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▼ást❡r ❯♥✐✈❡rs✐t❛r✐♦ ❡♥ ●❡♦t❡❝♥♦❧♦❣í❛ ② ❉❡s❛rr♦❧❧♦ ❞❡ Pr♦②❡❝t♦s ❙■●

❚r❛❜❛❥♦ ❋✐♥ ❞❡ ▼ást❡r

Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡

❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛ ✉s❛♥❞♦ ■♠á❣❡♥❡s

❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

❆❯❚❖❘✿

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛

❚❯❚❖❘❆❙✿

❆♥❛ ❇❡❧é♥ ❘❛♠♦s ●✉❛❥❛r❞♦

P✐❧❛r ●❛r❝í❛ ▼❛♥t❡❝❛

●✐❥ó♥
✶✹ ❞❡ ❥✉❧✐♦ ❞❡ ✷✵✷✷





❆❣r❛❞❡❝✐♠✐❡♥t♦s

❆♥❛ ② P✐❧❛r✱ ♠✐s t✉t♦r❛s✱ ❣r❛❝✐❛s ♣♦r ❣✉✐❛r♠❡ ② ♣♦r ❞❡❥❛r♠❡ ❤❛❝❡r ❝♦♥ ❡st❛ ✐❞❡❛ ❞❡ ✉t✐❧✐❞❛❞ ✐♥❝✐❡rt❛✳
●r❛❝✐❛s ♣♦r ❛rr✐❡s❣❛r ✈✉❡str♦ t✐❡♠♣♦ s✐♥ t❡♥❡r ❧❛ s❡❣✉r✐❞❛❞ ❞❡ s❛❜❡r q✉❡ ✐❜❛ ❛ r❡s✉❧t❛r ❞❡ ♣r♦✈❡❝❤♦✳
❊s♣❡r♦ ❤❛❜❡r ❝✉♠♣❧✐❞♦ ❝♦♥ ❧❛ ❝♦♥✜❛♥③❛ q✉❡ ♠❡ ❤❛❜é✐s ❜r✐♥❞❛❞♦✳

●r❛③❛s✱ ❳❡sús P❛❜❧♦✱ ♣♦r t❡r❡s ❝r✐❞♦ ❡♥ ♠✐♥ ❛♥t❡s ❞♦ q✉❡ ❡✉ ♠❡s♠♦✳ ❙❡♠♣r❡ ♦❜r✐❣❛❞♦ ♣♦r ♠❡ ❡♠♣✉rr❛r
♥❡st❡ ❝❛♠✐ñ♦✳

❖❧❛②❛✱ ✈✉❡str♦ ❡s❢✉❡r③♦ ❞✐❛r✐♦ ❞á♥❞♦♠❡ ❡s❡ ❡s♣❛❝✐♦ q✉❡ ❡s t❛♥ ❞✐❢í❝✐❧ s❛❝❛r ❡♥ ✉♥ ♣✐s♦ t❛♥ ♣❡q✉❡ñ♦ ②
♣♦r ♣♦♥❡r ❡❧ t✐❡♠♣♦ q✉❡ ♥♦ ❤❡ ♣♦❞✐❞♦ ❡st❛r ②♦ ❡st❡ ❛ñ♦✳ ●r❛③❛s ❛ t✐ t❛♠é♥✱ ●❛✐③❦❛✱ ♠❡✉ ♣❡q✉❡❝❤♦✱ ✐♠♦s
r❡❝✉♣❡r❛r ♦ t❡♠♣♦ q✉❡ ♥♦♥ t✐✈❡♠♦s ❡st❡s ♠❡s❡s✳ ◗✉ér♦✈♦s✳

❆♠❛✱ ❆✐t❛✱ ✈✉❡str❛ ♣❛❝✐❡♥❝✐❛✱ ❛♠♦r ② ❡♥s❡ñ❛♥③❛s s♦♥ ❡❧ ❜❛r❝♦ ❡♥ ❡❧ q✉❡ ♥❛✈❡❣♦✳ ◆♦ ♣♦❞rí❛ s❡♥t✐r♠❡
♠ás ❡♥ ❞❡✉❞❛ ❝♦♥ ♥❛❞✐❡✱ ♣♦rq✉❡✱ ❛❧ ✜♥ ② ❛❧ ❝❛❜♦✱ ♥❛❞✐❡ ♠❡ ❤❛ r❡❣❛❧❛❞♦ ♥✉♥❝❛ ✉♥ ❜❛r❝♦✳

❆ t✐✱ q✉❡ t❛♥t♦ ♠❡ ❢❛❧t❛s✱ q✉❡ só❧♦ ♠❡ ♦②❡s ❞❡♥tr♦ ❞❡ ♠✐ ❝❛❜❡③❛ ② ♠✐❡♥tr❛s ❡s❝r✐❜♦ ❡st♦ ♠❡ ❞✐❝❡s✿
✧➽q✉é ❤❛❝❡s❄✧✳ ❙✐♥ t✐ ❡st♦ ♥✉♥❝❛ ❤❛❜rí❛ s✉❝❡❞✐❞♦✳ ❚❡ ♣r♦♠❡t♦ ❞✐s❢r✉t❛r ❞❡ ❧❛ ♦r♥✐t♦❧♦❣í❛ t♦❞♦ ❧♦ q✉❡ t❡
❤❛❜rí❛ ❣✉st❛❞♦ ❤❛❝❡r ❛ t✐✳



❘❡s✉♠❡♥

❊❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ ❞❡s❛rr♦❧❧❛ ✉♥❛ ♠❡t♦❞♦❧♦❣í❛ ❝♦♠♣❧❡t❛ ♣❛r❛ ♦❜t❡♥❡r ✉♥❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡ ❧✉❣❛r❡s
❝♦♥ ✉♥❛ ❛❧t❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ♣r❡s❡♥❝✐❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛✱ ❞❡s❞❡ ❧❛ ♠❛♥✐♣✉❧❛❝✐ó♥ ❞❡ ❧❛s ✐♠á❣❡♥❡s
♦❜t❡♥✐❞❛s ❞❡❧ s❛té❧✐t❡ ❙❡♥t✐♥❡❧✲✷ ❤❛st❛ ❧❛ ❝♦♥✈❡rs✐ó♥ ❞❡ ❧❛s s❛❧✐❞❛s ❡♥ ❛r❝❤✐✈♦s rást❡r ✈á❧✐❞♦s ♣❛r❛ s✉
❝❛r❣❛ ❡♥ ✉♥ s♦❢t✇❛r❡ ●■❙✳ P❛r❛ ❧♦❣r❛r❧♦✱ s❡ r❡❝✉rr✐rá ❛❧ ❉❡❡♣ ▲❡❛r♥✐♥❣✱ ❝♦♥✜❣✉r❛♥❞♦ ② ❡♥tr❡♥❛♥❞♦ ✉♥❛
r❡❞ ♥❡✉r♦♥❛❧ ❝♦♥ ❝❛♣❛s ❞❡♥s❛♠❡♥t❡ ❝♦♥❡❝t❛❞❛s✱ q✉❡ s❡ ❡♥tr❡♥❛rá ❞❡ ❢♦r♠❛ ✐t❡r❛t✐✈❛✱ ❤❛st❛ ❝♦♥s❡❣✉✐r
✉♥♦s r❡s✉❧t❛❞♦s q✉❡ ♠❡❥♦r❛♥ ❧♦s ♦❜t❡♥✐❞♦s ❤❛st❛ ❛❤♦r❛ ♣♦r ♠❡❞✐♦ ❞❡ ❧❛ t❡❧❡❞❡t❡❝❝✐ó♥ ❝❧ás✐❝❛✱ ❡♠♣❧❡❛♥❞♦
♠✉❝❤♦s ♠❡♥♦s r❡❝✉rs♦s✳ ▲❛ ③♦♥❛ ❞❡ ❡st✉❞✐♦ ❡stá s✐t✉❛❞❛ ❡♥ ❡❧ ♥♦rt❡ ❞❡ ❧❛ r❡❣✐ó♥ ❝❡♥tr❛❧ ❞❡ ❆st✉r✐❛s✱
❞♦♥❞❡ s❡ ❤❛♥ ❛❧❝❛♥③❛❞♦ ♣r❡❝✐s✐♦♥❡s ♣♦r ❡♥❝✐♠❛ ❞❡❧ ✽✵✪ ❞❡ ❧♦s ♣í①❡❧❡s q✉❡ ❤❛♥ ♣♦❞✐❞♦ s❡r ❝♦♠♣r♦❜❛❞♦s
♣❛r❛ ③♦♥❛s ❝♦♥ ✉♥❛ s✉♣❡r✜❝✐❡ ✐❞❡♥t✐✜❝❛❞❛ ❞❡ ✶✳✵✵✵ m2 ❡♥ ❛❞❡❧❛♥t❡✳



❆❜str❛❝t

❚❤❡ ♣r❡s❡♥t ✇♦r❦ ❞❡✈❡❧♦♣s ❛ ❝♦♠♣❧❡t❡ ♠❡t❤♦❞♦❧♦❣② t♦ ♦❜t❛✐♥ ❛ ❝❧❛ss✐✜❝❛t✐♦♥ ♦❢ ♣❧❛❝❡s ✇✐t❤ ❛ ❤✐❣❤
♣r♦❜❛❜✐❧✐t② ♦❢ ❤❛✈✐♥❣ ♣r❡s❡♥❝❡ ♦❢ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛✱ st❛rt✐♥❣ ✇✐t❤ t❤❡ ♠❛♥✐♣✉❧❛t✐♦♥ ♦❢ t❤❡ ✐♠❛❣❡s
♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ❙❡♥t✐♥❡❧✲✷ s❛t❡❧❧✐t❡✱ t♦ t❤❡ ❝♦♥✈❡rs✐♦♥ ♦❢ t❤❡ ♦✉t♣✉ts ✐♥t♦ ✈❛❧✐❞ r❛st❡r ✜❧❡s ❢♦r ❧♦❛❞✐♥❣
✐♥t♦ ●■❙ s♦❢t✇❛r❡✳ ❚♦ ❛❝❤✐❡✈❡ t❤✐s✱ ❉❡❡♣ ▲❡❛r♥✐♥❣ ✇✐❧❧ ❜❡ ✉s❡❞✱ ❝♦♥✜❣✉r✐♥❣ ❛♥❞ tr❛✐♥✐♥❣ ❛ ♥❡✉r❛❧
♥❡t✇♦r❦ ♦❢ ❢✉❧❧② ❝♦♥♥❡❝t❡❞ ❧❛②❡rs✱ ✇❤✐❝❤ ✇✐❧❧ ❜❡ tr❛✐♥❡❞ ✐t❡r❛t✐✈❡❧②✱ ✉♥t✐❧ ♦❜t❛✐♥✐♥❣ r❡s✉❧ts t❤❛t ✐♠♣r♦✈❡
t❤♦s❡ ♦❜t❛✐♥❡❞ s♦ ❢❛r t❤r♦✉❣❤ ❝❧❛ss✐❝❛❧ r❡♠♦t❡ s❡♥s✐♥❣✱ ✉s✐♥❣ ♠✉❝❤ ❢❡✇❡r r❡s♦✉r❝❡s✳ ❚❤❡ st✉❞② ❛r❡❛ ✐s
❧♦❝❛t❡❞ ✐♥ t❤❡ ♥♦rt❤ ♦❢ t❤❡ ❝❡♥tr❛❧ r❡❣✐♦♥ ♦❢ ❆st✉r✐❛s✱ ✇❤❡r❡ ♣r❡❝✐s✐♦♥ ❤❛s ❜❡❡♥ ❛❝❤✐❡✈❡❞ ❛❜♦✈❡ ✽✵✪ ♦❢
t❤❡ ♣✐①❡❧s t❤❛t ❤❛✈❡ ❜❡❡♥ ✈❡r✐✜❡❞ ❢♦r ❛r❡❛s ✇✐t❤ ❛♥ ✐❞❡♥t✐✜❡❞ ❛r❡❛ ♦❢ ✶✱✵✵✵ m2 ❛♥❞ ♠♦r❡✳
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rr❡❝t♦s✮✳ ❊♥ ❡❧ ❝❡♥tr♦✱ tr❛s ❛♣❧✐❝❛r ❡❧ ✜❧tr♦✱ só❧♦ q✉❡❞❛ ✉♥❛ ❣r❛♥ ③♦♥❛ ✭❝♦rr❡❝t❛✮✱ ❛♠♣❧✐❛❞❛
❡♥ ❧❛ ✐♠❛❣❡♥ ❞❡ ❧❛ ❞❡r❡❝❤❛✳ ❆✉t♦r✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸

✶✾ ❉❡t❛❧❧❡ ❞❡ ③♦♥❛ ✐♥❞✉str✐❛❧ ❝♦♥ ✉♥ ❣r✉♣♦ ❞❡ ♣❧❛♥t❛s ✐❞❡♥t✐✜❝❛❞♦ ❡♥ ❝❛♠♣♦✱ q✉❡ ♦❜t✐❡♥❡ ✉♥
r❡s✉❧t❛❞♦ q✉❡ ♣❛r❛ ✉♥ ✉♠❜r❛❧ ❞❡ ✵✳✾ ♦ s✐♥ ❛♣❧✐❝❛r ❡❧ ✜❧tr♦✱ s❡rí❛ ❝♦rr❡❝t❛♠❡♥t❡ ✐❞❡t✐✜❝❛❞❛✱
♣❡r♦ ❝♦♥ ❡st❛ ❞♦❜❧❡ r❡str✐❝❝✐ó♥✱ ❡s ✐♥❝♦rr❡❝t❛♠❡♥t❡ ❞❡s❝❛rt❛❞❛✳ ❆✉t♦r✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳ ✷✹

✷✵ ❉❡t❛❧❧❡ ❞❡ ③♦♥❛ ✐♥❞✉str✐❛❧ ✐♥t❡♥s❛♠❡♥t❡ ❛❢❡❝t❛❞❛✳ ❆ ❧❛ ✐③q✉✐❡r❞❛✿ ❝❧❛s✐✜❝❛❝✐ó♥ ♣❛r❛ ♥✐✲
✈❡❧❡s ❡♥tr❡ ✵✳✵✾✲✵✳✾✺ ✭❛♠❛r✐❧❧♦✮✱ ✵✳✾✺✲✵✳✾✾ ✭♥❛r❛♥❥❛✮ ② ❃✵✳✾✾ ✭r♦❥♦✮✳ ❆ ❧❛ ❞❡r❡❝❤❛✿ ③♦♥❛s
s❡❧❡❝❝✐♦♥❛❞❛s tr❛s ❛♣❧✐❝❛r só❧♦ ♥✐✈❡❧ ❃✵✳✾✾ ② ❡❧ ✜❧tr♦ ♣❛r❛ ③♦♥❛s ❞❡ ✺✵✵ m2 ♦ ♠ás✳ ❆✉t♦r✿
❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹

✷✶ Pr♦❜❧❡♠❛ ❝♦♥ ❧❛ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❞❡ ❧♦s ❛❝❛♥t✐❧❛❞♦s✳ ❆✉t♦r✿ ■◆❱❆❙❆❚ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻

✷



❮♥❞✐❝❡ ❞❡ t❛❜❧❛s

✶ ◆ú♠❡r♦ ❞❡ ♣í①❡❧❡s ✐❞❡♥t✐✜❝❛❞♦s ② ❛s✐❣♥❛❞♦s ❛ ❧♦s ❝♦♥❥✉♥t♦s ❝♦♥❥✉♥t♦s ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ ②
t❡st✳ ❋✉❡♥t❡✿ ●■❙✫❇❡❡rs ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽

✷ ◆ú♠❡r♦ ❞❡ ♣í①❡❧❡s ✐❞❡♥t✐✜❝❛❞♦s ② ❛s✐❣♥❛❞♦s ❛ ❧♦s ❝♦♥❥✉♥t♦s ❝♦♥❥✉♥t♦s ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ ②
t❡st✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷
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✼ ❈♦♥t❡♦ ② ♣♦r❝❡♥t❛❥❡ ❞❡ ♣í①❡❧❡s s❡❣ú♥ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ❝♦♠♣r♦❜❛❝✐ó♥ ✈✐s✉❛❧ ♣❛r❛ ❧❛ ♠✉❡s✲

tr❛ ❛❧❡❛t♦r✐❛ ❡①tr❛í❞❛ ❞❡ ❧♦s ❣r✉♣♦s ❞❡ ♣♦s✐t✐✈♦s ❝♦♥ ár❡❛ ✐♥❢❡r✐♦r ❛ ✺✵✵m2✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵
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♣❛r❛ ♣♦❧í❣♦♥♦s ❝♦♥ ár❡❛ ❝♦♠♣r❡♥❞✐❞❛ ❡♥tr❡ ✺✵✵ m2 ② ✶✵✵✵ m2✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶
✶✶ ❙✉♠❛r✐♦ ❡st❛❞íst✐❝♦ ❞❡ ❧❛s ❡♥t✐❞❛❞❡s ② s✉ ár❡❛ s❡❣ú♥ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ❝♦♠♣r♦❜❛❝✐ó♥ ✈✐s✉❛❧
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✶ ■♥tr♦❞✉❝❝✐ó♥
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

✶✳ ■♥tr♦❞✉❝❝✐ó♥

▲❛s ❡s♣❡❝✐❡s ❡①ót✐❝❛s ✐♥✈❛s♦r❛s s❡ ❤❛♥ ❝♦♥✈❡rt✐❞♦ ❡♥ ✉♥❛ ❞❡ ❧❛s ♣r✐♥❝✐♣❛❧❡s ❝❛✉s❛s ❞❡ ♣ér❞✐❞❛ ❞❡
❜✐♦❞✐✈❡rs✐❞❛❞ ❡♥ ❡❧ ♠✉♥❞♦ ✭▼✐♥✐st❡r✐♦ ❞❡ ❆❣r✐❝✉❧t✉r❛✱ ❆❧✐♠❡♥t❛❝✐ó♥ ② ▼❡❞✐♦ ❆♠❜✐❡♥t❡ ✷✵✶✸✮ ② ❡♥ ❧♦s
ú❧t✐♠♦s ❛ñ♦s s❡ ❤❛ ✈✐st♦ ❝ó♠♦ ❡s♣❡❝✐❡s t❛♥t♦ ❛♥✐♠❛❧❡s ✭❱❡s♣❛ ✈❡❧✉t✐♥❛✱ ❖str②❛ ❥❛♣ó♥✐❝❛✱ ❆❡❞❡s ❛❧❜♦♣✐❝✲
t✉s✱✳ ✳ ✳ ✮ ❝♦♠♦ ✈❡❣❡t❛❧❡s ✭ ❆❝❛❝✐❛✱ ❇❛❝❝❤❛r✐s ❤❛❧✐♠✐❢♦❧✐❛✱ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛✱✳ ✳ ✳ ✮ ❡stá♥ ❣❛♥❛♥❞♦ t❡rr❡♥♦
② ❞❡s♣❧❛③❛♥❞♦ ❛ ✢♦r❛ ② ❢❛✉♥❛ ❧♦❝❛❧✱ ♣r♦❞✉❝✐❡♥❞♦ ❞❛ñ♦s ❡❝♦♥ó♠✐❝♦s✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❛ ❧❛ ♣r♦❞✉❝❝✐ó♥ ❛❣rí✲
❝♦❧❛✱ ❣❛♥❛❞❡r❛ ② ❢♦r❡st❛❧✱ ❡ ✐♥❝❧✉s♦ ❛ ❧❛ s❛❧✉❞ ♣ú❜❧✐❝❛ ✭▼✐♥✐st❡r✐♦ ❞❡ ❆❣r✐❝✉❧t✉r❛✱ ❆❧✐♠❡♥t❛❝✐ó♥ ② ▼❡❞✐♦
❆♠❜✐❡♥t❡ ✷✵✶✸✮✳

▲❛ ❛❝t✐✈✐❞❛❞ ❤✉♠❛♥❛ ❛❧r❡❞❡❞♦r ❞❡❧ ♠✉♥❞♦ ❤❛ s✐❞♦ ❡❧ ❛❣❡♥t❡ ❞❡ ♠❛②♦r ✐♠♣♦rt❛♥❝✐❛ ❡♥ ❧❛ r❡❝✐❡♥t❡
✐♥tr♦❞✉❝❝✐ó♥ ❞❡ ✉♥ ❧❛r❣♦ ♥ú♠❡r♦ ❞❡ ❡s♣❡❝✐❡s q✉❡ ❤❛♥ ❞❡r✐✈❛❞♦ ♠ás t❛r❞❡ ❡♥ ✐♥✈❛s✐♦♥❡s ❜✐♦❧ó❣✐❝❛s ✭❙❛✉r❛✲
▼❛s ② ▲❧♦r❡t ✷✵✵✺✮✳ ▲❛ ❡s♣❡❝✐❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛ ✭❈✳ s❡❧❧♦❛♥❛ ❞❡ ❛❤♦r❛ ❡♥ ❛❞❡❧❛♥t❡✮✱ t❛♠❜✐é♥ ❝♦♥♦❝✐❞❛
❝♦♠♦ P❧✉♠❡r♦ ❞❡ ❧❛ P❛♠♣❛✱ ❡s ✉♥❛ ❞❡ ❧❛s q✉❡ ♠ás ❤❡ ❛✉♠❡♥t❛❞♦ s✉ ❡①♣❛♥s✐ó♥ ❡♥ t♦❞♦ ❡❧ ♥♦rt❡ ♣❡♥✐♥s✉❧❛r✱
❡s♣❡❝✐❛❧♠❡♥t❡ ❡♥ ❧❛s ③♦♥❛s ❝❡r❝❛♥❛s ❛ ❧❛s ❝♦st❛s ❝❛♥tá❜r✐❝❛ ② ❛t❧á♥t✐❝❛✳

▲❛ ❈✳ s❡❧❧♦❛♥❛✱ ❝♦♠♦ ♦tr❛s ❡s♣❡❝✐❡s ❡①ót✐❝❛s ✐♥✈❛s♦r❛s✱ ❞❡♠✉❡str❛ ❣r❛♥ ❝❛♣❛❝✐❞❛❞ ♣❛r❛ ❛❞❛♣t❛rs❡ ❛
❡♥t♦r♥♦s ❛❧t❡r❛❞♦s ♣♦r ❧❛ ❛❝t✐✈✐❞❛❞ ❤✉♠❛♥❛ ✭✈❡r ❋✐❣✉r❛ ✶✮✱ ❧♦ q✉❡ s✐❣♥✐✜❝❛ q✉❡ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❝✐✈✐❧ ❞❡
③♦♥❛s ❞❡ ❡❞✐✜❝✐♦s✱ ❧♦s ❛❧r❡❞❡❞♦r❡s ❞❡ ❧❛s ❝❛rr❡t❡r❛s ② ♦tr♦s ❝♦rr❡❞♦r❡s ❛rt✐✜❝✐❛❧❡s s♦♥ ③♦♥❛s ó♣t✐♠❛s ♣❛r❛
❡❧ ❡st❛❜❧❡❝✐♠✐❡♥t♦ ❞❡ ❡st❛s ❡s♣❡❝✐❡s ✭❘❡♥t❝❤ ② ❝♦❧✳ ✷✵✵✺✮✳ ❆✉♥q✉❡ t✐❡♥❡ ❢❛❝✐❧✐❞❛❞ ♣❛r❛ ✐♥✈❛❞✐r t❡rr❡♥♦s
✐♥t❡r✈❡♥✐❞♦s ❝♦♠♦ t❛❧✉❞❡s✱ ❝✉♥❡t❛s ♦ ♣❛r❝❡❧❛s ❧✐❜r❡s ❡♥ ♣♦❧í❣♦♥♦s ✐♥❞✉str✐❛❧❡s✱ t❛♠❜✐é♥ ♦❝✉♣❛ ❡s♣❛❝✐♦s
♥❛t✉r❛❧❡s ❝♦♠♦ ❜♦r❞❡s ❞❡ ♠❛r✐s♠❛s✱ ❞✉♥❛s ♦ ❜♦r❞❡s ❞❡ ❜♦sq✉❡s ② s❡ ❛❧❡rt❛ ❞❡ s✉ ❛✈❛♥❝❡ ♣♦r ár❡❛s
❤❛st❛ ❛❤♦r❛ ❝♦♥s✐❞❡r❛❞❛s ✐♥❛❞❡❝✉❛❞❛s ♣❛r❛ ❡st❛ ❡s♣❡❝✐❡✱ ❝♦♠♦ ③♦♥❛s ❞❡ ♠♦♥t❛ñ❛✱ t❡rr✐t♦r✐♦s ❛❧ s✉r ❞❡ ❧❛
❈♦r❞✐❧❧❡r❛ ❈❛♥tá❜r✐❝❛ ❡ ✐♥❝❧✉s♦ ♣♦r ❡❧ ❝❡♥tr♦ ♣❡♥✐♥s✉❧❛r ✭▼✐♥✐st❡r✐♦ ♣❛r❛ ❧❛ ❚r❛♥s✐❝✐ó♥ ❊❝♦❧ó❣✐❝❛ ✷✵✶✽✮✳

❋✐❣✉r❛ ✶✿ ❈♦♠♣❛r❛t✐✈❛ ❞❡ ♠❛♣❛ ❞❡ ❞❡♥s✐❞❛❞ ❞❡ ❈♦rt❛❞❡r✐❛ s❡♦❧❧❛♥❞❛ ✭❛rr✐❜❛✱ ❆✉t♦r✿ ▲■❋❊ ❙t♦♣ ❈♦rt❛✲
❞❡r✐❛✮ ❝♦♥ ♦tr♦ ❞❡ ❞❡♥s✐❞❛❞ ❞❡ ♣♦❜❧❛❝✐ó♥ ✭❛❜❛❥♦✱ ❆✉t♦r✿ ❆❧t❡r ●❡♦s✐st❡♠❛s✮

▲❛ ❡①♣❛♥s✐ó♥ ❞❡ ❧❛ ❈✳ s❡❧❧♦❛♥❛ ❞❡s♣✐❡rt❛ ✉♥❛ ❣r❛♥ ♣r❡♦❝✉♣❛❝✐ó♥ ❡♥ ❧❛s ❛❞♠✐♥✐str❛❝✐♦♥❡s t❛♥t♦ ❛ ♥✐✈❡❧
❡st❛t❛❧ ❝♦♠♦ ❡✉r♦♣❡♦✱ ❧♦ q✉❡ s❡ tr❛❞✉❝❡ ❡♥ ❧❛ ✜♥❛♥❝✐❛❝✐ó♥ ❞❡ ♣r♦②❡❝t♦s t❛❧❡s ❝♦♠♦ ❡❧ Pr♦②❡❝t♦ ▲■❋❊ ❙t♦♣
❈♦rt❛❞❡r✐❛ ✭♣r♦②❡❝t♦ ▲✐❢❡✰ ❞❡ ❧❛ ❯❊ ❝♦♥ ❜❛s❡ ❡♥ ❈❛♥t❛❜r✐❛✱ ❛✉♥q✉❡ ②❛ s❡ ❡①t✐❡♥❞❡ ❝♦♥ ❝♦❧❛❜♦r❛❝✐♦♥❡s
❡♥t✐❞❛❞❡s ❞❡ ●❛❧✐❝✐❛ ② P♦rt✉❣❛❧✮ ♦ ❧❛ ♣✉❜❧✐❝❛❝✐ó♥ ❡♥ ✷✵✶✽ ❞❡ ❧❛ ❊str❛t❡❣✐❛ ❞❡ ❣❡st✐ó♥✱ ❝♦♥tr♦❧ ② ♣♦s✐❜❧❡
❡rr❛❞✐❝❛❝✐ó♥ ❞❡❧ ♣❧✉♠❡r♦ ❞❡ ❧❛ P❛♠♣❛ ② ♦tr❛s ❡s♣❡❝✐❡s ❞❡ ❈♦rt❛❞❡r✐❛ ♣♦r ♣❛rt❡ ❞❡❧ ▼✐♥✐st❡r✐♦ ♣❛r❛ ❧❛
❚r❛♥s✐❝✐ó♥ ❊❝♦❧ó❣✐❝❛✳

❙♦♥ ✉♥❛ ❝♦♥st❛♥t❡ ❡♥ ❧♦s ♣r♦②❡❝t♦s ② ♣❧❛♥❡s ♣❛r❛ ❡❧ ❝♦♥tr♦❧ ❞❡ ❧❛ ❈♦rt❛❞❡r✐❛ ❧❛s r❡❢❡r❡♥❝✐❛s ❛ ❧❛
❞❡t❡❝❝✐ó♥ t❡♠♣r❛♥❛ ❝♦♠♦ ❤❡rr❛♠✐❡♥t❛ ❢✉♥❞❛♠❡♥t❛❧ ❞❡❧ ❝♦♥tr♦❧ ❞❡ ❧❛ ❡①♣❛♥s✐ó♥ ✭❤❛❜✐❡♥❞♦ ❞❡s❛rr♦❧❧❛❞♦
▲■❋❊ ❙t♦♣ ❈♦rt❛❞❡r✐❛ ✉♥❛ ❤❡rr❛♠✐❡♥t❛ ❞❡ ❝✐❡♥❝✐❛ ❝✐✉❞❛❞❛♥❛ ♣❛r❛ s✉ ✐❞❡♥t✐✜❝❛❝✐ó♥✮ ②✱ t❛♥t♦ ❡♥ ❡❧ Pr♦②❡❝t♦
▲✐❢❡ ❙t♦♣ ❈♦rt❛❞❡r✐❛✱ ❝♦♠♦ ❡♥ ❧❛ ❡str❛t❡❣✐❛ ♣✉❜❧✐❝❛❞❛ ♣♦r ❡❧ ▼✐♥✐st❡r✐♦ ♣❛r❛ ❧❛ ❚r❛♥s✐❝✐ó♥ ❊❝♦❧ó❣✐❝❛✱ s❡
✐♥❝✐❞❡ ❡♥ ❧❛ ✐♠♣♦rt❛♥❝✐❛ ❞❡ ❝♦♥t❛r ❝♦♥ ✉♥❛ ❝❛rt♦❣r❛❢í❛ ❛❝t✉❛❧✐③❛❞❛ ❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧❛ ♣❧❛♥t❛✱ ♣❡r♦

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✹



✶ ■♥tr♦❞✉❝❝✐ó♥
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

❛ ♣❡s❛r ❞❡ ❡❧❧♦ ❡♥ ❡st❛ ú❧t✐♠❛ s❡ ❞❡st❛❝❛ q✉❡ ❡st♦ ❡s ❛❧❣♦ q✉❡ ♥♦ ♦❝✉rr❡ ❡♥ t♦❞❛s ❧❛s ❈♦♠✉♥✐❞❛❞❡s
❆✉tó♥♦♠❛s✳

❊♥ ❧♦s ú❧t✐♠♦s ❛ñ♦s ❡♠♣✐❡③❛♥ ❛ ❡st❛r ❛ ❞✐s♣♦s✐❝✐ó♥ ♣ú❜❧✐❝❛ ✐♠á❣❡♥❡s ❞❡ s❛té❧✐t❡ ❝♦♥ r❡s♦❧✉❝✐♦♥❡s
❡s♣❡❝tr❛❧❡s✱ ❡s♣❛❝✐❛❧❡s ② t❡♠♣♦r❛❧❡s ♠✉② ✐♥t❡r❡s❛♥t❡s q✉❡ ♣♦❞rí❛♥ ❛②✉❞❛r ❛ r❡s♦❧✈❡r ❡❧ ♣r♦❜❧❡♠❛ ❞❡ ❧❛
❞✐✜❝✉❧t❛❞ ② ❡❧ ❝♦st❡ ❞❡ ♦❜t❡♥❡r ② ❛❝t✉❛❧✐③❛r ✉♥❛ ❝❛rt♦❣r❛❢í❛ ❞❡ ❡st❡ t✐♣♦ ❞❡ ❡✈❡♥t♦s✳ ❊s ♣♦r ❡❧❧♦ q✉❡
s❡ ❤❛ ♠✉❧t✐♣❧✐❝❛❞♦ s✉ ✉s♦ ❛❧ s❡r ✉♥❛ ❢✉❡♥t❡ ❞❡ ❞❛t♦s r❡❧❛t✐✈❛♠❡♥t❡ rá♣✐❞❛ ② ❡✜❝✐❡♥t❡ ❞❡ ❛❞q✉✐s✐❝✐ó♥
❡ ✐♥t❡r♣r❡t❛❝✐ó♥ ❞❡ ✜r♠❛s ❡s♣❡❝tr❛❧❡s ❡♥ ③♦♥❛s ❞❡ ✐♥t❡rés r❡❧❛t✐✈❛♠❡♥t❡ ❣r❛♥❞❡s ✭❆❞✐r✐ ② ❝♦❧✳ ✷✵✷✵✮✳
P♦❞❡r ❧❧❡✈❛r ❛ ❝❛❜♦ ✉♥❛ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❛✉t♦♠át✐❝❛ ❞❡ ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ❧❛ ♣❧❛♥t❛ ❡♥ ❝❛❞❛ ♣✐①❡❧✱ r❡♣❡r❝✉t✐rí❛
♥♦t❛❜❧❡♠❡♥t❡ ❡♥ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ t❡♥❡r ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❝❛rt♦❣rá✜❝❛ ❛❝t✉❛❧✐③❛❞❛ ❛♥✉❛❧♠❡♥t❡✱ r❡❞✉❝✐❡♥❞♦
s❡♥s✐❜❧❡♠❡♥t❡ ❧❛ ✐♥✈❡rs✐ó♥ ♥❡❝❡s❛r✐❛ ♣❛r❛ ❡❧❧♦✳

