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RESUMO 
 
 
 
 

BATISTA, Emerson Stiilpen, M.Sc., Universidade Federal de Viçosa, Outubro de 2007. 
Desenvolvimento e avaliação de um sistema de escalonamento de pivôs cen-
trais com uso de metaheurísticas - Um estudo de caso. Orientador: Heleno do 
Nascimento Santos. Co-Orientadores: Brauliro Gonçalves Leal e Luiz Aurélio 
Raggi. 

 
O pivô central é um sistema de irrigação de grande porte, que utiliza grandes 

quantidades de água durante seu funcionamento. A criação de uma escala de funcio-

namento para os pivôs centrais que atuam compartilhando um mesmo recurso hídrico é 

uma solução para reduzir custos com energia elétrica e controlar o consumo de água 

visando evitar possíveis danos ambientais sem comprometer a eficácia na irrigação. 

Para encontrar tal solução, um modelo matemático que representa o problema foi   

criado e validado. Este modelo serviu de base para a construção de algoritmos que 

geram a escala de funcionamento dos pivôs centrais. Devido ao grau de complexidade 

do problema, o uso das metaheurísticas Simulated Annealing e GRASP foi adotado     

na busca de boas soluções em curto espaço de tempo. A aplicação das metaheurís-   

ticas foi feita de maneira simples, oferecendo a opção de modificar os parâmetros do 

problema, de acordo com as necessidades encontradas, sendo possível adaptar a forma 

de execução dos algoritmos à diferentes realidades. Uma interface que utiliza os al-

goritmos desenvolvidos foi construída com o objetivo de facilitar a manipulação das 

informações de entrada e saída do sistema. Os resultados dos testes obtidos com o 

sistema utilizando ambos os algoritmos geraram soluções que atenderam plenamente     

a expectativa inicial sendo, inclusive, avaliados por profissionais da área. Além disto, 

um estudo de caso, utilizando os algoritmos desenvolvidos, foi realizado com base em 

informações reais do Projeto Colonização Paracatu Entre-Ribeiros, localizado na Ba-                      

. 

x 



cia do Rio São Francisco, um dos maiores perímetros de irrigação com pivô central da 

América Latina. 
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ABSTRACT 
 
 
 

BATISTA, Emerson Stiilpen, M.Sc., Universidade Federal de Viçosa, October of 2007. 
Development and evaluation of a system scheduler of central pivot using 
metaheuristics - a case study. Adviser: Heleno do Nascimento Santos. Co-Advi-          
sers: Brauliro Gonçalves Leal and Luiz Aurélio Raggi. 

 
The central pivot is an system of great importance, which uses much water 

resource during its working. The development of a working scale to the central pivots 

that act using one same water resource is a solution to reduce costs with electric    

energy and to control the water consumption being aimed at to avoid possible nature 

damages, without compromising its eficiency. To find such solution, a mathematical 

model that represents the problem was created and validated. This model was the     

base for the construction of algorithms which solving the scale of the central pivots. 

Due to the complexity of the problem, the use of metaheuristic Simulated Annealing 

and GRASP was adopted in the searches of good solutions in very small period of   

time. The application of the metaheuristics made very simply, offering the options to 

modify the parameters of the execution, in accordance with the found necessities,   

being possible to adapt the form of execution of the algorithms to the different realities. 

An interface that uses the algorithms was constructed with the objective to facilitate     

to the manipulation of the input and output of the system. The obtained results              

of tests with the system using both the algorithms had generated solutions that had  

taken care of the initial expectation fully being, also, evaluated for professionals of the 

area. Moreover, a case study, using the developed algorithms, were carried through  

with basis of information of the Project Colonização Paracatu Entre-Ribeiros, located  

in the Basin of the Rio São Francisco, one of the biggest perimeters of irrigation with 

central pivot of Latin America. 
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♥❡♥❤✉♠ t✐♣♦ ❞❡ ❝♦♥tr♦❧❡✳ ❊st❡ r✐s❝♦ ❣❡r❛ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ❝♦♥tr♦❧❛r t♦❞♦ ✉♠

❝♦♥❥✉♥t♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s✱ ❛ ♣❛rt✐r ❞❛ ❝♦♥str✉çã♦ ❞❡ ✉♠❛ ❡s❝❛❧❛ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦✱

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

✶



❆t✉❛❧♠❡♥t❡✱ ♦ ❝♦♥tr♦❧❡ ❞♦s ♣✐✈ôs ❝❡♥tr❛✐s é ❢❡✐t♦ ❛tr❛✈és ❞❡ ❛✉t♦r✐③❛çõ❡s ♣❛r❛

❛ ✐♥st❛❧❛çã♦✱ ♦✉t♦r❣❛❞❛s ♣♦r ór❣ã♦s ❡st❛❞✉❛✐s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦✱ ♦ ■♥st✐t✉t♦ ▼✐♥❡✐r♦

❞❡ ●❡stã♦ ❞❛s ➪❣✉❛s✱ ❛t✉❛♥t❡ ♥♦ ❡st❛❞♦ ❞❡ ▼✐♥❛s ●❡r❛✐s✱ q✉❡ ✈❡r✐✜❝❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡

✉♠ r❡❝✉rs♦ ❤í❞r✐❝♦ ♣♦❞❡r ❝❡❞❡r ♣❛rt❡ ❞❡ s✉❛ ✈❛③ã♦ ♣❛r❛ ♦ r❡❢❡r✐❞♦ s✐st❡♠❛ ❞❡ ✐rr✐❣❛çã♦

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

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

❣r❛✈❡s ❝❛✉s❛❞♦s ♣♦r ♣♦ssí✈❡✐s ❢❛❧❤❛s✳ ❆♣❡s❛r ❞❡ ❡✜❝❛③ ❡♠ r❡❧❛çã♦ ❛♦ s❡✉ ♦❜❥❡t✐✈♦✱

❡st❛ ♠❛r❣❡♠ ❞❡ s❡❣✉r❛♥ç❛ ❧✐♠✐t❛ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ á❣✉❛ út✐❧✳

❊st❡ ❡st✉❞♦ ♥ã♦ ❛❧♠❡❥❛ s✉❜st✐t✉✐r ❛s ♣rát✐❝❛s ❛t✉❛❧♠❡♥t❡ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❝♦♥✲

tr♦❧❛r ♦s s✐st❡♠❛s ❞❡ ✐rr✐❣❛çã♦ ♣♦r ♣✐✈ô ❝❡♥tr❛❧✳ ❯♠ ❞♦s ♦❜❥❡t✐✈♦s ❞❡st❡ tr❛❜❛❧❤♦ é ❝r✐❛r

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

❛❧t❡r♥❛t✐✈❛s ❡ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s✳

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

❞❡ ❝♦♠♣✉t❛❞♦r❡s✱ ❜✉s❝❛♥❞♦ s♦❧✉çõ❡s ♦✉ ❡st✉❞♦s s✐♠✐❧❛r❡s à ♣r♦♣♦st❛ ❞❡st❡ tr❛❜❛❧❤♦✳

❖ r❡s✉❧t❛❞♦ ❡♥❝♦♥tr❛❞♦ ♥❡st❛ ♣❡sq✉✐s❛ é q✉❡ ♥ã♦ ❤á ♥❛❞❛ s❡♠❡❧❤❛♥t❡✱ ❡♠ ❡st✉❞♦ ♦✉

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

❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦s ♣✐✈ôs ❝❡♥tr❛✐s✱ ♦✉ ♦✉tr❛s ❢❡rr❛♠❡♥t❛s ❞❡ ✐rr✐❣❛çã♦✱ ✈✐s❛♥❞♦

❝♦♥tr♦❧❛r ♦ ❝♦♥s✉♠♦ ❞❡ r❡❝✉rs♦s ❤í❞r✐❝♦s ❡ ♦t✐♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛✳

❉❡st❛ ❢♦r♠❛✱ ♣♦❞❡♠♦s ❝❧❛ss✐✜❝❛r ❡st❡ tr❛❜❛❧❤♦ ❝♦♠♦ ♣✐♦♥❡✐r♦ ❡♠ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡

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

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

❛❝♦r❞♦ ❝♦♠ ✉♠❛ ❛♥á❧✐s❡ ❞❛ s✐t✉❛çã♦ ❛t✉❛❧✱ ❝❛s♦ ❛❧t❡♥❛t✐✈❛s ♥ã♦ s❡❥❛♠ ❝r✐❛❞❛s✱ ♣♦ss✐✲

✈❡❧♠❡♥t❡ ❛ ✐♥st❛❧❛çã♦ ❞❡ ♥♦✈♦s ♣✐✈ôs ❝❡♥tr❛✐s ✜❝❛rá ❡①tr❡♠❛♠❡♥t❡ r❡str✐t❛✳

❖ Pr♦❥❡t♦ ❞❡ ❈♦❧♦♥✐③❛çã♦ P❛r❛❝❛t✉✲❊♥tr❡ ❘✐❜❡✐r♦s✱ q✉❡ é tr❛t❛❞♦ ❝♦♠♦ ❡st✉❞♦

❞❡ ❝❛s♦ ♥❡st❡ tr❛❜❛❧❤♦✱ ♣♦ss✉✐ ✉♠❛ s✐t✉❛çã♦ ❝♦♠♣❧❡①❛✱ ♥❛ q✉❛❧ ♣♦ss✉✐ ✶✽✵ ♣✐✈ôs ❝❡♥✲

tr❛✐s ❛t✉❛❧♠❡♥t❡ ✐♥st❛❧❛❞♦s ❡ ♠❛✐s ✶✻ ♣r♦❥❡t❛❞♦s✱ ❛❣✉❛r❞❛♥❞♦ ❛✉t♦r✐③❛çã♦✳ ❙❡❣✉♥❞♦

Pr✉s❦✐ ❡t ❛❧✳ ✭✷✵✵✼✮✱ ❛ r❡❣✐ã♦ ❞♦ P❛r❛❝❛t✉ ❛♣r❡s❡♥t♦✉ ♦ ♠❛✐♦r ✉s♦ ❞❛ á❣✉❛ ♣❡❧♦ s❡t♦r

❛❣r♦♣❡❝✉ár✐♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❡❧❛ ❛❣r✐❝✉❧t✉r❛ ✐rr✐❣❛❞❛✳ ❊♠ ✷✵✵✻ ♦ ♣r♦❜❧❡♠❛ s❡ ❢❛③

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

❞♦ r❡❢❡r✐❞♦ ♣❡rí♠❡tr♦ ❞❡ ✐rr✐❣❛çã♦✱ ✉♠ ❞♦s ♠❛✐s ✐♠♣♦rt❛♥t❡s ❞❛ ❆♠ér✐❝❛ ▲❛t✐♥❛✳

✷



❖ ♣r♦❜❧❡♠❛ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s ❝♦♥s✐st❡ ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦

❞❡ ✉♠❛ ❡s❝❛❧❛ ❞❡ ❤♦rár✐♦s ♣❛r❛ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡st❡s ♣✐✈ôs✳ ❊st❛ ❡s❝❛❧❛ ❞❡✈❡ ❜✉s❝❛r

s♦❧✉çõ❡s q✉❡ ♠✐♥✐♠✐③❡♠ ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s

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

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

❈❛❞❛ ♣✐✈ô ❝❡♥tr❛❧ ❛t❡♥❞❡ ❛ ❛♣❡♥❛s ✉♠ ❝❧✐❡♥t❡ ✜①♦✳ ❖s ❝❧✐❡♥t❡s ♣♦ss✉❡♠ ár❡❛s

✐rr✐❣á✈❡✐s ❞❡ ♣❧❛♥t❛çõ❡s✱ ❝♦❜❡rt❛s ♣❡❧♦ ♣✐✈ô ❡ q✉❡ ♣♦ss✉❡♠✱ ❛ ❝❛❞❛ ❞✐❛✱ ✉♠ ♥ú♠❡r♦

❞✐❢❡r❡♥t❡ ❞❡ ❤♦r❛s ❞❡ ✐rr✐❣❛çã♦✱ ✈✐❛ ♣✐✈ô ❝❡♥tr❛❧✳ ❊st❛s ❤♦r❛s sã♦ ❡st✐♣✉❧❛❞❛s ♣❡❧♦

té❝♥✐❝♦ ❛❣rí❝♦❧❛ r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ❝❧✐❡♥t❡✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❛t❡♥❞❡r ❛s ♥❡❝❡ss✐❞❛❞❡s

❣❧♦❜❛✐s ❞❛ ♣❧❛♥t❛çã♦✳ ❖ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡ ❝❛❞❛ ♣✐✈ô ❝❡♥tr❛❧ ♣♦❞❡ ✈❛r✐❛r ❡♠ ❢✉♥çã♦

❞❡ ❞✐✈❡rs♦s ❢❛t♦r❡s ❡①t❡r♥♦s ❝♦♠♦ ❝❧✐♠❛✱ ❝✉❧t✉r❛ ✐rr✐❣❛❞❛✱ t✐♣♦ ❞❡ s♦❧♦✱ ❡♥tr❡ ♦✉tr♦s✳

P♦r s❡ tr❛❜❛❧❤❛r✱ s❡♠♣r❡✱ ❝♦♠ ♦ t❡♠♣♦ ❞❡ ✐rr✐❣❛çã♦ ❡♠ ❤♦r❛s ❞✐ár✐❛s✱ t♦❞❛

s♦❧✉çã♦ ❝♦♥str✉í❞❛ ❡st❛rá ❞✐✈✐❞✐❞❛ ❡♠ ✷✹ ❥❛♥❡❧❛s ❞❡ t❡♠♣♦✱ q✉❡ ❝♦rr❡s♣♦♥❞❡♠ às

❤♦r❛s ❞♦ ❞✐❛✳ ❆ss✐♠✱ t♦❞♦ ♣✐✈ô t❡rá ♦ s❡✉ ♣❡rí♦❞♦ ❞❡ tr❛❜❛❧❤♦ ❞✐str✐❜✉í❞♦ ❡♥tr❡ ❛s ✷✹

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

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

✉t✐❧✐③❛❞♦ ♣♦r t♦❞♦s ♦s ♣✐✈ôs ❝❡♥tr❛✐s ❞❡ ✉♠ ❣r✉♣♦✱ ❡♠ ❝❛❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦✳ ❈❛❞❛

♣✐✈ô ❝❡♥tr❛❧ ♣♦ss✉✐ ✉♠ ✈♦❧✉♠❡ ❞❡ á❣✉❛ ✜①♦✱ ♥❡❝❡ssár✐♦ ♣❛r❛ s❡✉ ❢✉♥❝✐♦♥❛♠❡♥t♦✳ ❙❡♥❞♦

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

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

á❣✉❛ q✉❡ s❡ ♣❡r♠✐t❡ r❡t✐r❛r ❞♦ r❡❝✉rs♦ ❤í❞r✐❝♦✳ ❊st❛ r❡str✐çã♦ é ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛

❡✈✐t❛r ❞❛♥♦s ❛♠❜✐❡♥t❛✐s ❛♦ ❡❝♦ss✐st❡♠❛✳

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

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

♣r✐♠❡✐r❛ ♠❛♥❡✐r❛ é ❣r❛ç❛s ❛♦ ❝✉st♦ r❡❞✉③✐❞♦ ❞❛ t❛r✐❢❛ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛ ❡♠ ♣❡rí♦❞♦s

♥♦t✉r♥♦s✱ ❝❤❡❣❛♥❞♦ ❡st❛ t❛r✐❢❛ ❛ s❡r ❛té ✻✵ ✪ ♠❛✐s ❜❛r❛t❛ ♥❡st❡s ❤♦rár✐♦s✳ ❆ s❡❣✉♥❞❛

♠❛♥❡✐r❛ é ❡s❝❛❧♦♥❛♥❞♦ ♦s ♣✐✈ôs ❝❡♥tr❛✐s ❞❡ ♠♦❞♦ q✉❡ ❡❧❡s ❢✉♥❝✐♦♥❡♠ ♦ ♠❛✐♦r ♥ú♠❡r♦

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

♣✐✈ô ❝❡♥tr❛❧ ❞♦ ❡st❛❞♦ ❞❡ ó❝✐♦ ❡ ❝♦❧♦❝á✲❧♦ ❡♠ ❢✉♥❝✐♦♥❛♠❡♥t♦✳

✸



✶✳✷ ❖❜❥❡t✐✈♦s

• ❉❡s❡♥✈♦❧✈❡r ✉♠ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ q✉❡ r❡♣r❡s❡♥t❡ ✜❡❧♠❡♥t❡ ♦ ♣r♦❜❧❡♠❛ ❞❡

❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s ❡ s✉❛s r❡str✐çõ❡s❀

• ❝r✐❛r ✉♠❛ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s q✉❡ ♣❡r♠✐t❛ ❛r♠❛③❡♥❛r ❡ ❛❝❡ss❛r às ✐♥❢♦r♠❛çõ❡s

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

• ✐♠♣❧❡♠❡♥t❛r ♦s ❛❧❣♦r✐t♠♦s ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❡ ●❘❆❙P✱ ❝♦♠ ❜❛s❡ ♥♦ ♠♦❞❡❧♦

♣r♦♣♦st♦ ❡ ❢❛③❡♥❞♦ ✉s♦ ❞❛ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s ❝♦♥str✉í❞❛✱ ✈✐s❛♥❞♦ ❡♥❝♦♥tr❛r ❜♦❛s

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

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

✈✐❛❜✐❧✐③❡ ❛ ✐♥s❡rçã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ♥❛s ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❡ ❢❛❝✐❧✐t❡ ❛ ✐♥t❡r♣r❡✲

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

• ♣♦ss✐❜✐❧✐t❛r ❛ ❛♥á❧✐s❡ ❞❡ ❝❡♥ár✐♦s ♣♦r ♠❡✐♦ ❞❛ ❢❡rr❛♠❡♥t❛ ❝♦♠♣✉t❛❝✐♦♥❛❧ ✐♠♣❧❡✲

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

✶✳✸ ❖r❣❛♥✐③❛çã♦ ❞♦ t❡①t♦

❊st❛ ❞✐ss❡rt❛çã♦ ❡stá ♦r❣❛♥✐③❛❞❛ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✳

❆ ❙❡çã♦ ✶ ♠♦str❛ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s ❡ ❞❛ ✉t✐✲

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

ár❡❛✳

❆ ❙❡çã♦ ✷ ❞❡s❝r❡✈❡ ♦ ❝♦♥❝❡✐t♦ ❞❡ ♣✐✈ô ❝❡♥tr❛❧✱ ❞❡ ♦t✐♠✐③❛çã♦ ❝♦♠❜✐♥❛tór✐❛✱

❛s ♠❡t❛❤❡✉ríst✐❝❛s ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❡ ●❘❆❙P✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❞✐✈❡rs♦s ❝♦♥❝❡✐t♦s

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

❝❛s♦✳

❆ ❙❡çã♦ ✸ ❞❡s❝r❡✈❡ ♦ ♠♦❞❡❧♦ ❝r✐❛❞♦ ❡ ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡s❝❛❧♦♥❛✲

♠❡♥t♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s✱ ♦s ❛❧❣♦r✐t♠♦s ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❡ ●❘❆❙P ✐♠♣❧❡♠❡♥t❛❞♦s✱

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

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

✹



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

❆ ❙❡çã♦ ✹ ❢❛③ ✉♠❛ ❛♥á❧✐s❡ ❝♦♠♣❛r❛t✐✈❛ ❞❛s s♦❧✉çõ❡s ♦❜t✐❞❛s ♣❡❧♦s ❛❧❣♦r✐t♠♦s

♣r♦♣♦st♦s ❡ ♣❡❧♦ s♦❢t✇❛r❡ ❝♦♠❡r❝✐❛❧ ▲✐♥❣♦ ✸✳✵ ✭❙❝❤r❛❣❡✱ ✶✾✾✽✮✳ ❆❧❣✉♠❛s ❝♦♥s✐❞❡r❛çõ❡s

sã♦ ❢❡✐t❛s s♦❜r❡ ❡st❛s ❛♥á❧✐s❡s✳ ❚❛♠❜é♠ sã♦ ❛♣r❡s❡♥t❛❞♦s ❡ ❛♥❛❧✐s❛❞♦s ♦s r❡s✉❧t❛❞♦s

♦❜t✐❞♦s ♥♦ ❡st✉❞♦ ❞❡ ❝❛s♦✳

❋✐♥❛❧♠❡♥t❡✱ ❛ ❙❡çã♦ ✺ ❛♣r❡s❡♥t❛ ❛❧❣✉♠❛s ❝♦♥❝❧✉sõ❡s s♦❜ ♦ q✉❡ ❢♦✐ r❡❛❧✐③❛❞♦ ❡

s✉❣❡stõ❡s ♣❛r❛ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳

✺



❈❛♣ít✉❧♦ ✷

❘❡❢❡r❡♥❝✐❛❧ ❚❡ór✐❝♦

✷✳✶ ❖t✐♠✐③❛çã♦ ❈♦♠❜✐♥❛tór✐❛✿ Pr♦❜❧❡♠❛s ❡ ▼ét♦❞♦s

❞❡ ❙♦❧✉çã♦

❙❡❣✉♥❞♦ ●♦❧❞❜❛r❣ ❛♥❞ ▲✉♥❛ ✭✷✵✵✺✮✱ ♣r♦❜❧❡♠❛s ❞❡ ❖t✐♠✐③❛çã♦ ❈♦♠❜✐♥❛tór✐❛ ❛♣❛✲

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

♠❡❧❤♦r s✉❜❝♦♥❥✉♥t♦ q✉❡ s❛t✐s❢❛③ ❛ ❞❡t❡r♠✐♥❛❞♦s ❝r✐tér✐♦s✳

❊①✐st❡♠ ♠✉✐t❛s ❝❧❛ss✐✜❝❛çõ❡s ♣♦ssí✈❡✐s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦✱ ❡ ❛❧✲

❣✉♠❛s ❞❡❧❛s ❛♣r❡s❡♥t❛rã♦ ♠ét♦❞♦s ❡①❛t♦s ❡ ❡✜❝✐❡♥t❡s ❞❡ r❡s♦❧✉çã♦✳ ❖✉tr❛s ❧❡✈❛rã♦

à ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♠ét♦❞♦s ♥ã♦✲❡①❛t♦s✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞♦s ❝♦♠♦ ❤❡✉ríst✐❝♦s✱ ✉♠❛ ✈❡③

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

❊♥tr❡ ♦s ♣r♦❜❧❡♠❛s ❞❡ ♦t✐♠✐③❛çã♦ ❝♦♠❜✐♥❛tór✐❛ ❝❧áss✐❝♦s ♣♦❞❡♠♦s ❞❡st❛❝❛r✱

❡♥tr❡ ♦s ❞✐✈❡rs♦s ❡①✐st❡♥t❡s ❵❖ Pr♦❜❧❡♠❛ ❞❛ ▼♦❝❤✐❧❛✬✱ ❵❈❛♠✐♥❤♦ ▼❛✐s ❈✉rt♦✬ ❡ ❵❊s❝❛✲

❧♦♥❛♠❡♥t♦ ❞❡ ▼áq✉✐♥❛s✬✳

❖ ♣r♦❜❧❡♠❛ ❞❛ ▼♦❝❤✐❧❛ ❝❛r❛❝t❡r✐③❛✲s❡ ♣❡❧♦ ❡str❡✐t♦ r❡❧❛❝✐♦♥❛♠❡♥t♦ ❝♦♠ ✉♠

❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ♦✉tr♦s ♠♦❞❡❧♦s ❞❡ ♣r♦❣r❛♠❛çã♦✳ ❙✉❛ ✐♠♣♦rtâ♥❝✐❛ ❡stá ❛ss♦❝✐❛❞❛

❡①❛t❛♠❡♥t❡ ❛ ❡ss❡ ❢❛t♦✳ ▼❡t❛❢♦r✐❝❛♠❡♥t❡ ♣♦❞❡♠♦s ❡♥t❡♥❞ê✲❧♦ ❝♦♠♦ ♦ ❞❡s❛✜♦ ❞❡ ❡♥❝❤❡r

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

❞♦ ♣r♦❞✉t♦ ❝❛rr❡❣❛❞♦✳ ❈♦♥st✐t✉✐ ✉♠ ♠❛r❝♦ ❞❛s té❝♥✐❝❛s ❞❡ ♣r♦❣r❛♠❛çã♦ ✐♥t❡✐r❛✱

♦tt✐♠✐③❛çã♦ ❝♦♠❜✐♥❛tór✐❛ ❡ ♣r♦❣r❛♠❛çã♦ ❞✐♥â♠✐❝❛ ✭❈♦r♠❡♥ ❡t ❛❧✳✱ ✷✵✵✷✮✳

✻



❖ ♣r♦❜❧❡♠❛ ❞♦ ❵❈❛♠✐♥❤♦ ▼❛✐s ❈✉rt♦✬ ❝♦♥s✐st❡ ❡♠ ❡♥❝♦♥tr❛r ❛ ♠❡♥♦r r♦t❛✱ ❡♠

✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈ért✐❝❡s✱ ♦✉ ❝❛♠✐♥❤♦s✱ ♣♦ssí✈❡✐s✱ q✉❡ ♣❡r♠✐t❛ s❛✐r ❞❛ ♦r✐❣❡♠ ❡ ❝❤❡❣❛r

❛♦ ❞❡st✐♥♦ ♣❡r❝♦rr❡♥❞♦ ❛ ♠❡♥♦r ❞✐stâ♥❝✐❛ ♣♦ssí✈❡❧✳ ❊st❡ ♣r♦❜❧❡♠❛ ❡stá ✐♥t✐♠❛♠❡♥t❡

r❡❧❛❝✐♦♥❛❞♦ à s♦❧✉çã♦ ❞❡ ✈ár✐♦s ♣r♦❜❧❡♠❛s ❝♦♠❜✐♥❛tór✐♦s ❝♦♠♦ s♦ ❞❡ r♦t❡❛♠❡♥t♦✱

♣r♦❣r❛♠❛çã♦ ❡ s❡qü❡♥❝✐❛♠❡♥t♦ ❞❡ t❛r❡❢❛s ❡t❝ ✭●♦❧❞❜❛r❣ ❛♥❞ ▲✉♥❛✱ ✷✵✵✺✮✳

❖ ♣r♦❜❧❡♠❛ ❞❡ ❵❊s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ▼áq✉✐♥❛s✬ ♣♦❞❡ s❡r ❡♥t❡♥❞✐❞♦ ❝♦♠♦ ♦ ♣r♦✲

❜❧❡♠❛ ❞❡ ❛❧♦❝❛r ♥ ♠áq✉✐♥❛s ❞❡ ♣r♦❞✉çã♦ ❛ ♥ t❛r❡❢❛s✳ ❈❛❞❛ ✉♠ ❞❛s ♠áq✉✐♥❛s é ❝❛♣❛③

❞❡ ❛t❡♥❞❡r à ✉♠❛ t❛r❡❢❛ s❡❣✉♥❞♦ ✉♠ ❝✉st♦✳ ❆ ✐❞é✐❛✱ ♥♦r♠❛❧♠❡♥t❡✱ é ♠✐♥✐♠✐③❛r ♦

❝✉st♦ t♦t❛❧ ❣❡r❛❞♦ ♣❡❧♦ ✉s♦ ❞❛s ♠áq✉✐♥❛s ❡ ♠❛①✐♠✐③❛r ♦ ❧✉❝r♦ ❣❡r❛❞♦ ♣❡❧♦s ♣r♦❞✉t♦s

❝r✐❛❞♦s ♣♦r ❡❧❛s✳

❚♦❞♦s ❡st❡s ♣r♦❜❧❡♠❛s ♣♦ss✉❡♠ ✈ár✐❛s ♣♦ss✐✈❡✐s ❢♦r♠❛s ❞❡ r❡s♦❧✉çã♦✱ ♣♦❞❡♥❞♦

❡❧❛s s❡r❡♠ ❡①❛t❛s ♦✉ ♥ã♦✳ ❈❛❜❡ ❛♦ r❡s♣♦♥sá✈❡❧ ♣♦r ❜✉s❝❛r ❡st❛s s♦❧✉çõ❡s ♠❡♥s✉r❛r ❛

✈✐❛❜✐❧✐❞❛❞❡ ❡ ❡✜❝á❝✐❛ ❞♦ ♠ét♦❞♦ ❛ s❡r ✉t✐❧✐③❛❞♦✳

✷✳✶✳✶ ▼ét♦❞♦s ❊①❛t♦s

❙❡❣✉♥❞♦ ●♦❧❞❜❛r❣ ❛♥❞ ▲✉♥❛ ✭✷✵✵✺✮✱ ♦s ♠ét♦❞♦s ❡①❛t♦s ♣r♦❝✉r❛♠ ❛ ♠❡❧❤♦r s♦❧✉çã♦✱

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

❛s r❡str✐çõ❡s ✐♠♣♦st❛s✳

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

❣✉❛❣❡♠ ♠❛t❡♠át✐❝❛✱ ♦ ♣r♦❜❧❡♠❛ é r❡s♦❧✈✐❞♦ ♣❡❧♦ ▼ét♦❞♦ ❙✐♠♣❧❡①✱ ❞❡s❡♥✈♦❧✈✐❞♦ ♣♦r

❉❛♥t③✐❣ ❡t ❛❧✳ ✭✶✾✺✺✮ ♦✉ ❛❧❣✉♠ ♦✉tr♦ ❛❧❣♦r✐t♠♦ ❡①❛t♦✳

Pr♦❣r❛♠❛çã♦ ▲✐♥❡❛r

❖ ❙✐♠♣❧❡① tr❛t❛ ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ ❣❡r❛❧ ❡①tr❡♠❛♠❡♥t❡ ❡✜❝✐❡♥t❡ ♣❛r❛ s♦❧✉çã♦ ❞❡ s✐st❡✲

♠❛s ❧✐♥❡❛r❡s ❡ ❛❞❛♣tá✈❡❧ ❛♦ ❝á❧❝✉❧♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ❝✉❥❛ ❝♦♠♣r❡❡♥sã♦ ❢✉♥❝✐♦♥❛❧ ❡♠✲

❜❛s❛ ✈ár✐♦s ♦✉tr♦s ♠ét♦❞♦s✳ ❙❡✉ ❡st✉❞♦ é ✐♥❞✐s♣❡♥sá✈❡❧ ♣❛r❛ ♦ ♣r♦✜ss✐♦♥❛❧ q✉❡ ❞❡s❡❥❛

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

r❛③♦❛✈❡❧♠❡♥t❡ ❛✈❛♥ç❛❞♦ ✭●♦❧❞❜❛r❣ ❛♥❞ ▲✉♥❛✱ ✷✵✵✺✮✳

❊❧❡ ❝♦♠❡ç❛ ❝♦♠ ✉♠ s✐st❡♠❛ ❞❡ ❞❡s✐❣✉❛❧❞❛❞❡s ❧✐♥❡❛r❡s ❝✉❥❛ s♦❧✉çã♦ é ❞❡s❝♦♥❤❡✲

❝✐❞❛✳ ❊♠ ❝❛❞❛ ✐t❡r❛çã♦ ❡①❡❝✉t❛❞❛✱ r❡❡s❝r❡✈❡✲s❡ ❡ss❡ s✐st❡♠❛ ❡♠ ✉♠❛ ❢♦r♠❛ ❡q✉✐✈❛❧❡♥t❡

✼



q✉❡ t❡♠ ❛❧❣✉♠❛ ❡str✉t✉r❛ ❛❞✐❝✐♦♥❛❧✳ ❆♣ós ❝❡rt♦ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s✱ r❡❡s❝r❡✈❡♠♦s ♦

s✐st❡♠❛ ❞❡ ♠♦❞♦ q✉❡ ❛ s♦❧✉çã♦ s❡❥❛ s✐♠♣❧❡s ❞❡ s❡ ♦❜t❡r✳

❊♠ ❛ss♦❝✐❛çã♦ ❛ ❝❛❞❛ ✐t❡r❛çã♦✱ ❤á ✉♠❛ s♦❧✉çã♦ ❜ás✐❝❛ ❢❛❝✐❧♠❡♥t❡ ♦❜t✐❞❛ ❛ ♣❛rt✐r

❞❛ ❢♦r♠❛ r❡❧❛①❛❞❛ ❞♦ ♣r♦❣r❛♠❛ ❧✐♥❡❛r✱ ❞❡✜♥✐♥❞♦✲s❡ ❝❛❞❛ ✈❛r✐á✈❡❧ ♥ã♦ ❜ás✐❝❛ ❝♦♠♦ ③❡r♦

❡ ❝❛❧❝✉❧❛♥❞♦✲s❡ ♦s ✈❛❧♦r❡s ❞❛s ✈❛r✐á✈❡✐s ❜ás✐❝❛s ❛ ♣❛rt✐r ❞❛s r❡str✐çõ❡s ❞❡ ✐❣✉❛❧❞❛❞❡✳

❯♠❛ s♦❧✉çã♦ ❜ás✐❝❛ s❡♠♣r❡ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ✈ért✐❝❡ ❞♦ ❙✐♠♣❧❡①✳ ❆❧❣❡❜r✐❝❛♠❡♥t❡✱

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

❖ ✈❛❧♦r ❞❡ ♦❜❥❡t✐✈♦ ❞❛ s♦❧✉çã♦ ❜ás✐❝❛ ♣♦ssí✈❡❧ ❛ss♦❝✐❛❞❛ ♥ã♦ s❡rá ♠❡♥♦r q✉❡ ♦ ❞❛

✐t❡r❛çã♦ ❛♥t❡r✐♦r✳ P❛r❛ ❛❧❝❛♥ç❛r ❡ss❡ ❛✉♠❡♥t♦ ♥♦ ✈❛❧♦r ❞❡ ♦❜❥❡t✐✈♦✱ ❡s❝♦❧❤❡✲s❡ ✉♠❛

✈❛r✐á✈❡❧ ♥ã♦ ❜ás✐❝❛ t❛❧ q✉❡✱ s❡ ❢♦r ❛✉♠❡♥t❛❞♦ ♦ ✈❛❧♦r ❞❡ss❛ ✈❛r✐á✈❡❧ ❞❡s❞❡ ③❡r♦✱ ❡♥tã♦

♦ ✈❛❧♦r ❞❡ ♦❜❥❡t✐✈♦ t❛♠❜é♠ ❛✉♠❡♥t❛r✐❛✳ ❆ q✉❛♥t✐❞❛❞❡ ♣❡❧❛ q✉❛❧ é ❛✉♠❡♥t❛❞❛ ❛

✈❛r✐á✈❡❧ é ❧✐♠✐t❛❞❛ ♣❡❧❛s ♦✉tr❛s r❡str✐çõ❡s✳ ❊♠ ♣❛rt✐❝✉❧❛r✱ ❛✉♠❡♥t❛✲s❡ ❛té ❛❧❣✉♠❛

✈❛r✐á✈❡❧ ❜ás✐❝❛ s❡ t♦r♥❛r ③❡r♦✳ ❊♠ s❡❣✉✐❞❛✱ r❡❡s❝r❡✈❡✲s❡ ❛ ❢♦r♠❛ r❡❧❛①❛❞❛✱ tr♦❝❛♥❞♦

❛s ❢✉♥çõ❡s ❞❡ss❛ ✈❛r✐á✈❡❧ ❜ás✐❝❛ ❡ ❞❛ ✈❛r✐á✈❡❧ ♥ã♦ ❜ás✐❝❛ ❡s❝♦❧❤✐❞❛✳ ❆♣❡s❛r ❞❡ ❡st❛r

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

❛❧❣♦r✐t♠♦ ♥ã♦ ♠❛♥té♠ ❞❡ ❢♦r♠❛ ❡①♣❧í❝✐t❛ ❡ss❛ s♦❧✉çã♦✳ ❊❧❡ s✐♠♣❧❡s♠❡♥t❡ r❡❡s❝r❡✈❡ ♦

♣r♦❣r❛♠❛ ❧✐♥❡❛r ❛t❡ ❛ s♦❧✉çã♦ ót✐♠❛ s❡ t♦r♥❛r ❵ó❜✈✐❛✬ ❈♦r♠❡♥ ❡t ❛❧✳ ✭✷✵✵✷✮✳

❉❡s❞❡ ✶✾✺✵✱ ❛ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r ✈❡♠ ❝❛✉s❛♥❞♦ ✉♠ ✐♠♣❛❝t♦ ❡①tr❛♦r❞✐♥ár✐♦

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

❛✈❛♥ç♦s ❝✐❡♥tí✜❝♦s ❞♦ sé❝✉❧♦ ✈✐♥t❡✳ ❆t✉❛❧♠❡♥t❡ é ✉♠❛ ❢❡rr❛♠❡♥t❛ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦

q✉❡ ♣♦✉♣❛ ♠✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s ❡♠ ❡♠♣r❡s❛s ❡♠ t♦❞♦ ♦ ♠✉♥❞♦ ✭❍✐❧❧✐❡r ❛♥❞ ▲✐❡❜❡r♠❛♥✱

✶✾✽✽✮✳

Pr♦❣r❛♠❛çã♦ ❧✐♥❡❛r é ✉♠❛ ❢❡rr❛♠❡♥t❛ ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛✉①✐❧✐❛r

❛ s❡❧❡❝✐♦♥❛r q✉❡ ❛t✐✈✐❞❛❞❡s ✭✈❛r✐á✈❡✐s ❞❡ ❞❡❝✐sã♦✮ ❡♠♣r❡❡♥❞❡r✱ ❞❛❞♦ q✉❡ ❡ss❛s ❛t✐✈✐✲

❞❛❞❡s ✭❞✐✈❡rs❛s ❛❧t❡r♥❛t✐✈❛s✮ ❝♦♠♣❡t❡♠ ❡♥tr❡ s✐ ♣❡❧❛ ✉t✐❧✐③❛çã♦ ❞❡ r❡❝✉rs♦s ❡s❝❛ss♦s

✭r❡str✐çõ❡s✮ ♦✉ ❡♥tã♦ ♣r❡❝✐s❛♠ s❛t✐s❢❛③❡r ❝❡rt♦s r❡q✉✐s✐t♦s ♠í♥✐♠♦s ✭❊❤r❧✐❝❤✱ ✶✾✼✽✮✳

❙❡❣✉♥❞♦ ❆♥❞r❛❞❡ ✭✷✵✵✵✮✱ ✉♠ ♣r♦❜❧❡♠❛ ❞❡st❡ t✐♣♦ é ❝❛r❛❝t❡r✐③❛❞♦ ♣❡❧♦s s❡❣✉✐♥✲

t❡s ❢❛t♦s✿

• ❡①✐stê♥❝✐❛ ❞❡ ✉♠ ♦❜❥❡t✐✈♦ q✉❡ ♣♦❞❡ s❡r ❡①♣❧✐❝✐t❛❞♦ ❡♠ t❡r♠♦s ❞❛s ✈❛r✐á✈❡✐s ❞❡

❞❡❝✐sã♦ ❞♦ ♣r♦❜❧❡♠❛❀

✽



• ❡①✐stê♥❝✐❛ ❞❡ r❡str✐çõ❡s à ❛♣❧✐❝❛çã♦ ❞♦s r❡❝✉rs♦s✱ t❛♥t♦ ❝♦♠ r❡❧❛çã♦ às q✉❛♥t✐❞❛✲

❞❡s ❞✐s♣♦♥í✈❡✐s q✉❛♥t♦ ❝♦♠ r❡❧❛çã♦ à ❢♦r♠❛ ❞❡ ❡♠♣r❡❣♦❀

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

♠❛t❡♠át✐❝❛s sã♦ ❧✐♥❡❛r❡s✳

❙❡❣✉♥❞♦ ❈♦r♠❡♥ ❡t ❛❧✳ ✭✷✵✵✷✮✱ ❡♠ ❣❡r❛❧✱ ✉t✐❧✐③❛✲s❡ ♣r♦❣r❛♠❛çã♦ ❧✐♥❡❛r ♣❛r❛ ♦t✐✲

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

✉♠ ❝♦♥❥✉♥t♦ ❞❡ ♥ú♠❡r♦s r❡❛✐s a1, a2, ..., an ❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s x1, x2, ..., xn✱

✉♠❛ ❢✉♥çã♦ ❧✐♥❡❛r f s♦❜r❡ ❡ss❛s ✈❛r✐á✈❡✐s é ❞❡✜♥✐❞❛ ♣♦r

f(x1, x2, ..., xn) = a1x1 + a2x2 + ... + anxn =
n∑

j=1

ajxj.

