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UNIVERSIDAD MAYOR DE SAN ANDRÉS 
FACULTAD DE INGENIERIA 

 

 
 
 
 
 
 

 

LA FACULTAD DE INGENIERIA DE LA UNIVERSIDAD MAYOR DE SAN 

ANDRÉS AUTORIZA EL USO DE LA INFORMACIÓN CONTENIDA EN ESTE 

DOCUMENTO SI LOS PROPÓSITOS SON ESTRICTAMENTE ACADÉMICOS. 

 
 
 
 
 

LICENCIA DE USO 
 
 
 
 

El usuario está autorizado a: 

 

a) Visualizar el documento mediante el uso de un ordenador o dispositivo móvil. 

b) Copiar, almacenar o imprimir si ha de ser de uso exclusivamente personal y privado. 

c) Copiar textualmente parte(s) de su contenido mencionando la fuente y/o haciendo 

la cita o  referencia correspondiente en apego a las normas de redacción e 

investigación. 

 

 

El usuario no puede publicar, distribuir o realizar emisión o exhibición alguna de este 

material, sin la autorización correspondiente. 

 

 

 

 

TODOS LOS DERECHOS RESERVADOS. EL USO NO AUTORIZADO DE LOS 

CONTENIDOS PUBLICADOS EN ESTE SITIO DERIVARA EN EL INICIO DE 

ACCIONES LEGALES CONTEMPLADAS EN LA LEY DE DERECHOS DE AUTOR. 
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❘❡s✉♠❡♥

❊st❡ tr❛❜❛❥♦ s❡ ✐♥✐❝✐❛ ❝♦♥ ✉♥❛ ❞❡s❝r✐♣❝✐ó♥ ❜r❡✈❡ ❞❡ ❧❛s ✈❛r✐❛❜❧❡s q✉❡ ✐♥t❡r✈✐❡♥❡♥ ♣❛r❛ ❧❛
❞❡t❡r♠✐♥❛❝✐ó♥ ❞❡ ❧❛ r❛❞✐❛❝✐ó♥ s♦❧❛r ❣❧♦❜❛❧ ✭❞✐r❡❝t❛ ② ❞✐❢✉s❛✮ s♦❜r❡ s✉♣❡r✜❝✐❡s ✐♥❝❧✐♥❛❞❛s
s♦❜r❡ ❧❛ t✐❡rr❛✳ ▲✉❡❣♦ ♣r❡s❡♥t♦ ✉♥ ❡st✉❞✐♦ s♦❜r❡ ❝♦❧❡❝t♦r ♣❛r❛❜ó❧✐❝♦ s♦❧❛r ❝♦♠♣✉❡st♦✱
❝♦❧❡❝t♦r q✉❡ ♣❡rt❡♥❡❝❡ ❛ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ➝ ❙❊●❯■▼■❊◆❚❖ ■◆❚❊❘▼■❚❊◆❚❊ ❆ ▲❆❙
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②❛ s❡❛ ♣❛r❛ ✜♥❡s r❡❝r❡❛t✐✈♦s✱ ❞❡♣♦rt✐✈♦s✱ ♠❡❞✐❝✐♥❛❧❡s ❡♥ ❣❡♥❡r❛❧ ♣❛r❛ ❝✉❛❧q✉✐❡r s✐t✉❛❝✐ó♥
❡♥ ❞♦♥❞❡ s❡ r❡q✉✐❡r❛ ❛❣✉❛ ❝❛❧✐❡♥t❡✱ ❡❧ ❡st✉❞✐♦ ② ❡s♣❡❝✐❛❧✐③❛❝✐ó♥ ❡♥ ❡❧ ✉s♦ ❞❡ ❡♥❡r❣í❛
❛❧t❡r♥❛t✐✈❛s ② ❝♦♥ ❡❧❧♦ ❧❛ ✉t✐❧✐③❛❝✐ó♥ ❞❡ s✐st❡♠❛s ♠ás ❡✜❝✐❡♥t❡s ② ♣♦❝♦ ❝♦♥t❛♠✐♥❛♥t❡s ✱ s❡rá
✉♥ ❢❛❝t♦r ❛ ❝♦♥s✐❞❡r❛r ❞❡♥tr♦ ❞❡ ❧♦s ♣r♦②❡❝t♦s ❡♥❡r❣ét✐❝♦s ❞❡ ❧♦s ♣ró①✐♠♦s ❛ñ♦s t♦♠❛♥❞♦
❡♥ ❝✉❡♥t❛ q✉❡ ❡❧ ❛❤♦rr♦ ❞❡ ❡♥❡r❣í❛ ❡♥ ❧❛s ú❧t✐♠❛s ❢❡❝❤❛s ❤❛ ❝♦❜r❛❞♦ ❣r❛♥ ✐♠♣♦rt❛♥❝✐❛
❞❛❞♦ ❡❧ ❛❣♦t❛♠✐❡♥t♦ ② ❡♥❝❛r❡❝✐♠✐❡♥t♦ ❞❡ ❧♦s ❝♦♠❜✉st✐❜❧❡s ❢ós✐❧❡s✱ ❛sí ❝♦♠♦ ❧❛ ✐♥❤❡r❡♥t❡
❝♦♥t❛♠✐♥❛❝✐ó♥ q✉❡ ❝♦♥❧❧❡✈❛ s✉ ✉s♦✳ ❈♦♠♦ ❝♦♥❝❧✉s✐ó♥ ❞❡ ❡st❡ ♣r♦②❡❝t♦ ♣♦❞❡♠♦s ❞❡♥♦t❛r
q✉❡ ❡❧ r❡s✉❧t❛❞♦ ♦❜t❡♥✐❞♦ ❡stá ❞❡♥tr♦ ❞❡ ❧♦ ❡s♣❡r❛❞♦ ❞❡ ❛❝✉❡r❞♦ ❛❧ ❞✐s❡ñ♦ ❤❡❝❤♦ ♣❛r❛
♥✉❡str♦ ❈P❈✳ ▲❛ ❡✜❝✐❡♥❝✐❛ ♣r♦♠❡❞✐♦ ❞✐❛r✐❛ ♣❛r❛ ♥✉❡str♦ ❈P❈ ❢✉❡ ❞❡ ✻✻✪✱ ❝♦♠♦ s❡
♣✉❡❞❡ ♦❜s❡r✈❛r ❡s ♠❛②♦r ❛ ❧❛s ❡✜❝✐❡♥❝✐❛s ♦❜t❡♥✐❞❛s ♣❛r❛ ❧♦s ❝♦❧❡❝t♦r❡s ❞❡ ♣❧❛❝❛ ♣❧❛♥❛✳
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❚❤✐s ✇♦r❦ ❜❡❣✐♥s ✇✐t❤ ❛ ❜r✐❡❢ ❞❡s❝r✐♣❝✐ó♥ ♦❢ t❤❡ ✈❛r✐❛❜❧❡s ✐♥✈♦❧✈❡❞ ✐♥ t❤❡ ❞❡t❡r♠✐♥❛✲
t♦♥ ♦❢ ❣❧♦❜❛❧ s♦❧❛r r❛❞✐❛t✐♦♥ ✭❞✐r❡❝t ❛♥❞ ❞✐✛✉s❡✮ ♦♥ ✐♥❝❧✐♥❡❞ s✉r❢❛❝❡s ♦♥ t❤❡ ❡❛rt❤✳ ❚❤❡♥
■ ♣r❡s❡♥t ❛ st✉❞② ♦♥ ❝♦♠♣♦✉♥❞ ♣❛r❛❜♦❧✐❝ s♦❧❛r ❝♦❧❧❡❝t♦r✱ ❛ ❝♦❧❧❡❝t♦r t❤❛t ❜❡❧♦♥❣s t♦ t❤❡
❝❧❛ss✐✜❝❛t✐♦♥ ➝■◆❚❊❘▼■❚❚❊◆❚ ▼❖◆■❚❖❘■◆● ❖❋ ❚❍❊ ❚❘❆❏❊❈❚❖❘■❊❙ ❖❋ ❚❍❊
❙❯◆➝✱ ❢r♦♠ t❤✐s st✉❞②✱ t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ t❤❡ ❝♦❧❧❡❝t♦r ❞❡s✐❣♥ ✐s s❤♦✇♥✳ ❚❤❡ ♣r♦②❡❝t
➝❉❊❙■●◆ ❖❋ ❆ ❈❖▼P❖❙■❚❊ P❆❘❆❇❖▲■❈ ❙❖▲❆❘ ❈❖▲▲❊❈❚❖❘ ❋❖❘ ❉❊▼❊❙❚■❈
❯❙❊➝t❤❛t ✐s ❞❡s✐❣♥❡❞ ❢♦r t❤❡ ❝✐t② ♦❢ ▲❛ P❛③✱ ✇❤❡t❤❡r ❢♦r r❡❝r❡❛t✐♦♥❛❧✱ s♣♦rts✱ ♠❡❞✐❝♥❛❧
♣✉r♣♦s❡s ✐♥ ❣❡♥❡r❛❧ ❢♦r ❛♥② s✐t✉❛t✐♦♥ ✇❤❡r❡ ❤♦t ✇át❡r ✐s r❡q✉✐r❡❞✱ t❤❡ st✉❞② ❛♥❞ s♣❡✲
❝✐❛❧✐③❛t✐♦♥ ✐♥ t❤❡ ✉s❡ ♦❢ ❛❧t❡r♥❛t✐✈❡ ❡♥❡r❣② ❛♥❞ ✇✐t❤ ✐t t❤❡ ✉s❡ ♦❢ ❛❧t❡r♥❛t✐✈❡ ❛♥❞ ❧❡ss
♣♦❧❧✉t✐♥❣ s②st❡♠s✱ ✇✐❧❧ ❜❡ ❛ ❢❛❝t♦r t♦ ❝♦♥s✐❞❡r ✇✐t❤✐♥ t❤❡ ❡♥❡r❣② ♣r♦②❡❝ts ♦❢ t❤❡ ❝♦♠✐♥❣
②❡❛rs✱ t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t t❤❛t ❡♥❡r❣② s❛✈✐♥❣ ✐♥ r❡❝❡♥t t✐♠❡s ❤❛s ❣❛✐♥❡❞ ❣r❡❛t ✐♠♣♦rt❛♥❝❡
❣✐✈❡♥ t❤❡ ✐♥❤❡r❡♥t ♣♦❧❧✉t✐♦♥ t❤❛t t❤❡✐r ✉s❡ ❡♥t❛✐❧s✳ ❆s ❛ ❝♦♥❝❧✉s✐ó♥ ♦❢ t❤✐s Pr♦❥❡❝t ✇❡ ❝❛♥
❞❡♥♦t❡ t❤❛t t❤❡ r❡s✉❧t ♦❜t❛✐♥❡❞ ✐s ✇❤✐t t❤❡ ❡①♣❡❝t ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❞❡s✐❣♥ ♠❛❞❡ ❢♦r ♦✉r
❈P❈✳ ❚❤❡ ❛✈❡r❛❣❡ ❞❛✐❧② ❡✣❝✐❡♥❝② ❢♦r ♦✉r ❈P❈ ✇❛s ✻✻✪✱ ❛s ❝❛♥ ❜❡ s❡❡♥✱ ✐t ✐s ❤✐❣❤❡r t❤❛♥
t❤❡ ❡✣❝✐❡♥❝✐❡s ♦❜t❛✐♥❡❞ ❢♦r ✢❛t ♣❧❛t❡ ❝♦❧❧❡❝t♦rs✳
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♣♦r t♦❞♦ s✉ ❝❛r✐ñ♦✱ ♣❛❝✐❡♥❝✐❛✱ ❝♦♠♣❛ñí❛ ② ❛♣♦②♦✳

❆❞❡♠ás✱ ❛ ✉♥ ♣❛❞r❡✱ ❝♦❧❡❣❛ ■♥❣✳ ❆r❝❡ ♣♦r s✉ ❛♣♦②♦ ② ❛♠✐st❛❞✱

② ♥♦ ♠❡♥♦s ❛❣r❛❞❡❝❡r ✉♥ ❣r❛♥ ❛♠✐❣♦ q✉❡ ♠❡ ❛②✉❞♦

❛ ❝♦♥❝❧✉✐r ❡st❡ ❡st✉❞✐♦ ❲✐❧❧✐❛♠ ❋❧♦r❡s✳
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❆❣r❛❞❡❝✐♠✐❡♥t♦s

❆ ❉✐♦s ♣♦r ❞❛r♠❡ ❧❛ ♦♣♦rt✉♥✐❞❛❞ ❞❡ ❡①✐st✐r ♣❛r❛ ✐♥t❡r❢❡r✐r✱ ❝❛♠❜✐❛r✱ ✐♥✢✉❡♥❝✐❛r ②
♠❡❥♦r❛r ❛q✉❡❧❧♦ q✉❡ ♥♦s r♦❞❡❛✱ ❧♦ q✉❡ ❧❧❛♠❛♠♦s ✈✐❞❛✳
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■♥tr♦❞✉❝❝✐ó♥

✶✳✶✳ ■♥tr♦❞✉❝❝✐ó♥

❊st❡ ♣r♦t♦t✐♣♦ ❡s ❞❡ ❣r❛♥ ✐♠♣♦rt❛♥❝✐❛ t❛♥t♦ ❡♥ ❧❛ t❡❝♥♦❧♦❣í❛ ❝♦♠♦ ❡♥ ❡❧ ♠❡❥♦r❛♠✐❡♥t♦
❞❡❧ ♣❧❛♥❡t❛ ②❛ q✉❡ ❡s ✉♥ ❜✉❡♥ ❛✈❛♥❝❡ ♣❛r❛ ❡✈✐t❛r ❡❧ ❜❛st❛♥t❡ ❝♦♥s✉♠♦ ❞❡ ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛
② ♥♦s ❛②✉❞❛ ❛ ❞❛r♥♦s ❞❡ ❝✉❡♥t❛ q✉❡ ❤❛② ❡♥❡r❣í❛ ❡♥ ♥✉❡str♦ ❡♥t♦r♥♦ q✉❡ ♥♦ ✉t✐❧✐③❛♠♦s✱
♠ás ❝♦♠✉♥❡s ❞❡❜✐❞♦ ❛ ❧❛ ❡❧❡❝tr✐❝✐❞❛❞✳

❆❞❡♠ás✱ ❞❡❜❡♠♦s ♣❧❛♥❡❛r ❧❛ s✉st✐t✉❝✐ó♥ ❞❡ ❧♦s ❝♦♠❜✉st✐❜❧❡s ❢ós✐❧❡s ✭❝❛r❜ó♥✱ ♣❡tró❧❡♦
② ❣❛s✮✱ q✉❡ ❤❛♥ ❧❧❡❣❛❞♦ ❛ s❡r t❛♥ ✈✐t❛❧❡s ♣❛r❛ ❧❛ ❝✐✈✐❧✐③❛❝✐ó♥ ♠♦❞❡r♥❛ q✉❡ ❝♦♥s✐❞❡r❛♠♦s✳

◆♦ s❡rí❛ r❛❝✐♦♥❛❧ ♥♦ ✐♥t❡♥t❛r ❛♣r♦✈❡❝❤❛r✱ ♣♦r t♦❞♦s ❧♦s ♠❡❞✐♦s té❝♥✐❝❛ ♠❡❞✐♦s ♣♦s✐❜❧❡s✱
❡st❛ ❢✉❡♥t❡ ❡♥❡r❣ét✐❝❛ ❣r❛t✉✐t❛✱ ❧✐♠♣✐❛ ❡ ✐♥❛❣♦t❛❜❧❡✱ q✉❡ ♣✉❡❞❡ ❧✐❜❡r❛r♥♦s ❞❡✜♥✐t✐✈❛♠❡♥✲
t❡ ❞❡ ❧❛ ❞❡♣❡♥❞❡♥❝✐❛ ❞❡❧ ♣❡tró❧❡♦ ♦ ❞❡ ♦tr❛s ❛❧t❡r♥❛t✐✈❛s ♣♦❝♦ s❡❣✉r❛s ♦✱ s✐♠♣❧❡♠❡♥t❡✱
❝♦♥t❛♠✐♥❛♥t❡s✳

❊♥ ❧❛ ❛❝t✉❛❧✐❞❛❞✱ ❡❧ ♠✉♥❞♦ ❞❡♣❡♥❞❡ ❞❡❧ ♣❡tró❧❡♦ ❡♥ ✉♥ ✹✻✪✱ ❞❡❧ ❝❛r❜ó♥ ❡♥ ✉♥ ✷✼✪ ②
❞❡❧ ❣❛s ❡♥ ✉♥ ✶✼✪✱ ❧♦ q✉❡ ❤❛❝❡ q✉❡ ❧❛ ❞❡♣❡♥❞❡♥❝✐❛ t♦t❛❧ ❞❡ ❧♦s ❝♦♠❜✉st✐❜❧❡s ❢ós✐❧❡s ❧❧❡❣❛
❛❧ ✾✵✪✱ s✐❡♥❞♦ ❡❧ ✶✵✪ r❡st❛♥t❡ ❛♣❧✐❝❛❜❧❡ ❛ ❧❛s ❡♥❡r❣í❛s ❤✐❞r♦❡❧é❝tr✐❝❛s✱ ♥✉❝❧❡❛r✱ ❡t❝ét❡r❛✳

❋✐❣✉r❛ ✶✳✶✿ ❯s♦ ❞❡ ❡♥❡r❣í❛

❈♦♥ ❡❧ ❛✉♠❡♥t♦ ❡①❝❡s✐✈♦ ❞❡❧ ❝♦st♦ ❞❡ ❡st❛s ❡♥❡r❣í❛s ♥♦ r❡♥♦✈❛❜❧❡s✱ t❛♠❜✐é♥ s❡ t♦♠ó
❝♦♥❝✐❡♥❝✐❛ ❞❡ ✉♥ ♠❡❥♦r ❛♣r♦✈❡❝❤❛♠✐❡♥t♦ ② ❞❡ ✉♥ ✉s♦ r❛❝✐♦♥❛❧ ② ❝✉✐❞❛❞♦s♦ ❞❡ ❧❛ ❡♥❡r❣í❛✳
❊♥ ❡❧ ❝✉rs♦ ❞❡ ❧❛s ❞♦s ú❧t✐♠❛s ❞é❝❛❞❛s✱ s❡ ✐♥t❡♥s✐✜❝ó ❡❧ ❡♠♣❧❡♦ ❞❡❧ ♣❡tró❧❡♦ ② ❞❡❧ ❣❛s✱ ②
s✉s r❡s❡r✈❛s ❝♦♠✐❡♥③❛♥ ❛ ❞❡❝r❡❝❡r rá♣✐❞❛♠❡♥t❡✱ ❝❛❧❝✉❧á♥❞♦s❡ s✉ ❡①t✐♥❝✐ó♥ ❛ ♠❡❞✐❛❞♦s ❞❡❧

✶
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s✐❣❧♦ ✷✶✳ ❙✐♠✉❧tá♥❡❛♠❡♥t❡ ❝♦♠❡♥③❛rá ❡❧ ✉s♦ ♠ás ✐♥t❡♥s✐✈♦ ❞❡❧ ❝❛r❜ó♥✱ ❝✉②❛s r❡s❡r✈❛s s❡
❝❛❧❝✉❧❛♥ ❤❛st❛ ❡❧ s✐❣❧♦ ✷✽✳

◆♦s ❡♥❝♦♥tr❛♠♦s ♣✉❡s ❛♥t❡ ❧❛ ♥❡❝❡s✐❞❛❞ ❞❡ r❡❛❝t✐✈❛r ❡❧ ✉s♦ ❞❡ ❧❛s ❡♥❡r❣í❛s r❡♥♦✈❛❜❧❡s✱
♦ s❡❛✱ ❞❡ ❧❛s ❡♥❡r❣í❛s q✉❡ ♥✉♥❝❛ s❡ ❡①t✐♥❣✉❡♥ t❛❧❡s ❝♦♠♦ ❧❛ s♦❧❛r✱ ❧❛ ❣❡♦tér♠✐❝❛✱ ❧❛ ❜✐♦♠❛s❛
❡♥❡r❣í❛ ❡ó❧✐❝❛✳ ◆❛t✉r❛❧♠❡♥t❡ q✉❡ ❧❛ ♠ás ✐♠♣♦rt❛♥t❡ ❞❡ t♦❞❛s ❡❧❧❛s ❡s ❧❛ ❡♥❡r❣í❛ s♦❧❛r✱ ♦
s❡❛✱ ❧❛ ❡♥❡r❣í❛ s✉♠✐♥✐str❛❞❛ ♣♦r ❡❧ s♦❧✱ q✉❡ t❛♠❜✐é♥ s❡ ♠❛♥✐✜❡st❛ ❡♥ ❧❛ ♣r♦❞✉❝❝✐ó♥ ❞❡❧
✈✐❡♥t♦✱ ❡♥ ❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡ ❧❛s ♦❧❛s✱ ❡t❝ét❡r❛✳

▲❛ ❡♥❡r❣í❛ ❞❡❧ s♦❧ t✐❡♥❡ ❧❛ ✈❡♥t❛❥❛ ❞❡ ❝♦♥str✉✐r ❞✐s♣♦s✐t✐✈♦s s♦❧❛r❡s ❞❡ ❝✉❛❧q✉✐❡r t❛♠❛ñ♦✳
❆❞❡♠ás✱ ❧❛ ❡♥❡r❣í❛ ❞❡❧ s♦❧ ❡s ✉♥ ❡①❝❡❧❡♥t❡ ❝❛♥❞✐❞❛t♦ ♣♦rq✉❡✿

✕ ❙♦❧ ❡♠✐t❡ ❡♥❡r❣í❛ ✷✹ ❤♦r❛s ❛❧ ❞í❛✱ ✸✻✺ ❞í❛s ❛❧ ❛ñ♦ ❛ ♥✉❡str♦ ♣❧❛♥❡t❛✳ ❚♦❞♦s ❧✉❣❛r❡s
r❡❝✐❜❡♥ ❡st❛ ❡♥❡r❣í❛ s❡❣ú♥ ❧❛ ✉❜✐❝❛❝✐ó♥ ✭❧❛t✐t✉❞✮✱

✕ ❊s ❛❜✉♥❞❛♥t❡ ② ❣r❛t✉✐t❛✱

✕ ◆♦ ❡s ❝♦♥t❛♠✐♥❛♥t❡✱ ❝♦♠♦ ❡❧ ♣❡tró❧❡♦ ② ❡❧ ❝❛r❜ó♥✱

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

✕ ◆♦ ♥❡❝❡s✐t❛ ❛❧❣ú♥ t✐♣♦ ❞❡ ❝❛❜❧❡s ♦ t❛♥q✉❡s✱ ♣❛r❛ s✉ tr❛♥s♣♦rt❛❝✐ó♥✳

✕ ❙♦❧ ❡s r❡s♣♦♥s❛❜❧❡ ❞❡ q✉❡ ❡♥ ♥✉❡str♦ ♣❧❛♥❡t❛ ❡①✐st❛♥ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❛❞❡❝✉❛❞❛s ♣❛r❛
❧❛ s✉♣❡r✈✐✈❡♥❝✐❛ ❞❡ ❧❛ ✈✐❞❛ ❤✉♠❛♥❛✱ ❛♥✐♠❛❧ ② ✈❡❣❡t❛❧✳

❈✉❛❧q✉✐❡r ✉t✐❧✐③❛❝✐ó♥ ❞❡ ❧❛ r❛❞✐❛❝✐ó♥ s♦❧❛r ♣❛r❛ s✐st❡♠❛s ❞❡ ❝❛❧❡♥t❛♠✐❡♥t♦ ♦ ♣r♦❞✉❝❝✐ó♥
❞❡ ♣♦t❡♥❝✐❛✱ r❡q✉✐❡r❡ ❞❡ ❡q✉✐♣♦s ❝❛♣❛❝❡s ❞❡ ❛❜s♦r❜❡r ② ❛❧♠❛❝❡♥❛r ❡♥❡r❣í❛ ❛ t❡♠♣❡r❛t✉✲
r❛s ❛❧t❛s ❧♦s ❝✉❛❧❡s s❡ ❞✐✈✐❞❡♥ ❡♥ tr❡s t✐♣♦s✿ ❝♦❧❡❝t♦r❡s ♣❧❛♥♦s✱ ❝♦❧❡❝t♦r❡s ❝♦♥❝❡♥tr❛❞♦r❡s
② ❣❡♥❡r❛❞♦r❡s s♦❧❛r❡s t❡r♠♦❞✐♥á♠✐❝♦s✳ ▲♦s ❝♦❧❡❝t♦r❡s ♣❧❛♥♦s✱ ❝♦♥❝❡♥tr❛❞♦r❡s ✉t✐❧✐③❛♥ ❧❛
r❛❞✐❛❝✐ó♥ s♦❧❛r ♣❛r❛ ❝❛❧❡♥t❛r ✉♥❛ s✉st❛♥❝✐❛ ❞❡ tr❛❜❛❥♦✱ ♠✐❡♥tr❛s q✉❡ ❡❧ ❣❡♥❡r❛❞♦r s♦✲
❧❛r t❡r♠♦❞✐♥á♠✐❝♦ ❝♦♥✈✐❡rt❡ ❧❛ r❛❞✐❛❝✐ó♥ s♦❧❛r ❡♥ ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛ ♣♦r ♠❡❞✐♦ ❞❡ ❝❡❧❞❛s
❢♦t♦✈♦❧t❛✐❝❛s✳

❈✉❛♥❞♦ s❡ ❞❡s❡❛ ❛❧❝❛♥③❛r ❛❧t❛s t❡♠♣❡r❛t✉r❛s ✭❚❃✶✵✵➸❈✮ s❡ ✉t✐❧✐③❛ ❧♦s ❝♦❧❡❝t♦r❡s ❝♦♥✲
❝❡♥tr❛❞♦r❡s✳ ▲❛ ❝♦♥❝❡♥tr❛❝✐ó♥ ❡s ♣r♦❞✉❝✐❞❛ ♣♦r ❡❧ ✉s♦ ❞❡ ❡❧❡♠❡♥t♦s r❡✢❡❝t♦r❡s ♦ r❡❢r❛❝t♦✲
r❡s✱ ♣♦s✐❝✐♦♥❛❞♦s s❡❣ú♥ s❡❛ ♥❡❝❡s❛r✐♦✱ ♣❛r❛ ❝♦♥❝❡♥tr❛r ❡❧ ✢✉❥♦ ✐♥❝✐❞❡♥t❡ s♦❜r❡ ❧❛ s✉♣❡r✜❝✐❡
❝♦❧❡❝t♦r❛✳ ❙❡ ❤❛♥ ♣r♦♣✉❡st♦ ♠✉❝❤❛s ❝♦♠❜✐♥❛❝✐♦♥❡s ❞❡ ❡s♣❡❥♦s ② ❧❡♥t❡s✳

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

✶✳✷✳ P❧❛♥t❡❛♠✐❡♥t♦ ❞❡❧ ♣r♦❜❧❡♠❛

❊♥ ❧❛ é♣♦❝❛ ❛❝t✉❛❧ ♥♦s ✈❡♠♦s ❛❢❡❝t❛❞♦s ♣♦r ❡❧ ❝❛❧❡♥t❛♠✐❡♥t♦ ❣❧♦❜❛❧ q✉❡ ❤❛ ❞❡❣r❛❞❛❞♦
♥✉❡str♦s s✉❡❧♦s ♣❡r♠❛♥❡♥t❡s ❣❡♥❡r❛♥❞♦ ❧❛s ❝♦♥♦❝✐❞❛s s❡q✉✐❛s ❝r❡❛❞❛s ❡♥ ♣❛rt❡ ♣♦r ♥♦✲
s♦tr♦s ♠✐s♠♦s s♦♠♦s ❧♦s ♣r✐♥❝✐♣❛❧❡s ❣❡♥❡r❛❞♦r❡s ❞❡ ❞❡s❡❝❤♦s ❝♦♥t❛♠✐♥❛♥t❡s ❞❡❣r❛❞❛♥❞♦
♥✉❡str❛ ❝❛♣❛ ❞❡ ♦③♦♥♦ ② ❛ s✉ ✈❡③ ♣❡r♠✐t✐❡♥❞♦ ❧❛ ❡♥tr❛❞❛ ❞❡ r❛②♦s ✉❧tr❛✈✐♦❧❡t❛s ❛ ❧❛ t✐❡rr❛
❞✐r❡❝t❛♠❡♥t❡✳

❊st❡ ❢❡♥ó♠❡♥♦ ❡s ♣r♦❞✉❝✐❞♦ ♣♦r ❧❛ ✉t✐❧✐③❛❝✐ó♥ ❞❡ ❝♦♠❜✉st✐❜❧❡s ❢ós✐❧❡s ❝♦♠♦✿ ❡❧ ❣❛s
❡❧ ♣❡tró❧❡♦ ② s✉s ❞❡r✐✈❛❞♦s ◆♦ ♦❜st❛♥t❡s ❤❡♠♦s r❡❝✉rr✐❞♦ ❛ ✉t✐❧✐③❛r ❡❧ ❛❣✉❛ ❞❡ ♥✉❡str❛s
✐♠♣♦♥❡♥t❡s ❢✉❡♥t❡s ❤í❞r✐❝❛s ♣❛r❛ ♣r♦❞✉❝✐r ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛✱ ♣❡r♦ ❝♦♥ ❧❛ s✐t✉❛❝✐ó♥ ❞❡❧



❈❆P❮❚❯▲❖ ✶✳ ■◆❚❘❖❉❯❈❈■Ó◆ ✸

❝❛❧❡♥t❛♠✐❡♥t♦ ❣❧♦❜❛❧ ♥✉❡str❛s ❣r❛♥❞❡s ❢✉❡♥t❡s ❤í❞r✐❝❛s ❤❛♥ ❞✐s♠✐♥✉✐❞♦ s✉ ❝❛✉❞❛❧ ♥♦t♦r✐❛✲
♠❡♥t❡✱ ❣❡♥❡r❛♥❞♦ ✉♥ ♥✉❡✈♦ ♣r♦❜❧❡♠❛ ❞❡ ❡❝♦♥♦♠í❛ q✉❡ s❡ ♦r✐❣✐♥❛ ❝♦♥ ❡❧ ❝✐❡rr❡ ❞❡ ❛❧❣✉♥❛s
❤✐❞r♦❡❧é❝tr✐❝❛s✳

❊♥ ❧♦s ú❧t✐♠♦s ❛ñ♦s t❛♠❜✐é♥ s❡ ❤❛ ♦♣t❛❞♦ ♣♦r ♣r♦❞✉❝✐r ❡♥❡r❣í❛ ❝♦♥ ❧❛ ❡①♣❧♦t❛❝✐ó♥ ❞❡
✉♥ ♠✐♥❡r❛❧ s♦❧✐❞♦ ❧❧❛♠❛❞♦ ❝❛r❜ó♥ ❡❧ ❝✉❛❧ t❛♠❜✐é♥ ❝♦♥t❛♠✐♥❛ ♠✉❝❤♦ ❧❛ ❛t♠♦s❢❡r❛ t❡rr❡str❡✳

❉❡ ❡st❛ ❢♦r♠❛ ❧♦ q✉❡ ♥♦s♦tr♦s q✉❡r❡♠♦s ✐♥❢✉♥❞✐r ❛ ❧♦s ❧❡❝t♦r❡s ❞❡ s♦❜r❡ ❡st❡ tr❛❜❛❥♦
❡s q✉❡ tr❛t❡♠♦s ❡♥ ❧♦ ♣♦s✐❜❧❡ ❡♥❝♦♥tr❛r ❞✐❢❡r❡♥t❡s ❢✉❡♥t❡s ❞❡ ❡♥❡r❣í❛ ❧❛s ❝✉❛❧❡s ♣✉❡❞❡
s❡r ♦❜t❡♥✐❞❛s ♣♦r ❧❛s ❞✐❢❡r❡♥t❡s ❢✉❡♥t❡s ❞❡ ❡♥❡r❣í❛ ❧❛s ❝✉❛❧❡s ♣✉❡❞❡ s❡r ♦❜t❡♥✐❞❛s ♣♦r ❧❛s
♣❡rs♦♥❛s q✉❡ ❡sté♥ ✐♥t❡r❡s❛❞❛s ❡♥ ❡♥❝♦♥tr❛r ❡st❛s ❡♥❡r❣í❛s✳

❊❧ ❛♣r♦✈❡❝❤❛♠✐❡♥t♦ ❞✐r❡❝t♦ ❞❡ ❡♥❡r❣í❛ s♦❧❛r r❡q✉✐❡r❡ ❞✐s♣♦s✐t✐✈♦s ❛rt✐✜❝✐❛❧❡s ❧❧❛♠❛❞♦s
❝♦❧❡❝t♦r❡s s♦❧❛r❡s✱ ❞✐s❡ñ❛❞♦s ♣❛r❛ r❡❝♦❣❡r ❡♥❡r❣í❛✱ ❛ ✈❡❝❡s ❞❡s♣✉és ❞❡ ❝♦♥❝❡♥tr❛r ❧♦s r❛②♦s
❞❡❧ ❙♦❧✳ ▲❛ ❡♥❡r❣í❛✱ ✉♥❛ ✈❡③ r❡❝♦❣✐❞❛✱ s❡ ❡♠♣❧❡❛ ❡♥ ♣r♦❝❡s♦s tér♠✐❝♦s✳ ❊♥ ❧♦s ♣r♦❝❡s♦s
tér♠✐❝♦s✱ ❧❛ ❡♥❡r❣í❛ s♦❧❛r s❡ ✉t✐❧✐③❛ ♣❛r❛ ❝❛❧❡♥t❛r ✉♥ ❧íq✉✐❞♦ q✉❡ ❧✉❡❣♦ s❡ ❛❧♠❛❝❡♥❛ ♦ s❡
❞✐str✐❜✉②❡✳

❊st❡ ✢✉✐❞♦ s❡ ❞✐str✐❜✉②❡ ♣♦r ❝❛♥❛❧❡s q✉❡ tr❛♥s♠✐t❡♥ ❡❧ ❝❛❧♦r ❛❜s♦r❜✐❞♦ ♣♦r ❧❛ ♣❧❛❝❛
❛ ❧♦s ♣✉♥t♦s ❞❡ ❝♦♥s✉♠♦ ✭♣r♦❞✉❝❝✐ó♥ ❞❡ ❛❣✉❛ ❝❛❧✐❡♥t❡ ♦ ❝❛❧❡❢❛❝❝✐ó♥✮✳ P❛r❛ ❣❛r❛♥t✐③❛r
❡❧ ❡❢❡❝t♦ ✐♥✈❡r♥❛❞❡r♦ ❞❡❧ ❝♦❧❡❝t♦r✱ t♦❞♦ ❡❧ ❝♦♥❥✉♥t♦ s❡ r❡❝✉❜r❡ ❞❡ ✉♥❛ ♦ ✈❛r✐❛s ❧á♠✐♥❛s
tr❛♥s♣❛r❡♥t❡s✱ ❞❡ ✈✐❞r✐♦✱ ❝♦♥ ✉♥ ú♥✐❝♦ ✜♥✿ ❝❛♣t❛r ❧❛ ❡♥❡r❣í❛ s♦❧❛r✱ ❝♦♥✈❡rt✐r❧❛ ❡♥ ❡♥❡r❣í❛
tér♠✐❝❛ ❡ ✐♠♣❡❞✐r q✉❡ ❡❧ ❝❛❧♦r s❛❧❣❛ ❛❧ ❡①t❡r✐♦r✳

✶✳✸✳ ❖❜❥❡t✐✈♦s

✶✳✸✳✶✳ ❖❜❥❡t✐✈♦ ●❡♥❡r❛❧

❊s ✐♥❞✉❝✐r ❛ ❧❛ s♦❝✐❡❞❛❞ ❛ q✉❡ s❡ ❡♥t❡r❡♥ ❞❡ q✉❡ ❤❛② ♠❡❥♦r❡s ❛❧t❡r♥❛t✐✈❛s ❞❡ ❡♥❡r❣í❛ ❧❛s
❝✉❛❧❡s ♣✉❡❞❡♥ ❧❧❡❣❛r ❛ r❡❞✉❝✐r ❝♦st♦s ② ❛ ♠❡❥♦r❛r ❡❧ ♠❡❞✐♦ ❛♠❜✐❡♥t❡ ❞❡ ♥✉❡str♦ ❛❧r❡❞❡❞♦r✳

✶✳✸✳✷✳ ❖❜❥❡t✐✈♦s ❊s♣❡❝í✜❝♦s

❇r✐♥❞❛r ✉♥ ♠❡❥♦r ❞❡s❡♠♣❡ñ♦ ♣❛r❛ ❧❛s ♣❡rs♦♥❛s q✉❡ ♥♦ t✐❡♥❡♥ ✉♥ s❡r✈✐❝✐♦ ❞❡ ❡❧❡❝✲
tr✐❝✐❞❛❞ ♦ ❝✉❡♥t❛♥ ❝♦♥ ✉♥❛ ❛❞❡❝✉❛❞❛ ❡st❛❜✐❧✐❞❛❞ ❡❝♦♥ó♠✐❝❛✳

❇r✐♥❞❛r ✉♥ s❡r✈✐❝✐♦ s✐♥ ♠✉❝❤♦ ❝♦st♦ ② ❧♦ ♠❡❥♦r q✉❡ ❡s s✉♠✐♥✐str❛❞♦ ♣♦r ❧❛ ♠✐s♠❛
♥❛t✉r❛❧❡③❛ ❝♦♠♦ ❡s t♦♠❛r ❧❛ ❡♥❡r❣í❛ ❞❡ ❧♦s r❛②♦s ✉❧tr❛✈✐♦❧❡t❛ ♣❛r❛ r❡❝♦❣❡r ❡♥❡r❣í❛
♣❛r❛ ❧✉❡❣♦ s❡r ✉t✐❧✐③❛❞❛ ❡♥ ❡❧ ❝❛❧❡♥t❛♠✐❡♥t♦ ❞❡ ❛❣✉❛ ♣❛r❛ ❧❛s ❞✐❢❡r❡♥t❡s ❛❝t✐✈✐❞❛❞❡s
❝❛s❡r❛s✳

❉❛r ❛ ❝♦♥♦❝❡r ✉♥ ♦❜❥❡t♦ q✉❡ ②❛ ❡①✐st❡ ♣❛r❛ q✉❡ ♥♦ ❛s✐❞♦ ❝♦♠❡r❝✐❛❧✐③❛❞♦ ♣♦r r❛③♦♥❡s
❞❡s❝♦♥♦❝✐❞❛s ♣❡r♦ q✉❡ ❛❧ s❡r ❝♦♥♦❝✐❞♦ ② ✉t✐❧✐③❛❞♦ ✈❛ ❛②✉❞❛r ♣❡r♦ q✉❡ ❛❧ s❡r ❝♦♥♦❝✐❞♦
② ✉t✐❧✐③❛❞♦ ✈❛ ❛②✉❞❛r ♠✉❝❤♦ ❛❧ ❛❤♦rr♦ ❞❡ ❡♥r❣✐❛ ② ❛❣✉❛ q✉❡ ❡s ❧♦ q✉❡ s❡ ❡st❛
❛❝❛❜❛♥❞♦ ❛ ❣r❛♥ ✈❡❧♦❝✐❞❛❞✳

✶✳✹✳ ❏✉st✐✜❝❛❝✐ó♥

▲♦ q✉❡ ♣r♦♣♦♥❡ ♥✉❡str♦ ♣r♦②❡❝t♦ ❡s ❝♦❧❛❜♦r❛r ❝♦♥ ❡❧ ♠❡❞✐♦ ❛♠❜✐❡♥t❡ ② ❛②✉❞❛r ❛
♠❡❥♦r❛r ❧❛ ❢♦r♠❛ ❞❡ ✉t✐❧✐③❛r ♥✉❡str♦s r❡❝✉rs♦s ♥❛t✉r❛❧❡s ② q✉❡ ♠❡❥♦r q✉❡ ♣♦♥✐❡♥❞♦ ❛
❞✐s♣♦s✐❝✐ó♥ ✉♥ ♠❡❝❛♥✐s♠♦ ♥♦ ♠✉② ❝♦st♦s♦✱ ❢á❝✐❧ ❞❡ ❝r❡❛r ② ♠✉② út✐❧ ❝♦♠♦ ❡s ❡❧ ❝❛❧❡♥t❛❞♦r
s♦❧❛r ❝❛s❡r♦✳



