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UNAM – Dirección General de Bibliotecas 

Tesis Digitales 

Restricciones de uso 
  

DERECHOS RESERVADOS © 

PROHIBIDA SU REPRODUCCIÓN TOTAL O PARCIAL 
  

Todo el material contenido en esta tesis esta protegido por la Ley Federal 
del Derecho de Autor (LFDA) de los Estados Unidos Mexicanos (México). 

El uso de imágenes, fragmentos de videos, y demás material que sea 
objeto de protección de los derechos de autor, será exclusivamente para 
fines educativos e informativos y deberá citar la fuente donde la obtuvo 
mencionando el autor o autores. Cualquier uso distinto como el lucro, 
reproducción, edición o modificación, será perseguido y sancionado por el 
respectivo titular de los Derechos de Autor. 
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µ P❡r♠❡❛❜✐❧✐❞❛❞ ♠❛❣♥ét✐❝❛ ❞❡❧ ♠❡❞✐♦✱ ✭❍✴♠✮

Φ▲ ❋❧✉❥♦ ♠❛❣♥ét✐❝♦ ❝♦♥❝❛t❡♥❛❞♦✳

Φ▼ ❋❧✉❥♦ ❞❡ ♠❛❣♥❡t✐③❛❝✐ó♥✳

θ❝ ➪♥❣✉❧♦ ❞❡ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡❧ ✈❡❤í❝✉❧♦

ρ❛ ✶✳✷✷✺ ✭❑❣✴♠✮ ❉❡♥s✐❞❛❞ ❞❡❧ ❛✐r❡ ❡♥ ❧❛ ❈✐✉❞❛❞ ❞❡ ▼é①✐❝♦✳

❆ ✭♠✷✮ ➪r❡❛ ❢r♦♥t❛❧ ❞❡❧ ✈❡❤í❝✉❧♦✳

❆❉❊ ❆♥❝❤♦ ❞❡❧ ❞✐❡♥t❡ ❞❡❧ ❡st❛t♦r

❆❘❊ ❆♥❝❤♦ ❞❡ ❧❛ r❛♥✉r❛ ❞❡❧ ❡st❛t♦r

❆❊❋ ❆♥á❧✐s✐s ❞❡ ❡❧❡♠❡♥t♦ ✜♥✐t♦✳

❇❡❤✭❚✮ ❋❧✉❥♦ ♠❛❣♥ét✐❝♦ ❡♥ ❡❧ ❡♥tr❡❤✐❡rr♦

❇❊ ✭❦●✮ ❈❛♠♣♦ ♠❛❣♥ét✐❝♦ ❡♥ ❡❧ ❡st❛t♦r

❇r ❈❛♠♣♦ ♠❛❣♥ét✐❝♦ ❡♥ ❡❧ r♦t♦r

❈❉ ❈♦❡✜❝✐❡♥t❡ ❛❡r♦❞✐♥á♠✐❝♦ ❞❡❧ ✈❡❤í❝✉❧♦

❈❡ ✭❆✴♠✮ ❈❛r❣❛ ❡❧é❝tr✐❝❛

❉❊❊ ❉✐á♠❡tr♦ ❡①t❡r♥♦ ❞❡❧ ❡st❛t♦r✳

❞❡❤ ✭♠✮ ❉í❛♠❡tr♦ ❞❡❧ ❡♥tr❡❤✐❡rr♦

❊❈❊ ❊s♣❡s♦r ❞❡ ❧❛ ❝✉❧❛t❛ ❞❡❧ ❡st❛t♦r✳

✶✷
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❊❈❘ ❊s♣❡s♦r ❞❡ ❧❛ ❝✉❧❛t❛ ❞❡❧ r♦t♦r✳

❋ ✭◆✮ ❋✉❡r③❛

❋❣ ✭◆✮ ❋✉❡r③❛ ❞❡ ❧❛ ❝♦♠♣♦♥❡♥t❡ ❞❡❧ ♣❡s♦ ❡♥ ❞✐r❡❝❝✐ó♥ ❞❡❧ ♠♦✈✐♠❡✐♥t♦✳

❋r ✭◆✮ ❋✉❡r③❛ ❞❡ r❡s✐st❡♥❝❛ ❛❧ r♦❞❛♠✐❡♥t♦✳

❋t ✭◆✮ ❋✉❡r③❛ ❞❡ tr❛❝❝✐ó♥ t♦t❛❧ ❞❡❧ ✈❡❤í❝✉❧♦✳

❋❱ ✭◆✮ ❋✉❡r③❛ ❞❡ r❡s✐st❡♥❝✐❛ ❛❡r♦❞✐♥á♠✐❝❛✳

❋③ ✭◆✮ ❋✉❡r③❛ ♥♦r♠❛❧ ❞❡❧ ❝❛♠✐♥♦ s♦❜r❡ ❧❛ r✉❡❞❛✳

■❘❉ ✭❑❣ ♠✷✮ ■♥❡r❝✐❛ r♦t❛❝✐♦♥❛❧ t♦t❛❧❀ ❝❛❥❛ ❞❡ ❡♥❣r❛♥❡s ② ❞✐❢❡r❡♥❝✐❛❧✳

▲❉❊ ▲❛r❣♦ ❞❡❧ ❞✐❡♥t❡ ❞❡❧ r♦t♦r✳

▲◆❊ ▲❛r❣♦ ❞❡❧ ♥ú❝❧❡♦ ❧❛♠✐♥❛❞♦ ❞❡❧ ❡st❛t♦r✳

❧r ❈❛r❣❛ ❡❧é❝tr✐❝❛

♠✈ ✭❦●✮ ▼❛s❛ ❞❡❧ ✈❡❤í❝✉❧♦

▼❈■ ▼♦t♦r ❞❡ ❈♦♠❜✉st✐ó♥ ■♥t❡r♥❛

▼❊ ▼♦t♦r ❊❧é❝tr✐❝♦

▼❊❚ ▼♦t♦r❡s ❡❧é❝tr✐❝♦s ❞❡ tr❛❝❝✐ó♥

▼❙■P ▼♦t♦r❡s sí♥❝r♦♥♦s ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✳

▼❙❘ ▼♦t♦r❡s sí♥❝r♦♥♦s ❞❡ r❡❧✉❝t❛♥❝✐❛✳

♥ ❱❡❧♦❝✐❞❛❞ ❞❡❧ ❡❥❡ ❞❡❧ ♠♦t♦r ✭r♣♠✮✳

♥✵ ❱❡❧♦❝✐❞❛❞ sí♥❝r♦♥❛ ✭r♣♠✮✳

◆❘ ❘❡❧❛❝✐ó♥ ❞❡ tr❛♥s♠✐s✐ó♥ ❞❡ ❧❛ ❝❛❥❛ r❡❞✉❝t♦r❛ ❞❡ ❡♥❣r❛♥❡s✳

◆❘ ❘❡❧❛❝✐ó♥ ❞❡ tr❛♥s♠✐s✐ó♥ ❞❡❧ ❞✐❢❡r❡♥❝✐❛❧✳

P♥t ✭❲✮ P♦t❡♥❝✐❛ ♥♦♠✐♥❛❧ t❡ór✐❝❛✳

q ✭❈✮ ❈❛r❣❛ ❡❧é❝tr✐❝❛✳

❙ ❉❡s♣❧❛③❛♠✐❡♥t♦✳
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❚▼ ✭◆♠✮ P❛r ❡♥tr❡❣❛❞♦ ♣♦r ❡❧ ♠♦t♦r✳

✈ ✈❡❧♦❝✐❞❛❞✱ ✭♠✴s✮

✈ ✭♠✴s✮ ❱❡❧♦❝✐❞❛❞ ❞❡❧ ✈❡❤í❝✉❧♦✳

✈✈ ✭♠✴s✮ ❱❡❧♦❝✐❞❛❞ ❞❡❧ ✈✐❡♥t♦

❱❈■ ❱❡❤í❝✉❧♦ ❞❡ ❝♦♠❜✉st✐ó♥ ✐♥t❡r♥❛

❱❊ ❱❡❤í❝✉❧♦ ❊❧é❝tr✐❝♦

❱❊❍ ❱❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❤í❜r✐❞♦s



❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉❝❝✐ó♥✳

❊♥ ❡st❡ ♣r♦②❡❝t♦ s❡ r❡❛❧✐③ó ❡❧ ❞✐s❡ñ♦ ❞❡t❛❧❧❛❞♦ ❞❡ ✉♥ ♠♦t♦r ❡❧é❝tr✐❝♦ q✉❡ ❡s ❝❛♣❛③ ❞❡ ✐♠♣✉❧s❛r ✉♥ t❛①✐ ❡♥ ❧❛ ❈✐✉❞❛❞ ❞❡

▼é①✐❝♦✳ ❊♥ ❡❧ tr❛♥s❝✉rs♦ ❞❡❧ ♣r♦②❡❝t♦ ✈✐s✐t❛♠♦s ❞✐✈❡rs♦s ❝♦♥❣r❡s♦s ❞❡ ❡❧❡❝tr✐✜❝❛❝✐ó♥ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❧❛s t❡♥❞❡♥❝✐❛s ❡♥

❧❛ ✐♥❞✉str✐❛ ❛✉t♦♠♦tr✐③❀ ♥♦s ❛❝❡r❝❛♠♦s ❛ ❝♦♠♣❛ñí❛s ❛✉t♦♠♦tr✐❝❡s ❡♠❡r❣❡♥t❡s ♣❛r❛ ❡♥t❡♥❞❡r ❧❛s ♥❡❝❡s✐❞❛❞❡s ② ♣❧❛♥t❡❛r

✉♥ ♣r♦②❡❝t♦ q✉❡ ♣✉❞✐❡r❛ t❡♥❡r ✐♠♣❛❝t♦❀ ♦❜t✉✈✐♠♦s ❛s❡s♦rí❛ ❞❡❧ Pr♦❢ ❆♥t♦♥✐♦s ❑❧❛❞❛s ❞❡ ❧❛ ◆❚❯❆✱ q✉✐❡♥ ♣♦s❡❡ ✉♥❛

❛♠♣❧✐❛ ❡①♣❡r✐❡♥❝✐❛ ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ♠♦t♦r❡s ② ❢✉❡ ❡❧ ❛s❡s♦r ❞✉r❛♥t❡ ❡❧ ❞♦❝t♦r❛❞♦ ❞❡❧ ❥❡❢❡ ❞❡ ❞✐s❡ñ♦ ❞❡ ♠♦t♦r❡s ❞❡ ❚❡s❧❛

▼♦t♦rs ② ❝✉❜r✐♠♦s ❞✐✈❡rs♦s ❝✉rs♦s té❝♥✐❝♦s ♣❛r❛ ❛♣r❡♥❞❡r ❡❧ ♠❛♥❡❥♦ ❞❡ ♣❛q✉❡t❡s ❞❡ ❞✐s❡ñ♦ ② ❛♥á❧✐s✐s ♣♦r ❝♦♠♣✉t❛❞♦r❛✳

▲❛ ✐♥❞✉str✐❛ ❛✉t♦♠♦tr✐③ ❡stá s✉❢r✐❡♥❞♦ ✉♥ ❝❛♠❜✐♦ ❞❡ ♣❛r❛❞✐❣♠❛ ❤❛❝✐❛ ❧❛ ❡❧❡❝tr✐✜❝❛❝✐ó♥ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s✳ ❉❡s♣✉és ❞❡

✉t✐❧✐③❛r ♣♦r ♠ás ❞❡ ✶✵✵ ❛ñ♦s ❛❧ ♠♦t♦r ❞❡ ❝♦♠❜✉st✐ó♥ ✐♥t❡r♥❛ ❝♦♠♦ ♠❡❞✐♦ ❞❡ tr❛❝❝✐ó♥ ♣r✐♥❝✐♣❛❧✱ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s

s❡ ❝♦♥s✐❞❡r❛♥ ❝♦♠♦ ❧❛ ♦♣❝✐ó♥ ♣❛r❛ ❡❧ tr❛♥s♣♦rt❡ ❞❡❧ ❢✉t✉r♦✳ ❊♥ ❡st❡ ❝❛♠❜✐♦ ❞❡ ♣❛r❛❞✐❣♠❛ s❡ ❤❛ r❡q✉❡r✐❞♦ ❞❡ ♠✉❝❤❛

✐♥♥♦✈❛❝✐ó♥ ② ❞❡s❛rr♦❧❧♦ ♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❧♦s ♥✉❡✈♦s ✈❡❤í❝✉❧♦s✳

❊♥ ❡❧ ♣r❡s❡♥t❡ ❝❛♣ít✉❧♦ s❡ ♠✉❡str❛♥ ❛❧❣✉♥♦s ❞❛t♦s ❡♥ t♦r♥♦ ❛❧ ❞✐s❡ñ♦ ❞❡ ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ♣❛r❛ ✈❡❤í❝✉❧♦s✱ s❡ ❞❡s❝r✐❜❡

❝✉á❧❡s s♦♥ ❧♦s ♣r✐♥❝✐♣❛❧❡s r❡q✉❡r✐♠✐❡♥t♦s ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ❡st❡ t✐♣♦ ❞❡ ♠♦t♦r❡s ② s❡ ❡st❛❜❧❡❝❡♥ ❧♦s ♦❜❥❡t✐✈♦s ② ❛❧❝❛♥③❛❜❧❡s

❞❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦✳ ❊♥ ❡st❡ ❝❛♣ít✉❧♦ s❡ ♣r❡s❡♥t❛♥ ❞❛t♦s ❡ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ ❞❡❥❛♥ ✈❡r ❝❧❛r❛♠❡♥t❡ ❧❛ ❣r❛♥ ♦♣♦rt✉♥✐❞❛❞

q✉❡ ❡①✐st❡ ❡♥ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❞❡ tr❛❝❝✐ó♥✱ q✉❡ ❡❧ ❞✐s❡ñ♦ ❞❡ ❡st♦s ♠♦t♦r❡s ❡s ✉♥ r❡t♦ ♠✉② ✐♠♣♦rt❛♥t❡ ② q✉❡ s❡

r❡q✉✐❡r❡ ❞❡ ♠❡t♦❞♦❧♦❣í❛s ❝♦♠♣❧❡❥❛s ♣❛r❛ ❧♦❣r❛r❧♦✳

❊♥ ❡❧ ❝❛♣ít✉❧♦ ✷ s❡ ♠✉❡str❛ ❡❧ ♠❛r❝♦ t❡ór✐❝♦ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✱ ♣r✐♠❡r♦ s❡ ❞❡s❝r✐❜❡♥ ❧♦s ♣r✐♥❝✐♣❛❧❡s t✐♣♦s ②

❝♦♥✜❣✉r❛❝✐♦♥❡s ❞❡ tr❛s♣♦rt❡ ❡❧❡❝tr✐✜❝❛❞♦✱ ♣♦st❡r✐♦r♠❡♥t❡ s❡ ❞❡s❛rr♦❧❧❛ ✉♥❛ ❜r❡✈❡ ❤✐st♦r✐❛ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✱

❞✐❝❤❛ s❡❝❝✐ó♥ ❞❡❥❛ ❝❧❛r♦ q✉❡ s❡ ❤❛♥ ❞❡s❛rr♦❧❧❛❞♦ ❡st❡ t✐♣♦ ❞❡ ✈❡❤í❝✉❧♦s ❞❡s❞❡ ❤❛❝❡ t✐❡♠♣♦ ❛trás ② q✉❡ ♥♦s ❡♥❝♦♥tr❛♠♦s

❡♥ ✉♥ t❡r❝❡r ♣❡r✐♦❞♦ ❞❡ ❡❧❡❝tr✐✜❝❛❝✐ó♥✱ q✉❡ ♣♦r ❧♦ ❞❡♠ás ♣❛r❡❝❡ s❡r ❡❧ ♣❡r✐♦❞♦ ❞❡ ❡s❝❛❧❛♠✐❡♥t♦ ❝♦♠❡r❝✐❛❧✳ ❙❡ ✜♥❛❧✐③❛

❡st❡ ❝❛♣ít✉❧♦ ❝♦♥ ✉♥ ❡st✉❞✐♦ ❞❡ ♠❡r❝❛❞♦ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❝♦♠❡r❝✐❛❧❡s ❞❡ ❧❛s ❣r❛♥❞❡s ❝♦♠♣❛ñí❛s ❛✉t♦♠♦tr✐❝❡s✳

✶✺
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❊♥ ❡❧ ❝❛♣ít✉❧♦ ✸ s❡ ❝✉❜r❡ ❧❛ t❡♦rí❛ ♣r✐♥❝✐♣❛❧ q✉❡ ♥♦s ♣❡r♠✐t❡ ❞✐s❡ñ❛r ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❞❡ tr❛❝❝✐ó♥✳ ❊♥ ❞✐❝❤♦ ❝❛♣ít✉❧♦

s❡ ❝✉❜r❡♥ t❛♥t♦ ❝♦♥❝❡♣t♦s ♠❛❣♥ét✐❝♦s ❝♦♠♦ ♠❡❝á♥✐❝♦s ② ❛❞❡♠ás s❡ ❝♦♥s✐❞❡r❛♥ ❛s♣❡❝t♦s ❞❡ ♠❛♥✉❢❛❝t✉r❛ ② ❡♥s❛♠❜❧❡✳

❙❡ ❞❡s❛rr♦❧❧ó ❡❧ ♠❛r❝♦ t❡ór✐❝♦ tr❛t❛♥❞♦ ❞❡ ❞❡s❝r✐❜✐r✱ s✐❡♠♣r❡ q✉❡ ❢✉❡r❛ ♣♦s✐❜❧❡✱ ❞❡ ✉♥❛ ♠❛♥❡r❛ ❞✐r❡❝t❛ ② s✐♠♣❧❡ ❝ó♠♦

s❡ ❛♣❧✐❝❛ ❞✐❝❤❛ t❡♦rí❛ ❡♥ ❡❧ ❞✐s❡ñ♦ ♣rá❝t✐❝♦ ❞❡ ♠♦t♦r❡s✳

❊♥ ❡❧ ❝❛♣ít✉❧♦ ✹ s❡ r❡❛❧✐③ó ✉♥ ❡st✉❞✐♦ ❞❡❧ ❡st❛❞♦ ❞❡❧ ❛rt❡ ❞❡ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❞❡ tr❛❝❝✐ó♥✳ ❙❡ ✐♥❝❧✉②❡ ❡❧ ❛♥á❧✐s✐s

❞❡ ❞✐st✐♥t♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s q✉❡ ❤❛♥ s✐❞♦ ✉s❛❞♦s ❡♥ ❧♦s ✈❡❤í❝✉❧♦s ❡❧❡❝tr✐✜❝❛❞♦s q✉❡ ❤❛♥ s✐❞♦ ♣✉❡st♦s ❡♥ ❡❧ ♠❡r❝❛❞♦✳

❙❡ ❛♥❛❧✐③❛r♦♥ ♠✉② ❞❡t❛❧❧❛❞❛♠❡♥t❡ s❡✐s ♠♦t♦r❡s✱ ❧♦s ❝✉❛❧❡s ❤❛♥ s✐❞♦ ✉s❛❞♦s ❡♥ ❧♦s s✐❣✉✐❡♥t❡s ✈❡❤í❝✉❧♦s✿ ❍♦♥❞❛ ❆❝❝♦r❞

✷✵✵✺✱ ❚♦②♦t❛ Pr✐✉s ✷✵✵✺✱ ◆✐ss❛♥ ▲❡❛❢ ✷✵✶✷✱ ❇▼❲ ✐✸ ✷✵✶✻✱ ❈❤❡✈r♦❧❡t ❇♦❧t ✷✵✶✽ ② ❚❡s❧❛ ▼♦❞❡❧ ❙✳ ❊❧ ❛♥á❧✐s✐s ♣❛r❛ ❝❛❞❛

✉♥♦ ❞❡ ❡st♦s ♠♦t♦r❡s ✐♥❝❧✉②❡✱ ❡♥tr❡ ♦tr❛s✱ ❣rá✜❝❛s ❞❡ ♣❛r ② ♠❛♣❛s ❞❡ ❡✜❝✐❡♥❝✐❛✳ P❛r❛ ❛q✉❡❧❧♦s ♠♦t♦r❡s ❛♠♣❧✐❛♠❡♥t❡

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

❊♥ ❡❧ ❝❛♣ít✉❧♦ ✺ s❡ ♠✉❡str❛ ❧❛ ♠❡t♦❞♦❧♦❣í❛ ❞❡ ❞✐s❡ñ♦ q✉❡ s❡ ❧❧❡✈ó ❛ ❝❛❜♦ ♣❛r❛ r❡❛❧✐③❛r ❡st❡ ♣r♦②❡❝t♦✳ ❙❡ ❡st❛❜❧❡❝❡ q✉❡

❧♦s ♠í♥✐♠♦s ❛s♣❡❝t♦s q✉❡ ❞❡❜❡ ❝✉♠♣❧✐r ✉♥❛ ♠❡t♦❞♦❧♦❣í❛ ❞❡ ❞✐s❡ñ♦ ❞❡ ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❞❡ tr❛❝❝✐ó♥ s♦♥✿ ❡❧ ❛♥á❧✐s✐s

❞❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥✱ ❧❛ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡ ✉♥ ❞✐s❡ñ♦ ❜❛s❡ ② ❡❧ ❡♠♣❧❡♦ ❞❡ ♠ét♦❞♦s ♣r❡❝✐s♦s ❡❢❡❝t✐✈♦s ❞❡ ❛♥á❧✐s✐s ② ♣r❡❞✐❝❝✐ó♥✳

❊❧ ❛♥á❧✐s✐s ❞❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ♥♦s ♣❡r♠✐t❡ ❡s❝❧❛r❡❝❡r ❧♦s ♦❜❥❡t✐✈♦s ❞❡❧ ❞✐s❡ñ♦✱ ❧❛ ♦♣t✐♠✐③❛❝✐ó♥ ❣❛r❛♥t✐③❛r q✉❡ ❡❧ ♠♦t♦r

♣r♦♣✉❡st♦ ❡s ❧❛ ♠❡❥♦r ♦♣❝✐ó♥ ♣❛r❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥❀ ❧♦s ♠ét♦❞♦s ❞❡ ❛♥á❧✐s✐s ② ♣r❡❞✐❝❝✐ó♥ s♦♥ ❡♠♣❧❡❛❞♦s✱ ❡♥tr❡ ♦tr❛s ❝♦s❛s✱

♣❛r❛ r❡❞✉❝✐r ❝♦st♦s✱ ❡♥ ❡st❡ ❝❛s♦ s❡ ❡♠♣❧❡ó ❛♥á❧✐s✐s ♣♦r ❡❧❡♠❡♥t♦ ✜♥✐t♦✳

❊♥ ❡❧ ❝❛♣ít✉❧♦ ✻ s❡ ♣r❡s❡♥t❛♥ ❡❧ ❞✐s❡ñ♦ ✜♥❛❧✱ s❡ ❛♥❛❧✐③❛♥ ❝✉á❧❡s ❞❡❜❡♥ ❞❡ s❡r ❧♦s tr❛❜❛❥♦s ♣❛r❛ ❞❡s❛rr♦❧❧❛r ❡♥ ❡❧ ❢✉t✉r♦

♣❛r❛ ❝♦♥t✐♥✉❛r ❝♦♥ ❡st❛ ❧í♥❡❛ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥✳ ❚❛♠❜✐é♥ s❡ ♣r❡s❡♥t❛ ✉♥❛ ❧✐st❛ ❞❡ ❣✉í❛s ❞❡ ❞✐s❡ñ♦ ♣❛r❛ ♠♦t♦r❡s ❡❧é❝tr✐❝♦s

❞❡ tr❛❝❝✐ó♥✳ P♦r ú❧t✐♠♦✱ s❡ ❡①♣♦♥❡♥ ❧❛s ❝♦♥❝❧✉s✐♦♥❡s ❞❡❧ ♣r♦②❡❝t♦✳ ❊♥ ❡❧ ❛♣é♥❞✐❝❡ s❡ ♣✉❡❞❡ ❡♥❝♦♥tr❛r ❞✐✈❡rs❛ ✐♥❢♦r♠❛❝✐ó♥

❞❡t❛❧❧❛❞❛ q✉❡ r❡s✉❧t❛rí❛ ♣♦❝♦ ♣rá❝t✐❝♦ ✐♥❝❧✉✐r ❡♥ ❧♦s ❝❛♣ít✉❧♦s✱ ❞✐❝❤❛ ✐♥❢♦r♠❛❝✐ó♥ ✐♥❝❧✉②❡ ❝ó❞✐❣♦ ❞❡ ♣r♦❣r❛♠❛s ✉t✐❧✐③❛❞♦s

♣❛r❛ ❧♦s ❝á❧❝✉❧♦s ② ❞✐❜✉❥♦s ❞❡ ✐♥❣❡♥✐❡rí❛✳

✶✳✶✳ ▼♦t♦r❡s ❡❧é❝tr✐❝♦s ♣❛r❛ ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ tr❛❝❝✐ó♥✳

▲♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s s♦♥ ✉s❛❞♦s ❡♥ ♠✉❝❤❛s ❛♣❧✐❝❛❝✐♦♥❡s✱ ❡s ✉♥♦ ❞❡ ❧♦s s❡❝t♦r❡s ✐♥❞✉str✐❛❧❡s ❝♦♥ ♠❛②♦r ❝r❡❝✐♠✐❡♥t♦✱

❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❡❧ ✹✺✪ ❞❡❧ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛ ❡♥ ❡❧ ♠✉♥❞♦ s❡ ❞❡❜❡ ❛ ❧❛ ♦♣❡r❛❝✐ó♥ ❞❡ ♠♦t♦r❡s ❡❧é❝tr✐❝♦s✳

P❛r❛ ❡❧ ✷✵✸✵ ❧❛ ❡♥❡r❣í❛ ❛ ♥✐✈❡❧ ♠✉♥❞✐❛❧ ❝♦♥s✉♠✐❞❛ ♣♦r ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s s❡ ❡st✐♠❛ ❡♥ ✶✸✸✻✵ ✭❚❲❤✮ ♣♦r ❛ñ♦ ✭❚♦♥❣✱

✷✵✶✹✮✳ P♦r ♦tr♦ ❧❛❞♦✱ ❧❛ ❡♥❡r❣í❛ ✉s❛❞❛ ❡♥ ❧❛ ✐♥❞✉str✐❛ ♣♦r ❧♦s ♠♦t♦r❡s r❡♣r❡s❡♥t❛ ❡❧ ✻✺✪ ❞❡❧ ❝♦♥s✉♠♦✱ ❧♦ ❝✉❛❧ r❡♣r❡s❡♥t❛

❛❧r❡❞❡❞♦r ❞❡ ✾ ♠✐❧ ♠✐❧❧♦♥❡s ❞❡ ❞ó❧❛r❡s✳ ❆❞❡♠ás✱ s❡ ♣r♦②❡❝t❛ q✉❡ ♣❛r❛ ✷✵✷✸ ❤❛❜rá ✉♥❛ ♥❡❝❡s✐❞❛❞ ❞❡ ✶✹✼✳✼ ♠✐❧❧♦♥❡s ❞❡

♠♦t♦r❡s ❡❧é❝tr✐❝♦s só❧♦ ♣❛r❛ ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ tr❛❝❝✐ó♥ ✭❊♠❛❞✐✱ ✷✵✶✹✮✳

❊❧ ❞✐s❡ñ♦ ❞❡ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❞❡ tr❛❝❝✐ó♥ ✭▼❊❚✮ ❡s ♣❛rt✐❝✉❧❛r♠❡♥t❡ ♠ás ❝♦♠♣❧❡❥♦ q✉❡ ❡❧ ❞✐s❡ñ♦ ❞❡ ♦tr♦s t✐♣♦s ❞❡

♠♦t♦r❡s ❡❧é❝tr✐❝♦s ✭❨✐❧♠❛③✱ ✷✵✶✺✮✳ ▲♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❝♦♥✈❡♥❝✐♦♥❛❧❡s✱ ♦♣❡r❛♥ ❡♥ ❡st❛❞♦ ♣❡r♠❛♥❡♥t❡ ② ♥♦ ♣r❡s❡♥t❛♥
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r❡q✉❡r✐♠✐❡♥t♦s ❞✐♥á♠✐❝♦s ✭❚❛♥❣✱ ✷✵✶✵✮✱ ♠✐❡♥tr❛s q✉❡ ❧♦s ▼❊❚ t✐❡♥❡♥ r❡q✉❡r✐♠✐❡♥t♦s ♠✉② ❡s♣❡❝í✜❝♦s r❡s✉❧t❛❞♦ ❞❡ ❧❛

❛♣❧✐❝❛❝✐ó♥ q✉❡ ❞❡s❡♠♣❡ñ❛♥✳

❊❧ ♣r✐♠❡r ❛s♣❡❝t♦ ♣♦r ❝♦♥s✐❞❡r❛r ❡♥ ❡❧ ❞✐s❡ñ♦ ② s❡❧❡❝❝✐ó♥ ❞❡ ▼❊❚ ❡s ❡❧ t✐♣♦ ❞❡ ❛♣❧✐❝❛❝✐ó♥✱ ❧♦s ♠❡❞✐♦s ❞❡ tr❛s♣♦rt❡

q✉❡ ♣✉❡❞❡♥ s❡r ❡❧❡❝tr✐✜❝❛❞♦s ✐♥❝❧✉②❡♥ ❜✐❝✐❝❧❡t❛s✱ ♠♦t♦❝✐❝❧❡t❛s✱ ✈❡❤í❝✉❧♦s ❞❡ ♣❛s❛❥❡r♦s✱ ❛✉t♦❜✉s❡s✱ ✈❡❤í❝✉❧♦s ❞❡ r❡♣❛rt♦✱

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

♠❛♥❡❥♦ ❡♥ ❧❛s q✉❡ ♦♣❡r❡✳

▲❛ ✐♥t❡❣r❛❝✐ó♥ ❡①✐t♦s❛ ❞❡ ❧♦s ▼❊❚ ❡♥ ❧♦s ♥✉❡✈♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ✭❱❊✮ ② ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❤í❜r✐❞♦s ✭❱❊❍✮✱

r❡q✉✐❡r❡ ❝✉❜r✐r ❞✐❢❡r❡♥t❡s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ❡♥ tér♠✐♥♦s ❞❡ ✈♦❧✉♠❡♥✱ ♣❡s♦✱ ❛❧t❛s t❡♠♣❡r❛t✉r❛s ❞❡ ♦♣❡r❛❝✐ó♥✱ ❞❡s❡♠♣❡ñ♦✱

❝♦♥✜❛❜✐❧✐❞❛❞ ② ❝♦st♦✳ ▲❛s ♠❡❥♦r❛s ❡♥ ❧♦s s✐st❡♠❛s ❞❡ tr❛❝❝✐ó♥ ❞❡ ❧♦s ❱❊ ② ❱❊❍ t✐❡♥❡♥ ✉♥ ✐♠♣❛❝t♦ ♣♦s✐t✐✈♦ ❡♥ ❧❛

❡✜❝✐❡♥❝✐❛ ❣❡♥❡r❛❧ ② r❛♥❣♦ ♣♦r ❝❛r❣❛ ❞❡ ❜❛t❡rí❛ ✭❨✐❧♠❛③✱ ✷✵✶✺✮✳

✶✳✶✳✶✳ ❘❡q✉❡r✐♠✐❡♥t♦s ❡s♣❡❝✐❛❧❡s ❞❡ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❞❡ tr❛❝❝✐ó♥✳

❉❡ ❛❝✉❡r❞♦ ❝♦♥ ❨✐❧♠❛③ ✭✷✵✶✺✮✱ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❡s♣❡❝✐❛❧❡s ❞❡ ❧♦s ▼❊❚ s♦♥✿

❯♥❛ ❡✜❝✐❡♥❝✐❛ ❛❧t❛ ❡♥ ✉♥ r❛♥❣♦ ❛♠♣❧✐♦ ❞❡ ✈❡❧♦❝✐❞❛❞ ② ♣❛r✿ ▲♦s ▼❊❚ ♥♦ ♦♣❡r❛♥ ❡♥ ✉♥ s♦❧♦ ♣✉♥t♦ ó♣t✐♠♦✳

❉❡♥s✐❞❛❞ ❞❡ ♣❛r ❛❧t❛✿ ❆❧t♦ ♣❛r ❛ ❜❛❥❛s ✈❡❧♦❝✐❞❛❞❡s ♣❛r❛ ✐♥✐❝✐❛r ❛ ♠♦✈❡r ❡❧ ✈❡❤í❝✉❧♦ ② ♣❛r❛ ❡s❝❛❧❛r ❝❛♠✐♥♦s ❝♦♥

♣❡♥❞✐❡♥t❡s✳

❉❡♥s✐❞❛❞ ❞❡ ♣♦t❡♥❝✐❛ ❛❧t❛✿ ❆❧t❛ ♣♦t❡♥❝✐❛ ❛ ✈❡❧♦❝✐❞❛❞❡s ❛❧t❛s ❞❡ ❝r✉❝❡r♦✳

❘❛♥❣♦ ❛♠♣❧✐♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡s✿ ❧❛s ✈❡❧♦❝✐❞❛❞❡s ❜❛❥❛s ♣❛r❛ ♠❛♥❡❥♦ ❡♥ ❧❛ ❝✐✉❞❛❞ ② ❧❛s ✈❡❧♦❝✐❞❛❞❡s ♠ás ❛❧t❛s ♣❛r❛ ❡❧

♠❛♥❡❥♦ ❡♥ ❝❛rr❡t❡r❛s✳ ❆❞❡♠ás✱ ❧❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ♣✉❡❞❡ s❡r ♠✉❝❤♦ ♠ás ❣r❛♥❞❡ q✉❡ ❧❛ ✈❡❧♦❝✐❞❛❞ ❜❛s❡ ❛ ❧❛ ❝✉❛❧

❡❧ ♣❛r ♥♦♠✐♥❛❧ ❡s ❡♥tr❡❣❛❞♦✳

P❡s♦ ② ✈♦❧✉♠❡♥ ❧♦ ♠ás ❜❛❥♦s ♣♦s✐❜❧❡✿ ❯♥ ♠♦t♦r ❧✐❣❡r♦ ❞❡ ❣r❛♥ ♣♦t❡♥❝✐❛ ❜❡♥❡✜❝✐❛ ❡❧ ❝♦♥s✉♠♦ ❞❡ ❧❛ ❡♥❡r❣í❛✳

❙♦♠❡t✐❞♦ ❛ ♣❛r♦s ② ❛rr❛♥q✉❡s ❢r❡❝✉❡♥t❡s✳

❘❡s♣✉❡st❛ ❞✐♥á♠✐❝❛ rá♣✐❞❛✳

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

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

❆❧t❛ t♦❧❡r❛♥❝✐❛ ❛ ❢❛❧❧❛s ② ❝♦♥tr♦❧ r♦❜✉st♦✳

❊❧ ❝♦st♦ ♠ás ❜❛❥♦ ♣♦s✐❜❧❡✳
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▼❛♥t❡♥✐♠✐❡♥t♦ s✐♠♣❧❡✳

❇❛❥❛s ♣ér❞✐❞❛s ❞❡ ♣❛r✳

❇❛❥♦ r✉✐❞♦✳

❘❡q✉❡r✐♠✐❡♥t♦s ❜❛❥♦s ❞❡ ❡♥❢r✐❛♠✐❡♥t♦✿ ❜❛❥❛s ♣ér❞✐❞❛s ❞❡ ❝♦❜r❡✳

❚❡❝♥♦❧♦❣í❛ ♠❛❞✉r❛✱ ✐♥t❡❣r✐❞❛❞ ❡str✉❝t✉r❛❧ ② ❞✐s❡ñ♦ ♠♦❞✉❧❛r✳

❘✉✐❞♦ ♣♦r ✐♥t❡r❢❡r❡♥❝✐❛ ❡❧❡❝tr♦♠❛❣♥ét✐❝❛ ❜❛❥♦ ② ♠í♥✐♠♦ ❢❛❝t♦r ❞❡ ❞✐st♦rs✐ó♥ ♣♦r ❛r♠ó♥✐❝♦s

❆ ♣r✉❡❜❛ ❞❡ ❛❣✉❛✱ ❛ ♣r✉❡❜❛ ❞❡ ♣♦❧✈♦ ② r❡s✐st❡♥t❡ ❛ ✐♠♣❛❝t♦s✳

❋❛❝✐❧✐❞❛❞ ❞❡ ❡❥❡❝✉t❛r ✉♥ ❞❡❜✐❧✐t❛♠✐❡♥t♦ ❞❡❧ ❝❛♠♣♦ ❛ ❛❧t❛s ✈❡❧♦❝✐❞❛❞❡s✿ ❈✉❛♥❞♦ s❡ ❡❢❡❝tú❛ ✉♥ ❞❡❜✐❧✐t❛♠✐❡♥t♦ ❞❡❧

❝❛♠♣♦ ❡♥ ❡❧ ♠♦t♦r ❛✉♠❡♥t❛ ❧❛ ✈❡❧♦❝✐❞❛❞ ✭❈❤❛♣♠❛♥✱ ✷✵✵✺✮✳ ❈♦♥ ❧❛ té❝♥✐❝❛ ❞❡ ❞❡❜✐❧✐t❛♠✐❡♥t♦ ❞❡ ✢✉❥♦ ❡♥ ❧❛ ③♦♥❛

❞❡ ♣♦t❡♥❝✐❛ ❝♦♥st❛♥t❡ ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡❧ ♠♦t♦r ❡s ❞❡ ✹ ❛ ✺ ✈❡❝❡s ❧❛ ✈❡❧♦❝✐❞❛❞ ❜❛s❡✱ ❧♦ ❝✉❛❧ ❡s ✉♥❛ ❝❛r❛❝t❡ríst✐❝❛

❞❡s❡❛❞❛ ❡♥ ❧❛s ▼❊❚✳

❙✐♥ ❡♠❜❛r❣♦✱ ❡♥ tér♠✐♥♦s ❞❡❧ ❞✐s❡ñ♦ ❞❡ ♠áq✉✐♥❛s ❡❧é❝tr✐❝❛s✱ ❛❧❣✉♥♦s ❞❡ ❡st♦s r❡q✉❡r✐♠✐❡♥t♦s s❡ ❝♦♥tr❛❞✐❝❡♥✳ ❯♥ ♠♦t♦r

❡❧é❝tr✐❝♦ ❝♦♥ ✉♥❛ ♣♦t❡♥❝✐❛ ❛❧t❛ ② ✉♥ ✈♦❧✉♠❡♥ ♣❡q✉❡ñ♦ ♣r❡s❡♥t❛ ❝❛r❣❛s ❡❧é❝tr✐❝❛s ② ♠❛❣♥ét✐❝❛s ♠ás ❣r❛♥❞❡s✱ ❧♦ q✉❡

✐♠♣❛❝t❛ ♥❡❣❛t✐✈❛♠❡♥t❡ ❛ ❧❛ ❡✜❝✐❡♥❝✐❛ ✭❊♠❛❞✐✱ ✷✵✶✹✮✳ ❆❧❣✉♥♦s ♠♦t♦r❡s ♥♦ ❝✉♠♣❧❡♥ ❝♦♥ ❧❛s ❞❡♠❛♥❞❛s ❞❡ ♣❛r r❡q✉❡r✐❞❛s

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

♣✐❝♦s ❞❡ ♣❛r ♣r❡s❡♥t❛♥ ✉♥❛ ❡✜❝✐❡♥❝✐❛ ♠❡♥♦r ✭❚❛♥❣✱ ✷✵✶✵✮✳

✶✳✶✳✷✳ ▼❡t♦❞♦❧♦❣í❛s ❞❡ ❞✐s❡ñ♦ ② ❛♥á❧✐s✐s ❞❡ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❞❡ tr❛❝❝✐ó♥✳

P❛r❛ r❡❛❧✐③❛r ✉♥ ❛♥á❧✐s✐s ❡✜❝✐❡♥t❡ ❞❡ ❧♦s ▼❊❚✱ s❡ r❡q✉✐❡r❡ ♠♦❞❡❧❛r ❞✐st✐♥t♦s ❢❡♥ó♠❡♥♦s ❝♦♠♦ ❧❛ s❛t✉r❛❝✐ó♥ ❞❡ ❧♦s

♠❛t❡r✐❛❧❡s ❢❡rr♦♠❛❣♥ét✐❝♦s✱ ❝♦rr✐❡♥t❡s ❞❡ ♣❛rás✐t❛s✱ ❡ ❤✐stér❡s✐s✳ ❉✐❝❤♦s ❢❡♥ó♠❡♥♦s s♦♥ ❞✐❢í❝✐❧❡s ❞❡ ♠♦❞❡❧❛r✱ ♣❡r♦ s♦♥

r❡q✉❡r✐❞♦s ♣❛r❛ ❡❥❡❝✉t❛r ✉♥ ❛♥á❧✐s✐s ♣r❡❝✐s♦✳ ▲♦s ♠ét♦❞♦s tr❛❞✐❝✐♦♥❛❧❡s ♣❛r❛ ❡❧ ❛♥á❧✐s✐s ② ❞✐s❡ñ♦ ❞❡ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s

s❡ ❡❢❡❝tú❛♥ ♦♣t✐♠✐③❛♥❞♦ ✉♥ s♦❧♦ ♣✉♥t♦ ❞❡ ♦♣❡r❛❝✐ó♥ ✭❙t❛t♦♥✱ ✷✵✶✻✮❀ ❡st♦s ♠ét♦❞♦s ❡stá♥ ❜❛s❛❞♦s ❡♥ ❡❝✉❛❝✐♦♥❡s ❡♠♣ír✐❝❛s

② r❡❣❧❛s ♦❜t❡♥✐❞❛s ❞❡ ♥♦r♠❛s ❞❡ ❞✐s❡ñ♦✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❧♦s ▼❊❚ ♥♦ ♦♣❡r❛♥ ❡♥ ✉♥ só❧♦ ✉♥ ♣✉♥t♦ ② ♠✉❝❤❛s ❞❡ ❧❛s

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

❞❡❧ ❞❡s❡♠♣❡ñ♦✳ ▲♦s ▼❊❚ ❞❡ tr❛❝❝✐ó♥ ❞❡❜❡♥ s❡r ❞✐s❡ñ❛❞♦s ② ♦♣t✐♠✐③❛❞♦s ♣❛r❛ ✉♥ ❝✐❝❧♦ ❞❡ ♠❛♥❡❥♦✳

▲❛ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡ ❧♦s ▼❊❚ ♣❛r❛ ✉♥ ❝✐❝❧♦ ❞❡ ♠❛♥❡❥♦ ❡♥ ❡s♣❡❝í✜❝♦ r❡q✉✐❡r❡ ❞❡ ✉♥ ♠ét♦❞♦ rá♣✐❞♦ ♣❛r❛ ❛♥❛❧✐③❛r ❡❧

❞❡s❡♠♣❡ñ♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦ ② tér♠✐❝♦ ❜❛❥♦ ❧❛s ❝❛r❣❛s ❣❡♥❡r❛❞❛s ✭❙t❛t♦♥✱ ✷✵✶✻✮✳ ❊❧ r❡s✉❧t❛❞♦ ❞❡ ❞✐❝❤♦ ❛♥á❧✐s✐s ❡s ❡❧

♠❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛ ❞❡❧ ♠♦t♦r ❜❛❥♦ ❡❧ ❝✐❝❧♦ ❞❡ ♠❛♥❡❥♦✱ ♣❛r❛ ♦❜t❡♥❡r ❡❧ ♠❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛ ❞✉r❛♥t❡ ❧❛ ❡t❛♣❛ ❞❡ ❞✐s❡ñ♦✱
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❡♥ ❧❛ q✉❡ s❡ t✐❡♥❡♥ q✉❡ ❛♥❛❧✐③❛r ❞✐✈❡rs❛s ♦♣❝✐♦♥❡s✱ ❡s ✐♠♣♦rt❛♥t❡ r❡s♦❧✈❡r ❡❧ ❞❡s❡♠♣❡ñ♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦ r❡❛❧✐③❛♥❞♦ ❡❧

♠í♥✐♠♦ ❞❡ ❝á❧❝✉❧♦s ♣♦s✐❜❧❡s ❡ ✐♥❝❧✉✐r ❡❧ ❝á❧❝✉❧♦ rá♣✐❞♦✱ ♣❡r♦ ❝♦♥ ♣r❡❝✐s✐ó♥ ❞❡ ❧❛s ❞✐❢❡r❡♥t❡s ♣ér❞✐❞❛s ❡♥ ❡❧ ♠♦t♦r✳

❊❧ ❞✐s❡ñ❛❞♦r ❞❡ ♠áq✉✐♥❛s ❡❧é❝tr✐❝❛s ❞❡❜❡ ♣♦s❡❡r ❝♦♥♦❝✐♠✐❡♥t♦s ❡♥ ❞✐st✐♥t❛s ár❡❛s✱ ❞❡❜❡ ❝♦♥♦❝❡r ❝ó♠♦ s❡ ❛❢❡❝t❛ ❡❧

r❡♥❞✐♠✐❡♥t♦ ❞❡❧ ♠♦t♦r ❝✉❛♥❞♦ ❝✐❡rt♦s ♣❛rá♠❡tr♦s s♦♥ ♠♦❞✐✜❝❛❞♦s✱ ❞❡❜❡ ♦♣t✐♠✐③❛r ❡❧ ❞✐s❡ñ♦ ❞❡ ❛❝✉❡r❞♦ ❝♦♥ ❧♦s ♣✉♥t♦s

❞❡ ♦♣❡r❛❝✐ó♥ ② ❞❡s❡♠♣❡ñ♦ ❞❡s❡❛❞♦ ② ❞❡❜❡ s❡❧❡❝❝✐♦♥❛r ❧♦s ♠❛t❡r✐❛❧❡s ♠ás ❛❞❡❝✉❛❞♦s ② ❡❧ ❞✐s❡ñ♦ ♠❡❝á♥✐❝♦ q✉❡ ❣❛r❛♥t✐❝❡

❧❛ ✐♥t❡❣r✐❞❛❞ ❡str✉❝t✉r❛❧✱ ❝♦♥✜❛❜✐❧✐❞❛❞ ② ✈✐❞❛ út✐❧ ✭❊♠❛❞✐✱ ✷✵✶✹✮✳

❙✐ s❡ ❝♦♥s✐❞❡r❛♥ ❛❧❣✉♥♦s ❞❡ ❧♦s ❝❛s♦s ❞❡ ♠♦t♦r❡s ❞❡ tr❛❝❝✐ó♥ ❡♥ ❧♦s ❱❊ ❝♦♠❡r❝✐❛❧❡s✱ ♣♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ ❧❛ ❡✈♦❧✉❝✐ó♥

❡♥ ❡❧ ❞❡s❡♠♣❡ñ♦ ❤❛ s✐❞♦ ❝♦♥s✐❞❡r❛❜❧❡✳ ❊❧ r❡s✉❧t❛❞♦ ❞❡ ❞✐❝❤❛ ♠❡❥♦r❛ s❡ ❞❡❜❡ ❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ♠ét♦❞♦s ❞❡ ❛♥á❧✐s✐s ②

❞✐s❡ñ♦ q✉❡ ❝✉❜r❡♥ ❧♦s r❡q✉✐s✐t♦s ❛♥t❡s ♠❡♥❝✐♦♥❛❞♦s✳ ❚❛♠❜✐é♥ s❡ ❤❛♥ ♣✉❜❧✐❝❛❞♦ ❞✐✈❡rs♦s ❛rtí❝✉❧♦s ❞♦♥❞❡ s❡ ♣r♦♣♦♥❡♥

té❝♥✐❝❛s ❞✐s❡ñ♦ ② ❛♥á❧✐s✐s✳ ❙❡ r❡q✉✐❡r❡ ❡♥tr❡♥❛r ❛ ✐♥❣❡♥✐❡r♦s ❡♥ ❡st❡ ❝❛♠♣♦ ♣❛r❛ ❝♦♥t❛r ❝♦♥ ❧♦s ❡①♣❡rt♦s ❡s♣❡❝✐❛❧✐③❛❞♦s

q✉❡ ❞❡♠❛♥❞❛rá ❧❛ ✐♥❞✉str✐❛❀ ♣♦r ❧♦ ❛♥t❡r✐♦r ❡s ✐♠♣♦rt❛♥t❡ ♣r♦♣♦♥❡r ✉♥❛ ♠❡t♦❞♦❧♦❣í❛ ♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡ ♠♦t♦r❡s✳

✶✳✷✳ ❖❜❥❡t✐✈♦s✳

❈♦♥ ❡st❡ ♣r♦②❡❝t♦ s❡ ❜✉s❝❛ ✐♥✐❝✐❛r ✉♥❛ ❧í♥❡❛ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ❡♥ ❡❧ ❞✐s❡ñ♦ ② ❞❡s❛rr♦❧❧♦ ❞❡ tr❡♥ ♠♦tr✐❝❡s ❡❧é❝tr✐❝♦s

❡♥ ❡❧ ❧❛❜♦r❛t♦r✐♦ ❞❡ ■♥❣❡♥✐❡rí❛ ❆✉t♦♠♦tr✐③ ❞❡ ❧❛ ❧❛ ❯♥✐❞❛❞ ❞❡ ❆❧t❛ ❚❡❝♥♦❧♦❣í❛✳ ❙❡ ❡s♣❡r❛ q✉❡ ❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦

❢✉♥❝✐♦♥❡ ❝♦♠♦ ❞♦❝✉♠❡♥t❛❝✐ó♥ ✐♥tr♦❞✉❝t♦r✐❛ ❛ ❛q✉❡❧❧♦s ♣❛rt✐❝✐♣❛♥t❡s ❡♥ ♣r♦②❡❝t♦s s✐♠✐❧❛r❡s✳ ❆❞❡♠ás✱ s❡ ❡s♣❡r❛ q✉❡

❝♦♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❧❛ ✐♥❣❡♥✐❡rí❛ ❞❡t❛❧❧❛❞❛ ♣r❡s❡♥t❛❞❛ s❡ ♣✉❡❞❛ ❜✉s❝❛r r❡❝✉rs♦ ❡❝♦♥ó♠✐❝♦ ♣❛r❛ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ ❞♦s

♣r♦t♦t✐♣♦s✳ ❉✐❝❤♦s ♦❜❥❡t✐✈♦s s❡ ♣❧❛♥t❡❛♥ ❞❡ ❢♦r♠❛ ❞❡t❛❧❧❛❞❛ ❛ tr❛✈és ❞❡ ❧♦s s✐❣✉✐❡♥t❡s ♦❜❥❡t✐✈♦s ❣❡♥❡r❛❧❡s ② ♦❜❥❡t✐✈♦s

♣❛rt✐❝✉❧❛r❡s✳

✶✳✷✳✶✳ ❖❜❥❡t✐✈♦ ❣❡♥❡r❛❧✳

❊♥ ❡st❡ tr❛❜❛❥♦ s❡ ❜✉s❝❛ r❡❛❧✐③❛r ❡❧ ❞✐s❡ñ♦ ❞❡t❛❧❧❛❞♦ ❞❡ ✉♥ ♣r♦t♦t✐♣♦ ❛ ❞❡ ♠♦t♦r ❡❧é❝tr✐❝♦ ❞❡ tr❛❝❝✐ó♥ q✉❡ ♣✉❡❞❛ s❡r

✉t✐❧✐③❛❞♦ ♣❛r❛ ✐♠♣✉❧s❛r ✉♥ t❛①✐ ❡❧é❝tr✐❝♦ q✉❡ ❝✐r❝✉❧❛rí❛ ❡♥ ❈✐✉❞❛❞ ❞❡ ▼é①✐❝♦✳ ▲♦s ❛❧❝❛♥③❛❜❧❡s ❞❡❧ ❞✐s❡ñ♦ ❞❡t❛❧❧❛❞♦ s♦♥✿

❉✐❜✉❥♦s ♠❡❝á♥✐❝♦s ♣❛r❛ ❝♦♥str✉❝❝✐ó♥ ② ❡♥s❛♠❜❧❡ ② ❞✐❛❣r❛♠❛s ❡❧é❝tr✐❝♦s✳

▲✐st❛ ❞❡ ♠❛t❡r✐❛❧❡s ② ❝♦♠♣♦♥❡♥t❡s ❝♦♥ ❡❧ ♣r❡s✉♣✉❡st♦ ♣❛r❛ ❝♦♥str✉❝❝✐ó♥✳

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

✶✳✷✳✷✳ ❖❜❥❡t✐✈♦ ♣❛rt✐❝✉❧❛r✳

P❛r❛ ❧♦❣r❛r ❡❧ ♦❜❥❡t✐✈♦ ❣❡♥❡r❛❧ ❞❡s❝r✐t♦ ❡♥ ❧❛ s❡❝❝✐ó♥ ♣r❡✈✐❛✱ s❡ ❝✉❜r✐rá♥ ❧♦s s✐❣✉✐❡♥t❡s ♦❜❥❡t✐✈♦s ♣❛rt✐❝✉❧❛r❡s✳
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❘❡❛❧✐③❛r ✉♥ ❡st✉❞✐♦ ❞❡❧ ❡st❛❞♦ ❞❡❧ ❛rt❡ ② ✉♥ ❡st✉❞✐♦ ❞❡ ♠❡r❝❛❞♦ ❞❡ ❧♦s ❞✐❢❡r❡♥t❡s ▼❊❚✳

❉❡t❡r♠✐♥❛r ❝✉á❧❡s ❞❡ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❡s♣❡❝✐❛❧❡s ❞❡ ❧♦s ▼❊❚ s♦♥ ♣r✐♦r✐t❛r✐♦s ♣❛r❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥✳

❘❡❛❧✐③❛r ❡❧ ❛♥á❧✐s✐s ❝♦♥❥✉♥t♦ ❞❡ ❧♦s ❢❡♥ó♠❡♥♦s ❡❧❡❝tr♦♠❡❝á♥✐❝♦s✱ tér♠✐❝♦s ② ♠❡❝á♥✐❝♦s✳

■♥❝❧✉✐r ❡❧ ❢❡♥ó♠❡♥♦ ♥♦ ❧✐♥❡❛❧ ❞❡ s❛t✉r❛❝✐ó♥ ❞❡❧ ♠❛t❡r✐❛❧✱ ❧❛s ♣ér❞✐❞❛s ❡♥ ❧♦s ♥ú❝❧❡♦s ② ♣ér❞✐❞❛s r❡s✐st✐✈❛s✳

✶✳✸✳ ❉❡s❝r✐♣❝✐ó♥ ❞❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥✿ t❛①✐ ❡❧é❝tr✐❝♦ ❡♥ ❈❉▼❳✳

❈✐✉❞❛❞ ❞❡ ▼é①✐❝♦ ♣r❡s❡♥t❛ ♣r♦❜❧❡♠❛s ❣r❛♥❞❡s ❡♥ t❡♠❛s ❞❡ ❝♦♥t❛♠✐♥❛❝✐ó♥ ❞❡❧ ❛✐r❡✳ ❊❧ ✶✽✪ ❞❡ ❧❛ ❡♠✐s✐ó♥ ❞❡ ❣❛s❡s ❞❡

❡❢❡❝t♦ ✐♥✈❡r♥❛❞❡r♦ ② ❡❧ ✼✻✪ ❞❡ ❧❛ ❝♦♥t❛♠✐♥❛❝✐ó♥ ❞❡❧ ❛✐r❡ s♦♥ ❝❛✉s❛❞♦s ♣♦r ❡❧ tr❛s♣♦rt❡✳ ❆❧ ❛ñ♦✱ ✹✵✵✵ ♠✉❡rt❡s r❡❧❛❝✐♦♥❛♥

❝♦♥ ❧❛ ❝♦♥t❛♠✐♥❛❝✐ó♥ ❞❡❧ ❛✐r❡✳

❊①✐st❡ ✉♥ ❞❡❜❛t❡ ❢✉❡rt❡ s♦❜r❡ ❡❧ ✐♠♣❛❝t♦ q✉❡ ❧♦s ❱❊ t❡♥❞rá♥ s♦❜r❡ ❧♦s ♣r♦❜❧❡♠❛s ❞❡ ❝♦♥t❛♠✐♥❛❝✐ó♥✳ P♦r ✉♥ ❧❛❞♦✱ ❛❧❣✉♥♦s

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

♠❛②♦r ❝♦♥s✉♠♦ ❞❡ ❝♦♠❜✉st✐❜❧❡s ❢ós✐❧❡s ❡♥ ❧❛s ♣❧❛♥t❛s t❡r♠♦❡❧é❝tr✐❝❛s ② ♣♦s✐❜❧❡s ♣r♦❜❧❡♠❛s ❝♦♥ ❧❛s r❡❞❡s ❞❡ s✉♠✐♥✐str♦

❛❝t✉❛❧❡s✳ ❙✐♥ ❡♠❜❛r❣♦✱ s✐ s❡ ❝♦♥s✐❞❡r❛♥ ❛ ❧♦s ❱❊ ❝♦♠♦ ✉♥❛ ❤❡rr❛♠✐❡♥t❛ q✉❡ ❢♦r♠❛ ♣❛rt❡ ❞❡ ✉♥❛ s♦❧✉❝✐ó♥ ♠ás ❝♦♠♣❧❡❥❛✱

♥♦ ❝❛❜❡ ❞✉❞❛ q✉❡ ❡st❛ t❡❝♥♦❧♦❣í❛ ❡s ❧❛ ú♥✐❝❛ ❝❛♣❛③ ❞❡ ✐♥t❡❣r❛rs❡ ❛ ❝✉❛❧q✉✐❡r r❡❞ ❞❡ ♣r♦❞✉❝❝✐ó♥ ② ❝♦♥s✉♠♦ s✉st❡♥t❛❜❧❡✳

❊♥ ❧❛ ❈✐✉❞❛❞ ❞❡ ▼é①✐❝♦ ❡①✐st❡ ✉♥ s❡r✈✐❝✐♦ ❞❡ t❛①✐s ❡❧é❝tr✐❝♦s q✉❡ ♦♣❡r❛ ❞❡s❞❡ ❡❧ ❛ñ♦ ✷✵✶✶✳ P♦r ♦tr♦ ❧❛❞♦✱ ❞✐✈❡rs❛s

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

❤í❜r✐❞♦s✱ ❝❛❜❡ ♠❡♥❝✐♦♥❛r q✉❡ s❡ ❤❛♥ r❡❛❧✐③♦ ❞✐✈❡rs❛s ♣r♦♣✉❡st❛s ♣♦r ❝♦♠♣❛ñí❛s ♣r✐✈❛❞❛s ♣❛r❛ ❧❛ ❡❧❡❝tr✐✜❝❛❝✐ó♥ ❞❡ t♦❞❛

❧❛ ✢♦t❛ ❞❡ t❛①✐s ❞❡ ❧❛ ❝✐✉❞❛❞✳ P♦r ♦tr♦ ❧❛❞♦✱ ❧❛ ❈❉▼❳ ❢♦r♠❛ ♣❛rt❡ ❞❡ ❞✐✈❡rs❛s ❛s♦❝✐❛❝✐♦♥❡s ✐♥t❡r♥❛❝✐♦♥❛❧❡s ♣♦r ❧♦ q✉❡

s❡ ❤❛ ✜❥❛❞♦ ♠❡t❛s ♣❛r❛ ❛❜❛t✐r ❧♦s ♣r♦❜❧❡♠❛s ❞❡ ❝♦♥t❛♠✐♥❛❝✐ó♥ ♣♦r ❡❧ ✉s♦ ❞❡ ❝♦♠❜✉st✐❜❧❡s ❢ós✐❧❡s✳



❈❛♣ít✉❧♦ ✷

❱❡❤í❝✉❧♦s ❊❧é❝tr✐❝♦s✳

❙❡ ❞❡✜♥❡ ❝♦♠♦ ✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦ ✭❱❊✮ ❛ ❛q✉❡❧ ❡♥ ❡❧ q✉❡ ❧❛ ❢✉❡r③❛ ❞❡ tr❛❝❝✐ó♥ ❡s ♣r♦♣♦r❝✐♦♥❛❞❛ ♣♦r ✉♥ ♠♦t♦r ❡❧é❝tr✐❝♦

✭▼❊✮✱ ❡♥ ❝♦♥tr❛st❡ ❝♦♥ ❛q✉❡❧❧♦s ✈❡❤í❝✉❧♦s ❝✉②♦ ♣r✐♥❝✐♣❛❧ ❝♦♠♣♦♥❡♥t❡ ❡s ❡❧ ♠♦t♦r ❞❡ ❝♦♠❜✉st✐ó♥ ✐♥t❡r♥❛ ✭▼❈■✮ ✳ ▲♦s ▼❊

s♦♥ ❞✐s❡ñ❛❞♦s ♣❛r❛ ♦♣❡r❛r ❝♦♥ ❡✜❝✐❡♥❝✐❛s ♣♦r ❡♥❝✐♠❛ ❞❡❧ ✾✵✪✱ ❧♦ ❝✉❛❧ r❡♣r❡s❡♥t❛ ✉♥ ❣r❛♥ ❜❡♥❡✜❝✐♦ ❝✉❛♥❞♦ s❡ ❝♦♠♣❛r❛

❝♦♥ ❧❛ ❡✜❝✐❡♥❝✐❛ ♣r♦♠❡❞✐♦ ❞❡❧ ✸✵✪ ❞❡ ❧♦s ▼❈■ ✭❊♠❛❞✐✱ ✷✵✶✹✮✳ ❆❞❡♠ás✱ ❝✉❛♥❞♦ ❧❛ ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛ ✉t✐❧✐③❛❞❛ ♣♦r ✉♥

❱❊ ♣r♦✈✐❡♥❡ ❞❡ ♠❡❞✐♦s r❡♥♦✈❛❜❧❡s✱ ❝♦♠♦ ❧❛ ❡♥❡r❣í❛ s♦❧❛r ♦ ❡ó❧✐❝❛✱ ❧❛s ú♥✐❝❛s ❡♠✐s✐♦♥❡s ❞❡ ❣❛s❡s ❞❡ ❡❢❡❝t♦ ✐♥✈❡r♥❛❞❡r♦

❞✉r❛♥t❡ t♦❞♦ ❡❧ ❝✐❝❧♦ ❞❡ ✈✐❞❛ ❞❡❧ ❱❊✱ s❡ r❡❧❛❝✐♦♥❛♥ ❝♦♥ ❧❛ ♠❛♥✉❢❛❝t✉r❛✱ ❡♥s❛♠❜❧❡ ② tr❛♥s♣♦rt❡✳

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

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

❝♦♠♦ ♣❛rt❡ ❞❡❧ tr❡♥ ♠♦tr✐③ ❛❧ ❝♦♥tr♦❧❛❞♦r ❞❡❧ ♠♦t♦r ② ❡❧ s✐st❡♠❛ ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦ ❞❡ ❡♥❡r❣í❛✳ ❊❧ ✉s♦ ❞❡ ♠♦t♦r❡s

❡❧é❝tr✐❝♦s ❡♥ ❧♦s ❝♦❝❤❡s ♣❡r♠✐t❡ ✉♥ ❣r❛♥ ♥ú♠❡r♦ ❞❡ ❝♦♥✜❣✉r❛❝✐♦♥❡s q✉❡ s❡ ♣✉❡❞❡♥ ❧♦❣r❛r ❞❡ ✉♥❛ ❢♦r♠❛ ♠ás ✢❡①✐❜❧❡ q✉❡

❡♥ ❧♦s ❱❈■✱ ♣♦r ❡❥❡♠♣❧♦✱ s❡ ♣✉❡❞❡ ❢á❝✐❧♠❡♥t❡ t❡♥❡r ✉♥ ♠♦t♦r ♣❛r❛ ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s ❝✉❛tr♦ ❧❧❛♥t❛s✱ s❡ ♣✉❡❞❡ ✐♥t❡❣r❛r ❡❧

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

❝♦♠❜✉st✐ó♥ ✐♥t❡r♥❛ ✭✈❡❤í❝✉❧♦s ❤í❜r✐❞♦s✮✳

✷✳✶✳ ❚✐♣♦s ❞❡ ✈❡❤í❝✉❧♦s ❡❧❡❝tr✐✜❝❛❞♦s✳

❊❧ ♥✐✈❡❧ ❞❡ ❡❧❡❝tr✐✜❝❛❝✐ó♥ ❞❡ ❝✉❛❧q✉✐❡r ❛✉t♦♠ó✈✐❧ s❡ ❞❡✜♥❡ ❝♦♠♦ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ♣♦t❡♥❝✐❛ ❡❧é❝tr✐❝❛ ❝♦♥ r❡s♣❡❝t♦ ❛❧

t♦t❛❧ ❞❡ ❧❛ ♣♦t❡♥❝✐❛ ❡♥ ❡❧ ✈❡❤í❝✉❧♦✱ ✐♥❝❧✉②❡♥❞♦ ❛q✉❡❧❧♦s s✐st❡♠❛s q✉❡ ♥♦ s♦♥ ❞❡ tr❛❝❝✐ó♥✳ ▲♦s ✈❡❤í❝✉❧♦s s❡ ♣✉❡❞❡♥

❝❧❛s✐✜❝❛r ❞❡ ❛❝✉❡r❞♦ ❛ s✉ ♥✐✈❡❧ ❞❡ ❡❧❡❝tr✐✜❝❛❝✐ó♥✱ ✜❣✉r❛ ✷✳✶✱ ❡♥ ❞♦♥❞❡ ❡❧ ✵✪ r❡♣r❡s❡♥t❛ ❧♦s ✈❡❤í❝✉❧♦s ❝♦♥ ♥✐♥❣ú♥ s✐st❡♠❛

❡❧é❝tr✐❝♦ ② ❡❧ ✶✵✵✪ s♦♥ ❛q✉❡❧❧♦s ✈❡❤í❝✉❧♦s q✉❡ t✐❡♥❡♥ s♦❧♦ s✐st❡♠❛s ❡❧é❝tr✐❝♦s ✭❊♠❛❞✐✱ ✷✵✶✹✮✱ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s

❝♦♥✈❡♥❝✐♦♥❛❧❡s ♠♦❞❡r♥♦s✱ ♣♦s❡❡♥ ✉♥ ♥✐✈❡❧ ❞❡ ❡❧❡❝tr✐✜❝❛❝✐ó♥ ❛❧ r❡❞❡❞♦r ❞❡❧ ✺✪✲✶✵✪✳

✷✶



❈❆P❮❚❯▲❖ ✷✳ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✷✷

❋✐❣✉r❛ ✷✳✶✿ ◆✐✈❡❧❡s ❞❡ ❡❧❡❝tr✐✜❝❛❝✐ó♥ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s✳

❊♥ ❧♦s ❱❈■ s❡ ♣✉❡❞❡♥ ❡♥❝♦♥tr❛r ❞✐✈❡rs♦s s✐st❡♠❛s ❡❧é❝tr✐❝♦s ② ❡❧❡❝tró♥✐❝♦s ❞❡ s✐st❡♠❛s ❛✉①✐❧✐❛r❡s ② ❞❡ ❝♦♥tr♦❧ q✉❡

❝✉♠♣❧❡♥ ❝♦♥ ❞✐st✐♥t♦s ♦❜❥❡t✐✈♦s q✉❡ ✈❛♥ ❞❡s❞❡ ❛✉♠❡♥t♦ ❞❡ ❡✜❝✐❡♥❝✐❛ ❤❛st❛ ♠❛②♦r ❝♦♥❢♦rt ♣❛r❛ ❧♦s ♣❛s❛❥❡r♦s✳ ❆❧❣✉♥♦s

❡❥❡♠♣❧♦s ❞❡ ❧♦s s✐st❡♠❛s q✉❡ s❡ ❤❛♥ ❡❧❡❝tr✐✜❝❛❞♦ ❡♥ ❧♦s ❱❈■ s♦♥✿ ❧♦s s✐st❡♠❛s ❞❡ ❞✐r❡❝❝✐ó♥ ❛s✐st✐❞♦s ♣♦r s❡r✈♦♠♦t♦r❡s✱

s✉s♣❡♥s✐♦♥❡s ❛❝t✐✈❛s✱ s✐st❡♠❛s ❞❡ s❡❣✉r✐❞❛❞✱ s✐st❡♠❛s ❞❡ ❝♦♥❢♦rt ❝♦♠♦ s❡❣✉r♦s ② ❡s♣❡❥♦s ❡❧é❝tr✐❝♦s✱ s✐st❡♠❛s ❛✉①✐❧✐❛r❡s

❞❡ ❡st❛❝✐♦♥❛♠✐❡♥t♦✱ ❡♥tr❡ ♠✉❝❤♦s ♠ás✳ ❉✐❝❤♦s s✐st❡♠❛s ♥♦ s❡ r❡❧❛❝✐♦♥❛♥ ❝♦♥ ❧❛ ♣r♦♣✉❧s✐ó♥ ❞❡❧ ✈❡❤í❝✉❧♦✱ ♣♦r ❧♦ q✉❡

❛♣♦rt❛♥ ♣♦❝♦ ❛❧ ♥✐✈❡❧ ❞❡ ❡❧❡❝tr✐✜❝❛❝✐ó♥

P♦r ♦tr♦ ❧❛❞♦✱ ❛❧❣✉♥♦s t✐♣♦s ❞❡ ✈❡❤í❝✉❧♦s ❝♦♥ ❛❧t♦ ♥✐✈❡❧ ❞❡ ❡❧❡❝tr✐✜❝❛❝✐ó♥ s♦♥ ❧♦s ✈❡❤í❝✉❧♦s ❤í❜r✐❞♦s ✭❱❊❍✮✱ ❧♦s ✈❡❤í❝✉❧♦s

❡❧é❝tr✐❝♦s ❛ ❜❛t❡rí❛s ✭❱❊❇✮ ② ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❝♦♥ ❝❡❧❞❛s ❞❡ ❝♦♠❜✉st✐❜❧❡ ❞❡ ❤✐❞ró❣❡♥♦ ✭❱❊❈❈✮✳ ▲♦s ❱❊❍ s♦♥

❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦ t❡❝♥♦❧♦❣í❛s ❞❡ tr❛♥s✐❝✐ó♥ ❤❛❝✐❛ ❧❛ ❡❧❡❝tr✐✜❝❛❝✐ó♥ t♦t❛❧✳ ❊♥ ❝✉❛♥t♦ ❛ ❧♦s ❱❊❇✱ ❧♦s ♠♦❞❡❧♦s ❝♦♠❡r❝✐❛❧❡s

❞✐s♣♦♥✐❜❧❡s ❤❛♥ ❛✉♠❡♥t❛❞♦ ❝♦♥s✐❞❡r❛❜❧❡♠❡♥t❡ ❡♥ ❧♦s ú❧t✐♠♦s ❛ñ♦s ② ❞❡❜✐❞♦ ❛ ❧❛ s✐♠♣❧✐❝✐❞❛❞ ❞❡ s✉ ❝♦♥✜❣✉r❛❝✐ó♥ r❡♣r❡✲

s❡♥t❛♥ ✉♥❛ ❞❡ ❧❛s ♣♦s✐❜❧❡s ♦♣❝✐♦♥❡s ♣❛r❛ ❡♥ ✉♥ ❝♦rt♦ ② ♠❡❞✐❛♥♦ ♣❧❛③♦✳ ▲♦s ✭❱❊❈❈✮ s♦♥ ♦tr♦ ❞❡ ❧♦s ♣♦s✐❜❧❡s ❝❛♥❞✐❞❛t♦s

❛ ❞♦♠✐♥❛r ❡❧ ♠❡r❝❛❞♦ ❡♥ ❧♦s ♣ró①✐♠♦s ✺✵ ❛ñ♦s✳

✷✳✶✳✶✳ ❱❡❤í❝✉❧♦s ❤í❜r✐❞♦s✳

❙❡ ❞❡✜♥❡ ❝♦♠♦ ✈❡❤í❝✉❧♦ ❤í❜r✐❞♦ ❛ ❛q✉❡❧ q✉❡ ♣♦s❡❡ ❞♦s s✐st❡♠❛s ❞✐❢❡r❡♥t❡s ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦ ❞❡ ❡♥❡r❣í❛ ② ❞♦s ♦ ♠ás

s✐st❡♠❛s ❞❡ ❝♦♥✈❡rs✐ó♥ ❞❡ ❡♥❡r❣í❛✱ s✐❡♥❞♦ ✉♥♦ ❞❡ ❡st♦s ❡❧ ♣r✐♥❝✐♣❛❧ ② ♦tr♦ ❡❧ s❡❝✉♥❞❛r✐♦ ♦ ❛✉①✐❧✐❛r✳ ❊♥ ❛q✉❡❧❧♦s ✈❡❤í❝✉❧♦s

❝♦♥ ✉♥ tr❡♥ ♠♦tr✐③ ❡❧é❝tr✐❝♦ s♦♥ ❧❧❛♠❛❞♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❤í❜r✐❞♦s ✭❊❤s❛♥✐ ❡t ❛❧✳✱ ✷✵✵✺✮✳ ▲❛ ❛rq✉✐t❡❝t✉r❛ ❞❡❧ tr❡♥

♠♦tr✐③ ❤í❜r✐❞♦ s❡ r❡✜❡r❡ ❛ ❧❛ ❝♦♥❡①✐ó♥ ❞❡ ❧♦s ❞✐❢❡r❡♥t❡s ❝♦♠♣♦♥❡♥t❡s ❞❡❧ tr❡♥ ♠♦tr✐③ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❡❧ ✢✉❥♦ ❞❡ ❡♥❡r❣í❛✳

❊①✐st❡♥ tr❡s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❣❡♥❡r❛❧❡s ❞❡❧ tr❡♥ ♠♦tr✐③ ❤í❜r✐❞♦✿ ❡♥ s❡r✐❡✱ ❡♥ ♣❛r❛❧❡❧♦ ② s❡r✐❡✲♣❛r❛❧❡❧♦ ✭❊♠❛❞✐✱ ✷✵✶✹✮✳ ❆

❝♦♥t✐♥✉❛❝✐ó♥✱ s❡ ❞❡s❝r✐❜❡♥ ❜r❡✈❡♠❡♥t❡ ❞✐❝❤❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s✳

✳
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✷✳✶✳✶✳✶✳ ❚r❡♥ ♠♦tr✐③ ❤í❜r✐❞♦ ❡♥ s❡r✐❡✳

❊♥ ❡st❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❡❧ ✈❡❤í❝✉❧♦ ❡s ✐♠♣✉❧s❛❞♦ ♣♦r ❧❛ ❛❝❝✐ó♥ ❞❡❧ ♠♦t♦r ❡❧é❝tr✐❝♦ ❞❡ tr❛❝❝✐ó♥✱ ✐❞❡♥t✐✜❝❛❞♦ ❝♦♠♦ ▼❊

✷ ❡♥ ❧❛ ✜❣✉r❛ ✷✳✷✳ ❊♥ ❡❧ ✈❡❤í❝✉❧♦ ❡①✐st❡♥ ❞♦s ❢✉❡♥t❡s ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦ ❞❡ ❡♥❡r❣í❛✱ ❡❧ t❛♥q✉❡ ❞❡ ❝♦♠❜✉st✐❜❧❡ ② ❧❛

❜❛t❡rí❛ ❡❧é❝tr✐❝❛✳ P♦r ♠❡❞✐♦ ❞❡❧ ▼❈■ ② ❞❡❧ ❣❡♥❡r❛❞♦r ❡❧é❝tr✐❝♦ ✭▼❊ ✶✮ s❡ ♣✉❡❞❡ ❣❡♥❡r❛r ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛ q✉❡ s❡ ♦❝✉♣❛

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

♠❡❞✐♦ ❞❡ ✉♥ ❝❛r❣❛❞♦r ② ✉♥❛ ❢✉❡♥t❡ ❞❡ ❛❧✐♠❡♥t❛❝✐ó♥ ❡①t❡r♥❛ ✭❡♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s ❱❊❍ ❡♥❝❤✉❢❛❜❧❡s✮ ♦ ♣♦r ♠❡❞✐♦ ❞❡❧ ❢r❡♥❛❞♦

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

▲❛ ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛ ❛ ❧❛ s❛❧✐❞❛ ❞❡❧ ▼❈■ s❡ ❡♥✈í❛ ❛❧ ❜✉s ❞❡ ♣♦t❡♥❝✐❛ ❛ tr❛✈és ❞❡❧ r❡❝t✐✜❝❛❞♦r✱ ❡❧ s✐st❡♠❛ ❞❡ ❣❡st✐ó♥

❞❡ ❡♥❡r❣í❛ ❞❡t❡r♠✐♥❛ sí s❡ ✉t✐❧✐③❛rá ♣❛r❛ ♠♦✈❡r ❡❧ ✈❡❤í❝✉❧♦ ♦ ♣❛r❛ r❡❝❛r❣❛r ❧❛ ❜❛t❡rí❛✳ ❊❧ ❝♦♥tr♦❧❛❞♦r ♣r♦♣♦r❝✐♦♥❛ ❧♦s

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

▲❛ ♣r✐♥❝✐♣❛❧ ✈❡♥t❛❥❛ ❞❡ ❡st❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❡s q✉❡ ❡❧ ▼❈■ ♦♣❡r❛ ú♥✐❝❛♠❡♥t❡ ❡♥ ✉♥❛ ③♦♥❛ ❞❡ ❛❧t❛ ❡✜❝✐❡♥❝✐❛ ② ❜❛❥❛s

❡♠✐s✐♦♥❡s✳ ❙✐♥ ❡♠❜❛r❣♦✱ ♣r❡s❡♥t❛ ❧❛ ❞❡s✈❡♥t❛❥❛ ❞❡ ❧❧❡✈❛r ❛ ❝❛❜♦ ✉♥❛ ❞♦❜❧❡ ❝♦♥✈❡rs✐ó♥ ❞❡ ❡♥❡r❣í❛ ♣♦r ❧♦ q✉❡ ❞✐s♠✐♥✉②❡

❧❛ ❡✜❝✐❡♥❝✐❛ ❣❡♥❡r❛❧ ❞❡❧ ✈❡❤í❝✉❧♦ ♣♦r ♦tr♦ ❧❛❞♦✱ ❧❛ ♥❡❝❡s✐❞❛❞ ❞❡ ❝♦♥t❛r ❝♦♥ ❡❧ ❣❡♥❡r❛❞♦r ❛❣r❡❣❛ ♣❡s♦ ② ❝♦st♦ ❛❧ ✈❡❤í❝✉❧♦✱

❛❞❡♠ás ❡❧ ♠♦t♦r ❞❡ tr❛❝❝✐ó♥ ❞❡❜❡ s❡r ❞✐♠❡♥s✐♦♥❛❞♦ ♣❛r❛ ❝✉♠♣❧✐r ❝♦♥ ❧❛ ♠á①✐♠❛ ❞❡♠❛♥❞❛ ❞❡ ❝❛r❣❛ ❞❡❜✐❞♦ ❛ q✉❡ ❡s ❧❛

ú♥✐❝❛ ❢✉❡♥t❡ ❞❡ tr❛❝❝✐ó♥ ❞✐s♣♦♥✐❜❧❡ ❡♥ ❡❧ tr❡♥ ♠♦tr✐③✳

❈♦♠❡r❝✐❛❧♠❡♥t❡ ❧♦s ✈❡❤í❝✉❧♦s q✉❡ ♣♦s❡❡♥ ❡st❛ ❝♦♥✜❣✉r❛❝✐ó♥ s♦♥ ❝♦♥♦❝✐❞♦s ❝♦♠♦ ❝♦❝❤❡s ❡❧é❝tr✐❝♦s ❞❡ r❛♥❣♦ ❡①t❡♥❞✐❞♦✱

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

❜❛t❡rí❛s✱ ♣❡r♦ ❡s ❜❛st❛♥t❡ ♣❡q✉❡ñ♦ ❝♦♠♣❛r❛❞♦ ❝♦♥ ♦tr❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s✳

✷✳✶✳✶✳✷✳ ❚r❡♥ ♠♦tr✐③ ❤í❜r✐❞♦ ❡♥ ♣❛r❛❧❡❧♦✳

❊♥ ❡st❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❡❧ ❝♦❝❤❡ ❡s ✐♠♣✉❧s❛❞♦ t❛♥t♦ ♣♦r ❡❧ ♠♦t♦r ❡❧é❝tr✐❝♦ ❝♦♠♦ ♣♦r ❡❧ ♠♦t♦r ❞❡ ❝♦♠❜✉st✐ó♥ ✐♥t❡r♥❛✱

❞❡♣❡♥❞✐❡♥❞♦ ❞❡ ❧❛s ❞❡♠❛♥❞❛s ❡❧ ✈❡❤í❝✉❧♦ ♣✉❡❞❡ s❡r ♠♦✈✐❞♦ só❧♦ ♣♦r ❡❧ ♠♦t♦r ❡❧é❝tr✐❝♦✱ só❧♦ ♣♦r ❡❧ ♠♦t♦r ❞❡ ❝♦♠❜✉st✐ó♥

✐♥t❡r♥❛ ♦ ✉♥❛ ❝♦♠❜✐♥❛❝✐ó♥ ❞❡ ❛♠❜♦s✳ ▲❛ ♣♦t❡♥❝✐❛ ❞❡❧ ▼❈■ ② ❞❡❧ ▼❊ ❡stá♥ ❛❝♦♣❧❛❞♦s ♠❡❝á♥✐❝❛♠❡♥t❡✱ ❝♦♠♦ s❡ ♠✉❡str❛

❡♥ ❧❛ ✜❣✉r❛ ✷✳✸✳

❊❧ ❛❝♦♣❧❛♠✐❡♥t♦ ♠❡❝á♥✐❝♦ ❞❛ ♦r✐❣❡♥ ❛ ❞✐✈❡rs❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❧❛s ❝✉❛❧❡s s❡ ❞✐❢❡r❡♥❝✐❛♥ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣♦rq✉❡ ✉♥❛s s❡

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

✷✳✶✳✶✳✸✳ ❚r❡♥ ▼♦tr✐③ ❤í❜r✐❞♦ ❡♥ s❡r✐❡✲♣❛r❛❧❡❧♦

❊st❛ ❝♦♥✜❣✉r❛❝✐ó♥ ✐♥❝♦r♣♦r❛ ❞♦s ♠áq✉✐♥❛s ❡❧é❝tr✐❝❛s ② ✉♥ ♠♦t♦r ❞❡ ❝♦♠❜✉st✐ó♥ ✐♥t❡r♥❛ ♣❛r❛ ❧❛ tr❛❝❝✐ó♥✳ ▲♦s ♠♦t♦r❡s

❡❧é❝tr✐❝♦s s♦♥ ❞❡ ♣♦t❡♥❝✐❛ ♠ás ❜❛❥❛ q✉❡ ❧♦s ✉s❛❞♦s ❡♥ ♦tr❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ② ❛♠❜♦s ♣✉❡❞❡♥ ❛❝t✉❛r ❝♦♠♦ ♠♦t♦r ♦ ❝♦♠♦
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❋✐❣✉r❛ ✷✳✷✿ ❈♦♥✜❣✉r❛❝✐ó♥ ❡♥ s❡r✐❡ ❞❡ tr❡♥ ♠♦tr✐③ ❤í❜r✐❞♦✱ ♠♦❞✐✜❝❛❞♦ ❞❡ ✭❊❤s❛♥✐ ❡t ❛❧✳✱ ✷✵✵✺✮✳

❋✐❣✉r❛ ✷✳✸✿ ❈♦♥✜❣✉r❛❝✐ó♥ ❡♥ ♣❛r❛❧❡❧♦ ❞❡ tr❡♥ ♠♦tr✐③ ❤í❜r✐❞♦✱ ♠♦❞✐✜❝❛❞♦ ❞❡ ✭❊❤s❛♥✐ ❡t ❛❧✳✱ ✷✵✵✺✮✳
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❋✐❣✉r❛ ✷✳✹✿ ❚r❡♥ ♠♦tr✐③ ❤í❜r✐❞♦✲♣❛r❛❧❡❧♦✱ ♠♦❞✐✜❝❛❞♦ ❞❡ ✭❊❤s❛♥✐ ❡t ❛❧✳✱ ✷✵✵✺✮

❣❡♥❡r❛❞♦r✳ ▲♦s ❞♦s ▼❊ ② ❡❧ ▼❈■ s♦♥ ❝♦♥❡❝t❛❞♦s ❛❧ ❡❥❡ ♣♦r ♠❡❞✐♦ ❞❡ ✉♥ s✐st❡♠❛ ❞❡ ❡♥❣r❛♥❡s ♣❧❛♥❡t❛r✐♦s✱ ✜❣✉r❛ ✷✳✹✳

▲❛ ✢❡①✐❜✐❧✐❞❛❞ ❞❡ ❡st❡ s✐st❡♠❛ ❞❡ ❡♥❣r❛♥❡s ♣❡r♠✐t❡ t❡♥❡r ✉♥❛ ❣r❛♥ ❝♦♠❜✐♥❛❝✐ó♥ ❞❡ ♠♦❞♦s ❞❡ ♦♣❡r❛❝✐ó♥ ❡♥ ❧♦s q✉❡ s❡

❝♦♠❜✐♥❛♥ ❞❡ ❞✐st✐♥t❛s ❢♦r♠❛s ❧❛ ♣♦t❡♥❝✐❛ ❞❡ ❧♦s ❞✐❢❡r❡♥t❡s ♠♦t♦r❡s ✭❊♠❛❞✐✱ ✷✵✶✹✮✳

❆❝t✉❛❧♠❡♥t❡✱ ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ♠ás ✉s❛❞❛s ❡♥ ❧♦s ✈❡❤í❝✉❧♦s ❤í❜r✐❞♦s s♦♥ ❡❧ tr❡♥ ❡♥ ♣❛r❛❧❡❧♦ ② ❡❧ tr❡♥ s❡r✐❡✲♣❛r❛❧❡❧♦✳ ❊❧

tr❡♥ ♠♦tr✐③ s❡r✐❡✲♣❛r❛❧❡❧♦ ❝♦♥s✐st❡ ❡♥ ❞♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ② ✉♥ ♠♦t♦r ❞❡ ❝♦♠❜✉st✐ó♥ ✐♥t❡r♥❛ ❝♦♥❡❝t❛❞♦s ♣♦r ♠❡❞✐♦

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

❞✐st✐♥t❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ② ❢✉♥❝✐♦♥❡s ❞❡ tr❛♥s♠✐s✐ó♥ ② ❣❡♥❡r❛❝✐ó♥ ❞❡ ❡♥❡r❣í❛✳

✷✳✶✳✷✳ ❱❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✳

▲♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ✐♥❝❧✉②❡♥ ❛ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❞❡ ❜❛t❡rí❛s ✭❱❊❇✮ ② ❛ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❞❡ ❝❡❧❞❛s ❞❡

❝♦♠❜✉st✐❜❧❡ ✭❱❊❈❈✮✱ ❡♥tr❡ ♦tr❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s✳ ❊❧ tr❡♥ ♠♦tr✐③ ❞❡ ❡st♦s ✈❡❤í❝✉❧♦s s❡ ❝♦♠♣♦♥❡ ❞❡ ✉♥♦ ♦ ✈❛r✐♦s ♠♦t♦r❡s

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

✜❥❛✱ ❝❛❥❛s ❞❡ ✈❡❧♦❝✐❞❛❞❡s✱ ♣♦❧❡❛s ② ❜❛♥❞❛s ♦ ✐♥❝❧✉s✐✈❡ ❝❛❞❡♥❛s❀ ❧♦s ❡❧❡♠❡♥t♦s ❞❡ ❧❛ ❡❧❡❝tró♥✐❝❛ ❞❡ ♣♦t❡♥❝✐❛ ❝♦♠♦ ❡❧

❝♦♥tr♦❧❛❞♦r ❞❡❧ ♠♦t♦r ② ❡❧ ✐♥✈❡rs♦r✱ ② ❧❛ ❜❛t❡rí❛ ❝♦♠♦ ❢✉❡♥t❡ ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦✳
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✷✳✶✳✷✳✶✳ ❱❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❞❡ ❜❛t❡rí❛s✳

❊♥ ❧♦s ❱❊❇✱ ❧❛ ❡♥❡r❣í❛ q✉❡ ♠✉❡✈❡ ❛❧ ♠♦t♦r ♣r♦✈✐❡♥❡ ❞❡ ✉♥ ❜❛♥❝♦ ❞❡ ❜❛t❡rí❛s q✉❡ ❛❧♠❛❝❡♥❛ ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛ ❞❡ ✉♥❛

t♦♠❛ ❡①t❡r♥❛✳ ▲♦s ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛❧❡s ❞❡❧ tr❡♥ ♠♦tr✐③ ❞❡ ❡st❡ t✐♣♦ ❞❡ ✈❡❤í❝✉❧♦s s♦♥✱ ❡❧ ♠♦t♦r ❡❧é❝tr✐❝♦✱ ✉♥❛ ✉♥✐❞❛❞

❡❧❡❝tró♥✐❝❛ ❞❡ ❝♦♥tr♦❧✱ ✉♥ ❜❛♥❝♦ ❞❡ ❜❛t❡rí❛s✱ ✉♥ s✐st❡♠❛ ❞❡ ❣❡st✐ó♥ ❞❡ ❜❛t❡rí❛s✱ ✉♥ ❝♦♥✈❡rs♦r ❞❡ ♣♦t❡♥❝✐❛ ✉♥ ✐♥✈❡rs♦r ②

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

② ❞❡❧ ❢r❡♥♦ ② ✉t✐❧✐③❛♥❞♦ ❧❛s s❡ñ❛❧❡s ❞❡ r❡tr♦❛❧✐♠❡♥t❛❝✐ó♥ ❛❞q✉✐r✐❞❛s ❞❡ ❧♦s s❡♥s♦r❡s ❞❡❧ ✈❡❤í❝✉❧♦ ❝❛❧❝✉❧❛ ❧❛s s❡ñ❛❧❡s ♣❛r❛

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

❊①✐st❡♥ ❞✐✈❡rs❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❞❡ ❧♦s ❱❊❇✱ ❧❛ ♠ás s❡♥❝✐❧❧❛ ❡s ❛q✉❡❧❧❛ ❞♦♥❞❡ ❡❧ ▼❈■ ❢✉❡ ❞✐r❡❝t❛♠❡♥t❡ r❡❡♠♣❧❛③❛❞♦ ♣♦r

❡❧ ▼❊✱ ❝♦♥s❡r✈❛♥❞♦ ❧♦s ❞❡♠ás ❡❧❡♠❡♥t♦s ❞❡❧ tr❡♥ ♠♦tr✐③ ❝♦♠♦ ❡❧ ❡♠❜r❛❣✉❡ ❧❛ tr❛♥s♠✐s✐ó♥ ② ❡❧ ❞✐❢❡r❡♥❝✐❛❧❀ s✐♥ ❡♠❜❛r❣♦✱

❞❡❜✐❞♦ ❛ ❧❛ ❣r❛♥ ✢❡①✐❜✐❧✐❞❛❞ q✉❡ ♣r♦♣♦r❝✐♦♥❛ ❧❛ ❡❧❡❝tr✐✜❝❛❝✐ó♥ ❧❛ tr❛♥s♠✐s✐ó♥ ♣✉❡❞❡ s❡r r❡❡♠♣❧❛③❛❞❛ ♣♦r ✉♥❛ ❝❛❥❛ ❞❡

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

s❡r ❡❧✐♠✐♥❛❞♦ s✐ s❡ t✐❡♥❡ ✉♥❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ❞♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s✳ ❙❡ ♣✉❡❞❡♥ ♦❜t❡♥❡r ❝♦♥✜❣✉r❛❝✐♦♥❡s q✉❡ s❡❛♥ ♠ás

s❡♥❝✐❧❧❛s✱ ❧✐❣❡r❛s ② ❡✜❝✐❡♥t❡s✳

❆❧❣✉♥♦s ❞❡ ❧♦s t✐♣♦s ❞❡ ❜❛t❡rí❛s q✉❡ s❡ ✉s❛♥ ❡♥ ❡st♦s ✈❡❤í❝✉❧♦s s♦♥ ❧❛s ❜❛t❡rí❛s ❞❡ ♣❧♦♠♦ á❝✐❞♦✱ ❧❛s ❜❛t❡rí❛s ❞❡ ♥íq✉❡❧✲

❝❛❞♠✐♦ ② ❧❛s ❜❛t❡rí❛s ❞❡ ✐♦♥❡s ❞❡ ❧✐t✐♦✳ ❆✉♥q✉❡ ❡st❡ ❡s ✉♥ s✐st❡♠❛ s✐♠♣❧❡ ❡①✐st❡♥ ❞✐✈❡rs♦s r❡t♦s q✉❡ ❡♥❢r❡♥t❛♥ ❧♦s ❱❊❇

r❡❧❛❝✐♦♥❛❞♦s ❝♦♥ ❡❧ ❝♦st♦ ❞❡ ❧❛s ❜❛t❡rí❛s✱ ❡❧ ✈♦❧✉♠❡♥ ② ♣❡s♦✱ ❛✉t♦♥♦♠í❛ ♣♦r ❝❛r❣❛✱ t✐❡♠♣♦ ❞❡ r❡❝❛r❣❛✳

✷✳✶✳✷✳✷✳ ❱❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❝♦♥ ❝❡❧❞❛s ❞❡ ❝♦♠❜✉st✐❜❧❡✳

❊st❡ t✐♣♦ ❞❡ ✈❡❤í❝✉❧♦s s❡ ❝♦♠♣♦♥❡♥ ❞❡ ❧♦s ♠✐s♠♦s ❡❧❡♠❡♥t♦s q✉❡ ❧♦s ❱❊❇✱ ❡①❝❡♣t♦ ♣♦r ❡❧ s✐st❡♠❛ ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦

❞❡ ❡♥❡r❣í❛✱ q✉❡ ❡♥ ❡st❡ ❝❛s♦ r❡❡♠♣❧❛③❛ ❧❛s ❜❛t❡rí❛s ♣♦r ✉♥❛ ❝❡❧❞❛ ❞❡ ❝♦♠❜✉st✐❜❧❡ q✉❡ ♣r♦❞✉❝❡ ❡❧❡❝tr✐❝✐❞❛❞ ❛ ♣❛rt✐r ❞❡

❤✐❞ró❣❡♥♦ ② s✐♥ ❡♠✐t✐r ❝♦♥t❛♠✐♥❛♥t❡s✳ ❙❡ ❡st✐♠❛ q✉❡ ❡st♦s ✈❡❤í❝✉❧♦s s❡❛♥ ❧♦s ♠ás ✉t✐❧✐③❛❞♦s ♣❛r❛

❡❧ ❛ñ♦ ✷✵✺✵ ✭▼❡❧❛✐♥❛ ❛♥❞ ❊✐❝❤♠❛♥✱ ✷✵✶✺✮✱ ❞❡❜✐❞♦ ❛ q✉❡ s❡ s♦❧✉❝✐♦♥❛ ❡❧ ♣r♦❜❧❡♠❛ ❞❡❧ t✐❡♠♣♦ ❞❡ r❡❝❛r❣❛ ② r❛♥❣♦ ❞❡

♠❛♥❡❥♦ q✉❡ ❛❢r♦♥t❛♥ ❧♦s ❱❊❇✳

❙✐♥ ❡♠❜❛r❣♦✱ ❛♥t❡s ❞❡ ♣♦❞❡r s❡r ❝♦♠❡r❝✐❛❧✐③❛❞♦s ❧❛s ❝❡❧❞❛s ❞❡ ❝♦♠❜✉st✐❜❧❡ r❡q✉✐❡r❡♥ ✉♥ ♣♦❝♦ ♠ás ❞❡ ♠❛❞✉r❡③ t❡❝♥♦❧ó❣✐✲

❝❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛ ❧❛ ♣r♦❞✉❝❝✐ó♥ ❞❡ ❤✐❞ró❣❡♥♦ ❛ ♣❛rt✐r ❞❡ ❡♥❡r❣í❛s r❡♥♦✈❛❜❧❡s ② ❡♥ ❧❛ s❡❣✉r✐❞❛❞ ❞❡❧ ❛❧♠❛❝❡♥❛♠✐❡♥t♦

❞❡ ❤✐❞ró❣❡♥♦ ❡♥ ❡❧ ✈❡❤í❝✉❧♦✳ ❚❛♠❜✐é♥ s❡ t❡♥❞rá q✉❡ ✐♥✈❡rt✐r ❡♥ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ ♥❡❝❡s❛r✐❛ ♣❛r❛ ❧❛s ❡st❛❝✐♦♥❡s ❞❡ r❡❝❛r❣❛

❞❡ ❤✐❞ró❣❡♥♦✳
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✷✳✷✳ P❛♥♦r❛♠❛ ❛❝t✉❛❧ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✳

▲❛ ❡❧❡❝tr✐✜❝❛❝✐ó♥ ❞❡ ❧♦s ♠❡❞✐♦s ❞❡ tr❛♥s♣♦rt❡ ❡s ❡❧ ♠❡❞✐♦ ♣r✐♥❝✐♣❛❧ ❝♦♥ ❡❧ ❝✉❛❧ ♣♦❞❡♠♦s ❧♦❣r❛r ✉♥❛ ✐♥❞✉str✐❛ ❛✉t♦♠♦tr✐③

s✉st❡♥t❛❜❧❡ ❡♥ ❧❛ ♣ró①✐♠❛ ♠✐t❛❞ ❞❡ s✐❣❧♦ ✭❊♠❛❞✐✱ ✷✵✶✹✮✳ ❈❛♠❜✐♦s t❡❝♥♦❧ó❣✐❝♦s ❡♥ ❧♦s s✐st❡♠❛s ❡❧é❝tr✐❝♦s ♣❛r❛ tr❛❝❝✐ó♥

❞❡ ✈❡❤í❝✉❧♦s ② ❡♥ ❧❛s r❡❞❡s ❞❡ tr❛♥s♣♦rt❡ tr❛♥s❢♦r♠❛rá♥ ❛ ❧❛ ✐♥❞✉str✐❛ ❛✉t♦♠♦tr✐③✱ ❡♥❢♦❝❛♥❞♦ s✉ ❛t❡♥❝✐ó♥ ❡♥ ❧❛ ❢✉❡♥t❡

❞❡ ♣♦t❡♥❝✐❛ ♠♦tr✐③ ♠ás ❡✜❝✐❡♥t❡✿ ❡❧❡❝tr✐❝✐❞❛❞✳ ▲❛s ❝♦♠♣❛ñí❛s ❜✉s❝❛rá♥ ❛s❡❣✉r❛r q✉❡ ❡st❛s ♥✉❡✈❛s t❡❝♥♦❧♦❣í❛s s❡❛♥

❡s❝❛❧❛❜❧❡s ♣❛r❛ ❡①♣❧♦t❛❝✐ó♥ ❡♥ ❡❧ ♠❡r❝❛❞♦✱ ♠✐❡♥tr❛s q✉❡ ❧♦s ❝♦♥s✉♠✐❞♦r❡s ❞❡♠❛♥❞❛rá♥ ❝❛❞❛ ✈❡③ ♠ás ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s

q✉❡ s❡❛♥❀ ❞❡ ❜❛❥♦ ❝♦st♦✱ ❜❛❥♦ ♠❛♥t❡♥✐♠✐❡♥t♦✱ s❡❣✉r♦s✱ ❝♦♥✜❛❜❧❡s✱ r♦❜✉st♦s ② ❛♠✐❣❛❜❧❡s ❝♦♥ ❡❧ ♠❡❞✐♦ ❛♠❜✐❡♥t❡✳

❉❡ ❛❝✉❡r❞♦ ❝♦♥ ❧❛ ❆❣❡♥❝✐❛ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❊♥❡r❣í❛ ✭■❊❆ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮✱ ❡❧ ♥ú♠❡r♦ ❣❧♦❜❛❧ ❞❡ ✈❡❤í❝✉❧♦s

❡❧é❝tr✐❝♦s ♣❛r❛ ♣❛s❛❥❡r♦s ❛❧❝❛♥③ó ❧♦s ✸✳✶ ♠✐❧❧♦♥❡s ❡♥ ❡❧ ✷✵✶✼ ❝♦♥ ✉♥ ✐♥❝r❡♠❡♥t♦ ❞❡❧ ✺✼✪ ❝♦♥ r❡s♣❡❝t♦ ❛❧ ❛ñ♦ ♣r❡✈✐♦

✭■❊❆✱ ✷✵✶✽✮✳ ❉❡❧ t♦t❛❧ ❞❡❧ ♠❡r❝❛❞♦ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✱ ❧♦s ✈❡❤í❝✉❧♦s ❞❡ ❜❛t❡rí❛s r❡♣r❡s❡♥t❛♥ ❞♦s t❡r❝✐♦s ❞❡ ❧❛

✢♦t❛ ❡♥ ❡❧ ♠✉♥❞♦✳

❊♥ ❝✉❛♥t♦ ❛ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❝♦♥ ❝❡❧❞❛s ❞❡ ❝♦♠❜✉st✐❜❧❡✱ ❡❧ ✐♥✈❡♥t❛r✐♦ ❣❧♦❜❛❧ s✉♣❡ró ❧❛s ✼✷✵✵ ✉♥✐❞❛❞❡s ❡♥ ❡❧

✷✵✶✼✱ ❞❡ ❧❛s ❝✉❛❧❡s ❊st❛❞♦s ❯♥✐❞♦s ♣♦s❡❡ ❝❛s✐ ❧❛ ♠✐t❛❞ ❝♦♥ ✸✺✵✵ ✉♥✐❞❛❞❡s✱ ❏❛♣ó♥ ♦❝✉♣❛ ❡❧ s❡❣✉♥❞♦ ❧✉❣❛r ❝♦♥ ✷✸✵✵

✉♥✐❞❛❞❡s ♠✐❡♥tr❛s q✉❡ ❡♥ ❧❛ ❯♥✐ó♥ ❊✉r♦♣❡❛✱ ❋r❛♥❝✐❛ ② ❆❧❡♠❛♥✐❛ r❡♣♦rt❛r♦♥ ❝❛s✐ ✶✷✵✵ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❝♦♥ ❝❡❧❞❛s

❞❡ ❝♦♠❜✉st✐❜❧❡ ❡♥ ❝✐r❝✉❧❛❝✐ó♥✳

❆❞❡♠ás ❞❡ ❧♦s ✸✳✶ ♠✐❧❧♦♥❡s ❞❡ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ♣❛r❛ ♣❛s❛❥❡r♦s✱ ❡♥ ❡❧ ✷✵✶✼ s❡ r❡♣♦rt❛r♦♥ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷✺✵✱✵✵✵

✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❞❡ ❝❛r❣❛ ❧✐❣❡r❛✳ ▲❛ ♠❛②♦rí❛ ❞❡ ❡st❡ t✐♣♦ ❞❡ ✈❡❤í❝✉❧♦s s❡ ❡♥❝✉❡♥tr❛♥ ❝✐r❝✉❧❛♥❞♦ ❡♥ ❈❤✐♥❛✱ ❝♦♥ ✉♥ t♦t❛❧

❞❡ ✶✼✵✱✵✵✵ ✉♥✐❞❛❞❡s✱ s❡❣✉✐❞♦ ♣♦r ❋r❛♥❝✐❛ ② ❆❧❡♠❛♥✐❛ ❝♦♥ ✸✸✱✵✵✵ ② ✶✶✱✵✵✵ ✈❡❤í❝✉❧♦s ❡♥ ❝✐r❝✉❧❛❝✐ó♥ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❆♣r♦①✐♠❛❞❛♠❡♥t❡ ❡❧ ✾✾✪ ❞❡❧ ✐♥✈❡♥t❛r✐♦ t♦t❛❧ ✉t✐❧✐③❛ ❜❛t❡rí❛s✳

▲❛ ■♥✐❝✐❛t✐✈❛ ❞❡ ❱❡❤í❝✉❧♦s ❊❧é❝tr✐❝♦s ✭❊❱■ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮ ❡s ✉♥ ❢♦r♦ ✐♥t❡❣r❛❞♦ ♣♦r ❞✐st✐♥t♦s ❣♦❜✐❡r♥♦s ❡st❛✲