✳

❇r❛♥❝❤ ❛♥❞ ❇♦✉♥❞

❙❡❣✉♥❞♦ ✭P✉❝❝✐♥✐ ❛♥❞ P✐③③♦❧❛t♦✱ ✶✾✾✵✮✱ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ Pr♦❣r❛♠❛çã♦ ▲✐♥❡❛r ■♥t❡✐r❛

✭P▲■✮ é ✉♠ ♣r♦❜❧❡♠❛ ❞❡ Pr♦❣r❛♠❛çã♦ ▲✐♥❡❛r ✭P▲✮ ❡♠ q✉❡ t♦❞❛s ♦✉ ❛❧❣✉♠❛✭s✮ ❞❛s

s✉❛s ✈❛r✐á✈❡✐s sã♦ ❞✐s❝r❡t❛s✱ ❡ ♣♦r ✐ss♦ ❞❡✈❡♠ ❛ss✉♠✐r ✈❛❧♦r❡s ✐♥t❡✐r♦s✳ ◗✉❛♥❞♦ t♦❞❛s

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

❞❡ Pr♦❣r❛♠❛çã♦ ▲✐♥❡❛r ■♥t❡✐r❛ P✉r❛ ✭P▲■P✮❀ ❡ s❡ ❛♣❡♥❛s ❛❧❣✉♠❛s ♦ ❡stã♦ tr❛t❛✲s❡ ❞❡

✉♠ ♣r♦❜❧❡♠❛ ❞❡ Pr♦❣r❛♠❛çã♦ ▲✐♥❡❛r ■♥t❡✐r❛ ▼✐st❛ ✭P▲■▼✮✳ ❊♠❜♦r❛ ❛ Pr♦❣r❛♠❛çã♦

■♥t❡✐r❛ ✭P■✮ ✐♥❝❧✉❛ t❛♠❜é♠ ❛ Pr♦❣r❛♠❛çã♦ ◆ã♦✲▲✐♥❡❛r ■♥t❡✐r❛✱ ♥❛ ♠❛✐♦r✐❛ ❞♦s ♠♦❞❡❧♦s

❞❛ ✈✐❞❛ r❡❛❧ s❡ ♣r❡s❡r✈❛ ❛ ❡str✉t✉r❛ ❧✐♥❡❛r ❞❛s ❢✉♥çõ❡s✳

P❛r❛ ❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ P▲■✱ ❞❡st❛❝❛♠✲s❡ ❞♦✐s ♠ét♦❞♦s✿ ♦ ▼ét♦❞♦

❞♦s P❧❛♥♦s ❞❡ ❈♦rt❡s ✭❈✉tt✐♥❣ P❧❛♥❡s✮ ❡ ♦ ▼ét♦❞♦ ❞❡ P❛rt✐çã♦ ❡ ❆✈❛❧✐❛çã♦ ❙✉❝❡ss✐✈❛s

✭❇r❛♥❝❤ ❛♥❞ ❇♦✉♥❞✮✱ ❛♠❜♦s ✉t✐❧✐③❛♠ ♦ ❛❧❣♦r✐t♠♦ ❙✐♠♣❧❡① ♣❛r❛ ❝❤❡❣❛r à s♦❧✉çã♦

ót✐♠❛ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ P▲ ❝✉❥❛ r❡❣✐ã♦ ❛❞♠✐ssí✈❡❧ ✈❛✐ s❡♥❞♦ s✉❝❡ss✐✈❛♠❡♥t❡ r❡❞✉③✐❞❛

❛té s❡ ❛❧❝❛♥ç❛r ❛ s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ P▲■✳ ❊st❡s ♠ét♦❞♦s sã♦ ❣❡r❛✐s✱ ♣♦❞❡♥❞♦ s❡r

❛♣❧✐❝❛❞♦s ❛ q✉❛❧q✉❡r ♠♦❞❡❧♦ ❞❡ P▲■✳

❖ ♠ét♦❞♦ ❞♦s P❧❛♥♦s ❞❡ ❈♦rt❡ ❢♦✐ ♦ ♣r✐♠❡✐r♦ ♠ét♦❞♦ ❛ s❡r ❞❡s❡♥✈♦❧✈✐❞♦ ❡

❞❡✈❡✲s❡ ❛ ●♦♠♦r② ✭✶✾✺✽✮✳ ❈♦♥s✐st❡ ❡♠ ✐♥tr♦❞✉③✐r s✉❝❡ss✐✈❛♠❡♥t❡ ♥♦✈❛s r❡str✐çõ❡s ♥♦

✾



♣r♦❜❧❡♠❛ ❧✐♥❡❛r ❞♦ P▲■✱ r❡str✐çõ❡s ❡ss❛s q✉❡ ❝♦rt❛♠ ♦ ❝♦♥❥✉♥t♦ ❞❛s s♦❧✉çõ❡s ♣♦ssí✈❡✐s

❡❧✐♠✐♥❛♥❞♦ ❛❧❣✉♠❛s ❞❡❧❛s ❡ ❛ ♣ró♣r✐❛ s♦❧✉çã♦ ót✐♠❛ ❞♦ P▲ ✭♣♦r ✐ss♦ s❡ ❝❤❛♠❛♠ ♣❧❛♥♦s

❞❡ ❝♦rt❡✮✱ s❡♠ ❝♦♥t✉❞♦ ❡❧✐♠✐♥❛r q✉❛❧q✉❡r s♦❧✉çã♦ ✐♥t❡✐r❛ ✭P✉❝❝✐♥✐ ❛♥❞ P✐③③♦❧❛t♦✱ ✶✾✾✵✮✳

❖ ♠ét♦❞♦ ❇r❛♥❝❤ ❛♥❞ ❇♦✉♥❞✱ ❧✐t❡r❛❧♠❡♥t❡✱ ♠ét♦❞♦ ❞❡ r❛♠✐✜❝❛çã♦ ❡ ❧✐♠✐t❛✲

çã♦✱ ❢♦✐ ❛♣r❡s❡♥t❛❞♦ ✐♥✐❝✐❛❧♠❡♥t❡ ♣♦r ▲❛♥❞ ❛♥❞ ❉♦✐❣ ✭✶✾✻✵✮ ❡ ❝♦♥s✐st❡ ♥❛ ♣❛rt✐çã♦✱ ♦✉

r❛♠✐✜❝❛çã♦✱ s✉❝❡ss✐✈❛ ❞♦ ❝♦♥❥✉♥t♦ ❞❡ s♦❧✉çõ❡s ♣♦ssí✈❡✐s ❞♦ ♣r♦❜❧❡♠❛ ❞❡ P▲■ ❡♠ s✉❜✲

❝♦♥❥✉♥t♦s ❡ ♥❛ ❧✐♠✐t❛çã♦ ❞♦ ✈❛❧♦r ót✐♠♦ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ✭❧✐♠✐t❡ ✐♥❢❡r✐♦r s❡ tr❛t❛r ❞❡

♠❛①✐♠✐③❛çã♦✱ ♦✉ s✉♣❡r✐♦r s❡ tr❛t❛r ❞❡ ♠✐♥✐♠✐③❛çã♦✮✱ ❞❡ ♠♦❞♦ ❛ ❡①❝❧✉✐r ♦s s✉❜❝♦♥❥✉♥✲

t♦s q✉❡ ♥ã♦ ❝♦♥t❡♥❤❛♠ ❛ s♦❧✉çã♦ ót✐♠❛✳ ❙❡ ♥❛ s♦❧✉çã♦ ót✐♠❛ ❞❡ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ P▲

❛s ✈❛r✐á✈❡✐s t♦♠❛♠ ✈❛❧♦r❡s ✐♥t❡✐r♦s✱ ❡ss❛ é ❛ s♦❧✉çã♦ ót✐♠❛ ❞♦ P▲■✳ ❊♥tã♦ s❡ ❝♦♠❡ç❛

❛ r❡s♦❧✈❡r ♦ P▲■ ❝♦♠♦ ✉♠ ♣r♦❜❧❡♠❛ ❞❡ P▲✳ ◗✉❛♥❞♦ s✉❛ s♦❧✉çã♦ ♥ã♦ ❛t❡♥❞❡ às r❡str✐✲

çõ❡s ❞❡ ✐♥t❡❣r❛❧✐❞❛❞❡✱ ❞✐✈✐❞❡✲s❡ ♦ ♣r♦❜❧❡♠❛ ❞❡ P▲ ❡♠ ❞♦✐s✱ ❛tr❛✈és ❞❛ ✐♥tr♦❞✉çã♦ ❞❡

r❡str✐çõ❡s ❛❞✐❝✐♦♥❛✐s✱ ❡❧✐♠✐♥❛♥❞♦ t❛❧ s♦❧✉çã♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❛s s♦❧✉çõ❡s ♣♦ssí✈❡✐s✳ ❙ã♦

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

❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❡ ❡❧✐♠✐♥❛♥❞♦ ❞✐✈❡rs♦s s✉❜❝♦♥❥✉♥t♦s✱ ❛té s❡ ❛❧❝❛♥ç❛r ❛ s♦❧✉çã♦ ót✐♠❛

❞♦ P▲■ ✭●♦❧❞❜❛r❣ ❛♥❞ ▲✉♥❛✱ ✷✵✵✺✮✳

❊①✐st❡ ✉♠ ❝❛s♦ ❡s♣❡❝✐❛❧ P▲■✿ ♦s ♣r♦❜❧❡♠❛s ♦♥❞❡ ❛s ✈❛r✐á✈❡✐s ❞❡✈❡♠ s❡r ❜✐♥á✲

r✐❛s✱ ♦✉ s❡❥❛ ♣♦❞❡♠ ❛ss✉♠✐r ♦s ✈❛❧♦r❡s ✵ ✭③❡r♦✮ ♦✉ ✶ ✭✉♠✮ q✉❡ sã♦ ♦s ♣r♦❜❧❡♠❛s ❞❡

Pr♦❣r❛♠❛çã♦ ▲✐♥❡❛r ❇✐♥ár✐❛ ✭PP▲❇✮✳ ◗✉❛♥❞♦ t♦❞❛s ❛s ✈❛r✐á✈❡✐s ❞❡ ✉♠ ♠♦❞❡❧♦ sã♦

❜✐♥ár✐❛s✱ ♦ ♠♦❞❡❧♦ ❞✐③✲s❡ ❞❡ Pr♦❣r❛♠❛çã♦ ■♥t❡✐r❛ ❇✐♥ár✐❛✳ ❆s ✈❛r✐á✈❡✐s ❜✐♥ár✐❛s sã♦

♠✉✐t♦ út❡✐s ♣❛r❛ ❡①♣r✐♠✐r❡♠ s✐t✉❛çõ❡s ❞✐❝♦tô♠✐❝❛s ✭s✐♠ ♦✉ ♥ã♦✱ ❢❛③❡r ♦✉ ♥ã♦ ❢❛③❡r✱ ❡

♦✉tr♦s✮ ✭❩✐♦♥ts✱ ✶✾✼✹✮✳

✷✳✶✳✷ ▼ét♦❞♦s ❍❡✉ríst✐❝♦s

✧❵❍❡✉ríst✐❝❛s sã♦ r❡❣r❛s q✉❡ ♣♦❞❡♠ ❛✉①✐❧✐❛r ❛ s♦❧✉❝✐♦♥❛r ❝❡rt♦s t✐♣♦s ❞❡ ♣r♦❜❧❡♠❛s✱ ♠❛s✱

♥ã♦ ❣❛r❛♥t❡♠ q✉❡ s❡ ❝❤❡❣✉❡ à s♦❧✉çã♦ ót✐♠❛✳✧✬ ✭P❊❘❑■◆❙✱ ✶✾✽✶✱ ❛♣✉❞ ❈❆❘❱❆▲❍❖✱ ✷✵✵✺✱

♣✳ ✸✮

❙❡❣✉♥❞♦ ❞❛ ❙✐❧✈❛ ●♦♠❡s ❛♥❞ ◆❡t♦ ✭✷✵✵✸✮✱ ♠ét♦❞♦s ❤❡✉ríst✐❝♦s✱ ❡♠ s✉❛ ❣r❛♥❞❡

♠❛✐♦r✐❛✱ sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s q✉❡ ♥ã♦ ♣♦❞❡♠ s❡r tr❛t❛❞♦s ♣♦r ♠ét♦✲

❞♦s ❡①❛t♦s✱ t❡♥t❛♥❞♦ r❡♣r♦❞✉③✐r✱ ♠✉✐t❛s ✈❡③❡s✱ ♦ q✉❡ é r❡❛❧✐③❛❞♦ ♠❛♥✉❛❧♠❡♥t❡✳ ❉❡st❛

✶✵



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

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

s❡❥❛✱ ❞❡ ❢♦r♠❛ rá♣✐❞❛✳

➱ ❝♦♠✉♠ q✉❡ ✉♠❛ s♦❧✉çã♦ ❜♦❛ s❡❥❛ ❡♥❝♦♥tr❛❞❛✱ ❡ ❛❧❣✉♠❛s ✈❡③❡s ✉♠❛ s♦❧✉çã♦

ót✐♠❛ é ♦❜t✐❞❛✳ ❉❡st❛ ❢♦r♠❛✱ q✉❛♥t♦ ♠❛✐♦r ❢♦r ♦ ♥ú♠❡r♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ✭r❡str✐çõ❡s✮

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

♦ ♣r♦❜❧❡♠❛ ♥♦ ❝♦♠❡ç♦ ❞❛s ✐t❡r❛çõ❡s✳

❈♦♠♦ ❡♠ ✉♠❛ ❤❡✉ríst✐❝❛ ♥ã♦ s❡ ♣♦❞❡ ❡♠ ❣❡r❛❧ ❣❛r❛♥t✐r q✉❡ ❛ s♦❧✉çã♦ ❡♥✲

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

r❡❛❧✐③❛❞❛ ❛tr❛✈és ❞❡ ✉♠ ♥ú♠❡r♦ ✜①♦ ❞❡ ✐t❡r❛çõ❡s✱ r❡t✐r❛❞❛ ♦✉ r❡❧❛①❛♠❡♥t♦ ❞❡ r❡str✐✲

çõ❡s✱ ❡♥tr❡ ♦✉tr❛s té❝♥✐❝❛s✳ ❉❡st❛ ❢♦r♠❛ ♣♦❞❡✲s❡ ❡st❛r ❡❧✐♠✐♥❛♥❞♦ ❛ s♦❧✉çã♦ ót✐♠❛

♣❛r❛ ♦ ♣r♦❜❧❡♠❛✳

◆❛ ❞é❝❛❞❛ ❞❡ ✶✾✼✵✱ ✉♠ ♥♦✈♦ t✐♣♦ ❞❡ ❛❧❣♦r✐t♠♦ ❞❡ ❛♣r♦①✐♠❛çã♦ ❡♠❡r❣✐✉ s❡♥❞♦

❜❛s✐❝❛♠❡♥t❡ ✉♠❛ t❡♥t❛t✐✈❛ ♣❛r❛ ❝♦♠❜✐♥❛r ♠ét♦❞♦s ❤❡✉ríst✐❝♦s ❜ás✐❝♦s ❡♠ ✉♠ ❢r❛✲

♠❡✇♦r❦ ❞❡ ❛❧t♦ ♥í✈❡❧ ✈✐s❛♥❞♦ ❡①♣❧♦r❛r ✉♠ ❡s♣❛ç♦ ❞❡ ❜✉s❝❛ ❞❡ ❢♦r♠❛ ❡✜❝✐❡♥t❡ ❡ ❡❢❡t✐✈❛✳

❊st❡s ♠ét♦❞♦s sã♦ ❤♦❥❡ ❡♠ ❞✐❛ ❝❤❛♠❛❞♦s ❞❡ ♠❡t❛❤❡✉ríst✐❝❛s✳ ❖ t❡r♠♦ ♠❡t❛❤❡✉rís✲

t✐❝❛✱ ✐♥✐❝✐❛❧♠❡♥t❡ ✐♥tr♦❞✉③✐❞♦ ♣♦r ●❧♦✈❡r ✭✶✾✽✻✮✱ ✈❡♠ ❞❛ ❝♦♠♣♦s✐çã♦ ❞❡ ❞✉❛s ♣❛❧❛✈r❛s

❣r❡❣❛s✿ ❍❡✉ríst✐❝❛ ❞❡r✐✈❛ ❞♦ ✈❡r❜♦ ❣r❡❣♦ ❤❡✉r✐s❦❡✐♥ q✉❡ s✐❣♥✐✜❝❛ ❵♣r♦❝✉r❛r✬✱ ❡♥q✉❛♥t♦

♠❡t❛ s✐❣♥✐✜❝❛ ❵❡♠ ✉♠ ♥í✈❡❧ s✉♣❡r✐♦r✬✳ ❊st❡ t❡r♠♦ ❢♦✐ ❛❞❛♣t❛❞♦ ❞♦ t❡r♠♦ ❛♥t❡r✐♦r✱

❞❡♥♦♠✐♥❛❞♦ ❍❡✉ríst✐❝❛s ▼♦❞❡r♥❛s ✭❘❡❡✈❡s✱ ✶✾✾✸✮✳

❊♠❜♦r❛ ♥ã♦ ❤❛❥❛ ✉♠ ❝♦♥s❡♥s♦ ❡①❛t♦ s♦❜r❡ ❛ ❞❡✜♥✐çã♦ ❞❡ ♠❡t❛❤❡✉ríst✐❝❛✱ ♦

❝♦♥❝❡✐t♦ ♠❛✐s ❛❝❡✐t♦ ♥♦s ♠❡✐♦s ❛❝❛❞ê♠✐❝♦s✱ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞♦ ❡♠ ●❧♦✈❡r ❛♥❞ ❑♦✲

❝❤❡♥❜❡r❣❡r ✭✷✵✵✷✮✿

✧❵❯♠❛ ♠❡t❛❤❡✉ríst✐❝❛ é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝♦♥❝❡✐t♦s q✉❡ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ♣❛r❛ ❞❡✜♥✐r

♠ét♦❞♦s ❤❡✉ríst✐❝♦s ❛♣❧✐❝á✈❡✐s ❛ ✉♠ ❡①t❡♥s♦ ❝♦♥❥✉♥t♦ ❞❡ ❞✐❢❡r❡♥t❡s ♣r♦❜❧❡♠❛s✳ ❊♠ ♦✉tr❛s

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

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

q✉❡ ♣♦ss❛♠ ❛❞❛♣tá✲❧❛s ❛ ✉♠ ♣r♦❜❧❡♠❛ ❡s♣❡❝í✜❝♦✧✬ ✭●❧♦✈❡r ❛♥❞ ❑♦❝❤❡♥❜❡r❣❡r✱ ✷✵✵✷✮✳

▼❡t❛❤❡✉ríst✐❝❛s ❞✐✈✐❞❡♠✲s❡ ❡♠ ❞✉❛s ❝❛t❡❣♦r✐❛s✿ ♠❡t❛❤❡✉ríst✐❝❛s ❞❡ ❜✉s❝❛ ❧♦❝❛❧

✭▲❙▼s✮ ❡ ❛❧❣♦r✐t♠♦s ❡✈♦❧✉❝✐♦♥ár✐♦s ✭❊❆s✮✳ ❯♠❛ ❜✉s❝❛ ❧♦❝❛❧ ✐♥✐❝✐❛ ❝♦♠ ✉♠❛ s♦❧✉çã♦

✶✶



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

❛ ♠❡❧❤♦r✮ s♦❧✉çã♦ ♠❡❧❤♦r❛❞❛ ❡ ✐❞❡♥t✐✜❝❛❞❛ ♥❛ ✈✐③✐♥❤❛♥ç❛✳ ◆♦r♠❛❧♠❡♥t❡✱ ▲❙▼s ❞✐s✲

♣õ❡♠ ❞❡ ♠❡❝❛♥✐s♠♦ ♣❛r❛ ❞✐✈❡rs✐✜❝❛r ❛ ❜✉s❝❛✱ ❢✉❣✐♥❞♦ ❞❡ ót✐♠♦s ❧♦❝❛✐s ❡ ❡①♣❧♦r❛♥❞♦

t♦❞♦ ♦ ❡s♣❛ç♦ ❞❡ s♦❧✉çõ❡s✳ ❏á ♦s ❊❆s ❢❛③❡♠ ✉s♦ ❞❡ ✉♠ ♣♦♣✉❧❛çã♦ ❞❡ s♦❧✉çõ❡s ❣❡r❛❞❛

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

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

r❡s ✭❆❧❜❛ ❡t ❛❧✳✱ ✷✵✵✺✮✳ ❚❛♠❜é♠✱ ❛q✉✐✱ ♠❡❝❛♥✐s♠♦s ❞❡ ❞✐✈❡rs✐✜❝❛çã♦ ❣❛r❛♥t❡♠ ✉♠❛

♠❡❧❤♦r ❡①♣❧♦r❛çã♦ ❞♦ ❡s♣❛ç♦ ❞❡ s♦❧✉çõ❡s✳

❆❧❣✉♥s ❞♦s ♣r✐♥❝✐♣❛✐s ♠ét♦❞♦s ❞❡ s♦❧✉çã♦ ❝♦♥❤❡❝✐❞♦s ♥❛ ❝❛t❡❣♦r✐❛ ▲❙▼s sã♦✿

❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ✭❑✐r❦♣❛tr✐❝❦ ❡t ❛❧✳✱ ✶✾✽✸✮✱ ❚❛❜✉ ❙❡❛r❝❤ ✭●❧♦✈❡r✱ ✶✾✽✾✮✱ ●r❡❡❞②

❘❛♥❞♦♠✐③❡❞ ❆❞❛♣t❛t✐✈❡ ❙❡❛r❝❤ Pr♦❝❡❞✉r❡ ✭❋❡♦ ❛♥❞ ❘❡s❡♥❞❡✱ ✶✾✾✺✮✱ ❱❛r✐❛❜❧❡ ◆❡✐❣❤✲

❜♦r❤♦♦❞ ❙❡❛r❝❤ ✭▼❧❛❞❡♥♦✈✐❝ ❛♥❞ ❍❛♥s❡♥✱ ✶✾✾✼✮✮❀ ❡♥q✉❛♥t♦ ♥❛ ❝❛t❡❣♦r✐❛ ❞♦s ❊❆s✿

❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s ✭❇ä❝❦ ❡t ❛❧✳✱ ✶✾✾✼✮✱ ❊str❛té❣✐❛s ❊✈♦❧✉❝✐♦♥❛r✐❛s ✭❇ä❝❦ ❡t ❛❧✳✱

✶✾✾✼✮✱ ●❡♥❡t✐❝ Pr♦❣r❛♠♠✐♥❣ ✭❇ä❝❦ ❡t ❛❧✳✱ ✶✾✾✼✮✱ ❆♥t ❈♦❧♦♥✐❡s ✭❉♦r✐❣♦✱ ✶✾✾✷✮✱ ❊st✐✲

♠❛t✐♦♥ ♦❢ ❉✐str✐❜✉t✐♦♥ ❆❧❣♦r✐t❤♠s ✭▼ü❤❧❡♥❜❡✐♥ ❡t ❛❧✳✱ ✶✾✾✾✮✱ ❙❝❛tt❡r ❙❡❛r❝❤ ✭▲ó♣❡③

❡t ❛❧✳✱ ✷✵✵✻✮✮✳ ❖✉tr♦s ♠ét♦❞♦s sã♦ t❛♠❜é♠ ❡s❜♦ç❛❞♦s s♦❜ ❛s ❞❡♥♦♠✐♥❛çõ❡s ❞❡ ♠❡✲

t❛❤❡✉ríst✐❝❛s ❤❡t❡r♦❣ê♥❡❛s ❡ ♦t✐♠✐③❛çã♦ ♠✉❧t✐♦❜❥❡t✐✈♦ ♣❛r❛❧❡❧❛✳

❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣

❙❡❣✉♥❞♦ ❘❡❡✈❡s ✭✶✾✾✸✮ ♦ ✉s♦ ❞♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ✭❙❆✮ ❝♦♠♦ ✉♠❛ té❝♥✐❝❛ ♣❛r❛

♦t✐♠✐③❛çã♦ ❞✐s❝r❡t❛ s✉r❣✐✉ ♥♦ ✐♥í❝✐♦ ❞♦s ❛♥♦s ✽✵✳ ❆ ✐❞é✐❛ q✉❡ ❢♦r♠❛ ❛ ❜❛s❡ ❞♦ s✐♠✉❧❛t❡❞

❛♥♥❡❛❧✐♥❣ ❢♦✐ ♣r✐♠❡✐r❛♠❡♥t❡ ♣✉❜❧✐❝❛❞❛ ♣♦r ▼❡tr♦♣♦❧✐s ❡t ❛❧✳ ✭✶✾✺✸✮ ❡♠ ✉♠ ❛❧❣♦r✐t♠♦

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

❝♦♠♦ ❛♥♥❡❛❧✐♥❣ ✭r❡❝♦③✐♠❡♥t♦✱ t❡♠♣❡r❛♠❡♥t♦✱ ❡t❝✮✳ ❊ss❡♥❝✐❛❧♠❡♥t❡✱ ♦ ❛❧❣♦r✐t♠♦ ❞❡

▼❡tr♦♣♦❧✐s ❡t ❛❧✳ ✭✶✾✺✸✮ s✐♠✉❧❛ ❛ ♠✉❞❛♥ç❛ ❞❡ ❡♥❡r❣✐❛ ❞♦ s✐st❡♠❛ q✉❛♥❞♦ s✉❥❡✐t♦ ❛

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

✭❝♦♥❣❡❧❛❞♦✮✳ ❚r✐♥t❛ ❛♥♦s ♠❛✐s t❛r❞❡✱ ❛ ❛♥❛❧♦❣✐❛ ❝♦♠ ❛ ♦t✐♠✐③❛çã♦ ❝♦♠❜✐♥❛tór✐❛ ❢♦✐

✐♥tr♦❞✉③✐❞❛ ♣♦r ❑✐r❦♣❛tr✐❝❦ ❡t ❛❧✳ ✭✶✾✽✸✮ ❡✱ ♣♦st❡r✐♦r♠❡♥t❡✱ ❛♣❡r❢❡✐ç♦❛❞❛ ♣♦r ❈❡r♥②

✭✶✾✽✺✮ ❡ ❘❡❡✈❡s ✭✶✾✾✸✮✱ s✉❣❡r✐♥❞♦ q✉❡ ❡st❡ t✐♣♦ ❞❡ s✐♠✉❧❛çã♦ ♣♦❞❡r✐❛ s❡r ✉s❛❞♦ ♣❛r❛

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

✶✷



♣❛r❛ ✉♠❛ s♦❧✉çã♦ ót✐♠❛✳

❆ ♠❡t❛❤❡✉ríst✐❝❛ ❙❆ é ❜❛s✐❝❛♠❡♥t❡ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡ ❜✉s❝❛ ❧♦❝❛❧✱ s❡♥❞♦ q✉❡

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

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

❧♦❝❛❧✳ ❆ ♠❡t❛❤❡✉ríst✐❝❛ ❙❆ ❡✈✐t❛ ❡st❡ ♣r♦❜❧❡♠❛✱ ✉t✐❧✐③❛♥❞♦ ✉♠❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡

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

❞❡ s❡ ❡s❝❛♣❛r ❞❡ ✉♠ ót✐♠♦ ❧♦❝❛❧✳ ❊st❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✈❛✐ ❞✐♠✐♥✉✐♥❞♦✱ à ♠❡❞✐❞❛ q✉❡ s❡

❛♣r♦①✐♠❛ ❞❛ s♦❧✉çã♦ ót✐♠❛ ✭■❜❛r❛❦✐ ❡t ❛❧✳✱ ✷✵✵✺✮✳

❙❡❣✉♥❞♦ ❘♦❞r✐❣✉❡s ✭✷✵✵✶✮✱ ❝✐t❛♥❞♦ ■❣♥❛❝✐♦ ❡t ❛❧✳ ✭✷✵✵✵✮✱ ✉♠❛ ❞❛s ✈❛♥t❛❣❡♥s

❞❛ ❙❆ é ♦ ❢❛t♦ q✉❡✱ ❡♠ ❝❛❞❛ ✐t❡r❛çã♦✱ ✉♠❛ ú♥✐❝❛ s♦❧✉çã♦ é ✈✐s✐t❛❞❛✱ ❛♦ ❝♦♥trár✐♦

❞❡ ♠✉✐t❛s té❝♥✐❝❛s ❝♦♠♦ ♦s ❆❧❣♦r✐t♠♦s ●❡♥❡t✐❝♦s ✭❆●✮ ❡ ❛ ❇✉s❝❛ ❚❛❜✉ ✭❇❚✮✱ ♦♥❞❡

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

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

♣❡sq✉✐s❛❞❛s ♥ã♦ ❞❡❣r❛❞❛♠ ♠✉✐t♦ ❛ ❡✜❝✐ê♥❝✐❛ ❞♦ ❛❧❣♦r✐t♠♦✳ ❯♠❛ ❞❛s ❞❡s✈❛♥t❛❣❡♥s

❞❛ ❙❆ é ♦ ❢❛t♦ ❞❡ ❛ ❤❡✉ríst✐❝❛ ✉t✐❧✐③❛r ♣♦✉❝❛s ✐♥❢♦r♠❛çõ❡s ❞♦ ♣r♦❜❧❡♠❛✳ ❉❡ ♠♦❞♦

❣❡r❛❧✱ ❛ ❙❆ ✉t✐❧✐③❛ s♦♠❡♥t❡ ❛ ✈❛r✐❛çã♦ ❞♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♥❛s ❛✈❛❧✐❛çõ❡s ❞♦s

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

❛s♣❡❝t♦s ❞♦ ♣r♦❜❧❡♠❛ ♥❛ ♣❡sq✉✐s❛ ❞♦ ❡s♣❛ç♦ ❞❡ s♦❧✉çõ❡s✱ ♦ q✉❡ t♦r♥❛ ♦ ❛❧❣♦r✐t♠♦

♣♦✉❝♦ ❵✐♥t❡❧✐❣❡♥t❡✬✳

P❛r❛ ❛ ✉t✐❧✐③❛çã♦ ❞♦ ❙❆✱ ❞❡✈❡✲s❡ ❞❡✜♥✐r ❛ ♣r✐♦r✐✱ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❣❡r❛çã♦ ❞❡

✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ S✱ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❣❡r❛çã♦ ❞❛s s♦❧✉çõ❡s ✈✐③✐♥❤❛s S ′ ✭❡str✉t✉r❛ ❞❡

✈✐③✐♥❤❛♥ç❛✮✱ ❡ ✉♠❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ f(S) ❛ s❡r ♦t✐♠✐③❛❞❛ ✭▼❛✉r✐ ❛♥❞ ▲♦r❡♥❛✱ ✷✵✵✻✮✳

❖ ❞✐❛❣r❛♠❛ ❞❡ ❛t✐✈✐❞❛❞❡s ❞❛ ♠❡t❛❤❡✉ríst✐❝❛ ❙❆ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ✜❣✉r❛ ✷✳✶✱ ♦♥❞❡ S

é ❛ s♦❧✉çã♦ ❛t✉❛❧ ❡ S ′ é ❛ s♦❧✉çã♦ ✈✐③✐♥❤❛✳

❙❡❣✉♥❞♦ ❇❧✉♠ ❛♥❞ ❘♦❧✐ ✭✷✵✵✶✮ ♦ ❛❧❣♦r✐t♠♦ ✐♥✐❝✐❛ ♣♦r ❣❡r❛r ✉♠❛ s♦❧✉çã♦ ✐♥✐✲

❝✐❛❧ ✭❝♦♥str✉í❞❛ ❛❧❡❛t♦r✐❛♠❡♥t❡ ♦✉ ❤❡✉r✐st✐❝❛♠❡♥t❡✮ ❡ ♣♦r ✐♥✐❝✐❛❧✐③❛r ✉♠ ♣❛râ♠❡tr♦ T

❝❤❛♠❛❞♦ ❞❡ t❡♠♣❡r❛t✉r❛✳ ❊♥tã♦ ❡❧❡ r❡♣❡t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❜✉s❝❛ ❛té ❛❧❝❛♥ç❛r ❛❧❣✉♠

❝r✐tér✐♦ ❞❡ ♣❛r❛❞❛✳ ❉✐❢❡r❡♥t❡s ❝r✐tér✐♦s ❞❡ ♣❛r❛❞❛ sã♦ ❛❞♦t❛❞♦s✿ t❡♠♣♦ ♠á①✐♠♦ ❞❡

♣r♦❝❡ss❛♠❡♥t♦✱ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛çõ❡s✱ q✉❛♥❞♦ é ❡♥❝♦♥tr❛❞❛ ✉♠❛ s♦❧✉çã♦ S

❝♦♠ f(S) ✭✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✮ ♠❡♥♦r q✉❡ ✉♠ ✈❛❧♦r ♣r❡❞❡✜♥✐❞♦✱ ♦✉ ✉♠ ♥ú♠❡r♦

✶✸



❋✐❣✉r❛ ✷✳✶✿ ❉✐❛❣r❛♠❛ ❞❡ ❛t✐✈✐❞❛❞❡s ❞♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✳

✶✹



♠á①✐♠♦ ❞❡ ✐t❡r❛çõ❡s s❡♠ ❛❧❝❛♥ç❛r ✉♠ ♠❡❧❤♦r❛♠❡♥t♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❇✉ss❡t✐ ✭✷✵✵✶✮✱ ❝✐t❛❞♦ ❡♠ ❞❛ ❙✐❧✈❛ ●♦♠❡s ✭✷✵✵✸✮ ❛ ♣r✐♥❝✐♣❛❧

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

♠í♥✐♠♦ ❧♦❝❛❧✳ ❖ ❛❧❣♦r✐t♠♦ ❡♠♣r❡❣❛ ✉♠❛ ❜✉s❝❛ ❛❧❡❛tór✐❛ q✉❡ ♥ã♦ só ❛❝❡✐t❛ ♠✉❞❛♥ç❛s

q✉❡ ❞❡❝r❡s❝❡♠ ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♠❛✐s t❛♠❜é♠ ♠✉❞❛♥ç❛s q✉❡ ❛✉♠❡♥t❛♠ ♦

s❡✉ ✈❛❧♦r✳ ❙♦❧✉çõ❡s q✉❡ ♠❡❧❤♦r❛♠ ♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ sã♦ s❡♠♣r❡ ❛❝❡✐t❛s ❡

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

❞❡♥❞♦ ❞♦ ❝r✐tér✐♦ ❞❡ ▼❡tr♦♣♦❧✐s✳ P♦ré♠✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❛❝❡✐t❛r ✉♠ ♠♦✈✐♠❡♥t♦

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

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

s❡r❡♠ ❛❝❡✐t♦s ✭◆♦r♦♥❤❛ ❡t ❛❧✳✱ ✷✵✵✶✮✳

❖ ❝r✐tér✐♦ ❞❡ ▼❡tr♦♣♦❧✐s ✭▼❡tr♦♣♦❧✐s ❡t ❛❧✳✱ ✶✾✺✸✮✱ ❝♦♥❢♦r♠❡ ❡①♣♦st♦ ♣♦r ❇❛s✲

❦❡♥t ❛♥❞ ❏♦r❞❛♥ ✭✷✵✵✷✮✱ é ❜❛s❡❛❞♦ ♥❛ s❡❣✉✐♥t❡ ❢✉♥çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡✿

P (S) = e
−(f(S′)−f(S))

T ✭✷✳✶✮

♦♥❞❡✿

• P (E) ❂ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✭❡♥tr❡ ✵ ❡ ✶✮ ❞❡ ✉♠❛ s♦❧✉çã♦ ✐♥❢❡r✐♦r s❡r ❛❝❡✐t❛✳

• T ❂ é ♦ ♣❛râ♠❡tr♦ ❞❡ ❝♦♥tr♦❧❡✳

• f(S) ❂ é ♦ ✈❛❧♦r ❞❛ ♠❡❧❤♦r s♦❧✉çã♦ ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❡♥❝♦♥tr❛❞❛ ❛té ♦ ♠♦✲

♠❡♥t♦✳

• f(S ′) ❂ é ♦ ♥♦✈♦ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❡♥❝♦♥tr❛❞♦✳

❆ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ P (S) é ❝❛❧❝✉❧❛❞❛ ❡ ❝♦♠♣❛r❛❞❛ ❝♦♠ ✉♠ ♥ú♠❡r♦ (r) ❛❧❡❛tór✐♦

❡ ❝♦♥tí♥✉♦✱ ✉♥✐❢♦r♠❡♠❡♥t❡ ❞✐str✐❜✉í❞♦ ❡♥tr❡ ✵ ❡ ✶✳ ❆ ♥♦✈❛ s♦❧✉çã♦ s❡rá ❛❝❡✐t❛ s❡

P (S) > r✱ ❝❛s♦ ❝♦♥trár✐♦✱ ✐❣♥♦r❛❞❛✳ ❖ ♣❛râ♠❡tr♦ ❞❡ ❝♦♥tr♦❧❡ T é ❛ t❡♠♣❡r❛t✉r❛

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

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

♣ár❛ q✉❛♥❞♦ ✉♠ ✈❛❧♦r ♣❛r❛ ♦ ♣❛râ♠❡tr♦ T s❡❥❛ s❛t✐s❢❡✐t♦ ♦✉ q✉❛♥❞♦ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦

é ❛t❡♥❞✐❞❛✳

✶✺



❙❡❣✉♥❞♦ P❡r❡✐r❛ ❛♥❞ ❞♦ ◆❛s❝✐♠❡♥t♦ ❙❛♥t♦s ✭✷✵✵✹✮✱ ❛ t❡♠♣❡r❛t✉r❛ T é ❝♦♥s✐✲

❞❡r❛❞❛ ❝♦♠♦ ✉♠ ♣❛râ♠❡tr♦ ❞❡ ❝♦♥tr♦❧❡ ❞❛ ♠♦❜✐❧✐❞❛❞❡ ❞♦ s✐st❡♠❛✱ ♦✉ s❡❥❛✱ tr❛❞✉③ ❛

✢❡①✐❜✐❧✐❞❛❞❡ ❞❡ ❛❝❡✐t❛r ♥♦✈❛s s♦❧✉çõ❡s ♦✉ ♥ã♦✳ ❈❛❜❡ ❛ss✐♥❛❧❛r q✉❡✱ q✉❛♥t♦ ♠❡♥♦r ❛

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

♦❜❥❡t✐✈♦✱ ♦ q✉❡ s❡ tr❛❞✉③ ❡♠ r❡❥❡✐t❛r ❝❛❞❛ ✈❡③ ♠❛✐s ❛q✉❡❧❡ t✐♣♦ ❞❡ s♦❧✉çõ❡s✳ ◗✉❛♥❞♦

T é ♠❛✐♦r✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ✜❝❛ ♣ró①✐♠❛ ❞❡ ✉♠✳

◆ã♦ ❡①✐st❡♠ r❡❣r❛s ❣❡r❛✐s ♣❛r❛ ❞❡✜♥✐r ❛ r❡❞✉çã♦ ❞❛ t❡♠♣❡r❛t✉r❛✳ ❆♦ s❡ ❝♦♥s✐✲

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

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

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

❞♦ ♣r♦❜❧❡♠❛✳ ❆ ✈❡❧♦❝✐❞❛❞❡ ❞❡ r❡❞✉çã♦ ❞❛ t❡♠♣❡r❛t✉r❛ ✐rá ✐♠♣❧✐❝❛r ♥♦ ♥ú♠❡r♦ ❞❡

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

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

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

s❡r❡♠ ✈✐s✐t❛❞❛s ♣♦❞❡♥❞♦ ♥ã♦ ♣❡r❝♦rr❡r t♦❞♦ ♦ ❡s♣❛ç♦ ❞❡ s♦❧✉çõ❡s ♣♦ssí✈❡✐s ✭P❡r❡✐r❛✱

✷✵✵✹✮✳

●❘❆❙P

❆ ♠❡t❛❤❡✉ríst✐❝❛s ●❘❆❙P✱ ❞❡ ●r❡❡❞② ❘❛♥❞♦♠✐③❡❞ ❆❞❛♣t✐✈❡ ❙❡❛r❝❤ Pr♦❝❡❞✉r❡s✱ ❢♦✐

♣r♦♣♦st❛ ✐♥✐❝✐❛❧♠❡♥t❡ ❡♠ ✶✾✽✾ ♣♦r ❋❡♦ ❛♥❞ ❘❡s❡♥❞❡ ✭✶✾✽✾✮✳ ❊❧❛ ♣♦❞❡ s❡r ✈✐st❛ ❝♦♠♦

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

❣✉❧♦s♦s ❡ ❞♦s ♣r♦❝❡❞✐♠❡♥t♦s ❛❧❡❛tór✐♦s ♥❛ ❢❛s❡ ❞❡ ❝♦♥str✉çã♦ ❞❡ s♦❧✉çõ❡s ✈✐á✈❡✐s✳

❖ ●❘❆❙P é ✉♠ ♠ét♦❞♦ ✐t❡r❛t✐✈♦ ♣r♦❜❛❜✐❧íst✐❝♦✱ ♦♥❞❡ ❛ ❝❛❞❛ ✐t❡r❛çã♦ é ♦❜t✐❞❛

✉♠❛ s♦❧✉çã♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❡♠ ❡st✉❞♦✳ ❈❛❞❛ ✐t❡r❛çã♦ ●❘❆❙P é ❝♦♠♣♦st❛ ❞❡ ❞✉❛s

❢❛s❡s✿ ❛ ❝♦♥str✉t✐✈❛✱ q✉❡ ❞❡t❡r♠✐♥❛ ❛ s♦❧✉çã♦ q✉❡ s❡rá s✉❜♠❡t✐❞❛ à ❜✉s❝❛ ❧♦❝❛❧ ♦✉ ❢❛s❡

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

♥❛ s♦❧✉çã♦ ❝♦rr❡♥t❡ ✭❋❡♦ ❛♥❞ ❘❡s❡♥❞❡✱ ✶✾✾✺❀ ❘❡s❡♥❞❡ ❛♥❞ ❘✐❜❡✐r♦✱ ✷✵✵✸✮✳ ◆❛ ✜❣✉r❛

✷✳✷ ♦ ❞✐❛❣r❛♠❛ ❞❡ ❛t✐✈✐❞❛❞❡s ❞♦ ❛❧❣♦r✐t♠♦ ●❘❆❙P é ❛♣r❡s❡♥t❛❞♦✳

◆❛ ♠❛✐♦r✐❛ ❞❛s ❛♣❧✐❝❛çõ❡s✱ ♦ ❝r✐tér✐♦ ❞❡ ♣❛r❛❞❛ é ❜❛s❡❛❞♦ ♥♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡

✐t❡r❛çõ❡s✳ P♦❞❡♠✲s❡ ❞❡✜♥✐r ♦✉tr♦s ❝r✐tér✐♦s✱ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ♣❛r❛r q✉❛♥❞♦ ❛ s♦❧✉çã♦

✶✻



❋✐❣✉r❛ ✷✳✷✿ ❉✐❛❣r❛♠❛ ❞❡ ❛t✐✈✐❞❛❞❡s ❞♦ ●❘❆❙P✳

✶✼



♣r♦❝✉r❛❞❛ ❢♦r ❡♥❝♦♥tr❛❞❛ ♦✉ ❡st❛❜❡❧❡❝❡r ✉♠ t❡♠♣♦ ♠á①✐♠♦ ❞❡ ❡①❡❝✉çã♦ ✭❘❛♥❣❡❧ ❡t ❛❧✳✱

✷✵✵✵✮✳

❙❡❣✉♥❞♦ ▼❡❧♦ ❛♥❞ ▼❛rt✐♥❤♦♥ ✭✷✵✵✹✮✱ ♥❛ ❢❛s❡ ❝♦♥str✉t✐✈❛✱ ❛ ❣❡r❛çã♦ ❞❛ s♦❧✉çã♦

✈✐á✈❡❧ ❡ ❝♦♥str✉í❞❛ ✐t❡r❛t✐✈❛♠❡♥t❡✱ ✉♠ ❡❧❡♠❡♥t♦ ♣♦r ✈❡③✳ ❆ ❝❛❞❛ ✐t❡r❛çã♦✱ ♦ ♣ró①✐♠♦

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

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

✉♠❛ ❢✉♥❝❛♦ ❣✉❧♦s❛ ❣ ✿ C → ℜ✳ ❊st❛ ❢✉♥çã♦ ❡st✐♠❛ ♦s ❜❡♥❡❢í❝✐♦s ♥❛ ❡s❝♦❧❤❛ ❞❡ ❝❛❞❛

❡❧❡♠❡♥t♦✳ ❆ ❤❡✉ríst✐❝❛ é ❛❞❛♣t❛t✐✈❛✱ ♣♦r q✉❡ ♦s ❜❡♥❡❢í❝✐♦s ❛ss♦❝✐❛❞♦s ❛ ❝❛❞❛ ❡❧❡♠❡♥t♦✱

sã♦ ❛t✉❛❧✐③❛❞♦s ❛ ❝❛❞❛ ✐t❡r❛çã♦ ❞❛ ❢❛s❡ ❞❡ ❝♦♥str✉çã♦ ❡ r❡✢❡t❡♠ ♥❛s ♠✉❞❛♥ç❛s tr❛③✐❞❛s

❛tr❛✈és ❞❛ s❡❧❡çã♦ ❞♦ ❡❧❡♠❡♥t♦ ❛♥t❡r✐♦r✳

❖ ❝♦♠♣♦♥❡♥t❡ ♣r♦❜❛❜✐❧íst✐❝♦ ❞♦ ●❘❆❙P é ❝❛r❛❝t❡r✐③❛❞♦ ♣❡❧❛ ❡s❝♦❧❤❛ ❛❧❡❛tór✐❛

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

♠❡❧❤♦r❡s ❝❛♥❞✐❞❛t♦s é ❝❤❛♠❛❞❛ ❞❡ ❘❡str✐❝t❡❞ ❈❛♥❞✐❞❛t❡ ▲✐st ✭❘❈▲✮✱ ✐st♦ é✱ ▲✐st❛

❘❡str✐t❛ ❞❡ ❈❛♥❞✐❞❛t♦s✳ ❆ ❡s❝♦❧❤❛ ❞♦ ♣ró①✐♠♦ ❡❧❡♠❡♥t♦ é ❞✐t❛ ❛❞❛♣t❛t✐✈❛✱ ♣♦✐s é

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

r❡❝❡♥t❡ ❡❧❡♠❡♥t♦ ❛❞✐❝♦♥❛❞♦ à s♦❧✉çã♦ ❝♦♥❝❡❞❡ à ♣❛rt❡ ❥á ❝♦♥str✉í❞❛✳ ❖ ●❘❆❙P ♣♦ss✉✐

✉♠❛ ❝♦♠♣♦♥❡♥t❡ ♣r♦❜❛❜✐❧íst✐❝❛✱ ❡♠ ✈✐st❛ ❞❛ ❡s❝♦❧❤❛ ❛❧❡❛tór✐❛ ♥❛ ❧✐st❛ ❞❡ ❝❛♥❞✐❞❛t♦s

✭❡♠ ✉♠ ❣✉❧♦s♦ s✐♠♣❧❡s s❡r✐❛ s❡❧❡❝✐♦♥❛❞♦ ♦ ♣r✐♠❡✐r♦ ❡❧❡♠❡♥t♦ ❞❛ ❧✐st❛✮✳ ❊st❛ té❝♥✐❝❛

❞❡ ❡s❝♦❧❤❛ ♣❡r♠✐t❡ q✉❡ ❞✐❢❡r❡♥t❡s s♦❧✉çõ❡s s❡❥❛♠ ❣❡r❛❞❛s ❛ ❝❛❞❛ ✐t❡r❛çã♦ ●❘❆❙P✳ ❆

✜❣✉r❛ ✷✳✸ ✐❧✉str❛ ❛ ❢❛s❡ ❞❡ ❝♦♥str✉çã♦ ❞❛ ❤❡✉ríst✐❝❛✳

❈♦♠♦ ♥♦ ❝❛s♦ ❞❡ ✈ár✐♦s ♠ét♦❞♦s ❞❡ ❝♦♥str✉çã♦✱ ❛s s♦❧✉çõ❡s ❣❡r❛❞❛s ❛ ♣❛rt✐r

❞❛ ❢❛s❡ ❞❡ ❝♦♥str✉çã♦ ❞♦ ●❘❆❙P ♥ã♦ ❣❛r❛♥t❡♠ ❛❧❝❛♥ç❛r ✉♠ ót✐♠♦ ❧♦❝❛❧✳ P♦r ✐ss♦ é

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

❝♦♥str✉í❞❛✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡ ❜✉s❝❛ ❧♦❝❛❧ tr❛❜❛❧❤❛ ❞❡ ✉♠❛ ♠❛♥❡✐r❛ ✐t❡r❛t✐✈❛✱ ❛tr❛✈és

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

❊st❛ t❡r♠✐♥❛✱ q✉❛♥❞♦ ♥❡♥❤✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r ❡ ❡♥❝♦♥tr❛❞❛ ♥❛ ✈✐③✐♥❤❛♥ç❛✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❙❡rr❛ ❛♥❞ ▼♦✉r❛ ✭✷✵✵✻✮✱ ❛s ❘❈▲s ❞❡ t❛♠❛♥❤♦ ✜①♦ ❛♣r❡s❡♥t❛♠

