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s♦❧✉❝✐♦♥❡s ❛❧ ♠✐s♠♦✳

▼✉❝❤♦s ♣r♦❜❧❡♠❛s ❞❡ ❞❡❝✐s✐ó♥ ❡①✐st❡♥t❡s ❡♥ ❡❧ ♠✉♥❞♦ r❡❛❧✱ ❡♥ ♣❛rt✐❝✉❧❛r ❛q✉❡❧❧♦s r❡❧❛✲

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

s❡r ❢♦r♠✉❧❛❞♦s ❝♦♠♦ ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❬✶✷✵❪✳ ❊♥ ♥✉❡str♦ ❝❛s♦✱ ♥♦s ❝❡♥tr❛r❡♠♦s

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

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

s❡ ❝♦❞✐✜❝❛♥ ✉s❛♥❞♦ ✈❛r✐❛❜❧❡s ❞✐s❝r❡t❛s ② ❡❧ ♣r♦❝❡s♦ ❞❡ ❜úsq✉❡❞❛ ❞❡ s♦❧✉❝✐♦♥❡s ❝♦♥s✐st❡ ❡♥

❡①♣❧♦r❛r ❡❧ ❡s♣❛❝✐♦ ❞❡ s♦❧✉❝✐♦♥❡s ✭❞❡❧ ♣r♦❜❧❡♠❛✮ r❡♣r❡s❡♥t❛❞♦ ♠❡❞✐❛♥t❡ ❧✐st❛s✱ ❝♦♥❥✉♥t♦s✱

♠❛tr✐❝❡s ♦ ❣r❛❢♦s✳ ❉❡❜✐❞♦ ❛ ❧❛s s♦❧✉❝✐♦♥❡s ❛❧❝❛♥③❛❞❛s s♦❜r❡ ❞✐❢❡r❡♥t❡s ♣r♦❜❧❡♠❛s r❡❛❧❡s

❧✐st❛❞♦s ❡♥ ❧❛ ❧✐t❡r❛t✉r❛ ❝♦♠♦ ❛sí t❛♠❜✐é♥ ❡❧ ❛✈❛♥❝❡ ❡♥ ❡❧ ❡st✉❞✐♦ t❡ór✐❝♦✲♣rá❝t✐❝♦ ❡♥ ❞✐❢❡✲

r❡♥t❡s ár❡❛s ❞❡♥tr♦ ❞❡ ❧❛ ■♥✈❡st✐❣❛❝✐ó♥ ❞❡ ❖♣❡r❛❝✐♦♥❡s✱ ❧❛ ♦♣t✐♠✐③❛❝✐ó♥ ❝♦♠❜✐♥❛t♦r✐❛ ❤❛

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

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

✈❡❤í❝✉❧♦s ② ❡♥ ♣❛rt✐❝✉❧❛r✱ ♥✉❡str♦ ♣r♦❜❧❡♠❛ ❞❡ ❡st✉❞✐♦✳ ❊❧ ♣r♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s

❈❛♣❛❝✐t❛❞♦s ✭❈❆❘P✮ ❝♦♥s✐st❡ ❡♥ ❛t❡♥❞❡r ❞❡♠❛♥❞❛s s♦❜r❡ ❝✐❡rt❛s ❝❛❧❧❡s ❞❡ ✉♥❛ r❡❞ ✈✐❛❧ ❛

tr❛✈és ❞❡ ✉♥❛ ✢♦t❛ ❤♦♠♦❣é♥❡❛ ❞❡ ✈❡❤í❝✉❧♦s✱ ❧♦s ❝✉❛❧❡s ✐♥✐❝✐❛♥ ② ✜♥❛❧✐③❛♥ s✉s r❡❝♦rr✐❞♦s

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

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

❝❛r❣❛ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ✉s❛❞♦s✳ ❯♥♦ ❞❡ ❧♦s ❜❡♥❡✜❝✐♦s ❞❡❧ ❡st✉❞✐♦ ❞❡ ❡st❡ ♣r♦❜❧❡♠❛ r❛❞✐❝❛

❡♥ s✉ ❛♣❧✐❝❛❝✐ó♥ r❡❛❧ ② ❝♦♥❝r❡t❛ ❡♥ ♦r❣❛♥✐s♠♦s ♣ú❜❧✐❝♦s ② ❡♠♣r❡s❛s✳ ❊♥ ❛♠❜♦s ❝❛s♦s✱



✸

❡st❛s ♦r❣❛♥✐③❛❝✐♦♥❡s ❞❡❜❡♥ ♦❜t❡♥❡r s♦❧✉❝✐♦♥❡s rá♣✐❞❛s ② ❝♦♥ ❡❧ ♠❡♥♦r ✉s♦ ❞❡ r❡❝✉rs♦s

♣♦s✐❜❧❡✳ ❊♥tr❡ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ ❈❆❘P ♦ ❞❡ s✉s ❡①t❡♥s✐♦♥❡s r❡❧❛❝✐♦♥❛❞♦s ❝♦♥ s❡r✈✐❝✐♦s

♣ú❜❧✐❝♦s✱ ♣♦❞❡♠♦s ♠❡♥❝✐♦♥❛r ❧❛ r❡❝♦❧❡❝❝✐ó♥ ❞❡ r❡s✐❞✉♦s ✭❬✷✽❪✱ ❬✸✹❪✮✱ ❡♥tr❡ ♦tr♦s✮ ② ❧❛s

t❛r❡❛s r❡❧❛❝✐♦♥❛❞❛s ❝♦♥ ❡❧ ♠❛♥t❡♥✐♠✐❡♥t♦ ❞❡ ❝❛❧❧❡s ❡♥ é♣♦❝❛ ✐♥✈❡r♥❛❧ ✭❬✾✸❪✱ ❬✶✷✻❪✮✳ ❊❧

❡st✉❞✐♦ ❞❡ ❈❆❘P ② s✉s ❡①t❡♥s✐♦♥❡s ❡stá ♠♦t✐✈❛❞♦ ❡♥t♦♥❝❡s✱ ♣♦r ❧❛ ♥❡❝❡s✐❞❛❞ ❞❡ ♦❢r❡❝❡r

♠❡❥♦r❡s ② ✈❛r✐❛❞❛s ❛❧t❡r♥❛t✐✈❛s ❞❡ s♦❧✉❝✐♦♥❡s ❛ ❧❛s ♦r❣❛♥✐③❛❝✐♦♥❡s q✉❡ ❞❡❜❡♥ tr❛t❛r ❝♦♥

❡st❛s ♣r♦❜❧❡♠át✐❝❛s✳

❉❛❞♦ q✉❡ ❡❧ ♣r♦❜❧❡♠❛ ❞❡ ❡st✉❞✐♦ ❡s ◆P✲❍❛r❞ ❬✹✺❪✱ ♥♦ s❡ s❛❜❡ ❛ú♥ q✉❡ s❡❛ ♣♦s✐❜❧❡

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

❧❛ ❧✐t❡r❛t✉r❛✱ ♣✉❡❞❡♥ ❡♥❝♦♥tr❛rs❡ ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s ♣r♦♣✉❡st♦s ♣❛r❛ ❈❆❘P✳ ▲❛ ❜❛❥❛

❝❛❧✐❞❛❞ ❞❡ s♦❧✉❝✐♦♥❡s ❞❡✈✉❡❧t❛s ♣♦r ❧♦s ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s tr❛❞✐❝✐♦♥❛❧❡s✱ ♠♦t✐✈ó ❡❧ ✉s♦

② ❞❡s❛rr♦❧❧♦ ❞❡ ♥✉❡✈❛s ♣r♦♣✉❡st❛s ❛❧❣♦rít♠✐❝❛s✳ ❉❡✜♥✐❞❛s ❡♥ ❬✻✾❪ ❝♦♠♦ té❝♥✐❝❛s ❣❡♥❡r❛✲

❧❡s ✉s❛❞❛s ♣❛r❛ ❣✉✐❛r ♦ ❝♦♥tr♦❧❛r ✉♥ ♠ét♦❞♦ ❤❡✉ríst✐❝♦ ② ❡s♣❡❝í✜❝♦ ❞❡❧ ♣r♦❜❧❡♠❛ ❝♦♥ ❡❧

♦❜❥❡t✐✈♦ ❞❡ ♠❡❥♦r❛r ❡❧ r❡♥❞✐♠✐❡♥t♦ ♦ r♦❜✉st❡③ ❞❡ ❧♦s ♠ét♦❞♦s s✉❜♦r❞✐♥❛❞♦s✱ ❧❛s ♠❡t❛❤❡✉✲

ríst✐❝❛s ❤❛♥ s✐❞♦ ❛♣❧✐❝❛❞❛s ❛ ❞✐❢❡r❡♥t❡s ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ✭❡♥tr❡ ❡❧❧♦s✱ ❈❆❘P✮✱

❣r❛❝✐❛s ❛ s✉ ✈❡rs❛t✐❧✐❞❛❞ ♣❛r❛ ❛❞❛♣t❛rs❡ ❛ ♥✉❡✈♦s ♣r♦❜❧❡♠❛s✱ ❝♦♠♦ t❛♠❜✐é♥ s✉ s❡♥❝✐❧❧❡③

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

❛s♦❝✐❛❞♦✳

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

♠❡t❛❤❡✉ríst✐❝❛s ✭❡♥tr❡ ♦tr❛s ●❘❆❙P✱ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤ ② ❚❛❜✉ ❙❡❛r❝❤✮✱ ❧♦s

❝✉❛❧❡s ♦❜t✐❡♥❡♥ s♦❧✉❝✐♦♥❡s rá♣✐❞❛s ② ❞❡ ❝❛❧✐❞❛❞ ❛❧ ♣r♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

✭❈❆❘P✮✳ ▲❛s ♣r♦♣✉❡st❛s ❛❜♦r❞❛♥ ❡❧ ♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❡❧❡❣✐❞♦ ❞❡s❞❡ ❞✐❢❡r❡♥t❡s

ó♣t✐❝❛s✱ t❡♥✐❡♥❞♦ ❡♥ ❝♦♠ú♥ tr❡s ❢❛s❡s✿ ❞❡ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s✱ ❞❡ ♠❡❥♦r❛ ② ❞❡ ❡s❝❛♣❡

❞❡ ó♣t✐♠♦s ❧♦❝❛❧❡s✳ ▲❛s ❞✐❢❡r❡♥t❡s ♣r✉❡❜❛s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s r❡❛❧✐③❛❞❛s s♦❜r❡ ❧♦s ❛❧❣♦r✐t♠♦s

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

❛❧❝❛♥③❛♥ s♦❧✉❝✐♦♥❡s ❡✜❝✐❡♥t❡s ❛ tr❛✈és ❞❡❧ ❜❛❧❛♥❝❡ ❞❡ ❧❛s ❡str❛t❡❣✐❛s ❞❡ ✐♥t❡♥s✐✜❝❛❝✐ó♥ ②

❞✐✈❡rs✐✜❝❛❝✐ó♥ ❛♣❧✐❝❛❞❛s✳

❊❧ r❡st♦ ❞❡ ❧❛ t❡s✐s s❡ ♦r❣❛♥✐③❛ ❞❡ ❧❛ s✐❣✉✐❡♥t❡ ♠❛♥❡r❛✿ ❡❧ ❈❛♣ít✉❧♦ ✷ ❝♦♥t✐❡♥❡ ✉♥❛

✐♥tr♦❞✉❝❝✐ó♥ ❛ ❧❛ ❖♣t✐♠✐③❛❝✐ó♥ ❈♦♠❜✐♥❛t♦r✐❛✳ ❆ s✉ ✈❡③✱ ❡❧ ❈❛♣ít✉❧♦ ✸ ❞❡s❝r✐❜❡ ❧❛s ❞✐❢❡✲

r❡♥t❡s ♠❡t❛❤❡✉ríst✐❝❛s ✉s❛❞❛s ❡♥ ❧❛s ♣r♦♣✉❡st❛s ♣❛r❛ ❡❧ ♣r♦❜❧❡♠❛ ❞❡ ❡st✉❞✐♦✳ ❊❧ ❈❛♣ít✉❧♦

✹ ❡stá ❞❡❞✐❝❛❞♦ ❛❧ ❡st❛❞♦ ❞❡❧ ❛rt❡ s♦❜r❡ ❈❆❘P✳ ▲♦s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s ♣❛r❛ ❈❆❘P

s♦♥ ❞❡s❝r✐♣t♦s ❡♥ ❡❧ ❈❛♣ít✉❧♦ ✺✳ ❊♥ t❛♥t♦✱ ❡♥ ❡❧ ❈❛♣ít✉❧♦ ✻ s❡ ♠✉❡str❛♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡

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



✹ ❈❛♣ít✉❧♦ ✶✳ ■♥tr♦❞✉❝❝✐ó♥

❡❧ ❈❛♣ít✉❧♦ ✼ ❡stá ❞❡❞✐❝❛❞♦ ❛ ❧❛s ❝♦♥❝❧✉s✐♦♥❡s ❞❡❧ tr❛❜❛❥♦ r❡❛❧✐③❛❞♦ ❝♦♠♦ ❛sí t❛♠❜✐é♥ ❛

❝✐❡rt❛s ❧í♥❡❛s ❞❡ tr❛❜❛❥♦ ❢✉t✉r♦✳



❈❛♣ít✉❧♦ ✷

❖♣t✐♠✐③❛❝✐ó♥ ❈♦♠❜✐♥❛t♦r✐❛

❊♥ ❡st❡ ❝❛♣ít✉❧♦ s❡ r❡❛❧✐③❛rá ✉♥❛ ✐♥tr♦❞✉❝❝✐ó♥ ❛ ❧❛ ❖♣t✐♠✐③❛❝✐ó♥ ❈♦♠❜✐♥❛t♦r✐❛✱ ❞❡✜✲

♥✐❡♥❞♦ ❝♦♥❝❡♣t♦s ✐♠♣♦rt❛♥t❡s q✉❡ s❡r✈✐rá♥ ❞❡ ❜❛s❡ ♣❛r❛ ❡❧ ❝❛♣ít✉❧♦ s✐❣✉✐❡♥t❡✳ ❆s✐♠✐s♠♦✱

s❡ ❡①♣❧✐❝❛rá♥ ❛❧❣✉♥♦s ♣r♦❜❧❡♠❛s ❝❧ás✐❝♦s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✳

✷✳✶✳ ■♥tr♦❞✉❝❝✐ó♥

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

✭♦ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ✈❛r✐❛❜❧❡s ❞❡❧ ♣r♦❜❧❡♠❛✮ q✉❡ s❛t✐s❢❛❣❛♥ ❝♦♥❞✐❝✐♦♥❡s ✐♥trí♥s❡❝❛s ❞❡❧

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

❡st❛s ❝♦♥❞✐❝✐♦♥❡s s❡ ❛❣r✉♣❛♥ ❡♥ ❞♦s ❝❧❛s❡s✿ ❛q✉❡❧❧♦s ❝✉②❛s s♦❧✉❝✐♦♥❡s ❞❡❜❡♥ ❝♦❞✐✜❝❛rs❡ ❝♦♥

✈❛r✐❛❜❧❡s ❝♦♥t✐♥✉❛s ② ❛q✉❡❧❧❛s ❝✉②❛s s♦❧✉❝✐♦♥❡s ❞❡❜❡♥ ❝♦❞✐✜❝❛rs❡ ❝♦♥ ✈❛r✐❛❜❧❡s ❞✐s❝r❡t❛s✳

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

♦♣t✐♠✐③❛❝✐ó♥ ❝♦♠❜✐♥❛t♦r✐❛✳ ▼ás ❢♦r♠❛❧♠❡♥t❡✿

❉❡✜♥✐❝✐ó♥ ✶✿ ❯♥ ♣r♦❜❧❡♠❛ ❞❡ ❖♣t✐♠✐③❛❝✐ó♥ ❈♦♠❜✐♥❛t♦r✐❛ P❂✭❳✱❉✱❢✱❘✮ s❡ ❞❡✜♥❡

❝♦♠♦ ❬✻✹❪✿

❯♥ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐❛❜❧❡s ❞✐s❝r❡t❛s ❳❂④x1, x2, . . . , xn⑥

❯♥ ❞♦♠✐♥✐♦ ❉ ❂ ④D1, D2, . . . , Dn⑥ s♦❜r❡ ❡❧ ❝♦♥❥✉♥t♦ ❳✱ s✐❡♥❞♦ Di ❡❧ ❝♦♥❥✉♥t♦ ❞❡

♣♦s✐❜❧❡s ✈❛❧♦r❡s q✉❡ ♣✉❡❞❡ t♦♠❛r xi



✻ ❈❛♣ít✉❧♦ ✷✳ ❖♣t✐♠✐③❛❝✐ó♥ ❈♦♠❜✐♥❛t♦r✐❛

❯♥ ❝♦♥❥✉♥t♦ ❞❡ r❡str✐❝❝✐♦♥❡s ❘ ❂ ④R1, R2, . . . , Rm⑥ ❞❡✜♥✐❞❛s s♦❜r❡ ❡❧ ♣r♦❜❧❡♠❛ P✱

t❛❧ q✉❡

Ri ⊆ D1 ×D2 × . . .×Dn

❯♥❛ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ❢ q✉❡ ❞❡❜❡ ♦♣t✐♠✐③❛rs❡ ❞♦♥❞❡

❢ : D1 ×D2 × . . .×Dn → ℜ
+

❉❛❞♦ ✉♥ ♣r♦❜❧❡♠❛ P✱ ❡❧ ❡s♣❛❝✐♦ ❞❡ s♦❧✉❝✐♦♥❡s ❙ ❝♦♥t✐❡♥❡ t♦❞♦s ❧♦s ✈❛❧♦r❡s ♣♦s✐❜❧❡s

♣❛r❛ ❳ s✉❥❡t♦ ❛ ❧❛s r❡str✐❝❝✐♦♥❡s ❘

S = {s = {(x1, v1), (x2, v2), . . . , (xn, vn)}|vi ∈ Di, s ❝✉♠♣❧❡ ❧❛s r❡str✐❝❝✐♦♥❡s ❘⑥

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

∈ S t❛❧ q✉❡ ❡❧ ✈❛❧♦r ❞❡ ❧❛ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ❡s ✉♥ ó♣t✐♠♦ ❣❧♦❜❛❧✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ ❞❡✜♥✐r❡♠♦s ❛ ✉♥ ó♣t✐♠♦ ❣❧♦❜❛❧ s✯ ♣❛r❛ ✉♥ ♣r♦❜❧❡♠❛ P❂✭❳✱❉✱❢✱❘✮✳

❉❡✜♥✐❝✐ó♥ ✷✿ ❯♥ ó♣t✐♠♦ ❣❧♦❜❛❧ s✯ ❡♥ ❡❧ ❡s♣❛❝✐♦ ❞❡ s♦❧✉❝✐♦♥❡s ❙ ❡s ❛q✉❡❧ q✉❡ ❝✉♠♣❧❡✿

∀s ∈ S, f(s∗) ≥ (≤)f(s)

❯♥ ó♣t✐♠♦ ❣❧♦❜❛❧ s✯ ❡s ✉♥❛ s♦❧✉❝✐ó♥ ✭♥♦ ♥❡❝❡s❛r✐❛♠❡♥t❡ ú♥✐❝❛✮ t❛❧ q✉❡ ❝✉♠♣❧❡ ❝♦♥

t♦❞❛s ❧❛s r❡str✐❝❝✐♦♥❡s ❞❡❧ ♣r♦❜❧❡♠❛ ② ♥♦ ❡①✐st❡ ♦tr❛ s♦❧✉❝✐ó♥ s ❡♥ ❡❧ ❡s♣❛❝✐♦ ❞❡ s♦❧✉❝✐♦♥❡s

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

❈♦♠♦ s❡ ✈❡rá ♠ás ❛❞❡❧❛♥t❡✱ ❡①✐st❡♥ té❝♥✐❝❛s q✉❡ ❛♣❧✐❝❛❞❛s ❛ ✉♥ ♣r♦❜❧❡♠❛ ❞❡

♦♣t✐♠✐③❛❝✐ó♥ ✭❡♥ ❣❡♥❡r❛❧✮✱ só❧♦ ❛❧❝❛♥③❛♥ ó♣t✐♠♦s ❧♦❝❛❧❡s✳ ❆♥t❡s ❞❡ ❞❛r ✉♥❛ ❞❡✜♥✐❝✐ó♥ ❞❡

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

❉❡✜♥✐❝✐ó♥ ✸✿ ❯♥❛ ❡str✉❝t✉r❛ ❞❡ ✈❡❝✐♥❞❛r✐♦ ❡s ✉♥❛ ❢✉♥❝✐ó♥ ◆✿ ❙ → 2s ❧❛ ❝✉❛❧ ❛s✐❣♥❛

❛ t♦❞❛ s♦❧✉❝✐ó♥ s ∈ ❙✱ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ✈❡❝✐♥♦s ◆✭s✮ ⊆ S✳ ◆✭s✮ t❛♠❜✐é♥ ❡s ❝♦♥♦❝✐❞♦ ❝♦♠♦

❧❛ ✈❡❝✐♥❞❛❞ ✭♦ ✈❡❝✐♥❞❛r✐♦✮ ❞❡ s✳

❯♥❛ ❞❡✜♥✐❝✐ó♥ ❞❡ s♦❧✉❝✐ó♥ ó♣t✐♠❛ ❧♦❝❛❧ ❞❡ ✉♥ ♣r♦❜❧❡♠❛ P✱ ❡s ❧❛ s✐❣✉✐❡♥t❡✿



■♥tr♦❞✉❝❝✐ó♥ ✼

❉❡✜♥✐❝✐ó♥ ✹✿ ❯♥❛ s♦❧✉❝✐ó♥ ó♣t✐♠❛ ❧♦❝❛❧ ✭♠í♥✐♠♦ ♦ ♠á①✐♠♦ ❧♦❝❛❧✱ s❡❣ú♥ ❧❛ ❢✉♥❝✐ó♥

♦❜❥❡t✐✈♦ ❞❡❧ ♣r♦❜❧❡♠❛✮ r❡s♣❡❝t♦ ❛ ✉♥ ✈❡❝✐♥❞❛r✐♦ ◆ ❡s ✉♥❛ s♦❧✉❝✐ó♥ t❛❧ q✉❡

∀s ∈ N(s̄) : f(s) ≥ (≤)f(s̄)

❆♥á❧♦❣❛♠❡♥t❡✱ s̄ ❡s ó♣t✐♠♦ ❧♦❝❛❧ ❡str✐❝t♦ s✐ f(s) < (>)f(s̄), ∀s ∈ N(s̄)✳

❙✐ ❙ ❡s ✉♥ ❝♦♥❥✉♥t♦ ✜♥✐t♦ ♥✉♠❡r❛❜❧❡✱ ❡♥t♦♥❝❡s ❧❛ ❉❡✜♥✐❝✐ó♥ ✶ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♥ ♣r♦✲

❜❧❡♠❛ ❞❡ ❖♣t✐♠✐③❛❝✐ó♥ ❈♦♠❜✐♥❛t♦r✐❛✳ P♦r ♦tr❛ ♣❛rt❡✱ s✐ ❙❂ ℜn✱ ❡❧ ♣r♦❜❧❡♠❛ ❡s ❞❡ ❖♣t✐✲

♠✐③❛❝✐ó♥ ❈♦♥t✐♥✉❛✳

▲♦s ♣r♦❜❧❡♠❛s ❞❡ ❖♣t✐♠✐③❛❝✐ó♥ ❈♦♠❜✐♥❛t♦r✐❛ ❤❛♥ s✉r❣✐❞♦ ❞❡ ❧❛ ♣rá❝t✐❝❛ ❝♦♠♦ t❛♠✲

❜✐é♥ ❞❡ ❞✐s❝✐♣❧✐♥❛s q✉❡ ❤❛❝❡♥ ✉s♦ ❞❡ ♠ét♦❞♦s ♥ú♠❡r✐❝♦s ❝♦♠♦ ❧❛ ✐♥t❡❧✐❣❡♥❝✐❛ ❛rt✐✜❝✐❛❧✱ ❧❛

✐♥✈❡st✐❣❛❝✐ó♥ ❞❡ ♦♣❡r❛❝✐♦♥❡s✱ ❧❛ ❜✐♦✐♥❢♦r♠át✐❝❛ ② ❡❧ ❝♦♠❡r❝✐♦ ❡❧❡❝tró♥✐❝♦ ❬✻✾❪✳ ▲♦s ♣r♦❜❧❡✲

♠❛s ♠ás ❝♦♥♦❝✐❞♦s s❡ r❡❧❛❝✐♦♥❛♥ ❝♦♥ ❧❛ ♣❧❛♥❡❛❝✐ó♥✱ ❧❛ ❧♦❣íst✐❝❛✱ ❡❧ ❞✐s❡ñ♦ ❞❡ ❤❛r❞✇❛r❡✱ ❡❧

s❡❝✉❡♥❝✐❛♠✐❡♥t♦ ❞❡ ❝❛❞❡♥❛s ❞❡ ❆❉◆✱ ❧❛ ♣❧❛♥✐✜❝❛❝✐ó♥ ❤♦r❛r✐❛✱ ❡♥tr❡ ♦tr♦s✳ ❊♥ ❡st♦s ♣r♦❜❧❡✲

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

❞❡ ✉♥ ❝♦♥❥✉♥t♦ ❞✐s❝r❡t♦ ② ✜♥✐t♦ ❞❡ ♦❜❥❡t♦s q✉❡ s❛t✐s❢❛❣❛♥ ❞❡t❡r♠✐♥❛❞❛s ❝♦♥❞✐❝✐♦♥❡s ♦

r❡str✐❝❝✐♦♥❡s✳

❯♥❛ ❢♦r♠❛ ❞❡ r❡s♦❧✈❡r ❧♦s ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❝♦♠❜✐♥❛t♦r✐❛ ❡s ❞❛❞❛ ✉♥❛ ✐♥st❛♥✲