❊①✐st❡♥ ♠✉❝❤❛s ♣❧❛t❛❢♦r♠❛s ❞❡ s❛té❧✐t❡s q✉❡ r❡❝♦❣❡♥ ✐♠á❣❡♥❡s ❞✐❣✐t❛❧❡s ❡♥ ❞✐❢❡r❡♥t❡s r❡s♦❧✉❝✐♦♥❡s✱ ❡♥
✈❛r✐❛❞♦s ❡s♣❡❝tr♦s ❧✉♠í♥✐❝♦s✱ s❡♣❛r❛❞❛s ♣♦r ✐♥t❡r✈❛❧♦s ❞❡ t✐❡♠♣♦ ❞✐st✐♥t♦s ② ❝♦♥ ✈❛r✐❡❞❛❞ ❞❡ ♣r❡❝✐♦s✳ ▲❛s
✐♠á❣❡♥❡s ❞❡ ❞♦s ❞❡ ❡st❛s ♣❧❛t❛❢♦r♠❛s ❤❛♥ s✐❞♦ ✈❛❧♦r❛❞❛s ♣❛r❛ s❡r ✉t✐❧✐③❛❞❛s ❡♥ ❡st❡ tr❛❜❛❥♦✿ ❧❛s ❞❡ ❧❛
♠✐s✐ó♥ ❙❡♥t✐♥❡❧✲✷ ❞❡ ❧❛ ❆❣❡♥❝✐❛ ❊s♣❛❝✐❛❧ ❊✉r♦♣❡❛ ✭❊✳❙✳❆✳ s❡❣ú♥ s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮ ② ❧❛ ❞❡ ❧❛ ◆❛t✐♦♥❛❧
❆❡r♦♥❛✉t✐❝s ❛♥❞ ❙♣❛❝❡ ❆❞♠✐♥✐str❛t✐♦♥ ✭◆✳❆✳❙✳❆✳✮✳ ❙❡♥t✐♥❡❧✲✷ ♦❢r❡❝❡ ✐♠á❣❡♥❡s ❝♦♥ ✉♥❛ r❡s♦❧✉❝✐ó♥ ❡s♣❡❝✲
tr❛❧ ❞❡ ✶✷ ❜❛♥❞❛s ❝♦♥ ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ q✉❡ ♦s❝✐❧❛♥ ❡♥tr❡ ❧♦s ✹✹✸ ♥♠ ❞❡ ❧❛ ❜❛♥❞❛ ❇✵✶ ❞❡ ❛❡r♦s♦❧ ❝♦st❡r♦
❤❛st❛ ❧♦s ✷✶✾✵ ♥♠ ❞❡ ❧❛ ❇✶✷ ❞❡ ♦♥❞❛ ❝♦rt❛ ✐♥❢r❛rr♦❥♦ ✷ ② t♦❞♦ ❡❧❧♦ ❝♦♥ ✉♥ t✐❡♠♣♦ ❞❡ r❡✈✐s✐t❛ ❞❡ ✺ ❞í❛s✱
q✉❡ ♣❡r♠✐t❡ ❛✉♠❡♥t❛r ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ♦❜t❡♥❡r ❡s❝❡♥❛s ❧✐❜r❡s ❞❡ ♥✉❜❡s ❡♥ ✉♥ ❧✉❣❛r t❛♥ ♥✉❜♦s♦ ❝♦♠♦
❡s ❆st✉r✐❛s✳ ❙✐ s❡ ❝♦♠♣❛r❛ ❝♦♥ ▲❛♥❞s❛t ✽✱ s❡ ♣✉❡❞❡ ♦❜s❡r✈❛r q✉❡ ❡st❡ ❝✉❡♥t❛ ❝♦♥ ✉♥❛ r❡s♦❧✉❝✐ó♥ ❡s♣❡❝tr❛❧
q✉❡ ❧❧❡❣❛ ❛ ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ ♠✉❝❤♦ ♠❛②♦r❡s ❡♥ s✉s ❜❛♥❞❛s ✶✵ ② ✶✶ ✭❤❛st❛ ✶✷✺✶✵ ♥♠ ❡♥ ❧❛ ✶✶✮✱ ♣❡r♦
❧❛ r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧ ❞❡ ❡st❛s ❜❛♥❞❛s s❡rí❛ ❞❡ ✶✵✵ ♠❡tr♦s✳ ❆❞❡♠ás✱ ❧❛ r❡s♦❧✉❝✐ó♥ ❞❡❧ r❡st♦ ❞❡ ❜❛♥❞❛s ❡s
❞❡ ✏t❛♥ s♦❧♦✑ ✸✵ ♠❡tr♦s✱ s❛❧✈♦ ♣❛r❛ ❡❧ ♣❛♥❝r♦♠át✐❝♦ q✉❡ s❡rí❛ ❞❡ ✶✺ ♠❡tr♦s✳ ▲❛ ♠❛②♦r r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧
❞❡ ❙❡♥t✐♥❡❧✲✷ ♦❢r❡❝❡ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ♣♦❞❡r ✐❞❡♥t✐✜❝❛r ♣í①❡❧❡s ❝♦♥ ✉♥❛ s✉♣❡r✜❝✐❡ ♠❡♥♦r ♦❝✉♣❛❞❛ ♣♦r ❡❧
❡❧❡♠❡♥t♦ ❛ ✐❞❡♥t✐✜❝❛r ② s✉ r❡s♦❧✉❝✐ó♥ t❡♠♣♦r❛❧ ❛②✉❞❛rá ❛ ♦❜t❡♥❡r ✐♠á❣❡♥❡s s✐♥ ♥✉❜❡s ❞❡ ♠ás ❢❡❝❤❛s q✉❡
❧♦s ✶✻ ❞í❛s q✉❡ ♣❛s❛rá♥ ❡♥tr❡ ❝❛❞❛ ✈✉❡❧♦ ❞❡ ▲❛♥❞s❛t ✽ s♦❜r❡ ♥✉❡str❛ ③♦♥❛ ❞❡ ❡st✉❞✐♦✳

❊❧ ❞❡s❛rr♦❧❧♦ ✐♥❢♦r♠át✐❝♦ ❞❡ ❧♦s ú❧t✐♠♦s t✐❡♠♣♦s ❤❛ ♣♦s✐❜✐❧✐t❛❞♦ q✉❡ s❡ ❤❛②❛♥ ♣✉❡st♦ ❛❧ ❛❧❝❛♥❝❡ ❞❡
❧❛ ❝♦♠✉♥✐❞❛❞ ❝❛♣❛❝✐❞❛❞❡s ❞❡ ❝♦♠♣✉t❛❝✐ó♥ q✉❡ ♣❡r♠✐t❡♥ ❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ❝á❧❝✉❧♦s ❝♦♠♣❧❡❥♦s ❡♥
♦r❞❡♥❛❞♦r❡s ❞❡ ✉s♦ ❞♦♠ést✐❝♦ ② ❡st♦ ❤❛ ♣❡r♠✐t✐❞♦ q✉❡ ❧♦s ♠ét♦❞♦s ❞❡ ▼❛❝❤✐♥❡ ▲❡❛r♥✐♥❣ ❤❛②❛♥ ❡①♣❡r✐✲
♠❡♥t❛❞♦ ✉♥ ❣r❛♥ ✐♠♣✉❧s♦ ❡♥ s✉ ✉s♦ ② s✉ ❞❡s❛rr♦❧❧♦✳ ❍❛❜✐❡♥❞♦ s✐❞♦ ✉s❛❞♦s ❝♦♥ é①✐t♦ ❡♥ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡
❝✉❧t✐✈♦s✱ ❧♦s ❛❧❣♦r✐t♠♦s ❝♦♥✈❡♥❝✐♦♥❛❧❡s ❞❡ ▼❛❝❤✐♥❡ ▲❡❛r♥✐♥❣ t❛❧❡s ❝♦♠♦ s✉♣♣♦rt ✈❡❝t♦r ♠❛❝❤✐♥❡ ✭❙❱▼✮✱
r❛♥❞♦♠ ❢♦r❡st ✭❘❋✮✱ ❑✲♥❡❛r❡st ♥❡✐❣❤❜♦✉rs ✭❑◆◆✮✱ ② ár❜♦❧❡s ❞❡ ❞❡❝✐s✐ó♥ ✭❉❚✮ ✭❙✐♥❣❤❛ ② ❝♦❧✳ ✷✵✶✻✱ ●✉♦
② ❝♦❧✳ ✷✵✶✼✮ ♥♦ s♦♥ t❛♥ ❡❢❡❝t✐✈♦s ❡♥ t❡❧❡❞❡t❡❝❝✐ó♥ ❡♥ ❝♦♠♣❛r❛❝✐ó♥ ❝♦♥ ❧❛s té❝♥✐❝❛s ❞❡ ❉❡❡♣ ▲❡❛r♥✐♥❣
✭❘❛✉❢ ② ❝♦❧✳ ✷✵✷✷✮✳

▲❛ ♠❛②♦r ♣❛rt❡ ❞❡ ❡st✉❞✐♦s ② ❛♣r♦①✐♠❛❝✐♦♥❡s ❛ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡ ♣í①❡❧❡s ❡♥ ✐♠á❣❡♥❡s s❛t❡❧✐t❛❧❡s ♣♦r
♠❡❞✐♦ ❞❡ té❝♥✐❝❛s ❞❡ ❉❡❡♣ ▲❡❛r♥✐♥❣ ✭✈❡r ❋✐❣✉r❛ ✷✮✮ s❡ ❤❛♥ ❝❡♥tr❛❞♦ ❡♥ ❡❧ ✉s♦ ❞❡ ❝♦♥✈♦❧✉t✐♦♥❛❧ ♥❡✉r❛❧
♥❡t✇♦r❦s ✭❈◆◆✮ ✭▼❛ ② ❝♦❧✳ ✷✵✶✾✮✱ q✉❡ s♦♥ r❡❞❡s ❡s♣❡❝✐❛❧✐③❛❞❛s ❡♥ ❧❛ ❞❡t❡❝❝✐ó♥ ❞❡ ♦❜❥❡t♦s ❞❛❞❛s r❡❧❛❝✐♦♥❡s
❡♥tr❡ ❧♦s ♣í①❡❧❡s✳

❋✐❣✉r❛ ✷✿ ❉✐str✐❜✉❝✐ó♥ ❞❡ ♠♦❞❡❧♦s ❞❡ ❉❡❡♣ ▲❡❛r♥✐♥❣ ✉s❛❞♦s ❡♥ ❡st✉❞✐♦s ❆✉t♦r✿ ▼❛ ② ❝♦❧✳ ✷✵✶✾

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✺



✶ ■♥tr♦❞✉❝❝✐ó♥
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

❙❡ ♣r♦♣♦♥❡ q✉❡ ✉♥❛ ❝❧❛s✐✜❝❛❝✐ó♥ ♣í①❡❧ ❛ ♣í①❡❧ q✉❡ t❡♥❣❛ só❧♦ ❡♥ ❝✉❡♥t❛ ❧❛s r❡✢❡❝t✐✈✐❞❛❞❡s s♦❜r❡ ❝❛❞❛
♣í①❡❧ ② s✉ ✈❛r✐❛❝✐ó♥ ❛ ❧♦ ❧❛r❣♦ ❞❡❧ ❛ñ♦✱ s✐♥ ✐♠♣♦rt❛r ❧♦s ✈❛❧♦r❡s ❞❡ ❛q✉❡❧❧♦s ❝♦❧✐♥❞❛♥t❡s✱ ♣✉❡❞❡ s❡r ❛❞❡❝✉❛❞❛
♣❛r❛ ❧❛ ❞❡t❡❝❝✐ó♥ ❞❡ ♣❡q✉❡ñ♦s ❣r✉♣♦s ♦ ❤❛st❛ ❞❡ ✐♥❞✐✈✐❞✉♦s ❞❡ ❣r❛♥ t❛♠❛ñ♦ q✉❡ ❤❛②❛♥ ❝r❡❝✐❞♦ ❞❡ ❢♦r♠❛
❛✐s❧❛❞❛✳ ❘❡❝✐❡♥t❡s tr❛❜❛❥♦s ❤❛♥ ❝♦♥❝❧✉✐❞♦ q✉❡ s❡ ♣✉❡❞❡♥ ♦❜t❡♥❡r r❡s✉❧t❛❞♦s ❧✐❣❡r❛♠❡♥t❡ ♠❡❥♦r❡s ✭❛❧ ♠❡♥♦s
✉♥ ✸✳✺✪✮ ❝♦♥ ❡st❡ t✐♣♦ ❞❡ té❝♥✐❝❛s ❢r❡♥t❡ ❛ ♦tr♦s ♠ét♦❞♦s ❞❡ ▼❛❝❤✐♥❡ ▲❡❛r♥✐♥❣ ❡♥ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡
❝✉❧t✐✈♦s ✭❚r✉❥✐❧❧♦✲❏✐♠é♥❡③ ② ❝♦❧✳ ✷✵✷✷✮✳ ❚❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ q✉❡ ❧♦s ❝✉❧t✐✈♦s s❡ s✉❡❧❡♥ ♣r♦❞✉❝✐r ❡♥ ♣❛r❝❡❧❛s
✉♥✐❢♦r♠❡s✱ s✉r❣❡ ❡❧ ♣❡♥s❛♠✐❡♥t♦ ❞❡ q✉❡ ❡st❡ t✐♣♦ ❞❡ té❝♥✐❝❛s ♣✉❡❞❡♥ ♠❡❥♦r❛r t♦❞❛✈í❛ ♠ás ❧♦ ❧♦❣r❛❞♦ ♣♦r
❧❛s té❝♥✐❝❛s ❞❡ ▼❛❝❤✐♥❡ ▲❡❛r♥✐♥❣ ❡♥ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❞❡ ❢❡♥ó♠❡♥♦s ❞❡ ♥❛t✉r❛❧❡③❛ ✐rr❡❣✉❧❛r ② q✉❡ ♣✉❡❞❛♥
s✉r❣✐r ❞❡ ❢♦r♠❛ ❛✐s❧❛❞❛✱ ❝♦♠♦ ♣✉❡❞❡♥ s❡r ❧❛s ❛❣r✉♣❛❝✐♦♥❡s ❞❡ ♣❧❛♥t❛s ✐♥✈❛s♦r❛s ❞❡ ❈✳ s❡❧❧♦❛♥❛ ✭✈❡r ❋✐❣✉r❛
✸✮✳

❋✐❣✉r❛ ✸✿ ❉✐str✐❜✉❝✐ó♥ ✐rr❡❣✉❧❛r ❞❡ ❈✳ s❡❧❧♦❛♥❛ ✭✐③q✉✐❡r❞❛✮ ❢r❡♥t❡ ❛ ❧❛ ❞✐str✐❜✉❝✐ó♥ r❡❣✉❧❛r ❞❡ ❧♦s ❝✉❧t✐✈♦s
✭❞❡r❡❝❤❛✮✳ ❋✉❡♥t❡✿ ■●◆

P❛r❛ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❡st❡ tr❛❜❛❥♦ s❡ ♣❛rt❡ ❞❡ ♦tr❛ ❡①♣❡r✐❡♥❝✐❛ ♣r❡✈✐❛ ❞♦♥❞❡ s❡ ♣❧❛♥t❡ó ❧❛ ✉t✐❧✐❞❛❞ ❞❡
❡st❡ t✐♣♦ ❞❡ r❡❞❡s ♣❛r❛ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❜❛s❛❞❛ ❡♥ ❡❧ ♣í①❡❧ ♣❛r❛ ❧❛ ❞❡t❡❝❝✐ó♥ ❛✉t♦♠át✐❝❛ ❞❡ ❛s❢❛❧t♦ ❝♦♥
✐♠á❣❡♥❡s ❞❡❧ ❙❡♥t✐♥❡❧✲✷ ✭❯r✐❜❛rr✐ ✷✵✷✵✮✳ ❊st❡ t✐♣♦ ❞❡ r❡❞❡s ❡s ✉t✐❧✐③❛❞♦ ♣❛r❛ r❡❛❧✐③❛r ♣r❡❞✐❝❝✐♦♥❡s s♦❜r❡
❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ✐♥❞✐✈✐❞✉♦s✱ ❝♦♠♦ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ q✉❡ s❡ ❝❛♥❝❡❧❡ ✉♥❛ r❡s❡r✈❛ ❡♥ ✉♥ r❡st❛✉r❛♥t❡
♣❛rt✐❡♥❞♦ ❞❡ ♣❛rá♠❡tr♦s ❞❡ ❧❛ r❡s❡r✈❛ ② ❞❡❧ ❝❧✐❡♥t❡ ✭❍✉❛♥❣ ② ❝♦❧✳ ✷✵✶✸✮✳ ❊♥ ❡st❡ tr❛❜❛❥♦ s❡ ♣❧❛♥t❡❛ q✉❡ s✐
s❡ ♣✉❡❞❡♥ ❤❛❝❡r ♣r❡❞✐❝❝✐♦♥❡s ❝♦♥ é①✐t♦ s♦❜r❡ ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❢✉t✉r♦ ❞❡ ♣❡rs♦♥❛s✱ ♣❛rt✐❡♥❞♦ ❞❡ ❞❛t♦s
❞❡ ❝♦♠♣♦rt❛♠✐❡♥t♦ ♣❛s❛❞♦ ♣❛r❛♠❡tr✐③❛♥❞♦ ❛tr✐❜✉t♦s ❞❡ ♣❡rs♦♥❛s✱ ❞❡❜❡rí❛ s❡r ♣♦s✐❜❧❡ ✉s❛r ❧♦s ❛tr✐❜✉t♦s
❞❡ ✉♥ ♣í①❡❧ ♣❛r❛ ♣r❡❞❡❝✐r s✉ ♣❡rt❡♥❡♥❝✐❛ ♦ ♥♦ ❛ ❝✐❡rt❛ ❝❧❛s❡✳

❊❧ ♣r♦❝❡s♦ ❝♦♥s✐st✐rá ❡♥ ❝r❡❛r ✉♥❛ ♠❛tr✐③ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♣❛r❛ t♦❞♦s ❧♦s ✐♥❞✐✈✐❞✉♦s ✭♣í①❡❧❡s✮✱ q✉❡
❡stá♥ ✐❞❡♥t✐✜❝❛❞♦s ♣♦r ❧❛s ❝♦♦r❞❡♥❛❞❛s ❳ ❡ ❨✱ s❡♣❛r❛♥❞♦ ❡st❛s ❞❡ s✉s ❛tr✐❜✉t♦s ② ❛♥❛❧✐③❛♥❞♦ ✉♥ s✉❜❝♦♥✲
❥✉♥t♦ ❞❡ ❞❛t♦s✱ q✉❡ ❤❛♥ s✐❞♦ ✐❞❡♥t✐✜❝❛❞♦s ❝♦♠♦ ❛q✉❡❧❧♦s ❝♦♥ ♣r❡s❡♥❝✐❛ ♦ ♥♦ ❞❡ ❈✳ s❡❧❧♦❛♥❛✱ ② ❛❧ q✉❡ s❡
❛ñ❛❞✐rá ❞✐❝❤❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❝♦♠♦ ✉♥ ✈❡❝t♦r ❞❡ ❝❧❛s✐✜❝❛❝✐ó♥ ❝♦♥ ✵ ② ✶ ❝♦♠♦ ✈❛❧♦r❡s✳ ❚r❛s ❡❧ ❛♣r❡♥❞✐③❛❥❡
❞❡ ❧❛ r❡❞ ♥❡✉r♦♥❛❧ ❡st❛ ❝r❡❛rá ✉♥ ✈❡❝t♦r ❞❡ ❝❧❛s✐✜❝❛❝✐ó♥ ♣❛r❛ t♦❞♦s ❧♦s ♣í①❡❧❡s✱ q✉❡ ♣❡r♠✐t✐rá ❝r❡❛r ✉♥❛
♥✉❡✈❛ ❜❛♥❞❛ q✉❡ ❢♦r♠❛rá ❧❛ ✐♠❛❣❡♥ ❝❧❛s✐✜❝❛❞❛ ❞❡ ❧❛ ③♦♥❛ ❞❡ ❡st✉❞✐♦✳

❊❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ t✐❡♥❡ ❝♦♠♦ ♦❜❥❡t✐✈♦ ✐♥✐❝✐❛❧ ❞❡✜♥✐r ✉♥❛ ♠❡t♦❞♦❧♦❣í❛ q✉❡ ♣❡r♠✐t❛ ♠❛♥✐♣✉❧❛r á❣✐❧✲
♠❡♥t❡ ❧❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ❞❛t♦s ♥❡❝❡s❛r✐♦s ♣❛r❛ ❡❧ ❛♥á❧✐s✐s ♠✉❧t✐✲❡s♣❡❝tr❛❧ ② ♠✉❧t✐✲t❡♠♣♦r❛❧ ❞❡ ❣r❛♥❞❡s
❡①t❡♥s✐♦♥❡s ❝♦♥ té❝♥✐❝❛s ❞❡ ▼❛❝❤✐♥❡ ▲❡❛r♥✐♥❣✳ ❊❧ s❡❣✉♥❞♦ ♦❜❥❡t✐✈♦ ❡s ❡❧ ❞❡ s♦♥❞❡❛r ❧❛ ♣♦t❡♥❝✐❛❧✐❞❛❞
❞❡ ❧❛ té❝♥✐❝❛ ❞❡ ❉❡❡♣ ▲❡❛r♥✐♥❣ ❞❡ ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❉❡♥s❛♠❡♥t❡ ❈♦♥t❡❝t❛❞❛s ♣❛r❛ ♦❜s❡r✈❛r ❢❡♥ó♠❡♥♦s
q✉❡ s♦❧❛♠❡♥t❡ ♦❝✉♣❛♥ ✉♥❛ ♣♦r❝✐ó♥ ❞❡ ✉♥ ❞❡t❡r♠✐♥❛❞♦ ♣í①❡❧✱ ♣❡r♦ ♣r♦✈♦❝❛♥ ♣❡q✉❡ñ❛s ✈❛r✐❛❝✐♦♥❡s ❡♥ ❧❛
r❡✢❡❝t✐✈✐❞❛❞ ❛ ❧♦ ❧❛r❣♦ ❞❡❧ t✐❡♠♣♦ ② q✉❡ s♦♥ ❞✐❢í❝✐❧❡s ❞❡ ❞❡t❡❝t❛r ♣♦r ♠❡❞✐♦ ❞❡ ❧❛s té❝♥✐❝❛s ❝❧ás✐❝❛s ❞❡
t❡❧❡❞❡t❡❝❝✐ó♥✳

❊♥ ❧❛s s✐❣✉✐❡♥t❡s s❡❝❝✐♦♥❡s s❡ ❞❡s❝r✐❜✐rá♥ t♦❞♦s ❧♦s ♣r♦❝❡❞✐♠✐❡♥t♦s ② t❛r❡❛s q✉❡ s❡ ❤❛♥ r❡❛❧✐③❛❞♦ ❝♦♥
❡❧ ♦❜❥❡t✐✈♦ ❞❡ ♦❜t❡♥❡r ❧❛ ❤❡rr❛♠✐❡♥t❛ ② ❡✈❛❧✉❛r ❧❛ ❡✜❝❛❝✐❛ ❞❡ ❧❛ ♠✐s♠❛ ❡♥ ❧❛ t❛r❡❛ ❞❡ ✐❞❡♥t✐✜❝❛❝✐ó♥
❞❡ ❧❛ ❡s♣❡❝✐❡ ❡①ót✐❝❛ ✐♥✈❛s♦r❛ ❈✳ s❡♦❧❧❛♥❛ ❡♥ ❆st✉r✐❛s✳ ❉❡s❞❡ ❧❛ s❡❧❡❝❝✐ó♥ ❞❡ ❧❛ ③♦♥❛ ❛ ❡st✉❞✐❛r ② ❧❛s
❢✉❡♥t❡s ❞❡ ❧♦s ❞❛t♦s✱ s✐❣✉✐❡♥❞♦ ♣♦r ❧❛ ❛❞q✉✐s✐❝✐ó♥ ❞❡ ❧❛s ✐♠á❣❡♥❡s ② ❧❛ ♣r❡♣❛r❛❝✐ó♥ ❞❡❧ s♦❢t✇❛r❡✱ ❝♦♠♦
tr❛❜❛❥♦s ♣r❡♣❛r❛t♦r✐♦s✳ ❚❛♠❜✐é♥ s❡ ❞❡s❝r✐❜✐rá♥ ❧♦s ♠ét♦❞♦s ② ♣r♦❝❡❞✐♠✐❡♥t♦s q✉❡ s❡ ❤❛♥ s❡❣✉✐❞♦ ♣❛r❛
❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ❧❛ r❡❞✱ ❧❛ ♠❛♥✐♣✉❧❛❝✐ó♥ ❞❡ ❧♦s ❞❛t♦s ❞❡ ❧❛s ✐♠á❣❡♥❡s✱ ❧❛ ❡✈❛❧✉❛❝✐ó♥ ❞❡ ❧❛ r❡❞ ② s✉
♣♦st❡r✐♦r ✉s♦ ♣❛r❛ ❧♦❣r❛r ✉♥❛s s❛❧✐❞❛s q✉❡ ❞❡❜❡♥ s❡r ❡✈❛❧✉❛❞❛s ❡ ✐♥t❡r♣r❡t❛❞❛s✳

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✻



✷ ▼❛t❡r✐❛❧❡s ② tr❛❜❛❥♦ ♣r❡✈✐♦
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

✷✳ ▼❛t❡r✐❛❧❡s ② tr❛❜❛❥♦ ♣r❡✈✐♦

❉✉r❛♥t❡ ❡st❛ s❡❝❝✐ó♥ s❡ ❡①♣♦♥❞rá♥ ❧❛s t❛r❡❛s r❡❛❧✐③❛❞❛s ❝♦♥ ❛♥t❡r✐♦r✐❞❛❞ ❛❧ tr❛❜❛❥♦ q✉❡ s❡rá r❡❛❧✐③❛❞♦
♠❡❞✐❛♥t❡ ❧❛ ♠❛♥✐♣✉❧❛❝✐ó♥ ❞❡ ❞❛t♦s✳ ❉✐❝❤❛s t❛r❡❛s ✐♥❝❧✉②❡♥ ❧❛ s❡❧❡❝❝✐ó♥ ❞❡ ❧❛ ③♦♥❛ ❛ ❡st✉❞✐❛r✱ ❧❛ s❡❧❡❝❝✐ó♥
❞❡❧ s❛té❧✐t❡ ❞❡❧ q✉❡ s❡ ♦❜t❡♥❞rá♥ ❧❛s ✐♠á❣❡♥❡s ② ❧❛ ♣r❡♣❛r❛❝✐ó♥ ❞❡ ❧♦s ❡q✉✐♣♦s ❡♥ ❧♦s q✉❡ s❡ ❛❝♦♥❞✐❝✐♦✲
♥❛rá♥ ❧♦s ❡♥t♦r♥♦s ❞❡ ❞❡s❛rr♦❧❧♦ ② s❡ ✐♥st❛❧❛rá ❡❧ s♦❢t✇❛r❡ ♥❡❝❡s❛r✐♦ ♣❛r❛ ♣♦❞❡r ❧❧❡✈❛r ❛ ❝❛❜♦ ❧❛s t❛r❡❛s
♣❡rt✐♥❡♥t❡s✳

✷✳✶✳ ➪r❡❛ ❞❡ ❡st✉❞✐♦ ② ❡❧❡❝❝✐ó♥ ❞❡ s❡♥s♦r

❊❧ ár❡❛ ❞❡ ❡st✉❞✐♦ ❡❧❡❣✐❞❛ s❡ ❡♥❝✉❡♥tr❛ ❡♥ ❧❛s ♣r♦①✐♠✐❞❛❞❡s ❢r❛♥❥❛ ❝♦st❡r❛ ❞❡ ❧❛ ③♦♥❛ ❝❡♥tr❛❧ ❞❡
❆st✉r✐❛s ② ❡♥ ❡❧❧❛ s❡ ❡♥❝✉❛❞r❛♥ t♦t❛❧ ♦ ♣❛r❝✐❛❧♠❡♥t❡ ❧♦s ♠✉♥✐❝✐♣✐♦s ❞❡ ❆✈✐❧és✱ ●♦③ó♥✱ ❈❛rr❡ñ♦✱ ❈♦r✈❡r❛✱
▲❧❛♥❡r❛ ② ●✐❥ó♥ ✭✈❡r ❋✐❣✉r❛ ✹✮✳ ❊st❛ ③♦♥❛ ❢✉❡ ❡❧❡❣✐❞❛ ♣♦r ❧❛ ❢❛❝✐❧✐❞❛❞ q✉❡ ❧❡ s✉♣♦♥í❛ ❛❧ ❛✉t♦r ♣❛r❛
✐❞❡♥t✐✜❝❛r ✐♥ s✐t✉ ③♦♥❛s ✐♥✈❛❞✐❞❛s ② r❡❛❧✐③❛r ❛❧❣✉♥❛s ❝♦♠♣r♦❜❛❝✐♦♥❡s ❡♥ ❝❛♠♣♦✱ ❛❞❡♠ás ❞❡ ♣r❡s❡♥t❛r
✉♥❛ ✈❛r✐❡❞❛❞ ❞❡ s✉♣❡r✜❝✐❡s ❝♦♥ ③♦♥❛s r✉r❛❧❡s✱ ✐♥❞✉str✐❛❧❡s✱ ❛❝❛♥t✐❧❛❞♦s✱ ♣❧❛②❛s✱ ❝✉❧t✐✈♦s✱ ♠♦♥t❡ ❜❛❥♦✱ ❡t❝✱
② t♦❞♦ ❡❧❧♦ s❛❧♣✐❝❛❞♦ ♣♦r ③♦♥❛s ✐♥✈❛❞✐❞❛s ♣♦r ❈✳ s❡❧❧♦❛♥❛✱ q✉❡ s❡ ❞✐str✐❜✉②❡ ❞❡ ❢♦r♠❛ ❤❡t❡r♦❣é♥❡❛✱ ❛
✈❡❝❡s ❡♥ ❣r❛♥❞❡s ❡①t❡♥s✐♦♥❡s ❝r❡❛♥❞♦ ❝✉❜✐❡rt❛s r❡❣✉❧❛r❡s ② ♦tr❛s s❛❧♣✐❝❛❞♦ ❝♦♥ ♦tr♦s ❡❧❡♠❡♥t♦s ♦ ❡s♣❡❝✐❡s
✈❡❣❡t❛❧❡s✳

❋✐❣✉r❛ ✹✿ ➪r❡❛ ❞❡ ❊st✉❞✐♦✳ ❋✉❡♥t❡✿ ■●◆✳ ❆✉t♦r✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❙✐ ❜✐❡♥ s❡ tr❛t❛r♦♥ ❞❡ ❧♦❝❛❧✐③❛r ✉♥ ❜✉❡♥ ♥ú♠❡r♦ ❞❡ ♣❧❛♥t❛s s♦❜r❡ ❡❧ t❡rr❡♥♦✱ ♣❛r❛ ♦❜t❡♥❡r ✉♥ ❝♦♥❥✉♥t♦
❞❡ ❞❛t♦s ❧♦ s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡ q✉❡ ❢♦r♠❡ ✉♥ ❜✉❡♥ ❝♦♥❥✉♥t♦ ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ ❤✉❜♦ q✉❡ r❡❝✉rr✐r ❛
♦tr❛s ❢✉❡♥t❡s ❞❡ ❞❛t♦s✳ ❙❡ ♣✉❞✐❡r♦♥ ❝♦♥s✉❧t❛r ❛r❝❤✐✈♦s ✈❡❝t♦r✐❛❧❡s ❞❡❧ ♣❧❛♥ ❞❡ ❝♦♥tr♦❧ ❞❡❧ Pr✐♥❝✐♣❛❞♦ ❞❡
❆st✉r✐❛s ❡♥ ❝♦❧❛❜♦r❛❝✐ó♥ ❝♦♥ ❚r❛❣s❛ ② ❧❛ ❯♥✐✈❡rs✐❞❛❞ ❞❡ ❖✈✐❡❞♦✱ ❛✉♥q✉❡ ❡st♦s ❞❛t♦s t❛♠♣♦❝♦ s✐r✈✐❡r♦♥
♣❛r❛ ❣❡♦rr❡❢❡r❡♥❝✐❛r ❢❡❤❛❝✐❡♥t❡♠❡♥t❡ ❧✉❣❛r❡s ✐♥✈❛❞✐❞♦s ♦ ❡❥❡♠♣❧❛r❡s ✐♥❞✐✈✐❞✉❛❧❡s✱ ②❛ q✉❡ ♠✉❝❤♦s ♣✉♥t♦s
❝♦♥t❛❜❛♥ ❝♦♥ ✉♥❛ ❧♦❝❛❧✐③❛❝✐ó♥ q✉❡ ♥♦ ❡r❛ ❧♦ s✉✜❝✐❡♥t❡♠❡♥t❡ ♣r❡❝✐s❛ ❝♦♠♦ ♣❛r❛ ♣♦❞❡r ♠❛♥t❡♥❡r ❡❧ ♣✉♥t♦
q✉❡ r❡♣r❡s❡♥t❛ ❧❛ ♣❧❛♥t❛ ❞❡♥tr♦ ❞❡❧ ♣í①❡❧ ❡♥ ❡❧ q✉❡ ést❛ s❡ ✈❡ ❡♥❝✉❛❞r❛❞❛ ❡♥ ❧❛ ✐♠❛❣❡♥ ❙❡♥t✐♥❡❧✲✷✳
❋✐♥❛❧♠❡♥t❡✱ ❧❛ ♠❛②♦r ♣❛rt❡ ❞❡ ❧❛s ♣❧❛♥t❛s ❢✉❡r♦♥ ❧♦❝❛❧✐③❛❞❛s ♣♦r ♠❡❞✐♦ ❞❡ s✉ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❞✐r❡❝t❛ s♦❜r❡
♦rt♦❢♦t♦s ❞❡❧ P❧❛♥ ◆❛❝✐♦♥❛❧ ❞❡ ❖rt♦❢♦❣r❛❢í❛ ❆ér❡❛ ✭P◆❖❆✮ ❡♥ s✉ ✈✉❡❧♦ ❞❡ ✷✵✷✶✱ ❝❛r❣❛❞❛s ❡♥ ❡❧ s♦❢t✇❛r❡
◗●■❙ ✸✳✷✷ ❛ tr❛✈és ❞❡❧ s❡r✈✐❝✐♦ ❲▼❚❙ ❞❡❧ ■♥st✐t✉t♦ ●❡♦❣rá✜❝♦ ◆❛❝✐♦♥❛❧✳

❊❧ s❡♥s♦r ❡❧❡❣✐❞♦ ❡s ❡❧ q✉❡ ✈❛ ❡q✉✐♣❛❞♦ ❡♥ ❧♦s s❛té❧✐t❡s ❙❡♥t✐♥❡❧✲✷ ❞❡ ❧❛ ♠✐s✐ó♥ ❈♦♣❡r♥✐❝✉s ❞❡ ❧❛ ❆❣❡♥❝✐❛
❊s♣❛❝✐❛❧ ❊✉r♦♣❡❛ ✭❊✳❙✳❆✳✮✳ ▲❛ ❞❡❝✐s✐ó♥ s❡ t♦♠ó t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ ❝✉❛tr♦ ♣✐❧❛r❡s ❢✉♥❞❛♠❡♥t❛❧❡s✱ q✉❡
s♦♥✿ ❧❛s r❡s♦❧✉❝✐♦♥❡s ❡s♣❛❝✐❛❧✱ r❛❞✐♦♠étr✐❝❛ ② t❡♠♣♦r❛❧✱ ❛sí ❝♦♠♦ ❡❧ ❛❝❝❡s♦ ❧✐❜r❡ ❛ ❧❛s ✐♠á❣❡♥❡s ♣✉❜❧✐❝❛❞❛s✳

❙❡♥t✐♥❡❧✲✷ ♦❢r❡❝❡ ✶✷ ❜❛♥❞❛s ✭✈❡r ❚❛❜❧❛ ✶✮ ❝♦♥ r❡s♦❧✉❝✐♦♥❡s ❡s♣❛❝✐❛❧❡s q✉❡ ♦s❝✐❧❛♥ ❡♥tr❡ ❧♦s ✶✵ ② ❧♦s ✻✵
♠❡tr♦s✱ t❡♥✐❡♥❞♦ tr❡s ❜❛♥❞❛s ❡s♣❡❝í✜❝❛s ♣❛r❛ ♣r♦♣ós✐t♦s ❞❡ ❛♥á❧✐s✐s ❞❡ ✈❡❣❡t❛❝✐ó♥ ✭❘❡❞ ❊❞❣❡ ■♥❢r❛✲❘❡❞✮✳
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❚❛❜❧❛ ✶✿ ◆ú♠❡r♦ ❞❡ ♣í①❡❧❡s ✐❞❡♥t✐✜❝❛❞♦s ② ❛s✐❣♥❛❞♦s ❛ ❧♦s ❝♦♥❥✉♥t♦s ❝♦♥❥✉♥t♦s ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ ② t❡st✳
❋✉❡♥t❡✿ ●■❙✫❇❡❡rs

❊st❛s ❞♦s r❡s♦❧✉❝✐♦♥❡s ❝♦♠❜✐♥❛❞❛s ②❛ ❝♦♥✈✐❡rt❡♥ ❛ ❙❡♥t✐♥❡❧✲✷ ❡♥ ✉♥❛ ❞❡ ❧❛s ♠❡❥♦r❡s ♦♣❝✐♦♥❡s ❛ ❧❛ ❤♦r❛ ❞❡
❡❧❡❣✐r ✐♠á❣❡♥❡s ❞❡ s❛té❧✐t❡ ❞❡ ❛❝❝❡s♦ ❧✐❜r❡ ♣❛r❛ tr❛❜❛❥❛r ❝♦♥ ♣r♦❝❡s♦s ✈❡❣❡t❛❧❡s✱ ♣❡r♦ ❛❞❡♠ás ❝✉❡♥t❛ ❝♦♥
✉♥ t✐❡♠♣♦ ❞❡ r❡✈✐s✐t❛ ❞❡ ✺ ❞í❛s✱ ❧♦ q✉❡ ❡s ♠✉② ✐♠♣♦rt❛♥t❡ ♣❛r❛ ❧♦❣r❛r ❡s❝❡♥❛s ❧✐❜r❡s ❞❡ ❝✉❜✐❡rt❛ ♥✉❜♦s❛
❡♥ ✉♥❛ ③♦♥❛ q✉❡ só❧♦ s✉❡❧❡ ❝♦♥t❛r ❝♦♥ ❡♥tr❡ ✸✵ ② ✺✵ ❞í❛s ❞❡s♣❡❥❛❞♦s ❛❧ ❛ñ♦ ✭▲✐♥és ❊s❝❛r❞ó✱ ✶✾✼✵✮✳ ▲❛
③♦♥❛ ❡❧❡❣✐❞❛✱ ❛❞❡♠ás✱ s❡ ❡♥❝✉❡♥tr❛ ❡♥ ✉♥❛ ③♦♥❛ ❞❡ s♦❧❛♣❡ ❡♥tr❡ ❧♦s ❞♦s s❛té❧✐t❡s ❞❡ ❧❛ ♠✐s✐ó♥ ✭❙❡♥t✐♥❡❧✲✷❆
② ❙❡♥t✐♥❡❧✲✷❇✮✱ ❧♦ q✉❡ ❛rr♦❥❛rá ✉♥❛ ✐♠❛❣❡♥ ❝❛❞❛ ✷ ♦ ✸ ❞í❛s ② ♣❡r♠✐t✐rá ❞✉♣❧✐❝❛r ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ❧♦❣r❛r
❡s❝❡♥❛s út✐❧❡s ✭✈❡r ❋✐❣✉r❛ ✺✮✳