❜❧❡❝✐❞♦ ❡♥ ❡❧ ✷✵✵✾ q✉❡ ❜✉s❝❛ ❛❝❡❧❡r❛r ❡❧ ❞❡s♣❧✐❡❣✉❡ ❞❡ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❛❧r❡❞❡❞♦r ❞❡❧ ♠✉♥❞♦✱ ❢❛❝✐❧✐t❛♥❞♦ ♣♦❧ít✐❝❛s ❞❡

♠❡r❝❛❞♦ ② ❢✉♥❝✐♦♥❛♥❞♦ ❝♦♠♦ ✉♥❛ ♣❧❛t❛❢♦r♠❛ ♣❛r❛ ❡❧ ✐♥t❡r❝❛♠❜✐♦ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦s✱ ♣♦❧ít✐❝❛s ② ♣r♦❣r❛♠❛s q✉❡ ❛♣♦②❛♥

❡❧ ❞❡s❛rr♦❧❧♦ ② ✉s♦ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✳



❈❆P❮❚❯▲❖ ✷✳ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✷✽

▲❛ ❝❛♠♣❛ñ❛ ❧❧❛♠❛❞❛ ❊❱✸✵❅✸✵ ❡st❛❜❧❡❝❡ ❝♦♠♦ ♠❡t❛ ❝♦❧❡❝t✐✈❛ q✉❡ ❧♦s ♠✐❡♠❜r♦s ❞❡ ❊❱■ ❛❧❝❛♥③❛rá♥ ✉♥ ✸✵✪ ❞❡❧ ♠❡r❝❛❞♦

❡♥ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ♣❛r❛ ❡❧ ❛ñ♦ ✷✵✸✵✳

✷✳✸✳ ❇r❡✈❡ ❤✐st♦r✐❛ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✳

❉✉r❛♥t❡ ♠ás ❞❡ ✶✵✵ ❛ñ♦s ❧❛ ✐♥❞✉str✐❛ ❞❡❧ tr❛♥s♣♦rt❡ ❤❛ ❜❛s❛❞♦ s✉ ♣r♦❧✐❢❡r❛❝✐ó♥ ❡♥ ❡❧ ✉s♦ ❞❡ ♠♦t♦r❡s ❞❡ ❝♦♠❜✉st✐ó♥

✐♥t❡r♥❛✱ ❛✉♥ ❝✉❛♥❞♦ ❡❧ ✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦ ❢✉❡ ✐♥✈❡♥t❛❞♦ ❛♥t❡s✱ ❡♥ ❛ñ♦ ❞❡ ✶✽✸✹ ♣♦r ❚♦♠❛s ❉❛✈❡♥♣♦rt ② ❡♥ ❡❧ ❛ñ♦ ✶✾✵✵

s❡ ✈❡♥❞í❛♥ ♠ás ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s q✉❡ ❝♦❝❤❡s ❝♦♥ ♠♦t♦r ❞❡ ❝♦♠❜✉st✐ó♥ ✐♥t❡r♥❛✳ ❊❧ ♣r✐♥❝✐♣✐♦ ❞❡❧ s✐❣❧♦ ❳❳ ❝♦♠❡♥③ó

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

❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ t❡❝♥♦❧♦❣í❛s ❛❧ ♠✐s♠♦ t✐❡♠♣♦❀ ❡♥ ❡s❡ ❝❛s♦ ❢✉❡r♦♥✿ ❧♦s ❝♦❝❤❡s ❞❡ ✈❛♣♦r✱ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ② ❧♦s

✈❡❤í❝✉❧♦s ❞❡ ❝♦♠❜✉st✐ó♥ ✐♥t❡r♥❛✳ ▲♦s ❞♦s ú❧t✐♠♦s s❡ ❡♥❝♦♥tr❛❜❛♥ ❡♥ ♣❧❡♥♦ ❞❡s❛rr♦❧❧♦ ② ♣❛r❛ ❡❧ ❛ñ♦ ✶✽✾✺ s❡ ♣r❡❞❡❝í❛ ❡❧

♥❛❝✐♠✐❡♥t♦ ❞❡ ✉♥❛ ✐♥❞✉str✐❛ t❛❧ q✉❡ r❡✢❡❥❛rí❛ ❧❛ ♠ás ❣r❛♥❞❡ ❞❡ ❧❛s ❝✐✈✐❧✐③❛❝✐♦♥❡s✱ ❝✉②♦s ♠❡❞✐♦s ❞❡ tr❛♥s♣♦rt❡ s❡rí❛♥

t❛♥ s♦✜st✐❝❛❞♦s q✉❡ ②❛ ♥♦ ❞❡♣❡♥❞❡rí❛♥ ❞❡ ❧❛ ❢✉❡r❛ ❞❡ ✉♥ ❛♥✐♠❛❧ ♣❛r❛ s❡r ♠♦✈✐❞♦s✳

❊♥ ❡st❡ s❡♥t✐❞♦✱ ❡❧ ✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦ ❡s ✉♥❛ ✐❞❡❛ q✉❡ s❡ ❤❛ tr❛t❛❞♦ ❞❡ r❡t♦♠❛r ✈❛r✐❛s ✈❡❝❡s ② ♥♦ ✉♥ ❝♦♥❝❡♣t♦ ♥✉❡✈♦✳ ❊♥tr❡

❧♦s ❛ñ♦s ✶✽✵✺ ② ✶✾✵✻ ❡①✐st✐ó ✉♥❛ ❣r❛♥ ❝♦♠❡r❝✐❛❧✐③❛❝✐ó♥ ❞❡ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✱ ❡❧ ♠❡r❝❛❞♦ ❡st✉✈♦ t❛♥ ❜✐❡♥ ❡st❛❜❧❡❝✐❞♦

q✉❡ ✈❛r✐❛s ❝♦♠♣❛ñí❛s s✉r❣✐❡r♦♥ ② ❝r❡❛r♦♥ ✉♥❛ ✈❡r❞❛❞❡r❛ ❝♦♠♣❡t❡♥❝✐❛❀ s❡ r❡❛❧✐③❛❜❛♥ ❡✈❡♥t♦s ❞♦♥❞❡ s❡ ♠♦str❛❜❛♥ ❧♦s

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

❢♦r♠❛❧✱ ❡♥ ❧❛ ✜❣✉r❛ s❡ ♠✉❡str❛♥ ❛❧❣✉♥❛s ✐♠á❣❡♥❡s ❞❡ ❝❛rt❡❧❡s ② ❡✈❡♥t♦s ❞❡ ❡st❛ é♣♦❝❛✳

P❛r❛ ❡s❛s ❢❡❝❤❛s ❧♦s ❱❊ ❞♦♠✐♥❛❜❛♥ ❡❧ ♠❡r❝❛❞♦ s♦❜r❡ ❧♦s ❱❈■✳ ❆♠❜♦s ♣r❡s❡♥t❛❜❛♥ s✉s ❞❡s✈❡♥t❛❥❛s❀ ♣♦r ✉♥ ❧❛❞♦✱ ❧♦s

❱❊ ♣r❡s❡♥t❛❜❛♥ ♣♦❝♦ r❛♥❣♦ ❞❡ r❡❝♦rr✐❞♦ ♣♦r ❝❛r❣❛ ❞❡ ❜❛t❡rí❛✱ ♠✐❡♥tr❛s q✉❡ ❧♦s ▼❈■ ❡r❛♥ ❝♦♥s✐❞❡r❛❞♦s s✉❝✐♦s ② ❡❧

❛rr❛♥q✉❡ ❡r❛ ♠✉② ❝♦♠♣❧✐❝❛❞♦✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❝♦♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❧♦s ❛❧t❡r♥❛❞♦r❡s ♣❛r❛ s✐♠♣❧✐✜❝❛r ❡❧ ❛rr❛♥q✉❡ ❞❡ ❧♦s

▼❈■ ② ❞❡❜✐❞♦ ❢❛❝t♦r❡s ♣♦❧ít✐❝♦s ② ❡❝♦♥ó♠✐❝♦s✱ ❧♦s ❱❈■ ❝♦♠❡♥③❛r♦♥ ❛ ❣❛♥❛r t❡rr✐t♦r✐♦ ❤❛st❛ ❞❡s♣❧❛③❛r ❛ ❧♦s ❱❊ ❛ ✉♥❛s

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

❉✉r❛♥t❡ ❧❛ ❞é❝❛❞❛ ❞❡ ✶✾✼✵ ❧❛ ❝r✐s✐s ❡♥❡r❣ét✐❝❛ ♠❛r❝ó ❡❧ ✐♥✐❝✐♦ ❞❡ ✉♥ ♥✉❡✈♦ ✐♥t❡rés ❡♥ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ② s✉r❣❡ ❧❛

✐♥t❡rr♦❣❛♥t❡ s♦❜r❡ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ést♦s ♣❛r❛ r❡s♦❧✈❡r ❧❛s ♥❡❝❡s✐❞❛❞❡s ❞❡ tr❛♥s♣♦rt❡ ❞❡ ❛q✉❡❧❧❛ é♣♦❝❛❀ s✐♥ ❡♠❜❛r❣♦✱ ❡❧

♣r❡❝✐♦ ❞❡❧ ♣❡tró❧❡♦ s❡ r❡❝✉♣❡ró ② ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ♣❡r❞✐ó r✐t♠♦ ♥✉❡✈❛♠❡♥t❡✳ ❆❝t✉❛❧♠❡♥t❡ ❡❧ ♣r✐♥❝✐♣❛❧

❢❛❝t♦r ♣❛r❛ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ tr❛♥s♣♦rt❡s ❡❧❡❝tr✐✜❝❛❞♦s ❡s ❧❛ ❝♦♥s❡r✈❛❝✐ó♥ ❛♠❜✐❡♥t❛❧ ② ❝♦♥tr♦❧ ❞❡❧ ❝❛♠❜✐♦ ❝❧✐♠át✐❝♦❀ ❛❤♦r❛

s❡ r❡q✉✐❡r❡ ❝♦♥♦❝❡r s✐ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ♣✉❡❞❡♥ t❡♥❡r ✉♥ ♣r❡❝✐♦ ❛s❡q✉✐❜❧❡



❈❆P❮❚❯▲❖ ✷✳ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✷✾

✷✳✸✳✶✳ ▲❛s ♣r✐♠❡r❛s ❝♦♠♣❛ñí❛s ❧í❞❡r❡s ❡♥ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✳

❘✐❦❡r ❊❧❡❝tr✐❝ ▼♦t♦r ❈♦♠♣❛♥② ❘✐❦❡r ❢✉❡ ✉♥♦ ❞❡ ❧♦s ♣❡rs♦♥❛❥❡s ♠ás ✐♥✢✉②❡♥t❡s ❞❡♥tr♦ ❞❡ ❧❛ ❤✐st♦r✐❛ ❞❡ ❧❛

✐♥❞✉str✐❛ ❛✉t♦♠♦tr✐③✱ ❢✉❡ ❡❧ ♣r✐♠❡r ♣r❡s✐❞❡♥t❡ ❧❛ ❙♦❝✐❡❞❛❞ ❞❡ ■♥❣❡♥✐❡r♦s ❆✉t♦♠♦tr✐❝❡s ✭❙❆❊✱ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮

❞❡s❞❡ ✶✾✵✺ ❤❛st❛ ✶✾✵✼✳ ❆ ❧❛ ❡❞❛❞ ❞❡ ✷✻ ❝♦♥str✉②ó s✉ ♣r✐♠❡r ♣r♦t♦t✐♣♦ ❞❡ ✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦ ✭❉♦♥♦✈❛♥✱ ✷✵✵✸✮ ② ❡♥ ✶✽✾✻

❢✉♥❞ó ❘✐❦❡r ❊❧❡❝tr✐❝ ▼♦t♦r ❈♦♠♣❛♥②✱ ❧❛ ❝♦♠♣❛ñí❛ ❡st✉✈♦ ❛❝t✐✈❛ ❤❛st❛ ✶✾✵✷✱ ❜❛❥♦ ♦tr♦s ❞♦s ♥♦♠❜r❡s ❞✐st✐♥t♦s ❞✉r❛♥t❡

❡st❡ ♣❡r✐♦❞♦✳ ▲❛ ❡♠♣r❡s❛ ❞❡ ❘✐❦❡r ❢✉❡ ✉♥❛ ❞❡ ❧❛s ❧í❞❡r❡s ❡♥ ♣r♦❞✉❝❝✐ó♥ ❞❡ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✱ ✈❡♥❞✐ó ❝❛rr♦s✱ ❝❛♠✐♦♥❡s

② ❝❛♠✐♦♥❡t❛s❀ ❧❛ ✜❣✉r❛✷✳✻ ♠✉❡str❛ ❛❧❣✉♥♦s ❞❡ s✉s ♠♦❞❡❧♦s✱ ❡♥tr❡ ❧♦s ♠ás s♦❜r❡s❛❧✐❡♥t❡s s❡ ❡♥❝✉❡♥tr❛♥ ❡❧ P❤❛❡t♦♥✱ ❉❡♠✐

❈♦❛❝❤✱ ② ❱✐❝t♦r✐❛✳ ❉✉r❛♥t❡ ❡❧ ♦♥❝❡❛✈♦ ❡♥❝✉❡♥tr♦ ❞❡❧ ■♥st✐t✉t♦ ❆♠❡r✐❝❛♥♦ ❞❡ ■♥❣❡♥✐❡r♦s ❊❧é❝tr✐❝♦s ❡♥ ◆✉❡✈❛ ❨♦r❦✱ ❘✐❦❡r

❡♥✉♥❝✐ó ❛❧❣✉♥❛s ❞❡ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ✐❞❡❛❧❡s ❞❡ ❧♦s ❝♦❝❤❡s ❡❧é❝tr✐❝♦s ✭❈❤❛♥ ❛♥❞ ❈❤❛✉✱ ✷✵✵✶✮✿ ❧✐❜r❡s ❞❡ ❝❛❧♦r✱ ♦❧♦r✱ r✉✐❞♦

② ✈✐❜r❛❝✐♦♥❡s✱ ❛❞❡♠ás ❞❡ s❡r ♠✉② s✐♠♣❧❡s ❞❡ ❝♦♥tr♦❧❛r✱ ♣♦r ♦tr♦ ❧❛❞♦ ❡①♣✉s♦ q✉❡ ♣❛r❛ ❛q✉❡❧❧❛ é♣♦❝❛ ❡❧ ♠❛②♦r ❞❡❢❡❝t♦ ❞❡

❡st❛ t❡❝♥♦❧♦❣í❛ ❡r❛♥ ❧❛s ❜❛t❡rí❛s✱ ❞❡❜✐❞♦ ❛ q✉❡ ♥♦ ❡①✐stí❛♥ ❡♥ ❡❧ ♠❡r❝❛❞♦ ✉♥❛ s♦❧✉❝✐ó♥ ♣❛r❛ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ s❡r✈✐❝✐♦

r❡q✉❡r✐❞❛s✱ t❛♠❜✐é♥ ❡①♣❧✐❝ó ❛❧❣✉♥❛s ❞❡ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❞✐s❡ñ❛❞♦s ❡♥ s✉ ❝♦♠♣❛ñí❛✿ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡

✉♥ s♦❧♦ ♠♦t♦r ♣❛r❛ ♣r♦♣♦r❝✐♦♥❛r ❧❛ ❢✉❡r③❛ ❞❡ tr❛❝❝✐ó♥ ❛ ❛♠❜❛s ❧❧❛♥t❛s tr❛s❡r❛s ❡♥ ❧✉❣❛r ❞❡ ❞♦s ♠♦t♦r❡s s❡♣❛r❛❞♦s✱ ❧❛

✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ❡♥❣r❛♥❡s ♣❛r❛ ♦❜t❡♥❡r ✉♥❛ ❜❛❥❛ ✈❡❧♦❝✐❞❛❞ ② ❛❧t♦ ♣❛r ② ♣❡r♠✐t✐r q✉❡ ❡❧ ♠♦t♦r tr❛❜❛❥❛r❛ ❡♥ s✉ ♣✉♥t♦

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

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

❡❧ ❡st❛❞♦ ❞❡ ❝❛r❣❛ ❞❡ ❧❛ ❜❛t❡rí❛ ② t❛♠❜✐é♥ ♣r♦♠♦✈✐ó ❡❧ ✉s♦ ❞❡ ♠❡t❛❧❡s ❡♥ ❧✉❣❛r ❞❡ ❧❛ ♠❛❞❡r❛ ♣❛r❛ ❧❛ ❝❛rr♦❝❡rí❛✳ ❊♥

✶✽✾✾ ❚❤❡ ❘✐❦❡r ❊❧❡❝tr✐❝ ❱❡❤✐❝❧❡ ❈♦✱ ✈❡♥❞✐ó ✉♥❛ ❞❡ s✉s ✉♥✐❞❛❞❡s ❛ ✉♥ ❝❧✐❡♥t❡ ❡♥ P❛rís ♣♦r ✉♥ ♣r❡❝✐♦ ❞❡ ✸✱✺✵✵ ❞ó❧❛r❡s✳ ❊❧

♠♦❞❡❧♦ ❚❤❡ ❘✐❦❡r ❚♦r♣❡❞♦ ✐♠♣✉s♦ ❡♥ ❡❧ ❛ñ♦ ✶✾✵✶ ✉♥ ré❝♦r❞ ❞❡ ✈❡❧♦❝✐❞❛❞ ♣❛r❛ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✱ ❡❧ ❝✉❛❧ s❡ ♠❛♥t✉✈♦

♣♦r ✉♥❛ ❞é❝❛❞❛✱ ❛❞❡♠ás ❞❡ ❡✈❡♥t♦s ❞❡ ❡①❤✐❜✐❝✐♦♥❡s ❡♥ ❊st❛❞♦s ❯♥✐❞♦s✱ ❆❧❡♠❛♥✐❛ ② ❋r❛♥❝✐❛ ❞♦♥❞❡ ❘✐❦❡r s❡ ♣r❡s❡♥t❛❜❛✱

❞✐❝❤♦s ❡✈❡♥t♦s ❝♦♥s♦❧✐❞❛r♦♥ ❛ ❧❛ ❡♠♣r❡s❛ ❝♦♠♦ ❧í❞❡r ❡♥ ❡❧ r❛♠♦✱ ❧❛ ✜❣✉r❛ ✷✳✼ ♠✉❡str❛ ❛❧❣✉♥♦s ❞❡ ❧♦s ❝❛rt❡❧❡s ❞❡ ✈❡♥t❛

❞❡ ❧❛ ❝♦♠♣❛ñí❛ ② ❛❧❣✉♥♦s ❡✈❡♥t♦s ❞♦♥❞❡ ❡st✉✈♦ ♣r❡s❡♥t❡✳

❚❤❡ ❊❧❡❝tr✐❝ ❈❛rr✐❛❣❡ ❛♥❞ ❲❛❣♦♥ ❈♦♠♣❛♥② ❋✉❡ ✉♥❛ ❞❡ ❧❛s ♣r✐♠❡r❛s ♠❛♥✉❢❛❝t✉r❡r❛s ❞❡ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❡♥

❧♦s ❊st❛❞♦s ❯♥✐❞♦s ❞❡ ◆♦rt❡ ❆♠ér✐❝❛❀ ❧♦s ♣r♦♣✐❡t❛r✐♦s ❢✉❡r♦♥ ❍❡♥r② ●✳ ▼♦rr✐s ② P❡❞r♦ ●✳ ❙❛❧♦♠✳ ❊❧ ♠♦❞❡❧♦ ❧❧❛♠❛❞♦

✧❊❧❡❝tr♦❜❛t✧✱ ✜❣✉r❛ ✷✳✽✱♠❛r❝ó ✉♥ s✉❝❡s♦ ✐♠♣♦rt❛♥t❡ ❞❡❜✐❞♦ ❛ q✉❡ ❢✉❡ ❡❧ ♣r✐♠❡r ❝♦❝❤❡ ❡❧é❝tr✐❝♦ ❝♦♥str✉✐❞♦ ❝♦♥ ✜♥❡s

❝♦♠❡r❝✐❛❧❡s ❡♥ ❡❧ ❛ñ♦ ✶✽✾✺❀ s❡ ❝♦♥s✐❞❡r❛ q✉❡ ❢✉❡ ❡❧ ♣r✐♠❡r ✈❡❤í❝✉❧♦ t♦t❛❧♠❡♥t❡ ✉t✐❧✐③❛❜❧❡ ② ❢✉❡ ❧❧❡✈❛❞♦ ❞❡ s❡r ✉♥ ✈❡❤í❝✉❧♦

❞❡ r❡♣❛rt♦ ❛ ❝✐r❝✉❧❛r ♣♦r ❧❛s ❝❛❧❧❡s ❞❡ ❋✐❧❛❞❡❧✜❛ ❡♥ ✶✽✾✹ ✭❈❤❛♥ ❛♥❞ ❈❤❛✉✱ ✷✵✵✶✮✳ ❊❧ ❊❧❡❝tr♦❜❛t ♥♦ s❡ ♦❢r❡❝✐ó ❛ ❧❛

✈❡♥t❛ ❞❡❧ ♣ú❜❧✐❝♦✱ só❧♦ s❡ r❡♥tó ♣❛r❛ ♦❢r❡❝❡r s❡r✈✐❝✐♦ ❞❡ t❛①✐ ② ♣❛r❛ ❡❧❧♦ s❡ ♠♦♥tó t♦❞❛ ✉♥❛ ✐♥❢r❛❡str✉❝t✉r❛ q✉❡ ✐♥❝❧✉í❛

❡st❛❝✐♦♥❡s ♣❛r❛ ❝❛♠❜✐♦s rá♣✐❞♦s ❞❡ ❜❛t❡rí❛ ② s❡r✈✐❝✐♦✳

❊❧ é①✐t♦ ❞❡ ❡st❡ ✈❡❤í❝✉❧♦ ❝♦♠♦ t❛①✐ ❡♥ ❧♦s ❊❯❆ ❧❧❛♠ó ❧❛ ❛t❡♥❝✐ó♥ ❞❡❧ ♣r❡s✐❞❡♥t❡ ❞❡ ❧❛ ❊❧❡❝tr✐❝ ❙t♦r❛❣❡ ❇❛t❡rr② ❈♦♠♣❛♥②✱

q✉❡ ❡r❛ ❧❛ ❝♦♠♣❛ñí❛ q✉❡ ❞♦♠✐♥❛❜❛ ❡❧ ♠❡r❝❛❞♦ ❞❡ ❧❛s ❜❛t❡rí❛s ❡❧é❝tr✐❝❛s ❡♥ ❛q✉❡❧ t✐❡♠♣♦✳ ❘✐❝❡ ❝♦♠♣ró ❧❛ ❡♠♣r❡s❛ ❞❡
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❋✐❣✉r❛ ✷✳✻✿ ❆❧❣✉♥♦s ❞❡ ❧♦s ♠♦❞❡❧♦s ✈❡♥❞✐❞♦s ♣♦r ❧❛ ❝♦♠♣❛ñí❛ ❞❡ ❘✐❦❡r✳

❋✐❣✉r❛ ✷✳✼✿ ❈❛rt❡❧❡s ❞❡ ✈❡♥t❛ ② ❋♦t♦s ❞❡ ❘✐❦❡r



❈❆P❮❚❯▲❖ ✷✳ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✸✶

❋✐❣✉r❛ ✷✳✽✿ ❊❧ ❊❧❡❝tr♦❜❛t ❞❡ ▼♦rr✐s ② ❙❛❧♦♠✳

▼♦rr✐s ② ❙❛❧♦♠ ② ❡❧ ✷✼ ❞❡ s❡♣t✐❡♠❜r❡ ❞❡ ✶✽✾✼ ❚❤❡ ❊❧❡❝tr✐❝ ❈❛rr✐❛❣❡ ❛♥❞ ❲❛❣♦♥ ❈♦♠♣❛♥② s❡ ❝♦♥✈✐rt✐ó ❡♥ ❧❛ ❊❧❡❝tr✐❝

❱❡❤✐❝❧❡ ❈♦♠♣❛♥②✳ ❇❛❥♦ ❡st❡ ♥✉❡✈♦ ♥♦♠❜r❡ ❡❧ ♥❡❣♦❝✐♦ ❞❡ ❧♦s t❛①✐s ❡❧é❝tr✐❝♦s s❡ ❡①t❡♥❞✐ó ❛ ♦tr♦s ❡st❛❞♦s ❞❡ ❧♦s ❊❯❆

❝r❡❛♥❞♦ ✉♥❛ ❝♦♠♣❡t✐❝✐ó♥ ❞❡ ♠♦♥♦♣♦❧✐♦s ② ❞❡♠❛♥❞❛s ♣♦r ♣❛t❡♥t❡s ❡♥t♦r♥♦ ❛ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ✭❇✉rt♦♥✱ ✷✵✶✸✮✳

P♦♣❡ ▼❛♥✉❢❛❝t✉r✐♥❣ ❈♦♠♣❛♥②✳ ▲❧❡❣ó ❛ s❡r ✉♥❛ ❞❡ ❧❛s ♠ás ❣r❛♥❞❡s ❡♠♣r❡s❛s ❞❡❞✐❝❛❞❛s ❛ ❧❛ ❝♦♠❡r❝✐❛❧✐③❛❝✐ó♥

❞❡ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✱ s✉ ♠♦❞❡❧♦ ♠ás ✈❡♥❞✐❞♦ ❢✉❡ ❡❧ ❊❱ ❈♦❧✉♠❜✐❛✱ ✜❣✉r❛ ✷✳✾✱ ❞❡❧ ❝✉❛❧ s❡ ✈❡♥❞✐❡r♦♥ ❛❧r❡❞❡❞♦r ❞❡ ✺✵✵

✉♥✐❞❛❞❡s ❤❛❝✐❛ ✜♥❛❧❡s ❞❡❧ ❛ñ♦ ✶✽✾✾✳ ❈♦❧♦♥❡❧ ❆❧❜❡rt ❆✉❣✉st✉s P♦♣❡ ❤❛❜í❛ ❝r❡❛❞♦ ✉♥ ♠♦♥♦♣♦❧✐♦ ❛❧ ❛❞q✉✐r✐r ❞✐✈❡rs❛s

♣❛t❡♥t❡s ❞❡ ❜✐❝✐❝❧❡t❛s ❝♦♥ ❧❛s q✉❡ ❝♦❜r❛❜❛ r❡❣❛❧í❛s ❛ ♦tr♦s ♠❛♥✉❢❛❝t✉r❡r♦s✳ ▲❛ ❝♦♠♣❛ñí❛ ❞❡ P♦♣❡ ♠❛♥✉❢❛❝t✉r❛❜❛

❛❧r❡❞❡❞♦r ❞❡ ✷✺✵✱✵✵✵ ❜✐❝✐❝❧❡t❛s ❛♥✉❛❧❡s ❜❛❥♦ ❧❛ ♠❛r❝❛ ❈♦❧✉♠❜✐❛✳ ❊①✐st❡ ❛❧❣✉♥♦s r✉♠♦r❡s s♦❜r❡ ❡❧ ❞❡s❛♣r✉❡❜♦ ❞❡ P♦♣❡

❤❛❝✐❛ ❧♦s ❱❈■✱ s✐♥ ❡♠❜❛r❣♦✱ t❛♠❜✐é♥ ✈❡í❛ ❝♦♠♦ ✉♥ ♥❡❣♦❝✐♦ ♣♦t❡♥❝✐❛❧ ❡❧ tr❛♥s♣♦rt❡ ❧✐❜r❡ ❞❡ ❜❡st✐❛s ❞❡ ❝❛r❣❛✱ ♣♦r ❧♦ q✉❡

❡♥❝❛r❣ó ❛ ✉♥♦ ❞❡ s✉s ✐♥❣❡♥✐❡r♦s ❡❧ ❞✐s❡ñ♦ ❞❡ ✉♥ ✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦✱ ❡❧ ♣r✐♠❡r ❞✐s❡ñ♦ ❡st✉✈♦ ❜❛s❛❞♦ ❡♥ ❡❧ ❊❧❡❝tr♦❜❛t✳

❉❡s♣✉és ❞❡ t❡r♠✐♥❛r ❡❧ ♣r♦t♦t✐♣♦ ❡♥ ❛❜r✐❧ ❞❡❧ ❛ñ♦ ✶✽✾✼ ❡❧ ✈❡❤í❝✉❧♦ ❡♠♣❡③ó ❛ ❝♦♠❡r❝✐❛❧✐③❛s❡ ❡♥ ♠❛②♦ ❞❡❧ ♠✐s♠♦ ❛ñ♦

✭❇✉rt♦♥✱ ✷✵✶✸✮✳

❚❤❡ ▲♦♥❞♦♥ ❊❧❡❝tr✐❝❛❧ ❈❛❜ ❈♦♠♣❛♥② ❋✉❡ ✐♥❛✉❣✉r❛❞❛ ❡♥ ■♥❣❧❛t❡rr❛ ❡♥ ✶✽✾✼ ❝♦♥ ✉♥❛ ✢♦t❛ ❞❡ ✶✺ t❛①✐s✳ ▲❛ ❡♠♣r❡s❛

❢✉❡ ❢♦r♠❛❞❛ ❜❛❥♦ ❧❛ ♣r❡♠✐s❛ ❞❡ ❧♦❣r❛r ❡❧ r❡❡♠♣❧❛③♦ ❞❡ ❝❛rr✉❛❥❡s t✐r❛❞♦s ♣♦r ❝❛❜❛❧❧♦s ♣♦r ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✳ ❯♥❛ ❞❡ ❧❛s

♣✐❡③❛s ❝❧❛✈❡s ❞❡ ❧❛ ❡♠♣r❡s❛ ❢✉❡ s✉ ❣❡r❡♥t❡ ❡❧é❝tr✐❝♦✱ ❲❛❧t❡r ❈ ❇❡rs❡②✱ q✉✐❡♥ ♣♦s❡í❛ ✉♥❛ ♣❛t❡♥t❡ ❞❡ ✶✽✾✹ ❞❡ ✉♥ ✈❡❤í❝✉❧♦

❡❧é❝tr✐❝♦✳
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❋✐❣✉r❛ ✷✳✾✿ ❊❱ ❈♦❧✉♠❜✐❛ ❞❡ P♦♣❡ ▼❛♥✉❢❛❝t✉r✐♥❣ ❈♦♠♣❛♥②✳

✷✳✸✳✷✳ ▲♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❞❡ ❧❛s ❣r❛♥❞❡s ❡♠♣r❡s❛s✳

✷✳✸✳✷✳✶✳ ●❡♥❡r❛❧ ▼♦t♦rs ❈♦♠♣❛♥②✳

❊❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❡♥ ●❡♥❡r❛❧ ▼♦t♦r ❝♦♠❡♥③ó ❞❡s❞❡ ✶✾✶✷✱ ❝✉❛♥❞♦ ❧❛ ❝♦♠♣❛ñí❛ t❡♥í❛ ✉♥ ❞❡♣❛rt❛♠❡♥t♦

❡♥❝❛r❣❛❞♦ ❞❡❧ ❞✐s❡ñ♦ ② ❝♦♥str✉❝❝✐ó♥ ❞❡ ❝❛♠✐♦♥❡s ❡❧é❝tr✐❝♦s✳ ❊♥ t♦t❛❧ s❡ ❝♦♥str✉②❡r♦♥ ✻✽✷ ❝❛♠✐♦♥❡s ❡❧é❝tr✐❝♦s ❤❛st❛ ❡❧

❛ñ♦ ✶✾✶✼✱ ❝✉❛♥❞♦ s❡ ❝♦♥str✉②ó ❡❧ ú❧t✐♠♦✳ ❊♥ ❧❛ ✜❣✉r❛ ✷✳✶✵ s❡ ♠✉❡str❛♥ ✉♥❛ ❧í♥❡❛ ❞❡ t✐❡♠♣♦ ✐♥❝❧✉②❡♥❞♦ ❧❛ ❣r❛♥ ♠❛②♦rí❛

❞❡ ❧♦s ❱❊ ② ❱❍ q✉❡ ❢✉❡r♦♥ ❝♦♥str✉✐❞♦s t❛♥t♦ ❛ ♥✐✈❡❧ ♣r♦t♦t✐♣♦ ❝♦♠♦ ♣❛r❛ ❝♦♠❡r❝✐❛❧✐③❛❝✐ó♥ ♣♦r ●▼✳

❊❧ ♠♦❞❡❧♦ ❊❧❡❝tr♦✈❛✐r ❢✉❡ ❞❡s❛rr♦❧❧❛❞♦ ❡♥ ❡❧ ❛ñ♦ ❞❡ ✶✾✻✹ ❝♦♠♦ ✉♥❛ ❝♦♥✈❡rs✐ó♥ ❞❡❧ ♣♦♣✉❧❛r ❈❤❡✈r♦❧❡t ❈♦r✈❛✐r✱ s❡❧❡❝❝✐♦✲

♥❛❞♦ ♣♦r s❡r ❡❧ ✈❡❤í❝✉❧♦ ♠ás ❧✐❣❡r♦ ❞❡ ❧❛ ❡♠♣r❡s❛ ❡♥ ❛q✉❡❧❧❛ é♣♦❝❛ ✭❇✉rt♦♥✱ ✷✵✶✸✮✱ ❡❧ tr❡♥ ♠♦tr✐③ ❝♦♥s✐stí❛ ❞❡ ✉♥ ♠♦t♦r

❞❡ ✐♥❞✉❝❝✐ó♥ ❞❡ ✻✼ ✭❦❲✮ ❡♥❢r✐❛❞♦ ♣♦r ❛❝❡✐t❡ ② ✉♥ ❜❛♥❝♦ ❞❡ ❜❛t❡rí❛s ❞❡ ♣❧❛t❛✲③✐♥❝ ❝♦♥ ✹✺✵ ✭❱✮✳ ❊♥ ✶✾✻✻ ❧❛♥③❛r♦♥ ❧❛

s❡❣✉♥❞❛ ✈❡rs✐ó♥ ❞❡ ❡st❛ ❝♦♥✈❡rs✐ó♥✱ ❡❧ ❊❧❡❝tr♦✈❛✐r ■■✱ q✉❡ ❤❛❜í❛ s✐❞♦ ❡q✉✐♣❛❞♦ ❝♦♥ ✉♥ ♠♦t♦r ♠ás ♣♦t❡♥t❡ ❞❡ ✽✻ ✭❦❲✮

② ❧❛s ❜❛t❡rí❛s s❡❣✉í❛♥ s✐❡♥❞♦ ❞❡ ♣❧❛t❛✲③✐♥❝ ♣❡r♦ ❝♦♥ ✉♥ ✈♦❧t❛❥❡ ❞❡ ✺✸✷ ✭❱✮❀ ❧❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❞❡ ❡st❡ ♠♦❞❡❧♦ ❢✉❡ ❞❡

✶✸✵ ✭❦♠✴❤✮ ♠✐❡♥tr❛s q✉❡ ❧❛ ❛✉t♦♥♦♠í❛ ✈❛r✐❛❜❛ ❡♥ ✉♥ r❛♥❣♦ ❡♥tr❡ ❧♦s ✻✺✲✶✸✵ ✭❦♠✮✭●▼✱ ✷✵✶✽✮ ✳

❊♥ ❡❧ ❛ñ♦ ❞❡ ✶✾✻✽✱ s❡ ❝♦♥str✉②ó ❧❛ ❊❧❡❝tr♦✈❛♥✱ q✉❡ ❡s ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ❡❧ ♣r✐♠❡r ✈❡❤í❝✉❧♦ ❛❧✐♠❡♥t❛❞♦ ♣♦r ✉♥❛ ❝❡❧❞❛

❝♦♠❜✉st✐❜❧❡ ❞❡ ❤✐❞ró❣❡♥♦ ✭●▼✱ ✷✵✶✽✮✳ ❊❧ tr❡♥ ♠♦tr✐③ t❡♥í❛ ✉♥ ♠♦t♦r ❞❡ ✐♥❞✉❝❝✐ó♥ ❞❡ ✾✸ ✭❦❲✮✳ ❊❧ s✐st❡♠❛ ❝r✐♦❣é♥✐❝♦

❝♦♥s✐stí❛ ❡♥ t❛♥q✉❡s ❡♥❢r✐❛❞♦s ❞❡ ❤✐❞ró❣❡♥♦ ② ♦①í❣❡♥♦✳ ▲❛ ❛✉t♦♥♦♠í❛ ♣♦r ❝❛r❣❛ ❞❡ t❛♥q✉❡s ❡r❛ ❞❡ ✶✾✸ ✭❦♠✮✳ ❉❡❜✐❞♦
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❛ ❞✐❢❡r❡♥t❡s ❞❡s✈❡♥t❛❥❛s q✉❡ ✐❜❛♥ ❞❡s❞❡ s❡❣✉r✐❞❛❞ ❤❛st❛ ❝♦st♦s ❛❧t♦s ❡❧ ♠♦❞❡❧♦ ♥♦ ❢✉❡ ❧❧❡✈❛❞♦ ❛ ♣r♦❞✉❝❝✐ó♥ ✭❇✉rt♦♥✱

✷✵✶✸✮✳ ●▼ ❞❡s❛rr♦❧❧ó ♦tr♦s ❝♦♥❝❡♣t♦s ❞❡ ❱❈❈✱ ❛❧❣✉♥♦s ❞❡ ❡❧❧♦s ❢✉❡r♦♥✱ Pr❡❝❡♣t ❡♥ ✷✵✵✵✱ ❖♣❡❧ ❩❛✜r❛ ❍✐❞r♦●❡♥✶ ❡♥

✷✵✵✶✱ ❆❯❚❖♥♦♠② ② ❍②✲❲✐r❡ ❡♥ ✷✵✵✷ ② ❍✐❞r♦●❡♥ ✸ ❡♥ ✷✵✵✹✳

❊♥ ❡❧ ❛ñ♦ ❞❡ ✶✾✻✽ ❝♦♥str✉②❡r♦♥ ✉♥ ✈❡❤í❝✉❧♦ ❤í❜r✐❞♦ q✉❡ ✉t✐❧✐③❛❜❛ ✉♥ ♠♦t♦r ❙t✐r❧✐♥❣✱ ❡❧ ♠♦❞❡❧♦ ❢✉❡ ❧❧❛♠❛❞♦ ❙t✐r✲▲❡❝

■✳ ❊❧ ♣r♦t♦t✐♣♦ ❢✉❡ ❞❡s❛rr♦❧❧❛❞♦ ❝♦♠♦ ✉♥❛ ❝♦♥✈❡rs✐ó♥ ❞❡❧ ♠♦❞❡❧♦ ✶✾✻✽ ❖♣❡❧ ❑❛❞❡tt ❞❡❜✐❞♦ ❛ s✉ t❛♠❛ñ♦ ♣❡q✉❡ñ♦✳ ▲❛

♣♦t❡♥❝✐❛ ❞❡❧ ♠♦t♦r ❞❡ tr❛❝❝✐ó♥ ❡r❛ ❞❡ ✶✺ ✭❦❲✮ ❝♦♥ ✉♥❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❞❡ ✶✷✺✵✵ r♣♠ ✭❘❛❥❛s❤❡❦❛r❛✱ ✶✾✾✹✮✳

▲❛ s❡r✐❡ ●▼✺✶✷ ❢✉❡ ♣r♦❞✉❝✐❞❛ ❡♥ ✶✾✻✾✱ ❝♦♥s✐st✐ó ❡♥ ✉♥❛ s❡r✐❡ ❞❡ ✈❡❤í❝✉❧♦s ♣❡q✉❡ñ♦s ❞❡ ❞♦s ♣❧❛③❛s ❝♦♥ ✜♥❡s ❡s♣❡❝í✜❝♦s

❞❡ ♠♦✈✐❧✐❞❛❞ ✉r❜❛♥❛✳ ❙❡ ♣r❡s❡♥t❛r♦♥ ❡♥ ❞♦s ✈❡rs✐♦♥❡s✱ ✉♥❛ t♦t❛❧♠❡♥t❡ ❡❧é❝tr✐❝❛ ② ❧❛ ♦tr❛ ❤í❜r✐❞❛ ✭❘❛❥❛s❤❡❦❛r❛✱ ✶✾✾✹✮✳

❊❧ ♠♦t♦r ❡❧é❝tr✐❝♦ ❞❡ tr❛❝❝✐ó♥ ❡♥ ❛♠❜❛s ✈❡rs✐♦♥❡s ❡r❛ ♠♦t♦r ❞❡ ❝♦rr✐❡♥t❡ ❞✐r❡❝t❛ ❞❡ r♦t♦r ❞❡✈❛♥❛❞♦ ❡♥ s❡r✐❡ ❝❛♣❛③ ❞❡

♣r♦❞✉❝✐r ✉♥❛ ♣♦t❡♥❝✐❛ ❞❡ ✻ ✭❦❲✮✳ ▲❛ ❛✉t♦♥♦♠í❛ ✈❛r✐❛❜❛ ❞❡ ✽✳✹ ✭❦♠✮ ❛ ✹✺ ✭❦♠✴❤✮ ❛ ✶✹ ✭❦♠✮ ❛ ✶✻ ✭❦♠✴❤✮✱ ❧❛ ✈❡❧♦❝✐❞❛❞

♠á①✐♠❛ ❡r❛ ❞❡ ✼✷ ✭❦♠✴❤✮❀ ❡❧ ✈♦❧t❛❥❡ ♥♦♠✐♥❛❧ ❞❡ ❧❛ ❜❛t❡rí❛ ❡r❛ ❞❡ ✼✷ ✭❱✮✳

❊❧ ✸ ❞❡ ❡♥❡r♦ ❞❡ ✶✾✾✵✱ ❡♥ ❡❧ ✏▲♦s ➪♥❣❡❧❡s ❛✉t♦ s❤♦✇✑ ●▼ ✐♥tr♦❞✉❥♦ ✉♥ ♠♦❞❡❧♦ ❞❡ ✈❡❤í❝✉❧♦ t♦t❛❧♠❡♥t❡ ❡❧é❝tr✐❝♦ ❧❧❛♠❛❞♦

■♠♣❛❝t✳ P❛r❛ ❝♦♠♣❡♥s❛r ❡❧ ♣❡s♦ ❞❡ ❧❛s ❜❛t❡rí❛s ♠✉❝❤♦s ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❧❛ ❝❛rr♦❝❡rí❛ ❢✉❡r♦♥ ❝♦♥str✉✐❞♦s ❞❡

♠❛t❡r✐❛❧❡s ❝♦♠♣✉❡st♦s✱ ❧♦ ❝✉❛❧ ❛②✉❞♦ ❛❧ ❞✐s❡ñ♦ ❛ ❧♦❣r❛r ❡❧ ♠ás ❜❛❥♦ ❞❡ ❧♦s ❝♦❡✜❝✐❡♥t❡s ❛❡r♦❞✐♥á♠✐❝♦s ♠❡❞✐❞♦s ❡♥ tú♥❡❧

❞❡ ✈✐❡♥t♦ ♣❛r❛ ✉♥ ✈❡❤í❝✉❧♦ ❞❡ ●▼✱ ❝♦♥ ✉♥ ✈❛❧♦r ❞❡ ✵✳✶✾✳ ❊❧ tr❡♥ ♠♦tr✐③ ❞❡ ❡st❡ ♠♦❞❡❧♦ ❢✉♥❝✐♦♥ó ❝♦♠♦ ♣❧❛t❛❢♦r♠❛ ❞❡

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

❊♥ ✶✾✾✼ ■♠♣❛❝t ❢✉❡ ❝♦♥✈❡rt✐❞♦ ❡♥ ❡❧ ❊❱✶ ❡❧ ❝✉❛❧ ❡s ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ❡❧ ♣r✐♠❡r ✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦ ❞❡ ♣r♦❞✉❝❝✐ó♥ ❡♥

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

❝♦♠♦ ❧❛ ❝♦♥✈❡rs✐ó♥ ❞❡ ♥✐♥❣ú♥ ♦tr♦ ✈❡❤í❝✉❧♦✳ ▼ás ❞❡ ✶✱✵✵✵ ✉♥✐❞❛❞❡s ❢✉❡r♦♥ ♣r♦❞✉❝✐❞❛s ② ❛rr❡♥❞❛❞❛s ♣❛r❛ ❝❧✐❡♥t❡s ❡♥

❈❛❧✐❢♦r♥✐❛✳ ▲❛ ❞✐s❝♦♥t✐♥✉❛❝✐ó♥ ❞❡❧ ❊❱✶ ❤❛ s✐❞♦ ✉♥♦ ❞❡ ❧♦s s✉❝❡s♦s ♠ás ❝♦♥tr♦✈❡rs✐❛❧❡s ❡♥ ❧❛ ❤✐st♦r✐❛ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s

❡❧é❝tr✐❝♦s❀ ♠✐❡♥tr❛s ❧♦s ✉s✉❛r✐♦s s❡ ♠♦str❛❜❛♥ ♠✉② s❛t✐s❢❡❝❤♦s ❧❛ r❡✈✐st❛ ❚✐♠❡s ❧♦ ✐♥❝❧✉②ó ❡♥ ❧❛ ❧✐st❛ ❞❡ ❧♦s ♣❡♦r❡s ✺✵

✈❡❤í❝✉❧♦s ♥✉♥❝❛ ❝♦♥str✉✐❞♦s ✭❇✉rt♦♥✱ ✷✵✶✸✮✳ ●▼ ✜♥❛❧✐③ó ❡❧ ♣r♦②❡❝t♦ ❡♥ ✶✾✾✾✳

❊♥ ❡❧ ✷✵✵✼ ❢✉❡ ❛♥✉♥❝✐❛❞♦ ❡❧ s✐❣✉✐❡♥t❡ ❝♦♥❝❡♣t♦ ❞❡ ✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦✱ ❡❧ ❈❤❡✈r♦❧❡t ❱♦❧t✱ q✉❡ ❢✉❡ ❞✐s❡ñ❛❞♦ ❝♦♠♦ ✉♥

✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦ ❞❡ r❛♥❣♦ ❡①t❡♥❞✐❞♦✳ ▲❛ ❛✉t♦♥♦♠í❛ ♠á①✐♠❛ ❞❡ ❡st❡ ♠♦❞❡❧♦ ❡s ❞❡ ✻✶✵ ✭❦♠✮✱ ♣✉❡❞❡ s❡r r❡❝❛r❣❛❞♦ ❞❡s❞❡

✉♥ ❛ t♦♠❛ ❞♦♠ést✐❝❛ ❞❡ ✶✶✵ ✭❱✮ ❡♥ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✻ ❤♦r❛s✳ ▲❛s ♠❡❥♦r❛s ❞❡❧ ♠♦❞❡❧♦ ❞❡❧ ❛ñ♦ ✷✵✶✻ ✐♥❝❧✉②❡♥ ✉♥❛

❞✐s♠✐♥✉❝✐ó♥ ❞❡ ❧❛ ♠❛s❛ t♦t❛❧ ❞❡❧ ✈❡❤í❝✉❧♦ ❞❡ ✹✺ ❦❣✱ ✉♥❛ ❛✉t♦♥♦♠í❛ ❡♥ ♠♦❞♦ ♣✉r❛♠❡♥t❡ ❡❧é❝tr✐❝♦ ❞❡ ✽✵ ✭❦♠✮ ② ✉♥ r❛♥❣♦

❡①t❡♥❞✐❞♦ ❞❡ ♠ás ❞❡ ✻✹✵ ✭❦♠✮✳

❊❧ ♠♦❞❡❧♦ ❈❡✈r♦❧❡t ❙♣❛r❦ ❊❱ ❢✉❡ ♣r❡s❡♥t❛❞♦ ❡♥ ❥✉♥✐♦ ❞❡❧ ✷✵✶✸ ❝♦♠♦ ✉♥❛ ❝♦♥✈❡rs✐ó♥ ❞❡❧ ♠♦❞❡❧♦ ❝♦♥ ▼❈■ ② ❢❡ ❝♦♥s✐❞❡r❛

❝♦♠♦ ❡❧ ♣r✐♠❡r ✈❡❤í❝✉❧♦ t♦t❛❧♠❡♥t❡ ❡❧é❝tr✐❝♦ ♣❛r❛ ♣❛s❛❥❡r♦s ♣r♦❞✉❝✐❞♦ ♣♦r ●▼✳ ❊♥ ❡❧ ✷✵✶✹✱ ❈❛❞✐❧❧❛❝ ❧❛♥③ó ❧❛ ✈❡rs✐ó♥

❡❧é❝tr✐❝❛ ❞❡ r❛♥❣♦ ❡①t❡♥❞✐❞♦ ❈❛❞✐❧❧❛r ❊▲❘✱ ❡st❡ ♠♦❞❡❧♦ ✉t✐❧✐③ó t❡❝♥♦❧♦❣í❛ ♠✉② ♣❛r❡❝✐❞❛ ❛ ❧❛ ✉s❛❞❛ ❡♥ ❡❧ ❈❤❡✈r♦❧❡t ❱♦❧t✱

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



❈❆P❮❚❯▲❖ ✷✳ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✸✹

❋✐❣✉r❛ ✷✳✶✵✿ ▲❛ ❍✐st♦r✐❛ ❞❡ ❧♦s ❱❡❤í❝✉❧♦s ❊❧é❝tr✐❝♦s ❞❡ ●▼✳

❊♥ ❡❧ ✷✵✶✼ ❝♦♠❡♥③ó ❧❛ ❝♦♠❡r❝✐❛❧✐③❛❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦ ❈❤❡✈r♦❧❡t ❇♦❧t ❊❱✳ ❊❧ ♠♦❞❡❧♦ ✷✵✶✾ ❞❡st❛❝❛ ♣♦r s❡r ❡❧ ♣r✐♠❡r

✈❡❤í❝✉❧♦ t♦t❛❧♠❡♥t❡ ❡❧é❝tr✐❝♦ ❛s❡q✉✐❜❧❡ ② q✉❡ ♣r♦♣♦r❝✐♦♥❛ ✉♥❛ ❛✉t♦♥♦♠í❛ ♣♦r ❝❛r❣❛ ❞❡ ❜❛t❡rí❛ ❞❡ ♠ás ❞❡ ✸✽✵ ✭❦♠✮✳

❊stá ❡q✉✐♣❛❞♦ ♣♦r ✉♥ ❜❛♥❝♦ ❞❡ ❜❛t❡rí❛s ❞❡ ❧✐t✐♦ ❞❡ ✻✵ ✭❦❲✮ ② ✉♥ ♠♦t♦r ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ❞❡ ✶✺✵ ✭❦❲✮ ② ✉♥ ♣❛r

❞❡ ✸✻✵ ✭◆♠✮✳

✷✳✸✳✷✳✷✳ ◆✐ss❛♥

❆❧ ❝♦♠✐❡♥③♦ ❞❡ ❧❛ ❞é❝❛❞❛ ❞❡ ❧♦s ✻✵✱ ◆✐ss❛♥ s❡ ✈♦❧✈✐ó ♠ás ❛❝t✐✈♦ ❡♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ② ❞❡s❞❡ ❡♥t♦♥❝❡s

❤❛ ❧❛♥③❛❞♦ ② ✈❡♥❞✐❞♦ ❞✐st✐♥t♦s ♠♦❞❡❧♦s ✭◆✐ss❛♥✱ ✷✵✶✽✮✳ ❉❡s♣✉és ❞❡ ❧❛ ❣✉❡rr❛ ❡❧ ♣❡tró❧❡♦ ❡s❝❛s❡ó✱ ♣❡r♦ ❧❛ ❡❧❡❝tr✐❝✐❞❛❞

❡r❛ ♠ás ❛❜✉♥❞❛♥t❡✳ P♦r ❡st❛ r❛③ó♥✱ ❤✉❜♦ ✉♥❛ é♣♦❝❛ ❡♥ q✉❡ ❡❧ ❣♦❜✐❡r♥♦ ♣r♦♠♦✈✐ó ❧❛ ♠❛♥✉❢❛❝t✉r❛ ❞❡ ❱❊✱ ❜❛❥♦ ❡stá

♠♦t✐✈❛❝✐ó♥ ❡❧ ♣r✐♠❡r ✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦ ❞❡ ❡st❛ ❝♦♠♣❛ñí❛ ❥❛♣♦♥❡s❛ ❢✉❡ ❡❧ ♠♦❞❡❧♦ ❚❛♠❛ ❧❛♥③❛❞♦ ❡♥ ✶✾✹✹ ✭❇✉rt♦♥✱ ✷✵✶✸✮✳

❊❧ ✈❡❤í❝✉❧♦ ❚❛♠❛ ❊✹❙✲✹✼✲✶ ❢✉❡ ❡q✉✐♣❛❞♦ ❝♦♥ ✉♥ ♠♦t♦r ❞❡ ❝♦rr✐❡♥t❡ ❞✐r❡❝t❛ ❞❡ ❞❡✈❛♥❛❞♦s ❡♥ s❡r✐❡ ❞❡ ✸✻ ✭❱✮ ❝♦♥ ✉♥❛

♣♦t❡♥❝✐❛ ♥♦♠✐♥❛❧ ❞❡ ✸✳✸ ✭❦❲✮✱ ✉s❛❜❛ ✉♥❛ ❜❛t❡rí❛ ❞❡ ♣❧♦♠♦ á❝✐❞♦ ❞❡ ✸✻ ✭❱✮✳ ▲❛s ♣r✉❡❜❛s ❞❡ ❞❡s❡♠♣❡ñ♦ r❡❛❧✐③❛❞❛s

♣♦r ❡❧ ▼✐♥✐st❡r✐♦ ❞❡ ❈♦♠❡r❝✐♦ ❡ ■♥❞✉str✐❛ s✉♣❡r❛r♦♥ ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ❞❡ ❝❛tá❧♦❣♦✱ ❝♦♥ ✉♥ r❛♥❣♦ ❞❡ ✾✻✳✸ ✭❦♠✮ ② ✉♥❛

✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❞❡ ✸✺✳✷ ✭❦♠✴❤✮✱ rá♣✐❞❛♠❡♥t❡ s❡ ✈♦❧✈✐ó ♠✉② ♣♦♣✉❧❛r ❡♥ ❚♦❦✐♦ ② ❢✉❡ ✉t✐❧✐③❛❞♦ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❝♦♠♦



❈❆P❮❚❯▲❖ ✷✳ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✸✺

t❛①✐ ② ❛♣❧✐❝❛❝✐♦♥❡s s✐♠✐❧❛r❡s✳

❊♥ ❛ñ♦ ❞❡ ✶✾✹✾ ❢✉❡ ❧❛♥③❛❞♦ ❡❧ ♠♦❞❡❧♦ ❚❛♠❛ ❙❡♥✐♦r ❊▼❙✱ ✉♥❛ ✈❡rs✐ó♥ ♠ás ❣r❛♥❞❡ ❞❡ ✺ ♣❧❛③❛s ② ❡q✉✐♣❛❞♦ ❝♦♥ ✉♥ ♠♦t♦r

❞❡ ❝♦rr✐❡♥t❡ ❞✐r❡❝t❛ ② ✹✵ ❜❛t❡rí❛s ❞❡ ♣❧♦♠♦ á❝✐❞♦ ❞❡ ✷ ✭❱✮ ❝❛❞❛ ✉♥❛✱ ❧❛s ♠❡❥♦r❛s ❡♥ ❡❧ ❞❡s❡♠♣❡ñ♦ ✐♥❝❧✉í❛♥ ✉♥ r❛♥❣♦

♣♦r ❝❛r❣❛ ❞❡ ❜❛t❡rí❛ ❞❡ ✷✵✵ ✭❦♠✮ ② ✉♥❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❞❡ ✺✺ ✭❦♠✴❤✮✳ ❊♥ ❡❧ ❡✈❡♥t♦ ❞❡ ❛✉t♦s ❞❡ ❚♦❦✐♦ ❡♥ ✶✾✼✵✱ ❢✉❡

♠♦str❛❞♦ ✉♥ ❝♦♥❝❡♣t♦ ❧❧❛♠❛❞♦ ◆✐ss❛♥ ✸✶✺❳✳

❊♥ ✶✾✼✸ ❢✉❡ t❡r♠✐♥❛❞♦ ❡❧ ♠♦❞❡❧♦ ❊❱✹✲P✱ ✉♥ ❝❛♠✐ó♥ ❝♦♥ ❡s♣❛❝✐♦ ♣❛r❛ ❞♦s ♣❛s❛❥❡r♦s✱ r❡s✉❧t❛❞♦ ❞❡ ✉♥ ♣r♦②❡❝t♦ ♥❛❝✐♦♥❛❧

♣❛r❛ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❱❊ ✐♥t❡❣r❛❞♦ ♣♦r ❞✐❢❡r❡♥t❡s s❡❝t♦r❡s✳ ❊st❡ ♠♦❞❡❧♦ ❡r❛ ✐♠♣✉❧s❛❞♦ ♣♦r ✉♥ ♠♦t♦r ❞❡ ❈❉ ❞❡ ❞❡✈❛♥❛❞♦

❡♥ s❡r✐❡ ② ✉♥❛ ❜❛t❡rí❛ ❞❡ ♣❧♦♠♦ á❝✐❞♦✳ ❊❧ r❛♥❣♦ ♣♦r ❝❛r❣❛ ❞❡ ❜❛t❡rí❛ r❡♣♦rt❛❞♦ ❡♥ ❧❛s ♣r✉❡❜❛s ❡❥❡❝✉t❛❞❛s ♣♦r ❡❧ ❆❣❡♥❝✐❛

■♥❞✉str✐❛❧ ❞❡ ❈✐❡♥❝✐❛ ② ❚❡❝♥♦❧♦❣í❛ ❞❡ ✸✵✷ ✭❦♠✮ ❛ ✉♥❛ ✈❡❧♦❝✐❞❛❞ ❝♦♥st❛♥t❡ ❞❡ ✹✵ ✭❦♠✴❤✮✱ ❧❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❡r❛ ❞❡

✽✼ ✭❦♠✴❤✮ ② ❛❝❡❧❡r❛❜❛ ❞❡ ❛ ✭❦♠✴❤✮ ❡♥ ✻✳✾ ✭s✮✳

❊♥ ✶✾✽✸ s❡ ❝♦♥str✉②ó ❡❧ ♠♦❞❡❧♦ ▼❛r❝❤ ❊❱✱ ❊❧ ♣r✐♠❡r ♣r♦t♦t✐♣♦ ❡♥ ❛❞♦♣t❛r ✉♥ ♠♦t♦r ❞❡ ✐♥❞✉❝❝✐ó♥✳ P♦st❡r✐♦r♠❡♥t❡

❡♥ ✶✾✽✺✱ ❡❧ ♠♦❞❡❧♦ ❊❱ ●✉✐❞❡ ■■ ❢✉❡ ❡①❤✐❜✐❞♦ ❡♥ ❡❧ ❡✈❡♥t♦ ❞❡ ❛✉t♦s ❞❡ ❚♦❦✐♦✱ ♣♦s❡í❛ ✉♥❛ ❛✉t♦♥♦♠í❛ ❞❡ ✻✵ ✭❦♠✴❤✮ ❛

✉♥❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ✶✻ ✭❦♠✴❤✮✱ ♣♦r ♠✉❝❤♦ t✐❡♠♣♦ ❢✉❡ ✉t✐❧✐③❛❞♦ ♣❛r❛ tr❛♥s♣♦rt❛r ❛ ✈✐s✐t❛♥t❡s ❞❡ ❧❛ r❡❛❧❡③❛ ♦ ❛ ✐♥✈✐t❛❞♦s

❡s♣❡❝✐❛❧❡s ❞❡♥tr♦ ❞❡ ❧❛s ♣❧❛♥t❛s ❞❡ ◆✐ss❛♥✳ ❉❡ ✐❣✉❛❧ ❢♦r♠❛ ❡♥ ✶✾✽✺ ❢✉❡ ❧❛♥③❛❞♦ ❊❱ ❘❡s♦rt✱ ♠♦❞❡❧♦ ❞❡❧ ❝✉❛❧ s❡ ✈❡♥❞✐❡r♦♥

❛❧r❡❞❡❞♦r ❞❡ ✹✵ ✉♥✐❞❛❞❡s ♣❛r❛ tr❛♥s♣♦rt❡ ❞❡♥tr♦ ❞❡ ❤♦t❡❧❡s✳

❊♥ ✶✾✾✶ s❡ ❝♦♥str✉②ó ❡❧ ♠♦❞❡❧♦ Pr❡s✐❞❡♥t ❊❱✱ ✉♥❛ ❝♦♥✈❡rs✐ó♥ ❜❛s❛❞❛ ❡♥ ❡❧ ♠♦❞❡❧♦ Pr❡s✐❞❡♥t ❏❍●✺✵ q✉❡ ❢✉❡ ❝♦♥str✉✐❞♦

♣❛r❛ ✜♥❡s ❡s♣❡❝í✜❝♦s ❞❡ tr❛♥s♣♦rt❡ ❡♥ ❞❡s✜❧❡s ② ❝❛r❛✈❛♥❛s ♣♦r ❧♦ q✉❡ ♥✉♥❝❛ s❡ ❝♦♠❡r❝✐❛❧✐③ó ❡♥ ♠❛s❛✳ ❯t✐❧✐③❛❜❛ ✉♥❛

❜❛t❡rí❛ ❞❡ ③✐♥❝✱ ♦❢r❡❝í❛ ✉♥ r❛♥❣♦ ♣♦r ❝❛r❣❛ ❞❡ ❜❛t❡rí❛ ❞❡ ✶✵✵ ✭❦♠✮ ❛ ✉♥❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❞❡ ✹✵✭❦♠✴❤✮✳ ❊♥ ✶✾✾✶ ❢✉❡

♠♦str❛❞♦ ❡♥ ❚♦❦✐♦ ❡❧ ♠♦❞❡❧♦ ❋❊❱ ♣❛r❛ r❛♥❣♦s ❝♦rt♦s✳ ❊♥ ✶✾✾✸ ❢✉❡ ❝♦♥str✉✐❞♦ ❡❧ ♠♦❞❡❧♦ ❈❡❞r✐❝ ❊❱✱ ✉♥❛ ❝♦♥✈❡rs✐ó♥

❞❡❧ s❡❞á♥ ❈❧❛ss✐❝✳ ❋✉❡ ❡q✉✐♣❛❞♦ ❝♦♥ ✉♥❛ ❜❛t❡rí❛ ❞❡ ♣❧♦♠♦ á❝✐❞♦ ② ✉♥ ♠♦t♦r ❞❡ ❈❆✳ ❊♥ ✶✾✾✹ ✈❡♥❞✐❡r♦♥ ♣r✐♥❝✐♣❛❧♠❡♥t❡

❛ ❡♠♣r❡s❛s ❞❡ ❡♥❡r❣í❛ ❡❧ ♠♦❞❡❧♦ ❆✈❡♥✐r ❊❱✳ ❊♥ ✶✾✾✺ ♠♦str❛r♦♥ ❡♥ ❚♦❦✐♦ ❡❧ ❝♦♥❝❡♣t♦ ❋❊❱ ■■✱ ❡❧ ❝✉❛❧ ♣❧❛♥t❡❛❜❛ ❡❧ ✉s♦

❞❡ ❜❛t❡rí❛s ❞❡ ❧✐t✐♦✳

❊❧ ♣r✐♠❡r ✈❡❤í❝✉❧♦ ❝♦♠❡r❝✐❛❧ ❞❡❧ ♠✉♥❞♦ ❝♦♥ ❜❛t❡rí❛s ❞❡ ✐♦♥❡s ❞❡ ❧✐t✐♦✱ ❡♥ ❡st❡ ❝❛s♦ ❢✉❡r♦♥ ❝✐❧í♥❞r✐❝❛s✳ ❋✉❡ ❧❡ ♠♦❞❡❧♦

Pr❛✐r✐❡ ❏♦② ❊❱✳ ❋✉❡ ✈❡♥❞✐❞♦ ♣♦r ✢♦t❛s ❛ ❞✐❢❡r❡♥t❡s ❡♥t✐❞❛❞❡s✱ ❡♥ t♦t❛❧ ✉♥ ❛♣r♦①✐♠❛❞♦ ❞❡ ✸✵ ✉♥✐❞❛❞❡s s❡ ❝♦♠❡r❝✐❛❧✐③❛r♦♥✱

❢✉❡ ❡♠♣❧❡❛❞♦ ♣♦r ✉♥ ❡q✉✐♣♦ ❞❡ ✐♥✈❡st✐❣❛❞♦r❡s ❡♥ ◆♦r✉❡❣❛ ♠♦str❛♥❞♦ ❡①❝❡❧❡♥t❡ ❞❡s❡♠♣❡ñ♦ ② ❞✉r❛❜✐❧✐❞❛❞ ❞❡ ❧❛s ❜❛t❡rí❛s

❜❛❥♦ ❝♦♥❞✐❝✐♦♥❡s ❛♠❜✐❡♥t❛❧❡s s❡✈❡r❛s✳

❊♥ ❡❧ ❛ñ♦ ✶✾✾✽ ❢✉❡ ❧❛♥③❛❞♦ ❡❧ ♠♦❞❡❧♦ ❘✬♥❡ss❛ ❊❱✳ ▲❛ tr❛❝❝✐ó♥ ❡r❛ ♣r♦✈❡í❞❛ ♣♦r ✉♥ ♠♦t♦r sí♥❝r♦♥♦ ❞❡ ✻✷ ❦❲ ❝♦♥

✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ❞❡ ◆❡♦❞✐♠✐♦ ② ✉♥❛ ❡✜❝✐❡♥❝✐❛ ♥♦♠✐♥❛❧ ❞❡ ✽✾✪✳ ❊❧ ♠ó❞✉❧♦ ❞❡ ✶✷ ❜❛t❡rí❛s ❞❡ ✐♦♥❡s ❞❡ ❧✐t✐♦ ♦❢r❡❝í❛

✉♥ r❛♥❣♦ ♣♦r ❝❛r❣❛ ❞❡ ❜❛t❡rí❛ ❞❡ ✶✷✵ ✭❦♠✮ ❡♥ ♠♦❞♦ ❝♦♠❜✐♥❛❞♦✱ ❧❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❡r❛ ❞❡ ✶✷✵✭❦♠✴❤✮✳ ❋✉❡ ♥♦♠❜r❛❞♦

❡❧ ✈❡❤í❝✉❧♦ ♠ás ❛♠✐❣❛❜❧❡ ❝♦♥ ❡❧ ♠❡❞✐♦ ❛♠❜✐❡♥t❡ ② ❢✉❡ ✉s❛❞♦ ♣♦r ❞✐✈❡rs❛s ✐♥st✐t✉❝✐♦♥❡s ❣✉❜❡r♥❛♠❡♥t❛❧❡s ❞❡ ❧♦s ❊st❛❞♦s

❯♥✐❞♦s✳



❈❆P❮❚❯▲❖ ✷✳ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✸✻

❊♥ ❡❧ ❛ñ♦ ✷✵✵✵ s❡ ❝♦♠❡r❝✐❛❧✐③ó ❡❧ ♠♦❞❡❧♦ ❍②♣❡r♠✐♥✐ ❝♦♠♦ ✉♥ ❝♦❝❤❡ ✉r❜❛♥♦ ❞❡ ❝❡r❝❛♥í❛s✳ ❋✉❡ ❡q✉✐♣❛❞♦ ❝♦♥ ✉♥ ♠♦t♦r

sí♥❝r♦♥♦ ❞❡ ✐♠❛♥❡s ❞❡ ♥❡♦❞✐♠✐♦ ② ✉♥ s✐st❡♠❛ ❞❡ ❜❛t❡rí❛s ❞❡ ✐♦♥❡s ❞❡ ❧✐t✐♦ ❞❡ ❛❧t❛ ❡✜❝✐❡♥❝✐❛✳ ❊❧ r❛♥❣♦ ♣♦r ❝❛r❣❛ ❞❡

❜❛t❡rí❛ ❡r❛ ❞❡ ✶✶✺ ✭❦♠✮ ② ✉♥❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❞❡ ✶✵✵ ✭❦♠✴❤✮✳ ❉✉r❛♥t❡ ❡st❛ ♠✐s♠❛ ❞é❝❛❞❛ ◆✐ss❛♥ ♣r❡s❡♥tó ❞✐✈❡rs♦s

❝♦♥❝❡♣t♦s ❡♥ ❚♦❦✐♦✿ ❡♥ ❡❧ ✷✵✵✺ P✐✈♦✱ ✉♥ ❝♦♥❝❡♣t♦ ✐♥♥♦✈❛❞♦r ❝✉②❛ ♣r✐♥❝✐♣❛❧ ❝❛r❛❝t❡ríst✐❝❛ ❡r❛ ❡❧ ❣✐r♦ ❞❡❧ ❤❛❜✐tá❝✉❧♦ ❡♥

✸✻✵➦❀ ❡♥ ❡❧ ✷✵✵✼ ▼✐①✐♠✱ ✉♥ ❝♦♥❝❡♣t♦ ✐♥♥♦✈❛❞♦r q✉❡ ❜✉s❝❛❜❛ ❞✐r✐❣✐rs❡ ❛ ❧♦s ❥ó✈❡♥❡s ✐♥♠❡rs♦s ❡♥ ✉♥❛ ❡r❛ ❞✐❣✐t❛❧❀ ❡♥ ❡s❡

♠✐s♠♦ ❛ñ♦ P■❱❖ ✷✱ ✉♥ ❝♦♥❝❡♣t♦ ❢✉t✉r✐st❛ q✉❡ ♣❧❛♥t❡❛❜❛ ✉♥❛ t♦t❛❧♠❡♥t❡ ♥✉❡✈❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❡❧ ✈❡❤í❝✉❧♦ ② ❡❧ ❝♦♥❞✉❝t♦r✳

◆✐ss❛♥ ❞❡s❛rr♦❧❧♦ ❞♦s ✈❡❤í❝✉❧♦s ❞❡ ♣r✉❡❜❛s q✉❡ ❢✉❡r♦♥ ❝♦♥str✉✐❞♦s ❝♦♠♦ ♣❛rt❡ ❞❡ s✉ ♣❧❛♥ ♣❛r❛ ❞♦♠✐♥❛r ❡❧ ♠❡r❝❛❞♦ ❞❡

❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❧❛♥③❛♥❞♦ ✉♥ ♠♦❞❡❧♦ t♦t❛❧♠❡♥t❡ ❡❧é❝tr✐❝♦ ♣❛r❛ ❡❧ ❛ñ♦ ✷✵✶✵ ② r❡❛❧✐③❛r s✉ ❝♦♠❡r❝✐❛❧✐③❛❝✐ó♥ ❛ ♥✐✈❡❧

♠✉♥❞✐❛❧ ♣❛r❛ ❡❧ ✷✵✶✷✳ ❊❧ ♣r✐♠❡r♦ ❞❡ ❡st♦s ✈❡❤í❝✉❧♦s ❞❡ ♣r✉❡❜❛ s❡ ❝♦♥str✉②ó ❡♥ ❡❧ ❛ñ♦ ✷✵✵✽ ② ❡❧ s❡❣✉♥❞♦ ❡♥ ❡❧ ✷✵✵✾✱ ❡♥

❡❧❧♦s s❡ ♣r♦❜❛r♦♥ ❞✐❢❡r❡♥t❡s s✐st❡♠❛s✳

❊♥ ❡❧ ✷✵✵✾ ❢✉❡ ❧❛♥③❛❞♦ ❡♥ ❏❛♣ó♥ ❡❧ ♠♦❞❡❧♦ ▲❊❆❋ ✭▲❡❛❞✐♥❣✱ ❊♥✈✐r♦♥♠❡♥t❛❧❧② ❋r✐❡♥❞❧②✱ ❆✛♦r❞❛❜❧❡ ❋❛♠✐❧② ❱❡❤✐❝❧❡✱ ♣♦r

s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮✳ ❊s ✉♥♦ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s t♦t❛❧♠❡♥t❡ ❡❧é❝tr✐❝♦s ♠ás ✈❡♥❞✐❞♦s ❡♥ t♦❞♦ ❡❧ ♠✉♥❞♦✱ s❡ ❤❛♥ ♣r❡s❡♥t❛❞♦

♥✉❡✈♦s ♠♦❞❡❧♦s ❡♥ ❧♦s ❛ñ♦s ✷✵✶✷✱ ✷✵✶✺✱ ✷✵✶✼ ② ✷✵✶✾✳

✷✳✸✳✷✳✸✳ ❚♦②♦t❛

❊❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❞❡ ❡st❛ ❝♦♠♣❛ñí❛ ❝♦♠❡♥③ó ❡♥ ❡❧ ❛ñ♦ ✶✾✼✶✱ ❝✉❛♥❞♦ s❡ ✉♥✐ó ❛ ✉♥ ♣r♦❣r❛♠❛ ♣❛tr♦❝✐♥❛❞♦

♣♦r ❡❧ ▼✐♥✐st❡r✐♦ ❞❡ ■♥❞✉str✐❛ ② ❈♦♠❡r❝✐♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡❧ ❣♦❜✐❡r♥♦ ❞❡ ❏❛♣ó♥✳ ❉❡ ✶✾✽✸ ❛ ✶✾✽✾ s❡ ❝♦♥str✉②❡r♦♥ ✉♥❛

s❡r✐❡ ❞❡ ❱❊ q✉❡ ❢✉❡r♦♥ ❞❡s❞❡ ❡❧ ♠♦❞❡❧♦ ❊❱✲✶✵ ❤❛st❛ ❡❧ ❊❱✲✹✵ ✭❈❤❛♥ ❛♥❞ ❈❤❛✉✱ ✷✵✵✶✮✳ ❈♦♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❞✐❝❤♦s

♠♦❞❡❧♦s ❡♥ ❡❧ ❛ñ♦ ✶✾✾✶ s❡ ❧❛♥③ó ❚♦✇♥❆❝❡ ❊❱✱ ❡♥ ✶✾✾✷ ❈r♦✇♥ ▼❛❥❡st❛ ❊❱✱ ❡♥ ✶✾✾✸ ❊❱✲✺✵✱ ❡❧ ❈♦❛st❡r ❍❊❱ ❡♥ ✶✾✾✹ ②

❡♥ ✶✾✾✺ ❧❛♥③♦ ❘❆❱✹✲❊❱ ❡❧ ❝✉❛❧ ❣❛♥ó ✉♥❛ ❝❛rr❡r❛ ❞❡ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❧❧❛♠❛❞❛ ❋■❆✲s❛♥❝t✐♦♥❡❞ ❙❝❛♥❞✐♥❛✈✐❛♥ ❊❧❡❝tr✐❝

❈❛r ❘❛❧❧②✳

❊♥ ❡❧ ❡✈❡♥t♦ ❞❡ ✈❡❤í❝✉❧♦s ❞❡ ❚♦❦✐♦ ❡♥ ✶✾✾✺ ❢✉❡ s❡ r❡✈❡❧ó ❡❧ ♠♦❞❡❧♦ Pr✐✉s✱ ❡❧ ❝✉❛❧ ❝♦♠❡♥③ó ❛ ✈❡♥❞❡rs❡ ❡♥ ❏❛♣ó♥ ❡♥

✶✾✾✼✳ ❉❡s❞❡ ❡❧ ✐♥✐❝✐♦ ❞❡❧ ♣r♦②❡❝t♦✱ ❚♦②♦t❛ ♠♦stró ❣r❛♥ ❛♠❜✐❝✐ó♥ ② ❞❡❝✐❞✐ó q✉❡ ❝❛❞❛ ❢❛s❡ ❞❡❧ ♥✉❡✈♦ ✈❡❤í❝✉❧♦✱ ❞❡s❞❡ ❧❛

❝♦♥❝❡♣t✉❛❧✐③❛❝✐ó♥ ❤❛st❛ ❡❧ ❞✐s❡ñ♦ ❞❡ ❧♦s s✐st❡♠❛s ❝rít✐❝♦s ❝♦♠♦ ❡❧ ♠♦t♦r ❡❧é❝tr✐❝♦✱ ❡❧ ♠♦t♦r ❞❡ ❝♦♠❜✉st✐ó♥ ✐♥t❡r♥❛ ② ❧❛s

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

❧❛r❣♦ ❞❡ ❞✐✈❡rs❛s ❣❡♥❡r❛❝✐♦♥❡s ② ❡s ✉♥♦ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❤í❜r✐❞♦s ❝♦♥ ♠❛②♦r ♣r❡s❡♥❝✐❛ ❡♥ ❡❧ ♠✉♥❞♦✳

❚♦②♦t❛ s❡ ❤❛ ♣❧❛♥t❡❛❞♦ ❧❛ ♠❡t❛ ❞❡ ❧❛♥③❛r ✶✵ ♥✉❡✈♦s ♠♦❞❡❧♦s ❞❡ ❱❊ ② ❱❊❍ ♣❛r❛ ✷✵✷✵✳ ❍❛st❛ ❧❛ ❢❡❝❤❛ ❝✉❡♥t❛ ❝♦♥ ❡❧

✐✲❘♦❛❞✱ ✉♥ ♠♦❞❡❧♦ ✉❧tr❛ ❝♦♠♣❛❝t♦ ♣❡♥s❛❞♦ ♣❛r❛ ❧❛ ♠♦✈✐❧✐❞❛❞ ❡♥ ❧❛s ❝✐✉❞❛❞❡s❀ ✐◗ ❊❱ ✉♥ ♠♦❞❡❧♦ ❞❡ ✈❡❤í❝✉❧♦ t♦t❛❧♠❡♥t❡

❡❧é❝tr✐❝♦✳



❈❆P❮❚❯▲❖ ✷✳ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✸✼

❋✐❣✉r❛ ✷✳✶✶✿ ❱❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❞❡ ◆✐ss❛♥✳



❈❆P❮❚❯▲❖ ✷✳ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✸✽

✷✳✸✳✷✳✹✳ ❋♦r❞ ▼♦t♦r ❈♦♠♣❛♥②

▲❛ ❝♦♠♣❛ñí❛ ❋♦r❞ ❝♦♠❡♥③ó ❛ ✐♥✈♦❧✉❝r❛rs❡ ❡♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❡♥ ❡❧ ❛ñ♦ ✶✾✻✵ ❝✉❛♥❞♦ ❧❛ ❞✐✈✐s✐ó♥

❡✉r♦♣❡❛ ❝♦♥str✉②ó ❡❧ ♠♦❞❡❧♦ ❞❡ ✈❡❤í❝✉❧♦ ❝♦♠♣❛❝t♦ ❧❧❛♠❛❞♦ ❈♦♥♠✉t❛✱ ❡❧ ❝✉❛❧ ❞✐s♣♦♥í❛ ❞❡ ❡s♣❛❝✐♦ ♣❛r❛ ❞♦s ❛❞✉❧t♦s ②

❞♦s ♥✐ñ♦s ✭❇✉rt♦♥✱ ✷✵✶✸✮✳ P♦st❡r✐♦r♠❡♥t❡✱ ❛ ✜♥❛❧❡s ❞❡ ❡s❛ ❞é❝❛❞❛ s❡ ❞❡s❛rr♦❧❧ó ❧❛ ❝♦♥✈❡rs✐ó♥ ❡❧é❝tr✐❝❛ ❧❧❛♠❛❞❛ ❈♦rt✐♥❛

❙t❛t✐♦♥ ❲❛❣♦♥ ❊❱✱ ❊♥ ❧❛ ❞é❝❛❞❛ ❞❡ ✶✾✼✵ s❡ ❞❡s❛rr♦❧❧❛r♦♥ ♦tr♦s ♣r♦②❡❝t♦s ✐♥❝❧✉②❡♥❞♦ ❊❝♦♥♦❧✐♥❡ ❱❛♥ ❍②❜r✐❞✱ ❋✐❡st❛

❊❱✱ ❊s❝♦rt ❊❱ ② ❊❚❳✲■✳ ❊♥ ❧❛ ❞é❝❛❞❛ s✐❣✉✐❡♥t❡ ♠♦str❛r♦♥ ❡❧ ♠♦❞❡❧♦ ❊❚❳✲■■✱ ✉♥❛ ❝♦♥✈❡rs✐ó♥ ❞❡❧ ♠♦❞❡❧♦ ❆❡r♦st❛r ②

❡♥ ✶✾✾✵ ♦tr❛ ❝♦♥✈❡rs✐ó♥ ❞❡❧ ♠♦❞❡❧♦ ❡✉r♦♣❡♦ ❊s❝♦rt ❱❛♥ t✉✈♦ s✉ ♣r♦t♦t✐♣♦ ❡❧é❝tr✐❝♦ ✭❈❤❛♥ ❛♥❞ ❈❤❛✉✱ ✷✵✵✶✮✳

▲❛ s✐❣✉✐❡♥t❡ ❝♦♥✈❡rs✐ó♥ ❛♥✉♥❝✐❛❞❛ ❢✉❡ ❞❡❧ ♠♦❞❡❧♦ ❊❝♦st❛r✱ ❞❡ ❧❛ ❝✉❛❧ ♣❛r❛ ❡❧ ❛ñ♦ ❞❡ ✶✾✾✺ s❡ ❤❛❜í❛♥ ♣✉❡st♦ ❡♥ s❡r✈✐❝✐♦

✶✵✸ ✉♥✐❞❛❞❡s ❝♦♥ ✉♥ r❡❝♦rr✐❞♦ t♦t❛❧ ❞❡ ✽✵✵✱✵✵✵ ✭❦♠✮✳ ❊s❡ ♠✐s♠♦ ❛ñ♦ s❡ ♣r❡s❡♥tó ♦tr❛ ❝♦♥✈❡rs✐ó♥ ♠ás ❜❛s❛❞❛ ❡♥ ❡❧

♠♦❞❡❧♦ ❘❛♥❣❡r✳ ❆ ❡①❝❡♣❝✐ó♥ ❞❡❧ ❈♦♥♠✉t❛✱ t♦❞♦s ❧♦s ♣r♦②❡❝t♦s ♠❡♥❝✐♦♥❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡ ❢✉❡r♦♥ ❝♦♥✈❡rs✐♦♥❡s ❞❡ ❛❧❣ú♥

❱❈■✱ ♣♦r ❧♦ q✉❡ ❋♦r❞ ♥♦ ❤❛❜í❛ ❞❡s❛rr♦❧❧❛❞♦ ♥✐♥❣ú♥ ♠♦❞❡❧♦ r❡♣r❡s❡♥t❛t✐✈♦ ❞❡ ❱❊ ♦ ❱❊❍ ♣❛r❛ ❧❛ ❢❡❝❤❛✳

P❛r❛ ✐♥✐❝✐♦s ❞❡ ❧❛ ❞é❝❛❞❛ ✷✵✵✵✱ ❋♦r❞ ❛❞q✉✐r✐ó ❧❛ ♠❛r❝❛ ❞❡ ❱❊ ❧❧❛♠❛❞❛ ❚❤✦♥❦✱ ❧❛ ❝✉❛❧ ❤❛❜í❛ s✐❞♦ ❢✉♥❞❛❞❛ ❡♥ ◆♦r✉❡❣❛

② ❞❡s❛rr♦❧❧ó ✉♥ ♠♦❞❡❧♦ ❞❡ ✈❡❤í❝✉❧♦ ❞❡ ✈❡❝✐♥❞❛r✐♦ ❜✐♣❧❛③❛ ❡q✉✐♣❛❞♦ ❝♦♥ ✉♥ ♠♦t♦r tr✐❢ás✐❝♦ ❞❡ ✐♥❞✉❝❝✐ó♥ ♣❛r❛ tr❛❝❝✐ó♥

❞❡❧❛♥t❡r❛ ② ✶✾ ♣❛♥❡❧❡s ❞❡ ❜❛t❡rí❛s ❞❡ ♥íq✉❡❧✲❝❛❞♠✐♦ q✉❡ ♣r♦❞✉❝í❛♥ ✉♥ ❛♣r♦①✐♠❛❞♦ ❞❡ ✶✶✳✺ ✭❦❲❤✮✱ ❡❧ r❛♥❣♦ ❞❡ ♠❛♥❡❥♦

♣♦r ❝❛r❣❛ ❞❡ ❜❛t❡rí❛ ❢✉❡ ❞❡ ✽✵ ✭❦♠✮ ② ❧❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❞❡ ✾✵ ✭❦♠✴❤✮✳ ❈♦♠♦ ♣❛rt❡ ❞❡ ❧❛ ✐♥✈❡rs✐ó♥ q✉❡ ❋♦r❞ ❤✐③♦ ❡♥

❡st❛ ♠❛r❝❛✱ ❛♥✉♥❝✐❛r♦♥ ❧❛ ❝r❡❛❝✐ó♥ ❞❡ ✉♥ ✈❡❤í❝✉❧♦ ❞❡ ✈❡❝✐♥❞❛r✐♦ ❝♦♥ ✹ ♣❧❛③❛s ② ❞♦s ♠♦❞❡❧♦s ❞❡ ❜✐❝✐❝❧❡t❛s ❡❧é❝tr✐❝❛s✳ ❙❡

♣r♦❞✉❥❡r♦♥ ✶✵✵✺ ✉♥✐❞❛❞❡s ❛♥t❡s ❝❛♥❝❡❧❛r ❧❛ ♠❛♥✉❢❛❝t✉r❛ ❞❡ ❡st❛ ❧í♥❡❛ ✭❇✉rt♦♥✱ ✷✵✶✸✮✳

❋♦r❞ ✈❡♥❞✐ó ❚❤✦♥❦ ❛♥✉♥❝✐❛♥❞♦ q✉❡ ❡st❛❜❛ ♠ás ✐♥t❡r❡s❛❞♦ ❡♥ ❧♦s ✈❡❤í❝✉❧♦s ❞❡ ❝❡❧❞❛s ❞❡ ❝♦♠❜✉st✐❜❧❡ ♣❛r❛ ❧♦ q✉❡ ✐♥✐❝✐ó

❡❧ ♣r♦❣r❛♠❛ ❧❧❛♠❛❞♦ P✷✵✵✵✱ ❖tr♦s ❞❡s❛rr♦❧❧♦s ❞❡ ❞✐❝❤❛ ❞é❝❛❞❛ ❢✉❡r♦♥ ❡❧ ♠♦❞❡❧♦ P✷✵✵✵✱ q✉❡ ❢✉❡ ✉♥ ✈❡❤í❝✉❧♦ ❝♦♥ ❝❡❧❞❛s

❞❡ ❝♦♠❜✉st✐❜❧❡ ② ❡❧ ♠♦❞❡❧♦ ❤í❜r✐❞♦ ❞❡ ❊s❝❛♣❡✳

✷✳✸✳✷✳✺✳ P❡✉❣❡♦t

❆♥t❡s ❞❡ ❧❛ ❣✉❡rr❛ P❡✉❣❡♦t ❡r❛ ✉♥♦ ❞❡ ❧♦s ♠ás ❣r❛♥❞❡s ❝♦♥str✉❝t♦r❡s ❞❡ ✈❡❤í❝✉❧♦s ❡♥ ❋r❛♥❝✐❛✱ ❡♥ ❡❧ ❛ñ♦ ❞❡ ✶✾✹✷ ♣r❡s❡♥tó

✉♥ ♠♦❞❡❧♦ ❞❡ ✉♥ ♠✐❝r♦ ❝❛rr♦ ❞❡ tr❡s ❧❧❛♥t❛s t♦t❛❧♠❡♥t❡ ❡❧é❝tr✐❝♦ ❝♦♥♦❝✐❞♦ ❝♦♠♦ ❱♦✐t✉r❡ ▲❡❣❡r❡ ❞❡ ❱✐❧❧❡✳ ❊st❡ ♠♦❞❡❧♦

✉s❛❜❛ ❜❛t❡rí❛s ❞❡ ✶✷❱✱ ❛❧❝❛♥③❛❜❛ ✉♥❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❞❡ ✸✻ ✭❦♠✴❤✮ ② ✉♥ r❛♥❣♦ ♣♦r ❝❛r❣❛ ❞❡ ❜❛t❡rí❛ ❞❡ ✽✵ ✭❦♠✮✱

♣❡s❛❜❛ ✸✺✵ ✭❦❣✮ ❞❡ ❧♦s ❝✉❛❧❡s ✶✻✵ ✭❦❣✮ ❝♦rr❡s♣♦♥❞í❛♥ ❛ ❧❛s ❜❛t❡rí❛s✳ ❉✉r❛♥t❡ ❧❛ ❣✉❡rr❛ ❢✉❡ ♠✉② ♣♦♣✉❧❛r ② s❡ ✉t✐❧✐③ó

♣❛r❛ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ♠❡❞✐❝❛♠❡♥t♦s✱ ❢✉❡r♦♥ ❝♦♥str✉✐❞♦s ✸✼✼ ✉♥✐❞❛❞❡s ❤❛st❛ ❛♥t❡s ❞❡ q✉❡ ❧♦s ❛❧❡♠❛♥❡s ♣r♦❤✐❜✐❡r❛♥ ❧❛

♣r♦❞✉❝❝✐ó♥ ❞❡ t♦❞♦s ❧♦s ♠♦❞❡❧♦s ❡❧é❝tr✐❝♦s ✭❇✉rt♦♥✱ ✷✵✶✸✮✳

❊♥ ❡❧ ❛ñ♦ ❞❡ ✶✾✾✵ ❧❛♥③ó ❧❛ ❝♦♥✈❡rs✐ó♥ ❡❧é❝tr✐❝❛ ❞❡❧ P❡✉❣❡♦t ❏✺ ❞✐r✐❣✐❞♦ ❛❧ ♠❡r❝❛❞♦ ❞❡ ✈❡❤í❝✉❧♦s ✉t✐❧✐t❛r✐♦s✳ ❊♥ ❡❧ ❛ñ♦

❞❡ ✶✾✾✺ ❧❛♥③ó P❡✉❣❡♦t ✶✵✻ ② ❢✉❡ ❞✐r✐❣✐❞♦ ❛❧ ♠❡r❝❛❞♦ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s s❡❞❛♥ ❝♦♠♣❛❝t♦s ❛❧ ✐❣✉❛❧ q✉❡ ❧❛ ❝♦♥✈❡rs✐ó♥ ❞❡❧

P❡✉❣❡♦t ■♦♥✳ ❯♥❛ ❞❡ ❧❛s ❝♦♥✈❡rs✐♦♥❡s ♠ás s♦✜st✐❝❛❞❛s ❢✉❡ ❧❛ ❞❡❧ ♠♦❞❡❧♦ ✷✵✺✱ ❡❧ tr❛❜❛❥♦ r❡❛❧✐③❛❞♦ ♣♦r ❧♦s ✐♥❣❡♥✐❡r♦s



❈❆P❮❚❯▲❖ ✷✳ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✸✾

✐♠♣❧✐❝ó ❧❛ ❛❞❛♣t❛❝✐ó♥ ❞❡ ✉♥❛ s✉s♣❡♥s✐ó♥ ♠ás ❣r❛♥❞❡ ♣❛r❛ s♦♣♦rt❛r ❡❧ ♣❡s♦ ❡①tr❛ ❞❡❧ ❜❛♥❝♦ ❞❡ ❜❛t❡rí❛s✱ ♣❡s❡ ❛ t♦❞♦s

❧♦s ❝❛♠❜✐♦s ❧♦s ✉s✉❛r✐♦s s❡ ♠♦str❛❜❛♥ s❛t✐s❢❡❝❤♦ ② ❧❛ s❡♥s❛❝✐ó♥ ❞❡ ♠❛♥❡❥♦ ❧❡s ♣❛r❡❝í❛ ✐❞é♥t✐❝❛ ❛ ❧❛ ✈❡rs✐ó♥ ❞❡ ❣❛s♦❧✐♥❛✳

❊❧ ♣r✐♠❡r ♠♦❞❡❧♦ ❡❧é❝tr✐❝♦ ❞✐s❡ñ❛❞♦ ❞❡s❞❡ ❝❡r♦ ❢✉❡ ❡❧ ❚✉❧✐♣✱ ♣r❡s❡♥t❛❞♦ ❝♦♠♦ ✉♥ ♥✉❡✈♦ ❝♦♥❝❡♣t♦ ❞❡ ✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦

✉r❜❛♥♦✱ ❡st❡ ♠♦❞❡❧♦ ❢✉❡ r❡♥t❛❞♦ ❛ ❧♦s ✉s✉❛r✐♦s ✭❈❤❛♥ ❛♥❞ ❈❤❛✉✱ ✷✵✵✶✮✱

❊♥ ❡❧ ✷✵✶✶✱ P❡✉❣❡♦t ❢✉❡ ❧❛ ♣r✐♠❡r❛ ❝♦♠♣❛ñí❛ ❡♥ ❧❛♥③❛r ❛❧ ♠❡r❝❛❞♦ ✉♥ ✈❡❤í❝✉❧♦ ❤í❜r✐❞♦ ❝♦♥ ✉♥❛ ❝♦♠❜✐♥❛❝✐ó♥ ❞❡ ♠♦t♦r

❛ ❞✐és❡❧ ② ♠♦t♦r ❡❧é❝tr✐❝♦ ❝♦♥ ❡❧ ♠♦❞❡❧♦ ✸✵✵✽ ❍②❜r✐❞✹✳ ❆❝t✉❛❧♠❡♥t❡ ❛❧❣✉♥♦s ❞❡ ❧♦s ♠♦❞❡❧♦s ❡❧é❝tr✐❝♦s q✉❡ ♦❢r❡❝❡ ❡st❛

❝♦♠♣❛ñí❛ s♦♥✿ P❡✉❣❡♦t ❡✲✷✵✽✱ P❡✉❣❡♦t ✸✵✵✽ ❙❯❱ ❍❨❇❘■❉✹✱ P❡✉❣❡♦t ✺✵✽ ❍❨❇❘■❉✳

✷✳✸✳✷✳✻✳ ❘❡♥❛✉❧t

▲❛ ❣❛♠❛ ❞❡ ❱❊ ♦❢r❡❝✐❞♦s ❛❝t✉❛❧♠❡♥t❡ ♣♦r ❘❡♥❛✉❧t s❡ ❝♦♠♣♦♥❡ ❞❡ ❝✐♥❝♦ ✈❡❤í❝✉❧♦s❀ ❚✇✐③②✱ ❘❡♥❛✉❧t ❩♦❡✱ ❑❛♥❣♦♦ ❩✳❊✳✱

❘❙▼ ❙▼✸ ❩✳❊✳ ② ❘❙▼ ❙▼✸ ❩✳❊❀ s✐♥ ❡♠❜❛r❣♦✱ ❧❛ ❝♦♠♣❛ñí❛ t✐❡♥❡ ❝♦♠♦ ♦❜❥❡t✐✈♦ ✈❡♥❞❡r ✽ ♠♦❞❡❧♦s ❞❡ ❱❊ ② ✶✷ ❞❡ ❱❍✱

♣❛r❛ ❡❧ ✷✵✷✵✳

❊❧ ♠♦❞❡❧♦ ❚✇✐③② ❡s ✉♥ ❱❊ ❝♦♠♣❛❝t♦ ❝♦♥ ❝❛♣❛❝✐❞❛❞ ♠á①✐♠❛ ❞❡ ❞♦s ♣❛s❛❥❡r♦s✱ ❢✉❡ ♣❡♥s❛❞♦ ♣❛r❛ ✉s♦ ❡♥ ❧❛s ❝✐✉❞❛❞❡s ②

❡s ✐♠♣✉❧s❛❞♦ ♣♦r ✉♥ ♠♦t♦r ❞❡ ✐♥❞✉❝❝✐ó♥ ❝♦♥ ✉♥❛ ♣♦t❡♥❝✐❛ ♠á①✐♠❛ ❞❡ ✶✸ ✭❦❲✮ ② ✉♥ ♣❛r ♣✐❝♦ ❞❡ ✺✼ ✭◆♠✮✳ ❊♥ ❝✉❛♥t♦

❛❧ ♠♦❞❡❧♦ ❘❡♥❛✉❧t ❩♦❡✱ s❡ ❤❛ r❡♣♦rt❛❞♦ ✉♥ r❛♥❣♦ ❞❡ r❡❝♦rr✐❞♦ ♣♦r ❝❛r❣❛ ❞❡ ❜❛t❡rí❛ ❞❡ ❤❛st❛ ✸✵✵ ✭❦♠✮✳ ❊❧ ♠♦t♦r ❡♥ ❡❧

♠♦❞❡❧♦ ✷✵✶✽ ❢✉❡ ❞❡♥♦♠✐♥❛❞♦ ❘✶✶✵✱ ✉♥ ♠♦t♦r ❙í♥❝r♦♥♦ ❞❡ ✐♠❛♥❡s ❞❡ r♦t♦r ❞❡✈❛♥❛❞♦ ❝♦♥ ✉♥❛ ♣♦t❡♥❝✐❛ ♠á①✐♠❛ ❞❡ ✽✵

✭❦❲✮✱ ✉♥ ♣❛r ♣✐❝♦ ❞❡ ✷✷✺ ✭◆♠✮ ② ✉♥❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❞❡ ✶✵✾✽✵ ✭r♣♠✮✳

✷✳✸✳✷✳✼✳ ❇▼❲

❇▼❲ t✐❡♥❡ ❡♥ ❡❧ ♠❡r❝❛❞♦ ❛ ❧♦s ♠♦❞❡❧♦s ❤í❜r✐❞♦s ❇▼❲ ✐✽ ❈♦✉♣é ② ❇▼❲ ✐✽ ❘♦❛❞st❡r ② ❡❧ ♠♦❞❡❧♦ ❡❧é❝tr✐❝♦ ❇▼❲ ✐✸✳

❊❧ ❝❤❛s✐s ❞❡ ❡st♦s ✈❡❤í❝✉❧♦s ❢✉❡ ❝♦♥str✉✐❞♦ ❡♥ ✜❜r❛ ❞❡ ❝❛r❜♦♥♦ ❞❡ ♣❧ást✐❝♦ r❡❢♦r③❛❞♦ ❞✐s♠✐♥✉②❡♥❞♦ ❡❧ ♣❡s♦ ❞❡❧ ✈❡❤í❝✉❧♦

❝♦♥ ❧♦ q✉❡ s❡ ♠❡❥♦r❛ ❧❛ ❡✜❝✐❡♥❝✐❛ ② ❞❡s❡♠♣❡ñ♦✳ ❊❧ ♠♦❞❡❧♦ ❇▼❲ ✐✸ ❝✉❡♥t❛ t❛♠❜✐é♥ ❝♦♥ ✉♥❛ ✈❡rs✐ó♥ ❞❡ r❛♥❣♦ ❡①t❡♥❞✐❞♦✱

❡❧ ♠♦t♦r ❞❡ tr❛❝❝✐ó♥ ❡s sí♥❝r♦♥♦ ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ❝♦♥ ✉♥❛ ♣♦t❡♥❝✐❛ ♠á①✐♠❛ ❞❡ ✶✷✺ ✭❦❲✮ ② ✉♥ ♣❛r ♣✐❝♦ ❞❡ ✷✺✵

✭◆♠✮ ❝♦♥ ✉♥❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❞❡ ✶✶✺✵✵ ✭r♣♠✮✳

✷✳✸✳✷✳✽✳ ❚❡s❧❛ ▼♦t♦rs✳

❊❧ ♦❜❥❡t✐✈♦ ❞❡ ❧❛ ❝♦♠♣❛ñí❛ ❚❡s❧❛ ▼♦t♦rs✱ ❡s ✐♠♣✉❧s❛r ② ❛❝❡❧❡r❛r ❧❛ tr❛♥s✐❝✐ó♥ ❛ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✳ ❊❧ ♣r✐♠❡r ❞❡

❧♦s ✈❡❤í❝✉❧♦s ❞✐s❡ñ❛❞♦s ♣♦r ❡st❛ ❡♠♣r❡s❛ ❢✉❡ ❡❧ ♠♦❞❡❧♦ ❚❡s❧❛ ❘♦❛❞st❡r✱ ✉♥ ✈❡❤í❝✉❧♦ ❞❡ ❧✉❥♦ ❝♦♥ ❛❧t❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s

té❝♥✐❝❛s ❛❧❝❛♥③❛ ❧♦s ✶✵✵ ✭❑♠✴❤✮ ❡♥ ✶✳✾ s❡❣✉♥❞♦s ② ♣♦s❡❡ tr❛❝❝✐ó♥ ❡♥ t♦❞❛s ❧❛s r✉❡❞❛s✳ ❊❧ s✐❣✉✐❡♥t❡ ♠♦❞❡❧♦ ❢✉❡ ❡❧ ❚❡s❧❛

▼♦❞❡❧ ❙✱ ❞✐❝❤♦ ♠♦❞❡❧♦ ❡s ❝♦♥♦❝✐❞♦ ♣♦r s✉ ♠♦t♦r ❞❡ ✐♥❞✉❝❝✐ó♥ ❝♦♥ ❛❧t❛ ❡✜❝✐❡♥❝✐❛ ② ✉♥ ♣❛r ♣✐❝♦ ❞❡ ✹✵✵ ✭◆♠✮✳ ❊❧ s✐❣✉✐❡♥t❡
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♠♦❞❡❧♦ ❧❛♥③❛❞♦ ❛❧ ♠❡r❝❛❞♦ ❢✉❡ ❡❧ ❚❡s❧❛ ▼♦❞❡❧ ❳ ② ❡❧ ♠♦❞❡❧♦ ♠ás r❡❝✐❡♥t❡ ❡s ❡❧ ❚❡s❧❛ ▼♦❞❡❧ ✸✱ ❡st❡ ú❧t✐♠♦ ♣♦s❡❡ ✉♥

♠♦t♦r sí♥❝r♦♥♦ ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✳ ❈❛❞❛ ♠♦❞❡❧♦ ❤❛ s✐❞♦ ♠ás ❜❛r❛t♦ q✉❡ ❡❧ ❛♥t❡r✐♦r ② ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ❧❛ ❝♦♠♣❛ñí❛

❡s ❞✐s❡ñ❛r ✉♥ ✈❡❤í❝✉❧♦ ❛ ✉♥ ♣r❡❝✐♦ ❛❝❝❡s✐❜❧❡ ♣❛r❛ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ✐♥t❡r❡s❛❞♦s✳ ❈❛❜❡ ♠❡♥❝✐♦♥❛r q✉❡ ❛ ♣❡s❛r ❞❡ ❧❛s

✈❡♥t❛s ❛❧ ❛❧③❛ ② ❧♦ ♥♦✈❡❞♦s♦ ❞❡ ❡st♦s ✈❡❤í❝✉❧♦s✱ ❚❡s❧❛ ♥♦ ❡s ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ✉♥❛ ❡♠♣r❡s❛ ❛✉t♦♠♦tr✐③ ♣♦r ❧❛ ❙❆❊✳

✷✳✹✳ ❈♦♥❝❧✉s✐♦♥❡s ❞❡❧ ❝❛♣ít✉❧♦✳

❊①✐st❡♥ ❞♦s ✐❞❡❛s ❝❡♥tr❛❧❡s r❡❢❡r❡♥t❡s ❛ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s q✉❡ s♦♥ ❛❧t❛♠❡♥t❡ ❞❡❜❛t✐❞❛s✳ ▲❛ ♣r✐♠❡r❛ ❡s ❝♦♥s✐❞❡r❛r

q✉❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s s♦♥ ✉♥❛ t❡❝♥♦❧♦❣í❛ ♥♦✈❡❞♦s❛❀ ❡♥ r❡❛❧✐❞❛❞ ❤❛♥ s✐❞♦ ✉t✐❧✐③❛❞♦s ❞❡s❞❡ ❤❛❝❡ ♠✉❝❤♦ t✐❡♠♣♦✱ s❡

♣✉❡❞❡ ❝♦♥s✐❞❡r❛r q✉❡ s♦♥ ♠ás ❛♥t✐❣✉♦s q✉❡ ❧♦s ✈❡❤í❝✉❧♦s ❞❡ ❝♦♠❜✉st✐ó♥ ✐♥t❡r♥❛ ❡ ✐♥❝❧✉s♦ s❡ ❤❛♥ t❡♥✐❞♦ tr❡s ♣❡r✐♦❞♦s

