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❛✉t♦♠át✐❝❛ ❞❡ ❣❡♥♦♠❛s r❡s✉❡❧✈❡ ♠✉② ❜✐❡♥ ❡❧ ♣r♦❜❧❡♠❛ ❞❡ r❡❝✉♣❡r❛r ✐♥❢♦r✲
♠❛❝✐ó♥ ❛ ♣❛rt✐r ❞❡ ✉♥❛ s❡❝✉❡♥❝✐❛❝✐ó♥✳ ❆ s✉ ✈❡③✱ ❡st♦ ❢❛✈♦r❡❝✐ó ❡❧ ❝r❡❝✐♠✐❡♥t♦
❞❡s♠❡❞✐❞♦ ❡♥ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❣❡♥♦♠❛s ❞❡♣♦s✐t❛❞♦s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s q✉❡ ♣♦s❡❡♥
✉♥❛ ❛♥♦t❛❝✐ó♥ ❛✉t♦♠át✐❝❛✱ ♣❛r❛ ❧♦s ❝✉❛❧❡s s❡ ✈♦❧✈❡rí❛ ✐♠♣♦s✐❜❧❡ r❡❛❧✐③❛r ❡①♣❡r✲
✐♠❡♥t♦s s♦❜r❡ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ❣❡♥❡s ♣r❡s❡♥t❡s ❡♥ ést♦s ❣❡♥♦♠❛s ❞❡ ♠❛♥❡r❛ ❞❡
♠❡❥♦r❛r ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❞✐s♣♦♥✐❜❧❡✳ ❊s ♣♦r ❡st♦ q✉❡✱ ♦❜t❡♥❡r ✉♥❛ ❡str✉❝t✉r❛
♠♦❧❞❡ ♣❛r❛ ❝♦♥str✉✐r ✉♥ ♠♦❞❡❧♦ ✸❉ ❞❡ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ s❡❝✉❡♥❝✐❛✱ ❡s ✉♥❛
❤❡rr❛♠✐❡♥t❛ ♣♦❞❡r♦s❛ ♣❛r❛ ❡♥t❡♥❞❡r ❧❛s ❢✉♥❝✐♦♥❡s ❞❡ ❧❛s ♣r♦t❡í♥❛s✳ ❯♥❛ ✈❡③
♠♦❞❡❧❛❞❛ ❧❛ ❡str✉❝t✉r❛✱ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ♣r❡s❡♥t❡s ❡♥ ❡❧❧❛ ❛♣♦rt❛♥ ✐♥❢♦r♠❛❝✐ó♥
❞❡ ❧❛ ❢✉♥❝✐ó♥ ♣r♦t❡✐❝❛✳ ❊♥ ❡st❛ t❡s✐s ❞❡s❛rr♦❧❧❛♠♦s ✉♥ ♣✐♣❡❧✐♥❡ ❜✐♦✐♥❢♦r♠át✐❝♦
q✉❡ ❛ ♣❛rt✐r ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ✉♥ ❣❡♥♦♠❛ ❜❛❝t❡r✐❛♥♦ ♣✉❡❞❡ ✐❞❡♥t✐✜❝❛r ❧❛s
r❡❣✐♦♥❡s ❝♦❞✐✜❝❛♥t❡s✱ ❛♥♦t❛r s✉ ❢✉♥❝✐ó♥ ② ❝♦♠♣✉t❛ ❞✐✈❡rs❛s ♣r♦♣✐❡❞❛❞❡s ❞❡
❧❛s ♣r♦t❡í♥❛s ❝♦❞✐✜❝❛❞❛s✳ ❊♥ ✉♥❛ s❡❣✉♥❞❛ ❡t❛♣❛ ❞❡s❛rr♦❧❧❛♠♦s ✉♥ ♣✐♣❡❧✐♥❡ ❞❡
♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ② t❡r❝✐❛r✐❛ ❞❡ ♣r♦t❡í♥❛s q✉❡ s❡ ✐♥t❡❣ró ❝♦♥
❡❧ s✐st❡♠❛ ❛♥t❡r✐♦r✳ ❋✐♥❛❧♠❡♥t❡✱ ♠❡❞✐❛♥t❡ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❞❡
✐♥t❡r❛❝❝✐♦♥❡s ❞❡ ❛♠✐♥♦ á❝✐❞♦s ❜❛s❛❞❛ ❡♥ ❡❧ P❉❇✱ ❡st✉❞✐❛♠♦s ❡♥ ❞❡t❛❧❧❡ ❧❛s ✐♥✲
t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s✳ ▲♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❢♦r♠❛♥ ❝❧✉st❡rs ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s
q✉❡ t✐❡♥❡♥ ♣❛rt✐❝✉❧❛r✐❞❛❞❡s q✉❡ ❞✐✜❡r❡♥ s❡❣ú♥ ❤❛②❛♥ s✐❞♦ ❡♥❝♦♥tr❛❞♦s ❡♥ ❡❧ ✐♥✲
t❡r✐♦r ❞❡ ❧❛s ♣r♦t❡í♥❛s ♦ r❡❣✐♦♥❡s ❞❡ ✐♥t❡r❛❝❝✐ó♥ ♣r♦t❡í♥❛✲❧✐❣❛♥❞♦ ♦ ✐♥t❡r❢❛❝❡s
❞❡ ✐♥t❡r❛❝❝✐ó♥ ♣r♦t❡í♥❛✲♣r♦t❡í♥❛✳
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str✉❝t✉r❛❧ ♠♦t✐❢s✳

❉✉r✐♥❣ t❤❡ ❧❛st ❞❡❝❛❞❡✱ ♥✉♠❡r♦✉s st✉❞✐❡s ❤❛✈❡ s❤♦✇♥ t❤❛t ❛✉t♦♠❛t✐❝ ❣❡♥♦♠❡
❛♥♦t❛t✐♦♥ ♣❡r❢♦r♠s q✉✐❡t ✇❡❧❧ ✐♥ s♦❧✈✐♥❣ t❤❡ ♣r♦❜❧❡♠ ♦❢ ✐♥❢♦r♠❛t✐♦♥ r❡tr✐❡✈❛❧
❢r♦♠ s❡q✉❡♥❝❡❞ ❣❡♥♦♠❡s✳ ❆❧s♦✱ t❤✐s ❤❛s ❢❛✈♦r❡❞ ❛♥ ❡①❝❡s✐✈❡ ❣r♦✇t❤ ♦❢ ❞❡♣♦s✐t✲
❡❞ ✭❛✉t♦♠❛t✐❝❛❧❧②✮ ❛♥♦t❛t❡❞ ❣❡♥♦♠❡s✱ ✇❤✐❝❤ ✐s ✐♠♣♦s✐❜❧❡ t♦ ❞❡s✐❣♥ ❡①♣❡r✐✲
♠❡♥ts ♦✈❡r ❡❛❝❤ ♦❢ t❤❡s❡ ❣❡♥❡s ♣r❡s❡♥t ✐♥ ❡❛❝❤ ❣❡♥♦♠❡ ✐♥ ♦r❞❡r t♦ ✐♠♣r♦✈❡ t❤❡
❛✈❛✐❧❛❜❧❡ ❦♥♦✇❧❡❞❣❡✳ ❋♦r t❤✐s r❡❛s♦♥✱ ♦❜t❛✐♥✐♥❣ ❛ t❡♠♣❧❛t❡ str✉❝t✉r❡ t♦ ❜✉✐❧❞
❛ ✸❉ ♠♦❞❡❧ ❢♦r ❛ ✜①❡❞ s❡q✉❡♥❝❡✱ ✐s ❛ ♣♦✇❡r❢✉❧ t♦♦❧ t♦ ✉♥❞❡rst❛♥❞ ♣r♦t❡✐♥
❢✉♥❝t✐♦♥s✳ ❖♥❝❡ ♦❜t❛✐♥❡❞ t❤❡ str✉❝t✉r❡✱ t❤❡ ✐♥t❡r❛❝t✐♦♥s ✐♥✈♦❧✈❡❞ ✐♥ ✐t✱ ❜r✐♥❣
✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t ♣r♦t❡✐♥ ❢✉♥❝t✐♦♥✳ ■♥ t❤✐s t❤❡s✐s ✇❡ ❞❡✈❡❧♦♣❡❞ ❛ ❜✐♦✐♥❢♦r♠❛t✲
✐❝ ♣✐♣❡❧✐♥❡ ✇❤✐❝❤ ❢r♦♠ ❛ ❣❡♥♦♠✐❝ s❡q✉❡♥❝❡✱ ✐❞❡♥t✐✜❡s ❝♦❞✐♥❣ r❡❣✐♦♥s✱ ❛♥♦t❛t❡s
t❤❡✐r ❢✉♥❝t✐♦♥s ❛♥❞ ❝♦♠♣✉t❡s ❞✐✈❡rs❡ ♣r♦♣❡rt✐❡s✳ ■♥ ❛ s❡❝♦♥❞ st❛❣❡✱ ✇❡ ❞❡✲
✈❡❧♦♣❡❞ ❛ ♣✐♣❡❧✐♥❡ ❢♦r ♣r❡❞✐❝t✐♦♥ ♦❢ ♣r♦t❡✐♥ s❡❝♦♥❞❛r② ❛♥❞ t❡rt✐❛r② str✉❝t✉r❡✱
✇❤✐❝❤ ✇❛s ✐♥t❡❣r❛t❡❞ t♦ t❤❡ ♣r❡✈✐♦✉s s②st❡♠✳ ❋✐♥❛❧❧②✱ ❜② ❞❡✈❡❧♦♣✐♥❣ ❛ str✉❝✲
t✉r❛❧ ❞❛t❛❜❛s❡ ♦❢ ❛♠✐♥♦ ❛❝✐❞ ✐♥t❡r❛❝t✐♦♥s ❜❛s❡❞ ♦❜ P❉❇✱ ✇❡ st✉❞✐❡❞ ✐♥ ❞❡t❛✐❧
❛r♦♠❛t✐❝ ✐♥t❡r❛❝t✐♦♥s✳ ❆r♦♠❛t✐❝s ❝❧✉st❡rs ❤❛✈❡ ❢❡❛t✉r❡s t❤❛t ❞✐❢❡r ❛❝❝♦r❞✐♥❣
t❤❡② ❤❛✈❡ ❜❡❡♥ ❢♦✉♥❞ ✐✮ ✐♥ t❤❡ ❝♦r❡ ♦❢ t❤❡ ♣r♦t❡✐♥✱ ✐✐✮ ✐♥ s♠❛❧❧ ❧✐❣❛♥❞ ❜✐♥❞✐♥❣
r❡❣✐♦♥s ❛♥❞✱ ✐✐✐✮ ♣r♦t❡✐♥✲♣r♦t❡✐♥ ✐♥t❡r❛❝t✐♦♥ ✐♥t❡r❢❛❝❡s✳
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❈❛♣ít✉❧♦ ✶

■♥tr♦❞✉❝❝✐ó♥

❊s ❞❡ ❝♦♠ú♥ ❛❝✉❡r❞♦ q✉❡ ❧❛s té❝♥♦❧♦❣í❛s ❞❡ s❡❝✉❡♥❝✐❛❝✐ó♥ ❞❡ ❆❉◆ q✉❡
s✉r❣✐❡r♦♥ ❡♥ ❧❛ ❞é❝❛❞❛ ❞❡❧ ✷✵✵✵ ❝❛♠❜✐❛r♦♥ ❧❛ ❢♦r♠❛ ❞❡ ♦❜t❡♥❡r✱ ❛❝❝❡❞❡r ②
❛♥❛❧✐③❛r ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❜✐♦❧ó❣✐❝❛✱ ❛❧ ♣✉♥t♦ q✉❡ ❤♦② ❞í❛ ❝✉❛❧q✉✐❡r ♣r♦②❡❝t♦ q✉❡
t❡♥❣❛ ♦❜❥❡t✐✈♦s ❡♥♠❛r❝❛❞♦s ❡♥ ❧❛s ár❡❛s ❞❡ ❧❛ ❜✐♦t❡❝♥♦❧♦❣í❛ s✉❡❧❡ ✐♥❝❧✉✐r ❛♥á❧✐✲
s✐s ❜✐♦✐♥❢♦r♠át✐❝♦s ❛ ♣❛rt✐r ❞❡ ❛❧❣✉♥❛✴s s❡❝✉❡♥❝✐❛❝✐ó♥✴❡s✳ ❈❛❞❛ ❡st✉❞✐♦ ❞❛ ❧✉✲
❣❛r ❛ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ❡❧❡♠❡♥t♦s q✉❡ s❡ ❞❡s❡❛♥ s❡❝✉❡♥❝✐❛r ♣❛r❛ s❡r ❛♥❛❧✐③❛r❞♦s
♣♦st❡r✐♦r♠❡♥t❡✳ ❊st♦s ❡❧❡♠❡♥t♦s ♣✉❡❞❡♥ ✐r ❞❡s❞❡ ❧❛ ♦❜t❡♥❝✐ó♥ ❞❡ s❡❝✉❡♥❝✐❛s
❞❡ ❆❉◆ ♣r♦❞✉❝t♦ ❞❡ ✉♥ ❛✐s❧❛♠✐❡♥t♦ ❜❛❝t❡r✐❛♥♦ ❤❛st❛ ❧❛ s❡❝✉❡♥❝✐❛❝✐ó♥ ❞❡ ✉♥❛
❞✐✈❡rs✐❞❛❞ ❞❡ ❡❧❡♠❡♥t♦s ❣❡♥ó♠✐❝♦s ♣r♦❞✉❝t♦ ❞❡ ❡①tr❛❡r ❆❉◆ ❞❡ ✉♥❛ ♠✉❡s✲
tr❛ ❛♠❜✐❡♥t❛❧ ♠ás ❝♦♠♣❧❡❥❛ ✭♠❡t❛❣❡♥ó♠✐❝❛✮✳ ❊st♦ ❤✐③♦ q✉❡✱ ❞✉r❛♥t❡ ♠✉❝❤♦
t✐❡♠♣♦ ✭t❡♥❞❡♥❝✐❛ q✉❡ ❝♦♥t✐♥ú❛ ❤♦② ❡♥ ❞í❛✮✱ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s ❜✐♦❧ó❣✐❝❛s s❡
❧❧❡♥❛r❛♥ ❛ ✈❡❧♦❝✐❞❛❞❡s ❣✐❣❛♥t❡s❝❛s ❝♦♥ ✐♥❢♦r♠❛❝✐ó♥ ♣r♦❝❡❞❡♥t❡ ❞❡ ♣r♦②❡❝t♦s ❞❡
s❡❝✉❡♥❝✐❛❝✐ó♥✱ ❛❧r❡❞❡❞♦r ❞❡ t♦❞♦ ❡❧ ♣❧❛♥❡t❛✳ ▼ás ❛ú♥✱ ❧❛ ✈❡❧♦❝✐❞❛❞ ❛ ❧❛ q✉❡ s❡
♣r♦❞✉❝❡♥ s❡❝✉❡♥❝✐❛s ❜✐♦❧ó❣✐❝❛s s✉♣❡r❛ ❛♠♣❧✐❛♠❡♥t❡ ❧❛ ✈❡❧♦❝✐❞❛❞ ❝♦♥ ❧❛ q✉❡ s❡
♣✉❡❞❡♥ ❧❧❡✈❛r ❛ ❝❛❜♦ ❡①♣❡r✐♠❡♥t♦s q✉❡ ❞❡♥ ✐♥❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡ ❧♦s ❡❧❡♠❡♥✲
t♦s s❡❝✉❡♥❝✐❛❞♦s✱ ❧♦ q✉❡ ❞❛ ❧✉❣❛r ❛ ❧❛ ♥❡❝❡s✐❞❛❞ ❞❡ ❞❡s❛rr♦❧❧❛r ♠❡t♦❞♦❧♦❣í❛s
② ♠♦❞❡❧♦s ❜✐♦✐♥❢♦r♠át✐❝♦s q✉❡ ♣❡r♠✐t❛♥ ♣❧❛♥t❡❛r ❤✐♣ót❡s✐s ② r❡s♣♦♥❞❡r ♣r❡✲
❣✉♥t❛s s♦❜r❡ ❞✐❝❤♦s ❡❧❡♠❡♥t♦s ❞❡ ♠❛♥❡r❛ ❞❡ ❛❝♦t❛r ❡❧ ✉♥✐✈❡rs♦ ♣♦s✐❜❧❡ ❞❡
❡①♣❡r✐♠❡♥t♦s ❛ r❡❛❧✐③❛r✳ P❛r❛ ❧♦❣r❛r ❡st♦s ✜♥❡s✱ ②❛ s❡ ❤❛♥ ❞❡s❛rr♦❧❧❛❞♦ ✈❛r✐♦s
s✐st❡♠❛s ❞❡ ♠❛♥❡❥♦ ② ❛♥á❧✐s✐s ❞❡ ❞❛t♦s ❣❡♥ó♠✐❝♦s q✉❡ s❡ ❜❛s❛♥ ♣r✐♥❝✐♣❛❧♠❡♥t❡
❡♥ ❞❡❞✉❝✐r ✐♥❢♦r♠❛❝✐ó♥ ❜✐♦❧ó❣✐❝❛ ❛ ♣❛rt✐r ❞❡ ❧❛ ❝♦♠♣❛r❛❝✐ó♥ ❝♦♥ ✭❜❛s❡s ❞❡✮
❞❛t♦s ②❛ ❡①✐st❡♥t❡s ✭❣❡♥ó♠✐❝❛ ❝♦♠♣❛r❛t✐✈❛✮✳

❙✐ ❜✐❡♥ ❜✐ó❧♦❣♦s ❛❧r❡❞❡❞♦r ❞❡❧ ♠✉♥❞♦ ❡♥t❡r♦ ❤❛♥ r❡❝♦♥♦❝✐❞♦ ❞❡s❞❡ ❤❛❝❡
t✐❡♠♣♦ ❧❛ ✐♠♣♦rt❛♥❝✐❛ ❞❡ ❡st✉❞✐❛r ❧❛ ❡✈♦❧✉❝✐ó♥ ♣❛r❛ ❡♥t❡♥❞❡r ❧❛ ♦r❣❛♥✐③❛❝✐ó♥
❞❡ ❧♦s ♦r❣❛♥✐s♠♦s ✈✐✈♦s✱ ❝♦♥ ❡❧ ❛♠♣❧✐♦ ❞❡s❛rr♦❧❧♦ ❞❡ ❧❛s t❡❝♥♦❧♦❣í❛s ❞❡ s❡✲
❝✉❡♥❝✐❛❝✐ó♥✱ ❡♥ ❧♦s ú❧t✐♠♦s ❛ñ♦s✱ ❧❛ ❣❡♥ó♠✐❝❛ ❝♦♠♣❛r❛t✐✈❛ ❤❛ ❝♦♥✈❡rt✐❞♦ ❧♦s

✼



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❡st✉❞✐♦s ❡✈♦❧✉t✐✈♦s✱ ❡♥ ✉♥ ✏❦✐t ❞❡ ❤❡rr❛♠✐❡♥t❛s ❞❡ r✉t✐♥❛✑✳ ❊♥ ❣❡♥❡r❛❧✱ ❝♦❧♦❝❛r
❧♦s ❣❡♥♦♠❛s ❡♥ ✉♥ ♠❛r❝♦ ❡✈♦❧✉t✐✈♦ ❤❛ ❞❡♠♦str❛❞♦ s❡r út✐❧ ♣❛r❛ ❝♦♠♣r❡♥❞❡r ❡❧
❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❞❡ ❧♦s ♦r❣❛♥✐s♠♦s✱ t❛♠❜✐é♥ ❤❛ ❛✉♠❡♥t❛❞♦ ❝♦♥s✐❞❡r❛❜❧❡♠❡♥t❡
❧❛ ❝♦♠♣r❡♥s✐ó♥ ❞❡ ❧♦s ♣r♦❝❡s♦s ♠❡❞✐❛♥t❡ ❧♦s ❝✉❛❧❡s ❧♦s ❣❡♥♦♠❛s ❡✈♦❧✉❝✐♦♥❛♥ ②
❤❛ ❧❧❡✈❛❞♦ ❛ ✉♥❛ r❡❡✈❛❧✉❛❝✐ó♥ ❞❡ ♥✉❡str❛ r❡♣r❡s❡♥t❛❝✐ó♥ ❞❡ ❧❛ ❞✐✈❡rs✐❞❛❞ ② ❧❛
❤✐st♦r✐❛ ❞❡ ❧❛ ✈✐❞❛✳ ❊♥ ♣❛rt✐❝✉❧❛r✱ ❤♦② ❞í❛✱ s✉❡❧❡ s❡r ❞❡ ✐♥t❡rés ❡❧ ❡st✉❞✐♦ ❞❡ ❧♦s
♣r♦❝❡s♦s ❜✐♦❧ó❣✐❝♦s ❞❡ ❧♦s ♦r❣❛♥✐s♠♦s✱ ♣♦♥✐❡♥❞♦ ❡❧ ❢♦❝♦ ❡♥ ❡♥❝♦♥tr❛r ✉♥ ❝♦♥✲
❥✉♥t♦s ❞❡ ❣❡♥❡s q✉❡ ❡sté♥ ✐♠♣❧✐❝❛❞♦s ❡♥ ❛❧❣ú♥ ♣r♦❝❡s♦ ❞❡ ✐♥t❡rés✱ ❞❡ ♠❛♥❡r❛ ❞❡
❡str✉❝t✉r❛r ✉♥ ♠♦❞❡❧♦ q✉❡ ♣❡r♠✐t❛ ❞❛r ❧✉❣❛r ❛❧ ♣❧❛♥t❡♦ ❞❡ ❤✐♣ót❡s✐s ❝✐❡♥tí✜❝❛s
②✴♦ ❛❧ ❞❡s❛rr♦❧❧♦ ❜✐♦t❡❝♥♦❧ó❣✐❝♦✳ P♦r ❡❥❡♠♣❧♦✱ ❡❧ ❛♥á❧✐s✐s ❞❡ ❧♦s ♠❡t❛❜♦❧✐s♠♦s
s✉❜②❛❝❡♥t❡s ❛ ❧❛ ❞❡❣r❛❞❛❝✐ó♥ ❞❡ ❧í♣✐❞♦s✱ ♣✉❡❞❡ s❡r ❞❡ ✉t✐❧✐❞❛❞ ❡♥ ❧❛ ✐♥❞✉strí❛
t❡①t✐❧ ♦ ❛❧✐♠❡♥t✐❝✐❛✱ ❡❧ ♠❡t❛❜♦❧✐s♠♦ ❞❡ ♥✐tr♦❣❡♥♦ ♣✉❡❞❡ s❡r ❞❡ ✉t✐❧✐❞❛❞ ❡♥ ❡❧
❡♥t♦r♥♦ ❛❣r♦♣❡❝✉❛r✐♦✱ ❡t❝✳

❱❛r✐❛s ♣❧❛t❛❢♦r♠❛s ❞❡ ❛♥♦t❛❝✐ó♥ ❣❡♥ó♠✐❝❛ ❢✉❡r♦♥ ❞❡s❛rr♦❧❧❛❞❛s ♣❛r❛ ❛❜♦r✲
❞❛r ❡❧ ♣r♦❜❧❡♠❛ ❞❡ ✐♥t❡r♣r❡t❛r ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ♣r♦❞✉❝t♦ ❞❡ s❡❝✉❡♥❝✐❛❝✐♦♥❡s✱
❡♥tr❡ ❡❧❧❛s✱ ❘❆❙❚✱ ■❙●❆✱ ❙❆❇■❆✱ ❡t❝✱ q✉❡ ♣r❡s❡♥t❛♥ ❞❛♥ ❜✉❡♥♦s r❡s✉❧t❛❞♦s
❛♥♦t❛♥❞♦ ❣❡♥♦♠❛s ❝❤✐❝♦s ✭❜❛❝t❡r✐❛s✱ ❛r❝❤❡❛s✱ ✈✐r✉s✱ ❡t❝✮ ② s❡rá♥ ❜r❡✈❡♠❡♥t❡
❝♦♠❡♥t❛❞❛s ❡♥ ❡❧ ❈❛♣ít✉❧♦ ✶✳ ❊st❛s ♣❧❛t❛❢♦r♠❛s ❞❡ s♦❢t✇❛r❡ s✉❡❧❡♥ ♣❛rt✐r ❞❡
✉♥❛ s❡❝✉❡♥❝✐❛ ❣❡♥ó♠✐❝❛ q✉❡ ♣r♦❝❡s❛♥ ✐♥t❡❣r❛♥❞♦ ✈❛r✐♦s ❝♦♥❝❡♣t♦s✿ ♣r❡❞✐❝✲
❝✐ó♥ ❞❡ ♠❛r❝♦s ❞❡ ❧❡❝t✉r❛ ✭●❧✐♠♠❡r✱ ❖❘❋✐♥❞❡r✱ ●❡♥❡▼❛r❦✱ ❊❛s②●❡♥❡✱ ❡t❝✮✱
❜úsq✉❡❞❛s ♣♦r s✐♠✐❧✐t✉❞ ✭♣r✐♥❝✐♣❛❧♠❡♥t❡ ✉s❛♥❞♦ ❇▲❆❙❚ s♦❜r❡ ❜❛s❡s ❞❡ ❞❛t♦s
❞❡ ♣ú❜✐❧❝♦ ❛❝❝❡s♦ ❝♦♠♦ ◆❘✱ ❙✇✐ss♣r♦t✱ P❉❇✱ ❡t❝✮✱ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❞❡ ❞♦♠✐♥✐♦s
❢✉♥❝✐♦♥❛❧❡s ✭❯s❛♥❞♦ ❍▼▼❊❘ s♦❜r❡ ❜❛s❡s ❞❡ ❞❛t♦s ❞❡ ♣❡r✜❧❡s ❞❡ s❡❝✉❡♥❝✐❛s ❝♦✲
♠♦ P❢❛♠✱ ■♥t❡r♣r♦✱ ❡t❝✮ ❡ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❞❡ ♦rt♦❧♦❣í❛s ♠❡t❛❜ó❧✐❝❛s ✭❇❛s❛♥❞♦s❡
❡♥ ❜❛s❡s ❞❡ ❞❛t♦s ❝♦♠♦ ❈❖●✱ ❑❊●● P❆❚❍❲❆❨❙✮✳ ❊♥ ❝✉❛♥t♦ ❛ ❧♦s ♠ét♦❞♦s
❝♦♠♦ ●❧✐♠♠❡r✱ P❢❛♠ ♦ ■♥t❡rPr♦✱ ❡st♦s s♦♥ ♣r❡❞✐❝t✐✈♦s✱ ❡stá♥ ❜❛s❛❞♦s ❡♥ ✉s❛r
❞❛t♦s ♣r❡✈✐♦s ♣❛r❛ ❣❡♥❡r❛r✴❡♥tr❡♥❛r ♠♦❞❡❧♦s ❡st❛❞íst✐❝♦s ❞❡ ❧♦ q✉❡ s❡❛ ❞❡ ✐♥✲
t❡rés ❜✉s❝❛r ② ❧✉❡❣♦ ❡✈❛❧✉❛r ❝❛❞❛ s❡❝✉❡♥❝✐❛ ❝❛❧❝✉❧❛♥❞♦ ✉♥ ♣✉♥t❛❥❡ ♣❛r❛ s♦❜r❡
❞✐❝❤♦s ♠♦❞❡❧♦s✳ ❊♥ ❣❡♥❡r❛❧ ✉s❛♥ ❡str❛t❡❣✐❛s ❜❛s❛❞❛s ❡♥ ♠♦❞❡❧♦s ❞❡ ▼❛r❦♦✈
✭■▼▼ ❡♥ ❡❧ ❝❛s♦ ❞❡ ●❧✐♠♠❡r✱ ❍▼▼ ❡♥ ❡❧ ❝❛s♦ ❞❡ P❢❛♠✮ ② s❡ ❝❛❧❝✉❧❛♥ ❧♦s ♣✉♥✲
t❛❥❡s ❝♦♥ ✈❛r✐❛❝✐♦♥❡s ❞❡❧ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐✳ P♦r ♦tr♦ ❧❛❞♦✱ ❧♦s ♠ét♦❞♦s ❞❡
❜úsq✉❡❞❛ ♣♦r s✐♠❧✐t✉❞ ❡♥ ❡❧ ❛❧❣♦r✐t♠♦ ❛❧✐♥❡❛♠✐❡♥t♦ ❧♦❝❛❧ ❞❡ ❙♠✐t❤✲✇❛t❡r♠❛♥✱
❡❧ ❝✉❛❧ ✉s❛ ♣r♦❣r❛♠❛❝✐ó♥ ❞✐♥á♠✐❝❛✳ ❊♥ ♣❛rt❡✱ ❡st❛s ♣❧❛t❛❢♦r♠❛s s♦♥ ♣♦s✐❜❧❡s
❞❛❞♦ q✉❡ t♦❞♦s ❡st♦s ❡♥❢♦q✉❡s t✐❡♥❡♥ s♦❧✉❝✐♦♥❡s q✉❡ ❡s❝❛❧❛♥ ♣♦❧✐♥♦♠✐❛❧♠❡♥t❡
❡♥ ❢✉♥❝✐ó♥ ❞❡❧ t❛♠❛ñ♦ ❞❡❧ ❣❡♥♦♠❛✱ ❧♦ ❝✉❛❧ ❤❛❝❡ ♣♦s✐❜❧❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❛ ❣r❛♥❞❡s
✈♦❧ú♠❡♥❡s ❞❡ ❞❛t♦s ❝♦♠♦ ❣❡♥♦♠❛s ❡♥t❡r♦s ② ❛❞❡♠ás s♦♥ tr✐✈✐❛❧♠❡♥t❡ ♣❛r✲
❛❧❡❧✐③❛❜❧❡s ❞❛❞♦ q✉❡ ❝❛❞❛ ♣r♦❝❡s♦ s❡ ♣✉❡❞❡ ❛♣❧✐❝❛r ♣♦r s❡♣❛r❛❞♦ s♦❜r❡ t♦❞♦s
❧♦s ❣❡♥❡s✱ q✉❡ ❛ s✉ ✈❡③✱ t❛♠❜✐é♥ ♣✉❡❞❡♥ ♣❛r❛❧❡❧✐③❛rs❡✳

▲♦ q✉❡ ❡st❛s ♣❧❛t❛❢♦r♠❛s ❞❡ ❛♥♦t❛❝✐ó♥ ❣❡♥ó♠✐❝❛ ♣r♦✈❡❡♥ ❡s ✉♥❛ ❢♦r♠❛ ❡s✲
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

tr✉❝t✉r❛❞❛ ✭♣✐♣❡❧✐♥❡✮ ❞❡ ♣r♦❝❡s❛r ❧♦s ❞❛t♦s ♣r♦❞✉❝t♦ ❞❡ s❡❝✉❡♥❝✐❛❝✐♦♥❡s ❞❡
♠❛♥❡r❛ ❞❡ r❡❝✉♣❡r❛r ❧❛s s❡❝✉❡♥❝✐❛s ♣r♦t❡✐❝❛s s✉❜②❛❝❡♥t❡s ❛ ❧♦s ♣r♦❞✉❝t♦s ❣é♥✐✲
❝♦s q✉❡ s❡ ♣✉❡❞❛♥ ♣r❡❞❡❝✐r ❞❡ ❧❛ s❡❝✉❡♥❝✐❛✳ ❈❛❞❛ s❡❝✉❡♥❝✐❛ s❡ ❛♥♦t❛ ❛✉t♦♠át✐✲
❝❛♠❡♥t❡ ❛ tr❛✈és ❝r✐t❡r✐♦s ❡st❛❜❧❡❝✐❞♦s✱ s♦❜r❡ ❧♦s ♣✉♥t❛❥❡s ♣r♦❞✉❝t♦ ❞❡ ❧❛s ❝♦♠✲
♣❛r❛❝✐♦♥❡s✱ ❞❛♥❞♦ ❧✉❣❛r ❛ ✉♥❛ ❞❡s❝r✐♣❝✐ó♥ ❣❡♥❡r❛❧ ❞❡ ❝❛❞❛ ♣r♦❞✉❝t♦ ❣é♥✐❝♦✳ ❙✐
❜✐❡♥ ❡st❛ ❞❡s❝r✐♣❝✐ó♥ ♣✉❡❞❡ s❡r ❞❡ ❣r❛♥ ✉t✐❧✐❞❛❞ ♣❛r❛ ❝♦♠♣r❡♥❞❡r ❡❧ r♦❧ q✉❡
✉♥ ❞❡t❡r♠✐♥❛❞♦ ❣❡♥ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❣❡♥❡s ❝✉♠♣❧❡♥ ❡♥ ✉♥ ♦r❣❛♥✐s♠♦✱ ♥♦ ❞❛ ✐♥✲
❢♦r♠❛❝✐ó♥ ❡s♣❡❝í✜❝❛ ❞❡ ❝❛❞❛ ♣r♦t❡í♥❛✱ ❛♥❛❧✐③❛♥❞♦ ❧♦ q✉❡ ❡s❛ ✈❛r✐❛♥t❡ t✐❡♥❡ ❞❡
♣❛rt✐❝✉❧❛r✳ ❊s ♣♦r ❡st♦ q✉❡ ❧✉❡❣♦ ❞❡ ✉♥❛ ❛♥♦t❛❝✐ó♥ ❛✉t♦♠át✐❝❛ ❡s ♥❡❝❡s❛r✐♦ ❧❧❡✲
✈❛r ❛❞❡❧❛♥t❡ ❡st✉❞✐♦s ❞❡ ♦tr❛s ♥❛t✉r❛❧❡③❛s ❞❡ ♠❛♥❡r❛ ❞❡ ♣♦❞❡r ❝♦♠♣r❡♥❞❡r ❧♦s
♠❡❝❛♥✐s♠♦s ♣❧❛♥t❡❛❞♦s ♣♦r ❧❛ ✈❛r✐❛♥t❡ ❞❡ ✐♥t❡rés✱ ② ❡♥ ♣❛rt✐❝✉❧❛r✱ s❡ ❤❛ ✈✐st♦
q✉❡ ♦❜t❡♥✐❡♥❞♦ ✐♥❢♦r♠❛❝✐ó♥ tr✐❞✐♠✐❡♥s✐♦♥❛❧✱ ❛❝❡r❝❛ ❞❡ ❧❛s ♣♦s✐❜❧❡s ❡str✉❝t✉r❛s
✐♥✈♦❧✉❝r❛❞❛s✱ ♠❡❥♦r❛ ❜❛st❛♥t❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s ♠♦❞❡❧♦s q✉❡ s❡ ♣✉❡❞❛♥ ♣❧❛♥t❡❛r
❡♥ ❡❧ tr❛♥s❝✉rs♦ ❞❡ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥✳

●r❛❝✐❛s ❛ t♦❞♦s ❡st♦s ❞❡s❛rr♦❧❧♦s✱ ❡♥ ❧❛ ❛❝t✉❛❧✐❞❛❞✱ ♠ás ❞❡ s❡✐s ♠✐❧❧♦♥❡s ❞❡
s❡❝✉❡♥❝✐❛s ❞❡ ♣r♦t❡í♥❛s ú♥✐❝❛s ❤❛♥ s✐❞♦ ❞❡♣♦s✐t❛❞❛s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s ❜✐♦❧ó❣✲
✐❝❛s ❞❡ ♣ú❜❧✐❝♦ ❛❝❝❡s♦✱ ② ❡st❡ ♥ú♠❡r♦ s✐❣✉❡ ❝r❡❝✐❡♥❞♦ rá♣✐❞❛♠❡♥t❡✳ ❊♥ ❧♦ q✉❡
❛ ❧❛s ❡str✉❝t✉r❛s tr✐❞✐♠❡♥s✐♦♥❛❧❡s r❡✜❡r❡✱ ❣r❛❝✐❛s ❛ ❧❛s ✐♥✐❝✐❛t✐✈❛s ❡♥ ❣❡♥ó♠✐❝❛
❡str✉❝t✉r❛❧ ❞❡ ❛❧t♦ r❡♥❞✐♠✐❡♥t♦✱ ❛❧r❡❞❡❞♦r ❞❡ ❝✐❡♥ ♠✐❧ ❡str✉❝t✉r❛s ❞❡ ♣r♦t❡í♥❛s
❤❛♥ s✐❞♦ ❤❛st❛ ❛❤♦r❛ ❞❡t❡r♠✐♥❛❞❛s ❡①♣❡r✐♠❡♥t❛❧♠❡♥t❡✱ ♣❡r♦ ❛ú♥ ❛sí✱ ❡s ❡♥♦r♠❡
❧❛ ❞✐❢❡r❡♥❝✐❛ q✉❡ ❤❛②✳ ❊st❛ ❡♥♦r♠❡ ❞✐s♣❛r✐❞❛❞ ❡♥tr❡ ❧♦s ♥ú♠❡r♦ ❞❡ s❡❝✉❡♥❝✐❛s
② ❡str✉❝t✉r❛s ❤❛ ❝♦♥❞✉❝✐❞♦ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥ ❤❛❝✐❛ ♠ét♦❞♦s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s
♣❛r❛ ♣r❡❞❡❝✐r ❧❛ ❡str✉❝t✉r❛ ❞❡ ❧❛s ♣r♦t❡í♥❛s ❛ ♣❛rt✐r ❞❡ s✉ s❡❝✉❡♥❝✐❛✱ ✐♥❝❧✉s♦ ❛
♥✐✈❡❧ ❞❡ ✉♥ ❣❡♥♦♠❛ ❡♥t❡r♦✳ ❆ú♥ ❛sí✱ ❧❛s té❝♥✐❝❛s q✉❡ s❡ ❤❛♥ ❞❡s❛rr♦❧❧❛❞♦ ♣❛r❛
❧❧❡✈❛r ❛❞❡❧❛♥t❡ ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛s✱ s✐ ❜✐❡♥ s♦♥ ♣♦❞❡r♦s❛s✱ ♥♦ ❞❡❥❛♥
❞❡ t❡♥❡r s✉s ❞❡❢❡❝t♦s✳ ❆ ♣❡s❛r ❞❡ q✉❡ s❡ ♣✉❡❞❡♥ ✉s❛r ❞❡ ♠❛♥❡r❛ t♦t❛❧♠❡♥t❡
❛✉t♦♠❛t✐③❛❞❛✱ ♦❜t❡♥✐❡♥❞♦ ❡❧ ♠á①✐♠♦ ♣r♦✈❡❝❤♦ ❞❡ ❡❧❧❛s s✐❡♠♣r❡ s❡ r❡q✉✐❡r❡ ❧❛
❡①♣❡r✐❡♥❝✐❛ ❤✉♠❛♥❛ ♣❛r❛ ♣♦♥❡r ❡❧ ❛♥á❧✐s✐s ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❡♥ ✉♥ ❝♦♥t❡①t♦ ❜✐✲
♦❧ó❣✐❝♦✳ ❙❡ ♣✉❡❞❡ ✈❡r ❝❧❛r❛♠❡♥t❡ q✉❡ ❤❛② ✉♥❛ ♥❡❝❡s✐❞❛❞ ❞❡ ❛❝❝❡❞❡r ❛ ❧❛ ❡♥♦r♠❡
❝❛♥t✐❞❛❞ ❞❡ ✐♥❢♦r♠❛❝✐ó♥✱ ♣r♦❞✉❝t♦ ❞❡ ♣r❡❞✐❝❝✐♦♥❡s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s✱ ❞❡ ❢♦r♠❛
s✐st❡♠át✐❝❛ ② ❝♦♥s✐st❡♥t❡✱ ❞❡ ♠❛♥❡r❛ t❛❧ q✉❡ ❧♦s tr❛❜❛❥♦s ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ s❡❛♥
♠ás ❡✜❝✐❡♥t❡s ② r❡❧❡✈❛♥t❡s✳ P❛r❛ ❡st♦✱ s❡ ❝♦♠❜✐♥❛♥ ✈❛r✐♦s ♠ét♦❞♦s ❞❡ ♣r❡❞✐❝✲
❝✐ó♥ ❛ ♣❛rt✐r ❞❡ s❡❝✉❡♥❝✐❛s✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛s s❡❝✉♥❞❛r✐❛s
❧❛s s♦❧✉❝✐♦♥❡s ❛❧ ♣r♦❜❧❡♠❛ ♠✉❡str❛♥ ❜✉❡♥♦s r❡s✉❧t❛❞♦s✱ ② ❧♦ ♠✐s♠♦ ❡s ♣❛r❛ ❡❧
❝❛s♦ ❞❡ ❧♦s ♣r❡❞✐❝t♦r❡s ❞❡ ❛❝❝❡s✐❜✐❧✐❞❛❞ ❛❧ s♦❧✈❡♥t❡ ② ❧♦s ♣r❡❞✐❝t♦r❡s ❞❡ ❞❡s♦r✲
❞❡♥ ✐♥trís❡❝♦✳ ❈♦♥ r❡s♣❡❝t♦ ❛ ♣r❡❞❡❝✐r ❧❛ ❡str✉❝t✉r❛ tr✐❞✐♠❡♥❝✐♦♥❛❧✱ ❧❛ té❝♥✐❝❛
❝♦♥ ♠❛s é①✐t♦ ❤❛st❛ ❡❧ ❞í❛ ❞❡ ❤♦②✱ ❡s ❝♦♥♦❝✐❞❛ ❝♦♠♦ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦✳
❈♦♥s✐st❡ ❡♥ ❡❧ ♠♦❞❡❧❛❞♦ ❛ ♣❛rt✐r ❞❡ ❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s q✉❡ ❢✉♥❝✐♦♥❛♥ ❝♦♠♦
♠♦❧❞❡✳ ❙❡ ✉s❛♥ ❛❧❣♦r✐t♠♦s ❞❡ ❜✉sq✉❡❞❛s ♣♦r s✐♠✐❧✐t✉❞ ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s ❞❡
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

s❡❝✉❡♥❝✐❛s ❜✐♦❧ó❣✐❝❛s q✉❡ t❡♥❣❛♥ ❡str✉❝t✉r❛ ❝♦♥♦❝✐❞❛ ②✱ ✉♥❛ ✈❡③ ♦❜t❡♥✐❞❛ ❧❛
❡str✉❝t✉r❛ ♠♦❧❞❡✱ s❡ ❛❧✐♥❡❛♥ ❡♥ ❡♥ ❡❧ ❝♦♥t❡①t♦ ❞❡ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ♣r♦t❡í♥❛s s✐♠✲
✐❧❛r❡s ♦ ✐♥❝❧✉s♦ ✉♥❛ ❢❛♠✐❧✐❛ ❞❡ ♣r♦t❡í♥❛s ✭❡♥ ❡❧ ♠❡❥♦r ❞❡ ❧♦s ❝❛s♦s✮✳ ❊st❛ té❝♥✐❝❛
s❡ ❜❛s❛ ❡♥ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❤❛② ✉♥❛ ❢✉❡rt❡ r❡❧❛❝✐ó♥ ❡♥tr❡ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ✉♥❛
♣r♦t❡í♥❛ ② s✉ ❡str✉❝t✉r❛✳ ▼ás ❛ú♥✱ ❧❛ ❞✐✈❡rs✐❞❛❞ ♣❧❡❣❛❞♦s q✉❡ ❤♦② ❞í❛ s❡ ❡♥✲
❝✉❡♥tr❛♥ ❞❡♣♦s✐t❛❞♦s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s ❞❡ ♣ú❜❧✐❝♦ ❛❝❝❡s♦ ❡s ❝♦♥s✐❞❡r❛❜❧❡♠❡♥t❡
♠❡♥♦r q✉❡ ❧❛ ❞✐✈❡rs✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛s ❞❡♣♦s✐t❛❞❛s✳

❍♦② ❡♥ ❞í❛✱ ♥♦ ❤❛② ❤❡rr❛♠✐❡♥t❛s ❞❡ ❧✐❜r❡ ❛❝❝❡s♦ q✉❡ ♣❡r♠✐t❛♥ ❝♦♠❜✐♥❛r
❛♠❜❛s ♠❡t♦❞♦❧♦❣í❛s ✭❣❡♥♦♠✐❝❛ ❝♦♠♣❛r❛t✐✈❛ ② ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛s✮ ❝♦♥
❡❧ ♦❜❥❡t♦ ❞❡ ❧♦❣r❛r ✉♥❛ ♠❡❥♦r ❛♥♦t❛❝✐ó♥✱ ②❛ q✉❡ s❡ ❝♦♥t❛rí❛ ❝♦♥ ❧❛ ✐♥❢♦r♠❛❝✐ó♥
❡str✉❝t✉r❛❧ ❛❞❡♠ás ❞❡ ❧❛ ❛♥♦t❛❝✐ó♥ ❢✉♥❝✐♦♥❛❧✳ ❆❞❡♠ás✱ ✉s❛♥❞♦ ❧❛ ✐♥❢♦r♠❛❝✐ó♥
tr✐❞✐♠❡♥s✐♦♥❛❧ ❡s ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r✱ q✉❡ ❡s ♣♦s✐❜❧❡ ❞❡t❡r♠✐♥❛r s✐t✐♦s ✈✐♥✲
❝✉❧❛❞♦s ❛ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ♣r♦t❡í♥❛✱ ❝♦♠♦ s❡r✿ s✐t✐♦s ❝❛t❛❧ít✐❝♦s ❡♥ ❡❧ ❝❛s♦ ❞❡
❡♥③✐♠❛s ♦✱ ✐♥t❡r❛❝❝✐♦♥❡s ❡♥tr❡ ♣r♦t❡í♥❛✲♣r♦t❡í♥❛ ②✴♦ ♣r♦t❡í♥❛✲❆❉◆✳ ❊♥ ❡st❡
s❡♥t✐❞♦✱ ✉♥♦ ❞❡ ❧♦s ♦❜❥❡t✐✈♦s ❞❡❧ ♣r❡s❡♥t❡ tr❛❜❛❥♦ ❞❡ ❞♦❝t♦r❛❞♦✱ ❡s ❞❡s❛rr♦❧✲
❧❛r ✉♥❛ ❤❡✉ríst✐❝❛ q✉❡ ♣❡r♠✐t❛ ❡♥❝♦♥tr❛r ❧♦s ❛♠✐♥♦á❝✐❞♦s ✐♠♣♦rt❛♥t❡s ♣❛r❛ ❧❛
❢✉♥❝✐ó♥ ❞❡ ❧❛s ♣r♦t❡í♥❛s ❞❡ ✉♥ ♣r♦t❡♦♠❛ ❜❛❝t❡r✐❛♥♦✱ ✉s❛♥❞♦ ❡❧❡♠❡♥t♦s ❞❡ ❡s✲
t❛❞íst✐❝❛✱ t❡♦rí❛ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ② ❞❛t❛ ♠✐♥✐♥❣ ❛♠♣❧✐❛♠❡♥t❡ ❞✐❢✉♥❞✐❞♦s ♣❛r❛
s✉♠✐♥✐str❛r ❛❧ ❡①♣❡rt♦ ✉♥❛ ✈✐s✐ó♥ ✐♥t❡❣r❛❧ ❡♥ ❡❧ ♦s❝✉r♦ ♠✉♥❞♦ ❞❡❧ ❡st✉❞✐♦ ❞❡
❣❡♥♦♠❛s ❜❛❝t❡r✐❛♥♦s✳ ❊♥ ❡st❡ tr❛❜❛❥♦ ❞❡ t❡s✐s ❝♦♠❡♥③❛♠♦s ❛♥♦t❛♥❞♦ ❣❡♥♦♠❛s
❞❡ ❜❛❝t❡r✐❛s✱ ② ❞❡♣♦s✐t❛♥❞♦ s✉ ❛♥♦t❛❝✐ó♥ ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s ❞❡ ♣ú❜❧✐❝♦ ❛❝❝❡s♦✳
❙✐ ❜✐❡♥ ❧❛ ❛♥♦t❛❝✐ó♥ ♥♦s ♣❡r♠✐t✐ó ♦❜t❡♥❡r ♣r♦t❡í♥❛s ❞❡ ✐♥t❡rés t❡❝♥♦❧ó❣✐❝♦✱ ❝♦✲
♠♦ ❡r❛ ❧❛ ✐❞❡❛ ❡♥ ✉♥ ♣r✐♥❝✐♣✐♦✱ ♥♦ q✉✐s✐♠♦s s❡❣✉✐r ❞❡s❛rr♦❧❧❛♥❞♦ ❡st❡ t✐♣♦ ❞❡
♠❡t♦❞♦❧♦❣í❛s ❞❡ ❛♥♦t❛❝✐ó♥ ♣♦rq✉❡ ♥♦s ♣❛r❡❝✐ó q✉❡ ❡❧ t❡rr❡♥♦ ❡st❛❜❛ ❜❛st❛♥t❡
❝✉❜✐❡rt♦✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❧❛s ♠❡t♦❞♦❧♦❣í❛s ♠❡♥❝✐♦♥❛❞❛s ♣r❡✈✐❛♠❡♥t❡ ♣❛r❛ ❛♥♦t❛r
♣r♦❞✉❝t♦s ❣é♥✐❝♦s✱ ❝❛r❡❝❡♥ ❞❡ ❛❧❣♦ ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❡❧ ♠❡❥♦r ❡♥t❡♥❞✐♠✐❡♥t♦
❞❡ ❧❛ ❢✉♥❝✐ó♥ ♣r♦t❡✐❝❛✱ q✉❡ ❡s ❡❧ ♠❛♣❡♦ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ❢✉♥❝✐♦♥❛❧ s♦❜r❡ ❧❛
❡str✉❝t✉r❛✳ ❙❡ s❛❜❡ q✉❡ ♣❡q✉❡ñ❛s ✈❛r✐❛♥t❡s ❡♥ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ✉♥❛ ♣r♦t❡í♥❛
♣✉❡❞❡♥ ♣r♦❞✉❝✐r ❝❛♠❜✐♦s r♦t✉♥❞♦s ❡♥ s✉ ❢✉♥❝✐ó♥✱ ❡st♦ ❞❛ ❛ ❧✉❣❛r ❛ ♣❡♥s❛r
q✉❡ ❛ ♣❡s❛r ❞❡ q✉❡ ❡st♦s s✐st❡♠❛s ❞❡ ❛♥♦t❛❝✐ó♥ ❡stá♥ ❡♥ ❡❧ ❡st❛❞♦ ❞❡❧ ❛rt❡✱ ❡♥
❧❛ ❛s✐❣♥❛❝✐ó♥ ❞❡ ❢✉♥❝✐ó♥ ✭❢✉♥❝✐ó♥ ❜✐♦❧ó❣✐❝❛✮ ❡♥ tér♠✐♥♦s ❣❡♥❡r❛❧❡s✱ t♦❞❛✈í❛ ❡s
♥❡❝❡s❛r✐♦ ♣♦❞❡r ❛♥♦t❛r ❧❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s ❞❡ ❝❛❞❛ ✈❛r✐❛♥t❡ ❡♥ ❝❛❞❛ ❣❡♥♦♠❛✳
P❛r❛ ❡st♦✱ ✐♥t❡♥t❛♠♦s ✉♥ ❡♥❢♦q✉❡ ❡str✉❝t✉r❛❧ q✉❡ s❡rá ♠❡♥❝✐♦♥❛❞♦ ❛ ❧♦ ❧❛r❣♦
❞❡ ❡st❡ tr❛❜❛❥♦✱ ♠♦str❛♥❞♦ ❝♦♠♦ ❡s ♣♦s✐❜❧❡ ♠❛♣❡❛r ✐♥❢♦r♠❛❝✐ó♥ ❢✉♥❝✐♦♥❛❧✱ ❞❛✲
❞❛ ✉♥❛ ❡str✉❝t✉r❛ ♣r♦t❡✐❝❛ ❝♦♥s❡❣✉✐❞❛ ❛ ♣❛rt✐r ❞❡ ♠♦❞❡❧♦s ✸❉ ❝♦♥tr✉✐❞♦s ♣♦r
❤♦♠♦❧♦❣í❛ ❝♦♥ ❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s✳

P❛r❛ ❡st♦✱ ❡❧ ♣❛s♦ ❛ s❡❣✉✐r ❡s ❡❧ ❞✐s❡ñ♦ ❞❡ ✉♥ ♠♦❞❡❧♦ q✉❡ ♣❡r♠✐t❛ ♦❜t❡♥❡r
✐♥❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡ ❧❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s ❡str✉❝t✉r❛❧❡s ❝♦♥ ❧❛s q✉❡ s❡ ❛♥❛❧✲
✐③❛ ❧❛ ❢✉♥❝✐ó♥ ♣r♦t❡✐❝❛✱ ② ❧♦s ♣r✐♥❝✐♣❛❧❡s ❡❧❡♠❡♥t♦s ❞❡ ❡st♦s ♠♦❞❡❧♦s s♦♥ ❧❛s
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

✐♥t❡r❛❝❝✐♦♥❡s ✐♥t❡r♠♦❧❡❝✉❧❛r❡s✳ ❆ ❧♦ ❧❛r❣♦ ❞❡ ❧❛s ❞é❝❛❞❛s s❡ ❤❛♥ ❞❡s❝r✐♣t♦ ✉♥❛
✐♥♠❡♥s❛ ❝❛♥t✐❞❛❞ ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s ❞é❜✐❧❡s ❞✐st✐♥t❛s q✉❡ ♣✉❡❞❡♥ ❡st❛❜❧❛❝❡r ❧❛
♠♦❧é❝✉❧❛s ❡♥tr❡ sí✳ ❊st❛s ✐♥t❡r❛❝❝✐♦♥❡s ✈❛♥ ❞❡s❞❡ ❧❛s ❝❧ás✐❝❛s ❝♦♠♦ ♣✉❡♥t❡s ❞❡
❤✐❞ró❣❡♥♦✱ ♣✉❡♥t❡s s❛❧✐♥♦s✱ ❛♣✐❧❛♠✐❡♥t♦s ❛r♦♠át✐❝❛s✱ ❡t❝✳ ❤❛st❛ ♥✉❡✈♦s t✐♣♦s
❞❡ ✐♥t❡r❛❝❝✐♦♥❡s ❞❡s❝r✐♣t♦s ❡♥ ❧♦s út❧✐♠♦s ❛ñ♦s ❝♦♠♦ s❡r ❧❛s q✉❡ s❡ ❢♦r♠❛♥
❡♥tr❡ ❝❛r❣❛s ♣♦s✐t✐✈❛s ② ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ✭❝❛t✐♦♥✲π✮ ♦ ✐♥❝❧✉s♦✱ ♠♦t✐✈♦s
❞❡ ♠❡t✐♦♥✐♥❛s ② ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s q✉❡ t✐❡♥❡♥ r♦❧❡s ✐♠♣♦rt❛♥t❡s ❡♥ ❧❛ ❡st❛❜✐✲
❧✐③❛❝✐ó♥ ❞❡ ❝♦♠♣❧❡❥♦s✳ ▲♦ q✉❡ t♦❞❛s ❡st❛s ✐♥t❡r❛❝❝✐♦♥❡s t✐❡♥❡♥ ❡♥ ❝♦♠ú♥ ❡s q✉❡
s❡ ❞❛♥ ❡♥tr❡ ✐♥t❡r❛❝t♦r❡s ❞❡ t❛♥ ❞✐✈❡rs❛s ♥❛t✉r❛❧❡③❛s q✉❡ ❤❛❝❡ q✉❡ s❡ ✈✉❡❧✈❛ ✉♥
r❡t♦ ❧❛ ♠❛♥❡r❛ ❞❡ ✐♥t❡r♣r❡t❛r❧❛s✳ ❍❛② ♥✉♠❡r♦s♦s ❝❛s♦s ❞♦♥❞❡ s❡ ❤❛ ♠♦str❛❞♦
❝ó♠♦✱ ❞❛❞❛ ❧❛ ❡str✉❝t✉r❛ ❞❡ ✉♥❛ ♣r♦t❡í♥❛✱ ❡s ♣♦s✐❜❧❡ ♠♦❞❡❧❛r ❛ ❣r❛♥♦ ❣r✉❡s♦
❡st♦s ♠♦t✐✈♦s ✐♥t❡r❛❝t♦r❡s q✉❡ ♣✉❡❞❡♥ ✈❛r✐❛r ❞❡s❞❡ r❡❞✉❝✐r ✉♥ ❛♠✐♥♦ á❝✐❞♦
❡♥t❡r♦ ❛ ✉♥ só❧♦ ♣✉♥t♦ ❤❛st❛ t♦♠❛r ❛❧❣✉♥♦s ❞❡ ❧♦s át♦♠♦s ✐♠♣♦rt❛♥t❡s s❡❣ú♥
❧❛ ♥❛t✉r❛❧❡③❛ ❞❡❧ ❛♠✐♥♦ á❝✐❞♦✳ ❯♥ ❡❥❡♠♣❧♦ ❞❡ ❡st♦ ❡s ❧❛ ✐♥t❡r❛❝❝✐ó♥ ❞❡ ♣✉❡♥t❡
❤✐❞ró❣❡♥♦ q✉❡ ♣❛r❛ ♠♦❞❡❧❛r❧❛✱ ❡♥ ❣❡♥❡r❛❧✱ s❡ ✉s❛♥ trés át♦♠♦s✿ ✐✮ ✉♥ át♦♠♦
♣❡s❛❞♦ ✭❛❝❡♣t♦r✮ ❝♦♥ ✉♥ ♣❛r ❞❡ ❡❧❡❝tr♦♥❡s ❛❝❡♣t♦r❡s ❧✐❜r❡s✱ ✐✐✮ ✉♥ át♦♠♦ ♣❡s❛❞♦
✭❞♦♥♦r✮ q✉❡ ❞❡❜❡rí❛ ❡st❛r ✉♥✐❞♦ ❛ ✉♥ át♦♠♦ ❞❡ ❤✐❞ró❣❡♥♦ ② ✐✐✐✮ ❡❧ át♦♠♦ ❞❡
❤✐❞ró❣❡♥♦ ✉♥✐❞♦ ❛❧ ❞♦♥♦r✳ ❆❞❡♠ás✱ s❡ ❤❛ ♠♦str❛❞♦ ❝ó♠♦ ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❧♦s
át♦♠♦s ② ❡❧ á♥❣✉❧♦ ❡♥tr❡ ❧♦s át♦♠♦s ♣❡s❛❞♦s ❝❡♥tr❛❞♦ ❡♥ ❡❧ át♦♠♦ ❞❡ ❤✐❞ró❣❡♥♦
s♦♥ ❞♦s ❜✉❡♥♦s ❞❡s❝r✐♣t♦r❡s ❞❡ ❧❛ ✐♥t❡r❛❝❝✐ó♥ ❞❡ ♣✉❡♥t❡ ❤✐❞ró❣❡♥♦✳ ❊st❡ ❡s ✉♥
❡❥❡♠♣❧♦ ❞❡ ❝♦♠♦ ❡s ♣♦s✐❜❧❡ ✐❞❡♥t✐✜❝❛r ♠♦t✐✈♦s ❞❡ ✐♥t❡rés ② ❞❡✜♥✐r ♣❛rá♠❡tr♦s
❡♥ ❢✉♥❝✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ♣r❡✈✐♦ q✉❡ ♣❡r♠✐t❛ ❞❛r ✐♥❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡ ❧❛s
✐♥t❡r❛❝❝✐♦♥❡s ♣r❡s❡♥t❡s ❡♥ ❧❛s ♣r♦t❡í♥❛s✱ ♣❡r♦ ♥♦ ❡s ❡❧ ú♥✐❝♦✳

❖tr♦ ❝❛s♦ ✐♥t❡r❡s❛♥t❡ ❡s ❡❧ ❞❡ ❧❛ ✐♥t❡r❛❝❝✐ó♥ ❛r♦♠át✐❝❛✱ q✉❡ t❛♠❜✐é♥ ❡stá
❜✐❡♥ ❞❡✜♥✐❞❛ ❡♥ ❧❛ ❧✐t❡r❛t✉r❛ ② ❝♦♥s✐st❡ ❡♥ ❧❛ ✐♥t❡r❛❝❝✐ó♥ q✉❡ ❤❛② ❡♥tr❡ ❞♦s ❛♥✐❧✲
❧♦s ❛r♦♠át✐❝♦s✳ ▲❛ ❡str✉❝t✉r❛ ❞❡ ✉♥ ❛♥✐❧❧♦ ❛r♦♠át✐❝♦ t✐❡♥❡ ❧❛ ♣❛rt✐❝✉❧❛r✐❞❛❞ ❞❡
q✉❡ ❡stá♥ r❡str✐♥❣✐❞♦s ❧♦s ❣r❛❞♦s ❞❡ ❧✐❜❡rt❛❞ ❞❡ ❧♦s át♦♠♦s q✉❡ ❧❛ ❝♦♠♣♦♥❡♥ ❛
✉♥❛ ❣❡♦♠❡trí❛ ♣❧❛♥❛✳ ❆❞❡♠ás✱ s❡ s❛❜❡ q✉❡ ❧❛ ❞✐s♣♦s✐❝✐ó♥ ♣❧❛♥❛r ❞❡ ✉♥ ❛♥✐❧❧♦
❛r♦♠át✐❝♦ ❢r❡♥t❡ ❛ ♦tr♦ ❡s ✉♥ r❡❧❡✈❛♥t❡ ❞❡s❝r✐♣t♦r ❞❡ ❧❛ ✐♥t❡r❛❝❝✐ó♥ ❡♥ ❡❧ s❡♥✲
t✐❞♦ ❡♥ q✉❡ ♣❡r♠✐t❡ ❞✐❢❡r❡♥❝✐❛r ❡♥tr❡ ❞♦s ❝♦♥❢♦r♠❛❝✐♦♥❡s q✉❡ s✉❡❧❡♥ ❛❞♦♣t❛r
❞♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❝✉❛♥❞♦ ❡stá♥ ✐♥t❡r❛❝t✉❛♥❞♦ ❡♥ ✈❛❝í♦✿ ❧❛ ❢♦r♠❛✲❚ q✉❡
❝♦♥s✐st❡ ❡♥ ✉♥ ❛♥✐❧❧♦ ❛♣✐❧❛❞♦ ♣❡r♣❡♥❞✐❝✉❧❛r♠❡♥t❡ s♦❜r❡ ❡❧ ♦tr♦ ❞❡ ♠❛♥❡r❛ q✉❡
❡❧ á♥❣✉❧♦ ❡♥tr❡ ❧❛s ♥♦r♠❛❧❡s ❞❡ ❧♦s ♣❧❛♥♦s s✉❜②❛❝❡♥t❡s ❛ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s
❡s ❞❡ ✾✵➦✱ ② ❡❧ ❛♣✐❧❛♠✐❡♥t♦ π q✉❡ ❝♦♥s✐st❡ ❡♥ ✉♥ ❛♥✐❧❧♦ ❛♣✐❧❛❞♦ s♦❜r❡ ♦tr♦ ❞♦♥❞❡
❡❧ á♥❣✉❧♦ ❡♥tr❡ ❧❛s ♥♦r♠❛❧❡s ❡s ❞❡ ✵➦✳ ❆❞❡♠ás✱ s❡ ❤❛ ✈✐st♦ q✉❡ ❡♥ ♣r♦t❡í♥❛s✱ ❧❛s
✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s s♦♥ ❞❡ ❣r❛♥ r❡❧❡✈❛♥❝✐❛ ♣❛r❛ ❧♦s ♣r♦❝❡s♦s ❜✐♦❧ó❣✐❝♦s✱
♠ás ❛ú♥✱ ❡♥ ❡st❡ tr❛❜❛❥♦ ❞❡ t❡s✐s ❤❡♠♦s ✈✐st♦ q✉❡ ❧♦ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❢♦r♠❛♥
❝❧✉st❡rs ❡♥ ❧❛s r❡❣✐♦♥❡s ✐♥t❡r♥❛s ❞❡ ❧❛s ♣r♦t❡í♥❛s✱ ❧♦ ❝✉á❧ ❧❛s ❤❛❝❡ r❡❧❡✈❛♥t❡s
♣❛r❛ ❡❧ ♣r♦❝❡s♦ ❞❡ ♣❧❡❣❛❞♦✱ ② ❛❞❡♠ás✱ q✉❡ ❡st♦s ❝❧✉st❡rs ❞❡ ❛r♦♠át✐❝♦s t❛♠❜✐é♥

Pá❣✐♥❛ ✶✶ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❛♣❛r❡❝❡♥ ❡♥ ✐♥t❡r❛❝❝✐♦♥❡s q✉❡ ❡st❛❜❧❡❝❡♥ ❧❛s ♣r♦t❡í♥❛s ❝♦♥ ♦tr❛s ♠♦❧é❝✉❧❛s ❝♦✲
♠♦ ♣❡q✉❡ñ♦s ❧✐❣❛♥❞♦s ♦ ✐♥❝❧✉s♦ ♦tr❛s ♣r♦t❡í♥❛s✳ ❚❛♠❜✐é♥✱ ❤❡♠♦s ✈✐st♦ q✉❡ ❤❛②
❝❛rá❝t❡ríst✐❝❛s ❡str✉❝t✉r❛❧❡s ✭❝♦♠♦ ❧❛ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ♦ ❧❛ ❛❝❝❡s✐❜✐❧✐❞❛❞
❛❧ s♦❧✈❡♥t❡✮ ❞❡ ❧♦s r❡s✐❞✉♦s ❛r♦♠át✐❝♦s q✉❡ ❞❛♥ ✐♥❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡❧ t✐♣♦ ❞❡
❝❧✉st❡r ✭✐♥t❡r♥♦✱ ♣r♦t❡í♥❛✲❧✐❣❛♥❞♦✱ ♣r♦t❡í♥❛✲♣r♦t❡í♥❛✮ ❧♦ ❝✉❛❧✱ ❡♥ ♣r✐♥❝✐♣✐♦✱ ♥♦s
♣❡r♠✐t✐rí❛ ♣♦❞❡r ❛s✐❣♥❛r ✉♥ r♦❧ ❢✉♥❝✐♦♥❛❧ ❛ ❝❛❞❛ ❝❧✉st❡r ❛r♦♠át✐❝♦ q✉❡ ❡♥❝♦♥✲
tr❡♠♦s ❡♥ ❧❛ ❡str✉❝t✉r❛ ❞❡ ❝❛❞❛ ♣r♦t❡í♥❛ ♠♦❞❡❧❛❞❛✱ ② ❞❡ ❡st❛ ♠❛♥❡r❛ ♦❜t❡♥❡r
✉♥❛ ❛♥♦t❛❝✐ó♥ ❡str✉❝t✉r❛❧ ♣❛rt✐❝✉❧❛r ❞❡ ❧❛ ✈❛r✐❛♥t❡ q✉❡ s❡ ❡stá ❛♥❛❧✐③❛♥❞♦✳
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❈❛♣ít✉❧♦ ✷

❆♥♦t❛❝✐ó♥ ❞❡ ●❡♥♦♠❛s
❇❛❝t❡r✐❛♥♦s

✷✳✶✳ ■♥tr♦❞✉❝❝✐ó♥

▲❛ s❡❝✉❡♥❝✐❛❝✐ó♥ ❞❡ ❣❡♥♦♠❛s ❞✐ó ❧✉❣❛r ❛ ❧❛ ❛♣❛r✐❝✐ó♥ ❞❡ ♠✉❝❤❛s ✈❛r✐❛♥t❡s
❞❡ ❝❛❞❛ ♣r♦t❡í♥❛ ❞❡ ❧❛s ❝✉❛❧❡s✱ ❛❧ ❞í❛ ❞❡ ❤♦②✱ ♥♦ s❡ ❝♦♥♦❝❡ s✉ ❢✉♥❝✐ó♥ ❡s♣❡❝í✜❝❛✳
❊st❡ ❤❡❝❤♦ tr❛❥♦ ❝♦♠♦ ♣r✐♥❝✐♣❛❧ ❝♦♥s❡❝✉❡♥❝✐❛ q✉❡ s❡ ❤✐③♦ ♣r♦❤✐❜✐t✐✈♦ r❡❛❧✐③❛r
❡①♣❡r✐♠❡♥t♦s q✉❡ ❡✈❛❧ú❡♥ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❝❛❞❛ ✉♥❛ ❞❡ ❡st❛s ✈❛r✐❛♥t❡s✱ ♣♦r ❧♦
q✉❡ ❞✐s❡ñ❛r ❡str❛t❡❣✐❛s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s ❝❛♣❛❝❡s ❞❡ ✐♥❢❡r✐r ❞✐❝❤❛s ❢✉♥❝✐♦♥❡s✱ s❡
❝♦♥✈✐rt✐ó ❡♥ ✉♥ t❡♠❛ ❡♥ ❛✉❣❡✳ P❛r❛ ❡♥t❡♥❞❡r ❡❧ ♣❛♥♦r❛♠❛ ❡♥ ❡❧ q✉❡ ❡st❛♠♦s
s✐t✉❛❞♦s✱ ♣r✐♠❡r♦ ❞❡s❝r✐❜✐r❡♠♦s ❡❧ ♣r♦❝❡s♦ ❛ tr❛✈és ❞❡❧ ❝✉á❧ s❡ ♦❜t✐❡♥❡ ✐♥❢♦r✲
♠❛❝✐ó♥ ❣❡♥ó♠✐❝❛ ❛ ♣❛rt✐r ❞❡ ✉♥❛ ♠✉❡str❛ ❜✐♦❧ó❣✐❝❛✳ ❊st❡ ♣r♦❝❡s♦ s❡ ❞✐✈✐❞❡ ❡♥
tr❡s ♣❛s♦s ❢✉♥❞❛♠❡♥t❛❧❡s✱ ❝♦♠♦ s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❧❛ ❋✐❣✉r❛ ✷✳✶✿ ❙❡❝✉❡♥❝✐❛❝✐ó♥✱
❊♥s❛♠❜❧❛❞♦ ② ❆♥♦t❛❝✐ó♥✳ ❊st♦s tr❡s ♣❛s♦s ❢✉♥❞❛♠❡♥t❛❧❡s ♣✉❡❞❡♥ ❝♦♠♣❧✐❝❛rs❡
t❛♥t♦ ❝♦♠♦ ✉♥♦ q✉✐❡r❛ ②✱ ❛ s✉ ✈❡③✱ ❛❧ ❞í❛ ❞❡ ❤♦② s❡ ❞✐s♣♦♥❡ ❞❡ ✈❛r✐♦s s❛❜♦r❡s
♣❛r❛ ❛♣❧✐❝❛r ❡♥ ❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s✳

✶✸



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❋✐❣✉r❛ ✷✳✶✿ ❊sq✉❡♠❛ ❣❧♦❜❛❧ ❞❡❧ ♣r♦❝❡s♦ ❞❡ s❡❝✉❡♥❝✐❛❝✐ó♥ ❞❡ ❆❉◆ ② ♣♦st❡r✐♦r ❛♥✲
♦t❛❝✐ó♥✳ Pr✐♠❡r♦✱ ❞✉r❛♥t❡ ❧❛ s❡❝✉❡♥❝✐❛❝✐ó♥ s❡ ♦❜t✐❡♥❡♥ ❧❡❝t✉r❛s ❛ ♣❛rt✐r ❞❡ ✉♥❛ ♠✉❡str❛✳
❙❡❣✉♥❞♦✱ ❞✉r❛♥t❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ❡♥s❛♠❜❧❛❞♦✱ ✉s❛♥❞♦ ❡s❛s ❧❡❝t✉r❛s s❡ ❝♦♥str✉②❡♥ ❧♦s ❝♦♥✲
t✐❣s ❞❡ ♠❛♥❡r❛ ❞❡ ❝✉❜r✐r ❧♦ ♠❡❥♦r ♣♦s✐❜❧❡ ❡❧ ❣❡♥♦♠❛ s❡❝✉❡♥❝✐❛❞♦✳ ❚❡r❝❡r♦✱ ❞✉r❛♥t❡ ❧❛ ❡t❛♣❛
❞❡ ❛♥♦t❛❝✐ó♥ ✉s❛♥❞♦ ❧♦s ❝♦♥t✐❣s s❡ ❝♦♠♣❛r❛♥ ❧❛s s❡❝✉❡♥❝✐❛s ♦❜t❡♥✐❞❛s ❝♦♥ ❛q✉❡❧❧❛s q✉❡ s❡
❡♥❝✉❡♥tr❛♥ ❡♥ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s✳

❙❡❝✉❡♥❝✐❛❝✐ó♥ ▲❛ s❡❝✉❡♥❝✐❛❝✐ó♥ ❞❡ ❆❉◆ ❝❛♠❜✐ó ❧❛ ♠❛♥❡r❛ ❞❡ ❛♥❛❧✐③❛r ♠✉❡s✲
tr❛s ❜✐♦❧ó❣✐❝❛s✳ ❍♦② ❞í❛ s❡ ❞✐s♣♦♥❡ ❞❡ ✉♥❛ ❛♠♣❧✐❛ ❣❛♠❛ ❞❡ ♣♦s✐❜✐❧✐❞❛❞❡s q✉❡
♦❢r❡❝❡♥ ❧❛s ❝♦♥♦❝✐❞❛s ♣❧❛t❛❢♦r♠❛s ❞❡ s❡❝✉❡♥❝✐❛❝✐ó♥✱ q✉❡ ♣❡r♠✐t❡♥ ❧❡❡r s❡❝✉❡♥✲
❝✐❛s ❞❡ ❆❉◆ ♣r❡s❡♥t❡s ❡♥ ✉♥❛ ♠✉❡str❛ ❜✐♦❧ó❣✐❝❛ ❞❡ ✐♥t❡rés✳ ❊st❛s s❡❝✉❡♥❝✐❛✲
❝✐♦♥❡s ❢✉❡r♦♥ ❡✈♦❧✉❝✐♦♥❛♥❞♦ ❡♥ s✉ t✐♣♦ ② ❝❛❧✐❞❛❞ ❛❧ ♣✉♥t♦ q✉❡ ❛ ♣❛rt✐r ❞❡❧
✷✵✵✽ ❝♦♠❡♥③ó ✉♥❛ ❞❡s✈✐❛❝✐ó♥ ❝♦♥ r❡s♣❡❝t♦ ❛ ❧❛ ▲❡② ❞❡ ▼♦♦r❡ ❡♥ ❧♦s ❝♦st♦s ❞❡
s❡❝✉❡♥❝✐❛❝✐ó♥✱ ✐♥❞✉❝✐❡♥❞♦ ❛ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❞❡ ♠ás ❞❛t♦s ❡♥ t✐❡♠♣♦s ♠ás ❝♦rt♦s✳
❆ s✉ ✈❡③✱ ❛❧ ✐rs❡ ❧❧❡♥❛♥❞♦ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s ❝♦♥ ✐♥❢♦r♠❛❝✐ó♥ ❣❡♥ó♠✐❝❛ ② ❛❧ ✐r
❛✈❛♥③❛♥❞♦ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❢✉♥❝✐♦♥❛❧ ❛❝❡r❝❛ ❞❡ ❧♦s ❣❡♥❡s ❞❡ ✈❛r✐♦s ♦r❣❛♥✐s♠♦s✱
❝❛❞❛ ✈❡③ ❢✉é ♠ás ♥❡❝❡s❛r✐♦ ❡❧ ✉s♦ ❞❡ ❤❡rr❛♠✐❡♥t❛s ❞❡ ❣❡♥ó♠✐❝❛ ❝♦♠♣❛r❛t✐✈❛
♣❛r❛ ❝❛r❛❝t❡r✐③❛r ❧♦s ♥✉❡✈♦s ❣❡♥❡s✳

▲❛s ❝❛r❛❝t❡ríst✐❝❛s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s ❞❡ ❧❛s ❧❡❝t✉r❛s ❞❡ ❆❉◆ ♦❜t❡♥✐❞❛s ❛
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

♣❛rt✐r ❞❡ ✉♥ ❡①♣❡r✐♠❡♥t♦ ❞❡ s❡❝✉❡♥❝✐❛❝✐ó♥✱ ❞❡♣❡♥❞❡♥ ✐♥trí♥s❡❝❛♠❡♥t❡ ❞❡❧ t✐♣♦
❞❡ ❡q✉✐♣♦ ②✴♦ ♠❡t♦❞♦❧♦❣í❛ q✉❡ s❡ ❤❛②❛ ✉s❛❞♦ ♣❛r❛ ❧❧❡✈❛r ❛❞❡❧❛♥t❡ ❡st❡ ♣r♦❝❡s♦✳
▲❛ ♣r✐♠❡r ♠❡t♦❞♦❧♦❣í❛ q✉❡ ❡①✐st✐ó ❧❛ ✐♥✈❡♥tó ❙❛♥❣❡r ❛ ♣r✐♥❝✐♣✐♦s ❞❡ ❧❛ ❞é❝❛❞❛
❞❡❧ ✼✵✳ ❊st❛ té❝♥✐❝❛ ♣❡r♠✐tí❛ ❧❡❡r ❞❡❧ ♦r❞❡♥ ❞❡ ❧❛s ✺✵✵ ♣❛r❡s ❞❡ ❜❛s❡s ✭✺✵✵❜♣✮ ❞❡
❆❉◆ ❡♥ ❡❧ ♦r❞❡♥ ❞❡ ❧❛s ♣♦❝❛s ❤♦r❛s✳ ▼ás ❛❞❡❧❛♥t❡✱ ❝♦♥ ❧❛ ♣✉❡st❛ ❛ ♣✉♥t♦ ❞❡ ❧❛
s❡❝✉❡♥❝✐❛❝✐ó♥ ❜❛s❛❞❛ ❡♥ ❢♦t♦q✉í♠✐❝❛ ✭✐✳❡✳✿ ♣②r♦s❡❝✉❡♥❝✐❛❝✐ó♥✱ ❡t❝✮ s❡ ❛❧❝❛♥③❛♥
❝❛♣❛❝✐❞❛❞❡s ❞❡ ❧❡❝t✉r❛ ❞❡ ❆❉◆ q✉❡ ❤❛❝❡♥ ♣♦s✐❜❧❡ ❧♦s ❡st✉❞✐♦s ❣❡♥ó♠✐❝♦s ❛
❣r❛♥ ❡s❝❛❧❛ ❧❧❡❣❛♥❞♦ ❛ ❝❛♣❛❝✐❞❛❞❡s ❞❡ ♣r♦❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s ❞❡❧ ♦r❞❡♥ ❞❡ ❧♦s
❝✐❡♥t♦s ❞❡ ▼❡❣❛❜❛s❡s ♣♦r ❤♦r❛✳

❊♥ ❡❧ ❝❛s♦ ❞❡ ❡st✉❞✐❛r ♠❡❞✐❛♥t❡ ✉♥❛ s❡❝✉❡♥❝✐❛❝✐ó♥✱ ❡❧ ❣❡♥♦♠❛ ❞❡ ✉♥❛ ❜❛❝t❡✲
r✐❛✱ s❡ s✉❡❧❡ tr❛❜❛❥❛r ❝♦♥ ❞♦s t✐♣♦s ❞❡ ❞❛t♦s ❣❡♥ó♠✐❝♦s✿ ✶✮ ❣❡♥♦♠❛s ❝♦♠♣❧❡t♦s
② ✷✮ ❣❡♥♦♠❛s ❡♥ ❡st❛❞♦ ❞❡ ❜♦rr❛❞♦r ✭❞r❛❢t✮✳ ▲❛ ❞✐❢❡r❡♥❝✐❛ ❡♥tr❡ ❛♠❜♦s t✐♣♦s
❝♦♥s✐st❡ ❡♥ q✉❡✱ ❡♥ ❡❧ ♣r✐♠❡r ❝❛s♦✱ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ❜❛s❡s ❞❡ ❆❉◆✱ ❝✉❜r❡ ❝♦♠✲
♣❧❡t❛♠❡♥t❡ ❡❧ ❣❡♥♦♠❛ ❞❡ ✉♥❛ ❜❛❝t❡r✐❛✱ ♣♦r ❧♦ ❝✉❛❧ s❡ ♣✉❡❞❡ s❛❜❡r ❧❛ ❝❛♥t✐❞❛❞
❞❡ ❜❛s❡s q✉❡ s❡♣❛r❛ ❝❛❞❛ ♣❛r ❞❡ ❣❡♥❡s ❡♥ ❡❧ ❣❡♥♦♠❛ ② s❡ t❡r♠✐♥❛ ♦❜t❡♥✐❡♥❞♦ ❡❧
♦r❞❡♥ ❡str✐❝t♦ ❞❡ ❜❛s❡s ♥✉❡❝❧❡♦tí❞✐❝❛s q✉❡ ❝♦♠♣♦♥❡♥ ❞✐❝❤♦ ❣❡♥♦♠❛✳ ❊♥ ❝❛♠✲
❜✐♦✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s ❣❡♥♦♠❛s ❞r❛❢t✱ só❧♦ s❡ tr❛❜❛❥❛ ❝♦♥ r❡❣✐♦♥❡s ♥♦ s♦❧❛♣❛♥t❡s
✭❞❡♥♦♠✐♥❛❞❛s ❝♦♥t✐❣s✮ q✉❡ ❝✉❜r❡♥ ♣❛r❝✐❛❧♠❡♥t❡ ❡❧ ❣❡♥♦♠❛ ❞❡ ✉♥❛ ❜❛❝t❡r✐❛
♣❛r❛ ❧❛s ❝✉❛❧❡s✱ ♥♦ ♥❡❝❡s❛r✐❛♠❡♥t❡✱ s❡ ❝♦♥♦❝❡ ❡❧ ♦r❞❡♥ ❡♥ ❡❧ q✉❡ ♦❝✉r❡♥ ❡♥ ❡❧
❣❡♥♦♠❛✳ ❆❞❡♠ás✱ ♥♦ s❡ ♣✉❡❞❡ ❞❡s❝❛rt❛r ❡❧ ❤❛❜❡r ♣❡r❞✐❞♦ ❣❡♥❡s ❞❡❧ ♦r❣❛♥✐s♠♦
❝♦♥ ❧♦ ❝✉❛❧ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❜✐♦❧ó❣✐❝❛ q✉❡ s❡ ♦❜t✐❡♥❡ ❡s ✐♥❝♦♠♣❧❡t❛✳ ❉❡ ❛♠❜♦s
t✐♣♦s✱ ❡❧ ú❧t✐♠♦ ❡s ❡❧ ♠ás ❝♦♠ú♥✱ ❞❛❞♦ q✉❡ ❡s ❡❧ q✉❡ s❡ ♦❜t✐❡♥❡ ❝♦♥ ✉♥❛ s♦❧❛
s❡❝✉❡♥❝✐❛❝✐ó♥ ❞❡ ❧❛ ♠✉❡str❛ ✭♦ ❝♦rr✐❞❛ ❙❤♦t❣✉♥✮✱ ♠✐❡♥tr❛s q✉❡ ❡♥ ❡❧ ❝❛s♦ ❞❡
❧♦s ❣❡♥♦♠❛s ❝♦♠♣❧❡t♦s✱ s❡ r❡q✉✐❡r❡ ❞❡ s✉❝❡s✐✈♦s ❡①♣❡r✐♠❡♥t♦s ❞❡ s❡❝✉❡♥❝✐❛❝✐ó♥
✭✐✳❡✳✿ ▼❛t❡ P❛✐r✱ P❛✐r❡❞ ❡♥❞✱ ❡t❝✮ q✉❡ ♣❡r♠✐t❛♥ r❡❧❛❝✐♦♥❛r ❧♦s ❞✐st✐♥t♦s ❝♦♥t✐❣s
② ❞❡s❝✉❜r✐r ❤✉❡❝♦s q✉❡ ♥♦ ❤❛②❛♥ s✐❞♦ ❝✉❜✐❡rt♦s ♣r❡✈✐❛♠❡♥t❡✳ ❊st♦s ❝♦♥t✐❣s ❝♦♥
❧♦s q✉❡ s❡ tr❛❜❛❥❛ ❧✉❡❣♦ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛❝✐ó♥✱ s♦♥ ❡❧ ♣r♦❞✉❝t♦ ❞❡ ✉♥ ♣r♦❝❡s♦
❝♦♥♦❝✐❞♦ ❝♦♠♦ ❡♥s❛♠❜❧❛❞♦✳

❊♥s❛♠❜❧❛❞♦ ❊❧ ♣r♦❝❡s♦ ❞❡ ❡♥s❛♠❜❧❛❞♦ ❝♦♥s✐st❡ ❡♥ ❛❧✐♥❡❛r ❡♥tr❡ sí✱ ❧❛s ❧❡❝t✉r❛s
♣r♦✈❡♥✐❡♥t❡s ❞❡ ❧❛ s❛❧✐❞❛ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛❝✐ó♥✱ ❞❡ ♠❛♥❡r❛ ❞❡ ♦❜t❡♥❡r r❡❣✐♦♥❡s
❞❡ ❆❉◆ ❝♦♥t✐❣✉❛s ✭❝♦♥t✐❣s✮ ❧♦ ♠❛s ❛❜❛r❝❛t✐✈❛s ♣♦s✐❜❧❡s✳ ❊❧ ♣r♦❝❡s♦ ❞❡ ❡♥s❛♠✲
❜❧❛❞♦ ❡s ✉♥ ♣r♦❝❡s♦ q✉❡ r❡q✉✐❡r❡ ❣r❛♥ ♣♦❞❡r ❞❡ ❝ó♠♣✉t♦ ② ❧❛ s♦❧✉❝✐ó♥ ó♣t✐♠❛
s❡rí❛ ✐♠♣r❛❝t✐❝❛❜❧❡✳ P♦r ❡st♦ ❡①✐st❡♥ ✈❛r✐♦s ♣r♦❣r❛♠❛s q✉❡ ❤❛❝❡♥ ✉s♦ ❞❡ ❤❡✉rís✲
t✐❝❛s ❜❛s❛❞❛s ❡♥ ❡str✉❝t✉r❛s ❞❡ ❞❛t♦s q✉❡ s❡ ❛❞❡❝ú❛♥ ❛ ❡st❡ t✐♣♦ ❞❡ ❛❧❣♦r✐t♠♦s
✭✐✳❡✳✿ ❣r❛❢♦s ❞❡ ❉❡❜r✉❥✐♥✱ ❡t❝✮✱ q✉❡ s❡ ❝❛r❛❝t❡r✐③❛♥ ♣♦r ✐♥t❡♥t❛r r❡s♦❧✈❡r ❡❧ ♣r♦❜✲
❧❡♠❛ ❝♦♥ ❞✐st✐♥t❛s ✜❧♦s♦❢í❛s✱ ♣r♦❞✉❝✐❡♥❞♦ r❡s✉❧t❛❞♦s ❞✐st✐♥t♦s ♣❛r❛ ✉♥ ♠✐s♠♦
❝♦♥❥✉♥t♦ ❞❡ ❧❡❝t✉r❛s ❞❛❞♦✳ ❊s ♣♦r ❡st♦ q✉❡ ❧❛ s♦❧✉❝✐ó♥ ❞❡ ❝♦♠♣r♦♠✐s♦ q✉❡ s❡
s✉❡❧❡ ❛❞♦♣t❛r ❡♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❝❛s♦s ❝♦♥s✐st❡ ❡♥ ❛♣❧✐❝❛r ♠ás ❞❡ ✉♥ s♦❢t✲

Pá❣✐♥❛ ✶✺ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

✇❛r❡ ❞❡ ❡♥s❛♠❜❧❛❞♦ ✭✐✳❡✳✿ ❇♦✇t✐❡✱ ◆❡✇❜❧❡r✱ ❈❡❧❡r❛✱ ❡t❝✮ ②✱ ❧✉❡❣♦✱ ❡❧❡❣✐r ❡❧ ♠❡❥♦r
❡♥s❛♠❜❧❛❞♦ ✉s❛♥❞♦ ❛❧❣✉♥❛s ♠étr✐❝❛s ❞❡ r❡♥❞✐♠✐❡♥t♦✳

▲❛s ❞✐✜❡r❡♥❝✐❛s ❡♥tr❡ ❧♦s ❛❧❣♦r✐t♠♦s ❞❡ ❡♥s❛♠❜❧❛❞♦ s❡ ❞❡❜❡♥ ❛ q✉❡ ❡stá♥
♦♣t✐♠✐③❛❞♦s ♣❛r❛ ❞❡t❡r♠✐♥❛❞♦s t✐♣♦s ❞❡ s❡❝✉❡♥❝✐❛s✳ ❆❧❣✉♥♦s ❡stá♥ ❞✐s❡ñ❛❞♦s
♣❛r❛ ❡♥s❛♠❜❧❛r ♠✉❝❤♦s ❢r❛❣♠❡♥t♦s ♣❡q✉❡ñ♦s ② ♦tr♦s ♣❛r❛ ♣♦❝♦s ❢r❛❣♠❡♥t♦s
❣r❛♥❞❡s✳ ❊st♦ ❡s ❛sí ♣♦rq✉❡ ❤✐stór✐❝❛♠❡♥t❡ ❧❛s ❡str❛t❡❣✐❛s ❞❡ ❡♥s❛♠❜❧❛❞♦ ❢✉❡r♦♥
❡✈♦❧✉❝✐♦♥❛♥❞♦ ❛ ❧❛ ♣❛r ❞❡ ❧❛s t❡❝♥♦❧♦❣í❛s ❞❡ s❡❝✉❡♥❝✐❛❝✐ó♥✳ ▲♦s ♣r✐♠❡r♦s ❛❧❣♦✲
r✐t♠♦s ❞❡ ❡♥s❛♠❜❧❛❞♦ ❢✉❡r♦♥ ❞❡s❛rr♦❧❧❛❞♦s ❡♥ ❧❛ ❞é❝❛❞❛ ❞❡❧ ✽✵ ♣❛r❛ ♦r❞❡♥❛r
❡❧ ❡s♣❛❝✐♦ ❞❡ ❢r❛❣♠❡♥t♦s ❞❡ s❡❝✉❡♥❝✐❛s ♣r♦❞✉❝t♦ ❞❡ ❧❛s s❡❝✉❡♥❝✐❛❝✐♦♥❡s ✉s❛♥❞♦
❧❛ té❝♥✐❝❛ ❞❡ ❙❛♥❣❡r✳ P❡r♦ ❛ ♠❡❞✐❞❛ ❞❡ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❧❡❝t✉r❛s q✉❡ s❡ ♣♦❞í❛♥
❧❡❡r ❢✉❡r♦♥ ❛✉♠❡♥t❛♥❞♦✱ ❧❛s ❤❡✉ríst✐❝❛s ❞❡ ❡♥s❛♠❜❧❛❞♦ s❡ ❢✉❡r♦♥ ❛❞❛♣t❛♥❞♦ ②✱
❛❧ ❞í❛ ❞❡ ❤♦②✱ ❧♦s ♠✐s♠♦s ❢❛❜r✐❝❛♥t❡s ❞❡ s❡❝✉❡♥❝✐❛❞♦r❡s r❡❝♦♠✐❡♥❞❛♥ ❧♦s ♣❛✲
q✉❡t❡s ❞❡ s♦❢t✇❛r❡ q✉❡ ♣r♦❞✉❝❡♥ ❧♦s ♠❡❥♦r❡s r❡s✉❧t❛❞♦s ♣❛r❛ ❧❛s ❧❡❝t✉r❛s q✉❡
s❡ ♦❜t✐❡♥❡♥ ✉s❛♥❞♦ s✉s ♣r♦❞✉❝t♦s✳

❆♥♦t❛❝✐ó♥ ▲❛ ❛♥♦t❛❝✐ó♥ ❛✉t♦♠át✐❝❛ ❞❡ ❣❡♥♦♠❛s ❜❛❝t❡r✐❛♥♦s ❝♦♥s✐st❡ ❡♥ ❧❛
❛s✐❣♥❛❝✐ó♥ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ❢✉♥❝✐♦♥❛❧ ✭❢✉♥❝✐♦♥❛❧✐❞❛❞ ❜✐♦❧ó❣✐❝❛✮ ❛ ❞❡t❡r♠✐♥❛❞❛s
r❡❣✐♦♥❡s ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ ❣❡♥ó♠✐❝❛ ❞❡ ✉♥ ♠✐❝r♦♦r❣❛♥✐s♠♦✳ ▲♦s s✐st❡♠❛s ❞❡ ❛♥♦✲
t❛❝✐ó♥ ❝♦♥s✐st❡♥ ❡♥ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ✈❛r✐♦s ♣r♦❣r❛♠❛s ❞❡ ♣r❡❞✐❝❝✐ó♥ ❞❡ ♣❛tr♦♥❡s
② ❜úsq✉❡❞❛s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s✱ ❝♦♥ ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ❛s✐❣♥❛r t❛❣s ❝♦rr❡s♣♦♥❞✐✲
❡♥t❡s ❛ ❧♦ q✉❡ s❡ ❞❡s❡❛ s❛❜❡r ❞❡ ❞✐❝❤❛s r❡❣✐♦♥❡s✳ ❊st♦s t❛❣s s❡rí❛♥ ❡❧ ♣r♦❞✉❝t♦
❝♦♠♣❧❡t♦ ❞❡ ❧❛ ❛♥♦t❛❝✐ó♥ ② s✉❡❧❡♥ ❞❡✜♥✐rs❡ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧♦s ♦❜❥❡t✐✈♦s ❞❡ ❝❛❞❛
♣r♦②❡❝t♦✳ ❆ s✉ ✈❡③✱ ❧❛s r❡❣✐♦♥❡s ❞❡ ✐♥t❡rés q✉❡ ♥♦s ✐♥t❡r❡s❛ ❛♥♦t❛r✱ ❡♥ ❣❡♥❡r❛❧✱
❡stá♥ r❡❧❛❝✐♦♥❛❞❛s ❛ ❡❧❡♠❡♥t♦s ❞❡♥tr♦ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ ❣❡♥ó♠✐❝❛✱ q✉❡ ✈❛♥ ❞❡s❞❡
s✐t✐♦s ❝❤✐❝♦s ✭♣♦❝❛s ♣❛r❡s ❞❡ ❜❛s❡s✮ ❝♦♠♦ s❡r ❝♦❞♦♥❡s st❛rt✱ s✐t✐♦s ❞❡ ✉♥✐ó♥ ❛
r✐❜♦s♦♠❛s ♦ ♣r♦t♦♠♦r❡s✱ ❤❛st❛ r❡❣✐♦♥❡s q✉❡ ❛❜❛r❝❛♥ ✉♥❛ ♠❛②♦r ❝❛♥t✐❞❛❞ ❞❡
♣❛r❡s ❞❡ ❜❛s❡s ❝♦♠♦ s❡❝✉❡♥❝✐❛s q✉❡ ❝♦❞✐✜❝❛♥ ♣❛r❛ ♣r♦t❡í♥❛s✱ r❘◆❆s✱ t❘◆❆s✱
❡t❝✳ ❊♥ ❡❧ ❝❛s♦ ❞❡ ❧❛s r❡❣✐♦♥❡s q✉❡ ❝♦❞✐✜❝❛♥ ❞✐st✐♥t♦s t✐♣♦s ❞❡ ❘◆❆✱ ❡s ♣♦s✐❜❧❡
✉s❛r ♣r♦❣r❛♠❛s ❞❡ r❡❝♦♥♦❝✐♠✐❡♥t♦ ❡st❛❞íst✐❝♦ ❞❡ ♣❛tr♦♥❡s ✭❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡
♠♦❞❡❧♦s ❞❡ ♠❛r❦♦✈✮ ❞❡ ♠❛♥❡r❛ ❞❡ ❝❧❛s✐✜❝❛r ❝❛❞❛ r❡❣✐ó♥ ❝♦❞✐✜❝❛♥t❡ s❡❣ú♥ ❡❧
t✐♣♦ ❞❡ ❘◆❆ q✉❡ s❡❛ ✭✐✳❡✳✿ r❘◆❆✲✶✻s✱ t❘◆❆✲❚❨❘✱ ❡t❝✮✳

P♦r s✉ ♣❛rt❡✱ ❡❧ ♣r♦❝❡s♦ ❞❡ ❛♥♦t❛❝✐ó♥ ❞❡ s❡❝✉❡♥❝✐❛s q✉❡ ❝♦❞✐✜❝❛♥ ♣r♦t❡í♥❛s✱
❡♥ ❣❡♥❡r❛❧✱ r❡q✉✐❡r❡ ❞❡ ❞❡t❡❝t❛r ❧♦s ♠❛r❝♦s ❞❡ ❧❡❝t✉r❛ ♠❡❞✐❛♥t❡ ❡❧ r❡❝♦♥♦❝✐♠✐❡♥✲
t♦ ❞❡ ♣❛tr♦♥❡s ❡st❛❞íst✐❝♦s ♣r♦❞✉❝t♦ ❞❡ ❡♥tr❡♥❛r ♠♦❞❡❧♦s ♣r❡❞✐❝t✐✈♦s ✉s❛♥❞♦
r❡❣✐♦♥❡s ❝♦❞✐✜❝❛♥t❡s ❝♦♥♦❝✐❞❛s✳ ❈♦♥ ❡st❛s r❡❣✐♦♥❡s ♣r❡❞✐❝❤❛s✱ s❡ tr❛❞✉❝❡♥ ❧❛s
s❡❝✉❡♥❝✐❛s ❞❡ ❆❉◆ ❞❡ ❧♦s ♠❛r❝♦s ❞❡ ❧❡❝t✉r❛ ❛❧ ❛❧❢❛❜❡t♦ ❞❡ ❧❛s ♣r♦t❡í♥❛s ✉t✐✲
❧✐③❛♥❞♦ ✉♥ ❝ó❞✐❣♦ ❣❡♥ét✐❝♦ ❛❞❡❝✉❛❞♦ ♣❛r❛ ❡❧ ♦r❣❛♥✐s♠♦ q✉❡ s❡ ❡stá ❛♥♦t❛♥❞♦✳
❯♥❛ ✈❡③ ♦❜t❡♥✐❞❛ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ♣r♦t❡í♥❛s s❡ r❡❛❧✐③❛♥ ❜úsq✉❡❞❛s ❞❡ s✐♠✐❧❛r✐✲
❞❛❞ ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s ❜✐♦❧ó❣✐❝❛s ❞❡ ♠❛♥❡r❛ ❞❡ ❛s✐❣♥❛r ✐♥❢♦r♠❛❝✐ó♥ ❢✉♥❝✐♦♥❛❧
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

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

♠❛s ❞❡ ♣r❡❞✐❝❝✐ó♥✱ ❞❡ ♠❛♥❡r❛ ❞❡ ❛s✐❣♥❛r ❢✉♥❝✐♦♥❛❧✐❞❛❞ ❜✐♦❧ó❣✐❝❛ ❛ ❝❛❞❛ r❡❣✐ó♥
❞❡ ✐♥t❡rés ❞❡♥tr♦ ❞❡❧ ❣❡♥♦♠❛✳ ❈♦♥t✐♥✉❛r❡♠♦s ♣r♦❢✉♥❞✐③❛♥❞♦ ❡♥ ❡❧ ♣r♦❝❡s♦ ❞❡
❛♥♦t❛❝✐ó♥ q✉❡ ❢♦r♠ó ♣❛rt❡ ❢✉♥❞❛♠❡♥t❛❧ ❞❡ ❡st❡ tr❛❜❛❥♦ ❞❡ t❡s✐s✳

✷✳✷✳ ▼❛t❡r✐❛❧❡s ② ▼ét♦❞♦s

❊♥ ❡st❛ t❡s✐s tr❛❜❛❥❛r❡♠♦s ✉s❛♥❞♦ ❧❛s s❡❝✉❡♥❝✐❛s ❞❡ ❆❉◆ ✉♥❛ ✈❡③ ❡♥s❛♠✲
❜❧❛❞❛s✱ ②❛ s❡❛ ❞❡ ✉♥ ❣❡♥♦♠❛ ❝♦♠♣❧❡t♦ ♦ ❞❡ ✉♥ ❣❡♥♦♠❛ ❞r❛❢t✱ ❡❧ ♣r♦❝❡❞✐♠✐❡♥t♦
❞❡ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❣❡♥❡s ② ♣♦st❡r✐♦r ❛♥♦t❛❝✐ó♥ ❞❡ ♣r♦t❡í♥❛s s❡ ❞✐✈✐❞❡ ❢✉♥❞❛♠❡♥✲
t❛❧♠❡♥t❡ ❡♥ ✷ ♣❛s♦s ❝♦♠♦ s❡ ♠✉❡str❛ ❡♥ ❧❛ ❋✐❣✉r❛ ✷✳✷✿

❋✐❣✉r❛ ✷✳✷✿ ❊sq✉❡♠❛ ❣❧♦❜❛❧ ❞❡❧ ♣r♦❝❡s♦ ❞❡ ❛♥♦t❛❝✐ó♥ ❞❡ s❡❝✉❡♥❝✐❛s q✉❡ ❝♦❞✐✜❝❛♥
♣r♦t❡í♥❛s✳ Pr✐♠❡r♦✱ s❡ r❡❛❧✐③❛ ✉♥❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❣❡♥❡s ✉t✐❧✐③❛♥❞♦ ❛❧❣♦r✐t♠♦s q✉❡ ♥♦ ✉s❛♥
❝♦♠♣❛r❛❝✐♦♥❡s ❝♦♥ s❡❝✉❡♥❝✐❛s q✉❡ ❡st❛♥ ❡♥ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s✳ ❙❡❣✉♥❞♦✱ ✉♥❛ ✈❡③ ♦❜t❡♥✐❞♦s
❧♦s ♠❛r❝♦s ❞❡ ❧❡❝t✉r❛✱ s❡ ❝♦♠♣❛r❛♥ ❧❛s s❡❝✉❡♥❝✐❛s ♦❜t❡♥✐❞❛s ❝♦♥ s❡❝✉❡♥❝✐❛s q✉❡ ❡st❛♥ ❡♥ ❧❛s
❜❛s❡s ❞❡ ❞❛t♦s✳

Pr❡❞✐❝❝✐ó♥ ❞❡ r❡❣✐♦♥❡s ❝♦❞✐✜❝❛♥t❡s✳ ❊st❡ ♣❛s♦ s❡ ❝❛r❛❝t❡r✐③❛ ♣♦r
✉s❛r ♠♦❞❡❧♦s ❡st❛❞íst✐❝♦s ♣r❡✈✐❛♠❡♥t❡ ❝♦♥str✉✐❞♦s✱ ♦ ❝♦♥str✉✐❞♦s ❡♥ ❡❧
♠♦♠❡♥t♦ ♣r❡✈✐♦ ❛ ❧❛ ♣r❡❞✐❝❝✐ó♥ ✉s❛♥❞♦ ❧❛ ♣r♦♣✐❛ s❡❝✉❡♥❝✐❛ ❣❡♥ó♠✐❝❛✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

◆♦ ✉s❛♥ ❜úsq✉❡❞❛s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s ② t✐❡♥❡♥ ♣♦r ♦❜❥❡t✐✈♦ tr❛t❛r ❞❡
♣r❡❞❡❝✐r ❧♦s ❢❡❛t✉r❡s ❣❡♥ó♠✐❝♦s sí♥ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❜❛s❡s ❞❡ ❞❛t♦s✳ P❛r❛
❡st♦ ✉s❛♠♦s ●❧✐♠♠❡r q✉❡ s❡rá ❝♦♠❡♥t❛❞♦ ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳

❇úsq✉❡❞❛s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s✳ ❊st❡ ♣❛s♦ s✉❡❧❡ s❡r ♣♦st❡r✐♦r ❛❧ ❛♥t❡r✐♦r✱
❞❛❞♦ q✉❡ s❡ r❡❛❧✐③❛ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛s r❡❣✐♦♥❡s q✉❡ ❤❛②❛♥ s✐❞♦ ♣r❡❞✐❝❤❛s✳
❊♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❝❛s♦s✱ s❡ tr❛❞✉❝❡♥ ❧♦s ♣r♦❞✉❝t♦s ❣é♥✐❝♦s ❛❧ ❛❧❢❛❜❡t♦
❞❡ ♣r♦t❡í♥❛s ② s❡ r❡❛❧✐③❛♥ ❜úsq✉❡❞❛s ♣♦r s✐♠✐❧❛r✐❞❛❞ s♦❜r❡ ❜❛s❡s ❞❡ ❞❛t♦s
♣♦r ❡♥tr❛❞❛s s✐♠✐❧❛r❡s q✉❡ ❤❛②❛♥ s✐❞♦ ❛♥♦t❛❞❛s ♣r❡✈✐❛♠❡♥t❡✳ P❛r❛ ❡st♦
✉s❛♠♦s ❇▲❆❙❚ ② ❍▼▼❊❘ q✉❡ t❛♠❜✐é♥ s❡rá♥ ❝♦♠❡♥t❛❞♦s✱ ❛❞❡♠ás ❞❡
❧❛s ❜❛s❡s ❞❡ ❞❛t♦s q✉❡ ✉s❛♠♦s ♣❛r❛ ♦❜t❡♥❡r ❧❛s ❛♥♦t❛❝✐♦♥❡s✳

❊♥ ❣❡♥❡r❛❧✱ ❡st❡ ❛❝❡r❝❛♠✐❡♥t♦ ❞✉❛❧ q✉❡ ♣r❡❞✐❝❡ ❣❡♥❡s s✐♥ ❜❛s❛rs❡ ❡♥ ❝♦♠✲
♣❛r❛❝✐ó♥ ❝♦♥ ❜❛s❡s ❞❡ ❞❛t♦s ♣❡r♠✐t❡ ❞❡t❡r♠✐♥❛r ♣♦s✐❜❧❡s ❣❡♥❡s q✉❡ ♥✉♥❝❛
❤❛②❛♥ s✐❞♦ ❞❡s❝✉❜✐❡rt♦s ❛♥t❡s✱ ② ♣♦r ♦tr♦ ❧❛❞♦✱ ♣❡r♠✐t❡ ❛s✐❣♥❛r ✐♥❢♦r♠❛❝✐ó♥
❢✉♥❝✐♦♥❛❧ ❛ ✉♥ ♠❛r❝♦ ❞❡ ❧❡❝t✉r❛ ❝♦♠♣❛r❛♥❞♦ ❝♦♥ ❜❛s❡s ❞❡ ❞❛t♦s ❧♦s ❣❡♥❡s ❡♥✲
❝♦♥tr❛❞♦s✳ ▲❛ ❝♦♥❝❛t❡♥❛❝✐ó♥ ❞❡ ❡st♦s ❞♦s ♣r♦❝❡s♦s ❞❛ ❧✉❣❛r ❛ ✉♥❛ s❡❝✉❡♥❝✐❛ ❞❡
♣r♦❝❡s❛♠✐❡♥t♦ ❞❡ ❞❛t♦s ❛ ❧❛ q✉❡ s❡ ❧❡ s✉❡❧❡ ❞❛r ❡❧ ♥♦♠❜r❡ ❞❡ ♣✐♣❡❧✐♥❡✳ ❊st♦s
♣✐♣❡❧✐♥❡s s❡ ❝❛r❛❝t❡r✐③❛♥ ♣♦r ❡st❛r ❢♦r♠❛❞♦s ♣♦r ✉♥❛ s❡❝✉❡♥❝✐❛ ❞❡ ♣r♦❝❡s♦s q✉❡
❢✉♥❝✐♦♥❛♥ ❝♦♠♦ ♣✐❡③❛s ✐♥t❡r❝❛♠❜✐❛❜❧❡s ❡♥ ❧♦s q✉❡ ❡❧ ♦✉t♣✉t ❞❡ ✉♥♦ s❡ ❝♦♥✈✐❡rt❡
❡♥ ❡❧ ✐♥♣✉t ❞❡❧ ♣ró①✐♠♦ ♣r♦❝❡s♦✳ P♦r ❧♦ t❛♥t♦✱ ❞❡s❝r✐❜✐r❡♠♦s ❧❛s ♣✐❡③❛s q✉❡ ❢♦r✲
♠❛♥ ♣❛rt❡ ❞❡ ❡st♦s ♣r♦❝❡s♦s ② ❧✉❡❣♦✱ ♠♦str❛r❡♠♦s ❝♦♠♦ s❡ ❝♦♥❝❛t❡♥❛♥ ♣❛r❛
❢♦r♠❛r ❡❧ ♣✐♣❡❧✐♥❡ ❞❡ ❛♥♦t❛❝✐ó♥ ❞❡ ❣❡♥♦♠❛s ❜❛❝t❡r✐❛♥♦s✳

✷✳✷✳✶✳ Pr❡❞✐❝❝✐ó♥ ❞❡ r❡❣✐♦♥❡s ❝♦❞✐✜❝❛♥t❡s✳

❉❛❞♦s ❧♦s ❝♦♥t✐❣s✱ ♣r♦❞✉❝t♦ ❞❡❧ ❡♥s❛♠❜❧❛❞♦✱ s❡ ♣r♦❝❡❞❡ ❛ ✐❞❡♥t✐✜❝❛r r❡✲
❣✐♦♥❡s ❞❡❧ ❣❡♥♦♠❛ ♦❜❥❡t✐✈♦ ❝♦♥ ❛❧t❛s ❝❤❛♥❝❡s ❞❡ s❡r ❣❡♥❡s✳ P❛r❛ ❡st❛ t❛r❡❛
s❡ ✉só ♣r✐♥❝✐♣❛❧♠❡♥t❡ ●❧✐♠♠❡r✸ ❬❉❡❧❝❤❡r ❡t ❛❧✳✱ ✷✵✵✼❪✱ ✉♥❛ ❤❡rr❛♠✐❡♥t❛ q✉❡
❞❡❜❡ s❡r ❡♥tr❡♥❛❞❛ ❝♦♥ ✉♥ ❣❡♥♦♠❛ ❞❡ r❡❢❡r❡♥❝✐❛ ✜❧♦❣❡♥ét✐❝❛♠❡♥t❡ ❝❡r❝❛♥♦ ❛❧
❣❡♥♦♠❛ ♦❜❥❡t✐✈♦✳ ❚❛♠❜✐é♥ ❡stá♥ ❞✐s♣♦♥✐❜❧❡s ♦tr❛s ❤❡rr❛♠✐❡♥t❛s ❝♦♠♦ s❡r ●❡♥✲
❡▼❛r❦ ❬❇❡s❡♠❡r ❛♥❞ ❇♦r♦❞♦✈s❦②✱ ✷✵✵✺❪ ② ❖❘❋ ❋✐♥❞❡r ❬❘♦♠❜❡❧ ❡t ❛❧✳✱ ✷✵✵✷❪✳
❊♥tr❡ ❡st❛s tr❡s ❤❡rr❛♠✐❡♥t❛s ●❧✐♠♠❡r s✉❡❧❡ s✉❜❡st✐♠❛r ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❖❘❋s
♠✐❡♥tr❛s q✉❡ ●❡♥❡▼❛r❦ s✉❡❧❡ s♦❜r❡❡st✐♠❛r❧♦s✳ P♦r ♦tr♦ ❧❛❞♦✱ ❖❘❋ ❋✐♥❞❡r só❧♦
♣r♦❞✉❝❡ ✉♥❛ s❛❧✐❞❛ ❞❡ t♦❞♦ ❧♦s ♠❛r❝♦s ❞❡ ❧❡❝t✉r❛s ♣♦s✐❜❧❡s ❞❛♥❞♦ ❝♦♠♦ r❡s✉❧t❛✲
❞♦ ✉♥❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ❖❘❋s s♦❜r❡❡st✐♠❛❞♦s ② s❡ ✉t✐❧✐③❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛
❡♥❝♦♥tr❛r t♦❞❛s ❧❛s r❡❣✐♦♥❡s ❝♦❞✐✜❝❛♥t❡s ② ♠ás t❛r❞❡ r❡❛❧✐③❛r ❜úsq✉❡❞❛s ❞❡
s✐♠✐❧❛r✐❞❛❞ ♣❛r❛ ❞❡s❝❛rt❛r❧♦s ♠❛♥✉❛❧♠❡♥t❡✳ ❉❡ ❡♥tr❡ ❡st♦s✱ ♥♦s♦tr♦s ❡❧❡❣✐♠♦s
●❧✐♠♠❡r ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❧❛s r❡❣✐♦♥❡s q✉❡ ❝♦❞✐✜❝❛♥ ♣r♦t❡í♥❛s ② ♣❛r❛ ✐❞❡♥t✐✜❝❛r
r❡❣✐♦♥❡s q✉❡ ❝♦❞✐✜❝❛♥ t❘◆❆s ✉s❛♠♦s ✉♥❛ ❤❡rr❛♠✐❡♥t❛ ❧❧❛♠❛❞❛ t❘◆❆❙❝❛♥✲❙❊
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❬▲♦✇❡ ❛♥❞ ❊❞❞②✱ ✶✾✾✼❪✳ P♦r ú❧t✐♠♦✱ ✉♥❛ ✈❡③ ❞❡ ♣r❡❞✐❝❤♦s ❧♦s ❡❧❡♠❡♥t♦s ❝♦❞✐✲
✜❝❛♥t❡s✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❧❛s r❡❣✐♦♥❡s q✉❡ ❝♦❞✐✜❝❛♥ ♣r♦t❡í♥❛s✱ ❡s ♣♦s✐❜❧❡ r❡❛❧✐③❛r
♣r❡❞✐❝❝✐♦♥❡s ❞❡ ❡❧❡♠❡♥t♦s ♣r♦t❡✐❝♦s✳ ❊♥ ♥✉❡str♦ ❝❛s♦✱ ♠❡♥❝✐♦♥❛♠♦s ❧♦s ♣r❡❞✐❝✲
❝✐♦♥❡s ❞❡ ❧♦❝❛❧✐③❛❝✐ó♥ ❝❡❧✉❧❛r✱ P❙❖❘❚ ❬◆❛♥❝② ❡t ❛❧✳✱ ✷✵✶✵❪ ② ❙✐❣♥❛❧P ❬P❡t❡rs❡♥
❡t ❛❧✳✱ ✷✵✶✶❪✱ q✉❡ ✉s❛♠♦s ♣❛r❛ ❝✉♠♣❧✐r ❝♦♥ ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s ❞❡ ❧♦s ♣r♦②❡❝t♦s
❡♥ ❧♦s q✉❡ ♥♦s ✈✐♠♦s ❡♥✈✉❡❧t♦s ② ❧♦s ❝♦♠❡♥t❛r❡♠♦s ❜r❡✈❡♠❡♥t❡✳

t❘◆❆❙❝❛♥✲❙❊ t❘◆❆❙❝❛♥ ❡s ✉♥❛ ❤❡rr❛♠✐❡♥t❛ q✉❡ ❡stá ❜❛s❛❞❛ ❡♥ ♠♦❞❡❧♦s
❡st❛❞íst✐❝♦s ❞❡ ❧❛s s❡❝✉❡♥❝✐❛s ❞❡ t❘◆❆s ❝♦♥♦❞✐❞♦s✳ ■♠♣❧❡♠❡♥t❛ ❡❧ ❛❧❣♦r✐t♠♦
❞❡ P❛✈❡s✐ ❬P❛✈❡s✐ ❡t ❛❧✳✱ ✶✾✾✹❪ q✉❡ ❡stá ❜❛s❛❞♦ ❡♥ ❡❧ r❡❝♦♥♦❝✐♠✐❡♥t♦ ❞❡ ❞♦s
r❡❣✐♦♥❡s ❞❡ ❝♦♥tr♦❧ ✐♥tr❛❣é♥✐❝❛s ❝♦♥♦❝✐❞❛s ❝♦♠♦ ❝❛❥❛s ❆ ② ❇✱ q✉❡ s♦♥ s❡ñ❛❧❡s
❞❡ t❡r♠✐♥❛❝✐ó♥ ❞❡ ❧❛ tr❛♥s❝r✐♣❝✐ó♥✱ ② t❛♠❜✐é♥ t✐❡♥❡ ❡♥ ❝✉❡♥t❛ ❧❛ ❞✐st❛♥❝✐❛
❡♥tr❡ ❡st♦s ❡❧❡♠❡♥t♦s ② ❧❛ ❞✐st❛♥❝✐❛ ❛ ❧❛ ❘◆❆ ♣♦❧✐♠❡r❛s❛ ■■■✳ ❊♥ ❢✉♥❝✐ó♥ ❞❡
❡st♦s ♣❛rá♠❡tr♦s ❝❛❧❝✉❧❛ ✉♥ ♣✉♥t❛❥❡ ② s✐ ❡❧ ♣✉♥t❛❥❡ ❡stá ♣♦r ❡♥❝✐♠❛ ❞❡ ✉♥
❞❡t❡r♠✐♥❛❞♦ ♣✉♥t♦ ❞❡ ❝♦rt❡✱ ❧❛ s❡❝✉❡♥❝✐❛ ❛♥❛❧✐③❛❞❛ ❡s ❝♦♥s✐❞❡r❛❞❛ ✉♥ t❘◆❆✳