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

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

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

✶✽



❋✐❣✉r❛ ✷✳✸✿ ❉✐❛❣r❛♠❛ ❞❡ ❛t✐✈✐❞❛❞❡s ❞❛ ❢❛s❡ ❝♦♥str✉t✐✈❛ ❞♦ ●❘❆❙P✳

✶✾



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

é ♦ ✉s♦ ❞♦ ♣❛râ♠❡tr♦ α ❛♦ ✐♥✈❡s ❞❛s ❘❈▲s ❞❡ t❛♠❛♥❤♦ ✜①♦✳

❙❡❣✉♥❞♦ ◆♦❣✉❡✐r❛ ❡t ❛❧✳ ✭✷✵✵✸✮✱ ✉♠❛ ✈❡③ ♦❜t✐❞❛ ✉♠❛ s♦❧✉çã♦ S✱ ✐♥✐❝✐❛✲s❡ ❛

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

❛ s♦❧✉çã♦ ♠í♦♣❡ ❛❧❡❛tór✐❛ ❝♦♥str✉í❞❛✳ ❆ss✐♠✱ ♣❡❧❛ ❛❧❡❛t♦r✐❡❞❛❞❡ ❞❛s ❡s❝♦❧❤❛s✱ ✈ár✐❛s

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

❞❡❧❛s ❝♦♠♦ ❛ s♦❧✉çã♦ ❤❡✉ríst✐❝❛ ❞♦ ♣r♦❜❧❡♠❛✱ ♦ q✉❡ ✐♠♣❧✐❝❛ ♠❛✐♦r ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ s❡

❛❝❤❛r ❛ s♦❧✉çã♦ ót✐♠❛✳

❖ ♣r♦❝❡ss♦ ❞❡ ♠❡❧❤♦r✐❛ ❞❛ s♦❧✉çã♦ t❡♠ ❝♦♠♦ ❜❛s❡ ✉♠❛ ❝♦♥s✉❧t❛ ❛ ❡str✉t✉r❛

❞❡ ✈✐③✐♥❤❛♥ç❛ V iz(S) r❡❧❛t✐✈❛ à s♦❧✉çã♦ S✳ ❯♠❛ s♦❧✉çã♦ é ❞✐t❛ ❧♦❝❛❧♠❡♥t❡ ót✐♠❛ s❡

♥ã♦ ❡①✐st✐r ♥❡♥❤✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r ❡♠ V iz(S)✳ ❆s s♦❧✉çõ❡s ✐♥✐❝✐❛✐s ❞♦ ●❘❆❙P ♥ã♦

sã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ót✐♠♦s ❧♦❝❛✐s✳ ❈♦♠♦ ❝♦♥s❡q✉ê♥❝✐❛✱ ❢❛③✲s❡ ♥❡❝❡ssár✐❛ ❛ ❛♣❧✐❝❛çã♦

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

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

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

♥❡♥❤✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r é ❡♥❝♦♥tr❛❞❛✳

❆ ✜❣✉r❛ ✷✳✹ ❛♣r❡s❡♥t❛ ✉♠ ❞✐❛❣r❛♠❛ ❞❡ ❛t✐✈✐❞❛❞❡s ❝♦♠ ❛ ✐❞é✐❛ ❞❡ ✉♠❛ ❜✉s❝❛

❧♦❝❛❧ ❣❡♥ér✐❝❛✳

❋✐❣✉r❛ ✷✳✹✿ ❉✐❛❣r❛♠❛ ❞❡ ❛t✐✈✐❞❛❞❡s ❞❛ ❢❛s❡ ❞❡ ♠❡❧❤♦r✐❛ ❞❛ s♦❧✉çã♦ ❞♦ ●❘❆❙P✳

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

✷✵



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

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

❣❛st♦ ♣❡❧❛ ❜✉s❝❛ ❧♦❝❛❧ ♣♦❞❡ s❡r ❞✐♠✐♥✉í❞♦✱ ♣♦rt❛♥t♦✱ ❛tr❛✈és ❞♦ ✉s♦ ❞❡ ✉♠❛ ❢❛s❡ ❞❡

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

❡✜❝✐❡♥t❡ ❡ ✉♠❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❝✉✐❞❛❞♦s❛ sã♦ ✐♠♣♦rt❛♥t❡s ✭❘❛♥❣❡❧ ❡t ❛❧✳✱ ✷✵✵✵✮✳

✷✳✷ ❙✐st❡♠❛ P✐✈ô ❈❡♥tr❛❧

❙❡❣✉♥❞♦ ✭❇❡r♥❛r❞♦ ❡t ❛❧✳✱ ✷✵✵✻✮✱ ♦ s✐st❡♠❛ ❞❡ ✐rr✐❣❛çã♦ ♣♦r ♣✐✈ô ❝❡♥tr❛❧ ❢♦✐ ❝r✐❛❞♦

❡♠ ✶✾✺✷✱ ♥♦ ❈♦❧♦r❛❞♦ ✭❊❯❆✮✱ ♠❛s t❡✈❡ s❡✉ ✉s♦ ❝♦♥s♦❧✐❞❛❞♦ ❛ ♣❛rt✐r ❞❡ ✶✾✻✶✱ q✉❛♥❞♦

❝♦♠❡ç♦✉ ❛ s❡r ❡♠♣r❡❣❛❞♦ ❝♦♠ ♠❛✐s ❢r❡qüê♥❝✐❛✳ ❊♠ ✶✾✼✸✱ s♦♠❡♥t❡ ♥♦s ❊❯❆✱ ❥á s❡

✐rr✐❣❛✈❛♠ ✽✵✵✳✵✵✵ ❤❛ ♣♦r ♣✐✈ô ❝❡♥tr❛❧✳ ❆t✉❛❧♠❡♥t❡✱ s❡✉ ✉s♦ ❥á ❡stá ❞✐❢✉♥❞✐❞♦ ♥❛

♠❛✐♦r✐❛ ❞♦s ♣❛ís❡s✱ ❡①✐st✐♥❞♦ ♠❛✐s ❞❡ q✉❛tr♦ ♠✐❧❤õ❡s ❞❡ ❤❡❝t❛r❡s ✐rr✐❣❛❞♦s ♣♦r ❡st❡

s✐st❡♠❛✳ ◆♦ ❇r❛s✐❧✱ ❡st✐♠❛✲s❡ ✉♠❛ ár❡❛ ❞❡ ❝❡r❝❛ ❞❡ ✻✺✵✳✵✵✵ ❤❛ ✐rr✐❣❛❞♦s ♣♦r ♣✐✈ô

❝❡♥tr❛❧✳ ❆ ✜❣✉r❛s ✷✳✺ ✐❧✉str❛ ❡st❡ s✐st❡♠❛ ❞❡ ✐rr✐❣❛çã♦✱ ❡♠ ✉♠❛ ✈✐st❛ ❛ér❡❛✳

❋✐❣✉r❛ ✷✳✺✿ ❱✐sã♦ ❛ér❡❛ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ✐rr✐❣❛çã♦ ♣♦r ♣✐✈ô ❝❡♥tr❛❧✳

✷✶



❉❡ ❛❝♦r❞♦ ❝♦♠ ❑❡❧❧❡r ❛♥❞ ❇❧✐❡s♥❡r ✭✶✾✾✵✮✱ ♦ ♣✐✈ô ❝❡♥tr❛❧ é ✉♠ s✐st❡♠❛ ❞❡ ♠♦✈✐✲

♠❡♥t♦ ❝✐r❝✉❧❛r✱ ❛✉t♦♣r♦♣❡❧✐❞♦ ❛ ❡♥❡r❣✐❛ ❤✐❞rá✉❧✐❝❛ ♦✉ ❡❧étr✐❝❛✳ ❙✉❛ ❝♦♠♣♦s✐çã♦ é ❞❛❞❛✱

❡♠ ❣❡r❛❧✱ ❞❡ ✉♠❛ ❧✐♥❤❛✱ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❜r❛ç♦✱ ✐❧✉str❛❞❛ ♥❛ ✜❣✉r❛ ✷✳✻✱ ❝♦♠ ✈ár✐♦s ❛s✲

♣❡rs♦r❡s✱ ❞❡ ✷✵✵ ❛ ✽✵✵ ♠❡tr♦s ❞❡ ❝♦♠♣r✐♠❡♥t♦✱ ❝♦♠ t✉❜♦s ❞❡ ❛ç♦ ❞❡ ❛❝♦♣❧❛♠❡♥t♦

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

♣r♦♣✉❧sã♦ ❞♦ s✐st❡♠❛✱ ✐♠♣r✐♠✐♥❞♦ à ❧✐♥❤❛ ✉♠ ♠♦✈✐♠❡♥t♦ ❞❡ r♦t❛çã♦✱ ❡♠ t♦r♥♦ ❞❡ ✉♠

♣♦♥t♦ ♦✉ ♣✐✈ô✱ q✉❡ ❧❤❡ s❡r✈❡ ❞❡ ❛♥❝♦r❛❣❡♠ ❡ ❞❡ t♦♠❛❞❛ ❞❡ á❣✉❛ ✭✜❣✉r❛ ✷✳✼✮ ♣♦r ❜♦♠✲

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

❖ s✐st❡♠❛ é ❞♦t❛❞♦ ❞❡ r❡❝✉rs♦s ❞❡ ❛❥✉st❡ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❞❡ r♦t❛çã♦ ❡ ❞❡ ❛❧✐♥❤❛♠❡♥t♦

❞❛s t✉❜✉❧❛çõ❡s✳ ❙✉❛ ❝❛♣❛❝✐❞❛❞❡ ✈❛r✐❛ ❡♥tr❡ ✷✺ ❡ ✷✵✵ ❤❛✱ ♣♦r ✉♥✐❞❛❞❡✳

❋✐❣✉r❛ ✷✳✻✿ ❱✐st❛ ♣❛r❝✐❛❧ ❞♦ ❜r❛ç♦ ❞❡ ✉♠ s✐st❡♠❛ ❞❡ ♣✐✈ô ❝❡♥tr❛❧ ❝♦♠ ❛♣❧✐❝❛çã♦

❧♦❝❛❧✐③❛❞❛ ❞❡ á❣✉❛ ♥❛ ❝✉❧t✉r❛ ❞♦ ❝❛❢❡❡✐r♦✳

❆s ❞✐stâ♥❝✐❛s ❡♥tr❡ ❛s t♦rr❡s ✈❛r✐❛♠ ❞❡ ✷✹ ❛ ✼✻ ♠✱ s❡♥❞♦ ♠❛✐s ❝♦♠✉♥s ❛s ❞❡

✸✵✱ ✸✽✱ ✺✷ ❡ ✺✹ ♠✳ ❈❛❞❛ t♦rr❡ t❡♠ ✉♠ s✐st❡♠❛ ❞❡ ♣r♦♣✉❧sã♦ ♣ró♣r✐♦✱ ♠❛s ❡①✐st❡ ✉♠✱

❝❡♥tr❛❧✱ ♣❛r❛ ❝♦♥tr♦❧❡ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❡ ❞♦ ❛❧✐♥❤❛♠❡♥t♦ ❞♦ ♣✐✈ô✱ t❡♥❞♦ ❝♦♠♦ r❡❢❡rê♥❝✐❛

❛ ú❧t✐♠❛ t♦rr❡✳ ❖ s✐st❡♠❛ ❞❡ ♣r♦♣✉❧sã♦ ❞❡ ❝❛❞❛ t♦rr❡ é ❡❧étr✐❝♦✱ ❝♦♠ ♠♦t♦r❡s ❞❡

✵✱✺ ❛ ✶✱✺ ❝✈✱ ♦s q✉❛✐s ♣❡r♠✐t❡♠ ♠❡❧❤♦r ❝♦♥tr♦❧❡ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❛s t♦rr❡s ✭❑❡❧❧❡r ❛♥❞

❇❧✐❡s♥❡r✱ ✶✾✾✵✮✳

◆♦ ❇r❛s✐❧✱ sã♦ ❢❛❜r✐❝❛❞♦s ❞✐✈❡rs♦s ♠♦❞❡❧♦s ❞❡ ♣✐✈ô ♣❛r❛ ❛t❡♥❞❡r ❛♦s ♠❛✐s ❞✐s✲

✷✷



❋✐❣✉r❛ ✷✳✼✿ ❇❛s❡ ❞♦ s✐st❡♠❛ ❞❡ ♣✐✈ô ❝❡♥tr❛❧✳

t✐♥t♦s s✐st❡♠❛s ❞❡ ♣r♦❞✉çã♦✱ ❡♥✈♦❧✈❡♥❞♦ ❝✉❧t✉r❛s ❞❡ ❜❛✐①♦ ♦✉ ❛❧t♦ ♣♦rt❡✱ s✐st❡♠❛s ❞❡

❛♣❧✐❝❛çã♦ ❞❡ á❣✉❛ ❝♦♠ ♠♦❧❤❛♠❡♥t♦ t♦t❛❧ ♦✉ ❧✐♠✐t❛❞♦✱ s✐st❡♠❛s ✜①♦s ✭♠❛✐s ❝♦♠✉♥s✮ ❡

s✐st❡♠❛s ♠ó✈❡✐s✱ ❝♦♠ r❛✐♦ ❞❡ ❛té ✽✵✵ ♠ ❡ ár❡❛ út✐❧ ❞❡ ❝❡r❝❛ ❞❡ ✶✽✵ ❤❛ ♣♦r ✉♥✐❞❛❞❡✱

❡♠❜♦r❛ s❡ r❡❝♦♠❡♥❞❛ ✉t✐❧✐③❛r ♥♦ ♠á①✐♠♦ ❡q✉✐♣❛♠❡♥t♦s ❞❡ ❛té ✶✷✵ ❤❛ ♦✉ ♠❡♥♦r✱

❞❡♣❡♥❞❡♥t♦ ❞♦ t✐♣♦ ❞❡ s♦❧♦s ✭❇❡r♥❛r❞♦ ❡t ❛❧✳✱ ✷✵✵✻✮✳

❙❡❣✉♥❞♦ ❞❡ ▼✐r❛♥❞❛ ❛♥❞ ❞❡ ▼❛t♦s P✐r❡s ✭✷✵✵✸✮✱ ❞❡♥tr❡ ❛s ✈❛♥t❛❣❡♥s ❞♦ s✐st❡♠❛

♣✐✈ô ❝❡♥tr❛❧ ❞❡st❛❝❛♠✲s❡✿ ✭❛✮ ❛ s✉❛ tr❛❥❡tór✐❛ ❝✐r❝✉❧❛r ✭q✉❡ ♣❡r♠✐t❡ q✉❡ ♦ ❡q✉✐♣❛♠❡♥t♦

t❡r♠✐♥❡ ❛ ✐rr✐❣❛çã♦ ❥á ♣♦s✐❝✐♦♥❛❞♦ ♣❛r❛ ♦ ✐♥í❝✐♦ ❞❛ ♣ró①✐♠❛ ✐rr✐❣❛çã♦ ❡ ❢❛③ ❝♦♠ q✉❡ ♦s

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

é ♣r♦♣♦r❝✐♦♥❛❧ ❛♦ q✉❛❞r❛❞♦ ❞♦ r❛✐♦✮✱ ✭❜✮ ❛ ✢❡①✐❜✐❧✐❞❛❞❡ ♥♦ ♠❛♥❡❥♦ ❞❛ ✐rr✐❣❛çã♦✱ ✭❝✮

♦ ♣♦t❡♥❝✐❛❧ ♣❛r❛ ❛t✐♥❣✐r ❡❧❡✈❛❞❛ ✉♥✐❢♦r♠✐❞❛❞❡ ❞❡ ❛♣❧✐❝❛çã♦ ❞❡ á❣✉❛✱ ✭❞✮ ♦ r❡❞✉③✐❞♦✱

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

✭❡✮ ❛ r❡❞✉çã♦ ♥❛ ♠ã♦ ❞❡ ♦❜r❛ ♥❡❝❡ssár✐❛ ♣❛r❛ ❡❢❡t✉❛r ❛ ✐rr✐❣❛çã♦ ❡ ✭❢✮ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡

❞❡ ❛✉t♦♠❛t✐③❛çã♦ ❞❡ t♦❞♦ ♦ ♣r♦❝❡ss♦ ❞❡ ✐rr✐❣❛çã♦ ❛tr❛✈és ❞♦ ❛❝✐♦♥❛♠❡♥t♦ r❡♠♦t♦ ❞❡

✉♠❛ ♦✉ ♠❛✐s ✉♥✐❞❛❞❡s✳

❉❡♥tr❡ ❛s ❞❡s✈❛♥t❛❣❡♥s ❝✐t❛♠✲s❡✿ ✭❛✮ s❡✉ ❞❡s❧♦❝❛♠❡♥t♦ ❝✐r❝✉❧❛r✱ q✉❡ ❧✐♠✐t❛ ❛

s✉❛ ❛♣❧✐❝❛çã♦ ❡♠ ár❡❛s r❡t❛♥❣✉❧❛r❡s✱ ❣❡r❛♥❞♦ ❛ ♣❡r❞❛ ❞❡ ✷✵✪ ❞❛ ár❡❛✱ ❛♣r♦①✐♠❛❞❛✲

♠❡♥t❡ ✭❝♦♠ ✉♠ r❛✐♦ ❞❡ ✹✵✵ ♠✱ ✐rr✐❣❛ ✺✵ ❛ ✺✹ ❤❛ ❞❡ ❝❛❞❛ ✻✹ ❤❛✮✱ ✭❜✮ ❢❛③ ❝♦♠ q✉❡ ❛

✷✸



✐♥t❡♥s✐❞❛❞❡ ❞❡ ❛♣❧✐❝❛çã♦ ❞❡ á❣✉❛ ❝r❡sç❛ ♥♦ s❡♥t✐❞♦ ❞❛ t♦rr❡ ❝❡♥tr❛❧ ♣❛r❛ ❛ ❡①tr❡♠✐❞❛❞❡

❞❛ ár❡❛ ✐rr✐❣❛❞❛✱ ✭❝✮ ♣♦r ❝❛✉s❛ ❞❛ ❛❧t❛ ✐♥t❡♥s✐❞❛❞❡ ❞❡ ❛♣❧✐❝❛çã♦✱ ♥❛ ❡①tr❡♠✐❞❛❞❡ ❞♦

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

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

✷✳✸ ❖ ❡st✉❞♦ ❞❡ ❝❛s♦✿ Pr♦❥❡t♦ P❛r❛❝❛t✉✲❊♥tr❡ ❘✐❜❡✐✲

r♦s

❖ Pr♦❥❡t♦ ❈♦❧♦♥✐③❛çã♦ P❛r❛❝❛t✉ ❊♥tr❡✲❘✐❜❡✐r♦s✱ ❧♦❝❛❧✐③❛❞♦ ♥❛ ❇❛❝✐❛ ❞♦ ❘✐♦ ❙ã♦ ❋r❛♥✲

❝✐s❝♦✱ é ✉♠ ❞♦s ♠❛✐♦r❡s ♣❡rí♠❡tr♦s ❞❡ ✐rr✐❣❛çã♦ ❝♦♠ ♣✐✈ô ❝❡♥tr❛❧ ❞❛ ❆♠ér✐❝❛ ▲❛t✐♥❛✳

P♦r ❞❡♠❛♥❞❛r ❣r❛♥❞❡s ✈❛③õ❡s ❞♦s ❝✉rs♦s ❞✬á❣✉❛ ❞❛ ❇❛❝✐❛ ❞♦ ❘✐♦ ❙ã♦ ❋r❛♥❝✐s❝♦✱ r❡q✉❡r

❛ r❛❝✐♦♥❛❧✐③❛çã♦ ❞♦s s❡✉s r❡❝✉rs♦s ❤í❞r✐❝♦s✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❡st✉❞♦ ❞❡s❡♥✈♦❧✈✐❞♦ ♣♦r Pr✉s❦✐ ❡t ❛❧✳ ✭✷✵✵✼✮✱ ❛ ❘❡❣✐ã♦ ❞♦

P❛r❛❝❛t✉ ❢♦✐ ❛ q✉❡ ❛♣r❡s❡♥t♦✉ ♦ ♠❛✐♦r ✉s♦ ❞❛ á❣✉❛ ♣❡❧♦ s❡t♦r ❛❣r♦♣❡❝✉ár✐♦✱ ♣r✐♥❝✐✲

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

á❣✉❛ ♥❛ ❇❛❝✐❛ ❞♦ ❘✐♦ P❛r❛❝❛t✉✳

❊♠ ✷✵✵✻✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ r❡❧❛t♦s ❞❡ ❧✐❞❡r❛♥ç❛s ❧♦❝❛✐s✱ ♦ ♣r♦❜❧❡♠❛ s❡ ❢❛③ ♠❛✐s

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

r❡❢❡r✐❞♦ ♣❡rí♠❡tr♦ ❞❡ ✐rr✐❣❛çã♦✱ ✉♠ ❞♦s ♠❛✐s ✐♠♣♦rt❛♥t❡s ❞❛ ❆♠ér✐❝❛ ▲❛t✐♥❛✳

❖ Pr♦❥❡t♦ ❈♦❧♦♥✐③❛çã♦ P❛r❛❝❛t✉ ❊♥tr❡✲❘✐❜❡✐r♦s ❡stá ❧♦❝❛❧✐③❛❞♦ às ♠❛r❣❡♥s ❞♦s

❘✐♦s P❛r❛❝❛t✉ ❡ ❊♥tr❡ ❘✐❜❡✐r♦s✱ ♥♦ ♠✉♥✐❝í♣✐♦ ❞❡ P❛r❛❝❛t✉ ♥♦ ◆♦r♦❡st❡ ❞♦ ❊st❛❞♦ ❞❡

▼✐♥❛s ●❡r❛✐s✱ ♦ ♣r♦❥❡t♦ ❝♦♥t❛ ❝♦♠ ✉♠❛ ár❡❛ t♦t❛❧ ❞❡ ♠❛✐s ❞❡ ✸✵✳✵✵✵ ❤❛ ❡ ❝♦♠ ✉♠❛

ár❡❛ ✐rr✐❣á✈❡❧ ❞❡ ♠❛✐s ❞❡ ✶✷✳✼✵✵ ❤❛ ❝♦♠♣♦st❛ ♣♦r ♠❛✐s ❞❡ ✽✵ ❦♠ ❞❡ ❝❛♥❛✐s✱ ❛❞✉t♦r❛✱

❡st❛çõ❡s ❞❡ ❜♦♠❜❡❛♠❡♥t♦✱ ❡❧❡✈❛tór✐❛s ❡ r❡❞❡ ❞❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❡♥❡r❣✐❛ ❡❧étr✐❝❛✳ ❆

ár❡❛ ♣❧❛♥t❛❞❛ ♥❛ s❛❢r❛ ✷✵✵✹ ✴ ✷✵✵✺ ❢♦✐ ❞❡ ✶✵✳✽✽✻✱✾ ❤❛✱ ❝♦♠ ✉♠❛ ♣r♦❞✉çã♦ ❡st✐♠❛❞❛

❞❡ ✹✾✳✵✽✽✱✹ t♦♥❡❧❛❞❛s ❞❡ ❣rã♦s ✭s♦❥❛✱ ❛rr♦③✱ ♠✐❧❤♦ ❡ ❢❡✐❥ã♦✮ ❡ ❜❛♥❛♥❛✳ ❖ ♣r♦❥❡t♦ ❝♦♥t❛

❝♦♠ ✾✾ ♣r♦❞✉t♦r❡s ♥❛ ár❡❛ ❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✽✵ ♣✐✈ôs ❝❡♥tr❛✐s ✐♥st❛❧❛❞♦s ❡ ♦✉tr♦s

✶✻ ♣r♦❥❡t❛❞♦s✱ ❝♦♥❢♦r♠❡ ❛ ❋✐❣✉r❛ ✷✳✽✳

❖ Pr♦❥❡t♦ ❈♦❧♦♥✐③❛çã♦ P❛r❛❝❛t✉ ❊♥tr❡✲❘✐❜❡✐r♦s ❢❛③ ✉s♦ ❞❛ á❣✉❛ ❞♦s ❘✐♦s P❛✲

r❛❝❛t✉ ❡ ❊♥tr❡ ❘✐❜❡✐r♦s ♣❛r❛ ✐rr✐❣❛çã♦ ❞♦s s❡✉s ♣❧❛♥t✐♦s ♣♦r ♠❡✐♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s✳
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❆ á❣✉❛ é ❝♦♥❞✉③✐❞❛ ❞❡s❞❡ ♦ r✐♦ ❛té ♦ ❡q✉✐♣❛♠❡♥t♦ ❞❡ ✐rr✐❣❛çã♦ ❛tr❛✈és ❞❡ ❝❛♥❛✐s ❞❡

✐rr✐❣❛çã♦✳

❋✐❣✉r❛ ✷✳✽✿ ▼❛♣❛ ❞❛ r❡❣✐ã♦ ❞♦ ♣r♦❥❡t♦ ❞❡ ❈♦❧♦♥✐③❛çã♦ P❛r❛❝❛t✉ ❊♥tr❡✲❘✐❜❡✐r♦s✳

❆tr❛✈és ❞♦ ❜❛❧❛♥ç♦ ❤í❞r✐❝♦ ❞✐ár✐♦ ❢❛③✲s❡ ❛ ❡st✐♠❛t✐✈❛ ❞❛ ❧â♠✐♥❛ ❡ ♦ t❡♠♣♦ ❞❡

✐rr✐❣❛çã♦ ❞❡ ❝❛❞❛ ♣✐✈ô ❝❡♥tr❛❧ ❞♦ ♣r♦❥❡t♦✳ ❉❡st❛ ❢♦r♠❛✱ ❛ ❝❛❞❛ ❞✐❛ t❡♠✲s❡ ✉♠ ❝❡♥ár✐♦

❞❡ ✐rr✐❣❛çã♦ ♣❛r❛ ♦s ✶✽✵ ♣✐✈ôs ❝❡♥tr❛✐s ❞♦ ♣r♦❥❡t♦✳ ▲✐❣❛r t♦❞♦s ♦s ❡q✉✐♣❛♠❡♥t♦s

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

✐rr✐❣❛çã♦✱ ✉♠❛ ✈❡③ q✉❡ s✐st❡♠❛s ❞❡ ✐rr✐❣❛çã♦ q✉❡ ✉t✐❧✐③❛♠ ♣✐✈ôs ❝❡♥tr❛✐s ❞❡♠❛♥❞❛♠

❣r❛♥❞❡s ✈❛③õ❡s ❞♦s ❝✉rs♦s ❞✬á❣✉❛ ♣❛r❛ s✉❛ ♦♣❡r❛çã♦✳ ❆ ❛❧t❡r♥❛t✐✈❛ ❛♦ ❝♦♥✢✐t♦ é ❛

♦t✐♠✐③❛çã♦ ❞♦ ✉s♦ ❞❛ á❣✉❛ ✈✐s❛♥❞♦ ♠❛①✐♠✐③❛r s❡✉ ✉s♦ ♥❛ ✐rr✐❣❛çã♦✳
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❈❛♣ít✉❧♦ ✸

▼♦❞❡❧❛❣❡♠ ❡ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛

◆❡st❡ ❝❛♣ít✉❧♦ s❡rã♦ ❞✐s❝✉t✐❞♦s t♦❞♦s ♦s ♣❛ss♦s ❞❛❞♦s ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✱

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

❛té ♦s t❡st❡s ❢❡✐t♦s ❝♦♠ ❜❛s❡ ❡♠ ♥♦ss♦ ❡st✉❞♦ ❞❡ ❝❛s♦ q✉❡ ❢❛③ ✉s♦ ❞❡ t♦❞❛s ❛s ✐❞é✐❛s ❡

♣r♦❞✉t♦s ❝r✐❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳

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

♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✱ ❞✐s❝✉t✐❞♦ ♥❛ s❡çã♦ ✸✳✶✱ q✉❡ ❢♦✐ s✉❜♠❡t✐❞♦ ❛ ❛❧❣✉♥s t❡st❡s ❞❡

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

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

❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡ ❡♠ ♠❡♥♦r t❡♠♣♦✳ ❈♦♠ ❜❛s❡ ♥❡st❛ ❝♦♥❝❧✉sã♦✱ ❢♦✐ ❛❞♦t❛❞♦

♦ ✉s♦ ❞❡ ❞✉❛s ♠❡t❛❤❡✉ríst✐❝❛s✱ ❛ s❛❜❡r✱ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✱ ♦✉ s✐♠♣❧❡s♠❡♥t❡ ❙❆

✭s❡çã♦ ✸✳✷✮✱ ❡ ●❘❆❙P ✭s❡çã♦ ✸✳✸✮✱ ♣❛r❛ ❛ ❜✉s❝❛ ❞❡ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✳

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

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

❞❛ s♦❧✉çã♦✱ ♣❛r❛ ❞❡♣♦✐s ♦t✐♠✐③❛r ❛ r❡s♣♦st❛✱ s❡♠ s❡ ♣r❡♥❞❡r ❛ ót✐♠♦s ❧♦❝❛✐s✳ ❖ ♠ét♦❞♦

●❘❆❙P ✐♠♣❧❡♠❡♥t❛❞♦ ❝r✐❛ s✉❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ t❡♥t❛♥❞♦ ❡♥❝♦♥tr❛r ✉♠❛ ❜♦❛ s♦❧✉çã♦✱

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

✉♠❛ s♦❧✉çã♦ ót✐♠❛ ❧♦❝❛❧✳

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

s❡çã♦ ✸✳✹✱ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❢❛❝✐❧✐t❛r ❛ ♠❛♥✐♣✉❧❛çã♦ ❞♦s ❛❧❣♦r✐t♠♦s✳

❊st❛ ❢❛❝✐❧✐❞❛❞❡ é ❢♦❝❛❞❛ ♥♦ ❛✉①í❧✐♦ ❞❡ ✐♥s❡rçã♦ ❡ r❡t✐r❛❞❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ♥❛s ❡str✉t✉r❛s
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❞❡ ❞❛❞♦s ❞♦s ❛❧❣♦r✐t♠♦s ❡ ♥❛ ✈✐s✉❛❧✐③❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❡ ❞❛s r❡s♣♦st❛s ❡♠✐t✐❞❛s

♣❡❧♦ s✐st❡♠❛ ❞❡ ❢♦r♠❛ ♠❛✐s ❛♠✐❣á✈❡❧✳

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

à r❡❣✐ã♦ ❞♦ Pr♦❥❡t♦ ❊♥tr❡✲❘✐❜❡✐r♦s✴P❛r❛❝❛t✉✱ ❛♣r❡s❡♥t❛❞♦s ♥❛ s❡çã♦ ✸✳✺✱ ❢♦r❛♠ ❝r✐❛❞♦s

❡ ❡①❡❝✉t❛❞♦s✱ ♣❛r❛ q✉❡ s♦❧✉çõ❡s ♣❛r❛ ♦ ♥♦ss♦ ❡st✉❞♦ ❞❡ ❝❛s♦ ❢♦ss❡♠ ❡①♣❧♦r❛❞♦s✳

✸✳✶ ▼♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣r♦♣♦st♦

❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ✈❛❧✐❞❛r ❛s r❡str✐çõ❡s ❡♥❝♦♥tr❛❞❛s ♥♦ ♣r♦❜❧❡♠❛ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱

❝♦♥✜r♠❛r ♦ ❞♦♠í♥✐♦ ❞❡ t♦❞❛s ❛s ✐♥❢♦r♠❛çõ❡s ♣❡rt✐♥❡♥t❡s ❛♦ ♠❡s♠♦✱ ✉♠ ♠♦❞❡❧♦ ♠❛✲

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

t♦❞♦✳

❆❧❣✉♠❛s ♣❡q✉❡♥❛s ✐♥stâ♥❝✐❛s ❞♦ ♣r♦❜❧❡♠❛ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s

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

s❡♥❞♦ r❡s♦❧✈✐❞❛s ❝♦♠ ♦ ✉s♦ ❞♦ s♦❢t✇❛r❡ ▲■◆●❖ ✭❙❝❤r❛❣❡✱ ✶✾✾✽✮✱ q✉❡ ✉t✐❧✐③❛ Pr♦✲

❣r❛♠❛çã♦ ■♥t❡✐r❛ ✵✲✶ ✭P■✮ ❡ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❇r❛♥❝❤✲❛♥❞✲❇♦✉♥❞ ✭❇✫❇✮ ♥❛ ❜✉s❝❛ ❞❡

s♦❧✉çõ❡s ❡①❛t❛s✳ ❙❡❣✉♥❞♦ ●♦♠❡s ❛♥❞ ❙♦✉③❛ ✭✷✵✵✹✮✱ ❝✐t❛❞♦ ♣♦r ❙❛rt♦r✐ ❡t ❛❧✳ ✭✷✵✵✻✮✱

♦ ▲■◆●❖ é ✉♠❛ ❢❡rr❛♠❡♥t❛ s✐♠♣❧❡s✱ q✉❡ ✉t✐❧✐③❛ ♦ ♣♦❞❡r ❞❛ ♣r♦❣r❛♠❛çã♦ ♠❛t❡♠át✐❝❛

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

r❡s♦❧✈❡♥❞♦✲♦s ❡ ❢❛❝✐❧✐t❛♥❞♦ ❛ ❛♥á❧✐s❡ ❞❛ s♦❧✉çã♦✳

❖ ▲■◆●❖ ♠♦str♦✉✲s❡ ❡✜❝✐❡♥t❡ ♣❛r❛ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡✱ ❞❡s❞❡

q✉❡ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ á❣✉❛ ❞✐s♣♦♥í✈❡❧ ♣❛r❛ ♦ ✉s♦ ♥ã♦ s❡❥❛ ♠✉✐t♦ r❡str✐t❛✱ ❞❛♥❞♦ r❡s♣♦s✲

t❛s rá♣✐❞❛s ❡ ✐♥t❡r❡ss❛♥t❡s✳ ◗✉❛♥❞♦ sã♦ t❡st❛❞♦s ❝❛s♦s ❝♦♠ ♠❛✐♦r ❣r❛✉ ❞❡ ❝♦♠♣❧❡①✐✲

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

s❡❝❛ ❡✴♦✉ ♣♦✉❝❛s ❝❤✉✈❛s✱ ♦ ▲■◆●❖ ♥ã♦ ❝♦♥s❡❣✉❡ ❛♣r❡s❡♥t❛r s♦❧✉çõ❡s ✈✐á✈❡✐s✳ ❈❛s♦ ❛s

❞✐♠❡♥sõ❡s ❞♦ ♣r♦❜❧❡♠❛ s❡ ❛♣r♦①✐♠❡♠ ❞❛ r❡❛❧✐❞❛❞❡✱ ♦✉ s❡❥❛✱ ❝❛s♦ ❡①✐st❛ ✉♠ ♥ú♠❡r♦

❞❡ ✈❛r✐á✈❡✐s ♠❛✐♦r ❞♦ q✉❡ ♦ s✐♠✉❧❛❞♦ ✐♥✐❝✐❛❧♠❡♥t❡✱ ✜❝❛ ❝♦♥st❛t❛❞❛ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡

s❡ ❛❞♦t❛r ♠ét♦❞♦s q✉❡ ❡♥❝♦♥tr❡♠ ❜♦❛s s♦❧✉çõ❡s✱ ❡①✐❣✐♥❞♦ ♠❡♥♦r ❡s❢♦rç♦ ❝♦♠♣✉t❛❝✐♦✲

♥❛❧ ❡ ♠❡♥♦r t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ q✉❡ ♦s ❝♦♥s❡❣✉✐❞♦s ❝♦♠ ❛ P■ ❡ ♦ ❇✫❇✳ P♦ré♠✱

❝♦♠ ✉♠ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ❜❛st❛♥t❡ r❡❞✉③✐❞♦✱ ❢♦r❛♠ ♦❜t✐❞♦s r❡s✉❧t❛❞♦s ❜❛st❛♥t❡
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s❛t✐s❢❛tór✐♦s✱ ❝♦♥s❡❣✉✐♥❞♦ ❛ss✐♠ ❛ ✈❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦✳

◆❡st❡ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✱ ❛ss✉♠❡✲s❡✱ ❞❡ ❢♦r♠❛ ❣❡♥❡r✐❝❛✱ ❛ ❡①✐stê♥❝✐❛ ❞❡ n

♣✐✈ôs ❝❡♥tr❛✐s q✉❡ t❡rã♦ s✉❛s ❤♦r❛s ❞❡ tr❛❜❛❧❤♦ ❞✐str✐❜✉í❞❛s ✉♥✐❢♦r♠❡♠❡♥t❡ ❡♠ ✷✹

❥❛♥❡❧❛s ❞❡ t❡♠♣♦✱ ❡q✉✐✈❛❧❡♥❞♦ ❛ ✶ ❞✐❛✳ P❛r❛ r❡♣r❡s❡♥t❛r ♦ ♣r♦❜❧❡♠❛ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s

❛s s❡❣✉✐♥t❡s ✈❛r✐á✈❡✐s ❡ í♥❞✐❝❡s✿

• n✿ r❡♣r❡s❡♥t❛ ♦ ♥ú♠❡r♦ t♦t❛❧ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s ❞♦ ♣r♦❜❧❡♠❛❀

• i✿ r❡♣r❡s❡♥t❛ ❝❛❞❛ ♣✐✈ô ❝❡♥tr❛❧❀

• j✿ r❡♣r❡s❡♥t❛ ❝❛❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦❀

• Cij✿ r❡♣r❡s❡♥t❛ ♦ ❝✉st♦ ❞❡ ❛t❡♥❞✐♠❡♥t♦ ❞♦ ♣✐✈ô ❝❡♥tr❛❧ i✱ ♥❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ j✳

• Xij✿ é ✉♠❛ ✈❛r✐á✈❡❧ ❜✐♥ár✐❛ q✉❡ ❛♦ ❛ss✉♠✐r ♦ ✈❛❧♦r ✶ ✐♥❞✐❝❛ q✉❡ ♦ ♣✐✈ô ❝❡♥tr❛❧ i

❡stá ❛t✉❛♥❞♦ ♥❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ j✳

• Aij✿ é ✉♠ ❡❧❡♠❡♥t♦ q✉❡ ❛r♠❛③❡♥❛ ♦ ❝✉st♦ ❞❡ ❛❜❡rt✉r❛ ❞❡ ❝❛❞❛ ♣✐✈ô ❝❡♥tr❛❧ i✱ ❡♠

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

Xij✳

• Di✿ r❡♣r❡s❡♥t❛ ♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡ á❣✉❛ ❡①✐❣✐❞❛ ♣❡❧♦ ♣✐✈ô ❝❡♥tr❛❧ i✳

• Qi✿ r❡♣r❡s❡♥t❛ ♦ ❝♦♥s✉♠♦ ❞❡ á❣✉❛ ❞♦ ♣✐✈ô ❝❡♥tr❛❧ i✳

❖s ✈❛❧♦r❡s ❞❡ ❝❛❞❛ ❧✐♥❤❛ ❞❛ ♠❛tr✐③ ❜✐♥ár✐❛ Xij r❡♣r❡s❡♥t❛♠ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡

✉♠ ♣✐✈ô ❝❡♥tr❛❧ ❞♦ ♣r♦❜❧❡♠❛✳ ❉❡st❛ ❢♦r♠❛✱ ♦ ❡st❛❞♦ ❞❡ ❝❛❞❛ ♣✐✈ô ❝❡♥tr❛❧ ❞♦ ♣r♦❜❧❡♠❛✱

❛ ❝❛❞❛ ✐♥st❛♥t❡ ❞♦ ❞✐❛✱ é r❡♣r❡s❡♥t❛❞♦ ♥❡st❛ ♠❛tr✐③✱ s❡♥❞♦ ❝❛❞❛ ❧✐♥❤❛ i ❛ r❡♣r❡s❡♥t❛çã♦

❞❡ ✉♠ ♣✐✈ô ❝❡♥tr❛❧ ❡ ❝❛❞❛ ❝♦❧✉♥❛ j ✉♠❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞✐❢❡r❡♥t❡✳ ❈❛❞❛ ♣♦s✐çã♦ Xij

r❡♣r❡s❡♥t❛ ♦ ❡st❛❞♦ ❞❡ ✉♠ ♣✐✈ô ❝❡♥tr❛❧ i ❡♠ ✉♠❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ j✳ ❆ss✐♠✱ ✐♥❞✐❝❛✲s❡

q✉❡ ♦ ♣✐✈ô ❝❡♥tr❛❧ i ❡st❛rá ❢✉♥❝✐♦♥❛♥❞♦ ♥❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ j s❡ Xij = 1✱ ❡ ♦ ♣✐✈ô

❝❡♥tr❛❧ i ❡st❛rá ♣❛r❛❞♦ ♥❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ j s❡ Xij = 0✳ ❖ ✈❛❧♦r ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦

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

♣❡❧♦s ❡❧❡♠❡♥t♦s ❞❛ ♠❛tr✐③ ❞❡ ❞❡❝✐sã♦✳
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❖s ✈❛❧♦r❡s ❞❡ ❝❛❞❛ ❧✐♥❤❛ ❞♦ ❡❧❡♠❡♥t♦ Aij r❡♣r❡s❡♥t❛♠ ❛s ♠✉❞❛♥ç❛s ❞❡ ❡st❛❞♦

❞❡ ✉♠ ♣✐✈ô ❝❡♥tr❛❧ ❞♦ ♣r♦❜❧❡♠❛✳ ❆ ✐♠♣♦rtâ♥❝✐❛ ❞❡st❛ ♠❛tr✐③ ❡stá ❡♠ t❡♥t❛r ♠❛♥t❡r

♦ ♣✐✈ô ❝❡♥tr❛❧ ❛t✉❛♥❞♦ ♦ ♠❛✐♦r ♥ú♠❡r♦ ♣♦ss✐✈❡❧ ❞❡ ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ❝♦♥t✐♥✉❛s✱ ❥á q✉❡

❤á ✉♠ ❣❛st♦ s✐❣♥✐✜❝❛t✐✈♦ ♣❛r❛ r❡t✐r❛r ♦ ♣✐✈ô ❝❡♥tr❛❧ ❞♦ ❡st❛❞♦ ❞❡ ó❝✐♦ ❡ ❝♦❧♦❝á✲❧♦ ❛t✐✈♦✳

❆s ♠✉❞❛♥ç❛s ❞❡ ❡st❛❞♦ ❞❡ ❝❛❞❛ ♣✐✈ô ❝❡♥tr❛❧ ❞♦ ♣r♦❜❧❡♠❛✱ ❛ ❝❛❞❛ ❤♦r❛ ❞♦ ❞✐❛✱ ♣♦❞❡♠

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

✉♠ ♣✐✈ô ❝❡♥tr❛❧ ❡ ❝❛❞❛ ❝♦❧✉♥❛ j ❞❛ ♠❛tr✐③ Aij ✉♠❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞✐❢❡r❡♥t❡✳ ❉❡st❛

❢♦r♠❛✱ ❝❛❞❛ ♣♦s✐çã♦ Aij r❡♣r❡s❡♥t❛ ♦ ❡st❛❞♦ ❞❡ ✉♠ ♣✐✈ô ❝❡♥tr❛❧ i ❡♠ ✉♠❛ ❥❛♥❡❧❛ ❞❡

t❡♠♣♦ j✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ♦ ♣✐✈ô ❝❡♥tr❛❧ i ❡st❛rá s❛✐♥❞♦ ❞♦ ❡st❛❞♦ ❞❡ ó❝✐♦ ♥❛ ❥❛♥❡❧❛ ❞❡

t❡♠♣♦ j s❡ Aij 6= 0✱ ❡ ♦ ♣✐✈ô ❝❡♥tr❛❧ i ♥ã♦ ❡st❛rá ✐♥✐❝✐❛♥❞♦ s✉❛s ❛t✐✈✐❞❛❞❡s ♥❛ ❥❛♥❡❧❛

❞❡ t❡♠♣♦ j s❡ Aij = 0✳

❈♦♠♦ ♦ ✈❛❧♦r ❞❡ ❛❜❡rt✉r❛ ❞❡ ✉♠ ♣✐✈ô ❝❡♥tr❛❧ ♥ã♦ ♣♦ss✉✐ ✉♠ ❝♦♥s✉♠♦ ♥♦♠✐♥❛❧✱

❡ ❡st❡ ✈❛❧♦r ♥ã♦ é ♣r❛t✐❝♦ ❞❡ s❡r ❡st✐♣✉❧❛❞♦✱ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ q✉❡ ❛ ♣❛rt✐❞❛ ❞❡ ✉♠ ♣✐✈ô

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

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

tr❛❜❛❧❤❛♥❞♦ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❝♦♥tí❣✉❛s✳ ❉❡st❛ ❢♦r♠❛✱ s❡♠♣r❡ q✉❡ ✉♠ ♣✐✈ô

❝❡♥tr❛❧ i s❛✐r ❞❡ s❡✉ ❡st❛❞♦ ❞❡ ó❝✐♦ ♥❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ j✱ Aij r❡❝❡❜❡rá ♦ ✈❛❧♦r Cij✱

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

♦❜❥❡t✐✈♦ s♦❢r❡ ✐♥✢✉ê♥❝✐❛ ❞✐r❡t❛ ❞♦s ✈❛❧♦r❡s ❛ss✉♠✐❞♦s ♣❡❧❛ ♠❛tr✐③ Aij✳

❈❛❞❛ ♣✐✈ô ❝❡♥tr❛❧ ❞❡✈❡ t❡r ❛ s♦♠❛ ❞❛s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ❛❜❡rt❛s ✐❣✉❛❧ à s✉❛

