
❈❤❛❜❧é✲P❛s❝✉❛❧ ❡t ❛❧✳
❍✉❡rt♦s ❋❛♠✐❧✐❛r❡s ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦

✷✭✹✮✿✷✸✲✸✾✱✷✵✶✺

❊❙❚❘❯❈❚❯❘❆✱ ❉■❱❊❘❙■❉❆❉ ❨ ❯❙❖ ❉❊ ▲❆❙ ❊❙P❊❈■❊❙ ❊◆ ❍❯❊❘❚❖❙
❋❆▼■▲■❆❘❊❙ ❉❊ ▲❆ ❈❍❖◆❚❆▲P❆✱ ❚❆❇❆❙❈❖✱ ▼➱❳■❈❖

❙tr✉❝t✉r❡✱ ❞✐✈❡rs✐t② ❛♥❞ ✉s❡ ♦❢ s♣❡❝✐❡s ♦♥ ❤♦♠❡ ❣❛r❞❡♥s ♦❢ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✱
▼❡①✐❝♦

1❘♦s❛❧✈❛ ❈❤❛❜❧é✲P❛s❝✉❛❧✱ 1∗❉❛✈✐❞ ❏❡sús P❛❧♠❛✲▲ó♣❡③✱ 1❈❡s❛r ❏❡sús ❱á③q✉❡③✲◆❛✈❛rr❡t❡✱ 2❖❝t❛✈✐♦
❘✉✐③✲❘♦s❛❞♦✱ 3❘❛♠ó♥ ▼❛r✐❛❝❛✲▼é♥❞❡③✱ 4❏❡sús ▼❛♥✉❡❧ ❆s❝❡♥s✐♦✲❘✐✈❡r❛

1❈♦❧❡❣✐♦ ❞❡ P♦st❣r❛❞✉❛❞♦s✱ ❈❛♠♣✉s ❚❛❜❛s❝♦✱ P❡r✐❢ér✐❝♦ ❈❛r❧♦s ❆✳ ▼♦❧✐♥❛ ❙✴◆✳ ❆♣❞♦✳ P♦st❛❧ ✷✹✳ ❈ár❞❡♥❛s✱ ❚❛❜❛s❝♦✱ ▼é①✐❝♦✳
❈✳P✳ ✽✻✺✵✵✳

2❈♦❧❡❣✐♦ ❞❡ P♦st❣r❛❞✉❛❞♦s✱ ❈❛♠♣✉s ❱❡r❛❝r✉③✳
3❊❧ ❈♦❧❡❣✐♦ ❞❡ ❧❛ ❋r♦♥t❡r❛ ❙✉r✱ ❯♥✐❞❛❞ ❙❛♥ ❈r✐stó❜❛❧✳

4❯♥✐✈❡rs✐❞❛❞ ❏✉ár❡③ ❆✉tó♥♦♠❛ ❞❡ ❚❛❜❛s❝♦✱ ❉✐✈✐s✐ó♥ ❆❝❛❞é♠✐❝❛ ❞❡ ❈✐❡♥❝✐❛s ❇✐♦❧ó❣✐❝❛s✳
∗❞❛♣❛❧♠❛❅❝♦❧♣♦s✳♠①✳

❆rtí❝✉❧♦ ❝✐❡♥tí✜❝♦ r❡❝✐❜✐❞♦✿ ✷✺ ❞❡ ♦❝t✉❜r❡ ❞❡ ✷✵✶✸✱ ❛❝❡♣t❛❞♦✿ ✶✻ ❞❡ ❥✉♥✐♦ ❞❡ ✷✵✶✹

❘❊❙❯▼❊◆✳ ❊♥ ❡❧ ♣r❡s❡♥t❡ ❡st✉❞✐♦ s❡ ❛♥❛❧✐③ó ❧❛ ❡str✉❝t✉r❛✱ ❞✐✈❡rs✐❞❛❞ ② ✉s♦ ❞❡ ❧❛ ❜✐♦❞✐✈❡rs✐❞❛❞ ❞❡ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s

❡♥ tr❡s ③♦♥❛s ✜s✐♦❣rá✜❝❛s ❞❡ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳ ❙❡ tr❛❜❛❥ó ❡♥ ♥✉❡✈❡ ❧♦❝❛❧✐❞❛❞❡s✳ ❙❡ ❛♣❧✐❝❛r♦♥ ❡♥✲

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

s❡ ❛♣❧✐❝❛r♦♥ ❡♥tr❡✈✐st❛s s❡♠✐✲❡str✉❝t✉r❛❞❛s ❛ ❧♦s s❛❜❡❞♦r❡s ❧♦❝❛❧❡s✳ P❛r❛ ❡❧ ❝á❧❝✉❧♦ ❞❡ í♥❞✐❝❡ ❞❡ ❞✐✈❡rs✐❞❛❞ s❡ ✉t✐❧✐③ó ❡❧

♠ét♦❞♦ ❞❡ ❙❤❛♥♥♦♥✲❲✐❡♥❡r✳ ▲♦s r❡s✉❧t❛❞♦s ♠✉❡str❛♥ ✉♥ t♦t❛❧ ❞❡ ✸✸✵ ❡s♣❡❝✐❡s ❞❡ ✈❡❣❡t❛❧❡s ② ✶✼ ❡s♣❡❝✐❡s ❞❡ ❢❛✉♥❛✳ ❊❧

t❛♠❛ñ♦ ❞❡ ❧♦s ❤✉❡rt♦s ❡s ✈❛r✐❛❜❧❡ t❡♥✐❡♥❞♦ q✉❡ ❧❛ s✉♣❡r✜❝✐❡ ♠❡♥♦r ❢✉❡ ❞❡ ✷✵✵ ♠2 ② ❧❛ ♠❛②♦r ❞❡ ✷✵ ✵✵✵ ♠2✳ ▲❛ ❡❞❛❞

❞❡ ❧♦s ❤✉❡rt♦s ✈❛rí❛ ❞❡s❞❡ ✉♥ ❛ñ♦ ❞❡ ❡st❛❜❧❡❝✐❞♦ ❡♥ ❧❛ ❧♦❝❛❧✐❞❛❞ ❞❡ ●✉st❛✈♦ ❉í❛③ ❖r❞❛③✱ ❤❛st❛ ✉♥♦ ❞❡ ✻✵ ❛ñ♦s ❡♥ ❧❛

❧♦❝❛❧✐❞❛❞ ❞❡ ■❣♥❛❝✐♦ ❩❛r❛❣♦③❛✳ ❙❡ ♦❜s❡r✈❛r♦♥ tr❡s t✐♣♦s ❞❡ ❡str❛t♦s✿ ❡❧ ❛r❜ór❡♦✱ ❡❧ ❛r❜✉st✐✈♦ ② ❡❧ ❤❡r❜á❝❡♦✳ ❆s✐♠✐s♠♦ s❡

❛♣r❡❝✐❛ q✉❡ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s s♦♥ ❞✐❢❡r❡♥t❡s ❡♥ ❝❛❞❛ ③♦♥❛ ✜s✐♦❣rá✜❝❛ ❞❡❜✐❞♦ ❛ s✉s✿ ❧✐♠✐t❡s✱ s✉♣❡r✜❝✐❡✱ ♦r❣❛♥✐③❛❝✐ó♥✱

❡str✉❝t✉r❛ ✈❡rt✐❝❛❧ ✉ ❤♦r✐③♦♥t❛❧✱ ❡♥tr❡ ♦tr♦s✱ ♣❡r♦ ❛ s✉ ✈❡③ ❣✉❛r❞❛♥ s✐♠✐❧✐t✉❞❡s ❡♥tr❡ sí ❝♦♠♦ s♦♥ ♣❧❛♥t❛s ♦ ❡s♣❡❝✐❡s

❡♥ ❝♦♠ú♥✳ ▲❛s ❡s♣❡❝✐❡s ✈❡❣❡t❛❧❡s ♣r✐♥❝✐♣❛❧♠❡♥t❡ s♦♥ ✉t✐❧✐③❛❞❛s ❝♦♠♦ ❛❧✐♠❡♥t♦✱ ♣♦st❡r✐♦r♠❡♥t❡ ❝♦♠♦ ❝♦♠❜✉st✐❜❧❡ ②

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

P❛❧❛❜r❛s ❝❧❛✈❡✿ ❉✐✈❡rs✐❞❛❞ ✢♦ríst✐❝❛ ② ❢❛✉♥íst✐❝❛✱ ❛❣r♦❡❝♦s✐st❡♠❛s tr❛❞✐❝✐♦♥❛❧❡s✱ ③♦♥❛s ✜s✐♦❣rá✜❝❛s

❆❇❙❚❘❆❈❚✳ ■♥ t❤✐s st✉❞②✱ ✇❡ ❛♥❛❧②③❡❞ t❤❡ str✉❝t✉r❡✱ ❞✐✈❡rs✐t② ❛♥❞ ✉s❡ ♦❢ ❜✐♦❞✐✈❡rs✐t② ♦❢ ❤♦♠❡ ❣❛r❞❡♥s ✐♥ t❤r❡❡

♣❤②s✐♦❣r❛♣❤✐❝ ❛r❡❛s ♦❢ ▲❛ ❈❤♦♥t❛❧♣❛ r❡❣✐♦♥✱ ♦❢ ❚❛❜❛s❝♦ st❛t❡✳ ❲❡ ✇♦r❦❡❞ ✐♥ ♥✐♥❡ ❝♦♠♠✉♥✐t✐❡s✱ ♣r❡❧✐♠✐♥❛r② s✉r✈❡②s

✇❡r❡ ❝♦♥❞✉❝t❡❞✱ t❤✐s ❛❧❧♦✇❡❞ ✉s t♦ ✜♥❞ ❦❡② ✐♥❢♦r♠❛♥ts ❛♥❞ ❝❤♦♦s✐♥❣ t❤❡ ❤♦♠❡ ❣❛r❞❡♥s t♦ ✇♦r❦ ✇✐t❤✱ s✉❜s❡q✉❡♥t❧② s❡♠✐✲

str✉❝t✉r❡❞ ✐♥t❡r✈✐❡✇s ✇❡r❡ ❛♣♣❧✐❡❞ t♦ ❦❡② ✐♥❢♦r♠❛♥ts✳ ❲❡ ✉s❡❞ t❤❡ ❙❤❛♥♥♦♥✲❲✐❡♥❡r ♠❡t❤♦❞ t♦ ❝❛❧❝✉❧❛t❡ t❤❡ ❞✐✈❡rs✐t②

✐♥❞❡①✳ ❘❡s✉❧ts s❤♦✇ ✸✸✵ ♣❧❛♥t s♣❡❝✐❡s ❛♥❞ ✶✼ ❛♥✐♠❛❧ s♣❡❝✐❡s✳ ❍♦♠❡❣❛r❞❡♥s s✐③❡ ✇❛s ✈❛r✐❛❜❧❡✱ ✇✐t❤ t❤❡ s♠❛❧❧❡r ♦♥❡ ✇❛s

♦❢ ✷✵✵ ♠2 ❛♥❞ t❤❡ ❧❛r❣❡st ✷✵✱✵✵✵ ♠2✳ ❆❣❡ ♦❢ ❤♦♠❡ ❣❛r❞❡♥s ✈❛r✐❡s ❢r♦♠ ♦♥❡ ②❡❛r ✐♥ t❤❡ ●✉st❛✈♦ ❉✐❛③ ❖r❞❛③ ❝♦♠♠✉♥✐t②

t♦ ✻✵ ②❡❛rs ✐♥ t❤❡ ■❣♥❛❝✐♦ ❩❛r❛❣♦③❛ ❝♦♠♠✉♥✐t②✳ ❲❡ ♦❜s❡r✈❡❞ t❤r❡❡ t②♣❡s ♦❢ ✈❡❣❡t❛t✐♦♥ ✭✈❡❣❡t❛❧ str❛t✐✜❝❛t✐♦♥✮✿ tr❡❡s✱

s❤r✉❜s ❛♥❞ ❤❡r❜❛❝❡♦✉s✳ ❲❡ ♦❜s❡r✈❡❞ t❤❛t ❤♦♠❡❣❛r❞❡♥s ❛r❡ ❞✐✛❡r❡♥t ✐♥ ❡❛❝❤ ♣❤②s✐♦❣r❛♣❤✐❝ ❛r❡❛✱ t❤✐s ❜❡❝❛✉s❡ ♦❢✿ ❧✐♠✐ts✱

❛r❡❛✱ ♦r❣❛♥✐③❛t✐♦♥✱ ✈❡rt✐❝❛❧ ♦r ❤♦r✐③♦♥t❛❧ str✉❝t✉r❡✱ ❛♠♦♥❣ ♦t❤❡rs❀ ❜✉t s❤♦✇s s✐♠✐❧❛r✐t✐❡s ❜❡t✇❡❡♥ t❤❡♠✱ ❧✐❦❡ ❝♦♠♠♦♥

♣❧❛♥ts ♦r ❛♥✐♠❛❧s✳ ❚❤❡ s♣❡❝✐❡s ♦❢ ♣❧❛♥ts ❛r❡ ✉s❡❞ ♣r✐♠❛r✐❧② ❢♦r ❢♦♦❞✱ t❤❡♥ ❢♦r ❢✉❡❧ ♣r♦❞✉❝t✐♦♥ ❛♥❞ ❧❛st ❢♦r ♦r♥❛♠❡♥t❛❧

r❡❛s♦♥s✳ ❆♥✐♠❛❧s ♦❢ ❤♦♠❡ ❣❛r❞❡♥s ❛r❡ ♠❛✐♥❧② ✉s❡❞ ❢♦r ❢♦♦❞✳

❑❡② ✇♦r❞s✿ ❋❧♦r✐st✐❝ ❛♥❞ ❢❛✉♥✐st✐❝ ❞✐✈❡rs✐t②✱ tr❛❞✐t✐♦♥❛❧ ❛❣r♦❡❝♦s②st❡♠s✱ ♣❤✐s✐♦❣r❛✜❝s ❛r❡❛s

✇✇✇✳✉❥❛t✳♠①✴❡r❛

✷✸



❈❤❛❜❧é✲P❛s❝✉❛❧ ❡t ❛❧✳
❍✉❡rt♦s ❋❛♠✐❧✐❛r❡s ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦

✷✭✹✮✿✷✸✲✸✾✱✷✵✶✺

■◆❚❘❖❉❯❈❈■Ó◆

▲♦s ❛❣r♦❡❝♦s✐st❡♠❛s s♦♥ s✐st❡♠❛s ♠♦❞✐✜❝❛✲
❞♦s ② ❝♦♠♣❧❡❥♦s✱ ❛❧❣✉♥♦ ❞❡ ❡st♦s ❛❣r♦❡❝♦s✐st❡♠❛s
s❡ ❛s❡♠❡❥❛♥ ❛ ❧♦s ❡❝♦s✐st❡♠❛s ♥❛t✉r❛❧❡s ✭●❧✐❡ss♠❛♥
✷✵✵✷✱ ❘✉✐③✲❘♦s❛❞♦ ✷✵✵✻✮✳ ▲♦s ❛❣r♦❡❝♦s✐st❡♠❛s ♣❡r✲
♠✐t❡♥ ❧❛ ✐♥t❡r❛❝❝✐ó♥ ❞❡ ❢❛❝t♦r❡s ❡❝♦♥ó♠✐❝♦s✱ s♦✲
❝✐❛❧❡s✱ t❡❝♥♦❧ó❣✐❝♦s ② ❡❝♦❧ó❣✐❝♦s ✭❆❧t✐❡r✐ ✷✵✵✷✱ ❘✉✐③✲
❘♦s❛❞♦ ✷✵✵✻✱ Pér❡③ ❡t ❛❧✳ ✷✵✶✷✮✳ ❉♦s ❞❡ s✉s ❝❛r❛❝✲
t❡ríst✐❝❛s ♠ás r❡❧❡✈❛♥t❡s s♦♥ q✉❡ ❛♣♦rt❛♥ ❛❧✐♠❡♥t♦ ②
s♦♥ ♠❛♥❡❥❛❞♦s ♣♦r ❡❧ ❤♦♠❜r❡ ✭❘✉✐③✲❘♦s❛❞♦ ✷✵✵✻✮✳
❉❡ ❛❝✉❡r❞♦ ❛ ❘❛♠♦s ❡t ❛❧✳ ✭✶✾✾✻✮ ❧♦s ❛❣r♦❡❝♦✲
s✐st❡♠❛s ♣✉❡❞❡♥ s❡r ❝❧❛s✐✜❝❛❞♦s ❡♥ ❞♦s t✐♣♦s✱ ❡❧
♣r✐♠❡r♦ ❡s ❞❡ ❣r❛♥❞❡s ❡①t❡♥s✐♦♥❡s ❞❡ ❝✉❧t✐✈♦s ❡♥
❞♦♥❞❡ s❡ ❛♣❧✐❝❛ ❧❛ t❡❝♥♦❧♦❣í❛ ② ❡❧ s❡❣✉♥❞♦ s♦♥ ❧♦s
tr❛❞✐❝✐♦♥❛❧❡s ❧♦s ❝✉❛❧❡s s♦♥ ❛ ❜❛s❡ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦
❞❡ ❧♦s ❝❛♠♣❡s✐♥♦s✳ ❉❡♥tr♦ ❞❡ ❧♦s ❛❣r♦❡❝♦s✐st❡♠❛s
tr❛❞✐❝✐♦♥❛❧❡s s❡ ❡♥❝✉❡♥tr❛ ❡❧ ❤✉❡rt♦ ❢❛♠✐❧✐❛r✱ ❡❧ ❝✉❛❧
❡s ✉♥ s✐st❡♠❛ ❛❣r♦❢♦r❡st❛❧ ❞❡ ❡str❛t♦s ♠ú❧t✐♣❧❡s q✉❡
❡s ♠✉② ❝♦♠ú♥ ❡♥ ❧❛s ❡❝♦♥♦♠í❛s ❞❡ s✉❜s✐st❡♥❝✐❛ ②
q✉❡ s❡ ❝❛r❛❝t❡r✐③❛ ♣♦r ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ♣rá❝t✐❝❛s ❞❡
✉s♦ ❞❡❧ s✉❡❧♦✱ q✉❡ ✐♠♣❧✐❝❛ ❡❧ ♠❛♥❡❥♦ ❞❡❧✐❜❡r❛❞♦ ❞❡
ár❜♦❧❡s ② ❛r❜✉st♦s ❞❡ ✉s♦ ♠ú❧t✐♣❧❡ ❡♥ ✐♥t✐♠❛ ❛s♦✲
❝✐❛❝✐ó♥ ❝♦♥ ❝✉❧t✐✈♦s ❛❣rí❝♦❧❛s ❛♥✉❛❧❡s ② ♣❡r❡♥♥❡s ❡
✐♥✈❛r✐❛❜❧❡♠❡♥t❡✱ ❧❛ ❣❛♥❛❞❡rí❛❀ t♦❞♦ ❡st♦ ❞❡♥tr♦ ❞❡❧
❝♦♠♣❧❡❥♦ ❞♦♠ést✐❝♦ ② ❧❧❡✈❛❞♦ ❛ ❝❛❜♦ ❝♦♥ ♠❛♥♦ ❞❡
♦❜r❛ ❢❛♠✐❧✐❛r ✭❋❡r♥❛♥❞❡③ ② ◆❛✐r ✶✾✽✻✮✳ ▲♦s ❤✉❡r✲
t♦s t❛♠❜✐é♥ ❝✉♠♣❧❡♥ ❢✉♥❝✐♦♥❡s ❡❝♦❧ó❣✐❝❛s ❝♦♠♦ ❡❧
r❡❝✐❝❧❛❥❡ ❞❡ ♥✉tr✐❡♥t❡s✱ ❝❛♣t✉r❛ ❝❛r❜♦♥♦ ② ❝♦♥tr♦❧
❞❡ ❧❛ ❡r♦s✐ó♥✱ ❡♥tr❡ ♦tr♦s ✭❈❛❜❛❧❧❡r♦ ✶✾✾✷✱ ▼❛r✐❛❝❛
✷✵✶✷✮✳ ❊♥ ❡❧❧♦s✱ t❛♠❜✐é♥ s❡ ❞❛♥ ♣r♦❝❡s♦s ❞❡ ❞♦✲
♠❡st✐❝❛❝✐ó♥ ② ❞❡ ❝♦♥s❡r✈❛❝✐ó♥ ❞❡ ✢♦r❛ ② ❢❛✉♥❛ ✭❙♦❧
✷✵✶✷✮✳ ❊♥ ❧♦ s♦❝✐❛❧✱ ♣r❡s❡♥t❛♥ ✉♥❛ ❝❛r❛❝t❡ríst✐❝❛
❝✉❧t✉r❛❧ ✐♠♣♦rt❛♥t❡ ②❛ q✉❡ ❝♦♥tr✐❜✉②❡♥ ❛ ❝♦♥s❡r✈❛r
❧❛s r❛í❝❡s tr❛❞✐❝✐♦♥❛❧❡s ♦ ❝✉❧t✉r❛❧❡s ❞❡ ❧♦s ♣✉❡❜❧♦s
q✉❡ ❧♦s ♠❛♥❡❥❛♥ ✭❆③✉r❞✐❛ ✷✵✵✵✱ ❊②③❛❣✉✐rr❡ ❡t ❛❧✳
✷✵✵✹✱ ▼♦♥t❡♠❛②♦r ❡t ❛❧✳ ✷✵✵✼✱ ❈❤á✈❡③ ❡t ❛❧✳ ✷✵✵✾✱
▼♦❝t❡③✉♠❛ ✷✵✶✵✱ ❱❛♥ ❞❡r ❲❛❧❧ ❡t ❛❧✳ ✷✵✶✶✱ ❈♦❧✐♥
❡t ❛❧✳ ✷✵✶✷✱ ▲♦♣❡✲❆❧③✐♥❛ ✷✵✶✷✱ ▼❛r✐❛❝❛ ✷✵✶✷✱ Pér❡③
❡t ❛❧✳ ✷✵✶✷✮✳

❊♥ ❡❧ ❡st❛❞♦ ❞❡ ❚❛❜❛s❝♦ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s
❤❛♥ s✐❞♦ ✉♥♦s ❞❡ ❧♦s ❛❣r♦❡❝♦s✐st❡♠❛s q✉❡ s❡ ❤❛♥
♣r❡s❡r✈❛❞♦ ❛ tr❛✈és ❞❡ t✐❡♠♣♦ ② ❡♥ ❧♦s ú❧t✐♠♦s ❛ñ♦s
s❡ ❤❛♥ r❡❛❧✐③❛❞♦ ❞✐✈❡rs♦s ❡st✉❞✐♦s s♦❜r❡ ❡st♦s s✐s✲
t❡♠❛s tr❛❞✐❝✐♦♥❛❧❡s ✭❈❤á✈❡③ ❡t ❛❧✳ ✷✵✵✾✱ P✉❡♥t❡
❡t ❛❧✳ ✷✵✶✵✱ ❈❤á✈❡③ ✷✵✶✷✱ ▼❛❣❛ñ❛ ✷✵✶✷✱ Pér❡③

❡t ❛❧✳ ✷✵✶✷✮✳ ❙✐♥ ❡♠❜❛r❣♦ s♦♥ ♣♦❝♦s ❧♦s tr❛❜❛✲
❥♦s r❡❛❧✐③❛❞♦s ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✳ P♦r
♦tr♦ ❧❛❞♦ s♦❧♦ ❱❛♥ ❞❡r ❲❛❧❧ ❡t ❛❧✳ ✭✷✵✶✶✮ ❤❛♥
r❡❛❧✐③❛❞♦ ✐♥✈❡st✐❣❛❝✐ó♥ s♦❜r❡ ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ❡♥
③♦♥❛s ✜s✐♦❣rá✜❝❛s ❛ ♥✐✈❡❧ ❡st❛t❛❧ ② ❝♦♥❝❧✉②❡♥ q✉❡ ❡s
♥❡❝❡s❛r✐♦ t❡♥❡r ♠ás ❡st✉❞✐♦s ❡♥ ❧❛s ❞✐❢❡r❡♥t❡s ③♦♥❛s
✜s✐♦❣rá✜❝❛s ②❛ q✉❡ ❡♥ ❝❛❞❛ ③♦♥❛ s❡ t✐❡♥❡♥ ❤✉❡rt♦s
❝♦♥ ❝❛r❛❝t❡ríst✐❝❛s ♣❛rt✐❝✉❧❛r❡s✳ P♦r ❧♦ ❛♥t❡r✐♦r ❡❧
♦❜❥❡t✐✈♦ ❞❡ ❡st❡ tr❛❜❛❥♦ ❢✉❡ ❧❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡
❧❛ ❡str✉❝t✉r❛✱ ❞✐✈❡rs✐❞❛❞ ② ✉s♦ ❞❡ ❧❛s ❡s♣❡❝✐❡s ❞❡
❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ❡♥ tr❡s ③♦♥❛s ✜s✐♦❣rá✜❝❛s ❞❡ ❧❛
r❡❣✐ó♥ ❈❤♦♥t❛❧♣❛ ❞❡❧ ❡st❛❞♦ ❞❡ ❚❛❜❛s❝♦✱ ▼é①✐❝♦✳

▼❆❚❊❘■❆▲❊❙ ❨ ▼➱❚❖❉❖❙

❩♦♥❛ ❞❡ ❡st✉❞✐♦
▲❛ ③♦♥❛ ❡st✉❞✐♦ ❞❡ ❧❛ ♣r❡s❡♥t❡ ✐♥✈❡st✐❣❛❝✐ó♥

❢✉❡ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✳ ▲❛ r❡❣✐ó♥ s❡ s✉❜✲
❞✐✈✐❞✐ó ❡♥ tr❡s ③♦♥❛s ✜s✐♦❣rá✜❝❛s✿ ❙✐❡rr❛✱ ▲♦♠❡rí♦
② ▲❧❛♥✉r❛ ❛❧✉✈✐❛❧✱ ❞❡ ❛❝✉❡r❞♦ ❝♦♥ ❧❛ s✉❜❞✐✈✐s✐ó♥
r❡❛❧✐③❛❞❛ ♣♦r P❛❧♠❛✲▲ó♣❡③ ❡t ❛❧✳ ✭✷✵✵✼✮✳ ▲❛ ③♦♥✐✜✲
❝❛❝✐ó♥ s❡ ❞❡✜♥✐ó ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ❝❛❞❛ ③♦♥❛ t✐❡♥❡
❧✐♠✐t❛❝✐♦♥❡s s✐♠✐❧❛r❡s ② ♣♦t❡♥❝✐❛❧✐❞❛❞❡s ♣❛r❛ ❡❧ ✉s♦
❞❡ t✐❡rr❛s✱ ❞❡t❡r♠✐♥❛❞❛s ❝♦♥ ❜❛s❡ ❡♥ ❧❛s ❝♦♠❜✐✲
♥❛❝✐♦♥❡s ❞❡ s✉❡❧♦✱ ✜s✐♦❣r❛❢í❛ ② ❝❧✐♠át✐❝❛s ✭P❛❧♠❛✲
▲ó♣❡③ ❡t ❛❧✳ ✷✵✵✼✱ P❛❧♠❛✲▲ó♣❡③ ❡t ❛❧✳ ✷✵✶✶✮✳
▲❛s ③♦♥❛s ✜s✐♦❣rá✜❝❛s ❛❜❛r❝❛♥ ❧♦s ♠✉♥✐❝✐♣✐♦s ❞❡
❍✉✐♠❛♥❣✉✐❧❧♦✱ ❈ár❞❡♥❛s ② ❈♦♠❛❧❝❛❧❝♦ ❞❡❧ ❡st❛❞♦ ❞❡
❚❛❜❛s❝♦ ✭❋✐❣✉r❛ ✶✮✳ ❊♥ ❣❡♥❡r❛❧ ❧❛ ③♦♥❛ ❞❡ ❧❛ ❙✐❡rr❛
s❡ ❞✐st✐♥❣✉❡ ♣♦r ♣♦s❡❡r ❧❛s ♠❛②♦r❡s ❛❧t✐t✉❞❡s✱ ❝♦♥✲
s❡r✈❛ t♦❞❛✈í❛ r❡❧✐❝t♦s ❞❡ s❡❧✈❛ ❛❧t❛ ❡♥ s✉s ❛❧r❡❞❡❞♦r❡s
② ♣r❡s❡♥t❛♥ s✉❡❧♦s ♠♦❞❡r❛❞❛♠❡♥t❡ ♣r♦❢✉♥❞♦s✳ ▲❛
③♦♥❛ ❞❡ ▲♦♠❡rí♦ t✐❡♥❡ ❝♦♠♦ ✈❡❣❡t❛❝✐ó♥ ❞♦♠✐♥❛♥t❡
s❛❜❛♥❛ ② ♣❛st✐③❛❧❡s ✐♥tr♦❞✉❝✐❞♦s✱ ♣r❡s❡♥t❛ ❛❧t✐t✉❞❡s
❡♥tr❡ ✷✵ ② ✺✵ ♠s♥♠ ② s✉❡❧♦s á❝✐❞♦s ❞❡ ❜❛❥❛ ❢❡r✲
t✐❧✐❞❛❞✳ ▲❛ ③♦♥❛ ❞❡ ▲❧❛♥✉r❛ ❛❧✉✈✐❛❧ t✐❡♥❡ ❜❛❥❛ ❛❧t✐✲
t✉❞✱ ❡s ♣❧❛♥❛✱ t✐❡♥❡ s✉❡❧♦s ♣r♦❢✉♥❞♦s ② ❢ért✐❧❡s✱ ❝♦♥
❡①❝❡s♦s ❞❡ ❤✉♠❡❞❛❞ ❡♥ ❧❛ é♣♦❝❛ ❞❡ ❧❧✉✈✐❛s ② ♣r❡✲
s❡♥t❛ ❝♦♠♦ ✈❡❣❡t❛❝✐ó♥ ❞♦♠✐♥❛♥t❡ ♣❛st✐③❛❧❡s ✐♥tr♦✲
❞✉❝✐❞♦s ② ❝✉❧t✐✈♦s ❛❣rí❝♦❧❛s ❞✐✈❡rs♦s✳ ❙❡ tr❛❜❛❥ó ❝♦♥
♥✉❡✈❡ ❧♦❝❛❧✐❞❛❞❡s ✭❚❛❜❧❛ ✶✮✳ ❊❧ tr❛❜❛❥♦ ❞❡ ❝❛♠♣♦ s❡
r❡❛❧✐③ó ❞❡ s❡♣t✐❡♠❜r❡ ❞❡❧ ✷✵✶✶ ❛ ♦❝t✉❜r❡ ❞❡❧ ✷✵✶✷✳
❙❡ r❡❛❧✐③❛r♦♥ r❡❝♦rr✐❞♦s ❞❡ ❝❛♠♣♦ ② s❡ ❝♦♥t❛❝t❛r♦♥
❛ ❧❛s ❛✉t♦r✐❞❛❞❡s ❞❡ ❝❛❞❛ ❧♦❝❛❧✐❞❛❞✳ P♦st❡r✐♦r♠❡♥t❡
s❡ ❛♣❧✐❝❛r♦♥ ❡♥❝✉❡st❛s ♣r❡❧✐♠✐♥❛r❡s ✭❊P✮ ❜❛s❛❞❛s ❡♥
P❛r❛❞✐♥❛s ✭✶✾✼✾✮ ② ❘♦❥❛s ✭✶✾✽✷✮✳ P❛r❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥

✇✇✇✳✉❥❛t✳♠①✴❡r❛

✷✹



❈❤❛❜❧é✲P❛s❝✉❛❧ ❡t ❛❧✳
❍✉❡rt♦s ❋❛♠✐❧✐❛r❡s ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦

✷✭✹✮✿✷✸✲✸✾✱✷✵✶✺

❞❡ ❧❛s ❊P s❡ s❡❧❡❝❝✐♦♥ó ❡❧ t❛♠❛ñ♦ ❞❡ ♠✉❡str❛ ❝♦♥
❜❛s❡ ❡♥ ❡❧ ✶✵ ✪ ❞❡❧ t♦t❛❧ ❞❡ ✈✐✈✐❡♥❞❛s ♣♦r ❧♦❝❛❧✐❞❛❞✱
❛♣❧✐❝á♥❞♦s❡ ✉♥ t♦t❛❧ ❞❡ ✶✻✵ ❡♥❝✉❡st❛s✳ ▲❛ té❝♥✐❝❛
❛♣❧✐❝❛❞❛ ♣❛r❛ ♦❜t❡♥❡r ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❢✉❡ ❧❛ ❞❡ ❜♦❧❛
❞❡ ♥✐❡✈❡ ✭❚❛②❧♦r ② ❇♦❣❛♥ ✶✾✾✻✮✳

