

CEX❴48 ✵✱✸ ✺ ✵✱✸ ✶✺✵

CEX❴49 ✵✱✹ ✺ ✵✱✷ ✶✺✵

CEX❴50 ✵✱✹ ✸ ✵✱✷ ✶✺✵

CEX❴51 ✵✱✷ ✼ ✵✱✸ ✶✵✵

CEX❴52 ✵✱✸ ✼ ✵✱✹ ✷✵✵

CEX❴53 ✵✱✸ ✸ ✵✱✹ ✶✵✵

CEX❴54 ✵✱✷ ✺ ✵✱✸ ✶✵✵

CEX❴55 ✵✱✷ ✸ ✵✱✸ ✶✵✵

CEX❴56 ✵✱✹ ✼ ✵✱✷ ✷✵✵

CEX❴57 ✵✱✸ ✸ ✵✱✷ ✷✵✵

CEX❴58 ✵✱✹ ✼ ✵✱✸ ✷✵✵

❈♦♥t✐♥✉❛ ♥❛ ♣ró①✐♠❛ ♣á❣✐♥❛
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CEX❴59 ✵✱✹ ✺ ✵✱✸ ✷✵✵

CEX❴60 ✵✱✷ ✸ ✵✱✷ ✷✵✵

CEX❴61 ✵✱✸ ✼ ✵✱✸ ✶✵✵

CEX❴62 ✵✱✷ ✺ ✵✱✹ ✶✵✵

CEX❴63 ✵✱✷ ✺ ✵✱✸ ✷✵✵

CEX❴64 ✵✱✷ ✼ ✵✱✷ ✷✵✵

CEX❴65 ✵✱✹ ✼ ✵✱✸ ✶✺✵

CEX❴66 ✵✱✷ ✸ ✵✱✷ ✶✵✵

CEX❴67 ✵✱✷ ✸ ✵✱✹ ✶✺✵

CEX❴68 ✵✱✹ ✼ ✵✱✹ ✶✺✵

CEX❴69 ✵✱✸ ✸ ✵✱✹ ✷✵✵

CEX❴70 ✵✱✸ ✼ ✵✱✷ ✶✵✵

CEX❴71 ✵✱✸ ✼ ✵✱✹ ✶✺✵

CEX❴72 ✵✱✸ ✺ ✵✱✸ ✶✵✵

CEX❴73 ✵✱✷ ✸ ✵✱✹ ✶✵✵

CEX❴74 ✵✱✹ ✼ ✵✱✷ ✶✺✵

CEX❴75 ✵✱✸ ✼ ✵✱✹ ✶✵✵

CEX❴76 ✵✱✸ ✺ ✵✱✷ ✷✵✵

CEX❴77 ✵✱✷ ✼ ✵✱✸ ✶✺✵

CEX❴78 ✵✱✹ ✸ ✵✱✹ ✶✵✵

CEX❴79 ✵✱✸ ✺ ✵✱✹ ✶✵✵

CEX❴80 ✵✱✹ ✼ ✵✱✷ ✶✵✵

CEX❴81 ✵✱✹ ✼ ✵✱✸ ✶✵✵





❆♣ê♥❞✐❝❡ ❈

❘❡s✉❧t❛❞♦s ❝♦♠♣❧❡t♦s ♦❜t✐❞♦s ♣❡❧♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✱ ♦s ❛❧❣♦r✐t♠♦s ❞❛ ❧✐t❡r❛t✉r❛ ❡

♦s ❛❧❣♦r✐t♠♦s ♣r♦♣♦st♦s✳ ◆❛ t❛❜❡❧❛ ♠♦str❛✲s❡ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛s ✉t✐❧✐③❛❞❛s

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

❚❛❜❡❧❛ ❈✳✶✿ ❘❡s✉❧t❛❞♦s ❡st❡♥❞✐❞♦s ♣❛r❛ ❝❧❛ss❡s ❞❡ ✐♥stâ♥❝✐❛ ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡

❈✳ ❞❡ Pr♦❜❧❡♠❛ MIP HR TAH IG+HR IG+MDL IG+ F✫O

✸♥✸♠✸t❴✵ ✹✵✺✵✱✻ ✹✵✺✵✱✻ ✹✶✼✻✱✻ ✹✶✼✻✱✻ ✹✶✽✻✱✻ ✹✵✺✵✱✻

✸♥✸♠✸t❴✶ ✹✼✸✺✱✶ ✹✼✸✺✱✶ ✹✽✻✶✱✺ ✹✽✻✶✱✺ ✹✽✼✷ ✹✼✸✺✱✶

✸♥✸♠✸t❴✷ ✸✼✶✹✱✸ ✸✽✸✷✱✷ ✸✽✷✽✱✷ ✸✽✸✷✱✷ ✸✽✶✹✱✷ ✸✽✶✹✱✷

✸♥✸♠✸t❴✸ ✺✾✷✸ ✺✾✷✸ ✺✾✷✸ ✺✾✷✸ ✺✾✷✸ ✺✾✷✸

✸♥✸♠✸t❴✹ ✸✸✶✷✱✾ ✸✸✶✷✱✾ ✸✺✻✷✱✽ ✸✻✹✷✱✾ ✸✺✵✾✱✸ ✸✸✶✷✱✾

✺♥✸♠✸t❴✵ ✾✺✽✹ ✾✼✶✼ ✾✻✼✹✱✽ ✾✽✷✶✱✽ ✾✻✽✹✱✽ ✾✺✽✹

✺♥✸♠✸t❴✶ ✼✸✵✺✱✶ ✼✸✵✺✱✶ ✼✻✵✵ ✼✻✵✵ ✼✻✵✹✱✸ ✼✸✵✺✱✶
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