❞❡♠❛♥❞❛ ❤♦rár✐❛ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦✱ ♦✉ s❡❥❛✱ ❛ s♦♠❛ ❞❛s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ❞❡ ❝❛❞❛

♣✐✈ô ❝❡♥tr❛❧ ❞❡✈❡rá s❡r ✐❞ê♥t✐❝❛ à ❞❡♠❛♥❞❛ ❞♦ ♣✐✈ô ❝❡♥tr❛❧✳ ❆ss✐♠✱ ❡st❛s r❡str✐çõ❡s

❣❛r❛♥t❡♠ ♦ t♦t❛❧ ❛t❡♥❞✐♠❡♥t♦ ❞♦s ♣✐✈ôs ❝❡♥tr❛✐s✳

❊♠ ❝❛❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦✱ ❛ s♦♠❛ ❞❛s ❞❡♠❛♥❞❛s ❞❡ t♦❞♦s ♦s ♣✐✈ôs ❝❡♥tr❛✐s

❛❜❡rt♦s ❞❡✈❡ s❡r ♠❡♥♦r ♦✉ ✐❣✉❛❧ ❛♦ ✈♦❧✉♠❡ ❞❡ á❣✉❛ ❞✐s♣♦♥✐❜✐❧✐③❛❞♦ ♥❛ ❥❛♥❡❧❛ ❞❡

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

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

❤í❞r✐❝♦ ♥ã♦ s♦❢r❡rá ❝♦♥s✉♠♦ ❛❧é♠ ❞♦ ♣❡r♠✐t✐❞♦✳

❆ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ✈✐s❛ ♠✐♥✐♠✐③❛r ♦s ❝✉st♦s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ❝♦♥❥✉♥t♦ ❞❡

♣✐✈ôs ❝❡♥tr❛✐s✱ s♦♠❛♥❞♦ ♦s ❝✉st♦s ❞❡ ❛t❡♥❞✐♠❡♥t♦ ❞❡ ❝❛❞❛ ✉♠✱ ❡♠ ❝❛❞❛ ❥❛♥❡❧❛ ❛❜❡rt❛✳

✷✾



❊①✐st❡ ❛ t❡♥❞ê♥❝✐❛ ❞❡ ❤❛✈❡r ♣r❡❢❡rê♥❝✐❛ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s ❢✉♥❝✐♦♥❛r❡♠ ❡♠ ❤♦rár✐♦s

♥♦t✉r♥♦s✳ ■st♦ ❛❝♦♥t❡❝❡ ❞❡✈✐❞♦ ❛♦ ❢❛t♦ ❞❡ q✉❡ ♦ ✈❛❧♦r ❞❛ ❡♥❡r❣✐❛ ❡❧étr✐❝❛✱ ♥♦ ♣❡rí♦❞♦

♥♦t✉r♥♦✱ ❝❤❡❣❛ ❛ s❡r ✻✵✪ ♠❛✐s ❜❛r❛t❛ ❞♦ q✉❡ ♥♦ ♣❡rí♦❞♦ ❞✐✉r♥♦✳

❍á t❛♠❜é♠ ✉♠❛ s❡❣✉♥❞❛ ❝♦♠♣♦♥❡♥t❡ ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♣❛r❛ q✉❡ ✈✐s❛ ❡s❝❛❧♦✲

♥❛r ♦s ♣✐✈ôs ❝❡♥tr❛✐s ♥♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ❝♦♥s❡❝✉t✐✈❛s ♣♦ssí✈❡❧✳ ■st♦

❛❝♦♥t❡❝❡ ❞❡✈✐❞♦ ❛♦ ❝✉st♦ ❡①tr❛ ❛tr✐❜✉í❞♦ à ❢✉♥çã♦ ♦❜❥❡t✐✈♦ s❡♠♣r❡ q✉❡ ♦ ♣✐✈ô ❝❡♥tr❛❧

❞❡✐①❛ ♦ ❡st❛❞♦ ❞❡ ó❝✐♦ ❡ ✐♥✐❝✐❛ ♦s tr❛❜❛❧❤♦s✳

❆ ♣❛rt✐r ❞❡ss❛s ❝♦♥s✐❞❡r❛çõ❡s s♦❜r❡ ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♣✐✈ôs

❝❡♥tr❛✐s✱ ❢♦✐ ❝♦♥str✉í❞♦ ♦ s❡❣✉✐♥t❡ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦✿

▼✐♥✐♠✐③❛r

∑

i

∑

j

CijXij +
∑

i

∑

j

Aij ✭✸✳✶✮

❙✉❥❡✐t♦ à✿

∑

j

Xij = Di,∀i. ✭✸✳✷✮

∑

i

QiXij ≤ vazao, ∀j. ✭✸✳✸✮

Aij = CijXij(1−Xij−1),∀i, j 6= 1. ✭✸✳✹✮

Ai1 = Ci1Xi1,∀i. ✭✸✳✺✮

Xij ∈ {0, 1},∀i, j. ✭✸✳✻✮

i = 1, 2, ..., n. ✭✸✳✼✮

j = 1, 2, ..., 24. ✭✸✳✽✮

✸✵



◆♦ ♠♦❞❡❧♦✱ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ✜❝❛ r❡♣r❡s❡♥t❛❞❛ ♣❡❧❛ ❡①♣r❡ssã♦ ✸✳✶✱ t❡♥❞♦✲s❡

❝♦♠♦ ♦❜❥❡t✐✈♦ ❛ ♠✐♥✐♠✐③❛çã♦ ❞♦ ❝✉st♦ t♦t❛❧ ❣❛st♦ ❝♦♠ ❡♥❡r❣✐❛ ❡❧❡tr✐❝❛✱ s♦♠❛❞♦ ❛♦

❝✉st♦ t♦t❛❧ ❞❡ ❛❜❡rt✉r❛ ❞❡ ❝❛❞❛ ♣✐✈ô ❝❡♥tr❛❧✱ ♥❛s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦✱ r❡s♣❡✐t❛❞❛s ❛s

r❡str✐çõ❡s✳

❆ r❡str✐çã♦ ✸✳✷ ❣❛r❛♥t❡ ♦ ❛t❡♥❞✐♠❡♥t♦ t♦t❛❧ ❞❛s ❤♦r❛s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ ❝❛❞❛

♣✐✈ô ❝❡♥tr❛❧✱ ❣❛r❛♥t✐♥❞♦ ❛ ✐rr✐❣❛çã♦ ❞❛ ár❡❛ ❛ss♦❝✐❛❞❛ ❛♦ ♣✐✈ô ❝❡♥tr❛❧ i❀ ❛ r❡str✐çã♦

✸✳✸ ❣❛r❛♥t❡ q✉❡ ♦ r❡❝✉rs♦ ❤í❞r✐❝♦ s❡rá ✉t✐❧✐③❛❞♦ ❞❡♥tr♦ ❞♦s ❧✐♠✐t❡s ❡st✐♣✉❧❛❞♦s❀ ❛s

r❡str✐çõ❡s ✸✳✹ ❡ ✸✳✺ ❛t✉❛❧✐③❛♠ ❛ ♠❛tr✐③ A✱ ❞❡✜♥✐♥❞♦ ♦ ❝✉st♦ ❞❡ ❛❜❡rt✉r❛ ❞❡ ❝❛❞❛ ♣✐✈ô

i ❡♠ ❝❛❞❛ ❥❛♥❡❧❛ j❀ ❛ r❡str✐çã♦ ✸✳✻ ✐♥❞✐❝❛ q✉❡ ❛ ♠❛tr✐③ é ❜✐♥ár✐❛✳

✸✳✷ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣

❖♠ét♦❞♦ ❙❆ ❢♦✐ ❡s❝♦❧❤✐❞♦ ♣❛r❛ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s

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

❛t✉❛❧ ♣❛r❛ ❢✉❣✐r ❞❡ ót✐♠♦s ❧♦❝❛✐s✳ ❊❧❡ ❢♦✐ ♣r♦♣♦st♦ ♦r✐❣✐♥❛❧♠❡♥t❡ ♣♦r ❑✐r❦♣❛tr✐❝❦

❡t ❛❧✳ ✭✶✾✽✸✮✱ ❡ s❡ ❢✉♥❞❛♠❡♥t❛ ❡♠ ✉♠❛ ❛♥❛❧♦❣✐❛ ❝♦♠ ❛ t❡r♠♦❞✐♥â♠✐❝❛✱ ❛♦ s✐♠✉❧❛r ♦

r❡s❢r✐❛♠❡♥t♦ ❞❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ át♦♠♦s ❛q✉❡❝✐❞♦s ✭▼❡tr♦♣♦❧✐s ❡t ❛❧✳✱ ✶✾✺✸✮✳ P❛r❛ ❛

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

S✱ ✉♠ ♠ét♦❞♦ ♣❛r❛ ❣❡r❛çã♦ ❞❛s s♦❧✉çõ❡s ✈✐③✐♥❤❛s S ′ ✭❡str✉t✉r❛ ❞❡ ✈✐③✐♥❤❛♥ç❛✮✱ ❡ ✉♠❛

❢✉♥çã♦ ♦❜❥❡t✐✈♦ f(S) ❛ s❡r ♦t✐♠✐③❛❞❛✳

❖ ❡sq✉❡♠❛ ❞❡ r❡s❢r✐❛♠❡♥t♦ ❛❞♦t❛❞♦ ♥❡st❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❢♦✐ ♦ ❣❡♦♠étr✐❝♦ ✭❇✐✲

❛❥♦❧✐ ❡t ❛❧✳✱ ✷✵✵✸✮✱ ✐st♦ é✱ ❛ t❡♠♣❡r❛t✉r❛ T é ❛t✉❛❧✐③❛❞❛ ♣❡❧❛ ❢♦r♠✉❧❛ T ← α×T ✱ ♦♥❞❡

α r❡♣r❡s❡♥t❛ ❛ r❛③ã♦ ❞❡ r❡s❢r✐❛♠❡♥t♦✳

❖ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❞♦ ❛❧❣♦r✐t♠♦ ✐♠♣❧❡♠❡♥t❛❞♦ ❞♦ ❙❆ é ❛♣r❡s❡♥t❛❞♦ ❛ s❡❣✉✐r✱

♦♥❞❡ S é ❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ❡ S ′ é ❛ s♦❧✉çã♦ ✈✐③✐♥❤❛ ❞❡ S✳ ❆ ✐♠♣❧❡♠❡♥t❛çã♦ ✉t✐❧✐③❛✱

❝♦♠♦ ❝r✐tér✐♦ ❞❡ ❡♥❝❡rr❛♠❡♥t♦ ❞♦ ❛❧❣♦r✐t♠♦✱ ✉♠ ❧✐♠✐t❡ ✐♥❢❡r✐♦r ✭Tc✮ ♣❛r❛ ❛ ✈❛r✐á✈❡❧

❚❡♠♣❡r❛t✉r❛ ✭T ✮✱ q✉❡ s♦❢r❡ ❞❡❝r❡♠❡♥t♦ ❝♦♥st❛♥t❡ ❞✉r❛♥t❡ ❛ ❡①❡❝✉çã♦ ❞♦ ❛❧❣♦r✐t♠♦✳

❉❡st❛ ❢♦r♠❛✱ q✉❛♥❞♦ T ❛ss✉♠✐r ✉♠ ✈❛❧♦r ♠❡♥♦r ♦✉ ✐❣✉❛❧ ❛ Tc✱ ♦ ❛❧❣♦r✐t♠♦ é ❡♥❝❡rr❛❞♦✳

❆❧❣♦r✐t♠♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✭T0✱ Tc✱ α✮✿

✭T0 é ❛ t❡♠♣❡r❛t✉r❛ ✐♥✐❝✐❛❧✮

✸✶



✭Tc é ❛ t❡♠♣❡r❛t✉r❛ ✜♥❛❧✮

✭α é ❛ r❛③ã♦ ❞❡ r❡s❢r✐❛♠❡♥t♦✮

✶ T ← T0❀

✷ S ←❙♦❧✉çã♦■♥✐❝✐❛❧✭✮❀

✸ ❊♥q✉❛♥t♦ T > Tc ❢❛ç❛

✹ ●❡r❛r S ′ ❞❡ S❀

✺ ❙❡ f(S ′) < f(S) ❡♥tã♦

✻ S ← S ′❀

✼ s❡♥ã♦

✽ ●❡r❛r r ∩ U(0, 1)

✾ ❙❡ r < e
−(f(S′)−f(S))

T ❡♥tã♦

✶✵ S ← S ′❀

✶✶ ✜♠✲s❡

✶✷ ✜♠✲s❡

✶✸ T ← T × α❀

✶✹ ❋✐♠✲❡♥q✉❛♥t♦

✶✺ ❘❡t✉r♥❡ S

❋✐♠ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣

✸✳✷✳✶ ●❡r❛❞♦r ❞❡ s♦❧✉çõ❡s ✐♥✐❝✐❛✐s

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

❣✉❧♦s♦ ✭❈♦r♠❡♥ ❡t ❛❧✳✱ ✷✵✵✷✮✱ ❝r✐❛♥❞♦ ✉♠❛ ❧✐st❛ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s ♦r❞❡♥❛❞❛ ❡♠ ♦r❞❡♠

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

❞❡st❛ ❢♦r♠❛✱ ✉♠✲❛✲✉♠✳ ❆ss✐♠ ❡❧❡ s❡♠♣r❡ r❡❛❧✐③❛ ❛ ❡s❝♦❧❤❛ q✉❡ ♣❛r❡❝❡ s❡r ❛ ♠❡❧❤♦r ♥♦

♠♦♠❡♥t♦❀ ❛ ❡s❝♦❧❤❛ s❡♠♣r❡ é ❢❡✐t❛ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ ✈✐á✈❡❧ ❛♦

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

❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♦✉ ❝♦♠ q✉❛❧q✉❡r ♦t✐♠✐③❛çã♦✳

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

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

✸✷



♣ró①✐♠♦s✱ ❡✈✐t❛♥❞♦ q✉❡ ✉♠❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❛t✐♥❥❛ s❡✉ ❧✐♠✐t❡ ♠✉✐t♦ rá♣✐❞♦ ❡ ♠❛♥✲

t❡♥❞♦ ❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ t♦❞❛s ❛s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦✳ ❆❧é♠ ❞✐st♦✱ ❝♦♠♦ ♦s ♣✐✈ôs

❝❡♥tr❛✐s ❝♦♠ ♠❛✐♦r ❞❡♠❛♥❞❛ sã♦ ❛❧♦❝❛❞❛♦s ♥♦ í♥✐❝✐♦✱ q✉❛♥t♦ ♠❛✐s ♣ró①✐♠♦ ❞♦ ✜♥❛❧ ❞❡

s✉❛ ❡①❡❝✉çã♦ ♦ ♠ét♦❞♦ ❡st✐✈❡r✱ ♠❡♥♦r s❡rá ❛ ❡①✐❣ê♥❝✐❛ ❞♦s ♣✐✈ôs ❝❡♥tr❛✐s ❛✐♥❞❛ ♥ã♦

❡s❝❛❧♦♥❛❞♦s✱ t♦r♥❛♥❞♦ ♦ ❡♥❝❡rr❛♠❡♥t♦ ❞♦ ♠ét♦❞♦ ♣♦✉❝♦ ❝✉st♦s♦✳ ❖ ♣s❡✉❞♦✲❝ó❞✐❣♦

❞❡st❡ ♠ét♦❞♦ é ❛♣r❡s❡♥t❛❞♦ ❛ s❡❣✉✐r✳

❆❧❣♦r✐t♠♦ ❙♦❧✉çã♦■♥✐❝✐❛❧✭✮✿

✶ ❈r✐❛r ✉♠❛ ❧✐st❛ L ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s ✈❛③✐❛❀

✷ ❆❞✐❝✐♦♥❛r t♦❞♦s ♦s ♣✐✈ôs ❝❡♥tr❛✐s ❞♦ ♣r♦❜❧❡♠❛ ♥❛ ❧✐st❛ L❀

✸ ❖r❞❡♥❛r ❛ ❧✐st❛ L ❡♠ ♦r❞❡♠ ❞❡❝r❡s❝❡♥t❡✱ ♣❡❧♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡♠❛♥❞❛❞❛s ❞❡ ✐rr✐❣❛çã♦❀

✹ ❊♥q✉❛♥t♦ L ♥ã♦ ❡st✐✈❡r ✈❛③✐❛ ❢❛ç❛

✺ ❊♥q✉❛♥t♦ ❛s ❤♦r❛s ❞❡ ✐rr✐❣❛çã♦ ❞♦ ♣r✐♠❡✐r♦ ❡❧❡♠❡♥t♦ ♥ã♦ ❡stã♦ ❛t❡♥❞✐❞❛s ❢❛ç❛

✻ ❊♠ S✱ ❛❜r❛ ❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❝♦♠ ♠❡♥♦r ❝♦♥s✉♠♦ ❞❡ á❣✉❛ ❛té ♦ ♠♦♠❡♥t♦❀

✼ ❋✐♠✲❡♥q✉❛♥t♦

✽ ❘❡t✐r❡ ♦ ♣r✐♠❡✐r♦ ❡❧❡♠❡♥t♦ ❞❛ ❧✐st❛ L❀

✾ ❋✐♠✲❡♥q✉❛♥t♦

✶✵ ❘❡t✉r♥❡ S

❋✐♠ ❙♦❧✉çã♦■♥✐❝✐❛❧

❆♣ós ❛ ❝♦♥str✉çã♦ ❞❛ ❧✐st❛ ♦r❞❡♥❛❞❛✱ ♦ ♣r✐♠❡✐r♦ ❡❧❡♠❡♥t♦ ❞❛ ❧✐st❛ é s❡❧❡❝✐♦♥❛❞♦

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

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

❞❡ ❛❜❡rt✉r❛ ❞❛s ❥❛♥❡❧❛s é ❡♥❝❡rr❛❞♦ q✉❛♥❞♦ ♦ ♥ú♠❡r♦ ❞❡ ❥❛♥❡❧❛s ❛❜❡rt❛s é ✐❣✉❛❧ ❛♦

♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡ ✐rr✐❣❛çã♦ ❡①✐❣✐❞❛s ♣❡❧♦ ❝❧✐❡♥t❡✳ ▼❡s♠♦ ❡♠ ❝❛s♦s ♠❛✐s ❝♦♠♣❧❡①♦s✱

❝♦♠ ✉♠ ♣❡q✉❡♥♦ ❧✐♠✐t❡ ❞❡ ✈❛③ã♦✱ ❛ r❡str✐çã♦ ✸✳✸ ❞♦ ♠♦❞❡❧♦ s❡♠♣r❡ é r❡s♣❡✐t❛❞❛✳ ❆♣ós

♦ ❡♥❝❡rr❛♠❡♥t♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❛❜❡rt✉r❛ ❞❛s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ❞♦ ♣r✐♠❡✐r♦ ❡❧❡♠❡♥t♦✱

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

❧✐st❛✱ ❛té q✉❡ ❛ ♠❡s♠❛ ✜q✉❡ ✈❛③✐❛✳

❊st❡ ♠ét♦❞♦ ❝♦♥str✉í❞♦ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞❡ ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧✱ ❡♠ ♥❡♥❤✉♠

✸✸



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

❝♦♥str✉✐r s♦❧✉çõ❡s ✈✐á✈❡✐s ❞❡ ♠❛♥❡✐r❛ rá♣✐❞❛✳

❉❡st❛ ❢♦r♠❛✱ ♦s ♣✐✈ôs ❝❡♥tr❛✐s ❝♦♠ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡ ❝♦♥s✉♠♦✱ s❡♠♣r❡

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

❞❡✐①❛r s❡♠♣r❡ ♦ ❝♦♥s✉♠♦ ❞❡ á❣✉❛ ♥❛s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ♦ ♠❛✐s ❜❛✐①♦ ♣♦ssí✈❡❧✳ ❉❡st❛

♠❛♥❡✐r❛✱ à ♠❡❞✐❞❛ q✉❡ ♦s ♣✐✈ôs ❝❡♥tr❛✐s sã♦ ❡①❝❧✉í❞♦s ❞❛ ❧✐st❛✱ ♣✐✈ôs ❝❡♥tr❛✐s ❞❡ ♠❡♥♦r

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

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

♣✐✈ô ❝❡♥tr❛❧ ❞❡ ❛❧t♦ ❝♦♥s✉♠♦ ❞❡ á❣✉❛ q✉❛♥❞♦ ❛s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ❡st✐✈❡r❡♠ ♣ró①✐♠❛s

❞❡ s❡✉ ❧✐♠✐t❡ ❞❡ ❝♦♥s✉♠♦ ❞❡ á❣✉❛✳

❖ ♠ét♦❞♦ ❞❡ ❝♦♥str✉çã♦ ❞❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ❞❡♠♦♥str♦✉ s❡r ❛❞❡q✉❛❞♦ ♣❛r❛ s♦✲

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

❝rít✐❝♦s✳

✸✳✷✳✷ ❘❡❣r❛s ❞❡ ❛❝❡✐t❛çã♦

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

❛❧❣♦r✐t♠♦✳ ❊❧❛s sã♦ ❛♣❧✐❝❛❞❛s ❡ ❡str✉t✉r❛❞❛s s❡❣✉✐♥❞♦ ❛s ❝♦♥❞✐çõ❡s ❛♣r❡s❡♥t❛❞❛s ❛

s❡❣✉✐r ❡♠ ♣s❡✉❞♦✲❝ó❞✐❣♦✳

✶ ❙❡ f(S ′) < f(S) ❡♥tã♦

✷ S ← S ′❀ ✴✴ ❙♦❧✉çã♦ ❛❝❡✐t❛✦

✸ s❡♥ã♦

✹ ●❡r❛r r ∈ Unif [0, 1]

✺ ❙❡ r < e
−(f(S′)−f(S))

T ❡♥tã♦

✻ S ← S ′❀ ✴✴ ❙♦❧✉çã♦ ❛❝❡✐t❛✦

✼ ✜♠✲s❡

✽ ✜♠✲s❡

❆ ♣r✐♠❡✐r❛ r❡❣r❛ ❝♦♥s✐st❡ ♥♦ ❢❛t♦ q✉❡ ❛ s♦❧✉çã♦ ✈✐③✐♥❤❛ S ′ ❡♥❝♦♥tr❛❞❛ s❡❥❛ ✉♠❛

s♦❧✉çã♦ ♠❡❧❤♦r ❞♦ q✉❡ ❛ s♦❧✉çã♦ ❛t✉❛❧ S✳ ❉❡st❛ ❢♦r♠❛✱ t♦❞❛ s♦❧✉çã♦ S ′ ❡♥❝♦♥tr❛❞❛ ❡

✸✹



q✉❡ ❛♣r❡s❡♥t❡ ❛❧❣✉♠❛ ♠❡❧❤♦r✐❛✱ ✈✐s❧✉♠❜r❛❞❛ ❛tr❛✈és ❞❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✱ ❡♠ r❡❧❛çã♦

❛ S✱ s❡rá ❛❝❡✐t❛✳

❆ s❡❣✉♥❞❛ r❡❣r❛ ❞❡ ❛❝❡✐t❛çã♦ só é t❡st❛❞❛ ❝❛s♦ ❛ ♣r✐♠❡✐r❛ ♥ã♦ ♦❜t❡♥❤❛ ê①✐t♦ ❡

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

♥♦✈❛ s♦❧✉çã♦ ✈✐③✐♥❤❛ S ′✳ ❙❡✉ ♣r✐♠❡✐r♦ ♣❛ss♦ é ❣❡r❛r ✉♠ ✈❛❧♦r r ❛❧❡❛tór✐♦ ✉♥✐❢♦r♠❡♥t❡

❞✐str✐❜✉í❞♦ ❡♥tr❡ ✵ ❡ ✶✳ ❊st❡ ✈❛❧♦r r s❡rá ❝♦♠♣❛r❛❞♦ ❛♦ ✈❛❧♦r ♦❜t✐❞♦ ♣❡❧♦ ❝r✐tér✐♦ ❞❡

▼❡tr♦♣♦❧✐s ✭▼❡tr♦♣♦❧✐s ❡t ❛❧✳✱ ✶✾✺✸✮✱ ❡①♣♦st♦ ♥❛ ❧✐♥❤❛ ✺ ❞♦ ♣s❡✉❞♦✲❝ó❞✐❣♦✱ ❡ ❝❛s♦ ❛

❝♦♥❞✐çã♦ s❡❥❛ ✈❡r❞❛❞❡✐r❛✱ ❛ s♦❧✉çã♦ S ′ s❡rá ❛❝❡✐t❛✳

❆ s❡❣✉♥❞❛ r❡❣r❛ é ✉t✐❧✐③❛❞❛ ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ♣❡r♠✐t✐r q✉❡ ❛ ❜✉s❝❛ ♣♦r

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

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

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

❞❡ s❡✉ ✜♥❛❧✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ❛❝❡✐t❛çã♦ ❞❡ s♦❧✉çõ❡s ♣✐♦r❡s ✉t✐❧✐③❛❞❛ ♣❡❧♦ ❝r✐tér✐♦

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

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

♣r❡❥✉❞✐q✉❡♠ ♦ s❡✉ r❡s✉❧t❛❞♦ ✜♥❛❧ ♥ã♦ s❡rã♦ ❛❝❡✐t❛s✳

✸✳✷✳✸ ▼♦✈✐♠❡♥t♦ ❡ ❡①♣❧♦r❛çã♦ ❞❛ ✈✐③✐♥❤❛♥ç❛

❋♦r❛♠ ✉t✐❧✐③❛❞♦s ❞♦✐s t✐♣♦s ♠♦✈✐♠❡♥t♦s ❞❡ tr♦❝❛ ❝♦♠♦ ❡str✉t✉r❛s ❞❡ ✈✐③✐♥❤❛♥ç❛✿ ▼♦✲

❞✐✜❝❛çã♦ ❞❡ ❏❛♥❡❧❛ ❙✐♠♣❧❡s ❡ ❚r♦❝❛ ❊♥tr❡ P✐✈ôs ❈❡♥tr❛✐s✳ ❊st❡s ♠♦✈✐♠❡♥t♦s ❢♦r❛♠

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

➱ ✐♥t❡r❡ss❛♥t❡ ❞❡st❛❝❛r q✉❡ ❡st❡s ♠♦✈✐♠❡♥t♦s ❝r✐❛❞♦s ♥ã♦ t♦r♥❛♠✱ ❡♠ ♠♦♠❡♥t♦

❛❧❣✉♠✱ ❛ s♦❧✉çã♦ ✐♥✈✐á✈❡❧✱ r❡s♣❡✐t❛♥❞♦ s❡♠♣r❡ ❛s r❡str✐çõ❡s ❞♦ ♣r♦❜❧❡♠❛✱ ❛♣r❡s❡♥t❛❞❛s

❛♥t❡r✐♦r♠❡♥t❡✳ ❈❛s♦ ❛ s♦❧✉çã♦ s❡ t♦r♥❡ ✐♥✈✐á✈❡❧✱ ♦ ♠♦✈✐♠❡♥t♦ ✉t✐❧✐③❛❞♦ é ❛✉t♦♠❛t✐❝❛✲

♠❡♥t❡ ❞❡s❢❡✐t♦✳

❖ ♠♦✈✐♠❡♥t♦ ▼♦❞✐✜❝❛çã♦ ❞❡ ❏❛♥❡❧❛ ❙✐♠♣❧❡s✱ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✶✱ ❜❛s❡✐❛✲s❡

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

r❡♥t❡s ❡ q✉❡ ♣❡rt❡♥ç❛♠ ❛ ✉♠ ♠❡s♠♦ ♣✐✈ô ❝❡♥tr❛❧✳ ❉❡st❛ ❢♦r♠❛✱ s❡❧❡❝✐♦♥❛✲s❡ ❞❡ ❢♦r♠❛

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

✉♠❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❛❜❡rt❛ ❞❡st❡ ♠❡s♠♦ ♣✐✈ô ❝❡♥tr❛❧✱ ♣❛r❛ s❡r ❢❡❝❤❛❞❛✳ ❆ss✐♠✱ ♦

✸✺



❋✐❣✉r❛ ✸✳✶✿ ▼♦✈✐♠❡♥t♦ ❵▼♦❞✐✜❝❛çã♦ ❞❡ ❏❛♥❡❧❛ ❙✐♠♣❧❡s✬✳

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

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

❞❡ t❡♠♣♦ ♥♦t✉r♥❛✱ ❞❡✈✐❞♦ ❛♦ ❢❛t♦ ❞❡ s❡r❡♠ ♠❛✐s ❜❛r❛t❛s✱ r❡s♣❡✐t❛♥❞♦✲s❡ ❛ r❡str✐çã♦

q✉❡ ❧✐♠✐t❛ ♦ ✈♦❧✉♠❡ t♦t❛❧ ❞❡ á❣✉❛ ❛ s❡r ✉t✐❧✐③❛❞♦✳

❋✐❣✉r❛ ✸✳✷✿ ▼♦✈✐♠❡♥t♦ ❵❚r♦❝❛ ❊♥tr❡ P✐✈ôs ❈❡♥tr❛✐s✬✳

❖ ♠♦✈✐♠❡♥t♦ ❚r♦❝❛ ❊♥tr❡ P✐✈ôs ❈❡♥tr❛✐s é ♠❛✐s ❝♦♠♣❧❡①♦ ❞♦ q✉❡ ♦ ♣r✐♠❡✐r♦✳

❊❧❡ ❝♦♥s✐st❡ ❡♠✱ ✐♥✐❝✐❛❧♠❡♥t❡✱ s❡❧❡❝✐♦♥❛r ❞♦✐s ♣✐✈ôs ❝❡♥tr❛✐s ❞❡ ♠❛♥❡✐r❛ ❛❧❡❛tór✐❛✳

◆❛ s❡qüê♥❝✐❛✱ ❡❧❡ ♣r♦❝✉r❛✱ ❛❧❡❛t♦r✐❛♠❡♥t❡✱ ✉♠❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ♦♥❞❡ ✉♠ ❞♦s ♣✐✈ôs

❝❡♥tr❛✐s s❡❧❡❝✐♦♥❛❞♦s ❛♣r❡s❡♥t❡✲s❡ ❛❜❡rt♦ ❡ ♦ ♦✉tr♦ ❢❡❝❤❛❞♦✳ ❆♦ ❡♥❝♦♥tr❛r ❡st❛ ❥❛♥❡❧❛

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

♣r♦❜❧❡♠❛ ❡♠ r❡❧❛çã♦ ❛♦ ✈♦❧✉♠❡ ❞❡ á❣✉❛ ❝♦♥s✉♠✐❞♦ ✭❋✐❣✉r❛ ✸✳✷❛✮✳ ❙❡ ❡st❛ r❡str✐çã♦ ❢♦r

❞❡sr❡s♣❡✐t❛❞❛✱ t♦❞♦ ♦ ♣r♦❝❡ss♦ é ❞❡s❢❡✐t♦✳ ❈❛s♦ ❝♦♥trár✐♦✱ ❛✈❛♥ç❛✲s❡ ♣❛r❛ ❛ ♣ró①✐♠❛

❡t❛♣❛ ❞♦ ♠♦✈✐♠❡♥t♦✱ ✈✐s❛♥❞♦ ❝♦rr✐❣✐r ♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡ ✐rr✐❣❛çã♦ ❞❡ ❛♠❜♦s ♦s

♣✐✈ôs ❝❡♥tr❛✐s✱ ✉♠❛ ✈❡③ q✉❡✱ ❞❡♣♦✐s ❞❛ tr♦❝❛✱ ✉♠ ❞❡❧❡s ✜❝♦✉ ❝♦♠ ✉♠❛ ❤♦r❛ ❛ ♠❛✐s ❞♦

q✉❡ s❡r✐❛ ❝♦rr❡t♦✱ ❡ ♦ ♦✉tr♦ ❝♦♠ ✉♠❛ ❤♦r❛ ❛ ♠❡♥♦s✳ ❈❤❛♠❛r❡♠♦s ❡st❡s ♣✐✈ôs ❝❡♥tr❛✐s

r❡s♣❡❝t✐✈❛♠❡♥t❡ ❞❡ i+ ❡ i−✳

❖ ♣✐✈ô ❝❡♥tr❛❧ i+ ♣❛ss❛ ❛ ♣r♦❝✉r❛r ❡♥tr❡ s✉❛s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦✱ ✉♠❛ q✉❡ ❡st❡❥❛

❛❜❡rt❛ ♣❛r❛ ♣♦❞❡r ❢❡❝❤❛r✱ s❡♠ s❡ ♣r❡♦❝✉♣❛r ❝♦♠ ❛s r❡str✐çõ❡s✱ ❥á q✉❡ ♦ ❢❡❝❤❛♠❡♥t♦

✸✻



❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❡st❛rá ❛♣❡♥❛s ❞✐♠✐♥✉✐♥❞♦ ♦ ✈♦❧✉♠❡ ❞❡ á❣✉❛ ✉t✐❧✐③❛❞♦✳ ❱❛♠♦s

❝❤❛♠❛r ♦ í♥❞✐❝❡ ❞❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❡s❝♦❧❤✐❞❛ ❞❡ j✳ ❉❡♣♦✐s ❞❡ ❛❝❡rt❛r ❛s ❤♦r❛s ❞♦

❝❧✐❡♥t❡ i+✱ t❡♥t❛♠♦s ❛❝❡rt❛r ❛s ❤♦r❛s ❞❡ i−✱ q✉❡ ♣r❡❝✐s❛ ❛❜r✐r ✉♠❛ ❞❡ s✉❛s ❥❛♥❡❧❛s ❞❡

t❡♠♣♦✳ ❖ ♣ró①✐♠♦ ♣❛ss♦ ❡♥tã♦ é ❛❜r✐r ❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ j ❞♦ ♣✐✈ô ❝❡♥tr❛❧ i− ✭❋✐❣✉r❛

✸✳✷❜✮✱ ❡ ✈❡r✐✜❝❛r s❡ ♥❡♥❤✉♠❛ r❡str✐çã♦ ❢♦✐ ❞❡sr❡s♣❡✐t❛❞❛✳ ❈❛s♦ t♦❞❛s ❛s r❡str✐çõ❡s

❡st❡❥❛♠ s❡♥❞♦ r❡s♣❡✐t❛❞❛s✱ ♦ ♠♦✈✐♠❡♥t♦ é ❝♦♥❝❧✉í❞♦ ✭❋✐❣✉r❛ ✸✳✷❝✮✳ ❈❛s♦ ❝♦♥trár✐♦✱

❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ j ❞♦ ♣✐✈ô ❝❡♥tr❛❧ i− s❡rá ♥♦✈❛♠❡♥t❡ ❢❡❝❤❛❞❛ ❡ ❛ ❜✉s❝❛ ♣♦r ✉♠❛

♥♦✈❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ s❡rá ❢❡✐t❛ ❞❡ ❢♦r♠❛ ❛❧❡❛tór✐❛✱ ❛té q✉❡ s❡ ❡♥❝♦♥tr❡ ✉♠❛ ❥❛♥❡❧❛ ❞❡

t❡♠♣♦ ❛❞❡q✉❛❞❛✳ ❙❡ t♦❞❛s ❛s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ❢♦r❡♠ t❡st❛❞❛s ❡ t♦❞❛s s❡ ♠♦str❛r❡♠

✐♥❛❞❡q✉❛❞❛s✱ ♦ ♠♦✈✐♠❡♥t♦ s❡rá t♦t❛❧♠❡♥t❡ ❝❛♥❝❡❧❛❞♦✳

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

❙❆ ❞❡ ♠❛♥❡✐r❛ q✉❡ ❝❛❞❛ s♦❧✉çã♦ ✈✐③✐♥❤❛ é ❣❡r❛❞❛ ♣♦r ❛♣❡♥❛s ✉♠ ❞❡st❡s ♠♦✈✐♠❡♥t♦s✱

s❡♥❞♦ ❛ s✉❛ ❡s❝♦❧❤❛ ❢❡✐t❛ ❛♥t❡s ❞❡ ✐♥✐❝✐❛r ❛ ❡①❡❝✉çã♦✱ ❡ ♣❛ss❛❞❛ ❛tr❛✈és ❞❡ ♣❛râ♠❡tr♦✳

❆ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ f(S) ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛✈❛❧✐❛r ❛s s♦❧✉çõ❡s é ❛ ❞❡s❝r✐t❛ ♣❡❧❛

❡q✉❛çã♦ ✭✸✳✶✮ ✭✈❡r ❙❡çã♦ ✸✳✶✮✱ ❡ ❛s r❡str✐çõ❡s ❛♣r❡s❡♥t❛❞❛s ♥♦ ♠♦❞❡❧♦ ♣r♦♣♦st♦ ♥❛

❙❡çã♦ ✸✳✶ ✭❡q✉❛çõ❡s ✭✸✳✷✮ à ✭✸✳✽✮✮ sã♦ ❛t❡♥❞✐❞❛s ♥❛ ❢✉♥çã♦ ❞❡ ❝♦♥str✉çã♦ ❞❡ ✉♠❛

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

✸✳✸ ●❘❆❙P

❙❡❣✉♥❞♦ ❘❛♥❣❡❧ ❡t ❛❧✳ ✭✷✵✵✵✮✱ ♦ ●❘❆❙P✱ ♦✉ ●r❡❡❞② ❘❛♥❞♦♠✐③❡❞ ❆❞❛♣t✐✈❡ ❙❡❛r❝❤

Pr♦❝❡❞✉r❡✱ é ✉♠ ♠ét♦❞♦ ✐t❡r❛t✐✈♦ ♣r♦❜❛❜✐❧íst✐❝♦✱ ♦♥❞❡ ❛ ❝❛❞❛ ✐t❡r❛çã♦ é ♦❜t✐❞❛ ✉♠❛

s♦❧✉çã♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❡♠ ❡st✉❞♦✳

P❛r❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ●❘❆❙P✱ ❞♦✐s ♠ét♦❞♦s q✉❡ ❝♦rr❡s♣♦♥❞❡♠ às ❢❛s❡s ❞♦

❛❧❣♦r✐t♠♦ ❢♦r❛♠ ❝♦♥str✉í❞♦s✳ ❖ ♣r✐♠❡✐r♦ ♠ét♦❞♦✱ ❝❤❛♠❛❞♦ ❞❡ConstSolInicGulosaAleatoria()✱

❝♦rr❡s♣♦♥❞❡ ❛ ❢❛s❡ ❝♦♥str✉t✐✈❛✱ q✉❡ ❝r✐❛ ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛✳ ❚❛❧ s♦✲

❧✉çã♦ é ❝♦♥str✉í❞❛ ❞❡ ❢♦r♠❛ q✉❡ ❥á ❡♥❝♦♥tr❛♠♦s ✉♠❛ ❜♦❛ s♦❧✉çã♦ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛

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

♠ét♦❞♦ ❞♦ ●❘❆❙P✳

❖ s❡❣✉♥❞♦ ♠ét♦❞♦✱ ❝❤❛♠❛❞♦ ❞❡ BuscaLocal()✱ ❝♦rr❡s♣♦♥❞❡ à ❢❛s❡ ❞♦ ❛❧❣♦✲

✸✼



r✐t♠♦✱ ❝✉❥♦ ♦❜❥❡t✐✈♦ é t❡♥t❛r ♦❜t❡r ❛❧❣✉♠❛ ♠❡❧❤♦r✐❛ ♥❛ s♦❧✉çã♦ ❝♦rr❡♥t❡✱ ❡♥❝♦♥tr❛♥❞♦✱

❛ ♣❛rt✐r ❞❡ ✉♠❛ ❜✉s❝❛ ❧♦❝❛❧✱ ✉♠❛ s♦❧✉çã♦ ót✐♠❛ ❧♦❝❛❧✳ ❆ s❡❣✉✐r ♦ ❛❧❣♦r✐t♠♦ ●❘❆❙P

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

Pr♦❝❡❞✐♠❡♥t♦ ●❘❆❙P✭ α✱ iteracoes ✮

✭ α ❞❡✜♥❡ ♦ t❛♠❛♥❤♦ ❞❛ ❧✐st❛ r❡str✐t❛ ❞❡ ❝❛♥❞✐❞❛t♦s ♦✉ ▲❘❈ ✮

✭ iteracoes é ♦ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s q✉❡ ♦ ❛❧❣♦r✐t♠♦ ✐rá ❡①❡❝✉t❛r ✮

✶ cont← 0❀

✷ ❊♥q✉❛♥t♦ cont < iteracoes ❢❛ç❛

✸ S ← ConstSolInicGulosaAleatoria(α)❀

✹ S ← BuscaLocal(S, V iz(S))❀

✺ ❙❡ S < MelhorS ❡♥tã♦

✻ S ←MelhorS ❀

✼ ✜♠✲s❡

✽ cont← cont + 1 ❀

✾ ❋✐♠ ❊♥q✉❛♥t♦

✶✵ ❘❡t♦r♥❡(MelhorS)❀

❋✐♠ ●❘❆❙P

❖ ♥ú♠❡r♦ ❞❡ ✐t❡r❛çõ❡s q✉❡ ♦ ❛❧❣♦r✐t♠♦ ✐rá ❡①❡❝✉t❛r é ❞❡✜♥✐❞♦ ♣❡❧♦ ❛r❣✉♠❡♥t♦

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

❆ ❝❛❞❛ ✐t❡r❛çã♦✱ ✉♠❛ ♥♦✈❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ❡ ✉♠❛ ♥♦✈❛ ❜✉s❝❛ ❧♦❝❛❧ sã♦ ❡①❡❝✉t❛❞♦s✳

❆♥t❡s ❞❡ ❡♥❝❡rr❛r ❝❛❞❛ ✐t❡r❛çã♦✱ ♦ ❛❧❣♦r✐t♠♦ ❛♥á❧✐s❛ ❛ ♥♦✈❛ s♦❧✉çã♦ S ❡♥❝♦♥✲

tr❛❞❛ ❡ ❛ ❝♦♠♣❛r❛ ❝♦♠ ❛ ♠❡❧❤♦r s♦❧✉çã♦ ✭MelhorS✮ ❡♥❝♦♥tr❛❞❛ ❛té ♦ ♠♦♠❡♥t♦✳ ❆

♣❛rt✐r ❞❡st❛ ❝♦♠♣❛r❛çã♦✱ ♦ ❛❧❣♦r✐t♠♦ s❡♠♣r❡ ❣✉❛r❞❛ ❡♠ MelhorS ❛ ♠❡❧❤♦r s♦❧✉çã♦

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

♦❜t✐❞♦ ♣❡❧❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❞♦ ♣r♦❜❧❡♠❛✳
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✸✳✸✳✶ ●❡r❛❞♦r ❞❡ s♦❧✉çõ❡s ✐♥✐❝✐❛✐s

❖ ❣❡r❛❞♦r ❞❡ s♦❧✉çõ❡s ✐♥✐❝✐❛✐s ❝♦rr❡s♣♦♥❞❡ à ❢❛s❡ ❞❡ ❝♦♥str✉çã♦ ❞♦ ●❘❆❙P✱ ❝✉❥♦

♦❜❥❡t✐✈♦ é ❣❡r❛r ✉♠❛ s♦❧✉çã♦ ✈✐á✈❡❧✱ ❝♦♥tr✉✐♥❞♦✲❛ ❛tr❛✈és ❞♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ✉♠✲❛✲

✉♠ ❞♦s ♣✐✈ôs ❝❡♥tr❛✐s✳

❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞❛ s♦❧✉çã♦ é ✐♥s❡r✐r t♦❞♦s ♦s ♣✐✈ôs ❝❡♥tr❛✐s

❡♠ ✉♠❛ ❧✐st❛✱ ♦♥❞❡ s❡rã♦ ♦r❣❛♥✐③❛❞♦s ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❝r✐tér✐♦ ❡s❝♦❧❤✐❞♦ ♣❛r❛ ❛q✉❡❧❛

❡①❡❝✉çã♦✳ ❖ ❝r✐tér✐♦ ♣❛❞rã♦ ❛❞♦t❛❞♦ é ♦ ♥ú♠❡r♦ ❞❡ ❤♦r❛s ❞❡♠❛♥❞❛❞❛s ♣♦r ❝❛❞❛ ♣✐✈ô

❝❡♥tr❛❧ ❡♠ ♦r❞❡♠ ❞❡❝r❡s❝❡♥t❡✳

❖ ●❘❆❙P ♣♦ss✉✐ ✉♠❛ ❝♦♠♣♦♥❡♥t❡ ♣r♦❜❛❜✐❧✐st✐❝❛ q✉❡ ♦ ❞✐❢❡r❡♥❝✐❛ ❞❡ ✉♠ s✐♠✲

♣❧❡s ❛❧❣♦r✐t♠♦ ❣✉❧♦s♦✳ ❉❡st❛ ❢♦r♠❛✱ ♦ ♣r✐♠❡✐r♦ ♣✐✈ô ❝❡♥tr❛❧ ❛ s❡r ❡s❝❛❧♦♥❛❞♦ ♥ã♦ s❡rá