●❡♥❡ ▲♦❝❛t♦r ❛♥❞ ■♥t❡r♣♦❧❛t❡❞ ▼❛r❦♦✈ ▼♦❞❡❧❡r ✭●▲■▼▼❊❘✮ ❊s ✉♥ s✐st❡♠❛
❝♦♠♣✉❡st♦ ♣♦r ✉♥❛ ✈❛r✐❡❞❛❞ ❞❡ ♣r♦❣r❛♠❛s q✉❡ ❜r✐♥❞❛ ❢❛❝✐❧✐❞❛❞❡s ♣❛r❛ ♣r❡❞❡❝✐r
❖❘❋s ❛ ♣❛rt✐r ❞❡ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ❝♦♥t✐❣s✳ ❊❧ ♣r♦❝❡s♦ ❞❡ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❖❘❋s
❝♦♥st❛ ❞❡ ✉♥❛ ❡t❛♣❛ ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ ② ✉♥❛ ❡t❛♣❛ ❞❡ ♣r❡❞✐❝❝✐ó♥✳ ❉❛❞♦ q✉❡
●❧✐♠♠❡r ❢✉♥❝✐♦♥❛ ✐❞❡♥t✐✜❝❛♥❞♦ ❣❡♥❡s ✉s❛♥❞♦ ♠♦❞❡❧♦s ❞❡ ♠❛r❦♦✈✱ ♥❡❝❡s✐t❛
s❡r ❡♥tr❡♥❛❞♦ ✉s❛♥❞♦ ❖❘❋s ❞❡ r❡❢❡r❡♥❝✐❛✳ ▲♦s ❖❘❋s q✉❡ s❡ ❞❡❜❡♥ ✉t✐❧✐③❛r
♣❛r❛ ést❡ ❡♥tr❡♥❛♠✐❡♥t♦ ❞❡❜❡♥ s❡r ❞❡ ✉♥ ♦r❣❛♥✐s♠♦ ✜❧♦❣❡♥ét✐❝❛♠❡♥t❡ ❝❡r❝❛♥♦
❛❧ q✉❡ s❡ ❞❡s❡❛ ❡st✉❞✐❛r ♣❛r❛ q✉❡ ❧❛s ♣r❡❞✐❝❝✐♦♥❡s ❞❡♥ ✉♥ ♠❡❥♦r r❡s✉❧t❛❞♦✳
❖tr❛ ❢♦r♠❛ ❞❡ ♣r♦✈❡❡r ❖❘❋s ❡s ❡①tr❛②❡♥❞♦ ❧❛s r❡❣✐♦♥❡s ♠❛s ❧❛r❣❛s ❞♦♥❞❡ ♥♦
❛♣❛r❡③❝❛♥ ❝♦❞♦♥❡s st♦♣ ❝♦♥ ❡❧ ❝♦♠❛♥❞♦ ❧♦♥❣✲♦r❢s ❞❡ ●❧✐♠♠❡r✳ ▲❛ ✐❞❡❛ ❡s ❧❛
s✐❣✉✐❡♥t❡✱ s✐ ❧❛s s❡❝✉❡♥❝✐❛s ❞❡ ❆❉◆ ❢✉❡r❛♥ ❛❧❡❛t♦r✐❛s ② ❧♦s ❝♦❞♦♥❡s ❡st✉✈✐❡r❛♥
❞✐str✐❜✉í❞♦s ❛❧❡❛t♦r✐❛♠❡♥t❡✱ ❧♦s ❝♦❞♦♥❡s st♦♣ ❛♣❛r❡❝❡rí❛♥ ❝♦♥ ✉♥❛ ❢r❡❝✉❡♥❝✐❛
❞❡❧ ♦r❞❡♥ ❞❡ ✸✴✻✹✳ ❚❡♥✐❡♥❞♦ ❡st♦ ❡♥ ❝✉❡♥t❛✱ ●❧✐♠♠❡r ♣❡r♠✐t❡ ❜✉s❝❛r ❧❛r❣❛s
♣♦r❝✐♦♥❡s ❞❡♥tr♦ ❞❡ ❧♦s ❝♦♥t✐❣s ❞♦♥❞❡ ♥♦ ❛♣❛r❡❝❡ ✉♥ ❝♦❞♦♥ st♦♣✱ t♦♠❛♥❞♦ ❡st♦
❝♦♠♦ ✉♥ ♣♦s✐❜❧❡ ♠❛r❝♦ ❞❡ ❧❡❝t✉r❛✳ ❉❡ ❡st❛ ♠❛♥❡r❛ ❡s ♣♦s✐❜❧❡ ❝♦♥s❡❣✉✐r ✉♥
❝♦♥❥✉♥t♦ ❞❡ ❖❘❋s ❞❡ ❡♥tr❡♥❛♠✐❡♥t♦ ♣❛r❛ s✉♠✐♥✐str❛r ❛ ●❧✐♠♠❡r ② ❤❛❝❡r ❧❛
♣r❡❞✐❝❝✐ó♥✱ q✉❡ ✉s❛ ✐♥❢♦r♠❛❝✐ó♥ ❡st❛❞íst✐❝❛ ❞❡ ❧❛ ❝♦♠♣♦s✐❝✐ó♥ ❞❡ ❜❛s❡s ❞❡ ❧❛s
r❡❣✐♦♥❡s ❝♦❞✐✜❝❛♥t❡s ② ♥♦ ❝♦❞✐✜❝❛♥t❡s✳ ▲✉❡❣♦✱ ●❧✐♠♠❡r ✸✳✵ ✐♥❝♦r♣♦ró ❧♦s s✐t✐♦s
❞❡ ✉♥✐ó♥ ❛ r✐❜♦s♦♠❛ ♣❛r❛ ♠❡❥♦r❛r ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❧♦s ❝♦❞♦♥❡s st❛rt✳

■❞❡♥t✐✜❝❛❝✐ó♥ s✐t✐♦s ❞❡ ✉♥✐ó♥ ❛ r✐❜♦s♦♠❛✳ P❛r❛ ✐❞❡♥t✐✜❝❛r s✐t✐♦s ❞❡ ✉♥✐ó♥ ❛
r✐❜♦s♦♠❛ ✭❘✐❜♦s♦♠❡ ❇✐♥❞✐♥❣ ❙✐t❡ ✲ ❘❇❙✮ ❡stá ❞✐s♣♦♥✐❜❧❡ ✉♥❛ ❤❡rr❛♠✐❡♥t❛ ❧❧❛✲
♠❛❞❛ ❘❇❙❋✐♥❞❡r✳ ❊♥❝♦♥tr❛r s✐t✐♦s ❞❡ ✉♥✐ó♥ ❛ r✐❜♦s♦♠❛ ❡s út✐❧ ♣❛r❛ ❡❧ ❛♥♦t❛❞♦r
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❛ ❧❛ ❤♦r❛ ❞❡ ❝♦rr❡❣✐r ❧♦s ❝♦❞♦♥❡s st❛rt q✉❡ ❡❧ ♣r❡❞✐❝t♦r ❞❡ ❖❘❋s ❤❛②❛ ❡♥❝♦♥✲
tr❛❞♦✳ ❊st♦ ❡s ✐♠♣♦rt❛♥t❡ ❞❡❜✐❞♦ ❛ q✉❡✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s ❝♦❞♦♥❡s st❛rt q✉❡
s♦♥ ❝♦❞✐✜❝❛♥t❡s ✭❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❧♦s ❝♦❞♦♥❡s st♦♣✮✱ s❡ ♣✉❡❞❡ ❞❛r q✉❡ ❛♣❛r❡③❝❛
♠ás ❞❡ ✉♥ ❝♦❞♦♥ st❛rt ❡♥ ❡❧ ❡①tr❡♠♦ ✺′ ❞❡❧ ❣❡♥✱ ❧♦ ❝✉á❧ s✉❡❧❡ ❞❛r ❧✉❣❛r ❛ q✉❡
❧♦s ♣r❡❞✐❝t♦r❡s ❝♦♠❡♥t❛♥ ❡rr♦r❡s ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ✐♥✐❝✐♦ ❞❡❧ ❖❘❋✳ ❘❇❙❋✐♥❞❡r
s❡ ❛❧✐♠❡♥t❛ ❝♦♥ ✉♥❛ s❡❝✉❡♥❝✐❛ ❝♦♥t✐❣✉❛ ❞❡ ❆❉◆ ✭✐✳❡✳✿ ✉♥ ❝♦♥t✐❣✮ ② ✉♥❛ ❧✐st❛
❞❡ ❝♦♦r❞❡♥❛❞❛s ❞❡ ❖❘❋s ♣r♦❞✉❝t♦ ❞❡ ❝♦rr❡r ✉♥❛ ♣r❡❞✐❝❝✐ó♥✱ ✉s❛♥❞♦ ●❧✐♠♠❡r
♦ ●❡♥❡▼❛r❦✳ ❇r✐♥❞❛ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ s✉♠✐♥✐str❛r ♣♦r ❧❛ ❡♥tr❛❞❛ ✉♥ s✐t✐♦ ❝♦♥✲
s❡♥s♦ ❞❡ ✉♥✐ó♥ ❛ r✐❜♦s♦♠❛ ♣r♦♣✐♦ ❞❡❧ ❣❡♥♦♠❛ q✉❡ s❡ ❡st❛ ❛♥♦t❛♥❞♦✱ ② ♣r♦❞✉❝❡
✉♥❛ s❛❧✐❞❛ ❝♦♥ t♦❞♦s ❧♦s ❘❇❙s ♣♦s✐❜❧❡s ♣❛r❛ ❧♦s ♠❛r❝♦s ❞❡ ❧❡❝t✉r❛ s✉♠✐♥✐str❛✲
❞♦s✳ ▲❛ ♠❛♥❡r❛ ❞❡ ♦❜t❡♥❡r ❡st❡ s✐t✐♦ ❝♦♥s❡♥s♦ ❡s t♦♠❛♥❞♦ ❧❛s ú❧t✐♠❛s ✺✵ ❜❛s❡s
❞❡ ❧❛ s✉❜✉♥✐❞❛❞ ✶✻s ❞❡❧ r✐❜♦s♦♠❛ ❞❡❧ ♦r❣❛♥✐s♠♦ ② ❝♦♥ ❝❛❞❛ ✈❡♥t❛♥❛ ❞❡ ✺ ❜❛s❡s
❞❡ ❧❛r❣♦ r❡❛❧✐③❛r ✉♥❛ ❜úsq✉❡❞❛ ❞❡ ❛❜✉♥❞❛♥❝✐❛ ❞❡ ❝❛❞❛ ✉♥❛ ❞❡ ❡❧❧❛s ❡♥ ❧❛ ③♦♥❛s
✉♣str❡❛♠ ❞❡ ❝❛❞❛ ❖❘❋ ✐❞❡♥t✐✜❝❛❞♦✳

Pr❡❞✐❝❝✐ó♥ ❞❡ ❧♦❝❛❧✐③❛❝✐ó♥ ❝❡❧✉❧❛r ❊①✐st❡♥ ♠♦❞❡❧♦s ❡st❛❞íst✐❝♦s q✉❡ r❡♣r❡s❡♥✲
t❛♥ ♠♦t✐✈♦s ❧✐♥❡❛❧❡s ❝♦♠✉♥❡s ❝♦♠♦ ❡♥ ❧❛s s❡❝✉❡♥❝✐❛s ❞❡ ♣r♦t❡í♥❛s ❝♦♠♦ s❡r ❧♦s
♣ét✐❞♦s s❡ñ❛❧ q✉❡ s✐❣✉❡♥ ❧❛ ✈í❛ ❞❡ s❡❝r❡❝✐ó♥ ♦ ❧❛s ❤é❧✐❝❡s ❛❧❢❛ ❞❡ ♣❛s♦ tr❛♥s♠❡♠✲
❜r❛♥❛✳ ❊st♦s ♠♦t✐✈♦s s❡ ♣✉❡❞❡♥ ♠♦❞❡❧❛r ❡st❛❞íst✐❝❛♠❡♥t❡ ❞❡ ❧❛ ♠✐s♠❛ ♠❛♥❡r❛
q✉❡ ❧❛s ❢❛♠✐❧✐❛s ② ❞♦♠✐♥✐♦s ♣r♦t❡✐❝♦s✱ só❧♦ q✉❡ ❡♥ ❣❡♥❡r❛❧✱ ❛❧ s❡r ♠♦t✐✈♦s s✐♠✲
♣❧❡s ❞❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ❞❡ s✉ ❝♦♠♣❧❡❥✐❞❛❞ ❡st❛❞íst✐❝❛✱ ❛❧❝❛♥③❛ ❝♦♥ ♣♦❝♦s
♠♦❞❡❧♦s ♣❛r❛ r❡♣r❡s❡♥t❛r❧♦s✳ ❊♥ ❡st❡ tr❛❜❛❥♦ ✉s❛♠♦s ❞♦s ♣r♦❣r❛♠❛s ♣❛r❛ r❡✲
❛❧✐③❛r ést❛s ♣r❡❞✐❝❝✐♦♥❡s s♦❜r❡ ❧❛s s❡❝✉❡♥❝✐❛s tr❛❞✉❝✐❞❛s ❛ ♣❛rt✐r ❞❡ ❧♦s ❖❘❋s✿
✐✮ ❙✐❣♥❛❧♣ ✲ Pr❡❞✐❝❝✐ó♥ ❞❡ ♣é♣t✐❞♦ s❡ñ❛❧✳ ❆❧❣✉♥❛s ♣r♦t❡í♥❛s ♣r❡s❡♥t❛♥ ❧♦
q✉❡ s❡ ❝♦♥♦❝❡ ❝♦♠♦ ♣é♣t✐❞♦ s❡ñ❛❧✱ q✉❡ ❝♦♥tr♦❧❛ ❧❛ ❡♥tr❛❞❛ ❛ ❧❛ ✈í❛ s❡❝r❡t♦✲
r✐❛ ❞❡ ❛q✉❡❧❧❛s ♣r♦t❡í♥❛s q✉❡ ❧♦ ♣r❡s❡♥t❡♥ ❡♥ ❡❧ ❡①tr❡♠♦ ◆✲t❡r♠✐♥❛❧✱ t❛♥t♦ ❡♥
♣r♦❝❛r✐♦t❛s ❝♦♠♦ ❡♥ ❡✉❝❛r✐♦t❛s✳ ✐✐✮ P❙❖❘❚ ✲ ❈♦♥s❡♥s♦ ❞❡ ♣r❡❞✐❝t♦r❡s✳
❈♦♥s✐st❡ ❡♥ ✉♥ ❝♦♥s❡♥s♦ ❜❛s❛❞♦ ❡♥ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ♣r❡❞✐❝t♦r❡s q✉❡ ♣❡r♠✐t❡
❛s✐❣♥❛r ✉♥❛ ♣♦s✐❜❧❡ ❧♦❝❛❧✐③❛❝✐ó♥ ❝❡❧✉❧❛r ❞❛❞❛ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ✉♥❛ ♣r♦t❡í♥❛✳

✷✳✷✳✷✳ ❇úsq✉❡❞❛s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s✳

❊❧ ♣❛s♦ ❞❡ ❛♥♦t❛❝✐ó♥ ❡s ❡❧ ❡♥❝❛r❣❛❞♦ ❞❡ ❛s✐❣♥❛r ❛✉t♦♠át✐❝❛♠❡♥t❡ ✐♥❢♦r♠❛✲
❝✐ó♥ ❢✉♥❝✐♦♥❛❧ ❜✐♦❧ó❣✐❝❛ ❛ ❝❛❞❛ ❖❘❋ s❡❣ú♥ s✉ ♣r♦❞✉❝t♦ ❣é♥✐❝♦ s✉❜②❛❝❡♥t❡✳ ❊♥
❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❝❛s♦s s❡ r❡❛❧✐③❛♥ ❜úsq✉❡❞❛s ♣♦r s✐♠✐❧❛r✐❞❛❞ ❡♥ ❞✐✈❡rs❛s ❜❛s❡s
❞❡ ❞❛t♦s ❜✐♦❧ó❣✐❝❛s✳ ❊s ♣♦r ❡st♦ q✉❡ ❝✉❛♥❞♦ ❤❛❜❧❛♠♦s ❞❡ ❛♥♦t❛❝✐ó♥ ❢✉♥❝✐♦♥❛❧✱
❤❛❜❧❛♠♦s ❞❡ ❜úsq✉❡❞❛s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s✳ ▲♦ ♠ás ✐♠♣♦rt❛♥t❡ ♣❛r❛ r❡❛❧✐③❛r
❜úsq✉❡❞❛s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s s♦♥ ❧♦s ❛❧❣♦r✐t♠♦s ❞❡ ❝♦♠♣❛r❛❝✐ó♥✳ ❊st♦s ❛❧❣♦✲
r✐t♠♦s q✉❡ ♣❡r♠✐t❡♥ ❝♦♠♣❛r❛r s❡❝✉❡♥❝✐❛s ❜✐♦❧ó❣✐❝❛s✱ t❛♠❜✐é♥ s♦♥ ✉s❛❞♦s ♣❛r❛

Pá❣✐♥❛ ✷✵ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

✐♥❞❡①❛r ❜❛s❡s ❞❡ ❞❛t♦s✱ ❞❛♥❞♦ ❧✉❣❛r ❛ ❤❡rr❛♠✐❡♥t❛s ❞❡♥♦♠✐♥❛❞❛s s✐st❡♠❛s
❞❡ ❜úsq✉❡❞❛✳

❚❛♥t♦ ❧♦s s✐st❡♠❛s ❞❡ ❜úsq✉❡❞❛ ♣♦r ❝♦♠♣❛r❛❝✐ó♥✱ ❝♦♠♦ ❧♦s t✐♣♦s ❞❡ ❧♦s
❞❛t♦s q✉❡ s❡ ✉s❛♥ ♣❛r❛ ❝♦♠♣❛r❛r✱ ♣✉❡❞❡♥ ✈❡♥✐r ❡♥ ✈❛r✐♦s s❛❜♦r❡s✳ ❊♥ ❡st❡
tr❛❜❛❥♦ ♠❡♥❝✐♦♥❛r❡♠♦s ❧♦s ❞♦s s✐st❡♠❛s ♠ás ❞✐❢✉♥❞✐❞♦s ❡♥ ❧❛ ❝♦♠✉♥✐❞❛❞ q✉❡
❢✉❡r♦♥ ❧♦s q✉❡ ✉s❛♠♦s✿ ❇▲❆❙❚ ② ❍▼▼❊❘✳ ❍✐❝✐♠♦s ❡s♣❡❝✐❛❧ é♥❢❛s✐s ❡♥ ❡st♦s
❞♦s ♣r♦❣r❛♠❛s ❞❛❞♦ q✉❡ s♦♥ ❞❡ ♠✉② ❢á❝✐❧ ♠❛♥❡❥♦ ❡ ✐♥st❛❧❛❝✐ó♥✳ ✭s✐ ❜✐❡♥ ❧❛s
✈❡rs✐♦♥❡s ❡♥ ❧♦s r❡♣♦s✐t♦r✐♦s ❞❡ ❉❡❜✐❛♥ ♣✉❡❞❡♥ ❡st❛r ❞❡s❛❝t✉❛❧✐③❛❞❛s ❢r❡♥t❡ ❛
❧❛ ❞❡ ❧♦s ♣r♦✈❡❡❞♦r❡s ♦✜❝✐❛❧❡s✱ s❡ ♣✉❡❞❡♥ ✐♥st❛❧❛r ✉s❛♥❞♦ ❛♣t✲❣❡t✦✮✳ ❇▲❆❙❚
s✐r✈❡ ♣❛r❛ ❜✉s❝❛r ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s ❞❡ s❡❝✉❡♥❝✐❛s ② ❍▼▼❊❘ s✐r✈❡ ♣❛r❛ r❡❛❧✐③❛r
❜úsq✉❡❞❛s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s ❞❡ ♠♦❞❡❧♦s ♦❝✉❧t♦s ❞❡ ♠❛r❦♦✈ ✭❍▼▼s✮✳ ❊stá♥
✐♥s♣✐r❛❞♦s ❡♥ ❞♦s ❛❧❣♦r✐t♠♦s ❝♦♥♦❝✐❞♦s q✉❡ s♦♥ ❡❧ ❛❧❣♦r✐t♠♦ ❞❡ ❛❧✐♥❡❛♠✐❡♥t♦
❞❡ s❡❝✉❡♥❝✐❛s ❞❡ ❙♠✐t❤✲❲❛t❡r♠❛♥✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❇▲❆❙❚✱ ② ❍▼▼❊❘ s❡ ❜❛s❛
❡♥ ❡❧ ❛❧❣♦r✐t♠♦ ❞❡ ❱✐t❡r❜✐ ♣❛r❛ ❡♥❝♦♥tr❛r ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ❡st❛❞♦s ❞❡ ✉♥ ❍▼▼
q✉❡ ♠❛①✐♠✐③❛ ❧❛ ✈❡r♦s✐♠✐❧✐t✉❞ ❞❡❧ ♠♦❞❡❧♦ ❡st❛❞íst✐❝♦✳

❆❝❛ ❡s ❞♦♥❞❡ ❡s ✐♠♣♦rt❛♥t❡ r❡❝❛❧❝❛r q✉❡✱ s✐ ❜✐❡♥✱ ✉♥ ❣❡♥♦♠❛ ♣✉❡❞❡ ❡st❛r
❛♥♦t❛❞♦ ② ❞✐s♣♦♥✐❜❧❡ ❡♥ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s✱ ❡s ♠✉② ❝♦♠ú♥ q✉❡ ❝❛❞❛ ♣r♦②❡❝t♦
t❡♥❣❛ ✐♥t❡rés ❡♥ ❛♥❛❧✐③❛r ❞✐st✐♥t♦s ❢❛❝t♦r❡s ♣❛r❛ ❧♦s ❝✉❛❧❡s ❧❛ ❛♥♦t❛❝✐ó♥ ♣r❡✈✐❛
♥♦ s❡❛ s✉✜❝✐❡♥t❡✳ ❊s ♣♦r ❡st♦ q✉❡ ❝❛❞❛ ♣r♦②❡❝t♦ ❣❡♥ó♠✐❝♦ s✉❡❧❡ ❡❧❡❣✐r ❞✐st✐♥t♦s
s✐st❡♠❛s ❞❡ ❜úsq✉❡❞❛ ② ❞✐st✐♥t❛s ❜❛s❡s ❞❡ ❞❛t♦s ❞❡♣❡♥❞✐❡♥❞♦ ❞❡ ❧❛s ♣r❡❣✉♥t❛s
q✉❡ s❡ ❞❡s❡❡♥ ❤❛❝❡r ❛❝❡r❝❛ ❞❡❧ ❣❡♥♦♠❛ s❡❝✉❡♥❝✐❛❞♦✳

❇❛s✐❝ ▲♦❝❛❧ ❆❧✐❣♥♠❡♥t ❙❡❛r❝❤ ❚♦♦❧ ✭❇▲❆❙❚✮

❇▲❆❙❚ ❬❆❧ts❝❤✉❧ ❡t ❛❧✳✱ ✶✾✾✵❪✱ ❬❆❧ts❝❤✉❧ ❡t ❛❧✳✱ ✶✾✾✼❪ ❡s ✉♥ s✐st❡♠❛ ❞❡ ♣r♦✲
❣r❛♠❛s q✉❡ ♣❡r♠✐t❡ r❡❛❧✐③❛r ❜úsq✉❡❞❛s ♣♦r s✐♠✐❧✐t✉❞ ❞❡ s❡❝✉❡♥❝✐❛s ❜✐♦❧ó❣✐❝❛s✳
❊s ✉♥❛ ❞❡ ❧❛s ❤❡rr❛♠✐❡♥t❛s ♠❛s út✐❧❡s ② ❣r❛❝✐❛s ❛ ést❡ ♣r♦❣r❛♠❛ ❡s ♣♦s✐❜❧❡
❡❧ ❛♥á❧✐s✐s ❣❡♥ó♠✐❝♦ ❝♦♠♣❛r❛t✐✈♦✳ ❊❧ ♠❡❝❛♥✐s♠♦ ❡s ❡❧ s✐❣✉✐❡♥t❡✿ ❞❛❞❛ ✉♥❛ s❡✲
❝✉❡♥❝✐❛ ❜✐♦❧ó❣✐❝❛ ❛ ❧❛ q✉❡ ❧❧❛♠❛r❡♠♦s q✉❡r② ✭✐✳❡✳✿ ❡str✉❝t✉r❛ ♣r✐♠❛r✐❛ ❞❡ ✉♥❛
♣r♦t❡í♥❛✮ ② ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❞❡ s❡❝✉❡♥❝✐❛s q✉❡ ❞❡❜❡ ❡st❛r ❡♥ ❢♦r♠❛t♦ ❢❛s✲
t❛ ② ♣r❡✈✐❛♠❡♥t❡ ✐♥❞❡①❛❞❛ ✉s❛♥❞♦ ❡❧ ❝♦♠❛♥❞♦ ❢♦r♠❛t❞❜✱ ❇▲❆❙❚ ❞❡✈✉❡❧✈❡
✉♥ r❡♣♦rt❡ ❞❡ ❧❛s s✐♠✐❧❛r✐❞❛❞❡s ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ q✉❡r② ❡♥❝♦♥tr❛❞❛s ❡♥ ❡s❛ ❜❛s❡
❞❡ s❡❝✉❡♥❝✐❛s✳ ❊♥ ❡s❡ r❡♣♦rt❡ ❡s ♣♦s✐❜❧❡ ✈❡r ❡❧ ♣✉♥t❛❥❡ ❞❡ ❛❧✐♥❡❛♠✐❡♥t♦ ❧♦❝❛❧
✭♠étr✐❝❛ q✉❡ ✐♥❢♦r♠❛ ❡❧ ♣❛r❡❝✐❞♦ ❡♥tr❡ ❞♦s s❡❝✉❡♥❝✐❛s ❛❧✐♥❡❛❞❛s✮ ❞❡ ❧❛ ♣r♦t❡í♥❛
q✉❡r② ❝♦♥ ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s s❡❝✉❡♥❝✐❛ ❝♦♥ ❧❛s q✉❡ ♣r♦❞✉❥♦ ✉♥ ❜✉❡♥ ❛❧✐♥❡❛♠✐❡♥✲
t♦✳ ❊♥tr❡ ♦tr❛s ❝♦s❛s✱ ❞❡❧ r❡♣♦rt❡ ❞❡ ❇▲❆❙❚✱ ❡s ♣♦s✐❜❧❡ ❡①tr❛❡r✱ ♣❛r❛ ❝❛❞❛
s❡❝✉❡♥❝✐❛ q✉❡ ❛❧✐♥❡❛ ❝♦♥ ❧❛ q✉❡r②✱ s✉ ♣♦r❝❡♥t❛❥❡ ❞❡ ✐❞❡♥t✐❞❛❞ ② s✉ ❝♦❜❡rt✉r❛✱
❡st♦ ❡s ❞❡ ❡s♣❡❝✐❛❧ ✐♠♣♦rt❛♥❝✐❛ ❛ ❧❛ ❤♦r❛ ❞❡ ❧❛ ❛♥♦t❛❝✐ó♥ ❞❡ ❣❡♥❡s✱ ❞❛❞♦ q✉❡ s✐
❜✐❡♥✱ ♣✉❡❞❡ ❤❛❜❡r ✉♥ ❤✐t ♣❛r❛ ✉♥ ❞❡t❡r♠✐♥❛❞♦ ❖❘❋✱ ést❡ ♣✉❡❞❡ s❡r ❞❡s❝❛rt❛❞♦
❞❡❜✐❞♦ ❛ q✉❡ s♦❧❛♠❡♥t❡ ❝✉❜r❡ ✉♥❛ ♣♦r❝✐ó♥ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ q✉❡ s❡ ❞❡s❡❛ ❛♥♦✲
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

t❛r✳ ❆❞❡♠ás ❞❡ ❧♦s ♣❛rá♠❡tr♦s ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦✱ ❇▲❆❙❚ ♣r♦✈❡❡ ✉♥ ❡st❛❞íst✐❝♦
q✉❡✱ ❡s❡♥❝✐❛❧♠❡♥t❡✱ ❞❡s❝r✐❜❡ ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ q✉❡ ❞♦s s❡❝✉❡♥❝✐❛s ❞❡ ❡s❡ ❧❛r❣♦
♣r♦❞✉③❝❛♥ ❛❧ ❛③❛r ✉♥ ❛❧✐♥❡❛♠✐❡♥t♦ ❝♦♥ ❡s❡ ♣✉♥t❛❥❡✳ ❊st❡ ❡st❛❞íst✐❝♦ s❡ ❝❛❧❝✉❧❛
♣❛r❛ ❝❛❞❛ ❜❛s❡ ❞❡ ❞❛t♦s ❡♥ ♣❛rt✐❝✉❧❛r ② r❡❝✐❜✐ó ❡❧ ♥♦♠❜r❡ ❞❡ e− value✳ ❙❡ ❝❛❧✲
❝✉❧❛ ❡♥ ❢✉♥❝✐ó♥ ❞❡❧ ♣✉♥t❛❥❡ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ② ❞❡❧ t❛♠❛ñ♦ ❞❡ ❧❛ ❜❛s❡ ❞❡ ❞❛t♦s
❡♥ ❧❛ q✉❡ s❡ ❡stá ❜✉s❝❛♥❞♦✳ ▼ás ♣✉♥t✉❛❧♠❡♥t❡✱ ❞❡❝r❡❝❡ ❡①♣♦♥❡♥❝✐❛❧♠❡♥t❡ ❝♦♥
❡❧ ♣✉♥t❛❥❡ ♦❜t❡♥✐❞♦✳

❆❤♦r❛ ❜✐❡♥✱ ❝♦♠♣❛r❛r ❛♠✐♥♦ á❝✐❞♦s ♥♦ ❡s tr✐✈✐❛❧✱ ❞❡❜✐❞♦ ❛ q✉❡ ❤❛② ❛♠✐♥♦
á❝✐❞♦s q✉❡ s❡ ♣❛r❡❝❡♥ ❡♥tr❡ sí ♠ás q✉❡ ❝♦♥ ♦tr♦s✳ P♦r ❡❥❡♠♣❧♦✱ ✉♥❛ ❢❡♥✐❧❛❧❛♥✐✲
♥❛ ❡s ♠ás ♣❛r❡❝✐❞❛ ❛ ✉♥❛ t✐r♦s✐♥❛ q✉❡ ❛ ✉♥❛ ❝✐st❡í♥❛✱ ❞❡❜✐❞♦ ❛ s✉ ♥❛t✉r❛❧❡③❛
❛r♦♠át✐❝❛✳ ❊s ♣♦r ❡st♦ q✉❡✱ ❤✐stór✐❝❛♠❡♥t❡✱ s❡ ❞✐s❡ñ❛r♦♥ ❞♦s t✐♣♦s ❞❡ ♠❛tr✐❝❡s
♣❛r❛ r❡❛❧✐③❛r ést❛s ❝♦♠♣❛r❛❝✐♦♥❡s✿ P❆▼ ② ❇▲❖❙❯▼✳ ▲❛s ♠❛tr✐❝❡s t✐♣♦ P❆▼ s❡
❝♦♥str✉②❡♥ ❛ ♣❛rt✐r ❞❡ ❧♦s r❡❡♠♣❧❛③♦s ❞❡ ❛♠✐♥♦ á❝✐❞♦s ❞❡ ♣r♦t❡í♥❛s ✜❧♦❣❡♥ét✐✲
❝❛♠❡♥t❡ ♠✉② r❡❧❛❝✐♦♥❛❞❛s✳ P♦r ❡❧ ❝♦♥tr❛r✐♦✱ ❧❛s ❇▲❖❙❯▼ ❡st❛♥ ❜❛s❛❞❛s ❡♥
❛❧✐♥❡❛♠✐❡♥t♦s ❧♦❝❛❧❡s✱ ❞❡ r❡❣✐♦♥❡s ❛❧✐♥❡❛❞❛s ✭✐✳❡✳✿ ♠♦t✐✈♦s ❞❡♥tr♦ ❞❡ ❧❛s ♣r♦t❡í✲
♥❛s✮ ❞❡ ♣r♦t❡í♥❛s q✉❡ ♥♦ s❡ ♣❛r❡❝❡♥ t❛♥t♦✳ ❆♠❜❛s ♠❛tr✐❝❡s ❢✉❡r♦♥ ❞✐s❡ñ❛❞❛s
♣❛r❛ ♠❡❞✐r ❧❛ ❞✐st❛♥❝✐❛ q✉❡ ❤❛② ❡♥tr❡ ❧♦s ❛♠✐♥♦s á❝✐❞♦s ❞❡ ♠❛♥❡r❛ ❞❡ ♣♦❞❡r
♣✉♥t✉❛r ❧♦s ❛❧✐♥❡❛♠✐❡♥t♦s✳ P♦r ❞❡❢❡❝t♦✱ ❇▲❆❙❚ ✉s❛ ❧❛ ♠❛tr✐③ ❇▲❖❙❯▼✱ ♠ás
♣✉♥t✉❛❧♠❡♥t❡✿ ❇▲❖❙❯▼✻✷✳

❆❞❡ ✁♠❛s ❞❡ ❇▲❆❙❚✱ ❤❛② ♦tr❛ ✈❡rs✐♦♥ ❞❡❧ ❛❧❣♦r✐t♠♦ ❞❡♥♦♠✐♥❛❞❛ P♦s✐t✐♦♥
❙♣❡❝✐✜❝ ■t❡r❛t❡❞ ❇▲❆❙❚ ✭P❙■✲❇▲❆❙❚✮✱ q✉❡ ❛♣❧✐❝❛ s✉❝❡s✐✈❛s ❜úsq✉❡❞❛s ♣❛r❛
❝♦♥str✉✐r ♦tr❛ ♠❛tr✐③ ❞❡ ♣✉♥t✉❛❝✐ó♥ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧♦s ❤✐ts q✉❡ s❡ ✈❛♥ ❡♥❝♦♥✲
tr❛♥❞♦ ❡♥ ❧❛ ❜❛s❡ ❞❡ ❞❛t♦s✳ ▲❛ ♣r✐♠❡r ✐t❡r❛❝✐ó♥ ✉s❛ ❛❧❣✉♥❛ ❞❡ ❧❛s ♠❛tr✐❝❡s
♠❡♥❝✐♦♥❛❞❛s ♣r❡✈✐❛♠❡♥t❡ ② ❞❡ ❧❛ s❡❣✉♥❞❛ ✐t❡r❛❝✐ó♥ ❡♥ ❛❞❡❧❛♥t❡✱ s❡ ❝♦♥str✉②❡
✉♥ ❛❧✐♥❡❛♠✐❡♥t♦ ♠ú❧t✐♣❧❡ ❝♦♥ t♦❞❛s ❧❛s s❡❝✉❡♥❝✐❛s q✉❡ s✉r❣✐❡r♦♥ ❞❡ ❧❛ ❜úsq✉❡✲
❞❛ ② s❡ ❝❛❧❝✉❧❛✱ ♣♦r ❝❛❞❛ ❝♦❧✉♠♥❛ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦✱ ❧❛ ❢r❡❝✉❡♥❝✐❛ ❝♦♥ ❧❛ q✉❡
❛♣❛r❡❝❡ ❝❛❞❛ ❛♠✐♥♦ á❝✐❞♦✳ ❉❡ ❡st❛ ♠❛♥❡r❛✱ ❧❛ s✐♠✐❧✐t✉❞ ♥♦ s❡ ❡✈❛❧ú❛ ❡♥ ❢✉♥❝✐ó♥
❞❡ ❧❛s ❞♦s s❡❝✉❡♥❝✐❛s ❛❧✐♥❡❛❞❛s✱ s✐♥♦ q✉❡ s❡ ♣✉♥tú❛ ❡♥ ❢✉♥❝✐ó♥ ❞❡❧ ♣❡r✜❧ ❡st❛❞ís✲
t✐❝♦ ♦❜t❡♥✐❞♦ ❛ tr❛✈és ❞❡ ❧❛s ✐t❡r❛❝✐♦♥❡s✳ ❊st❡ ♣r♦❣r❛♠❛ r❡s✉❡❧✈❡ ❜úsq✉❡❞❛s ❡♥
t✐❡♠♣♦s ❞❡❧ ♠✐s♠♦ ♦r❞❡♥ ❇▲❆❙❚ ♣♦r ❝❛❞❛ ✉♥❛ ❞❡ s✉s ✐t❡r❛❝✐♦♥❡s ② ❡s ♠ás
s❡♥s✐❜❧❡ ❛ s✐♠✐❧❛r✐❞❛❞❡s ❞❡ s❡❝✉❡♥❝✐❛ ♠ás ❜❛❥❛s ❛✉♥q✉❡ ✐❣✉❛❧ ❞❡ r❡❧❡✈❛♥t❡s✱
s❡ ✈✐ó q✉❡ ♣❡r♠✐t❡ ❡♥❝♦♥tr❛r r❡❧❛❝✐♦♥❡s ❞❡ s✐♠✐❧✐t✉❞ ♠ás ❧❡❥❛♥❛s ② ♦❜t❡♥❡r
❛❧✐♥❡❛♠✐❡♥t♦s ♠ás ❧❛r❣♦s q✉❡ ❧♦❣r❛♥ ✉♥❛ ♠❛②♦r ❝♦❜❡rt✉r❛ s♦❜r❡ ❧❛ s❡❝✉❡♥❝✐❛
q✉❡r②✳

❆ ❧♦s ✜♥❡s ❞❡❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ ♣✐♣❡❧✐♥❡ ❞❡ ❛♥♦t❛❝✐ó♥✱ ❞✐s♣♦♥❡♠♦s ❞❡ ❧✐st❛s
❞❡ ❤✐ts q✉❡ ♣r❡s❡♥t❛♥ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ s✐♠✐❧❛r✐❞❛❞ ❡♥ s❡❝✉❡♥❝✐❛ ♣❛r❛ ❝❛❞❛
❖❘❋✳ ❯s❛♥❞♦ ❡❧ ❡✲✈❛❧✉❡ ♣✉s✐♠♦s ✉♥ ♣✉♥t♦ ❞❡ ❝♦rt❡ ♣❛r❛ ❞❡✜♥✐r ✉♥❛ ♥♦❝✐ó♥
❝♦♠♣✉t❛❝✐♦♥❛❧ ❞❡ ❤♦♠♦❧♦❣í❛ q✉❡ ❤❛ s✐❞♦ ✉s❛❞❛ ❛♠♣❧✐❛♠❡♥t❡ ♣♦r ❧❛ ❝♦♠✉♥✐❞❛❞
❜✐♦✐♥❢♦r♠át✐❝❛✳ ❊♥ ♥✉❡str♦ ❝❛s♦✱ ✉s❛♠♦s ✉♥ ✈❛❧♦r ❞❡ ❝♦rt❡ ❞❡ ✶❡✲✵✺✱ ♣♦r ❧♦ q✉❡
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

t♦❞♦s ❧♦s ❤✐ts q✉❡ ♣r❡s❡♥t❡♥ ✉♥ ✈❛❧♦r ❞❡ ❝♦rt❡ s✉♣❡r✐♦r ❛ ést❡✱ ♥♦ s❡rá♥ t❡♥✐❞♦s
❡♥ ❝✉❡♥t❛✳ ▲✉❡❣♦✱ ♣❛r❛ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ❤✐ts✱ s❡ ❡✈❛❧ú❛ ❧❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✱
❝❛❧❝✉❧❛❞❛ ❝♦♠♦ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ r❡s✐❞✉♦s ❛❧✐♥❡❛❞♦s ✐❞é♥t✐❝♦s ❞✐✈✐❞✐❞♦ ❡❧ ❧❛r❣♦ ❞❡
❧❛ r❡❣✐ó♥ ❛❧✐♥❡❛❞❛ ② ❧❛ ❝♦❜❡rt✉r❛ ❞❡ ❧❛ r❡❣✐ó♥ ❛❧✐♥❡❛❞❛ s♦❜r❡ ❡❧ ❧❛r❣♦ t♦t❛❧ ❞❡ ❧❛
s❡❝✉❡♥❝✐❛ q✉❡r②✳ ❯s❛♥❞♦ ❡st♦s ❞♦s ♣❛rá♠❡tr♦s s❡ ❞❡s❝❛rt❛♥ ❛q✉❡❧❧❛s s❡❝✉❡♥❝✐❛s
q✉❡ ♣r❡s❡♥t❡♥ ✉♥❛ ❝♦❜❡rt✉r❛ ♠❡♥♦r ❛❧ ✽✺✪✳

❍▼▼❊❘

❊st❡ s♦❢t✇❛r❡ ✭❍▼▼❊❘ ❬❏♦❤♥s♦♥ ❡t ❛❧✳✱ ✷✵✶✵❪✮ t❛♠❜✐é♥ ❝♦♥s✐st❡ ❡♥ ✉♥ s✐s✲
t❡♠❛ ❞❡ ♣r♦❣r❛♠❛s q✉❡ ♣❡r♠✐t❡ r❡❛❧✐③❛r ❜úsq✉❡❞❛s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s só❧♦
q✉❡✱ ❡♥ ❡st❡ ❝❛s♦✱ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s s♦♥ ❞❡ ❍▼▼s✳ ▲♦s ❍▼▼s s♦♥ ✉♥❛ ❤❡r✲
r❛♠✐❡♥t❛ ♠❛t❡♠át✐❝❛ q✉❡ t✐❡♥❡ ✉♥❛ ❣r❛♥ ✈❛r✐❡❞❛❞ ❞❡ ❛♣❧✐❝❛❝✐♦♥❡s✳ ❊♥ ❡❧ ❝❛s♦
❞❡ ❧❛ ❜✐♦✐♥❢♦r♠át✐❝❛ ❞❡ ♣r♦t❡í♥❛s✱ ✉♥♦ ❞❡ ❧♦s ♣r✐♥❝✐♣❛❧❡s ✉s♦s q✉❡ s❡ ❧❡ ❞❛ ❡s
❡❧ ❞❡ ♠♦❞❡❧❛r✱ ♣♦r ♣♦s✐❝✐ó♥✱ ❧❛ ❢r❡❝✉❡♥❝✐❛ r❡❧❛t✐✈❛ ❝♦♥ ❧❛ q✉❡ ❧♦s ❛♠✐♥♦ á❝✐❞♦s
♦❝✉rr❡♥ ❡♥ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ s❡❝✉❡♥❝✐❛s✳ ❍▼▼❊❘ ♣❡r♠✐t❡ r❡❛❧✐③❛r ✷ t✐♣♦s ❞❡
❜úsq✉❡❞❛s✿ ✶✮ ❜✉s❝❛r ❡♥ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❞❡ ❍▼▼s ✉s❛♥❞♦ ✉♥❛ s❡❝✉❡♥❝✐❛
q✉❡r②✱ ② ✷✮ ❜✉s❝❛r ❡♥ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❞❡ s❡❝✉❡♥❝✐❛s ✉s❛♥❞♦ ✉♥ ❍▼▼ q✉❡r②✳
❊❧ ♣r✐♠❡r t✐♣♦ ❞❡ ❜úsq✉❡❞❛ ❡s ❡❧ q✉❡ s❡ ✉s❛ ♣❛r❛ ❛♥♦t❛r ❖❘❋s ❡♥ ❢✉♥❝✐ó♥ ❞❡
❧♦s ❤✐ts ♦❜t❡♥✐❞♦s ❛ ♣❛rt✐r ❞❡ ❜✉s❝❛r ❡♥ ✉♥❛ ♦ ♠ás ❜❛s❡s ❞❡ ❞❛t♦s ❞❡ ❍▼▼s✳

❊❧ ♦❜❥❡t✐✈♦ ❞❡ ❧♦s ❍▼▼s ❛♣❧✐❝❛❞♦s ❛ s❡❝✉❡♥❝✐❛s ❜✐♦❧ó❣✐❝❛s ❡s ♣♦❞❡r ♠♦❞❡❧❛r
✉♥ ❝♦♥❥✉♥t♦ ❞❡ ♣r♦t❡í♥❛s ✉s❛♥❞♦ ✉♥❛ s♦❧❛ ❡♥t✐❞❛❞ ♠❛t❡♠át✐❝❛✳ ▲❛ ✐❞❡❛✱ ❡s q✉❡
✉♥ ❍▼▼ ♣❡r♠✐t❡ r❡♣r❡s❡♥t❛r ❧♦ q✉❡ s❡ ❝♦♥♦❝❡ ❝♦♠♦ ✉♥ ♣❡r✜❧ ❡st❛❞íst✐❝♦✱ q✉❡
s❡ ❝♦♥str✉②❡ ❛ ♣❛rt✐r ❞❡ ✉♥ ❛❧✐♥❡❛♠✐❡♥t♦ ♠ú❧t✐♣❧❡ ❞❡ ❞✐❝❤❛s s❡❝✉❡♥❝✐❛s✳ ❉❡
❡st❛ ♠❛♥❡r❛✱ ❡s ♣♦s✐❜❧❡ ❝♦♥str✉✐r ❍▼▼s✱ q✉❡ r❡♣r❡s❡♥t❛♥ ❡st❛❞íst✐❝❛♠❡♥t❡
❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❛♣❛r✐❝✐♦♥❡s ❞❡ ❝❛❞❛ ❛♠✐♥♦ á❝✐❞♦ ♣♦r
❝❛❞❛ ❝♦❧✉♠♥❛ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦✱ ✐♥❝❧✉②❡♥❞♦✱ ❛ s✉ ✈❡③✱ ✐♥❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡ ❧❛s
♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ ✐♥s❡r❝✐ó♥ ② ❞❡❧❡❝✐ó♥✱ ♣♦r ♣♦s✐❝✐ó♥✱ q✉❡ s❡ ❝❛❧❝✉❧❛♥ ❛ ♣❛rt✐r ❞❡
❧♦s ❣❛♣s ❡♥ ❧❛s s❡❝✉❡♥❝✐❛s ♣r♦t❡✐❝❛s ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ♣r♦♣♦r❝✐♦♥❛❞♦✳ ❯♥❛ ✈❡③
♦❜t❡♥✐❞♦ ❡❧ ❍▼▼ q✉❡ r❡♣r❡s❡♥t❛ ✉♥❛ ❢❛♠✐❧✐❛ ❞❡ ♣r♦t❡í♥❛s✱ ❡s ♣♦s✐❜❧❡ ❝❛❧❝✉❧❛r
❡❧ ♣✉♥t❛❥❡ ✭♦ ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞✮ ❞❡ q✉❡ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ s❡❝✉❡♥❝✐❛ ♣r♦t❡✐❝❛ s❡❛
✏❡♠✐t✐❞❛✑ ♣♦r ❡❧ ♠✐s♠♦✱ ✉s❛♥❞♦ ❛❧❣♦r✐t♠♦s ❝♦♠♦ ❡❧ ❞❡ ❱✐t❡r❜✐ ❬❱✐t❡r❜✐✱ ✶✾✻✼❪✳
❙✐♥ ❡♠❜❛r❣♦✱ ❡st♦s ❛❧❣♦r✐t♠♦s q✉❡ ❝❛❧❝✉❧❛♥ ❧❛ ♣✉♥t✉❛❝✐ó♥ ❞❡ ✉♥❛ s❡❝✉❡♥❝✐❛
♣❛r❛ ✉♥ ❞❡t❡r♠✐♥❛❞♦ ❍▼▼✱ s♦♥ ♠✉② ❝♦st♦s♦s ❝♦♠♦ ♣❛r❛ r❡❛❧✐③❛r ❜úsq✉❡❞❛s
❡♥ ❜❛s❡s ❞❡ ❞❛t♦s ❣r❛♥❞❡s✱ ♣♦r ❧♦ q✉❡ ❍▼▼❊❘ ✐♠♣❧❡♠❡♥t❛ ✉♥❛ s❡r✐❡ ❞❡ ✜❧tr♦s
♣❛r❛ ❛♣❧✐❝❛r✱ ♣r❡✈✐♦s ❛ ❧❛ ♣✉♥t✉❛❝✐ó♥✱ ❞❡ ♠❛♥❡r❛ ❞❡ ♦❜t❡♥❡r ✉♥ t✐❡♠♣♦ ❞❡
❜úsq✉❡❞❛ r❛③♦♥❛❜❧❡✳

❍▼▼❊❘ ❤❛❝❡ ❞♦s s✉♣♦s✐❝✐♦♥❡s ❢✉❡rt❡s q✉❡ ❝♦♥st✐t✉②❡♥ ✉♥❛ ❞❡ ❧❛s ♣r✐♥❝✐✲
♣❛❧❡s ❝❛✉s❛s ❞❡ ♣r♦❜❧❡♠❛s ♣❛r❛ ❞❡t❡❝t❛r ❤♦♠♦❧♦❣í❛✳ Pr✐♠❡r♦✱ ✐❣♥♦r❛ ❧❛s ❝♦r✲
r❡❧❛❝✐♦♥❡s ❞❡ ❛ ♣❛r❡s q✉❡ ♣✉❡❞❡ ❤❛❜❡r ❡♥tr❡ ❧❛s ❝♦❧✉♠♥❛s ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦

Pá❣✐♥❛ ✷✸ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

♠út❧✐♣❧❡✳ ❊st♦ q✉✐❡r❡ ❞❡❝✐r q✉❡ só❧♦ ♠♦❞❡❧❛ ❧❛ ❡str✉❝t✉r❛ ♣r✐♠❛r✐❛ ❞❡ ❧❛s ♣r♦✲
t❡í♥❛s ❡♥ ❡❧ ❛❧✐♥❡❛♠✐❡♥t♦✱ s✐♥ t❡♥❡r ❡♥ ❝✉❡♥t❛ q✉❡ ❧❛s ♣♦s✐❝✐♦♥❡s ❞❡ ❧♦s ❛♠✐♥♦
á❝✐❞♦s ❡♥ ✉♥❛ ❢❛♠✐❧✐❛ ❞❡ ♣r♦t❡í♥❛s ❡stá ❢✉❡rt❡♠❡♥t❡ ❝♦rr❡❧❛❝✐♦♥❛❞❛ ❞❡❜✐❞♦ ❛ ❧♦s
❝♦♥t❛❝t♦s ❡st❛❜❧❡❝✐❞♦s ❡♥ ❧❛ ❡str✉❝t✉r❛ t❡r❝✐❛r✐❛✳ ❙❡❣✉♥❞♦✱ ❧♦s ❍▼▼s t❛♠❜✐é♥
s✉♣♦♥❡♥ q✉❡ ❧❛s s❡❝✉❡♥❝✐❛s ✐♥✈♦❧✉❝r❛❞❛s s♦♥ ❡♥t✐❞❛❞❡s ❣❡♥❡r❛❞❛s ✐♥❞❡♣❡♥❞✐✲
❡♥t❡♠❡♥t❡ ❞❡s❞❡ ✉♥ ♣✉♥t♦ ❞❡ ✈✐st❛ ♣r♦❜❛❜✐❧íst✐❝♦✳ ❊st♦ ♥♦ ❡s ❝✐❡rt♦ ❞❡❜✐❞♦ ❛
q✉❡ ❧❛s ♣r♦t❡í♥❛s r❡❛❧❡s ❡stá♥ r❡❧❛❝✐♦♥❛❞❛s ♠❡❞✐❛♥t❡ s✉ ❤✐st♦r✐❛ ✜❧♦❣❡♥ét✐❝❛✱
♠❡❞✐❛♥t❡ ❛♥❝❡str♦s ❝♦♠✉♥❡s✱ ❧♦ ❝✉❛❧ ❧❛s ❤❛❝❡ ❛❧t❛♠❡♥t❡ ♥♦✲✐♥❞❡♣❡♥❞✐❡♥t❡s✳ ❊s✲
t❛s ❞♦s s✉♣♦s✐❝✐♦♥❡s s♦♥ ✉♥♦ ❞❡ ❧♦s ♣r✐♥❝✐♣❛❧❡s ♣r♦❜❧❡♠❛s ❡♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s
♠ét♦❞♦s ♣❛r❛ ❣❡♥❡r❛r ♣❡r✜❧❡s✳

▲♦s ❤✐ts r❡s✉❧t❛♥t❡s ❞❡ ❍▼▼❊❘ t❛♠❜✐é♥ t✐❡♥❡♥ ✉♥ ❡✲✈❛❧✉❡ ❛s♦❝✐❛❞♦✳ P❡r♦
❛❞❡♠ás✱ ❝❛❞❛ ❍▼▼ t✐❡♥❡ ✉♥ ✈❛❧♦r ❞❡ ❝♦rt❡ ♣❛r❛ ❡❧ ♣✉♥t❛❥❡ q✉❡ ❧❡ ❛s✐❣♥❛ ❡❧
❛❧❣♦r✐t♠♦ ❞❡ ♣✉♥t✉❛❝✐ó♥✳ ❊st❡ ✈❛❧♦r s❡ ❧♦ ❝♦♥♦❝❡ ❝♦♠♦ ❚r✉st❡❞ ❈✉t♦✛ ② ❡s
✉♥ ✈❛❧♦r ♣❛rt✐❝✉❧❛r ♣❛r❛ ❝❛❞❛ ♠♦❞❡❧♦ ❡♥ ❧❛ ❜❛s❡ ❞❡ ❞❛t♦s✳ ❊st❡ ✈❛❧♦r ✐♥❞✐❝❛
s✐ ❧❛ ♣r♦t❡í♥❛ t✐❡♥❡ ❛❧❣✉♥❛ ❝❤❛♥❝❡ ❞❡ ♣❡rt❡♥❡❝❡r ❛ ❧❛ ❢❛♠✐❧✐❛ ♠♦❞❡❧❛❞❛ ♣♦r ❡❧
❍▼▼✱ ② ❧✉❡❣♦✱ ❡s ♣♦s✐❜❧❡ ✉s❛r ❡❧ ❡✲✈❛❧✉❡ ♣❛r❛ ❡✈❛❧✉❛r q✉❡ t❛♥ r❡❧❡✈❛♥t❡ ❡s
❡st❛❞íst✐❝❛♠❡♥t❡✱ ❡st❛ r❡❧❛❝✐ó♥ ❞❡ ♣❡rt❡♥❡♥❝✐❛✳ ❊♥ ♥✉❡str♦ ❝❛s♦✱ ♥♦s q✉❡❞❛♠♦s
só❧♦ ❝♦♥ ❛q✉❡❧❧❛s ♣r♦t❡í♥❛s q✉❡ ❝✉♠♣❧❛♥ q✉❡ ❡❧ ♣✉♥t❛❥❡ ❛s✐❣♥❛❞♦ s❡❛ ♠❛②♦r
❛❧ tr✉st❡❞ ❝✉t♦✛ ❞❡❧ ♠♦❞❡❧♦ q✉❡ ♦❜t❡♥❡♠♦s ❝♦♠♦ ❤✐t✱ ② ❛❞❡♠ás✱ ♣♦♥❡♠♦s ✉♥
♣✉♥t♦ ❞❡ ❝♦rt❡ ❛❧ ❡✲✈❛❧✉❡ ❞❡ ✶❡✲✵✺✳ ❋✐♥❛❧♠❡♥t❡✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s ❞♦♠✐♥✐♦s
❢✉♥❝✐♦♥❛❧❡s✱ s❡ ♣✉❡❞❡ ❞❛r ❡❧ ❝❛s♦ q✉❡ ✉♥❛ s❡❝✉❡♥❝✐❛ ♣r❡s❡♥t❡ ✉♥❛ r❡❣✐ó♥ ❞ó♥❞❡
❤❛②❛ ♠ás ❞❡ ✉♥ ❤✐t r❡♣r❡s❡♥t❛t✐✈♦✳ ❊♥ ❡st♦s ❝❛s♦s ❡❧❡❣✐♠♦s ❡❧ ❞♦♠✐♥✐♦ ❞❡ ♠❛②♦r
♣✉♥t❛❥❡ ② t♦❞♦s ❛q✉❡❧❧♦s ❞♦♠✐♥✐♦s s♦❧❛♣❛♥t❡s ❛ ést❡ ② ❞❡ ♠❡♥♦r ♣✉♥t❛❥❡ s♦♥
❞❡s❝❛rt❛❞♦s✳

❇✐❞✐r❡❝t✐♦♥❛❧ ❇❡st ❍✐t ✭❇❇❍✮

❈♦♠♦ s❡ ♠❡♥❝✐♦♥ó ♣r❡✈✐❛♠❡♥t❡✱ ❡❧ ♣r♦❝❡s♦ ❞❡ ❛♥♦t❛❝✐ó♥ ❝♦♥s✐st❡ ❢✉♥❞❛✲
♠❡♥t❛❧♠❡♥t❡ ❡♥ r❡❛❧✐③❛r ❜úsq✉❡❞❛s ♣♦r s✐♠✐❧❛r✐❞❛❞ ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s✱ ♣❡r♦
s❡ ❤❛ ✈✐st♦ q✉❡ ❡st❛ ♠❡t♦❞♦❧♦❣í❛ ♠❡❥♦r❛ ❜❛st❛♥t❡ s✉ ❡✜❝✐❡♥❝✐❛ ❝✉❛♥❞♦ s❡ r❡✲
❛❧✐③❛♥ ✉♥❛ ❝♦♠♣r♦❜❛❝✐ó♥ r❡❝í♣r♦❝❛ ❝♦♥tr❛ ❡❧ ❣❡♥♦♠❛ q✉❡ s❡ ❡stá ❛♥♦t❛♥❞♦✳
❉❛❞❛ ✉♥❛ r❡❧❛❝✐ó♥ ♣♦r s✐♠✐❧✐t✉❞ ❡♥tr❡ ❞♦s s❡❝✉❡♥❝✐❛s ✭❇▲❆❙❚ ♣♦r ❡❥❡♠♣❧♦✮
❡s ♣♦s✐❜❧❡ ❞❡✜♥✐r ❧♦s ❇✐❞✐r❡❝t✐♦♥❛❧ ❇❡st ❍✐ts ✭❇❇❍s✮ ❡♥tr❡ ❛♠❜♦s ❣❡♥♦♠❛s✳ ❊❧
♣r♦❝❡s♦ ❝♦♥s✐st❡ ❡♥✿ ❞❛❞♦ ✉♥ ❣❡♥♦♠❛✱ s❡ t♦♠❛ ✉♥ ❣❡♥ ❧❧❛♠❡♠♦s❧❡ ❣❡♥❆ ② s❡
r❡❛❧✐③❛ ✉♥❛ ❜úsq✉❡❞❛ ♣♦r s✐♠✐❧❛r✐❞❛❞ ❝♦♥tr❛ ❧♦s ❣❡♥❡s ❞❡ ♦tr♦ ❣❡♥♦♠❛✳ ❯♥❛ ✈❡③
♦❜t❡♥✐❞♦ ❡❧ ♠❡❥♦r r❡s✉❧t❛❞♦✱ s❡ r❡❛❧✐③❛ ♦tr❛ ❜úsq✉❡❞❛ ♣♦r s✐♠✐❧❛r✐❞❛❞ ❝♦♥tr❛ ❡❧
♣r✐♠❡r ❣❡♥♦♠❛ ② s✐ ❡❧ ♠❡❥♦r r❡s✉❧t❛❞♦ ❡s ❡❧ ❣❡♥❆ s❡ ❞✐❝❡ q✉❡ ❤❛② ✉♥❛ r❡❧❛❝✐ó♥
❞❡ ❇❇❍ ❡♥tr❡ ❛♠❜♦s ❣❡♥❡s✳ ❊❧ ♣r♦❝❡❞✐♠✐❡♥t♦ s❡ ♣✉❡❞❡ ❣❡♥❡r❛❧✐③❛r✱ s❡ ♣✉❡❞❡
r❡❛❧✐③❛r ❧❛ ♣r✐♠❡r ❜úsq✉❡❞❛ ❝♦♥tr❛ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❝♦♥ ♠✉❝❤❛s s❡❝✉❡♥❝✐❛s
q✉❡ ♥♦ ♥❡❝❡s❛r✐❛♠❡♥t❡ s❡❛♥ ❞❡❧ ♠✐s♠♦ ♦r❣❛♥✐s♠♦✱ ✭✐✳❡✳✿ ❑❊●●✱ ❈❖●✱ ❙✇✐s✲

Pá❣✐♥❛ ✷✹ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

sPr♦t✱ ❡t❝✮ ❞❛❞♦ q✉❡ ❡❧ ♠❡❥♦r r❡s✉❧t❛❞♦ ❡♥ ❞✐❝❤❛ ❜❛s❡ ❞❡ ❞❛t♦s✱ ❡♥ ♣❛rt✐❝✉❧❛r✱
t❛♠❜✐é♥ s❡rá ❡❧ ♠❡❥♦r r❡s✉❧t❛❞♦ ❡♥ ❡❧ ❣❡♥♦♠❛ ❞❡❧ ❝✉❛❧ s❡ ♦❜t✉✈♦✳ ▲✉❡❣♦✱ s❡ ❝♦♥✲
t✐♥ú❛ ❞❡s❞❡ ❧❛ s❡❣✉♥❞❛ ❜úsq✉❡❞❛ s♦❜r❡ ❡❧ ❣❡♥♦♠❛ q✉❡ s❡ ❞❡s❡❛ ❛♥♦t❛r ❝♦♠♦ ❢✉❡
♠❡♥❝✐♦♥❛❞♦ ♣r❡✈✐❛♠❡♥t❡✳ ❊st❛ té❝♥✐❝❛ ❛✉♠❡♥t❛ ❧❛ r✐❣✉r♦s✐❞❛❞ ❡♥ ❧❛ ❛♥♦t❛❝✐ó♥
❛✉t♦♠át✐❝❛ ❞❛❞♦ q✉❡ ❛s❡❣✉r❛ ❧❛ r❡❧❛❝✐ó♥ ❞❡ ♦rt♦❧♦❣í❛✳ ❊st♦ ❡s ✐♠♣♦rt❛♥t❡ ♣❛r❛
❞❡✜♥✐r ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❝✐❡rt❛s ❡♥③✐♠❛s q✉❡ ❛ ✈❡❝❡s s❡ tr❛♥s✜❡r❡ ❡rr♦♥❡❛♠❡♥t❡ ♣♦r
s✐♠✐❧❛r✐❞❛❞ ❝♦♥ ♣r♦t❡í♥❛s ♣❛rá❧♦❣❛s q✉❡ t✐❡♥❡♥ ✉♥❛ ❢✉♥❝✐ó♥ s✐♠✐❧❛r ❡♥ t❛♥t♦ s✉
❛❝t✐✈✐❞❛❞✱ ♣❡r♦ ♣✉❡❞❡♥ ✈❛r✐❛r ❡♥ s✉ ❡s♣❡❝✐✜❝✐❞❛❞ ❞❡ s✉str❛t♦✳

✷✳✷✳✸✳ ❇❛s❡s ❞❡ ❞❛t♦s

▲❛s ♣✉❜❧✐❝❛❝✐♦♥❡s ❝✐❡♥tí✜❝❛s tr❛❞✐❝✐♦♥❛❧❡s ❡♥ s✉ ❝♦♥❥✉♥t♦✱ ❞✉r❛♥t❡ ♠✉❝❤♦
t✐❡♠♣♦✱ ❢✉♥❝✐♦♥❛r♦♥ ❝♦♠♦ ✉♥ ❣r❛♥ r❡♣♦s✐t♦r✐♦ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ❞♦♥❞❡ ❧♦s ✐♥✲
✈❡st✐❣❛❞♦r❡s ♣♦❞í❛♥ ❝♦♥s✉❧t❛r ✐♥❢♦r♠❛❝✐ó♥ ② ❝♦♥♦❝✐♠✐❡♥t♦ ❞❡r✐✈❛❞♦ ❞❡ ❞❛t♦s
❡①♣❡r✐♠❡♥t❛❧❡s✳ P❡r♦ ❝♦♥ ❧❛ ✐♥✢✉❡♥❝✐❛ ❞❡❧ ❝❛♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ② ❧❛s t❡❝✲
♥♦❧♦❣í❛s ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❛ ♣r✐♥❝✐♣✐♦s ❞❡ ❧❛ ❞é❝❛❞❛ ❞❡❧ ✼✵✱ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡
r❡♣♦s✐t♦r✐♦s ❜❛s❛❞♦s ❡♥ s✐st❡♠❛s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s ❝♦♠❡♥③ó ❛ ❝r❡❝❡r✱ ❛❧❝❛♥③❛♥✲
❞♦ s✉ ❛✉❣❡ ❛ ♣r✐♥❝✐♣✐♦s ❞❡ ❧♦s ✽✵s ❝♦♥ ❧❛ ❝r❡❛❝✐ó♥ ❞❡ ❧♦s ❣r❛♥❞❡s ❝♦♥s♦r❝✐♦s
q✉❡ ♦❝✉♣❛r♦♥ ❡❧ r♦❧ ❞❡ ♠❛♥t❡♥❡r ② ❞✐str✐❜✉✐r ❧♦s ❞❛t♦s✳ P❛r❛ ❧❛ ❞é❝❛❞❛ ❞❡❧ ✾✵
❧❛s ❜❛s❡s ❞❡ ❞❛t♦s ❝♦♥t✐♥ú❛♥ ❝r❡❝✐❡♥❞♦ ❛❝❛✉❞❛❧❛❞❛♠❡♥t❡ ② ❡♠♣✐❡③❛♥ ❛ ❧❧❛♠❛r
❧❛ ❛t❡♥❝✐ó♥ ❞❡ ❧❛ ❝♦♠✉♥✐❞❛❞ ❝✐❡♥tí✜❝❛ ❡♥ ❣❡♥❡r❛❧✱ ❝♦♥ ❧❛s ♣r✐♠❡r❛s s❡❝✉❡♥❝✐❛✲
❝✐♦♥❡s ❞❡ ❣❡♥♦♠❛s ❝♦♠♣❧❡t♦s✱ t❛♥t♦ ❞❡ ♣r♦❝❛r✐♦t❡s ❝♦♠♦ ❞❡ ❡✉❝❛r✐♦t❡s✳ P❛r❛
❧❛ ❞é❝❛❞❛ ❞❡❧ ✷✵✵✵✱ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s s❡ ✈✉❡❧✈❡♥ ❜❛st❛♥t❡ ❞✐❢í❝✐❧❡s ❞❡ ♠❛♥❡❥❛r✱
♥♦ só❧♦ ♣♦r s✉ t❛♠❛ñ♦✱ s✐♥♦ ❛❞❡♠ás✱ ♣♦rq✉❡ ❧♦s ❞✐st✐♥t♦s ❡①♣❡r✐♠❡♥t♦s ❜✐♦❧ó❣✐✲
❝♦s ❢✉❡r♦♥ ❞❛♥❞♦ ❧✉❣❛r ❛ ❞✐st✐♥t♦s t✐♣♦s ❞❡ ❞❛t♦s✱ ❛❧ ♣✉♥t♦ q✉❡ ❡♥ ❧♦s ú❧t✐♠♦s
❛ñ♦s ❢✉❡r♦♥ ✐♥❞✐s♣❡♥s❛❜❧❡s ❧❛s ✐♥✐❝✐❛t✐✈❛s ❞❡ ✐♥t❡❣r❛❝✐ó♥ ❞❡ ❞❛t♦s q✉❡ ♣❡r♠✐t❛♥
❝r✉③❛r ✐♥❢♦r♠❛❝✐ó♥ ❡♥tr❡ ✈❛r✐❛s ❜❛s❡s ❞❡ ❞❛t♦s ❞❡ ❢♦r♠❛ ✉♥✐✜❝❛❞❛✳

❍♦② ❞í❛✱ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s ❝♦♥st✐t✉②❡♥ ✉♥♦ ❞❡ ❧♦s ❡❧❡♠❡♥t♦s ❜ás✐❝♦s ❞❡
❝✉❛❧q✉✐❡r ✐♥✈❡st✐❣❛❝✐ó♥ ❜✐♦❧ó❣✐❝❛ ❞❛❞♦ q✉❡ r❡s✉❧t❛r♦♥ s❡r ❧❛ ❢♦r♠❛ ♠ás ❡✜✲
❝✐❡♥t❡ ❞❡ ❛❧♠❛❝❡♥❛r ✐♥❢♦r♠❛❝✐ó♥ ❞❡r✐✈❛❞❛ ❞❡ r❡❢❡r❡♥❝✐❛s ❜✐❜❧✐♦❣rá✜❝❛s✱ s✐❡♥❞♦
❡✈✐❞❡♥❝✐❛ ❞❡ ❡st♦ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❡♠♣❡③❛r♦♥ ❛ ❝♦♥st✐t✉✐rs❡ ✐♠♣♦rt❛♥t❡s r❡✈✐st❛s
❝✐❡♥tí✜❝❛s q✉❡ ♣✉❜❧✐❝❛♥ ❛rtí❝✉❧♦s r❡❢❡r✐❞♦s ❡①❝❧✉s✐✈❛♠❡♥t❡ ❛ ❜❛s❡s ❞❡ ❞❛t♦s✳ ❙❡
❤❛♥ ❧❧❡✈❛❞♦ ❛❞❡❧❛♥t❡ ♥✉♠❡r♦s♦s ❡s❢✉❡r③♦s ♣♦r ♠❛♥❡❥❛r t♦❞❛ ❡st❛ ✐♥❢♦r♠❛❝✐ó♥
♣❛r❛ q✉❡ ❡sté ❛❝❝❡s✐❜❧❡ ②✱ ❞❡♣❡♥❞✐❡♥❞♦ ❞❡ ❧♦s ❞❛t♦s ❞✐s♣♦♥✐❜❧❡s✱ ❧♦s ❞✐st✐♥t♦s
t✐♣♦s ❞❡ r❡♣♦s✐t♦r✐♦s ♦❢r❡❝❡♥ ❞✐st✐♥t❛s ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ♣❛r❛ ♣♦❞❡r ❛❝❝❡❞❡r ❛ ❧♦s
❞❛t♦s✳ P❡r♦✱ ❛ ♣❡s❛r ❞❡ t♦❞♦ ❡st♦✱ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❞❡ t♦❞♦s ❡st♦s ❞❛t♦s s✐❡♠♣r❡
s❡ ❤❛ ♠♦str❛❞♦ ♣r♦❜❧❡♠át✐❝❛ ② ❝♦♥st✐t✉②❡ ✉♥♦ ❞❡ ❧♦s ♣r✐♥❝✐♣❛❧❡s ❡❧❡♠❡♥t♦s ❞❡
❛♥á❧✐s✐s ❛ ❧❛ ❤♦r❛ ❞❡ ♣♦♥❡r ❛ ♣✉♥t♦ ❧♦s ❞❛t♦s ❡♥ ✉♥ ♣r♦②❡❝t♦ ❞❡ ♠❛♥❡r❛ ❞❡
♣♦❞❡r tr❛❜❛❥❛r ❝♦♥ ❡❧❧♦s✳ ▼ás ❛ú♥✱ ❞❡❜✐❞♦ ❛ ❧❛s ❞✐❢❡r❡♥❝✐❛s✱ t❛♥t♦ ❡♥ tér♠✐♥♦s
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

té❝♥✐❝♦s ❝♦♠♦ ♣♦❧ít✐❝♦s✱ r❡s✉❧t❛ ✐♥✈❡r♦sí♠✐❧ ♣❡♥s❛r q✉❡ s❡ ♣✉❡❞❡ r❡s♦❧✈❡r ✉♥❛
❝♦♥s✉❧t❛ ✭q✉❡r②✮ ❜✐♦❧ó❣✐❝❛ ✐♥❞❡①❛♥❞♦ ✉♥❛ s♦❧❛ ❜❛s❡ ❞❡ ❞❛t♦s✳

❆ ♣❡s❛r ❞❡ ❧❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ❜❛s❡s ❞❡ ❞❛t♦s ❞✐s♣♦♥✐❜❧❡s ♣❛r❛ r❡❛❧✐③❛r
❛♥á❧✐s✐s ❜✐♦❧ó❣✐❝♦s✱ ❡①✐st❡♥ ✉♥❛ s❡r✐❡ ❞❡ ❜❛s❡s ❞❡ ❞❛t♦s q✉❡✱ ❝♦♥ ❡❧ ❝♦rr❡r ❞❡
❧♦s ❛ñ♦s✱ ♠♦str❛r♦♥ s❡r ❞❡ ❣r❛♥ ✉t✐❧✐❞❛❞ ♣❛r❛ ❧❛ ❛♥♦t❛❝✐ó♥ ❞❡ ❣❡♥♦♠❛s ❞❡
❜❛❝t❡r✐❛s✱ ② s❡rá♥ ❝♦♠❡♥t❛❞❛s ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳

❑②♦t♦ ❊♥❝②❝❧♦♣❡❞✐❛ ♦❢ ●❡♥❡s ❛♥❞ ●❡♥♦♠❡s ✭❑❊●●✮ ❬❑❛♥❡❤✐s❛ ❛♥❞ ●♦t♦✱
✷✵✵✵❪✱ ❬❑❛♥❡❤✐s❛ ❡t ❛❧✳✱ ✷✵✵✻❪✱ ❬❑❛♥❡❤✐s❛ ❡t ❛❧✳✱ ✷✵✵✼❪ ❑❊●● ❡s ✉♥ ♣r♦②❡❝t♦
q✉❡ t✐❡♥❡ ♣♦r ♦❜❥❡t✐✈♦ ❥✉♥t❛r t♦❞♦ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ r❡❢❡r❡♥t❡ ❛ ❧❛s r❡❛❝❝✐♦♥❡s
q✉í♠✐❝❛s ❡♥ ♦r❣❛♥✐s♠♦s ✈✐✈♦s✳ ❑❊●● ❡stá ❞✐✈✐❞✐❞♦ ❡♥ ✈❛r✐❛s ❡♥t✐❞❛❞❡s q✉❡✱
❛ s✉ ✈❡③✱ ❡stá♥ r❡❧❛❝✐♦♥❛❞❛s✳ ▲❛s ❡♥t✐❞❛❞❡s ♠ás r❡❧❡✈❛♥t❡s ❛ ♥✉❡str♦s ♣r♦♣ós✐✲
t♦s s❡rí❛♥✿ ●❊◆❊❙✱ ❖❘❚❍❖▲❖●❖❯❙ ② P❆❚❍❲❆❨❙✳ ●❊◆❊❙ ❥✉♥t❛ t♦❞♦ ❡❧
❝♦♥♦❝✐♠✐❡♥t♦ r❡❢❡r❡♥t❡ ❛ ♦r❣❛♥✐s♠♦s✳ ❙✉s ❣❡♥♦♠❛s✱ ❧♦s ❣❡♥❡s ❞❡ ❝❛❞❛ ❣❡♥♦♠❛ ②
❧❛ ❥❡r❛rq✉í❛ t❛①♦♥ó♠✐❝❛✳ ❊♥ ❖❘❚❍❖▲❖●❖❯❙ s❡ ❞❡✜♥❡♥ ❣r✉♣♦s ❞❡ ♣r♦t❡í♥❛s
②✴♦ ❣❡♥❡s ♦rtó❧♦❣♦s ② s❡ ❝♦♥str✉②❡♥ ❝❧✉st❡rs ❞❡ ❡st♦s ♠✐s♠♦s ❛ ❧♦s ❝✉❛❧❡s s❡
❧❡s ❛s✐❣♥❛♥ ❝ó❞✐❣♦s q✉❡ ✐❞❡♥t✐✜❝❛♥ ❡♥③✐♠❛s✳ ❊st♦s ❝ó❞✐❣♦s ❞❡♥♦♠✐♥❛❞♦s ❊❈
♥✉♠❜❡rs✱ ❝♦♥s✐st❡♥ ❡♥ ✉♥❛ ♥♦♠❡♥❝❧❛t✉r❛ ❞❡ ❝✉❛tr♦ ❞í❣✐t♦s q✉❡ ♣r❡t❡♥❞❡ ❡s✲
♣❡❝✐✜❝❛r ❧❛ ❢✉♥❝✐ó♥ ❞❡ ✉♥❛ ❡♥③✐♠❛ ✉s❛♥❞♦ ✉♥❛ ❡str✉❝t✉r❛ ❞❡ ❞❛t♦s ❥❡rárq✉✐❝❛
❞❡ t✐♣♦ ❛r❜♦r❡♦✳ P♦r ❡❥❡♠♣❧♦✱ ✷✳✶✳✶✳✹✱ ❞❡♥♦♠✐♥❛ ✉♥❛ ❡♥③✐♠❛ ❆❝❡t②❧s❡r♦t♦♥✐♥
♠❡t❤②❧tr❛♥s❢❡r❛s❡✱ ♠✐❡♥tr❛s q✉❡ ✷✳✶✳✶✳✲ ❞❡♥♦♠✐♥❛ só❧♦ ♠❡t❤②❧tr❛♥s❢❡r❛s❡✳ ❉❡
❡st❛ ♠❛♥❡r❛✱ s❡ ♣✉❡❞❡ ❡s♣❡❝✐✜❝❛r ❧❛ ❢✉♥❝✐ó♥ ❞❡ ✉♥❛ ♣r♦t❡í♥❛ ❞❡ ♠❛♥❡r❛ ♠ás
❣❡♥❡r❛❧ s✐ ❡s q✉❡ ♥♦ s❡ ❝♦♥♦❝❡ ❞❡❧ t♦❞♦ s✉ ❢✉♥❝✐ó♥ ♠ás ❡s♣❡❝í✜❝❛✱ ❝♦♠♦ s❡r ❧❛
❡s♣❡❝✐✜❝✐❞❛❞ ❞❡ s✉str❛t♦✳ ❋✐♥❛❧♠❡♥t❡✱ P❆❚❍❲❆❨❙ ❥✉♥t❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ t♦✲
❞♦s ❧♦s ❝❛♠✐♥♦s ♠❡t❛❜ó❧✐❝♦s✳ ❊stá ❞✐s❡ñ❛❞❛ ❝♦♠♦ ✉♥ ♠✉❧t✐❣r❛❢♦✱ ❞❡❜✐❞♦ ❛ q✉❡
❝❛❞❛ ♥♦❞♦ ♣✉❡❞❡ ❡st❛r ❝♦♥❡❝t❛❞♦ ♣♦r ♠ás ❞❡ ✉♥ ❡❥❡✳ ❈❛❞❛ s✉❜❣r❛❢♦ ❞❡❧ ❣r❛❢♦
♣r✐♥❝✐♣❛❧ ❤❛❝❡ r❡❢❡r❡♥❝✐❛ ❛ ✉♥ t✐♣♦ ❞❡ ♠❡t❛❜♦❧✐s♠♦ ✭♠❡t❛❜♦❧✐s♠♦ ❞❡ ❝❛r❜♦✲
❤✐❞r❛t♦s✱ ♠❡t❛❜♦❧✐s♠♦ ❞❡ ❛♠✐♥♦á❝✐❞♦s✱ ❡t❝✮✱ ❝♦♥ ❧♦s ♥♦❞♦s s❡ r❡♣r❡s❡♥t❛♥ ❧♦s
❝♦♠♣✉❡st♦s q✉í♠✐❝♦s q✉❡ ❢✉♥❝✐♦♥❛♥ ❝♦♠♦ s✉str❛t♦s ② ♣r♦❞✉❝t♦s ❞❡ ❧❛s r❡❛❝✲
❝✐♦♥❡s ❡♥ ❧❛s ❝é❧✉❧❛s ✭❣❧✉❝♦s❛✱ ♣r♦❧✐♥❛✱ ❡t❝✮ ② ❧♦s ❡❥❡s ✈❡♥❞rí❛♥ ❛ s❡r ❧❛s ❡♥③✐♠❛s
q✉❡ ❝❛t❛❧✐③❛♥ ❞✐❝❤❛s r❡❛❝❝✐♦♥❡s ✭❞❡❤✐❞r♦❣❡♥❛s❛✱ ❛♠✐♥♦tr❛♥s❢❡r❛s❛✱ ❡t❝✮✳ ▲❛ ❛♥✲
♦t❛❝✐ó♥ ❣❡♥ó♠✐❝❛ ✉s❛♥❞♦ ❑❊●● ❝♦♥s✐st❡ ❡♥ ❛s✐❣♥❛r ❛ ❝❛❞❛ ❣❡♥ ❞❡❧ ❣❡♥♦♠❛
❡st✉❞✐❛❞♦ ✉♥ ❝❧✉st❡r ❞❡ ♦rtó❧♦❣♦s✱ ❜❛s❛♥❞♦s❡ ❡♥ ❜úsq✉❡❞❛s ♣♦r s✐♠✐❧❛r✐❞❛❞ ❡♥
❧♦s ❣❡♥♦♠❛s ♣r❡s❡♥t❡s ❡♥ ❧❛ ❜❛s❡ ❞❡ ●❊◆❊❙✳ ❈♦♥ ❧❛s ♦rt♦❧♦❣í❛s ❛s✐❣♥❛❞❛s s❡
❝♦♥str✉②❡♥ ❧♦s ♠❛♣❛s ♠❡t❛❜ó❧✐❝♦s q✉❡ ❞❡✜♥❡♥ ❧♦s ❝❛♠✐♥♦s ❞❡ ❧♦s ❝♦♠♣✉❡st♦s
q✉í♠✐❝♦s ❡♥ ❡❧ ✐♥t❡r✐♦r ❞❡ ❧♦s ♦r❣❛♥✐s♠♦s ② s❡ r❡❝♦♥str✉②❡♥ ❧♦s ♠❛♣❛s ❞❡❧ ❣❡♥♦✲
♠❛ q✉❡ s❡ ❞❡s❡❛ ❡st✉❞✐❛r✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❯♥✐♣r♦t❑❇✿ ❙✇✐ss✲Pr♦t ✴ ❚r❊▼❇▲ ❬❈♦♥s♦rt✐✉♠ ❡t ❛❧✳✱ ✷✵✶✹❪ ❯♥✐♣r♦t❑❇ ❡s ❧❛
✉♥✐ó♥ ❞❡ ❞♦s ❣r❛♥❞❡s ❜❛s❡s ❞❡ ❞❛t♦s ❡✉r♦♣❡❛s✿ ❙✇✐ss✲Pr♦t ② ❚r❊▼❇▲✳ ❙✇✐ss✲
Pr♦t ❡s ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s r❡✈✐s❛❞❛ ② ❝✉r❛❞❛ ♠❛♥✉❛❧♠❡♥t❡ ♣♦r ❡s♣❡❝✐❛❧✐st❛s
q✉❡ t✐❡♥❡ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❣❡♥❡r❛r ✉♥ r❡♣♦s✐t♦r✐♦ ❝♦♥ ✈♦❝❛❜✉❧❛r✐♦ ❝♦♥tr♦❧❛❞♦
❞❡ t♦❞❛s ❧❛s ♣r♦t❡í♥❛s ❞❡ t♦❞♦s ❧♦s ♦r❣❛♥✐s♠♦s✳ ❊❧ ♠ét♦❞♦ ♣♦r ❡❧ ❝✉❛❧ s❡ ❞❡✲
♣♦s✐t❛ ✐♥❢♦r♠❛❝✐ó♥ ❡♥ ❙✇✐ss✲Pr♦t ❡s ❡❧ s✐❣✉✐❡♥t❡✿ ❙❡ ✉s❛ ❝♦♠♦ r❡❢❡r❡♥❝✐❛ ❧❛
❜❛s❡ ❞❡ ❞❛t♦s ❚r❊▼❇▲ ❡♥ ❞♦♥❞❡ ❤❛② ✉♥❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛s ❞❡
♣r♦t❡í♥❛s tr❛❞✉❝✐❞❛s ❞❡ ❣❡♥❡s s❡❝✉❡♥❝✐❛❞♦s ② ❞❡♣♦s✐t❛❞♦s ❡♥ ❊▼❇▲✳ ❱❛r✐❛s
❞❡ ❡st❛s s❡❝✉❡♥❝✐❛s ❢✉❡r♦♥ ❞❡♣♦s✐t❛❞❛s ♣♦r ✐♥✈❡st✐❣❛❞♦r❡s ♣❡r♦ ♣r✐♥❝✐♣❛❧♠❡♥t❡
s❡ ♣r♦❞✉❝❡♥ ❛ tr❛✈és ❞❡ tr❛❞✉❝✐r ❛✉t♦♠át✐❝❛♠❡♥t❡ s❡❝✉❡♥❝✐❛s ❞❡ ♥✉❝❧❡♦t✐❞♦s
♣r❡✈✐❡♠❡♥t❡ ❞❡♣♦s✐t❛❞❛s ❡♥ ♦tr❛s ❜❛s❡s ❞❡ ❞❛t♦s ✭✐✳❡✳✿♥t✳✮ ❈❛❞❛ ✉♥❛ ❞❡ ❡st❛s
s❡❝✉❡♥❝✐❛s ❡s ❛s✐❣♥❛❞❛ ❛ ✉♥ ✐♥✈❡st✐❣❛❞♦r ❡♥ ❛❧❣ú♥ ❧✉❣❛r ❞❡❧ ♠✉♥❞♦ q✉✐❡♥ ❡s ❡❧
❡♥❝❛r❣❛❞♦ ❞❡ r❡✈✐s❛r ❧❛ ♣r♦t❡í♥❛ ❝♦♠♣❛r❛♥❞♦ ❝♦♥ ✈❛r✐❛s ❜❛s❡s ❞❡ ❞❛t♦s ② s♦✲
❜r❡ t♦❞♦ ❜❛s❛♥❞♦s❡ ❡♥ ❧✐t❡r❛t✉r❛✳ ❯♥❛ ✈❡③ t❡r♠✐♥❛❞♦ ❡❧ ♣r♦❝❡s♦ ❞❡ r❡✈✐s✐ó♥ s❡
♣r♦❝❡❞❡ ❛ q✉✐t❛r ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ❚r❊▼❇▲ ② ♣♦♥❡r❧❛ ❡♥ ❙✇✐ss✲Pr♦t✳ ❊♥t♦♥❝❡s✱
❙✇✐ss✲Pr♦t ♥♦s ♣❡r♠✐t❡ t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❛❧t❛ ❝❛❧✐❞❛❞ s♦❜r❡ ❧❛ ❢✉♥❝✐ó♥ ❞❡
✉♥❛ ♣r♦t❡í♥❛✳ ❯♥ ❡❥❡♠♣❧♦ ❞❡ ❡st♦ s❡rí❛ ❧❛ ♣r♦t❡í♥❛ ❆✺❯✹✾✸✱ ❞❡ ❧❛ ❝✉❛❧ ❡①✲
tr❛❡rí❛♠♦s✿ ◆♦♠❜r❡ ❞❡ ❧❛ ♣r♦t❡í♥❛✿ ❇❡t❛✲❧❛❝t❛♠❛s❡✱ ◆♦♠❜r❡ ❞❡❧ ❣❡♥✿ ❜❧❛❈✱
❖r❣❛♥✐s♠♦✿ ▼②❝♦❜❛❝t❡r✐✉♠ t✉❜❡r❝✉❧♦s✐s ✭str❛✐♥ ❆❚❈❈ ✷✺✶✼✼ ✴ ❍✸✼❘❛✮✳

❈❖●✿ ❈❧✉st❡rs ♦❢ ♦rt❤♦❧♦❣♦✉s ❣r♦✉♣s ❬❚❛t✉s♦✈ ❡t ❛❧✳✱ ✷✵✵✵❪ ❬●❛❧♣❡r✐♥ ❡t ❛❧✳✱
✷✵✶✹❪ ▲❛ ❜❛s❡ ❞❡ ❞❛t♦s ❈❖● ❡s ✉♥ ✐♥t❡♥t♦ ♣♦r ❣❡♥❡r❛r ✉♥❛ ❝❧❛s✐✜❝❛❝✐ó♥ ✜❧♦✲
❣❡♥ét✐❝❛ ❞❡ ❧❛s ♣r♦t❡í♥❛s q✉❡ s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❣❡♥♦♠❛s ❝♦♠♣❧❡t♦s✱ ❧♦ ❝✉❛❧ ♣❡r✲
♠✐t❡ ❞✐❢❡r❡♥❝✐❛r ❡♥tr❡ ♣r♦t❡í♥❛s ♦rtó❧♦❣❛s ✭❡♥tr❡ ❣❡♥♦♠❛s✮ ② ♣❛rá❧♦❣❛s ✭❞❡♥tr♦
❞❡❧ ♠✐s♠♦ ❣❡♥♦♠❛✮✱ ❞❡ ♠❛♥❡r❛ ❞❡ q✉❡ ❝❛❞❛ ❣r✉♣♦ r❡♣r❡s❡♥t❡ ❛❞❡❝✉❛❞❛♠❡♥t❡
✉♥❛ ♦rt♦❧♦❣í❛✳ ❈❖● ❝♦♥s✐st❡ ❡♥ ❣r✉♣♦s ❞❡ ❣❡♥❡s ❛❣❧♦♠❡r❛❞♦s ♣♦r ✉♥❛ r❡❧❛❝✐ó♥
❝♦♠♣✉t❛❝✐♦♥❛❧ ❞❡ ♦rt♦❧♦❣í❛ ❝♦♥♦❝✐❞❛ ❝♦♠♦ ❇✐❞✐r❡❝t✐♦♥❛❧ ❜❡st ❍✐ts ✭❇❇❍s✮✱
q✉❡ s❡rá ❡①♣❧✐❝❛❞❛ ♠ás ❛❞❡❧❛♥t❡✳ ❖ s❡❛ q✉❡✱ ❝❛❞❛ ❝❧✉st❡r ❞❡ ♦rtó❧♦❣♦s✱ ✐♥❝❧✉②❡
♣r♦t❡í♥❛s ♣❛r❛ ❧❛s ❝✉❛❧❡s s❡ ✐♥✜❡r❡ ♣♦r s✐♠✐❧❛r✐❞❛❞ q✉❡ s♦♥ ♦rtó❧♦❣❛s ② ❞✐❝❤❛
✐♥❢❡r❡♥❝✐❛ s❡ ❝✉r❛ ♠❛♥✉❛❧♠❡♥t❡✳ ❊st♦ ♣❡r♠✐t❡ r❡❞✉❝✐r ❜❛st❛♥t❡ ❧❛ ❝❛♥t✐❞❛❞
❞❡ ❡rr♦r❡s ❞❡ ❛♥♦t❛❝✐ó♥✱ ❞❡ ❧❛ ♠✐s♠❛ ♠❛♥❡r❛ q✉❡ ❧♦ ❤❛❝❡ ❡❧ ❤❡❝❤♦ ❞❡ ✉s❛r
❙✇✐ss✲Pr♦t✳ ❆✉♥q✉❡✱ ❛❞❡♠ás✱ ❧❛ ❜❛s❡ ❞❡ ❞❛t♦s ❈❖● ❡stá ♦r❣❛♥✐③❛❞❛ ❞❡ ❢♦r♠❛
❥❡rárq✉✐❝❛ ❞❡ ♠❛♥❡r❛ ❞❡ ❛❣r✉♣❛r ❝❛❞❛ ♦rt♦❧♦❣í❛ ❡♥ ✉♥❛ ❝❧❛s❡ ❢✉♥❝✐♦♥❛❧✱ ② ❛sí✱
❢❛❝✐❧✐t❛r ✉♥❛ ✈✐s✉❛❧✐③❛❝✐ó♥ ✏❛ ✈✉❡❧♦ ❞❡ ♣á❥❛r♦✑ ❞❡ ❧❛ ❣❡♥❡r❛❧✐❞❛❞ ❞❡ ❢✉♥❝✐♦♥❛❧✐✲
❞❛❞❡s q✉❡ ❡♥❝♦♥tr❛♠♦s ❡♥ ❡❧ ❣❡♥♦♠❛ q✉❡ ❡st❛♠♦s ❛♥♦t❛♥❞♦✳ ❯♥ ❡❥❡♠♣❧♦ ♣✉❡❞❡
s❡rí❛ ❧❛ ♦rt♦❧♦❣í❛ ❈❖●✷✸✻✼ ❞❡ ♥♦♠❜r❡ ❇❡t❛✲❧❛❝t❛♠❛s❡ ❝❧❛ss ❆ ❞❡ ❧❛ ❝✉❛❧
❡①tr❛❡♠♦s ❧❛ ❝❧❛s❡ ❛ ❧❛ q✉❡ ♣❡rt❡♥❡❝❡✿ ❱✿ ❉❡❢❡♥s❡ ♠❡❝❤❛♥✐s♠s✳

Pá❣✐♥❛ ✷✼ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

Pr♦t❡✐♥ ❉❛t❛ ❇❛♥❦ ✭P❉❇✮ ❬❇❡r♠❛♥ ❡t ❛❧✳✱ ✷✵✵✵❪ ▲❛ ❜❛s❡ ❞❡ ❞❛t♦s P❉❇ ❢✉❡
❢✉♥❞❛❞❛ ❡♥ ✶✾✼✶✱ ② ❢✉❡ ❧❛ ♣r✐♠❡r ❜❛s❡ ❞❡ ❞❛t♦s ❜❛s❛❞❛ ❡♥ ❝♦♠♣✉t❛❞♦r❛s✱ q✉❡
♦❢r❡❝✐ó ❞❛t♦s ❡♥ ❡❧ ❝❛♠♣♦ ❞❡ ❧❛ ❜✐♦❧♦❣í❛ ♠♦❧❡❝✉❧❛r✳ ❈♦♥st✐t✉②❡ ✉♥♦ ❞❡ ❧♦s r❡♣♦s✲
✐t♦r✐♦s ♠ás ✐♥t❡r❡s❛♥t❡s ❞❡ ❡♥tr❡ t♦❞♦s ❧♦s ❞❛t♦s ❜✐♦❧ó❣✐❝♦s ② t✐❡♥❡ ♠✐rr♦rs ❡♥
❊st❛❞♦s ❯♥✐❞♦s✱ ❊✉r♦♣❛ ② ❏❛♣ó♥✳ ❈♦♥t✐❡♥❡ ✐♥❢♦r♠❛❝✐ó♥ tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❡ ❧❛s
❡str✉❝t✉r❛s q✉❡ ❛❞♦♣t❛♥ ❧❛s ♣r♦t❡í♥❛s✳ ▲❛ ❢♦r♠❛ ♠❛s ❝♦♠ú♥ ❞❡ ✐♥❞❡①❛r ❡❧ P❉❇
❡s ✉s❛♥❞♦ ❡❧ s✐st❡♠❛ ❇▲❆❙❚ ♣❛r❛ ❜✉s❝❛r s♦❜r❡ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ s❡❝✉❡♥❝✐❛s ♣r♦✲
t❡✐❝❛s s✉❜②❛❝❡♥t❡✳ P❡r♦ ❛ ❧♦ ❧❛r❣♦ ❞❡ ❧♦s ❛ñ♦s s❡ ❤❛♥ ❜✉s❝❛❞♦ ♦tr❛s ❡str❛t❡❣✐❛s
♠ás ♣♦t❡♥t❡s ♣❛r❛ ✐♥❞❡①❛r❧❛✱ ❞❛❞♦ q✉❡ ❝✉❛♥❞♦ s❡ tr❛t❛ ❞❡ ❡♥t❡♥❞❡r ❧❛ ❢✉♥❝✐ó♥
❞❡ ✉♥❛ ♣r♦t❡í♥❛✱ s✉ ❡str✉❝t✉r❛✱ ❡s ❞❡ ❣r❛♥ ✉t✐❧✐❞❛❞✳ ❊♥tr❛r❡♠♦s ❡♥ ♠ás ❞❡t❛❧❧❡
s♦❜r❡ ❡st❛ ❜❛s❡ ❞❡ ❞❛t♦s ❡♥ ❡❧ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✳

P❢❛♠ ❬❇❛t❡♠❛♥ ❡t ❛❧✳✱ ✷✵✵✹❪✱ ❬❋✐♥♥ ❡t ❛❧✳✱ ✷✵✵✻❪ ▲❛ ❜❛s❡ ❞❡ ❞❛t♦s P❢❛♠ ❡s ❞❡
❢❛♠✐❧✐❛s ② ❞♦♠✐♥✐♦s ❞❡ ♣r♦t❡í♥❛s✳ ❉❛❞♦ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ♣r♦t❡í♥❛s q✉❡ t✐❡♥❡♥
❛❧ ♠❡♥♦s ✉♥ ❞♦♠✐♥✐♦ ❡♥ ❝♦♠ú♥✱ ❡s ♣♦s✐❜❧❡ ❛❣r✉♣❛r❧❛s ♠❡❞✐❛♥t❡ ✉♥ ♣r♦❝❡s♦ ❞❡
❛❧✐♥❡❛♠✐❡♥t♦ ❞❡ s❡❝✉❡♥❝✐❛s✳ ❊st❡ ♣r♦❝❡s♦ ❞❛ ❧✉❣❛r ❛ ✉♥ ❛❧✐♥❡❛♠✐❡♥t♦ ♠ú❧t✐♣❧❡
❞❡ ❧♦s ❞♦♠✐♥✐♦ ♣r♦t❡✐❝♦s q✉❡ s❡ ♣❛r❡❝❡♥ ❡♥ ❡❧ ❝✉á❧✱ ❛ ❝❛❞❛ ❞♦♠✐♥✐♦✱ s❡ ❧❡ ❛❣r❡✲
❣❛♥ ❣❛♣s ❞❡ ♠❛♥❡r❛ ❞❡ ❤❛❝❡r ❝♦✐♥❝✐❞✐r ❧❛s r❡❣✐♦♥❡s q✉❡ t✐❡♥❡♥ ♠ás s✐♠✐❧✐t✉❞✳
❊st♦s ❛❣r✉♣❛♠✐❡♥t♦s ❞❡ ♣r♦t❡í♥❛s✱ q✉❡ s❡ r❡♣r❡s❡♥t❛♥ ♠❡❞✐❛♥t❡ ❛❧✐♥❡❛♠✐❡♥t♦s
♠ú❧t✐♣❧❡s✱ s❡ ✉s❛♥ ♣❛r❛ ❝♦♥str✉✐r ❍▼▼s r❡❧❛❝✐♦♥❛❞♦s ❛ ❝❛❞❛ ❢❛♠✐❧✐❛ ❡♥ P❢❛♠
②✱ ✉s❛♥❞♦ ❡❧ s♦❢t✇❛r❡ ❍▼▼❊❘✱ ❡s ♣♦s✐❜❧❡ r❡❛❧✐③❛r ❜úsq✉❡❞❛s ❡♥ P❢❛♠ t❡♥✐❡♥✲
❞♦ ❝♦♠♦ q✉❡r② ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ✉♥❛ ♣r♦t❡í♥❛✳ P❢❛♠ s❡ ❝❛r❛❝t❡r✐③❛ ♣♦r t❡♥❡r
✉♥❛ ❛♠♣❧✐❛ ❝❛♥t✐❞❛❞ ② ❝❛❧✐❞❛❞ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ❢✉♥❝✐♦♥❛❧ ❜✐♦❧ó❣✐❝❛✳ ❊♥ P❢❛♠✱
❝❛❞❛ ❍▼▼ ♣✉❡❞❡ r❡♣r❡s❡♥t❛r ✉♥❛ ❢❛♠✐❧✐❛ ❞❡ ♣r♦t❡í♥❛s ♦ ✉♥ ❞♦♠✐♥✐♦ ❢✉♥❝✐♦♥❛❧
q✉❡ s❡ ✈❡ r❡♣❧✐❝❛❞♦ ❛ ❧♦ ❧❛r❣♦ ❞❡ ✈❛r✐❛s ❢❛♠✐❧✐❛s ❞✐st✐♥t❛s✳ ▲♦ ✐♥t❡r❡s❛♥t❡ ❞❡
P❢❛♠ ❡s q✉❡ ♣❡r♠✐t❡ s❡❣♠❡♥t❛r ✉♥❛ s❡❝✉❡♥❝✐❛ ♣r♦t❡✐❝❛ ❡♥ s✉s ✉♥✐❞❛❞❡s ❢✉♥✲
❝✐♦♥❛❧❡s✿ s✉s ❞♦♠✐♥✐♦s✳ ❊st♦ ❡s ♠✉② út✐❧ ❝✉❛♥❞♦ s❡ tr❛t❛ ❞❡ ❞❡s❝r✐❜✐r ❧❛ ❢✉♥❝✐ó♥
❞❡ ✉♥❛ ♣r♦t❡í♥❛ ❞❛❞♦ q✉❡ ❡s ♠✉② ❝♦♠ú♥ ❝✉❛♥❞♦ s❡ tr❛❜❛❥❛ ❝♦♥ ❡❧ ❣❡♥♦♠❛
❞❡ ✉♥❛ ❜❛❝t❡r✐❛ q✉❡ s❡ ❡♥❝✉❡♥tr❡♥ ♣r♦t❡í♥❛s ❝♦♥ ✉♥❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❢✉♥❝✐♦♥❛❧
♠✉② ❣❡♥❡r❛❧✱ ♦ s❡❛ q✉❡ s✐ ❜✐❡♥ s✉ ❢✉♥❝✐ó♥ ❡①❛❝t❛ ❡s ❞❡s❝♦♥♦❝✐❞❛✱ ♣r❡s❡♥t❛♥ ✉♥
❛rr❡❣❧♦ ❞❡ ❞♦♠✐♥✐♦s q✉❡✱ ❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s✱ sí ❡stá ❜✐❡♥ ❝❛r❛❝t❡r✐③❛❞♦✳ ❊st❛s
♣r♦t❡í♥❛s s✉❡❧❡♥ s❡r ❛♥♦t❛❞❛s ❝♦♥ ♥♦♠❜r❡s ❝♦♠♦✱ ♣♦r ❡❥❡♠♣❧♦ ✏❍②❞r♦❧❛s❡ ❞♦✲
♠❛✐♥ ❝♦♥t❛✐♥✐♥❣ ♣r♦t❡✐♥✑ ② ♥❛❞❛ ♠ás✳ ❊s ♣♦r ❡st♦ q✉❡ ❡st❛ ❜❛s❡ ❞❡ ❞❛t♦s ❡s ❞❡
♠✉❝❤❛ ✉t✐❧✐❞❛❞ ❛ ❧❛ ❤♦r❛ ❞❡ ❝❛r❛❝t❡r✐③❛r ❧❛ ❢✉♥❝✐ó♥ ❞❡ ✉♥❛ ♣r♦t❡í♥❛✳ ❯♥ ♣♦s✐✲
❜❧❡ ❡❥❡♠♣❧♦ ❡s ❧❛ ❢❛♠✐❧✐❛ P❋✵✵✶✹✹ ❞❡ ♥♦♠❜r❡ ❇❡t❛✲❧❛❝t❛♠❛s❡✱ ❞❡ ❧❛ ❝✉❛❧ s❡
❡①tr❛❡ ❡❧ ❝✉❜r✐♠✐❡♥t♦ s♦❜r❡ ❡❧ ❖❘❋ q✉❡ ❡stá s✐❡♥❞♦ ❛♥♦t❛❞♦✳

❚✐❣r❋❛♠ ❬❍❛❢t✱ ✷✵✵✸❪ ❊st❛ ❜❛s❡ ❞❡ ❞❛t♦s ❝♦♥s✐st❡ ❞❡ ✉♥ ❝♦♥❥✉♥t♦ ❜❛st❛♥t❡
❣r❛♥❞❡ ❞❡ ❍▼▼s ❡♥ ❧♦s q✉❡ s❡ ♣✉❡❞❡♥ r❡❛❧✐③❛r ❜úsq✉❡❞❛s ✉s❛♥❞♦ ❍▼▼❊❘
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❝♦♠♦ ❡♥ ❡❧ ❝❛s♦ ❞❡ P❢❛♠✳ ❆✉♥q✉❡✱ ❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ P❢❛♠✱ ❚✐❣r❋❛♠ t✐❡♥❡ ❧❛
♣❛rt✐❝✉❧❛r✐❞❛❞ ❞❡ q✉❡ ❧♦s ♠♦❞❡❧♦s ❞❡ ♠❛r❦♦✈ ❢✉❡r♦♥ ❝r❡❛❞♦s ✉s❛♥❞♦ ❝♦♥❥✉♥t♦s
❞❡ ♦rt♦❧♦❣í❛s q✉❡ ❢✉❡r♦♥ s❡❧❡❝❝✐♦♥❛❞❛s ❛ ♣❛rt✐r ❞❡ ♠✉❝❤♦s ❣❡♥♦♠❛s ❞❡ ❜❛❝t❡r✐❛s
s❡❝✉❡♥❝✐❛❞♦s✳ ▲❛s ♣r♦t❡í♥❛s s❡ ❛❣r✉♣❛♥ ❡♥ ❧♦ q✉❡ ❚✐❣r❋❛♠ ❞❡♥♦♠✐♥ó ❡q✉✐✈❛❧♦❣s✳
❊st♦s ❛❣r✉♣❛♠✐❡♥t♦s ❞❡ ♣r♦t❡í♥❛s t✐❡♥❡♥ ❧❛ ♣❛rt✐❝✉❧❛r✐❞❛❞ ❞❡ s❡r ❞❡ t❛♠❛ñ♦
❝♦♠♣❧❡t♦ ♦ t❛♥ ❧❛r❣♦ ❝♦♠♦ s❡❛ ♣♦s✐❜❧❡✳ ❊st♦ ❞❛ ❧✉❣❛r ❛ q✉❡✱ ❛ ❞✐❢❡r❡♥❝✐❛ ❞❡
P❢❛♠✱ ❧♦s ❍▼▼s ❞❡ ❚✐❣r❋❛♠✱ ❞❡s❝r✐❜❡♥ ♠ás ❝♦♠✉♥♠❡♥t❡ ❢❛♠✐❧✐❛s ❞❡ ♣r♦t❡í♥❛s
q✉❡ ❞♦♠✐♥✐♦s ❢✉♥❝✐♦♥❛❧❡s ❛✐s❧❛❞♦s✳ ❖❜✈✐❛♠❡♥t❡✱ ❤❛② ❝❛s♦s ❞♦♥❞❡ ❡st♦ ♥♦ s❡
♣✉❡❞❡ ❧♦❣r❛r✱ ❧♦ ❝✉❛❧ ❞❛ ❧✉❣❛r ❛ ✉♥ ❍▼▼ ❞❡ ✉♥ ❞♦♠✐♥✐♦ ❢✉♥❝✐♦♥❛❧✱ ♣❡r♦ ✉s❛♥❞♦
❡❧ ❝r✐t❡r✐♦ ❞❡ t❛♠❛ñ♦ ❝♦♠♣❧❡t♦✱ ♥♦ s✉❡❧❡ s❡r ❧♦ ❝♦♠ú♥✳ ❊st❛ ❜❛s❡ ❞❡ ❞❛t♦s ❡s
❞❡ ❧❛s ♠ás út✐❧❡s ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛ ❧❛ ❢❛♠✐❧✐❛ ❞❡ ♣r♦t❡í♥❛s ❛ ❧❛ q✉❡ ♣❡rt❡♥❡❝❡
✉♥❛ s❡❝✉❡♥❝✐❛ ♣r♦t❡✐❝❛✳

❙✉♣❡r❢❛♠✐❧② ✭❙❈❖P✮ ❬❲✐❧s♦♥ ❡t ❛❧✳✱ ✷✵✵✾❪ ❊st❛ ❜❛s❡ ❞❡ ❞❛t♦s ❝♦♥s✐st❡ ❡♥ ✉♥
❝♦♥❥✉♥t♦ ❞❡ ♠♦❞❡❧♦s ♦❝✉❧t♦s ❞❡ ♠❛r❦♦✈ q✉❡ ♠♦❞❡❧❛♥ ✉♥❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡ ♣r♦✲
t❡í♥❛s ❧❧❛♠❛❞❛ ❙❈❖P ② ♣❡r♠✐t❡ ♦❜t❡♥❡r ✉♥❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡❧ ♣❧❡❣❛❞♦ ❞❡ ❧❛ ♣r♦✲
t❡í♥❛✳ ❙❈❖P ❡s ✉♥❛ ♦r❣❛♥✐③❛❝✐ó♥ ❡str✉❝t✉r❛❧ ② ❡✈♦❧✉t✐✈❛✱ ❝✉r❛❞❛ ♠❛♥✉❛❧♠❡♥t❡✱
❞❡ ❧♦s ♣❧❡❣❛❞♦s q✉❡ s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❧❛ ❜❛s❡ ❞❡ ❞❛t♦s P❉❇✳ ❊♥ ❡st❛ ❜❛s❡ ❞❡
❞❛t♦s ❧❛s ♣r♦t❡í♥❛s ♠✉❧t✐ ❞♦♠✐♥✐♦ s❡ s❡❣♠❡♥t❛♥ ❡♥ ❞♦♠✐♥✐♦s ❢✉♥❝✐♦♥❛❧❡s q✉❡ ❧❛s
❝♦♥st✐t✉②❡♥✱ q✉❡ ❧✉❡❣♦✱ s♦♥ ❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦ ✉♥✐❞❛❞❡s s❡♣❛r❛❞❛s ❛ ❧❛ ❤♦r❛ ❞❡
❝♦♥str✉✐r ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥✳ ▲❛ ✐❞❡❛ ❞❡trás ❞❡ ❙❈❖P ❡s ❣❡♥❡r❛r ✉♥❛ s❡❣♠❡♥t❛❝✐ó♥
❞❡❧ ❡s♣❛❝✐♦ ❞❡ ❡str✉❝t✉r❛s s❡❣ú♥ ✉♥❛ ❥❡r❛rq✉í❛ q✉❡ ❞❡s❞❡ ❧❛ r❛✐③✱ ❞✐✈✐❞❡ ❧❛s ❡s✲
tr✉❝t✉r❛s ❛ ♣❛rt✐r ❞❡ ❧❛ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛✱ ② ❝❛❞❛ ✉♥❛ ❞❡ ❡❧❧❛s ❡stá♥ ❛❣r✉✲
♣❛❞❛s ❡♥ ❣r✉♣♦s ❞❡♥♦♠✐♥❛❞♦s ❙✉♣❡r❢❛♠✐❧✐❛s✳ ❯♥❛ s✉♣❡r❢❛♠✐❧✐❛ s❡ ❞❡✜♥❡ ❝♦♠♦
✉♥ ❝♦♥❥✉♥t♦ ❞❡ ❞♦♠✐♥✐♦s ♣❛r❛ ❧❛s ❝✉❛❧❡s ❡①✐st❡ ❡✈✐❞❡♥❝✐❛ ❡str✉❝t✉r❛❧ ② ❢✉♥✲
❝✐♦♥❛❧ ❞❡ q✉❡ ❞❡❝✐❡♥❞❡♥ ❞❡ ✉♥ ❛♥❝❡str♦ ❝♦♠ú♥✳ ❊♥ ❡st❛ ❜❛s❡ ❞❡ ❞❛t♦s✱ ❡❧ ♥✐✈❡❧
q✉❡ s✐❣✉❡ ❛ s✉♣❡r❢❛♠✐❧✐❛ ❡s ❢❛♠✐❧✐❛✱ q✉❡ ❛❣r✉♣❛ ❞♦♠✐♥✐♦s q✉❡ t✐❡♥❡♥ ✉♥❛ ❝❧❛r❛
s✐♠✐❧✐t✉❞ ❡♥ s❡❝✉❡♥❝✐❛✳ ❊❧ ♥✐✈❡❧ ❡♥❝✐♠❛ ❞❡ s✉♣❡r❢❛♠✐❧✐❛ ❡s ♣❧❡❣❛❞♦✱ q✉❡ ❛❣r✉♣❛
❞♦♠✐♥✐♦s q✉❡ t✐❡♥❡♥ ♠❛②♦r♠❡♥t❡ ❧❛ ♠✐s♠❛ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ② ❧❛ ❝❛❞❡♥❛
♣r♦t❡✐❝❛ ♣r❡s❡♥t❛ ❧❛ ♠✐s♠❛ t♦♣♦❧♦❣í❛ ❣❧♦❜❛❧✳ P❛r❛ ❝♦♥str✉✐r ❝❛❞❛ ❍▼▼ s❡ ✉s❛♥
❝♦♠♦ s❡♠✐❧❧❛ ❧❛s s❡❝✉❡♥❝✐❛s ❞❡❧ ♥✐✈❡❧ ❞❡ ❙✉♣❡r❢❛♠✐❧✐❛ ✜❧tr❛❞❛s ❛ ✾✺✪ ❞❡ ✐❞❡♥t✐✲
❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✳ ❉❡ ❡st❛ ♠❛♥❡r❛✱ ❝❛❞❛ ❙✉♣❡r❢❛♠✐❧✐❛ t✐❡♥❡ ✉♥♦ ♦ ♠ás ♠♦❞❡❧♦s
❞❡♣❡♥❞✐❡♥❞♦ ❞❡ ❝✉❛♥t❛s s❡❝✉❡♥❝✐❛s q✉❡❞❛♥ ❡♥ ❡❧❧❛ ❧✉❡❣♦ ❞❡ ❛♣❧✐❝❛rs❡ ❡❧ ✜❧tr♦
♣♦r ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✳ ❆ ♠♦❞♦ ❞❡ ❡❥❡♠♣❧♦✱ ❧❛ ♣r♦t❡í♥❛ ❇❡t❛✲❧❛❝t❛♠❛s❡✱
❝❧❛ss ❆ ❡st❛ ♦r❣❛♥✐③❛❞❛ ❡♥ ❧❛ ❋❛♠✐❧✐❛✿ ❜❡t❛✲▲❛❝t❛♠❛s❡✴❉✲❛❧❛ ❝❛r❜♦①②♣❡♣t✐✲
❞❛s❡ q✉❡ ❡st❛ ❡♥ ❧❛ ❙✉♣❡r❢❛♠✐❧✐❛✿ ❜❡t❛✲❧❛❝t❛♠❛s❡✴tr❛♥s♣❡♣t✐❞❛s❡✲❧✐❦❡✱ q✉❡ ❧❡
❝♦rr❡s♣♦♥❞❡ ❡❧ P❧❡❣❛❞♦✿ ❜❡t❛✲❧❛❝t❛♠❛s❡✴tr❛♥s♣❡♣t✐❞❛s❡✲❧✐❦❡✱ ② ✜♥❛❧♠❡♥t❡ ❡st❡
♣❧❡❣❛❞♦ ❡stá ❝❧❛s✐✜❝❛❞♦ ❡♥ ❧❛ ❈❧❛s❡✿ ▼✉❧t✐✲❞♦♠❛✐♥ ♣r♦t❡✐♥s ✭❛❧♣❤❛ ❛♥❞ ❜❡t❛✮✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❈❆❚❍ ❬❙✐❧❧✐t♦❡ ❡t ❛❧✳✱ ✷✵✶✺❪ ■❣✉❛❧ q✉❡ ❙✉♣❡r❢❛♠✐❧②✱ ❡st❛ ❜❛s❡ ❞❡ ❞❛t♦s ❝♦♥✲
t✐❡♥❡ ✐♥❢♦r♠❛❝✐ó♥ ❡str✉❝t✉r❛❧ ❞❡ ♣❧❡❣❛❞♦s✳ P❡r♦ ❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❙✉♣❡r❛♠✐❧②✱
❧❛ ♣r♦♣✉❡st❛ ❞❡ ❈❆❚❍ ❝♦♥s✐st❡ ❡♥ q✉❡ ❛ ♠❡❞✐❞❛ q✉❡ ♠ás ② ♠ás ♣❧❡❣❛❞♦s
s❡ ❢✉❡r♦♥ r❡s♦❧✈✐❡♥❞♦✱ s❡ ❢✉❡ ✈✐❡♥❞♦ q✉❡ ✉♥❛ ❞✐✈✐s✐ó♥ ❥❡r❛rq✉✐❝❛ ❞❡ ❧♦s ♣❧❡❣❛✲
❞♦s ♣❛r❡❝❡ ♥♦ ❛❧❝❛♥③❛r ♣❛r❛ ❝❧❛s✐✜❝❛r ❧❛s ❡str✉❝t✉r❛s q✉❡ ❡①✐st❡♥✱ s✐♥♦ q✉❡ s❡
♥❡❝❡s✐t❛ ❞❡✜♥✐r ✉♥ ✏❡s♣❛❝✐♦ ❝♦♥t✐♥✉♦✑ ❞❡ ♣❧❡❣❛❞♦s✳ P♦r ❡st♦✱ ❈❆❚❍ ❝❧❛s✐✜❝❛
❧❛s ♣r♦t❡í♥❛s s❡❣ú♥ s✉s ♣❧❡❣❛❞♦s✱ ✉s❛♥❞♦ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❥❡r❛rq✉✐❝❛ ❝❧❛➧✐❝❛ q✉❡
❝♦♥s✐st❡ ❡♥ ✶✳ ❈❧❛s❡s✱ ✷✳ ❆rq✉✐t❡❝t✉r❛s✱ ✸✳ ❚♦♣♦❧♦❣í❛s ② ✹✳ ❙✉♣❡r❢❛♠✐❧✐❛s ❞❡
❤♦♠ó❧♦❣♦s✱ ② ❛❞❡♠ás ✐♠♣❧❡♠❡♥t❛✱ ❧✐st❛s ❞❡ ♣✉♥t❡r♦s ❧❛t❡r❛❧❡s ❡♥tr❡ ❧❛s ❞✐st✐♥✲
t❛s ❡♥tr❛❞❛s ❞❡ ❧❛ ❜❛s❡ ❞❡ ❞❛t♦s ♣❛r❛ r❡♣r❡s❡♥t❛r ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❡❧ ❡s♣❛❝✐♦ ❞❡
♣❧❡❣❛❞♦s ♥♦ ❡s ❢á❝✐❧ ❞❡ s❡❣♠❡♥t❛r✳ ❊❧ ❝r✐t❡r✐♦ q✉❡ s❡ ✉s❛ ♣❛r❛ ❝r❡❛r ❧❛ ❥❡r❛rq✉í❛
❡s ❛♥á❧♦❣♦ ❛❧ ❞❡ ❙❈❖P✱ ♣❡r♦ ❧❛ ❢♦r♠❛ ❞❡ ❣❡♥❡r❛r ❧♦s ♠♦❞❡❧♦s ❞❡ ♠❛r❦♦✈ ✈❛rí❛
❧❡✈❡♠❡♥t❡ ❞❛♥❞♦ ❧✉❣❛r ❛ r❡s✉❧t❛❞♦s ❧✐❣❡r❛♠❡♥t❡ ❞✐st✐♥t♦s ❛ ❧❛ ❤♦r❛ ❞❡ ❝❧❛s✐✲
✜❝❛r ❧❛ ❡str✉❝t✉r❛ ❞❡ ✉♥❛ ♣r♦t❡í♥❛✳ ❊♥ ❈❆❚❍✱ ❧♦s ❤♦♠ó❧♦❣♦s s❡ ❜✉s❝❛♥ ✉s❛♥❞♦
❇▲❆❙❚ t♦❞♦s✲❝♦♥tr❛✲t♦❞♦s ❞❡ ♠❛♥❡r❛ ❞❡ ♦❜t❡♥❡r ❝♦♥❥✉♥t♦s q✉❡ s❡ ♣❛r❡③❝❛♥
❝♦♠♦ ♠í♥✐♠♦ ❡♥ ✉♥ ✹✵✪ ❞❡ ✐❞❡♥t✐❞❛❞ ② ✉♥ ✻✵✪ ❞❡ ❝♦❜❡rt✉r❛✳ ▲✉❡❣♦✱ ❝♦♥
❡st♦s ❣r✉♣♦s s❡ ❝♦♥str✉②❡♥ ❧♦s ❍▼▼s ✉s❛♥❞♦ ❡❧ s♦❢t✇❛r❡ ❍▼▼❊❘✳