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

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

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

✐♠♣r❛❝t✐❝❛❜❧❡ ♣♦rq✉❡ ❡❧ ♥ú♠❡r♦ ♣♦s✐❜❧❡ ❞❡ s♦❧✉❝✐♦♥❡s ❝r❡❝❡ ❞❡ ♠❛♥❡r❛ ❡①♣♦♥❡♥❝✐❛❧ s❡❣ú♥

❡❧ t❛♠❛ñ♦ ❞❡ ❧❛ ✐♥st❛♥❝✐❛✳ ❊♥ ❛❧❣✉♥♦s ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❝♦♠❜✐♥❛t♦r✐❛✱ ❡❧ ❡st✉❞✐♦

② ❛♥á❧✐s✐s ❞❡ ❧❛ ❡str✉❝t✉r❛ ❞❡❧ ♣r♦❜❧❡♠❛ ② ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❧❛s ✐♥st❛♥❝✐❛s ❞❡❧ ♣r♦❜❧❡✲

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

❝♦♠♣✉t❛❝✐♦♥❛❧ q✉❡ ❧❛ ❜úsq✉❡❞❛ ❡①❤❛✉st✐✈❛✳ ❊♥ ♦tr♦s ♣r♦❜❧❡♠❛s✱ ❡st♦s ♠✐s♠♦s ❛❧❣♦r✐t♠♦s

♥♦ ❧♦❣r❛♥ ✉♥ r❡♥❞✐♠✐❡♥t♦ ♠✉❝❤♦ ♠❡❥♦r q✉❡ ❧❛ ❜úsq✉❡❞❛ ❡①❤❛✉st✐✈❛ ❬✸✶❪✳

❉❛❞❛ ❧❛ ✐♠♣♦rt❛♥❝✐❛ ♣rá❝t✐❝❛ ❞❡ ❧♦s ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❝♦♠❜✐♥❛t♦r✐❛✱ s❡ ❤❛♥

❞❡s❛rr♦❧❧❛❞♦ ❞✐❢❡r❡♥t❡s ❛❧❣♦r✐t♠♦s ❝♦♥ ❡❧ ♦❜❥❡t♦ ❞❡ ♦❜t❡♥❡r s♦❧✉❝✐♦♥❡s ❛ ❧♦s ♠✐s♠♦s✳ ❊st♦s

❛❧❣♦r✐t♠♦s s❡ ❝❧❛s✐✜❝❛♥ ❡♥ ❛❧❣♦r✐t♠♦s ❡①❛❝t♦s ② ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s✳

▲♦s ❛❧❣♦r✐t♠♦s ❡①❛❝t♦s ❣❛r❛♥t✐③❛♥ ♦❜t❡♥❡r ❧❛ s♦❧✉❝✐ó♥ ó♣t✐♠❛ ❛ ✉♥ ♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐✲

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

❧❛ ♠✐s♠❛ ❞❡ t❛♠❛ñ♦ ✜♥✐t♦✳ ❙✐♥ ❡♠❜❛r❣♦✱ ♣❛r❛ ♠✉❝❤♦s ♣r♦❜❧❡♠❛s ❞❡ t✐♣♦ ◆P✲❍❛r❞✱ ❧♦s



✽ ❈❛♣ít✉❧♦ ✷✳ ❖♣t✐♠✐③❛❝✐ó♥ ❈♦♠❜✐♥❛t♦r✐❛

❛❧❣♦r✐t♠♦s ❡①❛❝t♦s ♥❡❝❡s✐t❛♥ ✉♥ t✐❡♠♣♦ ❡①♣♦♥❡♥❝✐❛❧ ♣❛r❛ ❛❧❝❛♥③❛r ❧❛s s♦❧✉❝✐♦♥❡s ó♣t✐♠❛s✳

■♥❝❧✉s♦ ♣❛r❛ ✐♥st❛♥❝✐❛s ♣❡q✉❡ñ❛s✱ ést♦s ❛❧❣♦r✐t♠♦s ♣♦❞rí❛♥ ❝♦♥s✉♠✐r ❞❡♠❛s✐❛❞♦ t✐❡♠✲

♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❧♦ ❝✉❛❧ ♣✉❡❞❡ r❡s✉❧t❛r ♣♦❝♦ ♣rá❝t✐❝♦✳ ❈♦♥s✐❞❡r❡♠♦s ❡❧ Pr♦❜❧❡♠❛ ❞❡

❆s✐❣♥❛❝✐ó♥ ❈✉❛❞rát✐❝❛ ✭◗❆P✮✳ ❆❝t✉❛❧♠❡♥t❡✱ ❧♦s ❛❧❣♦r✐t♠♦s ❡①❛❝t♦s ❞❡ ❧❛ ❧✐t❡r❛t✉r❛ ❤❛♥

❛❧❝❛♥③❛❞♦ s♦❧✉❝✐♦♥❡s ó♣t✐♠❛s s♦❜r❡ ❛❧❣✉♥❛s ✐♥st❛♥❝✐❛s ◗❆P ❞❡ ❞✐♠❡♥s✐ó♥ ♥♦ s✉♣❡r✐♦r ❛

✾✵ ❬✽✶❪✳ ❆❧ r❡s♣❡❝t♦✱ ❋✐s❝❤❡tt✐ ❡t ❛❧✳ ❬✹✶❪ ❤❛♥ r❡♣♦rt❛❞♦ r❡s✉❧t❛❞♦s ó♣t✐♠♦s ♣❛r❛ ✈❛r✐❛s

✐♥st❛♥❝✐❛s ❞❡ ❧❛ ❧✐t❡r❛t✉r❛✳ P❛r❛ s✉s ♣r✉❡❜❛s✱ ✉t✐❧✐③❛r♦♥ ❡❧ s♦❢t✇❛r❡ ❈♣❧❡① ✈❡rs✐ó♥ ✶✷✳✷ ②

✉♥ ♣r♦❝❡s❛❞♦r ◗✉❛❞✲❈♦r❡ ■♥t❡❧ ❳❡♦♥ ✸✳✷●❤③ ❝♦♥ ✶✻●❜ ❞❡ ❘❆▼✳ P♦r ❡❥❡♠♣❧♦✱ ♣❛r❛ ❧❛ ✐♥s✲

t❛♥❝✐❛ ❚❛✐✻✹❝ ✭❞❡ ❞✐♠❡♥s✐ó♥ ✻✹✮✱ ❡❧ r❡s✉❧t❛❞♦ ó♣t✐♠♦ ❢✉❡ ❛❧❝❛♥③❛❞♦ ❡♥ ❛♣r♦①✐♠❛❞❛♠❡♥t❡

✺ ❤♦r❛s✳

▲♦s ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s ♦❜t✐❡♥❡♥ s♦❧✉❝✐♦♥❡s ❝❡r❝❛♥❛s ❛ ❧❛ s♦❧✉❝✐ó♥ ó♣t✐♠❛✱ ♣❡r♦ ❛

❜❛❥♦ ❝♦st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳ ❙❡ ❝❧❛s✐✜❝❛♥ ❡♥ ❛❧❣♦r✐t♠♦s ❝♦♥str✉❝t✐✈♦s ② ❛❧❣♦r✐t♠♦s ❞❡ ❜ús✲

q✉❡❞❛ ❧♦❝❛❧✳ ▲♦s ❛❧❣♦r✐t♠♦s ❝♦♥str✉❝t✐✈♦s ❣❡♥❡r❛♥ s♦❧✉❝✐♦♥❡s ✭❛ ✉♥ ♣r♦❜❧❡♠❛✮ ❛❣r❡❣❛♥❞♦

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

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

❝♦♥ ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ❛❧❝❛♥③❛r ❡❧ ó♣t✐♠♦ ❧♦❝❛❧✳ ❊♥ ❡❧ ❈❛♣ít✉❧♦ ✸✱ ❛♠❜♦s ❛❧❣♦r✐t♠♦s s❡rá♥

❡①♣❧✐❝❛❞♦s ❝♦♥ ♠❛②♦r ❞❡t❛❧❧❡✳

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

❝✐ó♥ ❝♦♠❜✐♥❛t♦r✐❛✳

✷✳✷✳ Pr♦❜❧❡♠❛s ❞❡ ❖♣t✐♠✐③❛❝✐ó♥ ❈♦♠❜✐♥❛t♦r✐❛

✷✳✷✳✶✳ Pr♦❜❧❡♠❛ ❞❡ ❆s✐❣♥❛❝✐ó♥ ❈✉❛❞rát✐❝❛

❊❧ Pr♦❜❧❡♠❛ ❞❡ ❆s✐❣♥❛❝✐ó♥ ❈✉❛❞rát✐❝❛ ✭◗✉❛❞r❛t✐❝ ❆ss✐❣♥♠❡♥t Pr♦❜❧❡♠ ♦ ◗❆P✮

❬✸❪ ❡s ✉♥ ♣r♦❜❧❡♠❛ ✐♠♣♦rt❛♥t❡ t❛♥t♦ ❛ ♥✐✈❡❧ t❡ór✐❝♦ ❝♦♠♦ ♣rá❝t✐❝♦✳ ❉❛❞♦ ✉♥ ❝♦♥❥✉♥t♦

◆❂④✶✱✷✱ ✳ ✳ ✳ ✱ ♥⑥ ② ❧❛s ♠❛tr✐❝❡s ❋❂④fij⑥✱ ❉❂④dij⑥✱ ❈❂④cij⑥ ❞❡ ♦r❞❡♥ ♥✱ ◗❆P ❝♦♥s✐st❡ ❡♥

❡♥❝♦♥tr❛r ✉♥❛ ♣❡r♠✉t❛❝✐ó♥ ϕ ❞❡❧ ❝♦♥❥✉♥t♦ ◆ t❛❧ q✉❡ s❡❛ ♠í♥✐♠❛ ❧❛ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦

f(ϕ) =
∑n

i=1

∑n
j=1 fijdϕ(i)ϕ(j) +

∑n
i=1 ciϕ(i)

❉♦♥❞❡✿



Pr♦❜❧❡♠❛s ❞❡ ❖♣t✐♠✐③❛❝✐ó♥ ❈♦♠❜✐♥❛t♦r✐❛ ✾

fij ❡s ❡❧ ✢✉❥♦ ❡♥tr❡ ✐♥st❛❧❛❝✐♦♥❡s ✭❢❛❝✐❧✐t✐❡s✮ ✐ ② ❥

dij ❡s ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❧✉❣❛r❡s ✭❧♦❝❛t✐♦♥s✮ ✐ ② ❥

ϕ(i) ❡s ❡❧ ❧✉❣❛r ❛s✐❣♥❛❞♦ ❛ ❧❛ ✐♥st❛❧❛❝✐ó♥ ✐

ciϕ(i) ❡s ❡❧ ❝♦st♦ ❞❡ ❛s✐❣♥❛r ❧❛ ✐♥st❛❧❛❝✐ó♥ ✐ ❛ ❛❧❣ú♥ ❧✉❣❛r

■♥tr♦❞✉❝✐❞♦ ♦r✐❣✐♥❛❧♠❡♥t❡ ❡♥ ❧♦s ✬✺✵ ❝♦♠♦ ✉♥ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣❛r❛ ❧❛ ✉❜✐❝❛❝✐ó♥

❞❡ ❛❝t✐✈✐❞❛❞❡s ❡❝♦♥ó♠✐❝❛s ✐♥❞✐✈✐s✐❜❧❡s ✭♦ ♥♦✲s❡♣❛r❛❜❧❡s✮✱ ◗❆P ♣✉❡❞❡ ❞❡s❝r✐❜✐rs❡ ❝♦♠♦

❡❧ ♣r♦❜❧❡♠❛ ❞❡ ❛s✐❣♥❛r ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ✐♥st❛❧❛❝✐♦♥❡s✴s❡r✈✐❝✐♦s ✭❢❛❝✐❧✐t✐❡s✮ ❛ ✉♥ ❝♦♥❥✉♥t♦

❞❡ ❧✉❣❛r❡s✴✉❜✐❝❛❝✐♦♥❡s ✭❧♦❝❛t✐♦♥s✮✱ ❝♦♥♦❝✐❞❛s ❧❛s ❞✐st❛♥❝✐❛s ❡♥tr❡ ❧✉❣❛r❡s ② ❧♦s ✢✉❥♦s ❡♥tr❡

✐♥st❛❧❛❝✐♦♥❡s✳ ❊❧ ♦❜❥❡t✐✈♦ ❞❡❧ ♣r♦❜❧❡♠❛ ❡s ✉❜✐❝❛r ❝❛❞❛ ✐♥st❛❧❛❝✐ó♥ ❡♥ ❡①❛❝t❛♠❡♥t❡ ✉♥ ❧✉❣❛r

t❛❧ q✉❡ ❧❛ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ✭❛♥t❡s ✐♥❞✐❝❛❞❛✮ ❡s ♠í♥✐♠❛✳

◗❆P t✐❡♥❡ ♦tr❛s ❛♣❧✐❝❛❝✐♦♥❡s t❛❧❡s ❝♦♠♦ ❞✐s❡ñ♦ ❞❡ ❝✐r❝✉✐t♦s ❡❧é❝tr✐❝♦s✱ ❛s✐❣♥❛❝✐ó♥ ❞❡

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

❝✐♥t❛s ♠❛❣♥ét✐❝❛s✱ ❜❛❧❛♥❝❡♦ ❞❡ t✉r❜✐♥❛s✱ ❡♥tr❡ ♦tr♦s✳ ❊s ❝♦♥♦❝✐❞♦ q✉❡ ❡❧ ♣r♦❜❧❡♠❛ ❡s

◆P✲❍❛r❞ ❬✶✵✾❪ ② ❡♥ ❣❡♥❡r❛❧✱ s❡ ❤❛ ♣r♦❜❛❞♦ ❧❛ ❞✐✜❝✉❧t❛❞ q✉❡ ♣r❡s❡♥t❛ ❛❧❝❛♥③❛r s♦❧✉❝✐♦✲

♥❡s ó♣t✐♠❛s ♣❛r❛ ❧❛s ✐♥st❛♥❝✐❛s ❞❡❧ ♣r♦❜❧❡♠❛✳ ◗❆P▲■❇ ❬✶✼❪✱ ❡s ✉♥❛ ❧✐❜r❡rí❛ q✉❡ ♣♦s❡❡

✐♥st❛♥❝✐❛s ❞❡❧ ♣r♦❜❧❡♠❛ ❞❡ ❞✐❢❡r❡♥t❡s t❛♠❛ñ♦s ② ❝♦♠♣❧❡❥✐❞❛❞❡s✳

✷✳✷✳✷✳ Pr♦❜❧❡♠❛ ❞❡❧ ❱✐❛❥❛♥t❡

❊❧ Pr♦❜❧❡♠❛ ❞❡❧ ❱✐❛❥❛♥t❡ ✭❚r❛✈❡❧❧✐♥❣ ❙❛❧❡s♠❛♥ Pr♦❜❧❡♠ ♦ ❚❙P✮ ✭❬✶✵✹❪✱ ❬✶✷✶❪✮ ❡s ✉♥♦

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

✉♥ ❣r❛❢♦ ♣♦♥❞❡r❛❞♦✱ ❝♦♥❡①♦ ② ❞✐r✐❣✐❞♦✱ ❚❙P ❝♦♥s✐st❡ ❡♥ ❡♥❝♦♥tr❛r ❡❧ ❝❛♠✐♥♦ ❝í❝❧✐❝♦ ♠ás

❝♦rt♦ t❛❧ q✉❡ t♦❞♦ ♥♦❞♦ ❞❡❧ ❣r❛❢♦ s❡❛ ✈✐s✐t❛❞♦ ❡①❛❝t❛♠❡♥t❡ ✉♥❛ ✈❡③✳ ❆ ❧♦s ❡❢❡❝t♦s ❞❡ ❞❡✜♥✐r

❢♦r♠❛❧♠❡♥t❡ ❚❙P✱ ❞❛r❡♠♦s ✉♥❛s ❞❡✜♥✐❝✐♦♥❡s ♣r❡✈✐❛s✳

❉❡✜♥✐❝✐ó♥ ✺✿ ❈❛♠✐♥♦ ② ❝✐❝❧♦ ❍❛♠✐❧t♦♥✐❛♥♦

❙❡❛ ●❂✭❱✱❊✱✇✮ ✉♥ ❣r❛❢♦ ♣♦♥❞❡r❛❞♦✱ ❝♦♥❡①♦ ② ❞✐r✐❣✐❞♦ ❞♦♥❞❡ ❱❂④v1, v2, . . . , vn⑥ ❡s

❡❧ ❝♦♥❥✉♥t♦ ❞❡ ♥❂|❱| ✈ért✐❝❡s✱ ❊ ⊆ V × V ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❛r✐st❛s ✭❛r❝♦s✮✱ ② ✉♥❛

❢✉♥❝✐ó♥ ✇✿ ❊ → ℜ+ q✉❡ ❛s✐❣♥❛ t♦❞❛ ❛r✐st❛ ❡ ∈ ❊ ✉♥ ♣❡s♦ ✇✭❡✮✳

❯♥ ❝❛♠✐♥♦ ❡♥ ● ❡s ✉♥❛ ❧✐st❛ ✭u1, u2, . . . , uk✮ ❞❡ ✈ért✐❝❡s ui ∈ ❱ ∀i = 1, . . . , k✱ t❛❧ q✉❡

❝✉❛❧q✉✐❡r ♣❛r ✭ui, ui+1✮ ∀i = 1, . . . , k − 1✱ ❡s ✉♥❛ ❛r✐st❛ ❞❡ ●✳

❯♥ ❝❛♠✐♥♦ ❝í❝❧✐❝♦ ❡♥ ● ❡s ✉♥ ❝❛♠✐♥♦ t❛❧ q✉❡ ❡❧ ♣r✐♠❡r ② ❡❧ ú❧t✐♠♦ ✈ért✐❝❡ ❝♦✐♥❝✐❞❡♥✳



✶✵ ❈❛♣ít✉❧♦ ✷✳ ❖♣t✐♠✐③❛❝✐ó♥ ❈♦♠❜✐♥❛t♦r✐❛

❯♥ ❝✐❝❧♦ ❤❛♠✐❧t♦♥✐❛♥♦ ✭♦ ❝✐r❝✉✐t♦✮ ❡s ✉♥ ❝❛♠✐♥♦ ❝í❝❧✐❝♦ ❡♥ ● q✉❡ ✈✐s✐t❛ t♦❞♦s ❧♦s ✈ért✐❝❡s

❞❡❧ ❣r❛❢♦ ❡①❛❝t❛♠❡♥t❡ ✉♥❛ ✈❡③ ✭❡①❝❡♣t♦ ❡❧ ✈ért✐❝❡ ✐♥✐❝✐❛❧✮❀ ❡s ❞❡❝✐r✱ ♣❂✭u1, u2, . . . , un, u1✮

❡s ✉♥ ❝✐❝❧♦ ❤❛♠✐❧t♦♥✐❛♥♦ ❡♥ ● s✐✐ ♥❂|❱| ② ④u1, u2, . . . , un⑥❂❱✳

❉❡✜♥✐❝✐ó♥ ✻✿ P❡s♦ ✭❝♦st♦✮ ❞❡ ✉♥ ❝❛♠✐♥♦

❉❛❞♦ ✉♥ ❣r❛❢♦ ● ♣♦♥❞❡r❛❞♦✱ ❝♦♥❡①♦ ② ❞✐r✐❣✐❞♦✱ ② ✉♥ ❝❛♠✐♥♦ ♣❂✭u1, u2, . . . , uk✮ ❡♥ ●✱ ❡❧

♣❡s♦ ❞❡ ✉♥ ❝❛♠✐♥♦ ✇✭♣✮ s❡ ❞❡✜♥❡ ❝♦♠♦ w(p) =
∑k−1

i=1 w((ui, ui+1))✳

P✉❡❞❡ ❞❡✜♥✐rs❡ ❡♥t♦♥❝❡s ❬✻✾❪✿ ❉❛❞♦ ✉♥ ❣r❛❢♦ ● ♣♦♥❞❡r❛❞♦✱ ❝♦♥❡①♦ ② ❞✐r✐❣✐❞♦✱ ❡❧ Pr♦✲

❜❧❡♠❛ ❞❡❧ ✈✐❛❥❛♥t❡ ✭❚❙P✮ ❝♦♥s✐st❡ ❡♥ ❡♥❝♦♥tr❛r ✉♥ ❝✐❝❧♦ ❤❛♠✐❧t♦♥✐❛♥♦ ❡♥ ● ❝♦♥ ♣❡s♦

♠í♥✐♠♦✳

❊❧ ✐♥t❡rés ❡♥ ❡st❡ ♣r♦❜❧❡♠❛ ❞❡ t✐♣♦ ◆P✲❍❛r❞ ❬✹✺❪ s❡ ❞❡❜❡ ❡♥tr❡ ♦tr♦s✱ ❛ q✉❡ ❡s ✉♥

♣r♦❜❧❡♠❛ ❝♦♥❝❡♣t✉❛❧♠❡♥t❡ s✐♠♣❧❡ ❞❡ ❡①♣❧✐❝❛r ② ❡♥t❡♥❞❡r✱ ❞✐❞á❝t✐❝❛♠❡♥t❡ ❢á❝✐❧ ❞❡ ❡♥s❡✲

ñ❛r ❡♥ ❝✉rs♦s ❞❡ ❣r❛❞♦✱ ❝♦♥ ❛♣❧✐❝❛❝✐♦♥❡s r❡❛❧❡s ❝♦♥❝r❡t❛s ✭❣❡♥❡r❛❧♠❡♥t❡ r❡❧❛❝✐♦♥❛❞❛s ❝♦♥

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

♣r♦❜❧❡♠❛ ✭▼ú❧t✐♣❧❡ ❚❙P✱ ❈❱❘P✱ ❱❘P❚❲✱ ❡t❝✮✳ ❘❡❝✐❡♥t❡♠❡♥t❡ ❬✾❪✱ s❡ ❤❛♥ ❛❧❝❛♥③❛❞♦

s♦❧✉❝✐♦♥❡s ó♣t✐♠❛s ❛ ✐♥st❛♥❝✐❛s ❚❙P ❝♦♥ ♠ás ❞❡ ✽✺✵✵✵ ♥♦❞♦s✳

✷✳✷✳✸✳ Pr♦❜❧❡♠❛ ❞❡ ❧❛ ▼♦❝❤✐❧❛ ▼ú❧t✐♣❧❡

❊❧ Pr♦❜❧❡♠❛ ❞❡ ❧❛ ▼♦❝❤✐❧❛ ▼ú❧t✐♣❧❡ ✭▼✉❧t✐♣❧❡ ❑♥❛♣s❛❝❦ Pr♦❜❧❡♠ ♦ ▼❑P✮❬✶✺❪ ♣✉❡❞❡

❞❡✜♥✐rs❡ ❛sí✿

▼❛①✐♠✐③❛r
∑

j∈N pj · xj

s✉❥❡t♦ ❛
∑

j∈N wij · xj ≤ ci, ∀i ∈M

xj ∈ {0, 1}, ∀j ∈ N

❉♦♥❞❡✿

♥ ❡s ❡❧ ♥ú♠❡r♦ ❞❡ ❡❧❡♠❡♥t♦s ✭✐t❡♠s✮

♠ ❡s ❡❧ ♥ú♠❡r♦ ❞❡ ♠♦❝❤✐❧❛s ✭❦♥❛♣s❛❝❦✮ ❞✐s♣♦♥✐❜❧❡s

◆❂④✶✱✷✱✳ ✳ ✳ ✱ ♥⑥ ② ▼❂④✶✱✷✱✳ ✳ ✳ ✱ ♠⑥

pj ≥ 0 ❡s ❡❧ ❜❡♥❡✜❝✐♦ ❞❡❧ ❡❧❡♠❡♥t♦ ❥✲és✐♠♦✱ ∀j ∈ N



Pr♦❜❧❡♠❛s ❞❡ ❖♣t✐♠✐③❛❝✐ó♥ ❈♦♠❜✐♥❛t♦r✐❛ ✶✶

wij ≥ 0 s♦♥ ❧♦s ♣❡s♦s ❞❡❧ ❡❧❡♠❡♥t♦ ❥✲és✐♠♦ ❡♥ ❧❛s ♠♦❝❤✐❧❛s✱ ∀i ∈M, ∀j ∈ N

ci ≥ 0 ❡s ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ❧❛ ♠♦❝❤✐❧❛ ✐✲és✐♠❛✱ ∀i ∈M

❊❧ ♦❜❥❡t✐✈♦ ❞❡ ❡st❡ ♣r♦❜❧❡♠❛ ◆P✲❍❛r❞ ❬✹✺❪ ❡s ❡♥❝♦♥tr❛r ✉♥ s✉❜❝♦♥❥✉♥t♦ ❞❡ ❡❧❡♠❡♥t♦s

q✉❡ ♠❛①✐♠✐❝❡ ❡❧ ❜❡♥❡✜❝✐♦ t♦t❛❧✱ t❛❧ q✉❡ ❧♦s ❡❧❡♠❡♥t♦s s❡❧❡❝❝✐♦♥❛❞♦s ♥♦ s♦❜r❡♣❛s❡♥ ❧❛

❝❛♣❛❝✐❞❛❞ ❞❡ ❝❛r❣❛ ❞❡ ❧❛s ♠♦❝❤✐❧❛s✳

Pr♦♣✉❡st♦ ♣♦r ♣r✐♠❡r❛ ✈❡③ ❡♥ ❧♦s ✬✺✵ ♣❛r❛ ♣r♦❜❧❡♠❛s ❞❡ ❛s✐❣♥❛❝✐ó♥ ❞❡ ♣r❡s✉♣✉❡st♦s

❬✶✵✵❪✱ ▼❑P ❤❛ s✐❞♦ ❛♣❧✐❝❛❞♦ ❛ ♣r♦❜❧❡♠❛s ❞❡ ❝❛r❣❛ ❞❡ ❜✉❧t♦s ❡♥ ❛✈✐♦♥❡s ❬✶✶✽❪✱ ♣r♦❜❧❡♠❛s