♦ ♣r✐♠❡✐r♦ ❞❛ ❧✐st❛✳ ❯♠❛ s❡❣✉♥❞❛ ❧✐st❛✱ ❞❡♥♦♠✐♥❛❞❛ ▲✐st❛ ❘❡str✐t❛ ❞❡ ❈❛♥❞✐❞❛t♦s

✭▲❘❈✮✱ r❡❝❡❜❡ ♦s α ♣r✐♠❡✐r♦s ♣✐✈ôs ❞❛ ❧✐st❛ ♣r✐♥❝✐♣❛❧✳ ❈♦♠ ❛ ▲❘❈ ❝♦♠♣❧❡t❛✱ ✉♠ ❞❡

s❡✉s ♣✐✈ôs é s❡❧❡❝✐♦♥❛❞♦✱ ❞❡ ♠❛♥❡✐r❛ ❛❧❡❛t♦r✐❛✱ ♣❛r❛ s❡r ❡s❝❛❧♦♥❛❞♦✳ ❊st❡ ❢♦r♠❛t♦ ❞❡

❡s❝♦❧❤❛ ♣❡r♠✐t❡ q✉❡ ❞✐❢❡r❡♥t❡s s♦❧✉çõ❡s s❡❥❛♠ ❣❡r❛❞❛s ❛ ❝❛❞❛ ✐t❡r❛çã♦ ●❘❆❙P✳ ❙❡♠♣r❡

q✉❡ ✉♠ ♣✐✈ô ❝❡♥tr❛❧ é ❡s❝❛❧♦♥❛❞♦✱ ❡❧❡ é r❡t✐r❛❞♦ ❞❛ ❧✐st❛ ♣r✐♥❝✐♣❛❧ ❡ ❞❛ ▲❘❈✱ ♣❛ss❛♥❞♦

❛ ❝♦♠♣♦r ❛♣❡♥❛s ❛ s♦❧✉çã♦ ❝♦rr❡♥t❡ ✭S✮ ❞♦ ♣r♦❜❧❡♠❛✳ ▼♦str❛♠♦s✱ ❡♠ ♣s❡✉❞♦✲❝ó❞✐❣♦✱

❛ ❢❛s❡ ❞❡ ❝♦♥str✉çã♦ ❞❛ ❤❡✉ríst✐❝❛✳

Pr♦❝❡❞✐♠❡♥t♦ ❈♦♥st❙♦❧■♥✐❝●✉❧♦s❛❆❧❡❛t♦r✐❛(α)❀

✭ α ❞❡✜♥❡ ♦ t❛♠❛♥❤♦ ❞❛ ❧✐st❛ r❡str✐t❛ ❞❡ ❝❛♥❞✐❞❛t♦s ♦✉ ▲❘❈ ✮

✶ S = {}❀

✷ ❊♥q✉❛♥t♦ ✏S ♥ã♦ ❡st✐✈❡r ❝♦♠♣❧❡t❛✑ ❢❛ç❛

✸ ❈♦♥s▲❘❈(LRC,α)❀

✹ pivo ❂ ❙❡❧❡❝❆❧❡❛t❊❧❡♠(LRC)❀

✺ S = S ∪ pivo❀

✻ ❊s❝❛❧♦♥❛P✐✈♦(pivo)❀

✼ ❋✐♠❊♥q✉❛♥t♦❀

✽ ❘❡t♦r♥❡ S❀

❋✐♠ ❈♦♥st❙♦❧■♥✐❝●✉❧♦s❛❆❧❡❛t♦r✐❛
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✸✳✸✳✷ ▼♦✈✐♠❡♥t♦ ❡ ❡①♣❧♦r❛çã♦ ❞❛ ✈✐③✐♥❤❛♥ç❛

❆♣ós ♦❜t❡r♠♦s ✉♠❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ S✱ ❝♦♥s✉❧t❛✲s❡ ❛ ❡str✉t✉r❛ ❞❡ ✈✐③✐♥❤❛♥ç❛ V iz(S)

r❡❧❛t✐✈❛ à ❡ss❛ s♦❧✉çã♦ S✳ ❆s s♦❧✉çõ❡s ✐♥✐❝✐❛✐s ❞♦ ●❘❆❙P ♥ã♦ sã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡

ót✐♠♦s ❧♦❝❛✐s✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❢❛③✲s❡ ♥❡❝❡ssár✐❛ ❛ ❛♣❧✐❝❛çã♦ ❞❡ ✉♠ ♣r♦❝❡❞✐♠❡♥t♦

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

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

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

s♦❧✉çã♦ ♠❡❧❤♦r é ❡♥❝♦♥tr❛❞❛✳

❆❝♦♠♣❛♥❤❛♥❞♦ ♦ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❛ s❡❣✉✐r✱ ♣♦❞❡✲s❡ ❡♥t❡♥❞❡r ❛ ✐❞é✐❛ ❞❡ ✉♠❛

❜✉s❝❛ ❧♦❝❛❧ ❣❡♥ér✐❝❛✳

Pr♦❝❡❞✐♠❡♥t♦ BuscaLocal(S, V iz(S))❀

✭ S é ❛ s♦❧✉çã♦ ❛t✉❛❧ ❡♥❝♦♥tr❛❞❛ ✮

✶ ❊♥q✉❛♥t♦ ✏S ♥❛♦ é ❧♦❝❛❧♠❡♥t❡ ót✐♠❛✑ ❢❛ç❛

✷ ❊♥❝♦♥tr❛r ❛ ♠❡❧❤♦r s♦❧✉❝❛♦ S ′ ∈ V iz(S)❀

✸ S ← S ′❀

✹ ❋✐♠ ❡♥q✉❛♥t♦

✺ ❘❡t♦r♥❡✭S✮❀

❋✐♠ ❇✉s❝❛▲♦❝❛❧

❆ ✈✐③✐♥❤❛♥ç❛ ❞♦ ♠ét♦❞♦ ✐♠♣❧❡♠❡♥t❛❞♦ é ❞❡✜♥✐❞❛ ❝♦♠♦ ♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡

✉♠ ♣✐✈ô✱ s❡♥❞♦ q✉❡ q✉❛♥❞♦ ✉♠❛ ✈✐③✐♥❤❛♥ç❛ é s❡❧❡❝✐♦♥❛❞❛ ❡st❛♠♦s ❞✐③❡♥❞♦ q✉❡ ✉♠

♣✐✈ô ❝❡♥tr❛❧ ❢♦✐ s❡❧❡❝✐♦♥❛❞♦ ❡ s♦❢r❡rá ❛❧t❡r❛çõ❡s ❡♠ s❡✉ ❡s❝❛❧♦♥❛♠❡♥t♦✳ ❆ ❡s❝♦❧❤❛ ❞❛

✈✐③✐♥❤❛♥ç❛ é ❢❡✐t❛ ❞❡ ❢♦r♠❛ ❛❧❡❛tór✐❛✳

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

♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❥❛♥❡❧❛s ❝♦♥s❡❝✉t✐✈❛s ♥♦t✉r♥❛s ♣♦ssí✈❡❧✳ P❛r❛ ❝♦♥s❡❣✉✐r ê①✐t♦ ♥❡st❛

♦♣❡r❛çã♦✱ ❥á q✉❡ ❛s ❥❛♥❡❧❛s ♥♦t✉r♥❛s ❡st❛rã♦ ❜❡♠ ♣ró①✐♠❛s ❞❡ s❡✉ ❧✐♠✐t❡ ♠á①✐♠♦✱ ♦✉✲

tr♦s ♣✐✈ôs t❡rã♦ s❡✉ ❡s❝❛❧♦♥❛♠❡♥t♦ ❛❧t❡r❛❞♦s ❡ ♣r♦✈❛✈❡❧♠❡♥t❡ s❡rã♦ ♣r❡❥✉❞✐❝❛❞♦s✱ ♣♦✐s

t❡rã♦ q✉❡ s❡r r❡❛❧♦❝❛❞♦s ♣❛r❛ ❡♠ ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ q✉❡ ♥ã♦ ✈✐♦❧❡ ♥❡♥❤✉♠❛ r❡str✐çã♦✳
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❈❛s♦ ♦ ♠♦✈✐♠❡♥t♦ ❞❡ ✈✐③✐♥❤❛♥ç❛ V iz(S) ❣❡r❡ ✉♠❛ s♦❧✉çã♦ ♠❡❧❤♦r q✉❡ ❛ s♦❧✉çã♦

S✱ ❛ s♦❧✉çã♦ ❛t✉❛❧ S ❛ss✉♠✐rá ♦s ✈❛❧♦r❡s ❞❡ V iz(S)✳ ❈❛s♦ ❝♦♥trár✐♦✱ S ♥ã♦ s♦❢r❡rá

♠♦❞✐✜❝❛çõ❡s✳

✸✳✹ ❖ s✐st❡♠❛ ❣❡r❡♥❝✐❛❞♦r

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

❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ ❛✉①✐❧✐❛r ♥❛ ♠❛♥✐♣✉❧❛çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s ❞♦ ♣r♦❜❧❡♠❛ ❡ ❞♦s ❛❧✲

❣♦r✐t♠♦s✳

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

• ❢❛❝✐❧✐t❛r ❛ ♠❛♥✐♣✉❧❛çã♦ ❞♦s ❞❛❞♦s ❞♦ ♣r♦❜❧❡♠❛✱ ❛✉①✐❧✐❛♥❞♦ ❛ ✐♥s❡rçã♦ ❞❛s ✐♥❢♦r✲

♠❛çõ❡s ♥❛s ❡str✉t✉r❛s ❞❡ ❞❛❞♦s ❞❡✜♥✐❞❛s ♥♦s ❛❧❣♦r✐t♠♦s❀

• ♦❢❡r❡❝❡r ♦♣çã♦ ❞❡ ❡①❡❝✉t❛r ♦s ❛❧❣♦r✐t♠♦s ❞❡s❡♥✈♦❧✈✐❞♦s ❝♦♠ ♣❛ss❛❣❡♠ ❞❡ ♣❛râ✲

♠❡tr♦s❀ ❡✱

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

❖ s✐st❡♠❛ ❢♦✐ t♦t❛❧♠❡♥t❡ ❞❡s❡♥✈♦❧✈✐❞♦ ❞❡♥tr♦ ❞♦ ♣❛r❛❞✐❣♠❛ ♦r✐❡♥t❛❞♦ ❛ ♦❜❥❡t♦s

✭❉❡✐t❡❧ ❛♥❞ ❉❡✐t❡❧✱ ✷✵✵✶✮✳ ❆ ♣r♦❣r❛♠❛çã♦ ♦r✐❡♥t❛❞❛ ❛ ♦❜❥❡t♦s é ✉t✐❧✐③❛❞❛ ♥❛ tr♦❝❛

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

♦♣❡r❛çõ❡s ❡ ❞❛❞♦s ❞❛s ❞✐st✐♥t❛s ❝❧❛ss❡s ❡ ♣❛❝♦t❡s✳ ❆ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s ❛❞♦t❛❞❛

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

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

❞❡ ✐♥❢♦r♠❛çõ❡s✳

❇❛s✐❝❛♠❡♥t❡✱ ♦ s✐st❡♠❛ ❢♦✐ ❞✐✈✐❞✐❞♦ ❡♠ três ♣❛❝♦t❡s ❞❡♥♦♠✐♥❛❞♦s r❡s♣❡❝t✐✈❛✲

♠❡♥t❡ ❝♦♠♦ ❉❛❞♦s✱ ❆❧❣♦r✐t♠♦s ❡ ■♥t❡r❢❛❝❡s✳ ❆ ❞✐s♣♦s✐çã♦ ❞❛s ❝❧❛ss❡s ♥♦ s✐st❡♠❛ é

❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✸✳✸✳

✸✳✹✳✶ ❊str✉t✉r❛s ❞❡ ❞❛❞♦s

◆♦ ♣❛❝♦t❡ ❉❛❞♦s✱ ❡①✐st❡♠ três ❝❧❛ss❡s q✉❡ ❛❜str❛❡♠ t♦❞♦ ♦ ♣r♦❜❧❡♠❛✳ ❊st❛s ❝❧❛s✲

s❡s ❝♦♠♣õ❡♠ t♦❞❛ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s ❞♦ ♣r♦❜❧❡♠❛✱ ♦✉ s❡❥❛✱ sã♦ r❡s♣♦♥sá✈❡✐s ♣♦r
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❋✐❣✉r❛ ✸✳✸✿ ❉✐❛❣r❛♠❛ ❞❡ ❝❧❛ss❡s ❞♦ ♣r♦❜❧❡♠❛✳

❛r♠❛③❡♥❛r t♦❞♦s ♦s ❞❛❞♦s r❡❢❡r❡♥t❡s ❛♦ ♣r♦❜❧❡♠❛✳

❈♦♠♦ ❞❡♠♦♥str❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✸✱ ♣♦ss✉í♠♦s ✉♠❛ ❝❧❛ss❡✱ ❝❤❛♠❛❞❛ ❏❛♥❡❧❛✱ q✉❡

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

♦✉ ♥ã♦✳

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

❢♦r♠❛çõ❡s r❡❧❡✈❛♥t❡s ❛♦s ♣✐✈ôs ❝❡♥tr❛✐s ❞♦ ♣r♦❜❧❡♠❛✱ s❡♥❞♦ ❝❛❞❛ ♦❜❥❡t♦ ✐♥st❛♥❝✐❛❞♦

❞❡st❛ ❝❧❛ss❡✱ r❡♣r❡s❡♥t❛♥t❡ ❞❡ ✉♠ ♣✐✈ô ❞♦ ♣r♦❜❧❡♠❛✳ ➱ ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡✱ ❝❛❞❛

♦❜❥❡t♦ ❞❛ ❝❧❛ss❡ P✐✈♦ ♣♦ss✉✐✱ ❡♠ s✉❛ ❝♦♠♣♦s✐çã♦✱ ✷✹ ♦❜❥❡t♦s ❞♦ t✐♣♦ ❏❛♥❡❧❛✱ ❞❡ ❢♦r♠❛

q✉❡ ❝❛❞❛ ✉♠ ❞♦s ♦❜❥❡t♦s r❡♣r❡s❡♥t❛ ♦ ❡st❛❞♦ ❞♦ ♣✐✈ô ❡♠ ✉♠❛ ❞❛s ❤♦r❛s ❞♦ ❞✐❛✳

❆ ú❧t✐♠❛ ❝❧❛ss❡ ❞❡st❡ ♣❛❝♦t❡ é ❛ ❝❧❛ss❡ ●r✉♣♦✱ ❝♦♠♣♦st❛ ♣♦r ♥♦ ♠í♥✐♠♦ ✉♠

♦❜❥❡t♦ ❞❛ ❝❧❛ss❡ P✐✈♦ ❡✱ ❛ss✐♠✱ r❡s♣♦♥sá✈❡❧ ♣♦r ❛❣r✉♣❛r ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ t♦❞♦ ♦

♣r♦❜❧❡♠❛✳ ❆s ✐♥stâ♥❝✐❛s ❞❡st❛ ❝❧❛ss❡ sã♦ r❡s♣♦♥sá✈❡✐s ♣♦r r❡♣r❡s❡♥t❛r ♦ ♣r♦❜❧❡♠❛

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

❛tr❛✈és ❞❡ s❡✉s ♠ét♦❞♦s ✐♠♣❧❡♠❡♥t❛❞♦s✳ ❯♠❛ ✐♥stâ♥❝✐❛ ❞❛ ❝❧❛ss❡ ●r✉♣♦ é ♦ ♣r✐♥❝✐♣❛❧

♣❛râ♠❡tr♦ à s❡r r❡❝❡❜✐❞♦ ♣❡❧♦s ❛❧❣♦r✐t♠♦s✳
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✸✳✹✳✷ ❆s ✐♥t❡r❢❛❝❡s

❖ s✐st❡♠❛ ❡s❝❛❧♦♥❛❞♦r ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ❝♦♥t❡♥❞♦ três ✐♥t❡r❢❛❝❡s ❢✉♥✲

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

❛♦ ♣r♦❜❧❡♠❛✱ ❡ ❛s ♦✉tr❛s ❞✉❛s✱ ❛ ❢✉♥çã♦ ❞❡ ✐♥❢♦r♠❛r ♦s ♣❛râ♠❡tr♦s ❡ ❢❛③❡r ❛ ❝❤❛♠❛❞❛

❞♦s ❛❧❣♦r✐t♠♦s✳

❆ ✐♥t❡r❢❛❝❡ ✐♥✐❝✐❛❧✱ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❋✐❣✉r❛ ✸✳✹✱ é ❛ r❡s♣♦♥sá✈❡❧ ♣♦r ❛♣r❡s❡♥t❛r

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

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

❞✉r❛♥t❡ s✉❛ ❡①❡❝✉çã♦✳

◆❛ ❛❜❛ P✐✈ôs ■♥❞✐✈✐❞✉❛✐s✱ ❡♥❝♦♥tr❛✲s❡ ❞♦ ❧❛❞♦ ❡sq✉❡r❞♦ ✉♠❛ ár✈♦r❡ ❞❡ ♣✐✈ôs

❝❡♥tr❛✐s✱ q✉❡ ♣❡r♠✐t❡ ♦ ❛❝❡ss♦ ❛ t♦❞♦s ♦s ♣✐✈ôs ❝❡♥tr❛✐s ❞♦ s✐st❡♠❛✳ ❚♦❞♦s ♦s ♣✐✈ôs✱

✐♥s❡r✐❞♦s ♥❡st❛ ár✈♦r❡✱ sã♦ r❡❢❡r❡♥❝✐❛❞♦s ❝♦♠ ♦ ♥♦♠❡ ❛tr✐❜✉í❞♦ ❛♦ ♠❡s♠♦ ❞✉r❛♥t❡ s❡✉

❝❛❞❛str♦✳ P❛r❛ ✈✐s✉❛❧✐③❛r ❛s ✐♥❢♦r♠❛çõ❡s ❞❡ ❛❧❣✉♠ ♣✐✈ô ❝❡♥tr❛❧✱ ❜❛st❛ ❝♦❧♦❝❛r ♦ ❢♦❝♦

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

❡s❝❛❧❛ ❛t✉❛❧✱ s❡rã♦ ❛♣r❡s❡♥t❛❞❛s ♥♦ ❧❛❞♦ ❞✐r❡✐t♦✳

❆❧é♠ ❞❛s ✐♥❢♦r♠❛çõ❡s ✐♥❞✐✈✐❞✉❛✐s ❞❡ ❝❛❞❛ ♣✐✈ô ❝❡♥tr❛❧✱ é ♣♦ssí✈❡❧ ✈✐s✉❛❧✐③❛r

♦ ❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ t♦❞♦s ♦s ♣✐✈ôs ♥❛ ❛❜❛ ●❡r❛❧✳ ◆❡❧❛✱ é ❛♣r❡s❡♥t❛❞❛ ❛ s♦❧✉çã♦ ❞♦

❛❧❣♦r✐t♠♦✱ ❣❡r❛❞❛ ❡♠ ✉♠❛ t❛❜❡❧❛ ❝♦♠ ❢♦r♠❛t❛çã♦ ❍❚▼▲✱ ❝♦♥t❡♥❞♦ t♦❞❛s ❛s ❥❛♥❡❧❛s

❞❡ t❡♠♣♦✱ ❞❡ t♦❞♦s ♦s ♣✐✈ôs ❝❡♥tr❛✐s✱ ✐♥❞✐❝❛♥❞♦ s❡ ♦ ♣✐✈ô ❝❡♥tr❛❧ ❞❡✈❡rá ♦✉ ♥ã♦ ❡st❛r

❡♠ ❢✉♥❝✐♦♥❛♠❡♥t♦✳

❆s ❞❡♠❛✐s ✐♥t❡r❢❛❝❡s sã♦ r❡s♣♦♥sá✈❡✐s✱ ❝❛❞❛ ✉♠❛✱ ♣♦r ♣❛ss❛r ♦s ♣❛râ♠❡tr♦s ❞❡

✉♠ ❞♦s ❛❧❣♦r✐t♠♦s✳ ❖ ❢❛t♦ ❞❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ♣♦ss✉✐r s✉❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s ❥✉st✐✜❝❛ ❛

♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉♠❛ ✐♥t❡r❢❛❝❡ ❡s♣❡❝í✜❝❛ ♣❛r❛ ❝❛❞❛ ✉♠✳ ❆❧é♠ ❞❡ ✐♥❢♦r♠❛r ♦s ♣❛râ♠❡tr♦s

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

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

❡ ❛❧❣✉♥s ✈❛❧♦r❡s ❛t✉❛✐s ❡✴♦✉ ♣❛r❝✐❛✐s✱ ❝♦♠♦ t❡♠♣♦ ❞❡ ❡①❡❝✉çã♦✱ ♥ú♠❡r♦ ❞❡ ❡①❡❝✉çõ❡s

❡ r❡s✉❧t❛❞♦ ❛t✉❛❧✱ ♣♦r ❡①❡♠♣❧♦✳

✹✸



❋✐❣✉r❛ ✸✳✹✿ ■♥t❡r❢❛❝❡ ♣r✐♥❝✐♣❛❧✳ ❆♣r❡s❡♥t❛ ❞❛❞♦s ❞❡ t♦❞♦s ♦s ♣✐✈ôs ❝❡♥tr❛✐s ❡ ❞❛

s♦❧✉çã♦ ❞❡ ❝❛❞❛ ♠ét♦❞♦✳ ✹✹



❋✐❣✉r❛ ✸✳✺✿ ■♥t❡r❢❛❝❡ ❞❡ ♣❛râ♠❡tr♦s ♣❛r❛ ♦ ♠ét♦❞♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✳

✸✳✹✳✸ ❆♣❧✐❝❛çã♦ ❞♦s ❛❧❣♦r✐t♠♦s

◆♦ ♣❛❝♦t❡ ❆❧❣♦r✐t♠♦s ❡①✐st❡♠ ❞✉❛s ❝❧❛ss❡s✱ r❡s♣♦♥sá✈❡✐s ♣❡❧❛ ❡①❡❝✉çã♦ ❞❛s ♠❡t❛❤❡✉✲

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

❛♥t❡r✐♦r♠❡♥t❡ ✭s❡çõ❡s ✸✳✷ ❡ ✸✳✸✮✳ ❆♠❜❛s ❛s ❝❧❛ss❡s ♣♦ss✉❡♠ ❛❝❡ss♦ à ❡str✉t✉r❛ ❞❡

❞❛❞♦s ❝♦♥str✉í❞❛✱ ❛tr❛✈és ❞❡ ✐♥stâ♥❝✐❛s ❞❛ ❝❧❛ss❡ ●r✉♣♦✱ ❝♦♥t✐❞❛ ♥♦ ♣❛❝♦t❡ ❉❛❞♦s✳

❉❡st❛ ❢♦r♠❛✱ t♦❞❛s ❛s ❝❧❛ss❡s ❞❡st❡ ♣❛❝♦t❡ ♣♦❞❡♠ ❧❡r ❡ ♠♦❞✐✜❝❛r ♦ ❡s❝❛❧♦♥❛♠❡♥t♦✱

❛tr❛✈és ❞♦s ♠ét♦❞♦s ❞✐s♣♦♥✐❜✐❧✐③❛❞♦s ♣❡❧♦ ♣❛❝♦t❡ ❉❛❞♦s✳

❯♠❛ ❞❛s ❝❧❛ss❡s ✐♠♣❧❡♠❡♥t❛❞❛s é ❛ ❙❆✱ ❝✉❥♦ ♥♦♠❡ ❢❛③ r❡❢❡rê♥❝✐❛ à s✐❣❧❛ ❞♦

❛❧❣♦r✐t♠♦ q✉❡ ❛ ♠❡s♠❛ ❡①❡❝✉t❛✳ ❊st❛ ❝❧❛ss❡ ❡①❡❝✉t❛ ♦ ♠ét♦❞♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✱

s❡♥❞♦ ♥❡❝❡ssár✐♦ ✐♥❢♦r♠❛r✱ ♦❜r✐❣❛t♦r✐❛♠❡♥t❡✱ q✉❛❧ ♦ ●r✉♣♦ q✉❡ s❡rá ❡s❝❛❧♦♥❛❞♦✳ ❖♣✲

❝✐♦♥❛❧♠❡♥t❡✱ ♣♦❞❡♠ s❡r ♣❛ss❛❞♦s ❛❧❣✉♥s ♣❛râ♠❡tr♦s ❞❡ ❡①❡❝✉çã♦ q✉❡ ✐♥✢✉❡♥❝✐❛♠ ♥♦

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

❞❡ ❛❝❡✐t❛çã♦ ❞❡ ót✐♠♦s ❧♦❝❛✐s ✭▼❡tr♦♣♦❧✐s ❡t ❛❧✳✱ ✶✾✺✸✮✳ ❖s ♣❛râ♠❡tr♦s ♣❛r❛ ♦ ❙❆ sã♦

✐♥❢♦r♠❛❞♦s ♥❛ ✐♥t❡r❢❛❝❡ ❞❡ ♣❛râ♠❡tr♦s ❞♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❧✐♥❣✱ ✐❧✉str❛❞❛ ♥❛ ✜❣✉r❛ ✸✳✺✳

❆ ♦✉tr❛ ❝❧❛ss❡ ✐♠♣❧❡♠❡♥t❛❞❛ ❢♦✐ ❝❤❛♠❛❞❛ ❞❡ ●❘❆❙P✱ ♥✉♠❛ r❡❢❡rê♥❝✐❛ ❞✐r❡t❛

❛♦ ❛❧❣♦r✐t♠♦ q✉❡ ❛ ♠❡s♠❛ ❡①❡❝✉t❛✳ ❆ss✐♠ ❝♦♠♦ ❛ ❙❆✱ ●❘❆❙P ❡①❡❝✉t❛ ♦ ♠ét♦❞♦

✹✺



♣r♦♣♦st♦✱ s❡♥❞♦ ♥❡❝❡ssár✐♦ ✐♥❢♦r♠❛r✱ ♦❜r✐❣❛t♦r✐❛♠❡♥t❡✱ q✉❛❧ ♦ ●r✉♣♦ q✉❡ s❡rá ❡s❝❛❧♦✲

♥❛❞♦✳ P♦ss✉✐ ❝♦♠♦ ♣❛râ♠❡tr♦s ❛❧❣✉♠❛s ♦♣çõ❡s q✉❡ ✐♥✢✉❡♥❝✐❛♠ ❛ ❢♦r♠❛ ❞❡ ❜✉s❝❛ ❞❛s

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

❞✉r❛♥t❡ ❛ ❡①❡❝✉çã♦✳ ❖s ♣❛râ♠❡tr♦s ♣❛r❛ ♦ ●❘❆❙P sã♦ ✐♥❢♦r♠❛❞♦s ♥❛ ✐♥t❡r❢❛❝❡ ❞❡

♣❛râ♠❡tr♦s ❞♦ ●❘❆❙P✱ ✐❧✉str❛❞❛ ♥❛ ✜❣✉r❛ ✸✳✻✳

❋✐❣✉r❛ ✸✳✻✿ ■♥t❡r❢❛❝❡ ❞❡ ♣❛râ♠❡tr♦s ♣❛r❛ ♦ ♠ét♦❞♦ ●❘❆❙P✳

✸✳✹✳✹ ❊♥tr❛❞❛ ❞♦ s✐st❡♠❛ ❣❡r❡♥❝✐❛❞♦r

❆ ❡♥tr❛❞❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ♥♦ s✐st❡♠❛ é ❢❡✐t❛ ❛tr❛✈és ❞❡ ❛rq✉✐✈♦s ❝♦♠ ✐♥❢♦r♠❛çõ❡s ❡♠

❢♦r♠❛t♦ ❆❙❈■■✳ ❆♣❡s❛r ❞❡ s❡r ✉♠ ❛rq✉✐✈♦ ❞❡ t❡①t♦✱ ❛ ❡①t❡♥sã♦ ♣❛❞rã♦ ♣❛r❛ ❛rq✉✐✈♦s

❞❡st❡ s✐st❡♠❛ é ❛ ✳P■❱✳

❉❡♥tr♦ ❞❡ ✉♠ ❛rq✉✐✈♦ ✳P■❱✱ ❝❛❞❛ ❧✐♥❤❛ ❛r♠❛③❡♥❛ ✐♥❢♦r♠❛çõ❡s ❞❡ ✉♠ ♣✐✈ô ❝❡♥✲

tr❛❧ ❞✐❢❡r❡♥t❡✳ ❚♦❞❛s ❛s ✐♥❢♦r♠❛çõ❡s ❞❡✈❡♠ ❡st❛r ♦r❣❛♥✐③❛❞❛s ❞❡ ♠❛♥❡✐r❛ ❝♦♥s❡❝✉t✐✈❛

❡ s❡❣✉✐♥❞♦ ❛ s❡q✉❡♥❝✐❛ ♣ré✲❞❡t❡r♠✐♥❛❞❛✳ ❆s ✐♥❢♦r♠❛çõ❡s r❡❧❡✈❛♥t❡s s♦❜r❡ ✉♠ ♣✐✈ô

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

• ◆♦♠❡ ❞♦ ♣✐✈ô ❝❡♥tr❛❧✱ q✉❡ s❡rá ♦ ✐❞❡♥t✐✜❝❛❞♦r ❞❡st❡ ♣✐✈ô ♥♦ s✐st❡♠❛❀

• ❍♦r❛s ❞❡ ✐rr✐❣❛çã♦✱ q✉❡ ❞❡✈❡rá s❡r ✉♠ ✈❛❧♦r ✐♥t❡✐r♦❀

✹✻



• ❉❡♠❛♥❞❛ ❞❡ á❣✉❛✱ q✉❡ ❞❡✈❡rá s❡r ✉♠ ✈❛❧♦r r❡❛❧❀

• P♦tê♥❝✐❛ ❝♦♥s✉♠✐❞❛ ❡♠ ❑❲✴❤✱ q✉❡ ❞❡✈❡rá s❡r ✉♠ ✈❛❧♦r r❡❛❧✳

❈❛❞❛ ✐t❡♠ ❞❡ ✉♠❛ ❧✐♥❤❛ ❞❡✈❡ s❡r s❡♣❛r❛❞❛ ♣❡❧♦ ❝❛r❛❝t❡r ❵✱✬ ✭✈ír❣✉❧❛✮✱ ❡♥q✉❛♥t♦

q✉❡ ❛s ❝❛s❛s ❞❡❝✐♠❛✐s ❞❡✈❡rã♦ s❡r s❡♣❛r❛❞❛s ♣❡❧♦ ❝❛r❛❝t❡r ❵✳✬ ✭♣♦♥t♦✮✱ ❝♦♥❢♦r♠❡ ❡①❡♠✲

♣❧♦ ❞❛ ✜❣✉r❛ ✸✳✼✳

❆ ♣❛rt✐r ❞❛ ❧❡✐t✉r❛ ❞♦ ❛rq✉✐✈♦✱ t♦❞❛s ❛s ✐♥❢♦r♠❛çõ❡s sã♦ ✐♥s❡r✐❞❛s ♥❛s ❡str✉t✉r❛s

❞❡ ❞❛❞♦s ❞♦ s✐st❡♠❛ ❛✉t♦♠❛t✐❝❛♠❡♥t❡✳

❋✐❣✉r❛ ✸✳✼✿ ❊①❡♠♣❧♦ ❞❡ ❛rq✉✐✈♦ ❞❡ ❡♥tr❛❞❛✳

✸✳✹✳✺ ❙❛í❞❛ ❞♦ s✐st❡♠❛ ❣❡r❡♥❝✐❛❞♦r

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

❡①♣♦rt❛❞❛ ♣❛r❛ ✉♠ ❛rq✉✐✈♦ ❝♦♠ ❢♦r♠❛t♦ ❍❚▼▲ q✉❡✱ ✐♠❡❞✐❛t❛♠❡♥t❡✱ é ❛♣r❡s❡♥t❛❞♦

♥♦ s✐st❡♠❛✳ P♦r ❤❛✈❡r ✉♠ ✈♦❧✉♠❡ ❞❡ ✐♥❢♦r♠❛çõ❡s ♠✉✐t♦ ❛❧t♦✱ ❢❛③✲s❡ ♥❡❝❡ssár✐♦ q✉❡

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

❖s ❞❛❞♦s ❡stã♦ ❞✐s♣♦st♦s ❡♠ ✉♠❛ t❛❜❡❧❛✱ ❞❡ ❢♦r♠❛ q✉❡ ❝❛❞❛ ❧✐♥❤❛ ♣♦ss✉✐ ✐♥❢♦r✲

♠❛çõ❡s ❞❡ ✉♠ P✐✈ô ❈❡♥tr❛❧ ❡ ❝❛❞❛ ❝♦❧✉♥❛ s❡ r❡❢❡r❡ ❛ ✉♠❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦ ❞✐❢❡r❡♥t❡✳

❖♥❞❡ ❢♦r ❡♥❝♦♥tr❛❞♦ ♦s ❝❛r❛❝t❡r❡s ❵❳❳❳✬✱ q✉❡r ❞✐③❡r q✉❡ ♦ ♣✐✈ô ❝❡♥tr❛❧ ❡st❛rá ❡♠

✹✼



❢✉♥❝✐♦♥❛♠❡♥t♦ ♥❛ r❡s♣❡❝t✐✈❛ ❥❛♥❡❧❛ ❞❡ t❡♠♣♦✱ ♦♥❞❡ ❢♦r ❡♥❝♦♥tr❛❞♦ ♦s ❝❛r❛❝t❡r❡s ❵✖

✬✱ q✉❡r ❞✐③❡r q✉❡ ♦ ♣✐✈ô ❝❡♥tr❛❧ ❡st❛rá ♦❝✐♦s♦✳ ❉❡st❛ ❢♦r♠❛ é ♣♦ssí✈❡❧ ✈✐s✉❛❧✐③❛r ♦

❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ t♦❞♦s ♦s ♣✐✈ôs✱ s✐♠✉❧t❛♥❡❛♠❡♥t❡✳ ❆ ❋✐❣✉r❛ ✸✳✽ ❛♣r❡s❡♥t❛ ✉♠ ❡①❡♠✲

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

❢♦r♠❛t❛çã♦ ♣r♦♣♦st❛✳

✸✳✺ Pr♦❜❧❡♠❛s t❡st❡

❉✉r❛♥t❡ ❛ ✈❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦✱ ♣❡q✉❡♥♦s ❣r✉♣♦s ❞❡ ♣✐✈ôs ❢♦r❛♠ ❡♠✉❧❛❞♦s ♣❛r❛ ✐♥s❡r✲

çã♦ ♥♦ s✐st❡♠❛✳ ❖ ♣r✐♥❝✐♣❛❧ ♣r♦❜❧❡♠❛ t❡st❡ ✉t✐❧✐③❛❞♦ ❢♦✐ ❜❛t✐③❛❞♦ ❝♦♠♦ ❵✶✵♣✐✈♦s✳♣✐✈✬✳

◆❡❧❡ ❤á ✐♥❢♦r♠❛çõ❡s ❞❡ ✶✵ ♣✐✈ôs ❝❡♥tr❛✐s r❡❛✐s q✉❡ s✉❜♠❡t❡♠♦s ❛ ❞✐✈❡rs♦s t❡st❡s ♥♦

▲■◆●❖ ❡ ♥♦s ❛❧❣♦r✐t♠♦s ❝r✐❛❞♦s✳ P♦r s❡ tr❛t❛r ❞❡ ✉♠ ❝♦♥❥✉♥t♦ r❡str✐t♦ ❞❡ ♣✐✈ôs✱ ❛s

❡①❡❝✉çõ❡s ❡r❛♠ rá♣✐❞❛s ❡ ❛s ❞✐♠❡♥sõ❡s ❞❛s ✈❛r✐á✈❡✐s ❡r❛♠ ♠❡♥♦r❡s✱ ❢❛❝✐❧✐t❛♥❞♦ ❛ ❛♥á✲

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

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

✉t✐❧✐③❛❞♦s ❝♦♠ ❡st❛s ✐♥stâ♥❝✐❛s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ t❛❜❡❧❛ ✸✳✶✳

❚❛❜❡❧❛ ✸✳✶✿ Pr♦❜❧❡♠❛ t❡st❡ ❝♦♠ ✶✵ ♣✐✈ôs ❝❡♥tr❛✐s✳

P✐✈ô ❝❡♥tr❛❧ ❍♦r❛s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ➪❣✉❛ ✉t✐❧✐③❛❞❛ P♦tê♥❝✐❛ ❞✐ss✐♣❛❞❛

P✐✈ô ✵✶ ✶✸ ✼✽✵✵ m3/hora ✷✵✵✵ ❑❲✴❤

P✐✈ô ✵✷ ✶✶ ✻✻✵✵ m3/hora ✷✵✵✵ ❑❲✴❤

P✐✈ô ✵✸ ✶✹ ✽✹✵✵ m3/hora ✹✵✵✵ ❑❲✴❤

P✐✈ô ✵✹ ✶✺ ✾✵✵✵ m3/hora ✹✵✵✵ ❑❲✴❤

P✐✈ô ✵✺ ✶✺ ✾✵✵✵ m3/hora ✹✵✵✵ ❑❲✴❤

P✐✈ô ✵✻ ✶✾ ✶✶✹✵✵ m3/hora ✻✵✵✵ ❑❲✴❤

P✐✈ô ✵✼ ✼ ✹✷✵✵ m3/hora ✷✵✵✵ ❑❲✴❤

P✐✈ô ✵✽ ✺ ✸✵✵✵ m3/hora ✷✵✵✵ ❑❲✴❤

P✐✈ô ✵✾ ✶✽ ✶✵✽✵✵ m3/hora ✺✵✵✵ ❑❲✴❤

P✐✈ô ✶✵ ✶✽ ✶✵✽✵✵ m3/hora ✺✵✵✵ ❑❲✴❤

❆❧❣✉♠❛s ✐♥stâ♥❝✐❛s ♠❛✐♦r❡s ❢♦r❛♠ ❣❡r❛❞❛s✱ ♣❛r❛ ❛✈❛❧✐❛r♠♦s ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦

✹✽



❋✐❣✉r❛ ✸✳✽✿ ❋♦r♠❛t♦ ❞❛ s❛í❞❛ ❣❡r❛❞❛ ♣❡❧♦ s✐st❡♠❛✳ ❆♣r❡s❡♥t❛ ❛ ❡s❝❛❧❛ ❞❡ t♦❞♦s ♦s

♣✐✈ôs ❝❡♥tr❛✐s ❞✉r❛♥t❡ ♦ ❞✐❛✳

✹✾



❛❧❣♦r✐t♠♦✳ ❉❡st❛ ❢♦r♠❛ ❢♦r❛♠ ❣❡r❛❞❛s ✐♥stâ♥❝✐❛s ❞❡ t❡st❡s ❝♦♠ ❛té ✸✵✵ ♣✐✈ôs ❝❡♥tr❛✐s✳

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

çõ❡s ♣❡rt✐♥❡♥t❡s ❛♦ s✐st❡♠❛ ❞❡ t♦❞♦s ♦s ✶✽✵ ♣✐✈ôs ❝❡♥tr❛✐s ❞♦ Pr♦❥❡t♦ P❛r❛❝❛t✉✲❊♥tr❡

❘✐❜❡✐r♦s✳ ❚♦❞❛s ❡st❛s ✐♥❢♦r♠❛çõ❡s ❢♦r❛♠ tr❛♥s❢♦r♠❛❞❛s ❡♠ ✉♠ ❛rq✉✐✈♦ ❞♦ t✐♣♦ ❵✳P■❱✬

♣❛r❛ ❢✉t✉r❛ s✉❜♠✐ssã♦ ❛♦s ❛❧❣♦r✐t♠♦s ❣❡r❛❞♦s✳ ❆s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❡st❡ t❡st❡ ♣♦❞❡

s❡r ❡♥❝♦♥tr❛❞❛ ♥♦ ❆♣ê♥❞✐❝❡ ❆✳

✺✵



❈❛♣ít✉❧♦ ✹

❘❡s✉❧t❛❞♦s ❡ ❉✐s❝✉ssã♦

✹✳✶ ❱❛❧✐❞❛çã♦ ❞♦ ▼♦❞❡❧♦

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

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

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

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

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

❆ ❢❡rr❛♠❡♥t❛ ❡s❝♦❧❤✐❞❛ ♣❛r❛ ❢❛③❡r ❛ ✈❛❧✐❞❛çã♦ ❢♦✐ ♦ s♦❢t✇❛r❡ ▲■◆●❖✱ ❞❡✈✐❞♦ ❛

s✉❛ ❢❛❝✐❧✐❞❛❞❡ ❞❡ ✉s♦ ❡ ♣♦r ❛t❡♥❞❡r ❛s ♥❡❝❡ss✐❞❛❞❡s ❡♥❝♦♥tr❛❞❛s✳ P♦ré♠ ♦ ▲■◆●❖ ♣♦s✲

s✉✐ ❛❧❣✉♠❛s ❧✐♠✐t❛çõ❡s ❜❛s❡❛❞❛s ♥♦s ♠ét♦❞♦s ❞❡ r❡s♦❧✉çã♦ q✉❡ sã♦ ✉t✐❧✐③❛❞♦s✳ ❉❡st❛

❢♦r♠❛✱ ❝❛s♦ ♦ ♣r♦❜❧❡♠❛ ♣♦ss✉❛ r❡str✐çõ❡s ♠✉✐t♦ ❛♣❡rt❛❞❛s ❡✴♦✉ ✉♠ ♥ú♠❡r♦ ❞❡ ✈❛✲

r✐á✈❡✐s ♠✉✐t♦ ❛♠♣❧♦✱ ♦ ▲■◆●❖ ♣♦❞❡ t❡r ❞✐✜❝✉❧❞❛❞❡s ❡♠ ❛♣r❡s❡♥t❛r s✉❛ s♦❧✉çã♦ ❡♠

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

ót✐♠♦s ❧♦❝❛✐s✳

❱✐s❛♥❞♦ t♦r♥❛r ❛ ✈❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦ ❡ ❞♦s ❛❧❣♦r✐t♠♦ ❝♦♥str✉í❞♦s ✈✐á✈❡❧✱ t❡st❡s

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

❡♠ ❛❧❣✉♠❛s ✐♥stâ♥❝✐❛s✱ ♦♥❞❡ ❝❛❞❛ ✐♥stâ♥❝✐❛ s✐❣♥✐✜❝❛✈❛ ✉♠ ❞✐❢❡r❡♥t❡ ✈❛❧♦r ❞❡ ✈❛③ã♦ ❞❡

á❣✉❛ ❞✐s♣♦♥í✈❡❧ ❛♦s ♣✐✈ôs ❝❡♥tr❛✐s✳

❆ ♣r✐♥❝✐♣❛❧ ✐♥stâ♥❝✐❛ ❞♦s t❡st❡s ❞❡ ✈❛❧✐❞❛çã♦ ♣♦ss✉✐ ✶✵ ♣✐✈ôs ❝❡♥tr❛✐s ❞✐st✐♥t♦s✱

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

✺✶



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

✐♥stâ♥❝✐❛✱ ❝♦♠ ✉♠❛ ✈❛③ã♦ ❞❡ 2.916, 67m3 ❞❡ á❣✉❛ ♣♦r ❤♦r❛✱ ❢♦✐ ♠♦♥t❛❞❛ ✈✐s❛♥❞♦

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

♣♦ss❛ s❡r ❝♦♥str✉í❞❛ ❝♦♠ r❡❧❛t✐✈❛ ❢❛❝✐❧✐❞❛❞❡✳ ❆ s❡❣✉♥❞❛ ✐♥stâ♥❝✐❛✱ ❝♦♠ 2.500m3 ❞❡

á❣✉❛ ♣♦r ❤♦r❛✱ ♣♦ss✉✐ ♦ r❡❝✉rs♦ ✉♠ ♣♦✉❝♦ ♠❛✐s ❡s❝❛ss♦✱ ♠❛✐s ❛✐♥❞❛ ♥ã♦ ❝♦♠♣r♦♠❡t❡ ❛

s♦❧✉çã♦✳ ❏á ❛ t❡r❝❡✐r❛ ✐♥stâ♥❝✐❛✱ ❝♦♠ 2.291, 67m3 ❞❡ á❣✉❛ ♣♦r ❤♦r❛✱ ❛♣❡s❛r ❞❡ ♣♦ss✉✐r

✉♠❛ q✉❛♥t✐❞❛❞❡ ❞❡ á❣✉❛ ✈✐á✈❡❧✱ ❡①✐❣❡ ✉♠ ❡s❢♦rç♦ ♠✉✐t♦ ❛❧t♦ ❞♦ s✐st❡♠❛ ❡✱ ❛♣❡s❛r ❞❡

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

❞❡✜♥✐t✐✈❛✳ ➱ ✐♠♣♦rt❛♥t❡ s❛❧✐❡♥t❛r q✉❡ ♦ ▲■◆●❖ ❢❛③ ❛ ❜✉s❝❛ ❞❛ s♦❧✉çã♦ ót✐♠❛ ❣❧♦❜❛❧✱