▲♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ❊P ♣❡r♠✐t✐❡r♦♥ ❡❧❡✲
❣✐r tr❡s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s r❡♣r❡s❡♥t❛t✐✈♦s ❞❡ ❝❛❞❛
❧♦❝❛❧✐❞❛❞ ❝♦♥ ❜❛s❡ ❛ s✉ ❞✐✈❡rs✐❞❛❞ ✢♦ríst✐❝❛✱ ✉♥❛
✈❡③ ❞❡✜♥✐❞♦s ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s✱ s❡ ❣❡♦rr❡❢❡r❡♥✲
❝✐❛r♦♥✱ s❡ t♦♠❛r♦♥ ❢♦t♦❣r❛❢í❛s ② s❡ r❡❛❧✐③❛r♦♥ ❧♦s
♠✉❡str❡♦s ❞❡ ✈❡❣❡t❛❝✐ó♥ ② ❢❛✉♥❛✳ ❚❛♠❜✐é♥ s❡ ✐❞❡♥✲
t✐✜❝❛r♦♥ ❛ ❧♦s s❛❜❡❞♦r❡s ❧♦❝❛❧❡s ❡♥ ❝❛❞❛ ❧♦❝❛❧✐❞❛❞✱
❧♦s ❝✉❛❧❡s s❡ ❡♥❝♦♥tr❛r♦♥ ❡♥ ❡❧ r❛♥❣♦ ❞❡ ❡❞❛❞ ❞❡
✹✵ ❛ ✻✵ ❛ñ♦s✱ ❛ ❧♦s q✉❡ s❡ ❧❡ ❛♣❧✐❝❛r♦♥ ❡♥tr❡✈✐st❛s
s❡♠✐✲❡str✉❝t✉r❛❞❛s✳ ▲❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧❛s ❡♥tr❡✈✐st❛s
❢✉❡ ❞❡ ♠❛♥❡r❛ ✐♥❢♦r♠❛❧✱ ②❛ q✉❡ ❡st♦ ♣❡r♠✐t✐ó ❣❛♥❛r
❧❛ ❝♦♥✜❛♥③❛ ❞❡❧ ❡♥tr❡✈✐st❛❞♦✳ ▲❛s ❡♥tr❡✈✐st❛s s❡
r❡❛❧✐③❛r♦♥ ❝♦♥ ❧❛ ✐❞❡❛ ❞❡ ❝♦♥♦❝❡r ❧❛s ❡s♣❡❝✐❡s q✉❡
s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❡❧ ❤✉❡rt♦ ❢❛♠✐❧✐❛r ② ❝ó♠♦ s❡ ✉s❛♥
❡st♦s r❡❝✉rs♦s✱ ❛sí ❝♦♠♦ ❧❛ ♣❛rt✐❝✐♣❛❝✐ó♥ ❞❡ ❧♦s ✐♥✲
t❡❣r❛♥t❡s ❞❡ ❧❛ ❢❛♠✐❧✐❛ ❡♥ ❧❛s ❞✐❢❡r❡♥t❡s ❛❝t✐✈✐❞❛❞❡s
q✉❡ s❡ r❡❛❧✐③❛♥ ❡♥ ❡❧ ❤✉❡rt♦✱ ✐♥❝❧✉②❡♥❞♦ s✐❡♠❜r❛✱
❝♦s❡❝❤❛ ② ♠❛♥t❡♥✐♠✐❡♥t♦✳

▼✉❡str❡♦ ❞❡ ✈❡❣❡t❛❝✐ó♥
P❛r❛ ❡❧ ♠✉❡str❡♦ ❞❡ ✈❡❣❡t❛❝✐ó♥ s❡ ❛♣❧✐❝ó ❡❧

♠ét♦❞♦ ❞❡ ♣✉♥t♦✲❝❡♥tr♦✲❝✉❛❞r❛❞♦ ✭▼♦st❛❝❡❞♦ ②
❚♦❞❞ ✷✵✵✵✮✱ ❝♦♥ ❡❧ ❝✉❛❧ s❡ ❡❧✐❣✐❡r♦♥ tr❡s ♣✉♥t♦s ❞❡❧
❤✉❡rt♦ ❢❛♠✐❧✐❛r ❛ ♠✉❡str❡❛r✳ ❯♥❛ ✈❡③ ❡❧❡❣✐❞♦ ❧♦s
♣✉♥t♦s ❛ ♠✉❡str❡❛r s❡ ♣r♦❝❡❞✐ó ❛ ❝r✉③❛r ❞♦s ❧í♥❡❛s
✐♠❛❣✐♥❛r✐❛s ❡♥ ❢♦r♠❛ ❞❡ ❝r✉③✱ ❝♦♥ ❧❛s ❝✉❛❧❡s s❡ ♦❜✲
t✉✈✐❡r♦♥ ❝✉❛tr♦ ❝✉❛❞r❛♥t❡s ❝♦♥ á♥❣✉❧♦s ❞❡ ✾✵◦✳ ❊♥
❝❛❞❛ ❝✉❛❞r❛♥t❡ s❡ ✉❜✐❝ó ❡❧ ár❜♦❧ ♠ás ❝❡r❝❛♥♦ ❛❧
♣✉♥t♦ ❝❡♥tr❛❧ ② s❡ t♦♠ó ❧❛ ❞✐st❛♥❝✐❛ r❡s♣❡❝t✐✈❛✳ ❙❡
t♦♠❛r♦♥ ❝✉❛tr♦ ár❜♦❧❡s ♣❛r❛ s❛❝❛r ❞❛t♦s ❞❡ ❛❧t✉r❛
② ❞✐á♠❡tr♦ ❛ ❛❧t✉r❛ ❞❡ ♣❡❝❤♦ ✭❉❆P✮✳ ▲❛s ❡s♣❡❝✐❡s
s❡ r❡❣✐str❛r♦♥ ❝♦♥ s✉ ♥♦♠❜r❡ ❝♦♠ú♥ ❞❡s♣✉és ❞❡
❝♦rr♦❜♦r❛r❧♦ ❝♦♥ ❡❧ ❞✉❡ñ♦✭❛✮ ❞❡❧ ❤✉❡rt♦✳ ▲✉❡❣♦ s❡
r❡❛❧✐③ó ❧❛ ❝♦❧❡❝t❛ ❜♦tá♥✐❝❛ ❞❡ ❧♦s ❡❥❡♠♣❧❛r❡s q✉❡ ❡❧
❡♥tr❡✈✐st❛❞♦ ♣❡r♠✐t✐ó✱ ❞❛❞♦ q✉❡ ❛❧❣✉♥❛s ❡s♣❡❝✐❡s
✈❡❣❡t❛❧❡s s♦♥ ❡s❝❛s❛s ② ❧❡s ❞❛♥ ✉s♦✳ P♦st❡r✐♦r♠❡♥t❡
s❡ tr❛s❧❛❞❛r♦♥ ❛❧ ❤❡r❜❛r✐♦ ❈❙❆❚ ❞❡❧ ❈♦❧❡❣✐♦ ❞❡ P♦st✲
❣r❛❞✉❛❞♦s ❈❛♠♣✉s ❚❛❜❛s❝♦✱ ♣❛r❛ s✉ ✐❞❡♥t✐✜❝❛❝✐ó♥
t❛①♦♥ó♠✐❝❛✳

■❞❡♥t✐✜❝❛❝✐ó♥ ❞❡ ❧❛ ❢❛✉♥❛
❙❡ r❡❣✐str❛r♦♥ t♦❞❛s ❧❛s ❡s♣❡❝✐❡s ❞❡ ❢❛✉♥❛

♠❡♥❝✐♦♥❛❞❛s ❡♥ ❧❛s ❡♥tr❡✈✐st❛s✱ ❧♦s r❡❣✐str♦s s❡
❝♦t❡❥❛r♦♥ ❝♦♥ ❧❛s ❡s♣❡❝✐❡s q✉❡ ❝♦♥s✐❞❡r❛ ▼❛r✐❛❝❛
✭✷✵✶✷✮✳ ❙❡ ✉t✐❧✐③❛r♦♥ ❢♦t♦s t♦♠❛❞❛s ❡♥ ❝❛♠♣♦ ♣❛r❛
❢❛❝✐❧✐t❛r ❧❛ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❞❡ ❧♦s ✐♥❞✐✈✐❞✉♦s✳

❈❛♣t✉r❛ ❞❡ ❞❛t♦s ② ❛♥á❧✐s✐s ❞❡ ✐♥❢♦r♠❛❝✐ó♥
▲♦s ❞❛t♦s ♦❜t❡♥✐❞♦s ❞❡ ❧❛s ❡♥❝✉❡st❛s

♣r❡❧✐♠✐♥❛r❡s✱ s❡ ❝❛♣t✉r❛r♦♥ ❡♥ ❤♦❥❛s ❞❡ ❝á❧❝✉❧♦ ❞❡
❊①❝❡❧ ② ❧❛s ❡♥tr❡✈✐st❛s ❞❡ ❧♦s ✐♥❢♦r♠❛♥t❡s ❝❧❛✈❡s
❢✉❡r♦♥ tr❛♥s❝r✐t❛s ❡♥ ❲♦r❞✳ ❊❧ ❛♥á❧✐s✐s ❞❡ ❧❛ ✐♥❢♦r✲
♠❛❝✐ó♥ ❞❡ ❧♦s ❞❛t♦s ♦❜t❡♥✐❞♦s ❡♥ ❡❧ ♠✉❡str❡♦ ❞❡
✈❡❣❡t❛❝✐ó♥ ♣❡r♠✐t✐ó ♦❜t❡♥❡r ❡❧ í♥❞✐❝❡ ❞❡ ❞✐✈❡rs✐❞❛❞
❞❡ ❙❤❛♥♥♦♥✲❲✐❡♥❡r✱ ❝♦♥ ❧❛ ❢♦r♠✉❧❛ s✐❣✉✐❡♥t❡✿

H ′ =
∑

pi ln(pi)

❉♦♥❞❡✿
H ′❂ ❮♥❞✐❝❡ ❞❡ ❞✐✈❡rs✐❞❛❞✳
ln❂ ▲♦❣❛r✐t♠♦ ♥❛t✉r❛❧✳
pi❂ ♣r♦♣♦r❝✐ó♥ ❞❡ ✐♥❞✐✈✐❞✉♦s ❞❡ ❧❛ ❡s♣❡❝✐❡s i

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

t✐❞✉♠❜r❡ ❡♥ ♣r❡❞❡❝✐r ❛ q✉❡ ❡s♣❡❝✐❡ ♣❡rt❡♥❡❝❡rá ✉♥
✐♥❞✐✈✐❞✉♦ ❡s❝♦❣✐❞♦ ❛❧ ❛③❛r ❞❡ ✉♥❛ ❝♦❧❡❝❝✐ó♥✱ ❛❞q✉✐❡r❡
✈❛❧♦r❡s ❡♥tr❡ ❝❡r♦✱ ❝✉❛♥❞♦ ❤❛② ✉♥❛ s♦❧❛ ❡s♣❡❝✐❡✱ ②
❡❧ ❧♦❣❛r✐t♠♦ ❞❡ ❙✱ ❝✉❛♥❞♦ t♦❞❛s ❧❛s ❡s♣❡❝✐❡s ❡stá♥
r❡♣r❡s❡♥t❛❞❛s ♣♦r ❡❧ ♠✐s♠♦ ♥ú♠❡r♦ ❞❡ ✐♥❞✐✈✐❞✉♦s
✭▼❛❣✉rr❛♥✱ ✶✾✽✽✮✳ ❊♥ ❡❧ ❝❛s♦ ❞❡ ❡st❡ ❡st✉❞✐♦ s❡
✉só ❡❧ ❧♦❣❛r✐t♠♦ ♥❛t✉r❛❧ ✭❜❛s❡ ❡ ❂ ✷✳✼✶✽✷✮✳

❙❡ ❝❛❧❝✉❧ó ❡❧ í♥❞✐❝❡ ❞❡ ✈❛❧♦r ❞❡ ✐♠♣♦rt❛♥❝✐❛
✭■❱■✮ ❞❡ ❝❛❞❛ ❡s♣❡❝✐❡ ♣♦r s✉ ✈❛❧♦r ❡❝♦❧ó❣✐❝♦ ❡♥ ❡❧ s✐s✲
t❡♠❛ ❜❛s❛❞♦s ❡♥ ❧♦s ✈❛❧♦r❡s ❞❡ ❢r❡❝✉❡♥❝✐❛ r❡❧❛t✐✈❛
✭❋r❡❧✮✱ ❧❛ ❞❡♥s✐❞❛❞ r❡❧❛t✐✈❛ ✭❉r❡❧✮ ② ❧❛ ❞♦♠✐♥❛♥✲
❝✐❛ r❡❧❛t✐✈❛ ✭❉♦r❡❧✮✱ s✐❣✉✐❡♥❞♦ ❧❛ s✐❣✉✐❡♥t❡ ❢ór♠✉❧❛
✭❩❛r❝♦✲❊s♣✐♥♦s❛ ❡t ❛❧✳ ✷✵✶✵✮✿

■❱■ ❂ ❋r❡❧ ✰ ❉r❡❧ ✰ ❉♦r❡❧

P❛r❛ ❡❧ ❝á❧❝✉❧♦ ❞❡ ❧❛ ❢r❡❝✉❡♥❝✐❛ r❡❧❛t✐✈❛✱
❞❡♥s✐❞❛❞ r❡❧❛t✐✈❛ ② ❞♦♠✐♥❛♥❝✐❛ r❡❧❛t✐✈❛ s❡ ❤✐③♦
❧♦ s✐❣✉✐❡♥t❡✿ ▲❛ ❢r❡❝✉❡♥❝✐❛ r❡❧❛t✐✈❛ s❡ ❝❛❧❝✉❧ó ❞❡
❛❝✉❡r❞♦ ❝♦♥ ❧❛ ❢ór♠✉❧❛✿

Frel = Frecuencia absoluta por cada especie
Frecuencia absoluta por todas las especie

(100)

✇✇✇✳✉❥❛t✳♠①✴❡r❛

✷✺



❈❤❛❜❧é✲P❛s❝✉❛❧ ❡t ❛❧✳
❍✉❡rt♦s ❋❛♠✐❧✐❛r❡s ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦

✷✭✹✮✿✷✸✲✸✾✱✷✵✶✺

❋✐❣✉r❛ ✶✳ ❯❜✐❝❛❝✐ó♥ ❞❡ ❧❛ ③♦♥❛ ❞❡ ❡st✉❞✐♦ ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ ▲❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳

❋✐❣✉r❡ ✶✳ ▲♦❝❛t✐♦♥ ♦❢ t❤❡ st✉❞② ❛r❡❛ ✐♥ t❤❡ r❡❣✐♦♥ ♦❢ ▲❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳

❉♦♥❞❡✿

Frecuencia

absoluta = # cuadrados en lo que se presente cada especie
# total de cuadrados muestrados

▲❛ ❞❡♥s✐❞❛❞ r❡❧❛t✐✈❛ s❡ ❝❛❧❝✉❧ó ❞❡ ❧❛ s✐❣✉✐❡♥t❡
♠❛♥❡r❛✿

Drel = Densidad absoluta por cada especie
Densidad absoluta de todas las especies

(100)

❉♦♥❞❡✿

Densidad absoluta = #de individuos de una especie
área muestreada

▲❛ ❞♦♠✐♥❛♥❝✐❛ ✭❡st✐♠❛❞♦r ❞❡ ❜✐♦♠❛s❛✿ ár❡❛
❜❛s❛❧✱ ❝♦❜❡rt✉r❛✮ r❡❧❛t✐✈❛ s❡ ❝❛❧❝✉❧ó ❞❡ ❧❛ s✐❣✉✐❡♥t❡
♠❛♥❡r❛✿

✇✇✇✳✉❥❛t✳♠①✴❡r❛

✷✻



❈❤❛❜❧é✲P❛s❝✉❛❧ ❡t ❛❧✳
❍✉❡rt♦s ❋❛♠✐❧✐❛r❡s ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦

✷✭✹✮✿✷✸✲✸✾✱✷✵✶✺

❚❛❜❧❛ ✶✳ ❉❛t♦s ❞❡ ❧❛s ❧♦❝❛❧✐❞❛❞❡s s❡❧❡❝❝✐♦♥❛❞❛s✳

❚❛❜❧❡ ✶✳ ❙❡❧❡❝t❡❞ ❧♦❝❛❧✐t✐❡s ❞❛t❛✳

❩♦♥❛ ✜s✐♦❣rá✜❝❛ ▲♦❝❛❧✐❞❛❞ ❤❛❜✐t❛♥t❡s ❱✐✈✐❡♥❞❛s ♠s♥♠ ❈♦♦r❞❡♥❛❞❛s ✭❯❚▼✮ ▼✉♥✐❝✐♣✐♦
❱✐❧❧❛ ●✉❛❞❛❧✉♣❡ ✶✸✷ ✷✹ ✹✵✵ ✹✸✺✸✾✾✱ ✶✾✶✾✺✸✸

❙✐❡rr❛ ❙♦❧❡❞❛❞ ✶✸✷ ✷✼ ✷✻✵ ✹✹✵✻✵✼✱ ✶✾✷✶✽✾✼
●✉st❛✈♦ ❉í❛③ ❖r❞❛③ ✷✽✽ ✺✽ ✶✵✵ ✹✸✾✻✽✶✱ ✶✾✷✽✻✷✾ ❍✉✐♠❛♥❣✉✐❧❧♦
P❡❞r❡❣❛❧✐t♦ ✸✻✶ ✻✻ ✺✵ ✹✹✶✺✸✽✱ ✶✾✸✼✺✽✶

▲♦♠❡rí♦ ❚✐❡rr❛ ◆✉❡✈❛ ✸r❛ ✶✱✻✺✾ ✸✾✻ ✸✵ ✹✹✾✼✼✸✱ ✶✾✺✼✶✵✵
▼✐❣✉❡❧ ❆❧❡♠á♥ ❱✳ ✷✾✻ ✻✷ ✷✵ ✹✸✹✼✽✹✱ ✶✾✼✸✷✻✻
❙✉s♣✐r♦ ✷✷✵ ✹✶ ✷✵ ✹✸✻✷✻✷✱ ✶✾✽✸✾✶✼