❞❡ ❝♦rt❡ ❬✶✶✶❪✱ s❡❧❡❝❝✐ó♥ ❞❡ ♣r♦②❡❝t♦s ❬✹✸❪✱ ❡♥tr❡ ♦tr♦s✳



❈❛♣ít✉❧♦ ✸

▼❡t❛❤❡✉ríst✐❝❛s

❊♥ ❡st❡ ❝❛♣ít✉❧♦✱ ❞❡t❛❧❧❛r❡♠♦s ❧❛s té❝♥✐❝❛s ❤❡✉ríst✐❝❛s ♣❛r❛ ❧✉❡❣♦ ❞❛r ✉♥ ♣❛♥♦r❛♠❛

❣❡♥❡r❛❧ ❞❡ ❧❛s ♠❡t❛❤❡✉ríst✐❝❛s✳ ❉❡s♣✉és✱ ❞❡s❝r✐❜✐r❡♠♦s ❧❛s ✉s❛❞❛s ❡♥ ❧❛s ♣r♦♣✉❡st❛s r❡❛❧✐✲

③❛❞❛s ♣❛r❛ ❈❆❘P✳

❉❡ ❝❛❞❛ ✉♥❛ ❞❡ ❡❧❧❛s✱ s❡ ❞❡t❛❧❧❛rá♥ ❧♦s ♣r✐♥❝✐♣❛❧❡s ❛s♣❡❝t♦s ❝♦♥ ❡❧ ♦❜❥❡t♦ ❞❡ ❡♥t❡♥❞❡r ❡❧

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

♦♣t✐♠✐③❛❝✐ó♥✳

✸✳✶✳ ■♥tr♦❞✉❝❝✐ó♥

❯♥❛ té❝♥✐❝❛ s❡♥❝✐❧❧❛ ② ❧ó❣✐❝❛ q✉❡ ♣✉❡❞❡ ✉s❛rs❡ ♣❛r❛ r❡s♦❧✈❡r ✉♥ ♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐♠✐③❛✲

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

❧❛ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ② ❧✉❡❣♦ ❡❧❡❣✐r ❧❛ ♠❡❥♦r✳ ❊st❛ té❝♥✐❝❛ ❧❧❛♠❛❞❛ ❞❡ ❡♥✉♠❡r❛❝✐ó♥ ❝♦♠♣❧❡t❛

✭t❛♠❜✐é♥ ❝♦♥♦❝✐❞❛ ❝♦♠♦ ❢✉❡r③❛ ❜r✉t❛✮✱ ❛ ♣❡s❛r ❞❡ q✉❡ ❡s ❛♣❧✐❝❛❞❛ ❡♥ ❞✐❢❡r❡♥t❡s ♣r♦❜❧❡✲

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

❞❡❜✐❞♦ ❛ ❧❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ s♦❧✉❝✐♦♥❡s ♣♦s✐❜❧❡s ❬✶✷✶❪✳

❉❡♥tr♦ ❞❡ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡ ❛❧❣♦r✐t♠♦s ❡①❛❝t♦s✱ ❇r❛♥❝❤ ❛♥❞ ❇♦✉♥❞ ✭❬✾✹❪✱ ❬✶✷✸❪✮ ❡s

✉♥❛ té❝♥✐❝❛ ❡✜❝✐❡♥t❡ ❞❡ ❡♥✉♠❡r❛❝✐ó♥ ❝♦♠♣❧❡t❛ ❞❡ s♦❧✉❝✐♦♥❡s✱ ❧❛ ❝✉❛❧ ❝♦♥str✉②❡ ✉♥ ár❜♦❧

❞❡ s♦❧✉❝✐♦♥❡s ❞❡❧ ♣r♦❜❧❡♠❛ ② q✉❡✱ ♣❛r❛ ❡✈✐t❛r ✉♥❛ ❜úsq✉❡❞❛ ❡①❤❛✉st✐✈❛ ❡♥ ❡❧ ♠✐s♠♦

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

♦tr❛s t❛❧❡s ❝♦♠♦ ❇r❛♥❝❤ ❛♥❞ Pr✐❝❡ ✭❬✶✷❪✱ ❬✷✼❪✮ ② ❇r❛♥❝❤ ❛♥❞ ❈✉t ✭❬✾✼❪✱ ❬✶✵✶❪✱ ❬✶✷✸❪✮✱ ❤❛♥

s✐❞♦ ❛♣❧✐❝❛❞❛s ❡①✐t♦s❛♠❡♥t❡ ❛ ❞✐❢❡r❡♥t❡s ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❝♦♠❜✐♥❛t♦r✐❛✳ ❙✐♥



■♥tr♦❞✉❝❝✐ó♥ ✶✸

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

❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ ❛❧❝❛♥③❛r s♦❧✉❝✐♦♥❡s ó♣t✐♠❛s ❝r❡❝❡ ❡♥ ❢♦r♠❛ ❡①♣♦♥❡♥❝✐❛❧✳

❉❛❞❛ ❧❛ ❞✐✜❝✉❧t❛❞ s✉❜②❛❝❡♥t❡ ❡♥ ❧♦s ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡ t✐♣♦ ◆P✲❍❛r❞✱ ❧❛

✐♥✈❡st✐❣❛❝✐ó♥ ❡♥ té❝♥✐❝❛s ❤❡✉ríst✐❝❛s ❤❛ ❝♦❜r❛❞♦ r❡❧❡✈❛♥❝✐❛ ❡♥ ❧♦s ú❧t✐♠♦s ✹✵ ❛ñ♦s✳ ❯♥❛

❤❡✉ríst✐❝❛ ❡s ✉♥❛ té❝♥✐❝❛ ✭❝♦♥s✐st❡♥t❡ ❞❡ ✉♥❛ r❡❣❧❛ ♦ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ r❡❣❧❛s✮ q✉❡ ❜✉s❝❛ ✭②

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

s❡♥t✐❞♦✱ ✉♥❛ ❤❡✉ríst✐❝❛ ❡s ❛♣r♦①✐♠❛❞❛ ②❛ q✉❡ ❛❧❝❛♥③❛ ❜✉❡♥❛s s♦❧✉❝✐♦♥❡s ❛ ❜❛❥♦ ❡s❢✉❡r③♦

❝♦♠♣✉t❛❝✐♦♥❛❧✱ ♣❡r♦ ♥♦ ❛s❡❣✉r❛ ❧❛ ♦♣t✐♠❛❧✐❞❛❞ ❬✶✷✵❪✳ ▲❛s ❤❡✉ríst✐❝❛s s♦♥ r❡❣❧❛s✱ ❝r✐t❡r✐♦s✱

♠ét♦❞♦s ♦ ♣r✐♥❝✐♣✐♦s ♣❛r❛ ❞❡❝✐❞✐r ❡♥tr❡ ❞✐❢❡r❡♥t❡s ❝✉rs♦s ❞❡ ❛❝❝✐ó♥✱ ❝✉á❧ ❡s ❡❧ ♠ás ❡❢❡❝t✐✈♦

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

♣❛r❛ ✉♥ ♣r♦❜❧❡♠❛ ♦ ♠❡❥♦r❛r ✉♥❛ s♦❧✉❝✐ó♥✮✳

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

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

❧❛ ❢❛❝t✐❜✐❧✐❞❛❞ ❞❡ ❧❛s ♠✐s♠❛s✱ ést❛s ♣✉❡❞❡♥ ❛❧❝❛♥③❛rs❡ ❡♥ ✉♥ t✐❡♠♣♦ r❛③♦♥❛❜❧❡ ② ❛ ✐❣✉❛❧

❝❛❧✐❞❛❞ q✉❡ ❧❛s ♦❜t❡♥✐❞❛s ♣♦r ♠ét♦❞♦s ❡①❛❝t♦s✳

▲♦s ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s s❡ ❝❧❛s✐✜❝❛♥ ❡♥ ❛❧❣♦r✐t♠♦s ❝♦♥str✉❝t✐✈♦s ② ❛❧❣♦r✐t♠♦s ❞❡

❜úsq✉❡❞❛ ❧♦❝❛❧✳ ❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ ❡st♦s s❡rá♥ ❞❡✜♥✐❞♦s✳

❉❡✜♥✐❝✐ó♥ ✼✿ ❆❧❣♦r✐t♠♦ ❝♦♥str✉❝t✐✈♦ ❬✸✶❪

❯♥ ❛❧❣♦r✐t♠♦ ❝♦♥str✉❝t✐✈♦ ❝♦♥str✉②❡ ✉♥❛ s♦❧✉❝✐ó♥ ❛ ✉♥ ♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❝♦♠✲

❜✐♥❛t♦r✐❛ ❞❡ ♠❛♥❡r❛ ✐♥❝r❡♠❡♥t❛❧✳ P❛s♦ ❛ ♣❛s♦✱ ❛❣r❡❣❛ ❝♦♠♣♦♥❡♥t❡s ✭♦ ❡❧❡♠❡♥t♦s✮ ❛ ❧❛

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

▲❛ ❢♦r♠❛ ❡♥ q✉❡ ❧♦s ❡❧❡♠❡♥t♦s s♦♥ ❛❣r❡❣❛❞♦s ❛ ❧❛ s♦❧✉❝✐ó♥ ❡♥ ❝♦♥str✉❝❝✐ó♥✱ ♣✉❡❞❡ s❡r

❛❧ ❛③❛r ♦ ❜✐❡♥ ♠❡❞✐❛♥t❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❛❧❣✉♥❛ r❡❣❧❛✳

❊♥ ❡❧ ❈✉❛❞r♦ ✸✳✶ s❡ ♠✉❡str❛ ✉♥ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❞❡ ✉♥ ❛❧❣♦r✐t♠♦ ❝♦♥str✉❝t✐✈♦ ❣♦❧♦s♦✳



✶✹ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

❈✉❛❞r♦ ✸✳✶✿ ❆❧❣♦r✐t♠♦ ❝♦♥str✉❝t✐✈♦ ❣♦❧♦s♦✳

♣r♦❝❡❞✉r❡ ❣r❡❡❞②❈♦♥str✉❝t✐♦♥✭♣r♦❜❧❡♠❉❛t❛✮

s♦❧✉t✐♦♥❂④⑥

✇❤✐❧❡ s♦❧✉t✐♦♥ ✐s ♥♦t ❝♦♠♣❧❡t❡❞ ❞♦

❡❧❡♠❡♥t ❂ ❣r❡❡❞②❙❡❧❡❝t✐♦♥✭s♦❧✉t✐♦♥✱♣r♦❜❧❡♠❉❛t❛✮

s♦❧✉t✐♦♥ ❂ s♦❧✉t✐♦♥ ✰ ④❡❧❡♠❡♥t⑥

❡♥❞ ✇❤✐❧❡

r❡t✉r♥ s♦❧✉t✐♦♥

❡♥❞ ♣r♦❝❡❞✉r❡

P♦r ❡❥❡♠♣❧♦✱ ✉♥ ❛❧❣♦r✐t♠♦ ❝♦♥str✉❝t✐✈♦ ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡❧ ❱✐❛❥❛♥t❡ ✭❚❙P✮✱ ❝♦♥str✉✲

②❡ ✉♥❛ s♦❧✉❝✐ó♥ ❛❣r❡❣❛♥❞♦ ♥♦❞♦s ❞❡❧ ❣r❛❢♦ ✭❡s ❞❡❝✐r✱ ❝✐✉❞❛❞❡s✮ ❞❡ ♠❛♥❡r❛ ✐t❡r❛t✐✈❛ ❤❛st❛

q✉❡ t♦❞♦s ❡sté♥ ✐♥❝❧✉✐❞♦s ❡♥ ❧❛ ♠✐s♠❛✳ ❉✐❝❤❛ ✐♥s❡r❝✐ó♥ ♣✉❡❞❡ s❡r ❡♥ ❢♦r♠❛ ❛❧❡❛t♦r✐❛ ✭t❛❧

❝♦♠♦ ♣r♦♣♦♥❡ ■♥s❡r❝✐ó♥ ❆❧❡❛t♦r✐❛ ♦ ❘❛♥❞♦♠ ✐♥s❡rt✐♦♥✮✱ ❧❛ q✉❡ ♠❡♥♦s ✐♥❝r❡♠❡♥t❛ ❡❧ ❝♦st♦

❞❡❧ r❡❝♦rr✐❞♦ t♦t❛❧ ✭■♥s❡r❝✐ó♥ ♠ás ❊❝♦♥ó♠✐❝❛ ♦ ❈❤❡❛♣❡st ■♥s❡rt✐♦♥✮✱ ❛q✉❡❧❧❛ ❝✉②❛ ❞✐st❛♥✲

❝✐❛ ❛ ❛❧❣ú♥ ♥♦❞♦ ❡♥ ❧❛ s♦❧✉❝✐ó♥ s❡❛ ♠á①✐♠❛ ✭■♥s❡r❝✐ó♥ ♠ás ❉✐st❛♥t❡ ♦ ❋❛rt❤❡st ■♥s❡rt✐♦♥✮✱

❡♥tr❡ ♦tr❛s ❛❧t❡r♥❛t✐✈❛s ♣♦s✐❜❧❡s✳

❉❡✜♥✐❝✐ó♥ ✽✿ ❆❧❣♦r✐t♠♦ ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ ❬✸✶❪

❯♥ ❛❧❣♦r✐t♠♦ ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ s❡ ❜❛s❛ ❡♥ ❧❛ ❡①♣❧♦r❛❝✐ó♥ ✐t❡r❛t✐✈❛ ❞❡❧ ✈❡❝✐♥❞❛r✐♦ ❞❡

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

❧♦❝❛❧❡s ❞❡✜♥✐❞♦s ♣♦r ✉♥❛ ❡str✉❝t✉r❛ ❞❡ ✈❡❝✐♥❞❛r✐♦✳

▲♦s ❛❧❣♦r✐t♠♦s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ ✐t❡r❛t✐✈❛♠❡♥t❡ ♠♦❞✐✜❝❛♥ s♦❧✉❝✐♦♥❡s ✭♦❜t❡♥✐❡♥❞♦ ❞❡

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

❞❡❝✐r✱ ♠❡❞✐❛♥t❡ ♠♦✈✐♠✐❡♥t♦s ❞❡ ❡❧❡♠❡♥t♦s ❞❡ ❧❛ s♦❧✉❝✐ó♥✮✳ ❯♥❛ ❡str✉❝t✉r❛ ❞❡ ✈❡❝✐♥❞❛r✐♦

❞❡✜♥❡ ✐♠♣❧í❝✐t❛♠❡♥t❡ ❧♦s ♣♦s✐❜❧❡s ❝❛♠❜✐♦s ❛ ❛♣❧✐❝❛r ❛ ✉♥❛ s♦❧✉❝✐ó♥✳ ▲♦s ❝❛♠❜✐♦s s♦♥ ♣r❡✲

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

❡❧ ♣r♦❝❡s♦ ❞❡ ❜úsq✉❡❞❛✳

❊♥ ❡❧ ❈✉❛❞r♦ ✸✳✷ s❡ ♠✉❡str❛ ✉♥ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❞❡ ✉♥ ❛❧❣♦r✐t♠♦ ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧✳



■♥tr♦❞✉❝❝✐ó♥ ✶✺

❈✉❛❞r♦ ✸✳✷✿ ❆❧❣♦r✐t♠♦ ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧✳

♣r♦❝❡❞✉r❡ ❧♦❝❛❧❙❡❛r❝❤✭♣r❡✈❙♦❧✉t✐♦♥✮

❜❡st❂♣r❡✈❙♦❧✉t✐♦♥

✇❤✐❧❡ ✐♠♣r♦✈❡♠❡♥t ✐s ♣♦s✐❜❧❡ ❞♦

♥❡✐❣❤❜♦r ❂ ❣❡t❋r♦♠◆❡✐❣❤❜♦r❤♦♦❞✭❜❡st✮

✐❢ ❢✭♥❡✐❣❤❜♦r✮ < ❢✭❜❡st✮ t❤❡♥

❜❡st ❂ ♥❡✐❣❤❜♦r

❡♥❞ ✐❢

❡♥❞ ✇❤✐❧❡

r❡t✉r♥ ❜❡st

❡♥❞ ♣r♦❝❡❞✉r❡

❙❡ ❤❛♥ ♣r♦♣✉❡st♦ ❞✐❢❡r❡♥t❡s ❛❧❣♦r✐t♠♦s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡❧ ❱✐❛❥❛♥✲

t❡✳ ❈r♦❡s ❬✷✸❪ ♣r♦♣✉s♦ ❡❧ ❛❧❣♦r✐t♠♦ ✷✲❖P❚✱ ❡❧ ❝✉❛❧ ❞❛❞❛ ✉♥❛ s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧✱ ❡❧✐♠✐♥❛ ❞♦s

❛r✐st❛s ② ❧✉❡❣♦ r❡❝♦♥❡❝t❛ ❧♦s ✹ ♥♦❞♦s ✐♥✈♦❧✉❝r❛❞♦s ❞❡ ❢♦r♠❛ ❞✐st✐♥t❛ ♣❛r❛ ❞❡ ❡st❛ ♠❛♥❡r❛

♦❜t❡♥❡r ✉♥❛ ♥✉❡✈❛ s♦❧✉❝✐ó♥✳ ❊♥ ❡❧ ❝❛s♦ ❞❡❧ ❛❧❣♦r✐t♠♦ ✸✲❖P❚ ♣r♦♣✉❡st♦ ♣♦r ▲✐♥ ✭❬✽✷❪✱ ❬✽✸❪✮✱

❧❛ ♦❜t❡♥❝✐ó♥ ❞❡ ✉♥❛ ♥✉❡✈❛ s♦❧✉❝✐ó♥ ❛ ♣❛rt✐r ❞❡ ✉♥❛ ✐♥✐❝✐❛❧ ❡s ❛ tr❛✈és ❞❡ ❧❛ ❡❧✐♠✐♥❛❝✐ó♥

❞❡ tr❡s ❛r✐st❛s ② ❧❛ ♣♦st❡r✐♦r r❡❝♦♥❡①✐ó♥ ❞❡ ❢♦r♠❛ ❞✐st✐♥t❛ ✭❛ ❧❛ ✐♥✐❝✐❛❧✮ ② ❛❧ ♠❡♥♦r ❝♦st♦

♣♦s✐❜❧❡✳

❍❛❝❡ ♣♦❝♦ ♠ás ❞❡ ✷✵ ❛ñ♦s✱ ❤❛ s✉r❣✐❞♦ ❡♥ ❧❛ ❧✐t❡r❛t✉r❛ ✉♥❛ ♥✉❡✈❛ ❝❧❛s❡ ❞❡ ❛❧❣♦r✐t♠♦

q✉❡ ❣✉í❛ ❛ ♠ét♦❞♦s ❤❡✉ríst✐❝♦s s✉❜♦r❞✐♥❛❞♦s✱ ❝♦♥♦❝✐❞♦ ❝♦♠♦ ♠❡t❛❤❡✉ríst✐❝❛s✳ ❙✉ ❛♣❛r✐✲

❝✐ó♥ s❡ ❞❡❜✐ó ❛ ❞♦s s✐t✉❛❝✐♦♥❡s ❤❛❜✐t✉❛❧❡s ❛❧ ✉s❛r ❤❡✉ríst✐❝❛s✿ ❧❛ ❢❛❧t❛ ❞❡ ❞✐✈❡rs✐❞❛❞ ❞❡

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

❝❛❧❡s ❞❡✈✉❡❧t♦s ♣♦r ❧♦s ❛❧❣♦r✐t♠♦s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧✳ ▲❛s ♠❡t❛❤❡✉ríst✐❝❛s ♠❡❥♦r❛♥ ❛ ❧❛s

té❝♥✐❝❛s ❤❡✉ríst✐❝❛s ❞❡❜✐❞♦ ❛ q✉❡ ✐♥t❡❣r❛♥ ❞✐❢❡r❡♥t❡s ❡str❛t❡❣✐❛s ❞❡ ❜úsq✉❡❞❛ ♣❛r❛ ❡①♣❧♦✲

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

♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❝♦♠❜✐♥❛t♦r✐❛✱ ❤❛ s✐❞♦ ❡①t❡♥s❛ ② ❡①✐t♦s❛ ✭❬✸✶❪✱ ❬✺✵❪✱ ❬✻✹❪✱ ❬✶✵✻❪✱

❡♥tr❡ ♦tr♦s✮✳

❚r❛t❛r❡♠♦s ❞❡ ❞❡✜♥✐r ✉♥❛ ♠❡t❛❤❡✉ríst✐❝❛ ❞❡ ♠❛♥❡r❛ ❢♦r♠❛❧✳



✶✻ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

❉❡✜♥✐❝✐ó♥ ✽✿ ▼❡t❛❤❡✉ríst✐❝❛ ❬✶✷✵❪

❊s ✉♥ ♣r♦❝❡s♦ ✐t❡r❛t✐✈♦ ♠❛❡str♦ q✉❡ ❣✉í❛ ② ♠♦❞✐✜❝❛ ❧❛ ♦♣❡r❛❝✐ó♥ ❞❡ ❤❡✉ríst✐❝❛s s✉❜♦r❞✐✲

♥❛❞❛s✱ ♣❛r❛ ♣r♦❞✉❝✐r s♦❧✉❝✐♦♥❡s ❞❡ ❛❧t❛ ❝❛❧✐❞❛❞ ❛ ❝✉❛❧q✉✐❡r ♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✳

❊①✐st❡♥ ❞✐❢❡r❡♥t❡s ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ♣♦s❡❡♥ ❧❛s ♠❡t❛❤❡✉ríst✐❝❛s✿

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

❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✳

P❛r❛ ❝♦♥❞✉❝✐r ❧❛ ❜úsq✉❡❞❛ ❛ s♦❧✉❝✐♦♥❡s ❞❡ ❛❧t❛ ❝❛❧✐❞❛❞✱ ❤❛❝❡♥ ✉s♦ ❞❡ ✐♥❢♦r♠❛❝✐ó♥

❡s♣❡❝í✜❝❛ ❞❡❧ ♣r♦❜❧❡♠❛ ②✴♦ ❛♣r❡♥❞❡♥ ❛ ❧♦ ❧❛r❣♦ ❞❡ s✉ ❡❥❡❝✉❝✐ó♥✳

P✉❡❞❡♥ s✉❜♦r❞✐♥❛r ❤❡✉ríst✐❝❛s ❝♦♥str✉❝t✐✈❛s ②✴♦ ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧✳

■♥❝♦r♣♦r❛♥ ♠❡❝❛♥✐s♠♦s ♣❛r❛ ❡✈✐t❛r ❡st❛♥❝❛♠✐❡♥t♦ ❡♥ ó♣t✐♠♦s ❧♦❝❛❧❡s✳

❊♥ ❧❛ ❧✐t❡r❛t✉r❛✱ s❡ ❤❛♥ ♣r♦♣✉❡st♦ ✈❛r✐❛❞❛s ② ❡①✐t♦s❛s ♠❡t❛❤❡✉ríst✐❝❛s t❛❧❡s ❝♦♠♦ ❚❛❜✉

❙❡❛r❝❤ ✭❚❙✮✱ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤ ✭❱◆❙✮✱ ❆♥t ❈♦❧♦♥② ❖♣t✐♠✐③❛t✐♦♥ ✭❆❈❖✮✱

■t❡r❛t❡❞ ▲♦❝❛❧ ❙❡❛r❝❤ ✭■▲❙✮✱ ●r❡❡❞② ❘❛♥❞♦♠✐③❡❞ ❆❞❛♣t✐✈❡ ❙❡❛r❝❤ Pr♦❝❡❞✉r❡ ✭●❘❆❙P✮✱

❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ✭❙❆✮✱ ❡♥tr❡ ♦tr❛s ✭❬✺✵❪✱ ❬✻✹❪✱ ❬✻✾❪✱ ❬✽✺❪✱ ❬✾✵❪✱ ❬✶✵✻❪✮✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ ❤❛r❡♠♦s ✉♥❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡ ❧❛s ♠✐s♠❛s✳

✸✳✷✳ ❈❧❛s✐✜❝❛❝✐ó♥

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

❝❧❛s✐✜❝❛❝✐♦♥❡s✳ ▲✐st❛r❡♠♦s ❛❧❣✉♥❛s ❞❡ ❡❧❧❛s✿

❖r✐❣❡♥✳ ❙❡❣ú♥ ❧❛ ❢✉❡♥t❡ ❞❡ ✐♥s♣✐r❛❝✐ó♥ ❞❡ ❧❛ ♠❡t❛❤❡✉ríst✐❝❛✱ s❡ ❝❧❛s✐✜❝❛♥ ❡♥ ✐♥s✲

♣✐r❛❞❛s ❡♥ ❧❛ ♥❛t✉r❛❧❡③❛ ② ♥♦ ✐♥s♣✐r❛❞❛s ❡♥ ❧❛ ♥❛t✉r❛❧❡③❛✳ ❊♥ ❡❧ ♣r✐♠❡r♦ ❣r✉♣♦ s❡

❡♥❝✉❡♥tr❛♥ ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s ❬✺✷❪✱ ❆♥t ❈♦❧♦♥② ❖♣t✐♠✐③❛t✐♦♥ ❬✸✶❪✱ ❍♦♥❡②✲❜❡❡

▼❛t✐♥❣ ❖♣t✐♠✐③❛t✐♦♥ ❬✶❪✱ ❡♥tr❡ ♦tr❛s✳ ❊♥ ❡❧ s❡❣✉♥❞♦✱ ♣♦❞❡♠♦s ♠❡♥❝✐♦♥❛r ❛ ❚❛❜✉

❙❡❛r❝❤ ❬✺✵❪✱ ■t❡r❛t❡❞ ▲♦❝❛❧ ❙❡❛r❝❤ ❬✽✺❪✱ ●✉✐❞❡❞ ▲♦❝❛❧ ❙❡❛r❝❤ ❬✶✷✶❪✱ ❡♥tr❡ ♦tr❛s✳



❍♦♥❡②✲❇❡❡ ▼❛t✐♥❣ ❖♣t✐♠✐③❛t✐♦♥ ✶✼

▼❛♥❡❥♦ ❞❡ s♦❧✉❝✐♦♥❡s✳ ❙❡❣ú♥ ❡❧ ♥ú♠❡r♦ ❞❡ s♦❧✉❝✐♦♥❡s q✉❡ ♠❛♥❡❥❛♥ ❛❧ ♠✐s♠♦ t✐❡♠♣♦

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

❡❥❡♠♣❧♦ ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s✱ ❍♦♥❡②✲❜❡❡ ▼❛t✐♥❣ ❖♣t✐♠✐③❛t✐♦♥ ② ❇✐❛s❡❞ ❘❛♥❞♦♠