❞♦♥❞❡ ❧❛ ✐♥❞✉str✐❛ ❤❛ ♠♦str❛❞♦ ❣r❛♥ ✐♥t❡rés ❡♥ ést♦s✳ ❆❝t✉❛❧♠❡♥t❡ ♥♦s ❡♥❝♦♥tr❛♠♦s ❡♥ ❧❛ t❡r❝❡r❛ ❞❡ ❞✐❝❤❛s ❡t❛♣❛s

② ❞❡❜✐❞♦ ❛❧ ❡♥t♦r♥♦ ❛♠❜✐❡♥t❛❧✱ ♣♦❧ít✐❝♦✱ ❡❝♦♥ó♠✐❝♦ ② t❡❝♥♦❧ó❣✐❝♦ q✉❡ ❡st❛♠♦s ❡①♣❡r✐♠❡♥t❛♥❞♦ ♣♦❞❡♠♦s ❛s❡❣✉r❛r q✉❡

❡st❛ ✈❡s ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❞❡s♣❧❛③❛rá♥ ❛ ❧♦s ✈❡❤í❝✉❧♦s ❞❡ ❝♦♠❜✉st✐ó♥ ✐♥t❡r♥❛✳

❊♥ ❝✉❛♥t♦ ❛ ❧❛ ✈❛♥ ❑❛♥❣♦♦ ❩✳❊✳✱ ❡s ✐♠♣✉❧s❛❞♦ ♣♦r ✉♥ ♠♦t♦r sí♥❝r♦♥♦ ❞❡ r♦t♦r ❞❡✈❛♥❛❞♦ ❝♦♥ ✉♥❛ ♣♦t❡♥❝✐❛ ♠á①✐♠❛ ❞❡

✹✹ ✭❦❲✮ ② ✉♥ ♣❛r ♣✐❝♦ ❞❡ ✷✷✻ ✭◆♠✮✳

❊❧ ❝♦♠♣♦♥❡♥t❡ q✉❡ r❡♣r❡s❡♥t❛ ♠❛②♦r❡s r❡t♦s ♣❛r❛ ❧♦❣r❛r ❧❛ ❝♦♠❡r❝✐❛❧✐③❛❝✐ó♥ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❡s ❧❛ ❜❛t❡rí❛✳

❆❧❣✉♥♦s ❞❛t♦s ❞❡ ✉s✉❛r✐♦s ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❛❝t✉❛❧❡s ♠✉❡str❛♥ q✉❡ ❡♥ r❡❛❧✐❞❛❞ ♥♦ s❡ r❡q✉✐❡r❡ ❞❡ ♠❛②♦r

❝❛♣❛❝✐❞❛❞ ❞❡ ❧❛s ❜❛t❡rí❛s ♣❛r❛ ❧♦s r❡❝♦rr✐❞♦s ❡❢❡❝t✉❛❞♦s ❞✐❛r✐❛♠❡♥t❡ ❡♥ ✉♥❛ ❝✐✉❞❛❞✱ s✐♥ ❡♠❜❛r❣♦✱ ♣❛r❛ tr❛②❡❝t♦s ♠ás

❧❛r❣♦s s❡ r❡q✉✐❡r❡ ❞♦t❛r ❛ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❞❡ ✉♥ r❛♥❣♦ ♣♦r ❝❛r❣❛ ❞❡ ❜❛t❡rí❛ q✉❡ s❡❛ ❛❧ ♠❡♥♦s ✐❣✉❛❧ ❛ ❧❛ ❞❡ ❧♦s

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

❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛✱ ❝♦♥ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❝♦♥❡❝t❛❞♦s ❛ ❧❛ r❡❞ ❧♦s ✉s✉❛r✐♦s ♣♦❞rá♥ s✉♠✐♥✐str❛r ❡♥❡r❣í❛

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

♠✐s♠❛✳

❆❧❣✉♥♦s ❡①♣❡rt♦s ❡♥ ❡❧ t❡♠❛ ❤❛♥ s❡ñ❛❧❛❞♦ q✉❡ s❡ ❞❡❜❡ ❞❡ ❝♦♥t❡♠♣❧❛r ♦tr♦ t✐♣♦ ❞❡ t❡❝♥♦❧♦❣í❛ ♣❛r❛ ❧♦❣r❛r ❧♦s ♦❜❥❡t✐✈♦s

❝♦♠❡r❝✐❛❧❡s q✉❡ s❡ ❤❛♥ ♣❧❛♥t❡❛❞♦✳ ❊s ♠✉② ♣r♦❜❛❜❧❡ q✉❡ ❧❛ ♠❛②♦r ♣❛rt❡ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡♥ ❡❧ ❢✉t✉r♦ ♣♦s❡❛♥ ✉♥❛ ❝❡❧❞❛ ❞❡

❝♦♠❜✉st✐❜❧❡ ❞❡ ❤✐❞ró❣❡♥♦✱ s✐♥ ❡♠❜❛r❣♦✱ ❡s ✐♠♣♦rt❛♥t❡ ❝♦♥s✐❞❡r❛r q✉❡ ❞❡❜✐❞♦ ❛ ❧❛ ✢❡①✐❜✐❧✐❞❛❞ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s

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

♠♦✈✐❧✐❞❛❞ ❡♥ ❧❛s ❝✐✉❞❛❞❡s✱ ❞❡♣❡♥❞✐❡♥❞♦ ❞❡❧ t❛♠❛ñ♦ ② ❧❛ ❞✐st❛♥❝✐❛ ❞❡ ♦♣❡r❛❝✐ó♥ ❞❡ ❡st♦s ♥✉❡✈♦s ✈❡❤í❝✉❧♦s✱ ❧❛s ❜❛t❡rí❛s

❛❝t✉❛❧❡s ♣✉❡❞❡♥ s❡r s✉✜❝✐❡♥t❡s✳

❊❧ s❡❣✉♥❞♦ t❡♠❛ ❡♥ ❞❡❜❛t❡ s❡ r❡❧❛❝✐♦♥❛ ❝♦♥ ❡❧ ✈❡r❞❛❞❡r♦ ✐♠♣❛❝t♦ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✳ ❉❡♣❡♥❞✐❡♥❞♦ ❞❡❧ ❛✉t♦r ②

❞❡❧ ❛♥á❧✐s✐s r❡❛❧✐③❛❞♦ s❡ ♣✉❡❞❡ ❝♦♥s✐❞❡r❛r q✉❡ ❡❧ ✐♠♣❛❝t♦ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❡s ✐♥❝❧✉s♦ ♠❛②♦r ❛❧ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s

❛❝t✉❛❧❡s✳ ❙í ❜✐❡♥ ❡s ❝✐❡rt♦ q✉❡ ❛✉♥q✉❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ♥♦ ♣r♦❞✉❝❡♥ ❡♠✐s✐♦♥❡s ❡♥ s✐t✐♦✱ ✉♥ ❛✉♠❡♥t♦ ❡♥ ❡❧ ✉s♦ ❞❡
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❡st❡ t✐♣♦ ❞❡ ✈❡❤í❝✉❧♦s ❝♦♥❧❧❡✈❛ ❛ ✉♥❛ ♠❛②♦r q✉❡♠❛ ❞❡ ❝♦♠❜✉st✐❜❧❡s ❢ós✐❧❡s ♣❛r❛ ♣r♦❞✉❝✐r ❧❛ ❡♥❡r❣í❛ q✉❡ r❡q✉❡r✐❞❛✳ ❈♦♥

r❡❧❛❝✐ó♥ ❛ ❡st❡ t❡♠❛ ❤❡ ❧❧❡❣❛❞♦ ❛ ❧❛ ❝♦♥❝❧✉s✐ó♥ ❞❡ q✉❡ ♥♦ s❡ ❞❡❜❡ ❝♦♥s✐❞❡r❛r q✉❡ ❡❧ ✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦ s❡❛ ❧❛ s♦❧✉❝✐ó♥

❛ ❧♦s ♣r♦❜❧❡♠❛s ❞❡ ❝♦♥t❛♠✐♥❛❝✐ó♥✱ s❡ ❞❡❜❡ ❞❡ ♣❡♥s❛r q✉❡ ❞✐✈❡rs❛s ár❡❛s ❞❡ ❧❛ ❝✐❡♥❝✐❛ ❡ ✐♥❣❡♥✐❡rí❛ ❡stá♥ ❞❡s❛rr♦❧❧❛♥❞♦

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

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

s♦♥ ♣♦❝♦s✿ ◆✐ss❛♥ ▲❊❆❋✱ ❚♦②♦t❛ Pr✐✉s ② ❈❤❡✈r♦❧❡t ❇♦❧t ❊❱ s❡ ❡♥❝✉❡♥tr❛♥ ❡♥tr❡ ❧♦s ♠ás s♦❜r❡s❛❧✐❡♥t❡s✱ ♠✐❡♥tr❛s q✉❡

❡❧ ✈❡❤í❝✉❧♦ ♠ás r❡♣r❡s❡♥t❛t✐✈♦ ❞❡ ❡st❛ ❞é❝❛❞❛ ♣❡rt❡♥❡❝❡ ❛ ❚❡s❧❛ ▼♦t♦rs✳



❈❛♣ít✉❧♦ ✸

❚❡♦rí❛ ❞❡ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s

❚♦❞♦s ❧♦s t✐♣♦s ❞❡ ♠♦t♦r❡s ♣♦s❡❡♥ ❝❛r❛❝t❡ríst✐❝❛s ❝♦♠✉♥❡s✱ ✉♥ ❡❧❡♠❡♥t♦ ❡①t❡r♥♦ ② ✉♥ ❡❧❡♠❡♥t♦ ✐♥t❡r♥♦ q✉❡ s❡ ❡♥❝✉❡♥tr❛♥

s❡♣❛r❛❞♦s ♣♦r ✉♥ ❡♥tr❡❤✐❡rr♦✱ ❛♠❜♦s ❡❧❡♠❡♥t♦s s❡ ❝♦♠♣♦♥❡♥ ❞❡ ✉♥ ♥ú❝❧❡♦ ❞❡ ♠❛t❡r✐❛❧ ❢❡rr♦♠❛❣♥ét✐❝♦✳ ❆ tr❛✈és ❞❡❧

❡♥tr❡❤✐❡rr♦ ✉♥ ✢✉❥♦ ♠❛❣♥ét✐❝♦ ♣r✐♥❝✐♣❛❧✱ ❝♦♥❡❝t❛ ❛♠❜♦s ❡❧❡♠❡♥t♦s ② ❝♦♠♦ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ✐♥t❡r❛❝❝✐ó♥ s❡ ♣r♦❞✉❝❡

♠♦✈✐♠✐❡♥t♦ r❡❧❛t✐✈♦ ❡♥tr❡ ❡❧❧♦s ✭❆❞❦✐♥s ❛♥❞ ❍❛r❧❡②✱ ✶✾✼✺✮✳ ▲♦s ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛❧❡s ❞❡ ✉♥ ♠♦t♦r s♦♥ ❡❧ ❡st❛t♦r✱ ❡❧

r♦t♦r ❡❧ ❡❥❡✱ ✉♥ ♣❛r ❞❡ t❛♣❛s ❡①tr❡♠❛s✱ r♦❞❛♠✐❡♥t♦s ② ❧❛ ❝❛r❝❛s❛✳ ✭❚♦♥❣✱ ✷✵✶✹✮✳

❉❡ ❢♦r♠❛ ❣❡♥❡r❛❧ s❡ ♣✉❡❞❡ ❞❡❝✐r q✉❡ ❧♦s ♠♦t♦r❡s ✉t✐❧✐③❛♥ ❛❧✉♠✐♥✐♦ ♦ ❝♦❜r❡ ♣❛r❛ tr❛♥s♣♦rt❛r ❝♦rr✐❡♥t❡s ❡❧é❝tr✐❝❛s✱

♠❛t❡r✐❛❧❡s ❢❡rr♦♠❛❣♥ét✐❝♦s ❝♦♠♦ ❡❧ ❛❝❡r♦ ♣❛r❛ ❞✐r✐❣✐r ❡❧ ✢✉❥♦ út✐❧ ② ❛✐r❡ ❝♦♠❡ ♠❡❞✐♦ ♣❛r❛ ❛❧♠❛❝❡♥❛r ❧❛ ❡♥❡r❣í❛ ✭❖♥❣✱

✶✾✾✽✮✳ ▲❛ ❣r❛♥ ♠❛②♦rí❛ ❞❡ ❧♦s ♥ú❝❧❡♦s ❢❡rr♦♠❛❣♥ét✐❝♦s t❛♥t♦ ❞❡❧ ❡st❛t♦r ❝♦♠♦ ❞❡❧ r♦t♦r s❡ ❝♦♥str✉②❡♥ ❞❡ ❧á♠✐♥❛s ❞❡❧❣❛❞❛s

❛♣✐❧❛❞❛s✱ ❡st♦ ♣❛r❛ r❡❞✉❝✐r ❝✐❡rt❛s ♣ér❞✐❞❛s q✉❡ ❞❡ ❧♦ ❝♦♥tr❛r✐♦ s❡rí❛♥ ♠✉② ❣r❛♥❞❡s✳ ❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ s❡ ❞❡s❝r✐❜❡♥ ❞❡

❢♦r♠❛ ❣❡♥❡r❛❧ ❧♦s ♣r✐♥❝✐♣❛❧❡s ❝♦♥❝❡♣t♦s t❡ór✐❝♦s ❡♥ ❧♦s q✉❡ s❡ ❢✉♥❞❛♠❡♥t❛ ❧❛ ♦♣❡r❛❝✐ó♥ ❞❡ ❧♦s ▼❊✳

✸✳✶✳ ❈♦♥❝❡♣t♦s ❞❡ ❧❛ t❡♦rí❛ ❡❧❡❝tr♦♠❛❣♥ét✐❝❛✳

▲♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s s♦♥ tr❛♥s❞✉❝t♦r❡s q✉❡ ❝♦♥✈✐❡rt❡♥ ❧❛ ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛ ❡♥ ✉♥❛ s❛❧✐❞❛ ❞❡ ♣♦t❡♥❝✐❛ ♠❡❝á♥✐❝❛✳ P♦r

❧♦ ❛♥t❡r✐♦r ❧❛ ❝♦♠♣r❡♥s✐ó♥ ❞❡ ❧♦s ♣r✐♥❝✐♣✐♦s t❡ór✐❝♦s t❛♥t♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦s ❝♦♠♦ ♠❡❝á♥✐❝♦s ❡s ❢✉♥❞❛♠❡♥t❛❧✳ ❆✉♥q✉❡

s❡ ♣r❡s❡♥t❛ ❡❧ ❡st✉❞✐♦ ❞❡ ❞✐❝❤❛ t❡♦rí❛ ❞❡ ❢♦r♠❛ s❡♣❛r❛❞❛✱ ❡❧❡❝tr♦♠❛❣♥❡t✐s♠♦ ② ♣r✐♥❝✐♣✐♦s ♠❡❝á♥✐❝♦s✱ ❡♥ r❡❛❧✐❞❛❞ ❧❛s

♣❛rt❡s ❡❧é❝tr✐❝❛s ② ♠❡❝á♥✐❝❛s ♥♦ ♣✉❡❞❡♥ s❡r s❡♣❛r❛❞❛s ❢ís✐❝❛♠❡♥t❡ ② s❡r ♦♣❡r❛❞❛s ✐♥❞❡♣❡♥❞✐❡♥t❡♠❡♥t❡ ✉♥❛ ❞❡ ♦tr❛

✭●♦✉r✐s❤❛♥❦❛r✱ ✶✾✻✾✮✳

▲❛ ❡❧❡❝tr✐❝✐❞❛❞ ❡s ✉♥❛ ❞❡ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❧❛ ♠❛t❡r✐❛✱ ❧❛ ❝❛r❣❛ ❡s ✉♥❛ ♠❡❞✐❞❛ ❞❡ ❡st❛ ❝❛r❛❝t❡ríst✐❝❛ ✭●♦✉r✐s❤❛♥❦❛r✱

✶✾✻✾✮✳ ❊❧ ❡❧❡❝tró♥ ❡s ❧❛ ❝❛r❣❛ ♥❡❣❛t✐✈❛ ❡❧❡♠❡♥t❛❧ ♠✐❡♥tr❛s q✉❡ ❡❧ ♣r♦tó♥ ❡s ❧❛ ❝❛r❣❛ ♣♦s✐t✐✈❛ ❡❧❡♠❡♥t❛❧✳ ▲❛ ❝❛r❣❛ ❞❡❧

✹✷



❈❆P❮❚❯▲❖ ✸✳ ❚❊❖❘❮❆ ❉❊ ▲❖❙ ▼❖❚❖❘❊❙ ❊▲➱❈❚❘■❈❖❙ ✹✸

❋✐❣✉r❛ ✸✳✶✿ ❋✉❡r③❛ ❞❡ ❈♦✉❧♦♠❜ ❡♥tr❡ ❞♦s ❝❛r❣❛s ❡stát✐❝❛s✳

❡❧❡❝tró♥ ❡s ❞❡ qe = −1.6× 10−19(C)✱ ❧❛ ❝❛r❣❛ ❞❡❧ ♣r♦tó♥ ❡s ❞❡ ❧❛ ♠✐s♠❛ ♠❛❣♥✐t✉❞ ♣❡r♦ ❝♦♥ s✐❣♥♦ ♦♣✉❡st♦✳ ❖tr❛s ❞♦s

♣r♦♣✐❡❞❛❞❡s ❢✉♥❞❛♠❡♥t❛❧❡s ❡♥ ❧❛ ❡str✉❝t✉r❛ ❡❧é❝tr✐❝❛ ❞❡ ❧❛ ♠❛t❡r✐❛ s♦♥ ❧❛ ❝♦♥s❡r✈❛❝✐ó♥ ② ❧❛ ❝✉❛♥t✐③❛❝✐ó♥ ❞❡ ❧❛ ❝❛r❣❛

✭P✉r❝❡❧❧ ❛♥❞ ▼♦r✐♥✱ ✷✵✶✸✮✳

✸✳✶✳✶✳ ❋✉❡r③❛ ❊❧é❝tr✐❝❛✳

▲❛ ❧❡② ❞❡ ❈♦✉❧♦♠❜✱ ❡❝✉❛❝✐ó♥ ✸✳✶✱ ❡st❛❜❧❡❝❡ q✉❡ ❡①✐st❡ ✉♥❛ ❢✉❡r③❛ ❋✶✷✭◆✮ ❡♥tr❡ ❞♦s ❝❛r❣❛s ❡❧é❝tr✐❝❛s ❡stát✐❝❛s q✶✭❈✮ ②

q✷✭❈✮✳ ▲❛ ♠❛❣♥✐t✉❞ ❞❡ ❞✐❝❤❛ ❢✉❡r③❛ ❡s ♣r♦♣♦r❝✐♦♥❛❧ ❛ ❧❛s ❝❛r❣❛s ♣r❡s❡♥t❡s ❡ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ ❛❧ ❝✉❛❞r❛❞♦ ❞❡

❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❡❧❧❛s✱ r✶✷✭♠✮✳ ▲❛ ❞✐r❡❝❝✐ó♥ ❞❡ ❧❛ ❢✉❡r③❛ ❡s ❞❡t❡r♠✐♥❛❞❛ ♣♦r ✉♥ ✈❡❝t♦r ✉♥✐t❛r✐♦ t❛❧ ❝♦♠♦ s❡ ♠✉❡str❛ ❡♥

❧❛ ✜❣✉r❛ ✸✳✶✳ P❛r❛ ❞❡t❡r♠✐♥❛r ❡❧ s❡♥t✐❞♦ t❡♥❡♠♦s q✉❡ ❝❛r❣❛s ❝♦♥ ❡❧ ♠✐s♠♦ s✐❣♥♦ ❡①♣❡r✐♠❡♥t❛♥ ✉♥❛ ❢✉❡r③❛ ❞❡ r❡♣✉❧s✐ó♥

♠✐❡♥tr❛s q✉❡ ❝❛r❣❛s ❝♦♥ s✐❣♥♦s ❝♦♥tr❛r✐♦s s❡ ❛tr❛❡♥✳

F̄12 =
1

4πǫ

q1q2
r2
12

û12 ✭✸✳✶✮

❈✉❛♥❞♦ s❡ ♣r❡s❡♥t❛♥ ♠ás ❞❡ ❞♦s ❝❛r❣❛s✱ ❧❛ ❢✉❡r③❛ t♦t❛❧ q✉❡ ❝❛❞❛ ✉♥❛ ❞❡ ❡❧❧❛s ❡①♣❡r✐♠❡♥t❛ ❞❡❜✐❞♦ ❛ ❧❛ ♣r❡s❡♥❝✐❛ ❞❡

❧❛s ❞❡♠ás ♣✉❡❞❡ s❡r ♦❜t❡♥✐❞❛ ♣♦r ✉♥❛ s✉♣❡r♣♦s✐❝✐ó♥ ❧✐♥❡❛❧✳ ▲❛ ❢✉❡r③❛ t♦t❛❧ q✉❡ ✉♥❛ ❝❛r❣❛ q❦ ❡①♣❡r✐♠❡♥t❛ ❞❡❜✐❞♦ ❛ ❧❛

♣r❡s❡♥❝✐❛ ❞❡ ♥ ❝❛r❣❛s ❡stá ❞❛❞❛ ♣♦r ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✷✳

F̄nk =
1

4πǫ
qk

n
∑

j=1

qj
r2j
ûjk ✭✸✳✷✮

▲❛ ❝♦♥st❛♥t❡ ǫ ❡s ❧❛ ♣❡r♠✐t✐✈✐❞❛❞ ❞❡❧ ♠❡❞✐♦ ❡♥ ❡❧ q✉❡ ✐♥t❡r❛❝tú❛♥ ❧❛s ❝❛r❣❛s✳ ❚❛♠❜✐é♥ ❡s ❧❧❛♠❛❞❛ ❝❛♣❛❝✐✈✐❞❛❞ ♦

❝♦♥st❛♥t❡ ❞✐❡❧é❝tr✐❝❛ ❞❡❧ ♠❡❞✐♦✳ ❊❧ ✈❛❧♦r ❞❡ ǫ ♣❛r❛ ❡❧ ✈❛❝í♦ ❡s 1/36π × 109② ❡s ✉s✉❛❧♠❡♥t❡ r❡♣r❡s❡♥t❛❞♦ ❝♦♠♦ ǫ0✳



❈❆P❮❚❯▲❖ ✸✳ ❚❊❖❘❮❆ ❉❊ ▲❖❙ ▼❖❚❖❘❊❙ ❊▲➱❈❚❘■❈❖❙ ✹✹

✸✳✶✳✷✳ ❈❛♠♣♦ ❡❧é❝tr✐❝♦✳

❈❛❞❛ ❝❛r❣❛ q ♣r♦❞✉❝❡ ✉♥ ❝❛♠♣♦ ❡❧é❝tr✐❝♦ q✉❡ ❛❝tú❛ ❝♦♠♦ ♠❡❞✐♦ ♣❛r❛ ❡❥❡r❝❡r s✉ ❢✉❡r③❛ s♦❜r❡ ♦tr❛s ❝❛r❣❛s ❝♦❧♦❝❛❞❛s

❜❛❥♦ s✉ ✐♥✢✉❡♥❝✐❛✳ ❙✐ s❡ s✉♣♦♥❡ q✉❡ ❧❛ ❝❛r❣❛ q2 ❞❡ ❧❛ ✜❣✉r❛ ✸✳✶ ❡s s✉✜❝✐❡♥t❡♠❡♥t❡ ♣❡q✉❡ñ❛ ♣❛r❛ ♥♦ ❞✐st♦rs✐♦♥❛r ❡❧

❝❛♠♣♦ ❡❧é❝tr✐❝♦ ♣r♦❞✉❝✐❞♦ ♣♦r ❧❛ ❝❛r❣❛ q1✱ ❧❛ ✐♥t❡♥s✐❞❛❞ ❞❡ ést❡ ♣✉❡❞❡ s❡r r❡♣r❡s❡♥t❛❞❛ ♣♦r ❡❧ ✈❡❝t♦r ❞❡✜♥✐❞♦ ♣♦r ❧❛

❡❝✉❛❝✐ó♥ ✸✳✸✳

Ē1 =
F̄12

q2
✭✸✳✸✮

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

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

Ēn =
1

4πǫ

n
∑

j=1

qj
r2j
ûj ✭✸✳✹✮

▲❛ ❢✉❡r③❛ ❞❡ ❈♦✉❧♦♠❜ ❞❡ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✶ s❡ ♣✉❡❞❡ ❡①♣r❡s❛r ❡♥ tér♠✐♥♦s ❞❡❧ ❝❛♠♣♦ ❡❧é❝tr✐❝♦ ❝❛✉s❛❞♦ ♣♦r ❧❛ ❝❛r❣❛ q1✱

❡❝✉❛❝✐ó♥ ✸✳✺✱ t❛❧ ❝♦♠♦ s❡ ♠✉❡str❛ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✻

Ē1 =
q1

4πǫr2
û12 ✭✸✳✺✮

F̄12 = q2Ē12 ✭✸✳✻✮

✸✳✶✳✸✳ P♦t❡♥❝✐❛❧ ❊❧é❝tr✐❝♦✳

❆sí ❝♦♠♦ ❡❧ ❝❛♠♣♦ ❡❧é❝tr✐❝♦ ❡s ❧❛ ❢✉❡r③❛ ♣♦r ✉♥✐❞❛❞ ❞❡ ❝❛r❣❛✱ ❡❧ ♣♦t❡♥❝✐❛❧ ❡❧é❝tr✐❝♦ ❡s ❧❛ ❡♥❡r❣í❛ ♣♦t❡♥❝✐❛❧ ♣♦r ✉♥✐❞❛❞

❞❡ ❝❛r❣❛✳ ▲❛ ❢✉❡r③❛ ❡❧é❝tr✐❝❛ ❡s ❝♦♥s❡r✈❛t✐✈❛✱ ♣♦r ❧♦ t❛♥t♦✱ ♣♦❞❡♠♦s ❤❛❜❧❛r ❞❡ ❧❛ ❡♥❡r❣í❛ ♣♦t❡♥❝✐❛❧ ❞❡ ✉♥ s✐st❡♠❛ ❞❡

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

❝❛♠♣♦ ❡❧é❝tr✐❝♦ ❊✳ ❊st❛ ❝❛♥t✐❞❛❞ s❡ r❡♣r❡s❡♥t❛ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ② ❡s ❧❧❛♠❛❞❛ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ♣♦t❡♥❝✐❛❧ ❡❧é❝tr✐❝♦✱ φ✭❱✮

✭P✉r❝❡❧❧ ❛♥❞ ▼♦r✐♥✱ ✷✵✶✸✮✳

φ = −
P2
ˆ

P1

Ē · dS̄ ✭✸✳✼✮
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❊♥ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s✱ ❧❛ ❡♥❡r❣í❛ ♣♦t❡♥❝✐❛❧ ♣♦r ✉♥✐❞❛❞ ❞❡ ❝❛r❣❛ s✉♠✐♥✐str❛❞❛ ❞❡s❞❡ ✉♥❛ ❢✉❡♥t❡ ❛❧ ♠♦t♦r ❡s ❝♦♥✈❡rt✐❞❛

❡♥ ❡♥❡r❣í❛ ♠❡❝á♥✐❝❛✳ ❖tr❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❡st❡ ❝♦♥❝❡♣t♦ ❡♥ ❧♦s ♠♦t♦r❡s s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r ❡♥ ❧❛ ✐♥❞✉❝❝✐ó♥ ❞❡ ✉♥ ♣♦t❡♥❝✐❛❧

❡❧é❝tr✐❝♦ ❡♥tr❡ ❧❛s ❧á♠✐♥❛s ❞❡ ❧♦s ♥ú❝❧❡♦s ❧❛♠✐♥❛❞♦s✱ s❡ ❞❡❜❡ ❛s❡❣✉r❛r q✉❡ ❡❧ ❛✐s❧❛♥t❡ ❡♥tr❡ ❧❛s ❧á♠✐♥❛s ♥♦ s❡❛ ❞❛ñ❛❞♦

♣♦r ❡❧ ♣♦t❡♥❝✐❛❧ ✐♥❞✉❝✐❞♦✳

✸✳✶✳✹✳ ❈♦rr✐❡♥t❡ ❡❧é❝tr✐❝❛ ② ❞❡♥s✐❞❛❞ ❞❡ ❝♦rr✐❡♥t❡✳

❯♥❛ ❝♦rr✐❡♥t❡ ❡❧é❝tr✐❝❛✱ ■ ✭❆✮✱ s❡ ❞❡✜♥❡ ❝♦♠♦ ❝❛r❣❛s ❡♥ ♠♦✈✐♠✐❡♥t♦✳ ❊♥ ✉♥ ❝❛❜❧❡✱ ❧❛ ❝♦rr✐❡♥t❡ ❡❧é❝tr✐❝❛ ❡s ❧❛ ❝❛♥t✐❞❛❞ ❞❡

❝❛r❣❛ q✉❡ ♣❛s❛ ♣♦r ✉♥ ♣✉♥t♦ ✜❥♦ ❞❡❧ ♠✐s♠♦ ♣♦r ✉♥✐❞❛❞ ❞❡ t✐❡♠♣♦ P✉r❝❡❧❧ ❛♥❞ ▼♦r✐♥ ✭✷✵✶✸✮✳ ❊❧ ❝♦♥❝❡♣t♦ ❞❡ ❞❡♥s✐❞❛❞

❞❡ ❝♦rr✐❡♥t❡ ❡❧é❝tr✐❝❛✱ ❏✭❆✴♠✷✮ s✉r❣❡ ❝♦♠♦ ♥❡❝❡s✐❞❛❞ ❞❡ ❞❡s❝r✐❜✐r ❧❛ ❝♦rr✐❡♥t❡ ❞❡ ❢♦r♠❛ ♠ás ❣❡♥❡r❛❧✱ ♣♦r ❡❥❡♠♣❧♦✱ ❡♥

✉♥ ❡s♣❛❝✐♦ tr✐❞✐♠❡♥s✐♦♥❛❧✳ ▲❛ ❞❡♥s✐❞❛❞ ❞❡ ❝♦rr✐❡♥t❡ ♣✉❡❞❡ ❡①♣r❡s❛rs❡ ❡♥ tér♠✐♥♦s ❞❡ ❧❛ ❝❛r❣❛✱ ❡❧ ♥ú♠❡r♦ ❞❡ ♣♦rt❛❞♦r❡s

❞❡ ❝❛r❣❛ ② ❧❛ ✈❡❧♦❝✐❞❛❞ ❛ ❧❛ q✉❡ ❡st♦s s❡ ♠✉❡✈❡♥ ♣♦r ♠❡❞✐♦ ❞❡ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✽✳

J =
∑

k

Nqkv̄k ✭✸✳✽✮

✸✳✶✳✺✳ ❋✉❡r③❛ ▼❛❣♥ét✐❝❛

❈✉❛♥❞♦ ❧❛s ❝❛r❣❛s s❡ ♠✉❡✈❡♥ ❝♦♥ r❡s♣❡❝t♦ ❛ ✉♥ ♣✉♥t♦ ❞❡ r❡❢❡r❡♥❝✐❛✱ s❡ ♦r✐❣✐♥❛ ✉♥❛ ❢✉❡r③❛ ♠❛❣♥ét✐❝❛✱ ❧❛ ❝✉❛❧ ❡s

❞❡s❝r✐t❛ ♣♦r ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✾✳ ▲❛ ❝♦♥st❛♥t❡ µ s❡ ❝♦♥♦❝❡ ❝♦♠♦ ❧❛ ♣❡r♠❡❛❜✐❧✐❞❛❞ ♠❛❣♥ét✐❝❛ ❞❡❧ ♠❡❞✐♦ ❞♦♥❞❡ s❡ ❡♥❝✉❡♥tr❛♥

✐♥t❡r❛❝t✉❛♥❞♦ ❧❛s ❝❛r❣❛s✳ ▲❛s ✈❡❧♦❝✐❞❛❞❡s ❞❡ ❧❛s ❝❛r❣❛s ❡♥ ♠♦✈✐♠✐❡♥t♦ ❡stá♥ r❡♣r❡s❡♥t❛❞❛s ♣♦r v̄1② v̄2 r❡s♣❡❝t✐✈❛♠❡♥t❡✳

Fm12 =
µ

4π

q1q2
r2

v̄2 × (v̄1 × û12) ✭✸✳✾✮

✸✳✶✳✻✳ ❈❛♠♣♦ ♠❛❣♥ét✐❝♦✳

❊❧ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦ ❡s r❡♣r❡s❡♥t❛❞♦ ♣♦r ❞♦s ❝❛♥t✐❞❛❞❡s ✈❡❝t♦r✐❛❧❡s✿ ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦ B̄ ❡ ✐♥t❡♥s✐❞❛❞ ❞❡

❝❛♠♣♦ ♠❛❣♥ét✐❝♦ H̄✳ ▲❛ ❡❝✉❛❝✐ó♥ ✸✳✶✵ r❡♣r❡s❡♥t❛ ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦✱ ✉♥❛ ❢✉♥❝✐ó♥ ❡①✐st❡♥t❡ ❛❧r❡❞❡❞♦r ❞❡

❧❛ ❝❛r❣❛ q1 ❛ ❞♦♥❞❡ s❡❛ q✉❡ ést❛ s❡ ♠✉❡✈❛ ❝♦♥ r❡s♣❡❝t♦ ❛❧ ♠❛r❝♦ ❞❡ r❡❢❡r❡♥❝✐❛✳ ❉❡ ❡st❡ ♠♦❞♦✱ s❡ ♣✉❡❞❡ r❡♣r❡s❡♥t❛r ❛

❧❛ ❢✉❡r③❛ ♠❛❣♥ét✐❝❛ ❞❡s❝r✐t❛ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✾ ❡♥ tér♠✐♥♦s ❞❡ ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦ ② ❞❡ ❧❛ ❝❛r❣❛✱ ❡❝✉❛❝✐ó♥

✸✳✶✶✳

B̄1 =
µ

4π

q1
r2
v̄1 × ū12 ✭✸✳✶✵✮
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Fm12 = q2v̄2 × B̄1 ✭✸✳✶✶✮

✸✳✶✳✼✳ ❋✉❡r③❛ ❞❡ ▲♦r❡♥t③✳

▲❛ ❢✉❡r③❛ t♦t❛❧ q✉❡ ❡①♣❡r✐♠❡♥t❛♥ ❧❛s ❝❛r❣❛s ❡♥ ♠♦✈✐♠✐❡♥t♦ ❡stá ❞❛❞❛ ♣♦r ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✶✷✱ ❧❛ ❝✉❛❧ ❡s ❝♦♥♦❝✐❞❛ ❝♦♠♦

❢✉❡r③❛ ❞❡ ▲♦r❡♥t③ ② s❡ ♣✉❡❞❡ ❡①♣r❡s❛r ❡♥ tér♠✐♥♦s ❞❡❧ ❝❛♠♣♦ ❡❧é❝tr✐❝♦ ② ❞❡ ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦ t❛❧ ❝♦♠♦

❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✶✸✳ ❆ ✈❡❧♦❝✐❞❛❞❡s ♠✉❝❤♦ ♠ás ❜❛❥❛s q✉❡ ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❛ ❧✉③✱ ❧❛ ♠❛❣♥✐t✉❞ ❞❡ ❧❛ ❢✉❡r③❛ ♠❛❣♥ét✐❝❛ ❡s

❜❛st❛♥t❡ ♠ás ♣❡q✉❡ñ❛ q✉❡ ❧❛ ♠❛❣♥✐t✉❞ ❞❡ ❧❛ ❢✉❡r③❛ ❡❧é❝tr✐❝❛✱ s✐♥ ❡♠❜❛r❣♦✱ ❝✉❛♥❞♦ s❡ tr❛t❛ ❞❡ ❡❧❡❝tr♦♥❡s ❡♥ ♠♦✈✐♠✐❡♥t♦✱

❝♦♠♦ ❡s ❡❧ ❝❛s♦ ❞❡ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s✱ ❧❛ ❢✉❡r③❛ ♠❛❣♥ét✐❝❛ ❡s ❧❛ ♣r✐♥❝✐♣❛❧ ❝♦♠♣♦♥❡♥t❡✳

F12 =
1

4πǫ

q1q2
r2

û12 +
µ

4π

q1q2
r2

v̄2 × (v̄1 × û12) ✭✸✳✶✷✮

F̄12 = q2
(

Ē1 + v̄2 × B̄1

)

✭✸✳✶✸✮

✸✳✶✳✽✳ ❋❧✉❥♦ ▼❛❣♥ét✐❝♦

P❛r❛ ❝✉❛❧q✉✐❡r s✉♣❡r✜❝✐❡ ❞❡♥tr♦ ❞❡ ✉♥ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦✱ ✉♥❛ ❢✉♥❝✐ó♥ ❡s❝❛❧❛r ❞❡♥♦t❛❞❛ ❝♦♠♦ Φ ✭❲❜✮ ❞❡✜♥❡ ❡❧ ✢✉❥♦

♠❛❣♥ét✐❝♦ ❛ tr❛✈és ❞❡ ❧❛ s✉♣❡r✜❝✐❡✱ ❡❝✉❛❝✐ó♥ ✸✳✶✹✳ P❛r❛ ❛②✉❞❛r ❛ ✈✐s✉❛❧✐③❛r ❡❧ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦ s❡ ✉s❛♥ ❧í♥❡❛s ❞❡ ✢✉❥♦

② t✉❜♦s ❞❡ ✢✉❥♦❀ ❧❛s ❧í♥❡❛s ❞❡ ✢✉❥♦ s❡ ❞✐❜✉❥❛♥ t❛♥❣❡♥❝✐❛❧♠❡♥t❡ ❛ ❇ ❡♥ t♦❞♦s ❧♦s ♣✉♥t♦s ② ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ❧❛s ❧í♥❡❛s ❞❡

✢✉❥♦ ❡s ♣r♦♣♦r❝✐♦♥❛❧ ❛ ❧❛ ♠❛❣♥✐t✉❞ ❞❡ ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ✢✉❥♦✳ ▲♦s t✉❜♦s ❞❡ ✢✉❥♦ s❡ ❝♦♠♣♦♥❡♥ ❞❡ ❧í♥❡❛s ❞❡ ✢✉❥♦ ② ❡❧ ✢✉❥♦

❡♥ ❝✉❛❧q✉✐❡r s❡❝❝✐ó♥ tr❛♥s✈❡rs❛❧ ❞❡ ✉♥ t✉❜♦ ❡s ❝♦♥st❛♥t❡✳

φ =

ˆ

S

B̄ · dS̄ ✭✸✳✶✹✮

❊♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❡s ❞❡ ♣❛rt✐❝✉❧❛r ✐♥t❡rés ❡❧ ❛♥á❧✐s✐s ❞❡❧ ✢✉❥♦ ♣r♦❞✉❝✐❞♦ ♣♦r ❧❛ ❝♦rr✐❡♥t❡ ❡♥ ❧❛s ❜♦❜✐♥❛s

❞❡❧ ❡st❛t♦r ② ♣♦r ❧♦s ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✳ ❊♥ ❣❡♥❡r❛❧✱ ❡❧ ✢✉❥♦ ♣r♦❞✉❝✐❞♦ ♣♦r ❝❛❞❛ ❜♦❜✐♥❛ ♣✉❡❞❡ s❡r s❡♣❛r❛❞♦ ❡♥ ❞♦s

❝♦♠♣♦♥❡♥t❡s❀ ✉♥❛ ❝♦♠♣♦♥❡♥t❡ ❝♦♥❝❛t❡♥❛❞❛✱ Φ▲ ② ✉♥❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ♠❛❣♥❡t✐③❛❝✐ó♥ Φ▼✳

❊❧ ✢✉❥♦ t♦t❛❧ ♥♦ ♣❛rt✐❝✐♣❛ ❡♥ ❧❛ ❝♦♥✈❡rs✐ó♥ ❞❡ ❡♥❡r❣í❛ ❡❧❡❝tr♦♠❛❣♥ét✐❝❛✳ ❊❧ ✢✉❥♦ q✉❡ ♣❛rt✐❝✐♣❛ ❡s ❡❧ ✢✉❥♦ ❡♥ ❡❧ ❡♥tr❡❤✐❡rr♦✱

❧❧❛♠❛❞♦ ✢✉❥♦ ♣r✐♥❝✐♣❛❧✳ ▲❛ ♦tr❛ ❝♦♠♣♦♥❡♥t❡ ❡s ❡❧ ✢✉❥♦ ❞✐s♣❡rs♦✳ ❊❧ ✢✉❥♦ ♣r✐♥❝✐♣❛❧ ❝♦♥❡❝t❛ ♠❛❣♥ét✐❝❛♠❡♥t❡ ❛❧ r♦t♦r ②

❛❧ ❡st❛t♦r✳ ❊❧ ✢✉❥♦ ♣r✐♥❝✐♣❛❧ s❡ ❝r❡❛ ❛ ♣❛rt✐r ❞❡❧ ✢✉❥♦ ❝♦♥❝❛t❡♥❛❞♦✳
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❋❧✉❥♦ ❞✐s♣❡rs♦✳ ❊①✐st❡♥ tr❡s ❝♦♠♣♦♥❡♥t❡s ❞❡❧ ✢✉❥♦ ❞✐s♣❡rs♦✱ ❧❛ ♣r✐♠❡r❛ ❡s ❡❧ ✢✉❥♦ q✉❡ ♥♦ ❝r✉③❛ ❡♥ ❡♥tr❡❤✐❡rr♦✱ ❧❛

s❡❣✉♥❞❛ ❡s ❡❧ ✢✉❥♦ q✉❡ ❝r✉③❛ ❡❧ ❡♥tr❡❤✐❡rr♦✱ ♣❡r♦ ♥♦ ♣❛rt✐❝✐♣❛ ❡♥ ❧❛ ❢♦r♠❛❝✐ó♥ ❞❡❧ ✢✉❥♦ ❝♦♥❝❛t❡♥❛❞♦ ② ♣♦r ú❧t✐♠♦ ❧♦s

❤❛r♠ó♥✐❝♦s ❞❡❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦ ♣r✐♥❝✐♣❛❧ s❡ ❝♦♥s✐❞❡r❛♥ ♣❛rt❡ ❞❡❧ ✢✉❥♦ ❞✐s♣❡rs♦✳ ❈♦♥tr✐❜✉②❡ ❛ ❧❛s ♣ér❞✐❞❛s ❞❡ ❧❛ ♠áq✉✐♥❛

❞❡❜✐❞♦ ❛ q✉❡ ♣♦r ❡❧ ✢✉❥♦ ❞✐s♣❡rs♦ s❡ r❡q✉✐❡r❡ ❞❡ ✉♥❛ ♠❛②♦r ❝♦rr✐❡♥t❡ ❞❡ ♠❛❣♥❡t✐③❛❝✐ó♥❀ ❛✉♠❡♥t❛♥ ❧❛s ♣ér❞✐❞❛s ❡♥ ❡❧

❝♦❜r❡ ❞❡❜✐❞♦ ❛❧ ❡❢❡❝t♦ ♣❡❧✐❝✉❧❛r✳ ❯♥❛ ✈❡♥t❛❥❛ ❞❡❧ ✢✉❥♦ ❞✐s♣❡rs♦ ❡s q✉❡ s❡ ♣✉❡❞❡ ✉s❛r ♣❛r❛ ✜❧tr❛r ❧❛ ❝♦rr✐❡♥t❡ ❡♥ ✉♥

✐♥✈❡rs♦r ❞❡ P❲▼✳

✸✳✶✳✾✳ ▲❛ ♣❡r♠✐t✐✈✐❞❛❞✱ ♣❡r♠❡❛❜✐❧✐❞❛❞ ② ❝♦♥❞✉❝t✐✈✐❞❛❞ ❞❡❧ ♠❡❞✐♦✳

▲❛s ❡❝✉❛❝✐♦♥❡s ✸✳✶✺✲✸✳✶✼ ❝❛r❛❝t❡r✐③❛♥ ❛ ✉♥ ♠❡❞✐♦ ❡♥ ❡s♣❡❝í✜❝♦ ❡♥ tér♠✐♥♦s ❞❡ ❧❛ ♣❡r♠✐t✐✈✐❞❛❞✱ ε✱ ❧❛ ♣❡r♠❡❛❜✐❧✐❞❛❞✱ µ✱

② ❧❛ ❝♦♥❞✉❝t✐✈✐❞❛❞✱ σ✳ ❉✐❝❤❛s ❡❝✉❛❝✐♦♥❡s s♦♥ ❡♠♣❧❡❛❞❛s ♣❛r❛ ❞❡s❝r✐❜✐r ❛ ❧♦s ♠❛t❡r✐❛❧❡s✳ ❆q✉❡❧❧♦s ♠❛t❡r✐❛❧❡s q✉❡ ♣✉❡❞❡♥

s❡r ❝❛r❛❝t❡r✐③❛❞♦s ♣♦r ✈❛❧♦r❡s ❝♦♥st❛♥t❡s✱ s❡ ❞❡t❡r♠✐♥❛♥ ✐s♦tró♣✐❝♦s✱ ❧♦ q✉❡ ✐♥❞✐❝❛ q✉❡ ❧♦s ✈❛❧♦r❡s ❞❡ ε✱ µ✱ ② σ s♦♥

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

❞✐r❡❝❝✐ó♥ s♦♥ ❧❧❛♠❛❞♦s ❛♥✐s♦tró♣✐❝♦s ② ❞❡❜❡♥ s❡r tr❛t❛❞♦s ❝♦♠♦ t❡♥s♦r❡s✳ ❆❞❡♠ás✱ ♠✉❝❤♦s ❞❡ ❧♦s ♠❛t❡r✐❛❧❡s ♣r❡s❡♥t❛♥

❝❛r❛❝t❡ríst✐❝❛s ♥♦ ❧✐♥❡❛❧❡s✱ ❝♦♠♦ ❡s ❡❧ ❝❛s♦ ❞❡ ❧♦s ♠❛t❡r✐❛❧❡s ❢❡rr♦♠❛❣♥ét✐❝♦s✳

D̄ = εĒ ✭✸✳✶✺✮

B̄ = µH̄ ✭✸✳✶✻✮

J̄ = σĒ ✭✸✳✶✼✮

✸✳✷✳ ▲❡②❡s ❞❡ ▼❛①✇❡❧❧✳

▲❛ t❡♦rí❛ ❡❧❡❝tr♦♠❛❣♥ét✐❝❛ ❤❛ s✐❞♦ ❝♦♥❥✉♥t❛❞❛ ❡♥ ❧❛s ❡❝✉❛❝✐♦♥❡s ❞❡ ▼❛①✇❡❧❧ q✉❡ ❞✐❝t❛♥ q✉❡ ❧♦s ❢❡♥ó♠❡♥♦s ❡❧é❝tr✐❝♦s

② ♠❛❣♥ét✐❝♦s ♥♦ ♣✉❡❞❡♥ s❡r tr❛t❛❞♦s ❞❡ ❢♦r♠❛ s❡♣❛r❛❞❛✳ ▲❛s ❡❝✉❛❝✐♦♥❡s ❞❡ ▼❛①✇❡❧❧ ♣✉❡❞❡♥ s❡r ♣r❡s❡♥t❛❞❛s ❡♥ ❞♦s

❢♦r♠❛s✿ ✐♥t❡❣r❛❧ ② ❞✐❢❡r❡♥❝✐❛❧❀ ♣❛r❛ s❡r ✐♥❞❡♣❡♥❞✐❡♥t❡s ❞❡ ❧❛ ❢♦r♠❛ ♦ ♣♦s✐❝✐ó♥ ❞❡❧ ár❡❛ ❡♥ ♦❜s❡r✈❛❝✐ó♥ ❡s ❝♦♥✈❡♥✐❡♥t❡

❡①♣r❡s❛r❧❛s ❡♥ ❢♦r♠❛ ❞✐❢❡r❡♥❝✐❛❧✳
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✸✳✷✳✶✳ ▲❡② ❞❡ ❋❛r❛❞❛②✳

❊❧ ❝❛♠❜✐♦ ❡♥ ✢✉❥♦ ♠❛❣♥ét✐❝♦ ❝r❡❛ ✉♥ ❝❛♠♣♦ ❡❧é❝tr✐❝♦ ❡♥t♦r♥♦ ❛ ❡st❡✳ ▲❛ ❡❝✉❛❝✐ó♥ q✉❡ r❡♣r❡s❡♥t❛ ❡st❡ ❢❡♥ó♠❡♥♦ s❡

❡①♣r❡s❛ ❡♥ ❢♦r♠❛ ❞✐❢❡r❡♥❝✐❛❧ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✶✽ ② ❡♥ ❢♦r♠❛ ✐♥t❡❣r❛❧ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✶✾✳

∇× Ē = − ∂

∂t
B̄ ✭✸✳✶✽✮

❊♥ s✉ ❢♦r♠❛ ❞✐❢❡r❡♥❝✐❛❧✱ ❡❝✉❛❝✐ó♥ ✸✳✶✾✱ ❧❛ ❧❡② ❞❡ ❋❛r❛❞❛② ❡st❛❜❧❡❝❡ q✉❡ ❧❛ r❛③ó♥ ❞❡ ❝❛♠❜✐♦ ❞❡ ✉♥ ✢✉❥♦ ♠❛❣♥ét✐❝♦ q✉❡

♣❡♥❡tr❛ ✉♥❛ s✉♣❡r✜❝✐❡ ❛❜✐❡rt❛ ❙

˛

l

Ē · dl̄ = − d

dt

ˆ

S

B̄ · dS̄ = − d

dt
Φ ✭✸✳✶✾✮

❈✉❛♥❞♦ ❡❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦ ❝❛♠❜✐❛♥t❡ ❡♥ ❡❧ t✐❡♠♣♦ ♣❛s❛ ❛ tr❛✈és ❞❡ ✉♥❛ s✉♣❡r✜❝✐❡ ❝❡rr❛❞❛✱ s❡ ❣❡♥❡r❛ ✉♥❛ ❢✉❡r③❛

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

❝♦rr✐❡♥t❡ ✢✉②❡ ❛ tr❛✈és ❞❡❧ ❝❛❜❧❡✳ ▲❛ ❞✐r❡❝❝✐ó♥ ❞❡ ❡st❛ ❝♦rr✐❡♥t❡ s❡rá t❛❧ q✉❡ ❡❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦ q✉❡ s✉ ✈❡③ ✐♥❞✉❝❡ s❡

♦♣♦♥❡ ❛❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦ q✉❡ ❧♦ ❝r❡ó✳

e = −kwN
d

dt

ˆ

S

B̄ · dS̄ = −kwN
d

dt
Φ =

d

dt
Ψ ✭✸✳✷✵✮

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

✸✳✷✳✷✳ ▲❡② ❞❡ ❆♠♣❡r❡✳

❊❧ ♣r✐♥❝✐♣✐♦ ❜ás✐❝♦ ❞❡ ♣r♦❞✉❝❝✐ó♥ ❞❡ ✉♥ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦ ❞❡❜✐❞♦ ❛ ✉♥❛ ❝♦rr✐❡♥t❡ ❡s ❧❛ ❧❡② ❞❡ ❆♠♣❡r❡✳ ❊♥ s✉ ❢♦r♠❛

❞✐❢❡r❡♥❝✐❛❧✱ ❡❝✉❛❝✐ó♥ ✸✳✷✶✱ ❞❡s❝r✐❜❡ ❧❛ s✐t✉❛❝✐ó♥ ❞♦♥❞❡ ✉♥❛ ❝♦rr✐❡♥t❡ ② ✉♥ ✢✉❥♦ ❡❧é❝tr✐❝♦ ❝❛♠❜✐❛♥t❡ ❡♥ ❡❧ t✐❡♠♣♦ ♣r♦❞✉❝❡♥

✉♥ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦ ❛❧r❡❞❡❞♦r ❞❡ ❡❧❧♦s ✭P②r❤ö♥❡♥ ❡t ❛❧✳✱ ✷✵✵✽✮✳ ▲❛ ❞✐r❡❝❝✐ó♥ ❞❡❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦ ♣✉❡❞❡ ❞❡❞✉❝✐rs❡ ❝♦♥

❧❛ r❡❣❧❛ ❞❡ ❧❛ ♠❛♥♦ ❞❡r❡❝❤❛✱ ❞♦♥❞❡ ❡❧ ♣✉❧❣❛r ❛♣✉♥t❛ ❡♥ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ❧❛ ❝♦rr✐❡♥t❡ ② ❡❧ r❡st♦ ❞❡ ❧♦s ❞❡❞♦s ♠✉❡str❛♥ ❧❛

❞✐r❡❝❝✐ó♥ ❞❡❧ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦✳

∇× H̄ = J̄ +
∂

∂t
D̄ ✭✸✳✷✶✮

❊♥ s✉ ❢♦r♠❛ ✐♥t❡❣r❛❧✱ ❡❝✉❛❝✐ó♥ ✸✳✷✷✱ s❡ ✐♥❞✐❝❛ ❧❛ ❝♦rr✐❡♥t❡ ♣❡♥❡tr❛♥❞♦ ✉♥❛ s✉♣❡r✜❝✐❡ ❙ ② ❧❛ r❛③ó♥ ❞❡ ❝❛♠❜✐♦ ❞❡ ✉♥ ✢✉❥♦

❡❧é❝tr✐❝♦ ❞❡❜❡♥ s❡r ✐❣✉❛❧❡s ❛ ❧❛ ✐♥t❡❣r❛❧ ❞❡ ❧í♥❡❛ ❞❡ ❧❛ ✐♥t❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦ ❛ ❧♦ ❧❛r❣♦ ❞❡ ❧❛ ❧í♥❡❛ ❧✳



❈❆P❮❚❯▲❖ ✸✳ ❚❊❖❘❮❆ ❉❊ ▲❖❙ ▼❖❚❖❘❊❙ ❊▲➱❈❚❘■❈❖❙ ✹✾



l

H̄ · dl̄ =
ˆ

s

J̄ · dS̄ +
d

dt

ˆ

s

D̄ · dS̄ = i(t) +
d

dt
ψe ✭✸✳✷✷✮

▲♦s tér♠✐♥♦s r❡❧❛❝✐♦♥❛❞♦s ❝♦♥ ❡❧ ✢✉❥♦ ❡❧é❝tr✐❝♦ ❝❛♠❜✐❛♥t❡ ❡♥ ❡❧ t✐❡♠♣♦ s♦♥ ♣❛rt❡ ❞❡ ❧❛s ❝♦♥tr✐❜✉❝✐♦♥❡s ❞❡ ▼❛①✇❡❧❧ ❛ ❧❛

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

❡❢❡❝t♦✳ ▲❛ ❡❝✉❛❝✐ó♥ ✸✳✷✸ ♠✉❡str❛ ❧❛ ❧❡② ❞❡ ❆♠♣❡r❡ ❡♥ s✉ ❧❧❛♠❛❞❛ ❢♦r♠❛ ❝✉❛s✐ ❡stát✐❝❛✳



l

H̄ · dl̄ =
ˆ

s

J̄ · dS̄ =
∑

i(t) = Θ(t) = kwNi ✭✸✳✷✸✮

❊❧ ❞✐s❡ñ♦ ♠❛❣♥ét✐❝♦ ❞❡ ✉♥❛ ♠áq✉✐♥❛ ❡❧é❝tr✐❝❛ s❡ ❜❛s❛ ❡♥ ❧❛ ❧❡② ❞❡ ❆♠♣❡r❡✳ ❊st❛ ❡❝✉❛❝✐ó♥ ❡s ❡♠♣❧❡❛❞❛ ♣❛r❛ ❞❡t❡r♠✐♥❛r

❧♦s ✈♦❧t❛❥❡s ♠❛❣♥ét✐❝♦s ❡♥ ✉♥❛ ♠áq✉✐♥❛ ❡❧é❝tr✐❝❛✱ ❡st✐♠❛r ❧❛ ❝♦rr✐❡♥t❡ ❝♦♥❝❛t❡♥❛❞❛✱ ❝❛❧❝✉❧❛r ❧❛s ♣❡r❞✐❞❛s ♣♦r ❝♦rr✐❡♥t❡

❞❡ ❊❞❞②✱ ❞❡t❡r♠✐♥❛r ❡❧ ❡❢❡❝t♦ ❞❡ ♣✐❡❧ ❡♥ ❧♦s ❝♦♥❞✉❝t♦r❡s✱ ✭P②r❤ö♥❡♥ ❡t ❛❧✳✱ ✷✵✵✽✮✳

❉❡s♣r❡❝✐❛♥❞♦ ❡❧ tér♠✐♥♦ ❞❡❧ ❞❡s♣❧❛③❛♠✐❡♥t♦ ❞❡ ▼❛①✇❡❧❧✱ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ s❡ ♠✉❡str❛ ❧❛ ❧❡② ❞❡ ❝♦♥s❡r✈❛❝✐ó♥ ❞❡ ❧❛ ❝❛r❣❛✱

❝♦♥♦❝✐❞❛ ❝♦♠♦ ❧❛ ❡❝✉❛❝✐ó♥ ❞❡ ❧❛ ❝♦♥t✐♥✉✐❞❛❞ ❞❡ ❧❛ ❝♦rr✐❡♥t❡ ❡❧é❝tr✐❝❛✳

∇ · J̄ = 0 ✭✸✳✷✹✮

✸✳✷✳✸✳ ▲❡② ❞❡ ●❛✉ss ♣❛r❛ ❝❛♠♣♦s ❡❧é❝tr✐❝♦s✳

▲❛ ❞✐✈❡r❣❡♥❝✐❛ ❞❡ ✉♥ ✢✉❥♦ ❡❧é❝tr✐❝♦✱ ❡❝✉❛❝✐ó♥ ✸✳✷✺✱ ❡st❛❜❧❡❝❡ q✉❡ ❡❧ ✢✉❥♦ s✐❡♠♣r❡ s❡rá ❞❡s❞❡ ❝❛r❣❛s ♣♦s✐t✐✈❛s ❤❛❝✐❛

❝❛r❣❛s ♥❡❣❛t✐✈❛s✳

∇ · D̄ = ρ ✭✸✳✷✺✮

❊st❛ ❧❡② ✐♥❞✐❝❛ ❡♥ s✉ ❢♦r♠❛ ✐♥t❡❣r❛❧✱ ❡❝✉❛❝✐ó♥ ✸✳✷✻✱ q✉❡ ❧❛ ❝❛r❣❛ ❞❡♥tr♦ ❞❡ ✉♥❛ s✉♣❡r✜❝✐❡ ❝❡rr❛❞❛ ❝♦♥ ✉♥ ❝✐❡rt♦ ✈♦❧✉♠❡♥

❝r❡❛ ✉♥❛ ❞❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ❡❧é❝tr✐❝♦✳ ❊♥ ❧❛s ♠áq✉✐♥❛s ❡❧é❝tr✐❝❛s ❡st❛ ❧❡② s❡ ✉t✐❧✐③❛ ♣❛r❛ ♠♦❞❡❧❛r ❧♦s ❞✐❢❡r❡♥t❡s ❛✐s❧❛♥t❡s✱

♣❡r♦ t❛♠❜✐é♥ s✐r✈❡ ♣❛r❛ ✐♥t❡r♣r❡t❛r q✉❡ ♥♦ ♣❛r❛ ❧♦s ❝❛♠♣♦s ♠❛❣♥ét✐❝♦s ♣r❡s❡♥t❡s ❡♥ ❧♦s ♠♦t♦r❡s✱ ♥♦ ❡①✐st❡ ✉♥ ♣✉♥t♦

❞❡ ♦r✐❣❡♥ ② ♦tr♦ ❞❡ ❞❡st✐♥♦✱ ♣♦r ❧♦ q✉❡ ❝✉❛❧q✉✐❡r ✢✉❥♦ q✉❡ ♣❡♥❡tr❡ ✉♥❛ s✉♣❡r✜❝✐❡ ❞❡ ✐❣✉❛❧ ❢♦r♠❛ ❡stá s❛❧✐❡♥❞♦ ❞❡ ❡st❛✳

ˆ

S

D̄dS̄ =

ˆ

V

ρV dV ✭✸✳✷✻✮
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✸✳✷✳✹✳ ❊❝✉❛❝✐ó♥ ❞❡ ●❛✉ss ♣❛r❛ ❝❛♠♣♦s ♠❛❣♥ét✐❝♦s✳

▲❛ ❧❡② ❞❡ ●❛✉ss ♣❛r❛ ❝❛♠♣♦s ♠❛❣♥ét✐❝♦s ❡♥ s✉ ❢♦r♠❛ ❞✐❢❡r❡♥❝✐❛❧✱ ❡❝✉❛❝✐ó♥ ✸✳✷✼✱ ❞❡s❝r✐❜❡ q✉❡ ✉♥ ✢✉❥♦ ♠❛❣♥ét✐❝♦ s✐❡♠♣r❡

❝✐r❝✉❧❛ s✐♥ ♣✉♥t♦s ❞❡ ✐♥✐❝✐♦ ♦ ✜♥✱ P♦r ♦tr♦ ❧❛❞♦ ❡♥ s✉ ❢♦r♠❛ ✐♥t❡❣r❛❧✱ ❡❝✉❛❝✐ó♥ ✸✳✷✽✱ ❡st❛ ❧❡② ❡st❛❜❧❡❝❡ q✉❡ ❧❛ s✉♠❛ ❞❡ ❧♦s

✢✉❥♦s ♠❛❣♥ét✐❝♦s q✉❡ ♣❡♥❡tr❛♥ ✉♥❛ s✉♣❡r✜❝✐❡ ❝❡rr❛❞❛ ❡s ❝❡r♦✱ ❡s ❞❡❝✐r q✉❡ ✉♥ ✢✉❥♦ q✉❡ ❡♥tr❛ ❡♥ ❧❛ s✉♣❡r✜❝✐❡ t❛♠❜✐é♥

❞❡❜❡ ❞❡❥❛r ❧❛ ♠✐s♠❛ P②r❤ö♥❡♥ ❡t ❛❧✳ ✭✷✵✵✽✮✳ ❊♥ ❧❛s ♠áq✉✐♥❛s ❡❧é❝tr✐❝❛s ❡st❛ ❧❡② ♥♦s ✐♥❞✐❝❛ q✉❡ ❡❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦

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

∇ · B̄ = 0 ✭✸✳✷✼✮

˛

S

B̄·dS̄ = 0 ✭✸✳✷✽✮

✸✳✷✳✺✳ P♦t❡♥❝✐❛❧ ✈❡❝t♦r✳

❊❧ ❝❛♠♣♦✱ ❇✱ ♥♦ ♣✉❡❞❡ s❡r ❡①♣r❡s❛❞♦ ❝♦♠♦ ❡❧ ❣r❛❞✐❡♥t❡ ❞❡ ✉♥ ♣♦t❡♥❝✐❛❧ ❡s❝❛❧❛r✳ P♦r ❧♦ ❛♥t❡r✐♦r s❡ ❞❡✜♥❡ ❡❧ ♣♦t❡♥❝✐❛❧

✈❡❝t♦r✱ ❡❝✉❛❝✐ó♥ ✸✳✷✾✱ ❞✐❝❤♦ ❝♦♥❝❡♣t♦ ❡s ✉t✐❧✐③❛❞♦ ♣❛r❛ ❢♦r♠✉❧❛r ❧♦s ♣r♦❜❧❡♠❛s ❞❡ ❡❧❡♠❡♥t♦ ✜♥✐t♦✱ ❧❛s ❡❝✉❛❝✐♦♥❡s ❞❡

▼❛①✇❡❧❧ ♣✉❡❞❡♥ s❡r ❡①♣r❡s❛❞❛s ❡♥ tér♠✐♥♦s ❞❡ ♣♦t❡♥❝✐❛❧ ✈❡❝t♦r ♣❛r❛ ❢❛❝✐❧✐t❛r ❧♦s ❝á❧❝✉❧♦s✳

B̄ = ∇× Ā ✭✸✳✷✾✮

▲❛ ❧❡② ❞❡ ✐♥❞✉❝❝✐ó♥ ❞❡ ❋❛r❛❞❛② ❡①♣r❡s❛❞❛ ❡♥ tér♠✐♥♦s ❞❡❧ ♣♦t❡♥❝✐❛❧ ✈❡❝t♦r s❡ ❡①♣r❡s❛ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✸✵✳

∇× Ē −∇× ∂

∂t
Ā ✭✸✳✸✵✮

❆ ♣❛rt✐r ❞❡ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✸✵✱ s❡ ♣✉❡❞❡ ❡①♣r❡s❛r ❛❧ ❝❛♠♣♦ ❡❧é❝tr✐❝♦ ❡♥ tér♠✐♥♦s ❞❡❧ ♣♦t❡♥❝✐❛❧ ✈❡❝t♦r✱ ❡❝✉❛❝✐ó♥✳ ❙❡

♦❜s❡r✈❛♥ ❞♦s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❊✱ ✉♥❛ r♦t❛❝✐♦♥❛❧ ❝❛✉s❛❞❛ ♣♦r ❡❧ ❝❛♠❜✐♦ ❡♥ ❡❧ t✐❡♠♣♦ ② ♦tr❛ ❝r❡❛❞❛ ♣♦r ❧❛ ♣♦❧❛r✐③❛❝✐ó♥

❞❡ ❧♦s ♠❛t❡r✐❛❧❡s ❞✐❡❧é❝tr✐❝♦s✳

Ē = − ∂

∂t
A−∇φ ✭✸✳✸✶✮

▲❛ ❧❡② ❞❡ ❆♠♣❡r❡ ❡♥ tér♠✐♥♦s ❞❡❧ ♣♦t❡♥❝✐❛❧ ✈❡❝t♦r s❡ ♣✉❡❞❡ s❡r ❡①♣r❡s❛❞❛ ❡♥ ❞♦s ❢♦r♠❛s✱ ❧❛ ❡❝✉❛❝✐ó♥✱ ❧❛ ❝✉❛❧ ❡s ✈á❧✐❞❛

♣❛r❛ ❧❛s ár❡❛s ❞♦♥❞❡ ❧❛s ❝♦rr✐❡♥t❡s ♣❛rás✐t❛s ♣✉❡❞❡♥ s❡r ✐♥❞✉❝✐❞❛s ② ❧❛ ❡❝✉❛❝✐ó♥ ✈á❧✐❞❛ ❡♥ ár❡❛s ❝♦♥ ❞❡♥s✐❞❛❞ ❞❡ ❝♦rr✐❡♥t❡

❝❛✉s❛❞❛s ♣♦r ✉♥❛ ❢✉❡♥t❡ ❝♦♠♦ ❧♦s ❡♠❜♦❜✐♥❛❞♦s ✭P②r❤ö♥❡♥ ❡t ❛❧✳✱ ✷✵✵✽✮✳
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❋✐❣✉r❛ ✸✳✷✿ ❈✉r✈❛ ♣❛r✲✈❡❧♦❝✐❞❛❞ ✐❞❡❛❧ ❞❡ ✉♥ ▼❊❚✳

✸✳✸✳ ❉❡✜♥✐❝✐ó♥ ❞❡ ❝♦♥❝❡♣t♦s ♣❛r❛ ❧♦s ▼❊❚

✸✳✸✳✶✳ ❈✉r✈❛ ♣❛r✲✈❡❧♦❝✐❞❛❞✳

❊stá ❣rá✜❝❛ r❡♣r❡s❡♥t❛ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡❧ ♠♦t♦r ♣❛r❛ ❡♥tr❡❣❛r ♣❛r ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ✈❡❧♦❝✐❞❛❞✳ ▲❛ ❝✉r✈❛ ❞❡ ♣❛r ✈❡❧♦❝✐❞❛❞

❡s ❝r❡❛❞❛ ❝♦♥tr♦❧❛♥❞♦ ❡❧ ✈♦❧t❛❥❡ ② ❧❛ ❢r❡❝✉❡♥❝✐❛ ❜✉s❝❛♥❞♦ ♦❜t❡♥❡r ❡❧ ♠á①✐♠♦ ♣❛r ♣♦s✐❜❧❡ ✭❆♥s②s✱ ✷✵✶✾✮✳ P♦r ❧♦ t❛♥t♦✱

❞❡♣❡♥❞❡ t♦t❛❧♠❡♥t❡ ❞❡ ❧❛ ❝♦♠❜✐♥❛❝✐ó♥ ❞❡ ♠♦t♦r ② ❝♦♥tr♦❧❛❞♦r✳

▲❛ ❝✉r✈❛ ✐❞❡❛❧ ❞❡ ❧♦s ♠♦t♦r❡s ❞❡ tr❛❝❝✐ó♥ s❡ ♠✉❡str❛ ❡♥ ❧❛ ✜❣✉r❛ ✸✳✷✳ ❙❡ ❝♦♠♣♦♥❡ ❞❡ ❞♦s r❡❣✐♦♥❡s❀ ❡♥ ❧❛ ♣r✐♠❡r❛ r❡❣✐ó♥

❡❧ ♠♦t♦r ❡♥tr❡❣❛ ✉♥ ♣❛r ❝♦♥st❛♥t❡ ♣❛r❛ ♣r♦♣♦r❝✐♦♥❛r ✉♥❛ ❛❝❡❧❡r❛❝✐ó♥ s✉❛✈❡ ② rá♣✐❞❛✱ ❡s ❡stá ár❡❛ ❡❧ ✈♦❧t❛❥❡ ❛♣❧✐❝❛❞♦ ❛❧

♠♦t♦r ❛✉♠❡♥t❛ ❤❛st❛ ❧❧❡❣❛r ❛ s✉ ✈❛❧♦r ♥♦♠✐♥❛❧ ♠✐❡♥tr❛s q✉❡ ❡❧ ✢✉❥♦ s❡ ♠❛♥t✐❡♥❡ ❝♦♥st❛♥t❡✱ ❛❧ ♠✐s♠♦ t✐❡♠♣♦ ❡♥ ❡st❛

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

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

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

❆❧❣✉♥♦s ❛✉t♦r❡s ❝♦♠♦ ❨✐❧♠❛③ ✭✷✵✶✺✮ ❞❡s❝r✐❜❡♥ ✉♥❛ t❡r❝❡r❛ r❡❣✐ó♥ ❞♦♥❞❡ s❡ ♣r❡s❡♥t❛ ✉♥❛ ♦♣❡r❛❝✐ó♥ ❛ ✈❡❧♦❝✐❞❛❞❡s ♣♦r

❡♥❝✐♠❛ ❞❡ ❧❛ ♠á①✐♠❛ ✈❡❧♦❝✐❞❛❞ ❝♦♥ ♠í♥✐♠♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡ ♣♦t❡♥❝✐❛✳ ❞❡❜✐❞♦ ❛ q✉❡ ❡st❛ ❝✉r✈❛ ♣r♦♣♦r❝✐♦♥❛ ❧❛ ♠❛②♦r

✐♥❢♦r♠❛❝✐ó♥ s♦❜r❡ ❡❧ ❞❡s❡♠♣❡ñ♦ ❞❡ ✉♥ ♠♦t♦r ❞❡ tr❛❝❝✐ó♥ ❡♥ ❡st❛ s❡❝❝✐ó♥ s❡ ❞❡s❝r✐❜❡♥ ❧♦s ❝♦♥❝❡♣t♦s ✐♥✈♦❧✉❝r❛❞♦s ② ♠ás

✉s❛❞♦s ❡♥ ❡❧ ❛♥á❧✐s✐s ❞❡❧ ❞❡s❡♠♣❡ñ♦ ❞❡ ❧♦s ▼❊❚✳

✸✳✸✳✷✳ P❛r✳

❊❧ ♣❛r ❡s ✉♥❛ ♠❡❞✐❞❛ ❞❡ ❧❛ ❢✉❡r③❛ ❞❡ ❣✐r♦ s♦❜r❡ ✉♥ ♦❜❥❡t♦ ✭❚♦♥❣✱ ✷✵✶✹✮✱ ❡s ✉♥ ❝❛♥t✐❞❛❞ ✈❡❝t♦r✐❛❧ ❞❡✜♥✐❞❛ ♣♦r ❧❛ ❡❝✉❛❝✐ó♥

✸✳✸✷ ② ❧❛ ❞✐r❡❝❝✐ó♥ ❡s ❞❡✜♥✐❞❛ ♣❡r♣❡♥❞✐❝✉❧❛r t❛♥t♦ ❛ r ❝♦♠♦ ❛ ❋✳ ❊❧ ♣❛r ❞❡ ✉♥ ♠♦t♦r ❡❧é❝tr✐❝♦ ♣✉❡❞❡ s❡r ❝❧❛s✐✜❝❛❞♦ ❡♥

♣❛r ❡stát✐❝♦ ② ♣❛r ❞✐♥á♠✐❝♦✿ ❡❧ ♣❛r ❡stát✐❝♦ s❡ r❡✜❡r❡ ❛ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ♣❛r q✉❡ ❡❧ ♠♦t♦r ♣✉❡❞❡ ❡♥tr❡❣❛r ❛ ✉♥❛ ✈❡❧♦❝✐❞❛❞



❈❆P❮❚❯▲❖ ✸✳ ❚❊❖❘❮❆ ❉❊ ▲❖❙ ▼❖❚❖❘❊❙ ❊▲➱❈❚❘■❈❖❙ ✺✷

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

❛♣❧✐❝❛❞❛✳

T = r̄ × F̄ ✭✸✳✸✷✮

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

❝❛♠❜✐♦ ❞❡❧ ♠♦♠❡♥t♦ ❛♥❣✉❧❛r✱ ▼❛ ✭◆✲♠✲s✮ q✉❡ ❛ s✉ ✈❡③ ♣✉❡❞❡ s❡r ❡①♣r❡s❛❞♦ ❝♦♠♦ ❡❧ ♣r♦❞✉❝t♦ ❞❡❧ ♠♦♠❡♥t♦ ♣♦❧❛r ❞❡

✐♥❡r❝✐❛✱ ❏♣✱ ② ❧❛ ✈❡❧♦❝✐❞❛❞ ❛♥❣✉❧❛r✱ ❡❝✉❛❝✐♦♥❡s ✸✳✸✸ ② ✸✳✸✹✳

T =
d

dt
Ma ✭✸✳✸✸✮

Ma = Jp × ω ✭✸✳✸✹✮

P❛r ❝♦♥t✐♥✉♦✳ ❉❡✜♥✐❞♦ ♣♦r ❧❛ ✈❡❧♦❝✐❞❛❞ ② ♣♦t❡♥❝✐❛ ♥♦♠✐♥❛❧ ✭❚♦♥❣✱ ✷✵✶✹✮✳ ❊st❡ ♣❛r ❡s ❡❧ ♣r♦♣♦r❝✐♦♥❛❞♦ ♣♦r ❡❧ ♠♦t♦r

♣❛r❛ ♣♦❞❡r ♠♦✈❡r ❝❛r❣❛s ❞❡ ❢♦r♠❛ ❝♦♥t✐♥✉❛ ② s✉❛✈❡✳ ❊❧ ♣❛r ❝♦♥t✐♥✉♦ q✉❡ ✉♥ ♠♦t♦r ♣✉❡❞❡ ♣r♦♣♦r❝✐♦♥❛r ❡stá ❧✐♠✐t❛❞♦

♣♦r ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ❡♥❢r✐❛♠✐❡♥t♦ ❞❡❧ ♠♦t♦r ② ❧❛ ❡✜❝✐❡♥❝✐❛ ✭❚❛♥❣✱ ✷✵✶✵✮✳

P❛r ♣✐❝♦✳ ❊stá ❛s♦❝✐❛❞♦ ❝♦♥ ❧❛ ❝♦rr✐❡♥t❡ ♣✐❝♦✱ ❡s ❡❧ ♣❛r ♠á①✐♠♦ q✉❡ ✉♥ ♠♦t♦r ♣✉❡❞❡ ♣r♦❞✉❝✐r ♣♦r ♣❡r✐♦❞♦s ❝♦rt♦s s✐♥

❡①❝❡❞❡r ❧❛ t❡♠♣❡r❛t✉r❛ ❧í♠✐t❡ ♦ ❡❧ ♣❛r ❞❡ ♦♣❡r❛❝✐ó♥ s❡❣✉r❛✳ ❊❧ ♣❛r ♣✐❝♦ ♣♦s❡❡ ❞♦s ❝♦♠♣♦♥❡♥t❡s✱ ❡❧ ♣❛r ❞❡ ❛❝❡❧❡r❛❝✐ó♥

② ♣❛r ❝♦♥st❛♥t❡✳ ❊❧ ♣❛r ❞❡ ❛❝❡❧❡r❛❝✐ó♥ ❡s ❝❛✉s❛❞♦ ♣♦r ❧❛s ❢✉❡r③❛s ❞❡ ✐♥❡r❝✐❛ ❝♦♥ ❧❛ ❛❝❡❧❡r❛❝✐ó♥ ❛♥❣✉❧❛r ♠á①✐♠❛✳ ❊❧ ♣❛r

❝♦♥st❛♥t❡ s❡ ❞❡❜❡ ❛ ❢✉❡r③❛s ♥♦ ✐♥❡r❝✐❛❧❡s ❝♦♠♦ ❣r❛✈❡❞❛❞✱ ❢r✐❝❝✐ó♥ ❝❛r❣❛s ♣r❡✈✐❛s ② ♦tr❛s ✭❚♦♥❣✱ ✷✵✶✹✮✳

❘✐③❛❞♦ ❞❡❧ ♣❛r✳ ❈✉❛♥❞♦ ✉♥ ♠♦t♦r ❡stá ♦♣❡r❛♥❞♦ ❡♥ ❡st❛❞♦ ♣❡r♠❛♥❡♥t❡ ❡❧ ♣❛r ❞❡ s❛❧✐❞❛ ♥♦ ❡s t♦t❛❧♠❡♥t❡ ❝♦♥st❛♥t❡✱

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

❞❡♣❡♥❞✐❡♥❞♦ ❞❡ ❧❛ ❢✉❡♥t❡ q✉❡ ❧♦ ♦r✐❣✐♥❡✿ ❡❧ ♣❛r ♣✉❧s❛♥t❡✱ ❡❧ ♣❛r ✢✉❝t✉❛♥t❡✱ ❡❧ ♣❛r ❞❡ r❡❧✉❝t❛♥❝✐❛ ② ❡❧ ♣❛r ❞❡ ❧♦s s✐st❡♠❛s

♠❡❝á♥✐❝♦s ② ❞❡ ✐♥❡r❝✐❛✳ ❊❧ ♣❛r ♣✉❧s❛♥t❡ s❡ ♦r✐❣✐♥❛ ❞❡ ❧❛ ❢♦r♠❛ tr❛♣❡③♦✐❞❛❧ ✐♥❤❡r❡♥t❡ ❞❡ ❧❛ ❢✉❡r③❛ ❝♦♥tr❛❡❧❡❝tr♦♠♦tr✐③✳

❊❧ ♣❛r ❞❡ ✢✉❝t✉❛❝✐ó♥ ❡s ♣r♦✈♦❝❛❞♦ ♣♦r ❛❧t❡r❛❝✐♦♥❡s ❡♥ ❧❛ ♠❛❣♥✐t✉❞ ❞❡ ❧❛s ❝♦rr✐❡♥t❡s ❞❡ ❢❛s❡❀ ❡❧ ♣❛r ❞❡ r❡❧✉❝t❛♥❝✐❛ ❡s ❧❛

❝♦♠♣♦♥❡♥t❡ ❞❡❧ ♣❛r q✉❡ ♥♦ s❡ r❡❧❛❝✐♦♥❛ ❝♦♥ ❧❛ ❝♦rr✐❡♥t❡ s✉♠✐♥✐str❛❞❛ ② ❡❧ ♣❛r ♠❡❝á♥✐❝♦ s❡ ♣r❡s❡♥t❛ ♣♦r ❧❛ ❞✐♥á♠✐❝❛ ❞❡

❧❛ ❝❛r❣❛✳

❊❧ ♣❛r ❞❡ r❡❧✉❝t❛♥❝✐❛ s❡ ♦r✐❣✐♥❛ ♣♦r ❧❛ r❡❧✉❝t❛♥❝✐❛ ✈❛r✐❛❜❧❡ ❝♦♠♦ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ r♦t♦r✳ ❈✉❛♥❞♦ ❡❧ r♦t♦r ❣✐r❛✱

❧♦s ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ♣❛s❛ s✉❝❡s✐✈❛♠❡♥t❡ ❛ tr❛✈és ❞❡ ❧♦s ❞✐❡♥t❡s ② ❧❛s r❛♥✉r❛s ❞❡❧ ❡st❛t♦r✱ ♦❝❛s✐♦♥❛♥❞♦ ✈❛r✐❛❝✐♦♥❡s

❡♥ ❡❧ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦✳ ❊❧ r♦t♦r t✐❡♥❞❡ ❛ ❜❧♦q✉❡❛rs❡ ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ❞♦♥❞❡ s❡ ❛❧❝❛♥③❛ ❧❛ ♠á①✐♠❛ ♣❡r♠❡❛❜✐❧✐❞❛❞✳ ❈✉❛♥❞♦
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❡❧ r♦t♦r s❡ ❞❡s❢❛s❛ ❞❡ ❞✐❝❤❛ ♣♦s✐❝✐ó♥ ❞❡ ❡q✉✐❧✐❜r✐♦ s❡ ❣❡♥❡r❛♥ ❢✉❡r③❛s t❛♥❣❡♥❝✐❛❧❡s ❡♥tr❡ ❧♦s ❞✐❡♥t❡s ❞❡❧ ❡st❛t♦r ② ❡❧ r♦t♦r

q✉❡ ✐♥t❡♥t❛r ❧❧❡✈❛r ❛❧ r♦t♦r ❞❡ ♥✉❡✈♦ ❛❧ ❡q✉✐❧✐❜r✐♦✱ ②❛ s❡❛ tr❛t❛♥❞♦ ❞❡ ❝♦♥s❡r✈❛r ❧❛ ♣♦s✐❝✐ó♥ ♣r❡✈✐❛ ♦ ❡♠♣✉❥❛♥❞♦ ❡❧ r♦t♦r

❛ ❧❛ ♣ró①✐♠❛ ♣♦s✐❝✐ó♥ ❞❡ ❡q✉✐❧✐❜r✐♦ ✭❚♦♥❣✱ ✷✵✶✹✮✱ ♦r✐❣✐♥❛♥❞♦ ❛sí ❡❧ r✐③❛❞♦ ❞❡❧ ♣❛r✳

T (t) = To + Tp(t) ✭✸✳✸✺✮

❯♥ r✐③❛❞♦ ❡①❝❡s✐✈♦ ❝❛✉s❛ r✉✐❞♦ ② ✈✐❜r❛❝✐♦♥❡s q✉❡ s❡ tr❛♥s♠✐t❡♥ ❛❧ tr❡♥ ♠♦tr✐③ ❛❢❡❝t❛♥❞♦ ❧❛ ❞✉r❛❜✐❧✐❞❛❞ ❞❡ ❧♦s ❝♦♠♣♦✲

♥❡♥t❡s ✭❨❛♥❣ ❡t ❛❧✳✱ ✷✵✶✼✮✳

▼ét♦❞♦s ♣❛r❛ r❡❞✉❝✐r ❡❧ ♣❛r ❞❡ r❡❧✉❝t❛♥❝✐❛✳ ❊❧ ♠ét♦❞♦ ♠ás ❡❢❡❝t✐✈♦ ♣✉❡st♦ ❡♥ ♣rá❝t✐❝❛ ❝♦♥s✐st❡ ❡♥ s❡s❣❛r ②❛

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

r❡s♣❡❝t♦ ❛ ❧♦s ❞✐❡♥t❡s ❞❡❧ ❡st❛t♦r ✭❚♦♥❣✱ ✷✵✶✹✮✳ ❖tr♦ ♠ét♦❞♦ ❡s ✉t✐❧✐③❛r ✉♥ ❞❡✈❛♥❛❞♦ ❝♦♥ ♥ú♠❡r♦ ❢r❛❝❝✐♦♥❛r✐♦ ❞❡ r❛♥✉r❛s

♣♦r ♣♦❧♦✱ ❝♦♥ ❡st❡ ♠ét♦❞♦ ♥♦ s♦❧♦ s❡ r❡❞✉❝❡ ❡❧ ♣❛r ❞❡ r❡❧✉❝t❛♥❝✐❛✱ t❛♠❜✐é♥ s❡ ❞✐s♠✐♥✉②❡♥ ❡❧ ♦r❞❡♥ ❞❡ ❧♦s ❛r♠ó♥✐❝♦s

❞❡❜✐❞♦ ❛ q✉❡ s❡ r♦♠♣❡ ❧❛ ♣❡r✐♦❞✐❝✐❞❛❞ ❡♥ ❡❧ ❛rr❡❣❧♦ ❞❡❧ ❞❡✈❛♥❛❞♦ ❧♦❣r❛♥❞♦ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ♠ás s✐♥✉s♦✐❞❛❧✳ ❙❡ ❞❡❜❡

t❡♥❡r ❡♥ ❝✉❡♥t❛ q✉❡ ❛❧ ✐♠♣❧❡♠❡♥t❛r ❡stás té❝♥✐❝❛s✱ ❧❛ ♣r♦②❡❝❝✐ó♥ ❞❡ ♣♦❧♦s ❞❡❧ ♠♦t♦r ❞✐s♠✐♥✉②❡ ♣♦r ❧♦ q✉❡✱ ❛✉♥q✉❡ ❧❛

♦♣❡r❛❝✐ó♥ s❡ ✈✉❡❧✈❡ ♠ás s✉❛✈❡ ❡❧ ♣❛r ♥❡t♦ ❞✐s♠✐♥✉②❡✳

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

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

s❛❧✐❞❛ ✐❣✉❛❧ ❛ ❝❡r♦ ✭❚♦♥❣✱ ✷✵✶✹✮✱ ❊❧ ♠í♥✐♠♦ ✈❛❧♦r ❞❡ ♣❛r q✉❡ ❡❧ ♠♦t♦r ❡♥tr❡❣❛ ❡♥ ❝✉❛❧q✉✐❡r ♣♦s✐❝✐ó♥ ❞❡❧ r♦t♦r ❡♥ r❡♣♦s♦

❛❧ ❛♣❧✐❝❛rs❡ ❡❧ ✈♦❧t❛❥❡ ♥♦♠✐♥❛❧ ❛ ❧❛ ❢r❡❝✉❡♥❝✐❛ ♥♦♠✐♥❛❧ ✭❚♦❧✐②❛t ❛♥❞ ❑❧✐♠❛♥✱ ✷✵✵✹✮✱ t❛♠❜✐é♥ ❡s ❝♦♥♦❝✐❞♦ ❝♦♠♦ ❡❧ ♣❛r

❞❡ ❛rr❛♥q✉❡✳ ❊❧ ♣❛r ♠á①✐♠♦ ❞❡ r♦t✉r❛ ❡s ❡❧ ♠á①✐♠♦ ♣❛r q✉❡ ❡❧ ♠♦t♦r ♣✉❡❞❡ ❡♥tr❡❣❛r ❝♦♥ ❡❧ ✈♦❧t❛❥❡ ② ❧❛ ❢r❡❝✉❡♥❝✐❛

♥♦♠✐♥❛❧❡s ❛♥t❡s ❞❡ q✉❡ s❡ ♣r♦❞✉③❝❛ ✉♥❛ ❝❛í❞❛ ❛❜r✉♣t❛ ❡♥ ❧❛ ✈❡❧♦❝✐❞❛❞ ✭❚♦❧✐②❛t ❛♥❞ ❑❧✐♠❛♥✱ ✷✵✵✹✮✳ ❊❧ ♣❛r ♠á①✐♠♦ ❞❡

❞❡s✈✐❛❝✐ó♥✳ ❡s ❡❧ ♣❛r ♠ás ❛❧t♦ q✉❡ ❡❧ ♠♦t♦r ♣✉❡❞❡ ❡♥tr❡❣❛r s✐♥ ❜❧♦q✉❡❛rs❡✳

❉❡♥s✐❞❛❞ ❞❡ ♣❛r ② ♣❛r ❡s♣❡❝í✜❝♦✳ ❉♦s ♠étr✐❝❛s ✐♠♣♦rt❛♥t❡s ♣❛r❛ ❞❡t❡r♠✐♥❛r q✉é t❛♥ ❝♦♥✈❡♥✐❡♥t❡ ❡s ✉♥ ♠♦t♦r

♣❛r❛ s❡r ✉t✐❧✐③❛❞♦ ❝♦♠♦ s✐st❡♠❛ ❞❡ tr❛❝❝✐ó♥ s♦♥ ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ♣❛r ② ❡❧ ♣❛r ❡s♣❡❝✐✜❝♦✳ ▲❛ ❞❡♥s✐❞❛❞ ❞❡ ♣❛r ❡s ❧❛ r❡❧❛❝✐ó♥

❡♥tr❡ ❡❧ ♣❛r ♥♦♠✐♥❛❧ ② ❡❧ ✈♦❧✉♠❡♥ ❞❡❧ ♠♦t♦r✱ ❡s ✉♥❛ ♠❡❞✐❞❛ ❞❡ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ♣❛r ❞❡ t♦rs✐ó♥ ♣♦r ✉♥✐❞❛❞ ❞❡ ✈♦❧✉♠❡♥✱

✉♥ ♠♦t♦r ❝♦♥ ❛❧t❛ ❞❡♥s✐❞❛❞ ❞❡ ♣❛r s❡rá ✉♥ ♠♦t♦r ❝♦♠♣❛❝t♦✳ ❊❧ ♣❛r ❡s♣❡❝í✜❝♦ ❡s ✉♥ ♣❛rá♠❡tr♦ ♠ás ✉♥✐✈❡rs❛❧ ② ❡s ❧❛

r❡❧❛❝✐ó♥ ❡♥tr❡ ❡❧ ♣❛r ♥♦♠✐♥❛❧ ② ❧❛ ♠❛s❛ ❞❡❧ ♠♦t♦r✱ ✉♥ ♣❛r ❡s♣❡❝í✜❝♦ ❛❧t♦ ✐♠♣❧✐❝❛ ✉♥❛ ♣♦t❡♥❝✐❛ ❡s♣❡❝í✜❝❛ ❛❧t❛ ② t❛♠❜✐é♥

✉♥❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ❛❝❡❧❡r❛❝✐ó♥ ♠ás ❛❧t❛ ✭▼✐❧❧❡r✱ ✷✵✵✹✮✱ ✉♥ ♠♦t♦r ❝♦♥ ✉♥ ♣❛r ❡s♣❡❝í✜❝♦ ❛❧t♦ s❡rá ✉♥ ♠♦t♦r ❧✐❣❡r♦✳
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❘❡❧❛❝✐ó♥ ❞❡ ♣❛r ❊s ❞❡s❝r✐t♦ ❝ó♠♦ ❧❛ r❡❧❛❝✐ó♥ ❞❡❧ ♣❛r ❞❡ r❡❧✉❝t❛♥❝✐❛ ❛❜s♦❧✉t♦✱ q✉❡ ❡s ❡❧ ✈❛❧♦r ❞❡ ♣✐❝♦ ❛ ♣✐❝♦ ❞❡❧

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

❞❡❧ ♣❛r✳

✸✳✸✳✸✳ P♦t❡♥❝✐❛✳

▲❛ ♣♦t❡♥❝✐❛✱ P ✭❦❲✮✱ s❡ ❞❡✜♥❡ ❝♦♠♦ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ tr❛❜❛❥♦ r❡❛❧✐③❛❞♦ ♣♦r ✉♥✐❞❛❞ ❞❡ t✐❡♠♣♦✳ ❉❡ t❛❧ ♠♦❞♦ q✉❡ ❧❛

♣♦t❡♥❝✐❛ ❣❡♥❡r❛❞❛ ♣♦r ✉♥ ♠♦t♦r ❡♥ ✉♥ ✐♥t❡r✈❛❧♦ ❞❡ t✐❡♠♣♦ s❡ ❞❡✜♥❡ ♣♦r ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✸✻✱ s✐ ❡❧ tr❛❜❛❥♦ ❞❯ ❡s ❡①♣r❡s❛❞♦

❡♥ tér♠✐♥♦s ❡♥ tér♠✐♥♦s ❞❡ ❧❛ ❢✉❡r③❛ ② ❞✐st❛♥❝✐❛✱ ② ❛ s✉ ✈❡③ ❧❛ ❢✉❡r③❛ ❡s ❡①♣r❡s❛❞❛ ❡♥ tér♠✐♥♦s ❞❡❧ ♣❛r✱ ▲❛ ♣♦t❡♥❝✐❛ ❞❡

s❛❧✐❞❛ ❞❡ ✉♥ ♠♦t♦r✱ ❡s ❡①♣r❡s❛❞❛ ❝♦♠♦ ❡❧ ♣r♦❞✉❝t♦ ❞❡❧ ♣❛r ❞❡❧ ♠♦t♦r ② ❧❛ ✈❡❧♦❝✐❞❛❞ ❛♥❣✉❧❛r✱ ❡❝✉❛❝✐ó♥ ✸✳✸✼✳

P =
dU

dt
✭✸✳✸✻✮

dU = F · dr = T

R
· dr

P =
T

R
· dr
dt

= T · V
R

Ps = T · ω ✭✸✳✸✼✮

❊♥ tér♠✐♥♦s ❞❡ ❝❛♥t✐❞❛❞❡s ❡❧❡❝tr♦♠❛❣♥ét✐❝❛s✱ ❧❛ ♣♦t❡♥❝✐❛ ♥♦♠✐♥❛❧ t❡ór✐❝❛✱ P♥t✱ ❡stá ❞❛❞❛ ♣♦r ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✸✽✱ ❞♦♥❞❡

❇❡❤✭❚✮ ❡s ❡❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦ ❡♥ ❡❧ ❡♥tr❡❤✐❡rr♦✱ ❈❊ ✭❆✴♠✮ ❡s ❧❛ ❝❛r❣❛ ❡❧é❝tr✐❝❛✱ ❧r✭♠✮ ❡s ❡❧ ❧❛r❣♦ ❞❡❧ r♦t♦r✱ ❞❡❤ ❡s ❡❧

❞✐á♠❡tr♦ ❞❡❧ ❡♥tr❡❤✐❡rr♦ ② ♥ ✭r♣♠✮ ❡s ❧❛ ✈❡❧♦❝✐❞❛❞ ❛♥❣✉❧❛r ✭❚♦❧✐②❛t ❛♥❞ ❑❧✐♠❛♥✱ ✷✵✵✹✮✳

Pn =
π2

60
BehCElrd

2

ehnm ✭✸✳✸✽✮

❈♦♥t❡♠♣❧❛♥❞♦ ❧❛ ❣❡♦♠❡trí❛ ❞❡ ❧❛s r❛♥✉r❛s✱ ❧❛ ❝❛r❣❛ ❡❧é❝tr✐❝❛ s❡ ♣✉❡❞❡ ❡①♣r❡s❛r ❡♥ tér♠✐♥♦s ❞❡❧ ár❡❛ ❞❡ ❧❛ s❡❝❝✐ó♥

tr❛♥s✈❡rs❛❧ ❞❡❧ t♦t❛❧ ❞❡ ❝♦♥❞✉❝t♦r❡s ❡♥ ❝❛❞❛ r❛♥✉r❛✱ ❜❤✭♠✷✮✱ ❞❡ ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ❝♦rr✐❡♥t❡✱ ❏✭❆✴♠✷✮ ② ❞❡ ❧❛ ❞✐st❛♥❝✐❛

❡♥tr❡ ❝❛❞❛ r❛♥✉r❛✱ ②r❛✱ t❛❧ ❝♦♠♦ s❡ ✐♥❞✐❝❛ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✸✾✳

A = J
bh

yra
✭✸✳✸✾✮
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P❛r❛ ❡❧ ❛♥á❧✐s✐s ❞❡ ♠♦t♦r❡s ❛❧✐♠❡♥t❛❞♦s ♣♦r ❈❆✱ s❡ r❡q✉✐❡r❡ ❞❡✜♥✐r ❞✐st✐♥t❛s ❝❛♥t✐❞❛❞❡s r❡❧❛❝✐♦♥❛❞❛s ❝♦♥ ❧❛ ♣♦t❡♥❝✐❛✳

P♦t❡♥❝✐❛ r❡❛❧ ❊s ❡❧ ✈❛❧♦r ✐♥st❛♥tá♥❡♦ ❞❡ ❧❛ ♣♦t❡♥❝✐❛ ❞❛❞♦ ♣♦r ❡❧ ♣r♦❞✉❝t♦ ❞❡❧ ✈♦❧t❛❥❡ ② ❧❛ ❝♦rr✐❡♥t❡ ✐♥st❛♥tá♥❡♦s✱

❡❝✉❛❝✐ó♥ ✸✳✹✵✳ ▲❛ ♣♦t❡♥❝✐❛ r❡❛❧ ❡s ❞❡ ❣r❛♥ ✐♠♣♦rt❛♥❝✐❛ ♣♦rq✉❡ ❡❧ ✈❛❧♦r ♠á①✐♠♦ ❞❡ ❡st❛ ❞❡❜❡ s❡r ❧✐♠✐t❛❞♦ ♣❛r❛ ❡✈✐t❛r

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

p(t) = v(t)i(t) ✭✸✳✹✵✮

P♦t❡♥❝✐❛ ❛❝t✐✈❛ ✭♣r♦♠❡❞✐♦✮✳ P❛r❛ ❡❧ ❝❛s♦ ❞❡ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s✱ q✉❡ s♦♥ ❛❧✐♠❡♥t❛❞♦s ♣♦r ❝♦rr✐❡♥t❡s ❞❡ ❈❆

q✉❡ ♠✉❡str❛♥ ❝♦♠♣♦rt❛♠✐❡♥t♦s ♣❡r✐ó❞✐❝♦s✱ ❧❛ ♣♦t❡♥❝✐❛ ♣r♦♠❡❞✐♦✱ P ✭❲✮✱ s❡ ♦❜t✐❡♥❡ ❝♦♠♦ ✉♥ ♠❡❞✐♦ ❞❡❧ ♣r♦❞✉❝t♦ ❞❡❧

✈❛❧♦r ♠á①✐♠♦ ❞❡❧ ✈♦❧t❛❥❡ ♣♦r ❡❧ ✈❛❧♦r ♠á①✐♠♦ ❞❡ ❧❛ ❝♦rr✐❡♥t❡ ② ♣♦r ❡❧ ❝♦s❡♥♦ ❞❡ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❧♦s á♥❣✉❧♦s ❞❡ ❢❛s❡

❡♥tr❡ ❡❧ ✈♦❧t❛❥❡ ② ❧❛ ❝♦rr✐❡♥t❡✳ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✹✶✱ ❞♦♥❞❡ ❱♠ ❡s ❡❧ ✈❛❧♦r ♠á①✐♠♦ ❞❡❧ ✈♦❧t❛❥❡ s✐♥✉s♦✐❞❛❧✱ ■♠ ❡s ❡❧ ✈❛❧♦r ♣✐❝♦

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

P =
1

2
VmImcos(θ − φ) ✭✸✳✹✶✮

❱❛❧♦r❡s ❡❢❡❝t✐✈♦s ▲♦s ✈❛❧♦r❡s ❡❢❡❝t✐✈♦s ❞❡ ❧♦s ✈♦❧t❛❥❡s ② ❧❛s ❝♦rr✐❡♥t❡s s✐♥✉s♦✐❞❛❧❡s s♦♥ ✉♥❛ ♠❡❞✐❞❛ ❞❡ ❧❛ ❡❢❡❝t✐✈✐❞❛❞

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

❛❧ ✈❛❧♦r ❞❡ ❧❛ ❝♦rr✐❡♥t❡ ❞✐r❡❝t❛ q✉❡ ❛❧ ✢✉✐r ♣♦r ✉♥ ❛ r❡s✐st♦r ❞❡ ❘ ✭❖❤♠✮ ❡♥tr❡❣❛ ❧❛ ♠✐s♠❛ ♣♦t❡♥❝✐❛ ♣r♦♠❡❞✐♦ q✉❡ ❧❛

❝♦rr✐❡♥t❡ ❞❡ ❛❧t❡r♥❛✳ P❛r❛ ❡❧ ❝❛s♦ ❞❡ ✉♥ ❝♦rr✐❡♥t❡ ❞❡ ❛❧t❡r♥❛ ❝♦♥ ✉♥❛ ❛♠♣❧✐t✉❞ ■♠❡❧ ✈❛❧♦r ❡❢❡❝t✐✈♦ ■❡❢✱ ❡stá ❞❛❞♦ ♣♦r ❧❛

❡❝✉❛❝✐ó♥ ✸✳✹✷

Ief =
Im√
2

✭✸✳✹✷✮

❊❧ ✉s♦ ❞❡ ✈❛❧♦r❡s ❡❢❡❝t✐✈♦s s✐♠♣❧✐✜❝❛ ❧✐❣❡r❛♠❡♥t❡ ❧❛ ❡①♣r❡s✐ó♥ ♣❛r❛ ❧❛ ♣♦t❡♥❝✐❛ ♣r♦♠❡❞✐♦ ❛❧ ❤❛❝❡r ✉s♦ ❞❡ ❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡

✈❛❧♦r❡s ❡❢❡❝t✐✈♦s✱ ♠♦str❛❞❛ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ♣❛r❛ ❡❧ ❝❛s♦ ❞❡ ❧❛ ❝♦rr✐❡♥t❡✳ ❊♥ ❧❛ ❡❝✉❛❝✐ó♥✱ s❡ ❡①♣r❡s❛ ❧❛ ♣♦t❡♥❝✐❛ ♣r♦♠❡❞✐♦

❡♥ tér♠✐♥♦s ❞❡ ❧♦s ✈❛❧♦r❡s ❡❢❡❝t✐✈♦s✳ ❉✐❝❤❛ ❡①♣r❡s✐ó♥ ❡s út✐❧ ②❛ q✉❡ ❡♥ ❡❧ ❝❛♠♣♦ ❞❡ ❧❛ tr❛♥s♠✐s✐ó♥ ❞❡ ♣♦t❡♥❝✐❛ ② ♠áq✉✐♥❛s

❡❧é❝tr✐❝❛s ❧♦s ✈❛❧♦r❡s ❞❡ ✉s♦ ❝♦♠ú♥ s♦♥ ❧♦s ✈❛❧♦r❡s ❡✜❝❛❝❡s ❡♥ ❧✉❣❛r ❞❡ ❧❛ ❛♠♣❧✐t✉❞✱ ❧❛ ❝✉❛❧ s✉❡❧❡ ✉s❛rs❡ ❡♥ ❡❧ ❝❛♠♣♦ ❞❡

❧❛ ❡❧❡❝tró♥✐❝❛✳

P = VefIefcos(θ − φ) ✭✸✳✹✸✮
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P♦t❡♥❝✐❛ ❆♣❛r❡♥t❡ ② ❢❛❝t♦r ❞❡ ♣♦t❡♥❝✐❛✳ ❊s ❧❛ ♣♦t❡♥❝✐❛ q✉❡ s❡ ♦❜t✐❡♥❡ ❛❧ ❡♠♣❧❡❛r ✈❛❧♦r❡s ❡✜❝❛❝❡s✱ ❡❝✉❛❝✐ó♥✱ ❧❛s

✉♥✐❞❛❞❡s ❞❡ ❧❛ ♣♦t❡♥❝✐❛ ❛♣❛r❡♥t❡ s❡ ♠✐❞❡♥ ❡♥ ❱❆ ♣❛r❛ ❡✈✐t❛r ❝✉❛❧q✉✐❡r ❝♦♥❢✉s✐ó♥✳ ❊❧ ❢❛❝t♦r ❞❡ ♣♦t❡♥❝✐❛ ❡s ✉♥❛ ♠❡❞✐❞❛

❞❡ ❝✉❛♥t❛ ❞❡ ❧❛ ❝♦rr✐❡♥t❡ s✉♠✐♥✐str❛❞❛ ❛❧ ♠♦t♦r ♣r♦❞✉❝❡ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦ ❝♦♠♣❛r❛❞❛ ❝♦♥ ❧❛ ❝♦rr✐❡♥t❡ ❞❡ ❧❛s ♣ér❞✐❞❛s