❋✐❣✉r❛ ✺✿ ❩♦♥❛ ❞❡ ❡st✉❞✐♦ ✭♥❛r❛♥❥❛✮✱ ❡♥❝✉❛❞r❛❞❛ ❞❡♥tr♦ ❞❡ ❧❛ ③♦♥❛ ❞❡ s♦❧❛♣❡ ❞❡ ❛♠❜♦s s❛té❧✐t❡s ✭✈❡r❞❡
♠ás ♦s❝✉r♦✮✳ ❋✉❡♥t❡✿ ❊❙❆✳ ❆✉t♦r✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

✷✳✷✳ ❆❞q✉✐s✐❝✐ó♥ ❞❡ ■♠á❣❡♥❡s

P❛r❛ ❧❛ ❞❡s❝❛r❣❛ ❞❡ ✐♠á❣❡♥❡s s❡ ❤❛ r❡❝✉rr✐❞♦ ❛❧ s❡r✈✐❝✐♦ ❈♦♣❡r♥✐❝✉s ❆❝❝❡s ❍✉❜ ❞❡❧ ♣r♦❣r❛♠❛ ❈♦♣❡r♥✐✲
❝✉s ❞❡ ❧❛ ❆❣❡♥❝✐❛ ❊s♣❛❝✐❛❧ ❊✉r♦♣❡❛ ✭❊✳❙✳❆✳✮ ✭❤tt♣s✿✴✴s❝✐❤✉❜✳❝♦♣❡r♥✐❝✉s✳❡✉✴❞❤✉s✮✱ q✉❡ ♣❡r♠✐t❡ ❞❡s❝❛r❣❛
❞❡ ✐♠á❣❡♥❡s ❞❡ ❧❛s ❞✐st✐♥t❛s ♠✐s✐♦♥❡s ❞❡ ❙❡♥t✐♥❡❧✱ ✜❧tr❛♥❞♦ ❧❛ ❜úsq✉❡❞❛ ♣♦r ❧♦❝❛❧✐③❛❝✐ó♥✱ ❢❡❝❤❛s✱ ♣♦r❝❡♥✲
t❛❥❡ ❞❡ ❝✉❜✐❡rt❛ ♥✉❜♦s❛✱ s❡♥s♦r✱ ♥✐✈❡❧ ❞❡ ❝♦rr❡❝❝✐ó♥✱ ❡t❝✳
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▲❛ ❊✳❙✳❆✳ ♦❢r❡❝❡ ✐♠á❣❡♥❡s ②❛ ❝♦rr❡❣✐❞❛s ❛t♠♦s❢ér✐❝❛♠❡♥t❡✱ ❞❡ ❢♦r♠❛ q✉❡ s❡ ❡❧✐♠✐♥❛♥ ❧♦s ❡❢❡❝t♦s
❞❡ ❞✐s♣❡rs✐ó♥ ② ❛❜s♦r❝✐ó♥ ❞❡ ❧❛ ❛t♠ós❢❡r❛ s♦❜r❡ ❧❛ ❧✉③ ❝✉❛♥❞♦ ❡s ❛tr❛✈❡s❛❞❛ ♣♦r ❡❧❧❛✱ ♣❛r❛ ♦❜t❡♥❡r ❧❛
r❡✢❡❝t❛♥❝✐❛ q✉❡ s❡ r❡❣✐str❛rí❛ ❛ ♥✐✈❡❧ ❞❡ s✉♣❡r✜❝✐❡✱ ❡♥ ❧✉❣❛r ❞❡ ❧❛ r❡❝✐❜✐❞❛ ♣♦r ❡❧ s❡♥s♦r ❡♥ ❡❧ s❛té❧✐t❡✳
❊st❡ ♥✐✈❡❧ ❞❡ ❝♦rr❡❝❝✐ó♥ ❡s ❧❧❛♠❛❞♦ ♥✐✈❡❧ ✷❆ ② ❡s ❡♥ ❡❧ q✉❡ s❡ ❞❡s❝❛r❣❛♥ t♦❞❛s ❧❛s ✐♠á❣❡♥❡s ❛ ✉s❛r ❡♥
❡st❡ tr❛❜❛❥♦✳

❆❧ ❞❡s❝❛r❣❛r ❧❛s ♣r✐♠❡r❛s ✐♠á❣❡♥❡s s❡ ❡st✐♠❛❜❛ q✉❡ ❧❛ ❢♦r♠❛ ♠ás ♣r❡❝✐s❛ ❞❡ ✐❞❡♥t✐✜❝❛r ♣❛r❝❡❧❛s
❛❢❡❝t❛❞❛s ♣♦r ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ❈✳ s❡❧❧♦❛♥❛ s❡rí❛ ❧❛ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❡♥ ❝❛♠♣♦✱ ❛✉♥q✉❡ ♣r♦♥t♦ s❡ ❤✐③♦ ❡✈✐❞❡♥t❡
q✉❡ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❤♦r❛s r❡q✉❡r✐❞❛s ♣❛r❛ ❧♦❣r❛r ✐❞❡♥t✐✜❝❛r ✉♥ ✈♦❧✉♠❡♥ s✉✜❝✐❡♥t❡ ❞❡ ❧♦❝❛❧✐③❛❝✐♦♥❡s ♣❛r❛
❡❧ ♠♦❞❡❧♦ ❡①❝❡❞í❛ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ r❡❝✉rs♦s q✉❡ s❡ ♣♦❞í❛♥ ❞❡st✐♥❛r ❛❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦✳ ❆ ♣❡s❛r ❞❡ ❡❧❧♦✱
❝♦♥ ❡st❡ ♣r✐♠❡r ❡♥❢♦q✉❡✱ s❡ r❡❛❧✐③ó ❧❛ ❞❡s❝❛r❣❛ ❞❡ ❧❛s tr❡s ♣r✐♠❡r❛s ✐♠á❣❡♥❡s ❝♦♥ ❧❛s q✉❡ s❡ r❡❛❧✐③❛r♦♥
❧♦s ♣r✐♠❡r♦s t❡st ❡♥ ❧♦s s❝r✐♣ts ♣❛r❛ r❡❝♦rt❡s ② ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ❧❛ r❡❞✳ P❛r❛ ❛s❡❣✉r❛r q✉❡ ❧❛s ✐♠á❣❡♥❡s
❝♦♥t✉✈✐❡r❛♥ ❧❛s ♣❧❛♥t❛s ✐❞❡♥t✐✜❝❛❞❛s ❡♥ ❝❛♠♣♦ ❡♥ ❡❧ s❡❣✉♥❞♦ tr✐♠❡str❡ ❞❡ ✷✵✷✷✱ s❡ ❞❡s❝❛r❣❛r♦♥ ✐♠á❣❡♥❡s
❝♦♥ ❢❡❝❤❛s ✵✶✴✶✶✴✷✵✷✶✱ ✷✹✴✵✶✴✷✵✷✷ ② ✵✻✴✵✹✴✷✵✷✷✳ ❙❡ s✉♣✉s♦ q✉❡✱ ❝♦♠♦ ❧❛ ❈✳ s❡❧❧♦❛♥❛ ✢♦r❡❝❡ ❡♥ ❧♦s ♠❡s❡s
❞❡ ❛❣♦st♦ ② s❡♣t✐❡♠❜r❡ ✭✈❡r ❋✐❣✉r❛ ✻✮ ② ♠❛♥t✐❡♥❡ ❡❧ ❝❛r❛❝t❡ríst✐❝♦ ♣❡♥❛❝❤♦ ❞❡ s✉s ✐♥✢♦r❡s❝❡♥❝✐❛s ❞✉r❛♥t❡
t♦❞♦ ❡❧ ❛ñ♦✱ ❧❛s ♣❧❛♥t❛s q✉❡ ♣♦s❡í❛♥ ✢♦r❡s ❡♥ s✉ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❡♥ ❏✉♥✐♦✱ t❛♠❜✐é♥ ❝♦♥t❛rí❛♥ ❝♦♥ ✢♦r❡s ❡♥
❧❛s ❢♦t♦s ❞❡s❞❡ s❡♣t✐❡♠❜r❡ ❞❡❧ ❛ñ♦ ❛♥t❡r✐♦r✳

❋✐❣✉r❛ ✻✿ ❋❡♥♦❧♦❣í❛ ❞❡ ❈✳ s❡❧❧♦❛♥❛ ❡♥ ❇✐③❦❛✐❛✳ ●✿ ●❡r♠✐♥❛❝✐ó♥❀ ❈❱✿ ❈r❡❝✐♠✐❡♥t♦ ✈❡❣❡t❛t✐✈♦❀ ❋▲✿ ♣r♦❞✉❝✲
❝✐ó♥ ❞❡ ✢♦r❡s❀ ❋❘✿ ♣r♦❞✉❝❝✐ó♥ ❞❡ ❢r✉t♦s❀ ❙❉✿ ❞✐s♣❡rs✐ó♥ ❞❡ s❡♠✐❧❧❛s❀ ❙◆✿ s❡♥❡s❝❡♥❝✐❛ ❞❡ ❤♦❥❛s✳ ▲❛s ❧í♥❡❛s
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P❛r❛ ♣♦❞❡r ❝❛♠❜✐❛r ♠❡t♦❞♦❧♦❣í❛ ❞❡ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❞❡ ❧❛s ♣❧❛♥t❛s✱ s✉st✐t✉②❡♥❞♦ ❡❧ tr❛❜❛❥♦ ❞❡ ❝❛♠♣♦
♣♦r ❧❛ ❧♦❝❛❧✐③❛❝✐ó♥ ❛ tr❛✈és ❞❡ ✐♠á❣❡♥❡s ❞❡❧ P◆❖❆✱ ❤❛❜í❛ q✉❡ t❡♥❡r ❡♥ ❝✉❡♥t❛ ❧❛ ❢❡❝❤❛ ❡♥ ❧❛ q✉❡ ❢✉❡r♦♥
t♦♠❛❞❛s ❧❛s ✐♠á❣❡♥❡s✳ ▲❛s ✐♠á❣❡♥❡s ❞❡❧ P◆❖❆ ❞✐s♣♦♥✐❜❧❡s ♠ás r❡❝✐❡♥t❡s ♣❛r❛ ❆st✉r✐❛s ❛ ❧❛ ❢❡❝❤❛ ❞❡
❡❧❛❜♦r❛❝✐ó♥ ❞❡ ❡st❡ tr❛❜❛❥♦✱ ❢✉❡r♦♥ ❝❛♣t✉r❛❞❛s ❡♥ ✈✉❡❧♦s r❡❛❧✐③❛❞♦s ❡♥tr❡ ❡❧ ✸ ❡❧ ✷✾ ❞❡ s❡♣t✐❡♠❜r❡ ❞❡ ✷✵✷✵
✭❝♦♥s✉❧t❛r ❡♥ ❤tt♣s✿✴✴♣♥♦❛✳✐❣♥✳❡s✴♣r♦❞✉❝t♦s✲❞✐s♣♦♥✐❜❧❡s✮✳ ❈♦♠♦ ❧❛s ♣❧❛♥t❛s ♥♦ ♣r♦❞✉❝❡♥ ✢♦r❡s ❛♥t❡s ❞❡❧
♣r✐♠❡r ❛ñ♦✱ ❧❛s ♣❧❛♥t❛s ✐❞❡♥t✐✜❝❛❞❛s ♣♦r ❡st❡ ♠ét♦❞♦ ❡st❛rá♥✱ t❛♠❜✐é♥✱ ❡♥ ❧❛s ✐♠á❣❡♥❡s t♦♠❛❞❛s ❞❡s❞❡
❛❧ ♠❡♥♦s ✉♥ ❛ñ♦ ❛♥t❡s✳
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❆❧ ♥♦ s❡r ✐♠á❣❡♥❡s r❡❝✐❡♥t❡s✱ ♥♦ s❡ ❡♥❝✉❡♥tr❛♥ ♣❛r❛ ❧❛ ❞❡s❝❛r❣❛ ❞✐r❡❝t❛ ② ❤❛② q✉❡ s♦❧✐❝✐t❛r q✉❡ s❡
♣♦♥❣❛♥ ❡♥ ❧í♥❡❛✱ ❧♦ q✉❡ ❡♥ ❡st❡ ❝❛s♦ t❛r❞ó ✉♥❛s ✶✷ ❤♦r❛s✳

✷✳✸✳ Pr❡♣❛r❛❝✐ó♥ ❞❡❧ ❡♥t♦r♥♦

❊❧ tr❛❜❛❥♦ s❡ ❞❡s❛rr♦❧❧ó ❡♥ ❞♦s ❡q✉✐♣♦s✱ ❡♥ ❧♦s q✉❡ s❡ ♣r♦❝✉ró ♣r❡♣❛r❛r ❡❧ ♠✐s♠♦ ❡♥t♦r♥♦ ❞❡ tr❛❜❛❥♦ ❡
✐♥st❛❧❛♥❞♦ ❡♥ ❛♠❜♦s ❧❛s ♠✐s♠❛s ✈❡rs✐♦♥❡s ❞❡ ❧♦s ♠✐s♠♦s ♣r♦❣r❛♠❛s✱ ❧❡♥❣✉❛❥❡ ❞❡ ♣r♦❣r❛♠❛❝✐ó♥ ② ❧✐❜r❡rí❛s✳
❙♦❜r❡ ❲✐♥❞♦✇s ✶✵ Pr♦ s❡ tr❛❜❛❥ó ❝♦♥ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❆♥❛❝♦♥❞❛ ❞❡ P②t❤♦♥✱ q✉❡ ♣❡r♠✐t❡ ✉♥❛ ❢á❝✐❧ ❝r❡❛❝✐ó♥
❞❡ ❡♥t♦r♥♦s ❞❡ ♣r♦❣r❛♠❛❝✐ó♥✱ ✐♥st❛❧❛❝✐ó♥ ❞❡ ♣❛q✉❡t❡s ❞❡ ❞❡♣❡♥❞❡♥❝✐❛s ② ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ ♣r♦❣r❛♠❛❝✐ó♥
❝♦♠♦ s♦♥ ❧♦s ■❉❊s✳

❊❧ ♣r✐♠❡r ❡q✉✐♣♦ ❞❡ tr❛❜❛❥♦ ❝♦♥tó ❝♦♥ ✉♥ ♣r♦❝❡s❛❞♦r ■♥t❡❧✭❘✮ ❈♦r❡✭❚▼✮ ✐✼✲✽✼✵✵ ❈P❯ ❅ ✸✳✷✵●❍③
✸✳✶✾ ●❍③✱ ❝♦♥ ✽ ❣✐❣❛s ❞❡ ♠❡♠♦r✐❛ ❘❆▼ ② ✉♥❛ ●P❯ ❆▼❉ ❘❛❞❡♦♥ ❘✼ ✹✸✵ ② ❡❧ s❡❣✉♥❞♦ ❞✐s♣✉s♦ ❞❡ ✉♥❛
❈P❯ ❆▼❉ ❘②③❡♥ ✾ ✸✾✵✵❳ ✸✳✽ ●❍③✱ ❝♦♥ ✸✷ ●❇ ❞❡ ♠❡♠♦r✐❛ ❘❆▼ ② ✉♥❛ tr❛❥❡r❛ ❣rá✜❝❛ ●❡❢♦r❝❡ ●❚❳
✾✼✵✳ ❙♦❜r❡ ❡st❡ ú❧t✐♠♦ r❡❝❛②❡r♦♥ ❧❛s t❛r❡❛s ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ ② ♣r❡❞✐❝❝✐ó♥ ❞❡ ❧❛ ❘◆❆✱ ❞❛❞❛s s✉s ♠❛②♦r❡s
❝❛♣❛❝✐❞❛❞❡s✳

❊♥ ❛♠❜♦s s❡ ♣r❡♣❛ró ✉♥ ❡♥t♦r♥♦ ❡♥ ❆♥❛❝♦♥❞❛ ❝♦♥ P②t❤♦♥ ✸✳✽✱ ❡❧ ■❉❊ ❙P②❞❡r ✺✳✶✳✺ ② s❡ ✐♥st❛❧❛r♦♥
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✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

✸✳ ▼❡t♦❞♦❧♦❣í❛ ② ♣r♦❝❡❞✐♠✐❡♥t♦s

▲❛ ♣r❡s❡♥t❡ s❡❝❝✐ó♥ s❡ ❞❡❞✐❝❛ ❛ ❞❡s❝r✐❜✐r ❡❧ ❝♦♥❥✉♥t♦ ❞❡ té❝♥✐❝❛s ② ❧♦s ♣r♦❝❡❞✐♠✐❡♥t♦s ❡♠♣❧❡❛❞♦s
♣❛r❛ tr❛♥s❢♦r♠❛r✱ ❤❛❝✐❡♥❞♦ ✉s♦ ❞❡ ❧♦s ♠❛t❡r✐❛❧❡s ❞❡s❝r✐t♦s ❛♥t❡r✐♦r♠❡♥t❡✱ ❧♦s ❞❛t♦s ❛❞q✉✐r✐❞♦s✱ ❡♥ ❧♦s
r❡s✉❧t❛❞♦s q✉❡ s❡ ♣r❡t❡♥❞❡♥ ♦❜t❡♥❡r✳

✸✳✶✳ Pr❡✲♣r♦❝❡s❛❞♦ ❞❡ ✐♠á❣❡♥❡s ② ❝r❡❛❝✐ó♥ ❞❡ ❧♦s ❝♦♥❥✉♥t♦s ❞❡ ❞❛t♦s

▲❛s ✐♠á❣❡♥❡s s❡ ❞❡s❝❛r❣❛♥ ❝♦♠♣r✐♠✐❞❛s ❡♥ ✉♥❛ ❝❛r♣❡t❛ ❝♦♥ ♠ú❧t✐♣❧❡s s✉❜❝❛r♣❡t❛s✱ ❝♦♥ ✈❛r✐❡❞❛❞ ❞❡
❞❛t♦s ② ♠❡t❛❞❛t♦s s♦❜r❡ ❧❛s ♠✐s♠❛s ② s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❢♦r♠❛t♦ ❥♣✷✱ ❡♥ ✉♥ ❛r❝❤✐✈♦ ❝♦♥ ❞✐❝❤❛ ❡①t❡♥s✐ó♥
♣❛r❛ ❝❛❞❛ ❜❛♥❞❛✳ ❯♥❛ ✈❡③ ❞❡s❝♦♠♣r✐♠✐❞❛s ❧❛s ✐♠á❣❡♥❡s✱ s❡ ❞❡❜❡♥ ❜✉s❝❛r ❧♦s ❛r❝❤✐✈♦s ♣♦r ❡❧ ❡♥tr❛♠❛❞♦
❞❡ ❝❛r♣❡t❛s✱ ❝❛r❣❛r❧❛s ❡♥ ✉♥ s♦❢t✇❛r❡ ❞❡ ●■❙ ♣❛r❛ r❡❛❧✐③❛r ❧♦s r❡❝♦rt❡s ② tr❛♥s❢♦r♠❛❝✐♦♥❡s ♥❡❝❡s❛r✐❛s
♣❛r❛ ♣♦❞❡r ❝r❡❛r ❧♦s ❝♦♥❥✉♥t♦s ❞❡ ❞❛t♦s ♥❡❝❡s❛r✐♦s✳ ➱st❡ ❡s ✉♥ ♣r♦❝❡s♦ ❧♦ s✉✜❝✐❡♥t❡♠❡♥t❡ ❧❛r❣♦ ❝♦♠♦
♣❛r❛ ❡♥t♦r♣❡❝❡r ❧❛ t❛r❡❛ s✐ s❡ ❞❡❝✐❞❡ ❝❛♠❜✐❛r ❧❛s ✐♠á❣❡♥❡s ❛ ✉t✐❧✐③❛r ♦ ❡❧ ♥ú♠❡r♦ ❞❡ ❧❛s ♠✐s♠❛s✱ ❝♦♥ ❡❧
✜♥ ❞❡ ♦❜t❡♥❡r ♠❡❥♦r❡s r❡s✉❧t❛❞♦s✳

P❛r❛ ❛❣✐❧✐③❛r t♦❞♦ ❡❧ ♣r♦❝❡s♦ ② ♣❡r♠✐t✐r ✉♥❛ ♠❛②♦r ✢❡①✐❜✐❧✐❞❛❞ ❛ ❧❛ ❤♦r❛ ❞❡ ✈❛r✐❛r ❧❛s ✐♠á❣❡♥❡s ❛
✉t✐❧✐③❛r✱ s❡ ❡s❝r✐❜✐ó ✉♥ s❝r✐♣t q✉❡ ♣❡r♠✐t❡ ❞❡s❝♦♠♣r✐♠✐r t♦❞❛s ❧❛s ✐♠á❣❡♥❡s q✉❡ s❡ ❞❡s❡❡ ❡♥ ✉♥❛ ❝❛r♣❡t❛
❞❡ ♠❛♥❡r❛ q✉❡ ést❡ ❧❛s ❧❡❡ ② ❜✉s❝❛ ❧❛s ❡s❝❡♥❛s ❡♥ s✉ ✐♥t❡r✐♦r✳ ❯♥❛ ✈❡③ ❧♦❝❛❧✐③❛❞❛s ❧❛s ✐♠á❣❡♥❡s✱ r❡❛❧✐③❛
❧♦s r❡❝♦rt❡s ② ❝r❡❛ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ❞❛t♦s ❡♥ ❢♦r♠❛t♦ ✳①②③ q✉❡ ✐♥❝❧✉②❡ ❡♥ s✉s ❝♦❧✉♠♥❛s ❧❛s ❝♦♦r❞❡♥❛❞❛s
❝❡♥tr❛❧❡s ❞❡ ❝❛❞❛ ♣✐①❡❧✱ ❧❛s ❜❛♥❞❛s ❡❧❡❣✐❞❛s ② ❡❧ ❮♥❞✐❝❡ ❞❡ ❱❡❣❡t❛❝✐ó♥ ❞❡ ❉✐❢❡r❡♥❝✐❛ ◆♦r♠❛❧✐③❛❞❛ ✭◆❉❱■✮
❞❡✜♥✐❞♦ ❡♥ ❧❛ ❊❝✉❛❝✐ó♥ ✭✶✮✱ ❝❛❧❝✉❧❛❞♦ ❞✉r❛♥t❡ ❧❛ ❡❥❡❝✉❝✐ó♥ ❞❡❧ ♣r♦❣r❛♠❛✳ ❉✐❝❤♦ í♥❞✐❝❡ ❡♠♣❧❡❛ ❧❛ ❞✐❢❡r❡♥❝✐❛
❡♥tr❡ ❧❛s r❡✢❡❝t✐✈✐❞❛❞❡s ❡♥ ❧❛s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ ❞❡❧ ✐♥❢r❛ r♦❥♦ ❝❡r❝❛♥♦ ✭◆■❘✮ ② ❡❧ r♦❥♦✱ ♦❢r❡❝✐❡♥❞♦ ✉♥
r❡s✉❧t❛❞♦ ♥♦r♠❛❧✐③❛❞♦✱ q✉❡ ❛rr♦❥❛ r❡s✉❧t❛❞♦s ❡♥tr❡ ✲✶ ② ✶✱ ❞♦♥❞❡ ♣❛r❛ ❧♦s ✈❛❧♦r❡s ♣♦r ❞❡❜❛❥♦ ❞❡ ✵ s❡
✐♥t❡r♣r❡t❛ ❝♦♠♦ ♦❜❥❡t♦ ✐♥❛♥✐♠❛❞♦ ♦ ♣❧❛♥t❛ ♠✉❡rt❛ ② ♣♦r ❡♥❝✐♠❛ ❧❛s ❝✉❜✐❡rt❛s ✈❡❣❡t❛❧❡s t❡♥✐❡♥❞♦ ✈❛❧♦r❡s
❝❡r❝❛♥♦s ❛ ✵ ❧❛s ♣❧❛♥t❛s ❡♥❢❡r♠❛s ② ❝r❡❝✐❡♥❞♦ ❤❛❝✐❛ ✶ ❛❧ ❣❛♥❛r ✈✐❣♦r♦s✐❞❛❞✳ ❙❡ ❡st✐♠❛ q✉❡ ❧❛ ✐♥❝❧✉s✐ó♥ ❞❡
❡st❡ í♥❞✐❝❡ ♣✉❡❞❡ r❡s✉❧t❛r út✐❧ ❛❧ ♣r♦❝❡s♦ ❞❡ ❛♣r❡♥❞✐③❛❥❡ ❞❡ ❧❛ r❡❞ ♥❡✉r♦♥❛❧✳

NDV I =
NIR−RED

NIR+RED
=

B8−B4

B8 +B4
✭✶✮

❉✉r❛♥t❡ t♦❞♦ ❡❧ ♣r♦❝❡❞✐♠✐❡♥t♦ s❡ ❤❛ ❜✉s❝❛❞♦ tr❛❜❛❥❛r s✐❡♠♣r❡ ❝♦♥ ❡❧ ♠✐s♠♦ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s
② ♣r♦②❡❝❝✐ó♥ ❝❛rt♦❣rá✜❝❛✱ ✉s❛♥❞♦ ♣❛r❛ ❡❧❧♦ ❡❧ ❊P❙●✿✸✷✻✷✾ ✭❡❧✐♣s♦✐❞❡ ❞❡ r❡❢❡r❡♥❝✐❛ ❲●❙ ✽✹✱ ♣r♦②❡❝t❛❞♦
❡♥ ❯❚▼ ♣❛r❛ ❡❧ ❤✉s♦ ✷✾✮✱ ♠❛♥t❡♥✐❡♥❞♦ ❛sí ❧♦s ♣❛rá♠❡tr♦s ❝♦♥ ❧♦s q✉❡ s♦♥ ♣r♦✈✐st❛s ❧❛s ✐♠á❣❡♥❡s✱ ❧♦ q✉❡
♣❡r♠✐t❡ ♠❛♥t❡♥❡r ❧❛ ✉❜✐❝❛❝✐ó♥ ② ♦r✐❡♥t❛❝✐ó♥ ❞❡ ❧♦s ♣í①❡❧❡s ❡♥ t♦❞♦ ♠♦♠❡♥t♦✳

◗●■❙ ❝✉❡♥t❛ ❝♦♥ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ✐♥st❛❧❛r ♠ú❧t✐♣❧❡s ♣❧✉❣✐♥s ♦ ❝♦♠♣❧❡♠❡♥t♦s✱ q✉❡ ♣❡r♠✐t❡♥ ❡①t❡♥❞❡r
❧❛s ❝❛♣❛❝✐❞❛❞❡s ♦r✐❣✐♥❛❧❡s ❞❡❧ s♦❢t✇❛r❡ ●■❙✳ ❊♥tr❡ ❧♦s ♠❡♥❝✐♦♥❛❞♦s ♣❧✉❣✐♥s s❡ ❡♥❝✉❡♥tr❛ ❙❡r✈❛❧✱ q✉❡
♣❡r♠t❡ ❝❛♠❜✐❛r ❡❧ ✈❛❧♦r ❞❡ ♣í①❡❧❡s ❞❡ ❝❛♣❛s rást❡r ♣♦r s✉♣❡r♣♦s✐❝✐ó♥ ❞❡ ❝❛♣❛s ✈❡❝t♦r✐❛❧❡s ② q✉❡ s✐r✈✐ó
♣❛r❛ ❢♦r♠❛r ❧♦s ❝♦♥❥✉♥t♦s ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ ② t❡st✱ ❝r❡❛♥❞♦ ✉♥❛ ❝❛♣❛ ❝❧❛s✐✜❝❛❞❛✳ P❛r❛ ❡❧❧♦ s❡ tr❛③❛♥ ❡♥
◗●■❙ ❝❛♣❛s ❞❡ ♣♦❧í❣♦♥♦s q✉❡ ❝✐r❝✉♥s❝r✐❜❡♥ ③♦♥❛s ❡♥ ❧❛s q✉❡✱ s♦❜r❡ t♦❞♦s ❧♦s ♣í①❡❧❡s✱ ❤❛ s✐❞♦ ✐❞❡♥t✐✜❝❛❞❛ ❧❛
♣r❡s❡♥❝✐❛ ♦ ❧❛ ❛✉s❡♥❝✐❛ ❞❡ ❈✳ s❡❧❧♦❛♥❛✳ ❊st❛s ❝❛♣❛s s❡ s✉♣❡r♣♦♥❡s ❝♦♥ ♦tr❛ ❝r❡❛❞❛ ♣❛r❛ ❡st❡ ♣r♦♣ós✐t♦✱ q✉❡
❝✉❡♥t❛ ❝♦♥ ✉♥❛ s♦❧❛ ❜❛♥❞❛ ❞♦♥❞❡ t♦❞♦s ❧♦s ♣í①❡❧❡s s❡ ✐♥✐❝✐❛♥ ❝♦♥ ✈❛❧♦r ✵ ② q✉❡ ♦❝✉♣❛ ❧❛ ♠✐s♠❛ ❡①t❡♥s✐ó♥
② t❛♠❛ñ♦ ❞❡ ♣í①❡❧ q✉❡ ❧♦s r❡❝♦rt❡s✳ ▲❛ s✉♣❡r♣♦s✐❝✐ó♥ ❞❡❧ ♥✉❡✈♦ rást❡r ❝♦♥ ❧❛ ❝❛♣❛ ✈❡❝t♦r✐❛❧ ❝❧❛s✐✜❝❛❞❛
❝♦♠♦ ✧sí✧✭t✐❡♥❡ ❈✳ s❡❧❧♦❛♥❛✮ ❝❛♠❜✐❛rá ❧♦s ♣í①❡❧❡s ❛❢❡❝t❛❞♦s ❞❡ ✈❛❧♦r ✵ ❛ ✶✱ ♠✐❡♥tr❛s ❧♦s ❝❧❛s✐✜❝❛❞♦ ❝♦♠♦
✧♥♦✧✱ ❛❞q✉✐r✐rá♥ ✈❛❧♦r ✷✳ ❚r❛s t❡r♠✐♥❛r ❡❧ ♣r♦❝❡s♦ ❡st❛ ❝❛♣❛ ❡s ❣✉❛r❞❛❞❛ ❡♥ ❢♦r♠❛t♦ ✳①②③ ✭✈❡r ❋✐❣✉r❛ ✽✮✳

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✶✶



✸ ▼❡t♦❞♦❧♦❣í❛ ② ♣r♦❝❡❞✐♠✐❡♥t♦s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

❋✐❣✉r❛ ✽✿ ❉❡t❛❧❧❡ ❞❡ ♣í①❡❧❡s ❞✐❡♥t✐✜❝❛❞♦s ❝♦♠♦ ❧✐❜r❡s ❞❡ ❈♦rt❛❞❡r✐❛ ✭✈❡r❞❡✮ ② ♦tr♦s ❝♦♥ ♣r❡s❡♥❝✐❛ ♣♦r ❧❛
♣❧❛♥t❛ ✭r♦❥♦✮✳ ❆✉t♦r✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛

❊♥ ❧❛ ❚❛❜❧❛ ✷ s❡ ♦❜s❡r✈❛ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ♣í①❡❧❡s ❝❧❛s✐✜❝❛❞♦s ❝♦♠♦ ✬sí✬ ② ❛q✉❡❧❧♦s q✉❡ ❤❛♥ s✐❞♦ ❝❛t❛❧♦❣❛✲
❞♦s ❝♦♠♦ ✬♥♦✬✱ ❡❧ t♦t❛❧ ❞❡ ♣í①❡❧❡s ❞❡❧ ❝❛❞❛ ❝♦♥❥✉♥t♦ ✭❡♥tr❡♥❛♠✐❡♥t♦ ♦ t❡st✮✱ ❡❧ t♦t❛❧ ❝❧❛s✐✜❝❛❞♦ ② ❡❧ t♦t❛❧
❞❡ ❧❛ ❡s❝❡♥❛ s♦❜r❡ ❧❛ q✉❡ s❡ r❡❛❧✐③❛rá ❧❛ ♣r❡❞✐❝❝✐ó♥✳ ❚❛♠❜✐é♥ s❡ ♠✉❡str❛ ❡❧ ♣♦r❝❡♥t❛❥❡ q✉❡ ❡st♦s ♣í①❡❧❡s
r❡♣r❡s❡♥t❛♥ s♦❜r❡ ❡❧ t♦t❛❧ ❞❡ ❝❧❛s✐✜❝❛❞♦s ② s♦❜r❡ t♦❞❛ ❞❡ ❧❛ ❡s❝❡♥❛✳

❙í ◆♦ ❊♥tr❡♥❛♠✐❡♥t♦ ❚❡st ❈❧❛s✐✜❝❛❞♦s ❚♦t❛❧ ❊s❝❡♥❛
Pí①❡❧❡s ✷✹✹✹ ✶✾✸✽✹ ✶✼✹✻✷ ✹✸✻✻ ✷✶✽✷✽ ✻✺✺✺✻✵✵

✪ ❈❧❛s✐✜❝❛❞♦s ✶✶✳✷✵ ✽✽✳✵✽ ✽✵✳✵✵ ✷✵✳✵✵ ✕ ✕
✪ ❚♦t❛❧ ❊s❝❡♥❛ ✵✳✵✹ ✵✳✸✵ ✵✳✷✼ ✵✳✵✼ ✵✳✸✸ ✕

❚❛❜❧❛ ✷✿ ◆ú♠❡r♦ ❞❡ ♣í①❡❧❡s ✐❞❡♥t✐✜❝❛❞♦s ② ❛s✐❣♥❛❞♦s ❛ ❧♦s ❝♦♥❥✉♥t♦s ❝♦♥❥✉♥t♦s ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ ② t❡st✳

P❛r❛ tr❛t❛r ❞❡ r❡❞✉❝✐r ❧❛ ♠❛❧❛ ❛s✐❣♥❛❝✐ó♥ ❞❡ ③♦♥❛s ❝❧❛s✐✜❝❛❞❛s ❝♦♥ ✉♥❛ ❝❛t❡❣♦rí❛ ❛ ✉♥ ♣í①❡❧ ❝♦♥t✐❣✉♦
q✉❡ ♥♦ ♣❡rt❡♥❡❝❡rí❛ ❛ ❞✐❝❤❛ ❝❧❛s❡✱ s❡ ❤❛ tr❛t❛❞♦ ❞❡ ♥♦ ✐❞❡♥t✐✜❝❛r ❧❛s ③♦♥❛s ❤❛st❛ ♠✉② ❝❡r❝❛ ❞❡ s✉ ♣❡rí♠❡tr♦
❡①t❡r✐♦r✱ ❞❡❥❛♥❞♦ ✉♥ ❝✐❡rt♦ ♠❛r❣❡♥ ② ❛sí ♠✐♥✐♠✐③❛r ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ q✉❡ s✉❝❡❞❛ ❞✐❝❤❛ tr❛♥s❢❡r❡♥❝✐❛✳