❑❡② ●❡♥❡t✐❝ ❆❧❣♦r✐t❤♠ ❬✸✺❪✱ ② ❧❛s ❜❛s❛❞❛s ❡♥ ❜úsq✉❡❞❛ s✐♠♣❧❡ ❝♦♠♦ ■t❡r❛t❡❞ ▲♦❝❛❧

❙❡❛r❝❤✱ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤ ❬✻✹❪✱ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❬✼✸❪ ② ❚❛❜✉ ❙❡❛r❝❤✳

❯s♦ ❞❡ ♠❡♠♦r✐❛✳ ❖tr❛ ❢♦r♠❛ ❞❡ ❝❧❛s✐✜❝❛r ♠❡t❛❤❡✉ríst✐❝❛s s❡ r❡❧❛❝✐♦♥❛ ❝♦♥ ❡❧ ✉s♦ ✭♦

♥♦✮ ❞❡ ♠❡♠♦r✐❛ ♣❛r❛ r❡❣✐str❛r ❡❧ ♣r♦❝❡s♦ ❞❡ ❜úsq✉❡❞❛✳ ❆❧❣✉♥❛s ♠❡t❛❤❡✉ríst✐❝❛s q✉❡

♥♦ ✐♥❝♦r♣♦r❛♥ ♠❡❝❛♥✐s♠♦s ❞❡ ♠❡♠♦r✐❛ s♦♥ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤✱ ❙✐♠✉❧❛✲

t❡❞ ❆♥♥❡❛❧✐♥❣ ② ●❘❆❙P ❬✸✼❪✳ ❊♥ ❝❛♠❜✐♦✱ ❚❛❜✉ ❙❡❛r❝❤ ② ❆♥t ❈♦❧♦♥② ❖♣t✐♠✐③❛t✐♦♥

✐♥❝♦r♣♦r❛♥ ♠❡❝❛♥✐s♠♦s ❞❡ ♠❡♠♦r✐❛ ❞❡ ❝♦rt♦ ② ❧❛r❣♦ ♣❧❛③♦✳

❊str✉❝t✉r❛ ❞❡ ✈❡❝✐♥❞❛r✐♦✳ ❊♥ ❣❡♥❡r❛❧✱ ❧❛s ♠❡t❛❤❡✉ríst✐❝❛s ✉s❛♥ ✉♥❛ ú♥✐❝❛ ❡str✉❝t✉r❛

❞❡ ✈❡❝✐♥❞❛r✐♦ ✭❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✱ ■t❡r❛t❡❞ ▲♦❝❛❧ ❙❡❛r❝❤✱ ❆♥t ❈♦❧♦♥② ❖♣t✐♠✐③❛✲

t✐♦♥✱ ❡♥tr❡ ♦tr♦s✮✳ ❊♥ ❝❛♠❜✐♦✱ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤ ✭❱◆❙✮ ✉s❛ ❞✐❢❡r❡♥t❡s

❡str✉❝t✉r❛s ❞❡ ✈❡❝✐♥❞❛r✐♦s ♣❡r♠✐t✐❡♥❞♦ ❛sí ❞✐✈❡rs✐✜❝❛r ❧❛ ❜úsq✉❡❞❛ ❞❡ s♦❧✉❝✐♦♥❡s ②

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

▼♦✈✐♠✐❡♥t♦s✳ ▲❛ ❢♦r♠❛ ❡♥ q✉❡ ❝♦♥str✉②❡♥ ✉♥❛ s♦❧✉❝✐ó♥ ♦ q✉❡ ❡①♣❧♦r❛♥ ❡❧ ✈❡❝✐♥❞❛r✐♦

❞❡ ✉♥❛ s♦❧✉❝✐ó♥✱ ♣✉❡❞❡ s❡r ❞❡ ♠❛♥❡r❛ ❛❧❡❛t♦r✐❛ ♦ ❞❡t❡r♠✐♥íst✐❝❛✳ ❆♥t ❈♦❧♦♥② ❖♣t✐♠✐✲

③❛t✐♦♥ ② ●❘❆❙P ❝♦♥str✉②❡♥ s♦❧✉❝✐♦♥❡s ❛♣❧✐❝❛♥❞♦ r❡❣❧❛s ♣r♦❜❛❜✐❧íst✐❝❛s✳ ❙✐♠✉❧❛t❡❞

❆♥♥❡❛❧✐♥❣ ❛❝❡♣t❛ ✉♥❛ s♦❧✉❝✐ó♥ ✈❡❝✐♥❛ s✐ ❡s ❞❡ ♠❡❥♦r ❝❛❧✐❞❛❞ ✭q✉❡ ❧❛ ♠❡❥♦r s♦❧✉❝✐ó♥

❤❛st❛ ❡❧ ♠♦♠❡♥t♦✮ ♦ s✐ s❡ ❝✉♠♣❧❡ ✉♥❛ ❝♦♥❞✐❝✐ó♥ ♣r♦❜❛❜✐❧íst✐❝❛✳ ■t❡r❛t❡❞ ▲♦❝❛❧ ❙❡❛r❝❤

❡❧✐❣❡ ✉♥ ✈❡❝✐♥♦ ✭❞❡ ✉♥❛ s♦❧✉❝✐ó♥✮ ❡♥ ❢♦r♠❛ ❛❧❡❛t♦r✐❛✳ ❊♥ t❛♥t♦✱ ❚❛❜✉ ❙❡❛r❝❤ ✭❡♥ s✉

✈❡rs✐ó♥ s✐♠♣❧❡✮ ❝♦♥str✉②❡ s♦❧✉❝✐♦♥❡s ✉s❛♥❞♦ ✉♥ ♠❡♠♦r✐❛ ❞❡ ❝♦rt♦ ♣❧❛③♦ q✉❡ ❡✈✐t❛

✐♥❝❧✉✐r ❡❧❡♠❡♥t♦s ✭❛ ❧❛ ♠✐s♠❛✮ q✉❡ ❢✉❡r♦♥ r❡❝✐❡♥t❡♠❡♥t❡ ✉t✐❧✐③❛❞♦s✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ ❞❡s❝r✐❜✐r❡♠♦s ❧❛s ♠❡t❛❤❡✉ríst✐❝❛s ✉s❛❞❛s ❡♥ ♥✉❡str❛s ♣r♦♣✉❡st❛s ♣❛r❛

❈❆❘P✳

✸✳✸✳ ❍♦♥❡②✲❇❡❡ ▼❛t✐♥❣ ❖♣t✐♠✐③❛t✐♦♥

▲❛ ♠❡t❛❤❡✉ríst✐❝❛ ❍♦♥❡②✲❜❡❡ ▼❛t✐♥❣ ❖♣t✐♠✐③❛t✐♦♥ ✭❍❇▼❖✮❬✶❪ ❡stá ✐♥s♣✐r❛❞❛ ❡♥ ❧❛

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



✶✽ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

▲♦s ✐♥s❡❝t♦s ❛♥t❡s ♥♦♠❜r❛❞♦s✱ s❡ ❝❛r❛❝t❡r✐③❛♥ ♣♦r ❡❧ tr❛❜❛❥♦ ❝♦♦♣❡r❛t✐✈♦ ❞❡ ❧♦s ✐♥s❡❝t♦s

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

✐♥❞✐✈✐❞✉♦s ❞❡ ❞✐❢❡r❡♥t❡s ❣❡♥❡r❛❝✐♦♥❡s ② ❧❛ ❞✐✈✐s✐ó♥ ❥❡rárq✉✐❝❛ ❞❡ tr❛❜❛❥♦✳ ❆ ♣❡s❛r ❞❡ s❡r

✉♥❛ ♥♦✈❡❧ ♠❡t❛❤❡✉ríst✐❝❛✱ ❍❇▼❖ s❡ ❤❛ ❛♣❧✐❝❛❞♦ ❛ ♣r♦❜❧❡♠❛s ❞❡ ♣❛rt✐❝✐♦♥❛♠✐❡♥t♦ ❬✼✺❪✱

❛❣r✉♣❛♠✐❡♥t♦ ❬✸✻❪✱ ❛✉t♦♠❛t✐③❛❝✐ó♥ ❬✷✹❪✱ ✐♥❣❡♥✐❡rí❛ ❬✷❪✱ ❡♥tr❡ ♦tr♦s✳

❯♥❛ ❝♦❧♦♥✐❛ ❞❡ ❛❜❡❥❛s s❡ ❢♦r♠❛ ♣♦r ✉♥❛ ❛❜❡❥❛ r❡✐♥❛✱ ♠✐❧❡s ❞❡ ③á♥❣❛♥♦s ② ❛❜❡❥❛s ♦❜r❡✲

r❛s✱ ❧❛s ❝✉❛❧❡s ❝♦♥✈✐✈❡♥ ❡♥ ✉♥❛ ♠✐s♠❛ ❝♦❧♠❡♥❛✳ ▲❛ r❡✐♥❛ ❡s ❡❧ ♠✐❡♠❜r♦ ♠ás ✐♠♣♦rt❛♥t❡

❞❡❜✐❞♦ ❛ q✉❡ ❞❡ ❡❧❧❛ ❞❡♣❡♥❞❡ ❧❛ s✉♣❡r✈✐✈❡♥❝✐❛ ❞❡ ❧❛ ❝♦❧♦♥✐❛✳ ❉✉r❛♥t❡ s✉ ✈✉❡❧♦✱ ❧♦s ③á♥❣❛♥♦s

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

③á♥❣❛♥♦ ❡s ❛❧♠❛❝❡♥❛❞♦ ❡♥ ❡❧ ❝✉❡r♣♦ ❞❡ ❧❛ ❛❜❡❥❛ r❡✐♥❛ ✭❡s♣❡r♠❛t❡❝❛✮✳ ▲❛ ú♥✐❝❛ ❢✉♥❝✐ó♥

q✉❡ t✐❡♥❡♥ ❧♦s ③á♥❣❛♥♦s ❡♥ ❧❛ ❝♦❧♦♥✐❛ ❡s ❧❛ ❝♦♣✉❧❛❝✐ó♥ ❝♦♥ ❧❛ r❡✐♥❛✳ ▲✉❡❣♦ ❞❡ ❡st♦✱ ♠✉❡r❡♥✳

❯♥❛ ✈❡③ ✜♥❛❧✐③❛❞♦ s✉ ✈✉❡❧♦✱ ❧❛ ❛❜❡❥❛ r❡✐♥❛ r❡t♦r♥❛ ❛ ❧❛ ❝♦❧♠❡♥❛ ② ✉t✐❧✐③❛ ❡❧ ❡s♣❡r♠❛ ❛❧♠❛✲

❝❡♥❛❞♦ ❡♥ s✉ ❝✉❡r♣♦ ♣❛r❛ ❢❡rt✐❧✐③❛r ❧♦s ❤✉❡✈♦s✳ ▲❛s ❝rí❛s s❡ ❢♦r♠❛♥ ❞❡ ❤✉❡✈♦s ❢❡rt✐❧✐③❛❞♦s

② ♥♦ ❢❡rt✐❧✐③❛❞♦s✳ ▲❛s ❛❜❡❥❛s ♦❜r❡r❛s s♦♥ ❧❛s ❡♥❝❛r❣❛❞❛s ❞❡❧ ❝✉✐❞❛❞♦ ❞❡ ❧❛s ❝rí❛s✳ ❉❡ ❧♦s

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

❢❡rt✐❧✐③❛❞♦s✱ s✉r❣✐rá♥ ♥✉❡✈♦s ③á♥❣❛♥♦s✳ ❇ás✐❝❛♠❡♥t❡✱ ✉♥ ❛❧❣♦r✐t♠♦ ❍❇▼❖ ♣❛r❛ ❝✉❛❧q✉✐❡r

♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✱ ❞❡❜❡ ❝♦♥t❡♥❡r ❧❛s s✐❣✉✐❡♥t❡s t❛r❡❛s ❬✻✷❪✿

❊❧ ❛❧❣♦r✐t♠♦ ❝♦♠✐❡♥③❛ ❝♦♥ ❡❧ ✈✉❡❧♦ r❡♣r♦❞✉❝t✐✈♦ ❞❡ ❧❛ ❛❜❡❥❛ r❡✐♥❛ ✭♠❡❥♦r s♦❧✉❝✐ó♥✮✳

❯♥ ③á♥❣❛♥♦ ✭❡❧❡❣✐❞♦ ❛❧ ❛③❛r✮ ❝♦♣✉❧❛ ❝♦♥ ❧❛ r❡✐♥❛ s✐ ❧♦ ❝♦♥s✐❞❡r❛ ❛❣r❛❞❛❜❧❡ ✭❜✉❡♥❛

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

❡♥ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ❬✸✷❪✮✳

●❡♥❡r❛❝✐ó♥ ❞❡ ♥✉❡✈❛s ❝rí❛s ✭s♦❧✉❝✐♦♥❡s✮ ♠❡❞✐❛♥t❡ ❡❧ ❝r✉③❛♠✐❡♥t♦ ❣❡♥ét✐❝♦ ❡♥tr❡ ③á♥✲

❣❛♥♦s ② ❧❛ ❛❜❡❥❛ r❡✐♥❛✳

❯s♦ ❞❡ ❛❜❡❥❛s ♦❜r❡r❛s ✭❛❧❣♦r✐t♠♦s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧✮ ♣❛r❛ ❡❧ ❝✉✐❞❛❞♦ ✭♠❡❥♦r❛✮ ❞❡

❧❛s ❝rí❛s✳

❘❡❡♠♣❧❛③♦ ❞❡ ❧❛ ❛❜❡❥❛ r❡✐♥❛ ✭♠❡❥♦r s♦❧✉❝✐ó♥✮ ♣♦r ❛❧❣✉♥❛ ❝rí❛ ✭s✐ ❡①✐st❡✮ ♠ás ❢✉❡rt❡✳

▲♦s ♣r✐♥❝✐♣❛❧❡s ♣❛s♦s ❡♥ ❍❇▼❖ s♦♥ ✐❧✉str❛❞♦s ❡♥ ❧❛ ❋✐❣✳ ✸✳✶ ❬✸✻❪✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ ❞❡s❝r✐❜✐r❡♠♦s ❧❛s ♣r✐♥❝✐♣❛❧❡s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❍❇▼❖✳



❍♦♥❡②✲❇❡❡ ▼❛t✐♥❣ ❖♣t✐♠✐③❛t✐♦♥ ✶✾

❋✐❣✉r❛ ✸✳✶✿ ❍❇▼❖✿ ❢❛s❡s ❞❡❧ ❛❧❣♦r✐t♠♦✳

✸✳✸✳✶✳ ❱✉❡❧♦ r❡♣r♦❞✉❝t✐✈♦ ❞❡ ❧❛ ❛❜❡❥❛ r❡✐♥❛

❉✉r❛♥t❡ ✉♥ ✈✉❡❧♦ ❞❡ ❧❛ r❡✐♥❛✱ ✉♥ ③á♥❣❛♥♦ ❝♦♣✉❧❛ ❝♦♥ ❧❛ r❡✐♥❛ s✐ s❡ ❝✉♠♣❧❡ ❧❛ s✐❣✉✐❡♥t❡

❝♦♥❞✐❝✐ó♥ ♣r♦❜❛❜✐❧íst✐❝❛✿

prob(Q,D) = e
−∆(f)
S(t) ✭✸✳✶✮

❉♦♥❞❡✿

♣r♦❜✭◗✱ ❉✮ ❡s ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ q✉❡ ✉♥ ③á♥❣❛♥♦ ❉ ❝♦♣✉❧❡ ❝♦♥ ❧❛ r❡✐♥❛ ◗

∆(f) ❡s ❡❧ ❡rr♦r ❛❜s♦❧✉t♦ ❡♥tr❡ ❧♦s ✈❛❧♦r❡s ❞❡ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ✭t❛♠❜✐é♥ ❝♦♥♦❝✐❞♦

❝♦♠♦ ✜t♥❡ss✮ ❞❡❧ ③á♥❣❛♥♦ ② ❞❡ ❧❛ r❡✐♥❛

❙✭t✮ ❡s ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❛ r❡✐♥❛ ❡♥ ❡❧ t✐❡♠♣♦ t✳ ▲❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❛ r❡✐♥❛ ❞❡❝r❡❝❡

❞✉r❛♥t❡ s✉ ✈✉❡❧♦ ❞❡❜✐❞♦ ❛ ❧❛ ❝♦♣✉❧❛❝✐ó♥ ❝♦♥ ❧♦s ③á♥❣❛♥♦s❀ ❡♥ ❡❧ t✐❡♠♣♦ ✭t✰✶✮✱ s❡

♦❜t✐❡♥❡ ♠❡❞✐❛♥t❡ ❧❛ s✐❣✉✐❡♥t❡ ❢ór♠✉❧❛✿

s(t+ 1) = α ∗ s(t) ✭✸✳✷✮



✷✵ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

s✐❡♥❞♦ α ✉♥ ❢❛❝t♦r ∈ ✭✵✱✶✮✳

❆ tr❛✈és ❞❡ ❡st❛ ❝♦♥❞✐❝✐ó♥✱ s❡ ❞❡s♣r❡♥❞❡ q✉❡ ✉♥ ③á♥❣❛♥♦ ❝♦♣✉❧❛ ❝♦♥ ❧❛ r❡✐♥❛ ❝✉❛♥❞♦

❡s s✐♠✐❧❛r ❛ ❡❧❧❛ ❡♥ tér♠✐♥♦s ❞❡ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ✭❡s ❛tr❛❝t✐✈♦ ♣❛r❛ ❧❛ r❡✐♥❛✮ ó ❝✉❛♥❞♦ ❧❛

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

▲✉❡❣♦ q✉❡ ✉♥ ③á♥❣❛♥♦ ❝♦♣✉❧❛ ❝♦♥ ❧❛ r❡✐♥❛✱ ❞❡❜❡ ♠♦r✐r✳ ▲❛ s✉♣❡r✈✐✈❡♥❝✐❛ ❞❡❧ ③á♥❣❛♥♦ ♥♦

❡s ✉♥❛ ❝❛r❛❝t❡ríst✐❝❛ ♠❡♥❝✐♦♥❛❞❛ ❡♥ ❧❛ ❧✐t❡r❛t✉r❛ s♦❜r❡ ❍❇▼❖✳

✸✳✸✳✷✳ ❈r✉③❛♠✐❡♥t♦ ❡♥tr❡ ③á♥❣❛♥♦ ② ❛❜❡❥❛ r❡✐♥❛

❚❛❧ ❝♦♠♦ s❡ ✐♥❞✐❝❛ ❡♥ ❬✶❪✱ ❬✷✹❪✱ ❬✸✻❪✱ ❬✼✺❪✱ s✐ ❡❧ ③á♥❣❛♥♦ ❡❧❡❣✐❞♦ ❝✉♠♣❧❡ ❝♦♥ ❧❛ ❝♦♥❞✐❝✐ó♥

♣r♦❜❛❜✐❧íst✐❝❛ ✭✸✳✶✮✱ ést❡ s❡ ❝r✉③❛ ❝♦♥ ❧❛ ❛❜❡❥❛ r❡✐♥❛ ② ❡❧ ❡s♣❡r♠❛ ❞❡❧ ③á♥❣❛♥♦ s❡ ❣✉❛r❞❛

❡♥ ❧❛ ❡s♣❡r♠❛t❡❝❛ ❞❡ ❧❛ r❡✐♥❛✳ ▲✉❡❣♦✱ ✉s❛♥❞♦ ❞✐❝❤♦ ❡s♣❡r♠❛ ② ❡❧ ❝ó❞✐❣♦ ❣❡♥ét✐❝♦ ❞❡ ❧❛

r❡✐♥❛✱ ❧❛s ❛❜❡❥❛s ♦❜r❡r❛s ❣❡♥❡r❛rá♥ ❧❛s ♥✉❡✈❛s ❝rí❛s ♣♦r ❝r✉③❛♠✐❡♥t♦ ② ♠✉t❛❝✐ó♥✳

▲❛ ❢❛s❡ ❞❡ ❝r✉③❛♠✐❡♥t♦ ❡♥tr❡ ③á♥❣❛♥♦s ② ❧❛ ❛❜❡❥❛ r❡✐♥❛ ♣♦❞rí❛ ✐♥✈♦❧✉❝r❛r ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡

❞✐❢❡r❡♥t❡s ♦♣❡r❛❞♦r❡s ❞❡ ❝r✉③❛♠✐❡♥t♦✱ ❧♦ ❝✉❛❧ ♣♦❞rí❛ ❣❡♥❡r❛r ✉♥❛ ♦ ✈❛r✐❛s ❝rí❛s✳ P❛r❛ ♠ás

❞❡t❛❧❧❡s s♦❜r❡ ♦♣❡r❛❞♦r❡s✱ s❡ r❡❝♦♠✐❡♥❞❛♥ ❬✸✷❪✱ ❬✺✷❪✱ ❡♥tr❡ ♦tr♦s✳

✸✳✸✳✸✳ ❯s♦ ❞❡ ❛❜❡❥❛s ♦❜r❡r❛s

❈♦♠♦ s❡ ♠❡♥❝✐♦♥ó ❛♥t❡r✐♦r♠❡♥t❡✱ ❡♥ ✉♥❛ ❝♦❧♦♥✐❛ ❞❡ ❛❜❡❥❛s✱ ❧❛ t❛r❡❛ ❞❡ ❧❛s ❛❜❡❥❛s

♦❜r❡r❛s ❡s ❧❛ ❞❡ ❛❧✐♠❡♥t❛r ② ❝✉✐❞❛r ❛ ❧❛s ♥✉❡✈❛s ❝rí❛s✳

▲❛s ❤❡✉ríst✐❝❛s ❝✉♠♣❧❡♥ ❛q✉í ❡❧ r♦❧ ❞❡ ❧❛s ❛❜❡❥❛s ♦❜r❡r❛s✳ ❆✉♥q✉❡ ❡♥ ❧❛ ❧✐t❡r❛t✉r❛ s♦❜r❡

❍❇▼❖✱ s❡ ❤❛♥ ❛♣❧✐❝❛❞♦ ♦♣❡r❛❞♦r❡s ❞❡ ❝r✉③❛♠✐❡♥t♦ ♣❛r❛ s✐♠✉❧❛r ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡

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

▼❡♠❡t✐❝♦s ✭❬✼✻❪✱ ❬✾✵❪✮✱ ❧❛ ✐♥❝♦r♣♦r❛❝✐ó♥ ❞❡ ❤❡✉ríst✐❝❛s q✉❡ ♠❡❥♦r❡♥ ❧❛s s♦❧✉❝✐♦♥❡s ❧✉❡❣♦ ❞❡

✉♥ ❝r✉③❛♠✐❡♥t♦✳

❋✐♥❛❧♠❡♥t❡✱ ❡s ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡ ❧❛ s❡❧❡❝❝✐ó♥ ❞❡ ❧❛ ❤❡✉ríst✐❝❛ q✉❡ ❛❝t✉❛rá s♦❜r❡

❧❛ ♥✉❡✈❛ s♦❧✉❝✐ó♥✱ ❞❡♣❡♥❞❡ ❞❡❧ ♥✐✈❡❧ ❞❡ ♠❡❥♦r❛ ❛❝✉♠✉❧❛❞❛ q✉❡ ést❛ ❤❛ ❧♦❣r❛❞♦ s♦❜r❡

s♦❧✉❝✐♦♥❡s ❛♥t❡r✐♦r❡s✳ ❊s ❞❡❝✐r✱ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧❛s ❤❡✉ríst✐❝❛s ❞❡♣❡♥❞❡ ❞❡❧ é①✐t♦ ❞❡ ❧❛s

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



❍♦♥❡②✲❇❡❡ ▼❛t✐♥❣ ❖♣t✐♠✐③❛t✐♦♥ ✷✶

✸✳✸✳✹✳ ❘❡❡♠♣❧❛③♦ ❞❡ ❧❛ ❛❜❡❥❛ r❡✐♥❛

▲❛ r❡✐♥❛ ❛❝t✉❛❧ ❞❡ ❧❛ ❝♦❧♦♥✐❛ ❡s r❡❡♠♣❧❛③❛❞❛ ❝✉❛♥❞♦ ❛❧❣✉♥❛ ❝rí❛ ❡s ♠ás ❢✉❡rt❡✳

▲✉❡❣♦ q✉❡ ❧❛s ♥✉❡✈❛s s♦❧✉❝✐♦♥❡s ✭❝rí❛s✮ ❤❛♥ s✐❞♦ ♠❡❥♦r❛❞❛s ♣♦r ❧❛s ❤❡✉ríst✐❝❛s ✭❛❜❡❥❛s

♦❜r❡r❛s✮✱ ést❛s s♦♥ ♦r❞❡♥❛❞❛s s❡❣ú♥ s✉ ✈❛❧♦r ❞❡ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ✭♦ ✜t♥❡ss✮✳ ▲❛ ♥✉❡✈❛

♠❡❥♦r s♦❧✉❝✐ó♥ ✭♠❡❥♦r ❝rí❛✮ r❡❡♠♣❧❛③❛ ❛ ❧❛ ♠❡❥♦r s♦❧✉❝✐ó♥ ❤❛st❛ ❡❧ ♠♦♠❡♥t♦ ✭❛❜❡❥❛ r❡✐♥❛✮

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

s♦❧✉❝✐♦♥❡s r❡st❛♥t❡s ✭❝rí❛s✮ s♦♥ ❡❧✐♠✐♥❛❞❛s ② ❡❧ ❛❧❣♦r✐t♠♦ ♥✉❡✈❛♠❡♥t❡ ✐t❡r❛ ✭❝♦♠✐❡♥③❛ ✉♥