❈❆P❮❚❯▲❖ ✶✳ ■◆❚❘❖❉❯❈❈■Ó◆ ✹

❊❧ ❝✉❛❧ s✐♥ ♥❡❝❡s✐❞❛❞ ❞❡ ✉t✐❧✐③❛r ❡♥❡r❣í❛ ❡❧é❝tr✐❝❛ ♣r♦❞✉❝✐❞❛ ♣♦r ❤✐❞r♦❡❧é❝tr✐❝❛s ♦
❡①♣❧♦t❛❝✐ó♥ ❞❡ ❝❛r❜ó♥✱ ❢✉♥❝✐♦♥❛r❛ s♦❧♦ ❝♦♥ ❡♥❡r❣í❛ s♦❧❛r ós❡❛ ♣r♦❞✉❝✐❞❛ ♣♦r ❧❛ ♠✐s♠❛
♥❛t✉r❛❧❡③❛ ❧❛ ❢♦r♠❛ ♠❛s ❢á❝✐❧ ❞❡ r❡❝♦❣❡r ❡st❛ ❡♥❡r❣í❛ ❡s ♣♦r ✉♥ ♣❛♥❡❧ s♦❧❛r ❡❧ ❝✉❛❧ ❧❛
❝♦♥❞✉❝❡ ❤❛st❛ ✉♥ t❡r♠♦ ❞❡ t❡♠♣❡r❛t✉r❛ ❡❧ ❝✉❛❧ ♠❛♥t❡♥❞rá ❧❛ ❡♥❡r❣í❛ ❤❛st❛ q✉❡ s❡ ♥❡❝❡s✐t❡
✉s❛r ②❛ s❡❛ ♣❛r❛ ❝❛❧❡♥t❛r ❛❣✉❛✳



❈❛♣ít✉❧♦ ✷

❋✉♥❞❛♠❡♥t♦ t❡ór✐❝♦

✷✳✶✳ ■♥tr♦❞✉❝❝✐ó♥

❊♥ ❧❛s ú❧t✐♠❛s ❞é❝❛❞❛s✱ ❧❛ ❡♥❡r❣í❛ s♦❧❛r ❤❛ ❝♦❜r❛❞♦ ✐♠♣♦rt❛♥❝✐❛ ❝♦♠♦ ❢✉❡♥t❡ ❡♥❡r❣é✲
t✐❝❛✱ ♣✉❡st♦ q✉❡ ❧❛s r❡s❡r✈❛s ❞❡ ❝♦♠❜✉st✐❜❧❡s ❢ós✐❧❡s ♥♦ s♦♥ ❡t❡r♥❛s✳ ❊st♦ ❤❛ ♦❝❛s✐♦♥❛❞♦
q✉❡✱ ♣♦r ❡❥❡♠♣❧♦✱ s❡❛♥ ♣❛r❡❝✐❞♦s ❧♦s ♣r❡❝✐♦s ❞❡ ✉♥ ❝❛❧❡♥t❛❞♦r s♦❧❛r ② ❞❡ ✉♥♦ ❞❡ ❣❛s✱ ❧♦
q✉❡ ♥♦ s✉❝❡❞í❛ ❤❛❝❡ ✻✵ ❛ñ♦s✳ ❆sí✱ ❝♦♥ r❡s♣❡❝t♦ ❛ ❧♦s ❝♦st♦s✱ ❧♦s s✐st❡♠❛s s♦❧❛r❡s s♦♥ ❝❛❞❛
✈❡③ ♠ás ❜❛r❛t♦s✱ ❝♦♥ ❧❛ ❣r❛♥ ✈❡♥t❛❥❛ ❞❡ q✉❡ ❡❧ ❝♦♠❜✉st✐❜❧❡✱ ❧❛ ❧✉③ ❞❡❧ ❙♦❧✱ ❛♣❛r❡❝❡ t♦❞❛s
❧❛s ♠❛ñ❛♥❛s s✐♥ ❝♦❜r❛r✳

❊♥ ♥✉❡str♦ ♣❛ís✱ q✉❡ ♣♦s❡❡ r❡❣✐♦♥❡s ❝♦♥ ❡❧ ♣r♦♠❡❞✐♦ ♠✉♥❞✐❛❧ ❞❡ ✐♥s♦❧❛❝✐ó♥ ♦ s♦❧❡❛✲
♠✐❡♥t♦ ❛♥✉❛❧ ♠ás ❛❧t♦✱ ❡❧ ❛♣r♦✈❡❝❤❛♠✐❡♥t♦ ❞❡ ❧❛ ❡♥❡r❣í❛ s♦❧❛r ❝♦♥st✐t✉②❡✱ s✐♥ ❧✉❣❛r ❛
❞✉❞❛s✱ ✉♥❛ ❜✉❡♥❛ ♦♣❝✐ó♥✳ ❊❧ q✉❡ ❡st❛ ❢✉❡♥t❡ ❞❡ ❡♥❡r❣í❛ s❡❛ r❡♥t❛❜❧❡ ❞❡♣❡♥❞❡ ❞❡ ❧❛s ✐♥✲
✈❡st✐❣❛❝✐♦♥❡s q✉❡ s❡ r❡❛❧✐❝❡♥✱ ❞❡ ❧♦s r❡❝✉rs♦s ❡❝♦♥ó♠✐❝♦s ❞❡st✐♥❛❞♦s ❛ s✉ ❡st✉❞✐♦ ② ❞❡❧
✐♥t❡rés q✉❡ s❡ ♣r❡st❡ ❛ s✉ ❞❡s❛rr♦❧❧♦✳ P♦r ❧♦ ♣r♦♥t♦✱ ②❛ s❛t✐s❢❛❝❡ ❧❛s ♥❡❝❡s✐❞❛❞❡s ❡♥❡r❣ét✐✲
❝❛s ❞❡ ♠✉❝❤❛s ✈✐✈✐❡♥❞❛s✳ P❡s❡ ❛ ❧♦ ❛♥t❡r✐♦r✱ ❛❝t✉❛❧♠❡♥t❡ ❧❛ ❡♥❡r❣í❛ s♦❧❛r ♥♦ ❝♦♥tr✐❜✉②❡
❝♦♥ ♥✐♥❣ú♥ ♣♦r❝❡♥t❛❥❡ ❛❧ ❝♦♥s✉♠♦ ❡♥❡r❣ét✐❝♦ ♥❛❝✐♦♥❛❧✱ ❛✉♥q✉❡ ②❛ ❡♠♣✐❡③❛ ❛ ❝♦♥t❛r ② ❡s
❞❡s❡❛❜❧❡ ✐♠♣✉❧s❛r❧❛✳

✷✳✶✳✶✳ ❊♥❡r❣í❛ ❙♦❧❛r

▲❛ ❡♥❡r❣í❛ s♦❧❛r s❡ ❞❡✜♥❡ ❝♦♠♦ ❡❧ ❛♣r♦✈❡❝❤❛♠✐❡♥t♦ ❞✐r❡❝t♦ ❞❡ ❧❛ r❛❞✐❛❝✐ó♥ ❡❧❡❝tr♦✲
♠❛❣♥ét✐❝❛ ♣r♦❝❡❞❡♥t❡ ❞❡❧ ❙♦❧ q✉❡ ❛❧❝❛♥③❛ ❧❛ s✉♣❡r✜❝✐❡ t❡rr❡str❡ ♣❛r❛ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❞❡
❡❧❡❝tr✐❝✐❞❛❞ ♦ ❝❛❧♦r✳ P♦❞rí❛ ❡♥t❡♥❞❡rs❡ ❝♦♠♦ ❧❛ ♠ás ✐♠♣♦rt❛♥t❡ ❞❡ ❧❛s ❡♥❡r❣í❛s r❡♥♦✈❛✲
❜❧❡s✱ ♣✉❡st♦ q✉❡ ❡s ❡❧ ♦r✐❣❡♥ ❞❡ ❧❛ ♠❛②♦rí❛ ❞❡ t❡❝♥♦❧♦❣í❛s ❛❧t❡r♥❛t✐✈❛s✱ ❝♦♥ ❡①❝❡♣❝✐ó♥ ❞❡ ❧❛
❡♥❡r❣í❛ ❣❡♦tér♠✐❝❛ ② ♠❛r❡♦♠♦tr✐③✳ ❊s ❡❧ ♦r✐❣❡♥ ❞❡❧ ❝✐❝❧♦ ❞❡❧ ❛❣✉❛ ② ❞❡❧ ✈✐❡♥t♦✱ ② s✉♣♦♥❡✱
♠❡❞✐❛♥t❡ ❧❛ ❢♦t♦sí♥t❡s✐s✱ ❧❛ ❜❛s❡ ❞❡ ❧❛ ✢♦r❛ ②✱ ♣♦r ❡♥❞❡✱ ❞❡ ❧❛ ❢❛✉♥❛✳

▲❛ r❛❞✐❛❝✐ó♥ s♦❧❛r✱ ❛ s✉ ♣❛s♦ ♣♦r ❧❛ ❛t♠ós❢❡r❛✱ s✉❢r❡ ❛❧❣✉♥♦s ♣r♦❝❡s♦s ❞❡ ❡①t✐♥❝✐ó♥✿
s❡ r❡✢❡❥❛ ❡♥ ❧❛s ♥✉❜❡s ② ✈✉❡❧✈❡ ❛❧ ❡s♣❛❝✐♦❀ ❡s ❡s♣❛r❝✐❞❛ ② ❝❛♠❜✐❛ ❞❡ ❞✐r❡❝❝✐ó♥❀ s❡ ❛❜s♦r❜❡
♣♦r ❡❧ ✈❛♣♦r ❞❡ ❛❣✉❛ ② ❧♦s ❛❡r♦s♦❧❡s❀ ❧❧❡❣❛ ❞✐r❡❝t❛♠❡♥t❡ s✐♥ ❛❢❡❝t❛rs❡❀ s❡ ❞✐❢✉♥❞❡ ✲ ♣❛rt✐✲
❝✉❧❛r♠❡♥t❡ ❧♦s ❢♦t♦♥❡s ❞❡ ❛❧t❛ ❡♥❡r❣í❛ ② ♣♦r ❡s♦ ❡❧ ❝✐❡❧♦ s❡ ✈❡ ❛③✉❧❀ ♦ s❡ r❡✢❡❥❛ ❡♥ ❡❧ s✉❡❧♦✳
❊s ✐♠♣♦rt❛♥t❡ ❛♥♦t❛r q✉❡ s❡ ❝♦♥♦❝❡ ❝♦♠♦ r❛❞✐❛❝✐ó♥ s♦❧❛r ❣❧♦❜❛❧ ♦ t♦t❛❧ ❛ ❧❛ s✉♠❛ ❞❡ ❧♦s
❝♦♠♣♦♥❡♥t❡s ❞❡ r❛❞✐❛❝✐ó♥ ❞✐r❡❝t❛ ♠ás ❧❛ ❞✐❢✉s❛ ♠ás ❧❛ r❡✢❡❥❛❞❛ ❡♥ ❡❧ s✉❡❧♦✳

▲♦s t✐♣♦s ❞❡ t❡❝♥♦❧♦❣í❛s s♦❧❛r❡s s❡ ❞❡✜♥❡♥ s❡❣ú♥ ❧❛ ❢♦r♠❛ ❞❡ ❛♣r♦✈❡❝❤❛♠✐❡♥t♦ ❞❡ ❧❛
❡♥❡r❣í❛ s♦❧❛r ✐♥❝✐❞❡♥t❡✳

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

✺
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❋✐❣✉r❛ ✷✳✶✿ ❈♦♠♣♦♥❡♥t❡s ❞❡ ❧❛ r❛❞✐❛❝✐ó♥ s♦❧❛r

❞✐r❡❝t❛ ❞❡ ❧♦s ❢♦t♦♥❡s ❡♥ ❡❧❡❝tr✐❝✐❞❛❞ ✭❡♥❡r❣í❛ s♦❧❛r ❢♦t♦✈♦❧t❛✐❝❛✮✳ ▲❛ t❡❝♥♦❧♦❣í❛ ❛❝t✉❛❧
❛❧❝❛♥③❛ ❡✜❝✐❡♥❝✐❛s ♠á①✐♠❛s ❡♥ t♦r♥♦ ❛❧ ✹✵✪✳

✷✳✶✳✷✳ ❊❧ ❡s♣❡❝tr♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦

❊♥ ❡❧ ❝❛s♦ ❞❡ ❧❛s ❡♥❡r❣í❛s r❡♥♦✈❛❜❧❡s✱ ♥✉❡str♦ ✐♥t❡rés s❡ ❝❡♥tr❛ ❡♥ ❛♣r♦✈❡❝❤❛r ❧❛ ❡♥❡r❣í❛
q✉❡ ♥♦s ❧❧❡❣❛ ❞❡❧ ❙♦❧ ❡♥ ❢♦r♠❛ ❞❡ r❛❞✐❛❝✐ó♥ ❡❧❡❝tr♦♠❛❣♥ét✐❝❛✳

❋✐❣✉r❛ ✷✳✷✿ ▲♦♥❣✐t✉❞ ❞❡ ♦♥❞❛

▲❛ r❛❞✐❛❝✐ó♥ ❡❧❡❝tr♦♠❛❣♥ét✐❝❛ ♣✉❡❞❡ s❡r ❞❡s❝r✐t❛ ❝♦♠♦ ✉♥ ✢✉❥♦ ❞❡ ❢♦t♦♥❡s✱ q✉❡ s♦♥
♣❛rtí❝✉❧❛s s✐♥ ♠❛s❛✱ q✉❡ s❡ ❞❡s♣❧❛③❛♥ ❡♥ ❢♦r♠❛ ❞❡ ♦♥❞❛s ❛ ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❛ ❧✉③ ②
tr❛♥s♣♦rt❛♥ ❧❛ ❡♥❡r❣í❛ ❞❡ ✉♥ ♣✉♥t♦ ❛ ♦tr♦✳ ❈❛❞❛ ❢♦tó♥ ❝♦♥t✐❡♥❡ ✉♥❛ ❝❛♥t✐❞❛❞ ✜❥❛ ❞❡
❡♥❡r❣í❛ ✭♦ ♣❛q✉❡t❡ ❞❡ ❡♥❡r❣í❛✮❀ ❞❡♣❡♥❞✐❡♥❞♦ ❞❡ ❧❛ ❡♥❡r❣í❛ ❞❡ ✉♥ ❢♦tó♥ ♣♦❞❡♠♦s ✐r ❞❡s❞❡
❧❛s ♦♥❞❛s ❞❡ r❛❞✐♦✱ q✉❡ s♦♥ ❧❛s ❞❡ ♠❡♥♦r ❡♥❡r❣í❛ ❤❛st❛ ❧♦s r❛②♦s ❣❛♠♠❛✳ ▲♦s ❢♦t♦♥❡s ❝♦♥
♠❛②♦r ❡♥❡r❣í❛ t✐❡♥❡♥ ✉♥❛ ♠❡♥♦r ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✱ q✉❡ ❡s ✐❣✉❛❧ ❛ ❞❡❝✐r q✉❡ t✐❡♥❡♥ ✉♥❛
♠❛②♦r ❢r❡❝✉❡♥❝✐❛✳ ❱❡❛♠♦s ❛❧❣✉♥♦s ❞❡ ❡st♦s ❝♦♥❝❡♣t♦s✿

▲❛ ❋✐❣✉r❛ ✷✳✷ ♠✉❡str❛ ❞♦s ♦♥❞❛s✱ q✉❡ s♦♥ ❝♦♠♦ ❧❛s ♦❧❛s q✉❡ s❡ ❢♦r♠❛♥ ❡♥ ✉♥ ❡st❛♥q✉❡
❛❧ ❧❛♥③❛r ✉♥❛ ♣✐❡❞r❛✱ ♦ ❝♦♠♦ ❧❛s ♦❧❛s ❞❡❧ ♠❛r✳ ❊❧ ❛❣✉❛ ❡s ♠ás ❛❧t❛ ❡♥ ✉♥♦s s✐t✐♦s q✉❡
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❡♥ ♦tr♦s✳ ▼✐❡♥tr❛s ❡♥ ❧❛ ♦♥❞❛ ✭❛✮ t❡♥❡♠♦s ❞♦s ♣✐❝♦s✱ ❡♥ ❧❛ ♦♥❞❛ ✭❜✮ ❤❛② ❝✉❛tr♦ ❛ ✐❣✉❛❧
❞✐st❛♥❝✐❛✳ ❊❧ ❝✐❝❧♦ ❞❡ ❧❛ ♦♥❞❛ ❡s ❡❧ r❡❝♦rr✐❞♦ ❞❡ ✉♥ ♣✐❝♦ ✭♦ ✈❛❧❧❡✮ ❛❧ s✐❣✉✐❡♥t❡✳ ▲❛ ♦♥❞❛ ✭❜✮
r❡❝♦rr❡ ❝✉❛tr♦ ❝✐❝❧♦s ♠✐❡♥tr❛s q✉❡ ❧❛ ✭❛✮ r❡❝♦rr❡ ❞♦s✳ ❉❡❝✐♠♦s q✉❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ❧❛ ♦♥❞❛
✭❛✮ ❡s ♠ás ❧❛r❣❛ q✉❡ ❧❛ ✭❜✮✳ ❊♥t♦♥❝❡s✱ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ❡s ❧❛ ❞✐st❛♥❝✐❛ q✉❡ r❡❝♦rr❡ ❧❛
♦♥❞❛ ❡♥ ✉♥ ❝✐❝❧♦ ② s❡ r❡♣r❡s❡♥t❛ ♣♦r ❧❛ ❧❡tr❛ ❣r✐❡❣❛ ❧❛♠❜❞❛ λ ✳ ▼✐❡♥tr❛s ♠ás ❡♥❡r❣í❛ t✐❡♥❡
✉♥❛ ♦♥❞❛✱ ♠❛②♦r ❡s s✉ ❢r❡❝✉❡♥❝✐❛ ② ♠❡♥♦r s✉ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✳ ▲❛ ❋✐❣✉r❛ ✷✳✸ s❡ ♦❜s❡r✈❛

❋✐❣✉r❛ ✷✳✸✿ ❊s♣❡❝tr♦ ❞❡ ❧✉③

q✉❡ ❧❛ ❧✉③ ❡s s♦❧♦ ✉♥❛ ♣❡q✉❡ñ❛ ♣❛rt❡ ❞❡❧ ❡s♣❡❝tr♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦ ② ✈❛ ❞❡s❞❡ ❧♦s ✹✵✵
❛ ❧♦s ✼✵✵ ♥♠✳ ❊❧ ❝♦❧♦r ❞❡ ❧❛ ❧✉③ ❞❡♣❡♥❞❡ ❞❡ s✉ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✱ ❞❡s❞❡ ❡❧ r♦❥♦ ❤❛st❛ ❡❧
✈✐♦❧❡t❛✳ ❋✉❡ ■s❛❛❝ ◆❡✇t♦♥ q✉✐❡♥ ❞❡s❝✉❜r✐ó q✉❡ ❧❛ ❧✉③ ❞❡❧ ❙♦❧ ❡s ✉♥❛ ♠❡③❝❧❛ ❞❡ ❞✐❢❡r❡♥t❡s
♣❛rtí❝✉❧❛s ❞❡ ❝♦❧♦r❡s ② ❧♦ ❞❡♥♦♠✐♥ó ❡❧ ✏❡s♣❡❝tr♦✑✳

❈❛❞❛ ❡❧❡♠❡♥t♦ t✐❡♥❡ s✉s ♣r♦♣✐❛s ❧í♥❡❛s ❡s♣❡❝tr❛❧❡s ② ❡s ❛sí ❝♦♠♦ ♣♦❞❡♠♦s s❛❜❡r s♦❧♦
❝♦♥ ❧❛ ❧✉③ ❞❡ ❧❛s ❡str❡❧❧❛s ♦ ❞❡ ✉♥ ❝✉❡r♣♦ ❧♦s ❡❧❡♠❡♥t♦s q✉❡ ❧❛s ❝♦♠♣♦♥❡♥✳ ▲❛s r❛❞✐❛❝✐♦♥❡s
❡♠✐t✐❞❛s ♣♦r ❧♦s ❝✉❡r♣♦s ❝❛❧✐❡♥t❡s t✐❡♥❡♥ ✉♥❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ❝❡r❝❛♥❛ ❛❧ ❝♦❧♦r r♦❥♦✳ ▲♦s
❢♦t♦♥❡s q✉❡ ❡♠✐t❡♥ ✉♥❛ r❛❞✐❛❝✐ó♥ ❞❡ ❝♦❧♦r ❛③✉❧ t✐❡♥❡♥ ♠ás ❡♥❡r❣í❛ q✉❡ ❛q✉❡❧❧♦s ❞❡ ❝♦❧♦r
r♦❥♦✳

✷✳✶✳✸✳ ❙♦❧

❊❧ ❙♦❧ ❡s ✉♥❛ ♣❡q✉❡ñ❛ ❡str❡❧❧❛ ❞❡ ❢♦r♠❛ ♣rá❝t✐❝❛♠❡♥t❡ ❡s❢ér✐❝❛ ❝♦♠♣✉❡st❛ ❞❡ ♠❛t❡r✐❛
❣❛s❡♦s❛ ❞❡ ♠✉② ❛❧t❛ t❡♠♣❡r❛t✉r❛ q✉❡✱ ✈✐st❛ ❞❡s❞❡ ❧❛ t✐❡rr❛✱ r♦t❛ s♦❜r❡ s✉ ❡❥❡ ❡♥ ❛♣r♦✲
①✐♠❛❞❛♠❡♥t❡ ❝✉❛tr♦ s❡♠❛♥❛s✳ ❚✐❡♥❡ ✉♥ r❛❞✐♦ ❘ ❂ ✻✳✾✺❚✵✽ ♠ ✭✉♥❛s ✶✵✾ ✈❡❝❡s ❡❧ r❛❞✐♦
❞❡ ❧❛ ❚✐❡rr❛✮✱ ✉♥ ✈♦❧✉♠❡♥ ❞❡ 1,412 ∗ 10(27)m3 ✭✉♥❛s ✶ ✸✵✵ ✵✵✵ ✈❡❝❡s ♠❛②♦r q✉❡ ❡❧ ❞❡ ❧❛
❚✐❡rr❛✮ ② ✉♥❛ ♠❛s❛ ❞❡ 1,99 ∗ 10(30)kg ✭✉♥❛s ✸✸✸ ✵✵✵ ✈❡❝❡s s✉♣❡r✐♦r ❛ ❧❛ ❞❡ ❧❛ ❚✐❡rr❛✮✳
❊st♦ q✉✐❡r❡ ❞❡❝✐r q✉❡ t✐❡♥❡ ✉♥❛ ❞❡♥s✐❞❛❞ ❣❧♦❜❛❧ ❞❡ só❧♦ ✶✳✹✵✾ ❚♥✴♠✸ ✭ó ❞❡ ✵✳✷✺✻ ✈❡❝❡s ❛
❧❛ ❞❡ ❧❛ ❚✐❡rr❛✮✳

❊♥ r✐❣♦r✱ ❧❛ r❛❞✐❛❝✐ó♥ ❡♠✐t✐❞❛ ♣♦r ❡❧ ❙♦❧ ❡s ❡❧ r❡s✉❧t❛❞♦ ❝♦♠♣✉❡st♦ ❞❡ ✉♥❛ s❡r✐❡ ❞❡
❡❢❡❝t♦s ❞❡ ❡♠✐s✐ó♥✱ ❛❜s♦r❝✐ó♥ ② tr❛♥s♠✐s✐ó♥ ❞❡ t♦❞♦ ✉♥ ❡s♣❡❝tr♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦ q✉❡
t✐❡♥❡♥ ❧✉❣❛r ❡♥ ❧❛s ❞✐❢❡r❡♥t❡s ❝❛♣❛s q✉❡ ❧♦ ❝♦♠♣♦♥❡♥✳ ❙✐♥ ❡♠❜❛r❣♦✱ ♣❛r❛ ❧❛ ❞❡s❝r✐♣❝✐ó♥
❛❞❡❝✉❛❞❛ ❞❡ ✉♥❛ ❝❛♥t✐❞❛❞ ❞❡ ♣r♦❝❡s♦s✱ ❡s s✉✜❝✐❡♥t❡ ❝♦♥s✐❞❡r❛r ❛❧ ❙♦❧ ❝♦♠♦ ✉♥ ❡♠✐s♦r ❞❡
❝✉❡r♣♦ ♥❡❣r♦ ❛ ✉♥❛ t❡♠♣❡r❛t✉r❛ ❞❡ ✺✼✻✷ ➦❑✱ ❞❡ ❛❝✉❡r❞♦ ❛ ❧❛ ▲❡② ❞❡ ❙t❡❢❛♥✲❇♦❧t③♠❛♥♥✳
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✷✳✶✳✹✳ ▲❛ ❝✐♥ét✐❝❛ t❡rr❡str❡

▲❛ ❚✐❡rr❛ s❡ ♠✉❡✈❡ ❛❧r❡❞❡❞♦r ❞❡❧ ❙♦❧ s♦❜r❡ ✉♥❛ ór❜✐t❛ ❡❧í♣t✐❝❛ ❝✉❜r✐❡♥❞♦ ✉♥❛ r❡✈♦❧✉❝✐ó♥
❝♦♠♣❧❡t❛ ❡♥ ✉♥ ❛ñ♦ ♦ ❡♥ ✸✻✺✳✷✺ ❞í❛s✳ ❊❧ ♣❧❛♥♦ ❞❡ r❡✈♦❧✉❝✐ó♥ s♦❜r❡ ❡❧ q✉❡ s❡ ❞❡s❛rr♦❧❧❛ ❧❛
ór❜✐t❛ ❞❡ ❧❛ ❚✐❡rr❛✱ s❡ ❧❧❛♠❛ ❡❧ ♣❧❛♥♦ ❞❡ ❧❛ ❡❝❧í♣t✐❝❛✳

❉❡❜✐❞♦ ❛ ❧❛ ❡①❝❡♥tr✐❝✐❞❛❞ ❞❡ ❧❛ ór❜✐t❛ t❡rr❡str❡✱ ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❡❧ ❙♦❧ ② ❧❛ ❚✐❡rr❛
✈❛rí❛ ❧✐❣❡r❛♠❡♥t❡ ❞✉r❛♥t❡ ❡❧ ❛ñ♦ ✭➧✶✳✸✪✮✱ ❞❡s❞❡✶✳✹✺✷❚✵✶✶ ♠ ❡♥ ❡❧ ♣❡r✐❤❡❧✐♦✱ ❤❛st❛ ✶✳✹✼
■❚ ❖✶✶ ♠ ❡♥ ❡❧ ❛❢❡❧✐♦ ② ♣✉❡st♦ q✉❡ ❡st❛s ❞✐st❛♥❝✐❛s s♦♥ ♠✉② ❣r❛♥❞❡s r❡s♣❡❝t♦ ❛ ❧❛s
❞✐♠❡♥s✐♦♥❡s ❞❡ ❧❛ ❚✐❡rr❛✱ ❧❛ r❛❞✐❛❝✐ó♥ s♦❧❛r ❧❧❡❣❛ ❛ ést❛ ❡♥ ❢♦r♠❛ ❞❡ r❛②♦s ♣❛r❛❧❡❧♦s✳ P♦r

❋✐❣✉r❛ ✷✳✹✿ ▼♦✈✐♠✐❡♥t♦ ❞❡ ❧❛ t✐❡rr❛ ❡♥ ❧❛ ❡❝❧í♣t✐❝❛

s✉ ♣❛rt❡✱ ❧❛ ❚✐❡rr❛ ❣✐r❛ s♦❜r❡ s✉ ♣r♦♣✐♦ ❡❥❡ ❝♦♠♦ s❡ ♠✉❡str❛ ❡♥ ❧❛ ❋✐❣✉r❛ ✷✳✹✱ ❧❧❛♠❛❞♦
❡❥❡ ♣♦❧❛r✱ ❝♦♠♣❧❡t❛♥❞♦ ✉♥❛ r❡✈♦❧✉❝✐ó♥ ❡♥ ✉♥ ❞í❛ ♦ ❡♥ ✷✹ ❤♦r❛s✳ ❊❧ ❡❥❡ ♣♦❧❛r ❞❡ ❧❛ ❚✐❡rr❛
t✐❡♥❡ ✉♥❛ ✐♥❝❧✐♥❛❝✐ó♥ ✜❥❛ ❞❡ ✷✸➦✷✼✬ ✭✷✸✳✹✺➦✮ r❡s♣❡❝t♦ ❛❧ ❡❥❡ ❞❡ ❧❛ ❡❝❧í♣t✐❝❛ ♦ r❡❝t❛ ♥♦r♠❛❧
❛ ést❛❀ ✈❡r ❧❛ ❋✐❣✳ ✺✳ ▲❛ r♦t❛❝✐ó♥ ❞❡ ❧❛ ❚✐❡rr❛ ❡♥ t♦r♥♦ ❛ s✉ ❡❥❡ ♣♦❧❛r ❞❡✜♥❡ ❡❧ ♠♦✈✐♠✐❡♥t♦
❛♣❛r❡♥t❡ ❞✐❛r✐♦ ❞❡❧ ❙♦❧ ❡♥ ❡❧ ❝✐❡❧♦✱ ♠✐❡♥tr❛s q✉❡ ❧❛ ♣♦s✐❝✐ó♥ ❞❡ s✉ ❡❥❡ r❡s♣❡❝t♦ ❛❧ ❙♦❧
❞❡t❡r♠✐♥❛ ❧❛s tr❛②❡❝t♦r✐❛s ❡st❛❝✐♦♥❛❧❡s ❞❡ ést❡ s♦❜r❡ ❡❧ ❤♦r✐③♦♥t❡✳

✷✳✶✳✺✳ ▲❛ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r

❊❧ á♥❣✉❧♦ ❡♥tr❡ ❡❧ ❡❥❡ ♣♦❧❛r ❞❡ ❧❛ ❚✐❡rr❛ ② ❧❛ ♥♦r♠❛❧ ❛ ❧❛ ❡❝❧í♣t✐❝❛ ❡s ✉♥❛ ✐♥✈❛r✐❛♥t❡✱
❛sí ❝♦♠♦ t❛♠❜✐é♥ ❡❧ á♥❣✉❧♦ ❞✐é❞r✐❝♦ ❡q✉✐✈❛❧❡♥t❡ ❢♦r♠❛❞♦ ♣♦r ❡❧ ♣❧❛♥♦ ❡❝✉❛t♦r✐❛❧ ❞❡ ❧❛
❚✐❡rr❛ ② ❡❧ ♣❧❛♥♦ ❞❡ ❧❛ ❡❝❧í♣t✐❝❛✳

❙✐♥ ❡♠❜❛r❣♦✱ ❡❧ á♥❣✉❧♦ ❞❡✜♥✐❞♦ ♣♦r ❧❛ r❡❝t❛ q✉❡ ✉♥❡ ❧♦s ❝❡♥tr♦s ❞❡❧ ❙♦❧ ② ❞❡ ❧❛ ❚✐❡rr❛
② ❧❛ ✐♥t❡rs❡❝❝✐ó♥ ❞❡❧ ♣❧❛♥♦ ♥♦r♠❛❧ ❛ ❧❛ ❡❝❧í♣t✐❝❛ s♦❜r❡ ❡st❛ r❡❝t❛ ❝♦♥ ❡❧ ♣❧❛♥♦ ❡❝✉❛t♦r✐❛❧
❞❡ ❧❛ ❚✐❡rr❛✱ ✈❛rí❛ ❝❛❞❛ ❞í❛✱ ② ❡♥ ❧♦s ❤❡❝❤♦s✱ ❡♥ ❝❛❞❛ ✐♥st❛♥t❡❀ ✈❡r ❧❛ ❋✐❣✉r❛ ✷✳✺ ✳ ❊st❡
á♥❣✉❧♦ s❡ ❧❧❛♠❛ ❧❛ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r ❙ ② t✐❡♥❡ ✉♥ ✈❛❧♦r ♠á①✐♠♦ ❞❡ ✰✷✸✳✹✺➦ ❡♥ ❡❧ s♦❧st✐❝✐♦
❞❡ ✐♥✈✐❡r♥♦ ❛✉str❛❧ ✭s♦❧st✐❝✐♦ ❞❡ ✈❡r❛♥♦ ❜♦r❡❛❧✮✱ ② ✈❛❧♦r ♠í♥✐♠♦ ❞❡ ✲✷✸✳✹✺➦ ❡♥ ❡❧ s♦❧st✐❝✐♦ ❞❡
✈❡r❛♥♦ ❛✉str❛❧ ✭s♦❧st✐❝✐♦ ❞❡ ✐♥✈✐❡r♥♦ ❜♦r❡❛❧✮✳ ❊s ✐❣✉❛❧ ❛ ❝❡r♦ ❡♥ ❧♦s ❡q✉✐♥♦❝❝✐♦s✱ t❛♥t♦ ❡♥
❡❧ ❡q✉✐♥♦❝❝✐♦ ❞❡ ♣r✐♠❛✈❡r❛ ❛✉str❛❧✱ ❝✉❛♥❞♦ ❡❧ ❙♦❧ ♣❛s❛ ❞❡❧ s♦❧st✐❝✐♦ ❞❡ ✐♥✈✐❡r♥♦ ❛✉str❛❧ ❛❧
s♦❧st✐❝✐♦ ❞❡ ✈❡r❛♥♦ ❛✉str❛❧✱ ❝♦♠♦ ❡♥ ❡❧ ❡q✉✐♥♦❝❝✐♦ ❞❡ ♦t♦ñ♦ ❛✉str❛❧✱ ❝✉❛♥❞♦ ❡❧ ❙♦❧ ♣❛s❛ ❞❡❧
s♦❧st✐❝✐♦ ❞❡ ✈❡r❛♥♦ ❛✉str❛❧ ❛❧ s♦❧st✐❝✐♦ ❞❡ ✐♥✈✐❡r♥♦ ❛✉str❛❧✳ ❊♥ ❡❧ ❤❡♠✐s❢❡r✐♦ ♥♦rt❡ ✭❜♦r❡❛❧✮✱
❡❧ ❡q✉✐♥♦❝❝✐♦ ❞❡ ♦t♦ñ♦ ❛✉str❛❧ ❡s ❝♦♥♦❝✐❞♦ ❝♦♠♦ ❡❧ ❡q✉✐♥♦❝❝✐♦ ✈❡♥✐❛❧✳ P❛r❛ ❞❡s❝r✐❜✐r ♠❡❥♦r
❧♦s ♠♦✈✐♠✐❡♥t♦s ❞✐❛r✐♦ ② ❡st❛❝✐♦♥❛❧ ❞❡❧ ❙♦❧ r❡s♣❡❝t♦ ❛ ✉♥ ♦❜s❡r✈❛❞♦r q✉❡ s❡ ❡♥❝✉❡♥tr❛ s♦❜r❡
✉♥ ❧✉❣❛r s❛❜ré ❧❛ ❚✐❡rr❛✱ ❡s ❝♦♥✈❡♥✐❡♥t❡ ❛❞♦♣t❛r ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ♣t♦❧♦♠é✐❝♦✱ ❡s ❞❡❝✐r✱
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❋✐❣✉r❛ ✷✳✺✿ ❉❡✜♥✐❝✐♦♥ ❞❡ ❧❛ ❞❡❝❧✐♥❛❝✐♦♥ s♦❧❛r δ

✉s❛r ✉♥ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s q✉❡ ❡sté ✜❥♦ ❝♦♥ ❧❛ ❚✐❡rr❛ ② r❡s♣❡❝t♦ ❛❧ ❝✉❛❧ ❡❧ ❙♦❧ s❡
♠✉❡✈❡ s♦❜r❡ tr❛②❡❝t♦r✐❛s ❝✐r❝✉❧❛r❡s✳ ❊st❛ ❡s ✉♥❛ ❛♣r♦①✐♠❛❝✐ó♥ ❛❝❡♣t❛❜❧❡ ❡♥ ✈✐st❛ ❞❡ q✉❡
❧❛ ❡①❝❡♥tr✐❝✐❞❛❞ ❞❡ ❧❛ ór❜✐t❛ t❡rr❡str❡ ❡s ♠✉② ♣❡q✉❡ñ❛✳

❋✐❣✉r❛ ✷✳✻✿ ❱❛r✐❛❝✐ó♥ ❞❡ ❧❛ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r δ r❡s♣❡❝t♦ ❛❧ ♣❧❛♥♦ ❡❝✉❛t♦r✐❛❧ ❞❡ ❧❛ t✐❡rr❛

❉❡s❞❡ ❡st❡ ♣✉♥t♦ ❞❡ ✈✐st❛✱ ❧❛ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r ❞❡s❝r✐❜❡ ❡❧ ❞❡s♣❧❛③❛♠✐❡♥t♦ ❛♥❣✉❧❛r ❞❡❧
❙♦❧ r❡s♣❡❝t♦ ❛❧ ♣❧❛♥♦ ❡❝✉❛t♦r✐❛❧ ❞❡ ❧❛ ❚✐❡rr❛ ② ❡s✱ ♣♦r t❛♥t♦✱ ❡❧ á♥❣✉❧♦ ❞✐é❞r✐❝♦ q✉❡ ❢♦r♠❛
❡st❡ ♣❧❛♥♦ ❝♦♥ ❧❛ r❡❝t❛ q✉❡ ✉♥❡ ❧♦s ❝❡♥tr♦s ❞❡❧ ❙♦❧ ② ❧❛ ❚✐❡rr❛✱ ✈❡r ❧❛s ❋✐❣✉r❛ ✷✳✺ ② ✷✳✻✳

❇❛❥♦ ❡st❛ ó♣t✐❝❛ s❡ ♦❜s❡r✈❛ ❞❡ ✉♥❛ ♠❛♥❡r❛ ♠ás ❝❧❛r❛ ② ❞✐r❡❝t❛✱ q✉❡ ❧❛ ❞❡❝❧✐♥❛❝✐ó♥
s♦❧❛r ✈❛rí❛ ❞❡s❞❡ ✰✷✸➦✷✼✬ ✭✰✷✸✳✹✺➦✮ ❡♥ ❡❧ tró♣✐❝♦ ❞❡ ❈á♥❝❡r ❝♦rr❡s♣♦♥❞✐❡♥t❡ ❛❧ s♦❧st✐❝✐♦
❞❡ ✐♥✈✐❡r♥♦ ❛✉str❛❧✱ ❤❛st❛ ✲ ✷✸➦✷✼✬ ✭✲✷✸✳✹✺➦✮ ❡♥ ❡❧ tró♣✐❝♦ ❞❡ ❈❛♣r✐❝♦r♥✐♦ ❝♦rr❡s♣♦♥❞✐❡♥t❡
❛❧ s♦❧st✐❝✐♦ ❞❡ ✈❡r❛♥♦ ❛✉str❛❧✱ s✐❡♥❞♦ ♥✉❧❛ ❡♥ ❧♦s ❡q✉✐♥♦❝❝✐♦s ❛✉str❛❧❡s ❞❡ ♣r✐♠❛✈❡r❛ ② ❞❡
♦t♦ñ♦✳ ◆ót❡s❡ q✉❡ ❧❛ ❞❡❝❧✐♥❛❝✐ó♥ s❡ ♠✐❞❡ ❛ ♣❛rt✐r ❞❡❧ ❡❝✉❛❞♦r ② ❡s ♣♦s✐t✐✈❛ ❝✉❛♥❞♦ ❡❧ ❙♦❧
❡stá ❡♥ ❡❧ ❤❡♠✐s❢❡r✐♦ ♥♦rt❡ ② ♥❡❣❛t✐✈❛ ❝✉❛♥❞♦ ❡❧ ❙♦❧ ❡stá ❡♥ ❡❧ ❤❡♠✐s❢❡r✐♦ s✉r✳ ❆❧ á♥❣✉❧♦
❝♦♠♣❧❡♠❡♥t❛r✐♦ ❞❡ ❧❛ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r s❡ ❧❧❛♠❛ ❞✐st❛♥❝✐❛ ♣♦❧❛r✳

❉❡❜✐❞♦ ❛ q✉❡ ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❧❛ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r ♦❝✉rr❡ ❡♥ ❡❧ ❧❛♣s♦ ❞❡ s❡✐s ♠❡s❡s ❞❡s❞❡
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s✉ ✈❛❧♦r ♠í♥✐♠♦ ❤❛st❛ s✉ ✈❛❧♦r ♠á①✐♠♦✱ s❡ ♣✉❡❞❡ ❝♦♥s✐❞❡r❛r q✉❡ ❡st❡ á♥❣✉❧♦ ❡s ❝♦♥st❛♥t❡
♣❛r❛ ✐♥t❡r✈❛❧♦s ❞❡ t✐❡♠♣♦ r❡❧❛t✐✈❛♠❡♥t❡ ♣❡q✉❡ñ♦s✱ ❞❡❧ ♦r❞❡♥ ❞❡ ✉♥ ❞í❛✱ ♣♦r ❡❥❡♠♣❧♦✳

❊❧ ✈❛❧♦r ❛♣r♦①✐♠❛❞♦ ❝♦rr❡s♣♦♥❞✐❡♥t❡ ❛ ❝❛❞❛ ❞í❛ ❞❡❧ ❛ñ♦ ✭♣❛r❛ ✉♥ ❛ñ♦ ♥♦r♠❛❧ ❞❡ ✸✻✺
❞í❛s✮✱ ♣✉❡❞❡ s❡r ❝❛❧❝✉❧❛❞♦ ♠❡❞✐❛♥t❡ ❧❛ ❡❝✉❛❝✐ó♥ ❞❡ ❈♦♦♣❡r✱ q✉❡ ❞✐❝❡✿

δ = 23,45 ∗ sen(360
365

∗ (284 + nd))