❈♦♠♦ ú❧t✐♠♦ ♣❛s♦ ♣❛r❛ s✉ ♣♦st❡r✐♦r ✐♥tr♦❞✉❝❝✐ó♥ ❡♥ ❧❛ r❡❞ ♥❡✉r♦♥❛❧ ② ❝❧❛s✐✜❝❛❝✐ó♥ ✜♥❛❧✱ s❡ r❡❛❧✐③❛
♦tr♦ s❝r✐♣t ❡♥❝❛r❣❛❞♦ ❞❡ ❧❡❡r ❧♦s ❛r❝❤✐✈♦s ❝r❡❛❞♦s ❝♦♥ ❛♥t❡r✐♦r✐❞❛❞✿ t❛♥t♦ ❧♦s ❞❡ r❡❝♦rt❡s ❝♦♠♦ ❧♦s ❞❡ ❧❛
❝❧❛s✐✜❝❛❝✐ó♥✳ ❉❡ ❧❛ ❝❛♣❛ ❝❧❛s✐✜❝❛❞❛ s❡ s❡❧❡❝❝✐♦♥❛♥ ❛q✉❡❧❧♦s ❝❛t❛❧♦❣❛❞♦s ❝♦♠♦ ✬sí✬ ♦ ✬♥♦✬ ② s❡ ❛ñ❛❞❡♥ ❛
s✉s ✜❧❛s ❧♦s ✈❛❧♦r❡s ❞❡ ❧❛s r❡✢❡❝t✐✈✐❞❛❞❡s ❞❡ ❧❛s ❜❛♥❞❛s s❡❧❡❝❝✐♦♥❛❞❛s ② ❡❧ ◆❉❱■ ♣❛r❛ ❝❛❞❛ ✐♠❛❣❡♥✱ ❧♦
q✉❡ ❢♦r♠❛rá ❧❛ ♠❛tr✐③ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳ ❆❞❡♠ás✱ s❡ ❝r❡❛ ✉♥❛ ♠❛tr✐③ q✉❡ ❝♦♥t❡♥❞rá ❧♦s ✈❛❧♦r❡s ❞❡ ❧❛s
r❡✢❡❝t✐✈✐❞❛❞❡s ❞❡ ❧❛s ❜❛♥❞❛s ② ❡❧ ◆❉❱■ ❞❡ t♦❞♦s ❧♦s ♣í①❡❧❡s ❞❡ ❧❛ ③♦♥❛ ❞❡ ❡st✉❞✐♦✱ ♣❡r♦ q✉❡ ♥♦ t❡♥❞rá
✈❡❝t♦r ❞❡ ❝❧❛s✐✜❝❛❝✐ó♥✱ ♣✉❡st♦ q✉❡ ❧❛ ♦❜t❡♥❝✐ó♥ ❞❡❧ ♠✐s♠♦ ❡s ❡❧ ♦❜❥❡t✐✈♦ ✜♥❛❧ ❞❡ ❧❛ r❡❞ ♥❡✉r♦♥❛❧✳

❊♥ ❡❧ ♣r❡s❡♥t❡ ❝❛s♦ s❡ ❤❛ ♦❜t❡♥✐❞♦ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ❞❛t♦s ♣❛r❛ ❡♥tr❡♥❛♠✐❡♥t♦ ② t❡st ❝♦♥ ✶✾✸✽✹ ♣í①❡❧❡s
q✉❡ s❡ ❝♦♥s✐❞❡r❛♥ ❝♦rr❡❝t❛♠❡♥t❡ ❝❧❛s✐✜❝❛❞♦s ② ❞❡ ❧♦s q✉❡ s❡ ❤❛♥ s❡❧❡❝❝✐♦♥❛❞♦ t♦❞❛s ❧❛s ❜❛♥❞❛s ❞❡ ✶✵ ②
✷✵ ♠❡tr♦s ❞❡ r❡s♦❧✉❝✐ó♥✱ ❛❞❡♠ás ❞❡❧ ◆❉❱■ ♣❛r❛ ❝❛❞❛ ✉♥♦✱ r❡s✉❧t❛♥❞♦ ✉♥ t♦t❛❧ ❞❡ ✶✵ ❝♦❧✉♠♥❛s ♣♦r ❢♦t♦
②✱ ❞❛❞♦ q✉❡ s❡ s❡❧❡❝❝✐♦♥❛r♦♥ ✸ ✐♠á❣❡♥❡s ❛ ❧♦ ❧❛r❣♦ ❞❡❧ ❛ñ♦✱ s❡ ♦❜t✐❡♥❡ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ❞❛t♦s ❞❡ ✶✾✸✽✹ ✜❧❛s
① ✸✵ ❝♦❧✉♠♥❛s✳

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✶✷



✸ ▼❡t♦❞♦❧♦❣í❛ ② ♣r♦❝❡❞✐♠✐❡♥t♦s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

✸✳✷✳ ❈♦♥✜❣✉r❛❝✐ó♥ ❞❡ ❧❛ ❘❡❞ ◆❡✉r♦♥❛❧ ❆rt✐✜❝✐❛❧

❚r❛s ❧❛ ♦❜t❡♥❝✐ó♥ ❞❡ ❧♦s ❝♦♥❥✉♥t♦s ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ ② t❡st✱ s❡ ♣r♦❝❡❞❡ ❛ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ✉♥❛
r❡❞ ♥❡✉r♦♥❛❧ ❝♦♥ ❝❛♣❛s ❞❡♥s❛♠❡♥t❡ ❝♦♥❡❝t❛❞❛s✳ ❊♥ ❡st❛s r❡❞❡s ❧❛ t♦t❛❧✐❞❛❞ ❧❛s ♥❡✉r♦♥❛s ❞❡ ❝❛❞❛ ❝❛♣❛
❡stá♥ ❝♦♥❡❝t❛❞❛s ❝♦♥ t♦❞❛s ❧❛s ♥❡✉r♦♥❛s ❞❡ ❧❛ ❝❛♣❛ ✐♥♠❡❞✐❛t❛♠❡♥t❡ ❛♥t❡r✐♦r ♦ ♣♦st❡r✐♦r ✭✈❡r ❋✐❣✉r❛ ✾✮✳
❙✐❡♠♣r❡ ❤❛❜rá ✉♥❛ ❝❛♣❛ ❞❡ ❡♥tr❛❞❛ q✉❡ r❡❝✐❜❡ ❧♦s ❞❛t♦s ❞❡ ❧❛ ♠❛tr✐③ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ ✉♥❛ s❡r✐❡ ❞❡ ❝❛♣❛s
♦❝✉❧t❛s ② ✉♥❛ ❝❛♣❛ ❞❡ s❛❧✐❞❛ ❝♦♥ t❛♥t❛s ♥❡✉r♦♥❛s ❝♦♠♦ ♣♦s✐❜✐❧✐❞❛❞❡s ❞❡ ❝❧❛s✐✜❝❛❝✐ó♥ t❡♥❣❛ s✉ ✈❡❝t♦r ❞❡
❝❧❛s✐✜❝❛❝✐ó♥✱ q✉❡ ❝♦♠♦ s❡ q✉✐❡r❡ ❞❡t❡r♠✐♥❛r ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ♣r❡s❡♥❝✐❛ ❞❡ ❈✳ s❡❧❧♦❛♥❛ ❡♥ ❝❛❞❛ ♣í①❡❧✱ s❡rá
só❧♦ ✉♥❛✳

❋✐❣✉r❛ ✾✿ ❉✐❛❣r❛♠❛ ❞❡ ❝❛♣❛s ❞❡ ❧❛ r❡❞ ♥❡✉r♦♥❛❧ ❞❡♥s❛♠❡♥t❡ ❝♦♥❡❝t❛❞❛✳ ❆✉t♦r✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛

P❛r❛ ❝r❡❛r ❧❛ r❡❞ ♥❡✉r♦♥❛❧ s❡ ❤❛ ✉s❛❞♦ ❑❡r❛s✱ ✉♥❛ ❧✐❜r❡rí❛ ❞❡ ❛❧t♦ ♥✐✈❡❧ q✉❡ ♣r♦✈❡❡ ✉♥❛ ✐♥t❡r❢❛③ s❡♥❝✐❧❧❛
❡♥ Pt②❤♦♥ ♣❛r❛ ❚❡♥s♦r❋❧♦✇✳

❙❡ ❤❛ ♦♣t❛❞♦ ♣♦r ✉♥❛ r❡❞ ❝♦♥ ✉♥❛ ❝❛♣❛ ❞❡ ❡♥tr❛❞❛ ❝♦♥ ✶✷✽ ♥❡✉r♦♥❛s✱ ❝✉❛tr♦ ❝❛♣❛s ♦❝✉❧t❛s ❝♦♥ ✻✹✱
✸✷✱ ✶✻ ② ✽ ♥❡✉r♦♥❛s✱ t♦❞❛s ❡st❛s ❝❛♣❛s ❛❝t✐✈❛♥ s✉s ♥❡✉r♦♥❛s ❝♦♥ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❛❝t✐✈❛❝✐ó♥ P❛r❛♠❡tr✐❝
❘❡❝t✐✜❡❞ ▲✐♥❡❛r ❯♥✐t ✭P❘❡▲❯✮✱ ❞❡✜♥✐❞❛ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✷ ② ❧❛ ❝❛♣❛ ❞❡ s❛❧✐❞❛ ❡♠♣❧❡❛ ❧❛ ❢✉♥❝✐ó♥ s✐❣♠♦✐❞❡✱
❡♥ ❧❛ ❊❝✉❛❝✐ó♥ ✸ ✭✈❡r ❋✐❣✉r❛s ✶✵ ② ✶✶✮✳

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✶✸



✸ ▼❡t♦❞♦❧♦❣í❛ ② ♣r♦❝❡❞✐♠✐❡♥t♦s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

PReLU(xi) =

{

xi si xi > 0
aixi si xi ≤ 0

✭✷✮

❋✐❣✉r❛ ✶✵✿ ❋✉♥❝✐ó♥ P❘❡▲❯✳ ❆✉t♦r✿ Pr♦❣r❛♠❛✲
❞♦r ❞❡ ❈❧✐❝❦✳

σ(z) =
1

1 + e−z
✭✸✮

❋✐❣✉r❛ ✶✶✿ ❋✉♥❝✐ó♥ s✐❣♠♦✐❞❡✳ ❆✉t♦r✿ Pr♦❣r❛✲
♠❛❞♦r ❞❡ ❈❧✐❝❦✳

❈♦♥ ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ❡✈✐t❛r ♣r♦❜❧❡♠❛s ❞❡ s♦❜r❡❛❥✉st❡ ✭♦✈❡r✜tt✐♥❣✮✱ ❝♦♥ ❧♦s q✉❡ ❡❧ ♠♦❞❡❧♦ ♥♦ s❡rí❛ ❝❛♣❛③
❞❡ ❣❡♥❡r❛❧✐③❛r ② ❢✉♥❝✐♦♥❛r ❝♦rr❡❝t❛♠❡♥t❡ ♣❛r❛ t♦❞♦s ❧♦s ❞❛t♦s ❞❡ ❡♥tr❛❞❛✱ s❡ ❛ñ❛❞❡ ❛ t♦❞❛s ❧❛s ❝❛♣❛s
✉♥ ❉r♦♣♦✉t ❞❡❧ ✶✵✪✱ ❧♦ q✉❡ q✉✐❡r❡ ❞❡❝✐r q✉❡ ✉♥❛ ❞❡ ❝❛❞❛ ✶✵ ♥❡✉r♦♥❛s ♣♦r ❝❛♣❛ s❡rá♥ ✬❛♣❛❣❛❞❛s✬ ❡♥
❝❛❞❛ r❡♣❡t✐❝✐ó♥ ② ❧❛ r❡❞ t❡♥❞rá q✉❡ r❡❛❧✐③❛r ❡❧ ❛❥✉st❡ s✐♥ ❡❧❧❛s✱ ❧♦ q✉❡ ❞✐✜❝✉❧t❛ q✉❡ ❡❧ ♠♦❞❡❧♦ ❛❧❝❛♥❝❡ ✉♥❛
❡①❝❡s✐✈❛ ♣❛rt✐❝✉❧❛r✐③❛❝✐ó♥ ♣❛r❛ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❞❛t♦s ❝♦♥ ❧♦s q✉❡ s❡ ❤❛ ❡♥tr❡♥❛❞♦ ✭❆♥t♦♥❛ ✷✵✷✵✮✳

P❛r❛ ❧❛ ❝♦♠♣✐❧❛❝✐ó♥ s❡ ❤❛ ✉s❛❞♦ ❡❧ ♦♣t✐♠✐③❛❞♦r ❞❡ ❆❞❛♠✱ q✉❡ ❝♦♠❜✐♥❛ ✉♥♦s ❜✉❡♥♦s r❡s✉❧t❛❞♦s ❡♥ ❧❛
❞❡t❡❝❝✐ó♥ ❞❡ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡❧ ❞❡s❝❡♥s♦ ❣r❛❞✐❡♥t❡ ❡st♦❝ást✐❝♦ ✭❧❛ ❞✐r❡❝❝✐ó♥ ❡♥ ❧❛ q✉❡ ❞❡s❝✐❡♥❞❡ ❡❧ ❡rr♦r ❡♥ ❧❛s
♣r❡❞✐❝❝✐♦♥❡s✮ ❝♦♥ ✉♥ ❜❛❥♦ ❝♦♥s✉♠♦ ❞❡ r❡❝✉rs♦s ❞❡ ❝♦♠♣✉t❛❝✐ó♥ ✭❆❧♦♠ ✷✵✷✶✮✳ ❆❧ r❡❛❧✐③❛r ✉♥❛ ❝❧❛s✐✜❝❛❝✐ó♥
❜✐♥❛r✐❛✱ s❡rá ❡♠♣❧❡❛❞❛ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❝♦st❡ ❞❡ ❡♥tr♦♣í❛ ❝r✉③❛❞❛ ❜✐♥❛r✐❛ q✉❡ s❡ ❞❡✜♥❡ ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳

Loss = −
1

outputsize

outpusize
∑

i=1

yi · log ŷi + (1− yi) · log(1− ŷi) ✭✹✮

▲❛ r❡❞ ♥❡✉r♦♥❛❧ s❡ ✐♥✐❝✐❛ ❝♦♠❡♥③❛♥❞♦ ❡❧ ♣r♦❝❡s♦ ❞❡ ♣r♦♣❛❣❛❝✐ó♥ ❤❛❝✐❛ ❛❞❡❧❛♥t❡ ✭❢♦r✇❛r❞ ♣r♦♣❛❣❛t✐♦♥✮
✭✈❡r ❋✐❣✉r❛ ✶✷✮✱ ❡♥ ❡❧ q✉❡ ❝❛❞❛ ❝❛♣❛ t❡♥❞rá ✉♥ ♣❛rá♠❡tr♦ ❜ q✉❡ s❡rá ✐❣✉❛❧ ♣❛r❛ t♦❞❛s ❧❛s ♥❡✉r♦♥❛s ❞❡ ❧❛
❝❛♣❛ ② r❡❝✐❜✐rá ✉♥ ♣❛rá♠❡tr♦❳✳ ❊st❡ ✈❛❧♦r ❡s ❡①tr❛í❞♦ ❞❡ ❧♦s ❞❛t♦s ❞❡ ❧❛ ♠❛tr✐③ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✭❡❧ ✈❛❧♦r
♥♦r♠❛❧✐③❛❞♦ ❞❡ ❧❛ r❡✢❡❝t✐✈✐❞❛❞ ❡♥ ✉♥❛ ❜❛♥❞❛✮ ❡♥ ❧❛ ❝❛♣❛ ❞❡ ❡♥tr❛❞❛ ♦ ❧❛ s❛❧✐❞❛ ❞❡ ♦tr❛ ♥❡✉r♦♥❛ ❞❡ ✉♥❛
❝❛♣❛ ♣r❡✈✐❛ ❡♥ ❧❛s ❞❡♠ás ❝❛♣❛s✳ ▲❛ ♥❡✉r♦♥❛ tr❛♥s❢♦r♠❛rá ❡❧ ✈❛❧♦r r❡❝✐❜✐❞♦ ❝♦♥ s✉ ❢✉♥❝✐ó♥ ❞❡ ❛❝t✐✈❛❝✐ó♥ ②
tr❛♥s♠✐t✐rá ❡❧ r❡s✉❧t❛❞♦ ❛ ❧❛ ❝❛♣❛ s✐❣✉✐❡♥t❡ ♠✉❧t✐♣❧✐❝❛❞♦ ♣♦r ✉♥ ♣❡s♦❲✱ q✉❡ ❡♥ ❧❛ ♣r✐♠❡r❛ r❡♣❡t✐❝✐ó♥ s❡rá
❛s✐❣♥❛❞♦ ❛❧ ❛③❛r ✭❘♦❞rí❣✉❡③ ✷✵✶✽✮✳ P❛r❛ ❧❛ ❝❛♣❛ ❞❡ ❡♥tr❛❞❛ s❡ ❣❡♥❡r❛ ✉♥ ♣❡s♦ ♣♦r ❝♦❧✉♠♥❛ ❞❡ ❧❛ ♠❛tr✐③
❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♣❛r❛ ❝❛❞❛ ♥❡✉r♦♥❛ ② ❡♥ t♦❞❛s ❧❛s ❝❛♣❛s ❣❡♥❡r❛rá ✉♥ ♣❡s♦ ❧❛ ✉♥✐ó♥ ❞❡ ❝❛❞❛ ♥❡✉r♦♥❛ ❝♦♥
t♦❞❛s ❧❛s ❞❡ ❧❛ ❝❛♣❛ s✐❣✉✐❡♥t❡✳ ■rá tr❛♥s✐t❛♥❞♦ ♣♦r ❝❛❞❛ ❝❛♣❛ ❤❛st❛ ❧❧❡❣❛r ❛ ❧❛ ❞❡ s❛❧✐❞❛✱ ❞♦♥❞❡ ❝♦♥tr❛st❛ ❡❧
r❡s✉❧t❛❞♦ ♦❜t❡♥✐❞♦ ❝♦♥ ❡❧ ❡s♣❡r❛❞♦ ❡♥ ❡❧ ✈❡❝t♦r ❞❡ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ ② s❡ ✐♥✐❝✐❛
❧❛ ♣r♦♣❛❣❛❝✐ó♥ ❤❛❝✐❛ ❛trás ✭❜❛❝❦ ♣r♦♣❛❣❛t✐♦♥✮✳ ❉✉r❛♥t❡ ❧❛ ♣r♦♣❛❣❛❝✐ó♥ ❤❛❝✐❛ ❛trás ✐rá ❝♦rr✐❣✐❡♥❞♦ ❡❧
❡rr♦r ❛❥✉st❛♥❞♦ ❝❛❞❛ ♣❡s♦ ❡♥ s❡♥t✐❞♦ ❝♦♥tr❛r✐♦ ❛❧ ❣r❛❞✐❡♥t❡ q✉❡ ❤❛ s✐❞♦ ❞❡t❡r♠✐♥❛❞♦ ♣♦r ❡❧ ♦♣t✐♠✐③❛❞♦r✱
❛❥✉st❛♥❞♦ t♦❞♦s ❧♦s ♣❡s♦s ❤❛st❛ ❧❧❡❣❛r ❛ ❧♦s ❞❡ ❧❛ ❝❛♣❛ ❞❡ ❡♥tr❛❞❛✱ ❝♦♠❡♥③❛♥❞♦ ♦tr❛ ✈❡③ ❧❛ ♣r♦♣❛❣❛❝✐ó♥
❤❛❝✐❛ ❛❞❡❧❛♥t❡✱ ❛❤♦r❛ ❝♦♥ ❧♦s ♣❡s♦s q✉❡ s❡ ❛❝❛❜❛♥ ❞❡ ❝♦rr❡❣✐r✳ ❈✉❛♥❞♦ ❡❧ ❞❡s❡♠♣❡ñ♦ ❡s ❝♦rr❡❝t♦✱ ❝♦♥
❧❛s s✉❝❡s✐✈❛s r❡♣❡t✐❝✐♦♥❡s ❞❡ ❧❛ ♦♣❡r❛❝✐ó♥✱ s❡ ❧♦❣r❛ ❧❛ ♣r♦❣r❡s✐✈❛ r❡❞✉❝❝✐ó♥ ❞❡❧ ❡rr♦r✱ r❡❛❧✐③❛♥❞♦ ❧♦ q✉❡ s❡
❧❧❛♠❛ ❝♦♥✈❡r❣❡♥❝✐❛ ❞❡❧ ♠♦❞❡❧♦✱ ❡♥ ❡❧ q✉❡ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❝♦st❡ ❛rr♦❥❛ ✉♥ ✈❛❧♦r ♠ás ♣❡q✉❡ñ♦✱ ♠✐❡♥tr❛s ❡❧
❞❡ ❧❛ ♣r❡❝✐s✐ó♥ s❡rá ♠ás ❛❧t♦ ❝♦♥ ❧❛ s✉❝❡s✐ó♥ ❞❡ ✐t❡r❛❝✐♦♥❡s✱ ❤❛st❛ q✉❡ s❡ ❛❧❝❛♥③❛ ✉♥ ♣✉♥t♦ ❡♥ ❡❧ q✉❡ ♥♦
s❡ ♠❡❥♦r❛ ♦ s❡ ❤❛❝❡ ♠✉② ❧❡♥t❛♠❡♥t❡ ② ❝♦♥ ✉♥ ❝♦st❡ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♠✉② ❡❧❡✈❛❞♦✳ ❊st❡ ♣r♦❝❡s♦ ❧❧❛♠❛❞♦
✬❡♥tr❡♥❛♠✐❡♥t♦✬ ♣❡r♠✐t❡ ♦❜t❡♥❡r ✉♥ ♠♦❞❡❧♦ ❝❛♣❛③ ❞❡ ❣❡♥❡r❛r ♣r❡❞✐❝❝✐♦♥❡s ❞❡ ❝✐❡rt❛ ♣r❡❝✐s✐ó♥✱ ♣✉❞✐❡♥❞♦

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✶✹



✸ ▼❡t♦❞♦❧♦❣í❛ ② ♣r♦❝❡❞✐♠✐❡♥t♦s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

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

❋✐❣✉r❛ ✶✷✿ ❋❧✉❥♦ ❞❡ ✉♥❛ ♥❡✉r♦♥❛✳ ❆✉t♦r✿ ❘♦❞rí❣✉❡③ ✷✵✶✽

✸✳✸✳ ❖♣t✐♠✐③❛❝✐ó♥ ❞❡ ❧♦s ♣❛rá♠❡tr♦s ❞❡ ❧❛ r❡❞

❙❡ ❤❛ ♦♣t❛❞♦ ♣♦r ✉♥❛ ❝♦♥✜❣✉r❛❝✐ó♥ ✜❥❛ ❡♥ ❡❧ ♥ú♠❡r♦ ❞❡ ❝❛♣❛s ② ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ♥❡✉r♦♥❛s ❞❡ ❧❛s ♠✐s♠❛s✱
❛❞❡♠ás ❞❡ ♦♣t❛r ♣♦r ✉♥❛ ❢✉♥❝✐ó♥ ❞❡ ❛❝t✐✈❛❝✐ó♥ ❞❡ r❡❝♦♥♦❝✐❞❛ s♦❧✈❡♥❝✐❛✱ ❝♦♠♦ ❡s P❘❡▲❯✳ ❙❡ ❤❛ ❞❡❝✐❞✐❞♦
❛sí tr❛s ❝♦♥s✐❞❡r❛r q✉❡ ❧❛ r❡❛❧✐③❛❝✐ó♥ ❞❡ ❧❛s ♣r✉❡❜❛s ♥❡❝❡s❛r✐❛s ♣❛r❛ ❧♦❣r❛r ✉♥❛ ❜✉❡♥❛ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡
❡st♦s ♣❛rá♠❡tr♦s q✉❡ ♣❡r♠✐t❡♥ ❣r❛♥ ❝❛♥t✐❞❛❞ ❝♦♠❜✐♥❛❝✐♦♥❡s ❛❧❛r❣❛rí❛ ❞❡♠❛s✐❛❞♦ ❡❧ tr❛❜❛❥♦✱ ❞❛❞♦ ❡❧
t✐❡♠♣♦ q✉❡ t❡♥❞rí❛ q✉❡ ✐♥✈❡rt✐rs❡ ❡♥ ❡❧ ❡♥tr❡♥❛♠✐❡♥t♦ ② s✉♣❡r✈✐s✐ó♥ ❞❡ ❧❛s ❞✐st✐♥t❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s✳

P❛r❛ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ♦tr♦s ♣❛rá♠❡tr♦s ✐♠♣♦rt❛♥t❡s s❡ ❤❛ ❤❛ r❡❝✉rr✐❞♦ ❛❧ ♠ét♦❞♦ ❞❡ ●r✐❞ ❙❡❛r❝❤
❈r♦ss ❱❛❧✐❞❛t✐♦♥ ✭●r✐❞❙❡❛r❝❤❈❱✮ ♣❛r❛ s✉ ❡st✉❞✐♦✱ ést❡ ♣❡r♠✐t❡ r❡❛❧✐③❛r ✉♥ ❛♥á❧✐s✐s ❡st❛❞íst✐❝♦ ❞❡ ❧♦s
r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ♣♦r ❧❛ r❡❞ s✐❡♥❞♦ ❡♥tr❡♥❛❞❛ ♣r♦❜❛♥❞♦ t♦❞❛s ❧❛s ❝♦♠❜✐♥❛❝✐♦♥❡s ❞❡ ❧♦s ♠✐s♠♦s✳

❈♦♥ ❡❧ ✜♥ ❞❡ ♠❡❥♦r❛r ❡❧ ❞❡s❡♠♣❡ñ♦ ❞❡ ❧❛ r❡❞ s❡ r❡❛❧✐③❛rá ❡❧ ●r✐❞ ❙❡❛r❝❤ ❝♦♥ ✈❛r✐❛s ❝♦♠❜✐♥❛❝✐♦♥❡s ❞❡✿

➱♣♦❝❛s ✭❡♣♦❝❤s✮✿ ❡❧ ♥ú♠❡r♦ ❞❡ ❝✐❝❧♦s ❝♦♠♣❧❡t♦s ❞❡ ❢♦r✇❛r❞ ② ❜❛❝❦ ♣r♦♣❛❣❛t✐♦♥ q✉❡ ❝♦♠♣❧❡t❛ ❧❛ r❡❞
❤❛st❛ ✜♥❛❧✐③❛r ❡❧ ❡♥tr❡♥❛♠✐❡♥t♦✳

❚❛♠❛ñ♦ ❞❡ ❧♦t❡ ✭❜❛t❝❤ s✐③❡✮✿ ❡❧ ♥ú♠❡r♦ ❞❡ ❞❛t♦s q✉❡ s❡ ✐♥tr♦❞✉❝❡♥ ❡♥ ❝❛❞❛ ✐t❡r❛❝✐ó♥ ♣♦s✐❜✐❧✐t❛♥❞♦
q✉❡✱ ❡♥ ✈❡③ ❞❡ ❝❛❧❝✉❧❛r ❧♦s ❡rr♦r❡s ② ❝♦♠♣❡♥s❛❝✐♦♥❡s ❞❡ ♣❡s♦ ❞❛t♦ ❛ ❞❛t♦✱ s❡ ❛❣r✉♣❡♥ ♣❛r❛ r❡❞✉❝✐r
❧❛ ❝❛r❣❛ ❞❡ ♦♣❡r❛❝✐♦♥❡s ❛ r❡❛❧✐③❛r ♣♦r ❡❧ ❡q✉✐♣♦✳

❖♣t✐♠✐③❛❞♦r❡s✿ ❛❧❣♦r✐t♠♦s ❡♥❝❛r❣❛❞♦s ❞❡ ❞❡t❡❝t❛r ❧❛ ❞✐r❡❝❝✐ó♥ ❡♥ ❧❛ q✉❡ s❡ ❞❡s♣❧❛③❛ ❡❧ ❣r❛❞✐❡♥t❡✱
❧♦ q✉❡ ♣❡r♠✐t❡ ❝♦rr❡❣✐r ❡❧ ❡rr♦r ❡♥ ❧❛ ❞✐r❡❝❝✐ó♥ ❛❞❡❝✉❛❞❛✳

P❛r❛ ❡❧ ♥ú♠❡r♦ ❞❡ é♣♦❝❛s s❡ ♣r♦❜❛rá ❝♦♥ ✺✵✵✱ ✶✵✵✵ ② ✷✵✵✵ r❡♣❡t✐❝✐♦♥❡s✱ ❡♥ ❡❧ ❝❛s♦ ❞❡❧ ❜❛t❝❤ s✐③❡
s❡ r❡❛❧✐③❛rá ❡❧ t❡st ❝♦♥ ❧♦t❡s ❞❡ ✹✱ ✽ ② ✶✻ ❞❛t♦s✳ ❈♦♠♦ s❛❧✐❞❛ ❡s ♦❜t❡♥✐❞❛ ❧❛ ♣r❡❝✐s✐ó♥ ♣❛r❛ ❧❛ ♠❡❥♦r
❝♦♠❜✐♥❛❝✐ó♥ ❞❡ ♣❛rá♠❡tr♦s ✭✈❡r ❚❛❜❧❛ ✸✮✳

❊♥ ❡st❡ ❝❛s♦ ❧❛ ♠❡❥♦r ❝♦♠❜✐♥❛❝✐ó♥ ❢✉❡ ❧❛ ❞❡ ✷✵✵✵ é♣♦❝❛s ② ❜❛t❝❤ ❞❡ ✶✻ ❞❛t♦s✱ ♣❡r♦ ❝♦♥ ❡s❝❛s❛ ❞✐❢❡r❡♥❝✐❛
s♦❜r❡ ❧❛ ❝♦♠❜✐♥❛❝✐ó♥ ❞❡ ✶✵✵✵ é♣♦❝❛s ② ❜❛t❝❤ ❞❡ ✽ ❞❛t♦s✳ ❈♦♠♦ ❡st❛ ú❧t✐♠❛ ♠❡❞✐❛ t✐❡♥❡ ✉♥ ♠❛②♦r ❡❢❡❝t♦
❞❡❧ ❡rr♦r ❞❡ ❧❛s ♣r✐♠❡r❛s r❡♣❡t✐❝✐♦♥❡s ② ✉♥ t✐❡♠♣♦ ❞❡ ❝á❧❝✉❧♦ ♠❡♥♦r✱ s❡ ❡st✐♠♦ ❧❛ ♦♣❝✐ó♥ ♠ás ✐♥t❡r❡s❛♥t❡
♣❛r❛ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❧❛ r❡❞✳

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✶✺



✸ ▼❡t♦❞♦❧♦❣í❛ ② ♣r♦❝❡❞✐♠✐❡♥t♦s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

❈♦♠❜✐♥❛❝✐ó♥ Pr❡❝✐s✐ó♥ ♠❡❞✐❛
❜❛t❝❤✿ ✽✱ ❡♣♦❝❤s✿ ✶✵✵✵ ✵✳✾✽✹✵✷✷
❜❛t❝❤✿ ✶✻✱ ❡♣♦❝❤s✿ ✷✵✵✵ ✵✳✾✽✺✶✶✵

❚❛❜❧❛ ✸✿ Pr❡❝✐s✐ó♥ ❞❡ ❧❛s ♠❡❥♦r❡s ❝♦♠❜✐♥❛❝✐♦♥❡s ❞❡ ♣❛rá♠❡tr♦s✳

✸✳✹✳ ❘❡s✉❧t❛❞♦s ♣r❡❧✐♠✐♥❛r❡s ② ♣r♦❝❡s♦ ✐t❡r❛t✐✈♦ ❞❡ ❝❧❛s✐✜❝❛❝✐ó♥

❯♥❛ ✈❡③ ❝r❡❛❞❛ ② ❝♦♥✜❣✉r❛❞❛ ❧❛ r❡❞ ♥❡✉r♦♥❛❧✱ ést❛ s❡ ♣✉❡❞❡ ❡♠♣❡③❛r ❛ ❡♥tr❡♥❛r ♣❛r❛ ♦❜t❡♥❡r r❡s✉❧✲
t❛❞♦s ♣r❡❧✐♠✐♥❛r❡s ❡♥ ❧♦s q✉❡ s❡ ❛♣r❡❝✐❛♥ ③♦♥❛s ❝♦♥ ♣r♦❜❧❡♠❛s ❞❡ ✐❞❡♥t✐✜❝❛❝✐ó♥ ♣r♦✈♦❝❛❞♦s ♣♦rq✉❡ ❧♦s
♣í①❡❧❡s ❝❧❛s✐✜❝❛❞♦s ❡♥ ♣r✐♠❡r❛ ✐♥st❛♥❝✐❛ ♥♦ r❡❝♦❣í❛♥ ✉♥❛ s✉✜❝✐❡♥t❡ ✈❛r✐❛❜✐❧✐❞❛❞ ❞❡ ❧♦s ❞❛t♦s✳ ❊st♦ ♣r♦✈♦❝❛
✉♥ ♣r♦❜❧❡♠❛ ❧❧❛♠❛❞♦ ✉♥❞❡r✜tt✐♥❣ ✭❛❥✉st❡ ✐♥s✉✜❝✐❡♥t❡✮✱ ②❛ q✉❡ ❡♥ ❧❛s ♣r✐♠❡r❛s ❢❛s❡s ♥♦ s❡ ❤❛ ❝♦♥s❡❣✉✐❞♦
❞❛r ❛ ❧❛ r❡❞ ✉♥❛ ❝❧❛s✐✜❝❛❝✐ó♥ q✉❡ ❧❡ ♣❡r♠✐t❛ ❞✐st✐♥❣✉✐r ❝♦rr❡❝t❛♠❡♥t❡ ❧♦s ❢❡♥ó♠❡♥♦s✳ ❯♥ ❡❥❡♠♣❧♦ ❛♥á❧♦❣♦
♣♦❞rí❛ s❡r ❡❧ s✐❣✉✐❡♥t❡✿ s✐ s❡ q✉✐s✐❡s❡♥ ✐❞❡♥t✐✜❝❛r ♣í①❡❧❡s q✉❡ ❝♦♥t❡♥❣❛♥ ❤✐❡r❜❛✱ s✐♥ ♦❢r❡❝❡r ❛ ❧❛ r❡❞ ③♦♥❛s
❞❡ ❝és♣❡❞ ❛rt✐✜❝✐❛❧ ② ♦tr♦ t✐♣♦ ❞❡ ❝✉❜✐❡rt❛s ❛rt✐✜❝✐❛❧❡s ♣✐♥t❛❞❛s ❞❡ ✈❡r❞❡✱ ❝❧❛s✐✜❝❛❞❛s ❝♦♠♦ ③♦♥❛s s✐♥
❤✐❡r❜❛✱ s❡rí❛ ❢á❝✐❧ q✉❡ ✉♥❛ r❡❞ ♥❡✉r♦♥❛❧ ❧❛s ❝❧❛s✐✜❝❛s❡ ❡rró♥❡❛♠❡♥t❡✱ ♣✉❡st♦ q✉❡ s♦♥ ✈❡r❞❡s✳

P❛r❛ r❡❞✉❝✐r ❡st❡ ♣r♦❜❧❡♠❛✱ s❡ ✐❞❡♥t✐✜❝❛r♦♥ ❝✉❜✐❡rt❛s q✉❡ ❣❡♥❡r❛❜❛♥ ❝♦♥❢✉s✐ó♥ ❛ ❧❛ r❡❞ ② ♣r♦❝❡❞✐ó ❛
s✉ ❝♦rr❡❝t❛ ❝❧❛s✐✜❝❛❝✐ó♥✱ t❛♥t♦ ❡♥ ③♦♥❛s ❞♦♥❞❡ s❡ ♣r❡❞✐❥♦ ❞❡ ❢♦r♠❛ ❡rró♥❡❛ ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ❈✳ s❡❧❧♦❛♥❛
✭❢❛❧s♦ ♣♦s✐t✐✈♦✮ ❝♦♠♦ ❡♥ ♦tr❛s q✉❡ ♣r♦✈♦❝❛❜❛♥ ❡❧ ❡❢❡❝t♦ ❝♦♥tr❛r✐♦ ✭❢❛❧s♦s ♥❡❣❛t✐✈♦s✮✳ ❉❛❞♦ q✉❡ ❧❛ r❡❞
❢✉❡ s✉❢r✐❡♥❞♦ ♠♦❞✐✜❝❛❝✐♦♥❡s ❛❧ ❛✈❛♥③❛r ❡❧ tr❛❜❛❥♦✱ s❡ ♦❜s❡r✈❛r♦♥ ❞✐✈❡rs❛s ③♦♥❛s q✉❡ ♣r♦✈♦❝❛❜❛♥ ❡rr♦r❡s
② q✉❡ t❛♠❜✐é♥ ❝❛♠❜✐❛❜❛♥ ❛❧ ❝❛♠❜✐❛r ❧♦s ♣❛rá♠❡tr♦s ❞❡ ❧❛ r❡❞✳ ❊st❛s ③♦♥❛s s❡ ❝♦♥s✐❞❡r❛r♦♥ ❞❡ ✐♥t❡rés
♣❛r❛ ❡❧ ❡♥tr❡♥❛♠✐❡♥t♦ ② s❡ ♣r♦❝✉ró s✉ ✐❞❡♥t✐✜❝❛❝✐ó♥ ✈✐s✉❛❧ ② s✉ ✐♥❝♦r♣♦r❛❝✐ó♥ ♠❛♥✉❛❧ ❛ ❧❛ ❝❛♣❛ q✉❡ s✐r✈❡
❝♦♠♦ ❢✉❡♥t❡ ♣❛r❛ ❧♦s ❞❛t♦s ❞❡ ❡♥tr❛❞❛ ❛ ❧❛ r❡❞✳ ❚r❛s ✉♥ ♥✉❡✈♦ ❡♥tr❡♥❛♠✐❡♥t♦✱ ❧❛ r❡❞ ❛♣r❡♥❞❡ ❛ ✐❞❡♥t✐✜❝❛r
❝♦rr❡❝t❛♠❡♥t❡ ❡st❛s ③♦♥❛s✱ ♠❡❥♦r❛♥❞♦ s❡♥s✐❜❧❡♠❡♥t❡ s✉s ♣r❡❞✐❝❝✐♦♥❡s ✭✈❡r ❋✐❣✉r❛ ✶✸✮✳