♠ás ❧❛ ♣♦t❡♥❝✐❛ ❞❡ s❛❧✐❞❛✳

FP =
P

Pap

✭✸✳✹✹✮

✸✳✸✳✹✳ ❱❡❧♦❝✐❞❛❞

❱❡❧♦❝✐❞❛❞ sí♥❝r♦♥❛ ▲❛ ✈❡❧♦❝✐❞❛❞ sí♥❝r♦♥❛ s❡ ♦❜t✐❡♥❡ ❝♦♠♦ ❧❛ ❝♦rr❡s♣♦♥❞❡♥❝✐❛ ❡♥tr❡ ❧❛ ✈❡❧♦❝✐❞❛❞ ❛♥❣✉❧❛r ❡❧é❝tr✐❝❛

② ❧❛ ✈❡❧♦❝✐❞❛❞ ❛♥❣✉❧❛r ♠❡❝á♥✐❝❛✱ ❧❛ ❝✉❛❧ s❡ r❡❧❛❝✐♦♥❛ ♣♦r ♠❡❞✐♦ ❞❡❧ ♥ú♠❡r♦ ❞❡ ♣♦❧♦s ❡♥ ❡❧ ❡st❛t♦r ✭●♦✉r✐s❤❛♥❦❛r✱

✶✾✻✾✮✳ ▲❛s ❡❝✉❛❝✐♦♥❡s ✸✳✹✺ ② ✸✳✹✻ ❞❡s❝r✐❜❡♥ ❞✐❝❤❛ r❡❧❛❝✐ó♥✳ ❊st❛ ❡s ❧❛ ✈❡❧♦❝✐❞❛❞ ❛ ❧❛ q✉❡ s❡ ❡♥❝✉❡♥tr❛ ❣✐r❛♥❞♦ ❡❧ ❝❛♠♣♦

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

fsin =
np

120
✭✸✳✹✺✮

nsin = nmpp ✭✸✳✹✻✮

❱❡❧♦❝✐❞❛❞ ❜❛s❡ ② ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛✳ ❊♥ ❧❛ ❝✉r✈❛ ❞❡ ♣❛r✲✈❡❧♦❝✐❞❛❞ ❞❡ ❧♦s ▼❊❚✱ s❡ ❝♦♥♦❝❡ ❝♦♠♦ ✈❡❧♦❝✐❞❛❞ ❜❛s❡

❛ ❛q✉❡❧❧❛ ❞♦♥❞❡ t❡r♠✐♥❛ ❧❛ ③♦♥❛ ❞❡ ♣❛r ❝♦♥st❛♥t❡ ② ❝♦♠✐❡♥③❛ ❧❛ ③♦♥❛ ❞❡ ♣♦t❡♥❝✐❛ ❝♦♥st❛♥t❡✳ ▲❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❡s

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

❱❡❧♦❝✐❞❛❞ ❈rít✐❝❛✳ ❱❡❧♦❝✐❞❛❞ ❛ ❧❛ q✉❡ ♦❝✉rr❡ r❡s♦♥❛♥❝✐❛ ♠❡❝á♥✐❝❛✳ ❈❛❞❛ ❝♦♠♣♦♥❡♥t❡ ♠❡❝á♥✐❝♦ ♣✉❡❞❡ ❡♥tr❛r ❡♥

r❡s♦♥❛♥❝✐❛ ❡♥ ❧❛ ❧❧❛♠❛❞❛ ❢r❡❝✉❡♥❝✐❛ ❞❡ r❡s♦♥❛♥❝✐❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ❝❛❞❛ ❡❧❡♠❡♥t♦✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❡♥ ✉♥ tr❡♥ ♠♦tr✐③

❞❡❜✐❞♦ ❛ ❧❛ ❝♦♥❡①✐ó♥ ❞❡ ❞✐❢❡r❡♥t❡s ❡❧❡♠❡♥t♦s✱ s❡ ❢♦r♠❛ ✉♥❛ ♥✉❡✈❛ ❢r❡❝✉❡♥❝✐❛ ❞❡ r❡s♦♥❛♥❝✐❛✳

✸✳✸✳✺✳ ❊✜❝✐❡♥❝✐❛

▲❛ ❡✜❝✐❡♥❝✐❛ ❡s ✉♥❛ ♠❡❞✐❞❛ ❞❡ q✉❡ t❛♥ ❡❢❡❝t✐✈❛ ❡s ❧❛ ❝♦♥✈❡rs✐ó♥ ❞❡ ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛ ❡♥ ❡♥❡r❣í❛ ♠❡❝á♥✐❝❛✳ ❊s ❞❡✜♥✐❞❛

❝♦♠♦ ❧❛ r❛③ó♥ ❡♥tr❡ ❧❛ ♣♦t❡♥❝✐❛ ❞❡ ❡♥tr❛❞❛ ② ♣♦t❡♥❝✐❛ ❞❡ s❛❧✐❞❛✳
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▼❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛✳ ❊❧ ♠❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛ ❞❡ ✉♥ ♠♦t♦r ❡s ✉♥❛ r❡♣r❡s❡♥t❛❝✐ó♥ ❞❡❧ ✈❛❧♦r ❞❡ ❧❛ ❡✜❝✐❡♥❝✐❛ ❡♥ ❝❛❞❛

♣✉♥t♦ ❞❡ ♦♣❡r❛❝✐ó♥ ❧✐♠✐t❛❞♦ ♣♦r ❧❛ ❝✉r✈❛ ❞❡ ♣❛r✲✈❡❧♦❝✐❞❛❞✳ ❙❡ ♦❜t✐❡♥❡ ♣♦r ♠❡❞✐♦ ❞❡ ✉♥ ❛♥á❧✐s✐s r❡♣❡t✐t✐✈♦ ❞❡❧ ♠♦t♦r

✈❛r✐❛♥❞♦ ❛ ❢r❡❝✉❡♥❝✐❛✱ ✈♦❧t❛❥❡ ② ❝♦rr✐❡♥t❡ ❜❛❥♦ ✉♥❛ ❞❡ ❧❛s té❝♥✐❝❛s ❞❡ ❝♦♥tr♦❧ ✉t✐❧✐③❛❞❛s ❡♥ ❡st❡ t✐♣♦ ❞❡ ♠♦t♦r❡s✳

▲♦s ♠♦t♦r❡s ❞❡ ❈❆ s✐♥ ❡s❝♦❜✐❧❧❛s ♣✉❡❞❡♥ s❡r ❝♦♥tr♦❧❛❞♦s ♣♦r ❞✐st✐♥t❛s té❝♥✐❝❛s✿ ♠á①✐♠♦ ♣❛r ♣♦r ❛♠♣❡r❡ ✭▼❚P❆✱ ♣♦r

s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮✱ ♠á①✐♠❛ ❡✜❝✐❡♥❝✐❛✱ ❢❛❝t♦r ❞❡ ♣♦t❡♥❝✐❛ ✉♥✐t❛r✐♦✱ á♥❣✉❧♦ ❞❡ ❢❛s❡ ❝♦♥st❛♥t❡ ✭❡s ❞❡❝✐r✱ ❝♦rr✐❡♥t❡ ❡♥

❡❧ ❡❥❡ ❞✐r❡❝t♦ ✐❣✉❛❧ ❛ ❝❡r♦ ② ❧❛ ❝♦rr✐❡♥t❡ ❡♥ ❡❧ ❡❥❡ ❡♥ ❝✉❛❞r❛t✉r❛ ❡s ✈❛r✐❛❜❧❡✿ ■❞❂✵ ■q❂✈❛r✐❛❜❧❡✮✱ ♣ér❞✐❞❛s ❞❡ ♣♦t❡♥❝✐❛

❝♦♥t❛♥t❡✳ ❊❧ ♠ét♦❞♦ ♠ás ✉t✐❧✐③❛❞♦ ❡s ❡❧ ❞❡ ▼❚P❆ ② ❧♦s ✈❛❧♦r❡s ❧í♠✐t❡s ❞❡❧ ❝♦♥✈❡rt✐❞♦r ❞❡ ♣♦t❡♥❝✐❛ s❡ ♣✉❡❞❡ ❝❛❧❝✉❧❛r

❝♦♥ ❧❛ ❝✉r✈❛ ♣❛r✲✈❡❧♦❝✐❞❛❞ ♣❛r❛ t♦❞♦ ❡❧ r❛♥❣♦ ❞❡ ✈❡❧♦❝✐❞❛❞ ✭❘♦s✉ ❡t ❛❧✳✱ ✷✵✶✽✮✳

✸✳✸✳✻✳ ❚r❛♥s❢♦r♠❛❝✐♦♥❡s ❡♥ ♦tr♦s ❡❥❡s✳

❊♥ ❡❧ ❡st✉❞✐♦ ❞❡ s✐st❡♠❛s ❞❡ ♣♦t❡♥❝✐❛ ❧❛s tr❛♥s❢♦r♠❛❝✐♦♥❡s ♠❛t❡♠át✐❝❛s s♦♥ ✉s❛❞❛s ❝♦♠ú♥♠❡♥t❡ ♣❛r❛ ❞❡s❛❝♦♣❧❛r

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

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

❊❧ ❛♥á❧✐s✐s ❡♥ ❧❛ ♣r♦②❡❝❝✐ó♥ s♦❜r❡ ❧♦s ❡❥❡s ❞ ② q s❡ s✐♠♣❧✐✜❝❛ ❞❡❜✐❞♦ ❛ q✉❡ ❛❧❣✉♥❛s ❝❛♥t✐❞❛❞❡s q✉❡ ❡♥ ❧♦s ❡❥❡s ❞❡ r❡❢❡r❡♥❝✐❛

❛❜❝ s♦♥ ❞❡♣❡♥❞✐❡♥t❡s ❞❡ ❧❛ ♣♦s✐❝✐ó♥ ② ❞❡❧ t✐❡♠♣♦✳

❚r❛♥s❢♦r♠❛❞❛ ❞❡ P❛r❦ ❊❧ ♦❜❥❡t✐✈♦ ❡s tr❛♥s❢♦r♠❛r ❧❛s ❝❛♥t✐❞❛❞❡s ❞❡ ✉♥❛ ♠áq✉✐♥❛ sí♥❝r♦♥❛ ❛ ✉♥ s✐st❡♠❛ ❞❡ r❡❢❡r❡♥❝✐❛

✜❥♦ ❡♥ ❡❧ ♠♦t♦r✱ ❡❝✉❛❝✐ó♥ ✸✳✹✼✳ ❊st❡ ♠❛r❝♦ ❞❡ r❡❢❡r❡♥❝✐❛✱ ❞❡♥♦♠✐♥❛❞♦ ♣♦r ❧♦s ♥♦♠❜r❡s ❞❡ s✉s ❡❥❡s ❞✐r❡❝t♦ ② ❡♥ ❝✉❛❞r❛t✉r❛

❝♦♠♦ ♠❛r❝♦ ❞✲q✱ ❡❧ ❡❥❡ ❞ ❡stá ❛❧✐♥❡❛❞♦ ❝♦♥ ❡❧ ❡❥❡ ♠❛❣♥ét✐❝♦ ❞❡❧ ❝❛♠♣♦ ② ❡❧ ❡❥❡ q s❡ ❞❡✜♥❡ ✾✵➦ ❡❧é❝tr✐❝♦s ❛❞❡❧❛♥t❡ ❞❡❧

❡❥❡ ❞✳ ▲❛ ♠❛tr✐③ ❞❡ tr❛s❢♦r♠❛❝✐ó♥ s❡ ❞❡✜♥❡ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✹✽ ✭❖♥❣✱ ✶✾✾✽✮✳

fdq0 = Tdq0(θd) [fabc] ✭✸✳✹✼✮

Tdq0 =
2

3













cos (θd) cos
(

θd − 2

3
π
)

cos
(

θd +
2

3
π
)

sen (θd) −sin
(

θd − 2

3
π
)

−sen
(

θd +
2

3
π
)

1

2

1

2

1

2













✭✸✳✹✽✮

❊❧ ❡❥❡ ❞✐r❡❝t♦ ❡s ❡❧ ❡❥❡ ❞❡❧ ❝❛♠♣♦ ❞❡❧ r♦t♦r✳ ❊❧ ❡❥❡ ❡♥ ❝✉❛❞r❛t✉r❛ ❡s ❡❧ ❡❥❡ ♣❡r♣❡♥❞✐❝✉❧❛r ❛❧ ❝❛♠♣♦ ❞❡❧ ❡♠❜♦❜✐♥❛❞♦✳
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✸✳✸✳✼✳ ❱❛❧♦r❡s ✉♥✐t❛r✐♦s✳

❊❧ s✐st❡♠❛ ❞❡ ✈❛❧♦r❡s ✉♥✐t❛r✐♦s s❡ ♦❜t✐❡♥❡ ❛❧ ❞✐✈✐❞✐r ❧♦s ✈❛❧♦r❡s r❡❛❧❡s ♣♦r ✉♥ ✈❛❧♦r ❞❡ r❡❢❡r❡♥❝✐❛✳ ❚í♣✐❝❛♠❡♥t❡ ② ♣♦r

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

✐♥❞✐❝❛ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✹✾✳ ❊st❡ ♠♦❞♦ ❞❡ ❛♥á❧✐s✐s ❡s ♠✉② út✐❧ ❝✉❛♥❞♦ s❡ r❡q✉✐❡r❡♥ ❝♦♠♣❛r❛r ♠♦t♦r❡s ❝♦♥ ❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s

♥♦♠✐♥❛❧❡s✱ ❞❡❜✐❞♦ ❛ q✉❡ ❧♦s r❡s✉❧t❛❞♦s s♦♥ ♥♦r♠❛❧✐③❛❞♦s✳ ❊st❡ s✐st❡♠❛ t❛♠❜✐é♥ ❡s ♠✉② út✐❧ ❡♥ ❧❛s ❡t❛♣❛s ❞❡ ❞✐s❡ñ♦

❞♦♥❞❡ ♥♦ t✐❡♥❡♥ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡✜♥✐t✐✈❛ ❞❡ ❧♦s ♣❛rá♠❡tr♦s ❞❡❧ ♠♦t♦r ✭❚♦❧✐②❛t ❛♥❞ ❑❧✐♠❛♥✱ ✷✵✵✹✮✳

Cantidad por unidad =
V alor real

V alor nominal
✭✸✳✹✾✮

✸✳✹✳ ❈❛♠♣♦s ♠❛❣♥ét✐❝♦s ❣✐r❛t♦r✐♦s ② ❞❡✈❛♥❛❞♦s tr✐❢ás✐❝♦s✳

❯♥❛ ❢♦r♠❛ ❞❡ ♣r♦❞✉❝✐r ❝❛♠♣♦s ♠❛❣♥ét✐❝♦s ❡♥ ❧♦s ♥ú❝❧❡♦s ❧❛♠✐♥❛❞♦s ❡s ♣♦r ♠❡❞✐♦ ❝♦♥❞✉❝t♦r❡s ♣♦rt❛❞♦r❡s ❞❡ ❝♦rr✐❡♥t❡

♣❛r❛❧❡❧♦s ❛❧ ❡❥❡ ❞❡ ❧❛ ♠áq✉✐♥❛✳ ▲♦s ❝♦♥❞✉❝t♦r❡s s♦♥ ❞✐s♣✉❡st♦s ❡♥ ❜♦❜✐♥❛s ❝♦♥❡❝t❛❞♦s ❡♥ ❧♦s ❡①tr❡♠♦s ❢✉❡r❛ ❞❡ ❧♦s

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

❡❧é❝tr✐❝♦s q✉❡ ♣♦rt❛♥ ❝♦rr✐❡♥t❡ ❞❡ ❢♦r♠❛ ✐♥❞❡♣❡♥❞✐❡♥t❡ ✭❆❞❦✐♥s ❛♥❞ ❍❛r❧❡②✱ ✶✾✼✺✮✳ ❊❧ ♠ás s✐♠♣❧❡ ❞❡✈❛♥❛❞♦ ❞❡ ❆❈ q✉❡

♣r♦❞✉❝❡ ✉♥ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦ r♦t❛t♦r✐♦ ❡s ❡❧ ❜✐❢ás✐❝♦ ✭❈❤❛♣♠❛♥✱ ✷✵✵✺✱ P②r❤ö♥❡♥ ❡t ❛❧✳✱ ✷✵✵✽✮✳ ❉❡ ❛❝✉❡r❞♦ ❝♦♥ ❧❛ ❢♦r♠❛

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

❞❡✈❛♥❛❞♦s ❝♦♥❝é♥tr✐❝♦s ② ❞❡✈❛♥❛❞♦s ❞✐str✐❜✉✐❞♦s✳

P♦r ❧❛ ❢✉♥❝✐ó♥ q✉❡ ❝✉♠♣❧❡♥ ❧♦s ❞❡✈❛♥❛❞♦s s❡ ❝❧❛s✐✜❝❛♥ ❝♦♠♦✱ ❞❡✈❛♥❛❞♦s ❞❡ ❛r♠❛❞✉r❛✱ ❞❡✈❛♥❛❞♦s ❞❡ ❝❛♠♣♦✳ ▲♦s

❞❡✈❛♥❛❞♦s ❞❡ ❛r♠❛❞✉r❛ ❝✉♠♣❧❡♥ ❝♦♥ ❧❛ ❢✉♥❝✐ó♥ ♣r✐♥❝✐♣❛❧ ❡s ❡❢❡❝t✉❛r ❧❛ ❝♦♥✈❡rs✐ó♥ ❞❡ ♣♦t❡♥❝✐❛ ❡❧é❝tr✐❝❛✳ ❯♥ ❞❡✈❛♥❛❞♦

❞❡ ❝❛♠♣♦ ❡s ✉s❛❞♦ ♣❛r❛ ♣r♦✈❡❡r ✢✉❥♦ ❞❡ ❡①❝✐t❛❝✐ó♥✳ ❖tr❛s ❝❧❛s✐✜❝❛❝✐♦♥❡s ❞❡ ❧♦s ❞❡✈❛♥❛❞♦s ❡st❛s ❞❛❞❛s ♣♦r✿ ❞❡✈❛♥❛❞♦s

✐♠❜r✐❝❛❞♦s ② ❞❡✈❛♥❛❞♦s ♦♥❞✉❧❛❞♦s❀ ❞❡✈❛♥❛❞♦s ❞❡ ♣❛s♦ ❝♦rt♦ ② ♣❛s♦ ❝♦♠♣❧❡t♦✱ ❡t❝✳

❉❡❜✐❞♦ ❛ ❧❛ ❧♦❝❛❧✐③❛❝✐ó♥ ❞✐s❝r❡t❛ ❞❡ ❧❛s r❛♥✉r❛s ❧❛ ❢✉❡r③❛ ♠❛❣♥❡t♦♠♦tr✐③ ❡♥ ❡❧ ❡♥tr❡❤✐❡rr♦ ♣♦s❡❡ ❡s❝❛❧♦♥❛♠✐❡♥t♦s ❡♥

❝❛❞❛ ♣♦s✐❝✐ó♥ ❞❡ ❧❛s ❡s♣✐r❛s✳ ▲❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ♣r♦♣❛❣❛❝✐ó♥ ❞❡ ❧♦s ❛r♠ó♥✐❝♦s ❝r❡❛❞♦s ♣♦r ❡❧ ❞❡✈❛♥❛❞♦ ❡s ❞✐❢❡r❡♥t❡ ❛ ❧❛

✈❡❧♦❝✐❞❛❞ ❞❡ ❧❛ ❝♦♠♣♦♥❡♥t❡ ❢✉♥❞❛♠❡♥t❛❧✳

❆❧ r❡❞✉❝✐r ❡❧ ♣❛s♦ ❡❧ ❡①tr❡♠♦ ❞❡ ❧❛ ❜♦❜✐♥❛ ❡s ♠ás ❝♦rt♦ ② ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❝♦❜r❡ r❡q✉❡r✐❞♦ ❡s ♠❡♥♦r✳ ❊❧ ✢✉❥♦ ❝♦♥❝❛t❡♥❛❞♦

s❡ r❡❞✉❝❡ ② ❡❧ ♥ú♠❡r♦ ❞❡ ✈✉❡❧t❛s t✐❡♥❡ q✉❡ ❛✉♠❡♥t❛rs❡ ❊❧ ♣❛s♦ t❛♠❜✐é♥ ✐♥✢✉②❡ ❡♥ ❡❧ ❝♦♥t❡♥✐❞♦ ❛r♠ó♥✐❝♦ ❞❡ ❧❛ ❞❡♥s✐❞❛❞

❞❡ ✢✉❥♦ ❡♥ ❡❧ ❡♥tr❡❤✐❡rr♦✳ ❯♥ ❡♠❜♦❜✐♥❛❞♦ ❞❡ ♣❛s♦ ❝♦rt♦ ♣r♦❞✉❝❡ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❝♦rr✐❡♥t❡ ♠ás s✐♥✉s♦✐❞❛❧ q✉❡ ✉♥❛

❞❡ ♣❛s♦ ❝♦♠♣❧❡t♦ ✭P②r❤ö♥❡♥ ❡t ❛❧✳✱ ✷✵✵✽✮✳

❯♥❛ r❡❧❛❝✐ó♥ ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❡♥t❡♥❞❡r ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❡♥tr❡ ❧♦s ❝❛♠♣♦s ♠❛❣♥ét✐❝♦s ❣✐r❛t♦r✐♦s ② ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡❧

♠♦t♦r ❡s ❧❛ ❡q✉✐✈❛❧❡♥❝✐❛ ❡♥tr❡ ❣r❛❞♦s ❡❧é❝tr✐❝♦s ② ❣r❛❞♦s ♠❡❝á♥✐❝♦s q✉❡ s❡ ❞❡♥♦t❛ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✺✵✱
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θe = ppθm ✭✸✳✺✵✮

✸✳✹✳✶✳ ❉❡✈❛♥❛❞♦s✳

❊❧ ♥ú♠❡r♦ ❞❡ ③♦♥❛s s❡ ❞❡✜♥❡ ♣♦r ❡❧ ♥ú♠❡r♦ ❞❡ ❢❛s❡s✱ ♠✱ ② ❡❧ ♥ú♠❡r♦ ❞❡ ♣♦❧♦s✱ ♣✱ t❛❧ ❝♦♠♦ ❧♦ ✐♥❞✐❝❛ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✺✶✳

P♦st❡r✐♦r♠❡♥t❡ ❡❧ ♥ú♠❡r♦ ❞❡ r❛♥✉r❛s ♣♦r ❝❛❞❛ ③♦♥❛✱ q✱ s❡ ❡①♣r❡s❛ ❝♦♠♦ ❡❧ ♥ú♠❡r♦ ❞❡ r❛♥✉r❛s ♣♦r ❢❛s❡ ② ♣♦r ♣♦❧♦✱

❡❝✉❛❝✐ó♥ ✸✳✺✷✳

zonas = pm ✭✸✳✺✶✮

q =
Q

pm
✭✸✳✺✷✮

✸✳✺✳ ▼❛t❡r✐❛❧❡s ✉s❛❞♦s ❡♥ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❞❡ tr❛❝❝✐ó♥✳

▲❛s ♣r♦♣✐❡❞❛❞❡s ❢❡rr♦♠❛❣♥ét✐❝❛s ❞❡ ✉♥ ♠❛t❡r✐❛❧ ❡stá♥ ❛s♦❝✐❛❞❛s ❝♦♥ ❧♦s ♠♦♠❡♥t♦s ❛tó♠✐❝♦s ♣r♦❞✉❝✐❞♦s ♣♦r ❧❛s ♣r♦✲

♣✐❡❞❛❞❡s ❞❡ ❣✐r♦ ② ❧❛ ór❜✐t❛ ❞❡ ❧♦s ❡❧❡❝tr♦♥❡s ❬❖♥❣✶✾✾✼❪✳ ❊♥ ✉♥ ♠❛t❡r✐❛❧ ❢❡rr♦♠❛❣♥ét✐❝♦ ❧♦s ❞♦♠✐♥✐♦s s❡ ❡♥❝✉❡♥tr❛s ❡♥

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

❞✐❝❤♦ ❡♥ ❢♦r♠❛ ♣r♦♣♦r❝✐♦♥❛❧ ❛ ❧❛ ✐♥t❡♥s✐❞❛❞ ❞❡❧ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦✳ ❈✉❛♥❞♦ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ♣♦❧♦s s❡ ❤❛♥ ❛❧✐♥❡❛❞♦ s❡

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

▲♦s ♠❛t❡r✐❛❧❡s ❢❡rr♦♠❛❣♥ét✐❝♦s s❡ ❞✐✈✐❞❡♥ ❡♥ ♠❛t❡r✐❛❧❡s ♠❛❣♥ét✐❝♦s s✉❛✈❡s ② ♠❛❣♥ét✐❝♦s ❞✉r♦s✳ ❊♥ ❧♦s ♠❛t❡r✐❛❧❡s

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

② s♦♥ ❢á❝✐❧❡s ❞❡ ♠❛❣♥❡t✐③❛r✳ P♦r ❡❧ ❝♦♥tr❛r✐♦ ❧♦s ♠❛t❡r✐❛❧❡s ♠❛❣♥ét✐❝♦s ❞✉r♦s ♣r❡s❡♥t❛♥ ✉♥❛ ❝♦❡r❝✐t✐✈✐❞❛❞ ❛❧t❛ ② ❡♥ s✉

❡str✉❝t✉r❛ ❤❛② ✐rr❡❣✉❧❛r✐❞❛❞❡s ❝♦♠♦ ❞✐s❧♦❝❛❝✐♦♥❡s ♦ ✐♥❝❧✉s✐♦♥❡s ❞❡ ♠❛t❡r✐❛❧❡s ♥♦ ♠❛❣♥ét✐❝♦s✳

▲♦s ❞♦♠✐♥✐♦s ❞❡ ❲❡✐ss s♦♥ ✐♠❛♥❡s ❡❧❡♠❡♥t❛❧❡s ❡♥ ❧♦s ♠❛t❡r✐❛❧❡s ❢❡rr♦♠❛❣♥ét✐❝♦s✳ ❉✐❝❤♦s ❞♦♠✐♥✐♦s s♦♥ s❡♣❛r❛❞♦s ♣♦r

❧❛s ♣❛r❡❞❡s ❞❡ ❇❧♦❝❤✱ ❧♦s ❝✉❛❧❡s s♦♥ r❡❣✐♦♥❡s ❡♥ ❧♦s ❧í♠✐t❡s ❞❡ ❧❛s ❢r♦♥t❡r❛s ❞❡ ❝❛❞❛ ❞♦♠✐♥✐♦ ✭P②r❤ö♥❡♥ ❡t ❛❧✳✱ ✷✵✵✽✮✳

◆♦r♠❛❧♠❡♥t❡ ❧❛ s❛t✉r❛❝✐ó♥ t♦♠❛ ♣❛rt❡ ❡♥ tr❡s ❞✐❢❡r❡♥t❡s ❢❛s❡s✳ ❊♥ ✉♥ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦ ❞é❜✐❧✱ ❧♦s ❞♦♠✐♥✐♦s ❞❡ ❲❡✐ss

❡stá♥ ♣♦s✐❝✐♦♥❛❞♦s ❡♥ ❞✐r❡❝❝✐ó♥ ❞❡❧ ✐♥❝r❡♠❡♥t♦ ❞❡❧ ❝❛♠♣♦✳ ❊♥ ✉♥ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦ ❢✉❡rt❡ ❧♦s ❞♦♠✐♥✐♦s ♠❛❣♥ét✐❝♦s ❊♥

❡❧ ❞✐s❡ñ♦ ❞❡ ♠áq✉✐♥❛s ❡❧é❝tr✐❝❛s ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ♠ás ✈❛❧✐♦s❛ ❡s t♦♠❛❞❛ ❞❡ ❧❛ ❝✉r✈❛ ❇✲❍ ❞❡❧ ♠❛t❡r✐❛❧ ❡♥ ❝✉❡st✐ó♥✳

❊♥ ❣❡♥❡r❛❧ ❡❧ ❡st❛t♦r ② ❡❧ r♦t♦r s❡ ❝♦♥str✉②❡♥ ❞❡❧ ♠✐s♠♦ ♠❛t❡r✐❛❧✱ s✐♥ ❡♠❜❛r❣♦ ❡①✐st❡♥ ❝✐❡rt❛s ❝♦♥s✐❞❡r❛❝✐♦♥❡s q✉❡ ♣✉❡❞❡♥

❧❧❡✈❛r ❛❧ ✉s♦ ❞❡ ❞✐st✐♥t♦s ♠❛t❡r✐❛❧❡s ♣❛r❛ ❝❛❞❛ ❡❧❡♠❡♥t♦❀ ❧❛ ♣r✐♥❝✐♣❛❧ ❢✉♥❝✐ó♥ ❞❡❧ ❡st❛t♦r ❡s ❣❡♥❡r❛r ❡❧ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦

❣✐r❛t♦r✐♦✱ ❡♥ ❡st❡ s❡♥t✐❞♦ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❡❧❡❝tr♦♠❛❣♥ét✐❝♦s ❞❡❧ ♠❛t❡r✐❛❧ ♣❛r❛ ❡❧ ❡st❛t♦r s♦♥ ♠ás ❞❡♠❛♥❞❛♥t❡s q✉❡ ❧♦s
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r❡q✉❡r✐♠✐❡♥t♦s ❞❡❧ r♦t♦r❀ ❞❡ ❢♦r♠❛ s✐♠✐❧❛r ❡❧ r♦t♦r ❡stá s✉❥❡t♦ ❛ ♠❛②♦r❡s ❢✉❡r③❛s ❝❡♥trí❢✉❣❛s✱ ♣♦r ❧♦ q✉❡ ❧❛s ♣r♦♣✐❡❞❛❞❡s

♠❡❝á♥✐❝❛s ♣❛r❛ ❡❧ r♦t♦r s♦♥ ♠ás ❡①✐❣❡♥t❡s q✉❡ ♣❛r❛ ❡❧ ❡st❛t♦r✳

✸✳✺✳✶✳ ❆❝❡r♦ ❛❧ s✐❧✐❝✐♦✳

❆❧❡❛r ❡❧ ❛❝❡r♦ ❝♦♥ s✐❧✐❝✐♦ ✐♥❝r❡♠❡♥t❛ ❧❛ r❡s✐st✐✈✐❞❛❞ ❞❡❧ ♠❛t❡r✐❛❧ ② ♣♦r ❧♦ t❛♥t♦ r❡❞✉❝❡ ❧❛s ♣ér❞✐❞❛s ♣♦r ❝♦rr✐❡♥t❡s

♣❛rás✐t❛s✳ ❆❞❡♠ás✱ s❡ ♠♦❞✐✜❝❛ ❧❛ ❡str✉❝t✉r❛ ❞❡❧ ❣r❛♥♦ ❧♦❣r❛♥❞♦ ♠❡♥♦r❡s ♣ér❞✐❞❛s ♣♦r ❤✐stér❡s✐s✳

❊❧ ❛❝❡r♦ ❛❧ s✐❧✐❝✐♦ ♣♦s❡❡ ✉♥❛ ❡str✉❝t✉r❛ ❝ú❜✐❝❛ ❝❡♥tr❛❞❛ q✉❡ ❞✉r❛♥t❡ ❡❧ ♣r♦❝❡s♦ ❞❡ r♦❧❛❞♦ ❡st♦s ❝r✐st❛❧❡s s♦♥ ❛❧❛r❣❛❞♦s

② ❛♣❧❛♥❛❞♦s ❡♥ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡❧ r♦❧❛❞♦✳ ❙✐ ❡❧ ♠❛t❡r✐❛❧ s❡ ❝♦♥s❡r✈❛ ❡♥ ❡s❛ ❝♦♥❞✐❝✐ó♥ ❧❛s ♣r♦♣✐❡❞❛❞❡s ♠❛❣♥ét✐❝❛s s♦♥

♠❛①✐♠✐③❛❞❛s ❡♥ ❞✐❝❤❛ ❞✐r❡❝❝✐ó♥✱ ❡st❡ t✐♣♦ ❞❡ ♠❛t❡r✐❛❧ s❡ ❝♦♥♦❝❡ ❝♦♠♦ ❣r❛♥♦ ♦r✐❡♥t❛❞♦✳ ❙❡ ♣✉❡❞❡ t♦♠❛r ✈❡♥t❛❥❛ ❞❡ ❡st❛

❝❛r❛❝t❡ríst✐❝❛ sí s❡ ❛♣❧✐❝❛ ❡❧ ♠❛t❡r✐❛❧ ❡♥ ❧❛ ♠✐s♠❛ ❞✐r❡❝❝✐ó♥ ❡♥ ❧❛ q✉❡ s❡ ❡s♣❡r❛ ❡❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦✳ P♦r ❧♦ ❣❡♥❡r❛❧ s❡

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

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

✽✺✵ ✭➦❈✮ ✲ ✶✶✵✵ ✭➦❈✮✳ ❙❡ ❡❧✐♠✐♥❛ ❧❛ ❡str✉❝t✉r❛ ❞❡ ❣r❛♥♦ ② s❡ ♦❜t✐❡♥❡ ✐s♦tr♦♣í❛ ❞❡ ❧❛s ♣r♦♣✐❡❞❛❞❡s ♠❛❣♥ét✐❝❛s✳ ❊st❡ t✐♣♦

❞❡ ♠❛t❡r✐❛❧ ❡s ❝♦♠ú♥♠❡♥t❡ ✉s❛❞♦ ❡♥ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s✱ ❞♦♥❞❡ ❞❡❜✐❞♦ ❛❧ ♠♦✈✐♠✐❡♥t♦ r♦t❛t♦r✐♦ ❡❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦

❝❛♠❜✐❛ ❞❡ ❞✐r❡❝❝✐ó♥✳ ❊❧ ❝♦♥t❡♥✐❞♦ ❞❡ s✐❧✐❝✐♦ ❡s ❞❡ ✶✳✺✪ ❛ ✸✳✺✪ ♣❡r♦ ❡♥ ❣❡♥❡r❛❧ ❡❧ ❛❝❡r♦ ❛❧ s✐❧✐❝✐♦ ❞❡ ❣r❛♥♦ ♥♦ ♦r✐❡♥t❛❞♦

♣♦s❡❡ ✉♥ ♠❛②♦r ❝♦♥t❡♥✐❞♦ ❞❡ s✐❧✐❝✐♦ ❞❡ ✸✳✵✪ ❛ ✸✳✺✪❀ ✉♥ ❝♦♥t❡♥✐❞♦ ♣♦r ❡♥❝✐♠❛ ❞❡❧ ✹✳✵✪ ❞❡ s✐❧✐❝✐♦ ❜❛❥❛rí❛ ❧❛ ❞❡♥s✐❞❛❞

❞❡ ✢✉❥♦ ❛ ❧❛ q✉❡ s❡ s❛t✉r❛ ❡❧ ♠❛t❡r✐❛❧✳ ❊❧ ❝♦♥t❡♥✐❞♦ ❞❡ ❝❛r❜♦♥♦ ❡s ❜❛❥♦✱ ❛❧r❡❞❡❞♦r ❞❡❧ ✵✳✵✵✸✪✱ ❡s ♣♦r ❧♦ q✉❡ s❡ ❝♦♥♦❝❡♥

❝♦♠♦ ♠❛t❡r✐❛❧❡s s✉❛✈❡s✳ ▲❛s ✐♠♣✉r❡③❛s t❛❧❡s ❝♦♠♦ ó①✐❞♦s✱ ♥✐tr✉r♦s ② s✉❧❢✉r♦s ❞❡❜❡♥ s❡r ❝♦♥tr♦❧❛❞❛s ♣❛r❛ ❞✐s♠✐♥✉✐r ❧❛s

♣ér❞✐❞❛s ♣♦r ❤✐stér❡s✐s✳

❯♥❛ ❛❧❡❛❝✐ó♥ r✐❝❛ ❡♥ s✐❧✐❝✐♦ ❤❛❝❡ ❛❧ ♠❛t❡r✐❛❧ ❢rá❣✐❧✳ ❊❧ ❛❝❡r♦ ❡❧é❝tr✐❝♦ ♣♦s❡❡ ❝❛♥t✐❞❛❞❡s ❛❧r❡❞❡❞♦r ❞❡❧ ✻✪ ❊❧ ❛❧✉♠✐♥✐♦ ❡♥

✉♥ ✶✻✪ ❤❛❝❡ ✉♥ ♠❛t❡r✐❛❧ ♠✉② ❞✉r♦ ✭✷✺✵ ❍❱✮✱ ❯♥ ❝♦♥t❡♥✐❞♦ ❞❡❧ ✶✼✪ ❞❡ ❛❧✉♠✐♥✐♦ ✈✉❡❧✈❡ ❛❧ ♠❛t❡r✐❛❧ ♣❛r❛♠❛❣♥ét✐❝♦✳

❊❧ ■♥st✐t✉t♦ ❡st❛❞♦✉♥✐❞❡♥s❡ ❞❡❧ ❤✐❡rr♦ ② ❛❝❡r♦ ✭❆■❙■ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮ ❞❡s✐❣♥❛ ❛ ❧♦s ❛❝❡r♦s ❡❧é❝tr✐❝♦s ❞❡ ❛❝✉❡r❞♦ ❝♦♥

❧❛s ♣ér❞✐❞❛s ❡♥ ❡❧ ♥ú❝❧❡♦✳ P❛r❛ ❞❡s✐❣♥❛r ❛ ✉♥ ❛❝❡r♦ ❡❧é❝tr✐❝♦ s❡ ✉t✐❧✐③❛ ❧❛ ❧❡tr❛ ▼ s❡❣✉✐❞❛ ❞❡ ✉♥ ♥ú♠❡r♦ ❞❡ ❞❡s✐❣♥❛❝✐ó♥✱

❡♥tr❡ ♠ás ❜❛❥♦ s❡❛ ❡❧ ♥ú♠❡r♦ ♠❡♥♦r❡s s♦♥ ❧❛s ♣ér❞✐❞❛s ❡♥ ❡❧ ♥ú❝❧❡♦✳ ❉❡ t♦❞♦s ❧♦s ❣r❛❞♦s ❡①✐st❡♥t❡s ❡♥ ❧❛ ♥♦r♠❛ ❆■❙■✱

❡❧ ❣r❛❞♦ ▼✶✾ ❡s ✉♥♦ ❞❡ ❧♦s ♠ás ❝♦♠✉♥❡s ❡♥ ❡❧ ✉s♦ ❞❡ ♠♦t♦r❡s ❡❧é❝tr✐❝♦s✳

❖tr❛ ♥♦r♠❛ q✉❡ ❞❡s✐❣♥❛ ❛ ❧♦s ❛❝❡r♦s ❛❧ s✐❧✐❝✐♦ ❡s ❊◆ ✶✵✶✵✻✳ ▲♦s ❣r❛❞♦s ❞❡ ❧❛ ♥♦r♠❛ ❊◆ ✶✵✶✵✻ s♦♥ ❝❧❛s✐✜❝❛❞♦s ❞❡ ❛❝✉❡r❞♦

❝♦♥ ❡❧ ✈❛❧♦r ♠á①✐♠♦ ♣ér❞✐❞❛s ❡s♣❡❝í✜❝❛s ❡♥ ✭❲✴❑❣✮ ② ❡❧ ❡s♣❡s♦r ❞❡❧ ♠❛t❡r✐❛❧✳ ▲❛ ❞❡s✐❣♥❛❝✐ó♥ ❞❡ ❧❛s ❧á♠✐♥❛s ❞❡ ❛❝❡r♦ ❛❧

s✐❧✐❝✐♦ s❡ ❝♦♠♣♦♥❡ ❞❡ ❧❛ s✐❣✉✐❡♥t❡ ♠❛♥❡r❛✿ ▲❛ ❧❡tr❛ ▼ s❡ ✉t✐❧✐③❛ ♣❛r❛ ❞❡s✐❣♥❛r ❛ ✉♥ ❛❝❡r♦ ❡❧é❝tr✐❝♦✳ ❊❧ ✈❛❧♦r ♠✉❧t✐♣❧✐❝❛❞♦

♣♦r ❝✐❡♥ ❞❡ ❧❛s ♣ér❞✐❞❛s ❡s♣❡❝í✜❝❛s ♠á①✐♠❛s ❡♥ ✭❲✴❑❣✮ ♠❡❞✐❞❛s ❛ ✺✵ ✭❍③✮ ② ✶✳✺ ✭❚✮✳ ❊❧ ✈❛❧♦r ♠✉❧t✐♣❧✐❝❛❞♦ ♣♦r ❝✐❡♥

❞❡❧ ❡s♣❡s♦r ♥♦♠✐♥❛❧ ❡♥ ✭♠♠✮✳ ▲❛ ❧❡tr❛ ❆ ♣❛r❛ ❞✐st✐♥❣✉✐r ❛❧ ❣r❛♥♦ ♥♦ ♦r✐❡♥t❛❞♦✳ ❙❡ ♣✉❡❞❡♥ ❝♦♥s✉❧t❛r ❧❛s ❤♦❥❛s té❝♥✐❝❛s



❈❆P❮❚❯▲❖ ✸✳ ❚❊❖❘❮❆ ❉❊ ▲❖❙ ▼❖❚❖❘❊❙ ❊▲➱❈❚❘■❈❖❙ ✻✶

❞❡ ❧♦s ♣r♦❞✉❝t♦r❡s ❞❡ ❛❝❡r♦ ❛❧ s✐❧✐❝✐♦ ♣❛r❛ ♦❜t❡♥❡r ❧♦s ❞❛t♦s q✉❡ ❝❛r❛❝t❡r✐③❛♥ ❛❧ ♠❛t❡r✐❛❧ ② ✉t✐❧✐③❛r❧♦s ❡♥ ❛♥á❧✐s✐s ❞❡

♠♦t♦r❡s✳

❯♥ ❡❥❡♠♣❧♦ ❞❡ ❧❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡ ❡st❡ ♠❛t❡r✐❛❧ ❡s ❡❧ ❛❝❡r♦ ▼✷✸✺✲✸✺❆ ❡❧ ❝✉❛❧ ♣r❡s❡♥t❛ ♣ér❞✐❞❛s ❡♥ ❡❧ ♥ú❝❧❡♦ ❜❛❥❛s ②

❡❧ ❡s♣❡s♦r ❞❡ ✵✳✸✺ ✭♠♠✮ ❡s ❛♠♣❧✐❛♠❡♥t❡ ✉t✐❧✐③❛❞♦ ❡♥ ❧♦s ú❧t✐♠♦s ▼❊❚✳ ❊♥ ❧❛ ✜❣✉r❛ s❡ ♣✉❡❞❡ ♦❜s❡r✈❛r ❧❛ ❝✉r✈❛ ❇✲❍ ❞❡

❡st❡ ♠❛t❡r✐❛❧✳ ♠✐❡♥tr❛s q✉❡ ❡♥ ❧❛ ✜❣✉r❛ s❡ ♠✉❡str❛♥ ❧❛s ♣ér❞✐❞❛s ❡♥ ❡❧ ♥ú❝❧❡♦✱ ❧♦s ❞❛t♦s ❢✉❡r♦♥ ♦❜t❡♥✐❞♦s ❞❡ ❧❛s ❤♦❥❛s

té❝♥✐❝❛s✳

✸✳✺✳✷✳ ■♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✳

▲♦s ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s r❡s✉❧t❛♥ ❝♦♥✈❡♥✐❡♥t❡s ♣❛r❛ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❡♥ ❧♦s ▼❊❚ ❞❡❜✐❞♦ ❛ q✉❡ ❢❛✈♦r❡❝❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡

♠♦t♦r❡s ♠ás ❧✐✈✐❛♥♦s ② ❝♦♠♣❛❝t♦s ② ❛❞❡♠ás ♠❡❥♦r❛♥ ❧❛ ❡✜❝✐❡♥❝✐❛ ✭❚♦♥❣✱ ✷✵✶✹✱ P②r❤ö♥❡♥ ❡t ❛❧✳✱ ✷✵✵✽✮✳ ▲❛ r❡❧❛❝✐ó♥ ♠ás

✐♠♣♦rt❛♥t❡ q✉❡ ❝❛r❛❝t❡r✐③❛ ❛ ❧♦s ■P ❡s ❧❛ ❝✉r✈❛ ♥♦ ❧✐♥❡❛❧ ❡♥tr❡ ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦✱ ❇ ② ❧❛ ✐♥t❡♥s✐❞❛❞ ❞❡❧

❝❛♠♣♦ ♠❛❣♥ét✐❝♦✱ ❍✳ ❯♥❛ ❝✉r✈❛ tí♣✐❝❛ ❞❡ ❡st♦s ♠❛t❡r✐❛❧❡s ❡s ♠♦str❛❞❛ ❡♥ ❧❛ ✜❣✉r❛ ✸✳✸✳

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

✉♥♦s ❝♦♥ ♦tr♦s✱ ❡s ❞❡❝✐r q✉❡ ❡❧ ♠❛t❡r✐❛❧ s❡ ❡♥❝✉❡♥tr❛ ❡♥ ❡❧ ♦r✐❣❡♥ ❞❡ ❧❛ ❝✉r✈❛ ❇✲❍✳ ❉✉r❛♥t❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ♠❛❣♥❡t✐③❛❝✐ó♥✱

❞✐❝❤♦s ❞♦♠✐♥✐♦s s♦♥ ❢♦r③❛❞♦s ❡♥ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦ ❛♣❧✐❝❛❞♦✱ s✐❣✉✐❡♥❞♦ ❧❛ r❡❧❛❝✐ó♥ ❞❡ ❧❛ ❝✉r✈❛ ✶ ❡♥ ❧❛

✜❣✉r❛ ✸✳✸✳ ❊♥ ❧❛ ③♦♥❛ ❞❡ s❛t✉r❛❝✐ó♥ ♠❛❣♥ét✐❝❛✱ ❝✉❛❧q✉✐❡r ✐♥❝r❡♠❡♥t♦ ❡♥ ❍ r❡♣r❡s❡♥t❛ ✉♥ ✐♥❝r❡♠❡♥t♦ ♠✉② ♣❡q✉❡ñ♦

❞❡ ❇❀ ❝✉❛♥❞♦ ❍ s❡ ✜❥❛ ♥✉❡✈❛♠❡♥t❡ ❡♥ ❝❡r♦ ❡❧ ✐♠á♥ ❝♦♥s❡r✈❛ ✉♥❛ ❝❛♥t✐❞❛❞ ❝♦♥s✐❞❡r❛❜❧❡ ❞❡ ♠❛❣♥❡t✐③❛❝✐ó♥ ❞❡❜✐❞♦ ❛ ❧❛

❤✐stér❡s✐s ❞❡❧ ♠❛t❡r✐❛❧✱ ❡st❡ ❢❡♥ó♠❡♥♦ s❡ ❞❡♥♦♠✐♥❛ ♠❛❣♥❡t✐s♠♦ r❡s✐❞✉❛❧✱ ❇r✳ P❛r❛ ❧❧❡✈❛r ❞❡ ♥✉❡✈♦ ❇ ❛ ❝❡r♦ ❍ t✐❡♥❡ q✉❡

s❡r ❛♣❧✐❝❛❞♦ ❡♥ ❧❛ ❞✐r❡❝❝✐ó♥ ❝♦♥tr❛r✐❛ ❞❡ ❛❝✉❡r❞♦ ❝♦♥ ❧❛ ❝✉r✈❛ ✸✱ ❡st❡ ♣r♦❝❡s♦ s❡ ❝♦♥♦❝❡ ❝♦♠♦ ❝♦❡r❝✐t✐✈✐❞❛❞✱ ✲❍❝✳

❊❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s ✐♠❛♥❡s ❡stá ❛❧t❛♠❡♥t❡ ✐♥✢✉❡♥❝✐❛❞♦ ♣♦r ❧❛ t❡♠♣❡r❛t✉r❛ ❞❡ ♦♣❡r❛❝✐ó♥❀ ✉♥ ❛✉♠❡♥t♦ ❡♥ ❧❛

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

♦❝❛s✐♦♥❛♥❞♦ q✉❡ ❡st♦s ♣✉❡❞❡♥ ♣❡r❞❡r ❛❧✐♥❡❛❝✐ó♥✳ ❊❧ ❛✉♠❡♥t♦ ❞❡ t❡♠♣❡r❛t✉r❛ ♠♦❞✐✜❝❛ ❡❧ ❛♥❝❤♦ ❞❡❧ ❝✐❝❧♦ ❞❡ ❤✐stér❡s✐s✱ ❧❛

❛♠♣❧✐t✉❞ ❞❡ ✐♥❞✉❝❝✐ó♥✱ ♠á①✐♠❛ ♣❡r♠❡❛❜✐❧✐❞❛❞ ② ♦tr❛s ♣r♦♣✐❡❞❛❞❡s ♠❛❣♥ét✐❝❛s✳ ❆❞❡♠ás✱ ❝♦♥ ❡❧ ❛✉♠❡♥t♦ ❞❡ t❡♠♣❡r❛t✉r❛

❧❛ ❞❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ r❡♠❛♥❡♥t❡ ❞✐s♠✐♥✉②❡✱ r❡♣❡r❝✉t✐❡♥❞♦ ❡♥ ❧❛ ❞✐s♠✐♥✉❝✐ó♥ ❞❡ ♣❛r ♠❡❞✐♦ ② ♣❛r ❞❡ r❡❧✉❝t❛♥❝✐❛ ♣❡r♦

✐♥❝r❡♠❡♥t❛♥❞♦ ❡❧ r✐③❛❞♦ ❞❡ ♣❛r✳ ▲❛ t❡♠♣❡r❛t✉r❛ ❡♥ ❧❛ q✉❡ ❧♦s ✐♠❛♥❡s ♣✐❡r❞❡♥ s✉s ♣r♦♣✐❡❞❛❞❡s ♠❛❣♥ét✐❝❛s s❡ ❞❡♥♦♠✐♥❛

t❡♠♣❡r❛t✉r❛ ❞❡ ❈✉r✐❡✳

❙❡ ♣✉❡❞❡ ❝❧❛s✐✜❝❛r ❧♦s ❡❢❡❝t♦s ❞❡ ❧❛ t❡♠♣❡r❛t✉r❛ s♦❜r❡ ❧♦s ✐♠❛♥❡s ❡♥ tr❡s ❝❛t❡❣♦rí❛s✿ ♣ér❞✐❞❛s r❡✈❡rs✐❜❧❡s✱ ❞ó♥❞❡ ❡❧ ✐♠á♥

r❡❝✉♣❡r❛rá s✉s ♣r♦♣✐❡❞❛❞❡s ♦r✐❣✐♥❛❧❡s ✉♥❛ ✈❡③ q✉❡ r❡❣r❡s❡ ❛ ❧❛ t❡♠♣❡r❛t✉r❛ ♥♦r♠❛❧ ❞❡ ♦♣❡r❛❝✐ó♥❀ ♣ér❞✐❞❛s ✐rr❡✈❡rs✐❜❧❡s

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

t✐③❛❝✐ó♥ ② ♣ér❞✐❞❛s ✐rr❡✈❡rs✐❜❧❡s ❡ ✐rr❡❝✉♣❡r❛❜❧❡s✱ ❞♦♥❞❡ ❡❧ ♠❛t❡r✐❛❧ ❛ ❛❧❝❛♥③❛❞♦ ♦ ❡①❝❡❞✐❞♦ ❧❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❈✉r✐❡ ②

❤❛ ♣❡r❞✐❞♦ t♦❞❛s s✉s ♣r♦♣✐❡❞❛❞❡s ♠❛❣♥ét✐❝❛s ❞❡❜✐❞♦ ❛ ❛❧ ❝❛♠❜✐♦ ❡♥ ❧❛ ❡str✉❝t✉r❛ ❝r✐st❛❧✐♥❛✱ ❡♥ ❡st❡ ❝❛s♦ ♥♦ s❡ ♣✉❡❞❡
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❋✐❣✉r❛ ✸✳✸✿ ❈✉r✈❛ tí♣✐❝❛ ♣❛r❛ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✱ ❞❡♥s✐❞❛❞✲✐♥t❡♥s✐❞❛❞ ❞❡ ❝❛♠♣♦✳

r❡❝✉♣❡r❛r ❧❛s ♣r♦♣✐❡❞❛❞❡s ❞❡❧ ♠❛t❡r✐❛❧ ❛❧ ♠❛❣♥❡t✐③❛r ♥✉❡✈❛♠❡♥t❡ ❚♦♥❣ ✭✷✵✶✹✮✳

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

♠♦❞❡r♥❛ ❞❡ ❧♦s ■P ❝♦♠❡♥③ó ❡♥ ✶✾✸✵ ❝♦♥ ❧❛ ✐♥tr♦❞✉❝❝✐ó♥ ❞❡❧ ❛❧♥✐❝♦✳ P❛r❛ ❛q✉❡❧❧❛ é♣♦❝❛ ❡st❡ t✐♣♦ ❞❡ ✐♠❛♥❡s ❞♦♠✐♥❛r♦♥

❡❧ ♠❡r❝❛❞♦ ❞❡ ❧❛s ♠áq✉✐♥❛s ❡❧é❝tr✐❝❛s ❞❡❜✐❞♦ q✉❡ ♣r❡s❡♥t❛❜❛♥ ✉♥❛ ❡①❝❡❧❡♥t❡ r❡♠❛♥❡♥❝✐❛

■♠❛♥❡s ❞❡ ❢❡rr✐t❛✳ ▲♦s ■P ❞❡ ❢❡rr✐t❛ ❡stá♥ ❤❡❝❤♦s ❞❡ ❛❧❣✉♥♦s ó①✐❞♦s ❝♦♠♦ ❙r❖✱ ❇❛❖ ♦ ❋❡✷❖✸✳ ❉❡❜✐❞♦ ❛❧ ❜❛❥♦

❝♦st♦ ❞❡ ❧❛ ♠❛t❡r✐❛ ♣r✐♠❛ ② ❞❡ ❧♦s ♣r♦❝❡s♦s ❞❡ ♠❛♥✉❢❛❝t✉r❛ ❡st❡ t✐♣♦ ❞❡ ✐♠❛♥❡s s♦♥ ❝♦♥s✐❞❡r❛❜❧❡♠❡♥t❡ ❡❝♦♥ó♠✐❝♦s✳ ▲❛

r❡s✐st❡♥❝✐❛ ❛ ❧❛ ❝♦rr♦s✐ó♥ ❡s ❝♦♥s✐❞❡r❛❞❛ ❡①❝❡❧❡♥t❡ ② ♥♦ s❡ r❡q✉✐❡r❡ ❞❡ tr❛t❛♠✐❡♥t♦s s✉♣❡r✜❝✐❛❧❡s ♣♦r ❧♦ q✉❡ ❡st❡ t✐♣♦ ❞❡

✐♠❛♥❡s ♣✉❡❞❡♥ ♦♣❡r❛r ❡♥ ❝♦♥❞✐❝✐♦♥❡s ❛♠❜✐❡♥t❛❧❡s s❡✈❡r❛s ❡♥ ♣r❡s❡♥❝✐❛ ❞❡ ♣♦❧✈♦ ② ❤✉♠❡❞❛❞ ❡ ✐♥❝❧✉s♦ ❡♥ t❡♠♣❡r❛t✉r❛s

r❡❧❛t✐✈❛♠❡♥t❡ ❛❧t❛s✳

■♠❛♥❡s ❞❡ ❛❧♥✐❝♦✳ ▲♦s ✐♠❛♥❡s ❞❡ ❛❧♥✐❝♦ s♦♥ ❛❧❡❛❝✐♦♥❡s ❞❡ ❛❧✉♠✐♥✐♦✱ ♥íq✉❡❧✱ ❝♦❜❛❧t♦✱ ❝♦❜r❡✱ ❤✐❡rr♦ ② ♦tr♦s ♠❛t❡r✐❛❧❡s✱

s❡ ♣r♦❞✉❝❡♥ ♣♦r s✐♥t❡r✐③❛❝✐ó♥ ♦ ❢✉♥❞✐❝✐ó♥✳ ▲❛ ❣r❛♥ ✈❡♥t❛❥❛ ❞❡ ❡st❡ t✐♣♦ ❞❡ ✐♠❛♥❡s ❡s q✉❡ ♣♦s❡❡♥ r❛♥❣♦ ♠ás ❛♠♣❧✐♦ ❞❡

❡st❛❜✐❧✐❞❛❞ tér♠✐❝❛ ② ❡❧ ♠ás ❜❛❥♦ ❝♦❡✜❝✐❡♥t❡ tér♠✐❝♦✳ ▲❛ t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛ ❞❡ ♦♣❡r❛❝✐ó♥ ❡stá ❡♥ ❡❧ r❛♥❣♦ ❡♥tr❡ ❧♦s

✹✺✵➦❈ ② ✺✺✵➦❈✱ ❞❡❜✐❞♦ ❛ r❡s✐st❡♥❝✐❛ ❛ ❧❛ ❝♦rr♦s✐ó♥ ♥♦ s❡ r❡q✉✐❡r❡♥ ❞❡ tr❛t❛♠✐❡♥t♦s s✉♣❡r✜❝✐❛❧❡s✳

■♠❛♥❡s ❞❡ t✐❡rr❛s r❛r❛s✳ ▲♦s ❡❧❡♠❡♥t♦s ❞❡ t✐❡rr❛s r❛r❛s s♦♥ ♠ás ❝♦♠✉♥❡s ❞❡ ❧♦ q✉❡ s✉ ♥♦♠❜r❡ ✐♥❞✐❝❛✱ ❡st♦s

❡❧❡♠❡♥t♦s s♦♥✱ ♥❡♦❞✐♠✐♦ ◆❞✱ s❛♠❛r✐♦ ❙♠✳ ❈♦♠♣❛r❛❞♦ ❝♦♥ ♦tr♦s t✐♣♦s ❞❡ ✐♠❛♥❡s✱ ❧♦s ✐♠❛♥❡s ❞❡ t✐❡rr❛s r❛r❛s ♣♦s❡❡♥ ✉♥❛
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❞❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ r❡s✐❞✉❛❧ ♠❛②♦r ② ✉♥❛ ♠✉❝❤♦ ♠❛②♦r ❝♦❡r❝✐t✐✈✐❞❛❞✱ s✐♥ ❡♠❜❛r❣♦✱ ❧❛ t❡♠♣❡r❛t✉r❛ ❞❡ ❈✉r✐❡ ❡s ♠✉❝❤♦

♠❡♥♦r✳

▲♦s ✐♠❛♥❡s ❡❧❛❜♦r❛❞♦s ❝♦♥ s❛♠❛r✐♦ ② ❝♦❜r❡✱ ❙♠✲❈♦✱ ♣✉❡❞❡♥ tr❛❜❛❥❛r ❛ t❡♠♣❡r❛t✉r❛s r❡❧❛t✐✈❛♠❡♥t❡ ❛❧t❛s✱ ♣✉❞✐❡♥❞♦

❛❧❝❛♥③❛r ❤❛st❛ ❧♦s ✸✺✵ ✭➦❈✮✱ ❛❞❡♠ás ♣♦s❡❡♥ ✉♥❛ r❡s✐st❡♥❝✐❛ ❛ ❧❛ ❝♦rr♦s✐ó♥ ❝♦♥s✐❞❡r❛❜❧❡♠❡♥t❡ ❜✉❡♥❛✱ s✐♥ ❡♠❜❛r❣♦✱ ❧❛s

r❡s❡r✈❛s ♠✉♥❞✐❛❧❡s ❞❡ ❡st❡ ❡❧❡♠❡♥t♦ s♦♥ ❧✐♠✐t❛❞❛s✱ ❧♦ ❝✉❛❧ ❡♥❝❛r❡❝❡ ❡st❡ t✐♣♦ ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ✭❚♦♥❣✱ ✷✵✶✹✮✳

■♠❛♥❡s ❞❡ ♥❡♦❞✐♠✐♦ ✭◆❞❋❡❇✮ ❉❡♥tr♦ ❞❡ ❧♦s ✐♠❛♥❡s ❡❧❛❜♦r❛❞♦s ❞❡ t✐❡rr❛s r❛r❛s✱ ❧♦s ✐♠❛♥❡s ❞❡ ◆❞❋❡❇ ♦❢r❡❝❡♥ ❡❧

♣r♦❞✉❝t♦ ❞❡ ❡♥❡r❣í❛ ♠ás ❛❧t♦ ❞❡ ❝✉❛❧q✉✐❡r ♠❛t❡r✐❛❧ ❞✐s♣♦♥✐❜❧❡ ♣❛r❛ t❡♠♣❡r❛t✉r❛s ♣♦r ❞❡❜❛❥♦ ❞❡ ❧♦s ✷✵✵ ✭➦❈ ✮✳ ❊st♦s

✐♠❛♥❡s ♣✉❡❞❡♥ ❝❛r❣❛r ❤❛st❛ ✻✵✵ ✈❡❝❡s s✉ ♣❡s♦✳ P♦s❡❡♥ ❝❛r❛❝t❡ríst✐❝❛s ❛❧t❛s ❞❡ ❞❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ r❡♠❛♥❡♥t❡✱ ❢✉❡r③❛ ❞❡

❝♦❡r❝✐t✐✈❛ ② ♣r♦❞✉❝t♦ ❞❡ ❡♥❡r❣í❛ ♠❛❣♥ét✐❝❛✳ ❚❛♠❜✐é♥ ♣r❡s❡♥t❛♥ ❧❛s ♠❡❥♦r❡s ♣r♦♣✐❡❞❛❞❡s ♠❡❝á♥✐❝❛s✱ ❧♦ q✉❡ ❢❛❝✐❧✐t❛ ❧❛

♣r♦❞✉❝❝✐ó♥ ❞❡ ❢♦r♠❛s ❝♦♠♣❧❡❥❛s✳ ▲❛s ❞❡s✈❡♥t❛❥❛s q✉❡ ♣r❡s❡♥t❛♥ ❡st♦s t✐♣♦s ❞❡ ♠❛t❡r✐❛❧❡s s♦♥✱ ❧❛ ❜❛❥❛ r❡s✐st❡♥❝✐❛ ❛ ❧❛

❝♦rr♦s✐ó♥✱ ❧♦ q✉❡ ❤❛❝❡ ♥❡❝❡s❛r✐♦ tr❛t❛♠✐❡♥t♦s s✉♣❡r✜❝✐❛❧❡s ❝♦♠♦ ❡❧ r❡✈❡st✐♠✐❡♥t♦ ❝♦♥ ♥íq✉❡❧✱ ③✐♥❝✱ ♦r♦✱ ❝r♦♠♦ ♦ ❛❧❣✉♥❛

r❡s✐♥❛ ❡♣ó①✐❝❛❀ ❧❛ t❡♠♣❡r❛t✉r❛ ❞❡ ♦♣❡r❛❝✐ó♥ ❡s r❡❧❛t✐✈❛♠❡♥t❡ ❜❛❥❛✱ ❝♦♥ ♣r♦❝❡s♦s ❡s♣❡❝✐❛❧❡s s❡ ♣✉❡❞❡♥ ❛❧❝❛♥③❛r ❤❛st❛

❧♦s ✷✷✵ ✭➦❈✮ ② ❧❛s ♣ér❞✐❞❛s ❛ ❛❧t❛s t❡♠♣❡r❛t✉r❛s s♦♥ r❡❧❛t✐✈❛♠❡♥t❡ ❛❧t❛s ✭❚♦♥❣✱ ✷✵✶✹✮✳

❚❡♥❞❡♥❝✐❛s ❡♥ ❧♦s ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✳ ❊♥ ❧❛s ú❧t✐♠❛s ❞♦s ❞é❝❛❞❛s s❡ ❤❛♥ ✐♥✈❡st✐❣❛❞♦ ✐♠❛♥❡s ✐♥♥♦✈❛❞♦r❡s

q✉❡ ♣❡r♠✐t❛♥ ❛❝❡❧❡r❛r ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ♠♦t♦r❡s ❝❛❞❛ ✈❡③ ♠ás ♣♦t❡♥t❡s ② ❧✐✈✐❛♥♦s✳ ❆❧❣✉♥❛s ❞❡ ❡st❛s t❡♥❞❡♥❝✐❛s q✉❡

♣✉❡❞❡♥ ❞❡s❛rr♦❧❧❛rs❡ ❡♥ ❢✉t✉r♦s ✐♠❛♥❡s ❝♦♠❡r❝✐❛❧❡s s♦♥✿ ✐♠❛♥❡s ❞❡ ♥❛♥♦✲❛❧❡❛❝✐♦♥❡s✱ ❞♦♥❞❡ ❧♦s ✐♠❛♥❡s ♣r❡s❡♥t❛♥ ❞✐✈❡rs♦s

♣❛tr♦♥❡s ❞❡ ♠❛❣♥❡t✐③❛❝✐ó♥ q✉❡ ❡stá♥ í♥t✐♠❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦s ❝♦♥ ❡❧ ❞❡s❡♠♣❡ñ♦ ❞❡s❡❛❞♦✳ ❇❛s❛❞♦s ❡♥ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦

❞❡ q✉❡ ❧❛s ♣r♦♣✐❡❞❛❞❡s ♠❛❣♥ét✐❝❛s ❞❡ ❧♦s ✐♠❛♥❡s ♠❡❥♦r❛♥ ❝♦♥ ❧❛ ❞✐s♠✐♥✉❝✐ó♥ ❞❡❧ t❛♠❛ñ♦ ❞❡ ❣r❛♥♦ ② ❡❧ ❛✉♠❡♥t♦ ❞❡

❧❛ r❡❧❛❝✐ó♥ s✉♣❡r✜❝✐❡✲✈♦❧✉♠❡♥✱ s❡ ❤❛♥ ❞❡s❛rr♦❧❧❛❞♦ ✐♠❛♥❡s ♥❛♥♦ ❝r✐st❛❧✐♥♦s ❞❡ ✐tr✐♦✲s❛♠❛r✐♦✲❝♦❜❛❧t♦ ❧♦s ❝✉❛❧❡s ♣✉❡❞❡♥

♣r❡s❡♥t❛r ♠❡❥♦r❡s ❝❛r❛❝t❡ríst✐❝❛s ♠❛❣♥ét✐❝❛s ✐♥✉s✉❛❧❡s ② ❝❛✉s❛❞❛s ♣♦r ✉♥❛ ❡①tr❡♠❛❞❛♠❡♥t❡ ❧❛r❣❛ ár❡❛ s✉♣❡r✜❝✐❛❧ ✭❚♦♥❣✱

✷✵✶✹✮✳

▲❛ ✉♥✐✈❡rs✐❞❛❞ ❥❛♣♦♥❡s ❚♦❤♦❦✉ ❯♥✐✈❡rs✐t② ❡♥ ❝♦❧❛❜♦r❛❝✐ó♥ ❝♦♥ ❧❛ ❝♦♠♣❛ñí❛ ❚♦❞❛ ❑♦❣②♦ ❈♦r♣♦r❛t✐♦♥✱ ♣r♦❞✉❥❡r♦♥

✐♠❛♥❡s ❡❧❛❜♦r❛❞♦s ❞❡ ♣♦❧✈♦ ❞❡ ❋❡✶✻◆✷❝♦♥ ✉♥ ✾✶✪ ❞❡ ♣✉r❡③❛✳ ❆✉♥q✉❡ ❡st❡ t✐♣♦ ❞❡ ✐♠❛♥❡s s❡ ❤❛ ✐♥✈❡st✐❣❛❞♦ ♣♦r ❧♦s

ú❧t✐♠♦ ✹✵ ❛ñ♦s✱ ❝♦♥ ❡❧ ♣r♦❝❡s♦ ❞❡ s✐♥t❡r✐③❛❝✐ó♥ ❞❡s❛rr♦❧❧❛❞♦ ❚♦❞❛ ❑♦❣②♦ s❡ ❡s♣❡r❛ ❧❛ ❝♦♠❡r❝✐❛❧✐③❛❝✐ó♥ ❞❡ ❡st♦s ♠❛t❡r✐❛❧❡s

♣❛r❛ ❡❧ ❛ñ♦ ✷✵✷✸✳

✸✳✺✳✸✳ ❆✐s❧❛♥t❡s✳

▲❛ ♣r✐♥❝✐♣❛❧ ❢✉♥❝✐ó♥ ❞❡ ❧♦s ❛✐s❧❛♥t❡s ❡s s❡♣❛r❛r ③♦♥❛s ❝♦♥ ❞✐❢❡r❡♥t❡s ♣♦t❡♥❝✐❛❧❡s ❡❧é❝tr✐❝♦s ♦ ❞✐❢❡r❡♥t❡s ❝✐r❝✉✐t♦s✳ ▲♦s

❛✐s❧❛♥t❡s ❞❡t❡r♠✐♥❛♥ ❧❛ ♠á①✐♠❛ t❡♠♣❡r❛t✉r❛ ❞❡ ♦♣❡r❛❝✐ó♥✳ ❊❧ t✐♣♦ ❞❡ ❛✐s❧❛♥t❡ ❞❡❜❡ s❡r ❞❡✜♥✐❞♦ ❡♥ ❧❛s ❡t❛♣❛s ❝♦♥❝❡♣✲

t✉❛❧❡s ❞❡❧ ❞✐s❡ñ♦✳ ❯♥ ✐♥❝r❡♠❡♥t♦ ❞❡ ✶✵ ➦❈ ♣♦r ❡♥❝✐♠❛ ❞❡❧ ✈❛❧♦r ♥♦♠✐♥❛❧ ❞✐s♠✐♥✉②❡ ❧❛ ✈✐❞❛ út✐❧ ❞❡❧ ❛✐s❧❛♥t❡ ❡♥ ♠ás ❞❡❧



❈❆P❮❚❯▲❖ ✸✳ ❚❊❖❘❮❆ ❉❊ ▲❖❙ ▼❖❚❖❘❊❙ ❊▲➱❈❚❘■❈❖❙ ✻✹

✺✵✪ ✭P②r❤ö♥❡♥ ❡t ❛❧✳✱ ✷✵✵✽✱ ❚♦❧✐②❛t ❛♥❞ ❑❧✐♠❛♥✱ ✷✵✵✹✮✳ ▲♦s t✐♣♦s ❞❡ ❛✐s❧❛♥t❡s s♦♥✿ ❛✐s❧❛♥t❡s ♣❛r❛ ❜♦❜✐♥❛s✱ ❛✐s❧❛♥t❡s

♣❛r❛ ❢❛s❡s✱ ❛✐s❧❛♥t❡s ❡♥tr❡ t✐❡rr❛ ② ❢❛s❡✱ ❛✐s❧❛♥t❡s ♣❛r❛ r❛♥✉r❛s✳

✸✳✻✳ Pér❞✐❞❛s ❡♥ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s✳

✸✳✻✳✶✳ Pér❞✐❞❛s ❡♥ ❧♦s ♥ú❝❧❡♦s✳

P❛r❛ ❝✉❛❧q✉✐❡r t✐♣♦ ❞❡ ♠♦t♦r ❧❛s ♣ér❞✐❞❛s ❡♥ ❡❧ ♥ú❝❧❡♦ ❝♦♥s✐st❡♥ ❡♥ ♣ér❞✐❞❛s ♣♦r ❤✐stér❡s✐s ② ♣ér❞✐❞❛s ♣♦r ❝♦rr✐❡♥t❡s

♣❛rás✐t❛s✳

❊①✐st❡♥ ❞✐✈❡rs♦s ♠ét♦❞♦s ♣❛r❛ ♦❜t❡♥❡r ❧❛s ♣ér❞✐❞❛s ❡♥ ❡❧ ♥ú❝❧❡♦ ❞❡ ❧♦s ♠♦t♦r❡s✳ P❛r❛ ❧♦❣r❛r ✉♥ ❝á❧❝✉❧♦ ♠✉② ♣r❡❝✐s♦✱

s❡ ❞❡❜❡♥ ❞❡ ✐♥❝♦r♣♦r❛r ❛❧ ❛♥á❧✐s✐s ♣♦r ❡❧❡♠❡♥t♦ ✜♥✐t♦ ♠♦❞❡❧♦s ♠❛❣♥❡t♦✲❞✐♥á♠✐❝♦s q✉❡ r❡♣r❡s❡♥t❡♥ ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦

❞❡ ♠❛❣♥❡t✐③❛❝✐ó♥ ❞❡ ❧♦s ♠❛t❡r✐❛❧❡s s♦♠❡t✐❞♦s ❛ ✢✉❥♦s s✐♥✉s♦✐❞❛❧❡s ② r♦t❛t♦r✐♦s ✭❉❧❛❧❛✱ ✷✵✵✾✮✳ ❆✉♥q✉❡ ❡❧ ❛♥á❧✐s✐s ❞❡ ❧❛

♠❛❣♥❡t♦✲❞✐♥á♠✐❝❛ ❞❡ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❣❛r❛♥t✐③❛ ❧♦s r❡s✉❧t❛❞♦s ♠ás ❡①❛❝t♦s ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❡♥ ❡❧ ❆❊❋ r❡s✉❧t❛ ♠✉②

❝♦♠♣❧✐❝❛❞❛ ② ♣✉❡❞❡ ❝♦♥❧❧❡✈❛r ❛ ♣r♦❜❧❡♠❛s ❞❡ ❞✐✈❡r❣❡♥❝✐❛✳

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

❧❛ s♦❧✉❝✐ó♥ ❞❡❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦✳ ▲❛ ❡❝✉❛❝✐ó♥ ✸✳✺✸ ❡s ✉♥ ♠♦❞❡❧♦ ❡♠♣ír✐❝♦ ❛♠♣❧✐❛♠❡♥t❡ ✉t✐❧✐③❛❞♦ ❞♦♥❞❡ s❡ ❞✐✈✐❞❡♥ ❧❛s

♣ér❞✐❞❛s ❡♥ ❡❧ ♥ú❝❧❡♦ ❡♥ ♣ér❞✐❞❛s ❞❡❜✐❞❛s ❛ ❧❛ ❤✐stér❡s✐s✱ ❧❛s ❝✉❛❧❡s ✈❛rí❛♥ ❧✐♥❡❛❧♠❡♥t❡ ❝♦♥ ❧❛ ❢r❡❝✉❡♥❝✐❛✱ ② ♣ér❞✐❞❛s ❡♥

❡❧ ♥ú❝❧❡♦ ❝❛✉s❛❞❛s ♣♦r ❝♦rr✐❡♥t❡s ♣❛rás✐t❛s✱ ❧❛s ❝✉❛❧❡s ✈❛rí❛♥ ❝♦♥ ❡❧ ❝✉❛❞r❛❞♦ ❞❡ ❧❛ ❢r❡❝✉❡♥❝✐❛ ✭▼❡❡❦❡r✱ ✷✵✶✼✮✳

Pnucleo = Ph + Pe = ChωB
2 + Chω

2B2 ✭✸✳✺✸✮

✸✳✻✳✷✳ Pér❞✐❞❛s ♣♦r ❝♦rr✐❡♥t❡s ♣❛rás✐t❛s✳

❈✉❛♥❞♦ ✉♥ ♥ú❝❧❡♦ ❧❛♠✐♥❛❞♦ ❡s s♦♠❡t✐❞♦ ❛ ✉♥ ❝❛♠♣♦ ❡❧é❝tr✐❝♦ ❛❧t❡r♥❛♥t❡✱ s❡ ✐♥❞✉❝❡♥ ❝♦rr✐❡♥t❡s ♣❛rás✐t❛s t❛♥t♦ ❡♥ ❝❛❞❛

❧á♠✐♥❛ ❝♦♠♦ ❡♥tr❡ ❧á♠✐♥❛s✳ ❊♥ ❣❡♥❡r❛❧ ❧❛s ❝♦rr✐❡♥t❡s ♣❛rás✐t❛s ✈❛rí❛♥ ❝♦♥ ❡❧ ❝✉❛❞r❛❞♦ ❞❡❧ ❡s♣❡s♦r ❞❡ ❧❛s ❧á♠✐♥❛s ②

❞❡❜✐❞♦ ❛ ❧❛ t❡♥❞❡♥❝✐❛ ❞❡ ✉t✐❧✐③❛r ❧á♠✐♥❛s ❝❛❞❛ ✈❡③ ♠ás ❞❡❧❣❛❞❛s ❧❛s ♣ér❞✐❞❛s ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❧á♠✐♥❛ s♦♥ ♠✉② ❜❛❥❛s✳

P❛r❛ ❞✐s♠✐♥✉✐r ❧❛s ♣ér❞✐❞❛s í♥t❡r❧❛♠✐♥❛r❡s ❝❛❞❛ ❧á♠✐♥❛ ❞❡❜❡ s❡r ❛✐s❧❛❞❛ ♣♦r ❛♠❜♦s ❧❛❞♦s✱ s❡ ♣✉❡❞❡♥ ✉s❛r ❞✐st✐♥t♦s

r❡❝✉❜r✐♠✐❡♥t♦s ♣❡r♦ ❡❧ ♠ét♦❞♦ ♠ás ❝♦♠ú♥ ❡s ❝r❡❛r ✉♥❛ ❝❛♣❛ ❞❡ ó①✐❞♦ ♣♦r ♠❡❞✐♦ ❞❡ ✉♥ tr❛t❛♠✐❡♥t♦ tér♠✐❝♦ ❞❡ r❡❝♦❝✐❞♦✳

✸✳✻✳✸✳ Pér❞✐❞❛s tér♠✐❝❛s✳

▲❛ r❡s✐st❡♥❝✐❛ ❞❡ ❈❉ ❞❡♣❡♥❞❡ ❞❡❧ ❧❛r❣♦ ❞❡ ❧❛ ❜♦❜✐♥❛✱ ❡❧ ♥ú♠❡r♦ ❞❡ r❛♠❛s ♣❛r❛❧❡❧❛s ② ❡❧ ár❡❛ ❞❡ s❡❝❝✐ó♥ ② ❧❛ ❝♦♥❞✉❝t✐✈✐❞❛❞

❞❡❧ ♠❛t❡r✐❛❧ ✭P②r❤ö♥❡♥ ❡t ❛❧✳✱ ✷✵✵✽✮✳
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RDC =
lc

σcaSc

✭✸✳✺✹✮

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

♠❛t❡r✐❛❧❡s ❛✐s❧❛♥t❡s✱ ❞❡s♠❛❣♥❡t✐③❛❝✐ó♥ ✐rr❡✈❡rs✐❜❧❡ ❞❡ ❧♦s ■P✳

❊❧ ❞✐s❡ñ♦ ❞❡ ✉♥ ❜✉❡♥ s✐st❡♠❛ ❞❡ ❡♥❢r✐❛♠✐❡♥t♦ ❡s ❞❡ ✈✐t❛❧ ✐♠♣♦rt❛♥❝✐❛ ♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❡①✐t♦s♦ ❞❡ ✉♥ ▼❊❚✳

▲❛s ❝♦rr✐❡♥t❡s ♣❛rás✐t❛s ❡♥ ❧♦s ✐♠❛♥❡s ❞✐s♠✐♥✉②❡♥ ❧❛ ❡✜❝✐❡♥❝✐❛✱ ♣❡r♦ ❡❧ ♠❛②♦r ✐♥❝♦♥✈❡♥✐❡♥t❡ ❡s ❡❧ ❛✉♠❡♥t♦ ❞❡ t❡♠♣❡r❛t✉r❛

❡♥ ❧♦s ✐♠❛♥❡s q✉❡ ♣✉❡❞❡ ❝❛✉s❛r ✉♥❛ ❞❡❣r❛❞❛❝✐ó♥ ❞❡ s✉s ♣r♦♣✐❡❞❛❞❡s✳ P♦r ❡s♦ ❡s ✐♠♣♦rt❛♥t❡ ♣r❡❞❡❝✐r ❧❛s ♣ér❞✐❞❛s ♣♦r

❝♦rr✐❡♥t❡s ♣❛rás✐t❛s ❡♥ ❧♦s ✐♠❛♥❡s ② s✐ ❡st❛s r❡s✉❧t❛s ❢✉❡r❛ ❞❡ ❧♦s ♥✐✈❡❧❡s ❛❝❡♣t❛❜❧❡s ❧♦s ✐♠❛♥❡s s❡ ♣✉❡❞❡♥ s❡❝❝✐♦♥❛r✳

✸✳✼✳ Pr♦❝❡s♦s ❞❡ ❡♥s❛♠❜❧❡ ② ♠❛♥✉❢❛❝t✉r❛✳

✸✳✼✳✶✳ ▼❛♥✉❢❛❝t✉r❛ ② ❡♥s❛♠❜❧❡ ❞❡ ❧♦s ♥ú❝❧❡♦s ❧❛♠✐♥❛❞♦s✳

❊♥ ❣❡♥❡r❛❧ ❡❧ ❡st❛t♦r ② ❡❧ r♦t♦r s❡ ❝♦♥str✉②❡♥ ❞❡❧ ♠✐s♠♦ ♠❛t❡r✐❛❧✱ s✐♥ ❡♠❜❛r❣♦ ❡①✐st❡♥ ❝✐❡rt❛s ❝♦♥s✐❞❡r❛❝✐♦♥❡s q✉❡ ♣✉❡❞❡♥

❧❧❡✈❛r ❛❧ ✉s♦ ❞❡ ❞✐st✐♥t♦s ♠❛t❡r✐❛❧❡s ♣❛r❛ ❝❛❞❛ ❡❧❡♠❡♥t♦❀ ❧❛ ♣r✐♥❝✐♣❛❧ ❢✉♥❝✐ó♥ ❞❡❧ ❡st❛t♦r ❡s ❣❡♥❡r❛r ❡❧ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦

❣✐r❛t♦r✐♦✱ ❡♥ ❡st❡ s❡♥t✐❞♦ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❡❧❡❝tr♦♠❛❣♥ét✐❝♦s ❞❡❧ ♠❛t❡r✐❛❧ ♣❛r❛ ❡❧ ❡st❛t♦r s♦♥ ♠ás ❞❡♠❛♥❞❛♥t❡s q✉❡ ❧♦s

r❡q✉❡r✐♠✐❡♥t♦s ❞❡❧ r♦t♦s❀ ❞❡ ❢♦r♠❛ s✐♠✐❧❛r ❡❧ r♦t♦r ❡stá s✉❥❡t♦ ❛ ♠❛②♦r❡s ❢✉❡r③❛s ❝❡♥trí❢✉❣❛s✱ ♣♦r ❧♦ q✉❡ ❧❛s ♣r♦♣✐❡❞❛❞❡s

♠❡❝á♥✐❝❛s ♣❛r❛ ❡❧ r♦t♦r s♦♥ ♠ás ❡①✐❣❡♥t❡s q✉❡ ♣❛r❛ ❡❧ ❡st❛t♦r✳

❈♦rt❡ ❞❡ ❧❛s ❧á♠✐♥❛s✳ ❊①✐st❡♥ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞♦s ♣r♦❝❡s♦s ❞❡ ♠❛♥✉❢❛❝t✉r❛ ✉s❛❞♦s ♣❛r❛ ❧❛ ♣r♦❞✉❝❝✐ó♥ ❞❡ ❧❛s

❧á♠✐♥❛s✱ tr♦q✉❡❧❛❞♦ ② ❝♦rt❡ ♣♦r ❧ás❡r✳ P❛r❛ ❧❛r❣♦s ✈♦❧ú♠❡♥❡s ❞❡ ♣r♦❞✉❝❝✐ó♥ ❡❧ ♠ét♦❞♦ ♠ás ❝♦♥✈❡♥✐❡♥t❡ ❡s ❡❧ tr♦q✉❡❧❛❞♦

❞❡❜✐❞♦ ❛ s✉ ❡✜❝✐❡♥❝✐❛ ② ❜❛❥♦s ❝♦st♦s✳ ❆❧❣✉♥❛s ❧í♥❡❛s ❞❡ ♣r♦❞✉❝❝✐ó♥ ♣✉❡❞❡♥ ♦♣❡r❛r ❛ ✷✺✵ ❣♦❧♣❡s ♣♦r ♠✐♥✉t♦ ❝♦♥ ✉♥❛

❢✉❡r③❛ ❞❡ ✶✷✺✵ t♦♥❡❧❛❞❛s✳ P❛r❛ ❞✐s♠✐♥✉✐r ❡❧ ❞❡s♣❡r❞✐❝✐♦ ❞❡ ♠❛t❡r✐❛❧ s❡ ♦♣t❛ ♣♦r tr♦q✉❡❧❛r t❛♥t♦ ❡❧ r♦t♦r ❝♦♠♦ ❡❧ ❡st❛t♦r

❞❡ ❢♦r♠❛ s✐♠✉❧tá♥❡❛ ❙❡ ❞❡❜❡ ❝✉✐❞❛r ❧❛ ❢♦r♠❛❝✐ó♥ ❞❡ r❡❜❛❜❛s ❡♥ ❧❛s ♦r✐❧❧❛s ❞❡ ❧❛s ❧á♠✐♥❛s✱ ②❛ q✉❡ ♣✉❡❞❡♥ ❝♦♥tr✐❜✉✐r ❛

❧❛s ♣ér❞✐❞❛s ♣♦r ❝♦rr✐❡♥t❡s ♣❛rás✐t❛s✳

❊❧ ❝♦rt❡ ♣♦r ❧ás❡r s❡ ✉t✐❧✐③❛ ♣❛r❛ ❧♦s ♠♦t♦r❡s ❣r❛♥❞❡s ❡♥ ❧♦s q✉❡ ❡❧ tr♦q✉❡❧❛❞♦ ♥♦ s❡ ♣✉❡❞❡ ❡❢❡❝t✉❛r✱ ❡st❡ ♠ét♦❞♦ t❛♠❜✐é♥

❡s ❝♦♥✈❡♥✐❡♥t❡ ♣❛r❛ ❧❛ ❝♦♥str✉❝❝✐ó♥ rá♣✐❞❛ ❞❡ ♣r♦t♦t✐♣♦s ❞❡❜✐❞♦ ❛ s✉ ✢❡①✐❜✐❧✐❞❛❞✱ ♣r❡❝✐s✐ó♥ ❞✐♠❡♥s✐♦♥❛❧ ② t✐❡♠♣♦ ❝♦rt♦

❞❡ ❡❥❡❝✉❝✐ó♥✳ ❊❢❡❝t✉❛♥❞♦ ❡st❡ ♣r♦❝❡s♦ ❝♦♥ ♣❛rá♠❡tr♦s ❡s♣❡❝✐❛❧❡s✱ s❡ ❧♦❣r❛♥ ❧á♠✐♥❛s ❝♦♥ ✉♥❛ ❝❛❧✐❞❛❞ ♠❛②♦r ♣r❡s❡♥t❛♥❞♦

r❡❜❛❜❛s ♠✉❝❤♦ ♠ás ♣❡q✉❡ñ❛s✱ ❜❛❥❛ ❞❡❢♦r♠❛❝✐ó♥✱ ❜❛❥♦s ❡s❢✉❡r③♦s r❡s✐❞✉❛❧❡s ② ❡❧ ♠❛♥❡❥♦ ❞❡ t♦❧❡r❛♥❝✐❛s ❞✐♠❡♥s✐♦♥❛❧❡s

♠✉② ❝❡rr❛❞❛s❀ ❛❞❡♠ás ❞✉r❛♥t❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ❝♦rt❛❞♦ s❡ ❢♦r♠❛ ♥❛t✉r❛❧♠❡♥t❡ ✉♥❛ ♣❡❧í❝✉❧❛ ❞❡ ó①✐❞♦ ❡♥ ❧❛s r❡❜❛❜❛s✱
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r❡❞✉❝✐❡♥❞♦ ❧❛ ❝♦♥❞✉❝t✐✈✐❞❛❞ ❡♥ ❡❧ ❝♦♥t❛❝t♦ ❡♥tr❡ r❡❜❛❜❛s ② ❞✐s♠✐♥✉②❡♥❞♦ ❧❛s ♣ér❞✐❞❛s ✐♥t❡r❧❛♠✐♥❛r❡s✳ ▲❛s ❞❡s✈❡♥t❛❥❛s

❞❡ ❡st❡ ♣r♦❝❡s♦ s♦♥ ❡❧ ❝♦st♦ ❛❧t♦✱ ❜❛❥❛ ♣r♦❞✉❝t✐✈✐❞❛❞ ② ❧❛ ♥❡❝❡s✐❞❛❞ ❞❡ ♣❡rs♦♥❛❧ té❝♥✐❝♦ ♠✉② ❡s♣❡❝✐❛❧✐③❛❞♦✳

▲❛s ❧á♠✐♥❛s ❞❡❧ ❡st❛t♦r s♦♥ ❧❛s ♠ás ❣r❛♥❞❡s ② ♣✉❡❞❡♥ s❡r ❝♦♥str✉✐❞❛s ❡♥ ❞♦s ❝♦♥✜❣✉r❛❝✐♦♥❡s ♣r✐♥❝✐♣❛❧❡s✿ ❧á♠✐♥❛s ❡♥

✉♥❛ s♦❧❛ ♣✐❡③❛ ② ❧á♠✐♥❛s s❡❝❝✐♦♥❛❞❛s✳ ▲❛s ❧á♠✐♥❛s ❡♥ ✉♥❛ s♦❧❛ ♣✐❡③❛ t✐❡♥❡♥ ❧❛ ✈❡♥t❛❥❛ ❞❡ ♣♦❞❡r s❡r ❡st❛♠♣❛❞❛s ❥✉♥t♦

❝♦♥ ❧❛s ❧á♠✐♥❛s ❞❡❧ r♦t♦r ❡♥ ✉♥ s♦❧♦ ♣r♦❝❡s♦ ❞❡ tr♦q✉❡❧❛❞♦ ♠ú❧t✐♣❧❡✱ ❡st❡ ❡s ❡❧ ❝❛s♦ ❡♥ ❡❧ q✉❡ s❡ t❡♥❞rá ❡❧ r♦t♦r ② ❡❧

❡st❛t♦r ❞❡❧ ♠✐s♠♦ ♠❛t❡r✐❛❧✱ ❛❜❛t✐❡♥❞♦ t✐❡♠♣♦s ❞❡ ❝♦♥str✉❝❝✐ó♥ ② ❢❛❝✐❧✐t❛♥❞♦ ❡❧ ❡♥s❛♠❜❧❡ ❞❡ ❧♦s ♥ú❝❧❡♦s✳ ❈✉❛♥❞♦ s❡ ❤❛

t♦♠❛❞♦ ❧❛ ❞❡❝✐s✐ó♥ ❞❡ ✉s❛r ❞✐st✐♥t♦s ♠❛t❡r✐❛❧❡s ♣❛r❛ ❡❧ ❡st❛t♦r ② ♣❛r❛ ❡❧ r♦t♦r s❡ ♣✉❡❞❡ s❡❝❝✐♦♥❛r ❧❛s ❧á♠✐♥❛s ❞❡❧ ❡st❛t♦r❀

❡❧ s❡❝❝✐♦♥❛r ❧❛s ❧á♠✐♥❛s ♣✉❡❞❡♥ tr❛❡r ❜❡♥❡✜❝✐♦s ❡♥ ❡❧ ❛❤♦rr♦ ❞❡ ❛❝❡r♦ ❛❧ s✐❧✐❝✐♦✳

❙❡ ✉t✐❧✐③❛♥ ❞✐st✐♥t♦s ♣r♦❝❡s♦s ❞❡ ♠❛♥✉❢❛❝t✉r❛ ♣❛r❛ ❧❛ ❢♦r♠❛❝✐ó♥ ❞❡ ❧♦s ❧❛♠✐♥❛❞♦s✱ ❡❧ ♠ás ❝♦♠ú♥ ♣❛r❛ ♣r♦❞✉❝❝✐ó♥ ❡♥

s❡r✐❡ ❡s ❡❧ ❝♦rt❡ ♣♦r tr♦q✉❡❧❛❞♦✳ ❈♦♥ ❡st❡ ♣r♦❝❡s♦ s❡ ♦❜t✐❡♥❡♥ ❜✉❡♥❛s ♣r♦♣✐❡❞❛❞❡s ♠❡❝á♥✐❝❛s ② ❜✉❡♥❛s t♦❧❡r❛♥❝✐❛s❀ ♣❛r❛

♥✉❡str♦ ❝❛s♦ ❧❛ ♣r✐♥❝✐♣❛❧ ❞❡s✈❡♥t❛❥❛ ❞❡ ✉t✐❧✐③❛r ❡st❡ ♠ét♦❞♦ ❡s ❡❧ ✈♦❧✉♠❡♥ ❞❡ ♣r♦❞✉❝❝✐ó♥❀ ❞❛❞♦ q✉❡ ❜✉s❝❛♠♦s ❝♦♥str✉✐r

❞♦s ✉♥✐❞❛❞❡s ❞❡❧ ♣r♦t♦t✐♣♦✱ ❧♦s ❝♦st♦s ♣♦r ❧❛ ❢❛❜r✐❝❛❝✐ó♥ ❞❡❧ tr♦q✉❡❧ r❡s✉❧t❛♥ ❜❛st❛♥t❡ ❡❧❡✈❛❞♦s✳

❘❡❝♦❝✐❞♦ ❞❡ ❧❛s ❧á♠✐♥❛s✳ ❉❡s♣✉és ❞❡ ❝♦rt❛r ❧❛s ❧á♠✐♥❛s ♣♦r ❝✉❛❧q✉✐❡r ❞❡ ❧♦s ♠ét♦❞♦s ❞❡s❝r✐t♦s ♣r❡✈✐❛♠❡♥t❡✱

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

♣r♦♣✐❡❞❛❞❡s ♠❛❣♥ét✐❝❛s tér♠✐❝❛s ② ♠❡❝á♥✐❝❛s ❞❡❧ ♠❛t❡r✐❛❧✳ ❉✉r❛♥t❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ❡st❛♠♣❛❞♦ ❞❡❢♦r♠❛❝✐♦♥❡s ② ♣❧ást✐❝❛s

❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ❡s❢✉❡r③♦s ② t❡♥s✐♦♥❡s s♦♥ ♣r♦❞✉❝✐❞♦s ❡♥ ❡❧ ❜♦r❞❡ ❞❡❧ ❝♦rt❡ ❝❛✉s❛♥❞♦ ❡❢❡❝t♦s ❞❡s❢❛✈♦r❛❜❧❡s ❡♥ ❧❛s

♣r♦♣✐❡❞❛❞❡s ♠❛❣♥ét✐❝❛s ❞❡❧ ♠❛t❡r✐❛❧✳ ❊♥ ❡❧ ♣r♦❝❡s♦ ❞❡ ❝♦rt❡ ♣♦r ❧ás❡r ❧❛s ❞❡❢♦r♠❛❝✐♦♥❡s ♣❧ást✐❝❛s s♦♥ ♠❡♥♦r❡s ♣❡r♦

❞❡❜✐❞♦ ❛ ❧❛ ❣r❛♥ t❡♠♣❡r❛t✉r❛ ❞❡ ❝♦rt❡ s❡ ❣❡♥❡r❛♥ ❡s❢✉❡r③♦s tér♠✐❝♦s ♦ s❡ ❞❡❣r❛❞❛♥ ❧❛s ♣r♦♣✐❡❞❛❞❡s ♠❛❣♥ét✐❝❛s ❞❡❧

♠❛t❡r✐❛❧✳

❖tr♦ ✉s♦ ❞❡❧ r❡❝♦❝✐❞♦ ❡s ❧❛ ❢♦r♠❛❝✐ó♥ ❞❡ ✉♥❛ ♣❡❧í❝✉❧❛ ❞❡ ó①✐❞♦ ❡♥ ❧❛ s✉♣❡r✜❝✐❡ ❞❡ ❧❛s ❧á♠✐♥❛s✱ ❞✐❝❤♦ ó①✐❞♦ ❛❝tú❛ ❝♦♠♦

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

❧á♠✐♥❛s ♣❛r❛ ❢♦r♠❛r ❡❧ ♥ú❝❧❡♦✱ s❡ ❞✐s♠✐♥✉②❡ ❧❛s ♣ér❞✐❞❛s ♣♦r ❝♦rr✐❡♥t❡s ♣❛rás✐t❛s ✐♥t❡r❧❛♠✐♥❛r❡s✳ ❊❧ ♣r♦❝❡s♦ ❞❡ r❡❝♦❝✐❞♦

s❡ ❡❢❡❝tú❛ ♥♦r♠❛❧♠❡♥t❡ ❛ ✉♥❛ t❡♠♣❡r❛t✉r❛ ❞❡ ✽✸✵ ✭➦❈✮ ❛ ✽✾✵ ✭➦❈✮

❊♥s❛♠❜❧❡ ❞❡❧ ♥ú❝❧❡♦ ❧❛♠✐♥❛❞♦ ❆♥t❡r✐♦r♠❡♥t❡ ❡❧ ❡♥s❛♠❜❧❡ ❞❡ ❧♦s ♥ú❝❧❡♦s ❧❛♠✐♥❛❞♦s s❡ ❡❢❡❝t✉❛❜❛ ✉t✐❧✐③❛♥❞♦ ❛❞✲

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

❡❧ s♦❧❞❛❞♦ ❞❡ ❧❛s ❧á♠✐♥❛s ❡♥ ❧❛s s✉♣❡r✜❝✐❡s ❡①t❡r♥❛s ❡♥ ❞✐r❡❝❝✐ó♥ ❛①✐❛❧✱

▲❛s ❧á♠✐♥❛s ❞❡❧ ❡st❛t♦r ② ❞❡❧ r♦t♦r ❞❡❜❡♥ s❡r ❡♥s❛♠❜❧❛❞❛s ♣❛r❛ ❢♦r♠❛r ❡❧ ♥ú❝❧❡♦ ❧❛♠✐♥❛❞♦✳ ❆❧❣✉♥♦s ❞❡ ❧♦s ♣r♦❝❡s♦s

✉t✐❧✐③❛❞♦s ♣❛r❛ ❡❧ ❡♥s❛♠❜❧❡ s♦♥✿ ♣❡❣❛❞♦ ❝♦♥ ❛❞❤❡s✐✈♦s ② ♣r❡♥s❛❞♦ ❡♥ ❧❛ ♠✐s♠❛ ❝❛r❝❛s❛ ❞❡❧ ♠♦t♦r✱ ❡❧ ✉s♦ ❞❡ ❝✉ñ❛s

❞♦❜❧❛❞❛s ❡♥ ❧♦s ❡①tr❡♠♦s ❞❡ ❧♦s ♥ú❝❧❡♦s ♣❛r❛ ❛s❡❣✉r❛r ❧❛ ❝♦♠♣❛❝t❛❝✐ó♥ ❡♥tr❡ ❧á♠✐♥❛s ② ❡❧ s♦❧❞❛❞♦ ❡♥tr❡ ❧❛s ❧á♠✐♥❛s ❛

❧♦ ❧❛r❣♦ ❞❡ r❛♥✉r❛s ❝♦♥str✉✐❞❛s ❡♥ ❧❛ s✉♣❡r✜❝✐❡ ❡①t❡r✐♦r ❞❡❧ ❡st❛t♦r ② ❞✐s♣✉❡st❛s ❡♥ ❢♦r♠❛ ♣❛r❛❧❡❧❛ ❛❧ ❡❥❡✳



❈❆P❮❚❯▲❖ ✸✳ ❚❊❖❘❮❆ ❉❊ ▲❖❙ ▼❖❚❖❘❊❙ ❊▲➱❈❚❘■❈❖❙ ✻✼

✸✳✼✳✷✳ ▼❛❣♥❡t✐③❛❝✐ó♥ ❞❡ ❧♦s ✐♠❛♥❡s

❊❧ ❞❡s❡♠♣❡ñ♦ ❛❞❡❝✉❛❞♦ ❞❡ ❧♦s ✐♠❛♥❡s s♦❧♦ ♣✉❡❞❡ s❡r ❛s❡❣✉r❛❞♦ sí s♦♥ ♠❛❣♥❡t✐③❛❞♦s ❝♦rr❡❝t❛♠❡♥t❡ ❛ ❧❛ s❛t✉r❛❝✐ó♥✳ ▲❛

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

❡❧ r♦t♦r✳ ❈❛❞❛ ✉♥♦ ❞❡ ❧♦s ♠ét♦❞♦s t✐❡♥❡ s✉s ✈❡♥t❛❥❛s ② ❞❡s✈❡♥t❛❥❛s✳

❊♥ ❧❛ ♠❛❣♥❡t✐③❛❝✐ó♥ ♣r❡✈✐❛ ❧❛ ♣r✐♥❝✐♣❛❧ ✈❡♥t❛❥❛ ❡s q✉❡ s❡ ♣✉❡❞❡ ❛❧❝❛♥③❛r ❞❡ ❢♦r♠❛ s❡♥❝✐❧❧❛ ✉♥❛ ♠❛❣♥❡t✐③❛❝✐ó♥ ❝♦♠♣❧❡t❛✱

s✐♥ ❡♠❜❛r❣♦✱ ❧❛ ❞❡s✈❡♥t❛❥❛ ♣r✐♥❝✐♣❛❧ r❡s✐❞❡ ❡♥ ❡❧ tr❛♥s♣♦rt❡ ② ♠❛♥✐♣✉❧❛❝✐ó♥ ❞❡ ❧♦s ✐♠❛♥❡s ❞✉r❛♥t❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ❡♥s❛♠❜❧❡✱

②❛ q✉❡ s❡ ❝♦rr❡ ❡❧ r✐❡s❣♦ ❞❡ ❞❡s♠❛❣♥❡t✐③❛❝✐ó♥ ♣♦r ❣♦❧♣❡s✳ ❊♥ ✉♥❛ ❧í♥❡❛ ❞❡ ♣r♦❞✉❝❝✐ó♥ ❡♥ s❡r✐❡ s❡ r❡q✉✐❡r❡ ❞❡ ❜❛♥❞❛s

tr❛♥s♣♦rt❛❞♦r❛s ② ❡q✉✐♣♦ ❡s♣❡❝✐❛❧ ♣❛r❛ ❡❧ tr❛♥s♣♦rt❡ ② ♠❛♥❡❥♦ ❞❡ ❧♦s ✐♠❛♥❡s✱ ②❛ q✉❡ ♣✉❡❞❡♥ s❡r ❛tr❛í❞♦s ♣♦r ❡❧❡♠❡♥t♦s

❢❡rr♦♠❛❣♥ét✐❝♦s ❞❡ ❧♦s ❡q✉✐♣♦s ❞❡ ❧❛ ❧í♥❡❛ ♦❝❛s✐♦♥❛♥❞♦ ❣♦❧♣❡s ♦ ❞✐✜❝✉❧t❛♥❞♦ ❧❛ ♠❛♥✐♣✉❧❛❝✐ó♥ ♣❛r❛ ❡❧ ❡♥s❛♠❜❧❡✳ ❊♥ ❡❧

❝❛s♦ ❞❡ ❧♦s ♠♦t♦r❡s q✉❡ s♦♥ ♠✉② ❣r❛♥❞❡s ② ❡❧ r♦t♦r ❡♥s❛♠❜❧❛❞♦ ♥♦ ♣✉❡❞❡ s❡r ❝♦❧♦❝❛❞♦ ❡♥ ✉♥ ♠❛❣♥❡t✐③❛❞♦r✱ ❡st❡ ♣r♦❝❡s♦

❡s ❧❛ ú♥✐❝❛ ♦♣❝✐ó♥✳

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

❡stá♥ ❞❡s♠❛❣♥❡t✐③❛❞♦s✱ ♥♦ s❡ ❛tr❛❡♥ ♦ r❡♣❡❧❡♥ ❡♥tr❡ ❡❧❧♦s✱ ♥✐ t❛♠♣♦❝♦ ❛tr❛❡♥ ♣✐❡③❛s ❢❡rr♦♠❛❣♥ét✐❝❛s ♥✐ ♣❛rtí❝✉❧❛s ❞❡