▲❛ ❋✐❣✉r❛ ✷✳✼✱ ♠✉❡str❛ ❧❛ ❝✉r✈❛ ❞❡ ❡st❛ ❡❝✉❛❝✐ó♥ ♣❛r❛ ✉♥ ♣❡rí♦❞♦ ❛♥✉❛❧✱ ❧❛ ♠✐s♠❛ q✉❡
♣❡r♠✐t❡ ❧❛ ❞❡t❡r♠✐♥❛❝✐ó♥ ❣rá✜❝❛ ❛♣r♦①✐♠❛❞❛ ❞❡ ❧❛ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r δ✳

❋✐❣✉r❛ ✷✳✼✿ ❘❡❧❛❝✐ó♥ ❞❡ ❈♦♦♣❡r ❡♥tr❡ ❧❛ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r δ ② ❞❡❧ ❞í❛ ❞❡❧ ❛ñ♦ nd ✭♣❛r❛ ❡❧
❛ñ♦ ♥♦r♠❛❧ ❞❡ ✸✻✺ ❞í❛s ❡♥ ❡❧ ❤❡♠✐s❢❡r✐♦ s✉r✮

✷✳✶✳✻✳ ▲❛ ♠❡❞✐❝✐ó♥ ❞❡❧ t✐❡♠♣♦

❊♥ ❧❛ ❞❡s❝r✐♣❝✐ó♥ ❞❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡❧ ❙♦❧ r❡s♣❡❝t♦ ❛ ❧❛ ❚✐❡rr❛✱ s❡ ❤❛❝❡ ♥❡❝❡s❛r✐♦ ❝♦♥t❛r
❝♦♥ ✉♥❛ r❡❢❡r❡♥❝✐❛ t❡♠♣♦r❛❧ q✉❡ ♣❡r♠✐t❛ ❞❡t❡r♠✐♥❛r✱ ♣❛r❛ t♦❞♦ ✐♥st❛♥t❡✱ ❧♦s ✈❛❧♦r❡s ❞❡ ❧❛s
✈❛r✐❛❜❧❡s q✉❡ ❧♦ ❝❛r❛❝t❡r✐③❛♥✳ P♦r t❛♥t♦✱ ❡s ♣❡rt✐♥❡♥t❡ ❡❢❡❝t✉❛r ✉♥❛ r❡✈✐s✐ó♥ ❞❡❧ ❝♦♥❝❡♣t♦
❞❡ ❧❛ ♠❡❞✐❝✐ó♥ ❞❡❧ t✐❡♠♣♦✳

❊❧ tr❛♥s❝✉rs♦ ❞❡❧ t✐❡♠♣♦ s❡ ♠✐❞❡ ❜ás✐❝❛♠❡♥t❡ ❡♥ ❤♦r❛s s♦❧❛r❡s✱ s✐❡♥❞♦ ést❛ ✉♥❛ ✉♥✐❞❛❞
q✉❡ ♣❡r♠✐t❡ ❧❛ ❝✉❛♥t✐✜❝❛❝✐ó♥ ♥✉♠ér✐❝❛ ❞❡ ❧♦s ❧❛♣s♦s ♦ ✐♥t❡r✈❛❧♦s ❞❡ t✐❡♠♣♦✳ ❊❧ t✐❡♠♣♦
s♦❧❛r s❡ ❜❛s❛ ❝♦♠❜✐♥❛❞❛♠❡♥t❡ ❡♥ ❧❛ r♦t❛❝✐ó♥ ❞❡ ❧❛ ❚✐❡rr❛ ❛❧r❡❞❡❞♦r ❞❡ s✉ ❡❥❡ ② ❡♥ s✉
r❡✈♦❧✉❝✐ó♥ ❛❧r❡❞❡❞♦r ❞❡❧ ❙♦❧✳ ❯♥ ❝✐❝❧♦ ❛♣❛r❡♥t❡ ❝♦♠♣❧❡t♦ ❞❡❧ ❙♦❧ r❡s♣❡❝t♦ ❛ ✉♥ ♦❜s❡r✈❛❞♦r
q✉❡ s❡ ❡♥❝✉❡♥tr❛ ✜❥♦ s♦❜r❡ ❧❛ ❚✐❡rr❛✱ ❞❡✜♥❡ ❡❧ ❞í❛ s♦❧❛r ✈❡r❞❛❞❡r♦ ② t♦❞♦ t✐❡♠♣♦ r❡❢❡r✐❞♦ ❛
❡st❛ ✉♥✐❞❛❞ ❡stá ❞❛❞♦ ❡♥ tér♠✐♥♦s ❞❡ t✐❡♠♣♦ s♦❧❛r ✈❡r❞❛❞❡r♦ ❚ t❛♠❜✐é♥ ❧❧❛♠❛❞♦ t✐❡♠♣♦
❧♦❝❛❧ ❛♣❛r❡♥t❡✳ ▲❛ ❞✉r❛❝✐ó♥ ❞❡❧ ❞í❛ s♦❧❛r ✈❡r❞❛❞❡r♦ ♥♦ ❡s ❝♦♥st❛♥t❡ ❛ ❧♦ ❧❛r❣♦ ❞❡❧ ❛ñ♦✱
s✐♥♦ q✉❡ ✈❛rí❛ ❞❡❜✐❞♦ ❛ ❧❛s ✐rr❡❣✉❧❛r✐❞❛❞❡s ❡♥ ❡❧ ♠♦✈✐♠✐❡♥t♦ ② ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❛ ❚✐❡rr❛ q✉❡
s❡ ♦r✐❣✐♥❛♥ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♥ ❧❛ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡❧ ❡❝✉❛❞♦r t❡rr❡str❡ r❡s♣❡❝t♦ ❛ ❧❛ ❡❝❧í♣t✐❝❛✱
❡♥ ❧❛ ❡❧✐♣t✐❝✐❞❛❞ ❞❡ ❧❛ ór❜✐t❛ t❡rr❡str❡ ② ❡♥ ❝✐❡rt❛s ✢✉❝t✉❛❝✐♦♥❡s ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ❡❥❡
♣♦❧❛r ❞❡ ❧❛ ❚✐❡rr❛✳ ❊❧ ❞í❛ s♦❧❛r ♠❡❞✐♦ ❡s ❡❧ ♣r♦♠❡❞✐♦ ❞❡ ❧❛ ❞✉r❛❝✐ó♥ ❞❡ ❧♦s ❞í❛s s♦❧❛r❡s
✈❡r❞❛❞❡r♦s t♦♠❛❞♦ ❡♥ ❡❧ tr❛♥s❝✉rs♦ ❞❡ ✉♥ ❛ñ♦ ② ❞❡✜♥❡ ❡❧ ✏❞í❛ r❡❧♦❥✑✱ q✉❡ t✐❡♥❡ ❧❛ ❞✉r❛❝✐ó♥
❞❡ ✷✹ ❤♦r❛s✳
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❚♦❞♦ t✐❡♠♣♦ ♠❡❞✐❞♦ ❡♥ ❡st❛ ✉♥✐❞❛❞ ❡stá ❞❛❞♦ ❡♥ tér♠✐♥♦s ❞❡ t✐❡♠♣♦ s♦❧❛r ♠❡❞✐♦ t✳
▲❛s ❝♦rr❡❝❝✐♦♥❡s ❞✐❛r✐❛s ❛❧ ❞í❛ s♦❧❛r ♠❡❞✐♦ ♣❛r❛ ♦❜t❡♥❡r ❡❧ ❞í❛ s♦❧❛r ✈❡r❞❛❞❡r♦✱ ♣✉❡❞❡♥
s❡r ❝❛❧❝✉❧❛❞❛s ♠❡❞✐❛♥t❡ ❧❛ ❡❝✉❛❝✐ó♥ t✐❡♠♣♦ q✉❡ ❞❛✱ ❡♥ ♠✐♥✉t♦s✱ ❧❛s ❞✐❢❡r❡♥❝✐❛s ❡♥tr❡ ❡st♦s
❞♦s t✐❡♠♣♦s✳

Ed = 9,87 ∗ sen(2γ)− 7,53 ∗ cos(γ)− 1,5 ∗ sen(γ)[min]

❉♦♥❞❡✿

γ =
360

364
(nd − 81)[(◦)]

▼❛t❡♠át✐❝❛♠❡♥t❡✱ ❧❛ r❡❧❛❝✐ó♥ ❡s✿

T = t[h] + Ed[min][h]

❊st♦s ✈❛❧♦r❡s ♣✉❡❞❡♥ s❡r t❛♠❜✐é♥ ♦❜t❡♥✐❞♦s ❣rá✜❝❛♠❡♥t❡ ❞❡ ❧❛ ❝✉r✈❛ q✉❡ r❡♣r❡s❡♥t❛
❛ ❡st❛ ❡❝✉❛❝✐ó♥ ② q✉❡ ♣✉❡❞❡ ❡st❛r r❡❢❡r✐❞❛ ❛ ❧♦s ❞í❛s ❞❡❧ ❛ñ♦ ❡♥ ❢♦r♠❛ ❝♦rr✐❞❛ ♦ ♠❡♥s✉❛❧✳
▲❛ ❋✐❣✳ ✾✱ ❡①♣♦♥❡ ❡st❛ ❝✉r✈❛✳

P♦r ♦tr♦ ❧❛❞♦✱ ❡❧ t✐❡♠♣♦ ✉ ❤♦r❛ ♦✜❝✐❛❧ ❤ ❞❡ ✉♥ s✐t✐♦ s♦❜r❡ ❧❛ ❚✐❡rr❛ ❡s ❡❧ t✐❡♠♣♦ r❡❧❛t✐✈♦
❛ ✉♥ ♠❡r✐❞✐❛♥♦ ❞❡ r❡❢❡r❡♥❝✐❛ Lref q✉❡ ❞❡✜♥❡ ❡❧ ❤✉s♦ ❤♦r❛r✐♦ ♦ ❧❛ ③♦♥❛ ❞❡ t✐❡♠♣♦ ❧♦❝❛❧✳
P❛r❛ ❇♦❧✐✈✐❛✱ ❡❧ ♠❡r✐❞✐❛♥♦ ❞❡ r❡❢❡r❡♥❝✐❛ ❡s ❡❧ Lref = 60◦ ❖❡st❡ ✭q✉❡ ♣❛s❛ ♠✉② ❝❡r❝❛ ❛❧
❖❡st❡ ❞❡ ❘♦❜♦ré✱ ♣r♦✈✐♥❝✐❛ ❞❡ ❈❤✐q✉✐t♦s✱ ❞❡♣❛rt❛♠❡♥t♦ ❞❡ ❙❛♥t❛ ❈r✉③✮✳

❊❧ ♣❛s♦ ❞❡❧ ❙♦❧ s♦❜r❡ ❡❧ ♠❡r✐❞✐❛♥♦ ❞❡❧ s✐t✐♦ Lsit ̸= Lref ♦❝✉rr❡ ❛♥t❡s ♦ ❞❡s♣✉és ❞❡❧
t✐❡♠♣♦ ♦✜❝✐❛❧ ② ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ t✐❡♠♣♦ ❡stá ❞❡t❡r♠✐♥❛❞❛ ♣♦r ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡ r♦t❛❝✐ó♥ ❞❡❧
❙♦❧ q✉❡ ❡s ❞❡ ✹ ♠✐♥✉t♦s ✭❞❡ t✐❡♠♣♦ s♦❧❛r ♠❡❞✐♦ t ♣♦r ❝❛❞❛ ❣r❛❞♦ ❞❡ ❧♦♥❣✐t✉❞✳

❊♥ ❡❢❡❝t♦✿

24[h]

360◦
=

1440[min]

360◦
= 4[

min
◦

]

❙✐ ❡❧ ♣❛s♦ ❞❡❧ ❙♦❧ s♦❜r❡ ❡❧ ♠❡r✐❞✐❛♥♦ ❞❡❧ s✐t✐♦ Lsit t✐❡♥❡ ❧✉❣❛r ❛♥t❡s ❞❡ s✉ ♣❛s♦ s♦❜r❡ ❡❧
♠❡r✐❞✐❛♥♦ ❞❡ r❡❢❡r❡♥❝✐❛ Lref ❡♥t♦♥❝❡s ❡❧ t✐❡♠♣♦ ❞❡ ❝♦rr❡❝❝✐ó♥ ❡s ♥❡❣❛t✐✈♦✱ ② ✈✐❝❡✈❡rs❛✳
P♦r t❛♥t♦✱ ❧❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❧❛ ❤♦r❛ ♦ t✐❡♠♣♦ ♦✜❝✐❛❧ ❤ ② ❡❧ t✐❡♠♣♦ s♦❧❛r ♠❡❞✐♦ t ❡s ❧❛
❝♦rr❡❝❝✐ó♥ ♣♦r ❧❛t✐t✉❞ △ tL :

△ tL = 4
min

1◦
∗ (Lref − Lsit[

◦][min]

❊♥ r❡s✉♠❡♥✱ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ❙♦❧ ❡♥ ❡❧ ❝✐❡❧♦ ♣✉❡❞❡ ❡st❛r ❞❛❞♦ r❡s♣❡❝t♦ ❛ ✉♥ s✐t✐♦ ❞❡t❡r✲
♠✐♥❛❞♦ ❡♥ tér♠✐♥♦s ❞❡ ❧❛ ❤♦r❛ ♦✜❝✐❛❧ ❞❡❧ s✐t✐♦ ❤✱ ❞❡❧ t✐❡♠♣♦ s♦❧❛r ♠❡❞✐♦ ❞❡❧ s✐t✐♦ t✱ ♦ ❞❡❧
t✐❡♠♣♦ s♦❧❛r ✈❡r❞❛❞❡r♦ ❚✱ t❛♠❜✐é♥ ❧❧❛♠❛❞♦ t✐❡♠♣♦ ❧♦❝❛❧ ❛♣❛r❡♥t❡✳ ❊st♦s tr❡s t✐❡♠♣♦s s❡
r❡❧❛❝✐♦♥❛♥ ❡♥tr❡ sí ❝♦♠♦ s❡ ✐♥❞✐❝❛ ❡♥ ❧❛ ❋✐❣✉r❛ ✷✳✽

❊❧ t✐❡♠♣♦ s♦❧❛r ♠❡❞✐♦ t ② ❧❛ ❤♦r❛ ♦✜❝✐❛❧ ❤ ♠❡❞✐❛♥t❡ ❧❛ ❝♦rr❡❝❝✐ó♥ ♣♦r ❧❛t✐t✉❞✿

t = h[h] + 4
min

1◦
∗ (Lref − Lsit[

◦][h]

❊❧ t✐❡♠♣♦ s♦❧❛r ✈❡r❞❛❞❡r♦ ♦ t✐❡♠♣♦ ❧♦❝❛❧ ❛♣❛r❡♥t❡ ❚ ② ❡❧ t✐❡♠♣♦ s♦❧❛r ♠❡❞✐♦ t ❛ tr❛✈és
❞❡ ❧❛ ❡❝✉❛❝✐ó♥ ❞❡❧ t✐❡♠♣♦ Ed✿
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T = t[h] + Ed[min][h]

❋✐❣✉r❛ ✷✳✽✿ ❚✐❡♠♣♦ s♦❧❛r ♠❡❞✐♦ ♣❛r❛ ♦❜t❡♥❝✐ó♥ ❞❡❧ t✐❡♠♣♦ s♦❧❛r ✈❡r❞❛❞❡r♦

❊❧ t✐❡♠♣♦ s♦❧❛r ✈❡r❞❛❞❡r♦ ♦ t✐❡♠♣♦ ❧♦❝❛❧ ❛♣❛r❡♥t❡ ❚ ② ❧❛ ❤♦r❛ ♦✜❝✐❛❧ ❤ ♣♦r ✐♥t❡r♠❡❞✐♦
❞❡ ❧❛ ❝♦rr❡❝❝✐ó♥ ♣♦r ❧♦♥❣✐t✉❞ tL ② ❧❛ ❡❝✉❛❝✐ó♥ ❞❡❧ t✐❡♠♣♦ Ed

T = h[h] + 4
min

1◦
∗ (Lref − Lsit[

◦] + Ed[min][h]

❈♦rr❡s♣♦♥❞✐❡♥t❡♠❡♥t❡✱ ❡❧ ♣❛s♦ ❞❡❧ ❙♦❧ s♦❜r❡ ❡❧ ♠❡r✐❞✐❛♥♦ ❞❡❧ s✐t✐♦ ❞❡❧ ♦❜s❡r✈❛❞♦r
♦❝✉rr❡ ❡♥ ❧♦s t✐❡♠♣♦s h0✱ t0 ② ❚♦q✉❡ s♦♥ ❞✐❢❡r❡♥t❡s ❡♥tr❡ sí✳

✷✳✶✳✼✳ ❊❧ ❛♥❣✉❧♦ ❤♦r❛r✐♦

❊♥ ❣❡♥❡r❛❧✱ ❡❧ á♥❣✉❧♦ ❤♦r❛r✐♦ ❡s ✉♥❛ ♠❛❣♥✐t✉❞ q✉❡ ❡①♣r❡s❛ ❡♥ tér♠✐♥♦s ❡s♣❛❝✐❛❧❡s
✭❛♥❣✉❧❛r❡s✮ ❡❧ t✐❡♠♣♦ q✉❡ tr❛♥s❝✉rr❡ ❡♥tr❡ ❞♦s ✐♥st❛♥t❡s✱ ♣♦r ❡❥❡♠♣❧♦ ✭τ1 − τ2) ❡♥tr❡
❧♦s ✐♥st❛♥t❡s ❝❛r❛❝t❡r✐③❛❞♦r❡s ♣♦r ❧♦s í♥❞✐❝❡s ✶ ② ✷✳ ❊♥ t❛❧ s❡♥t✐❞♦✱ s❡ ❞❡✜♥❡ ❝♦♠♦ á♥❣✉❧♦
❤♦r❛r✐♦ ω ❞❡❧ s♦❧ ❛❧ á♥❣✉❧♦ q✉❡ ❢♦r♠❛ ❡❧ ♠❡r✐❞✐❛♥♦ ❞❡❧ s✐t✐♦ ❞❡❧ ♦❜s❡r✈❛❞♦r ❝♦♥ ❡❧ ♠❡r✐❞✐❛♥♦
q✉❡ ✉❜✐❝❛ ❛❧ ❙♦❧ ❡♥ ✉♥ ✐♥st❛♥t❡ ❞❛❞♦✳ ❊♥ ♦tr❛s ♣❛❧❛❜r❛s✱ ❡st❡ á♥❣✉❧♦ ❡s ♠❡❞✐❞♦ ❞❡s❞❡ ❡❧
✐♥st❛♥t❡ τ1 = τsitio ❡♥ q✉❡ ❡❧ ❙♦❧ ❡stá s♦❜r❡ ❡❧ s✐t✐♦ ❞❡❧ ♦❜s❡r✈❛❞♦r✱ ❤❛st❛ ❡❧ ♠❡r✐❞✐❛♥♦ q✉❡
✉❜✐❝❛ ❛❧ ❙♦❧ ❡♥ ♦tr♦ s✐t✐♦ ② ♦tr♦ ✐♥st❛♥t❡ τ2 = τ ❝✉❛❧q✉✐❡r❛❀ ♦✱ ❧♦ q✉❡ ❡s ❡q✉✐✈❛❧❡♥t❡✱ ♣♦r
❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ t✐❡♠♣♦ τsitio − τ ❡♥tr❡ ❡s♦s ❞♦s ✐♥st❛♥t❡s✳

❊❧ ✐♥st❛♥t❡ τsitio ❡♥ ❡❧ q✉❡ ❡❧ ❙♦❧ ❡stá s♦❜r❡ ❡❧ s✐t✐♦ ❞❡❧ ♦❜s❡r✈❛❞♦r✱ ♦ ❡❧ ♠❡❞✐♦ ❞í❛
s♦❧❛r✱ ❡s ❡❧ ✐♥st❛♥t❡ ❞❡ r❡❢❡r❡♥❝✐❛ ♣❛r❛ ❧❛ ♠❡❞✐❝✐ó♥ ❞❡❧ á♥❣✉❧♦ ❤♦r❛r✐♦✳ P❡r♦ ♣✉❡st♦ q✉❡✱
♣♦r ✉♥❛ ♣❛rt❡ ❧❛ ❤♦r❛ ♦✜❝✐❛❧ ❤ ♥♦ ♣❡r♠✐t❡ ❞❡t❡r♠✐♥❛r ❞✐r❡❝t❛♠❡♥t❡ ❡❧ ✐♥st❛♥t❡ ❞❡❧ ♣❛s♦
❞❡❧ ❙♦❧ s♦❜r❡ ❡❧ ♠❡r✐❞✐❛♥♦ ❞❡❧ s✐t✐♦❀ ② ♣♦r ♦tr❛✱ ♣✉❡st♦ q✉❡ ❡❧ ♠❡❞✐♦ ❞í❛ s♦❧❛r ❡♥ tér♠✐♥♦s
❞❡❧ t✐❡♠♣♦ s♦❧❛r ✈❡r❞❛❞❡r♦ ♦ t✐❡♠♣♦ ❧♦❝❛❧ ❛♣❛r❡♥t❡ ❚ ❡s ❞✐❢❡r❡♥t❡ ♣❛r❛ ❝❛❞❛ ❞í❛ ❞❡❧ ❛ñ♦✱
❝♦♥✈✐❡♥❡ ❡①♣r❡s❛r ❡❧ ✐♥st❛♥t❡ ❞❡ r❡❢❡r❡♥❝✐❛ τsitio✱❡♥ tér♠✐♥♦s ❞❡❧ t✐❡♠♣♦ s♦❧❛r ♠❡❞✐♦ t ②
❝❛r❛❝t❡r✐③❛r❧♦ ♣♦r ❡❧ sí♠❜♦❧♦ t0✱ ❡s ❞❡❝✐r✱ ❞❡ ♠❛♥❡r❛ q✉❡ s❡❛ τsitio = t0✳

❊s ❡✈✐❞❡♥t❡ q✉❡ ❡❧ ✐♥st❛♥t❡ τ ✉❜✐❝❛ ❡♥ tér♠✐♥♦s t❡♠♣♦r❛❧❡s ❛❧ ❙♦❧ ❡♥ ❛❧❣ú♥ ♠❡r✐❞✐❛♥♦
❞✐❢❡r❡♥t❡ ❛❧ ❞❡❧ ♦❜s❡r✈❛❞♦r✳ P♦r t❛♥t♦✱ ❡❧ á♥❣✉❧♦ ❤♦r❛r✐♦ ω r❡❧❛❝✐♦♥❛ ❧♦s t✐❡♠♣♦s t0 ❞❡❧
♣❛s♦ ♠❡r✐❞✐❛♥♦ ② τ ❞❡ ✉♥ ✐♥st❛♥t❡ ❝✉❛❧q✉✐❡r❛ ❞❡ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ❙♦❧✱ ♠❡❞✐❞♦s ❡♥ ❤♦r❛s✱ ❛



❈❆P❮❚❯▲❖ ✷✳ ❋❯◆❉❆▼❊◆❚❖ ❚❊Ó❘■❈❖ ✶✸

tr❛✈és ❞❡ ❧❛ ❡❝✉❛❝✐ó♥✿

ω =
360◦

24[h]
∗ (t0 − τ)

ω = 15
◦

min
∗ (t0 − τ)[h][◦]

❈♦♥s❡❝✉❡♥t❡♠❡♥t❡✱ω t♦♠❛ ❡❧ ✈❛❧♦r 0◦ ❡♥ ❡❧ ♠❡❞✐♦ ❞í❛ s♦❧❛r✱ ♦ ❝✉❛♥❞♦ τ = t0 ② ✈❛rí❛
15◦ ❝❛❞❛ ❤♦r❛✳ ❙❡ ❧♦ ♠✐❞❡ ❞❡s❞❡ ❡❧ ♠❡r✐❞✐❛♥♦ ❞❡❧ ❧✉❣❛r✱ ②❛ s❡❛ ❡♥ s❡♥t✐❞♦ r❡tró❣r❛❞♦ ❛❧
♠♦✈✐♠✐❡♥t♦ ❞❡❧ ❙♦❧ ❞❡s❞❡ 0◦ ❤❛st❛ +180✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❡♥ t✐❡♠♣♦ s♦❧❛r ♠❡❞✐♦ ❛ ❧❛♣s♦s
❞❡s❞❡ ✵ ❤❛st❛ ✲✶✷ ❤♦r❛s❀ ♦ ❡♥ s❡♥t✐❞♦ ♣r♦❣r❡s✐✈♦ ❝♦♥ ❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡❧ ❙♦❧ ❞❡s❞❡ 0◦ ❤❛st❛
−180 q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ ❧❛♣s♦s ❞❡ t✐❡♠♣♦ s♦❧❛r ♠❡❞✐♦ ❞❡ ✵ ❛ ✰✶✷ ❤♦r❛s✳ ❊♥ ♦tr❛s ♣❛❧❛❜r❛s✱
❡❧ á♥❣✉❧♦ ❤♦r❛r✐♦ ❡s ♣♦s✐t✐✈♦ ❡♥ ❧❛s ♠❛ñ❛♥❛s ② ♥❡❣❛t✐✈♦ ❡♥ ❧❛s t❛r❞❡s✳❋✐❣✉r❛ ✷✳✽ ❛ ✶✷✳

P❛r❛ ✈❛❧♦r❡s ❞❡ τ = τp ❝♦rr❡s♣♦♥❞✐❡♥t❡s ❛ ❧❛s ❤♦r❛s ♦✜❝✐❛❧❡s ❡♥ ♣✉♥t♦ hp ❡s ❞❡❝✐r ♣❛r❛✿

τp = hp + (Lref − Lsit)[h]

▲♦s á♥❣✉❧♦s ❤♦r❛r✐♦s ωpt✐❡♥❡♥ ✈❛❧♦r❡s q✉❡ s♦♥ ♠ú❧t✐♣❧♦s ❞❡ 15◦✳

✷✳✶✳✽✳ ▲❛ ♣♦s✐❝✐ó♥ ❞❡❧ s♦❧ r❡s♣❡❝t♦ ❛ ✉♥ ♦❜s❡r✈❛❞♦r s♦❜r❡ ❧❛ t✐❡rr❛✳

▲❛ ❞❡s❝r✐♣❝✐ó♥ ❞❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡❧ ❙♦❧ r❡s♣❡❝t♦ ❛ ✉♥ ♦❜s❡r✈❛❞♦r q✉❡ s❡ ❡♥❝✉❡♥tr❛
s♦❜r❡ ❧❛ s✉♣❡r✜❝✐❡ ❞❡ ❧❛ ❚✐❡rr❛✱ ♣✉❡❞❡ s❡r ❡❢❡❝t✉❛❞❛ ♠❡❞✐❛♥t❡ ❧❛s r❡❧❛❝✐♦♥❡s ❛♥❣✉❧❛r❡s
q✉❡ ❡①✐st❡♥ ❡♥tr❡ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ❙♦❧ ❡♥ ❡❧ ❝✐❡❧♦ ② ❧❛s ❝♦♦r❞❡♥❛❞❛s ❞❡❧ ♦❜s❡r✈❛❞♦r s♦❜r❡ ❧❛
❚✐❡rr❛✳

❉❡s❞❡ ❧❛ ♣❡rs♣❡❝t✐✈❛ ♣t♦❧♦♠é✐❝❛ ❛❞♦♣t❛❞❛✱ s❡ ♣✉❡❞❡ ❡st❛❜❧❡❝❡r ❧❛s r❡❧❛❝✐♦♥❡s ❜✉s❝❛❞❛s
❛ ♣❛rt✐r ❞❡ ✉♥ s✐st❡♠❛ ❞❡ r❡❢❡r❡♥❝✐❛ ❢♦r♠❛❞♦ ♣♦r ❧❛ ❡s❢❡r❛ t❡rr❡str❡✱ s♦❜r❡ ❝✉②❛ s✉♣❡r✜❝✐❡
s❡ ❤❛❧❧❛ ❡❧ ♦❜s❡r✈❛❞♦r ② ❡♥ t♦r♥♦ ❛ ❧❛ ❝✉❛❧✱ ② ❞❡ ♠❛♥❡r❛ ❝♦♥❝é♥tr✐❝❛✱ s❡ ❡♥❝✉❡♥tr❛ ❧❛ ❡s❢❡r❛
❝❡❧❡st❡ q✉❡ ❝♦♥t✐❡♥❡ ❧❛s tr❛②❡❝t♦r✐❛s ❞❡❧ ❙♦❧✳ ❱❡r ❧❛ ❋✐❣✳ ✶✵✳ ◗✉❡ ❞❡s❝r✐❜❡ ❧❛ s✐t✉❛❝✐ó♥ ♣❛r❛
✉♥ ♦❜s❡r✈❛❞♦r ✉❜✐❝❛❞♦ ❡♥ ❡❧ ❤❡♠✐s❢❡r✐♦ ❙✉r✱ ❝♦♠♦ ❡s ❡❧ ❝❛s♦ ❞❡ ✉♥ ♣✉♥t♦ ❡♥ ❡❧ t❡rr✐t♦r✐♦
❜♦❧✐✈✐❛♥♦✳ ❯♥ ❝ír❝✉❧♦ ♠❛②♦r ❝✉❛❧q✉✐❡r❛ s♦❜r❡ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡✱ ❧❧❡✈❛ ❡❧ ♥♦♠❜r❡ ❞❡ ❣r❛♥
❝ír❝✉❧♦✳

❊♥ t♦❞♦ ♠♦♠❡♥t♦✱ ❛ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ♦❜s❡r✈❛❞♦r s♦❜r❡ ❧❛ s✉♣❡r✜❝✐❡ ❞❡ ❧❛ t✐❡rr❛✱ ❧❡
❝♦rr❡s♣♦♥❞❡ ✉♥ ♣✉♥t♦ s♦❜r❡ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡✱ q✉❡ s❡ ❧❧❛♠❛ ❡❧ ❝é♥✐t ❞❡❧ ♦❜s❡r✈❛❞♦r✳ ❊st❡ ❡s
❡❧ ♣✉♥t♦ ❞❡ ✐♥t❡rs❡❝❝✐ó♥ ❡♥tr❡ ❧❛ ♣r♦❧♦♥❣❛❝✐ó♥ ❞❡❧ r❛❞✐♦ t❡rr❡str❡ ❛ tr❛✈és ❞❡❧ ♣✉♥t♦ ❞❡❧
♦❜s❡r✈❛❞♦r✱ ❝♦♥ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡✳ ❊❧ ♣✉♥t♦ ✉❜✐❝❛❞♦ ❞✐❛♠❡tr❛❧♠❡♥t❡ ♦♣✉❡st♦ ❛❧ ❝é♥✐t ❞❡❧
♦❜s❡r✈❛❞♦r s❡ ❧❧❛♠❛ ❡❧ ♥❛❞✐r ❞❡❧ ♦❜s❡r✈❛❞♦r✳ ❉❡❜✐❞♦ ❛ q✉❡ ❡❧ r❛❞✐♦ ❞❡ ❧❛ ❚✐❡rr❛ ❡s ♠✉②
♣❡q✉❡ñ♦ ❝♦♠♣❛r❛❞♦ ❝♦♥ ❡❧ r❛❞✐♦ ❞❡ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡✱ ❡❧ ❤♦r✐③♦♥t❡ ❝❡❧❡st❡ ❞❡❧ ♦❜s❡r✈❛❞♦r
♣✉❡❞❡ s❡r t♦♠❛❞♦ ❝♦♠♦ ✐❣✉❛❧ ❛❧ ❣r❛♥ ❝ír❝✉❧♦ s♦❜r❡ ❡❧ ♣❧❛♥♦ q✉❡ ♣❛s❛ ♣♦r ❡❧ ❝❡♥tr♦ ❞❡ ❧❛
❚✐❡rr❛ ② q✉❡ ❡s ♥♦r♠❛❧ ❛ ❧❛ r❡❝t❛ q✉❡ ✉♥❡ ❡❧ ❝é♥✐t ❝♦♥ ❡❧ ♥❛❞✐r ✭❡♥ r✐❣♦r✱ ❡st❡ ♣❧❛♥♦ ❡s
t❛♥❣❡♥t❡ ❛ ❧❛ ❚✐❡rr❛ ❡♥ ❡❧ ♣✉♥t♦ ❞❡❧ ♦❜s❡r✈❛❞♦r✮✳

▲❛s ♣r♦❧♦♥❣❛❝✐♦♥❡s ❞❡❧ ❡❥❡ ♣♦❧❛r ❞❡ ❧❛ ❚✐❡rr❛ ❤❛❝✐❛ ❛♠❜♦s ❡①tr❡♠♦s✱ ❞❡✜♥❡♥ ❧♦s ♣♦❧♦s
♥♦rt❡ ② ♣♦❧♦ s✉r ❞❡❧ ♦❜s❡r✈❛❞♦r ❡♥ s✉s ✐♥t❡rs❡❝❝✐♦♥❡s r❡s♣❡❝t✐✈❛s ❝♦♥ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡✱ ❛sí
❝♦♠♦ t❛♠❜✐é♥ ❡❧ ❡❥❡ ❝❡❧❡st❡ ❞❡ ❧❛ t✐❡rr❛✳ ❊❧ ♣❧❛♥♦ ♥♦r♠❛❧ ❛❧ ❡❥❡ ❝❡❧❡st❡ ❞❡ ❧❛ ❚✐❡rr❛ ②
q✉❡ ♣❛s❛ ♣♦r s✉ ❝❡♥tr♦✱ ❞❡✜♥❡ ❡♥ s✉ ✐♥t❡rs❡❝❝✐ó♥ ❝♦♥ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡ ❡❧ ❣r❛♥ ❝ír❝✉❧♦ ❞❡❧
❡❝✉❛❞♦r ❝❡❧❡st❡ ♦ ❡❝✉❛❞♦r ❞❡ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡✳

▲❛ r❡❝t❛ t❛♥❣❡♥t❡ ❛ ❧❛ ❚✐❡rr❛ ❡♥ ❡❧ ♣✉♥t♦ ❞❡❧ ♦❜s❡r✈❛❞♦r ② ❝♦♥t❡♥✐❞❛ ❡❧ ♣❧❛♥♦ ❞❡❧
♠❡r✐❞✐❛♥♦ ❞❡ ést❡✱ ❞❡✜♥❡ ❡❧ ❡❥❡ ❝❡❧❡st❡ ❞❡❧ ♦❜s❡r✈❛❞♦r✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❞❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛
❞❡ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡✱ s❡ ♣✉❡❞❡ ❛s✉♠✐r q✉❡ ❡st❡ ❡❥❡ ♣❛s❛ ♣♦r ❡❧ ❝❡♥tr♦ ❞❡ ❧❛ ❚✐❡rr❛✱ ②❛ q✉❡
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❡❧ r❛❞✐♦ ❞❡ ést❛ ❡s ♠✉② ♣❡q✉❡ñ♦ ❝♦♠♣❛r❛❞♦ ❝♦♥ ❡❧ ❞❡ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡✳ ▲❛s ✐♥t❡rs❡❝❝✐♦♥❡s
❞❡❧ ❡❥❡ ❝❡❧❡st❡ ❞❡❧ ♦❜s❡r✈❛❞♦r ❝♦♥ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡✱ ❞❡t❡r♠✐♥❛♥ ❡❧ s✉r ❝❡❧❡st❡ ② ❡❧ ♥♦rt❡
❝❡❧❡st❡ ❞❡❧ ♦❜s❡r✈❛❞♦r r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ◆ót❡s❡ q✉❡ ❡st❛s ❞✐r❡❝❝✐♦♥❡s s♦♥ ❞❡ ♥❛t✉r❛❧❡③❛
❣❡♦❣rá✜❝❛ ② q✉❡ s♦♥ ❞✐❢❡r❡♥t❡s ❞❡ ❧❛s q✉❡ t✐❡♥❡♥ ✉♥ ♦r✐❣❡♥ ♠❛❣♥ét✐❝♦✳ ▲❛ ♣r♦②❡❝❝✐ó♥
r❛❞✐❛❧ ❞❡❧ ♣❛r❛❧❡❧♦ t❡rr❡str❡ ❞❡❧ ♦❜s❡r✈❛❞♦r s♦❜r❡ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡✱ ❞❡✜♥❡ ♣❛r❛❧❡❧♦ ❝❡❧❡st❡
❞❡❧ ♦❜s❡r✈❛❞♦r✳ ❊st❡ ❝ír❝✉❧♦ ♣❛s❛ ♣♦r ❡❧ ❝é♥✐t ❞❡❧ ♦❜s❡r✈❛❞♦r ❡♥ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡✳

❋✐❣✉r❛ ✷✳✾✿ ▼♦✈✐♠✐❡♥t♦ ❛♣❛r❡♥t❡ ❞❡❧ s♦❧ ❡♥ ❧❛ ❡s❢❡r❛ ❝❡❧❡❝t❡ ♣❛r❛ ✉♥ ♦❜s❡r✈❛❞♦r ✉❜✐❝❛❞♦
❡♥ ❡❧ ❤❡♠✐s❢❡r✐♦ s✉r✳

▲❛ ❧❛t✐t✉❞ ❣❡♦❣rá✜❝❛ φ ② ❧❛ ❧♦♥❣✐t✉❞ ❣❡♦❣rá✜❝❛ Lsit ❞❡❧ ♦❜s❡r✈❛❞♦r ✜❥❛♥ ❧❛ ♣♦s✐❝✐ó♥ ❞❡
ést❡ s♦❜r❡ ❧❛ s✉♣❡r✜❝✐❡ ❞❡ ❧❛ ❚✐❡rr❛✱ s♦❜r❡ ❧❛ ❚✐❡rr❛✱ ❧❛ ❧❛t✐t✉❞ ✭♣ ❡s ❡❧ á♥❣✉❧♦ ❝♦♠♣r❡♥❞✐❞♦
❡♥tr❡ ❧❛ r❡❝t❛ ❞❡ ✐♥t❡rs❡❝❝✐ó♥ ❞❡ ❧♦s ♣❧❛♥♦s ❡❝✉❛t♦r✐❛❧ ② ♠❡r✐❞✐♦♥❛❧ ❞❡❧ ♦❜s❡r✈❛❞♦r ② ❧❛
r❡❝t❛ q✉❡ ✉♥❡ ❡❧ ❝❡♥tr♦ ❞❡ ❧❛ ❚✐❡rr❛ ❝♦♥ ést❡✱ ✈❡r ❧❛s ❋✐❣✉r❛ ✷✳✶✵ ② ✷✳✶✶ ❙♦❜r❡ ❧❛ ❡s❢❡r❛
❝❡❧❡st❡✱ ❧❛ ❧❛t✐t✉❞ ❝♦rr❡s♣♦♥❞✐❡♥t❡ ❡s ❡❧ á♥❣✉❧♦ ❢♦r♠❛❞♦ ♣♦r ❧❛ ✐♥t❡rs❡❝❝✐ó♥ ❞❡ ❧♦s ♣❧❛♥♦s
❝❡❧❡st❡s ❡❝✉❛t♦r✐❛❧ ② ♠❡r✐❞✐♦♥❛❧ ❞❡❧ ♦❜s❡r✈❛❞♦r ❝♦♥ ❧❛ r❡❝t❛ ❝❡♥✐t❛❧✱ ✈❡r ❧❛ ❋✐❣✉r❛ ✷✳✾✳
❚✐❡♥❡ ✈❛❧♦r❡s ♣♦s✐t✐✈♦s ♣❛r❛ ♦❜s❡r✈❛❞♦r❡s ✉❜✐❝❛❞♦s ❡♥ ❡❧ ❤❡♠✐s❢❡r✐♦ ♥♦rt❡ ② ♥❡❣❛t✐✈♦s
♣❛r❛ ♦❜s❡r✈❛❞♦r❡s ❞❡❧ ❤❡♠✐s❢❡r✐♦ s✉r ② ✈❛rí❛ ❡♥tr❡ ✲ ✾✵➦ ② ✰✾✵➦✳ ▲❛ ▲♦♥❣✐t✉❞ ▲ ❡s ❡❧
á♥❣✉❧♦ ❞✐é❞r✐❝♦ ❡♥tr❡ ❡❧ ♣❧❛♥♦ ♠❡r✐❞✐♦♥❛❧ ❞❡ r❡❢❡r❡♥❝✐❛ ❞❡ ●r❡❡♥✇✐❝❤ ✭❧❛t✐t✉❞ ✵ ➦✮ ② ❡❧
♣❧❛♥♦ ♠❡r✐❞✐♦♥❛❧ ❞❡❧ s✐t✐♦ ❞❡❧ ♦❜s❡r✈❛❞♦r✳ ❙❡ ❧❛ ❝✉❡♥t❛ ♣♦s✐t✐✈❛ ❞❡ ✵➦ ❛ ✰✶✽✵➦ ❤❛❝✐❛ ❡❧
❊st❡ ❞❡❧ ♣❧❛♥♦ ❞❡ r❡❢❡r❡♥❝✐❛ ② ♥❡❣❛t✐✈❛ ❤❛❝✐❛ ❡❧ ❖❡st❡✱ ❞❡ ✵➦ ❛ ✲✶✽✵➦✳