▲❧❛♥✉r❛ ❈✲✷✷ ✸✱✶✻✹ ✻✽✾ ✶✵ ✹✸✸✽✼✹✱ ✶✾✾✼✼✵✵ ❈ár❞❡♥❛s
❆❧✉✈✐❛❧ ■❣♥❛❝✐♦ ❩❛r❛❣♦③❛ ✶✱✵✵✵ ✷✷✺ ✶✵ ✹✻✹✻✹✷✱ ✷✵✷✻✼✾✸ ❈♦♠❛❧❝❛❧❝♦

❋✉❡♥t❡✿ ❡❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛ ❛ ♣❛rt✐r ❞❡ ❞❛t♦s ❞❡ ■◆❊●■ ✭✷✵✶✵✮✳

Dorel = Dominancia absoluta por especie
Dominancia absoluta de todas las especies

(100)

❉♦♥❞❡✿

Dominancia absoluta = área basal de una especie
área muestreada

❊❧ ár❡❛ ❜❛s❛❧ ✭❆❇✮ ❞❡ ❧♦s ár❜♦❧❡s s❡ ♦❜t✉✈♦
❝♦♥ ❧❛ ❢♦r♠✉❧❛ s✐❣✉✐❡♥t❡✿

área basal = (DAP )2(π✮

❘❊❙❯▲❚❆❉❖❙

▲❛s ♣❡rs♦♥❛s ❡♥❝✉❡st❛❞❛s ❢✉❡r♦♥ ✼✶ ✪ ♠✉✲
❥❡r❡s ② ✷✾ ✪ ❤♦♠❜r❡s✳ ❉❡ ❧♦s ✶✻✵ ❡♥❝✉❡st❛❞♦s
♥✐♥❣✉♥♦ ❤❛❜❧❛ ❛❧❣✉♥❛ ❧❡♥❣✉❛ ❛✉tó❝t♦♥❛✳ ❊❧ ✸✽ ✪
❞❡ ❧♦s ❤❛❜✐t❛♥t❡s ❞❡ ❧❛ ③♦♥❛ ❙✐❡rr❛ s♦♥ ♦r✐❣✐♥❛r✐♦s
❞❡ P✉❡❜❧❛ ② ❈❤✐❛♣❛s✱ s♦❜r❡ t♦❞♦ ❡♥ ❧❛ ❝♦♠✉♥✐❞❛❞
❞❡ ❱✐❧❧❛ ●✉❛❞❛❧✉♣❡✱ ② ✻✷ ✪ s♦♥ ♦r✐❣✐♥❛r✐♦s ❞❡ ❞✐✲
✈❡rs❛s ❧♦❝❛❧✐❞❛❞❡s ❞❡❧ ♠✉♥✐❝✐♣✐♦ ❞❡ ❍✉✐♠❛♥❣✉✐❧❧♦✱
❚❛❜❛s❝♦✳ P❛r❛ ❧❛ ③♦♥❛ ❞❡ ▲♦♠❡rí♦ ✶✺ ✪ ❞❡ ❧♦s
❤❛❜✐t❛♥t❡s s♦♥ ♦r✐❣✐♥❛r✐♦s ❞❡ ❈❤✐❛♣❛s ② ❱❡r❛❝r✉③✱
♣r❡❞♦♠✐♥❛♥❞♦ ❡♥ ❧❛ ❝♦♠✉♥✐❞❛❞ ❞❡ ▼✐❣✉❡❧ ❆❧❡♠á♥
❱❛❧❞❡③✱ ② ✽✺ ✪ s♦♥ ♦r✐❣✐♥❛r✐♦s ❞❡ ❧♦s ♠✉♥✐❝✐♣✐♦s ❞❡
❍✉✐♠❛♥❣✉✐❧❧♦ ② ❈ár❞❡♥❛s✱ ❚❛❜❛s❝♦✳ P❛r❛ ❧❛ ③♦♥❛ ❞❡
▲❧❛♥✉r❛ ❛❧✉✈✐❛❧ ✻ ✪ ❞❡ ❧♦s ❤❛❜✐t❛♥t❡s s♦♥ ♦r✐❣✐♥❛r✐♦s
❞❡ ❞✐✈❡rs♦s ❡st❛❞♦s ✭❱❡r❛❝r✉③✱ ❈❤✐❛♣❛s✱ ❈❛♠♣❡❝❤❡✱
❡♥tr❡ ♦tr♦s✮ ② ✾✹ ✪ s♦♥ ♦r✐❣✐♥❛r✐♦s ❞❡ ❚❛❜❛s❝♦ ❞❡ ❧♦s
♠✉♥✐❝✐♣✐♦s ❞❡ ❍✉✐♠❛♥❣✉✐❧❧♦✱ ❈ár❞❡♥❛s✱ ❈♦♠❛❧❝❛❧❝♦✱
P❛r❛ís♦ ② ❈✉♥❞✉❛❝á♥✳ ❈♦♥ ❧❛ ❛②✉❞❛ ❞❡ ❧❛s ❡♥tr❡✲
✈✐st❛s✱ s❡ ♣✉❡❞♦ ♣❡r❝✐❜✐r q✉❡ ❧❛s ❝♦st✉♠❜r❡s ❞❡ ❧♦s
♣♦❜❧❛❞♦r❡s s♦♥ ♠✉② ♣♦❝♦ ❛❢❡❝t✐✈❛s ❝♦♥ ❧♦s ❤✉❡rt♦s✱

♠ás ❜✐❡♥ ❡stá♥ ❞❡❞✐❝❛❞♦s ❛ s✐st❡♠❛s ♣r♦❞✉❝t✐✈♦s
❝♦♠♦ ❧❛ ♠✐❧♣❛ ② ❣❛♥❛❞❡rí❛ ❡①t❡♥s✐✈❛❀ s✐♥ ❡♠❜❛r❣♦✱
❛❧ ♣❛s♦ ❞❡ ❧♦s ❛ñ♦s ❡♥ ❧❛s ❧♦❝❛❧✐❞❛❞❡s ❞♦♥❞❡ s❡ ❤❛♥
❛s❡♥t❛❞♦✱ ❤❛♥ ✐❞♦ ❛❞q✉✐r✐❡♥❞♦ ❡s❛ ❝♦st✉♠❜r❡ ♣♦r
✐♠✐t❛❝✐ó♥ ❞❡ ♦tr♦s ❤❛❜✐t❛♥t❡s✱ ❡st♦ s❡ ❡✈✐❞❡♥❝✐❛ ♣♦r
❧❛ ❡❞❛❞ ❞❡ s✉s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ✭❚❛❜❧❛ ✷✮✳ ▲♦s
❝❤✐❛♣❛♥❡❝♦s ② t❛❜❛sq✉❡ñ♦s ❡♥ ❝❛♠❜✐♦✱ ❡♥ s✉ ❣r❛♥
♠❛②♦rí❛ t✐❡♥❡♥ ❧❛ tr❛❞✐❝✐ó♥ ♦ ❝♦st✉♠❜r❡ ❞❡ ♠❛♥t❡♥❡r
❧❛s ár❡❛s ❞❡ ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s✱ ②❛ q✉❡ ❧♦s ❡♥❝✉❡s✲
t❛❞♦s ❞✐❥❡r♦♥ q✉❡ s❡ ❧♦ ❡♥s❡ñ❛r♦♥ s✉s ❛♥t❡♣❛s❛❞♦s✳
❙❡ ❧❡s ✐♥t❡rr♦❣ó ❛❝❡r❝❛ ❞❡❧ ♥♦♠❜r❡ q✉❡ ❧❡ ❞❛♥ ❛❧
ár❡❛ ❞❡ s✉ ❝❛s❛ ❡❧ ❝✉❛❧ ❡s ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡❧ ❞❡s❛rr♦❧❧♦
❞❡ s✉s ♣❧❛♥t❛s ② ❛♥✐♠❛❧❡s ② ❡❧ r❡s✉❧t❛❞♦ ♦❜t❡♥✐❞♦
❢✉❡ q✉❡ ✼✺ ✪ ❞❡ ❧♦s ❡♥❝✉❡st❛❞♦s ❧❡ ❧❧❛♠❛♥ s♦❧❛r✱ ✶✺
✪ ✑♣❛t✐♦✑✱ ② ✶✵ ✪ r❡st❛♥t❡ ❧❡ ♥♦♠❜r❛ ✑tr❛s♣❛t✐♦✑
②✴♦ ✑❥❛r❞í♥✑✳ ❉❡ ❛❝✉❡r❞♦ ❝♦♥ ❧❛s ❡♥tr❡✈✐st❛s✱ ❡♥ ❡❧
♠❛♥❡❥♦ ❞❡ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ✭s✐❡♠❜r❛✱ ❧✐♠♣✐❡③❛✱
r✐❡❣♦✮✱ ♣❛rt✐❝✐♣❛♥ ❞❡ ♠❛♥❡r❛ ❞✐r❡❝t❛ ❧❛s ♠✉❥❡r❡s✱
s✐♥ ❡♠❜❛r❣♦✱ ❧♦s ♦tr♦s ♠✐❡♠❜r♦s ❞❡ ❧❛ ❢❛♠✐❧✐❛ ❝♦♠♦
❡❧ ♣❛♣á✱ ❧♦s ❛❜✉❡❧✐t♦s ② ❧♦s ❤✐❥♦✭❛✮s✱ t✐❡♥❡♥ ♣❛rt✐❝✐✲
♣❛❝✐ó♥ t❡♠♣♦r❛❧ ❡♥ s✉ ♠❛♥t❡♥✐♠✐❡♥t♦✳

❚❛♠❛ñ♦ ② ❡❞❛❞ ❞❡ ❧♦s ❤✉❡rt♦s
❊❧ t❛♠❛ñ♦ ❞❡ ❧♦s ❤✉❡rt♦s ❡♥ s✉♣❡r✜❝✐❡ ❡s ✈❛r✐✲

❛❞♦✿ ❡♥ ❡❧ ár❡❛ ❞❡ ❡st✉❞✐♦ s❡ ❡♥❝♦♥tr❛r♦♥ ❤✉❡rt♦s
❝♦♥ s✉♣❡r✜❝✐❡s ❞❡s❞❡ ✷✵✵ ❤❛st❛ ✷✵ ✵✵✵ ♠2 ✭❚❛❜❧❛
✷✮✳ ❊♥ ❧❛ ③♦♥❛ ❞❡ ❧❛ ❙✐❡rr❛ s❡ t✐❡♥❡ ✉♥ ♣r♦♠❡❞✐♦ ❞❡
✸ ✶✵✺ ♠2✱ ❡♥ ❧❛ ③♦♥❛ ❞❡ ▲♦♠❡rí♦ ❞❡ ✷ ✶✽✾ ♠2 ② ❡♥
❧❛ ③♦♥❛ ❞❡ ▲❧❛♥✉r❛ ❆❧✉✈✐❛❧ ❞❡ ✽ ✺✺✸ ♠2✳ ❊♥ ❧❛ ❚❛❜❧❛
✷ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r ❧❛ s✉♣❡r✜❝✐❡ ♣♦r ❧♦❝❛❧✐❞❛❞✳ ❘❡✲
s♣❡❝t♦ ❛ ❧❛ ❡❞❛❞ ♣r♦♠❡❞✐♦ ❞❡ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s✱
❧♦s ✈❛❧♦r❡s s❡ s✐tú❛♥ ❡♥tr❡ ✶✶✳✻ ② ✸✶✳✷ ❛ñ♦s ❞❡ ❡s✲
t❛❜❧❡❝✐❞♦s ✭❚❛❜❧❛ ✷✮✳ ❊❧ ♣♦❜❧❛❞♦ ■❣♥❛❝✐♦ ❩❛r❛❣♦③❛

✇✇✇✳✉❥❛t✳♠①✴❡r❛

✷✼



❈❤❛❜❧é✲P❛s❝✉❛❧ ❡t ❛❧✳
❍✉❡rt♦s ❋❛♠✐❧✐❛r❡s ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦

✷✭✹✮✿✷✸✲✸✾✱✷✵✶✺

❚❛❜❧❛ ✷✳ ❚❛♠❛ñ♦ ② ❡❞❛❞ ❞❡ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ❞❡ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳

❚❛❜❧❡ ✷✳ ❙✐③❡ ❛♥❞ ❛❣❡ ♦❢ ❤♦♠❡ ❣❛r❞❡♥s ✐♥ t❤❡ r❡❣✐♦♥ ♦❢ ▲❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳

❩♦♥❛ ▲♦❝❛❧✐❞❛❞ ❚❛♠ñ♦ ✭♠2✮ ❊❞❛❞ ✭❛ñ♦s✮
✜s✐♦❣rá✜❝❛ ▼✐♥✐♠♦ Pr♦♠❡❞✐♦ ▼❛①✐♠♦ ▼í♥✐♠♦ Pr♦♠❡❞✐♦ ▼á①✐♠♦
❙✐❡rr❛ ❱♣❡ ✾✵✵ ✸✷✻✺✳✵ ✶✵✵✵✵ ✸ ✶✸✳✹ ✷✺

❙♦❧ ✼✺✵ ✷✽✺✻✳✵ ✺✺✵✵ ✹ ✶✷✳✹ ✸✵
●❞♦r❞ ✼✺✵ ✸✶✾✺✳✵ ✶✵✵✵✵ ✶ ✶✻✳✻ ✹✾

▲♦♠❡rí♦ P❡❞ ✺✵✵ ✸✷✽✵✳✵ ✷✵✵✵✵ ✽ ✶✹✳✻ ✷✺
❚♥✈❛ ✻✵✵ ✶✷✷✼✳✺ ✷✺✵✵ ✷ ✶✺✳✷ ✺✵
▼❛❧❡✈ ✻✵✵ ✷✵✻✵✳✵ ✷✺✵✵ ✺ ✶✶✳✻ ✷✵

▲❧❛♥✉r❛ ❙✉s ✷✵✵ ✶✼✽✺✵✳✵ ✶✵✵✵✵ ✺ ✶✻✳✸ ✸✺
❆❧✉✈✐❛❧ ❈✲✷✷ ✷✵✵ ✻✷✵✳✵ ✶✷✵✵ ✻ ✶✼✳✾ ✸✶

■③❛r ✹✵✵ ✼✶✾✶✳✺ ✷✵✵✵✵ ✹ ✸✶✳✷ ✻✵
P♦❜❧❛❞♦s✿❱♣❡✿ ❱✐❧❧❛ ●✉❛❞❛❧✉♣❡❀ ❙♦❧✿ ❙♦❧❡❞❛❞❀ ●❞♦r❞✿ ●✉st❛✈♦ ❉í❛③ ❖r❞❛③❀ P❡❞✿ P❡✲
❞r❡❣❛❧✐t♦❀ ❚♥✈❛✿ ❚✐❡rr❛ ♥✉❡✈❛❀ ▼❛❧❡✈✿ ▼✐❣✉❡❧ ❆❧❡♠á♥ ❱❛❧❞❡③❀ ❙✉s✿ ❙✉s♣✐r♦❀ ■③❛r✿ ■❣♥❛❝✐♦
❩❛r❛❣♦③❛✳

t✐❡♥❡ ❤✉❡rt♦s ❞❡ ❤❛st❛ ✻✵ ❛ñ♦s ② ❞❡ ●✉st❛✈♦ ❉í❛③
❖r❞❛③ ❤✉❡rt♦s ❝♦♥ ❛♣❡♥❛s ✉♥ ❛ñ♦✳ P♦r ♦tr♦ ❧❛❞♦✱
❛❧❣✉♥♦s ❤✉❡rt♦s ♣r❡s❡♥t❛♥ ♠❛②♦r ❡❞❛❞ ♥♦ ♣♦rq✉❡
❧♦s ♣r♦♣✐❡t❛r✐♦s ❧❧❡✈❡♥ ♠✉❝❤♦ t✐❡♠♣♦ ✈✐✈✐❡♥❞♦ ❛❤í✱
s✐♥♦ ♣♦rq✉❡ s♦♥ t❡rr❡♥♦s ❤❡r❡❞❛❞♦s✱ ♣♦r ❧♦ q✉❡ ❡st♦s
❤❛♥ s✐❞♦ ❡st❛❜❧❡❝✐❞♦s ❝♦♥ ❛♥t❡r✐♦r✐❞❛❞ ② ❤❛♥ s✐❞♦
❝♦♥s❡r✈❛❞♦s✱ ❡❥❡♠♣❧♦ ❞❡ ❡❧❧♦s ❡s ❡❧ ❤✉❡rt♦ ❞❡ ❞♦ñ❛
❘♦s✐t❛ ❞❡ ❧❛ ❧♦❝❛❧✐❞❛❞ ❞❡ ■❣♥❛❝✐♦ ❩❛r❛❣♦③❛ q✉❡ ❧♦
❤❡r❡❞♦ ❞❡ s✉s ♣❛❞r❡s✳ ❈❛s♦s ♣❛r❡❝✐❞♦s s❡ r❡❣✐str❛r♦♥
❡♥ tr❡s ❤✉❡rt♦s ❡♥ ❧❛ ③♦♥❛ ❙✐❡rr❛✱ ❞♦s ❡♥ ❧❛ ③♦♥❛ ❞❡
▲♦♠❡rí♦ ② ❝✉❛tr♦ ❡♥ ❧❛ ③♦♥❛ ❞❡ ▲❧❛♥✉r❛ ❆❧✉✈✐❛❧✳