♣♦❧✈♦ ♦ r❡❜❛❜❛✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❧❛ ♣r✐♥❝✐♣❛❧ ❞❡s✈❡♥t❛❥❛ ❡s q✉❡ ❧❛ ♠❛❣♥❡t✐③❛❝✐ó♥ s❡rá ❧✐❣❡r❛♠❡♥t❡ ✐♥❢❡r✐♦r✱ ❛ ❧❛ ♠❛❣♥❡✲

t✐③❛❝✐ó♥ ❝♦♠♣❧❡t❛✳ P❛r❛ ❧♦s r♦t♦r❡s ❝♦♥ ♠ú❧t✐♣❧❡s ❝❛♣❛s ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✱ ❧♦s ✐♠❛♥❡s q✉❡ ♠ás ✐♥t❡r♥♦s ❡♥ ❡❧

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

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

✸✳✼✳✸✳ ❊♥s❛♠❜❧❡ ❞❡ ❧❛ ✢❡❝❤❛

❯♥ ♠ét♦❞♦ ❞❡ ❡♥s❛♠❜❧❡ ❞❡ ❧❛ ✢❡❝❤❛ ❝♦♥ ❡❧ ♥ú❝❧❡♦ ❧❛♠✐♥❛❞♦ ❡s ♣♦r ♠❡❞✐♦ ❞❡ ✐♥t❡r❢❡r❡♥❝✐❛ ♠❡❝á♥✐❝❛✳ ❊❧ ✈❛❧♦r ❞❡ ❧❛

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

❞❡ ♣❧❡♥❛ ❝❛r❣❛ ② ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛✳

❯♥♦ ❞❡ ❧♦s ❢❛❝t♦r❡s ❝rít✐❝♦s ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡❧ r♦t♦r s♦♥ ❧❛s ❛❧t❛s ❢✉❡r③❛s ❝❡♥tr✐❢✉❣❛s ② t❛♥❣❡♥❝✐❛❧❡s✱ ❡❧ ❡♥s❛♠❜❧❡ ♣♦r

✐♥t❡r❢❡r❡♥❝✐❛ ♠❡❝á♥✐❝❛ ❛ñ❛❞❡ ❝❛r❣❛s q✉❡ ❛✉♠❡♥t❛♥ ❧♦s ❡s❢✉❡r③♦s ❡♥ ❡❧ ♥ú❝❧❡♦ ❞❡❧ r♦t♦r✱ ♣♦r ❧♦ q✉❡ ❡s ✐♠♣♦rt❛♥t❡ ♥♦ só❧♦

s❡❧❡❝❝✐♦♥❛r ❡❧ ♠❛t❡r✐❛❧ ❜❛s❛❞♦s ❡♥ ❧❛s ♣r♦♣✐❡❞❛❞❡s ♠❛❣♥ét✐❝❛s ② ❝♦♥s✐❞❡r❛r ❛❧ ♠✐s♠♦ t✐❡♠♣♦ ❧❛s ♣r♦♣✐❡❞❛❞❡s ♠❡❝á♥✐❝❛s✳

✸✳✽✳ ❆♥á❧✐s✐s ❞❡ ❊❧❡♠❡♥t♦ ❋✐♥✐t♦ ❛♣❧✐❝❛❞♦ ❛ ♠áq✉✐♥❛s ❡❧é❝tr✐❝❛s✳

❊❧ ♠ét♦❞♦ ❞❡ ❛♥á❧✐s✐s ❞❡ ❡❧❡♠❡♥t♦ ✜♥✐t♦ ✭❆❊❋✮ ❡s ✉♥❛ ❤❡rr❛♠✐❡♥t❛ ✐♠♣♦rt❛♥t❡ ❡♥ ❡❧ ❞✐s❡ñ♦ ② ❛♥á❧✐s✐s ❞❡ ▼❊❚✳ ❊❧ ♠ét♦❞♦

❞❡ ❡❧❡♠❡♥t♦ ✜♥✐t♦ ❡s ✉♥ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞❡❧ ♠♦t♦r q✉❡ s❡ ❡stá ❛♥❛❧✐③❛♥❞♦✱ ❡①✐st❡♥ ♦tr♦s ♠ét♦❞♦s ♣❛r❛ ♠♦❞❡❧❛r
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▼❊✱ s✐♥ ❡♠❜❛r❣♦✱ ❡❧ ❆❊❋ ❤❛ s✐❞♦ ❢❛✈♦r❡❝✐❞♦ ❞❡❜✐❞♦ ❛ ❧❛ ❡①❛❝t✐t✉❞ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s✳ ❆✉♥q✉❡ ❧❛ ♣r✐♥❝✐♣❛❧

❞❡s✈❡♥t❛❥❛ ❞❡❧ ❆❊❋ ❡s ❡❧ t✐❡♠♣♦ ❞❡ ❝♦♠♣✉t♦ q✉❡ s❡ r❡q✉✐❡r❡✱ ❡①✐st❡♥ ❝✐❡rt❛s té❝♥✐❝❛s q✉❡ ♣✉❡❞❡♥ s❡r ✐♠♣❧❡♠❡♥t❛❞❛s

♣❛r❛ r❡❞✉❝✐r ❛❝❡❧❡r❛r ❡❧ ❛♥á❧✐s✐s✳

❊♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ❧♦s ▼❊❚✱ ❡st❡ ♠ét♦❞♦ s❡ ❡♠♣❧❡❛ ♣❛r❛ ❛♥❛❧✐③❛r ❛ ❞❡t❛❧❧❡ ❡❧ ❞❡s❡♠♣❡ñ♦ ❞❡❧ ♠♦t♦r ② ❡st✉❞✐❛r ❡❧ ❡❢❡❝t♦ ❞❡

✉♥ ♣❛rá♠❡tr♦ ❡♥ ❡s♣❡❝í✜❝♦✱ ✐♥❝❧✉s✐✈❡ s❡ ♣✉❡❞❡♥ r❡❛❧✐③❛r ❛❧❣✉♥❛s ♣r✉❡❜❛s q✉❡ ♥♦ s♦♥ ✈✐❛❜❧❡s ❡♥ ❡❧ ❧❛❜♦r❛t♦r✐♦✳

❊①✐st❡♥ ❛❧ ♠❡♥♦s ♦tr♦s ❞♦s t✐♣♦s ❞❡ ♠♦❞❡❧♦s ♣❛r❛ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s✱ ❧♦s ♠♦❞❡❧♦s ❜❛s❛❞♦s ❡♥ ❡❝✉❛❝✐♦♥❡s ❛♥❛❧ít✐❝❛s

② ❡❧ ♠♦❞❡❧♦ ❞❡ ❝✐r❝✉✐t♦ ♠❛❣♥ét✐❝♦ ❡q✉✐✈❛❧❡♥t❡✳

✸✳✽✳✶✳ ❆♥s②s✳

❆♥s②s ❡s ✉♥ ♣❛q✉❡t❡ ❞❡ ✐♥❣❡♥✐❡rí❛s ❛s✐st✐❞❛ ♣♦r ❝♦♠♣✉t❛❞♦r❛ ❡♥ ❧❛ q✉❡ s❡ ♣✉❡❞❡♥ s✐♠✉❧❛r ❞✐st✐♥t♦s ❢❡♥ó♠❡♥♦s ❢ís✐❝♦s✳

❆ tr❛✈és ❞❡ ❧❛ ✐♥t❡r❢❛③ ❝❡♥tr❛❧ ❧❧❛♠❛❞❛ ❆♥s②s ❲♦r❦❜❡♥❝❤✱ s❡ ♣✉❡❞❡♥ ✐♥t❡❣r❛r ❞✐st✐♥t❛s s✐♠✉❧❛❝✐♦♥❡s ♣❛r❛ ✈❡r✐✜❝❛r ❧♦s

❝♦♠♣♦♥❡♥t❡s ♠❡❝á♥✐❝♦s✱ tér♠✐❝♦s ② ♠❛❣♥ét✐❝♦s ❞❡❧ ♠♦t♦r✳ ❊❧ ♣❛q✉❡t❡ ❞❡ ❆♥s②s ❝♦♥ ❡❧ q✉❡ s❡ r❡s✉❡❧✈❡♥ ♣r♦❜❧❡♠❛s

❡❧❡❝tr♦♠❛❣♥ét✐❝♦s s❡ ❧❧❛♠❛ ❆♥s②s ❊❧❡❝tr♦♠❛❣♥❡t✐❝s ❙✉✐t✳ ❉❡ ❧❛s ❞✐✈❡rs❛s ❤❡rr❛♠✐❡♥t❛s q✉❡ ✐♥❝❧✉②❡ ❡st❡ ♣❛q✉❡t❡✱ ♣❛r❛

❡❧ ❞✐s❡ñ♦ ② ❛♥á❧✐s✐s ❞❡ ♠♦t♦r❡s ✉s❛♠♦s ♣r✐♥❝✐♣❛❧♠❡♥t❡✿ ❘♠①♣rt✱ ❆♥s②s ▼❛①✇❡❧❧ ✷❉ ② ❆♥s②s ▼❛①✇❡❧❧ ✸❉✳

❆✉♥q✉❡ ❆♥s②s ▼❛①✇❡❧❧ ❡s ✉♥❛ ❤❡rr❛♠✐❡♥t❛ ❣❡♥❡r❛❧ ❞❡ ❛♥á❧✐s✐s ♣♦r ❡❧❡♠❡♥t♦ ✜♥✐t♦✱ s✉s ❝❛♣❛❝✐❞❛❞❡s ♣❡r♠✐t❡♥ ❛ ❧♦s

❞✐s❡ñ❛❞♦r❡s ♣❡rs♦♥❛❧✐③❛r ② ❛♣❧✐❝❛r ❛♥á❧✐s✐s ♠✉② ❡s♣❡❝í✜❝♦s ♣❛r❛ ♠áq✉✐♥❛s ❡❧é❝tr✐❝❛s ❝♦♠♦ ❧♦ s♦♥ s♦❧✉❝✐♦♥❡s ❡♥ ❧♦s ❡❥❡s

❞✲q ♦ ❛❧❣✉♥♦s ❛❧❣♦r✐t♠♦s ❝♦♠♣❧❡❥♦s ❝♦♠♦ ❡❧ ♣❛r ♠á①✐♠♦ ♣♦r ✉♥✐❞❛❞ ❞❡ ❛♠♣❡r❡ ✭▼❚P❆✱ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮

❡♠♣❧❡❛❞♦ ♣❛r❛ ♦❜t❡♥❡r ❡❧ ♠❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛ ✭❘♦s✉ ❡t ❛❧✳✱ ✷✵✶✽✮✳

✸✳✽✳✷✳ ❋❊▼▼ ② ❖❝t❛✈❡✳

❆♥s②s ❡s ✉♥ ♣❛q✉❡t❡ ❝♦st♦s♦✱ ♣♦r ❧♦ t❛♥t♦✱ ❡♥ ❧❛ ◆❚❯❆ s❡ ❤❛ ♦♣t❛❞♦ ♣♦r ✐♠♣❧❡♠❡♥t❛r ✉♥❛ ❝♦♠❜✐♥❛❝✐ó♥ ❞❡ ♣r♦❣r❛♠❛s

❞❡ ❧✐❝❡♥❝✐❛ ❧✐❜r❡✳ ❋❊▼▼ ❡s ✉♥ ♣❛q✉❡t❡ q✉❡ ♣❡r♠✐t❡ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❡❧❡❝tr♦♠❛❣♥ét✐❝♦s ♣♦r ♠❡❞✐♦ ❞❡ ❡❧❡♠❡♥t♦ ✜♥✐t♦✳

❖❝t❛✈❡ ❡s ✉♥ ♣r♦❣r❛♠❛ ❣❡♥❡r❛❧ ❞❡ ❝á❧❝✉❧♦s s✐♠✐❧❛r ❛ ▼❛t❧❛❜✳ ❙❡ ♣✉❡❞❡♥ ♣r♦❣r❛♠❛r ❝ó❞✐❣♦s ❡♥ ❋❊▼▼ ✭♦ ▼❛t❧❛❜✮ q✉❡

♣❡r♠✐t❡♥ ❡❧ ♠❛♥❡❥♦ ❞❡ ❋❊▼▼ ♣❛r❛ ❝r❡❛r ❛♥á❧✐s✐s✳ ▲❛ ♣r✐♥❝✐♣❛❧ ✈❡♥t❛❥❛ ❡s q✉❡ s❡ r❡q✉✐❡r❡ ❞❡ ✉♥ ♠❛②♦r ❝♦♥♦❝✐♠✐❡♥t♦

t❛♥t♦ ❞❡ ❡❧❡♠❡♥t♦ ✜♥✐t♦ ❝♦♠♦ ❞❡ ❧❛ t❡♦rí❛ ❡❧❡❝tr♦♠❛❣♥ét✐❝❛ ♣❛r❛ ♣♦❞❡r r❡❛❧✐③❛r ❧♦s ❝á❧❝✉❧♦s ❞❡s❡❛❞♦s✳

✸✳✽✳✸✳ ❙✐♠❡trí❛ ❞❡ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s✳

❙❡ r❡q✉✐❡r❡ ❞❡ ❜❛st❛♥t❡ t✐❡♠♣♦ ❞❡ ❝ó♠♣✉t♦ ♣❛r❛ ♦❜t❡♥❡r ❧♦s r❡s✉❧t❛❞♦s ♣♦r ♠❡❞✐♦ ❞❡❧ ❆❊❋✳ ❯♥ ♠ét♦❞♦ q✉❡ ❡s ❛♠♣❧✐❛✲

♠❡♥t❡ ✉t✐❧✐③❛❞♦ ♣❛r❛ r❡❞✉❝✐r ❡❧ t✐❡♠♣♦ ❡s ❡❧ ✉s♦ ❞❡ ❣❡♦♠❡trí❛s ♣❛r❝✐❛❧❡s q✉❡ s❡ ♦❜t✐❡♥❡♥ ❞❡ ❧❛ s✐♠❡trí❛✳ ▲♦s ♠♦t♦r❡s

❡❧é❝tr✐❝♦s s♦♥ ♠✉② s✐♠étr✐❝♦s ♣♦r ❧♦ q✉❡ s❡ ♣✉❡❞❡ ❤❛❝❡r ✉s♦ ❞❡ ❡st❛ ♣r♦♣✐❡❞❛❞✳ P❛r❛ ❞❡t❡r♠✐♥❛r ❧❛ ♠í♥✐♠❛ s❡❝❝✐ó♥ q✉❡
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s❡ ♣✉❡❞❡ s✐♠✉❧❛r ♣❛r❛ ♦❜t❡♥❡r ❧♦s ♠✐s♠♦s r❡s✉❧t❛❞♦s s❡ ♦❜t✐❡♥❡ ❡❧ ♠á①✐♠♦ ❝♦♠ú♥ ❞✐✈✐s♦r ❞❡ ❧❛s r❛♥✉r❛s ❡♥ ❡❧ ❡st❛t♦r

② ❧♦s ♣♦❧♦s ❡♥ ❡❧ r♦t♦r✳ ▲❛ ♠í♥✐♠❛ s❡❝❝✐ó♥ q✉❡ s❡ ♣✉❡❞❡ s✐♠✉❧❛r ❡s ❡❧ ✐♥✈❡rs♦ ❞❡❧ ♠á①✐♠♦ ❝♦♠ú♥ ❞✐✈✐s♦r✳

✸✳✽✳✹✳ ❊❝✉❛❝✐♦♥❡s ❣♦❜❡r♥❛♥t❡s✳

✸✳✽✳✹✳✶✳ ❊❝✉❛❝✐♦♥❡s ❣♦❜❡r♥❛♥t❡s ❡♥ ❡❧ ❛♥á❧✐s✐s ❡❧❡❝tr♦♠❛❣♥ét✐❝♦✳

▲❛s ❡❝✉❛❝✐♦♥❡s q✉❡ ❞❡s❝r✐❜❡♥ t♦❞♦ ❡❧ ❢❡♥ó♠❡♥♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦ s♦♥ ❧❛s ❡❝✉❛❝✐♦♥❡s ❞❡ ▼❛①✇❡❧❧ ❞❡s❝r✐t❛s ♣r❡✈✐❛♠❡♥t❡✱

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

❆❧❣✉♥♦s ❡❥❡♠♣❧♦s ❞❡ ❢♦r♠✉❧❛❝✐♦♥❡s ✉t✐❧✐③❛❞❛s s♦♥✿ ❛✮ ♣♦t❡♥❝✐❛❧ ❡s❝❛❧❛r ♠❛❣♥ét✐❝♦ ❞❡✜♥✐❞♦ ❝♦♠♦✱ H̄ = −gradϕ✳ ❜✮

♣♦t❡♥❝✐❛❧ ✈❡❝t♦r ♠❛❣♥ét✐❝♦✱ ❞❡✜♥✐❞♦ ♣♦r H̄ = rotĀ✳ ❝✮ ❢♦r♠✉❧❛❝✐ó♥ ❞✐r❡❝t❛ ✉s❛♥❞♦ ❧❛ ✐♥t❡♥s✐❞❛❞ ❞❡ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦✱

H̄. P❛r❛ ❡❧ s❡❣✉♥❞♦ ❝❛s♦ ❧❛s ❡❝✉❛❝✐♦♥❡s ❣♦❜❡r♥❛♥t❡s s♦♥✿

∇2Ā− µε
∂2A

∂t2
= −µJ̄ ✭✸✳✺✺✮

∇2V̄ − µε
∂2V

∂t2
= −ρ

ε
✭✸✳✺✻✮

∇ ·A = µε
∂V

∂t
✭✸✳✺✼✮

❞♦♥❞❡ ❱ ❡s ❡❧ ♣♦t❡♥❝✐❛❧ ❡❧é❝tr✐❝♦✳

✸✳✽✳✹✳✷✳ ❊❝✉❛❝✐♦♥❡s ❣♦❜❡r♥❛♥t❡s ❡♥ ❡❧ ❛♥á❧✐s✐s ♠❡❝á♥✐❝♦✳

❊❧ ♣r✐♥❝✐♣✐♦ ❢ís✐❝♦ ❞❡❧ q✉❡ s❡ ❞❡r✐✈❛♥ ❧❛s ❡❝✉❛❝✐♦♥❡s q✉❡ ❆♥s②s r❡s✉❡❧✈❡ ❡s ❡❧ ❡q✉✐❧✐❜r✐♦ ❞❡ ✉♥ ❡❧❡♠❡♥t♦ ✐♥✜♥✐t❡s✐♠❛❧

s♦♠❡t✐❞♦ ❛ ❧♦s ❡s❢✉❡r③♦s ✐♥t❡r♥♦s q✉❡ s❡ ♠✉❡str❛♥ ❡♥ ❧❛ ✜❣✉r❛ ✸✳✹✳ ❆ ♣❛rt✐r ❞❡ ❞✐❝❤♦ ❛♥á❧✐s✐s s❡ ♦❜t✐❡♥❡♥ ❧❛s ❡❝✉❛❝✐♦♥❡s

✸✳✺✽✲✸✳✻✵✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❛❧ ❝♦♥t❛r ❡❧ ♥ú♠❡r♦ ❞❡ ❡❝✉❛❝✐♦♥❡s ② ❞❡ ✐♥❝ó❣♥✐t❛s✱ r❡s✉❧t❛ ♦❜✈✐♦ q✉❡ s❡ r❡q✉✐❡r❡♥ ❞❡ ♠ás

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

∂σx

∂x
+
∂τxy

∂y
+
∂τxz

∂z
= 0 ✭✸✳✺✽✮

∂τxy

∂x
+
∂σxy

∂y
+
∂τyz

∂z
= 0 ✭✸✳✺✾✮



❈❆P❮❚❯▲❖ ✸✳ ❚❊❖❘❮❆ ❉❊ ▲❖❙ ▼❖❚❖❘❊❙ ❊▲➱❈❚❘■❈❖❙ ✼✵

❋✐❣✉r❛ ✸✳✹✿ ❊❧❡♠❡♥t♦ ✐♥✜♥✐t❡s✐♠❛❧ s♦♠❡t✐❞♦ ❛ ❡s❢✉❡r③♦s ✭❈♦r♥❡❧❧✱ ✷✵✶✽✮ ✳

∂τx
∂x

+
∂τyz

∂y
+
∂σz

∂z
= 0 ✭✸✳✻✵✮

▲❛ ❡❝✉❛❝✐ó♥ ✸✳✻✶ ❞❡s❝r✐❜❡ ❧❛ ❧❡② ❞❡ ❍♦♦❦❡ ❡♥ ❡❧ ♠✐s♠♦ ❡❧❡♠❡♥t♦ ❞✐❢❡r❡♥❝✐❛❧✱ ❛ s✉ ✈❡③ ❧❛s ❡❝✉❛❝✐♦♥❡s ✸✳✻✷ ② ❄❄ s♦♥

❧❛s r❡❧❛❝✐♦♥❡s ❡♥tr❡ ❞❡s♣❧❛③❛♠✐❡♥t♦s ② ❞❡❢♦r♠❛❝✐♦♥❡s❀ ❝♦♥ ❞✐❝❤❛s ❡❝✉❛❝✐♦♥❡s s❡ ❝♦♠♣❧❡t❛ ❡❧ ♠♦❞❡❧♦ ❝♦♥ ✉♥ t♦t❛❧ ❞❡ ✶✺

✐♥❝ó❣♥✐t❛s ② ✶✺ ❡❝✉❛❝✐♦♥❡s ❈♦r♥❡❧❧ ✭✷✵✶✽✮✳

































σx

σy

σz

τyz

τxz

τxy

































=
E

(1 + υ)

































1− υ υ υ 0 0 0

υ 1− υ υ 0 0 0

υ υ 1− υ 0 0 0

0 0 0 1− 2υ 0 0

0 0 0 0 1− 2υ 0

0 0 0 0 0 1− 2υ

































































εx

εy

εz

γyz

γxz

γxy

































✭✸✳✻✶✮

εx =
∂u

∂x
εy =

∂v

∂y
εz =

∂w

∂z
✭✸✳✻✷✮

✸✳✾✳ ❈♦♥❝❧✉s✐♦♥❡s ❞❡❧ ❈❛♣ít✉❧♦✳

▲❛ t❡♦rí❛ ❡❧❡❝tr♦♠❛❣♥ét✐❝❛ q✉❡ ❞❡s❝r✐❜❡ ❧♦s ❢❡♥ó♠❡♥♦s q✉❡ ✐♥t❡r✈✐❡♥❡♥ ❡♥ ❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❞❡ ✉♥ ♠♦t♦r ❡❧é❝tr✐❝♦

❡s ❜❛st❛♥t❡ ❝♦♠♣❧❡❥❛✱ ❡♥ ❡st❡ ❝❛♣ít✉❧♦ s❡ ❞❡s❝r✐❜✐❡r♦♥ ❞❡ ❢♦r♠❛ ❣❡♥❡r❛❧ ❧♦s ♣r✐♥❝✐♣✐♦s ❜ás✐❝♦s ② ❧❛s ❡❝✉❛❝✐♦♥❡s ♠ás

✐♠♣♦rt❛♥t❡s✳ ❉❡ ❡st❡ ♠♦❞♦ ❢✉t✉r♦s ❛❧✉♠♥♦s q✉❡ s❡ ✐♥✈♦❧✉❝r❡♥ ❡♥ ❡st❛ ❧í♥❡❛ ❞❡ ❞❡s❛rr♦❧❧♦ ❞❡♥tr♦ ❞❡ ❧❛ ❯❆❚ ♣✉❡❞❡

❛❝❝❡❞❡r t❛♥t♦ ❛ ❧❛ t❡♦rí❛ ❜ás✐❝❛ ♣❛r❛ r❡❝♦r❞❛r ❧♦ ❛♣r❡♥❞✐❞♦ ❡♥ s✉s ❝✉rs♦s ❞❡ ❧✐❝❡♥❝✐❛t✉r❛ ♦ ❝♦♥s✉❧t❛r ❧❛s ❡❝✉❛❝✐♦♥❡s q✉❡
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r❡s✉❡❧✈❡ ❡❧ ♣❛q✉❡t❡ ❞❡ ❝ó♠♣✉t♦ ❆◆❙❨❙✳ ❙✐❡♠♣r❡ q✉❡ s❡ r❡q✉✐❡r❛ ✉♥❛ ❝♦♥s✉❧t❛ ♠ás ❞❡t❛❧❧❛❞❛ ❞❡ ❛❧❣ú♥ ❡❞ ❧♦s t❡♠❛s s❡

♣♦❞rá♥ ❝♦♥s✉❧t❛r ❧❛s ❢✉❡♥t❡s ❝✐t❛❞❛s✳

❊❧ ❡♥t❡♥❞✐♠✐❡♥t♦ ❞❡ ❧♦s ❢❡♥ó♠❡♥♦s ❢ís✐❝♦s ❡s ♠✉② ✐♠♣♦rt❛♥t❡ ❞❡❜✐❞♦ ❛ q✉❡ ❡❧ ✉s♦ ❞❡ ♣r♦❣r❛♠❛s ❞❡ ❝♦♠♣✉t❛❞♦r❛s ♣✉❡❞❡♥

✈✐❝✐❛r ❡❧ ❞✐s❡ñ♦ ② ❛♥á❧✐s✐s ❞❡ ♠♦t♦r❡s ❛❧ s❡r ✉t✐❧✐③❛❞♦s ❞❡ ❢♦r♠❛ ✐♥❝♦♥s❝✐❡♥t❡ s✐♥ s❛❜❡r ❡❧ ✐♠♣❛❝t♦ ❞❡ ❝❛❞❛ ♣❛rá♠❡tr♦

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

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

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

♣r♦❣r❛♠❛r ✉♥ ❛❧❣♦r✐t♠♦ ♣r♦♣✐♦✳



❈❛♣ít✉❧♦ ✹

▼♦t♦r❡s ✉s❛❞♦s ❡♥ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✳

❊❧ ▼❊ ❡s ❛❧t❛♠❡♥t❡ ❡✜❝✐❡♥t❡ ❡♥ ✉♥ r❛♥❣♦ ❛♠♣❧✐♦ ❞❡ ♣❛r ② ✈❡❧♦❝✐❞❛❞✱ ❡♥ ❣❡♥❡r❛❧✱ ✉♥ ▼❊ ♦❢r❡❝❡ ✉♥❛ ♠❛②♦r ❛❝❡❧❡r❛❝✐ó♥

② ✉♥❛ ♦♣❡r❛❝✐ó♥ ♠ás s✐❧❡♥❝✐♦s❛ q✉❡ ✉♥ ▼❈■ ❞❡ t❛♠❛ñ♦ s✐♠✐❧❛r✳ ❙❡❧❡❝❝✐♦♥❛r ❡❧ s✐st❡♠❛ ❞❡ ♣r♦♣✉❧s✐ó♥ ❛❞❡❝✉❛❞♦ ♣❛r❛ ✉♥

✈❡❤í❝✉❧♦ ❡s ✉♥❛ t❛r❡❛ ❝♦♠♣❧❡❥❛ ② s❡ r✐❣❡ ♣♦r tr❡s ❢❛❝t♦r❡s ♣r✐♥❝✐♣❛❧❡s✿ ❡✜❝✐❡♥❝✐❛✱ ❝♦st♦ ② ♣❡s♦✳ ❉❡ ❧♦s ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡

♠♦t♦r❡s✱ s♦♥ ❝✉❛tr♦ ❧♦s ♠ás ✉t✐❧✐③❛❞♦s ❡♥ ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ tr❛❝❝✐ó♥✿ ❡❧ ♠♦t♦r ❞❡ ❝♦rr✐❡♥t❡ ❞✐r❡❝t❛✱ ❡❧ ♠♦t♦r sí♥❝r♦♥♦ ❞❡

✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✱ ❡❧ ♠♦t♦r ❞❡ ✐♥❞✉❝❝✐ó♥ ② ❡❧ ♠♦t♦r sí♥❝r♦♥♦ ❞❡ r❡❧✉❝t❛♥❝✐❛ ✭❨✐❧♠❛③✱ ✷✵✶✺✮✳

✹✳✶✳ ▼♦t♦r❡s sí♥❝r♦♥♦s ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✳

▲♦s ♠♦t♦r❡s sí♥❝r♦♥♦s ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ✭▼❙■P✮ s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❞✐s♣♦♥✐❜❧❡s

❝♦♠❡r❝✐❛❧♠❡♥t❡✳ ❙❡ ❤❛ ❢❛✈♦r❡❝✐❞♦ ❡❧ ✉s♦ ❞❡ ❡st♦s ❞❡❜✐❞♦ ❛ s✉ ♠❛②♦r ❞❡s❡♠♣❡ñ♦ ✐♥❝❧✉②❡♥❞♦✱ ♠❛②♦r ❡✜❝✐❡♥❝✐❛✱ ❛❧t♦

❞❡♥s✐❞❛❞ ❞❡ ♣❛r✱ ✈♦❧✉♠❡♥ r❡❞✉❝✐❞♦ ② ♣❡s♦ ❧✐❣❡r♦ ✭❨✐❧♠❛③✱ ✷✵✶✺✮✳

❙❡ ❡♠♣❧❡❛♥ ✐♠❛♥❡s ❞❡ t✐❡rr❛s r❛r❛s ❞❡❜✐❞♦ q✉❡ s✉ ✉s♦ ♠❡❥♦r❛ ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ♣♦t❡♥❝✐❛ ② ❞❡♥s✐❞❛❞ ❞❡ ♣❛r ✭❨❛♥❣ ❡t ❛❧✳✱

✷✵✶✼✮✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❡❧ ♣r❡❝✐♦ ❛❝t✉❛❧ ❞❡ ❧♦s ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ♥♦ r❡♣r❡s❡♥t❛ ❡❧ ✈❛❧♦r r❡❛❧ ❞❛❞♦ q✉❡ ♥♦ ❝♦♥s✐❞❡r❛ ❧❛

❡s❝❛s❡③ ❞❡❧ r❡❝✉rs♦ ♥✐ ❡❧ ❞❛ñ♦ ❛♠❜✐❡♥t❛❧ ❝❛✉s❛❞♦ ♣♦r ❧❛ ❡①tr❛❝❝✐ó♥ ❞❡ ❧❛ ♠❛t❡r✐❛ ♣r✐♠❛✳ ❈❤✐♥❛ ♣r♦✈❡❡ ❡❧ ✾✻✪ ❞❡ ❧♦s

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

t♦t❛❧ ♠✉♥❞✐❛❧ ✭❘✐❜❛ ❡t ❛❧✳✱ ✷✵✶✻✮✱ ♣♦r ❧♦ q✉❡ ❧❛ ✢✉❝t✉❛❝✐ó♥ ❡♥ ❡❧ ♣r❡❝✐♦ ❞❡ ❡st♦s ♠❡t❛❧❡s ❞❡♣❡♥❞❡ t♦t❛❧♠❡♥t❡ ❞❡ ❧♦s

♣r♦✈❡❡❞♦r❡s ❝❤✐♥♦s ❝❛✉s❛♥❞♦ ✉♥❛ ❞❡♣❡♥❞❡♥❝✐❛ ❡❝♦♥ó♠✐❝❛ ② t❡❝♥♦❧ó❣✐❝❛✳

❊①✐st❡♥ ♠✉❝❤❛s ❝❧❛s✐✜❝❛❝✐♦♥❡s ❞❡ ❧♦s ▼❙■P✱ ✉♥❛ ❞❡ ❧❛s ❝❧❛s✐✜❝❛❝✐♦♥❡s ♠ás ❣❡♥❡r❛❧❡s✱ ❞❡ ❛❝✉❡r❞♦ ❝♦♥ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡❧

❡♥tr❡❤✐❡rr♦✱ ❝♦♥s✐st❡ ❡♥ ❞♦s ❝❛t❡❣♦rí❛s✿ ♣♦❧♦s s❛❧✐❡♥t❡s ② ♣♦❧♦s ♥♦ s❛❧✐❡♥t❡s✳ ▲♦s ♣♦❧♦s s❛❧✐❡♥t❡s ❣❡♥❡r❛♥ ✉♥ ❡♥tr❡❤✐❡rr♦

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

✼✷
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s♦♥ ♣r❡❢❡r✐❞♦s ♣❛r❛ ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ ❜❛❥❛ ✈❡❧♦❝✐❞❛❞✱ ♠✐❡♥tr❛s q✉❡ ❧♦s ♣♦❧♦s ♥♦ s❛❧✐❡♥t❡s s❡ ❡♠♣❧❡❛♥ ❝♦♥ ♠❛②♦r ❢r❡❝✉❡♥❝✐❛

❡♥ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞ ❞♦♥❞❡ ❧❛ r❡❧❛❝✐ó♥ ❞✐á♠❡tr♦✲❧❛r❣♦ t✐❡♥❡ q✉❡ s❡r ♣❡q✉❡ñ❛ ♣❛r❛ ♠❛♥t❡♥❡r ❧♦s ❡s❢✉❡r③♦s

♠❡❝á♥✐❝♦s ❞❡ ❧❛s ❢✉❡r③❛s ❝❡♥trí❢✉❣❛s ❡♥ ♥✐✈❡❧❡s ❛❝❡♣t❛❜❧❡s ✭❖♥❣✱ ✶✾✾✽✮✳

❊♥ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ tr❛❝❝✐ó♥ s❡ ✐♠♣❧❡♠❡♥t❛♥ ❛♠❜♦s t✐♣♦s ❞❡ ♠♦t♦r❡s✳ ❖tr❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❡s ♣♦r ❧❛ ✉❜✐❝❛❝✐ó♥ ❞❡ ❧♦s

✐♠❛♥❡s ❡♥ ❡❧ r♦t♦r❀ ❧♦s ✐♠❛♥❡s ♠♦♥t❛❞♦s ❡♥ ❧❛ s✉♣❡r✜❝✐❡ ② ❧♦s ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ❡♠❜❡❜✐❞♦s ❞❡♥tr♦ ❞❡❧ r♦t♦r✳ ❉❡ ❡st❛s

❞♦s✱ ❧❛ s❡❣✉♥❞❛ ❡s ♣r❡❢❡r✐❞❛ ♣❛r❛ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ tr❛❝❝✐ó♥ ❞❡❜✐❞♦ ❛ ✈❡♥t❛❥❛s t❛❧❡s ❝♦♠♦✿ ▲♦s ✐♠❛♥❡s ❡stá♥ ♣r♦t❡❣✐❞♦s

♠❡❝á♥✐❝❛♠❡♥t❡ ♣♦r ❧❛s r❛♥✉r❛s ❡♥ ❡❧ r♦t♦r✱ s❡ ❞✐s♠✐♥✉②❡ ❡❧ r✐❡s❣♦ ❞❡ ❞❡s♠❛❣♥❡t✐③❛❝✐ó♥ ❞❡❜✐❞♦ ❛ q✉❡ ❧♦s ✐♠❛♥❡s ♥♦

❡stá♥ ❡①♣✉❡st♦s ❞✐r❡❝t❛♠❡♥t❡ ❛❧ ❝❛♠♣♦ ❞❡❧ ❡st❛t♦r✱ s❡ ❛✉♠❡♥t❛ ❧❛ ♣r♦②❡❝❝✐ó♥ ❞❡ ♣♦❧♦s ❝♦♥ ❧♦ q✉❡ s❡ ✐♥❝r❡♠❡♥t❛ ❡❧ ♣❛r

❞❡ r❡❧✉❝t❛♥❝✐❛✳

✹✳✶✳✶✳ Pr✐♥❝✐♣✐♦ ❞❡ ❢✉♥❝✐♦♥❛♠✐❡♥t♦✳

❊♥ ✉♥ ♠♦t♦r sí♥❝r♦♥♦ ❡①✐st❡♥ ❞♦s ❝❛♠♣♦s ♠❛❣♥ét✐❝♦s❀ ❡❧ ♣r✐♠❡r♦ ♦❝❛s✐♦♥❛❞♦ ♣♦r ❧♦s ✐♠❛♥❡s ❡♥ ❡❧ r♦t♦r✱ ❇s ② ❡❧ s❡❣✉♥❞♦

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

❇❘ t✐❡♥❞❡ ❛ ❛❧✐♥❡❛rs❡ ❝♦♥ ❧❛ ♥✉❡✈❛ ♣♦s✐❝✐ó♥ ❞❡ ést❡✳ ❊♥ ❧❛ ❛❝❝✐ó♥ ❞❡ ❛❧✐♥❡❛❝✐ó♥ ❞❡ ❧♦s ❝❛♠♣♦s ♠❛❣♥ét✐❝♦s s❡ ♣r♦❞✉❝❡

♣❛r út✐❧ ❝♦♥♦❝✐❞♦ ❝♦♠♦ ♣❛r ✐♥❞✉❝✐❞♦ ② ❞❡✜♥✐❞♦ ♣♦r ❧❛ ❡❝✉❛❝✐ó♥ ✹✳✶✳ ▲❛ ✈❡❧♦❝✐❞❛❞ ❛♥❣✉❧❛r ❞❡ ❧♦s ♠♦t♦r❡s sí♥❝r♦♥♦s ❡s

❝♦♥st❛♥t❡ s✐♥ ✐♠♣♦rt❛r ❧❛ ❝❛r❣❛ ✭❈❤❛♣♠❛♥✱ ✷✵✵✺✮

τind = kBRBNsin(δ) ✭✹✳✶✮

❊❧ ❛rr❛♥q✉❡ ❞❡ ❧♦s ♠♦t♦r❡s sí♥❝r♦♥♦s r❡♣r❡s❡♥t❛ ✉♥ ♣r♦❜❧❡♠❛✳ ❆❧ ✐♥✐❝✐♦ ❞❡❧ ♠♦✈✐♠✐❡♥t♦✱ ❡❧ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦ ❞❡❧ ❡st❛t♦r✱

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

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

❞❡ ✈❡❧♦❝✐❞❛❞❡s ❧❛ ❞❡s❛❧✐♥❡❛❝✐ó♥ ❞❡ ❇❊ ② ❇❘ ♦❝❛s✐♦♥❛rá q✉❡ ❡✈❡♥t✉❛❧♠❡♥t❡ ❡❧ ♣❛r ✐♥❞✉❝✐❞♦ s❡ ♦♣♦♥❣❛ ❛❧ ♠♦✈✐♠✐❡♥t♦✱

♣♦st❡r✐♦r♠❡♥t❡ ❡❧ ♣❛r ✈♦❧✈❡rá s❡r ❝❡r♦ ② ❞❡s♣✉és ♥✉❡✈❛♠❡♥t❡ ❡♥ ❡❧ s❡♥t✐❞♦ ❞❡❧ ♠♦✈✐♠✐❡♥t♦✱ t♦❞♦ ❡st♦ ♦❝✉rr❡ ❞✉r❛♥t❡

✉♥ ❝✐❝❧♦ ❡❧é❝tr✐❝♦✳ ❋ís✐❝❛♠❡♥t❡ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r ✈✐❜r❛❝✐♦♥❡s ② ❡✈❡♥t✉❛❧♠❡♥t❡ ❡❧ ♠♦t♦r ♣✉❡❞❡ q✉❡♠❛rs❡✳

✹✳✶✳✷✳ ❊st❛❞♦ ❞❡❧ ❛rt❡ ❞❡ ❧♦s ▼❙■P ♣❛r❛ tr❛❝❝✐ó♥✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ s❡ ❞❡s❝r✐❜❡♥ ② ❛♥❛❧✐③❛♥ s❡✐s ♠♦t♦r❡s q✉❡ ❤❛♥ s✐❞♦ ✉s❛❞♦ ❡♥ ❛❧❣✉♥♦s ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❡ ❤í❜r✐❞♦s

♠ás ✈❡♥❞✐❞♦s✳ ▲♦s ♠♦t♦r❡s ❛♥❛❧✐③❛❞♦s ❡♥ ❡st❛ s❡❝❝✐ó♥ s♦♥ ❧♦s ♣r❡s❡♥t❡s ❡♥ ❧♦s ♠♦❞❡❧♦s✿ ❍♦♥❞❛ ❆❝❝♦r❞ ✷✵✵✺✱ ❚♦②♦t❛

Pr✐✉s ✷✵✵✹✱ ◆✐ss❛♥ ▲❊❆❋ ✷✵✶✷✱ ❇▼❲ ✐✸ ✷✵✶✻✱ ❈❤❡✈r♦❧❡t ❇♦❧t ❊❱ ✷✵✶✽ ② ❚❡s❧❛ ▼♦❞❡❧ ❙✳ ▲♦s ♣r✐♠❡r♦s ❝✐♥❝♦ s♦♥

♠♦t♦r❡s sí♥❝r♦♥♦s ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ✐♥t❡r♥♦s ❡♥ ❡❧ r♦t♦r ✭❖❧s③❡✇s❦✐✱ ✷✵✵✺✱ ✷✵✵✻✱ ❖③♣✐♥❡❝✐✱ ✷✵✶✻✱ ❙t❛t♦♥✱ ✷✵✶✻✱
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❙t❛t♦♥ ❛♥❞ ●♦ss✱ ✷✵✶✼✮ ♠✐❡♥tr❛s q✉❡ ❡❧ ú❧t✐♠♦ ❡s ✉♥ ♠♦t♦r ❞❡ ✐♥❞✉❝❝✐ó♥✳ ❊❧ ♦r❞❡♥ ❡♥ q✉❡ s♦♥ ♣r❡s❡♥t❛❞♦s ❝♦rr❡s♣♦♥❞❡

❛ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ❧♦s ✐♠❛♥❡s✱ ❝♦♠❡♥③❛♥❞♦ ♣♦r ❡❧ ❛rr❡❣❧♦ ♠ás s✐♠♣❧❡ ❞❡ ✉♥❛ s♦❧❛ ❝❛♣❛ ❞❡ ✐♠❛♥❡s ❡♥ ❧í♥❡❛✱ ❞❡s♣✉és

❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❡♥ ❱ s❡❣✉✐❞♦ ♣♦r ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❡♥ ❞❡❧t❛✱ ② t❡r♠✐♥❛♥❞♦ ❝♦♥ ❡❧ ❛rr❡❣❧♦ ❞❡ ❞♦❜❧❡ ❝❛♣❛ ♣❛r❛ ✐♠❛♥❡s ❡♥

❧í♥❡❛ ② ❛rr❡❣❧♦ ❞♦❜❧❡ ❱✳

▲❛ ♠❛②♦rí❛ ❞❡ ❧♦s ♠♦t♦r❡s ❛♥❛❧✐③❛❞♦s ❤❛♥ s✐❞♦ ❛♠♣❧✐❛♠❡♥t❡ ❞♦❝✉♠❡♥t❛❞♦s ② ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s s✐♠✉❧❛❝✐♦♥❡s r❡❛❧✐③❛❞❛s

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

t❡♥❣❛ ❞✐❝❤❛ ✐♥❢♦r♠❛❝✐ó♥ s❡ ❝♦♠♣❛r❛ ❝♦♥ ❛❧❣✉♥❛ s✐♠✉❧❛❝✐ó♥ ♣r❡s❡♥t❡ ❡♥ ❛❧❣ú♥ ❛rtí❝✉❧♦ ♦ ♠❛♥✉❛❧✳ ❉❡ ✐❣✉❛❧ ❢♦r♠❛✱ ♥♦

t♦❞❛s ❧❛s ❞✐♠❡♥s✐♦♥❡s ♣❛r❛ t♦❞♦s ❧♦s ♠♦t♦r❡s s♦♥ r❡♣♦rt❛❞❛s✱ ♣♦r ❧♦ q✉❡ ❛❧❣✉♥❛s ❢✉❡r♦♥ ❛♣r♦①✐♠❛❞❛s✳ P❛r❛ ❛❧❣✉♥❛s

❛♣r♦①✐♠❛❝✐♦♥❡s s❡ ✉t✐❧✐③❛r♦♥ ❧❛s ♣❧❛♥t✐❧❧❛s ❞❡ ❆♥s②s ▼❛①✇❡❧❧ ❝♦♥ ❡❧ ✜♥ ❞❡ ♣♦❞❡r ♠♦❞❡❧❛r ❞✐❝❤♦s ♠♦t♦r❡s ❞❡ ❢♦r♠❛

rá♣✐❞❛✳

✹✳✶✳✷✳✶✳ ❍♦♥❞❛ ❆❝❝♦r❞ ✷✵✵✺✳

❊st❡ ▼❊❚ ♣♦s❡❡ ✉♥❛ ♣♦t❡♥❝✐❛ ♥♦♠✐♥❛❧ ❞❡ ✶✷ ✭❦❲✮ ❛ ✽✹✵ ✭r♣♠✮ ② ✉♥ ♣❛r ♥♦♠✐♥❛❧ ❞❡ ✶✸✻ ✭◆♠✮✳ ❊❧ ❡st❛t♦r ❡stá

❝♦♠♣✉❡st♦ ❞❡ s❡❝❝✐♦♥❡s ❡♥s❛♠❜❧❛❞❛s ♣❛r❛ ❝♦♥❢♦r♠❛r ❧❛s r❛♥✉r❛s❀ ❡❧ ❞❡✈❛♥❛❞♦ ❡s ❞❡❧ t✐♣♦ ❝♦♥❝é♥tr✐❝♦ ② ❡❧ r♦t♦r ♣♦s❡❡

✶✻ ♣♦❧♦s ❝♦♥ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ✐♥t❡r♥♦s ❡♥ ✉♥❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❧✐♥❡❛❧✳ ▲❛ ❣❡♦♠❡trí❛ ❞❡ ❧❛s ❧❛♠✐♥❛❝✐♦♥❡s ❞❡❧ r♦t♦r ② ❞❡❧

❡st❛t♦r s❡ ♣✉❡❞❡♥ ♦❜s❡r✈❛r ❡♥ ❧❛ ✜❣✉r❛ ✹✳✶✱ ❧❛s ♣r✐♥❝✐♣❛❧❡s ❞✐♠❡♥s✐♦♥❡s s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❧❛ t❛❜❧❛ ✹✳✶✳

❆♥á❧✐s✐s ❞❡❧ ❞❡s❡♠♣❡ñ♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦ ✉t✐❧✐③❛♥❞♦ ❆❊❋✳ ▲❛s s✐♠✉❧❛❝✐♦♥❡s ♣❛r❛ ❡st❡ ♠♦t♦r s❡ ❧❧❡✈❛r♦♥ ❛

❝❛❜♦ ❡♥ ❆♥s②s ▼❛①✇❡❧❧ ✷❉✳ ❙❡ s✐♠✉❧ó só❧♦ ✉♥ ♦❝t❛✈♦ ❞❡ ❧❛ ❣❡♦♠❡trí❛ ❞❡❧ ♠♦t♦r ❝♦rr❡s♣♦♥❞✐❡♥t❡ ❛❧ ♠á①✐♠♦ ❝♦♠ú♥

❞✐✈✐s♦r ❞❡❧ ♥ú♠❡r♦ ❞❡ r❛♥✉r❛s ❡♥ ❡❧ ❡st❛t♦r ② ❡❧ ♥ú♠❡r♦ ❞❡ ♣♦❧♦s✱ ♣❛r❛ ❡st❡ ♠♦t♦r s♦♥ ✷✹ ② ✶✻ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❉❡❜✐❞♦

❛ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧♦s ♣♦❧♦s ❡♥ ❧❛ s❡❝❝✐ó♥ s✐♠✉❧❛❞❛✱ s❡ ✉t✐❧✐③❛r♦♥ ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❢r♦♥t❡r❛ s✐♠étr✐❝❛s✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✷

s❡ ❛♣r❡❝✐❛ ❧❛ ❣❡♦♠❡trí❛ s✐♠✉❧❛❞❛✱ ✐♥❝❧✉②❡♥❞♦ ♠❛t❡r✐❛❧❡s✱ ❜♦❜✐♥❛s ② ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❢r♦♥t❡r❛✳

❆♥á❧✐s✐s ❛ r♦t♦r ❜❧♦q✉❡❛❞♦✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✸ s❡ ♠✉❡str❛ ❧❛ ❣rá✜❝❛ ❞❡ ❧❛ ♣r✉❡❜❛ ❛ r♦t♦r ❜❧♦q✉❡❛❞♦✳ ❊♥ ❡st❛ ♣r✉❡❜❛

✉♥❛ ❝♦rr✐❡♥t❡ tr✐❢ás✐❝❛ ❡s ❛♣❧✐❝❛❞❛ ❛❧ ❞❡✈❛♥❛❞♦ ♠✐❡♥tr❛s q✉❡ ❡❧ r♦t♦r s❡ ♠❛♥t✐❡♥❡ ❡♥ r❡♣♦s♦✳ ❙❡ ❛♥❛❧✐③❛ ✉♥ ❝✐❝❧♦ ❞❡

❧❛ ❝♦rr✐❡♥t❡ s✐♥✉s♦✐❞❛❧✳ ❙❡ ♣✉❡❞❡ ♦❜s❡r✈❛r q✉❡ ❡❧ ♣❛r ♦s❝✐❧❛ ❡♥tr❡ ✉♥ ♠á①✐♠♦ ♣♦s✐t✐✈♦ ✉♥ ♠á①✐♠♦ ♥❡❣❛t✐✈♦ ♣❛s❛♥❞♦

♣♦r ❝❡r♦❀ ❡❧ á♥❣✉❧♦ ❞❡ ❧❛ ❝♦rr✐❡♥t❡ ❞♦♥❞❡ s❡ ❛❧❝❛♥③❛ ❡❧ ♠á①✐♠♦ ♣❛r ❝♦rr❡s♣♦♥❞❡ ❛ ✉♥ á♥❣✉❧♦ ❞❡ ✾✵➦ ❡♥tr❡ ❧♦s ❝❛♠♣♦s

♠❛❣♥ét✐❝♦s ❞❡❧ ❡st❛t♦r ② ❞❡❧ r♦t♦r✳

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

❡❧ ✈❛❧♦r ❞❡ ♣❛r ♥♦♠✐♥❛❧ s❡ ♥❡❝❡s✐t❛ ✉♥❛ ❝♦rr✐❡♥t❡ ❞❡ ✷✵✵ ✭❆✮✳

❊♥ ❧❛ ✜❣✉r❛ ✹✳✹ s❡ ♠✉❡str❛ ❧❛ ❣rá✜❝❛ ❞❡ ❝♦rr✐❡♥t❡ ❝♦♥tr❛ ♣❛r ♠á①✐♠♦✱ s❡ ♦❜s❡r✈❛ ✉♥❛ r❡❧❛❝✐ó♥ ❜❛st❛♥t❡ ❧✐♥❡❛❧✳ ▲♦s

r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❡♥ ❡st❛ s✐♠✉❧❛❝✐ó♥ ♣r❡s❡♥t❛♥ ✉♥❛ ❜✉❡♥❛ ❝♦rr❡❧❛❝✐ó♥ ❝♦♥ ❧♦s ❞❛t♦s ♦❜t❡♥✐❞♦s ♣♦r ❡❧ ❧❛❜♦r❛t♦r✐♦
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❈✉❛❞r♦ ✹✳✶✿ Pr✐♥❝✐♣❛❧❡s ❞✐♠❡♥s✐♦♥❡s ❞❡❧ ♠♦t♦r ❡♥ ❍♦♥❞❛ ❆❝❝♦r❞ ✷✵✵✺✳

❉❡s❡♠♣❡ñ♦
❱❡❧♦❝✐❞❛❞ ♥♦♠✐♥❛❧ ✭r♣♠✮ ✽✹✵
P♦t❡♥❝✐❛ ♥♦♠✐♥❛❧ ✭❦❲✮ ✶✷
P❛r ♥♦♠✐♥❛❧ ✭◆♠✮ ✶✸✻

❊st❛t♦r

❉✐á♠❡tr♦ ❡①t❡r✐♦r ✭♠♠✮ ✸✶✺✳✺
❉✐á♠❡tr♦ ✐♥t❡r✐♦r ✭♠♠✮ ✷✸✷
▲♦♥❣✐t✉❞ ❞❡❧ ♥ú❝❧❡♦ ✭♠♠✮ ✹✶✳✷

◆ú♠❡r♦ ❞❡ r❛♥✉r❛s ✷✹
❊s♣❡s♦r ❞❡ ❧❛ ❧á♠✐♥❛ ✭♠♠✮ ✵✳✸✹✸

▼❛s❛ ❞❡❧ ♥ú❝❧❡♦ ❞❡❧ ❡st❛t♦r ✭❦❣✮ ✼✳✼✵✹

❘♦t♦r

❉✐á♠❡tr♦ ❡①t❡r✐♦r ✭♠♠✮ ✷✸✵
❉✐á♠❡tr♦ ✐♥t❡r✐♦r ✭♠♠✮ ✶✽✽
▲♦♥❣✐t✉❞ ❞❡❧ ♥ú❝❧❡♦ ✭♠♠✮ ✹✵✳✶

◆ú♠❡r♦ ❞❡ ♣♦❧♦s ✽
▼❛s❛ ❞❡❧ ♥ú❝❧❡♦ ❞❡❧ r♦t♦r ✭❦❣✮ ✽✳✵✷
❊s♣❡s♦r ❞❡ ❧❛ ❧á♠✐♥❛ ✭♠♠✮ ✵✳✸✹✸

❉❡✈❛♥❛❞♦

❱✉❡❧t❛s ♣♦r ❜♦❜✐♥❛ ✺✷
❈✐r❝✉✐t♦s ❡♥ ♣❛r❛❧❡❧♦ ♣♦r ❢❛s❡ ✽

❱✉❡❧t❛s ❡♥ s❡r✐❡ ♣♦r ❢❛s❡ ✵
❆❧❛♠❜r❡s ❡♥ ♣❛r❛❧❡❧♦ ♣♦r ❢❛s❡ ✵

▲❛r❣♦ ❞❡❧ ❡①tr❡♠♦ ✭♠♠✮ ✸✺
❉✐á♠❡tr♦ ❞❡❧ ❛❧❛♠❜r❡ ✭♠♠✮ ✶✳✺✺
▼❛s❛ ❞❡❧ ❞❡✈❛♥❛❞♦ ✭❦❣✮ ✸✳✵✶

■♠❛♥❡s ♣❡r♠❛♥❡♥t❡s

■♠❛♥❡s ♣♦r ♣♦❧♦ ✷
❆♥❝❤♦ ✭♠♠✮ ✶✽✳✹✺
❊s♣❡s♦r ✭♠♠✮ ✹✳✹✻
▲❛r❣♦ ✭♠♠✮ ✹✵✳✹

▼❛s❛ t♦t❛❧ ❞❡ ❧♦s ✐♠❛♥❡s ✭❦❣✮ ✹✵✵
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❋✐❣✉r❛ ✹✳✶✿ ●❡♦♠❡trí❛ ❞❡❧ ♠♦t♦r ❡♥ ❍♦♥❞❛ ❆❝❝♦r❞ ✷✵✵✺

❋✐❣✉r❛ ✹✳✷✿ ●❡♦♠❡trí❛ ♣❛r❝✐❛❧ ✉t✐❧✐③❛❞❛ ❡♥ ❧❛ s✐♠✉❧❛❝✐ó♥✳



❈❆P❮❚❯▲❖ ✹✳ ▼❖❚❖❘❊❙ ❯❙❆❉❖❙ ❊◆ ▲❖❙ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✼✼

❋✐❣✉r❛ ✹✳✸✿ ❙✐♠✉❧❛❝✐ó♥ ❞❡ ❧❛ ♣r✉❡❜❛ ❛ r♦t♦r ❜❧♦q✉❡❛❞♦✱ ❆❝❝♦r❞ ✷✵✵✺✳

❈♦rr✐❡♥t❡ ✭❆✮ P❛r ❡①♣❡r✐♠❡♥t❛❧ ✭◆♠✮ P❛r s✐♠✉❧❛❞♦ ✭◆♠✮ ❊rr♦r r❡❧❛t✐✈♦✪

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

❊rr♦r r❡❧❛t✐✈♦ ♣r♦♠❡❞✐♦✿ ✹✳✺

❈✉❛❞r♦ ✹✳✷✿ ❊rr♦r r❡❧❛t✐✈♦ ❡♥ ❧❛ ♣r✉❡❜❛ ❛ r♦t♦r ❜❧♦q✉❡❛❞♦✳

❖❘◆▲ ✭❖③♣✐♥❡❝✐✱ ✷✵✶✻✮✱ ❡❧ ❡rr♦r ❡♥tr❡ ❧♦s ❞❛t♦s ♦❜t❡♥✐❞♦s ♣♦r ❧❛ s✐♠✉❧❛❝✐ó♥ ② ❧♦s ✈❛❧♦r❡s ❡①♣❡r✐♠❡♥t❛❧❡s s❡ ♠✉❡str❛♥

❡♥ ❧❛ t❛❜❧❛ ✹✳✷✳

❘✐③❛❞♦ ❞❡❧ ♣❛r✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✺ s❡ ♠✉❡str❛ ❧❛ ❣rá✜❝❛ ❞❡❧ ♣❛r ❛ ❧♦s ✈❛❧♦r❡s ♥♦♠✐♥❛❧❡s✱ s❡ ♣✉❡❞❡ ♦❜s❡r✈❛r q✉❡ ❡❧ ♣❛r

♣r❡s❡♥t❛ ✉♥ r✐③❛❞♦ ❝✉②❛ ✈❛r✐❛❝✐ó♥ ♠á①✐♠❛ ❡s ❞❡ ✶✼✳✼✪

❉❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦✳ ▲❛ ✜❣✉r❛ ✹✳✻♠✉❡str❛ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❞❡❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦ ♣❛r❛ ✉♥❛ ♦♣❡r❛❝✐ó♥

❛ ✸✵✵✵ ✭r♣♠✮ ❝♦♥ ✉♥❛ ❝♦rr✐❡♥t❡ ❞❡ ✷✵✵ ✭❆✮✳ ❙❡ ♦❜s❡r✈❛ q✉❡ ♥♦ ❤❛② s❛t✉r❛❝✐ó♥ ❡♥ ❡st❡ ♣✉♥t♦ ❞❡ ♦♣❡r❛❝✐ó♥✱ ❧♦ ❝✉á❧

❝♦♥tr❛❞✐❝❡ ❛ ❧♦s r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛❧❡s q✉❡ ✐♥❞✐❝❛♥ s❛t✉r❛❝✐ó♥ ♣❛r❛ ❝♦rr✐❡♥t❡s ♣♦r ❡♥❝✐♠❛ ❞❡ ✶✼✺ ✭❆✮ ✭❖❧s③❡✇s❦✐✱

✷✵✵✻✮✳
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✹✳✶✳✷✳✷✳ ❚♦②♦t❛ Pr✐✉s ✷✵✵✹✳

❊st❡ ♠♦❞❡❧♦ ❞❡ ✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦ ✉t✐❧✐③ó ❞♦s ▼❙■P ❡♥ s✉ tr❡♥ ♠♦tr✐③✳ ▲❛ ❣❡♦♠❡trí❛ ❞❡❧ ♠♦t♦r ♣r✐♥❝✐♣❛❧ ❞❡ tr❛❝❝✐ó♥ s❡

♠✉❡str❛ ❡♥ ❧❛ ✜❣✉r❛ ✹✳✼✳ ▲❛ ♣♦t❡♥❝✐❛ ♠á①✐♠❛ ❡s ❞❡ ✺✵ ✭❦❲✮✱ ❡❧ ♣❛r ♠á①✐♠♦ ❡s ❞❡ ✹✵✵ ✭◆♠✮ ② ❧❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❡s

❞❡ ✻✱✵✵✵ ✭r♣♠✮✳ ▲❛ ♠❛s❛ ❞❡❧ ❡♥s❛♠❜❧❡ ❞❡❧ r♦t♦r ✐♥❝❧✉②❡♥❞♦ ❛❧ ❡❥❡ ❡s ❞❡ ✶✵✳✷ ✭❦❣✮✱ ❧❛ ♠❛s❛ ❞❡❧ ❡♥s❛♠❜❧❡ ❞❡❧ ❡st❛t♦r ❡s

❞❡ ✷✺✳✾ ✭❦❣✮ ❞❡ ❧♦s ❝✉❛❧❡s ✶✾✳✵✺ ✭❦❣✮ s♦♥ ❞❡❜✐❞♦ ❛❧ ♥ú❝❧❡♦ ❧❛♠✐♥❛❞♦ ✭❖❧s③❡✇s❦✐✱ ✷✵✵✺✮✳

❊♥ ❧❛ t❛❜❧❛ s❡ ♠✉❡str❛♥ ❧❛s ♣r✐♥❝✐♣❛❧❡s ❞✐♠❡♥s✐♦♥❡s ❞❡❧ ♠♦t♦r s✐♠✉❧❛❞♦✳ ▲♦s ✐♠❛♥❡s s❡ ❡♥❝✉❡♥tr❛♥ ❞✐str✐❜✉✐❞♦s ❡♥ ✽

♣♦❧♦s ❡♥ ❡❧ r♦t♦r ② ❝❛❞❛ ♣♦❧♦ t✐❡♥❡ ✉♥ ❛rr❡❣❧♦ ❡♥ ❢♦r♠❛ ❞❡ ❱ ❝♦♠♣✉❡st♦ ❞❡ ❞♦s ✐♠❛♥❡s✳ ❊❧ ❡st❛t♦r ❝✉❡♥t❛ ❝♦♥ ✹✽ r❛♥✉r❛s

❡♥ ❧❛ q✉❡ s❡ ❞✐s♣♦♥❡ ✉♥ ❡♠❜♦❜✐♥❛❞♦ tr✐❢ás✐❝♦ ❝♦♥ ✾ ✈✉❡❧t❛s ♣♦r ❜♦❜✐♥❛ ② ✽ ❜♦❜✐♥❛s ❝♦♥❡❝t❛❞❛s ❡♥ s❡r✐❡ ♣♦r ❝❛❞❛ ❢❛s❡✳

❆♥á❧✐s✐s ❞❡❧ ❞❡✈❛♥❛❞♦ ❞❡❧ ❡st❛t♦r✳ ❊♥ ❧❛ ✜❣✉r❛ s❡ ♠✉❡str❛ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧❛s ❜♦❜✐♥❛s ❡♥ ❡❧ ❞❡✈❛♥❛❞♦ ❞❡❧

❡st❛t♦r✳ Pr✐♠❡r♦ s❡ ❞❡✜♥❡♥ ❡❧ ♥ú♠❡r♦ ❞❡ r❛♥✉r❛s ♣♦r ③♦♥❛ ✉t✐❧✐③❛♥❞♦ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✺✷✱ ♣❛r❛ ❡st❡ ❝❛s♦ ❡♥ ❡s♣❡❝í✜❝♦ s❡

t✐❡♥❡✿

q =
Q

pm
=

48

8 · 3
= 2

♣♦st❡r✐♦r♠❡♥t❡ s❡ ❞❡✜♥❡ ❛ ❧❛ r❛♥✉r❛ ✶ ❝♦♠♦ s❡ ✐♥❞✐❝❛ ❡♥ ❧❛ ✜❣✉r❛ ✹✳✽✱ ❝♦♥s❡❝✉❡♥t❡♠❡♥t❡ ❧❛ r❛♥✉r❛ ❛❞②❛❝❡♥t❡ ❢♦r♠❛

♣❛rt❡ ❞❡ ❧❛ ♠✐s♠❛ ③♦♥❛ ② ❛♠❜❛s q✉❡❞❛♥ ❞❡✜♥✐❞❛s ❝♦♠♦ ❆✰✱ r❡♣r❡s❡♥t❛♥❞♦ ❛❧ ❧❛❞♦ ♣♦s✐t✐✈♦ ❞❡ ✉♥❛ ❞❡ ❧❛s ❜♦❜✐♥❛s ❞❡

❧❛ ❢❛s❡ ❆✳ P❛r❛ ❞❡t❡r♠✐♥❛r ❧❛ r❛♥✉r❛ ❡♥ ❧❛ q✉❡ s❡ ❡♥❝♦♥tr❛rá ❡❧ ❧❛❞♦ ♥❡❣❛t✐✈♦ ❞❡ ❞✐❝❤❛ ❜♦❜✐♥❛ s❡ ❝✉❡♥t❛ ❡❧ ♥ú♠❡r♦ ❞❡

r❛♥✉r❛s q✉❡ ❡q✉✐✈❛❧❡♥ ❛ ✶✽✵➦ ❡❧é❝tr✐❝♦s❀ ✉t✐❧✐③❛♥❞♦ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✺✵ s❡ t✐❡♥❡ q✉❡✿
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❈✉❛❞r♦ ✹✳✸✿ Pr✐♥❝✐♣❛❧❡s ❞✐♠❡♥s✐♦♥❡s ❞❡❧ ▼❙■P ❡♥ ❚♦②♦t❛ Pr✐✉s ✷✵✵✹✳

P❛rá♠❡tr♦ ❊st❛t♦r ❘♦t♦r
❉✐á♠❡tr♦ ❊①t❡r♥♦ ✭♠♠✮ ✷✻✾ ✶✻✵✳✺
❉✐á♠❡tr♦ ■♥t❡r♥♦ ✭♠♠✮ ✶✻✶✳✾ ✶✶✶
▲❛r❣♦ ❞❡❧ ♥ú❝❧❡♦ ✭♠♠✮ ✽✹ ✽✸✳✻
❊s♣❡s♦r ❞❡ ❧❛ ❧á♠✐♥❛ ✭♠♠✮ ✵✳✸✸ ✵✳✸✸
▼❛s❛ ❞❡❧ ❡♥s❛♠❜❧❡ ✭❦❣✮ ✷✺✳✾ ✶✵✳✷

❉❡✈❛♥❛❞♦ tr✐❢ás✐❝♦
❘❛♥✉r❛s ❡♥ ❡❧ ❡st❛t♦r ✹✽
Pr♦❢✉♥❞✐❞❛❞ ❞❡ ❧❛ r❛♥✉r❛ ✭♠♠✮ ✸✸✳✺
❆♣❡rt✉r❛ ❞❡ ❧❛ r❛♥✉r❛ ✭♠♠✮ ✶✳✾✸
❱✉❡❧t❛s ♣♦r ❜♦❜✐♥❛ ✾
❆❧❛♠❜r❡s ❡♥ ♣❛r❛❧❡❧♦ ✶✸
❈♦♥❡①✐ó♥ ❞❡ ❧❛s ❜♦❜✐♥❛s ♣♦r ❢❛s❡ ✽ s❡r✐❡
❈❛❧✐❜r❡ ❞❡❧ ❛❧❛♠❜r❡ ✭❆❲●✮ ✶✾
❘❡s✐st❡♥❝✐❛ ♣♦r ❢❛s❡ ❛ ✷✶➦❈ ✭❖❤♠✮ ✵✳✵✻✾
▼❛s❛ t♦t❛❧ ❞❡❧ ❝♦❜r❡ ✭❦❣✮ ✻✳✽

■♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ❞❡ ◆❞❋❡❇
◆ú♠❡r♦ ❞❡ ♣♦❧♦s ❡♥ ❡❧ r♦t♦r ✽
❉✐♠❡♥s✐♦♥❡s ❞❡ ✉♥ ✐♠á♥ ✭♠♠✮ ✽✸✳✶ ① ✶✽✳✾ ① ✻✳✺
▼❛s❛ ❞❡ ✉♥ ✐♠á♥ ✭❣✮ ✼✼
▼❛s❛ t♦t❛❧ ❞❡ ❧♦s ✐♠❛♥❡s ✭❦❣✮ ✶✳✷✸✷

❋✐❣✉r❛ ✹✳✼✿ ●❡♦♠❡trí❛ ✐♥t❡r♥❛ ❞❡❧ ▼❙■P ❡♥ ❚♦②♦t❛ Pr✐✉s
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θm =
θe
pp

=
180➦

4
= 45➦

♣♦r ❧♦ t❛♥t♦✱ ❡❧ ❡q✉✐✈❛❧❡♥t❡ ♠❡❝á♥✐❝♦ s♦♥ ✹✺➦ ♦ ✻ r❛♥✉r❛s✱ ❞❡❜✐❞♦ ❛ q✉❡ ❝❛❞❛ r❛♥✉r❛ ♦❝✉♣❛ ✼✳✺➦✱ ❞❡ ❡st❛ ♠❛♥❡r❛ ❧❛ ③♦♥❛

❆✲ ❡s ♦❝✉♣❛❞❛ ♣♦r ❧❛s r❛♥✉r❛s ✼ ② ✽✳ P♦st❡r✐♦r♠❡♥t❡ s❡ ❞❡✜♥❡ ❡❧ ❧❛❞♦ ♣♦s✐t✐✈♦ ❞❡ ❧❛ ♣r✐♠❡r❛ ❜♦❜✐♥❛ ❞❡ ❧❛ ❢❛s❡ ❇✱ ❧❛

❝✉❛❧ ❞❡❜❡ ❡st❛r ❛ ✶✷✵➦ ❡❧é❝tr✐❝♦s ❞❡ ❧❛ ❜♦❜✐♥❛ ❆✰✳ ❊❧ ❡q✉✐✈❛❧❡♥t❡ ♠❡❝á♥✐❝♦ s♦♥ ✸✵➦ ♦ ✹ r❛♥✉r❛s✱ ♣♦r ❧♦ q✉❡ ❧❛ ③♦♥❛ ❇✰

q✉❡❞❛ ❞❡✜♥✐❞❛ ❡♥ ❧❛s r❛♥✉r❛s ✺ ② ✻✳ ❙❡ ❞❡✜♥❡ ❡❧ ❧❛❞♦ ♥❡❣❛t✐✈♦ ❞❡ ❡st❛ ❜♦❜✐♥❛ ❛ ✶✽✵➦ ❡❧é❝tr✐❝♦s ❡♥ ❧❛s r❛♥✉r❛s ✶✶ ② ✶✷✳

P❛r❛ ❡❧ ❧❛❞♦ ♣♦s✐t✐✈♦ ❞❡ ❧❛ ❜♦❜✐♥❛ ❈ s❡ ❝♦❧♦❝❛ ❛ ✶✷✵➦ ❡❧é❝tr✐❝♦s ❞❡ ❧❛ ❜♦❜✐♥❛ ❇✰ ② ❈✲ ❛ ✶✽✵➦ ❡❧é❝tr✐❝♦s ❞❡ ❈✰✳ ❊❧ r❡st♦

❞❡ ❧❛s r❛♥✉r❛s s❡ ❝♦♠♣❧❡t❛♥ s✐❣✉✐❡♥❞♦ ❡❧ ♣❛tró♥ ❡st❛❜❧❡❝✐❞♦✳
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❋✐❣✉r❛ ✹✳✾✿ ❆♥á❧✐s✐s ❛ r♦t♦r ❜❧♦q✉❡❛❞♦ ♣❛r❛ ❚♦②♦t❛ Pr✐✉s ✷✵✵✹✳

▲❛s ❡①❝✐t❛❝✐♦♥❡s ❝♦rr❡s♣♦♥❞✐❡♥t❡s ❛ ❝❛❞❛ ❢❛s❡ ②❛ s❡❛♥ ❝♦rr✐❡♥t❡s ♦ ✈♦❧t❛❥❡s✱ s❡ ❞❡✜♥❡♥ ❞❡ t❛❧ ❢♦r♠❛ q✉❡ ❡❧ ❝❛♠♣♦

♠❛❣♥ét✐❝♦ ❞❡❧ ❡st❛t♦r ❣✐r❡ ❡♥ s❡♥t✐❞♦ ❧❡✈ó❣✐r♦✱ ♣♦r ❡❥❡♠♣❧♦ ❧❛s ❝♦rr✐❡♥t❡s q✉❡❞❛♥ ❞❡✜♥✐❞❛s ❞❡ ❧❛ s✐❣✉✐❡♥t❡ ♠❛♥❡r❛✿

FaseA → Imaxsen(ωt+ θ)

FaseB → Imaxsen(ωt+ θ − 2

3
π)

FaseC → Imaxsen(ωt+ θ +
2

3
π)

❆♥á❧✐s✐s ❛ r♦t♦r ❜❧♦q✉❡❛❞♦✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✾ s❡ ♠✉❡str❛♥ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❞❡ ❧❛s s✐♠✉❧❛❝✐♦♥❡s ❛ r♦t♦r

❜❧♦q✉❡❛❞♦✱ s❡ ♦❜s❡r✈❛ q✉❡ ♣❛r❛ ❛❧❝❛♥③❛r ❡❧ ♣❛r ♥♦♠✐♥❛❧ ❞❡ ✹✵✵ ✭◆♠✮ s❡ r❡q✉✐❡r❡ ❞❡ ✉♥❛ ❝♦rr✐❡♥t❡ ❞❡ ✸✵✵ ❆✳ ❊♥ ❧❛ t❛❜❧❛

✹✳✹ s❡ ♠✉❡str❛ ❡❧ ❡rr♦r r❡❧❛t✐✈♦ ❛❧ ❝♦♠♣r❛r ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❡st❛ s✐♠✉❧❛❝✐ó♥ ❝♦♥ ❧♦s ❞❛t♦s r❡♣♦rt❛❞♦s ♣♦r ❡❧ ❖❘▲◆

✭❖❧s③❡✇s❦✐✱ ✷✵✵✺✮✱ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r q✉❡ ♣❛r❛ ❡st❛ ♣r✉❡❜❛ ❧❛s s✐♠✉❧❛❝✐♦♥❡s ♣r❡s❡♥t❛♥ ✉♥❛ ❜✉❡♥❛ ♣r❡❞✐❝❝✐ó♥ ❞❡❧ ♣❛r

♣❛r❛ ❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s ❞❡ ❝♦rr✐❡♥t❡✳

❘✐③❛❞♦ ❞❡❧ ♣❛r✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✶✶ s❡ ♠✉❡str❛ ❡❧ ♣❛r ❡♥tr❡❣❛❞♦ ♣♦r ❡❧ ♠♦t♦r ❛ ✸✵✵✵ r♣♠ ② ✉♥❛ ❝♦rr✐❡♥t❡ ❝♦♥ ✈❛❧♦r

♣✐❝♦ ❞❡ ■♠❛①❂ ✷✺✵ ✭❆✮✳ ❙❡ ♦❜s❡r✈❛ q✉❡ ❡❧ ✈❛❧♦r q✉❡ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ✈❛r✐❛❝✐ó♥ ♠á①✐♠♦ ❡s ❞❡❧ ✶✺✪✱ ❡❧ ♣❛r ♠❡❞✐♦ ❡s ❞❡

✷✹✻ ✭◆♠✮ ❧♦ ❝✉❛❧ ❝♦rr❡s♣♦♥❞❡ ❛ ❧♦ r❡♣♦rt❛❞♦ ❡♥✳

▲❛ ❣rá✜❝❛ ❞❡ ❧❛ ✜❣✉r❛ ✹✳✶✶✱ s❡ ♦❜t✉✈♦ ❛❧ ❛♥❛❧✐③❛r ♣♦r ♠❡❞✐♦ ❞❡ ❆❊❋ ❧❛ ❣❡♦♠❡trí❛ ❝♦♠♣❧❡t❛ ❞❡❧ ♠♦t♦r✱ s✐♥ ❡♠❜❛r❣♦

❞❡❜✐❞♦ ❛ q✉❡ ❡❧ ♠á①✐♠♦ ❝♦♠ú♥ ❞✐✈✐s♦r ❞❡❧ t♦t❛❧ ❞❡ ❧❛s r❛♥✉r❛s ❡♥ ❡❧ ❡st❛t♦r ② ❞❡❧ ♥ú♠❡r♦ ❞❡ ♣♦❧♦s ❡♥ ❡❧ r♦t♦r ❡s ✽✱
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❋✐❣✉r❛ ✹✳✶✵✿ ❈♦rr✐❡♥t❡ ❡♥ ❧❛ s✐♠✉❧❛❝✐ó♥ ❞❡ ❧❛ ♣r✉❡❜❛ ❛ r♦t♦r ❜❧♦q✉❡❛❞♦ ❡♥ Pr✐✉s✳

❈♦rr✐❡♥t❡ ✭❆✮ P❛r ❡①♣❡r✐♠❡♥t❛❧ ✭◆♠✮ P❛r s✐♠✉❧❛❞♦ ✭◆♠✮ ❊rr♦r r❡❧❛t✐✈♦✪

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

❊rr♦r r❡❧❛t✐✈♦ ♣r♦♠❡❞✐♦✿ ✶✳✷

❈✉❛❞r♦ ✹✳✹✿ ❊rr♦r r❡❧❛t✐✈♦ ❡♥ ❧❛ ♣r✉❡❜❛ ❛ r♦t♦r ❜❧♦q✉❡❛❞♦✳

❋✐❣✉r❛ ✹✳✶✶✿ P❛r ❝♦♥t✐♥✉♦ ❞❡❧ ▼❙■P ❞❡❧ ❚♦②♦t❛ Pr✐✉s ✷✵✵✹✳
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❋✐❣✉r❛ ✹✳✶✷✿ ❉♦s ❣❡♦♠❡trí❛s ♣❛r❝✐❛❧❡s ❆❊❋✳

❋✐❣✉r❛ ✹✳✶✸✿ ❉❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ❡♥ ❧♦s ✈❛❧♦r❡s ♥♦♠✐♥❛❧❡s ♣❛r❛ Pr✉✐s ✷✵✵✹✳

s❡ ♣✉❡❞❡ ✉t✐❧✐③❛r ❤❛st❛ ✉♥ s♦❧♦ ♣♦❧♦ ♣❛r❛ r❡❛❧✐③❛r ❧♦s ❝á❧❝✉❧♦s ♣♦r ♠❡❞✐♦ ❞❡❧ ▼❊❋✳ ❆❞❡♠ás✱ s✐❡♠♣r❡ q✉❡ s❡ ❞❡✜♥❛♥ ❞❡

❢♦r♠❛ ❝♦rr❡❝t❛ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❢r♦♥t❡r❛✱ ❧❛ ♣♦❧❛r✐❞❛❞ ❞❡ ❧♦s ✐♠❛♥❡s ② ❡❧ s❡♥t✐❞♦ ❞❡ ❧❛s ❜♦❜✐♥❛s s❡ ♣✉❡❞❡♥ s❡❧❡❝❝✐♦♥❛r

❞✐st✐♥t❛s ♣❛rt❡s ❞❡❧ ♠♦t♦r✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✶✷ s❡ ♠✉❡str❛♥ ❞♦s ❞✐st✐♥t❛s ❣❡♦♠❡trí❛s ♣❛r❝✐❛❧❡s q✉❡ ♣✉❡❞❡♥ s❡r t♦♠❛❞❛s

♣❛r❛ ❧♦s ❝á❧❝✉❧♦s✳

❉❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦✳ ❊♥ ❧❛ ✜❣✉r❛ s❡ ♠✉❡str❛ ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦ ❞❡ ✉♥ ♣♦❧♦ ❞❡❧ ♠♦t♦r✱ s❡

♦❜s❡r✈❛ q✉❡ ❤❛② ♣♦❝❛s ③♦♥❛s s❛t✉r❛❞❛s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛❧r❡❞❡❞♦r ❞❡ ❧♦s ♣✉❡♥t❡s ❞❡ ✢✉❥♦✳ ❚❛♠❜✐é♥ s❡ ♣✉❡❞❡♥ ♦❜s❡r✈❛r

❧❛s ❧í♥❡❛s ❞❡ ✢✉❥♦✳

▼❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✶✹ s❡ ♠✉❡str❛ ❡❧ ♠❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛ ♦❜t❡♥✐❞♦ ❝♦♥ ❆♥s②s ▼❛①✇❡❧❧✱ ❡❧ ♠❛♣❛

♠✉❡str❛ ❜✉❡♥❛ ❝♦rr❡s♣♦♥❞❡♥❝✐❛ ❝♦♥ ❛q✉❡❧ r❡♣♦rt❛❞♦ ❡♥ ❡❧ ❧❛❜♦r❛t♦r✐♦ ✭❖❧s③❡✇s❦✐✱ ✷✵✵✺✮ ✳
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❋✐❣✉r❛ ✹✳✶✹✿ ▼❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛ ❞❡❧ ♠♦t♦r ❡♥ Pr✐✉s ✷✵✵✹✳

✹✳✶✳✷✳✸✳ ◆✐ss❛♥ ▲❡❛❢ ✷✵✶✷✳

❊❧ ♠♦t♦r ✉t✐❧✐③❛❞♦ ❡♥ ❡❧ tr❡♥ ♠♦tr✐③ ❞❡ ❡st❡ ♠♦❞❡❧♦ ❡s ✉♥ ♠♦t♦r sí♥❝r♦♥♦ ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ✐♥t❡r♥♦s✳ ▲❛ ♣♦t❡♥❝✐❛

♥♦♠✐♥❛❧ ❞❡ ❡st❡ ♠♦t♦r ❡s ❞❡ ✽✵ ✭❑❲✮✱ ✉♥ ♣❛r ♠á①✐♠♦ ❞❡ ✷✽✵ ✭◆♠✮ ② ✉♥❛ ✈❡❧♦❝✐❞❛❞ ❛♥❣✉❧❛r ♠á①✐♠❛ ❞❡ ✶✵✸✾✵ ✭r♣♠✮✳

❊❧ ♣❡s♦ ❛♣r♦①✐♠❛❞♦ ❞❡❧ ♠♦t♦r ❡s ❞❡ ✺✽ ✭❑❣✮ ② ❡s ❡♥❢r✐❛❞♦ ♣♦r ♠❡❞✐♦ ❞❡ ✉♥❛ ❝❛♠✐s❛ ♣♦r ❞♦♥❞❡ ❝✐r❝✉❧❛ r❡❢r✐❣❡r❛♥t❡✳

❊♥ ❧❛ t❛❜❧❛ ✹✳✺s❡ ♠✉❡str❛♥ ❧❛s ♣r✐♥❝✐♣❛❧❡s ❞✐♠❡♥s✐♦♥❡s ❞❡❧ ♠♦t♦r✳ ▲♦s ✐♠❛♥❡s s❡ ❡♥❝✉❡♥tr❛♥ ❞✐str✐❜✉✐❞♦s ❡♥ ✽ ♣♦❧♦s ❡♥

❡❧ r♦t♦r ② ❝❛❞❛ ♣♦❧♦ t✐❡♥❡ ✉♥ ❛rr❡❣❧♦ tr✐❛♥❣✉❧❛r ❝♦♥♦❝✐❞♦ ❝♦♠♦ ❞❡❧t❛✱ ✜❣✉r❛ ✹✳✶✺✳ ❊❧ ❡st❛t♦r ❝✉❡♥t❛ ❝♦♥ ✹✽ r❛♥✉r❛s ❡♥

❧❛s q✉❡ s❡ ❡♥❝✉❡♥tr❛ ✉♥ ❡♠❜♦❜✐♥❛❞♦ tr✐❢ás✐❝♦ ❞❡ ✽ ♣♦❧♦s ② ✉♥❛ s♦❧❛ ❝❛♣❛✱ ❡❧ ❝♦♥❞✉❝t♦r ✉t✐❧✐③❛❞♦ ❡♥ ❞✐❝❤♦ ❡♠❜♦❜✐♥❛❞♦

❡s ❛❧❛♠❜r❡ ♠❛❣♥ét✐❝♦ ❞❡ ❝❛❧✐❜r❡ ✷✵ ❆❲●✳

❊♥ ❧❛ ✜❣✉r❛ ✹✳✶✻ s❡ ♠✉❡str❛ ❧❛ ❣❡♦♠❡trí❛ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❧❛s s✐♠✉❧❛❝✐♦♥❡s ② ❝á❧❝✉❧♦s ❧❛ ❝✉❛❧ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♥ ♦❝t❛✈♦ ❞❡

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

❞❡ ❧♦s ✐♠❛♥❡s ② ❧♦s ♠❛t❡r✐❛❧❡s✳

Pr✉❡❜❛ ❛ r♦t♦r ❜❧♦q✉❡❛❞♦✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✶✼ s❡ ♠✉❡str❛♥ ❞✐✈❡rs❛s ❝✉r✈❛s ❞❡ ♣❛r ♣❛r❛ ✉♥ ❝✐❝❧♦ ❞❡ ❝♦rr✐❡♥t❡ tr✐❢ás✐❝❛

❡♥ ❧❛ ♣r✉❡❜❛ ❛ r♦t♦r ❜❧♦q✉❡❛❞♦ ❛♣❧✐❝❛❞♦ ❛❧ ♠♦t♦r ❡♥ ◆✐ss❛♥ ▲❡❛❢✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✶✽ s❡ ♠✉❡str❛ ❧❛ ❝♦rr✐❡♥t❡ ❝♦♥tr❛ ❡❧

♣❛r ♠á①✐♠♦ ❡♥ ❧❛ ♠✐s♠❛ ♣r✉❡❜❛ ❛ r♦t♦r ❜❧♦q✉❡❛❞♦✳ P♦❞❡♠♦s ♦❜s❡r✈❛r q✉❡ ♣❛r❛ ❛❧❝❛♥③❛r ❡❧ ♣❛r ♥♦♠✐♥❛❧ ❞❡ ✷✽✵ ✭◆✮ s❡

r❡q✉✐❡r❡ ❞❡ ✉♥❛ ❝♦rr✐❡♥t❡ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✷✸✵ ✭❆✮

❘✐③❛❞♦ ❞❡❧ ♣❛r ② ❡❢❡❝t♦ ❞❡❧ á♥❣✉❧♦ ❞❡ ❝❛r❣❛✳ ❊❧ á♥❣✉❧♦ ❞❡ ❝❛r❣❛ ❡s ✉♥ ♣❛rá♠❡tr♦ ♠✉② ✐♠♣♦rt❛♥t❡ ❡♥ ❧❛ ♦♣❡r❛❝✐ó♥

❞❡❧ ♠♦t♦r✱ ♠✉❝❤❛s té❝♥✐❝❛s ❞❡ ❝♦♥tr♦❧ ❝♦♥s✐st❡♥ ♠❛♥t❡♥❡r ❡st❡ á♥❣✉❧♦ ❝♦♥st❛♥t❡ ❡♥ ❧❛ ③♦♥❛ ♣♦r ❞❡❜❛❥♦ ❞❡ ❧❛ ✈❡❧♦❝✐❞❛❞
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❋✐❣✉r❛ ✹✳✶✺✿ ●❡♦♠❡trí❛ ✐♥t❡r♥❛ ❞❡❧ ▼❙■P ❡♥ ◆✐ss❛♥ ▲❊❆❋ ✷✵✶✷✳

❋✐❣✉r❛ ✹✳✶✻✿ ●❡♦♠❡trí❛ ♣❛r❝✐❛❧ ❞❡❧ ♠♦t♦r ❡♥ ◆✐ss❛♥ ▲❡❛❢✳
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❉❡s❡♠♣❡ñ♦
❱❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ✭r♣♠✮ ✶✵✸✾✵
P♦t❡♥❝✐❛ ♥♦♠✐♥❛❧ ✭❦❲✮ ✽✵
P❛r ♥♦♠✐♥❛❧ ✭◆♠✮ ✷✽✵

❊st❛t♦r

❉✐á♠❡tr♦ ❡①t❡r✐♦r ✭♠♠✮ ✶✾✽✳✶✷
❉✐á♠❡tr♦ ✐♥t❡r✐♦r ✭♠♠✮ ✶✸✵✳✾✻
▲♦♥❣✐t✉❞ ❞❡❧ ♥ú❝❧❡♦ ✭♠♠✮ ✶✺✶✳✸✽

◆ú♠❡r♦ ❞❡ r❛♥✉r❛s ✹✽
❊s♣❡s♦r ❞❡ ❧❛ ❧á♠✐♥❛ ✭♠♠✮ ✵✳✸✹✸

▼❛s❛ ❞❡❧ ♥ú❝❧❡♦ ❞❡❧ ❡st❛t♦r ✭❦❣✮ ✼✳✼✵✹

❘♦t♦r

❉✐á♠❡tr♦ ❡①t❡r✐♦r ✭♠♠✮ ✶✷✾✳✾✼
❉✐á♠❡tr♦ ✐♥t❡r✐♦r ✭♠♠✮ ✺✵
▲♦♥❣✐t✉❞ ❞❡❧ ♥ú❝❧❡♦ ✭♠♠✮ ✶✺✶✳✶✻

◆ú♠❡r♦ ❞❡ ♣♦❧♦s ✽
▼❛s❛ ❞❡❧ ♥ú❝❧❡♦ ❞❡❧ r♦t♦r ✭❦❣✮ ✶✻✳✹✸✷
❊s♣❡s♦r ❞❡ ❧❛ ❧á♠✐♥❛ ✭♠♠✮ ✵✳✸✹✸

❉❡✈❛♥❛❞♦

❱✉❡❧t❛s ♣♦r ❜♦❜✐♥❛ ✽
❈✐r❝✉✐t♦s ❡♥ ♣❛r❛❧❡❧♦ ♣♦r ❢❛s❡ ✹

❱✉❡❧t❛s ❡♥ s❡r✐❡ ♣♦r ❢❛s❡ ✷
❆❧❛♠❜r❡s ❡♥ ♣❛r❛❧❡❧♦ ♣♦r ❢❛s❡ ✶✺

▲❛r❣♦ ❞❡❧ ❡①tr❡♠♦ ✭♠♠✮ ✸✺
▼❛s❛ ❞❡❧ ❞❡✈❛♥❛❞♦ ✭❦❣✮ ✺✳✻✶✻

■♠❛♥❡s ♣❡r♠❛♥❡♥t❡s

■♠❛♥❡s ♣♦r ♣♦❧♦ ✸
❆♥❝❤♦ ✭♠♠✮ ✷ ① ✽✳✸✹ ② ✶ ① ✽✳✸✻
❊s♣❡s♦r ✭♠♠✮ ✷ ① ✷✳✷✾ ② ✶ ① ✸✳✼✾
▲❛r❣♦ ✭♠♠✮ ✷ ① ✷✶✳✸ ② ✶ ① ✷✽✳✾

▼❛s❛ t♦t❛❧ ❞❡ ❧♦s ✐♠❛♥❡s ✭❦❣✮ ✶✳✽✾✺

❋✐❣✉r❛ ✹✳✶✼✿ Pr✉❡❜❛ ❛ r♦t♦r ❜❧♦q✉❡❛❞♦ ♣❛r❛ ♠♦t♦r ❡♥ ◆✐ss❛♥ ▲❡❛❢✳
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❋✐❣✉r❛ ✹✳✶✽✿ ❈♦rr✐❡♥t❡ ❡♥ ❧❛ ♣r✉❡❜❛ ❛ r♦t♦r ❜❧♦q✉❡❛❞♦✳

❜❛s❡✱ ♠✐❡♥tr❛s q✉❡ s❡ ✈❛rí❛ ♣❛r❛ ♠❛♥t❡♥❡r ❧♦s ♥✐✈❡❧❡s s❡❣✉r♦s ❞❡ ✈♦❧t❛❥❡ ❡♥ ❧❛ ③♦♥❛ ❞❡ ❞❡❜✐❧✐t❛♠✐❡♥t♦ ❞❡ ✢✉❥♦✳

❊♥ ❧❛ ✜❣✉r❛ ✹✳✶✾s❡ ♠✉❡str❛♥ ❧❛s ❣rá✜❝❛s ❞❡ ♣❛r ♣❛r❛ ❞✐st✐♥t♦s á♥❣✉❧♦s ❞❡ ❝❛r❣❛✳ ❙❡ ♣✉❡❞❡ ♦❜s❡r✈❛r q✉❡ ❡♥tr❡ ♠❛②♦r

❡s ❡❧ á♥❣✉❧♦ ❞❡ ❝❛r❣❛ ♠❛②♦r ❡s ❡❧ ♣❛r✳ ▲❛s s✐♠✉❧❛❝✐♦♥❡s r❡❛❧✐③❛❞❛s s♦♥ ❡♥ ✉♥❛ ♦♣❡r❛❝✐ó♥ ❛ ✸✵✵✵ ✭r♣♠✮ ② ❛♠♣❧✐t✉❞ ❞❡

❝♦rr✐❡♥t❡ tr✐❢ás✐❝❛ ❞❡ ✷✺✵ ✭❆✮ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ r✐③❛❞♦ ❡s ❝♦♥s✐❞❡r❛❜❧❡♠❡♥t❡ ❛❧t♦ ♣❛r❛ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ tr❛❝❝✐ó♥✱ ♣♦r

❡❥❡♠♣❧♦ ❨❛♥❣ ❡t ❛❧✳ ✭✷✵✶✼✮ r❡♣♦rt❛r♦♥ ✉♥ r✐③❛❞♦ ❞❡ ♣❛r ♦♣t✐♠✐③❛❞♦ ❞❡❧ ✶✵✪ ♣❛r❛ ✉♥❛ ❣❡♦♠❡trí❛ ❞❡ r♦t♦r t✐♣♦ ❞❡❧t❛✳

❋✐♥❛❧♠❡♥t❡✱ ❡❧ ❧❛ ✜❣✉r❛ ✹✳✷✵ s❡ ♠✉❡str❛ ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡❧ ♣❛r ♣r♦♠❡❞✐♦ ❡♥tr❡❣❛❞♦ ♣♦r ❡❧ ♠♦t♦r ❝♦♥ r❡s♣❡❝t♦ ❛❧ á♥❣✉❧♦

❞❡ ❝❛r❣❛✱ s❡ ✈❡r✐✜❝❛ q✉❡ ❡❧ ♠á①✐♠♦ ♣❛r s❡ ♦❜t✐❡♥❡ ❛ ❧♦s ✾✵➦✳

❉❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦✳ ❊♥ ❧❛ ✜❣✉r❛ s❡ ♠✉❡str❛ ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦ ♣❛r❛ ❡st❡ ♠♦t♦r✱ ♣♦❞❡♠♦s

♦❜s❡r✈❛r q✉❡ ♥♦ ❤❛② s❛t✉r❛❝✐ó♥✳

▼❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✷✷ s❡ ♠✉❡str❛ ❡❧ ♠❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛ ♦❜t❡♥✐❞♦ ♣♦r ♠❡❞✐♦ ❞❡ s✐♠✉❧❛❝✐♦♥❡s ❞❡

❆❊❋✳ ❙❡ ♣✉❡❞❡ ♦❜s❡r✈❛r q✉❡ ❡❧ ❝♦♥t♦r♥♦ ❞❡❧ ♠❛♣❛ ♣r❡s❡♥t❛ ❜✉❡♥❛ r❡❧❛❝✐ó♥ ❝♦♥ ❧♦s r❡♣♦rt❛❞♦ ❡♥ ❡❧ ♠❛♣❛ ❞❡ ◆✐ss❛♥

♠♦str❛❞♦ ❡♥ ❙t❛t♦♥ ❛♥❞ ●♦ss ✭✷✵✶✼✮✳ ▲❛ ♠á①✐♠❛ ❡✜❝✐❡♥❝✐❛ ❡♥ ❛♠❜♦s ♠❛♣❛s ❡s ❛❧r❡❞❡❞♦r ❞❡❧ ✾✺✪✱ s✐♥ ❡♠❜❛r❣♦ ❡❧

♠❛♣❛✱ ♦❜t❡♥✐❞♦ ♣r❡s❡♥t❛ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❞✐❢❡r❡♥t❡ ❞❡ ❧❛s ❝✉r✈❛s ❞❡ ❡✜❝✐❡♥❝✐❛✱ ♠♦str❛♥❞♦ ✉♥❛ ③♦♥❛ ♠❛②♦r ❡♥ ❧❛ q✉❡ ❡❧

♠♦t♦r ♦♣❡r❛rí❛ ❡♥ ❛❧t❛ ❡✜❝✐❡♥❝✐❛✳

✹✳✶✳✷✳✹✳ ❇▼❲ ✐✸ ✷✵✶✻✳

❊❧ ♠♦t♦r ♣r❡s❡♥t❡ ❡♥ ❡❧ ♠♦❞❡❧♦ ❇▼❲ ✐✸ ❡s ✉♥❛ ♠áq✉✐♥❛ sí♥❝r♦♥❛ ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ❡♠❜❡❜✐❞♦s ❡♥ ❡❧ r♦t♦r✳ ▲♦s

❞❛t♦s ♣✉❜❧✐❝❛❞♦s ✭❖③♣✐♥❡❝✐✱ ✷✵✶✻✮ ✐♥❞✐❝❛♥ q✉❡ ❞✐❝❤♦ ♠♦t♦r t✐❡♥❡ ✉♥❛ ♣♦t❡♥❝✐❛ ♥♦♠✐♥❛❧ ❞❡ ✶✷✺ ✭❦❲✮ ② ✉♥ ♣❛r ♥♦♠✐♥❛❧
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❉❡s❡♠♣❡ñ♦
❱❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ✭r♣♠✮ ✶✶✺✵✵
P♦t❡♥❝✐❛ ♥♦♠✐♥❛❧ ✭❦❲✮ ✶✷✺
P❛r ♥♦♠✐♥❛❧ ✭◆♠✮ ✷✺✵

❊st❛t♦r

❉✐á♠❡tr♦ ❡①t❡r✐♦r ✭♠♠✮ ✷✹✷
❉✐á♠❡tr♦ ✐♥t❡r✐♦r ✭♠♠✮ ✶✽✵
▲♦♥❣✐t✉❞ ❞❡❧ ♥ú❝❧❡♦ ✭♠♠✮ ✶✸✷

◆ú♠❡r♦ ❞❡ r❛♥✉r❛s ✼✷
❊s♣❡s♦r ❞❡ ❧❛ ❧á♠✐♥❛ ✭♠♠✮ ✵✳✸✹✸

▼❛s❛ ❞❡❧ ♥ú❝❧❡♦ ❞❡❧ ❡st❛t♦r ✭❦❣✮ ✶✸✳✼

❘♦t♦r

❉✐á♠❡tr♦ ❡①t❡r✐♦r ✭♠♠✮ ✶✼✽✳✻
❉✐á♠❡tr♦ ✐♥t❡r✐♦r ✭♠♠✮ ✹✸✳✺
▲♦♥❣✐t✉❞ ❞❡❧ ♥ú❝❧❡♦ ✭♠♠✮ ✶✸✷

◆ú♠❡r♦ ❞❡ ♣♦❧♦s ✶✷
▼❛s❛ ❞❡❧ ♥ú❝❧❡♦ ❞❡❧ r♦t♦r ✭❦❣✮ ✶✹✳✷
❊s♣❡s♦r ❞❡ ❧❛ ❧á♠✐♥❛ ✭♠♠✮ ✵✳✸✹✸

❉❡✈❛♥❛❞♦

❱✉❡❧t❛s ♣♦r ❜♦❜✐♥❛ ✾
❈✐r❝✉✐t♦s ❡♥ ♣❛r❛❧❡❧♦ ♣♦r ❢❛s❡ ✻

❱✉❡❧t❛s ❡♥ s❡r✐❡ ♣♦r ❢❛s❡ ✶
❆❧❛♠❜r❡s ❡♥ ♣❛r❛❧❡❧♦ ♣♦r ❢❛s❡ ✶✷

▼❛s❛ ❞❡❧ ❞❡✈❛♥❛❞♦ ✭❦❣✮ ✼✳✶

■♠❛♥❡s ♣❡r♠❛♥❡♥t❡s

■♠❛♥❡s ♣♦r ♣♦❧♦ ✷
❆♥❝❤♦ ✭♠♠✮ ✶✷✳✼ ② ✷✸✳✻
❊s♣❡s♦r ✭♠♠✮ ✷✳✷ ② ✺
▲❛r❣♦ ✭♠♠✮ ✷✷

▼❛s❛ t♦t❛❧ ❞❡ ❧♦s ✐♠❛♥❡s ✭❦❣✮ ✶✳✽✾✺
▼❛s❛ t♦t❛❧ ❞❡ ❧♦s ✐♠❛♥❡s ✭❦❣✮ ✶✳✽✾✺

❞❡ ✷✺✵ ✭◆♠✮ ❝♦♥ ✉♥❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❞❡ ✶✶✺✵✵ ✭r♣♠✮✳ ❊❧ ✈♦❧t❛❥❡ ♥♦♠✐♥❛❧ ❞❡❧ ❜❛♥❝♦ ❞❡ ❜❛t❡rí❛s ❞❡ ❧✐t✐♦ ❡s ❞❡ ✸✻✵

✭❱❈❉✮ ② ✷✷ ✭❦❲❤✮✳ ▲❛ ❣❡♦♠❡trí❛ ❞❡ ❡st❡ ♠♦t♦r s❡ ♠✉❡str❛ ❡♥ ❧❛ ✜❣✉r❛ ✹✳✷✸✳

❊❧ ♠♦t♦r ❡stá ❡♠♣❛q✉❡t❛❞♦ ❡♥ s✉ ♣r♦♣✐❛ ❝❛r❝❛s❛ ❞❡ ❢♦r♠❛ s❡♣❛r❛❞❛ ❛ ❧♦s ♦tr♦s ❝♦♠♣♦♥❡♥t❡s ❞❡❧ tr❡♥ ♠♦tr✐③✳ ▲❛ ♠❛s❛

❞❡❧ ❡♥s❛♠❜❧❡ ❞❡❧ ♠♦t♦r ❡s ❞❡ ✹✷ ✭❦❣✮✳ ❊❧ ❞✐á♠❡tr♦ ❡①t❡r✐♦r ❞❡❧ ❡st❛t♦r ❡s ❞❡ ✷✹✷✳✶ ✭♠♠✮ ❧❛ ❧♦♥❣✐t✉❞ t♦t❛❧ ❞❡❧ ♥ú❝❧❡♦

❧❛♠✐♥❛❞♦ ❡s ❞❡ ✶✸✷✳✸ ✭♠♠✮ t✐❡♥❡ ✼✷ r❛♥✉r❛s ② ❞♦❝❡ ♣♦❧♦s ✭✻ r❛♥✉r❛s ♣♦r ♣♦❧♦✮✳ ❊❧ ❡st❛t♦r ❡stá ❢♦r♠❛❞♦ ❞❡ s❡❝❝✐♦♥❡s

✉♥✐❞❛s✱ ❝♦♥ ❧♦ q✉❡ s❡ ❧♦❣r❛ ✉♥❛ r❡❞✉❝❝✐ó♥ ❡♥ ❡❧ ❞❡s♣❡r❞✐❝✐♦ ❞❡❧ ♠❛t❡r✐❛❧✳ ❊❧ ❞❡✈❛♥❛❞♦ ❝♦♥❝é♥tr✐❝♦ ❡s ❞❡ ♣❛s♦ ❝♦♠♣❧❡t♦

❝♦♥ ✶✷ ❛❧❛♠❜r❡s ❡♥ ♠❛♥♦ ❞❡ ❝❛❧✐❜r❡ ✷✶ ❆❲●✳ ❈❛❞❛ ♣♦❧♦ ❡s ❡♠❜♦❜✐♥❛❞♦ ❡♥ ♣❛r❛❧❡❧♦✱ r❡s✉❧t❛♥❞♦ ❡♥ s❡✐s r❛♠❛s ♣❛r❛❧❡❧❛s

② ♥✉❡✈❡ ✈✉❡❧t❛s ♣♦r r❛♥✉r❛✱

▲❛ ♠❛s❛ ❞❡❧ r♦t♦r ❡s ❞❡ ✶✹✳✷ ✭❦❣✮✱ ❊❧ ❞✐á♠❡tr♦ ❡①t❡r✐♦r ❞❡❧ r♦t♦r ❡s ❞❡ ✶✼✽✳✻ ✭♠♠✮✳ ❊❧ ❛rr❡❣❧♦ ❞❡ ❧♦s ✐♠❛♥❡s ❝♦♥s✐st❡ ❡♥