❊❧ á♥❣✉❧♦ ❝❡♥✐t❛❧ ϑc t❛♠❜✐é♥ ❧❧❛♠❛❞♦ ❞✐st❛♥❝✐❛ ❝❡♥✐t❛❧✱ ❡s ❡❧ á♥❣✉❧♦ q✉❡ ✉❜✐❝❛ ❛❧ ❙♦❧
s♦❜r❡ s✉ ♠❡r✐❞✐❛♥♦ ② s❡ ❡①t✐❡♥❞❡ ❡♥tr❡ ❧❛ r❡❝t❛ ❝❡♥✐t❛❧ ❞❡❧ s✐t✐♦ ②✱ ❡♥ ♣r✐♥❝✐♣✐♦✱ ❧❛ ❧í♥❡❛
q✉❡ ✉♥❡ ❛❧ ♦❜s❡r✈❛❞♦r ❝♦♥ ❡❧ ❙♦❧✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❞❡❜✐❞♦ ❛ ❧❛ r❡❧❛❝✐ó♥ ❞❡ r❛❞✐♦s ✐♥❞✐❝❛❞❛
❛♥t❡r✐♦r♠❡♥t❡✱ ❡st❡ á♥❣✉❧♦ ❡s ♣rá❝t✐❝❛♠❡♥t❡ ✐❣✉❛❧ ❛❧ ❝♦♠♣r❡♥❞✐❞♦ ❡♥tr❡ ❧❛ r❡❝t❛ ❝❡♥✐t❛❧ ②
❧❛ ❧í♥❡❛ q✉❡ ✉♥❡ ❡❧ ❙♦❧ ❝♦♥ ❡❧ ❝❡♥tr♦ ❞❡ ❧❛ ❚✐❡rr❛✳ ❙✉s ✈❛❧♦r❡s ✈❛rí❛♥ ❡♥tr❡ ✵ ➦ s✐ ❡❧ ❙♦❧ ❡stá
❡♥ ❡❧ ❝é♥✐t ✭❡♥ ❧❛t✐t✉❞❡s q✉❡ ❧♦ ♣❡r♠✐t❡♥✮ ❡♥ ❝✐❡rt♦ ❞í❛ ❞❡❧ ❛ñ♦✱ ② ✾✵➦ ❛ ❧❛ s❛❧✐❞❛ ♦ ♣✉❡st❛
❞❡❧ ❙♦❧✳

▲❛ ❡❧❡✈❛❝✐ó♥ s♦❧❛r ❡✱ t❛♠❜✐é♥ ❧❧❛♠❛❞❛ ❛❧t✉r❛ s♦❧❛r ❡s ❧❛ ❡❧❡✈❛❝✐ó♥ ❡♥ tér♠✐♥♦s ❛♥❣✉❧❛r❡s
❞❡❧ ❙♦❧ s♦❜r❡ ❡❧ ❤♦r✐③♦♥t❡ ❝❡❧❡st❡ ❞❡❧ ♦❜s❡r✈❛❞♦r✳ ❙✉s ✈❛❧♦r❡s ✈❛rí❛♥ ❡♥tr❡ ✵ ➦ ❛ ❧❛ s❛❧✐❞❛ ②
♣✉❡st❛ ❞❡❧ ❙♦❧✱ ② ✾✵➦ s✐ ❡❧ ❙♦❧ ❡stá ❡♥ ❡❧ ❝é♥✐t ❡♥ ❝✐❡rt♦ ❞í❛ ❞❡❧ ❛ñ♦ ✭❡♥ ❧❛t✐t✉❞❡s q✉❡ ❧♦
♣❡r♠✐t❡♥✮✳ ▲❛ ❡❧❡✈❛❝✐ó♥ s♦❧❛r ❡ ❡s ❡❧ á♥❣✉❧♦ ❝♦♠♣❧❡♠❡♥t❛r✐♦ ❞❡❧ á♥❣✉❧♦ ❝❡♥✐t❛❧ ϑc✳

❊❧ ❛❝✐♠✉t s♦❧❛r α ❡s ❡❧ á♥❣✉❧♦ ❝♦♠♣r❡♥❞✐❞♦ ❡♥tr❡ ❧❛ r❡❝t❛ ♥♦rt❡ ❞❡❧ ❡❥❡ ❝❡❧❡st❡ ❞❡❧
♦❜s❡r✈❛❞♦r ② ❧❛ ♣r♦②❡❝❝✐ó♥ ♣❡r♣❡♥❞✐❝✉❧❛r ❞❡ ❧❛ r❡❝t❛ q✉❡ ✉♥❡ ❧♦s ❝❡♥tr♦s ❞❡ ❧❛ ❚✐❡rr❛
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② ❡❧ ❙♦❧✱ s♦❜r❡ ❡❧ ♣❧❛♥♦ ❞❡❧ ❣r❛♥ ❝ír❝✉❧♦ ❞❡❧ ❤♦r✐③♦♥t❡ ❝❡❧❡st❡✳ ❚✐❡♥❡ ✈❛❧♦r❡s ♣♦s✐t✐✈♦s
❤❛❝✐❛ ❡❧ ❊st❡ ② ✈❛❧♦r❡s ♥❡❣❛t✐✈♦s ❤❛❝✐❛ ❡❧ ❖❡st❡ ❞❡❧ ❡❥❡ ❝❡❧❡st❡ ❞❡❧ ♦❜s❡r✈❛❞♦r✳ ❊s ✵ ➦ ❛❧
♥♦rt❡ ② ➧✶✽✵➦ ❛❧ s✉r✱ ♣♦r ❧♦ t❛♥t♦✱ ✈❛rí❛ ❡♥tr❡ ✵➦ ② ➧✶✽✵➦✳ ❉❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ❞❡
❧❛ tr✐❣♦♥♦♠❡trí❛ ❡s❢ér✐❝❛✱ ❡❧ ❛❝✐♠✉t s♦❧❛r ❡s ❡❧ á♥❣✉❧♦ ❞✐é❞r✐❝♦ ♠❡❞✐❞♦ ❡♥ ❡❧ ❝é♥✐t ❡♥tr❡
❡❧ ♣❧❛♥♦ ❞❡❧ ♠❡r✐❞✐❛♥♦ ❝❡❧❡st❡ ❞❡❧ ♦❜s❡r✈❛❞♦r ② ❡❧ ♣❧❛♥♦ ❞❡✜♥✐❞♦ ♣♦r ❡❧ ❣r❛♥ ❝ír❝✉❧♦ q✉❡
♣❛s❛ ♣♦r ❡❧ ❝é♥✐t ② ❡❧ ❙♦❧✳

❈♦♠♦ s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❧❛ ❋✐❣✉r❛ ✷✳✾✱ ❡♥ ❝✉❛❧q✉✐❡r ♣✉♥t♦ ❞❡ ❧❛ tr❛②❡❝t♦r✐❛ s♦❧❛r✱ ❡❧ á♥❣✉❧♦
❞❡ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r δ ❡s ❡❧ á♥❣✉❧♦ ❝♦♠♣r❡♥❞✐❞♦ ❡♥tr❡ ❧❛ r❡❝t❛ q✉❡ ✉♥❡ ❧♦s ❝❡♥tr♦s ❞❡❧ ❙♦❧
② ❧❛ ❚✐❡rr❛ ② ❧❛ ♣r♦②❡❝❝✐ó♥ ♥♦r♠❛❧ ❞❡ ❡st❛ r❡❝t❛ s♦❜r❡ ❡❧ ♣❧❛♥♦ ❞❡❧ ❡❝✉❛❞♦r ❝❡❧❡st❡✳ ❈♦♠♦
②❛ s❡ ❡①♣❧✐❝ó ❛♥t❡r✐♦r♠❡♥t❡✱ ❧❛ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r ✈❛rí❛ ❡♥tr❡ ✲ ✷✸✳✹✺ ❞❡s❞❡ ❡❧ ❤❡♠✐s❢❡r✐♦
s✉r ❤❛st❛ ✰✷✸✳✹✺➦ ❡♥ ❡❧ ❤❡♠✐s❢❡r✐♦ ♥♦rt❡✳

❊❧ á♥❣✉❧♦ ❤♦r❛r✐♦ ❡s ❡❧ á♥❣✉❧♦ ❞❡✜♥✐❞♦ ♣♦r ❧❛s r❡❝t❛s ❞❡ ✐♥t❡rs❡❝❝✐ó♥ q✉❡ r❡s✉❧t❛♥ ❞❡❧
❝♦rt❡ ❞❡❧ ♣❧❛♥♦ ❡❝✉❛t♦r✐❛❧ ❝❡❧❡st❡ ❝♦♥ ❧♦s ♣❧❛♥♦s ❞❡ ❧♦s ♠❡r✐❞✐❛♥♦s ❞❡❧ ❙♦❧ ② ❞❡❧ ♦❜s❡r✈❛❞♦r✳
❙❡ ❧♦ ♠✐❞❡ ❛ ♣❛rt✐r ❞❡❧ ♠❡❞✐♦❞í❛ s♦❧❛r ♠❡❞✐♦ ② ✈❛rí❛ ❡♥ ✶✺➦ ♣♦r ❤♦r❛❀ ❡s ✐❣✉❛❧ ❛ ✵➦ ❡♥ ❡❧
♠❡❞✐♦ ❞í❛ s♦❧❛r ♠❡❞✐♦✱ ♣♦s✐t✐✈♦ ❡♥ ❧❛ ♠❛ñ❛♥❛ ② ♥❡❣❛t✐✈♦ ❡♥ ❧❛ t❛r❞❡✳ ❊♥ ❧❛ tr✐❣♦♥♦♠❡trí❛
❡s❢ér✐❝❛✱ ❡❧ á♥❣✉❧♦ ❤♦r❛r✐♦ ❡s ❡❧ á♥❣✉❧♦ ♠❡❞✐❞♦ ❡♥ ❝✉❛❧q✉✐❡r ♣♦❧♦ ❝❡❧❡st❡ ❡♥tr❡ ❧♦s ♣❧❛♥♦s
❞❡✜♥✐❞♦s ♣♦r ❧♦s ♠❡r✐❞✐❛♥♦s ❞❡❧ ♦❜s❡r✈❛❞♦r ② ❞❡❧ ❙♦❧✳ P✉❡❞❡ s❡r t❛♠❜✐é♥ ✐❞❡♥t✐✜❝❛❞♦
s♦❜r❡ ❡❧ ♣❧❛♥♦ ❞❡❧ ♣❛r❛❧❡❧♦ ❝❡❧❡st❡❀ ✈❡r ❧❛s ❋✐❣✉r❛ ✷✳✾✱✷✳✶✵ ② ✷✳✶✶✳

❋✐❣✉r❛ ✷✳✶✵✿ ❉❡t❡r♠✐♥❛❝✐ó♥ ❞❡❧ á♥❣✉❧♦ ❝❡♥✐t❛❧ ϑc ❡♥ ❧❛ ❡s❢❡r❛ ❣❡♦❞és✐❝❛ ✉♥✐t❛r✐❛✳

✷✳✶✳✾✳ ▲❛ ✉❜✐❝❛❝✐ó♥ ❞❡❧ s♦❧ ♠❡❞✐❛♥t❡ ❧❛ ❡❧❡✈❛❝✐ó♥ ② ❡❧ ❛❝✐♠✉t

▲❛ ♣♦s✐❝✐ó♥ ❞❡❧ ❙♦❧ ❡♥ ❡❧ ❝✐❡❧♦ r❡s♣❡❝t♦ ❛ ✉♥ ♦❜s❡r✈❛❞♦r q✉❡ s❡ ❡♥❝✉❡♥tr❛ s♦❜r❡ ❧❛
s✉♣❡r✜❝✐❡ ❞❡ ❧❛ ❚✐❡rr❛ ❡stá ❡♥ t♦❞♦ ♠♦♠❡♥t♦ ❞❡t❡r♠✐♥❛❞❛ ♣♦r ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❞❡ ❧♦s
✈❛❧♦r❡s ❞❡ ❧♦s á♥❣✉❧♦s ❝❡♥✐t❛❧ ϑc ♦ ❞❡ ❧❛ ❡❧❡✈❛❝✐ó♥ s♦❧❛r ❡ ② ❞❡❧ ❛❝✐♠✉t s♦❧❛r α✳ ❊st♦s
á♥❣✉❧♦s ❝♦♥st✐t✉②❡♥ ❧❛s ✈❛r✐❛❜❧❡s ❞❡♣❡♥❞✐❡♥t❡s ❞❡ ❧❛ ❝✐♥ét✐❝❛ s♦❧❛r✱ ❝✉②♦s ✈❛❧♦r❡s ❡stá♥ ❡♥
❢✉♥❝✐ó♥ ❞❡ ❧❛ ❧❛t✐t✉❞ ❣❡♦❣rá✜❝❛ φ ❞❡❧ ♦❜s❡r✈❛❞♦r✱ ❞❡ ❧❛ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r δ ② ❞❡❧ á♥❣✉❧♦
❤♦r❛r✐♦ ω✱ q✉❡ ✈✐❡♥❡♥ ❛ ❝♦♥st✐t✉✐r ❧❛s ✈❛r✐❛❜❧❡s ✐♥❞❡♣❡♥❞✐❡♥t❡s ❞❡❧ ♠♦✈✐♠✐❡♥t♦✳

❊①✐st❡♥ ❞✐❢❡r❡♥t❡s ♣r♦❝❡❞✐♠✐❡♥t♦s ♣❛r❛ ❞❡t❡r♠✐♥❛r ❧♦s á♥❣✉❧♦s ❞❡ ✉❜✐❝❛❝✐ó♥ ❞❡❧ ❙♦❧
r❡s♣❡❝t♦ ❛ ✉♥ ♦❜s❡r✈❛❞♦r q✉❡ s❡ ❡♥❝✉❡♥tr❛ s♦❜r❡ ❧❛ s✉♣❡r✜❝✐❡ ❞❡ ❧❛ ❚✐❡rr❛✱ ❞❡ ❡♥tr❡ ❧♦s
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❋✐❣✉r❛ ✷✳✶✶✿ ❉❡t❡r♠✐♥❛❝✐ó♥ ❞❡❧ ❛♥❣✉❧♦ ❛❝✐♠✉t❛❧ α ❡♥ ❧❛ ❡s❢❡r❛ ❣❡♦❞és✐❝❛ ✉♥✐t❛r✐❛✳

❝✉❛❧❡s✱ ❧♦s ♠ás ❝♦♠✉♥❡s s❡ ❜❛s❛ ❡♥ ❧❛ tr✐❣♦♥♦♠❡trí❛ ❡s❢ér✐❝❛ ♦ ❡♥ ❡❧ á❧❣❡❜r❛ ✈❡❝t♦r✐❛❧✳ ❊♥
❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦✱ s❡ r❡❝✉rr❡ ❛❧ á❧❣❡❜r❛ ✈❡❝t♦r✐❛❧ ❞❡❜✐❞♦ ❛ q✉❡ ❡s ✉♥❛ té❝♥✐❝❛ ♠❛t❡♠át✐❝❛
♠ás ❞✐❢✉♥❞✐❞❛ ② ❝♦♥♦❝✐❞❛ q✉❡ ❧❛ tr✐❣♦♥♦♠❡trí❛ ❡s❢ér✐❝❛✳

❈♦♥s✐❞ér❡s❡ ✉♥ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝❛rt❡s✐❛♥♦ ✭❳✱❨✱❩✮ s♦❧✐❞❛r✐♦ ❝♦♥ ❧❛ ❡s❢❡r❛
t❡rr❡str❡✱ ❝♦♠♦ s❡ ✐♥❞✐❝❛ ❡♥ ❧❛ ❋✐❣✉r❛ ✷✳✾✱ ❞♦♥❞❡ ❡❧ ❡❥❡ ❩ ❝♦✐♥❝✐❞❡ ❝♦♥ ❡❧ ❡❥❡ ❝❡❧❡st❡ ❞❡
❧❛ ❚✐❡rr❛✱ ❝✉②♦ s❡♥t✐❞♦ ♣♦s✐t✐✈♦ ❡stá ❡♥ ❞✐r❡❝❝✐ó♥ ❞❡❧ ♣♦❧♦ ♥♦rt❡ ❝❡❧❡st❡✳ ▲♦s ❡❥❡s ❳ ❡ ❨
s♦♥ ❡❧❡❣✐❞♦s ❝♦♥ r❡❧❛❝✐ó♥ ❛ ❧❛ ❧♦♥❣✐t✉❞ ❣❡♦❣rá✜❝❛ ❞❡❧ ♦❜s❡r✈❛❞♦r✱ ❞❡ ♠❛♥❡r❛ q✉❡ ❡❧ ❡❥❡ ❨
✐♥❞✐❝❛ ❤❛❝✐❛ ❡❧ ❊st❡ ② ❡❧ ❡❥❡ ❳ ♣❡r♣❡♥❞✐❝✉❧❛r♠❡♥t❡ ❤❛❝✐❛ ❧❛ ♣♦s✐❝✐ó♥ q✉❡ ❛❞♦♣t❛ ❡❧ ❙♦❧ ❡♥
❡❧ ♠❡❞✐♦ ❞í❛ s♦❧❛r ♠❡❞✐♦ ❡♥ ❧♦s ❡q✉✐♥♦❝❝✐♦s✱ ❡s ❞❡❝✐r ❡♥ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ❧❛ r❡❝t❛ q✉❡ ✉♥❡ ❡❧
❝❡♥tr♦ ❞❡ ❧❛ ❚✐❡rr❛ ❝♦♥ ❡❧ ♣✉♥t♦ q✉❡ r❡s✉❧t❛ ❞❡❧ ❝r✉❝❡ ❞❡❧ ♠❡r✐❞✐❛♥♦ ❝❡❧❡st❡ ❞❡❧ ♦❜s❡r✈❛❞♦r
❝♦♥ ❡❧ ❣r❛♥ ❝ír❝✉❧♦ ❞❡❧ ❡❝✉❛❞♦r ❝❡❧❡st❡✳

❈♦♠♦ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r ❡♥ ❧❛ ❋✐❣✉r❛ ✷✳✶✵✱ ❡♥ ❡st❡ s✐st❡♠❛ ❞❡ r❡❢❡r❡♥❝✐❛ ② s♦❜r❡ ❧❛
❡s❢❡r❛ ❣❡♦❞és✐❝❛ ✉♥✐t❛r✐❛✱ ❧❛s ❝♦♠♣♦♥❡♥t❡s ❞❡❧ ✈❡❝t♦r ✉♥✐t❛r✐♦ u⃗s q✉❡ ❛♣✉♥t❛ ❞❡s❞❡ ❡❧
❝❡♥tr♦ ❞❡ ❧❛ ❚✐❡rr❛ ❤❛❝✐❛ ❡❧ ❙♦❧✱ ❡stá♥ ❞❛❞❛s ♣♦r✿

u⃗s = (xs, ys, zs)
u⃗s = (cosδ ∗ cosω, cos δ ∗ sinω, sin δ)
❆♥á❧♦❣❛♠❡♥t❡✱ ❧❛s ❝♦♠♣♦♥❡♥t❡s ❞❡❧ ✈❡❝t♦r ✉♥✐t❛r✐♦ u⃗0 q✉❡ ✜❥❛ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ♦❜s❡r✲

✈❛❞♦r s♦❜r❡ ❧❛ ❡s❢❡r❛ ❣❡♦❞és✐❝❛ ✉♥✐t❛r✐❛✱ s♦♥✿

u⃗s = (x0, y0, z0) = (cosφ, 0, sinφ)

❊❧ á♥❣✉❧♦ ❝♦♠♣r❡♥❞✐❞♦ ❡♥tr❡ ❡st♦s ❞♦s ✈❡❝t♦r❡s ❡s ❡❧ á♥❣✉❧♦ ❝❡♥✐t❛❧ ϑc q✉❡ ♣✉❡❞❡ s❡r
❝❛❧❝✉❧❛❞♦ r❡❝✉rr✐❡♥❞♦ ❛❧ ♣r♦❞✉❝t♦ ❡s❝❛❧❛r ❡♥tr❡ ❛♠❜♦s✱ ❡♥ ❡❢❡❝t♦✿

(u⃗s ∗ u⃗0) = |u⃗s| ∗ |u⃗0| cosϑc = cosϑc = (cos δ ∗ cosω ∗ cosφ+ 0 + sin δ ∗ sinφ)

❈♦♠♦ ❧❛ ❡❧❡✈❛❝✐ó♥ s♦❧❛r ❡ ❡s ❡❧ á♥❣✉❧♦ ❝♦♠♣❧❡♠❡♥t❛r✐♦ ❞❡❧ á♥❣✉❧♦ ❝❡♥✐t❛❧ ϑc s❡ ♣✉❡❞❡
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❡s❝r✐❜✐r✿

cosϑc = sin e

sin e = (cos δ ∗ cosω ∗ cosφ+ sin δ ∗ sinφ)

❙❡ ❞❡❜❡ ♥♦t❛r q✉❡✱ ❡♥ t♦❞❛s ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ♣rá❝t✐❝❛s✱ ❡❧ ❡❢❡❝t♦ ❞❡ r❡❢r❛❝❝✐ó♥ ó♣t✐❝❛
❞❡ ❧❛ ❛t♠ós❢❡r❛ t✐❡♥❡ ✉♥❛ ✐♥✢✉❡♥❝✐❛ ❞❡s♣r❡❝✐❛❜❧❡ s♦❜r❡ ❡❧ á♥❣✉❧♦ ❛♣❛r❡♥t❡ ❞❡ ❡❧❡✈❛❝✐ó♥
s♦❧❛r✱ q✉❡ ❡s ❧✐❣❡r❛♠❡♥t❡ ♠❛②♦r ❛❧ ❝❛❧❝✉❧❛❞♦ ❧í♥❡❛s ❛rr✐❜❛✳ ▲❛s ❞✐❢❡r❡♥❝✐❛s ✈❛rí❛♥ ❞❡s❞❡ ✵✬
❡♥ ❡❧ ❝é♥✐t✱ ❤❛st❛ ✉♥♦s ✸✹✬ ❡♥ ❡❧ ❤♦r✐③♦♥t❡ ② s♦♥ ❧❡✈❡♠❡♥t❡ ❞❡♣❡♥❞✐❡♥t❡s ❞❡ ❧❛ ♣r❡s✐ó♥ ②
t❡♠♣❡r❛t✉r❛ ❛t♠♦s❢ér✐❝❛s✳

▲❛ ❡❝✉❛❝✐ó♥ ❛♥t❡r✐♦r ♣✉❡❞❡ s❡r r❡s✉❡❧t❛ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❧♦s á♥❣✉❧♦s ❤♦r❛r✐♦s ❞❡ ❧❛
s❛❧✐❞❛ ωss ② ❞❡ ❧❛ ♣✉❡st❛ ωps ❞❡❧ ❙♦❧✳ ◆♦t❛r q✉❡ ❡st♦s á♥❣✉❧♦s s♦♥ ✐❣✉❛❧❡s✱ ❡①❝❡♣t♦ ♣♦r
❡❧ s✐❣♥♦✱ q✉❡ ❡s ♣♦s✐t✐✈♦ ♣❛r❛ ❧❛ s❛❧✐❞❛ ② ♥❡❣❛t✐✈♦ ♣❛r❛ ❧❛ ♣✉❡st❛ ❞❡❧ ❙♦❧✱ ❡s ❞❡❝✐r q✉❡
ωss = −ωps = ±ωs✳ ❊♥ ❡st♦s ✐♥st❛♥t❡s ❧❛ ❡❧❡✈❛❝✐ó♥ s♦❧❛r ❡ ❡s ♥✉❧❛✱ ❞❡ ♠❛♥❡r❛ q✉❡ r❡s✉❧t❛✿

cosωs = − sin δ ∗ sinφ
cos δ ∗ cosφ = − tan δ ∗ tanφ

ωs = arc cos(− tan δ ∗ tanφ)[grados]

❉❡ ❡st❛ ❡❝✉❛❝✐ó♥ s❡ ♣✉❡❞❡ ❝❛❧❝✉❧❛r ❧❛ ❞✉r❛❝✐ó♥ ❛str♦♥ó♠✐❝❛ ❞❡❧ ❞í❛ d = ωs ❡♥ tér♠✐♥♦s
❞❡ á♥❣✉❧♦ ❤♦r❛r✐♦ ② ❞❡ s✉ ❡q✉✐✈❛❧❡♥t❡ ❡♥ t✐❡♠♣♦✿

dangulo = 2ωs = 2arc cos(− tan δ ∗ tanφ)[grados]

dtiempo =
2ωs[

◦]

15
◦

h

=
1

15
∗ arc cos(− tan δ ∗ tanφ)[horas]

▲❛ ❞❡t❡r♠✐♥❛❝✐ó♥ ❞❡❧ á♥❣✉❧♦ ❛❝✐♠✉t❛❧ s♦❧❛r ❛✱ ♣✉❡❞❡ s❡r ❡❢❡❝t✉❛❞❛ r❡❝✉rr✐❡♥❞♦ ❛ ✉♥
❛rt✐✜❝✐♦ ♠❛t❡♠át✐❝♦ ❞❡❧ á❧❣❡❜r❛ ✈❡❝t♦r✐❛❧ ❡❢❡❝t✉❛❞♦ s♦❜r❡ ❧❛ ❡s❢❡r❛ ❣❡♦❞és✐❝❛ ✉♥✐t❛r✐❛✱ ✈❡r
❧❛ ✷✳✶✶✳ P❛r❛ ❡❧❧♦ ❝♦♥✈✐❡♥❡ ❞❡t❡r♠✐♥❛r ❧❛s ❝♦♠♣♦♥❡♥t❡s ❞❡❧ ✈❡❝t♦r ✉♥✐t❛r✐♦ ✛✱ q✉❡ ✉❜✐❝❛ ❧❛
❞✐r❡❝❝✐ó♥ ❞❡❧ ❙♦❧✱ ♣♦r ✉♥ ❧❛❞♦ r❡s♣❡❝t♦ ❛ ✉♥ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s ♥✉❡✈♦ ✭❳✬✱❨✬✱❩✬✮ q✉❡
❡stá ❣✐r❛❞♦ s♦❜r❡ ❡❧ ❡❥❡ ❨✱ ❝✉②♦ ❡❥❡ ❳✬ ❝♦✐♥❝✐❞❡ ❝♦♥ ❧❛ r❡❝t❛ q✉❡ ✉♥❡ ❡❧ ❝❡♥tr♦ ❞❡ ❧❛ ❚✐❡rr❛
❝♦♥ ❡❧ ♦❜s❡r✈❛❞♦r ② ❝✉②♦ ❡❥❡ ❩✬ ❡s ♣❡r♣❡♥❞✐❝✉❧❛r ❛ ❨✬✱ ❡♥❝♦♥trá♥❞♦s❡ ❛♠❜♦s ❡♥ ❡❧ ♣❧❛♥♦
❞❡❧ ♠❡r✐❞✐❛♥♦ ❞❡❧ ♦❜s❡r✈❛❞♦r✱ ② ♣♦r ♦tr♦✱ ❧❛s ❝♦♠♣♦♥❡♥t❡s ❞❡❧ ♠✐s♠♦ ✈❡❝t♦r r❡s♣❡❝t♦ ❛❧
s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s ♦r✐❣✐♥❛❧ ✭❳✱❨✱❩✮✱ ② ❧✉❡❣♦ ❝♦♠♣❛r❛r❧❛s✳ ❊♥ ❡❢❡❝t♦✿

u⃗s = x′
s, y

′
s, z

′
s) = (cosϑc, sinϑc ∗ sinα, sinϑc ∗ cosα)

u⃗s = xs, ys, zs) = (cos δ ∗ cosω, cos δ ∗ sinω, sin δ)

❈♦♠♦ ❧♦s ❡❥❡s ❨❵ ❡ ❨ ❝♦✐♥❝✐❞❡♥✱ ❧❛s ❝♦♠♣♦♥❡♥t❡s r❡s♣❡❝t✐✈❛s s❡ ✐❞❡♥t✐✜❝❛♥✱ ❡s ❞❡❝✐r
q✉❡✿

y′s = ys

sinϑs ∗ sinα = cos δ sinω

cos e ∗ sinα = cos δ ∗ sinω

❉❡ ❞♦♥❞❡ r❡s✉❧t❛ ❧❛ ❡①♣r❡s✐ó♥ ♣❛r❛ ❡❧ ❝á❧❝✉❧♦ ❞❡❧ á♥❣✉❧♦ ❝❡♥✐t❛❧ α✿



❈❆P❮❚❯▲❖ ✷✳ ❋❯◆❉❆▼❊◆❚❖ ❚❊Ó❘■❈❖ ✶✽

sinα =
cos δ ∗ sinω

cos e

✷✳✶✳✶✵✳ ▼ét♦❞♦ ❣rá✜❝♦ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ s♦❧✳

▲❛s ❡❝✉❛❝✐♦♥❡s ❞❡ ❧❛ ❡❧❡✈❛❝✐ó♥ s♦❧❛r ❡ ② ❞❡❧ ❛❝✐♠✉t s♦❧❛r α ♣❡r♠✐t❡♥ ❞❡t❡r♠✐♥❛r ❝♦♥
♣r❡❝✐s✐ó♥ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ❙♦❧ ❡♥ ❡❧ ❝✐❡❧♦ ❡♥ t♦❞♦ ♠♦♠❡♥t♦ ❞❡ ❝✉❛❧q✉✐❡r ❞í❛ ❞❡❧ ❛ñ♦✱ s✐♥
❡♠❜❛r❣♦✱ ♣❛r❛ ✉♥❛ ❝❛♥t✐❞❛❞ ❞❡ ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ ✐♥❣❡♥✐❡rí❛ ② ❞❡ ❛rq✉✐t❡❝t✉r❛✱ ❡s s✉✜❝✐❡♥t❡
♦❜t❡♥❡r ❣rá✜❝❛♠❡♥t❡ ❧♦s á♥❣✉❧♦s s♦❧❛r❡s ❛ ♣❛rt✐r ❞❡ ♥♦♠♦❣r❛♠❛s ❛❞❡❝✉❛❞♦s✳ ❊st♦s ❡stá♥
❝♦♥st✐t✉✐❞♦s ♣♦r ❞✐❛❣r❛♠❛s ♦ ❝❛rt❛s s♦❧❛r❡s q✉❡ r❡♣r♦❞✉❝❡♥ ❣❡♦♠étr✐❝❛♠❡♥t❡ ❡♥ á❜❛❝♦s ❧❛s
tr❛②❡❝t♦r✐❛s ❞❡❧ ❙♦❧ ❛ tr❛✈és ❞❡ ❧❛ r❡♣r❡s❡♥t❛❝✐ó♥ ❣rá✜❝❛ ❞❡ ❧❛s ❡❝✉❛❝✐♦♥❡s ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛
❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r δ ❞❡ ❧❛ ❧❛t✐t✉❞ ❞❡❧ ♦❜s❡r✈❛❞♦r φ ② ❞❡❧ t✐❡♠♣♦ s♦❧❛r ♠❡❞✐♦ t r❡♣r❡s❡♥t❛❞♦
♣♦r ❡❧ á♥❣✉❧♦ ❤♦r❛r✐♦ ω✳

❊①✐st❡♥ ✈❛r✐♦s t✐♣♦s ❞❡ ❝❛rt❛s s♦❧❛r❡s q✉❡ s❡ ❞✐❢❡r❡♥❝✐❛♥ ❡♥tr❡ sí ♣♦r ❧♦s s✐st❡♠❛s ❞❡
r❡♣r❡s❡♥t❛❝✐ó♥ ✉t✐❧✐③❛❞♦s✳ ❉❡♥tr♦ ❞❡ ❧❛s ♠ás ❞✐❢✉♥❞✐❞❛s✱ s❡ ♣✉❡❞❡ ♠❡♥❝✐♦♥❛r ❧❛s ❝❛rt❛s ❞❡
♣r♦②❡❝❝✐ó♥ ❞✐é❞r✐❝❛ ✉ ♦rt♦❣♦♥❛❧ ❞❡ ❋✐s❤❡r ② ❞❡ ❋✐s❤❡r✲▼❛tt✐♦♥✐ q✉❡ t✐❡♥❡♥ s✐♥ ❡♠❜❛r❣♦ ❧❛
❞❡s✈❡♥t❛❥❛ ❞❡ q✉❡ ❡s ♥❡❝❡s❛r✐♦ ❝♦♥str✉✐r ✉♥❛ ♣❛r❛ ❝❛❞❛ ❞í❛ ❞❡❧ ❛ñ♦❀ ❧❛s ❝❛rt❛s ❞❡ ♣r♦②❡❝❝✐ó♥
❝✐❧í♥❞r✐❝❛ q✉❡ ♥♦ s♦♥ ♠✉② ❛❞❡❝✉❛❞❛s ♣❛r❛ ❛♣❧✐❝❛❝✐♦♥❡s ❡♥ s✐t✐♦s ❞♦♥❞❡ ❧❛s tr❛②❡❝t♦r✐❛s
s♦❧❛r❡s s❡ ❞❡s❛rr♦❧❧❛♥ t❛♥t♦ ❛❧ ♥♦rt❡ ❝♦♠♦ ❛❧ s✉r ❞❡❧ ❝é♥✐t ❞❡❧ ♦❜s❡r✈❛❞♦r✱ ❝♦♠♦ ❡s ❡❧ ❝❛s♦
♣❛r❛ ❡❧ t❡rr✐t♦r✐♦ ❜♦❧✐✈✐❛♥♦❀ ♦ ❧❛s ❝❛rt❛s s♦❧❛r❡s ❡♥ ♣r♦②❡❝❝✐ó♥ ❡st❡r❡♦❣rá✜❝❛ ❞❡ ❲❤✐❧❧✐❡r q✉❡
r❡♣r♦❞✉❝❡♥ ❧❛s tr❛②❡❝t♦r✐❛s s♦❧❛r❡s ❞❡ t♦❞♦ ❡❧ ❛ñ♦ ♣❛r❛ ✉♥❛ ❧❛t✐t✉❞ ❞❡t❡r♠✐♥❛❞❛✳ ❉❡❜✐❞♦
❛ ❧❛ s❡♥❝✐❧❧❡③ ❣rá✜❝❛ ② ❢á❝✐❧ ❧❡❝t✉r❛ ❞❡ ❧♦s á♥❣✉❧♦s s♦❧❛r❡s q✉❡ ❜r✐♥❞❛♥ ❡st❛s ❝❛rt❛s✱ ❤❛♥
s✐❞♦ ❛❞♦♣t❛❞❛s ❡♥ ❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ ♣❛r❛ ❧❛ r❡♣r❡s❡♥t❛❝✐ó♥ ❣rá✜❝❛ ❞❡ ❧❛s tr❛②❡❝t♦r✐❛s
s♦❧❛r❡s✳

▲❛s ❝❛rt❛s s♦❧❛r❡s ❞❡ ♣r♦②❡❝❝✐ó♥ ❡st❡r❡♦❣rá✜❝❛ s❡ ❜❛s❛♥ ❡♥ ❧❛ ♣r♦②❡❝❝✐ó♥ ❞❡ ❧❛ ❡s❢❡r❛
s♦❜r❡ ✉♥ ♣❧❛♥♦✱ ❝♦♠♦ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r ❡♥ ❧❛ ❋✐❣✉r❛ ✷✳✶✷✳ P❛r❛ ❡♥t❡♥❞❡r ❡st❡ ♣r♦❝❡❞✐✲
♠✐❡♥t♦✱ ❝♦♥s✐❞ér❡s❡ ❧❛ tr❛②❡❝t♦r✐❛ ✐♥❞✐❝❛❞❛ ♣♦r ❡❧ ❙♦❧ s♦❜r❡ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡ ❡♥ ❡❧ ♣✉♥t♦ ❙✳
▲❛ ♣r♦②❡❝❝✐ó♥ ♦rt♦❣♦♥❛❧ ❞❡ ❡st❛ tr❛②❡❝t♦r✐❛ s♦❜r❡ ❡❧ ♣❧❛♥♦ t❛♥❣❡♥t❡ ❛ ❧❛ ❚✐❡rr❛ ❡♥ ❡❧ ♣✉♥t♦
❞❡❧ ♦❜s❡r✈❛❞♦r ❖✱ ❞❡s❝r✐❜❡ ❡❧ ❝✉rs♦ ❞❡❧ ❙♦❧ s♦❜r❡ ❡st❡ ♣❧❛♥♦ ② s❡ ❧❛ ❧❧❛♠❛ ❧❛ tr❛②❡❝t♦r✐❛
s♦❧❛r ♣❧❛♥❛✳ ❙♦❜r❡ ❡st❛ tr❛②❡❝t♦r✐❛✱ ❡❧ ♣✉♥t♦ ❆ ❝♦rr❡s♣♦♥❞❡ ❛❧ ❛❝✐♠✉t ❛ ❧❛ s❛❧✐❞❛ ❞❡❧ ❙♦❧✱
② ❡❧ ♣✉♥t♦ ❇ ✉❜✐❝❛ ❡❧ ❧✉❣❛r q✉❡ ♦❝✉♣❛ ❡❧ ❙♦❧ ❛ ❝✐❡rt❛ ❤♦r❛ ❞❡❧ ❞í❛✱ q✉❡ ❡stá ♣❧❡♥❛♠❡♥t❡
❝❛r❛❝t❡r✐③❛❞♦ ♣♦r ❡❧ ❛❝✐♠✉t s♦❧❛r α ② ❧❛ r❡❝t❛ OB✱ ❧❛ ♠✐s♠❛ q✉❡ ♣♦❞rí❛ ❡st❛r r❡♣r❡s❡♥t❛❞❛
♣♦r ❧❛ r❡❧❛❝✐ó♥ OB = cos e✳

❙✐❣✉✐❡♥❞♦ ❡st❡ ♣r♦❝❡❞✐♠✐❡♥t♦✱ ❡s ♣♦s✐❜❧❡ ❝♦♥str✉✐r ❝❛rt❛s s♦❧❛r❡s q✉❡ ❡①♣♦♥❡♥ s♦❜r❡ ❡❧
♣❧❛♥♦ ❡❧ ❝✉rs♦ ❞❡ ❧❛s tr❛②❡❝t♦r✐❛s s♦❧❛r❡s ♣❛r❛ ✈❛r✐♦s ✈❛❧♦r❡s ❞❡ ❧❛ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r ❙✱ ❡s
❞❡❝✐r✱ ❧❛s tr❛②❡❝t♦r✐❛s ♣❧❛♥❛s ♣❛r❛ ✈❛r✐♦s ❞í❛s ❞❡❧ ❛ñ♦✳ ❱❡r ❧❛ ❋✐❣✉r❛ ✷✳✶✸✳

❊♥ ❡st♦s ❞✐❛❣r❛♠❛s✱ ❡❧ ❝ír❝✉❧♦ ❡①t❡r✐♦r r❡♣r❡s❡♥t❛ ❡❧ ❤♦r✐③♦♥t❡ ❞❡❧ ♦❜s❡r✈❛❞♦r✳ ❊♥
❝ír❝✉❧♦s ❝♦♥❝é♥tr✐❝♦s ✐♥t❡r✐♦r❡s ② ❡q✉✐❡s♣❛❝✐❛❞♦s r❛❞✐❛❧♠❡♥t❡ ❡♥tr❡ sí ♣❛r❛ ❧♦❣r❛r ✉♥ ♠❡❥♦r
❡❢❡❝t♦ ✈✐s✉❛❧✱ ❝♦♥✈✐❡♥❡ r❡♣r❡s❡♥t❛r ❧♦s á♥❣✉❧♦s ❞❡ ❡❧❡✈❛❝✐ó♥ ❡✳ ❊♥ ❡st❡ ❝❛s♦✱ s✐♥ ❡♠❜❛r❣♦✱
❧♦s r❛❞✐♦s ❞❡ ❧❛s ❝✐r❝✉♥❢❡r❡♥❝✐❛s ♥♦ s♦♥ ❧♦s ❝♦s❡♥♦s ❞❡ ❧❛s ❡❧❡✈❛❝✐♦♥❡s ❝♦rr❡s♣♦♥❞✐❡♥t❡s✱ s✐♥♦
q✉❡ ♦❜❡❞❡❝❡♥ ❛ ✉♥❛ ❡s❝❛❧❛ ❛r❜✐tr❛r✐❛ ❛❞♦♣t❛❞❛ ♣♦r ❧❛ ♣r♦②❡❝❝✐ó♥ ♣❧❛♥❛ ❡q✉✐❞✐st❛♥t❡ ♣❛r❛
❝♦♥s❡❣✉✐r ✉♥❛ ♠❛②♦r ❝♦♠♦❞✐❞❛❞ ✈✐s✉❛❧✳ P♦r ❡s♦✱ s❡❣ú♥ ❡st❡ ♣r♦❝❡❞✐♠✐❡♥t♦ ❞❡ ❝♦♥str✉❝❝✐ó♥✱
❧❛s tr❛②❡❝t♦r✐❛s s♦❧❛r❡s s♦❜r❡ ❡❧ ♣❧❛♥♦ ♥♦ s♦♥ ❡str✐❝t❛♠❡♥t❡ ❧❛s ♣r♦②❡❝❝✐♦♥❡s ♦rt♦❣♦♥❛❧❡s
♣❧❛♥❛s ❞❡❧ ♠♦✈✐♠✐❡♥t♦ ❞✐✉r♥♦ ❞❡❧ ❙♦❧ ❡♥ ❡❧ ❝✐❡❧♦✱ s✐♥♦ s✉s r❡♣r❡s❡♥t❛❝✐♦♥❡s✳