❋✐❣✉r❛ ✶✸✿ ❆ ❧❛ ✐③q✉✐❡r❞❛✿ ❝❧❛s✐✜❝❛❝✐ó♥ ✐♥✐❝✐❛❧ ✐♥❝♦rr❡❝t❛❀ ❡♥ ❡❧ ❝❡♥tr♦✿ ❝❧❛s✐✜❝❛❝✐ó♥ ♠❛♥✉❛❧ ❝♦rr❡❝t❛ ❞❡ ❧❛
③♦♥❛❀ ❛ ❧❛ ❞❡r❡❝❤❛✿ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❝♦rr❡❝t❛ r❡❛❧✐③❞❛ ♣♦r ❧❛ r❡❞ tr❛s ✉♥ ♥✉❡✈♦ ❡♥tr❡♥❛♠✐❡♥t♦✳

✸✳✺✳ ❱❛❧✐❞❛❝✐ó♥ ❞❡ r❡s✉❧t❛❞♦s

❈♦♥ ❡❧ ✜♥ ❞❡ ❝♦♠♣r♦❜❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s s❡ r❡❛❧✐③❛rá ✉♥❛ ✈❛❧✐❞❛❝✐ó♥ ❝r✉③❛❞❛
❦ ✲❢♦❧❞ ✭❦ ✲❢♦❧❞ ❝r♦ss ✈❛❧✐❞❛t✐♦♥✮✳ ❊st❡ t✐♣♦ ❞❡ ✈❛❧✐❞❛❝✐ó♥ ♣❡r♠✐t❡ ❡✈❛❧✉❛r ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ❣❡♥❡r❛❧✐③❛❝✐ó♥ ❞❡
❧♦s ♠♦❞❡❧♦s ② ❡✈✐t❛r ❡❧ s♦❜r❡❛❥✉st❡ ✭❇❡rr❛r ✷✵✶✽✮✳ P❛r❛ ❡❧❧♦ ❞✐✈✐❞❡ ❛❧❡❛t♦r✐❛♠❡♥t❡ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❞❛t♦s ❡♥
❦ ♣❛rt❡s ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✐❣✉❛❧❡s ❞❡ ♠❛♥❡r❛ q✉❡ ✉♥❛ ❞❡ ❡❧❧❛s s❡ ✉s❛ ♣❛r❛ ❧❛ ✈❛❧✐❞❛❝✐ó♥ ❞❡❧ ❡♥tr❡♥❛♠✐❡♥t♦
q✉❡ s❡ r❡❛❧✐③❛ s♦❜r❡ ❧♦s ❞❡♠ás✳ ❊♥ ❝❛❞❛ ✐t❡r❛❝✐ó♥ ♣♦st❡r✐♦r ❡❧ ❝♦♥❥✉♥t♦ ✉s❛❞♦ ♣❛r❛ ❧❛ ✈❛❧✐❞❛❝✐ó♥ ❝❛♠❜✐❛✱
❞❡ t❛❧ ❢♦r♠❛ q✉❡ ❝✉❛♥❞♦ t❡r♠✐♥❛ ❡❧ ♣r♦❝❡s♦✱ t♦❞♦s ❧♦s ❞❛t♦s ❤❛♥ s✐❞♦ ✉t✐❧✐③❛❞♦s ❝♦♠♦ ❡♥tr❡♥❛♠✐❡♥t♦ ②
❝♦♠♦ t❡st ✭✈❡r ❋✐❣✉r❛ ✶✹✮✳
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✸ ▼❡t♦❞♦❧♦❣í❛ ② ♣r♦❝❡❞✐♠✐❡♥t♦s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

❋✐❣✉r❛ ✶✹✿ ✶✵✲❢♦❧❞ ❝r♦ss ✈❛❧✐❞❛t✐♦♥✱ ❞♦♥❞❡ ❝❛❞❛ s✉❜❝♦♥❥✉♥t♦ ❝♦♥t✐❡♥❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❡❧ ✶✵✪ ❞❡ ❧♦s
❞❛t♦s✳ ❆✉t♦r✿ ❇❡rr❛r ✷✵✶✽

❊st❛ té❝♥✐❝❛ ②❛ ❢✉❡ ✐♠♣❧❡♠❡♥t❛❞❛ ❡♥ ❡❧ ♣❛s♦ ❛♥t❡r✐♦r✱ ②❛ q✉❡ ●r✐❞❙❡❛r❝❤❈❱ ♣❡r♠✐t❡ ✐♥tr♦❞✉❝✐r ✉♥
♣❛rá♠❡tr♦ ❞❡ ❝r♦ss ✈❛❧✐❞❛t✐♦♥✱ ❧♦ q✉❡ ♠❡❥♦r❛ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ✈❛❧✐❞❛❝✐ó♥✳ ❊♥ ❡s❡ ❝❛s♦ s❡ ❝♦♥✜❣✉r❛ ❧❛ r❡❞
❝♦♥ ❧❛ ❝♦♠❜✐♥❛❝✐ó♥ ❡❧❡❣✐❞❛ tr❛s ❡❧ ●r✐❞❙❡❛r❝❤❈❱ ♣❛r❛ ♦❜t❡♥❡r✱ ❝♦♥ ❡❧ ♣r♦❝❡s♦ ❞❡ ❦ ✲❢♦❧❞ ❝r♦ss ✈❛❧✐❞❛t✐♦♥✱
❧❛s ♠❡❞✐❛s ❞❡ ♣r❡❝✐s✐ó♥ ♣❛r❛ ❝❛❞❛ ❢♦❧❞ ✭✈❡r ❚❛❜❧❛ ✹✮ ② ❛❧❣✉♥❛s ❡st❛❞íst✐❝❛s q✉❡ ❛②✉❞❡♥ ❛ ❞❡t❡❝t❛r ❧❛
❡①✐st❡♥❝✐❛ ❞❡ ✉♥ ❛❧t♦ s❡s❣♦ ♦ ❣r❛♥❞❡s ❞❡s✈✐❛❝✐♦♥❡s ❡♥tr❡ ❢♦❧❞s✭✈❡r ❚❛❜❧❛ ✺✮✳

❋♦❧❞ ♥➸ Pr❡❝✐s✐ó♥ ♠❡❞✐❛ ❋♦❧❞ ♥➸ Pr❡❝✐s✐ó♥ ♠❡❞✐❛
✶ ✵✳✾✽✻✽✸✺ ✻ ✵✳✾✼✻✺✶✽
✷ ✵✳✾✽✻✷✻✷ ✼ ✵✳✾✽✷✷✹✺
✸ ✵✳✾✽✶✻✼✷ ✽ ✵✳✾✽✸✸✾✶
✹ ✵✳✾✽✾✻✾✶ ✾ ✵✳✾✽✸✸✾✶
✺ ✵✳✾✽✺✶✵✾ ✶✵ ✵✳✾✽✺✶✵✾

❚❛❜❧❛ ✹✿ Pr❡❝✐s✐ó♥ ♠❡❞✐❛ ♣❛r❛ ❝❛❞❛ ❢♦❧❞✳

♠❡❞✐❛ ✵✳✾✽✹✵✷✷
st❞ ✵✳✵✵✸✺✹✼
♠✐♥ ✵✳✾✼✻✺✶✽

♠❡❞✐❛♥❛ ✵✳✾✽✹✷✺✵
♠❛① ✵✳✾✽✾✻✾✶

❚❛❜❧❛ ✺✿ Pr✐♥❝✐♣❛❧❡s ❡st❛❞íst✐❝❛s ❡①tr❛í❞❛s ❞❡❧ ♣r♦❝❡s♦ ❞❡ ✈❛❧✐❞❛❝✐ó♥ ❝r✉③❛❞❛✳

❙❡ ♦❜s❡r✈❛ q✉❡ ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ♠❡❞✐❛ ✭✵✳✾✽✹✵✷✷✮ ② ♠❡❞✐❛♥❛ ✭✵✳✾✽✹✷✺✵✮ ❡s ♠❡♥♦r q✉❡ ✉♥ ✵✳✵✷✪✱
q✉❡ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❡♥tr❡ ❡❧ ✈❛❧♦r ♠ás ❛❧❡❥❛❞♦ ❞❡ ❧❛ ♠❡❞✐❛ ✭✵✳✾✼✻✺✶✽✮ ② ❡st❛ ♥♦ ❧❧❡❣❛ ❛ ✉♥ ✵✳✽✪ ♦ q✉❡
❧❛ ❞❡s✈✐❛❝✐ó♥ tí♣✐❝❛ ❛❧❝❛♥③❛ ✉♥ ✈❛❧♦r ❜❛❥♦ ✭✵✳✸✺✹✼✪✮✳ ❊st❛s ♠❡❞✐❞❛s ✐♥❞✐❝❛♥ q✉❡ ❧♦s ❞❛t♦s ❞❡ ❡♥tr❛❞❛
❝❛r❡❝❡♥ ❞❡ ❣r❛♥❞❡s ♣r♦❜❧❡♠❛s ❞❡ s❡s❣♦ ♦ ❞❡s✈✐❛❝✐ó♥ ② ❡❧ ♠♦❞❡❧♦ t❡♥❞rá ❝❛♣❛❝✐❞❛❞ ❞❡ ❝r❡❛r ♣r❡❞✐❝❝✐♦♥❡s
❝♦♥s✐st❡♥t❡s ♣❛r❛ ♥✉❡✈♦s ❝♦♥❥✉♥t♦s ❞❡ ❞❛t♦s ❞✐st✐♥t♦s ❛ ❧♦s ❡♠♣❧❡❛❞♦s ❡♥ s✉ ❡♥tr❡♥❛♠✐❡♥t♦✳

✸✳✻✳ ❖❜t❡♥❝✐ó♥ ❞❡ ❧❛s s❛❧✐❞❛s ❣rá✜❝❛s ② ❝♦♠♣r♦❜❛❝✐ó♥ ✈✐s✉❛❧ ❞❡ r❡s✉❧t❛❞♦s

❚r❛s ❝♦♠♣❧❡t❛r ❧♦s ♣❛s♦s ❛♥t❡r✐♦r❡s ❧❛ r❡❞ ❡st❛rá ❧✐st❛ ♣❛r❛ r❡❛❧✐③❛r ❡❧ ❡♥tr❡♥❛♠✐❡♥t♦ ❞❡✜♥✐t✐✈♦ ② ❧❧❡✈❛r
❛ ❝❛❜♦ ❧❛ ❧❡❝t✉r❛ ❞❡ ❧❛ ♠❛tr✐③ ❞❡❧ r❡❝♦rt❡ ❝♦♠♣❧❡t♦✳ ❊s ❡♥ ❡st❡ ♠♦♠❡♥t♦ ❝✉❛♥❞♦ r❡❛❧✐③❛ ✉♥❛ ♣r❡❞✐❝❝✐ó♥
♣❛r❛ ❝❛❞❛ ♣í①❡❧✱ ❝♦♥ ❧♦ q✉❡ ❝r❡❛ ✉♥ ✈❡❝t♦r ❞❡ ❝❧❛s✐✜❝❛❝✐ó♥ ❝✉②♦s ❡❧❡♠❡♥t♦s t♦♠❛♥ ✈❛❧♦r❡s ❡♥tr❡ ✵ ② ✶✱ q✉❡
❡s ♣♦st❡r✐♦r♠❡♥t❡ ❛ñ❛❞✐❞♦ ❝♦♠♦ ú❧t✐♠❛ ❝♦❧✉♠♥❛ ❛ ❧❛ ♠❛tr✐③ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳ ❋✐♥❛❧♠❡♥t❡ s❡ ❡❧✐♠✐♥❛♥
t♦❞❛s ❧❛s ❝♦❧✉♠♥❛s s❛❧✈♦ ❧❛s ❝♦♦r❞❡♥❛❞❛s ② ❡❧ ✈❡❝t♦r q✉❡ s❡ ❛❝❛❜❛ ❞❡ ♦❜t❡♥❡r✱ s❡ ❡❧✐♠✐♥❛♥ ❧❛s ❝❛❜❡❝❡r❛s
② s❡ ❛❧♠❛❝❡♥❛ ❡♥ ❢♦r♠❛t♦ ✳①②③✱ ❝♦♥ ❧♦ q✉❡ ❛❞q✉✐❡r❡ ✉♥ ❢♦r♠❛t♦ ❛❞❡❝✉❛❞♦ s❡r ❝❛r❣❛❞❛ ❞✐r❡❝t❛♠❡♥t❡ ❡♥
◗●■❙✳

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✶✼



✸ ▼❡t♦❞♦❧♦❣í❛ ② ♣r♦❝❡❞✐♠✐❡♥t♦s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

❯♥❛ ✈❡③ ❝❛r❣❛❞❛ ❧❛ s❛❧✐❞❛ ❝♦♠♦ ❝❛♣❛ rást❡r✱ ést❛ s❡ s✉♣❡r♣♦♥❡ ❛ ❧❛ ✐♠❛❣❡♥ ❞❡❧ P◆❖❆✳ ▲❛ ú♥✐❝❛ ❜❛♥❞❛
❞❡ ❡st❛ ❝❛♣❛ t✐❡♥❡ ✉♥ ✈❛❧♦r q✉❡ ✐♥❞✐❝❛ ❡❧ ❣r❛❞♦ ❞❡ ♣❡rt❡♥❡♥❝✐❛ ❛ ❧❛ ❝❧❛s❡ ❛ ❧❛ q✉❡ ♣❡rt❡♥❡❝❡♥ ❧♦s ♣í①❡❧❡s q✉❡
❝♦♥t✐❡♥❡ ❈✳ s❡❧❧♦❛♥❛✱ ❧♦ q✉❡ s❡r✈✐rá ♣❛r❛ ❛♣❧✐❝❛r ✉♥❛ tr❛♥s♣❛r❡♥❝✐❛ ❛ ❧♦s ♥✐✈❡❧❡s q✉❡ q✉❡❞❡♥ ♣♦r ❞❡❜❛❥♦
❞❡ ❝✐❡rt❛ ♠❛❣♥✐t✉❞ ❡♥ ❞✐❝❤❛ ❜❛♥❞❛✳ ❊❧ ♥✐✈❡❧ ❤❛st❛ ❡❧ q✉❡ s❡ ❛♣❧✐❝❛ ❧❛ tr❛♥s♣❛r❡♥❝✐❛ s❡ ✈❛ ♠♦❞✐✜❝❛♥❞♦ ②
s❡ ❝♦t❡❥❛ ❝✉✐❞❛❞♦s❛♠❡♥t❡ s♦❜r❡ ❡❧ ♠❛♣❛ ❜✉s❝❛♥❞♦ ③♦♥❛s ❞❡ ♣♦s✐❜❧❡s ❢❛❧❧♦s t❛♥t♦ ♣♦r ❡①❝❡s♦ ② ❝♦♠♦ ♣♦r
❞❡❢❡❝t♦ ❞❡ ❝❧❛s✐✜❝❛❝✐ó♥✱ ❤❛st❛ q✉❡ s❡ ♦❜t✐❡♥❡ ❡❧ ♠❡❥♦r r❡s✉❧t❛❞♦ ♣♦s✐❜❧❡ ② s❡ ❛s✉♠❡ ❡s❡ ✈❛❧♦r ❝♦♠♦ ❡❧ q✉❡
❞❡❧✐♠✐t❛rá ❧❛s ❞♦s ❝❧❛s❡s✳ ❊♥ ❡st❡ ❝❛s♦ ❤❛ s✐❞♦ ❡❧ ✈❛❧♦r ❞❡ ✵✳✾✾✱ ②❛ q✉❡ s❡ ❤❛ ✈✐st♦ q✉❡ ♣♦r ❞❡❜❛❥♦ ❞❡ é❧
❛✉♠❡♥t❛❜❛♥ ❧♦s ♣í①❡❧❡s s✉❡❧t♦s q✉❡ ♣♦❞rí❛♥ s❡r ❝♦♥s✐❞❡r❛❞♦s r✉✐❞♦✱ s✐♥ ❧♦❣r❛r ❝♦♥ ❡❧❧♦ ✉♥ ❛✉♠❡♥t♦ ❡♥ ❧❛s
❝❧❛s✐✜❝❛❝✐♦♥❡s ❛♣❛r❡♥t❡♠❡♥t❡ ❝♦rr❡❝t❛s q✉❡ ❧♦ ❥✉st✐✜q✉❡✳

P❛r❛ ❡✈✐t❛r r❡❛❧✐③❛r ✉♥❛ ❝♦♠♣r♦❜❛❝✐ó♥ ❞❡ ❝❛❞❛ ♣í①❡❧ s❡ ❤❛ ♣❧❛♥t❡❛❞♦ ✉♥❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❝♦♥ ❞♦s ♠ét♦❞♦s
❞✐st✐♥t♦s✳ Pr✐♠❡r♦ s❡ ❛♣❧✐❝❛ ✉♥ ✜❧tr♦ ❡♥ ❡❧ q✉❡ s❡ ❡①tr❛❡♥ ❧❛s ③♦♥❛s ❝♦♥ ✺ ♦ ♠ás ❡❧❡♠❡♥t♦s ✈❡❝✐♥♦s ❡♥ ❧♦s
q✉❡ s❡ ❤❛ ❞❡t❡❝t❛❞♦ ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ❈✳ s❡❧❧♦❛♥❛✱ ♣❛r❛ ❞❡s♣✉és ❝♦♥✈❡rt✐r❧♦s ❡♥ ♣♦❧í❣♦♥♦s✱ ❧♦ q✉❡ s✐♠♣❧✐✜❝❛
❧❛ ❝♦♠♣r♦❜❛❝✐ó♥ ❞❡ ❧❛s ❡♥t✐❞❛❞❡s ❛❧ r❡❞✉❝✐r ❡♥♦r♠❡♠❡♥t❡ ❡❧ ♥ú♠❡r♦ ❞❡ ❧❛s ♠✐s♠❛s✳ ❚r❛s ❡st♦ s❡ r❡❛❧✐③❛ ❧❛
♠✐s♠❛ ♦♣❡r❛❝✐ó♥ ❞❡ ♣♦❧✐❣♦♥✐③❛❝✐ó♥ s♦❜r❡ t♦❞♦s ❧♦s ♣í①❡❧❡s ❝❧❛s✐✜❝❛❞♦s✱ s✐♥ ✜❧tr♦✱ ② s❡ s✉str❛❡♥ ❧❛s ❝❛♣❛s✱
❞❡❥❛♥❞♦ só❧♦ ❛q✉❡❧❧♦s ♣♦❧í❣♦♥♦s q✉❡ ❝♦♥t✐❡♥❡♥ ❡♥tr❡ ✹ ② ✶ ❡❧❡♠❡♥t♦s ❝❧❛s✐✜❝❛❞♦s✳ ❙♦❜r❡ ❡st❛ ♥✉❡✈❛ ❝❛♣❛
s❡ ❤❛rá ✉♥❛ ❡①tr❛❝❝✐ó♥ ❛❧❡❛t♦r✐❛ ❞❡❧ ✺✪ ❞❡ t♦❞❛s ❧❛s ❡♥t✐❞❛❞❡s ❞❡ ❧❛ ♠✐s♠❛ ② ❡s s♦❜r❡ ❞✐❝❤❛ ♠✉❡str❛
s♦❜r❡ ❧❛ q✉❡ s❡ ♣r♦❝❡❞❡rá ❛ ❧❛ ✐❞❡♥t✐✜❝❛❝✐ó♥ ✈✐s✉❛❧✳

❙✉♣❡r♣♦♥✐❡♥❞♦ ❡st❛s ❝❛♣❛s ❛ ❧❛ ♦rt♦❢♦t♦ ❞❡❧ P◆❖❆ q✉❡ s✐r✈✐ó ✐♥✐❝✐❛❧♠❡♥t❡ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❧❛s ③♦♥❛s s❡
❤❛rá ✉♥❛ ❝♦♠♣r♦❜❛❝✐ó♥ ❡♥t✐❞❛❞ ❛ ❡♥t✐❞❛❞✳ ❈r❡á♥❞♦s❡ ❡♥ ❧❛s ❝❛♣❛s ✉♥❛ ♥✉❡✈❛ ❝♦❧✉♠♥❛ q✉❡ s❡rá ❡♠♣❧❡❛❞❛
♣❛r❛ ❛s✐❣♥❛r ❛ ❝❛❞❛ ♣♦❧í❣♦♥♦ ❧♦s s✐❣✉✐❡♥t❡s ✈❛❧♦r❡s s❡❣ú♥ s❡ ❡st✐♠❡ s✉ ❝❧❛s✐✜❝❛❝✐ó♥ ❡♥ ❧❛ ❝♦♠♣r♦❜❛❝✐ó♥
✈✐s✉❛❧✿

✵✿ ✐♥❝♦rr❡❝t❛♠❡♥t❡ ❝❧❛s✐✜❝❛❞❛s✳

✶✿ ❝♦rr❡❝t❛♠❡♥t❡ ❝❧❛s✐✜❝❛❞❛s✳

✷✿ ♥♦ ❛♣r❡❝✐❛❜❧❡✳

❉❡ ❡st❛ ❝♦♠♣r♦❜❛❝✐ó♥ s❡ ❡①tr❛❡rá♥ ✜♥❛❧♠❡♥t❡ ❡st❛❞íst✐❝❛s ♣❛r❛ ❡st✐♠❛r ❧❛ ❜♦♥❞❛❞ ❞❡❧ ❛❥✉st❡ r❡❛❧✐③❛❞♦✳

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✶✽



✹ ❘❡s✉❧t❛❞♦s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

✹✳ ❘❡s✉❧t❛❞♦s

❚r❛s ❞❡s❝r✐❜✐r ❧♦ ♠❡❞✐♦s✱ ♠ét♦❞♦s ② ♣r♦❝❡❞✐♠✐❡♥t♦s ❡♠♣❧❡❛❞♦s ♣❛r❛ ❧♦❣r❛r ✉♥❛ ♣r❡❞✐❝❝✐ó♥ ❝♦♥ ❧❛
♠❛②♦r ♣r❡❝✐s✐ó♥ ♣♦s✐❜❧❡✱ s❡ ❧❧❡✈❛rá ❛ ❝❛❜♦ ❡❧ ❡♥tr❡♥❛♠✐❡♥t♦ ② s❡ ♦❜t❡♥❞rá♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡✜♥✐t✐✈♦s✳ ❊♥
❡st❛ s❡❝❝✐ó♥ s❡rá♥ ♣r❡s❡♥t❛❞♦s ② ❛♥❛❧✐③❛❞♦s t❛♥t♦ ❡st❛❞íst✐❝❛ ❝♦♠♦ ❣rá✜❝❛♠❡♥t❡✳

▲♦s r❡s✉❧t❛❞♦s ❡①♣✉❡st♦s s♦♥ ❧♦s ❛q✉❡❧❧♦s q✉❡ s❡ ❤❛♥ ❡①tr❛í❞♦ ❞❡ ❡♥tr❡♥❛r ❧❛ r❡❞ ❝♦♥ ❧❛s ✸ ✐♠á❣❡♥❡s ❞❡
✵✶✴✶✶✴✷✵✷✶✱ ✷✹✴✵✶✴✷✵✷✷ ② ✵✻✴✵✹✴✷✵✷✷✱ ♣✉❡st♦ ❡s ❧❛ ❝♦♠❜✐♥❛❝✐ó♥ q✉❡ s❡ ❝♦♥s✐❞❡ró q✉❡ ♦❢r❡❝í❛ ✉♥❛ ♠❡❥♦r
♣r❡❞✐❝❝✐ó♥✳

✹✳✶✳ ❘❡s✉❧t❛❞♦s ♥✉♠ér✐❝♦s

❆ ❝♦♥t✐♥✉❛❝✐ó♥ s❡ ❡①♣♦♥❡♥ ❧❛s ❡st❛❞íst✐❝❛s ♦❜t❡♥✐❞❛s ♣♦r ❞♦s ✈í❛s ❞✐❢❡r❡♥t❡s✳ Pr✐♠❡r♦ s❡ ❡①♣♦♥❞rá ❧❛
✐♥❢♦r♠❛❝✐ó♥ q✉❡ ❧❛s ❧✐❜r❡rí❛s ❚❡♥s♦r❋❧♦✇ ② s❝✐❦✐t✲❧❡❛r♥✱ ❝♦♥ ❧❛s q✉❡ s❡ ❤❛ ✐♠♣❧❡♠❡♥t❛❞♦ ❧❛ r❡❞ ♥❡✉r♦♥❛❧✱
♦❜t✐❡♥❡♥ ❞✉r❛♥t❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ❛❥✉st❡ ❞❡❧ ♠♦❞❡❧♦✳ ❉❡s♣✉és s❡ tr❛t❛rá♥ ❛q✉❡❧❧❛s ♦❜t❡♥✐❞❛s tr❛s ❝♦♥tr❛st❛r
✈✐s✉❛❧♠❡♥t❡ ❧❛s s❛❧✐❞❛s ❣rá✜❝❛s ❝♦♥ ❧❛ r❡❛❧✐❞❛❞ ♦❜s❡r✈❛❞❛✳

✹✳✶✳✶✳ ❊st❛❞íst✐❝❛s ♣r♦♣✐❛s ❞❡❧ ♠♦❞❡❧♦

❆❧ r❡❛❧✐③❛r ❡❧ ❛❥✉st❡ s♦❜r❡ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ s❡ ❣❡♥❡r❛♥ ❧❛s ❡st❛❞íst✐❝❛s ❞❡ ♣r❡❝✐s✐ó♥
✭❛❝❝✉r❛❝②✮ ② ❝♦st❡ ✭❧♦ss✮ ✭✈❡r ❋✐❣✉r❛ ✶✺✮✳ ❉✉r❛♥t❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ ❞❡ ❧❛ r❡❞✱ ést❛ ♦❢r❡❝❡ ❡st♦s
❞❛t♦s ❡♥ ❡❧ ♠♦♠❡♥t♦ ❡♥ ❡❧ q✉❡ s♦♥ ♦❜t❡♥✐❞♦s ② ❧♦s ❛❧♠❛❝❡♥❛ ♣❛r❛ s✉ ♣♦st❡r✐♦r ❝♦♥s✉❧t❛✳ ❈♦♥ ❡st♦s ❞❛t♦s
s❡ ♣✉❡❞❡♥ ❣❡♥❡r❛r ❣rá✜❝♦s q✉❡ ♣❡r♠✐t❡♥ ❝♦♠♣r♦❜❛r ❞❡ ❢♦r♠❛ ✈✐s✉❛❧ ❝ó♠♦ ✈❛ ❡✈♦❧✉❝✐♦♥❛♥❞♦ ❡❧ ❛❥✉st❡ ❞❡
❞✐❝❤♦s ♣❛rá♠❡tr♦s ❛ ❧♦ ❧❛r❣♦ ❞❡ ❧♦s s✉❝❡s✐✈♦s ❝✐❝❧♦s ❞❡ ❢r♦♥t ② ❜❛❝❦ ♣r♦♣❛❣❛t✐♦♥✳

❋✐❣✉r❛ ✶✺✿ ●rá✜❝♦ q✉❡ r❡♣r❡s❡♥t❛ ❡❧ ✈❛❧♦r ❞❡ ❧❛ ❡st❛❞íst✐❝❛ ❞❡ ♣r❡❝✐s✐ó♥ ✭✐③q✉✐❡r❞❛✮ ② ❞❡ ❝♦st❡ ✭❞❡r❡❝❤❛✮
❡♥ ❡❧ ❡❥❡ ❨ ❡♥ ❝❛❞❛ r❡♣❡t✐❝✐ó♥ r❡♣r❡s❡♥t❛❞❛ ❡♥ ❡❧ ❡❥❡ ❳✳ ❆✉t♦r✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❖tr♦ ❡❧❡♠❡♥t♦ ✐♠♣♦rt❛♥t❡ ♣❛r❛ ♦❜s❡r✈❛r ❝ó♠♦ s❡ ❛❥✉st❛ ❡❧ ♠♦❞❡❧♦ ❛ ❧❛ ❡♥tr❛❞❛ ❞❡ ❞❛t♦s ❝❧❛s✐✜❝❛❞♦s
q✉❡ s❡ ❧❡ ❤❛ ♦❢r❡❝✐❞♦✱ ❡s ❡❧ ❞❡ ❧❛ ♠❛tr✐③ ❞❡ ❝♦♥❢✉s✐ó♥ ✭✈❡r ❚❛❜❧❛ ✻✮✳ ➱st❛ s❡ ❣❡♥❡r❛ ❛❧ r❡❛❧✐③❛r ❧❛ ♣r❡❞✐❝❝✐ó♥
s♦❜r❡ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ t❡st ♣❛r❛ ❡❧ q✉❡ s❡ r❡s❡r✈ó ❡❧ ✷✵✪ ❞❡ ❧♦s ❞❛t♦s q✉❡ ❢♦r♠❛♥ ♣❛rt❡ ❞❡ ❧❛ ♠❛tr✐③ ❞❡
❝❛r❛❝t❡ríst✐❝❛s ❝❧❛s✐✜❝❛❞❛ ② ♥♦ ❤❛♥ ♣❛rt✐❝✐♣❛❞♦ ❡♥ ❡❧ ❛❥✉st❡✱ ❝♦♥tr❛st❛♥❞♦ ❧❛s ♣r❡❞✐❝❝✐♦♥❡s r❡❛❧✐③❛❞❛s ♣❛r❛
❝❛❞❛ ♣í①❡❧ ❝♦♥ ❧♦s ✈❛❧♦r❡s q✉❡ s❡ ❤❛❜í❛♥ ❛s✐❣♥❛❞♦ ♣r❡✈✐❛♠❡♥t❡ ❛ ❧♦s ♠✐s♠♦s✳ ❊♥ ❡st❛ ♠❛tr✐③ ❞❡ ❝♦♥❢✉s✐ó♥
s❡ s✐tú❛♥ ❡♥ ❡❧ ❡❥❡ ✈❡rt✐❝❛❧ ❧♦s ✈❛❧♦r❡s r❡❛❧❡s✱ ♠✐❡♥tr❛s q✉❡ ❡♥ ❡❧ ❡❥❡ ❤♦r✐③♦♥t❛❧ ❧♦s ✈❛❧♦r❡s ♣r❡❞✐❝❤♦s ❝♦♠♦
s❛❧✐❞❛ ❞❡ ❧❛ r❡❞✳ ❊st♦ ❤❛❝❡ q✉❡ ❛rr✐❜❛ ❛ ❧❛ ✐③q✉✐❡r❞❛✱ ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ✭✵✱✵✮✱ s❡ ❡♥❝✉❡♥tr❡♥ ❧♦s ✸✽✾✾ ♣í①❡❧❡s q✉❡
s✐♥ ❝♦♥t❡♥❡r ❈✳ s❡❧❧♦❛♥❛✱ ❤❛♥ ♦❜t❡♥✐❞♦ ❡❧ ♠✐s♠♦ ✈❛❧♦r ❝♦♠♦ s❛❧✐❞❛ ❞❡ ❧❛ r❡❞ ✭✈❡r❞❛❞❡r♦s ♥❡❣❛t✐✈♦s✮✳ ❊♥
❧❛ ♣♦s✐❝✐ó♥ ✭✵✱✶✮ s❡ ❤❛❧❧❛♥ ✼✽ ♣í①❡❧❡s q✉❡ ❤❛❜✐❡♥❞♦ s✐❞♦ ✐❞❡♥t✐✜❝❛❞❛ ♣r❡s❡♥❝✐❛ ❞❡ ❧❛ ♣❧❛♥t❛ ❡♥ s✉ ✐♥t❡r✐♦r✱
❤❛♥ s✐❞♦ ❝❧❛s✐✜❝❛❞♦s ❝♦♠♦ ❧✐❜r❡s ❞❡ ❧❛ ♠✐s♠❛ ♣♦r ❧❛ r❡❞ ✭❢❛❧s♦s ♥❡❣❛t✐✈♦s✮✳ ❊♥ ❧❛ ♣♦s✐❝✐ó♥ ✭✶✱✵✮ s❡ s✐tú❛♥
❧♦s ✹ ♣í①❡❧❡s q✉❡ s✐❡♥❞♦ r❡❛❧♠❡♥t❡ ♥❡❣❛t✐✈♦s✱ ❧❛ r❡❞ ❤❛ ❞❡t❡r♠✐♥❛❞♦ q✉❡ ❝♦♥t✐❡♥❡♥ ❈✳ s❡❧❧♦❛♥❛ ✭❢❛❧s♦s
♣♦s✐t✐✈♦s✮✳ P♦r ú❧t✐♠♦✱ ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ✭✶✱✶✮ s❡ ♠✉❡str❛♥ ❧♦s ✸✽✺ ♣í①❡❧❡s ❞❡❧ ❝♦♥❥✉♥t♦ ❞❡ t❡st ❡♥ ❧♦s q✉❡ ❧❛
♣r❡❞✐❝❝✐ó♥ ❞❡ ❧❛ r❡❞ ❤❛ ❝♦✐♥❝✐❞✐❞♦ ❝♦♥ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ r❡❛❧✐③❛❞❛ ❞❡ ❢♦r♠❛ ♠❛♥✉❛❧✳ ❊♥ r❡s✉♠❡♥✱ ❧❛ ♠❛tr✐③
❞❡ ❝♦♥❢✉s✐ó♥ ♠✉❡str❛ ✉♥ t♦t❛❧ ❞❡ ✹✸✻✻ ♣í①❡❧❡s✱ ✹✷✽✹ ❞❡ ❧♦s ❝✉❛❧❡s ❤❛♥ s✐❞♦ ❝♦rr❡❝t❛♠❡♥t❡ ❝❧❛s✐✜❝❛❞♦s ♣♦r
❧❛ r❡❞✱ ♠✐❡♥tr❛s ❤❛ ❢❛❧❧❛❞♦ ú♥✐❝❛♠❡♥t❡ ❡♥ ✽✷ ❝❛s♦s✳

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✶✾



✹ ❘❡s✉❧t❛❞♦s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

✵ ✶
✵ ✸✽✾✾ ✹
✶ ✼✽ ✸✽✺

❚❛❜❧❛ ✻✿ ▼❛tr✐③ ❞❡ ❝♦♥❢✉s✐ó♥ q✉❡ ♠✉❡str❛ ❡♥ ❝♦❧✉♠♥❛s ❡❧ ✈❛❧♦r

✹✳✶✳✷✳ ❊st❛❞íst✐❝❛s ❡❧❛❜♦r❛❞❛s tr❛s ❧❛ ❝♦♠♣r♦❜❛❝✐ó♥ ✈✐s✉❛❧ ❞❡ r❡s✉❧t❛❞♦s

❙✐❣✉✐❡♥❞♦ ❡❧ ♣r♦❝❡❞✐♠✐❡♥t♦ ❞❡s❝r✐t♦ ❡♥ ❧❛ ❙❡❝❝✐ó♥ ✸✳✼ s❡ ❝♦♥s✐❣✉❡♥ ❧♦s ❞❛t♦s q✉❡ ♣❡r♠✐t❡♥ ❡①tr❛❡r
❡st❛❞íst✐❝❛s ♣❛r❛ ❡✈❛❧✉❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛s ♣r❡❞✐❝❝✐♦♥❡s✳