♣♦❞❡♥❞♦ ❡♥❝♦♥tr❛r ❛♣❡♥❛s ♦ ót✐♠♦ ❧♦❝❛❧ ❡♠ ❛❧❣✉♥s ❝❛s♦s✳

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

❢❛❧❤❛s ❡♥❝♦♥tr❛❞❛s ♥♦ ♠♦❞❡❧♦✳ ◆❛ ♣r✐♠❡✐r❛✱ ♦ ❢❛t♦r ❵❈✉st♦ ❞❡ ❆❜❡rt✉r❛✬ ❞♦s ♣✐✈ôs

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

♥❛ s❡❣✉♥❞❛✱ ❡t❛♣❛ ♦ ❵❈✉st♦ ❞❡ ❆❜❡rt✉r❛✬ ❢♦✐ ❧❡✈❛❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦✱ s❡♥❞♦ ✉t✐❧✐③❛❞♦

♦ ♠♦❞❡❧♦ ♥❛ ✐♥t❡❣r❛✳

❈♦♠♦ ♦ ❵❈✉st♦ ❞❡ ❆❜❡rt✉r❛✬ ❢♦✐ ✐❣♥♦r❛❞♦✱ ❛ ❡s❝❛❧❛ ❢♦✐ ❝♦♥str✉í❞❛ ❝♦♠ ❝❡rt❛

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

❛♣r❡s❡♥t❛❞♦ ♥❛ t❛❜❡❧❛ ✹✳✶ ❡ ❝r✐♦✉ ♦s ❡s❝❛❧♦♥❛♠❡♥t♦s ❛♣r❡s❡♥t❛❞♦s ♥❛s t❛❜❡❧❛s ✹✳✷✱ ✹✳✸

❡ ✹✳✹✱ ♣❛r❛ ❛s ✐♥stâ♥❝✐❛s ❞❡ 2.916, 67m3❀ 2.500m3 ❡ 2.291, 67m3 ❞❡ á❣✉❛ ♣♦r ❤♦r❛✱

r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❚❛❜❡❧❛ ✹✳✶✿ ❘❡s✉❧t❛❞♦s ❞♦s t❡st❡s ❞❡ ✈❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦✱ ✉t✐❧✐③❛♥❞♦ ♦ s♦❢t✇❛r❡

▲■◆●❖✱ ❝♦♠ ✶✵ ♣✐✈ôs ❝❡♥tr❛✐s✱ ✐❣♥♦r❛♥❞♦ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❥❛♥❡❧❛s ❞❡ t❡♠♣♦✳

▲■◆●❖

➪❣✉❛ ✭m3✴❤♦r❛✮ ❚❡♠♣♦ ❞❡

♣r♦❝❡ss❛♠❡♥t♦

✭▼✐♥✿❙❡❣✮

■t❡r❛çõ❡s ❋✉♥çã♦ ❖❜❥❡✲

t✐✈♦ ✭✉✳♠✳✮✳

✷✳✷✾✶✱✻✼ ✶✵✿✶✵ ✻✳✶✵✾✳✾✶✹ ✸✺✹✳✵✽✵

✷✳✺✵✵ ✺✿✶✷ ✸✳✷✸✹✳✶✻✻ ✸✸✽✳✷✼✺

✷✳✾✶✻✱✻✼ ✻✿✶✸ ✹✳✷✷✷✳✻✵✷ ✸✶✺✳✸✼✹

✺✷



❚❛❜❡❧❛ ✹✳✷✿ ❊s❝❛❧♦♥❛♠❡♥t♦ ❝♦♥str✉í❞♦ ♣❡❧♦ ▲■◆●❖ ❝♦♠ ✶✵ ♣✐✈ôs ❝❡♥tr❛✐s✱ ❝♦♠

2.916, 67m3 ❞❡ á❣✉❛✱ ✐❣♥♦r❛♥❞♦ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❥❛♥❡❧❛s ❞❡ t❡♠♣♦✳

P✐✈ôs ❈❡♥tr❛✐s

❏❛♥❡❧❛s ❞❡

❚❡♠♣♦

✵✶ ✵✷ ✵✸ ✵✹ ✵✺ ✵✻ ✵✼ ✵✽ ✵✾ ✶✵ ❱❛③ã♦ ❯t✐❧✐③❛❞❛

✭m3✴❤♦r❛✮

✵ à ✶ ❤♦r❛ ✲ ❳ ❳ ❳ ❳ ❳ ✲ ❳ ❳ ❳ ✷✳✽✼✺

✶ às ✷ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✽✵✵

✷ às ✸ ❤♦r❛s ✲ ❳ ❳ ❳ ❳ ❳ ✲ ❳ ❳ ❳ ✷✳✽✼✺

✸ às ✹ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✽✵✵

✹ às ✺ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✽✵✵

✺ às ✻ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✽✵✵

✻ às ✼ ❤♦r❛s ✲ ❳ ✲ ✲ ✲ ❳ ❳ ✲ ✲ ✲ ✾✷✺

✼ às ✽ ❤♦r❛s ✲ ❳ ✲ ❳ ✲ ❳ ✲ ✲ ❳ ❳ ✷✳✵✷✺

✽ às ✾ ❤♦r❛s ❳ ✲ ✲ ❳ ❳ ❳ ✲ ✲ ✲ ✲ ✶✳✺✺✵

✾ às ✶✵ ❤♦r❛s ✲ ✲ ✲ ✲ ✲ ✲ ❳ ✲ ✲ ✲ ✶✼✺

✶✵ às ✶✶ ❤♦r❛s ✲ ❳ ❳ ✲ ✲ ✲ ✲ ✲ ❳ ❳ ✶✳✺✷✺

✶✶ às ✶✷ ❤♦r❛s ❳ ❳ ✲ ✲ ✲ ❳ ✲ ✲ ✲ ✲ ✶✳✵✼✺

✶✷ às ✶✸ ❤♦r❛s ❳ ✲ ✲ ✲ ✲ ✲ ❳ ✲ ✲ ✲ ✺✵✵

✶✸ às ✶✹ ❤♦r❛s ❳ ✲ ✲ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✹✺✵

✶✹ às ✶✺ ❤♦r❛s ❳ ✲ ✲ ✲ ✲ ❳ ❳ ✲ ❳ ❳ ✶✳✽✼✺

✶✺ às ✶✻ ❤♦r❛s ❳ ❳ ❳ ✲ ✲ ❳ ✲ ✲ ❳ ❳ ✷✳✸✷✺

✶✻ às ✶✼ ❤♦r❛s ❳ ✲ ✲ ✲ ❳ ✲ ❳ ✲ ❳ ❳ ✶✳✼✼✺

✶✼ às ✶✽ ❤♦r❛s ✲ ❳ ✲ ✲ ✲ ✲ ❳ ✲ ✲ ✲ ✹✺✵

✶✽ às ✶✾ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✽✵✵

✶✾ às ✷✵ ❤♦r❛s ✲ ❳ ❳ ❳ ❳ ❳ ✲ ❳ ❳ ❳ ✷✳✽✼✺

✷✵ às ✷✶ ❤♦r❛s ✲ ❳ ❳ ❳ ❳ ❳ ✲ ❳ ❳ ❳ ✷✳✽✼✺

✷✶ às ✷✷ ❤♦r❛s ✲ ❳ ❳ ❳ ❳ ❳ ✲ ❳ ❳ ❳ ✷✳✽✼✺

✷✷ às ✷✸ ❤♦r❛s ✲ ✲ ❳ ❳ ❳ ❳ ❳ ✲ ❳ ❳ ✷✳✻✺✵

✷✸ às ✵✵ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✽✵✵

❚♦t❛❧ ❞❡ ❍♦r❛s ✶✸ ✶✶ ✶✹ ✶✺ ✶✺ ✶✾ ✼ ✺ ✶✽ ✶✽

✺✸



❚❛❜❡❧❛ ✹✳✸✿ ❊s❝❛❧♦♥❛♠❡♥t♦ ❝♦♥str✉í❞♦ ♣❡❧♦ ▲■◆●❖ ❝♦♠ ✶✵ ♣✐✈ôs ❝❡♥tr❛✐s✱ ❝♦♠

2.500m3 ❞❡ á❣✉❛✱ ✐❣♥♦r❛♥❞♦ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❥❛♥❡❧❛s ❞❡ t❡♠♣♦✳

P✐✈ôs ❈❡♥tr❛✐s

❏❛♥❡❧❛s ❞❡

❚❡♠♣♦

✵✶ ✵✷ ✵✸ ✵✹ ✵✺ ✵✻ ✵✼ ✵✽ ✵✾ ✶✵ ❱❛③ã♦ ❯t✐❧✐③❛❞❛

✭m3✴❤♦r❛✮

✵ à ✶ ❤♦r❛ ✲ ❳ ❳ ❳ ✲ ❳ ✲ ❳ ❳ ❳ ✷✳✺✵✵

✶ às ✷ ❤♦r❛s ✲ ❳ ❳ ❳ ✲ ❳ ✲ ❳ ❳ ❳ ✷✳✺✵✵

✷ às ✸ ❤♦r❛s ✲ ❳ ❳ ✲ ❳ ❳ ✲ ❳ ❳ ❳ ✷✳✺✵✵

✸ às ✹ ❤♦r❛s ✲ ❳ ❳ ❳ ❳ ✲ ❳ ✲ ❳ ❳ ✷✳✹✺✵

✹ às ✺ ❤♦r❛s ✲ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✹✼✺

✺ às ✻ ❤♦r❛s ✲ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✹✼✺

✻ às ✼ ❤♦r❛s ❳ ✲ ✲ ✲ ✲ ❳ ✲ ✲ ❳ ✲ ✶✳✷✺✵

✼ às ✽ ❤♦r❛s ❳ ❳ ✲ ✲ ✲ ❳ ❳ ✲ ✲ ✲ ✶✳✷✺✵

✽ às ✾ ❤♦r❛s ❳ ❳ ❳ ✲ ❳ ✲ ❳ ✲ ❳ ✲ ✶✳✾✺✵

✾ às ✶✵ ❤♦r❛s ❳ ✲ ✲ ✲ ❳ ❳ ❳ ✲ ✲ ✲ ✶✳✸✺✵

✶✵ às ✶✶ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ✲ ❳ ✷✳✸✺✵

✶✶ às ✶✷ ❤♦r❛s ❳ ❳ ✲ ✲ ✲ ✲ ❳ ✲ ✲ ✲ ✼✼✺

✶✷ às ✶✸ ❤♦r❛s ❳ ❳ ✲ ✲ ✲ ✲ ❳ ❳ ✲ ✲ ✾✵✵

✶✸ às ✶✹ ❤♦r❛s ❳ ❳ ✲ ❳ ✲ ❳ ✲ ✲ ❳ ❳ ✷✳✸✺✵

✶✹ às ✶✺ ❤♦r❛s ❳ ❳ ✲ ✲ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✸✺✵

✶✺ às ✶✻ ❤♦r❛s ❳ ✲ ✲ ✲ ❳ ✲ ❳ ✲ ✲ ❳ ✶✳✸✷✺

✶✻ às ✶✼ ❤♦r❛s ❳ ✲ ✲ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✹✺✵

✶✼ às ✶✽ ❤♦r❛s ❳ ✲ ✲ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✹✺✵

✶✽ às ✶✾ ❤♦r❛s ✲ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✹✼✺

✶✾ às ✷✵ ❤♦r❛s ✲ ❳ ❳ ❳ ✲ ❳ ✲ ❳ ❳ ❳ ✷✳✺✵✵

✷✵ às ✷✶ ❤♦r❛s ✲ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✹✼✺

✷✶ às ✷✷ ❤♦r❛s ✲ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✹✼✺

✷✷ às ✷✸ ❤♦r❛s ❳ ✲ ❳ ❳ ✲ ❳ ✲ ✲ ❳ ❳ ✷✹✷✺

✷✸ às ✵✵ ❤♦r❛s ✲ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✹✼✺

❚♦t❛❧ ❞❡ ❍♦r❛s ✶✸ ✶✶ ✶✹ ✶✺ ✶✺ ✶✾ ✼ ✺ ✶✽ ✶✽

✺✹



❚❛❜❡❧❛ ✹✳✹✿ ❊s❝❛❧♦♥❛♠❡♥t♦ ❝♦♥str✉í❞♦ ♣❡❧♦ ▲■◆●❖ ❝♦♠ ✶✵ ♣✐✈ôs ❝❡♥tr❛✐s✱ ❝♦♠

2.291, 67m3 ❞❡ á❣✉❛✱ ✐❣♥♦r❛♥❞♦ ♦ s❡q✉❡♥❝✐❛♠❡♥t♦ ❞❡ ❥❛♥❡❧❛s ❞❡ t❡♠♣♦✳

P✐✈ôs ❈❡♥tr❛✐s

❏❛♥❡❧❛s ❞❡

❚❡♠♣♦

✵✶ ✵✷ ✵✸ ✵✹ ✵✺ ✵✻ ✵✼ ✵✽ ✵✾ ✶✵ ❱❛③ã♦ ❯t✐❧✐③❛❞❛

✭m3✴❤♦r❛✮

✵ à ✶ ❤♦r❛ ✲ ✲ ❳ ✲ ❳ ❳ ❳ ✲ ❳ ❳ ✷✳✷✼✺

✶ às ✷ ❤♦r❛s ✲ ✲ ❳ ✲ ❳ ❳ ❳ ✲ ❳ ❳ ✷✳✷✼✺

✷ às ✸ ❤♦r❛s ✲ ✲ ❳ ✲ ❳ ❳ ❳ ✲ ❳ ❳ ✷✳✷✼✺

✸ às ✹ ❤♦r❛s ✲ ✲ ❳ ✲ ❳ ❳ ✲ ❳ ❳ ❳ ✷✳✷✷✺

✹ às ✺ ❤♦r❛s ✲ ✲ ❳ ❳ ✲ ❳ ❳ ✲ ❳ ❳ ✷✳✷✼✺

✺ às ✻ ❤♦r❛s ✲ ✲ ❳ ❳ ✲ ❳ ❳ ✲ ❳ ❳ ✷✳✷✼✺

✻ às ✼ ❤♦r❛s ❳ ❳ ✲ ❳ ❳ ❳ ✲ ✲ ✲ ❳ ✷✳✷✼✺

✼ às ✽ ❤♦r❛s ❳ ✲ ✲ ✲ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✵✼✺

✽ às ✾ ❤♦r❛s ❳ ❳ ✲ ❳ ❳ ❳ ✲ ✲ ❳ ✲ ✷✳✷✼✺

✾ às ✶✵ ❤♦r❛s ❳ ❳ ✲ ❳ ❳ ✲ ✲ ✲ ❳ ❳ ✷✳✷✺✵

✶✵ às ✶✶ ❤♦r❛s ❳ ❳ ✲ ❳ ✲ ✲ ✲ ✲ ✲ ✲ ✾✼✺

✶✶ às ✶✷ ❤♦r❛s ❳ ✲ ✲ ✲ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✵✼✺

✶✷ às ✶✸ ❤♦r❛s ❳ ❳ ✲ ✲ ✲ ❳ ✲ ✲ ✲ ✲ ✶✳✵✼✺

✶✸ às ✶✹ ❤♦r❛s ❳ ❳ ✲ ❳ ❳ ❳ ✲ ✲ ❳ ✲ ✷✳✷✼✺

✶✹ às ✶✺ ❤♦r❛s ❳ ❳ ✲ ❳ ❳ ❳ ✲ ✲ ✲ ❳ ✷✳✷✼✺

✶✺ às ✶✻ ❤♦r❛s ❳ ❳ ❳ ✲ ❳ ❳ ✲ ✲ ✲ ✲ ✶✳✽✵✵

✶✻ às ✶✼ ❤♦r❛s ❳ ✲ ✲ ❳ ✲ ❳ ✲ ✲ ❳ ❳ ✷✳✵✼✺

✶✼ às ✶✽ ❤♦r❛s ❳ ❳ ❳ ❳ ❳ ✲ ✲ ✲ ✲ ❳ ✷✳✶✺✵

✶✽ às ✶✾ ❤♦r❛s ✲ ✲ ❳ ❳ ✲ ❳ ✲ ❳ ❳ ❳ ✷✳✷✷✺

✶✾ às ✷✵ ❤♦r❛s ✲ ✲ ❳ ❳ ✲ ❳ ✲ ❳ ❳ ❳ ✷✳✷✷✺

✷✵ às ✷✶ ❤♦r❛s ✲ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ❳ ❳ ✷✳✷✵✵

✷✶ às ✷✷ ❤♦r❛s ✲ ✲ ❳ ❳ ✲ ❳ ❳ ✲ ❳ ❳ ✷✳✷✼✺

✷✷ às ✷✸ ❤♦r❛s ✲ ✲ ❳ ❳ ❳ ❳ ✲ ❳ ❳ ✲ ✷✳✶✺✵

✷✸ às ✵✵ ❤♦r❛s ❳ ❳ ❳ ✲ ❳ ✲ ✲ ✲ ❳ ❳ ✷✳✷✷✺

❚♦t❛❧ ❞❡ ❍♦r❛s ✶✸ ✶✶ ✶✹ ✶✺ ✶✺ ✶✾ ✼ ✺ ✶✽ ✶✽

✺✺



❚❛❜❡❧❛ ✹✳✺✿ ❘❡s✉❧t❛❞♦s ❞♦s t❡st❡s ❞❡ ✈❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦ ❝♦♠ ✶✵ ♣✐✈ôs ❝❡♥tr❛✐s ✭❵✶✵♣✐✲

✈♦s✳♣✐✈ ✬✮✳

▲■◆●❖

➪❣✉❛ ✭m3✴❤♦r❛✮ ❚❡♠♣♦

✭❍r✿▼✐♥✮

■t❡r❛çõ❡s ❋✳❖✳ ✭✉✳♠✳✮

✷✳✷✾✶✱✻✼ ❃ ✼✷✿✵✵ ❃ ✷✳✹✾✻✳✽✶✻ ✲

✷✳✺✵✵ ✼✿✹✽ ✶✾✾✳✻✽✶ ✸✾✷✳✹✵✵

✷✳✾✶✻✱✻✼ ✷✿✶✺ ✻✷✳✵✷✶ ✸✾✹✳✷✵✵

❈♦♠ ❡st❡ t❡st❡✱ ✜❝❛ ❝❧❛r♦ ♦ ♦❜❥❡t✐✈♦ ❞♦ s✐st❡♠❛ ❡♠ ❡s❝❛❧♦♥❛r ♦s ♣✐✈ôs ❝❡♥tr❛✐s

❞❛♥❞♦ ♣r✐♦r✐❞❛❞❡ ♣❛r❛ ❛s ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ ❞♦s ❤♦rár✐♦s ♥♦t✉r♥♦s✱ ❣r❛ç❛s ❛♦ ❝✉st♦

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

◆❛ s❡❣✉♥❞❛ ❡t❛♣❛✱ q✉❛♥❞♦ ♦ ♣r♦❜❧❡♠❛ é ❛✈❛❧✐❛❞♦ ❡♠ s✉❛ t♦t❛❧✐❞❛❞❡✱ ♦ ▲■◆●❖

t❡✈❡ ❞✐✜❝✉❧❞❛❞❡s ❡♠ ❛♣r❡s❡♥t❛r ♦s ✈❛❧♦r❡s✱ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥❛ t❛❜❡❧❛ ✹✳✺✱ ♥ã♦

❝♦♥s❡❣✉✐♥❞♦ ❡♥❝♦♥tr❛r ✉♠❛ ❜♦❛ s♦❧✉çã♦ ♣❛r❛ ❛ ✐♥stâ♥❝✐❛ ❞❡ 2.291, 67m3 ❞❡ á❣✉❛ ♣♦r

❤♦r❛✱ ❛♣❡s❛r ❞❡ ♠❛✐s ❞❡ ✼✷ ❤♦r❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳ ❆s t❛❜❡❧❛s ✹✳✻ ❡ ✹✳✼ ❛♣r❡s❡♥t❛♠

❛s ❡s❝❛❧❛s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ♠♦♥t❛❞❛s ♣❛r❛ ❛s ✐♥stâ♥❝✐❛s ❞❡ 2.916, 67m3 ❡ 2.500m3 ❞❡

á❣✉❛ ♣♦r ❤♦r❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

◆❡st❡ t❡st❡ ❢♦✐ ❛❞✐❝✐♦♥❛❞♦ ✉♠ ♥♦✈♦ ♦❜❥❡t✐✈♦✳ ❉❡st❛ ❢♦r♠❛ ♦ s✐st❡♠❛✱ ❛❧é♠

❞❡ ❜✉s❝❛r ♦ ♠❡♥♦r ❝✉st♦ ❛♦ ❡s❝❛❧♦♥❛r ♦s ♣✐✈ôs ❝❡♥tr❛✐s✱ ♣r✐♦r✐③❛♥❞♦ ❛s ❥❛♥❡❧❛s ❞❡

t❡♠♣♦ ❞♦s ❤♦rár✐♦s ♥♦t✉r♥♦s✱ t❛♠❜é♠ ♠❛♥t❡✈❡ ♦s ♣✐✈ôs ❝❡♥tr❛✐s ❡s❝❛❧♦♥❛❞♦s ♦ ♠❛✐♦r

♥ú♠❡r♦ ❞❡ ❥❛♥❡❧❛s ❞❡ t❡♠♣♦ s❡q✉❡♥❝✐❛✐s ♣♦ss✐✈❡❧✳ ❆♠❜♦s ♦s ♦❜❥❡t✐✈♦s ❝♦♠♣õ❡♠ ❛

❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❞♦ ♣r♦❜❧❡♠❛✳

❖ ♣r✐♥❝✐♣❛❧ ✐t❡♠ ❛♥❛❧✐s❛❞♦ ♥❡st❡s t❡st❡s ❢♦✐ q✉❡ ♥❡♥❤✉♠❛ ❞❛s r❡str✐çõ❡s ❡♥❝♦♥✲

tr❛❞❛s ♥♦ ♣r♦❜❧❡♠❛ ❢♦✐ ❞❡sr❡s♣❡✐t❛❞❛✱ ❡♥t❡♥❞❡♥❞♦✲s❡ q✉❡ ❛s ♠❡s♠❛s ❡stã♦ ❝♦♥s✐st❡♥t❡s✳

❆ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ✜❝♦✉ ♣r❡❥✉❞✐❝❛❞❛ ❞❡✈✐❞♦ ❛♦ ❢❛t♦ ❞❡ q✉❡ ♦ ▲■◆●❖ ♥ã♦ ❝♦♥s❡❣✉✐✉

✺✻



❚❛❜❡❧❛ ✹✳✻✿ ❊s❝❛❧♦♥❛♠❡♥t♦ ❝♦♥str✉í❞♦ ♣❡❧♦ ▲■◆●❖ ❝♦♠ ✶✵ ♣✐✈ôs ❝❡♥tr❛✐s✱ ❝♦♠

2.916, 67m3 ❞❡ á❣✉❛✱ ✉t✐❧✐③❛♥❞♦ t♦❞♦ ♦ ♠♦❞❡❧♦✳

P✐✈ôs ❈❡♥tr❛✐s

❏❛♥❡❧❛s ❞❡

❚❡♠♣♦

✵✶ ✵✷ ✵✸ ✵✹ ✵✺ ✵✻ ✵✼ ✵✽ ✵✾ ✶✵ ❱❛③ã♦ ❯t✐❧✐③❛❞❛

✭m3✴❤♦r❛✮

✵ à ✶ ❤♦r❛ ❳ ❳ ❳ ❳ ❳ ❳ ❳ ✲ ❳ ✲ ✷✳✽✵✵

✶ às ✷ ❤♦r❛s ❳ ❳ ❳ ❳ ❳ ❳ ❳ ✲ ❳ ✲ ✷✳✽✵✵

✷ às ✸ ❤♦r❛s ❳ ❳ ❳ ❳ ❳ ❳ ❳ ✲ ❳ ✲ ✷✳✽✵✵

✸ às ✹ ❤♦r❛s ❳ ❳ ❳ ❳ ❳ ❳ ❳ ✲ ❳ ✲ ✷✳✽✵✵

✹ às ✺ ❤♦r❛s ✲ ✲ ❳ ❳ ✲ ✲ ❳ ❳ ❳ ✲ ✶✳✹✼✺

✺ às ✻ ❤♦r❛s ✲ ✲ ❳ ❳ ❳ ✲ ❳ ❳ ❳ ❳ ✷✳✸✵✵

✻ às ✼ ❤♦r❛s ✲ ✲ ✲ ❳ ❳ ✲ ❳ ❳ ❳ ❳ ✶✳✾✺✵

✼ às ✽ ❤♦r❛s ✲ ✲ ✲ ❳ ❳ ✲ ✲ ❳ ❳ ❳ ✶✳✼✼✺

✽ às ✾ ❤♦r❛s ✲ ✲ ✲ ✲ ✲ ✲ ✲ ❳ ❳ ❳ ✶✳✵✷✺

✾ às ✶✵ ❤♦r❛s ✲ ❳ ✲ ✲ ✲ ❳ ✲ ✲ ❳ ❳ ✶✳✻✺✵

✶✵ às ✶✶ ❤♦r❛s ❳ ❳ ✲ ✲ ✲ ❳ ✲ ✲ ❳ ❳ ✶✳✾✼✺

✶✶ às ✶✷ ❤♦r❛s ❳ ❳ ✲ ✲ ✲ ❳ ✲ ✲ ✲ ❳ ✶✳✺✷✺

✶✷ às ✶✸ ❤♦r❛s ✲ ❳ ✲ ✲ ✲ ❳ ✲ ✲ ✲ ❳ ✶✳✷✵✵

✶✸ às ✶✹ ❤♦r❛s ✲ ❳ ✲ ✲ ✲ ❳ ✲ ✲ ✲ ❳ ✶✳✷✵✵

✶✹ às ✶✺ ❤♦r❛s ✲ ❳ ✲ ✲ ✲ ❳ ✲ ✲ ✲ ❳ ✶✳✷✵✵

✶✺ às ✶✻ ❤♦r❛s ✲ ❳ ✲ ✲ ✲ ❳ ✲ ✲ ✲ ❳ ✶✳✷✵✵

✶✻ às ✶✼ ❤♦r❛s ✲ ✲ ❳ ✲ ❳ ❳ ✲ ✲ ✲ ❳ ✶✳✻✺✵

✶✼ às ✶✽ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✽✵✵

✶✽ às ✶✾ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✽✵✵

✶✾ às ✷✵ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✽✵✵

✷✵ às ✷✶ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✽✵✵

✷✶ às ✷✷ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✽✵✵

✷✷ às ✷✸ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ❳ ✷✳✽✵✵

✷✸ às ✵✵ ❤♦r❛s ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ✲ ✷✳✸✺✵

❚♦t❛❧ ❞❡ ❍♦r❛s ✶✸ ✶✶ ✶✹ ✶✺ ✶✺ ✶✾ ✼ ✺ ✶✽ ✶✽

✺✼



❚❛❜❡❧❛ ✹✳✼✿ ❊s❝❛❧♦♥❛♠❡♥t♦ ❝♦♥str✉í❞♦ ♣❡❧♦ ▲■◆●❖ ❝♦♠ ✶✵ ♣✐✈ôs ❝❡♥tr❛✐s✱ ❝♦♠

2.500m3 ❞❡ á❣✉❛✱ ✉t✐❧✐③❛♥❞♦ t♦❞♦ ♦ ♠♦❞❡❧♦✳

P✐✈ôs ❈❡♥tr❛✐s

❏❛♥❡❧❛s ❞❡

❚❡♠♣♦

✵✶ ✵✷ ✵✸ ✵✹ ✵✺ ✵✻ ✵✼ ✵✽ ✵✾ ✶✵ ❱❛③ã♦ ❯t✐❧✐③❛❞❛

✭m3✴❤♦r❛✮

✵ à ✶ ❤♦r❛ ❳ ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ✷✳✹✺✵

✶ às ✷ ❤♦r❛s ❳ ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ✷✳✹✺✵

✷ às ✸ ❤♦r❛s ❳ ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ❳ ✷✳✹✺✵

✸ às ✹ ❤♦r❛s ❳ ❳ ✲ ❳ ❳ ❳ ❳ ✲ ✲ ✲ ✷✳✵✵✵

✹ às ✺ ❤♦r❛s ✲ ❳ ✲ ❳ ❳ ❳ ❳ ✲ ❳ ✲ ✷✳✶✷✺

✺ às ✻ ❤♦r❛s ✲ ❳ ❳ ❳ ❳ ❳ ❳ ✲ ❳ ✲ ✷✳✹✼✺

✻ às ✼ ❤♦r❛s ❳ ✲ ❳ ❳ ✲ ❳ ❳ ✲ ❳ ✲ ✷✳✶✺✵

✼ às ✽ ❤♦r❛s ❳ ✲ ❳ ❳ ✲ ❳ ❳ ✲ ❳ ✲ ✶✳✾✼✺

✽ às ✾ ❤♦r❛s ❳ ✲ ❳ ❳ ✲ ❳ ❳ ✲ ❳ ✲ ✶✳✾✼✺

✾ às ✶✵ ❤♦r❛s ❳ ✲ ❳ ❳ ✲ ❳ ❳ ✲ ❳ ❳ ✷✳✹✷✺

✶✵ às ✶✶ ❤♦r❛s ❳ ✲ ❳ ❳ ✲ ❳ ❳ ✲ ❳ ❳ ✷✳✹✷✺

✶✶ às ✶✷ ❤♦r❛s ❳ ✲ ❳ ✲ ✲ ❳ ✲ ✲ ❳ ❳ ✷✳✵✺✵

✶✷ às ✶✸ ❤♦r❛s ❳ ✲ ❳ ✲ ✲ ❳ ✲ ✲ ❳ ❳ ✷✳✵✺✵

✶✸ às ✶✹ ❤♦r❛s ❳ ✲ ❳ ✲ ✲ ❳ ✲ ✲ ❳ ❳ ✷✳✵✺✵

✶✹ às ✶✺ ❤♦r❛s ❳ ✲ ✲ ✲ ✲ ✲ ✲ ✲ ❳ ❳ ✶✳✷✷✺

✶✺ às ✶✻ ❤♦r❛s ✲ ✲ ✲ ✲ ❳ ✲ ✲ ✲ ❳ ❳ ✶✳✷✼✺

✶✻ às ✶✼ ❤♦r❛s ✲ ✲ ✲ ✲ ❳ ✲ ✲ ✲ ❳ ❳ ✶✳✷✼✺

✶✼ às ✶✽ ❤♦r❛s ✲ ✲ ✲ ❳ ❳ ✲ ✲ ✲ ❳ ❳ ✶✳✻✺✵

✶✽ às ✶✾ ❤♦r❛s ✲ ✲ ✲ ❳ ❳ ✲ ✲ ❳ ❳ ❳ ✶✳✼✼✺

✶✾ às ✷✵ ❤♦r❛s ✲ ❳ ❳ ✲ ❳ ❳ ✲ ❳ ❳ ❳ ✷✳✺✵✵

✷✵ às ✷✶ ❤♦r❛s ✲ ❳ ❳ ✲ ❳ ❳ ✲ ❳ ❳ ❳ ✷✳✺✵✵

✷✶ às ✷✷ ❤♦r❛s ✲ ❳ ❳ ✲ ❳ ❳ ✲ ❳ ❳ ❳ ✷✳✺✵✵

✷✷ às ✷✸ ❤♦r❛s ✲ ❳ ❳ ❳ ❳ ❳ ✲ ❳ ✲ ❳ ✷✳✹✷✺

✷✸ às ✵✵ ❤♦r❛s ✲ ❳ ❳ ❳ ❳ ❳ ✲ ✲ ✲ ❳ ✷✳✸✵✵

❚♦t❛❧ ❞❡ ❍♦r❛s ✶✸ ✶✶ ✶✹ ✶✺ ✶✺ ✶✾ ✼ ✺ ✶✽ ✶✽

✺✽



❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ ót✐♠❛ ❣❧♦❜❛❧ ❡♠ ♥❡♥❤✉♠❛ ❞❛s ✐♥stâ♥❝✐❛s✳ ▼❡s♠♦ ❝♦♠ s♦❧✉✲

çõ❡s q✉❡ ♥ã♦ ❡♥❝♦♥tr❛r❛♠ ♦ ót✐♠♦ ❣❧♦❜❛❧✱ é ✈✐s✐✈❡❧ q✉❡ ❛ s♦❧✉çã♦ ❡♥❝♦♥tr❛❞❛ ❜✉s❝❛✈❛

♠✐♥✐♠✐③❛r ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦✳

❚♦❞♦s ♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ♣❛r❛ ♣r♦✜ss✐♦♥❛✐s q✉❡ ❧✐✲

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

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

✹✳✷ ❱❛❧✐❞❛çã♦ ❞❛s ♠❡t❛❤❡✉ríst✐❝❛s ✐♠♣❧❡♠❡♥t❛❞❛s

P❛r❛ ✈❛❧✐❞❛r ❛s ♠❡t❛❤❡✉ríst✐❝❛s ✐♠♣❧❡♠❡♥t❛❞❛s ❝♦♠ ❜❛s❡ ♥♦ ♠♦❞❡❧♦✱ ❢♦✐ ✉t✐❧✐③❛❞♦

♦ ♠❡s♠♦ t❡st❡ ❛♣❧✐❝❛❞♦ ♥❛ ✈❛❧✐❞❛çã♦ ❞♦ ♠♦❞❡❧♦✱ s❡♥❞♦ ❡♥❝♦♥tr❛❞❛s s♦❧✉çõ❡s ♠✉✐t♦

♠❡❧❤♦r❡s ❞♦ q✉❡ ❛s ❛♣r❡s❡♥t❛❞❛s ♣❡❧♦ ▲■◆●❖✳ ❆s ♠❡❧❤♦r✐❛s ❛♣r❡s❡♥t❛❞❛s ❞✐③❡♠ r❡s✲

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

♣r♦❜❧❡♠❛✱ s❡ ❝♦♠♣❛r❛❞♦ ❛♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s ♣❡❧♦ ▲■◆●❖✳

❖s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ❡stã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ t❛❜❡❧❛ ✹✳✽✱ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦

❞♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❡ ●❘❆❙P✳

❚❛❜❡❧❛ ✹✳✽✿ ❘❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦s ❛❧❣♦r✐t♠♦s ❝♦♥str✉í❞♦s ✉t✐❧✐③❛♥❞♦ ✶✵ ♣✐✈ôs

❝❡♥tr❛✐s✳
❙❆ ●❘❆❙P

➪❣✉❛

✭m3✴❤♦r❛✮

❚❡♠♣♦

✭s❡❣✳✮

■t❡r❛çõ❡s ❋✳❖✳

✭✉✳♠✳✮

❚❡♠♣♦

✭s❡❣✳✮

■t❡r❛çõ❡s ❋✳❖✳

✭✉✳♠✳✮

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

✷✳✺✵✵ ✵✱✹✷✷ ✼✺✻ ✹✵✸✳✽✵✵ ✵✱✼✽ ✷✺ ✹✵✻✳✵✵✵

✷✳✾✶✻✱✻✼ ✵✱✹✷✷ ✼✺✻ ✸✺✾✳✷✵✵ ✵✱✻✷ ✷✺ ✸✹✼✳✻✵✵

❆ ✜❣✉r❛ ✹✳✶ ❛♣r❡s❡♥t❛ ♦ ❣rá✜❝♦ ❝♦♠♣❛r❛t✐✈♦ ❡♥tr❡ ♦s t❡♠♣♦s ❣❛st♦s ❡ ❛ ✜❣✉r❛

✹✳✷ ❛♣r❡♥t❛ ♦ ❣rá✜❝♦ ❝♦♠♣❛r❛t✐✈♦ ❡♥tr❡ ❛s ❢✉♥çõ❡s ♦❜❥❡t✐✈♦ ❡♥❝♦♥tr❛❞❛s✳ ❆♠❜♦s

❣rá✜❝♦s ❢❛③❡♠ r❡❢❡rê♥❝✐❛ ❛♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ♣❡❧♦ ▲■◆●❖✱ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣

❡ ●❘❆❙P✱ ❡ ❛s ♣❛r❛ ❛s ✸ ✐♥stâ♥❝✐❛s ❞♦ ♣r♦❜❧❡♠❛ ❝♦♠ ✶✵ ♣✐✈ôs ❝❡♥tr❛✐s✳

➱ ✈✐sí✈❡❧ ♥♦ ❣rá✜❝♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ✜❣✉r❛ ✹✳✷ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛ ❡♥❝♦♥tr❛❞❛ ❡♠

✺✾



❋✐❣✉r❛ ✹✳✶✿ ●rá✜❝♦ ❝♦♠♣❛r❛t✐✈♦ ❡♥tr❡ ♦s t❡♠♣♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞♦s ♠ét♦❞♦s ❞❡

s♦❧✉çã♦✱ ❝♦♠ ✸ ✐♥stâ♥❝✐❛s ❞♦ ♣r♦❜❧❡♠❛ ❝♦♠ ✶✵ ♣✐✈ôs ❝❡♥tr❛✐s✳

❋✐❣✉r❛ ✹✳✷✿ ●rá✜❝♦ ❝♦♠♣❛r❛t✐✈♦ ❡♥tr❡ ❛s ❢✉♥çõ❡s ♦❜❥❡t✐✈♦ ❡♥❝♦♥tr❛❞❛s ♣❡❧♦s ♠ét♦❞♦s

❞❡ s♦❧✉çã♦✱ ❝♦♠ ✸ ✐♥stâ♥❝✐❛s ❞♦ ♣r♦❜❧❡♠❛ ❝♦♠ ✶✵ ♣✐✈ôs ❝❡♥tr❛✐s✳

✻✵



t♦❞♦s ♦s t❡st❡s✳ ❖ ❛❧❣♦r✐t♠♦ ❞♦ ●❘❆❙P ✐♠♣❧❡♠❡♥t❛❞♦ ❝♦♥s❡❣✉❡ ❡♥❝♦♥tr❛r s♦❧✉çã♦

♠❛✐s ❜❛r❛t❛s q✉❡ ♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ q✉❛♥❞♦ ♥ã♦ ♣♦ss✉✐ ✉♠ ✈♦❧✉♠❡ ❞❡ á❣✉❛ ❞✐s✲

♣♦♥í✈❡❧ r❡str✐t♦✳ ❊♠ ❝♦♠♣❡♥s❛çã♦✱ ❛ ♠❡❞✐❞❛ q✉❡ ❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞❡ ❞❡ á❣✉❛ ❞✐♠✐♥✉✐✱

❛ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❝♦♥s❡❣✉❡ ❡♥❝♦♥tr❛r s♦❧✉çõ❡s ❝❛❞❛ ✈❡③ ♠❡❧❤♦r❡s✱ ❡♠ r❡❧❛çã♦

às ❡♥❝♦♥tr❛❞❛s ♣❡❧♦ ●❘❆❙P✳ ❊♠ ❛❧❣✉♥s ❝❛s♦s ❡①tr❡♠♦s✱ ♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ✐♠✲

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

❜❛✐①♦✱ ❡♥q✉❛♥t♦ ♦ ●❘❆❙P ♥ã♦ ❝♦♥s❡❣✉❡ s❡q✉❡r ❡♥❝♦♥tr❛r ✉♠❛ s♦❧✉çã♦ ✈✐á✈❡❧✳ ■ss♦ é

♣❡r❢❡✐t❛♠❡♥t❡ ❡①♣❧✐❝❛❞♦ ❞❡✈✐❞♦ à ❢♦r♠❛ q✉❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦s ❜✉s❝❛ s✉❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧✱

❝♦♥❢♦r♠❡ ❥á ❛♣r❡s❡♥t❛❞♦ ♥❛s s❡çõ❡s ✸✳✷✳✶ ❡ ✸✳✸✳✶✳ ❊st❛ ❞✐✜❝✉❧❞❛❞❡ ❛♣r❡s❡♥t❛❞❛ ♣❡❧♦

●❘❆❙P é ❢r✉t♦ ❞❛ ❢♦r♠❛ ❝♦♠♦ ❡❧❡ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦✱ ✈✐s❛♥❞♦ ♦t✐♠✐③❛r ♦ r❡s✉❧t❛❞♦✱

s❡♠ s❡ ♣r❡♦❝✉♣❛r t❛♥t♦ ❝♦♠ ❛s r❡str✐çõ❡s q✉❛♥t♦ ♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✳ ❊st❛ ❝❛r❛❝t❡✲

ríst✐❝❛ ♥❡❣❛t✐✈❛ ❞❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ●❘❆❙P é ❝♦♠♣❡♥s❛❞❛ ♣❡❧❛ ♠❛✐♦r q✉❛❧✐❞❛❞❡ ❞♦s

r❡s✉❧t❛❞♦s ❡♠ r❡❧❛çã♦ ❛♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✱ q✉❛♥❞♦ à ✉♠❛ ❢♦❧❣❛ ♠❛✐♦r✳ ➱ ✐♠♣♦r✲

t❛♥t❡ ❞❡st❛❝❛r q✉❡ ❡st❛ ❝❛r❛❝t❡ríst✐❝❛ é ❞❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❝r✐❛❞❛✱ ❡ ♥ã♦ ❞♦ ❛❧❣♦r✐t♠♦

❝♦♥❝❡✐t✉❛❧✳

❋✐❣✉r❛ ✹✳✸✿ ●rá✜❝♦ ❝♦♠ ♦ ✈♦❧✉♠❡ ❞❡ á❣✉❛ ❝♦♥s✉♠✐❞♦ ♣❡❧♦s ♣✐✈ôs ❝❡♥tr❛✐s ❛ ❝❛❞❛

❥❛♥❡❧❛ ❞❡ t❡♠♣♦✱ ❝♦♠ ❛ ✈❛③ã♦ ❞✐s♣♦♥✐✈❡❧ ❞❡ ✷✺✵✵ m3 ❞❡ á❣✉❛✴❤♦r❛✳

❆s ✜❣✉r❛s ✹✳✸ ❡ ✹✳✹ ❛♣r❡s❡♥t❛♠ ♦s ✈♦❧✉♠❡s ❞❡ á❣✉❛ ✉t✐❧✐③❛❞♦s ♣❡❧♦s ♣✐✈ôs

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

✈♦❧✉♠❡ ❞❡ á❣✉❛ ♠á①✐♠♦ ❡st✐♣✉❧❛❞♦ é ✉❧tr❛♣❛ss❛❞♦✱ ❝♦♥❢♦r♠❡ ❡st✐♣✉❧❛❞♦ ♥❛s r❡str✐çõ❡s

✻✶



❋✐❣✉r❛ ✹✳✹✿ ●rá✜❝♦ ❝♦♠ ♦ ✈♦❧✉♠❡ ❞❡ á❣✉❛ ❝♦♥s✉♠✐❞♦ ♣❡❧♦s ♣✐✈ôs ❝❡♥tr❛✐s ❛ ❝❛❞❛

❥❛♥❡❧❛ ❞❡ t❡♠♣♦✱ ❝♦♠ ❛ ✈❛③ã♦ ❞✐s♣♦♥✐✈❡❧ ❞❡ ✷✾✶✻✱✻✼ m3 ❞❡ á❣✉❛✴❤♦r❛✳

❞♦ ♣r♦❜❧❡♠❛✳

❚♦❞♦s ♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ♣❛r❛ ♣r♦✜ss✐♦♥❛✐s q✉❡ ❧✐✲

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

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

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

✹✳✸ ❚❡st❡s ❞❡ ❉❡s❡♠♣❡♥❤♦

❖s t❡st❡s ❛♣r❡s❡♥t❛❞♦s ❛té ♦ ♠♦♠❡♥t♦ ❛♣r❡s❡♥t❛r❛♠ s♦❧✉çõ❡s ❜❛st❛♥t❡ rá♣✐❞❛s✱ ♠❛s

❛s ✐♥stâ♥❝✐❛s ✉s❛❞❛s ♣♦ss✉❡♠ ✉♠ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s r❡❧❛t✐✈❛♠❡♥t❡ ❜❛✐①♦✳ P❛r❛ ❝♦✲

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

❢♦r❛♠ ❝r✐❛❞♦s✱ ❞❡ ❢♦r♠❛ s✐♠✉❧❛❞❛✱ ❞♦✐s ♥♦✈♦s ❣r✉♣♦s ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s ❝♦♠ ✼✾ ❡ ✸✵✵

♣✐✈ôs ❝❡♥tr❛✐s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❝♦♠ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ♣✐✈ôs r❡❛✐s✳ ❆s ✐♥❢♦r♠❛ç♦❡s

❞❡st❡ ❞♦✐s ❣r✉♣♦s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s r❡s♣❡❝t✐✈❛♠❡♥t❡ ♥♦s ❛♣ê♥❞✐❝❡s ❇ ❡ ❈✳

❆♠❜♦s ♦s ❣r✉♣♦s ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s ❢♦r❛♠ s✉❜♠❡t✐❞♦s ❛ ❞✉❛s ❞✐❢❡r❡♥t❡s ✈❛③õ❡s

❞❡ á❣✉❛ ❞✐s♣♦♥✐✈❡❧✱ ❝♦♠♣♦♥❞♦ ❛ss✐♠ ✹ ✐♥stâ♥❝✐❛s t❡st❡ ❞❡ ♣r♦❜❧❡♠❛s✱ s❡♥❞♦ ✉♠❛ ✈❛③ã♦