❆sí ❞❛♠♦s ♣♦r ❝♦♥❝❧✉í❞❛ ❧❛ ❡①♣❧✐❝❛❝✐ó♥ ❞❡ ❧♦s ❛❧❣♦r✐t♠♦s ❞❡ ❝♦♠♣❛r❛❝✐ó♥
② ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s ♣❛r❛ ♣♦❞❡r ❡①♣❧✐❝❛r ❝ó♠♦ ❤✐❝✐♠♦s ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ✉♥
♣✐♣❡❧✐♥❡ ♣r♦♣✐♦✳ P♦rq✉❡ s✐ ❜✐❡♥ ♥✉❡str❛ ✐♥t❡♥s✐ó♥ ♥♦ ❢✉❡ ❧❛ ❞❡ r❡✐♥✈❡♥t❛r ❧❛
♣ó❧✈♦r❛ ❡♥ ❡❧ t❡rr❡♥♦ ❞❡ ❧❛ ❛♥♦t❛❝✐ó♥ ❣❡♥ó♠✐❝❛✱ ♥♦s ✈✐♠♦s ❡♥ ❧❛ ♥❡❝❡s✐❞❛❞ ❞❡
✐♠♣❧❡♠❡♥t❛r ❝✐❡rt❛s ❤❡rr❛♠✐❡♥t❛s ❞❡❧ ❡st❛❞♦ ❞❡❧ ❛rt❡ ❧♦❝❛❧♠❡♥t❡✱ ❞❡ ♠❛♥❡r❛ ❞❡
♥♦ ❞❡♣❡♥❞❡r ❞❡ s✐st❡♠❛s ❛❥❡♥♦s ❞❛❞♦ q✉❡✱ ❛❧ ♥♦ ❞✐s♣♦♥❡r ❞❡ ❧♦s ❝ó❞✐❣♦s ❢✉❡♥t❡
s❡ t♦r♥❛❜❛ ❞✐❢í❝✐❧ r❡s♣♦♥❞❡r ❛ ❧❛s ♣r❡❣✉♥t❛s ❞❡ ✐♥t❡rés q✉❡ ❢✉❡r❛♥ s✉r❣✐❡♥❞♦
♠✐❡♥tr❛s s❡ ❧❧❡✈❛❜❛ ❛❞❡❧❛♥t❡ ❝❛❞❛ ♣r♦②❡❝t♦✳ P♦r ❡s♦✱ ❡♥ ❡st❛ t❡s✐s ❞✐s❡ñ❛♠♦s
♥✉❡str♦ ♣r♦♣✐♦ ♣✐♣❡❧✐♥❡ q✉❡ ❝♦♠❡♥t❛r❡♠♦s ❜r❡✈❡♠❡♥t❡✳

✷✳✷✳✹✳ P✐♣❡❧✐♥❡ ♣❛r❛ ❧❛ ❛♥♦t❛❝✐ó♥ ❞❡ ❣❡♥♦♠❛s ❜❛❝t❡r✐❛♥♦s✳

❈♦♠♦ ♠✉❡str❛ ❧❛ ❋✐❣✉r❛ ✷✳✸✱ ❡❧ ♣✐♣❡❧✐♥❡ t♦♠❛ ❝♦♠♦ ❡♥tr❛❞❛ ❧❛s s❡❝✉❡♥❝✐❛s
❞❡ ❝♦♥t✐❣s ②❛ ❡♥s❛♠❜❧❛❞♦s ②✱ ♣❛r❛ ❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s✱ ❡❥❡❝✉t❛ ❧♦s ♣r♦❣r❛♠❛s
♠❡♥❝✐♦♥❛❞♦s ♣r❡✈✐❛♠❡♥t❡ ❞❡ ❧❛ s✐❣✉✐❡♥t❡ ♠❛♥❡r❛✿ ✶✮ s❡ ❡❥❡❝✉t❛ t❘◆❆✲❙❈❆◆
♣❛r❛ ❞❡t❡❝t❛r ❧❛s r❡❣✐♦♥❡s q✉❡ ❝♦❞✐✜❝❛♥ ♣❛r❛ t❘◆❆s✳ ✷✮ ●❧✐♠♠❡r s❡ ✉s❛ ♣❛r❛
♣r❡❞❡❝✐r ❧❛s r❡❣✐♦♥❡s ❝♦❞✐✜❝❛♥t❡s ♣❡r♠✐t✐❡♥❞♦ só❧♦ ✸✵ ♣❛r❡s ❞❡ ❜❛s❡s ❞❡ s♦✲
❧❛♣❛♠✐❡♥t♦ ② ✉♥ ❧❛r❣♦ ♠í♥✐♠♦ ♣❛r❛ ❝❛❞❛ ♠❛r❝♦ ❞❡ ❧❡❝t✉r❛ ❞❡ ✶✺✵ ♣❛r❡s ❞❡
❜❛s❡s✳ ✸✮ ▲♦s ♠❛r❝♦s ❞❡ ❧❡❝t✉r❛ s❡ tr❛❞✉❝❡♥ ❛ ❧❛ s❡❝✉❡♥❝✐❛ ♣r♦t❡✐❝❛ s✉❜②❛❝❡♥t❡
② s❡ ❡❥❡❝✉t❛♥ ❜úq✉❡❞❛s ❇▲❆❙❚ ❝♦♥tr❛ ❑❊●●✱ P❉❇✱ ❈❖● ② ❙❲■❙❙P❘❖❚✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❚❛♠❜✐é♥✱ s❡ r❡❛❧✐③❛♥ ❜úsq✉❡❞❛s ✉s❛♥❞♦ ❡❧ ♣r♦❣r❛♠❛ ❍▼▼❊❘ s♦❜r❡ P❋❆▼✱
❚■●❘❋❆▼✱ ❈❆❚❍ ② ❙❯P❊❘❋❆▼■▲❨ ❝♦♠♦ s❡ ❞❡s❝r✐❜✐ó ♣r❡✈✐❛♠❡♥t❡✳ ✹✮ P♦r
ú❧t✐♠♦✱ ❧♦s ♣r♦❣r❛♠❛s P❙❖❘❚ ② ❙■●◆❆▲P s❡ ✉s❛♥ ♣❛r❛ ♣r❡❞❡❝✐r ❧♦❝❛❧✐③❛❝✐ó♥
❝❡❧✉❧❛r✳

❋✐❣✉r❛ ✷✳✸✿ P✐♣❡❧✐♥❡ ♣❛r❛ ❧❛ ❛♥♦t❛❝✐ó♥ ❢✉♥❝✐♦♥❛❧ ❞❡ ❣❡♥♦♠❛s ❜❛❝t❡r✐❛♥♦s✳ ❆ ♣❛r✲
t✐r ❞❡ ❧♦s ❝♦♥t✐❣s s❡ r❡❛❧✐③❛ ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❧♦s ❣❡♥❡s ② ❧♦s t❘◆❆s✱ ✉s❛♥❞♦ ●❧✐♠♠❡r ②
t❘◆❆✲❙❝❛♥ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❯♥❛ ❡✈③ ♦❜t❡♥✐❞♦s ❧♦s ❣❡♥❡s✱ s❡ ♣r♦❝❡❞❡ ❛ ❧❛ ❛♥♦t❛❝✐ó♥ ❛✉✲
t♦♠át✐❝❛✿ ▲♦❝❛❧✐③❛❝✐ó♥ ❝❡❧✉❧❛r ✭❯s❛♥❞♦ ❙✐❣♥❛❧P ② P❙❖❘❚✮✱ s❡ ❛s✐❣♥❛♥ ♣r♦t❡í♥❛s ❤♦♠ó❧♦❣❛s✱
✈í❛s ♠❡t❛❜ó❧✐❝❛s✱ ♣❧❡❣❛❞♦s ② ❞♦♠✐♥✐♦s ❢✉♥❝✐♦♥❛❧❡s ✉s❛♥❞♦✱ ❇▲❆❙❚ ② ❍▼▼❊❘ s♦❜r❡ ✈❛r✐❛s
❜❛s❡s ❞❡ ❞❛t♦s✳

Pr♦t❡í♥❛s ❤♦♠ó❧♦❣❛s ② ♦rt♦❧♦❣í❛s✳ ❯s❛♥❞♦ ❇▲❆❙❚ ❝♦♥tr❛ ❈❖●✱
❙✇✐ss✲Pr♦t ② ❑❊●● s❡ ❜✉s❝❛♥ ♣r♦t❡í♥❛s ❤♦♠ó❧♦❣❛s ❛ ❝❛❞❛ ❖❘❋✳ ❖❜t❡♥✲
❡r s❡❝✉❡♥❝✐❛s ❞❡ ♣r♦t❡í♥❛s ❤♦♠ó❧♦❣❛s q✉❡ ♣❡rt❡♥❡③❝❛♥ ❛ ♦tr♦s ♦r❣❛♥✐s♠♦s
s✐r✈❡ ♣❛r❛ t❡♥❡r ♠ás ❝♦♥✜❛♥③❛ ❡♥ ❡❧ ❤❡❝❤♦ ❞❡ s✐ ❡❧ ♣r♦❞✉❝t♦ ❣é♥✐❝♦ ❞❡ ✉♥
❖❘❋ q✉❡ ❢✉❡ ♣r❡❞✐❝❤♦ ❡s r❡❛❧♠❡♥t❡ ✉♥❛ ♣r♦t❡í♥❛ ❢✉♥❝✐♦♥❛❧ ❡♥ ❡❧ ❣❡♥♦♠❛
q✉❡ s❡ ❡st✉❞✐❛✱ ♣♦rq✉❡ ❛❧ ❡♥❝♦♥tr❛rs❡ ❡♥ ✈❛r✐♦s s✐st❡♠❛s✱ ❧❛s ❝❤❛♥❝❡s ❞❡
q✉❡ ♥♦ s❡❛ ❢✉♥❝✐♦♥❛❧✱ s♦♥ ♠ás ❜❛❥❛s q✉❡ s✐ ♥♦ ❧♦ t✉✈✐❡r❛♠♦s ♠ás q✉❡
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❡♥ ❡❧ ❣❡♥♦♠❛ q✉❡ ❡st❛♠♦s ❛♥♦t❛♥❞♦✳ ▼ás ♣✉♥t✉❛❧♠❡♥t❡✱ ✉s❛♠♦s ❈❖●✱
♣❛r❛ ✈✐s✉❛❧✐③❛r ❢á❝✐❧♠❡♥t❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❝❧❛s❡s ❢✉♥❝✐♦♥❛❧❡s ❞❡♥tr♦ ❞❡
❧♦s ❣❡♥♦♠❛s✱ ② ❛sí✱ ❞❡s❝r✐❜✐r ❡♥ tér♠✐♥♦s ❣❡♥❡r❛❧❡s ❡❧ r♦❧ ♠❡t❛❜ó❧✐❝♦ ❞❡❧
♦r❣❛♥✐s♠♦ ❡♥ s✉ ❡❝♦s✐st❡♠❛✳ ❯s❛♠♦s ❑❊●●✱ ♣❛r❛ ♦❜t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥
❞❡ ✈í❛s ♠❡t❛❜ó❧✐❝❛s ❝♦♠♦ ❡①♣❧✐❝❛r❡♠♦s ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳ ❨✱ ✉s❛♠♦s ❙✇✐ss✲
Pr♦t ♣❛r❛ ❝♦♠♣❛r❛r ❝♦♥ ♣r♦t❡í♥❛s ♣❛r❡❝✐❞❛s q✉❡ ❤❛②❛♥ s✐❞♦ ❛♥♦t❛❞❛s ❝♦♥
❛❧t❛ ❝❛❧✐❞❛❞✳

❱í❛s ♠❡t❛❜ó❧✐❝❛s✳ ❆ ❧❛s ❞✐st✐♥t❛s ❡s♣❡❝✐❡s ❞❡ ♦r❣❛♥✐s♠♦s ❜❛❝t❡r✐❛♥♦s
q✉❡ ♣✉❡❞❡♥ s❡r ❡♥❝♦♥tr❛❞♦s ❡♥ ❧♦s ❞✐st✐♥t♦s ❡❝♦s✐st❡♠❛s ❞❡❧ ♣❧❛♥❡t❛✱ s❡
❧❛s ❡♥❝✉❡♥tr❛ ❝✉♠♣❧✐❡♥❞♦ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ r♦❧❡s ❞❡♣❡♥❞✐❡♥❞♦ ❞❡ ❧♦s
♥✐❝❤♦s q✉❡ ❤❛❜✐t❛♥✳ ❊st♦s r♦❧❡s q✉❡ ❛❞♦♣t❛♥ ❞❡♣❡♥❞❡♥ ❞❡ ❧❛s ❡♥③✐♠❛s q✉❡
s❡ ❡①♣r❡s❛♥ ❡♥ ❡❧ ✐♥t❡r✐♦r ❞❡ ❧❛ ❝é❧✉❧❛✱ ❧❛s ❝✉❛❧❡s ❝♦♠♣♦♥❡♥ r❡❞❡s ♠❡t❛❜ó❧✐✲
❝❛s q✉❡ tr❛♥s❢♦r♠❛♥ ❧♦s ❝♦♠♣✉❡st♦s q✉í♠✐❝♦s q✉❡ t❡♥❣❛♥ ❜✐♦❞✐s♣♦♥✐❜❧❡s✳
▲❛s ❜❛s❡s ❞❡ ❞❛t♦s q✉❡ s❡ ❡♥❝❛r❣❛♥ ❞❡ ❞❡✜♥✐r ❧♦s ♠❡t❛❜♦❧✐s♠♦s s✉❡❧❡♥
r❡❢❡r❡♥❝✐❛r ❝❛❞❛ ✏♣❛s♦ ♠❡t❛❜ó❧✐❝♦✑ ❛ ✉♥❛ r❡❛❝❝✐ó♥ ❝❛t❛❧✐③❛❞❛ ♣♦r ✉♥❛ ❡♥✲
③✐♠❛✳ ❊st♦ q✉✐❡r❡ ❞❡❝✐r q✉❡ ♣❛r❛ ♣♦❞❡r ♠❛♣❡❛r ❧♦s ♠❡t❛❜♦❧✐s♠♦s q✉❡ ❤❛②
❡♥ ✉♥ ❣❡♥♦♠❛ s♦❜r❡ ❧♦s ♠❡t❛❜♦❧✐s♠♦s q✉❡ ❡stá♥ ❞✐s♣♦♥✐❜❧❡s ❡♥ ❧❛s ❜❛s❡s
❞❡ ❞❛t♦s✱ ♣r✐♠❡r♦ ❞❡❜❡♠♦s ♣♦❞❡r ✐❞❡♥t✐✜❝❛r ❧❛s ❡♥③✐♠❛s ♣r❡s❡♥t❡s ❡♥ ❞✐✲
❝❤♦ ❣❡♥♦♠❛✳ ❯s❛♥❞♦ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❜úsq✉❡❞❛s ❇▲❆❙❚ ❝♦♥tr❛ ❑❊●●✱
❛s✐❣♥❛♠♦s ✉♥ ❊❈ ♥✉♠❜❡r ❛ ❝❛❞❛ ❖❘❋✱ ✈❛❧✐❞❛♥❞♦ ❝❛❞❛ ❜úsq✉❡❞❛ ✉s❛♥❞♦
❇❇❍s✳ ❆sí ♠❛♣❡❛♠♦s ❝❛❞❛ ❖❘❋ s♦❜r❡ ❧♦s ♠❛♣❛s ♠❡t❛❜ó❧✐❝♦s ❞❡ ❑❊●●✱
❞❛♥❞♦ ✉♥❛ ✈✐s✐ó♥ ❞❡❧ ♠❡t❛❜♦❧♦♠❛ s✉❜②❛❝❡♥t❡ ❛❧ ❣❡♥♦♠❛ q✉❡ s❡ ❞❡s❡❛
❛♥❛❧✐③❛r✳ ▲♦s ♠❛♣❛s ♠❡t❛❜ó❧✐❝♦s ❛②✉❞❛♥ ❛❧ ❛♥♦t❛❞♦r ♣❛r❛ q✉❡ ♣✉❡❞❛ ❝❡r✲
r❛r ❝❛♠✐♥♦s ♠❡t❛❜ó❧✐❝♦s✱ s✐ ❡s q✉❡ ❝♦♥s✐❞❡r❛ q✉❡ ♣✉❡❞❡ ❤❛❜❡r ❡♥③✐♠❛s q✉❡
❢❛❧t❛♥ ② ♥❡❝❡s✐t❛♥ s❡r ❜✉s❝❛❞❛s ❝♦♥ ♠ás ♣r❡❝✐s✐ó♥ ❡♥ ❧❛ s❡❝✉❡♥❝✐❛ ❣❡♥ó♠✐✲
❝❛✱ ♦ ✐♥❝❧✉s♦✱ r❡✈✐s❛r ❧❛ ❛♥♦t❛❝✐ó♥ ❛✉t♦♠át✐❝❛ ♣♦r s✐ ✉♥❛ ❡♥③✐♠❛ ❢❛❧t❛♥t❡
♥❡❝❡s✐t❛ s❡r r❡❛♥♦t❛❞❛✳

❋❛♠✐❧✐❛s ❞❡ ♣r♦t❡í♥❛s ② ❞♦♠✐♥✐♦s ❢✉♥❝✐♦♥❛❧❡s✳ ❈♦♥ ❧♦s ❤✐ts ❞❡ ❍▼✲
▼❊❘ ❝♦♥tr❛ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s P❢❛♠ ② ❚✐❣r❋❛♠✱ s❡ ♦❜t✐❡♥❡♥ ❧❛ ❢❛♠✐❧✐❛ ❛
❧❛s q✉❡ ♣❡rt❡♥❡❝❡♥ ❧❛s ♣r♦t❡í♥❛s ❞❡❞✉❝✐❞❛s ❞❡ ❝❛❞❛ ❖❘❋ ② s✉s ❞♦♠✐♥✐♦s
❢✉♥❝✐♦♥❛❧❡s✳ ▲♦s ❞♦♠✐♥✐♦s ❢✉♥❝✐♦♥❛❧❡s✱ ② ❧❛s ❢❛♠✐❧✐❛s ❞❡ ♣r♦t❡í♥❛s q✉❡ s❡
r❡♣r❡s❡♥t❛♥ ✉s❛♥❞♦ ❍▼▼s✱ ❡stá♥ ❝✉r❛❞❛s ♠❛♥✉❛❧♠❡♥t❡ ② t✐❡♥❡♥ ❜✐❡♥ ❞❡✲
❧✐♠✐t❛❞♦s ❧♦s ❡①tr❡♠♦s✱ ❧♦ ❝✉❛❧ ❡s ❞❡ ❣r❛♥ ✉t✐❧✐❞❛❞✱ ❛ ❧❛ ❤♦r❛ ❞❡ s❡❧❡❝❝✐♦♥❛r
❡❧ ❝♦❞♦♥ st❛rt ❞❡ ❝❛❞❛ ❖❘❋✳ ❆ s✉ ✈❡③✱ ♣❡r♠✐t❡♥ ✈✐s✉❛❧✐③❛r ❧❛ ♦r❣❛♥✐③❛❝✐ó♥
❞❡ ❞♦♠✐♥✐♦s ❡♥ ✉♥❛ ♣r♦t❡í♥❛ q✉❡ ♣r❡s❡♥t❛ ✉♥❛ ❛rq✉✐t❡❝t✉r❛ ♠✉❧t✐❞♦♠✐♥✐♦✱
② ❞❡t❡❝t❛r ❡✈❡♥t♦s ❞❡ ❞❡❧❡❝✐ó♥ ♦ ✐♥s❡r❝✐ó♥ ❢♦rt✉✐t♦s q✉❡ ❤❛②❛♥ tr✉♥❝❛❞♦ ❡❧
♣r♦❞✉❝t♦ ❣é♥✐❝♦ ❝♦rr❡s♣♦♥❞✐❡♥t❡ ❞❛♥❞♦ ❧✉❣❛r ❛ ✉♥❛ ♣r♦t❡í♥❛ q✉❡ ♣❡r❞✐ó s✉
❢✉♥❝✐ó♥ ♦r✐❣✐♥❛❧✳ ❯s❛♥❞♦ ❡st❛ ✐♥❢♦r♠❛❝✐ó♥ ❡s ♣♦s✐❜❧❡ ♦❜s❡r✈❛r s✐ ❧♦s ❛♠✐♥♦

Pá❣✐♥❛ ✸✷ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

á❝✐❞♦s ❡♥ ✉♥❛ s❡❝✉❡♥❝✐❛ ❝♦rr❡s♣♦♥❞❡♥ ❝♦♥ ❧♦ ❡st✐♣✉❧❛❞♦ ♣♦r ❧❛ ❢❛♠✐❧✐❛ ❡♥
❧♦ r❡❢❡r❡♥t❡ ❛ ❧♦s r❡s✐❞✉♦s q✉❡ s❡ ❡s♣❡r❛ q✉❡ ❡sté♥ ❝♦♥s❡r✈❛❞♦s✳

❈❧❛s✐✜❝❛❝✐ó♥ ❞❡ ♣❧❡❣❛♠✐❡♥t♦ ② ❞♦♠✐♥✐♦s ❡str✉❝t✉r❛❧❡s✳ ❆♥á❧♦❣❛✲
♠❡♥t❡ ❛❧ ♣❛s♦ ❛♥t❡r✐♦r✱ ♣❛r❛ ❛s✐❣♥❛r ❛♥♦t❛❝✐♦♥❡s r❡❢❡r❡♥t❡s ❛ ❧❛ ❡str✉❝t✉r❛
tr✐❞✐♠❡♥s✐♦♥❛❧ ❛ ❝❛❞❛ ❖❘❋✱ s❡ r❡❛❧✐③❛♥ ❜úsq✉❡❞❛s ✉s❛♥❞♦ ❍▼▼❊❘ ❝♦♥tr❛
❈❆❚❍ ② ❙✉♣❡r❢❛♠✐❧②✳ ❊st❛ ✐♥❢♦r♠❛❝✐ó♥ ♣❡r♠✐t❡ s❛❜❡r s✐ ✉♥ ❞❡t❡r♠✐♥❛❞♦
❖❘❋ ❡s ✉♥ ❜✉❡♥ ❝❛♥❞✐❞❛t♦ ♣❛r❛ ✉♥ ❡st✉❞✐♦ ❡str✉❝t✉r❛❧✳ ❊❧ ❤❡❝❤♦ ❞❡ q✉❡✱
♣❛r❛ ✉♥ ❖❘❋✱ s❡ ♦❜t❡♥❣❛♥ ❤✐ts ❡♥ ❡st❛s ❜❛s❡s ❞❡ ❞❛t♦s ♣❡r♠✐t❡ ❛s❡❣✉r❛r
q✉❡ ❡①✐st❡ ♣♦r ❧♦ ♠❡♥♦s ✉♥❛ s❡❝✉❡♥❝✐❛ ♠✉② ♣❛r❡❝✐❞❛ ♣❛r❛ ❧❛ ❝✉á❧ ❢✉❡ ♣♦s✐✲
❜❧❡ ♦❜t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥ ❡str✉❝t✉r❛❧✱ ❞❛❞♦ q✉❡ ❧❛s ❡♥tr❛❞❛s ❞❡ ❡st❛ ❜❛s❡
❞❡ ❞❛t♦s s❡ ❤❛❝❡♥ ❛ ♣❛rt✐r ❞❡ ❡♥tr❛❞❛s ❡♥ ❡❧ P❉❇✳ ❆ s✉ ✈❡③✱ ❧❛s ❥❡r❛rq✉í❛s
♣r♦♣✉❡st❛s ♣♦r ❈❆❚❍ ② ❙✉♣❡r❢❛♠✐❧② ♣❡r♠✐t❡♥ ✈✐s✉❛❧✐③❛r ❛ ❧♦ ❧❛r❣♦ ❞❡
t♦❞♦ ❡❧ ❣❡♥♦♠❛ ❧❛ ♣r♦♣♦r❝✐ó♥ ❞❡ ♣❧❡❣❛❞♦s ♣r❡s❡♥t❡s ❡♥ ❡❧ ♠✐s♠♦✱ ❞❡ ❧❛
♠✐s♠❛ ♠❛♥❡r❛ q✉❡ ❝♦♥ ❧❛s ❝❛t❡❣♦rí❛s ❢✉♥❝✐♦♥❛❧❡s ❞❡ ❈❖●✳

▲♦❝❛❧✐③❛❝✐ó♥ ❝❡❧✉❧❛r❆s✐❣♥❛♠♦s ❧♦❝❛❧✐③❛❝✐ó♥ ❝❡❧✉❧❛r ❝♦♥ ❙✐❣♥❛❧P ② P❙❖❘❚✳
❊st♦s ♣r❡❞✐❝t♦r❡s s❡ ♣✉❡❞❡♥ ❛♣❧✐❝❛r ❛ ❝❛❞❛ ♣r♦t❡í♥❛ ♣♦r s❡♣❛r❛❞♦ ✐♥❞❡✲
♣❡♥❞✐❡♥t❡♠❡♥t❡ ❞❡ ❧❛s ❜úsq✉❡❞❛s ❡♥ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s✳ ❈♦♥ s✐❣♥❛❧P ❛s✐❣✲
♥❛♠♦s ♣ét✐❞♦s s❡ñ❛❧ ❞❡ ❡①♣♦rt❛❝✐ó♥ ❝❡❧✉❧❛r✱ ② ❝♦♥ P❙❖❘❚ ❛s✐❣♥❛♠♦s ❧❛s
s✐❣✉✐❡♥t❡s ❝❛t❡❣♦rí❛s ❞❡ ❧♦❝❛❧✐③❛❝✐ó♥ ❝❡❧✉❧❛r✿ ❈✐t♦♣❧❛s♠át✐❝❛s✱ ❈✐t♦♣❧ás♠✐✲
❝❛s ❞❡ ♠❡♠❜r❛♥❛ ✐♥t❡r♥❛✱ ❈✐t♦♣❧ás♠✐❝❛s ❞❡ ♠❡♠❜r❛♥❛ ❡①t❡r♥❛✱ P❡r✐♣❧ás✲
♠✐❝❛s ② ❊①tr❛❝❡❧✉❧❛r❡s✳

✷✳✸✳ ❘❡s✉❧t❛❞♦s

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ ♠❡♥❝✐♦♥❛r❡♠♦s ❞♦s ❝❛s♦s ❞❡ ❜❛❝t❡r✐❛s ❡st✉❞✐❛❞❛s ✉s❛♥❞♦
❧❛s ♠❡t♦❞♦❧❣í❛s ♠❡♥❝✐♦♥❛❞❛s ♣r❡✈✐❛♠❡♥t❡✳ ❯♥ ❝❛s♦ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♥❛ ❝❡♣❛ ❞❡❧
❣é♥❡r♦ ❇❛❝t❡r♦✐❞❡t❡ ❞❡♥♦♠✐♥❛❞❛ ❇✐③✐♦♥✐❛ ❛r❣❡♥t✐♥❡♥s✐s ❏❯❇✺✾✭❚✮✱ ❛✐s❧❛❞❛ ❡♥
t❡rr✐t♦r✐♦ ❛♥tárt✐❝♦✱ ② ❡❧ ♦tr♦ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♥❛ ❝❡♣❛ ❞❡♥♦♠✐♥❛❞❛ ❊①✐❣✉♦❜❛❝✲
t❡r✐✉♠ s♣✳ ❙✶✼✱ ❛✐s❧❛❞❛ ❡♥ ❧❛❣✉♥❛s ❞❡ ❧❛ r❡❣✐ó♥ ❝✉②❛♥❛ ❛r❣❡♥t✐♥❛✱ ❛♠❜ás ❜❛❝✲
t❡r✐❛s ❢✉❡r♦♥ s❡❧❡❝❝✐♦♥❛❞❛s ♣❛r❛ ❡st✉❞✐❛r ❧❛ ❛❞❛♣t❛❝✐ó♥ ❛ ❛♠❜✐❡♥t❡s ❡①tr❡♠♦s✱
❞❡ r❡❧❡✈❛♥❝✐❛ ❛ ❧❛ ❤♦r❛ ❞❡ ❞❡s❝✉❜r✐r ❡♥③✐♠❛s ❞❡ ✐♥t❡rés ❜✐♦t❡❝♥♦❧ó❣✐❝♦✳

✷✳✸✳✶✳ ❇✐③✐♦♥✐❛ ❛r❣❡♥t✐♥❡♥s✐s

▲❛ ❜❛❝t❡r✐❛ ♣s✐❝r♦t♦❧❡r❛♥t❡ ❇✐③✐♦♥✐❛ ❛r❣❡♥t✐♥❡♥s✐s ❏❯❇✺✾✭❚✮ ❢✉❡ ❛✐s❧❛❞❛ ❡♥
❚❡rr✐t♦r✐♦ ◆❛❝✐♦♥❛❧ ❆♥tárt✐❝♦ ❬▲❛♥③❛r♦tt✐ ❡t ❛❧✳✱ ✷✵✶✶❪✱ ❬❇❡r❝♦✈✐❝❤ ❡t ❛❧✳✱ ✷✵✵✽❪
❝♦♠♦ ♣❛rt❡ ❞❡❧ ♣r♦②❡❝t♦ ✏●❡♥♦♠❛ ❇❧❛♥❝♦✑✳ ❇✐③✐♦♥✐❛ ❛r❣❡♥t✐♥❡♥s✐s ❡s ✉♥ ❇❛❝t❡✲
♦r♦✐❞❡t❡ q✉❡ ♣❡rt❡♥❡❝❡ ❛❧ ❝❧❛❞♦ ♠❛r✐♥♦ ❞❡ ❧❛ ❢❛♠✐❧✐❛ ❋❧❛✈♦❜❛❝t❡r✐❛❝❡❛❡ ② s✉❡❧❡
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❤❛❜✐t❛r ❛❣✉❛s s✉♣❡r✜❝✐❛❧❡s✳ ❙❡ ❤❛ ✈✐st♦ q✉❡ ❡st❡ t✐♣♦ ❞❡ ❜❛❝t❡r✐❛ ❡s ✐♠♣♦rt❛♥t❡
♣❛r❛ ❡❧ ❝✐❝❧♦ ❣❡♦q✉í♠✐❝♦ ❞❡❧ ♥✐tró❣❡♥♦✳ ▲♦s ♠✐❡♠❜r♦s ❞❡ ❡st❡ ❝❧❛❞♦ s❡ ❡♥❝✉❡♥✲
tr❛♥ r❡♣❛rt✐❞♦s ❛♠♣❧✐❛♠❡♥t❡ ❡♥ ❛♠❜✐❡♥t❡s ♠❛r✐♥♦s ❞❡s❞❡ ❧♦s tró♣✐❝♦s ❤❛st❛
❧♦s ♦❝❡❛♥♦s ♣♦❧❛r❡s✱ ❞♦♥❞❡ ❥✉❡❣❛♥ ✉♥ r♦❧ ✐♠♣♦rt❛♥t❡ ❡♥ ❧❛ ♠✐♥❡r❛❧✐③❛❝✐ó♥ ❞❡ ❧❛
♠❛t❡r✐❛ ♦r❣á♥✐❝❛ ❬❇❛✉❡r ❡t ❛❧✳✱ ✷✵✵✻❪✳ ❊❧ ♣r✐♠❡r ♦❜❥❡t✐✈♦ ❞❡❧ ♣r♦②❡❝t♦ ❝♦♥s✐st✐ó
❡♥ ❡♥t❡♥❞❡r ♠❡❥♦r ❧❛s ❛❞❛♣t❛❝✐♦♥❡s ❛ ❝♦♥❞✐❝✐♦♥❡s ❡①tr❡♠❛s ❡♥ ❧❡❝❤♦ ♠❛r✐♥♦ ②
s✉ r♦❧ ❡❝♦❧ó❣✐❝♦✱ ❧♦ ❝✉❛❧ ✐♥✈❡st✐❣❛♠♦s ♠❡❞✐❛♥t❡ ❧❛ s❡❝✉❡♥❝✐❛❝✐ó♥ ② ❛♥♦t❛❝✐ó♥
❞❡❧ ❣❡♥♦♠❛ ❞❡❧ ♦r❣❛♥✐s♠♦✳ ❊❧ s❡❣✉♥❞♦ ♦❜❥❡t✐✈♦ ❢✉❡ ❧❛ ❜úsq✉❡❞❛ ❞❡ ♣r♦t❡í✲
♥❛s q✉❡ ❢✉❡r❛♥ ♥♦✈❡❞♦s❛s ❞❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ❢✉♥❝✐♦♥❛❧ ② ❡str✉❝t✉r❛❧✳ ❊♥
❡st❡ s❡♥t✐❞♦✱ ✉s❛♠♦s ❡❧ ❣❡♥♦♠❛ ❛♥♦t❛❞♦ ♣❛r❛ ❜✉s❝❛r ♣r♦t❡í♥❛s ❝✉②❛ ❢✉♥❝✐ó♥ ②
❡str✉❝t✉r❛ ♥♦ ❤❛②❛ s✐❞♦ ❞❡s❝r✐♣t❛ ♣r❡✈✐❛♠❡♥t❡ ♣❛r❛ ❧✉❡❣♦ ❝❛r❛❝t❡r✐③❛r❧❛ ❡str✉❝✲
t✉r❛❧♠❡♥t❡ ♣♦r ❧❛ té❝♥✐❝❛ ❞❡ ❘❡s♦♥❛♥❝✐❛ ▼❛❣♥ét✐❝❛ ◆✉❝❧❡❛r ✭❘▼◆✮✳ P❛r❛ ❡❧❧♦✱
❡♥ ❝♦❧❛❜♦r❛❝✐ó♥ ❝♦♥ ❡❧ ❣r✉♣♦ ❞❡ ❘▼◆ ❞❡❧ ✐♥st✐t✉t♦ ▲❡❧♦✐r s❡ ❛r♠ó ✉♥ ♣✐♣❡❧✐♥❡
♣❛r❛ ❜✉s❝❛r ♣r♦t❡í♥❛s ❡♥ ❡❧ ❣❡♥♦♠❛ q✉❡ ❝✉♠♣❧❛♥ ❝♦♥ ❧♦s s✐❣✉✐❡♥t❡s r❡q✉✐s✐t♦s✿
❛✮ q✉❡ t❡♥❣❛ ♠❡♥♦s ❞❡ ✸✺✵ ❛♠✐♥♦ á❝✐❞♦s ✭▲í♠✐t❡ ❞❡ ❧❛ té❝♥✐❝❛ ❞❡ ❘▼◆✮✱ ❜✮
❝✐t♦só❧✐❝❛s ♦ ❞❡ ❡①♣♦rt❛❝✐ó♥ ✭♥♦ ❞❡ ♠❡♠❜r❛♥❛✮✱ ❝✮ ❝♦♥ ❞♦♠✐♥✐♦ ❡str✉❝t✉r❛❧ ♥♦
❝♦♥♦❝✐❞♦ ② ❞✮ ❝♦♥ ❢✉♥❝✐ó♥ ❞❡s❝♦♥♦❝✐❞❛✳ ❊♥tr❛r❡♠♦s ❡♥ ♠ás ❞❡t❛❧❧❡ ❛❝❡r❝❛ ❞❡
❡st♦ ♠ás ❛❞❡❧❛♥t❡✳ ❯♥❛ ✈❡③ s❡❧❡❝❝✐♦♥❛❞❛s ❜✐♦✐♥❢♦r♠át✐❝❛♠❡♥t❡ ❧❛s ♣r♦t❡í♥❛s✱
❢✉❡r♦♥ ♣✉r✐✜❝❛❞❛s ② ❝❛r❛❝t❡r✐③❛❞❛s ♣♦r ❘▼◆✳ ❊♥ ❡st❛ t❡s✐s ❝♦♠❡♥t❛r❡♠♦s ❡❧
♣✐♣❡❧✐♥❡ ② ✉♥ ❝❛s♦ ❞❡ é①✐t♦ q✉❡ ❞✐ó ❧✉❣❛r ❛ ✷ ❡str✉❝t✉r❛s q✉❡ ❢✉❡r♦♥ ❞❡♣♦s✐t❛❞❛s
❡♥ ❡❧ P❉❇✳

❆♥♦t❛❝✐ó♥ ❞❡ ❇✐③✐♦♥✐❛ ❛r❣❡♥t✐♥❡♥s✐s

❙❡ r❡❛❧✐③ó ❧❛ s❡❝✉❡♥❝✐❛❝✐ó♥ ❞❡❧ ❣❡♥♦♠❛ ✉s❛♥❞♦ ✉♥❛ t❡❝♥♦❧♦❣í❛ ❘♦❝❤❡ ✹✺✹
●❙ ❋▲❳ s②st❡♠✳ ❙❡ ♦❜t✉✈♦ ✉♥ s❤♦t❣✉♥ ❝♦♥ ✸✹✳✶✺❳ ❞❡ ❝♦✈❡rt✉r❛ r❡s✉❧t❛♥❞♦
❡♥ ✹✵✺✹✻✺ ❧❡❝t✉r❛s ❞❡ ❛❧t❛ ❝❛❧✐❞❛❞ ❝♦♥ ✉♥ ❧❛r❣♦ ♣r♦♠❡❞✐♦ ❞❡ ✷✼✼✳✶ ❞❡ ❜❛s❡s✳
▲❛s s❡❝✉❡♥❝✐❛s ❢✉❡r♦♥ ❡♥s❛♠❜❧❛❞❛s ✉s❛♥❞♦ ◆❡✇❜❧❡r ② s❡ ♦❜t✉✈✐❡r♦♥ ✶✸✸ ❝♦♥✲
t✐❣s ❛ ♣❛rt✐r ❞❡ ❧♦s ❝✉❛❧❡s ❧❧❡✈❛♠♦s ❛❞❡❧❛♥t❡ ❧❛ ❛♥♦t❛❝✐ó♥ ❞r❛❢t ❞❡❧ ❣❡♥♦♠❛✳ ▲❛
♣r❡❞✐❝❝✐ó♥ ❞❡ ❣❡♥❡s s❡ ❤✐③♦ ✉s❛♥❞♦ ●❧✐♠♠❡r ✸✳✵✳ ▲♦s r❘◆❆ ❢✉❡r♦♥ ♣r❡❞✐❝❤♦s
✉s❛♥❞♦ r❘◆❆♠♠❡r ② ❧♦s t❘◆❆ ✉s❛♥❞♦ t❘◆❆s❝❛♥✲❙❊✱ ♠❡♥❝✐♦♥❛❞♦s ♣r❡✈✐❛✲
♠❡♥t❡✳ ❈❛❞❛ ❖❘❋ ❢✉❡ ❛♥♦t❛❞♦ ✉s❛♥❞♦ ❜úsq✉❡❞❛s ❇❧❛stP ❝♦♥tr❛ ❙✇✐ss♣r♦t✱
❈❖● ② ❑❊●●✳ ❚❛♠❜✐é♥✱ ❤♠♠❡rs❝❛♥ s❡ ✉só ❝♦♥tr❛ P❢❛♠ ② ❚✐❣r❢❛♠ ♣❛r❛ ❛s✐❣✲
♥❛r ❞♦♠✐♥✐♦s ② ❢❛♠✐❧✐❛ ❛ ❝❛❞❛ ❖❘❋✳ ❋✐♥❛❧♠❡♥t❡✱ ❙✐❣♥❛❧♣ s❡ ✉só ♣❛r❛ ♣r❡❞❡❝✐r
♣é♣t✐❞♦s s❡ñ❛❧✳ ▲♦s r❡s✉❧t❛❞♦s s❡ ♣✉❡❞❡♥ ✈❡r r❡s✉♠✐❞♦s ❡♥ ❡❧ ❈✉❛❞r♦ ✷✳✶✳

❊❧ ❛♥á❧✐s✐s ❞❡❧ ❣❡♥♦♠❛ ❞r❛❢t ♠✉❡str❛ q✉❡ ❇✳ ❛r❣❡♥t✐♥❡♥s✐s t✐❡♥❡ ✉♥❛ ❞❡♥s✐✲
❞❛❞ ❞❡ ❝♦❞✐✜❝❛❝✐ó♥ ❞❡❧ ✽✺✳✵✾✪ ② ✉♥ ❝♦♥t❡♥✐❞♦ ❞❡ ●❈ ❞❡❧ ✸✸✳✼✼✪✳ ❯♥ t♦t❛❧ ❞❡
✷✾✹✵ ❖❘❋s ❢✉❡r♦♥ ♣r❡❞✐❝❤♦s✱ ❞❡ ❧♦s ❝✉❛❧❡s✱ ✾✼✾ ❢✉❡r♦♥ ❛s✐❣♥❛❞♦s ❝♦♠♦ ❤②♣♦t❤❡t✲
✐❝❛❧ ♣r♦t❡✐♥s ❧❛s ❝✉❛❧❡s s❡ ❞❡✜♥❡♥ ❝♦♠♦ ❛q✉❡❧❧❛s s❡❝✉❡♥❝✐❛s ♣❛r❛ ❧❛s ❝✉❛❧❡s ♥♦
❤❛② ❡✈✐❞❡♥❝✐❛ ❢✉♥❝✐♦♥❛❧ ❡♥ ♥✐♥❣✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s✱ ♣♦rq✉❡ ♦ ❜✐❡♥✱ ♥♦ r❡s✉❧t❛r♦♥
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❡♥ ❤✐ts r❡♣r❡s❡♥t❛t✐✈♦s ♦ ❜✐❡♥ ❧♦s ❤✐ts t❛♠❜✐é♥ ❡r❛♥ ♣r♦t❡í♥❛s ✐❞❡♥t✐✜❛❝❛❞❛s ❝♦✲
♠♦ ❤②♣♦t❤❡t✐❝❛❧ ♣r♦t❡✐♥s✳ ❆❞❡♠ás✱ ✶✺✽✸ ❢✉❡r♦♥ ❛s✐❣♥❛❞♦s ❛ ❝❛t❡❣♦rí❛s ❞❡ ❈❖●
② ✶✶✾✺ ❛ ✈í❛s ♠❡t❛❜ó❧✐❝❛s ❡♥ ❑❊●●✳ ❈❛❜❡ ❛❝❧❛r❛r q✉❡ ❞❡♥tr♦ ❞❡ ❧♦s ❖❘❋s ❛♥✲
♦t❛❞♦s ♣♦r ❈❖●✱ ❤❛② ✉♥❛ ❣r❛♥ ❝❛♥t✐❞❛❞ q✉❡ ❝❛❡♥ ❡♥ ❞♦s ❝❛t❡❣♦rí❛s ❝♦♥♦❝✐❞❛s
❝♦♠♦ ❋✉♥❝t✐♦♥ ❯♥❦♥♦✇♥ ② ●❡♥❡r❛❧ ❋✉♥❝t✐♦♥ Pr❡❞✐❝t✐♦♥ ❖♥❧② ❝♦♠♦ s❡ ♣✉❡❞❡
✈❡r ❡♥ ❧❛ ❋✐❣✉r❛ ✷✳✹✳ ❖ s❡❛ q✉❡✱ ❝♦♥t❛♥❞♦ ❡st♦s ❝❛s♦s✱ ♠ás ❧♦s ♠❡♥❝✐♦♥❛❞❛s
♣r❡✈✐❛♠❡♥t❡✱ ❡❧ ❣❡♥♦♠❛ ♣r❡s❡♥t❛ ♠ás ❞❡ ✉♥ ✹✵✪ ❞❡ ♣r♦t❡í♥❛s ❞❡ ❧❛s ❝✉❛❧❡s
♥♦ s❡ ❝♦♥♦❝❡ s✉ ❢✉♥❝✐ó♥ ❡s♣❡❝í✜❝❛✱ ❞❡❥❛♥❞♦ ❡♥ ❡✈✐❞❡♥❝✐❛ q✉❡ t♦❞❛✈í❛ q✉❡❞❛♥
✏❤✉❡❝♦s✑ ❡♥ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ q✉❡ s❡ ♣✉❡❞❛ ❧❧❡❣❛r ❛ ♦❜t❡♥❡r ❛❝❡r❝❛ ❞❡ ❧❛ ❢✉♥❝✐ó♥
❞❡ ❧❛s ♣r♦t❡í♥❛s ❞❡ ✉♥ ❣❡♥♦♠❛✱ ✉s❛♥❞♦ só❧♦ ❤❡rr❛♠✐❡♥t❛s ❞❡ ❝♦♠♣❛r❛❝✐ó♥ ❝♦♥
❜❛s❡s ❞❡ ❞❛t♦s✳

❊♥s❛♠❜❧❛❞♦
◆ú♠❡r♦ ❞❡ ❝♦♥t✐❣s ✼✼
❈♦❜❡rt✉r❛ ✸✹✳✶✺ ❳
❚❛♠❛ñ♦ ✭♣❛r❡s ❞❡ ❜❛s❡s✮ ✸✷✾✸✽✸✵
❈♦♥t❡♥✐❞♦ ❞❡ ●✰❈ ✸✸✳✼✽✪

❆♥♦t❛❝✐ó♥
◆ú♠❡r♦ ❞❡ ❖❘❋s ✷✾✹✵
❉❡♥s✐❞❛❞ ❞❡ ❝♦❞✐✜❝❛❝✐ó♥ ✽✺✳✶✪
t❘◆❆s ✸✺
Pr♦t❡í♥❛s ❤✐♣♦tét✐❝❛s ✾✼✾ ✭✸✶✳✸✪✮
❖❘❋s ❛s✐❣♥❛❞♦s ❛ ❝❧❛s❡s ❞❡ ❈❖● ✶✺✽✸ ✭✺✸✳✽✪✮
❖❘❋s ❝♦♥ ❞♦♠✐♥✐♦s ❞❡ P❢❛♠ ✷✶✷✷ ✭✼✷✳✷✪✮
❖❘❋s ❝♦♥ ♣é♣t✐❞♦ s❡ñ❛❧ ✸✸✵ ✭✶✶✳✸✪✮
▲♦❝❛❧✐③❛❝✐ó♥

❈✐t♦♣❧❛s♠át✐❝❛s ✶ ✸✸✸✭✹✺✳✸✪✮
❈✐t♦♣❧ás♠✐❝❛s ❞❡ ♠❡♠❜r❛♥❛ ✐♥t❡r♥❛ ✺✹✷ ✭✶✽✳✹✪✮
❈✐t♦♣❧ás♠✐❝❛s ❞❡ ♠❡♠❜r❛♥❛ ❡①t❡r♥❛ ✽✸ ✭✷✳✽✪✮
P❡r✐♣❧ás♠✐❝❛s ✷✾ ✭✶✳✵✪✮
❊①tr❛❝❡❧✉❧❛r❡s ✷✷ ✭✵✳✼✪✮

❈✉❛❞r♦ ✷✳✶✿ ❊st❛❞íst✐❝❛s ❞❡ ❧❛ ❛♥♦t❛❝✐ó♥ ❞❡ ❇✐③✐♦♥✐❛ ❛r❣❡♥t✐♥❡♥s✐s✳

❊♥ tér♠✐♥♦s ❣❡♥❡r❛❧❡s✱ ❡❧ ❣❡♥♦♠❛ ❞❡ ❇✳ ❛r❣❡♥t✐♥❡♥s✐s ❝♦♥t✐❡♥❡ ❣❡♥❡s ♣❛r❛
❧❛s ✈í❛s ♠❡t❛❜ó❧✐❝❛s ❞❡❧ ❝✐❝❧♦ ❞❡ ❑r❡❜s✱ ❧❛ ❣❧✉❝ó❧✐s✐s ② ❧❛s ♣❡♥t♦s❛s ❢♦s❢❛t♦
❝✉❜r✐❡♥❞♦❧❛s ❞❡ ❢♦r♠❛ ❝♦♠♣❧❡t❛✳ ❈♦♥s✐st❡♥t❡ ❝♦♥ ❧♦s ❛❧t♦s ♥✐✈❡❧❡s ❞❡ r❛❞✐❛❝✐ó♥
❯❱✲❇ ✜❥❛❞❛ ♣♦r ❧❛ ❧❛t✐t✉❞ ❛ ❧❛ q✉❡ ❤❛❜✐t❛ ❇✳ ❛r❣❡♥t✐♥❡♥s✐s ❡ ✐♥❝❧✉s♦ ♣♦r ❧❛ ♣r❡s✲
❡♥❝✐❛✱ ❞❡❧ ❛❣✉❥❡r♦ ❞❡ ♦③♦♥♦ ❞❡ ♣r✐♠❛✈❡r❛✱ ❡❧ ❣❡♥♦♠❛ ❝♦♥t✐❡♥❡ ✸ ❣❡♥❡s q✉❡ ❝♦❞✐✲
✜❝❛♥ ♣❛r❛ ❢♦t♦❧✐❛s❛s ② ✉♥ s✐st❡♠❛ ❝♦♠♣❧❡t♦ ❞❡ r❡♣❛r❛❝✐ó♥ ❞❡ ❉◆❆✳ ❆❞❡♠ás✱ ❡❧
❣❡♥♦♠❛ ❜❛❝t❡r✐❛♥♦ ♣r❡s❡♥t❛ ❣❡♥❡s ✐♥✈♦❧✉❝r❛❞♦s ❡♥ ❧❛ sí♥t❡s✐s ❞❡ ❝❛r♦t❡♥♦✐❞❡s
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

② ①❛♥tó✜❧❛s✳ ❊♥ ♣❛rt✐❝✉❧❛r✱ s❡ ❡♥❝♦♥tró ✉♥❛ ❝♦♣✐❛ ❞❡ ✉♥❛ β✲❝❛r♦t❡♥♦ ❤✐❞r♦①✲
✐❧❛s❛ q✉❡ ❝❛t❛❧✐③❛ ❧❛ ♣r♦❞✉❝❝✐ó♥ ❞❡ β✲❝r✐♣t♦①❛♥t✐♥❛ ② ③❡❛①❛♥t✐♥❛✱ ♣✐❣♠❡♥t♦s
❞❡t❡❝t❛❞♦s ♣r❡✈✐❛♠❡♥t❡ ❡♥ ♦tr❛s ✢❛✈♦❜❛❝t❡r✐❛s ❛♥t❛rt✐❝❛s ❬❍✉♠♣❤r② ❡t ❛❧✳✱
✷✵✵✶❪✱ ♣❡r♦ ♥♦ ❡♥ ♠✐❡♠❜r♦s ❞❡❧ ❣é♥❡r♦ ❇✐③✐♦♥✐❛ ❬❇♦✇♠❛♥ ❛♥❞ ◆✐❝❤♦❧s✱ ✷✵✵✺❪✱
❬◆❡❞❛s❤❦♦✈s❦❛②❛ ❡t ❛❧✳✱ ✷✵✵✺❪✱ ❬◆❡❞❛s❤❦♦✈s❦❛②❛ ❡t ❛❧✳✱ ✷✵✶✵❪✳ ❉❡ ❛❝✉❡r❞♦ ❝♦♥
❧❛s ♣❡r♠❛♥❡♥t❡s ❜❛❥❛s t❡♠♣❡r❛t✉r❛s ❞❡❧ ❛♠❜✐❡♥t❡✱ ❡❧ ❣❡♥♦♠❛ t❛♠❜✐é♥ ♣r❡s❡♥t❛
❣❡♥❡s ❝♦❞✐✜❝❛♥❞♦ ♣❛r❛ ❧❛ ❜✐♦sí♥t❡s✐s ❞❡ á❝✐❞♦s ❣r❛s♦s ♥♦ s❛t✉r❛❞♦s✳ ❖tr♦ ❞❛✲
t♦ ✐♥t❡r❡s❛♥t❡ ❞❡ ❇✳ ❛r❣❡♥t✐♥❡♥s✐s ❡s s✉ ❝❛♣❛❝✐❞❛❞ ♣❛r❛ ❧✐❜❡r❛r ♣❡♣t✐❞❛s❛s ❛❧
❛♠❜✐❡♥t❡ ♣❛r❛ ❞❡❣r❛❞❛r ❝♦♠♣✉❡st♦s ❝✐r❝✉♥❞❛♥t❡s✳ ❍❡♠♦s ❡♥❝♦♥tr❛❞♦ ✷✹ ❣❡♥❡s
♣❡rt❡♥❡❝✐❡♥t❡s ❛ ❢❛♠✐❧✐❛s ❞❡ ♣❡♣t✐❞❛s❛s✱ ❡♥ P❢❛♠ ②✴♦ ❚✐❣r❢❛♠✱ q✉❡ ❝♦♥t✐❡♥❡♥
♣é♣t✐❞♦s s❡ñ❛❧✳ ❊st❡ ❤❡❝❤♦✱ ♣♦❞rí❛ s❡r✈✐r ♣❛r❛ ❡♥t❡♥❞❡r ❡❧ r♦❧ ❡❝♦❧ó❣✐❝♦ ❞❡ ❇✳
❛r❣❡♥t✐♥❡♥s✐s ❡♥ ❡❧ ❝✐❝❧♦ ♥❛t✉r❛❧ ❞❡❧ ❝❛r❜♦♥♦ ❛tr✐❜✉í❞♦ ❛ ♦tr♦s ❇❛❝t❡r♦✐❞❡t❡s
♠❛r✐♥♦s✳

❋✐❣✉r❛ ✷✳✹✿ ❆s✐❣♥❛❝✐ó♥ ❞❡ ❝❧❛s❡s ❢✉♥❝✐♦♥❛❧❡s ✉s❛♥❞♦ ❈❖● ♣❛r❛ ❇✐③✐♦♥✐❛ ❛r❣❡♥t✐✲
♥❡♥s✐s✳ ❊♥ ❡❧ ♣❛♥❡❧ ✐③q✉✐❡r❞♦✱ ❣rá✜❝♦ ❞❡ t♦rt❛ ❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❝❧❛s❡s ❢✉♥❝✐♦♥❛❧❡s s❡❣ú♥
❈❖●✳ ❊♥ ❡❧ ♣❛♥❡❧ ❞❡r❡❝❤♦✱ ❡❧ ❝ó❞✐❣♦ ❞❡ ❝♦❧♦r❡s ♣❛r❛ ❡❧ ❣rá✜❝♦ ❞❡ t♦rt❛✱ ❧♦s ❝♦❧♦r❡s ❡stá♥ ❡♥
♦r❞❡♥ ❡♥ s❡♥t✐❞♦ ❛♥t✐❤♦r❛r✐♦ ❞❡s❞❡ ❧❛ ♣❛rt❡ s✉♣❡r✐♦r✳

▼❡t❛❜♦❧✐s♠♦ ❞❡❧ ♥✐tr♦❣❡♥♦ ❡♥ ❇✐③✐♦♥✐❛ ❛r❣❡♥t✐♥❡♥s✐s

▲❛ s❡❝✉❡♥❝✐❛❝✐ó♥ ❞❡❧ ❣❡♥♦♠❛ t❛♠❜✐é♥ r❡✈❡❧ó q✉❡ ❇✳ ❛r❣❡♥t✐♥❡♥s✐s ❡s ✉♥❛
❜❛❝t❡r✐❛ ❞❡♥✐tr✐✜❝❛♥t❡ ❛♥❛❡ró❜✐❝❛ ❢❛❝✉❧t❛t✐✈❛ ❝❛♣❛③ ❞❡ r❡❞✉❝✐r ♥✐tr✐t♦ ✉s❛♥❞♦❧♦
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❝♦♠♦ ❛❝❡♣t♦r ❞❡ ❡❧❡❝tr♦♥❡s✱ ❝❛♣❛❝✐❞❛❞ q✉❡ ❢✉❡ r❛r❛♠❡♥t❡ r❡♣♦rt❛❞❛ ♣❛r❛ ❧♦s
♠✐❡♠❜r♦s ❞❡❧ ❣é♥❡r♦ ❋❧❛✈♦❜❛❝t❡r✐❛❝❡❛❡ ❬❏♦♥❡s ❡t ❛❧✳✱ ✷✵✵✽❪✳ ❚♦❞♦s ❧♦s ❣❡♥❡s
r❡❧❛❝✐♦♥❛❞♦s ❛❧ ♣r♦❝❡s♦ ❞❡ ❞❡♥✐tr✐✜❝❛❝✐ó♥ ❢✉❡r♦♥ ❡♥❝♦♥tr❛❞♦s ❡♥ ❡❧ ❣❡♥♦♠❛✱
❝♦♠♦ ♠✉❡str❛ ❧❛ ❋✐❣✉r❛ ✷✳✺✱ ❝♦♥ ❡①❝❡♣❝✐ó♥ ❞❡ ❧❛ ♥✐tr❛t♦ r❡❞✉❝t❛s❛✳ P♦r ❧❛
✈í❛ ❛s✐♠✐❧❛t♦r✐❛✱ ❡❧ NO2− ❡s r❡❞✉❝✐❞♦ ♣♦r ♦tr❛ ♥✐tr✐t♦ r❡❞✉❝t❛s❛ q✉❡ ❢♦r♠❛
❛♠♦♥í❛❝♦ ✭❊❈ ✶✳✼✳✷✳✷✮✳ ❊❧ ❛♠♦♥í❛❝♦✱ ❡♥t♦♥❝❡s✱ ❡s ✉s❛❞♦ ❝♦♠♦ ❢✉❡♥t❡ ❞❡ ♥✐✲
tr♦❣❡♥♦ ♣❛r❛✱ ♣♦r ❡❥❡♠♣❧♦✱ ❧❛ sí♥t❡♥s✐s ❞❡ ❧❛ ❣❧✉t❛♠✐♥❛ ❝❛t❛❧✐③❛❞❛ ♣♦r ❧❛ ❣❧✉✲
t❛♠✐♥❛ s✐♥t❡t❛s❛ ✭❊❈ ✻✳✸✳✶✳✷✱ t❛♠❜✐é♥ ♣r❡s❡♥t❡ ❡♥ ❡❧ ❣❡♥♦♠❛✮✳ P♦r ♦tr♦ ❧❛❞♦✱
❇✳ ❛r❣❡♥t✐♥❡♥s✐s ♣r❡s❡♥t❛ ❡♥③✐♠❛s ♣❛r❛ r❡❞✉❝✐r ♥✐tr✐t♦ ❤❛st❛ ♥✐tr♦❣❡♥♦✱ ❝♦♠✲
♣❧❡t❛♥❞♦ ❡❧ ♣r♦❝❡s♦ ❞❡ ❞❡♥✐tr✐✜❝❛❝✐ó♥ ❞❡s❞❡ ❡❧ ♥✐tr✐t♦✳ ❊♥ ♣❛rt✐❝✉❧❛r✱ ❧❛ r❡❞✉❝✲
❝✐ó♥ ❞❡ ♥✐tr✐t♦ ✭NO2−✮ ❛ ó①✐❞♦ ♥ítr✐❝♦ ✭NO✮✱ ❡s ❝❛t❛❧✐③❛❞❛ ♣♦r ✉♥❛ ♥✐tr✐t♦
r❡❞✉❝t❛s❛ q✉❡ ❝♦♥t✐❡♥❡ ❝♦❜r❡ ✭❊❈ ✶✳✼✳✷✳✶✮✱ ❧✉❡❣♦✱ ❡❧ ó①✐❞♦ ♥ítr✐❝♦ ❡s r❡❞✉❝✐❞♦
❛ ó①✐❞♦ ♥✐tr♦s♦ ✭N2O✮ ❝❛t❛❧✐③❛❞♦ ♣♦r ✉♥❛ ❡♥③✐♠❛ q✉❡ ❝♦♥t✐❡♥❡ ❤✐❡rr♦ ❤é♠✐❝♦
② ♥♦✲❤é♠✐❝♦ ❞✐♥✉❝❧❡❛r ✭❊❈ ✶✳✼✳✷✳✺✮✱ ② ✜♥❛❧♠❡♥t❡✱ ❡❧ ó①✐❞♦ ♥✐tr♦s♦ s❡ r❡❞✉❝❡
❛ ♥✐tr♦❣❡♥♦ ❣❛s❡♦s♦ ✭N2✮ ❝❛t❛❧✐③❛❞♦ ♣♦r ✉♥❛ r❡❞✉❝t❛s❛ ✭❊❈ ✶✳✼✳✷✳✹✮ ❝♦♥ ✉♥
♥ú❝❧❡♦ ♠✐①t♦ ❞❡ ❝♦❜r❡ ♥✉❝❧❡❛r ② ✉♥ ❝❧✉st❡r ❞❡ ❝♦❜r❡✲❛③✉❢r❡✱ s✐❡♥❞♦ ❡❧ ❞♦♥♦r ❞❡
❡❧❡❝tr♦♥❡s ✉♥ ❝✐t♦❝r♦♠♦ ❝✺✺✷✳

❋✐❣✉r❛ ✷✳✺✿ ❙✐st❡♠❛ ❞❡ ❞❡♥✐tr✐✜❝❛❝✐ó♥ ❞❡ ❇✐③✐♦♥✐❛ ❛r❣❡♥t✐♥❡♥s✐s✳ P♦r ❧❛ ✈í❛ ❛s✐♠✲
✐❧❛t♦r✐❛✱ ❡❧ ♥✐tr✐t♦ ❡s r❡❞✉❝✐❞♦ ❛ ❛♠♦♥í❛❝♦ ♠❡❞✐❛♥t❡ ❧❛ ❝❛tá❧✐s✐s ❞❡ ✉♥❛ ♥✐tr✐t♦ r❡❞✉❝t❛s❛
✭✶✳✼✳✷✳✷✮✳ P♦r ♦tr♦ ❧❛❞♦✱ ❧❛ ♣r♦❞✉❝❝✐ó♥ ❞❡ ♥✐tró❣❡♥♦ ❣❛s❡♦s♦ ❛ ♣❛rt✐r ❞❡ ♥✐tr✐t♦ s❡ r❡❛❧✐③❛ ♣♦r
❧❛ ❛❝❝✐ó♥ ❞❡ tr❡s ❡♥③✐♠❛s✿ ✉♥❛ ♥✐tr✐t♦ r❡❞✉❝t❛s❛ q✉❡ ❝♦♥t✐❡♥❡ ❝♦❜r❡ ♣❛s❛ ❡❧ ♥✐tr✐t♦ ❛ ó①✐❞♦
♥ítr✐❝♦✱ ❧✉❡❣♦ ❡❧ ó①✐❞♦ ♥ítr✐❝♦ ❡s r❡❞✉❝✐❞♦ ❛ ó①✐❞♦ ♥✐tr♦s♦ ♣♦r ✉♥❛ r❡❞✉❝t❛s❛ ❞❡ ó①✐❞♦ ♥ítr✐❝♦
✭✶✳✼✳✷✳✺✮✱ ② ♣♦r ú❧t✐♠♦✱ ❡❧ ó①✐❞♦ ♥✐tr♦s♦ s❡ r❡❞✉❝❡ ❛ ♥✐tr♦❣❡♥♦ ❣❛s❡♦s♦ ❝❛t❛❧✐③❛❞♦ ♣♦r ✉♥❛
r❡❞✉❝t❛s❛ ❞❡ ó①✐❞♦ ♥✐tr♦s♦ ✭✶✳✼✳✷✳✹✮

❇úsq✉❡❞❛s ❞❡ ❡♥③✐♠❛s ❝♦♥ ❡str✉❝t✉r❛ ② ❢✉♥❝✐ó♥ ❞❡s❝♦♥♦❝✐❞❛✿ ❇❆✹✷ ❈♦♠♦ s❡
♠❡♥❝✐♦♥ó ♣r❡✈✐❛♠❡♥t❡✱ ❡st❡ ❣❡♥♦♠❛ ❢✉❡ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❜✉s❝❛r ❡♥③✐♠❛s ❝♦♥
❢✉♥❝✐ó♥ ❞❡s❝♦♥♦❝✐❞❛ q✉❡ s❡ ❡♥❝✉❡♥tr❡♥ ❛❞❛♣t❛❞❛s ❛ ❜❛❥❛s t❡♠♣❡r❛t✉r❛s✳ P❛r❛
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❡st♦✱ ❛♣❧✐❝❛♠♦s ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ✜❧tr♦s q✉❡ ♣❡r♠✐t❡♥ ❞❡❥❛r ❝♦♠♦ r❡s✉❧t❛❞♦ ✉♥❛
❧✐st❛ ❞❡ ❖❘❋s ❝♦♥ ♣r♦♣✐❡❞❛❞❡s ❡s♣❡❝í✜❝❛s✱ ♣❛r❛ r❡❛❧✐③❛r ❡st✉❞✐♦s ❡str✉❝t✉r❛❧❡s
♣♦r ❘▼◆✳ ❈♦♠♦ ♠✉❡str❛ ❧❛ ❋✐❣✉r❛ ✷✳✻✱ ❞❡✜♥✐♠♦s ✜❧tr♦s q✉❡ ❜✉s❝❛♥ ♣♦r ❣❡♥❡s
❞❡ ❢✉♥❝✐ó♥ ② ❡str✉❝t✉r❛ ❞❡s❝♦♥♦❝✐❞❛✳

❋✐❣✉r❛ ✷✳✻✿ ❋✐❧tr♦s ♣❛r❛ ♦❜t❡♥❡r ❡♥③✐♠❛s ♣❛r❛ ❡st✉❞✐♦s ♠❡❞✐❛♥t❡s té❝♥✐❝❛s ❞❡
❘▼◆✳ ▲♦s ✜❧tr♦s s❡ ❛♣❧✐❝❛♥ ❡♥ ❢♦r♠❛ ❝♦♥s❡❝✉t✐✈❛✱ ❧♦s ♥ú♠❡r♦s ❡♥tr❡ ♣❛ré♥t❡s✐s ✐♥❞✐❝❛♥ ❧♦s
❖❘❋s q✉❡ ✈❛♥ q✉❡❞❛♥❞♦ ❝♦♥ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s✳ ▲♦s ♣r✐♠❡r♦s ❞♦s ✜❧tr♦s
❜✉s❝❛♥ ❝♦♥s❡❣✉✐r ♣r♦t❡í♥❛s ❝♦♥ ❡str✉❝t✉r❛ ② ❢✉♥❝✐ó♥ ❞❡s❝♦♥♦❝✐❞❛✳ ❊❧ t❡r❝❡r ✜❧tr♦ ❡s ♣❛r❛
✈❡r✐✜❝❛r q✉❡ ❧♦s ❣❡♥❡s q✉❡ ❡①♣r❡s❛♥ ❡st❛s ♣r♦t❡í♥❛s ❡sté♥ r❡♣r❡s❡♥t❛❞♦s ❡♥ ✈❛r✐♦s ❣❡♥♦♠❛s✱
♣❛r❛ ❡❧✐♠✐♥❛r ❧♦s ❢❛❧s♦s ♣♦s✐t✐✈♦s ❞❡ ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❣❡♥❡s✳ ▲♦s ú❧t✐♠♦s ✷ ✜❧tr♦s s♦♥ ♣❛r❛
q✉❡ ❧❛s ♣r♦t❡í♥❛s ❝✉♠♣❧❛♥ ❝♦♥ ❧♦s r❡q✉✐s✐t♦s ❡①♣❡r✐♠❡♥t❛❧❡s✿ q✉❡ s❡❛♥ s♦❧✉❜❧❡s ② ♥♦ ♠✉②
❣r❛♥❞❡s✳

Pr✐♠❡r♦✱ s❡ ✉s❛r♦♥ ❧♦s ❤✐ts ❞❡ P❢❛♠ ♣❛r❛ ✜❧tr❛r t♦❞♦s ❛q✉❡❧❧♦s ❖❘❋s q✉❡
♥♦ ❤❛②❛♥ ❝♦♥s❡❣✉✐❞♦ ❤✐ts s✐❣♥✐✜❝❛t✐✈♦s✱ ❞❡ ♠❛♥❡r❛ ❞❡ ❝♦♥tr✐❜✉✐r ❡♥ ❧❛ ❞❡✜♥✐✲
❝✐ó♥ ❞❡ ❛❧❣✉♥❛ ❢❛♠✐❧✐❛ ❛ú♥ ♥♦ ❞❡s❝r✐♣t❛✳ ❈❛❜❡ ❛❝❧❛r❛r q✉❡ ❛q✉❡❧❧♦s ❞♦♠✐♥✐♦s
❞❡♥♦♠✐♥❛❞♦s ❉❯❋ ✭❉♦♠❛✐♥ ♦❢ ❯♥❦♥♦✇♥ ❋✉♥❝t✐♦♥✮ ♥♦ ❢✉❡r♦♥ r❡t❡♥✐❞♦s ❡♥ ❡❧
✜❧tr♦✱ ❞❡❥❛♥❞♦ ♣❛s❛r ❧♦s ❖❘❋s ❝♦♥ ❤✐ts s✐❣♥✐✜❝❛t✐✈♦s ❡♥ ❡st♦s ❞♦♠✐♥✐♦s ❛ ❧♦s
♣❛s♦s s✉❝❡s✐✈♦s✳ ❙❡❣✉♥❞♦✱ s❡ ✉s❛r♦♥ ❧♦s ❤✐ts ❞❡ P❉❇ ♣❛r❛ ✜❧tr❛r t♦❞♦s ❛q✉❡❧❧♦s
q✉❡ ♥♦ t❡♥❣❛♥ ❡str✉❝t✉r❛ ❝♦♥♦❝✐❞❛✳ ❚❡r❝❡r♦✱ s❡ ❝♦♠♣✉t❛r♦♥ ❧♦s ❇❇❍s ❝♦♥✲
tr❛ ✶✵ ❣❡♥♦♠❛s r❡❧❛❝✐♦♥❛❞♦s ♣❛r❛ ❛s❡❣✉r❛r ✉♥ ❣r❛❞♦ ❡①tr❛ ❞❡ ❝♦♥✜❛♥③❛ ❡♥ ❧❛
♣r❡❞✐❝❝✐ó♥ ❞❡ ❧♦s ❣❡♥❡s s❡❧❡❝❝✐♦♥❛♥❞♦s❡ ❝♦♥ ✺ ❇❇❍s ♦ ♠ás✳ ❈♦♠♦ ❝✉❛rt♦ ✜❧tr♦✱
s❡❧❡❝❝✐♦♥❛♠♦s só❧♦ ❛q✉❡❧❧❛s ❝♦♥ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❧♦❝❛❧✐③❛❝✐ó♥ ❝✐t♦♣❧❛s♠át✐❝❛ ♦ ❞❡
❡①♣♦rt❛❝✐ó♥ ❞❡ ♠❛♥❡r❛ ❞❡ ❛✉♠❡♥t❛r ❧❛s ❝❤❛♥❝❡s ❞❡ q✉❡ s❡❛ s♦❧✉❜❧❡ ♣❛r❛ ❢❛❝✐❧✲
✐t❛r ❧❛ ♣✉r✐✜❝❛❝✐ó♥ ❞❡ ❧❛ ♣r♦t❡í♥❛✳ P♦r ú❧t✐♠♦✱ s❡ ❛♣❧✐❝ó ✉♥ ✜❧tr♦ ❞❡ ♠á①✐♠♦
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

✸✺✵ ❛♠✐♥♦ á❝✐❞♦s ♣❛r❛ ❡❧ ❧❛r❣♦ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛✱ ❝♦♠♦ r❡q✉✐s✐t♦ ❞❡ ❧❛ té❝♥✐❝❛
❞❡ ❘▼◆✱ ② ❝ó♠♦ ♠í♥✐♠♦ ✼✵ ❛♠✐♥♦ á❝✐❞♦s ♣❛r❛ ❡✈✐t❛r ♣♦❧✐♣é♣t✐❞♦s ❞❡ ❢✉♥❝✐ó♥
♠✉② ❣❡♥❡r❛❧✳

▲❛s s❡❝✉❡♥❝✐❛s r❡s✉❧t❛♥t❡s ❞❡ ❡st❡ ♣r♦❝❡s♦ ❞❡ ✜❧tr❛❞♦ ❢✉❡r♦♥ ❝✉r❛❞❛s ♠❛♥✲
✉❛❧♠❡♥t❡ ② ❞❡ ❡♥tr❡ t♦❞❛s ❡❧❧❛s ❧❛ q✉❡ ❝❛❜❡ ❞❡st❛❝❛r ❡s ❇❆✹✷✳ ❈♦♥ ❡st❛ ♣r♦t❡í♥❛
s❡ ❝♦♥t✐♥✉ó ❡st✉❞✐❛♥❞♦ ♠❡❞✐❛♥t❡ ❧❛ té❝♥✐❝❛ ❞❡ ❘▼◆ ❬❙♠❛❧ ❡t ❛❧✳✱ ✷✵✶✷❪✳ ❆ s✉
✈❡③✱ ❡❧ ❡st✉❞✐♦ ❡①♣❡r✐♠❡♥t❛❧ ❞✐ó ❧✉❣❛r ❛ ✉♥ P❉❇ ♣r♦❞✉❝t♦ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❞❡
❘▼◆✱ ② ❛❞❡♠ás✱ ❧❛ ♣r♦t❡í♥❛ s✐❣✉✐ó ❡st✉❞✐❛♥❞♦s❡ ② s❡ ❧❧❡❣ó ❛ ♦❜t❡♥❡r ✉♥ ❝r✐st❛❧
q✉❡ s❡ ✉só ♣❛r❛ r❡s♦❧✈❡r ❧❛ ❡str✉❝t✉r❛ ♠❡❞✐❛♥t❡ r❛②♦s ❳ ❬❆r❛♥ ❡t ❛❧✳✱ ✷✵✶✹❪✳
❊st❛ ♣r♦t❡í♥❛ t✐❡♥❡ ✶✹✺ ❛♠✐♥♦ á❝✐❞♦s ② ❡r❛ ♠✐❡♠❜r♦ ❞❡ ✉♥❛ ❢❛♠✐❧✐❛ ❞❡ P❢❛♠
❞❡ ❢✉♥❝✐ó♥ ❞❡s❝♦♥♦❝✐❞❛ ✭❉❯❋✹✼✼ ✲ P❋✵✹✺✸✻✮✱ q✉❡ ❣r❛❝✐❛s ❞❡ ❡st♦s ❡st✉❞✐♦s
❡str✉❝t✉r❛❧❡s✱ s❡ ❝❛♠❜✐ó ❡❧ ♥♦♠❜r❡ ❞❡ ❧❛ ❢❛♠✐❧✐❛ ❛ ❚P▼❴♣❤♦s♣❤❛t❛s❡✳

❋✐❣✉r❛ ✷✳✼✿ ❊str✉❝t✉r❛s ❞❡ ❧❛ ♣r♦t❡í♥❛ ❇❆✹✷ ❆✮ ❊str✉❝t✉r❛ r❡s✉❡❧t❛ ♣♦r ❧❛ té❝♥✐❝❛ ❞❡
❘▼◆✳ ❇✮ ❊str✉❝t✉r❛ r❡s✉❡❧t❛ ♠❡❞✐❛♥t❡ ❘❛②♦s ❳✳ ❈✮ ❊str✉❝t✉r❛ ✐♥❢❡r✐❞❛ ♠❡❞✐❛♥t❡ ♠♦❞❡❧❛❞♦
❝♦♠♣❛r❛t✐✈♦✳

❈♦♠♦ s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❧❛ ❋✐❣✉r❛ ✷✳✼❆ ✭❘▼◆✮ ② ✷✳✼❇ ✭❘❛②♦s ❳✮✱ ❧❛ ❡str✉❝✲
t✉r❛ ❡stá ❝♦♠♣✉❡st❛ ♣♦r ✉♥ ❞♦♠✐♥✐♦ ❚P▼ ② ♠✉❡str❛ ✉♥❛ ✈❛r✐❛♥t❡ t♦♣♦❧ó❣✐❝❛
♥✉❡✈❛ ❞❡ ✹ ❤♦❥❛s ❜❡t❛✱ q✉❡ ❝♦♥st✐t✉②❡♥ ❧❛ ❤♦❥❛ ❜❡t❛ ❝❡♥tr❛❧ ❞❡ ✉♥ ♠♦t✐✈♦ ❛❧❢❛✲
❜❡t❛✲❛❧❢❛✳ ❚❛♠❜✐é♥ ♣♦s❡❡ ❞♦s s✐t✐♦s ❞❡ ✉♥✐ó♥ ❛ ♠❡t❛❧❡s ✭♥♦ s❡ ♠✉❡str❛✮ q✉❡
❡st❛❜✐❧✐③❛♥ ✉♥ ♣❛r ❞❡ ❧♦♦♣s ❝r✉③❛❞♦s q✉❡ ♥♦ ❢✉❡ ♦❜s❡r✈❛❞❛ ❡♥ ♠✐❡♠❜r♦s ❞❡
❡st❛ ❢❛♠✐❧✐❛ ♣r❡✈✐❛♠❡♥t❡✳ ❙❡ ✈✐ó q✉❡ t❛♥t♦ ❧❛ ❡str✉❝t✉r❛ ❝♦♠♦ ❧❛ ❞✐♥á♠✐❝❛ ❞❡
ést❛ ♣r♦t❡í♥❛ ❝❛♠❜✐❛♥ ❝♦♥ ❧❛ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ♠❡t❛❧❡s ❞✐✈❛❧❡♥t❡s✱ ❧♦ ❝✉❛❧ s❡
♦❜s❡r✈❛ ❡♥ ♣r♦t❡í♥❛s q✉❡ ♠♦❞✉❧❛♥ s✉ ❛❝t✐✈✐❞❛❞ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ❝♦♥❝❡♥tr❛❝✐ó♥
❞❡ ♠❡t❛❧❡s✳

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

Pá❣✐♥❛ ✸✾ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

tr✉❝t✉r❛ ❞❡ ✉♥❛ ❤♦♠ó❧♦❣❛ r❡♠♦t❛ q✉❡ ♥♦s ♣❡r♠✐t✐ó r❡❛❧✐③❛r ✉♥ ♠♦❞❡❧♦ ♠❡❞✐✲
❛♥t❡ té❝♥✐❝❛s ❞❡ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦ q✉❡ s❡rá♥ ❡❧ t❡♠❛ ❞❡❧ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✳
❊❧ ♠♦❞❡❧❛❞♦ ❢✉❡ r❡❛❧✐③❛❞♦ ✉s❛♥❞♦ ✉♥❛ ♣r♦t❡í♥❛ r❡❧❛❝✐♦♥❛❞❛✱ ♣❡r♦ ❝♦♥ ✐❞❡♥t✐❞❛❞
♠❡♥♦r ❛❧ ✷✵✪ ❞❡ ✐❞❡♥t✐❞❛❞ q✉❡ ❡s ❝♦♥s✐❞❡r❛❞♦ ❡❧ ❧í♠✐t❡ ❞❡❧ ♠♦❞❡❧❛❞♦ ❝♦♠✲
♣❛r❛t✐✈♦✳ ❊st♦ ♥♦s ❞✐❝❡ q✉❡ s✐ ❜✐❡♥ s❡ s❛❜❡ q✉❡ ❡♥ ✐❞❡♥t✐❞❛❞❡s ❜❛❥❛s ❧❛ té❝♥✐❝❛
❧❧❡❣❛ ❛❧ ❧í♠✐t❡ ❡♥ tér♠✐♥♦s ❞❡❧ ❡rr♦r ❝♦♥ ❡❧ q✉❡ s❡ ♠♦❞❡❧❛ ❝❛❞❛ át♦♠♦✱ ❧❛ ❛s✐❣✲
♥❛❝✐ó♥ ❞❡ ♣❧❡❣❛❞♦✱ ❡♥ tér♠✐♥♦s ❣❡♥❡r❛❧❡s✱ ♣r❡s❡♥t❛ ✉♥ ❛❧t♦ ♥✐✈❡❧ ❞❡ s✐♠✐❧✐t✉❞✳
❙❡ ♣✉❡❞❡ ✈❡r ✭❋✐❣✉r❛ ✷✳✼❈✮ q✉❡ ❛ ♣❡s❛r ❞❡ ❧❛ ❜❛❥❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ❝♦♥
❡❧ t❡♠♣❧❛❞♦ q✉❡ ✉s❛♠♦s ♣❛r❛ ❝♦♥str✉✐r ❡❧ ♠♦❞❡❧♦✱ ♦❜t✉✈✐♠♦s ♣r❛❝t✐❝❛♠❡♥t❡ ❡❧
♠✐s♠♦ ♣❧❡❣❛❞♦ ❝♦♥ ❛❧❣✉♥❛ ❞✐❢❡r❡♥❝✐❛s s♦❜r❡ t♦❞♦ ❞❡ ❧❛s ❝♦♥❢♦r♠❛❝✐♦♥❡s ❞❡ ❧♦s
r❡s✐❞✉♦s s❡❣ú♥ s✉s ❡str✉❝t✉r❛s s❡❝✉♥❞❛r✐❛s✳ ❊st♦ ♥♦s ♠♦t✐✈ó ❛ s❡❣✉✐r ❛❞❡❧❛♥t❡
❝♦♥ ❧❛s té❝♥✐❝❛s ❡str✉❝t✉r❛❧❡s ❞❡ ♠❛♥❡r❛ ❞❡ ❝♦♠♣❧❡♠❡♥t❛r ❧❛s ❤❡rr❛♠✐❡♥t❛s ❞❡
❛♥♦t❛❝✐ó♥ ❝❧ás✐❝❛s✳

✷✳✸✳✷✳ ❊①✐❣✉♦❜❛❝t❡r✐✉♠ s♣✳ ❙✶✼

▲♦s ▲❛❣♦s ❆♥❞✐♥♦s ❞❡ ●r❛♥ ❆❧t✉r❛ ✭❤✐❣❤✲❛❧t✐t✉❞❡ ❆♥❞❡❛♥ ❧❛❦❡s✱ ❍❆❆▲✮
❝♦♥s✐st❡♥ ❡♥ ✈❛r✐♦s ❧❛❣♦s s✉♣❡r✜❝✐❛❧❡s ❧♦❝❛❧✐③❛❞♦s ❡♥ ✉♥ ❞❡s✐❡rt♦ ❞❡ ❣r❛♥ ❛❧t✉r❛
s♦❜r❡ ❡❧ ♥✐✈❡❧ ❞❡❧ ♠❛r ❝♦♥♦❝✐❞♦ ❝♦♠♦ ▲❛ P✉♥❛✳ ❊stá♥ ❡①♣✉❡st♦s ❛ ❝♦♥❞✐❝✐♦♥❡s
❛♠❜✐❡♥t❛❧❡s ❡①tr❡♠❛s ❝♦♠♦ ❛❧t♦s ♥✐✈❡❧❡s ❞❡ r❛❞✐❛❝✐ó♥ ❯❱✱ s❛❧✐♥✐❞❛❞ ❡❧❡✈❛❞❛✱
② ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ♠❡t❛❧❡s ♣❡s❛❞♦s ② ♠❡t❛❧♦✐❞❡s ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛rsé♥✐❝♦ ❬❉✐❜
❡t ❛❧✳✱ ✷✵✵✽❪✱ ❬❘✳ ❋❧♦r❡s ❡t ❛❧✳✱ ✷✵✵✾❪✱ ❬❉✐❜ ❡t ❛❧✳✱ ✷✵✵✾❪✱ ❬❩❡♥♦✛ ❡t ❛❧✳✱ ✷✵✵✻❪✱
❬❖r❞♦ñ❡③ ❡t ❛❧✳✱ ✷✵✵✾❪✳ ❊❧ ❣é♥❡r♦ ❊①✐❣✉♦❜❛❝t❡r✐✉♠ ❢✉❡ ✐❞❡♥t✐✜❝❛❞♦ ❝♦♠♦ ❡❧
t❛①ó♥ ♠ás ❞♦♠✐♥❛♥t❡ ❡♥ ❍❆❆▲✳ ❊①✐❣✉♦❜❛❝t❡r✐✉♠ s♣♣✳ ❤❛ s✐❞♦ ❤❛❧❧❛❞♦ ❡♥ ✉♥❛
❛♠♣❧✐❛ ✈❛r✐❡❞❛❞ ❞❡ ❤❛❜✐t❛ts ✐♥❝❧✉②❡♥❞♦ ❢rí♦ ② ❝❛❧♦r ❡①tr❡♠♦✱ ❝♦♥ t❡♠♣❡r❛t✉r❛s
✈❛r✐❛♥❞♦ ❞❡ ✲✶✷➦ ❛ ✺✺➦ ❝❡♥tí❣r❛❞♦s ❬❘♦❞r✐❣✉❡s ❛♥❞ ❚✐❡❞❥❡✱ ✷✵✵✼❪✱ ❬❱✐s❤♥✐✈❡t✲
s❦❛②❛ ❡t ❛❧✳✱ ✷✵✵✻❪✳ ❊st❡ ❤❡❝❤♦ ❝♦♥✜❡r❡ ✉♥ ✐♥t❡rés s✉st❛♥❝✐❛❧ ❡♥ ❡❧ ❣é♥❡r♦ ❝♦♠♦
✉♥ ♣♦t❡♥❝✐❛❧ s✐st❡♠❛ ♠♦❞❡❧♦ ♣❛r❛ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥ ❞❡ ❧♦s ❛tr✐❜✉t♦s q✉❡ ♣✉❡❞❛♥
❡①♣❧✐❝❛r ❡st❛s ❛❞❛♣t❛❝✐♦♥❡s ② ❧♦s ♣r♦❝❡s♦s ❡✈♦❧✉t✐✈♦s ❞❡trás ❞❡ ❧❛ ❛❞❛♣t❛❝✐ó♥
❛ ❡st♦s r❡❣í♠❡♥❡s tér♠✐❝♦s ❬❱✐s❤♥✐✈❡ts❦❛②❛ ❡t ❛❧✳✱ ✷✵✵✾❪✳

❊♥ ❝♦❧❛❜♦r❛❝✐ó♥ ❝♦♥ ❡❧ ▲❛❜♦r❛t♦r✐♦ ❞❡ ■♥✈❡st✐❣❛❝✐♦♥❡s ▼✐❝r♦❜✐♦❧ó❣✐❝❛s ❞❡
▲❛❣✉♥❛s ❆♥❞✐♥❛s ❡♥ ❡❧ P❘■❖▼■ ❞❡ ❚✉❝✉♠á♥✱ s❡ ❧❧❡✈ó ❛❞❡❧❛♥t❡ ❡❧ ❡st✉❞✐♦ ❞❡
❧❛ r❡s✐st❡♥❝✐❛ ❛ ❛rsé♥✐❝♦ ❡♥ ❡st♦s ❛♠❜✐❡♥t❡s ❡①tr❡♠♦s✳ ❚r❛❜❛❥❛♠♦s ❝♦♥ ✉♥❛
❝❡♣❛ ❞❡❧ ❣❡♥❡r♦ ❊①✐❣✉♦❜❛❝t❡r✐✉♠ ❞❡♥♦♠✐♥❛❞❛ ❊①✐❣✉♦❜❛❝t❡r✐✉♠ s♣✳ ❙✶✼ q✉❡
❢✉❡ ❛✐s❧❛❞❛ ❞❡ ❧❛ ▲❛❣✉♥❛ ❙♦❝♦♠♣❛✱ q✉❡ ♣r❡s❡♥t❛ ❝♦♥❝❡♥tr❛❝✐♦♥❡s ❡❧❡✈❛❞❛s ❞❡
❛rsé♥✐❝♦✳ ❊st❛ ❝❡♣❛ ❢✉❡ ❝♦♠♣❛r❛❞❛ ❝♦♥ ♦tr❛ ❞❡❧ ♠✐s♠♦ ❣é♥❡r♦ ❞❡♥♦♠✐♥❛❞❛ ❊①✲
✐❣✉♦❜❛❝t❡r✐✉♠ s♣✳ ◆✶✸✾✱ q✉❡ ❢✉❡ ❛✐s❧❛❞❛ ❞❡ ♦tr❛ ❧❛❣✉♥❛ q✉❡ ♥♦ t✐❡♥❡ ❛rsé♥✐❝♦
❡♥ ❝♦♥❝❡♥tr❛❝✐♦♥❡s t❛♥ ❡❧❡✈❛❞❛s ❝♦♠♦ ❙♦❝♦♠♣❛✳ ❙❡ ❧❧❛✈❛r♦♥ ❛❞❡❧❛♥t❡ ❡♥s❛②♦s
❞❡ t♦❧❡r❛♥❝✐❛ ❛ ❛rsé♥✐❝♦✱ ❡♥ ♣r❡s❡♥❝✐❛ ❞❡ ❛rs❡♥❛t♦ ② ❛rs❡♥✐t♦✱ ② ❧✉❡❣♦✱ ❝♦♠✲
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

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

❆q✉í ♣r❡s❡♥t❛♠♦s ❧❛ s❡❝✉❡♥❝✐❛ ❞❡❧ ❣❡♥♦♠❛ ❜♦rr❛❞♦r ❞❡ ❊①✐❣✉♦❜❛❝t❡r✐✉♠ s♣✳
❝❡♣❛ ❙✶✼ ❬❖r❞♦ñ❡③ ❡t ❛❧✳✱ ✷✵✶✺❪✱ q✉❡ ❢✉é ❛✐s❧❛❞♦ ❞❡ ✉♥ ❡str♦♠❛t♦❧✐t♦ ✉❜✐❝❛❞♦
❡♥ ❧❛ ▲❛❣✉♥❛ ❙♦❝♦♠♣❛♠✱ ❡♥ ❡❧ ♥♦rt❡ ❞❡ ❆r❣❡♥t✐♥❛✱ ❡♥ ❧♦s ❍❆❆▲ ❬❋❛rí❛s ❡t ❛❧✳✱
✷✵✶✸❪✳ ❊❧ ❣❡♥♦♠❛ s❡ ♦❜t✉✈♦ ✉s❛♥❞♦ ✉♥❛ ❡str❛t❡❣✐❛ ❞❡ s❤♦t❣✉♥ ❛ ❣❡♥♦♠❛ ❡♥t❡r♦
❝♦♥ ✉♥ ♣✐r♦s❡❝✉❡♥❝✐❛❞♦r ✹✺✹ ●❙ ❚✐t❛♥✐✉♠ ❡♥ ❡❧ ✐♥st✐t✉t♦ ❞❡ ❛❣r♦❜✐♦t❡❝♥♦❧♦❣í❛
❞❡ ❘♦s❛r✐♦ ✭■◆❉❊❆❘✮✱ ❆r❣❡♥t✐♥❛✳ ❊❧ ❡♥s❛♠❜❧❛❞♦ ❢✉❡ ❤❡❝❤♦ ✉s❛♥❞♦ ◆❡✇❜❧❡r
✈❡rs✐♦♥ ✷✳✺✳✸ ✉s❛♥❞♦ ❧❛ ♦♣❝✐ó♥ ✉rt ❝♦♥ ✉♥❛ ❝♦✈❡rt✉r❛ ❣❡♥ó♠✐❝❛ ❞❡❧ ✻✸❳✱ ♦❜t❡✲
♥✐❡♥❞♦s❡ ✶✾✸ ❝♦♥t✐❣s ❧❛r❣♦s✳ ❊❧ ❜♦rr❛❞♦r ❞❡❧ ❣❡♥♦♠❛ t✐❡♥❡ ✸✶✸✾✷✷✼ ❜❛s❡s ❞❡
❧❛r❣♦✱ ❝♦♥ ✉♥ ❝♦♥t❡♥✐❞♦ ●❈ ❞❡ ✺✸✳✶✹✪✳ ▲❛ ❛♥♦t❛❝✐ó♥ ❞❡❧ ❣❡♥♦♠❛ s❡ r❡❛❧✐③ó
✉s❛♥❞♦ ❧♦s ♣r♦❝❡❞✐♠✐❡♥t♦s ♠❡♥❝✐♦♥❛❞♦s ♣r❡✈✐❛♠❡♥t❡✱ ② ❛❞❡♠ás s❡ ❛♥♦t❛r♦♥
✉s❛♥❞♦ ■❙●❆ ❬❍❡♠♠❡r✐❝❤ ❡t ❛❧✳✱ ✷✵✶✵❪ ② ❘❆❙❚ ❬❆③✐③ ❡t ❛❧✳✱ ✷✵✵✽❪ ❞❡ ♠❛♥❡r❛
❞❡ ♠❡❥♦r❛r ❧❛ ❛♥♦t❛❝✐ó♥ ❝♦♠♣❛r❛♥❞♦ ❝♦♥ ♦tr❛s ❞♦s ❛♥♦t❛❝✐♦♥❡s ♠ás✳

❊♥s❛♠❜❧❛❞♦
◆ú♠❡r♦ ❞❡ ❝♦♥t✐❣s ✶✾✸
❈♦❜❡rt✉r❛ ✻✸❳
❚❛♠❛ñ♦ ✭♣❛r❡s ❞❡ ❜❛s❡s✮ ✸✶✸✾✷✷✼
❈♦♥t❡♥✐❞♦ ❞❡ ● ✰ ❈ ✺✸✳✶✹✪

❆♥♦t❛❝✐ó♥
◆ú♠❡r♦ ❞❡ ❖❘❋s ✸✷✶✽
❉❡♥s✐❞❛❞ ❞❡ ❝♦❞✐✜❝❛❝✐ó♥ ✽✻✳✶✷✪
t❘◆❆s ✹✽
Pr♦t❡í♥❛s ❤✐♣♦tét✐❝❛s ✶✶✹✾ ❈❉❙s ✭✸✻✪✮
❖❘❋s ❛s✐❣♥❛❞♦s ❛ s✉❜s✐st❡♠❛s ❞❡ ❘❆❙❚ ✶✸✽✶ ✭✹✸✪✮

❈✉❛❞r♦ ✷✳✷✿ t❡①t❜❢❊st❛❞íst✐❝❛s ❞❡ ❧❛ ❛♥♦t❛❝✐ó♥ ❞❡ ❊①✐❣✉♦❜❛❝t❡r✐✉♠ s♣✳ ❙✶✼✳

▲❛ ❛♥♦t❛❝✐ó♥ ❞❡✈♦❧✈✐ó ✉♥ t♦t❛❧ ❞❡ ✸✷✶✽ ❖❘❋s ② ❢✉❡r♦♥ ♣r❡❞✐❝❤♦s ✹✽ t❘◆❆s✳
▲❛ ❛♥♦t❛❝✐ó♥ ❝✉❜r✐ó ✸✻✵ s✉❜s✐st❡♠❛s ❞❡ ❘❆❙❚ ❝♦♥ ✶✸✽✶ ✭✹✸✪✮ ❞❡❧ t♦t❛❧ ❞❡
❧♦s ❖❘❋s✱ ② ✶✶✹✾ ✭✸✻✪✮ ❢✉❡r♦♥ ❛♥♦t❛❞❛s ❝♦♠♦ ♣r♦t❡í♥❛s ❤✐♣♦tét✐❝❛s✳ ❆ s✉
✈❡③✱ ❊①✐❣✉♦❜❛❝t❡r✐✉♠ s♣✳ ❙✶✼ ♣r❡s❡♥t❛ ✶✵✷ ❣❡♥❡s r❡❧❛❝✐♦♥❛❞♦s ❛ ❧❛ r❡s♣✉❡st❛ ❛
str❡ss s❡❣ú♥ ❘❆❙❚✱ ✉♥❛ ♠❛②♦r ❝❛♥t✐❞❛❞ ❞❡ ❣❡♥❡s q✉❡ ❧♦s r❡♣♦rt❛❞♦s ♣❛r❛ ♦tr♦s
❊①✐❣✉♦❜❛❝t❡r✐✉♠✳ ❙✶✼ ❝♦♥t✐❡♥❡ ✉♥ s✐st❡♠❛ ❝♦♠♣❧❡t♦ ❞❡ r❡♣❛r❛❝✐ó♥ ❞❡ ❆❉◆✱
✐♥❝❧✉②❡♥❞♦ ❯✈r❆❇❈✱ ▼✉t▲✲▼✉t❙ ② ❢♦t♦❧✐❛s❛s ❜❛❝t❡r✐❛♥❛s✱ ② ✈❛r✐♦s ❣❡♥❡s r❡❧❛✲
❝✐♦♥❛❞♦s ❛ r❡s✐st❡♥❝✐❛ ❛ ❝♦♠♣✉❡st♦s tó①✐❝♦s✱ ❝ó♠♦ ❛♥t✐❜✐ót✐❝♦s✱ ❛rsé♥✐❝♦✱ ❝❛❞✲
♠✐♦ ② ♠❡r❝✉r✐♦✳ ▲❛ ❛❧t❛ r❡s✐st❡♥❝✐❛ ❛ ❛rsé♥✐❝♦ ♠❡♥❝✐♦♥❛❞❛ ♣r❡✈✐❛♠❡♥t❡ ❡♥ ❙✶✼
♣✉❡❞❡ s❡r ❡①♣❧✐❝❛❞❛ ❜❛s❛♥❞♦s❡ ❡♥ ❡❧ ♥ú♠❡r♦ ♠❛②♦r ❞❡ ❣❡♥❡s r❡♣♦rt❛❞♦s ♣❛r❛
❞❡t♦①✐✜❝❛r ést❡ ❝♦♠♣✉❡st♦✱ q✉❡ s❡rí❛♥ ✼ ❣❡♥❡s✳ ❯♥❛ ❞✐❢❡r❡♥❝✐❛ ✐♠♣♦rt❛♥t❡ ❡♥tr❡
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❙✶✼ ② ❧♦s ♦tr♦s ❊①✐❣✉♦❜❛❝t❡r✐✉♠ s♣♣✳ ❡s ❧❛ ♣r❡s❡♥❝✐❛ ❞❡❧ ❣❡♥ ❆❝r✸✱ q✉❡ ❡s ✉♥❛
❜♦♠❜❛ ❝♦♥♦❝✐❞❛ ♣♦r ❝♦♥tr✐❜✉✐r ❛ ❞❡t♦①✐✜❝❛r ❧❛ ❝é❧✉❧❛ ❞❡ ❛rs❡♥✐t♦✱ ✉♥❛ ❞❡ ❧❛s ❡s✲
♣❡❝✐❡s ♠ás tó①✐❝❛s ❞❡❧ ❛rsé♥✐❝♦✳ ❊♥ r❡s✉♠❡♥✱ ❡st❡ ❣❡♥♦♠❛ r❡✈❡❧ó ❛❞❛♣t❛❝✐♦♥❡s
❡s❡♥❝✐❛❧❡s ♣❛r❛ ❧❛ s✉♣❡r✈✐✈❡♥❝✐❛ ❜❛❥♦ ❝♦♥❞✐❝✐♦♥❡s ❡①tr❡♠❛s ② ❡s ✉♥ ♠♦❞❡❧♦
❛tr❛❝t✐✈♦ ♣❛r❛ ❡st✉❞✐❛r ❧♦s ♠❡❝❛♥✐s♠♦s ❞❡ t♦❧❡r❛♥❝✐❛ ❞❡ ❢❛❝t♦r❡s ❛♠❜✐❡♥t❛❧❡s
❡①tr❡♠♦s✱ ♣❡r♠✐t✐❡♥❞♦ ❧❛ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❞❡ ♥✉❡✈♦s s✐st❡♠❛s ❡①♣❧♦t❛❜❧❡s ♣❛r❛ ❧❛
❜✐♦r❡♠❡❞✐❛❝✐ó♥ ❞❡ ♠❡t❛❧❡s ② ♠❡t❛❧♦✐❞❡s✳

❘❡s✐st❡♥❝❛ ❛ ❛rsé♥✐❝♦ ❡♥ ❊①✐❣✉♦❜❛❝t❡r✐✉♠ s♣✳ ❙✶✼

❋✐❣✉r❛ ✷✳✽✿ ❚♦❧❡r❛♥❝✐❛ ② r❡s✐st❡♥❝✐❛ ❛ ❛rsé♥✐❝♦ ❡♥ ❊①✐❣✉♦❜❛❝t❡r✐✉♠✳ ❆✮ ❖rt♦❣❧♦❣í❛s
❞❡ r❡s✐st❡♥❝✐❛ ❛ ❛rsé♥✐❝♦ ♦❜t❡♥✐❞❛s ♠❡❞✐❛♥t❡ ❇❇❍s ❡♥tr❡ ❧♦s ❣❡♥♦♠❛s s❡❝✉❡♥❝✐❛❞♦s ❞❡❧ ❣é♥❡r♦
❊①✐❣✉♦❜❛❝t❡r✐✉♠✳ ❇✮ ❊♥s❛②♦ ❞❡ t♦❧❡r❛♥❝✐❛ ❛ ❛rs❡♥❛t♦ ♣❛r❛ ❊①✐❣✉♦❜❛❝t❡r✐✉♠ s♣✳ ❙✶✼✱ ❊①✲
✐❣✉♦❜❛❝t❡r✐✉♠ s♣✳ ◆✶✸✾ ② ✉♥❛ ❝❡♣❛ ❝♦♥tr♦❧ ❞❡♥♦♠✐♥❛❞❛ ❊①✐❣✉♦❜❛❝t❡r✐✉♠ s♣✳ ❉❙▼ ✻✷✵✽✳ ❈✮
■❞❡♠ ❇✮ ♣❡r♦ ♣❛r❛ t♦❧❡r❛♥❝✐❛ ❛ ❛rs❡♥✐t♦✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

P❛r❛ ❛♥❛❧✐③❛r ❧❛ r❡s✐st❡♥❝✐❛ ❛ ❛rsé♥✐❝♦ ❡♥ ❙✶✼✱ ✉s❛♠♦s ❧❛ té❝♥✐❝❛ ❞❡ ❇❇❍s
❞❡ ♠❛♥❡r❛ ❞❡ ♦❜t❡♥❡r ❧❛s ♦rt♦❧♦❣í❛s r❡❧❛❝✐♦♥❛❞❛s ❛ ❞✐❝❤❛ r❡s✐st❡♥❝✐❛✱ ♣r❡s❡♥t❡s
❡♥ t♦❞♦s ❧♦s ❣❡♥♦♠❛s ❞✐s♣♦♥✐❜❧❡s ❞❡❧ ❣é♥❡r♦ ❊①✐❣✉♦❜❛❝t❡r✐✉♠✳ ❈♦♠♦ ♠✉❡str❛
❧❛ ❋✐❣✉r❛ ✷✳✽❆✱ ✈✐♠♦s q✉❡ ❞❡ ❡♥tr❡ t♦❞♦s ❧♦s ❣❡♥♦♠❛s ❞❡ ❊①✐❣✉♦❜❛❝t❡r✐✉♠✱
❙✶✼ ❡s ❧❛ ❝❡♣❛ q✉❡ ♣r❡s❡♥t❛ ♠ás ❣❡♥❡s ❞❡ r❡s✐st❡♥❝✐❛ ❛ ❛rsé♥✐❝♦✳ ❉❡ ❤❡❝❤♦✱ s❡
❤✐❝✐❡r♦♥ ❡♥s❛②♦s ❞❡ t♦❧❡r❛♥❝✐❛ ❝♦♠♣❛r❛♥❞♦ ❧❛ r❡s♣✉❡st❛ ❡♥tr❡ ❙✶✼ ② ◆✶✸✾✱ ②
r❡s✉❧t❛r♦♥ ❡♥ q✉❡ t❛♥t♦ ❙✶✼ ❝♦♠♦ ◆✶✸✾ t♦❧❡r❛♥ ✉♥ ❝✐❡rt♦ ♥✐✈❡❧ ❞❡ ❛rs❡♥❛t♦
✭❆s❬❱❪✮✱ s✐❡♥❞♦ ❝❛♣❛❝❡s ❞❡ ❝r❡❝❡r ❛ ❝♦♥❝❡♥tr❛❝✐♦♥❡s ❞❡ ❤❛st❛ ✶✵✵♠▼ ✭❋✐❣✉r❛
✷✳✽❇✮✳ P❡r♦✱ ❡♥ ♣r❡s❡♥❝✐❛ ❞❡ ❛rs❡♥✐t♦ ✭❆s❬■■■❪✮✱ só❧♦ ❧❛ ❝❡♣❛ ❙✶✼ ❢✉é ❝❛♣❛③ ❞❡
❝r❡❝❡r ❛ ❝♦♥❝❡♥tr❛❝✐♦♥❡s ♣♦r ❡♥❝✐♠❛ ❞❡ ✺♠▼✱ ♠✐❡♥tr❛s q✉❡ ◆✶✸✾✱ ♥♦ ❝r❡❝✐ó ❛
❝♦♥❝❡♥tr❛❝✐♦♥❡s ♠❛②♦r❡s ❛ ✷✳✺♠▼ ✭❋✐❣✉r❛ ✷✳✽❇✮✳

❚❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ q✉❡ ❡❧ ❣❡♥♦♠❛ ❞❡ ◆✶✸✾ ❡stá ❜❛st❛♥t❡ r❡❧❛❝✐♦♥❛❞♦ ❝♦♥
❙✶✼✱ ❡♥ tér♠✐♥♦s ❞❡ ❧❛s ♦rt♦❧♦❣í❛s q✉❡ t✐❡♥❡♥ ❡♥ ❝♦♠ú♥✱ ✻✽✳✾✪ ② ✼✸✳✻✪ ❞❡❧
t♦t❛❧ ❞❡ ❧♦s ❖❘❋s ♣❛r❛ ❙✶✼ ② ◆✶✸✾✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ✈✐♠♦s q✉❡ ❧❛ ú♥✐❝❛ ❞✐❢❡r✲
❡♥❝✐❛ ❡♥ tér♠✐♥♦s ❞❡ ❧❛s r❡s✐st❡♥❝✐❛s ❝♦♥♦❝✐❞❛s ❛❧ ❞í❛ ❞❡ ❤♦②✱ ❡r❛ ❧❛ ♣r❡s❡♥❝✐❛ ❞❡❧
❣❡♥ ❛❝r✸ q✉❡ ❝♦❞✐✜❝❛ ♣❛r❛ ✉♥❛ ❜♦♠❜❛ ❞❡ ❡①tr✉s✐ó♥ ❞❡ ❛rsé♥✐❝♦✳ ➱st❡ ❣❡♥ ❡stá
♣r❡s❡♥t❡ ❡♥ ✉♥❛ ❡♥♦r♠❡ ❝❛♥t✐❞❛❞ ❞❡ ♦r❣❛♥✐s♠♦s ❛✐s❧❛❞♦s ② s❡❝✉❡♥❝✐❛❞♦s ❡♥ ❧❛
▲❛❣✉♥❛ ❙♦❝♦♠♣❛✳ ❍♦② ❞í❛✱ ♥♦ ❤❛② ✐♥❢♦r♠❛❝✐ó♥ tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❡ ❡st❛ ♣r♦t❡í♥❛✱
só❧♦ ❤❛② tr❛❜❛❥♦s ❛❝❡r❝❛ ❞❡ s✉ t♦♣♦❧♦❣í❛ tr❛♥s♠❡♠❜r❛♥❛✳ P♦r ❡s♦✱ ✉t✐❧✐③❛♥❞♦
❤❡rr❛♠✐❡♥t❛s ❞❡ ♠♦❞❡❧❛❞♦ ❡str✉❝t✉r❛❧ ❢✉❡ ♣r♦♣✉❡st♦ ✉♥ ♠♦❞❡❧♦ tr✐❞✐♠❡♥s✐♦♥❛❧
❞❡ ❡st❛ ♣r♦t❡í♥❛ ❬❖r❞♦ñ❡③ ❡t ❛❧✳✱ ✷✵✶✺❪✱ ✉s❛♥❞♦ s❡r✈✐❞♦r❡s ✇❡❜ ❡s♣❡❝✐❛❧❡s ♣❛r❛
❡❧ ❡st✉❞✐♦ ❞❡ ♣r♦t❡í♥❛s tr❛♥s♠❡♠❜r❛♥❛✿ ❚▼❍▼▼✱ ❉❆❙✱ ❍▼▼❚❖P ② ❚❖P✲
❈❖◆❙✱ ② ♦tr♦s ❞❡ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛✿ P❙■P❘❊❉ ② P❖❘❚❊❘✳
❆❞❡♠ás✱ ✉s❛♠♦s ✉♥❛ ❡✈❛❧✉❛❝✐ó♥ ❞❡ ❝❛❧✐❞❛❞ ♣❛r❛ ❡st♦s ♠♦❞❡❧♦s ❞❡ ♣r♦t❡í♥❛s ❞❡
♠❡♠❜r❛♥❛ q✉❡ s❡ ❧❧❛♠❛ Pr♦◗▼✳ ■❞❡♥t✐✜❝❛♠♦s ✶✵ s❡❣♠❡♥t♦s tr❛♥s♠❡♠❜r❛♥❛
❞❡ t✐♣♦ ❤é❧✐❝❡ ❛❧♣❤❛✱ s❡♣❛r❛♥❞♦ ❛q✉❡❧❧♦s r❡s✐❞✉♦s q✉❡ ♠✐r❛♥ ❛ ❧❛ r❡❣✐ó♥ ❝✐t♦só❧✐✲
❝❛ ② ❛q✉❡❧❧♦s q✉❡ ❞á♥ ❛ ❧❛ r❡❣✐ó♥ ❡①tr❛❝❡❧✉❧❛r✳ ❊❧ t❡♠♣❧❛❞♦ q✉❡ ❡❧❡❣✐♠♦s ♣❛r❛
✉s❛r ❝♦♠♦ ❜❛s❡ ❡♥ ❧❛ ❝♦♥❢❡❝❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦ ✸❉✱ ❡s ❧❛ ❡str✉❝t✉r❛ ✸③✉①❆ ❞❡ ✉♥❛
❜♦♠❜❛ ❞❡ s♦❞✐♦✴á❝✐❞♦ ❜í❧✐❝♦✱ q✉❡ t✐❡♥❡ ✶✻✪ ❞❡ ✐❞❡♥t✐❞❛❞ ② ✾✸✪ ❞❡ ❝♦❜❡rt✉r❛
❡♥ ❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ q✉❡ ♦❜t✉✈✐♠♦s✳ ❊❧ ❛♥á❧✐s✐s ❞❡ Pr♦◗▼ ❛rr♦❥❛ ✉♥ ♣✉♥t❛❥❡
❞❡ ✵✳✼✶✹ ✭✵✲❜❛❥♦✱ ✶✲❛❧t♦✮✱ q✉❡ r❡♣r❡s❡♥t❛ ✉♥ ❜✉❡♥ ♠♦❞❡❧♦ ❛ ♣❡s❛r ❞❡ ❧❛ ❜❛❥❛
✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✳ ❆❞❡♠ás ♣❛r❛ ✈❛❧✐❞❛r ❡❧ ♠♦❞❡❧♦✱ ❡❢❡❝t✉❛♠♦s ✉♥ ❛❧✐♥✲
❡❛♠✐♥❡t♦ ❝♦♥ ♦tr❛s ❞♦s s❡❝✉❡♥❝✐❛s ❞❡ ❆❝r✸✿ ✉♥❛ ❞❡ ❇❛❝✐❧❧✉s s✉❜t✐❧✐s ✭❇s❆❝r✸✮
❬❆❛❧t♦♥❡♥ ❛♥❞ ❙✐❧♦✇✱ ✷✵✵✽❪ ② ❧❛ ♦tr❛ ❞❡ ❆❧❦❛❧✐♣❤✐❧✉s ♠❡t❛❧❧✐r❡❞✐❣❡♥s ✭❆♠❆❝r✸✮
❬❋✉ ❡t ❛❧✳✱ ✷✵✵✾❪✳ ❋✉❡r♦♥ ❡❧❡❣✐❞❛s ❡st❛s ♣r♦t❡í♥❛s t❛♥t♦ ♣♦r ❧❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞ ❞❡
♣r♦♣✉❡st❛s ❞❡ t♦♣♦❧♦❣í❛s ❡♥ ❧❛ ❜✐❜❧✐♦❣r❛❢í❛ ❝♦♠♦ ♣♦r ❧❛ ❡①✐st❡♥❝✐❛ ❞❡ ❡♥s❛②♦s
q✉❡ ❝♦rr♦❜♦r❛♥ ❧❛ ❛❝❝❡s✐❜✐❧✐❞❛❞ ❛❧ s♦❧✈❡♥t❡ ✭❝✐t♦♣❧❛s♠át✐❝♦ ♦ ❡①tr❛❝❡❧✉❧❛r✮ ❞❡
✈❛r✐♦s r❡s✐❞✉♦s q✉❡ ♥♦s♦tr♦s ✉s❛♠♦s ♣❛r❛ ❝♦♠♣❛r❛r ❝♦♥ ❡❧ ♠♦❞❡❧♦ q✉❡ ♦❜t✉✲
✈✐♠♦s✳ ❊♥ ❡❧ ❝❛s♦ ❞❡ ❇s❆❝r✸✱ ❧❛ ❛❝❝❡s✐❜✐❧✐❞❛❞ ❢✉❡ ❛♥❛❧✐③❛❞❛ ✉s❛♥❞♦ P❤♦❆ ②
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

●❋P✱ ② ❡♥ ❡❧ ❝❛s♦ ❞❡ ❆♠❆❝r✸ s❡ ✉só ❧❛ té❝♥✐❝❛ ❞❡ ❡s❝❛♥❡♦ ❞❡ ❛❝❝❡s✐❜✐❧✐❞❛❞
❞❡ ❝✐st❡í♥❛s ✭❙❈❆▼✮✳ ❊❧ ❛❧✐♥❡❛♠✐❡♥t♦ ❡♥tr❡ ❡st❛s tr❡s ♣r♦t❡í♥❛s ❢✉é ♦❜t❡♥✐❞♦
✉s❛♥❞♦ ❡❧ s♦❢t✇❛r❡ ❍▼▼❊❘✸ ❝♦♥ ❧❛ ❢❛♠✐❧✐❛ ❆❝r✸ ❞❡ ❚■●❘❋❆▼ ✭❚■●❘✵✵✽✸✷
✲ ❛❝r✸✿ ❛rs❡♥✐❝❛❧✲r❡s✐st❛♥❝❡ ♣r♦t❡✐♥✮✳ ❯s❛♥❞♦ ❡st❛ ✐♥❢♦r♠❛❝✐ó♥✱ ♠❛♣❡❛♠♦s ❧♦s
r❡s✐❞✉♦s q✉❡ ♣❡rt❡♥❡❝❡♥ ❛ ❧❛s r❡❣✐♦♥❡s ✐♥tr❛ ② ❡①tr❛❝❡❧✉❧❛r❡s ❡♥ ❧❛ ❡str✉❝t✉r❛
② ❡♥ ❡❧ ❛❧✐♥❡❛♠✐❡♥t♦✳

❋✐❣✉r❛ ✷✳✾✿▼♦❞❡❧❛❞♦ ❞❡ ❧❛ ❜♦♠❜❛ ❞❡ ❡①tr✉s✐ó♥ ❞❡ ❛rs❡♥✐t♦✳ ❆✮ ❊✈❛❧✉❛❝✐ó♥ ❞❡ ❝❛❧✐❞❛❞
❞❡❧ ♠♦❞❡❧♦ ❞❡ ❆❝r✸✱ ❡❧ ❜❛❝❦❜♦♥❡ ❡stá ❝♦❧♦r❡❛❞♦ ♣♦r r❡s✐❞✉♦ s❡❣ú♥ ❧❛ ❡st✐♠❛❝✐ó♥ ❞❡ Pr♦◗▼
❬❘❛② ❛♥❞ ▲✐♥❞❛❤❧✱ ✷✵✶✵❪✿ ❛③✉❧ ❡s ❜✉❡♥❛ ❝❛❧✐❞❛❞ ② r♦❥♦ ❡s ❝❛❧✐❞❛❞ ♣♦❜r❡✳ ▲♦s r❡s✐❞✉♦s ❡♥
♥❛r❛♥❥❛ ❝♦rr❡s♣♦♥❞❡♥ ❛ ❛q✉❡❧❧♦s q✉❡ ♣r❡s❡♥t❛♥ ❡✈✐❞❡♥❝✐❛ ❡①♣❡r✐♠❡♥t❛❧ ❞❡ ❡st❛r ♦r✐❡♥t❛❞♦s
❛❧ ❝✐t♦s♦❧ ❡♥ ♣r♦t❡í♥❛s ❤♦♠ó❧♦❣❛s✱ ② ❧♦s r❡s✐❞✉♦s ❡♥ ✈✐♦❧❡t❛ ❝♦rr❡s♣♦♥❞❡♥ ❛ ❛q✉❡❧❧♦s ❡①♣✉❡st♦s
❛❧ ♣❡r✐♣❧❛s♠❛✳ ❇✮ ❊♥ ❛♠❛r✐❧❧♦✱ ✉♥❛ ❝✐st❡í♥❛ ❛❧t❛♠❡♥t❡ ❝♦♥s❡r✈❛❞❛ ❡♥ ❡st❛ ❢❛♠✐❧✐❛✱ ❡♥ r♦❥♦
❧♦s r❡s✐❞✉♦s ❝❛r❣❛❞♦s ♥❡❣❛t✐✈❛♠❡♥t❡ ② ❡♥ ❛③✉❧ ❧♦s ❝❛r❣❛❞♦s ♣♦s✐t✐✈❛♠❡♥t❡✳ ❈✮ ❱✐s✉❛❧✐③❛❝✐ó♥
❞❡ s✉♣❡r✜❝✐❡ ❝♦♥ ❧❛s ③♦♥❛s ❤✐❞r♦❢ó❜✐❝❛s ❡♥ ❜❧❛♥❝♦✱ ❧❛s ③♦♥❛s ♣♦❧❛r❡s ❡♥ ✈❡r❞❡✱ ② ❡♥ r♦❥♦ ②
❛③✉❧ ❧❛s ③♦♥❛s ❝❛r❣❛❞❛s ♥❡❣❛t✐✈❛ ② ♣♦s✐t✐✈❛♠❡♥t❡✳