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

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

❧♦ t❛♥t♦ ② s❡❣ú♥ ❧❛ s✐t✉❛❝✐ó♥ ❛♥t❡r✐♦r✱ ❡❧ r❡❡♠♣❧❛③♦ ❞❡ ❧❛ ♠❡❥♦r ❝rí❛ ♣✉❡❞❡ s❡r ♣♦r ❛❧❣✉♥❛

r❡✐♥❛ ❞❡ ❧❛ ❝♦❧♦♥✐❛✳

✸✳✸✳✺✳ ❆❧❣♦r✐t♠♦ ❍❇▼❖

❊❧ s✐❣✉✐❡♥t❡ ❛❧❣♦r✐t♠♦ ❬✶❪✱ ♠✉❡str❛ ❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❣❡♥❡r❛❧ ❞❡ ❧❛ ♠❡t❛❤❡✉ríst✐❝❛

❍❇▼❖ ❛ ❝✉❛❧q✉✐❡r ♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ✉s❛♥❞♦ ❡♥ ❡st❡ ❝❛s♦✱ ✈❛r✐❛s ❛❜❡❥❛s r❡✐♥❛s✳

▲♦s ♣❛rá♠❡tr♦s q✉❡ ♥❡❝❡s✐t❛ s♦♥✿

◆ú♠❡r♦ ❞❡ r❡✐♥❛s✿ ♣♦❜❧❛❝✐ó♥ ❞❡ r❡✐♥❛s ❞❡ ❧❛ ❝♦❧♦♥✐❛✳ ❉✐s♣♦♥❡r ❞❡ ✈❛r✐❛s ❜✉❡♥❛s

s♦❧✉❝✐♦♥❡s ✭ó♣t✐♠♦s ❧♦❝❛❧❡s✮ ❛②✉❞❛ ❛ ♠❡❥♦r❛r ❡❧ ♣r♦❝❡s♦ ❞❡ ❞✐✈❡rs✐✜❝❛❝✐ó♥✳

◆ú♠❡r♦ ❞❡ ✈✉❡❧♦s r❡♣r♦❞✉❝t✐✈♦s✿ ✐♥❞✐❝❛ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ✈❡❝❡s q✉❡ ✉♥❛ r❡✐♥❛ ✈✉❡❧❛

♣❛r❛ ❝r✉③❛rs❡ ❝♦♥ ❧♦s ③á♥❣❛♥♦s✳ ❊s ❞❡❝✐r✱ ❡s ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ✈❡❝❡s q✉❡ ❡❧ ❛❧❣♦r✐t♠♦

✐t❡r❛✳

◆ú♠❡r♦ ❞❡ ③á♥❣❛♥♦s✿ ♣♦❜❧❛❝✐ó♥ ❞❡ ③á♥❣❛♥♦s q✉❡ ♣✉❡❞❡ ❝r✉③❛rs❡ ❝♦♥ ❧❛ ❛❜❡❥❛ r❡✐♥❛✳

❊st❡ ♣❛rá♠❡tr♦ ♣✉❡❞❡ ❞❡s❝❛rt❛rs❡✱ s✐ s❡ ❣❡♥❡r❛ ✉♥ ♥✉❡✈♦ ③á♥❣❛♥♦ s✐❡♠♣r❡ q✉❡ ❧❛

r❡✐♥❛ s✐❣❛ ✈♦❧❛♥❞♦ ✭❡s ❞❡❝✐r✱ ♠✐❡♥tr❛s t❡♥❣❛ ❡♥❡r❣í❛✮✳

◆ú♠❡r♦ ❞❡ ❛❜❡❥❛s ♦❜r❡r❛s✿ s✐ ❜✐❡♥ ♥♦ ♣✉❡❞❡ ❝♦♥s✐❞❡r❛rs❡ ❞✐r❡❝t❛♠❡♥t❡ ✉♥ ♣❛rá♠❡tr♦

②❛ q✉❡ ❞❡ ❛♥t❡♠❛♥♦✱ s❡ ❝♦♥♦❝❡♥ ❧❛s ❤❡✉ríst✐❝❛s ❛ ❛♣❧✐❝❛r✱ ést❡ s❡ ❝♦♥s✐❞❡r❛ ❝♦♠♦ ❡❧

♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ❤❡✉ríst✐❝❛s ❛ ❛♣❧✐❝❛r s♦❜r❡ ❧❛s ♥✉❡✈❛s s♦❧✉❝✐♦♥❡s✳

α✿ ❡s ❡❧ ❢❛❝t♦r ❞❡ r❡❞✉❝❝✐ó♥ ❞❡ ✈❡❧♦❝✐❞❛❞✴❡♥❡r❣í❛✳ ❙✐❣✉✐❡♥❞♦ ❧♦s ♠✐s♠♦s ❧✐♥❡❛♠✐❡♥t♦s

❞❡ ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✱ ❡❧ ✈❛❧♦r ✉s❛❞♦ ❞❡❜❡ s❡r ❝❡r❝❛♥♦ ❛ ✶ ♣❛r❛ q✉❡ ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡



✷✷ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

❧❛ r❡✐♥❛ ♥♦ s❡ r❡❞✉③❝❛ ❜r✉s❝❛♠❡♥t❡✳ ❙✐ ❡s♦ ♦❝✉rr✐❡s❡✱ ❧❛ r❡✐♥❛ t❡♥❞rí❛ ♣♦❝❛s ❝❤❛♥❝❡s

❞❡ ❝r✉③❛rs❡ ❝♦♥ ✈❛r✐♦s ③á♥❣❛♥♦s✳

❊♥❡r❣í❛✿ ✈❛❧♦r ✐♥✐❝✐❛❧ ❞❡ ❡♥❡r❣í❛ ❞❡ ❧❛ r❡✐♥❛✳ ▲❛ ❜✐❜❧✐♦❣r❛❢í❛ s♦❜r❡ ❍❇▼❖ r❡❝♦♠✐❡♥✲

❞❛ ✉♥ ✈❛❧♦r ❛❧❡❛t♦r✐♦✳ ◆♦ ♦❜st❛♥t❡✱ ❡s ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡ ❡st❡ ✈❛❧♦r ❞❡❜❡rí❛

❝♦♥❞✐❝✐♦♥❛r ❛❧ ♣❛rá♠❡tr♦ ❛♥t❡r✐♦r ❛ ❧♦s ❡❢❡❝t♦s ❞❡ ♣❡r♠✐t✐r ✈❛r✐♦s ❝r✉③❛♠✐❡♥t♦s ❡♥tr❡

r❡✐♥❛ ② ③á♥❣❛♥♦s✳

❈✉❛❞r♦ ✸✳✸✿ ❆❧❣♦r✐t♠♦ ❍❇▼❖✳

♣r♦❝❡❞✉r❡ ❍❇▼❖✭★q✉❡❡♥s✱ ★❢❧✐❣t❤s✱ ★❞r♦♥❡s✱ ★✇♦r❦❡rs✱α✱ ❡♥❡r❣②✮

✐♥✐t✐❛❧✐③❡ ✇♦r❦❡rs

r❛♥❞♦♠❧② ❣❡♥❡r❛t❡ t❤❡ q✉❡❡♥s

❛♣♣❧② ❧♦❝❛❧ s❡❛r❝❤ t♦ ❣❡t ❛ ❣♦♦❞ q✉❡❡♥

❢♦r ❛ ♣r❡✲❞❡❢✐♥❡❞ ♠❛①✐♠✉♠ ♥✉♠❜❡r ♦❢ ♠❛t✐♥❣✲❢❧✐❣t❤s

❢♦r ❡❛❝❤ q✉❡❡♥ ✐♥ t❤❡ q✉❡❡♥ ❧✐st

✐♥✐t✐❛❧✐③❡ ❡♥❡r❣②✱ s♣❡❡❞ ❛♥❞ ♣♦s✐t✐♦♥

t❤❡ q✉❡❡♥ ♠♦✈❡s ❜❡t✇❡❡♥ st❛t❡s ❛♥❞ ♣r♦❜❛❜✐❧✐st✐❝❛❧❧② ❝❤♦♦s❡s ❞r♦♥❡s

✐❢ ❛ ❞r♦♥❡ ✐s s❡❧❡❝t❡❞ t❤❡♥

❛❞❞ ✐ts s♣❡r♠ t♦ t❤❡ q✉❡❡♥✬s s♣❡r♠❛t❤❡❝❛

❡♥❞ ✐❢

✉♣❞❛t❡ t❤❡ q✉❡❡♥✬s ✐♥t❡r♥❛❧ ❡♥❡r❣② ❛♥❞ s♣❡❡❞

❡♥❞ ❢♦r ❡❛❝❤

❣❡♥❡r❛t❡ ❜r♦♦❞s ❜② ❝r♦ss♦✈❡r ❛♥❞ ♠✉t❛t✐♦♥

✉s❡ ✇♦r❦❡rs t♦ ✐♠♣r♦✈❡ t❤❡ ❜r♦♦❞s

✉♣❞❛t❡ ✇♦r❦❡r✬s ❢✐t♥❡ss

✇❤✐❧❡ t❤❡ ❜❡st ❜r♦♦❞ ✐s ❜❡tt❡r t❤❛♥ t❤❡ ✇♦rst q✉❡❡♥

r❡♣❧❛❝❡ t❤❡ ❧❡❛st✲❢✐tt❡st q✉❡❡♥ ✇✐t❤ t❤❡ ❜❡st ❜r♦♦❞

r❡♠♦✈❡ t❤❡ ❜❡st ❜r♦♦❞ ❢r♦♠ t❤❡ ❜r♦♦❞ ❧✐st

❡♥❞ ✇❤✐❧❡

❡♥❞ ❢♦r

r❡t✉r♥ ❜❡st q✉❡❡♥

❡♥❞ ♣r♦❝❡❞✉r❡



●r❡❡❞② ❘❛♥❞♦♠✐③❡❞ ❆❞❛♣t✐✈❡ ❙❡❛r❝❤ Pr♦❝❡❞✉r❡ ✷✸

✸✳✹✳ ●r❡❡❞② ❘❛♥❞♦♠✐③❡❞ ❆❞❛♣t✐✈❡ ❙❡❛r❝❤ Pr♦❝❡❞✉r❡

▲❛ ♠❡t❛❤❡✉ríst✐❝❛ ●❘❆❙P ✭❬✸✼❪✱ ❬✸✽❪✮ ♣r♦♣✉❡st❛ ♣♦r ❘❡s❡♥❞❡ ② ❋❡♦✱ ❡♥❝✉❡♥tr❛ s♦❧✉✲

❝✐♦♥❡s ❛♣r♦①✐♠❛❞❛s ✭❞❡ ❜✉❡♥❛ ❝❛❧✐❞❛❞✱ ♥♦ ♣r❡❝✐s❛♠❡♥t❡ ó♣t✐♠❛s✮ ❛ ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐✲

③❛❝✐ó♥ ❝♦♠❜✐♥❛t♦r✐❛✳ ❚✐❡♥❡ ❝♦♠♦ ♣r❡♠✐s❛ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s ❞✐✈❡rs❛s ②

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

❧♦❝❛❧❡s ❬✶✵✻❪✳

●❘❆❙P ❡s ✉♥ ♣r♦❝❡s♦ ✐t❡r❛t✐✈♦✳ ❈❛❞❛ ✐t❡r❛❝✐ó♥ ❝♦♥s✐st❡ ❞❡ ❞♦s ❢❛s❡s✳ ❯♥❛ ❢❛s❡ ❝♦♥s✲

tr✉❝t✐✈❛✱ ❡♥ ❧❛ ❝✉❛❧ ✉♥❛ s♦❧✉❝✐ó♥ ❡s ❝♦♥str✉í❞❛ ② ✉♥❛ ❢❛s❡ ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧✱ ❡♥ ❧❛ ❝✉❛❧ ✉♥

ó♣t✐♠♦ ❧♦❝❛❧ ❡♥ ❡❧ ✈❡❝✐♥❞❛r✐♦ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ❝♦♥str✉í❞❛ ♣r❡✈✐❛♠❡♥t❡✱ ❡s ♦❜t❡♥✐❞♦✳ ❯♥❛ ✈❡③

❝✉♠♣❧✐❞❛ ❧❛ ❝♦♥❞✐❝✐ó♥ ❞❡ ♣❛r❛❞❛✱ ❡❧ ❛❧❣♦r✐t♠♦ r❡t♦r♥❛ ❧❛ ♠❡❥♦r s♦❧✉❝✐ó♥ ❛❧❝❛♥③❛❞❛✳

❊❧ ♣r✐♥❝✐♣✐♦ ❛ ❝✉♠♣❧✐r ❡♥ ❧♦s ❛❧❣♦r✐t♠♦s ❜❛s❛❞♦s ❡♥ ●❘❆❙P ❡s ❧❛ ❣❡♥❡r❛❝✐ó♥ ❞❡ ♠✉❝❤❛s

s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s ❞❡ ❜✉❡♥❛ ❝❛❧✐❞❛❞ ❛ tr❛✈és ❞❡ ✉♥❛ ❢❛s❡ ❝♦♥str✉❝t✐✈❛ ❞❡ s♦❧✉❝✐♦♥❡s✱ ♣❛r❛

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

❞❡ ❝❛❧✐❞❛❞ ❬✶✷✵❪✳ ●❘❆❙P s❡ ❤❛ ❛♣❧✐❝❛❞♦ ❛ ❞✐❢❡r❡♥t❡s ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ t❛❧❡s

❝♦♠♦ ♣r♦❜❧❡♠❛s ❞❡ ❛❣r✉♣❛♠✐❡♥t♦ ✭❬✶✵✼❪✱ ❬✶✵✽❪✮✱ ♣❧❛♥✐✜❝❛❝✐ó♥ ❞❡ ♠áq✉✐♥❛s ❬✹❪✱ ❛s✐❣♥❛❝✐ó♥

❝✉❛❞rát✐❝❛ ❬✽✶❪✱ ár❜♦❧ ♠í♥✐♠♦ ❝❛♣❛❝✐t❛❞♦ ❬✷✺❪✱ ❞❡ ❝♦rt❡ ❬✻❪✱ r✉t❡♦ ❞❡ ✈❡❤í❝✉❧♦s ❬✶✵✷❪✱ ❡♥tr❡

♦tr♦s✳

▲❛ s✐♠♣❧✐❝✐❞❛❞✱ r❛♣✐❞❡③ ② ❝❛❧✐❞❛❞ ❞❡ ❧❛s s♦❧✉❝✐♦♥❡s s♦♥ ❝❛r❛❝t❡ríst✐❝❛s ❝♦♠✉♥♠❡♥t❡

❡♥❝♦♥tr❛❞❛s ❡♥ ❧♦s ❛❧❣♦r✐t♠♦s ❜❛s❛❞♦s ❡♥ ●❘❆❙P✳ ❊❧ ❈✉❛❞r♦ ✸✳✹ ♠✉❡str❛ ✉♥ ♣s❡✉❞♦✲

❝ó❞✐❣♦ ●❘❆❙P ❬✶✵✺❪ ❞❡ ❛❧t♦ ♥✐✈❡❧✳

✸✳✹✳✶✳ ❋❛s❡ ❈♦♥str✉❝t✐✈❛

❊♥ ❧❛ ❢❛s❡ ❞❡ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s✱ ❝❛❞❛ s♦❧✉❝✐ó♥ ❡s ✐t❡r❛t✐✈❛♠❡♥t❡ ❝♦♥str✉í❞❛✱

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

❡❧❡❣✐❞♦ ♣❛r❛ ❢♦r♠❛r ♣❛rt❡ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ♣❛r❝✐❛❧ ✭❡♥ ❝♦♥str✉❝❝✐ó♥✮✳ P❛r❛ ❞❡t❡r♠✐♥❛r ❝✉á❧

❡❧❡♠❡♥t♦ ❝❛♥❞✐❞❛t♦ ❞❡❜❡ s❡❧❡❝❝✐♦♥❛rs❡✱ s❡ ✉s❛ ✉♥❛ ❢✉♥❝✐ó♥ ❣♦❧♦s❛ ✭❣r❡❡❞② ♦ ♠✐♦♣❡✮ ❧❛ ❝✉❛❧

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

P❛r❛ ❡✈✐t❛r q✉❡ ❧❛ s❡❧❡❝❝✐ó♥ s❡❛ ♠✐♦♣❡ ② ❞❡t❡r♠✐♥íst✐❝❛✱ ❡❧ ❡❧❡♠❡♥t♦ ❛ ✐♥❝♦r♣♦r❛r ❛ ❧❛

s♦❧✉❝✐ó♥ s❡ ❡❧✐❣❡ ❡♥ ❢♦r♠❛ ❛❧❡❛t♦r✐❛✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❡st❛ s❡❧❡❝❝✐ó♥ ❛❧❡❛t♦r✐❛ ♥♦ s❡ r❡❛❧✐③❛

❝♦♥ t♦❞♦s ❧♦s ❡❧❡♠❡♥t♦s ❝❛♥❞✐❞❛t♦s ♣♦s✐❜❧❡s✱ s✐♥♦ ❝♦♥ ❧♦s ♠❡❥♦r❡s✳ ▲❛ ▲✐st❛ ❘❡str✐♥❣✐❞❛ ❞❡



✷✹ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

❈✉❛❞r♦ ✸✳✹✿ ❆❧❣♦r✐t♠♦ ●❘❆❙P✳

♣r♦❝❡❞✉r❡ ●❘❆❙P✭★✐t❡r❛t✐♦♥s✮

❢✯ ← ∞

❢♦r ✐❂✶ . . . ★✐t❡r❛t✐♦♥s ❞♦

① ← ●r❡❡❞②❘❛♥❞♦♠✐③❡❞❈♦♥str✉❝t✐♦♥✭✮

① ← ▲♦❝❛❧❙❡❛r❝❤✭①✮

✐❢ ❢✭①✮ < ❢✯ t❤❡♥

❢✯ ← ❢✭①✮

①✯ ← ①

❡♥❞ ✐❢

❡♥❞ ❢♦r

r❡t✉r♥ ①✯

❡♥❞ ♣r♦❝❡❞✉r❡

❈❛♥❞✐❞❛t♦s ✭❘❡str✐❝t❡❞ ❈❛♥❞✐❞❛t❡ ▲✐st ♦ ❘❈▲✮✱ ❡s ✉♥❛ ❧✐st❛ ❝♦♥ ❜✉❡♥♦s ❡❧❡♠❡♥t♦s ❝❛♥✲

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

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

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

❝✉❡♥tr❡♥ ❞❡♥tr♦ ❞❡ ✉♥ ✐♥t❡r✈❛❧♦ ✭✉♠❜r❛❧✮ ♣r❡✈✐❛♠❡♥t❡ ❞❡t❡r♠✐♥❛❞♦✳ ❊st❛ té❝♥✐❝❛ ♣❡r♠✐t❡

q✉❡ s❡ ♦❜t❡♥❣❛♥ ❞✐❢❡r❡♥t❡s s♦❧✉❝✐♦♥❡s ❡♥ ❝❛❞❛ ✐t❡r❛❝✐ó♥ ❞❡ ●❘❆❙P✱ ❧❛ ❝✉❛❧ tr❛❜❛❥❛♥❞♦

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

❊♥ ❣❡♥❡r❛❧✱ ❡st❡ ♣r♦❝❡s♦ s❡ r❡♣✐t❡ ❤❛st❛ ♦❜t❡♥❡r ✉♥❛ s♦❧✉❝✐ó♥ ❛❧ ♣r♦❜❧❡♠❛ ✭❡♥ ❝❛s♦ q✉❡

❡st♦ ♥♦ ♦❝✉rr❛✱ ❞❡❜❡ ❛♣❧✐❝❛rs❡ ❛❧❣ú♥ ♦♣❡r❛❞♦r ❞❡ r❡♣❛r❛❝✐ó♥ s♦❜r❡ ❧❛ s♦❧✉❝✐ó♥ ♣❛r❝✐❛❧✮✳ ❊♥

❡❧ ❈✉❛❞r♦ ✸✳✺✱ s❡ ♠✉❡str❛ ✉♥ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❞❡ ❧❛ ❢❛s❡ ❝♦♥str✉❝t✐✈❛ ✉s❛♥❞♦ ✉♥❛ ❧✐st❛ ❘❈▲

❜❛s❛❞❛ ❡♥ ✈❛❧♦r✳ ▲♦s ♣❛rá♠❡tr♦s ❞❡ ❡♥tr❛❞❛ s♦♥ α ② ❊✳ ❊❧ ♥ú♠❡r♦ r❡❛❧ α ❡s ✉s❛❞♦ ♣❛r❛

❞❡t❡r♠✐♥❛r ❡❧ ✉♠❜r❛❧ q✉❡ s❡❧❡❝❝✐♦♥❛ ❡❧❡♠❡♥t♦s ❞❡ ❊ ❛ ✐♥❝❧✉✐r ❡♥ ❧❛ ❧✐st❛ ❘❈▲✳

✸✳✹✳✷✳ ❋❛s❡ ❞❡ ▼❡❥♦r❛

▲❛ s❡❣✉♥❞❛ ❢❛s❡ ❞❡ ●❘❆❙P ❝♦rr❡s♣♦♥❞❡ ❛❧ ♣r♦❝❡s♦ ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧✳ ▲♦s ❛❧❣♦r✐t♠♦s

♣r♦♣✉❡st♦s ❡♥ ❡st❛ ❢❛s❡ ✈❛rí❛♥ ❞❡s❞❡ ❛❧❣♦r✐t♠♦s s❡♥❝✐❧❧♦s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ ❛ té❝♥✐❝❛s ♠ás

❛✈❛♥③❛❞❛s ② ❡✜❝✐❡♥t❡s✳



❚❛❜✉ ❙❡❛r❝❤ ✷✺

❈✉❛❞r♦ ✸✳✺✿ ❆❧❣♦r✐t♠♦ ●❘❆❙P✿ ❢❛s❡ ❝♦♥str✉❝t✐✈❛✳

♣r♦❝❡❞✉r❡ ❣r❡❡❞②❘❛♥❞♦♠✐③❡❞❈♦♥str✉❝t✐♦♥✭α✱ ❊✮

① ← ④⑥

❈ ← ❊

❈❛❧❝✉❧❛t❡ ❣r❡❡❞② ✈❛❧✉❡s ❝✭❡✮✱ ∀ ❡ ∈ ❈

✇❤✐❧❡ ❈ 6= ④⑥ ❞♦

c∗ ← ♠✐♥④❝✭❡✮ ⑤ ❡ ∈ ❈⑥

c∗ ← ♠❛①④❝✭❡✮ ⑤ ❡ ∈ ❈⑥

❘❈▲ ← ④❡ ∈ ❈ ⑤ ❝✭❡✮ ≤ c∗ ✰ α✭c∗✲c∗✮ ⑥

❙❡❧❡❝t ❝❛♥❞✐❞❛t❡ ❡❧❡♠❡♥t s ❛t r❛♥❞♦♠ ❢r♦♠ ❘❈▲

① ← ① ✰ ④s ⑥

❯♣❞❛t❡ ❈

❈❛❧❝✉❧❛t❡ ❣r❡❡❞② ✈❛❧✉❡s ❝✭❡✮✱ ∀ ❡ ∈ ❈

❡♥❞ ✇❤✐❧❡

r❡t✉r♥ ①

❡♥❞ ♣r♦❝❡❞✉r❡

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

❣♦r✐t♠♦s ❜❛s❛❞♦s ❡♥ ●❘❆❙P q✉❡ ✐♥❝♦r♣♦r❛♥ ❛❧❣♦r✐t♠♦s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ t❛❧❡s ❝♦♠♦

❏✲▼❡❛♥s ❬✾✻❪✱ ❆❉❉ ❛♥❞ ❉❘❖P✱ ❑✲▼❡❛♥s✱ ✶✲❖P❚✱ ✷✲❖P❚✱ ❡♥tr❡ ♦tr♦s ❬✸✾❪✳ ❆ s✉ ✈❡③✱ s❡

❤❛ ♣r♦♣✉❡st♦ ●❘❆❙P ♣❛r❛ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ② ♦tr❛s ♠❡t❛❤❡✉ríst✐❝❛s ♣❛r❛ ❧❛

♠❡❥♦r❛ ❞❡ ❧❛s ♠✐s♠❛s✱ t❛❧❡s ❝♦♠♦ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤ ❬✻✹❪✱ ❚❛❜✉ ❙❡❛r❝❤✴P❛t❤

❘❡❧✐♥❦✐♥❣ ② ❙❝❛tt❡r ❙❡❛r❝❤ ❬✹✵❪✳

❊♥ ❡❧ ❈✉❛❞r♦ ✸✳✻ s❡ ♠✉❡str❛ ✉♥ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❞❡ ❧❛ ❢❛s❡ ❞❡ ♠❡❥♦r❛ ❞❡ ●❘❆❙P✳

✸✳✺✳ ❚❛❜✉ ❙❡❛r❝❤

Pr♦♣✉❡st♦ ♣♦r ●❧♦✈❡r ❬✺✵❪✱ ❚❛❜✉ ❙❡❛r❝❤ ✭❚❙✮ s❡ ❜❛s❛ ❡♥ ❧❛ ♣r❡♠✐s❛ q✉❡ ♣❛r❛ r❡s♦❧✈❡r

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

♥❡❝❡s❛r✐♦ ❞✐s♣♦♥❡r ❞❡ ♠❡♠♦r✐❛ ❛❞❛♣t❛t✐✈❛ ② r❡❛❧✐③❛r ✉♥❛ ❡①♣❧♦r❛❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ❞❡