P❛r❛ ❧♦s ♣í①❡❧❡s q✉❡ ♥♦ ❝✉♠♣❧❡♥ ❧❛ ❝♦♥❞✐❝✐ó♥ ❞❡ ❡st❛r ❛❣r✉♣❛❞♦s ❡♥ ❝♦♥❥✉♥t♦s ❞❡ ✺ ♦ ♠ás ✭✈❡r ❚❛❜❧❛
✼✮✱ s❡ ❡①tr❛❡ ❝♦♥ ◗●■❙ ✉♥❛ ♠✉❡str❛ ❞❡❧ ✺✪ ❞❡ ❡❧❧♦s ② s❡ ♣r♦❝❡❞❡ ❛ ❧❛ ❝♦♠♣r♦❜❛❝✐ó♥ ✈✐s✉❛❧ ❞❡ t♦❞♦s
❧♦s ❡❧❡♠❡♥t♦s ❞❡ ❧❛ ♠✉❡str❛✳ ❆❧ r❡❛❧✐③❛r ❡st❛ ❝♦♠♣r♦❜❛❝✐ó♥ ✐♥❞✐✈✐❞✉❛❧✱ ❡❧ ✺✶✳✽✪ ❞❡ ❧♦s ❝♦♠♣r♦❜❛❞♦s ♥♦
❤❛♥ ♣♦❞✐❞♦ s❡r ✐❞❡♥t✐✜❝❛❞♦s ❝♦♥ ❝❧❛r✐❞❛❞ ❝♦♠♦ ♠✐❡♠❜r♦s ❞❡ ✉♥❛ ❝❧❛s❡ ❝♦♥❝r❡t❛✳ ❊♥tr❡ ❧♦s ❡❧❡♠❡♥t♦s
r❡st❛♥t❡s✱ ✉♥❛ ❣r❛♥ ♠❛②♦rí❛ ❞❡ ❡st♦s ✭✸✼✳✵✺✪✮ ❡stá ♠❛❧ ✐❞❡♥t✐✜❝❛❞❛✱ ♠✐❡♥tr❛s s♦❧❛♠❡♥t❡ ✉♥ ✶✶✳✶✺✪ ❤❛
s✐❞♦ ✐❞❡♥t✐✜❝❛❞♦s ❝♦rr❡❝t❛♠❡♥t❡✱ ♣♦r ❧♦ q✉❡ s❡ ❝♦♥s✐❞❡r❛ q✉❡ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❜❛❥♦ ❡s❡ ✉♠❜r❛❧ ❞❡ ✺✵✵m2

❞❡❜❡ s❡r ❞❡s❝❛rt❛❞❛✳

♠❛❧ ❝❧❛s✐✜❝❛❞♦s ❜✐❡♥ ❝❧❛s✐✜❝❛❞♦s s✐♥ ❞❡✜♥✐r
◆➸ Pí①❡❧❡s ✶✶✸ ✸✹ ✶✺✽

✪ ✸✼✳✵✺ ✶✶✳✶✺ ✺✶✳✽✵

❚❛❜❧❛ ✼✿ ❈♦♥t❡♦ ② ♣♦r❝❡♥t❛❥❡ ❞❡ ♣í①❡❧❡s s❡❣ú♥ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ❝♦♠♣r♦❜❛❝✐ó♥ ✈✐s✉❛❧ ♣❛r❛ ❧❛ ♠✉❡str❛
❛❧❡❛t♦r✐❛ ❡①tr❛í❞❛ ❞❡ ❧♦s ❣r✉♣♦s ❞❡ ♣♦s✐t✐✈♦s ❝♦♥ ár❡❛ ✐♥❢❡r✐♦r ❛ ✺✵✵m2✳

▲❛ ❝♦♠♣r♦❜❛❝✐ó♥ s♦❜r❡ ❛q✉❡❧❧♦s ❣r✉♣♦s q✉❡ sí ♣❛s❛r♦♥ ❡❧ ✜❧tr♦ q✉❡ ❡①✐❣í❛ q✉❡ s❡ ❛❣r✉♣❛s❡♥ ❡♥ ❝♦♥❥✉♥✲
t♦s ❞❡ ✺ ♦ ♠ás ♣í①❡❧❡s ❝♦♥t✐❣✉♦s ✭✈❡r ❚❛❜❧❛ ✽✮✱ s❡ r❡❛❧✐③ó ✈✐s✉❛❧✐③❛♥❞♦ ❝❛❞❛ ❡♥t✐❞❛❞ ♣❛r❛ s✉ ❡✈❛❧✉❛❝✐ó♥✳
▲❛ ♠❡❥♦r❛ ❞❡ ❡st❡ ❣r✉♣♦✱ ❝♦♥ r❡s♣❡❝t♦ ❛❧ ❞❡ ❝♦♥❥✉♥t♦s ♠❡♥♦r❡s ❞❡ ✺✱ ❡s ♠✉② s✐❣♥✐✜❝❛t✐✈❛✱ ❧❧❡❣❛♥❞♦ ❛
✐❞❡♥t✐✜❝❛r ❝♦rr❡❝t❛♠❡♥t❡ ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ❈✳ s❡❧❧♦❛♥❛ ♣❛r❛ ♠ás ❞❡ ✶✵ ♣í①❡❧❡s ♣♦r ❝❛❞❛ ✉♥♦ q✉❡ ❢❛❧❧❛✳ ❙✐✱
❛❞❡♠ás✱ s❡ ❞✐✈✐❞❡ ❡st❡ ❣r✉♣♦ ❡♥ ♠❡♥♦r❡s ② ♠❛②♦r❡s ✶✵ ♣í①❡❧❡s✱ s❡ ❛♣r❡❝✐❛ q✉❡ ❡♥tr❡ ❧♦s ❞❡ ♠❡♥♦r ár❡❛✱ ❧♦s
♣í①❡❧❡s ❝♦rr❡❝t❛♠❡♥t❡ ❝❧❛s✐✜❝❛❞♦s ✭✷✵✼✮✱ ❛♣❡♥❛s s✉♣❡r❛ ❡❧ ❞❡ ❛q✉❡❧❧♦s q✉❡ s❡ ❤❛♥ ❝♦♥s✐❞❡r❛❞♦ ✐♥❝♦rr❡❝t❛✲
♠❡♥t❡ ❝❧❛s✐✜❝❛❞♦s ✭✶✽✺✮✱ ♠✐❡♥tr❛s q✉❡ ❞❡ ✉♥ ✻✵✪ ❞❡❧ t♦t❛❧ ❞❡ ❡st❡ ❣r✉♣♦ ♥♦ ❤❛ ♣♦❞✐❞♦ s❡r ❝♦♠♣r♦❜❛❞❛
s✉ ♣❡rt❡♥❡♥❝✐❛ ❛ ✉♥❛ ❝❧❛s❡✳ ❙❡ ❤❛ ❞❡❝✐❞✐❞♦ ♠❛♥t❡♥❡r ❡st❡ ❣r✉♣♦ ♣❛r❛ s✉ ❝❛rt♦❣r❛✜❛❞♦✱ ♣✉❡s ♣♦❞rí❛ s❡r
✐♥t❡r❡s❛♥t❡ ❝♦♥♦❝❡r s✉ ✉❜✐❝❛❝✐ó♥ ♣❛r❛ ✉♥❛ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❡♥ ❝❛♠♣♦✱ ②❛ q✉❡ ✉♥ ✺✵✪ ❞❡ ♣♦s✐❜✐❧✐❞❛❞❡s ❞❡
❝♦♥t❡♥❡r ✉♥❛ ♣❧❛♥t❛ ✐♥✈❛s♦r❛ ❡s ✉♥ r✐❡s❣♦ ❛ t❡♥❡r ❡♥ ❝✉❡♥t❛ ② q✉❡ ♣♦❞rí❛ ❥✉st✐✜❝❛r s❛❧✐❞❛s ❛ ❝❛♠♣♦ ♣❛r❛
❝♦♠♣r♦❜❛r t♦❞♦s ❡s♦s ❧✉❣❛r❡s✳

❚❛♠❛ñ♦ ❞❡ ③♦♥❛s ♠❛❧ ❝❧❛s✐✜❝❛❞♦s ❜✐❡♥ ❝❧❛s✐✜❝❛❞♦s s✐♥ ❞❡✜♥✐r
◆➸ Pí①❡❧❡s ❃✺ ✺✹✻ ✺✺✷✾ ✶✼✽✼

✪ ❃✺ ✻✳✾✹ ✼✵✳✸✸ ✷✷✳✼✸
◆➸ Pí①❡❧❡s ✺✲✶✵ ✶✽✺ ✷✵✼ ✺✾✵

✪ ✺✲✶✵ ✶✽✳✽✹ ✷✶✳✵✽ ✻✵✳✵✽
◆➸ Pí①❡❧❡s ❃✶✵ ✸✼✶ ✺✸✺✷ ✶✷✸✼

✪ ❃✶✵ ✺✳✸✸ ✼✻✳✾✵ ✶✼✳✼✼

❚❛❜❧❛ ✽✿ ❈♦♥t❡♦ ② ♣♦r❝❡♥t❛❥❡ ❞❡ ♣í①❡❧❡s s❡❣ú♥ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ❝♦♠♣r♦❜❛❝✐ó♥ ✈✐s✉❛❧ ♣❛r❛ ❧♦s ❣r✉♣♦s ❞❡
♣♦s✐t✐✈♦s ❝♦♥ ár❡❛ s✉♣❡r✐♦r ❛ ✺✵✵m2✳

❊♥ ❛q✉❡❧❧♦s ❣r✉♣♦s q✉❡ ❝♦♥t✐❡♥❡♥ ✶✵ ♣í①❡❧❡s ♦ ♠ás ❡s ❞♦♥❞❡ s❡ ♣r♦❞✉❝❡ ✉♥❛ ✐❞❡♥t✐✜❝❛❝✐ó♥ q✉❡ ❞❛ ✉♥
♥✐✈❡❧ ❛❧t♦ ❞❡ ❝♦♥✜❛♥③❛✳ ❍❛❜✐❡♥❞♦ ♣♦❞✐❞♦ ❝♦♠♣r♦❜❛r ❧❛ ♣❡rt❡♥❡♥❝✐❛ ❛ ✉♥❛ ❝❧❛s❡ ❞❡ ✉♥ ✽✷✳✷✸✪ ❞❡❧ t♦t❛❧
❞❡ ♣í①❡❧❡s ❡♥ ❧♦s q✉❡ s❡ ❤❛ ♣r❡❞✐❝❤♦ ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ❈✳ s❡❧❧♦❛♥❛✱ s❡ ❤❛♥ ✐❞❡♥t✐✜❝❛❞♦s ❝♦♠♦ ❝♦rr❡❝t❛♠❡♥t❡
❝❧❛s✐✜❝❛❞♦s ✺✸✺✷ ♣í①❡❧❡s✱ ♠✐❡♥tr❛s s♦❧❛♠❡♥t❡ ❡♥ ✸✼✶ ❝❛s♦s s❡ ❤❛ ❝♦♥s✐❞❡r❛❞♦ ❡rró♥❡❛ s✉ ❝❧❛s✐✜❝❛❝✐ó♥✳ ❊st♦

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✷✵



✹ ❘❡s✉❧t❛❞♦s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

s✐❣♥✐✜❝❛ q✉❡ ❤❛♥ ❝❧❛s✐✜❝❛❞♦ ❜✐❡♥ ❡❧ ✾✸✳✺✶✪ ❞❡ ❧♦s ♣í①❡❧❡s q✉❡ s❡ ❤❛♥ ♣♦❞✐❞♦ ❝♦♠♣r♦❜❛r✱ ❧♦❣r❛♥❞♦ ❝❛s✐
✶✺ ❝❧❛s✐✜❝❛❝✐♦♥❡s ❝♦rr❡❝t❛s ♣♦r ❝❛❞❛ ✉♥❛ ✐♥❝♦rr❡❝t❛✳

❙❡ ❤❛♥ ✐❞❡♥t✐✜❝❛❞♦ ✉♥ t♦t❛❧ ❞❡ ✷✼✺ ③♦♥❛s q✉❡ ❝♦♥t✐❡♥❡♥ ✺ ♣í①❡❧❡s ✭✺✵✵m2✮ ♦ ♠ás ✭✈❡r ❚❛❜❧❛ ✾✮ ②
s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r ❝ó♠♦ ❡❧ t❛♠❛ñ♦ ♠❡❞✐♦ ❞❡ ❧❛s ③♦♥❛s ❜✐❡♥ ❝❧❛s✐✜❝❛❞❛s ✭✺✽✽✷m2✮ ❡s ♠✉② s✉♣❡r✐♦r ❛ ❧❛
s✉♣❡r✜❝✐❡ ❞❡ ❛q✉❡❧❧❛s q✉❡ s❡ ❤❛♥ ❝❧❛s✐✜❝❛❞♦ ❞❡ ❢♦r♠❛ ✐♥❝♦rr❡❝t❛ ✭✶✷✶✸m2✮ ② t❛♠❜✐é♥ ❛ ❧❛ ❞❡ ❛q✉❡❧❧❛s q✉❡
♥♦ ❤❛♥ ♣♦❞✐❞♦ s❡r ✈❡r✐✜❝❛❞❛s ✭✶✸✶✹m2✮✳ ❈♦♠♦ ♠✉❡str❛♥ ❧♦s ❞❛t♦s✱ ❧❛s ③♦♥❛s ✐❞❡♥t✐✜❝❛❞❛s ❧❧❡❣❛♥ ❛ t❡♥❡r
✽✺✶✵ ♣í①❡❧❡s✱ ♠✐❡♥tr❛s ❡❧ t❛♠❛ñ♦ ♠á①✐♠♦ ♠❛❧ ✐❞❡♥t✐✜❝❛❞♦ ❡s ❞❡ ✼✽✵ ② ❧❛ ♠❛②♦r s✉♣❡r✜❝✐❡ q✉❡ ♥♦ s❡ ❤❛
♣♦❞✐❞♦ ❝♦♠♣r♦❜❛r ♥♦ s✉♣❡r❛ ❧♦s ✾✾✵✳ ❊st♦ s❡ ❞❡❜❡ ❛❧ ♠ét♦❞♦ ❞❡ ❝♦♠♣r♦❜❛❝✐ó♥ ✈✐s✉❛❧ ❞❡s❞❡ ♦rt♦❢♦t♦s✱
❞♦♥❞❡ s❡ ♥❡❝❡s✐t❛ ♣♦❞❡r ❛♣r❡❝✐❛r ❧❛s ❡str✉❝t✉r❛s ② t❡①t✉r❛s tí♣✐❝❛s q✉❡ ❢♦r♠❛♥ ❧❛s ❝♦❧♦♥✐❛s ❞❡ ❈✳ s❡❧❧♦❛♥❛✱
s✐❡♥❞♦ ♠ás s❡♥❝✐❧❧♦ ❞❡ ✐❞❡♥t✐✜❝❛r ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ♣❧❛♥t❛s ❡♥ ✉♥ ❧✉❣❛r ❝✉❛♥t♦ ♠ás ❣r❛♥❞❡ ❡s ❧❛ ③♦♥❛ ❛
❡✈❛❧✉❛r✳

❝♦✉♥t ♠❡❛♥ st❞ ♠✐♥ ✷✺✪ ✺✵✪ ✼✺✪ ♠❛①
▼❛❧ ❝❧❛s✐✜❝❛❞❛s ✹✺✳✵ ✶✷✶✸✳✸✸ ✶✷✻✵✳✺✷ ✺✵✵✳✵ ✻✵✵✳✵ ✽✵✵✳✵ ✶✷✵✵✳✵ ✼✽✵✵✳✵
❇✐❡♥ ❝❧❛s✐✜❝❛❞❛s ✾✹✳✵ ✺✽✽✶✳✾✶ ✶✶✾✾✻✳✷✻ ✺✵✵✳✵ ✽✵✵✳✵ ✷✷✺✵✳✵ ✻✶✷✺✳✵ ✽✺✶✵✵✳✵
◆♦ ✐❞❡♥t✐✜❝❛❞❛s ✶✸✻✳✵ ✶✸✶✸✳✾✼ ✶✻✸✼✳✾✹ ✺✵✵✳✵ ✻✵✵✳✵ ✼✵✵✳✵ ✶✸✷✺✳✵ ✾✾✵✵✳✵

❚❛❜❧❛ ✾✿ ❙✉♠❛r✐♦ ❡st❛❞íst✐❝♦ ❞❡ ❧❛s ❡♥t✐❞❛❞❡s ② s✉ ár❡❛ s❡❣ú♥ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ❝♦♠♣r♦❜❛❝✐ó♥ ✈✐s✉❛❧ ♣❛r❛
♣♦❧í❣♦♥♦s ❝♦♥ ár❡❛ s✉♣❡r✐♦r ❛ ✺✵✵ m2✳

❊♥ ❡❧ r❛♥❣♦ ❞❡ ❡♥tr❡ ✺✵✵ m2 ② ✶✵✵✵ m2 ✭✈❡r ❚❛❜❧❛ ✶✵✮✱ ❧❛s ✷✽ ③♦♥❛s ♠❛❧ ❝❧❛s✐✜❝❛❞❛s t✐❡♥❡♥ ✉♥❛
♠❡❞✐❛ ❞❡ ✻✻✵m2✱ ♠✉② s✐♠✐❧❛r ❛ ❧♦s ✻✾✵m2 q✉❡ ❛❧❝❛♥③❛♥ ❧❛s q✉❡ ❤❛♥ s✐❞♦ ❝❧❛s✐✜❝❛❞❛s ✐♥❝♦rr❡❝t❛♠❡♥t❡
② ❧♦s ✻✸✹m2 ❞❡ ❧♦s ❧✉❣❛r❡s ❝✉②❛ ❝♦♠♣r♦❜❛❝✐ó♥ ♥♦ ❤❛ r❡s✉❧t❛❞♦ ❞❡✜♥✐t✐✈❛✳ P♦♥✐❡♥❞♦ ❡❧ ❢♦❝♦ s♦❜r❡ ❧♦s
♣❡r❝❡♥t✐❧❡s✱ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r q✉❡ ❡♥ ❡❧ ❞❡❧ ✺✵✪✱ ❡❧ ✈❛❧♦r q✉❡ ❞❡❥❛ ♣♦r ❡♥❝✐♠❛ ❧❛ ♠✐t❛❞ ❞❡ ❧♦s r❡s✉❧t❛❞♦s✱
② ❡❧ ❞❡❧ ✼✺✪✱ ❡❧ t❛♠❛ñ♦ ❞❡ ❧❛ ③♦♥❛ ❡s ♠❛②♦r ♣❛r❛ ❧♦s ❜✐❡♥ ❝❧❛s✐✜❝❛❞♦s✳ ❊st♦ ✐♥❞✐❝❛ q✉❡ s❡ ❡♥❝✉❡♥tr❛♥
♠ás ❣r✉♣♦s ❜✐❡♥ ❝❧❛s✐✜❝❛❞♦s s❡❣ú♥ s❡ ✈❛♥ ❡st✉❞✐❛♥❞♦ s✉♣❡r✜❝✐❡s ♠ás ❡①t❡♥s❛s✳

❝♦✉♥t ♠❡❛♥ st❞ ♠✐♥ ✷✺✪ ✺✵✪ ✼✺✪ ♠❛①
▼❛❧ ❝❧❛s✐✜❝❛❞❛s ✷✽✳✵ ✻✻✵✳✼✶ ✶✹✼✳✹✷✶ ✺✵✵✳✵ ✺✵✵✳✵ ✻✵✵✳✵ ✼✷✺✳✵ ✶✵✵✵✳✵
❇✐❡♥ ❝❧❛s✐✜❝❛❞❛s ✸✵✳✵ ✻✾✵✳✵✵ ✶✻✽✳✽✼ ✺✵✵✳✵ ✺✵✵✳✵ ✼✵✵✳✵ ✽✵✵✳✵ ✶✵✵✵✳✵
◆♦ ✐❞❡♥t✐✜❝❞❛s ✾✸✳✵ ✻✸✹✳✹✶ ✶✹✶✳✵✸ ✺✵✵✳✵ ✺✵✵✳✵ ✻✵✵✳✵ ✼✵✵✳✵ ✶✵✵✵✳✵

❚❛❜❧❛ ✶✵✿ ❙✉♠❛r✐♦ ❡st❛❞íst✐❝♦ ❞❡ ❧❛s ❡♥t✐❞❛❞❡s ② s✉ ár❡❛ s❡❣ú♥ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ❝♦♠♣r♦❜❛❝✐ó♥ ✈✐s✉❛❧
♣❛r❛ ♣♦❧í❣♦♥♦s ❝♦♥ ár❡❛ ❝♦♠♣r❡♥❞✐❞❛ ❡♥tr❡ ✺✵✵ m2 ② ✶✵✵✵ m2✳

❙❡ ♣✉❡❞❡ ♦❜s❡r✈❛r ♥✉❡✈❛♠❡♥t❡ ❝ó♠♦ ❡s ❛❧ ❝♦♥s✐❞❡r❛r ❝♦♥❥✉♥t♦s ❝♦♥ ♠ás ❞❡ ✶✵✵✵ ♣í①❡❧❡s ✭✈❡r ❚❛❜❧❛
✶✶✮ ❝✉❛♥❞♦ s❡ ♣r♦❞✉❝❡ ✉♥ ❣r❛♥ ❛✉♠❡♥t♦ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ♣r❡❞✐❝❝✐ó♥✳ ❚❛♥ s♦❧♦ s❡ ❡♥❝♦♥tr❛r♦♥ ✶✽ ③♦♥❛s q✉❡
s❡ ❡✈❛❧✉❛r♦♥ ❝♦♠♦ ✐♥❝♦rr❡❝t❛s✱ ❝♦♥ ✉♥ t❛♠❛ñ♦ ♠❡❞✐♦ ❞❡ ✷✵✻✶m2✱ ♠✐❡♥tr❛s ♦tr❛s ✻✽ ③♦♥❛s q✉❡ ♦❝✉♣❛♥
✉♥❛ s✉♣❡r✜❝✐❡ ♣r♦♠❡❞✐♦ ❞❡ ✼✾✽✽m2 ❤❛♥ s✐❞♦ ❝♦rr❡❝t❛♠❡♥t❡ ❝❛t❛❧♦❣❛❞❛s✳ ❊♥ ❡st❛ ❝❛t❡❣♦rí❛ s❡ ❛❝❡♥tú❛♥
❧❛s ❞✐❢❡r❡♥❝✐❛s ❡♥ ❝✉❛♥t♦ ❛ ❧❛s ♠❡❞✐❞❛s ❞❡ ❧❛s ár❡❛s✱ s✐❡♥❞♦ ❧❛ ♠❡❞✐❛ ❞❡ ❧❛s s✉♣❡r✜❝✐❡s ❜✐❡♥ ❝❧❛s✐✜❝❛❞❛s
✭✼✾✽✽m2✮ ❝❛s✐ ❝✉❛tr♦ ✈❡❝❡s s✉♣❡r✐♦r ❛❧ t❛♠❛ñ♦ ♠❡❞✐♦ ❞❡ ❧❛s ③♦♥❛s ✐♥❝♦rr❡❝t❛♠❡♥t❡ ✐❞❡♥t✐✜❝❛❞❛s ✭✷✵✻✶m2✮
② ♠ás ❞❡ tr❡s ✈❡❝❡s ❡❧ ❞❡ ❧❛s ♥♦ ✐❞❡♥t✐✜❝❛❞❛s ✭✷✸✻✶m2✮✳ ▲♦s ♣❡r❝❡♥t✐❧❡s t❛♠❜✐é♥ ✐♥❞✐❝❛♥ ✉♥ ❛✉♠❡♥t♦ ❞❡
❧❛s ③♦♥❛s ❜✐❡♥ ❝❧❛s✐✜❝❛❞❛s s❡❣ú♥ s❡ ✈❛ ❛✉♠❡♥t❛♥❞♦ ❡❧ t❛♠❛ñ♦ ❞❡ ❧❛s ♠✐s♠❛s✳ ❙❡ ♦❜s❡r✈❛ q✉❡ ♣❛r❛ ❧❛s
❛❣r✉♣❛❝✐♦♥❡s ❞❡ ♣í①❡❧❡s ❜✐❡♥ ❝❧❛s✐✜❝❛❞❛s ✉♥❛ ♣❛r❝❡❧❛ ❞❡ ✸✾✵m2 t❡♥❞rí❛ t♦❞❛✈í❛ ✉♥ ✺✵✪ ❞❡ t♦❞❛s ❧❛s
③♦♥❛s ❜✐❡♥ ❝❧❛s✐✜❝❛❞❛s✱ ♣❡r♦ ❧❛ s✉♣❡r✜❝✐❡ q✉❡ ❝✉♠♣❧❡ ❡s❛ ♣r♦♣✐❡❞❛❞ ❡♥ ❧❛s ♠❛❧ ❝❧❛s✐✜❝❛❞❛s s❡ q✉❡❞❛
❡♥ ✶✹✵✵m2✳ ▼✐❡♥tr❛s ♣❛r❛ ❧❛ ♠❡❞✐❛♥❛ ❧❛ s✉♣❡r✜❝✐❡ ❡s ✷✳✽ ✈❡❝❡s ♠ás ❣r❛♥❞❡ ♣❛r❛ ❧♦s r❡❝✐♥t♦s ❝♦rr❡❝t♦s✱
q✉❡ ♣❛r❛ ❧♦s ✐♥❝♦rr❡❝t♦s✱ ❡st❛ ❞✐❢❡r❡♥❝✐❛ ❛✉♠❡♥t❛ ❤❛st❛ ✸✳✺ ✈❡❝❡s ❡♥ ❡❧ ♣❡r❝❡♥t✐❧ ✼✺✳ ❊st❛s ❞✐❢❡r❡♥❝✐❛s
t❛♠❜✐é♥ s❡ ♦❜s❡r✈❛♥ ❡♥ ❧❛ s✉♣❡r✜❝✐❡ ♠ás ❣r❛♥❞❡ ❞❡ ❝❛❞❛ ❝❛t❡❣♦rí❛✱ s✐❡♥❞♦ ❞❡ ✼✽✵✵m2 ❧❛ ♠❛②♦r s✉♣❡r✜❝✐❡
♠❛❧ ❝❧❛s✐✜❝❛❞❛ ② ❞❡ ✾✾✵✵m2 ❧❛ ♠ás ❣r❛♥❞❡ ❝✉②❛ ❡✈❛❧✉❛❝✐ó♥ ♥♦ ❤❛ r❡s✉❧t❛❞♦ ❞❡✜♥✐t✐✈❛✱ ♣❡r♦ ❧❧❡❣❛ ❤❛st❛
✽✺✶✵✵✵m2 ❡♥ ❡❧ ❝❛s♦ ❞❡ ❧❛s ③♦♥❛s q✉❡ ❤❛♥ s✐❞♦ ❝❛t❛❧♦❣❛❞❛s ❝♦rr❡❝t❛♠❡♥t❡✳

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✷✶



✹ ❘❡s✉❧t❛❞♦s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

❝♦✉♥t ♠❡❛♥ st❞ ♠✐♥ ✷✺✪ ✺✵✪ ✼✺✪ ♠❛①
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◆♦ ✐❞❡♥t✐✜❝❛❞❛ss ✹✼✳✵ ✷✻✸✶✳✾✶ ✷✷✻✺✳✽✷ ✶✵✵✵✳✵ ✶✷✺✵✳✵ ✶✾✵✵✳✵ ✷✽✵✵✳✵ ✾✾✵✵✳✵

❚❛❜❧❛ ✶✶✿ ❙✉♠❛r✐♦ ❡st❛❞íst✐❝♦ ❞❡ ❧❛s ❡♥t✐❞❛❞❡s ② s✉ ár❡❛ s❡❣ú♥ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ❝♦♠♣r♦❜❛❝✐ó♥ ✈✐s✉❛❧
♣❛r❛ ♣♦❧í❣♦♥♦s ❝♦♥ ár❡❛ s✉♣❡r✐♦r ❛ ✶✵✵✵ m2✳

✹✳✷✳ ❉❡t❛❧❧❡s ❞❡ s❛❧✐❞❛s ❣rá✜❝❛s

❆ ❝♦♥t✐♥✉❛❝✐ó♥ s❡ ♠♦str❛rá♥ ❞❡t❛❧❧❡s ❞❡ ❧❛ r❡♣r❡s❡♥t❛❝✐ó♥ ❣rá✜❝❛ ❞❡ ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❧❛ r❡❞ ♥❡✉r♦♥❛❧
❛ ♠♦❞♦ ❞❡ ✐❧✉str❛❝✐ó♥ s♦❜r❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❡♥ ♣✉♥t♦s q✉❡ ♣♦❞rí❛♥ s❡r ❡s♣❡❝✐❛❧✲
♠❡♥t❡ ❝♦♥✢✐❝t✐✈♦s✳ ❈♦♥ ❡❧❧♦ s❡ ❧♦❣r❛rá t❡♥❡r ✉♥❛ ✐❞❡❛ ♠ás ❝♦♥❝r❡t❛ s♦❜r❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡❧ ❞❡s❡♠♣❡ñ♦ ❞❡❧
♣r♦❝❡❞✐♠✐❡♥t♦ r❡❛❧✐③❛❞♦✳

❊♥ ❧❛s ♣r✐♠❡r❛s ♣r✉❡❜❛s ❞❡ ❧❛ r❡❞ ♥❡✉r♦♥❛❧ s❡ ❛♣r❡❝✐ó ✉♥ ♣r♦❜❧❡♠❛ q✉❡ t❛♠❜✐é♥ s❡ ❤❛❜í❛ ✈✐st♦ ❡♥
♦tr♦ ✐♥t❡♥t♦s ❞❡ ❧♦❝❛❧✐③❛❝✐ó♥ ❞❡ ❈✳ s❡❧❧♦❛♥❛ ✉s❛♥❞♦ té❝♥✐❝❛s ❞❡ t❡❧❡❞❡t❡❝❝✐ó♥✿ ❧❛ s♦❜r❡❡st✐♠❛❝✐ó♥ ❞❡ ❧❛
♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ♣r❡s❡♥❝✐❛ ❞❡ ❧❛ ♣❧❛♥t❛ ❡♥ ❧❛s ③♦♥❛s ❞❡ ❛❝❛♥t✐❧❛❞♦s✳ ❊st❡ ♣r♦❜❧❡♠❛ s❡ ♣✉❞♦ ❝♦rr❡❣✐r s❡❧❡❝✲
❝✐♦♥❛♥❞♦ ♣í①❡❧❡s ♥♦ s♦s♣❡❝❤♦s♦s ❞❡ ❝♦♥t❡♥❡r ❈♦rt❛❞❡r✐❛ ❡♥ ❡st❛s ③♦♥❛s ② ❝❧❛s✐✜❝á♥❞♦❧♦s ❝♦rr❡❝t❛♠❡♥t❡
♣❛r❛ ❧♦s s✉❝❡s✐✈♦s ❡♥tr❡♥❛♠✐❡♥t♦s✳ ❚r❛s ❡❧❧♦✱ ❧❛ r❡❞ ♠✉❡str❛ só❧♦ ❛❧❣✉♥♦s ♣í①❡❧❡s ❞✐s❡♠✐♥❛❞♦s ♣♦r ❧❛s ③♦♥❛s
❞❡ ❛❝❛♥t✐❧❛❞♦s ② ♣♦r ❡❧ ❧✐t♦r❛❧✳ ❉❡ t♦❞♦s ❡❧❧♦s só❧♦ ✉♥ ❝♦♥❥✉♥t♦ ♣❛s❛ ❡❧ ✜❧tr♦ ❞❡ ❧♦s ✺ ♣í①❡❧❡s ❛❣r✉♣❛❞♦s✱
♥♦ ♣✉❞✐❡♥❞♦ ❞❡s❝❛rt❛r✱ ❛❞❡♠ás✱ q✉❡ s❡ tr❛t❡ ❞❡ ✉♥❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❝♦rr❡❝t❛ ✭✈❡r ❋✐❣✉r❛ ✶✻✮✳

❋✐❣✉r❛ ✶✻✿ ❆ ❧❛ ✐③q✉✐❡r❞❛ ❧❛ ③♦♥❛ ❝♦♥ ♠ás ♣í①❡❧❡s ✐❞❡♥t✐✜❝❛❞♦s ❝♦♠♦ ❈✳ s❡❧❧♦❛♥❛ ❡♥ ❛❝❛♥t✐❧❛❞♦s ✭♣r♦❜❛✲
❜❧❡♠❡♥t❡ ✐♥❝♦rr❡❝t♦s✮❀ ❛ ❧❛ ❞❡r❡❝❤❛ ❣r❛♥ ❡①t❡♥s✐ó♥ ❞❡ ❝♦st❛ ❞♦♥❞❡ ❛♣❛r❡❝❡ ❧❛ ú♥✐❝❛ ③♦♥❛ ✐❞❡♥t✐✜❝❞❛ s♦❜r❡
✉♥ ❛❝❛♥t✐❧❛❞♦ ✭♣r♦❜❛❜❧❡♠❡♥t❡ ❝♦rr❡❝t❛✮✳ ❆✉t♦r✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❖tr♦ ♣✉♥t♦ q✉❡ ♣♦❞rí❛ ❛ñ❛❞✐r ❞✐✜❝✉❧t❛❞ ❛ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❡s ❡❧ ❞❡ q✉❡ ❧❛ ❈✳ s❡❧❧♦❛♥❛ ❝r❡❝❡ ❡♥ ❞✐st✐♥t♦s
❝♦♥t❡①t♦s✳ P✉❡❞❡ ✐♥✈❛❞✐r ③♦♥❛s ❞❡ s✉❡❧♦ ❝❛s✐ ❞❡s♥✉❞♦✱ ♣❡r♦ s❡ ♣✉❡❞❡ ❡♥❝♦♥tr❛r ❢r❡❝✉❡♥t❡♠❡♥t❡ ♠❡③❝❧❛❞♦
❝♦♥ ♦tr❛s ♣❧❛♥t❛s ❝♦♠♦ ❡s ❡❧ ❯❧❡① ❡✉r♦♣❛❡✉s ✭✈❡r ❋✐❣✉r❛ ✶✼✮✱ ♠✉② ♣r❡s❡♥t❡ ❡♥ ❧❛ ③♦♥❛ ❞❡ ❡st✉❞✐♦✳
❆❞❡♠ás✱ ❧❛ ♣❧❛♥t❛ t❛r❞❛ ❡♥tr❡ ✶ ② ✸ ❛ñ♦s ❡♥ ❛❧❝❛♥③❛r ❡❧ ❡st❛❞♦ ❞❡ ♠❛❞✉r❡③ s✉✜❝✐❡♥t❡ ❡♥ ❡❧ q✉❡ ❛❞q✉✐❡r❡
s✉ ❢♦r♠❛ ❛❞✉❧t❛ ❝♦♥ s✉s ❝❛r❛❝t❡ríst✐❝❛s ✐♥✢♦r❡s❝❡♥❝✐❛s✳ ❊♥ ❧❛s s❛❧✐❞❛s ❣rá✜❝❛s s❡ ✈❡♥ ③♦♥❛s ❝❧❛s✐✜❝❛❞❛s
❝♦rr❡❝t❛♠❡♥t❡ ❡♥ ✈❛r✐❛s ❞❡ ❡st❛s s✐t✉❛❝✐♦♥❡s✳

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✷✷



✹ ❘❡s✉❧t❛❞♦s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

❋✐❣✉r❛ ✶✼✿ ❉❡t❛❧❧❡ ❞❡ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❞♦♥❞❡ s❡ ✈❡ ❝♦rr❡❝t❛♠❡♥t❡ ❝❧❛s✐✜❝❛❞❛ ✉♥❛ ③♦♥❛ ❞♦♥❞❡ s❡ ❡♥❝✉❡♥tr❛
❈✳ s❡❧❧♦❛♥❛ ❡♥ s✐t✐♥t♦s ❝♦♥t❡①t♦s✱ ♠❡③❝❧❛❞❛ ❝♦♥ ❯❧❡① ❡✉r♦♣❛❡✉s✱ ♦tr❛s ❝♦♥ ✢♦r❡s ② ③♦♥❛s ❞❡ ♣❧❛♥t❛s ❥ó✈❡♥❡s
q✉❡ ♥♦ ❤❛♥ ✢♦r❡❝✐❞♦ t♦❞❛✈í❛✳