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

◆♦s t❡st❡s ❡❢❡t✉❛t✉❛❞♦s ♥❛s ✹ ✐♥stâ♥❝✐❛s ♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✱ ❛♣r❡s❡♥t❛❞♦s

✻✷



❚❛❜❡❧❛ ✹✳✾✿ ❚❡st❡ ❞❡ ❆❣✐❧✐❞❛❞❡ ❞♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✳

◆♦ ❞❡ P✐✈♦s ❈❡♥tr❛✐s ❱♦❧✉♠❡ ❞❡ ➪❣✉❛ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❋✉♥çã♦ ❖❜❥❡t✐✈♦

✼✾ ✶✽✳✵✵✵ m3✴❤♦r❛ ✸✾✱✻✺✻ s❡❣✳ ✷✳✵✹✽✳✵✵✵ ✉✳♠✳

✼✾ ✸✵✳✵✵✵ m3✴❤♦r❛ ✸✻✱✽✾✵ s❡❣✳ ✶✳✽✺✵✳✵✵✵ ✉✳♠✳

✸✵✵ ✻✺✳✵✵✵ m3✴❤♦r❛ ✶✷✸✱✽✷✽ s❡❣✳ ✼✳✸✻✽✳✵✵✵ ✉✳♠✳

✸✵✵ ✽✵✳✵✵✵ m3✴❤♦r❛ ✶✷✶✱✼✺✵ s❡❣✳ ✼✳✶✼✷✳✷✵✵ ✉✳♠✳

❚❛❜❡❧❛ ✹✳✶✵✿ ❚❡st❡ ❞❡ ❆❣✐❧✐❞❛❞❡ ❞♦ ●❘❆❙P✳

◆♦ ❞❡ P✐✈♦s ❈❡♥tr❛✐s ❱♦❧✉♠❡ ❞❡ ➪❣✉❛ ❚❡♠♣♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❋✉♥çã♦ ❖❜❥❡t✐✈♦

✼✾ ✷✵✳✵✵✵ m3✴❤♦r❛ ✶✵✱✵✻✸ s❡❣✳ ✶✳✽✼✽✳✹✵✵ ✉✳♠✳

✼✾ ✸✵✳✵✵✵ m3✴❤♦r❛ ✺✱✺✻✸ s❡❣✳ ✶✳✽✺✵✳✵✵✵ ✉✳♠✳

✸✵✵ ✼✵✳✵✵✵ m3✴❤♦r❛ ✶✼✾✱✶✼✷ s❡❣✳ ✼✳✷✵✼✳✻✵✵ ✉✳♠✳

✸✵✵ ✽✵✳✵✵✵ m3✴❤♦r❛ ✶✼✶✱✺✸✷ s❡❣✳ ✻✳✾✼✸✳✷✵✵ ✉✳♠✳

✻✸



♥❛ t❛❜❡❧❛ ✹✳✾ ✱ ❡♠ t♦❞❛s ❛s ✐♥stâ♥❝✐❛s ❢♦r❛♠ ❡①❡❝✉t❛❞❛s ✼✻✸✼ ✐t❡r❛çõ❡s ❡ ♥♦s t❡st❡s

❡❢❡t✉❛❞♦s ❝♦♠ ❛s ♠❡s♠❛s ✐♥stâ♥❝✐❛s ❝♦♠ ♦ ●❘❆❙P✱ ❛♣r❡s❡♥t❛❞♦s ♥❛ t❛❜❡❧❛ ✹✳✶✵ ✱

❢♦r❛♠ ❡①❡❝✉t❛❞❛s ✷✺ ✐t❡r❛çõ❡s✳

◆❡st❡s t❡st❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ✉♠❛ ✈❛♥t❛❣❡♠ ❞♦ ❛❧❣♦r✐t♠♦ ❙✐♠✉❧❛t❡❞ ❆♥✲

♥❡❛❧✐♥❣ ✐♠♣❧❡♠❡♥t❛❞♦ s♦❜r❡ ♦ ●❘❆❙P✳ ❖ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❝♦♥s❡❣✉❡ ❡♥❝♦♥tr❛r

❜♦❛s s♦❧✉çõ❡s ♠❡s♠♦ ❝♦♠ ♦ ✈♦❧✉♠❡ ❞❡ á❣✉❛ ♠✉✐t♦ ❜❛✐①♦✱ ❝♦♠♦ ♥♦ t❡st❡ ❞❡ ✼✾ ♣✐✈ôs

❝❡♥tr❛✐s ❝♦♠ ❛♣❡♥❛s ✶✽✳✵✵✵ m3✴❤♦r❛ ❞❡ á❣✉❛✳ ❖ ●❘❆❙P ♥ã♦ ❝♦♥s❡❣✉✐✉ ❡♥❝♦♥tr❛r

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

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

♠❡s♠♦ q✉❛❞r♦ s❡ r❡♣❡t❡ ♣❛r❛ ❛ ✐♥stâ♥❝✐❛ ❞❡ ✸✵✵ ♣✐✈ôs ❝❡♥tr❛✐s✱ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦

♥❛s t❛❜❡❧❛s ✹✳✾ ❡ ✹✳✶✵✳

➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡ ❡st❡s t❡st❡ ❢♦r❛♠ ❡①tr❡♠♦s ❡ ♦s ✈❛❧♦r❡s ❛♣r❡s❡♥t❛❞♦s✱

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

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

✐rr✐❣❛çã♦✱ ❡ ♦s ✈❛❧♦r❡s ✉t✐❧✐③❛❞♦s ♥ã♦ ❝♦♥❞✐③❡♠ ❝♦♠ ✐st♦✳ ❆ ✐❞é✐❛ ❞❡st❡ t❡st❡ é ❞❡

s✉❜♠❡t❡r ♦s ❛❧❣♦rt✐♠♦s ❛ s✐t✉❛çõ❡s ❡①tr❡♠❛s ❡ ♣♦❞❡r♠♦s ❛♥❛❧✐s❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦

♦❜t✐❞♦✳

❖s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s sã♦ s❛t✐s❢❛tór✐♦s✱ ♣♦✐s s❡ tr❛t❛♠ ❞❡ ❜♦❛s s♦❧✉çõ❡s

✈✐á✈❡✐s ❡♥❝♦♥tr❛❞❛s ❡♠ t❡♠♣♦ ✈✐á✈❡❧✱ ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ❞✐♠❡♥sã♦ ❞♦s

♣r♦❜❧❡♠❛s r❡s♦❧✈✐❞♦s✳ ❉❡✈✐❞♦ ❛♦ ❢❛t♦ ❞❡ ♥ã♦ ❝♦♥❤❡❝❡r♠♦s ♦s ✈❛❧♦r❡s ót✐♠♦s ❞❡st❡s

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

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

❞❡ r❡s✉❧t❛❞♦s ❜♦♥s ❡ rá♣✐❞♦s✳

✹✳✹ ❘❡s✉❧t❛❞♦s ❞♦ ❊st✉❞♦ ❞❡ ❈❛s♦

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

❢♦r❛♠ ❡①❡❝✉t❛❞♦s✳ ❖s ❞❛❞♦s ✉t✐❧✐③❛❞♦s ♣❡rt❡♥❝❡♠ ❛♦ ♣r♦❥❡t♦ ❈♦❧♦♥✐③❛çã♦ P❛r❛❝❛t✉

❊♥tr❡✲❘✐❜❡✐r♦s✱ q✉❡ ❛t✉❛ ♥❛ ❇❛❝✐❛ ❞♦ ❘✐♦ ❙ã♦ ❋r❛♥❝✐s❝♦ ❡ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ❞♦s

♠❛✐♦r❡s ♣❡rí♠❡tr♦s ❞❡ ✐rr✐❣❛çã♦ ❝♦♠ ♣✐✈ô ❝❡♥tr❛❧ ❞❛ ❆♠ér✐❝❛ ▲❛t✐♥❛✳ ❆t✉❛❧♠❡♥t❡✱ ♦

✻✹



♣r♦❥❡t♦ ❝♦♥t❛ ❝♦♠ ✶✽✵ ♣✐✈ôs ❝❡♥tr❛✐s ❥á ✐♥st❛❧❛❞♦s ❡ ❢✉♥❝✐♦♥❛♥❞♦ ❡ ♠❛✐s ✶✻ ♣r♦❥❡t❛❞♦s

♣❛r❛ ❝♦♠❡ç❛r ❛ tr❛❜❛❧❤❛r ❡♠ ❜r❡✈❡✳

❖ ❝❡♥ár✐♦ ❛♣r❡s❡♥t❛❞♦ ♥❡st❡ ♣r♦❥❡t♦ ♣♦ss✉✐ ❝❛r❛❝t❡ríst✐❝❛s ✐♥t❡r❡ss❛♥t❡s ♣❛r❛ ❛

❡①❡❝✉çã♦ ❞❡ t❡st❡s ❝♦♠ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞♦ ❙❆✱ ❥á q✉❡ ♣♦ss✉✐ ✉♠ ❛❧t♦ ♥ú♠❡r♦ ❞❡ ♣✐✈ôs

❝❡♥tr❛✐s ❡✱ ❞✉r❛♥t❡ ♦s ♣❡rí♦❞♦s ❞❡ ❡st✐❛❣❡♠ ❞❡ ❝❤✉✈❛s✱ ♦ ✈♦❧✉♠❡ ❞❡ á❣✉❛ ❞✐s♣♦♥í✈❡❧

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

❖ ✈♦❧✉♠❡ ❞❡ á❣✉❛ ♥♦r♠❛❧♠❡♥t❡ ❞✐s♣♦♥✐❜✐❧✐③❛❞♦ ♣❛r❛ ♦ ✉s♦ ♥❛ ✐rr✐❣❛çã♦ é ❞❡

✷✳✾✶✻✱✻✼ m3/hora ❞❡ á❣✉❛ ♣♦r ❤♦r❛✱ ♣♦❞❡♥❞♦ ♦❝✐❧❛r ♣❛r❛ ♠❛✐s ♦✉ ♠❡♥♦s✱ ❞❡ ❛❝♦r❞♦

❝♦♠ ♦ ❝❧✐♠❛ ❞❛ r❡❣✐ã♦✳ ◆♦ t❡st❡ ❢❡✐t♦ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ✸ ✐♥stâ♥❝✐❛s ❞♦ ♣r♦❜❧❡♠❛s✱

❝✉❥❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❡❧❛s é ♦ ✈♦❧✉♠❡ ❞❡ á❣✉❛ ❞✐s♣♦♥✐❜✐❧✐③❛❞♦✳ ❆ ❞❡♠❛♥❞❛ ❞❡ á❣✉❛

❞♦s ♣✐✈ôs ❝❡♥tr❛✐s ✜❝♦✉ ✜①❛❞❛ ❡ é ❛♣r❡s❡♥t❛❞❛ ♥♦ ❆♣❡♥❞✐❝❡ ❆✱ ❥✉♥t♦ ❝♦♠ ❛s ❞❡♠❛✐s

❝❛r❛❝t❡ríst✐❝❛s ❞♦s ♣✐✈ôs ❝❡♥tr❛✐s✳

❖s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ❝♦♠ ❡st❛s três ✐♥stâ♥❝✐❛s ❡stã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ t❛✲

❜❡❧❛ ✹✳✶✶✱ ♣❛r❛ ♦ ❛❧❣♦r✐t♠♦ ❞♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❡ ●❘❆❙P✳

❚❛❜❡❧❛ ✹✳✶✶✿ ❘❡s✉❧t❛❞♦s ♦❜t✐❞♦s ❝♦♠ ♦s ❛❧❣♦r✐t♠♦s ❝♦♥str✉í❞♦s ✉t✐❧✐③❛♥❞♦ ♦s ✶✽✵ ♣✐✈ôs

❝❡♥tr❛✐s ❞♦ ❡st✉❞♦ ❞❡ ❝❛s♦✳
❙❆ ●❘❆❙P

➪❣✉❛

✭m3✴❤♦r❛✮

❚❡♠♣♦

✭s❡❣✳✮

■t❡r❛çõ❡s ❋✳❖✳

✭✉✳♠✳✮

❚❡♠♣♦

✭s❡❣✳✮

■t❡r❛çõ❡s ❋✳❖✳

✭✉✳♠✳✮

✷✳✸✾✺✱✽✸ ✼✸ ✼✻✸✼ ✸✷✳✽✶✾✱✺✸ ✹✼✱✽✼✺ ✷✺ ✸✶✳✺✺✶✱✸✺

✷✳✼✵✽✱✸✸ ✽✻✱✽✷✽ ✼✻✸✼ ✸✵✳✺✻✺✱✾✸ ✹✹✱✽✼✺ ✷✺ ✷✾✳✷✷✽✱✹✺

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

❆♠❜♦s ♦s ❛❧❣♦r✐t♠♦s ❝♦♥s❡❣✉✐r❛♠ ❝♦♥str✉✐r ❜♦❛s s♦❧✉çõ❡s ✈✐á✈❡✐s✱ ♣♦ré♠ ♣❡r❝❡❜❡✲

s❡ q✉❡ ♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❛♣r❡s❡♥t♦✉ r❡s✉❧t❛❞♦s ♥❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♣✐♦r❡s ❞♦ q✉❡

♦ ●❘❆❙P✱ ❛♦ ❝♦♥trár✐♦ ❞♦ q✉❡ ✈✐♥❤❛ ❛❝♦♥t❡❝❡♥❞♦ ♥♦s ♦✉tr♦s t❡st❡s✱ ❝♦♥❢♦r♠❡ ✐❧✉s✲

tr❛❞♦ ♥❛ ✜❣✉r❛ ✹✳✺✳ ❈♦♠ ❜❛s❡ ♥❡st❡ r❡s✉❧t❛❞♦✱ ❢♦r❛♠ ❡①❡❝✉t❛❞♦s ❛❧❣✉♥s t❡st❡s✱ ❞♦

t✐♣♦ ❵t❡♥t❛t✐✈❛✲❡✲❡rr♦✬✱ ♦♥❞❡ ❛ ✈❛③ã♦ ❞✐s♣♦♥í✈❡❧ ❞❡ á❣✉❛ ❢♦✐ r❡❞✉③✐❞❛ ❝♦♠ ❛ ✐♥t❡♥çã♦

❞❡ ❡♥❝♦♥tr❛r ♦ ❧✐♠✐t❡ ✐♥❢❡r✐♦r ❞❡ ❝❛❞❛ ❛❧❣♦r✐t♠♦✳

❖ ❧✐♠✐t❡ ✐♥❢❡r✐♦r ❞♦ ●❘❆❙P ❥á ❡r❛ ❝♦♥❤❡❝✐❞♦✱ ❡ é ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✺✼✳✺✵✵

✻✺



❋✐❣✉r❛ ✹✳✺✿ ●rá✜❝♦ ❝♦♠ ❛ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ❡♥❝♦♥tr❛❞❛ ❝♦♠ ♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❡

♦ ●❘❆❙P✱ ❛♣❧✐❝❛❞♦s ❥✉♥t♦ às ✸ ✐♥stâ♥❝✐❛s ❞♦ ❡st✉❞♦ ❞❡ ❝❛s♦✳

m3 ❞❡ á❣✉❛✱ ✐❣✉❛❧ à ♣r✐♠❡✐r❛ ✐♥stâ♥❝✐❛ ❞❡ t❡st❡s✳ ❉❡st❛ ❢♦r♠❛ ♣♦❞❡♠♦s ❝♦♥s✐❞❡r❛r

♦ ❛❧❣♦r✐t♠♦ ●❘❆❙P ❝♦♠♦ ❛ ♠❡❧❤♦r ❛❧t❡r♥❛t✐✈❛ ♣❛r❛ ♠♦♥t❛❣❡♠ ❞❡ ❡s❝❛❧♦♥❛♠❡♥t♦

q✉❛♥❞♦ t✐✈❡r♠♦s ✉♠ ✈♦❧✉♠❡ ❞❡ á❣✉❛ r❡❧❛t✐✈❛♠❡♥t❡ ♥♦r♠❛❧✱ s❡♠ ❣r❛♥❞❡ ❡s❝❛ss❡③✳

❖ ❧✐♠✐t❡ ✐♥❢❡r✐♦r ❞♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ✜❝♦✉ ✉♠ ♣♦✉❝♦ ♠❛✐s ❛❜❛✐①♦✱ ❡♠

❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✺✷✳✺✵✵ m3 ❞❡ á❣✉❛✱ ❛♣r❡s❡♥t❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ ❝♦♠♦ ✉♠❛ ❡①❝❡❧❡♥t❡

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

s✐t✉❛çõ❡s ♠❛✐s ❝♦♠♣❧❡①❛s ♠♦str♦✉✲s❡ s❛t✐s❢❛tór✐❛ ♥❡st❡ ❝❡♥ár✐♦✳

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

♠❡♥t♦ ❞♦s ♣✐✈ôs ❝❡♥tr❛✐s ❞❡st❛ r❡❣✐ã♦ ✜❝❛rã♦ ♠❛✐s ❢á❝❡✐s✱ á❣❡✐s ❡ ❡✜❝✐❡♥t❡s✱ ♣♦✐s s❡rã♦

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

❆❧é♠ ❞❡ ❢❛③❡r ♦ ❝♦♥tr♦❧❡ ❞❡ á❣✉❛ ✉t✐❧✐③❛❞❛ ♣❡❧♦ ❝♦♥❥✉♥t♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s✱ ♦ s✐st❡♠❛

❛✐♥❞❛ t❡♥t❛ ♠✐♥✐♠✐③❛r ♦ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣✐❛ ❞❡st❡ ❝♦♥❥✉♥t♦✱ t❛r❡❢❛ q✉❡ ♥ã♦ é ❢❡✐t❛

❛t✉❛❧♠❡♥t❡✳

❖s ♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s ♣❡❧♦ ❙❆✱ ❡♠ t♦❞♦s ♦s ❡①♣❡r✐♠❡♥t♦s✱ ❢♦r❛♠ T0 =

10.000.000✱ α = 0, 9975 ❡ Tc = 0, 01✳ ❖s ♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s ♣❡❧♦ ●❘❆❙P✱ ❡♠ t♦❞♦s

♦s ❡①♣❡r✐♠❡♥t♦s✱ ❢♦r❛♠ α = 3 ❡ N o ❞❡ ✐t❡r❛çõ❡s ❂ ✷✺✳ ❚♦❞♦s ♦s t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s

♥✉♠ ❧❛♣t♦♣ ❙♦♥② ❱❛✐♦ ❢s✲✻✻✵✴✇ ❝♦♠ ♣r♦❝❡ss❛❞♦r ■♥t❡❧ ❈❡♥tr✐♥♦ ✶✳✼✸ ●❍③ ❡ ✶ ●❜ ❞❡

♠❡♠ór✐❛ ❘❆▼✳ ❖s ❛❧❣♦r✐t♠♦s ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❡ ●❘❆❙P ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞♦s

❝♦♠ ❛ ❧✐♥❣✉❛❣❡♠ ❞❡ ♣r♦❣r❛♠❛çã♦ ❈✰✰✳

✻✻



❈❛♣ít✉❧♦ ✺

❈♦♥❝❧✉sõ❡s ❡ ❚r❛❜❛❧❤♦s ❋✉t✉r♦s

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

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

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

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

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

❆ ❡t❛♣❛ ❞❡ ❧❡✈❛♥t❛♠❡♥t♦ ❡ ❛♥á❧✐s❡ ❞♦s r❡q✉✐s✐t♦s ❢♦✐ ❜❛s❡❛❞❛ ♥❛ ❡①♣❡r✐ê♥❝✐❛ ❞❡

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

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

♣❛r❛ ♥ã♦ ♣r❡❥✉❞✐❝❛r ❛s ❡t❛♣❛s s❡❣✉✐♥t❡s✳ ❖ ♠❛✐♦r ♣❛rt❡ ❞♦ s✉❝❡ss♦ ❞❡st❛ ❡t❛♣❛ s❡ ❞❡✈❡

à ❡①❡❝✉çã♦ ❞❛ ❡t❛♣❛ ❞❡ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❞♦ ♣r♦❜❧❡♠❛ ❡♠ ♣❛r❛❧❡❧♦✳ ❉❡st❛ ❢♦r♠❛

❢♦✐ ♣♦ssí✈❡❧ ✈❛❧✐❞❛r ❛s ✐♥❢♦r♠❛çõ❡s r❡❧❛t✐✈❛s à ❢♦r♠❛ ❞❡ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✱ ❥á q✉❡

♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❝r✐❛❞♦ ❡r❛ ♣❛ss❛❞♦ ♣❛r❛ ♦ s♦❢t✇❛r❡ ▲■◆●❖✱ q✉❡ ❛♣r❡s❡♥t❛✈❛

✈❛❧♦r❡s ❞❡ s✉❛ s♦❧✉çã♦✳ ❈♦♠ ❜❛s❡ ♥❛ ❛♥á❧✐s❡ ❞❡st❡s ✈❛❧♦r❡s✱ ♦ ♠♦❞❡❧♦ ❢♦✐ ❛♠❛❞✉r❡❝✐❞♦✱

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

tr❛❜❛❧❤♦✳ ❖ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ✜♥❛❧ ♣r♦♣♦st♦ ❢♦✐ ❝❛♣❛③ ❞❡ r❡♣r❡s❡♥t❛r ♦ ♣r♦❜❧❡♠❛

❡♠ t♦❞♦s ♦s s❡✉s ❛s♣❡❝t♦s ✐♠♣♦rt❛♥t❡s✳ ❈♦♠ ♦ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❝♦♥s♦❧✐❞❛❞♦✱ ❛

♠♦❞❡❧❛❣❡♠ ❞♦ s✐st❡♠❛✱ ✉t✐❧✐③❛♥❞♦ ❛ ❯▼▲✱ ❢♦✐ ✐♥✐❝✐❛❞❛✳ ◆❡st❛ ❡t❛♣❛ ♦ s✐st❡♠❛ ❢♦✐

❞✐✈✐❞✐❞♦ ❡♠ três ♠ó❞✉❧♦s ❞✐st✐♥t♦s✿ ■♥t❡r❢❛❝❡✱ ❆❧❣♦r✐t♠♦s ❡ ❉❛❞♦s✳

❖ ♠ó❞✉❧♦ ■♥t❡❢❛❝❡ ❢♦✐ ♣r♦❥❡t❛❞♦ ❞❡ ❢♦r♠❛ ❛ s❡r ❡①tr❡♠❛♠❡♥t❡ ❡s♣❡❝✐❛❧✐③❛❞♦✱

♦✉ s❡❥❛✱ s✉❛ ú♥✐❝❛ ❢✉♥çã♦ s❡r✐❛ ❡①❡❝✉t❛r ❢✉♥çõ❡s ♣❛r❛ ❡s❝❛❧♦♥❛r ♦s ♣✐✈ôs ❝❡♥tr❛✐s ❡
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❛♣r❡s❡♥t❛r ♦ r❡s✉❧t❛❞♦ ♦❜t✐❞♦✳ ❊♠ ❝♦♥tr❛ ♣❛rt✐❞❛✱ ♦s ❞❡♠❛✐s ♠ó❞✉❧♦s ❞♦ s✐st❡♠❛ ❢♦r❛♠

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

♦✉tr♦s s✐st❡♠❛s✳

❖ ♠ó❞✉❧♦ ❆❧❣♦r✐t♠♦s ♣♦ss✉✐ ❛s ❞✉❛s ♠❡t❛❤❡✉ríst✐❝❛s ✐♠♣❧❡♠❡♥t❛❞❛s ❡ é ❞❡✲

♣❡♥❞❡♥t❡ ❞♦ ♠ó❞✉❧♦ ❊str✉t✉r❛ ❞❡ ❉❛❞♦s✱ ♣♦r s❡r ♦ ❧♦❝❛❧ ❡♠ q✉❡ ❡❧❡ ❜✉s❝❛ ♦s ❞❛❞♦s

r❡❧❡✈❛♥t❡s ♣❛r❛ ❛ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛✳ ❆ ✉t✐❧✐③❛çã♦ ❞❛ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❡ ❞♦

●❘❆❙P é ✉♠❛ ❜♦❛ ❛❧t❡r♥❛t✐✈❛ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞❡ ❜♦❛s s♦❧✉çõ❡s ❡♠ ❝✉rt♦s ❡s♣❛ç♦s

❞❡ t❡♠♣♦ ❡ ❝♦♠ ✉♠❛ ♠í♥✐♠❛ ❡①✐❣ê♥❝✐❛ ❝♦♠♣✉t❛❝✐♦♥❛❧✱ ❞❡♠♦♥str❛♥❞♦ t❡r s✐❞♦ ✉♠❛

❡s❝♦❧❤❛ ❛❝❡rt❛❞❛ ♣❛r❛ ❡st❛ s✐t✉❛çã♦✱ ♣♦✐s ❛t✐♥❣✐✉ ♦s ♦❜❥❡t✐✈♦s ♣r❡✈✐st♦s✳ ❆❧é♠ ❞✐st♦✱

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

s❡ ❝♦♠♣❧❡♠❡♥t❡♠✱ ♣♦✐s ♣❛r❛ ❝❛❞❛ ❝❡♥ár✐♦ ❞✐st✐♥t♦✱ ✉♠❛ ❞❛s ✐♠♣❧❡♠❡♥t❛çõ❡s s❡rá ♠❛✐s

✈❛♥t❛❥♦s❛✳

❖ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ♠♦str♦✉✲s❡ ♠❛✐s ❡✜❝✐❡♥t❡ q✉❛♥❞♦ ♦ r❡❝✉rs♦ ❤í❞r✐❝♦

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

♠❡s ❞❡ á❣✉❛ ♠❛✐s ❜❛✐①♦s ❞♦ q✉❡ ♦s s✉♣♦rt❛❞♦s ♣❡❧♦ ●❘❆❙P✳ ❏á ♦ ●❘❆❙P ♠♦str♦✉✲s❡

♠❛✐s ❡✜❝✐❡♥t❡ q✉❛♥❞♦ ♦ r❡❝✉rs♦ ❤í❞r✐❝♦ ♥ã♦ é tã♦ ❡s❝❛ss♦✱ ❛♣r❡s❡♥t❛♥❞♦ r❡s✉❧t❛❞♦s

♠❡❧❤♦r❡s q✉❡ ♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✱ ♥❛ ♠❛✐♦r ♣❛rt❡ ❞❛s ✈❡③❡s✳ ❆♣❡s❛r ❞❡st❡s ❢❛t♦s✱

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

r❡s✉❧t❛❞♦ ♠❛✐s ❛tr❛❡♥t❡ ♣❛r❛ ♦ t♦♠❛❞♦r ❞❡ ❞❡❝✐sã♦✳ ➱ ✐♠♣♦rt❛♥t❡ s❛❧✐❡♥t❛r q✉❡ ❡st❛s

❝❛r❛❝t❡ríst✐❝❛s sã♦ ❞❛s ✐♠♣❧❡♠❡♥t❛çõ❡s✱ ❡ ♥ã♦ ❞♦s ❛❧❣♦r✐t♠♦s ❝♦♥❝❡✐t✉❛✐s✳

❆ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛✱ ♥❛ ❡①❡❝✉çã♦ ❞♦ ❛❧❣♦r✐t♠♦✱ t❛♠❜é♠ s❡ ♠♦s✲

tr♦✉ ❡✜❝❛③✱ ♣♦✐s ♥ã♦ ❡①✐❣✐✉ ♠✉✐t♦ r❡❝✉rs♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ♥ã♦

❝♦♠♣r♦♠❡t❡✉ ❛ ♣❡r❢♦r♠❛♥❝❡ ❞♦ s✐st❡♠❛✳

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

❡s❝❛❧♦♥❛♠❡♥t♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s✳ ❆ ✉t✐❧✐③❛çã♦ ❞❡ ♠❡t❛❤❡✉ríst✐❝❛s é ✈✐st❛ ❝♦♠♦ ❛

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

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

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

t❡♠♣♦✳

❆ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦s ♣r♦❜❧❡♠❛s ❛✉♠❡♥t❛ ♣r♦♣♦r❝✐♦♥❛❧♠❡♥t❡ ❡♠ r❡❧❛çã♦ ❛♦ ♥ú✲
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♠❡r♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s✳ P♦ré♠✱ ♦ ❛✉♠❡♥t♦ ❞❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❞♦ ♣r♦❜❧❡♠❛ ♥ã♦ ♣r❡❥✉❞✐❝❛

♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s ❛❧❣♦r✐t♠♦s✱ ❥á q✉❡ ♦s ♠❡s♠♦s ❢❛③❡♠ s✉❛s ❜✉s❝❛s ♣♦r s♦❧✉çõ❡s s❡♠

❛r♠❛③❡♥❛r ❤✐stór✐❝♦ ❡ s❡♠ ❡①❡❝✉t❛r ❝á❧❝✉❧♦s ❝♦♠♣❧❡①♦s✳

❆ ❡str✉t✉r❛ ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛✱ ♥❛ ❡①❡❝✉çã♦ ❞♦ ❛❧❣♦r✐t♠♦✱ t❛♠❜é♠ s❡ ♠♦str♦✉

❡✜❝❛③✱ ♣♦✐s ♥ã♦ ❡①✐❣❡ ♠✉✐t♦ r❡❝✉rs♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ♥ã♦ ❝♦♠✲

♣r♦♠❡t❡ ❛ ♣❡r❢♦r♠❛♥❝❡ ❞♦ s✐st❡♠❛✳ ❆❧é♠ ❞✐st♦✱ ❛ ♦r❣❛♥✐③❛çã♦ ❡♠ ♣❛❝♦t❡s ♣❡r♠✐t❡

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

♠ó❞✉❧♦s r❡✉t✐❧✐③á✈❡✐s✳

❆t✉❛❧♠❡♥t❡ ❡stã♦ ✐♠♣❧❡♠❡♥t❛❞♦s ♦s ❛❧❣♦r✐t♠♦s ❞♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❡ ●❘❆❙P✳

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

❞♦s ❡ ♥❛s ✐♥t❡r❢❛❝❡s✱ ❛❧é♠ ❞❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ✉♠ ❆❧❣♦r✐t♠♦ ●❡♥ét✐❝♦ ✭❇ä❝❦ ❡t ❛❧✳✱

✶✾✾✼✮✱ ❡ ✉♠ ❡st✉❞♦ ❝♦♠♣❛r❛t✐✈♦ ❞❛s s♦❧✉çõ❡s ❡♥❝♦♥tr❛❞❛s✱ ♣❛r❛ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❛s

♣❛rt✐❝✉❧❛r✐❞❛❞❡s ❞❡ ❝❛❞❛ ❝❛s♦✳

❆❧é♠ ❞✐st♦✱ ♣♦❞❡♠♦s ❝✐t❛r ❝♦♠♦ ♣♦ssí✈❡✐s tr❛❜❛❧❤♦s ❢✉t✉r♦s✿

• ❈r✐❛r ❝r✐tér✐♦s ♣❛r❛ q✉❡ ♦ ❛❧❣♦r✐t♠♦ ❞♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ♣♦ss❛ tr❛❜❛❧❤❛r

❝♦♠ ♦s três ♠♦✈✐♠❡♥t♦s ❞❡s❡♥✈♦❧✈✐❞♦s ❡♠ ✉♠❛ ♠❡s♠❛ ❡①❡❝✉çã♦✳

• ❈r✐❛r ✉♠ s✐st❡♠❛ ❞❡ ❡♥tr❛❞❛✱ ❝♦♠ ❝❛❞❛str♦ ❞♦s ♣✐✈ôs ❝❡♥tr❛✐s✱ ♠❛✐s ✐♥t❡r❡ss❛♥t❡

❡ ❞❡ ❢á❝✐❧ ✉s❛❜✐❧✐❞❛❞❡ ♣❛r❛ ✉s✉ár✐♦s ❧❡✐❣♦s✳

• ❉❡s❡♥✈♦❧✈❡r ✉♠ ❛❧❣♦rít♠♦ ❤í❜r✐❞♦ ❝♦♠ ❛ s♦❧✉çã♦ ✐♥✐❝✐❛❧ ❞♦ ●❘❆❙P ❡ ♦ ♠ét♦❞♦

❞❡ ❜✉s❝❛ ♥❛ ✈✐③✐♥❤❛♥ç❛ ❞♦ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✳

• ❚r❛❜❛❧❤❛r ❝♦♠ ♣❡rí♦❞♦s ❞❡ t❡♠♣♦ ♠❛✐♦r❡s✱ ❡♥❣❧♦❜❛♥❞♦✱ t❛❧✈❡③✱ ❞✐❛s✱ s❡♠❛♥❛s

♦✉ ♠❡s❡s✱ ❢❛③❡♥❞♦ ✉s♦ ❞❡ ❤✐stór✐❝♦s ❞❡ ❞❡❝✐sõ❡s ❛♥t❡r✐♦r❡s ❞♦ s✐st❡♠❛✳

• ❚r❛❜❛❧❤❛r ❝♦♠ ✈ár✐❛s r❡❣✐õ❡s ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s s✐♠✉❧t❛♥❡❛♠❡♥t❡✱ ✉t✐❧✐③❛♥❞♦ ❞✐✲

❢❡r❡♥t❡s ❢♦♥t❡s ❞❡ r❡❝✉rs♦s ❤í❞r✐❝♦s✳

• ■♠♣❧❡♠❡♥t❛r ❤❡✉ríst✐❝❛s ❝❧áss✐❝❛s ❡ ❛♥á❧♦❣✐❝❛s ♣❛r❛ r❡s♦❧✈❡r ♦ ♣r♦❜❧❡♠❛ ❞❡ ❡s❝❛✲

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

❞✉❛s ♠❡t❛❤❡✉ríst✐❝❛s ❡st♦❝ást✐❝❛s✳

✻✾



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❆❧❜❛✱ ❊✳✱ ❚❛❧❜✐✱ ❊✳✲●✳✱ ▲✉q✉❡✱ ●✳✱ ❛♥❞ ▼❡❧❛❜✱ ◆✳ ✭✷✵✵✺✮✳ ▼❡t❛❤❡✉r✐st✐❝s ❛♥❞ P❛r❛❧❧❡✲

❧✐s♠✳ ❏♦❤♥ ❲✐❧❡② ✫ ❙♦♥s✳

❆♥❞r❛❞❡✱ ❊✳ ▲✳ ✭✷✵✵✵✮✳ ■♥tr♦❞✉çã♦ à ♣❡sq✉✐s❛ ♦♣❡r❛❝✐♦♥❛❧✳ ▲❚❈✱ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ✷❛

❡❞✐t✐♦♥✳

❇❛s❦❡♥t✱ ❊✳ ❛♥❞ ❏♦r❞❛♥✱ ●✳ ✭✷✵✵✷✮✳ ❋♦r❡st ❧❛♥❞s❝❛♣❡ ♠❛♥❛❣❡♠❡♥t ♠♦❞❡❧✐♥❣ ✉s✐♥❣

s✐♠✉❧❛t❡❞ ❛♥♥❡❛❧✐♥❣✳ ❋♦r❡st ❊❝♦❧♦❣② ❛♥❞ ▼❛♥❛❣❡♠❡♥t✱ ✶✻✺✿✷✾✕✹✺✳

❇ä❝❦✱ ❚✳✱ ❋♦❣❡❧✱ ❉✳ ❇✳✱ ❛♥❞ ▼✐❝❤❛❧❡✇✐❝③✱ ❩✳ ✭✶✾✾✼✮✳ ❍❛♥❞❜♦♦❦ ♦❢ ❊✈♦❧✉❝✐♦♥❛r② ❈♦♠✲

♣✉t❛t✐♦♥✳ ❖①❢♦r❞ ❯♥✐✈❡rs✐t② Pr❡ss✳

❇❡r♥❛r❞♦✱ ❙✳✱ ❙♦❛r❡s✱ ❆✳ ❆✳✱ ❛♥❞ ▼❛♥t♦✈❛♥✐✱ ❊✳ ❈✳ ✭✷✵✵✻✮✳ ▼❛♥✉❛❧ ❞❡ ■rr✐❣❛çã♦✳

❊❞✐t♦r❛ ❯❋❱✱ ✽❛ ❡❞✐t✐♦♥✳

❇✐❛❥♦❧✐✱ ❋✳ ▲✳✱ ▼✐♥❡✱ ❖✳ ▼✳✱ ❈❤❛✈❡s✱ ❆✳ ❆✳✱ ❛♥❞ ❙♦✉③❛✱ ▼✳ ❏✳ ❋✳ ✭✷✵✵✸✮✳ ❊s❝❛❧❛ ❞❡

❥♦❣♦s ❞❡ t♦r♥❡✐♦s ❡s♣♦rt✐✈♦s✿ ✉♠❛ ❛❜♦r❞❛❣❡♠ ✈✐❛ s✐♠✉❧❛t❡❞ ❛♥♥❡❛❧✐♥❣✳ ❆♥❛✐s ❞♦

❳❳❳❱ ❙í♠♣♦s✐♦ ❇r❛s✐❧❡✐r♦ ❞❡ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧✱ ♣❛❣❡s ✶✷✾✺✕✶✸✵✻✳

❇❧✉♠✱ ❈✳ ❛♥❞ ❘♦❧✐✱ ❆✳ ✭✷✵✵✶✮✳ ▼❡t❛❤❡✉r✐st✐❝s ✐♥ ❝♦♠❜✐♥❛t♦r✐❛❧ ♦♣t✐♠✐s❛t✐♦♥✿ ❖✈❡r✈✐❡✇

❛♥❞ ❝♦♥❝❡♣t✉❛❧ ❝♦♠♣❛r✐s♦♥✳ ❚❡❝❤♥✐❝❛❧ ❘❡♣♦rt ✶✸✱ ❯♥✐✈❡rs✐té ▲✐❜r❡ ❞❡ ❇r✉①❡❧❧❡s✳

❇✉ss❡t✐✱ ❋✳ ✭✷✵✵✶✮✳ ❙✐♠✉❧❛t❡❞ ❛♥♥❡❛❧✐♥❣ ♦✈❡r✈✐❡✇✳

❤tt♣✿✴✴✇✇✇✳❣❡♦❝✐t✐❡s✳❝♦♠✴❢r❛♥❝♦r❜✉s❡tt✐✴✳

❈❡r♥②✱ ❱✳ ✭✶✾✽✺✮✳ ❚❤❡r♠♦❞②♥❛♠✐❝❛❧ ❛♣r♦❛❝❤ t♦ t❤❡ tr❛✈❡❧✐♥❣ s❛❧❡s♠❛♥ ♣r♦❜❧❡♠✿

❛♥ ❡✣❝✐❡♥t s✐♠✉❧❛t✐♦♥ ❛❧❣♦r✐t❤♠✳ ❏♦✉r♥❛❧ ♦❢ ❖♣t✐♠✐③❛t✐♦♥ ❚❤❡♦r② ❛♥❞ ❆♣❧✐❝❛t✐♦♥✱

✹✺✭✶✮✿✹✶✕✺✶✳

✼✵



❈♦r♠❡♥✱ ❚✳ ❍✳✱ ▲❡✐s❡rs♦♥✱ ❈✳ ❊✳✱ ❘✐✈❡st✱ ❘✳ ▲✳✱ ❛♥❞ ❙t❡✐♥✱ ❈✳ ✭✷✵✵✷✮✳ ❆❧❣♦r✐t♠♦s✳

❊❞✐t♦r❛ ❈❛♠♣✉s✱ ✷❛ ❡❞✐t✐♦♥✳

❞❛ ❙✐❧✈❛ ●♦♠❡s✱ ❍✳ ❆✳ ✭✷✵✵✸✮✳ ❯t✐❧✐③❛çã♦ ❞❛ ♠❡t❛❤❡✉ríst✐❝❛ s✐♠✉❧❛t❡❞ ❛♥♥❡❛❧✐♥❣ ♥♦

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

▼❛st❡r✬s t❤❡s✐s✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞♦ ❈❡❛rá✳

❞❛ ❙✐❧✈❛ ●♦♠❡s✱ ❍✳ ❆✳ ❛♥❞ ◆❡t♦✱ ❏✳ ❋✳ ❇✳ ✭✷✵✵✸✮✳ ❯t✐❧✐③❛çã♦ ❞❡ ♠❡t❛❤❡✉r✐st✐❝❛ ♥❛

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

❆♥❛✐s ❞♦ ❳❳❳❱ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦ ❞❡ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧✱ ♣❛❣❡s ✽✾✹✕✾✵✺✳

❉❛♥t③✐❣✱ ●✳✱ ❖r❞❡♥✱ ❆✳✱ ❛♥❞ ❲♦❧❢❡✱ P✳ ✭✶✾✺✺✮✳ ❚❤❡ ❣❡♥❡r❛❧✐③❡❞ s✐♠♣❧❡① ♠❡t❤♦❞ ❢♦r ♠✐✲

♥✐♠✐③✐♥❣ ❛ ❧✐♥❡❛r ❢♦r♠ ✉♥❞❡r ❧✐♥❡❛r ✐♥❡q✉❛❧✐t② r❡str❛✐♥ts✳ P❛❝✐✜❝ ❏♦✉r♥❛❧ ♦❢ ▼❛t❤❡✲

♠❛t✐❝s✱ ✺✿✶✽✸✳

❞❡ ▼✐r❛♥❞❛✱ ❏✳ ❍✳ ❛♥❞ ❞❡ ▼❛t♦s P✐r❡s✱ ❘✳ ❈✳✱ ❡❞✐t♦rs ✭✷✵✵✸✮✳ ■rr✐❣❛çã♦✱ ✈♦❧✉♠❡ ✷ ♦❢

❊♥❣❡♥❤❛r✐❛ ❆❣rí❝♦❧❛✳ ❋❯◆❊P✳

❉❡✐t❡❧✱ ❍✳ ❛♥❞ ❉❡✐t❡❧✱ P✳ ✭✷✵✵✶✮✳ ❈✰✰✿ ❝♦♠♦ ♣r♦❣r❛♠❛r✳ ❇♦♦❦♠❛♥✱ ✸❛ ❡❞✐t✐♦♥✳

❉♦r✐❣♦✱ ▼✳ ✭✶✾✾✷✮✳ ❖♣t✐♠✐③❛t✐♦♥✱ ▲❡❛r♥✐♥❣ ❛♥❞ ◆❛t✉r❛❧ ❆❧❣♦r✐t❤♠s✳ P❤❞ t❤❡s✐s✱

P♦❧✐t❡❝♥✐❝♦ ❞✐ ▼✐❧❛♥♦✱ ■t❛❧②✳

❊❤r❧✐❝❤✱ P✳ ❏✳ ✭✶✾✼✽✮✳ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧ ✲ ❈✉rs♦ ✐♥tr♦❞✉tór✐♦✳ ❊❞✐t♦r❛ ❆t❧❛s✱ ❙ã♦

P❛✉❧♦✱ ✷❛ ❡❞✐t✐♦♥✳

❋❡♦✱ ❚✳ ❛♥❞ ❘❡s❡♥❞❡✱ ▼✳ ✭✶✾✽✾✮✳ ❆ ♣r♦❜❛❜✐❧✐st✐❝ ❤❡✉r✐st✐❝ ❢♦r ❛ ❝♦♠♣✉t❛t✐♦♥❛❧❧②

❞✐✣❝✉❧t s❡t ❝♦✈❡r✐♥❣ ♣r♦❜❧❡♠✳ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤ ▲❡tt❡rs✱ ✽✿✻✼✕✼✶✳

❋❡♦✱ ❚✳ ❆✳ ❛♥❞ ❘❡s❡♥❞❡✱ ▼✳ ●✳ ❈✳ ✭✶✾✾✺✮✳ ●r❡❡❞② r❛♥❞♦♠✐③❡❞ ❛❞❛♣t✐✈❡ s❡❛r❝❤ ♣r♦❝❡✲

❞✉r❡s✳ ❏♦✉r♥❛❧ ♦❢ ●❧♦❜❛❧ ❖♣t✐♠✐③❛t✐♦♥✱ ✻✭✷✮✿✶✵✾✕✶✸✸✳

●❧♦✈❡r✱ ❋✳ ✭✶✾✽✻✮✳ ❋✉t✉r❡ ♣❛t❤s ❢♦r ✐♥t❡❣❡r ♣r♦❣r❛♠♠✐♥❣ ❛♥❞ ❧✐♥❦s t♦ ❛rt✐✜❝✐❛❧ ✐♥t❡❧✲

❧✐❣❡♥❝❡✳ ❈♦♠♣✉t❡rs ✫ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤✱ ✶✸✿✺✸✸✕✺✹✾✳

●❧♦✈❡r✱ ❋✳ ✭✶✾✽✾✮✳ ❚❛❜✉ s❡❛r❝❤ ✲ ♣❛rt ✐✳ ❖❘❙❆ ❏♦✉r♥❛❧ ♦❢ ❈♦♠♣✉t✐♥❣✱ ✶✿✶✾✵✕✷✵✻✳

✼✶



●❧♦✈❡r✱ ❋✳ ❛♥❞ ❑♦❝❤❡♥❜❡r❣❡r✱ ●✳✱ ❡❞✐t♦rs ✭✷✵✵✷✮✳ ❍❛♥❞❜♦♦❦ ♦❢ ▼❡t❛❤❡✉r✐st✐❝s✳ ❑❧✉✇❡r