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

❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ♣✉❡❞❡ s❡r ♦❜s❡r✈❛❞❛ ❞❡ ❞♦s
♠❛♥❡r❛s✿ ❧❛ ✈❡rt✐❝❛❧ ② ❧❛ ❤♦r✐③♦♥t❛❧ ② ❡st♦ ❡stá ❞❡✲
t❡r♠✐♥❛❞♦ ♣♦r ❡❧ ♠❛♥❡❥♦ q✉❡ ❧❡ ❞❛♥ ❧♦s ♣r♦♣✐❡t❛r✐♦s✳

❊str✉❝t✉r❛ ✈❡rt✐❝❛❧
❉❡s❞❡ ❧❛ ♣❡rs♣❡❝t✐✈❛ ✈❡rt✐❝❛❧ ❡♥ ❧♦s ✷✼ ❤✉❡rt♦s

❢❛♠✐❧✐❛r❡s s❡ ♣✉❡❞❡♥ ❞✐❢❡r❡♥❝✐❛r tr❡s ❡str❛t♦s ❞❡♥tr♦
❞❡ ❧❛ ✈❡❣❡t❛❝✐ó♥✱ ❧♦s ❝✉❛❧❡s s♦♥✿ ❛r❜ór❡♦✱ ❛r❜✉st✐✈♦
② ❤❡r❜á❝❡♦✳
❊str❛t♦ ❛r❜ór❡♦✳ ❙❡ ❡♥❝✉❡♥tr❛ r❡♣r❡s❡♥t❛❞♦ ♣♦r
❡s♣❡❝✐❡s ❝♦♥ ❛❧t✉r❛s q✉❡ ❧❧❡❣❛♥ ❤❛st❛ ❧♦s ✶✾ ♠✱ ❝♦♠♦
❡s ❡❧ ❝❛s♦ ❞❡❧ ❜♦❥ó♥ ✭❈♦r❞✐❛ ❛❧❧✐♦❞♦r❛✮ ❡♥ ❧❛ ❧♦❝❛❧✐✲
❞❛❞ ❞❡ ❱✐❧❧❛ ●✉❛❞❛❧✉♣❡✱ ♦tr❛s ❡s♣❡❝✐❡s ❝♦♥ ✉♥❛ ❛❧✲
t✉r❛ ❝♦♥s✐❞❡r❛❜❧❡ ❞❡ ❡♥tr❡ ✽ ② ✶✺ ♠ ❡♥❝♦♥tr❛❞❛s ❡♥
t♦❞❛s ❧❛s ❧♦❝❛❧✐❞❛❞❡s s♦♥✿ ❝❡❞r♦ ✭❈❡❞r❡❧❛ ♦❞♦r❛t❛✮✱
♠❛♥❣♦ ✭▼❛♥❣✐❢❡r❛ ✐♥❞✐❝❛✮✱ ♥❛♥❝❡ ✭❇②rs♦♥✐♠❛ ❝r❛s✲

s✐❢♦❧✐❛✮✱ t❛♠❛r✐♥❞♦ ✭❚❛♠❛r✐♥❞✉s ✐♥❞✐❝❛✮✱ ❡♥tr❡ ♦tr♦s✳
❊str❛t♦ ❛r❜✉st✐✈♦✳ ❙❡ ❝♦♥s✐❞❡r❛ ❝♦♥ ❛❧t✉r❛s
❞❡ ❤❛st❛ ✺ ♠ ❝♦♠♦ ♠á①✐♠♦✱ ❡♥ ❧❛ ♦❜s❡r✲
✈❛❝✐ó♥ s❡ r❡❣✐str❛r♦♥ ❡s♣❡❝✐❡s ❝♦♠♦✿ ❜✉❣❛♥✈✐❧✐❛
✭❇♦✉❣❛✐♥✈✐❧❧❡❛ ❣❧❛❜r❛✮✱ t✉❧✐♣á♥ ✭❍✐❜✐s❝✉s r♦s❛✲

s✐♥❡♥s✐s✮✱ ❝❛❢é ✭❈♦✛❡❛ ❛r❛❜✐❝❛✮✱ ♥❛r❛♥❥❛ ✭❈✐tr✉s
s✐♥❡♥s✐s✮✱ ♥♦♥✐ ✭▼♦r✐♥❞❛ ❝✐tr✐❢♦❧✐❛✮✱ ❝❛❝❛♦ ✭❚❤❡♦✲
❜r♦♠❛ ❝❛❝❛♦✮✱ ❧✐♠ó♥ ✭❈✐tr✉s ❛✉r❛♥t✐❢♦❧✐❛✮✱ ❡♥tr❡
♦tr♦s✳
❊str❛t♦ ❤❡r❜á❝❡♦✳ ❊♥ ❡st❡ ❡str❛t♦ s❡ ♦❜s❡r✈❛r♦♥
❡s♣❡❝✐❡s ♠❡❞✐❝✐♥❛❧❡s ❝♦♠♦✿ q✉❡❧✐t❡ ✭❙❡♥♥❛ ♣❛♣✐✲

❧❛❝❡❛❡✮✱ r✉❞❛ ✭❘✉t❛ ❝❤❛❧❡♣❡♥s✐s✮✱ ♦r❡❣❛♥ó♥ ✭▲✐♣♣✐❛
❣r❛✈❡♦❧❡♥s✮✱ ♠❛❣✉❡② ✭❚r❛❞❡s❝❛♥t✐❛ s♣❛t❤❛❝❡❛✮✱ ✈✐✲
❝❛r✐❛ ✭❈❛t❤❛r❛♥t❤✉s r♦s❡✉s✮✱ ❡♥tr❡ ♦tr♦s✳ ❚❛♠❜✐é♥
s❡ ❡♥❝♦♥tr❛r♦♥ ♦r♥❛♠❡♥t❛❧❡s ❝♦♠♦ ❡❧ t❡❧é❢♦♥♦ ✭❊♣✐✲
❞❡♥❞r✉♠ ♣✐♥♥❛t✉♠✮ ② ❡♣í✜t❛s ❝♦♠❡st✐❜❧❡s ❝♦♠♦
❧❛ ♣✐t❛②❛ ✭❍②❧♦❝❡r❡✉s ✉♥❞❛t✉s✮✳ ❉❡ ❧❛s ❡s♣❡❝✐❡s
♣❛rás✐t❛s ♦❜s❡r✈❛❞❛s ❡♥ ❧♦s ❤✉❡rt♦s s❡ ❞✐st✐♥❣✉❡ ❧❛
❝❛❜❛❧❧❡r❛ ✭❙tr✉t❤❛♥t❤✉s ❝❛ss②t❤♦✐❞❡s✮✱ ❧❛ ❝✉❛❧ ❤❛❝✐❛
❧❛ ③♦♥❛ ❞❡ ❧♦s ▲♦♠❡rí♦ ❛t❛❝❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛ ❧♦s
❝✉❧t✐✈♦s ❞❡ ❝ítr✐❝♦s ② ❡♥ ❧❛ ❙✐❡rr❛ ❛ ❝✉❛❧q✉✐❡r ❡s♣❡❝✐❡
❞♦♥❞❡ s❡ ❡st❛❜❧❡③❝❛✱ ❧♦s ♣r♦♣✐❡t❛r✐♦s ❧❡ ❞❛♥ ✉♥ ❝♦♥✲
tr♦❧ ♠❛♥✉❛❧ ❛ ❡st❛ ❡s♣❡❝✐❡✳ ❉❡♥tr♦ ❞❡ ❧❛s ❡s♣❡❝✐❡s
r❛str❡r❛s ❝♦♠❡st✐❜❧❡s s❡ ♦❜s❡r✈❛r♦♥ ❛❧ ❝❛♠♦t❡ ✭■♣♦✲
♠♦❡❛ ❜❛t❛t❛s✮✱ ❧❛ ❝❛❧❛❜❛③❛ ✭❈✉❝✉r❜✐t❛ ♠♦s❝❤❛t❛✮✱
❡♥tr❡ ♦tr❛s✳ ❉❡♥tr♦ ❞❡ ❧❛s ♣❧❛♥t❛s tr❡♣❛❞♦r❛s s❡
♦❜s❡r✈❛r♦♥ ❡❧ ❝❤❛②♦t❡ ✭❙❝❤❡❡❞✐✉♥ s❛t✐✈✉s✮ ② ❡❧
♠❛r❛❝✉②á ✭P❛ss✐✢♦r❛ ❡❞✉❧✐s✮✱ q✉❡ t✐❡♥❡♥ ✉s♦ ❝♦✲
♠❡st✐❜❧❡✳

✇✇✇✳✉❥❛t✳♠①✴❡r❛

✷✽



❈❤❛❜❧é✲P❛s❝✉❛❧ ❡t ❛❧✳
❍✉❡rt♦s ❋❛♠✐❧✐❛r❡s ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦
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❊str✉❝t✉r❛ ❤♦r✐③♦♥t❛❧
▲❛ ❡str✉❝t✉r❛ ❤♦r✐③♦♥t❛❧ ✐♥❞✐❝❛ ❡❧ ❛rr❡❣❧♦ ❞❡

❧♦s ✐♥❞✐✈✐❞✉♦s ❞❡ ♣❧❛♥t❛s ❡♥ ❡❧ ♣❧❛♥♦ ❤♦r✐③♦♥t❛❧✳ ▲❛
❋✐❣✉r❛ ✷ ♠✉❡str❛ ❡❧ ❛rr❡❣❧♦ ❣❡♥❡r❛❧ ❞❡ ❧♦s ❤✉❡rt♦s
❢❛♠✐❧✐❛r❡s ❞❡ ❧❛ ③♦♥❛ ❞❡ ❧❛ ❙✐❡rr❛✳ ❙❡ ♣✉❡❞❡ ♦❜s❡r✈❛r
q✉❡ ❧♦s ❧í♠✐t❡s ❞❡ ❧♦s ❤✉❡rt♦s t✐❡♥❡♥ ❢♦r♠❛ ✐rr❡❣✉❧❛r✱
② ❡♥ ❡❧❧❛ s❡ r❡s❛❧t❛ q✉❡ ♣r❡❞♦♠✐♥❛♥ ❧❛s ❡s♣❡❝✐❡s ❛r✲
❜ór❡❛s ② ❛r❜✉st✐✈❛s✱ ♦tr❛ ❝❛r❛❝t❡ríst✐❝❛ ❡s q✉❡ ❡st♦s
❤✉❡rt♦s ❝♦❧✐♥❞❛♥ ❝♦♥ ár❡❛s ❞❡ ❧❛s r❡s❡r✈❛s ❞❡ s❡❧✈❛
q✉❡ s♦♥ ❝♦♥s❡r✈❛❞❛s ♣♦r ❧♦s ❤❛❜✐t❛♥t❡s✳

❊♥ ❡❧ ❛rr❡❣❧♦ ❤♦r✐③♦♥t❛❧ ❞❡❧ ❤✉❡rt♦ ❢❛♠✐❧✐❛r
❡♥ ❧❛ ③♦♥❛ ❞❡ ▲♦♠❡rí♦ ✭❋✐❣✉r❛ ✸✮✱ s❡ ♦❜s❡r✈ó
q✉❡ ❧❛s ❡s♣❡❝✐❡s ❛r❜ór❡❛s s♦♥ ♠ás ❡s♣❛❝✐❛❞❛s✱
❡♥ ❡st❛ ár❡❛ ❧♦s ❧í♠✐t❡s ❞❡❧ s♦❧❛r s❡ ❤❛❝❡♥
❝♦♥ ♠❛❞❡r❛✱ ❝♦♥ ❛❧❣✉♥♦s ❛r❜✉st♦s ② ❡♥ s✉
♠❛②♦rí❛ ❝♦♥ ❛❧❣✉♥❛ ❝❡r❝❛ ❞❡ ♠❡t❛❧ ♦ ❛❧❛♠❜r❡✳

❋✐❣✉r❛ ✷✳ ❆rr❡❣❧♦ ❡s♣❛❝✐❛❧ ♣r♦♠❡❞✐♦ ❞❡❧ ❤✉❡rt♦ ❢❛♠✐❧✐❛r ❡♥ ❧❛
③♦♥❛ ❙✐❡rr❛ ❞❡ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳
❋✐❣✉r❡ ✷✳ ❍♦♠❡ ❣❛r❞❡♥ ❛✈❡r❛❣❡ s♣❛t✐❛❧ ❛rr❛♥❣❡♠❡♥t ✐♥ t❤❡ ❛r❡❛
♦❢ t❤❡ ❙✐❡rr❛ ✐♥ t❤❡ r❡❣✐♦♥ ♦❢ ▲❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳

◆♦ ♦❜st❛♥t❡✱ ❧❛ ❧♦❝❛❧✐❞❛❞ ❞❡ P❡❞r❡❣❛❧✐t♦
❝♦❧✐♥❞❛ ❝♦♥ ❡❧ ❧í♠✐t❡ ❞❡ ❧❛ ③♦♥❛ ❙✐❡rr❛✱ ♣♦r ❧♦ q✉❡ s❡
♦❜s❡r✈❛ q✉❡ ❡♥ ❧❛ ♣❡r✐❢❡r✐❛ ❞❡❧ ♣♦❜❧❛❞♦ s❡ ❡♥❝✉❡♥tr❛♥
❛❧❣✉♥♦s ♠❛♥❝❤♦♥❡s ❞❡ ✈❡❣❡t❛❝✐ó♥ ♥❛t✉r❛❧ ② ❛❧❣✉♥♦s
❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ❝♦❧✐♥❞❛♥ ❝♦♥ ❡st❛s ár❡❛s✱ ♣❡r♦ ❡♥
s✉ ♠❛②♦rí❛ ❧✐♠✐t❛♥ ❝♦♥ ❧♦s ♣❛st✐③❛❧❡s✳ ❊♥ ❧♦s ♣♦❜❧❛✲
❞♦s ❚✐❡rr❛ ◆✉❡✈❛ t❡r❝❡r❛ s❡❝❝✐ó♥ ② ▼✐❣✉❡❧ ❆❧❡♠á♥
❱❛❧❞❡③ ❧♦s ❤✉❡rt♦s ❡stá♥ ❜✐❡♥ ❞❡❧✐♠✐t❛❞♦s ②❛ q✉❡ ❛❧✲
❣✉♥♦s ❝♦❧✐♥❞❛♥ ❝♦♥ ♦tr❛s ✈✐✈✐❡♥❞❛s ② ❡♥ s✉ ♠❛②♦rí❛
❝♦♥ ❧♦s ♣♦tr❡r♦s✱ ❞❡❜✐❞♦ ❛ q✉❡ s✉s ❝❛r❛❝t❡ríst✐❝❛s
❛♠❜✐❡♥t❛❧❡s ❡st❛ ③♦♥❛ ❡s ❞❡❞✐❝❛❞❛ ❛ ❧❛ ❣❛♥❛❞❡rí❛✳

❚❛❜❧❛ ✸✳ ❮♥❞✐❝❡ ❞❡ ❞✐✈❡rs✐❞❛❞ ❞❡ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ❞❡ ❧❛
r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳

❚❛❜❧❡ ✸✳ ❉✐✈❡rs✐t② ✐♥❞❡① ♦❢ t❤❡ ❤♦♠❡ ❣❛r❞❡♥s ✐♥ t❤❡ r❡❣✐♦♥
♦❢ ▲❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳
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❍❋✿ ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s✳

P❛r❛ ❧❛ ③♦♥❛ ❞❡ ▲❧❛♥✉r❛ ❆❧✉✈✐❛❧ s❡ ♦❜s❡r✈❛r♦♥
❞♦s t✐♣♦s ❞❡ ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s✱ ✶✮ ❤✉❡rt♦ ❢❛♠✐❧✐❛r
❝♦♠ú♥ ♦ tr❛❞✐❝✐♦♥❛❧ ❛❧ ✐❣✉❛❧ q✉❡ ❡♥ ❧❛s ♦tr❛s ③♦♥❛s
✭❙✐❡rr❛ ② ▲♦♠❡rí♦✮✱ ✷✮ ❤✉❡rt♦ ❢❛♠✐❧✐❛r ❝♦♠❜✐♥❛❞♦
❝♦♥ ❧❛ ✉♥✐❞❛❞ ❞❡ ♣r♦❞✉❝❝✐ó♥ ❞❡ ❝❛❝❛♦ ✭❋✐❣✉r❛ ✹✮✳
▲♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s tr❛❞✐❝✐♦♥❛❧❡s ② ❧♦s ❤✉❡rt♦s ❝♦♥
❧❛ ✉♥✐❞❛❞ ❞❡ ♣r♦❞✉❝❝✐ó♥ ❞❡ ❝❛❝❛♦ t✐❡♥❡♥ s✐♠✐❧❛r❡s
❝♦♠♣♦♥❡♥t❡s ❝♦♠♦ ❡s♣❡❝✐❡s ❛r❜♦❧❛❞❛s ② ❧❛ ❢❛✉♥❛
♣r❡s❡♥t❡✱ ❡♥tr❡ ♦tr♦s✳ ▲❛ ❞✐❢❡r❡♥❝✐❛ r❛❞✐❝❛ ❡♥ q✉❡
❡❧ s❡❣✉♥❞♦ ❝❛s♦ ♣r❡s❡♥t❛ ❡❧ s✐st❡♠❛ ❞❡ ❝✉❧t✐✈♦ ❞❡
❝❛❝❛♦t❛❧ ❝♦♠♦ ♣❛rt❡ ❞❡ ❤✉❡rt♦ ②❛ q✉❡ s❡ ❡♥❝✉❡♥tr❛
❝❡r❝❛ ❞❡ ❧❛ ❝❛s❛ ❤❛❜✐t❛❝✐ó♥ ②✱ ♣♦r s✉ ❜✐♦❞✐✈❡rs✐❞❛❞✱
❧♦s ♣r♦♣✐❡t❛r✐♦s ❧♦ ❝♦♥s✐❞❡r❛♥ ♣❛rt❡ ❞❡❧ s✐st❡♠❛✳