❊♥ ❧❛ ❋✐❣✉r❛ ✷✳✾❆ s❡ ♣✉❡❞❡ ✈❡r q✉❡ ❧♦s r❡s✐❞✉♦s q✉❡ ❝♦✐♥❝✐❞❡♥ ❝♦♥ ❛q✉❡❧❧♦s
q✉❡ ❢✉❡r♦♥ ♣r❡✈✐❛♠❡♥t❡ ♠❛♣❡❛❞♦s ❛❧ ❧❛❞♦ ❡①t❡r♥♦ ❞❡ ❧❛ ♠❡♠❜r❛♥❛✱ ❡❢❡❝t✐✈❛✲
♠❡♥t❡✱ ❡♥ ❡❧ ♠♦❞❡❧♦✱ ❝❛❡♥ ❡♥ ❧♦♦♣s ❞❡❧ ❧❛❞♦ ❡①tr❛❝❡❧✉❧❛r✳ ❈♦♥ ❧❛ ❡①❝❡♣❝✐ó♥ ❞❡
✉♥❛ ❧❡✉❝✐♥❛ ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ✶✸✼ ✭q✉❡ ❆❛❧t♦♥❡♥ ❡t ❛❧✳ r❡✜❡r❡♥ ❛ ✉♥❛ ♠❡t✐♦♥✐♥❛
❡♥ ❧❛ ♠✐s♠❛ ♣♦s✐❝✐ó♥✮✱ q✉❡ ♣❛r❡❝✐❡r❛ ❝❛❡r ❡♥ ❧❛ ♠✐t❛❞ ❞❡ ✉♥❛ ❤é❧✐❝❡ tr❛♥s♠❡♠✲
❜r❛♥❛✳ ❙✐ ❜✐❡♥ ❡st♦ ♣❛r❡❝✐❡r❛ ❡st❛r ❝♦♥tr❛❞✐❝✐❡♥❞♦ ❡❧ ♠♦❞❡❧♦ q✉❡ s❡ s✐❣✉❡ ❞❡
❧♦s ♣r❡❞✐❝t♦r❡s ❞❡ s❡❣♠❡♥t♦s tr❛♥s♠❡♠❜r❛♥❛✱ ❡♥ ❡❧ ♠♦❞❡❧♦ ✸❉ s❡ ♣✉❡❞❡ ✈❡r
q✉❡ ❡s❛ ♣♦s✐❝✐ó♥ ❝❛❡ ❡♥ ✉♥❛ r❡❣✐ó♥ q✉❡ s❡ ❛❜r❡ ② s❡ ❝✐❡rr❛ ♣❛r❛ ❡❧ tr❛♥s♣♦rt❡
❞❡ ❧♦s ✐♦♥❡s ❛ tr❛✈és ❞❡ ❧❛ ♠❡♠❜r❛♥❛✱ ❧♦ q✉❡ ♣✉❡❞❡ ❡①♣❧✐❝❛r ❧❛ ❛❝❝❡s✐❜✐❧✐❞❛❞
❛❧ s♦❧✈❡♥t❡✳ ❆❞❡♠ás✱ s❡ ♣✉❡❞❡ ✈❡r q✉❡ ❤❛② ✉♥❛ r❡❣✐ó♥ ❞♦♥❞❡ ❧❛s ❤é❧✐❝❡s ❛❧❢❛
♣r❡s❡♥t❛♥ ✉♥❛ r✉♣t✉r❛ ❞❡ s✉ ❢♦r♠❛ ❤❡❧✐❝♦✐❞❛❧ ❢♦r♠❛♥❞♦ ✉♥❛s ♣❡q✉❡ñ❛s ♦rq✉✐❧✲
❧❛s q✉❡ ❡stá♥ r❡♣♦rt❛❞❛s ❝♦♠♦ ✉♥ ♠♦t✐✈♦ ❝♦♠ú♥ ❡♥ tr❛♥s♣♦rt❛❞♦r❡s ❞❡ ✐♦♥❡s
❬❙❝✐❛r❛ ❛♥❞ ▼❛♥❝✐❛✱ ✷✵✶✷❪✳ ❊st❛s ♦rq✉✐❧❧❛s ❡stá♥ ❡♥tr❡ ❧❛s ♣♦s✐❝✐♦♥❡s ✶✵✻ ❛ ✶✵✾
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

② ❧❛s ♣♦s✐❝✐♦♥❡s ✷✻✸ ❛ ✷✻✻✳ ❆❞❡♠ás✱ ❝♦♠♦ s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❧❛ ❋✐❣✉r❛ ✷✳✾❇✱ ❤❛②
✉♥❛ ❝✐st❡í♥❛ ❝♦♥s❡r✈❛❞❛ ✭❈②s✶✵✼✮ q✉❡ ❡s ❡s❡♥❝✐❛❧ ♣❛r❛ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❡stá ♣r♦✲
t❡í♥❛ ✭❞❡♠♦str❛❞♦ ♠❡❞✐❛♥t❡ ❡①♣❡r✐♠❡♥t♦s ❞❡ ♠✉t❛❣❡♥❡s✐s ❡♥ ♦tr❛s ♣r♦t❡í♥❛s
❞❡ ❧❛ ♠✐s♠❛ ❢❛♠✐❧✐❛✮✱ s✐t✉❛❞❛ ❥✉st♦ ❡♥tr❡ ❡st❛s ❞♦s ♦rq✉✐❧❧❛s q✉❡ ❝♦♥❢♦r♠❛♥
❡❧ ♥ú❝❧❡♦ ❞❡ ❧❛ ❡str✉❝t✉r❛✱ r♦❞❡❛❞♦ ♣♦r ❧♦s s❡❣♠❡♥t♦s tr❛♥s♠❡♠❜r❛♥❛ q✉❡ ❧♦
❢♦r♠❛♥✳ ❇❛s❛♥❞♦♥♦s ❡♥ ❧❛ ❡str✉❝t✉r❛ r❡s✉❡❧t❛ ♣♦r ❍✉ ❡t ❛❧✳ s♦❜r❡ ❧❛ ❜♦♠❜❛
❞❡ s♦❞✐♦✴á❝✐❞♦ ❜í❧✐❝♦ q✉❡ ✉s❛♠♦s ❝♦♠♦ t❡♠♣❧❛❞♦ ♣❛r❛ ❡❧ ♠♦❞❡❧♦ ❞❡ ❆❝r✸✱
s❡ ♣✉❡❞❡♥ ❛♣r❡❝✐❛r ❞♦s ❞♦♠✐♥✐♦s✱ ✉♥♦ ❞❡♥♦♠✐♥❛❞♦ ♣❛♥❡❧ ② ♦tr♦ ❞❡♥♦♠✐♥❛❞♦
♥ú❝❧❡♦✱ ❝♦❧♦r❡❛❞♦s ❝♦♠♦ ✈❡r❞❡ ② ❣r✐s r❡s♣❡❝t✐✈❛♠❡♥t❡ ❡♥ ❧❛ ❋✐❣✉r❛ ✷✳✾❇✳ ❋✐✲
♥❛❧♠❡♥t❡✱ s❡ ❛♣r❡❝✐❛ ✉♥❛ ❝❛✈✐❞❛❞ ❞❡ ❡♥tr❛❞❛ ❡♥ ❧❛ ❋✐❣✉r❛ ✷✳✾❈✱ q✉❡ s❡ ♣✉❡❞❡
❝♦♥tr❛st❛r ❝♦♥ ❧❛ ❋✐❣✉r❛ ✷✳✾❇ ❞♦♥❞❡ q✉❡❞❛ ❝❧❛r♦ ❝♦♠♦ ést❛ ❡♥tr❛❞❛ s❡ s✐tú❛
❥✉st♦ ❡♥ ❡❧ ♠❡❞✐♦ ❞❡ ❧♦s ❞♦s ♣❛♥❡❧❡s✳

✷✳✹✳ ❈♦♥❝❧✉s✐♦♥❡s

▲♦s s✐st❡♠❛s ❞❡ ❛♥♦t❛❝✐ó♥ ❛✉t♦♠át✐❝❛ ❞❡ ❣❡♥♦♠❛s ❜❛❝t❡r✐❛♥♦s s♦♥ ♣♦s✐❜❧❡s
❣r❛❝✐❛s ❛ tr❡s ❝♦s❛s✿ ✐✮ ❧♦s ♠ét♦❞♦s ❞❡ ♣r❡❞✐❝❝✐ó♥ ❞❡ r❡❣✐♦♥❡s ❝♦❞✐✜❝❛♥t❡s✱ ✐✐✮
❧♦s ♠ét♦❞♦s ❞❡ ❜úsq✉❡❞❛ ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s ②✱ ♣♦r s✉♣✉❡st♦✱ ✐✐✐✮ ❧❛s ❜❛s❡s ❞❡
❞❛t♦s✳

❙✐♥ ❧♦s ♠ét♦❞♦s ❞❡ ♣r❡❞✐❝❝✐ó♥ ♥♦ ♣♦❞rí❛♠♦s ❝♦♥♦❝❡r ❡❧❡♠❡♥t♦s ❣❡♥ó♠✐❝♦s
♥✉❡✈♦s✱ q✉❡ ♥♦ ❤❛②❛♥ s✐❞♦ ❝❛r❛❝t❡r✐③❛❞♦s ♣r❡✈✐❛♠❡♥t❡✳ ❙✐♥ ❧♦s ♠ét♦❞♦s ❞❡
❜úsq✉❡❞❛ ♥♦ t❡♥❞rí❛♠♦s ❝ó♠♦ ❝♦♠♣❛r❛r ❧♦ q✉❡ ❧♦s ♠ét♦❞♦s ❞❡ ♣r❡❞✐❝❝✐ó♥
❡♥❝♦♥tr❛r♦♥✱ ② s✐♥ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s ♥♦ t❡♥❞rí❛♠♦s ❝♦♥ q✉é ❝♦♠♣❛r❛r ♣❛r❛
♣♦❞❡r ❝❛r❛❝t❡r✐③❛r s✉ ❢✉♥❝✐ó♥✳ ❉❡ ❡st❛ ♠❛♥❡r❛✱ ❧❛ ❛♥♦t❛❝✐ó♥ ❣❡♥ó♠✐❝❛ s❡ ❤❛
❝♦♥✈❡rt✐❞♦ ❡♥ ✉♥❛ ♠❛q✉✐♥❛r✐❛ q✉❡ s❡ r❡tr♦❛❧✐❡♠❡♥t❛✳ ▲❛s ♠✐s♠❛s ❜❛s❡s ❞❡
❞❛t♦s q✉❡ s❡ ✉s❛♥ ♣❛r❛ ❛♥♦t❛r ❧♦s ♥✉❡✈♦s ❣❡♥♦♠❛s✱ s❡ ✈❛♥ ✐♥❝r❡♠❡♥t❛♥❞♦
❝♦♥ ❧❛s ❛♥♦t❛❝✐♦♥❡s ❞❡ ❧♦s ❣❡♥♦♠❛s ❛♥♦t❛❞♦s ♣♦r ❡❧❧❛s ♠✐s♠❛s✳ ❊st♦ t✐❡♥❡ ✉♥
♣r♦❜❧❡♠❛ ❝♦♠♦ ❡❧ ❧❡❝t♦r s❡ ❡st❛rá ✐♠❛❣✐♥❛♥❞♦✱ q✉❡ ❡s q✉❡ s✐ ❧♦s ❞❛t♦s ♥♦ s❡ ✈❛♥
❛❝t✉❛❧✐③❛♥❞♦ ②✴♦ s❡ ✈❛♥ r❡✈✐s❛♥❞♦ ❞❡ ♠❛♥❡r❛ ❞❡ q✉✐t❛r ❡rr♦r❡s ♦ s❡ ❛❝t✉❛❧✐③❛♥
❧❛s ❡♥tr❛❞❛s ✈✐❡❥❛s ❝♦♥ ❧♦s ❞❛t♦s ♥✉❡✈♦s✱ ❡❧ s✐st❡♠❛ ❣❧♦❜❛❧ ❞❡ ❛♥♦t❛❝✐ó♥ ♣✉❡❞❡ ✐r
r✉♠❜♦ ❛ ✉♥❛ ♣ér❞✐❞❛ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ✐♠♣♦rt❛♥t❡✳ ❊s ♣♦r ❡st♦ q✉❡ ❧❛ ❛♥♦t❛❝✐ó♥
❢✉♥❝✐♦♥❛❧ ❝♦♠♦ ❢✉é ❞❡s❝r✐♣t❛ ❡♥ ❡st❡ ❝❛♣ít✉❧♦ ② ❝♦♠♦ ❡stá ❡♥ ❡❧ ❡st❛❞♦ ❞❡❧ ❛rt❡✱
só❧♦ ❡s ✉♥ ♣❛s♦ ✐♥t❡r♠❡❞✐♦ ❡♥ ❧❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❢✉♥❝✐♦♥❛❧ ❞❡ ✉♥❛ ♣r♦t❡í♥❛✱ ❞❛❞♦
q✉❡ s✐❡♠♣r❡ ❡s ♥❡❝❡s❛r✐❛ ❧❛ ❝✉r❛❝✐ó♥ ♠❛♥✉❛❧ ❞❡ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❛♥♦t❛❞❛s✳

❊♥ ❡st❡ tr❛❜❛❥♦✱ ❤❡♠♦s ❞❡s❛rr♦❧❧❛❞♦ ✉♥ ♣r♦t♦❝♦❧♦ q✉❡ ♣❡r♠✐t❡ ❛♥♦t❛r ❣❡♥❡s
❜❛s❛♥❞♦s❡ ❡♥ ❜úsq✉❡❞❛s ♣♦r s✐♠✐❧❛r✐❞❛❞ ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s✱ t❛♥t♦ ❞❡ s❡❝✉❡♥❝✐❛s
✭❋❆❙❚❆✮ ❝♦♠♦ ❞❡ ♠♦❞❡❧♦s ♦❝✉❧t♦s ❞❡ ♠❛r❦♦✈ ✭❍▼▼✮✳ ❯s❛♥❞♦ ❧❛ ✐♥❢♦r♠❛✲
❝✐ó♥ ♣r♦❞✉❝t♦ ❞❡ ❧❛ ❛♥♦t❛❝✐ó♥ ❞✐s❡ñ❛♠♦s ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ✜❧tr♦s q✉❡ ❛♣❧✐❝❛❞♦s
❡♥ ❢♦r♠❛ ❞❡ ♣✐♣❡❧✐♥❡✱ ♣❡r♠✐t❡ s❡❧❡❝❝✐♦♥❛r ❖❘❋s sí♥ ✐♥❢♦r♠❛❝✐ó♥ ❡str✉❝t✉r❛❧
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❞✐s♣♦♥✐❜❧❡✱ q✉❡ ❞✐❡r♦♥ ❧✉❣❛r ❛❧ ❡st✉❞✐♦ ❡str✉❝t✉r❛❧ ② ❢✉♥❝✐♦♥❛❧ ❞❡ ✉♥❛ ♣r♦t❡í♥❛
❞❡ ❇✐③✐♦♥✐❛ ❛r❣❡♥t✐♥❡♥s✐s✳ ❆❞❡♠ás✱ ✉s❛♥❞♦ ❡❧ ❣❡♥♦♠❛ ❞❡ ✈❛r✐♦s ❊①✐❣✉♦❜❛❝✲
t❡r✐✉♠✱ ❝❛r❛❝t❡r✐③❛♠♦s ❧❛ r❡s✐st❡♥❝✐❛ ❛ ❛rsé♥✐❝♦ ❡♥ ❊①✐❣✉♦❜❛❝t❡r✐✉♠ s♣✳ ❙✶✼ ②
♠♦❞❡❧❛♠♦s ❡str✉❝t✉r❛❧♠❡♥t❡ ✉♥❛ ❜♦♠❜❛ ❞❡ ❡①tr✉s✐ó♥ ❞❡ ❛rsé♥✐❝♦ ❞❡♥♦♠✐♥❛❞❛
❆❝r✸✱ q✉❡ ❡stá ♣r❡s❡♥t❡ só❧♦ ❡♥ ést❡ ❣❡♥♦♠❛✳

❚♦❞❛s ❧❛s ♠❡t♦❞♦❧♦❣í❛s ♠❡♥❝✐♦♥❛❞❛s ♣r❡✈✐❛♠❡♥t❡✱ ❝❛r❡❝❡♥ ❞❡ ❛❧❣♦ ❢✉♥❞❛✲
♠❡♥t❛❧ ♣❛r❛ ❡❧ ♠❡❥♦r ❡♥t❡♥❞✐♠✐❡♥t♦ ❞❡ ❧❛ ❢✉♥❝✐ó♥ ♣r♦t❡✐❝❛ ❞❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡
✈✐st❛ ❜✐♦✐♥❢♦r♠át✐❝♦✿ ❡❧ ♠❛♣❡♦ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ❢✉♥❝✐♦♥❛❧ s♦❜r❡ ❧❛ ❡str✉❝t✉r❛✳ ❙❡
s❛❜❡ q✉❡ ♣❡q✉❡ñ❛s ✈❛r✐❛♥t❡s ❡♥ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ✉♥❛ ♣r♦t❡í♥❛ ♣✉❡❞❡♥ ♣r♦❞✉❝✐r
❝❛♠❜✐♦s r♦t✉♥❞♦s ❡♥ s✉ ❡str✉❝t✉r❛ ② s✉ ❢✉♥❝✐ó♥✳ ❊st♦ ❞❛ ❛ ❧✉❣❛r ❛ ♣❡♥s❛r q✉❡
❧♦s s✐st❡♠❛s ❞❡ ❛♥♦t❛❝✐ó♥ ♣✉❡❞❡♥ ✐♥❢❡r✐r ❛ ♥✐✈❡❧ ❣❡♥❡r❛❧ ❧❛ ❢✉♥❝✐ó♥ ♣r♦t❡✐❝❛✱ ♣❡r♦
❧❡s ❡s ✐♠♣♦s✐❜❧❡ ❝❛♣t✉r❛r ❞✐❝❤♦s ❝❛♠❜✐♦s ❡♥ ❝❛❞❛ ✈❛r✐❛♥t❡ ❞❡♥tr♦ ❞❡ ❧❛ ♠✐s♠❛
❢❛♠✐❧✐❛✳ P❛r❛ ❡st♦✱ ✐♥t❡♥t❛♠♦s ✉♥ ❡♥❢♦q✉❡ ❡str✉❝t✉r❛❧ q✉❡ s❡rá ♠❡♥❝✐♦♥❛❞♦ ❡♥
❡❧ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✱ ♠♦str❛♥❞♦ ❝♦♠♦ ❡s ♣♦s✐❜❧❡ ♠❛♣❡❛r ✐♥❢♦r♠❛❝✐ó♥ ❢✉♥❝✐♦♥❛❧✱
❞❛❞❛ ✉♥❛ ❡str✉❝t✉r❛ ♣r♦t❡✐❝❛ ❝♦♥s❡❣✉✐❞❛ ❛ ♣❛rt✐r ❞❡ ♠♦❞❡❧♦s ✸❉ ❝♦♥tr✉✐❞♦s
♣♦r ❤♦♠♦❧♦❣í❛ ❝♦♥ ❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s✳
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❈❛♣ít✉❧♦ ✸

▼♦❞❡❧❛❞♦ ❊str✉❝t✉r❛❧ ❞❡
Pr♦t❡♦♠❛s ❇❛❝t❡r✐❛♥♦s

✸✳✶✳ ■♥tr♦❞✉❝❝✐ó♥

Pr❡❞❡❝✐r ❧❛ ❡str✉❝t✉r❛ ❞❡ ✉♥❛ ♣r♦t❡í♥❛ ❝♦♥s✐st❡ ❡♥ ❞❡✜♥✐r ❧❛ ♣♦s✐❝✐ó♥ ❞❡
❧♦s át♦♠♦s q✉❡ ❧❛ ❝♦♥❢♦r♠❛♥✱ ♣❛rt✐❡♥❞♦ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ ✭❡str✉❝t✉r❛ ♣r✐♠❛r✐❛✮
❞❡ ❞✐❝❤❛ ♣r♦t❡í♥❛✳ ❱❛r✐❛s ❡str❛t❡❣✐❛s ❞✐st✐♥t❛s ❡①✐st❡♥ ♣❛r❛ ❡♥❝❛r❛r ❡st✉❞✐♦s ❞❡
❡st♦s t✐♣♦s q✉❡ ✈❛♥ ❞❡s❞❡ ❧❛ ♣❛r❛♠❡tr✐③❛❝✐ó♥ ❞❡ s✐st❡♠❛s ❞❡ s✐♠✉❧❛❝✐ó♥ ② ♣♦st❡✲
r✐♦r ♠✉❡str❡♦ ❞❡❧ ❡s♣❛❝✐♦ ❝♦♥❢♦r♠❛❝✐♦♥❛❧ ✸❉ q✉❡ ♣✉❡❞❛ ❛❞♦♣t❛r ❡❧ ♣♦❧✐♣❡♣t✐❞♦✱
❤❛st❛ ❤❡rr❛♠✐❡♥t❛s ❞❡ ❜úsq✉❡❞❛s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s q✉❡ ❛s✐❣♥❛♥ ❡str✉❝t✉r❛ ✸❉
♣♦r q✉❡ ❡①✐st❡ ✉♥ ❣r❛❞♦ ❞❡ s✐♠✐❧❛r✐❞❛❞ ❡♥tr❡ ♣r♦t❡í♥❛s✳

◆♦ s❡ ♣✉❡❞❡ ♠❡♥❝✐♦♥❛r ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛s ❞❡ ♣r♦t❡í♥❛s s✐♥ ♠❡♥✲
❝✐♦♥❛r ❧❛ ❈r✐t✐❝❛❧ ❆ss❡ss♠❡♥t ♦❢ ❙tr✉❝t✉r❡ Pr❡❞✐❝t✐♦♥ ✭❈❆❙P✮✳ ▲❛ ❈❆❙P ❡s
✉♥❛ ❝♦♠♣❡t❡♥❝✐❛ q✉❡ ❛rr❛♥❝ó ❛ ♠❡❞✐❛❞♦s ❞❡ ❧❛ ❞é❝❛❞❛ ❞❡❧ ✾✵ ② ❜✉s❝❛ ❡✈❛❧✲
✉❛r ❡❧ ❡st❛❞♦ ❞❡❧ ❛rt❡ ❞❡ ❧♦s ♠ét♦❞♦s ❞❡ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛ ♣r♦t❡✐❝❛ ❛
♣❛rt✐r ❞❡ s✉ s❡❝✉❡♥❝✐❛✳ ▲♦s ♦r❣❛♥✐③❛❞♦r❡s ❞❡ ❧❛ ❈❆❙P ♣r♦♣♦♥❡♥ s❡❝✉❡♥❝✐❛s ❞❡
♣r♦t❡í♥❛s ♣❛r❛ ♠♦❞❡❧❛r✱ ❤❛❜✐❡♥❞♦ r❡s✉❡❧t♦ s✉s ❡str✉❝t✉r❛s ♣r❡✈✐❛♠❡♥t❡ ♣❡r♦
❞❡❥á♥❞♦❧❛s s✐♥ ♣✉❜❧✐❝❛r✳ ❉❡ ❡st❛ ♠❛♥❡r❛✱ ❧❛❜♦r❛t♦r✐♦s ❞❡ ❜✐♦✐♥❢♦r♠át✐❝❛ ❡str✉❝✲
t✉r❛❧ ❛❧r❡❞❡❞♦r ❞❡❧ ♠✉♥❞♦✱ ❢♦r♠❛♥ ❡q✉✐♣♦s q✉❡ ✐♥t❡♥t❛♥ ♣r❡❞❡❝✐r ❧❛ ❡str✉❝t✉r❛
q✉❡ ❛❞♦♣t❛♥ ❞✐❝❤❛s ♣r♦t❡í♥❛s ♣❛r❛✱ ❧✉❡❣♦✱ ❝♦♠♣❛r❛r ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s✳
▲❛ ❝♦♠♣❡t❡♥❝✐❛ ②❛ ✈❛ ♣♦r s✉ ❞é❝✐♠❛ ❡❞✐❝✐ó♥ ♠♦str❛♥❞♦ q✉❡ ❛ ♠❡❞✐❞❛ q✉❡
❢✉❡r♦♥ ♣❛s❛♥❞♦ ❧♦s ❛ñ♦s s❡ ❢✉é ❛♣r❡♥❞✐❡♥❞♦ ❞❡ ❧❛s ❧✐♠✐t❛❝✐♦♥❡s ❞❡ ❡st❛s té❝♥✐✲
❝❛s ② ❞❡ s✉s ❝❛♣❛❝✐❞❛❞❡s ❞❡ ♣r♦❣r❡s♦✳ ▼❡♥❝✐♦♥❛♠♦s ❡st❛ ❝♦♠♣❡t❡♥❝✐❛✱ ♣♦rq✉❡
❝❡♥tr❛❧✐③❛ ❡❧ ❧❡♥❣✉❛❥❡ ❝✐❡♥tí✜❝♦ ❛❝❡r❝❛ ❞❡❧ ár❡❛ ②✱ ❡♥ ♣❛rt✐❝✉❧❛r✱ ♣r♦♣♦♥❡ ✸ ❝❛t✲
❡❣♦rí❛s ❜ás✐❝❛s s♦❜r❡ ❧❛s ❝✉❛❧❡s s❡ ❞❡s❛rr♦❧❧❛r♦♥ ❧♦s ♠ét♦❞♦s ❞❡ ♣r❡❞✐❝❝✐ó♥ ❞❡
❡str✉❝t✉r❛✳ ❊st❛s ❝❛t❡❣♦rí❛s s♦♥✿

✹✼



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❆❜ ✐♥✐t✐♦ ❊st♦s ♠ét♦❞♦s s♦♥ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ❝♦st♦s♦s✳ Pr❡t❡♥❞❡♥
r❡s♦❧✈❡r ❡❧ ♣r♦❜❧❡♠❛ ✉s❛♥❞♦ ❝♦♠♦ ✐♥❢♦r♠❛❝✐ó♥ só❧♦ ❧❛ s❡❝✉❡♥❝✐❛ ♣r♦t❡✲
✐❝❛ ✭❞❡♥♦♠✐♥❛❞❛ t❛r❣❡t✮✱ s✐♥ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❜❛s❡s ❞❡ ❞❛t♦s✳ P❛rt❡♥ ❞❡
❝♦♥♦❝✐♠✐❡♥t♦ ♣r❡✈✐♦ ♠♦❞❡❧❛♥❞♦ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ✜s✐❝♦q✉í♠✐❝❛s ♣r❡s❡♥t❡s
❡♥ ❡❧ s✐st❡♠❛ ②✱ ✉s❛♥❞♦ s✐st❡♠❛s ❞❡ s✐♠✉❧❛❝✐ó♥✱ ♠❡❞✐❛♥t❡ ❞✐♥á♠✐❝❛ ♠♦❧❡❝✲
✉❧❛r ♦ ♠✉❡str❡♦ ♣♦r ▼♦♥t❡ ❈❛r❧♦✱ ♠✉❡str❡❛♥ ❧❛s ❝♦♥❢♦r♠❛❝✐♦♥❡s q✉❡ ♣✉❡❞❡
❛❞♦♣t❛r ❧❛ ❝❛❞❡♥❛ ❞❡ ❛♠✐♥♦á❝✐❞♦s✳ ❆❧ ♣r✐♥❝✐♣✐♦✱ ❡st♦s s✐st❡♠❛s ✉s❛❜❛♥ só❧♦
♣♦t❡♥❝✐❛❧❡s ❞❡ ✐♥t❡r❛❝❝✐ó♥ ❝❧ás✐❝♦s ❞ó♥❞❡ ❧♦s tér♠✐♥♦s q✉❡ ❞❡✜♥❡♥ ❧♦s ❣r❛✲
❞♦s ❞❡ ❧✐❜❡rt❛❞ ❞❡❧ s✐st❡♠❛ ❡stá♥ ❞❡r✐✈❛❞♦s ú♥✐❝❛♠❡♥t❡ ❞❡ ❧♦s ♣❛rá♠❡tr♦s
✜s✐❝♦q✉í♠✐❝♦s ❞❡❧ ♠✐s♠♦✳ P❡r♦✱ ❛ ❧♦ ❧❛r❣♦ ❞❡ ❧❛s út❧✐♠❛s ❞é❝❛❞❛s ❢✉❡r♦♥
❞❡s❛rr♦❧❧❛♥❞♦s❡ ♥✉❡✈♦s tér♠✐♥♦s ✉s❛♥❞♦ ♣r✐♥❝✐♣✐♦s ❡st❛❞íst✐❝♦s✱ q✉❡ ♠♦❞✲
❡❧❛♥ ❛s♣❡❝t♦s ❜✐♦q✉í♠✐❝♦s ✭❣❧♦❜❛❧❡s ❝♦♠♦ ❧❛ t♦♣♦❧♦❣í❛ ② ❧♦❝❛❧❡s ❝♦♠♦ ❧❛
❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛✮ ❞❡❧ ♣r♦❝❡s♦ ❞❡ ♣❧❡❣❛❞♦✳ P♦r ❡❥❡♠♣❧♦✱ ✉s❛♥❞♦ ✐♥✲
❢♦r♠❛❝✐ó♥ ❞❡ ❢r❛❣♠❡♥t♦s ❞❡ ♣❡q✉❡ñ♦s ♣é♣t✐❞♦s ❝♦♥ ❝♦♥❢♦r♠❛❝✐♦♥❡s ❝♦♥♦✲
❝✐❞❛s q✉❡ ❣✉í❡♥ ❧❛ s✐♠✉❧❛❝✐ó♥ ❛❧ ❡st❛❞♦ ♥❛t✐✈♦✳ ❊st❛s ♠❡t♦❞♦❧♦❣í❛s ❤❛♥
♠♦str❛❞♦ s❡r ✉♥❛s ❞❡ ❧❛s ♠❡❥♦r❡s ♠❛♥❡r❛s ❞❡ ❝♦♥s❡❣✉✐r ✐♥❢♦r♠❛❝✐ó♥ ❛❝✲
❡r❝❛ ❞❡ ❧❛ ❡str✉❝t✉r❛ tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❡ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ♣r♦t❡í♥❛✱ ❜❛❥♦
❝♦♥❞✐❝✐♦♥❡s ❡♥ ❧❛s q✉❡ ❡s ❞✐❢í❝✐❧ ♦ ❤❛st❛ ✐♠♣♦s✐❜❧❡ ♦❜t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥
❡①♣❡r✐♠❡♥t❛❧ ♣❛r❛ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ s❡❝✉❡♥❝✐❛ ❞❡ ♣r♦t❡í♥❛ ② ❧❛ s❡❝✉❡♥❝✐❛
♥♦ t✐❡♥❡ ✉♥❛ s✐♠✐❧✐t✉❞ r❛③♦♥❛❜❧❡ ❝♦♥ ♦tr❛s ♣r♦t❡í♥❛s ❝✉②❛ ❡str✉❝t✉r❛ ❡s
❝♦♥♦❝✐❞❛✳

❊♥❤❡❜r❛❞♦ ✭♦ r❡❝♦♥♦❝✐♠✐❡♥t♦ ❞❡ ♣❧❡❣❛❞♦✮ ❊st❛ té❝♥✐❝❛ ❜✉s❝❛ ✐❞❡♥✲
t✐✜❝❛r ❡♥tr❡ ❧♦s ♣❧❡❣❛❞♦s ❞✐s♣♦♥✐❜❧❡s ❡♥ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s✱ ❛q✉❡❧❧♦s q✉❡
♣✉❡❞❛♥ ❧❧❡❣❛r ❛ ❛❥✉st❛rs❡ ❛ ❧❛ s❡❝✉❡♥❝✐❛ ♣♦r♣♦r❝✐♦♥❛❞❛✱ ❛ ♣❡s❛r ❞❡ ♥♦
❤❛❜❡r ✉♥❛ s✐♠✐❧✐t✉❞ ❞❡t❡❝t❛❜❧❡ ❡♥tr❡ ❧❛ s❡❝✉❡♥❝✐❛ q✉❡ s❡ ❞❡s❡❛ ♠♦❞❡❧❛r
② ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ❧❛ ❡str✉❝t✉r❛ ❝❛♥❞✐❞❛t❛✳ P❛r❛ ❡st♦✱ ❡✈❛❧ú❛♥ ♣❛rá♠❡tr♦s
❡♥❡r❣ét✐❝♦s ❛ ♠❡❞✐❞❛ q✉❡ ♣r✉❡❜❛♥ ❝♦♠♦ s❡ ❛❞❛♣t❛ ❧❛ s❡❝✉❡♥❝✐❛ ♣r♦t❡✐❝❛ ❛
❝❛❞❛ ♣❧❡❣❛❞♦ ❡♥tr❡ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❞❡ ♣❧❡❣❛❞♦s ❝♦♥♦❝✐❞♦s✳ ❊st❛ ♣r✉❡❜❛
s❡ r❡❛❧✐③❛ t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ ♣❛rá♠❡tr♦s ❡♥❡r❣ét✐❝♦s ❞❡ ❧❛ ❡str✉❝t✉r❛ ❛
♠❡❞✐❞❛ q✉❡ s❡ ❝♦♠♣✉t❛ ✉♥ ❛❧✐♥❡❛♠✐❡♥t♦✳ ❉❡ ♠❛♥❡r❛ q✉❡ ❡s ♣♦s✐❜❧❡ ✉s❛r
❡str❛t❡❣✐❛s ♣❛r❡❝✐❞❛s ❛ ❧❛s ♠❡♥❝✐♦♥❛❞❛s ❡♥ ❡❧ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r ♣❛r❛ ❣❡♥❡r✲
❛r ❜úsq✉❡❞❛s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s✱ só❧♦ q✉❡ ❡❧ s✐st❡♠❛ ❞❡ ♣✉♥t✉❛❝✐ó♥ ✉s❛
✉♥ ♣♦t❡♥❝✐❛❧ ❡♥❡r❣ét✐❝♦ ❡str✉❝t✉r❛❧ ❡♥ ❧✉❣❛r ❞❡ ❧❛ s✐♠✐❧✐t✉❞ ❡♥ s❡❝✉❡♥❝✐❛
❡♥tr❡ ❧♦s r❡s✐❞✉♦s ❛ tr❛✈❡③ ❞❡ ♠❛tr✐❝❡s t✐♣♦ ❇▲❖❙❯▼ ♦ P❆▼✳ P♦r ❡s♦✱
s❡ ❞❡s❛rr♦❧❧❛r♦♥ ✭② s❡ s✐❣✉❡♥ ❞❡s❛rr♦❧❧❛♥❞♦✮ ❡str❛t❡❣✐❛s ❞❡ ❛❧✐♥❡❛♠✐❡♥t♦
✭s❡❝✉❡♥❝✐❛✲❡str✉❝t✉r❛✮ ② ♣✉♥t✉❛❝✐ó♥ ❡♥❡r❣ét✐❝❛ ♣❛r❛ ♠❡❥♦r❛r ❧❛s ❝❛♣❛❝✐✲
❞❛❞❡s ♣r❡❞✐❝t✐✈❛s ❞❡ ❡st♦s ❛❧❣♦r✐t♠♦s✱ ❛✉♥q✉❡ ♥♦ s✉❡❧❡♥ ❞❛r t❛♥ ❜✉❡♥♦s
r❡s✉❧t❛❞♦s ❝♦♠♦ ❧♦s ♦❜t❡♥✐❞♦s s✐ ❝♦♥♦❝✐ér❛♠♦s ❧❛ ❡str✉❝t✉r❛ ❞❡ ✉♥❛ ♣r♦✲
t❡í♥❛ ❤♦♠ó❧♦❣❛✳

Pá❣✐♥❛ ✹✽ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

▼♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦ ❊st♦s ♠ét♦❞♦s s♦♥ ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ♣♦❝♦
❝♦st♦s♦s ❝♦♠♣❛r❛❞♦ ❝♦♥ ❧♦s ♠❡♥❝✐♦♥❛❞♦s ♣r❡✈✐❛♠❡♥t❡✳ ❈♦♥s✐st❡♥ ❡♥ ✉t✐✲
❧✐③❛r ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❞✐s♣♦♥✐❜❧❡ ♣❛r❛ ❝♦♠♣❛r❛r ❝♦♥ ❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s
♣❡r♦ ❛ ✉♥ ♥✐✈❡❧ ❞❡❧ ❡♥s❛♠❜❧❡ ❝♦♥❢♦r♠❛❝✐♦♥❛❧ ❝♦♠♣❧❡t♦✱ ♦ s❡❛ ✐♥❝❧✉②❡♥ ♠✉✲
❝❤♦s ♠ás ❣r❛❞♦s ❞❡ ❧✐❜❡rt❛❞ ❡♥ tér♠✐♥♦s ❞❡❧ ❧❛r❣♦ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛✳ ❆ ❞✐❢❡r✲
❡♥❝✐❛ ❞❡ ❧♦s ♦tr♦s ♠ét♦❞♦s✱ ❡❧ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦ ✉t✐❧✐③❛ ❡str✉❝t✉r❛s
❝♦♠♣❧❡t❛s ❞❡ ♣r♦t❡í♥❛s ❝♦♥♦❝✐❞❛s ② ❧❛s ❡♠♣❧❡❛ ❝♦♠♦ ♠♦❧❞❡ ✭✉s✉❛❧♠❡♥t❡
❞❡♥♦♠✐♥❛❞♦ t❡♠♣❧❛❞♦✮ ♣❛r❛✱ ♣♦st❡r✐♦r♠❡♥t❡✱ ❡st✐♠❛r ❡❧ ❣r❛❞♦ ❞❡ ♣r❡❝✐s✐ó♥
❝♦♥ ❡❧ q✉❡ s❡ r❡❛❧✐③❛ ❡❧ ♠♦❞❡❧❛❞♦✳ ❊st❛ té❝♥✐❝❛ ♣❡r♠✐t❡ ♠✉❡str❡❛r ❡❧ ❡s♣❛✲
❝✐♦ ❝♦♥❢♦r♠❛❝✐♦♥❛❧ só❧♦ ❡♥ ❧❛ ♠❡❞✐❞❛ ❞❡ ❞✐s♣♦♥❡r ❞❡ ❞✐❝❤❛s ❝♦♥❢♦r♠❛❝✐♦♥❡s
❡♥tr❡ ❧♦s ❞❛t♦s ❞✐s♣♦♥✐❜❧❡s✳ ❆ ♠❡❞✐❞❛ q✉❡ ❧♦s ❞❛t♦s ❛✉♠❡♥t❛♥ ❡♥ ❧❛s ❜❛s❡s
❞❡ ❞❛t♦s t❛♠❜✐é♥ ❛✉♠❡♥t❛ ❡❧ ❝✉❜r✐♠✐❡♥t♦ ❞❡❧ ❡s♣❛❝✐♦ ❝♦♥❢♦r♠❛❝✐♦♥❛❧ ❞❡
❡str✉❝t✉r❛s ② ♣♦r é♥❞❡ ❡❧ ♣♦❞❡r ♣r❡❞✐❝t✐✈♦ ❞❡ ést❛ té❝♥✐❝❛✳ P♦r ú❧t✐♠♦✱
❝❛❜❡ ♠❡♥❝✐♦♥❛r q✉❡ ❤❛② ♣r♦t❡í♥❛s ♣❛r❛ ❧❛s ❝✉❛❧❡s ♥♦ s❡ ♦❜t✐❡♥❡ ✐♥❢♦r♠❛✲
❝✐ó♥ ❛❧❣✉♥❛ ❜✉s❝❛♥❞♦ ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s✱ ❞❡❥❛♥❞♦♥♦s s✐♥ ♦tr❛ ♣♦s✐❜✐❧✐❞❛❞
q✉❡ ✉s❛r ❡str❛t❡❣✐❛s ❛❜ ✐♥✐t✐♦✳ ❊s ♣♦r ❡st♦ q✉❡ ❡❧ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦
s❡ ❝♦♥s✐❞❡r❛ ❞❡ ❧❛s ❢♦r♠❛s ♠ás s❡♥❝✐❧❧❛s ❞❡ ♦❜t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡
❧❛ ❡str✉❝t✉r❛ ❞❡ ✉♥❛ ♣r♦t❡í♥❛✳

❊♥ ❡st❡ tr❛❜❛❥♦ ❞❡ t❡s✐s ♥♦s ♣r♦♣✉s✐♠♦s ♣♦♥❡r ❛ ♣✉♥t♦ ✉♥ ♣r♦❝❡s♦ ❧♦ s✉✜✲
❝✐❡♥t❡♠❡♥t❡ ♣r❡❝✐s♦ ❝♦♠♦ ♣❛r❛ ♦❜t❡♥❡r r❡s✉❧t❛❞♦s ❝♦♥✜❛❜❧❡s✱ ♣❡r♦ ❧♦ s✉✜❝✐❡♥✲
t❡♠❡♥t❡ rá♣✐❞♦ ❝♦♠♦ ♣❛r❛ ♣r♦❝❡s❛r ✉♥ ❣❡♥♦♠❛ ❜❛❝t❡r✐❛♥♦ ❡♥ t✐❡♠♣♦s ❛❝❝❡✲
s✐❜❧❡s✱ ♣✉❡st♦ q✉❡ ♥✉❡str♦ ♦❜❥❡t✐✈♦ ❡s ❡❧ ❞❡ ❛✉♠❡♥t❛r ❡❧ ❡s♣❛❝✐♦ ❡str✉❝t✉r❛❧
❞❡ ♣❛tó❣❡♥♦s ②✴♦ ❜❛❝t❡r✐❛s ❞❡ ✐♥t❡rés ❜✐♦t❡❝♥♦❧ó❣✐❝♦✳ P❛r❛ ést♦✱ ❧❛ ♠❡❥♦r ♦♣✲
❝✐ó♥ ❡s ❡❧ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦ ❞❛❞♦ q✉❡✱ ❝♦♠♦ ♣r✐♠❡r ❛❝❡r❝❛♠✐❡♥t♦✱ ♣❡r♠✐t❡
♦❜t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥ tr✐❞✐♠❡♥s✐♦♥❛❧ ❡♥ ♣♦❝♦ t✐❡♠♣♦ ②✱ ❛❞❡♠ás ❞❡ ❡s♦✱ ♣❡r♠✐t❡
♦r❞❡♥❛r ❧❛s s❡❝✉❡♥❝✐❛s ❞❡ ✉♥ ♣r♦t❡♦♠❛ ❞❡s❞❡ ❛q✉❡❧❧❛s q✉❡ t✐❡♥❡♥ ❛❧t❛ ✐❞❡♥t✐❞❛❞
❝♦♥ ♣r♦t❡í♥❛s ❞❡ ❡str✉❝t✉r❛ ❝♦♥♦❝✐❞❛ ❤❛st❛ ❧❛s q✉❡ ❝❛r❡❝❡♥ ❞❡ ♣♦s✐❜❧❡s t❡♠♣❧❛✲
❞♦s ♣❛r❛ r❡❛❧✐③❛r ❡❧ ♣r♦♣✐♦ ♠♦❞❡❧❛❞♦✳ P♦r ❡s♦ ❝♦♠❡♥t❛r❡♠♦s ❜r❡✈❡♠❡♥t❡ ❧♦s
♣❛s♦s ❢✉♥❞❛♠❡♥t❛❧❡s q✉❡ ❝♦♠♣♦♥❡♥ ❡st❛ té❝♥✐❝❛ ♣❛r❛ ❞❡✜♥✐r ✉♥ ♣r♦❝❡s♦ q✉❡
❝✉♠♣❧❛ ❝♦♥ ❡st♦s ♦❜❥❡t✐✈♦s✳

✸✳✶✳✶✳ ▼♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦

❊❧ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦ ♥♦ ❡s ♥✉❡✈♦✱ s✐♥♦ q✉❡ s✉r❣✐ó ❡♥ ✶✾✻✾ ❝♦♥ ❡❧ tr❛❜❛❥♦
❞❡ ❇r♦✇♥❡ ❡t✳ ❛❧✳ ❬❇r♦✇♥❡ ❡t ❛❧✳✱ ✶✾✻✾❪ ➱st❡ ♠ét♦❞♦ ♣❡r♠✐t❡ ♦❜t❡♥❡r ✐♥❢♦r♠❛✲
❝✐ó♥ ❛❝❡r❝❛ ❞❡ ❧❛ ❡str✉❝t✉r❛ t❡r❝✐❛r✐❛ ❞❡ ✉♥❛ ♣r♦t❡í♥❛ ❜❛s❛♥❞♦s❡ só❧♦ ❡♥ s✉
s❡❝✉❡♥❝✐❛✳ ❊st❛ té❝♥✐❝❛ s❡ ❜❛s❛ ❡♥ q✉❡ ❡①✐st❡ ✉♥❛ r❡❧❛❝✐ó♥ ❢✉❡rt❡ ❡♥tr❡ ❧❛ s❡✲
❝✉❡♥❝✐❛ ② ❧❛ ❡str✉❝t✉r❛ ✭♦ ♣❧❡❣❛❞♦✮ ❞❡ ✉♥❛ ♣r♦t❡í♥❛✳ ❊♥t♦♥❝❡s✱ s✐ ❞♦s s❡❝✉❡♥❝✐❛s
s❡ ♣❛r❡❝❡♥ ❡♥ tér♠✐♥♦s ❞❡ s✉ s✐♠✐❧❛r✐❞❛❞ ❡♥ s❡❝✉❡♥❝✐❛✱ s❡ ♣✉❡❞❡ s✉♣♦♥❡r q✉❡
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

s✉s ❡str✉❝t✉r❛s s❡rá♥ s✐♠✐❧❛r❡s t❛♠❜✐é♥✳ ❙❡ ❤❛ ♣r♦❜❛❞♦✱ q✉❡ ❡st❛ té❝♥✐❝❛ ❛♠✲
♣❧✐❛♠❡♥t❡ ✉s❛❞❛✱ ❞❛ ❜✉❡♥♦s r❡s✉❧t❛❞♦s ♣❛r❛ ❡①♣❛♥❞✐r ❡❧ ❡s♣❛❝✐♦ ❡str✉❝t✉r❛❧ ❞❡
♣r♦t❡♦♠❛s ❡♥ ❣❡♥❡r❛❧ ❬P✐❡♣❡r ❡t ❛❧✳✱ ✷✵✶✹❪✳ ❯♥❛ ❞❡ ❧❛s ❡str❛t❡❣✐❛s ♠ás ❢❛♠♦s❛s
❝♦♥s✐st❡ ❡♥ ❞✐✈✐❞✐r ❡❧ ♣r♦❝❡❞✐♠✐❡♥t♦ ❡♥ ✹ ♣❛s♦s ❜ás✐❝♦s q✉❡ ♣✉❡❞❡♥ ❝♦♠♣❧❡✲
❥✐③❛rs❡ t❛♥t♦ ❝♦♠♦ ✉♥♦ q✉✐❡r❛✳ ❇❛s❛♥❞♦s❡ ❡♥ ❡❧ tr❛❜❛❥♦ ❞❡ ❬▼❛rt✐✲r❡♥♦♠ ❡t ❛❧✳✱
✷✵✵✸❪✱ ❧♦s ❝✉❛tr♦ ♣❛s♦s ♣r✐♥❝✐♣❛❧❡s s♦♥✿ ✐✮ s❡❧❡❝❝✐♦♥❛r ❡❧✴❧♦s t❡♠♣❧❛❞♦✴s✱ ✐✐✮
❛❧✐♥❡❛r ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t ❝♦♥ ❡❧✴❧♦s t❡♠♣❧❛❞♦✴s✱ ✐✐✐✮ ❝♦♥str✉✐r ♠♦❞✲
❡❧♦s ❜❛s❛❞♦ ❡♥ ❧♦s t❡♠♣❧❛❞♦s ② ✐✈✮ ❡✈❛❧✉❛r ❝❛❞❛ ♠♦❞❡❧♦ ❞❡ ♠❛♥❡r❛
❞❡ ❡❧❡❣✐r ✉♥♦ ♦ ♠❛s ♠♦❞❡❧♦s r❡♣r❡s❡♥t❛t✐✈♦s✳ ❊st♦s ❝✉❛tr♦ ♣❛s♦s✱ q✉❡ s❡
✈❡♥ ❡sq✉❡♠❛t✐③❛❞♦s ❡♥ ❧❛ ❋✐❣✉r❛ ✸✳✶ ② s❡rá♥ ❡①♣❧✐❝❛❞♦s ❡♥ ❧❛ ♣ró①✐♠❛ s❡❝❝✐ó♥✱
❝♦♥st✐t✉②❡♥ ❝✉❛tr♦ ❡str❛t❡❣✐❛s ❣❡♥❡r❛❧❡s q✉❡ ♣✉❡❞❡♥ s❡r r❡s✉❡❧t❛s ❝♦♥ ❡❧ ♥✐✈❡❧
❞❡ ♣r❡❝✐s✐ó♥ q✉❡ ✉♥♦ ❞❡sé❡✱ t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛✱ q✉❡ s✐ ést❡ ♥✐✈❡❧ ❞❡ ♣r❡❝✐s✐ó♥
❛✉♠❡♥t❛✱ t❛♠❜✐é♥ ❧♦ ❤❛rá♥ ❡❧ t✐❡♠♣♦ ②✴♦ ❧♦s r❡❝✉rs♦s ❞❡ ❝ó♠♣✉t♦✳

❋✐❣✉r❛ ✸✳✶✿ P❛s♦s ❞❡❧ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦ ❞❡ ❡str✉❝t✉r❛s✳ ❊❧ ♣r♦❝❡s♦ ❞❡ ♠♦❞❡❧❛❞♦
❝♦♠♣❛r❛t✐✈♦ ❡stá ❞✐✈✐❞✐❞♦ ❡♥ ✹ ♣❛s♦s ❢✉♥❞❛♠❡♥t❛❧❡s✿ ✶✮ ❙❡ ♦❜t✐❡♥❡♥ t❡♠♣❧❛❞♦s r❡❧❛❝✐♦♥❛❞♦s ❛
❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t q✉❡ s❡ ❞❡s❡❛ ♠♦❞❡❧❛r✳ ✷✮ ❙❡ ❛❧✐♥❡❛♥ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t ❝♦♥ ❧❛s s❡❝✉❡♥❝✐❛s
❞❡ ❧♦s t❡♠♣❧❛❞♦s✱ ❞❡ ♠❛♥❡r❛ ❞❡ ♦❜t❡♥❡r ❧♦s ❛❧✐♥❡❛♠✐❡♥t♦s ❞❡ ❧♦s ❝✉❛❧❡s s❡ ❞❡❞✉❝✐rá♥ ❧❛s
❝♦♦r❞❡♥❛❞❛s ❡s♣❛❝✐❛❧❡s ❞❡❧ ♠♦❞❡❧♦✳ ✸✮ ❙❡ ♣r♦❞✉❝❡♥ ✈❛r✐♦s ♠♦❞❡❧♦s ❝♦♥ ❧❛s ❝♦♦r❞❡♥❛❞❛s
✸❉ ♣❛r❛ ❧♦s át♦♠♦s ❞❡ ❧❛ ❡str✉❝t✉r❛ ❞❡❧ t❛r❣❡t✱ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛s ❡str✉❝t✉r❛s t❡♠♣❧❛❞♦ ② ❧♦s
❛❧✐♥❡❛♠✐❡♥t♦s ♦❜t❡♥✐❞♦s ❞❡❧ ♣❛s♦ ❛♥t❡r✐♦r✳ ✹✮ ❙❡ ❡✈❛❧ú❛ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s ♠♦❞❡❧♦s ❝♦♥str✉✐❞♦s
♣❛r❛ ❛s✐❣♥❛r ✉♥ ❣r❛❞♦ ❞❡ ❝❛❧✐❞❛❞ ✭❜✉❡♥♦✱ ♠❛❧♦✱ ❡t❝✳✮
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❙❡❧❡❝❝✐ó♥ ❞❡ t❡♠♣❧❛❞♦s

❊❧ ♣r♦❝❡s♦ ❞❡ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦ ❝♦♥s✐st❡ ❡♥ ♠♦❞❡❧❛r ❧❛ ❡str✉❝t✉r❛ ❞❡
✉♥❛ ♣r♦t❡í♥❛ ❛ ♣❛rt✐r ❞❡ ✉♥❛ ❡str✉❝t✉r❛ ❝♦♥♦❝✐❞❛ q✉❡ s❡ ❧❡ ♣❛r❡③❝❛✱ ♣♦r ❡s♦✱ ❧♦
♣r✐♠❡r♦ q✉❡ ❤❛② q✉❡ ❤❛❝❡r ❡s ❡♥❝♦♥tr❛r ❞✐❝❤❛ ❡str✉❝t✉r❛✳ ▲♦ ♠ás ❢á❝✐❧ q✉❡ s❡
♣✉❡❞❡ ❤❛❝❡r ♣❛r❛ r❡s♦❧✈❡r ❡st❡ ♣r♦❜❧❡♠❛ ❡s ✉s❛r ❧❛s s❡❝✉❡♥❝✐❛s s✉❜②❛❝❡♥t❡s ❛
❧❛s ❡str✉❝t✉r❛s q✉❡ ❤❛② ❡♥ ❡❧ P❉❇✱ ❝♦♥str✉✐r ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❞❡ s❡❝✉❡♥❝✐❛s ②
r❡❛❧✐③❛r ❜úsq✉❡❞❛s ♣♦r s✐♠✐❧❛r✐❞❛❞ ✉s❛♥❞♦ ❇▲❆❙❚✳ ❊st❡ ♣r✐♠❡r ❛❝❡r❝❛♠✐❡♥t♦
❡s ❜❛st❛♥t❡ ✈❡❧♦③ ❡♥ tér♠✐♥♦s ❞❡ ♣r♦❝❡s❛♠✐❡♥t♦✱ ♣❡r♦ s❡ s❛❜❡ q✉❡ s✉❡❧❡ ♣r❡✲
s❡♥t❛r ❝✐❡rt♦s ♣r♦❜❧❡♠❛s✳ P♦r ♦tr♦ ❧❛❞♦✱ ❝♦♠♦ ✐♥❞✐❝❛ ❧❛ ❋✐❣✉r❛ ✸✳✷✱ s❡ s❛❜❡ q✉❡
❤❛② ✉♥ ❧í♠✐t❡ ❛ ♣❛rt✐r ❞❡❧ ❝✉á❧ s❡ ♣✉❡❞❡ ❡s♣❡r❛r ❝✐❡rt❛ s✐♠✐❧✐t✉❞ ❡str✉❝t✉r❛❧✳
P♦r ❞❡❜❛❥♦ ❞❡ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ❝❛♥t✐❞❛❞ ❞❡ r❡s✐❞✉♦s ❛❧✐♥❡❛❞♦s ✐❣✉❛❧❡s✱ ❡s ♣♦❝♦
❛❝♦♥s❡❥❛❜❧❡ ♦❜t❡♥❡r ✉♥❛ ❡str✉❝t✉r❛ ❬❘♦st✱ ✶✾✾✾❪✱ ❬❙❛♥❞❡r ❛♥❞ ❙❝❤♥❡✐❞❡r✱ ✶✾✾✶❪✳

❋✐❣✉r❛ ✸✳✷✿ ▲í♠✐t❡ ♣❛r❛ ❧❛ ❤♦♠♦❧♦❣í❛ ❡str✉❝t✉r❛❧✳ ❊sq✉❡♠❛ ❞❡❞✉❝✐❞♦ ❞❡❧ tr❛❜❛❥♦ ❞❡
❬❙❛♥❞❡r ❛♥❞ ❙❝❤♥❡✐❞❡r✱ ✶✾✾✶❪✳ ❉❛❞♦ ✉♥ ❛❧✐♥❡❛♠✐❡♥t♦✱ ❡①✐st❡ ✉♥ ❧í♠✐t❡ ❛ ♣❛rt✐r ❞❡❧ ❝✉á❧ ♥♦
❡s ♣♦s✐❜❧❡ ✐♥❢❡r✐r ❤♦♠♦❧♦❣í❛ ❡str✉❝t✉r❛❧✳

❙✐♥ ❡♠❜❛r❣♦✱ ❡s ❜✐❡♥ s❛❜✐❞♦ q✉❡ ♣✉❡❞❡ ❤❛❜❡r ♣r♦t❡í♥❛s q✉❡ t❡♥❣❛♥ ♠✉②
❜❛❥❛ s✐♠✐❧❛r✐❞❛❞ ❡♥ s❡❝✉❡♥❝✐❛✱ ❝♦♠♦ s❡r ❡♥tr❡ ✷✵✪ ② ✸✵✪ ❞❡❧ t♦t❛❧ ❞❡ r❡s✐❞✉♦s
❛❧✐♥❡❛❞♦s ✐❣✉❛❧❡s ②✱ ❛ú♥ ❛sí✱ s✉s ❡str✉❝t✉r❛s ♣✉❡❞❡♥ ❡st❛r r❡❧❛❝✐♦♥❛❞❛s✳ ▲♦s
❤✐ts q✉❡ ♣r♦❞✉❝❡ ❇▲❆❙❚ s✉❡❧❡♥ ❜❛❥❛r só❧♦ ❤❛st❛ ♣♦r❝❡t❛❥❡s ❞❡ ✐❞❡♥t✐❞❛❞ ❞❡
❡♥tr❡ ✸✵✪ ② ✺✵✪ ❝✉❛♥❞♦ s❡ ♣♦♥❡ ✉♥ ❝♦rt❡ ❡♥ ❡❧ ❡✲✈❛❧✉❡ ❞❡ ❡♥tr❡ 10−3 ②
10−5✱ ♣♦r ❧♦ q✉❡ ❡st❛rí❛ ❞❛♥❞♦ ❧✉❣❛r ❛ ❡rr♦r❡s ❞❡ t✐♣♦ ■■ ♦ ❢❛❧s♦s ♥❡❣❛t✐✈♦s✳
❊st♦s s❡rí❛♥ ❝❛s♦s ❡♥ ❧♦s q✉❡ ❤✉❜✐❡r❛ s✐❞♦ ♣♦s✐❜❧❡ ♦❜t❡♥❡r ✉♥ t❡♠♣❧❛❞♦ ♣❛r❛
❧❛ ❡str✉❝t✉r❛ q✉❡ ❞❡s❡❛♠♦s ♠♦❞❡❧❛r ♣❡r♦ ♥♦ ❧♦ ❡st❛♠♦s ❡♥❝♦♥tr❛♥❞♦✳ ❈✉❛♥❞♦
ést❛ ❜úsq✉❡❞❛ s❡ ♣♦♥❡ ❞✐❢í❝✐❧ ✭✐✳❡✿ ❝♦♥ ✉♥ ❇▲❆❙❚ ♥♦ ❛❧❝❛♥③❛ ♣❛r❛ ❡♥❝♦♥tr❛r
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❡str✉❝t✉r❛s t❡♠♣❧❛❞♦✮✱ s❡ s✉❡❧❡ ❝♦♥str✉✐r ✉♥ ♣❡r✜❧ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t ✉s❛♥❞♦
❧❛ ♠❛②♦r ❝❛♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛s ❤♦♠ó❧♦❣❛s ♣❛r❡❝✐❞❛s ❛ ❡❧❧❛✳ ❊①✐st❡♥ ♠✉❝❤❛s
❢♦r♠❛s ❞❡ r❡❛❧✐③❛r ✉♥ ♣❡r✜❧ ❞❡ ✉♥❛ s❡❝✉❡♥❝✐❛ ♣r♦t❡✐❝❛ ② t♦❞❛s ❡s❛s ❢♦r♠❛s
t✐❡♥❡♥ ❡♥ ❝♦♠ú♥ q✉❡ ❛❧✐♥❡❛♥ t♦❞❛s ❧❛s s❡❝✉❡♥❝✐❛s ✐♥✈♦❧✉❝r❛❞❛s ② ❧✉❡❣♦ ♠♦❞❡❧❛♥
❡st❛❞íst✐❝❛♠❡♥t❡ ❝❛❞❛ ❝♦❧✉♠♥❛ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ♠ú❧t✐♣❧❡✳ P❛r❛ ❡st♦✱ ❡①✐st❡
✉♥❛ ✈❛r✐❛♥t❡ ❞❡ ❇▲❆❙❚ ❞❡♥♦♠✐♥❛❞❛ P❙■✲❇▲❆❙❚✱ ❧❛ ❝✉❛❧ ♣❡r♠✐t❡ r❡❛❧✐③❛r
❜úsq✉❡❞❛s ✐t❡r❛t✐✈❛s s♦❜r❡ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ❜❛s❡ ❞❡ ❞❛t♦s ✭♣r❡❢❡r✐❜❧❡♠❡♥t❡
✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❣r❛♥❞❡✱ ❝♦♥ ♠✉❝❤❛s s❡❝✉❡♥❝✐❛s✮ ❝♦♥str✉②❡♥❞♦ ❛ ❝❛❞❛ ♣❛s♦
✭♦ s❡❛✱ ❡♥ ❝❛❞❛ ♥✉❡✈❛ ✐t❡r❛❝✐ó♥✮ ✉♥❛ ♠❛tr✐③ ❞❡ ♣✉♥t✉❛❝✐ó♥ ❞❡ ♣♦s✐❝✐ó♥ ❡s♣❡❝í✜❝❛
✭P❙❙▼✮✳ ❊st❛ ♠❛tr✐③ ♦ P❙❙▼✱ t✐❡♥❡ ♣♦r ♦❜❥❡t✐✈♦ ♠♦❞❡❧❛r ❧❛ ❢r❡❝✉❡♥❝✐❛ ❝♦♥
❧❛ q✉❡ ❛♣❛r❡❝❡ ❝❛❞❛ ❛♠✐♥♦ á❝✐❞♦ ❡♥ ❝❛❞❛ ♣♦s✐❝✐ó♥ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t ❡♥
❡❧ ❝♦♥t❡①t♦ ❞❡ ✈❛r✐❛s s❡❝✉❡♥❝✐❛s q✉❡ s❡ ❧❡ ♣❛r❡❝❡♥ ② q✉❡ ❢✉❡r♦♥ s❡❧❡❝❝✐♦♥❛❞❛s
❛ ❝❛❞❛ ♣❛s♦ ♣♦r ❡❧ ❛❧❣♦r✐t♠♦✳ ▲✉❡❣♦ ❞❡ ❛❧❣✉♥❛s ✐t❡r❛❝✐♦♥❡s ✭✉s✉❛❧♠❡♥t❡ ❡♥tr❡
✸ ② ✶✵✮ s❡ ❞❡t✐❡♥❡ ❧❛ ❜úsq✉❡❞❛ ✐t❡r❛t✐✈❛ ❣✉❛r❞❛♥❞♦s❡ ❧❛ út❧✐♠❛ P❙❙▼ q✉❡
❝♦♥st✐t✉②❡ ✉♥ ♣❡r✜❧ ♣❛r❛ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t✳ ❋✐♥❛❧♠❡♥t❡✱ ❡s ♣♦s✐❜❧❡ r❡✐♥✐❝✐❛r ❧❛
❜úsq✉❡❞❛ P❙■✲❇▲❆❙❚✱ ♣❡r♦ ❡st❛ ✈❡③ s♦❜r❡ ❧❛ ❜❛s❡ ❞❡ ❞❛t♦s ❞❡ ❧❛s s❡❝✉❡♥❝✐❛s
❞❡❧ P❉❇✱ ✉t✐❧✐③❛♥❞♦ ❧❛ P❙❙▼ ❝♦♥str✉✐❞❛ ♣r❡✈✐❛♠❡♥t❡ ♣❛r❛ ♦❜t❡♥❡r r❡s✉❧t❛❞♦s
❝♦♥ ✉♥ ❡sq✉❡♠❛ ❞❡ ♣✉♥t✉❛❝✐ó♥ ❜❛s❛❞♦ ❡♥ ♣r♦t❡í♥❛s ♣❛r❡❝✐❞❛s ❛ ❧❛ s❡❝✉❡♥❝✐❛
t❛r❣❡t✳ ❊st❡ ♣r♦❝❡s♦ s❡ ♣✉❡❞❡ ✈❡r ❡sq✉❡♠❛t✐③❛❞♦ ❡♥ ❧❛ ❋✐❣✉r❛ ✸✳✸✳

❋✐❣✉r❛ ✸✳✸✿❇úsq✉❡❞❛ ❞❡ ❤♦♠ó❧♦❣♦s ❡str✉❝t✉r❛❧❡s ❧❡❥❛♥♦s✳ ❉❛❞❛ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ✉♥❛ s❡✲
❝✉❡♥❝✐❛ s❡ ❝♦♥str✉②❡ ✉♥ ♣❡r✜❧ ❡st❛❞íst✐❝♦ ♣♦r ♣♦s✐❝✐ó♥ ✭❡♥ ❧❛ s❡❝✉❡♥❝✐❛✮ ✉s❛♥❞♦ P❙■✲❇▲❆❙❚✳
❊❧ ♣r✐♠❡r ♣❛s♦ ❝♦♥s✐st❡ ❡♥ r❡❝❛✉❞❛r s❡❝✉❡♥❝✐❛s ♣❛r❡❝✐❞❛s ❞❡ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❞❡ ♠✉❝❤❛s
s❡❝✉❡♥❝✐❛s ❝❧✉st❡r✐③❛❞❛ ♣♦r ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✳ ❋✐♥❛❧♠❡♥t❡✱ s❡ r❡❛❧✐③❛ ✉♥❛ ♥✉❡✈❛ ❜úsq✉❡✲
❞❛ ✉s❛♥❞♦ ❡❧ ♣❡r✜❧ ❣❡♥❡r❛❞♦ ❡♥ ❡❧ ♣❛s♦ ❛♥t❡r✐♦r✱ s♦❜r❡ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❞❡ s❡❝✉❡♥❝✐❛s ❞❡
❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s ✭t❡♠♣❧❛❞♦s✮✱ t❛♠❜✐é♥ ❝❧✉st❡r✐③❛❞❛ ♣♦r ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✳

❆ ❧♦ ❧❛r❣♦ ❞❡ ❧♦s ❛ñ♦s✱ s❡ ✈✐ó q✉❡ ❡st❛ té❝♥✐❝❛ ❛✉♠❡♥t❛ ❜❛st❛♥t❡ ❧❛ ❝❛♥t✐❞❛❞
❞❡ ❡str✉❝t✉r❛s t❡♠♣❧❛❞♦ q✉❡ s❡ ❡♥❝✉❡♥tr❛♥✱ ❞❛♥❞♦ ❧✉❣❛r ❛ ✉♥❛ ♠❛②♦r ❝❛♥t✐❞❛❞
❞❡ ♣♦s✐❜✐❧✐❞❛❞❡s ♣❛r❛ ♠♦❞❡❧❛r✳ ▼ás ❛ú♥✱ ❝♦♠♦ s❡rá ❡①♣❧✐❝❛❞♦ ❛ ❝♦♥t✐♥✉❛❝✐ó♥✱
r❡s✉❡❧✈❡ ✉♥ ♣r♦❜❧❡♠❛ ✐♠♣♦rt❛♥t❡ q✉❡ ❡s ❡❧ ❞❡ ❝♦rr❡❣✐r ❧❛ ✐♥s❡r❝✐ó♥ ❞❡ ❣❛♣s
❡♥ ❧♦s ❛❧✐♥❡❛♠✐❡♥t♦s ❣❡♥❡r❛❞♦s ✉s❛♥❞♦ ❇▲❆❙❚ tr❛❞✐❝✐♦♥❛❧✳ ❊s ♣♦r ❡st♦ q✉❡
❡st❛ ❡str❛t❡❣✐❛ s❡ ❝♦♥✈✐rt✐ó✱ ❝♦♥ ❡❧ ❝♦rr❡r ❞❡❧ t✐❡♠♣♦✱ ❡♥ ✉♥❛ ❞❡ ❧❛s ❢♦r♠❛s
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

♠ás ❝♦♠✉♥❡s ❞❡ r❡❛❧✐③❛r ❜úsq✉❡❞❛s ❞❡ t❡♠♣❧❛❞♦s ♣❛r❛ r❡❛❧✐③❛r ✉♥ ♠♦❞❡❧❛❞♦
❡str✉❝t✉r❛❧ ❝♦♠♣❛r❛t✐✈♦ ② ❝♦♥st✐t✉②❡ ✉♥❛ ❞❡ ❧❛s ❢♦r♠❛s ♠ás ❢á❝✐❧❡s ❞❡ ♦❜t❡♥❡r
r❡s✉❧t❛❞♦s ❝♦♥✜❛❜❧❡s✳ ❈❛❜❡ r❡❝❛❧❝❛r q✉❡ ❤❛② ❡str❛t❡❣✐❛s ♠ás ❝♦♠♣❧❡❥❛s q✉❡
♣❡r♠✐t❡♥ ♦❜t❡♥❡r r❡s✉❧t❛❞♦s ♠ás ♣r❡❝✐s♦s✱ ❛✉♥q✉❡✱ ❛ ♠❡❞✐❞❛ q✉❡ ❛✉♠❡♥t❛♥
❧❛ ♣r❡❝✐s✐ó♥✱ ❛✉♠❡♥t❛♥ ❝♦♥s❡❝✉❡♥t❡♠❡♥t❡ ❧♦s r❡❝✉rs♦s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s q✉❡ s❡
r❡q✉✐❡r❡♥ ♣❛r❛ r❡s♦❧✈❡r ❡❧ ♣r♦❜❧❡♠❛✳ ❋✐♥❛❧♠❡♥t❡✱ t✐❡♥❡♥❞♦ ❡♥ ❝✉❡♥t❛ q✉❡ ♥♦s
✐♥t❡r❡s❛ ♠♦❞❡❧❛r ♠✉❝❤❛s s❡❝✉❡♥❝✐❛s ♣❡rt❡♥❡❝✐❡♥t❡s ❛ ❣❡♥♦♠❛s ❡♥t❡r♦s✱ ✉s❛r
P❙■✲❇▲❆❙❚ ❝♦♥st✐t✉②❡ ✉♥❛ ❞❡ ❧❛s ♠❡❥♦r❡s ♦♣❝✐♦♥❡s ❛ ❧❛ ❤♦r❛ ❞❡ ❜❛❧❛♥❝❡❛r✱ ❧❛
❝❛❧✐❞❛❞ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ② ❧♦s t✐❡♠♣♦s ♥❡❝❡s❛r✐♦s ♣❛r❛ ♦❜t❡♥❡r❧♦s✳

❆❧✐♥❡❛r ❡❧ t❛r❣❡t ❝♦♥ ❡❧ t❡♠♣❧❛❞♦

❯♥❛ ✈❡③ ♦❜t❡♥✐❞♦ ❡❧ t❡♠♣❧❛❞♦ ❝♦♥ ❡❧ q✉❡ s❡ ❞❡s❡❛ r❡❛❧✐③❛r ❡❧ ♠♦❞❡❧❛❞♦ ❡s✲
tr✉❝t✉r❛❧✱ ❧♦ s✐❣✉✐❡♥t❡ ❡s ❝♦♥str✉✐r ✉♥ ❛❧✐♥❡❛♠✐❡♥t♦ ❡♥tr❡ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t ②
❧❛ s❡❝✉❡♥❝✐❛ ❞❡❧ t❡♠♣❧❛❞♦✳ ❊♥ ❡st❡ ❝❛s♦✱ ❧♦ ♠ás ❡✜❝✐❡♥t❡ ❡s ✉s❛r ❡❧ ❛❧✐♥❡❛♠✐❡♥t♦
♦❜t❡♥✐❞♦ ❡♥ ❡❧ ♣❛s♦ ❛♥t❡r✐♦r✳ ❆❞❡♠ás✱ ✉s❛♥❞♦ P❙■✲❇▲❆❙❚✱ t❛♠❜✐é♥ ♠✐t✐❣❛♠♦s
✉♥ ❡rr♦r ♠✉② ❝♦♠ú♥ q✉❡ ❝♦♠❡t❡ ❇▲❆❙❚ ❝✉❛♥❞♦ ❧❛s ❞♦s s❡❝✉❡♥❝✐❛s q✉❡ s❡ ❞❡✲
s❡❛♥ ❛❧✐♥❡❛r ♥♦ s♦♥ t❛♥ ♣❛r❡❝✐❞❛s✳ ❙❡ s❛❜❡ q✉❡ ❡♥ ❧♦s ❝❛s♦s ❡♥ q✉❡ ❞♦s ♣r♦t❡í♥❛s
s❡ ♣❛r❡❝❡♥ ❡♥tr❡ ✹✵✪ ② ✼✵✪✱ s✉❡❧❡♥ ❛♣r❡❝✐❛rs❡ ❞✐❢❡r❡♥❝✐❛s ❡♥tr❡ ❛♠❜❛s s❡❝✉❡♥✲
❝✐❛s✱ ♣r♦❞✉❝t♦ ❞❡ ❡✈❡♥t♦s ❞❡ ❞❡❧❡❝✐ó♥ ♦ ✐♥s❡r❝✐ó♥ q✉❡ ♣✉❡❞❛♥ ❤❛❜❡r ♦❝✉rr✐❞♦
❡♥ ✉♥❛ ♦ ❡♥ ❛♠❜❛s ♣r♦t❡í♥❛s✳ ❊st❛s ❞✐❢❡r❡♥❝✐❛s ❞❛♥ ❧✉❣❛r ❛ ❧❛ ✐♥s❡r❝✐ó♥ ❞❡ ❣❛♣s
❡♥ ❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ó♣t✐♠♦ r❡s✉❧t❛♥t❡ ❞❡❧ ♣r♦❝❡s♦ ❞❡ ❛❧✐♥❡❛♠✐❡♥t♦ s✉❜②❛❝❡♥t❡ ❛
❧❛ ❜úsq✉❡❞❛ r❡❛❧✐③❛❞❛ ✉s❛♥❞♦ ❇▲❆❙❚✳ ❊♥ ❡st♦s ❝❛s♦s✱ ❇▲❆❙❚✱ s✉❡❧❡ ❝♦♠❡t❡r
❡rr♦r❡s ❝✉❛♥❞♦ ❝♦♥str✉②❡ ❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ❡♥tr❡ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t ② ❧❛ s❡❝✉❡♥✲
❝✐❛ ❞❡❧ t❡♠♣❧❛❞♦✱ ♣♦rq✉❡ ❡♥❝♦♥tr❛r ❡❧ ♠❡❥♦r ❧✉❣❛r ♣❛r❛ ✐♥s❡rt❛r ✉♥ ❣❛♣ ❡♥ ✉♥
❛❧✐♥❡❛♠✐❡♥t♦✱ ❞❡♣❡♥❞❡ ❞❡ ❡❧❡♠❡♥t♦s q✉❡ ♥♦ ♥❡❝❡s❛r✐❛♠❡♥t❡ ❡stá♥ r❡❧❛❝✐♦♥❛❞♦s
❝♦♥ ❧❛ s✐♠✐❧❛r✐❞❛❞ ❡♥tr❡ ❧♦s ❛♠✐♥♦ á❝✐❞♦s✱ s✐♥♦ ❝♦♥ ❧❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s ❞❡ ❧❛
❢❛♠✐❧✐❛ ❛ ❧❛ q✉❡ ♣❡rt❡♥❡❝❡♥ ❛♠❜❛s s❡❝✉❡♥❝✐❛s✱ ♣♦r ❡❥❡♠♣❧♦✱ ❡st❛s ✐♥s❡r❝✐♦♥❡s
♦ ❞❡❧❡❝✐♦♥❡s ♥♦ s✉❡❧❡♥ ❡♥❝♦♥tr❛rs❡ ❡♥ ③♦♥❛s ❡str✉❝t✉r❛❞❛s ❝♦♠♦ ❤♦❥❛s ❜❡t❛ ♦
❤é❧✐❝❡s ❛❧❢❛✱ s✐♥♦ ♠❛s ❜✐❡♥ ❡♥ ▲♦♦♣s✳ ❊♥ ❡st♦s ❡s❝❡♥❛r✐♦s✱ P❙■✲❇▲❆❙❚✱ ♣r♦❞✉❝❡
♠❡❥♦r❡s ❛❧✐♥❡❛♠✐❡♥t♦s ❞❛❞♦ q✉❡ ❡st❛s r❡❣✐♦♥❡s s✉❡❧❡♥ ❡st❛r ❝♦♥s❡r✈❛❞❛s ❛ ♥✐✈❡❧
❞❡ ❢❛♠✐❧✐❛ ② s❡ ✐❞❡♥t✐✜❝❛♥ ♠❡❥♦r ❡♥ ❛❧✐♥❡❛♠✐❡♥t♦s ♠út❧✐♣❧❡s✳

❊♥t♦♥❝❡s✱ ❡❧ ♦❜❥❡t✐✈♦ ❡s ❝♦rr❡s♣♦♥❞❡r ❝❛❞❛ ❛♠✐♥♦ á❝✐❞♦ ❡♥ ❧❛ s❡❝✉❡♥❝✐❛
t❛r❣❡t ❝♦♥ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ❛♠✐♥♦ á❝✐❞♦s ❡♥ ❡❧ t❡♠♣❧❛❞♦✱ t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛
q✉❡ ❧♦ ♣r✐♥❝✐♣❛❧ ❡s ❧❛ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛✳ ▲❛ ✐❞❡❛ ❡s ❛❧✐♥❡❛r ❞❡ ♠❛♥❡r❛ t❛❧ q✉❡
❝♦✐♥❝✐❞❛ ❧❛ r❡❣✐ó♥ ❝♦♥s❡r✈❛❞❛ ❞❡❧ ♣❧❡❣❛❞♦✱ ✐♥tr♦❞✉❝✐❡♥❞♦ ❧♦s ❣❛♣s ❞❡ ♠❛♥❡r❛ ❞❡
q✉❡ s❡ ✏q✉✐❡❜r❡♥✑ ❧♦ ♠❡♥♦s ♣♦s✐❜❧❡ ❧❛s ③♦♥❛s ♠ás ❡str✉❝t✉r❛❞❛s✱ ② ❧♦❣r❛r ❡st♦
❞❡ ❢♦r♠❛ ✐♥❞❡♣❡♥❞✐❡♥t❡ ❛ ❧❛s s✐♠✐❧❛r✐❞❛❞❡s ❡♥tr❡ ❛♠✐♥♦ á❝✐❞♦s q✉❡ s✉♣♦♥❡♥
❧♦s ❛❧❣♦r✐t♠♦s q✉❡ ✉s❛♥ ♠❛tr✐❝❡s ❝♦♠♦ ❇▲❖❙❯▼✳ ◆✉❡✈❛♠❡♥t❡✱ ✉♥❛ ❞❡ ❧❛s
♠❛♥❡r❛s ❞❡ ❛❜♦r❞❛r ❡st❡ ♣r♦❜❧❡♠❛ ❡s ❛❧✐♥❡❛r ❛♠❜❛s s❡❝✉❡♥❝✐❛s ❡♥ ❡❧ ❝♦♥t❡①t♦
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❞❡ ✉♥❛ ❢❛♠✐❧✐❛ ❞❡ ♣r♦t❡í♥❛s✱ ♦ ❛❧ ♠❡♥♦s ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ♣r♦t❡í♥❛s s✐♠✐❧❛r❡s ❛ ❧❛s
❞♦s ♣r♦t❡í♥❛s q✉❡ ❞❡s❡❛♠♦s ❛❧✐♥❡❛r✳ ❊❧ ♣❡r✜❧ ❣❡♥❡r❛❞♦ ♣♦r P❙■✲❇▲❆❙❚✱ ❧✉❡❣♦
❞❡ r❡❛❧✐③❛r ✈❛r✐❛s ✐t❡r❛❝✐♦♥❡s s♦❜r❡ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❝♦♥ ♠✉❝❤❛s s❡❝✉❡♥❝✐❛s✱
❝♦♥s✐t✉②❡ ✉♥❛ r❡♣r❡s❡♥t❛❝✐ó♥ ❡st❛❞íst✐❝❛ ❞❡ ❞✐❝❤♦ ❝♦♥❥✉♥t♦ ❞❡ s❡❝✉❡♥❝✐❛s✳ P♦r
❡st♦✱ ❛❧ r❡✐♥✐❝✐❛r ❧❛ ❜úsq✉❡❞❛ P❙■✲❇▲❆❙❚ s♦❜r❡ ❧❛ ❜❛s❡ ❞❡ s❡❝✉❡♥❝✐❛s ❞❡❧ P❉❇✱
✐♠♣❧í❝✐t❛♠❡♥t❡ s❡ ❡stá ✉t✐❧✐③❛♥❞♦ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ✈❛r✐❛s s❡❝✉❡♥❝✐❛s ♣❛r❛ ❜✉s❝❛r✱
② ❛❞❡♠ás✱ ♣❛r❛ ❛❧✐♥❡❛r ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❝♦♥ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t✳

P♦❞❡♠♦s ♣❡♥s❛r q✉❡ ❡❧ ♣❛s♦ ❛♥t❡r✐♦r ✭❧❛ s❡❧❡❝❝✐ó♥ ❞❡ t❡♠♣❧❛❞♦s✮ s❡ ♣✉❡❞❡
r❡❛❧✐③❛r ❛❧ ♠✐s♠♦ t✐❡♠♣♦ ❝♦♥ ést❡ ♣❛s♦ ❞❡❧ ♣r♦❝❡s♦ ✭❛❧✐♥❡❛r t❛r❣❡t ② t❡♠♣❧❛❞♦✮✳
Pr✐♠❡r♦ s❡ ❝♦♥str✉②❡ ✉♥❛ P❙❙▼ ♣❛r❛ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t ✉s❛♥❞♦ ❜úsq✉❡❞❛s
✐t❡r✐t✐✈❛s ❞❡ P❙■✲❇▲❆❙❚ ② ❧✉❡❣♦✱ s❡ r❡✐♥✐❝❛ ❧❛ ❜úsq✉❡❞❛ s♦❜r❡ ❧❛s s❡❝✉❡♥❝✐❛s ❞❡❧
P❉❇ ✉s❛♥❞♦ ❧❛ P❙❙▼ ❝♦♥str✉✐❞❛✳ ❆sí✱ ❡♥ ❧❛ ♠✐s♠❛ ❜úsq✉❡❞❛ ❞❡ t❡♠♣❧❛❞♦s✱
s❡ ♦❜t✐❡♥❡ ❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ❡♥tr❡ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t ② ❡❧ r❡s✉❧t❛❞♦ ♦❜t❡♥✐❞♦✳
❈❛❞❛ ❛❧✐♥❡❛♠✐❡♥t♦ r❡s✉❧t❛♥t❡✱ ♣✉❡❞❡ ♣r❡s❡♥t❛r ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ❝❛♥t✐❞❛❞ ❞❡
r❡s✐❞✉♦s ❛❧✐♥❡❛❞♦s ✐❞é♥t✐❝♦s✱ ❛❧❣✉♥♦s s✐♠✐❧❛r❡s ② ♦tr♦s ❞✐sí♠✐❧❡s✱ ② ❛❞❡♠ás✱ ❣❛♣s
✐♥s❡rt❛❞♦s ❡♥ ❞✐st✐♥t❛s r❡❣✐♦♥❡s ❞❡ ❝❛❞❛ s❡❝✉❡♥❝✐❛✱ t❛♥t♦ ❡♥ ❧❛ t❛r❣❡t ❝♦♠♦ ❡♥ ❡❧
t❡♠♣❧❛❞♦✳ ❈♦♠♦ ❝♦♠❡♥t❛r❡♠♦s ♠ás ❛❞❡❧❛♥t❡✱ ❡st♦s ♣❛rá♠❡tr♦s s✉❡❧❡♥ t❡♥❡rs❡
❡♥ ❝✉❡♥t❛ ❛ ❧❛ ❤♦r❛ ❞❡ ❛♥❛❧✐③❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❧✉❡❣♦ ❞❡
t❡r♠✐♥❛❞♦ ❡❧ ♣r♦❝❡s♦ ❣❧♦❜❛❧ ❞❡ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦✳

❈♦♥str✉✐r ❧♦s ♠♦❞❡❧♦s

❯♥❛ ✈❡③ ♦❜t❡♥✐❞❛ ❧❛ ❡str✉❝t✉r❛ ❞❡❧ t❡♠♣❧❛❞♦ ② ❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ❡♥tr❡ ❡❧ t❛r✲
❣❡t ② ❡❧ t❡♠♣❧❛❞♦✱ ❡s ♣♦s✐❜❧❡ ❡♥✉♠❡r❛r ♠♦❞❡❧♦s ♣❛r❛ ❧❛ ♣r♦t❡í♥❛ t❛r❣❡t✳ ❉❛❞♦
✉♥ ❝♦♥❥✉♥t♦ ❞❡ ♣r♦t❡í♥❛s ❡♥ ✉♥❛ ❢❛♠✐❧✐❛✱ ❡s ♣♦s✐❜❧❡ ✐❞❡♥t✐✜❝❛r r❡❣✐♦♥❡s ❡str✉❝✲
t✉r❛❧♠❡♥t❡ ❝♦♥s❡r✈❛❞❛s✱ q✉❡ ♣✉❡❞❡♥ s❡r ✉s❛❞❛s ♣❛r❛ ❝♦♥str✉✐r ♠♦❞❡❧♦s✳ P❛r❛
❧♦s r❡s✐❞✉♦s ❡♥ ❧❛s r❡❣✐♦♥❡s ✈❛r✐❛❜❧❡s ❞❡ ❧❛ ♣r♦t❡í♥❛✱ q✉❡ s✉❡❧❡♥ ❝♦✐♥❝✐❞✐r ❝♦♥
✐♥s❡r❝✐♦♥❡s ② ❞❡❧❡❝✐♦♥❡s ❡♥ ❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ s✉❜②❛❝❡♥t❡✱ ❧❛ ❡str✉❝t✉r❛ ❞❡ ❧♦s
t❡♠♣❧❛❞♦s ♥♦ s❡ ♣✉❡❞❡ ✉s❛r ♣❛r❛ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦✳ ▲❛ ♣r❡❞✐❝❝✐ó♥
❞❡ ❡st❛s r❡❣✐♦♥❡s s✉❡❧❡ ❡♥❝❛r❛rs❡ ✉s❛♥❞♦ ♦tr❛s ❡str❛t❡❣✐❛s✱ ❝♦♠♦ ♣♦r ❡❥❡♠♣❧♦✱
♠❡❞✐❛♥t❡ ♠ét♦❞♦s ❞❡ s✐♠✉❧❛❝✐ó♥ ❛❜ ✐♥✐t✐♦✱ ♦ ❜✐❡♥✱ ✐❞❡♥t✐✜❝❛♥❞♦ ❢r❛❣♠❡♥t♦s
s✐♠✐❧❛r❡s ♠❡❞✐❛♥t❡ ❜úsq✉❡❞❛s ❡♥ ❧✐❜r❡rí❛s ❞❡ ❧♦♦♣s ❝♦♥♦❝✐❞♦s✳ ❊♥ ❛♠❜♦s ❝❛✲
s♦s s❡ ♦❜t✐❡♥❡♥ ❜✉❡♥♦s r❡s✉❧t❛❞♦s ♣r❡❞✐❝✐❡♥❞♦ ❧♦♦♣s ❧❛r❣♦s ❝♦♠♣❧❡♠❡♥t❛♥❞♦ ❡❧
♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦ ❞❡ ❧❛s r❡❣✐♦♥❡s ❝♦♥s❡r✈❛❞❛s ❬❋✐s❡r ❡t ❛❧✳✱ ✷✵✵✵❪ ❬❳✐❛♥❣
❡t ❛❧✳✱ ✷✵✵✷❪ ❬❉❡❛♥❡ ❛♥❞ ❇❧✉♥❞❡❧❧✱ ✷✵✵✶❪✳ P♦r ú❧t✐♠♦✱ s❡ s✉❡❧❡ ❛♣❧✐❝❛r ✉♥ ♣❛s♦
❞❡ ♠✐♥✐♠✐③❛❝✐ó♥ ❡♥❡r❣ét✐❝❛ ❛ tr❛✈❡s ❞❡ té❝♥✐❝❛s q✉❡ ✉s❛♥ ♣♦t❡♥❝✐❛❧❡s ❝❧ás✐✲
❝♦s ❛t♦♠íst✐❝♦s ② q✉❡ t✐❡♥❡♥ ♣♦r ♦❜❥❡t✐✈♦ r❡❧❛❥❛r ❧❛s t❡♥s✐♦♥❡s ❡str✉❝t✉r❛❧❡s ②
r❡❣✉❧❛r✐③❛r ❧❛ ❡st❡r❡♦q✉í♠✐❝❛ ❞❡❧ ♠♦❞❡❧♦ ❬❋❧♦❤✐❧ ❡t ❛❧✳✱ ✷✵✵✷❪✳

▲❛s ❞♦s té❝♥✐❝❛s ♠ás ✉s❛❞❛s ❡♥ ♠♦❞❡❧❛❞♦ ❞❡ ❡str✉❝t✉r❛ ❜❛s❛❞❛ ❡♥ ❤♦✲
♠♦❧♦❣í❛ s♦♥✿ ✐✮ ♠♦❞❡❧❛❞♦ ♣♦r ❡♥s❛♠❜❧❛❞♦ ❞❡ ❝✉❡r♣♦ rí❣✐❞♦ ✭✐♠♣❧❡♠❡♥✲

Pá❣✐♥❛ ✺✹ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

t❛❞♦✱ ♣♦r ❡❥❡♠♣❧♦✱ ♣♦r ❙❲■❙❙✲▼❖❉❊▲ ❬●✉❡① ❛♥❞ P❡✐ts❝❤✱ ✶✾✾✼❪✮✱ q✉❡ ❝♦♥s✐st❡
❡♥ ❝♦♥str✉✐r ❡❧ ♠♦❞❡❧♦ ❜❛s❛❞♦ ❡♥ ❛❧❣✉♥❛s r❡❣✐♦♥❡s q✉❡ ❢♦r♠❛♥ ❡❧ ♥ú❝❧❡♦ ❞❡ ❧❛s
♣r♦t❡í♥❛s✱ ❡♥s❛♠❜❧❛♥❞♦❧❛s ❝♦♥ ❧♦♦♣s ② ❝♦♥❢ór♠❡r♦s ❞❡ ❝❛❞❡♥❛s ❧❛t❡r❛❧❡s✱ q✉❡ s❡
♦❜t✐❡♥❡♥ ❛ ♣❛rt✐r ❞❡ ❢r❛❣♠❡♥t❛r ❡str✉❝t✉r❛s r❡❧❛❝✐♦♥❛❞❛s✱ ② ✐✐✮ ♠♦❞❡❧❛❞♦ ♣♦r
s❛t✐s❢❛❝❝✐ó♥ ❞❡ r❡str✐❝❝✐♦♥❡s ❡s♣❛❝✐❛❧❡s✱ ✭✐♠♣❧❡♠❡♥t❛❞♦ ♣♦r ▼❖❉❊▲▲❊❘
❬➆❛❧✐ ❛♥❞ ❇❧✉♥❞❡❧❧✱ ✶✾✾✸❪✮✱ q✉❡ ✉s❛✱ té❝♥✐❝❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❣❡♦♠étr✐❝❛ ♣❛r❛
s❛t✐s❢❛❝❡r r❡str✐❝❝✐♦♥❡s ❡s♣❛❝✐❛❧❡s ❞❡r✐✈❛❞❛s ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ❡♥tr❡ ❧❛ s❡❝✉❡♥❝✐❛
t❛r❣❡t ② ❧❛s s❡❝✉❡♥❝✐❛s s✉❜②❛❝❡♥t❡s ❛ ❧❛s ❡str✉❝t✉r❛s t❡♠♣❧❛❞♦s✳ ❊st❛s té❝♥✐✲
❝❛s ❞❡ ♠♦❞❡❧❛❞♦ ❢✉♥❝✐♦♥❛♥ ♠✉② ❜✐❡♥ ♣❛r❛ ❝❛s♦s ❡♥ ❧♦s q✉❡ ❧❛ ✐❞❡♥t✐❞❛❞ ❞❡
s❡❝✉❡♥❝✐❛ ❡♥tr❡ t❛r❣❡t ② t❡♠♣❧❛❞♦ ❡s ❡❧❡✈❛❞❛✳ ❙✐♥ ❡♠❜❛r❣♦✱ ♣❛r❛ ❝❛s♦s ❡♥ q✉❡
❧❛ s✐♠✐❧❛r✐❞❛❞ ❡♥tr❡ ❧❛s ❞♦s s❡❝✉❡♥❝✐❛s ❡s ♠✉② ❜❛❥❛ ✭< 30%✮ s❡ ❤❛ ✈✐st♦ q✉❡ ❡s
♥❡❝❡s❛r✐♦ ❛❧✐♠❡♥t❛r ❡❧ ♠♦❞❡❧❛❞♦ ✉s❛♥❞♦ ✐♥❢♦r♠❛❝✐ó♥ ❛❞✐❝✐♦♥❛❧ ❞❡ ♦tr❛s ❢✉❡♥t❡s✱
❝♦♠♦ s❡r ♣r❡❞✐❝❝✐♦♥❡s ❡str✉❝t✉r❛❧❡s ✭❆❝❝❡s✐❜✐❧✐❞❛❞ ❛❧ s♦❧✈❡♥t❡ ② ❊str✉❝t✉r❛ s❡✲
❝✉♥❞❛r✐❛✮ ❛ ♣❛rt✐r ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ q✉❡ s❡ ❞❡s❡❛ ♠♦❞❡❧❛r ② ❛❧✐♠❡♥t❛r ❝♦♥ ❡st♦s
❞❛t♦s ❛❧ ♣r♦❝❡s♦ ❞❡ ❡✈❛❧✉❛❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦✳

❊s♣❡❝í✜❝❛♠❡♥t❡✱ ▼❖❉❊▲▲❊❘ ✭❍❛r❡♠♦s é♥❢❛s✐s ❡♥ ❡st❛ ❤❡rr❛♠✐❡♥t❛ ❞❛❞♦
q✉❡ ❡s ❧❛ q✉❡ ✉s❛♠♦s ❡♥ ❡st❡ tr❛❜❛❥♦✮✱ ❡①tr❛❡ ❧❛s r❡str✐❝❝✐♦♥❡s ❡s♣❛❝✐❛❧❡s ❞❡
❞♦s ❢✉❡♥t❡s✳ Pr✐♠❡r♦✱ s❡ ❞❡r✐✈❛♥ r❡str✐❝❝✐♦♥❡s s♦❜r❡ ❧❛s ❞✐st❛♥❝✐❛s ② ❧♦s á♥❣✉❧♦s
❞✐❤❡❞r♦s ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t ❜❛s❛❞❛s ❡♥ ❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ❞❡ ❞✐❝❤❛ s❡❝✉❡♥❝✐❛
❝♦♥ ❧♦s t❡♠♣❧❛❞♦s✳ ❙❡❣✉♥❞♦✱ s❡ ♦❜t✐❡♥❡♥ ❧❛s r❡str✐❝❝✐♦♥❡s ❡st❡r♦q✉í♠✐❝❛s✱ ✭❝♦♠♦
s❡r ❧❛s ❞✐st❛♥❝✐❛s ② ❧♦s á♥❣✉❧♦s ❞❡ ❧♦s ❡♥❧❛❝❡s✮ ❞❡ ❝❛♠♣♦s ❞❡ ❢✉❡r③❛ ❞❡ ❞✐♥á♠✐❝❛
♠♦❧❡❝✉❧❛r ❈❍❆❘▼▼✲✷✷ ❬▼❛❝❑❡r❡❧❧ ❡t ❛❧✳✱ ✶✾✾✽❪ ②✱ ❧❛s ♣r❡❢❡r❡♥❝✐❛s ❡st❛❞íst✐❝❛s
❞❡ á♥❣✉❧♦s ❞✐❤❡❞r♦s ② ❞❡ ❞✐st❛♥❝✐❛s ❞❡ ✐♥t❡r❛❝❝✐ó♥ ❞❡ ♥♦✲✉♥✐ó♥✱ s❡ ❞❡r✐✈❛♥ ❞❡
✉♥ ❝♦♥❥✉♥t♦ r❡♣r❡s❡♥t❛t✐✈♦ ❞❡ ❡str✉❝t✉r❛s ❞❡ ♣r♦t❡í♥❛s ❝♦♥♦❝✐❞❛s✳ ▲✉❡❣♦✱ ❡❧
♠♦❞❡❧♦ s❡ ❝❛❧❝✉❧❛ ✉s❛♥❞♦ ✉♥ ♠ét♦❞♦ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ♣♦r ❣r❛❞✐❡♥t❡ ❝♦♥❥✉❣❛❞♦
② ❞✐♥á♠✐❝❛ ♠♦❧❡❝✉❧❛r✱ ♣❛r❛ ♠✐♥✐♠✐③❛r ❧♦s ❢❛❧❧♦s ❡♥ ❧❛s r❡str✐❝❝✐♦♥❡s ❡s♣❛❝✐❛❧❡s✳
❊❧ ♣r♦❝❡❞✐♠✐♥❡t♦ ❡s ❝♦♥❝❡♣t✉❛❧♠❡♥t❡ s✐♠✐❧❛r ❛❧ q✉❡ s❡ ✉s❛ ♣❛r❛ ❞❡t❡r♠✐♥❛r
❧❛ ❡str✉❝t✉r❛ ❞❡ ♣r♦t❡í♥❛s ✉s❛♥❞♦ r❡str✐❝❝✐♦♥❡s ❞❡r✐✈❛❞❛s ❞❡ ❡①♣❡r✐♠❡♥t♦s ❞❡
❘▼◆✳

❈♦♠♦ s❡ ❛♣r❡❝✐❛ ❡♥ ❧❛ ❋✐❣✉r❛ ✸✳✹✱ ▼❖❉❊▲▲❊❘ s✐♠✉❧❛ ❧❛ ❡str✉❝t✉r❛ ❞❡
❧❛ ♣r♦t❡í♥❛ ❛❣r❡❣❛♥❞♦ r❡str✐❝❝✐♦♥❡s ❞❡ ♠❛♥❡r❛ ✐♥❝r❡♠❡♥t❛❧ ♠✐❡♥tr❛s ❜✉s❝❛ ❡❧
♠í♥✐♠♦ ❡♥❡r❣ét✐❝♦✳ ❊♥ ❧❛ ❧í♥❡❛ ✐♥❢❡r✐♦r ❞❡ ❧❛ ❋✐❣✉r❛ ✸✳✹ s❡ ♣✉❡❞❡ ✈❡r ✉♥❛
✈❛r✐❛❜❧❡ ❞❡♥♦♠✐♥❛❞❛ ∆r q✉❡ r❡♣r❡s❡♥t❛✱ ♣❛r❛ ❝❛❞❛ r❡s✐❞✉♦✱ ❧❛ ❝❛♥t✐❞❛❞ ❞❡
✈❡❝✐♥♦s t❡♥✐❞♦s ❡♥ ❝✉❡♥t❛ ❛ ❧❛ ❤♦r❛ ❞❡ ❛❣r❡❣❛r ❧❛s r❡str✐❝❝✐♦♥❡s✳ ❉❡ ❡st❛ ♠❛♥❡r❛✱
só❧♦ ❧❛s r❡str✐❝❝✐♦♥❡s ❞❡❞✉❝✐❞❛s ❞❡ ❧♦s ✈❡❝✐♥♦s ♠ás ❝❡r❝❛♥♦s s♦♥ t❡♥✐❞❛s ❡♥
❝✉❡♥t❛ ❝✉❛♥❞♦ ❧❛ s✐♠✉❧❛❝✐ó♥ ❝♦♠✐❡♥③❛✱ ♣♦r ❡❥❡♠♣❧♦✱ ❧♦s á♥❣✉❧♦s ❞✐❤❡❞r♦s ❡♥tr❡
❧♦s r❡s✐❞✉♦s✳ ❆ ♠❡❞✐❞❛ q✉❡ ❧❛ s✐♠✉❧❛❝✐ó♥ ❛✈❛♥③❛✱ ❝❛❞❛ ✈❡③ q✉❡ ❡❧ s✐st❡♠❛ ❧❧❡❣❛ ❛
✉♥ ♣✉♥t♦ ❡♥ ❡❧ q✉❡ ♥♦ s❡ ♣r♦❞✉❝❡♥ ❝❛♠❜✐♦s ❡str✉❝t✉r❛❧❡s s✐❣♥✐✜❝❛t✐✈♦s ✭✐✳❡✳✿ ❡♥
❧❛ ❋✐❣✉r❛✱ ❡❧ ❛✈❡r❛❣❡ s❤✐❢t ♣♦r ❞❡❜❛❥♦ ❞❡ ✉♥ ❞❡t❡r♠✐♥❛❞♦ ✉♠❜r❛❧✮✱ s❡ ❛❣r❡❣❛♥
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

♥✉❡✈❛s r❡str✐❝❝✐♦♥❡s ② s❡ ❝♦♥t✐♥ú❛ s✐♠✉❧❛♥❞♦ ❛ ♣❛rt✐r ❞❡ ❡st❡ ♥✉❡✈♦ s✐st❡♠❛✳
❆❧ ❛❣r❡❣❛rs❡ ♥✉❡✈❛s r❡str✐❝❝✐♦♥❡s✱ ❧❛ ❡♥❡r❣í❛ ❞❡❧ s✐st❡♠❛ ❛✉♠❡♥t❛✱ ② ❛sí✱ s❡
✐t❡r❛ ♥✉❡✈❛♠❡♥t❡ ❡♥ ❧❛ ❜úsq✉❡❞❛ ❞❡❧ ♥✉❡✈♦ ♠í♥✐♠♦ ❧♦❝❛❧✳ ❙❡ ✈✉❡❧✈❡♥ ❛ ❛❣r❡❣❛r
♠ás r❡str✐❝❝✐♦♥❡s ❝❛❞❛ ✈❡③ q✉❡ ❡❧ s✐st❡♠❛ ❧❧❡❣❛ ❛ ✉♥ ♠í♥✐♠♦ ❧♦❝❛❧ ② ❡❧ ♣r♦❝❡s♦
❝♦♥t✐♥ú❛ ❤❛st❛ q✉❡ s❡ ❛❣r❡❣❛♥ t♦❞❛s ❧❛s r❡str✐❝❝✐♦♥❡s ❞❡❞✉❝✐❞❛s ❞❡ ❧❛ ❡str✉❝t✉r❛
❣❧♦❜❛❧ ❞❡ ❧❛ ♣r♦t❡í♥❛✳ ❆❧ ✜♥❛❧ ❞❡❧ ♣r♦❝❡s♦ s❡ ♦❜t✐❡♥❡ ✉♥❛ ❡str✉❝t✉r❛ ❝❛♥❞✐❞❛t❛✱
❧✉❡❣♦✱ ❡st❡ ♣r♦❝❡s♦ s❡ r❡♣✐t❡ ✈❛r✐❛s ✈❡❝❡s ② s❡ ❡♥✉♠❡r❛♥ ✈❛r✐❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s
❝❛♥❞✐❞❛t❛s ❞❡❧ s✐st❡♠❛ ♠✉❡str❡❛♥❞♦ ❡❧ ❡s♣❛❝✐♦ ❝♦♥❢♦r♠❛❝✐♦♥❛❧✳ ❋✐♥❛❧♠❡♥t❡✱
❝♦♥ t♦❞❛s ❡st❛s ❝♦♥❢♦r♠❛❝✐♦♥❡s s❡ ♣❛s❛ ❛ ❧❛ ❡✈❛❧✉❛❝✐ó♥ ❞❡ ❝❛❧✐❞❛❞ q✉❡ s❡rá
❞❡s❝r✐♣t❛ ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳

❋✐❣✉r❛ ✸✳✹✿ Pr♦❝❡s♦ ❞❡ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛ ✉s❛♥❞♦ ▼❖❉❊▲▲❊❘✳ ■♥✐❝✐❛❧♠❡♥t❡✱
s❡ ♣❛rt❡ ❞❡ ✉♥ ♣♦❧✐♣é♣t✐❞♦ ❞❡s♣❧❡❣❛❞♦ ② s❡ ✈❛♥ ❛❣r❡❣❛♥❞♦ r❡str❛✐♥ts ❛ ♠❡❞✐❞❛ ❝♦♥✈❡r❣❡ ❡❧
♠ét♦❞♦ ❞❡❧ ❣r❛❞✐❡♥t❡ ❝♦♥❥✉❣❛❞♦✳ ▲♦s r❡str✐❛♥ts s❡ ❛❣r❡❣❛♥ s✉❝❡s✐✈❛♠❡♥t❡ ♣♦r ❝❛❞❛ r❡s✐❞✉♦✳
▲❛ ✈❛r✐❛❜❧❡ ∆r ❞❡✜♥❡ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ r❡s✐❞✉♦s ✈❡❝✐♥♦s ❝♦♥s❡❝✉t✐✈♦s t❡♥✐❞♦s ❡♥ ❝✉❡♥t❛ ❛
❧❛ ❤♦r❛ ❞❡ ❞❡r✐✈❛r ❧♦s r❡str❛✐♥ts✳ ❊❧ ♠ét♦❞♦ ❞❡ ❣r❛❞✐❡♥t❡ ❝♦♥❥✉❣❛❞♦ ❝♦♥✈❡r❣❡ ❝✉❛♥❞♦ ❡❧
❞❡s♣❧❛③❛♠✐❡♥t♦ ♣r♦♠❡❞✐♦ ✭❛✈❡r❛❣❡ s❤✐❢t✮ ❛❧❝❛♥③❛ ✉♥ ✈❛❧♦r ❧♦ s✉✜❝✐❡♥t❡♠❡♥t❡ ❜❛❥♦✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❊✈❛❧✉❛r ❧♦s ♠♦❞❡❧♦s

❊♥ ❡❧ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦✱ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s ♠♦❞❡❧♦s ❡stá ❞✐r❡❝t❛♠❡♥t❡
r❡❧❛❝✐♦♥❛❞❛ ❝♦♥ ❧❛ s✐♠✐❧❛r✐❞❛❞ ❡♥ s❡❝✉❡♥❝✐❛✱ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t ❝♦♥ ❧♦s t❡♠✲
♣❧❛❞♦s ❞✐s♣♦♥✐❜❧❡s✳ ❙❡ s❛❜❡ q✉❡ ❛ ♠❡❞✐❞❛ q✉❡ ❧❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ❡♥tr❡
❞♦s ♣r♦t❡í♥❛s ❞✐s♠✉♥✐②❡✱ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r ✉♥ ✐♥❝r❡♠❡♥t♦ ❡♥ ❧❛ ❞✐✈❡r❣❡♥❝✐❛ ❡s✲
tr✉❝t✉r❛❧ ❡♥tr❡ ❛♠❜❛s ✭❋✐❣✉r❛ ✸✳✷✮ ❬❈❤♦t❤✐❛ ❛♥❞ ▲❡s❦✱ ✶✾✽✻❪✱ ❬❘♦st✱ ✶✾✾✾❪✱ ♣♦r
❧♦ q✉❡ ❧❛s ❡str✉❝t✉r❛s q✉❡ s✉r❥❛♥ ❧✉❡❣♦ ❞❡❧ ♠♦❞❡❧❛❞♦✱ ♣✉❡❞❡♥ ♣r❡s❡♥t❛r ✐♠♣❡r✲
❢❡❝❝✐♦♥❡s s✐ ❢✉❡r♦♥ ❤❡❝❤❛s ❜❛s❛♥❞♦s❡ ❡♥ t❡♠♣❧❛❞♦s ♠✉② ❞✐st❛♥t❡s ❛❧ t❛r❣❡t ❡♥
tér♠✐♥♦s ❞❡ s✐♠✐❧❛r✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✳ ▲❛s ❝❛✉s❛s ♠ás ❝♦♠✉♥❡s ❞❡ ❡st♦s ❡rr♦r❡s
♣✉❡❞❡♥ s❡r✿ ❝❛❞❡♥❛s ❧❛t❡r❛❧❡s ♠❛❧ ♣♦s✐❝✐♦♥❛❞❛s✱ ❝♦♥❢♦r♠❛❝✐♦♥❡s ✐♥❝♦rr❡❝ts ❞❡
❧♦♦♣s✱ ❞✐st♦rs✐♦♥❡s ❡st❡r❡♦q✉í♠✐❝❛s ❡♥ ❡❧ ❜❛❝❦❜♦♥❡ ❞❡ ❧❛ ❡str✉❝t✉r❛ ♣r♦t❡✐❝❛✱
❡rr♦r❡s ❡♥ ❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ❝♦♠♦ ❧♦s q✉❡ ❢✉❡r♦♥ ♠❡♥❝✐♦♥❛❞♦s ♣r❡✈✐❛♠❡♥t❡✱ ②
♣♦r s✉♣✉❡st♦✱ ❧❛ ❡❧❡❝❝✐ó♥ ❞❡ ✉♥ t❡♠♣❧❛❞♦ ✐♥❝♦rr❡❝t♦ ❬❇❛❦❡r ❛♥❞ ❙❛❧✐✱ ✷✵✵✶❪✳

▲❛ ❡✈❛❧✉❛❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦ ❝♦♥s✐st❡✱ ♣♦r ✉♥ ❧❛❞♦✱ ❡♥ ❡❧❡❣✐r ❡♥tr❡ t♦❞♦s ❧♦s
♠♦❞❡❧♦s ❞❡❧ ♣❛s♦ ❛♥t❡r✐♦r✱ ✉♥ ♠♦❞❡❧♦ q✉❡ r❡♣r❡s❡♥t❡ ❧♦ ♠❡❥♦r ♣♦s✐❜❧❡ ❧❛ ❡s✲
tr✉❝t✉r❛ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ ✉s❛❞❛ ❝♦♠♦ t❛r❣❡t✱ ② ♣♦r ♦tr♦ ❧❛❞♦✱ ♦❜t❡♥❡r ✉♥ ✈❛❧♦r
❣❡♥❡r❛❧ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡❧ ♠♦❞❡❧♦ ② ♦tr♦ ✈❛❧♦r ❧♦❝❛❧ q✉❡ ♥♦s ✐♥❞✐❝❛ q✉é r❡❣✐♦♥❡s
❤❛♥ s✐❞♦ ♠♦❞❡❧❛❞❛s ❝♦♥ ♠❛②♦r ♦ ♠❡♥♦r ❝❛❧✐❞❛❞✳ P❛r❛ ❡✈❛❧✉❛r ❧♦s ♠♦❞❡❧♦s
s❡ ✉s❛♥ ♣♦t❡♥❝✐❛❧❡s q✉❡ ♣✉♥tú❛♥ ❝❛❞❛ ❡str✉❝t✉r❛ t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ ❝r✐t❡r✐♦s
❡♥❡r❣ét✐❝♦s✳ ❆ ✈❡❝❡s ✈❛❧❡ ❧❛ ♣❡♥❛ ❝♦♥str✉✐r ♠✉❝❤♦s ♠♦❞❡❧♦s ♣❛r❛ ❞✐❢❡r❡♥t❡s
❛❧✐♥❡❛♠✐❡♥t♦s ② ❡❧❡❣✐r ❡❧ ♠❡❥♦r ♠♦❞❡❧♦ ❜❛s❛♥❞♦s❡ ❡♥ ❧❛ ❡✈❛❧✉❛❝✐ó♥ ❞❡ ❝❛❧✐❞❛❞
tr✐❞✐♠❡♥s✐♦♥❛❧ ♠ás q✉❡ ❜❛s❛♥❞♦s❡ ❡♥ ♣❛rá♠❡tr♦s ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦✳ ▲❛ ❡✈❛❧✲
✉❛❝✐ó♥ ❞❡ ❧❛ ❡str✉❝t✉r❛ tr✐❞✐♠❡♥s✐♦♥❛❧ ❡st✐♠❛ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛s ❝♦♦r❞❡♥❛❞❛s
♣r❡❞✐❝❤❛s ❡♥ tér♠✐♥♦s ❞❡ s✉ ❝♦♥❢♦r♠❛❝✐ó♥ ❡ ✐♥t❡r❛❝❝✐♦♥❡s ✐♥t❡r♥❛s✳

▲❛ ✐❞❡❛ ❡s ♣♦❞❡r ✐❞❡♥t✐✜❝❛r ♠♦❞❡❧♦s ❜❛s❛❞♦s ❡♥ ❧♦s t❡♠♣❧❛❞♦s ❡q✉✐✈♦❝❛❞♦s
♦ ❧❛s r❡❣✐♦♥❡s ❞❡❧ ♠♦❞❡❧♦ q✉❡ ❢✉❡r♦♥ ❝♦♥str✉✐❞❛s ❝♦♥ ❛❧✐♥❡❛♠✐❡♥t♦s ✐♥❝♦rr❡❝t♦s✳
❆❞❡♠ás ❞❡ ❢✉♥❝✐♦♥❡s ❞❡ ♣✉♥t✉❛❝✐ó♥ ❜❛s❛❞❛s ❡♥ ♣r✐♥❝✐♣✐♦s ❡♥❡r❣ét✐❝♦s✱ ❧♦ ♠ás
❝♦♠ú♥ ❡s q✉❡ s❡ ✉s❡♥ ❡str❛t❡❣✐❛s ❡st❛❞íst✐❝❛s ♣❛r❛ ❞❡t❡❝t❛r ❡rr♦r❡s ❝♦♠♣❛r❛♥❞♦
❝✐❡rt♦s ❛s♣❡❝t♦s ❞❡ ❧♦s ♠♦❞❡❧♦s ❝♦♥ s✉s ❞✐str✐❜✉❝✐♦♥❡s ❡s♣❡r❛❞❛s✱ q✉❡ s✉r❣❡♥ ❞❡
❛♥❛❧✐③❛r ❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s r❡s✉❡❧t❛s ✉s❛♥❞♦ ❝♦♠♣❧❡❥♦s ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥
♦❜t❡♥✐❞♦s ♠❡❞✐❛♥t❡ ❧❛ té❝♥✐❝❛ ❞❡ r❛②♦s ❳ ❬❍♦♦❢t ❡t ❛❧✳✱ ✶✾✾✻❪✱ ❬❊✐s❡♥❜❡r❣ ❡t ❛❧✳✱
✶✾✾✼❪✱ ❬▼❡❧♦ ❛♥❞ ❋❡②t♠❛♥s✱ ✶✾✾✽❪✳

▼ás ♣✉♥t✉❛❧♠❡♥t❡✱ ❧♦s ♣♦t❡♥❝✐❛❧❡s q✉❡ s❡ ✉s❛♥ ♣❛r❛ ❡✈❛❧✉❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡
✉♥ ♠♦❞❡❧♦✱ s❡ s✉❡❧❡♥ ❞✐✈✐❞✐r ❡♥ ❞♦s t✐♣♦s✿

■♥t❡r♥♦s✿ ❊✈❛❧ú❛♥ ❧❛ ❛✉t♦❝♦♥s✐st❡♥❝✐❛ ✐♥t❡r♥❛ ❞✉r❛♥t❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ❝♦♥✲
str✉❝❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦✱ ❛ tr❛✈és ❞❡ ✈❛❧✉❛❝✐♦♥❡s ❡♥❡r❣ét✐❝❛s ✭❛❜ ✐♥✐t✐♦ ♦ ❡s✲
t❛❞íst✐❝❛s✮ ♣❛r❛ ✈❡r✐✜❝❛r s✐ ❡❧ ♠♦❞❡❧♦ s❛t✐s❢❛❝❡ ♦ ♥♦ ❧♦s r❡str❛✐♥ts ✐♠✲
♣✉❡st♦s✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❊①t❡r♥♦s✿ ▲❛ ❡✈❛❧✉❛❝✐ó♥ r❛❞✐❝❛ ❡♥ ❡❧ ✉s♦ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ ♥♦ ❢✉❡ ✉s✲
❛❞❛ ❡♥ ❡❧ ❝á❧❝✉❧♦ ❞❡❧ ♠♦❞❡❧♦✱ s✐♥♦ q✉❡ s❡ ✉s❛♥ ♠♦❞❡❧♦s ❡st❛❞íst✐❝♦s ❞❡
♣r♦♣✐❡❞❛❞❡s ❡str✉❝t✉r❛❧❡s ❝♦♠♦ s❡r ❡str✉❝t✉r❛s s❡❝✉♥❞❛r✐❛s ♦ ❛❝❝❡s✐❜✐❧✐✲
❞❛❞❡s ❛❧ s♦❧✈❡♥t❡✱ ❛❞❡♠ás ❞❡ ❧♦s tér♠✐♥♦s ❝❧ás✐❝♦s ❞❡ ❞✐st❛♥❝✐❛s ② t♦rs✐♦♥❡s
q✉❡ ❛♥❛❧✐③❛♥ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ♠♦❞❡❧♦s ② ❧♦s ♦r❞❡♥❛♥ s❡❣ú♥ ❧❛ ❝❛❧✐❞❛❞ ❞❡❧
❡♥s❛♠❜❧❡ ❬▼❛♥❢r❡❞✱ ✶✾✾✸❪ ❬▲üt❤② ❘✱ ✶✾✾✷❪✳