♠❛♥❡r❛ s❡♥s✐❜❧❡✳



✷✻ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

❈✉❛❞r♦ ✸✳✻✿ ❆❧❣♦r✐t♠♦ ●❘❆❙P✿ ❢❛s❡ ❞❡ ♠❡❥♦r❛✳

♣r♦❝❡❞✉r❡ ▲♦❝❛❧❙❡❛r❝❤✭x0✮

① ← x0

✇❤✐❧❡ ① ✐s ♥♦t ❧♦❝❛❧ ♦♣t✐♠❛ ✇✳r✳t✳ ◆✭①✮ ❞♦

② ← ◆✭①✮

✐❢ ❢✭②✮ < ❢✭①✮ t❤❡♥

① ← ②

❡♥❞ ✐❢

❡♥❞ ✇❤✐❧❡

r❡t✉r♥ ①

❡♥❞ ♣r♦❝❡❞✉r❡

▲❛s ♠❡♠♦r✐❛s ❛❞❛♣t❛t✐✈❛s ♣r♦♣✉❡st❛s ♣♦r ❚❛❜✉ ❙❡❛r❝❤✱ ♣❡r♠✐t❡♥ ❧❛ ❡①♣❧♦r❛❝✐ó♥ ❞❡❧

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

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

✐♥❢♦r♠❛❝✐ó♥ r❡❧❡✈❛♥t❡✱ ❧♦ ❝✉❛❧ ❝♦♥tr❛st❛ ❝♦♥ ♦tr❛s ♠❡t❛❤❡✉ríst✐❝❛s q✉❡ ♥♦ ❧♦ ❤❛❝❡♥ ✭❧❧❛✲

♠❛❞❛s s✐♥ ♠❡♠♦r✐❛✮✳ P♦r ♦tr❛ ♣❛rt❡✱ ❧❛ ❡①♣❧♦r❛❝✐ó♥ s❡♥s✐❜❧❡ t✐❡♥❡ q✉❡ ✈❡r ❝♦♥ q✉❡ ♠ás

❛❧❧á ❞❡ ♣r♦♣✉❡st❛s ❞❡t❡r♠✐♥íst✐❝❛s ♦ ♣r♦❜❛❜✐❧íst✐❝❛s✱ ✉♥❛ ♠❛❧❛ ❞❡❝✐s✐ó♥ ✭❡♥ ❡❧ ♣r♦❝❡s♦ ❞❡

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

❛❧❡❛t♦r✐❛ ❬✹✽❪✳

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

① ❛ ♦tr❛ s♦❧✉❝✐ó♥ ①✬ ∈ ◆✭①✮✳ ❙✐♥ ❡♠❜❛r❣♦✱ s❡ ❞✐❢❡r❡♥❝✐❛ ❞❡ ♦tr❛s ♠❡t❛❤❡✉ríst✐❝❛s ②❛ q✉❡

❞✉r❛♥t❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ❜úsq✉❡❞❛ r❡❡♠♣❧❛③❛ ❡❧ ✈❡❝✐♥❞❛r✐♦ ◆✭①✮ ♣♦r ♦tr♦ N∗(x)✳ P❛r❛ ❡❧❧♦✱

❤❛❝❡ ✉s♦ ❞❡ ❞✐❢❡r❡♥t❡s ❡str✉❝t✉r❛s ❞❡ ♠❡♠♦r✐❛s ❬✶✷✶❪✳

❚❛❜✉ ❙❡❛r❝❤ ❤❛ s✐❞♦ ❛♣❧✐❝❛❞♦ ❛ ❞✐❢❡r❡♥t❡s ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✱ t❛♥t♦ ❞❡ ❛♣❧✐✲

❝❛❝✐ó♥ ♣rá❝t✐❝❛ ❝♦♠♦ t❡ór✐❝❛✳ ❊♥tr❡ ❡❧❧♦s✱ ♣♦❞❡♠♦s ♠❡♥❝✐♦♥❛r ♣r♦❜❧❡♠❛s ❞❡ ♣❧❛♥✐✜❝❛❝✐ó♥

❬✶✾❪✱ ❛❣r✉♣❛♠✐❡♥t♦ ❬✾✶❪✱ ❝♦♠♣✉t❛❝✐ó♥ ♣❛r❛❧❡❧❛ ❬✹✽❪✱ r✉t❡♦ ❞❡ ✈❡❤í❝✉❧♦s ✭❬✽❪✱ ❬✾✾❪✮✱ ❣r❛❢♦s

❬✶✶✾❪✱ ❡♥tr❡ ♦tr♦s✳

❊♥ ❡❧ ❈✉❛❞r♦ ✸✳✼✱ s❡ ♠✉❡str❛ ✉♥ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❞❡ ❛❧t♦ ♥✐✈❡❧ ❬✸✶❪✳



❚❛❜✉ ❙❡❛r❝❤ ✷✼

❈✉❛❞r♦ ✸✳✼✿ ❆❧❣♦r✐t♠♦ ❚❛❜✉ ❙❡❛r❝❤✳

♣r♦❝❡❞✉r❡ s✐♠♣❧❡❚❛❜✉❙❡❛r❝❤✭✮

① ← ●❡♥❡r❛t❡■♥✐t✐❛❧❙♦❧✉t✐♦♥✭✮

■♥✐t✐❛❧✐③❡▼❡♠♦r②❙tr✉❝t✉r❡s✭✮

①best← ①

✇❤✐❧❡ t❡r♠✐♥❛t✐♦♥ ❝♦♥❞✐t✐♦♥ ♥♦t ♠❡t ❞♦

❆ ← ●❡♥❡r❛t❡❆❞♠✐ss✐❜❧❡❙♦❧✉t✐♦♥s✭①✮

① ← ❙❡❧❡❝t❇❡st❙♦❧✉t✐♦♥✭❆ ✮

❯♣❞❛t❡▼❡♠♦r②❙tr✉❝t✉r❡s✭✮

✐❢ ❢✭①✮ < ❢✭①best✮ t❤❡♥

①best ← ①

❡♥❞ ✐❢

❡♥❞ ✇❤✐❧❡

r❡t✉r♥ ①best
❡♥❞ ♣r♦❝❡❞✉r❡

✸✳✺✳✶✳ ▼❡♠♦r✐❛s ❞❡ ❚❛❜✉ ❙❡❛r❝❤

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

♣r♦♣✐❡❞❛❞❡s ❞❡ ❧❛ s♦❧✉❝✐ó♥ ✭❛tr✐❜✉t♦s✮ ❡♥ s✉s ❡str✉❝t✉r❛s ❞❡ ♠❡♠♦r✐❛✱ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ ✈❛

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

♦tr❛✳ ▲❛s ♠❡♠♦r✐❛s ♠ás ❝♦♥♦❝✐❞❛s ❞❡ ❚❛❜✉ ❙❡❛r❝❤ s♦♥ ❧❛s ♠❡♠♦r✐❛s ❜❛s❛❞❛s ❡♥ r❡❝❡♥❝✐❛

② ❧❛s ♠❡♠♦r✐❛s ❜❛s❛❞❛s ❡♥ ❢r❡❝✉❡♥❝✐❛✳

▲❛ ♠❡♠♦r✐❛ ❜❛s❛❞❛ ❡♥ r❡❝❡♥❝✐❛✱ t❛♠❜✐é♥ ❝♦♥♦❝✐❞❛ ❝♦♠♦ ♠❡♠♦r✐❛ ❞❡ ❝♦rt♦ ♣❧❛③♦✱ ❡s

✐♠♣❧❡♠❡♥t❛❞❛ ♠❡❞✐❛♥t❡ ✉♥❛ ❧✐st❛ t❛❜ú✱ ❧❛ ❝✉❛❧ r❡❣✐str❛ ❛tr✐❜✉t♦s ❞❡ ❧❛s s♦❧✉❝✐♦♥❡s r❡✲

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

❞✉r❛♥t❡ ✉♥ ❞❡t❡r♠✐♥❛❞♦ t✐❡♠♣♦ ✭❝♦♥♦❝✐❞♦ ❝♦♠♦ t❡♥✉r❡ ♦ t❡♥❡♥❝✐❛✮✳ P♦r ❧♦ t❛♥t♦✱ ❡❧ ✈❡✲

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

❧♦s ❛tr✐❜✉t♦s ♣❡rt❡♥❡❝✐❡♥t❡s ❛ ❧❛ ❧✐st❛ t❛❜ú✳ ❊❧ ✉s♦ ❞❡ ❧❛ ❧✐st❛ t❛❜ú ♣r❡✈✐❡♥❡ ❡❧ ❝✐❝❧❛❥❡✱

❢♦r③❛♥❞♦ ❛ s✉ ✈❡③ ❛ ❛❝❡♣t❛r s♦❧✉❝✐♦♥❡s ❞❡ ❜❛❥❛ ❝❛❧✐❞❛❞✱ ❞✉r❛♥t❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ❜úsq✉❡❞❛✳

❊s ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡ ♣❛r❛ ❞❡t❡r♠✐♥❛❞♦s ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✱ ❡s s✉✜❝✐❡♥t❡

❡❧ ✉s♦ ❞❡ ♠❡♠♦r✐❛s ❞❡ ❝♦rt♦ ♣❧❛③♦ ♣❛r❛ ♦❜t❡♥❡r s♦❧✉❝✐♦♥❡s ❞❡ ❝❛❧✐❞❛❞ ✭❬✺✵❪✱ ❬✻✼❪✮✳

▲❛ ♠❡♠♦r✐❛ ❜❛s❛❞❛ ❡♥ ❢r❡❝✉❡♥❝✐❛ ❝♦♠♣❧❡♠❡♥t❛ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❛♣♦rt❛❞❛ ♣♦r ❧❛ ♠❡♠♦✲



✷✽ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

r✐❛ ❞❡ ❝♦rt♦ ♣❧❛③♦✳ ❊♥ ♣❛rt✐❝✉❧❛r✱ ❧❛s ♠❡♠♦r✐❛s ❜❛s❛❞❛s ❡♥ ❢r❡❝✉❡♥❝✐❛ s❡ ✉s❛♥ ♣❛r❛ r❡❣✐str❛r

❞♦s ❡✈❡♥t♦s ♣❛rt✐❝✉❧❛r❡s✿ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ✈❡❝❡s q✉❡ ✉♥ ❛tr✐❜✉t♦ ✭❞❡ s♦❧✉❝✐ó♥✮ ❝❛♠❜✐❛ ❧❛s

s♦❧✉❝✐♦♥❡s ✈✐s✐t❛❞❛s ✭♠❡❞✐❞❛ ❞❡ tr❛♥s✐❝✐ó♥✮ ② ❧❛s ✈❡❝❡s q✉❡ ✉♥ ❛tr✐❜✉t♦ ♣❡rt❡♥❡❝❡ ❛ ❧❛s

s♦❧✉❝✐♦♥❡s ✈✐s✐t❛❞❛s s♦❜r❡ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ tr❛②❡❝t♦r✐❛ ✭♠❡❞✐❞❛ ❞❡ r❡s✐❞❡♥❝✐❛✮✳ P❛r❛ ✐♥❝r❡✲

♠❡♥t❛r ❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡ ❧♦s s✐♠♣❧❡ ❚❛❜✉ ❙❡❛r❝❤ ✭❛❧❣♦r✐t♠♦s q✉❡ ú♥✐❝❛♠❡♥t❡ ✐♠♣❧❡♠❡♥t❛♥

♠❡♠♦r✐❛s ❞❡ ❝♦rt♦ ♣❧❛③♦✮✱ ❧❛s ♠❡♠♦r✐❛s ❞❡ ❧❛r❣♦ ♣❧❛③♦ ♣❡r♠✐t❡♥ ✐♥t❡♥s✐✜❝❛r ♦ ❞✐✈❡rs✐✜❝❛r

❧❛ ❜úsq✉❡❞❛ ❞❡ s♦❧✉❝✐♦♥❡s✳ ❆ tr❛✈és ❞❡❧ ✉s♦ ❞❡ s♦❧✉❝✐♦♥❡s ❡❧✐t❡ ❝♦♠♣❧❡t❛s ✭ó♣t✐♠♦s ❧♦❝❛❧❡s✮

♦ ❛tr✐❜✉t♦s ❞❡ ❧❛s ♠✐s♠❛s✱ ❡s ♣♦s✐❜❧❡ ❡①♣❧♦r❛r ♠ás ❛❣r❡s✐✈❛♠❡♥t❡ ✭❡str❛t❡❣✐❛ ❞❡ ✐♥t❡♥s✐✲

✜❝❛❝✐ó♥✮ s♦❜r❡ ❞❡t❡r♠✐♥❛❞❛s r❡❣✐♦♥❡s ♣r♦♠❡t❡❞♦r❛s ❞❡❧ ❡s♣❛❝✐♦ ❞❡ s♦❧✉❝✐♦♥❡s✳ P♦r ♦tr❛

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

r❡❝♦❧❡❝t❛❞❛ ❛ ❧♦ ❧❛r❣♦ ❞❡❧ ♣r♦❝❡s♦ ❞❡ ❜úsq✉❡❞❛✱ ♣❡r♠✐t❡ ❧❛ ❡①♣❧♦r❛❝✐ó♥ ❞❡ ♥✉❡✈❛s r❡❣✐♦♥❡s

✭❡str❛t❡❣✐❛ ❞❡ ❞✐✈❡rs✐✜❝❛❝✐ó♥✮❬✺✵❪✳

✸✳✺✳✷✳ ❊❥❡❝t✐♦♥ ❈❤❛✐♥s

▲❛s ❡str❛t❡❣✐❛s ❞❡ ✐♥t❡♥s✐✜❝❛❝✐ó♥ ② ❞✐✈❡rs✐✜❝❛❝✐ó♥ ♥♦ ❡stá♥ ú♥✐❝❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞❛s ❛

❧❛ ❡①♣❧♦r❛❝✐ó♥ ❞❡❧ ❡s♣❛❝✐♦ ❞❡ s♦❧✉❝✐♦♥❡s ♠❡❞✐❛♥t❡ ♠♦✈✐♠✐❡♥t♦s s✐♠♣❧❡s✳ ❯♥♦ ❞❡ ❧♦s ♣r♦❜❧❡✲

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

❛❝♦t❛❞♦s✱ ❛ tr❛✈és ❞❡ ❧❛ ♠♦❞✐✜❝❛❝✐ó♥ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ❛❝t✉❛❧ ❡♥ ❞♦s ♦ tr❡s ❝♦♠♣♦♥❡♥t❡s✱

❣❡♥❡r❛♥❞♦ ❛sí s♦❧✉❝✐♦♥❡s ❢✉❡rt❡♠❡♥t❡ ❞❡♣❡♥❞✐❡♥t❡s ❞❡ ❧❛ s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧ ❬✶✵✸❪✳ ❊s ♣♦r ❡❧❧♦

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

❯♥❛ ❢♦r♠❛ ❞❡ ♦❜t❡♥❡r ❡st♦s ♠♦✈✐♠✐❡♥t♦s✱ ❡s ❛ tr❛✈és ❞❡ ❧❛ ❝r❡❛❝✐ó♥ ❞❡ ❝❛❞❡♥❛s ❞❡

♠♦✈✐♠✐❡♥t♦s s✐♠♣❧❡s q✉❡ s❡❛♥ ❛❝t✐✈❛❞❛s ♦ r❡✉❜✐❝❛❞❛s ✭❡①♣✉❧s❛❞❛s ❞❡ s✉ ❡st❛❞♦ ❛❝t✉❛❧✮✳

P♦r ❧♦ t❛♥t♦✱ ✉♥ ♠♦✈✐♠✐❡♥t♦ ❝♦♠♣✉❡st♦ ♣✉❡❞❡ ❡❥❡❝✉t❛rs❡ ❝✉❛♥❞♦ ❧❛ ❝❛❞❡♥❛ ♥♦ ♣✉❡❞❡ ❝r❡❝❡r

♠ás ❡♥ tér♠✐♥♦s ❞❡ ❧♦♥❣✐t✉❞ ♦ ❜✐❡♥ ❝✉❛♥❞♦ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ♠✐s♠❛ ❞❡❝r❡❝❡ ❛❧ ❛❣r❡❣❛r ♠ás

❡❧❡♠❡♥t♦s ❛ ❧❛ ♠✐s♠❛✳

❊❥❡❝t✐♦♥ ❈❤❛✐♥s ❬✶✷✹❪ ❡s ✉♥❛ té❝♥✐❝❛ ❛✈❛♥③❛❞❛ ❞❡ ❚❛❜✉ ❙❡❛r❝❤ q✉❡ ❝♦♥s✐st❡ ❡♥ ❧❛

❝♦♥str✉❝❝✐ó♥ ❞❡ ✈❡❝✐♥❞❛r✐♦s ❝♦♠♣✉❡st♦s ♣♦r ♠♦✈✐♠✐❡♥t♦s ✭❡❧❡♠❡♥t♦s✮ s✐♠♣❧❡s ♣❛r❛ ❛sí

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

❊st❛ té❝♥✐❝❛ ❤❛ s✐❞♦ ❛♣❧✐❝❛❞❛ ❝♦♥ ❡①❝❡❧❡♥t❡s r❡s✉❧t❛❞♦s ❡♥ ♣r♦❜❧❡♠❛s ❞❡ ♣❧❛♥✐✜❝❛❝✐ó♥

❬✶✾❪✱ ❛s✐❣♥❛❝✐ó♥ ✭❬✽✻❪✱ ❬✶✷✹❪✱ ❬✶✷✺❪✮✱ r✉t❡♦ ❞❡ ✈❡❤í❝✉❧♦s ✭❬✾✾❪✱ ❬✶✵✸❪✮ ② ❣r❛❢♦s ❬✶✶✾❪✳



❚❛❜✉ ❙❡❛r❝❤ ✷✾

✸✳✺✳✸✳ P❛t❤ ❘❡❧✐♥❦✐♥❣

Pr♦♣✉❡st❛ ❝♦♠♦ ♦tr❛ té❝♥✐❝❛ ❛✈❛♥③❛❞❛ ❞❡ ❚❛❜✉ ❙❡❛r❝❤✱ P❛t❤ ❘❡❧✐♥❦✐♥❣ ❬✺✵❪ ❡s ✉♥❛

❡str❛t❡❣✐❛ ❞❡ ✐♥t❡♥s✐✜❝❛❝✐ó♥ ② ❞✐✈❡rs✐✜❝❛❝✐ó♥ ❧❛ ❝✉❛❧ ❣❡♥❡r❛ ♥✉❡✈❛s s♦❧✉❝✐♦♥❡s ✭❛❧ ♣r♦❜❧❡♠❛

❞❡ ♦♣t✐♠✐③❛❝✐ó♥✮ ❡①♣❧♦r❛♥❞♦ tr❛②❡❝t♦r✐❛s ♠❡❞✐❛♥t❡ ❧❛ ❝♦♥❡①✐ó♥ ❡♥tr❡ s♦❧✉❝✐♦♥❡s ❛tr❛❝t✐✈❛s

✭♦ ❡❧✐t❡✮✳

P❛r❛ ❡❧❧♦✱ ✉s❛♥❞♦ ✉♥❛ s♦❧✉❝✐ó♥ ❧❧❛♠❛❞❛ ✐♥✐❝✐❛❧ ② ♦tr❛ ❧❧❛♠❛❞❛ ❣✉í❛ ❞❡s❞❡ ❡❧ ❝♦♥❥✉♥t♦

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

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

♣✉♥t♦ ❞❡ ♣❛rt✐❞❛ ❢✉❡ ❧❛ ♣r✐♠❡r❛ ❬✶✵✺❪✳ ❆❞❡♠ás ❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ✉♥ ♠ét♦❞♦ ❞❡

❝♦♠❜✐♥❛❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ❬✶✵✼❪✱ P❛t❤ ❘❡❧✐♥❦✐♥❣ ❡s ✈✐st♦ ❝♦♠♦ ✉♥❛ ❡str❛t❡❣✐❛ q✉❡ ❜✉s❝❛

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

❊♥ ✈❡③ ❞❡ ❣❡♥❡r❛r ❞✐r❡❝t❛♠❡♥t❡ ✉♥❛ ♥✉❡✈❛ s♦❧✉❝✐ó♥ ❝♦♠❜✐♥❛♥❞♦ ❞♦s ♦ ♠ás s♦❧✉❝✐♦♥❡s

✭t❛❧ ❝♦♠♦ ❧♦ ❤❛❝❡ ♣♦r ❡❥❡♠♣❧♦✱ ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s✮✱ P❛t❤ ❘❡❧✐♥❦✐♥❣ ❣❡♥❡r❛ ❝❛♠✐♥♦s

❡♥tr❡ ② ♠ás ❛❧❧á ❞❡ ❧❛s s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧ ② ❣✉í❛✳ P❛r❛ ❡❧❧♦✱ ❣❡♥❡r❛rá ♥✉❡✈❛s s♦❧✉❝✐♦♥❡s

✭❢❛❝t✐❜❧❡s ②✴♦ ✐♥❢❛❝t✐❜❧❡s✮ q✉❡ ❝♦♠♣❛rt✐rá♥ ❛tr✐❜✉t♦s ❞❡ ❧❛s ❞♦s s♦❧✉❝✐♦♥❡s ✉s❛❞❛s✱ ♠ás

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

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

♦ ♠♦❞✐✜❝❛❞♦s ✭s♦❜r❡ ❧❛ s♦❧✉❝✐ó♥ ❛❝t✉❛❧✮ ② ❡❥❡❝✉t❛❞♦s ❡♥ ❡❧ ❡s♣❛❝✐♦ ❞❡ s♦❧✉❝✐♦♥❡s✳

❉❛❞♦ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ s♦❧✉❝✐♦♥❡s ❡❧✐t❡✱ ❧♦s r♦❧❡s q✉❡ ❝✉♠♣❧❡♥ ❧❛s s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s ②

❣✉í❛ ♣✉❡❞❡♥ ✐♥t❡r❝❛♠❜✐❛rs❡✳ ❊s ♣♦r ❡st♦✱ q✉❡ ❧❛s s♦❧✉❝✐♦♥❡s ❣✉í❛ ❡ ✐♥✐❝✐❛❧❡s s♦♥ ❝♦♥♦❝✐❞❛s

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

❡❧ ✉s♦ ❞❡ ❤❡✉ríst✐❝❛s q✉❡ ♣r♦✈❡❛♥ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ s♦❧✉❝✐♦♥❡s q✉❡ s❡❛♥ ❞❡ ❝❛❧✐❞❛❞ ó ❞✐✈❡rs❛s

✭♦r✐❣✐♥❛❧♠❡♥t❡✱ ♦❜t❡♥✐❞❛s ❞✉r❛♥t❡ ❧❛ ❡❥❡❝✉❝✐ó♥ ❞❡ ❚❛❜✉ ❙❡❛r❝❤✮✳

▲❛ ❡str❛t❡❣✐❛ ❞❡ ✐♥t❡♥s✐✜❝❛❝✐ó♥ ♠❡❞✐❛♥t❡ P❛t❤ ❘❡❧✐♥❦✐♥❣ ♣✉❡❞❡ ❧♦❣r❛rs❡ ❣❡♥❡r❛♥❞♦

❝❛♠✐♥♦s ❡♥tr❡ s♦❧✉❝✐♦♥❡s s✐♠✐❧❛r❡s ✭q✉❡ ♣r♦✈❡♥❣❛♥ ❞❡ ✉♥❛ ♠✐s♠❛ r❡❣✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s✮✱

♠✐❡♥tr❛s q✉❡ ❧❛ ❞✐✈❡rs✐✜❝❛❝✐ó♥ ❛ tr❛✈és ❞❡ ❝❛♠✐♥♦s ❡♥tr❡ s♦❧✉❝✐♦♥❡s q✉❡ ♣r♦✈❡♥❣❛♥ ❞❡

r❡❣✐♦♥❡s ❞✐❢❡r❡♥t❡s ♦ q✉❡ ♣♦s❡❛♥ ❛tr✐❜✉t♦s ❞✐❢❡r❡♥t❡s✳

❆❞❡♠ás ❞❡ s❡r ✉♥ ♠❡❝❛♥✐s♠♦ ✐♥❝♦r♣♦r❛❞♦ ❡♥ ❛❧❣♦r✐t♠♦s ❜❛s❛❞♦s ❡♥ ❚❛❜✉ ❙❡❛r❝❤✱ P❛t❤

❘❡❧✐♥❦✐♥❣ ❤❛ s✐❞♦ ❛♣❧✐❝❛❞♦ ❝♦♥❥✉♥t❛♠❡♥t❡ ❝♦♥ ♦tr❛s ♠❡t❛❤❡✉ríst✐❝❛s t❛❧❡s ❝♦♠♦ ❆❧❣♦r✐t♠♦s

●❡♥ét✐❝♦s ② ●❘❆❙P ✭❬✼✾❪✱ ❬✾✵❪✮ ❡♥ ♣r♦❜❧❡♠❛s ❞❡ ❛❣r✉♣❛❝✐ó♥ ✭❬✷✾❪✱ ❬✶✵✼❪✮✱ ❛s✐❣♥❛❝✐ó♥ ❬✶✷✺❪✱

r✉t❡♦ ❞❡ ✈❡❤í❝✉❧♦s ✭❬✼✵❪✱ ❬✶✵✷❪✮ ② ♣❧❛♥✐✜❝❛❝✐ó♥ ❬✹❪✳



✸✵ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

✸✳✻✳ ❙❝❛tt❡r ❙❡❛r❝❤

Pr♦♣✉❡st♦ ♦r✐❣✐♥❛❧♠❡♥t❡ ♣♦r ●❧♦✈❡r ✭❬✽✵❪✱ ❬✽✽❪✮✱ ❙❝❛tt❡r ❙❡❛r❝❤ ✭❙❙✮ ❡s ✉♥ ♣r♦❝❡❞✐✲

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

r❡❢❡r❡♥❝✐❛✱ ❧❛s ❝✉❛❧❡s s❡ ❝♦♠❜✐♥❛♥ ♣❛r❛ ♦❜t❡♥❡r ♥✉❡✈❛s ② ♠❡❥♦r❡s s♦❧✉❝✐♦♥❡s q✉❡ ❧❛s ♦r✐❣✐✲

♥❛❧❡s✳ P❛r❛ ♦❢r❡❝❡r s♦❧✉❝✐♦♥❡s ❝♦♠♣❡t✐t✐✈❛s ❛ ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✱ ❙❝❛tt❡r ❙❡❛r❝❤

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

❝✐♦♥❡s✳ ❆ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❧♦s ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s✱ ❙❝❛tt❡r ❙❡❛r❝❤ ♥♦ s❡ ❜❛s❛ ❡♥ ♦♣❡r❛❞♦r❡s