P♦r ♦tr♦ ❧❛❞♦✱ ❧❛s ❧í♥❡❛s r❛❞✐❛❧❡s ✐♥❞✐❝❛♥ ❧♦s á♥❣✉❧♦s ❛❝✐♠✉t❛❧❡s ❛ ❡♥ ✐♥❝r❡♠❡♥t♦s ❞❡
✶✵➦✳ P❛r❛ ❢❛❝✐❧✐t❛r ✉♥❛ ❧❡❝t✉r❛ ♠ás ♣r❡❝✐s❛ ❞❡ ❡st❡ á♥❣✉❧♦✱ s❡ ❤❛ ✐♥❝♦r♣♦r❛❞♦ ✉♥❛ ❡s❝❛❧❛
❛♥❣✉❧❛r ❝♦♥ ♣❛s♦s ❞❡ ❛ ✶➦ s♦❜r❡ ❡❧ ❝ír❝✉❧♦ ❞❡❧ ❤♦r✐③♦♥t❡✳

❊♥ ❧❛ t❛❜❧❛ ❛❧ ♣✐❡ ❞❡❧ ❞✐❛❣r❛♠❛ ❡stá♥ ✐♥❞✐❝❛❞❛s ❧❛s tr❛②❡❝t♦r✐❛s s♦❧❛r❡s ♣❧❛♥❛s ♣❛r❛
❞✐✈❡rs♦s ✈❛❧♦r❡s ❞❡ ❧❛ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r δ ② ❧♦s ❞í❛s ❞❡❧ ❛ñ♦ ❝♦rr❡s♣♦♥❞✐❡♥t❡s✳ ❆ ♠❛♥♦
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❋✐❣✉r❛ ✷✳✶✷✿ ▼♦✈✐♠✐❡♥t♦ ❛♣❛r❡♥t❡ ❞❡❧ s♦❧ ❡♥ ❡❧ ❝✐❡❧♦ r❡s♣❡❝t♦ ❛ ✉♥❛ s✉♣❡r✜❝✐❡ ❤♦r✐③♦♥t❛❧
❞❡❧ ❤❡♠✐s❢❡r✐♦ s✉r

❋✐❣✉r❛ ✷✳✶✸✿ ❊❥❡♠♣❧♦ ❞❡ ❧❛ ❧❡❝t✉r❛ ❞❡ ✈❛❧♦r❡s ❡♥ ❧❛s ❝❛rt❛s s♦❧❛r❡s ▲❛ P❛③✲❈❡♥tr♦ ▲❛t✐t✉❞
✶✻➦✷✾✬❙✉r✱▲♦♥❣✐t✉❞ ✻✽➦✵✽✬❖❡st❡

❞❡ ❡st❛ t❛❜❧❛ ❡s ♣♦s✐❜❧❡ ❡♥❝♦♥tr❛r ❧❛ tr❛②❡❝t♦r✐❛ s♦❧❛r ❞❡ ✉♥ ❞í❛ ❝✉❛❧q✉✐❡r❛ ❞❡❧ ❛ñ♦ ♣♦r
✐♥t❡r♣♦❧❛❝✐ó♥ ❡♥tr❡ ❧❛s ❞♦s tr❛②❡❝t♦r✐❛s ♠ás ❝❡r❝❛♥❛s ❧✉❡❣♦ ❞❡ ✐❞❡♥t✐✜❝❛r ♣r❡✈✐❛♠❡♥t❡ ❡❧
♥ú♠❡r♦ ❞❡ ❞í❛ nd ② ❧❛ ❞❡❝❧✐♥❛❝✐ó♥ s♦❧❛r δ ❝♦rr❡s♣♦♥❞✐❡♥t❡s ✭❋✐❣✉r❛ ✷✳✶✹✱ ② ❝✉r✈❛ ❞❡ ❧❛
❋✐❣✉r❛ ✷✳✼✮✳

❆ s✉ ✈❡③✱ ❧❛s tr❛②❡❝t♦r✐❛s s♦❧❛r❡s ♣❧❛♥❛s ❡stá♥ ❝r✉③❛❞❛s ♣♦r ❝✉r✈❛s ✐só❣♦♥❛s ❞❡ á♥❣✉❧♦
❤♦r❛r✐♦ ❡s♣❛❝✐❛❞❛s ❡♥ ✶✺➦ ✭❡q✉✐✈❛❧❡♥t❡s ❛ ❧❛♣s♦s ❞❡ ✶ ❤♦r❛✮ ❡♥tr❡ sí✳ ❈♦♥✈✐❡♥❡ q✉❡ ❡st❛s
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❋✐❣✉r❛ ✷✳✶✹✿ ❉❡❝❧✐♥❛❝✐♦♥ ② t✐❡♠♣♦ ❛♥✉❛❧ ❡♥ ❧❛ ▲❛ P❛③

✐s♦❣♦♥❛s ❡sté♥ ❝♦♥s✐❣♥❛❞❛s ❡♥ tér♠✐♥♦s ❞❡ t✐❡♠♣♦ s♦❧❛r ♠❡❞✐♦ t r❡❧❛t✐✈♦ ❛❧ s✐t✐♦ ❞❡❧
♦❜s❡r✈❛❞♦r✱ ❞♦♥❞❡ ❡❧ ♣❛s♦ ♠❡r✐❞✐❛♥♦ ♦ ♠❡❞✐♦ ❞í❛ s♦❧❛r ❡stá ❡♥ t♦ q✉❡ ✐❞❡♥t✐✜❝❛ ❛ s✉ ✈❡③
❡❧ ♦r✐❣❡♥ ❞❡ ♠❡❞✐❝✐ó♥ ❞❡❧ á♥❣✉❧♦ ❤♦r❛r✐♦ ω ✳

◆ót❡s❡ q✉❡ ❧❛ ✈❡♥t❛❥❛ ❞❡❧ ♠❛♥❡❥♦ ❞❡❧ t✐❡♠♣♦ ❛ tr❛✈és ❞❡❧ á♥❣✉❧♦ ❤♦r❛r✐♦ ω✱ r❛❞✐❝❛ ❡♥
❧❛ ✐♥❞❡♣❡♥❞❡♥❝✐❛ ❞❡ ❧❛s ❞✐❢❡r❡♥t❡s ♠❡❞✐❞❛s ❞❡❧ t✐❡♠♣♦✳

✷✳✶✳✶✶✳ ❈❛rt❛s s♦❧❛r❡s ❡st❡r❡♦❣rá✜❝❛s ❞❡ ♣✉♥t♦s s❡❧❡❝❝✐♦♥❛❞♦s ❞❡❧
t❡rr✐t♦r✐♦ ❞❡ ❇♦❧✐✈✐❛

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ❛ ❝❛❞❛ ♣✉♥t♦ ❞❡ ❧♦♥❣✐t✉❞ ② ❧❛t✐t✉❞ ❣❡♦❣rá✜❝❛ ❧❡ ❝♦rr❡s♣♦♥❞❡ ✉♥❛
❝❛rt❛ s♦❧❛r✱ ❡♥ ❡st❛ ♣❛rt❡ ❞❡❧ tr❛❜❛❥♦ s❡ ♣r❡s❡♥t❛ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ❝❛rt❛s s♦❧❛r❡s q✉❡ ❤❛♥
s✐❞♦ ❝❛❧❝✉❧❛❞❛s ② ❡❧❛❜♦r❛❞❛s ♣❛r❛ ❧❛s ❝✐✉❞❛❞❡s ❝❛♣✐t❛❧❡s ❞❡ ❞❡♣❛rt❛♠❡♥t♦ ② ♣❛r❛ ❧♦s
♣✉♥t♦s ❡①tr❡♠♦s ❜♦r❡❛❧✱ ❛✉str❛❧✱ ♦❝❝✐❞❡♥t❛❧ ② ♦r✐❡♥t❛❧ ❞❡❧ t❡rr✐t♦r✐♦ ♥❛❝✐♦♥❛❧✳ ▲❛ ❚❛❜❧❛
✷✳✶✱ ❝♦♥s✐❣♥❛ ❡st❛s ❧♦❝❛❧✐❞❛❞❡s ② s✉s ✉❜✐❝❛❝✐♦♥❡s ❣❡♦❣rá✜❝❛s✳

✷✳✷✳ ❈♦❧❡❝t♦r s♦❧❛r ② s✉s ❝❛r❛❝t❡ríst✐❝❛s

❊❧ ❞❡s❛rr♦❧❧♦ t❡❝♥♦❧ó❣✐❝♦ ❛❝t✉❛❧ ♣❡r♠✐t❡ ❛♣r♦✈❡❝❤❛r ❧❛ ❡♥❡r❣í❛ ❞❡❧ ❙♦❧ ♣❛r❛ ❧♦s ✉s♦s
♠ás ❞✐✈❡rs♦s✳ ▲❛s ❛♣❧✐❝❛❝✐♦♥❡s ♣✉❡❞❡♥ s❡r ❛❣r✉♣❛❞❛s ❡♥✿ ❊♥ ❡st❡ ❝❛♣ít✉❧♦ r❡✈✐s❛r❡♠♦s ❧❛s
♠ás ✐♠♣♦rt❛♥t❡s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ ❧❛ ❡♥❡r❣í❛ s♦❧❛r ❡♥ ❞✐✈❡rs❛s ár❡❛s✳ ▲❛ ❡♥❡r❣í❛ s♦❧❛r s❡
♠❛♥✐✜❡st❛ ❡♥ ❞♦s ❢♦r♠❛s ❞❡ ❧❛ ❡♥❡r❣í❛✿ ❧❛ ❧✉♠✐♥♦s❛ ② ❧❛ tér♠✐❝❛✳ ❉❡♥tr♦ ❞❡❧ ❛❧❝❛♥❝❡ ❞❡ ❡st❡
tr❛❜❛❥♦✱ ♥♦s r❡❢❡r✐♠♦s ❡①❝❧✉s✐✈❛♠❡♥t❡ ❛ ❧❛ ❡♥❡r❣í❛ s♦❧❛r✲tér♠✐❝❛ ② ❞❡ s✉ ❛♣r♦✈❡❝❤❛♠✐❡♥t♦
♣♦r ♠❡❞✐♦ ❞❡ ❝♦❧❡❝t♦r❡s s♦❧❛r❡s✳ ❊st♦s ❝♦❧❡❝t♦r❡s s♦♥ ❞✐s♣♦s✐t✐✈♦s ❡♥ ❧♦s q✉❡ ❧❛ ✐rr❛❞✐❛❝✐ó♥
s♦❧❛r ✭❞✐r❡❝t❛ ♦ ❞✐❢✉s❛✮ ❡s ❝❛♣t❛❞❛ ♣❛r❛ ❣❡♥❡r❛r ❝❛❧♦r ② ❛✉♠❡♥t❛r ❧❛ t❡♠♣❡r❛t✉r❛ ❞❡ ✉♥
✢✉✐❞♦ ♦ ✉♥ ❛♠❜✐❡♥t❡ ❞❛❞♦✳ ❊❧ s✐st❡♠❛ ✉t✐❧✐③❛❞♦ tí♣✐❝❛♠❡♥t❡ s❡ ❝♦♠♣♦♥❡ ❞❡ ✉♥♦ ♦ ♠ás
❝♦❧❡❝t♦r❡s✱ ❧♦s ❝✉❛❧❡s s❡ ❝♦♥❡❝t❛♥ ❝♦♥ ✉♥ ❝✐r❝✉✐t♦ q✉❡ ❜✐❡♥ s❡❛ tr❛♥s♣♦rt❛ ❛❧ ✢✉✐❞♦ ❡♥
❝✉❡st✐ó♥ ② ❧❡ ❡❧❡✈❛ ❧❛ t❡♠♣❡r❛t✉r❛ ❤❛st❛ ❡❧ ♣✉♥t♦ ❞❡ ✉s♦ ♦ ❝♦♥ ✉♥ s✉❜s✐st❡♠❛ ✐♥❞✐r❡❝t♦
♣❛r❛ q✉❡ ❧✉❡❣♦ ❡❧ ❝❛❧♦r s❡❛ tr❛♥s❢❡r✐❞♦ ❛❧ ❛♠❜✐❡♥t❡ ❞❡s❡❛❞♦✳
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❈✉❛❞r♦ ✷✳✶✿ ▲♦❝❛❧✐❞❛❞❡s ❝á❧❝✉❧♦ ❞❡ tr❛②❡❝t♦r✐❛s s♦❧❛r❡s

✷✳✷✳✶✳ ❈♦❧❡❝t♦r s❡❣ú♥ s✉ t❡♠♣❡r❛t✉r❛

❊❧ ❝♦❧❡❝t♦r s♦❧❛r ♣✉❡❞❡ s❡r ❝❧❛s✐✜❝❛❞♦ s❡❣ú♥ s✉ t❡♠♣❡r❛t✉r❛ ❞❡ ♦♣❡r❛❝✐ó♥ ❝♦♠♦ ❝♦❧❡❝t♦r
❞❡ ❛❧t❛✱ ♠❡❞✐❛ ♦ ❜❛❥❛ t❡♠♣❡r❛t✉r❛✳

❋✐❣✉r❛ ✷✳✶✺✿ ❈♦❧❡❝t♦r❡s s❡❣ú♥ s✉ t❡♠♣❡r❛t✉r❛

✷✳✷✳✶✳✶✳ ❇❛❥♦ ✭▼❡♥♦s ❞❡ ✶✵✵➸❈✮

▲♦s ❝♦❧❡❝t♦r❡s ❞❡ ❜❛❥❛ r❡❛❧✐③❛♥ ❧❛ ❝❛♣t❛❝✐ó♥ ❞❡ ❢♦r♠❛ ❞✐r❡❝t❛✱ s✐♥ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡
❧♦s r❛②♦s s♦❧❛r❡s✳ ❆❞❡♠ás✱ ❧❛ t❡♠♣❡r❛t✉r❛ ❞❡❧ ✢✉✐❞♦ ❛ ❝❛❧❡♥t❛r ❡stá s✐❡♠♣r❡ ♣♦r ❞❡❜❛❥♦
❞❡❧ ♣✉♥t♦ ❞❡ ❡❜✉❧❧✐❝✐ó♥ ❞❡❧ ❛❣✉❛✳ ❙❡❣ú♥ ❧♦s ♠❛t❡r✐❛❧❡s ② té❝♥✐❝❛s ❞❡ ❝❛♣t❛❝✐ó♥ ❡♠♣❧❡❛❞❛s
s❡ ♣✉❡❞❡♥ ❞✐st✐♥❣✉✐r tr❡s t✐♣♦s ❞❡ ❝♦❧❡❝t♦r❡s ❞❡ ❜❛❥❛ t❡♠♣❡r❛t✉r❛✿ ❝♦❧❡❝t♦r❡s ❞❡ ❝❛✉❝❤♦
✭✷✺➸❈✲✸✺➸❈✮✱ ❞❡ ♣❧❛❝❛ ♣❧❛♥❛✱ ② ❞❡ t✉❜♦s ❞❡ ✈❛❝í♦ ✭✺✵➸❈✲✼✵➸❈✮✳

✷✳✷✳✶✳✷✳ ▼❡❞✐❛ ✭❊♥tr❡ ✶✵✵ ② ✹✵✵➸❈✮

▲♦s ❝♦❧❡❝t♦r❡s ❞❡ ♠❡❞✐❛ t✐❡♥❡♥ ✉♥ ❜❛❥♦ í♥❞✐❝❡ ❞❡ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ❧♦s r❛②♦s s♦❧❛r❡s✱
❝♦♥s✐❣✉✐❡♥❞♦✱ ❞❡ ❡st❡ ♠♦❞♦✱ t❡♠♣❡r❛t✉r❛s ♠ás ❡❧❡✈❛❞❛s ❛❧ ❛✉♠❡♥t❛r ❧❛ r❛❞✐❛❝✐ó♥ ♣♦r
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✭❛✮ ❈♦♠♣♦♥❡♥t❡s ❞❡❧ ❝♦❧❡❝t♦r s♦❧❛r ♣❧❛♥♦ ✭❜✮ ❈♦❧❡❝t♦r s♦❧❛r ❞❡ t✉❜♦s

❋✐❣✉r❛ ✷✳✶✻✿ ❈♦❧❡❝t♦r s♦❧❛r ♠❡♥♦r ❛ ✶✵✵➸❈

✉♥✐❞❛❞ ❞❡ s✉♣❡r✜❝✐❡✳ ▲❛ t❡♠♣❡r❛t✉r❛ ❞❡ tr❛❜❛❥♦ s❡ s✐tú❛ ❡♥ ✉♥ r❛♥❣♦ ❞❡ ✶✵✵➸❈✲✹✵✵➸❈✳
▲♦s ♠ás r❡♣r❡s❡♥t❛t✐✈♦s s♦♥ ❧♦s ❝♦❧❡❝t♦r❡s ❝✐❧í♥❞r✐❝♦ ✕ ♣❛r❛❜ó❧✐❝♦s✳

❉❡❜❡♥ ♦r✐❡♥t❛rs❡ ❝♦♥t✐♥✉❛♠❡♥t❡ ❛❧ s♦❧ ❞❡ ♠❛♥❡r❛ ♣r❡❝✐s❛ ♠❡❞✐❛♥t❡ ✉♥ ♠❡❝❛♥✐s♠♦ ❞❡
s❡❣✉✐♠✐❡♥t♦ ❛❞❡❝✉❛❞♦✳ ❊❧ ❛❝❛❜❛❞♦ ❞❡ ❧❛s s✉♣❡r✜❝✐❡s q✉❡ ❝♦♥st✐t✉②❡♥ ❡❧ s✐st❡♠❛ ó♣t✐❝♦
❞❡❜❡ s❡r ❞❡ ❜✉❡♥❛ ❝❛❧✐❞❛❞ ② ❤❛ ❞❡ ♠❛♥t❡♥❡r s✉s ♣r♦♣✐❡❞❛❞❡s ♣♦r ❧❛r❣♦s ♣❡rí♦❞♦s ❞❡
t✐❡♠♣♦ s✐♥ s❡r ❞❡t❡r✐♦r❛❞♦ ♣♦r ❧♦s ❛❣❡♥t❡s ❡①t❡r✐♦r❡s✳

▲♦s ♠❛t❡r✐❛❧❡s ✉t✐❧✐③❛❞♦s ❡♥ ❡❧ r❡❝❡♣t♦r ✭❛✐s❧❛♥t❡ tér♠✐❝♦✱ ✢✉✐❞♦ ❞❡ tr❛❜❛❥♦✱ t✉❜♦s
❛❜s♦r❜❡❞♦r❡s ② ❝✉❜✐❡rt❛s✮ ❞❡❜❡♥ ❛❣✉❛♥t❛r ♣❡r❢❡❝t❛♠❡♥t❡ ❧❛s ❛❧t❛s t❡♠♣❡r❛t✉r❛s q✉❡ s❡
❛❧❝❛♥③❛♥✳

✭❛✮ ❊s♣❡❥♦s ❝✉r✈♦s r❡✢❡❥❛♥ ❧❛ ❧✉③ s♦❧❛r ❤❛✲
❝✐❛ ✉♥ t✉❜♦ r❡❝❡♣t♦r

✭❜✮ ❈♦❧❡❝t♦r s♦❧❛r ♣❛r❛❜ó❧✐❝♦

❋✐❣✉r❛ ✷✳✶✼✿ ❈♦❧❡❝t♦r ❝✐❧í♥❞r✐❝♦✲♣❛r❛❜ó❧✐❝♦ ✶✵✵➸❈❁✹✵✵➸❈

✷✳✷✳✶✳✸✳ ❆❧t❛ ❚❡♠♣❡r❛t✉r❛ ✭▼❛s ❞❡ ✹✵✵➸❈✮

▲♦s ❝♦❧❡❝t♦r❡s ❞❡ ❛❧t❛ t❡♠♣❡r❛t✉r❛ t✐❡♥❡♥ ✉♥ ❛❧t♦ í♥❞✐❝❡ ❞❡ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ❧❛ r❛❞✐❛✲
❝✐ó♥ s♦❧❛r✱ ❝♦♥s✐❣✉✐❡♥❞♦ t❡♠♣❡r❛t✉r❛s ❞❡ tr❛❜❛❥♦ ♣♦r ❡♥❝✐♠❛ ❞❡ ✹✵✵➸❈✳ ❊♥ ❧❛ ❛❝t✉❛❧✐❞❛❞
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s❡ ✉t✐❧✐③❛♥ só❧♦ ❡♥ ✐♥st❛❧❛❝✐♦♥❡s ❞❡ ❡♥s❛②♦ ② ❞❡♠♦str❛❝✐ó♥ ❛♣❧✐❝❛❞❛s ❛ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❡❧é❝tr✐✲
❝❛✱ ❡❧ ❡♥s❛②♦ ❞❡ ♠❛t❡r✐❛❧❡s ✐♥❞✉str✐❛❧❡s✱ ❧❛ ❞❡s❛❧✐♥✐③❛❝✐ó♥ ❞❡ ❛❣✉❛ ♠❛r✐♥❛ ♣♦r ❡✈❛♣♦r❛❝✐ó♥✱
❡t❝✳ ▲♦s ♠ás r❡♣r❡s❡♥t❛t✐✈♦s s♦♥ ❧♦s ❤❡❧✐óst❛t♦s ② ❧♦s ❞✐s❝♦s ♣❛r❛❜ó❧✐❝♦s✳

▲♦s ❤❡❧✐óst❛t♦s s♦♥ ❡s♣❡❥♦s ♠✉② ♣✉❧✐❞♦s q✉❡ ❢♦❝❛❧✐③❛♥ ❧❛ r❛❞✐❛❝✐ó♥ s♦❧❛r ❝♦♥❝❡♥trá♥❞♦❧❛
❡♥ ✉♥ r❡❝❡♣t♦r s✐t✉❛❞♦ ❡♥ ❧❛ ♣❛rt❡ s✉♣❡r✐♦r ❞❡ ✉♥❛ t♦rr❡✱ ♣❛r❛ ❧♦ ❝✉❛❧ ❡stá♥ ❞♦t❛❞♦s ❞❡
✉♥ ♣r❡❝✐s♦ ♠❡❝❛♥✐s♠♦ ❞❡ s❡❣✉✐♠✐❡♥t♦ s♦❧❛r✳ ❊♥ ❧❛ t♦rr❡✱ ❡❧ r❡❝❡♣t♦r ❝♦♥✈✐❡rt❡ ❧❛ r❛❞✐❛❝✐ó♥
❡♥ ❝❛❧♦r✱ ❛❧❝❛♥③á♥❞♦s❡ t❡♠♣❡r❛t✉r❛s s✉♣❡r✐♦r❡s ❛ ✶✵✵✵➸❈✳

✭❛✮ ❊sq✉❡♠❛ r❡❝❡♣t♦r s♦❧❛r ✭❜✮ ❘❡❝❡♣t♦r s♦❧❛r

❋✐❣✉r❛ ✷✳✶✽✿ ❈♦❧❡❝t♦r ❝✐❧í♥❞r✐❝♦✲♣❛r❛❜ó❧✐❝♦ ✶✵✵➸❈❁✹✵✵➸❈

▲♦s ❞✐s❝♦s ♣❛r❛❜ó❧✐❝♦s ❡stá♥ ❢♦r♠❛❞♦s ♣♦r ✉♥❛ s✉♣❡r✜❝✐❡ r❡✢❡❝t♦r❛ ❡♥ ❢♦r♠❛ ❞❡ ♣❛✲
r❛❜♦❧♦✐❞❡ q✉❡ ❝♦♥❝❡♥tr❛ ❧♦s r❛②♦s s♦❧❛r❡s s♦❜r❡ ✉♥ r❡❝❡♣t♦r ♣✉♥t✉❛❧ q✉❡ ❝♦♥t✐❡♥❡ ✉♥ ❣❛s
✭❤❡❧✐♦✱ ❛✐r❡✮✱ ❝♦♥s✐❣✉✐❡♥❞♦ ❡❧❡✈❛r s✉ t❡♠♣❡r❛t✉r❛ ❤❛st❛ ✾✵✵➸❈✳

✭❛✮ ❊sq✉❡♠❛ ❞❡ ❝♦❧❡❝t♦r ❞✐s❝♦ ♣❛r❛❜ó❧✐❝♦ ✭❜✮ ❈♦❧❡❝t♦r s♦❧❛r ❞✐s❝♦ ♣❛r❛❜ó❧✐❝♦

❋✐❣✉r❛ ✷✳✶✾✿ ❈♦❧❡❝t♦r ❞✐s❝♦ ♣❛r❛❜ó❧✐❝♦ ❤❛st❛ ✾✵✵➸❈

✷✳✷✳✷✳ ❈r✐t❡r✐♦s ❞❡ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡ ❧♦s ❝♦❧❡❝t♦r❡s

❍❛② ✈❛r✐❛s ♠❛♥❡r❛s ❞❡ ❝❧❛s✐✜❝❛r ❛ ❧♦s ❝♦❧❡❝t♦r❡s ❡♥ ❧♦s s✐st❡♠❛s s♦❧❛r❡s tér♠✐❝♦s✿ ❞❡
❛❝✉❡r❞♦ ❛❧ t✐♣♦ ❞❡ ❝♦❧❡❝t♦r s♦❧❛r ❡♠♣❧❡❛❞♦✱ ❞❡ ❛❝✉❡r❞♦ ❛ ❧❛ t❡♠♣❡r❛t✉r❛ ❞❡ ♦♣❡r❛❝✐ó♥
q✉❡ ♣✉❡❞❡ ❛❧❝❛♥③❛r ❡❧ ❝♦❧❡❝t♦r ♦ ❞❡ ❛❝✉❡r❞♦ ❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ✜♥❛❧ ❞❡ ❧❛ ❡♥❡r❣í❛ tér♠✐❝❛
♦❜t❡♥✐❞❛✳ ❊♥ ❝✉❛♥t♦ ❛ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ ❧♦s ❝♦❧❡❝t♦r❡s✱ s♦♥ ✸ ❧♦s s✐st❡♠❛s tér♠✐❝♦s ♠ás
❞❡s❛rr♦❧❧❛❞♦s✿
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●❡♥❡r❛❝✐ó♥ t❡r♠♦ s♦❧❛r ❞❡ ♣♦t❡♥❝✐❛

❈❛❧♦r s♦❧❛r ♣❛r❛ ♣r♦❝❡s♦s ✐♥❞✉str✐❛❧❡s

❈❛❧❡♥t❛♠✐❡♥t♦ ❞❡ ❛❣✉❛ ② ❛❝♦♥❞✐❝✐♦♥❛♠✐❡♥t♦ ❞❡ ❡s♣❛❝✐♦s✳

❉❡ ❡st❛s tr❡s ❝❛t❡❣♦rí❛s✱ ❧❛ ❞❡ ❝❛❧❡♥t❛♠✐❡♥t♦ s♦❧❛r ❞❡ ❛❣✉❛ ② ❛❝♦♥❞✐❝✐♦♥❛♠✐❡♥t♦ ❞❡
❡s♣❛❝✐♦s ❡s ❧❛ q✉❡ ❤❛ ❛❧❝❛♥③❛❞♦ ✉♥ ❣r❛❞♦ ♠❛②♦r ❞❡ ♠❛❞✉r❡③✱ ❝♦♥ ❛♣❧✐❝❛❝✐ó♥ ❡♥ ✉♥❛ ❡s❝❛❧❛
♠✉② s✐❣♥✐✜❝❛t✐✈❛ ❡♥ ✈❛r✐♦s ♣❛ís❡s ❞❡❧ ♠✉♥❞♦✳ ❆s✐♠✐s♠♦✱ ❞❡ ❡st❛s ❝❛t❡❣♦rí❛s ❧❛ ❞❡ ❝❛❧♦r
s♦❧❛r ♣❛r❛ ♣r♦❝❡s♦s ✐♥❞✉str✐❛❧❡s ❡s ❧❛ q✉❡ ❡stá ♠❡♥♦s ✐♥✈❡st✐❣❛❞❛✳ ❊♥ ❛❧❣✉♥♦s ❝❛s♦s ❧❛s
t❡❝♥♦❧♦❣í❛s s♦❧❛r❡s ✐♠♣❧✐❝❛❞❛s ❡♥ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❞❡❧ ❝❛❧♦r ❞❡ ♣r♦❝❡s♦s s♦♥ ❧❛s ♠✐s♠❛s q✉❡
♣❛r❛ ❡❧ ❝❛❧❡♥t❛♠✐❡♥t♦ ❞❡ ❛❣✉❛✱ s✐♥ ❡♠❜❛r❣♦✱ t♦❞❛✈í❛ ❡s ♥❡❝❡s❛r✐♦ tr❛❜❛❥❛r ❡♥ ❡❧ ❞❡s❛rr♦❧❧♦
❞❡ ❝♦❧❡❝t♦r❡s ❡ ✐♥✈❡st✐❣❛❝✐ó♥ s♦❜r❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❞❡ s✐st❡♠❛s ♣❛r❛ ♣♦❞❡r ❣❡♥❡r❛❧✐③❛r ❡st❡
t✐♣♦ ❞❡ ❛♣❧✐❝❛❝✐♦♥❡s ❡♥ ❡❧ ❝❛s♦ ❞❡ t❡♠♣❡r❛t✉r❛s s✉♣❡r✐♦r❡s ❛ ❧♦s ✶✷✵➦❈✳ ❚❛♠❜✐é♥ ❡①✐st❡♥
❧♦s s✐st❡♠❛s ❞❡ ❝♦❣❡♥❡r❛❝✐ó♥✱ ❞♦♥❞❡ s❡ ♣r♦❞✉❝❡ s✐♠✉❧tá♥❡❛♠❡♥t❡ ♣♦t❡♥❝✐❛ ❡❧é❝tr✐❝❛ ② ❝❛❧♦r
♣❛r❛ ♣r♦❝❡s♦s ✐♥❞✉str✐❛❧❡s✳

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

◆♦ ❢♦r♠❛♥ ✐♠❛❣❡♥ ♦ ♥♦ ❢♦❝❛❧✐③❛♥t❡s ✭♥♦♥✐♠❛❣✐♥❣ ❝♦❧❧❡❝t♦rs✮✳ ❯♥ ❝♦❧❡❝t♦r q✉❡ ♥♦
❝♦♥❝❡♥tr❛ ✐♠❛❣❡♥ t✐❡♥❡ ✉s✉❛❧♠❡♥t❡ ✉♥ ár❡❛ ❞❡ ❛❜s♦r❝✐ó♥ ✭t❛♠❜✐é♥ ❧❧❛♠❛❞❛ ár❡❛ ❞❡
❧❛ ✐♠❛❣❡♥ ♦ ár❡❛ ❞❡ ③♦♥❛ ❢♦❝❛❧✮ ❝❡r❝❛♥❛ ❛❧ ár❡❛ ❞❡ ✐♥t❡r❝❡♣❝✐ó♥✳ ❚✐❡♥❡♥ ❧❛ ❣r❛♥ ✈✐rt✉❞
❞❡ ❧♦❣r❛r ❧❛ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ❡♥❡r❣í❛ s♦❧❛r s✐♥ ❡❧ ✉s♦ ❞❡ ✉♥ s✐st❡♠❛ ❞❡ s❡❣✉✐♠✐❡♥t♦✱
❞✐s♠✐♥✉②❡♥❞♦ ❡❧ ❝♦st♦ ❞❡❧ s✐st❡♠❛ ❞❡ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ❡♥❡r❣í❛ s♦❧❛r✱ ❧♦ ❝✉❛❧ ❤❛❝❡
♠✉② ❛tr❛❝t✐✈♦s ❛ ❡st♦s ❡q✉✐♣♦s ❡♥ ❞✐✈❡rs❛s ❛♣❧✐❝❛❝✐♦♥❡s s♦❧❛r❡s✳

❋♦r♠❛ ✐♠❛❣❡♥ ♦ ❢♦❝❛❧✐③❛♥t❡s ✭✐♠❛❣✐♥❣ ❝♦❧❧❡❝t♦rs✮ ❯♥ ❝♦❧❡❝t♦r ❝♦♥❝❡♥tr❛❞♦r ❞❡ ✐♠❛✲
❣❡♥ ✉s✉❛❧♠❡♥t❡ t✐❡♥❡ ✉♥❛ s✉♣❡r✜❝✐❡ r❡✢❡❝t❛♥t❡ ❝ó♥❝❛✈❛ ② ❢♦❝❛❧✐③❛ ❧❛ r❛❞✐❛❝✐ó♥ ✐♥❝✐✲
❞❡♥t❡ ❡♥ ✉♥ ár❡❛ ♣❡q✉❡ñ❛✱ ✐♥❝r❡♠❡♥t❛♥❞♦ ❡❧ ✢✉❥♦ r❛❞✐❛❝t✐✈♦✳ ❊♥❢♦❝❛♥ ❞✐r❡❝t❛♠❡♥t❡
❛❧ s♦❧ ❞✉r❛♥t❡ t♦❞❛ ❧❛ tr❛②❡❝t♦r✐❛ ❞✐❛r✐❛✳ P♦r ❧♦ t❛♥t♦✱ ❡♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧❛s ❛♣❧✐❝❛✲
❝✐♦♥❡s ✉s❛♥ ✉♥ s✐st❡♠❛ ❞❡ s❡❣✉✐♠✐❡♥t♦ ❞❡❧ ❞✐s❝♦ s♦❧❛r✳

❊♥ ❢✉♥❝✐ó♥ ❛❧ ♠♦✈✐♠✐❡♥t♦ ❞❡ r♦t❛❝✐ó♥ ❞❡❧ ❝♦❧❡❝t♦r s❡ ♣✉❡❞❡♥ ❝❧❛s✐✜❝❛r ❡♥ ❡st❛❝✐♦♥❛r✐♦s✱
r❛str❡♦ ❛❧r❡❞❡❞♦r ❞❡ ✉♥ ❡❥❡ ② r❛str❡♦ ❛❧r❡❞❡❞♦r ❞❡ ❞♦s ❡❥❡s✳ ❖tr❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡ ❧♦s
❝♦❧❡❝t♦r❡s ❡s ❡♥ ❝✉❛♥t♦ ❛❧ í♥❞✐❝❡ ❞❡ ❝♦♥❝❡♥tr❛❝✐ó♥ ✭❈✮✱ q✉❡ ❡s ❧❛ r❛③ó♥ ❡♥tr❡ ❡❧ ár❡❛ ❞❡
✐♥t❡r❝❡♣t❛❝✐ó♥ ♦ ❡♥tr❛❞❛ ✭❆❡♥t✮ ② ❡❧ ár❡❛ ❞❡ ❛❜s♦r❝✐ó♥ ♦ s❛❧✐❞❛ ✭❆s❛❧✮ ❞❡ ✉♥ ❝♦❧❡❝t♦r ② ❡s
✉♥❛ ♣r♦♣✐❡❞❛❞ r❡❧❡✈❛♥t❡ ❡ ✐♥trí♥s❡❝❛ ❞❡ ❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s✳ P✉❡❞❡ s❡r ❞❡✜♥✐❞❛ ❝♦♠♦✿

C =
Aent

Asal

=
Areadeaperturaoentrada

Areadeabsorcionodesalida

▼✐❡♥tr❛s ♠❛②♦r s❡❛ ❡❧ ❢❛❝t♦r ❞❡ ❝♦♥❝❡♥tr❛❝✐ó♥ s♦❧❛r ❞❡ ✉♥ ❝♦❧❡❝t♦r✱ ♠❛②♦r ❡s ❧❛ t❡♠♣❡✲
r❛t✉r❛ ❛❧❝❛♥③❛❜❧❡✱ ♣❡r♦ ❛ ❧❛ ✈❡③ ♠ás ❝♦♠♣❧✐❝❛❞♦ ❡❧ s❡❣✉✐♠✐❡♥t♦ ❞❡❧ ♠♦✈✐♠✐❡♥t♦ ❛♣❛r❡♥t❡
❞❡❧ ❙♦❧✳ ❊st♦ ♦❜✈✐❛♠❡♥t❡ ❡♥❝❛r❡❝❡ ❛❧ s✐st❡♠❛✱ ♣♦r ❧♦ q✉❡ ❡s ✐♠♣♦rt❛♥t❡ r❡❧❛❝✐♦♥❛r ❝❛❞❛
❛♣❧✐❝❛❝✐ó♥ ❝♦♥ ❡❧ t✐♣♦ ❞❡ ❝♦❧❡❝t♦r ❛❞❡❝✉❛❞♦✳

❙✐♥ ❝♦♥❝❡♥tr❛❝✐ó♥ (C = 1)

❉❡♥tr♦ ❞❡ ❡st❡ ❣r✉♣♦ s❡ t✐❡♥❡♥✿ ♣❧❛❝❛ ♣❧❛♥❛ ✭✢❛t ♣❧❛t❡ ❝♦❧❧❡❝t♦r✮ ✭❋P❈✮✱ ❝♦❧❡❝t♦r ❞❡
t✉❜♦s ❛❧ ✈❛❝í♦ ✭❡✈❛❝✉❛t❡❞ t✉❜❡ ❝♦❧❧❡❝t♦r✮ ✭❊❚❈✮ ② ❛❧❣✉♥♦s ❝♦❧❡❝t♦r❡s ❝✐❧✐♥❞r♦ ♣❛r❛❜ó❧✐❝♦
❝♦♠♣✉❡st♦s ✭❈P❈✮✳



❈❆P❮❚❯▲❖ ✷✳ ❋❯◆❉❆▼❊◆❚❖ ❚❊Ó❘■❈❖ ✷✺

❈♦♥ ❝♦♥❝❡♥tr❛❝✐ó♥ (C > 1)

❉❡♥tr♦ ❞❡ ❡st❡ ❣r✉♣♦ s❡ t✐❡♥❡♥✿ ❝♦❧❡❝t♦r❡s ❝✐❧✐♥❞r♦ ♣❛r❛❜ó❧✐❝♦ ✭♣❛r❛❜♦❧✐❝ tr♦✉❣❤ ❝♦✲
❧❧❡❝t♦r✳ P❚❈✮✱ ❝♦❧❡❝t♦r ♣❛r❛❜ó❧✐❝♦ ❝♦♠♣✉❡st♦ ✭❝♦♠♣♦✉♥❞ ♣❛r❛❜♦❧✐❝ ❝♦❧❧❡❝t♦r✮ ✭❈P❈✮✱ r❡✲
✢❡❝t♦r ❞❡ ❋r❡s♥❡❧ ❧✐♥❡❛❧ ✭❧✐♥❡❛r ❋r❡s♥❡❧ r❡✢❡❝t♦r✮ ✭▲❋❘✮✱ r❡✢❡❝t♦r ❞❡ ❞✐s❝♦ ♣❛r❛❜ó❧✐❝♦ ✭♣❛✲
r❛❜♦❧✐❝ ❞✐s❤ r❡✢❡❝t♦r✮ ✭P❉❘✮ ② ❝♦❧❡❝t♦r ❞❡ ❝❛♠♣♦ ❞❡ ❤❡❧✐óst❛t♦s ✭❤❡❧✐♦st❛t ✜❡❧❞ ❝♦❧❧❡❝t♦r✮
✭❍❋❈✮✳

❈✉❛❞r♦ ✷✳✷✿ ❈❧❛s✐✜❝❛❝✐♦♥ ❞❡ ❝♦❧❡❝t♦r❡s s♦❧❛r❡s ② s✉s r❛t✐♦s ❞❡ ❝♦♥❝❡♥tr❛❝✐ó♥

✷✳✷✳✸✳ ❆❧♠❛❝❡♥❛♠✐❡♥t♦ ❞❡❧ ❝♦❧❡❝t♦r

P❛r❛ ❧❛ ❝✐r❝✉❧❛❝✐ó♥ ❞❡ ❛❣✉❛ ❝❛❧✐❡♥t❡ ❡①✐st❡♥ ❞♦s s✐st❡♠❛s ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦✳

✷✳✷✳✸✳✶✳ ❙✐st❡♠❛ ❆❜✐❡rt♦

▲❧❛♠❛❞♦ t❛♠❜✐é♥ s✐st❡♠❛ ❞✐r❡❝t♦✱ ❡❧ ❛❣✉❛ s❡ ❝❛❧✐❡♥t❛ ❡♥ ❡❧ ❝♦❧❡❝t♦r ② s❡ ❡♥✈í❛ ❛❧
❞❡♣ós✐t♦ ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦✳ ➱st❛ s❡ ✈❡ r❡❡♠♣❧❛③❛❞❛ ❡♥ ❡❧ ❝♦❧❡❝t♦r ♣♦r ❛❣✉❛ ❢rí❛ q✉❡
❧✉❡❣♦ s❡ ❝❛❧✐❡♥t❛ ② ❛sí s✉❝❡s✐✈❛♠❡♥t❡✳