❊♥ ❛♠❜♦s ❝❛s♦s✱ ❧♦s ♣♦t❡♥❝✐❛❧❡s s❡ ❝❛❧❝✉❧❛♥ ❝♦♠♦ s✉♠❛t♦r✐❛s ❞❡ tér♠✐✲
♥♦s✱ ❞ó♥❞❡ ❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s ♣✉♥tú❛ ✉♥ ❞❡t❡r♠✐♥❛❞♦ ❛s♣❡❝t♦ ❞❡ ❧❛ ❝❛❧✐❞❛❞
❞❡❧ ♠♦❞❡❧♦✳ ❊st♦s tér♠✐♥♦s s❡ ❝♦♥str✉②❡♥ ❡st❛❞íst✐❝❛♠❡♥t❡✱ ❝♦♠♦ s❡ ♠❡♥❝✐♦♥ó
♣r❡✈✐❛♠❡♥t❡✱ ❛ ♣❛rt✐r ❞❡ ❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s r❡s✉❡❧t❛s ❝♦♥ ♠✉② ❜✉❡♥❛ ❝❛❧✐✲
❞❛❞✱ ❞❡ ♠❛♥❡r❛ q✉❡ ❝❛❞❛ tér♠✐♥♦ ♣✉♥tú❡ ❧❛ ❝❛❧✐❞❛❞ ♣♦r s❡♣❛r❛❞♦ ② ❧✉❡❣♦ s❡
s✉♠❛♥ ♣❛r❛ ♦❜t❡♥❡r ✉♥ ♣✉♥t❛❥❡ ❣❧♦❜❛❧✳ ❙✉❡❧❡♥ t❡♥❡r ❡♥ ❝✉❡♥t❛s ✸ ❛s♣❡❝t♦s ❞❡
❧❛ ❡str✉❝t✉r❛✿ ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❧♦s ❝❛r❜♦♥♦s ❜❡t❛ ❞❡ ❧♦s r❡s✐❞✉♦s ✭❞❡♥♦♠✐♥❛✲
❞♦ ♣❛✐r✇✐s❡✮✱ ❧❛s t♦rs✐♦♥❡s ❞❡ ❧♦s r❡s✐❞✉♦s ✭t♦rs✐♦♥✮ ② s✉s ❛❝❝❡s✐❜✐❧✐❞❛❞❡s ❛❧
s♦❧✈❡♥t❡ ✭s♦❧✈❛t✐♦♥✮✳ ❊st♦s ✸ ❛s♣❡❝t♦s ❞❡❞✉❝✐❞♦s ❛ ♣❛rt✐r ❞❡ ❧❛s ❡str✉❝t✉r❛s✱
❢✉❡r♦♥ ♠♦❞❡❧❛❞♦s ❞❡ ❞✐❢❡r❡♥t❡s ♠❛♥❡r❛s ❛ ❧♦s ❧❛r❣♦ ❞❡ ❧♦s út❧✐♠♦s ✷✵ ❛ñ♦s
❞❛♥❞♦ ❧✉❣❛r ❛ ❞✐❢❡r❡♥t❡s ♣♦t❡♥❝✐❛❧❡s ❡st❛❞íst✐❝♦s q✉❡ ❡✈❛❧ú❛♥ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ✉♥
♠♦❞❡❧♦ sí♥ t❡♥❡r ♠ás ❞❛t♦s q✉❡ s✉ ❡str✉❝t✉r❛ ✸❉✳ ❆❞❡♠ás ❞❡ ❡st♦s ♣♦t❡♥❝✐❛❧❡s✱
❡♥ ❧❛ út❧✐♠❛ ❞é❝❛❞❛ s❡ ♣✉s✐❡r♦♥ ❛ ♣✉♥t♦ ♣♦t❡♥❝✐❛❧❡s ♠ás ❝♦♠♣❧❡❥♦s q✉❡ ✉s❛♥
✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❛❧✐♥❡❛♠✐❡♥t♦s ♠ú❧t✐♣❧❡s ❞❡❞✉❝✐❞♦s ❞❡ ❤❛❝❡r ❜úsq✉❡❞❛s ❡♥ P❙■✲
❇▲❆❙❚ ♦ ♣r❡❞✐❝❝✐♦♥❡s ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ② ❛❝❝❡s✐❜✐❧✐❞❛❞ ❛❧ s♦❧✈❡♥t❡ q✉❡✱
❡♥ ❣❡♥❡r❛❧✱ ✉s❛♥ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❛❧✐♥❡❛♠✐❡♥t♦s ♠ú❧t✐♣❧❡s ❝♦♥ ♠✉❝❤❛s s❡❝✉❡♥❝✐❛s
❞❡ ♣r♦t❡í♥❛s r❡❧❛❝✐♦♥❛❞❛s✳

P♦r ú❧t✐♠♦✱ ❛ ❧♦s ✜♥❡s ❞❡ ❡st❡ tr❛❜❛❥♦ ❞❡ t❡s✐s ♥♦s ✐♥t❡r❡só ♣r♦❜❛r ❝♦♥ tr❡s
♣♦t❡♥❝✐❛❧❡s ❞❡s❝r✐♣t♦s ❛ ❝♦♥t✐♥✉❛❝✐ó♥✱ q✉❡ s❡ ✉s❛♥ ❝♦♥ ♣r♦♣♦s✐t♦s ❞✐st✐♥t♦s✿

●❆✸✹✶✿ ❊s ✉♥ ❝r✐t❡r✐♦ q✉❡ s✐r✈❡ ♣❛r❛ ✜❧tr❛r ♠♦❞❡❧♦s q✉❡ t✐❡♥❡♥ ✉♥❛
❝❛❧✐❞❛❞ ✐♥❛❝❡♣t❛❜❧❡✳ ●❆✸✹✶ ❡s ✉♥❛ ❢✉♥❝✐ó♥ q✉❡ ❞❡♣❡♥❞❡ ❞❡ ❧❛ ✐❞❡♥t✐❞❛❞ ❞❡
s❡❝✉❡♥❝✐❛ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ♦❜t❡♥✐❞♦ ② ❞❡❧ ❩✲s❝♦r❡ q✉❡ ♣r❡s❡♥t❛ ❡❧ ♠♦❞❡❧♦
❝♦♥ r❡s♣❡❝t♦ ❛ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ✉♥ ♣♦t❡♥❝✐❛❧ ❡st❛❞íst✐❝♦ ❜❛s❛❞♦ ❡♥ ❡❧
❣r❛❞♦ ❞❡ ❝♦♠♣❛❝t❛❝✐ó♥ ❞❡ ❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s✳ ❈♦♠♦ s❡ ♣✉❡❞❡ ✈❡r ❡♥
❧❛ ❋✐❣✉r❛ ✸✳✺✱ ❧❛ ❢♦r♠❛ ❞❡ ❧❛ ❢✉♥❝✐ó♥ ❡stá ❞❡t❡r♠✐♥❛❞❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣♦r
✉♥ ❜❛❧❛♥❝❡ ❡♥tr❡ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ② ❡❧ ♣♦t❡♥❝✐❛❧
❡st❛❞íst✐❝♦ ❞❡ ❝♦♠♣❛❝t❛❝✐ó♥✳ ▲❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ❝❛♣t✉r❛ ❡❧ ❤❡❝❤♦
❞❡ q✉❡ s❡❝✉❡♥❝✐❛s s✐♠✐❧❛r❡s✱ ❣❡♥❡r❛❧♠❡♥t❡ t✐❡♥❡♥ ❡str✉❝t✉r❛s s✐♠✐❧❛r❡s✱ ②
❛❧ ❝♦♠❜✐♥❛r ❡❧ ♣♦t❡♥❝✐❛❧ ❡st❛❞íst✐❝♦ ❞❡ ❝♦♠♣❛❝t❛❝✐ó♥ s❡ ♠♦❞❡❧❛ ❡❧ ❤❡❝❤♦
❞❡ q✉❡ ❛ ♣❡s❛r ❞❡ q✉❡ ❡st❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ❡♥tr❡ ❞♦s ♣r♦t❡í♥❛s
♣✉❡❞❡ s❡r ❜❛❥❛✱ ❛ú♥ ❛sí✱ ♣✉❡❞❡♥ t❡♥❡r ❡str✉❝t✉r❛s ♣❛r❡❝✐❞❛s ❬▼❡❧♦ ❛♥❞
❙❛❧✐✱ ✷✵✵✼❪✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❋✐❣✉r❛ ✸✳✺✿ ❋✉♥❝✐ó♥ ❞✐s❝r✐♠✐♥❛♥t❡ ●❆✸✹✶✳ ❙✐r✈❡ ♣❛r❛ ✜❧tr❛r ♠♦❞❡❧♦s ❞❡ ♠❛❧❛ ❝❛❧✐❞❛❞✳
▲❛ ❢✉♥❝✐ó♥ ❡stá ❡♥tr❡♥❛❞❛ ♣❛r❛ t♦♠❛r ✈❛❧♦r❡s ❡♥tr❡ ✵ ② ✶✱ ❝✉❛♥t♦ ♠ás ❛❧t♦ ❡❧ ✈❛❧♦r✱ ♠❡❥♦r s❡
❝♦♥s✐❞❡r❛ ❡❧ ♠♦❞❡❧♦ ❞❡♣❡♥❞✐❡♥❞♦ ❞❡ tr❡s ♣❛rá♠❡tr♦s✿ s✉ ❣r❛❞♦ ❞❡ ❝♦♠♣❛❝t❛❝✐ó♥✱ ❡❧ ❡st❛❞ís✲
t✐❝♦ ❩ ❞❡ ✉♥ ♣♦t❡♥❝✐❛❧ ❡♥❡r❣ét✐❝♦ ② s✉ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✳ ❚♦♠❛♠♦s q✉❡ ♣❛r❛ ✈❛❧♦r❡s ❞❡
●❆✸✹✶ ♠❛②♦r❡s ❛ ✵✳✼✱ ❧♦s ♠♦❞❡❧♦s s❡ ❝♦♥s✐❞❡r❛♥ ❛❝❡♣t❛❜❧❡s✳ ❋✐❣✉r❛ ❡❞✐t❛❞❛ ❞❡❧ tr❛❜❛❥♦ ❞❡
❬▼❡❧♦ ❛♥❞ ❙❛❧✐✱ ✷✵✵✼❪

◗▼❊❆◆✿ ❊st❡ ♣♦t❡♥❝✐❛❧ s✐r✈❡ ♣❛r❛ ❡✈❛❧✉❛r ❧♦s ♠♦❞❡❧♦s ✉t✐❧✐③❛♥❞♦ s✉❜✲
♣♦t❡♥❝✐❛❧❡s q✉❡ ♠♦❞❡❧❛♥ ❧♦s ❛s♣❡❝t♦s ♠❡♥❝✐♦♥❛❞♦s ♣r❡✈✐❛♠❡♥t❡✳ ❯s❛ ✹
s✉❜♣♦t❡♥❝✐❛❧❡s ❜✐❡♥ ❝♦♥♦❝✐❞♦s ✭t♦rs✐♦♥✱ ♣❛✐r✇✐s❡✱ s♦❧✈❛t✐♦♥✱ ❛❧❧❴❛t♦♠✮ q✉❡
❡✈❛❧ú❛♥ ❧❛ ❝❛❧✐❞❛❞✱ ❝❛❞❛ tér♠✐♥♦ ♣♦r s❡♣❛r❛❞♦✱ ② s❡ s✉♠❛♥ ♣❛r❛ ♦❜t❡♥❡r
✉♥ ✈❛❧♦r t♦t❛❧ ❞❡ ❡♥❡r❣í❛✳ ❆❞❡♠ás✱ ❛❣r❡❣❛ ♦tr♦s ❞♦s tér♠✐♥♦s q✉❡ t✐❡♥❡♥ ❡♥
❝✉❡♥t❛ ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ② ❛❝❝❡s✐❜✐❧✐❞❛❞ ❛❧ s♦❧✈❡♥t❡
q✉❡ ♠❡♥❝✐♦♥❛♠♦s ♣r❡✈✐❛♠❡♥t❡✳ ❊❧ ♣♦t❡♥❝✐❛❧ ❡stá ♣r♦❜❛❞♦ s♦❜r❡ ✉♥ s❡t ❞❡
❡str✉❝t✉r❛s ❝r✐st❛❧♦❣rá✜❝❛s ② ❡❧ ♣r♦❣r❛♠❛ ❝❛❧❝✉❧❛ ❡❧ ❩✲s❝♦r❡ ✭❩◗▼❊❆◆✮
❞❡❧ ♣♦t❡♥❝✐❛❧ ❝♦♥ r❡s♣❡❝t♦ ❛❧ ❡✈❛❧✉❛❞♦ ❡♥ ❞✐❝❤❛s ❡str✉❝t✉r❛s ❝♦♠♦ ✉♥❛
♠❡❞✐❞❛ ❞❡ ❧♦ q✉❡ s❡ ❡s♣❡r❛ q✉❡ s❡❛ ✉♥❛ ❡str✉❝t✉r❛ r❡s✉❡❧t❛ ✉s❛♥❞♦ r❛②♦s
❳✳ ❊st❛ ❞✐str✐❜✉❝✐ó♥ s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❧❛ ❋✐❣✉r❛ ✸✳✻❆ ❞♦♥❞❡ s❡ ❝♦♠♣❛r❛♥
❧♦s ✈❛❧♦r❡s ❞❡❧ ♣♦t❡♥❝✐❛❧ ❝♦♥ ❧❛s ❝❛t❡❣♦rí❛s ❞❡ ❝❛❧✐❞❛❞ ♣❛r❛ ❧♦s ♠♦❞❡❧♦s
♦❜t❡♥✐❞♦s ❡♥ ❧❛ ❝♦♠♣❡t❡♥❝✐❛ ❈❆❙P✽✳ ❆sí✱ ♣❛r❛ ❝❛❞❛ ♠♦❞❡❧♦✱ s❡ ❝❛❧❝✉❧❛
❡❧ ❩s❝♦r❡ q✉❡ s❡ ✉s❛ ❝♦♠♦ ♣❛rá♠❡tr♦ ❞❡ ❝❛❧✐❞❛❞ ❝♦♠♦ s❡ ✈❡ ❡♥ ❧❛ ❋✐❣✉r❛
✸✳✻❇✱ ❞♦♥❞❡ s❡ ❛♣r❡❝✐❛ q✉❡ ❡❧ ✈❛❧♦r ❞❡ ◗▼❊❆◆ ❡stá ♥♦r♠❛❧✐③❛❞♦ ❝♦♥ r❡✲
s♣❡❝t♦ ❛❧ ❧❛r❣♦ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ ♣r♦t❡✐❝❛✱ ② s❡ ♠✉❡str❛ ♣❛r❛ ✉♥ ♠♦❞❡❧♦ ❡♥
♣❛rt✐❝✉❧❛r ✭❝r✉③ r♦❥❛✮ ❧♦s ✈❛❧♦r❡s ♦❜t❡♥✐❞♦s ♣❛r❛ ❡❧ ♣✉♥t❛❥❡ ❣❧♦❜❛❧ ② ♣❛r❛

Pá❣✐♥❛ ✺✾ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❝❛❞❛ s✉❜♣♦t❡♥❝✐❛❧ ❬❇❡♥❦❡rt ❡t ❛❧✳✱ ✷✵✵✽❪✱ ❬❇❡♥❦❡rt ❡t ❛❧✳✱ ✷✵✶✵❪✳

❋✐❣✉r❛ ✸✳✻✿ ❉✐str✐❜✉❝✐ó♥ ❞❡ ◗▼❊❆◆ ♣❛r❛ ❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s ❡♥ ❡❧ P❉❇✳ ❆✮
❆s✐❣♥❛❝✐ó♥ ❞❡ ❝❛❧✐❞❛❞ ❞❡ ♠♦❞❡❧♦s s❡❣ú♥ ◗▼❊❆◆ ❜❛s❛♥❞♦s❡ ❡♥ ❡❧ ❝r✐t❡r✐♦ ❞❡ ●❧♦❜❛❧ ❉✐st❛♥t
❚❡st ✲ ❚♦t❛❧ ❙❝♦r❡ q✉❡ s❡ ✉só ♣❛r❛ ❡✈❛❧✉❛r ❡❧ ❣r❛❞♦ ❞❡ ❡rr♦r ❞❡ ❧♦s ♠♦❞❡❧♦s ❡♥ ❈❆❙P✽✳
❋✐❣✉r❛ t♦♠❛❞❛ ❞❡❧ tr❛❜❛❥♦ ❞❡ ❬❇❡♥❦❡rt ❡t ❛❧✳✱ ✷✵✶✵❪ ❇✮ ❊✈❛❧✉❛❝✐ó♥ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❡♥ ❢✉♥❝✐ó♥
❞❡ ❧♦s ✈❛❧♦r❡s ❞❡❧ ♣♦t❡♥❝✐❛❧ ♣❛r❛ ❡str✉❝t✉r❛s r❡s✉❡❧t❛s ♣♦r ❘❛②♦s ❳✳ ❊❧ ♣✉♥t♦ r♦❥♦ ♠❛r❝❛
❞ó♥❞❡ ❝❛❡ ✉♥ ♠♦❞❡❧♦ ❞❛❞♦✳

❉❖P❊✿ ❊st❡ ♣♦t❡♥❝✐❛❧ ❡st❛❞íst✐❝♦ ❡s ✐♥t❡r♥♦ ❞❡ ▼❖❉❊▲▲❊❘ ② s❡ ❝❛❧❝✉❧❛
♣♦r ❞❡❢❡❝t♦ ❝❛❞❛ ✈❡③ q✉❡ s❡ ❝♦♥str✉②❡ ✉♥ ♠♦❞❡❧♦✳ Pr♦✈❡❡ ✉♥ ✈❛❧♦r ❣❧♦❜❛❧
❞❡ ❝❛❧✐❞❛❞ ❞❡ t♦❞❛ ❧❛ ❡str✉❝t✉r❛ ❜❛s❛❞♦ ❡♥ ❧❛ ❢✉♥❝✐ó♥ ❡♥❡r❣ét✐❝❛ q✉❡
▼❖❉❊▲▲❊❘ ✉s❛ ♣❛r❛ ❛s✐❣♥❛r ❧❛s r❡str✐❝❝✐♦♥❡s ❡s♣❛❝✐❛❧❡s✱ ② ❛❞❡♠ás✱ ❞❛
✉♥ ✈❛❧♦r r❡s✐❞✉♦ ♣♦r r❡s✐❞✉♦✱ q✉❡ ❡✈❛❧ú❛ ❧❛ ❝❛❧✐❞❛❞ ❧♦❝❛❧ ❞❡❧ ♠♦❞❡❧❛❞♦✳

✸✳✶✳✷✳ Pr♦t❡í♥❛s ❡♥ ✸❉✿ ❊❧ ❢♦r♠❛t♦ ❞❡ ❛r❝❤✐✈♦ P❉❇

❈♦♠♦ ♠❡♥❝✐♦♥❛♠♦s ♣r❡✈✐❛♠❡♥t❡✱ ❡❧ P❉❇ ❤✐③♦ s✉ ❛♣❛r✐❝✐ó♥ ❛ ♣r✐♥❝✐♣✐♦s ❞❡
❧♦s ✼✵ ❝♦♠♦ ✉♥❛ ❞❡ ❧❛s ♣r✐♠❡r❛s ❜❛s❡s ❞❡ ❞❛t♦s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s q✉❡ ❛❧♠❛✲
❝❡♥❛♥✱ ♠❛♥t✐❡♥❡♥ ② ♣r♦✈❡❡♥ ❞❛t♦s ❜✐♦❧ó❣✐❝♦s✳ ❊❧ é①✐t♦ ❞❡ ❡st❛ ❜❛s❡ ❞❡ ❞❛t♦s
r❛❞✐❝❛ ❡♥ q✉❡ s❡ ♣r♦✈❡❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ✉s❛♥❞♦ ✉♥ ❢♦r♠❛t♦ ❞❡ ❛r❝❤✐✈♦ ✉♥✐✜❝❛❞♦
q✉❡ ♣❡r♠✐t❡ ❛❧♠❛❝❡♥❛r ✐♥❢♦r♠❛❝✐ó♥ tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❡ ♠♦❧é❝✉❧❛s ❜✐♦❧ó❣✐❝❛s✱ ✐♥✲
❞❡♣❡♥❞✐❡♥t❡♠❡♥t❡ ❞❡❧ ♣r♦❝❡s♦ q✉❡ s❡ ✉só ♣❛r❛ ❞❡t❡r♠✐♥❛r ❞✐❝❤❛s ❡str✉❝t✉r❛s✳
❉❡ ❡st❛ ♠❛♥❡r❛✱ ②❛ s❡❛ q✉❡ ❧❛s ❡str✉❝t✉r❛s ❢✉❡r❛♥ r❡s✉❡❧t❛s ♣♦r ❝r✐st❛❧♦❣r❛❢í❛s
❞❡ r❛②♦s ❳✱ ❡①♣❡r✐♠❡♥t♦s ❞❡ ◆▼❘✱ ♠✐❝r♦s❝♦♣í❛ ❡❧❡❝tró♥✐❝❛✱ ❡t❝✱ ❧❛ ❜❛s❡ ❞❡
❞❛t♦s ✉♥✐✜❝❛ ❡❧ ❝r✐t❡r✐♦ ❝♦♥ ❡❧ q✉❡ s❡ ❛❧♠❛❝❡♥❛♥ ❧♦s ❞❛t♦s ❡str✉❝t✉r❛❧❡s✳ ❈♦♠♦
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❧❛ ❋✐❣✉r❛ ✸✳✼✱ ❡♥ ❧♦s út❧✐♠♦s ✷✵ ❛ñ♦s✱ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❡♥tr❛❞❛s
❡♥ ést❛ ❜❛s❡ ❞❡ ❞❛t♦s ❢✉❡ ❛✉♠❡♥t❛♥❞♦ ❤❛st❛ q✉❡✱ ❤♦② ❞í❛✱ ②❛ s❡ ❞❡♣♦s✐t❛r♦♥
♠ás ❞❡ ✶✵✵✵✵✵ ❡str✉❝t✉r❛s ❞❡ ♠♦❧é❝✉❧❛s ❜✐♦❧ó❣✐❝❛s✳

❋✐❣✉r❛ ✸✳✼✿ ❊♥tr❛❞❛s ❞❡♣♦s✐t❛❞❛s ❡♥ ❡❧ P❉❇ ❛ ❧♦ ❧❛r❣♦ ❞❡ ❧♦s ú❧t✐♠♦s ✷✵ ❛ñ♦s✳ ❊♥
❛③✉❧✱ t♦❞❛s ❧❛s ❡♥tr❛❞❛s ❞❡❧ P❉❇ ❝♦rr❡s♣♦♥❞✐❡♥t❡s ❛ ♣r♦t❡í♥❛s✳ ❊♥ ♥❛r❛♥❥❛✱ ❛♠❛r✐❧❧♦ ② ✈❡r❞❡
❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❝❧✉st❡rs q✉❡ s❡ ❞❡❞✉❝❡♥ s❡❣ú♥ ❈❉✲❍■❚ ❛ ✾✵✪✱ ✽✵✪ ② ✼✵✪ ❞❡ ✐❞❡♥t✐❞❛❞ ❞❡
s❡❝✉❡♥❝✐❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

❊❧ ❢♦r♠❛t♦ ❞❡ ❛r❝❤✐✈♦ P❉❇✱ ♥♦ só❧♦ ♣❡r♠✐t✐ó ❛✉♠❡♥t❛r ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ✐♥❢♦r✲
♠❛❝✐ó♥ ❡str✉❝t✉r❛❧ ❞❡ ♠❛♥❡r❛ ♦r❞❡♥❛❞❛✱ s✐♥♦ q✉❡ ❛❞❡♠ás✱ ❢✉❡ ♣♦s✐❜❧❡ ♣♦♥❡rs❡
❞❡ ❛❝✉❡r❞♦ ❛❝❡r❝❛ ❞❡ ❧❛ ✐♥t❡r♣r❡t❛❝✐ó♥ ❞❡ ✉♥ ❡♥s❛♠❜❧❡ ❜✐♦❧ó❣✐❝♦ ♣❛r❛ ❢❛❝✐❧✐t❛r
❡❧ ❛♥á❧✐s✐s ②✴♦ ❡❧ ♠♦❞❡❧❛❞♦ ❞❡ ❞✐❝❤❛s ❡str✉❝t✉r❛s✳ ❊st❛ ✐♥t❡r♣r❡t❛❝✐ó♥ ❝♦♥s✐st❡
❡♥ ❧❛ ❥❡r❛rq✉✐③❛❝✐ó♥ ❞❡ ❧❛s ♠♦❧é❝✉❧❛s ② ❧♦s át♦♠♦s q✉❡ ❧❛ ❝♦♠♣♦♥❡♥ ❡♥ ✉♥❛
❡str✉❝t✉r❛ ❞❡ ❞❛t♦s q✉❡ t✐❡♥❡ ❧♦s s✐❣✉✐❡♥t❡s ♥✐✈❡❧❡s✿ ❊str✉❝t✉r❛✱ ❈❛❞❡♥❛✱
❘❡s✐❞✉♦✱ ➪t♦♠♦✳ ❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ ❝♦♠❡♥t❛r❡♠♦s ❛❝❡r❝❛ ❞❡ ❡st♦s ♥✐✈❡❧❡s ②
♠❡♥❝✐♦♥❛r❡♠♦s ❝✐❡rt❛s ♣r♦♣✐❡❞❛❞❡s q✉❡ ❡s ♣♦s✐❜❧❡ ❝❛❧❝✉❧❛r✴❛s♦❝✐❛r ♣❛r❛ ❝❛❞❛
✉♥♦ ❞❡ ❡❧❧♦s ② s❡rá♥ ✉s❛❞❛s ❝♦♠♦ ❞❡✜♥✐❝✐♦♥❡s ❞❡ ❡st❛ t❡s✐s ❞❡ ❛❝á ❡♥ ❛❞❡❧❛♥t❡✿

❊str✉❝t✉r❛✿ ❙❡ ❧❧❛♠❛ ❡str✉❝t✉r❛ ❛❧ ❡♥s❛♠❜❧❡ ❡♥t❡r♦ q✉❡ s❡ ❤❛②❛ ❡♥ ✉♥
❛r❝❤✐✈♦ P❉❇✳ ❊st❡ ♥✐✈❡❧ ❝♦♠♣r❡♥❞❡ ❡str✉❝t✉r❛s ❞❡ ♣r♦t❡í♥❛s✱ ❞❡ ❆❉◆ ②
❞❡ ♣❡q✉❡ñ♦s ❧✐❣❛♥❞♦s✳ ❆sí ♠✐s♠♦✱ t❛♠❜✐é♥ ❡s ♣♦s✐❜❧❡ ❡♥❝♦♥tr❛r ❝♦♠♣❧❡❥♦s
❞❡ ✐♥t❡r❛❝❝✐ó♥✱ ❝♦♠♦ s❡r✿ ❝♦♠♣❧❡❥♦s ♣r♦t❡í♥❛✲♣r♦t❡í♥❛✱ ♣r♦t❡í♥❛✲❆❉◆ ②
♣r♦t❡í♥❛✲❧✐❣❛♥❞♦✳

❼ ❘❡s♦❧✉❝✐ó♥✿ ❙♦❧♦ ❡♥ ❝❛s♦ ❞❡ s❡r ✉♥❛ ❝r✐st❛❧♦❣r❛❢í❛ ❞❡ r❛②♦s ❳✱ ❡❧
❡①♣❡r✐♠❡♥t♦ ❡s r❡❛❧✐③❛❞♦ ❝♦♥ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ r❡s♦❧✉❝✐ó♥ ♠❡❞✐❞❛ ❡♥

Pá❣✐♥❛ ✻✶ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❆♥❣str♦♠s✳ ❊st❡ ❞❛t♦ ❡s ♠✉② út✐❧ ♣❛r❛ ✜❧tr❛r ❧♦s ❞❛t♦s s❡❣ú♥ s✉
❝❛❧✐❞❛❞✳

❼ ❊str✉❝t✉r❛ ❝✉❛t❡r♥❛r✐❛✿ ■♥❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡❧ ❡st❛❞♦ ❞❡ ♦❧✐❣♦♠❡r✲
✐③❛❝✐ó♥ ❞❡ ❧❛s ❝❛❞❡♥❛s ♣♦❧✐♣❡♣tí❞✐❝❛s ✐♥✈♦❧✉❝r❛❞❛s✳

❼ ❚✐♣♦ ❞❡ ❡str✉❝✉tr❛✿ ❊st❡ ❝❛♠♣♦ ♠❛♥t✐❡♥❡ ✐♥❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡❧
❡①♣❡r✐♠❡♥t♦ ❞❡❧ ❝✉❛❧ s❡ ❤✐③♦ ❡❧ P❉❇ ✭❳✲❘❛②✱ ◆▼❘✮ ② ❞❡❧ t✐♣♦ ❞❡
♠♦❧é❝✉❧❛s ♣r❡s❡♥t❡s ❡♥ ❡❧ P❉❇ ✭♣r♦t✿ ❙ó❧♦ ♣r♦t❡í♥❛✱ ♥✉❝✿ ❙ó❧♦ ❆❉◆
② ♣r♦t✲♥✉❝✿ ♣r♦t❡í♥❛ ② ❆❉◆✮

❈❛❞❡♥❛✿ ▲❛s ❝❛❞❡♥❛s s♦♥ ❧❛ ✉♥✐❞❛❞ q✉❡ ❞❡✜♥❡ ❛ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ♠♦❧❡❝✲
✉❧❛ ♣r♦té✐❝❛ ♦ ❞❡ ❆❉◆✱ ❧❛ ❝✉❛❧ ❛ s✉ ✈❡③ ♣✉❡❞❡ ❝♦♥t❡♥❡r ♣❡q✉❡ñ♦s ❧✐❣❛♥❞♦s
❡♥ ✐♥t❡r❛❝❝✐ó♥ ❝♦♥ ❧❛ ♠✐s♠❛✳ ❊st❡ ♥✐✈❡❧ ❞❡ ❛❜str❛❝❝✐ó♥ ❛②✉❞❛ ❛ s❡♣❛r❛r
❝♦♥❝❡♣t✉❛❧♠❡♥t❡ ❧❛s ✉♥✐❞❛❞❡s ❜✐♦❧ó❣✐❝❛s ❞❡ ♠❛♥❡r❛ t❛❧ ❞❡ ♣♦❞❡r ❞✐st✐♥❣✉✐r
❞✐❢❡r❡♥t❡s s✉❜✉♥✐❞❛❞❡s ❡♥ ❡❧ ❡♥s❛♠❜❧❡ ❜✐♦❧ó❣✐❝♦ ♣r❡s❡♥t❡ ❡♥ ❝❛❞❛ P❉❇✳
P♦r ❡❥❡♠♣❧♦✱ ❡♥ ❧♦s ❝❛s♦s ❞♦♥❞❡ ❤❛② ❡str✉❝t✉r❛s ❝✉❛t❡r♥❛r✐❛s✱ ❞í♠❡r♦s✱
trí♠❡r♦s✱ t❡trá♠❡r♦s✱ ❡t❝✳

❼ ■❞❡♥t✐✜❝❛❞♦r ❞❡ ♣r♦t❡í♥❛✿ ■♥❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡ ❧❛✴s ♣r♦t❡í♥❛✴s
♣r❡s❡♥t❡✴s ❡♥ ❡❧ P❉❇✳ ❙❡ ❛❧♠❛❝❡♥❛ ✉♥❛ r❡❢❡r❡♥❝✐❛ ❛❧ ❝ó❞✐❣♦ ❞❡ ❯♥✐♣r♦t
❝♦rr❡s♣♦♥❞✐❡♥t❡ ❛ ❧❛ ❡str✉❝t✉r❛ ♣r♦té✐❝❛ ② ❧♦s ❞❛t♦s ❛❝❡r❝❛ ❞❡ ❧❛ ❝♦❜❡r✲
t✉r❛ s♦❜r❡ ❞✐❝❤❛ s❡❝✉❡♥❝✐❛✱ ❞❛❞♦ q✉❡ ❡s ❝♦♠ú♥ q✉❡ s❡ r❡s✉❡❧✈❛ só❧♦
✉♥ ❞♦♠✐♥✐♦ ♦ ❢r❛❣♠❡♥t♦ ❞❡ ❧❛ ♣r♦t❡í♥❛ ❡♥ ❝✉❡st✐ó♥✳

❼ ❉♦♠✐♥✐♦s ② ❋❛♠✐❧✐❛s✿ ■♥❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡ ❧❛s ❢❛♠✐❧✐❛s ② ❞♦♠✐♥✐♦s
❢✉♥❝✐♦♥❛❧❡s ✐♥✈♦❧✉❝r❛❞♦s ❝♦♥t❡♥✐❞♦s ❡♥ ❧❛ ❝❛❞❡♥❛ ♣r❡s❡♥t❡ ❡♥ ❡❧ P❉❇✱
❝♦♥ r❡❢❡r❡♥❝✐❛ ❛ ❧♦s ❧í♠✐t❡s q✉❡ ❞❡♥♦t❛♥ ❧❛s r❡❣✐♦♥❡s ❞❡♥tr♦ ❞❡ ❧❛
♠✐s♠❛✳ ❊s ❞❡❝✐r✱ ❞❡s❞❡ ② ❤❛st❛ q✉é ❛♠✐♥♦ á❝✐❞♦ ❞❡♥tr♦ ❞❡ ❧❛ ❝❛❞❡♥❛
♣♦❧✐♣❡♣tí❞✐❝❛ s❡ ❡♥❝✉❡♥tr❛♥ ❧♦s ❞♦♠✐♥✐♦s✳

❘❡s✐❞✉♦✿ ❊❧ ♥✐✈❡❧ ❞❡ r❡s✐❞✉♦ ❡s ✉t✐❧✐③❛❞♦ ♣❛r❛ ✈❛r✐♦s ✜♥❡s ❞✐st✐♥t♦s✳
Pr✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛ ❛❣r✉♣❛r ❧♦s át♦♠♦s ♣❡rt❡♥❡❝✐❡♥t❡s ❛❧ ♠✐s♠♦ ❛♠✐♥♦
á❝✐❞♦✱ ♣❡r♦ t❛♠❜✐❡♥ s❡ ❡♥❝✉❡♥tr❛♥ ❛❣r✉♣❛❞♦s ❡♥ r❡s✐❞✉♦s ❧♦s át♦♠♦s
♣❡rt❡♥❡❝✐❡♥t❡s ❛ ❧❛s ❜❛s❡s ♥✉❝❧❡♦tí❞✐❝❛s ❡♥ ❧❛s ❝❛❞❡♥❛s ❞❡ ❆❉◆✳ ❆❞❡♠ás✱
❛q✉❡❧❧♦s át♦♠♦s ❞❡ ❧✐❣❛♥❞♦ ♣❡q✉❡ñ♦s ✉♥✐❞♦s ❛ tr❛✈❡s ❞❡ ✉♥❛ r❡❞ ❞❡ ❡♥✲
❧❛❝❡s ❝♦✈❛❧❡♥t❡s✱ t❛♠❜✐❡♥ s♦♥ ❛❣r✉♣❛❞♦s ❜❛❥♦ ❡❧ ♥✐✈❡❧ ❞❡ ❛❜str❛❝❝✐ó♥ ❞❡
❘❡s✐❞✉♦✳

❼ ❙✉♣❡r✜❝✐❡ ❛❝❝❡s✐❜❧❡ ❛❧ s♦❧✈❡♥t❡✿ ❱❛❧♦r❡s ❡♥ ❆♥❣str♦♠s ❝✉❛❞r❛✲
❞♦s ❞❡♥♦t❛♥❞♦ ❡❧ ❣r❛❞♦ ❞❡ ❛❝❝❡s✐❜✐❧✐❞❛❞ ❛❧ s♦❧✈❡♥t❡ ❞❡ ❝❛❞❛ r❡s✐❞✉♦
❡♥ ❝❛❞❛ ❡str✉❝t✉r❛ P❉❇✳ ❉✐s♣♦♥✐❜❧❡ ♣❛r❛ ❝❛❞❛ ❝❛❞❡♥❛ ❧❛t❡r❛❧ ❞❡ ❝❛✲
❞❛ ❛♠✐♥♦ á❝✐❞♦ ② ♣❛r❛ ❝❛❞❛ ♣❡q✉❡ñ♦ ❧✐❣❛♥❞♦✳ ❊st❛ ♣r♦♣✐❡❞❛❞ s❡rá
❛♠♣❧✐❛❞❛ ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❼ ❊str✉❝t✉r❛ ❙❡❝✉♥❞❛r✐❛✿ P❛r❛ ❧❛s ❝❛❞❡♥❛s ♣r♦té✐❝❛s✱ s❡ ❛❧♠❛❝❡♥❛♥
❧♦s ✈❛❧♦r❡s ❞❡ á♥❣✉❧♦s ❞✐❤❡r♦s ✭P❍■ ② P❙■✮ ❛sí ❝♦♠♦ ✉♥❛ ❛s✐❣♥❛❝✐ó♥ ❞❡
❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ❞❡ tr❡s ♥✐✈❡❧❡s ✭❍❊▲■❳✱ ❙❍❊❊❚ ② ▲❖❖P✮ q✉❡
♦❜t❡♥❡♠♦s ❛ ♣❛rt✐r ❞❡ ❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ♣r♦♣✉❡s✲
t❛ ♣♦r ❉❙❙P✳ ❊st❛ ♣r♦♣✐❡❞❛❞✱ t❛♠❜✐é♥✱ s❡rá ❛♠♣❧✐❛❞❛ ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳

➪t♦♠♦✿ ❊st❡ ♥✐✈❡❧ ❞❡ ❛❜str❛❝❝✐ó♥ ❝♦rr❡s♣♦♥❞❡ ❛❧ t✐♣♦ ❞❡ át♦♠♦ q✉❡ ❝♦♠✲
♣♦♥❡ ❝❛❞❛ r❡s✐❞✉♦✳ ❈♦♥ ❡st❛ ❡♥t✐❞❛❞ ❡s ♣♦s✐❜❧❡ ❝❛r❛❝t❡r✐③❛r ❡❧ t✐♣♦ ❞❡ át♦✲
♠♦ q✉❡ ❝♦♥t✐❡♥❡ ❝❛❞❛ ♠♦❧é❝✉❧❛✱ ❡♥ tér♠✐♥♦s ❞❡ s✉ r♦❧ ❡♥ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s
✐♥t❡r♠♦❧❡❝✉❧❛r❡s✳ P♦r ❡❥❡♠♣❧♦✱ ❞♦♥♦r❡s ② ❛❝❡♣t♦r❡s ❞❡ ♣✉❡♥t❡ ❤✐❞ró❣❡♥♦✱
❝❛r❜♦♥♦s ❛r♦♠át✐❝♦s ② ❛❧✐❢át✐❝♦s✱ ❡t❝✳

❼ ❚✐♣♦ ❞❡ át♦♠♦✿ ❈❛❞❛ át♦♠♦ t✐❡♥❡ s✉ t✐♣♦ ❡♥ ❢✉♥❝✐ó♥ ❞❡ s✉ r♦❧ ❝♦♠♦
✐♥t❡r❛❝t♦r ❡♥tr❡ ♠♦❧é❝✉❧❛s✳ ❊st♦s t✐♣♦s s♦♥ ❉♦♥♦r❡s ② ❆❝❡♣t♦rs ❞❡
♣✉❡♥t❡s ❞❡ ❤✐❞ró❣❡♥♦✱ át♦♠♦s ❝♦♥ ❝❛r❣❛s ❞❡ ♠❛❣♥✐t✉❞ r❡❧❡✈❛♥t❡ ✭♣♦r
❡❥❡♠♣❧♦ ❡♥ ❧♦s á❝✐❞♦s ❛s♣árt✐❝♦s ② ❣❧✉tá♠✐❝♦s ♦ ❧✐s✐♥❛s ② ❛r❣✐♥✐♥❛s✮ ②
❝❛r❜♦♥♦s ❛r♦♠át✐❝♦s ♦ ❛❧✐❢át✐❝♦s✳ ❉❡ ❡st❛ ♠❛♥❡r❛ ❡s ❢á❝✐❧✱ ♣♦r ❡❥❡♠♣❧♦✱
✐❞❡♥t✐✜❝❛r ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s t❛♥t♦ ❡♥ ❝❛❞❡♥❛s ❧❛t❡r❛❧❡s ❞❡ ❛♠✐♥♦
á❝✐❞♦s ❝♦♠♦ ❡♥ ❝♦♠♣✉❡st♦s t✐♣♦ ❞r♦❣❛ ♦ ❝♦❢❛❝t♦r❡s✱ ❧♦ ❝✉á❧ s❡rá ❞❡
❡s♣❡❝✐❛❧ ✈❛❧♦r ♣❛r❛ ❡❧ ♣ró①✐♠♦ ❝❛♣ít✉❧♦✳

❈♦♥ ❡st♦ ❞❛♠♦s ♣♦r ❝♦♥❝❧✉✐❞❛ ❧❛ ✐♥tr♦❞✉❝❝✐ó♥ q✉❡ s♦♣♦rt❛ ❧❛s ♠❡t♦❞♦❧♦❣í❛s
q✉❡ ✐♠♣❧❡♠❡♥t❛♠♦s ♣❛r❛ r❡❛❧✐③❛r ♣r❡❞✐❝❝✐♦♥❡s ❡str✉❝t✉r❛❧❡s✱ ❧❛s ❝✉❛❧❡s ❞❡✲
s❝r✐❜✐r❡♠♦s ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳ ❈♦♠❡♥t❛r❡♠♦s ❞❡ ♣r❡❞✐❝❝✐♦♥❡s ❞❡ ♣r♦♣✐❡❞❛❞❡s ❡s✲
tr✉❝t✉r❛❧❡s ❝♦♠♦ ❧❛ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ② ❧❛ ❛❝❝❡s✐❜✐❧✐❞❛❞ ❛❧ s♦❧✈❡♥t❡✱ ❛ ♣❛rt✐r
❞❡ ❧❛ s❡❝✉❡♥❝✐❛ ♣r♦t❡✐❝❛✱ ② ❝ó♠♦ s❡ ❝❛❧❝✉❧❛♥ ② s❡ ❛s✐❣♥❛♥ ❞✐❝❤♦s ♣❛rá♠❡tr♦s s✐
❡s q✉❡ s❡ ❝♦♥♦❝❡ ❧❛ ❡str✉❝t✉r❛✳ ▲✉❡❣♦✱ ❡♥ ❧❛ s❡❝❝✐ó♥ ❞❡ r❡s✉❧t❛❞♦s ♠♦str❛r❡♠♦s
❝ó♠♦ ❡st✉❞✐❛r ❡❧ ❣r❛❞♦ ❞❡ ❡rr♦r ❡♥ ❧♦s ♠♦❞❡❧♦s ❛ ♣❛rt✐r ❞❡ ♣❛rá♠❡tr♦s q✉❡
s❡ ❝♦♥♦❝❡♥ ❞❡ ❧♦s ♠♦❞❡❧♦s ♦❜t❡♥✐❞♦s ❧✉❡❣♦ ❞❡ t❡r♠✐♥❛❞♦ ❡❧ ♠♦❞❡❧❛❞♦ ❝♦♠♦
s❡r✿ ❧♦s ✈❛❧♦r❡s q✉❡ ❛s✐❣♥❛♥ ❞❡ ❧♦s ♣♦t❡♥❝✐❛❧❡s ❡♥❡r❣ét✐❝♦s ❛ ❝❛❞❛ ♠♦❞❡❧♦ ② ❡❧
❛❧✐♥❡❛♠✐❡♥t♦ q✉❡ s❡ ✉só ♣❛r❛ ❡❧ ♠♦❞❡❧❛❞♦✳ ❋✐♥❛❧♠❡♥t❡✱ ✉s❛♥❞♦ ❞✐❝❤♦ ❝r✐t❡r✐♦
❡st✉❞✐❛r❡♠♦s ❝♦♥ q✉é ❣r❛❞♦ ❞❡ ♣r❡❝✐s✐ó♥ s❡ ❡stá♥ ❝✉❜r✐❡♥❞♦ ❧♦s ❣❡♥♦♠❛s ❞❡ ✸
♦r❣❛♥✐s♠♦s ❜❛❝t❡r✐❛♥♦s✳

✸✳✷✳ ▼❛t❡r✐❛❧❡s ② ▼ét♦❞♦s

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

❆ ❝♦♥t✐♥✉❛❝✐ó♥ ♠❡♥❝✐♦♥❛r❡♠♦s ❞♦s ❝r✐t❡r✐♦s q✉❡ ❞❛♥ ❧✉❣❛r ❛ ❛❧❣♦r✐t♠♦s ❞❡
❝❛❧❝✉❧♦✴❛s✐❣♥❛❝✐ó♥ ❞❡ ❞♦s ♣r♦♣✐❡❞❛❞❡s ❡str✉❝t✉r❛❧❡s ♠✉② ✐♠♣♦rt❛♥t❡s q✉❡ s♦♥✿
❧❛ s✉♣❡r✜❝✐❡ ❛❝❝❡s✐❜❧❡ ❛❧ s♦❧✈❡♥t❡ ② ❧❛ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛✳ ▲♦ r❡❧❡✈❛♥t❡ ❞❡

Pá❣✐♥❛ ✻✸ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❡st❛s ❞♦s ♣r♦♣✐❡❞❛❞❡s ❡s q✉❡ s❡ r❡❧❛❝✐♦♥❛♥ ❛ ♥✐✈❡❧ ❞❡ r❡s✐❞✉♦ ❡♥ ❧❛ ❡str✉❝t✉r❛
❞❡ ❞❛t♦s ♠❡♥❝✐♦♥❛❞❛ ♣r❡✈✐❛♠❡♥t❡✱ ② ❛❞❡♠ás ❝♦♥st✐t✉②❡♥ ❞♦s ♣❛rá♠❡♥tr♦s ♠✉②
✉s❛❞♦s ❛ ❧❛ ❤♦r❛ ❞❡ ❡✈❛❧✉❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ✉♥ ♠♦❞❡❧♦ ❡str✉❝t✉r❛❧✳

➪r❡❛ ❞❡ ❧❛ s✉♣❡r✜❝✐❡ ❛❝❝❡s✐❜❧❡ ❛❧ s♦❧✈❡♥t❡

▲❛ s✉♣❡r✜❝✐❡ ❛❝❝❡s✐❜❧❡ ❛❧ s♦❧✈❡♥t❡ ✭❙❆❙ ♦ ❙❆❙❆ ♣❛r❛ ❡❧ ➪r❡❛✮ ❝♦rr❡s♣♦♥❞❡
❛ ❧❛ ♣♦r❝✐ó♥ ❞❡ ❝❛❞❛ ❛♠✐♥♦ á❝✐❞♦ q✉❡ ♥♦ ❡stá ♦❝✉❧t❛ ❡♥ ❧❛ ♣r♦t❡í♥❛ ❝♦♥t❛❝t❛♥❞♦
♦tr♦s ❛♠✐♥♦ á❝✐❞♦s✳ ❉❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ❜✐♦✐♥❢♦r♠át✐❝♦ ❡s ♣♦s✐❜❧❡ ♦❜t❡♥❡r
❡❧ ✈❛❧♦r ❞❡ ❙❆❙❆ ♣❛r❛ ❝❛❞❛ ❛♠✐♥♦ á❝✐❞♦✱ ✉t✐❧✐③❛♥❞♦ ✉♥ ❛❧❣♦r✐t♠♦ q✉❡ ❞✐s♣♦♥❡
❡s❢❡r❛s ❝❡r❝❛♥❛s ❛ ❧♦s át♦♠♦s ❞❡❧ ❛♠✐♥♦ á❝✐❞♦ ❡♥ ❝✉❡st✐ó♥ ②✱ t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛
❧♦s r❛❞✐♦s ❞❡ ❱❛♥ ❞❡r ❲❛❧❧s✱ s❡ ✜❧tr❛♥ ❧❛s ❡s❢❡r❛s q✉❡ ♣r♦❞✉❝❡♥ ❝❤♦q✉❡s ✭♦
❝❧❛s❤❡s✮ ② ❝♦♥ ❧❛s ❡s❢❡r❛s q✉❡ q✉❡❞❛♥ s❡ ❡st✐♠❛ ❡❧ ár❡❛ q✉❡ ❡stá ❛❝❝❡s✐❜❧❡ ❛
♠♦❧é❝✉❧❛s ❞❡❧ s♦❧✈❡♥t❡ ✭s❡ t♦♠❛ ❝♦♠♦ s♦❧✈❡♥t❡ ❜❛s❡ ❡❧ ❛❣✉❛✮✳ ❈❧❛r❛♠❡♥t❡✱ ❡❧
❝á❧❝✉❧♦ ❡s ❞❡♣❡♥❞✐❡♥t❡ ❞❡❧ t❛♠❛ñ♦ ❞❡ ❧❛ ❡s❢❡r❛✱ ♣♦r ❧♦ q✉❡ s❡ ✉s❛ ✉♥ ✈❛❧♦r ❞❡
✶✳✹➴✱ q✉❡ ❞❛ ❧♦s r❡s✉❧t❛❞♦s ♠ás ❝♦✐♥❝✐❞❡♥t❡s ❝♦♥ r❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛❧❡s✳
P❛r❛ ❡❧ ❝á❧❝✉❧♦ ✉s❛♠♦s ❡❧ ❛❧❣♦r✐t♠♦ ♣r❡s❡♥t❡ ❡♥ ❡❧ s♦❢t✇❛r❡ ❱▼❉✳

❆ ✈❡❝❡s ❡s ✐♥t❡r❡s❛♥t❡ ❝❛❧❝✉❧❛r ❡❧ ár❡❛ ❞❡ ❧❛ s✉♣❡r✜❝✐❡ ❞❡ ❝♦♥t❛❝t♦ q✉❡ ❧♦s
❛♠✐♥♦ á❝✐❞♦s ❡st❛❜❧❡❝❡♥ ❝♦♥ ♣❡q✉❡ñ♦s ❧✐❣❛♥❞♦s ♦ ✐♥❝❧✉s♦ ❝♦♥ ♦tr❛s ♣r♦t❡í♥❛s ♦
♣é♣t✐❞♦s✳ P❛r❛ ❡st♦ ❝❛❧❝✉❧❛♠♦s ❧❛ ❛❝❝❡s✐❜✐❧✐❞❛❞ ❞❡ ❝❛❞❛ ❛♠✐♥♦ á❝✐❞♦ ❡♥ ✈❛r✐❛s
❝♦♥✐❞✐❝✐♦♥❡s✱ ♠✐❞✐❡♥❞♦ ❡❧ ár❡❛ ② q✉✐t❛♥❞♦ ♦tr♦s ❡❧❡♠❡♥t♦s ✐♥t❡r❛❝t♦r❡s ♣r❡✲
s❡♥t❡s ❡♥ ❧❛ ❡str✉❝t✉r❛✳ ❉❛❞♦ ✉♥ ❝r✐st❛❧✱ ❡s ♣♦s✐❜❧❡ q✉❡ ❧❛ ❡str✉❝t✉r❛ ❞❡ ❝❛❞❛
❝❛❞❡♥❛ ♣♦❧✐♣❡♣tí❞✐❝❛ ✈❡♥❣❛ ❝♦♥ ♠♦❧é❝✉❧❛s ❞❡ ❛❣✉❛✱ ♠♦❧é❝✉❧❛s ❞❡ ❧✐❣❛♥❞♦s ♦
✐♥❝❧✉s♦ q✉❡ ❤❛②❛ ✉♥ ❡st❛❞♦ ❞❡ ♦❧✐❣♦♠❡r✐③❛❝✐ó♥ ✭❡str✉❝t✉r❛ ❝✉❛t❡r♥❛r✐❛✮ ❡♥tr❡
❧❛s ❞✐st✐♥t❛s ❝❛❞❡♥❛s✳ P❛r❛ s❛❜❡r ❧❛s ❞✐❢❡r❡♥❝✐❛s ❡♥tr❡ ❡❧ ár❡❛ ❡①♣✉❡st❛ ❝♦♥ ②
sí♥ ❧✐❣❛♥❞♦s ♦ ❝♦♥ ② sí♥ ✐♥t❡r❛❝❝✐♦♥❡s ♣r♦t❡í♥❛✲♣r♦t❡í♥❛✱ ❝❛❧❝✉❧❛♠♦s ❡❧ ár❡❛
❛❝❝❡s✐❜❧❡ ❛❧ s♦❧✈❡♥t❡ q✉✐t❛♥❞♦ ♠♦❧é❝✉❧❛s s❡❣ú♥ s✉ t✐♣♦✳ ❆sí✱ ♦❜t❡♥❡♠♦s ✈❛r✐♦s
✈❛❧♦r❡s ❞❡ ❙❆❙❆ ♣❛r❛ ❝❛❞❛ ❛♠✐♥♦ á❝✐❞♦ ❞❡♣❡♥❞✐❡♥❞♦ ❞❡ s✐ ❝♦♥t❛♠♦s ❧❛s ❛❣✉❛s✱
❧♦s ❧✐❣❛♥❞♦s✱ ❧❛s ♦tr❛s ❝❛❞❡♥❛s ♣♦❧✐♣❡♣tí❞✐❝❛s✱ ❡t❝✳ ❙❡ ❝✉❛♥t✐✜❝❛r♦♥ ✹ t✐♣♦s ❞❡
s✉♣❡r✜❝✐❡s✱ ❡♥✉♠❡r❛❞❛s ❛ ❝♦♥t✐♥✉❛❝✐ó♥✿

❙❆❙❆ s✐♥ ❛❣✉❛s ②✴♦ ♦tr♦s s♦❧✈❡♥t❡s ✭SASANOWAT ✮ ❊❧ ár❡❛✱ sí♥ ❧❛s
♠♦❧é❝✉❧❛s ❞❡ ❛❣✉❛ q✉❡ ❤❛②❛♥ s✐❞♦ ❝r✐st❛❧✐③❛❞❛s ❝♦♥ ❧❛✴s ♣r♦t❡í♥❛✴s✳ ❙ó❧♦
♣❛r❛ ❝❛s♦s ❞❡ P❉❇ ♣r♦✈❡♥✐❡♥t❡s ❞❡ ❡①♣❡r✐♠❡♥t♦s ❞❡ ❘❛②♦s ❳✳

❙❆❙❆ s✐♥ ❝♦♠♣✉❡st♦s q✉í♠✐❝♦s ❤❡t❡r♦át♦♠♦s ✭SASANOHET ✮ ❊❧
ár❡❛✱ sí♥ ❧❛s ♠♦❧é❝✉❧❛s ❝♦rr❡s♣♦♥❞✐❡♥t❡s ❛ ❤❡t❡r♦át♦♠♦s q✉❡ ♥♦ s❡❛♥ ❛♠✐♥♦
á❝✐❞♦s ♠♦❞✐✜❝❛❞♦s✳ ❙❡ s✉❡❧❡ ✉s❛r ❡❧ ♠♦t❡ ❞❡ ❤❡t❡r♦át♦♠♦ ✭❍❊❚❆❚▼✮ ♣❛r❛
❧♦s ❝❛s♦s ❡♥ ❧♦s q✉❡ ❧♦s r❡s✐❞✉♦s ❛ ❧♦s q✉❡ ♣❡rt❡♥❡❝❡ ❞✐❝❤♦ át♦♠♦ s♦♥
❞❡ ♠♦❧é❝✉❧❛s ♦r❣á♥✐❝❛s ♣❡q✉❡ñ❛s q✉❡ ❤❛②❛♥ s✐❞♦ ✉s❛❞❛s ❡♥ ❡❧ ♣r♦❝❡s♦ ❞❡
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

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

❙❆❙❆ sí♥ ✐♥t❡r❛❝❝✐♦♥❡s ♣r♦t❡í♥❛s✲♣r♦t❡í♥❛ ✭SASANOPPI✮ ❊❧ ár❡❛✱
sí♥ ❝♦♥t❛r ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ♣r♦t❡í♥❛✲♣r♦t❡í♥❛✳ ❖ s❡❛✱ s✐♥ t❡♥❡r ❡♥ ❝✉❡♥t❛
❧❛ ❡str✉❝t✉r❛ ❝✉❛t❡r♥❛r✐❛ ❞❡ ❧❛ ♣r♦t❡í♥❛✱ ❝♦♥t❛♥❞♦ só❧♦ ❡❧ ár❡❛ ❝♦♠♦ s✐
❝❛❞❛ s✉❜✉♥✐❞❛❞ ❡st✉✈✐❡r❛ ❛✐s❧❛❞❛ ❞❡ ❧❛s ♦tr❛s✳

❙❆❙❆ t♦t❛❧ ❞❡ ❛♠✐♥♦ á❝✐❞♦ ✭SASATOTAL✮✿ ❊❧ ár❡❛ t♦t❛❧ ❞❡❧ ❛♠✐♥♦
á❝✐❞♦ s✐♥ ❡❧ r❡st♦ ❞❡ ❧❛ ♣r♦t❡í♥❛ ❛ ❧❛ q✉❡ ♣❡rt❡♥❡❝❡ ❝♦♠♦ s✐ ❡st✉✈✐❡r❛ ❡♥
✈❛❝í♦✳

❊st♦s ✈❛❧♦r❡s ♥♦s ♣❡r♠✐t❡♥ ❝❛❧❝✉❧❛r ❡❧ ❣r❛❞♦ ❞❡ ❡①♣♦s✐❝✐ó♥ ❞❡ ❧♦s ❛♠✐♥♦
á❝✐❞♦s s❡❣ú♥ s✉s ✐♥t❡r❛❝❝✐♦♥❡s ❝♦♥ ♦tr❛s ♠♦❧é❝✉❧❛s✳ P♦r ❡❥❡♠♣❧♦✱ ♣❛r❛ ❝❛❧❝✉❧❛r
❝✉á♥t❛ ár❡❛ t✐❡♥❡ ❡♥ ❝♦♥t❛❝t♦ ✉♥ ❞❡t❡r♠✐♥❛❞♦ ❛♠✐♥♦ á❝✐❞♦ ❝♦♥ ❧♦s ❧✐❣❛♥❞♦s ❞❡
❧❛ ♣r♦t❡í♥❛✱ s❡ r❡st❛♥ SASANOHET−SASANOWAT ✳ ❊st❛ r❡st❛ s✐❡♠♣r❡ ❡s ♣♦s✐✲
t✐✈❛ ② ♠✐❞❡ ❡❧ ár❡❛ ❝♦♠♣❛rt✐❞❛ ❡♥tr❡ ❡❧ ❛♠✐♥♦ á❝✐❞♦ ② ❡❧✴❧♦s ❧✐❣❛♥❞♦s✳ ❆ s✉ ✈❡③✱
s✐ ♥♦s ✐♥t❡r❡s❛ ❡❧ ár❡❛ ❞❡ ❝♦♥t❛❝t♦ ❛♣♦rt❛❞❛❞❛ ♣♦r ✉♥ ❛♠✐♥♦ á❝✐❞♦ ❡♥ ❧❛s ✐♥✲
t❡r❛❝❝✐♦♥❡s ♣r♦t❡í♥❛✲♣r♦t❡í♥❛✱ ❤❛❝❡♠♦s ❧❛ ❝✉❡♥t❛ SASANOPPI −SASANOHET

q✉❡ t❛♠❜í❡♥ s❡rá s✐❡♠♣r❡ ♣♦s✐t✐✈❛ ♣♦r ❞❡✜♥✐❝✐ó♥✳

❆s✐❣♥❛❝✐ó♥ ❞❡ ❊str✉❝t✉r❛ ❙❡❝✉♥❞❛r✐❛

P❛r❛ ❛s✐❣♥❛r ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛✱ ✉s❛♠♦s ❡❧ s♦❢t✇❛r❡ ❉❙❙P q✉❡ ❛s✐❣♥❛
❡❧❡♠❡♥t♦s ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ❛ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ❛♠✐♥♦ á❝✐❞♦s✱ ❜❛s❛♥❞♦s❡
❡♥ ❝r✐t❡r✐♦s ❞❡ á♥❣✉❧♦s ❞✐❤❡❞r♦s ② ♣✉❡♥t❡s ❞❡ ❤✐❞ró❣❡♥♦ ❡♥tr❡ ❧♦s ❜❛❝❦❜♦♥❡s
❞❡ ❧♦s ❛♠✐♥♦ á❝✐❞♦s ✐♥✈♦❧✉❝r❛❞♦s✳ ❆sí✱ ❝♦♥ ❡st❛ ❤❡rr❛♠✐❡♥t❛ ♦❜t❡♥❡♠♦s ❧♦s
s✐❣✉✐❡♥t❡s ✈❛❧♦r❡s✿ ➪♥❣✉❧♦ ❞✐❤❡❞r♦ P❍■✱ ➪♥❣✉❧♦ ❞✐❤❡❞r♦ P❙■ ② ❡❧ ❈ó❞✐❣♦ ❞❡
❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛✱ ♣❛r❛ ❡❧ ❝✉❛❧ ✉s❛♠♦s ✉♥❛ ❝♦❞✐✜❝❛❝✐ó♥ ❞❡ tr❡s ♥✐✈❡❧❡s
✭❍❊▲■❳✿ ❍✱ ❙❍❊❊❚✿ ❊✱ ▲❖❖P✿ ❈✮✱ ♣❛rt✐❡♥❞♦ ❞❡ ❧❛ ❝♦❞✐✜❝❛❝✐ó♥ q✉❡ ♣r♦✈❡❡
❉❙❙P✳

✸✳✷✳✷✳ Pr❡❞✐❝❝✐ó♥ ❞❡ ♣r♦♣✐❡❞❛❞❡s ❡str✉❝t✉r❛❧❡s

❈✉❛♥❞♦ ♥♦ ❡s ♣♦s✐❜❧❡ ♦❜t❡♥❡r ❡str✉❝t✉r❛s ❞❡ ♣r♦t❡í♥❛s s✐♠✐❧❛r❡s ❡♥ ❧❛s ❜❛s❡s
❞❡ ❞❛t♦s✱ ❛ú♥ ❡s ♣♦s✐❜❧❡ ♣r❡❞❡❝✐r ❝✐❡rt❛s ♣r♦♣✐❡❞❛❞❡s ❛ ♥✐✈❡❧ ❞❡ r❡s✐❞✉♦ ✉t✐✲
❧✐③❛♥❞♦ ❝♦♠♦ ❡♥tr❛❞❛ só❧♦ ❧❛ s❡❝✉❡♥❝✐❛ ♣r♦t❡✐❝❛✳ ❆ ❝♦♥t✐♥✉❛❝✐ó♥ ❝♦♠❡♥t❛r❡♠♦s
❛❝❡r❝❛ ❞❡ ✷ ♣r❡❞✐❝❝✐♦♥❡s ✭❡♥tr❡ ♦tr❛s✮ q✉❡ ❡st✉✈✐❡r♦♥ ❡♥ ❛✉❣❡ ❞✉r❛♥t❡ ❧❛ ❞é❝❛✲
❞❛ ❞❡❧ ✷✵✵✵✿ ❊str✉❝t✉r❛ ❙❡❝✉♥❞❛r✐❛ ② ❆❝❝❡s✐❜✐❧✐❞❛❞ ❛❧ ❙♦❧✈❡♥t❡✳ ❆ ♠❡❞✐❞❛ q✉❡
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❈❆❙P ❢✉❡ ❛✈❛♥③❛♥❞♦✱ s❡ ♣✉❞♦ ✈❡r q✉❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ✜❧♦❣❡♥ét✐❝❛ ❛✉♠❡♥t❛✲
❜❛ ❡❧ ♣♦❞❡r ♣r❡❞✐❝t✐✈♦ ❞❡ ❡st♦s ♠ét♦❞♦s✳ P♦r ❡s♦✱ t♦❞❛s ❡st❛s té❝♥✐❝❛s✱ t✐❡♥❡♥
❡♥ ❝♦♠ú♥ q✉❡ ❝♦♥str✉②❡♥ ✉♥ ♣❡r✜❧ ❡st❛❞íst✐❝♦ ❛ ♣❛rt✐r ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t
❝♦♥ ❡❧ ❝✉á❧ ❛❧✐♠❡♥t❛♥ ❞✐st✐♥t❛s ❡str❛t❡❣✐❛s ❞❡ ❛♣r❡♥❞✐③❛❥❡ ❛✉t♦♠át✐❝♦ ✭❘❡❞❡s
♥❡✉r♦♥❛❧❡s✱ ▼áq✉✐♥❛s ❞❡ ✈❡❝t♦r❡s ❞❡ s♦♣♦rt❡✱ ❡t❝✮✳ ❯s❛♠♦s ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡s✲
tr✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ② ❞❡ ❛❝❝❡s✐❜✐❧✐❞❛❞ ❛❧ s♦❧✈❡♥t❡ ♣❛r❛ ❛❧✐♠❡♥t❛r ❧❛ ❡✈❛❧✉❛❝✐ó♥
❞❡ ❝❛❧✐❞❛❞ q✉❡ r❡❛❧✐③❛ ◗▼❊❆◆✱ ❞❛❞♦ q✉❡ ♠❡❥♦r❛ ❜❛st❛♥t❡ ❡❧ ♣♦❞❡r ♣r❡❞✐❝t✐✈♦✳

Pr❡❞✐❝❝✐ó♥ ❞❡ ❛❝❝❡s✐❜✐❧✐❞❛❞ ❛❧ s♦❧✈❡♥t❡

▲❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❛❝❝❡s✐❜✐❧✐❞❛❞ ❛❧ s♦❧✈❡♥t❡ s❡ ♣✉s♦ ❛ ♣✉♥t♦ ✉s❛♥❞♦ ❡❧ s♦❢t✲
✇❛r❡ ❙❙P❘❖ ❬▼❛❣♥❛♥ ❛♥❞ ❇❛❧❞✐✱ ✷✵✶✹❪✳ ❊st❡ ♣❛q✉❡t❡ ❞❡ s♦❢t✇❛r❡ ✉s❛ r❡❞❡s
♥❡✉r♦♥❛❧❡s ♣❛r❛ ♣r❡❞❡❝✐r ❛ ♣❛rt✐r ❞❡ ✉♥ ♣❡r✜❧ ❞❡ s❡❝✉❡♥❝✐❛s ♦❜t❡♥✐❞♦ ✉s❛♥❞♦
P❙■✲❇▲❆❙❚✳ ❉❛❞♦ q✉❡ ❡♥ ❡❧ ♣✐♣❡❧✐♥❡ ❞❡ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦ ❝❛❧❝✉❧❛♠♦s
✉♥ ♣❡r✜❧✱ ❧♦ ✉s❛♠♦s ❝♦♠♦ ❡♥tr❛❞❛ ❞❡ ❡st❡ s♦❢t✇❛r❡ ♣❛r❛ ❞❡s♣✉és ✉s❛r❧♦s ❡♥ ❧❛
❡st✐♠❛❝✐ó♥ ❞❡ ❝❛❧✐❞❛❞✳

Pr❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛

❉❡❧ ♠✐s♠♦ ♠♦❞♦ q✉❡ ❡♥ ❡❧ ❝❛s♦ ❛♥t❡r✐♦r✱ ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥✲
❞❛r✐❛ s❡ r❡❛❧✐③❛ t♦♠❛♥❞♦ ❝♦♠♦ ❡♥tr❛❞❛ ❡❧ ♣❡r✜❧ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ q✉❡ s❡ ❞❡s❡❛
♣r❡❞❡❝✐r✳ ❈❛❜❡ ♠❡♥❝✐♦♥❛r ❛q✉❡❧❧♦s ♣r❡❞✐❝t♦r❡s ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ q✉❡ ✉s✲
❛♠♦s ❡♥ ❡st❡ tr❛❜❛❥♦✿ P❙■Pr❡❞ ❬❏♦♥❡s✱ ✶✾✾✾❪✱ ❏Pr❡❞ ❬❈✉✛ ❡t ❛❧✳✱ ✶✾✾✽❪✱ P♦rt❡r
❬P♦❧❧❛str✐ ❛♥❞ ▼❝▲②s❛❣❤t✱ ✷✵✵✺❪✳ ❆ s✉ ✈❡③✱ ❡st♦s ♣r❡❞✐❝t♦r❡s ❢✉❡r♦♥ ✉t✐❧✐③❛❞♦s
♣❛r❛ ♦❜t❡♥❡r ✉♥ ❝♦♥s❡♥s♦ ❛❝❡r❝❛ ❞❡ ❧❛ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ❞❡ ❧❛ ♣r♦t❡í♥❛✱ ❧♦
❝✉á❧ ❢✉❡ ❞❡♠♦str❛❞♦ ❡①✐t♦s♦ ❡♥ ❧❛ ❝♦♠♣❡t❡♥❝✐❛ ❈❆❙P ❬❆❧❜r❡❝❤t ❡t ❛❧✳✱ ✷✵✵✸❪✳
❯♥❛ ❞✐st✐♥❝✐ó♥ ✐♥t❡r❡s❛♥t❡ ♣❛r❛ t❡♥❡r ❡♥ ❝✉❡♥t❛ ❡♥ ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛
s❡❝✉♥❞❛r✐❛ ❡s ❡❧ ❤❡❝❤♦ ❞❡ t❡♥❡r ❡♥ ❝✉❡♥t❛ ❡❧ t✐♣♦ ❞❡ ♣r♦t❡í♥❛ q✉❡ s❡ ❞❡s❡❛
❡st✉❞✐❛r✳ ❊♥ ❡❧ ❝❛s♦ ❞❡ ❧❛s ♣r♦t❡í♥❛s ❝♦♥ ♣❛s♦s tr❛♥s♠❡♠❜r❛♥❛✱ ♣♦r ❡❥❡♠♣❧♦✱
❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ s❡❣♠❡♥t♦s ✭❤é❧✐❝❡s ❛❧❢❛ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡✮ ❞✐ó ❧✉❣❛r ❛ ✈❛r✲
✐♦s ♣r❡❞✐❝t♦r❡s ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ❡s♣❡❝✐❛❧✐③❛❞♦s ❡♥ ♣r❡❞❡❝✐r ❡st❡ t✐♣♦
♣❛rt✐❝✉❧❛r ❞❡ ❡str✉❝t✉r❛✳

✸✳✷✳✸✳ P✐♣❡❧✐♥❡ ❞❡ ▼♦❞❡❧❛❞♦ ❊str✉❝t✉r❛❧

P✉s✐♠♦s ❛ ♣✉♥t♦ ✉♥ ♣✐♣❡❧✐♥❡ ❞❡ ♠♦❞❡❧❛❞♦ ❡str✉❝t✉r❛❧ ✉s❛♥❞♦ ❧❛ té❝♥✐❝❛ ❞❡
♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦✱ ♣♦rq✉❡ ❧❛ ✐❞❡❛ ❡r❛ ♣r♦❝❡s❛r ❣r❛♥❞❡s ❞❛t♦s ❡♥ t✐❡♠♣♦s
❛❝❝❡s✐❜❧❡s✳ ❉✐✈✐❞✐♠♦s ❡❧ ♣r♦❝❡s♦ ❡♥ s✉❜♣r♦❝❡s♦s ❜ás✐❝♦s ✐♥s♣✐r❛❞♦s ❡♥ ❧♦s ♣❛s♦s
♠❡♥❝✐♦♥❛❞♦s ♣r❡✈✐❛♠❡♥t❡ ❝♦♠♦ ✐♥❞✐❝❛ ❧❛ ❋✐❣✉r❛ ✸✳✽✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

▲♦s ♣❛s♦s ❞❡ ❜úsq✉❡❞❛s ❞❡ t❡♠♣❧❛❞♦s ② ❛❧✐♥❡❛♠✐❡♥t♦ ❡♥tr❡ ❡❧ t❛r✲

❣❡t ② ❡❧ t❡♠♣❧❛❞♦✱ s❡ r❡s✉♠❡♥ ❡♥ ✉♥❛ ❜úsq✉❡❞❛ ✉s❛♥❞♦ P❙■✲❇▲❆❙❚✳ ▲❛
✐❞❡❛ ❡s ✉s❛r ❡❧ ♠✐s♠♦ ❤✐t ❞❡ P❙■✲❇▲❆❙❚ ♣❛r❛ ❡①tr❛❡r ❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ q✉❡ s❡
✉s❛rá ❡♥ ❡❧ ♠♦❞❡❧❛❞♦✳ P❡r♦✱ ♣❛r❛ ♣♦❞❡r ❜✉s❝❛r ❡♥ ❧❛ ❜❛s❡ ❞❡ ❞❛t♦s ❞❡❧ P❉❇
✭❧❛s s❡❝✉❡♥❝✐❛s ❋❆❙❚❆✮✱ ♣r✐♠❡r♦ ❡s ♥❡❝❡s❛r✐♦ ❝♦♥str✉✐r ✉♥❛ P❙❙▼ q✉❡ ♣❡r♠✐t❛
♦❜t❡♥❡r ❤✐ts ❝♦♥ ♠❡♥♦s s✐♠✐❧❛r✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ q✉❡ ✉s❛♥❞♦ só❧♦ ✉♥❛ ❜úsq✉❡❞❛
❇▲❆❙❚✳ P❛r❛ ❡st♦✱ s❡ ✉s❛ ✉♥❛ ❜úsq✉❡❞❛ P❙■✲❇▲❆❙❚ ♣❛r❛ ♦❜t❡♥❡r ✉♥❛ ❣r❛♥
❝❛♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛s ❞❡ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s✳ ❊s ✐♠♣♦rt❛♥t❡ q✉❡ ❡st❛ ❜❛s❡ ❞❡
❞❛t♦s ❡sté ❛❣r✉♣❛❞❛ ♣♦r ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ♣❛r❛ ♥♦ ❝r❡❛r ♣❡r✜❧❡s ❡st❛❞ís✲
t✐❝♦s s❡s❣❛❞♦s ❡♥ ❝❛s♦ ❞❡ q✉❡ ❛♣❛r❡③❝❛♥ ✈❛r✐❛s ♣r♦t❡í♥❛s ♠✉② ♣❛r❡❝✐❞❛s✳ ❊♥
♥✉❡str♦ ❝❛s♦ ✐♠♣❧❡♠❡♥t❛♠♦s ❧❛ ❝r❡❛❝✐ó♥ ❞❡ ❧❛ P❙❙▼ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ ✉s❛♥❞♦
❝♦♠♦ ❜❛s❡ ❯♥✐❘❡❢✺✵✱ ❝♦♥ ✸ ✐t❡r❛❝✐♦♥❡s ❞❡ P❙■✲❇▲❆❙❚ ② ✉♥ ✉♠❜r❛❧ ❞❡ r❡❝❛✉✲
❞❛❝✐ó♥ ♣❛r❛ ❡❧ ❡✲✈❛❧✉❡ ❞❡ ✵✳✵✵✵✵✶✳ ▲❛ ❜❛s❡ ❞❡ ❞❛t♦s ❯♥✐❘❡❢✺✵ ❡s ❡❧ r❡s✉❧t❛❞♦ ❞❡
✉♥ ♣r♦❝❡s♦ ❞❡ ❝❧✉st❡r✐♥❣ ❡♥tr❡ ❧❛s s❡❝✉❡♥❝✐❛s ❞❡ ❧❛ ❜❛s❡ ❞❡ ❞❛t♦s ❯♥✐Pr♦t q✉❡✱
❡♥ ♣❛rt✐❝✉❧❛r✱ ❢✉❡ r❡❛❧✐③❛❞♦ ❝♦♥ ✉♥ ♣✉♥t♦ ❞❡ ❝♦rt❡ ❞❡ ♠❛♥❡r❛ q✉❡ ❧❛s s❡❝✉❡♥❝✐❛s
❞❡ ♣r♦t❡í♥❛s ♥♦ t❡♥❣❛♥ ♠ás ❞❡❧ ✺✵✪ ❞❡ ✐❞❡♥t✐❞❛❞ ❡♥tr❡ ❡❧❧❛s✳ ❉✐❝❤❛ ❝♦rr✐❞❛
❞❡ P❙■✲❇▲❆❙❚ ❞❛ ❝♦♠♦ r❡s✉❧t❛❞♦ ✉♥❛ P❙❙▼ ♦ ❝❤❡❝❦♣♦✐♥t q✉❡ ❝♦♥t✐❡♥❡ ✐♥❢♦r✲
♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡ ❧❛s ♣r♦♣♦r❝✐♦♥❡s ❞❡ ❝❛❞❛ ❛♠✐♥♦ á❝✐❞♦ s♦❜r❡ ❝❛❞❛ ♣♦s✐❝✐ó♥
✭P❙❙▼✮ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t✳ ❙❡❣✉♥❞♦✱ ❧❛ ❜úsq✉❡❞❛ P❙■✲❇▲❆❙❚ s❡ r❡✐♥✐❝✐❛
✉s❛♥❞♦ ❡❧ ❝❤❡❝❦♣♦✐♥t ♠❡♥❝✐♦♥❛❞♦ ♣r❡✈✐❛♠❡♥t❡✱ ♣❡r♦ ❡st❛ ✈❡③✱ ❝♦♥tr❛ ✉♥❛ ❜❛s❡
❞❡ ❞❛t♦s ❞❡ s❡❝✉❡♥❝✐❛s ❞❡ ❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s ✭t❡♠♣❧❛❞♦s✮✳ ❊st❛ ❜❛s❡ ❞❡
❞❛t♦s ❝♦♥s✐st❡ ❡♥ t♦❞❛s ❧❛s s❡❝✉❡♥❝✐❛s ❞❡ ❝❛❞❛ ❝❛❞❡♥❛ ♣r♦t❡✐❝❛ ♣r❡s❡♥t❡ ❡♥ ❡❧
P❉❇✱ ❛❣r✉♣❛❞❛s ✉s❛♥❞♦ ❈❉✲❍■❚ ❬▲✐ ❛♥❞ ●♦❞③✐❦✱ ✷✵✵✻❪ ❝♦♥ ✉♥ ✉♠❜r❛❧ ❞❡❧
✾✺✪ ✐❞❡♥t✐❞❛❞ ❡♥tr❡ ❝❛❞❛ ✉♥❛ ❞❡ ❡❧❧❛s✳ ❆ ♣❛rt✐r ❞❡ ❡st❛ ú❧t✐♠❛ ❜úsq✉❡❞❛✱ s❡
♦❜t✐❡♥❡♥ ❧♦s ❛❧✐♥❡❛♠✐❡♥t♦s ❧♦❝❛❧❡s ❝❛❧❝✉❧❛❞♦s ♣♦r ❡❧ ❛❧❣♦r✐t♠♦ ❞❡ P❙■✲❇▲❆❙❚✱
q✉❡❞❛♥❞♦♥♦s ❝♦♥ ❛q✉❡❧❧♦s q✉❡ t❡♥❣❛♥ ✉♥ ❡✲✈❛❧✉❡ ♣♦r ❞❡❜❛❥♦ ❞❡ ✵✳✵✵✵✵✶ ② q✉❡
❝✉❜r❛♥ ♣♦r ❧♦ ♠❡♥♦s ✉♥ ✺✵✪ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t✳ ❈♦♥ r❡s♣❡❝t♦ ❛ ❧❛ ❝♦❜❡r✲
t✉r❛✱ ❝❛❜❡ ❛❝❧❛r❛r q✉❡ ❛❧❣♦ q✉❡ s❡ ♣♦❞rí❛ ❤❛❝❡r ❛♥t❡s ❞❡ r❡❛❧✐③❛r ❧❛ ❜úsq✉❡❞❛
❞❡ t❡♠♣❧❛❞♦s✱ ❡s ❢r❛❣♠❡♥t❛r ❧❛ s❡❝✉❡♥❝✐❛ ❡♥ s✉s ❞♦♠✐♥✐♦s ✉s❛♥❞♦ ✉♥❛ ❜❛s❡ ❞❡
❞❛t♦s ❞❡ ❞♦♠✐♥✐♦s ❝♦♠♦ P❢❛♠✱ ❛sí ❡❧ ❝♦rt❡ s♦❜r❡ ❧❛ ❝♦❜❡rt✉r❛ ♣♦❞rí❛ s❡r ♠ás
❛❧t♦ ♣❛r❛ ❣❛r❛♥t✐③❛r q✉❡ ❡❧ ♠♦❞❡❧❛❞♦ s❡ ❤❛❣❛ ♣♦r ✉♥✐❞❛❞ ❢✉♥❝✐♦♥❛❧✳ ❊♥ ♥✉❡str♦
❝❛s♦✱ ❡❧ ♣✉♥t♦ ❞❡ ❝♦rt❡ ❛ ❧❛ ❝♦❜❡rt✉r❛ ❡s s♦❜r❡ t♦❞❛ ❧❛ s❡❝✉❡♥❝✐❛ ♣r♦t❡✐❝❛✳ ❈♦♥
❡st♦s ❛❧✐♥❡❛♠✐❡♥t♦s ② ❧❛ ❡str✉❝t✉r❛ ❞❡❧ t❡♠♣❧❛❞♦ ❝♦rr❡s♣♦♥❞✐❡♥t❡ s❡ ♣❛s❛ ❛ ✉s❛r
▼❖❉❊▲▲❊❘ ❬➆❛❧✐ ❛♥❞ ❇❧✉♥❞❡❧❧✱ ✶✾✾✸❪ ♣❛r❛ ❡♥✉♠❡r❛r ♠♦❞❡❧♦s ❡str✉❝t✉r❛❧❡s
❛ ♣❛rt✐r ❞❡ ❧❛ ♠❡t♦❞♦❧♦❣í❛ ♠❡♥❝✐♦♥❛❞❛ ♣r❡✈✐❛♠❡♥t❡✳ P♦r ❝❛❞❛ t❡♠♣❧❛❞♦ s❡
❝♦♥str✉②❡♥ ✺ ♠♦❞❡❧♦s ❞✐❢❡r❡♥t❡s ② s❡ ❡✈❛❧ú❛ s✉ ❝❛❧✐❞❛❞ ✉s❛♥❞♦ ❧♦s ♣♦t❡♥❝✐❛❧❡s
●❆✸✹✶ ❬▼❡❧♦ ❛♥❞ ❙❛❧✐✱ ✷✵✵✼❪ ② ◗▼❊❆◆ ❬❇❡♥❦❡rt ❡t ❛❧✳✱ ✷✵✵✽❪✳ P❛r❛ ✜❧tr❛r
❛q✉❡❧❧♦s ♠♦❞❡❧♦s ✐♥❛❝❡♣t❛❜❧❡s✱ ♥♦s q✉❡❞❛♠♦s só❧♦ ❝♦♥ ❛q✉❡❧❧♦s ♠♦❞❡❧♦s q✉❡
♣r❡s❡♥t❡♥ ✉♥ ♣✉♥t❛❥❡ ❞❡ ●❆✸✹✶ ♠❛②♦r ❛ ✵✳✼✳ ❋✐♥❛❧♠❡♥t❡✱ ❝♦♠♦ ♠♦❞❡❧♦ r❡♣✲
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

r❡s❡♥t❛t✐✈♦ ❞❡ ❝❛❞❛ ❖❘❋✱ t♦♠❛♠♦s ❛q✉❡❧ q✉❡ t✐❡♥❡ ❡❧ ✈❛❧♦r ❞❡ ◗▼❊❆◆ ♠ás
❛❧t♦✳

❋✐❣✉r❛ ✸✳✽✿ ❊sq✉❡♠❛ ❞❡❧ ♣✐♣❡❧✐♥❡ ❞❡ ♠♦❞❡❧❛❞♦ ❡str✉❝t✉r❛❧✳ ❊❧ ♣✐♣❡❧✐♥❡ ❝♦♥s✐st❡ ❡♥
♦❜t❡♥❡r ✉♥ ❛r❝❤✐✈♦ P❉❇ ❝♦♥ ✉♥ ♠♦❞❡❧♦ r❡♣r❡s❡♥t❛t✐✈♦ ♣❛r❛ ✉♥❛ s❡❝✉❡♥❝✐❛ ❞❛❞❛✱ q✉❡ s❡
♣r♦✈❡❡ ❝♦♠♦ ♣❛rá♠❡tr♦ ✐♥✐❝✐❛❧✳ Pr✐♠❡r♦✱ s❡ ❝♦♥str✉②❡ ✉♥ ♣❡r✜❧ ❡st❛❞íst✐❝♦ ♣♦r ♣♦s✐❝✐ó♥ ✉s✲
❛♥❞♦ P❙■✲❇▲❆❙❚ ✭❡♥ ❡st❡ ❝❛s♦ ❡❧ ♣❡r✜❧ s❡ ❞❡♥♦♠✐♥❛ P❙❙▼✮ ❝♦♥tr❛ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s
❣r❛♥❞❡ ② ❝❧✉st❡r✐③❛❞❛ ♣♦r ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✳ ❙❡❣✉♥❞♦✱ s❡ r❡✐♥✐❝✐❛ ❧❛ ❜úsq✉❡❞❛ s♦❜r❡
✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❞❡ t❡♠♣❧❛❞♦s ❡str✉❝t✉r❛❧❡s ✭❡♥ ❡st❡ ❝❛s♦✱ ✉s❛♠♦s ❧❛s s❡❝✉❡♥❝✐❛s s✉❜②❛✲
❝❡♥t❡s ❛ ❧❛s ❡str✉❝t✉r❛s ❡♥ ❡❧ P❉❇✱ ② ❧❛s ❝❧✉st❡r✐③❛♠♦s ♣♦r ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ❞❡ ♠❛♥❡r❛
❞❡ ❡❧✐♠✐♥❛r r❡❞✉♥❞❛♥❝✐❛✮✳ ❚❡r❝❡r♦✱ ❝♦♥ ❧❛s ❡str✉❝t✉r❛s ❞❡ ❧♦s ❤✐ts ❞❡ ❧❛ ú❧t✐♠❛ ❜úsq✉❡❞❛ ②
❧♦s ❛❧✐♥❡❛♠✐❡♥t♦s ❞❡ P❙■✲❇▲❆❙❚✱ s❡ ✉s❛ ▼❖❉❊▲▲❊❘ ♣❛r❛ ❡♥✉♠❡r❛r ♠♦❞❡❧♦s ♠❡❞✐❛♥t❡ ❧❛
té❝♥✐❝❛ ❞❡ ♠♦❞❡❧❛❞♦ ♣♦r s❛t✐s❢❛❝❝✐ó♥ ❞❡ r❡str✐❝❝✐♦♥❡s ❡s♣❛❝✐❛❧❡s✳ ❊♥ ❡st❡ ♣❛s♦✱ ♥♦s q✉❡❞❛♠♦s
só❧♦✱ ❝♦♥ ❛q✉❡❧❧♦s ♠♦❞❡❧♦s q✉❡ t❡♥❣❛♥ ✉♥ ✈❛❧♦r ❞❡ ●❆✸✹✶ ♠❡♥♦r ❛ ✵✳✼✳ P♦r ú❧t✐♠♦✱ s❡ ❡✈❛❧ú❛
❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s ♠♦❞❡❧♦s q✉❡ q✉❡❞❛r♦♥ ✉s❛♥❞♦ ❡❧ ♣♦t❡♥❝✐❛❧ ◗▼❊❆◆ q✉❡ ❛s✐❣♥❛ ✈❛❧♦r❡s ❞❡
❝❛❧✐❞❛❞ s❡❣ú♥ q✉é t❛♥ ♣❛r❡❝✐❞♦s s♦♥ ❧♦s ♠♦❞❡❧♦s ❛ ❡str✉❝t✉r❛s r❡s✉❡❧t❛s ✉s❛♥❞♦ ❧❛ té❝♥✐❝❛
❞❡ ❘❛②♦s ❳✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

✸✳✸✳ ❘❡s✉❧t❛❞♦s

❋✐❣✉r❛ ✸✳✾✿ ❯s♦s ♣♦s✐❜❧❡s ♣❛r❛ ❧♦s ♠♦❞❡❧♦s s❡❣ú♥ s✉ ❝❛❧✐❞❛❞ ❡st✐♠❛❞❛✳ ❆ ♠❡❞✐❞❛
q✉❡ ❡❧ ❣r❛❞♦ ❞❡ ❡rr♦r ❞✐s♠✐♥✉②❡ ❡s ♣♦s✐❜❧❡ ✉s❛r ❧♦s ♠♦❞❡❧♦s ♣❛r❛ ❛♥á❧✐s✐s ❝❛❞❛ ✈❡③ ♠ás
❞❡t❛❧❧❛❞♦s✱ ❞❡s❞❡ ✐❞❡♥t✐✜❝❛r ♣❧❡❣❛❞♦s ❤❛st❛ ❞✐s❡ñ❛r ❞r♦❣❛s✳ ❋✐❣✉r❛ t♦♠❛❞❛ ❞❡❧ tr❛❜❛❥♦ ❞❡
❬❊s✇❛r ❡t ❛❧✳✱ ✷✵✵✻❪

❯♥❛ ♣r❡❣✉♥t❛ q✉❡ s❡ ♣✉❡❞❡ ❤❛❝❡r ❡s ➽❈♦♥ q✉é ❣r❛❞♦ ❞❡ ❡rr♦r s❡ ❡stá♥ ♦❜t❡✲
♥✐❡♥❞♦ ❧❛s ❡str✉❝t✉r❛s ♠♦❞❡❧❛❞❛s❄ ❉❡ ♠❛♥❡r❛ ❞❡ ♣♦❞❡r t❡♥❡r ✉♥❛ ♥♦❝✐ó♥ ❞❡
q✉❡ t✐♣♦ ❞❡ té❝♥✐❝❛s ♣✉❡❞❡♥ ❛♣❧✐❝❛rs❡ s♦❜r❡ ❧♦s ♠♦❞❡❧♦s✳ ❯♥❛ ✈❡③ t❡r♠✐♥❛❞♦
❡❧ ♣r♦❝❡s♦ ❞❡ ♠♦❞❡❧❛❞♦✱ ❤❛② ♣❛rá♠❡tr♦s q✉❡ ♣✉❡❞❡♥ s❡r ✉s❛❞♦s ♣❛r❛ ❡st✐♠❛r
❧❛ ❝❛❧✐❞❛❞ ❞❡❧ ♠♦❞❡❧❛❞♦ ❡♥ ❣❡♥❡r❛❧✳ ❊st♦s s♦♥✿ ❧❛s ❈❛r❛❝t❡ríst✐❝❛s ❞❡❧ ❆❧✐♥✲
❡❛♠✐❡♥t♦ ② ❧♦s ✈❛❧♦r❡s ❞❡ ❧♦s P♦t❡♥❝✐❛❧❡s ❞❡ ❈❛❧✐❞❛❞✳ P♦r ✉♥ ❧❛❞♦✱ ❧♦s ❛❧✐♥✲
❡❛♠✐❡♥t♦s r❡s✉❧t❛♥t❡s ♣✉❡❞❡♥ ♣r❡s❡♥t❛r ✐❞❡♥t✐❞❛❞❡s ❞❡ s❡❝✉❡♥❝✐❛ ♠✉② ❜❛❥❛s ♦
♠✐s♠♦✱ ❤❛❜❡r r❡s✉❧t❛❞♦ ❡♥ ❧❛ ✐♥s❡r❝✐ó♥ ❞❡ ♠✉❝❤♦s ❣❛♣s q✉❡ ✐♥❞✉❝❡♥ ❛ ♣❡♥s❛r
q✉❡ ❧❛ r❡❧❛❝✐ó♥ ❞❡ ❤♦♠♦❧♦❣í❛ ❡♥tr❡ ❛♠❜❛s s❡❝✉❡♥❝✐❛s ✭t❛r❣❡t ② t❡♠♣❧❛❞♦✮ ❡stá
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❡♥ ❧♦s ❧í♠✐t❡s ❞❡ ❧♦ ❛❝❡♣t❛❜❧❡✳ ❊st♦ s✉♠❛❞♦ ❛❧ ❤❡❝❤♦ ❞❡ q✉❡ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s
q✉❡ s❡ ❧❡ ♣✉❡❞❛♥ ❞❛r ❛ ❝❛❞❛ ♠♦❞❡❧♦ ❞❡♣❡♥❞❡♥ ❞❡❧ ❣r❛❞♦ ❞❡ ♣r❡s✐❝✐ó♥ ❝♦♥ ❡❧ q✉❡
s❡ ❤❛②❛ ❧♦❣r❛❞♦ ♣r❡❞❡❝✐r ❧❛ ❡str✉❝t✉r❛ ✸❉✱ ❝♦♠♦ ✐♥❞✐❝❛ ❧❛ ❋✐❣✉r❛ ✸✳✾✳ ❙❡❣ú♥ ❡❧
❣r❛❞♦ ❞❡ ❡rr♦r ✈❛②❛ ❞✐s♠✐♥✉②❡♥❞♦ ✭✉s✉❛❧♠❡♥t❡ ♠❡❞✐❞♦ ❡♥ tér♠✐♥♦ ❞❡ ❘▼❙❉✮✱
❡s ♣♦s✐❜❧❡ ✉s❛r ❧♦s ♠♦❞❡❧♦s ♣❛r❛ ❛♥á❧✐s✐s ❝❛❞❛ ✈❡③ ♠ás ❞❡t❛❧❧❛❞♦s✳

✸✳✸✳✶✳ ❆♥á❧✐s✐s ❞❡❧ ♣✐♣❡❧✐♥❡ ❞❡ ♠♦❞❡❧❛❞♦ ❡str✉❝t✉r❛❧

P❛r❛ ❛♥❛❧✐③❛r ❡❧ r❡♥❞✐♠✐❡♥t♦ ❞❡❧ ♣✐♣❡❧✐♥❡ ② ♦❜t❡♥❡r ✉♥❛ ❡st✐♠❛❝✐ó♥ ❞❡❧ ❣r❛❞♦
❞❡ ❡rr♦r ❝♦♥ ❡❧ q✉❡ s❡ ♦❜t✐❡♥❡♥ ❧♦s ♠♦❞❡❧♦s✱ ❝♦♥str✉✐♠♦s ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ❞❛t♦s
❞❡ ❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s ❜❛s❛♥❞♦♥♦s ❡♥ ❡❧ P❉❇✱ ❝♦♥ ❡❧ ♦❜❥❡t✐✈♦ ❞❡ r❡❛❧✐③❛r
♣r❡❞✐❝❝✐♦♥❡s ❛ ♣❛rt✐r ❞❡ ❧❛s s❡❝✉❡♥❝✐❛s s✉❜②❛❝❡♥t❡s ② ❝♦♠♣❛r❛r ❧❛s ❞✐❢❡r❡♥❝✐❛s
q✉❡ ❤❛② ❡♥tr❡ ❡❧ ♠♦❞❡❧♦ ② ❧❛ ❡str✉❝t✉r❛ r❡s✉❡❧t❛✳ ❋✉❡ s❡❧❡❝❝✐♦♥❛❞♦ ✉♥ ❝♦♥❥✉♥✲
t♦ ❞❡ ❡str✉❝t✉r❛s ❞❡ ♣r✉❡❜❛ ❞❡ ❡♥tr❡ ❧❛s ❡str✉❝t✉r❛s ❞❡♣♦s✐t❛❞❛s ❡♥ ❡❧ P❉❇✱
s❡❧❡❝❝✐♦♥❛♥❞♦ só❧♦ ❛q✉❡❧❧❛s ❡str✉❝t✉r❛s ♠♦♥♦♠ér✐❝❛s q✉❡ ❤❛②❛♥ s✐❞♦ r❡s✉❡❧t❛s
✉s❛♥❞♦ ❧❛ té❝♥✐❝❛ ❞❡ r❛②♦s ❳ ② q✉❡ t♦❞♦s ❧♦s r❡s✐❞✉♦s ❤❛②❛♥ s✐❞♦ r❡s✉❡❧t♦s✳ ❆
s✉ ✈❡③✱ ❛♣❧✐❝❛♠♦s ✉♥ ✜❧tr♦ ❞❡ s✐♠✐❧✐t✉❞ ❝❧✉st❡r✐③❛♥❞♦ ❧❛s s❡❝✉❡♥❝✐❛s ❈❉✲❍■❚ ❛
✼✵✪ ❞❡ ✐❞❡♥t✐❞❛❞ ② q✉❡❞❛♥❞♦♥♦s ❝♦♥ ❧❛ ♣r♦t❡í♥❛ ❝❡♥tr♦✐❞❡✳ ❯♥❛ ✈❡③ ✜❧tr❛❞❛s
❡st❛s ❡str✉❝t✉r❛s✱ ♠♦❞❡❧❛♠♦s ✉s❛♥❞♦ ❡❧ ♣✐♣❡❧✐♥❡✱ t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ q✉❡ ♥♦
s❡ ✉s❡♥ t❡♠♣❧❛❞♦s ❞❡ ♠ás ❞❡ ✾✺✪ ❞❡ ♠❛♥❡r❛ ❞❡ ❡✈✐t❛r ❧♦s ♠♦❞❡❧♦s r❡❛❧✐③❛❞♦s
❝♦♥ ♣r♦t❡í♥❛s ♣r❛❝t✐❝❛♠❡♥t❡ ✐❣✉❛❧❡s✳ P❛r❛ ❝♦♠♣❛r❛r ❧❛s ❞✐❢❡r❡♥❝✐❛s ❡♥tr❡ ❧♦s
♠♦❞❡❧♦s ② ❧❛s ❡str✉❝t✉r❛s r❡❛❧❡s✱ ❝❛❧❝✉❧❛♠♦s ❧❛s s✐❣✉✐❡♥t❡s ♠❡❞✐❞❛s q✉❡ ♥♦s
❞✐❝❡♥ q✉é t❛♥ ❞✐st✐♥t❛s s♦♥ ❛♠❜❛s ❡str✉❝tr❛s✿

❘▼❙❉✿ ❊s ❧❛ ❞❡s✈✐❛❝✐ó♥ ❝✉❛❞rát✐❝❛ ♠❡❞✐❛ ❞❡ ❧❛s ❞✐st❛♥❝✐❛s ❡♥tr❡ ❧♦s ❝❛r❜♦♥♦s α
❧✉❡❣♦ ❞❡ ♦❜t❡♥❡r ❧❛ s✉♣❡r♣♦s✐❝✐ó♥ ó♣t✐♠❛ ❞❡ ❛♠❜❛s ❡str✉❝t✉r❛s✳ ❆✉♥q✉❡
❡s ❜✐❡♥ s❛❜✐❞♦ q✉❡ ❡❧ ❘▼❙❉ ❛✉♠❡♥t❛ ❝♦♠❢♦r♠❡ ❛✉♠❡♥t❡ ❡❧ t❛♠❛ñ♦ ❞❡
❧❛ ♣r♦t❡í♥❛✱ ❡st❡ ✈❛❧♦r ♣❡r♠✐t❡ ❞❛rs❡ ✉♥❛ ✐❞❡❛ ❞❡❧ ❣r❛❞♦ ❞❡ ❡rr♦r q✉❡ s❡
♣r♦❞✉❝❡ ❡♥ ❡❧ ♠♦❞❡❧♦✱ ❡♥ tér♠✐♥♦s ❞❡ ❆♥❣str♦♠s✳ ▲♦ ❝✉á❧ s❡rá ❞❡ ✈❛❧♦r
❛ ❧❛ ❤♦r❛ ❞❡ ❡st✐♠❛r ❡❧ ❡rr♦r ❡s♣❡r❛❞♦ ❡♥ ❡❧ ♠♦❞❡❧❛❞♦ ❞❡ ❧❛s ♣r♦t❡í♥❛s
❡♥ ❣❡♥♦♠❛s s❡❝✉❡♥❝✐❛❞♦s ❞❡ ❜❛❝t❡r✐❛s ✭❝❛❧❝✉❧❛❞♦ ✉s❛♥❞♦ ❡❧ s♦❢t✇❛r❡ ❞❡
❚▼s❝♦r❡✮✳

❚▼s❝♦r❡✿ ❬❩❤❛♥❣ ❛♥❞ ❙❦♦❧♥✐❝❦✱ ✷✵✵✹❪ ❊st❡ ♣✉♥t❛❥❡ ♣r❡t❡♥❞❡ ♠❡❥♦r❛r ❡❧ ❝á❧❝✉❧♦ ❞❡❧
❘▼❙❉ ❞❡ ♠❛♥❡r❛ q✉❡ s❡❛ ✐♥❞❡♣❡♥❞✐❡♥t❡ ❞❡❧ t❛♠❛ñ♦ ❞❡ ❧❛ ♣r♦t❡í♥❛✳ ❆
s✉ ✈❡③✱ ❧♦s ❛✉t♦r❡s ✈✐❡r♦♥ q✉❡ ✉s❛♥❞♦ ❝♦♠♦ ❜❛s❡ ❧♦s ❝r✐t❡r✐♦s ❞❡ ♣❧❡❣❛❞♦
❞❡✜♥✐❞♦s ❡♥ ❙❈❖P ② ❈❆❚❍✱ ♣❛r❛ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❝❛s♦s✱ ✉♥ ❚▼s❝♦r❡
❞❡ ♠❛s ❞❡ ✵✳✺ ✐♥❞✐❝❛ ❛❧❣ú♥ ❣r❛❞♦ ❞❡ s✐♠✐❧❛r✐❞❛❞ ❡str✉❝t✉r❛❧ ② ✈❛❧♦r❡s ♣♦r
❡♥❝✐♠❛ ❞❡ ✵✳✼ ✐♥❞✐❝❛♥ q✉❡ ❧❛s ❡str✉❝t✉r❛s q✉❡ s❡ ❡stá♥ ❝♦♠♣❛r❛♥❞♦ ♣r❡s❡♥✲
t❛♥ ♣r❛❝t✐❝❛♠❡♥t❡ ❡❧ ♠✐s♠♦ ♣❧❡❣❛❞♦ ❬❳✉ ❛♥❞ ❩❤❛♥❣✱ ✷✵✶✵❪✳ ❊♥ ❡st❡ ❝❛s♦✱
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❧♦ ✉s❛♠♦s ♣❛r❛ ❡st✐♠❛r ❡❧ ❣r❛❞♦ ❞❡ ❡rr♦r ❡♥ tér♠✐♥♦s ❞❡ ❤❛❜❡r ♦❜t❡♥✐❞♦ ❡❧
♣❧❡❣❛❞♦ ❝♦rr❡❝t♦✳ ❊❧❡❥✐♠♦s ❡st❡ ♠ét♦❞♦ ❞❛❞♦ q✉❡ s❡ ❝❛❧❝✉❧❛ rá♣✐❞❛♠❡♥t❡✱
② ❛❞❡♠ás✱ ❡s ✉♥♦ ❞❡ ❧♦s ú❧t✐♠♦s ♣✉♥t❛❥❡s q✉❡ ❛❞♦♣tó ❈❆❙P ❡♥ ❧♦s ú❧t✐✲
♠♦s ❛ñ♦s ♣❛r❛ ❡✈❛❧✉❛r ❧❛ s✐♠✐❧❛r✐❞❛❞ ❡str✉❝t✉r❛❧ ❡♥tr❡ ❧♦s ♠♦❞❡❧♦s ② ❧❛
❡str✉❝t✉r❛ r❡s✉❡❧t❛✳

❯t✐❧✐③❛♥❞♦ ❡st❛s ❞♦s ♠❡❞✐❞❛s✱ ❛♥❛❧✐③❛r❡♠♦s ❛ ♥✐✈❡❧ ❣❧♦❜❛❧ ❝ó♠♦ ✐♥✢✉②❡♥ ❡♥
❡❧ ♠♦❞❡❧❛❞♦✱ ❧♦s ♣❛rá♠❡tr♦s ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ② ❧❛s ❡✈❛❧✉❛❝✐♦♥❡s ❞❡ ❧♦s ♣♦t❡♥✲
❝✐❛❧❡s ❞❡ ❝❛❧✐❞❛❞✳ ❊st♦s ♣❛rá♠❡tr♦s s♦♥✿

■❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ❝❛❧❝✉❧❛❞❛ ❝♦♠♦ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ r❡s✐❞✉♦s ❛❧✐♥❡❛✲
❞♦s ✐❣✉❛❧❡s s♦❜r❡ ❡❧ ❧❛r❣♦ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦✳

▲❛r❣♦ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ♣❛r❛ ❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ❧♦❝❛❧ ♣r♦❞✉❝t♦ ❞❡ ❧❛ ❜úsq✉❡✲
❞❛ ✉s❛♥❞♦ P❙■✲❇▲❆❙❚✳

❈♦❜❡rt✉r❛ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ s♦❜r❡ ❧❛ s❡❝✉❡♥❝✐❛ t❛r❣❡t✳

●❛♣s✱ t❛♥t♦ ❡♥ ❡❧ t❛r❣❡t ❝♦♠♦ ❡♥ ❡❧ t❡♠♣❧❛❞♦✳

◗▼❊❆◆ ♣❛r❛ ❡✈❛❧✉❛r ❧❛ ❝❛❧✐❞❛❞ ❝♦♠♦ ♣♦t❡♥❝✐❛❧ ❡①t❡r♥♦ ❛ ▼❖❉❊▲▲❊❘✳

❉❖P❊ ♣❛r❛ ❡✈❛❧✉❛r ❧❛ ❝❛❧✐❞❛❞ ❝♦♠♦ ♣♦t❡♥❝✐❛❧ ✐♥t❡r♥♦ ❛ ▼❖❉❊▲▲❊❘✳

▲❛s ✜❣✉r❛s ♠✉❡str❛♥✱ ♣❛r❛ ❝❛❞❛ ♣❛rá♠❡tr♦✱ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ r❡s✉❧t❛❞♦s
♦❜t❡♥✐❞♦s ❝♦♠♣❛r❛♥❞♦ ❧❛s ❡str✉❝t✉r❛s r❡❛❧❡s ❝♦♥ ❧♦s ♠♦❞❡❧♦s✳ ❚❛♥t♦ ❡❧ ❘▼❙❉✱
❝♦♠♦ ❡❧ ❚▼s❝♦r❡ ❡stá♥ s✉❥❡t♦s ❛ ❧❛s ♣r♦♣✐❡❞❛❞❡s ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦✱ q✉❡ ❛ ♠❡❞✐✲
❞❛ q✉❡ s❡ ❞❡t❡❝t❛ ✉♥❛ ♠❛②♦r ❞✐✈❡r❣❡♥❝✐❛ ❡♥ tér♠✐♥♦s ❡✈♦❧✉t✐✈♦s ✭❧❛s s❡❝✉❡♥❝✐❛s
❛❧✐♥❡❛❞❛s t✐❡♥❡♥ ❜❛❥❛ ✐❞❡♥t✐❞❛❞ ②✴♦ ❢✉❡r♦♥ ✐♥s❡rt❛❞♦s ♠✉❝❤♦s ❣❛♣s✮✱ ♠❛②♦r ❡s
❡❧ ❣r❛❞♦ ❞❡ ❡rr♦r ❡♥ ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❧❛ ❡str✉❝t✉r❛✳

❈♦♥ r❡s♣❡❝t♦ ❛ ❧❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✱ ♣♦❞❡♠♦s ❛♣r❡❝✐❛r ❡♥ ❧❛ ❋✐❣✉r❛
✸✳✶✵✱ q✉❡ ❧❛ ♠❛②♦rí❛ ❞❡ ❧❛s ❡str✉❝t✉r❛s ♠♦❞❡❧❛❞❛s ♦❜t✉✈✐❡r♦♥ ❤✐ts ❡♥tr❡ ✷✵✪ ②
✻✵✪✳ ❆ú♥ ❛sí ❧♦❣r❛♠♦s ✉♥ r❛♥❣♦ ❝❛s✐ ❝♦♠♣❧❡t♦ ❞❡ ❧❛s ✐❞❡♥t✐❞❛❞❡s ❞❡ s❡❝✉❡♥❝✐❛✳
❙❡ ♣✉❡❞❡ ✈❡r q✉❡ ♥♦ s❡ ♣r♦❞✉❝❡♥ ❤✐ts ♣♦r ❞❡❜❛❥♦ ❞❡ ✶✵✪ ❞❡ ✐❞❡♥t✐❞❛❞✱ ❛✉♥q✉❡
❤❛② ✈❛r✐♦s ❤✐ts q✉❡ ❧❧❡❣❛♥ ❤❛st❛ ✷✵✪✳ ◗✉❡❞❛ ❝❧❛r♦ q✉❡ ❝✉❛♥t♦ ♠❡♥♦r ❡s ❧❛
✐❞❡♥t✐❞❛❞✱ ♠ás ❞✐✜❝✐❧ ❡s q✉❡ ❡❧ ♠♦❞❡❧❛❞♦ ❝♦♥s✐❣❛ ✉♥ ❘▼❙❉ ❧♦ s✉✜❡♥❝✐❡♥t❡ ❜❛❥♦
❝♦♠♦ ♣❛r❛ q✉❡ ❡❧ ♠♦❞❡❧♦ s❡ ♣✉❡❞❛ ✉s❛r ❡♥ ❛♥á❧✐s✐s ❡str✉❝t✉r❛❧❡s✳ ▼ás ❛ú♥✱ ♣♦r
❞❡❜❛❥♦ ❞❡ ✷✵✪ ❞❡ ✐❞❡♥t✐❞❛❞ ❡s ✐♠♣♦s✐❜❧❡ ❞❛r ❝♦♥ ♠♦❞❡❧♦s ❞❡ ♠❡♥♦s ❞❡ ✷✳✵➴ ❞❡
❘▼❙❉✱ ❧♦ ❝✉á❧ ❡s ❡❧ r❛♥❣♦ ❡♥ ❡❧ q✉❡ s❡ ❡♥❝✉❡♥tr❛♥ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❞❡ ♣✉❡♥t❡
❤✐❞ró❣❡♥♦ ❬▲❡❣♦♥ ❛♥❞ ▼✐❧❧❡♥✱ ✶✾✽✼❪✳ ❊♥ tér♠✐♥♦s ❞❡❧ ♣❧❡❣❛❞♦ q✉❡ s❡ ❝♦♥s✐❣✉❡✱
✈❡♠♦s q✉❡ s❡ ♦❜t✐❡♥❡♥ ♣♦❝♦s ✈❛❧♦r❡s ♣♦r ❞❡❜❛❥♦ ❞❡ ✵✳✼ ② q✉❡ ❡st♦s ✈❛❧♦r❡s
s❡ ❞❛♥ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❝✉❛♥❞♦ ❧❛ ✐❞❡♥t✐❞❛❞ ❝❛❡ ♣♦r ❞❡❜❛❥♦ ❞❡❧ ✹✵✪✳ ❆ ♣❡s❛r
❞❡ ❡st♦✱ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ♠♦❞❡❧♦s q✉❡ ❢✉❡r♦♥ ♣r♦❞✉❝✐❞♦s ❝♦♥ ❛❧✐♥❡❛♠✐❡♥t♦s
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

q✉❡ t✐❡♥❡♥ ♠❡♥♦s ❞❡ ✹✵✪ ♣r❡s❡♥t❛♥ ✈❛❧♦r❡s ❞❡ ❚▼s❝♦r❡ ♣♦r ❡♥❝✐♠❛ ❞❡ ✵✳✽✳
❊❧ ❤❡❝❤♦ ❞❡ q✉❡ s❡ ♦❜t❡♥❣❛♥ ✐❞❡♥t✐❞❛❞❡s ❞❡ s❡❝✉❡♥❝✐❛ ❡♥ ✈❛❧♦r❡s ❜❛❥♦s✱ ❡s
❡✈✐❞❡♥❝✐❛ ❞❡ q✉❡ ❧❛s ❜úsq✉❡❞❛s ✉s❛♥❞♦ P❙■✲❇▲❆❙❚ ♣❡r♠✐t❡♥ ❧❧❡❣❛r ❛ ✈❛❧♦r❡s
❞❡ ✐❞❡♥t✐❞❛❞ ❡♥ ③♦♥❛s ❞❡ ❤♦♠♦❧♦❣í❛ r❡♠♦t❛✳ ❨❛ s❡❛ ♣♦rq✉❡ ❧❛s ✐t❡r❛❝✐♦♥❡s s♦♥
s✉✜❝✐❡♥t❡s ♣❛r❛ q✉❡ ❝♦♥✈❡r❥❛ ❡❧ ♣❡r✜❧✱ ♦ ♣♦rq✉❡ ❧❛ r❡❧❛❝✐ó♥ s❡❝✉❡♥❝✐❛✴♣❧❡❣❛❞♦
q✉❡ ❧♦❣r❛ ❝✉❜r✐r ❡❧ P❉❇ ❝❧✉st❡r✐③❛❞♦ ❛❧ ✾✺✪ ❡s s✉✜❝✐❡♥t❡ ♣❛r❛ ❝✉❜r✐r ❡st❛s
③♦♥❛s ❡♥ ❧❛s ❜úsq✉❡❞❛s ♣♦r s✐♠✐❧✐t✉❞✱ ❧♦ ❝✉á❧ ❤❛ s✐❞♦ ❡✈✐❞❡♥❝✐❛❞♦ ❞❡s❞❡ ❤❛❝❡
✉♥♦s ❛ñ♦s ❬❑✐❤❛r❛ ❛♥❞ ❙❦♦❧♥✐❝❦✱ ✷✵✵✸❪✳ ❋✐♥❛❧♠❡♥t❡✱ ❝❛❜❡ r❡❝❛❧❝❛r q✉❡ ❡♥ t♦❞♦
❡❧ r❛♥❣♦ ❞❡ ✐❞❡♥t✐❞❛❞❡s ❞❡ s❡❝✉❡♥❝✐❛ ✭t❛♥t♦ ♣❛r❛ ✈❛❧♦r❡s ❜❛❥♦s ❝♦♠♦ ❛❧t♦s✮
s❡ ❛♣r❡❝✐❛♥ ❝❛s♦s q✉❡ ♥♦ ❢✉❡r♦♥ ♣r❡❞✐❝❤♦s ❜✐❡♥✳ ▼ás ♣✉♥t✉❛❧♠❡♥t❡✱ s❡ ♣✉❡❞❡
✈❡r q✉❡ ♦❜t❡♥❡♠♦s ✉♥♦s ♣♦❝♦s ❝❛s♦s ❝♦♥ ✈❛❧♦r❡s ❞❡ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛
♠❛②♦r❡s ❛ ✾✵✪ ② q✉❡ ❛ ♣❡s❛r ❞❡ ❡s♦✱ ❞❛♥ ✈❛❧♦r❡s ❞❡ ❘▼❙❉ ♠❛②♦r❡s ❛ ✸✳✵➴
② ✈❛❧♦r❡s ❞❡ ❚▼s❝♦r❡ ♣♦r ❞❡❜❛❥♦ ❞❡ ✵✳✼✳ ▼ás ❛❞❡❧❛♥t❡ ✈❡r❡♠♦s ❛❧❣✉♥♦s ❞❡
❡st♦s ❝❛s♦s ❞♦♥❞❡ s❡ ♣✉❡❞❡ ✈❡r q✉❡ ❝♦rr❡s♣♦♥❞❡♥ ❛ ✈❛r✐❛❜✐❧✐❞❛❞❡s ❡str✉❝t✉r❛❧❡s
q✉❡ ❤❛❝❡♥ q✉❡ ❧♦s ✈❛❧♦r❡s ❞❡ ❘▼❙❉ ② ❚▼s❝♦r❡ ❞❡♥ ✈❛❧♦r❡s ❡❧❡✈❛❞♦s ❞❡❜✐❞♦
❛ ❝❛♠❜✐♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s ❡♥tr❡ ❡❧ ♠♦❞❡❧♦ ② ❧❛ ❡str✉❝t✉r❛ r❡❛❧✱ ❛ ♣❡s❛r ❞❡
❤❛❜❡r ❝♦♥s❡❣✉✐❞♦ ♣r❛❝t✐❝❛♠❡♥t❡ ❡❧ ♠✐s♠♦ ♣❧❡❣❛❞♦✳

❋✐❣✉r❛ ✸✳✶✵✿ ❊❢❡❝t♦ ❞❡ ❧❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ❡♥ ❡❧ ♠♦❞❡❧❛❞♦✳ ❆✮ ❘▼❙❉ ❡♥tr❡ ❡❧
♠♦❞❡❧♦ ② ❧❛ ❡str✉❝t✉r❛ ♣r♦✈❡♥✐❡♥t❡ ❞❡❧ P❉❇✱ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ♣❛r❛
❧❛s ❡str✉❝t✉r❛s ❞❡❧ ❝♦♥❥✉♥t♦ ❞❡ ♣r✉❡❜❛✳ ❇✮ ❚▼s❝♦r❡ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✱
✈❛❧♦r❡s ♣♦r ❡♥❝✐♠❛ ❞❡ ✵✳✼ ✐♥❞✐❝❛♥ q✉❡ ❡❧ ♠♦❞❡❧♦ ♣r❡s❡♥t❛ ♣r❛❝t✐❝❛♠❡♥t❡ ❡❧ ♠✐s♠♦ ♣❧❡❣❛❞♦
q✉❡ ❧❛ ❡str✉❝t✉r❛ ♣r♦✈❡♥✐❡♥t❡ ❞❡❧ P❉❇✳

❈♦♥ r❡s♣❡❝t♦ ❛❧ ❧❛r❣♦ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦✱ ✈❡♠♦s ❡♥ ❧❛ ❋✐❣✉r❛ ✸✳✶✶❆✱ q✉❡ ♥♦ s❡
❛♣r❡❝✐❛ ✉♥❛ ❝♦rr❡❧❛❝✐ó♥ ❝❧❛r❛ ❝♦♥ ❡❧ ❣r❛❞♦ ❞❡ ❡rr♦r ❡♥ ❡❧ ♣❧❡❣❛❞♦✳ ❆✉♥q✉❡✱ ❝♦♠♦
❢✉❡ ♣r❡✈✐st♦✱ ♣❛r❡❝❡ t❡♥❡r ✐♥❥❡r❡♥❝✐❛ ❡♥ ❡❧ ❘▼❙❉ q✉❡ s❡ ♦❜t✐❡♥❡✱ ❝✉❛♥t♦ ♠ás
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❧❛r❣♦ ❡s ❡❧ ❞♦♠✐♥✐♦ ♠♦❞❡❧❛❞♦✱ ♠ás ❣r❛♥❞❡s s♦♥ ❧♦s ✈❛❧♦r❡s q✉❡ ♣✉❡❞❡ ♦❜t❡♥❡r
❡st❛ ♠❡❞✐❞❛✳ ❊st♦ ❡s ❡s♣❡r❛❜❧❡✱ ❞❛❞♦ q✉❡ ❡❧ ♠♦❞❡❧❛❞♦ ♥♦ s❡ ❡stá ❤❛❝✐❡♥❞♦ s♦❜r❡
❞♦♠✐♥✐♦s✱ s✐♥♦ q✉❡✱ ❡♥ ❡st❡ ❝❛s♦✱ ♠♦❞❡❧❛♠♦s s♦❜r❡ ❧❛ s❡❝✉❡♥❝✐❛ ❝♦♠♣❧❡t❛✳ P♦r
❡❧ ❝♦♥tr❛r✐♦✱ ♣❛r❛ ❧♦s ✈❛❧♦r❡s ❞❡ ❚▼s❝♦r❡ ✭❋✐❣✉r❛ ✸✳✶✶❇✮✱ ✈❡♠♦s q✉❡ ❛ ♠❡❞✐❞❛
q✉❡ ❡❧ ❧❛r❣♦ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ❛✉♠❡♥t❛✱ ❡s ♠ás ❞✐❢í❝✐❧ ♦❜t❡♥❡r ❝❛s♦s ♣♦r ❞❡❜❛❥♦
❞❡ ✵✳✽✳ ▼✐❡♥tr❛s q✉❡ ♠♦❞❡❧♦s r❡❛❧✐③❛❞♦s ❝♦♥ ❛❧✐♥❡❛♠✐❡♥t♦s ❞❡ ❧❛r❣♦ ❛❧r❡❞❡❞♦r
❞❡ ✶✵✵✱ ❞❛♥ ❧✉❣❛r ❛ ✈❛r✐♦s ❝❛s♦s ❝♦♥ ❚▼s❝♦r❡ ♣♦r ❞❡❜❛❥♦ ❞❡ ✵✳✼✱ ❧♦ ❝✉❛❧ ❡stá ❞❡
❛❝✉❡r❞♦ ❝♦♥ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❛ ♠❡❞✐❞❛ q✉❡ ❡❧ ❧❛r❣♦ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ❞✐s♠✐♥✉②❡✱
❤❛❝❡♥ ❢❛❧t❛ r❡❧❛❝✐♦♥❡s ❞❡ s✐♠✐❧✐t✉❞ ❞❡ s❡❝✉❡♥❝✐❛ ♠ás ❛❧t❛s ♣❛r❛ ❧♦❣r❛r ❤♦♠♦❧♦❣í❛
❡str✉❝t✉r❛❧ ❬❙❛♥❞❡r ❛♥❞ ❙❝❤♥❡✐❞❡r✱ ✶✾✾✶❪✳