❉✐✈❡rs✐❞❛❞ ❞❡ ✢♦r❛
❊♥ ❧♦s ✷✼ ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ✈✐s✐t❛❞♦s✱ s❡ ❡♥✲

❝♦♥tr❛r♦♥ ✉♥ t♦t❛❧ ❞❡ ✸✸✵ ❡s♣❡❝✐❡s ✈❡❣❡t❛❧❡s ❞✐st✐♥✲
t❛s✳ ❊♥ ❧❛ ③♦♥❛ ❞❡ ❧❛ ❙✐❡rr❛ s❡ r❡❣✐str❛r♦♥ ❧♦s ❤✉❡rt♦s
♠ás ❞✐✈❡rs♦s ❡♥ ❧❛s ❝♦♠✉♥✐❞❛❞❡s ❞❡ ●✉st❛✈♦ ❉í❛③
❖r❞❛③ ② ▲❛ ❙♦❧❡❞❛❞✱ ❡♥ ❧❛ ③♦♥❛ ❞❡ ❧♦♠❡rí♦s s♦❜r❡✲
s❛❧❡ ❧❛ ❝♦♠✉♥✐❞❛❞ ❞❡ P❡❞r❡❣❛❧✐t♦ ② ❡♥ ❧❛ ③♦♥❛ ❞❡
▲❧❛♥✉r❛ ❛❧✉✈✐❛❧ ❧❛ ❝♦♠✉♥✐❞❛❞ ❞❡ ❩❛r❛❣♦③❛ ✭❋✐❣✉r❛
✺✮✳ P♦r ♦tr♦ ❧❛❞♦✱ ❝♦♥ ❜❛s❡ ❡♥ ❡❧ ♠✉❡str❡♦ r❡❛❧✐③❛❞♦
❡♥ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s s❡ ♦❜t✉✈♦ ❡❧ ✐♥❞✐❝❛❞♦r ❞❡
r✐q✉❡③❛ ✈❡❣❡t❛❧ ✭❙✮✳ ❊♥ ❧❛ ③♦♥❛ ❙✐❡rr❛ s❡ r❡❣✐stró
q✉❡ ❧❛ ❙ s❡ ❡♥❝✉❡♥tr❛ ❡♥tr❡ ✻ ❛ ✶✵ ❡s♣❡❝✐❡s✱ ❡♥ ❧❛
③♦♥❛ ❞❡ ▲♦♠❡rí♦ ❡s ❞❡ ❡♥tr❡ ✻ ❛ ✶✶ ❡s♣❡❝✐❡s ② ❡♥ ❧❛
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▲❧❛♥✉r❛ ❆❧✉✈✐❛❧ ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳
❋✐❣✉r❡ ✸✳ ❙♣❛t✐❛❧ ❛rr❛♥❣❡♠❡♥t ♦❢ t❤❡ t✇♦ t②♣❡s ♦❢ ❤♦♠❡ ❣❛r❞❡♥s ✐♥ t❤❡ ❛r❡❛ ♦❢
t❤❡ ▲❧❛♥✉r❛ ❆❧✉✈✐❛❧ ✐♥ t❤❡ r❡❣✐♦♥ ♦❢ ▲❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳
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✭✭❍✬✮✮ s❡ ♦❜s❡r✈ó q✉❡ ❡♥ ❧❛ ③♦♥❛ ❞❡ ❧❛ ❙✐❡rr❛ ❡❧
■❉❊ s❡ ❡♥❝✉❡♥tr❛ ❡♥tr❡ ✶✳✹ ❛ ✷✳✷✱ ♣❛r❛ ❧❛ ③♦♥❛ ❞❡
❧♦♠❡rí♦s s❡ ❡♥❝✉❡♥tr❛ ❞❡ ✶✳✺ ❛ ✷✳✹ ②✱ ♣❛r❛ ❧❛ ③♦♥❛
❞❡ ▲❧❛♥✉r❛ ❛❧✉✈✐❛❧ ❡s ❞❡ ✵✳✽ ❛ ✷✳✸✳ ✭❚❛❜❧❛ ✸✮✳

❮♥❞✐❝❡ ❞❡ ❱❛❧♦r ❞❡ ✐♠♣♦rt❛♥❝✐❛ ✭■❱■✮
❊♥ ❧♦s ♠✉❡str❡♦s r❡❛❧✐③❛❞♦s ❡♥ ❧♦s ✾ ❤✉❡rt♦s

❢❛♠✐❧✐❛r❡s ✭❍❋✮ ❞❡ ❧❛ ③♦♥❛ ❙✐❡rr❛✱ s❡ ❡♥❝♦♥tró ✉♥❛
r✐q✉❡③❛ ✢♦ríst✐❝❛ ❛r❜ór❡❛ ❞❡ ✸✽ ❡s♣❡❝✐❡s✱ s✐❡♥❞♦ ❧❛s
❡s♣❡❝✐❡s ❝♦♥ ♠❛②♦r í♥❞✐❝❡ ❞❡ ✈❛❧♦r ❞❡ ✐♠♣♦rt❛♥❝✐❛
✭■❱■✮ ❡❧ ♠❛❝✉✐❧✐s ✭✻✻✳✷✵ ✪✮✱ ❧❛ ❝❛♥❡❧❛ ✭✻✺✳✷✼ ✪✮✱ ❧❛
❣✉❛②❛ ✭✻✶✳✸✵ ✪✮✱ ❡❧ ❜♦❥ó♥ ✭✻✵✳✵✵ ✪✮ ② ❧❛ ♣✐♠✐❡♥t❛
✭✺✵✳✼✽ ✪✮ ✭❚❛❜❧❛ ✹✮✳ ❊♥ ❧♦s ♠✉❡str❡♦s ❞❡ ❧♦s ❍❋
❞❡ ❧❛ ③♦♥❛ ❞❡ ▲♦♠❡rí♦✱ s❡ ❡♥❝♦♥tró ✉♥❛ r✐q✉❡③❛
✢♦ríst✐❝❛ ❛r❜ór❡❛ ❞❡ ✹✵ ❡s♣❡❝✐❡s✳ ▲❛s ❡s♣❡❝✐❡s ❞❡
♠❛②♦r ■❱■ s♦♥✿ ❜✉❣❛♥✈✐❧✐❛ ✭✼✼✳✽✷ ✪✮✱ ❝✐r✉❡❧❛ ✭✼✷✳✸✽
✪✮✱ ❜❡❧❧♦t❛ ✭✺✹✳✽✼ ✪✮✱ ár❜♦❧ ♠❛❞r❡ ✭✺✷✳✹✻ ✪✮ ②
✜❝✉s ✭✺✵✳✼✹ ✪✮ ✭❚❛❜❧❛ ✺✮✳ ❊♥ ❧♦s ♠✉❡str❡♦s ❞❡
❧♦s ❍❋ ❞❡ ❧❛ ③♦♥❛ ❞❡ ▲❧❛♥✉r❛ ❆❧✉✈✐❛❧✱ s❡ ❡♥❝♦♥tró
✉♥❛ r✐q✉❡③❛ ❛r❜ór❡❛ ❞❡ ✷✻ ❡s♣❡❝✐❡s✳ ▲❛s ❡s♣❡❝✐❡s
❞❡ ♠❛②♦r ■❱■ ❢✉❡r♦♥✿ ❡❧ ♠♦té ✭✻✽✳✷✷ ✪✮✱ ❡❧ ❝❛❝❛♦
✭✹✻✳✵✽ ✪✮✱ ❡❧ ♠❛♥❣♦ ✭✹✺✳✾✾ ✪✮✱ ❡❧ ❝❡❞r♦ ✭✹✺✳✼✻ ✪✮
② ❡❧ ❝♦❝♦ ✭✹✹✳✸✶ ✪✮ ✭❚❛❜❧❛ ✻✮✳

❈❛t❡❣♦rí❛ ❞❡ ✉s♦s ❞❡ ✢♦r❛
❊♥ ❧❛s ✾ ❧♦❝❛❧✐❞❛❞❡s s❡ ❡♥❝♦♥tr❛r♦♥ ✽ ❝❛t❡✲

❣♦rí❛s ❞❡ ✉s♦ ❞❡ ❧❛s ❡s♣❡❝✐❡s ✭❚❛❜❧❛ ✼✮✱ ❝❛❜❡ ♠❡♥✲

❋✐❣✉r❛ ✹✳ ❆rr❡❣❧♦ ❡s♣❛❝✐❛❧ ♣r♦♠❡❞✐♦ ❞❡❧ ❤✉❡rt♦ ❢❛♠✐❧✐❛r ❞❡ ❧❛
③♦♥❛ ❞❡ ▲♦♠❡rí♦s ❞❡ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳
❋✐❣✉r❡ ✹✳ ❍♦♠❡ ❣❛r❞❡♥ ❛✈❡r❛❣❡ s♣❛t✐❛❧ ❛rr❛♥❣❡♠❡♥t ✐♥ t❤❡ ❛r❡❛
♦❢ t❤❡ ▲♦♠❡rí♦s ✐♥ t❤❡ r❡❣✐♦♥ ♦❢ ▲❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳

❝✐♦♥❛r q✉❡ ✉♥❛ ❡s♣❡❝✐❡ ♣✉❡❞❡ t❡♥❡r ♠ás ❞❡ ✉♥ ✉s♦✳
❊♥tr❡ ❧♦s ✉s♦s ♠ás r❡♣r❡s❡♥t❛t✐✈♦s s♦♥ ❡❧ ❝♦♠❡st✐❜❧❡
②✴♦ ❛❧✐♠❡♥t♦✱ s❡❣✉✐❞♦ ❞❡❧ ♦r♥❛♠❡♥t❛❧ ② ♠❡❞✐❝✐♥❛❧✳
❙❡ ♦❜s❡r✈ó q✉❡ ❧♦s ♣♦❜❧❛❞♦r❡s ❡♥❣❧♦❜❛♥ ❡♥ ❧❛ ❝❛t❡✲
❣♦rí❛ ❝♦♠❡st✐❜❧❡ ❛ ❧❛s ❢r✉t❛s✱ ✈❡r❞✉r❛s ② t✉❜ér❝✉❧♦s✳
❊♥ ❧❛ ③♦♥❛ ❞❡ ▲❧❛♥✉r❛ ❆❧✉✈✐❛❧ s❡ ❡♥❝♦♥tr❛r♦♥ ✺✵
❡s♣❡❝✐❡s ❝♦♠♦ ❛❧✐♠❡♥t✐❝✐❛s✱ ❡♥ ❧❛ ③♦♥❛ ❞❡ ❧❛ ❙✐❡rr❛
✹✻ ② ❡♥ ❧❛ ③♦♥❛ ❞❡ ▲♦♠❡rí♦ ✹✷✳ P❛r❛ ❧❛ ❝❛t❡❣♦rí❛
❞❡ ❧❛s ♦r♥❛♠❡♥t❛❧❡s ❧❛ q✉❡ ❡stá r❡♣r❡s❡♥t❛❞❛ ❝♦♥
♠❛②♦r ♥ú♠❡r♦ ❞❡ ❡s♣❡❝✐❡s ❡s ❧❛ ③♦♥❛ ❞❡ ▲♦♠❡rí♦

✇✇✇✳✉❥❛t✳♠①✴❡r❛

✸✵



❈❤❛❜❧é✲P❛s❝✉❛❧ ❡t ❛❧✳
❍✉❡rt♦s ❋❛♠✐❧✐❛r❡s ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦

✷✭✹✮✿✷✸✲✸✾✱✷✵✶✺

❋✐❣✉r❛ ✺✳ ❘✐q✉❡③❛ ❞❡ ❡s♣❡❝✐❡s ✈❡❣❡t❛❧❡s ✭❙✮ ♣♦r ❧♦❝❛❧✐❞❛❞ ❡♥ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ❞❡ ❧❛ r❡❣✐ó♥ ❈❤♦♥t❛❧♣❛✱
❚❛❜❛s❝♦✳
❋✐❣✉r❡ ✺✳ P❧❛♥t s♣❡❝✐❡s r✐❝❤♥❡ss ✭❙✮ ♣❡r ❧♦❝❛❧✐t② ✐♥ ❤♦♠❡ ❣❛r❞❡♥s ✐♥ t❤❡ r❡❣✐♦♥ ♦❢ ▲❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦✳

s❡❣✉✐❞❛ ❞❡ ❧❛ ❙✐❡rr❛ ② ❛❧ ú❧t✐♠♦ ❧❛ ▲❧❛♥✉r❛ ❆❧✉✈✐❛❧✳
❊♥ ❝✉❛♥t♦ ❛ ❧♦s ✉s♦s ♠❡❞✐❝✐♥❛❧❡s ❧❛ ③♦♥❛ ❞❡ ▲❧❛✲
♥✉r❛ ❛❧✉✈✐❛❧ t✐❡♥❡ ♠❛②♦r ♥ú♠❡r♦ ❞❡ ❡s♣❡❝✐❡s ❝♦♥ ✹✶✱
s❡❣✉✐❞❛ ❞❡ ❧❛ ❙✐❡rr❛ ❝♦♥ ✸✺ ② ❡❧ ▲♦♠❡rí♦ ❝♦♥ ✷✷✳

❋❛✉♥❛
❊♥ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ♥♦ s♦❧♦ s❡ ❡♥❝✉❡♥✲

tr❛♥ ♣❧❛♥t❛s✱ s✐♥♦ t❛♠❜✐é♥ s❡ ❡♥❝♦♥tr❛r♦♥ ❡s♣❡❝✐❡s
❞❡ ❢❛✉♥❛✱ ❡♥ ❡st❡ ❝❛s♦ ❧❛s ♠ás ❝♦♠✉♥❡s s♦♥ ❧❛s ❞♦✲
♠❡st✐❝❛❞❛s✱ s✐♥ ❡♠❜❛r❣♦✱ s❡ ♦❜s❡r✈ó q✉❡ ❡♥tr❡ ♠ás
❝❡r❝❛♥❛s s❡ ❡♥❝✉❡♥tr❡♥ ❞❡ ❧♦s ❡❝♦s✐st❡♠❛s ♥❛t✉r❛❧❡s
❧❛ ♣♦❜❧❛❝✐ó♥ ❝✉❡♥t❛ ❡♥ s✉s s♦❧❛r❡s ❡s♣❡❝✐❡s ❞❡ ❢❛✉♥❛
❞❡ t✐♣♦ s✐❧✈❡str❡ ❡♥ ✈í❛s ❞❡ ❞♦♠❡st✐❝❛❝✐ó♥✱ ♣♦r ❡❥❡♠✲
♣❧♦ ❡❧ t❡♣❡③❝✉✐♥t❧❡ ✭❆❣♦✉t✐ ♣❛❝❛✮✳

❋❛✉♥❛ ❞♦♠ést✐❝❛
❊♥ ❧❛s tr❡s ③♦♥❛s ✜s✐♦❣rá✜❝❛s s❡ ♦❜s❡r✈ó ❞❡

q✉❡ ❝❛❞❛ ❝❛s❛ ✉ ❤♦❣❛r ♠❛♥t✐❡♥❡ ❢❛✉♥❛ ❞♦♠ést✐❝❛
❛✈❡s ② ♠❛♠í❢❡r♦s ✭❚❛❜❧❛ ✽✮✳ ❉❡♥tr♦ ❞❡ ❧❛s ♣r✐♥✲
❝✐♣❛❧❡s ❡s♣❡❝✐❡s ❡stá♥ ❧❛s ❞❡ t✐♣♦ ❝♦♠❡st✐❜❧❡ ❝♦♠♦
❧❛s ❣❛❧❧✐♥❛s✱ ❧♦s ♣❛✈♦s ② ❧♦s ♣❛t♦s✱ ❡♥ ❧❛s ♥✉❡✈❡ ❝♦✲
♠✉♥✐❞❛❞❡s✳ ❖tr❛ ❡s♣❡❝✐❡ ♣r❡s❡♥t❡ ❡♥ ❧❛s tr❡s ③♦♥❛s
❡s ❡❧ ♣❡rr♦✱ q✉❡ ❡s ✉t✐❧✐③❛❞♦ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❝♦♠♦
❝✉✐❞❛❞♦r ❞❡ ❧❛ ❝❛s❛ ② ❡♥ ❧❛s ③♦♥❛s ❙✐❡rr❛ ② ▲♦♠❡rí♦
❧♦ ♦❝✉♣❛♥ t❛♠❜✐é♥ ♣❛r❛ ❧❛ ❝❛❝❡rí❛✳ ❊♥ ❝❛❞❛ ③♦♥❛
❧♦s ❛♥✐♠❛❧❡s t✐❡♥❡♥ ✉♥ s✐t✐♦ ❡♥ ❡❧ ❤✉❡rt♦ ❢❛♠✐❧✐❛r
♣❛r❛ ❝♦♠❡r✱ ♣❛r❛ ❛♥❞❛r ② ♣❛r❛ ❞♦r♠✐r✳ P❛r❛ ❧❛ ③♦♥❛
❙✐❡rr❛ ❧♦s ❛♥✐♠❛❧❡s ❣❡♥❡r❛❧♠❡♥t❡ ❡stá♥ ❧✐❜r❡s ② ♣♦r