❊❧ ♣r♦❝❡s♦ ❞❡ ✜❧tr❛❞♦ ♣❛r❛ ❧♦s ♣í①❡❧❡s q✉❡ ♣❛s❛♥ ❡❧ ✜❧tr♦ ❞❡ ✺ ♣í①❡❧❡s t✐❡♥❡ ✉♥ ❡❢❡❝t♦ ✈✐s✉❛❧ ♠✉② s✐❣♥✐✲
✜❝❛t✐✈♦ ❡♥ ❡❧ ♠❛♣❛✱ ❡❧✐♠✐♥❛♥❞♦ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ❡❧❡♠❡♥t♦s q✉❡✱ ❝♦♠♦ s❡ ❤❛ ❝♦♠♣r♦❜❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱
s♦♥ ❡♥ s✉ ♠❛②♦r ♣❛rt❡ ❢❛❧s♦s ♣♦s✐t✐✈♦s✳ ❈♦♠♦ s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❧❛ ❋✐❣✉r❛ ✶✽✱ s❡ ❡❧✐♠✐♥❛♥ ❞✐❝❤♦s ♣í①❡❧❡s
♠❛❧ ❝❧❛s✐✜❝❛❞♦s✱ ♣❡r♦ s❡ ❝♦♥s❡r✈❛♥ ③♦♥❛s q✉❡ ❤❛♥ s✐❞♦ ❝♦rr❡❝t❛♠❡♥t❡ ✐❞❡♥t✐✜❝❛❞❛s✳

❋✐❣✉r❛ ✶✽✿ ❆ ❧❛ ✐③q✉✐❡r❞❛ s❡ ♣✉❡❞❡ ✈❡r ✉♥❛ ③♦♥❛ s❛❧♣✐❝❛❞❛ ❝♦♥ ♣í①❡❧❡s s✉❡❧t♦s ✭♣r♦❜❛❜❧❡♠❡♥t❡ ✐♥❝♦rr❡❝t♦s✮✳
❊♥ ❡❧ ❝❡♥tr♦✱ tr❛s ❛♣❧✐❝❛r ❡❧ ✜❧tr♦✱ só❧♦ q✉❡❞❛ ✉♥❛ ❣r❛♥ ③♦♥❛ ✭❝♦rr❡❝t❛✮✱ ❛♠♣❧✐❛❞❛ ❡♥ ❧❛ ✐♠❛❣❡♥ ❞❡ ❧❛
❞❡r❡❝❤❛✳ ❆✉t♦r✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

▲❛ ♥❡❝❡s✐❞❛❞ ❞❡ ❛♣❧✐❝❛r ✉♥ ✉♠❜r❛❧ ❛❧t♦ ❛❧ ♥✐✈❡❧ ♦❜t❡♥✐❞♦ ❡♥ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ✭✵✳✾✾✮ ② ✉♥ ✜❧tr♦ ♣❛r❛
❡❧✐♠✐♥❛r ❧❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ❢❛❧s♦s ♣♦s✐t✐✈♦s q✉❡ s❛❧♣✐❝❛♥ t♦❞❛ ❧❛ ③♦♥❛ ❞❡ ❡st✉❞✐♦✱ t✐❡♥❡ t❛♠❜✐é♥ ❝♦♠♦
❡❢❡❝t♦ ✐♥❞❡s❡❛❞♦ ❧❛ ♣ér❞✐❞❛ ❞❡ ❝❧❛s✐✜❝❛❝✐♦♥❡s ❝♦rr❡❝t❛s✳ ❊st❛ ♣ér❞✐❞❛ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ❤❛rá q✉❡ ❛❧❣✉♥❛s
③♦♥❛s q✉❡ ❝♦♥t✐❡♥❡♥ ❈✳ s❡❧❧♦❛♥❛ ② ❤❛❜í❛♥ s✐❞♦ ✐❞❡♥t✐✜❝❛❞❛s ❝♦♥ r❡❧❛t✐✈❛ ❝♦rr❡❝❝✐ó♥✱ s❡ ✈❡❛♥ ❡①❝❧✉✐❞❛s ❞❡
❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡✜♥✐t✐✈❛ ✭✈❡r ❋✐❣✉r❛s ✶✾ ② ✷✵✮✳

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✷✸
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Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

❋✐❣✉r❛ ✶✾✿ ❉❡t❛❧❧❡ ❞❡ ③♦♥❛ ✐♥❞✉str✐❛❧ ❝♦♥ ✉♥ ❣r✉♣♦ ❞❡ ♣❧❛♥t❛s ✐❞❡♥t✐✜❝❛❞♦ ❡♥ ❝❛♠♣♦✱ q✉❡ ♦❜t✐❡♥❡ ✉♥
r❡s✉❧t❛❞♦ q✉❡ ♣❛r❛ ✉♥ ✉♠❜r❛❧ ❞❡ ✵✳✾ ♦ s✐♥ ❛♣❧✐❝❛r ❡❧ ✜❧tr♦✱ s❡rí❛ ❝♦rr❡❝t❛♠❡♥t❡ ✐❞❡t✐✜❝❛❞❛✱ ♣❡r♦ ❝♦♥ ❡st❛
❞♦❜❧❡ r❡str✐❝❝✐ó♥✱ ❡s ✐♥❝♦rr❡❝t❛♠❡♥t❡ ❞❡s❝❛rt❛❞❛✳ ❆✉t♦r✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❋✐❣✉r❛ ✷✵✿ ❉❡t❛❧❧❡ ❞❡ ③♦♥❛ ✐♥❞✉str✐❛❧ ✐♥t❡♥s❛♠❡♥t❡ ❛❢❡❝t❛❞❛✳ ❆ ❧❛ ✐③q✉✐❡r❞❛✿ ❝❧❛s✐✜❝❛❝✐ó♥ ♣❛r❛ ♥✐✈❡❧❡s
❡♥tr❡ ✵✳✵✾✲✵✳✾✺ ✭❛♠❛r✐❧❧♦✮✱ ✵✳✾✺✲✵✳✾✾ ✭♥❛r❛♥❥❛✮ ② ❃✵✳✾✾ ✭r♦❥♦✮✳ ❆ ❧❛ ❞❡r❡❝❤❛✿ ③♦♥❛s s❡❧❡❝❝✐♦♥❛❞❛s tr❛s
❛♣❧✐❝❛r só❧♦ ♥✐✈❡❧ ❃✵✳✾✾ ② ❡❧ ✜❧tr♦ ♣❛r❛ ③♦♥❛s ❞❡ ✺✵✵ m2 ♦ ♠ás✳ ❆✉t♦r✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

✳

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✷✹



✺ ❈♦♥❝❧✉s✐♦♥❡s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

✺✳ ❈♦♥❝❧✉s✐♦♥❡s

❊♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ s❡ ❤❛ ❛❜♦r❞❛❞♦ ❧❛ ❡❧❛❜♦r❛❝✐ó♥ ❞❡ ✉♥ ♠ét♦❞♦ q✉❡✱ ♣❛rt✐❡♥❞♦
❞❡ ✐♠á❣❡♥❡s ❞❡ s❛té❧✐t❡ ❞❡ ❛❝❝❡s♦ ♣ú❜❧✐❝♦ ❝♦♠♦ s♦♥ ❛q✉❡❧❧❛s q✉❡ ♣r♦✈✐❡♥❡♥ ❞❡ ❧♦s s❛té❧✐t❡s ❙❡♥t✐♥❡❧✲✷✱
♣❡r♠✐t✐❡s❡ ✐❞❡♥t✐✜❝❛r ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ♦❜❥❡t♦s ❝♦♥t❡♥✐❞♦s ❡♥ ❡❧ ❡s♣❛❝✐♦ ❞❡ ❝❛❞❛ ♣í①❡❧✳ ❙❡ ❤❛ tr❛t❛❞♦ ❡❧ ❞♦❜❧❡
❞❡s❛❢í♦ ❞❡ ✐❞❡♥t✐✜❝❛r ♣❧❛♥t❛s q✉❡ ❝r❡❝❡♥ ❡♥ ✈❛r✐❡❞❛❞ ❞❡ ❝♦♥t❡①t♦s ❝♦♥✜❣✉r❛❞♦s ❞✐st✐♥t❛s s✉♣❡r✜❝✐❡s✱ ❡♥tr❡
❞✐❢❡r❡♥t❡s ♣❧❛♥t❛s✱ s♦❧❛s ♦ ❡♥ ❣r❛♥❞❡s ❝♦❧♦♥✐❛✱ ② ❞❡ ❤❛❝❡r❧♦ ❝♦♥ ✉♥❛s ✐♠á❣❡♥❡s ❝♦♥ ✉♥❛ r❡s♦❧✉❝✐ó♥ ♠á①✐♠❛
❞❡ ✶✵①✶✵ ♠❡tr♦s✳ ❊st♦ t❛♠❜✐é♥ ❜r✐♥❞ó ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ♣♦♥❡r ❛ ♣r✉❡❜❛ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡ ❧❛s r❡❞❡s
♥❡✉r♦♥❛❧❡s ♣❛r❛ r❡❝♦♥♦❝❡r ♣❛tr♦♥❡s✳

❆❞❡♠ás ❞❡ ❧❛s ❞✐✜❝✉❧t❛❞❡s q✉❡ ❤❛❜í❛ q✉❡ ❡♥❢r❡♥t❛r ❞❡r✐✈❛❞♦s ❞❡ ❧❛ ♥❛t✉r❛❧❡③❛ ❞❡❧ ♣r♦❜❧❡♠❛ ② ❞❡ ❧❛s
❢✉❡♥t❡s ❞❡ ❞❛t♦s ❞✐s♣♦♥✐❜❧❡s✱ t❛♠❜✐é♥ ❤❛❜í❛ q✉❡ ❤❛❝❡r❧♦ ❝♦♥ ✉♥❛ ❡s❝❛s❡③ ❞❡ ♠❡❞✐♦s q✉❡ ♣rá❝t✐❝❛♠❡♥t❡
✐♠♣♦s✐❜✐❧✐t❛r♦♥ ❧❛s s❛❧✐❞❛s ❞❡ ❝❛♠♣♦✳ ◆♦ ❞✐s♣♦♥❡r ❞❡ ✐❞❡♥t✐✜❝❛❝✐ó♥ s♦❜r❡ ❡❧ t❡rr❡♥♦ ② t❡♥✐❡♥❞♦ q✉❡ r❡❝✉rr✐r
❛ ❧❛ ❧♦❝❛❧✐③❛❝✐ó♥ ❞❡ ❡s♣❡❝í♠❡♥❡s ❞❡s❞❡ ✐♠á❣❡♥❡s ❞❡ ♦rt♦❢♦t♦❣r❛❢í❛ ❛ér❡❛ s✉♣♦♥❡ ②❛ ✉♥ ❢❛❝t♦r ❧✐♠✐t❛♥t❡
♣❛r❛ ❧❛s ♣r❡❞✐❝❝✐♦♥❡s✱ ♣✉❡s ♦❜❧✐❣❛ ❛ ❛s✉♠✐r q✉❡ ✉♥ ♥ú♠❡r♦ ✐♥❞❡t❡r♠✐♥❛❞♦ ❞❡ ❡❧❡♠❡♥t♦s ❤❛❜rá♥ s✐❞♦
❛s✐❣♥❛❞♦s ❛ ✉♥ ❣r✉♣♦ ❛❧ q✉❡ ♥♦ ♣❡rt❡♥❡❝í❛♥✳ ❆❞❡♠ás✱ s❡ ❝♦♥s✐❞❡ró q✉❡ ❡st❛ ❢♦r♠❛ ❞❡ ✐❞❡♥t✐✜❝❛r ♣í①❡❧❡s
só❧♦ ♣❡r♠✐tí❛ ✉♥❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❜✐♥❛r✐❛ ♣❛r❛ ✉♥❛ r❡❛❧✐❞❛❞ ❝♦♥t✐♥✉❛ ❡♥ ❧❛ q✉❡ ✉♥ ♣í①❡❧✱ ❝♦♥ ❧❛ ♠✐t❛❞ ❞❡ s✉
ár❡❛ ♦❝✉♣❛❞❛ ♣♦r ❧❛ ♣❧❛♥t❛ ❛ ✐❞❡♥t✐✜❝❛r✱ t❡♥❞rá ✈❛❧♦r ✶✱ ❝✉❛♥❞♦ ♣♦❞rí❛ s❡r ✐♥t❡r❡s❛♥t❡ q✉❡ t✉✈✐❡s❡ ✈❛❧♦r
✵✳✺✳ ❈♦♠♦ ❧❛s ✐♠á❣❡♥❡s ✉s❛❞❛s ♣❛r❛ ❝r❡❛r ❡st❛ ♣r✐♠❡r❛ ❝❧❛s✐✜❝❛❝✐ó♥ s♦♥ ❞❡ ✈✉❡❧♦s ❝♦♥ ❢❡❝❤❛ ❞❡ s❡♣t✐❡♠❜r❡
✷✵✷✵ s❡ ❞❛❜❛♥ ❞♦s ❡s❝❡♥❛r✐♦s✳ P♦r ✉♥ ❧❛❞♦✱ ❡♥ ✉♥♦ s❡ ♣♦❞rí❛♥ ❡♠♣❧❡❛r ✐♠á❣❡♥❡s ❞❡ s❛té❧✐t❡ ❞❡ ❢❡❝❤❛s
❛♥t❡r✐♦r❡s ❛ ❧❛s ♦rt♦❢♦t♦s✱ ❧♦ q✉❡ ❛❧❡❥❛ ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡❧ ❡st❛❞♦ ❛❝t✉❛❧ ❞❡ ❧❛ r❡❛❧✐❞❛❞✳ ❊♥ ❝❛♠❜✐♦✱ r❡❛❧✐③❛r❧♦
❝♦♥ ✐♠á❣❡♥❡s ♠ás r❡❝✐❡♥t❡s ② ♣♦st❡r✐♦r❡s ❛ ❧♦s ✈✉❡❧♦s ❞❡❧ P◆❖❆ ♠ás ❛❝t✉❛❧ ♣♦❞rí❛ s✉♣♦♥❡r q✉❡ s❡ ❞✐❡s❡♥
❝❛♠❜✐♦s ❡♥ ❡❧ ❡st❛❞♦ ❞❡❧ t❡rr❡♥♦ ❞❡ ❛❧❣✉♥❛s ③♦♥❛s q✉❡ ❛❢❡❝t❛s❡♥ ❛ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥✳ ❆s✉♠✐❡♥❞♦ q✉❡ ❛♠❜♦s
❡♥❢♦q✉❡s t❡♥í❛♥ s✉s ❢♦rt❛❧❡③❛s ② ❞❡❜✐❧✐❞❛❞❡s✱ s❡ ♦♣tó ♣♦r s✉♠✐♥✐str❛r ❛♠❜♦s ❛ ❧❛ r❡❞ ② q✉❡❞❛rs❡ ❝♦♥ ❡❧
q✉❡ ♠❡❥♦r r❡s✉❧t❛❞♦ ♦❢r❡❝✐❡s❡✱ q✉❡ s❡ ❝♦♥s✐❞❡ró q✉❡ ❢✉❡ ❧❛ ❝♦♠❜✐♥❛❝✐ó♥ ❞❡ ❧❛s ✸ ✐♠á❣❡♥❡s ❞❡ ♦❝t✉❜r❡ ✷✵✷✶✱
❡♥❡r♦ ✷✵✷✷ ② ❛❜r✐❧ ✷✵✷✷✳

▲❛s ✐♠á❣❡♥❡s ❞❡ ❙❡♥t✐♥❡❧✲✷✱ s✐♥ t❡♥❡r ✉♥❛ ❡♥♦r♠❡ r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧✱ ❝✉❡♥t❛♥ ❝♦♥ ✉♥❛ ✈❛r✐❡❞❛❞ ❞❡
❜❛♥❞❛s✱ ❛❧❣✉♥❛s ❞❡ ❡❧❧❛s✱ ❝♦♠♦ ❧❛s ❞❡❧ ❘❡❞ ❊❞❣❡✱ ❞❡ ❡s♣❡❝✐❛❧ ✐♥t❡rés ♣❛r❛ ❡❧ ❡st✉❞✐♦ ❞❡ ❡❧❡♠❡♥t♦s ✈❡❣❡t❛❧❡s✳
❆❞❡♠ás✱ ❧♦s ✺ ❞í❛s ❞❡ r❡s♦❧✉❝✐ó♥ t❡♠♣♦r❛❧ q✉❡ ❜r✐♥❞❛ ❙❡♥t✐♥❡❧✲✷✱ q✉❡ s❡ ✈❡♥ r❡❞✉❝✐❞♦s ❛ ✷✲✸ ❞í❛s ❡♥ ❧❛
③♦♥❛ ❞❡ ❡st✉❞✐♦ s✉♣♦♥❡♥ ✉♥❛ ❡♥♦r♠❡ ✈❡♥t❛❥❛ ❡♥ ✉♥❛ ③♦♥❛ t❛♥ ♥✉❜♦s❛ ❝♦♠♦ ❧❛ ❝♦r♥✐s❛ ❝❛♥tá❜r✐❝❛ ❞♦♥❞❡
s❡ ❡♥❝✉❡♥tr❛ ❧❛ ♠✐s♠❛✳ ❈♦♥ ❡st❛ r❡❛❧✐❞❛❞ s❡ ❛❜♦r❞ó ✉♥ tr❛❜❛❥♦ q✉❡ ❧♦❣ró q✉❡ ♣❛r❛ ❣r✉♣♦s ❞❡ ♠❡♥♦s ❞❡ ✺
♣í①❡❧❡s s❡ ♥❡❝❡s✐t❡♥ ❛❧❣♦ ♠❡♥♦s ❞❡ ✺ ✐♥t❡♥t♦s ❢❛❧❧✐❞♦s ♣❛r❛ ❡♥❝♦♥tr❛r ✉♥❛ ♣í①❡❧ ❝♦♥ ♣❧❛♥t❛s✱ ♣❡r♦ q✉❡ ♣♦r
❡♥❝✐♠❛ ❞❡ ❡s❡ ❧í♠✐t❡ ❡♠♣✐❡③❛ ❛ ♠❡❥♦r❛r rá♣✐❞❛♠❡♥t❡ ❧♦s r❡s✉❧t❛❞♦s✱ ❛❧❝❛♥③❛♥❞♦ ❝❡r❝❛ ❞❡❧ ✺✵✪ ❞❡ ❛❝✐❡rt♦
♣❛r❛ ár❡❛s ❞❡ ❡♥tr❡ ✺✵✵m2 ② ✶✵✵✵m2✱ ② s✉♣❡r❛♥❞♦ ❧❛s ✶✹ ❝❧❛s✐✜❝❛❝✐♦♥❡s ❝♦rr❡❝t❛s ♣♦r ❝❛❞❛ ✉♥❛ ❢❛❧❧✐❞❛
♣❛r❛ ③♦♥❛s ♠❛②♦r❡s ❞❡ ✶✵✵✵m2✳

❊♥ tr❛❜❛❥♦s ♣r❡✈✐♦s ❝♦♥s✉❧t❛❞♦s ❡♥ ❧♦s q✉❡ s❡ ❤❛❜í❛♥ ❤❡❝❤♦ ✐♥t❡♥t♦s ❞❡ ❧♦❝❛❧✐③❛❝✐ó♥ s❛t❡❧✐t❛❧ ❞❡ ❈✳
s❡❧❧♦❛♥❛ ❝♦♠♦ ❡❧ ❞❡ ■◆❱❆❙❆❚ ✭✈❡r ❋✐❣✉r❛ ✷✶✮✱ s❡ ❡♥❝♦♥tr❛r♦♥ ❞✐✜❝✉❧t❛❞❡s ❡♥ ③♦♥❛s ❞❡ ❛❝❛♥t✐❧❛❞♦ ②
r✐❜❡r❛✱ ♦ ③♦♥❛s ❞❡ ♦tr❛s ♣❧❛♥t❛s ❝♦♠♦ ❡❧ P❤r❛❣♠✐t❡s ❛✉str❛❧✐s✳ ❊st❛s ❞✐✜❝✉❧t❛❞❡s ♥♦ s❡ ❤❛♥ ❞❡t❡❝t❛❞♦ ♦
s❡ ❤❛♥ ♣♦❞✐❞♦ s✉♣❡r❛r ❝♦♥ ❡❧ ❡♥tr❡♥❛♠✐❡♥t♦ ❛❞❡❝✉❛❞♦✳

❊❧ ♣r♦❝❡❞✐♠✐❡♥t♦ ❞❡s❝r✐t♦ ❤❛ ❧♦❣r❛❞♦ r❡s✉❧t❛❞♦s q✉❡ ♣❡r♠✐t❡♥ ❛♠♣❧✐❛r ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞✐s♣♦♥✐❜❧❡✱
s✉♣❡r❛♥❞♦ ❛❧❣✉♥♦s ♣r♦❜❧❡♠❛s ❞❡ ♦tr❛s ♠❡t♦❞♦❧♦❣í❛s✱ ❛✉♥q✉❡ ❝♦♥ s✉s ♣r♦♣✐❛s ❧✐♠✐t❛❝✐♦♥❡s✳ P❛r❡❝❡ ♣r♦❜❛❜❧❡
q✉❡ ✉♥❛ ❛♠♣❧✐❛❝✐ó♥ ❞❡ ❧♦s r❡❝✉rs♦s ♣♦❞rí❛♥ ♣❡r♠✐t✐r ♠❡❥♦r❛s ♠❡t♦❞♦❧ó❣✐❝❛s q✉❡ ♣❡r♠✐t✐rí❛♥ r❡❞✉❝✐r ❡❧
t❛♠❛ñ♦ ❞❡ ❧❛ s✉♣❡r✜❝✐❡ q✉❡ s❡ ♣♦❞rí❛ ✐❞❡♥t✐✜❝❛r ❝♦rr❡❝t❛♠❡♥t❡✳ ❙❡ ♣r♦♣♦♥❡♥ ❧❛s s✐❣✉✐❡♥t❡s ♦♣❝✐♦♥❡s q✉❡
♣♦❞rí❛♥ s❡r ❞❡ ✐♥t❡rés ♣❛r❛ ❢✉t✉r❛s ✐♥✈❡st✐❣❛❝✐♦♥❡s✿

❊st❛❜❧❡❝✐♠✐❡♥t♦ ❞❡ ár❡❛s ② ♣✉♥t♦s ❝♦♥tr♦❧❛❞♦s ✐❞❡♥t✐✜❝❛❞♦s s♦❜r❡ ❡❧ t❡rr❡♥♦✳

❙✉st✐t✉②❡♥❞♦ ❡❧ ♠ét♦❞♦ ❞❡ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❞❡s❞❡ ✐♠á❣❡♥❡s ❞❡ ✈✉❡❧♦s ❢♦t♦❣r❛♠étr✐❝♦s ♣♦r ❧❛ ✐❞❡♥t✐✲
✜❝❛❝✐ó♥ ♣r❡❝✐s❛ s♦❜r❡ ❡❧ t❡rr❡♥♦ ❞❡ ♣❛r❝❡❧❛s ✐♥✈❛❞✐❞❛s✱ s❡ ♣♦❞rí❛ ❧♦❣r❛r ✉♥❛ ♠❛②♦r ✜❞❡❧✐❞❛❞ ❞❡ ❧❛
✐❞❡♥t✐✜❝❛❝✐ó♥ ✐♥✐❝✐❛❧ q✉❡ ❢❛❝✐❧✐t❛rí❛ ❧❛ t❛r❡❛ ❞❡ ❛♣r❡♥❞✐③❛❥❡ ❞❡ ❧❛ r❡❞✳

❱✐s✐t❛s ② ❝♦♠♣r♦❜❛❝✐♦♥❡s ❡♥ ③♦♥❛s ❝♦♥✢✐❝t✐✈❛s ♣❛r❛ ❛❣r❡❣❛r❧❛s ❛ ❢✉t✉r♦s ❡♥tr❡♥❛♠✐❡♥t♦s✳

❊♥ ❧❛ ♠✐s♠❛ ❧í♥❡❛ ❞❡❧ ♣✉♥t♦ ❛♥t❡r✐♦r✱ ♣♦❞❡r ✈✐s✐t❛r ③♦♥❛s ❞♦♥❞❡ ❧❛ ❝♦rr❡❝❝✐ó♥ ❞❡ ❧❛ ✐❞❡♥t✐✜❝❛❝✐ó♥
♣♦r ❧❛ r❡❞ r❡s✉❧t❛ ❞✉❞♦s❛✱ ♣♦❞rí❛ s❡r ❞❡ ❣r❛♥ ✉t✐❧✐❞❛❞ ♣❛r❛ q✉❡ ❡st❛ ♣❡r❢❡❝❝✐♦♥❡ s✉ ❝❛♣❛❝✐❞❛❞ ♣❛r❛
❞✐st✐♥❣✉✐r s✉♣❡r✜❝✐❡s q✉❡ ❡♥ ♣r✐♥❝✐♣✐♦ ♣✉❡❞❡♥ r❡s✉❧t❛r ❝♦♥❢✉s❛s✳

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛ ✷✺



✺ ❈♦♥❝❧✉s✐♦♥❡s
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

❋✐❣✉r❛ ✷✶✿ Pr♦❜❧❡♠❛ ❝♦♥ ❧❛ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❞❡ ❧♦s ❛❝❛♥t✐❧❛❞♦s✳ ❆✉t♦r✿ ■◆❱❆❙❆❚

❊st✉❞✐❛r ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ❛❣r❡❣❛r ♠❡❞✐❞❛s ❞❡ t❡①t✉r❛ ❛ ❧❛ ♠❛tr✐③ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳

❘❡❛❧✐③❛r ✉♥ ❛♥á❧✐s✐s t❡①t✉r❛❧ s♦❜r❡ ✐♠á❣❡♥❡s ❞❡ ♠❛②♦r r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧✱ ✐♥❝♦r♣♦r❛♥❞♦ s✉s ♠❡❞✐❞❛s
❝♦♠♦ ❝♦❧✉♠♥❛s ❛ ❧♦s ♣í①❡❧❡s✱ ♣♦❞rí❛ ❛♣♦rt❛r ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ✉t✐❧✐❞❛❞ ♣❛r❛ s✉ ❝♦rr❡❝t❛ ❝❧❛s✐✜❝❛❝✐ó♥✳

❘❡❛❧✐③❛r ♣r✉❡❜❛s ❝♦♥ ♦tr♦s í♥❞✐❝❡s q✉❡ ♣✉❞✐❡s❡♥ ❛♣♦rt❛r ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ✐♥t❡rés✳

❆❞❡♠ás ❞❡ ◆❉❱■ ❡s①✐st❡♥ ♦tr♦s ♠✉❝❤♦s í♥❞✐❝❡s q✉❡ ♣♦❞rí❛ ❛②✉❞❛r ❛ r❡❛❧③❛r ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❧♦s
t❡rr❡♥♦s ✐♥✈❛❞✐❞♦s ♣♦r ❈✳ s❡❧❧♦❛♥❛ ♠❡❥♦r❛♥❞♦ ❡❧ ♣r♦❝❡s♦ ❞❡ ❛♣r❡♥❞✐③❛❥❡ ❞❡ ❧❛ r❡❞ ♥❡✉r♦♥❛❧✳

P❧❛♥t❡❛r ♣r✉❡❜❛s ❝♦♥ ♠ás ❝♦♥✜❣✉r❛❝✐♦♥❡s ② t❛♠❛ñ♦s ❞❡ ❧❛ r❡❞✳

❉❡❜✐❞♦ ❛ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ♣❛rá♠❡tr♦s ❞✐s♣♦♥✐❜❧❡s✱ ❛sí ❝♦♠♦ ❧❛ ✐♥✜♥✐❞❛❞ ❞❡ ❝♦♠❜✐♥❛❝✐♦♥❡s ❞❡ ♥ú♠❡r♦
❞❡ ❝❛♣❛s ② ❝❛♥t✐❞❛❞ ❞❡ ♥❡✉r♦♥❛s ❡♥ ❧❛s ♠✐s♠❛s✱ ❡s ♣r♦❜❛❜❧❡ q✉❡ ❡①✐st❛♥ ❝♦♠❜✐♥❛❝✐♦♥❡s q✉❡ ♦❢r❡③✲
❝❛♥ ♠❡❥♦r❡s r❡s✉❧t❛❞♦s q✉❡ ❧❛ ❛q✉í ❡♠♣❧❡❛❞❛✳ P♦r ❡❧❧♦ ♣♦❞rí❛ s❡r r❡❝♦♠❡♥❞❛❜❧❡ ❞❡❞✐❝❛r t✐❡♠♣♦ ❛
❡♥❝♦♥tr❛r ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ♠ás ❛❞❡❝✉❛❞❛s ❞❡ ❧❛ r❡❞✳

▲♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ♣❛r❛ s✉♣❡r✜❝✐❡s ♠❛②♦r❡s ❞❡ ✶✵✵✵ m2✱ ❝♦♥ ♠ás ❞❡ ✉♥ ✽✷✪ ❞❡ ❝❧❛s✐✜❝❛❝✐♦♥❡s
❝♦rr❡❝t❛s ❡♥tr❡ ❧❛s ❝♦♠♣r♦❜❛❞❛s✱ ❡stá♥ ❡♥ ❝♦♥s♦♥❛♥❝✐❛ ❝♦♥ ♦tr❛s ✐♥✈❡st✐❣❛❝✐♦♥❡s s✐♠✐❧❛r❡s ❝♦♠♦ ❙❛t❘❡❞
✭❚r✉❥✐❧❧♦✲❏✐♠é♥❡③ ② ❝♦❧✳ ✷✵✷✷✱ q✉❡ ❧♦❣ró ♣r❡❝✐s✐♦♥❡s ❞❡ ❡♥tr❡ ❡❧ ✼✻✪ ② ❡❧ ✾✷✪ ♣❛r❛ ✉s♦s ❞❡❧ s✉❡❧♦ ②
❝✉❜✐❡rt❛s ✈❡❣❡t❛❧❡s✳ ❙❡ ❤❛ ❝♦♠♣r♦❜❛❞♦ ❡❧ ❡♥♦r♠❡ ♣♦t❡♥❝✐❛❧ ❞❡ ❧❛s r❡❞❡s ♥❡✉r♦♥❛❧❡s ♣❛r❛ ❧❛ ✐❞❡♥t✐✜❝❛❝✐ó♥
❞❡ ❡st❡ t✐♣♦ ❞❡ ❢❡♥ó♠❡♥♦s✱ ❝♦♥s✐❣✉✐❡♥❞♦ ✉♥❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❜❛st❛♥t❡ ❝♦rr❡❝t❛ ② q✉❡ ❡s s✉♣❡r✐♦r ❛ ❧❛ q✉❡ s❡
❤❛ ♣♦❞✐❞♦ ❝♦♥s✉❧t❛r ♣r❡✈✐❛♠❡♥t❡ ❛ ❧❛ ❡❧❛❜♦r❛❝✐ó♥ ❞❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦✱ ❛ ♣❡s❛r ❞❡ t❡♥❡r q✉❡ r❡❝✉rr✐r ❛
♠ét♦❞♦s ❞❡ ✜❧tr❛❞♦ s✐♠✐❧❛r❡s✳ ❚♦❞♦ ❡st♦ s❡ ❤❛ ❧♦❣r❛❞♦ ❝♦♥ ✐♥❢♦r♠❛❝✐ó♥ ❞✐s♣♦♥✐❜❧❡ ♣ú❜❧✐❝❛♠❡♥t❡ ② ✉s❛♥❞♦
❡q✉✐♣♦s ✐♥❢♦r♠át✐❝♦s ❞♦♠ést✐❝♦s✱ s✐♥ ❛♣❡♥❛s tr❛❜❛❥♦ ❞❡ ❝❛♠♣♦ ② ❡♥ ✉♥ t✐❡♠♣♦ r❡❧❛t✐✈❛♠❡♥t❡ ❝♦rt♦✳

❚❛❧ ✈❡③✱ ❡♥ s✉ ❡st❛❞♦ ❛❝t✉❛❧✱ ❧❛ r❡❞ ♥♦ ❡♠✐t❛ ✉♥❛s s❛❧✐❞❛s q✉❡ ♣✉❡❞❛♥ s❡r ✉s❛❞❛s ❞❡ ❢♦r♠❛ ❞✐r❡❝t❛
❝♦♠♦ ❢✉❡♥t❡ ❝❛rt♦❣rá✜❝❛ ② ❡st❛s ♥♦ s❡ ❞❡❜❛♥ ❝♦♥s✐❞❡r❛r ❝♦♠♦ ❝✐❡rt❛s ♣♦r s✉ ❡❧❡✈❛❞❛ ✐♥❝❡rt✐❞✉♠❜r❡ ♣❡r♦✱
❛ ♣❡s❛r ❞❡ ❧❛s ❧✐♠✐t❛❝✐♦♥❡s ♣❛r❛ ❧❛ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❞❡ ♣❧❛♥t❛s s✉❡❧t❛s✱ s❡ ❤❛ ♠♦str❛❞♦ ❝♦♠♦ ✉♥❛ ❤❡rr❛♠✐❡♥t❛
♠✉② ♣♦t❡♥t❡ ♣❛r❛ r❡✈❡❧❛r ③♦♥❛s ❛ ♣❛rt✐r ❞❡ ❧♦s ✶✵✵✵ m2✳ ❊❧ ♠ét♦❞♦✱ ❛❞❡♠ás✱ ❛❞♠✐t❡ ♠❡❥♦r❛s✱ q✉❡ ❝♦♥
❝✐❡rt♦s r❡❝✉rs♦s✱ ❡s ♣r❡✈✐s✐❜❧❡ q✉❡ ♣❡r♠✐t❛ ✉♥ ❛✉♠❡♥t♦ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s r❡s✉❧t❛❞♦s r❡❞✉❝✐❡♥❞♦ ❡❧ ❧í♠✐t❡
❛ ♣❛rt✐r ❞❡❧ q✉❡ s❡ ❝♦♥s✐❞❡r❛ ❡❢❡❝t✐✈❛✳

❊❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ ❤❛ s✉♣✉❡st♦ ✉♥ ❞❡s❛❢í♦✱ ♣❡r♦✱ s♦❜r❡ t♦❞♦✱ ❧❛ ♦♣♦rt✉♥✐❞❛❞ ❞❡ ♣♦♥❡r
❡♥ ♣rá❝t✐❝❛ ❝♦♥♦❝✐♠✐❡♥t♦s ❛❞q✉✐r✐❞♦s ❞✉r❛♥t❡ ❡❧ ▼ást❡r ❡♥ ●❡♦t❡❝♥♦❧♦❣í❛ ② ❉❡s❛rr♦❧❧♦ ❞❡ Pr♦②❡❝t♦s
❙■●✱ ❡♥ ❝♦♠❜✐♥❛❝✐ó♥ ❝♦♥ ♦tr❛s ❝❛♣❛❝✐❞❛❞❡s ❛❞q✉✐r✐❞❛s ❝♦♥ ❛♥t❡r✐♦r✐❞❛❞ ❛ ❝✉rs❛r ❡❧ ♠✐s♠♦✳ ❙❡ tr❛❜❛❥❛❞♦
❝♦♠❜✐♥❛♥❞♦ ❞❡ ❧❛s ❤❡rr❛♠✐❡♥t❛s ❞❡ ❙■● ② ❧❛ ♣r♦❣r❛♠❛❝✐ó♥ ✐♥❢♦r♠át✐❝❛✱ ❥✉♥t♦ ❝♦♥ ❧♦s ❞❛t♦s ❞❡ ✐♠á❣❡♥❡s
❞❡ s❛té❧✐t❡✱ ❝r❡❛♥❞♦ ✉♥ ♠ét♦❞♦ ♣r♦♣✐♦ ♣❛r❛ s✉ ✉s♦ ❛♥á❧✐s✐s ❝♦♥ té❝♥✐❝❛s ❞❡ ❉❡❡♣ ▲❡❛r♥✐♥❣ q✉❡ ❤❛ ❛rr♦❥❛❞♦
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❝❛r♣❡t❛ ❂ ❞✐r❴✐♠❛❣❡♥❡s ✰ ✬ r ❡ ❝ ♦ r t ❡ s ✴ ✬ ✰ ❜❛♥❞❛ ❬❂✷✼✿❂✶✷❪ ✰ ✬ ✴ ✬
t r② ✿