❋✐❣✉r❛ ✸✳✶✶✿ ❊❢❡❝t♦ ❞❡❧ ❧❛r❣♦ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ② ❞❡ ❧❛ ❝♦❜❡rt✉r❛ ❡♥ ❡❧ ♠♦❞❡❧❛❞♦✳
❆✮ ❊❢❡❝t♦ ❞❡❧ ❧❛r❣♦ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ s♦❜r❡ ❡❧ ❘▼❙❉ ♦❜t❡♥✐❞♦ ❝♦♠♣❛r❛♥❞♦ ❡❧ ♠♦❞❡❧♦ ❝♦♥
❧❛ ❡str✉❝t✉r❛ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ q✉❡ s❡ ✉só ♣❛r❛ ♠♦❞❡❧❛r✳ ❇✮ ❊❢❡❝t♦ ❞❡❧ ❧❛r❣♦ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦
s♦❜r❡ ❡❧ ❚▼s❝♦r❡✳ ❈✮ ❊❢❡❝t♦ ❞❡ ❧❛ ❝♦❜❡rt✉r❛ s♦❜r❡ ❡❧ ❘▼❙❉✳ ❈✮ ❊❢❡❝t♦ ❞❡ ❧❛ ❝♦❜❡rt✉r❛ s♦❜r❡
❡❧ ❚▼s❝♦r❡✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❆♥❛❧✐③❛♥❞♦ ❧❛ ❝♦❜❡rt✉r❛ ✭❋✐❣✉r❛ ✸✳✶✶❈ ② ❉✮✱ ✈❡♠♦s q✉❡ ❛ ♣❡s❛r ❞❡ ❤❛❜❡r
♣✉❡st♦ ✉♥❛ ❝♦t❛ ✐♥❢❡r✐♦r ♣❛r❛ ❡❧❡❣✐r ❧♦s t❡♠♣❧❛❞♦s✱ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❛❧✐♥❡❛♠✐❡♥✲
t♦s ♣r❡s❡♥t❛♥ ✈❛❧♦r❡s ❡❧❡✈❛❞♦s✱ ❝❛s✐ t♦❞♦s ❡stá♥ ♣♦r ❡♥❝✐♠❛ ❞❡❧ ✽✺✪✳ ❆✉♥q✉❡
❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❧❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✱ ♥♦ ❤❛② ✉♥❛ ❝♦rr❡❧❛❝✐ó♥ ❝❧❛r❛ ❡♥tr❡
❡st❡ ♣❛rá♠❡tr♦ ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ② ❧❛s ♠❡❞✐❞❛s ❞❡ ❡rr♦r ♦❜t❡♥✐❞❛s✱ ❞❡❜✐❞♦ ❛
q✉❡ ❛♣❛r❡❝❡♥ ♠✉❝❤♦s ♠♦❞❡❧♦s ❝♦♥ ❛❧t♦ ❣r❛❞♦ ❞❡ ❝♦❜❡rt✉r❛ s♦❜r❡ ❧❛ s❡❝✉❡♥❝✐❛
t❛r❣❡t q✉❡ ♣r❡s❡♥t❛♥ ✈❛❧♦r❡s ❞❡ ❜❛❥♦s ❞❡ ❚▼s❝♦r❡ ② ✈❛❧♦r❡s ❛❧t♦s ❞❡ ❘▼❙❉✳

❋✐❣✉r❛ ✸✳✶✷✿ ❊❢❡❝t♦ ❞❡ ❧❛ ✐♥s❡r❝✐ó♥ ❞❡ ❣❛♣s ❡♥ ❡❧ ♠♦❞❡❧❛❞♦✳ ❆✮ ❊❢❡❝t♦ ❞❡ ❧❛ ✐♥s❡r❝✐ó♥
❞❡ ❣❛♣s ❡♥ ❡❧ t❛r❣❡t s♦❜r❡ ❡❧ ❘▼❙❉✳ ❇✮ ❊❢❡❝t♦ ❞❡ ❧❛ ✐♥s❡r❝✐ó♥ ❞❡ ❣❛♣s ❡♥ ❡❧ t❛r❣❡t s♦❜r❡ ❡❧
❚▼s❝♦r❡✳ ❈✮ ❊❢❡❝t♦ ❞❡ ❧❛ ✐♥s❡r❝✐ó♥ ❞❡ ❣❛♣s ❡♥ ❡❧ t❡♠♣❧❛❞♦ s♦❜r❡ ❡❧ ❘▼❙❉✳ ❉✮ ❊❢❡❝t♦ ❞❡ ❧❛
✐♥s❡r❝✐ó♥ ❞❡ ❣❛♣s ❡♥ ❡❧ t❡♠♣❧❛❞♦ s♦❜r❡ ❡❧ ❚▼s❝♦r❡✳

▲❛s ✐♥s❡r❝✐♦♥❡s ❞❡ ❣❛♣s✱ t❛♥t♦ ❡♥ ❡❧ t❛r❣❡t ❝♦♠♦ ❡♥ ❡❧ t❡♠♣❧❛❞♦ ✭❋✐❣✉r❛
✸✳✶✷✮✱ t❛♠❜✐é♥ s♦♥ ✐♠♣♦rt❛♥t❡s ♣❛r❛ ❧❛ ❡✈❛❧✉❛❝✐ó♥ ✜♥❛❧ ❞❡❧ ♠♦❞❡❧♦✱ ♦❜t✉✈✐♠♦s
q✉❡ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❣❛♣s q✉❡ s❡ ✐♥s❡rt❛♥✱ ❣♦❜✐❡r♥❛ ❡❧ ♠í♥✐♠♦ ❘▼❙❉ q✉❡ s❡
♣✉❡❞❡ ❧♦❣r❛r✱ ❧♦ ❝✉á❧ ❡s ❝♦♥s✐st❡♥t❡ ❝♦♥ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❧♦s ❣❛♣s s✉❡❧❡♥ ❛❣r❡✲
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❣❛rs❡ ❡♥ ❧❛s r❡❣✐♦♥❡s q✉❡ ♣r❡s❡♥t❛♥ ▲♦♦♣s✱ q✉❡ s♦♥ r❡❣✐♦♥❡s q✉❡ s✉❡❧❡♥ t❡♥❡r
✉♥❛ ♠♦❜✐❧✐❞❛❞ q✉❡ ♣r❡❞✐s♣♦♥❡ ❡❧ ✈❛❧♦r ❞❡ ❘▼❙❉ ❤❛❝✐❛ ✈❛❧♦r❡s ❧❡✈❡♠❡♥t❡ ♠ás
❡❧❡✈❛❞♦s q✉❡ ❡♥ ❧♦s ❝❛s♦s ❝♦♥ ♠❡♥♦s ❣❛♣s✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❡st❛ t❡♥❞❡♥❝✐❛ q✉❡
❣♦❜✐❡r♥❛ ❡❧ ❘▼❙❉✱ ♥♦ s❡ ❛♣r❡❝✐❛ t❛♥t♦ ❡♥ ❡❧ ♣✉♥t❛❥❡ ♦❜t❡♥✐❞♦ ♣♦r ❚▼s❝♦r❡✱
s✐♥♦ q✉❡✱ ❛❧ ❝♦♥tr❛r✐♦✱ ❤❛② ❝❛s♦s ❝♦♥ ❢❛❧❧♦s ❢✉❡rt❡s ❡♥ ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡❧ ♣❧❡❣❛❞♦
q✉❡ ❛♣❛r❡❝❡♥ ❡♥ ❛❧✐♥❡❛♠✐❡♥t♦s ❧✐❜r❡s ❞❡ ❣❛♣s✳ ❊st♦ s✉st❡♥t❛ q✉❡ ❡❧ ♠♦❞❡❧❛❞♦
❞❡❧ ♣❧❡❣❛❞♦ ♥♦ s❡ ✈❡ ❛❢❡❝t❛❞♦ ♣♦r ❧❛s ✐♥s❡r❝✐♦♥❡s ❞❡ ❣❛♣s✱ ❝♦♠♦ ❡♥ ❡❧ ❝❛s♦ ❞❡❧
❘▼❙❉✳ P♦r ú❧t✐♠♦✱ ❝❛❜❡ ❞❡st❛❝❛r q✉❡ ♥♦ s❡ ❛♣r❡❝✐❛ ✉♥❛ ❞✐❢❡r❡♥❝✐❛ ❝❧❛r❛ ❛❧
r❡s♣❡❝t♦ ❞❡ s✐ s♦♥ ♠ás ❞❛ñ✐♥♦s ♣❛r❛ ❡❧ ♠♦❞❡❧❛❞♦ ❧❛s ✐♥s❡r❝✐♦♥❡s ❞❡ ❣❛♣s ❡♥ ❡❧
t❛r❣❡t ♦ ❡♥ ❡❧ t❡♠♣❧❛❞♦✱ ❡♥ ❛♠❜♦s ❝❛s♦s ❧❛ t❡♥❞❡♥❝✐❛ ♣❛r❡❝❡ ❡st❛r ❞✐str✐❜✉í❞❛
❞❡ ✐❣✉❛❧ ♠❛♥❡r❛✳

❋✐❣✉r❛ ✸✳✶✸✿ ❊✈❛❧✉❛❝✐ó♥ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ♣❛r❛ ❧♦s ♠♦❞❡❧♦s r❡❛❧✐③❛❞♦s s♦❜r❡ ❡❧ ❝♦♥❥✉♥t♦
❞❡ ❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s✳ ❆✮ ❘▼❙❉ ❡♥tr❡ ❡❧ ♠♦❞❡❧♦ ② ❧❛ ❡str✉❝t✉r❛ ❝♦♥♦❝✐❞❛ ❡♥ ❢✉♥❝✐ó♥
❞❡❧ ❩s❝♦r❡ ❞❡ ◗▼❊❆◆✳ ❇✮ ❚▼s❝♦r❡ ❡♥ ❢✉♥❝✐ó♥ ❞❡❧ ❩s❝♦r❡ ❞❡ ◗▼❊❆◆✳ ❈✮ ❘▼❙❉ ❡♥ ❢✉♥❝✐ó♥
❞❡❧ ♣♦t❡♥❝✐❛❧ ❉❖P❊✳ ❉✮ ❚▼s❝♦r❡ ❡♥ ❢✉♥❝✐ó♥ ❞❡❧ ♣♦t❡♥❝✐❛❧ ❉❖P❊✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❊♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s ♣♦t❡♥❝✐❛❧❡s ❞❡ ❝❛❧✐❞❛❞✱ ♣r✐♠❡r♦ s❡ ✈❡ q✉❡ ❡❧ ♣♦t❡♥❝✐❛❧
◗▼❊❆◆ ♣r❡s❡♥t❛ ✉♥❛ ❝♦rr❡❧❛❝✐ó♥ ❢✉❡rt❡ ❝♦♥ ❡❧ ❘▼❙❉ ♦❜t❡♥✐❞♦ ✭❋✐❣✉r❛ ✸✳✶✸❆✮✱
❛✉♥q✉❡ ♥♦ ♣❛r❡❝✐❡r❛ ♣r❡s❡♥t❛r s❡♥s✐❜✐❧✐❞❛❞ ❛♥t❡ ❧♦s ❡rr♦r❡s ❡♥ ❡❧ ♣❧❡❣❛❞♦ ✭❋✐❣✉✲
r❛ ✸✳✶✸❇✮✳ ❈♦♥ r❡s♣❡❝t♦ ❛❧ ❉❖P❊✱ ❤❛② ✉♥❛ ❛♣❛r❡♥t❡ ❝♦rr❡❧❛❝✐ó♥ ❝♦♥ ❡❧ ❘▼❙❉
✭❋✐❣✉r❛ ✸✳✶✸❈✮✱ s❡ s❛❜❡ q✉❡ ❛♠❜♦s ✈❛❧♦r❡s ❞❡♣❡♥❞❡♥ ❞❡❧ t❛♠❛ñ♦ ❞❡ ❧❛ ♣r♦t❡í♥❛✱
❧♦ ❝✉á❧ ✐♠♣❧✐❝❛ q✉❡ ❡st❛ ❞❡♣❡♥❞❡♥❝✐❛ ❡♥tr❡ ❡❧ ❉❖P❊ ② ❡❧ ❘▼❙❉ ♣❡r❢❡❝t❛♠❡♥t❡
♣♦❞rí❛ ❤❛❜❡rs❡ ♦❜t❡♥✐❞♦ ♣♦r ❛③❛r✳ ▲♦ ♠✐s♠♦ ♣❛r❛ ❧❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❡❧ ❚▼s❝♦r❡
② ❡❧ ❉❖P❊ ✭❋✐❣✉r❛ ✸✳✶✸❉✮✳ ❙✐♥ ❡♠❜❛r❣♦✱ t❛♥t♦ ◗▼❊❆◆ ❝♦♠♦ ❉❖P❊✱ ❡♥ ❛❧✲
❣✉♥♦s ❝❛s♦s ❞❡t❡❝t❛♥ ❝✐❡rt♦s ❡rr♦r❡s ❞❡ ♣❧❡❣❛❞♦✱ ❞❛❞♦ q✉❡ ♣❛r❛ ✈❛❧♦r❡s ❛❧t♦s
❞❡ ❉❖P❊ ② ❜❛❥♦s ❞❡ ◗▼❊❆◆✱ ❛♣❛r❡❝❡♥ ✈❛❧♦r❡s ❞❡ ❚▼s❝♦r❡ ❜❛❥♦s ♠✐❡♥tr❛s
q✉❡ ♣❛r❛ ❉❖P❊ ♠ás ❜❛❥♦s ② ◗▼❊❆◆ ♠ás ❛❧t♦s✱ ♥♦✳

✸✳✸✳✷✳ ❊st✐♠❛❝✐ó♥ ❞❡ ❈❛❧✐❞❛❞

❱✐♠♦s q✉❡ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s✱ ❡stá♥ ❡♥ ❡❧ r❛♥❣♦ ❞❡ ❡♥tr❡
✶✳✵➴ ② ✸✳✵➴ ❞❡ ❡rr♦r ② q✉❡✱ ♠✉② r❛r❛ ✈❡③✱ s❡ ♦❜t✐❡♥❡♥ ♣❧❡❣❛❞♦s ♠❛❧ ♣r❡❞✐❝❤♦s
❝♦♥ ❚▼s❝♦r❡ ♣♦r ❞❡❜❛❥♦ ❞❡ ✵✳✺✱ ❞❡ ❤❡❝❤♦ ❧❛ ♠❛②♦rí❛ ♣r❡s❡♥t❛♥ ✈❛❧♦r❡s ♣♦r
❡♥❝✐♠❛ ❞❡ ✵✳✽✱ ❛s❡❣✉r❛♥❞♦ ✉♥❛ ❛❧t❛ s✐♠✐❧✐t✉❞ ❡str✉❝t✉r❛❧ ❣❡♥❡r❛❧ ❞❡ ❡♥tr❡ t♦✲
❞♦s ❧♦ ♠♦❞❡❧♦s ♦❜t❡♥✐❞♦s✳ ❆❤♦r❛✱ ❡♥ ❧❛ ❋✐❣✉r❛ ✸✳✶✹✱ s❡ ✈❡ q✉❡ ❧❛ ✐❞❡♥t✐❞❛❞ ❞❡
s❡❝✉❡♥❝✐❛ ② ❡❧ ❡st❛❞íst✐❝♦ ❩s❝♦r❡ ❞❡ ◗▼❊❆◆ ❝♦rr❡❧❛❝✐♦♥❛♥✱ ❝♦♠♦ ❡s ❞❡ ❡s♣❡r✲
❛rs❡✱ ② q✉❡✱ ❛ s✉ ✈❡③✱ ❝✉❛♥t♦ ♠ás ❛❧t♦s s❡❛♥ ❧♦s ✈❛❧♦r❡s ❞❡ ❛♠❜♦s ♣❛rá♠❡tr♦s✱
♠ás ♣r❡❝✐s♦s s❡rá♥ ❧♦s ♠♦❞❡❧♦s✱ ② ✈✐❝❡✈❡rs❛✱ ❝✉á♥t♦ ♠❡♥♦r❡s s❡❛♥ ❡st♦s ✈❛❧♦r❡s✱
♣❡♦r s❡rá ❧❛ ❝❛❧✐❞❛❞ ❞❡❧ ♠♦❞❡❧♦✳ ▲❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ② ❡❧ ❩s❝♦r❡ ❞❡❧
♣♦t❡♥❝✐❛❧ ◗▼❊❆◆ ❝♦♠❜✐♥❛❞♦s ♣❡r♠✐t❡♥ t❡♥❡r ✉♥❛ ❡st✐♠❛❝✐ó♥ ❣❡♥❡r❛❧ ❞❡❧
❣r❛❞♦ ❞❡ ❡rr♦r ❝♦♥ ❡❧ q✉❡ s❡ ♣r♦❞✉❝❡♥ ❧♦s ♠♦❞❡❧♦s ♠❡❞✐❞♦ ❡♥ tér♠✐♥♦s ❞❡
❘▼❙❉ ② ❚▼s❝♦r❡✳ ❖ s❡❛✱ q✉❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❣❡♥❡r❛❧ ❞❡ ❧♦s ❢❛❧❧♦s ❡♥ ❡❧ ♣❧❡❣❛✲
❞♦ ② ❡❧ ❡rr♦r ❡♥ ❆♥❣str♦♠s ❞❡ ❧♦s ❝❛r❜♦♥♦s ❛❧❢❛✱ s❡ ♣✉❡❞❡ ❡st✐♠❛r ❛ ♣❛rt✐r ❞❡
❞❛t♦s q✉❡ s❡ ❝♦♥♦❝❡♥ ❧✉❡❣♦ ❞❡ ♦❜t❡♥❡r ❡❧ ♠♦❞❡❧♦✳

❈♦♠♦ ♠❡♥❝✐♥❛♠♦s ❛♥t❡s✱ ❞❡s❝❛rt❛♠♦s t♦❞♦s ❛q✉❡❧❧♦s ♠♦❞❡❧♦s ❝♦♥GA341 <

0,7 ② ♣❛r❛ t♦❞♦s ❧♦s ♠♦❞❡❧♦s q✉❡ ♣❛s❡♥ ❞✐❝❤♦ ✜❧tr♦✱ ❛❞♦♣t❛♠♦s tr❡s ♥✐✈❡❧❡s ❞❡
❝❛❧✐❞❛❞ ♣❛r❛ ❛s✐❣♥❛r ❛ ❧♦s ♠♦❞❡❧♦s ❞❡ ♠❛♥❡r❛ ❞❡ s❛❜❡r ❡❧ ❣r❛❞♦ ❞❡ ❡rr♦r ❣❡♥❡r❛❧
❝♦♥ ❡❧ q✉❡ ❢✉❡r♦♥ ♣r❡❞✐❝❤♦s✳ ▲❛ ♣r✐♠❡r ❝❛t❡❣♦rí❛✱ ●♦♦❞✱ ❝♦♥s✐st❡ ❡♥ ♠♦❞❡❧♦s
q✉❡ s❡ ❝♦♥s✐❣✉❡♥ ♠♦❞❡❧❛♥❞♦ ❝♦♥ ✹✵✪ ❞❡ ✐❞❡♥t✐❞❛❞ ♣❛r❛ ❛rr✐❜❛✱ ♣❛r❛ ❧♦s q✉❡
r❛r❛ ✈❡③ s❡ ♦❜t✐❡♥❡♥ ✈❛❧♦r❡s ❞❡ ❘▼❙❉ ♣♦r ❛rr✐❜❛ ❞❡ ✷✳✵➴✳ ❊st♦s ♠♦❞❡❧♦s s♦♥
❧♦s ❞❡ ♠❡❥♦r ❝❛❧✐❞❛❞ ❛✉♥q✉❡ ♣♦❝❛s ✈❡❝❡s ❛❧❝❛♥③❛♥ ✈❛❧♦r❡s ♠❡♥♦r❡s ❛ ✵✳✺➴✳
▲✉❡❣♦✱ ❧❛ ♣ró①✐♠❛ ❝❛t❡❣♦rí❛✱ ❧❛ ❞❡♥♦♠✐♥❛❞❛ ❚✇✐❧✐❣❤t ❞❡ ❧♦s ♠♦❞❡❧♦s ♦❜t❡♥✐❞♦s
q✉❡ s♦♥ ❛q✉❡❧❧♦s ❝♦♥ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ❡♥tr❡ ✷✵✪ ② ✹✵✪✳ ❊♥ ❡st❛ ③♦♥❛✱
❧♦s ♠♦❞❡❧♦s ❞❛♥ ❜✉❡♥♦s r❡s✉❧t❛❞♦s só❧♦ ❝✉❛♥❞♦ ❡❧ ♣✉♥t❛❥❡ ❞❡ ◗▼❊❆◆ ❡stá
♣♦r ❡♥❝✐♠❛ ❞❡ ✲✸✳ ❊♥ ❧♦s ❝❛s♦s ❡♥ q✉❡ ♥♦ ❡s ❛sí ✭◗▼❊❆◆❁✲✸✮ s❡ ❡♠♣✐❡③❛♥
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❛ ✈❡r ❢❛❧❧♦s ❡♥ ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡❧ ♣❧❡❣❛❞♦ ② ❡❧ ❘▼❙❉ ❛❧❝❛♥③❛ ✈❛❧♦r❡s ❞❡ ❡♥tr❡
✸✳✵➴ ② ✺✳✵➴✳ ❋✐♥❛❧♠❡♥t❡✱ ❧❛ ❝❛t❡❣♦rí❛ ❇❛❞✱ ♠♦❞❡❧♦s ❝♦♥ ♠❡♥♦s ❞❡ ✷✵✪ ❞❡
✐❞❡♥t✐❞❛❞ q✉❡ s♦♥ ♠♦❞❡❧♦s q✉❡ ♥♦ s❡ ♣✉❡❞❡♥ ✉s❛r ❡♥ ❛♣❧✐❝❛❝✐♦♥❡s q✉❡ r❡q✉✐❡r❛♥
✉♥❛ ♣r❡❝✐s✐ó♥ ❞❡ ❧♦s ♣♦❝♦s ❆♥❣str♦♠s✱ ❞❛❞♦ q✉❡ ❧♦s ✈❛❧♦r❡s ❞❡ ❘▼❙❉ ♣✉❡❞❡♥
❧❧❡❣❛r ❛ s✉♣❡r❛r ❧♦s ✺✳✵➴✳

❋✐❣✉r❛ ✸✳✶✹✿ ❆♥á❧✐s✐s ❞❡❧ r❡♥❞✐♠✐❡♥t♦ ❞❡❧ ♣✐♣❡❧✐♥❡ ❞❡ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛✳ ❆✮
◗▼❊❆◆ ❩s❝♦r❡ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✱ ❡♥ ❝♦❧♦r❡s s❡ ❛♣r❡❝✐❛ ❡❧ ❘▼❙❉✱
❡♥ ❛③✉❧ ✈❛❧♦r❡s ♠❡♥♦r❡s ❛ ✷✳✵➴✱ ② ❡❧ ❛♠❛r✐❧❧♦ ❧♦s ✈❛❧♦r❡s ♣♦r ❡♥❝✐♠❛ ❞❡ ✹✳✵➴✳ ❇✮ ◗▼❊❆◆
❩s❝♦r❡ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✱ ❡♥ ❝♦❧♦r❡s s❡ ❛♣r❡❝✐❛ ❡❧ ❚▼s❝♦r❡✱ r♦❥♦ ♣❛r❛
✈❛❧♦r❡s ♣♦r ❡♥❝✐♠❛ ❞❡ ✵✳✾✱ ② ✈❡r❞❡ ♣❛r❛ ✈❛❧♦r❡s ♣♦r ❞❡❜❛❥♦ ❞❡ ✵✳✼✳

❋✐♥❛❧♠❡♥t❡✱ ❝❛❜❡ ❛♥❛❧✐③❛r ❛q✉❡❧❧♦s ❝❛s♦s q✉❡ ❝❛❡♥ ❡♥ ❧❛ ❝❛t❡❣♦rí❛ ●♦♦❞✱
♣❡r♦ ♣r❡s❡♥t❛♥ ❢❛❧❧♦s q✉❡ ♥♦ ♣✉❡❞❡♥ s❡r ❞❡t❡❝t❛❞♦s ♣♦r ❧♦s ♣❛rá♠❡tr♦s q✉❡
s❡ ♦❜t✐❡♥❡♥ ❧✉❡❣♦ ❞❡ ♠♦❞❡❧❛r✳ ❯♥♦ ❞❡ ❡st♦s ❡s ❡❧ ❝❛s♦ ❞❡ ✸❝❦❢❆ ❝♦♠♦ s❡ ✈❡
❡♥ ❧❛ ❋✐❣✉r❛ ✸✳✶✺❆✱ q✉❡ t✐❡♥❡ ✉♥❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ❜❛st❛♥t❡ ❡❧❡✈❛❞❛
✭✽✾✪ ❞❡ ✐❞❡♥t✐❞❛❞ ② ✾✾✪ ❞❡ ❝♦❜❡rt✉r❛✮✱ ② ♣r❡s❡♥t❛ ✈❛❧♦r❡s ❞❡ ❘▼❙❉❂✹✳✸✶
② ❚▼s❝♦r❡❂✵✳✻✼✱ ❛❧ ❜♦r❞❡ ❞❡❧ ❢❛❧❧♦ ♣♦r ♣❧❡❣❛❞♦ ✐♥❝♦rr❡❝t♦✱ ❛✉♥q✉❡ ❝♦♥ ✉♥
✈❛❧♦r ❞❡ ◗▼❊❆◆❂✲✸✳✾✻✱ ❧♦ ❝✉á❧ ♣❡r♠✐t✐rí❛ s♦s♣❡❝❤❛r ❞❡ ✉♥ ♠♦❞❡❧♦ ❝♦♥ ✉♥❛
❝❛❧✐❞❛❞ ♥♦ t❛♥ ❜✉❡♥❛✳ P❡r♦ ❡♥ ❡❧ ❝❛s♦ ❞❡ ✸❣♠t❆ ✭❋✐❣✉r❛ ✸✳✶✺❇✮✱ q✉❡ ♣r❡s❡♥tó
✉♥ ❛❧✐♥❡❛♠✐❡♥t♦ ❝♦♥ ✻✹✪ ❞❡ ✐❞❡♥t✐❞❛❞ ② ✾✾✪ ❞❡ ❝♦❜❡rt✉r❛ ② ✉♥ ♣✉♥t❛❥❡ ❞❡
◗▼❊❆◆ ❞❡ ✲✷✳✽✱ ② ❛ú♥ ❛sí ♣r❡s❡♥t❛ ❘▼❙❉ ❞❡ ✹✳✶✾ ② ✉♥ ❚▼s❝♦r❡ ❞❡ ✵✳✺✺✱ ❝❛s✐
❛❧ ❧í♠✐t❡ ❞❡❧ ♣❛r❡❝✐❞♦ ❞❡ ♣❧❡❣❛❞♦ ❛❧ ❛③❛r✳ ❊st❡ ❝❛s♦ ❤✉❜✐❡r❛ s✐❞♦ ✐♠♣♦s✐❜❧❡ ❞❡
❞❡t❡❝t❛r ✉s❛♥❞♦ ❧♦s ♣❛rá♠❡tr♦s ❞❡ ❛❧✐♥❡❛♠✐❡♥t♦ ② ❧♦s ♣♦t❡♥❝✐❛❧❡s ❞❡ ❝❛❧✐❞❛❞✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❋✐❣✉r❛ ✸✳✶✺✿ ❊rr♦r❡s ❞❡ ♠♦❞❡❧❛❞♦ q✉❡ ♥♦ ❢✉❡r♦♥ ❝❛♣t✉r❛❞♦s✳ ▼♦❞❡❧♦s q✉❡ ❢✉❡r♦♥
♣r❡❞✐❝❤♦s ❝♦♥ ❡rr♦r❡s ② ♥♦ ❢✉❡r♦♥ ❞❡t❡❝t❛❞♦s ♣♦r ❧♦s ♣❛rá♠❡tr♦s ❞❡❧ ❛❧✐♥❡❛♠✐❡♥t♦ ♥✐ ♣♦r ❧♦s
♣♦t❡♥❝✐❛❧❡s ❞❡ ❝❛❧✐❞❛❞✳ ❆✮ ▼♦❞❡❧♦ ❞❡ ✸❝❦❢❆ ❝♦♥ ❡rr♦r❡s ❝rít✐❝♦s ② ❛❧t❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✱
t✐❡♥❡ ✽✾✪ ❞❡ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ② ♣r❡s❡♥t❛ ✉♥ ❘▼❙❉❂✹✳✸✶ ② ✉♥ ❚▼s❝♦r❡❂✵✳✻✼✳ ❇✮
▼♦❞❡❧♦ ❞❡ ✸❣♠t❆ ❝♦♥ ❘▼❙❉❂✹✳✶✾ ② ❚▼s❝♦r❡❂✵✳✺✺ ❛ ♣❡s❛r ❞❡ ❤❛❜❡r s✐❞♦ ♣r❡❞✐❝❤❛s ❞❡
❜✉❡♥❛ ❝❛❧✐❞❛❞ ✭✐❞❡♥t❂✻✹✪✱ ◗▼❊❆◆❂✲✷✳✽✮✳ ❊♥ ✈❡r❞❡ ❧❛s ❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s ② ❧♦s ♠♦❞❡❧♦s
❡♥ ❣r✐s

❚❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ ❧♦ ✈✐st♦ ❤❛st❛ r❡❝✐é♥✱ ❝❛s♦s ❝♦♠♦ ❧♦s ♠❡♥❝✐♦♥❛❞♦s ♣r❡✲
✈✐❛♠❡♥t❡✱ ♥♦ s♦♥ ♠ás q✉❡ ♠♦❞❡❧♦s q✉❡ ♣r❡❞✐❥❡r♦♥ ✉♥❛ ❡str✉❝t✉r❛ ❝♦♥ ❡❧ ♠✐s♠♦
♣❧❡❣❛❞♦ ♣❡r♦ ❡♥ ♦tr❛ ❝♦♥❢♦r♠❛❝✐ó♥✳ ❈❛s♦s ❡♥ ❧♦s q✉❡ ❧❛ ❡str✉❝t✉r❛ ♥❛t✐✈❛ t✐❡♥❡
✉♥♦ ♦ ♠ás ❞♦♠✐♥✐♦s q✉❡ ♠❛♥✐✜❡st❛♥ ♠♦✈✐♠✐❡♥t♦s ♥♦ ❝♦♥❝❡rt❛❞♦s ②✱ s✐ ❜✐❡♥
❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s ♣r❡s❡♥t❛rí❛ ✈❛❧♦r❡s ❜❛❥♦s ❞❡ ❘▼❙❉ ♣♦r s❡♣❛r❛❞♦✱ s✉s ♦r✐✲
❡♥t❛❝✐♦♥❡s ♠✉t✉❛s ❞❛♥ ❧✉❣❛r ❛ ✉♥ ♠♦❞❡❧♦ ❡♥ ✉♥❛ ❝♦♥❢♦r♠❛❝✐ó♥ q✉❡ ❞✐✜❡r❡
❞❡ ❧❛ ❡str✉❝t✉r❛ ❝♦♥♦❝✐❞❛ q✉❡ s❡ ✉s❛ ♣❛r❛ ❝♦♠♣❛r❛r✳ ❊st❛s s♦♥ ❝♦♥s✐❞❡r❛❞❛s
♣r♦t❡í♥❛s ❞✐❢í❝✐❧❡s✱ ❡♥ ❧❛s q✉❡ ❡❧ ♣✐♣❡❧✐♥❡ ❢❛❧❧❛ ❡♥ ❡♥❝♦♥tr❛r ❧❛ ❝♦♥❢♦r♠❛❝✐ó♥
❛❞❡❝✉❛❞❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣♦r ✉♥❛ ❝✉❡st✐ó♥ ❞❡ ❧❛ ✈❛r✐❛❜✐❧✐❞❛❞ ❝♦♥❢♦r♠❛❝✐♦♥❛❧✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❋✐♥❛❧♠❡♥t❡✱ ♣✉❞✐♠♦s ✈❡r q✉❡ ❧♦s ♠♦❞❡❧♦s q✉❡ ♣r♦❞✉❝❡ ❡❧ ♣✐♣❡❧✐♥❡ s♦♥ ❧♦ s✉✜✲
❝✐❡♥t❡♠❡♥t❡ ❜✉❡♥♦s ❝♦♠♦ ♣❛r❛ ♥♦ ❝♦♠❡t❡r ❡rr♦r❡s ❢✉❡rt❡s✱ ② ❛❞❡♠ás t❡♥❡♠♦s
✉♥❛ ♠❛♥❡r❛ ❞❡ ❝❧❛s✐✜❝❛r ❧♦s ♠♦❞❡❧♦s s❡❣ú♥ s✉ ♥✐✈❡❧ ❞❡ ❝❛❧✐❞❛❞ ❡♥ ❢✉♥❝✐ó♥ ❞❡❧
❘▼❙❉ ② ❡❧ ❚▼s❝♦r❡ q✉❡ ♣✉❡❞❡♥ ❧❧❡❣❛r ❛ ❛❞♦♣t❛r✳

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

❊❧ ♣✐♣❡❧✐♥❡ ❞❡ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛ ❢✉❡ ❛♣❧✐❝❛❞♦ ❛❧ ❡st✉❞✐♦ ❞❡ ❣r❛♥❞❡s
❝♦♥❥✉♥t♦s ❞❡ s❡❝✉❡♥❝✐❛s ❞❡ ♣r♦t❡í♥❛s ♣r♦✈❡♥✐❡♥t❡s ❞❡ ❣❡♥♦♠❛s ❞❡ ♣❛tó❣❡♥♦s
❜❛❝t❡r✐❛♥♦s s❡❝✉❡♥❝✐❛❞♦s✱ ❝♦♥ ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ♣r✐♦r✐③❛r ❜❧❛♥❝♦s t❡r❛♣é✉t✐❝♦s✳
Pr❡❞✐❥✐♠♦s ❧❛s ❡str✉❝t✉r❛s ❞❡ ✸ ❣❡♥♦♠❛s✿ ▼②❝♦❜❛❝t❡r✐✉♠ t✉❜❡r❝✉❧♦s✐s✱ ❑❧❡❜✲
s✐❡❧❧❛ ♣♥❡✉♠♦♥✐❛❡ ② ❈♦r②♥❡❜❛❝t❡r✐✉♠ ♣s❡✉❞♦t✉❜❡r❝✉❧♦s✐s✳

❊♥ ❡❧ ❝❛s♦ ❞❡ ▼✳ t✉❜❡r❝✉❧♦s✐s ❬❘❛❞✉s❦② ❡t ❛❧✳✱ ✷✵✶✹❪✱ ♣r✐♠❡r♦ s❡ ✜❧tr❛r♦♥
❛q✉❡❧❧❛s s❡❝✉❡♥❝✐❛s ♣r♦t❡✐❝❛s ♣❛r❛ ❧❛s ❝✉❛❧❡s ❤❛②❛ s✐❞♦ ❞❡♣♦s✐t❛❞❛ ✉♥❛ ❡str✉❝✲
t✉r❛ ❡♥ ❡❧ P❉❇✳ ❊st❡ ♣r✐♠❡r ✜❧tr♦✱ ❞❡❥ó ❛❢✉❡r❛ ❞❡ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ ♠♦❞❡❧♦s ❛
✹✹✶ ❡str✉❝t✉r❛s ú♥✐❝❛s q✉é ❡stá♥ ❞✐s♣♦♥✐❜❧❡s✳ P❛r❛ t♦❞♦ ❡❧ r❡st♦ ❞❡ ❧♦s ❖❘❋s✱
✐♥t❡♥t❛♠♦s ♣r❡❞❡❝✐r s✉ ❡str✉❝t✉r❛✱ ✉s❛♥❞♦ ❡❧ ♣✐♣❡❧✐♥❡ ♠❡♥❝✐♦♥❛❞♦ ♣r❡✈✐❛♠❡♥t❡✳
P❛r❛ ❈✳ ♣s❡✉❞♦t✉❜❡r❝✉❧♦s✐s ❬❘❛❞✉s❦② ❡t ❛❧✳✱ ✷✵✶✺❪ s❡ ❛♥❛❧✐③❛r♦♥ ✈❛r✐❛s ❝❡♣❛s
❞❡ ❧❛ ❡s♣❡❝✐❡✱ ② ✉♥❛ ❞❡ ❡❧❧❛s ✭❧❛ ❝❡♣❛ ✶✵✵✷✮ ❢✉❡ ✉s❛❞❛ ❝♦♠♦ ❜❛s❡ ♣❛r❛ ❡❧ ❡st✉❞✐♦
❡str✉❝t✉r❛❧✳ P♦r ❝❛❞❛ s❡❝✉❡♥❝✐❛ ❡♥ ✶✵✵✷✱ s❡ ❝♦♥str✉②❡r♦♥ ✈❛r✐♦s ♠♦❞❡❧♦s ✉s❛♥✲
❞♦ ❧♦s ♣r♦t♦❝♦❧♦s ♠❡♥❝✐♦♥❛❞♦s ♣r❡✈✐❛♠❡♥t❡✳ ❈❛❞❛ s❡❝✉❡♥❝✐❛ ♣❡rt❡♥❡❝✐❡♥t❡ ❛
❧❛s ♦tr❛s ✶✹ ❝❡♣❛s ❢✉❡ ❝♦♠♣❛r❛❞❛ ✉s❛♥❞♦ ❇▲❆❙❚✱ ② ♣❛r❛ ❝❛❞❛ s❡❝✉❡♥❝✐❛ q✉❡
❞✐❡r❛ ✉♥ ❤✐t s✐❣♥✐✜❝❛t✐✈♦ ❝♦♥ ✐❞❡♥t✐❞❛❞ ❛rr✐❜❛ ❞❡❧ ✽✺✪✱ s❡ ✉só ✉♥❛ ♠❡t♦❞♦❧♦❣í❛
❞❡ ♠✉t❛❝✐ó♥❡s ♣✉♥t✉❛❧❡s ❞❡♥♦♠✐♥❛❞❛ ❙✐♥❣❧❡ ❆♠✐♥♦ ❆❝✐❞ ❙✉st✐t✉t✐♦♥ ✭❙❆❆❙✮✱
❡♥ ❝❛❞❛ ❛♠✐♥♦ á❝✐❞♦ ❞✐❢❡r❡♥t❡ ❡♥tr❡ ❧❛ s❡❝✉❡♥❝✐❛ ❡♥ ❞✐❝❤❛ ❝❡♣❛ ② ❧❛ s❡❝✉❡♥❝✐❛
❡♥ ✶✵✵✷✱ ❝❛♠❜✐❛♥❞♦ ❧❛s ❡str✉❝t✉r❛s ♠♦❞❡❧❛❞❛s ♦❜t❡♥✐❞❛s ♣r❡✈✐❛♠❡♥t❡✳ ❆❧ ❧♦s
✜♥❡s ❞❡ ❡st❡ tr❛❜❛❥♦ ❞❡ t❡s✐s✱ ✉s❛♠♦s ♣❛r❛ ❡❧ ❛♥á❧✐s✐s só❧♦ ❧♦s ♠♦❞❡❧♦s ♦❜t❡♥✐❞♦s
♣❛r❛ ✶✵✵✷✳ P♦r út❧✐♠♦✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❑✳ ♣♥❡✉♠♦♥✐❛❡✱ ❤✐❝✐♠♦s ✉♥ ♠♦❞❡❧❛❞♦ ♣❛r❛
❝❛❞❛ ❖❘❋ ❡♥ ❡❧ ❣❡♥♦♠❛✱ ❞❡ ❧❛ ♠✐s♠❛ ♠❛♥❡r❛ q✉❡ s❡ ♠❡♥❝✐♦♥ó ♣❛r❛ ❧♦s ♦tr♦s
❞♦s ♣❛tó❣❡♥♦s✳

❆❤♦r❛ ❜✐❡♥✱ ✉s❛♥❞♦ ❧♦s ♣❛rá♠❡tr♦s ♣r❡✈✐❛♠❡♥t❡ ♠❡♥❝✐♦♥❛❞♦s ♣❛r❛ ♣✉♥t✉❛r
❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s ♠♦❞❡❧♦s✱ ♥♦s ♣r❡❣✉♥t❛♠♦s ❝♦♥ q✉é ❣r❛❞♦ ❞❡ ❡rr♦r ❡st❛♠♦s
❣❡♥❡r❛♥❞♦ ♠♦❞❡❧♦s ✉s❛♥❞♦ ❡❧ ♣✐♣❡❧✐♥❡ ♠❡♥❝✐♦♥❛❞♦ ♣r❡✈✐❛♠❡♥t❡✳ ◆♦s ✐♥t❡r❡só✱
❛♥❛❧✐③❛r ♣❛rt✐❝✉❧❛r♠❡♥t❡✿ ✐✮ ❧❛ ♣r♦♣♦r❝✐ó♥ ❞❡ ❖❘❋s ♣❛r❛ ❧♦s q✉❡ ♦❜t✉✈✐♠♦s
t❡♠♣❧❛❞♦s✱ ✐✐✮ ❞❡ ❧♦s ♠♦❞❡❧♦s ❣❡♥❡r❛❞♦s✱ ❝✉á♥t♦s ❖❘❋s ♦❜t✉✈✐❡r♦♥ ❛❧ ♠❡♥♦s ✉♥
♠♦❞❡❧♦ ❛❝❡♣t❛❜❧❡✱ ✉s❛♥❞♦ ❝♦♠♦ ❝r✐t❡r✐♦ só❧♦ ❡❧ ✈❛❧♦r ❞❡ ❧❛ ❢✉♥❝✐ó♥ ●❆✸✹✶❃✵✳✼✱
✐✐✐✮ s❡❣ú♥ ❧♦s ❝r✐t❡r✐♦s ❞❡ ❝♦rt❡ q✉❡ ♠❡♥❝✐♦♥❛♠♦s ♣r❡✈✐❛♠❡♥t❡✱ ❝♦♥ q✉é ❣r❛❞♦
❞❡ ❡rr♦r ❡st❛♠♦s ❛❜❛r❝❛♥❞♦ ❡❧ ❣❡♥♦♠❛ ❞❡❧ ♣❛tó❣❡♥♦ ❡♥ ❝✉❡st✐ó♥✳ ❊st♦s tr❡s
♣✉♥t♦s ❛ ❛♥❛❧✐③❛r ♣✉❡❞❡♥ s❡r ❞❡❞✉❝✐❞♦s ❞❡ ❧♦s ❛❧✐♥❡❛♠✐❡♥t♦s ② ❧♦s ✈❛❧♦r❡s ❞❡
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❧♦s ♣♦t❡♥❝✐❛❧❡s ❝♦♠♦ ❡①♣❧✐❝❛♠♦s ❛♥t❡r✐♦r♠❡♥t❡✳

●❡♥♦♠❛ ❚♦t❛❧ ❞❡
❖❘❋s

❖❘❋s ❝♦♥
t❡♠♣❧❛❞♦s

▼♦❞❡❧♦s
❝♦♥✜❛❜❧❡s

❈♦r②❜❛❝t❡r✐✉♠ ♣s❡✉❞♦t✉❜❡r❝✉❧♦s✐s ✭❈♣✮ ✷✵✾✵ ✶✶✽✼ ✭✺✻✳✽✪✮ ✶✵✺✶ ✭✺✵✳✷✪✮
▼②❝♦❜❛❝t❡r✐✉♠ t✉❜❡r❝✉❧♦s✐s ✭▼t✮ ✸✾✽✷ ✷✼✷✷ ✭✻✽✳✾✪✮ ✷✸✸✼ ✭✺✽✳✻✪✮
❑❧❡❜s✐❡❧❧❛ ♣♥❡✉♠♠♦♥✐❡❛❡ ✭❑♣✮ ✺✼✸✻ ✸✺✸✾ ✭✻✶✳✼✪✮ ✸✸✹✽ ✭✺✽✳✸✪✮

❈✉❛❞r♦ ✸✳✶✿❘❡s✉❧t❛❞♦s ❞❡❧ ♠♦❞❡❧❛❞♦ ❡str✉❝t✉r❛❧ ♣❛r❛ ❧♦s ❣❡♥♦♠❛s ❞❡ ✸ ♣❛tó❣❡♥♦s✳
▲♦s ❖❘❋s ❝♦♥ t❡♠♣❧❛❞♦s ❝♦rr❡s♣♦♥❞❡♥ ❛ ❛q✉❡❧❧♦s q✉❡ t✐❡♥❡♥ ♠♦❞❡❧♦s ♣❡r♦ t✐❡♥❡♥ ✉♥
●❆✸✹✶❁✵✳✼✱ ♣♦r ❧♦ q✉❡ ♥♦ s❡ ❧♦s ❝♦♥s✐❞❡r❛ ❝♦♥✜❛❜❧❡s✳ ▲♦s ▼♦❞❡❧♦s ❝♦♥✜❛❜❧❡s s♦♥ ❧♦s
❖❘❋s q✉❡ t✐❡♥❡♥ ♣♦r ❧♦ ♠❡♥♦s ✉♥ ♠♦❞❡❧♦ q✉❡ ❝✉♠♣❧❡ ❝♦♥ ❡❧ ❝r✐t❡r✐♦ ❞❡ ●❆✸✹✶✳ ▲♦s ♣♦r❝❡t❛❥❡s
s❡ ❝❛❧❝✉❧❛♥ ❝♦♥ r❡s♣❡❝t♦ ❛❧ t♦t❛❧ ❞❡ ❖❘❋s✳

❈♦♠♦ s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❡❧ ❈✉❛❞r♦ ✸✳✶✱ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧♦s ❞✐st✐♥t♦s ❣❡♥♦♠❛s
♣✉❡❞❡♥ ✈❛r✐❛r ❜❛st❛♥t❡✳ ❊♥ ❡❧ ❝❛s♦ ❞❡ ❈✳ ♣s❡✉❞♦t✉❜❡r❝✉❧♦s✐s ❧❛ ❝❛♥t✐❞❛❞ ❞❡
❖❘❋s ♣r❡❞✐❝❤♦s ❡s ❜❛st❛♥t❡ ♠❡♥♦r q✉❡ ❡♥ ❡❧ ❝❛s♦ ❞❡ ▼✳ t✉❜❡r❝✉❧♦s✐s ② ❑✳
♣♥❡✉♠♦♥✐❛❡✱ ❞❡❜✐❞♦ ❛❧ t❛♠❛ñ♦ r❡❞✉❝✐❞♦ ❞❡❧ ❣❡♥♦♠❛✳ ▼✳ t✉❜❡r❝✉❧♦s✐s ♣r❡s❡♥t❛
❡❧ ♠❡♥♦r ❝✉❜r✐♠✐❡♥t♦ s♦❜r❡ ❡❧ t♦t❛❧ ❞❡ ❖❘❋s✱ ❛sí ❝♦♠♦ ❧❛ ♣r♦♣♦r❝✐ó♥ ❞❡ ♠♦❞❡❧♦s
❛❝❡♣t❛❜❧❡s✳ ❑✳ ♣♥❡✉♠♦♥✐❛❡ ❡s ❡❧ ♣❛tó❣❡♥♦ ❝♦♥ ♠ás s✐♠✐❧✐t✉❞ ❡str✉❝t✉r❛❧ ❝♦♥tr❛
❧❛s s❡❝✉❡♥❝✐❛s ❡♥ ❧❛ ❜❛s❡ ❞❡ ❞❛t♦s ❞❡ t❡♠♣❧❛❞♦s✱ ❧❧❡❣❛♥❞♦ ❛❧ ✺✽✳✸✪ ❞❡❧ t♦t❛❧ ❞❡
❖❘❋s q✉❡ t✐❡♥❡♥ ✉♥ ♠♦❞❡❧♦ ❝♦♥✜❛❜❧❡✳ ❑✳ ♣♥❡✉♠♦♥✐❛❡ ❡s ♣❛r❛ ❡❧ q✉❡ ♠❡♥♦s
♠♦❞❡❧♦s s❡ t✉✈♦ q✉❡ ❞❡s❝❛rt❛r ♣♦r ❝♦♥✜❛❜✐❧✐❞❛❞ r❡❞✉❝✐❡♥❞♦ só❧♦ ✉♥ ✹✪ ❞❡ ❧♦s
❖❘❋s ♣♦r ♥♦ ❝✉♠♣❧✐r ❝♦♥ ❡❧ ❝r✐t❡r✐♦ ❞❡ GA341 > 0,7✳ ❆✉♥q✉❡✱ ♣❛r❛ ❧♦s ♦tr♦s
❞♦s só❧♦ s❡ ❞❡s❝❛rt❛ ❛❧r❡❞❡❞♦r ❞❡ ✉♥ ✻✪ ❧♦ ❝✉á❧ t❛♠♣♦❝♦ ❡s ❞❡♠❛s✐❛❞♦ ❡❧❡✈❛❞♦✳
❊st♦ ✐♥❞✐❝❛ q✉❡ ❡❧ ♣✐♣❡❧✐♥❡ ❞❡ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦ ❧♦❣r❛ ♣r♦❞✉❝✐r ❡str✉❝t✉r❛s
❞❡ ♣r♦t❡í♥❛s ❞❡ ♣❛tó❣❡♥♦s ❜❛❝t❡r✐❛♥♦s q✉❡ s♦♥ ❡♥ s✉ ♠❛②♦rí❛ ❝♦♥✜❛❜❧❡s✳

●❡♥♦♠❛ ●♦♦❞ ❚✇✐❧✐❣❤t ❇❛❞
❈♣ ✺✹✼✭✺✷✳✵✪✮✴✲✵✳✽✴✹✵✳✻ ✷✵✸✭✶✾✳✸✶✪✮✴✲✷✳✽✴✷✼✳✸ ✸✵✶✭✷✽✳✻✪✮✴✲✺✳✹✴✶✹✳✼
▼t ✽✾✼✭✸✽✳✸✪✮✴✲✶✳✵✴✹✵✳✽ ✺✺✷✭✷✸✳✻✪✮✴✲✷✳✽✴✷✼✳✵ ✽✽✽✭✸✼✳✾✪✮✴✲✺✳✸✴✶✹✳✼
❑♣ ✷✷✹✼✭✻✼✳✶✪✮✴✲✵✳✼✴✻✵✳✷ ✺✵✽✭✶✺✳✶✪✮✴✲✷✳✽✴✷✼✳✷ ✺✾✸✭✶✼✳✼✪✮✴✲✺✳✽✴✶✺✳✻

❈✉❛❞r♦ ✸✳✷✿ ❊st❛❞íst✐❝❛s ❣❡♥❡r❛❧❡s ❞❡❧ ♠♦❞❡❧❛❞♦ ❡str✉❝t✉r❛❧ s❡❣ú♥ ❧❛s ✸ ❝❛t❡❣♦rí❛s
♣r♦♣✉❡st❛s✿ ●♦♦❞✱ ❚✇✐❧✐❣❤t✱ ❇❛❞✳ ❊♥ ❝❛❞❛ ❝❡❧❞❛✱ ❡♥tr❡ ❜❛rr❛s✱ s❡ ♣r❡s❡♥t❛♥ ❞❡ ✐③q✉✐❡r❞❛
❛ ❞❡r❡❝❤❛✱ ❧♦s ✈❛❧♦r❡s ❞❡✿ ❈❛♥t✐❞❛❞ ❞❡ ❖❘❋s ❡♥ ❧❛ ❝❛t❡❣♦rí❛✱ ❩s❝♦r❡ ❞❡ ◗▼❊❆◆ ♣r♦♠❡❞✐♦ ❡
✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ♣r♦♠❡❞✐♦✳ ▲♦s ♣♦r❝❡t❛❥❡s s❡ ❝❛❧❝✉❧❛♥ ❝♦♥ r❡s♣❡❝t♦ ❛❧ t♦t❛❧ ❞❡ ❖❘❋s✳

❈♦♥ r❡s♣❡❝t♦ ❛ ❧❛s ❝❛t❡❣♦rí❛s ❞❡ ❝❛❧✐❞❛❞ ♣❛r❛ ❛q✉❡❧❧♦s ♠♦❞❡❧♦s ❛❝❡♣t❛❜❧❡s
✭❈✉❛❞r♦ ✸✳✷✮✱ ❡♥ ❧❛ ❝❛t❡❣♦rí❛ ●♦♦❞✱ ❧❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ♣r♦♠❡❞✐♦ ❡♥ ❡❧
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❝❛s♦ ❞❡ ❑✳ ♣♥❡✉♠♦♥✐❛❡ ✐♥❞✐❝❛ q✉❡ s✉s ♠♦❞❡❧♦s s♦♥ ❝♦♥s✐❞❡r❛❜❧❡♠❡♥t❡ ♠❡❥♦r❡s
q✉❡ ❧♦s ❞❡ ❈✳ ♣s❡✉❞♦t✉❜❡r❝✉❧♦s✐s ② ▼✳ t✉❜❡r❝✉❧♦s✐s✱ ② t❛♠❜✐é♥ ❡❧ ✈❛❧♦r ❞❡❧
❩s❝♦r❡ ❞❡ ◗▼❊❆◆✳ ❖ s❡❛✱ q✉❡ ♥♦ só❧♦ ❛ ♥✐✈❡❧ ❞❡ ❝✉❜r✐♠✐❡♥t♦ s♦❜r❡ ❡❧ t♦t❛❧
❞❡ ❖❘❋s✱ s✐♥♦ q✉❡✱ ❡♥ ❣❡♥❡r❛❧✱ ❑✳ ♣♥❡✉♠♦♥✐❛❡ t✐❡♥❡ ❖❘❋s q✉❡ s♦♥ ♠ás ❢á❝✐❧❡s
❞❡ ♠♦❞❡❧❛r✳ ▲♦s ♠♦❞❡❧♦s ❞❡ ❜✉❡♥❛ ❝❛❧✐❞❛❞ ❧❧❡❣❛♥ ❤❛st❛ ❝❛s✐ ✉♥ ✹✵✪ ❞❡❧ t♦t❛❧
❞❡ ❖❘❋s✱ ❝♦♥ ✉♥❛ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ♣r♦♠❡❞✐♦ ❞❡❧ ✻✵✪✱ ♠✐❡♥tr❛s q✉❡
♣❛r❛ ❧♦s ♦tr♦s ❞♦s ♣❛tó❣❡♥♦s ✭▼✳ t✉❜❡r❝✉❧♦s✐s ② ❈✳ ♣s❡✉❞♦t✉❜❡r❝✉❧♦s✐s✮ só❧♦ s❡
❧❧❡❣❛ ❛ ✉♥ ♣r♦♠❡❞✐♦ ❞❡❧ ✹✵✪✳ P♦r ú❧t✐♠♦✱ ❡♥ ❧❛s ♦tr❛s ❞♦s ❝❛t❡❣♦rí❛s✱ t♦❞♦s
❧♦s ✈❛❧♦r❡s ✭❝❛♥t✐❞❛❞✴◗▼❊❆◆✴✐❞❡♥t✐❞❛❞✮ s♦♥ ♣❛r❡❝✐❞♦s ❡♥tr❡ ❧♦s ✸ ❣❡♥♦♠❛s✱
❧♦ ❝✉á❧ s✉❣✐❡r❡ q✉❡ ❧❛s ♣r♦t❡í♥❛s ❞✐❢í❝✐❧❡s ❞❡ ♠♦❞❡❧❛r ♣♦❞rí❛♥ ❧❧❡❣❛r ❛ s❡r ✉♥
r❡t♦ ♣❛r❛ ❝✉❛❧q✉✐❡r ♣❛tó❣❡♥♦ ❝♦♥ ❡❧ q✉❡ s❡ ❡sté tr❛❜❛❥❛♥❞♦✳

✸✳✹✳ ❈♦♥❝❧✉s✐♦♥❡s

❆❧ ❞í❛ ❞❡ ❤♦② ❧❛s té❝♥✐❝❛s ❞❡ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦✱ s❡ ❤❛♥ ♠♦str❛❞♦ ❞❡
❣r❛♥ ✉t✐❧✐❞❛❞ ♣❛r❛ ✈❛r✐❛s ❛♣❧✐❝❛❝✐♦♥❡s✳ ❊♥ ❡st❛ ✐♥st❛♥❝✐❛ ❞❡❧ tr❛❜❛❥♦✱ ♣✉s✐♠♦s ❛
♣✉♥t♦ ✉♥ ♣✐♣❡❧✐♥❡ ❞❡ ♠♦❞❡❧❛❞♦ ❡str✉❝t✉r❛❧ q✉❡ ❞❛ r❡s✉❧t❛❞♦s ❛❝❡♣t❛❜❧❡s✳ ❚❛♠✲
❜✐❡♥ ❢✉✐♠♦s ❝❛♣❛❝❡s ❞❡ ❡st✐♠❛r ❡❧ ❣r❛❞♦ ❞❡ ❡rr♦r q✉❡ s❡ ♣r♦❞✉❝❡✱ ❡♥ ♣r♦♠❡❞✐♦
❡♥ ❧♦s ♠♦❞❡❧♦s✱ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ♣❛rá♠❡tr♦s q✉❡ ♣✉❡❞❡♥ ♦❜s❡r✈❛rs❡✱ ✉♥❛ ✈❡③ t❡r✲
♠✐♥❛❞♦ ❡❧ ♣r♦❝❡s♦ ❞❡ ♠♦❞❡❧❛❞♦✳ ❊st❡ t✐♣♦ ❞❡ ♣✐♣❡❧✐♥❡s ❡s ❝♦♥s✐❞❡r❛❞♦ ✉♥❛ ❞❡
❧❛s ❢♦r♠❛s ♠ás s❡♥❝✐❧❧❛s ❞❡ ♦❜t❡♥❡r ❡str✉❝t✉r❛s ✉s❛♥❞♦ ♣♦❝♦s r❡❝✉rs♦s ❝♦♠✲
♣✉t❛❝✐♦♥❛❧❡s✱ ❝♦♠♣❛r❛❞♦ ❝♦♥ ♦tr❛s té❝♥✐❝❛s ❝♦♠♦ ❚❤r❡❛❞✐♥❣ ♦ ❡str❛t❡❣✐❛s ❆❜
✐♥✐t✐♦✳

❙❡ ♣✉❡❞❡ ❞❡❝✐r q✉❡ ❧♦ ♠ás ✐♠♣♦rt❛♥t❡ ❛ ❧❛ ❤♦r❛ ❞❡ ♠♦❞❡❧❛r ❡s t❡♥❡r t❡♠♣❧❛✲
❞♦s q✉❡ s❡ ♣❛r❡③❝❛♥ ❧♦ ♠ás ♣♦s✐❜❧❡✱ ❧♦ ❝✉á❧ ♥♦ ❡s ♥♦t✐❝✐❛ ♥✉❡✈❛✳ ❙✐♥ ❡♠❜❛r❣♦✱
✈❡♠♦s q✉❡ ❛ ♣❡s❛r ❞❡ q✉❡ ❧❛ té❝♥✐❝❛ ❞❡ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦ ❝♦♠❡t❡ ♣❡q✉❡ñ♦s
❡rr♦r❡s✱ ❡st♦s r❛r❛ ✈❡③ s♦♥ ♠ás ❛❧❧á ❞❡ ✺✳✵➴✳ ❊s ♠ás✱ ♣❛r❛ ❧♦s tr❡s ❡str✉❝t✉r✲
♦♠❛s q✉❡ ✈✐♠♦s✱ ♠ás ❞❡ ❧❛ ♠✐t❛❞ ❞❡ ❧♦s ♠♦❞❡❧♦s ♦❜t❡♥✐❞♦s ❢✉❡r♦♥ ❞❡ ❜✉❡♥❛
❝❛❧✐❞❛❞✱ ♣r❡s❡♥t❛♥❞♦ ✉♥ ❡rr♦r ♣r♦♠❡❞✐♦ ❞❡ ♠❡♥♦s ❞❡ ✷✳✵➴✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❧♦s
♠♦❞❡❧♦s q✉❡ ♣r❡s❡♥t❛♥ ✉♥❛ ❝❛❧✐❞❛❞ ❜❛❥❛ ♥♦ ♣✉❡❞❡♥ s❡r ✉s❛❞♦s ♣❛r❛ ❡st✉❞✐♦s ❡♥
❧❛s q✉❡ ❡sté♥ ✐♥✈♦❧✉❝r❛❞❛s✱ ♣♦r ❡❥❡♠♣❧♦✱ ✐♥t❡r❛❝❝✐♦♥❡s ❞❡ ❝♦rt♦ ❛❧❝❛♥❝❡ ❝♦♠♦
❧♦s ♣✉❡♥t❡s ❞❡ ❤✐❞ró❣❡♥♦✳

❊♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s ❣❡♥♦♠❛s q✉❡ ♠♦❞❡❧❛♠♦s✱ ✈✐♠♦s q✉❡ ▼✳ t✉❜❡r❝✉❧♦s✐s ❡s
❜❛st❛♥t❡ ♠ás ❞✐✜❝✐❧ ❞❡ ♠♦❞❡❧❛r q✉❡ ❑✳ ♣♥❡✉♠♦♥✐❛❡✱ ♥♦ só❧♦ ❡♥ ❡❧ s❡♥t✐❞♦ q✉❡
▼✳ t✉❜❡r❝✉❧♦s✐s ♣r❡s❡♥tó ✉♥❛ ♣r♦♣♦r❝✐ó♥ ♠❡♥♦r ❞❡ t❡♠♣❧❛❞♦s ❝♦♥ ❧♦s ❝✉❛❧❡s
❝♦♥str✉✐r ❧♦s ♠♦❞❡❧♦s✱ s✐♥♦ q✉❡ ❛❞❡♠ás✱ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ✐❞❡♥t✐❞❛❞❡s ❞❡ s❡✲
❝✉❡♥❝✐❛✱ ② ❞❡ ♣✉♥t❛❥❡s ◗▼❊❆◆✱ s✉♣♦♥❡ ✉♥❛ ♣r♦♣♦r❝✐ó♥ ♠ás ❜❛❥❛ ❞❡ ♠♦❞❡❧♦s
❞❡ ❜✉❡♥❛ ❝❛❧✐❞❛❞✳ ❊st♦ ❡s ❜❛st❛♥t❡ ❝✉r✐♦s♦ ❞❛❞♦ q✉❡ ❡♥ ❡❧ P❉❇✱ ❤♦② ❞í❛ ❡s
♣♦s✐❜❧❡ ❡♥❝♦♥tr❛r ♠ás ❞❡ ✶✵✵✵ ❡♥tr❛❞❛s q✉❡ r❡✜❡r❡♥ ❛ ♣r♦t❡í♥❛s ❞❡ ▼✳ t✉✲

Pá❣✐♥❛ ✽✶ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❜❡r❝✉❧♦s✐s ♠✐❡♥tr❛s q✉❡ ♣❛r❛ ❑✳ ♣♥❡✉♠♦♥✐❛❡✱ t♦❞❛✈í❛ ♥♦ s✉♣❡r❛♥ ❧❛s ♣♦❝❛s
❞❡❝❡♥❛s✳ ▲♦ ❝✉á❧ ❛❜r❡ ❧❛ ♣r❡❣✉♥t❛✿ ➽q✉é ❣❡♥♦♠❛ t✐❡♥❡ ♠ás ✐♥❢♦r♠❛❝✐ó♥ ❡str✉❝✲
t✉r❛❧ ❞✐s♣♦♥✐❜❧❡❄ ➽❡❧ q✉❡ t✐❡♥❡ ♠ás ❡str✉❝t✉r❛s r❡s✉❡❧t❛s ♦ ❡❧ q✉❡ t✐❡♥❡ ♠ás
♠♦❞❡❧♦s ❝♦♥✜❛❜❧❡s❄

Pá❣✐♥❛ ✽✷ ❞❡ ✶✸✵



❈❛♣ít✉❧♦ ✹

❈❧✉st❡rs ❞❡ ❆r♦♠át✐❝♦s ❡♥
♣r♦t❡í♥❛s✿ P❧❡❣❛❞♦✱ ■♥t❡r❛❝❝✐ó♥
❝♦♥ ❉r♦❣❛s ② ❡♥ ❈♦♠♣❧❡❥♦s
Pr♦t❡í♥❛✲Pr♦té✐♥❛

✹✳✶✳ ■♥tr♦❞✉❝❝✐ó♥

❊❧ rá♣✐❞♦ ✐♥❝r❡♠❡♥t♦ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ❡str✉❝t✉r❛❧ ❞❡ ♣r♦t❡í♥❛s ❛❝✉♠✉❧❛♥✲
❞♦s❡ ❡♥ ❡❧ P❉❇✱ ♦❢r❡❝❡ ❧❛ ♦♣♦rt✉♥✐❞❛❞ ❞❡ ♠✐r❛r ❡❧ ❡s♣❛❝✐♦ ❡str✉❝t✉r❛❧ ❞❡ ❧❛s
❜✐♦♠♦❧é❝✉❧❛s ❝♦♠♦ ✉♥ t♦❞♦✱ ♣❛r❛ ❡①♣❧♦r❛r✴❡♥t❡❞❡r ❧♦s ♣r✐♥❝✐♣✐♦s q✉❡ r❡❣✉❧❛♥
❧❛ r❡❧❛❝✐ó♥ ❡str✉❝t✉r❛ ❢✉♥❝✐ó♥✳ ❱❛r✐♦s ❡st✉❞✐♦s s♦❜r❡ ♣r♦t❡í♥❛s ❤❛♥ ♠♦str❛❞♦
q✉❡ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s q✉❡ ❡st❛❜❧❡❝❡♥ ❧♦s r❡s✐❞✉♦s ❛r♦♠át✐❝♦s✱ s♦♥ ✐♠♣♦rt❛♥t❡s
♣❛r❛ ❧❛ ❡st❛❜✐❧✐③❛❝✐ó♥ ❞❡ ❧❛ ❡str✉❝t✉r❛ ♣r♦t❡✐❝❛✱ ♣❛r❛ ❡❧ ♣r♦❝❡s♦ ❞❡ ♣❧❡❣❛❞♦✱
♣❛r❛ ❡❧ r❡❝♦♥♦❝✐♠✐❡♥t♦ ❡♥ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ♣r♦t❡í♥❛✲♣r♦t❡í♥❛ ② ♣❛r❛ ❧❛ ✉♥✐ó♥
❛ ❧✐❣❛♥❞♦s ❬❇✉r❧❡② ❛♥❞ P❡ts❦♦✱ ✶✾✽✺❪✱ ❬❇❛s❤❢♦r❞ ❡t ❛❧✳✱ ✶✾✽✼❪✱ ❬❙❡rr❛♥♦ ❡t ❛❧✳✱
✶✾✾✶❪✱ ❬▼✐t❝❤❡❧❧ ❡t ❛❧✳✱ ✶✾✾✹❪✱ ❬▲❡s❦ ❛♥❞ ❋♦r❞❤❛♠✱ ✶✾✾✻❪✱ ❬❈❤♦t❤✐❛ ❡t ❛❧✳✱ ✶✾✾✽❪✱
❬▼✐❝❤♥✐❝❦ ❛♥❞ ❙❤❛❦❤♥♦✈✐❝❤✱ ✶✾✾✽❪✱ ❬❞❡ ❆r❛✉❥♦ ❡t ❛❧✳✱ ✶✾✾✾❪✱ ❬❙❛♠❛♥t❛ ❡t ❛❧✳✱
✶✾✾✾❪✱ ❬❑❛♥♥❛♥ ❛♥❞ ❱✐s❤✈❡s❤✇❛r❛✱ ✷✵✵✵❪✱ ❬▲❛rs♦♥ ❛♥❞ ❉❛✈✐❞s♦♥✱ ✷✵✵✵❪✱ ❬❇❤❛t✲
t❛❝❤❛r②②❛ ❡t ❛❧✳✱ ✷✵✵✷❪✱ ❬❈❤❡❧❧✐ ❡t ❛❧✳✱ ✷✵✵✷❪✱ ❬❆r❛✈✐♥❞❛ ❡t ❛❧✳✱ ✷✵✵✸❪✱ ❬❏♦❤♥✲
s♦♥ ❡t ❛❧✳✱ ✷✵✵✼❪✱ ❬❊s♣✐♥♦③❛✲❋♦♥s❡❝❛ ❛♥❞ ●❛r❝í❛✲▼❛❝❤♦rr♦✱ ✷✵✵✽❪✱ ❬❊✐❞❡♥s❝❤✐♥❦
❡t ❛❧✳✱ ✷✵✵✾❪✳ ❆❧ ❞í❛ ❞❡ ❤♦②✱ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❞✐♠ér✐❝❛s ❞❡ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❤❛♥
s✐❞♦ ❝❛r❛❝t❡r✐③❛❞❛s ❡♥ ♣r♦❢✉♥❞✐❞❛❞ ② s❡ ❤❛♥ ❝❧❛s✐✜❝❛❞♦ ❡♥ ✸ ❝♦♥❢♦r♠❛❝✐♦♥❡s ❞❡✲
♣❡♥❞✐❡♥❞♦ ❞❡ ❧❛ ♦r✐❡♥t❛❝✐ó♥ ❡♥tr❡ ❧♦s á♥❣✉❧♦s ♣❧❛♥❛r❡s ❞❡✜♥✐❞♦s ♣♦r ❧♦s ❛♥✐❧❧♦s
❛r♦♠át✐❝♦s✿ ❝❛r❛ ❛ ❝❛r❛ ✭♦ π−stacking✮✱ ❝❛r❛ ❛ ❜♦r❞❡ ✭♦ T −shape✮ ♦ ❜♦r❞❡ ❛
❜♦r❞❡✱ t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ q✉❡ ❧♦s ❡♥s❛♠❜❧❡s t❛♠❜✐é♥ s✉❡❧❡♥ ❛❞q✉✐r✐r ♦r✐❡♥t❛✲

✽✸



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❝✐♦♥❡s ✐♥t❡r♠❡❞✐❛s✳ ▲♦s ❡st✉❞✐♦s ♣r❡✈✐♦s r❡❛❧✐③❛❞♦s ❡♥ ❡str✉❝t✉r❛s ❞❡ ♣r♦t❡í♥❛s
♠✉❡str❛♥ q✉❡✱ ❞❡ ❧❛s tr❡s ♠❡♥❝✐♦♥❛❞❛s✱ ❧❛ ✐♥t❡r❛❝❝✐ó♥ ❛r♦♠át✐❝❛ ❡stá ❢❛✈♦r❡❝✐✲
❞❛ ❡♥ ❧❛s ❝♦♥❢♦r♠❛❝✐♦♥❡s ❞❡ t✐♣♦ ❚✲s❤❛♣❡ ❬❇✉r❧❡② ❛♥❞ P❡ts❦♦✱ ✶✾✽✺❪✱ ❬❍✉♥t❡r
❡t ❛❧✳✱ ✶✾✾✶❪✳ ❆ s✉ ✈❡③✱ ❧❛s ♠♦❧é❝✉❧❛s ❛r♦♠át✐❝❛s t✐❡♥❞❡♥ ❛ ❢♦r♠❛r ❝❧✉st❡rs ❞❡
♠ás t❛♠❛ñ♦ ❝♦♥ ✉♥❛ ♥❛t✉r❛❧❡③❛ ❡♥❡r❣ét✐❝❛ ❛❞✐t✐✈❛✱ q✉❡ t❛♠❜✐é♥ ❛❞♦♣t❛♥ ❝♦♥✲
❢♦r♠❛❝✐♦♥❡s ❡s♣❡❝í✜❝❛s ❝♦♠♦ s❡ ✈✐ó ❡♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s ❝❧✉st❡rs ❞❡ ❜❡♥❝❡♥♦ ❡♥
✈❛❝í♦ ❬❑❛♥♥❛♥ ❛♥❞ ❱✐s❤✈❡s❤✇❛r❛✱ ✷✵✵✵❪✱ ❬❊❛st❡r ❡t ❛❧✳✱ ✷✵✵✺❪✱ ❬▼♦r✐♠♦t♦ ❡t ❛❧✳✱
✷✵✵✼❪✱ ❬●♦♥③❛❧❡③ ❛♥❞ ▲✐♠✱ ✷✵✵✶❪✱ ❬❉❛♥❣✱ ✷✵✵✵❪✱ ❬❊♥❣❦✈✐st ❡t ❛❧✳✱ ✶✾✾✾❪✱ ❬❑r❛✉s❡
❡t ❛❧✳✱ ✶✾✾✶❪✱ ❬❉❡ ▼❡✐❥❡r❡ ❛♥❞ ❍✉✐s❦❡♥✱ ✶✾✾✵❪✱ ❬❚❛✉❡r ❛♥❞ ❙❤❡rr✐❧❧✱ ✷✵✵✺❪✳ ❊st♦s
❝❧✉st❡rs✱ ❤❛♥ s✐❞♦ ❛♥❛❧✐③❛❞♦s ✉s❛♥❞♦ ♠ét♦❞♦s t❛♥t♦ ❡①♣❡r✐♠❡♥t❛❧❡s ❝♦♠♦ ❝♦♠✲
♣✉t❛❝✐♦♥❛❧❡s✳ ❚❡♥✐❡♥❞♦ ❡st♦ ❡♥ ❝✉❡♥t❛✱ ♣❡♥s❛♠♦s q✉❡ ❡st♦s ❝❧✉st❡rs ❞❡ ♠❛②♦r
t❛♠❛ñ♦✱ ❞❡❜❡rí❛♥ ❛♣❛r❡❝❡r t❛♠❜✐é♥ ❡♥ ❧❛s ❡str✉❝t✉r❛s ♣r♦t❡✐❝❛s ② q✉❡ ♣♦❞rí❛♥
s❡r ✐♠♣♦rt❛♥t❡s ♣❛r❛ ❧❛ ❡str✉❝t✉r❛ ② ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❧❛s ♣r♦t❡í♥❛s✳ P❛r❛ r❡s♣♦♥✲
❞❡r ❛ ❡st❛ ♣r❡❣✉♥t❛✱ ✐❞❡♥t✐✜❝❛♠♦s ② ❝❛r❛❝t❡r✐③❛♠♦s ❧♦s ❝❧✉st❡rs ❢♦r♠❛❞♦s ♣♦r
❛♥✐❧❧♦s ❛r♦♠át✐❝♦s✱ ❜❛s❛♥❞♦♥♦s ❡♥ ❧❛s ❡str✉❝t✉r❛s ❞✐s♣♦♥✐❜❧❡s ❡♥ ❡❧ P❉❇✳

❉❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ❞❡ ❧❛ ❝♦♠✉♥✐❞❛❞ q✉í♠✐❝❛✱ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s s❡
✉s❛♥ ❝♦♥ ❢r❡❝✉❡♥❝✐❛ ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ❞r♦❣❛s✱ ❞❛❞♦ q✉❡ ❧❛ ✐♥tr♦❞✉❝❝✐ó♥ ❞❡ ✐♥t❡r✲
❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ❡♥tr❡ ✉♥❛ ❞r♦❣❛ ② s✉ t❛r❣❡t ♣✉❡❞❡ ❝♦♥tr✉✐❜✉✐r ❛ ♦♣t✐♠✐③❛r
t❛♥t♦ s✉ ❛✜♥✐❞❛❞ ❝♦♠♦ s✉ ❡s♣❡❝✐✜❝✐❞❛❞ ❬▲✐ ❡t ❛❧✳✱ ✷✵✶✸❪✳ ❊❧ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦
❞❡❧ ❞✐s❡ñ♦ ❞❡ ❞r♦❣❛s ❡s ❞❡s❛rr♦❧❧❛r ❝♦♠♣✉❡st♦s ♥♦✈❡❞♦s♦s q✉❡ ♣✉❡❞❛♥ ♣r❡✈❡♥✐r
♦ ❝✉r❛r ❝❧í♥✐❝❛♠❡♥t❡ ❡♥❢❡r♠❡❞❛❞❡s ✐♠♣♦rt❛♥t❡s ♠❡❞✐❛♥t❡ tr❡s ♠❛♥❡r❛s✿ ✐♥❤✐❜✐r
❧❛s ❢✉♥❝✐♦♥❡s ❞❡❧ t❛r❣❡t✱ ❝♦♠♣✐t✐❡♥❞♦ ❝♦♥ s✉s s✉str❛t♦s ♥❛t✉r❛❧❡s✱ ✐♥❤✐❜✐r ❧❛s ✐♥✲
t❡r❛❝❝✐♦♥❡s ♣r♦t❡í♥❛✲♣r♦t❡í♥❛ ✉♥✐❡♥❞♦ ❝♦♥tr❛ ❧❛s ✐♥t❡r❢❛❝❡s ❞❡ ✐♥t❡r❛❝❝✐ó♥ ②✱ ❡♥
❛❧❣✉♥❛s ❡♥❢❡r♠❡❞❛❞❡s ❝♦♠♦ ❡❧ ❝❛♥❝❡r✱ ❛❝t✐✈❛r ♣r♦t❡í♥❛s q✉❡ ♣✐❡r❞❡♥ s✉ ❢✉♥❝✐ó♥
❞❡❜✐❞♦ ❛ ♠✉t❛❝✐♦♥❡s ❬▼❛♥❞❛❧ ❡t ❛❧✳✱ ✷✵✵✾❪✳ P❡r♦✱ ❛♣❛rt❡ ❞❡ ❧❛ ❜úsq✉❡❞❛ ♣♦r
❡♥❝♦♥tr❛r ❝♦♠♣✉❡st♦s q✉❡ s❡ ✉♥❡♥ ♠✉② ❢✉❡rt❡♠❡♥t❡ ❛ s✉ t❛r❣❡t✱ s❡ ❤❛ ❤❡❝❤♦ ✉♥
❝♦♥s✐❞❡r❛❜❧❡ ❡s❢✉❡r③♦ ❛♥❛❧✐③❛♥❞♦ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s q✉❡ ❞✐❝❤♦s ❝♦♠♣✉❡st♦s ❡s✲
t❛❜❧❡❝❡♥ ❝♦♥ ♦tr❛s ♣r♦t❡í♥❛s q✉❡ ♣✉❡❞❛♥ ❞❛r ❧✉❣❛r ❛ ❡❢❡❝t♦s ❧❛t❡r❛❧❡s ♥♦ ❞❡s❡❛✲
❞♦s ❬❍✉❣❣✐♥s ❡t ❛❧✳✱ ✷✵✶✷❪✳ ❯♥ ❝❛s♦ ♣❛r❛❞✐❣♠át✐❝♦ ❡♥ ést❡ ár❡❛ ❡s ❧❛ ❢❛♠✐❧✐❛ ❞❡
❧❛s ♣r♦t❡í♥❛s q✉✐♥❛s❛s✱ q✉❡ ❤❛♥ s✐❞♦ ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ♠✉❝❤♦s ❝♦♠♣✉❡st♦s q✉í♠✐✲
❝♦s q✉❡ ❞❡❜❡♥ ✉♥✐r ❛ ✉♥❛ ♣r♦t❡í♥❛ ❡s♣❡❝í✜❝❛ ❡✈✐t❛♥❞♦ ❣❡♥❡r❛r ✐♥t❡r❢❡r❡♥❝✐❛
❝♦♥ ♦tr❛s ♣r♦t❡í♥❛s ❡str✉❝t✉r❛❧♠❡♥t❡ s✐♠✐❧❛r❡s✳ ❊♥tr❡ t♦❞♦s ❡st♦s ❝♦♠♣✉❡st♦s✱
❧❛ ♣✐r✐♠✐❞✐♥❛ ❡s ❡❧ ♠♦t✐✈♦ ♠ás ❝♦♠ú♥ ❡♥tr❡ ❡❧❧♦s ❬●❤♦s❡ ❡t ❛❧✳✱ ✷✵✵✽❪✱ ❧♦ ❝✉á❧
♥♦s ♠✉❡str❛ q✉❡ ❧♦s s✐st❡♠❛s ❛r♦♠át✐❝♦s ♣❛r❡❝❡♥ s❡r ✉♥❛ ❝❛r❛❝t❡ríst✐❝❛ út✐❧
✉s❛❞❛ ❡♥ ♠✉❝❤♦s ❝♦♠♣✉❡st♦s ❧í❞❡r❡s q✉❡ s♦♥ ♠♦❞✐✜❝❛❞♦s ♣♦st❡r✐♦r♠❡♥t❡ ♣❛r❛
♦♣t✐♠✐③❛r ❧❛ s❡❧❡❝t✐✈✐❞❛❞✳ P♦r ♦tr♦ ❧❛❞♦✱ s✐ s❡ r❡q✉✐❡r❡ ✉♥❛ s❡❧❡❝t✐✈✐❞❛❞ ❛♠✲
♣❧✐❛ ✭♣r♦♠✐s❝✉✐❞❛❞✱ ❝✉❜r✐r ♠ás ❞❡ ✉♥ t❛r❣❡t✮✱ ❝♦♠♦ ❡s ❡❧ ❝❛s♦ ❞❡ ❧❛s ❞r♦❣❛s ❞❡
t✐❡♥❡♥ ❝♦♠♦ t❛r❣❡t ❧❛ ♣r♦t❡❛s❛ ❞❡ ❍■❱ ❞❡❜✐❞♦ ❛ s✉ ❛❧t❛ t❛s❛ ❞❡ ♠✉t❛❝✐ó♥✱ ❧♦s
s✐st❡♠❛s ♠✉❧t✐✲❛♥✐❧❧♦ ❤❛♥ ♠♦str❛❞♦ s❡r ✐♥❤✐❜✐❞♦r❡s ❡①✐t♦s♦s ❬❏❛②❛r❛♠❛♥ ❛♥❞
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❙❤❛❤✱ ✷✵✵✽❪✳ P♦r ❡s♦✱ ❧❛ ♣♦♣✉❧❛r✐❞❛❞ ❞❡ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s s❡ s❡ ❞❡❜❡ ❡♥
♣❛rt❡ ❛❧ ❤❡❝❤♦ ❞❡ q✉❡ ♣❡r♠✐t❡♥ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❞❡ ❡sq✉❡❧❡t♦s ❝♦♠✉♥❡s ❡♥ ❧♦s
❝♦♠♣✉❡st♦s ❧í❞❡r❡s q✉❡ ♣✉❡❞❡♥ s❡r ♦♣t✐♠✐③❛❞♦s ❞❡ ♠❛♥❡r❛ ❞❡ ❧♦❣r❛r ♠❡❥♦r❛r
❧❛ s❡❧❡❝t✐✈✐❞❛❞ s❡❣ú♥ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡❧ t❛r❣❡t ❬❘✐t❝❤✐❡ ❛♥❞ ▼❛❝❞♦♥❛❧❞✱
✷✵✶✹❪✳ P♦r ♦tr♦ ❧❛❞♦✱ ❝✉❛♥t♦ ♠❡♥♦r ❡s ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s q✉❡
❝♦♥t✐❡♥❡ ✉♥❛ ❞r♦❣❛ ❞❡ ✈í❛ ♦r❛❧✱ ♠ás ❞❡s❛rr♦❧❧❛❜❧❡ ❡s ❧❛ ❞r♦❣❛ ❡♥ tér♠✐♥♦s ❞❡ ❧♦s
❝❛♥❞✐❞❛t♦s q✉❡ s❡ ❝♦♥♦❝❡♥ ❡♥ ❡❧ ♠❡r❝❛❞♦✱ ♠ás ❡s♣❡❝í✜❝❛♠❡♥t❡✱ t❡♥❡r ♠ás ❞❡ ✸
❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❤❛❝❡ q✉❡ ❡❧ ❝♦♠♣✉❡st♦ t❡♥❣❛ ♠✉❝❤❛s ❝❤❛♥❝❡s ❞❡ ♥♦ ❧♦❣r❛r
s❡r ✉♥❛ ❜✉❡♥❛ ❞r♦❣❛ ✐♥❝r❡♠❡♥t❛♥❞♦ ❡❧ r✐❡s❣♦ ❞❡ ❞❡s❛rr♦❧❧❛r ❞✐❝❤♦ ❝♦♠♣✉❡st♦
❬❘✐t❝❤✐❡ ❛♥❞ ▼❛❝❞♦♥❛❧❞✱ ✷✵✵✾❪✳ ❚❛♠❜✐é♥✱ s✐ s❡ s❛❜❡ q✉❡ ✉♥ ❝♦♠♣✉❡st♦ ❡♥ ♣r♦✲
❝❡s♦ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ t✐❡♥❡ ❜❛❥❛ s♦❧✉❜✐❧✐❞❛❞✱ ❞✐s♠✐♥✉✐r ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❛♥✐❧❧♦s
❛r♦♠át✐❝♦s s✉❡❧❡ s❡r ❜❡♥❡✜❝✐♦s♦✳ ❊st♦ s✉❣✐❡r❡ q✉❡ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s s♦♥ ✉♥
r❡❝✉rs♦ ✐♠♣♦rt❛♥t❡ q✉❡ ❞❡❜❡ s❡r t❡♥✐❞♦ ❡♥ ❝✉❡♥t❛ ② r❛❝✐♦♥❛❧✐③❛❞♦✳ ❊♥t♦♥❝❡s✱
❧❛ ❧♦❝❛❧✐③❛❝✐ó♥ ❞❡ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❡♥ ✉♥❛ ❞r♦❣❛ ❞❡❜❡rí❛ s❡r ♦♣t✐♠✐③❛❞❛
❞❡ ❛❝✉❡r❞♦ ❛ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ♠ás ✐♠♣♦rt❛♥t❡s ❝♦♥ s✉ t❛r❣❡t✳

❈♦♥ r❡s♣❡❝t♦ ❛ ❧❛s ✐♥t❡r❢❛❝❡s ❞❡ ✐♥t❡r❛❝❝✐ó♥ ❡♥tr❡ ♣r♦t❡í♥❛s✱ ❧♦s r❡s✐❞✉♦s
❛r♦♠át✐❝♦s✱ s♦♥ ✐♠♣♦rt❛♥t❡s ❡♥ ❡❧ ♣r♦❝❡s♦ ❞❡ r❡❝♦♥♦❝✐♠✐❡♥t♦ ② ✉♥✐ó♥ ❥✉❣❛♥❞♦
❡❧ r♦❧ ❞❡ r❡s✐❞✉♦s ❛♥❝❧❛ ❬❘❛❥❛♠❛♥✐ ❡t ❛❧✳✱ ✷✵✵✹❪✳ ▲❛s ✐♥t❡r❢❛❝❡s ❡♥tr❡ ♣r♦t❡í✲
♥❛s ♣r❡s❡♥t❛♥ r❡s✐❞✉♦s ♣♦❧❛r❡s ② ❛r♦♠át✐❝♦s ❝❡r❝❛ ❞❡❧ ♠❡❞✐♦ ❞❡ ❧❛ r❡❣✐ó♥ ❞❡
❝♦♥t❛❝t♦ ②✱ só❧♦ ❡♥ ❡❧ ✷✵✪ ❞❡ ❧♦s ❝♦♠♣❧❡❥♦s✱ r❡s✐❞✉♦s ❛❧✐❢át✐❝♦s ❝✉♠♣❧❡♥ ❡❧
r♦❧ ❞❡ ❛♥❝❧❛✳ ❆❞❡♠ás✱ ♦tr♦s ❡st✉❞✐♦s ❬▼❛ ❡t ❛❧✳✱ ✷✵✵✸❪ ❤❛♥ ✈✐st♦ q✉❡ r❡s✐❞✉♦s
❛r♦♠át✐❝♦s ❝♦♥s❡r✈❛❞♦s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❚r♣✱ ② ❡♥ ♠❡♥♦r ♠❡❞✐❞❛ P❤❡ ② ❍✐s✱
❡♥ ❧❛ s✉♣❡r✜❝✐❡ ❞❡ ❧❛s ♣r♦t❡í♥❛s✱ ✐♥❞✐❝❛♥ ❡♥ ❣r❛♥ ♠❡❞✐❞❛ ✉♥❛ ✐♥t❡r❢❛③ ❞❡ ✐♥✲
t❡r❛❝❝✐ó♥ ♣r♦t❡í♥❛✲♣r♦t❡í♥❛✳ ▲❛s ✐♥t❡r❢❛❝❡s ❞❡ ✐♥t❡r❛❝❝✐ó♥ ❡♥tr❡ ♣r♦t❡í♥❛s ♥♦
só❧♦ s♦♥ ✐♠♣♦rt❛♥t❡s ❞❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ❜✐♦❧ó❣✐❝♦✳ ❉❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛
q✉í♠✐❝♦✱ ❡♥ ❧♦s ú❧t✐♠♦s ❛ñ♦s✱ ❤✉❜♦ ✉♥ ✐♥❝r❡♠❡♥t♦ ❡♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❞r♦❣❛s
❞✐s❡ñ❛❞❛s ♣❛r❛ ✉♥✐r ✐♥t❡r❢❛❝❡s ❞❡ ✉♥✐ó♥ ❡♥tr❡ ♣r♦t❡í♥❛s✳ ❉❡❜✐❞♦ ❛ q✉❡ ❡♥ ❧❛
♦♣t✐♠✐③❛❝✐ó♥ ❞❡ ✉♥ ✐♥❤✐❜✐❞♦r ❝♦♠♣❡t✐t✐✈♦✱ ♣✉❡❞❡ s❡r q✉❡ s❡❛ ♠ás ❢á❝✐❧ ❝♦♠♣❡t✐r
❝♦♥ ✉♥ ✐♥t❡r❛❝t♦r ♣r♦t❡✐❝♦ q✉❡ ❝♦♥ ✉♥ ♣❡q✉❡ñ♦ ❧✐❣❛♥❞♦✳ ❊st❡ ❡s ❡❧ ❝❛s♦✱ ❞❡ ❧❛
♣r♦t❡í♥❛ ❈❉❑✷ ❞❡ ❧❛ ❢❛♠✐❧✐❛ ❞❡ ❧❛s q✉✐♥❛s❛s✱ ♣❛r❛ ❧❛ ❝✉á❧✱ ❧❛ ❜úsq✉❡❞❛ ❞❡ ❧❛
❡s♣❡❝✐✜❝✐❞❛❞ ❡♥ ❞r♦❣❛s q✉❡ ❝♦♠♣✐t❡♥ ♣♦r ❡❧ ❆❚P ❡s t♦❞♦ ✉♥ r❡t♦✱ ❞❡❜✐❞♦ ❛ ❧❛
s✐♠✐❧❛r✐❞❛❞ ❡str✉❝t✉r❛❧ ❡♥ ❡❧ ❜♦❧s✐❧❧♦ ❞♦♥❞❡ s❡ ✉♥❡✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❧❛ ✉♥✐ó♥ ❛ ❧❛
♣r♦t❡í♥❛ q✉❡ ❢♦s❢♦r✐❧❛ ❞✐❝❤❛ q✉✐♥❛s❛ ❡s ❞✐❢❡r❡♥t❡ ❛ ❧❛s ❞❡♠ás q✉✐♥❛s❛✱ ❧♦ ❝✉á❧
❡s ♣r♦♠❡t❡❞♦r ♣❛r❛ ❧❛ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡ s✉ ❡s♣❡❝✐✜❝✐❞❛❞ ❬❈❤♦❤❛♥ ❡t ❛❧✳✱ ✷✵✶✺❪✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ ❝♦♠❡♥t❛r❡♠♦s ❛❝❡r❝❛ ❞❡ ❝ó♠♦ ❝♦♥str✉✐♠♦s ❝♦♥❥✉♥t♦s ❞❡
❞❛t♦s ❜❛s❛♥❞♦♥♦s ❡♥ ❡❧ P❉❇✱ ♣❛r❛ ❡st✉❞✐❛r ❧♦s ❝❧✉st❡rs ❞❡ ❛r♦♠át✐❝♦s ② ❝ó♠♦
❧♦s ❞❡✜♥✐♠♦s ❛ ♣❛rt✐r ❞❡ ❧❛ ❞❡t❡❝❝✐ó♥ ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s✱ q✉❡ ♥♦s
♣❡r♠✐t✐rá ❞❡t❡❝t❛r❧♦s ❡♥ t♦❞❛s ❧❛s ❡str✉❝t✉r❛s ❛♥❛❧✐③❛❞❛s✳

Pá❣✐♥❛ ✽✺ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

✹✳✷✳ ▼❛t❡r✐❛❧❡s ② ▼ét♦❞♦s

✹✳✷✳✶✳ ●❡♥❡r❛❝✐ó♥ ❞❡ ❝♦♥❥✉♥t♦s ❞❡ ❞❛t♦s✳

❈♦♥ ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ❝❛r❛❝t❡r✐③❛r ❣❡♦♠étr✐❝❛♠❡♥t❡ ② ❡♥t❡♥❞❡r ❡❧ r♦❧ ❞❡ ❧♦s
❝❧✉st❡rs ❞❡ ❛r♦♠át✐❝♦s ❡♥ ♣r♦t❡í♥❛s✱ ❞❡❝✐❞✐♠♦s s❡♣❛r❛r❧♦s ❡♥✿ ✐✮ ❛q✉❡❧❧♦s ✐♥✲
✈♦❧✉❝r❛❞♦s só❧♦ ❡♥ ❡❧ ♣❧❡❣❛❞♦ ❞❡ ❧❛ ♣r♦t❡í♥❛✱ ♦ s❡❛ t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ ❧❛s
✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s q✉❡ s❡ ❞❛♥ ❡♥tr❡ ❧♦s r❡s✐❞✉♦s ❞❡ ❧❛ ♠✐s♠❛ ❝❛❞❡♥❛ ♣r♦✲
t❡✐❝❛✱ ✐✐✮ ❛q✉❡❧❧♦s ♣r❡s❡♥t❡s ❡♥ s✐t✐♦s ❞♦♥❞❡ s❡ ❡♥❝✉❡♥tr❡♥ ✉♥✐❞♦s ❧✐❣❛♥❞♦s t✐♣♦
❞r♦❣❛ ② ✐✐✐✮ ❧♦s ❝❧✉st❡rs ✐♥✈♦❧✉❝r❛❞♦s ❡♥ ❧❛s ✐♥t❡r❢❛❝❡s ❞❡ ✐♥t❡r❛❝❝✐ó♥ ♣r♦t❡í♥❛✲
♣r♦t❡í♥❛✳ P❛r❛ ❡st♦✱ s❡❧❡❝❝✐♦♥❛♠♦s ❞❡ ❡♥tr❡ t♦❞❛s ❧❛s ❡str✉❝t✉r❛s ❞✐s♣♦♥✐❜❧❡s
❡♥ ❡❧ P❉❇✱ ✸ ❝♦♥❥✉♥t♦s ❞❡ ❞❛t♦s q✉❡ ❝♦♠❡♥t❛r❡♠♦s ❛ ❝♦♥t✐♥✉❛❝✐ó♥✿

❙❡❧❡❝❝✐ó♥ ❞❡ P❉❇s ♣❛r❛ ❞❡t❡❝❝✐ó♥ ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ✐♥tr❛♣r♦t❡í♥❛
✭■P✮ P❛r❛ ❡st✉❞✐❛r ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ❡♥tr❡ ❧♦s r❡s✐❞✉♦s ❞❡ ✉♥❛ ♠✐s✲
♠❛ ❝❛❞❡♥❛✱ s❡❧❡❝❝✐♦♥❛♠♦s ❡str✉❝t✉r❛s ❛ ♣❛rt✐r ❞❡❧ P❉❇✳ ❋✉❡r♦♥ ❝♦♥s✐❞❡r❛❞❛s
❛q✉❡❧❧❛s ❡str✉❝t✉r❛s ❞❡ ❝❛❞❡♥❛s ♣r♦t❡✐❝❛s q✉❡ ❝✉♠♣❧❡♥ ❝♦♥ s❡r ♣r♦t❡í♥❛s ú♥✐❝❛s
❞❡✜♥✐❞❛s s❡❣ú♥ ❡❧ ✐❞❡♥t✐✜❝❛❞♦r ❞❡ ❯♥✐♣r♦t✱ ② ❛❞❡♠ás✱ ♣❛s❛♠♦s ✉♥ ✜❧tr♦ ♣♦r
✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✱ ❝❧✉st❡r✐③❛♥❞♦ ❧❛s s❡❝✉❡♥❝✐❛s ❞❡ ❞✐❝❤❛s ❝❛❞❡♥❛s ✉s❛♥❞♦
❈❉✲❍■❚ ❛❧ ✾✺✪ ❞❡ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ② q✉❡❞❛♥❞♦♥♦s ❝♦♥ ❧❛ s❡❝✉❡♥❝✐❛
❝❡♥tr♦✐❞❡✳ ❊st❡ ♣r♦❝❡s♦ ❞✐ó ❧✉❣❛r ❛ ✶✽✺✹✼ ❝❛s♦s ♣❛r❛ ❛♥❛❧✐③❛r✳

❙❡❧❡❝❝✐ó♥ ❞❡ P❉❇s ♣❛r❛ ❝♦♠♣❧❡❥♦s ♣r♦t❡í♥❛✲❞r♦❣❛ ✭P❉✮ P❛r❛ ❡st✉❞✐❛r ❧❛s ✐♥✲
t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s q✉❡ ❡st❛❜❧❡❝❡♥ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❞❡ ❧❛s ❞r♦❣❛s ❝♦♥
❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❞❡ ❧❛s ♣r♦t❡í♥❛s✱ ♣r✐♠❡r♦ ✜❧tr❛♠♦s t♦❞♦s ❛q✉❡❧❧♦s ❝♦♠✲
♣✉❡st♦s q✉❡ ✜❣✉r❡♥ ❡♥ ❧❛s ❧✐♥❡❛s ❍❊❚❆❚▼ ❞❡ ❝❛❞❛ ❛r❝❤✐✈♦ P❉❇✱ q✉❡ ♥♦ s❡❛♥
r❡s✐❞✉♦s ♠♦❞✐✜❝❛❞♦s✳ ❙❡❣✉♥❞♦✱ ✜❧tr❛♠♦s ❛q✉❡❧❧♦s q✉❡ t✐❡♥❡♥ ♠❡♥♦s ❞❡ ✶✵✵❉❛
❞❡ ♣❡s♦ ♠♦❧❡❝✉❧❛r✳ ❚❡r❝❡r♦✱ s❡❧❡❝❝✐♦♥❛♠♦s ❝♦♠♣✉❡st♦s t✐♣♦ ❞r♦❣❛✳ ❖r❞❡♥❛♠♦s
t♦❞♦s ❧♦s ♥♦♠❜r❡s ❞❡ ❧♦s ❝♦♠♣✉❡st♦s q✉í♠✐❝♦s ✭❧♦s ❝ó❞✐❣♦s ❞❡ tr❡s ❧❡tr❛s✮ ❡♥
❡❧ P❉❇ ♣♦r s✉ ❝❛♥t✐❞❛❞ ❞❡ ❛♣❛r✐❝✐♦♥❡s ❡♥ t♦❞❛ ❧❛ ❜❛s❡ ❞❡ ❞❛t♦s✱ ❞❡ ♠❛②♦r ❛
♠❡♥♦r✳ ❋✐❧tr❛♠♦s ♠❛♥✉❛❧♠❡♥t❡ ❛q✉❡❧❧♦s q✉❡ ❛♣❛r❡❝í❛♥ ♠✉❝❤❛s ✈❡❝❡s ❞❡❜✐❞♦ ❛
q✉❡ ❝♦rr❡s♣♦♥❞í❛♥ ❛ ♠❡t❛❜♦❧✐t♦s ❝♦♥♦❝✐❞♦s ❤❛st❛ q✉❡ ❧❧❡❣❛♠♦s ❛ ❝♦♠♣✉❡st♦s
q✉❡ ❛♣❛r❡❝❡♥ ♠❡♥♦s ❞❡ ✶✵✵ ✈❡❝❡s✳ ❊st♦ ❡s ♣❛r❛ r❡❞✉❝✐r ❡❧ s❡s❣♦ q✉❡ ❤❛② ❞❡❜✐❞♦
❛ q✉❡ ❛❧❣✉♥♦s ❝♦♠♣✉❡st♦s q✉í♠✐❝♦s ❛♣❛r❡❝❡♥ ❞✐❢❡r❡♥❝✐❛❧♠❡♥t❡ ♠ás q✉❡ ♦tr♦s✳
❖❜t✉✈✐♠♦s ✶✸✷✵✵ ❝♦♠♣✉❡st♦s ú♥✐❝♦s✱ ❛ ♣❛rt✐r ❞❡ ❧♦s ❝✉á❧❡s ❡❧❡❣✐♠♦s t♦❞❛s ❧❛s
❡♥tr❛❞❛s ❞❡❧ P❉❇ q✉❡ ❧♦s ❝♦♥t❡♥❣❛♥ ✭✺✷✾✷✻ ❡♥tr❛❞❛s P❉❇✮✳ ❋✐♥❛❧♠❡♥t❡✱ ❛♣❧✐✲
❝❛♠♦s ✉♥ ✜❧tr❛❞♦s ♣♦r ✾✺✪ ❞❡ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛ ❝♦♠♦ s❡ ❡①♣❧✐❝♦ ❡♥ ❡❧
❝❛s♦ ❞❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❞❛t♦s ♣❛r❛ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ✐♥tr❛❝❛t❡♥❛r✐❛s✳ ❊st❡ ♣r♦❝❡s♦
❞✐ó ❧✉❣❛r ❛ ✶✼✸✺✷ ❝❛s♦s ♣❛r❛ ❛♥❛❧✐③❛r✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❙❡❧❡❝❝✐ó♥ ❞❡ P❉❇s ♣❛r❛ ❝♦♠♣❧❡❥♦s ♣r♦t❡í♥❛✲♣r♦t❡í♥❛ ✭PP✮ ❊♥ ❡st❡ ❝❛s♦✱ ❞❡✲
❝✐❞✐♠♦s ❡♥❢♦❝❛r♥♦s ❡♥ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❡♥tr❡ ♦❧✐❣ó♠❡r♦s ❞✐♠ér✐❝♦s t❛♥t♦ ❞❡ ❤♦✲
♠♦❞í♠❡r♦s ❝♦♠♦ ❤❡t❡r♦❞í♠❡r♦s✳ ■♥❝❧✉✐r ❡❧ ❛♣♦rt❡ ❞❡ ❝❛❞❛ ❝❛❞❡♥❛ ❡♥ ❡❧ ❛♥á❧✐s✐s
❞❡ ❧♦s ❝❧✉st❡rs ❛♣♦rt❛ ✉♥❛ ❝♦♦r❞❡♥❛❞❛ ♠ás q✉❡ q✉✐s✐♠♦s ✐♥✈♦❧✉❝r❛r✳ ❊❧❡❣✐✲
♠♦s ❞❡ ❡♥tr❡ ❧❛s ❡♥tr❛❞❛s ❞❡❧ P❉❇✱ ❛q✉❡❧❧❛s q✉❡ ❝♦♥t❡♥❣❛♥ só❧♦ ✷ ❝❛❞❡♥❛s
② q✉❡ ♠❡♥❝✐♦♥❡♥ ❡①♣❧í❝✐t❛♠❡♥t❡ ✭❡♥ ❡❧ ❡♥❝❛❜❡③❛❞♦ ❞❡❧ ❛r❝❤✐✈♦ P❉❇✮ q✉❡ ❧❛
❡str✉❝t✉r❛ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♥ ❞í♠❡r♦✳ ❙♦❜r❡ ést❛s ❡♥tr❛❞❛s ❛♣❧✐❝❛♠♦s ❧❛ ♠✐s♠❛
❡str❛t❡❣✐❛ ❞❡ ❝❧✉st❡r✐③❛❞♦ ❡♥tr❡ ❧❛s s❡❝✉❡♥❝✐❛s q✉❡ ♠❡♥❝✐♦♥❛♠♦s ♣❛r❛ ❧♦s ❞♦s
❝❛s♦s ❛♥t❡r✐♦r❡s ✭❛ ✾✺✪ ❞❡ ✐❞❡♥t✐❞❛❞ ❞❡ s❡❝✉❡♥❝✐❛✮✱ ❞❡ ❧❛s ❝✉❛❧❡s ♥♦s q✉❡❞❛♠♦s
✉♥❛ ❡♥tr❛❞❛ ♣♦r ❝❛❞❛ ♣❛r ❝❡♥tr♦✐❞❡✲❝❡♥tr♦✐❞❡✱ ♦❜t❡♥✐❡♥❞♦ t❛♥t♦ ❤♦♠♦❞í♠❡r♦s
❝♦♠♦ ❤❡t❡r♦❞í♠❡r♦s✳ ❊st❡ ♣r♦❝❡s♦ ❞✐ó ❧✉❣❛r ❛ ✽✷✼✾ ❝❛s♦s ♣❛r❛ ❛♥❛❧✐③❛r✳

❉❡s❛rr♦❧❧♦ ❞❡ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s r❡❧❛❝✐♦♥❛❧ ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s P❛r❛
❞❡t❡❝t❛r ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ❝♦♠♦ ❝♦♠❡♥t❛r❡♠♦s ❛ ❝♦♥t✐♥✉❛❝✐ó♥✱ ❝♦♥str✉✲
✐♠♦s ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s q✉❡ ✐♥t❡❣r❛ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧♦s ✸ ❝♦♥❥✉♥t♦s ❞❡ ❞❛t♦s
♠❡♥❝✐♦♥❛❞♦s ♣r❡✈✐❛♠❡♥t❡✳ ▼❡❞✐❛♥t❡ s❝r✐♣ts ❡s❝r✐t♦s ❡♥ ♣②t❤♦♥✱ ❝❛❧❝✉❧❛♠♦s ❧❛s
♣r♦♣✐❡❞❛❞❡s q✉❡ s❡rá♥ ❞❡s❛rr♦❧❧❛❞❛s ❛ ❧♦ ❧❛r❣♦ ❞❡ ❡st❡ ❝❛♣ít✉❧♦✳ ❊st♦s s❝r✐♣ts
✉t✐❧✐③❛♥ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ✷ ❜✐❜❧✐♦t❡❝❛s ❞❡ s♦❢t✇❛r❡✿ ❇✐♦♣②t❤♦♥✱ P②❜❡❧ ✭❖♣❡♥❇❛✲
❜❡❧✮✳ ❈♦♥ ❇✐♦♣②t❤♦♥ ♣❛rs❡❛♠♦s ❧♦s P❉❇s✱ ❧❡✈❛♥t❛♥❞♦❧♦s ❛ ♠❡♠♦r✐❛ ❡♥ ✉♥❛
❡str✉❝t✉r❛ ❞❡ ❞❛t♦s ❝♦♠♦ ❧❛ ♠❡♥❝✐♦♥❛❞❛ ❡♥ ❡❧ ❈❛♣ít✉❧♦ ✸ ✭❊str✉❝t✉r❛ → ❈❛✲
❞❡♥❛ → ❘❡s✐❞✉♦ → ➪t♦♠♦✮✱ ② ❝♦♥ P②❜❡❧ s❡ ♣❛rs❡❛ ❝❛❞❛ ❝♦♠♣✉❡st♦ t✐♣♦ ❞r♦❣❛
② ❝❛❞❛ r❡s✐❞✉♦ ❡♥ ❧❛s ♣r♦t❡í♥❛s ❞❡ ♠❛♥❡r❛ ❞❡ ❞❡t❡❝t❛r ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s✳
❯♥❛ ✈❡③ ♦❜t❡♥✐❞❛s ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s s❡ ✐❞❡♥t✐✜❝❛♥ ❧♦s ❝❧✉st❡rs ② ❝♦♥ ❧♦s ❝❡♥tr♦s
❣❡♦♠étr✐❝♦s ❞❡ ❧♦s ❛♥✐❧❧♦s s❡ ❝❛❧❝✉❧❛♥ á♥❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s q✉❡ ❞❡s❝r✐❜❡♥
s✉ ❝♦♥✜❣✉❛❝✐ó♥✳ ❆❞❡♠ás✱ s❡ ❝❛❧❝✉❧❛♥ ♣❛rá♠❡tr♦s q✉❡ ❞❡s❝r✐❜❡♥ s✉ ❡♥t♦r♥♦ ②
♣♦s✐❝✐ó♥ r❡❧❛t✐✈❛ ❛❧ ❝❡♥tr♦ ❞❡ ❧❛ ♣r♦t❡í♥❛✳ P♦r út❧✐♠♦✱ ♣❛r❛ ❝❛❞❛ r❡s✐❞✉♦ ❢♦r✲
♠❛♥❞♦ ❝❛❞❛ ❝❧✉st❡r s❡ ❝❛❧❝✉❧❛ s✉ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ② s✉ ❛❝❝❡s✐❜✐❧✐❞❛❞ ❛❧
s♦❧✈❡♥t❡ ✉s❛♥❞♦ ❉❙❙P ② ❱▼❉ ❝♦♠♦ ❢✉❡ ♠❡♥❝✐♦♥❛❞♦ ❡♥ ❡❧ ❈❛♣ít✉❧♦ ✸✳

✹✳✷✳✷✳ ❉❡t❡❝❝✐ó♥ ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s✳

P❛r❛ ❞❡t❡❝t❛r ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ♥❡❝❡s✐t❛♠♦s ❞❡t❡❝t❛r ❧♦s ❛♥✐❧❧♦s✱ q✉❡
s❡❣ú♥ ❧❛ ❜✐❜❧✐♦t❡❝❛ P②❜❡❧✱ q✉❡ ❡s ❧❛ q✉❡ ✉s❛♠♦s✱ s❡ tr❛t❛ ❛ ❝❛❞❛ ❛♥✐❧❧♦ ❝♦♠♦
❣r✉♣♦s ❞❡ ✺ ♦ ✻ át♦♠♦s✱ ♣♦r ❧♦ q✉❡ s✐st❡♠❛s ❢✉s✐♦♥❛❞♦s ❝♦♠♦ ❡❧ ✐♥❞♦❧✱ s❡ t♦♠❛♥
❝♦♠♦ ✷ ❛♥✐❧❧♦s✿ ✉♥ ❜❡♥❝❡♥♦ ② ✉♥ ♣✐rr♦❧✳ ❯♥❛ ✈❡③ ❞❡t❡❝t❛❞♦s ❧♦s ❛♥✐❧❧♦s✱ s❡
❝♦♥♦❝❡ q✉❡ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ♣✉❡❞❡♥ s❡r ❞❡s❝r✐♣t❛s ♣r✐♥❝✐♣❛❧♠❡♥t❡
♣♦r ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❧♦s ❝❡♥tr♦s ❞❡ ❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s ❬❈❤❡❧❧✐ ❡t ❛❧✳✱ ✷✵✵✷❪✳
❙✐♥ ❡♠❜❛r❣♦✱ t❛♠❜✐é♥ ❢✉❡r♦♥ ♣r♦♣✉❡st♦s ❛❧❣✉♥♦s á♥❣✉❧♦s q✉❡ ❞❡s❝r✐❜❡♥✱ ♣♦r
❡❥❡♠♣❧♦✱ ❧❛ ♣♦s✐❝✐ó♥ r❡❧❛t✐✈❛ ❞❡ ❧♦s ❛♥✐❧❧♦s ❡♥tr❡ sí✱ ♦ ❜✐❡♥ ❡❧ á♥❣✉❧♦ ❡♥tr❡ ❧❛
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

♥♦r♠❛❧ ❞❡ ❧♦s ♣❧❛♥♦s ❬❇r♦❝❝❤✐❡r✐ ❛♥❞ ❑❛r❧✐♥✱ ✶✾✾✹❪✱ ❬▼❝●❛✉❣❤❡② ❡t ❛❧✳✱ ✶✾✾✽❪✱
❬▼❛rs✐❧✐ ❡t ❛❧✳✱ ✷✵✵✽❪✳ ❊♥ ❡st❡ tr❛❜❛❥♦✱ ♥♦s ❡♥❢♦❝❛♠♦s ❡♥ ❧❛ ❞✐st❛♥❝✐❛ ✭❞✮ ② ❡❧
á♥❣✉✐❧♦ ♣❧❛♥❛r ✭α✮ ❡♥tr❡ ❧♦s ♣❧❛♥♦s ❛r♦♠át✐❝♦s✱ ❝♦♠♦ ❡stá ❞❡✜♥✐❞♦ ❡♥ ❧❛ ❋✐❣✉r❛
✹✳✶ ❆✳

❋✐❣✉r❛ ✹✳✶✿ ■♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ♣r❡s❡♥t❡s ❡♥ ♣r♦t❡í♥❛s✳ ❆✮ ❊sq✉❡♠❛ ❞❡ ❧❛ ❞✐s✲
t❛♥❝✐❛ ✭d✮ ② ❡❧ á♥❣✉❧♦ ♣❧❛♥❛r ✭α✮ ❡♥ ✉♥❛ ✐♥t❡r❛❝❝✐ó♥ ❛r♦♠át✐❝❛✳ ❇✮ ❋✉♥❝✐ó♥ ❞❡ ❞✐str✐❜✉❝✐ó♥
r❛❞✐❛❧ ♣❛r❛ ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❧♦s ❝❡♥tr♦s ❞❡ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s✱ ■P ✭r♦❥♦✮✱ P❉ ✭✈❡r❞❡✮ ② PP
✭❛③✉❧✮✳

❊st♦s ❞♦s ♣❛rá♠❡tr♦s s♦♥ ♠✉② út✐❧❡s ♣❛r❛ ✈✐s✉❛❧✐③❛r ❧❛s ❞✐❢❡r❡♥t❡s ❝♦♥✲
❢♦r♠❛❝✐♦♥❡s ❡♥ ❧❛s q✉❡ ❞♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ♣✉❡❞❡♥ ❡st❛r ✐♥t❡r❛❝t✉❛♥❞♦✿
π − stacking ② T − shape✳ ❯s❛♥❞♦ ❡st♦s ♣❛rá♠❡tr♦s✱ ❜✉s❝❛♠♦s ❡♥tr❡ ❧❛s ❡♥✲
tr❛❞❛s ❞❡ ❧♦s ❝♦♥❥✉♥t♦s ❞❡ ❞❛t♦s ♠❡♥❝✐♦♥❛❞♦s ♣r❡✈✐❛♠❡♥t❡ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ②
❛♥❛❧✐③❛r ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❜❛s❛♥❞♦♥♦s ❡♥ ✉♥ ✉♠❜r❛❧ ❞❡ ❞✐st❛♥❝✐❛✳ ❙❡ ♣✉❡❞❡ ❤❛❝✲
❡r ✉♥❛ ❞✐st✐♥❝✐ó♥ ❡♥tr❡ ❧❛s ❞✐str✐❜✉❝✐♦♥❡s r❛❞✐❛❧❡s ✭g(r)✱ ❋✐❣✉r❛ ✹✳✶ ❇✮ ❞❡ ❧❛s
❞✐st❛♥❝✐❛s ❡♥tr❡ ❧♦s ✸ ❝♦♥❥✉♥t♦s ❞❡ ❞❛t♦s✳

❊♥ ❡❧ ❝❛s♦ ❞❡ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s q✉❡ s❡ ❡st❛❜❧❡❝❡♥ ❡♥tr❡ ❛♥✐❧❧♦s ❞❡ r❡s✐❞✉♦s
✭❘✮ ❡♥tr❡ sí✱ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r ✉♥ só❧♦ ♠á①✐♠♦ ❧♦❝❛❧ ❡♥ t♦❞❛ ❧❛ ❞✐str✐❜✉❝✐ó♥✱
t❛♥t♦ ♣❛r❛ ■P ❝♦♠♦ ♣❛r❛ PP✳ ❊♥ ❝❛♠❜✐♦✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ P❉✱ s❡ ❛♣r❡❝✐❛♥✱ ✷
♠á①✐♠♦s✳ ❈♦♠♦ ✈❡r❡♠♦s ♠ás ❛❞❡❧❛t❡✱ ❛♠❜♦s ♠á①✐♠♦s ❝♦rr❡s♣♦♥❞❡♥ ❛ ❧❛s
❝♦♥✜❣✉r❛❝✐♦♥❡s ♠❡♥❝✐♦♥❛❞❛s ♣r❡✈✐❛♠❡♥t❡ ✭π ② ❚✮✳ ❊st♦ s❡ ❞❛✱ ❞❡❜✐❞♦ ❛ q✉❡
❡♥ ❡❧ ❝❛s♦ ❞❡ P❉ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❡stá♥ ♠ás ❧✐❜r❡s✱ ❧♦ ❝✉á❧ ♣❡r♠✐t❡ q✉❡ ❧❛s
✐♥t❡r❛❝❝✐♦♥❡s ❡♥ s✉ ❝♦♥❥✉♥t♦ ✈✐s✐t❡♥ ♠ás ❛♠❜♦s ♠í♥✐♠♦s ❞❡❧ t❡rr❡♥♦ ❡♥❡r❣ét✐❝♦✱
② ❞❛ ❧✉❣❛r ❛ ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ♠ás ❝♦♠♣❛❝t❛s✳ P❛r❛ ❡❧ ❝❛s♦ ❞❡ ■P ②
PP✱ ❧❛ ❡①t✐st❡♥❝✐❛ ❞❡ ✉♥ só❧♦ ♠í♥✐♠♦✱ s✐❣♥✐✜❝❛ q✉❡ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❡stá♥
r❡str✐♥❣✐❞❛s ❡♥ s✉s ❣r❛❞♦s ❞❡ ❧✐❜❡rt❛❞✱ ♣r♦❜❛❜❧❡♠❡♥t❡ ♣♦r ❧❛s r❡str✐❝❝✐♦♥❡s
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