❧❛ t❛r❞❡ ❜✉s❝❛♥ s✉ ❧✉❣❛r ♣❛r❛ ❞♦r♠✐r✱ ❡♥ ❡st❡ ❝❛s♦
❧❛s ❛✈❡s ❞♦♠ést✐❝❛s ❜✉s❝❛♥ ❡❧ r❡❢✉❣✐♦ ❞❡ ❧♦s ár❜♦❧❡s
♣❛r❛ ♣❛s❛r ❧❛ ♥♦❝❤❡ ② ❧♦s ♠✐s♠♦s ❞✉❡ñ♦s ❧❡ ✈❛♥ ❡♥✲
s❡ñ❛♥❞♦ ❝✉á❧ s❡rá s✉ ❧✉❣❛r✳ P❛r❛ ❧❛ ③♦♥❛ ❞❡ ▲♦♠❡rí♦
❡s ✉♥❛ ❝♦♠❜✐♥❛❝✐ó♥✱ ②❛ q✉❡ ♣✉❡❞❡♥ ❛♥❞❛r s✉❡❧t♦s
♦ t❡♥❡r s✐t✐♦s ❡s♣❡❝í✜❝♦s✱ ♣♦r ❡❥❡♠♣❧♦ ♣❛r❛ ❧❛s ❛✈❡s
❡s ❡❧ ❣❛❧❧✐♥❡r♦ ② ♣❛r❛ ❧♦s ❝❡r❞♦s ❡s ❡❧ ❝❤✐q✉❡r♦ ♦
❧♦s ♠❛♥t✐❡♥❡♥ ❛♠❛rr❛❞♦s ❛ ✉♥ ár❜♦❧ ♦ tr♦♥❝♦ ❡♥ ❡❧
❧í♠✐t❡ ❞❡❧ s♦❧❛r✳ P❛r❛ ❧❛ ③♦♥❛ ❞❡ ▲❧❛♥✉r❛ ❆❧✉✈✐❛❧ ❡s
♠✉② r❛r♦ q✉❡ ✉♥ ❛♥✐♠❛❧✱ t❛♥t♦ ❧❛s ❛✈❡s ❝♦♠♦ ❧♦s
❝❡r❞♦s✱ s❡ ❡♥❝✉❡♥tr❡ ❡♥ ❧✐❜❡rt❛❞ ❞❡♥tr♦ ❞❡❧ ❤✉❡rt♦✱
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❞✐♦ s❡ ♦❜s❡r✈❛r♦♥ ❡s♣❡❝✐❡s ❞❡ ❢❛✉♥❛ s✐❧✈❡str❡✱ ❛✉♥q✉❡
❡st♦ s♦❧♦ s❡ ❞❡t❡❝tó ❡♥ tr❡s ❝♦♠✉♥✐❞❛❞❡s ✭❚❛❜❧❛ ✾✮✳
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s❡ r❡s❣✉❛r❞❛♥ ❡♥ ❡❧ ❤✉❡rt♦ ❢❛♠✐❧✐❛r ♠ás ♥♦ ✈✐✈❡♥
❡♥ ❡❧ ❧✉❣❛r✱ ②❛ s❡❛ q✉❡ ❧❧❡❣❛♥ ♣♦r ❛❧✐♠❡♥t♦ ♦✱ ❡♥
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❝❛s♦ ❞❡ ❛❧❣✉♥♦s ❣❛✈✐❧❛♥❡s✳ ▲♦s ♣r♦♣✐❡t❛r✐♦s ❞❡ ❧♦s
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❧❛ ✐♠♣♦rt❛♥❝✐❛ q✉❡ ❧❡ ❝♦♥✜❡r❡♥ ❧♦s ♣♦❜❧❛❞♦r❡s ❛ s✉s

❤✉❡rt♦s ✐♥❞❡♣❡♥❞✐❡♥t❡♠❡♥t❡ ❞❡ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ t✐❡rr❛
q✉❡ ♣♦s❡❛♥✳ P♦r ♦tr♦ ❧❛❞♦ ❡♥ ❧❛ ♣r❡s❡♥t❡ ✐♥✈❡st✐✲
❣❛❝✐ó♥ s❡ ❡♥❝♦♥tr❛r♦♥ ❤✉❡rt♦s ❝♦♥ ❡❞❛❞❡s ♣r♦♠❡❞✐♦
❞❡ ❡♥tr❡ ✶✶✳✻ ② ✸✶✳✷ ❛ñ♦s✱ ❧♦ ❝✉❛❧ ✐♥❞✐❝❛ q✉❡ ❧❛ ♣r❡s✲
❡♥❝✐❛ ❞❡ ❧♦s ❤✉❡rt♦s ② s✉ ♠❛♥t❡♥✐♠✐❡♥t♦ ❡♥ ❡❧ t✐❡♠♣♦
♣❛r❡❝❡ ❡st❛r ❧✐❣❛❞♦ ❝♦♥ ❧❛ tr❛❞✐❝✐ó♥ ② ❝♦st✉♠❜r❡s✱
q✉❡ ❞✐✜❡r❡♥ ❞❡ ✉♥❛ r❡❣✐ó♥ ❛ ♦tr❛ ✭P♦♦t✲P♦♦❧ ❡t ❛❧✳
✷✵✶✷✮✳

❊♥ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ❞❡❧
♣r❡s❡♥t❡ ❡st✉❞✐♦ s❡ ♦❜s❡r✈❛ ✉♥❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡
♣❧❛♥t❛s✱ ❛ s✐♠♣❧❡ ✈✐st❛ s❡ ♣♦❞rí❛ ♣❡♥s❛r q✉❡ ❡s✲
t❛s ♥♦ t✐❡♥❡♥ ✉♥ ♦r❞❡♥ ❛♣❛r❡♥t❡✱ ♣❡r♦ ❝♦♥ ❧❛ ♦❜✲
s❡r✈❛❝✐ó♥ ❛ ❞❡t❛❧❧❡✱ s❡ ❛♣r❡❝✐❛ ❡❧ ❛rr❡❣❧♦ s❡❣ú♥ ❧♦s
r❡q✉❡r✐♠✐❡♥t♦s ❞❡ ❧❛s ♣❧❛♥t❛s❀ s✐❡♥❞♦ ❧❛s ❡s♣❡❝✐❡s ❛r✲
❜ór❡❛s✱ ❧❛s q✉❡ ♥❡❝❡s✐t❛♥ ♠ás ❧✉③✱ ❧❛s q✉❡ ♦❝✉♣❛♥ ❡❧
❡str❛t♦ s✉♣❡r✐♦r❀ ❧❛s ❡s♣❡❝✐❡s q✉❡ ❝r❡❝❡♥ ❛ ❧❛ s♦♠✲
❜r❛ s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❧❛ ♣❛rt❡ ❢r♦♥t❛❧ ♦ ❝♦rr❡❞♦r ❞❡
❧❛ ❝❛s❛✱ ❛❧ r❡s♣❡❝t♦✱ ❈❤á✈❡③✲●❛r❝í❛ ❡t ❛❧✳ ✭✷✵✶✷✮
❡♥❢♦❝❛♥ ❧❛ ❧ó❣✐❝❛ ❝❛♠♣❡s✐♥❛ ❝♦♠♦ ✉♥❛ ✈❡♥t❛❥❛ q✉❡
♦❢r❡❝❡ ❧❛ ❞✐♠❡♥s✐ó♥ ❡s♣❛❝✐❛❧ ② t❡♠♣♦r❛❧✱ ❡♥ ❞♦♥❞❡
s❡ ❛♣r♦✈❡❝❤❛♥ ❧❛s ❞❡♠❛♥❞❛s ❞❡ ❧✉③✱ ♥✉tr✐❡♥t❡s ② ❧♦s
r✐t♠♦s ♣r♦❞✉❝t✐✈♦s ❞❡ ❧♦s ❡❧❡♠❡♥t♦s ♣❛r❛ ❧❛ ♦❜t❡♥✲

✇✇✇✳✉❥❛t✳♠①✴❡r❛

✸✺



❈❤❛❜❧é✲P❛s❝✉❛❧ ❡t ❛❧✳
❍✉❡rt♦s ❋❛♠✐❧✐❛r❡s ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦

✷✭✹✮✿✷✸✲✸✾✱✷✵✶✺

❝✐ó♥ ❞❡ ♣r♦❞✉❝t♦ ♣❛r❛ ❧❛ ❝♦t✐❞✐❛♥✐❞❛❞✱ ♣♦r ❧♦ q✉❡ ❧♦s
❤✉❡rt♦s t✐❡♥❞❡♥ ❛ s❡r ❡str❛t✐✜❝❛❞♦s ❝♦♠♦ ❢✉❡ ❡❧ ❝❛s♦
❡♥ ❧♦s ❤✉❡rt♦s ❡st✉❞✐❛❞♦s✳

❊♥ ❧♦s ❤✉❡rt♦s ❞❡ ❧❛ ③♦♥❛ ❞❡ ❡st✉❞✐♦ s❡ ❡♥✲
❝♦♥tr❛r♦♥ tr❡s ❡str❛t♦s✿ ❡❧ ❤❡r❜á❝❡♦✱ ❡❧ ❛r❜✉st✐✈♦
② ❡❧ ❛r❜ór❡♦✱ ❡♥ ❝♦♥❣r✉❡♥❝✐❛ ❛ ❧♦ ❞❡s❝r✐t♦ ♣❛r❛
❤✉❡rt♦s ▼❛②❛✲❨✉❝❛t❡❝♦s✱ ❞♦♥❞❡ s❡ r❡♣♦rt❛ ❡❧ ❡s✲
tr❛t♦ ❤❡r❜á❝❡♦ ❞❡ ✵ ❛ ✶ ♠✱ ❡❧ ❛r❜✉st✐✈♦ ❞❡ ❤❛st❛
✺ ♠ ② ❡❧ ❛r❜ór❡♦ ❞❡ ❤❛st❛ ✷✵ ♠ ❞❡ ❛❧t✉r❛ ✭❈❛✲
❜❛❧❧❡r♦ ✶✾✾✷✱ ❉❡ ❈❧❡r❝❦ ② ◆❡❣r❡r♦s✲❈❛st✐❧❧♦ ✷✵✵✵✱
▲♦♣❡✲❆❧③✐♥❛ ② ❍♦✇❛r❞ ✷✵✶✷✮✳ ❊♥ ❧❛ ♣r❡s❡♥t❡ ✐♥✲
✈❡st✐❣❛❝✐ó♥ s❡ ♦❜s❡r✈ó q✉❡ ❡♥ ❡❧ ❡str❛t♦ ❛r❜ór❡♦ s❡
❡♥❝♦♥tr❛r♦♥ ❡s♣❡❝✐❡s ♠❛❞❡r❛❜❧❡s ❝♦♠♦ ❡❧ ❝❡❞r♦ ②
❝❛♦❜❛❀ ❞❡ ❝♦♥str✉❝❝✐ó♥ ❝♦♠♦ ❡❧ ❛♠❛r✐❧❧♦ ② ♠❡❧✐♥❛❀
② ❛❧✐♠❡♥t✐❝✐❛s ❝♦♠♦ ❡❧ ✈❛✐♥ó♥✱ ❡❧ ❝♦❝♦✱ ❡❧ ③❛♣♦t❡
② ❡❧ ♥❛♥❝❡✱ ❡♥tr❡ ♦tr❛s✳ ❊♥ ❧❛ ♣❛rt❡ ❞❡ ❛r❜✉st♦s
s❡ ❡♥❝✉❡♥tr❛♥ ❡s♣❡❝✐❡s ❛❧✐♠❡♥t✐❝✐❛s ♣r✐♥❝✐♣❛❧♠❡♥t❡
❝♦♠♦ ❡❧ ❝❛❝❛♦✱ ❧❛ ❧✐♠❛✱ ❧❛ ♥❛r❛♥❥❛ ② ❧❛ ❝❛r❛♠✲
❜♦❧❛❀ ❡s♣❡❝✐❡s ❞❡st✐♥❛❞❛s ❛ ❝♦♥❞✐♠❡♥t♦ ❝♦♠♦ ❡❧
❛❝❤✐♦t❡ ② ♦tr❛s q✉❡ t✐❡♥❡♥ ✉s♦s ♦r♥❛♠❡♥t❛❧❡s ❝♦♠♦
❡❧ t✉❧✐♣á♥✱ ❧❛ ✐①♦r❛ ② ❧❛s r♦s❛s✳ ❉❡♥tr♦ ❞❡❧ ❡s✲
tr❛t♦ ❤❡r❜á❝❡♦ s❡ ❡♥❝♦♥tr❛r♦♥ ❡s♣❡❝✐❡s q✉❡ t♦❧❡r❛♥
❧❛ s♦♠❜r❛ ② s♦♥ ✉t✐❧✐③❛❞❛s ❝♦♠♦ ❡s♣❡❝✐❡s ♠❡❞✐❝✐✲
♥❛❧❡s ❝♦♠♦ ❡❧ ♠❛❣✉❡②✱ ❡❧ ♠❛t❛❧í✱ ❡♥tr❡ ♦tr❛s✳ ❊s✲
t♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ ❡str✉❝t✉r❛ ❞❡ ❧♦s ❤✉❡rt♦s s♦♥
s✐♠✐❧❛r❡s ❛ ❧♦s ❞❡ ❘❡❜♦❧❧❛r✲❉♦♠í♥❣✉❡③ ❡t ❛❧ ✭✷✵✵✽✮✱
q✉❡ ❞❡s❝r✐❜✐❡r♦♥ ❧❛ ✐♠♣♦rt❛♥❝✐❛ ❞❡ ❧♦s ❞✐❢❡r❡♥t❡s ❡s✲
tr❛t♦s ② r❡s❛❧t❛r♦♥ q✉❡ ❧❛s ❡str✉❝t✉r❛s ❞❡ ❧♦s ❤✉❡rt♦s
s❡ ❝♦♥❢♦r♠❛ ❣❡♥❡r❛❧♠❡♥t❡ ❞❡ ❡s♣❡❝✐❡s ♠❛❞❡r❛❜❧❡s✱
❢r✉t❛❧❡s✱ ❢♦rr❛❥❡r❛s✱ ♠❡❞✐❝✐♥❛❧❡s✱ ❡♥tr❡ ♦tr♦s ✉s♦s✳

▲❛s ✸✸✵ ❡s♣❡❝✐❡s ❞❡ ✢♦r❛ ❡♥❝♦♥tr❛❞❛s ❡♥ ❧♦s
❤✉❡rt♦s ❞❡ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛ ✐♥❞✐❝❛♥ ✉♥
♥ú♠❡r♦ ✐♥❢❡r✐♦r ❛ ❧❛s ❡s♣❡❝✐❡s ❞❡ ✢♦r❛ ❞❡ ❤✉❡rt♦s
❢❛♠✐❧✐❛r❡s ❞❡ ◗✉✐♥t❛♥❛ ❘♦♦✱ ❞♦♥❞❡ ❑❛♥tú♥✲❇❛❧❛♠
❡t ❛❧ ✭✷✵✶✸✮ r❡❣✐str❛r♦♥ ✹✹✾ ❡s♣❡❝✐❡s ❞❡ ✢♦r❛✱ ❡st♦
♣❛r❡❝❡ ❞❡❜❡rs❡ ❛ ✉♥❛ ♠❛②♦r ❤❡t❡r♦❣❡♥❡✐❞❛❞ ❞❡ ❧♦s
♣❛✐s❛❥❡s ❣❡♦♠♦r❢♦❧ó❣✐❝♦s ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛ ② ❛ ❧❛ ✐♥✲
✢✉❡♥❝✐❛ ❞❡ ❧❛ ❣❛♥❛❞❡rí❛ ② ❛❣r✐❝✉❧t✉r❛ ❡♥ ❧❛s ③♦♥❛s
❞❡ ▲♦♠❡rí♦ ② ▲❧❛♥✉r❛ ❆❧✉✈✐❛❧✱ r❡s♣❡❝t✐✈❛♠❡♥t❡❀ t❛❧
② ❝♦♠♦ t❛♠❜✐é♥ ❧♦ ♠❛♥✐✜❡st❛ ❱❛♥ ❞❡r ❲❛❧❧ ❡t ❛❧✳
✭✷✵✶✶✮✳