❋✐❣✉r❛ ✷✳✷✵✿ ❈♦❧❡❝t♦r ❝♦♥ ❛❧♠❛❝❡♥❛♠✐❡♥t♦ ❛❜✐❡rt♦



❈❆P❮❚❯▲❖ ✷✳ ❋❯◆❉❆▼❊◆❚❖ ❚❊Ó❘■❈❖ ✷✻

✷✳✷✳✸✳✷✳ ❙✐st❡♠❛ ❈❡rr❛❞♦

▲❧❛♠❛❞♦ t❛♠❜✐é♥ s✐st❡♠❛ ✐♥❞✐r❡❝t♦✱ ❡❧ ❛❣✉❛ ❝❛❧✐❡♥t❡ ♣r♦❝❡❞❡♥t❡ ❞❡❧ ❝♦❧❡❝t♦r ♣✉❡❞❡
t❛♠❜✐é♥ ❝✐r❝✉❧❛r ♣♦r ✉♥ ✐♥t❡r❝❛♠❜✐❛❞♦r ❞❡ ❝❛❧♦r ❡♥ ❡❧ ✐♥t❡r✐♦r ❞❡❧ ❞❡♣ós✐t♦✿ ❛❧ ❡♥tr❛r ❡♥
❝♦♥t❛❝t♦ ❝♦♥ ❡❧ ❛❣✉❛ ❢rí❛ ❞❡❧ ❞❡♣ós✐t♦ ❝❡❞❡ s✉s ❝❛❧♦rí❛s ❛ tr❛✈és ❞❡ ❧❛ ♣❛r❡❞ ❞❡❧ ✐♥t❡r❝❛♠✲
❜✐❛❞♦r ② ✈✉❡❧✈❡ ❛ ❝❛❧❡♥t❛rs❡ ❡♥ ❡❧ ❝♦❧❡❝t♦r✳

❋✐❣✉r❛ ✷✳✷✶✿ ❈♦❧❡❝t♦r ❝♦♥ ❛❧♠❛❝❡♥❛♠✐❡♥t♦ ❝❡rr❛❞♦

✷✳✷✳✹✳ ❈✐r❝✉❧❛❝✐ó♥ ❞❡ ❛❣✉❛ ❝❛❧✐❡♥t❡

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

✷✳✷✳✹✳✶✳ ❚❡r♠♦✜s✐ó♥

❊❧ ❝❛❧❡♥t❛♠✐❡♥t♦ ❝♦♥ t❡r♠♦s✐❢ó♥ ❝♦♥s✐st❡ ❡♥ ✐♥st❛❧❛r ✉♥ t❛♥q✉❡ ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦
❞❡ ❛❣✉❛ ❛ ✉♥❛ ❛❧t✉r❛ s✉♣❡r✐♦r ❞❡❧ ❝♦❧❡❝t♦r✳ ❊❧ ❛❣✉❛ ❝❛❧✐❡♥t❡ ❞❡❧ ❝♦❧❡❝t♦r✱ ♣♦r s❡r ♠❡♥♦s
❞❡♥s❛✱ s❡ ❞❡s♣❧❛③❛ ❤❛❝✐❛ ❛rr✐❜❛ ② ❡st❛ s❡ ❛❧♠❛❝❡♥❛ ❡♥ ❡❧ t❛♥q✉❡✳ ❊❧ t❛♥q✉❡ ❡s ❛✐s❧❛❞♦
♣❛r❛ ♠❛♥t❡♥❡r ❧❛ t❡♠♣❡r❛t✉r❛ ❞❡❧ ❛❣✉❛ ♣❛r❛ s✉ ♣♦st❡r✐♦r ✉s♦✳ P♦r ❣r❛✈❡❞❛❞✱ ❡❧ ❛❣✉❛ ✢✉②❡
❧✉❡❣♦ ❤❛❝✐❛ ❧❛s s❛❧✐❞❛s ❞❡ ❛❣✉❛ ❝❛❧✐❡♥t❡ ❡♥ ❧❛ r❡s✐❞❡♥❝✐❛✳

P❛r❛ q✉❡ ❡st❡ s✐st❡♠❛ ❢✉♥❝✐♦♥❡✱ ❡s ❛❜s♦❧✉t❛♠❡♥t❡ ♥❡❝❡s❛r✐♦ q✉❡ ❡❧ ❛❝✉♠✉❧❛❞♦r ❡st❡
♠ás ❛❧t♦ q✉❡ ❧♦s ♣❛♥❡❧❡s s♦❧❛r❡s✳

❆ ♠❡❞✐❞❛ q✉❡ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❛❧t✉r❛ ❡s ♠❛②♦r✱ ❧❛ ❝✐r❝✉❧❛❝✐ó♥ ❡s ♠ás rá♣✐❞❛✳
▲♦s s✐st❡♠❛s ❞❡ ❝✐r❝✉❧❛❝✐ó♥ ♥❛t✉r❛❧ s♦♥ ❞❡ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ t♦t❛❧♠❡♥t❡ ❛✉t♦♠át✐❝♦✱ ②❛

q✉❡ ❡❧ ✢✉✐❞♦ ❝❛❧✐❡♥t❡ s❡ ❛❝✉♠✉❧❛ ❡♥ ❧❛ ♣❛rt❡ s✉♣❡r✐♦r ② ❡❧ ❢r✐♦ ❡♥ ❧❛ ♣❛rt❡ ✐♥❢❡r✐♦r✳
❱❡♥t❛❥❛s✿

❙❡ ♣✉❡❞❡ ♠❡♥❝✐♦♥❛r q✉❡ ❡s ✉♥ s✐st❡♠❛ s✐♠♣❧❡✱ ❞❡ ❢á❝✐❧ ✐♥st❛❧❛❝✐ó♥

❚✐❡♥❡ ✉♥ ♣r❡❝✐♦ ❜❛❥♦✳ ❉❡s✈❡♥t❛❥❛s✿

❉❡♣❡♥❞❡ ❞❡ ❧❛ ♣r❡s✐ó♥ ❞❡ ❛❣✉❛ ❞❡ ✐♥❣r❡s♦ ❛ ❧❛ r❡s✐❞❡♥❝✐❛ ♣❛r❛ ❧❛ ❝✐r❝✉❧❛❝✐ó♥ ❞❡ ❛❣✉❛
♣♦r ❡❧ ❝♦❧❡❝t♦r✳

❙✐ ❡♥tr❛ ❛✐r❡ ❛❧ s✐st❡♠❛ s❡ ✐♥t❡rr✉♠♣❡ ❡❧ ✢✉❥♦ ❞❡ ❛❣✉❛✳ ❉❡♣❡♥❞❡ t♦t❛❧♠❡♥t❡ ❞❡ ❧❛
r❛❞✐❛❝✐ó♥ s♦❧❛r ♣❛r❛ ❧❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞ ❞❡ ❛❣✉❛✳

❆❧ ❡st❛r ❡①♣✉❡st♦ ❡❧ t❛♥q✉❡ ❛❧ ❛♠❜✐❡♥t❡ ❡①t❡r✐♦r ❡stá s✉❥❡t♦ ❛ ✉♥❛ ♠❛②♦r ♣ér❞✐❞❛
❞❡❧ ❝❛❧♦r ❛❧♠❛❝❡♥❛❞♦✳
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▲❛ t❡♠♣❡r❛t✉r❛ ❞❡❧ ❛❣✉❛ ♥♦ t✐❡♥❡ ❝♦♥tr♦❧✳

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

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

❊❧ ❝♦❧❡❝t♦r ❞❡❜❡ ❡♥❝♦♥tr❛rs❡ ♣ró①✐♠♦ ② ♣♦r ❞❡❜❛❥♦ ❞❡❧ t❛♥q✉❡ ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦
✭♠í♥✐♠♦ ✹✵❝♠✮✳

✭❛✮ ❈♦❧❡❝t♦r t❡r♠♦s✐❢ó♥ ✭❜✮ ❊sq✉❡♠❛ ❞❡ r❡❝❡♣t♦r ❧✐❜r❡

❋✐❣✉r❛ ✷✳✷✷✿ ❙✐st❡♠❛ s♦❧❛r r❡s✐❞❡♥❝✐❛❧ t✐♣♦ t❡r♠♦s✐❢ó♥

✷✳✷✳✹✳✷✳ ❇♦♠❜❛

❊❧ s✐st❡♠❛ ❞❡ ❝❛❧❡♥t❛♠✐❡♥t♦ ❞❡ ❛❣✉❛ ♣♦r ❜♦♠❜❛ ❝♦♠♣r❡♥❞❡✿ ❝♦❧❡❝t♦r❡s s♦❧❛r❡s ❡♥ ❡❧
t❡❝❤♦✱ t❛♥q✉❡ ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦✱ ❜♦♠❜❛ ❞❡ ❝✐r❝✉❧❛❝✐ó♥✱ t❡r♠♦st❛t♦ ❡❧é❝tr✐❝♦ ♦ ❡q✉✐♣♦
❞❡ ❝❛❧❡♥t❛♠✐❡♥t♦ ❛❞✐❝✐♦♥❛❧✱ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧ ❞❡ t❡♠♣❡r❛t✉r❛ ② ♣r❡s✐ó♥ ② t❛♥q✉❡ ❞❡
❡①♣❛♥s✐ó♥ ♣❛r❛ s✐st❡♠❛s ❝♦♥ ❧íq✉✐❞♦ ❛♥t✐✲ ❝♦♥❣❡❧❛♥t❡✳ ❊s ❡❧ s✐st❡♠❛ ❝♦♠ú♥ ❞❡ ❛❣✉❛ ❝❛❧✐❡♥t❡
❡♥ ❧❛s r❡s✐❞❡♥❝✐❛s✱ ❝♦♥ ❧❛ ✐♠♣♦rt❛♥t❡ ❞✐❢❡r❡♥❝✐❛ q✉❡ ❧❛ ❢✉❡♥t❡ ❞❡ ❝❛❧♦r ♣r♦✈✐❡♥❡ ❞❡❧ ❙♦❧
② ♥♦ ❞❡ ✉♥ t❡r♠♦st❛t♦ ❡❧é❝tr✐❝♦ ♦ ❝❛❧❡❢ó♥ ❞❡ ❣❛s✳ ▼❡❞✐❛♥t❡ ❧❛ ✐♥st❛❧❛❝✐ó♥ ❞❡ ❧❛ ❜♦♠❜❛
❞❡ ❝✐r❝✉❧❛❝✐ó♥ ♣♦❞❡♠♦s ❝♦♥tr♦❧❛r ♠✉② ❡❢❡❝t✐✈❛♠❡♥t❡ ❡❧ r❡♥❞✐♠✐❡♥t♦ ❞❡❧ ❝♦❧❡❝t♦r ②❛ q✉❡✱
❝♦♠♦ ❤❡♠♦s ✈✐st♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❧❛ ❜♦♠❜❛ s❡ ❛❝t✐✈❛ ❝✉❛♥❞♦ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ t❡♠♣❡r❛t✉r❛
❡♥tr❡ ❧❛ s❛❧✐❞❛ ❞❡❧ ❛❣✉❛ ❝❛❧✐❡♥t❡ ❞❡❧ ❝♦❧❡❝t♦r ② ❧❛ ❞❡ ❡♥tr❛❞❛ ❞❡ ❛❣✉❛ ❢rí❛ ❛❧ t❛♥q✉❡ ❡①❝❡❞❡
✉♥ ✈❛❧♦r✱ q✉❡ ♣♦r ❧♦ ❣❡♥❡r❛❧ ❡s ❡♥tr❡ ✶✵ ② ✷✵➸❈✳

❱❡♥t❛❥❛s✿

❊❧ t❛♠❛ñ♦ ❞❡❧ t❛♥q✉❡ ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦ ♣✉❡❞❡ s❡r ♠ás ❣r❛♥❞❡ q✉❡ ❡❧ t❡r♠♦s✐❢ó♥
② ♥♦ ❛❢❡❝t❛ ❧❛ ❡stét✐❝❛ ❞❡ ❧❛ r❡s✐❞❡♥❝✐❛✳

❊❧ ✉s♦ ❞❡ ✉♥ ❡❧❡♠❡♥t♦ ❞❡ ❝❛❧❡♥t❛♠✐❡♥t♦ ❞❡ r❡s♣❛❧❞♦ ♠❡❞✐❛♥t❡ t❡r♠♦st❛t♦✱ ❝❛❧❡❢ó♥
♦ ❝❛❧❞❡r♦✱ ♣❡r♠✐t❡ ❞✐s♣♦♥❡r ❞❡ ❛❣✉❛ ❝❛❧✐❡♥t❡ ❡♥ s✐t✉❛❝✐♦♥❡s ❞❡ ❜❛❥❛ r❛❞✐❛❝✐ó♥ s♦❧❛r✳
❊♥ ❝❛s♦s ❡♥ q✉❡ s❡ r❡q✉✐❡r❡ ✉♥❛ t❡♠♣❡r❛t✉r❛ ♠ás ❛❧t❛ q✉❡ ❧❛ ♥♦r♠❛❧✱ s❡ ♣✉❡❞❡
❝❛❧❡♥t❛r ❡♥ ❞♦s ❡t❛♣❛s✿ ❝♦♥ ❝❛❧❡♥t❛♠✐❡♥t♦ s♦❧❛r ❤❛st❛ ❝✐❡rt❛ t❡♠♣❡r❛t✉r❛ ② ❧✉❡❣♦
❝♦♥ ❡❧ ❡q✉✐♣♦ ❞❡ r❡s♣❛❧❞♦✳

▲❛ ❡✜❝✐❡♥❝✐❛ ❡♥ ❡❧ ❛♣r♦✈❡❝❤❛♠✐❡♥t♦ s♦❧❛r ❡s ❛❧t❛✳

❊❧ ♠❛♥t❡♥✐♠✐❡♥t♦ ❡s ♠ás ❢á❝✐❧ ♣✉❡s ❡stá ✉❜✐❝❛❞♦ ❡♥ ✉♥ s✐t✐♦ ❞❡ ♠❛②♦r ❛❝❝❡s♦ q✉❡ ❡❧
t❡❝❤♦✳
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❊❧ t❛♥q✉❡ ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦ ♥♦ r❡q✉✐❡r❡ ✉♥ ❛✐s❧❛♠✐❡♥t♦ ❛❞✐❝✐♦♥❛❧ ♣♦rq✉❡ ❡stá ❛❧
✐♥t❡r✐♦r ❞❡ ❧❛ ✈✐✈✐❡♥❞❛✳ ❉❡s✈❡♥t❛❥❛s

❘❡q✉✐❡r❡ ❞❡ ❡♥❡r❣í❛ ❛❞✐❝✐♦♥❛❧ ♣❛r❛ ❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❞❡ ❧❛ ❜♦♠❜❛ ②✱ ❡♥ ❝✐❡rt♦s
❧✉❣❛r❡s✱ ♥♦ ❞✐s♣♦♥❡♥ ❞❡ s❡r✈✐❝✐♦ ❡❧é❝tr✐❝♦✳ ❊♥ ❡s♦s ❝❛s♦s s❡ ♣✉❡❞❡ ✐♥st❛❧❛r ✉♥ ♣❡q✉❡ñ♦
♣❛♥❡❧ ❢♦t♦✈♦❧t❛✐❝♦ ♣❛r❛ s✉♠✐♥✐str❛r ❧❛ ❡♥❡r❣í❛ ❞❡ ❧❛ ❜♦♠❜❛ q✉❡ ❡s ✉♥❛ ❝❛r❣❛ ♣❡q✉❡ñ❛
② ❢✉♥❝✐♦♥❛ ❡♥ ❝♦rr✐❡♥t❡ ❞✐r❡❝t❛✳ ❖tr❛s ❞❡s✈❡♥t❛❥❛s s♦♥ q✉❡ ❧❛ ✐♥st❛❧❛❝✐ó♥ ❡s ♠ás
❝♦♠♣❧❡❥❛ q✉❡ ❡❧ t❡r♠♦s✐❢ó♥ ② s✉ ❝♦st♦ ❡s ♠ás ❛❧t♦✳

❉❡s✈❡♥t❛❥❛s

❘❡q✉✐❡r❡ ❞❡ ❡♥❡r❣í❛ ❛❞✐❝✐♦♥❛❧ ♣❛r❛ ❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❞❡ ❧❛ ❜♦♠❜❛ ②✱ ❡♥ ❝✐❡rt♦s
❧✉❣❛r❡s✱ ♥♦ ❞✐s♣♦♥❡♥ ❞❡ s❡r✈✐❝✐♦ ❡❧é❝tr✐❝♦✳ ❊♥ ❡s♦s ❝❛s♦s s❡ ♣✉❡❞❡ ✐♥st❛❧❛r ✉♥ ♣❡q✉❡ñ♦
♣❛♥❡❧ ❢♦t♦✈♦❧t❛✐❝♦ ♣❛r❛ s✉♠✐♥✐str❛r ❧❛ ❡♥❡r❣í❛ ❞❡ ❧❛ ❜♦♠❜❛ q✉❡ ❡s ✉♥❛ ❝❛r❣❛ ♣❡q✉❡ñ❛
② ❢✉♥❝✐♦♥❛ ❡♥ ❝♦rr✐❡♥t❡ ❞✐r❡❝t❛✳ ❖tr❛s ❞❡s✈❡♥t❛❥❛s s♦♥ q✉❡ ❧❛ ✐♥st❛❧❛❝✐ó♥ ❡s ♠ás
❝♦♠♣❧❡❥❛ q✉❡ ❡❧ t❡r♠♦s✐❢ó♥ ② s✉ ❝♦st♦ ❡s ♠ás ❛❧t♦✳

✭❛✮ ❈♦❧❡❝t♦r s♦❧❛r ♣❧❛♥♦ ✐♥st❛❧❛❞♦ ✭❜✮ ❊sq✉❡♠❛ ❞❡ s✐st❡♠❛ ❞❡ ❜♦♠❜❛ ❝♦♥
❛♥t✐ r❡t♦r♥♦

❋✐❣✉r❛ ✷✳✷✸✿ ❙✐st❡♠❛ s♦❧❛r r❡s✐❞❡♥❝✐❛❧ t✐♣♦ t❡r♠♦s✐❢ó♥

✷✳✷✳✺✳ ❘♦t❛❝✐ó♥ ❞❡ ❡❥❡s ❡♥ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s

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

❋✐❣✉r❛ ✷✳✷✹✿ ❘♦t❛❝✐ó♥ ❞❡ ❈♦♦r❞❡♥❛❞❛s
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❉❡ ❧❛ ✜❣✉r❛ ✷✳✷✹ ❧❛s ❡❝✉❛❝✐♦♥❡s q✉❡ ❞❡✜♥❡♥ ❧❛ tr❛♥s❢♦r♠❛❝✐ó♥ ❡♥ ❞♦s ❞✐♠❡♥s✐♦♥❡s✱ q✉❡
❤❛❝❡ ❣✐r❛r ❧♦s ❡❥❡s ①② ❡♥ ❡❧ s❡♥t✐❞♦ ❝♦♥tr❛r✐♦ ❛ ❧❛s ❛❣✉❥❛s ❞❡❧ r❡❧♦❥ ❛ tr❛✈és ❞❡ ✉♥ á♥❣✉❧♦
θ ❡♥ ❧♦s ❡❥❡s ①✬②✬✱ s❡ ❞❡❞✉❝❡♥ ❞❡ ❧❛ s✐❣✉✐❡♥t❡ ♠❛♥❡r❛✿

❉❛❞♦ ❡❧ s✐st❡♠❛ ①②✱ ❡❧ ♣✉♥t♦ P t✐❡♥❡ ❧❛s ❝♦♦r❞❡♥❛❞❛s ♣♦❧❛r❡s (r, α)✳ ▲✉❡❣♦✱ ❡♥ ❡❧
s✐st❡♠❛ ①✬②✬✱ P t❡♥❞rá ❝♦♦r❞❡♥❛❞❛s ♣♦❧❛r❡s (r, α− θ)✳

❊♥t♦♥❝❡s✱ s❡ t✐❡♥❡ q✉❡✿

x = r cosα ✭✷✳✶✮

y = r sinα ✭✷✳✷✮

x′ = r cos(α− θ) = r cosα cos θ + r sinα sin θ ✭✷✳✸✮

y′ = r sin(α− θ) = r sinα cos θ − r cosα sin θ ✭✷✳✹✮

❙✉st✐t✉②❡♥❞♦ ❧❛s ❡❝✉❛❝✐♦♥❡s ✭✷✳✶✮ ② ✭✷✳✷✮ ❡♥ ❧❛s ❡❝✉❛❝✐♦♥❡s ✭✷✳✸✮ ② ✭✷✳✹✮✱ s❡ ♦❜t✐❡♥❡

x′ = x cos θ + y sin θ ✭✷✳✺✮

y′ = −x sin θ + y cos θ ✭✷✳✻✮

▲❛s ❡❝✉❛❝✐♦♥❡s ✭✷✳✸✮ ② ✭✷✳✹✮ s❡ ♣✉❡❞❡♥ r❡♣r❡s❡♥❛r ❡♥ ❢♦r♠❛ ❞❡ ♠❛tr✐③ ❝♦♠♦
(

x′

y′

)

=

(

cos θ sin θ
− sin θ cos θ

)(

x

y

)

✭✷✳✼✮

q✉❡ ❡s ❧❛ ❡❝✉❛❝✐♦♥ ♠❛tr✐❝✐❛❧ ❡st❛♥❞❛r ✭✷✳✼✮ ❞❡ ✉♥❛ r♦t❛❝✐♦♥❞❡ ❡❥❡s ❡♥ ❞♦s ❞✐♠❡♥s✐♦♥❡s

▲❛ tr❛♥s❢♦r♠❛❝✐♦♥ ✐♥✈❡rs❛ ❡s✿

x = x′ cos θ − y′ sin θ ✭✷✳✽✮

y = x′ sin θ + y′ cos θ ✭✷✳✾✮
(

x

y

)

=

(

cos θ − sin θ
sin θ cos θ

)(

x′

y′

)

✭✷✳✶✵✮

✷✳✸✳ ❆❧t❡r♥❛t✐✈❛s ❞❡ s♦❧✉❝✐ó♥

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

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

✷✳✸✳✶✳ ❈♦❧❡❝t♦r ♣❧❛♥♦

❊❧ ♣r✐♠❡r♦ ❡s ✉♥ r❡❝❡♣t♦r ♣❧❛♥♦ ❝♦♥ r❡✢❡❝t♦r❡s ♣❧❛♥♦s ❧❛ r❡❧❛❝✐ó♥ ❞❡ ❝♦♥❝❡♥tr❛❝✐ó♥ ♣❛r❛
❡st❡ t✐♣♦ ❞❡ ❝♦❧❡❝t♦r s♦♥ r❡❧❛t✐✈❛♠❡♥t❡ ❜❛❥♦s ❝♦♥ ✉♥ ♠á①✐♠♦ ✈❛❧♦r ♠❡♥♦r ♦ ✐❣✉❛❧ ❛ ✉♥♦✳
❆❧❣✉♥♦s ❝♦♠♣♦♥❡♥t❡s ❞✐❢✉s♦s ❞❡ ❧❛ r❛❞✐❛❝✐ó♥ ✐♥❝✐❞❡♥t❡ ❡♥ ❡❧ r❡✢❡❝t♦r s❡r✐❛♥ ❛❞s♦r❜✐❞♦s
❡♥ ❡❧ r❡❝❡♣t♦r✳ ❊st♦s ❝♦❧❡❝t♦r❡s ♣✉❡❞❡♥ s❡r ✈✐st♦s ❝♦♠♦ ❝♦❧❡❝t♦r❡s ♣❧❛♥♦s ❝♦♥ r❛❞✐❛❝✐ó♥
✐♥❝r❡♠❡♥t❛❞❛✳

❊st♦ ♥♦ ♦❝✉rr❡ ❡♥ ❡❧ ❝♦❧❡❝t♦r ♣❧❛♥♦ ❞♦♥❞❡ ❧❛ tr❛♥s❢♦r♠❛❝✐ó♥ ❞❡ ❧❛ ❡♥❡r❣í❛ s♦❧❛r ❡♥
❡♥❡r❣í❛ tér♠✐❝❛ s❡ ❡❢❡❝tú❛ ❡♥ ❧❛ ♠✐s♠❛ s✉♣❡r✜❝✐❡ q✉❡ r❡❝✐❜❡ ❧❛ r❛❞✐❛❝✐ó♥✳
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▲❛ s❡❣✉♥❞❛ ♠✉❡str❛ ✉♥ r❡✢❡❝t♦r ❞❡ s❡❝❝✐ó♥ ♣❛r❛❜ó❧✐❝❛ ❡❧ ❝✉❛❧ ♣♦❞rí❛ s❡r ✉♥❛ s✉✲
♣❡r✜❝✐❡ ❝✐❧í♥❞r✐❝❛ ✭❝♦♥ ✉♥ r❡❝❡♣t♦r t✉❜✉❧❛r✮ ♦ ✉♥❛ s✉♣❡r✜❝✐❡ ❞❡ r❡✈♦❧✉❝✐ó♥ ✭❝♦♥ ✉♥
r❡❝❡♣t♦r ❡s❢ér✐❝♦ ♦ s❡♠✐❡s❢ér✐❝♦✮ ❝♦❧❡❝t♦r❡s ❝✐❧í♥❞r✐❝♦s ❞❡ ❡st❡ t✐♣♦ ❛♥ s✐❞♦ ❡st✉❞✐❛❞♦s
❝♦♥ ♠❛②♦r ❞❡t❛❧❧❡ ❡stá♥ s✐❡♥❞♦ ✉s❛❞♦s ❡♥ ❛♣❧✐❝❛❝✐♦♥❡s ❡①♣❡r✐♠❡♥t❛❧❡s✳

❊❧ t❡r❝❡r♦ ✈❡♠♦s ❡❧ r❡✢❡❝t♦r ♣❛r❛❜ó❧✐❝♦ ✉♥ r❡✢❡❝t♦r ❢r❡s♥❡❧✱ ❡❧ ❝✉❛❧ ❡s ✉♥ ❝♦♥❥✉♥✲
t♦ ❞❡ r❡✢❡❝t♦r❡s ♣❧❛♥♦s s♦❜r❡ ✉♥ s✐st❡♠❛ ❞❡ ♣♦s✐❝✐♦♥❛♠✐❡♥t♦ ❝♦♥t✐♥✉♦ ♣✉❡❞❡ s❡r
r❡❡♠♣❧❛③❛❞♦ ♣♦r s✉ ❡q✉✐✈❛❧❡♥t❡ r❡❢r❛❝t❛♥t❡✳

❊❧ ❝✉❛rt♦ ❧♦s ♣❛♥❡❧❡s ❞❡❧ r❡✢❡❝t♦r ♣✉❡❞❡♥ s❡r ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡ ♠♦♥t❛❞♦s ② ❛❥✉st❛❞♦s
❡♥ ♣♦s✐❝✐ó♥✳

✷✳✸✳✷✳ ❈♦❧❡❝t♦r ❝♣❝

▲♦s ❝♦❧❡❝t♦r❡s ❝♦♥❝❡♥tr❛❞♦r❡s ♣✉❡❞❡♥ s❡r ❞❡ ✈❛r✐♦s t✐♣♦s✿

✷✳✸✳✷✳✶✳ P❛r❛❜ó❧✐❝♦s ✭P♦r r❡✢❡①✐ó♥✮

❊❧ ❝♦❧❡❝t♦r ❡stá ❢♦r♠❛❞♦ ♣♦r ✉♥❛ s✉♣❡r✜❝✐❡ r❡✢❡❝t♦r❛ ✭❡s♣❡❥♦✱ ❛❧✉♠✐♥✐♦ ❛♥♦❞✐③❛❞♦✱
❡t❝✳✮ ❞❡ ❢♦r♠❛ ♣❛r❛❜ó❧✐❝❛✱ q✉❡ r❡❝✐❜❡ ❧♦s r❛②♦s s♦❧❛r❡s ② q✉❡ ♠❡r❝❡❞ ❛ ❧❛ ♣r♦♣✐❡❞❛❞ ❞❡ ❧❛
♣❛rá❜♦❧❛ q✉❡ ❞✐❝❡ q✉❡ ❝✉❛♥❞♦ ❧♦s r❛②♦s s♦♥ ♣❛r❛❧❡❧♦s ❛❧ ❡❥❡ ❞❡ ❧❛ ♠✐s♠❛ s❡ ❝♦♥❝❡♥tr❛♥
❡♥ ❡❧ ❢♦❝♦ ❞❡ ❡❧❧❛✱ ❞✐❝❤♦s r❛②♦s ✐♥❝✐❞❡♥ ❡♥ ✉♥ ❡❧❡♠❡♥t♦ r❡❝❡♣t♦r ✉❜✐❝❛❞♦ ❡♥ ❡❧ ❢♦❝♦✱ q✉❡
❝♦♥t✐❡♥❡ ❡❧ ✢✉✐❞♦ ❛ ❝❛❧❡♥t❛r✳

✷✳✸✳✷✳✷✳ P❛r❛❜ó❧✐❝♦s ✭P♦r r❡❢r❛❝❝✐ó♥✮

❊❧ ❝♦❧❡❝t♦r ❡stá ❢♦r♠❛❞♦ ♣♦r ✉♥❛ ❧❡♥t❡ q✉❡ r❡❝✐❜❡ ❧♦s r❛②♦s s♦❧❛r❡s ♣❛r❛❧❡❧♦s ② ❧♦s r❡✲
❢r❛❝t❛ ❝♦♥❝❡♥trá♥❞♦❧♦s ❡♥ ✉♥ ♣✉♥t♦✱ ❞♦♥❞❡ s❡ ❡♥❝✉❡♥tr❛ ❡❧ ❡❧❡♠❡♥t♦ r❡❝❡♣t♦r q✉❡ ❝♦♥t✐❡♥❡
❡❧ ✢✉✐❞♦ ❛ ❝❛❧❡♥t❛r✳

✷✳✸✳✷✳✸✳ P❛r❛❜ó❧✐❝♦ ❝♦♠♣✉❡st♦ ✭❈✳P✳❈✳✮

❊❧ ❝♦❧❡❝t♦r ❡stá ❢♦r♠❛❞♦ ♣♦r ❞♦s ♣❛rá❜♦❧❛s ❞✐s♣✉❡st❛s ❞❡ t❛❧ ♠❛♥❡r❛ q✉❡ ❛♠❜♦s ❡❥❡s
❢♦r♠❛♥ ❝♦♥ ❧❛ ✈❡rt✐❝❛❧ ❡❧ ♠✐s♠♦ á♥❣✉❧♦ ❢✳ ❙❡ ❞❡♠✉❡str❛ q✉❡ ❡①✐st❡ ✉♥❛ ✈✐♥❝✉❧❛❝✐ó♥ ❡♥tr❡
❧❛ ❝♦♥❝❡♥tr❛❝✐ó♥ ❈ ❞❡❧ ❝♦❧❡❝t♦r ② ❞✐❝❤♦ á♥❣✉❧♦✳

✷✳✸✳✷✳✹✳ ❈♦❧❡❝t♦r ❝♣❝ tr❛♣❡❝✐♦ ♦ ❡♥ ✈

▲❛ s✉♣❡r✜❝✐❡ ❞❡❧ ❝♦❧❡❝t♦r ❈P❈ ❚❘❆P❊❈■❖ s❡ ♦❜s❡r✈❛ q✉❡ ❡❧ r❡✢❡❝t♦r ✐♥t❡r✐♦r ❞❡
❛❧✉♠✐♥✐♦ ❛♥♦❞✐③❛❞♦✱ q✉❡ ❡♥ ❧❛ ♣❛rt❡ ✐♥❢❡r✐♦r t✐❡♥❡ ❧❛ ❢♦r♠❛ ❞❡ tr❛♣❡❝✐♦ ✭t❛♠❜✐é♥ ♣✉❡❞❡
t❡♥❡r ❧❛ ❢♦r♠❛ ❞❡ ✉♥❛ ❲✮✳

❊♥ ❧❛ ♣❛rt❡ s✉♣❡r✐♦r ❤❛② ✉♥ ✈✐❞r✐♦ q✉❡ ♣❡r♠✐t❡ ❡❧ ♣❛s♦ ❞❡ ❧❛ r❛❞✐❛❝✐ó♥ s♦❧❛r✱ q✉❡
❡♥ ❢♦r♠❛ ❞✐r❡❝t❛ ♦ ❧✉❡❣♦ ❞❡ ✉♥❛ ♦ ❞♦s r❡✢❡①✐♦♥❡s ✐♥❝✐❞❡ ❡♥ ✉♥❛ t✉❜❡rí❛ ♠❡tá❧✐❝❛ ❝♦♥
r❡✈❡st✐♠✐❡♥t♦ s❡❧❡❝t✐✈♦ ♣♦r ❞♦♥❞❡ ❝✐r❝✉❧❛ ❡❧ ✢✉✐❞♦ ❛ ❝❛❧❡♥t❛r✱ r♦❞❡❛ ❛ ❡st❛ t✉❜❡rí❛ ✉♥❛
♠❛♥❣❛ ❞❡ ♣❧ást✐❝♦ ❡s♣❡❝✐❛❧ q✉❡ ❤❛❝❡ ❞✐s♠✐♥✉✐r ❧❛s ♣ér❞✐❞❛s tér♠✐❝❛s ♣♦r ❝♦♥✈❡❝❝✐ó♥ ❡♥ ❡❧
❡s♣❛❝✐♦ ❡♥tr❡ ❧❛ t✉❜❡rí❛ ② ❡❧ ✈✐❞r✐♦✳
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❋✐❣✉r❛ ✷✳✷✺✿ ❈♦❧❡❝t♦r ♣❛r❛❜ó❧✐❝❛

❋✐❣✉r❛ ✷✳✷✻✿ ❈♦❧❡❝t♦r ❈P❈ tr❛♣❡❝✐♦

✷✳✸✳✷✳✺✳ ❈♦❧❡❝t♦r ❈P❈ tr✉♥❝❛❞♦

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

❊❧ ♣❡r✜❧ ❞❡❧ ❝♦♥❝❡♥tr❛❞♦r ❈P❈ ❡stá ❝♦♠♣✉❡st♦ ♣♦r ❞♦s ♣♦r❝✐♦♥❡s ❞❡ ♣❛rá❜♦❧❛ s✐♠é✲
tr✐❝❛s ❡♥ ❧❛s q✉❡ ❧♦s ❡❥❡s ❡stá♥ ✐♥❝❧✐♥❛❞♦s ✉♥ á♥❣✉❧♦ ❝♦♥ r❡s♣❡❝t♦ ❛❧ ❡❥❡ ❞❡ s✐♠❡trí❛ ❞❡❧
s✐st❡♠❛ ❞❡ ❢♦r♠❛ t❛❧ q✉❡ ❡❧ ❢♦❝♦ ❞❡ ✉♥❛ ❞❡ ❡❧❧❛s s❡ ❡♥❝✉❡♥tr❛ ❡♥ ❡❧ ❡①tr❡♠♦ ❞❡ ❧❛ ♦tr❛✳



❈❆P❮❚❯▲❖ ✷✳ ❋❯◆❉❆▼❊◆❚❖ ❚❊Ó❘■❈❖ ✸✷

❋✐❣✉r❛ ✷✳✷✼✿ ❉✐s❡ñ♦ ❜ás✐❝♦ ❈P❈

❯♥ ❡sq✉❡♠❛ ❞❡ ✉♥ ❈P❈ ❡♥ ❣❡♥❡r❛❧ s❡ ♠✉❡str❛ ❣rá✜❝❛♠❡♥t❡ ❞❡ ❝ó♠♦ s❡ ♣✉❡❞❡ ✉t✐❧✐③❛r
❡st❡ t✐♣♦ ❞❡ ❝♦❧❡❝t♦r ❝♦♠♦ ✉♥ s✐st❡♠❛ ♣❛r❛ ❝❛❧❡♥t❛r ✉♥ ❞❡t❡r♠✐♥❛❞♦ ✢✉✐❞♦ ❞❡ tr❛❜❛❥♦✳ ❊♥
❧❛ ♠✐s♠❛ ✜❣✉r❛ s❡ ♣✉❡❞❡♥ ❛♣r❡❝✐❛r ❧❛s ♣r✐♥❝✐♣❛❧❡s ✈❛r✐❛❜❧❡s ❡♥ ❡❧ ❡st✉❞✐♦ ❞❡ ❡st❡ t✐♣♦ ❞❡
❝♦❧❡❝t♦r✳ P❛r❛ ❡st❡ ❝❛s♦ ❡♥ ❧❛ ❜❛s❡ ❞❡❧ ❈P❈ s❡ ❝♦❧♦❝❛ ❡❧ ❛❜s♦r❜❡❞♦r q✉❡ s❡rá ❡❧ ❡♥❝❛r❣❛❞♦
❞❡ tr❛♥s♣♦rt❛r ❧❛ ❡♥❡r❣í❛ r❡❝✐❜✐❞❛ ♣♦r ❡❧ s✐st❡♠❛✳

❋✐❣✉r❛ ✷✳✷✽✿ ❊sq✉❡♠❛ ❞❡ ❈P❈ ❝♦♠♦ ❝♦❧❡❝t♦r

▲❛ ♣r✐♥❝✐♣❛❧ ❞✐✜❝✉❧t❛❞ ❞❡ ❡st❡ t✐♣♦ ❞❡ ❝♦❧❡❝t♦r❡s ❡s ♦❜t❡♥❡r ✉♥❛ s✉♣❡r✜❝✐❡ ❡s♣❡❥❛❞❛
❝♦♥ ❧❛ ❢♦r♠❛ ❞❡t❡r♠✐♥❛❞❛ ❞❡ ✉♥❛ ♣❛rá❜♦❧❛✱ ❡st❡ ♣r♦❜❧❡♠❛ ♣✉❡❞❡ s❡r r❡s✉❡❧t♦ ❡♠♣❧❡❛♥❞♦
s✉♣❡r✜❝✐❡s ❢❛❝❡t❛❞❛s ❛sí ❞❡ ❢♦r♠❛ ♠✉② s❡♥❝✐❧❧❛ s❡ ❢❛❝✐❧✐t❛ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ ❡st❡ t✐♣♦ ❞❡
❝♦❧❡❝t♦r✳



❈❆P❮❚❯▲❖ ✷✳ ❋❯◆❉❆▼❊◆❚❖ ❚❊Ó❘■❈❖ ✸✸

✷✳✸✳✷✳✻✳ ❈♦❧❡❝t♦r ❈P❈ ✐♥t❡❣r❛❞♦

▲❛ ó♣t✐❝❛ t✐♣♦ ❈P❈ ❞✐s❡ñ❛❞❛ ♣❛r❛ ❡st❛ ❝♦♥✜❣✉r❛❝✐ó♥✳ ❘❡❝♦❧❡❝t❛ t♦❞❛ ❧❛ ❧✉③ q✉❡ ✐♥❣r❡s❛
♣♦r ❧❛ ❛♣❡rt✉r❛ ❞❡ ❡♥tr❛❞❛ ❝♦♥t❡♥✐❞❛ ❡♥tr❡ ❧♦s ♣✉♥t♦s ✷✶P ② ✷✷P ② ❧❛ ❝♦♥❝❡♥tr❛ s♦❜r❡ ❡❧
r❡❝❡♣t♦r✳ ▲♦s ❡s♣❡❥♦s ❡stá♥ ♠♦❧❞❡❛❞♦s ❝♦♥ ✐♥✈♦❧✉t❛s ❤❛❝✐❛ ❧❛ s✉♣❡r✜❝✐❡ ❡①t❡r♥❛✳

▲♦s r❛②♦s ❞❡❧ ❜♦r❞❡ ♣❛r❛ ❡❧ r❡❝❡♣t♦r ✷✹ s♦♥ t❛♥❣❡♥t❡s ❛ é❧ ② s♦♥ r❡✢❡❥❛❞♦s ♣♦r ❡❧ ❡s♣❡❥♦
❝♦♠♦ r❛②♦s ♥✉❡✈❛♠❡♥t❡ t❛♥❣❡♥t❡s ❛ é❧✳

❊st❛ ó♣t✐❝❛ ❧♦❣r❛ ❡❧ ❣r❛❞♦ ♠á①✐♠♦ ❞❡ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ❧❛ r❛❞✐❛❝✐ó♥ ✐♥❝✐❞❡♥t❡ s♦❜r❡ ❡❧
r❡❝❡♣t♦r✱ s✐♥ ♥✐♥❣✉♥❛ ♣ér❞✐❞❛ ó♣t✐❝❛ ✭❣❡♦♠étr✐❝❛✮✱ ❤❛❜rá ❛❧❣♦ ❞❡ ♣ér❞✐❞❛ ❡♥ ❡❧ ❢❛❝t♦r ❞❡
❝♦♥❝❡♥tr❛❝✐ó♥✱ ♣❡r♦ ✐❣✉❛❧♠❡♥t❡ s❡ r❡❝♦❧❡❝t❛rá t♦❞❛ ❧❛ r❛❞✐❛❝✐ó♥✱ ❡♥t♦♥❝❡s s❡ ♣❡r❞❡rá ❛❧❣♦
❞❡ r❛❞✐❛❝✐ó♥✳