✐♠♣✉❡st❛s ♣♦r ❡❧ ❜❛❝❦❜♦♥❡ ❞❡ ❧❛ ♣r♦t❡í♥❛ s♦❜r❡ ❧♦s r❡s✐❞✉♦s ❛r♦♠át✐❝♦s✳ ❊♥
❢✉♥❝✐ó♥ ❞❡ ❡st♦ ✜❥❛♠♦s ✉♥ ✉♠❜r❛❧ ❛ ✼✳✵➴ ♣❛r❛ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s
❡♥tr❡ ❧♦s ❝❡♥tr♦s ❣❡♦♠étr✐❝♦s ❞❡ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s✳ ❆ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s
❡♥tr❡ r❡s✐❞✉♦s t❛♥t♦ ❡♥ ■P ❝♦♠♦ ❡♥ PP✱ ❧❛s ❧❧❛♠❛♠♦s ❘✲❘ ② ❧❛s q✉❡ s❡ ❞❛♥
❡♥tr❡ ❛♥✐❧❧♦s ❡♥ ❧❛s ❞r♦❣❛s ② ❛♥✐❧❧♦s ❡♥ ❧♦s r❡s✐❞✉♦s✱ ✐♥t❡r❛❝❝✐♦♥❡s ❉✲❘✳

✹✳✷✳✸✳ ❉❡✜♥✐❝✐ó♥ ❞❡ ❝❧✉st❡r ❞❡ ❛r♦♠át✐❝♦s

▲❛ ✐♥t❡r❛❝❝✐ó♥ ❛r♦♠át✐❝❛ ❞❡✜♥✐❞❛ ❛rr✐❜❛ ❞❡✜♥❡ ✉♥❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❞♦s ❛♥✐❧✲
❧♦s ❛r♦♠át✐❝♦s✳ P♦❞❡♠♦s ♣❡♥s❛r ❡♥ ❡st❛s ✐♥t❡r❛❝❝✐♦♥❡s ❝♦♠♦ ❧♦s ❡❥❡s ❞❡ ✉♥
❣r❛❢♦ ❡♥ ❡❧ ❝✉❛❧ ❧♦s ♥♦❞♦s s❡rí❛♥ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s✳ P❛r❛ ❝❛r❛❝t❡r✐③❛r tr❡s
♦ ♠ás ❛♥✐❧❧♦s q✉❡ ✐♥t❡r❛❝tú❛♥ ❢♦r♠❛♥❞♦ ❝❧✉st❡rs ❞❡ ♠❛②♦r t❛♠❛ñ♦✱ ❞❡✜♥✐♠♦s
❝❛❞❛ ❝❧✉st❡r ❞❡ ❛r♦♠át✐❝♦s ❝♦♠♦ ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s ❝♦♠♣♦♥❡♥t❡s ❝♦♥❡①❛s ❞❡❧
❣r❛❢♦ ♠❡♥❝✐♦♥❛❞♦ ♣r❡✈✐❛♠❡♥t❡✳ ❯s❛♥❞♦ ❡st❡ ❝r✐t❡r✐♦ ❜✉s❝❛♠♦s ❝❛r❛❝t❡r✐③❛r ❣❡✲
♦♠étr✐❝❛♠❡♥t❡ ❧♦s ❝❧✉st❡rs ❛r♦♠át✐❝♦s ♣r❡s❡♥t❡s ❡♥ ❧♦s tr❡s ❝♦♥❥✉♥t♦s ❞❡ ❞❛t♦s
✭■P✱ P❉ ② PP✮✳ ❉❡ ❧♦s ❝♦♠♣❧❡❥♦s P❉✱ ❝♦♥t❛♠♦s só❧♦ ❛q✉❡❧❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❉✲
❘✱ ❞❛❞❛s ❡♥tr❡ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❡♥ ❧♦s r❡s✐❞✉♦s ② ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s
❡♥ ❧❛s ❞r♦❣❛s✳ ❊♥ ❡❧ ❝❛s♦ ❞❡ PP✱ ♥♦s q✉❡❞❛♠♦s ❝♦♥ ❛q✉❡❧❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❘✲❘
q✉❡ ✐♥✈♦❧✉❝r❛♥ ✉♥ r❡s✐❞✉♦ ❡♥ ❝❛❞❛ ❝❛❞❡♥❛ ② ♣❛r❛ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❡♥ ■P✱ só✲
❧♦ ❛q✉❡❧❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❘✲❘ ❡♥tr❡ ❧❛ ♠✐s♠❛ ❝❛❞❡♥❛✳ ❈❛❜❡ ❛❝❧❛r❛r q✉❡ t❛♥t♦
♣❛r❛ P❉ ❝♦♠♦ ♣❛r❛ PP✱ ♣❛r❛ ❝♦♥t❛r ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s q✉❡ t✐❡♥❡♥
❧♦s ❝❧✉st❡rs✱ t❛♠❜✐é♥ ❝♦♥t❛♠♦s ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❘✲❘ q✉❡ ❡st❛❜❧❡❝❡♥ ❧♦s ❛♥✐❧❧♦s
❞❡ ❧❛ ♠✐s♠❛ ❝❛❞❡♥❛ ♣r♦t❡✐❝❛✱ ❞❡ ♠❛♥❡r❛ ❞❡ ♥♦ s✉❜❡st✐♠❛r ❧♦s ❝❧✉st❡rs ♠ás
❝♦♠♣❛❝t♦s✳

✹✳✸✳ ❘❡s✉❧t❛❞♦s

✹✳✸✳✶✳ ▲❛s ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ❡♥ ❡❧ P❉❇✿ ■P✱ P❉ ② PP

❈♦♠♦ s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❡❧ ❈✉❛❞r♦ ✹✳✶✱ ♣❛r❛ P❉ ② PP✱ ♦❜t✉✈✐♠♦s ✷✷✻✼✻ ②
✷✶✻✵✸ ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♠✐❡♥tr❛s q✉❡ ❡♥ ❡❧ ❝❛s♦ ❞❡
■P ❢✉❡r♦♥ ✹✻✼✼✼✺✳ ❊♥ ❝✉❛♥t♦ ❛ ❧♦s ❝❧✉st❡rs✱ ❧❛ t❡♥❞❡♥❝✐❛ ❡s ♣❛r❡❝✐❞❛✱ só❧♦ q✉❡
❞❛❞❛s ❧❛s ❝❛♥t✐❞❛❞❡s q✉❡ ❡♥❝♦♥tr❛♠♦s ♦❜t❡♥❡♠♦s ✉♥ ♣r♦♠❡❞✐♦ ❞❡ ✶✳✽✷ ② ✷✳✶✾
✐♥t❡r❛❝❝✐♦♥❡s ♣♦r ❝❧✉st❡r ♣❛r❛ PP ② P❉ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♠✐❡♥tr❛s q✉❡ ♣❛r❛
■P t❡♥❡♠♦s ✸✳✾✸ ✐♥t❡r❛❝❝✐♦♥❡s ♣♦r ❝♦♠♣❧❡❥♦s✱ ❧♦ ❝✉á❧ ✐♥❞✐❝❛ q✉❡ ❧♦s ❝❧✉st❡rs ■P
❡stá♥ ♠ás ❡♠♣❛q✉❡t❛❞♦s q✉❡ ❧♦s ❝❧✉st❡rs P❉ ② PP✳ ❚❛♠❜✐é♥ s❡ ❞✐ó q✉❡ ❡♥ ❧♦s
✸ ❝♦♥❥✉♥t♦s ❞❡ ❞❛t♦s ❤❛② ❝❛s♦s ❞♦♥❞❡ ♥♦ ❡♥❝♦♥tr❛♠♦s ♥✐ ✉♥❛ s♦❧❛ ✐♥t❡r❛❝❝✐ó♥
❛r♦♠át✐❝❛ ② ❧❛ ♣r♦♣♦r❝✐ó♥ ❞❡ ❛q✉❡❧❧♦s q✉❡ t✐❡♥❡♥ ♣♦r ❧♦ ♠❡♥♦s ✉♥❛ ✐♥t❡r❛❝❝✐ó♥
❛r♦♠át✐❝❛ ♣r❡s❡♥t❛ ❞✐❢❡r❡♥❝✐❛s✱ ❡♥ ■P ❧❧❡❣❛ ❤❛st❛ ❡❧ ✽✽✪✱ ♠✐❡♥tr❛s q✉❡ ♣❛r❛
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

P❉ ② PP só❧♦ ✹✾✪ ② ✺✸✪✳

■♥tr❛♣r♦t❡í♥❛ Pr♦t❡í♥❛✲❉r♦❣❛ Pr♦t❡í♥❛✲Pr♦t❡í♥❛

❈❛♥t✐❞❛❞ ❞❡ ❡♥tr❛❞❛s ✶✽✺✹✼ ✶✼✸✺✷ ✽✷✽✸
❊♥tr❛❞❛s ❝♦♥ ❛❧ ♠❡♥♦s ✉♥ ❝❧✉st❡r

❞❡t❡❝t❛❞♦

✶✻✹✸✵ ✭✽✽✪✮ ✽✺✵✻ ✭✹✾✪✮ ✹✹✷✷ ✭✺✸✪✮

❈❛♥t✐❞❛❞ ❞❡ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❞❡✲

t❡❝t❛❞♦s

✶✶✽✽✷✶ ✶✵✸✷✽ ✶✶✽✷✼

❈❛♥t✐❞❛❞ ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s

❛r♦♠át✐❝❛s ❞❡t❡❝t❛❞❛s

✹✻✼✼✼✺ ✷✷✻✼✻ ✷✶✻✵✸

❈✉❛❞r♦ ✹✳✶✿ ❊st❛❞íst✐❝❛s ❞❡ ❧♦s ❝❧✉st❡rs ❞❡ ❛r♦♠át✐❝♦s✳ ❉❡ ❧❛ s❡❣✉♥❞❛ ❛ ❧❛ ❝✉❛rt❛
❝♦❧✉♠♥❛✱ ❡♥ ♦r❞❡♥✿ ■♥tr❛♣r♦t❡í♥❛ ✭■P✮✱ Pr♦t❡í♥❛✲❉r♦❣❛ ✭P❉✮ ② Pr♦t❡í♥❛✲Pr♦t❡í♥❛ ✭PP✮✳ ▲♦s
♣♦r❝❡♥t❛❥❡s ❡♥ ❧❛ s❡❣✉♥❞❛ ✜❧❛ s♦♥ ❝♦♥ r❡s♣❡❝t♦ ❛ ❧❛s ❡♥tr❛❞❛s t♦t❛❧❡s ❞❡ ❧❛ ♣r✐♠❡r ✜❧❛✳

❊♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s ❝♦♠♣❧❡❥♦s P❉✱ ❧❛s ❢❛♠✐❧✐❛s ❞❡ ♣r♦t❡í♥❛s ♠ás ❛❜✉❞❛♥t❡s
s❡❣ú♥ P❢❛♠✱ s♦♥ ❧❛s ❞❡♥♦♠✐♥❛❞❛s q✉✐♥❛s❛s ✭P❦✐♥❛s❡✿P❋✵✵✵✻✾ ② P❦✐♥❛s❡❴t②r✿P❋✵✼✼✶✹✮
❝♦♥ ❡❧ ✶✵✳✵✾✪ ❞❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❞❛t♦s✱ s❡❣✉✐❞❛s ♣♦r ❧❛s tr✐♣s✐♥❛s ✭❚r②♣s✐♥✿P❋✵✵✵✽✾✮✱
❧♦s r❡❝❡♣t♦r❡s ♥✉❝❧❡❛r❡s ✭❍♦r♠♦♥❡❴r❡❝❡♣✿P❋✵✵✶✵✹✮ ② ❧❛s ❛s♣❛rt✐❧✲♣r♦t❡❛s❛s
r❡tr♦✈✐r❛❧❡s ✭❘❱P✿P❋✵✵✵✼✼✮✱ ❝♦♥ ❡❧ ✹✳✻✻✪✱ ✸✳✺✽✪ ② ✷✳✷✹✪ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
▼ás ❞❡❧ ✻✺✪ ❡♥tr❡ t♦❞❛s ❧❛s ❞r♦❣❛s ❞❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❞❛t♦s✱ t✐❡♥❡♥ ♣♦r ❧♦ ♠❡♥♦s
✉♥ ❛♥✐❧❧♦ ❛r♦♠át✐❝♦✱ s✐❡♥❞♦ ♠ás ❛❜✉❞❛♥t❡s ❛q✉❡❧❧❛s ❝♦♥ ✷ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s✳
❚❛♠❜✐é♥✱ ♠ás ❞❡❧ ✽✻✪ ❞❡ ❧♦s ❝♦♠♣✉❡st♦s q✉❡ ❝♦♥t✐❡♥❡♥ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s
❡stá♥ ✐♥✈♦❧✉❝r❛❞♦s ❡♥ ♣♦r ❧♦ ♠❡♥♦s ✉♥ ❝❧✉st❡r ❛r♦♠át✐❝♦ ② ❛q✉❡❧❧♦s q✉❡ ❡stá♥
❢♦r♠❛♥❞♦ ✉♥ só❧♦ ❝❧✉st❡r ❝♦♠♣r❡♥❞❡♥ ♠ás ❞❡❧ ✺✵✪ ❞❡ ❧♦s ❝❛s♦s✳ ❊♥ ❝✉❛♥t♦ ❛ ❧❛
❝❛♥t✐❞❛❞ ❞❡ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❞✐st✐♥t♦s ♣r❡s❡♥t❡s ❡♥tr❡ ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s ❞r♦❣❛s✱
r❡s✉❧tó q✉❡ ❡❧ ❛♥✐❧❧♦ ♠ás ❛❜✉♥❞❛♥t❡ ❡s ❡❧ ❜❡♥❝❡♥♦ ❛❧❝❛♥③❛♥❞♦ ✉♥ ✺✺✳✺✪ ❞❡ t♦✲
❞♦s ❧♦s ❛♥✐❧❧♦s ♣❡rt❡♥❡❝✐❡♥t❡s ❛ ❝♦♠♣✉❡st♦s✱ s❡❣✉✐❞♦ ♣♦r ♣✐r✐♠✐❞✐♥❛s ✭✶✶✳✻✪✮✱
♣✐r✐❞✐♥❛s ✭✽✳✶✪✮✳ ▲❛s ❢❛♠✐❧✐❛s ♠ás ❛❜✉❞❛♥t❡s ❡♥ ❧♦s ❝♦♠♣❧❡❥♦s PP s♦♥ ❧❛s ✐♥✲
♠✉♥♦❣❧♦❜✉❧✐♥❛s ✭❱✲s❡t✿P❋✵✼✻✽✻ ❛♥❞ ❈✶✲s❡t✿P❋✵✼✻✺✹✮✱ ❧❛s ♣r♦t❡í♥❛s q✉✐♥❛s❛s
✭P❦✐♥❛s❡✿P❋✵✵✵✻✾✮✱ ❧❛s ♣r♦t❡í♥❛s ❘❛s ✭❘❛s✿P❋✵✵✵✼✶✮ ② ❧❛s ❞❡s❤✐❞r♦❣❡♥❛s❛s ❞❡
❝❛❞❡♥❛ ❝♦rt❛ ✭❛❞❤❴s❤♦rt✿P❋✵✵✶✵✻✮✱ ❝♦♥ ✷✳✶✪✱ ✶✳✵✹✪✱ ✶✳✵✸✪ ② ✵✳✾✶✪ r❡s♣❡❝✲
t✐✈❛♠❡♥t❡✳

Pá❣✐♥❛ ✾✵ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❋✐❣✉r❛ ✹✳✷✿ ❉✐str✐❜✉❝✐ó♥ ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ✐♥tr❛♣r♦t❡í♥❛ ✭■P✮✳ ❘❡❧❛❝✐ó♥
❡♥tr❡ ❡❧ á♥❣✉❧♦ ♣❧❛♥❛r ❛r♦♠át✐❝♦ ② ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❧♦s ❝❡♥tr♦s ❞❡ ♠❛s❛ ❞❡ ❧♦s ❛♥✐❧❧♦s✳ ❙❡
♣✉❡❞❡♥ ❞✐❢❡r❡♥❝✐❛r ❧♦s ❞♦s t✐♣♦s ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s✿ ❧❛ T − shape ❝♦♥ á♥❣✉❧♦s s✉♣❡r✐♦r❡s ❛ 60➦
② ❡❧ π − stacking ❝♦♥ á♥❣✉❧♦s ♣♦r ❞❡❜❛❥♦ ❞❡ 10➦

❯s❛♥❞♦ ❧♦s ✸ t✐♣♦s ❞❡ ❝❧✉st❡rs ❞❡t❡❝t❛❞♦s✱ ❛♥❛❧✐③❛♠♦s ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s
❛r♦♠át✐❝❛s ✐♥✈♦❧✉❝r❛❞❛s✱ ❝♦♠♣❛rá♥❞♦❧❛s ❡♥ tér♠✐♥♦s ❞❡ ❧❛s ❞✐str✐❜✉❝✐♦♥❡s ❞❡
❞✐st❛♥❝✐❛ ② á♥❣✉❧♦ ♣❧❛♥❛r✳ ❈♦♠♦ s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❧❛ ❋✐❣✉r❛ ✹✳✷✱ ✉s❛♥❞♦ ❡❧ á♥❣✉❧♦
♣❧❛♥❛r ♣♦❞❡♠♦s ❞✐st✐♥❣✉✐r ❧♦s ✷ ♠í♥✐♠♦s ❡♥❡r❣ét✐❝♦s ♣r❡s❡♥t❡s ❡♥ ■P✿ ❢♦r♠❛✲❚✱
❝♦♥ ✉♥ á❣✉❧♦ ♣❧❛♥❛r ♠❛②♦r ❛ ✻✵➦ ② π − stacking ❝♦♥ ✉♥ á♥❣✉❧♦ ♣❧❛♥❛r ♠❡♥♦r
❛ ✶✺➦✮✳ ❊♥ ❡st❡ ❝❛s♦✱ s❡ ❛♣r❡❝✐❛ ✉♥ ♠✉② ❧❡✈❡ ❡♥r✐q✉❡❝✐♠✐❡♥t♦ ♣❛r❛ ❡❧ ❝❛s♦ ❞❡
π− stacking✱ ♣❡r♦ ❡♥ ❣❡♥❡r❛❧✱ ♥♦ ❤❛② ✉♥❛ ❛❜✉♥❞❛♥❝✐❛ ❞✐❢❡r❡♥❝✐❛❧ ❡♥tr❡ ❛❧❣✉♥❛
❞❡ ❧❛s ❞♦s ❝♦♥❢♦r♠❛❝✐♦♥❡s ②✱ ♠ás ❛ú♥✱ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡❧ á♥❣✉❧♦ ♣❧❛♥❛r ❡stá
❞✐str✐❜✉í❞❛ ♠ás ✉♥✐❢♦r♠❡♠❡♥t❡ q✉❡ ❡♥ ❧♦s ♦tr♦s ❞♦s ❝❛s♦s ✭PP ② P❉✮✳

Pá❣✐♥❛ ✾✶ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❋✐❣✉r❛ ✹✳✸✿ ❉✐str✐❜✉❝✐ó♥ ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ❡♥tr❡ ♣r♦t❡í♥❛s ✭PP✮✳

❊♥ ❡❧ ❝❛s♦ ❞❡ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ❡♥ ❧❛s ✐♥t❡r❢❛❝❡s ❞❡ ✐♥t❡r❛❝❝✐ó♥
❡♥tr❡ ♣r♦t❡í♥❛s✱ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ✭❋✐❣✉r❛ ✹✳✸✮ ♣r❡s❡♥t❛ ✉♥❛
s✉♣❡r✜❝✐❡ ❝♦♥ ❧❛s ♠✐s♠❛s ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ❡♥ ❡❧ ❝❛s♦ ❛♥t❡r✐♦r ✭■P✮✳ ❚❛♠✲
♣♦❝♦ ❡♥❝♦♥tr❛♠♦s ✉♥❛ ❝♦♥❢♦r♠❛❝✐ó♥ ♣r❡❢❡r❡♥❝✐❛❧ ❡♥tr❡ ❧❛s ❞♦s ❝♦♥❢♦r♠❛❝✐♦♥❡s
❞❡ ✐♥t❡r❛❝❝✐ó♥✳ ❆♠❜❛s ❞✐str✐❜✉❝✐♦♥❡s ❝♦✐♥❝✐❞❡♥ ② ♥♦ s❡ ♦❜s❡r✈❛♥ ❞✐❢❡r❡♥❝✐❛s
s✐❣♥✐✜❝❛t✐✈❛s✱ s❛❧✈♦ ♣♦r ✉♥ ❧❡✈❡ ♣✐❝♦ ❡♥ ✸✳✺➴ ❡♥ ❡❧ ❝❛s♦ ❞❡ PP✱ q✉❡ s❡ ❛♣r❡✲
❝✐❛ ❡♥ ést❡ ❣rá✜❝♦ ❝♦♠♦ ✉♥ ❛✉♠❡♥t♦ ♠✉② ❧❡✈❡ ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ π − stacking✳
❆❞❡♠ás✱ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❡♥ ❞✐st❛♥❝✐❛ ✭❋✐❣✉r❛ ✹✳✶❇✮ ♣r❡s❡♥t❛ ✉♥ ✈❛❧♦r ♠á①✐♠♦
❛❧r❡❞❡❞♦r ❞❡ ✺✳✸➴✱ ② ❡❧ ♣r✐♠❡r ♠í♥✐♠♦ s❡ ❡♥❝✉❡♥tr❛ ❛ ✼✳✵➴✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❡♥
✐♥t❡r❛❝❝✐♦♥❡s P❉✱ s✐ ❜✐❡♥ ❡♥❝♦♥tr❛♠♦s ❡❧ ♠✐s♠♦ ♠á①✐♠♦ ❛❧r❡❞❡❞♦r ❞❡ ✺✳✸➴✱
t❛♠❜✐é♥ ❡♥❝♦♥tr❛♠♦s ♦tr♦ ❛ ✸✳✺➴ ❞❡ ❞✐st❛♥❝✐❛✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛❧ ✈❛❧♦r ó♣✲
t✐♠♦ ❞❡ ❞✐st❛♥❝✐❛ ❞❡ ✐♥t❡r❛❝❝✐ó♥ ❡♥ ❧❛ ❝♦♥❢♦r♠❛❝✐ó♥ ❞❡ π − stacking s❡❣ú♥
❬▼❝●❛✉❣❤❡② ❡t ❛❧✳✱ ✶✾✾✽❪✳ ▲❛s ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ❡♥tr❡ ❞r♦❣❛s ② ♣r♦t❡í✲

Pá❣✐♥❛ ✾✷ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

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

❋✐❣✉r❛ ✹✳✹✿ ❉✐str✐❜✉❝✐ó♥ ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ❡♥tr❡ ❞r♦❣❛s ② ♣r♦t❡í♥❛s
✭P❉✮✳

❈♦♠♦ s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❧❛ ❋✐❣✉r❛ ✹✳✹✱ ❡♥ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❡♥ P❉✱ ❧❛ ❝♦♥✲
❢♦r♠❛❝✐ó♥ ❞❡ π − stacking✱ ❡s ❧❛ ♠ás ❛❜✉❞❛♥t❡ ❝♦♥ ✉♥❛ ❞✐st❛♥❝✐❛ ❞❡ ✸✳✺➴ ✭❡❧
♠✐s♠♦ ♠á①✐♠♦ ♠❡♥❝✐♦♥❛❞♦ ♣r❡✈✐❛♠❡♥t❡✮ ② ❡❧ á♥❣✉❧♦ ♣❧❛♥❛r ♣♦r ❞❡❜❛❥♦ ❞❡
10➦✳ ❊st♦ ❡s ❝♦♥s✐st❡♥t❡ ❝♦♥ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ♣♦r ❬❈❤❡❧❧✐ ❡t ❛❧✳✱ ✷✵✵✷❪
❞♦♥❞❡ s❡ ❛♣r❡❝✐❛ ✉♥ ❛✉♠❡♥t♦ ❡♥ ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❡♥❡r❣í❛ ❧✐❜r❡ ❞❡ ❧❛ ❝♦♥❢♦r♠❛✲
❝✐ó♥ π ♣♦r s♦❜r❡ ❧❛ T ❡♥ ❛♠❜✐❡♥t❡s ❤✐❞r♦❢í❧✐❝♦s✳ ❊♥ ❡❧ ❝❛s♦ ❞❡ ■P✱ ❡st♦ ♥♦ ❡s
❛sí ❞❡❜✐❞♦ ❛ ❧❛ ♥❛t✉r❛❧❡③❛ ❤✐❞r♦❢ó❜✐❝❛ ❞❡ ❧♦s ♥ú❝❧❡♦s ♣r❡♦t❡✐❝♦s✳ ▼✐❡♥tr❛s q✉❡
♣❛r❛ ❧♦s ❝❧✉st❡rs ❡♥ PP✱ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ♣❛r❡❝✐❡r❛♥ ❡st❛r ❡♥ ✉♥ ❛♠❜✐❡♥t❡ ❝❛s✐
✐♥t❡r♠❡❞✐♦✱ ❞♦♥❞❡ s❡ ❛♣r❡❝✐❛ ✉♥❛ ✷❞❛ ❝♦♠♣♦♥❡♥t❡ ❡♥ ❡❧ g(r) ❛ ✸✳✺➴ q✉❡ ❡s
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

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

✹✳✸✳✷✳ ▲♦s ❝❧✉st❡rs ❞❡ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s

❊♥ tér♠✐♥♦s ❣❡♥❡r❛❧❡s✱ s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❡❧ ❈✉❛❞r♦ ✹✳✷✱ ❝ó♠♦ ❧❛ ❛❜✉♥❞❛♥❝✐❛
❞❡ ést♦s ❝❧✉st❡rs ❞❡❝r❡❝❡ ❝♦♥❢♦r♠❡ ❛✉♠❡♥t❛ ❡❧ t❛♠❛ñ♦ ❞❡❧ ❝❧✉st❡r✳

❚❛♠❛ñ♦ ❞❡❧
❈❧✉st❡r

Pr♦t❡í♥❛✲❉r♦❣❛ Pr♦t❡í♥❛✲Pr♦t❡í♥❛ ■♥tr❛♣r♦t❡✐♥❛

✷ ✹✾✵✵ ✭✹✼✳✺✮ ✻✾✷✼ ✭✺✽✳✻✮ ✹✾✺✻✺ ✭✹✶✳✼✮
✸ ✷✺✾✻ ✭✷✺✳✷✮ ✷✼✺✵ ✭✷✸✳✸✮ ✷✺✾✽✸ ✭✷✶✳✾✮
✹ ✶✸✼✾ ✭✶✸✳✹✮ ✶✷✵✶ ✭✶✵✳✶✮ ✶✸✹✻✶ ✭✶✶✳✸✮
✺ ✻✻✹ ✭✻✳✹✮ ✹✺✷ ✭✸✳✽✮ ✽✶✷✶ ✭✻✳✽✮
✻ ✸✾✽ ✭✸✳✾✮ ✷✸✺ ✭✷✳✵✮ ✻✵✷✻ ✭✺✳✶✮
✼ ✶✾✸ ✭✶✳✾✮ ✶✶✺ ✭✶✳✵✮ ✸✾✵✺ ✭✸✳✸✮
✽ ✶✽✻ ✭✶✳✽✮ ✶✹✼ ✭✶✳✷✮ ✶✶✼✻✵ ✭✾✳✾✮

❈✉❛❞r♦ ✹✳✷✿❈❛♥t✐❞❛❞ ❞❡ ❝❧✉st❡rs ❞❡t❡❝t❛❞♦s s❡❣ú♥ s✉ t❛♠❛ñ♦✱ ♣❛r❛ ❧♦s ✸ ❝♦♥❥✉♥t♦s
❞❡ ❞❛t♦s ✭P❉✱ PP ② ■P✮✳ ▲♦s ♥ú♠❡r♦s ❡♥tr❡ ♣❛ré♥t❡s✐s ❝♦rr❡s♣♦♥❞❡♥ ❛❧ ♣♦r❝❡♥t❛❥❡ s♦❜r❡
❡❧ t♦t❛❧ ❞❡ ❝❛❞❛ ❝♦❧✉♠♥❛✳

❚❛♠❛ñ♦ ❞❡❧
❈❧✉st❡r

Pr♦t❡í♥❛✲❉r♦❣❛ Pr♦t❡í♥❛✲Pr♦t❡í♥❛ ■♥tr❛♣r♦t❡✐♥❛

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

❈✉❛❞r♦ ✹✳✸✿ ◆ú♠❡r♦ ♣r♦♠❡❞✐♦ ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s s❡❣ú♥ ❡❧ t❛♠❛ñ♦ ❞❡❧ ❝❧✉st❡r✱ ♣❛r❛
❧♦s ✸ ❝♦♥❥✉♥t♦s ❞❡ ❞❛t♦s ✭P❉✱ PP ② ■P✮✳

❊♥ ❡❧ ❝❛s♦ ❞❡ ■P✱ ❡st❛ r❡❧❛❝✐ó♥ ♣❛r❡❝✐❡r❛ s❡r ❡①♣♦♥❡♥❝✐❛❧ ❞❛❞♦ q✉❡ ❧❛ ❝❛♥t✐❞❛❞
❞❡ ❝❧✉st❡rs ❞❡ ✉♥ t❛♠❛ñ♦ ❞❛❞♦ ❡s ❛❧r❡❞❡❞♦r ❞❡ ❧❛ ♠✐t❛❞ q✉❡ ❧♦s ❝❧✉st❡rs ❝♦♥ ✉♥
❛♥✐❧❧♦ ♠❡♥♦s✳ ▲♦ ♠✐s♠♦ s✉❝❡❞❡ ❡♥ ❡❧ ❝❛s♦ ❞❡ P❉✳ P❡r♦ ♣❛r❛ PP✱ ❡st❛ r❡❧❛❝✐ó♥
s❡ ♣✐❡r❞❡ ❧✐❣❡r❛♠❡♥t❡✱ ❛♣r❡❝✐❛♥❞♦s❡ ✉♥ ❞❡❝r❡♠❡♥t♦ ♠ás ♣r♦♥✉♥❝✐❛❞♦ ❛ ♠❡❞✐❞❛
q✉❡ ❡❧ t❛♠❛ñ♦ ❞❡❧ ❝❧✉st❡r ❛✉♠❡♥t❛✱ ✐♥❞✐❝❛♥❞♦ q✉❡ ❧♦s ❝❧✉st❡rs ❞❡ ♠❛②♦r t❛♠❛ñ♦
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❡♥ PP s♦♥ ♠❡♥♦s ❢r❡❝✉❡♥t❡s q✉❡ ♣❛r❛ ■P ② P❉✳ ▲♦s ❝❧✉st❡rs ❞✐♠ér✐❝♦s s♦♥
♠❛s ❛❜✉♥❞❛♥t❡s ❡♥ PP q✉❡ P❉✱ ❧❧❡❣❛♥❞♦ ❛❧ ✺✽✳✻✪ ② ✹✼✳✺✪✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
P♦r ♦tr♦ ❧❛❞♦✱ ❧♦s ❝❧✉st❡rs tr✐♠ér✐❝♦s✱ ❧❧❡❣❛♥ ❛❧ ✷✺✳✷✪ ❡♥ P❉ ② ✷✸✳✸✪ ❡♥ PP✱
t❡trá♠❡r♦s ✶✸✳✹✪ ② ✶✵✳✶✪✱ ② ❛sí✱ ❧♦s ❝❧✉st❡rs ♠ás ❣r❛♥❞❡s✱ s♦♥ ♠ás ❡♥ P❉ q✉❡
❡♥ PP✳ ❖tr❛ ❞✐❢❡r❡♥❝✐❛ ❡s q✉❡ ❡❧ ♥ú♠❡r♦ ♣r♦♠❡❞✐♦ ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s ✭❈✉❛❞r♦
✹✳✸✮ ♣❛r❛ ❝❛❞❛ ❝❧✉st❡r ❡s ♠❛②♦r ❡♥ ❡❧ ❝❛s♦ ❞❡ PP q✉❡ ❡♥ P❉✳ ❊st♦ ❡s ✉♥❛
t❡♥❞❡♥❝✐❛ ❣❡♥❡r❛❧✱ ❛ ❧♦s ❧❛r❣♦ ❞❡ ❧♦s ❞✐❢❡r❡♥t❡s t❛♠❛ñ♦s ❞❡ ❝❧✉st❡r✱ ❧❛ ❝❛♥t✐❞❛❞
♣r♦♠❡❞✐♦ ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s ❡s ♠❛②♦r ❡♥ PP q✉❡ ❡♥ P❉✳ ▲♦ q✉❡ ✐♠♣❧✐❝❛ q✉❡ ❧♦s
❝♦♠♣❧❡❥♦s PP t✐❡♥❡♥ ✉♥❛ t❡♥❞❡♥❝✐❛ ❛ ❢♦r♠❛r ❝❧✉st❡rs ♠ás ❝♦♠♣❛❝t♦s✳

❋✐❣✉r❛ ✹✳✺✿ ❈❧✉st❡rs ❞❡ ❛r♦♠át✐❝♦s ❡♥ r❡❣✐♦♥❡s ❞❡ ✐♥t❡r❛❝❝✐ó♥ Pr♦t❡í♥❛✲❉r♦❣❛ ②

Pr♦t❡í♥❛✲Pr♦t❡í♥❛✳ ❆✮ ❯♥ ❝❧✉st❡r ❞✐♠ér✐❝♦ ❢♦r♠❛❞♦ ♣♦r ✉♥❛ ❢❡♥✐❧❛❧❛♥✐♥❛ ② ✉♥ ❛♥✐❧❧♦ ❛r♦♠át✐✲
❝♦ ❡♥ ✉♥❛ ❞r♦❣❛✱ P❉❇ ✸♦❝✵✳ ❇✮ ❯♥ trí♠❡r♦ ❝♦♥ ✷ ✐♥t❡r❛❝❝✐♦♥❡s ❢♦r♠❛❞♦ ♣♦r ❞♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s
❡♥ r❡s✐❞✉♦s ❞❡ ❧❛ ♣r♦t❡í♥❛ ✏❡♥s❛♥❣✉❝❤❛♥❞♦✑ ✉♥ ❛♥✐❧❧♦ ❡♥ ✉♥❛ ❞r♦❣❛✱ P❉❇ ✸❜❞❛✳ ❈✮ ❚rí♠❡r♦ ❝♦♥ ✸
✐♥t❡r❛❝❝✐♦♥❡s ❢♦r♠❛❞♦ ♣♦r ❞♦s ❛♥✐❧❧♦s ❡♥ r❡s✐❞✉♦s ✐♥t❡r❛❝t✉❛♥❞♦ ❡♥tr❡ sí ② ✉♥ t❡r❝❡r ❛♥✐❧❧♦ ❝♦♥ ✉♥❛
❞r♦❣❛✱ P❉❇ ✶❝❣❦✳ ❉✮ ❯♥ ❝❧✉st❡r ❞❡ ✸ ❛♥✐❧❧♦s ❢♦r♠❛❞♦s ♣♦r ✉♥ ❛♥✐❧❧♦ ❡♥ ✉♥ r❡s✐❞✉♦ ❞❡ ❧❛ ♣r♦t❡í♥❛ ②
❞♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s q✉❡ ❝♦♥❢♦r♠❛♥ ✉♥ s✐st❡♠❛ ❢✉s✐♦♥❛❞♦ ❡♥ ✉♥❛ ❞r♦❣❛✱ P❉❇ ✶♠✻✼✳ ❊✮ ■♥t❡r❛❝❝✐ó♥
❡♥tr❡ ❧♦s tr✐♣t♦❢❛♥♦s ❡♥ ✉♥❛ ✐♥t❡r❢❛③ ❞❡ ✐♥t❡r❛❝❝✐ó♥ ♣r♦t❡í♥❛✲♣r♦t❡í♥❛✱ P❉❇ ✸♣❣①✳ ❋✮ ❯♥ ♣❡♥tá♠❡r♦
❡♥ ✉♥❛ ✐♥t❡r❢❛③ ♣r♦t❡í♥❛✲♣r♦t❡í♥❛ ❡♥ ❞ó♥❞❡ ❤❛② ✷ ❛♥✐❧❧♦s ❞❡ ✉♥❛ ❝❛❞❡♥❛ ② ✸ ❛♥✐❧❧♦s ❞❡ ❧❛ ♦tr❛✱ P❉❇
✷❛♠❧✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❱✐♠♦s q✉❡ ❧♦s ❝❧✉st❡rs ❞❡ ❛r♦♠át✐❝♦s s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❣r❛♥ ❛❜✉♥❞❛♥❝✐❛
❢♦r♠❛♥❞♦ ♣❛rt❡ ❞❡ ❧♦s ♣❧❡❣❛❞♦s ❞❡ ❧❛s ♣r♦t❡í♥❛s✳ P❡r♦✱ ❝♦♠♦ ♠♦str❛♠♦s ❡♥
❡❧ ❈✉❛❞r♦ ✹✳✷✱ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s t❛♠❜✐é♥ ♣✉❡❞❡♥ ❢♦r♠❛r ❝❧✉st❡rs ❡♥ ❧❛s
r❡❣✐♦♥❡s ❞❡ ✐♥t❡r❛❝❝✐ó♥ ❝♦♥ ♦tr❛s ♣r♦t❡í♥❛s ② ❝♦♥ ❧✐❣❛♥❞♦s ♣❡q✉❡ñ♦s t✐♣♦ ❞r♦❣❛✱
❝♦♠♦ ♠✉❡str❛ ❧❛ ❋✐❣✉r❛ ✹✳✺✳ ❊♥ ❡st♦s ❝❛s♦s ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❡st❛❜❧❡❝❡♥
✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ❝♦♥ ❧❛s ♦tr❛s ♠♦❧é❝✉❧❛s ❝♦♠♦ s❡ ✈❡ ❡♥ ❧❛s ❋✐❣✉r❛s ✹✳✺❆
② ✹✳✺❇ ❞♦♥❞❡ s❡ ❛♣r❡❝✐❛♥ ✉♥ ❞í♠❡r♦ ② ✉♥ trí♠❡r♦ ❝♦♥ ✷ ✐♥t❡r❛❝❝✐♦♥❡s✳ ❆❞❡♠ás✱
❤❛② ❝❧✉st❡rs ❡♥ ❞♦♥❞❡ ❧♦s ❛♥✐❧❧♦s q✉❡ ✐♥t❡r❛❝tú❛♥ ❝♦♥ ♦tr❛s ♠♦❧é❝✉❧❛s t❛♠❜✐é♥
❧♦ ❤❛❝❡♥ ❝♦♥ ♦tr♦s ❛♥✐❧❧♦s ❞❡ ❧❛ ♠✐s♠❛ ♣r♦t❡í♥❛ ❝♦♠♦ s❡ ✈❡ ❡♥ ❧❛ ❋✐❣✉r❛ ✹✳✺❈✱
✉♥ trí♠❡r♦ ❝♦♥ ✸ ✐♥t❡r❛❝❝✐♦♥❡s✳ ❚❛♠❜✐é♥✱ ♣✉❡❞❡♥ ❡st❛r ❞❡✜♥✐❞♦s ♣♦r s✐st❡♠❛s
❞❡ ❛♥✐❧❧♦s ❢✉s✐♦♥❛❞♦s ❡♥ ❞r♦❣❛s ✭❋✐❣✉r❛s ✹✳✺❉✮ ② ❢♦r♠❛♥❞♦ ♣❛rt❡ ❞❡ ❧♦s s✐t✐♦s
❞❡ ✐♥t❡r❛❝❝✐ó♥ ❡♥tr❡ ♣r♦t❡í♥❛s ❞❡ ✈❛r✐♦s t❛♠❛ñ♦s ✭✹✳✺❊ ② ✹✳✺❋✮✳

❈♦♠♣♦s✐❝✐ó♥ ❞❡ ❧♦s ❝❧✉st❡rs ❞❡ ❛r♦♠át✐❝♦s ❊♥ ❡❧ ❝❛s♦ ❞❡ ■P✱ ❡❧ ❛♥á❧✐s✐s ❞❡ ❧❛
❝♦♠♣♦s✐❝✐ó♥ ❛♠✐♥♦❛❝í❞✐❝❛ ❞❡ ❧♦s trí♠❡r♦s ♠✉❡str❛ q✉❡ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ P❤❡
❡st❛ ❡♥tr❡ ✹✺✪ ② ✺✵✪✱ ♣❛r❛ ❚②r ❡s ❡♥tr❡ ✸✶✪ ② ✸✾✪ ② ♣❛r❛ ❚r♣✱ ❡♥tr❡
✶✺✪ ② ✶✼✪✱ q✉❡ s♦♥ ♣r♦♣♦r❝✐♦♥❡s ❛❝♦r❞❡ ❛ ❧❛s ♣❡r❝✐❜✐❞❛s ♣♦r ❧❛s ❛❜✉♥❞❛❝✐❛s
♥❛t✉r❛❧❡s ❞❡ ❡st♦s ❛♠✐♥♦ á❝✐❞♦s✳ ❆ ❧❛ ❤♦r❛ ❞❡ ❛♥❛❧✐③❛r ❧♦s t✐♣♦s ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s
❡♥ ❧♦s ❞✐❢❡r❡♥t❡s ❝❧✉st❡rs✱ ❝❛❧❝✉❧❛♠♦s ❝✉❛♥t♦s ❞í♠❡r♦s s❡ ❢♦r♠❛♥ ❝♦♥ ❝❛❞❛ ♣❛r
❞❡ ❛♠✐♥♦ á❝✐❞♦s✳ ▲♦s r❡s✉❧t❛❞♦s ❝♦rr❡s♣♦♥❞✐❡♥t❡s s♦♥✿ P❤❡✲❚②r✱ ✸✶✪❀ P❤❡✲
P❤❡✱ ✷✻✪❀ P❤❡✲❚r♣✱ ✶✺✪❀ ❚②r✲❚②r✱ ✶✶✪❀ ❚②r✲❚r♣✱ ✾✪❀ ❛♥❞ ❚r♣✲❚r♣✱ ✸✪✳
▲❛s ✐♥t❡r❛❝❝✐♦♥❡s ♠❛s ❛❜✉♥❞❛♥t❡s s♦♥ ❡♥tr❡ P❤❡ ② ❚②r✱ s❡❣✉✐❞❛s ❞❡ ❝❡r❝❛
♣♦r ❛q✉❡❧❧❛s ❡♥tr❡ P❤❡ ② P❤❡✳ ❈✉r✐♦s❛♠❡♥t❡✱ P❤❡ ② ❚r♣ ✐♥t❡r❛❝tú❛♥ ❝♦♥ ♠ás
❢r❡❝✉❡♥❝✐❛ q✉❡ ❚②r ② ❚②r✱ ② q✉❡ ❚②r ② ❚r♣✱ ❡st♦ ♣r♦❜❛❜❧❡♠❡♥t❡ s❡ ❞❡❜❛ ❛❧
❧✐❣❡r♦ ❣r❛❞♦ ❞❡ ❤✐❞r♦✜❧✐❝✐❞❛❞ q✉❡ ♣r❡s❡♥t❛ ❚②r ❞❛❞♦ s✉ ❣r✉♣♦ ♣♦❧❛r ❖❍✳ ▲❛s
✐♥t❡r❛❝❝✐♦♥❡s ❡♥tr❡ ❚r♣ ② ❚r♣ ♦❝✉rr❡♥ ❝♦♥ ♠✉② ❜❛❥❛ ❢r❡❝✉❡♥❝✐❛✱ ♣r♦❜❛❜❧❡♠❡♥t❡
❝♦♠♦ ❝♦♥s❡❝✉❡♥❝✐❛ ❞❡ ❧❛ ❜❛❥❛ ❛❜✉♥❞❛♥❝✐❛ ♥❛t✉r❛❧ ❞❡ ❧♦s ❚r♣ ❡♥ ♣r♦t❡í♥❛s✱ ♥♦
♠ás ❞❡❧ ✶✳✺✪ ❜❛s❛♥❞♦s❡ ❡♥ ❯♥✐♣r♦t✳

P❛r❛ P❉ ② PP✱ ❝♦♠♦ s❡ ✈❡ ❡♥ ❧♦s ❈✉❛❞r♦s ✹✳✹ ② ✹✳✺✱ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❛♠✐♥♦
á❝✐❞♦s ♣♦r ❝❧✉st❡r✱ t❛♠❜✐é♥ ♣❛r❡❝❡ s❡❣✉✐r ❧❛s ❛❜✉♥❞❛♥❝✐❛s ♥❛t✉r❛❧❡s✱ só❧♦ q✉❡
s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r ✉♥❛ ❧✐❣❡r❛ ♣r❡❢❡r❡♥❝✐❛ ♣♦r ❧♦s ❚r♣s ❡♥ PP ❝♦♥ r❡s♣❡❝t♦ ❛ P❉✳
❊st♦ ❡stá ❡♥ ❛❝✉❡r❞♦ ❝♦♥ ❧♦ ❡✈✐❞❡♥❝✐❛❞♦ ♣♦r ❬▼❛ ❡t ❛❧✳✱ ✷✵✵✸❪✱ q✉❡ ❧♦s ❚r♣s
❡①♣✉❡st♦s s✉❡❧❡♥ s❡r ✉♥❛ ❢✉❡rt❡ ❡✈✐❞❡♥❝✐❛ ❞❡ ✉♥❛ ✐♥t❡r❢❛③ ♣r♦t❡í♥❛✲♣r♦t❡í♥❛✳
❖tr♦ ❤❡❝❤♦ ✐♥t❡r❡s❛♥t❡ ❡s q✉❡ ❛ ♠❡❞✐❞❛ q✉❡ ❡❧ t❛♠❛ñ♦ ❞❡❧ ❝❧✉st❡r ❛✉♠❡♥t❛✱
❡st❛ ♣r❡❢❡r❡♥❝✐❛ ❞❡ ❧♦s ❝❧✉st❡rs ❡♥ PP ♣♦r t❡♥❡r ♠ás ❚r♣s✱ s❡ ✈✉❡❧✈❡ ❝❛❞❛ ✈❡③
♠ás ♠❛r❝❛❞❛✱ ❧♦ ❝✉á❧ s❡ ❞❡❜❡ ❛ q✉❡ ❝❛❞❛ ❚r♣ ❡s ♠ás ❣r❛♥❞❡ q✉❡ ❡❧ r❡st♦ ❞❡
❧♦s ❛♠✐♥♦ á❝✐❞♦s✱ ❝♦♠♦ ♣❛r❛ ❣❡♥❡r❛r ♠ás s✉♣❡r✜❝✐❡ ❞❡ ❝♦♥t❛❝t♦✱ ② ♣♦r ❡♥❞❡✱
♣❛rt✐❝✐♣❛r ❞❡ ❝❧✉st❡rs ❞❡ ♠ás t❛♠❛ñ♦✳ ▼✐❡♥tr❛s q✉❡ ❧❛ ❛♣❛r✐❝✐ó♥ ❞❡ ✉♥ ❚r♣ ♦
♠ás ❡♥ ❜♦❧s✐❧❧♦s ❞❡ ✉♥✐ó♥ ❛ ❧✐❣❛♥❞♦s t✐♣♦ ❞r♦❣❛ ✭P❉✮✱ ♣✉❡❞❡ ♥♦ ❡st❛r ❢❛✈♦r❡❝✐❞❛

Pá❣✐♥❛ ✾✻ ❞❡ ✶✸✵



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❞❛❞♦ q✉❡ ♣r❡s❡t❛♥ s✉♣❡r✜❝✐❡s ❞❡ ✐♥t❡r❛❝❝✐ó♥✱ ❡♥ ♣r♦♠❡❞✐♦✱ ♠ás ❝❤✐❝❛s✳

❘❡s✐❞✉♦ ❉í♠❡r♦s ❚rí♠❡r♦s ❚❡trá♠❡r♦s P❡♥tá♠❡r♦s
P❤❡ ✷✵✻✸ ✭✹✷✳✶✮ ✶✺✷✼ ✭✸✼✳✷✮ ✶✶✸✺ ✭✸✻✳✵✮ ✻✹✷ ✭✸✷✳✻✮
❚②r ✶✺✹✶ ✭✸✶✳✺✮ ✶✷✵✼ ✭✷✾✳✹✮ ✽✵✾ ✭✷✺✳✼✮ ✹✻✷ ✭✷✸✳✺✮
❍✐s ✾✽✾ ✭✷✵✳✷✮ ✻✷✷ ✭✶✺✳✷✮ ✹✾✸ ✭✶✺✳✻✮ ✷✻✷ ✭✶✸✳✸✮
❚r♣ ❇♥③ ✷✶✺ ✭✹✳✹✮ ✹✻✺ ✭✶✶✳✸✮ ✹✷✺ ✭✶✸✳✺✮ ✸✹✻ ✭✶✼✳✻✮
❚r♣ Pr❧ ✽✾ ✭✶✳✽✮ ✷✽✸ ✭✻✳✾✮ ✷✾✵ ✭✾✳✷✮ ✷✺✺ ✭✶✸✳✵✮

❈✉❛❞r♦ ✹✳✹✿ ❈❛♥t✐❞❛❞ ❞❡ ❛♣❛r✐❝✐♦♥❡s ❞❡ ❧♦s ✹ r❡s✐❞✉♦s ❡♥ ❧♦s ❝❧✉st❡rs ❞❡t❡❝t❛❞♦s
❡♥ r❡❣✐♦♥❡s ❞❡ ✐♥t❡r❛❝❝✐ó♥ Pr♦t❡í♥❛✲❉r♦❣❛✳ ❚r♣ ❇③♥ ② Pr❧ ❝♦rr❡s♣♦♥❞❡ ❛❧ ❜❡♥❝❡♥♦
② ❛❧ ♣②rr♦❧ q✉❡ ❝♦♥❢♦r♠❛♥ ❡❧ s✐st❡♠❛ ✐♥❞♦❧❡ ❞❡❧ ❚r✐♣t♦❢❛♥♦✳ ▲♦s ♥ú♠❡r♦s ❡♥tr❡ ♣❛ré♥t❡s✐s
❝♦rr❡s♣♦♥❞❡♥ ❛❧ ♣♦r❝❡♥t❛❥❡ s♦❜r❡ ❡❧ t♦t❛❧ ❞❡ ❝❛❞❛ ❝♦❧✉♠♥❛✳

❘❡s✐❞✉♦ ❉í♠❡r♦s ❚rí♠❡r♦s ❚❡trá♠❡r♦s P❡♥tá♠❡r♦s
P❍❊ ✺✹✷✽ ✭✸✾✳✷✮ ✷✽✽✽ ✭✸✺✳✵✮ ✶✺✶✺ ✭✸✶✳✺✮ ✻✽✻ ✭✸✵✳✸✮
❚❨❘ ✹✹✼✵ ✭✸✷✳✸✮ ✷✵✸✵ ✭✷✹✳✻✮ ✶✵✺✵ ✭✷✶✳✾✮ ✹✺✼ ✭✷✵✳✷✮
❍■❙ ✸✵✷✷ ✭✷✶✳✽✮ ✶✷✷✺ ✭✶✹✳✾✮ ✻✾✷ ✭✶✹✳✹✮ ✷✽✻ ✭✶✷✳✻✮
❚❘P ❇♥③ ✻✽✷ ✭✹✳✾✮ ✶✶✸✵ ✭✶✸✳✼✮ ✽✷✺ ✭✶✼✳✷✮ ✹✸✽ ✭✶✾✳✹✮
❚❘P Pr❧ ✷✹✾ ✭✶✳✽✮ ✾✼✺ ✭✶✶✳✽✮ ✼✶✻ ✭✶✹✳✾✮ ✸✾✸ ✭✶✼✳✹✮

❈✉❛❞r♦ ✹✳✺✿ ❈❛♥t✐❞❛❞ ❞❡ ❛♣❛r✐❝✐♦♥❡s ❞❡ ❧♦s ✹ r❡s✐❞✉♦s ❡♥ ❧♦s ❝❧✉st❡rs ❞❡t❡❝t❛❞♦s
❡♥ r❡❣✐♦♥❡s ❞❡ ✐♥t❡r❛❝❝✐ó♥ Pr♦t❡í♥❛✲Pr♦t❡í♥❛✳ ❚r♣ ❇③♥ ② Pr❧ ❝♦rr❡s♣♦♥❞❡ ❛❧ ❜❡♥❝❡♥♦
② ❛❧ ♣②rr♦❧ q✉❡ ❝♦♥❢♦r♠❛♥ ❡❧ s✐st❡♠❛ ✐♥❞♦❧❡ ❞❡❧ ❚r✐♣t♦❢❛♥♦✳ ▲♦s ♥ú♠❡r♦s ❡♥tr❡ ♣❛ré♥t❡s✐s
❝♦rr❡s♣♦♥❞❡♥ ❛❧ ♣♦r❝❡♥t❛❥❡ s♦❜r❡ ❡❧ t♦t❛❧ ❞❡ ❝❛❞❛ ❝♦❧✉♠♥❛✳

❆♥á❧✐s✐s ❞❡❧ ❡♥t♦r♥♦ ❞❡ ❧♦s ❝❧✉st❡rs ❊st✉❞✐❛♠♦s ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡❧ ❡♥t♦r♥♦
❡str✉❝t✉r❛❧ ❡♥ ❡❧ q✉❡ ❡♥❝♦♥tr❛♠♦s ❝❛❞❛ ❝❧✉st❡r ❡♥ ❡❧ ✐♥t❡r✐♦r ❞❡ ❧❛s ♣r♦t❡í♥❛s✳
P❛r❛ ❝❛❞❛ ❝❧✉st❡r ❡♥ ■P✱ ❝❛❧❝✉❧❛♠♦s ❡❧ ❣r❛❞♦ ❞❡ ❤✐❞r♦❢♦❜✐❝✐❞❛❞ ♠❡❞✐♦ ❞❡❧ ❡♥✲
t♦r♥♦ ② ❧❛ ♣♦s✐❝✐ó♥ r❡❧❛t✐✈❛ ❝♦♥ r❡s♣❡❝t♦ ❛❧ ❝❡♥tr♦ ❞❡ ❧❛ ♣r♦t❡í♥❛✳ ▲✉❡❣♦✱ ♣❛r❛
P❉ ② PP✱ ❛♥❛❧✐③❛♠♦s ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ❛r❡❛ ❡①♣✉❡st❛ ② ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ❝♦♥✲
t❛❝t♦ q✉❡ ♣r❡s❡♥t❛♥ ❧♦s ❛♥✐❧❧♦s ❞❡ ❧♦s r❡s✐❞✉♦s q✉❡ ❝♦♥❢♦r♠❛♥ ❝❛❞❛ ❝❧✉st❡r✳ ▲♦s
✈❛❧♦r❡s ❝❛❧❝✉❧❛❞♦s s♦♥✿

✪ ❊①♣✉❡st♦ ②✪ ❡♥ ❝♦♥t❛❝t♦✿ P♦r ✉♥ ❧❛❞♦✱ ❝♦♠♦ ❢✉❡ ♠❡♥❝✐♦♥❛❞♦
❡♥ ❡❧ ❈❛♣ít✉❧♦ ✸✱ ♣❛r❛ ❝❛❞❛ r❡s✐❞✉♦✱ ❡s ♣♦s✐❜❧❡ ❝❛❧❝✉❧❛r ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡
ár❡❛ ❡①♣✉❡st❛✱ t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ ❡❧ r❡st♦ ❞❡ ❧♦s át♦♠♦s ✐♥✈♦❧✉❝r❛❞♦s ❡♥
❧❛ ♣r♦t❡í♥❛✳ ❙❡ ❝❛❧❝✉❧❛ ❞✐✈✐❞✐❡♥❞♦ ❡❧ ár❡❛ ❛❝❝❡s✐❜❧❡ ❛❧ s♦❧✈❡♥t❡ ❞❡ ❝❛❞❛
r❡s✐❞✉♦ ❡♥ ❡❧ ❝♦♥t❡①t♦ ❞❡ ❧❛ ♣r♦t❡í♥❛ ♣♦r ❡❧ ár❡❛ t♦t❛❧ ❞❡ s✉♣❡r✜❝✐❡ ❞❡❧
r❡s✐❞✉♦ ❛✐s❧❛❞♦✳ P♦r ♦tr♦ ❧❛❞♦✱ ♣❛r❛ ❧♦s ❝❛s♦s ❞❡ ❝♦♠♣❧❡❥♦s P❉ ② PP✱
❝❛❧❝✉❧❛♠♦s ❡❧ ♣♦r❝❡♥t❛❥❡ ❡♥ ❝♦♥t❛❝t♦ ❞❡ ❝❛❞❛ r❡s✐❞✉♦ ❝♦♠♦ ❡❧ ✈❛❧♦r ❞❡
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

s✉♣❡r✜❝✐❡ q✉❡ q✉❡❞❛ ♦❝✉❧t♦ ❡♥ ♣r❡s❡♥❝✐❛ ❞❡❧ ♦tr♦ ✐♥t❡r❛❝t♦r ✭❧❛ ❞r♦❣❛ ♦ ❧❛
♦tr❛ ♣r♦t❡í♥❛✮ ❝♦♥ r❡s♣❡❝t♦ ❛❧ ár❡❛ ❡①♣✉❡st❛ ❞❡❧ r❡s✐❞✉♦ s✐ ♥♦ ❡st✉✈✐❡r❛ ❡❧
✐♥t❡r❛❝t♦r✳

❈❈❉❘✿ ❊s ❧❛ ♣♦s✐❝✐ó♥ r❡❧❛t✐✈❛ ❞❡❧ ❝❧✉st❡r ❝♦♥ r❡s♣❡❝t♦ ❛❧ ❝❡♥tr♦ ❞❡ ❧❛
♣r♦t❡í♥❛ ❡♥ r❡❧❛❝✐ó♥ ❛❧ t❛♠❛ñ♦ ❣❡♥❡r❛❧ ❞❡ ❧❛ ♣r♦t❡í♥❛✳ ❙❡ ❝❛❧❝✉❧❛ ❞✐✈✐❞✐✲
❡♥❞♦ ❧❛ ❞✐st❛♥❝✐❛ ❞❡❧ ❝❡♥tr♦ ❞❡ ♠❛s❛ ❞❡❧ ❝❧✉st❡r ❛❧ ❝❡♥tr♦ ❞❡ ♠❛s❛ ❞❡ ❧❛
♣r♦t❡í♥❛ ♣♦r ❡❧ r❛❞✐♦ ❞❡ ❣✐r♦ ❞❡ ❧❛ ♠✐s♠❛✳ ❱❛❧♦r❡s ❝❡r❝❛♥♦s ❛ 0 ✐♥❞✐❝❛♥ q✉❡
❡❧ ❝❧✉st❡r s❡ ❡♥❝✉❡♥tr❛ ❝❡r❝❛ ❞❡❧ ❝❡♥tr♦ ❞❡ ❧❛ ♣r♦t❡í♥❛✱ ✈❛❧♦r❡s ♠❡♥♦r❡s 1
✐♥❞✐❝❛♥ q✉❡ ❡❧ ❝❧✉st❡r ❡stá ❡♥ ❡❧ ✐♥t❡r✐♦r ② ✈❛❧♦r❡s ♠❛②♦r❡s ❛ 1 ✐♥❞✐❝❛♥ q✉❡
❡❧ ❝❧✉st❡r ❡stá ♣♦s✐❝✐♦♥❛❞♦ ❡♥ ❧❛ s✉♣❡r✜❝✐❡ ❞❡ ❧❛ ♣r♦t❡í♥❛✳

❊❍■✿ ❊s ❡❧ í♥❞✐❝❡ ❞❡ ❤✐❞r♦❢♦❜✐❝✐❞❛❞ ❞❡❧ ❡♥t♦r♥♦✱ s❡ ❝❛❧❝✉❧❛ ♦❜t❡♥✐❡♥❞♦
❡❧ ♣r♦♠❡❞✐♦ ❞❡❧ ✈❛❧♦r ❞❡❧ í♥❞✐❝❡ ❞❡ ❤✐❞r♦❢♦❜✐❝✐❞❛❞ ✭❬❑②t❡ ❛♥❞ ❉♦♦❧✐tt❧❡✱
✶✾✽✷❪✮ s♦❜r❡ t♦❞♦s ❧♦s r❡s✐❞✉♦s ✐♥t❡r❛❝t✉❛♥❞♦ ❝♦♥ ❡❧ ❝❧✉st❡r✳ ▲♦s r❡s✐❞✉♦s
✐♥t❡r❛❝t✉❛♥❞♦ s❡ ❞❡✜♥❡♥ ❝♦♠♦ ❛q✉❡❧❧♦s r❡s✐❞✉♦s ❝♦♥ ❡❧ ❝❡♥tr♦ ❞❡ ♠❛s❛ ❞❡
❧❛ ❝❛❞❡♥❛ ❧❛t❡r❛❧ ❛ ♠❡♥♦s ❞❡ ✽➴ ❞❡ ❧❛ ❝❛❞❡♥❛ ❧❛t❡r❛❧ ❞❡ ❝✉❛❧q✉✐❡r r❡s✐❞✉♦
❛r♦♠át✐❝♦ ❡♥tr❡ ❧♦s r❡s✐❞✉♦s ❞❡❧ ❝❧✉st❡r✳

❈♦♥ r❡s♣❡❝t♦ ❛❧✪ ❡①♣✉❡st♦ ✭❋✐❣✉r❛ ✹✳✻✮✱ ❧♦s r❡s✉❧t❛❞♦s ♠✉❡str❛♥ q✉❡ ❧♦s
❝❧✉st❡rs ❡♥ ■P ❡stá♥ ❜❛st❛♥t❡ ♣♦❝♦ ❡①♣✉❡st♦s ♦ ♠❡❥♦r ❞✐❝❤♦✱ ❡♥t❡rr❛❞♦s ❞❡♥tr♦
❞❡ ❧❛s ❡str✉❝t✉r❛s ♣r♦t❡✐❝❛s ❞❛❞♦ q✉❡ ❧❛ ❣r❛♥ ♠❛②♦rí❛ ❞❡ ❡❧❧♦s ❡stá♥ ❡①♣✉❡st♦s
❝♦♠♦ ♠✉❝❤♦ ✉♥ 10% ② ✉♥ ♠✉② ♣❡q✉❡ñ♦ ♣♦r❝❡♥t❛❥❡ t✐❡♥❡ ✈❛❧♦r❡s ♠❛②♦r❡s
❛❧ 20%✳ ▲♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❡♥ ❝❧✉st❡rs P❉ t✐❡♥❡♥ ✉♥❛ s✉♣❡r✜❝✐❡ ❡①♣✉❡st❛
♣r♦♠❡❞✐♦ ❞❡ ♠❛②♦r t❛♠❛ñ♦ q✉❡ ❧♦s q✉❡ s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ■P ❛❧❝❛♥③❛♥❞♦ s✉ ✈❛❧♦r
♠á①✐♠♦ ❡♥ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❛❧r❡❞❡❞♦r ❞❡❧ ✶✵✪ ② s✉♣❡r❛♥❞♦ ❛ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡
❧♦s ❛♥✐❧❧♦s ❡♥ ■P ❛ ♣❛rt✐r ❞❡❧ ✺✪ ❞❡ ❡①♣♦s✐❝✐ó♥✳ ❊st♦ q✉✐❡r❡ ❞❡❝✐r q✉❡ ✉♥ r❡s✐❞✉♦
❛r♦♠át✐❝♦ t♦♠❛❞♦ ❛❧ ❛③❛r ❝♦♥ ✉♥✪ ❡①♣✉❡st♦ ♠❛②♦r ❛❧ ✺✪✲✶✵✪ t✐❡♥❡ ♠ás
❝❤❛♥❝❡s ❞❡ s❡r ✉♥ r❡s✐❞✉♦ ✐♥t❡r❛❝t♦r ✭t❛♥t♦ ❝♦♥ ❞r♦❣❛s ❝♦♠♦ ♦tr❛s ♣r♦t❡í♥❛s✮
q✉❡ ✉♥ r❡s✐❞✉♦ ✐♥✈♦❧✉❝r❛❞♦ s♦❧❛♠❡♥t❡ ❡♥ ❡❧ ♣❧❡❣❛❞♦ ❞❡ ❧❛ ❡str✉❝t✉r❛ ♣r♦t❡✐❝❛✳
▲♦s ❝❧✉st❡rs ❡♥ PP✱ t✐❡♥❡♥ ❡st❛ t❡♥❞❡♥❝✐❛ ❛ú♥ ♠ás ♠❛r❝❛❞❛ ♣r❡s❡♥t❛♥❞♦ ♣♦❝♦s
✈❛❧♦r❡s ♠❡♥♦r❡s ❛❧ ✶✵✪ ❞❡ ❡①♣♦s✐❝✐ó♥ ② s✉♣❡r❛♥❞♦ ❛ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ P❉ ❛
♣❛rt✐r ❞❡❧ ✷✵✪ ❞❡ ❡①♣♦s✐❝✐ó♥✳ ❊st♦ q✉✐❡r❡ ❞❡❝✐r q✉❡ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ❡①♣♦s✐❝✐ó♥
❞❡ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❡s ✉♥ ♣❛rá♠❡tr♦ q✉❡ ❡①♣❧✐❝❛ ❣r❛♥ ♣❛rt❡ ❞❡ ❧❛ ❢✉♥❝✐ó♥
q✉❡ ❝✉♠♣❧❡ ❞✐❝❤♦ ❛♥✐❧❧♦ ❡♥ ❧❛ ❡str✉❝t✉r❛ ♣r♦t❡✐❝❛✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❋✐❣✉r❛ ✹✳✻✿ ❆❝❝❡s✐❜✐❧✐❞❛❞ ❛❧ s♦❧✈❡♥t❡ ❡♥ ❝❧✉st❡rs ❞❡ ❛r♦♠át✐❝♦s✳ ❉✐str✐❜✉❝✐ó♥ ❞❡
♣♦r❝❡♥t❛❥❡ ❞❡ s✉♣❡r✜❝✐❡ ❡①♣✉❡st❛ s❡❣ú♥ ❡❧ t✐♣♦ ❞❡ ❝❧✉st❡r✳

❋✐❣✉r❛ ✹✳✼✿ ❆♥á❧✐s✐s ❞❡❧ ❡♥t♦r♥♦ ❞❡ ❧♦s ❝❧✉st❡rs ❛r♦♠át✐❝♦s ❡♥ ■P✳ ❆✮ ❈❈❉❘ ❡①♣r❡s❛
❧❛ ♣♦s✐❝✐ó♥ r❡❧❛t✐✈❛ ❞❡ ❝❛❞❛ ❝❧✉st❡r ❝♦♥ r❡s♣❡❝t♦ ❛❧ ❝❡♥tr♦ ❞❡ ❧❛ ♣r♦t❡í♥❛✳ ❇✮ ❊❍■ ❡①♣r❡s❛ ❡❧
♣r♦♠❡❞✐♦ ❞❡ ❤✐❞r♦❢♦❜✐❝✐❞❛❞ ❞❡ ❧♦s r❡s✐❞✉♦s ❞❡❧ ❡♥t♦r♥♦ ❞❡ ❝❛❞❛ ❝❧✉st❡r✱ ❜❛s❛❞♦ ❡♥ ❡❧ í♥❞✐❝❡
❞❡ ❤✐❞r♦❢♦❜✐❝✐❞❛❞ ❞❡ ❬❑②t❡ ❛♥❞ ❉♦♦❧✐tt❧❡✱ ✶✾✽✷❪✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❈♦♠♦ s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❧❛ ❋✐❣✉r❛ ✹✳✼❆✱ ❧♦s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛♥ q✉❡ ❧❛ ♠❛②✲
♦rí❛ ❞❡ ❧♦s ❝❧✉st❡rs s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❡❧ ✐♥t❡r✐♦r ❞❡ ❧❛ ♣r♦t❡í♥❛ ✭✈❛❧♦r❡s ❞❡
CCDR < 1✮✱ ♠♦str❛♥❞♦ q✉❡ ❧♦s ❝❧✉st❡rs ❡♥ ■P t✐❡♥❞❡♥ ❛ ❢♦r♠❛r ♣❛rt❡ ❞❡❧ ♥ú✲
❝❧❡♦ ❤✐❞r♦❢ó❜✐❝♦ ❞❡ ❧❛ ♣r♦t❡í♥❛✳ ❊st♦s r❡s✉❧t❛❞♦s s♦♥ ❧♦s ♠✐s♠♦s ♣❛r❛ trí♠❡r♦s
▲❆❉ ② ❙❨▼✱ q✉❡ s❡rá♥ ❡①♣❧✐❝❛❞♦s ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳ ❊♥ r❡s✉♠❡♥✱ ❛♠❜♦s r❡s✉❧✲
t❛❞♦s ♠✉❡str❛♥ q✉❡ ❧♦s ❝❧✉st❡rs✱ ❝♦♠♦ ❡r❛ ❞❡ ❡s♣❡r❛rs❡✱ ❡stá♥ ❡♥t❡rr❛❞♦s ❡♥ ❡❧
✐♥t❡r✐♦r ❞❡ ❧❛s ♣r♦t❡í♥❛s ❢♦r♠❛♥❞♦ ♣❛rt❡ ❞❡ s✉ ♥ú❝❧❡♦✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❡❧ r❡s✉❧t❛❞♦
✐♥t❡r❡s❛♥t❡ ❡s q✉❡ ❧♦s ❝❧✉st❡rs ❡♥ P❉ s❡ ❡♥❝✉❡♥tr❛♥ ♠❛s ❤❛❝✐❛ ❡❧ ✐♥t❡r✐♦r ❞❡ ❧❛
♣r♦t❡í♥❛ q✉❡ ❡♥ PP✳ ❙✐ ❜✐❡♥ ❡st❡ r❡s✉❧t❛❞♦ s❡ ♣♦❞rí❛ ❡s♣❡r❛r ♣♦rq✉❡ ❧♦s ❛♥✐❧❧♦s
❡♥ ❧❛s ❞r♦❣❛s s✉❡❧t❛s ♣✉❡❞❡♥ ❡♥❝❛❥❛r ♠❡❥♦r ❤❛❝✐❛ ❡❧ ✐♥t❡r✐♦r ❞❡ ❧❛ ♣r♦t❡í♥❛ q✉❡
❧♦ q✉❡ ❧♦ ❤❛❝❡♥ ❧♦s ❛♥✐❧❧♦s ❡♥ ♦tr❛ ♣r♦t❡í♥❛✱ ❡s ✐♥t❡r❡s❛♥t❡ ②❛ q✉❡ ❧❛ t❡♥❞❡♥❝✐❛
❡s ♠✉② ♠❛r❝❛❞❛✳

P❛r❛ ❛♥❛❧✐③❛r ❧❛ ♥❛t✉r❛❧❡③❛ ❞❡❧ ❡♥t♦r♥♦ ❞❡ ❝❛❞❛ ❝❧✉st❡r ❡♥ ■P✱ ❝♦♠♣✉t❛♠♦s
♣❛r❛ ❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s✱ ❡❧ ❊❍■ ❝♦♠♦ ❧♦ ❞❡✜♥✐♠♦s ♣r❡✈✐❛♠❡♥t❡ ♣❛r❛ ♠❡❞✐r ❡❧
❣r❛❞♦ ❞❡ ❤✐❞r♦❢♦❜✐❝✐❞❛❞ ♣r♦♠❡❞✐♦ ❞❡ ❧♦s r❡s✐❞✉♦s ✈❡❝✐♥♦s ❝✐r❝✉♥❞❛♥t❡s✳ ❱❛❧♦r❡s
♠✉② ♥❡❣❛t✐✈♦s ❝♦rr❡s♣♦♥❞❡♥ ❛ ❛♠❜✐❡♥t❡s ❤✐❞r♦❢í❧✐❝♦s ✭❡❧ í♥❞✐❝❡ ❞❡ ❧❛ ❆❘● ❡s
−4,5✮ ② ✈❛❧♦r❡s ♠✉② ♣♦s✐t✐✈♦s ❝♦rr❡s♣♦♥❞❡♥ ❛ r❡s✐❞✉♦s ♠✉② ❤✐❞r♦❢ó❜✐❝♦s ✭❡❧
❝♦rr❡s♣♦♥❞✐❡♥t❡ ♣❛r❛ ▲❡✉ ❡s 4,5✮✳ ❖tr♦ ❞❛t♦ ❛ t❡♥❡r ❝✉❡♥t❛✱ ❡s q✉❡ ❧❛ ❤✐❞r♦❢♦✲
❜✐❝✐❞❛❞ ♣r♦♠❡❞✐♦ ♣♦♥❞❡r❛❞❛ ♣♦r ❧❛ ❛❜✉♥❞❛❝✐❛ ❞❡ ❧♦s ❛♠✐♥♦ á❝✐❞♦s ❡♥ ❡❧ P❉❇
❡s −0,26✳ ▲♦s r❡s✉❧t❛❞♦s ♠✉❡str❛♥ q✉❡ ❡♥ ❣❡♥❡r❛❧ ❡❧ ❡♥t♦r♥♦ ❞❡ ❧♦s ❝❧✉st❡rs ❞❡
❛r♦♠át✐❝♦s ❡s ♠❛s ❜✐❡♥ ❤✐❞r♦❢ó❜✐❝♦✱ ❛❧❝❛♥③❛♥❞♦ ✉♥ ✈❛❧♦r ♣r♦♠❡❞✐♦ ❞❡ ❊❍■ ❞❡
❛❧r❡❞❡❞♦r ❞❡ 0,3✱ ❝♦♠♦ s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❧❛ ❋✐❣✉r❛ ✹✳✼❇✳

❆❤♦r❛ ❛♥❛❧✐③❛♥❞♦ ❧♦s ❝❧✉st❡rs ❡♥ P❉ ② PP✱ ❡♥ ❧❛ ❋✐❣✉r❛ ✹✳✽ ✈❡♠♦s ❧❛ r❡❧❛❝✐ó♥
❡♥tr❡ ❧❛ s✉♣❡r✜❝✐❡ ❡①♣✉❡st❛ ❞❡ ❝❛❞❛ r❡s✐❞✉♦ q✉❡ ❢♦r♠❛ ♣❛rt❡ ❞❡ ❧♦s ❝❧✉st❡rs ②
❧❛ s✉♣❡r✜❝✐❡ ❞❡ ❝♦♥t❛❝t♦ ❝♦♥ ❧❛ ♠♦❧é❝✉❧❛ ✐♥t❡r❛❝t♦r❛✱ ❧❛ ♦tr❛ ❝❛❞❡♥❛ ♣r♦t❡✐❝❛
❡♥ ❡❧ ❝❛s♦ ❞❡ PP ② ❧❛ ❞r♦❣❛ ❡♥ ❡❧ ❝❛s♦ ❞❡ PP✳ ❙❡ ♣✉❡❞❡ ✈❡r q✉❡ ❧♦s r❡s✐❞✉♦s
✐♥✈✉❧♦❝r❛❞♦s ❡♥ ❧♦s ❝❧✉st❡rs PP ❡stá♥✱ ❡♥ ♣r♦♠❡❞✐♦✱ ♠ás ❡①♣✉❡st♦s q✉❡ ❧♦s
❝❧✉st❡rs ❡♥ P❉✳ ❊st♦ q✉✐❡r❡ ❞❡❝✐r q✉❡✱ ❞❛❞♦ ✉♥ r❡s✐❞✉♦ ❛r♦♠át✐❝♦✱ ❧❛ s✉♣❡r✜❝✐❡
❡①♣✉❡st❛ ❜r✐♥❞❛ ✐♥❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡❧ r♦❧ ❢✉♥❝✐♦♥❛❧ q✉❡ ❡stá ❥✉❣❛♥❞♦ ❞✐❝❤♦
r❡s✐❞✉♦✳ ❆❞❡♠ás✱ ❡❧ ♣♦r❝❡t❛❥❡ ♣r♦♠❡❞✐♦ ❞❡ ❝♦♥t❛❝t♦ t❛♠❜✐é♥ ❡s ♠ás ❣r❛♥❞❡ ❡♥
PP q✉❡ ❡♥ P❉✳ ❚❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ q✉❡ ❧❛ s✉♣❡r✜❝✐❡ ❞❡ ❝♦♥t❛❝t♦ ❡s ✉♥♦ ❞❡ ❧♦s
♣r✐♥❝✐♣❛❧❡s ♣❛rá♠❡tr♦s q✉❡ ♣❡r♠✐t❡♥ ♠♦❞❡❧❛r ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❤✐❞r♦❢ó❜✐❝❛s
✭❛ ♠❛②♦r s✉♣❡r✜❝✐❡ ❡♥ ❝♦♥t❛❝t♦✱ ♠❛②♦r ❡s ❧❛ ❡①❝❧✉s✐ó♥ ❞❡ ❧❛s ♠♦❧é❝✉❧❛s ❞❡
❛❣✉❛✮✱ ❡st❛rí❛ ✐♥❞✐❝❛♥❞♦ q✉❡ ❧♦s ❝❧✉st❡rs ❞❡ ❛r♦♠át✐❝♦s ❡♥ PP s♦♥ ♠ás ❡st❛❜❧❡s
❡♥❡r❣ét✐❝❛♠❡♥t❡ q✉❡ ❧♦s q✉❡ ❡♥❝♦♥tr❛♠♦s ❡♥ P❉✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❋✐❣✉r❛ ✹✳✽✿ P♦r❝❡♥t❛❥❡ ❞❡ s✉♣❡r✜❝✐❡ ❡①♣✉❡st❛ ❛❧ s♦❧✈❡♥t❡ ② ♣♦r❝❡♥t❛❥❡ ❞❡ s✉✲
♣❡r✜❝✐❡ ❞❡ ❝♦♥t❛❝t♦✳ ❆✮ P♦r❝❡♥t❛❥❡s ❞❡ s✉♣❡r✜❝✐❡ ❡①♣✉❡st❛ ② ❞❡ ❝♦♥t❛❝t♦ ♣❛r❛ ❝❧✉st❡rs
❡♥ Pr♦t❡í♥❛✲❉r♦❣❛✳ ❇✮ P♦r❝❡♥t❛❥❡s ❞❡ s✉♣❡r✜❝✐❡ ❡①♣✉❡st❛ ② ❞❡ ❝♦♥t❛❝t♦ ♣❛r❛ ❝❧✉st❡rs ❡♥
Pr♦t❡í♥❛✲Pr♦t❡í♥❛✳

✹✳✸✳✸✳ ▲♦s trí♠❡r♦s ❞❡ ❛r♦♠át✐❝♦s ❡♥ ❡str✉❝t✉r❛s ❞❡ ♣r♦t❡í♥❛s ② s✉s
♣r♦♣✐❡❞❛❞❡s ❣❡♦♠étr✐❝❛s✳

❊❧ ♣r✐♠❡r ❝❧✉st❡r ♣♦s✐❜❧❡ ✭♠ás ❛❧❧á ❞❡❧ ❞í♠❡r♦✮ ❡s ❡❧ trí♠❡r♦ ❛r♦♠át✐❝♦✳ ❖♣✲
t✐♠✐③❛❝✐♦♥❡s ❛❜ ✐♥✐t✐♦ ❡♥ ✈❛❝í♦ ♠✉❡str❛♥ q✉❡ ❧♦s trí♠❡r♦s ❞❡ ❜❡♥③❡♥♦s ♣r❡✜❡r❡♥
❝♦♥❢♦r♠❛❝✐♦♥❡s ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❡ ✷ t✐♣♦s ❣❡♦♠étr✐❝♦s✿ ✉♥♦ tr✐❛♥❣✉❧❛r s✐♠étr✐✲
❝♦ ✭❙❨▼✱ ✐✳❡✳✿ tr✐á♥❣✉❧♦s ❡q✉✐❧❛t❡r♦s✮ ❝♦♥ ❧❛s tr❡s ❞✐st❛♥❝✐❛s ❞❡ ✐♥t❡r❛❝❝✐ó♥
s✐♠✐❧❛r❡s ❡♥tr❡ ❧♦s ❝❡♥tr♦s ❞❡ ♠❛s❛ ❞❡ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❛sí ❝♦♠♦ tr❡s á♥✲
❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s s✐♠✐❧❛r❡s ✭❛❧r❡❞❡❞♦r ❞❡ ❧♦s 60➦✮✱ ② ♦tr♦ ❞❡ t✐♣♦ ❛♣✐❧❛❞♦
✭▲❆❉✱ ✐✳❡✳✿ ❝♦♠♦ ❧♦s ❡s❝❛❧♦♥❡s ❞❡ ✉♥❛ ❡s❝❛❧❡r❛✮ ❝♦♥ ✉♥❛ ❞❡ ❧❛s ❞✐st❛♥❝✐❛s ❡♥tr❡
❧♦s ❝❡♥tr♦s ❞❡ ♠❛s❛ ♠❛s ❣r❛♥❞❡ q✉❡ ❧❛s ♦tr❛s ❞♦s✳ ❬●♦♥③❛❧❡③ ❛♥❞ ▲✐♠✱ ✷✵✵✶❪✱
❬❚❛✉❡r ❛♥❞ ❙❤❡rr✐❧❧✱ ✷✵✵✺❪✱ ❬❊♥❣❦✈✐st ❡t ❛❧✳✱ ✶✾✾✾❪✳ ❇✉s❝❛♠♦s t♦❞♦s ❧♦s trí♠❡r♦s
❡♥ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❡str✉❝t✉r❛s s❡❧❡❝❝✐♦♥❛❞❛s ❝♦♠♣✉t❛♥❞♦ ❧❛s ♣r♦♣✐❡❞❛❞❡s ❣❡✲
♦♠étr✐❝❛s ❞❡ t♦❞♦s ❧♦s ❝❧✉st❡rs ❞❡ ❛r♦♠át✐❝♦s✱ ❝♦♠♦ ❢✉❡ ❞❡s❝r✐♣t♦ ❡♥ ❧❛ s❡❝❝✐ó♥
❞❡ ♠ét♦❞♦s✳ ❈✉r✐♦s❛♠❡♥t❡✱ ❡♥❝♦♥tr❛♠♦s q✉❡ ❧♦s trí♠❡r♦s ❞❡ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s
❡♥ ♣r♦t❡í♥❛s r❡♣✐t❡♥ ❢✉❡rt❡♠❡♥t❡ ❧❛s ❡str✉❝t✉r❛s ♣r❡✈✐❛♠❡♥t❡ ♠❡♥❝✐♦♥❛❞❛s✱ ❧♦
q✉❡ ♣❡r♠✐t❡ ❛s✐❣♥❛r❧♦s ❡♥ ❞♦s ❝❛t❡❣♦rí❛s✿

▲❆❉ ❚r✐♠❡r♦s q✉❡ ♣r❡s❡♥t❛♥ ✉♥ ❛♥✐❧❧♦ ❝❡♥tr❛❧ q✉❡ ✐♥t❡r❛❝tú❛ ❝♦♥ ❧♦s ♦tr♦s ❞♦s
❛♥✐❧❧♦s q✉❡ ♥♦ ❡stá♥ ✐♥t❡r❛❝t✉❛♥❞♦ ❡♥tr❡ sí ♣♦rq✉❡ ❡stá♥ ❞❡♠❛s✐❛❞♦ ❧❡❥♦s ②
♣♦r ❡st♦ t✐❡♥❡♥ ✉♥ á♥❣✉❧♦ ❝♦♥❢♦r♠❛❝✐♦♥❛❧ ② ✉♥❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❧♦s ❝❡♥tr♦s
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❞❡ ♠❛s❛ q✉❡ s♦♥ ♠ás ❣r❛♥❞❡s✳ ❊st♦s trí♠❡r♦s t✐❡♥❡♥ ✷ ✐♥t❡r❛❝❝✐♦♥❡s✱ ❝♦♠♦
s❡ ♠✉❡str❛ ❡♥ ❧❛ ❋✐❣✉r❛ ✹✳✾❆✳

❙❨▼ ❆q✉❡❧❧♦s trí♠❡r♦s ❞♦♥❞❡ ❧♦s tr❡s ❛♥✐❧❧♦s ❡stá♥ ❢♦r♠❛♥❞♦ ✉♥ tr✐á♥❣✉❧♦ ❝♦♥
s✐♠❡trí❛ ❝✐r❝✉❧❛r ❞♦♥❞❡ ❝❛❞❛ ❛♥✐❧❧♦ ❛r♦♠át✐❝♦ ❡stá ❡♥ ❝♦♥t❛❝t♦ ❝♦♥ ❧♦s
♦tr♦s ❞♦s ②✱ ♣♦r ❡st♦ t✐❡♥❡✱ ❧♦s tr❡s á♥❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s ② ❧❛s tr❡s
❞✐st❛♥❝✐❛s ❡♥tr❡ ❧♦s ❝❡♥tr♦s ❞❡ ♠❛s❛✱ s✐♠✐❧❛r❡s✳ ❊st♦s trí♠❡r♦s t✐❡♥❡♥ ✸
✐♥t❡r❛❝❝✐♦♥❡s✱ ❝♦♠♦ s❡ ♠✉❡str❛ ❡♥ ❧❛ ❋✐❣✉r❛ ✹✳✾❇✳

❋✐❣✉r❛ ✹✳✾✿ ❚rí♠❡r♦s ❞❡ ❛r♦♠át✐❝♦s✿ ❊❧ ♣r✐♠❡r ❝❧✉st❡r ♠ás ❛❧❧á ❞❡❧ ❞í♠❡r♦✳ ❆✮
❚rí♠❡r♦ t✐♣♦ ▲❆❉✿ ❝♦♥ só❧♦ ✷ ✐♥t❡r❛❝❝✐♦♥❡s ❡st❛❜❧❡❝✐❞❛s ❡♥tr❡ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s q✉❡ ❧♦
❝♦♥❢♦r♠❛♥✳ ❇✮ ❚rí♠❡r♦ t✐♣♦ ❙❨▼✿ ❈♦♥ ✸ ✐♥t❡r❛❝❝✐♦♥❡s ❡st❛❜❧❡❝✐❞❛s✱ ❞❛ ❧✉❣❛r ❛ ✉♥ ❝❧✉st❡r
♠ás ❝♦♠♣❛❝t♦✳

❊♥ ❡❧ ❝♦♥t❡①t♦ ❞❡ ❧♦s ❝♦♠♣❧❡❥♦s ♣r♦t❡í♥❛✲❞r♦❣❛✱ ♣♦❞❡♠♦s ❡♥❝♦♥tr❛r ❞♦s
t✐♣♦s ❞❡ trí♠❡r♦s ❛ró♠❛t✐❝♦s✿ ❧♦s ❉❘❘ q✉❡ ❡stá♥ ❢♦r♠❛❞♦s ♣♦r ✉♥ ❛♥✐❧❧♦ ❞❡ ❧❛
❞r♦❣❛ ② ✷ ❞❡ ❧❛ ♣r♦t❡í♥❛ ② ❧♦s ❉❉❘ q✉❡ t✐❡♥❡♥ ✷ ❛♥✐❧❧♦s ❞❡ ❧❛ ❞r♦❣❛ ② ✶ ❞❡
❧❛ ♣r♦t❡í♥❛✳ ❊♥ ❡st❡ tr❛❜❛❥♦✱ ♥♦s ❞❡❞✐❝❛r❡♠♦s só❧♦ ❛❧ ❝❛s♦ ❞❡ ❧♦s ❉❘❘ ♣❛r❛
❡♥t❡♥❞❡r ❝♦♠♦ ❡s q✉❡ ❧♦s ❛♥✐❧❧♦s ❞❡ ❧❛s ❞r♦❣❛s ❡♥❝❛❥❛♥ ❡♥tr❡ ❧♦s ❛♥✐❧❧♦s ❞❡ ❧❛s
♣r♦t❡í♥❛s✳

❆♥á❧✐s✐s ❡str✉❝t✉r❛❧ ❞❡ trí♠❡r♦s ❡♥ ■P ❚❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡
trí♠❡r♦s ♣♦r s✉ ❡str✉❝t✉r❛ ❣❡♦♠étr✐❝❛✱ ❛♥❛❧✐③❛♠♦s s✉ ✐♠♣❛❝t♦ ❡♥ ❧❛s ❡str✉❝✲
t✉r❛s ❞❡ ❧❛s ♣r♦t❡í♥❛s ② ❝❧❛s✐✜❝❛r s✉s ♣r♦♣✐❡❞❛❞❡s✳ P❛r❛ ❞❡t❡r♠✐♥❛r ❡❧ ✐♠♣❛❝t♦
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❞❡ ❧♦s trí♠❡r♦s ❡♥ ❧❛s ❡str✉❝t✉r❛s ❞✐s♣♦♥✐❜❧❡s✱ ❝❛❧❝✉❧❛♠♦s ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ❡s✲
tr✉❝t✉r❛s ❞❡ ♣r♦t❡í♥❛s q✉❡ t❡♥❣❛♥ ✉♥ trí♠❡r♦ ❞❡ ❝❛❞❛ t✐♣♦✳ ❙✐ t♦♠❛♠♦s q✉❡
❧♦s ❝❧✉st❡rs ❞❡ t❛♠❛ñ♦ ♠❛②♦r ❛ ✸ ❡stá♥ ❝♦♠♣✉❡st♦s ♣♦r s✉❜trí♠❡r♦s✱ ♠ás ❞❡
❧❛ ♠✐t❛❞ ❞❡ ❧❛s ❡str✉❝t✉r❛s t✐❡♥❡♥ ❝♦♠♦ ♠í♥✐♠♦ ✉♥ trí♠❡r♦✳ ▼ás ✐♠♣♦rt❛♥t❡
❛ú♥✱ ✽✵✪ ❞❡ t♦❞♦s ❧♦s ❞í♠❡r♦s s♦♥ ♣❛rt❡ ❞❡ ✉♥ trí♠❡r♦✱ ② ❝❛s✐ ❧❛ ♠✐t❛❞ ❞❡
❧♦s trí♠❡r♦s s♦♥ ♣❛rt❡ ❞❡ ✉♥ t❡trá♠❡r♦✱ ♠♦str❛♥❞♦ ❧❛ ❝❧❛r❛ t❡♥❞❡♥❝✐❛ ❛ ✐♥❝r❡✲
♠❡♥t❛r s✉ t❛♠❛ñ♦✳ ❈♦♥ r❡s♣❡❝t♦ ❛ ❝❛❞❛ t✐♣♦ ❞❡ trí♠❡r♦✱ ❧♦s ❞❡ t✐♣♦ ▲❆❉ s♦♥
❝❧❛r❛♠❡♥t❡ ❡❧ t✐♣♦ ♠ás ❛❜✉♥❞❛♥t❡ ❞❡ trí♠❡r♦ ❧❧❡❣❛♥❞♦ ❛ ✉♥ ✼✽✪ ❞❡ ❧♦s ♠✐s♠♦s✳
❊st♦s r❡s✉❧t❛❞♦s s♦♥ ❧❧❛♠❛t✐✈♦s ②❛ q✉❡ ❤❛st❛ ❛❤♦r❛ ♥♦ s❡ ❤❛❜✐❛♥ ❝❛r❛❝t❡r✐③❛❞♦
❝❧✉st❡rs ❡♥ ❡str✉❝t✉r❛s ❞❡ ♣r♦t❡í♥❛s s❛❧✈♦ ❞í♠❡r♦s✳

❋✐❣✉r❛ ✹✳✶✵✿ ❉✐str✐❜✉❝✐ó♥ ❞❡ ❞✐st❛♥❝✐❛s ❡♥ trí♠❡r♦s ❛r♦♠át✐❝♦s ❡♥ ■P✳ ❊♥ r♦❥♦✱ ❧❛s
❞✐st❛♥❝✐❛s ❡♥tr❡ ❧♦s ❝❡♥tr♦s ❞❡ ♠❛s❛ ❞❡ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ♣❡rt❡♥❡❝✐❡♥t❡s ❛ trí♠❡r♦s ❙❨▼✳
❊♥ ✈❡r❞❡✱ ❧❛ ❞✐str✐❜✉❝✐ó♥ ♣❛r❛ ❧❛s ❞✐st❛♥❝✐❛s ❡♥ trí♠❡r♦s ▲❆❉✳

P❛r❛ ❛♥❛❧✐③❛r ❧❛s ❝♦♥✜❣✉r❛❝✐ó♥ ❡♥ ❧❛s q✉❡ s❡ ❡♥❝✉❡♥tr❛♥ ❧♦s trí♠❡r♦s✱ ❛♥❛❧✲
✐③❛♠♦s ♣r✐♠❡r♦ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❞✐st❛♥❝✐❛s q✉❡ ❤❛② ❡♥tr❡ ❧♦s ❝❡♥tr♦s ❞❡ ♠❛s❛
❞❡ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ✭❋✐❣✉r❛ ✹✳✶✵✮✳ P❛r❛ ❛♠❜♦s t✐♣♦s ❞❡ trí♠❡r♦s ✭❙❨▼
② ▲❆❉✮ s❡ ♣✉❡❞❡ ✈❡r q✉❡ ❧❛s ❞✐str✐❜✉❝✐♦♥❡s t✐❡♥❡ ✉♥❛ ❝♦♠♣♦♥❡♥t❡ ✐♠♣♦rt❛♥t❡
q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ ❧❛s ❞✐st❛♥❝✐❛s ❡♥tr❡ ❛q✉❡❧❧♦s r❡s✐❞✉♦s q✉❡ ❡stá♥ ✐♥t❡r❛❝t✉❛♥✲
❞♦✳ ❊♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s trí♠❡r♦s ❙❨▼✱ s❡rí❛♥ ❧❛s tr❡s ✐♥t❡r❛❝❝✐♦♥❡s ♣r❡s❡♥t❡s✱ ②
❡♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s trí♠❡r♦s ▲❆❉✱ ❝♦rr❡s♣♦♥❞❡ ❛ ❧❛s ú♥✐❝❛s ❞♦s ✐♥t❡r❛❝❝✐♦♥❡s✳
❆❞❡♠ás✱ ❧♦s trí♠❡r♦s ▲❆❉✱ ♣r❡s❡♥t❛♥ ✉♥❛ ❝♦♠♣♦♥❡♥t❡ ❡①tr❛ q✉❡ ❝♦rr❡s♣❡♥❞❡
❛ ❧❛ ❞✐st❛♥❝✐❛ ❞❡ ❧♦s ❞♦s r❡s✐❞✉♦s q✉❡ ♥♦ ✐♥t❡r❛❝tú❛♥✱ ❧❛ ❝✉á❧ ❛❧❝❛♥③❛ s✉ ✈❛❧♦r
♠á①✐♠♦ ❡♥tr❡ ✾➴ ② ✶✵➴✳

P❛r❛ ❧♦s ❙❨▼✱ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❞✐st❛♥❝✐❛s ❞❡ ést♦s trí♠❡r♦s ✭❋✐❣✉r❛ ✹✳✶✵✮✱
♣r❡s❡♥t❛ ✉♥ ✈❛❧♦r ♣r♦♠❡❞✐♦ ❞❡ ✺✳✽➴ ② ✉♥ ❞❡s✈í♦ ❡st❛♥❞❛r❞ ❞❡ ✶✳✵✺➴✳ ❙❡♣❛✲
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

r❛♠♦s ❧❛s tr❡s ❞✐st❛♥❝✐❛s ❡♥ ❧❛ ♠í♥✐♠❛✱ ♠❡❞✐❛ ② ♠á①✐♠❛ ❞✐st❛♥❝✐❛s✱ ② ❧❛s tr❡s
❞✐str✐❜✉❝✐♦♥❡s s❡ s♦❧❛♣❛♥✱ ♣❡r♦ ♣r❡s❡♥t❛♥ ♣✐❝♦s s❡♣❛r❛❞♦s ❡♥ ✺✳✵➴✱ ✻✳✵➴ ② ✻✳✺➴✱
♠♦str❛♥❞♦ ❧❛ t❡♥❞❡♥❝✐❛ ❞❡ ❧♦s trí♠❡r♦s ❙❨▼ ❛ s❡r ♠❛s ❝♦♠♣❛❝t♦s ♣❡r♦ ♥♦ ❞❡❧
t♦❞♦ s✐♠étr✐❝♦s ✭❋✐❣✉r❛ ✹✳✶✶❆✮✳ ❈❛❜❡ ❞❡st❛❝❛r✱ q✉❡ ❧❛ ❢❛❧t❛ ❞❡ s✐♠❡trí❛ ♦❜✲
s❡r✈❛❞❛ ♣❛r❛ ❧♦s trí♠❡r♦s ❙❨▼ ❡♥ ♣r♦t❡í♥❛s ♣r♦❜❛❜❧❡♠❡♥t❡ s❡ ♣✉❡❞❛ ❡①♣❧✐❝❛r
♣♦r ❧❛s r❡str✐❝❝✐♦♥❡s ❡♥ ❧♦s ❣r❛❞♦s ❞❡ ❧✐❜❡rt❛❞ ✐♠♣✉❡st♦s ♣♦r ❡❧ r❡st♦ ❞❡ ❧❛ ❡s✲
tr✉❝t✉r❛ ♣r♦t❡✐❝❛✱ ♣❡r♦✱ ❛ ♣❡s❛r ❞❡ ❡st♦✱ ❞❡ t♦❞❛s ❢♦r♠❛s ❛❞♦♣t❛♥ ❧❛s ♠✐s♠❛s
❝♦♥❢♦r♠❛❝✐♦♥❡s q✉❡ ❡stá♥ ❞❡s❝r✐♣t❛s ❝♦♠♦ ❧♦s ♠í♥✐♠♦s ❡♥❡r❣ét✐❝♦s ♣❛r❛ ❧♦s
s✐st❡♠❛s ❞❡ trí♠❡r♦s ❞❡ ❜❡♥③❡♥♦s ❡♥ ✈❛❝í♦✳

❋✐❣✉r❛ ✹✳✶✶✿ ❉✐❢❡r❡♥❝✐❛s ❡♥tr❡ ❧❛s tr❡s ❞✐st❛♥❝✐❛s ❡♥ trí♠❡r♦s✳ ❆✮ ❉✐st❛♥❝✐❛s ♠í♥✐♠❛
✭r♦❥♦✮✱ ♠❡❞✐❛ ✭✈❡r❞❡✮ ② ♠á①✐♠❛ ✭❛③✉❧✮ ♣❛r❛ trí♠❡r♦s ❙❨▼✳ ❇✮ ■❞❡♠ trí♠❡r♦s ▲❆❉✳

❊♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s trí♠❡r♦s ▲❆❉ ✭❋✐❣✉r❛ ✹✳✶✶❇✮✱ ❧❛s ❞✐st❛♥❝✐❛s ❡♥tr❡ ❧♦s
❝❡♥tr♦s ❞❡ ♠❛s❛ ❛❧❝❛♥③❛♥✱ ❝♦♠♦ ❡r❛ ❞❡ ❡s♣❡r❛rs❡✱ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❞♦s
❝♦♠♣♦♥❡♥t❡s✳ ❯♥❛ s✐♠✐❧❛r ❛ ❧❛ r❡♣♦rt❛❞❛ ♣r❡✈✐❛♠❡♥t❡ ♣❛r❛ ❧♦s trí♠❡r♦s ❙❨▼
❝♦♥ ✉♥ ♣r♦♠❡❞✐♦ ❡♥ ✺✳✼➴ ❝♦rr❡s♣♦♥❞✐❡♥t❡ ❛ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❞✐st❛♥❝✐❛s ❞❡❧
❛♥✐❧❧♦ ❝❡♥tr❛❧ ❝♦♥tr❛ ❧♦s ♦tr♦s ❞♦s ❛♥✐❧❧♦s ❝♦♥ ❧♦s q✉❡ ❡stá ✐♥t❡r❛❝t✉❛♥❞♦✱ ② ❧❛
♦tr❛ q✉❡ r❡♣r❡s❡♥t❛ ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❧♦s r❡s✐❞✉♦s q✉❡ ♥♦ ✐♥t❡r❛❝tú❛♥ ❝♦♥ ✉♥
✈❛❧♦r ♣r♦♠❡❞✐♦ ❞❡ ✶✵➴✳

❈❛r❛❝t❡r✐③❛♠♦s ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧♦s á♥❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s ❞❡✜♥✐❞♦s
❝♦♠♦ ❧♦s á♥❣✉❧♦s ❢♦r♠❛❞♦s ♣♦r ❧♦s tr❡s ❝❡♥tr♦s ❞❡ ♠❛s❛ ❞❡ ❝❛❞❛ ❛♥✐❧❧♦ ❛r♦♠át✐✲
❝♦✱ ❞❛♥❞♦ ❧✉❣❛r ❛ tr❡s á♥❣✉❧♦s ♣♦r ❝❛❞❛ trí♠❡r♦ ❝♦♠♦ ✐♥❞✐❝❛ ❧❛ ❋✐❣✉r❛ ✹✳✶✷❆✱
❞ó♥❞❡ s❡ ❡sq✉❡♠❛t✐③❛ ✉♥ ❛♥✐❧❧♦ ❡♥ ✉♥❛ ❞r♦❣❛ ✭❉✮ ✐♥t❡r❛❝t✉❛♥❞♦ ❝♦♥ ♦tr♦s ❞♦s
❛♥✐❧❧♦s ❡♥ ❧❛ ♣r♦t❡í♥❛ ✭❘✮✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❋✐❣✉r❛ ✹✳✶✷✿ ➪♥❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s ❞❡ trí♠❡r♦s ❡♥ ❡str✉❝t✉r❛s ❞❡ ♣r♦t❡í♥❛s✳
❆✮ ❊sq✉❡♠❛ ❞❡ ❧♦s á♥❣✉❧♦s ❞❛❞♦s tr❡s ❛♥✐❧❧♦s✳ ❋✐❥❛♥❞♦ ✉♥ ❛♥✐❧❧♦✱ ♣♦r ✉♥ ❧❛❞♦ s❡ ❞❡✜♥❡ ✉♥❛
❞✐st❛♥❝✐❛ ❡♥tr❡ ❧♦s ♦tr♦s ❞♦s ❛♥✐❧❧♦s ② s✉ ❝♦rr❡s♣♦♥❞✐❡♥t❡ á♥❣✉❧♦ ❝♦♥❢♦r♠❛❝✐♦♥❛❧ ② ♣♦r ♦tr♦
❧❛❞♦✱ q✉❡❞❛♥ ✜❥❛❞♦s ❞♦s á♥❣✉❧♦s ✭✉♥♦ ♠ás ❝❤✐❝♦ ωmin ② ♦tr♦ ♠ás ❣r❛♥❞❡ ωmax✮ ❝♦♥ s✉s
❞✐st❛♥❝✐❛s ❝♦rr❡s♣♦♥❞✐❡♥t❡s ✭dmin ② dmax✮✳ ❇✮ ❉✐str✐❜✉❝✐ó♥ ❞❡ ❧♦s á♥❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s
❞❡ trí♠❡r♦s ❡♥ ■P

▲❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❞✐❝❤♦s á♥❣✉❧♦s✱ ♣❛r❛ ❡❧ ❝❛s♦ ❞❡ ❧♦s trí♠❡r♦s ✐♥tr❛♣r♦t❡í✲
♥❛ ✭❋✐❣✉r❛ ✹✳✶✷❇✮ ♠✉❡str❛ q✉❡ ❧♦s trí♠❡r♦s ❙❨▼ ♣r❡s❡♥t❛♥ ✉♥❛ ❝♦♠♣♦♥❡♥t❡
❛❧r❡❞❡❞♦r ❞❡ ❧♦s 60➦✱ ❞❡s❞❡ 40➦ ❤❛st❛ 80➦✱ ❝♦rr♦❜♦r❛♥❞♦ ❧❛ ♥❛t✉r❛❧❡③❛ s✐♠étr✐❝❛
❞❡ ❧♦s trí♠❡r♦s ❙❨▼ ♠❡♥❝✐♦♥❛❞❛ ♣r❡✈✐❛♠❡♥t❡✳ ▲♦s á♥❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s
♣❛r❛ ❡❧ ❝❛s♦ ❞❡ ❧♦s trí♠❡r♦s ▲❆❉✱ ♣r❡s❡♥t❛♥ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❛♥❝❤❛ ❞❡ ❞♦s
❝♦♠♣♦♥❡♥t❡s ❧♦ ❝✉á❧ ❝♦✐♥❝✐❞❡ ❝♦♥ ❧❛s ❞♦s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡
❞✐st❛♥❝✐❛✳ ▲❛ ♣r✐♠❡r ❝♦♠♣♦♥❡♥t❡ q✉❡ ✈❛ ❞❡s❞❡ 0➦ ❤❛st❛ 60➦ ❝♦rr❡s♣♦♥❞❡ ❝♦♥
❧♦s ✷ ❛♥✐❧❧♦s q✉❡ ❡stá♥ ✢❛♥q✉❡❛♥❞♦ ❛❧ ❝❡♥tr❛❧ ② ♥♦ ✐♥t❡r❛❝tú❛♥ ❡♥tr❡ sí✳ ▲❛
s❡❣✉♥❞❛ ❝♦♠♣♦♥❡♥t❡✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛❧ ❛♥✐❧❧♦ ❝❡♥tr❛❧ ❡s ♠ás ❛♠♣❧✐❛ ② ❜❛rr❡
❞❡s❞❡ 60➦ ❤❛st❛ 180➦✳ ❈✉r✐♦s❛♠❡♥t❡✱ ♥✐♥❣ú♥ ▲❆❉ ♣r❡s❡♥t❛ ✉♥❛ ❝♦♥❢♦r♠❛❝✐ó♥
♣❡r❢❡❝t❛ ✭❡❧ ❛♥✐❧❧♦ ❝❡♥tr❛❧ ❝♦♥ 180➦ ♦ ❧♦s ❞♦s ❛♥✐❧❧♦s q✉❡ ✢❛♥q✉❡❛♥ ❝♦♥ 0➦✮✳
❈♦♠♣❛r❛t✐✈❛♠❡♥t❡✱ ❡❧ á♥❣✉❧♦ ❝♦♥❢♦r♠❛❝✐♦♥❛❧ ♣❛r❛ ❡❧ ❝❛s♦ ❞❡ ❧♦s ❞♦s ❛♥✐❧❧♦s
❡①t❡r✐♦r❡s ❡♥ ést♦s trí♠❡r♦s ♣r❡s❡♥t❛♥ ✈❛❧♦r❡s ♠ás ❜❛❥♦s q✉❡ ❡♥ ❧♦s trí♠❡r♦s
❙❨▼✳

❆♥á❧✐s✐s ❡str✉❝t✉r❛❧ ❡♥ trí♠❡r♦s ❡♥ P❉ ② PP ❈♦♠♣❛r❛♥❞♦ ❧♦s ❝❧✉st❡rs ❡♥ P❉ ②
PP✱ ❧♦s á♥❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s ❞❡ ❧♦s trí♠❡r♦s ❙❨▼ ❡♥tr❡ ❧♦s ❞✐st✐♥t♦s t✐♣♦s
✭P❉✲❙❨▼ ② PP✲❙❨▼✮✱ ♣r❡s❡♥t❛♥ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ✉♥❛ s♦❧❛ ❝♦♠♣♦♥❡♥t❡
❛❧r❡❞❡❞♦r ❞❡ ✻✵➦ ❝♦rr♦❜♦r❛♥❞♦ ❧❛ ♥❛t✉r❛❧❡③❛ s✐♠étr✐❝❛ ❞❡ ❧♦s trí♠❡r♦s ❙❨▼ ❝♦✲
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

♠♦ ❡♥ ❡❧ ❝❛s♦ ❞❡ ■P✳ ❊♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s trí♠❡r♦s ▲❆❉ ✭P❉✲▲❆❉ ② PP✲▲❆❉✮✱ ❧♦s
á♥❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s ❡stá♥ ❞✐str✐❜✉✐❞♦s ❡♥ ❞♦s ❝♦♠♣♦♥❡♥t❡s ✉♥❛ ❛❧r❡❞❡❞♦r
❞❡ ✷✵➦ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ ❧♦s ✷ ❛♥✐❧❧♦s ♣r❡s❡♥t❡s ❡♥ ❧♦s r❡s✐❞✉♦s ❞❡ ❧❛ ♣r♦t❡í♥❛
q✉❡ ❡stá♥ ✐♥t❡r❛❝t✉❛♥❞♦ ❝♦♥ ❡❧ ❛♥✐❧❧♦ ❡♥ ❧❛ ❞r♦❣❛ q✉❡ ❡st❛ r❡♣r❡s❡♥t❛❞♦ ♣♦r
❧❛ s❡❣✉♥❞❛ ❝♦♠♣♦♥❡♥t❡ q✉❡ t♦♠❛ ✈❛❧♦r❡s ❡♥tr❡ ✶✵✵➦ ② ✶✻✵➦ ❝♦♥ ❡❧ ♠á①✐♠♦ ❡♥
✶✹✵➦✳ ❊♥ ❡st❡ ❝❛s♦✱ ❧❛s ❞✐str✐❜✉❝✐♦♥❡s ❞❡ P❉✲▲❆❉ ② PP✲▲❆❉ s♦♥ ❧✐❣❡r❛♠❡♥t❡
❞✐❢❡r❡♥t❡s✱ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r ✉♥ ❞❡s♣❧❛③❛♠✐❡♥t♦ ❡♥ ❛♠❜❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❧❛
❞✐str✐❜✉❝✐ó♥✳ ❊♥ ❧♦s trí♠❡r♦s PP✲▲❆❉ ✭❋✐❣✉r❛ ✹✳✶✸❆✮✱ ❧❛ ❞✐str✐❜✉❝✐ó♥ t✐❡♥❡ ❧♦s
❞♦s ♠á①✐♠♦s ❛❧r❡❞❡❞♦r ❞❡ ✹✵➦ ② ✶✷✵➦✱ ♠✐❡♥tr❛s q✉❡ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s P❉✲▲❆❉
✭❋✐❣✉r❛ ✹✳✶✸❇✮✱ ❡st♦s ❞♦s ♠á①✐♠♦s s❡ ❡♥❝✉❡♥tr❛♥ ❛❧r❡❞❡❞♦r ❞❡ ✷✵➦ ② ✶✹✵➦✱ r❡✲
s♣❡❝t✐✈❛♠❡♥t❡✳ ❊st♦ s✐❣♥✐✜❝❛ q✉❡✱ ❡♥ P❉✲▲❆❉✱ ❧♦s ❞♦s ❛♥✐❧❧♦s ❡♥ ❧♦s r❡s✐❞✉♦s
q✉❡ ✐♥t❡r❛❝t✉❛♥ ❝♦♥ ❡❧ t❡r❝❡r♦ ❡♥ ❧❛ ❞r♦❣❛✱ ❡stá♥ ♠❛s s❡♣❛r❛❞♦s ❡♥tr❡ ❡❧❧♦s
❝♦♠♣❛r❛❞♦ ❝♦♥ ❧♦s ♣r❡s❡♥t❡s ❡♥ PP✲▲❆❉✱ ❞♦♥❞❡ ❧♦s ❞♦s ❛♥✐❧❧♦s ♣❡rt❡♥❡❝✐❡♥t❡s
❛ ❧❛ ♠✐s♠❛ ❝❛❞❡♥❛ ♣r♦t❡✐❝❛✱ ❡st❛rí❛♥ ♠❛s ❝❡r❝❛♥♦s ❡♥tr❡ sí ♠✐❡♥tr❛s ❤❛❝❡♥
❝♦♥t❛❝t♦ ❝♦♥ ❡❧ t❡r❝❡r ❛♥✐❧❧♦ ❡♥ ❧❛ ♦tr❛ ❝❛❞❡♥❛✳

❋✐❣✉r❛ ✹✳✶✸✿ ➪♥❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s ❡♥ trí♠❡r♦s ♣r❡s❡♥t❡s ❡♥ r❡❣✐♦♥❡s ❞❡ ✐♥✲
t❡r❛❝❝✐ó♥✳ ❆✮ P❛r❛ trí♠❡r♦s ❡♥ Pr♦t❡í♥❛✲Pr♦t❡í♥❛✳ ❇✮ P❛r❛ trí♠❡r♦s ❡♥ Pr♦t❡í♥❛✲❉r♦❣❛✳

❍❡♠♦s ❛♥❛❧✐③❛❞♦ ❧❛s ♣r♦♣✐❡❞❛❞❡s ❣❡♦♠étr✐❝❛s ❞❡ ❧♦s trí♠❡r♦s ♣♦rq✉❡ ♣❡r✲
♠✐t❡♥ ❡♥t❡♥❞❡r ❝ó♠♦ s❡ ❞❛♥ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❡♥tr❡ ❝❧✉st❡rs ♠ás ❛❧❧á ❞❡❧ ❞í♠❡r♦✳
❊♥ ♣❛rt✐❝✉❧❛r ❧♦s á♥❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s ❞❡ ❧♦s trí♠❡r♦s ❞❛♥ ✐♥❢♦r♠❛❝✐ó♥ ❛❝✲
❡r❝❛ ❞❡ ❝ó♠♦ ✉♥ ❛♥✐❧❧♦ ❛r♦♠át✐❝♦ s❡ ❛♥❝❧❛ ❝♦♥tr❛ ♦tr♦s ❞♦s ❛♥✐❧❧♦s ❞✐s♣✉❡st♦s
♣❛r❛ ✐♥t❡r❛❝t✉❛r ❝♦♥ é❧✳ ❯♥ ♣r✐♠❡r ♣❛s♦ ❛ ❧❛ ❤♦r❛ ❞❡ ❡♥t❡♥❞❡r ❡st❡ ❢❡♥ó♠❡♥♦ ❡s
❞❡✜♥✐r ❝✉á❧ ❞❡ ❧♦s tr❡s ❛♥✐❧❧♦s ❡s ❡❧ ❢♦rá♥❡♦✳ ❙❡rí❛ ❛q✉❡❧ q✉❡ ✐♥t❡r❛❝tú❛ ❝♦♥ ❧♦s
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❋✐❣✉r❛ ✹✳✶✹✿ ❘❡❧❛❝✐ó♥ ❡♥tr❡ ❧❛s ❞✐st❛♥❝✐❛s ② ❧♦s á♥❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s✳ ❉❡♣❡♥✲
❞❡♥❝✐❛ ❞❡❧ á♥❣✉❧♦ ❝♦♥❢♦r♠❛❝✐♦♥❛❧ ❞❡❧ ❛♥✐❧❧♦ ❢♦rá♥❡♦ ❞❛❞❛ ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❧♦s ❞♦s r❡s✐❞✉♦s
❡♥ ❧❛ ♠✐s♠❛ ❝❛❞❡♥❛ ♣r♦t❡✐❝❛✳ ❆✮ P❛r❛ trí♠❡r♦s ❡♥ Pr♦t❡í♥❛✲❉r♦❣❛✳ ❇✮ P❛r❛ trí♠❡r♦s ❡♥
Pr♦t❡í♥❛✲Pr♦t❡í♥❛✳

❞♦s q✉❡ ♣❡rt❡♥❝❡♥ ❛ ❧❛ ♠✐s♠❛ ♠♦❧é❝✉❧❛✳ P❛r❛ ❧♦s trí♠❡r♦s ❡♥ P❉✱ ❛♥❛❧✐③❛♠♦s
❡❧ ❝❛s♦ ❞❡ ❧♦s ❉❘❘ ❡♥ ❧♦s q✉❡ ✉♥♦ ❞❡ ❧♦s ❛♥✐❧❧♦s ❡s ❞❡ ❧❛ ❞r♦❣❛ ② ❧♦s ♦tr♦s ❞♦s
❞❡ ❧❛ ♣r♦t❡í♥❛✳ ❊♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s trí♠❡r♦s PP ❞✐st✐♥❣✉✐♠♦s ❡❧ ❛♥✐❧❧♦ ❢♦r❛♥❡♦ ❞❡
❧♦s ♦tr♦s ❞♦s ♣♦r ❡❧ ❝ó❞✐❣♦ ❞❡ ❧❛ ❝❛❞❡♥❛ ❛ ❧❛ q✉❡ ♣❡rt❡♥❡❝❡✳ ❚♦♠❛♥❞♦ ❝♦♠♦
❡❥❡♠♣❧♦ ❡❧ ❝❛s♦ ❞❡ ❧❛s ❞r♦❣❛s✱ ❝❡♥tr❛❞❛s ❡♥ ❡❧ ❛♥✐❧❧♦ ❉✱ ❞❡✜♥✐♠♦s s✉ á♥❣✉❧♦
❝♦♥❢♦r♠❛❝✐♦♥❛❧ ✭ω✮ ② ❧❛ ❞✐st❛♥❝✐❛ ✭d✮ ❡♥tr❡ ❧♦s ❞♦s ❛♥✐❧❧♦s ❘ ❞❡ ❧♦s r❡s✐❞✉♦s✱ ❝♦✲
♠♦ s❡ ♠✉❡str❛ ❡♥ ❧❛ ❋✐❣✉r❛ ✹✳✶✷❆✳ ❊♥❝♦♥tr❛♠♦s q✉❡ ❤❛② ✉♥❛ ❝♦rr❡s♣♦♥❞❡♥❝✐❛
❡♥tr❡ ω ② d q✉❡ ❞❡♣❡♥❞❡ ❞❡❧ t✐♣♦ ❞❡ trí♠❡r♦✳