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

❊st❡ ♠ét♦❞♦ ❡✈♦❧✉t✐✈♦ s❡ ❜❛s❛ ❡♥ ❡❧ tr❛❜❛❥♦ s✐st❡♠át✐❝♦ ② ❡strát❡❣✐❝♦ s♦❜r❡ ✉♥ ♥ú♠❡r♦

r❡❞✉❝✐❞♦ ❞❡ s♦❧✉❝✐♦♥❡s✳

P❛r❛ ✐♠♣❧❡♠❡♥t❛r ✉♥ ❛❧❣♦r✐t♠♦ ❜❛s❛❞♦ ❡♥ ❙❝❛tt❡r ❙❡❛r❝❤✱ ❞❡❜❡♥ ❝♦♥s✐❞❡r❛rs❡ ❧♦s s✐✲

❣✉✐❡♥t❡s ✺ ♠ét♦❞♦s ❬✽✵❪✿

❉✐✈❡rs✐✜❝❛❝✐ó♥ ✭❉✐✈❡rs✐✜❝❛t✐♦♥ ●❡♥❡r❛t✐♦♥ ▼❡t❤♦❞✮✿ ❡st❡ ♠ét♦❞♦ t✐❡♥❡ ❝♦♠♦ ❢✉♥✲

❝✐ó♥✱ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❞❡ ✉♥❛ ❣r❛♥ ❝♦❧❡❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ❞✐✈❡rs❛s✳ ❊❧ t❛♠❛ñ♦ Ps✐③❡

r❡❝♦♠❡♥❞❛❜❧❡ ❞❡ ❧❛ ❝♦❧❡❝❝✐ó♥✱ ❡s ✶✵ ✈❡❝❡s ❡❧ t❛♠❛ñ♦ ❜ ❞❡❧ ❝♦♥❥✉♥t♦ ❞❡ r❡❢❡r❡♥❝✐❛✳ ❊❧

✉s♦ ❞❡ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ♠❡♠♦r✐❛ ✭❝♦♠♦ ❧❛s ♣r♦♣✉❡st❛s ♣♦r ❚❛❜✉ ❙❡❛r❝❤✮ ♣✉❡❞❡

❛②✉❞❛r ❛ ♦❜t❡♥❡r s♦❧✉❝✐♦♥❡s ❞✐✈❡rs❛s ❞❡ ♠❛♥❡r❛ ❡✜❝✐❡♥t❡✳

▼❡❥♦r❛ ✭■♠♣r♦✈❡♠❡♥t ▼❡t❤♦❞✮✿ ❞❛❞❛ ✉♥❛ s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧ ✭q✉❡ ♣✉❡❞❡ ♦ ♥♦ s❡r ❢❛❝✲

t✐❜❧❡✮ ♣r♦✈❡♥✐❡♥t❡ ❞❡ ❧♦s ♠ét♦❞♦s ❞❡ ❞✐✈❡rs✐✜❝❛❝✐ó♥ ② ❝♦♠❜✐♥❛❝✐ó♥✱ ❧❛ ♠✐s♠❛ ❡s

r❡♣❛r❛❞❛ ✭❝♦♠♣❧❡t❛✮ ♦ ♠❡❥♦r❛❞❛ ♠❡❞✐❛♥t❡ ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s✳ ❊s r❡❝♦♠❡♥❞❛❜❧❡

❛♥❛❧✐③❛r s✐ ❧❛ ♠❡❥♦r❛ ❞❡❜❡ ❛♣❧✐❝❛rs❡ ❛ t♦❞❛s ❧❛s s♦❧✉❝✐♦♥❡s✱ ❞❛❞♦ ❡❧ t✐❡♠♣♦ ❝♦♠♣✉✲

t❛❝✐♦♥❛❧ ❛s♦❝✐❛❞♦ ② ❧❛ rá♣✐❞❛ ❝♦♥✈❡r❣❡♥❝✐❛ q✉❡ ♣✉❞✐❡r❛ ♦❝✉rr✐r✳

❆❝t✉❛❧✐③❛❝✐ó♥ ✭❘❡❢❡r❡♥❝❡ ❙❡t ❯♣❞❛t❡ ▼❡t❤♦❞✮✿ s❡ ❡♥❝❛r❣❛ ❞❡ ♠❛♥t❡♥❡r ❡❧ ❝♦♥❥✉♥t♦

❞❡ r❡❢❡r❡♥❝✐❛ q✉❡ ❝♦♥t✐❡♥❡ ❧❛s ❜ ♠❡❥♦r❡s s♦❧✉❝✐♦♥❡s ✭s❡❣ú♥ ❝❛❧✐❞❛❞ ② ❞✐✈❡rs✐❞❛❞✮✱

❡♥❝♦♥tr❛❞❛s ❤❛st❛ ❡❧ ♠♦♠❡♥t♦✳ ▲❛s ♣r✐♠❡r❛s ❜✴✷ ❝♦rr❡s♣♦♥❞❡♥ ❛ s♦❧✉❝✐♦♥❡s ❞❡ ❝❛✲

❧✐❞❛❞✱ s✐❡♥❞♦ ❧❛s r❡st❛♥t❡s ❧❛s ♠ás ❞✐✈❡rs❛s✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ r❡❢❡r❡♥❝✐❛

s❡ ❝♦♥str✉②❡ ❛ ♣❛rt✐r ❞❡ ❧❛ ❝♦❧❡❝❝✐ó♥ P✳ ▲✉❡❣♦✱ ❞❡ ❧❛s s♦❧✉❝✐♦♥❡s ❝♦♠❜✐♥❛❞❛s ② ❧✉❡❣♦

♠❡❥♦r❛❞❛s✳

●❡♥❡r❛❝✐ó♥ ❞❡ s✉❜❝♦♥❥✉♥t♦s ✭❙✉❜s❡t ●❡♥❡r❛t✐♦♥ ▼❡t❤♦❞✮✿ ❛ ♣❛rt✐r ❞❡❧ ❝♦♥❥✉♥t♦

❞❡ r❡❢❡r❡♥❝✐❛✱ ❣❡♥❡r❛ s✉❜❝♦♥❥✉♥t♦s ❞❡ s♦❧✉❝✐♦♥❡s q✉❡ ❧✉❡❣♦ s❡rá♥ ❝♦♠❜✐♥❛❞♦s✳ ❯♥❛



❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤ ✸✶

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

♣❛r❡❥❛s ❞❡ s♦❧✉❝✐♦♥❡s✳ ◆♦ ♦❜st❛♥t❡✱ ❡①✐st❡♥ ♣r♦♣✉❡st❛s ❞❡ tr❡s ♦ ♠ás s♦❧✉❝✐♦♥❡s✳

❈♦♠❜✐♥❛❝✐ó♥ ✭❙♦❧✉t✐♦♥ ❈♦♠❜✐♥❛t✐♦♥ ▼❡t❤♦❞✮✿ ❝r❡❛ ♥✉❡✈❛s s♦❧✉❝✐♦♥❡s ♠❡❞✐❛♥t❡ ❧❛

❝♦♠❜✐♥❛❝✐ó♥ ❞❡❧ s✉❜❝♦♥❥✉♥t♦ ❞❡ s♦❧✉❝✐♦♥❡s ♦❜t❡♥✐❞❛s ♣♦r ❡❧ ♠ét♦❞♦ ❛♥t❡r✐♦r✳ ❙❡

r❡❝♦♠✐❡♥❞❛ ❡❧ ✉s♦ ❞❡ ♠ét♦❞♦s ❞❡ ❝♦♠❜✐♥❛❝✐ó♥ ❛❧❡❛t♦r✐♦s ② ❞❡t❡r♠✐♥íst✐❝♦s✱ ❝♦♥❞✐✲

❝✐♦♥❛♥❞♦ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ✭❞❡ ❝❛❞❛ ♠ét♦❞♦✮ ❛ ❧❛ ❡❢❡❝t✐✈✐❞❛❞ ❡♥ ❧❛s s♦❧✉❝✐♦♥❡s ♦❜t❡♥✐❞❛s

❡♥ ❡❧ ♣❛s❛❞♦✳ ▲❛ ✐♥❝❧✉s✐ó♥ ❞❡ ❞✐✈❡rs♦s ♦♣❡r❛❞♦r❡s ♣❡r♠✐t❡ ✉♥❛ ♠❡❥♦r ❜úsq✉❡❞❛ ❞❡♥tr♦

❞❡❧ ❡s♣❛❝✐♦ ❞❡ s♦❧✉❝✐♦♥❡s✳

❊♥ ❡❧ ❈✉❛❞r♦ ✸✳✽✱ s❡ ♠✉❡str❛ ✉♥ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❞❡ ❧❛ ✈❡rs✐ó♥ ❜ás✐❝❛ ❞❡ ❙❝❛tt❡r ❙❡❛r❝❤

❬✺✶❪ ✐♥❝❧✉②❡♥❞♦ ❧♦s ♣❛rá♠❡tr♦s ❞❡ t❛♠❛ñ♦ ✭Ps✐③❡✮ ❞❡ ❧❛ ❝♦❧❡❝❝✐ó♥ ✐♥✐❝✐❛❧ ❞❡ s♦❧✉❝✐♦♥❡s ②

❞❡❧ ❝♦♥❥✉♥t♦ ❞❡ r❡❢❡r❡♥❝✐❛ ✭❜✮✳

❊♥ ❜❛s❡ ❛ ❧❛ ♣❧❛♥t✐❧❧❛ ② ❛ ❧❛ ✈❡rs✐ó♥ ❜ás✐❝❛ ❞❡ ❙❝❛tt❡r ❙❡❛r❝❤✱ ❡s ✐♠♣♦rt❛♥t❡ ♠❡♥❝✐♦♥❛r

❧❛ ♣♦s✐❜❧❡ ✐♥t❡r❛❝❝✐ó♥ ❝♦♥ ♦tr❛s ♠❡t❛❤❡✉ríst✐❝❛s✳ ❘❡s♣❡❝t♦ ❛❧ ♠ét♦❞♦ ❞❡ ❣❡♥❡r❛❝✐ó♥ ❞❡

s♦❧✉❝✐♦♥❡s✱ ❡❧ ✉s♦ ❞❡ ❚❛❜✉ ❙❡❛r❝❤ ♦ ●❘❆❙P ♣✉❡❞❡ ❝♦♥tr✐❜✉✐r ❛ ❧❛ ♦❜t❡♥❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s

✐♥✐❝✐❛❧❡s ❞✐✈❡rs❛s ② ❞❡ ❝❛❧✐❞❛❞✳ ❊♥ ❝✉❛♥t♦ ❛❧ ♠ét♦❞♦ ❞❡ ♠❡❥♦r❛✱ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❱◆❙

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

❝✉❛♥t♦ ❛❧ ♠ét♦❞♦ ❞❡ ❝♦♠❜✐♥❛❝✐ó♥✱ ❧❛ ✐♥t❡r❛❝❝✐ó♥ ❝♦♥ ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s ♣✉❡❞❡ ❢❛❝✐❧✐t❛r

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

❉❡s❞❡ s✉ ❛♣❛r✐❝✐ó♥✱ ❙❝❛tt❡r ❙❡❛r❝❤ ❤❛ s✐❞♦ ❛♣❧✐❝❛❞♦ ❡♥ ❞✐❢❡r❡♥t❡s ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐✲

♠✐③❛❝✐ó♥✳ ❊♥tr❡ ❡❧❧♦s✱ ♣r♦❜❧❡♠❛s ❞❡ t❛❧❡s ❝♦♠♦ ❛❣r✉♣❛♠✐❡♥t♦ ✭❬✷✾❪✱ ❬✾✺❪✱ ❬✶✶✸❪✮✱ r✉t❡♦ ❞❡

✈❡❤í❝✉❧♦s ❬✷✶❪✱ ♣❧❛♥✐✜❝❛❝✐ó♥ ❬✽✾❪✱ ♦r❞❡♥❛♠✐❡♥t♦ ❬✹✾❪ ② ❣r❛❢♦s ❬✷✵❪✳

✸✳✼✳ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤

Pr♦♣✉❡st♦ ♣♦r ❍❛♥s❡♥ ② ▼❧❛❞❡♥♦✈✐❝ ❬✶✷✵❪✱ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤ ✭❱◆❙✮ ❡s

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

❞❡ s♦❧✉❝✐♦♥❡s ❝♦♠♣❡t✐t✐✈❛s ♠❡❞✐❛♥t❡ ❡❧ ❝❛♠❜✐♦ s✐st❡♠át✐❝♦ ❞❡ ✈❡❝✐♥❞❛r✐♦s ✭t❛♠❜✐é♥ ❝♦♥♦✲

❝✐❞♦s ❝♦♠♦ ❡♥t♦r♥♦s✮✳ ❱◆❙ ❡①♣❧♦r❛ ✈❡❝✐♥❞❛r✐♦s ❞✐st❛♥t❡s ❞❡ ❧❛ s♦❧✉❝✐ó♥ ❛❝t✉❛❧ ❞❡ ♠❛♥❡r❛

✐♥❝r❡♠❡♥t❛❧✱ ② s❛❧t❛ ❞❡s❞❡ ❡❧ ♠✐s♠♦ ❛ ✉♥♦ ♥✉❡✈♦ s✐ s❡ ❤❛ ♦❜t❡♥✐❞♦ ✉♥❛ ♠❡❥♦r❛✳ ▲❛ ✐❞❡❛

❞❡trás ❞❡ ❱◆❙ ❡s ❡❧ ❝❛♠❜✐♦ ❞✐♥á♠✐❝♦ ❞❡ ✈❡❝✐♥❞❛r✐♦s ❞❡♥tr♦ ❞❡ ✉♥ ❛❧❣♦r✐t♠♦ ❞❡ ❜úsq✉❡❞❛

❧♦❝❛❧ ❬✹✹❪✳



✸✷ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

❈✉❛❞r♦ ✸✳✽✿ ❆❧❣♦r✐t♠♦ ❙❝❛tt❡r ❙❡❛r❝❤ ❜ás✐❝♦✳

♣r♦❝❡❞✉r❡ ❙❝❛tt❡r❙❡❛r❝❤✭Ps✐③❡✱ ❜ ✮

P ❂ ∅

❘❡❢❙❡t ❂ ∅

r❡♣❡❛t

① ❂ ❞✐✈❡rs✐❢✐❝❛t✐♦♥▼❡t❤♦❞✭P✮

①✬ ❂ ✐♠♣r♦✈❡♠❡♥t▼❡t❤♦❞✭①✮

✐❢ ① /∈ P t❤❡♥

P ❂ P
⋃

①✬

❡♥❞ ✐❢

✉♥t✐❧ |P | ❂ Ps✐③❡

❘❡❢❙❡t ❂ ✉♣❞❛t❡▼❡t❤♦❞✭P✱❜ ✮

♥❡✇❙♦❧✉t✐♦♥s ❂ ❚r✉❡

✇❤✐❧❡ ♥❡✇❙♦❧✉t✐♦♥s ❞♦

♥❡✇❙✉❜s❡ts ❂ ❣❡♥❡r❛t✐♦♥▼❡t❤♦❞✭❘❡❢❙❡t ✮

♥❡✇❙♦❧✉t✐♦♥s ❂ ❋❛❧s❡

✇❤✐❧❡ ♥❡✇❙✉❜s❡ts 6= ∅ ❞♦

s ❂ ♣♦♣✭♥❡✇❙✉❜s❡ts✮

① ❂ ❝♦♠❜✐♥❛t✐♦♥▼❡t❤♦❞✭s✮

①✬ ❂ ✐♠♣r♦✈❡♠❡♥t▼❡t❤♦❞✭①✮

❘❡❢❙❡t ❂ ✉♣❞❛t❡▼❡t❤♦❞✭❘❡❢❙❡t✱①✬✮

✐❢ ❘❡❢❙❡t ❤❛s ❝❤❛♥❣❡❞ t❤❡♥

♥❡✇❙♦❧✉t✐♦♥s ❂ ❚r✉❡

❡♥❞ ✐❢

❡♥❞ ✇❤✐❧❡

❡♥❞ ✇❤✐❧❡

r❡t✉r♥ ♣♦♣✭❘❡❢❙❡t ✮

❡♥❞ ♣r♦❝❡❞✉r❡

❱◆❙ s❡ ❜❛s❛ ❡♥ tr❡s ♣r✐♥❝✐♣✐♦s ❬✹✹❪✿

❯♥ ó♣t✐♠♦ ❧♦❝❛❧ ❝♦♥ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ❡str✉❝t✉r❛ ❞❡ ✈❡❝✐♥❞❛r✐♦✱ ♥♦ ♥❡❝❡s❛r✐❛♠❡♥t❡

❧♦ s❡❛ ❝♦♥ ♦tr❛✳

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



❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤ ✸✸

P❛r❛ ♠✉❝❤♦s ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✱ ❧♦s ó♣t✐♠♦s ❧♦❝❛❧❡s ❡stá♥ r❡❧❛t✐✈❛♠❡♥t❡

❝❡r❝❛ ✭❡♥tr❡ ❡❧❧♦s✮✳

❊♥ ❜❛s❡ ❛ ❧♦s ❞♦s ♣r✐♠❡r♦s ❤❡❝❤♦s✱ s❡ ❞❡s♣r❡♥❞❡ q✉❡ ❡s ♥❡❝❡s❛r✐♦ ✐♥❝♦r♣♦r❛r ✈❛r✐❛s

❡str✉❝t✉r❛s ✭♣❛r❛♠❡tr✐③❛❞❛s✮ ❞❡ ✈❡❝✐♥❞❛r✐♦s ❡♥ ❧♦s ❛❧❣♦r✐t♠♦s ❜❛s❛❞♦s ❡♥ ❱◆❙✱ ♣❛r❛ ♦❜✲

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

ó♣t✐♠♦s ❧♦❝❛❧❡s✱ ❡s ♣♦s✐❜❧❡ ❛❧❝❛♥③❛r ❡❧ ó♣t✐♠♦ ❣❧♦❜❛❧✳ ❉❛❞♦ q✉❡ ❡♥tr❡ ✉♥ ó♣t✐♠♦ ❧♦❝❛❧ ② ❡❧

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

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

s♦❧✉❝✐ó♥ ó♣t✐♠❛✳

❊♥ ❡❧ ❈✉❛❞r♦ ✸✳✾✱ s❡ ♠✉❡str❛ ✉♥ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❞❡ ❱◆❙ ❜ás✐❝♦ ❬✾✵❪✳

❈✉❛❞r♦ ✸✳✾✿ ❆❧❣♦r✐t♠♦ ❱◆❙ ❜ás✐❝♦✳

♣r♦❝❡❞✉r❡ ❜❛s✐❝❱◆❙✭✮

s❡❧❡❝t t❤❡ s❡t ♦❢ ♥❡✐❣❤❜♦r❤♦♦❞ str✉❝t✉r❡s Nk ∀k = 1, 2, . . . kmax

① ← ❋✐♥❞■♥✐t✐❛❧❙♦❧✉t✐♦♥✭✮

✇❤✐❧❡ t❡r♠✐♥❛t✐♦♥ ❝♦♥❞✐t✐♦♥ ♥♦t ♠❡t ❞♦

❦ ← ✶

❘❡♣❡❛t

①✬ ← ●❡♥❡r❛t❡❆t❘❛♥❞♦♠✭Nk(x)✮ ✭s❤❛❦✐♥❣ ♣❤❛s❡ ✮

①✑ ← ▲♦❝❛❧❙❡❛r❝❤✭①✬✮

✐❢ ❢✭①✑✮ < ❢✭①✮ t❤❡♥ ✭♠♦✈❡ ✮

① ← ①✑

❦ ← ✶ ✭s♠❛❧❧❡st ♥❡✐❣❤❜♦r❤♦♦❞ ✮

❡❧s❡

❦ ← ❦✰✶ ✭❧❛r❣❡r ♥❡✐❣❤❜♦r❤♦♦❞ ✮

❡♥❞ ✐❢

✉♥t✐❧ ❦❂kmax

❡♥❞ ✇❤✐❧❡

r❡t✉r♥ ①

❡♥❞ ♣r♦❝❡❞✉r❡

❊❧ ❡sq✉❡♠❛ ❜ás✐❝♦ ❞❡ ❱◆❙ t✐❡♥❡ tr❡s ❢❛s❡s✿

❆❣✐t❛❝✐ó♥ ✭❙❤❛❦✐♥❣✮✿ ❡♥ ❡st❛ ❢❛s❡ s❡ ♦❜t✐❡♥❡ ❧❛ s♦❧✉❝✐ó♥ x′ ∈ Nk(x)✱ ❧❛ ❝✉❛❧ ❡s ❣❡♥❡r❛✲

❞❛ ❡♥ ❢♦r♠❛ ❛❧❡❛t♦r✐❛✳ ❉❛❞❛ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ❡str✉❝t✉r❛ ❞❡ ✈❡❝✐♥❞❛r✐♦✱ ❣❡♥❡r❛r ✉♥❛



✸✹ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

s♦❧✉❝✐ó♥ s♦❜r❡ ✉♥ ✈❡❝✐♥❞❛r✐♦ ♠ás ❣r❛♥❞❡ ❝♦♥❞✉❝❡ ❛ ✉♥❛ ❜úsq✉❡❞❛ ✭❞❡s❞❡ ❧❛ s♦❧✉❝✐ó♥

❛❝t✉❛❧✮ ❞❡ s♦❧✉❝✐♦♥❡s ❞❡ ♠❛♥❡r❛ ❡st♦❝ást✐❝❛ ❬✷✻❪✳

❇úsq✉❡❞❛ ❧♦❝❛❧ ✭▲♦❝❛❧ ❙❡❛r❝❤✮✿ s❡ ❛♣❧✐❝❛♥ ❛❧❣♦r✐t♠♦s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ s♦❜r❡ ❧❛

s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧ x′✳ ▲♦s ♠✐s♠♦s ♥♦ ♥❡❝❡s❛r✐❛♠❡♥t❡ ❡stá♥ r❡str✐♥❣✐❞♦s ❛ ❧❛s ❡str✉❝t✉r❛s

❞❡ ✈❡❝✐♥❞❛r✐♦s ♣r♦♣✐♦s ❞❡ ❱◆❙ ✭♣♦r ❡❥❡♠♣❧♦✱ s❡ ❤❛♥ ✉s❛❞♦ ✶✲❖P❚ ② ❖❘✲❖P❚ ❡♥

♣r♦❜❧❡♠❛s ❞❡ ♣❧❛♥✐✜❝❛❝✐ó♥ ❬✻✹❪✮✳

▼♦✈✐♠✐❡♥t♦ ✭▼♦✈❡✮✿ ❆❧ ❝♦♠♣❛r❛r ✭❡❧ ✈❛❧♦r ❞❡ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ❞❡✮ ❧❛ s♦❧✉❝✐ó♥ ♦❜t❡♥✐✲

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

❙✐ ❡①✐st❡ ♠❡❥♦r❛✱ s❡ ❜✉s❝❛rá ✉♥❛ ♥✉❡✈❛ s♦❧✉❝✐ó♥ ❞❡s❞❡ ✉♥ ✈❡❝✐♥❞❛r✐♦ ♠ás ♣❡q✉❡ñ♦✳

P♦r ❧♦ t❛♥t♦✱ ❡s ♣r♦❜❛❜❧❡ q✉❡ s❡ ♦❜t❡♥❣❛ ✉♥❛ ♥✉❡✈❛ s♦❧✉❝✐ó♥ q✉❡ ♠❛♥t❡♥❣❛ ❜✉❡♥♦s

❛tr✐❜✉t♦s ❞❡❧ ó♣t✐♠♦ ❧♦❝❛❧ ✭Pr✐♥❝✐♣✐♦ ★✸✮✳ ❙✐ ♥♦ ♠❡❥♦r❛✱ s❡ ❜✉s❝❛rá ✉♥❛ ♥✉❡✈❛ s♦❧✉✲

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

s♦❧✉❝✐ó♥ ✭Pr✐♥❝✐♣✐♦ ★✶✮✳ ▲❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ♠♦✈❡rs❡ ❡♥tr❡ ✈❡❝✐♥❞❛r✐♦s ❡s ♣♦s✐❜❧❡ s✐ s❡

❞❡✜♥❡ ✉♥❛ ❡str✉❝t✉r❛ ❞❡ ✈❡❝✐♥❞❛r✐♦ ♣❛r❛♠❡tr✐③❛❞❛✳

▲♦s ❛❧❣♦r✐t♠♦s ❜❛s❛❞♦s ❡♥ ❱◆❙ ❞❡❜❡♥ ✐♥❝❧✉✐r ✈❛r✐❛s ❡str✉❝t✉r❛s ❞❡ ✈❡❝✐♥❞❛r✐♦s✱ ♣❛r❛

❞❡ ❡st❛ ♠❛♥❡r❛✱ ❛❧❝❛♥③❛r s♦❧✉❝✐♦♥❡s ✭❛❧ ♠❡♥♦s✮ ❝❡r❝❛♥❛s ❛❧ ó♣t✐♠♦ ❣❧♦❜❛❧ ✭Pr✐♥❝✐♣✐♦ ★✷✮✳

P❛r❛ ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❝♦♠♦ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❈✉❜r✐♠✐❡♥t♦ ❞❡ ❈♦♥❥✉♥t♦s ✭❙❡t ❈♦✲

✈❡r✐♥❣ Pr♦❜❧❡♠ ♦ ❙❈P✮✱ ✉♥❛ ❢♦r♠❛ ❞❡ r❡❛❧✐③❛r ♠♦✈✐♠✐❡♥t♦s ❡♥ ❡❧ ❡s♣❛❝✐♦ ❞❡ s♦❧✉❝✐♦♥❡s ❡s

❝❛♠❜✐❛♥❞♦ ❛❧❣✉♥♦s ❞❡ ❧♦s ❡❧❡♠❡♥t♦s q✉❡ ❝♦♥❢♦r♠❛♥ ❧❛ s♦❧✉❝✐ó♥ ✭r❡❝♦r❞❡♠♦s q✉❡ ❙❈P ❝♦♥✲

s✐st❡ ❝✉❜r✐r t♦❞❛s ❧❛s ✜❧❛s ❝♦♥ ❧❛ ♠❡♥♦r ❝❛♥t✐❞❛❞ ❞❡ ❝♦❧✉♠♥❛s ♣♦s✐❜❧❡✮✳ ❊st♦s ♠♦✈✐♠✐❡♥t♦s