❊♥ ❧❛ ♣r❡s❡♥t❡ ✐♥✈❡st✐❣❛❝✐ó♥ ❛❧ ✉t✐❧✐③❛r ❡❧
í♥❞✐❝❡ ❞❡ ❞✐✈❡rs✐❞❛❞ ❞❡ ❙❤❛♥♦♥✲❲✐❡♥❡r s❡ ❡♥❝♦♥tró
q✉❡ ❡♥ ❧❛ ③♦♥❛ ❞❡ ▲♦♠❡rí♦ ❡①✐st❡ ✉♥❛ ♠❛②♦r ❞✐✈❡r✲
s✐❞❛❞ ✭✷✳✹✮✱ s✐❣✉✐é♥❞♦❧❡ ❧❛ ③♦♥❛ ❞❡ ▲❧❛♥✉r❛ ❆❧✉✈✐❛❧
✭✷✳✸✮ ② q✉❡❞❛♥❞♦ ❝♦♥ ♠❡♥♦r ❞✐✈❡rs✐❞❛❞ ❧❛ ③♦♥❛ ❞❡

❧❛ ❙✐❡rr❛ ✭✷✳✷✮✳ ▲ó♣❡③✲Pér❡③ ❡t ❛❧ ✭✷✵✶✹✮ r❡♣♦rt❛♥
q✉❡ ❛❧ ✉t✐❧✐③❛r ❡st❡ í♥❞✐❝❡ ❡♥❝♦♥tr❛r♦♥ ❞✐❢❡r❡♥❝✐❛s ❝♦♥
r❡s♣❡❝t♦ ❛ ❧❛s ❢♦r♠❛s ✜s✐♦❣rá✜❝❛s✱ ②❛ q✉❡ ❧❛ ❞✐✈❡r✲
s✐❞❛❞ ♠ás ❛❧t❛ ❢✉❡ ❡♥ ❧❛ ❝♦❧✐♥❛ ✭✸✳✾✮ ② ❞✐✈❡rs✐❞❛❞
s✐♠✐❧❛r ❡♥ ✈❛❧❧❡ ② ❧❛❞❡r❛ ✭✸✳✼✮✳ ❊st♦s ❛✉t♦r❡s ♦❜t✉✲
✈✐❡r♦♥ ♠❛②♦r ❞✐✈❡rs✐❞❛❞ ❡♥ s✉s ár❡❛s ❧♦ q✉❡ s❡ ❞❡❜✐ó
❛ q✉❡ ❧♦s ♠✉❡str❡♦s s❡ ❤✐❝✐❡r♦♥ ❜❛❥♦ ✈❡❣❡t❛❝✐ó♥ s❡✲
❝✉♥❞❛r✐❛✳

▲♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ ♣r❡s❡♥t❡ ✐♥✈❡st✐❣❛❝✐ó♥
♠✉❡str❛♥ q✉❡ ❝♦♥ r❡s♣❡❝t♦ ❛❧ ✈❛❧♦r ❞❡ ✐♠♣♦rt❛♥✲
❝✐❛ ✭■❱■✮✱ ❧❛s ❡s♣❡❝✐❡s ❞❡ ♣❧❛♥t❛s s❡ ❝♦♥s❡r✈❛♥ s❡❣ú♥
❡❧ ✈❛❧♦r ❞❡ ✉s♦✱ t❡♥✐❡♥❞♦ ❛sí q✉❡ ❡♥ ❧❛ ③♦♥❛ ❙✐❡rr❛
t✉✈♦ ❡❧ ♠❛②♦r ■❱■✱ ❧♦ t✉❜♦ ✉♥❛ ❡s♣❡❝✐❡ ♠❛❞❡r❛❜❧❡✱
♣❛r❛ ❧❛ ③♦♥❛ ❞❡ ▲♦♠❡rí♦ ❧❛ ❡s♣❡❝✐❡ ❝♦♥ ♠❛②♦r ✈❛❧♦r
❢✉❡ ✉♥❛ ♦r♥❛♠❡♥t❛❧ ② ❡♥ ❧❛ ③♦♥❛ ❞❡ ▲❧❛♥✉r❛ ❆❧✉✈✐❛❧
❢✉❡ ❡❧ ♠♦té✱ ❝✉②♦s ♣r✐♥❝✐♣❛❧❡s ✉s♦s ❡s ❝♦♠♦ ár❜♦❧
❞❡ s♦♠❜r❛ ❞❡❧ ❝❛❝❛♦✱ ❧❡ñ❛ ② s✉ ✢♦r s❡ ✉s❛ ❝♦♠♦
❛❧✐♠❡♥t♦✳ ❊st♦ ❞✐✜❡r❡ ❞❡ ❧♦ ❡♥❝♦♥tr❛❞♦ ♣♦r ❈♦❧✐♥ ❡t

❛❧ ✭✷✵✶✷✮✱ q✉✐❡♥❡s ✐♥❞✐❝❛♥ q✉❡ ❡♥ ❡❧ ♠❛♥❡❥♦ ❞❡ ❡s✲
♣❡❝✐❡s s❡ ♣r✐♦r✐③❛ ❛ ❧❛s ♣❧❛♥t❛s ❝♦♥ ✈❛❧♦r ❞❡ ❝❛♠❜✐♦
❝♦♥ ❞❡st✐♥♦ ❛❧ ♠❡r❝❛❞♦ ② ❝♦♥ ❡❧❧♦ ❛❞q✉✐❡r❡♥ ♠❛②♦r
✈❛❧♦r ❞❡ ✐♠♣♦rt❛♥❝✐❛ ✭■❱■✮✳ ▲♦ ❛♥t❡r✐♦r ✐♥❞✐❝❛ q✉❡
♣❛r❛ ❧❛ ❈❤♦♥t❛❧♣❛ ❡❧ ✈❛❧♦r ❞❡ ✉s♦ ❡stá ❛s♦❝✐❛❞♦ ❝♦♥
❧❛s ♥❡❝❡s✐❞❛❞❡s ❛❣r♦❡❝♦❧ó❣✐❝❛s ❞❡ ❧❛s ❡s♣❡❝✐❡s ② s✉
❡♥t♦r♥♦✱ q✉❡ ❛ s✉ ✈❛❧♦r ❝♦♠❡r❝✐❛❧✳

▲❛s ❝❛t❡❣♦rí❛s ❞❡ ✉s♦ ♣r✐♥❝✐♣❛❧❡s ❞❡ ❧❛s ❡s✲
♣❡❝✐❡s ❡♥❝♦♥tr❛❞❛s ❡♥ ❧❛ ♣r❡s❡♥t❡ ✐♥✈❡st✐❣❛❝✐ó♥ s♦♥
tr❡s✱ s✐❡♥❞♦ ❧❛s ❛❧✐♠❡♥t✐❝✐❛s ❧❛ q✉❡ ♦❝✉♣❛♥ ❡❧ ♣r✐♠❡r
❧✉❣❛r✱ s❡❣✉✐❞❛s ❞❡ ❧❛s ♠❡❞✐❝✐♥❛❧❡s ② ✜♥❛❧♠❡♥t❡ ❧❛s
♦r♥❛♠❡♥t❛❧❡s✳ ❆❧ r❡s♣❡❝t♦ ❑❛♥tú♥✲❇❛❧❛♠ ❡t ❛❧

✭✷✵✶✸✮ ❝♦✐♥❝✐❞❡♥✱ ②❛ q✉❡ ♠❡♥❝✐♦♥❛♥ q✉❡ ❧❛s ♣r✐♥✲
❝✐♣❛❧❡s ❝❛t❡❣♦rí❛s ❞❡ ✉s♦ ❞❡ ♣❧❛♥t❛s ❡♥ ❧♦s ❤✉❡rt♦s
❢❛♠✐❧✐❛r❡s ❡♥ ◗✉✐♥t❛♥❛ ❘♦♦ s♦♥ tr❡s✿ ❛❧✐♠❡♥t✐❝✐❛✱
♠❡❞✐❝✐♥❛❧ ② ♦r♥❛♠❡♥t❛❧✳

❙❡ ❡♥❝♦♥tró q✉❡ t♦❞♦s ❧♦s ❤✉❡rt♦s ✈✐s✐t❛❞♦s
t✐❡♥❡♥ ❛♥✐♠❛❧❡s ❞❡ tr❛s♣❛t✐♦✱ s✐❡♥❞♦ ❧❛s ❣❛❧❧✐♥❛s ②
❧♦s ♣❛✈♦s ❧♦s ♠ás ✉t✐❧✐③❛❞♦s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛ s✉
❛✉t♦❝♦♥s✉♠♦✱ ②❛ q✉❡ r❛r❛ ✈❡③ ✈❡♥❞❡♥ ❛❧❣✉♥♦✳ ❊st♦
♣♦♥❡ ❡♥ ♠❛♥✐✜❡st♦ ❧❛ ✐♠♣♦rt❛♥❝✐❛ q✉❡ ❧♦s ❞✉❡ñ♦s
❞❡ ❧♦s ❤✉❡rt♦s ❧❡ ❞❛♥ ❛ ❧❛ ❢❛✉♥❛ ②❛ s❡❛ ❞♦♠ést✐❝❛
♦ s✐❧✈❡str❡ ❝♦♠♦ ❝♦♠♣♦♥❡♥t❡ ❞❡❧ ❤✉❡rt♦ ❢❛♠✐❧✐❛r✳
❆❧ r❡s♣❡❝t♦✱ ❏✉❛♥ ✭✷✵✶✸✮ ♠❡♥❝✐♦♥❛ q✉❡ ❧♦s ❤✉❡r✲
t♦s s♦♥ ❛❣r♦❡❝♦s✐st❡♠❛s ♠✉❧t✐❢✉♥❝✐♦♥❛❧❡s ❡ ✐♠♣♦r✲
t❛♥t❡s✱ ♣♦r s✉ ❢✉♥❝✐ó♥✱ ❛ ❧❛ ❢❛✉♥❛✱ s✐❧✈❡str❡ ② ❞♦♠és✲
t✐❝❛✳ ❚❛♠❜✐é♥ r❡♣♦rt❛ ❛♥✐♠❛❧❡s ❞♦♠ést✐❝♦s ❛t❛❞♦s
❛ ❧♦s t❛❧❧♦s ❞❡ ❧♦s ár❜♦❧❡s ✭♣r✐♥❝✐♣❛❧♠❡♥t❡ ❝❡r❞♦s

✇✇✇✳✉❥❛t✳♠①✴❡r❛

✸✻



❈❤❛❜❧é✲P❛s❝✉❛❧ ❡t ❛❧✳
❍✉❡rt♦s ❋❛♠✐❧✐❛r❡s ❡♥ ❧❛ r❡❣✐ó♥ ❞❡ ❧❛ ❈❤♦♥t❛❧♣❛✱ ❚❛❜❛s❝♦

✷✭✹✮✿✷✸✲✸✾✱✷✵✶✺

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

❈♦♥ r❡s♣❡❝t♦ ❛ ❧♦s ❛♥✐♠❛❧❡s s✐❧✈❡str❡s s❡ ❡♥✲
❝♦♥tró q✉❡ ❡st♦s ❡stá♥ ♣r❡s❡♥t❡s ❡♥ ❧♦s ❤✉❡rt♦s
❢❛♠✐❧✐❛r❡s✱ ❛❧ r❡s♣❡❝t♦ ▼♦♥r♦② ② ●❛r❝í❛ ✭✷✵✶✸✮✱ r❡✲
♣♦rt❛r♦♥ ❧❛ ✐♠♣♦rt❛♥❝✐❛ ❞❡ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ②
❧♦s ❝♦♥s✐❞❡r❛r♦♥ s✐t✐♦s q✉❡ ❛②✉❞❛♥ ❛ ❝♦♥s❡r✈❛r ❧❛
❢❛✉♥❛ s✐❧✈❡str❡ ❛♥t❡ ❧❛ ♣r❡s✐ó♥ ✉r❜❛♥❛✱ ❡st♦ ♣♦♥❡
❡♥ r❡❧✐❡✈❡ ❡❧ ♣❛♣❡❧ ❞❡ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ❝♦♠♦
r❡❢✉❣✐♦ ② s❛❧✈❛❣✉❛r❞❛ ❞❡ ❧❛ ❢❛✉♥❛ s✐❧✈❡str❡✱ ❡♥ ✉♥
❡♥t♦r♥♦ ❞❡ ♣♦❝❛ ❞✐✈❡rs✐❞❛❞ ♥❛t✉r❛❧ ❝♦♠♦ s♦♥ ❧❛s
③♦♥❛s ❞❡ ▲♦♠❡rí♦ ② ▲❧❛♥✉r❛ ❛❧✉✈✐❛❧✳

❈❖◆❈▲❯❙■Ó◆

▲❛ ❝♦♥s❡r✈❛❝✐ó♥ ❞❡ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ❡♥ ❧❛
③♦♥❛ ❞❡ ❡st✉❞✐♦ s❡ ❞❡❜❡ ❛ ❧❛ ❛rr❛✐❣❛❞❛ tr❛❞✐❝✐ó♥ ❞❡
❧♦s ❤❛❜✐t❛♥t❡s ②❛ q✉❡ ❡st❡ s✐st❡♠❛ ❧❡s ♣r♦✈❡❡ ❞❡ ❣r❛♥
♣❛rt❡ ❞❡ ❛❧✐♠❡♥t❛❝✐ó♥✳ ❙❡ ❡♥❝♦♥tró ✉♥❛ r❡❧❛❝✐ó♥ ❡s✲
tr❡❝❤❛ ❞❡ ❧❛ ❡❞❛❞ ❞❡❧ ❤✉❡rt♦ ❝♦♥ s✉ ❜✐♦❞✐✈❡rs✐❞❛❞✳

❊♥ ❧❛ ③♦♥❛ ❞❡ ❧❛ ❙✐❡rr❛ ② ▲❧❛♥✉r❛ ❛❧✉✈✐❛❧ s❡ ♦❜✲
s❡r✈❛r♦♥ ❤✉❡rt♦s ❝♦♥ ♠❛②♦r❡s s✉♣❡r✜❝✐❡s ② ❡❞❛❞✳ ❊♥
❧❛ ③♦♥❛ ❞❡ ▲❧❛♥✉r❛ ❛❧✉✈✐❛❧ ❧♦s s✐st❡♠❛s ❞❡ ❝❛❝❛♦t❛❧❡s
s❡ ❝♦♥s✐❞❡r❛♥ ❝♦♠♦ ♣❛rt❡ ❞❡ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s
❧♦ q✉❡ ♣r♦✈♦❝❛ q✉❡ ❡st♦s ♦❝✉♣❡♥ ♠❛②♦r s✉♣❡r✜❝✐❡✳

▲❛ ❡str✉❝t✉r❛ ② r✐q✉❡③❛ ❞❡ ❡s♣❡❝✐❡s ❞❡ ❧♦s
❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s ❡stá ❞❡t❡r♠✐♥❛❞♦ ♣♦r ❡❧ ❜❛❣❛❥❡
❝✉❧t✉r❛❧ ❞❡❧ ❞✉❡ñ♦✱ ②❛ q✉❡ ❡❧❧♦s ❞❡❝✐❞❡♥ q✉❡ ❡s♣❡❝✐❡s

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

❘❡s❛❧t❛ ❧❛ ✐♠♣♦rt❛♥❝✐❛ q✉❡ ❧❡ ❞❛♥ ❛ ❧♦s
❛♥✐♠❛❧❡s ❞♦♠ést✐❝♦s ❡♥ ❧♦s ❤✉❡rt♦s ❢❛♠✐❧✐❛r❡s
❡st✉❞✐❛❞♦s✱ ❡♥ t♦❞♦s ❡st❡ ❡s ✉♥ ❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐✲
♣❛❧ ② s✉ ✉s♦ ❡stá r❡❧❛❝✐♦♥❛❞♦ ❝♦♥ ❧❛ ❛❧✐♠❡♥t❛❝✐ó♥✳
❊♥ ❝❛♠❜✐♦ ❧♦s ❛♥✐♠❛❧❡s s✐❧✈❡str❡s s♦❧♦ s❡ ✉❜✐❝❛r♦♥
❡♥ ❤✉❡rt♦s ❝❡r❝❛♥♦s ❛ ✈❡❣❡t❛❝✐ó♥ ♥❛t✉r❛❧ ❡♥ ❧❛ ③♦♥❛
❙✐❡rr❛✳

❆●❘❆❉❊❈■▼■❊◆❚❖❙

❆❧ ❝♦❧❡❣✐♦ ❞❡ P♦st❣r❛❞✉❛❞♦s ❈❛♠♣✉s
❚❛❜❛s❝♦✱ ❛❧ ❈♦♥s❡❥♦ ◆❛❝✐♦♥❛❧ ❞❡ ❈✐❡♥❝✐❛ ② ❚❡❝✲
♥♦❧♦❣í❛ ✭❈❖◆❆❈❨❚✮ ♣♦r ❧❛ ❜❡❝❛ ♣❛r❛ r❡❛❧✐③❛r ❧♦s
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