❚❛♥t♦ ♣❛r❛ ❧♦s trí♠❡r♦s ▲❆❉ ❝♦♠♦ ❙❨▼✱ s❡ ♣✉❡❞❡ ✈❡r q✉❡ ω ❛✉♠❡♥t❛ ❛
♠❡❞✐❞❛ q✉❡ ❛✉♠❡♥t❛ d✳ P❡r♦✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s trí♠❡r♦s PP ✭❋✐❣✉r❛ ✹✳✶✹❇✮ s❡
♣✉❡❞❡ ✈❡r ❧❛ ♠✐s♠❛ r❡❧❛❝✐ó♥✱ ❝♦♥ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ q✉❡ ést❛✱ ❡stá ♠ás r❡str✐♥❣✐❞❛
❡♥ ❧♦s ✈❛❧♦r❡s q✉❡ ♣✉❡❞❡ ❛❞♦♣t❛r ❡❧ á♥❣✉❧♦ ♣❛r❛ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ❞✐st❛♥❝✐❛✳
❆❞❡♠ás✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ P❉✱ ω ❧❧❡❣❛ ❛ ✈❛❧♦r❡s ❞❡ ✶✻✵➦ ❝♦♥ d ❡♥tr❡ ✼➴ ② ✽➴✱
♠✐❡♥tr❛s q✉❡✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ PP✱ ❧♦s ✈❛❧♦r❡s ❞❡ ω ❧❧❡❣❛♥ ♣♦r ❡♥❝✐♠❛ ❞❡ ✶✻✵➦ r❡✲
❝✐é♥ ♣❛r❛ ✈❛❧♦r❡s ❞❡ d ♣♦r ❡♥❝✐♠❛ ❞❡ ✽➴✳ ❆♥❛❧✐③❛♥❞♦ ❡❧ á♥❣✉❧♦ ❝♦♥❢♦r♠❛❝✐♦♥❛❧
❞❡❧ ❛♥✐❧❧♦ ❢♦rá♥❡♦✱ ❤❡♠♦s ✈✐st♦ q✉❡ t✐❡♥❡ ✉♥❛ ❞✐str✐❜✉❝✐♦♥ ❝♦♥ ❞♦s ♠á①✐♠♦s
♣❛r❛ ❡❧ ❝❛s♦ ❞❡ P❉✱ ❧♦ ❝✉á❧ ♥♦ ❡s ❛sí ♣❛r❛ ❡❧ ❝❛s♦ ❞❡ PP✳ ❈♦♠♦ s❡ ♠❡♥❝✐♦♥ó
♣r❡✈✐❛♠❡♥t❡✱ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ❡♥ ❧♦s ❝♦♠♣❧❡❥♦s PP t✐❡♥❡♥ r❡str✐❝✲
❝✐♦♥❡s ❡♥ s✉s ❣r❛❞♦s ❞❡ ❧✐❜❡rt❛❞✱ ♣r♦❜❛❜❧❡♠❡♥t❡ ❛s♦❝✐❛❞❛s✱ ❛❧ ❤❡❝❤♦ ❞❡ q✉❡ ❧♦s
❛♥✐❧❧♦s ♥♦ ❡stá♥ ❧✐❜r❡s s✐♥♦ ✉♥✐❞♦s ❝♦✈❛❧❡♥t❡♠❡♥t❡ ❛❧ ❜❛❝❦❜♦♥❡ ❞❡ ❧❛ ♣r♦t❡í♥❛✳
❙✐♥ ❡♠❜❛r❣♦✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ P❉✱ ❞♦♥❞❡ ést❛s r❡str✐❝❝✐♦♥❡s s♦❜r❡ ❡❧ ❛♥✐❧❧♦ ❢♦rá✲
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❋✐❣✉r❛ ✹✳✶✺✿ ❘❡❧❛❝✐ó♥ ❡♥tr❡ ❧♦s r❛t✐♦s ❞❡ ❧❛s ❞✐st❛♥❝✐❛s ♠á①✐♠❛s ② ♠í♥✐♠❛s✱ ② ❧♦s
á♥❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s ♠á①✐♠♦s ② ♠í♥✐♠♦s ✭♣❡r♠✐t❡ ✈✐s✉❛❧✐③❛r ❧❛ ♣r❡❢❡r❡♥❝✐❛
❞❡❧ ❛♥✐❧❧♦ ❢♦rá♥❡♦ ♣♦r ❧♦s ♦tr♦s ❞♦s ❛♥✐❧❧♦s✮✳ ❆✮ P❛r❛ trí♠❡r♦s ❡♥ Pr♦t❡í♥❛✲❉r♦❣❛✳ ❇✮
P❛r❛ trí♠❡r♦s ❡♥ Pr♦t❡í♥❛✲Pr♦t❡í♥❛✳

♥❡♦ ♥♦ ❡stá♥ ♣r❡s❡♥t❡s✱ ❛♣❛r❡❝❡♥ ❧♦s ❞♦s ♠á①✐♠♦s ❡♥ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ω q✉❡
❝♦rr❡s♣♦♥❞❡♥ ❝♦♥ ❧❛s ❞♦s ❝♦♥❢♦r♠❛❝✐♦♥❡s ✭▲❆❉ ② ❙❨▼✮ q✉❡ ❡stá♥ r❡♣♦rt❛❞❛s
❝♦♠♦ ❧❛s ♠ás ❢❛✈♦r❛❜❧❡s ♣❛r❛ ❡❧ s✐st❡♠❛ ❡♥ ✈❛❝í♦✳

❊♥ ❧❛ ❋✐❣✉r❛ ✹✳✶✺✱ ✈❡♠♦s ❧❛s r❡❧❛❝✐♦♥❡s ❡♥tr❡ ❧❛ ♠á①✐♠❛ ② ❧❛ ♠í♥✐♠❛ ❞✐st❛♥✲
❝✐❛ ❡st❛❜❧❡❝✐❞❛s ♣♦r ❡❧ ❛♥✐❧❧♦ ❢♦rá♥❡♦ ❝♦♥tr❛ ❧♦s ♦tr♦s ❞♦s ❛♥✐❧❧♦s ❡♥ ❧❛ ♠✐s♠❛
❝❛❞❡♥❛ ♣r♦t❡✐❝❛✳ ❊st❛s r❡❧❛❝✐♦♥❡s ✐♥❞✐❝❛♥ q✉❡ ❡st♦s trí♠❡r♦s ❡stá♥ ♣r✐♥❝✐♣❛❧✲
♠❡♥t❡ ❞✐str✐❜✉í❞♦s ❡q✉✐❞✐st❛♥t❡s ❡♥tr❡ sí✱ ❛✉♥q✉❡ ❤❛② ❛❧❣✉♥♦s ❝❛s♦s ❡♥ ❧♦s q✉❡
❡st❛ r❡❧❛❝✐ó♥ ❡s ♣r❡❢❡r❡♥❝✐❛❧ ♣♦r ✉♥♦ ❞❡ ❧♦s ❛♥✐❧❧♦s✳ ❊st❡ ❡❢❡❝t♦ ❡s ♠❡♥♦r ❡♥
❧♦s trí♠❡r♦s PP q✉❡ ❡♥ ❧♦s P❉✳ ❊st♦ ♣r♦❜❛❜❧❡♠❡♥t❡ s❡ ❞❡❜❛ ❛❧ ❤❡❝❤♦ ❞❡ q✉❡
❡❧ ♠í♥✐♠♦ ❡♥❡r❣ét✐❝♦ ❞❡ ❡st♦s s✐st❡♠❛s s❡ ❡♥❝✉❡♥tr❛ ❡♥ ❡❧ ❡st❛❞♦ ❡q✉✐❞✐st❛♥t❡
② ❞❡❜✐❞♦ ❛ q✉❡ ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❡♥ ❧❛s q✉❡ s❡ ❡♥❝✉❡♥tr❛♥ ❧♦s trí♠❡r♦s PP
t✐❡♥❡♥ ♠ás r❡str✐❝❝✐♦♥❡s ❡♥ ❧♦s ❣r❛❞♦s ❞❡ ❧✐❜❡rt❛❞✱ ❡st♦s ❡st❛❞♦s s♦♥✱ ❡♥ ♣r♦♠❡✲
❞✐♦✱ ♠ás ❞✐❢í❝✐❧❡s ❞❡ ❛❧❝❛♥③❛r✳ P♦r út❧✐♠♦ ② ♣❛r❛ ♣❛s❛r ❛ ❤❛❜❧❛r ❞❡ ❝❧✉st❡rs ❡♥
❣❡♥❡r❛❧✱ ♥♦s ♣r❡❣✉♥t❛♠♦s✿ ➽♣♦❞❡♠♦s ❞❡✜♥✐r ❧❛ ♣♦s✐❝✐ó♥ ❞❡ ✉♥ ❛♥✐❧❧♦ ❡♥ ✉♥❛
❞r♦❣❛❄ ❯t✐❧✐③❛♥❞♦ ❧❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❧❛ ❞✐st❛♥❝✐❛ ② ❡❧ á♥❣✉❧♦ ❝♦♥❢♦r♠❛❝✐♦♥❛❧ ❡s
♣♦s✐❜❧❡ ✉❜✐❝❛r✱ ❡♥tr❡ ❞♦s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❞❛❞♦s✱ ❡❧ s✐t✐♦ ❞♦♥❞❡ ❡♥❝❛❥❛rí❛ ✉♥
t❡r❝❡r ❛♥✐❧❧♦✳ P♦r ❧♦ t❛♥t♦✱ ❡s ♣♦s✐❜❧❡ ❞❡✜♥✐r ✉♥ s✐t✐♦ ❞❡ ♣♦s✐❝✐♦♥❛♠✐❡♥t♦ ✐❞❡❛❧
❞❡ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s✱ ✉s❛♥❞♦ só❧♦ ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❧♦s ❛♥✐❧❧♦s q✉❡ ✢❛♥q✉❡❛♥
❡❧ s✐t✐♦✱ ❞❡❜✐❞♦ ❛ q✉❡ ❡❧ á♥❣✉❧♦ ❡♥ ❡❧ ❝✉❛❧ s❡ ♣♦s✐❝✐♦♥❛rí❛ ✉♥ ♣♦t❡♥❝✐❛❧ ❛♥✐❧❧♦
❞❡♣❡♥❞❡ ❞❡ ést❛✳ ❆ s✉ ✈❡③✱ s✐ s❡ ❞❛ ❡❧ ❝❛s♦ ❞❡ q✉❡ ♠ás ❞❡ ❞♦s ❛♥✐❧❧♦s ❞❡✜♥❡♥ ✉♥
♠✐s♠♦ s✐t✐♦✱ ❛✉♠❡♥t❛♥ ❧❛s ❝❤❛♥❝❡s ❞❡ q✉❡ ❛❤í s❡ ❡st❛❜✐❧✐❝❡ ✉♥ ❛♥✐❧❧♦ ❢♦r❛♥❡♦✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❆sí✱ ❡st❡ r❛③♦♥❛♠✐❡♥t♦ s❡ ♣✉❡❞❡ ❡①tr❛♣♦❧❛r ❛ ♠ás ❞❡ ❞♦s✱ s✐ ♠ás ❛♥✐❧❧♦s ❡stá♥
❞✐s♣✉❡st♦s ❞❡ ❢♦r♠❛ t❛❧ q✉❡ ❞❡✜♥❡♥ ✉♥ s✐t✐♦✱ ❡♥t♦♥❝❡s ❡st❡ s✐t✐♦ t✐❡♥❡ ❛ú♥ ♠ás
❝❤❛♥❝❡s ❞❡ ✉♥✐r ② ❡st❛❜✐❧✐③❛r ✉♥ ❛♥✐❧❧♦ ❢♦r❛♥❡♦✳

❊str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ❡♥ ■P ❯s❛♠♦s ❧♦s trí♠❡r♦s ❡♥ ■P ♣❛r❛ ❡st✉❞✐❛r ❝ó♠♦
❡stá♥ ✐♥✈♦❧✉❝r❛❞♦s ❡♥ ♠♦t✐✈♦s ❡str✉❝t✉r❛❧❡s✱ q✉❡ ❛ ♠❡♥✉❞♦ ❡stá♥ r❡❧❛❝✐♦♥❛❞♦s
❛ ❡❧❡♠❡♥t♦s ❡s♣❡❝í✜❝♦s ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛✳ ❯s❛♠♦s ❉❙❙P ❬❑❛❜s❝❤ ❛♥❞
❙❛♥❞❡r✱ ✶✾✽✸❪ ♣❛r❛ ❛s✐❣♥❛r tr❡s t✐♣♦s ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ✭❊✿ ❤♦❥❛ ❇❡t❛✱
❍✿ ❍é❧✐❝❡ ❛❧❢❛ ② ▲✿ ▲♦♦♣✮ ❛ ❧♦s q✉❡ ♣❡rt❡♥❡❝❡♥ ❧♦s ✐♥t❡r❛❝t♦r❡s ✐♥✈♦❧✉❝r❛❞♦s
❡♥ ❝❛❞❛ trí♠❡r♦✳ ❈❧❛s✐✜❝❛♠♦s ❝❛❞❛ trí♠❡r♦ ❡♥ ■P ❡♥ ❣r✉♣♦s s❡❣ú♥ ❡st♦s tr❡s
❡❧❡♠❡♥t♦s ❡str✉❝t✉r❛❧❡s✱ ❝♦♠♦ ♠✉❡str❛ ❧❛ ❋✐❣✉r❛ ✹✳✶✻❆✳

❋✐❣✉r❛ ✹✳✶✻✿ Pr♦♣♦r❝✐ó♥ ❞❡ trí♠❡r♦s s❡❣ú♥ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ② ❞✐st❛♥❝✐❛ ❡♥
s❡❝✉❡♥❝✐❛✳ ❆✮ ❈❧❛s✐✜❝❛❝✐ó♥ ❞❡ trí♠❡r♦s s❡❣ú♥ s✉ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ r❡♣r❡s❡♥t❛♥❞♦ ❝♦♥
❝❛❞❛ ❧❡tr❛ ❧❛ ❝♦♠❜✐♥❛❝✐ó♥ ❞❡ ♣♦s✐❜✐❧✐❞❛❞❡s ♣❛r❛ ❝❛❞❛ trí♠❡r♦✿ ❍ ❂ ❍é❧✐❝❡ ❛❧♣❤❛✱ ❊ ❂ ❍♦❥❛
❜❡t❛✱ ▲ ❂ ▲♦♦♣✳ ❇✮ ❈❧❛s✐✜❝❛❝✐ó♥ ❞❡ trí♠❡r♦s s❡❣ú♥ s✉ ❞✐st❛♥❝✐❛ ❡♥ ❧❛ ❡str✉❝t✉r❛ ♣r✐♠❛r✐❛
✭s❡❝✉❡♥❝✐❛✮ ❞❡ ❧❛ ♣r♦t❡í♥❛✿ ❝❧♦s❡ ❝♦♥ ❧♦s tr❡s r❡s✐❞✉♦s ❞❡❧ trí♠❡r♦ s❡♣❛r❛❞♦s ♥♦ ♠ás ❞❡ ✺
♣♦s✐❝✐♦♥❡s✱ s✶✲s✹ ❝♦♥ ❞♦s r❡s✐❞✉♦s s❡♣❛r❛❞♦s ♣♦r ✶ ❛ ✹ ♣♦s✐❝✐♦♥❡s ❡♥ s❡❝✉❡♥❝✐❛✱ ② ♦t❤❡r
❛q✉❡❧❧♦s q✉❡ ❧♦s tr❡s r❡s✐❞✉♦s ❡stá♥ s❡♣❛r❛❞♦s ♠ás ❞❡ ✺ ♣♦s✐❝✐♦♥❡s ❞❡ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ♦tr♦s
❞♦s✳

▲♦s ❞❛t♦s ♠✉❡str❛♥ q✉❡ ❡❧ ❣r✉♣♦ ♠ás ❛❜✉♥❞❛♥t❡ t✐❡♥❡ tr❡s r❡s✐❞✉♦s ❡♥ ❤é❧✐❝❡
❛❧❢❛ ✭❍❍❍✱ ❝♦♥ ✶✽✪✮ ② s✐ t♦♠❛♠♦s ❛q✉❡❧❧♦s ❛❣r✉♣❛❞♦s ❡♥ ♣♦r ❧♦ ♠❡♥♦s ❞♦s
❞❡ ❧♦s r❡s✐❞✉♦s ✐♥t❡r❛❝t♦r❡s ♣❡rt❡♥❡❝✐❡♥❞♦ ❛ ❤é❧✐❝❡ ❛❧❢❛ ✭❍❍❳✱ ❝♦♥ ❳ s✐❡♥❞♦
❝✉❛❧q✉✐❡r❛ ❞❡ ❧❛s tr❡s ❝❧❛s❡s✮ ❛❧❝❛♥③❛♠♦s ❛ ❝✉❜r✐r ✉♥ ✹✸✳✺✪ ❞❡ ❧♦s ❝❛s♦s ❞❡✲
t❡❝t❛❞♦s✳ P♦r ♦tr♦ ❧❛❞♦✱ ❧♦s trí♠❡r♦s ❝❧❛s✐✜❝❛❞♦s ❝♦♠♦ ❊❊❳ r❡♣r❡s❡♥t❛♥ t♦❞♦s
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❥✉♥t♦s✱ ❛❧r❡❞❡❞♦r ❞❡ ✉♥ ✷✽✪✳ ❊st♦s r❡s✉❧t❛❞♦s ♠✉❡str❛♥ ❧❛ ❝❧❛r❛ ♣r❡❢❡r❡♥❝✐❛
♣♦r ❧♦s trí♠❡r♦s ❞❡ ♣❡rt❡♥❡❝❡r ❛ ❡str✉❝t✉r❛s ❤❡❧✐❝♦❧❞❛❧❡s✳ ❊st♦ ❡s t♦❞❛✈í❛ ♠ás
✐♥t❡r❡s❛♥t❡ s✐ s❡ t✐❡♥❡ ❡♥ ❝✉❡♥t❛ ❡♥ ❧❛ ♣r❡❢❡r❡♥❝✐❛ ❞❡ ❧♦s ❛♠✐♥♦ á❝✐❞♦s ❛r♦♠át✐✲
❝♦s ♣♦r ❛♣❛r❡❝❡r ♠ás ❝♦♠✉♥♠❡♥t❡ ❡♥ ❤♦❥❛s ❜❡t❛✳ ❬▼❛❧❦♦✈ ❡t ❛❧✳✱ ✷✵✵✽❪

❖tr❛ ♣r❡❣✉♥t❛ ✐♥t❡r❡s❛♥t❡ q✉❡ ♥♦s ♣♦❞❡♠♦s ❤❛❝❡r s♦❜r❡ ❧♦s trí♠❡r♦s ❡♥
■P✱ ❡s s✐ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❡♥ s❡❝✉❡♥❝✐❛ ❞❡ ❛♠✐♥♦ á❝✐❞♦s q✉❡ ❢♦r♠❛♥ trí♠❡r♦s ❞❡
❛r♦♠át✐❝♦s t✐❡♥❡ ❛❧❣✉♥❛ t❡♥❞❡♥❝✐❛ ❡♥ ♣❛rt✐❝✉❧❛r✳ P❛r❛ ❛♥❛❧✐③❛r ❡st♦✱ ❝❛❧❝✉❧❛♠♦s
❧❛s ❞✐st❛♥❝✐❛s ❡♥ s❡❝✉❡♥❝✐❛ q✉❡ ❡stá♥ ❞❛❞❛s ♣♦r ❧❛s ♣♦s✐❝✐♦♥❡s ❞❡ ❧♦s r❡s✐❞✉♦s
❛r♦♠át✐❝♦s ❡♥ ❧❛ ❝❛❞❡♥❛ ♣r♦t❡✐❝❛✳ ❈❧❛s✐✜❝❛♠♦s ❧♦s trí♠❡r♦s s❡❣ú♥ ❡❧ ♣❛tró♥
❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧❛s ❞✐st❛♥❝✐❛s ❡♥ s❡❝✉❡♥❝✐❛✱ ❡♥ ❧❛s s✐❣✉✐❡♥t❡s ❝❛t❡❣♦rí❛s✿
❝❡r❝❛♥♦s ❛q✉❡❧❧♦s q✉❡ t✐❡♥❡♥ ❧♦s tr❡s r❡s✐❞✉♦s ❛ ♥♦ ♠ás ❞❡ ✺ ♣♦s✐❝✐♦♥❡s ❡♥
s❡❝✉❡♥❝✐❛ ❡♥tr❡ ❧♦s tr❡s❀ s✶✱ s✷✱ s✸ ② s✹✱ ❛q✉❡❧❧♦s q✉❡ t✐❡♥❡♥ ♣♦r ❧♦ ♠❡♥♦s
✷ ❞❡ ❧♦s r❡s✐❞✉♦s ♣❛rt✐❝✐♣❛♥t❡s ❞❡❧ ❝❧✉st❡r ❛ ✶✲✹ ❞❡ ❞✐st❛♥❝✐❛ ❡♥ s❡❝✉❡♥❝✐❛ ②
q✉❡ ♥♦ ♣❡rt❡♥❡❝❡♥ ❛ ❧♦s ❝❡r❝❛♥♦s ❀ ② ♣♦r ú❧t✐♠♦✱ ❛q✉❡❧❧♦s q✉❡ t✐❡♥❡♥ ❧♦s tr❡s
r❡s✐❞✉♦s s❡♣❛r❛❞♦s ♣♦r ♠ás ❞❡ ✺ ♣♦s✐❝✐♦♥❡s ❡♥ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ❧❛ ♣r♦t❡í♥❛✱
❢✉❡r♦♥ ❞❡♥♦♠✐♥❛❞♦s ♦tr♦s✳

▲❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧♦s trí♠❡r♦s ❡♥ ❡st❛s ❝❛t❡❣♦rí❛s s❡ ♠✉❡str❛♥ ❡♥ ❧❛ ❋✐❣✉✲
r❛ ✹✳✶✻❇✳ ◆♦ s❡ ❡♥❝♦♥tr❛r♦♥ ❞✐❢❡r❡♥❝✐❛s s✐❣♥✐✜❝❛t✐✈❛s ❡♥tr❡ ❛♠❜♦s t✐♣♦s ❞❡
trí♠❡r♦s ✭▲❆❉ ② ❙❨▼✮✳ ▼ás ❞❡ ❧❛ ♠✐t❛❞ ❞❡ ❧♦s trí♠❡r♦s ♣❡rt❡♥❡❝✐❡♥t❡s ❛
❛♠❜♦s t✐♣♦s ❣❡♦♠étr✐❝♦s✱ ❝❛❡♥ ❡♥ ❧❛ ❝❛t❡❣♦rí❛ ❞❡ ♦tr♦s✱ ♠✐❡♥tr❛s q✉❡ ❝❛❞❛
✉♥♦ ❞❡ ❧♦s ❣r✉♣♦s s✶✲s✹ ❛❧❝❛♥③❛ ❝❛❞❛ ✉♥♦ ✉♥ ✶✵✪ ❡♥ ♣r♦♠❡❞✐♦✳ ◗✉❡❞❛ ❝❧❛r♦
q✉❡ ❤❛② ✉♥❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ✭❝❛s✐ ❧❛ ♠✐t❛❞✮ ❞❡ trí♠❡r♦s ❛r♦♠át✐❝♦s q✉❡ ❡stá♥
❝♦♠♣✉❡st♦s ♣♦r s✉❜❞í♠❡r♦s ❝❡r❝❛♥♦s ❡♥ s❡❝✉❡♥❝✐❛ ② ✉♥ t❡r❝❡r♦ ♥♦ ❝❡r❝❛♥♦ ✭❛
❞✐st❛♥❝✐❛ ✺ ♦ ♠ás✮✳ ❋✐♥❛❧♠❡♥t❡✱ ❛q✉❡❧❧♦s ❝❧❛s✐✜❝❛❞♦s ❝♦♠♦ ❝❡r❝❛♥♦s✱ ❛❧❝❛♥③❛♥
✉♥ ✷✪ ❞❡❧ t♦t❛❧ ❞❡ ❧♦s trí♠❡r♦s✱ ♠❛r❝❛♥❞♦ ❧❛ t❡♥❞✐❡♥❝✐❛ ❞❡ ❧♦s trí♠❡r♦s ❛ s❡r
♥♦ ❧♦❝❛❧❡s✱ ❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❧♦s ❞í♠❡r♦s✱ ❞♦♥❞❡ ❡❧ ❣r✉♣♦ ❝❡r❝❛♥♦s ❧❧❡❣❛ ❤❛st❛ ❡❧
✷✶✪✳ ❍❡♠♦s ❡♥❝♦♥tr❛❞♦ q✉❡ ❧♦s trí♠❡r♦s s♦♥ ♥♦ ❧♦❝❛❧❡s ❡♥ s❡❝✉❡♥❝✐❛✱ ❧♦ q✉❡
s✐❣♥✐✜❝❛ q✉❡ t✐❡♥❞❡♥ ❛ ✐♥t❡❣r❛r ❞✐❢❡r❡♥t❡s ❡❧❡♠❡♥t♦s ❡str✉❝t✉r❛❧❡s ❞✐st❛♥t❡s
s✐❡♥❞♦ r❡❧❡✈❛♥t❡s ♣❛r❛ ❧❛ ❡st❛❜✐❧✐❞❛❞ ② ❡❧ ♣❧❡❣❛❞♦ ❞❡ ❧❛s ♣r♦t❡í♥❛s✳ ❚❛♠❜✐é♥
❝❧❛s✐✜❝❛♠♦s ❧♦s t❡trá♠❡r♦s s❡❣ú♥ s✉ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❞✐st❛♥❝✐❛s ❡♥ s❡❝✉❡♥❝✐❛ ❞❡
❧♦s r❡s✐❞✉♦s q✉❡ ❝♦♥❢♦r♠❛♥ ❡❧ ❝❧✉st❡r✳ ❈♦♠♦ ❝♦♥ ❧♦s trí♠❡r♦s✱ ❧♦s ❛❣r✉♣❛♠♦s
❡♥ ❝❡r❝❛♥♦s s✐❡♠♣r❡ q✉❡ ❧♦s ✹ r❡s✐❞✉♦s ❡sté♥ s❡♣❛r❛❞♦s t♦❞♦s ❡♥tr❡ sí ♣♦r ❞✐s✲
t❛♥❝✐❛s ❡♥ s❡❝✉❡♥❝✐❛ ♠❡♥♦r❡s ❛ ✹✱ ② ❝♦♠♦ s✷✱ s✸✱ ② s✹✱ ❝✉❛♥❞♦ ❧♦s r❡s✐❞✉♦s
♣❡rt❡♥❡❝❡♥ ❛ ✷✱ ✸ ♦ ✹ r❡❣✐♦♥❡s ❞✐❢❡r❡♥t❡s✱ ❞❡✜♥✐❡♥❞♦ q✉❡ ✷ r❡s✐❞✉♦s ♣❡rt❡♥❡❝❡♥
❛ ❧❛ ♠✐s♠❛ r❡❣✐ó♥ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ❧❛ ♣r♦t❡í♥❛ ❝✉❛♥❞♦ ❡stá♥ s❡♣❛r❛❞♦s ❛ ❧♦
s✉♠♦ ✹ ♣♦s✐❝✐♦♥❡s ❡♥tr❡ sí✳ ◆♦t❛❜❧❡♠❡♥t❡✱ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❝❧✉st❡rs✱ ❥✉♥t❛♥
✸ ♦ ❤❛st❛ ✹ r❡❣✐♦♥❡s ❞❡ ❧❛ ♣r♦t❡í♥❛✱ ❞❡♥♦t❛♥❞♦ ❧❛ ♥❛t✉r❛❧❡③❛ ♥♦ ❧♦❝❛❧ ❞❡ ❡st♦s
❝❧✉st❡rs ❡♥ ❧❛ ❡st❛❜✐❧✐③❛❝✐ó♥ ❞❡ ❧❛ ❡str✉❝t✉r❛ t❡r❝✐❛r✐❛ ❞❡ ❧❛s ♣r♦t❡í♥❛s✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❙❨▼
HHX − close 2,0 EEX − close 0,0
HHX − i+ (1, 3, 4) 1,5− 1,7 EEX − i+ (1, 3, 4) 0,2
HHX − i+ 2 0,1 EEX − i+ 2 2,2
▲❆❉
HHX − i+ (1, 3, 4) 1,4− 1,7 EEX − i+ (1, 3, 4) 0,2− 0,6
HHX − i+ 2 0,1 EEX − i+ 2 2,1

❈✉❛❞r♦ ✹✳✻✿ P✉♥t❛❥❡s ❞❡ ❞✐s♣❛r✐❞❛❞ ♣❛r❛ ❧❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❧❛ ❡str✉❝t✉r❛ s❡❝✉♥✲
❞❛r✐❛ ② ❧❛ ❞✐st❛♥❝✐❛ ❡♥ s❡❝✉❡♥❝✐❛✳ ❈❛❞❛ ♣✉♥t❛❥❡ s❡ ❝❛❧❝✉❧❛ ❝♦♠♦ ❧❛ ❞✐✈✐s✐ó♥ ❡♥tr❡ ❧❛
♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ q✉❡ ✉♥ trí♠❡r♦ ♣❡rt❡♥❡③❝❛ ❛ ❧♦s ❞♦s ❣r✉♣♦s ❛ ❧❛ ✈❡③✱ ② ❧❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s
❞❡ q✉❡ ❛♠❜❛s ❝❧❛s✐✜❝❛❝✐♦♥❡s s❡ ❤❛②❛♥ ❞❛❞♦ ❞❡ ❢♦r♠❛ ✐♥❞❡♣❡♥❞✐❡♥t❡ ✭✐✳❡✳✿ HHX − close =
P (HHX ∩ close)/(P (HXX) ∗ P (close))✮✳ ❱❛❧♦r❡s ♠❛②♦r❡s q✉❡ ✉♥♦ ✐♠♣❧✐❝❛♥ ✉♥❛ ♣r❡❢❡r❡♥✲
❝✐❛ ♣♦r ♣❡rt❡♥❡❝❡r ❛ ❛♠❜❛s ❝❧❛s✐✜❝❛❝✐♦♥❡s✱ ♠✐❡♥tr❛s ✈❛❧♦r❡s ♠❡♥♦r❡s q✉❡ ✉♥♦ s✉❣✐❡r❡♥ q✉❡
❛♠❜❛s ❝❧❛s✐✜❝❛❝✐♦♥❡s s❡ ❡✈✐t❛♥✳ ❙ó❧♦ s❡ ♠✉❡str❛♥ ❧♦s ❝❛s♦s ❡♥ ❧♦s q✉❡ s❡ ✈❡♥ ❞✐❢❡r❡♥❝✐❛s
s✐❣♥✐✜❝❛t✐✈❛s✳

◆♦s ♣r♦♣✉s✐♠♦s ❛♥❛❧✐③❛r ❧❛s r❡❧❛❝✐♦♥❡s q✉❡ ❤❛② ❡♥tr❡ ❧❛s ❝❧❛s✐✜❝❛❝✐♦♥❡s ❞❡
❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ② ♣r✐♠❛r✐❛✱ ❝♦♠♦ s❡ ♠✉❡str❛ ❡♥ ❡❧ ❈✉❛❞r♦ ✹✳✻ ❝❛❧❝✉❧❛♥❞♦
❧♦s ♣✉♥t❛❥❡s ❞❡ ❞✐s♣❛r✐❞❛❞ ♣❛r❛ ❧♦s ❞♦s ❣r✉♣♦s ❞❡ ❝❧❛s✐✜❝❛❝✐♦♥❡s ❞❡ trí♠❡r♦s✳
❙❡ ♣✉❡❞❡ ✈❡r q✉❡ ❡♥ ❛♠❜♦s t✐♣♦s ❞❡ trí♠❡r♦s✱ ▲❆❉ ② ❙❨▼✱ ❡❧ ❣r✉♣♦ ❍❍❳
♠✉❡str❛ ✉♥❛ ❝❧❛r❛ ♣r❡❢❡r❡♥❝✐❛ ♣♦r ❧♦s ❣r✉♣♦s s✶✱ s✸ ② s✹✱ ♠✐❡♥tr❛s q✉❡ r❛r❛ ✈❡③
s❡ ❧♦ ✈❡ ❡♥ s✷✳ ❊st♦ ♣r♦❜❛❜❧❡♠❡♥t❡ r❡✢❡❥❛ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❧♦s ❛♥✐❧❧♦s ❝❡r❝❛♥♦s ❡♥
s❡❝✉❡♥❝✐❛ ❡stá♥ ❡♥ ❡str✉❝t✉r❛ ❤❡❧✐❝♦✐❞❛❧ ② ♣❛r❛ ❡st❛r ❡♥ ❝♦♥t❛❝t♦ ❞❡❜❡♥ ❛♣❛r❡✲
❝❡r ❝♦♥s❡❝✉t✐✈♦s ✭s✶✮ ♦ s❡♣❛r❛❞♦s ♣♦r ❧♦ ♠❡♥♦s ♣♦r ✸ r❡s✐❞✉♦s✱ ❞❛❞♦ q✉❡ ✉♥
❣✐r♦ ❞❡ ❛❧❢❛ ❤é❧✐❝❡ s❡ ❞❛ ❝❛❞❛ ✸✳✻ r❡s✐❞✉♦s✳ P♦r ❡❧ ❝♦♥tr❛r✐♦✱ ❧♦s trí♠❡r♦s ❊❊❳
♠✉❡str❛♥ ✉♥❛ ❝❧❛r❛ ♣r❡❢❡r❡♥❝✐❛ ♣♦r ❡❧ ❣r✉♣♦ s✷ s♦❜r❡ ❧♦s ❞❡♠ás ❣r✉♣♦s✱ ❧♦ ❝✉á❧
r❡✢❡❥❛ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❡♥ ❤♦❥❛s ❜❡t❛ ❧❛s ❝❛❞❡♥❛s ❧❛t❡r❛❧❡s s❡ ❛❧t❡r♥❛♥ ❛♣✉♥t❛♥✲
❞♦ ❡♥ ❧❛ ♠✐s♠❛ ❞✐r❡❝❝✐ó♥ ❝❛❞❛ ✷ r❡s✐❞✉♦s✳ ▲♦s trí♠❡r♦s ❙❨▼ q✉❡ ♣❡rt❡♥❡❝❡♥
❛❧ ❣r✉♣♦ ❝❡r❝❛♥♦s s❡ ❡♥❝✉❡♥tr❛♥ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♥ ❍❍❳ ② ♠✉② r❛r❛ ✈❡③ ❡♥
❊❊❳✳ ❊st♦s r❡s✉❧t❛❞♦s ♠✉❡str❛♥ q✉❡ ❧♦s ❣r✉♣♦s ❞❡ ❡str✉❝t✉r❛ ♣r✐♠❛r✐❛ ② s❡✲
❝✉♥❞❛r✐❛ ❡stá♥ s❡s❣❛❞♦s ❞❡❜✐❞♦ ❛ ❧❛s ♣r♦♣✐❡❞❛❞❡s ❡str✉❝t✉r❛❧❡s ✐♥trí♥s❡❝❛s ❞❡
❧♦s ❡❧❡♠❡♥t♦s ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛✳ ❚♦❞♦ ❡st❡ ❛♥á❧✐s✐s ♣✉❡❞❡ s❡r ❞❡ ✉t✐❧✐❞❛❞
♣❛r❛ ❝❧❛s✐✜❝❛r ❢❛♠✐❧✐❛s ❞❡ ♣r♦t❡í♥❛s q✉❡ t❡♥❣❛♥ ❝❧✉st❡rs ❞❡ ❛r♦♠át✐❝♦s ❝♦♠♦
♠♦t✐✈♦s ❡str✉❝t✉r❛❧❡s r❡❧❡✈❛♥t❡s ♣❛r❛ s✉ ❢✉♥❝✐ó♥✳

❊str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ❡♥ P❉ ② PP ❯♥❛ ✈❡③ ❛♥❛❧✐③❛❞❛s ❧❛s t❡♥❞❡♥❝✐❛s ❡♥ ❡s✲
tr✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ❞❡ ❧♦s ❝❧✉st❡rs ❡♥ ■P✱ ♥♦s q✉❡❞❛ ♣r❡❣✉♥t❛r♥♦s ❝♦♠♦ s♦♥
❡♥ P❉ ② PP✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❋✐❣✉r❛ ✹✳✶✼✿ Pr❡❢❡r❡♥❝✐❛s ♣♦r ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ❡♥ ❝❧✉st❡rs P❉ ② PP✳ ❊❧ ✈❛❧♦r
❞❡ ♣r❡❢❡r❡♥❝✐❛ s❡ ❝❛❧❝✉❧❛ ❞✐✈✐❞✐❡♥❞♦ ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ❡♥❝♦♥tr❛r ✉♥ ❞❡t❡r♠✐♥❛❞♦ r❡s✐❞✉♦
❛r♦♠át✐❝♦ ✐♥t❡r❛❝t✉❛♥❞♦ ❝♦♥ ♦tr♦ ❡♥ ✉♥❛ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛✱ ♣♦r ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡
q✉❡ ❡s❡ ❛♥✐❧❧♦ ❡sté ❡♥ ❡s❛ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ❡♥ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❞❛t♦s✳ P♦r ❡❥❡♠♣❧♦✱ ❧❛
♣r❡❢❡r❡♥❝✐❛ ❞❡ ✉♥ ❛♥✐❧❧♦ ❡♥ ✉♥ r❡s✐❞✉♦ ❡♥ ✉♥ ▲♦♦♣ ♣♦r ✉♥ ❛♥✐❧❧♦ ❡♥ ✉♥❛ ❞r♦❣❛ s❡ ❝❛❧❝✉❧❛
❝♦♠♦ PrefDrug

Loop = P (Residuo en Loop interactuando con droga)/P (Loop) − 1✳ ❙❡ r❡st❛ ✶
só❧♦ ♣❛r❛ tr❛s❧❛❞❛r ❧❛ ❡s❝❛❧❛✳

❈♦♥ r❡s♣❡❝t♦ ❛ ❧❛ ❞✐st❛♥❝✐❛ ❡♥ s❡❝✉❡♥❝✐❛✱ ❡st❛ t❡♥❞❡♥❝✐❛ s❡ ♠❛♥t✐❡♥❡ ✭❛♣❛r❡✲
❝❡♥ ❞♦s ❞❡ ❧♦s ❛♥✐❧❧♦s ✐♥✈♦❧✉❝r❛❞♦s ❝❡r❝❛♥♦s ❡♥ s❡❝✉❡♥❝✐❛✮✱ ♣❡r♦ ❝♦♥ r❡s♣❡❝t♦
❛ ❧❛ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛✱ ♣♦❞❡♠♦s ❛♣r❡❝✐❛r ❞✐❢❡r❡♥❝✐❛s✳ ❊♥ ❧❛ ❋✐❣✉r❛ ✹✳✶✼
s❡ ♣✉❡❞❡ ✈❡r ❧❛ ❞✐❢❡r❡♥❝✐❛ s✐❣♥✐✜❝❛t✐✈❛ q✉❡ ❤❛② ❡♥ tér♠✐♥♦s ❞❡ ❧❛ ❡str✉❝t✉r❛
s❡❝✉♥❞❛r✐❛ ❡♥ ❧❛ q✉❡ s❡ ❡♥❝✉❡♥tr❛♥ ❧♦s r❡s✐❞✉♦s ❛r♦♠át✐❝♦s✳ ▲♦s ❛r♦♠át✐❝♦s
✐♥t❡r❛❝t✉❛♥❞♦ ❝♦♥ ❞r♦❣❛s t✐❡♥❡♥ ✉♥❛ ❝❧❛r❛ ♣r❡❢❡r❡♥❝✐❛ ♣♦r ❧❛s r❡❣✐♦♥❡s ❞❡ t✐♣♦
❧♦♦♣✱ ♠✐❡♥tr❛s q✉❡ ❧♦s ♦tr♦s ❞♦s t✐♣♦s ❞❡ ❡str✉❝t✉r❛ ✭❛❧❢❛ ② ❜❡t❛✮ ♣❛r❡❝❡♥ r❡❧❡✲
❣❛❞♦s✳ P♦r ♦tr♦ ❧❛❞♦✱ ❛q✉❡❧❧♦s ❛r♦♠át✐❝♦s ✐♥t❡r❛❝t✉❛♥❞♦ ❡♥ ✐♥t❡r❢❛❝❡s ♣r♦t❡í♥❛✲
♣r♦t❡í♥❛ t✐❡♥❡♥ ✉♥❛ t❡♥❞❡♥❝✐❛ ❛ ❡str✉❝t✉r❛s ❞❡ t✐♣♦ ❛❧❢❛ ② ❜❡t❛ ②✱ ♠ás ❛ú♥✱
❧❛s ❡str✉❝t✉r❛s s❡❝✉♥❞❛r✐❛s ❡♥ ❧❛s q✉❡ ❡stá♥ ❧♦s r❡s✐❞✉♦s ❞❡ ❛♠❜❛s ❝❛❞❡♥❛s
♣r♦t❡✐❝❛s ❝♦✐♥❝✐❞❡♥✳ ▲♦s q✉❡ s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❤é❧✐❝❡s ❛❧❢❛✱ t✐❡♥❡♥ ✉♥❛ ♣r❡❢❡r✲
❡♥❝✐❛ ♣♦r ♦tr♦s r❡s✐❞✉♦s ❛r♦♠át✐❝♦s ❡♥ ❤é❧✐❝❡ ❛❧❢❛ ②✱ ❛♥á❧♦❣❛♠❡♥t❡✱ ❛q✉❡❧❧♦s ❡♥
❤♦❥❛s ❜❡t❛✱ ✐♥t❡r❛❝tú❛♥ ❝♦♥ ♦tr♦s r❡s✐❞✉♦s ❛r♦♠át✐❝♦s ❡♥ ❤♦❥❛s ❜❡t❛✳ ❈✉❛♥❞♦
✉♥ r❡s✐❞✉♦ ❡♥ ✉♥ ❝❧✉st❡r ❞❡ ❛r♦♠át✐❝♦s ❡♥ ✐♥t❡r❢❛❝❡s PP✱ s❡ ❡♥❝✉❡♥tr❛ ❡♥ ✉♥
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❧♦♦♣✱ ❡s ❝♦♠ú♥ ❡♥❝♦♥tr❛❧♦ ✐♥t❡r❛❝t✉❛♥❞♦ ❝♦♥ ♦tr♦✴s ❛r♦♠át✐❝♦s ❡♥ ❧♦♦♣s✳ ❋✐♥❛❧✲
♠❡♥t❡✱ ♣❛r❡❝✐❡r❛ q✉❡✱ ❞❛❞♦ ✉♥ ❛♥✐❧❧♦ ❛r♦♠át✐❝♦ ❡♥ ❧❛ s✉♣❡r✜❝✐❡ ❞❡ ❧❛ ❡str✉❝t✉r❛
❞❡ ✉♥❛ ♣r♦t❡í♥❛✱ ♣♦❞rí❛♠♦s ❞✐st✐♥❣✉✐r ❛q✉❡❧❧♦s q✉❡ t✐❡♥❡♥ ✉♥❛ t❡♥❞❡♥❝✐❛ ❛ s❡r
❡♥❝♦♥tr❛❞♦s ❢♦r♠❛♥❞♦ ❝❧✉st❡rs ♣r♦t❡í♥❛✲♣r♦t❡í♥❛ ❞❡ ❛q✉❡❧❧♦s ❢♦r♠❛♥❞♦ ❝❧✉st❡rs
♣r♦t❡í♥❛✲❞r♦❣❛✳

✹✳✹✳ ❈♦♥❝❧✉s✐♦♥❡s

◆✉❡str♦s r❡s✉❧t❛❞♦s✱ ❜❛s❛❞♦s ❡♥ ❡❧ ❛♥á❧✐s✐s ❞❡ t♦❞♦s ❧♦s ❝❧✉st❡rs ❛r♦♠át✐❝♦s
❡♥ ♣r♦t❡í♥❛s ❝♦♥♦❝✐❞❛s✱ ♠✉❡str❛♥ q✉❡ ❧♦s ❝❧✉st❡rs ■P✿ ✐✮ ♠ás ❛❧❧á ❞❡❧ ❞í♠❡r♦✱
❧♦s ❝❧✉st❡rs ❞❡ ❛r♦♠át✐❝♦s s❡ ♣✉❡❞❡♥ ❡♥❝♦♥tr❛r ❡♥ ♠ás ❞❡ ❧❛ ♠✐t❛❞ ❞❡ ❧❛s
♣r♦t❡í♥❛s ❡st✉❞✐❛❞❛s ✭♣r♦t❡í♥❛s ú♥✐❝❛s✮❀ ✐✐✮ ❧♦s ❝❧✉st❡r s❡ ❤❛②❛♥ ❛❞♦♣t❛♥❞♦
❧❛s ♠✐s♠❛s ❝♦♥❢♦r♠❛❝✐♦♥❡s q✉❡ ❛❞♦♣t❛♥ ❧♦s ♠♦t✐✈♦s tr✐♠ér✐❝♦s ❞❡ ❜❡♥❝❡♥♦s
❛✐s❧❛❞♦s ✭❙❨▼ ② ▲❆❉✮❀ ② ✐✐✐✮ ❡st♦s ❝❧✉st❡rs ✉♥❡♥ ❡str✉❝t✉r❛s ♥♦ ❧♦❝❛❧❡s q✉❡
❡♥ ♣r✐♥❝✐♣✐♦ ❡st❛rí❛♥ ❛❧❡❥❛❞❛s ❞❛❞❛ s✉ ❧❡❥❛♥í❛ ❡♥ ❧❛ ❡str✉❝t✉r❛ ♣r✐♠❛r✐❛ ❞❡ ❧❛s
♣r♦t❡í♥❛s✳

▲❛s ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s ❡♥ ♣r♦t❡í♥❛s ❤❛♥ s✐❞♦ ❡❧ ♦❜❥❡t♦ ❞❡ ♠✉❝❤♦s ❡s✲
t✉❞✐♦s ❞❡s❞❡ ❧❛s ♣r✐♠❡r❛s ❞❡t❡r♠✐♥❛❝✐♦♥❡s ❡str✉❝t✉r❛❧❡s✳ ❊♥ ❧♦s ❛ñ♦s ✽✵✱ s❡ ✈✐ó
q✉❡ ❧❛s ✐♥t❡r❛❝❝❝✐♦♥❡s ❡♥tr❡ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❡♥ ♣r♦t❡í♥❛s ♣r❡s❡♥t❛♥ ❞✐str✐❜✉✲
❝✐♦♥❡s ❝♦♥✜❣✉r❛❝✐♦♥❛❧❡s ❡s❡❝✐❛❧♠❡♥t❡ ❛❧ ❛③❛r✳ ❊♥ ❡st❡ tr❛❜❛❥♦ ❡①t❡♥❞❡♠♦s ❧❛
✐❞❡❛ ❞❡ tr❛❜❛❥❛r ❝♦♥ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s✱ ♠ás ❛❧❧á ❞❡❧ ❞í♠❡r♦ ❡♥ ✉♥❛
❡①♣❧♦r❛❝✐ó♥ ❡①t❡♥s✐✈❛ ❞❡ ❧♦s ♣❛rá♠❡tr♦s ✐♥✈♦❧✉❝r❛❞♦s✳ ❱✐♠♦s q✉❡ ❡❧ ✐♠♣❛❝t♦ ❞❡
❧♦s trí♠❡r♦s ❞❡ ❛r♦♠át✐❝♦s ❡♥ ♣r♦t❡í♥❛s ❡s ❡①tr❡♠❛❞❛♠❡♥t❡ ❛❧t♦✱ ❛♣❛r❡❝✐❡♥❞♦
❡♥ ✉♥ ❛❧tís✐♠♦ ♣♦r❝❡♥t❛❥❡ ❥✉♥t♦ ❝♦♥ ❧♦s t❡trá♠❡r♦s ② ❝❧✉st❡rs ❞❡ ♠ás t❛♠❛ñ♦✳
▲♦s trí♠❡r♦s ❙❨▼ s♦♥ ❧♦s ❝❧✉st❡rs ♠ás ❝❤✐❝♦s ❝♦♥ ✉♥❛ ✐♥t❡rt❛❝❝✐ó♥ s✐♥ér❣✐❝❛✱
❡st❛❜❧❡❝✐❡♥❞♦ ✸ ✐♥t❡r❛❝❝✐♦♥❡s ❝♦♥ tr❡s ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s✱ ❧♦ ❝✉á❧ ❡s ❞❡ ❡s♣❡❝✐❛❧
✈❛❧♦r ❞❡s❞❡ ✉♥ ♣✉♥t♦ ❞❡ ✈✐st❛ ❞❡ ❧❛ ❡♥❡r❣í❛ ❞❡ ✐♥t❡r❛❝❝✐ó♥✳ ❍❡♠♦s ♠♦str❛❞♦
q✉❡ ❧♦s ❝❧✉st❡rs ♠ás ❣r❛♥❞❡s ♣✉❡❞❡♥ ❡♥t❡♥❞❡rs❡ ❡♥ tér♠✐♥♦s ❞❡ ❧♦s trí♠❡r♦s
q✉❡ ❧♦s ❝♦♠♣♦♥❡♥✱ ❞❛❞♦ q✉❡ s❡ ♦❜s❡r✈❛♥ ❧♦s ♠✐s♠♦s á♥❣✉❧♦s ❝♦♥❢♦r♠❛❝✐♦♥❛❧❡s
t♦♠❛♥❞♦ ❧♦s ❞♦s r❡s✐❞✉♦s ♠ás ❝❡r❝❛♥♦s ♣❛r❛ ❝❛❧❝✉❧❛r❧♦ s♦❜r❡ ❝❛❞❛ ❛♥✐❧❧♦ ❞❡❧
❝❧✉st❡r✳

▲♦s ❛♥á❧✐s✐s ❞❡ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ♠♦str❛r♦♥ ✉♥❛ ♣r❡❢❡r❡♥❝✐❛ ♣♦r ❧❛s
❤é❧✐❝❡s ❛❧❢❛✱ ❡♥ ❝♦♥tr❛♣♦s✐❝✐ó♥ ❛ ❧❛ ♣r❡❢❡r❡♥❝✐❛ ♥❛t✉r❛❧ ❞❡ ❧♦s ❛♥✐❧❧♦s ❛r♦♠át✐✲
❝♦s ♣♦r ❧❛s ❤♦❥❛s ❜❡t❛ ②✱ ❡s♣❡❝✐❛❧♠❡♥t❡✱ ❡♥ ❥✉♥t❛r ❡❧❡♠❡♥t♦s ❞❡ ❡str✉❝t✉r❛
s❡❝✉♥❞❛r✐❛ ❧❡❥❛♥♦s ❡♥ ❧❛ s❡❝✉❡♥❝✐❛ ♣r♦t❡✐❝❛✱ ❧♦ ❝✉á❧ t❛♠❜✐é♥ s❡ ❛♣r❡❝✐❛ ❡♥ ❡❧
❛♥á❧✐s✐s ❞❡ ❧❛s ❞✐st❛♥❝✐❛s ❡♥ s❡❝✉❡♥❝✐❛✱ q✉❡ ♠♦stró q✉❡ ❧♦s ❝❧✉st❡rs t✐❡♥❞❡♥ ❛
s❡r ♥♦ ❧♦❝❛❧❡s✳ ❍❡❝❤♦ q✉❡ ❡s ✈❛❧✐❞❛❞♦ ♣♦r ❡❧ ❛♥á❧✐s✐s ❞❡❧ ❡♥t♦r♥♦ ❞❡ ❧♦s ❝❧✉st❡rs
q✉❡ ♠♦stró q✉❡✱ ❡♥ ♣r♦♠❡❞✐♦✱ ❢♦r♠❛♥ ♣❛rt❡ ❞❡❧ ♥ú❝❧❡♦ ❞❡ ❧❛s ♣r♦t❡í♥❛s✳

❆ s✉ ✈❡③✱ ❡s ✐♥t❡r❡s❛♥t❡ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❧♦s trí♠❡r♦s ② ❧♦s t❡trá♠❡r♦s ♦❜✲
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

s❡r✈❛❞♦s ❝♦✐♥❝✐❞❛♥✱ ❡♥ ♣r♦♠❡❞✐♦✱ ❝♦♥ ❧❛s ❡str✉❝t✉r❛s ♦♣t✐♠✐③❛❞❛s ❞❡ ❝❧✉st❡rs
❞❡ ❜❡♥③❡♥♦s ② t♦❧✉❡♥♦s ❡♥ ✈❛❝í♦✱ ② q✉❡ ❛ ♠❡❞✐❞❛ q✉❡ s❡ r❡❧❛❥❛♥ ❧♦s ❣r❛❞♦s
❞❡ ❧✐❜❡rt❛❞ ✭♣♦r ❡❥❡♠♣❧♦ ❡♥ P❉ ❝♦♥ r❡s♣❡❝t♦ ❛ ■P ② PP✮ ❡st♦s ♠í♥✐♠♦s ❡♥✲
❡r❣ét✐❝♦s s❡ ❛♣r❡❝✐❛♥ ♠ás t♦❞❛✈í❛✳ ❈♦♥ r❡s♣❡❝t♦ ❛ ❧❛s ♦❜s❡r✈❛❝✐♦♥❡s r❡❛❧✐③❛❞❛s
❡♥ ❧♦s ❝❧✉st❡rs P❉ ② PP✱ ✈✐♠♦s q✉❡ ❡s ♣♦s✐❜❧❡ ❞✐❢❡r❡♥❝✐❛r❧♦s ✉s❛♥❞♦ ✈❛r✐♦s
♣❛rá♠❡tr♦s✳ ❊st♦ q✉✐❡r❡ ❞❡❝✐r✱ ♣♦r ❡❥❡♠♣❧♦✱ q✉❡ s❛❜✐❡♥❞♦ ❡❧ ár❡❛ ❛❝❝❡s✐❜❧❡ ❛❧
s♦❧✈❡♥t❡ ❞❡ ✉♥ r❡s✐❞✉♦ ♦ ❧❛ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ❞❡ ❧♦s r❡s✐❞✉♦s ✐♥✈♦❧✉❝r❛❞♦s
❡♥ ❧♦s ❝❧✉st❡rs✱ ❡s ♣♦s✐❜❧❡ t❡♥❡r ✉♥❛ ✐❞❡❛ ❞❡ ❧❛ ♣♦s✐❜❧❡ ❢✉♥❝✐ó♥ ❞❡ ✉♥ ❝❧✉st❡r ❞❡
❛r♦♠át✐❝♦s✳
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❈❛♣ít✉❧♦ ✺

❈♦♥❝❧✉s✐♦♥❡s

❘❡s✉♠✐❡♥❞♦ ❧♦ ❡①♣✉❡st♦ ❤❛st❛ ❛❤♦r❛✱ ♣r✐♠❡r♦ ❞❡s❛rr♦❧❧❛♠♦s ✉♥ ♣✐♣❡❧✐♥❡
❜✐♦✐♥❢♦r♠át✐❝♦ ♣❛r❛ ❛♥♦t❛r ❣❡♥♦♠❛s ❞❡ ❜❛❝t❡r✐❛s ❝♦♥ ❡❧ ❝✉❛❧ ❛♥♦t❛♠♦s ② ❞❡✲
♣♦s✐t❛♠♦s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s ❞❡ ♣ú❜❧✐❝♦ ❛❝❝❡s♦ ✷ ❣❡♥♦♠❛s ❛✐s❧❛❞♦s ❡♥ t❡rr✐t♦r✐♦
❆r❣❡♥t✐♥♦✿ ❇✐③✐♦♥✐❛ ❛r❣❡♥t✐♥❡s✐s ② ❊①✐❣✉♦❜❛❝t❡r✐✉♠ s♣✳ ❙✶✼✳ ❙❡❣✉♥❞♦✱ ❞❡s❛r✲
r♦❧❧❛♠♦s ♦tr♦ ♣✐♣❡❧✐♥❡ ♣❛r❛ r❡❛❧✐③❛r ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦ ❞❡ ❡str✉❝t✉r❛s ❞❡
♣r♦t❡í♥❛s ② ❛♥❛❧✐③❛♠♦s ❧♦s ❣❡♥♦♠❛s ❞❡ ✸ ♣❛tó❣❡♥♦s✿ ▼②❝♦❜❛❝t❡r✐✉♠ t✉❜❡r❝✉❧♦✲
s✐s✱ ❑❧❡❜s✐❡❧❧❛ ♣♥❡✉♠♦♥✐❛❡ ② ❈♦r②♥❡❜❛❝t❡r✐✉♠ ♣s❡✉❞♦t✉❜❡r❝✉❧♦s✐s✳ P♦r út❧✐♠♦✱
❛♥❛❧✐③❛♠♦s ✉♥❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ❡str✉❝t✉r❛s ❝♦♥♦❝✐❞❛s ❞❡ ♣r♦t❡í♥❛s ♣❛r❛ ❝❛r✲
❛❝t❡r✐③❛r ♠♦t✐✈♦s ❡str✉❝t✉r❛❧❡s r❡❧❡✈❛♥t❡s✿ ❧♦s ❝❧✉st❡rs ❞❡ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s✳

❈♦♥ r❡s♣❡❝t♦ ❛❧ ♣r✐♠❡r ❝❛♣ít✉❧♦✱ ✈✐♠♦s q✉❡ ❧♦s s✐st❡♠❛s ❞❡ ❛♥♦t❛❝✐ó♥ s♦♥
♣♦s✐❜❧❡s ❣r❛❝✐❛s ❛ ❧❛ ❛❝❝✐ó♥ ❝♦♠❜✐♥❛❞❛ ❞❡ ❜❛s❡s ❞❡ ❞❛t♦s ② ❛❧❣♦r✐t♠♦s ❞❡
❜úsq✉❡❞❛✱ ② ❝♦♠♣❛r❛♥❞♦ ❝♦♥ ❧♦s ❡❧❡♠❡♥t♦s ❞❡ ❞✐❝❤❛s ❜❛s❡s ❞❡ ❞❛t♦s✱ ❛s✐❣♥❛♥
❢✉♥❝✐ó♥ ❜❛s❛♥❞♦s❡ ❡♥ s✐♠✐❧❛r✐❞❛❞ ❝♦♥ ♦tr❛s s❡❝✉❡♥❝✐❛s ❞❡ ❧❛s q✉❡ t❡♥❡♠♦s ✐♥✲
❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡ s✉ ❢✉♥❝✐ó♥✳ ❊st❡ t✐♣♦ ❞❡ ❡str❛t❡❣✐❛s ♥♦s ♣❡r♠✐t❡♥ ❞❡t❡❝t❛r
❝❛r❛❝t❡ríst✐❝❛s ❝♦♥s❡r✈❛❞❛s✱ ❝♦♠♦ ♣♦r ❡❥❡♠♣❧♦✱ ❞♦♠✐♥✐♦s✱ ❢❛♠✐❧✐❛s✱ ❡t❝✳ ❙✐♥ ❡♠✲
❜❛r❣♦✱ q✉❡❞❛ ❝❧❛r♦ q✉❡ ✉♥ ❛❧t♦ ♣♦r❝❡♥t❛❥❡ ❞❡ ❧❛s ♣r♦t❡í♥❛s q✉❡❞❛♥ ❛♥♦t❛❞❛s
❝♦♠♦ ✏❞❡ ❢✉♥❝✐ó♥ ❞❡s❝♦♥♦❝✐❞❛✑✱ ② ❤❛❝❡ ❢❛❧t❛ ❡♠♣r❡♥❞❡r ♥✉❡✈♦s ♣r♦②❡❝t♦s ❝✐❡♥✲
tí✜❝♦s q✉❡ ♣❡r♠✐t❛♥ ✉♥❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❛ ❣r❛♥ ❡s❝❛❧❛ ❞❡ ❢✉♥❝✐♦♥❡s ♣r♦t❡✐❝❛s
♣❛r❛ ♠❡❥♦r❛r ❧❛ ❛♥♦t❛❝✐ó♥ ❞❡ ❧❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ s❡ ❣❡♥❡r❛
❝♦♥ ❧❛s té❝♥✐❝❛s ❞❡ ♥✉❡✈❛ ❣❡♥❡r❛❝✐ó♥ ❡♥ s❡❝✉❡♥❝✐❛❝✐ó♥ ♠❛s✐✈❛✳

❊♥ tér♠✐♥♦s ❞❡ ❧♦ ✈✐st♦ ❡♥ ❡❧ s❡❣✉♥❞♦ ❝❛♣ít✉❧♦✱ ✈✐♠♦s q✉❡ ❧❛s té❝♥✐❝❛s ❞❡
♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛ ❜❛s❛❞❛s ❡♥ ♠♦❞❡❧❛❞♦ ❝♦♠♣❛r❛t✐✈♦✱ ❞❛♥ ❧❛ ♣♦s✐❜✐❧✐❞❛❞
❞❡ ❛♥❛❧✐③❛r ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❝❛❞❛ ✈❛r✐❛♥t❡ ♣r♦t❡✐❝❛ ❛ ♣❛rt✐r ❞❡ ❡str✉❝t✉r❛s ❞❡
♣r♦t❡í♥❛s s✐♠✐❧❛r❡s✱ ❧♦ ❝✉❛❧ ❛②✉❞❛ ❛❧ tr❛❜❛❥♦ ❞❡ ❛♥♦t❛❝✐ó♥ ❞❡ ♣r♦t❡í♥❛s ② ❧❡
♣❡r♠✐t❡ ❛❧ ❝✉r❛❞♦r ♠❛♥✉❛❧ ♠❡❥♦r❛r ❧❛ ❛♥♦t❛❝✐ó♥ ❛✉t♦♠át✐❝❛✳ ❍❡♠♦s ✈✐st♦ q✉❡
s❡ ♣✉❡❞❡♥ r❡❛❧✐③❛r ♣r♦②❡❝t♦s ❞❡ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❡str✉❝t✉r❛ ❛ ❡s❝❛❧❛ ❣❡♥ó♠✐❝❛

✶✶✺



❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❝✉❜r✐❡♥❞♦ ❤♦② ❞í❛✱ ❡♥tr❡ ✉♥ ✸✵✪ ② ✉♥ ✺✵✪ ❞❡ ❧♦s ❣❡♥❡s ❞❡ ✉♥❛ ❜❛❝t❡r✐❛ ❝♦♥
✉♥❛ ❝❛❧✐❞❛❞ r❛③♦♥❛❜❧❡✳ ❊st❡ t✐♣♦ ❞❡ ♣r♦②❡❝t♦s ❝♦❜r❛ ❣r❛♥ ✐♥t❡rés ❡♥ ❧❛ ❜úsq✉❡❞❛
❞❡ ♥✉❡✈❛s ♣r♦t❡í♥❛s ❜❧❛♥❝♦ ❡♥ ♣❛tó❣❡♥♦s ♦ ❡♥ ❧❛ ❜úsq✉❡❞❛ ❞❡ ♣r♦t❡í♥❛s ❝♦♥
♥✉❡✈❛s ❛❝t✐✈✐❞❛❞❡s ❞❡ ✐♥t❡rés ❜✐♦t❡❝♥♦❧ó❣✐❝♦✳

❊♥ ❡❧ t❡r❝❡r ❝❛♣ít✉❧♦✱ ❤❡♠♦s ✈✐st♦ q✉❡ ❧♦s ❝❧✉st❡rs ❞❡ ❛r♦♠át✐❝♦s✱ ♠ás ❛❧❧á
❞❡❧ ❞í♠❡r♦ s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❣r❛♥ ♥ú♠❡r♦ ❞❡ ❧❛s ♣r♦t❡í♥❛s ② q✉❡✱ ✐♥t❡r❡s❛♥t❡✲
♠❡♥t❡✱ ❛❞♦♣t❛♥ ✉♥❛ ❝♦♥❢♦r♠❛❝✐ó♥ s✐♠✐❧✐❛r ❛ ❧♦s ❝❧✉st❡rs ❞❡ ❜❡♥❝❡♥♦s ❛✐s❧❛❞♦s✳
❊st♦ ✐♠♣❧✐❝❛rí❛ q✉❡ ❧❛s s❡❝✉❡♥❝✐❛s ❤❛♥ ❡✈♦❧✉❝✐♦♥❛❞♦ ♣❛r❛ ♦♣t✐♠✐③❛r ❡st❛s ✐♥✲
t❡r❛❝❝✐♦♥❡s ② ❡st❛❜✐❧✐③❛r ❧❛ ❡str✉❝t✉r❛ ❞❡ ❧❛s ♣r♦t❡í♥❛s✳ ❚❛♠❜✐é♥ ♦❜s❡r✈❛♠♦s
q✉❡ ❧♦s ❝❧✉st❡rs ❞❡ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ♣❡r♠✐t❡♥ ♦❜t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥ ❢✉♥❝✐♦♥❛❧
❛❝❡r❝❛ ❞❡ ❝✐❡rt❛s r❡❣✐♦♥❡s ❞❡ ✉♥❛ ♣r♦t❡í♥❛✳ ❊st❛s r❡❞❡s ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s ❞❡ r❡s✐❞✲
✉♦s ❛r♦♠át✐❝♦s✱ ♣❡r♠✐t❡♥ ❝❛r❛t❡r✐③❛r ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s q✉❡ ♣✉❡❞❡♥ ❡st❛❜❧❡❝❡r
❧❛s ♣r♦t❡í♥❛s✳ ❱✐♠♦s q✉❡ ❛♥❛❧✐③❛♥❞♦ ❧❛s ♣r♦♣✐❡❞❛❞❡s ❡str✉❝t✉r❛❧❡s✱ ❡♥ ♣❛rt✐❝✲
✉❧❛r✱ ❧❛ ❡str✉❝t✉r❛ s❡❝✉♥❞❛r✐❛ ② ❧❛ ❛❝❝❡s✐❜✐❧✐❞❛❞ ❛❧ s♦❧✈❡♥t❡✱ ❞❡ ❧♦s ❝❧✉st❡rs ❞❡
❛r♦♠át✐❝♦s ♣♦❞❡♠♦s ♣r❡❞❡❝✐r q✉é r♦❧ t❡♥❞rá♥ ❡♥ ❧❛ ♣r♦t❡í♥❛✱ ②❛ s❡❛ ✉♥✐❡♥❞♦
❧✐❣❛♥❞♦s ♦ ♣❛rt✐❝✐♣❛♥❞♦ ❞❡ ❧❛ ✐♥t❡r❛❝❝✐ó♥ ❡♥tr❡ ♣r♦t❡í♥❛s✳ ❆♥❛❧✐③❛♥❞♦ ✉♥❛ ❣r❛♥
❝❛♥t✐❞❛❞ ❞❡ ❡str✉❝t✉r❛s ❞❡ ♣r♦t❡í♥❛s ❞❡♣♦s✐t❛❞❛s ❡♥ ❡❧ P❉❇✱ ♦❜t✉✈✐♠♦s ❝♦♠♦
r❡s✉❧t❛❞♦ q✉❡✱ ❧♦s ❛♠✐♥♦ á❝✐❞♦s ❛r♦♠át✐❝♦s q✉❡ ✐♥t❡r❛❝tú❛♥ ❝♦♥ ♦tr❛s ♠♦❧é❝✉✲
❧❛s✱ ♣r❡s❡♥t❛♥ ✉♥ ❣r❛❞♦ ❞❡ ❡①♣♦s✐❝✐ó♥ ❛❧ s♦❧✈❡♥t❡ ♠ás ❣r❛♥❞❡ q✉❡ ❡❧ ♣r♦♠❡❞✐♦
❞❡ ❧♦s ❛♠✐♥♦ á❝✐❞♦s ❛r♦♠át✐❝♦s ❡♥ ❣❡♥❡r❛❧✳ ▼ás ❛ú♥✱ ❛q✉❡❧❧♦s q✉❡ ❡stá♥ ✐♥t❡r✲
❛❝t✉❛♥❞♦ ❝♦♥ ❧✐❣❛♥❞♦s t✐♣♦ ❞r♦❣❛ s✉❡❧❡♥ ❛♣❛r❡❝❡r ❡♥ ▲♦♦♣s✱ ❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❧❛
♣r♦♣❡♥s✐ó♥ ♥❛t✉r❛❧ ❞❡ ❧♦s ♠✐s♠♦s ♣♦r ❧❛s ❤♦❥❛s ❜❡t❛✳

❋✐♥❛❧♠❡♥t❡✱ ❝♦♠♦ ❝♦♠❡♥t❛♠♦s ❛♥t❡s✱ ❧♦s ❛♥♦t❛❞♦r❡s ❛✉t♦♠át✐❝♦s ❞❡ ❣❡♥♦✲
♠❛s r❡s✉❡❧✈❡♥ ♠✉② ❜✐❡♥ ❡❧ ♣r♦❜❧❡♠❛ ❞❡ ♦❜t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥ r❡❧❡✈❛♥t❡ ❛ ♣❛rt✐r
❞❡ ✉♥❛ s❡❝✉❡♥❝✐❛❝✐ó♥✱ ② q✉❡✱ ❛ s✉ ✈❡③✱ ❡st♦ ❢❛✈♦r❡❝✐ó ❡❧ ❝r❡❝✐❡♠✐❡♥t♦ ❞❡s♠❡❞✐❞♦
❡♥ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❣❡♥♦♠❛s ❞❡♣♦s✐t❛❞♦s ❡♥ ❜❛s❡s ❞❡ ❞❛t♦s q✉❡ ♣♦s❡❡♥ ✉♥❛ ❛♥✲
♦t❛❝✐ó♥ ❛✉t♦♠át✐❝❛✱ ❞❡ ❧♦s ❝✉❛❧❡s s❡ ✈♦❧✈❡rí❛ ♣r♦❤✐❜✐t✐✈♦ r❡❛❧✐③❛r ❡①♣❡r✐♠❡♥t♦s
s♦❜r❡ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ❣❡♥❡s ♣r❡s❡♥t❡s ❡♥ ést♦s ❣❡♥♦♠❛s ❞❡ ♠❛♥❡r❛ ❞❡ ♠❡❥♦✲
r❛r ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❞✐s♣♦♥✐❜❧❡✳ ❊s ♣♦r ❡st♦ q✉❡✱ ♦❜t❡♥❡r ✉♥❛ ❡str✉❝t✉r❛ ♠♦❧❞❡
♣❛r❛ ♠♦❞❡❧❛r ❡str✉❝t✉r❛❧♠❡♥t❡ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ s❡❝✉❡♥❝✐❛✱ ❡s ✉♥❛ ❤❡rr❛♠✐❡♥✲
t❛ ♣♦❞❡r♦s❛ ♣❛r❛ ❡♥t❡♥❞❡r ❧❛s ❢✉♥❝✐♦♥❡s ❞❡ ❛q✉❡❧❧❛s ♣r♦t❡í♥❛s ♣❛r❛ ❧❛s ❝✉❛❧❡s
❡st♦ ❢✉❡r❛ ♣♦s✐❜❧❡✳ ❯♥❛ ✈❡③ ♠♦❞❡❧❛❞❛ ❧❛ ❡str✉❝t✉r❛✱ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ♣r❡s❡♥t❡s
❡♥ ❡❧❧❛ ❛♣♦rt❛♥ ❜❛st❛♥t❡ ❛ ❧❛ ❝♦♠♣r❡♥s✐ó♥ ❞❡ ❧❛ ❢✉♥❝✐ó♥ ♣r♦t❡✐❝❛✱ ❞❡ ❧❛s ❝✉❛❧❡s✱
❡♥ ❡st❛ t❡s✐s ♥♦s♦tr♦s ❤✐❝✐♠♦s ❢♦❝♦ ❡♥ ❧♦s ❝❧✉st❡rs ❞❡ ❛♥✐❧❧♦s ❛r♦♠át✐❝♦s ❝♦♠♦
✉♥❛ ❢♦r♠❛ ❞❡ ✐♥t❡❣r❛r ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛s r❡❞❡s ❞❡ ✐♥t❡r❛❝❝✐♦♥❡s ❛r♦♠át✐❝❛s✳
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❇✐❜❧✐♦❣r❛❢í❛

❬❆❛❧t♦♥❡♥ ❛♥❞ ❙✐❧♦✇✱ ✷✵✵✽❪ ❆❛❧t♦♥❡♥✱ ❊✳ ❑✳ ❛♥❞ ❙✐❧♦✇✱ ▼✳ ✭✷✵✵✽✮✳ ❚r❛♥s♠❡♠✲
❜r❛♥❡ t♦♣♦❧♦❣② ♦❢ t❤❡ ❛❝r✸ ❢❛♠✐❧② ❛rs❡♥✐t❡ tr❛♥s♣♦rt❡r ❢r♦♠ ❜❛❝✐❧❧✉s s✉❜t✐❧✐s✳
❇✐♦❝❤✐♠✐❝❛ ❡t ❇✐♦♣❤②s✐❝❛ ❆❝t❛ ✭❇❇❆✮✲❇✐♦♠❡♠❜r❛♥❡s✱ ✶✼✼✽✭✹✮✿✾✻✸✕✾✼✸✳

❬❆❧❜r❡❝❤t ❡t ❛❧✳✱ ✷✵✵✸❪ ❆❧❜r❡❝❤t✱ ▼✳✱ ❚♦s❛tt♦✱ ❙✳ ❈✳✱ ▲❡♥❣❛✉❡r✱ ❚✳✱ ❛♥❞ ❱❛❧❧❡✱ ●✳
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●❡♥❡♠❛r❦✿ ✇❡❜ s♦❢t✇❛r❡ ❢♦r ❣❡♥❡ ✜♥❞✐♥❣ ✐♥ ♣r♦❦❛r②♦t❡s✱ ❡✉❦❛r②♦t❡s ❛♥❞
✈✐r✉s❡s✳ ◆✉❝❧❡✐❝ ❛❝✐❞s r❡s❡❛r❝❤✱ ✸✸✭s✉♣♣❧ ✷✮✿❲✹✺✶✕❲✹✺✹✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❬❇❤❛tt❛❝❤❛r②②❛ ❡t ❛❧✳✱ ✷✵✵✷❪ ❇❤❛tt❛❝❤❛r②②❛✱ ❘✳✱ ❙❛♠❛♥t❛✱ ❯✳✱ ❛♥❞ ❈❤❛❦r❛❜❛r✲
t✐✱ P✳ ✭✷✵✵✷✮✳ ❆r♦♠❛t✐❝✕❛r♦♠❛t✐❝ ✐♥t❡r❛❝t✐♦♥s ✐♥ ❛♥❞ ❛r♦✉♥❞ α✲❤❡❧✐❝❡s✳ Pr♦✲
t❡✐♥ ❡♥❣✐♥❡❡r✐♥❣✱ ✶✺✭✷✮✿✾✶✕✶✵✵✳

❬❇♦✇♠❛♥ ❛♥❞ ◆✐❝❤♦❧s✱ ✷✵✵✺❪ ❇♦✇♠❛♥✱ ❏✳ P✳ ❛♥❞ ◆✐❝❤♦❧s✱ ❉✳ ❙✳ ✭✷✵✵✺✮✳ ◆♦✈❡❧
♠❡♠❜❡rs ♦❢ t❤❡ ❢❛♠✐❧② ✢❛✈♦❜❛❝t❡r✐❛❝❡❛❡ ❢r♦♠ ❛♥t❛r❝t✐❝ ♠❛r✐t✐♠❡ ❤❛❜✐t❛ts
✐♥❝❧✉❞✐♥❣ s✉❜s❛①✐♠✐❝r♦❜✐✉♠ ✇②♥♥✇✐❧❧✐❛♠s✐✐ ❣❡♥✳ ♥♦✈✳✱ s♣✳ ♥♦✈✳✱ s✉❜s❛①✐♠✐✲
❝r♦❜✐✉♠ s❛①✐♥q✉✐❧✐♥✉s s♣✳ ♥♦✈✳✱ s✉❜s❛①✐❜❛❝t❡r ❜r♦❛❞②✐ ❣❡♥✳ ♥♦✈✳✱ s♣✳ ♥♦✈✳✱
❧❛❝✐♥✉tr✐① ❝♦♣❡♣♦❞✐❝♦❧❛ ❣❡♥✳ ♥♦✈✳✱ s♣✳ ♥♦✈✳✱ ❛♥❞ ♥♦✈❡❧ s♣❡❝✐❡s ♦❢ t❤❡ ❣❡♥❡r❛
❜✐③✐♦♥✐❛✱ ❣❡❧✐❞✐❜❛❝t❡r ❛♥❞ ❣✐❧❧✐s✐❛✳ ■♥t❡r♥❛t✐♦♥❛❧ ❥♦✉r♥❛❧ ♦❢ s②st❡♠❛t✐❝ ❛♥❞
❡✈♦❧✉t✐♦♥❛r② ♠✐❝r♦❜✐♦❧♦❣②✱ ✺✺✭✹✮✿✶✹✼✶✕✶✹✽✻✳

❬❇r♦❝❝❤✐❡r✐ ❛♥❞ ❑❛r❧✐♥✱ ✶✾✾✹❪ ❇r♦❝❝❤✐❡r✐✱ ▲✳ ❛♥❞ ❑❛r❧✐♥✱ ❙✳ ✭✶✾✾✹✮✳ ●❡♦♠❡tr②
♦❢ ✐♥t❡r♣❧❛♥❛r r❡s✐❞✉❡ ❝♦♥t❛❝ts ✐♥ ♣r♦t❡✐♥ str✉❝t✉r❡s✳ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡
◆❛t✐♦♥❛❧ ❆❝❛❞❡♠② ♦❢ ❙❝✐❡♥❝❡s✱ ✾✶✭✷✵✮✿✾✷✾✼✕✾✸✵✶✳

❬❇r♦✇♥❡ ❡t ❛❧✳✱ ✶✾✻✾❪ ❇r♦✇♥❡✱ ❲✳ ❏✳✱ ◆♦rt❤✱ ❆✳✱ P❤✐❧❧✐♣s✱ ❉✳✱ ❇r❡✇✱ ❑✳✱ ❱❛♥❛✲
♠❛♥✱ ❚✳ ❈✳✱ ❛♥❞ ❍✐❧❧✱ ❘✳ ▲✳ ✭✶✾✻✾✮✳ ❆ ♣♦ss✐❜❧❡ t❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ str✉❝t✉r❡
♦❢ ❜♦✈✐♥❡ α✲❧❛❝t❛❧❜✉♠✐♥ ❜❛s❡❞ ♦♥ t❤❛t ♦❢ ❤❡♥✬s ❡❣❣✲✇❤✐t❡ ❧②s♦③②♠❡✳ ❏♦✉r♥❛❧
♦❢ ♠♦❧❡❝✉❧❛r ❜✐♦❧♦❣②✱ ✹✷✭✶✮✿✻✺✕✽✻✳

❬❇✉r❧❡② ❛♥❞ P❡ts❦♦✱ ✶✾✽✺❪ ❇✉r❧❡②✱ ❙✳ ❛♥❞ P❡ts❦♦✱ ●✳ ✭✶✾✽✺✮✳ ❆r♦♠❛t✐❝✲
❛r♦♠❛t✐❝ ✐♥t❡r❛❝t✐♦♥✿ ❛ ♠❡❝❤❛♥✐s♠ ♦❢ ♣r♦t❡✐♥ str✉❝t✉r❡ st❛❜✐❧✐③❛t✐♦♥✳ ❙❝✐✲
❡♥❝❡✱ ✷✷✾✭✹✼✵✽✮✿✷✸✕✷✽✳

❬❈❤❡❧❧✐ ❡t ❛❧✳✱ ✷✵✵✷❪ ❈❤❡❧❧✐✱ ❘✳✱ ●❡r✈❛s✐♦✱ ❋✳ ▲✳✱ Pr♦❝❛❝❝✐✱ P✳✱ ❛♥❞ ❙❝❤❡tt✐♥♦✱ ❱✳
✭✷✵✵✷✮✳ ❙t❛❝❦✐♥❣ ❛♥❞ ❚✲s❤❛♣❡ ❈♦♠♣❡t✐t✐♦♥ ✐♥ ❆r♦♠❛t✐❝✲❆r♦♠❛t✐❝ ❆♠✐♥♦
❆❝✐❞ ■♥t❡r❛❝t✐♦♥s✳ ✭✶✷✮✿✻✶✸✸✕✻✶✹✸✳

❬❈❤♦❤❛♥ ❡t ❛❧✳✱ ✷✵✶✺❪ ❈❤♦❤❛♥✱ ❚✳ ❆✳✱ ◗✐❛♥✱ ❍✳✱ P❛♥✱ ❨✳✱ ❛♥❞ ❈❤❡♥✱ ❏✳✲❩✳
✭✷✵✶✺✮✳ ❈②❝❧✐♥✲❞❡♣❡♥❞❡♥t ❦✐♥❛s❡✲✷ ❛s ❛ t❛r❣❡t ❢♦r ❝❛♥❝❡r t❤❡r❛♣②✿ Pr♦❣r❡ss ✐♥
t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ ❝❞❦✷ ✐♥❤✐❜✐t♦rs ❛s ❛♥t✐✲❝❛♥❝❡r ❛❣❡♥ts✳ ❈✉rr❡♥t ♠❡❞✐❝✐♥❛❧
❝❤❡♠✐str②✱ ✷✷✭✷✮✿✷✸✼✕✷✻✸✳

❬❈❤♦t❤✐❛ ❡t ❛❧✳✱ ✶✾✾✽❪ ❈❤♦t❤✐❛✱ ❈✳✱ ●❡❧❢❛♥❞✱ ■✳✱ ❛♥❞ ❑✐st❡r✱ ❆✳ ✭✶✾✾✽✮✳ ❙tr✉❝✲
t✉r❛❧ ❞❡t❡r♠✐♥❛♥ts ✐♥ t❤❡ s❡q✉❡♥❝❡s ♦❢ ✐♠♠✉♥♦❣❧♦❜✉❧✐♥ ✈❛r✐❛❜❧❡ ❞♦♠❛✐♥✳
❏♦✉r♥❛❧ ♦❢ ♠♦❧❡❝✉❧❛r ❜✐♦❧♦❣②✱ ✷✼✽✭✷✮✿✹✺✼✕✹✼✾✳

❬❈❤♦t❤✐❛ ❛♥❞ ▲❡s❦✱ ✶✾✽✻❪ ❈❤♦t❤✐❛✱ ❈✳ ❛♥❞ ▲❡s❦✱ ❆✳ ▼✳ ✭✶✾✽✻✮✳ ❚❤❡ r❡❧❛t✐♦♥
❜❡t✇❡❡♥ t❤❡ ❞✐✈❡r❣❡♥❝❡ ♦❢ s❡q✉❡♥❝❡ ❛♥❞ str✉❝t✉r❡ ✐♥ ♣r♦t❡✐♥s✳ ❚❤❡ ❊▼❇❖
❥♦✉r♥❛❧✱ ✺✭✹✮✿✽✷✸✳

❬❈♦♥s♦rt✐✉♠ ❡t ❛❧✳✱ ✷✵✶✹❪ ❈♦♥s♦rt✐✉♠✱ ❯✳ ❡t ❛❧✳ ✭✷✵✶✹✮✳ ❯♥✐♣r♦t✿ ❛ ❤✉❜ ❢♦r
♣r♦t❡✐♥ ✐♥❢♦r♠❛t✐♦♥✳ ◆✉❝❧❡✐❝ ❛❝✐❞s r❡s❡❛r❝❤✱ ♣❛❣❡ ❣❦✉✾✽✾✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❬❈✉✛ ❡t ❛❧✳✱ ✶✾✾✽❪ ❈✉✛✱ ❏✳ ❆✳✱ ❈❧❛♠♣✱ ▼✳ ❊✳✱ ❙✐❞❞✐q✉✐✱ ❆✳ ❙✳✱ ❋✐♥❧❛②✱ ▼✳✱ ❛♥❞
❇❛rt♦♥✱ ●✳ ❏✳ ✭✶✾✾✽✮✳ ❏♣r❡❞✿ ❛ ❝♦♥s❡♥s✉s s❡❝♦♥❞❛r② str✉❝t✉r❡ ♣r❡❞✐❝t✐♦♥
s❡r✈❡r✳ ❇✐♦✐♥❢♦r♠❛t✐❝s✱ ✶✹✭✶✵✮✿✽✾✷✕✽✾✸✳

❬❉❛♥❣✱ ✷✵✵✵❪ ❉❛♥❣✱ ▲✳ ❳✳ ✭✷✵✵✵✮✳ ▼♦❧❡❝✉❧❛r ❞②♥❛♠✐❝s st✉❞② ♦❢ ❜❡♥③❡♥❡✕
❜❡♥③❡♥❡ ❛♥❞ ❜❡♥③❡♥❡✕♣♦t❛ss✐✉♠ ✐♦♥ ✐♥t❡r❛❝t✐♦♥s ✉s✐♥❣ ♣♦❧❛r✐③❛❜❧❡ ♣♦t❡♥t✐❛❧
♠♦❞❡❧s✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❈❤❡♠✐❝❛❧ P❤②s✐❝s✱ ✶✶✸✭✶✮✿✷✻✻✕✷✼✸✳

❬❞❡ ❆r❛✉❥♦ ❡t ❛❧✳✱ ✶✾✾✾❪ ❞❡ ❆r❛✉❥♦✱ ❆✳ ❋✳ P✳✱ P♦❝❤❛♣s❦②✱ ❚✳ ❈✳✱ ❛♥❞ ❏♦✉❣❤✐♥✱
❇✳ ✭✶✾✾✾✮✳ ❚❤❡r♠♦❞②♥❛♠✐❝s ♦❢ ✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥ ❛♠✐♥♦ ❛❝✐❞ s✐❞❡ ❝❤❛✐♥s✿
❡①♣❡r✐♠❡♥t❛❧ ❞✐✛❡r❡♥t✐❛t✐♦♥ ♦❢ ❛r♦♠❛t✐❝✲❛r♦♠❛t✐❝✱ ❛r♦♠❛t✐❝✲❛❧✐♣❤❛t✐❝✱ ❛♥❞
❛❧✐♣❤❛t✐❝✲❛❧✐♣❤❛t✐❝ s✐❞❡✲❝❤❛✐♥ ✐♥t❡r❛❝t✐♦♥s ✐♥ ✇❛t❡r✳ ❇✐♦♣❤②s✐❝❛❧ ❥♦✉r♥❛❧✱
✼✻✭✺✮✿✷✸✶✾✕✷✸✷✽✳

❬❉❡ ▼❡✐❥❡r❡ ❛♥❞ ❍✉✐s❦❡♥✱ ✶✾✾✵❪ ❉❡ ▼❡✐❥❡r❡✱ ❆✳ ❛♥❞ ❍✉✐s❦❡♥✱ ❋✳ ✭✶✾✾✵✮✳ ❈♦✷✲
❧❛s❡r ✐♥❞✉❝❡❞ ♣❤♦t♦❞✐ss♦❝✐❛t✐♦♥ st✉❞✐❡s ♦❢ s✐③❡✲s❡❧❡❝t❡❞ s♠❛❧❧ ❜❡♥③❡♥❡ ❝❧✉s✲
t❡rs✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❈❤❡♠✐❝❛❧ P❤②s✐❝s✱ ✾✷✭✶✵✮✿✺✽✷✻✕✺✽✸✹✳

❬❉❡❛♥❡ ❛♥❞ ❇❧✉♥❞❡❧❧✱ ✷✵✵✶❪ ❉❡❛♥❡✱ ❈✳ ▼✳ ❛♥❞ ❇❧✉♥❞❡❧❧✱ ❚✳ ▲✳ ✭✷✵✵✶✮✳ ❈♦❞❛✿ ❛
❝♦♠❜✐♥❡❞ ❛❧❣♦r✐t❤♠ ❢♦r ♣r❡❞✐❝t✐♥❣ t❤❡ str✉❝t✉r❛❧❧② ✈❛r✐❛❜❧❡ r❡❣✐♦♥s ♦❢ ♣r♦t❡✐♥
♠♦❞❡❧s✳ Pr♦t❡✐♥ ❙❝✐❡♥❝❡✱ ✶✵✭✸✮✿✺✾✾✕✻✶✷✳

❬❉❡❧❝❤❡r ❡t ❛❧✳✱ ✷✵✵✼❪ ❉❡❧❝❤❡r✱ ❆✳ ▲✳✱ ❇r❛t❦❡✱ ❑✳ ❛✳✱ P♦✇❡rs✱ ❊✳ ❈✳✱ ❛♥❞
❙❛❧③❜❡r❣✱ ❙✳ ▲✳ ✭✷✵✵✼✮✳ ■❞❡♥t✐❢②✐♥❣ ❜❛❝t❡r✐❛❧ ❣❡♥❡s ❛♥❞ ❡♥❞♦s②♠❜✐♦♥t ❉◆❆
✇✐t❤ ●❧✐♠♠❡r✳ ❇✐♦✐♥❢♦r♠❛t✐❝s ✭❖①❢♦r❞✱ ❊♥❣❧❛♥❞✮✱ ✷✸✭✻✮✿✻✼✸✕✾✳

❬❉✐❜ ❡t ❛❧✳✱ ✷✵✵✽❪ ❉✐❜✱ ❏✳✱ ▼♦t♦❦✱ ❏✳✱ ❩❡♥♦✛✱ ❱✳ ❋✳✱ ❖r❞♦ñ❡③✱ ❖✳✱ ❛♥❞ ❋❛rí❛s✱
▼✳ ❊✳ ✭✷✵✵✽✮✳ ❖❝❝✉rr❡♥❝❡ ♦❢ r❡s✐st❛♥❝❡ t♦ ❛♥t✐❜✐♦t✐❝s✱ ✉✈✲❜✱ ❛♥❞ ❛rs❡♥✐❝ ✐♥
❜❛❝t❡r✐❛ ✐s♦❧❛t❡❞ ❢r♦♠ ❡①tr❡♠❡ ❡♥✈✐r♦♥♠❡♥ts ✐♥ ❤✐❣❤✲❛❧t✐t✉❞❡ ✭❛❜♦✈❡ ✹✹✵✵
♠✮ ❛♥❞❡❛♥ ✇❡t❧❛♥❞s✳ ❈✉rr❡♥t ♠✐❝r♦❜✐♦❧♦❣②✱ ✺✻✭✺✮✿✺✶✵✕✺✶✼✳

❬❉✐❜ ❡t ❛❧✳✱ ✷✵✵✾❪ ❉✐❜✱ ❏✳ ❘✳✱ ❲❡✐ss✱ ❆✳✱ ◆❡✉♠❛♥♥✱ ❆✳✱ ❖r❞♦ñ❡③✱ ❖✳✱ ❊sté✈❡③✱
▼✳ ❈✳✱ ❛♥❞ ❋❛rí❛s✱ ▼✳ ❊✳ ✭✷✵✵✾✮✳ ■s♦❧❛t✐♦♥ ♦❢ ❜❛❝t❡r✐❛ ❢r♦♠ r❡♠♦t❡ ❤✐❣❤
❛❧t✐t✉❞❡ ❛♥❞❡❛♥ ❧❛❦❡s ❛❜❧❡ t♦ ❣r♦✇ ✐♥ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❛♥t✐❜✐♦t✐❝s✳ ❘❡❝❡♥t
♣❛t❡♥ts ♦♥ ❛♥t✐✲✐♥❢❡❝t✐✈❡ ❞r✉❣ ❞✐s❝♦✈❡r②✱ ✹✭✶✮✿✻✻✕✼✻✳

❬❊❛st❡r ❡t ❛❧✳✱ ✷✵✵✺❪ ❊❛st❡r✱ ❉✳ ❈✳✱ ❚❡rr❡❧❧✱ ❉✳ ❆✳✱ ❛♥❞ ❘♦♦❢✱ ❏✳ ❆✳ ✭✷✵✵✺✮✳
▼♦♥t❡ ❝❛r❧♦ st✉❞✐❡s ♦❢ ✐s♦♠❡rs✱ str✉❝t✉r❡s✱ ❛♥❞ ♣r♦♣❡rt✐❡s ✐♥ ❜❡♥③❡♥❡✲
❝②❝❧♦❤❡①❛♥❡ ❝❧✉st❡rs✿ ❈♦♠♣✉t❛t✐♦♥ str❛t❡❣② ❛♥❞ ❛♣♣❧✐❝❛t✐♦♥ t♦ t❤❡ ❞✐♠❡r
❛♥❞ tr✐♠❡r✱✭❝✻❤✻✮✭❝✻❤✶✷✮ ♥✱ ♥❂ ✶✲✷✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ P❤②s✐❝❛❧ ❈❤❡♠✐str② ❆✱
✶✵✾✭✹✮✿✻✼✸✕✻✽✾✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❬❊✐❞❡♥s❝❤✐♥❦ ❡t ❛❧✳✱ ✷✵✵✾❪ ❊✐❞❡♥s❝❤✐♥❦✱ ▲✳ ❆✳✱ ❑✐❡r✱ ❇✳ ▲✳✱ ❛♥❞ ❆♥❞❡rs❡♥✱ ◆✳ ❍✳
✭✷✵✵✾✮✳ ❉❡t❡r♠✐♥❛♥ts ♦❢ ❢♦❧❞ st❛❜✐❧✐③✐♥❣ ❛r♦♠❛t✐❝✲❛r♦♠❛t✐❝ ✐♥t❡r❛❝t✐♦♥s ✐♥
s❤♦rt ♣❡♣t✐❞❡s✳ ■♥ P❡♣t✐❞❡s ❢♦r ❨♦✉t❤✱ ♣❛❣❡s ✼✸✕✼✹✳ ❙♣r✐♥❣❡r✳

❬❊✐s❡♥❜❡r❣ ❡t ❛❧✳✱ ✶✾✾✼❪ ❊✐s❡♥❜❡r❣✱ ❉✳✱ ▲üt❤②✱ ❘✳✱ ❛♥❞ ❇♦✇✐❡✱ ❏✳ ❯✳ ✭✶✾✾✼✮✳ ❱❡r✲
✐❢②✸❞✿ ❛ss❡ss♠❡♥t ♦❢ ♣r♦t❡✐♥ ♠♦❞❡❧s ✇✐t❤ t❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ ♣r♦✜❧❡s✳ ▼❡t❤♦❞s
✐♥ ❡♥③②♠♦❧♦❣②✱ ✭✷✼✼✮✿✸✾✻✕✹✵✹✳

❬❊♥❣❦✈✐st ❡t ❛❧✳✱ ✶✾✾✾❪ ❊♥❣❦✈✐st✱ ❖✳✱ ❍♦❜③❛✱ P✳✱ ❙❡❧③❧❡✱ ❍✳ ▲✳✱ ❛♥❞ ❙❝❤❧❛❣✱ ❊✳ ❲✳
✭✶✾✾✾✮✳ ❇❡♥③❡♥❡ tr✐♠❡r ❛♥❞ ❜❡♥③❡♥❡ t❡tr❛♠❡r✿ ❙tr✉❝t✉r❡s ❛♥❞ ♣r♦♣❡rt✐❡s
❞❡t❡r♠✐♥❡❞ ❜② t❤❡ ♥♦♥❡♠♣✐r✐❝❛❧ ♠♦❞❡❧ ✭◆❊▼❖✮ ♣♦t❡♥t✐❛❧ ❝❛❧✐❜r❛t❡❞ ❢r♦♠
t❤❡ ❈❈❙❉✭❚✮ ❜❡♥③❡♥❡ ❞✐♠❡r ❡♥❡r❣✐❡s✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❈❤❡♠✐❝❛❧ P❤②s✐❝s✱
✶✶✵✭✶✷✮✿✺✼✺✽✳

❬❊s♣✐♥♦③❛✲❋♦♥s❡❝❛ ❛♥❞ ●❛r❝í❛✲▼❛❝❤♦rr♦✱ ✷✵✵✽❪ ❊s♣✐♥♦③❛✲❋♦♥s❡❝❛✱ ▲✳ ▼✳ ❛♥❞
●❛r❝í❛✲▼❛❝❤♦rr♦✱ ❏✳ ✭✷✵✵✽✮✳ ❆r♦♠❛t✐❝✕❛r♦♠❛t✐❝ ✐♥t❡r❛❝t✐♦♥s ✐♥ t❤❡ ❢♦r♠❛✲
t✐♦♥ ♦❢ t❤❡ ♠❞♠✷✕♣✺✸ ❝♦♠♣❧❡①✳ ❇✐♦❝❤❡♠✐❝❛❧ ❛♥❞ ❜✐♦♣❤②s✐❝❛❧ r❡s❡❛r❝❤ ❝♦♠✲
♠✉♥✐❝❛t✐♦♥s✱ ✸✼✵✭✹✮✿✺✹✼✕✺✺✶✳

❬❊s✇❛r ❡t ❛❧✳✱ ✷✵✵✻❪ ❊s✇❛r✱ ◆✳✱ ❲❡❜❜✱ ❇✳✱ ▼❛rt✐✲❘❡♥♦♠✱ ▼✳ ❆✳✱ ▼❛❞❤✉s✉❞❤❛♥✱
▼✳✱ ❊r❛♠✐❛♥✱ ❉✳✱ ❙❤❡♥✱ ▼✳✲②✳✱ P✐❡♣❡r✱ ❯✳✱ ❛♥❞ ❙❛❧✐✱ ❆✳ ✭✷✵✵✻✮✳ ❈♦♠♣❛r❛t✐✈❡
♣r♦t❡✐♥ str✉❝t✉r❡ ♠♦❞❡❧✐♥❣ ✉s✐♥❣ ♠♦❞❡❧❧❡r✳ ❈✉rr❡♥t ♣r♦t♦❝♦❧s ✐♥ ❜✐♦✐♥❢♦r✲
♠❛t✐❝s✱ ♣❛❣❡s ✺✕✻✳

❬❋❛rí❛s ❡t ❛❧✳✱ ✷✵✶✸❪ ❋❛rí❛s✱ ▼✳ ❊✳✱ ❘❛s❝♦✈❛♥✱ ◆✳✱ ❚♦♥❡❛tt✐✱ ❉✳ ▼✳✱ ❆❧❜❛rr❛❝í♥✱
❱✳ ❍✳✱ ❋❧♦r❡s✱ ▼✳ ❘✳✱ P♦✐ré✱ ❉✳ ●✳✱ ❈♦❧❧❛✈✐♥♦✱ ▼✳ ▼✳✱ ❆❣✉✐❧❛r✱ ❖✳ ▼✳✱ ❱❛③q✉❡③✱
▼✳ P✳✱ ❛♥❞ P♦❧❡r❡❝❦②✱ ▲✳ ✭✷✵✶✸✮✳ ❚❤❡ ❞✐s❝♦✈❡r② ♦❢ str♦♠❛t♦❧✐t❡s ❞❡✈❡❧♦♣✐♥❣ ❛t
✸✺✼✵ ♠ ❛❜♦✈❡ s❡❛ ❧❡✈❡❧ ✐♥ ❛ ❤✐❣❤✲❛❧t✐t✉❞❡ ✈♦❧❝❛♥✐❝ ❧❛❦❡ s♦❝♦♠♣❛✱ ❛r❣❡♥t✐♥❡❛♥
❛♥❞❡s✳ P❧♦❙ ♦♥❡✱ ✽✭✶✮✿❡✺✸✹✾✼✳

❬❋✐♥♥ ❡t ❛❧✳✱ ✷✵✵✻❪ ❋✐♥♥✱ ❘✳ ❉✳✱ ▼✐str②✱ ❏✳✱ ❙❝❤✉st❡r✲❇ö❝❦❧❡r✱ ❇✳✱ ●r✐✣t❤s✲
❏♦♥❡s✱ ❙✳✱ ❍♦❧❧✐❝❤✱ ❱✳✱ ▲❛ss♠❛♥♥✱ ❚✳✱ ▼♦①♦♥✱ ❙✳✱ ▼❛rs❤❛❧❧✱ ▼✳✱ ❑❤❛♥♥❛✱ ❆✳✱
❉✉r❜✐♥✱ ❘✳✱ ❊❞❞②✱ ❙✳ ❘✳✱ ❙♦♥♥❤❛♠♠❡r✱ ❊✳ ▲✳ ▲✳✱ ❛♥❞ ❇❛t❡♠❛♥✱ ❆✳ ✭✷✵✵✻✮✳
P❢❛♠✿ ❝❧❛♥s✱ ✇❡❜ t♦♦❧s ❛♥❞ s❡r✈✐❝❡s✳ ◆✉❝❧❡✐❝ ❛❝✐❞s r❡s❡❛r❝❤✱ ✸✹✭❉❛t❛❜❛s❡
✐ss✉❡✮✿❉✷✹✼✕✺✶✳

❬❋✐s❡r ❡t ❛❧✳✱ ✷✵✵✵❪ ❋✐s❡r✱ ❆✳✱ ❉♦✱ ❘✳ ❑✳ ●✳✱ ❛♥❞ ➆❛❧✐✱ ❆✳ ✭✷✵✵✵✮✳ ▼♦❞❡❧✐♥❣ ♦❢
❧♦♦♣s ✐♥ ♣r♦t❡✐♥ str✉❝t✉r❡s✳ Pr♦t❡✐♥ s❝✐❡♥❝❡✱ ✾✭✵✾✮✿✶✼✺✸✕✶✼✼✸✳

❬❋❧♦❤✐❧ ❡t ❛❧✳✱ ✷✵✵✷❪ ❋❧♦❤✐❧✱ ❏✳ ❛✳✱ ❱r✐❡♥❞✱ ●✳✱ ❛♥❞ ❇❡r❡♥❞s❡♥✱ ❍✳ ❏✳ ❈✳ ✭✷✵✵✷✮✳
❈♦♠♣❧❡t✐♦♥ ❛♥❞ r❡✜♥❡♠❡♥t ♦❢ ✸✲❉ ❤♦♠♦❧♦❣② ♠♦❞❡❧s ✇✐t❤ r❡str✐❝t❡❞ ♠♦❧❡❝✲
✉❧❛r ❞②♥❛♠✐❝s✿ ❛♣♣❧✐❝❛t✐♦♥ t♦ t❛r❣❡ts ✹✼✱ ✺✽✱ ❛♥❞ ✶✶✶ ✐♥ t❤❡ ❈❆❙P ♠♦❞❡❧✐♥❣
❝♦♠♣❡t✐t✐♦♥ ❛♥❞ ♣♦st❡r✐♦r ❛♥❛❧②s✐s✳ Pr♦t❡✐♥s✱ ✹✽✭✹✮✿✺✾✸✕✻✵✹✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❬❋✉ ❡t ❛❧✳✱ ✷✵✵✾❪ ❋✉✱ ❍✳✲▲✳✱ ▼❡♥❣✱ ❨✳✱ ❖r❞óñ❡③✱ ❊✳✱ ❱✐❧❧❛❞❛♥❣♦s✱ ❆✳ ❋✳✱ ❇❤❛t✲
t❛❝❤❛r❥❡❡✱ ❍✳✱ ●✐❧✱ ❏✳ ❆✳✱ ▼❛t❡♦s✱ ▲✳ ▼✳✱ ❛♥❞ ❘♦s❡♥✱ ❇✳ P✳ ✭✷✵✵✾✮✳ Pr♦♣✲
❡rt✐❡s ♦❢ ❛rs❡♥✐t❡ ❡✤✉① ♣❡r♠❡❛s❡s ✭❛❝r✸✮ ❢r♦♠ ❛❧❦❛❧✐♣❤✐❧✉s ♠❡t❛❧❧✐r❡❞✐✲
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❬❑❛♥❡❤✐s❛ ❛♥❞ ●♦t♦✱ ✷✵✵✵❪ ❑❛♥❡❤✐s❛✱ ▼✳ ❛♥❞ ●♦t♦✱ ❙✳ ✭✷✵✵✵✮✳ ❑❊●● ✿ ❑②♦t♦
❊♥❝②❝❧♦♣❡❞✐❛ ♦❢ ●❡♥❡s ❛♥❞ ●❡♥♦♠❡s✳ ✷✽✭✶✮✿✷✼✕✸✵✳

❬❑❛♥❡❤✐s❛ ❡t ❛❧✳✱ ✷✵✵✻❪ ❑❛♥❡❤✐s❛✱ ▼✳✱ ●♦t♦✱ ❙✳✱ ❍❛tt♦r✐✱ ▼✳✱ ❆♦❦✐✲❦✐♥♦s❤✐t❛✱
❑✳ ❋✳✱ ■t♦❤✱ ▼✳✱ ❑❛✇❛s❤✐♠❛✱ ❙✳✱ ❑❛t❛②❛♠❛✱ ❚✳✱ ❛♥❞ ❆r❛❦✐✱ ▼✳ ✭✷✵✵✻✮✳ ❋r♦♠
❣❡♥♦♠✐❝s t♦ ❝❤❡♠✐❝❛❧ ❣❡♥♦♠✐❝s ✿ ♥❡✇ ❞❡✈❡❧♦♣♠❡♥ts ✐♥ ❑❊●●✳ ✸✹✿✸✺✹✕✸✺✼✳

❬❑❛♥♥❛♥ ❛♥❞ ❱✐s❤✈❡s❤✇❛r❛✱ ✷✵✵✵❪ ❑❛♥♥❛♥✱ ◆✳ ❛♥❞ ❱✐s❤✈❡s❤✇❛r❛✱ ❙✳ ✭✷✵✵✵✮✳
❆r♦♠❛t✐❝ ❝❧✉st❡rs ✿ ❛ ❞❡t❡r♠✐♥❛♥t ♦❢ t❤❡r♠❛❧ st❛❜✐❧✐t② ♦❢ t❤❡r♠♦♣❤✐❧✐❝ ♣r♦✲
t❡✐♥s✳ ✶✸✭✶✶✮✿✼✺✸✕✼✻✶✳
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❊st❡❜❛♥ ▲❛♥③❛r♦tt✐ ❚❡s✐s ❞❡ ❞♦❝t♦r❛❞♦

❬❑✐❤❛r❛ ❛♥❞ ❙❦♦❧♥✐❝❦✱ ✷✵✵✸❪ ❑✐❤❛r❛✱ ❉✳ ❛♥❞ ❙❦♦❧♥✐❝❦✱ ❏✳ ✭✷✵✵✸✮✳ ❚❤❡ ♣❞❜ ✐s
❛ ❝♦✈❡r✐♥❣ s❡t ♦❢ s♠❛❧❧ ♣r♦t❡✐♥ str✉❝t✉r❡s✳ ❏♦✉r♥❛❧ ♦❢ ♠♦❧❡❝✉❧❛r ❜✐♦❧♦❣②✱
✸✸✹✭✹✮✿✼✾✸✕✽✵✷✳

❬❑r❛✉s❡ ❡t ❛❧✳✱ ✶✾✾✶❪ ❑r❛✉s❡✱ ❍✳✱ ❊r♥st❜❡r❣❡r✱ ❇✳✱ ❛♥❞ ◆❡✉ss❡r✱ ❍✳ ✭✶✾✾✶✮✳
❇✐♥❞✐♥❣ ❡♥❡r❣✐❡s ♦❢ s♠❛❧❧ ❜❡♥③❡♥❡ ❝❧✉st❡rs✳ ❈❤❡♠✐❝❛❧ ♣❤②s✐❝s ❧❡tt❡rs✱
✶✽✹✭✺✮✿✹✶✶✕✹✶✼✳

❬❑②t❡ ❛♥❞ ❉♦♦❧✐tt❧❡✱ ✶✾✽✷❪ ❑②t❡✱ ❏✳ ❛♥❞ ❉♦♦❧✐tt❧❡✱ ❘✳ ❋✳ ✭✶✾✽✷✮✳ ❆ s✐♠♣❧❡
♠❡t❤♦❞ ❢♦r ❞✐s♣❧❛②✐♥❣ t❤❡ ❤②❞r♦♣❛t❤✐❝ ❝❤❛r❛❝t❡r ♦❢ ❛ ♣r♦t❡✐♥✳ ❏♦✉r♥❛❧ ♦❢
▼♦❧❡❝✉❧❛r ❇✐♦❧♦❣②✱ ✶✺✼✭✶✮✿✶✵✺ ✕ ✶✸✷✳

❬▲❛♥③❛r♦tt✐ ❡t ❛❧✳✱ ✷✵✶✶❪ ▲❛♥③❛r♦tt✐✱ ❊✳✱ P❡❧❧✐③③❛✱ ▲✳✱ ❇❡r❝♦✈✐❝❤✱ ❆✳✱ ❋♦t✐✱ ▼✳✱
❈♦r✐❛✱ ❙✳ ❍✳✱ ❱❛③q✉❡③✱ ❙✳ ❈✳✱ ❘✉❜❡rt♦✱ ▲✳✱ ❍❡r♥❛✱ ❊✳ ❆✳✱ ❉✐❛s✱ ❘✳ ▲✳✱ ❈♦r✲
♠❛❝❦✱ ❲✳ P✳ ▼✳✱ ❈✐❝❡r♦✱ ❉✳ ❖✳✱ ❙♠❛❧✱ ❈✳✱ ◆✐❝♦❧❛s✱ ▼✳ ❋✳✱ ❚❡r❡③❛✱ ❆✳✱ ❱❛s✲
❝♦♥❝❡❧♦s✱ ❘✳✱ ▼❛rt✐✱ ▼✳ ❆✳✱ ❛♥❞ ❚✉r❥❛♥s❦✐✱ ❆✳ ●✳ ✭✷✵✶✶✮✳ ❉r❛❢t ●❡♥♦♠❡
❙❡q✉❡♥❝❡ ♦❢ ❇✐③✐♦♥✐❛ ❛r❣❡♥t✐♥❡♥s✐s ✱ ■s♦❧❛t❡❞ ❢r♦♠ ❆♥t❛r❝t✐❝ ❙✉r❢❛❝❡ ❲❛t❡r✳
✶✾✸✭✷✸✮✿✻✼✾✼✕✻✼✾✽✳

❬▲❛rs♦♥ ❛♥❞ ❉❛✈✐❞s♦♥✱ ✷✵✵✵❪ ▲❛rs♦♥✱ ❙✳ ▼✳ ❛♥❞ ❉❛✈✐❞s♦♥✱ ❆✳ ❘✳ ✭✷✵✵✵✮✳ ❚❤❡
✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ ❝♦♥s❡r✈❡❞ ✐♥t❡r❛❝t✐♦♥s ✇✐t❤✐♥ t❤❡ s❤✸ ❞♦♠❛✐♥ ❜② ❛❧✐❣♥♠❡♥t
♦❢ s❡q✉❡♥❝❡s ❛♥❞ str✉❝t✉r❡s✳ Pr♦t❡✐♥ ❙❝✐❡♥❝❡✱ ✾✭✶✶✮✿✷✶✼✵✕✷✶✽✵✳

❬▲❡❣♦♥ ❛♥❞ ▼✐❧❧❡♥✱ ✶✾✽✼❪ ▲❡❣♦♥✱ ❆✳ ❛♥❞ ▼✐❧❧❡♥✱ ❉✳ ✭✶✾✽✼✮✳ ❉✐r❡❝t✐♦♥❛❧ ❝❤❛r❛❝✲
t❡r✱ str❡♥❣t❤✱ ❛♥❞ ♥❛t✉r❡ ♦❢ t❤❡ ❤②❞r♦❣❡♥ ❜♦♥❞ ✐♥ ❣❛s✲♣❤❛s❡ ❞✐♠❡rs✳ ❆❝❝♦✉♥ts
♦❢ ❈❤❡♠✐❝❛❧ ❘❡s❡❛r❝❤✱ ✷✵✭✶✮✿✸✾✕✹✻✳

❬▲❡s❦ ❛♥❞ ❋♦r❞❤❛♠✱ ✶✾✾✻❪ ▲❡s❦✱ ❆✳ ▼✳ ❛♥❞ ❋♦r❞❤❛♠✱ ❲✳ ❉✳ ✭✶✾✾✻✮✳ ❈♦♥✲
s❡r✈❛t✐♦♥ ❛♥❞ ✈❛r✐❛❜✐❧✐t② ✐♥ t❤❡ str✉❝t✉r❡s ♦❢ s❡r✐♥❡ ♣r♦t❡✐♥❛s❡s ♦❢ t❤❡ ❝❤②✲
♠♦tr②♣s✐♥ ❢❛♠✐❧②✳ ❏♦✉r♥❛❧ ♦❢ ♠♦❧❡❝✉❧❛r ❜✐♦❧♦❣②✱ ✷✺✽✭✸✮✿✺✵✶✕✺✸✼✳

❬▲✐ ❡t ❛❧✳✱ ✷✵✶✸❪ ▲✐✱ ❙✳✱ ❳✉✱ ❨✳✱ ❙❤❡♥✱ ◗✳✱ ▲✐✉✱ ❳✳✱ ▲✉✱ ❏✳✱ ❈❤❡♥✱ ❨✳✱ ▲✉✱ ❚✳✱
▲✉♦✱ ❈✳✱ ▲✉♦✱ ❳✳✱ ❩❤❡♥❣✱ ▼✳✱ ❡t ❛❧✳ ✭✷✵✶✸✮✳ ◆♦♥✲❝♦✈❛❧❡♥t ✐♥t❡r❛❝t✐♦♥s ✇✐t❤
❛r♦♠❛t✐❝ r✐♥❣s✿ ❈✉rr❡♥t ✉♥❞❡rst❛♥❞✐♥❣ ❛♥❞ ✐♠♣❧✐❝❛t✐♦♥s ❢♦r r❛t✐♦♥❛❧ ❞r✉❣
❞❡s✐❣♥✳ ❈✉rr❡♥t ♣❤❛r♠❛❝❡✉t✐❝❛❧ ❞❡s✐❣♥✱ ✶✾✭✸✻✮✿✻✺✷✷✕✻✺✸✸✳

❬▲✐ ❛♥❞ ●♦❞③✐❦✱ ✷✵✵✻❪ ▲✐✱ ❲✳ ❛♥❞ ●♦❞③✐❦✱ ❆✳ ✭✷✵✵✻✮✳ ❈❞✲❤✐t✿ ❛ ❢❛st ♣r♦❣r❛♠
❢♦r ❝❧✉st❡r✐♥❣ ❛♥❞ ❝♦♠♣❛r✐♥❣ ❧❛r❣❡ s❡ts ♦❢ ♣r♦t❡✐♥ ♦r ♥✉❝❧❡♦t✐❞❡ s❡q✉❡♥❝❡s✳
❇✐♦✐♥❢♦r♠❛t✐❝s ✭❖①❢♦r❞✱ ❊♥❣❧❛♥❞✮✱ ✷✷✭✶✸✮✿✶✻✺✽✕✾✳

❬▲♦✇❡ ❛♥❞ ❊❞❞②✱ ✶✾✾✼❪ ▲♦✇❡✱ ❚✳ ▼✳ ❛♥❞ ❊❞❞②✱ ❙✳ ❘✳ ✭✶✾✾✼✮✳ tr♥❛s❝❛♥✲s❡✿ ❛
♣r♦❣r❛♠ ❢♦r ✐♠♣r♦✈❡❞ ❞❡t❡❝t✐♦♥ ♦❢ tr❛♥s❢❡r r♥❛ ❣❡♥❡s ✐♥ ❣❡♥♦♠✐❝ s❡q✉❡♥❝❡✳
◆✉❝❧❡✐❝ ❛❝✐❞s r❡s❡❛r❝❤✱ ✷✺✭✺✮✿✾✺✺✕✾✻✹✳
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❬▲üt❤② ❘✱ ✶✾✾✷❪ ▲üt❤② ❘✱ ❇♦✇✐❡ ❏❯✱ ❊✳ ❉✳ ✭✶✾✾✷✮✳ ❆ss❡ss♠❡♥t ♦❢ ♣r♦t❡✐♥
♠♦❞❡❧s ✇✐t❤ t❤r❡❡✲❞✐♠❡♥s✐♦♥❛❧ ♣r♦✜❧❡s✳ ◆❛t✉r❡✳

❬▼❛ ❡t ❛❧✳✱ ✷✵✵✸❪ ▼❛✱ ❇✳✱ ❊❧❦❛②❛♠✱ ❚✳✱ ❲♦❧❢s♦♥✱ ❍✳✱ ❛♥❞ ◆✉ss✐♥♦✈✱ ❘✳ ✭✷✵✵✸✮✳
Pr♦t❡✐♥ ✕ ♣r♦t❡✐♥ ✐♥t❡r❛❝t✐♦♥s ✿ ❙tr✉❝t✉r❛❧❧② ❝♦♥s❡r✈❡❞ r❡s✐❞✉❡s ❞✐st✐♥❣✉✐s❤
❜❡t✇❡❡♥ ❜✐♥❞✐♥❣ s✐t❡s ❛♥❞ ❡①♣♦s❡❞ ♣r♦t❡✐♥ s✉r❢❛❝❡s✳ ✭❚r❛❝❦ ■■✮✳

❬▼❛❝❑❡r❡❧❧ ❡t ❛❧✳✱ ✶✾✾✽❪ ▼❛❝❑❡r❡❧❧✱ ❆✳ ❉✳✱ ❇❛s❤❢♦r❞✱ ❉✳✱ ❇❡❧❧♦tt✱ ▼✳✱ ❉✉♥✲
❜r❛❝❦✱ ❘✳✱ ❊✈❛♥s❡❝❦✱ ❏✳✱ ❋✐❡❧❞✱ ▼✳ ❏✳✱ ❋✐s❝❤❡r✱ ❙✳✱ ●❛♦✱ ❏✳✱ ●✉♦✱ ❍✳✱ ❍❛✱
❙✳ ❛✳✱ ❡t ❛❧✳ ✭✶✾✾✽✮✳ ❆❧❧✲❛t♦♠ ❡♠♣✐r✐❝❛❧ ♣♦t❡♥t✐❛❧ ❢♦r ♠♦❧❡❝✉❧❛r ♠♦❞❡❧✐♥❣
❛♥❞ ❞②♥❛♠✐❝s st✉❞✐❡s ♦❢ ♣r♦t❡✐♥s✳ ❚❤❡ ❥♦✉r♥❛❧ ♦❢ ♣❤②s✐❝❛❧ ❝❤❡♠✐str② ❇✱
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❬▼❛❣♥❛♥ ❛♥❞ ❇❛❧❞✐✱ ✷✵✶✹❪ ▼❛❣♥❛♥✱ ❈✳ ◆✳ ❛♥❞ ❇❛❧❞✐✱ P✳ ✭✷✵✶✹✮✳ ❙s♣r♦✴❛❝❝♣r♦
✺✿ ❛❧♠♦st ♣❡r❢❡❝t ♣r❡❞✐❝t✐♦♥ ♦❢ ♣r♦t❡✐♥ s❡❝♦♥❞❛r② str✉❝t✉r❡ ❛♥❞ r❡❧❛t✐✈❡ s♦❧✲
✈❡♥t ❛❝❝❡ss✐❜✐❧✐t② ✉s✐♥❣ ♣r♦✜❧❡s✱ ♠❛❝❤✐♥❡ ❧❡❛r♥✐♥❣ ❛♥❞ str✉❝t✉r❛❧ s✐♠✐❧❛r✐t②✳
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