♦s ✳ s t ❛ t ✭ ❝❛r♣❡t❛ ✮
❡①❝❡♣t ✿

♦s ✳ ♠❦❞✐r ✭ ❝❛r♣❡t❛ ✮
✐ ❢ ✬ ✶✵♠ ✬ ✐♥ ❜❛♥❞❛ ✿

r ❡❝♦ r t❛❞♦❂ ❣❞❛❧ ✳❲❛r♣✭ ❝❛r♣❡t❛ ✰ ❜❛♥❞❛❬❂✸✹✿❂✹❪✰ ✬❴r❡❝♦rt❛❞♦ ✳ t ✐ ❢ ✬ ✱
❜❛♥❞❛ ✱
♦✉t♣✉t❇♦✉♥❞s❂✭✼✹✽✸✻✵ ✱✹✽✶✼✻✽✵ ✱✼✼✺✸✻✵ ✱✹✽✹✶✾✻✵✮ ✱
❞st◆♦❞❛t❛❂✭✵✮ ✮

❣❞❛❧ ✳ ❚r❛♥s ❧❛t❡ ✭ ❝❛r♣❡t❛ ✰ ❜❛♥❞❛❬❂✸✹✿❂✹❪✰ ✬❴r❡❝♦rt❛❞♦ ✳ ①②③ ✬ ✱
r❡❝♦rt❛❞♦ ✱
❢♦r♠❛t❂ ✬ ①②③ ✬ ✮

❡ ❧ s ❡ ✿
r ❡ ❝♦ r t❛❞♦❂ ❣❞❛❧ ✳❲❛r♣✭ ❝❛r♣❡t❛ ✰ ❜❛♥❞❛❬❂✸✹✿❂✹❪✰ ✬❴r❡❝♦rt❛❞♦ ✳ t ✐ ❢ ✬ ✱

❜❛♥❞❛ ✱
♦✉t♣✉t❇♦✉♥❞s❂✭✼✹✽✸✻✵ ✱✹✽✶✼✻✽✵ ✱✼✼✺✸✻✵ ✱✹✽✹✶✾✻✵✮ ✱
①❘❡s❂ ✶✵ ✱
②❘❡s❂ ✶✵ ✱
❞st◆♦❞❛t❛❂✭✵✮ ✮

❣❞❛❧ ✳ ❚r❛♥s ❧❛t❡ ✭ ❝❛r♣❡t❛ ✰ ❜❛♥❞❛❬❂✸✹✿❂✹❪✰ ✬❴r❡❝♦rt❛❞♦ ✳ ①②③ ✬ ✱
r❡❝♦rt❛❞♦ ✱
❢♦r♠❛t❂ ✬ ①②③ ✬ ✮

❝❛ r♣❡ t❛ s ❂ ♦s ✳ ❧ ✐ s t ❞ ✐ r ✭ ❞✐r❴✐♠❛❣❡♥❡s ✰ ✬ r ❡ ❝ ♦ r t ❡ s ✴ ✬ ✮

r✉t❛❂❞✐r❴✐♠❛❣❡♥❡s ✰ ✬ r ❡ ❝ ♦ r t ❡ s ✴ ✬ ✰ ❝❛r♣❡ t❛ s ❬ ✵ ❪ ✰ ✬ ✴ ✬
❝♦♦r❞s ❂ ♣❛♥❞❛s ✳ r❡❛❞❴❝s✈ ✭ r✉t❛ ✰ ♦s ✳ ❧ ✐ s t ❞ ✐ r ✭ r✉t❛ ✮ ❬ ✶ ❪ ✱ s❡♣ ❂ ✬ ✬ ✱ ❤❡❛❞❡r ❂ ◆♦♥❡ ✮

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛
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Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

❝♦♦r❞s ❂ ❝♦♦r❞s ✳ ✐ ❧ ♦ ❝ ❬ ✿ ✱ ❬ ✵ ✱ ✶ ❪ ❪
♥❞✈✐❴①②③ ❂ ❝♦♦r❞s

❢ ♦ r ❡s❝❡♥❛ ✐♥ ❝❛ r♣❡ t❛ s ✿
❞ ✐ r❴r❡❝♦ r t ❡ ❂ ❞✐r❴✐♠❛❣❡♥❡s ✰ ✬ r ❡ ❝ ♦ r t ❡ s ✴ ✬✰ ❡s❝❡♥❛ ✰ ✬ ✴ ✬
r ❡ ❝ ♦ r t ❡ s ❂ ♦s ✳ ❧ ✐ s t ❞ ✐ r ✭ ❞ ✐ r❴r❡❝♦ r t ❡ ✮
❢ ♦ r ❜❛♥❞❛ ✐♥ r ❡ ❝ ♦ r t ❡ s ✿

✐ ❢ ✬ ①②③ ✬ ✐♥ ❜❛♥❞❛ ✿
✐ ❢ ✬❇✵✹ ✬ ✐♥ ❜❛♥❞❛ ✿

❜✹ ❂ ♣❛♥❞❛s ✳ r❡❛❞❴❝s✈ ✭ ❞ ✐ r❴r❡❝♦ r t ❡ ✰ ❜❛♥❞❛ ✱ s❡♣❂ ✬ ✬ ✱ ❤❡❛❞❡r❂◆♦♥❡ ✮ ✳ ✐ ❧ ♦ ❝ ❬ ✿ ✱ ✷ ❪ ✳
✈❛ ❧✉❡ s

❡ ❧ ✐ ❢ ✬❇✵✽ ✬ ✐♥ ❜❛♥❞❛ ✿
❜✽ ❂ ♣❛♥❞❛s ✳ r❡❛❞❴❝s✈ ✭ ❞ ✐ r❴r❡❝♦ r t ❡ ✰ ❜❛♥❞❛ ✱ s❡♣❂ ✬ ✬ ✱ ❤❡❛❞❡r❂◆♦♥❡ ✮ ✳ ✐ ❧ ♦ ❝ ❬ ✿ ✱ ✷ ❪ ✳

✈❛ ❧✉❡ s
♥❞✈✐ ❂ ✭❜✹❂❜✽ ✮ ✴✭ ❜✹✰❜✽ ✮
♥❞✈✐❴①②③ ✳ ❧ ♦ ❝ ❬ ✿ ✱ ✷ ❪ ❂ ♥❞✈✐
♥❞✈✐❴①②③ ✳ t♦❴❝s✈ ✭ ❞ ✐ r❴r❡❝♦ r t ❡ ✰ ❜❛♥❞❛ ❬ ✿ ❂✷✶ ❪ ✰ ✬ ✐❞①❴◆❉❱■❴r❡❝♦rt❛❞♦ ✳ ①②③ ✬ ✱ s❡♣❂ ✬ ✬ ✱ ❤❡❛❞❡r

❂ ❋❛❧s❡ ✱ ✐♥❞❡① ❂ ❋❛❧s❡ ✮

▲✐st✐♥❣ ✷✿ ❙❝r✐♣t ♣❛r❛ ❝r❡❛r ❡❧ ❉❛t❛❢r❛♠❡ ② ❡♥tr❡♥❛r ❧❛ r❡❞ ♥❡✉r♦♥❛❧✳

✐♠♣♦rt ♣❛♥❞❛s
✐♠♣♦rt ♦s
✐♠♣♦rt ♥✉♠♣② ❛s ♥♣
✐♠♣♦rt t ❡♥ s♦ r ❢ ❧ ♦✇ ❛s t ❢

♣❛t❤ ❂ ✬●✿✴❚❋▼✴❞❛t♦s ✴ r ❛ s t ❡ r ✴ ❙❡♥t ✐♥❡ ❧ ❂✷✴ ✬
❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❝ ✐ ♦ ♥ ❂ ✬ ❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❝ ✐ ♦ ♥ ✴ ✬
r ❡ ❝ ♦ r t ❡ s ❂ ✬ r ❡ ❝ ♦ r t ❡ s ✴ ✬

★ ❈r❡❛♠♦s ❡ ❧ ❞❛t❛ ❢r❛♠❡ ❞❡ t♦❞❛ ❧ ❛ ✐♠❛❣❡♥ ❝♦♥ ❧ ❛ s ❝♦♦r❞❡♥❛❞❛s ❞❡ ❧ ♦ s ❝ ❡♥ t r♦ s ❞❡ ❧ ♦ s ♣ í
① ❡ ❧ ❡ s ② s✉ ❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❝ ✐ ó♥

t♦❞♦ ❂ ♣❛♥❞❛s ✳ r❡❛❞❴❝s✈ ✭ ♣❛t❤ ✰ ❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❝ ✐ ♦ ♥ ✰ ✬❙■❴◆❖❴P◆❖❆❴❊P❙●✸✷✻✷✾❴✹✳ ①②③ ✬ ✱ s❡♣❂ ✬ ✬ ✱ ❤❡❛❞❡r
❂◆♦♥❡ ✱ ♥❛♠❡s❂❬✧❳✧ ✱ ✧❨✧ ✱ ✧ ❝ ❧ ❛ s ❡ ✧ ❪ ✮★✳ s♦rt❴✈❛❧✉❡s ✭ ❬ ✧❳✧ ✱✧❨✧ ❪ ✮

★ ❈r❡❛♠♦s ✉♥❛ ❧ ✐ s t ❛ ❝♦♥ ❧ ♦ s ♥♦♠❜r❡s ❞❡ ❧ ♦ s ❞ ✐ r ❡ ❝ t ♦ r ✐ ♦ s ❞❡ ♥✉❡st r♦ s r ❡ ❝ ♦ r t ❡ s ✭ r ❡ s ✉ ❧ t ❛ ✉♥❛
❧ ✐ s t ❛ ❝♦♥ ❧ ♦ s ♥♦♠❜r❡s ❞❡ ❝❛❞❛ ✐♠❛❣❡♥ ✮

❧ ✐ s t ❛❴❡ s ❝ ❡♥❛ s ❂ ♦s ✳ ❧ ✐ s t ❞ ✐ r ✭ ♣❛t❤✰r ❡ ❝ ♦ r t ❡ s ✮

★ ❙❡ ❧ ❡ ❡♥ ❧ ♦ s ①②③ ❞❡ ❧ r ❡ ❝ ♦ r t ❡ ❞❡ ❝❛❞❛ ❜❛♥❞❛ ② s❡ ❛❣r❡❣❛♠♦s ❧ ❛ ❝♦❧✉♠♥❛ ❝♦♥ ❡ ❧ ✈❛ ❧ ♦ r ❞❡ ❧ ❛
r ❡ ❢ ❧ ❡ ❝ t ✐ ✈ ✐ ❞ ❛ ❞ ❞❡ ✈❛❞❛ ❜❛♥❞❛ ✳

❢ ♦ r ✐ ✐♥ ❧ ✐ s t ❛❴❡ s ❝ ❡♥❛ s ✿
❝♦♥t❡♥ ✐❞♦ ❂ ♦s ✳ ❧ ✐ s t ❞ ✐ r ✭ ♣❛t❤✰r ❡ ❝ ♦ r t ❡ s✰✐✰ ✬ ✴ ✬ ✮
❢ ♦ r ① ✐♥ ❝♦♥t❡♥ ✐❞♦ ✿

✐ ❢ ✬ ①②③ ✬ ✐♥ ① ✿
❝s✈ ❂ ♣❛♥❞❛s ✳ r❡❛❞❴❝s✈ ✭ ♣❛t❤✰r ❡ ❝ ♦ r t ❡ s✰✐✰ ✬ ✴ ✬✰① ✱ s❡♣❂ ✬ ✬ ✱ ❤❡❛❞❡r❂◆♦♥❡ ✮★✳ s♦rt❴✈❛❧✉❡s

✭❜②❂❬✵ ✱ ✶ ❪ ✮
t♦❞♦ ✳ ❧ ♦ ❝ ❬ ✿ ✱ ① ❬ ✼ ✿ ✸ ✵ ❪ ❪ ❂ ❝s✈ ✳ ✐ ❧ ♦ ❝ ❬ ✿ ✱ ✷ ❪

★ ❙❡❧❡❝❝ ✐♦♥❛♠♦s s ó ❧ ♦ ❧ ❛ s ❢ ✐ ❧ ❛ s ❞❡ ❧ ♦ s ♣ í ① ❡ ❧ ❡ s ❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❞ ♦ s ❝♦♠♦ s ✐ ♦ ♥♦ ② ❝❛♠❜✐❛♠♦s ❧ ♦ s
♥♦ ❞❡ ✈❛ ❧ ♦ r ✷ ❛ ✈❛ ❧ ♦ r ✵

s ✐ ❂ t♦❞♦ ✳ ❧ ♦ ❝ ❬ t♦❞♦ ❬ ✬ ❝ ❧ ❛ s ❡ ✬ ❪ ✳ ✐ s ✐ ♥ ✭ ❬ ✶ ❪ ✮ ❪
♥♦ ❂ t♦❞♦ ✳ ❧ ♦ ❝ ❬ t♦❞♦ ❬ ✬ ❝ ❧ ❛ s ❡ ✬ ❪ ✳ ✐ s ✐ ♥ ✭ ❬ ✷ ❪ ✮ ❪ ✳ ❧ ♦ ❝ ❬ ✿ ✿ ✷ ❪ ✳ ❛ s s ✐ ❣♥ ✭ ❝ ❧ ❛ s ❡ ❂✵✮ ★ ❊ ❧ ❡ ❣ ✐ r ✶ ❞❡ ❝❛❞❛ ✹

❢ ✐ ❧ ❛ s ❞❡ ♥♦

★ ❏✉♥t❛♠♦s ❛♠❜♦s ❞❛t❛❢r❛♠❡s
s ✐♥♦ ❂ s ✐ ✳ ❛♣♣❡♥❞ ✭ ♥♦ ✮ ✳ s♦r t❴✈❛❧✉❡s ✭❜②❂❬✧❳✧ ✱ ✧❨✧ ❪ ✮

★ ❈r❡❛♠♦s ❧ ❛ ♠❛tr ✐③ ❞❡ ❝ ❛ r ❛ ❝ t ❡ r í s t ✐ ❝ ❛ s ② ❡ ❧ ✈❡❝ t♦ r ❞❡ ❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❝ ✐ ó♥
❳ ❂ s ✐♥♦ ✳ ✐ ❧ ♦ ❝ ❬ ✿ ✱ ✸ ✿ ❪ ✳ ✈❛ ❧✉❡ s
② ❂ s ✐♥♦ ✳ ✐ ❧ ♦ ❝ ❬ ✿ ✱ ✷ ❪ ✳ ✈❛ ❧✉❡ s

★ ▼❛tr✐③ ❞❡ ❝ ❛ r ❛ ❝ t ❡ r í s t ✐ ❝ ❛ s ❞❡ t♦❞❛ ❧ ❛ ✐♠❛❣❡♥

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛
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✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

❳✷ ❂ t♦❞♦ ✳ ✐ ❧ ♦ ❝ ❬ ✿ ✱ ✸ ✿ ❪ ✳ ✈❛ ❧✉❡ s

★ ❉✐✈✐❞✐♠♦s ❡ ❧ ❞❛t❛ s ❡ t ❡♥ ❝♦♥❥✉♥t♦s ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ ② t ❡ s t
❢r♦♠ s❦ ❧ ❡❛ r♥ ✳ ♠♦❞❡ ❧❴s❡ ❧❡❝t ✐♦♥ ✐♠♣♦rt t r ❛ ✐ ♥❴t❡ s t❴s♣ ❧ ✐ t

❳❴tr❛✐♥ ✱ ❳❴t❡st ✱ ②❴tr❛✐♥ ✱ ②❴t❡st ❂ t r ❛ ✐ ♥❴t❡ s t❴s♣ ❧ ✐ t ✭❳✱ ② ✱ t ❡ s t❴s ✐ ③ ❡ ❂ ✵ ✳ ✷ ✱ r❛♥❞♦♠❴st❛t❡
❂ ✵✮

★ ❊s❝❛❧❛♠♦s ❧ ❛ s ✈ ❛ r ✐ ❛ ❜ ❧ ❡ s ♣❛r❛ q✉❡ ♠❛②♦r❡s ✈❛ ❧ ♦ r ❡ s ♥♦ ❞ ✐ s t ♦ r s ✐ ♦ ♥ ❡♥ ❧ ♦ s r ❡ s ✉ ❧ t ❛❞♦ s

❢r♦♠ s❦ ❧ ❡❛ r♥ ✳ ♣ r ❡♣ r♦ ❝ ❡ s s ✐ ♥❣ ✐♠♣♦rt ❙t❛♥❞❛r❞❙❝❛ ❧❡r
s❝❴❳ ❂ ❙t❛♥❞❛r❞❙❝❛ ❧❡r ✭ ✮
❳❴tr❛✐♥ ❂ s❝❴❳ ✳ ❢ ✐ t❴tr❛♥s ❢♦ r♠ ✭❳❴tr❛✐♥ ✮
❳❴t❡st ❂ s❝❴❳ ✳ tr❛♥s ❢♦r♠ ✭❳❴t❡st ✮

❳✷❴s❝❛❧❡❞ ❂ s❝❴❳ ✳ tr❛♥s ❢♦r♠ ✭❳✷✮

★ ❊▲❆❇❖❘❆❘ ❘❊❉ ◆❊❯❘❖◆❆▲

❢r♦♠ ❦❡r❛s ✳ ♠♦❞❡❧s ✐♠♣♦rt ❙❡q✉❡♥t ✐ ❛ ❧
❢r♦♠ ❦❡r❛s ✳ ❧ ❛ ② ❡ r s ✐♠♣♦rt ❉❡♥s❡
❢r♦♠ ❦❡r❛s ✳ ❧ ❛ ② ❡ r s ✐♠♣♦rt ❉r♦♣♦✉t

★ ■ ♥ ✐ ❝ ✐ ❛ ❧ ✐ ③ ❛ r ❛ ❘◆❆
❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ❂ ❙❡q✉❡♥t ✐ ❛ ❧ ✭ ✮

★ ❆❣r❡❣❛r ❧ ❛ ❝❛♣❛ ❞❡ ❡♥tr❛❞❛ ② ❧ ❛ s ❝❛♣❛s ♦ ❝✉ ❧ t ❛ s ❝♦♥ ✉♥ ❉r♦♣♦✉t ❞❡ ❧ ✶✵✪✳
❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ❛❞❞ ✭❉❡♥s❡ ✭✶✷✽ ✱ ❦ ❡ r ♥ ❡ ❧❴ ✐ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ❡ r ❂ ✬ ✉♥✐❢♦r♠ ✬ ✱
❛ ❝ t ✐ ✈ ❛ t ✐ ♦ ♥ ❂ t ❢ ✳ ❦❡r❛s ✳ ❧ ❛ ② ❡ r s ✳P❘❡▲❯✭ ✮ ✱ ✐♥♣✉t❴❞✐♠ ❂ ♥♣ ✳ ♣r♦❞ ✭❳❴t❡st ✳ s❤❛♣❡ ❬ ✶ ❪ ✮ ✮ ✮

❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ❛❞❞ ✭❉r♦♣♦✉t ✭ r❛ t ❡ ❂✵✳✶✮ ✮

❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ❛❞❞ ✭❉❡♥s❡ ✭✻✹ ✱ ❦ ❡ r ♥ ❡ ❧❴ ✐ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ❡ r ❂ ✬ ✉♥✐❢♦r♠ ✬ ✱
❛ ❝ t ✐ ✈ ❛ t ✐ ♦ ♥ ❂ t ❢ ✳ ❦❡r❛s ✳ ❧ ❛ ② ❡ r s ✳P❘❡▲❯✭ ✮ ✮ ✮
❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ❛❞❞ ✭❉r♦♣♦✉t ✭ r❛ t ❡ ❂✵✳✶✮ ✮

❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ❛❞❞ ✭❉❡♥s❡ ✭✸✷ ✱ ❦ ❡ r ♥ ❡ ❧❴ ✐ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ❡ r ❂ ✬ ✉♥✐❢♦r♠ ✬ ✱
❛ ❝ t ✐ ✈ ❛ t ✐ ♦ ♥ ❂ t ❢ ✳ ❦❡r❛s ✳ ❧ ❛ ② ❡ r s ✳P❘❡▲❯✭ ✮ ✮ ✮

❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ❛❞❞ ✭❉r♦♣♦✉t ✭ r❛ t ❡ ❂✵✳✶✮ ✮

❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ❛❞❞ ✭❉❡♥s❡ ✭ ✉♥ ✐ t s ❂ ✶✻ ✱ ❦ ❡ r ♥ ❡ ❧❴ ✐ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ❡ r ❂ ✬ ✉♥✐❢♦r♠ ✬ ✱
❛ ❝ t ✐ ✈ ❛ t ✐ ♦ ♥ ❂ t ❢ ✳ ❦❡r❛s ✳ ❧ ❛ ② ❡ r s ✳P❘❡▲❯✭ ✮ ✮ ✮
❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ❛❞❞ ✭❉r♦♣♦✉t ✭ r❛ t ❡ ❂✵✳✶✮ ✮

❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ❛❞❞ ✭❉❡♥s❡ ✭ ✉♥ ✐ t s ❂ ✽ ✱ ❦ ❡ r ♥ ❡ ❧❴ ✐ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ❡ r ❂ ✬ ✉♥✐❢♦r♠ ✬ ✱
❛ ❝ t ✐ ✈ ❛ t ✐ ♦ ♥ ❂ t ❢ ✳ ❦❡r❛s ✳ ❧ ❛ ② ❡ r s ✳P❘❡▲❯✭ ✮ ✮ ✮
❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ❛❞❞ ✭❉r♦♣♦✉t ✭ r❛ t ❡ ❂✵✳✶✮ ✮

★ ❈r❡❛r ❝❛♣❛ ❞❡ s ❛ ❧ ✐ ❞ ❛
❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ❛❞❞ ✭❉❡♥s❡ ✭ ✉♥ ✐ t s ❂ ✶ ✱ ❦ ❡ r ♥ ❡ ❧❴ ✐ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ❡ r ❂ ✬ ✉♥✐❢♦r♠ ✬ ✱
❛ ❝ t ✐ ✈ ❛ t ✐ ♦ ♥ ❂ ✬ s ✐❣♠♦✐❞ ✬ ✮ ✮

★ ❈♦♠♣✐❧❛r ❧ ❛ ❘◆❆
❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ❝♦♠♣✐ ❧❡ ✭ ♦♣t ✐♠✐③❡ r ❂ ✧❛❞❛♠✧ ✱ ❧ ♦ s s ❂ ✧ ❜✐♥❛r②❴❝r♦ss❡♥tr♦♣② ✧ ✱
♠❡t r ✐ ❝ s ❂ ❬ ✧ ❛❝❝✉r❛❝② ✧ ❪ ✮

★ ❉❡✈♦❧✈❡r ❡ ❧ ❝ ❧ ❛ s s ✐ ❢ ✐ ❝ ❛ ❞ ♦ r
❤ ✐ s t ♦ r ② ❂ ❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ❢ ✐ t ✭ ❳❴tr❛✐♥ ✱ ②❴tr❛✐♥ ✱ ❡♣♦❝❤s ❂ ✶✵✵✵ ✱ ❜❛t❝❤❴s✐③❡ ❂ ✽✮

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛



❆ ❆♥❡①♦ ■
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

★ ❊❧❛❜♦r❛r ♣ r ❡ ❞ ✐ ❝ ❝ ✐ ó♥ ❞❡ ❧ ❝♦♥❥✉♥t♦ ❞❡ t ❡ s t ✳
②❴♣r❡❞ ❂ ❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ♣ r ❡❞ ✐ ❝ t ✭❳❴t❡st ✮
②❴♣r❡❞ ❂ ✭②❴♣r❡❞❃✵✳✾✾✮

★ ●❡♥❡r❛r ❧ ❛ ♠❛tr ✐③ ❞❡ ❝ ♦♥ ❢ ✉ s ✐ ó♥ ✳
❢r♦♠ s❦ ❧ ❡❛ r♥ ✳ ♠❡t r ✐ ❝ s ✐♠♣♦rt ❝♦♥❢✉s✐♦♥❴♠❛tr✐①
❝♠ ❂ ❝♦♥❢✉s✐♦♥❴♠❛tr✐① ✭ ②❴t❡st ✱ ②❴♣r❡❞ ✮

★ ❍❛❝❡r ✉♥❛ ♣ r ❡ ❞ ✐ ❝ ❝ ✐ ó♥ s♦❜r❡ ❡ ❧ ❡ ❧ ❝♦♥❥✉♥t♦ ❞❡ ❞❛t♦s ❛ ❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ r ✭ ❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❝ ✐ ó♥✮

✐♠❛①❡❴❝ ❧❛ s ✐ ❢ ✐ ❝ ❛❞❛ ❂ ❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ ♣ r ❡❞ ✐ ❝ t ✭ ❳✷❴s❝❛❧❡❞ ✮

★ ❚r❛♥s❢♦r♠❛♠♦s ❡ ❧ ♥✉♠♣② ❛rr❛② ❡♥ ✉♥ ❞❛t❛❢r❛♠❡ ❞❡ ✉♥❛ s ♦ ❧ ❛ ❝♦❧✉♠♥❛ ✳
✐♠❛①❡❴❝ ❧❛ s ✐ ❢ ✐ ❝ ❛❞❛ ❂ ♣❛♥❞❛s ✳ ❉❛t❛❋r❛♠❡ ✭ ✐♠❛①❡❴❝ ❧❛s ✐ ❢ ✐ ❝❛❞❛ ✱ ❝♦❧✉♠♥s ❂ ❬ ✬ ❝ ❧ ❛ s ❡ ✬ ❪ ✮

★ ❈♦♥❝❛t❡♥❛♠♦s ❡ ❧ ✈❡❝ t♦ r ❞❡ ❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❝ ✐ ó♥ ❛ ❧ ❢ ✐ ♥ ❛ ❧ ❞❡ ❧ ❛ ♠❛tr✐③ ❞❡ ❧ ❛ ✐♠❛❣❡♥ ❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❞ ❛
✐♠❛①❡❴❝♦♠♣❧❡t❛ ❂ ♣❛♥❞❛s ✳ ❝♦♥❝❛t ✭ ❬ t♦❞♦ ✱ ✐♠❛①❡❴❝ ❧❛ s ✐ ❢ ✐ ❝ ❛❞❛ ❪ ✱ ❛① ✐ s ❂ ✶✮

★ ❙❡❧❡❝❝ ✐♦♥❛♠♦s ❧ ❛ s ❝♦❧✉♠♥❛s q✉❡ ❢♦r♠❛r á♥ ❧ ❛ ❝❛♣❛ ❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❞ ❛ ✭ ❝♦♦r❞❡♥❛❞❛s ② ❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❝ ✐
ó♥✮

r ❡ s✉ ❧ t ❛❞♦❴ ❢ ✐ ♥❛ ❧ ❂ ✐♠❛①❡❴❝♦♠♣❧❡t❛ ✳ ✐ ❧ ♦ ❝ ❬ ✿ ✱ ❬ ✵ ✱ ✶ ✱ ❧ ❡♥ ✭ s ✐ ✳ ❝♦❧✉♠♥s ✮ ❪ ❪

★ P❛r❛ ❝❛r❣❛r ❡ ❧ ✳ ❝s✈ ❡♥ ◗●■❙ ♥♦ ❞❡❜❡ t❡♥❡ r ❝❛❜❡❝❡r❛ ♥ ✐ ❝♦❧✉♠♥❛ ❞❡ í ♥❞ ✐ ❝ ❡ s ✳
r ❡ s ✉ ❧ t ❛❞♦❴ ❢ ✐ ♥❛ ❧ ✳ t♦❴❝s✈ ✭ ♣❛t❤✰❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❝ ✐ ♦ ♥✰ ✬

❝❛♣❛❴❝❧❛s✐❢✐❝❛❞❛❴❉❊❋■◆■❚■❱❆❴♣r❡❧✉❴s✐❣♠♦✐❞❴✶✵✵✵❴✸✐♠❣ ✳ ①②③ ✬ ✱ s❡♣❂ ✬ ✬ ✱ ❤❡❛❞❡r ❂ ❋❛❧s❡ ✱
✐♥❞❡① ❂ ❋❛❧s❡ ✮

★ ❙❡ ❣✉❛r❞❛ ❡ ❧ ♠♦❞❡❧♦
❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✳ s❛✈❡ ✭ ♣❛t❤✰❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❝ ✐ ♦ ♥✰ ✬♠♦❞❡❧♦❴✷✵✷✷✵✼✵✵✹ ✳ ❤✺ ✬ ✮

★ ■♠♣r✐♠✐♠♦s ❧ ♦ s ♣ ❧ ♦ t s ❣❡♥❡r❛❞♦s ❝♦♥ ❧ ♦ s ❞❛t♦s ❞❡ ♣ r ❡ ❝ ✐ s ✐ ó♥ ② ❝♦ s t ❡ ✳
❢r♦♠ ♠❛t♣ ❧♦ t ❧ ✐ ❜ ✐♠♣♦rt ♣②♣❧♦t ❛s ♣ ❧ t
♣ r ✐ ♥ t ✭ ❤ ✐ s t ♦ r ② ✳ ❤ ✐ s t ♦ r ② ✳ ❦❡②s ✭ ✮ ✮
♣ ❧ t ✳ ♣ ❧ ♦ t ✭ ❤ ✐ s t ♦ r ② ✳ ❤ ✐ s t ♦ r ② ❬ ✬ ❛❝❝✉r❛❝② ✬ ❪ ✮
♣ r ✐ ♥ t ✭ ✬ ❛ ❧❣♦ ♣❛r❛ s❡♣❛r❛r ❧ ♦ s ♣ ❧ ♦ t s ✬ ✮
♣ ❧ t ✳ ♣ ❧ ♦ t ✭ ❤ ✐ s t ♦ r ② ✳ ❤ ✐ s t ♦ r ② ❬ ✬ ❧ ♦ s s ✬ ❪ ✮

▲✐st✐♥❣ ✸✿ ●r✐❞❙❡❛r❝❤❈❱✳

❢r♦♠ s❦ ❧ ❡ ❛ r♥ ✳ ♠♦❞❡ ❧❴s❡ ❧❡❝t ✐♦♥ ✐♠♣♦rt ●r✐❞❙❡❛r❝❤❈❱

❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ❂ ❑❡ r ❛ s❈ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✭ ❜✉✐ ❧❞❴❢♥ ❂ ❜✉ ✐ ❧ ❞❴ ❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✮

♣❛r❛♠❡t❡rs ❂ ④
✬ ❜❛t❝❤❴s✐③❡ ✬ ✿ ❬ ✹ ✱ ✽ ✱ ✶ ✻ ❪ ✱
✬ ❡♣♦❝❤s ✬ ✿ ❬ ✺ ✵✵ ✱ ✶✵✵✵ ✱ ✷✵✵✵ ❪ ✱
✬ ♦♣t ✐♠✐③❡ r ✬ ✿ ❬ ✬❛❞❛♠ ✬ ❪

⑥

❣r ✐❞❴s❡❛r❝❤ ❂ ●r✐❞❙❡❛r❝❤❈❱ ✭ ❡s t ✐♠❛t♦r ❂ ❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✱
♣❛r❛♠❴❣r✐❞ ❂ ♣❛r❛♠❡t❡rs ✱
s ❝ ♦ r ✐ ♥❣ ❂ ✬ ❛❝❝✉r❛❝② ✬ ✮

❣r ✐❞❴s❡❛r❝❤ ❂ ❣r ✐❞❴s❡❛r❝❤ ✳ ❢ ✐ t ✭❳❴tr❛✐♥ ✱ ②❴tr❛✐♥ ✮

❜❡st❴♣❛r❛♠❡t❡rs ❂ ❣r ✐❞❴s❡❛r❝❤ ✳ ❜❡st❴♣❛r❛♠s❴
❜❡st❴❛❝❝✉r❛❝② ❂ ❣r ✐❞❴s❡❛r❝❤ ✳ ❜❡st❴s❝♦r❡❴

▲✐st✐♥❣ ✹✿ ❦✲❢♦❧❞ ❈r♦ss ❱❛❧✐❞❛t✐♦♥✳

❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ❂ ❑❡ r ❛ s❈ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✭ ❜✉✐ ❧❞❴❢♥ ❂ ❝ ❧ ❛ s ✐ ❢ ✐ ❝ ❛ ❞ ♦ r ✱ ❜❛t❝❤❴s✐③❡ ❂ ✽ ✱ ❡♣♦❝❤s ❂ ✶✵✵✵✮
❛ ❝ ❝✉ r ❛ ❝ ✐ ❡ s ❂ ❝r♦ss❴✈❛❧❴s❝♦r❡ ✭ ❡ s t ✐♠❛t♦r ❂ ❝ ❧ ❛ s s ✐ ❢ ✐ ❡ r ✱ ❳ ❂ ❳❴tr❛✐♥ ✱ ② ❂ ②❴tr❛✐♥ ✱ ❝✈ ❂ ✶✵✮

❏♦sé ▼❛rí❛ ❯r✐❜❛rr✐ ▲❛♥❞❛



❆ ❆♥❡①♦ ■
Pr♦❝❡s♦ ♣❛r❛ ❧❛ ❉❡t❡❝❝✐ó♥ ❆✉t♦♠át✐❝❛ ❞❡ ❈♦rt❛❞❡r✐❛ s❡❧❧♦❛♥❛
✉s❛♥❞♦ ■♠á❣❡♥❡s ❙❡♥t✐♥❡❧✲✷ ② ❘❡❞❡s ◆❡✉r♦♥❛❧❡s ❆rt✐✜❝✐❛❧❡s

s✉♠♠❛r② ❂ ♣❛♥❞❛s ✳ ❉❛t❛❋r❛♠❡ ✭ ❛ ❝ ❝✉ r ❛ ❝ ✐ ❡ s ✮
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HOJA - B1

WGS 84 / UTM zona 29N

Filtro 1000 m²

> 90% de probabilidad

Filtro 500-1000 m²

50% aprox. de probabilidad

Presencia de Cortaderia



HOJA - B2

WGS 84 / UTM zona 29N

Filtro 1000 m²

> 90% de probabilidad

Filtro 500-1000 m²

50% aprox. de probabilidad

Presencia de Cortaderia



HOJA - B3

WGS 84 / UTM zona 29N

Filtro 1000 m²

> 90% de probabilidad

Filtro 500-1000 m²

50% aprox. de probabilidad

Presencia de Cortaderia



HOJA - C1

WGS 84 / UTM zona 29N

Filtro 1000 m²

> 90% de probabilidad

Filtro 500-1000 m²

50% aprox. de probabilidad

Presencia de Cortaderia



HOJA - C2

WGS 84 / UTM zona 29N

Filtro 1000 m²

> 90% de probabilidad

Filtro 500-1000 m²

50% aprox. de probabilidad

Presencia de Cortaderia



HOJA - C3

WGS 84 / UTM zona 29N

Filtro 1000 m²

> 90% de probabilidad

Filtro 500-1000 m²

50% aprox. de probabilidad

Presencia de Cortaderia



HOJA - C4

WGS 84 / UTM zona 29N

Filtro 1000 m²

> 90% de probabilidad

Filtro 500-1000 m²

50% aprox. de probabilidad

Presencia de Cortaderia



HOJA - C5

WGS 84 / UTM zona 29N

Filtro 1000 m²

> 90% de probabilidad

Filtro 500-1000 m²

50% aprox. de probabilidad

Presencia de Cortaderia



HOJA - D1

WGS 84 / UTM zona 29N

Filtro 1000 m²

> 90% de probabilidad

Filtro 500-1000 m²

50% aprox. de probabilidad

Presencia de Cortaderia



HOJA - D2

WGS 84 / UTM zona 29N

Filtro 1000 m²

> 90% de probabilidad

Filtro 500-1000 m²

50% aprox. de probabilidad

Presencia de Cortaderia



HOJA - D3

WGS 84 / UTM zona 29N

Filtro 1000 m²

> 90% de probabilidad

Filtro 500-1000 m²

50% aprox. de probabilidad

Presencia de Cortaderia



HOJA - D4

WGS 84 / UTM zona 29N

Filtro 1000 m²

> 90% de probabilidad

Filtro 500-1000 m²

50% aprox. de probabilidad

Presencia de Cortaderia



HOJA - D5

WGS 84 / UTM zona 29N

Filtro 1000 m²

> 90% de probabilidad

Filtro 500-1000 m²

50% aprox. de probabilidad

Presencia de Cortaderia
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