✉♥ ✐♠á♥ ♣❡q✉❡ñ♦ ② ✉♥♦ ❣r❛♥❞❡ ❡♥ ❝❛❞❛ ♣♦❧♦✳ ❊❧ r♦t♦r ❡stá ❡♥s❛♠❜❧❛❞♦ ❝♦♥ ✉♥ s❡❣❛❞♦ ❞❡ s❡✐s s❡❝❝✐♦♥❡s ♣❛r❛ ❞✐s♠✐♥✉✐r ❡❧

r✐③❛❞♦ ❞❡❧ ♣❛r✳ ❊♥ ❧❛ t❛❜❧❛ ✹✳✻ s❡ ♠✉❡str❛♥ ❧❛s ❞✐♠❡♥s✐♦♥❡s ✉t✐❧✐③❛❞❛s ♣❛r❛ ❧❛s s✐♠✉❧❛❝✐♦♥❡s ❡♥ ❆❊❋ ② ❡♥ ❧❛ ✜❣✉r❛ ✹✳✷✹

s❡ ♠✉❡str❛♥ ❧♦s ❡♠❜♦❜✐♥❛❞♦s✱ s❡♥t✐❞♦ ❞❡ ♠❛❣♥❡t✐③❛❝✐ó♥✱ ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❢r♦♥t❡r❛ ② ♠❛t❡r✐❛❧❡s ✉s❛❞♦s ❡♥ ❧❛ s✐♠✉❧❛❝✐ó♥

♣♦r ❆❊❋✳
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❋✐❣✉r❛ ✹✳✷✺✿ Pr✉❡❜❛ ❛ r♦t♦r ❜❧♦q✉❡❛❞♦ ♣❛r❛ ❡❧ ♠♦t♦r ❡♥ ❇▼❲ ✐✸✳

✭❛✮ ✭❜✮

❋✐❣✉r❛ ✹✳✷✻✿ ❈♦rr✐❡♥t❡ ❡♥ ❧❛ ♣r✉❡❜❛ ❛ r♦t♦r ❜❧♦q✉❡❛❞♦✳ ✭❛✮ ❞❛t♦s ❞❡ ❖❘◆▲ ✭❜✮ s✐♠✉❧❛❝✐ó♥ ❋❊▼

❆♥á❧✐s✐s ❛ r♦t♦r ❜❧♦q✉❡❛❞♦✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✷✺ s❡ ♠✉❡str❛♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ ♣r✉❡❜❛ ❛ r♦t♦r ❜❧♦q✉❡❛❞♦ ♦❜t❡♥✐❞♦s

♠❡❞✐❛♥t❡ ❆❊❋ ❡♥ ❆♥s②s ▼❛①✇❡❧❧✳ ❙❡❣ú♥ ❧♦ r❡♣♦rt❛❞♦ ♣♦r ❡❧ ❖❘◆▲ ✭❖③♣✐♥❡❝✐✱ ✷✵✶✻✮✱ ❧❛ ❝♦rr✐❡♥t❡ r❡q✉❡r✐❞❛ ♣❛r❛

❛❧❝❛♥③❛r ❡❧ ♣❛r ♥♦♠✐♥❛❧ ❞❡ ✷✺✵ ✭◆♠✮ ❡s ❞❡ ✺✸✵ ✭❆✮✱ ♠✐❡♥tr❛s q✉❡ ❡♥ ❧❛ s✐♠✉❧❛❝✐ó♥ ❧❧❡✈❛❞❛ ❛ ❝❛❜♦ ❡❧ ♣❛r ❡♥tr❡❣❛❞♦ ♣♦r

❡❧ ♠♦t♦r ♣❛r❛ ❞✐❝❤❛ ❝♦rr✐❡♥t❡ ❡s ❞❡ ✷✼✹ ✭◆♠✮ ❧♦ ❝✉❛❧ r❡♣r❡s❡♥t❛ ✉♥ ❡rr♦r r❡❧❛t✐✈♦ ❞❡ ✾✳✻✪ ✳ ❊♥ ❧❛ ✜❣✉r❛ s❡ ❝♦♠♣❛r❛♥

❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛❜♦r❛t♦r✐♦ r❡♣♦rt❛❞♦s ♣♦r ❖❘◆▲ ② ❧❛ s✐♠✉❧❛❝✐ó♥✱ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r ✉♥❛ ❜✉❡♥❛ ❝♦rr❡s♣♦♥❞❡♥❝✐❛✳

❘✐③❛❞♦ ❞❡❧ ♣❛r ❊♥ ❧❛ ✜❣✉r❛ ✹✳✷✼ s❡ ♠✉❡str❛ ❡❧ ♣❛r ❝♦♥t✐♥✉♦ ♣❛r❛ ✉♥❛ ♦♣❡r❛❝✐ó♥ ❞❡❧ ♠♦t♦r ❛ ✸✵✵✵ ✭r♣♠✮✱ s❡ ♣✉❡❞❡

♦❜s❡r✈❛r q✉❡ ❧❛ r❡❧❛❝✐ó♥ ❞❡ r✐③❛❞♦ ❞❡ ♣❛r ❡s ❞❡ ✷✵✪✳ ❊st❡ ♠♦t♦r ❢✉❡ ❝♦♥str✉✐❞♦ ❝♦♥ ✉♥ s❡s❣❛❞♦ ❡♥ ❡❧ r♦t♦r ♣❛r❛ r❡❞✉❝✐r

❡❧ r✐③❛❞♦ ❞❡ ♣❛r✱ ❛✉♥q✉❡ s❡ t♦♠ó ❡♥ ❝✉❛♥t❛ ❡st❡ s❡s❣❛❞♦ ❡♥ ❧❛ s✐♠✉❧❛❝✐ó♥ ❞❡ ✷❉✱ ❆♥s②s ▼❛①✇❡❧❧ ✷❉ ❛♣r♦①✐♠❛ ❧♦s ❡❢❡❝t♦s

❞❡❧ s❡s❣❛❞♦✱ ♣❛r❛ r❡s✉❧t❛❞♦s ♠ás ♣r❡❝✐s♦s ❛❝❡r❝❛ ❞❡ ❡st❡ ❢❡♥ó♠❡♥♦ s❡ ♣♦❞rí❛ r❡❛❧✐③❛r ✉♥ ❛♥á❧✐s✐s tr✐❞✐♠❡♥s✐♦♥❛❧✳
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❋✐❣✉r❛ ✹✳✷✼✿ ❘✐③❛❞♦ ❞❡ ♣❛r ❡♥ ❡❧ ♠♦t♦r ❞❡ ❇▼❲ ✐✸✳

❋✐❣✉r❛ ✹✳✷✽✿ ❉❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦✱ ❇▼❲ ✐✸✳

❉❡♥s✐❞❛❞ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✷✽ s❡ ❛♣r❡❝✐❛ ❧❛ ♠❛❣♥✐t✉❞ ❞❡❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦ ♣❛r❛ ❧❛ ♦♣❡r❛❝✐ó♥

❞❡❧ ♠♦t♦r ♠♦str❛❞❛ ❡♥ ❧❛ ✜❣✉r❛ ✹✳✷✼✱ s❡ ♦❜s❡r✈❛ q✉❡ ❧❛s ③♦♥❛s ❛❧r❡❞❡❞♦r ❞❡ ❧❛s ❜❛rr❡r❛s ❞❡ ✢✉❥♦ s❡ ❡♥❝✉❡♥tr❛♥ ❡♥

s❛t✉r❛❝✐ó♥✱ ❧♦ ❝✉❛❧ ❝♦✐♥❝✐❞❡ ❝♦♥ ❧♦ ❡s♣❡r❛❞♦ ②❛ q✉❡ ❞✐❝❤❛s ❜❛rr❡r❛s ❞❡ ✢✉❥♦ s❡ ✉t✐❧✐③❛♥ ♣❛r❛ ❞✐r✐❣✐r ❡❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦✳

▼❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✷✾ s❡ ♠✉❡str❛ ❡❧ ♠❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛ ♦❜t❡♥✐❞♦ q✉❡ ❢✉❡ ♦❜t❡♥✐❞♦ ♣♦r ♠❡❞✐♦ ❞❡

❆❊❋✳

✹✳✶✳✷✳✺✳ ❈❤❡✈r♦❧❡t ❇♦❧t ❊❱ ✷✵✶✽✳

❊❧ ✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦ ♠ás r❡❝✐❡♥t❡ ❞❡ ❧❛ ❝♦♠♣❛ñí❛ ●❡♥❡r❛❧ ▼♦t♦rs ❡s ❡❧ ♠♦❞❡❧♦ ❈❤❡✈r♦❧❡t ❇♦❧t ❊❱✳ ❉❡ ❛❝✉❡r❞♦ ❝♦♥

❍❛r♣st❡r ✭✷✵✶✽✮✱ ●❡♥❡r❛❧ ▼♦t♦rs ❤❛ ✐♥✈❡rt✐❞♦ ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡❧ tr❡♥ ♠♦tr✐③ ❞❡ ❞✐❝❤♦ ♠♦❞❡❧♦ ❝♦♥ ❧❛ ✈✐s✐ó♥ ❞❡ q✉❡ s❡

❝♦♥✈✐❡rt❛ ❡♥ ❧❛ ❜❛s❡ ♣❛r❛ s✉s ❢✉t✉r♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✸✵s❡ ♣✉❡❞❡ ♦❜s❡r✈❛r q✉❡ ❡❧ ❛rr❡❣❧♦ ❣❡♥❡r❛❧ ❞❡

❞✐❝❤♦ tr❡♥ ♠♦tr✐③ ❡s ♠✉② ❝♦♠♣❛❝t♦ ❡♥ ❝♦♠♣❛r❛❝✐ó♥ ❝♦♥ ❛❧❣ú♥ tr❡♥ ♠♦tr✐③ ❝♦♥ ♠♦t♦r ❞❡ ❝♦♠❜✉st✐ó♥ ✐♥t❡r♥❛✳

▲❛ ♠áq✉✐♥❛ ❞❡ tr❛❝❝✐ó♥ ♣r❡s❡♥t❡ ❡♥ ❡st❡ tr❡♥ ♠♦tr✐③ ❡s ✉♥ ♠♦t♦r sí♥❝r♦♥♦ ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✳ ▲❛s ❝❛r❛❝t❡ríst✐❝❛s
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❋✐❣✉r❛ ✹✳✷✾✿ ▼❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛ ♣❛r❛ ♠♦t♦r ❡♥ ❇▼❲ ✐✸✳

❋✐❣✉r❛ ✹✳✸✵✿ ❚r❡♥ ♠♦tr✐③ ❞❡❧ ♠♦❞❡❧♦ ❇♦❧t ❊❱ ✷✵✶✽✳
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❈✉❛❞r♦ ✹✳✼✿ Pr✐♥❝✐♣❛❧❡s ❞✐♠❡♥s✐♦♥❡s ❞❡❧ ♠♦t♦r ❡♥ ❈❤❡✈r♦❧❡t ❇♦❧t ❊❱ ✷✵✶✽✳

❉❡s❡♠♣❡ñ♦
❱❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ✭r♣♠✮ ✽✽✶✵

P♦t❡♥❝✐❛ ♣✐❝♦ ✭❦❲✮ ✶✺✵
P❛r ♣✐❝♦ ✭◆♠✮ ✸✻✵

❊st❛t♦r

❉✐á♠❡tr♦ ❡①t❡r✐♦r ✭♠♠✮ ✷✵✹
❉✐á♠❡tr♦ ✐♥t❡r✐♦r ✭♠♠✮ ✶✸✾
▲♦♥❣✐t✉❞ ❞❡❧ ♥ú❝❧❡♦ ✭♠♠✮ ✶✷✺

◆ú♠❡r♦ ❞❡ r❛♥✉r❛s ✼✷

❘♦t♦r

❉✐á♠❡tr♦ ❡①t❡r✐♦r ✭♠♠✮ ✶✸✽✳✷
❉✐á♠❡tr♦ ✐♥t❡r✐♦r ✭♠♠✮ ✺✵
▲♦♥❣✐t✉❞ ❞❡❧ ♥ú❝❧❡♦ ✭♠♠✮ ✶✷✺

◆ú♠❡r♦ ❞❡ ♣♦❧♦s
❉❡✈❛♥❛❞♦ ❈♦♥❞✉❝t♦r❡s ♣♦r r❛♥✉r❛ ✻

■♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ■♠❛♥❡s ♣♦r ♣♦❧♦ ✹

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

♣♦rq✉❡ ❡stá ❝♦♠♣✉❡st♦ ❞❡ s❡✐s ❜❛rr❛s só❧✐❞❛s ❞❡ ❝♦❜r❡ ♣♦r r❛♥✉r❛✱ ❡♥ ❝♦♥tr❛st❡ ❝♦♥ ❧♦s ❞❡✈❛♥❛❞♦s ❞❡ ❛❧❛♠❜r❡ ♠❛❣♥ét✐❝♦✳

❊❧ r♦t♦r ♣♦s❡❡ ✉♥ ❞✐s❡ñ♦ ❡s♣❡❝✐❛❧ ❞❡ ✉♥ ❛rr❡❣❧♦ ❞❡ ❞♦❜❧❡ ❝❛♣❛ ❞❡ ✐♠❛♥❡s ❡♥ ❱✱ ✜❣✉r❛ ✹✳✸✶✳ ▲♦ ♠ás ♥♦✈❡❞♦s♦ ❞❡ ❡st❡

♠♦t♦r ❡s q✉❡ ❧❛ ❣❡♦♠❡trí❛ ❞❡ ❝❛❞❛ ♣♦❧♦ ❢✉❡ ♦♣t✐♠✐③❛❞❛ ❞❡ ❢♦r♠❛ ✐♥❞❡♣❡♥❞✐❡♥t❡ ♣❛r❛ ❛✉♠❡♥t❛r ❧❛ ❡✜❝✐❡♥❝✐❛ ② ❞✐s♠✐♥✉✐r

❡❧ r✐③❛❞♦ ❞❡ ♣❛r ✭▼♦♠❡♥ ❡t ❛❧✳✱ ✷✵✶✻✮✳

❊♥ ❧❛ ✜❣✉r❛ ✹✳✸✷ s❡ ♦❜s❡r✈❛ ❧❛ s❡❝❝✐ó♥ s✐♠✉❧❛❞❛ ❡♥ ❡❧ ♠ét♦❞♦ ❞❡ ❡❧❡♠❡♥t♦s ✜♥✐t♦s✳ ❉❡❜✐❞♦ ❛ ❧❛ ❞✐✜❝✉❧t❛❞ ❞❡ ♦❜t❡♥❡r

❧❛s ❞✐♠❡♥s✐♦♥❡s ❡①❛❝t❛s ❞❡ ❝❛❞❛ ♣♦❧♦ s❡ ❝♦♥s✐❞❡ró q✉❡ ❧❛ ❣❡♦♠❡trí❛ ♠♦str❛❞❛ ❡♥ ▼♦♠❡♥ ❡t ❛❧✳ ✭✷✵✶✻✮ ❡r❛ ❧❛ ♠í♥✐♠❛

♣♦s✐❜❧❡ ♣❛r❛ s✐♠✉❧❛r ❞❡❜✐❞♦ ❛ ❧❛ s✐♠❡trí❛✳ P❛r❛ ❡st❡ ❝❛s♦ ❧❛ ❝♦♥❞✐❝✐ó♥ ❞❡ ❢r♦♥t❡r❛ ❝❛♠❜✐❛ ❞❡ s❡r ❛♥t✐s✐♠étr✐❝❛✱ ❝♦♠♦ ❡♥

❧♦s ♠♦t♦r❡s ❛♥t❡r✐♦r❡s✱ ❛ s❡r s✐♠étr✐❝❛❀ t❛♠❜✐é♥ s❡ ♦❜s❡r✈❛♥ ❧♦s ♠❛t❡r✐❛❧❡s ② s❡♥t✐❞♦s ❞❡ ♠❛❣♥❡t✐③❛❝✐ó♥✳

✹✳✷✳ ▼♦t♦r❡s ❞❡ ✐♥❞✉❝❝✐ó♥✳

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

✈❡❧♦❝✐❞❛❞❡s✱ r♦❜✉st❡③ ② ❜✉❡♥ ❞❡s❡♠♣❡ñ♦ ❞✐♥á♠✐❝♦ ✭❨✐❧♠❛③✱ ✷✵✶✺✮✳ ❖tr❛ ❝❛r❛❝t❡ríst✐❝❛ q✉❡ ❤❛❝❡ ❞❡❧ ♠♦t♦r ❞❡ ✐♥❞✉❝❝✐ó♥

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

♥♦ ❤❛② ❞❡♣❡♥❞❡♥❝✐❛ ❞❡ ❧♦s ❡❧❡♠❡♥t♦s ❞❡ t✐❡rr❛s r❛r❛s✱ ❛❞❡♠ás ❞❡ s❡r ❡❧ ♠♦t♦r ♠ás ❝♦♥♦❝✐❞♦ ♣♦r s✉ ❣r❛♥ ❞❡s❛rr♦❧❧♦

❞❡s❞❡ ❤❛❝❡ ♠✉❝❤♦ t✐❡♠♣♦✳ ▲❛ ❡✜❝✐❡♥❝✐❛ ♠ás ❛❧t❛ ❡♥ ❧♦s ▼■ s❡ ♦❜s❡r✈❛ ❡♥ ❧❛s r❡❣✐♦♥❡s ❞❡ ✈❡❧♦❝✐❞❛❞❡s ♣♦r ❡♥❝✐♠❛ ❞❡ ❧❛

✈❡❧♦❝✐❞❛❞ ❜❛s❡ ② ♣❛r ♠❡♥♦r ❛❧ ♣❛r ♥♦♠✐♥❛❧ ❞❡❜✐❞♦ ❛ q✉❡ ❧❛s ♣❡r❞✐❞❛s ❡♥ ❡❧ ❝♦❜r❡ ② ♣ér❞✐❞❛s ❡♥ ❡❧ ♥ú❝❧❡♦ s♦♥ ♠❡♥♦r❡s

❛ ❛❧t❛s ✈❡❧♦❝✐❞❛❞❡s✳

▲❛ ❡✜❝✐❡♥❝✐❛ ② ❡❧ ❢❛❝t♦r ❞❡ ♣♦t❡♥❝✐❛ ♣♦r ❧♦ ❣❡♥❡r❛❧ s♦♥ ♠ás ❜❛❥♦s ❡♥ ❧♦s ▼■ q✉❡ ❡♥ ❧♦s ▼❙■P ❞❡❜✐❞♦ ❛ ❧❛s ♣ér❞✐❞❛s

❡♥ ❡❧ r♦t♦r✱ ♣♦r ❧♦ q✉❡ ♥♦r♠❛❧♠❡♥t❡ ❧♦s ▼■ s♦♥ ♠ás ❣r❛♥❞❡s ❝✉❛♥❞♦ s❡ ❝♦♠♣❛r❛♥ ❝♦♥ ❧♦s ▼❙■P ❞❡ ❧❛ ♠✐s♠❛ ♣♦t❡♥❝✐❛

♥♦♠✐♥❛❧✳ ▲♦s ▼■ ♣r❡s❡♥t❛♥ ✉♥ ❝♦♥tr♦❧ ❞❡❧ ✢✉❥♦ ♠✉② ✢❡①✐❜❧❡ q✉❡ ♣✉❡❞❡ s❡r ❛♣r♦✈❡❝❤❛❞♦ ♣❛r❛ ♦♣t✐♠✐③❛r ❡❧ ❢r❡♥❛❞♦



❈❆P❮❚❯▲❖ ✹✳ ▼❖❚❖❘❊❙ ❯❙❆❉❖❙ ❊◆ ▲❖❙ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✾✼

❋✐❣✉r❛ ✹✳✸✶✿ ●❡♦♠❡trí❛ ❞❡❧ ♠♦t♦r ❡♥ ❈❤❡✈r♦❧❡t ❇♦❧t ❊❱ ✷✵✶✽✳

❋✐❣✉r❛ ✹✳✸✷✿ ❈♦♥✜❣✉r❛❝✐ó♥ ♣❛r❛ ❛♥á❧✐s✐s ❞❡ ❡❧❡♠❡♥t♦ ✜♥✐t♦ ❇♦❧t ❊❱✳



❈❆P❮❚❯▲❖ ✹✳ ▼❖❚❖❘❊❙ ❯❙❆❉❖❙ ❊◆ ▲❖❙ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✾✽

r❡❣❡♥❡r❛t✐✈♦✳

❯♥ ▼■ ♣❛r❛ ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ tr❛❝❝✐ó♥ ❞❡❜❡ r❡s♦❧✈❡r ✈❛r✐♦s ❝♦♥✢✐❝t♦s ❡♥tr❡ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s✳ ❯♥ ♠♦t♦r ❞❡ ✐♥❞✉❝❝✐ó♥

q✉❡ ♥♦ ❤❛ s✐❞♦ ❞✐s❡ñ♦ ♣❛r❛ tr❛❝❝✐ó♥ ❞❡ ✈❡❤í❝✉❧♦s✱ s❡ s❛t✉r❛rá ❝♦♥ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡ ❝❛r❣❛ ❞❡ ✉♥ ❝✐❝❧♦ ❞❡ ♠❛♥❡❥♦✳

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

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

✹✳✷✳✶✳ Pr✐♥❝✐♣✐♦ ❞❡ ❢✉♥❝✐♦♥❛♠✐❡♥t♦✳

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

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

❊❧ ❝❛♠♣♦ ♠❛❣♥ét✐❝♦ ✈✐❛❥❛ ❞❡ ✉♥ ♣♦❧♦ ❤❛❝✐❛ ❡❧ ♦tr♦ ❡♥ ❧❛ ♠✐t❛❞ ❞❡ ✉♥ ❝✐❝❧♦✱ ♣♦r ❧♦ t❛♥t♦ ❡♥ ✉♥ ❝✐❝❧♦ ❡❧é❝tr✐❝♦ ❡❧ ❝❛♠♣♦

s❡ ❞❡s♣❧❛③❛ ✉♥ ♣❛r ❞❡ ♣♦❧♦s ♦ ✸✻✵ ❣r❛❞♦s ❡❧é❝tr✐❝♦s✳ ❊❧ ♥ú♠❡r♦ ❞❡ ❝✐❝❧♦s ❡❧é❝tr✐❝♦s r❡q✉❡r✐❞♦s ♣❛r❛ ❝♦♠♣❧❡t❛r ✉♥❛

r❡✈♦❧✉❝✐ó♥ ❡s ✐❣✉❛❧ ❛❧ ♥ú♠❡r♦ ❞❡ ♣❛r❡s ❞❡ ♣♦❧♦s ✭❚♦❧✐②❛t ❛♥❞ ❑❧✐♠❛♥✱ ✷✵✵✹✮✳ ❊st❛ ✈❡❧♦❝✐❞❛❞ s❡ ❝♦♥♦❝❡ ❝♦♠♦ ✈❡❧♦❝✐❞❛❞

sí♥❝r♦♥❛✱ ♥✵ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✹✳✷ ❞♦♥❞❡✱ ❢ ❡s ❧❛ ❢r❡❝✉❡♥❝✐❛ ❡♥ ❍③ ② ♣♣ s♦♥ ❧♦s ♣❛r❡s ❞❡ ♣♦❧♦s ❡♥ ❡❧ ♠♦t♦r✳

n0 =
60f

pp
✭✹✳✷✮

▲❛ ❞✐❢❡r❡♥❝✐❛ ❡♥tr❡ ❧❛ ✈❡❧♦❝✐❞❛❞ sí♥❝r♦♥❛ ② ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡❧ ❡❥❡ ❞❡❧ ♠♦t♦r✱ ♥✱ s❡ ❝♦♥♦❝❡ ❝♦♠♦ ❞❡s♣❧❛③❛♠✐❡♥t♦✱ ❙✱ ❡❝✉❛❝✐ó♥

✹✳✸✳ P❛r❛ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ♠♦t♦r❡s ❞❡ ✐♥❞✉❝❝✐ó♥ ❡❧ ❞❡s♣❧❛③❛♠✐❡♥t♦ ❛ ❝❛r❣❛ ♥♦♠✐♥❛❧ ❡s ❞❡ ♠❡♥♦s ❞❡❧ ✺✪ ✭❚♦❧✐②❛t ❛♥❞

❑❧✐♠❛♥✱ ✷✵✵✹✮✭❚♦❧✐②❛t ❛♥❞ ❑❧✐♠❛♥✱ ✷✵✵✹✮✳

S =
n0 − n

n0

✭✹✳✸✮

▲❛ ❡✜❝✐❡♥❝✐❛ ♠ás ❛❧t❛ ❡s ♦❜s❡r✈❛❞❛ ❛ ✈❡❧♦❝✐❞❛❞❡s ❛❧t❛s ② ♣❛r❡s ♠ás ❜❛❥♦s q✉❡ ❡❧ ♥♦♠✐♥❛❧ ❞❡❜✐❞♦ ❛ q✉❡ ❧❛s ♣ér❞✐❞❛s ❡♥

❡❧ ❝♦❜r❡ ② ❡♥ ❧♦s ♥ú❝❧❡♦s s❡ r❡❞✉❝❡♥ ❛ ✈❡❧♦❝✐❞❛❞❡s ❛❧t❛s✳ ❆ ✈❡❧♦❝✐❞❛❞❡s ❜❛❥❛s ❧❛ ❡✜❝✐❡♥❝✐❛ ❝❛❡ ❞❡❜✐❞♦ ❛ ❧❛s ♣ér❞✐❞❛s ❡♥

❡❧ r♦t♦r✳

✹✳✷✳✷✳ ❊st❛❞♦ ❞❡❧ ❛rt❡ ❞❡ ❧♦s ▼■ ♣❛r❛ tr❛❝❝✐ó♥✳

✹✳✷✳✷✳✶✳ ●▼ ❊❱✶✳

❊st❡ ✈❡❤í❝✉❧♦ ❡s ❝♦♥s✐❞❡r❛❞♦ ♣♦r ❛❧❣✉♥♦s ❛✉t♦r❡s ❝♦♠♦ ❡❧ ♣r✐♠❡r ✈❡❤í❝✉❧♦ ❡❧é❝tr✐❝♦ ❝♦♠❡r❝✐❛❧ ❞❡ ❧❛ ❡r❛ ♠♦❞❡r♥❛✳ ▲❛

✉♥✐❞❛❞ ❞❡ tr❛❝❝✐ó♥ ❢✉❡ ❞❡s❛rr♦❧❧❛❞❛ ♣♦r ❧❛ ❝♦♠♣❛ñí❛ ❉❡❧♣❤✐✱ ❡♥ ❧❛ ✜❣✉r❛ ✹✳✸✸s❡ ♠✉❡str❛ ✉♥ ❡sq✉❡♠❛ ❞❡❧ tr❡♥ ♠♦tr✐③ ❡❧



❈❆P❮❚❯▲❖ ✹✳ ▼❖❚❖❘❊❙ ❯❙❆❉❖❙ ❊◆ ▲❖❙ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✾✾

❋✐❣✉r❛ ✹✳✸✸✿ ❚r❡♥ ♠♦tr✐③ ❡♥ ❡❧ ♠♦❞❡❧♦ ●▼ ❊❱✶✳

❝✉❛❧ ❝♦♥s✐stí❛ ❡♥ ✉♥ ♠♦t♦r tr✐❢ás✐❝♦ ❞❡ ✐♥❞✉❝❝✐ó♥ ❝♦♥ ✉♥ r❡❞✉❝t♦r ❞❡ ❡♥❣r❛♥❡s ✐♥t❡❣r❛❞♦✳ ▲❛s ❝❛r❛❝t❡ríst✐❝❛s ♣r✐♥❝✐♣❛❧❡s

❞❡❧ ♠♦t♦r ❞❡ ✐♥❞✉❝❝✐ó♥ ❡r❛♥✿ ♣♦t❡♥❝✐❛ ♥♦♠✐♥❛❧ ❞❡ ✶✵✸ ✭❦❲✮ ❛ ✉♥❛ ✈❡❧♦❝✐❞❛❞ ❛♥❣✉❧❛r ❞❡ ✼✵✵✵ ✭r♣♠✮✱ ♣❛r ♠á①✐♠♦ ✶✹✾

✭◆♠✮ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❞❡ ✶✸✱✵✵✵ ✭r♣♠✮✳ ▲❛ ✉♥✐❞❛❞ ❞❡ tr❛❝❝✐ó♥ ❝♦♥t❛❜❛ ❝♦♥ ❢r❡♥❛❞♦ r❡❣❡♥❡r❛t✐✈♦ ② t❡♥í❛ ✉♥❛ ♠❛s❛

❞❡ ✻✽ ✭❦❣✮✳ ❊❧ ❡st❛t♦r ❝♦♥t❛❜❛ ❝♦♥ ✉♥❛ ❥❛✉❧❛ ❢✉♥❞✐❞❛ ❡♥ ❛❧✉♠✐♥✐♦✳

✹✳✷✳✷✳✷✳ ❚❡s❧❛ ▼♦❞❡❧ ❙✳

❊❧ ♠♦t♦r ❞❡ ✐♥❞✉❝❝✐ó♥ ✉t✐❧✐③❛❞♦ ❡♥ ❡❧ ✈❡❤í❝✉❧♦ ❞❡ ❧❛ ❡♠♣r❡s❛ ❡st❛❞♦✉♥✐❞❡♥s❡ ❚❡s❧❛ ▼♦t♦rs✱ ♣r❡s❡♥t❛ ✉♥❛ ♠❡❥♦r❛ ❡♥ ❧❛

❝❛♣❛❝✐❞❛❞ ❞❡ ♣❛r q✉❡ ♣✉❡❞❡ ❣❡♥❡r❛r ❡♥ ✉♥ r❛♥❣♦ ❛♠♣❧✐♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡s✳ ❊st❡ ♠♦t♦r ♣r❡s❡♥t❛ ✈❡♥t❛❥❛s ❡♥ ❡❧ t❛♠❛ñ♦ ②

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

❈♦♥ r❡s♣❡❝t♦ ❛ ❧♦s ▼■ ❝♦♥✈❡♥❝✐♦♥❛❧❡s✱ ❡❧ ❞✐s❡ñ♦ ❞❡❧ ♠♦t♦r ❡♥ ❡❧ ▼♦❞❡❧ ❙ ♣r❡s❡♥t❛ ❧❛s s✐❣✉✐❡♥t❡s ❞✐❢❡r❡♥❝✐❛s✿ ❡❧ ❡♥tr❡❤✐❡rr♦

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

❡st❛t♦r s♦♥ ♠ás ❡str❡❝❤♦s✱ ❧♦s ❞✐❡♥t❡s ❞❡❧ r♦t♦r s♦♥ ♠ás ❡str❡❝❤♦s ② ❝♦rt♦s✱ ❧❛ ❝✉❧❛t❛ ❞❡ ❧❛s ❧❛♠✐♥❛❝✐♦♥❡s ❞❡❧ ❡st❛t♦r

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

❧♦♥❣✐t✉❞ ❞❡ ❧♦s ❞✐❡♥t❡s ❞❡❧ r♦t♦r✱ t✐❡♥❡ ✉♥ ♠❛②♦r ♥ú♠❡r♦ ❞❡ r❛♥✉r❛s ❡❧ ❡st❛t♦r ♣♦r ♣♦❧♦ ② ♣♦r ❢❛s❡ ② ✉♥ ♠❛②♦r ♥ú♠❡r♦

❞❡ r❛♥✉r❛s ❡♥ ❡❧ r♦t♦r✳

❊♥ ❧❛ ✜❣✉r❛ ✹✳✸✹ s❡ ♠✉❡str❛ ❧❛ ❣❡♦♠❡trí❛ ❞❡ ❧♦s ♥ú❝❧❡♦s ❞❡❧ r♦t♦r ② ❞❡❧ ❡st❛t♦r✳ ▲❛s ♣r✐♥❝✐♣❛❧❡s ❞✐♠❡♥s✐♦♥❡s q✉❡ s❡

❡♠♣❧❡❛r♦♥ ❡♥ ❧❛s s✐♠✉❧❛❝✐♦♥❡s r❡❛❧✐③❛❞❛s s❡ ♠✉❡str❛♥ ❡♥ ❧❛ t❛❜❧❛✳ ▲❛ ❣❡♦♠❡trí❛ ♣❛r❝✐❛❧ q✉❡ s❡ ✉t✐❧✐③ó ❞❡❜✐❞♦ ❛ ❧❛ s✐♠❡trí❛

❞❡❧ ♠♦t♦r✱ ❛sí ❝♦♠♦ ❧♦s ♠❛t❡r✐❛❧❡s✱ ❡♠❜♦❜✐♥❛❞♦s ② ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❢r♦♥t❡r❛✱ s❡ ♠✉❡str❛♥ ❡♥ ❧❛ ✜❣✉r❛✳



❈❆P❮❚❯▲❖ ✹✳ ▼❖❚❖❘❊❙ ❯❙❆❉❖❙ ❊◆ ▲❖❙ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✶✵✵

❋✐❣✉r❛ ✹✳✸✹✿ ●❡♦♠❡trí❛ ✐♥t❡r♥❛ ❞❡❧ ♠♦t♦r ❡♥ ❚❡s❧❛ ▼♦❞❡❧ ❙✳

❋✐❣✉r❛ ✹✳✸✺✿ ●❡♦♠❡trí❛ ♣❛r❝✐❛❧ ❞❡❧ ♠♦t♦r ❡♥ ▼♦❞❡❧ ❙ ♣❛r❛ ❆❊❋✳



❈❆P❮❚❯▲❖ ✹✳ ▼❖❚❖❘❊❙ ❯❙❆❉❖❙ ❊◆ ▲❖❙ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✶✵✶

✹✳✸✳ ▼♦t♦r❡s ❞❡ r❡❧✉❝t❛♥❝✐❛✳

▲♦s ♠♦t♦r❡s sí♥❝r♦♥♦s ❞❡ r❡❧✉❝t❛♥❝✐❛ ✭▼❙❘✮✱ ♣✉❡❞❡♥ ❝♦♥✈❡rt✐rs❡ ❡♥ ❝❛♥❞✐❞❛t♦s ❡①❝❡❧❡♥t❡s ♣❛r❛ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡

tr❛❝❝✐ó♥ ❞❡❜✐❞♦ ❛ ❧❛ s✐♠♣❧✐❝✐❞❛❞ ② r♦❜✉st❡③ ❞❡❧ r♦t♦r ② ❛ s✐ ✐♥❤❡r❡♥t❡ ❝❛♣❛❝✐❞❛❞ ❞❡ t♦❧❡r❛♥❝✐❛ ❛ ❢❛❧❧❛s✱ ♥♦ r❡q✉✐❡r❡♥ ❞❡

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

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

♠❛♥t❡♥✐♠✐❡♥t♦✱ ❧❛ r❡s♣✉❡st❛ ❞✐♥á♠✐❝❛ ❞❡❧ ♣❛r ❡s rá♣✐❞❛✱ ❨✐❧♠❛③ ✭✷✵✶✺✮✳

❊♥tr❡ ❧♦s ♣r✐♥❝✐♣❛❧❡s ✐♥❝♦♥✈❡♥✐❡♥t❡s ❞❡ ❧♦s ▼❙❘ s❡ ❡♥❝✉❡♥tr❛♥ s✉ ❡✜❝✐❡♥❝✐❛ ❜❛❥❛ ② ❞❡♥s✐❞❛❞ ❞❡ ♣❛r ❜❛❥❛✱ ❡❧ ❝✐r❝✉✐✲

t♦ ❞❡❧ ✐♥✈❡rs♦r ❡s ♠ás ❝♦♠♣❧❡❥♦✱ ♣r❡s❡♥t❛♥ ✈✐❜r❛❝✐ó♥ ② r✉✐❞♦✱ ❡❧ r✉✐❞♦ ♣♦r ✐♥t❡r❢❡r❡♥❝✐❛ ❡❧❡❝tr♦♠❛❣♥ét✐❝❛ ❡s ❛❧t♦✱ ❡❧

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

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

r♦t❛t♦r✐♦ ② ✉♥ r♦t♦r q✉❡ ♥♦ ♣♦s❡❡ ♥✐ ✐♠❛♥❡s ♥✐ ❞❡✈❛♥❛❞♦s✳ ❊❧ ♣r✐♥❝✐♣✐♦ ❞❡ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ s❡ ❜❛s❛ ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡❧

r♦t♦r ❝♦♥ ✉♥❛ s❛❧✐❡♥❝✐❛✳ ❊st♦s ♠♦t♦r❡s s♦♥ ♠ás ❝❛r♦s q✉❡ ❧♦s ▼■ ♣❡r♦ ♠ás ❡❝♦♥ó♠✐❝♦s q✉❡ ❧♦s ▼❙■P✳ Pr❡s❡♥t❛♥ ✉♥

❞❡s❡♠♣❡ñ♦ ❛❞❡❝✉❛❞♦ ♣❛r❛ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ tr❛❝❝✐ó♥✱ ❛✉♥q✉❡ ❧❛s ❞❡s✈❡♥t❛❥❛s ❝♦♠♦ ✈✐❜r❛❝✐♦♥❡s ② r✉✐❞♦ ♠❡❝á♥✐❝♦✱ ❛❧t♦

r✐③❛❞♦ ❞❡❧ ♣❛r ② ❞✐❢í❝✐❧ ❝♦♥tr♦❧ ❧♦ s✐❣✉❡♥ ❝♦❧♦❝❛♥❞♦ ❝♦♠♦ ✉♥ ❝❛♥❞✐❞❛t♦ ❛ ❢✉t✉r♦✳

❊❧ ♠♦t♦r sí♥❝r♦♥♦ ❞❡ r❡❧✉❝t❛♥❝✐❛ ♣♦s❡❡ ✉♥❛ ❡str✉❝t✉r❛ s✐♠♣❧❡ ② r♦❜✉st❛✱ ❛❧t❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ♦♣❡r❛❝✐ó♥ ❡♥ s♦❜r❡ ❝❛r❣❛ ②

✉♥ r❛♥❣♦ ❛♠♣❧✐♦ ❞❡ ✈❡❧♦❝✐❞❛❞✳ ❙❡ ❝♦♠♣♦♥❡♥ ❞❡ ✉♥ r♦t♦r s✐♠✐❧❛r ❛❧ ❞❡ ❧♦s ▼❙■P ♦ ❧♦s ▼■ ♣❡r♦ ❡❧ r♦t♦r ♥♦ ♣♦s❡❡ ♥✐♥❣ú♥

✐♠á♥ ♥✐ ❞❡✈❛♥❛❞♦✳ ❊❧ ♣r✐♥❝✐♣✐♦ ❞❡ ♦♣❡r❛❝✐ó♥ s❡ ❜❛s❛ ❡♥ ❧❛ ❣r❛♥ s❛❧✐❡♥❝✐❛ ❞❡❧ r♦t♦r ♣r♦✈♦❝❛❞❛ ♣♦r ❞✐st✐♥t❛s ❜❛rr❡r❛s ❞❡

✢✉❥♦ ❝♦❧♦❝❛❞❛s ❡str❛té❣✐❝❛♠❡♥t❡✳ ▲❛s ✈❡♥t❛❥❛s ❞❡ ❡st❡ t✐♣♦ ❞❡ ♠♦t♦r s♦♥ q✉❡ ❞❡❜✐❞♦ ❛ ❧❛ ❛✉s❡♥❝✐❛ ❞❡ ❝♦♥❞✉❝t♦r❡s ❡♥ ❡❧

r♦t♦r ♥♦ ❤❛② ♣ér❞✐❞❛s r❡s✐st✐✈❛s ② ❛✉♠❡♥t❛ ❧❛ ❡✜❝✐❡♥❝✐❛ ② r♦❜✉st❡③ ❛❧ t✐❡♠♣♦ q✉❡ ❞✐s♠✐♥✉②❡♥ ❧♦s ❝♦st♦s ❞❡ ♠❛♥✉❢❛❝t✉r❛

② ❡♥s❛♠❜❧❡✱ ❆❞✐❝✐♦♥❛❧♠❡♥t❡ ❡❧ r♦t♦r ♥♦ t✐❡♥❡ q✉❡ s❡r ❧❛♠✐♥❛❞♦✳ ▲❛s ♣r✐♥❝✐♣❛❧❡s ❞❡s✈❡♥t❛❥❛s s♦♥ ❡❧ ❝♦♥tr♦❧✱ ❛❧t♦ r✐③❛❞♦

❞❡❧ ♣❛r ② ❜❛❥♦ ❢❛❝t♦r ❞❡ ♣♦t❡♥❝✐❛✳

✹✳✹✳ ▼♦t♦r❡s ❞❡ ❝♦rr✐❡♥t❡ ❞✐r❡❝t❛✳

▲♦s ♠♦t♦r❡s ❞❡ ❝♦rr✐❡♥t❡ ❞✐r❡❝t❛ ❢✉❡r♦♥ ❛♠♣❧✐❛♠❡♥t❡ ✉s❛❞♦s ♣❛r❛ tr❛♥s♣♦rt❡ ❛ ♣r✐♥❝✐♣✐♦s ❞❡❧ s✐❣❧♦ ❳❳✳ ❊st❡ t✐♣♦ ❞❡

♠♦t♦r ♣♦s❡❡ ✉♥ ❛❧t♦ ♣❛r ❛ ✈❡❧♦❝✐❞❛❞❡s ❜❛❥❛s ♣❛r❛ ❛❝❡❧❡r❛❝✐ó♥ ❞❡ ✈❡❤í❝✉❧♦✱ ❡s ✉♥❛ t❡❝♥♦❧♦❣í❛ ♠❛❞✉r❛✱ ❡s r♦❜✉st♦ ② ❢á❝✐❧

❞❡ ❝♦♥tr♦❧❛r ♣♦r ❧♦ q✉❡ ♥♦ s❡ r❡q✉✐❡r❡ ❝♦♠♣♦♥❡♥t❡s ❡❧❡❝tró♥✐❝♦s ❝♦♠♣❧❡❥♦s ✱ ♣♦s❡❡ ✉♥❛ r❡❧❛❝✐ó♥ ❧✐♥❡❛❧ ❞❡ ♣❛r✲✈❡❧♦❝✐❞❛❞✱

❜❛❥❛s ♣ér❞✐❞❛s ❞❡ ♣❛r✱ ✉♥ r❛♥❣♦ ❛♠♣❧✐♦ ❞❡ ♣♦t❡♥❝✐❛ ❝♦♥st❛♥t❡ ② ✉♥❛ ❡✜❝✐❡♥❝✐❛ r❛③♦♥❛❜❧❡ ❛ ✈❡❧♦❝✐❞❛❞❡s ❞❡ ❝r✉❝❡r♦

✭❨✐❧♠❛③✱ ✷✵✶✺✮✳

❙✐♥ ❡♠❜❛r❣♦✱ ❧❛ ♠❛②♦r ❞❡s✈❡♥t❛❥❛ ❞❡ ❧♦s ▼❈❉ ❡s q✉❡ r❡q✉✐❡r❡♥ ❞❡ ✉♥ ❛❝♦♣❧❡ ♠❡❝á♥✐❝♦ ♣❛r❛ ❝♦♥♠✉t❛r ❡❧ s❡♥t✐❞♦ ❞❡ ❧❛

❝♦rr✐❡♥t❡ ❡♥ ❧❛ ❛r♠❛❞✉r❛✱ ♣♦r ❧♦ q✉❡ ❡❧ ♠❛♥t❡♥✐♠✐❡♥t♦ r❡q✉❡r✐❞♦ ❞❡ ❡st♦s ♠♦t♦r❡s s❡ ❤❛❝❡ ♠✉② ❢r❡❝✉❡♥t❡✱ ❛❞❡♠ás q✉❡ ❧❛



❈❆P❮❚❯▲❖ ✹✳ ▼❖❚❖❘❊❙ ❯❙❆❉❖❙ ❊◆ ▲❖❙ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✶✵✷

❢r✐❝❝✐ó♥ ❞❡❧ ❝♦♥♠✉t❛❞♦r ❧✐♠✐t❛ ❧❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ❞❡❧ ♠♦t♦r✱ t❛♠❜✐é♥ ♣♦s❡❡♥ ✉♥❛ ❞❡♥s✐❞❛❞ ♣♦t❡♥❝✐❛ ❜❛❥❛✱ ❡✜❝✐❡♥❝✐❛

❜❛❥❛ ② s♦♥ ♣♦❝♦ ❝♦♥✜❛❜❧❡s✳

✹✳✺✳ ❚❡♥❞❡♥❝✐❛ ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ▼❊❚

❉❡❜✐❞♦ ❛❧ ❝r❡❝✐❡♥t❡ ✐♥t❡rés ❡♥ ❧❛ ❡❧❡❝tr✐✜❝❛❝✐ó♥ ❞❡❧ tr❛♥s♣♦rt❡ ② ❛ ❧❛ ✐♠♣♦rt❛♥❝✐❛ ❞❡ ❧♦s ▼❊❚ ♣❛r❛ ❧♦❣r❛r ❡st❡ ✜♥✱

❞✐✈❡rs❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ♣♦❝♦ ❝♦♥✈❡♥❝✐♦♥❛❧❡s ❤❛♥ s✐❞♦ ♣r♦♣✉❡st❛s ② ❡stá♥ ❜❛❥♦ ✐♥✈❡st✐❣❛❝✐ó♥✳ ❆❧❣✉♥❛s ❞❡ ❡❧❧❛s s♦♥✿

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

❡st❛t♦r ② ✉♥ ❞✐s❡ñ♦ ❞❡ r♦t♦r ❝♦♥ ✉♥❛ ❣r❛♥ s❛❧✐❡♥❝✐❛✳ ❆❧❣✉♥❛s ❞❡ ❧❛s ✈❛r✐❛♥t❡s ❞❡ ❡st❡ ♠♦t♦r ✐♥❝❧✉②❡♥ ❛❧ ♠♦t♦r sí♥❝r♦♥♦

❝♦♥ ❞♦❜❧❡ ❡①❝✐t❛❝✐ó♥ ❤í❜r✐❞❛✱ ❡❧ ♠♦t♦r ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ❝♦♥ ❞♦❜❧❡ s❛❧✐❡♥❝✐❛✱ ♠♦t♦r ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ❝♦♥

✢✉❥♦ ❝♦♥♠✉t❛❞♦✳

▲❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❞❡ ♠♦t♦r ❞❡ ✢✉❥♦ tr❛♥s✈❡rs❛❧ ② ♠♦t♦r❡s ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s s✐♥ ♥ú❝❧❡♦ s♦♥ r❡❧❛t✐✈❛♠❡♥t❡

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

♣❡r♠❛♥❡♥t❡s ❞❡ t✐❡rr❛s r❛r❛s❀ ❛❞✐❝✐♦♥❛❧♠❡♥t❡ ❧❛s s✐❣✉✐❡♥t❡s ♣r♦♣✉❡st❛s s❡ ♠✉❡str❛♥ ♠✉② ♣r♦♠❡t❡❞♦r❛s ❝♦♠♦ ❢✉t✉r♦s

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

▲♦s ♠♦t♦r❡s ❞❡ r❡❧✉❝t❛♥❝✐❛ ❛s✐st✐❞♦s ♣♦r ✐♠❛♥❡s ♠❡❥♦r❛♥ ❧❛s ❞❡s✈❡♥t❛❥❛s ❞❡ ❧♦s ▼❙❘ ❛❧ ❛❣r❡❣❛r ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✱

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

❝♦♠♦ ❛q✉❡❧❧♦s ❞❡ ❢❡rr✐t❛✳ ▲♦s ✐♠❛♥❡s s♦♥ ❝♦❧♦❝❛❞♦s ❡♥ ❡❧ ✐♥t❡r✐♦r ❞❡ ❧❛s ❜❛rr❡r❛s ❞❡ ✢✉❥♦ ❛✉♠❡♥t❛♥❞♦ ❧❛ ❞❡♥s✐❞❛❞

❞❡ ♣❛r✳ Pr❡s❡♥t❛♥ ✉♥ ❜✉❡♥ ❞❡s❡♠♣❡ñ♦ ♣❛r❛ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ tr❛❝❝✐ó♥ ② s♦♥ ♠✉❝❤♦ ♠❡♥♦s s✉s❝❡♣t✐❜❧❡s ❛ ❢❛❧❧❛s ♣♦r

❞❡s♠❛❣♥❡t✐③❛❝✐ó♥✳

❖tr♦ t✐♣♦ ❞❡ ♠♦t♦r q✉❡ ❡s ❞❡ ❣r❛♥ ✐♥t❡rés ♣❛r❛ ❧❛ ❡❧❡❝tr✐✜❝❛❝✐ó♥ s♦♥ ❧♦s ♠♦t♦r❡s ❞❡ ✢✉❥♦ ❛①✐❛❧✳ ❉✐st✐♥t♦s ♣r♦t♦t✐♣♦s ❤❛♥

s✐❞♦ ❝♦♥str✉✐❞♦s ♣r♦♠♦✈✐❡♥❞♦ ❧❛ ✈❡♥t❛❥❛ ❞❡ s❡r ♠♦♥t❛❞♦s ❞✐r❡❝t❛♠❡♥t❡ ❡♥ ❧❛s ❧❧❛♥t❛s ❞❡ tr❛❝❝✐ó♥✳ P♦s❡❡♥ ♠❛②♦r ❞❡♥s✐❞❛❞

❞❡ ♣♦t❡♥❝✐❛ ② ❞❡ ♣❛r✱ ❡①❝❡❧❡♥t❡ ❡✜❝✐❡♥❝✐❛✱ ❝♦♥str✉❝❝✐ó♥ ❝♦♠♣❛❝t❛ ❜❛❥♦ r✐③❛❞♦ ❞❡❧ ♣❛r✳ ▲❛s ♣r✐♥❝✐♣❛❧❡s ❞❡s✈❡♥t❛❥❛s ❧♦s

❛❧t♦s ❝♦st♦s ❞❡ ♠❛♥✉❢❛❝t✉r❛✱ ✐♥❞✉❝t❛♥❝✐❛ ❞❡❧ ❞❡✈❛♥❛❞♦ ❜❛❥❛ ② ❧✐♠✐t❛❞❛ ③♦♥❛ ❞❡ ♣♦t❡♥❝✐❛ ❝♦♥st❛♥t❡✳

✹✳✻✳ ❈♦♥❝❧✉s✐♦♥❡s ❞❡❧ ❝❛♣ít✉❧♦✳

❉❡ ❧♦s ❞✐st✐♥t♦s t✐♣♦s ❞❡ ♠♦t♦r❡s ❡❧é❝tr✐❝♦s q✉❡ ❡①✐st❡♥ só❧♦ s❡ ❤❛♥ ✉t✐❧✐③❛❞♦ tr❡s ♣❛r❛ ❧❛ tr❛❝❝✐ó♥ ❞❡ ✈❡❤í❝✉❧♦s✳ ▲♦s

♠♦t♦r❡s ❞❡ ❝♦rr✐❡♥t❡ ❞✐r❡❝t❛✱ ❧♦s ♠♦t♦r❡s ❞❡ ✐♥❞✉❝❝✐ó♥ ② ❧♦s ♠♦t♦r❡s sí♥❝r♦♥♦s ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✳ ❈❛❞❛ ✉♥♦ ❞❡

❡❧❧♦s ♣r❡s❡♥t❛ s✉s ✈❡♥t❛❥❛s ② ❞❡s✈❡♥t❛❥❛s✱ ♣♦r ❧♦ q✉❡ ❞❡t❡r♠✐♥❛r ❝✉á❧ ❡s ❡❧ ♠❡❥♦r ❞❡♣❡♥❞❡ ♠✉❝❤♦ ❞❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ②

❞❡s❡♠♣❡ñ♦ ❞❡s❡❛❞♦✳



❈❆P❮❚❯▲❖ ✹✳ ▼❖❚❖❘❊❙ ❯❙❆❉❖❙ ❊◆ ▲❖❙ ❱❊❍❮❈❯▲❖❙ ❊▲➱❈❚❘■❈❖❙✳ ✶✵✸

▲♦s ♠♦t♦r❡s ❞❡ ❝♦rr✐❡♥t❡ ❞✐r❡❝t❛ ❢✉❡r♦♥ ❧♦s ú♥✐❝♦s ✉s❛❞♦s ❡♥ ❧♦s ♣r✐♠❡r♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✱ ❤♦② ❡♥ ❞í❛ s❡ s✐❣✉❡♥

✐♠♣❧❡♠❡♥t❛♥❞♦ ❡♥ ❛❧❣✉♥♦s ✈❡❤í❝✉❧♦s ❞❡ r❡♣❛rt♦ ② ✉t✐❧✐t❛r✐♦s✱ ❧❛ ♣r✐♥❝✐♣❛❧ ❞❡s✈❡♥t❛❥❛ ❡s ❡❧ ♠❛♥t❡♥✐♠✐❡♥t♦ r❡q✉❡r✐❞♦ ②

❡❧ ❞❡s❡♠♣❡ñ♦✳ ▲♦s ♠♦t♦r❡s ❞❡ ✐♥❞✉❝❝✐ó♥ ❤❛♥ s✐❞♦ ✐♠♣❧❡♠❡♥t❛❞♦s ❡♥ ✈❡❤í❝✉❧♦s ❞❡♠♦str❛♥❞♦ ✉♥ ❜✉❡♥ ❞❡s❡♠♣❡ñ♦✱ ❧❛s

♣r✐♥❝✐♣❛❧❡s ❞❡s✈❡♥t❛❥❛s s♦♥ ❧❛ ❣r❛♥ ❝♦rr✐❡♥t❡ ❡♥ ❡❧ ❛rr❛♥q✉❡ ② ❧❛s ♣ér❞✐❞❛s r❡s✐st✐✈❛s ❡♥ ❡❧ r♦t♦r ♦r✐❣✐♥❛❞❛s ♣♦r ❧❛s

❝♦rr✐❡♥t❡s ✐♥❞✉❝✐❞❛s✳ ▲♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ♠ás ✉s❛❞♦s ♣❛r❛ ❧❛ tr❛❝❝✐ó♥ ❞❡ ✈❡❤í❝✉❧♦s s♦♥ ❧♦s ♠♦t♦r❡s sí♥❝r♦♥♦s ❞❡

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

r❛r❛s✳

❙❡❣✉r❛♠❡♥t❡ ❧♦s ♠♦t♦r❡s sí♥❝r♦♥♦s ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s s❡❣✉✐rá♥ ❞♦♠✐♥❛♥❞♦ ❡❧ ♠❡r❝❛❞♦ ♣♦r ❛❧❣✉♥♦s ❛ñ♦s✱ s✐♥

❡♠❜❛r❣♦✱ ❡①✐st❡ ❧❛ ❝❧❛r❛ ♥❡❝❡s✐❞❛❞ ❞❡ ❞❡s❛rr♦❧❧❛r ♦tr♦s t✐♣♦s ❞❡ ♠♦t♦r❡s ❞♦♥❞❡ s❡ ✉t✐❧✐❝❡ ✉♥❛ ♠í♥✐♠❛ ❝❛♥t✐❞❛❞ ❞❡ ✐♠❛♥❡s

❞❡ t✐❡rr❛s r❛r❛s✳ ▲❛s ♣r♦♣✉❡st❛s r❡❛❧✐③❛❞❛s ♣❛r❛ ❛t❡♥❞❡r ❡st❛ ♥❡❝❡s✐❞❛❞ ✐♠♣❧✐❝❛♥ ❝♦♥✜❣✉r❛❝✐♦♥❡s ❝♦♠♣❧❡❥❛s q✉❡ ❛ú♥ ♥♦

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

✉♥❛ ♠❛②♦r ❡①♣❡r✐❡♥❝✐❛ ❡♥ ❡❧ ❝❛♠♣♦ ❞❡ ♠♦t♦r❡s ❞❡ tr❛❝❝✐ó♥✳ ❊s ✐♠♣♦rt❛♥t❡s ♦❜s❡r✈❛r ❧❛ t❡♥❞❡♥❝✐❛ ❡♥ ✐♥✈❡st✐❣❛❝✐ó♥ ②

❞❡s❛rr♦❧❧♦ ❞❡ ♥✉❡✈♦s ♠♦t♦r❡s ❛ ❧❛ ♣❛r ❞❡ ❡st✉❞✐❛r ❧❛s ♠❡❥♦r❛s ❡♥ ❧❛s ♠❡t♦❞♦❧♦❣í❛s ❞❡ ❞✐s❡ñ♦ ② ❛♥á❧✐s✐s q✉❡ ♣❡r♠✐t❡♥

❝r❡❛r ♠❡❥♦r❡s ♠♦t♦r❡s ❞❡ ✐♥❞✉❝❝✐ó♥ ② ♠♦t♦r❡s ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✳



❈❛♣ít✉❧♦ ✺

▼❡t♦❞♦❧♦❣í❛ ❞❡ ❞✐s❡ñ♦✳

✺✳✶✳ ❉❡s❝r✐♣❝✐ó♥ ❞❡ ❧❛ ♠❡t♦❞♦❧♦❣í❛✳

❊♥ ❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ s❡ ♣r♦♣♦♥❡♥ ✉♥❛ s❡r✐❡ ❞❡ ❛❝t✐✈✐❞❛❞❡s ♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡ ▼❊❚✳ ▲❛s ❡t❛♣❛s ❞❡ ❧❛ ♠❡t♦❞♦❧♦❣í❛

❣❡♥❡r❛❧ ♣r♦♣✉❡st❛ s♦♥✿ ❛♥á❧✐s✐s ❞❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥✱ ❞✐s❡ñ♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦✱ ❞✐s❡ñ♦ ♠❡❝á♥✐❝♦ ❡ ✐♥❣❡♥✐❡rí❛ ❞❡ ❞❡t❛❧❧❡✱ ✜❣✉r❛

✺✳✶✱ ❡♥ ❧❛s s✐❣✉✐❡♥t❡s s❡❝❝✐♦♥❡s s❡ ❞❡s❝r✐❜❡ ❞❡ ❢♦r♠❛ ❣❡♥❡r❛❧ ❝❛❞❛ ✉♥♦ ❞❡ ❡st♦s ♣❛s♦s✳

✺✳✶✳✶✳ ❆♥á❧✐s✐s ❞❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥✳

❊♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ▼❊❚ ♥♦ ❡①✐st❡ ❡❧ ♠♦t♦r q✉❡ s❡❛ ✉♥✐✈❡rs❛❧♠❡♥t❡ ♣❡r❢❡❝t♦ ♣❛r❛ t♦❞❛s ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ tr❛❝❝✐ó♥✳ ❙✐♥

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

② ❡❧ ♣❛rá♠❡tr♦ ❛ ♦♣t✐♠✐③❛r✱ ❡♥t♦♥❝❡s s❡ ♣✉❡❞❡ ❞✐s❡ñ❛r ❡❧ ♠♦t♦r ♠ás ❛❞❡❝✉❛❞♦ ♣❛r❛ ❞✐❝❤❛ ❛♣❧✐❝❛❝✐ó♥✳

❊❧ t✐♣♦ ❞❡ ✈❡❤í❝✉❧♦ q✉❡ s❡rá ✐♠♣✉❧s❛❞♦ ♣✉❡❞❡ s❡r ✉♥ ✈❡❤í❝✉❧♦ ❞❡ ♣❛s❛❥❡r♦s✱ ✉♥ ❝❛♠✐ó♥ ❞❡ ❝❛r❣❛✱ ✉♥ tr❡♥ ♦ ✐♥❝❧✉s♦ ✉♥❛

❜✐❝✐❝❧❡t❛❀ ❧❛s ❞✐♠❡♥s✐♦♥❡s ② ♣❛rá♠❡tr♦s ♣r✐♥❝✐♣❛❧❡s ❞❡❧ ✈❡❤í❝✉❧♦ q✉❡ s❡ r❡q✉✐❡r❡♥ ❝♦♥♦❝❡r ✐♥❝❧✉②❡♥✱ ♠❛s❛s✱ ❞✐st❛♥❝✐❛ ❡♥tr❡

❡❥❡s✱ ár❡❛ ❢r♦♥t❛❧✱ ❝♦❡✜❝✐❡♥t❡ ❛❡r♦❞✐♥á♠✐❝♦✱ ❡t❝✳❀ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ♠❛♥❡❥♦ s❡ r❡✜❡r❡♥ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛ ❞♦s ❝❛t❡❣♦rí❛s✿

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

❞❡♥s✐❞❛❞ ❞❡ ♣❛r ♦ ❧❛ ♣♦t❡♥❝✐❛✳

P♦r ❧♦ ❛♥t❡r✐♦r✱ ❧❛ ♠❡t♦❞♦❧♦❣í❛ ♣r♦♣✉❡st❛ ✐♥✐❝✐❛ ❝♦♥ ❡❧ ❛♥á❧✐s✐s ❞❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥❀ ❡♥ ❡st❛ ❡t❛♣❛ s❡ ♦❜t✐❡♥❡♥ ♦ ❡st✐♠❛♥

❧❛s ♣r✐♥❝✐♣❛❧❡s ❞✐♠❡♥s✐♦♥❡s ❞❡❧ ✈❡❤í❝✉❧♦ q✉❡ s❡rá ✐♠♣✉❧s❛❞♦ ♣♦r ❡❧ ♠♦t♦r ❛ ❞✐s❡ñ❛r❀ s❡ s❡❧❡❝❝✐♦♥❛ ❡❧ ❝✐❝❧♦ ❞❡ ♠❛♥❡❥♦

q✉❡ ♠❡❥♦r r❡♣r❡s❡♥t❡ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❡♥ ❧❛s q✉❡ s❡rá ♦♣❡r❛❞♦ ❡❧ ✈❡❤í❝✉❧♦ ② s❡ ❞❡t❡r♠✐♥❛♥ ❧♦s ♣❛rá♠❡tr♦s ♣r✐♦r✐t❛r✐♦s

❡♥ ❡❧ ❞❡s❡♠♣❡ñ♦ ❞❡❧ ♠♦t♦r✱ ❡s ❞❡❝✐r✱ s✐ s❡ t✐❡♥❡♥ ✉♥ ♠❛②♦r ✐♥t❡rés ❡♥ ❛✉♠❡♥t❛r ❧❛ ❡✜❝✐❡♥❝✐❛✱ sí s❡ ❞❡s❡❛ ✉♥ ♠♦t♦r ♠✉②

✶✵✹
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❋✐❣✉r❛ ✺✳✶✿ ▼❡t♦❞♦❧♦❣í❛ ❣❡♥❡r❛❧ ❞❡ ❞✐s❡ñ♦ ❞❡ ▼❊❚✳

♣♦t❡♥t❡✱ ❧❛s r❡str✐❝❝✐♦♥❡s ❞❡ ❝♦st♦ ② ❞❡ ♣r♦❞✉❝❝✐ó♥✱ ❡t❝✳ ❊st❛ ❡t❛♣❛ ❡s ❝♦♠♣❛r❛❜❧❡ ❝♦♥ ❧❛ ❛❞q✉✐s✐❝✐ó♥ ❞❡ r❡q✉❡r✐♠✐❡♥t♦s

② ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ❞❡❧ ♣r♦❞✉❝t♦ ❞❡ ❧❛ ♠❡t♦❞♦❧♦❣í❛ ❣❡♥❡r❛❧ ❞❡ ❞✐s❡ñ♦✳

✺✳✶✳✷✳ ❉✐s❡ñ♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦✳

❊❧ s✐❣✉✐❡♥t❡ ♣❛s♦ ❡s ❡❧ ❞✐s❡ñ♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦✱ ❞♦♥❞❡ ❡♥ ✉♥❛ ♣r✐♠❡r❛ ✐t❡r❛❝✐ó♥ s❡ ❞❡✜♥❡♥✿ ❛❧❣✉♥❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s

❣❡♥❡r❛❧❡s ❞❡❧ ♠♦t♦r t❛❧❡s ❝♦♠♦✱ ♣♦t❡♥❝✐❛ ♥♦♠✐♥❛❧✱ ♣❛r ♠á①✐♠♦✱ ✈❡❧♦❝✐❞❛❞ ❜❛s❡ ② ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛✳ P♦st❡r✐♦r♠❡♥t❡

s❡ r❡q✉✐❡r❡ ❞❡✜♥✐r ❡♥ ❞❡t❛❧❧❡ ❡❧ ❞✐s❡ñ♦ ❞❡❧ ❝✐r❝✉✐t♦ ♠❛❣♥ét✐❝♦✱ ❡s ❞❡❝✐r t♦❞♦s ❧♦s ❛s♣❡❝t♦s ❞❡ ❧❛s ♣✐❡③❛s q✉❡ ❡stá♥

✐♥✈♦❧✉❝r❛❞❛s ❡♥ ❧❛ ❝♦♥✈❡rs✐ó♥ ❞❡ ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛ ❛ ❡♥❡r❣í❛ ♠❡❝á♥✐❝❛ ✐♥❝❧✉②❡♥❞♦✿ ❣❡♦♠❡trí❛s ❞❡ ❧♦s ♥ú❝❧❡♦s ❧❛♠✐♥❛❞♦s✱

♥✉♠❡r♦ ❞❡ ♣♦❧♦s ② ❞❡ r❛♥✉r❛s✱ ♣♦s✐❝✐♦♥❡s ② ❞✐♠❡♥s✐♦♥❡s ❞❡ ❧❛s ❜❛rr❡r❛s ❞❡ ✢✉❥♦✱ ♣♦s✐❝✐♦♥❡s ② ❞✐♠❡♥s✐♦♥❡s ❞❡ ❧♦s ✐♠❛♥❡s

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

t✐♣♦ ❞❡ ✐♠❛♥❡s ② ❛✐s❧❛♥t❡s✱ ❡t❝✳

✺✳✶✳✷✳✶✳ ❉✐s❡ñ♦ ❞❡❧ ❝✐r❝✉✐t♦ ♠❛❣♥ét✐❝♦

❉❡ ❧❛s ❛❝t✐✈✐❞❛❞❡s ❛♥t❡r✐♦r❡s ✉♥❛ ❞❡ ❧❛s ♠ás ❞✐❢í❝✐❧❡s ❞❡ ❡❢❡❝t✉❛r ❡s ❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡ ❧❛ ❣❡♦♠❡trí❛ ❞❡ ❧♦s ♥ú❝❧❡♦s ❧❛♠✐♥❛❞♦s✳

▲❛s ❞✐♠❡♥s✐♦♥❡s ② ♣❛rá♠❡tr♦s ♣♦r ❞❡✜♥✐r s♦♥ ♠✉❝❤♦s ② s❡ t✐❡♥❡ q✉❡ ❞❡❝✐❞✐r ❝✉á❧❡s ❞❡ ❡❧❧♦s ✈❛♥ ❛ s❡r ❛s✐❣♥❛❞♦s ② ❝✉á❧❡s

✈❛♥ ❛ s❡r ❝❛❧❝✉❧❛❞♦s ♦ r❡str✐♥❣✐❞♦s✳ P♦r ♦tr♦ ❧❛❞♦✱ s❡ ❝✉❡♥t❛♥ ❝♦♥ ♠✉② ♣♦❝❛s ❡❝✉❛❝✐♦♥❡s q✉❡ ♣✉❡❞❡♥ s❡r ✉s❛❞❛s ♣❛r❛

❞❡✜♥✐r ❧❛ ❣❡♦♠❡trí❛ ② ♠✉❝❤❛s ❞❡ ❡❧❧❛s ❢✉❡r♦♥ ♦❜t❡♥✐❞❛s ❞❡ ♠♦❞❡❧♦s ❡♠♣ír✐❝♦s ② ❡stá♥ ❜❛s❛❞❛s ❡♥ ❧❛ ❡①♣❡r✐❡♥❝✐❛ ❞❡

❛❧❣✉♥♦s ❝♦♥str✉❝t♦r❡s ♦ ♥♦r♠❛s ❞❡ ❞✐s❡ñ♦✳ ❆❞❡♠ás✱ ❡♥ ❡❧ ♣r♦❝❡s♦ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✱ ♠✉❝❤❛s ❞❡ ❧❛s ❣❡♦♠❡trí❛s ♣r♦♣✉❡st❛s

♣✉❡❞❡♥ ❝♦♥✈❡r❣❡r ❛ ♠á①✐♠♦s ❧♦❝❛❧❡s ❡♥ ❧✉❣❛r ❞❡ ♠á①✐♠♦s ❛❜s♦❧✉t♦s ❝♦♠♦ ❡s ❞❡s❡❛❞♦✳
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❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ❡st❡ ❡s ❡❧ ♣r✐♠❡r ♠♦t♦r q✉❡ s❡ ❞✐s❡ñ❛ ❡♥ ❧❛ ❯❆❚✱ ❡✈✐t❛r❡♠♦s ❧♦s ✐♥❝♦♥✈❡♥✐❡♥t❡s ❛♥t❡s ♠❡♥❝✐♦♥❛❞♦s

s❡❧❡❝❝✐♦♥❛♥❞♦ ✉♥❛ ❞❡ ❧❛s ❣❡♦♠❡trí❛s ❛♥❛❧✐③❛❞❛s ❡♥ ❡❧ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r✳ ❉✐❝❤❛s ❣❡♦♠❡trí❛s ❤❛♥ s✐❞♦ s♦♠❡t✐❞❛s ❛ ♣r♦❝❡s♦s

❝♦♠♣❧❡❥♦s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ② s♦♥ r❡s✉❧t❛❞♦ ❞❡ ✉♥ ❧❛r❣♦ ♣r♦❝❡s♦ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ② ❞❡s❛rr♦❧❧♦✳ ▲♦s ✈❡❤í❝✉❧♦s q✉❡ ✉t✐❧✐③❛♥

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

❡♥ ✉♥♦ ❞❡ ❡❧❧♦s ♦❜t❡♥❞r❡♠♦s ✉♥ ♠♦t♦r ❝♦♥ ✉♥ ❞❡s❡♠♣❡ñ♦ ❛❞❡❝✉❛❞♦ ♣❛r❛ s❛t✐s❢❛❝❡r ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡ tr❛❝❝✐ó♥✳

✺✳✶✳✷✳✷✳ ❖♣t✐♠✐③❛❝✐ó♥✳

❊❧ s✐❣✉✐❡♥t❡ ♣❛s♦ ❡♥ ❡❧ ❞✐s❡ñ♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦ ❡s ❧❛ ♦♣t✐♠✐③❛❝✐ó♥✳ ▲♦s ♠ét♦❞♦s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ s♦♥ ♠✉② ❝♦♠♣❧❡❥♦s✱

❛❧❣✉♥❛s ❞❡ ❧❛s ♠❡t♦❞♦❧♦❣í❛s r❡♣♦rt❛❞❛s ❡♥ ❧❛ ❧✐t❡r❛t✉r❛ ♣❛r❛ ❧❛ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡ ▼❊❚ s♦♥✿ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡ ❡✈♦❧✉❝✐ó♥

❞✐❢❡r❡♥❝✐❛❧ ✭❉❊ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧❡s✮ ❞❡ ♦❜❥❡t✐✈♦s ♠ú❧t✐♣❧❡s✱ ❡❢❡❝t✉❛❞❛ ♣❛r❛ ♠❛①✐♠✐③❛r ❡❧ ♣❛r ② ♠✐♥✐♠✐③❛r ❡❧ r✐③❛❞♦

❞❡ ♣❛r ② ❧❛s ♣ér❞✐❞❛s ❡♥ ❡❧ ❝♦❜r❡ ② ♥ú❝❧❡♦s ✭❈❛rr❛r♦ ❡t ❛❧✳✱ ✷✵✶✹✮❀ ❞✐s❡ñ♦ ② ♦♣t✐♠✐③❛❝✐ó♥ ❛✉t♦♠át✐❝❛s ♣♦r ♠❡❞✐♦ ❞❡

❛❧❣♦r✐t♠♦s ❣❡♥ét✐❝♦s ✭◆❛❦❛t❛ ❡t ❛❧✳✱ ✷✵✶✼✮✱ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡❧ ❞❡❜✐❧✐t❛♠✐❡♥t♦ ❞❡ ✢✉❥♦ ✭❉❛♥❣ ❡t ❛❧✳✱ ✷✵✶✼✮ ❡♥tr❡ ♦tr♦s✳

❊❧ ♣r♦❝❡s♦ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❡s ✉♥ ár❡❛ ❞❡ ❞❡s❛rr♦❧❧♦ q✉❡ ✐♠♣❧✐❝❛ ♣♦r sí ♠✐s♠❛ ✉♥❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ②

❞❡s❛rr♦❧❧♦

P♦r ♦tr♦ ❧❛❞♦✱ ❧♦s ❣r❛♥❞❡s ❝♦♥str✉❝t♦r❡s t✐❡♥❡♥ ✐♥st❛❧❛❞❛s ❧í♥❡❛s ❝♦♠♣❧❡t❛s ❞❡ ♣r♦❞✉❝❝✐ó♥ ❡♥ s❡r✐❡ ② ❝♦♥♦❝❡♥ ❧♦s ❢❛❝t♦r❡s

❞❡ ❢á❜r✐❝❛ ✐♥❤❡r❡♥t❡s ❛ ❧♦s ♣r♦❝❡s♦s ❞❡ ♠❛♥✉❢❛❝t✉r❛ ② ❡♥s❛♠❜❧❡✱ ❞❡ ♠♦❞♦ q✉❡ ♣✉❡❞❡♥ r❡❛❧✐③❛r s✐♠✉❧❛❝✐♦♥❡s ♠ás ♣r❡❝✐s❛s

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

s❡ ❝♦♥tr❛t❛rá♥ ❞✐✈❡rs♦s ♣r♦✈❡❡❞♦r❡s ② s❡ ✐♥t❡❣r❛rá♥ ❧♦s ❝♦♠♣♦♥❡♥t❡s✱ ♣♦r ❧♦ q✉❡ ❞❡s❝♦♥♦❝❡r❡♠♦s ❡❧ ❢❛❝t♦r ❞❡ ❢á❜r✐❝❛

② ❧❛s s✐♠✉❧❛❝✐♦♥❡s t❡♥❞rá♥ ❡st❡ ❡rr♦r✱ ❛❞✐❝✐♦♥❛❞♦ ❛ ❧♦s ❡rr♦r❡s ♣r♦♣✐♦s ❞❡❧ ♠ét♦❞♦ ♥✉♠ér✐❝♦✳ P♦r ❧♦ ❛♥t❡r✐♦r ❡♥ ❡st❡

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

✺✳✶✳✸✳ ❉✐s❡ñ♦ ♠❡❝á♥✐❝♦✳

❊❧ ❞✐s❡ñ♦ ♠❡❝á♥✐❝♦ ❝♦♥t❡♠♣❧❛ ❡❧ ❛♥á❧✐s✐s ② ❞✐♠❡♥s✐♦♥❛♠✐❡♥t♦ ❞❡ ❧❛ ❡str✉❝t✉r❛ ❞❡❧ ♠♦t♦r✱ ❞❡❧ s✐st❡♠❛ ❞❡ ❡♥❢r✐❛♠✐❡♥t♦✱

♠❡❝á♥✐❝❛ ❞❡ ❧♦s ♠❛t❡r✐❛❧❡s s❡❧❡❝❝✐♦♥❛❞♦s ② ❡❧ ❞✐s❡ñ♦ ♣❛r❛ ♠❛♥✉❢❛❝t✉r❛ ② ❡♥s❛♠❜❧❡✳ ❉❡♥tr♦ ❞❡❧ ❛♥á❧✐s✐s ❞❡ ❧❛ ♠❡❝á♥✐❝❛

❞❡ ♠❛t❡r✐❛❧❡s s❡ ✈❡r✐✜❝❛ q✉❡ ❝♦♥ ❧❛ ❣❡♦♠❡trí❛ ♦❜t❡♥✐❞❛ ② ♠❛t❡r✐❛❧❡s s❡❧❡❝❝✐♦♥❛❞♦s t♦❞♦s ❧♦s ❝♦♠♣♦♥❡♥t❡s s♦♣♦rt❡♥

❧❛s ❝❛r❣❛s ❡s♣❡r❛❞❛s✱ ❡st♦ ✐♥❝❧✉②❡ ❧♦s ♥ú❝❧❡♦s ❧❛♠✐♥❛❞♦s s♦♠❡t✐❞♦s ❛ ❧❛s ❢✉❡r③❛s t❛♥❣❡♥❝✐❛❧❡s ❡♥ ❡❧ ❡♥tr❡❤✐❡rr♦✳ ❊♥ ❡❧

❞✐s❡ñ♦ ♣❛r❛ ❡♥s❛♠❜❧❡ ② ♠❛♥✉❢❛❝t✉r❛ s❡ ❛♥❛❧✐③❛♥ ❧♦s ♣♦s✐❜❧❡s ♣r♦❝❡s♦s ♣❛r❛ ♣r♦❞✉❝✐r ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s ♣✐❡③❛s ❛sí✱ ❝♦♠♦

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

❧♦s ♣r♦❝❡s♦s s❡❧❡❝❝✐♦♥❛❞♦s✳

❯♥❛ ❞❡ ❧❛s ❞✐✜❝✉❧t❛❞❡s ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ▼❊❚ tr❛❝❝✐ó♥ ❡s ❧❛ ✐♥t❡r❛❝❝✐ó♥ ❡①✐st❡♥t❡ ❡♥tr❡ ❧♦s ❞✐❢❡r❡♥t❡s s✐st❡♠❛s❀ ♣♦r ❡❥❡♠♣❧♦✱

❡❧ ❞❡s❡♠♣❡ñ♦ ❞❡❧ ♠♦t♦r ❡stá ❢✉❡rt❡♠❡♥t❡ ✐♥✢✉❡♥❝✐❛❞♦ ♣♦r ❧❛ t❡♠♣❡r❛t✉r❛✿ ❧❛ ♠á①✐♠❛ ❝♦rr✐❡♥t❡ ❞❡ ♠❛❣♥❡t✐③❛❝✐ó♥ ② ♣♦r



❈❆P❮❚❯▲❖ ✺✳ ▼❊❚❖❉❖▲❖●❮❆ ❉❊ ❉■❙❊Ñ❖✳ ✶✵✼

❧♦ t❛♥t♦ ❡❧ ♣❛r ♠á①✐♠♦ ❞❡❧ ♠♦t♦r ❡stá♥ ❧✐♠✐t❛❞♦s ❛ q✉❡ ♥♦ s❡ s✉♣❡r❡ ❧❛ ♠á①✐♠❛ t❡♠♣❡r❛t✉r❛ ❞❡ ♦♣❡r❛❝✐ó♥ ❞❡❧ ❛✐s❧❛♥t❡ ❞❡

❧♦s ❝♦♥❞✉❝t♦r❡s ❡♥ ❡❧ ❡st❛t♦r✳ ❉❛❞♦ ❧♦ ❛♥t❡r✐♦r ❞✐s❡ñ❛r ♣r✐♠❡r♦ ❡❧ s✐st❡♠❛ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦ ② ♣♦st❡r✐♦r♠❡♥t❡ ❡❧ s✐st❡♠❛

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

❊♥ ❧✉❣❛r ❞❡ ✉♥ ❞✐s❡ñ♦ s❡❝✉❡♥❝✐❛❧✱ ❧♦ q✉❡ s❡ ♣r♦♣♦♥❡ ❡♥ ❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ ♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡ ❞♦s ♣r♦t♦t✐♣♦s ❡s ❡❧ ❛♥á❧✐s✐s

s✐♠✉❧t❛♥❡♦ ❞❡ ❧♦s ❞✐❢❡r❡♥t❡s ❢❡♥ó♠❡♥♦s ❢ís✐❝♦s ❛ tr❛✈és ❞❡ s✐♠✉❧❛❝✐♦♥❡s ❞❡ ❡❧❡♠❡♥t♦ ✜♥✐t♦ ♣❛r❛ ❡✈❛❧✉❛r ❧♦s ❡s❢✉❡r③♦s ❛

❧♦s q✉❡ s♦♥ s♦♠❡t✐❞♦s ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s ❞❡❧ ♠♦t♦r ② ❧❛s ❞✐str✐❜✉❝✐♦♥❡s ❞❡ t❡♠♣❡r❛t✉r❛✳

✺✳✶✳✹✳ ■♥❣❡♥✐❡rí❛ ❞❡ ❞❡t❛❧❧❡✳

❈♦♥ ❡❧ r❡s✉❧t❛❞♦ ♦❜t❡♥✐❞♦ ❞❡ ❧❛s ❡t❛♣❛s ❛♥t❡r✐♦r❡s s❡ ♣r♦❝❡❞❡ ❛ r❡❛❧✐③❛r ❧❛ ❞♦❝✉♠❡♥t❛❝✐ó♥ ♥❡❝❡s❛r✐❛ ♣❛r❛ ❧❛ ❝♦♥str✉❝❝✐ó♥

❞❡❧ ♠♦t♦r✱ ❡st♦ ✐♥❝❧✉②❡ ♣❧❛♥♦s ❞❡ ❢❛❜r✐❝❛❝✐ó♥✱ ❧✐st❛ ❞❡ ♠❛t❡r✐❛❧❡s ② ❝♦♠♣♦♥❡♥t❡s✳ ♣❧❛♥ ❞❡ tr❛❜❛❥♦✱ ♣❧❛♥ ❞❡ ♦❜r❛ ♠❡❝á♥✐❝❛

❡♥tr❡ ♦tr♦s✳ P❛r❛ ❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ s❡ r❡❛❧✐③❛ ❞✐❝❤❛ ❞♦❝✉♠❡♥t❛❝✐ó♥ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ s❡ ❜✉s❝❛ ❝♦♥str✉✐r s♦❧♦ ❞♦s

♣r♦t♦t✐♣♦s ② ❧♦s ♣r♦❝❡s♦s ❞❡ ♠❛♥✉❢❛❝t✉r❛ ❝♦♥ ❧♦s q✉❡ s❡ ❝✉❡♥t❛ ♣❛r❛ ❞✐❝❤♦ ✜♥✱ ❡st♦ ✐♥❝❧✉②❡ ♣r♦✈❡❡❞♦r❡s ❡①t❡r♥♦s✳

✺✳✷✳ ❉✐s❡ñ♦ ❞❡ ❞♦s ♣r♦t♦t✐♣♦s✳

❉❡❜✐❞♦ ❛ q✉❡ s❡ ❜✉s❝❛ ❧❛ ❢❛❜r✐❝❛❝✐ó♥ ❞❡ s♦❧♦ ❞♦s ✉♥✐❞❛❞❡s ❞❡❧ ♣r♦t♦t✐♣♦✱ ♠✉❝❤❛s ❞❡ ❧❛s ❡t❛♣❛s ❞❡ ❧❛ ♠❡t♦❞♦❧♦❣í❛

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

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

♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡❧ ▼❊❚ ❞❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ s❡ ♠✉❡str❛ ❡♥ ❧❛ ✜❣✉r❛ ✺✳✷✱ ❞♦♥❞❡ ❝❛❞❛ ❣r✉♣♦ ❞❡ ❛❝t✐✈✐❞❛❞❡s ❝♦rr❡s♣♦♥❞❡

❛ ✉♥❛ ❞❡ ❧❛s ❡t❛♣❛s ❞❡❧ ❡sq✉❡♠❛ ❡♥ ❧❛ ✜❣✉r❛ ✺✳✶✳

✺✳✷✳✶✳ ❆♥á❧✐s✐s ❞❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥✳

✺✳✷✳✶✳✶✳ ❉❛t♦s ❞❡❧ ✈❡❤í❝✉❧♦✳

P❛r❛ ♥✉❡str♦ ♣r♦②❡❝t♦✱ ❧♦s ❞❛t♦s ❞❡❧ ✈❡❤í❝✉❧♦ s❡ ♦❜t✉✈✐❡r♦♥ ❞❡❧ ❡st✉❞✐♦ ❞❡ ♠❡r❝❛❞♦ ♣r❡s❡♥t❛❞♦ ❡♥ ❧❛ ú❧t✐♠❛ s❡❝❝✐ó♥ ❞❡❧

❝❛♣ít✉❧♦ ✷❀ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❝♦♠❡r❝✐❛❧♠❡♥t❡ ❞✐s♣♦♥✐❜❧❡s ❡♥ ❧❛ ❛❝t✉❛❧✐❞❛❞✱ s❡ s❡❧❡❝❝✐♦♥ó ❡❧ ♠♦❞❡❧♦ ◆✐ss❛♥ ▲❊❆❋ ❞❡❜✐❞♦

❛ q✉❡ ②❛ ❡s ✐♠♣❧❡♠❡♥t❛❞♦ ❝♦♠♦ t❛①✐ ❡♥ ❧❛ ❈❉▼❳✳ ▲♦s ♣r✐♥❝✐♣❛❧❡s ♣❛rá♠❡tr♦s ❞❡ ❡st❡ ✈❡❤í❝✉❧♦ s❡ ♠✉❡str❛♥ ❡♥ ❧❛ t❛❜❧❛

✺✳✶✱ ✉♥❛ ❧✐st❛ ♠ás ❞❡t❛❧❧❛❞❛ ❞❡ ❧♦s ♣❛rá♠❡tr♦s s❡ ♣✉❡❞❡ ❡♥❝♦♥tr❛r ❡♥ ❡❧ ❛♣é♥❞✐❝❡ ❡♥ ❧❛ s❡❝❝✐ó♥ ❞❡❧ ❝ó❞✐❣♦ ❧❧❛♠❛❞❛✿ ❞❛t♦s

❞❡❧ ✈❡❤í❝✉❧♦✳
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❈✉❛❞r♦ ✺✳✶✿ ❉❛t♦s ② ❞✐♠❡♥s✐♦♥❡s ❞❡❧ ✈❡❤í❝✉❧♦ ♣r♦♣✉❡st♦✳
❉❡s❝r✐♣❝✐ó♥ ❱❛❧♦r ❉❡s❝r✐♣❝✐ó♥ ❱❛❧♦r

▼❛s❛ ✶✺✻✸✳✷ ✭❑❣✮ ❆❧t✉r❛ ✶✳✹✽ ✭♠✮
❈❛r❣♦ ✶✵✵ ✭❑❣❢✮ ❆♥❝❤♦ ✶✳✻✾✺ ✭♠✮

P❡s♦ ❢r♦♥t❛❧ ✺✽✪ ❉✐st❛♥❝✐❛ ❡♥tr❡ ❡❥❡s ✷✳✻ ✭♠✮
P❡s♦ tr❛s❡r♦ ✹✷✪ ❈♦❡✜❝✐❡♥t❡ ❛❡r♦❞✐♥á♠✐❝♦ ✵✳✷✽

P❧❛③❛s ✺ ▲❧❛♥t❛ ✶✽✻✺❘✶✺

❋✐❣✉r❛ ✺✳✸✿ ❈✐❝❧♦ ❞❡ ♠❛♥❡❥♦ ❋❚P✳

✺✳✷✳✶✳✷✳ ❈✐❝❧♦ ❞❡ ♠❛♥❡❥♦ s❡❧❡❝❝✐♦♥❛❞♦✳

P❛r❛ ❞❡✜♥✐r ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ❞❡❧ ♠♦t♦r s❡ r❡q✉✐❡r❡ ❝♦♥♦❝❡r ❧❛s ❝❛r❣❛s ❛ ❧❛s q✉❡ ❡st❛rá s♦♠❡t✐❞♦✳ ❉✐✈❡rs♦s ❝✐❝❧♦s ❞❡

♠❛♥❡❥♦ ❤❛♥ s✐❞♦ ❞❡s❛rr♦❧❧❛❞♦s ♣❛r❛ ❧❛ s✐♠✉❧❛❝✐ó♥ ❞❡ ❧❛s ❝♦♥❞✐❝✐♦♥❡s r❡❛❧❡s ❞❡ ♠❛♥❡❥♦ ✭❊❤s❛♥✐ ❡t ❛❧✳✱ ✷✵✵✺✮✳ ▲♦s ❝✐❝❧♦s

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

❧❛ ✜❣✉r❛ ✺✳✸ s❡ ♠✉❡str❛ ❡❧ ❝✐❝❧♦ ❞❡ ♠❛♥❡❥♦ ❋❚P ❡❧ ❝✉❛❧ ❡s ✉♥❛ ❡①t❡♥s✐ó♥ ❞❡❧ ❝✐❝❧♦ ❯❉❉❙ ✭Pr✉❡❜❛ ❞❡ ♠❛♥❡❥♦ ✉r❜❛♥♦ ❡♥

❞✐♥❛♠ó♠❡tr♦✱ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮✳ ❊❧ ❝✐❝❧♦ ❯❉❉❙ r❡♣r❡s❡♥t❛ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ♠❛♥❡❥♦ ❡♥ ❧❛ ❝✐✉❞❛❞✱ ♣♦s❡❡ ✶✸✻✾

s❡❣✉♥❞♦s ❞❡ ❞✉r❛❝✐ó♥ ② r❡❝♦rr❡ ✉♥❛ ❞✐st❛♥❝✐❛ ❞❡ ✶✷ ✭❑♠✮ ❛ ✉♥❛ ✈❡❧♦❝✐❞❛❞ ♣r♦♠❡❞✐♦ ❞❡ ✸✶✳✺ ✭❦♠✴❤✮ ✭❊P❆✱ ✷✵✶✾✮✳ ❊♥

❡st❛ s❡❝❝✐ó♥ s❡ ✉s❛rá♥ ❡st♦s ❞❛t♦s ♣❛r❛ r❡❛❧✐③❛r ❧♦s ❝á❧❝✉❧♦s r❡q✉❡r✐❞♦s✳

✺✳✷✳✷✳ ❊✈❛❧✉❛❝✐ó♥ ❞❡ ❞✐st✐♥t❛s ❣❡♦♠❡trí❛s ❞❡ ❝✐r❝✉✐t♦s ♠❛❣♥ét✐❝♦s✳

❊st❛ ❡t❛♣❛ ❝♦rr❡s♣♦♥❞❡ ❛❧ ❞✐s❡ñ♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦ ❞❡ ❧❛ ♠❡t♦❞♦❧♦❣í❛ ♣r♦♣✉❡st❛ ❡♥ ❧❛ s❡❝❝✐ó♥ ❛♥t❡r✐♦r✳ ❉❡❜✐❞♦ ❛ q✉❡ ❡s

❡❧ ♣r✐♠❡r ❞✐s❡ñ♦ r❡❛❧✐③❛❞♦ ② ❞❛❞❛ ❧❛ ❝♦♠♣❧❡❥✐❞❛❞ ❞❡ ♣r♦♣♦♥❡r ✉♥❛ ❣❡♦♠❡trí❛ ♥✉❡✈❛✱ s❡ s❡❧❡❝❝✐♦♥❛ ✉♥ ❝✐r❝✉✐t♦ ♠❛❣♥ét✐❝♦

❞❡ ❧♦s ♠♦t♦r❡s ❛♥❛❧✐③❛❞♦s ❡♥ ❡❧ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r✳
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❋✐❣✉r❛ ✺✳✹✿ ❉✐❛❣r❛♠❛ ❞❡ ❝✉❡r♣♦ ❧✐❜r❡ ❞❡ ❧❛s ❢✉❡r③❛s ❡♥ ❡❧ ✈❡❤í❝✉❧♦ ✭❊♠❛❞✐✱ ✷✵✶✹✱ ●✐❧❧❡s♣✐❡✱ ✷✵✵✵✮✳

✺✳✷✳✷✳✶✳ ❈á❧❝✉❧♦ ❞❡ ❧❛s ❝❛r❣❛s ❡♥ ❡❧ ♠♦t♦r✳

❈♦♥ ❧♦s ✈❛❧♦r❡s ♥♦♠✐♥❛❧❡s ② ♠á①✐♠♦s ♣✉❜❧✐❝❛❞♦s ♣❛r❛ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ♠♦t♦r❡s s❡ ♣✉❡❞❡ ♦❜t❡♥❡r ❧❛ ❝✉r✈❛ ✐❞❡❛❧ ♣❛r✲

✈❡❧♦❝✐❞❛❞ ② ❡❧ ♠❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛✳ ❊♥ ❡st❛ s❡❝❝✐ó♥ s❡ ✉t✐❧✐③❛ ❞✐❝❤❛ ❝✉r✈❛ ② ❧♦s ❞❛t♦s ❞❡❧ ❝✐❝❧♦ ❞❡ ♠❛♥❡❥♦ ♣❛r❛ ❝❛❧❝✉❧❛r

❧❛s ❝❛r❣❛s ❡st✐♠❛❞❛s ❡♥ ❡❧ ♠♦t♦r✳ ❆✉♥q✉❡ ✉♥ ✈❡❤í❝✉❧♦ s❡ ♠✉❡✈❡ ❡♥ ✉♥ ❡s♣❛❝✐♦ tr✐❞✐♠❡♥s✐♦♥❛❧✱ ✉♥ ❛♥á❧✐s✐s s✐♠♣❧✐✜❝❛❞♦

q✉❡ ❡s ✉s❛❞♦ ❛♠♣❧✐❛♠❡♥t❡ ❝♦♥s✐❞❡r❛ ✉♥ ♠♦✈✐♠✐❡♥t♦ r❡❝t♦ ❡♥ ❞♦s ❞✐♠❡♥s✐♦♥❡s✳ ❆❧ ❛♣❧✐❝❛r ❧❛ s❡❣✉♥❞❛ ❧❡② ❞❡ ◆❡✇t♦♥ ❡♥

❡❧ ❞✐❛❣r❛♠❛ ❞❡ ❝✉❡r♣♦ ❧✐❜r❡ ♠♦str❛❞♦ ❡♥ ❧❛ ✜❣✉r❛ ✺✳✹✱ s❡ ♦❜t✐❡♥❡ ❧❛ ❡❝✉❛❝✐ó♥ ✺✳✶✿

mā = F̄t − F̄V − F̄g − F̄r ✭✺✳✶✮

❞♦♥❞❡ ♠✈ ❡s ❧❛ ♠❛s❛ ❞❡❧ ✈❡❤í❝✉❧♦✱ ❋t ❡s ❧❛ ❢✉❡r③❛ t♦t❛❧ ❞❡ tr❛❝❝✐ó♥✱ ❋❱ ❡s ❧❛ ❢✉❡r③❛ ❞❡ r❡s✐st❡♥❝✐❛ ❛❡r♦❞✐♥á♠✐❝❛ ❝❛✉s❛❞❛

♣♦r ❡❧ ✈✐❡♥t♦✱ ❋❣ ❡s ❧❛ ❝♦♠♣♦♥❡♥t❡ ❞❡❧ ♣❡s♦ q✉❡ ❛❝tú❛ ❡♥ ❧❛ ♠✐s♠❛ ❞✐r❡❝❝✐ó♥ q✉❡ ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡❧ ✈❡❤í❝✉❧♦ ② ❋r ❡s ❧❛

❢✉❡r③❛ ❞❡ r❡s✐st❡♥❝✐❛ ❛❧ r♦❞❛♠✐❡♥t♦✳

▲❛ ❢✉❡r③❛ ❞❡ r❡s✐st❡♥❝✐❛ ❛❡r♦❞✐♥á♠✐❝❛ ▲❛ r❡s✐st❡♥❝✐❛ ❛❡r♦❞✐♥á♠✐❝❛ ❞❡❧ ✈❡❤í❝✉❧♦ ❡stá ❝♦♠♣✉❡st❛ ❞❡ ❞♦s ❝♦♠♣♦✲

♥❡♥t❡s ✉♥❛ ♦❝❛s✐♦♥❛❞❛ ♣♦r ❧❛ ♣r❡s✐ó♥ ❞❡❧ ❛✐r❡ s♦❜r❡ ❧❛ ❢♦r♠❛ ❞❡❧ ✈❡❤í❝✉❧♦ ② ❧❛ ♦tr❛ ❞❡❜✐❞♦ ❛ ❧❛ ❢r✐❝❝✐ó♥ ❞❡❧ ❛✐r❡ s♦❜r❡ ❡❧

✈❡❤í❝✉❧♦✳ ❉❡❜✐❞♦ ❛ ❧❛ ❝♦♠♣❧❡❥✐❞❛❞ ♣❛r❛ ♠♦❞❡❧❛r ❡❧ ✢✉❥♦ ❞❡ ❛✐r❡ ❡♥ t♦r♥♦ ❛❧ ✈❡❤í❝✉❧♦ ✭●✐❧❧❡s♣✐❡✱ ✷✵✵✵✮✱ s❡ ❤❛ ✉t✐❧✐③❛❞♦

✉♥ ♠♦❞❡❧♦ ❡♠♣ír✐❝♦ ❛♠♣❧✐❛♠❡♥t❡ r❡♣r❡s❡♥t❛❞♦ ♣♦r ❧❛ ❡❝✉❛❝✐ó♥ ✺✳✷✿



❈❆P❮❚❯▲❖ ✺✳ ▼❊❚❖❉❖▲❖●❮❆ ❉❊ ❉■❙❊Ñ❖✳ ✶✶✶

FV =
1

2
ρaACD(v + vv)

2 ✭✺✳✷✮

❞♦♥❞❡ ρ❛ ❡s ❧❛ ❞❡♥s✐❞❛❞ ❞❡❧ ❛✐r❡✱ ❆ ❡s ❡❧ ár❡❛ ❢r♦♥t❛❧ ❡❢❡❝t✐✈❛ ❞❡❧ ✈❡❤í❝✉❧♦✱ ❈❉ ❡s ❡❧ ❝♦❡✜❝✐❡♥t❡ ❛❡r♦❞✐♥á♠✐❝♦ ✈✈ ❡s ❧❛

✈❡❧♦❝✐❞❛❞ ❞❡❧ ✈✐❡♥t♦ ② ✈ ❡s ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡❧ ✈❡❤í❝✉❧♦ ✳

❘❡s✐st❡♥❝✐❛ ❛❧ ❛s❝❡♥s♦✳ ❈✉❛♥❞♦ ❡❧ ✈❡❤í❝✉❧♦ ✈✐❛❥❛ ❝✉❡st❛ ❛rr✐❜❛✱ ❧❛ ❛❝❝✐ó♥ ❞❡ ❧❛ ❣r❛✈❡❞❛❞ ♣r♦❞✉❝❡ ✉♥❛ ❢✉❡r③❛

❞✐r✐❣✐❞❛ ❤❛❝í❛ ❛❜❛❥♦ ② ♦♣♦♥✐❡♥❞♦ ❛❧ ❛✈❛♥❝❡ ❞❡❧ ✈❡❤í❝✉❧♦ ❝♦♥♦❝✐❞❛ ❝♦♠♦ r❡s✐st❡♥❝✐❛ ❛❧ ❛s❝❡♥s♦✱ ❋❣ ❡♥ ❧❛ ✜❣✉r❛ ✺✳✹✳ ▲❛

❡❝✉❛❝✐ó♥ ✺✳✸ r❡♣r❡s❡♥t❛ ❛ ❡st❛ ❢✉❡r③❛✱ ❡s ❢✉♥❝✐ó♥ ❞❡❧ á♥❣✉❧♦ ❞❡ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡❧ ❝❛♠✐♥♦✱ θc✱ ❞❡ ❧❛ ♠❛s❛ ❞❡❧ ✈❡❤í❝✉❧♦✱ ♠✈

② ❞❡ ❧❛ ❝♦♥st❛♥t❡ ❞❡ ❛❝❡❧❡r❛❝✐ó♥ ❣r❛✈✐t❛❝✐♦♥❛❧✱ ❣✳

Fg = mvgsen (θc) ✭✺✳✸✮

❊❧ ❣r❛❞♦ ❞❡ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡ ✉♥ ❝❛♠✐♥♦ s❡ ❞❡✜♥❡ ❝♦♠♦ ❧❛ ❡❧❡✈❛❝✐ó♥ ❡♥ ✉♥ ❝✐❡rt♦ ❛✈❛♥❝❡ ❤♦r✐③♦♥t❛❧ ●✐❧❧❡s♣✐❡ ✭✷✵✵✵✮✳ ❉✐❝❤❛

r❛③ó♥ ❡s ❧❛ t❛♥❣❡♥t❡ ❞❡❧ á♥❣✉❧♦ ❞❡ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡❧ ❝❛♠✐♥♦ ② ❣❡♥❡r❛❧♠❡♥t❡ s❡ ❡①♣r❡s❛ ❝♦♠♦ ♣♦r❝❡♥t❛❥❡✳ ▲♦s ❝❛♠✐♥♦s ❞❡

❛❧t❛ ✈❡❧♦❝✐❞❛❞ ❡stá♥ ❧✐♠✐t❛❞♦s ❛ ✉♥❛ ♣❡♥❞✐❡♥t❡ ❞❡❧ ✹✪✱ ♠✐❡♥tr❛s q✉❡ ❡♥ ❝✐✉❞❛❞ ❞❡ ▼é①✐❝♦ ❡❧ ❣r❛❞♦ ❞❡ ✐♥❝❧✐♥❛❝✐ó♥ ♠ás

❛❧t♦ s❡ ❡♥❝✉❡♥tr❛ ❡♥ ❧❛ ❩♦♥❛ ❞❡❧ ❆❥✉s❝♦✱ ❞♦♥❞❡ s❡ ❛❧❝❛♥③❛♥ ❡❧ ✶✺✪✳

❘❡s✐st❡♥❝✐❛ ❛❧ r♦❞❛♠✐❡♥t♦✳ ❆ ❜❛❥❛s ✈❡❧♦❝✐❞❛❞❡s ❧❛ r❡s✐st❡♥❝✐❛ ❛❧ r♦❞❛♠✐❡♥t♦ ❡s ❧❛ ♣r✐♥❝✐♣❛❧ ❢✉❡r③❛ q✉❡ s❡ ♦♣♦♥❡

❛❧ ❛✈❛♥❝❡ ❞❡❧ ✈❡❤í❝✉❧♦ ✭●✐❧❧❡s♣✐❡✱ ✷✵✵✵✮✳ ❊st❛ ❢✉❡r③❛ ❡s r❡s✉❧t❛❞♦ ❞❡ ❧❛ ❤✐stér❡s✐s ❡♥ ❧❛s ❧❧❛♥t❛s ❝♦♠♦ r❡s✉❧t❛❞♦ ❞❡ ❧❛

❞✐st♦rs✐ó♥ q✉❡ s✉❢r❡ ❛❧ ❤❛❝❡r ❝♦♥t❛❝t♦ ❡♥ ❡❧ ❝❛♠✐♥♦✳ ▲❛ ❡❝✉❛❝✐ó♥ ♠✉❡str❛ q✉❡ ❡st❛ ❢✉❡r③❛ ❡s ❢✉♥❝✐ó♥ ❞❡ ❧❛ ❢✉❡r③❛ ♥♦r♠❛❧✱

❋③ ② ❞❡❧ ❝♦❡✜❝✐❡♥t❡ ❞❡ r❡s✐st❡♥❝✐❛ ❛❧ r♦❞❛♠✐❡♥t♦ ❢r✳

Fr = Fzfr ✭✺✳✹✮

❊❧ ❝♦❡✜❝✐❡♥t❡ ❞❡ r❡s✐st❡♥❝✐❛ ❛ ❧❛ r♦❞❛❞✉r❛ ❡s ❛❢❡❝t❛❞♦ ♣♦r ❞✐✈❡rs♦s ❢❛❝t♦r❡s r❡❧❛❝✐♦♥❛❞♦s ❡♥tr❡ ❡❧❧♦s✳ P♦r ❧♦ ❛♥t❡r✐♦r✱

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

❜❛s❛❞♦s ❡♥ ❡①♣❡r✐♠❡♥t♦s s♦♥ ❛♠♣❧✐❛♠❡♥t❡ ✉s❛❞♦s✳ P❛r❛ ✈❡❧♦❝✐❞❛❞❡s ♣♦r ❞❡❜❛❥♦ ❞❡ ❧♦s ✶✻✵ ✭❑♠✴❤✮✱ ❡❧ ❝♦❡✜❝✐❡♥t❡

✐♥❝r❡♠❡♥t❛ ❞❡ ❢♦r♠❛ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❧✐♥❡❛❧ ❝♦♥ ❧❛ ✈❡❧♦❝✐❞❛❞✱ ❧❛ ❡❝✉❛❝✐ó♥ ❤❛ s✐❞♦ ❛♠♣❧✐❛♠❡♥t❡ ✉s❛❞❛ ♣❛r❛ ❡❧ ❝á❧❝✉❧♦

❡♥ ❡st❡ r❛♥❣♦ ❞❡ ✈❡❧♦❝✐❞❛❞❡s✳

fr = 0.01
(

1 +
v

100

)

✭✺✳✺✮
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❋✐❣✉r❛ ✺✳✺✿ ❈❛r❣❛s ❡♥ ❡❧ ❛✈❛♥❝❡ ❞❡❧ ✈❡❤í❝✉❧♦ ❡♥ ✉♥ ❝❛♠✐♥♦ s✐♥ ♣❡♥❞✐❡♥t❡✳