❋✐❣✉r❛ ✷✳✷✾✿ ❈P❈ ✭P❛r❛❜ó❧✐❝♦ ❝♦♠♣✉❡st♦✮ ❞✐s❡ñ❛❞❛ ♣❛r❛ ❡❧ ❛❜s♦r❜❡❞♦r

❊st♦s ❝♦❧❡❝t♦r❡s t✐❡♥❡♥ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ r❡✢❡❥❛r ❛❧ ❢♦❝♦ ❧✐♥❡❛❧ t♦❞❛ ❧❛ r❛❞✐❛❝✐ó♥ ✐♥❝✐❞❡♥t❡
q✉❡ ❝❛♣t❛♥✳ ❯s❛♥❞♦ ♠ú❧t✐♣❧❡s r❡✢❡①✐♦♥❡s ✐♥t❡r♥❛s✱ ❝✉❛❧q✉✐❡r r❛❞✐❛❝✐ó♥ s♦❧❛r q✉❡ ❡♥tr❡ ❛❧
❝♦❧❡❝t♦r ❞❡♥tr♦ ❞❡ s✉ á♥❣✉❧♦ ❞❡ ❛❝❡♣t❛♥❝✐❛ ✱ ❧❧❡❣❛ ❛ ❧❛ s✉♣❡r✜❝✐❡ ❛❜s♦r❜❡♥t❡ q✉❡ ❡stá ❡♥
❡❧ ❢♦♥❞♦ ❞❡❧ ❝♦❧❡❝t♦r✳
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❋✐❣✉r❛ ✷✳✸✵✿ ❈P❈ ✭❈♦❧❡❝t♦r ❈P❈✮

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

✷✳✹✳ ❊❧❡❝❝✐ó♥ ❞❡❧ ❝♦❧❡❝t♦r s♦❧❛r

❍❡♠♦s ✈✐st♦ q✉❡ ❧❛s ♠á①✐♠❛s t❡♠♣❡r❛t✉r❛s q✉❡ s❡ ♣♦❞í❛♥ ♦❜t❡♥❡r ❝♦♥ ❡❧ ✉s♦ ❞❡
♣❛♥❡❧❡s s♦❧❛r❡s ♣❧❛♥♦s✱ ❡♥ ❝♦♥❞✐❝✐♦♥❡s ❞❡ r❡♥❞✐♠✐❡♥t♦ ❛❝❡♣t❛❜❧❡✱ ❞✐❢í❝✐❧♠❡♥t❡ s✉♣❡r❛❜❛♥
❧♦s ✶✵✵➸❈✱ ♣♦r ❧♦ q✉❡ s✉ ❡♠♣❧❡♦ q✉❡❞❛❜❛ ❧✐♠✐t❛❞♦✳

❙✐✱ ❛♣❧✐❝❛♠♦s ✉♥❛ s❡r✐❡ ❞❡ ♣r♦❝❡❞✐♠✐❡♥t♦s✱ ✐♠♣❡❞✐♠♦s ❛❧ ♠á①✐♠♦ q✉❡ ❡st❡ ♣❛♥❡❧ ♣❧❛♥♦
t❡♥❣❛ ♣❡r❞✐❞❛s ❞❡ ❡♥❡r❣í❛ ✭♣♦r ❡❥❡♠♣❧♦✱ ❛✐s❧❛♠✐❡♥t♦ tér♠✐❝♦✱ ❝♦♥ ✈❛r✐❛s ❝✉❜✐❡rt❛s✱ ❡t❝✳✮✱
♦❜s❡r✈❛r❡♠♦s q✉❡ s✉ t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛ ❡stá ❧✐♠✐t❛❞❛ ♣♦r ❧❛ ✐rr❛❞✐❛❝✐ó♥✳

❊♥ ❡❢❡❝t♦ s✐ ❧❛ ✐rr❛❞✐❛❝✐ó♥ ❛✉♠❡♥t❛✱ s✉ t❡♠♣❡r❛t✉r❛ ♠á①✐♠❛ ❛✉♠❡♥t❛rá t❛♠❜✐é♥✱ ② ❛❧
r❡✈és ♦❝✉rr✐rá s✐ ❧❛ ✐rr❛❞✐❛❝✐ó♥ ❞✐s♠✐♥✉②❡✳

❙✐ s❡ ❞❡s❡❛♥ t❡♠♣❡r❛t✉r❛s ♠ás ❡❧❡✈❛❞❛s✱ ❧❛ ú♥✐❝❛ ♠❛♥❡r❛ ❞❡ ❧♦❣r❛r❧♦ ❡s ❛✉♠❡♥t❛r ❧❛
✐rr❛❞✐❛❝✐ó♥ ■✳ ▲❛ ✐rr❛❞✐❛❝✐ó♥✱ ❡stá ✜❥❛❞❛ ♣♦r ❧❛ ❝♦♥st❛♥t❡ s♦❧❛r ② ♥♦ ❡s ♠♦❞✐✜❝❛❜❧❡✳ ❈❛❞❛
❞❡ s✉♣❡r✜❝✐❡ ❡①♣✉❡st❛ ❛❧ s♦❧ r❡❝✐❜❡ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ♣♦t❡♥❝✐❛✳ ❙✐♥ ❡♠❜❛r❣♦✱ ♠❡❞✐❛♥t❡
❧❡♥t❡s ♦ ❡s♣❡❥♦s ♣♦❞❡♠♦s ❝♦♥s❡❣✉✐r q✉❡ ❡♥ ❞❡t❡r♠✐♥❛❞❛s ③♦♥❛s ❞❡❧ ❡s♣❛❝✐♦ ❡❧ ✈❛❧♦r ❞❡
❧❛ ✐rr❛❞✐❛❝✐ó♥ s❡❛ ♠✉② s✉♣❡r✐♦r ❛ ❧❛ ❝♦♥st❛♥t❡ s♦❧❛r✳ ▲❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ♦❜t❡♥❡r ❞✐st✐♥t❛s
t❡♠♣❡r❛t✉r❛s ❛❧ ✈❛r✐❛r ❡❧ ✈❛❧♦r ❞❡ ❧❛ r❛❞✐❛❝✐ó♥ ❤❛❝❡ q✉❡ s❡ ♣✉❡❞❛♥ r❡❛❧✐③❛r ♠✉❝❤♦s ♣r♦❝❡s♦s
q✉❡ s♦♥ ✐♥✈✐❛❜❧❡s ❛ ❧❛s t❡♠♣❡r❛t✉r❛s ❞❡ ✉♥ ♣❛♥❡❧ ♣❧❛♥♦✳

❊①✐st❡♥ ♠✉❝❤❛s ❛♣❧✐❝❛❝✐♦♥❡s✱ ❞♦♥❞❡ s❡ ♥❡❝❡s✐t❛ q✉❡ ❧❛ ❡♥❡r❣í❛ s❡❛ ❧✐❜❡r❛❞❛ ❛ ❛❧t❛s
t❡♠♣❡r❛t✉r❛s✳ ❊st♦ ♥♦ s❡ ♣✉❡❞❡ ❧♦❣r❛r ❝♦♥ ❧♦s ❝♦❧❡❝t♦r❡s s♦❧❛r❡s ♣❧❛♥♦s ❞❡❜✐❞♦ ❛ ❧❛s
❝❛r❛❝t❡ríst✐❝❛s ♣r♦♣✐❛s ❞❡ ❡st❡ t✐♣♦ ❞❡ ❝♦❧❡❝t♦r❡s✱ ②❛ q✉❡ ❧❛ r❛❞✐❛❝✐ó♥ s♦❧❛r❡s ✉♥❛ ❡♥❡r❣í❛
❞❡ ❜❛❥❛ ✐♥t❡♥s✐❞❛❞✳

❊❧ ❝♦❧❡❝t♦r ♣❛r❛❜ó❧✐❝♦ ❝♦♠♣✉❡st♦ ❈P❈ ❡st❡ t✐♣♦ ❞❡ ❝♦❧❡❝t♦r❡s s❡ ♣✉❡❞❡♥ ♦❜t❡♥❡r ❛❧t❛s
t❡♠♣❡r❛t✉r❛s ❞❡ ♦♣❡r❛❝✐ó♥✱ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ ❡st❡ t✐♣♦ ❞❡ ❝♦❧❡❝t♦r s♦❧❛r ❡s ♠ás ♠✐♥✉❝✐♦s❛
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❋✐❣✉r❛ ✷✳✸✶✿ ❘❡♥❞✐♠✐❡♥t♦ ❞❡ ❝♦❧❡❝t♦r ❈P❈ ② ❝♦❧❡❝t♦r ♣❧❛♥♦

♠ás ❞❡t❛❧❧❛❞♦ ❝♦♠♣❛r❛❞♦ ❝♦♥ ❧♦s ❝♦❧❡❝t♦r❡s s♦❧❛r❡s ♣❧❛♥♦s✳ ❉❡❜❡♥ ♦r✐❡♥t❛rs❡ ❝♦♥t✐♥✉❛✲
♠❡♥t❡ ❛❧ s♦❧ ❞❡ ♠❛♥❡r❛ ♣r❡❝✐s❛ ♠❡❞✐❛♥t❡ ✉♥ ♠❡❝❛♥✐s♠♦ ❛♣r♦♣✐❛❞♦ ❞❡❜✐❞♦ ❛ q✉❡ ❡st❡ t✐♣♦
❞❡ ❝♦❧❡❝t♦r❡s ✉t✐❧✐③❛♥ ú♥✐❝❛♠❡♥t❡ ❧❛ ❡♥❡r❣í❛ s♦❧❛r ❞✐r❡❝t❛✳ P♦r ♦tr❛ ♣❛rt❡✱ ❡❧ ❛❝❛❜❛❞♦ ❞❡
❧❛s s✉♣❡r✜❝✐❡s q✉❡ ❝♦♥st✐t✉②❡♥ ❡❧ s✐st❡♠❛ ó♣t✐❝♦ ♥♦ s♦❧♦ ❞❡❜❡ s❡r ❞❡ ❜✉❡♥❛ ❝❛❧✐❞❛❞✱ s✐♥♦
q✉❡ ❞❡❜❡ ♠❛♥t❡♥❡r s✉s ♣r♦♣✐❡❞❛❞❡s ♣♦r ❧❛r❣♦s ♣❡r✐♦❞♦s ❞❡ t✐❡♠♣♦ s✐♥ s❡r ❞❡t❡r✐♦r❛❞❛s ♣♦r
❡❧ ♣♦❧✈♦✱ ❧❧✉✈✐❛ ② ♠❡❞✐♦ ❛♠❜✐❡♥t❡✱ ❞♦♥❞❡ ❣❡♥❡r❛❧♠❡♥t❡ ❡①✐st❡♥ ❝♦♠♣♦♥❡♥t❡s ♦①✐❞❛♥t❡s ②
❝♦rr♦s✐✈♦s✳ ❚❛♠❜✐é♥ ❧❛ ❞❡♠❛♥❞❛ ❞❡ ❧♦s ♠❛t❡r✐❛❧❡s ❡♥ ❡❧ r❡❝❡♣t♦r ✭❛✐s❧❛♥t❡ tér♠✐❝♦ ✢✉✐❞♦
❞❡ tr❛❜❛❥♦✱ t✉❜♦s ❛❜s♦r❜❡♥t❡s ❝✉❜✐❡rt❛✮ s♦♥ ♠❛②♦r❡s ❡♥ ❡st❡ t✐♣♦ ❞❡ ❝♦❧❡❝t♦r❡s✱ ❞❡❜✐❞♦ ❛
q✉❡ ❡s ❛❤í ❞♦♥❞❡ s❡ ♦❜t✐❡♥❡♥ ❧❛s ❛❧t❛s t❡♠♣❡r❛t✉r❛s✱ s♦♥ ❛♣❧✐❝❛❜❧❡s ❛ ♥✐✈❡❧ ✐♥❞✉str✐❛❧ ♣❡r♦
♥♦ ❛ ♥✐✈❡❧ ❞♦♠ést✐❝♦✳

❊♥ ❧❛ ✜❣✉r❛ ✷✳✸✶ s❡ ♦❜s❡r✈❛ q✉❡ ✈❛r✐❛ ❡❧ r❡♥❞✐♠✐❡♥t♦ ❞❡ ❝♦❧❡❝t♦r ♣❧❛♥♦✱ ❝♦❧❡❝t♦r ❞❡
t✉❜♦s ❞❡ ✈❛❝í♦ ② ❝♦❧❡❝t♦r ❝♦♠♣✉❡st♦ ❈✳P✳❈✳

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



❈❛♣ít✉❧♦ ✸

■♥❣❡♥✐❡rí❛ ❞❡❧ ♣r♦②❡❝t♦

✸✳✶✳ P❛rá♠❡tr♦s ❞❡ ❞✐s❡ñ♦

❊♥ ✉♥ ✉s♦ ❞✐❛r✐♦ ❞❡ ❛❣✉❛ ♣♦r ✉♥❛ ❢❛♠✐❧✐❛ ❞❡ ✺ ♣❡rs♦♥❛s s❡ ♠✉❡str❛ ♠❡❞✐❛♥t❡ ✉♥❛ t❛❜❧❛
✸✳✶ ❡❧ ❝♦♥s✉♠♦ ❞❡❧ ❛❣✉❛✳

❈✉❛❞r♦ ✸✳✶✿ ❈♦♥s✉♠♦ ❞❡ ❛❣✉❛

✸✳✷✳ ❙✐st❡♠❛s ② s✉❜s✐st❡♠❛s

❆ ❝♦♥t✐♥✉❛❝✐ó♥ s❡ ❞❡s❛rr♦❧❧❛r❛♥ ❧♦s ❛♥á❧✐s✐s ② ❡st✉❞✐♦s ♥❡❝❡s❛r✐♦s ❡♥ ❧❛ ❡❧❛❜♦r❛❝✐ó♥ ❞❡❧
♣r❡s❡♥t❡ tr❛❜❛❥♦✳

✸✳✷✳✶✳ ❙✐st❡♠❛ ♠❡❝á♥✐❝♦

▲❛ ❡str✉❝t✉r❛ ❡s ❧❛ ❜❛s❡ ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❡❧ ❝♦❧❡❝t♦r ② ❡❧❧♦ s❡ r❡❛❧✐③❛r❛ ❡♥ ❢✉♥❝✐ó♥ ❛❧
✈♦❧✉♠❡♥ r❡q✉❡r✐❞♦ ♣♦r ❧❛ t❛❜❧❛ ✸✳✶ ❛sí t❛♠❜✐é♥ ❝♦♥s✐❞❡r❛♥❞♦ ❧♦s á♥❣✉❧♦s ❞❡ ✐♥❝❧✐♥❛❝✐ó♥
♣♦r ❧❛ ❧❛t✐t✉❞✳

✸✳✷✳✶✳✶✳ ❙✐st❡♠❛ ❣❡♦♠étr✐❝♦

❊❧ s✐st❡♠❛ ❣❡♦♠étr✐❝♦ ♥♦s ❛②✉❞❛r❛ ❛ ❝❛❧❝✉❧❛r ❧❛ ♣♦s✐❝✐♦♥ ❞❡ ❧❛ ♣❛rá❜♦❧❛ ❡♥ ❢✉♥❝✐ó♥
❛ s✉s ❢♦❝♦s✳ P❛r❛ ❝♦♥❝❡♥tr❛r ❡❧ ❝❛❧♦r ❡♥ ✉♥ s♦❧♦ ♣✉♥t♦ s❡ r❡❛❧✐③❛r❛ ❤❛❝✐❡♥❞♦ ✉♥ ❡st✉❞✐♦
❣❡♦♠étr✐❝♦ t❛❧ ❝♦♠♦ s❡ ♠✉❡str❛ ❡♥ ❡❧ ❈♦❧❡❝t♦r ❈P❈ ✐♥t❡❣r❛❞♦ ✷✳✸✳✷✳✻

✸✻
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✸✳✷✳✷✳ ❙✐st❡♠❛ tér♠✐❝♦

❚✐❡♥❡ ❧❛ ♠✐s✐ó♥ ❞❡ ❡❧❡✈❛r ❧❛ t❡♠♣❡r❛t✉r❛ ❞❡❧ ❛❣✉❛ ❛ ✹✵ ➸❈ ❛♣r♦✈❡❝❤❛♥❞♦ ❡❧ ♥✉❡✈♦
s✐st❡♠❛ ♠❡❝á♥✐❝♦ ♣❛r❛ ❛✉♠❡♥t❛r s✉ r❡♥❞✐♠✐❡♥t♦ ❛❧ ❝♦❧❡❝t♦r s♦❧❛r✳

✸✳✸✳ ❆♥á❧✐s✐s ♣r❡✈✐♦s ❛❧ ❞✐s❡ñ♦

❆ ❝♦♥t✐♥✉❛❝✐ó♥ s❡ ❞❡s❛rr♦❧❧❛r❛♥ ❧♦s ❛♥á❧✐s✐s ② ❡st✉❞✐♦s ♥❡❝❡s❛r✐♦s ❡♥ ❧❛ ❡❧❛❜♦r❛❝✐ó♥ ❞❡❧
♣r❡s❡♥t❡ tr❛❜❛❥♦✳

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

❈❛❧❝✉❧♦ ❞❡ ❧❛ ■rr❛❞✐❛♥❝✐❛

❋♦r♠✉❧❛ ❞❡ ❧❛ ✈❛r✐❛❝✐♦♥ ❞❡ ❧❛ ❞❡❝❧✐♥❛❝✐♦♥ s♦❧❛r ✭✸✳✶✮

δ = 23,45 ∗ sin(360
365

∗ (284 + hd)) ✭✸✳✶✮

❊❧ á♥❣✉❧♦ ❤♦r❛r✐♦

❋♦r♠✉❧❛ ❞❡❧ ❛♥❣✉❧♦ ❍♦r❛r✐♦ ✭✸✳✷✮

ω =
360

24[h]
∗ (t− τ) ✭✸✳✷✮

t0 = instante de referencia en terminos del tiempo solar medio

τ = T iempo temporales al sol (Diferencia al del observador)

❈á❧❝✉❧♦ á♥❣✉❧♦ ❝❡♥✐❛❧

cosϑc = sin e ✭✸✳✸✮

sin = elevacion solar

❈á❧❝✉❧♦ ❞❡ ❧❛ ❡❧❡✈❛❝✐ó♥ s♦❧❛r

sin e = cos δ ∗ cosω ∗ cosφ+ sinφ ∗ sin δ ✭✸✳✹✮
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❉❛t♦s

❚♦♠❛♠♦s ❝♦♠♦ ♣❛r❛♠❡tr♦ ❡❧ ❞✐❛ ✷✶ ❞❡ ❥✉♥✐♦ ❛ ❧❛s ✵✽✿✵✵ q✉❡ s❡❣✉♥ ❡♥ ❧❛ t❛❜❧❛ ✷✳✶ ❡❧
hd = 172

P❛r❛ ❧❛ ❝✐✉❞❛❞ ❞❡ ▲❛ P❛③ s❡ t♦♠❛ ✶✻➸ ✷✾✬

❘❡♠♣❧❛③❛♥❞♦✿

ω =
15

1h
∗ (8− 12) 16◦ + 29′ ∗ 1◦

60′
= 16,08◦

ω = −60◦ φ = 16,08◦

δ = 23,45 ∗ sin[360
365

(284 + nd)]

δ = 23,45 ∗ sin[360
365

(284 + 172)]

δ = 23,45◦

✉t✐❧✐③❛♥❞♦ ❧❛ ❡❝✉❛❝✐♦♥ ✸✳✹

sin e = cos 23,45◦ ∗ cos(−60◦) ∗ cos 16,08◦ + sin 16,08◦ ∗ sin 23,45◦
sin e = 0,5510

e = 33,43◦

■rr❛❞✐❛❝✐♦♥ ❡♥ ❝✐❡❧♦ ❞❡s♣❡❥❛❞♦

ID = Aexp[−
P

P0

∗ B

cosϑc

]

Pr❡s✐ó♥ ❛t♠♦s❢❡r✐❝❛ ❞❡ ❧❛ ❧♦❝❛❧✐❞❛❞ ② ✉♥❛ ♣r❡s✐ó♥ ❛t♠♦s❢❡r✐❝❛ ❡st❛♥❞❛r

P

P0

= exp(−0,0001184 ∗ Altitud en metros sobre el nivel del mar)

= exp(−0,0001184 ∗ 3600)
= exp(−0,426)

ID = 1,088 ∗ exp[−exp(−0,426) ∗ 0,205

cos(90− 23,45)
]

ID = 854,07
W

m2

❊❧ ♣r♦♠❡❞✐♦ ❞❡s❞❡ ❧❛s ✻✿✵✵✲✶✽✿✵✵ ❞❡ ID✳✭❚❛❜❧❛ ✷✳✶✮

ID = 797,69
W

m2
✭✸✳✺✮



❈❆P❮❚❯▲❖ ✸✳ ■◆●❊◆■❊❘❮❆ ❉❊▲ P❘❖❨❊❈❚❖ ✸✾

✸✳✸✳✶✳ ❙✐st❡♠❛ tér♠✐❝♦

❚✐❡♥❡ ❧❛ ♠✐s✐ó♥ ❞❡ ❡❧❡✈❛r ❧❛ t❡♠♣❡r❛t✉r❛ ❞❡❧ ❛❣✉❛ ❛ ✹✵ ➸❈ ❛♣r♦✈❡❝❤❛♥❞♦ ❡❧ ♥✉❡✈♦
s✐st❡♠❛ ♠❡❝á♥✐❝♦ ♣❛r❛ ❛✉♠❡♥t❛r s✉ r❡♥❞✐♠✐❡♥t♦ ❛❧ ❝♦❧❡❝t♦r s♦❧❛r✳

❆❞❡♠❛s ár❡❛ r❡str✐♥❣✐❞❛ t✐❡♥❡ ✉♥ ❛♥❝❤♦ ❞❡ ✶✳✼✺❬♠❪ ② ✉♥❛ ❛❧t✉r❛ ❞❡❧ t✉❜♦ ❝♦❧❡❝t♦r ❞❡
✶✱✷✻❬♠❪✳

✸✳✸✳✶✳✶✳ ❈á❧❝✉❧♦ ❞❡❧ ár❡❛

Area = Altura ∗ Ancho ✭✸✳✻✮

Area = (1,26 ∗ 1,84)[m2]

Area = 2,32[m2]

✸✳✸✳✶✳✷✳ ❈á❧❝✉❧♦ ❞❡❧ ❱♦❧✉♠❡♥

❖❜t❡♥✐❡♥❞♦ ❧♦s ❞❛t♦s ❡♥ ❧❛ t❛❜❧❛ ✸✳✶ ❝❛❧❝✉❧❛♠♦s ❡❧ ✈♦❧✉♠❡♥ ❞❡ ✉♥ t✉❜♦ ❝♦❧❡❝t♦r✳

V olcilindro = πr2h

V olcilindro = π(12,70)2 ∗ 1260[mm3]

V olcilindro = 638451,42[mm3]

❧❧❡✈❛♥❞♦ ❛ ❧✐tr♦s

V olcilindro = 638451,42[mm3] ∗ 1[cm3]

1000[mm3]
∗ 1[lt]

1000[cm3]

V olcilindro = 0,638[lt]

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

V olcilindro = 0,638[lt] ∗ 7
V olcilindro = 4,47[lt]

❆✉♠❡♥t❛♥❞♦ ♠❛s ❝♦❧❡❝t♦r❡s ✐♥✢✉✐rá ❡♥ ❛✉♠❡♥t❛r ❧❛ ❡str✉❝t✉r❛ ② ❡❧ ♣❡s♦ ② ❡st♦ ♥♦ s❡rá
t♦♠❛♥❞♦ ❡♥ ❝✉❡♥t❛ ❡❧ ♣❡s♦ q✉❡ s❡ ✈❛ ✐♥❝r❡♠❡♥t❛r❛♣t♦ ❝♦♥s✐❞❡r❛♥❞♦ ❡❧ ♣❡s♦ ❛✉♠❡♥t❛♥❞♦
♣♦r ❝❛❞❛ t✉❜♦ ❝♦❧❡❝t♦r ♣♦r ❧♦ ❝✉❛❧ ♣❛r❛ ❧❧❡❣❛r ❛❧ ✈♦❧✉♠❡♥ r❡q✉❡r✐❞♦ s❡ r❡❛❧✐③❛r❛ ♣♦r ❝✐❝❧♦s✳

Numciclos =
V olrequerido

V olcilindro

Numciclos =
120[lt]

4,47[lt]

Numciclos = 26,85

❊♥ t♦t❛❧ s❡ r❡❛❧✐③❛r❛♥ ✷✼ ❝✐❝❧♦s✳
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✸✳✸✳✶✳✸✳ ❈á❧❝✉❧♦ ❞❡❧ ❝❛❧♦r út✐❧

Qutil = magua ∗ Cagua ∗ (T2 − T1) ✭✸✳✼✮

magua = ρagua ∗ Vagua ✭✸✳✽✮

r❡♠♣❧❛③❛♥❞♦ ❧❛ ❡❝✉❛❝✐♦♥ ✸✳✽ ❡♥ ❧❛ ❡❝✉❛❝✐♦♥ ✸✳✼ ♦❜t❡♥❡♠♦s

Qutil = ρagua ∗ Vagua ∗ Cagua ∗ (T2 − T1)

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ❡❧ ❛❣✉❛ t✐❡♥❡ ❞❡♥s✐❞❛❞ ❝♦♥st❛♥t❡ ❤❛st❛ ❧♦s ✹✵ ➸❈✱ r❡♠♣❧❛③❛♥❞♦ ❧♦s
❞❛t♦s ❝❛❧❝✉❧❛❞♦s

Qutil = 1[
kg

lt
] ∗ 4,47[lt] ∗ 4,187[ KJ

kg◦C
] ∗ (40− 15)◦C

Qutil = 467,90[
KJ

da
]

✸✳✸✳✶✳✹✳ ❈á❧❝✉❧♦ ❞❡❧ ❚✐❡♠♣♦ ❞❡ ❈❛❧❡♥t❛♠✐❡♥t♦

❯♥❛ ✈❡③ ❝❛❧❝✉❧❛❞❛ ❡❧ ✈♦❧✉♠❡♥ ❡♥ ❈á❧❝✉❧♦ ❞❡❧ ❱♦❧✉♠❡♥ ✸✳✸✳✶✳✷✱ ♣❛r❛ ❡st❡ r❡q✉❡r✐♠✐❡♥t♦
❞❡ ✈♦❧✉♠❡♥ ❝❛❧❝✉❧❛r❡♠♦s ❡❧ t✐❡♠♣♦✳

t =
Qutil

Q◦
abs

=
Calor Util

Calor Absorvido por el colector
✭✸✳✾✮

Q◦
abs = ταAID ✭✸✳✶✵✮

τ = Transmisividad del acristalamiento ≃ 0,9

α = Absortividad de la placa de Absorcion ≃ 0,9

A = Area de la superficie del colector[m2]

ID = Aislamiento Solar o Irradiacin[
W

m2
]

❘❡♠♣❧❛③❛♥❞♦ ❧♦s ❞❛t♦s ❛❞❡♠❛s tr❛❜❛❥❛♥❞♦ ❝♦♥ ❡❧ ❞❛t♦ ❝❛❧❝✉❧❛❞♦ ❞❡ ❧❛ ■rr❛❞✐❛❝✐ó♥

Q◦
abs = 0,9 ∗ 0,9 ∗ 2,32[m2] ∗ 797,64[W

m2
]

= 1498, 92[W ]

Q◦
abs = 1,50[

KJ

s
]

❘❡♠♣❧❛③❛♥❞♦ ❡♥ ❧❛ ❡❝✉❛❝✐♦♥ ❄❄

t =
467,90[KJ ]

1,50[KJ
s
]

t = 311,93[s] ∗ 1[h]

3600[s]

t = 0,086[h]
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✸✳✸✳✷✳ ❙✐st❡♠❛ ♠❡❝á♥✐❝♦

Pr✐♠❡r❛♠❡♥t❡ s❡ r❡❛❧✐③❛rá ❡❧ ❝á❧❝✉❧♦ ❞❡❧ ár❡❛ ❞❡❧ ❝♦❧❡❝t♦r ❝❛r❛❝t❡r✐③❛❞❛ ♣♦r s❡r ♣❛r❛✲
❜ó❧✐❝♦ s❡ ❝❛❝✉❧❛rá ❡❧ ♣❡rí♠❡tr♦ ❡♥ ❧❛ s❡❝❝✐♦♥ ✸✳✸✳✷✳✶✳

✸✳✸✳✷✳✶✳ ❙✐st❡♠❛ ❣❡♦♠étr✐❝♦

❊❧ s✐st❡♠❛ ❣❡♦♠étr✐❝♦ ♥♦s ❛②✉❞❛r❛ ❛ ❝❛❧❝✉❧❛r ❧❛ ♣♦s✐❝✐♦♥ ❞❡ ❧❛ ♣❛rá❜♦❧❛ ❡♥ ❢✉♥❝✐ó♥ ❛
s✉s ❢♦❝♦s✳

❈á❧❝✉❧♦ ❞❡❧ ❢♦❝♦

❚❡♥✐❡♥❞♦ ❝♦♠♦ ❞❛t♦ ♣r✐♥❝✐♣❛❧ ❞❛t♦ ❡❧ r❛❞✐♦ ❞❡❧ t✉❜♦ ❞❡❧ ❝♦❧❡❝t♦r r = 12, 7[mm]✱♣♦♥✐❡♥❞♦
❧❛ ❝✐r❝✉♥❢❡r❡♥❝✐❛ ❞❡❧ t✉❜♦ ❝♦❧❡❝t♦r ❡♥ ✉♥ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦

-35-35 -30-30 -25-25 -20-20 -15-15 -10-10 -5-5 55 1010 1515 2020 2525 3030 3535 4040 4545

-10-10

-5-5

55

1010

1515

2020

2525

3030

3535

00

eqeq

r=12,7r=12,7 DDAA

BB CC

❋✐❣✉r❛ ✸✳✶✿ ❈✐r❝✉♥❢❡r❡♥❝✐❛ ❞❡❧ t✉❜♦ ❝♦❧❡❝t♦r

❊♥ ❡❧ ♣✉♥t♦ ❉ ❞❡ ❧❛ ✜❣✉r❛ ✸✳✶ s❡ ❝♦♥❝❡♥tr❛rá ❡❧ ♣✉♥t♦ ❞❡ ❡♥❡r❣í❛ ❞❡ ❧❛ ♣❛rá❜♦❧❛✱ ❡st♦
q✉✐❡r❡ ❞❡❝✐r q✉❡ ❡❧ ❢♦❝♦ ❞❡ ❧❛ ♣❛rá❜♦❧❛ ❡st❛rá ❡♥ ❡❧ ♣✉♥t♦ ❉ ② ❛sí t❛♠❜✐é♥ ❡♥ ❡❧ ♦tr♦
❡①tr❡♠♦ ❞❡❧ ♣✉♥t♦ ❉✳

P❛r❛ ❡❧❧♦ ❝❛❧❝✉❧❛r❡♠♦s ❧❛ ❞✐st❛♥❝✐❛ ❞❡❧ ♦r✐❣❡♥ ❞❡❧ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦ ❛❧ ♣✉♥t♦ ❉✱ ❛ ❡❧❧♦
❧❧❛♠❛r❡♠♦s ❢♦❝♦ r❡♣r❡s❡♥t❛❞❛ ❝♦♥ ❋✳ ✭✈❡r ✜❣✉r❛ ✸✳✷✮✳
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r=12,7r=12,7

rr FF

DDAA

BB CC

❋✐❣✉r❛ ✸✳✷✿ ❈✐r❝✉♥❢❡r❡♥❝✐❛ t✉❜♦ ❝♦❧❡❝t♦r ❝♦♥ ❋♦❝♦

❉❡ ❧❛ ✜❣✉r❛ ✸✳✷ ❡♥ ❧♦s ♣✉♥t♦s ❆❇❉ s❡ ♦❜s❡r✈❛ q✉❡ ❡s ✉♥ tr✐❛♥❣✉❧♦ r❡❝tá♥❣✉❧♦ ♣♦r ❧♦
❝✉❛❧ ❝❛❧❝✉❧❛r❡♠♦s ❡❧ ❢♦❝♦ ② ❡❧ ❛♥❣✉❧♦ θ✿

❈á❧❝✉❧♦ ❞❡❧ ❢♦❝♦✿

F 2 = r2 + r2 ✭✸✳✶✶✮

F =
√
2r2

F =
√
2r

F =
√
2 ∗ 12, 7

F = 17,96

P❛r❛ ❤❛❧❧❛r ❡❧ á♥❣✉❧♦ θ ❡♥ ❧❛ ✜❣✉r❛ ✸✳✷ s❡ ♦❜s❡r✈❛ q✉❡ ❧♦s ♣✉♥t♦s ❉❈ s♦♥ ✐❣✉❛❧❡s ❛ ❧♦s
♣✉♥t♦s ❆❇ ♣♦r ❧♦ ❝✉❛❧ ❉❈❂r✳

tan θ =
r

r
✭✸✳✶✷✮

tan θ = 1

θ = tan−1(1)

θ = 45◦

❈á❧❝✉❧♦ ❞❡ ❋♦❝♦ ✶ ✭❋✶✮ ② ❋♦❝♦ ✷ ✭❋✷✮

❯t✐❧✐③❛♥❞♦ ❧❛s ❡❝✉❛❝✐♦♥❡s ✭✷✳✽✮ ② ✭✷✳✾✮ ❝❛❧❝✉❧❛r❡♠♦s ❧♦s ✈❛❧♦r❡s ❞❡ F1 y F2 ❡♥ ❡❧ s✐st❡♠❛
❝❛rt❡s✐❛♥♦ ♥♦ r♦t❛❞♦✭✈❡r ✜❣✉r❛ ✸✳✸✮✳
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❋✐❣✉r❛ ✸✳✸✿ ❋♦❝♦s ♣❛r❛ ❧❛ ♣r✐♠❡r❛ ② s❡❣✉♥❞❛ ♣❛rá❜♦❧❛

❚♦♠❛♥❞♦ ❡♥ ❝✉❡♥t❛ q✉❡ ❡❧ ✈❛❧♦r ❤❛❧❧❛❞♦ ❋ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✭✸✳✶✶✮ ❡s ❡❧ ✈❛❧♦r ❞❡ ❧❛
❤✐♣♦t❡♥✉s❛ ❞❡❧ tr✐❛♥❣✉❧♦ r❡❝t❛♥❣✉❧♦ ❡♥ ❡❧ s✐st❡♠❛ ❝❛rt❡s✐❛♥♦ ♥♦ r♦t❛❞♦ ❡♥ ❝❛♠❜✐♦ ❡♥ ❡❧
s✐st❡♠❛ ❝❛rt❡s✐❛♥♦ r♦t❛❞♦ s❡r✐❛ ❡❧ ✈❛❧♦r ❞❡❧ ♥✉❡✈♦ ❡❥❡ y′ ② ❡♥ x′ = 0✳

❈♦♥ ❡st♦ ❝❛❧❝✉❧❛♠♦s ❧♦s ✈❛❧♦r❡s ❞❡ ❳✱❨ ❝♦♥ ❧❛s ❡❝✉❛❝✐♦♥❡s ✭✷✳✽✮ ② ✭✷✳✾✮ ♣❛r❛ F1(0, 17,96) y θ =
45✳

x = 0 cos(45)− 17, 96 sin(45) = x1 = −12, 7

y = 0 sin(45) + 17, 96 cos(45) = y1 = 12, 7

F1(x1, y1)

F1(−12,7, 12,7)

❆❤♦r❛ ❝❛❧❝✉❧❛♠♦s ❧♦s ✈❛❧♦r❡s ❞❡ ❳✱❨ ❝♦♥ ❧❛s ❡❝✉❛❝✐♦♥❡s ✭✷✳✽✮ ② ✭✷✳✾✮ ♣❛r❛ F2(0, 17,96) y θ =
315 ❡❧ ✈❛❧♦r ❞❡❧ ❛♥❣✉❧♦ ❡s ❞❡❜✐❞♦ ❛ ❧❛ ♣♦s✐❝✐♦♥ ❞❡❧ F2 ❛❧ ❡♥❝♦♥tr❛rs❡ ❡♥ ❡❧ ♣r✐♠❡r ❝✉❛❞r❛♥t❡
② ❝♦♠♦ ❡❧ ❛♥❣✉❧♦ θ s❡ ❞❡s♣❧❛③❛ ❡♥ s❡♥t✐❞♦ ❞❡ ❧❛s ♠❛♥❡❝✐❧❧❛s ❞❡❧ r❡❧♦❥ t❡♥❞r❛ q✉❡ ♠♦✈❡rs❡
❤❛st❛ ❡❧ t❡r❝❡r ❝✉❛❞r❛♥t❡ ♠❛s ✹✺➸ ✭✈❡r ✜❣✉r❛ ✸✳✸✮✳

x = 0 cos(315)− 17, 96 sin(315) = −17, 96 ∗ (−
√
2

2
) = x2 = 12, 7

y = 0 sin(315) + 17, 96 cos(315) = 17, 96 ∗ (
√
2

2
) = y2 = 12, 7

F2(x2, y2)

F2((12,7), (12,7))

s❡ ♣✉❡❞❡ ♦❜s❡r✈❛r q✉❡ ❧♦s ✈❛❧♦r❡s ❞❡ F2 s♦♥ ♣♦s✐t✐✈♦s ② ❡st♦ ❞❡♠✉❡str❛ q✉❡ ❡st❛♥ ❡♥ ❡❧
♣r✐♠❡r ❝✉❛❞r❛♥t❡
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❈á❧❝✉❧♦ ❞❡ ❧❛s ❡❝✉❛❝✐♦♥❡s ♣❛r❛❜ó❧✐❝❛s r♦t❛❞❛s

❍❛❧❧❛♥❞♦ ❧❛ ❡❝✉❛❝✐♦♥ ❞❡ ❧❛ Pr✐♠❡r❛ P❛r❛❜♦❧❛✿

F1((−12,7), (12,7))

foco = f1 = 17, 96

θ = 45◦

❉❡ ❧❛ ❡❝✉❛❝✐ó♥ ❞❡ r♦t❛❝✐ó♥ ✭✷✳✺✮ ② ✭✷✳✻✮

x′ = x cos(45◦) + y sin(45◦) =

√
2

2
x+

√
2

2
y

x′ =

√
2

2
(x+ y) ✭✸✳✶✸✮

y′ = −x sin(45◦) + y cos(45◦) = (−
√
2

2
)x+

√
2

2
y

y′ =

√
2

2
(−x+ y) ✭✸✳✶✹✮

❙❡❛ ❧❛ ❡❝✉❛❝✐ó♥ ❛❧❣❡❜r❛✐❝❛ ❞❡ ❧❛ ♣❛r❛❜♦❧❛ ✭✸✳✶✺✮

y′ =
x′

4f1
✭✸✳✶✺✮

r❡❡♠♣❧❛③❛♥❞♦ ❧❛s ❡❝✉❛❝✐♦♥❡s ✭✸✳✶✸✮ ② ✭✸✳✶✹✮ ❡♥ ✭✸✳✶✺✮ s❡ ♦❜t✐❡♥❡✿

√
2

2
(−x+ y) =

(
√
2
2
)2(x+ y)2

4 ∗ 17, 96

(−x+ y) =

√
2(x+ y)2

8 ∗ 17, 96 ❊❝✉❛❝✐ó♥ ♣❛r❛❜♦❧✐❝❛ ❝♦♥ f1 ✭✸✳✶✻✮

❈♦♥ ❧❛ ❡❝✉❛❝✐ó♥ ✭✸✳✶✻✮ ②❛ ❡s ✉♥❛ ❡❝✉❛❝✐ó♥ ✐♥❝❧✐♥❛❞❛ ✹✺➸ ❡♥ ❡❧ s❡♥t✐❞♦ ❝♦♥tr❛r✐♦ ❛ ❧❛s
♠❛♥❡❝✐❧❧❛s ❞❡❧ r❡❧♦❥✱ ❣r❛✜❝❛♥❞♦ s❡ ♦❜t✐❡♥❡ ❧❛ ✜❣✉r❛ ✸✳✹✿
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-100-100 -90-90 -80-80 -70-70 -60-60 -50-50 -40-40 -30-30 -20-20 -10-10 1010 2020 3030 4040 5050 6060 7070 8080

-20-20

-10-10

1010

2020

3030

4040

5050

6060

7070

8080

00

eq1eq1

F1F1

AA

BB

❋✐❣✉r❛ ✸✳✹✿ ❊❝✉❛❝✐ó♥ ❞❡ ❧❛ ♣❛rá❜♦❧❛ F1 ② ❧❛ ❝✐r❝✉♥❢❡r❡♥❝✐❛

❍❛❧❧❛♥❞♦ ❧❛ ❡❝✉❛❝✐ó♥ ❞❡ ❧❛ ❙❡❣✉♥❞❛ P❛r❛❜♦❧❛✿

F1((12,7), (12,7))

foco = f1 = 17, 96

θ = 315◦

❉❡ ❧❛ ❡❝✉❛❝✐ó♥ ❞❡ r♦t❛❝✐ó♥ ✭✷✳✺✮ ② ✭✷✳✻✮

x′ = x cos(315◦) + y sin(315◦) =

√
2

2
x−

√
2

2
y

x′ =

√
2

2
(x− y) ✭✸✳✶✼✮

y′ = −x sin(315◦) + y cos(315◦) = −(−
√
2

2
)x+

√
2

2
y

y′ =

√
2

2
(x+ y) ✭✸✳✶✽✮

❙❡❛ ❧❛ ❡❝✉❛❝✐ó♥ ❛❧❣❡❜r❛✐❝❛ ❞❡ ❧❛ ♣❛r❛❜♦❧❛ ✭✸✳✶✾✮

y′ =
x′

4f2
✭✸✳✶✾✮

r❡❡♠♣❧❛③❛♥❞♦ ❧❛s ❡❝✉❛❝✐♦♥❡s ✭✸✳✶✼✮ ② ✭✸✳✶✽✮ ❡♥ ✭✸✳✶✾✮ s❡ ♦❜t✐❡♥❡✿

√
2

2
(x+ y) =

(
√
2
2
)2(x− y)2

4 ∗ 17, 96

(x+ y) =

√
2(x− y)2

8 ∗ 17, 96 ❊❝✉❛❝✐ó♥ ♣❛r❛❜♦❧✐❝❛ ❝♦♥ f2

✭✸✳✷✵✮
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❈♦♥ ❧❛ ❡❝✉❛❝✐ó♥ ✭✸✳✷✵✮ ②❛ ❡s ✉♥❛ ❡❝✉❛❝✐ó♥ ✐♥❝❧✐♥❛❞❛ ✸✶✺➸ ❡♥ ❡❧ s❡♥t✐❞♦ ❝♦♥tr❛r✐♦ ❛ ❧❛s
♠❛♥❡❝✐❧❧❛s ❞❡❧ r❡❧♦❥✱ ❣r❛✜❝❛♥❞♦ s❡ ♦❜t✐❡♥❡ ❧❛ ✜❣✉r❛ ✸✳✺✿
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100100
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eqeq