❆❝❛❞❡♠✐❝ P✉❜❧✐s❤❡rs✳

●♦❧❞❜❛r❣✱ ▼✳ ❈✳ ❛♥❞ ▲✉♥❛✱ ❍✳ P✳ ✭✷✵✵✺✮✳ ❖t✐♠✐③❛çã♦ ❝♦♠❜✐♥❛tór✐❛ ❡ ♣r♦❣r❛♠❛çã♦

❧✐♥❡❛r✿ ♠♦❞❡❧♦s ❡ ❛❧❣♦r✐t♠♦s✳ ❊❞✐t♦r❛ ❈❛♠♣✉s✱ ✷❛ ❡❞✐t✐♦♥✳

●♦♠❡s✱ ❆✳ ❈✳ ❛♥❞ ❙♦✉③❛✱ ▼✳ ❏✳ ❋✳ ✭✷✵✵✹✮✳ ❙♦❢t✇❛r❡s ❞❡ ❖t✐♠✐③❛çã♦✿ ▼❛♥✉❛❧ ❞❡

❘❡❢❡rê♥❝✐❛✳ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❖✉r♦ Pr❡t♦✳

●♦♠♦r②✱ ❘✳ ❊✳ ✭✶✾✺✽✮✳ ❖✉t❧✐♥❡ ♦❢ ❛♥ ❛❧❣♦r✐t❤♠ ❢♦r ✐♥t❡❣❡r s♦❧✉t✐♦♥s t♦ ❧✐♥❡❛r ♣r♦❣r❛♠s✳

❇✉❧❧❡t✐♥ ♦❢ t❤❡ ❆♠❡r✐❝❛♥ ▼❛t❤❡♠❛t✐❝❛❧ ❙♦❝✐❡t②✱ ✻✹✿✷✼✺✕✷✼✽✳

❍✐❧❧✐❡r✱ ❋✳ ❙✳ ❛♥❞ ▲✐❡❜❡r♠❛♥✱ ●✳ ❏✳ ✭✶✾✽✽✮✳ ■♥tr♦❞✉çã♦ à ♣❡sq✉✐s❛ ♦♣❡r❛❝✐♦♥❛❧✳ ❊❞✐t♦r❛

❈❛♠♣✉s✱ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ✸❛ ❡❞✐t✐♦♥✳

■❜❛r❛❦✐✱ ❚✳✱ ◆♦♥♦❜❡✱ ❑✳✱ ❛♥❞ ❨❛❣✐✉r❛✱ ▼✳✱ ❡❞✐t♦rs ✭✷✵✵✺✮✳ ▼❡t❛❤❡✉r✐st✐❝s✿ Pr♦❣r❡ss

❛s r❡❛❧ Pr♦❜❧❡♠ ❙♦❧✈❡rs✳ ❙♣r✐♥❣❡r ❙❝✐❡♥❝❡✱ ◆❡✇ ❨♦r❦✱ ❯♥✐t❡❞ ❙t❛t❡s ♦❢ ❆♠❡r✐❝❛✳

■❣♥❛❝✐♦✱ ❆✳✱ ❋❡rr❡✐r❛ ❋✐❧❤♦✱ ❱✳✱ ❛♥❞ ●❛❧✈ã♦✱ ❘✳ ✭✷✵✵✵✮✳ ▼ét♦❞♦s ❤❡✉ríst✐❝♦s ♥✉♠

❡♥t♦r♥♦ ♣❛r❛❧❡❧♦✳ ❆♥❛✐s ❞♦ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦ ❞❡ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧✱ ✸✷✿✼✻✾✕

✼✽✽✳

❑❡❧❧❡r✱ ❏✳ ❛♥❞ ❇❧✐❡s♥❡r✱ ❘✳ ❉✳ ✭✶✾✾✵✮✳ ❙♣r✐♥❦❧❡ ❛♥❞ tr✐❝❦❧❡ ✐rr✐❣❛t✐♦♥✳ ❆❱■ ❇♦♦❦✱ ◆❡✇

❨♦r❦✳

❑✐r❦♣❛tr✐❝❦✱ ❙✳✱ ●❡❧❛tt✱ ❈✳ ❉✳✱ ❛♥❞ ❱❡❝❝❤✐✱ ▼✳ P✳ ✭✶✾✽✸✮✳ ❖♣t✐♠✐③❛t✐♦♥ ❜② s✐♠✉❧❛t❡❞

❛♥♥❡❛❧✐♥❣✳ ❙❝✐❡♥❝❡✱ ✷✷✵✭✹✺✾✽✮✿✻✼✶✕✻✽✵✳

▲❛♥❞✱ ❆✳ ❍✳ ❛♥❞ ❉♦✐❣✱ ❆✳ ●✳ ✭✶✾✻✵✮✳ ❆♥ ❛✉t♦♠❛t✐❝ ♠❡t❤♦❞ ♦❢ s♦❧✈✐♥❣ ❞✐s❝r❡t❡ ♣r♦✲

❣r❛♠♠✐♥❣ ♣r♦❜❧❡♠s✳ ❊❝♦♥♦♠❡tr✐❝❛✱ ✷✽✿✹✾✼✕✺✷✵✳

▲ó♣❡③✱ ❋✳ ●✳✱ ❚♦rr❡s✱ ▼✳ ●✳✱ ❇❛t✐st❛✱ ❇✳ ▼✳✱ Pér❡③✱ ❏✳ ❆✳ ▼✳✱ ❛♥❞ ▼♦r❡♥♦✲❱❡❣❛✱

❏✳ ▼✳ ✭✷✵✵✻✮✳ ❙♦❧✈✐♥❣ ❢❡❛t✉r❡ s✉❜s❡t s❡❧❡❝t✐♦♥ ♣r♦❜❧❡♠ ❜② ❛ ♣❛r❛❧❧❡❧ s❝❛tt❡r s❡❛r❝❤✳

❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧ ♦❢ ❖♣❡r❛t✐♦♥❛❧ ❘❡s❡❛r❝❤✱ ✶✻✾✭✷✮✿✹✼✼✕✹✽✾✳

✼✷



▼❛✉r✐✱ ●✳ ❘✳ ❛♥❞ ▲♦r❡♥❛✱ ▲✳ ❆✳ ◆✳ ✭✷✵✵✻✮✳ ❙✐♠✉❧❛t❡❞ ❛♥♥❡❛❧✐♥❣ ❛♣❧✐❝❛❞♦ ❛ ✉♠ ♣r♦✲

❜❧❡♠❛ ❞❡ r♦t❡✐r✐③❛çã♦ ❡ ♣r♦❣r❛♠❛çã♦ ❞❡ ✈❡í❝✉❧♦s✳ ❆♥❛✐s ❞♦ ❳❳❳❱■■■ ❙✐♠♣ós✐♦

❇r❛s✐❧❡✐r♦ ❞❡ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧✱ ♣❛❣❡s ✶✵✺✹✕✶✵✻✺✳

▼❡❧♦✱ ❱✳ ❆✳ ❛♥❞ ▼❛rt✐♥❤♦♥✱ ❈✳ ❆✳ ✭✷✵✵✹✮✳ ▼❡t❛❤❡✉ríst✐❝❛s ❤í❜r✐❞❛s ♣❛r❛ ♦ ♣r♦❜❧❡♠❛

❞♦ ❝❛✐①❡✐r♦ ✈✐❛❥❛♥t❡ ❝♦♠ ❝♦❧❡t❛ ❞❡ ♣rê♠✐♦s✳ ❆♥❛✐s ❞♦ ❳❳❳❱■ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦

❞❡ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧✱ ♣❛❣❡s ✶✷✾✺✕✶✸✵✻✳

▼❡tr♦♣♦❧✐s✱ ◆✳✱ ❘♦s❡♥❜❧✉t❤✱ ❆✳✱ ❘♦s❡♥❜❧✉t❤✱ ▼✳✱ ❚❡❧❧❡r✱ ❆✳✱ ❛♥❞ ❚❡❧❧❡r✱ ❊✳ ✭✶✾✺✸✮✳

❊q✉❛t✐♦♥ ♦❢ st❛t❡ ❝❛❧❝✉❧❛t✐♦♥s ❜② ❢❛st ❝♦♠♣✉t✐♥❣ ♠❛❝❤✐♥❡s✳ ❏♦r♥❛❧ ♦❢ ❈❤❡♠✐❝❛❧

P❤②s✐❝s✱ ✷✶✿✶✵✽✼✕✶✵✾✷✳

▼ü❤❧❡♥❜❡✐♥✱ ❍✳✱ ▼❛❤♥✐❣✱ ❚✳✱ ❛♥❞ ❖❝❤♦❛✱ ❆✳ ✭✶✾✾✾✮✳ ❙❝❤❡♠❛t❛✱ ❞✐str✐❜✉t✐♦♥s ❛♥❞

❣r❛♣❤✐❝❛❧ ♠♦❞❡❧s ✐♥ ❡✈♦❧✉t✐♦♥❛r② ♦♣t✐♠✐③❛t✐♦♥✳ ❏♦✉r♥❛❧ ♦❢ ❍❡✉r✐st✐❝s✱ ✺✭✷✮✿✷✶✺✕✷✹✼✳

▼❧❛❞❡♥♦✈✐❝✱ ◆✳ ❛♥❞ ❍❛♥s❡♥✱ P✳ ✭✶✾✾✼✮✳ ❱❛r✐❛❜❧❡ ♥❡✐❣❤❜♦r❤♦♦❞ s❡❛r❝❤✳ ❈♦♠♣✉t❡rs ❛♥❞

❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤✱ ✷✹✿✶✵✾✼✕✶✶✵✵✳

◆♦❣✉❡✐r❛✱ ❘✳ ❚✳✱ ❞❡ P❛✉❧❛ ❏r✳✱ ●✳ ●✳✱ ❛♥❞ Pó✈♦❛✱ ❈✳ ▲✳ ❘✳ ✭✷✵✵✸✮✳ ❯♠❛ ❤❡✉ríst✐❝❛

❣r❛s♣ ♣❛r❛ ♦ ♣r♦❜❧❡♠❛ ❞❛ ♠♦❝❤✐❧❛ q✉❛❞rát✐❝❛ ✵✲✶✳ ❳❳❳❱ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦ ❞❡

P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧✱ ♣❛❣❡s ✶✷✹✺✕✶✷✺✹✳

◆♦r♦♥❤❛✱ ❚✳✱ ❞❛ ❙✐❧✈❛✱ ▼✳ ▼✳✱ ❛♥❞ ❆❧♦✐s❡✱ ❉✳ ✭✷✵✵✶✮✳ ❯♠❛ ❛❜♦r❞❛❣❡♠ s♦❜r❡ ❡str❛té❣✐❛s

♠❡t❛❤❡✉ríst✐❝❛s✳ ❘❡✈✐st❛ ❊❧❡trô♥✐❝❛ ❞❡ ■♥✐❝✐❛çã♦ ❈✐❡♥tí✜❝❛ ✭❘❊■❈✮✱ ■✭■✮✳

P❡r❡✐r❛✱ ●✳ ❲✳ ✭✷✵✵✹✮✳ ❆♣❧✐❝❛çã♦ ❞❛ té❝♥✐❝❛ ❞❡ r❡❝♦③✐♠❡♥t♦ s✐♠✉❧❛❞♦ ❡♠ ♣r♦❜❧❡♠❛s

❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ✢♦r❡st❛❧ ♠✉❧t✐♦❜❥❡t✐✈♦✳ ▼❛st❡r✬s t❤❡s✐s✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡

▼✐♥❛s ●❡r❛✐s✳

P❡r❡✐r❛✱ ●✳ ❲✳ ❛♥❞ ❞♦ ◆❛s❝✐♠❡♥t♦ ❙❛♥t♦s✱ ❍✳ ✭✷✵✵✹✮✳ ❆♣❧✐❝❛çã♦ ❞♦ s✐♠✉❧❛t❡❞ ❛♥♥❡✲

❛❧✐♥❣ ♥❛ s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ✢♦r❡st❛❧ ♠✉❧t✐♦❜❥❡t✐✈♦✳ ❆♥❛✐s ❞♦

❳❳❳❱■ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦ ❞❡ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧✱ ♣❛❣❡s ✾✕✷✵✳

Pr✉s❦✐✱ ❋✳ ❋✳✱ ❞❡❧ ●✳ ❘♦❞r✐❣✉❡③✱ ❘✳✱ ❞❡ ◆♦✈❛❡s✱ ▲✳ ❋✳✱ ❞❛ ❙✐❧✈❛✱ ❉✳ ❉✳✱ ❘❛♠♦s✱ ▼✳ ▼✳✱

❛♥❞ ❞❡ ❋✳ ❚❡✐①❡✐r❛✱ ❆✳ ✭✷✵✵✼✮✳ ■♠♣❛❝t♦ ❞❛s ✈❛③õ❡s ❞❡♠❛♥❞❛❞❛s ♣❡❧❛ ✐rr✐❣❛çã♦ ❡

✼✸



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

❞❡ ❊♥❣❡♥❤❛r✐❛ ❆❣rí❝♦❧❛ ❡ ❆♠❜✐❡♥t❛❧✱ ✶✶✭✷✮✿✶✾✾✕✷✶✵✳

P✉❝❝✐♥✐✱ ❆✳ ❞✳ ▲✳ ❛♥❞ P✐③③♦❧❛t♦✱ ◆✳ ❉✳ ✭✶✾✾✵✮✳ Pr♦❣r❛♠❛çã♦ ▲✐♥❡❛r✳ ❊❞✐t♦r❛ ▲✐✈r♦s

❚é❝♥✐❝♦s ❡ ❈✐❡♥tí✜❝♦s✱ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✱ ✷❛ ❡❞✐t✐♦♥✳

❘❛♥❣❡❧✱ ▼✳ ❈✳✱ ❞❡ ❆❜r❡✉✱ ◆✳ ▼✳ ▼✳✱ ❛♥❞ ❇♦❛✈❡♥t✉r❛✲♥❡tt♦✱ P✳ ❖✳ ✭✷✵✵✵✮✳ ●r❛s♣ ♣❛r❛

♦ ♣q❛✿ ✉♠ ❧✐♠✐t❡ ❞❡ ❛❝❡✐t❛çã♦ ♣❛r❛ s♦❧✉çõ❡s ✐♥✐❝✐❛✐s✳ P❡sq✉✐✳ ❖♣❡r✳✱ ✷✵✭✶✮✿✹✺✕✺✽✳

❘❡❡✈❡s✱ ❈✳ ❘✳ ✭✶✾✾✸✮✳ ▼♦❞❡r♥ ❍❡✉r✐st✐❝ ❚❡❝❤♥✐q✉❡s ❢♦r ❈♦♠❜✐♥❛t♦r✐❛❧ Pr♦❜❧❡♠s✳

❇❧❛❝❦✇❡❧❧ ❙❝✐❡♥t✐✜❝ Pr❡ss✳

❘❡s❡♥❞❡✱ ▼✳ ❛♥❞ ❘✐❜❡✐r♦✱ ❈✳ ✭✷✵✵✸✮✳ ❍❛♥❞❜♦♦❦ ♦❢ ▼❡t❛❤❡✉r✐st✐❝s✳✱ ❝❤❛♣t❡r ●r❡❡❞②

r❛♥❞♦♠✐③❡❞ ❛❞❛♣t✐✈❡ s❡❛r❝❤ ♣r♦❝❡❞✉r❡s✳ ❑❧✉✇❡r✳

❘♦❞r✐❣✉❡s✱ ❋✳ ✭✷✵✵✶✮✳ ▼❡t❛❤❡✉ríst✐❝❛ ❡ s✐st❡♠❛ ❞❡ s✉♣♦rt❡ à ❞❡❝✐sã♦ ♥♦ ❣❡r❡♥❝✐❛♠❡♥t♦

❞❡ r❡❝✉rs♦s ✢♦r❡st❛✐s✳ P❤❉ t❤❡s✐s✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✳

❙❛rt♦r✐✱ ▼✳ ❆✳✱ ❉✐❛s✱ ❉✳ ❋✳✱ P❡r❡③✱ ❘✳✱ ❇❛t✐st❛✱ ❊✳ ❙✳✱ ❛♥❞ ▼❛s❛❧❛✱ ❘✳ ▼✳ ✭✷✵✵✻✮✳

❊st✉❞♦ ❧♦❝❛❝✐♦♥❛❧ ❞❡ ✉♠❛ ✉♥✐❞❛❞❡ ♣r♦❞✉t♦r❛ ❞❡ ó❧❡♦ ✈❡❣❡t❛❧ ❞❡ ♠❛♠♦♥❛ ♥♦ ♥♦rt❡

❞♦ ❡st❛❞♦ ❞❡ ♠✐♥❛s ❣❡r❛✐s✳ ❆♥❛✐s ❞♦ ❳■■■ ❙✐♠♣ós✐♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❞❡ Pr♦❞✉çã♦✳

❙❝❤r❛❣❡✱ ▲✳ ✭✶✾✾✽✮✳ ❖♣t✐♠✐③❛t✐♦♥ ▼♦❞❡❧✐♥❣ ✇✐t❤ ▲✐♥❣♦✳ ▲✐♥❞♦ ❙②st❡♠s ■♥❝✳✱ s❡❝♦♥❞

❡❞✐t✐♦♥✳

❙❡rr❛✱ ❚✳ ❛♥❞ ▼♦✉r❛✱ ❆✳ ❱✳ ✭✷✵✵✻✮✳ ❊s❝❛❧♦♥❛♠❡♥t♦ ✐♥t❡❣r❛❞♦ ♣❛r❛ ♦ tr❛♥s♣♦rt❡ ❝♦✲

❧❡t✐✈♦ ✉t✐❧✐③❛♥❞♦ ❣r❛s♣✱ ♣❛t❤✲r❡❧✐♥❦✐♥❣ ❡ ♣❛r❛❧❡❧✐s♠♦✳ ❆♥❛✐s ❞♦ ❳❳❳❱■■■ ❙✐♠♣ós✐♦

❇r❛s✐❧❡✐r♦ ❞❡ P❡sq✉✐s❛ ❖♣❡r❛❝✐♦♥❛❧✱ ♣❛❣❡s ✾✻✸✕✾✼✹✳

❩✐♦♥ts✱ ❙✳ ✭✶✾✼✹✮✳ ▲✐♥❡❛r ❛♥❞ ■♥t❡❣❡r Pr♦❣r❛♠♠✐♥❣✳ Pr❡♥t✐❝❡✲❍❛❧❧✱ ◆❡✇ ❏❡rs❡②✳

✼✹



❆♣ê♥❞✐❝❡ ❆

P✐✈ôs ❝❡♥tr❛✐s ❞♦ ❡st✉❞♦ ❞❡ ❝❛s♦

❆❜❛✐①♦✱ s❡❣✉❡ ♦s ❞❛❞♦s r❡❧❡✈❛♥t❡s ❞❡ t♦❞♦s ♦s ♣✐✈ôs ❝❡♥tr❛✐s ❞♦ ♣r♦❥❡t♦ P❛r❛❝❛t✉✲❊♥tr❡

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

P✐✈ô ❝❡♥tr❛❧ ❍♦r❛s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ➪❣✉❛ ✉t✐❧✐③❛❞❛

✭m3/hora✮

P♦tê♥❝✐❛ ❣❛st❛

✭KWs/hora✮

P✐✈ô ✵✵✶ ✽ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✵✷ ✾ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✵✸ ✾ ✻✵✵✱✵✵ ✷✵✱✼✷

P✐✈ô ✵✵✹ ✾ ✷✵✽✱✵✵ ✼✱✶✽

P✐✈ô ✵✵✺ ✾ ✸✹✵✱✵✵ ✶✶✱✼✹

P✐✈ô ✵✵✻ ✾ ✶✺✽✱✵✵ ✺✱✹✻

P✐✈ô ✵✵✼ ✾ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✵✽ ✶✵ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✵✾ ✶✵ ✻✵✵✱✵✵ ✷✵✱✼✷

P✐✈ô ✵✶✵ ✶✶ ✸✹✵✱✵✵ ✶✶✱✼✹

P✐✈ô ✵✶✶ ✶✷ ✷✵✽✱✵✵ ✼✱✶✽

P✐✈ô ✵✶✷ ✶✸ ✶✺✽✱✵✵ ✺✱✹✻

P✐✈ô ✵✶✸ ✶✹ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✶✹ ✶✺ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✶✺ ✶✻ ✼✵✹✱✵✵ ✷✹✱✸✶

✼✺



P✐✈ô ✵✶✻ ✶✼ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✶✼ ✶✽ ✻✹✵✱✵✵ ✷✷✱✶✵

P✐✈ô ✵✶✽ ✶✾ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✶✾ ✷✵ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✷✵ ✷✶ ✻✵✵✱✵✵ ✷✵✱✼✷

P✐✈ô ✵✷✶ ✷✷ ✸✹✵✱✵✵ ✶✶✱✼✹

P✐✈ô ✵✷✷ ✷✷ ✷✵✽✱✵✵ ✼✱✶✽

P✐✈ô ✵✷✸ ✷✸ ✶✺✽✱✵✵ ✺✱✹✻

P✐✈ô ✵✷✹ ✷✸ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✷✺ ✷✸ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✷✻ ✷✷ ✻✵✵✱✵✵ ✷✵✱✼✷

P✐✈ô ✵✷✼ ✷✶ ✷✵✽✱✵✵ ✼✱✶✽

P✐✈ô ✵✷✽ ✷✶ ✸✹✵✱✵✵ ✶✶✱✼✹

P✐✈ô ✵✷✾ ✷✵ ✶✺✽✱✵✵ ✺✱✹✻

P✐✈ô ✵✸✵ ✶✾ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✸✶ ✶✽ ✷✽✵✱✵✵ ✾✱✻✼

P✐✈ô ✵✸✷ ✽ ✸✺✵✱✵✵ ✶✷✱✵✾

P✐✈ô ✵✸✸ ✾ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✸✹ ✾ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✸✺ ✾ ✻✵✵✱✵✵ ✷✵✱✼✷

P✐✈ô ✵✸✻ ✾ ✷✵✽✱✵✵ ✼✱✶✽

P✐✈ô ✵✸✼ ✾ ✸✹✵✱✵✵ ✶✶✱✼✹

P✐✈ô ✵✸✽ ✾ ✶✺✽✱✵✵ ✺✱✹✻

P✐✈ô ✵✸✾ ✶✵ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✹✵ ✶✵ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✹✶ ✶✶ ✻✵✵✱✵✵ ✷✵✱✼✷

P✐✈ô ✵✹✷ ✶✷ ✸✹✵✱✵✵ ✶✶✱✼✹

P✐✈ô ✵✹✸ ✶✸ ✷✵✽✱✵✵ ✼✱✶✽

P✐✈ô ✵✹✹ ✶✹ ✶✺✽✱✵✵ ✺✱✹✻

✼✻



P✐✈ô ✵✹✺ ✶✺ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✹✻ ✶✻ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✹✼ ✶✼ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✹✽ ✶✽ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✹✾ ✶✾ ✻✹✵✱✵✵ ✷✷✱✶✵

P✐✈ô ✵✺✵ ✷✵ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✺✶ ✷✶ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✺✷ ✷✷ ✻✵✵✱✵✵ ✷✵✱✼✷

P✐✈ô ✵✺✸ ✷✷ ✸✹✵✱✵✵ ✶✶✱✼✹

P✐✈ô ✵✺✹ ✷✸ ✷✵✽✱✵✵ ✼✱✶✽

P✐✈ô ✵✺✺ ✷✸ ✶✺✽✱✵✵ ✺✱✹✻

P✐✈ô ✵✺✻ ✷✸ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✺✼ ✷✷ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✺✽ ✷✶ ✻✵✵✱✵✵ ✷✵✱✼✷

P✐✈ô ✵✺✾ ✷✶ ✷✵✽✱✵✵ ✼✱✶✽

P✐✈ô ✵✻✵ ✷✵ ✸✹✵✱✵✵ ✶✶✱✼✹

P✐✈ô ✵✻✶ ✶✾ ✶✺✽✱✵✵ ✺✱✹✻

P✐✈ô ✵✻✷ ✶✽ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✻✸ ✽ ✷✽✵✱✵✵ ✾✱✻✼

P✐✈ô ✵✻✹ ✾ ✸✺✵✱✵✵ ✶✷✱✵✾

P✐✈ô ✵✻✺ ✾ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✻✻ ✾ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✻✼ ✾ ✻✵✵✱✵✵ ✷✵✱✼✷

P✐✈ô ✵✻✽ ✾ ✷✵✽✱✵✵ ✼✱✶✽

P✐✈ô ✵✻✾ ✾ ✸✹✵✱✵✵ ✶✶✱✼✹

P✐✈ô ✵✼✵ ✶✵ ✶✺✽✱✵✵ ✺✱✹✻

P✐✈ô ✵✼✶ ✶✵ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✼✷ ✶✶ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✼✸ ✶✷ ✻✵✵✱✵✵ ✷✵✱✼✷

✼✼



P✐✈ô ✵✼✹ ✶✸ ✸✹✵✱✵✵ ✶✶✱✼✹

P✐✈ô ✵✼✺ ✶✹ ✷✵✽✱✵✵ ✼✱✶✽

P✐✈ô ✵✼✻ ✶✺ ✶✺✽✱✵✵ ✺✱✹✻

P✐✈ô ✵✼✼ ✶✻ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✼✽ ✶✼ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✼✾ ✶✽ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✽✵ ✶✾ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✽✶ ✷✵ ✻✹✵✱✵✵ ✷✷✱✶✵

P✐✈ô ✵✽✷ ✷✶ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✽✸ ✷✷ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✽✹ ✷✷ ✻✵✵✱✵✵ ✷✵✱✼✷

P✐✈ô ✵✽✺ ✷✸ ✸✹✵✱✵✵ ✶✶✱✼✹

P✐✈ô ✵✽✻ ✷✸ ✷✵✽✱✵✵ ✼✱✶✽

P✐✈ô ✵✽✼ ✷✸ ✶✺✽✱✵✵ ✺✱✹✻

P✐✈ô ✵✽✽ ✷✷ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✽✾ ✷✶ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✾✵ ✷✶ ✻✵✵✱✵✵ ✷✵✱✼✷

P✐✈ô ✵✾✶ ✷✵ ✷✵✽✱✵✵ ✼✱✶✽

P✐✈ô ✵✾✷ ✶✾ ✸✹✵✱✵✵ ✶✶✱✼✹

P✐✈ô ✵✾✸ ✶✽ ✶✺✽✱✵✵ ✺✱✹✻

P✐✈ô ✵✾✹ ✽ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✾✺ ✾ ✷✽✵✱✵✵ ✾✱✻✼

P✐✈ô ✵✾✻ ✾ ✸✺✵✱✵✵ ✶✷✱✵✾

P✐✈ô ✵✾✼ ✾ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✵✾✽ ✾ ✺✺✵✱✵✵ ✶✾✱✵✵

P✐✈ô ✵✾✾ ✾ ✻✵✵✱✵✵ ✷✵✱✼✷

P✐✈ô ✶✵✵ ✾ ✷✵✽✱✵✵ ✼✱✶✽

P✐✈ô ✶✵✶ ✶✵ ✸✹✵✱✵✵ ✶✶✱✼✹

P✐✈ô ✶✵✷ ✶✵ ✶✺✽✱✵✵ ✺✱✹✻

✼✽



P✐✈ô ✶✵✸ ✶✶ ✼✵✹✱✵✵ ✷✹✱✸✶
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P✐✈ô ✶✶✶ ✶✾ ✼✵✹✱✵✵ ✷✹✱✸✶

P✐✈ô ✶✶✷ ✷✵ ✺✺✵✱✵✵ ✶✾✱✵✵
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❆♣ê♥❞✐❝❡ ❇

●r✉♣♦ ❞❡ ✼✾ ♣✐✈ôs ❝❡♥tr❛✐s s✐♠✉❧❛❞♦s

♣❛r❛ t❡st❡s

❆❜❛✐①♦✱ s❡❣✉❡ ♦s ❞❛❞♦s ❞♦ ❣r✉♣♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s s✐♠✉❧❛❞♦s ♣❛r❛ ❛ ✐♥stâ♥❝✐❛ ❞❡ ✼✾

♣✐✈ôs ❝❡♥tr❛✐s✳

P✐✈ô ❝❡♥tr❛❧ ❍♦r❛s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ➪❣✉❛ ✉t✐❧✐③❛❞❛

✭m3/hora✮

P♦tê♥❝✐❛ ❣❛st❛

✭Watts/hora✮

P✐✈ô ✵✶ ✶✵ ✽✶✱✵ ✷✵✵✵

P✐✈ô ✵✷ ✷✶ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✵✸ ✶✵ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✵✹ ✶✵ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✵✺ ✷✶ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✵✻ ✶✼ ✸✾✵✱✵ ✷✵✵✵

P✐✈ô ✵✼ ✶✽ ✹✷✼✱✵ ✷✵✵✵

P✐✈ô ✵✽ ✷✶ ✸✶✵✱✵ ✷✵✵✵

P✐✈ô ✵✾ ✷✶ ✷✶✹✱✵ ✷✵✵✵

P✐✈ô ✶✵ ✷✶ ✶✻✵✱✵ ✷✵✵✵

P✐✈ô ✶✶ ✷✵ ✶✼✻✱✵ ✷✵✵✵

P✐✈ô ✶✷ ✷✵ ✶✸✹✱✵ ✷✵✵✵

P✐✈ô ✶✸ ✷✵ ✶✹✽✱✵ ✷✵✵✵
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P✐✈ô ✸✹ ✶✶ ✺✵✸✱✵ ✷✵✵✵
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P✐✈ô ✸✼ ✶✶ ✹✾✶✱✺ ✷✵✵✵
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P✐✈ô ✸✾ ✶✹ ✷✹✷✱✸ ✷✵✵✵
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P✐✈ô ✻✹ ✶✾ ✷✵✵✱✵ ✷✵✵✵

P✐✈ô ✻✺ ✶✾ ✷✸✸✱✵ ✷✵✵✵

P✐✈ô ✻✻ ✷✶ ✹✶✵✱✵ ✷✵✵✵

P✐✈ô ✻✼ ✷✶ ✸✻✵✱✵ ✷✵✵✵

P✐✈ô ✻✽ ✶✾ ✶✵✻✱✵ ✷✵✵✵

P✐✈ô ✻✾ ✷✵ ✸✼✶✱✵ ✷✵✵✵

P✐✈ô ✼✵ ✶✾ ✹✷✺✱✵ ✷✵✵✵

P✐✈ô ✼✶ ✶✾ ✷✶✺✱✵ ✷✵✵✵

✽✹



P✐✈ô ✼✷ ✶✾ ✷✵✷✱✵ ✷✵✵✵

P✐✈ô ✼✸ ✶✾ ✷✸✵✱✵ ✷✵✵✵

P✐✈ô ✼✹ ✶✾ ✷✹✽✱✵ ✷✵✵✵

P✐✈ô ✼✺ ✶✾ ✶✾✵✱✽ ✷✵✵✵

P✐✈ô ✼✻ ✶✾ ✷✾✸✱✽ ✷✵✵✵

P✐✈ô ✼✼ ✶✾ ✶✷✸✱✵ ✷✵✵✵

P✐✈ô ✼✽ ✶✾ ✶✷✻✱✵ ✷✵✵✵

P✐✈ô ✼✾ ✺ ✶✵✻✱✺ ✷✵✵✵

✽✺



❆♣ê♥❞✐❝❡ ❈

●r✉♣♦ ❞❡ ✸✵✵ ♣✐✈ôs ❝❡♥tr❛✐s

s✐♠✉❧❛❞♦s ♣❛r❛ t❡st❡s

❆❜❛✐①♦✱ s❡❣✉❡ ♦s ❞❛❞♦s ❞♦ ❣r✉♣♦ ❞❡ ♣✐✈ôs ❝❡♥tr❛✐s s✐♠✉❧❛❞♦s ♣❛r❛ ❛ ✐♥stâ♥❝✐❛ ❞❡ ✸✵✵

♣✐✈ôs ❝❡♥tr❛✐s✳

P✐✈ô ❝❡♥tr❛❧ ❍♦r❛s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦ ➪❣✉❛ ✉t✐❧✐③❛❞❛

✭m3/hora✮

P♦tê♥❝✐❛ ❣❛st❛

✭Watts/hora✮

P✐✈ô ✵✶ ✶✵ ✽✶✱✵ ✷✵✵✵

P✐✈ô ✵✷ ✷✶ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✵✸ ✶✵ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✵✹ ✶✵ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✵✺ ✷✶ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✵✻ ✶✼ ✸✾✵✱✵ ✷✵✵✵

P✐✈ô ✵✼ ✶✽ ✹✷✼✱✵ ✷✵✵✵

P✐✈ô ✵✽ ✷✶ ✸✶✵✱✵ ✷✵✵✵

P✐✈ô ✵✾ ✷✶ ✷✶✹✱✵ ✷✵✵✵

P✐✈ô ✶✵ ✷✶ ✶✻✵✱✵ ✷✵✵✵

P✐✈ô ✶✶ ✷✵ ✶✼✻✱✵ ✷✵✵✵

P✐✈ô ✶✷ ✷✵ ✶✸✹✱✵ ✷✵✵✵

P✐✈ô ✶✸ ✷✵ ✶✹✽✱✵ ✷✵✵✵

✽✻



P✐✈ô ✶✹ ✷✵ ✷✵✵✱✵ ✷✵✵✵

P✐✈ô ✶✺ ✷✵ ✹✵✱✵ ✷✵✵✵

P✐✈ô ✶✻ ✻ ✶✷✽✱✵ ✷✵✵✵

P✐✈ô ✶✼ ✷✵ ✽✽✱✵ ✷✵✵✵

P✐✈ô ✶✽ ✷✵ ✸✵✽✱✵ ✷✵✵✵

P✐✈ô ✶✾ ✷✵ ✸✵✸✱✵ ✷✵✵✵

P✐✈ô ✷✵ ✷✵ ✸✸✸✱✵ ✷✵✵✵

P✐✈ô ✷✶ ✷✵ ✷✺✽✱✵ ✷✵✵✵

P✐✈ô ✷✷ ✷✵ ✸✷✵✱✵ ✷✵✵✵

P✐✈ô ✷✸ ✷✶ ✷✹✼✱✵ ✷✵✵✵

P✐✈ô ✷✹ ✷✵ ✸✺✷✱✵ ✷✵✵✵

P✐✈ô ✷✺ ✷✶ ✷✶✻✱✵ ✷✵✵✵

P✐✈ô ✷✻ ✷✵ ✻✵✷✱✵ ✷✵✵✵

P✐✈ô ✷✼ ✷✵ ✻✸✷✱✵ ✷✵✵✵

P✐✈ô ✷✽ ✷✵ ✹✽✸✱✺ ✷✵✵✵

P✐✈ô ✷✾ ✷✵ ✹✽✶✱✵ ✷✵✵✵

P✐✈ô ✸✵ ✷✶ ✶✻✹✱✵ ✷✵✵✵

P✐✈ô ✸✶ ✽ ✷✸✺✱✵ ✷✵✵✵

P✐✈ô ✸✷ ✶✶ ✹✹✽✱✵ ✷✵✵✵

P✐✈ô ✸✸ ✶✶ ✺✻✵✱✵ ✷✵✵✵

P✐✈ô ✸✹ ✶✶ ✺✵✸✱✵ ✷✵✵✵

P✐✈ô ✸✺ ✶✶ ✺✵✸✱✵ ✷✵✵✵

P✐✈ô ✸✻ ✶✶ ✺✵✽✱✻ ✷✵✵✵

P✐✈ô ✸✼ ✶✶ ✹✾✶✱✺ ✷✵✵✵

P✐✈ô ✸✽ ✶✹ ✷✸✻✱✹ ✷✵✵✵

P✐✈ô ✸✾ ✶✹ ✷✹✷✱✸ ✷✵✵✵

P✐✈ô ✹✵ ✶✷ ✸✷✻✱✵ ✷✵✵✵

P✐✈ô ✹✶ ✷✵ ✶✹✽✱✵ ✷✵✵✵

P✐✈ô ✹✷ ✷✵ ✸✾✾✱✼ ✷✵✵✵

✽✼



P✐✈ô ✹✸ ✷✵ ✸✾✸✱✵ ✷✵✵✵

P✐✈ô ✹✹ ✷✵ ✶✼✶✱✵ ✷✵✵✵

P✐✈ô ✹✺ ✶✽ ✸✷✹✱✵ ✷✵✵✵

P✐✈ô ✹✻ ✷✶ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✹✼ ✷✶ ✹✵✵✱✵ ✷✵✵✵

P✐✈ô ✹✽ ✷✶ ✹✵✵✱✵ ✷✵✵✵

P✐✈ô ✹✾ ✷✶ ✹✵✵✱✵ ✷✵✵✵

P✐✈ô ✺✵ ✷✶ ✹✵✵✱✵ ✷✵✵✵

P✐✈ô ✺✶ ✷✶ ✻✾✱✵ ✷✵✵✵

P✐✈ô ✺✷ ✶✺ ✶✶✺✱✺ ✷✵✵✵

P✐✈ô ✺✸ ✶✺ ✶✶✶✱✼ ✷✵✵✵

P✐✈ô ✺✹ ✶✼ ✷✷✹✱✵ ✷✵✵✵

P✐✈ô ✺✺ ✶✼ ✷✷✹✱✵ ✷✵✵✵

P✐✈ô ✺✻ ✷✶ ✷✾✹✱✵ ✷✵✵✵

P✐✈ô ✺✼ ✷✶ ✸✺✺✱✵ ✷✵✵✵

P✐✈ô ✺✽ ✷✶ ✷✵✼✱✵ ✷✵✵✵

P✐✈ô ✺✾ ✶✾ ✸✵✵✱✵ ✷✵✵✵

P✐✈ô ✻✵ ✶✾ ✶✷✶✱✵ ✷✵✵✵

P✐✈ô ✻✶ ✶✾ ✶✻✻✱✺ ✷✵✵✵

P✐✈ô ✻✷ ✶✾ ✶✸✵✱✵ ✷✵✵✵

P✐✈ô ✻✸ ✶✾ ✷✶✻✱✵ ✷✵✵✵

P✐✈ô ✻✹ ✶✾ ✷✵✵✱✵ ✷✵✵✵

P✐✈ô ✻✺ ✶✾ ✷✸✸✱✵ ✷✵✵✵

P✐✈ô ✻✻ ✷✶ ✹✶✵✱✵ ✷✵✵✵

P✐✈ô ✻✼ ✷✶ ✸✻✵✱✵ ✷✵✵✵

P✐✈ô ✻✽ ✶✾ ✶✵✻✱✵ ✷✵✵✵

P✐✈ô ✻✾ ✷✵ ✸✼✶✱✵ ✷✵✵✵

P✐✈ô ✼✵ ✶✾ ✹✷✺✱✵ ✷✵✵✵

P✐✈ô ✼✶ ✶✾ ✷✶✺✱✵ ✷✵✵✵

✽✽



P✐✈ô ✼✷ ✶✾ ✷✵✷✱✵ ✷✵✵✵

P✐✈ô ✼✸ ✶✾ ✷✸✵✱✵ ✷✵✵✵

P✐✈ô ✼✹ ✶✾ ✷✹✽✱✵ ✷✵✵✵

P✐✈ô ✼✺ ✶✾ ✶✾✵✱✽ ✷✵✵✵

P✐✈ô ✼✻ ✶✾ ✷✾✸✱✽ ✷✵✵✵

P✐✈ô ✼✼ ✶✾ ✶✷✸✱✵ ✷✵✵✵

P✐✈ô ✼✽ ✶✾ ✶✷✻✱✵ ✷✵✵✵

P✐✈ô ✼✾ ✺ ✶✵✻✱✺ ✷✵✵✵

P✐✈ô ✽✵ ✶✵ ✽✶✱✵ ✷✵✵✵

P✐✈ô ✽✶ ✶✵ ✽✶✱✵ ✷✵✵✵

P✐✈ô ✽✷ ✷✶ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✽✸ ✶✵ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✽✹ ✶✵ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✽✺ ✷✶ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✽✻ ✶✼ ✸✾✵✱✵ ✷✵✵✵

P✐✈ô ✽✼ ✶✽ ✹✷✼✱✵ ✷✵✵✵

P✐✈ô ✽✽ ✷✶ ✸✶✵✱✵ ✷✵✵✵

P✐✈ô ✽✾ ✷✶ ✷✶✹✱✵ ✷✵✵✵

P✐✈ô ✾✵ ✷✶ ✶✻✵✱✵ ✷✵✵✵

P✐✈ô ✾✶ ✷✵ ✶✼✻✱✵ ✷✵✵✵

P✐✈ô ✾✷ ✷✵ ✶✸✹✱✵ ✷✵✵✵

P✐✈ô ✾✸ ✷✵ ✶✹✽✱✵ ✷✵✵✵

P✐✈ô ✾✹ ✷✵ ✷✵✵✱✵ ✷✵✵✵

P✐✈ô ✾✺ ✷✵ ✹✵✱✵ ✷✵✵✵

P✐✈ô ✾✻ ✻ ✶✷✽✱✵ ✷✵✵✵

P✐✈ô ✾✼ ✷✵ ✽✽✱✵ ✷✵✵✵

P✐✈ô ✾✽ ✷✵ ✸✵✽✱✵ ✷✵✵✵

P✐✈ô ✾✾ ✷✵ ✸✵✸✱✵ ✷✵✵✵

P✐✈ô ✶✵✵ ✷✵ ✸✸✸✱✵ ✷✵✵✵

✽✾



P✐✈ô ✶✵✶ ✷✵ ✷✺✽✱✵ ✷✵✵✵

P✐✈ô ✶✵✷ ✷✵ ✸✷✵✱✵ ✷✵✵✵

P✐✈ô ✶✵✸ ✷✶ ✷✹✼✱✵ ✷✵✵✵

P✐✈ô ✶✵✹ ✷✵ ✸✺✷✱✵ ✷✵✵✵

P✐✈ô ✶✵✺ ✷✶ ✷✶✻✱✵ ✷✵✵✵

P✐✈ô ✶✵✻ ✷✵ ✻✵✷✱✵ ✷✵✵✵

P✐✈ô ✶✵✼ ✷✵ ✻✸✷✱✵ ✷✵✵✵

P✐✈ô ✶✵✽ ✷✵ ✹✽✸✱✺ ✷✵✵✵

P✐✈ô ✶✵✾ ✷✵ ✹✽✶✱✵ ✷✵✵✵

P✐✈ô ✶✶✵ ✷✶ ✶✻✹✱✵ ✷✵✵✵

P✐✈ô ✶✶✶ ✽ ✷✸✺✱✵ ✷✵✵✵

P✐✈ô ✶✶✷ ✶✶ ✹✹✽✱✵ ✷✵✵✵

P✐✈ô ✶✶✸ ✶✶ ✺✻✵✱✵ ✷✵✵✵

P✐✈ô ✶✶✹ ✶✶ ✺✵✸✱✵ ✷✵✵✵

P✐✈ô ✶✶✺ ✶✶ ✺✵✸✱✵ ✷✵✵✵

P✐✈ô ✶✶✻ ✶✶ ✺✵✽✱✻ ✷✵✵✵

P✐✈ô ✶✶✼ ✶✶ ✹✾✶✱✺ ✷✵✵✵

P✐✈ô ✶✶✽ ✶✹ ✷✸✻✱✹ ✷✵✵✵

P✐✈ô ✶✶✾ ✶✹ ✷✹✷✱✸ ✷✵✵✵

P✐✈ô ✶✷✵ ✶✷ ✸✷✻✱✵ ✷✵✵✵

P✐✈ô ✶✷✶ ✷✵ ✶✹✽✱✵ ✷✵✵✵

P✐✈ô ✶✷✷ ✷✵ ✸✾✾✱✼ ✷✵✵✵

P✐✈ô ✶✷✸ ✷✵ ✸✾✸✱✵ ✷✵✵✵

P✐✈ô ✶✷✹ ✷✵ ✶✼✶✱✵ ✷✵✵✵

P✐✈ô ✶✷✺ ✶✽ ✸✷✹✱✵ ✷✵✵✵

P✐✈ô ✶✷✻ ✷✶ ✺✽✱✵ ✷✵✵✵

P✐✈ô ✶✷✼ ✷✶ ✹✵✵✱✵ ✷✵✵✵

P✐✈ô ✶✷✽ ✷✶ ✹✵✵✱✵ ✷✵✵✵

P✐✈ô ✶✷✾ ✷✶ ✹✵✵✱✵ ✷✵✵✵

✾✵



P✐✈ô ✶✸✵ ✷✶ ✹✵✵✱✵ ✷✵✵✵

P✐✈ô ✶✸✶ ✷✶ ✻✾✱✵ ✷✵✵✵

P✐✈ô ✶✸✷ ✶✺ ✶✶✺✱✺ ✷✵✵✵

P✐✈ô ✶✸✸ ✶✺ ✶✶✶✱✼ ✷✵✵✵

P✐✈ô ✶✸✹ ✶✼ ✷✷✹✱✵ ✷✵✵✵
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