❋✉❡r③❛ ❞❡ tr❛❝❝✐ó♥✳ ▲❛ ❢✉❡r③❛ ❞❡ tr❛❝❝✐ó♥ ❣❡♥❡r❛❞❛ ♣♦r ❡❧ ♠♦t♦r s❡ ♣✉❡❞❡ ❝❛❧❝✉❧❛r ❡♠♣❧❡❛♥❞♦ ❧❛ ❡❝✉❛❝✐ó♥ ✺✳✻✳ ❊❧

♣❛r q✉❡ ❡♥tr❡❣❛ ❡❧ ♠♦t♦r✱ ❚▼✱ ❡s ❛♠♣❧✐✜❝❛❞♦ ♣♦r ❧❛ r❡❧❛❝✐ó♥ ❞❡ tr❛♥s♠✐s✐ó♥ ❞❡ tr❡♥ ♠♦tr✐③✱

❉❡♣❡♥❞✐❡♥❞♦ ❞❡ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡❧ tr❡♥ ♠♦tr✐③ ❧♦s ❡❧❡♠❡♥t♦s ♣r❡s❡♥t❡s ❡♥ ❡❧ ♣✉❡❞❡♥ ✈❛r✐❛r ❞❡s❞❡ ✉♥❛ ❝❛❥❛ ❞❡ r❡❞✉❝❝✐ó♥

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

✐♥❝❧✉s✐✈❡ s❡ ♣✉❡❞❡ t❡♥❡r ✉♥ ❞✐❢❡r❡♥❝✐❛❧ ❛❧ ✜♥❛❧ ❞❡❧ tr❡♥ ♠♦tr✐③✳ P❛r❛ ✜♥❡s ❞❡ ❧♦s ❝á❧❝✉❧♦s ♣r❡s❡♥t❛❞♦s ❡♥ ❡st❡ tr❛❜❛❥♦✱ s❡

❛s✉♠❡ q✉❡ ❡❧ tr❡♥ ♠♦tr✐③ ❞❡❧ ✈❡❤í❝✉❧♦ ♣♦s❡❡ ✉♥❛ ❝❛❥❛ ❞❡ ❡♥❣r❛♥❡s ❝✉②❛ r❡❧❛❝✐ó♥ ❞❡ tr❛♥s♠✐s✐ó♥ ❡s ◆❘ ② ✉♥ ❞✐❢❡r❡♥❝✐❛❧

❝♦♥ ✉♥❛ r❡❧❛❝✐ó♥ ❞❡ tr❛♥s♠✐s✐ó♥ ◆❉✳ ▲❛ ✐♥❡r❝✐❛ ❞❡ ❡st♦s ❝♦♠♣♦♥❡♥t❡s s❡ r❡♣r❡s❡♥t❛ ♣♦r ■❘❉

FTM =
TMNRDηtm

rll
−
{

(IM + IRD)N2

RD + IejeN
2

D + Ill
} ax
r2

✭✺✳✻✮

P❛r❛ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ♠♦t♦r❡s ❛♥❛❧✐③❛❞♦s s❡ r❡❛❧✐③❛r♦♥ ❧♦s ❝á❧❝✉❧♦s ❞❡ ❧❛s ❢✉❡r③❛s ❞❡ ♦♣♦s✐❝✐ó♥ q✉❡ ❡❧ ♠♦t♦r t✐❡♥❡ q✉❡

s♦❜r❡♣❛s❛r ♣❛r❛ ♣♦❞❡r ♠♦✈❡r ❡❧ ✈❡❤í❝✉❧♦✳ ❊♥ ❧❛ t❛❜❧❛ ✺✳✷ s❡ r❡s✉♠❡♥ ❧♦s ❞❛t♦s ❞❡ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡❧ tr❡♥ ♠♦tr✐③

♣❛r❛ ❝❛❞❛ ♠♦t♦r ❛♥❛❧✐③❛❞♦✳ ❊♥ ❧❛ ✜❣✉r❛ ✺✳✻s❡ ♠✉❡str❛ ✉♥❛ ❞❡ ❧♦s ❞❡s❡♠♣❡ñ♦s ♣❛r❛ ❝❛❞❛ ♠♦t♦r✱ ❧❛s ❝✉r✈❛s ❞❡ ❢✉❡r③❛ ❞❡

tr❛❝❝✐ó♥ ❝♦♥tr❛ ✈❡❧♦❝✐❞❛❞ ❞❡❧ ✈❡❤í❝✉❧♦ ✐❞❡❛❧❡s ❞❡❧ tr❡♥ ♠♦tr✐③ s♦♥ s♦❜r❡♣✉❡st❛s ❛ ❧❛s ❢✉❡r③❛s ❞❡ ♦♣♦s✐❝✐ó♥ ♣❛r❛ ❞✐st✐♥t❛s

✐♥❝❧✐♥❛❝✐♦♥❡s ❞❡❧ ❝❛♠✐♥♦✳ ▲❛s ❡❝✉❛❝✐♦♥❡s ❞❡s❝r✐t❛s ❛♥t❡r✐♦r♠❡♥t❡ ❡♥ ❡st❛ s❡❝❝✐ó♥ ❢✉❡r♦♥ r❡s✉❧t❛s ✉t✐❧✐③❛♥❞♦ ❡❧ ❝ó❞✐❣♦ ❞❡❧

❛♣é♥❞✐❝❡ ✸✳

❉❡ ❧❛ ✜❣✉r❛ ✺✳✻✱ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r q✉❡ ❡❧ ♠♦t♦r q✉❡ ♣r❡s❡♥t❛ ❡❧ ♠❡♥♦r ❞❡s❡♠♣❡ñ♦ ❡s ❡❧ ❞❡❧ ❍♦♥❞❛ ❆❝❝♦r❞ ✷✵✵✺✱ ❝♦♥ ❡❧

❝✉❛❧ ❡❧ ✈❡❤í❝✉❧♦ ♣♦❞rí❛ s✉❜✐r ✉♥❛ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡❧ ✷✵✪ ❛ ✉♥❛ ✈❡❧♦❝✐❞❛❞ ♠❡♥♦r ❛ ❧♦s ✶✽ ✭❦♠✴❤✮ ② ❧❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛

q✉❡ ❡❧ ✈❡❤í❝✉❧♦ ♣♦❞rí❛ ❛❧❝❛♥③❛r ❡♥ ✉♥ ❝❛♠✐♥♦ s✐♥ ✐♥❝❧✐♥❛❝✐ó♥ ❡s ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✼✵ ✭❦♠✴❤✮✳ ❉❡ ❢♦r♠❛ s✐♠✐❧❛r ❛❧

✉t✐❧✐③❛r ❡❧ ♠♦t♦r ❞❡ ◆✐ss❛♥ ▲❡❛❢ ✷✵✶✷✱ ❡❧ ✈❡❤í❝✉❧♦ ♣♦❞rí❛ s✉❜✐r ♣❡♥❞✐❡♥t❡s ❞❡❧ ✸✵✪ ❛ ✈❡❧♦❝✐❞❛❞❡s ♣♦r ❞❡❜❛❥♦ ❞❡ ❧♦s ✹✵
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❈✉❛❞r♦ ✺✳✷✿ ❉❛t♦s ❞❡❧ tr❡♥ ♠♦tr✐③ s❡❧❡❝❝✐♦♥❛❞♦ ♣❛r❛ ❝❛❞❛ ♠♦t♦r✳
▼♦t♦r P❛r ♠á①✐♠♦ ✭◆♠✮ P♦t❡♥❝✐❛ ♠á①✐♠❛ ✭❦❲✮ ❱❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ✭r♣♠✮ r❡❧❛❝✐ó♥ ❞❡ tr❛♥s♠✐s✐ó♥

❍♦♥❞❛ ❆❝❝♦r❞ ✷✵✵✺ ✶✸✻ ✶✷✳✹ ✻✵✵✵ ✶✵✿✶
◆✐ss❛♥ ▲❡❛❢ ✷✵✶✷ ✷✽✵ ✽✵ ✶✵✸✾✵ ✼✳✺✿✶
❚♦②♦t❛ Pr✐✉s ✷✵✵✹ ✹✵✵ ✺✵ ✻✵✵✵ ✺✿✶

❇▼❲ ✐✸ ✷✺✵ ✶✷✺ ✶✶✹✵✵ ✽✿✶
❈❤❡✈r♦❧❡t ❇♦❧t ✷✵✶✽ ✸✺✵ ✶✺✵ ✽✽✶✵ ✻✿✶

❚❡s❧❛ ▼♦❞❡❧ ❙ ✹✹✵ ✷✼✵ ✾✺✵✵ ✹✿✶

✭❦♠✴❤✮ ② ❧❛ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛ q✉❡ ❛❧❝❛♥③❛rí❛ ❡♥ ✉♥ ❝❛♠✐♥♦ s✐♥ ✐♥❝❧✐♥❛❝✐ó♥ ❡s ❛❧r❡❞❡❞♦r ❞❡ ❧♦s ✶✻✵ ✭❦♠✴❤✮✳ ❚❛♠❜✐é♥

s❡ ♣✉❡❞❡ ♦❜s❡r✈❛r q✉❡ ❡❧ ❞❡s❡♠♣❡ñ♦ ♦❢r❡❝✐❞♦ ♣♦r ❡❧ ♠♦t♦r ❞❡❧ ❚❡s❧❛ ▼♦❞❡❧ ❙ ❡s ♠✉② s✉♣❡r✐♦r ❛❧ ❞❡s❡♠♣❡ñ♦ ❞❡s❡❛❞♦✱ ❧♦

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

❖tr❛ ❣rá✜❝❛ q✉❡ s❡ ♦❜t✐❡♥❡ ❞❡ ❡st❡ ❛♥á❧✐s✐s s♦♥ ❧♦s ♣✉♥t♦s ❞❡ ♦♣❡r❛❝✐ó♥ ❞❡ ❧♦s ♠♦t♦r❡s ❞❡ ❛❝✉❡r❞♦ ❝♦♥ ❝❛❞❛ ♣✉♥t♦

❞❡❧ ❝✐❝❧♦ ❞❡ ♠❛♥❡❥♦✳ ❊♥ ❧❛ ✜❣✉r❛ ✺✳✼ s❡ ♦❜s❡r✈❛ ❧❛ ❝♦♠♣❛r❛❝✐ó♥ ❞❡ ❡st❛ ❣rá✜❝❛ ♣❛r❛ ❧♦s ❞✐st✐♥t♦s t✐♣♦s ❞❡ ♠♦t♦r❡s

s❡❧❡❝❝✐♦♥❛❞♦s s♦❜r❡♣✉❡st♦s ❛ ❧❛s ❝✉r✈❛s ❞❡ ♣❛r✲✈❡❧♦❝✐❞❛❞✳ ❙❡ ♦❜s❡r✈❛ q✉❡ ❡❧ ♠♦t♦r ❞❡❧ ❆❝❝♦r❞ ✷✵✵✺ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s

♣✉♥t♦s ❝❛❡♥ ❢✉❡r❛ ❞❡ ❧❛ ❝✉r✈❛✱ ♣♦r ❧♦ q✉❡ ♥♦ ❝✉♠♣❧❡ ❝♦♥ ♠✉❝❤♦s ❞❡ ❧♦s ♣✉♥t♦s ❞❡ ♦♣❡r❛❝✐ó♥ ❞❡❧ ❝✐❝❧♦ ② ❡st❡ ♠♦t♦r

r❡s✉❧t❛ ✐♥✈✐❛❜❧❡ ♣❛r❛ ❡st❛ ❛♣❧✐❝❛❝✐ó♥✳ ❊♥ ♠♦t♦r ❞❡❧ ❚♦②♦t❛ Pr✐✉s ✷✵✵✹✱ ❞❡❥❛ ❛❧❣✉♥♦s ♣✉♥t♦s ❞❡❧ ❝✐❝❧♦ ❢✉❡r❛ ❞❡ ❧❛ ❝✉r✈❛

♣❛r ✈❡❧♦❝✐❞❛❞✱ s✐♥ ❡♠❜❛r❣♦✱ ❧❛ ❣r❛♥ ♠❛②♦rí❛ ❞❡ ❧♦s ♣✉♥t♦s ❡stá♥ ❞❡♥tr♦ ❞❡ ❧❛ ❝✉r✈❛ ❝♦♥❝❡♥tr❛❞♦s ❡♥ ✉♥❛ ❞❡ ❧❛s ③♦♥❛s

❝♦♥ ❛❧t❛ ❡✜❝✐❡♥❝✐❛✳ ▲♦s ❞❡♠ás ♠♦t♦r❡s ❝✉❜r❡♥ t♦t❛❧♠❡♥t❡ ❧♦s ♣✉♥t♦s ❞❡❧ ❝✐❝❧♦✱ ❛✉♥q✉❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ♥♦ ❡s ❧❛ ✐❞❡❛❧✱

❝♦♠♦ ❡♥ ❡❧ ❝❛s♦ ❞❡❧ ❚❡❧❛ ▼♦❞❡❧ ❙ ❞♦♥❞❡ ♥♦ s❡ ❛♣r♦✈❡❝❤❛ t♦❞♦ ❡❧ r❛♥❣♦ ❞❡❧ ♠♦t♦r✳

❍❛st❛ ❛❤♦r❛ s❡ ❤❛ ❛♥❛❧✐③❛❞♦ s♦❧♦ ❧♦s ✈❛❧♦r❡s ♥♦♠✐♥❛❧❡s ② ❧❛ ❝✉r✈❛ ✐❞❡❛❧ ❞❡ ❧♦s ❞✐❢❡r❡♥t❡s ♠♦t♦r❡s s✐♥ ✐♥❝❧✉✐r ✐♥❢♦r♠❛❝✐ó♥

❞❡t❛❧❧❛❞❛ ❞❡ ❧❛ ❣❡♦♠❡trí❛ ② ♠❛t❡r✐❛❧ ❞❡ ❧♦s ❞✐❢❡r❡♥t❡s ♠♦t♦r❡s ❛♥❛❧✐③❛❞♦s✳ ❊♥ ❧❛ s✐❣✉✐❡♥t❡ s❡❝❝✐ó♥ s❡ t♦♠❛ ❡♥ ❝✉❡♥t❛

❞✐❝❤♦s ❞❡t❛❧❧❡s ♣❛r❛ ❝❛❧❝✉❧❛r ❧❛s ♣ér❞✐❞❛s ❞❡❧ ♠♦t♦r ② ❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡❧ ❝✐❝❧♦✳

✺✳✷✳✷✳✷✳ ❊✜❝✐❡♥❝✐❛ ❞❡ ❝✐❝❧♦ ❞❡ ♠❛♥❡❥♦✳

▲❛ ❡✈❛❧✉❛❝✐ó♥ ❞❡ ❧❛ ❡✜❝✐❡♥❝✐❛ ♣❛r❛ ❝❛❞❛ ♠♦t♦r s❡ r❡❛❧✐③❛ ❞❡ ❧❛ s✐❣✉✐❡♥t❡ ♠❛♥❡r❛ ❝♦♥♦❝✐❡♥❞♦ ❧♦s ❞❛t♦s ❞❡❧ ✈❡❤í❝✉❧♦✱ ❡❧

❝✐❝❧♦ ❞❡ ♠❛♥❡❥♦ ② ❧❛ ❝✉r✈❛ ♣❛r ✈❡❧♦❝✐❞❛❞ ❞❡ ❧♦s ❞✐❢❡r❡♥t❡s ♠♦t♦r❡s s❡ ❝❛❧❝✉❧❛♥ ❧❛s ❝❛r❣❛s ❞❡❧ ♠♦t♦r❀ ❧❛s ❝❛r❣❛s s❡ ❞✐✈✐❞❡♥

❡♥ ❞♦s r❛♥❣♦s ❞❡ ♣❛r ② tr❡s r❛♥❣♦s ❞❡ ✈❡❧♦❝✐❞❛❞ q✉❡ s❡ ❞❡✜♥❡♥ ❝♦♠♦ ♣❛r ❜❛❥♦ ② ❛❧t♦ ② ✈❡❧♦❝✐❞❛❞ ❜❛❥❛✱ ♠❡❞✐❛ ② ❛❧t❛

r❡s✉❧t❛♥❞♦ ❡♥ ✉♥ t♦t❛❧ ❞❡ s❡✐s ③♦♥❛s✱ ✜❣✉r❛ ✺✳✽❀ ♣❛r❛ ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s ③♦♥❛s s❡ ❝❛❧❝✉❧❛ ✉♥ ♣❛r ❡q✉✐✈❛❧❡♥t❡✱ ❚❡q✱ ✉t✐❧✐③❛♥❞♦

❧❛ ❡❝✉❛❝✐ó♥ ✺✳✼✭❈❛rr❛r♦ ❡t ❛❧✳✱ ✷✵✶✹✮✱ ✉♥❛ ✈❡❧♦❝✐❞❛❞ ❡q✉✐✈❛❧❡♥t❡✱ ω❡q✱ ♣♦r ♠❡❞✐♦ ❞❡ ❧❛ ❡❝✉❛❝✐ó♥ ✺✳✽ ② ✉♥ ❢❛❝t♦r ❞❡ ♣❡s♦

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

Teq,ij =

∑

k Tk,ij
pt,ij

✭✺✳✼✮
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❋✐❣✉r❛ ✺✳✻✿ ●rá✜❝❛s ❞❡ ❧❛ ❢✉❡r③❛ ❞❡ tr❛❝❝✐ó♥ ❝♦♥tr❛ ❧❛s ❝❛r❣❛s ♣❛r❛ ❧♦s ♠♦t♦r❡s ❛♥❛❧✐③❛❞♦s
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❋✐❣✉r❛ ✺✳✼✿ ●rá✜❝❛s ❞❡ ❧♦s ♣✉♥t♦s ❞❡ ♦♣❡r❛❝✐ó♥ ❞❡❧ ❝✐❝❧♦ ♣❛r❛ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ♠♦t♦r❡s



❈❆P❮❚❯▲❖ ✺✳ ▼❊❚❖❉❖▲❖●❮❆ ❉❊ ❉■❙❊Ñ❖✳ ✶✶✻

❋✐❣✉r❛ ✺✳✽✿ ❉✐✈✐s✐ó♥ ❞❡ ❧❛s ❝❛r❣❛s ❡♥ s❡✐s ③♦♥❛s✳

ωeq,ij =

∑

k ωk,ij

pt,ij
✭✺✳✽✮

ceq,ij =
pt,ij
pt

✭✺✳✾✮

❋✐♥❛❧♠❡♥t❡✱ s❡ ♦❜t✐❡♥❡ ✉♥❛ ❡✜❝✐❡♥❝✐❛ ❞❡ ❝✐❝❧♦ ✉t✐❧✐③❛♥❞♦ ❧❛ ❡❝✉❛❝✐ó♥ ✺✳✶✵✱ ❞♦♥❞❡ P❡q✭❲✮ r❡♣r❡s❡♥t❛ ❛ ❧❛s ♣ér❞✐❞❛s ❡♥

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

✉♥♦ ❞❡ ❧♦s ♣✉♥t♦s ♣❛r✲✈❡❧♦❝✐❞❛❞ ❡q✉✐✈❛❧❡♥t❡s✳ ▲❛s ♣ér❞✐❞❛s ❢✉❡r♦♥ ❝❛❧❝✉❧❛❞❛s ❞❡ ❛❝✉❡r❞♦ ❝♦♥ ❧♦ ❞❡s❝r✐t♦ ❡♥ ❧❛ s❡❝❝✐ó♥

✸✳✻② ❡❧ ❝ó❞✐❣♦ ❝♦♥ ❡❧ q✉❡ s❡ r❡❛❧✐③❛r♦♥ ❧♦s ❝á❧❝✉❧♦s s❡ ♠✉❡str❛ ❞❡t❛❧❧❛❞♦ ❡♥ ❡❧ ❛♣é♥❞✐❝❡ ✻✳✹✳ ❊♥ t❛❜❧❛ ✺✳✸ s❡ r❡s✉♠❡♥

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

♠❡❥♦r ❡✜❝✐❡♥❝✐❛ ❞❡ ❝✐❝❧♦ ❡s ❡❧ ❚♦②♦t❛ Pr✐✉s✳

ηe,ciclo =

∑

h(ωeq,h · Teq,h · ceq,h)
∑

h((ωeq,h · Teq,h + Pleq,h) · ceq,h)
✭✺✳✶✵✮

✳
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❈✉❛❞r♦ ✺✳✸✿ ❊✜❝✐❡♥❝✐❛s ❞❡ ❝✐❝❧♦ ♣❛r❛ ❧♦s ♠♦t♦r❡s ❛♥❛❧✐③❛❞♦s✳
▼♦t♦r ❊✜❝✐❡♥❝✐❛ ❞❡ ❝✐❝❧♦

❍♦♥❞❛ ❆❝❝♦r❞ ✷✵✵✺ ✾✵
◆✐ss❛♥ ▲❡❛❢ ✷✵✶✷ ✾✹
❚♦②♦t❛ Pr✐✉s ✷✵✵✹ ✾✻

❇▼❲ ✐✸ ✾✹
❈❤❡✈r♦❧❡t ❇♦❧t ✷✵✶✽ ✾✺

❚❡s❧❛ ▼♦❞❡❧ ❙ ✾✶

✺✳✷✳✸✳ ❆♥á❧✐s✐s s❡♥s✐t✐✈♦✳

❊❧ ❛♥á❧✐s✐s s❡♥s✐t✐✈♦✱ ❜✉s❝❛ ❝✉❜r✐r ❡♥ ❝✐❡rt♦ ♠♦❞♦ ❛ ❧❛ ❡t❛♣❛ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✱ ✐❞❡♥t✐✜❝❛♥❞♦ ❛❧❣✉♥❛s t❡♥❞❡♥❝✐❛s ❡♥ ❧❛

❡✜❝✐❡♥❝✐❛ ❞❡❧ ❝✐❝❧♦ ❞❡ ♠❛♥❡❥♦ ❛❧ ✈❛r✐❛r ❛❧❣✉♥❛s ❞❡ ❧❛s ❞✐♠❡♥s✐♦♥❡s ❞❡❧ ♠♦❞❡❧♦ s❡❧❡❝❝✐♦♥❛❞♦✳ ❆✉♥q✉❡ ♥♦ ❡s ✉♥ ♣r♦❝❡s♦

❢♦r♠❛❧ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✱ ❡s ✐♠♣♦rt❛♥t❡ r❡❛❧✐③❛r ❡st❛ ❡t❛♣❛ ②❛ q✉❡ ❡♥ ❧❛ ✐♥❞✉str✐❛ ❡s ✉♥❛ ❞❡ ❧❛s té❝♥✐❝❛s ♠ás ✉t✐❧✐③❛❞❛s

❡♥ ❧❛ ♣rá❝t✐❝❛✱ ❞❡❜✐❞♦ ❛ q✉❡ ❧♦s ❝♦♥str✉❝t♦r❡s ❞❡ ▼❊❚ ❡stá♥ ✐♥t❡r❡s❛❞♦s ❡♥ s❛❜❡r s❡ ❛❢❡❝t❛ ❡❧ r❡♥❞✐♠✐❡♥t♦ ❞❡❧ ♠♦t♦r

❛❧ ✈❛r✐❛r ❞✐✈❡rs♦s ♣❛rá♠❡tr♦s ❝♦♠♦ ❞✐♠❡♥s✐♦♥❡s ② t✐♣♦s ❞❡ ♠❛t❡r✐❛❧✱ ❞❡ t❛❧ ♠♦❞♦ q✉❡ ♣✉❡❞❡♥ r❡❛❝❝✐♦♥❛r rá♣✐❞❛♠❡♥t❡

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

❙❡ r❡❛❧✐③❛r♦♥ ❛❧❣✉♥❛s ✈❛r✐❛❝✐♦♥❡s ❣❡♦♠étr✐❝❛s ② ❞❡ ♠❛t❡r✐❛❧ ♣❛r❛ ❛♥❛❧✐③❛r ❝ó♠♦ ❡s ❛❢❡❝t❛❞❛ ❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡ ❝✐❝❧♦✳ ❉✐❝❤❛s

✈❛r✐❛❝✐♦♥❡s s❡ r❡❛❧✐③❛r♦♥ s♦❜r❡ ❧❛ ❣❡♦♠❡trí❛ ❞❡❧ ♠♦t♦r ❡♥ ❚♦②♦t❛ Pr✐✉s ✷✵✵✹✳ ▲❛s ✈❛r✐❛❝✐♦♥❡s q✉❡ ♣r❡s❡♥t❛r♦♥ r❡s✉❧t❛❞♦s

♠ás ❝❧❛r♦s ❢✉❡r♦♥ ❡♥ ❧❛ ❣❡♦♠❡trí❛ ❞❡❧ ♣✉❡♥t❡ ❞❡ ✢✉❥♦ ② ❡❧ á♥❣✉❧♦ ❡♥tr❡ ❧♦s ✐♠❛♥❡s ❞❡ ❝❛❞❛ ♣♦❧♦✳ ❚❛♠❜✐é♥ s❡ r❡❛❧✐③❛r♦♥

❛❧❣✉♥❛s ✈❛r✐❛❝✐♦♥❡s ❞❡ ♠❛t❡r✐❛❧❡s✳

✺✳✷✳✸✳✶✳ ❱❛r✐❛❝✐♦♥❡s ●❡♦♠étr✐❝❛s✳

●❡♦♠❡trí❛ ❞❡❧ ♣✉❡♥t❡✳ ❊♥ ❧❛ ✜❣✉r❛ ✺✳✾ s❡ ♠✉❡str❛♥ ❧❛s ❞✐❢❡r❡♥t❡s ✈❛r✐❛❝✐♦♥❡s ❛ ❧❛ ❣❡♦♠❡trí❛ ❞❡❧ ♣✉❡♥t❡ ❞❡ ✢✉❥♦✳

▲❛s ❞✐❢❡r❡♥t❡s ❣❡♦♠❡trí❛s s❡ ♦❜t✉✈✐❡r♦♥ ❛❧ ✈❛r✐❛r ❧❛ ❞✐♠❡♥s✐ó♥ ♠❛r❝❛❞❛ ❝♦♥ ❧❛ ❧❡tr❛ ✏❛✑ ② ❝♦♥s❡r✈❛♥❞♦ ❝♦♥❞✐❝✐♦♥❡s

❞❡ ♣❡r♣❡♥❞✐❝✉❧❛r✐❞❛❞✳ ▲❛ ♣r✐♠❡r❛ ✈❛r✐❛❝✐ó♥ ❝♦rr❡s♣♦♥❞❡ ❛ ❧❛ ❛✉s❡♥❝✐❛ ❞❡❧ ♣✉❡♥t❡ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦✱ ❡s ❞❡❝✐r q✉❡ ❧♦s

✐♠❛♥❡s ❡stá♥ ❡♠❜❡❜✐❞♦s ❡♥ ❡❧ r♦t♦r ② ❡❧ ú♥✐❝♦ ❝♦rt❡ ❡♥ ❧♦s ♥ú❝❧❡♦s ❧❛♠✐♥❛❞♦s s♦♥ ❧❛s r❛♥✉r❛s ❝♦♥ ❧❛ ❣❡♦♠❡trí❛ ❞❡❧ r♦t♦r✳

❊♥ ❧❛ ✜❣✉r❛ ✺✳✶✵ s❡ ♦❜s❡r✈❛ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡ ❝✐❝❧♦ ♣❛r❛ ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s ❣❡♦♠❡trí❛s✳ P♦❞❡♠♦s

♦❜s❡r✈❛r q✉❡ ❧❛ ❛✉s❡♥❝✐❛ ❞❡❧ ♣✉❡♥t❡ ❞❡ ✢✉❥♦ ♠❛❣♥ét✐❝♦ t✐❡♥❡ ✉♥ ✐♠♣❛❝t♦ ♥❡❣❛t✐✈♦ ❡♥ ❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡ ❝✐❝❧♦ ❡♥ ♠ás ❞❡ ✉♥

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

♣♦r ❧♦ q✉❡ s❡ ❝♦♥s❡r✈❛rá ♣❛r❛ ❧❛ ❣❡♦♠❡trí❛ ✜♥❛❧ ❡❧ ✈❛❧♦r ♦r✐❣✐♥❛❧ ❞❡❧ ♠♦t♦r ❞❡ r❡❢❡r❡♥❝✐❛✳ ❊s ✐♠♣♦rt❛♥t❡ ❝♦♥s✐❞❡r❛r q✉❡

❡st❡ ❛♥á❧✐s✐s ú♥✐❝❛♠❡♥t❡ ♠✉❡str❛ ❝ó♠♦ s❡ ❛❢❡❝t❛ ❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡ ❝✐❝❧♦✱ ♣❡r♦ ♥♦ ❡❧ ✐♠♣❛❝t♦ ❞❡ ❧❛s ✈❛r✐❛❝✐♦♥❡s ❡♥ ♦tr❛s

❝❛r❛❝t❡ríst✐❝❛s ❞❡❧ ♠♦t♦r ❝♦♠♦ ❡❧ r✐③❛❞♦ ❞❡❧ ♣❛r✳
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❋✐❣✉r❛ ✺✳✶✶✿ ➪♥❣✉❧♦ ❡♥tr❡ ❧♦s ✐♠❛♥❡s ❞❡❧ ♣♦❧♦

➪♥❣✉❧♦ ❡♥ ❱✳ ❊❧ s✐❣✉✐❡♥t❡ ❛♥á❧✐s✐s r❡❛❧✐③❛❞♦ ❝♦♥s✐st✐ó ❡♥ ✈❛r✐❛r ❡❧ á♥❣✉❧♦ ❡♥tr❡ ❧♦s ✐♠❛♥❡s ❞❡❧ ♣♦❧♦✱ ❧❛ ✜❣✉r❛ ✺✳✶✶

♠✉❡str❛ ❧❛s ✈❛r✐❛❝✐♦♥❡s ❣❡♥❡r❛❞❛s✳ P❛r❛ ❣❡♥❡r❛r ❧❛s ❞✐❢❡r❡♥t❡s ❣❡♦♠❡trí❛s s❡ r❡str✐♥❣✐ó ❡❧ ✉s♦ ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s

♣❛r❛ s❡r ✐❣✉❛❧ ❛ ❧❛ ❣❡♦♠❡trí❛ ✐♥✐❝✐❛❧✱ ❞❡ ✐❣✉❛❧ ❢♦r♠❛ s❡ ✜❥❛r♦♥ ❧❛s ❞✐st❛♥❝✐❛s ❡♥tr❡ ❧♦s ❡①tr❡♠♦s ❞❡❧ ✐♠á♥ ② ❧♦s ❜♦r❞❡s

❞❡❧ ♣✉❡♥t❡ ❞❡ ✢✉❥♦✱ ❝♦♠♦ r❡s✉❧t❛❞♦ ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s ❣❡♦♠❡trí❛s t✐❡♥❡ ❞✐❢❡r❡♥t❡s ❛♥❝❤♦s ② ❡s♣❡s♦r❡s ❡♥ ❧♦s ✐♠❛♥❡s

♣❡r♠❛♥❡♥t❡s✳

❊♥ ❧❛ ✜❣✉r❛ ✺✳✶✷ s❡ ♠✉❡str❛ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡ ❝✐❝❧♦ ❝♦♥tr❛ ❡❧ á♥❣✉❧♦ ❞❡ ❧♦s ✐♠❛♥❡s✳ ❙❡

♣✉❡❞❡ ♦❜s❡r✈❛r q✉❡ ❧❛ ♠❛②♦r ❡✜❝✐❡♥❝✐❛ s❡ ♦❜t✐❡♥❡ ♣❛r❛ á♥❣✉❧♦s ♠ás ❝❡rr❛❞♦s✱ s✐♥ ❡♠❜❛r❣♦✱ ❧❛ ♠❡❥♦r❛ ❡♥ ❧❛ ❡✜❝✐❡♥❝✐❛

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

❖tr❛s ✈❛r✐❛❝✐♦♥❡s ❣❡♦♠étr✐❝❛s✳ ❙❡ r❡❛❧✐③❛r♦♥ ❡♥ ❛♥á❧✐s✐s ❞❡ ❛❧❣✉♥❛s ♦tr❛s ✈❛r✐❛❝✐♦♥❡s ❣❡♦♠étr✐❝❛s q✉❡ ♥♦ ♠♦s✲

tr❛r♦♥ ✉♥❛ t❡♥❞❡♥❝✐❛ ❝♦♥t✉♥❞❡♥t❡ ❡♥ ❧❛ ♠❡❥♦r❛ ❞❡ ❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡ ❝✐❝❧♦✳ P♦r ❡❥❡♠♣❧♦ ❡♥ ❧❛ ✜❣✉r❛ ✺✳✶✸s❡ ♠✉❡str❛ ❧❛s

♠♦❞✐✜❝❛❝✐♦♥❡s r❡❛❧✐③❛❞❛s ❛❧ ❡s♣❡s♦r ❞❡❧ ❧❛❜✐♦ ❞❡ ❧♦s ❞✐❡♥t❡s ❞❡❧ ❡st❛t♦r✱ ❡♥ ❧❛ ✜❣✉r❛ ✺✳✶✹ s❡ ♠✉❡str❛ ❡❧ r❡s✉❧t❛❞♦ ❛ ❞✐❝❤♦

❛♥á❧✐s✐s ✳ ❙❡ ♣✉❡❞❡ ♦❜s❡r✈❛r q✉❡ ❧❛ ✈❛r✐❛❝✐ó♥ ❡♥ ❧❛ ❡✜❝✐❡♥❝✐❛ ❡s ♠✉② ♣❡q✉❡ñ❛ ♣♦r ❧♦ q✉❡ ♥♦ s❡ ♣✉❡❞❡ ❝♦♥❝❧✉✐r q✉❡ s❡

❤❛②❛ ❡♥❝♦♥tr❛❞♦ ✉♥❛ ♠❡❥♦r❛✳

✺✳✷✳✸✳✷✳ ❱❛r✐❛❝✐♦♥❡s ❞❡ ♠❛t❡r✐❛❧✳

❚✐♣♦s ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✳ ❊♥ ❧❛ ✜❣✉r❛ s❡ ♠✉❡str❛ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡ ❝✐❝❧♦

r❡s♣❡❝t♦ ❞❡ ❧♦s ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✳ ▲❛ ❝♦❡r❝✐t✐✈✐❞❛❞ ❡s ❡❧ ♣r✐♥❝✐♣❛❧ ❢❛❝t♦r q✉❡ ✈❛rí❛ ❡♥tr❡ ❞✐❝❤♦s

t✐♣♦s ❞❡ ✐♠❛♥❡s✳ ▲❛ ✈❛r✐❛❝✐ó♥ ❡♥ ❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡❧ ❝✐❝❧♦ ❡s ♠❡♥♦r ❛❧ ♣✉♥t♦ ♣♦r❝❡♥t✉❛❧✱ ♣♦r ❧♦ q✉❡ ❧❛ s❡❧❡❝❝✐ó♥ ❞❡❧ ✐♠á♥

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



❈❆P❮❚❯▲❖ ✺✳ ▼❊❚❖❉❖▲❖●❮❆ ❉❊ ❉■❙❊Ñ❖✳ ✶✷✵

❋✐❣✉r❛ ✺✳✶✷✿ ❆♥á❧✐s✐s s❡♥s✐t✐✈♦ ❞❡❧ á♥❣✉❧♦ ❡♥tr❡ ✐♠❛♥❡s ❞❡❧ ♣♦❧♦✳

❋✐❣✉r❛ ✺✳✶✸✿ ❱❛r✐❛❝✐♦♥❡s ❛❧ ❧❛❜✐♦ ❞❡❧ ❞✐❡♥t❡ ❡♥ ❡❧ ❡st❛t♦r✳
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❋✐❣✉r❛ ✺✳✶✹✿ ❘❡s✉❧t❛❞♦s ❞❡ ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❧❛ ❣❡♦♠❡trí❛ ❞❡❧ ❞✐❡♥t❡ ❡♥ ❡❧ ❡st❛t♦r✳

❋✐❣✉r❛ ✺✳✶✺✿ ❆♥á❧✐s✐s s❡♥s✐t✐✈♦ ❞❡❧ t✐♣♦ ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✳
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✺✳✷✳✹✳ ❉✐s❡ñ♦ ▼❡❝á♥✐❝♦✳

✺✳✷✳✹✳✶✳ ❉✐s❡ñ♦ ♣❛r❛ ❡♥s❛♠❜❧❡ ② ♠❛♥✉❢❛❝t✉r❛ ❞❡❧ ❡st❛t♦r✳

▲❛ ❣❡♦♠❡trí❛ ❞❡❧ ❡st❛t♦r s❡ ♦❜t✉✈♦ ❞❡ ❧❛ ❞♦❝✉♠❡♥t❛❝✐ó♥ ❡①✐st❡♥t❡ ❞❡❧ ♠♦t♦r ❡♥ ❡❧ ♠♦❞❡❧♦ ❚♦②♦t❛ Pr✉✐s ✭❖❧s③❡✇s❦✐✱

✷✵✵✺✮✱ s✐♥ ❡♠❜❛r❣♦✱ ❡s ♥❡❝❡s❛r✐♦ ❝♦♠♣❧❡t❛r ❡❧ ❞✐s❡ñ♦ ♠❡❝á♥✐❝♦ ♣❛r❛ ❧❛ ♠❛♥✉❢❛❝t✉r❛ ② ❡♥s❛♠❜❧❡ ❞❡ ❡st❡ ❝♦♠♣♦♥❡♥t❡✳

▲♦s ❝♦♠♣♦♥❡♥t❡s q✉❡ ❞❡❜❡♠♦s ❞❡ ❞✐s❡ñ❛r s♦♥✿ ❊❧ ❞✐s❡ñ♦ ❞❡t❛❧❧❛❞♦ ❞❡ ❧♦s ♥ú❝❧❡♦s ❞❡❧ ❡st❛t♦r ② ❞❡❧ r♦t♦r✱ ❧❛ ✢❡❝❤❛ ❞❡❧

r♦t♦r✱ ❡❧ ❡str✉❝t✉r❛ ♣r✐♥❝✐♣❛❧ ② ❡❧ s✐st❡♠❛ ❞❡ r❡❢r✐❣❡r❛❝✐ó♥❀ ♣♦r ♦tr♦ ❧❛❞♦ ❧♦s ❝♦♠♣♦♥❡♥t❡s ❝♦♠❡r❝✐❛❧❡s q✉❡ ❞❡❜❡♠♦s

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

❧♦s s❡♥s♦r❡s ❞❡ t❡♠♣❡r❛t✉r❛✱ ❧❛s ❝♦♥❡①✐♦♥❡s ❡❧é❝tr✐❝❛s ② ❧♦s s❡❧❧♦s✳

▼❛♥✉❢❛❝t✉r❛ ❞❡ ❧❛s ❧á♠✐♥❛s✳ ❚❛❧ ❝♦♠♦ s❡ ♠❡♥❝✐♦♥ó ❡♥ ❧❛ s❡❝❝✐ó♥ ✸✳✼✱ ❡①✐st❡♥ ❞✐✈❡rs♦s ♣r♦❝❡s♦s ❞❡ ♠❛♥✉❢❛❝t✉r❛

q✉❡ ♣✉❡❞❡♥ s❡r ❡♠♣❧❡❛❞♦s ♣❛r❛ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ ❧❛s ❧á♠✐♥❛s q✉❡ ❝♦♥❢♦r♠❛♥ ❡❧ ❡st❛t♦r✳ P❛r❛ ❡❧ ❝❛s♦ ❡s♣❡❝í✜❝♦ ❞❡ ❧❛

❝♦♥str✉❝❝✐ó♥ ❞❡ ❞♦s ♠♦t♦r❡s ❡❧ ♠ét♦❞♦ ♠ás ❝♦♥✈❡♥✐❡♥t❡ ❡s ❝♦rt❡ ♣♦r ❧ás❡r ❞❡❜✐❞♦ ❛ q✉❡ ♥♦ s❡ r❡q✉✐❡r❡ ❧❛ ❝♦♥str✉❝❝✐ó♥

❞❡ ♥✐♥❣ú♥ ❤❡rr❛♠❡♥t❛❧ ❡s♣❡❝✐❛❧ ❝♦♠♦ ❡♥ ❡❧ ❝❛s♦ ❞❡ tr♦q✉❡❧❛❞♦ ❚♦♥❣ ✭✷✵✶✹✮✱ ❛✉♥q✉❡ ♣❛r❛ ♣r♦❞✉❝❝✐♦♥❡s ❡♥ s❡r✐❡ ❡st❡

♠ét♦❞♦ ♣✉❡❞❡ r❡s✉❧t❛r ♣♦❝♦ r❡♥t❛❜❧❡✱ ❧❛s t♦❧❡r❛♥❝✐❛s ② ❞❡♠ás r❡q✉❡r✐♠✐❡♥t♦s ♠❡❝á♥✐❝♦s s❡ s❛t✐s❢❛❝❡♥ ❝♦♥ ❞✐❝❤♦ ♣r♦❝❡s♦

❞❡ ♠❛♥✉❢❛❝t✉r❛✳

❯♥✐ó♥ ❞❡ ❧❛s ❧á♠✐♥❛s✳ ▲❛s ❧á♠✐♥❛s t✐❡♥❡♥ q✉❡ s❡r ✉♥✐❞❛s ❡♥tr❡ ❡❧❧❛s ♣❛r❛ ❝♦♥❢♦r♠❛r ♣r♦♣✐❛♠❡♥t❡ ❡❧ ❡st❛t♦r✱ ❡♥

❧❛ s❡❝❝✐ó♥ ✸✳✼✳✶ s❡ ♠❡♥❝✐♦♥❛♥ ❛❧❣✉♥♦s ❞❡ ❧♦s ♠ét♦❞♦s ❞❡ ✉♥✐ó♥❀ ❡♥ ❧❛ ✜❣✉r❛ ✺✳✶✻ s❡ ♦❜s❡r✈❛♥ tr❡s ❞❡ ❡st♦s ♠ét♦❞♦s ❞❡

✉♥✐ó♥ tí♣✐❝❛♠❡♥t❡ ✉t✐❧✐③❛❞♦s ❡♥ ❧♦s ♠♦t♦r❡s ❞❡ ❛❧t❛ ♣♦t❡♥❝✐❛❀ ❧❛ ✐♠❛❣❡♥ s✉♣❡r✐♦r ❝♦rr❡s♣♦♥❞❡ ❛❧ ♠ét♦❞♦ ❞❡ s♦❧❞❛❞✉r❛✱

s❡ r❡❛❧✐③❛♥ r❛♥✉r❛s ❡♥ ❧❛ ♣❡r✐❢❡r✐❛ ❞❡ ❧❛s ❧á♠✐♥❛s ② ❞❡s♣✉és s❡ ❛♣✐❧❛♥ ② s❡ ♣r❡♥s❛♥ ♣❛r❛ ❞❡s♣✉és r❡❧❧❡♥❛r ❝♦♥ ♠❛t❡r✐❛❧ ❞❡

❛♣♦rt❡ ❛ ❧♦ ❧❛r❣♦ ❞❡❧ ♥ú❝❧❡♦ ❧❛♠✐♥❛❞♦✳ ▲❛ ✈❡♥t❛❥❛ ❞❡ ❡st❡ ♠ét♦❞♦ ❡s ❧❛ ✉♥✐ó♥ ♣❡r♠❛♥❡♥t❡ ② r❡s✐st❡♥t❡ ❞❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡

✈✐st❛ ♠❡❝á♥✐❝♦✳ ▲❛ ❞❡s✈❡♥t❛❥❛ ❞❡ ❡st❡ ♠ét♦❞♦ s♦♥ ❧❛s ♣ér❞✐❞❛s ❡♥ ❡❧ ♥ú❝❧❡♦ q✉❡ s❡ ❣❡♥❡r❛♥ ❛❧r❡❞❡❞♦r ❞❡ ❝❛❞❛ ❝♦r❞ó♥ ❞❡

s♦❧❞❛❞✉r❛✱ ♣♦r ❧♦ t❛♥t♦ ❡s ♥❡❝❡s❛r✐♦ ✉♥ ❝♦rr❡❝t♦ ❞✐s❡ñ♦ ❞❡ ❧❛s ❣❡♦♠❡trí❛ ② ❝♦❧♦❝❛r ❧♦s ❝♦r❞♦♥❡s ❡♥ ③♦♥❛s ❧❡❥❛♥❛s ❛ ❧❛s

tr❛②❡❝t♦r✐❛s ♣r✐♥❝✐♣❛❧❡s ❞❡❧ ✢✉❥♦ ❚♦♥❣ ✭✷✵✶✹✮✱ ✉♥ ♠❛❧ ❞✐s❡ñ♦ ❞❡ ❡st❡ ♠ét♦❞♦ ❞❡ ✉♥✐ó♥ ♣✉❡❞❡ r❡s✉❧t❛r ❡♥ ✉♥ ✐♥❝r❡♠❡♥t♦

❞❡❧ r✐③❛❞♦ ❞❡ ♣❛r✳

▲❛ ✐♠❛❣❡♥ ✐♥t❡r♠❡❞✐❛ ❝♦rr❡s♣♦♥❞❡ ❛ ✉s♦ ❞❡ ❡❧❡♠❡♥t♦s ♠❡❝á♥✐❝♦s ❡♥ ❡❧ q✉❡ s❡ ❡♥r♦❧❧❛ t✐r❛s ❡♥ ❢♦r♠❛ ❞❡ ❱ ② ❧✉❡❣♦ s❡

❛♣❧❛♥❛♥ ❡♥ r❛♥✉r❛s ❞❡ ❝♦❧❛ ❞❡ ♠✐❧❛♥♦ ❡♥ ❡❧ ❞✐á♠❡tr♦ ❡①t❡r✐♦r ❞❡ ❧❛s ❧❛♠✐♥❛❝✐♦♥❡s ❞❡❧ ❡st❛t♦r✳ ▲❛ ♣r✐♥❝✐♣❛❧ ❞❡s✈❡♥t❛❥❛

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

❝♦♠♣❧❡❥✐❞❛❞ ❞❡❧ ❞✐s❡ñ♦ ❞❡ ❧❛ ❡str✉❝t✉r❛ ❞❡❧ ♠♦t♦r✳ ✭❚♦♥❣✱ ✷✵✶✹✮✳ ▲❛ ✐♠❛❣❡♥ ✐♥❢❡r✐♦r ♠✉❡str❛ ❡❧ ✉s♦ ❞❡ t♦r♥✐❧❧♦s ❛①✐❛❧❡s

s♦❜r❡ ❜❛rr❡♥♦s ❡♥ ❧♦s ♥ú❝❧❡♦s q✉❡ ❛❧ s❡r ❛t♦r♥✐❧❧❛❞♦s ♦❜❧✐❣❛♥ ❛ ❧❛s ❧❛♠✐♥❛❝✐♦♥❡s ❛ ♣❡r♠❛♥❡❝❡r ✉♥❛s ❝♦♥tr❛ ♦tr❛s✳ ▲❛

♣r✐♥❝✐♣❛❧ ❞❡s✈❡♥t❛❥❛ ❡♥ ❡st❡ ♠ét♦❞♦ ❡s q✉❡ ❧❛s ❝❛❜❡③❛s ❞❡ ❧♦s t♦r♥✐❧❧♦s ② ❧❛s t✉❡r❝❛s ♣✉❡❞❡♥ ❡st♦r❜❛r ♣❛r❛ ❛❝♦♠♦❞❛r ❡❧

❡♠❜♦❜✐♥❛❞♦✳
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❋✐❣✉r❛ ✺✳✶✻✿ ❈♦♥❝❡♣t♦s ❞❡ ✉♥✐ó♥ ❞❡❧ ❡st❛t♦r✳

❊❧ ♣r♦❝❡s♦ s❡❧❡❝❝✐♦♥❛❞♦ ♣❛r❛ ❛♣❧✐❝❛r ❡♥ ❧♦s ♣r♦t♦t✐♣♦s ❛ ❝♦♥str✉✐r ❡s ❡❧ ♠ét♦❞♦ ❞❡ ✉♥✐ó♥ ♣♦r s♦❧❞❛❞✉r❛✳ ❊♥tr❡ ❧❛s

♣r✐♥❝✐♣❛❧❡s r❛③♦♥❡s s❡ ❡♥❝✉❡♥tr❛ q✉❡ ❞❡ ❧♦s ♣r♦✈❡❡❞♦r❡s ❝♦♥s✉❧t❛❞♦s ♣❛r❛ ❝♦♥str✉✐r ❡st❡ ♥ú❝❧❡♦ ♥♦s ♣r♦♣♦r❝✐♦♥❛♥ ❡❧

❡♥s❛♠❜❧❡ ❝♦♠♣❧❡t♦ ❝♦♥s✐❞❡r❛♥❞♦ s♦❧❞❛r ❧❛s ❧á♠✐♥❛s ② ✉♥ tr❛t❛♠✐❡♥t♦ tér♠✐❝♦✳

❊♥s❛♠❜❧❡ ❞❡ ❧❛s ❧á♠✐♥❛s ❝♦♥ ❧❛ ❡str✉❝t✉r❛✳ P♦st❡r✐♦r♠❡♥t❡ ❡❧ ❡♥s❛♠❜❧❡ ❞❡❧ ♥ú❝❧❡♦ ❞❡❧ ❡st❛t♦r ② ❡❧ ❝✉❡r♣♦

♣r✐♥❝✐♣❛❧ ❞❡ ❧❛ ❡str✉❝t✉r❛ ❞❡❧ ♠♦t♦r ❞❡❜❡ s❡r ❡❢❡❝t✉❛❞♦✳ ❊♥ ❧❛ ✜❣✉r❛ ✺✳✶✼ s❡ ♠✉❡str❛♥ ❛❧❣✉♥❛s ♣♦s✐❜❧❡s ❝♦♥✜❣✉r❛❝✐♦♥❡s

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

t♦r♥✐❧❧♦s ♦r✐❡♥t❛❞♦s r❛❞✐❛❧♠❡♥t❡ ❛ ❧♦ ❧❛r❣♦ ❞❡❧ ❡st❛t♦r ② ♣♦st❡r✐♦r♠❡♥t❡ s❡r ❛t♦r♥✐❧❧❛❞♦s ❡♥ ❧❛ ❡str✉❝t✉r❛ ❞❡❧ ♠♦t♦r❀ ❧❛

❞❡s✈❡♥t❛❥❛ ❞❡ ❡st❛ ♦♣❝✐ó♥ ❡s q✉❡ s❡ ❞❡s♣❡r❞✐❝✐❛ ❛❝❡r♦ ❛❧ s✐❧✐❝✐♦ ❞❡❜✐❞♦ ❛ ❧❛ ❣❡♦♠❡trí❛ ❞❡ ❧❛s ❧á♠✐♥❛s✳

▲❛ ✐♠❛❣❡♥ ♠❡❞✐❛ ♠✉❡str❛ ❡❧ ✉s♦ ❞❡ ❝✉ñ❛s ② ❝✉ñ❡r♦s ♣❛r❛ ❣❛r❛♥t✐③❛r q✉❡ ❡❧ r♦t♦r ♥♦ ❣✐r❛ ❞❡♥tr♦ ❞❡ ❧❛ ❡str✉❝t✉r❛✱ s✐♥

❡♠❜❛r❣♦✱ ❧❛ ♣r✐♥❝✐♣❛❧ ❞❡s✈❡♥t❛❥❛ ❡s q✉❡ ♥♦ s❡ r❡s✉❡❧✈❡ ❡❧ ♣♦s✐❝✐♦♥❛♠✐❡♥t♦ ❡♥ ❧❛ ❞✐r❡❝❝✐ó♥ ❛①✐❛❧✳ ▲❛ ✐♠❛❣❡♥ ✐♥❢❡r✐♦r

♠✉❡str❛ ♥✉❡✈❛♠❡♥t❡ ❡❧ ✉s♦ ❞❡ ✉♥ t♦r♥✐❧❧♦ ❛ ❧♦ ❧❛r❣♦ ❞❡❧ ❡st❛t♦r✱ ♣❡r♦ ❡♥ ❡st❛ ❝♦♥✜❣✉r❛❝✐ó♥ ♥♦ s❡ ❛ñ❛❞❡ ♠❛t❡r✐❛❧ ❡①tr❛

❛❧ ❡st❛t♦r✱ s✐♥ ❡♠❜❛r❣♦✱ ❡❧ ❜❛rr❡♥♦ ❡♥ ❧❛ ❝✉❧❛t❛ ❞❡❧ ❡st❛t♦r ② ❧❛ ✐♥t❡r❛❝❝✐ó♥ ❞❡❧ ❝❛♠♣♦ ❝♦♥ ❡❧ t♦r♥✐❧❧♦ ♠♦❞✐✜❝❛rí❛ ❡❧

❞❡s❡♠♣❡ñ♦ ❞❡❧ ♠♦t♦r✱ ❛❞❡♠ás ♣♦❞rí❛ ❡st♦r❜❛r ♣❛r❛ ❝♦❧♦❝❛r ❧❛s ❜♦❜✐♥❛s✳

▲❛ ♦♣❝✐ó♥ s❡❧❡❝❝✐♦♥❛❞❛ ❡s ❧❛ ❞❡ ❧❛ ✐♠❛❣❡♥ s✉♣❡r✐♦r ❞❡❜✐❞♦ ❛ q✉❡ ♣r❡s❡♥t❛ ❡❧ ♠ás ❢á❝✐❧ ❡♥s❛♠❜❧❡ ♣♦r ❡❧ ❛♠♣❧✐♦ ❡s♣❛❝✐♦

♣❛r❛ ♠❛♥✐♣✉❧❛r ❡❧ t♦r♥✐❧❧♦✱ ❛❞❡♠ás ❧❛s ♣❡st❛ñ❛s s❡ ❛❧❡❥❛♥ ❞❡ ❧❛ ❣❡♦♠❡trí❛ ♣r✐♥❝✐♣❛❧ ② ♣✉❡❞❡♥ s❡r ❝♦❧♦❝❛❞❛s ❧❡❥♦s ❞❡

❧❛s tr❛②❡❝t♦r✐❛s ❞❡ ✢✉❥♦✱ ❛♣r♦✈❡❝❤❛♥❞♦ ❧♦ ❛♥t❡r✐♦r ❧♦s ❝♦r❞♦♥❡s ❞❡ s♦❧❞❛❞✉r❛ s❡ ♣✉❡❞❡♥ ❝♦❧♦❝❛r ❡♥ ❞✐❝❤❛s ♣❡st❛ñ❛s s✐♥
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❋✐❣✉r❛ ✺✳✶✼✿ P♦s✐❜❧❡s ❝♦♥✜❣✉r❛❝✐♦♥❡s ♣❛r❛ ❡❧ ❡♥s❛♠❜❧❡ ❡st❛t♦r✲❡str✉❝t✉r❛✳

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

✺✳✷✳✹✳✷✳ ❉✐s❡ñ♦ ♣❛r❛ ❡♥s❛♠❜❧❡ ② ♠❛♥✉❢❛❝t✉r❛ ❞❡❧ r♦t♦r✳

❆ s✉ ✈❡③ ❡❧ r♦t♦r s❡ ❝♦♠♣♦♥❡ ❞❡❧ ♥ú❝❧❡♦ ❧❛♠✐♥❛❞♦✱ ❧♦s ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ② ❧❛ ✢❡❝❤❛✳ ❆q✉í s❡ ❡st❛❜❧❡❝❡ ❧❛s ❝♦♥✜❣✉r❛✲

❝✐♦♥❡s ❣❡♥❡r❛❧❡s ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s ② ❧❛ ❢♦r♠❛ ❞❡ ❡♥s❛♠❜❧❛r❧♦s✳

❉✐s❡ñ♦ ❞❡ ❧❛ ✢❡❝❤❛✳ ▲♦s ♣❛s♦s q✉❡ s❡ s✐❣✉✐❡r♦♥ ♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡ ❧♦s ❡❧❡♠❡♥t♦s ♠❡❝á♥✐❝♦s s♦♥✿ ❞❡t❡r♠✐♥❛❝✐ó♥ ❞❡

❧❛ ❣❡♦♠❡trí❛✱ ❝♦♠♣♦s✐❝✐ó♥ ② ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ❧♦s ❡❧❡♠❡♥t♦s ♣❛r❛ ❝✉♠♣❧✐r ❝♦♥ ❧❛ ❢✉♥❝✐ó♥❀ ❛s✐❣♥❛❝✐ó♥ ❞❡ ❞✐♠❡♥s✐♦♥❡s

❣❡♥❡r❛❧❡s ❝♦♠❡♥③❛♥❞♦ ♣♦r ❛q✉❡❧❧❛s ❞✐♠❡♥s✐♦♥❡s q✉❡ ②❛ s❡ ❡♥❝✉❡♥tr❛♥ ✜❥❛s❀ ❛s✐❣♥❛❝✐ó♥ ❞❡ ♠❛t❡r✐❛❧ ❝♦♥❢♦r♠❡ ❛ ❧♦s

r❡q✉❡r✐♠✐❡♥t♦s ♠❡❝á♥✐❝♦s ❞❡ ❧❛ ♣✐❡③❛ ② ♣♦r ú❧t✐♠♦ s❡ ✈❡r✐✜❝❛ q✉❡ ❧❛ ♣✐❡③❛ s♦♣♦rt❡ ❧❛s ❝❛r❣❛s ♣r❡s❡♥t❡s✳ ▲♦ ❛♥t❡r✐♦r ❡s

✉♥ ♣r♦❝❡s♦ ✐t❡r❛t✐✈♦✳

P❛r❛ ❡st❡ ❝❛s♦ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ q✉❡ s❡rá ✉t✐❧✐③❛❞❛ s❡ ♠✉❡str❛ ❡♥ ❧❛ ✜❣✉r❛ ✺✳✶✽✱ ❝♦♥s✐st❡ ❡♥ ✉♥ ❝✉❡r♣♦ ❝❡♥tr❛❧ ❝♦♥str✉✐❞♦

❞❡ ✉♥❛ ❜❛rr❛ ❤✉❡❝❛ ② ❞♦s ❡s♣✐❣❛s s♦❧✐❞❛s ❡♥ ❧♦s ❡①tr❡♠♦s ✉♥✐❞❛s ❛ ❧❛ ❜❛rr❛ ❤✉❡❝❛ ♣♦r s♦❧❞❛❞✉r❛✳ ❊st❛ ❝♦♥✜❣✉r❛❝✐ó♥

♦❢r❡❝❡ ✉♥ ❞✐s❡ñ♦ ♠ás ❧✐❣❡r♦ ② ❡s ❛♠♣❧✐❛♠❡♥t❡ ✉s❛❞❛ ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ✢❡❝❤❛s✳

❊❧ ❞✐♠❡♥s✐♦♥❛♠✐❡♥t♦ ❞❡ ❧❛ ✢❡❝❤❛ s❡ ❝♦♠❡♥③ó ❝♦♥t❡♠♣❧❛♥❞♦ q✉❡ ❧❛ ❞✐♠❡♥s✐ó♥ ✜❥❛ q✉❡ ②❛ s❡ t✐❡♥❡ ❡s ❡❧ ❞✐á♠❡tr♦ ✐♥t❡r♥♦

❞❡ ❧♦s ❜✉❥❡s ❞❡ tr❛♥s♠✐s✐ó♥ ❞❡ ♣♦t❡♥❝✐❛ ✭✈é❛s❡ s❡❝❝✐ó♥ ✺✳✷✳✹✳✷ ② s❡❝❝✐ó♥ ✺✳✷✳✹✳✺ ✮ ② ❡❧ ❞✐á♠❡tr♦ ✐♥t❡r♥♦ ❞❡ ❧♦s r♦❞❛♠✐❡♥t♦s❀
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❋✐❣✉r❛ ✺✳✶✽✿ ❈♦♥✜❣✉r❛❝✐ó♥ ♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡ ❧❛ ✢❡❝❤❛✳

❧♦s ❝✉❛❧❡s s♦♥ ❡❧❡♠❡♥t♦s ❝♦♠❡r❝✐❛❧❡s✳

▲❛ s❡❧❡❝❝✐ó♥ ❞❡ ♠❛t❡r✐❛❧ s❡ r❡❛❧✐③ó ❝♦♥t❡♠♣❧❛♥❞♦ ✉♥ ❛❝❡r♦ ❣r❛❞♦ ♠❛q✉✐♥❛rí❛ ❝♦♥ ❜✉❡♥❛s ♣r♦♣✐❡❞❛❞❡s ♠❡❝á♥✐❝❛s ✭s♦❜r❡

t♦❞♦ q✉❡ ❡❧ ❡s❢✉❡r③♦ ♠á①✐♠♦ ❝♦rt❛♥t❡ s❡❛ ♠❛②♦r ❛ ✷✵✵ ▼P❛✮ ② q✉❡ ♣✉❡❞❛ s❡r s♦❧❞❛❞♦ ②❛ q✉❡ ❛sí s❡ ✉♥✐rá♥ ❧❛s ❡s♣✐❣❛s

② ❡❧ ❝✉❡r♣♦ ❤✉❡❝♦✳ ❖tr♦ ❢❛❝t♦r ✐♠♣♦rt❛♥t❡ ❡s ❧❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞ ❞❡❧ ♠❛t❡r✐❛❧ ❝♦♥ ♣r♦✈❡❡❞♦r❡s ❧♦❝❛❧❡s✳

❋✐♥❛❧♠❡♥t❡ s❡ ❝♦rr♦❜♦r❛ q✉❡ ❧❛ ✢❡❝❤❡ ♣✉❡❞❛ tr❛♥s♠✐t✐r ❡❧ ♣❛r ♠á①✐♠♦ ❞❡ ✹✵✵ ✭◆♠✮✳ ❊❧ ❡s❢✉❡r③♦ ❝♦rt❛♥t❡ ♠á①✐♠♦✱ τmax✱

❡♥ ✉♥ ❡❧❡♠❡♥t♦ s♦♠❡t✐❞♦ ❛ t♦rs✐ó♥✱ ❝♦♠♦ ❡s ❡❧ ❝❛s♦ ❞❡ ❧❛ ✢❡❝❤❛✱ ❡stá ❞❡t❡r♠✐♥❛❞♦ ♣♦r ❧❛ ❡❝✉❛❝✐ó♥ ✺✳✶✶ ✭❇❡❡r ❡t ❛❧✳✱

✷✵✵✻✮ ❞♦♥❞❡✱ T ❡s ❡❧ ♣❛r ❛♣❧✐❝❛❞♦ ❛ ❧❛ ✢❡❝❤❛✱ c ❡s ❡❧ r❛❞✐♦ ❞❡ ❧❛ ✢❡❝❤❛ ② J ❡s ❡❧ ♠♦♠❡♥t♦ ♣♦❧❛r ❞❡ ✐♥❡r❝✐❛ ❞❡t❡r♠✐♥❛❞♦

♣♦r ❧❛s ❡❝✉❛❝✐♦♥❡s ✺✳✶✷ ② ✺✳✶✸ ♣❛r❛ ❡❧ ❝❛s♦ ❞❡ ✉♥ ❡❥❡ só❧✐❞♦ ② ✉♥ ❡❥❡ ❤✉❡❝♦ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

τmax =
Tc

J
✭✺✳✶✶✮

J =
1

2
πc4 ✭✺✳✶✷✮

J =
1

2
π
(

c4ext − c4int
)

✭✺✳✶✸✮

P❛r❛ ❝❛❞❛ ✐t❡r❛❝✐ó♥ r❡❛❧✐③❛❞❛ s❡ ❝♦♠♣r✉❡❜❛ q✉❡ ❡♥ ❧❛ ✢❡❝❤❛ ❞✐s❡ñ❛ ♥♦ s❡ ❡①❝❡❞❛ ❡❧ ❡s❢✉❡r③♦ ❝♦rt❛♥t❡ ♣❡r♠✐s✐❜❧❡ ❞❡❧

♠❛t❡r✐❛❧✳

❊♥s❛♠❜❧❡ ❞❡❧ r♦t♦r✳ ❊♥ ❡❧ r♦t♦r s❡ t✐❡♥❡♥ q✉❡ ❡♥s❛♠❜❧❛r ❧♦s ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ❛❧ ♥ú❝❧❡♦ ❧❛♠✐♥❛❞♦ ② ❧❛ ✢❡❝❤❛ ❛❧

♥ú❝❧❡♦ ❧❛♠✐♥❛❞♦✳ P❛r❛ ❡❧ ❡♥s❛♠❜❧❡ ❞❡❧ ♥ú❝❧❡♦ ② ❧♦s ✐♠❛♥❡s ❧❛ ♦♣❝✐ó♥ ♠ás ❝♦♥✈❡♥✐❡♥t❡ ❡s q✉❡ s❡❛♥ ❡♥s❛♠❜❧❛❞♦s ♣♦r ❡❧

♠✐s♠♦ ♣r♦✈❡❡❞♦r ❡s♣❡❝✐❛❧✐③❛❞♦ q✉❡ ❝♦♥str✉✐rá ❧♦s ♥ú❝❧❡♦s ②❛ q✉❡ ❝✉❡♥t❛♥ ❝♦♥ ❧❛ ❡①♣❡r✐❡♥❝✐❛ ❡♥ ❡❧ ♠❛♥❡❥♦ ❞❡ ❧♦s ✐♠❛♥❡s

❞❡❜✐❞♦ ❛ q✉❡ s♦♥ ♠✉② ❞❡❧✐❝❛❞♦s✳
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P❛r❛ ❡❧ ❡♥s❛♠❜❧❡ ❞❡ ❧❛ ✢❡❝❤❛ ❛❧ ♥ú❝❧❡♦ ❧❛ ♦♣❝✐ó♥ ♠ás s❡♥❝✐❧❧❛ s❡rí❛ ✉♥✐r ❞✐r❡❝t❛♠❡♥t❡ ❛♠❜❛s ♣✐❡③❛s ②❛ s❡❛ ♣♦r ♠❡❞✐♦

❞❡ s♦❧❞❛❞✉r❛ ♦ ❡♥s❛♠❜❧❡ ❛ ♣r❡s✐ó♥✱ s✐♥ ❡♠❜❛r❣♦✱ ❡❧ ❞✐á♠❡tr♦ ✐♥t❡r♥♦ ❞❡❧ r♦t♦r ❡s ❞❡ ✶✶✶ ✭♠♠✮ ② r❡s✉❧t❛rí❛ ✐♥❝♦♥✈❡✲

♥✐❡♥t❡ t♦♠❛r ❡st❡ ✈❛❧♦r ❝♦♠♦ ❡❧ ❞✐á♠❡tr♦ ❞❡ ❧❛ ✢❡❝❤❛ ♣♦r q✉❡ ❧❛s r❡❞✉❝❝✐♦♥❡s ❞❡ ❞✐á♠❡tr♦ r❡q✉❡r✐❞❛s ♣❛r❛ ❝♦❧♦❝❛r ❧♦s

r♦❞❛♠✐❡♥t♦s ② ❡❧ s❡❧❧♦ ♠❡❝á♥✐❝♦ s❡rí❛ ♠✉② ❣r❛♥❞❡s ❡ ✐♠♣❧✐❝❛rí❛ ❣r❛♥ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ❡s❢✉❡r③♦s✳

❖tr❛ ❞❡s✈❡♥t❛❥❛ ❞❡ t❡♥❡r t♦❞♦ ❡❧ r♦t♦r ✐♥t❡❣r❛❞♦ ✜❥❛♠❡♥t❡ s❡ ♣r❡s❡♥t❛rí❛ ❡♥ ❝❛s♦ ❞❡ t❡♥❡r q✉❡ r❡❝♦♥str✉✐r ♦ ♠♦❞✐✜❝❛r

❛❧❣✉♥❛ ♣✐❡③❛ ♣♦r ❛❧❣ú♥ ✐♥❝♦♥✈❡♥✐❡♥t❡✳ ❊st❛♠♦s s❡❣✉r♦s q✉❡ ❧❛ ❣❡♦♠❡trí❛ ❞❡ r♦t♦r ♥♦ ❝❛♠❜✐❛rá✱ ♣♦r ❧♦ q✉❡ ❛♥t❡ ❝✉❛❧q✉✐❡r

❝♦♥tr❛t✐❡♠♣♦✱ ♣♦❞❡♠♦s ❝❛♠❜✐❛r ❧❛s ❞✐♠❡♥s✐♦♥❡s ❞❡ ❧❛ ✢❡❝❤❛ ② r❡❝♦♥str✉✐r s♦❧♦ ❡st❛ ♣❛rt❡✳ P❛r❛ ❡❧ ❝❛s♦ ❞❡❧ ❡♥s❛♠❜❧❡ ❞❡

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

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

P♦r ❧❛s r❛③♦♥❡s ❛♥t❡r✐♦r❡s✱ s❡ s❡❧❡❝❝✐♦♥ó ❡❧ ✉s♦ ❞❡ ❜✉❥❡s ❞❡ tr❛♥s♠✐s✐ó♥ ❞❡ ♣♦t❡♥❝✐❛ ♣❛r❛ ✉♥✐r ❧❛ ✢❡❝❤❛ ❝♦♥ ♥ú❝❧❡♦✱ ❡s

❝❧❛r♦ q✉❡ ♣❛r❛ r❡❛❧✐③❛r ❡♥t❡ ❡♥s❛♠❜❧❡ s❡ r❡q✉❡r✐rá ❞❡ ❛❧❣ú♥ ❤❡rr❛♠❡♥t❛❧ ❡s♣❛❝✐❛❧ ② s❡rá ♠✉② ❝♦♥✈❡♥✐❡♥t❡ q✉❡ ❧♦ ❡❥❡❝✉t❡

❛❧❣ú♥ té❝♥✐❝♦ ❝♦♥ ❡①♣❡r✐❡♥❝✐❛ ❡♥ ❡❧ ❡♥s❛♠❜❧❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♠❡❝á♥✐❝♦s✳

▲❛ ❝♦♥✜❣✉r❛❝✐ó♥ ✜♥❛❧ s❡ ♠✉❡str❛ ❡♥ ❧❛ ✜❣✉r❛ ✺✳✶✾✳ ❆♣❛rt❡ ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s ②❛ ♠❡♥❝✐♦♥❛❞♦s s❡ ♠✉❡str❛ ✉♥❛ ❝❛♠✐s❛

✐♥t❡r♥❛ ❡♥ ❡❧ ❞✐á♠❡tr♦ ✐♥t❡r✐♦r ❞❡❧ r♦t♦r q✉❡ s✐r✈❡ ❝♦♠♦ ♠❡❞✐♦ ❞❡ ❝♦♥❡①✐ó♥ ❡♥tr❡ ❡❧ ♥ú❝❧❡♦ ② ❡❧ ❜✉❥❡✱ ❞✐❝❤❛ ❝❛♠✐s❛ ❡s

s♦❧❞❛❞❛ ❛❧ r♦t♦r ② s❡ s♦❧✐❝✐t❛rá q✉❡ s❡❛ ❡♥s❛♠❜❧❛❞❛ ♣♦r ❡❧ ♣r♦✈❡❡❞♦r q✉❡ ❢❛❜r✐❝❛rá ❡❧ ♥ú❝❧❡♦ ❞❡ ♠♦❞♦ q✉❡ s❡❛ s♦❧❞❛❞♦

♣r❡✈✐♦ ❛❧ tr❛t❛♠✐❡♥t♦ tér♠✐❝♦✳ ❖tr♦ ❝♦♠♣♦♥❡♥t❡ ❛❞✐❝✐♦♥❛❧ ❡s ✉♥❛ ♣❧❛❝❛ q✉❡ s❡ ❝♦❧♦❝❛ ❛ ❝❛❞❛ ❡①tr❡♠♦ ❞❡❧ ♥ú❝❧❡♦✱ ❡♥

❞✐❝❤❛s ♣❧❛❝❛s s❡ r❡❛❧✐③❛rá♥ ❜❛rr❡♥♦s ♣❛r❛ q✉✐t❛r ♠❛t❡r✐❛❧ ❞✉r❛♥t❡ ❡❧ ❜❛❧❛♥❝❡♦ ❞❡❧ r♦t♦r✳

✺✳✷✳✹✳✸✳ ❉✐s❡ñ♦ ❞❡❧ s✐st❡♠❛ ❞❡ ❡♥❢r✐❛♠✐❡♥t♦✳

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

▲❛ ♠❛②♦rí❛ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ❛❝t✉❛❧❡s ✉t✐❧✐③❛♥ ♠❡❞✐♦s ❞❡ tr❛♥s❢❡r❡♥❝✐❛ ❞❡ ❝❛❧♦r ♣♦r ❝♦♥✈❡❝❝✐ó♥✳ ❉✐❝❤♦ ♣r♦❝❡s♦

♣✉❡❞❡ ❝❧❛s✐✜❝❛rs❡ ❡♥ ❝♦♥✈❡❝❝✐ó♥ ♥❛t✉r❛❧ ♦ ❝♦♥✈❡❝❝✐ó♥ ❢♦r③❛❞❛✳ ▲❛ ❡❝✉❛❝✐ó♥ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ❧❛ tr❛♥s❢❡r❡♥❝✐❛ ❞❡ ❝❛❧♦r

♣♦r ❝♦♥✈❡❝❝✐ó♥ s❡ ❡①♣r❡s❛ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✺✳✶✹

RT =
1

hA
✭✺✳✶✹✮

❉❡ ❧❛ ❡❝✉❛❝✐ó♥ ❛♥t❡r✐♦r ♣♦❞❡♠♦s ❛♣r❡❝✐❛r q✉❡ ♣❛r❛ ❞✐s♠✐♥✉✐r ❧❛ r❡s✐st❡♥❝✐❛ tér♠✐❝❛ s❡ ❞❡❜❡ ❜✉s❝❛r t❡♥❡r ✉♥ ❛❧t♦

❝♦❡✜❝✐❡♥t❡ ❞❡ tr❛♥s❢❡r❡♥❝✐❛ ❞❡ ❝❛❧♦r ♦ ♠❛①✐♠✐③❛r ❡❧ ár❡❛ ❞❡ ❝♦♥t❛❝t♦✳ ❉❡ ❧♦s ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❝♦♥✈❡❝❝✐ó♥ ❛♣❧✐❝❛❞❛ ❛

❧♦s s✐st❡♠❛s ❞❡ ❡♥❢r✐❛♠✐❡♥t♦ s❡ s❛❜❡ q✉❡ ❛❧ ✉t✐❧✐③❛r ❝♦♥✈❡❝❝✐ó♥ ♥❛t✉r❛❧ ❝♦♥ ❛✐r❡ s❡ ❛❧❝❛♥③❛ ✉♥ ❝♦❡✜❝✐❡♥t❡ h ❡♥tr❡ ❧♦s

✺✲✶✵
(

W
m2K

)

✱ ♣❛r❛ ❧❛ ❝♦♥✈❡❝❝✐ó♥ ❢♦r③❛❞❛ ❝♦♥ ❛✐r❡ h s❡ ❡♥❝✉❡♥tr❛ ❡♥tr❡ ❧♦s ✶✵✲✸✵✵
(

W
m2K

)

② ♣❛r❛ ❧❛ ❝♦♥✈❡❝❝✐ó♥ ❢♦r③❛❞❛

❝♦♥ ❧íq✉✐❞♦s ❡❧ r❛♥❣♦ ❡s ❞❡ ✺✵✲✷✵✵✵✵
(

W
m2K

)

✭❄✮✳ P♦r ❧♦ ❛♥t❡r✐♦r s❡ ❞❡❝✐❞✐ó ✉t✐❧✐③❛r ✉♥ s✐st❡♠❛ ❞❡ ❝♦♥✈❡❝❝✐ó♥ ❢♦r③❛❞❛

♣♦r ❧íq✉✐❞♦s✳
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❋✐❣✉r❛ ✺✳✶✾✿ ❈♦♥✜❣✉r❛❝✐ó♥ ❞❡❧ ❡♥s❛♠❜❧❡ ❞❡❧ r♦t♦r✳

▲❛s ♣♦s✐❜❧❡s ❝♦♥✜❣✉r❛❝✐♦♥❡s ♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡❧ s✐st❡♠❛ ❞❡ r❡❢r✐❣❡r❛❝✐ó♥ ✐♥❝❧✉②❡♥✿ ❝❛♠✐s❛s ❝✐r❝✉♥❢❡r❡♥❝✐❛❧❡s ② ❛①✐❛❧❡s✱

t✉❜♦s ❞❡ ❝♦❜r❡ ❢✉♥❞✐❞♦s s♦❜r❡ ❧❛ ❡str✉❝t✉r❛✱ r♦❝í♦ ❡s♣❛r❝✐❞♦ s♦❜r❡ ❡❧ r♦t♦r ② ❡st❛t♦r✱ ❡t❝✳ ✭❚♦♥❣✱ ✷✵✶✹✮✳ ▲❛ ❝♦♥✜❣✉r❛❝✐ó♥

s❡❧❡❝❝✐♦♥❛❞❛ s♦♥ ❞✉❝t♦s ♠❛q✉✐♥❛❞♦s s♦❜r❡ ❧❛ ❡str✉❝t✉r❛ ❞❡❧ r♦t♦r✳ ▲❛ ♣r✐♥❝✐♣❛❧ r❛③ó♥ ❡s ❧❛ s✐♠♣❧✐✜❝❛❝✐ó♥ ❡♥ ❡❧ ❡♥s❛♠❜❧❡

❣❡♥❡r❛❧✱ ❛✉♥q✉❡ ❧❛ ❝♦♠♣❧❡❥✐❞❛❞ ♣❛r❛ ♠❛♥✉❢❛❝t✉r❛r ❧❛ ❡str✉❝t✉r❛ ❛✉♠❡♥t❛rá✳

❉❡❧ ♠❛♣❛ ❞❡ ♣ér❞✐❞❛s ♦❜t❡♥✐❞♦ ❡♥ ❡❧ ❛♥á❧✐s✐s ❡❧❡❝tr♦♠❛❣♥ét✐❝♦ s❡ ❡st✐♠❛ q✉❡ ❧❛s ♣ér❞✐❞❛s ♠á①✐♠❛s s❡❛♥ ❞❡ ✾✳✺ ✭❦❲✮✳ P♦r

♦tr♦ ❧❛❞♦ ❧❛ t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛ ♣❡r♠✐t✐❞❛ ♣❛r❛ ❡✈✐t❛r ❞❛ñ♦s ❛ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ② ❛❧ ❛✐s❧❛♥t❡s ❞❡❧ ❛❧❛♠❜r❡ ❞❡ ❧❛s

❜♦❜✐♥❛s ❡s ❡♥ ♣r♦♠❡❞✐♦ ❞❡ ✶✵✵ ✭➦❈✮ ♠✐❡♥tr❛s q✉❡ ❧❛ t❡♠♣❡r❛t✉r❛ ❛ ❛ s❛❧✐❞❛ ❞❡ ✉♥ r❛❞✐❛❞♦r ❝♦♥✈❡♥❝✐♦♥❛❧ ❡s ❡♥ ♣r♦♠❡❞✐♦

❞❡ ✻✵ ✭➦❈✮ ✭❇♦♥♥✐❝❦ ❛♥❞ ◆❡✇❜♦❧❞✱ ✷✵✵✺✮✳ ❙✉♣♦♥✐❡♥❞♦ q✉❡ t♦❞❛s ❧❛s ♣ér❞✐❞❛s ❡♥ ❢♦r♠❛ ❞❡ ❝❛❧♦r s♦♥ tr❛♥s♠✐t✐❞❛s ❛❧

✢✉✐❞♦ r❡❢r✐❣❡r❛♥t❡ ② q✉❡ ❡❧ ❧íq✉✐❞♦ ✉s❛❞♦ ❡s ●❧✐❝♦❧✱ ❡❧ ❝✉❛❧ t✐❡♥❡ ✉♥❛ ❝❛♣❛❝✐❞❛❞ tér♠✐❝❛ ❡s♣❡❝✐✜❝❛ Cp = 3.04
(

kJ
Kg·K

)

②

✉♥❛ ❞❡♥s✐❞❛❞ ρ = 1108
(

Kg
m3

)

✭❚♦♥❣✱ ✷✵✶✹✮❀ ❡❧ ❣❛st♦ ✈♦❧✉♠étr✐❝♦ ❞❡ r❡❢r✐❣❡r❛♥t❡ r❡q✉❡r✐❞♦ s❡ ♣✉❡❞❡ ❛♣r♦①✐♠❛r ✉t✐❧✐③❛♥❞♦

❧❛s ❡❝✉❛❝✐♦♥❡s ✺✳✶✺ ② ✺✳✶✻✳

Q = ṁCp∆T ✭✺✳✶✺✮

V̇ =
ṁ

ρ
✭✺✳✶✻✮
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❈✉❛❞r♦ ✺✳✹✿ ❈❛r❛❝t❡ríst✐❝❛s ❞❡❧ s✐st❡♠❛ ❞❡ ❡♥❢r✐❛♠✐❡♥t♦ ❡♥ ❱❊ ❝♦♠❡r❝✐❛❧❡s
❱❡❤í❝✉❧♦ ❚✐♣♦ ❞❡ ❡♥❢r✐❛♠✐❡♥t♦ ●❛st♦ ✈♦❧✉♠étr✐❝♦

(

L
min

)

❚❡♠♣✳ ❞❡ ❡♥tr❛❞❛ ❞❡❧ r❡❢r✐❣❡r❛♥t❡ (➦C)

◆✐ss❛♥ ▲❡❛❢ ✷✵✶✷ ❈♦♥✈❡❝❝✐ó♥ ❢♦r③❛❞❛ ✻ ✻✺
❚♦②♦t❛ Pr✐✉s ✷✵✵✹ ❈♦♥✈❡❝❝✐ó♥ ❢♦r③❛❞❛ ✼ ✺✺

❇▼❲ ✐✸ ❈♦♥✈❡❝❝✐ó♥ ❢♦r③❛❞❛ ✶✵ ✺✺

❋✐❣✉r❛ ✺✳✷✵✿ ❈♦♥✜❣✉r❛❝✐ó♥ ❞❡❧ s✐st❡♠❛ ❞❡ ❡♥❢r✐❛♠✐❡♥t♦✳

❯t✐❧✐③❛♥❞♦ ❧♦s ❞❛t♦s ❛♥t❡r✐♦r❡s ② r❡❛❧✐③❛♥❞♦ ❧❛s ❝♦♥✈❡rs✐♦♥❡s ❛❞❡❝✉❛❞❛s ❡❧ ❣❛st♦ ✈♦❧✉♠étr✐❝♦ s❡ ❡st✐♠❛ ❡♥ ✹✳✷✸
(

L
min

)

✳

❊♥ ❧❛ t❛❜❧❛ ✺✳✹ s❡ ♠✉❡str❛♥ ❛❧❣✉♥♦s ❞❛t♦s ❞❡ ❧♦s s✐st❡♠❛s ❞❡ ❡♥❢r✐❛♠✐❡♥t♦ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❛♥❛❧✐③❛❞♦s✱ ❧♦s ❝✉❛❧❡s s❡

❡♥❝✉❡♥tr❛♥ ♣ró①✐♠♦s ❛ ❧♦s ❞❛t♦s ✉t✐❧✐③❛❞♦s ❡♥ ❡❧ ❝á❧❝✉❧♦✳ ❊♥ ❧❛ ✜❣✉r❛ ✺✳✷✵ s❡ ♠✉❡str❛ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ s❡❧❡❝❝✐♦♥❛❞❛✱ ❧❛s

❞♦s ❞✐♠❡♥s✐♦♥❡s ✐♠♣♦rt❛♥t❡s ♣♦r ❞❡✜♥✐r s♦♥ ❡❧ ❞✐á♠❡tr♦ ❞❡ ❧♦s ❞✉❝t♦s ② ❡❧ ❧❛r❣♦ t♦t❛❧ ❞❡ ❧♦s ♠✐s♠♦s✳ ❉✐❝❤❛s ❞✐♠❡♥s✐♦♥❡s

❢✉❡r♦♥ ❞❡t❡r♠✐♥❛❞❛s ❞✉r❛♥t❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ✐♥❣❡♥✐❡rí❛ ❞❡ ❞❡t❛❧❧❡ ♣♦r ❧❛s r❡str✐❝❝✐♦♥❡s ❣❡♦♠étr✐❝❛s ❞❡ ❧❛ ❡str✉❝t✉r❛✱ ❞❡

❡st❡ ♠♦❞♦ ♣❛r❛ ❢✉t✉r♦s tr❛❜❛❥♦s s❡ ❞❡❜❡♥ ❝❛❧❝✉❧❛r ❧❛s ✈❡❧♦❝✐❞❛❞ ② ♣r❡s✐♦♥❡s ❞❡❧ ✢✉✐❞♦ ② ♣♦r ❧♦ t❛♥t♦ s❡❧❡❝❝✐♦♥❛r ❡❧ r❡st♦

❞❡ ❧♦s ❡q✉✐♣♦s ❝♦♠♦ ❧❛ ❜♦♠❜❛ ② ❡❧ ❞❡♣ós✐t♦ ♣❛r❛ ❡❧ r❡❢r✐❣❡r❛♥t❡ q✉❡ ♥♦ ❢♦r♠❛♥ ♣❛rt❡ ❞❡ ❡st❡ tr❛❜❛❥♦✳

✺✳✷✳✹✳✹✳ ❉✐s❡ñ♦ ❞❡ ❧❛ ❡str✉❝t✉r❛✳

▲❛ ❡str✉❝t✉r❛ s❡ ❝♦♠♣♦♥❡ ❛ s✉ ✈❡③ ❞❡❧ ❝✉❡r♣♦ ♣r✐♥❝✐♣❛❧ ② ❞❡ ❧❛s t❛♣❛s ♣❛r❛ ❝❛❞❛ ❡①tr❡♠♦✳ ▲❛ ❢✉♥❝✐ó♥ ♣r✐♥❝✐♣❛❧ ❞❡❧

❝✉❡r♣♦ ♣r✐♥❝✐♣❛❧ ❡s ❛❧❜❡r❣❛r ❛❧ ❡st❛t♦r ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ♥❡❝❡s❛r✐❛ ② ❝♦♥ ❧♦s ❛❥✉st❡s ❛❞❡❝✉❛❞♦s✱ ♣♦r ♦tr♦ ❧❛❞♦✱ ❡❧ ❝✉❡r♣♦

♣r✐♥❝✐♣❛❧ t❛♠❜✐é♥ ♣♦s❡❡ ✐♥t❡❣r❛❞♦ ❧♦s ❞✉❝t♦s ❞❡❧ s✐st❡♠❛ ❞❡ ❡♥❢r✐❛♠✐❡♥t♦ ② ❧♦s ❡s♣❛❝✐♦s ♣❛r❛ ❧❛s ❝♦♥❡①✐♦♥❡s ❞❡ s❡♥s♦r❡s

② ❞❡ ♣♦t❡♥❝✐❛ ❡❧é❝tr✐❝❛✱ ♣♦r ú❧t✐♠♦ ❡❧ ❝✉❡r♣♦ ♣r✐♥❝✐♣❛❧ ❝♦♥t❛rá ❝♦♥ ❡❧ ♠❡❝❛♥✐s♠♦ ❞❡ ✜❥❛❝✐ó♥ ❛ t✐❡rr❛✳ ❊♥ ❝✉❛♥t♦ ❛ ❧❛s
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t❛♣❛s ❡①tr❡♠❛s ❝✉♠♣❧❡♥ ❝♦♥ ❧❛ ♣r✐♥❝✐♣❛❧ ❢✉♥❝✐ó♥ ❞❡ s♦♣♦rt❛r ❛ ❧♦s r♦❞❛♠✐❡♥t♦s ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ❛❞❡❝✉❛❞❛ ♣❛r❛ ♠❛♥t❡♥❡r

❛❧ r♦t♦r ❝❡♥tr❛❞♦ ❝♦♥ r❡s♣❡❝t♦ ❛❧ ❡st❛t♦r✳

❊❧ ♠❛t❡r✐❛❧ s❡❧❡❝❝✐♦♥❛❞♦ ♣❛r❛ ❧❛ ❡str✉❝t✉r❛ ❡s ❧❛ ❛❧❡❛❝✐ó♥ ❞❡ ❛❧✉♠✐♥✐♦ ✼✵✼✺✱ ❧❛ ❝✉❛❧ ♣♦s❡❡ ❡①❝❡❧❡♥t❡s ♣r♦♣✐❡❞❛❞❡s

♠❡❝á♥✐❝❛s ② ❜✉❡♥❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ♠❛q✉✐♥❛❞♦✱ s❡ ❤❛ ♣❧❛♥t❡❛❞♦ ♠❛♥✉❢❛❝t✉r❛r ❡stás ♣✐❡③❛s ♣♦r ♠❡❞✐♦ ❞❡ ❢✉♥❞✐❝✐ó♥✱

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

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

✺✳✷✳✹✳✺✳ ❙❡❧❡❝❝✐ó♥ ❞❡ ❧♦s ❡❧❡♠❡♥t♦s ❝♦♠❡r❝✐❛❧❡s

❙❡❧❡❝❝✐ó♥ ❞❡ ❧♦s r♦❞❛♠✐❡♥t♦s✳ P❛r❛ ❡❧ ❝á❧❝✉❧♦ ❞❡ ❧♦s r♦❞❛♠✐❡♥t♦s s❡ ♥❡❝❡s✐t❛♥ ❡st❛❜❧❡❝❡r ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡ ❧❛

❛♣❧✐❝❛❝✐ó♥✱ ❧❛s ❝❛r❣❛s q✉❡ ❞❡❜❡♥ s♦♣♦rt❛r ❧♦s r♦❞❛♠✐❡♥t♦s✱ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❛ s❡r ✉t✐❧✐③❛❞❛ ② ❡❧ ❝✐❝❧♦ ❞❡ ✈✐❞❛ ❡s♣❡r❛❞♦✳

P❛r❛ ✉♥ ✈❡❤í❝✉❧♦ s❡ ❞❡❜❡♥ s❡❧❡❝❝✐♦♥❛r r♦❞❛♠✐❡♥t♦s q✉❡ r❡q✉✐❡r❛♥ ❡❧ ♠í♥✐♠♦ ♠❛♥t❡♥✐♠✐❡♥t♦ ♣♦s✐❜❧❡✳ ❉❡ ❛❝✉❡r❞♦ ❝♦♥

❙❑❋ ✭✷✵✶✽✮ ❡❧ ❝✐❝❧♦ ❞❡ ✈✐❞❛ ❡s♣❡r❛❞♦ ♣❛r❛ ✈❡❤í❝✉❧♦s ❝♦♠❡r❝✐❛❧❡s ❡s ❞❡ ✶✳✺ ♠✐❧❧♦♥❡s ❞❡ ❦✐❧ó♠❡tr♦s✱ ✉t✐❧✐③❛♥❞♦ ❡❧ ❢❛❝t♦r

❞❡ ❝♦♥✈❡rs✐ó♥✿

1(millón de kilómetros) =
103

πD
(millones de revoluciones)

❞♦♥❞❡ ❉ ❡s ❡❧ ❞✐á♠❡tr♦ ❞❡ ❧❛ ❧❧❛♥t❛ ❞❡❧ ✈❡❤í❝✉❧♦✱ s❡ ♣✉❡❞❡ ❡st✐♠❛r ❧❛ ✈✐❞❛ ❞❡❧ r♦❞❛♠✐❡♥t♦ ✉t✐❧✐③❛♥❞♦ ❧❛ ❡❝✉❛❝✐ó♥ ✺✳✶✼ ♦

❛❧❣✉♥❛ ❞❡ ❧❛s ✈❛r✐❛♥t❡s ❡♥ ❙❑❋ ✭✷✵✶✽✮✳

L10 =

(

C

P

)p

✭✺✳✶✼✮

❉✉r❛♥t❡ ❧❛s ✐t❡r❛❝✐♦♥❡s ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡t❛❧❧❛❞♦ s❡ ❢✉❡r♦♥ ✈❡r✐✜❝❛♥❞♦ ❞✐✈❡rs♦s r♦❞❛♠✐❡♥t♦s ♣❛r❛ ❛s❡❣✉r❛r q✉❡ ❝✉♠♣❧✐❡r❛♥

❝♦♥ ❡❧ ❝r✐t❡r✐♦ ❞❡ ✈✐❞❛ út✐❧✱ ♣❛r❛ ❧♦ ❝✉❛❧ s❡ ✐♠♣❧❡♠❡♥tó ❧❛ ❤❡rr❛♠✐❡♥t❛ ❞❡ ❝á❧❝✉❧♦ ❞❡ r♦❞❛♠✐❡♥t♦s ❞❡ ❙❑❋✳ ❆❞❡♠ás✱ s❡

s❡❧❡❝❝✐♦♥❛r♦♥ r♦❞❛♠✐❡♥t♦s ❞❡ ❧❛ ❧í♥❡❛ ❡❉r✐✈❡ ❞❡ ❙❑❋ ❞❡❜✐❞♦ ❛ q✉❡ ❤❛♥ s✐❞♦ ❞✐s❡ñ❛❞♦s ♣❛r❛ ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ tr❛❝❝✐ó♥

♦❢r❡❝✐❡♥❞♦ ✉♥❛ ♠❡♥♦r ❢r✐❝❝✐ó♥✱ ♠❡♥♦s ❞✐s✐♣❛❝✐ó♥ ❞❡ ❝❛❧♦r✱ ♠❛②♦r r♦❜✉st❡③ ♠❡❝á♥✐❝❛ ❛ ✈❡❧♦❝✐❞❛❞❡s ❡❧❡✈❛❞❛s✱ ❡t❝✳

❙❡❧❡❝❝✐ó♥ ❞❡ ❧♦s ❜✉❥❡s ❞❡ tr❛♥s♠✐s✐ó♥ ❞❡ ♣♦t❡♥❝✐❛✳ ❊❧ ♣r✐♥❝✐♣❛❧ ❝r✐t❡r✐♦ ❞❡ s❡❧❡❝❝✐ó♥ ♣❛r❛ ❧♦s ❜✉❥❡s ❞❡ tr❛♥s♠✐✲

s✐ó♥ ❞❡ ♣♦t❡♥❝✐❛ ❢✉❡r♦♥ ❡❧ ♣❛r q✉❡ s♦♥ ❝❛♣❛❝❡s ❞❡ tr❛♥s♠✐t✐r ② ❡❧ ❞✐á♠❡tr♦ ❡①t❡r♥♦✱ ❡❧ ❝✉❛❧ ❞❡❜❡ s❡r ♠❡♥♦r ❛❧ ❞✐á♠❡tr♦

✐♥t❡r♥♦ ❞❡❧ r♦t♦r✱ ✉♥❛ ✈❡③ s❡❧❡❝❝✐♦♥❛❞♦s s❡ r❡str✐♥❣í❛♥ ❧❛s ❞✐♠❡♥s✐♦♥❡s ♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡ ❧❛ ✢❡❝❤❛✳
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❋✐❣✉r❛ ✺✳✷✶✿ ❙✐♠✉❧❛❝✐♦♥❡s r❡❛❧✐③❛❞❛s ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡❧ ♠♦t♦r✳

✺✳✷✳✺✳ ❙✐♠✉❧❛❝✐♦♥❡s s✐♠✉❧tá♥❡❛s✳

❊❧ s✐❣✉✐❡♥t❡ ♣❛s♦ ❡♥ ❧❛ ♠❡t♦❞♦❧♦❣í❛ ❡s ❧❛ ❡❥❡❝✉❝✐ó♥ ❞❡ s✐♠✉❧❛❝✐♦♥❡s ❞❡ ❞✐✈❡rs♦s ❢❡♥ó♠❡♥♦s ❢ís✐❝♦s ✐♥✈♦❧✉❝r❛❞♦s ❡♥ ❡❧

❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❞❡❧ ♠♦t♦r✳ ▲❛ ✐❞❡❛ ❞❡trás ❞❡ ❡st❡ ♣❛s♦ ❡s ✈❡r✐✜❝❛r q✉❡ ♣❛r❛ ❧❛s ❣❡♦♠❡trí❛s s❡❧❡❝❝✐♦♥❛❞❛✱ ❧♦s ❡s❢✉❡r③♦s

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

♣r❡❞✐❝❝✐ó♥ tér♠✐❝❛ ❡❧❡♠❡♥t❛❧ ❞❡❧ ♠♦t♦r✳

▲❛ ❢♦r♠❛ ❡♥ q✉❡ s❡ ❡❥❡❝✉t❛r♦♥ ❡st❛s s✐♠✉❧❛❝✐♦♥❡s ❢✉❡ ♣♦r ♠❡❞✐♦ ❞❡❧ ♣r♦❣r❛♠❛ ❞❡ ❝♦♠♣✉t♦ ❆♥s②s ❲♦r❦❜❡♥❝❤✳ ❉✐❝❤❛

♣❧❛t❛❢♦r♠❛ ♣❡r♠✐t❡ r❡❛❧✐③❛r s✐♠✉❧❛❝✐♦♥❡s ❞❡ ❞✐st✐♥t♦s ❢❡♥ó♠❡♥♦s ❢ís✐❝♦s r❡❧❛❝✐♦♥❛♥❞♦ ❝✐❡rt♦s ♣❛rá♠❡tr♦s ♣❛r❛ r❡❧❛❝✐♦♥❛r

❧♦s r❡s✉❧t❛❞♦s✳ ❊♥ ❧❛ ✜❣✉r❛ ✺✳✷✶ s❡ ♠✉❡str❛♥ ❧❛s s✐♠✉❧❛❝✐♦♥❡s q✉❡ ❢✉❡r♦♥ r❡❛❧✐③❛❞❛s ❡♥ ❢♦r♠❛ s✐♠✉❧tá♥❡❛✳

❊❧ ♣r✐♠❡r ❜❧♦q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛❧ ❛♥á❧✐s✐s ❡❧❡❝tr♦♠❛❣♥ét✐❝♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❡❧ ♠♦t♦r✳ ❙❡ r❡❛❧✐③ó ❡st❡ ❛♥á❧✐s✐s ❡♥ tr❡s

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

❆♥s②s ❲♦r❦❜❡♥❝❤ s❡ tr❛♥s♠✐t❡♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣ér❞✐❞❛s ❡♥ ❧♦s ♥ú❝❧❡♦s ② ❜♦❜✐♥❛s ❛❧ r❡st♦ ❞❡ ❧❛s s✐♠✉❧❛❝✐♦♥❡s✳

❊❧ s❡❣✉♥❞♦ ❜❧♦q✉❡ ❡s ✉♥ ❛♥á❧✐s✐s tér♠✐❝♦ ♣♦r ♠❡❞✐♦ ❞❡ ❈❋❉✱ ❞♦♥❞❡ ❧❛s ♣ér❞✐❞❛s ❞❡❧ ❜❧♦q✉❡ ❛♥t❡r✐♦r s♦♥ tr❛♥s❢♦r♠❛❞❛s

❡♥ ✉♥❛ ❢✉❡♥t❡ ❞❡ ❡♥❡r❣í❛ ✈♦❧✉♠étr✐❝❛ ② s❡ r❡❛❧✐③❛ ✉♥ ❡st✉❞✐♦ ❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧❛ t❡♠♣❡r❛t✉r❛ ❡♥ ❧♦s ♥ú❝❧❡♦s✳ ❊❧ t❡r❝❡r

❜❧♦q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♥ ❛♥á❧✐s✐s tér♠✐❝♦ ✉t✐❧✐③❛♥❞♦ ✉♥ ❡♥❢♦q✉❡ ♠❡❝á♥✐❝♦✱ ❡s ❞❡❝✐r ❧♦s ❝♦♠♣♦♥❡♥t❡s s♦♥ ❝♦♥s✐❞❡r❛❞♦s

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

❡❧ ❞❡s❡♠♣❡ñ♦ ❞❡❧ s✐st❡♠❛ ❞❡ ❡♥❢r✐❛♠✐❡♥t♦✳ ❊❧ t❡r❝❡r ❜❧♦q✉❡ s❡ ✉t✐❧✐③ó ♣❛r❛ ❛♥❛❧✐③❛r ❧❛s ❞❡❢♦r♠❛❝✐♦♥❡s ❡♥ ❧♦s ❞✐❡♥t❡s ❞❡❧

❡st❛t♦r ❞❡❜✐❞♦ ❛ ❧❛s ❢✉❡r③❛s ❡❧❡❝tr♦♠❛❣♥ét✐❝❛s ❡♥ ❡❧ ❡♥tr❡❤✐❡rr♦✳

❊♥ ❧❛ ✜❣✉r❛ ✺✳✷✷ s❡ ♠✉❡str❛ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ r❡❛❧✐③❛❞❛ ♣❛r❛ ❡❧ ❛♥á❧✐s✐s ♠❡❝á♥✐❝♦✳ ▲❛ ❝♦♥❞✐❝✐ó♥ ❞❡ ❢r♦♥t❡r❛ ❞❡ ♥♦

❞❡s♣❧❛③❛♠✐❡♥t♦ s❡ ❡st❛❜❧❡❝❡ ❛❧ ✜❥❛r ❡❧ ❡st❛t♦r ❡♥ ❡❧ ❞✐á♠❡tr♦ ✐♥t❡r♥♦ ❞❡ ❧❛s ♣❡st❛ñ❛s ❞❡ ✜❥❛❝✐ó♥✱ s❡ ✉t✐❧✐③ó s♦❧♦ ✉♥ ♦❝t❛✈♦

❞❡❧ ♠♦❞❡❧♦ ♣❛r❛ ♣r♦✈❡❝❤❛r ❧❛ s✐♠❡trí❛ ② r❡❞✉❝✐r ❡❧ t✐❡♠♣♦ ❞❡ ❝á❧❝✉❧♦✳
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❋✐❣✉r❛ ✺✳✷✷✿ ❈♦♥✜❣✉r❛❝✐ó♥ ♣❛r❛ ❛♥á❧✐s✐s ❞❡ ❞❡❢♦r♠❛❝✐ó♥✳

✺✳✸✳ ❈♦♥❝❧✉s✐♦♥❡s ❞❡❧ ❝❛♣ít✉❧♦

❊♥ ❡st❡ ❝❛♣ít✉❧♦ s❡ ♠♦stró t♦❞❛ ❧❛ ♠❡t♦❞♦❧♦❣í❛ ✐♠♣❧❡♠❡♥t❛❞❛ ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ✉♥ ♣r♦t♦t✐♣♦ ❞❡ ▼❊❚✳ Pr✐♠❡r♦ s❡ ❞❡s❝r✐❜✐ó

❞❡ ♠❛♥❡r❛ ❣❡♥❡r❛❧ ❧♦s ♣❛s♦s r❡q✉❡r✐❞♦s ♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡ ▼❊❚✱ ♣♦st❡r✐♦r♠❡♥t❡ s❡ ❛s✐❣♥❛r♦♥ ❛❝t✐✈✐❞❛❞❡s ❡s♣❡❝í✜❝❛s ♣❛r❛

s❡❣✉✐r ❞✐❝❤♦s ♣❛s♦s✱ ♣❡r♦ ❛♣❧✐❝❛❞♦s ❛❧ ❞✐s❡ñ♦ ❞❡ ✉♥ ♣r♦t♦t✐♣♦ ❞❡❧ q✉❡ s❡ ♣❧❛♥❡❛♥ ❝♦♥str✉✐r s♦❧♦ ❞♦s ✉♥✐❞❛❞❡s✳ ▼✉❝❤❛s ❞❡

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

❞❡ ❧♦s ❝❛♠♣♦s ❞❡ ❧❛ ✐♥❣❡♥✐❡rí❛✳ Pr✐♥❝✐♣❛❧♠❡♥t❡ ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡❧ s✐st❡♠❛ ❞❡ ❡♥❢r✐❛♠✐❡♥t♦ ② ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ❧♦s ♥ú❝❧❡♦s