F2F2
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BB

❋✐❣✉r❛ ✸✳✺✿ ❊❝✉❛❝✐ó♥ ❞❡ ❧❛ ♣❛rá❜♦❧❛ F2 ② ❧❛ ❝✐r❝✉♥❢❡r❡♥❝✐❛

■♥t❡rs❡❝t❛♥❞♦ ❛♠❜❛s ❡❝✉❛❝✐♦♥❡s ♣❛r❛❜ó❧✐❝❛s ✭✸✳✶✻✮ ② ✭✸✳✷✵✮ s❡ ♦❜s❡r✈❛ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡
❧♦s ❢♦❝♦s ❡❧ ❝✉❛❧ ❢✉❡ ❝❛❧❝✉❧❛❞❛ ♣❛r❛ q✉❡ ✐♥t❡r❡s❡❝t❡♥ ❡♥ ❧♦s ❡①tr❡♠♦s ❞❡ ❧❛ ❝✐r❝✉♥❢❡r❡♥❝✐❛
❡❧ ❝✉❛❧ s❡r✐❛ ❡❧ t✉❜♦ ❝♦❧❡❝t♦r✳✭✈❡r ✜❣✉r❛ ✸✳✻✮
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eqeq
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DD

EE

FF

GG

❋✐❣✉r❛ ✸✳✻✿ ■♥t❡rs❡❝❝✐ó♥ ❞❡ ❧❛s ♣❛rá❜♦❧❛s

▲❛s ✈❛r✐❛❜❧❡s ❉✶ ❨ ❉✷ s♦♥ ✈❛r✐❛❜❧❡s ❞❡ ❧❛ ❞✐st❛♥❝✐❛ ❡❧ ❝✉❛❧ ❡st❛ t✐❡♥❡ ✉♥❛ ❞✐st❛♥❝✐❛
❞❡ D = 250[mm] ❛❧ ❡st❛r ❡♥ ❡❧ ♣✉♥t♦ ♠❡❞✐♦ ❧❛ ❝✐r❝✉♥❢❡r❡♥❝✐❛ ❡❧ ✈❛❧♦r ❞❡ ❉✶ s❡rá ❧❛ ♠✐t❛❞
❞❡ ❉ ♣♦r ❧♦ t❛♥t♦ t❡♥❞r❡♠♦s q✉❡ D1 = 125[mm] y D2 = 125[mm] ✭✈❡r ✜❣✉r❛ ✸✳✻✮✳
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❙✐♠✉❧❛❝✐ó♥ ❞❡ ❧♦s r❛②♦s s♦❧❛r❡s ❡♥ ▼❆❚▲❆❇

❈♦♥ ❧♦s ❝á❧❝✉❧♦s r❡❛❧✐③❛❞♦s ♣❛r❛ ❤❛❧❧❛r ❧❛s ♥✉❡✈❛ ❡❝✉❛❝✐♦♥❡s ✭✸✳✶✻✮ ② ✭✸✳✷✵✮ s❡ ❞✐s❡ñ♦
✉♥ ♣r♦❣r❛♠❛ ❡♥ ▼❆❚▲❆❇ ♣❛r❛ ✈❡r ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s r❛②♦s s♦❧❛r❡s ② q✉❡ ❡st♦s
r❛②♦s s♦❧❛r❡s ✐♥t❡rs❡❝t❡♥ ❡♥ ❡❧ ♣✉♥t♦ ❞❡❧ ❢♦❝♦ ❞❡ ❧❛s ♣❛rá❜♦❧❛s✳

✭❛✮ ■♥❝❧✐♥❛❝✐ó♥ ♣♦r ❧❛ ✐③q✉✐❡r❞❛ ✭❜✮ ■♥❝❧✐♥❛❝✐ó♥ ♣♦r ❧❛ ❞❡r❡❝❤❛

❋✐❣✉r❛ ✸✳✼✿ ■♥❝❧✐♥❛❝✐ó♥ ❞❡ ❧♦s r❛②♦s s♦❧❛r❡s ❡♥ ❈✳P✳❈✳

❊♥ ❧❛ ✜❣✉r❛ ✸✳✼ ❡♥ ❧❛ ✐③q✉✐❡r❞❛ s❡ ♠✉❡str❛ ❧❛ s✐♠✉❧❛❝✐ó♥ ❡ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡ ❧♦s r❛②♦s
s♦❧❛r❡s ❛sí t❛♠❜✐é♥ ❡♥ ❧❛ ♣❛rt❡ ❞❡r❡❝❤❛ ❧❛ s✐♠✉❧❛❝✐ó♥ ❞❡ ❧♦s r❛②♦s s♦❧❛r❡s ✐♥❝❧✐♥❛❞♦s ❤❛❝✐❛
❧❛ ❞❡r❡❝❤❛✳

❈❛❧❝✉❧♦ ❞❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ❝✉r✈❛

▲❛ ❧♦♥❣✐t✉❞ ❞❡ ❝✉r✈❛ ✈✐❡♥❡ ❞❛❞❛ ♣♦r✿

L =

∫ x2

x1

√

1 + (y′)2dx ✭✸✳✷✶✮

❈♦♥ ❡❧ ✈❛❧♦r ❞❡ ❧❛ ❞✐st❛♥❝✐❛ ❞❡ ①❂✶✷✺ s❡ ❝❛❧❝✉❧❛ ❡❧ ✈❛❧♦r ❞❡ ② ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✭✸✳✷✵✮✳

(x+ y) =

√
2(x− y)2

8 ∗ 17, 96

(125 + y) =

√
2(125− y)2

8 ∗ 17, 96

❉❡s♣❡❥❛♥❞♦ ❡❧ ✈❛❧♦r ❞❡ ❨ s❡ ♦❜t✐❡♥❡

y = 8,527

P❛r❛ t❡♥❡r ❡❧ ✈❛❧♦r ❞❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ❝✉r✈❛ ❧♦s ✈❛❧♦r❡s ❞❡ ❳ ② ❨ s❡ r❡♠♣❧❛③❛r❛♥ ❡♥ ❧❛s
❡❝✉❛❝✐♦♥❡s ✭✷✳✺✮ ② ✭✷✳✻✮✳

x′ = 125 cos(315) + 8,527 sin(315)

x′ = 82,358

y′ = −125 sin(315) + y cos(315)

y′ = 94,417
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❉❡r✐✈❛♥❞♦ ❧❛ ❡❝✉❛❝✐ó♥ ♣❛r❛❜ó❧✐❝❛✿

y′ = 2x

4F

y′ = x

4F

❘❡❡♠♣❧❛③❛♥❞♦ ❡♥ ✭✸✳✷✶✮ ❝♦♥ ❧♦s ✈❛❧♦r❡s ❤❛❧❧❛❞♦s ❞❡ x′ ❝♦♠♦ ✈❛❧♦r ♠á①✐♠♦ ❞❡ ❧❛
✐♥t❡❣r❛❧ ② x = 0 ♣❛r❛ ✈❛❧♦r ♠í♥✐♠♦ ❞❡ ❧❛ ✐♥t❡❣r❛❧✳

L =

∫ 82,358

0

√

1 + (
x

4 ∗ 17,96)
2dx

L = 131,15

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

L = 131,15[mm]

✸✳✸✳✷✳✷✳ P❛rt❡s ▼❡❝á♥✐❝❛s

❚✉❜♦ ❝✐r❝✉❧❛r

❈♦♥ ❧♦s ❝á❧❝✉❧♦s r❡❛❧✐③❛❞♦s ② ❡❧ r❛❞✐♦ ✉t✐❧✐③❛❞♦ s❡ ❞✐s❡ñ❛ ❡❧ t✉❜♦ ❝✐r❝✉❧❛r ❋✐❣✉r❛ ✸✳✽
P❧❛♥♦ ❈P❈✲❈❚✲✷✳✶✳

❋✐❣✉r❛ ✸✳✽✿ ❚✉❜♦ ❈♦❧❡❝t♦r

P❧❛♥❝❤❛ ❞❡❧ ❝♦❧❡❝t♦r

❈♦♥ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ❝✉r✈❛ ❝❛❧❝✉❧❛❞❛ s❡ ❞✐s❡ñ❛ ❧❛ ♣❧❛♥❝❤❛ ❝♦♥ ❧❛s ♠❡❞✐❞❛s ❝♦rr❡s♣♦♥✲
❞✐❡♥t❡s t❛♥t♦ ❡♥ ❛♥❝❤♦ ② ❧❛r❣♦ ❈P❈✲P❈✲✵✶✳
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❙♦♣♦rt❡ ♣❧❛♥❝❤❛ ❝♦❧❡❝t♦r

P❛r❛ q✉❡ ❧❛ ♣❧❛♥❝❤❛ ❞❡ ❝♦❧❡❝t♦r ❡sté ❝♦♥ ✉♥❛ ❜❛s❡ s❡ ❝♦♥s✐❞❡r❛ ✉♥❛ ♣❧❛♥❝❤❛ ❝♦♥ ❧❛
✐♥❝❧✐♥❛❝✐ó♥ ❞❡ ❧❛ ♣❛rá❜♦❧❛ ❝♦rr❡s♣♦♥❞✐❡♥t❡ ❋✐❣✉r❛ ✸✳✸✳✷✳✷ P❧❛♥♦ ❈P❈✲❈P✲✵✸✳

❋✐❣✉r❛ ✸✳✾✿ ❙♦♣♦rt❡ ♣❧❛♥❝❤❛ ❝♦❧❡❝t♦r

❊str✉❝t✉r❛ ❙✉♣❡r✐♦r P❡r✜❧ ❚

▲❛ ❡str✉❝t✉r❛ s✉♣❡r✐♦r s❡ ❧♦ r❡❛❧✐③❛ ❝♦♥ ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ❛♣r♦✈❡❝❤❛r s✉ ❢♦r♠❛ ♣❛r❛ ♣♦❞❡r
s♦♣♦rt❛r ❡❧ ✈✐❞r✐♦ ❋✐❣✉r❛ ✸✳✸✳✷✳✷ P❧❛♥♦ ❈P❈✲❱✲✵✼✳

❋✐❣✉r❛ ✸✳✶✵✿ ❊str✉❝t✉r❛ ❙✉♣❡r✐♦r P❡r✜❧ ❚

P❧❛♥❝❤❛ ❇❛s❡

P❛r❛ ♣♦❞❡r ❝❡rr❛r ② t❡♥❡r❧♦ ❤❡r♠ét✐❝❛♠❡♥t❡ ❧❛ ❡str✉❝t✉r❛ ❡♥ ❧❛ ♣❛rt❡ ✐♥❢❡r✐♦r s❡ ❧♦
❝✐❡rr❛ ❝♦♥ ✉♥❛ ♣❧❛♥❝❤❛ ❝♦♥ ❧❛ ❡str✉❝t✉r❛ ❞❡❧ ❝♦❧❡❝t♦r s♦❧❛r ❋✐❣✉r❛ ✸✳✸✳✷✳✷ P❧❛♥♦ ❈P❈✲P✲
✵✻✳

❋✐❣✉r❛ ✸✳✶✶✿ P❧❛♥❝❤❛ ♣❛r❛ ❧❛ ❇❛s❡
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❊str✉❝t✉r❛ ❞❡ ❝♦❧❡❝t♦r s♦❧❛r

❚♦❞♦ ❡❧ ❝♦♥❥✉♥t♦ ❞❡❧ ❈❖▲❊❈❚❖❘ ❙❖▲❆❘ P❆❘❆❇Ó▲■❈❖ ❈❖▼P❯❊❙❚❖ s❡ r❡❛❧✐③❛
❝♦♥ ♣❡r✜❧ ❋✐❣✉r❛ ✸✳✸✳✷✳✷ P❧❛♥♦ ❈P❈✲❊❈✲✵✽✳

❋✐❣✉r❛ ✸✳✶✷✿ ❊str✉❝t✉r❛ ♣❛r❛ ❡❧ ❈♦❧❡❝t♦r s♦❧❛r

❊♥s❛♠❜❧❛❥❡ ❝♦♥ t♦❞❛s ❧❛s ♣✐❡③❛s

❙❡ ✉t✐❧✐③❛r♦♥ ❛❝❡ss♦r✐♦s q✉❡ s❡ ♠✉❡str❛♥ ❛ ❞❡t❛❧❧❡ ❡♥ ❧♦s ♣❧❛♥♦s✱ ❡♥ ❧❛ ✜❣r❛ ✸✳✸✳✷✳✷ s❡
♣✉❡❞❡ ✈❡r ❡❧ ❝♦❧❡❝t♦r s♦❧❛r ❝♦♥ t♦❞❛s ❧❛s ♣✐❡③❛s✳

❋✐❣✉r❛ ✸✳✶✸✿ ❊♥s❛♠❜❧❛❥❡ ❞❡❧ ❝♦❧❡❝t♦r ❙♦❧❛r

✸✳✸✳✸✳ ❈á❧❝✉❧♦ ❞❡ ♣❡r❞✐❞❛s ❞❡❧ ❈♦❧❡❝t♦r

❉❡ ❧❛ t❡♦rí❛ t❡♥❡♠♦s ❧❛ s✐❣✉✐❡♥t❡ ✿

qu =
Tp − Ta

2
= ✭✸✳✷✷✮

TP = 130 + 273 = 403[K]

Ta = 15 + 273 = 288[k]

Tc = 40 + 273 = 313[K]
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❘❡♠♣❧❛③❛♥❞♦ ❧♦s ❞❛t♦s ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✭✸✳✷✷✮

qu =
403− 288

2
= 236[K]

hrp−c =
σ(T 2

p + T 2
c )(Tp + Tc)

1
εp

+ 1
εc
− 1

= 7, 30
W

m2k
✭✸✳✷✸✮

σ = 5,6697 ∗ 10−8[
W

m2K4
]

εp = 0,95

εc = 0,88

❘❡♠♣❧❛③❛♥❞♦ ❧♦s ❞❛t♦s ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✭✸✳✷✸✮

hrp−c =
5,6697 ∗ 10−8[ W

m2K4 (403
2 + 3132)(403 + 131)]

1
0,76

+ 1
0,94

− 1

hrp−c = 7,66
W

m2k

hrc−s = εcσ(T
2
c + T 2

a )(Tc + Ta) ✭✸✳✷✹✮

hrc−s = 0,94 ∗ 5,6697− 10−8(3132 + 2882)(313 + 288)

hrc−s = 5, 79
W

m2k

hp−c = 1,161
∆T 0,31

l0,070
e0,00143305T ✭✸✳✷✺✮

∆T = Tp − Tc = 358[K]

T =
Tp + Ta

2
= 90[K]

hp−c = 1,161
900,31

1,340,070
e0,00143305∗358

hp− c = 2,74
W

m2k

hviento = 5, 7 + 3, 8V ✭✸✳✷✻✮

❘❡♠♣❧❛③❛♥❞♦ ❧♦s ❞❛t♦s ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✭✸✳✷✻✮

hviento = 5, 7 + 3, 8(6,4)

hviento = 30,02
W

m2◦K

❘❡♠♣❧❛③❛♥❞♦ ❧♦s ❞❛t♦s ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✸✳✷✺✱✭✸✳✷✸✮✱✸✳✷✻✱✸✳✷✹

Uf = (
1

hp−c + hrp−c

+
1

hviento + hrc−s

)−1 = 8,06
W

m2K

Tc = Tp −
Ut(Tp − Ta)

hp−c + hrp−c

✭✸✳✷✼✮

Tc = 403− 8,06(403− 288)

2,74 + 7,66

Tc = 313,85[K]
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❈♦♥ ❡st❡ ♥✉❡✈♦ ✈❛❧♦r ♣❛r❛ Tc s❡ ♣r♦❝❡❞❡ ❛ ❝❛❧❝✉❧❛r ❞❡ ♥✉❡✈♦ ❞❡s❞❡ ❡❧s ❡❣✉♥❞♦ ❤❛st❛ ❡❧
s❡♣t✐♠♦ ♣❛s♦✱ ♦❜t❡♥✐❡♥❞♦s❡ ❡♥ ✉♥❛ s❡❣✉♥❞❛ ✐t❡r❛❝✐♦♥

hrp−c = 7,66
W

m2K

hrc−s = 5,79
W

m2K

hp−c = 2, 74
W

m2K

Ut = 8,06
W

m2K

Tc = 313,85[K]

❈♦♠♦ ❡st❡ ✈❛❧♦r ❞❡ Tc ❝♦✐♥❝✐❞❡ ❝♦♥ ❡❧ ❛♥t❡r✐♦r♠❡♥t❡ ❝❛❧❝✉❧❛❞♦✱ ②❛ ♥♦ ❡s ♥❡❝❡s❛r✐♦ ❝♦♥t✐♥✉❛r
❝♦♥ ❧❛ ✐t❡r❛❝✐♦♥✱ ♣♦r ❧♦ t❛♥t♦ ❡❧ ❝♦❡✜❝✐❡♥t❡ ❞❡ ♣❡r❞✐❞❛s ♣♦r ❧❛ ♣❛rt❡ s✉♣❡r✐♦r ❡s✿

Ut = 8,08
W

m2K

❊❧ ❝♦❡✜❝✐❡♥t❡ ❞❡ ♣❡r❞✐❞❛s ♣♦r ❧❛ ❜❛s❡ ❡s✿

Ub =
K

L
=

0,03

0,05

Ub = 0,6
W

m2K

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

Ue =
KALADOS

LABASE

=
0,03 ∗ 6 ∗ 0,0718
0,05 ∗ 1,34 ∗ 1,76 ✭✸✳✷✽✮

Ue = 0,11
W

m2K

❙✉♠❛♥❞♦ ❧❛s ♣❡r❞✐❞❛s

UL = Ut + Ub + Ue = 8,79
W

m2K
✭✸✳✷✾✮

UL = 8,79
W

m2K

✸✳✸✳✹✳ ❈á❧❝✉❧♦ ❞❡ ❧❛ ❡✜❝✐❡♥❝✐❛

▲❛s ♣❡r❞✐❞❛s ❤❛❧❧❛❞❛s s❡rá♥ ❧❛ ♠✐s♠❛ ♣❛r❛ ✉♥ ❝♦❧❡❝t♦r s♦❧❛r ② ✉♥ ❝♦❧❡❝t♦r ♣❛r❛❜ó❧✐❝♦
❝♦♠♣✉❡st♦ s✐♥ ❡♠❜❛r❣♦ ♣❛r❛ ♥♦t❛r ❧❛ ❞✐❢❡r❡♥❝✐❛ s❡ ❝❛❧❝✉❧❛r❛♥ ♣❛r❛ ❛♠❜♦s✳

❊✜❝✐❡♥❝✐❛ ❝♦❧❡❝t♦r s♦❧❛r

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

ncs =
Calor ganado por el agua

(Irradiacion solar)(Area del absorbedor)
✭✸✳✸✵✮

QUTIL = QGanadoAbs −QPerdidoAbs ✭✸✳✸✶✮

QGanadoAbs = ατAID ✭✸✳✸✷✮

QPerdidoAbs = ULA(T2 − T1) ✭✸✳✸✸✮
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❘❡♠♣❧❛③❛♥❞♦ ❧❛s ❡❝✉❛❝✐♦♥❡s ✭✸✳✸✷✮✱✭✸✳✸✸✮ ❡♥ ✭✸✳✸✶✮ ❡♥ ✭✸✳✸✵✮ ♦❜t❡♥❡♠♦s✿

ncs =
ατAID − ULA(T2 − T1)

IDA

s✐♠♣❧✐✜❝❛♥❞♦ ❡❧ ❆r❡❛

ncs =
ατID − UL(T2 − T1)

ID

❈♦♥ ❧♦s ❝á❧❝✉❧♦s r❡❛❧✐③❛❞♦s ♣❛r❛ ID ✭✸✳✺✮ ❛❞❡♠❛s ❝♦♥ ❧♦s ✈❛❧♦r❡s ✉t✐❧✐③❛❞♦s α = 0,9✱τ = 0,9
② ❧❛s t❡♠♣❡r❛t✉r❛s T1 = 15◦C✱T2 = 40◦C ♦❜t❡♥❞r❡♠♦s✿

ncs =
0,9 ∗ 0,9 ∗ 797,64 W

m2 − 8,79 W
m2◦C

∗ (40− 15)◦C

797,64 W
m2

ncs = 0,53

ncs = 53%

❊✜❝✐❡♥❝✐❛ ❝♦❧❡❝t♦r s♦❧❛r ♣❛r❛❜ó❧✐❝♦ ❝♦♠♣✉❡st♦

▲❛ ❡✜❝✐❡♥❝✐❛ ❞❡ ✉♥ ❝♦❧❡❝t♦r s♦❧❛r ♣❛r❛❜ó❧✐❝♦ ❝♦♠♣✉❡st♦ s❡ ❞❡✜♥❡ ❝♦♠♦✿

ncspc =
Calor ganado por el agua

(Irradiacion solar)(Area del absorbedor)
✭✸✳✸✹✮

QUTIL = QGanadoAbs −QPerdidoAbs ✭✸✳✸✺✮

❆❧ s❡r ✉♥ ❝♦❧❡❝t♦r s♦❧❛r ♣❛r❛❜♦❧✐❝♦ ❝♦♠♣✉❡st♦ ❧❛ ❡✜❝❛❝✐❛ ❞❡❧ ♣r♦❝❡s♦ ❛♣❡rt✉r❛ ❛ r❡❝❡♣t♦r
❞❡ ❧❛ ♦r✐❡♥t❛❝✐♦♥ ❞❡ ❧❛s s✉♣❡r✜❝✐❡s ② s✉s ♣r♦♣✐❡❞❛❞❡s r❛❞✐❛❝t✐✈❛s ❝♦♠♦ ❧❛ ❛❜s♦rs✐♦♥ ② ❧❛ r❡✲
✢❡❝t✐✈✐❞❛❞ ❛ ❡❧❧♦ s❡ ❞❡✜♥❡ ❧❛ ❡✜❝✐❡♥❝✐❛ ♦♣t✐❝❛ nar✱ ❝♦♥ ❡st♦ ❧❛ r❛❞✐❛❝✐ó♥ s♦❧❛r s✉♠✐♥✐str❛❞❛
❛❧ r❡❝❡♣t♦r ❡s

QGanadoAbs = narAID ✭✸✳✸✻✮

▲❛ ❡✜❝✐❡♥❝✐❛ ♦♣t✐❝❛ ❡st❛ ❞❛❞❛ ♣♦r✿

nar = ργταFe ✭✸✳✸✼✮

❉♦♥❞❡✿

ρ = Reflectividad del colector

γ = Factor de interceptacin

τ = Transmitancia

α = Grado de absorcin

Fe = Factor del rea del colector efectiva

❉♦♥❞❡ ❡❧ ❢❛❝t♦r ❞❡❧ ár❡❛ ❞❡❧ ❝♦❧❡❝t♦r ❡❢❡❝t✐✈❛ ❡s✿

Fe =
Ae

A
✭✸✳✸✽✮

Ae = Area efectiva

Ae = A− Ar ✭✸✳✸✾✮
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P❛r❛ ❡❧ ❝❛❧♦r ♣❡r❞✐❞♦ s❡ t♦♠❛rá ❡❧ ár❡❛ r❡❝❡♣t♦r❛ ♠❡♥♦r Ar

QPerdidoAbs = ULAr(T2 − T1) ✭✸✳✹✵✮

❘❡♠♣❧❛③❛♥❞♦ ❧❛s ❡❝✉❛❝✐♦♥❡s ✭✸✳✸✻✮✱✭✸✳✹✵✮ ❡♥ ✭✸✳✸✺✮ ❡♥ ✭✸✳✸✹✮ ♦❜t❡♥❡♠♦s✿

ncspc =
narAID − ULAr(T2 − T1

IDA

s✐♠♣❧✐✜❝❛♥❞♦✿

ncspc = nar −
ULAr(T2 − T1)

AID

❈❛❧❝✉❧❛♥❞♦ ❡❧ ❢❛❝t♦r ❞❡ ❛r❡❛ ❞❡❧ ❝♦❧❡❝t♦r ✭✸✳✸✽✮ ❝♦♥s✐❞❡r❛♥❞♦ ❡❧ ♥✉❡✈♦ ❆r❡❛ ❞❡❧ ❈♦❧❡❝t♦r
♣❛r❛❜ó❧✐❝♦ ❝♦♠♣✉❡st♦ ❡❧ ♥✉❡✈♦ ❛♥❝❤♦ ❝♦♥ ❧❛ ❡❝✉❝❛❝✐ó♥ ✭✸✳✷✶✮ ❧❛ ❧❛t✉r❛ s❡ ♠❛♥t❡❞r❛ ❡❧
♠✐s♠♦ ❛s✐ t❛♠❜✐❡♥ ❝á❧❝✉❧❛♥❞♦ ❡❧ ár❡❛ ❞❡❧ ❛❜s♦r❜❡❞♦r✭❝✐❧✐♥❞r♦✮

Aa = 1,8424 ∗ 1,26− 7(1,26 ∗ π ∗ 0,0254

2
)

Aa = 2,3214− 0,3519

Aa = 1,9695m2

✉t✐❧✐③❛♥❞♦ ❧❛ ❡❝✉❛❝✐♦♥ ✭✸✳✸✽✮

Fe =
1,9695

2,3214

Fe = 0,8473

❈❛❧❝✉❧❛♥❞♦ ❧❛ ❡✜❝✐❡♥❝✐❛ ó♣t✐❝❛ ❝♦♥ ❧❛ ❡❝✉❛❝✐ó♥ ✭✸✳✸✼✮ ♣❛r❛ ♠❛②♦r ❞❡t❛❧❧❡s ●♦s✇❛♠✐ ❡t
❛❧✳ ✭✷✵✵✵✮✱ ❑r❡✐t❤ ② ❑r❡✐❞❡r ✭✷✵✶✶✮ ② ❉✉✣❡ ② ❇❡❝❦♠❛♥ ✭✷✵✵✻✮✱ ❛❞❡♠ás ❝♦♥ ❧♦s ✈❛❧♦r❡s
✉t✐❧✐③❛❞♦s α = 0,9✱τ = 0,9 ② ♣❛r❛ ❧♦s ✈❛❧♦r❡s ρ = 0,945 γ = 0,95

nop = 0,945 ∗ 0,95 ∗ 0,97 ∗ 0,95 ∗ 0,8473
nop = 0,700

❈♦♥ ❧♦s ❝á❧❝✉❧♦s r❡❛❧✐③❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡ ② ♣❛r❛ ID ✭✸✳✺✮✱UL✭✸✳✷✾✮ ❛❞❡♠❛s ❝♦♥ ❧♦s ✈❛❧♦r❡s
✉t✐❧✐③❛❞♦s ❡♥ ❧❛s t❡♠♣❡r❛t✉r❛s T1 = 15◦C✱T2 = 40◦C ♦❜t❡♥❞r❡♠♦s ❡❧ r❡♥❞✐♠✐❡♥t♦ ❞❡❧
❝♦❧❡❝t♦r ♣❛r❛❜♦❧✐❝♦ ❝♦♠♣✉❡st♦ ✭✸✳✸✹✮✿

ncspc = 0,7− 8,79 W
m2K

(313− 288)◦k
2,3214m2

0,3519m2 ∗ 797,64 W
m2

ncspc = 0,65824

r❡♥❞✐♠✐❡♥t♦ ♣♦r❝❡♥t✉❛❧ ncspc ∗ 100%

%ncspc = 65,824%
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✸✳✹✳ ❘❡s✉♠❡♥ ❞❡ ♠❡♠♦r✐❛ ❞❡ ❝á❧❝✉❧♦s

❈♦♥ ♥✉❡str♦s ♣❛rá♠❡tr♦s ❞❡ ❞✐s❡ñ♦ ❞❡ ❧❛ t❛❜❧❛ ✸✳✶✱ s❡ ♠✉❡str❛ ❧❛ t❛❜❧❛ ✸✳✷ ❝♦♥s✐❞❡r❛♥❞♦
❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s✿

❈✉❛❞r♦ ✸✳✷✿ ❈❛❧♦r út✐❧ ❞❡ ❛❣✉❛

❈♦♥ ❡st❡ ❝❛❧♦r út✐❧ s❡ ♠✉❡str❛ ❡♥ ❧❛ t❛❜❧❛ ✸✳✺ ❡❧ t✐❡♠♣♦ ❞❡ ❝❛❧❡♥t❛♠✐❡♥t♦✿

❈✉❛❞r♦ ✸✳✸✿ ❚✐❡♠♣♦ ❞❡ ❝❛❧❡♥t❛♠✐❡♥t♦ ❞❡ ❛❣✉❛

❆♣❛rt❡ ❞❡ ❡st♦s ❝á❧❝✉❧♦s s❡ ♥❡❝❡s✐t❛ ❝❛❧❝✉❧❛r ❧♦s ❝♦❡✜❝✐❡♥t❡ ❞❡ ♣❡r❞✐❞❛s ❞❡❧ ❝♦❧❡❝t♦r
q✉❡ s❡ ♠✉❡str❛ ❛ ❝♦♥t✐♥✉❛❝✐ó♥ ❡♥ ❧❛ t❛❜❧❛ ✸✳✹✳

❈✉❛❞r♦ ✸✳✹✿ ❈♦❡✜❝✐❡♥t❡ ❞❡ ♣❡r❞✐❞❛ ❞❡❧ ❝♦❧❡❝t♦r

▼♦str❛❞♦ ❡st♦s r❡s✉❧t❛❞♦s ❝❛❧❝✉❧❛♠♦s ❡❧ r❡♥❞✐♠✐❡♥t♦ ❞❡❧ ❝♦❧❡❝t♦r✿

❈✉❛❞r♦ ✸✳✺✿ ❘❡♥❞✐♠✐❡♥t♦ ❞❡ ❝♦❧❡❝t♦r ♣❛r❛❜ó❧✐❝♦ ❝♦♠♣✉❡st♦

✸✳✺✳ P❧❛♥♦s

▼♦str❛♥❞♦ ❡♥ ❧❛ t❛❜❧❛ ✸✳✻ ♠❡♠♦r✐❛ ❞❡ ❝á❧❝✉❧♦s ❝♦♥❥✉♥t❛♠❡♥t❡ ❝♦♥ ❡❧ ❝ó❞✐❣♦ ❞❡ ♣❧❛♥♦
❞♦♥❞❡ ❡st♦s ♣❧❛♥♦s s❡ ♠✉❡str❛ ❡♥ ❛♥❡①♦s✳
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❈✉❛❞r♦ ✸✳✻✿ ▼❡♠♦r✐❛ ❞❡ ❝á❧❝✉❧♦s ❞❡❧ ❝♦❧❡❝t♦r s♦❧❛r



❈❛♣ít✉❧♦ ✹

❈♦st♦s

✹✳✶✳ ❈♦st♦ ❞❡ ♠❛t❡r✐❛❧❡s

❈✉❛❞r♦ ✹✳✶✿ ❈♦st♦ ❞❡ ♠❛t❡r✐❛❧❡s

✺✼



❈❆P❮❚❯▲❖ ✹✳ ❈❖❙❚❖❙ ✺✽

✹✳✷✳ ❈♦st♦ ♠❛♥♦ ❞❡ ♦❜r❛

❈✉❛❞r♦ ✹✳✷✿ ❈♦st♦ ▼❛♥♦ ❞❡ ❖❜r❛

✹✳✸✳ ❈♦st♦ ❋❛❝t✉r❛ ❞❡ ❧✉③

❈✉❛❞r♦ ✹✳✸✿ ❈♦st♦ ❋❛❝t✉r❛ ❞❡ ▲✉③



❈❆P❮❚❯▲❖ ✹✳ ❈❖❙❚❖❙ ✺✾

✹✳✹✳ ❈♦st♦ ❋❛❝t✉r❛ ❞❡ ❛❣✉❛

❈✉❛❞r♦ ✹✳✹✿ ❈♦st♦ ❋❛❝t✉r❛ ❞❡ ❆❣✉❛

✹✳✺✳ ❈♦st♦ ❚♦t❛❧

❈✉❛❞r♦ ✹✳✺✿ ❈♦st♦ ❚♦t❛❧



❈❛♣ít✉❧♦ ✺

❈♦♥❝❧✉s✐♦♥❡s ② r❡❝♦♠❡♥❞❛❝✐♦♥❡s

✺✳✶✳ ❈♦♥❝❧✉s✐♦♥❡s

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

▼❡❞✐❛♥t❡ ❡❧ ❞❡s❛rr♦❧❧♦ ② ❛♥á❧✐s✐s ❞❡ ❧❛ tr❛♥s❢❡r❡♥❝✐❛ ❞❡ ❝❛❧♦r ❞❡ ✉♥ ❝♦❧❡❝t♦r ♣❛r❛❜ó❧✐✲
❝♦✱ s❡ ❤❛ ❡st❛❜❧❡❝✐❞♦ ✉♥❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ❣❡♥❡r❛❝✐ó♥ ❞❡ ❛❣✉❛ ❝❛❧✐❡♥t❡
❡s ♠❛②♦r ❡♥ ❝♦♠♣❛r❛❝✐ó♥ ❛ ❧❛ r❡❣❧❛ ❡♠♣ír✐❝❛✳ ❊❧ ✈❛❧♦r ❡♠♣ír✐❝♦ ❡s ❞❡ ✺✸✪ ❞❡ r❡♥✲
❞✐♠✐❡♥t♦✱ ♠✐❡♥tr❛s q✉❡ ❡❧ ❡st✉❞✐♦ ❝♦♥❝❧✉②❡ ✉♥ ✈❛❧♦r ❞❡ ✵✳✻✻✪ ❞❡ r❡♥❞✐♠✐❡♥t♦✳ ▲❛s
✈❡♥t❛❥❛s s♦♥ ❡✈✐❞❡♥t❡s ♣✉❡st♦ q✉❡ ♠❡♥♦r ár❡❛ r❡♣r❡s❡♥t❛ ♠❡♥♦r ❝♦st♦ ❞❡ ♠❛t❡r✐❛❧❡s✱
❢❛❜r✐❝❛❝✐ó♥✱ tr❛♥s♣♦rt❡✱ ♠♦♥t❛❥❡ ② ♠❛♥t❡♥✐♠✐❡♥t♦✳

❙❡ ❤❛ ❞❡s❛rr♦❧❧❛❞♦ ❡❧ ♠♦❞❡❧❛❞♦ ♠❛t❡♠át✐❝♦ ♣♦r ♦r❞❡♥❛❞♦r ♣❛r❛ ❧❛ tr❛♥s❢❡r❡♥❝✐❛ ❞❡
❝❛❧♦r ❞❡❧ ❝♦❧❡❝t♦r s♦❧❛r ♣❛r❛❜ó❧✐❝♦ ❝♦♠♣✉❡st♦✱ ♠❡❞✐❛♥t❡ ❡❧ ✉s♦ ❞❡❧ s♦❢t✇❛r❡ ▼❛t▲❛❜
✈❡rs✐ó♥ ✶✵ s❡ r❡s✉❡❧✈❡ ❡❧ s✐st❡♠❛ ❞❡ ❡❝✉❛❝✐♦♥❡s ♥♦ ❧✐♥❡❛❧❡s q✉❡ ❣♦❜✐❡r♥❛♥ ❧❛ tr❛♥s✲
❢❡r❡♥❝✐❛ ❞❡ ❝❛❧♦r ♠❡❞✐❛♥t❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ♠ét♦❞♦s ♥✉♠ér✐❝♦s ❡❧ ❝✉❛❧ ❞❛ ❝♦♠♦
r❡s✉❧t❛❞♦ ❧❛ ❣rá✜❝❛ ❞❡ ❞✐str✐❜✉❝✐ó♥ ❞❡ t❡♠♣❡r❛t✉r❛s ② t❛♠❜✐é♥ s❡ ❡st❛❜❧❡❝❡♥ ❧❛s
✈❛r✐❛❜❧❡s t❡r♠♦❞✐♥á♠✐❝❛s✳

❙❡ ❤❛♥ ❞❡s❛rr♦❧❧❛❞♦ ❧♦s ♣❧❛♥♦s ❞❡ ♠❛♥✉❢❛❝t✉r❛ ♣❛r❛ ✉♥ ❝♦❧❡❝t♦r s♦❧❛r ♣❛r❛❜ó❧✐❝♦
❝♦♠♣✉❡st♦ ❞❡ ✶✷✵ ❬❧✐tr♦s❪ ❞❡ ❝❛♣❛❝✐❞❛❞✳

❊❧ ❝♦❧❡❝t♦r s♦❧❛r ♣❛r❛❜ó❧✐❝♦ ❝♦♠♣✉❡st♦ ❢✉❡ ❞✐s❡ñ❛❞♦ ♣❛r❛ s♦♣♦rt❛r ❝❛r❣❛s tér♠✐✲
❝❛s ♠❛②♦r❡s ❛ ❧❛s ❡s♣❡❝✐✜❝❛❞❛s✱ ♣✉❡❞❡ tr❛❜❛❥❛r ❡♥ ❧❛ ❝♦♥❞✐❝✐ó♥ ❞❡ ✐♥❝❧❡♠❡♥❝✐❛s ❞❡
t✐❡♠♣♦ ❡①tr❡♠❛s ② s❡ ❣❛r❛♥t✐③❛ ❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ② ❧❛ ✜❛❜✐❧✐❞❛❞✳

❊❧ t✐❡♠♣♦ ❞❡ ❢❛❜r✐❝❛❝✐ó♥ ❞❡❧ ❝♦❧❡❝t♦r s♦❧❛r ♣❛r❛❜ó❧✐❝♦ ❝♦♠♣✉❡st♦ ❡st✐♠❛❞♦ ❡s ❞❡ ✹
❞í❛s ❞❡ tr❛❜❛❥♦ ❝♦♥s✐❞❡r❛♥❞♦ ✉♥ r❛♥❣♦ ❞❡ s❡❣✉r✐❞❛❞ ❡♥ ❡❧ r❡♥❞✐♠✐❡♥t♦ ❞❡ tr❛❜❛❥♦
❞❡ ❧♦s té❝♥✐❝♦s ② ❛②✉❞❛♥t❡s ❞❡❧ ✼✺✪✳

✺✳✷✳ ❘❡❝♦♠❡♥❞❛❝✐♦♥❡s

❙❡ r❡❝♦♠✐❡♥❞❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❡st❡ ❝♦❧❡❝t♦r s♦❧❛r ♣❛r❛❜ó❧✐❝♦ ❝♦♠♣✉❡st♦ ❛ ♥✐✈❡❧ ▲ ❛
P❛③ ♣✉❡st♦ q✉❡ ❞❡s♣✉és ❞❡ r❡❛❧✐③❛r ❡❧ r❡s♣❡❝t✐✈♦ ❡st✉❞✐♦ té❝♥✐❝♦ ② ❡❝♦♥ó♠✐❝♦ s❡ ❤❛
❡✈✐❞❡♥❝✐❛❞♦ ❧❛ ✈❡♥t❛❥❛ ❞❡ ést❛ ❡q✉✐♣♦ ❞❡ ❛❣✉❛ ❝❛❧✐❡♥t❡✳

✻✵
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ITEM NO. PART NUMBER Material QTY.

1 Plancha Colector ASTM A36 Steel 7

2 ENSAMBLE DE TUBOS 1

2.1   TUBO CIRCULAR 2.0060 (Cu-ETP) 7

2.2   TUBO CONECTOR 2.0060 (Cu-ETP) 10

2.3   TUBO DE 1'' 2.0060 (Cu-ETP) 2

2.4   CODO DE 1'' 2.0060 (Cu-ETP) 2

2.5   T DE 1plg. 2.0060 (Cu-ETP) 12

3 Soporte Plancha 
Colector ASTM A36 Steel 21

4 estructura superior 
perfil t ASTM A36 Steel 1

5 platina de 1''3mm ASTM A36 Steel 1

6 plancha base ASTM A36 Steel 1

7 Vidrio Colector A-Glass Fiber 1

8 ESTRUCTURA DE 
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