❧❛♠✐♥❛❞♦s✳

❙✐♥ ❡♠❜❛r❣♦✱ s❡ ❤❛ ❝♦♥t❡♠♣❧❛❞♦ ❧♦ ♠í♥✐♠♦ ♥❡❝❡s❛r✐♦ ♣❛r❛ q✉❡ ❡❧ ♣r♦t♦t✐♣♦ s❡❛ ❢✉♥❝✐♦♥❛❧ ② ♣❡r♠✐t❛ ♦❜t❡♥❡r ❞❛t♦s

❡①♣❡r✐♠❡♥t❛❧❡s ✉♥❛ ✈❡③ q✉❡ s❡❛ ❤❛②❛ ❝♦♥str✉✐❞♦✳ ❉❡ ✐❣✉❛❧ ❢♦r♠❛ s❡ ❤❛♥ ✐❞❡♥t✐✜❝❛❞♦ ❧❛s ár❡❛s ❡♥ ❧❛s q✉❡ s❡ r❡q✉✐❡r❡

❝♦❧❛❜♦r❛r ❝♦♥ ❣❡♥t❡ ✐♥t❡r❡s❛❞❛ ❡♥ ❡s♣❡❝✐❛❧✐③❛rs❡✳



❈❛♣ít✉❧♦ ✻

❘❡s✉❧t❛❞♦s ② ❈♦♥❝❧✉s✐♦♥❡s

❊♥ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s s❡ ♠✉❡str❛ ❡❧ ❞✐s❡ñ♦ ✜♥❛❧ ❞❡❧ ♣r♦t♦t✐♣♦ ② ❡❧ ❛♥á❧✐s✐s ❞❡❧ ❞❡s❡♠♣❡ñ♦ ❞❡ ❡st❡✳ ❙❡ ❞❡s❝r✐❜❡

❡❧ ❛rr❡❣❧♦ ❣❡♥❡r❛❧ ② ❧♦s ♣r✐♥❝✐♣❛❧❡s ❝♦♠♣♦♥❡♥t❡s ② s❡ ♠✉❡str❛♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s s✐♠✉❧❛❝✐♦♥❡s q✉❡ ♠✉❡str❛♥ ❡❧

❞❡s❡♠♣❡ñ♦✳ ❙❡ ♣✉❡❞❡ ❝♦♥s✉❧t❛r ❧❛ ❞♦❝✉♠❡♥t❛❝✐ó♥ ❞❡t❛❧❧❛❞❛✱ t❛❧❡s ❝♦♠♦ ♣❧❛♥♦s ② ❞✐❛❣r❛♠❛s ❞❡ ❡♥s❛♠❜❧❡ ❡♥ ❡❧ ❛♣é♥❞✐❝❡✳

❙❡ ♣r❡s❡♥t❛ ✉♥❛ ❧✐st❛ ❞❡ ❣✉í❛s ❞❡ ❞✐s❡ñ♦ r❡❝♦♣✐❧❛❞❛ ② ✈❡r✐✜❝❛❞❛ ♣♦r ♠❡❞✐♦ ❞❡ ❧❛s s✐♠✉❧❛❝✐♦♥❡s r❡❛❧✐③❛❞❛s✳ P♦st❡r✐♦r♠❡♥t❡

s❡ ❞✐s❝✉t❡♥ ❧♦s tr❛❜❛❥♦s ❛ r❡❛❧✐③❛r ❡♥ ✉♥ ❢✉t✉r♦ ② ❧❛s ár❡❛s ❞❡ ♠❡❥♦r❛ ❡♥ ❧❛ ♠❡t♦❞♦❧♦❣í❛ r❡❛❧✐③❛❞❛✳ ❙❡ ✜♥❛❧✐③❛ ❡❧ ❝❛♣ít✉❧♦

❝♦♥ ❧❛s ❝♦♥❝❧✉s✐♦♥❡s s♦❜r❡ ❡st❡ tr❛❜❛❥♦ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥✳

✻✳✶✳ ❆rr❡❣❧♦ ❣❡♥❡r❛❧ ❞❡❧ ❞✐s❡ñ♦ ✜♥❛❧✳

▲❛s ♣r✐♥❝✐♣❛❧❡s ❝❛r❛❝t❡ríst✐❝❛s ❞❡❧ ❞✐s❡ñ♦ ✜♥❛❧ s❡ ♠✉❡str❛♥ ❧❛ t❛❜❧❛ ✻✳✶✳ ❊♥ ❧❛ ✜❣✉r❛ ✻✳✶✱ s❡ ♣✉❡❞❡ ♦❜s❡r✈❛r ❧❛ ♣r♦♣✉❡st❛

✜♥❛❧ ❞❡ ❞✐s❡ñ♦✳ ▲♦s ❝♦♠♣♦♥❡♥t❡s q✉❡ s❡ ♣✉❡❞❡♥ ❛♣r❡❝✐❛r ❡♥ ❡st❛ ✈✐st❛ s♦♥ ❛ ❡str✉❝t✉r❛ ❞❡❧ ♠♦t♦r ② ❧❛ ✢❡❝❤❛ ❞❡❧ r♦t♦r✳

▲❛ ❡str✉❝t✉r❛ ❡stá ❝♦♠♣✉❡st❛ ♣♦r ❝✉❡r♣♦ ♣r✐♥❝✐♣❛❧ ② ❞♦s t❛♣❛s ❡①tr❡♠❛s q✉❡ ❛❧❜❡r❣❛♥ ❛ ❧♦s r♦❞❛♠✐❡♥t♦s✳ ▲❛s ❢✉♥❝✐♦♥❡s

❞❡ ❞✐❝❤❛s ❝❛✈✐❞❛❞❡s s♦♥✿ s✐st❡♠❛ ❞❡ ❡♥❢r✐❛♠✐❡♥t♦✱ ❝♦♥❡①✐♦♥❡s ❞❡ ♣♦t❡♥❝✐❛ ② ❝♦♥❡①✐♦♥❡s ❞❡ s❡♥s♦r❡s✳

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

② s❛❧✐❞❛✳ ▲❛s ❝♦♥❡①✐♦♥❡s ❞❡ ♣♦t❡♥❝✐❛ ② ❞❡ s❡♥s♦r❡s s♦♥ s❡♣❛r❛❞❛s ♣❛r❛ ❡✈✐t❛r r✉✐❞♦✱ ❡♥ ❧❛ ✐♠❛❣❡♥ s♦❧♦ s❡ ❛♣r❡❝✐❛ ❧❛s

❝♦♥❡①✐♦♥❡s ❞❡ ♣♦t❡♥❝✐❛✳

❊♥ ❧❛ ✜❣✉r❛ s❡ ♠✉❡str❛ ✉♥❛ ✈✐st❛ ❞❡ s❡❝❝✐ó♥ ❞❡❧ ❛rr❡❣❧♦ ❣❡♥❡r❛❧✳ ❆q✉í s❡ ♣✉❡❞❡ ♦❜s❡r✈❛r ❝♦♥ ♠ás ❞❡t❛❧❧❡ ❡❧ ❝❛♥❛❧ ❞❡

❝✐r❝✉❧❛❝✐ó♥ ❞❡❧ s✐st❡♠❛ ❞❡ ❡♥❢r✐❛♠✐❡♥t♦✳ ❚❛♠❜✐é♥ s❡ ♦❜s❡r✈❛ ❡❧ ❡st❛t♦r ❝♦♥ ❡❧ ❞❡✈❛♥❛❞♦ ② ❧♦s ❛✐s❧❛♥t❡s ② ❡❧ ❡♥s❛♠❜❧❡ ❞❡❧

r♦t♦r s♦♣♦rt❛❞♦ ♣♦r ❧♦s r♦❞❛♠✐❡♥t♦s ❡♥ ❝❛❞❛ ❡①tr❡♠♦ ❞❡❧ ♠♦t♦r✳

✶✸✷
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❈✉❛❞r♦ ✻✳✶✿ Pr✐♥❝✐♣❛❧❡s ❞✐♠❡♥s✐♦♥❡s ❞❡❧ ❞✐s❡ñ♦ ✜♥❛❧✳

❉❡s❡♠♣❡ñ♦
❱❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ✭r♣♠✮ ✻✵✵✵
P♦t❡♥❝✐❛ ♠á①✐♠❛✭❦❲✮ ✺✵
P❛r ♥♦♠✐♥❛❧ ✭◆♠✮ ✸✻✵

❊st❛t♦r

❉✐á♠❡tr♦ ❡①t❡r✐♦r ✭♠♠✮ ✷✻✾
❉✐á♠❡tr♦ ✐♥t❡r✐♦r ✭♠♠✮ ✶✻✶✳✾
▲♦♥❣✐t✉❞ ❞❡❧ ♥ú❝❧❡♦ ✭♠♠✮ ✽✹

◆ú♠❡r♦ ❞❡ r❛♥✉r❛s ✹✽
❊s♣❡s♦r ❞❡ ❧❛ ❧á♠✐♥❛ ✭♠♠✮ ✵✳✸

▼❛s❛ ❞❡❧ ♥ú❝❧❡♦ ❞❡❧ ❡st❛t♦r ✭❦❣✮ ✶✻✳✹✹

❘♦t♦r

❉✐á♠❡tr♦ ❡①t❡r✐♦r ✭♠♠✮ ✶✻✵✳✺
❉✐á♠❡tr♦ ✐♥t❡r✐♦r ✭♠♠✮ ✶✶✶
▲♦♥❣✐t✉❞ ❞❡❧ ♥ú❝❧❡♦ ✭♠♠✮ ✽✸✳✹

◆ú♠❡r♦ ❞❡ ♣♦❧♦s ✽
▼❛s❛ ❞❡❧ ♥ú❝❧❡♦ ❞❡❧ r♦t♦r ✭❦❣✮ ✺✳✷✽
❊s♣❡s♦r ❞❡ ❧❛ ❧á♠✐♥❛ ✭♠♠✮ ✵✳✸

❉❡✈❛♥❛❞♦

❱✉❡❧t❛s ♣♦r ❜♦❜✐♥❛ ✾
❈✐r❝✉✐t♦s ❡♥ ♣❛r❛❧❡❧♦ ♣♦r ❢❛s❡ ✶

❱✉❡❧t❛s ❡♥ s❡r✐❡ ♣♦r ❢❛s❡ ✵
❆❧❛♠❜r❡s ❡♥ ♣❛r❛❧❡❧♦ ♣♦r ❢❛s❡ ✾

▲❛r❣♦ ❞❡❧ ❡①tr❡♠♦ ✭♠♠✮ ✸✺
▼❛s❛ ❞❡❧ ❞❡✈❛♥❛❞♦ ✭❦❣✮ ✺✳✻✶✻

■♠❛♥❡s ♣❡r♠❛♥❡♥t❡s

■♠❛♥❡s ♣♦r ♣♦❧♦ ✷
❆♥❝❤♦ ✭♠♠✮ ✶✽✳✾
❊s♣❡s♦r ✭♠♠✮ ✻✳✺
▲❛r❣♦ ✭♠♠✮ ✷✼ ✭tr❡s ❜❧♦q✉❡s ♣♦r ♣♦❧♦✮

▼❛s❛ t♦t❛❧ ❞❡ ❧♦s ✐♠❛♥❡s ✭❦❣✮ ✶✳✽✾✺

❋✐❣✉r❛ ✻✳✶✿ ❆rr❡❣❧♦ ❣❡♥❡r❛❧ ❞❡❧ ❞✐s❡ñ♦ ✜♥❛❧✳
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❋✐❣✉r❛ ✻✳✷✿ ❆rr❡❣❧♦ ❣❡♥❡r❛❧ ❝♦♥ ✈✐st❛ ❞❡ s❡❝❝✐ó♥✳

❈❛r❛❝t❡ríst✐❝❛ ❱❛❧♦r ❯♥✐❞❛❞❡s

P♦t❡♥❝✐❛ ♠á①✐♠❛ ✺✵ ❦❲
P❛r ♠á①✐♠♦ ✹✵✵ ◆♠

❱❡❧♦❝✐❞❛❞ ❜❛s❡ ✶✺✵✵ r♣♠
❱❡❧♦❝✐❞❛❞ ♠á①✐♠❛ ✻✵✵✵ r♣♠
❊✜❝✐❡♥❝✐❛ ❞❡ ❝✐❝❧♦ ✾✽ ✪
❱♦❧t❛❥❡ ♥♦♠✐♥❛❧ ✹✵✵ ❱
❈♦rr✐❡♥t❡ ♠á①✐♠❛ ✸✵✵ ❆

✳

❈✉❛❞r♦ ✻✳✷✿ ❈❛r❛❝t❡ríst✐❝❛s ♣r✐♥❝✐♣❛❧❡s ❞❡❧ ❞✐s❡ñ♦ ✜♥❛❧✳

✻✳✶✳✶✳ ❉❡s❡♠♣❡ñ♦ ❡s♣❡r❛❞♦ ❞❡❧ ♠♦t♦r✳

❈♦♠♦ r❡s✉❧t❛❞♦ ❞❡ t♦❞❛s ❧❛s s✐♠✉❧❛❝✐♦♥❡s ❡❢❡❝t✉❛❞❛s ♣♦❞❡♠♦s ♣r❡❞❡❝✐r ❡❧ ❞❡s❡♠♣❡ñ♦ ❞❡❧ ♠♦t♦r ❞✐s❡ñ❛❞♦✳ ❊♥ ❧❛ t❛❜❧❛

✻✳✷s❡ ♠✉❡str❛ ✉♥ r❡s✉♠❡♥ ❞❡ ❧♦s ♣❛rá♠❡tr♦s ❡s♣❡r❛❞♦s ❡♥ ❧♦s ♣r♦t♦t✐♣♦s ❛ ❝♦♥str✉✐r✳

❈♦rr✐❡♥t❡ ② ✈♦❧t❛❥❡ ❞❡ ❛❧✐♠❡♥t❛❝✐ó♥✳ ❊♥ ❧❛ ✜❣✉r❛ ✻✳✸ s❡ ♠✉❡str❛♥ ❧♦s ♠❛♣❛s ❞❡ ❝♦rr✐❡♥t❡ ② ✈♦❧t❛❥❡ q✉❡ s❡ ❡s♣❡r❛♥

♣❛r❛ ❡❧ ♠♦t♦r ❛ ❝♦♥str✉✐r✳ ❙❡ ♦❜s❡r✈❛ q✉❡ s❡ ❡s♣❡r❛ ✉♥ ✈♦❧t❛❥❡ ♠á①✐♠♦ ❞❡ ✸✼✺ ✭❱✮ ② ✉♥❛ ❝♦rr✐❡♥t❡ ♠á①✐♠❛ ❞❡ ✷✼✺ ✭❆✮✱

❛♠❜♦s ✈❛❧♦r❡s s♦♥ ❧❛s ❛♠♣❧✐t✉❞❡s ❞❡ ❧❛ ❢✉❡♥t❡ tr✐❢ás✐❝❛✳ ❊st♦s ✈❛❧♦r❡s ♥♦ s♦♥ ✜♥❛❧❡s ② ♣✉❡❞❡♥ s❡r ♠♦❞✐✜❝❛❞♦s s✐ ❡♥ ❡❧

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

♠á①✐♠♦ ♣❛r ♣♦r ❛♠♣❡r❡ ✭▼❚P❆✱ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮✳
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✭❛✮ ✭❜✮

❋✐❣✉r❛ ✻✳✸✿ ❱❛❧♦r❡s ❞❡ ❧❛ ❛♠♣❧✐t✉❞ ♣❛r❛ ❡❧ ✈♦❧t❛❥❡ ✭❛✮ ② ❝♦rr✐❡♥t❡ ✭❜✮ tr✐❢ás✐❝♦s✳

✭❛✮ ✭❜✮

❋✐❣✉r❛ ✻✳✹✿ ❱❛❧♦r❡s ❞❡ ❧❛ ♣♦t❡♥❝✐❛ ❞❡ ❡♥tr❛❞❛ ✭❛✮ ② ♣♦t❡♥❝✐❛ ❞❡ s❛❧✐❞❛ ✭❜✮✳

P♦t❡♥❝✐❛ ❞❡ ❡♥tr❛❞❛ ② ♣♦t❡♥❝✐❛ ❞❡ s❛❧✐❞❛✳ P❛r❛ q✉❡ ❡❧ ♠♦t♦r ❡♥tr❡❣✉❡ ✉♥❛ ♣♦t❡♥❝✐❛ ♣✐❝♦ ❞❡ ✺✵ ✭❦❲✮ ❧❛ ♣♦t❡♥❝✐❛

❞❡ ❛❧✐♠❡♥t❛❝✐ó♥ ❞❡❧ ♠♦t♦r ❞❡❜❡ s❡r ♠❛②♦r✳ ❊♥ ❧❛ ✜❣✉r❛ ✻✳✹s❡ ♠✉❡str❛♥ ❧♦s ♠❛♣❛s ❞❡ ♣♦t❡♥❝✐❛ ❞❡ ❡♥tr❛❞❛ ② ❞❡ s❛❧✐❞❛✱ s❡

♦❜s❡r✈❛ q✉❡ ❧❛ ♠á①✐♠❛ ♣♦t❡♥❝✐❛ ❞❡ ❡♥tr❛❞❛ ❡s ❞❡ ✻✵ ✭❦❲✮✳ ❊♥ ❧❛ ✜❣✉r❛ ✻✳✺ s❡ ♠✉❡str❛ ❡❧ ♠❛♣❛ ❞❡ ❧❛s ♣ér❞✐❞❛s t♦t❛❧❡s✱

❧❛s ♣ér❞✐❞❛s ♠á①✐♠❛s ♦❝✉rr❡♥ ❛ ✈❡❧♦❝✐❞❛❞❡s ❜❛❥❛s ② ❛❧t♦s ♣❛r❡s ② ❛❧❝❛♥③❛♥ ✉♥ ✈❛❧♦r ♠á①✐♠♦ ❞❡ ✾ ✭❦❲✮✳

❉❡❢♦r♠❛❝✐ó♥ ❡♥ ❧♦s ❞✐❡♥t❡s ❞❡❧ ❡st❛t♦r✳ ❊♥ ❧❛ ✜❣✉r❛ ✻✳✻ s❡ ♠✉❡str❛ ❡❧ r❡s✉❧t❛❞♦ ❞❡❧ ❛♥á❧✐s✐s ❞❡ ❞❡❢♦r♠❛❝✐ó♥ ❡♥

❧♦s ❞✐❡♥t❡s ❞❡❧ ❡st❛t♦r✳ ▲❛ ❞❡♥s✐❞❛❞ ❞❡ ❢✉❡r③❛ ❡♥ ❡❧ ❡♥tr❡❤✐❡rr♦ ❡s tr❛s♣♦rt❛❞❛ ❛ ❆♥s②s ▼❡❝❤❛♥✐❝❛❧ ❛♣❧✐❝❛♥❞♦ ❡❧ ❝♦♥❝❡♣t♦

❞❡ t❡♥s♦r ❞❡ ❡s❢✉❡r③♦s ❞❡ ▼❛①✇❡❧❧✳ ❉❡ ❛❝✉❡r❞♦ ❝♦♥ ❧♦s r❡s✉❧t❛❞♦s ❧❛ ♠á①✐♠❛ ❞❡❢♦r♠❛❝✐ó♥ ❡s ❞❡ ✵✳✵✵✹ ✭♠♠✮✳

✻✳✷✳ ●✉í❛s ❞❡ ❞✐s❡ñ♦✳

❉❛❞❛ ✉♥❛ ♣♦t❡♥❝✐❛ ♥♦♠✐♥❛❧✱ ✉♥ ♠♦t♦r ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞ ❡♥tr❡❣❛ ✉♥ ♣❛r ♠❡♥♦r✱ ♣♦r ❧♦ q✉❡ r❡q✉✐❡r❡ ♠❡♥♦r ❛❝❡r♦ ②

❝♦❜r❡ ♣♦r q✉❡ ♦♣❡r❛ ❝♦♥ ✉♥ ♠❡♥♦r ✢✉❥♦ ♠❛❣♥ét✐❝♦❀ ♣♦r ❧♦ t❛♥t♦✱ ❧♦s ♠♦t♦r❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞ ♣♦s❡❡♥ ✉♥ ♠❡♥♦r ♣❡s♦

② t❛♠❛ñ♦ ❝♦♠♣❛r❛❞♦ ❝♦♥ ✉♥ ♠♦t♦r ❞❡❧ ♠✐s♠♦ ♣❛r ♥♦♠✐♥❛❧ ❞❡ ❜❛❥❛ ✈❡❧♦❝✐❞❛❞✳



❈❆P❮❚❯▲❖ ✻✳ ❘❊❙❯▲❚❆❉❖❙ ❨ ❈❖◆❈▲❯❙■❖◆❊❙ ✶✸✻

❋✐❣✉r❛ ✻✳✺✿ ▼❛♣❛ ❞❡ ♣ér❞✐❞❛s t♦t❛❧❡s✳

❋✐❣✉r❛ ✻✳✻✿ ❉❡❢♦r♠❛❝✐ó♥ ❡♥ ❧♦s ❞✐❡♥t❡s ❞❡❧ ❡st❛t♦r✳



❈❆P❮❚❯▲❖ ✻✳ ❘❊❙❯▲❚❆❉❖❙ ❨ ❈❖◆❈▲❯❙■❖◆❊❙ ✶✸✼

❯♥❛ ✐♥❡r❝✐❛ ❜❛❥❛ ❡♥ ❧♦s ❡❧❡♠❡♥t♦s ❞❡❧ tr❡♥ ♠♦tr✐③ ❜❡♥❡✜❝✐❛ ❧❛ s❡♥s❛❝✐ó♥ ❞❡ ♠❛♥❡❥♦ ✭❘✐❜❛ ❡t ❛❧✳✱ ✷✵✶✻✮✳

❯♥ ♣❛r s✉❛✈❡ ✭❝♦♥ ✉♥ r✐③❛❞♦ ❜❛❥♦✮ r❡❞✉❝❡ ✈✐❜r❛❝✐♦♥❡s ② ❞❛ñ♦s ❡♥ ❧♦s ❝♦♠♣♦♥❡♥t❡s ♠❡❝á♥✐❝♦s ✭❘✐❜❛ ❡t ❛❧✳✱ ✷✵✶✻✮✳

❯♥❛ ❞✐❢❡r❡♥❝✐❛ ♠❛②♦r ❡♥tr❡ ❧❛s ✐♥❞✉❝t❛♥❝✐❛s ❞❡ ❧♦s ❡❥❡s ❞✲q✱ ❝♦♥tr✐❜✉②❡ ❛ ✉♥ ♠❛②♦r ♣❛r ❞❡ r❡❧✉❝t❛♥❝✐❛✱ ♣♦r ❧♦ q✉❡ ❡❧

♣❛r t♦t❛❧ ❛✉♠❡♥t❛✱ ❡st♦ ♣✉❡❞❡ s❡r ❛♣r♦✈❡❝❤❛❞♦ ❡♥ ❧❛ ③♦♥❛ ❞❡ ❞❡❜✐❧✐t❛♠✐❡♥t♦ ❞❡ ✢✉❥♦✱ ❧❛ ❝✉❛❧ ❡s ♠✉② ♥❡❝❡s❛r✐❛ ❡♥ ❧♦s

▼❊❚ ✭❨❛♥❣ ❡t ❛❧✳✱ ✷✵✶✼✮✳

▲♦s ♠♦t♦r❡s ❝♦♥ ✉♥❛ ③♦♥❛ ❛♠♣❧✐❛ ❞❡ ♣♦t❡♥❝✐❛ ❝♦♥st❛♥t❡ s❡ ❞❡s❡♠♣❡ñ❛♥ ♠❡❥♦r ❛ ❛❧t❛s ✈❡❧♦❝✐❞❛❞❡s❀ ♠✐❡♥tr❛s q✉❡ ❧♦s

♠♦t♦r❡s ❝♦♥ ✉♥❛ ③♦♥❛ ❛♠♣❧✐❛ ❞❡ ♣❛r ❝♦♥st❛♥t❡ s❡ ❞❡s❡♠♣❡ñ❛♥ ♠❡❥♦r ❛ ❜❛❥❛s ✈❡❧♦❝✐❞❛❞❡s ✭❘✐❜❛ ❡t ❛❧✳✱ ✷✵✶✻✮✳

❯♥❛ r❡❧❛❝✐ó♥ ❞❡ ✈❡❧♦❝✐❞❛❞ ♠á①✐♠❛✲✈❡❧♦❝✐❞❛❞ ❜❛s❡ ❞❡ ✺✲✻ ♠✐♥✐♠✐③❛ ❧❛ ♣♦t❡♥❝✐❛ ♥♦♠✐♥❛❧ ② ♠❛①✐♠✐③❛ ❧❛ ❝❛♣❛❝✐❞❛❞

r❡❣❡♥❡r❛t✐✈❛ ② ❡❧ ❞❡s❡♠♣❡ñ♦ ❞❡ ❛❝❡❧❡r❛❝✐ó♥ ✭❘✐❜❛ ❡t ❛❧✳✱ ✷✵✶✻✮

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

❢❡rr♦♠❛❣♥ét✐❝♦s ❡s ❞❡ ✉♥♦s ❝✉❡♥t♦s ♠✐❝r♦♦❤♠s ♣♦r ❝❡♥tí♠❡tr♦ ✭P②r❤ö♥❡♥ ❡t ❛❧✳✱ ✷✵✵✽✮✳

▼✐♥✐♠✐③❛r ❧❛ ✐♥❡r❝✐❛ ❞❡❧ r♦t♦r ♠❛①✐♠✐③❛ ❧❛ ❛❝❡❧❡r❛❝✐ó♥ ✭❚♦♥❣✱ ✷✵✶✹✮✳

❈♦♥s✐❞❡r❛❝✐♦♥❡s ♣❛r❛ ❡❧ r✐③❛❞♦ ❞❡❧ ♣❛r✳ ❯♥❛ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡ ❧❛ ❣❡♦♠❡trí❛ ♣❛r❛ r❡❞✉❝✐r ❡❧ r✐③❛❞♦ ❞❡❧ ♣❛r s❡

r❡❧❛❝✐♦♥❛ ❝♦♥ ❧♦s s✐❣✉✐❡♥t❡s ♣❛rá♠❡tr♦s✳

❉✐♠❡♥s✐♦♥❡s ❞❡ ❧♦s ✐♠❛♥❡s✿ ▲❛ r❡❧❛❝✐ó♥ ❧❛r❣♦ ❛♥❝❤♦ ❝❛♠❜✐❛ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ✢✉❥♦✱ ❡❧ ♣❛r ♠á①✐♠♦ ② ❡❧ r✐③❛❞♦ ❞❡❧

♣❛r ✭❨❛♥❣ ❡t ❛❧✳✱ ✷✵✶✼✮✳

P♦s✐❝✐ó♥ ❞❡ ❧♦s ✐♠❛♥❡s✿ ❊♥tr❡ ♠ás ❝❡r❝❛ ❡stá♥ ❧♦s ✐♠❛♥❡s ❞❡❧ ❞✐á♠❡tr♦ ❡①t❡r♥♦ ❞❡❧ r♦t♦r ♠❛②♦r ❡s ❡❧ ♣❛r ② ❡❧

r✐③❛❞♦ ❞❡❧ ♣❛r✳

➪♥❣✉❧♦ ❡♥tr❡ ❧♦s ✐♠❛♥❡s✿

❆♥❝❤♦ ❞❡❧ ♣✉❡♥t❡ ❝❡♥tr❛❧ ❞❡ ✢✉❥♦✿ ❈✉❛♥❞♦ ❡❧ ✢✉❥♦ ♥♦ ♣✉❡❞❡ ♣❛s❛r ❛ ❧♦s ♣♦❧♦s ❞❡❧ ❡st❛t♦r s❡ ❝r❡❛ ✉♥ ✢✉❥♦ ❞❡

❞✐s♣❡rs✐ó♥ ❝✐r❝✉❧❛r ❛❧r❡❞❡❞♦r ❞❡ ❧♦s ✐♠❛♥❡s❀ ♦❝❛s✐♦♥❛♥❞♦ ✉♥❛ r❡❞✉❝❝✐ó♥ ❡♥ ❡❧ ♣❛r t♦t❛❧✳

❇❛rr❡r❛s ❞❡ ✢✉❥♦ ❛❧r❡❞❡❞♦r ❞❡ ❧♦s ✐♠❛♥❡s✳ ❛②✉❞❛♥ ❛ ❛❥✉st❛r ❧♦s ❤❛r♠ó♥✐❝♦s ❞❡❧ ✢✉❥♦ ❡♥ ❡❧ ❡♥tr❡❤✐❡rr♦✳ ❆②✉❞❛♥ ❛

❣❡♥❡r❛r ✉♥ ♣❛r ♣r♦♠❡❞✐♦ ❛❧t♦ ❝♦♥ ✉♥ ✢✉❥♦ ❝♦♥❝❛t❡♥❛❞♦ ❧✐♠✐t❛❞♦ ② ❜❛❥♦ r✐③❛❞♦ ❞❡ ♣❛r✳

❈♦♥s✐❞❡r❛❝✐♦♥❡s ♣❛r❛ ❧♦s ♠♦t♦r❡s ❞❡ ■♥❞✉❝❝✐ó♥✳ ▲❛s s✐❣✉✐❡♥t❡s ❣✉í❛s ❞❡ ❞✐s❡ñ♦ ♣✉❡❞❡♥ s❡r✈✐r ♣❛r❛ ❞✐♠❡♥s✐♦♥❛r

❧♦s ♠♦t♦r❡s ❞❡ ✐♥❞✉❝❝✐ó♥ ✭❚❛♥❣✱ ✷✵✶✵✮✿

❊❧ ❞✐á♠❡tr♦ ❡①t❡r♥♦ ❞❡❧ ❡st❛t♦r ✭❉❊❊✮✱ ❡s ♠❛②♦r q✉❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡❧ ♥ú❝❧❡♦ ❧❛♠✐♥❛❞♦ ❞❡❧ ❡st❛t♦r ✭▲◆❊✮✱ ❧❛ r❛③ó♥

❡s ❝♦♠♦ ♠í♥✐♠♦ ✷✿✶✳
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❊❧ ❛♥❝❤♦ ❞❡❧ ❞✐❡♥t❡ ❞❡❧ ❡st❛t♦r ✭❆❉❊✮✱ ❡s ♠❡♥♦r ♦ ✐❣✉❛❧ q✉❡ ❧❛ ♠✐t❛❞ ❞❡❧ ❛♥❝❤♦ ❞❡❧ ❢♦♥❞♦ ❞❡ ❧❛ r❛♥✉r❛✱ ✭❆❘❊✮✳

▲❛ s✉♠❛ ❞❡❧ ❡s♣❡s♦r ❞❡ ❧❛ ❝✉❧❛t❛ ❞❡❧ ❡st❛t♦r✱ ✭❊❈❊✮ ② ❧❛ ❧♦♥❣✐t✉❞ ❞❡❧ ❞✐❡♥t❡ ❞❡❧ ❡st❛t♦r✱ ✭▲❉❊✮✱ ❡s ✐❣✉❛❧ ❛ ❧❛ s✉♠❛

❞❡❧ ❡s♣❡s♦r ❞❡ ❧❛ ❝✉❧❛t❛ ❞❡❧ r♦t♦r✱ ✭❊❈❘✮ ② ❧❛ ❧♦♥❣✐t✉❞ ❞❡❧ ❞✐❡♥t❡ ❞❡❧ ❡st❛t♦r✱ ✭▲❉❘✮

▼❛②♦r ♥ú♠❡r♦ ❞❡ r❛♥✉r❛s ❡♥ ❡❧ r♦t♦r q✉❡ ❡♥ ❡❧ ❡st❛t♦r✳

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

❈♦♥s✐❞❡r❛❝✐♦♥❡s ♣❛r❛ ❧♦s ❞❡✈❛♥❛❞♦s✳ ❙✐ ❞♦s t❡r❝✐♦s ❞❡ ❧❛ s✉♣❡r✜❝✐❡ ❡s r❛♥✉r❛❞❛ ❧❛ t❡r❝❡r❛ ❤❛r♠ó♥✐❝❛ ② t♦❞♦s

s✉s ♠ú❧t✐♣❧♦s ✭✺t❛✱ ✼♠❛✱ ❡t❝✳✮ ❞❡s❛♣❛r❡❝❡♥✳

❚♦♣♦❧♦❣í❛ ❞❡❧ r❛♥✉r❛❞♦✿ ◗✴♣❃✶ ◗✴♠♣❜❂❩ ✭❡♥t❡r♦✮ P❛r❡s ❞❡ ♣♦❧♦s✴r❛♠❛s ♣❛r❛❧❡❧❛s❂✷❦✱ ❦ ❡s ✉♥ ❡♥t❡r♦ ❘❛♥✉r❛s✴❢❛s❡s✴♠❝♠

✭r❛♥✉r❛s ② ♣❛r❡s ❞❡ ♣♦❧♦s✮❂ ❡♥t❡r♦✳ ❈♦♥❡①✐ó♥ ❡str❡❧❧❛✳ ❙✐♠♣❧❡ ❝❛♣❛ P❛s♦ ❝♦rt♦✳

❈♦♥s✐❞❡r❛❝✐♦♥❡s ♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡❧ r♦t♦r✳ P❛r❛ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ tr❛❝❝✐ó♥ ❡❧ ♠♦t♦r ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s

♣r❡s❡♥t❛ ❛❧❣✉♥❛s ✈❡♥t❛❥❛s✿ ❧♦s ✐♠❛♥❡s ♣✉❡❞❡♥ s❡r r❡❝t❛♥❣✉❧❛r❡s ② ♣♦r ❧♦ t❛♥t♦ ❞❡ ♠ás ❢á❝✐❧ s✉♠✐♥✐str♦ ② ♠❛♥✉❢❛❝t✉r❛✱

♠❡❥♦r ♣r♦t❡❝❝✐ó♥ ❝♦♥tr❛ ❞❡s♠❛❣♥❡t✐③❛❝✐ó♥ ❞❡❜✐❞♦ ❛ ❢❛❧❧❛s ② ❛❧t❛s t❡♠♣❡r❛t✉r❛s✱ ♣❡r♠✐t❡♥ ✉♥ ❞❡❜✐❧✐t❛♠✐❡♥t♦ ❞❡ ❝❛♠♣♦

♠ás ❡✜❝✐❡♥t❡ ❡♥ ❧❛ ③♦♥❛ ❞❡ ♣♦t❡♥❝✐❛ ❝♦♥st❛♥t❡✳

❈♦♥s✐❞❡r❛❝✐♦♥❡s ♣❛r❛ ❞❡✜♥✐r ❡❧ ♥ú♠❡r♦ ❞❡ ♣♦❧♦s✳ ❈♦♥ ✉♥ ♠❛②♦r ♥ú♠❡r♦ ❞❡ ♣♦❧♦s s❡ ♦❜t✐❡♥❡ ✉♥❛ ♠❛②♦r ❞❡♥s✐❞❛❞

❞❡ ✈♦❧✉♠❡♥ ❞❡❜✐❞♦ ❛❧ ✢✉❥♦ ♠❛❣♥ét✐❝♦ ❝♦♥❝❛t❡♥❛❞♦✳ ▲❛ ❝✉❧❛t❛ ❞❡❧ ❡st❛t♦r ❡s ♠ás ❝♦rt❛ ❙❡ r❡❞✉❝❡♥ ❧❛s ♣ér❞✐❞❛s ♣♦r ❝♦❜r❡

② ❝♦♥s✉♠♦ ❞❡ ♠❛t❡r✐❛❧✳ ▼❛②♦r❡s ♣ér❞✐❞❛s ♣♦r ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s✳ ❯♥ ♠❛②♦r ♥ú♠❡r♦ ❞❡ ♣♦❧♦s r❡q✉✐❡r❡ ✉♥ ❞❡✈❛♥❛❞♦ ❞❡

♣❛s♦ ❝♦rt♦✱ ♠ás ❢á❝✐❧ ❞❡ ✐♠♣❧❡♠❡♥t❛r ❡♥ ✉♥ ❞❡✈❛♥❛❞♦ ❝♦♥❝é♥tr✐❝♦✳ ❊❧ ♣❛r ❞❡ r❡❧✉❝t❛♥❝✐❛ ❡s ♣r♦♣♦r❝✐♦♥❛❧ ❛ ❧❛ ✐♥❞✉❝t❛♥❝✐❛

❞❡❧ ❞❡✈❛♥❛❞♦✱ ❧❛ ❝✉❛❧ ❡s ♣r♦♣♦r❝✐♦♥❛❧ ❛❧ ❝✉❛❞r❛❞♦ ❞❡❧ ♥ú♠❡r♦ ❞❡ ♣♦❧♦s✱ ♣♦r ❧♦ t❛♥t♦✱ ❛ ♠❛②♦r ♥ú♠❡r♦ ❞❡ ♣♦❧♦s ❡❧ ♣❛r

❞❡ r❡❧✉❝t❛♥❝✐❛ s❡ r❡❞✉❝❡✳ ❆ ❢r❡❝✉❡♥❝✐❛s ❛❧t❛s s❡ ❣❡♥❡r❛♥ ♣ér❞✐❞❛s ❡♥ ❡❧ ♥ú❝❧❡♦✳

❆✉♠❡♥t♦ ❞❡ ❧❛ ❡✜❝✐❡♥❝✐❛✳

❘❡❞✉❝✐r ♣ér❞✐❞❛s ❡♥ ❡❧ ❝♦❜r❡✱ ✐♥❝r❡♠❡♥t❛♥❞♦ ❡❧ ár❡❛ ❞❡❧ ❝♦♥❞✉❝t♦r✳ ❆ tr❛✈és ❞❡ ❞❡✈❛♥❛❞♦s✱ r❡❞✉❝✐❡♥❞♦ ❡❧ ❧❛r❣♦

❞❡ ❧❛s ❜♦❜✐♥❛s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❡♥ ❧♦s ❡①tr❡♠♦s✳

❊♠♣❧❡❛♥❞♦ ♠❡❥♦r❡s ♠❛t❡r✐❛❧❡s ♣❛r❛ r❡❞✉❝✐r ❧♦s ❡❢❡❝t♦s ❞❡ ❧❛s ❝♦rr✐❡♥t❡s ❞❡ ❊❞❞②

❯s❛♥❞♦ ❧❛♠✐♥❛❝✐♦♥❡s ♠ás ❞❡❧❣❛❞❛s✳

❘❡❞✉❝✐r ♣❡r❞✐❞❛s ♣♦r ❢r✐❝❝✐ó♥ ❛❡r♦❞✐♥á♠✐❝❛✳



❈❆P❮❚❯▲❖ ✻✳ ❘❊❙❯▲❚❆❉❖❙ ❨ ❈❖◆❈▲❯❙■❖◆❊❙ ✶✸✾

▼❡❥♦r❛r ❡❧ s✐st❡♠❛ ❞❡ ❡♥❢r✐❛♠✐❡♥t♦

▼❡❥♦r❛♥❞♦ ❧❛s t♦❧❡r❛♥❝✐❛s✳

✻✳✸✳ ❚r❛❜❛❥♦ ❛ ❢✉t✉r♦✳

✻✳✸✳✶✳ ❉✐s❡ñ♦ ❞❡❧ ❜❛♥❝♦ ❞❡ ♣r✉❡❜❛s✳

❊♥ ❧❛ ❝♦♥t✐♥✉❛❝✐ó♥ ❞❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❡st❡ ♣r♦②❡❝t♦ ❡❧ s✐❣✉✐❡♥t❡ ♣❛s♦ ❡s ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ ❧♦s ❞♦s ♣r♦t♦t✐♣♦s✳ ❊♥ ❡❧

♣r❡s❡♥t❡ tr❛❜❛❥♦ s❡ ❞❡s❛rr♦❧❧ó t♦❞❛ ❧❛ ✐♥❣❡♥✐❡rí❛ ❞❡ ❞❡t❛❧❧❡ ♣❛r❛ ❞✐❝❤❛ ❝♦♥str✉❝❝✐ó♥✱ s✐♥ ❡♠❜❛r❣♦✱ s❡ r❡q✉✐❡r❡ ❡❧ ❞✐s❡ñ♦

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

✻✳✸✳✷✳ ➪r❡❛s ❞❡ ♠❡❥♦r❛ ❡♥ ❧❛ ♠❡t♦❞♦❧♦❣í❛✳

❈♦♠♦ r❡s✉❧t❛❞♦ ❞❡❧ ♣r♦❝❡s♦ ❞❡ ❞✐s❡ñ♦ s❡❣✉✐❞♦ ❡♥ ❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ s❡ ✐❞❡♥t✐✜❝❛r♦♥ ❞✐✈❡rs❛s ár❡❛s ❞❡ ♦♣♦rt✉♥✐❞❛❞ q✉❡

❞❡❜❡♥ s❡r ✐♥t❡❣r❛❞❛s ❛ ❧❛ ❧í♥❡❛ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ❡♥ ❡❧ ár❡❛ ❞❡ ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❛✉t♦♠♦tr✐❝❡s ❞❡ ❧❛ ❯❆❚✳

❉✐s❡ñ♦ ❞❡ ♥✉❡✈❛s ❣❡♦♠❡trí❛s ❞❡ ♥ú❝❧❡♦s ❧❛♠✐♥❛❞♦s✳ ❊♥ ❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ ♥♦s ❧✐♠✐t❛♠♦s ❛ ❡✈❛❧✉❛r ② s❡❧❡❝❝✐♦✲

♥❛r ✉♥❛ ❣❡♦♠❡trí❛ ❡①✐st❡♥t❡✱ s✐♥ ❡♠❜❛r❣♦✱ ♣❛r❛ ❧♦❣r❛r ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥ ❢✉t✉r♦ ♣r♦❞✉❝t♦ ❡s ♥❡❝❡s❛r✐♦ ❧❛ ♣r♦♣✉❡st❛ ❞❡

♥✉❡✈❛s ❣❡♦♠❡trí❛s✳ ❈♦♠♦ ♣❛rt❡ ❞❡ ❡st❛ ❛❝t✐✈✐❞❛❞ s❡rá ♥❡❝❡s❛r✐♦ ❞❡s❛rr♦❧❧❛r ❤❛❜✐❧✐❞❛❞❡s ♣❛r❛ ❧❛ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡ ❞✐❝❤❛s

❣❡♦♠❡trí❛s✳

❉✐s❡ñ♦ ❞❡ ❝♦♥tr♦❧❛❞♦r❡s ② ❡❧❡❝tró♥✐❝❛ ❞❡ ♣♦t❡♥❝✐❛✳ ❊♥ ❧❛ ✐♥❞✉str✐❛✱ ❧♦s ▼❊❚ s♦♥ ❞✐s❡ñ❛❞♦s ❡♥ ✉♥ ♣r♦❝❡s♦

♣❛r❛❧❡❧♦ ❝♦♥ ❡❧ ❞✐s❡ñ♦ ❞❡❧ ❝♦♥tr♦❧❛❞♦r ② ❧❛ ❡❧❡❝tró♥✐❝❛ ❞❡ ♣♦t❡♥❝✐❛✳ ❊❧ ❞❡s❡♠♣❡ñ♦ ❞❡ ✉♥♦ ❛❢❡❝t❛ ❞✐r❡❝t❛♠❡♥t❡ ❛ ❧♦s ♦tr♦s

❝♦♠♣♦♥❡♥t❡s✳ ❊♥ ❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ ♥♦s ❧✐♠✐t❛♠♦s ❛❧ ❞✐s❡ñ♦ ❞❡❧ ♠♦t♦r ❡❧é❝tr✐❝♦✱ s✐♥ ❡♠❜❛r❣♦✱ ❡st♦ ❝r❡❛ ❝✐❡rt♦ ❡rr♦r

❡♥ ❧❛s ♣r❡❞✐❝❝✐♦♥❡s ♦❜t❡♥✐❞❛s ❝♦♥ ❆❊❋✱ ♣♦rq✉❡ ❡❧ ♠❛♣❛ ❞❡ ❡✜❝✐❡♥❝✐❛ ② ❧❛ ❝✉r✈❛ ❞❡ ♣❛r ✈❡❧♦❝✐❞❛❞ ❡stá♥ ❞❡t❡r♠✐♥❛❞❛s

t❛♥t♦ ♣♦r ❡❧ ♠♦t♦r ❝♦♠♦ ❡❧ ❝♦♥tr♦❧❛❞♦r✳

■♥t❡❣r❛❝✐ó♥ ❞❡ ✉♥ ❡q✉✐♣♦ ❞❡ tr❛❜❛❥♦ ♠✉❧t✐❞✐s❝✐♣❧✐♥❛r✐♦✳ ❊❧ ❞✐s❡ñ♦ ❞❡ ✉♥ ▼❊❚ r❡q✉✐❡r❡ ❞❡❧ ❛♥á❧✐s✐s ❞❡ ❞✐✈❡rs♦s

❢❡♥ó♠❡♥♦s ❢ís✐❝♦s✱ ❡♥ ❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ ❡st❛❜❧❡❝✐ó ❝♦♠♦ ♣❛rt❡ ❞❡ ❧❛ ♠❡t♦❞♦❧♦❣í❛ ❧♦s ❝á❧❝✉❧♦s s✐♠✉❧tá♥❡♦s ❞❡ ❞✐❝❤♦s

♣r♦❝❡s♦s✱ t❛♠❜✐é♥ s❡ r❡❛❧✐③❛r♦♥ s✐♠✉❧❛❝✐♦♥❡s ❡❧❡❝tr♦♠❛❣♥ét✐❝❛s✱ ♠❡❝á♥✐❝❛s ② tér♠✐❝❛s ❞❡ ❞♦♥❞❡ s❡ ♦❜t✉✈✐❡r♦♥ ❛❧❣✉♥♦s

r❡s✉❧t❛❞♦s✳ ❙✐♥ ❡♠❜❛r❣♦✱ ♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡ ✉♥ ♣r♦❞✉❝t♦ ❡s ♥❡❝❡s❛r✐♦ ♠❡❥♦r❛r ❝❛❞❛ ✉♥❛ ❞❡ ❞✐❝❤❛s ár❡❛s✱ ❧♦ ❛♥t❡r✐♦r s❡

❧♦❣r❛rá ♣♦r ♠❡❞✐♦ ❞❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❞❡ ✉♥ ❡q✉✐♣♦ ❞❡ ❞✐s❡ñ♦ ♠✉❧t✐❞✐s❝✐♣❧✐♥❛r✐♦ ❞❡ ❡s♣❡❝✐❛❧✐st❛s✳
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✻✳✹✳ ❈♦♥❝❧✉s✐♦♥❡s

▲❛s tr❡s ♣r✐♥❝✐♣❛❧❡s ❛♣♦rt❛❝✐♦♥❡s ❞❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ s♦♥✿ ❧❛ ✐♥❣❡♥✐❡rí❛ ❞❡ ❞❡t❛❧❧❡ ❞❡ ✉♥ ♣r♦t♦t✐♣♦ ❞❡ ♠♦t♦r ❞❡ tr❛❝❝✐ó♥✱

❡❧ ❡st✉❞✐♦ ❞❡❧ ❡st❛❞♦ ❞❡❧ ❛rt❡ ❞❡ ❧♦s ♠♦t♦r❡s ❞❡ tr❛❝❝✐ó♥ ❝♦♠❡r❝✐❛❧❡s ② ❧❛ ♠❡t♦❞♦❧♦❣í❛ ❞❡ ❞✐s❡ñ♦ ♣r♦♣✉❡st❛ ♣❛r❛ ❡❧

❞❡s❛rr♦❧❧♦ ❞❡ ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❞❡ tr❛❝❝✐ó♥✳

❙❡ ❧♦❣ró ❞❡s❛rr♦❧❧❛r ✐♥❣❡♥✐❡rí❛ ❞❡t❛❧❧❛❞❛ ♣❛r❛ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ ✉♥ ♠♦t♦r ❡❧é❝tr✐❝♦ ♣❛r❛ ❧❛ tr❛❝❝✐ó♥ ❞❡ ✉♥ ✈❡❤í❝✉❧♦✳

❉✐❝❤❛ ✐♥❣❡♥✐❡rí❛ ❞❡ ❞❡t❛❧❧❡ ✐♥❝❧✉②❡✿ ♣❧❛♥♦s ❞❡ ❢❛❜r✐❝❛❝✐ó♥✱ ❧✐st❛ ❞❡ ♠❛t❡r✐❛❧❡s ② ❝♦♠♣♦♥❡♥t❡s✱ ♣❧❛♥ ❞❡ tr❛❜❛❥♦ ② ♣❧❛♥

❞❡ ✐♥t❡❣r❛❝✐ó♥ ♠❡❝á♥✐❝❛✳ ❈♦♥ ❡st❛ ❞♦❝✉♠❡♥t❛❝✐ó♥ ❞❡♠♦str❛♠♦s q✉❡ ❡s ✈✐❛❜❧❡ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ ❞♦s ♣r♦t♦t✐♣♦s✳ ▲❛

❝♦♥str✉❝❝✐ó♥ ❞❡ ❡st♦s ♣r♦t♦t✐♣♦s ❡s ♥❡❝❡s❛r✐❛ ♣❛r❛ ❛✈❛♥③❛r ❡♥ ❧❛ ❧í♥❡❛ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ❞❡ ❞✐s❡ñ♦ ❞❡ tr❡♥❡s ♠♦tr✐❝❡s

q✉❡ s❡ ❤❛ ♣❧❛♥t❡❛❞♦ ❡♥ ❧❛ ❯♥✐❞❛❞ ❞❡ ❆❧t❛ ❚❡❝♥♦❧♦❣í❛✳ ❈♦♥ ❡❧❧♦s s❡ ♣♦❞rá♥ r❡❛❧✐③❛r ❞✐✈❡rs♦s ❡①♣❡r✐♠❡♥t♦s ② ❛❝t✐✈✐❞❛❞❡s

❛❝❛❞é♠✐❝❛s✳

❊❧ ❡st✉❞✐♦ ❞❡ ♠❡r❝❛❞♦ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ♥♦s ♠♦stró ❞❛t♦s ✐♠♣♦rt❛♥t❡s❀ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s ♥♦ s♦♥ t❛♥

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

❞❡s❛rr♦❧❧❛❞♦s ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞✉r❛♥t❡ tr❡s ♣❡r✐♦❞♦s ❡♥ ❧♦s q✉❡ s❡ t♦♠ó ✐♥t❡rés ♣♦r ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s✱ ❛❤♦r❛ ♥♦s

❡♥❝♦♥tr❛♠♦s ❡♥ ❡❧ t❡r❝❡r♦ ❞❡ ❡❧❧♦s q✉❡ ❛❞❡♠ás ❡s ❡❧ ❞❡✜♥✐t✐✈♦✿ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s s♦♥ ❡❧ ❢✉t✉r♦ ❞❡ ❧❛ tr❛♥s♣♦rt❛❝✐ó♥✳

P❡sé ❛ ❧❛ ❝♦♥tr♦✈❡rs✐❛ q✉❡ ❡①✐st❡ ❡♥ t♦r♥♦ ❛ ❧❛ ❡❧❡❝tr✐✜❝❛❝✐ó♥ ❝♦♥s✐❞❡r♦ q✉❡ ❧♦s ✈❡❤í❝✉❧♦s ❡❧é❝tr✐❝♦s s♦♥ ✉♥❛ ❤❡rr❛♠✐❡♥t❛

q✉❡ ❢♦r♠❛♥ ♣❛rt❡ ❞❡ ✉♥❛ s♦❧✉❝✐ó♥ q✉❡ ✐♥t❡❣r❛ ❞✐✈❡rs❛s t❡❝♥♦❧♦❣í❛s s✉st❡♥t❛❜❧❡s✳

❊♥ ❡❧ ❡st✉❞✐♦ ❞❡❧ ❡st❛❞♦ ❞❡❧ ❛rt❡ ❞❡ ❧♦s ♠♦t♦r❡s ❡❧é❝tr✐❝♦s ❞❡ tr❛❝❝✐ó♥ s❡ r❡❛❧✐③ó ✉♥ ❛♥á❧✐s✐s ♣r♦❢✉♥❞♦ ❞❡ s❡✐s ❞❡ ❧♦s

♠♦t♦r❡s q✉❡ ❤❛♥ s✐❞♦ ✉t✐❧✐③❛❞♦s ❝♦♠❡r❝✐❛❧♠❡♥t❡✳ ❉❡ ❞✐❝❤♦ ❡st✉❞✐♦ ♣♦❞❡♠♦s ❝♦♥❝❧✉✐r q✉❡ ❧♦s t✐♣♦s ❞❡ ♠♦t♦r❡s q✉❡

❤♦② ❡♥ ❞í❛ s♦♥ ✈✐❛❜❧❡s ♣❛r❛ ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ tr❛❝❝✐ó♥ s❡ ❧✐♠✐t❛♥ ❛✿ ♠♦t♦r❡s sí♥❝r♦♥♦s ❞❡ ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ② ♠♦t♦r❡s

❛sí♥❝r♦♥♦s ❞❡ ❥❛✉❧❛ ❞❡ ❝♦❜r❡❀ ❛✉♥q✉❡ s❡ ❡stá r❡❛❧✐③❛♥❞♦ ♠✉❝❤❛ ✐♥✈❡st✐❣❛❝✐ó♥ ♣❛r❛ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ♦tr♦s t✐♣♦s ❞❡ ♠♦t♦r❡s

❡❧é❝tr✐❝♦s ❞❡ tr❛❝❝✐ó♥✳✱ ❧♦s ❝✉❛❧ r❡♣r❡s❡♥t❛ ✉♥ ár❡❛ ❞❡ ♦♣♦rt✉♥✐❞❛❞ ❜❛st❛♥t❡ ✐♥t❡r❡s❛♥t❡✳

❊❧ ❛♥á❧✐s✐s ❞❡ ❞✐❝❤♦s ♠♦t♦r❡s t❛♠❜✐é♥ ♥♦s ♣❡r♠✐t❡ ❝♦♥❝❧✉✐r q✉❡ ❡❧ ❞✐s❡ñ♦ ❞❡ ❧❛s ❣❡♦♠❡trí❛s ❞❡ ❧♦s ♥ú❝❧❡♦s ❧❛♠✐♥❛❞♦s

r❡q✉✐❡r❡ ❞❡ ♠✉❝❤❛ ❡①♣❡r✐❡♥❝✐❛ ② ❞❡ s♦✜st✐❝❛❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✳ ▲❛ ❞✐s♣♦s✐❝✐ó♥ ❞❡ ❧❛s r❛♥✉r❛s ❡♥ ❡❧ ❡st❛t♦r

② ❞❡ ❧♦s ✐♠❛♥❡s ♣❡r♠❛♥❡♥t❡s ♦ ❜❛rr❛s ❝♦♥❞✉❝t♦r❛s ❡♥ ❡❧ r♦t♦r ❛❢❡❝t❛♥ ❢✉❡rt❡♠❡♥t❡ ❡❧ ❞❡s❡♠♣❡ñ♦ ❞❡❧ ♠♦t♦r ② ❞❛❞♦ ❡❧

♥ú♠❡r♦ ✐♥✜♥✐t♦ ❞❡ ❝♦♠❜✐♥❛❝✐♦♥❡s✱ s❡ ❤❛❝❡ ♥❡❝❡s❛r✐♦ ❡❧ ✉s♦ ❞❡ ♠ét♦❞♦s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❛✉t♦♠❛t✐③❛❞♦s q✉❡ ♣❡r♠✐t❛♥

♦❜t❡♥❡r ❧❛ ♠❡❥♦r ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ❛❝✉❡r❞♦ ❝♦♥ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❡♥ ❝✉❡st✐ó♥✳ ❖tr❛ ❝♦♥❝❧✉s✐ó♥ ✐♠♣♦rt❛♥t❡ ❡s ❡♥ r❡❧❛❝✐ó♥ ❝♦♥

❧❛ ♠❡t♦❞♦❧♦❣í❛ ❞❡❧ ❛♥á❧✐s✐s✳ ❆✉♥q✉❡ ❡♥ ❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ s❡ ❡st❛❜❧❡❝✐ó q✉❡ s❡ r❡q✉✐❡r❡ ❡❢❡❝t✉❛r ❝á❧❝✉❧♦s s✐♠✉❧tá♥❡♦s ❞❡

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

❝♦♥❢♦r♠❛❞♦ ❞❡ ❡s♣❡❝✐❛❧✐st❛ ❡♥ ❧❛s ❞✐✈❡rs❛s ár❡❛s ✐♥✈♦❧✉❝r❛❞❛s✱ ❧♦ ❝✉❛❧ ♥♦s ♣❡r♠✐t✐rá ♦❜t❡♥❡r ♣r❡❞✐❝❝✐♦♥❡s ♠ás ♣r❡❝✐s❛s

❞❡ ❢✉t✉r♦s ❞✐s❡ñ♦s✳

❋✐♥❛❧♠❡♥t❡✱ s❡ ❡st❛❜❧❡❝✐ó ✉♥❛ ♠❡t♦❞♦❧♦❣í❛ ❞❡ ❞✐s❡ñó só❧✐❞❛✳ ❊♥ ❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ s❡ ❧✐♠✐t❛r♦♥ ❛❧❣✉♥❛s ❞❡ ❧❛s ❢❛s❡s
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♣r♦♣✉❡st❛s✱ ♣♦r ❡❥❡♠♣❧♦✱ ♥♦s ❧✐♠✐t❛♠♦s ❛ ✉t✐❧✐③❛r ✉♥♦ ❞❡ ❧♦s ♠♦t♦r❡s ❛♥❛❧✐③❛❞♦s ❡♥ ❧✉❣❛r ❞❡ ♣r♦♣♦♥❡r ✉♥❛ ♥✉❡✈❛

❣❡♦♠❡trí❛ ② ♥♦s ❧✐♠✐t❛♠♦s ❛ r❡❛❧✐③❛r ✉♥ ❛♥á❧✐s✐s s❡♥s✐t✐✈♦ ❡♥ ❧✉❣❛r ❞❡ ✐♠♣❧❡♠❡♥t❛r ✉♥ ♣r♦❝❡s♦ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✳ ❙✐♥

❡♠❜❛r❣♦✱ ❧❛ ♠❡t♦❞♦❧♦❣í❛ ♣r♦♣✉❡st❛ ❝♦♥s✐❞❡r❛ ❧♦s ♣✉♥t♦s ♠ás ✐♠♣♦rt❛♥t❡s q✉❡ ❞❡❜❡♥ s❡r ✐♠♣❧❡♠❡♥t❛❞♦s ❡♥ ❡❧ ❞✐s❡ñ♦

❞❡ ✉♥ ♠♦t♦r ❞❡ tr❛❝❝✐ó♥ q✉❡ ♣✉❡❞❛ ❝✉❧♠✐♥❛r ❡♥ ✉♥ ♣r♦❞✉❝t♦✳
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P❧❛♥♦s ♣❛r❛ ❢❛❜r✐❝❛❝✐ó♥ ② ❡♥s❛♠❜❧❡✳
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4

13

14

12

Motor eléctrico de tracción:PMSM-1-400-50 

Valores máximos: 

-Potencia:     50 (kW) 
-Par:             400 (Nm) 
-Velocidad:   6000 (rpm) 
-Corriente:    300(A)
-Volaje:         400 (V)

22

23 Aislante para las ranuras del estator

22 Sello mecánico
21 Rodamiento con encoder 
20 Rodamiento
19 Embobinado del estator 
18 Imanes permanentes
17 Bujes de transmisión de potencia
16 Termopar 
15 Conector para señales de control
14 Conector trifásico de potencia

13 Conexiones hidráulicas
12 Flecha Plano 18
11 Placa de balanceo Plano 17
10 Eje hueco del núcleo láminado del rotor Plano 16

9 Núcleo laminado del rotor Plano 15
8 Núcleo laminado del estator Plano 12
7 Cubierta trasera Plano 10
6 Cubierta de las conexiones de control Plano 9
5 Cubierta de las conexiones de potencia Plano 8

4 Cubierta del sistema de enfriamiento Plano 7
3 Tapa trasera Plano 6
2 Tapa frontal Plano 5
1 Cuerpo principal de la estuctura Plano 4

No. Descripción Referencia

Escala

MaterialEnsamble: 

Dibujó:

Revisó:

Ing. Alfonso Arriaga Vigil

Dr. Marcelo López Parra

11/12/2018

__/__/____

Plano

1:2.5

Tolerancia

0.2mm

Unidades

mm

Revisión

Emisión 1 de 21

Arreglo general del motor Varios

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción
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B
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13
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SECCIÓN A-A

4

2

313

1

8

23

19
11

12

7

2120

22

DETALLE B

8

9

12

17

18

DETALLE C

24

Escala

MaterialEnsamble: 

Dibujó:

Revisó:

Ing. Alfonso Arriaga Vigil

Dr. Marcelo López Parra

11/12/2018

__/__/____

Plano

1:3

Tolerancia

0.2 mm

Unidades

mm

Revisión

Emisión 2 de 21

Arreglo general del motor Varios

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción



Escala

MaterialEnsamble: 

Dibujó:

Revisó:

Ing. Alfonso Arriaga Vigil

Dr. Marcelo López Parra

11/12/2018

__/__/____

Plano

1:3

Tolerancia

0.2 mm

Unidades

mm

Revisión

Emisión 3 de 21

Explosivo de la estructura Aluminio 7075

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción

Los diseños mostrados son propiedad de la Universidad Nacional Autónoma de México.  
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SECCIÓN AV-AV

Escala

MaterialPieza: 

Dibujó:

Revisó:

Ing. Alfonso Arriaga Vigil

Dr. Marcelo López Parra

11/12/2018

__/__/____

Plano

1:4

Tolerancia

0.2 

Unidades

mm

Revisión

Emisión 4 de 21

Cuerpo principal de la estructura Aluminio 7075

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción



 
30

4 

Q

Q

AW

6 x 14.5 pasado

4 x  22 pasado
indicado Y

Y Y

Y Y

 
33

9 

 26 
 39 

 
26

9.0
0

26
8.9

6 

 12 

R

BG

SECCIÓN Q-Q

B

 35° 

 35
° 

 35
° 

 35° 

AX

 
62

.03
62

.00
 

 21 

 
55

 

 5 
 8 

 16 DETALLE R

6.3

0.02 B

 R75 

 R10 

 49
.72

 

 R10 

 R
14

4.5
0 

 R17.
50 

 R159.50 

 45° 

DETALLE AW

 R50 
 R109.50 

 R10 
 39.84 

 R10 

 55° 

DETALLE AX

 4 

 3 

 1.50 

DETALLE BG

Escala

MaterialPieza: 

Dibujó:

Revisó:

Ing. Alfonso Arriaga Vigil

Dr. Marcelo López Parra

11/12/2018

__/__/____

Plano

1:3

Tolerancia

0.2 mm

Unidades

mm

Revisión

Emisión 5 de 21

Tapa frontal de la estructura Aluminio 7075

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción
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6 x 16.5 pasado

Ranura para empaque
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DETALLE BF

Escala

MaterialPieza: 

Dibujó:

Revisó:

Ing. Alfonso Arriaga Vigil

Dr. Marcelo López Parra

11/12/2018

__/__/____

Plano

1:1

Tolerancia

0.2 mm

Unidades

mm

Revisión

Emisión 6 de 21

Tapa trasera de la estructura Aluminio 7075

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción
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Emisión 7 de 21

Cubierta del enfriador Aluminio 7075

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción
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Revisión

Emisión 8 de 21

Cubierta de conexiones de potencia Aluminio 7075

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción
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1:3
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Revisión

Emisión 9 de 21

Cubierta de las conexiones de control Aluminio 7075

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción
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Emisión 10 de 21

Cubiertartrasera de la estructura Aluminio 7075

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción
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Plano

1:2

Tolerancia
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Revisión

Emisión 11 de 21

Ensamble del estator Aluminio 7075

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción
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Emisión 12 de 21

Núcleo láminado del estator Acero al silicio M15

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción
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Ing. Alfonso Arriaga Vigil

Dr. Marcelo López Parra
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1:2
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Revisión

Emisión 13 de 21

Ensamble del rotor Varios

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción
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Emisión 14 de 21

Ensamble del rotor Varios
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Emisión 15 de 21

Núcleo láminado del rotor Acero al silicio M15

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción
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Emisión 16 de 21

Centro del rotor AISI 9840

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción
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Emisión 17 de 21

Placa final para balanceo Acero inoxidable 304

Motor eléctrico síncrono de imanes permanentes para aplicaciones de tracción
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Ensamble de la flecha AISI 9840
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Espiga derecha AISI 9840
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Eje hueco AISI 9840
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Fecha :

15/01/2019

Fecha: 

Revisión: Emisión 

Hoja: 1 de: 5

#

Total 342,352.56$  

Descripción

2 x Motor eléctrico síncrono de imanes permanentes, trifásico a 400V, 

potencia nominal de 50 kW, par nominal de 300 Nm, velocidad angular 

máxima de 6000 RPM, 8 polos. 

Materiales para maquinados y manufactura. 

Productos comerciales de línea. 

Servicios de manufactura 

1

Subtotal

70,956.40$                                   

64,391.16$                                   

207,005.00$                                 

Elaboró: Proyecto: 

Alfonso A.V
Motor eléctrico para tracción 

Autorizó:

Marcelo L.P LM-MET: Presupuesto general
Firma: Firma: 



Fecha :

15/01/2019

Fecha: 

Revisión: Emisión 

Hoja: 2 de: 5

# C U.M Descripción Precio Unitario Subtotal

1 80 Kg Lingote para fundición en aluminio 7075 294.32$            23,545.60$       

2 15 Kg Barra redonda de 101.6 mm en aluminio 6063 140.00$            2,100.00$         

4 120 m
Lámina de 0.3 mm de espesor  y 1.2 m de ancho en acero al 

silicio de grano no orientado M15
319.45$            38,334.00$       

5 40 Kg Barra redonda de Ø115 mm en acero aisi 9840 68.28$              2,731.20$         

6 10 Kg Barra redonda de Ø115 mm en acero aisi 9840 68.28$              682.80$            

7 10 Kg Barra hueca de Øext 46 mm Øint 24 mm en acero aisi 9840 68.28$              682.80$            

8 10 Kg Solera de 7.94 mm x 203.2 mm en acero inoxidable T304 288.00$            2,880.00$         

Subtotal 70,956.40$       

Firma: 

Proyecto: 

Motor eléctrico para tracción 

LM-MET: Maquinables-soldables

Elaboró:

Alfonso A.V

Autorizó:

Marcelo L.P
Firma: 



Fecha :

15/01/2019

Fecha: 

(Pendiente)

Revisión: Re: Emisión 

Hoja: 3 de: 5

# C U.M Marca y modelo Descripción Precio Unitario Subtotal

1 6 piezas Parker: 16 ELO-S Conexión a 90° de 1' por lado, rosca de 

1' 7/16 -12 y sello de empeque incluido.
526.79$            3,160.74$         

2 4 metros Parker Tira para Oring de 3 mm  de diámetro 1,358.00$         5,432.00$         

4 3 piezas
TE Conectivity:         1-2141230-1 Conector macho de alto voltaje 2,306.47$         6,919.41$         

5 3 piezas
TE Conectivity:         1-2141166-1 Conector macho de alto voltaje 2,306.47$         6,919.41$         

6 3 piezas
TE Conectivity:         HD34-18-14SN Conector 513.73$            1,541.19$         

7 3 piezas SKF: e-Drive Rodamiento para aplicaciones de 

tracción, diametro exterior de 62 mm, 

díametro interior de 30 mm y espesor de 

16 mm

2,879.00$         8,637.00$         

8 3 piezas
SKF:              30x50x8 CRW1 V Sello mecánico radial para ejes 879.54$            2,638.62$         

9 3 piezas

SKF: BMD-6206/064S2/UA008A Unidad de rodamiento con encoder 

integrado 
3,329.47$         9,988.41$         

10 3 piezas
Watlow:   

23CJFUD10A
Termopar 1,230.00$         3,690.00$         

11 200 piezas Du Pont: Nomex Aislante para ranuras del estator 27.50$              5,500.00$         

12 200 piezas Du Pont: Nomex Aislante para separar bobinas del estator 13.15$              2,630.00$         

13 3 rollo
Alambre magnético calibre 25 AWG para 

200 °C
267.00$            801.00$            

14 6 piezas Fenner: T301042 Buje para transmisión de potencia 981.23$            5,887.38$         

Subtotal 63,745.16$       

Elaboró: Proyecto: 

Alfonso A.V
Motor eléctrico para tracción 

Autorizó:

Marcelo L.P  LM-MET: Productos de linea
Firma: Firma: 

http://www.parker.com/Literature/Tube Fittings Division/ELO.pdf
http://www.parker.com/Literature/O-Ring Division Literature/ORD 5700.pdf
https://www.te.com/usa-en/product-1-2141230-1.html
https://www.te.com/usa-en/product-1-2141230-1.html
https://www.te.com/usa-en/product-1-2141166-1.html?source=header-match
https://www.te.com/usa-en/product-1-2141166-1.html?source=header-match
https://www.te.com/usa-en/product-HD34-18-14SN.html
https://www.te.com/usa-en/product-HD34-18-14SN.html
https://www.skf.com/group/industry-solutions/cars-and-light-trucks/e--powertrain/electric-traction-motor/skf-edrive-ball-bearing/index.html
https://www.skf.com/group/products/seals/industrial-seals/power-transmission-seals/radial-shaft-seals-pt/index.html?designation=30x50x8%20CRW1%20V
https://www.skf.com/group/products/seals/industrial-seals/power-transmission-seals/radial-shaft-seals-pt/index.html?designation=30x50x8%20CRW1%20V
https://www.skf.com/ph/products/bearings-units-housings/engineered-products/sensor-bearing-units/product-table-motore-encoder-unit/index.html?designation=BMD-6206/064S2/UA008A
https://www.skf.com/ph/products/bearings-units-housings/engineered-products/sensor-bearing-units/product-table-motore-encoder-unit/index.html?designation=BMD-6206/064S2/UA008A
https://www.skf.com/ph/products/bearings-units-housings/engineered-products/sensor-bearing-units/product-table-motore-encoder-unit/index.html?designation=BMD-6206/064S2/UA008A
http://www.dupont.mx/productos-y-servicios/electronic-electrical-materials/electrical-insulation/brands/nomex-electrical-insulation/uses-applications/motors.html
http://www.dupont.mx/productos-y-servicios/electronic-electrical-materials/electrical-insulation/brands/nomex-electrical-insulation/uses-applications/motors.html
http://www.eximtec.cl/pdf/equipos-mineros/keyless_bushings.pdf


Fecha :

11/11/2018

Fecha: 

(Pendiente)

Revisión: Re 0: Emisión 

Hoja: 4 de: 5

# C U.M Descripción Precio Unitario Subtotal

2 Lotes Servicio de fundicion de piezas en aluminio 7075 21,789.62$       43,579.24$       

1 Lote Servicio de fabricación de moldes en impresión 3D 13,678.12$       13,678.12$       

2 Lotes Servicio de manufactura de piezas torneadas y fresadas 32,386.13$       64,772.26$       

2 Lotes Servicio de ensamblado de motor 15,698.37$       31,396.74$       

1 2 Lotes
Corte, ensamble y trátamiento térmico  de los núcleos 

laminados del estator y rotor 
26,789.32$       53,578.64$       

Subtotal 207,005.00$     

Elaboró: Proyecto: 

Alfonso A.V
Motor eléctrico para tracción 

Autorizó:

Marcelo L.P LM-MET: Servicios 
Firma: Firma: 



Fecha :

11/11/2018

Fecha: 

(Pendiente)

Revisión: Re 0: Emisión 

Hoja: 5 de: 5

# C U.M Descripción Precio Unitario Subtotal

1 30 piezas
Tornillo de cabeza cílindrica allen M16x2, 40 mm de largo en 

acero inoxidable, con arandela de presión y plana 
4.70$                141.00$            

2 50 piezas
Tornillo de cabeza cílindrica allen M8x1.25, 16 mm de largo 

en acero inoxidable, con arandela de presión y plana 
6.85$                342.50$            

3 10
Tornillo de cabeza cílindrica allen M10x1.5, 100 mm de largo 

en acero inoxidable, con arandela de presión y plana 
9.40$                94.00$              

4 10 piezas
Tornillo de cabeza cílindrica allen M5x0.8, 20 mm de largo en 

acero inoxidable, con arandela de presión y plana 
6.85$                68.50$              

Subtotal 646.00$            

Elaboró: Proyecto: 

Alfonso A.V
Motor eléctrico para tracción 

Autorizó:

Marcelo L.P LM-MET: Maquinables-soldables
Firma: Firma: 
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Fecha :

23/12/2018

Fecha: 

Revisión: Emisión 

Hoja: 1 de: 1D/d D δ máximo mínimoH7 0.052 0 269.052 269h6 0.032 0 269 268.968    Ajustes de interferencia H7 0.035 0 111.035 111k6 0.022 0.003 111.025 111.003D/d D δ máximo mínimo62 H7 0.03 0 62.03 6231 k5 0.011 0.002 31.013 31.011D/d D δ máximo mínimoH7 0.035 0 110.035 110g6 0.022 -0.012 109.988 109.966D/d D δ máximo mínimoH7 0.021 0 28.021 28s6 0.013 0.035 28.048 28.013
269111 Alojamiento del rodamiento y rodamiento Tipo de ajuste: Posicionamiento holgado para partes estacionarias Cubierta trasera Tipo de ajuste: Posicionamiento holgado para partes estacionarias 
Marcelo L.P CAL-MET: Memoria de cálculo

Firma: Firma: Núcleo del estator y cuerpo de la estructura Tipo de ajuste: Posicionamiento holgado para partes estacionarias Elaboró: Proyecto: 

Alfonso A.V
Motor eléctrico para tracción 

Autorizó:

110 Ensamble de las espigas de la flechaTipo de ajuste: Ajuste de interferencia28
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  1 %% NTUA - UNAM  

  2 % Research Stay Autum 2018. 

  3 %%

  4 % This script comprises the data of a electric vehicle and a drive cicle 

  5 % The aim of this script is to calculate the load for the electric motor 

  6 

  7 %% Environmental data in Mexico City.

  8 den_aire=1.225; % Air density, (Kg/m^3). 

  9 vel_viento=14/3.6;% Average wind speed, ((Km/h)/3.6 ->(m/s)).

 10 g=9.78; % Gravitational constant, (m/s^2).

 11 

 12 %% Electric Vehicle specifications. 

 13 

 14 % Weights 

 15 m=1563.2; % Vehicle mass,(Kg). 

 16 W=m*g; % Vehicle weigth, (N).

 17 NumPas=5; % Number of passengers.  

 18 WPas=80*g; % Average weigth of each passeger, (N)

 19 WCargo=100*g; % Maximum cargo weigth, (N)

 20 Wtot=W+NumPas*WPas+WCargo; % Maximum Total Weigth, (N)

 21 Wfr=W*0.58; % Frontal weigth, (N). 

 22 Wtr=W*0.42; % Rear weigth, (N). 

 23 

 24 % External Dimensions.

 25 av=1.48; % Vehicle height, (m).

 26 ag=av/3; % Center of gravity of the vehicle, (m).

 27 aviento=av/3; % Drag point Height, (m).

 28 anv=1.695; %Ancho promedio del vehículo, (m). 

 29 lv=2.6; % wheelbase,(m).

 30 af=av*anv*0.7; % Frontal average area, (m^2).

 31 cd=0.28; % Drag coefficient. 

 32 

 33 % Tire and Wheel dimensions. 

 34 anlla=0.185; % Rim width. (m)(185/65R15)

 35 asplla=65; % Aspect Ratio (%)

 36 alla=anlla*(asplla/100); % Tire heigth, (m).

 37 diarin=15*0.0254; % Rim diameter, (m).

 38 dialla=2*alla+diarin; % Tire Diameter.  

 39 mlla=20; % Wheel Mass.  

 40 

 41 % Gearbox 

 42 it=5;

 43 %% Drive Cycle 

 44 DriveCycleUDDS

 45 

 46 

 47 %% Static Loads. 

 48 

 49 ltr=Wfr*lv/W; %Rear wheel-gravity center distance, (m).

 50 lfr=Wtr*lv/W; %Front wheel-gravity center distance, (m).)

 51 

 52 

 53 %% Traction Motor Carateristics (Based in Toyota Prius 2004)

 54 ParNominal=400; % Peak Torque (Nm). 

 55 PotenciaNominal=50000; % Peak Power (W). 

 56 VelAngBase=PotenciaNominal/ParNominal; % Base Angular Speed (rad/s)

 57 VelAngMax=6000*(pi/30); % Maximum Angular Speed (RPM*(pi/30))-> (rad/s)

 58 et=0.95; % Mechanical Efficiency of the Power Train 

 59 VelAng=zeros;

 60 Par=zeros;



 61 VelLin=zeros;

 62 FTracTren=zeros;

 63 

 64 for i=1:1:round(VelAngMax)

 65     VelAng(i)=i;

 66     VelLin(i)=dialla/2* VelAng(i)/it;

 67     %VelLin(i)=(dialla*VelAng(i))/(2*it);

 68     if VelAng <= VelAngBase

 69         Par(i)=ParNominal;

 70        

 71     else

 72         Par(i)=PotenciaNominal/VelAng(i);

 73     end

 74     FTracTren(i)=Par(i)*it*et/(dialla/2);

 75      

 76 end

 77 

 78 VelAngRPM=VelAng*(30/pi);

 79 

 80 % Theoretical idealized torque-speed curve of the base design. 

 81 

 82 TP2004TorqueSpeed = figure('Name',...

 83     'Theoretical Torque-Speed Curve for TP2004');

 84 plot(VelAngRPM,Par,'LineWidth',2.0)

 85 savefig('TorqueSpeedCurve.fig')

 86 

 87 %% Dynamic Equations: Newton's Second Law. 

 88 

 89 LoadCurves = figure('Name',...

 90     'Loads Curves for the powertrain');

 91 plot(VelLin*3.6,FTracTren,'LineWidth',2.0,'Color',[0,0,0]);

 92 hold on

 93 

 94 Fviento=zeros;

 95 Fzfr=zeros;

 96 Fztr=zeros;

 97 fr=zeros;

 98 Ffrfr=zeros;

 99 Ftrfr=zeros;

100 Ftraccion=zeros;

101 

102 for j=0:5:30

103     % Grade Load.

104     grado=j;

105     theta=atan(grado/100);

106     Fpen=Wtot*sin(theta);

107     

108  

109     for i=1:1:cont

110         % Drag Force. 

111         Fviento(i)=0.5*den_aire*af*cd*(Speed_UDDS_mps(i)+vel_viento)^2;

112         % Normal Front Force

113         Fzfr(i)=(-Fviento(i)*aviento-Fpen*ag-(Wtot/g)*Acceleration_UDDS_mps(i)

*ag+Wtot*cos(theta)*ltr)/lv;

114         % Normal Rear Force. 

115         Fztr(i)=(Fviento(i)*aviento+Fpen*ag+(Wtot/g)*Acceleration_UDDS_mps(i)

*ag+Wtot*cos(theta)*lfr)/lv; 

116         % Rolling Resistance. 

117         fr(i)=0.01*(1+(Speed_UDDS_mps(i)/100));

118         Ffrfr(i)=Fzfr(i)*fr(i)*cos(theta);



119         Ftrfr(i)=Fztr(i)*fr(i)*cos(theta);

120         % Seconds Newton's Law

121         Ftraccion(i)=(Wtot/g)*Acceleration_UDDS_mps(i)+Fviento(i)+Fpen+Ftrfr(i)

+Ffrfr(i);

122 

123 

124     end

125     

126     RegresionPol=polyfit(Speed_UDDS_mps,Ftraccion',5);

127     VecVel=(0:1:120)/3.6;

128     Ftracc=polyval(RegresionPol,VecVel);

129     plot(VecVel*3.6,Ftracc,'LineWidth',1.3,'Color',[0,0,1])

130     

131 end

132 savefig('PowerTrainPerformance.fig')

133 

134 %% Electric Motor load 

135 % Grade Load.

136     grado=8; % Selected grade for desing the motor. 

137     theta=atan(grado/100);

138     Fpen=Wtot*sin(theta);

139     

140  

141 for i=1:1:cont

142     % Drag Force. 

143     Fviento(i)=0.5*den_aire*af*cd*(Speed_UDDS_mps(i)+vel_viento)^2;

144     % Normal Front Force

145     Fzfr(i)=(-Fviento(i)*aviento-Fpen*ag-(Wtot/g)*Acceleration_UDDS_mps(i)

*ag+Wtot*cos(theta)*ltr)/lv;

146     % Normal Rear Force. 

147     Fztr(i)=(Fviento(i)*aviento+Fpen*ag+(Wtot/g)*Acceleration_UDDS_mps(i)

*ag+Wtot*cos(theta)*lfr)/lv; 

148     % Rolling Resistance. 

149     fr(i)=0.01*(1+(Speed_UDDS_mps(i)/100));

150     Ffrfr(i)=Fzfr(i)*fr(i)*cos(theta);

151     Ftrfr(i)=Fztr(i)*fr(i)*cos(theta);

152     % Seconds Newton's Law

153     Ftraccion(i)=(Wtot/g)*Acceleration_UDDS_mps(i)+Fviento(i)+Fpen+Ftrfr(i)+Ffrfr

(i);

154    

155 

156 end

157 

158 

159 ParCarga= Ftraccion*(dialla/2)/it;

160 MotorSpeed=Speed_UDDS_mps/(dialla/2)*it;

161 LoadPoints = figure('Name',...

162     'Operational Points of the Drive Cycle');

163 plot(VelAngRPM,Par,'LineWidth',2.0,'Color',[0,0,0]);

164 hold on

165 plot(MotorSpeed*30/pi,ParCarga,'o');

166 

167 %% Getting the representative points of th Drive Cycle

168 

169 MotorSpeedRPM=(MotorSpeed*30/pi)';

170 ith=3;

171 jth=3;

172 asil=VelAngMax*30/pi/ith;

173 paril=ParNominal/ith;

174 angarea=zeros;



175 pararea=zeros;

176 for jj=1:1:ith

177     angarea(jj+1)=0+jj*asil;

178 end

179 for jj=1:1:jth

180     pararea(jj+1)=0+jj*paril;

181 end

182 velang1a=zeros;

183 par1a=zeros;

184 i1a=1;

185 velang1b=zeros;

186 par1b=zeros;

187 i1b=1;

188 velang1c=zeros;

189 par1c=zeros;

190 i1c=1;

191 velang2a=zeros;

192 par2a=zeros;

193 i2a=1;

194 velang2b=zeros;

195 par2b=zeros;

196 i2b=1;

197 velang2c=zeros;

198 par2c=zeros;

199 i2c=1;

200 velang3a=zeros;

201 par3a=zeros;

202 i3a=1;

203 velang3b=zeros;

204 par3b=zeros;

205 i3b=1;

206 velang3c=zeros;

207 par3c=zeros;

208 i3c=1;

209 

210 angvelsize=size(MotorSpeedRPM,2);

211 for ii=1:1:angvelsize

212     % First Range of speeds

213     if (MotorSpeedRPM(ii) >=angarea(1)) && (MotorSpeedRPM(ii)< angarea(2))

214        % First Range of Torques

215         if(ParCarga(ii) >=pararea(1)) && (ParCarga(ii)< pararea(2))

216             velang1a(i1a)=MotorSpeedRPM(ii);

217             par1a(i1a)=ParCarga(ii);

218             i1a=i1a+1;

219         % Second Range of Torques

220         elseif(ParCarga(ii) >=pararea(2)) && (ParCarga(ii)< pararea(3))

221             velang1b(i1b)=MotorSpeedRPM(ii);

222             par1b(i1b)=ParCarga(ii);

223             i1b=i1b+1;

224          % Third Range of Torques

225         elseif(ParCarga(ii) >=pararea(3)) && (ParCarga(ii)<= pararea(4))

226             velang1c(i1c)=MotorSpeedRPM(ii);

227             par1c(i1c)=ParCarga(ii);

228             i1c=i1c+1;

229         end

230         

231     % Second Range of speeds    

232     elseif (MotorSpeedRPM(ii) >=angarea(2)) && (MotorSpeedRPM(ii)< angarea(3))

233        

234         % First Range of Torques



235         if(ParCarga(ii) >=pararea(1)) && (ParCarga(ii)< pararea(2))

236             velang2a(i2a)=MotorSpeedRPM(ii);

237             par2a(i2a)=ParCarga(ii);

238             i2a=i2a+1;

239         

240         % Second Range of Torques

241         elseif(ParCarga(ii) >=pararea(2)) && (ParCarga(ii)< pararea(3))

242             velang2b(i2b)=MotorSpeedRPM(ii);

243             par2b(i2b)=ParCarga(ii);

244             i2b=i2b+1;

245         

246         % Third Range of Torques

247         elseif(ParCarga(ii) >=pararea(3)) && (ParCarga(ii)<= pararea(4))

248             velang2c(i2c)=MotorSpeedRPM(ii);

249             par2c(i2c)=ParCarga(ii);

250             i2c=i2c+1;

251         end

252     % Third Range of speeds    

253     elseif (MotorSpeedRPM(ii) >=angarea(3)) && (MotorSpeedRPM(ii)<= angarea(4))

254        

255         % First Range of Torques

256         if(ParCarga(ii) >=pararea(1)) && (ParCarga(ii)< pararea(2))

257             velang3a(i3a)=MotorSpeedRPM(ii);

258             par3a(i3a)=ParCarga(ii);

259             i3a=i3a+1;

260         

261         % Second Range of Torques

262         elseif(ParCarga(ii) >=pararea(2)) && (ParCarga(ii)< pararea(3))

263             velang3b(i3b)=MotorSpeedRPM(ii);

264             par1b(i3b)=ParCarga(ii);

265             i3b=i3b+1;

266         

267         % Third Range of Torques

268         elseif(ParCarga(ii) >=pararea(3)) && (ParCarga(ii)<= pararea(4))

269             velang3c(i3c)=MotorSpeedRPM(ii);

270             par3c(i3c)=ParCarga(ii);

271             i3c=i3c+1;

272         end

273     

274     end

275 end

276 %% Equivalent Representative Points 

277 

278 % Torque

279  Teq1a=sum(par1a)/size(par1a,2);

280  Teq1b=sum(par1b)/size(par1b,2);

281  Teq1c=sum(par1c)/size(par1c,2);

282  

283  Teq2a=sum(par2a)/size(par2a,2);

284  Teq2b=sum(par2b)/size(par2b,2);

285  Teq2c=sum(par2c)/size(par2c,2);

286  

287  Teq3a=sum(par3a)/size(par3a,2);

288  Teq3b=sum(par3b)/size(par3b,2);

289  Teq3c=sum(par3c)/size(par3c,2);

290  

291  % Angular Speed 

292  weq1a=sum(velang1a)/size(velang1a,2);

293  weq1b=sum(velang1b)/size(velang1b,2);

294  weq1c=sum(velang1c)/size(velang1c,2);



295  

296  weq2a=sum(velang2a)/size(velang2a,2);

297  weq2b=sum(velang2b)/size(velang2b,2);

298  weq2c=sum(velang2c)/size(velang2c,2);

299  

300  weq3a=sum(velang3a)/size(velang3a,2);

301  weq3b=sum(velang3b)/size(velang3b,2);

302  weq3c=sum(velang3c)/size(velang3c,2);

303  

304  % Weight Coefficient

305 

306  wc1a=i1a/angvelsize;

307  wc1b=i1b/angvelsize;

308  wc1c=i1c/angvelsize;

309  

310  wc2a=i1a/angvelsize;

311  wc2b=i1b/angvelsize;

312  wc2c=i1c/angvelsize;

313  

314  wc3a=i1a/angvelsize;

315  wc3b=i1b/angvelsize;

316  wc3c=i1c/angvelsize;

317  

318  

319  %Matrix forms

320  TeqM=[Teq1a,Teq2a,Teq3a;Teq1b,Teq2b,Teq3b;Teq1c,Teq2c,Teq3c];

321  weqM=[weq1a,weq2a,weq3a;weq2b,weq2b,weq3b;weq1c,weq2c,weq3c];

322  wcM=[wc1a,wc2a,wc3a;wc1b,wc2b,wc3b;wc1c,wc2c,wc3c];

323  

324  TqUDDS=[Teq1a,Teq2a,Teq3a,Teq1b,Teq2b,Teq3b,Teq1c,Teq2c,Teq3c];

325  SpeedUDDS=[weq1a,weq2a,weq3a,weq2b,weq2b,weq3b,weq1c,weq2c,weq3c];

326  WeightCoeffUDD=[wc1a,wc2a,wc3a,wc1b,wc2b,wc3b,wc1c,wc2c,wc3c];

327  

328 

329     

330 

331 

 



 1 %%                              UNAM-NTUA                                %% 

 2 % Título: Prueba a rotor bloqueado. 

 3 % Descripción: Con este código se realiza una secuencia de cáluclos

 4 % por medio del método de elémentos finitos en FEMM. La simulación

 5 % corresponde a oa pueba a rotor bloqueado. 

 6 %% 

 7 %  Autor: Alfonso Arriaga Vigil Fecha: 15-10-2018

 8 %%

 9 Imax=350;             %Amplitud máxima de la corriente trifásica apliacada.

10 dA= 50;                %Paso incremental de la corriente.

11 Im=zeros;             %Incialización del vector de amplitud.

12 Tqmax=zeros;          %Incialización del vector de par máximo.

13 angmax=zeros;         %Incialización del vector ángulo máximo.

14 dAng=40;              %Paso incremental de los ángulos eléctricos.

15 omega_deg=0:9:360;

16 omega=omega_deg*(pi/180);

17 SizeOmega=size(omega);

18 NIteration=SizeOmega(2);

19 TorqueAngle=figure('Name',...

20     'Ángulo de Par para diferentes corrientes');

21 hold on

22 for j=1:1:Imax/dA

23     Im(j)=j*dA;                                %Amplitud de la corriente(A)

24     Ia=Im(j)*sin(omega);                       %Corriente de la fase A

25     Ib=Im(j)*sin(omega+2*pi/3);                %Corriente de la fase B

26     Ic=Im(j)*sin(omega-2*pi/3);                %Corriente de la fase C

27     %% FEMM

28     openfemm; 

29     opendocument('TP2004-1P-SL-SB.fem');

30     mi_saveas('TP2004-1P-SL-SBtemp.fem')

31     Tq=zeros;

32     for i=1:1:NIteration

33         mi_setcurrent('A+',Ia(i));

34         mi_setcurrent('B-',-Ib(i));

35         mi_setcurrent('C+',Ic(i));   

36         mi_analyze();

37         mi_loadsolution;

38         Tq(i)=mo_gapintegral('apag',0);  

39     end

40     closefemm;   

41     %Identificando el Par máximo

42     Tqmax(j)=max(Tq);

43     for i=1:1:size(Tq,2)

44         if Tq(i)==Tqmax

45             angmax(j)=omega(j)*180/pi;

46         end

47     end

48     plot(omega*180/pi,Tq)

49     disp('Iteration:')

50         disp(j)

51         disp('de:')

52         disp(Imax/dA)  

53 end

54 delete('TP2004-1P-SL-SBtemp.fem');

55 delete('TP2004-1P-SL-SBtemp.ans');

56 %Análisis de la corriente y par máximo.

57 TorCurr=polyfit(Im,Tqmax,1);

58 CurCurr = polyval(TorCurr,Im);

59 figure

60 plot(Im,Tqmax,'o')



61 hold on

62 plot(Im,CurCurr)

63 hold off

64 IMCurve=polyfit(Tqmax,Im,1);

65 

 



  1 %% Core Loss Calculation Script

  2 

  3 % David Meeker

  4 % dmeeker@ieee.org

  5 % AGE version 18Feb2017

  6 

  7 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

  8 %% Start User-Defined Parameters

  9 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

 10 

 11 % Model Name

 12 % MyModel = 'TP2004-1P-SL-SB.fem'; % Uncommet if runs alone 

 13 

 14 % base frequency in Hz

 15 wbase=1500/60; %(4000 rev/minute)*(minute/(60*seconds))

 16 

 17 % range of speeds over which to evaluate losses

 18 SpeedMin = 100; % in RPM

 19 SpeedMax = 6000; % in RPM

 20 SpeedStep = 100; % in RPM

 21 

 22 % Winding properties

 23 MyIdCurrent = 0; % direct current in phase current amplitude scaling

 24 MyIqCurrent = 50; % quadrature current phase current amplitude scaling

 25 MyLowestHarmonic = 2; % lowest numbered harmonic present in the stator winding

 26 AWG=22; % Magnet wire gauge used in winding

 27 WindingFill=0.3882;

 28 PhaseResistance = 0.223*2.333; % phase resistance including end turns at 20 degC

 29 TemperatureRise = 100; % temperature increase, degrees C

 30 

 31 % Magnet properties

 32 RotorMagnets = 1;

 33 NumberPoles=8;

 34 omag = 0.556*10^6;                  % conductivity of sintered NdFeB in S/m

 35 

 36 % Core properties

 37 ce = 0.530; % Eddy current coefficient in (Watt/(meter^3 * T^2 * Hz^2)

 38 ch = 143.; % Hysteresis coefficient in (Watts/(meter^3 * T^2 * Hz)

 39 cs = 0.95;  % Lamination stacking factor (nondimensional)

 40 

 41 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

 42 %% End User-Defined Parameters

 43 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

 44 

 45 % helpful unit definitions

 46 PI=pi; Pi=pi;

 47 deg=Pi/180.;

 48 

 49 % angle through which to spin the rotor in degrees

 50 n = 360/MyLowestHarmonic;

 51 

 52 % angle increment in degrees

 53 dk = 20;

 54 

 55 % A similar loss/volume expression can be derived to compute proximity

 56 % effect losses in the windings.  Use the low frequency approximiation

 57 % from the paper, since in this case, wire size is a lot smaller than skin

 58 % depth at the frequencies of interest.

 59 

 60 % Get parameters for proximity effect loss computation for phase windings



 61 dwire=0.324861*0.0254*exp(-0.115942*AWG); % wire diameter in meters as a function 

of AWG

 62 owire = (58.*10^6)/(1+TemperatureRise*0.004); % conductivity of the wire in S/m at 

prescribed deltaT

 63 cePhase = (Pi^2/8)*dwire^2*WindingFill*owire;

 64 

 65 %% Perform a series of finite element analyses

 66 

 67 openfemm(1);

 68 opendocument([MotorModel '.fem']);

 69 mi_smartmesh(0);  % use relatively coarse mesh to save time

 70 

 71 mi_saveas([MotorModel 'temp.fem']);

 72 

 73 % Run an analysis through an entire spin of the rotor and record

 74 % element centroid flux density and vector potential (using the mesh from the 

first iteration)

 75 % at every step.  This information will then be used to estimate

 76 % core losses

 77 for kk = 1:round(n/dk)

 78     starttime=clock;

 79     k=(kk-1)*dk; % rotor angle in degrees

 80     

 81     % Set the rotor angle to the correct angle for this iteration

 82     % Since the model uses an "air gap element", the rotor position is set by

 83     % modifying a parameter indicated rotor position in the air gap element 

 84     % boundary definition

 85     mi_modifyboundprop('apag',10,k);

 86         

 87     % make sure that the current is set to the appropriate value for this 

iteration.  

 88     tta = (NumberPoles/2)*k*deg;

 89     Id = [cos(tta), cos(tta-2*pi/3), cos(tta+2*pi/3)];

 90     Iq =-[sin(tta), sin(tta-2*pi/3), sin(tta+2*pi/3)];

 91     Itot =  MyIdCurrent*Id + MyIqCurrent*Iq;

 92     mi_setcurrent('A+', Itot(1));

 93     mi_setcurrent('C+', Itot(3));    

 94     mi_setcurrent('B-', -Itot(2));

 95     

 96     

 97     

 98     mi_analyze(1);

 99     mi_loadsolution;

100     mo_smooth('off');  % flux smoothing algorithm is off

101     if (k == 0)

102         % Record the initial mesh elements if the first time through the loop

103         nn = mo_numelements;

104         b = zeros(floor(n/dk),nn); % matrix that will hold the flux density info

105         A = zeros(floor(n/dk),nn); % matrix that will hold the vector potential 

info

106         z = zeros(nn,1); % Location of the centroid of each element

107         a = zeros(nn,1); % Area of each element

108         g = zeros(nn,1); % Block label of each element

109         tq = zeros(floor(n/dk),1);

110         for m = 1:nn

111             elm = mo_getelement(m);

112             % z is a vector of complex numbers that represents the location of

113             % the centroid of each element.

114             z(m) = elm(4) + 1j*elm(5);

115             % element area in the length units used to draw the geometry



116             a(m) = elm(6);

117             % group number associated with the element

118             g(m) = elm(7);

119         end

120     end

121     

122     % Store element flux densities *)

123     u=exp(1j*k*pi/180.);

124     for m = 1:nn

125         if(g(m)>10)

126             % Element is in a rotor magnet, marked with group numbers 11 and 

higher

127             % Store vector potential at the element centroid for elements that are 

in PMs

128             A(kk,m) = mo_geta(real(z(m)),imag(z(m)));

129         elseif (g(m) > 0) 

130             % Element is on the stator or rotor iron

131             % Store flux density at the element centroid for these elements         

132             b(kk,m) = (mo_getb(real(z(m)),imag(z(m)))*[1;1j]);

133         end

134     end

135 

136     % mo_getprobleminfo returns, among other things, the depth of the

137     % machine in the into-the-page direction and the length units used to

138     % draw the geometry. Both of these pieces of information will be needed

139     % to integrate the losses over the volume of the machine.

140     probinfo=mo_getprobleminfo;

141 

142     % compute torque    

143     tq(kk)=mo_gapintegral('apag',0);  

144     mo_close;

145     

146     fprintf('% i of % i :: %f seconds ::  %f N*m \n',k,n,etime(clock,starttime),tq

(kk));

147 end

148 

149 % clean up after finite element runs are finished

150 closefemm;

151 delete([MotorModel 'temp.fem']);

152 delete([MotorModel 'temp.ans']);

153 

154 %% Add Up Core Losses

155 

156 % Compute the square of the amplitude of each harmonic at the centroid of

157 % each element in the mesh. Matlab's built-in FFT function makes this easy.

158 ns=n/dk;

159 bxfft=abs(fft(real(b)))*(2/ns);

160 byfft=abs(fft(imag(b)))*(2/ns);

161 bsq=(bxfft.*bxfft) + (byfft.*byfft);

162 

163 % Compute the volume of each element in units of meter^3

164 h = probinfo(3);            % Length of the machine in the into-the-page direction

165 lengthunits = probinfo(4);  % Length of drawing unit in meters

166 v = a*h*lengthunits^2;

167 

168 % compute fft of A at the center of each element

169 Jm=fft(A)*(2/ns);

170 for k=1:RotorMagnets

171     g3=(g==(10+k));

172     % total volume of the magnet under consideration;



173     vmag=v'*g3;

174     % average current in the magnet for each harmonic

175     Jo=(Jm*(v.*g3))/vmag;    

176     % subtract averages off of each each element in the magnet

177     Jm = Jm - Jo*g3';

178 end

179 

180 Iphase=sqrt(MyIdCurrent^2+MyIqCurrent^2)/sqrt(2);

181 PhaseOhmic = 3*(PhaseResistance*(1+TemperatureRise*0.004))*Iphase^2;

182     

183 results=[];

184 

185 for thisSpeed=SpeedMin:SpeedStep:SpeedMax

186 

187     thisFrequency = thisSpeed/60; % mechanical speed in Hz

188     

189     % Make a vector representing the frequency associated with each harmonic

190     % The last half of the entries are zeroed out so that we don't count each

191     % harmonic twice--the upper half of the FFT a mirror of the lower half

192     w=0:(ns-1);

193     w=MyLowestHarmonic*thisFrequency*w.*(w<(ns/2));  

194 

195     % Now, total core loss can be computed in one fell swoop...

196     % Dividing the result by cs corrects for the lamination stacking factor

197     g1=(g==10);

198     rotor_loss =8* ((ch*w+ce*w.*w)*bsq*(v.*g1))/cs;

199 

200     g2=(g==1);

201     stator_loss =8*((ch*w+ce*w.*w)*bsq*(v.*g2))/cs;

202 

203     % and prox losses can be totalled up in a similar way

204     g4=(g==2);

205     prox_loss = 8*((cePhase*w.*w)*bsq*(v.*g4));

206 

207     % Add up eddy current losses in the magnets

208     magnet_loss = 8*(1/2)*((omag*(2*pi*w).^2)*(abs(Jm).^2)*v);

209 

210     total_loss = rotor_loss + stator_loss + prox_loss + PhaseOhmic + magnet_loss;

211 

212     results = [results; thisSpeed, rotor_loss, stator_loss, magnet_loss, 

PhaseOhmic, prox_loss, total_loss];

213 end

214 

215 % save('c:\\temp\\myLossData.m','results','-ASCII');

216 

217 %% Loss plot

218 MotorLossesSpecificLoad= figure('Name',...

219     'Motor Losses at Specific Load');

220 plot(results(:,1),results(:,2:7));

221 xlabel('Speed, RPM');

222 ylabel('Total Losses, Watts');

223 title('Loss versus Speed');

224 legend('Rotor Core','Stator Core','Magnets','Coil Ohmic','Coil Proximity','Total 

Loss','Location','northwest');

225 savefig(['MotorLossesSpecificLoad' num2str(mod) '.fig'])

226 

227 % %% Torque plot

228 % plot(0:dk:(n-1),tq);

229 % xlabel('Rotor Angle, Degrees');

230 % ylabel('Torque, N*m');



231 % title('Torque on Rotor vs. Angle');

232 

233 % %% Plot of heating

234 %

235 % wbase=4000/60; %(4000 rev/minute)*(minute/(60*seconds))

236 % w=0:(ns-1);

237 % w=MyLowestHarmonic*wbase*w.*(w<(ns/2)); 

238 %

239 % % Rotor loss

240 % g1=(g==10);

241 % ptloss = (transpose ((ch*w+ce*w.*w)*bsq).*g1)/cs;

242 %

243 % % Stator loss

244 % g2=(g==1);

245 % ptloss = ptloss + (transpose ((ch*w+ce*w.*w)*bsq).*g2)/cs;

246 % 

247 % % Prox loss

248 % g4=(g==2);

249 % ptloss = ptloss + (transpose ((cePhase*w.*w)*bsq).*g4);

250 % 

251 % % PM contribution

252 % ptloss = ptloss + ((1/2)*(omag*(2*pi*w).^2)*(abs(Jm).^2))';

253 % 

254 % %% point location in z

255 % heating = [real(z),imag(z),ptloss];

256 % save('c:\\temp\\myLossData.txt','heating','-ASCII');

257 

258 
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❖①❢♦r❞ ❖❳✷ ✻❉P✱ ✜rst ❡❞✐t✐♦♥✱ ✷✵✵✶✳

❙t❡♣❤❡♥ ❏ ❈❤❛♣♠❛♥✳ ▼áq✉✐♥❛s ❊❧é❝tr✐❝❛s✳ ▼❝●r❛✇✲❍✐❧❧ ■♥t❡r❛♠❡r✐❝❛♥❛✱ P✉♥t❛ ❙❛♥t❛ ❋❡✱ Pr♦❧♦♥❣❛❝✐ó♥ P❛s❡♦ ❞❡ ❧❛
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✇✐❦✐✴❙P▼▲♦ss✳

▼ ▼❡❧❛✐♥❛ ❛♥❞ ❏ ❊✐❝❤♠❛♥✳ ❊✈❛❧✉❛t✐♦♥ ♦❢ ✷✵✵✺ ❤♦♥❞❛ ❛❝❝♦r❞ ❤✉❜r✐❞ ❡❧❡❝tr✐❝ ❞r✐✈❡ s②st❡♠✳ ❚❡❝❤♥✐❝❛❧ ❘❡♣♦rt ◆❘❊▲✴❚P✲
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