♣❡r♠✐t❡♥ ♦❜t❡♥❡r ❞✐❢❡r❡♥t❡s ✈❡❝✐♥❞❛r✐♦s s✐ s❡ ♣❛r❛♠❡tr✐③❛♥ ❞❡t❡r♠✐♥❛❞♦s ❛s♣❡❝t♦s r❡❧❛✲

❝✐♦♥❛❞♦s ❝♦♥ ❧♦s ❝❛♠❜✐♦s✱ ❝♦♠♦ ♣♦r ❡❥❡♠♣❧♦✱ ✜❥❛♥❞♦ ♦ ❛❝♦t❛♥❞♦ ❡❧ ♥ú♠❡r♦ ❞❡ ❡❧❡♠❡♥t♦s

✭❝♦❧✉♠♥❛s✱ ❡♥ ❡st❡ ❝❛s♦✮ ❞❡ ❧❛ s♦❧✉❝✐ó♥ q✉❡ s❡ ♣✉❡❞❡♥ ❝❛♠❜✐❛r✳ ❊s ❛sí q✉❡ ✉♥❛ ❡str✉❝t✉r❛

❞❡ ✈❡❝✐♥❞❛r✐♦ ♣❛r❛♠❡tr✐③❛❞❛ ♣❛r❛ ❙❈P ❡s ❡❧ ❑✲■♥t❡r❝❛♠❜✐♦ ✭❦✲❊①❝❤❛♥❣❡✮✱ ❡❧ ❝✉❛❧ ❝♦♥✲

s✐st❡ ❡♥ ✐♥t❡r❝❛♠❜✐❛r ❦ ❝♦❧✉♠♥❛s ❞❡ ❧❛ s♦❧✉❝✐ó♥ ♣♦r ♦tr❛s ❦ ❝♦❧✉♠♥❛s q✉❡ ♥♦ ❧♦ ❡stá♥✱

♦❜t❡♥✐é♥❞♦s❡ ❡♥t♦♥❝❡s ❧♦s ✈❡❝✐♥❞❛r✐♦s ❦✲és✐♠♦s ❞❡ ❧❛ s♦❧✉❝✐ó♥ ① ❝♦♥ ❦❂✶✱✷✱ ✳ ✳ ✳ ✱ kmax✳

❱◆❙ ❤❛ s✐❞♦ ❛♣❧✐❝❛❞♦ ❛ ❞✐❢❡r❡♥t❡s ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ t❛❧❡s ❝♦♠♦ ❛❣r✉♣❛♠✐❡♥t♦

✭❬✹✷❪✱ ❬✾✶❪✮✱ r✉t❡♦ ❞❡ ✈❡❤í❝✉❧♦s ✭❬✻✻❪✱ ❬✾✽❪✮✱ ♣❧❛♥✐✜❝❛❝✐ó♥ ❬✹✻❪✱ ♦r❞❡♥❛♠✐❡♥t♦ ❬✹✹❪ ② ❣r❛❢♦s

❬✷✻❪✳



❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤ ✸✺

✸✳✼✳✶✳ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❉❡s❝❡♥t

▲❛ ✈❡rs✐ó♥ ❜ás✐❝❛ ❞❡ ❱◆❙ ✭♦ ❘❡❞✉❝❡❞ ❱◆❙✮ ❤❛ r❡s✉❧t❛❞♦ út✐❧ ❡♥ ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛✲

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

❝♦st♦s❛ ❬✻✹❪✳

❈✉❛♥❞♦ ❡st♦ ♥♦ ♦❝✉rr❡✱ ❡s r❡❝♦♠❡♥❞❛❜❧❡ ❝♦♥s✐❞❡r❛r ♦tr❛s ❛❧t❡r♥❛t✐✈❛s✳ ❊♥ ❣❡♥❡r❛❧✱ ❧❛s

❡①t❡♥s✐♦♥❡s r❡❛❧✐③❛❞❛s ❛ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤✱ ❡stá♥ ♠❛②♦r♠❡♥t❡ ❡♥❢♦❝❛❞❛s ❛ ❧❛

❢❛s❡ ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧✱ s✐❡♥❞♦ ❱◆❉ ✉♥ ❝❧❛r♦ ❡❥❡♠♣❧♦✳ ❱◆❉ ❡s ✉♥ ♣r♦❝❡❞✐♠✐❡♥t♦ ❞❡ ♠❡❥♦r❛

✐t❡r❛t✐✈♦✱ ❞♦♥❞❡ ❡❧ ❝❛♠❜✐♦ s✐st❡♠át✐❝♦ ❞❡ ✈❡❝✐♥❞❛r✐♦s ② ❧❛ ♦❜t❡♥❝✐ó♥ ❞❡❧ ó♣t✐♠♦ ❧♦❝❛❧ ❞❡❧

✈❡❝✐♥❞❛r✐♦ ❦✲és✐♠♦✱ s❡ r❡❛❧✐③❛ ❞❡ ♠❛♥❡r❛ ❞❡t❡r♠✐♥íst✐❝❛ ✭❬✷✻❪✱ ❬✻✹❪✮✳ ❊♥ ♣❛rt✐❝✉❧❛r✱ ❛♥t❡s

❞❡ ❞✐✈❡rs✐✜❝❛r ♦ ✐♥t❡♥s✐✜❝❛r ❧❛ ❜úsq✉❡❞❛ ❞❡ s♦❧✉❝✐♦♥❡s✱ s❡ ❞❡❜❡ ❣❡♥❡r❛r ✉♥❛ s♦❧✉❝✐ó♥ ❡♥

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

❡♥ ❡st❛ ❢❛s❡✱ ❞♦♥❞❡ ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s ❡s♣❡❝í✜❝♦s ❞❡❧ ♣r♦❜❧❡♠❛ ✉ ♦tr❛s ♠❡t❛❤❡✉ríst✐❝❛s

♣r✐♥❝✐♣❛❧♠❡♥t❡ ♦r✐❡♥t❛❞❛s ❛ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s✱ ❥✉❡❣❛♥ ✉♥ r♦❧ ✐♠♣♦rt❛♥t❡✳

❊♥ ❡❧ ❈✉❛❞r♦ ✸✳✶✵✱ s❡ ♠✉❡str❛ ✉♥ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❞❡ ❱◆❉✳

❈✉❛❞r♦ ✸✳✶✵✿ ❆❧❣♦r✐t♠♦ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❉❡s❝❡♥t✳

♣r♦❝❡❞✉r❡ ❱◆❉✭✮

s❡❧❡❝t t❤❡ s❡t ♦❢ ♥❡✐❣❤❜♦r❤♦♦❞ str✉❝t✉r❡s Nk ∀k = 1, 2, . . . , kmax

① ← ❋✐♥❞■♥✐t✐❛❧❙♦❧✉t✐♦♥✭✮

✇❤✐❧❡ t❡r♠✐♥❛t✐♦♥ ❝♦♥❞✐t✐♦♥ ♥♦t ♠❡t ❞♦

❦ ← ✶

❘❡♣❡❛t

①✬ ← ❇❡st■♠♣r♦✈❡♠❡♥t✭Nk(x)✮

✐❢ ❢✭①✬✮ < ❢✭①✮ t❤❡♥

① ← ①✬

❦ ← ✶

❡❧s❡

❦ ← ❦✰✶

❡♥❞ ✐❢

✉♥t✐❧ ❦❂kmax

❡♥❞ ✇❤✐❧❡

r❡t✉r♥ ①

❡♥❞ ♣r♦❝❡❞✉r❡



✸✻ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

✸✳✼✳✷✳ ❖tr❛s ❊①t❡♥s✐♦♥❡s ❞❡ ❱◆❙

❊♥ ❧❛ ❧✐t❡r❛t✉r❛ s❡ ❤❛♥ ♣r♦♣✉❡st♦ ❞✐❢❡r❡♥t❡s ❡①t❡♥s✐♦♥❡s ❞❡ ❱◆❙✱ ❡♥ ❜❛s❡ ❛ ❧❛s tr❡s

❢❛s❡s ♣r✐♥❝✐♣❛❧❡s✿

❆❣✐t❛❝✐ó♥ ✭❙❤❛❦✐♥❣✮✿ ❡♥ ❧✉❣❛r ❞❡ ❣❡♥❡r❛r ✉♥❛ s♦❧✉❝✐ó♥ ❛❧ ❛③❛r q✉❡ s❡❛ s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧

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

❇úsq✉❡❞❛ ❧♦❝❛❧ ✭▲♦❝❛❧ ❙❡❛r❝❤✮✿ ❛❞❡♠ás ❞❡ ❧❛ ✐♥❝❧✉s✐ó♥ ❞❡ ❛❧❣♦r✐t♠♦s ❝♦♥str✉❝t✐✈♦s ②

❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ ❛ ♥✐✈❡❧ ❞❡t❡r♠✐♥íst✐❝♦ ✭❱◆❉✮✱ ✉♥❛ ❡①t❡♥s✐ó♥ ❞❡ ❱◆❙ ♣r♦♣♦♥❡ ❧❛

❞❡s❝♦♠♣♦s✐❝✐ó♥ ❞❡❧ ♣r♦❜❧❡♠❛ ❡♥ ❞♦s ♥✐✈❡❧❡s✳ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❉❡❝♦♠♣♦s✐t✐♦♥

❙❡❛r❝❤ ✭❱◆❉❙✮ ♣r♦♣♦♥❡ q✉❡ ❧❛ ❝r❡❛❝✐ó♥ ② ♠❡❥♦r❛ ❞❡ s♦❧✉❝✐♦♥❡s s❡ r❡❛❧✐❝❡ s♦❜r❡ ✉♥

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

❧❛ s♦❧✉❝✐ó♥ ❛❝t✉❛❧ ② ♠♦❞✐✜❝❛r ♦tr♦s ✭❣r❛❝✐❛s ❛ ❧❛ ❡①♣❧♦r❛❝✐ó♥ r❡❞✉❝✐❞❛✮ q✉❡ ♣❡r♠✐t❛♥

❛❧❝❛♥③❛r ♠❡❥♦r❡s s♦❧✉❝✐♦♥❡s✳ ❇✉r❦❡ ❡t ❛❧✳ ❬✶✽❪ ❤❛♥ ♣r♦♣✉❡st♦ ✉♥ ❛❧❣♦r✐t♠♦ ❱◆❙ ♣❛r❛

✉♥ ♣r♦❜❧❡♠❛ ❞❡ ♣❧❛♥✐✜❝❛❝✐ó♥ ❞❡ ♣❡rs♦♥❛❧✱ ❡❧ ❝✉❛❧ ✐♥❝♦r♣♦r❛ ❞✐❢❡r❡♥t❡s ❡str✉❝t✉r❛s

❞❡ ✈❡❝✐♥❞❛r✐♦s q✉❡ ✐♥❝♦r♣♦r❛♥ ❡st❛s ✐❞❡❛s✳

▼♦✈✐♠✐❡♥t♦ ✭▼♦✈❡✮✿ ❡♥ ❧✉❣❛r ❞❡ ❛❝❡♣t❛r ✭s✐❡♠♣r❡✮ ✉♥❛ ♠❡❥♦r s♦❧✉❝✐ó♥✱ ❞❡ ♠❛♥❡r❛

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

♣r♦♣✐❡❞❛❞❡s t❛❧ q✉❡ ❞❡s❞❡ ❧❛ ♠✐s♠❛ s❡ ♣✉❡❞❛ ❛❧❝❛♥③❛r ✉♥ ♠❡❥♦r ó♣t✐♠♦ ❧♦❝❛❧✳ ❉❡

❙♦✉③❛ ② ▼❛rt✐♥s ❬✷✻❪ ❤❛♥ ♣r♦♣✉❡st♦ ✉♥ ❛❧❣♦r✐t♠♦ ❙❦❡✇❡❞ ❱◆❙ ♣❛r❛ ✉♥ ♣r♦❜❧❡♠❛

❞❡ ár❜♦❧ ♠í♥✐♠♦✱ ❛❧❝❛♥③❛♥❞♦ r❡s✉❧t❛❞♦s ❝♦♠♣❡t✐t✐✈♦s✳

❖tr❛ ✈❛r✐❛♥t❡ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❝♦♥ ❡❧ ❛✈❛♥❝❡ ✐♥❝r❡♠❡♥t❛❧ ❞❡ ✈❡❝✐♥❞❛r✐♦s

✭❦ ← ❦✰❦step✮ ② ❡❧ r❛♥❣♦ ❞❡ ❧♦s ♠✐s♠♦s ✭❬kmin, kmax❪✮✳ ❍❛❝✐❡♥❞♦ ✉s♦ ❞❡ ♠❡♠♦r✐❛

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

❱◆❙ ♠ás r♦❜✉st♦s✳

P❛r❛ ♠ás ❞❡t❛❧❧❡s ❞❡ ❱◆❙✱ s❡ r❡❝♦♠✐❡♥❞❛ ❬✻✹❪✳



❇✐❛s❡❞ ❘❛♥❞♦♠ ❑❡② ●❡♥❡t✐❝ ❆❧❣♦r✐t❤♠ ✸✼

✸✳✽✳ ❇✐❛s❡❞ ❘❛♥❞♦♠ ❑❡② ●❡♥❡t✐❝ ❆❧❣♦r✐t❤♠

✸✳✽✳✶✳ ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s

▲♦s ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s ✭●❆✮ s♦♥ ❛❧❣♦r✐t♠♦s ❛❞❛♣t❛t✐✈♦s ❜❛s❛❞♦s ❡♥ ❡❧ ♣r♦❝❡s♦ ❣❡♥é✲

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

♠ás ❢✉❡rt❡s ❞❡ ✉♥❛ ❡s♣❡❝✐❡ ✭❡♥ ❡❧ t✐❡♠♣♦✮ ❝♦♥ ❡❧ ✐♥t❡r❝❛♠❜✐♦ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ❡♥ ❢♦r♠❛

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

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

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

❛❧❣✉♥♦s ❞❡ ❧♦s ♥✉❡✈♦s ✐♥❞✐✈✐❞✉♦s s✉❢r❛♥ ❛❧❣✉♥❛ ♠♦❞✐✜❝❛❝✐ó♥ ❡♥ s✉ ❝♦♠♣♦s✐❝✐ó♥✳

❆ ❞✐❢❡r❡♥❝✐❛ ❞❡ ♦tr❛s ♠❡t❛❤❡✉ríst✐❝❛s✱ ❧♦s ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s ❬✺✷❪✿

❚r❛❜❛❥❛♥ s♦❜r❡ s♦❧✉❝✐♦♥❡s ❝♦❞✐✜❝❛❞❛s ❡♥ ✉♥ ❛❧❢❛❜❡t♦ ✜♥✐t♦✳

❇✉s❝❛♥ ❧❛ ♠❡❥♦r s♦❧✉❝✐ó♥ ❛ ✉♥ ♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✱ ♠❛♥t❡♥✐❡♥❞♦ ✉♥❛ ♣♦❜❧❛❝✐ó♥

❞❡ s♦❧✉❝✐♦♥❡s✳

❯s❛♥ ❧❛ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ❞❡❧ ♣r♦❜❧❡♠❛ ❝♦♠♦ ♠❡❞✐❞❛ ❞❡ s❡❧❡❝❝✐ó♥ ② ❝♦♠♣❛r❛❝✐ó♥ ❞❡

s♦❧✉❝✐♦♥❡s✳

◆♦ ✉s❛♥ ♦tr❛ ✐♥❢♦r♠❛❝✐ó♥ ❛✉①✐❧✐❛r✳

❯s❛♥ r❡❣❧❛s ❞❡ tr❛♥s✐❝✐ó♥ ♣r♦❜❛❜✐❧íst✐❝❛s ❡♥ ✈❡③ ❞❡ ❞❡t❡r♠✐♥íst✐❝❛s✳

❈❛❞❛ s♦❧✉❝✐ó♥ ❛ ✉♥ ♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ t❛♠❜✐é♥ ❧❧❛♠❛❞❛ ✐♥❞✐✈✐❞✉♦ ♦ ❝r♦♠♦s♦♠❛✱

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

▲❛ ❢♦r♠❛ ❞❡ ❝♦❞✐✜❝❛r ✉♥❛ s♦❧✉❝✐ó♥ ❡♥ ✉♥❛ ❝❛❞❡♥❛ ❞❡ ❜✐ts ♦ ♥ú♠❡r♦s ❡♥t❡r♦s✱ ✈❛rí❛ ❞❡

✉♥ ♣r♦❜❧❡♠❛ ❛ ♦tr♦ ✭♣♦r ❡❥❡♠♣❧♦✱ ❧❛ ❝♦❞✐✜❝❛❝✐♦♥ ❞❡ s♦❧✉❝✐♦♥❡s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡❧

❱✐❛❥❛♥t❡ ♣♦❞rí❛ r❡❛❧✐③❛rs❡ ✉s❛♥❞♦ ❣❡♥❡s ❝♦♥ ✈❛❧♦r❡s ❡♥t❡r♦s❀ ❡♥ ❝❛♠❜✐♦✱ ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛

❞❡ ❈✉❜r✐♠✐❡♥t♦ ❞❡ ❈♦♥❥✉♥t♦s✱ ❜❛st❛ ❝♦♥ ❣❡♥❡s ❜✐♥❛r✐♦s✮✳ ❇ás✐❝❛♠❡♥t❡✱ ❧❛ ❝♦❞✐✜❝❛❝✐ó♥

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

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

❊♥ ✈❡③ ♠♦✈❡rs❡ ❞❡s❞❡ ✉♥❛ s♦❧✉❝✐ó♥ ✭♣✉♥t♦✮ ❛ ♦tr❛ ❞❡♥tr♦ ❡♥ ❡❧ ❡s♣❛❝✐♦ ❞❡ s♦❧✉❝✐♦♥❡s✱ ❧♦s

❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s tr❛❜❛❥❛♥ ❝♦♥ ✉♥❛ ❝♦❧❡❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s t❛♠❜✐é♥ ❧❧❛♠❛❞❛ ♣♦❜❧❛❝✐ó♥✱



✸✽ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

r❡❞✉❝✐❡♥❞♦ ❞❡ ❡st❛ ♠❛♥❡r❛ ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ❡①♣❧♦r❛r ❡♥ ✉♥ ár❡❛ r❡❞✉❝✐❞❛ ❞❡❧ ❡s♣❛❝✐♦ ❞❡

s♦❧✉❝✐♦♥❡s ② q✉❡❞❛r ❛tr❛♣❛❞♦ ❡♥ ❛❧❣ú♥ ó♣t✐♠♦ ❧♦❝❛❧✳

❊♥ ❝❛❞❛ ✐t❡r❛❝✐ó♥ ❞❡❧ ❛❧❣♦r✐t♠♦✱ s❡ ❛♣❧✐❝❛♥ ✈❛r✐♦s ♦♣❡r❛❞♦r❡s ❧♦s ❝✉❛❧❡s ❝♦♥str✉②❡♥ ✉♥❛

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

❧♦s ❣❡♥❡s ❞❡ ❧♦s ♠❡❥♦r❡s ✐♥❞✐✈✐❞✉♦s ✭♠❡❥♦r❡s s♦❧✉❝✐♦♥❡s✮✳ ▲♦s ♦♣❡r❛❞♦r❡s ❣❡♥ét✐❝♦s ♠ás

✉s❛❞♦s s♦♥ r❡♣r♦❞✉❝❝✐ó♥✱ ❝r✉③❛♠✐❡♥t♦ ② ♠✉t❛❝✐ó♥✳

▲❛ r❡♣r♦❞✉❝❝✐ó♥ ❡s ❡❧ ♣r♦❝❡s♦ ❞❡ ♣r❡s❡r✈❛r ✭❝♦♣✐❛r✮ ❧♦s ♠❡❥♦r❡s ✐♥❞✐✈✐❞✉♦s ✭s♦❧✉❝✐♦♥❡s✮

❞❡ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❛❝t✉❛❧ ✭❡♥ ❧❛ ♥✉❡✈❛✮✳ ▲❛ s❡❧❡❝❝✐ó♥ ❞❡ ❧♦s ♠❡❥♦r❡s ✐♥❞✐✈✐❞✉♦s s❡ r❡❛❧✐③❛

❛♥❛❧✐③❛♥❞♦ ❧♦s ✜t♥❡ss ❝♦rr❡s♣♦♥❞✐❡♥t❡s ✭✈❛❧♦r❡s ❞❡✈✉❡❧t♦s ♣♦r ❧❛ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ❞❡❧ ♣r♦✲

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

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

♠ás ❤✐❥♦s ✭♦✛s♣r✐♥❣✮✳ ❊❧ ❝r✉③❛♠✐❡♥t♦ ♣✉❡❞❡ r❡❛❧✐③❛rs❡ ❡♥ ❢♦r♠❛ ❞❡t❡r♠✐♥íst✐❝❛ ✐♥❞✐❝❛♥❞♦

❡①♣❧í❝✐t❛♠❡♥t❡ ❝✉❛❧❡s ❣❡♥❡s ❞❡ ❝❛❞❛ ♣❛❞r❡ ❢♦r♠❛rá♥ ♣❛rt❡ ❞❡❧ ❤✐❥♦ ✭♥✉❡✈❛ s♦❧✉❝✐ó♥✮ ♦ ❜✐❡♥

❡♥ ❢♦r♠❛ ❛❧❡❛t♦r✐❛✱ ❝♦♥str✉②❡♥❞♦ ❛❧ ♥✉❡✈♦ ✐♥❞✐✈✐❞✉♦ ♠❡❞✐❛♥t❡ ❧❛ s❡❧❡❝❝✐ó♥ ❛❧❡❛t♦r✐❛ ❞❡ ❣❡✲

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

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

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

❊♥ ❡❧ ❈✉❛❞r♦ ✸✳✶✶✱ s❡ ♠✉❡str❛ ✉♥ ❆❧❣♦r✐t♠♦ ●❡♥ét✐❝♦ ❞❡ ❛❧t♦ ♥✐✈❡❧✳

✸✳✽✳✷✳ ❘❛♥❞♦♠ ❑❡② ●❡♥❡t✐❝ ❆❧❣♦r✐t❤♠

❇❡❛♥ ❬✶✵❪ ♣r♦♣✉s♦ ❡❧ ✉s♦ ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ♣❛r❛ ❧❛ ❝♦❞✐✜❝❛❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ❡♥

❛❧❣♦r✐t♠♦s ❜❛s❛❞♦s ❡♥ ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s✳ ❘❛♥❞♦♠ ❑❡② ●❡♥❡t✐❝ ❆❧❣♦r✐t❤♠ ✭❘❑●❆✮

r❡♣r❡s❡♥t❛ ❝❛❞❛ s♦❧✉❝✐ó♥ ❛ ✉♥ ♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✱ ❝♦♠♦ ✉♥❛ ❝❛❞❡♥❛ ❞❡ ♥ú♠❡r♦s

❛❧❡❛t♦r✐♦s r❡❛❧❡s ❡♥ ❡❧ ✐♥t❡r✈❛❧♦ ❬✵✱✶✮ ✭t❛♠❜✐é♥ ❝♦♥♦❝✐❞♦ ❡♥ ❧❛ ❧✐t❡r❛t✉r❛ ❝♦♠♦ ❛❧❢❛❜❡t♦ ❞❡

❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ❯✭✵✱✶✮✮✳ P❛r❛ ♦❜t❡♥❡r ❧❛ s♦❧✉❝✐ó♥ r❡❛❧ ❛❧ ♣r♦❜❧❡♠❛ ②✴♦ ❝♦♥♦❝❡r s✉ ✈❛❧♦r

❞❡ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦✱ ❧❛ ❝❛❞❡♥❛ ❞❡ ✈❛❧♦r❡s ❛❧❡❛t♦r✐♦s r❡s♣❡❝t✐✈❛ ❞❡❜❡ s❡r ❞❡❝♦❞✐✜❝❛❞❛✳

❘❑●❆ r❡s✉❧t❛ ❝♦♥✈❡♥✐❡♥t❡ ❡♥ ❛q✉❡❧❧♦s ♣r♦❜❧❡♠❛s q✉❡ r❡q✉✐❡r❡♥ ♣❡r♠✉t❛❝✐♦♥❡s ❞❡

♥ú♠❡r♦s ❡♥t❡r♦s ② ❞♦♥❞❡ ❛❧ ❛♣❧✐❝❛rs❡ ❧♦s ♦♣❡r❛❞♦r❡s ❞❡ ❝r✉③❛♠✐❡♥t♦ s♦❜r❡ ❞♦s s♦❧✉❝✐♦♥❡s

♣❛❞r❡✱ ♣✉❡❞❡♥ ♦❜t❡♥❡rs❡ ✭s♦❧✉❝✐♦♥❡s✮ ❤✐❥♦s ✐♥❢❛❝t✐❜❧❡s ❬✶✶✹❪✳ ❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ s❡ ❡①♣❧✐❝❛rá

❡st❛ s✐t✉❛❝✐ó♥ ♠❡❞✐❛♥t❡ ✉♥ ❡❥❡♠♣❧♦✳



❇✐❛s❡❞ ❘❛♥❞♦♠ ❑❡② ●❡♥❡t✐❝ ❆❧❣♦r✐t❤♠ ✸✾

❈✉❛❞r♦ ✸✳✶✶✿ ❆❧❣♦r✐t♠♦ ●❡♥ét✐❝♦✳

♣r♦❝❡❞✉r❡ ●❆✭★P♦♣✱ ★●❡♥s✮

P♦♣✉❧❛t✐♦♥❂④⑥

●❡♥❡r❛t❡P♦♣✉❧❛t✐♦♥✭P♦♣✉❧❛t✐♦♥✱★P♦♣✮

❋♦r ✐ ❂ ✶ . . . ★●❡♥s

❲❤✐❧❡ st♦♣♣✐♥❣ ❝r♦ss♦✈❡r ❝r✐t❡r✐❛ ✐s ♥♦t s❛t✐s❢✐❡❞ ❞♦

❝❤✱♣✶✱♣✷❂❙❡❧❡❝tP❛r❡♥ts✭P♦♣✉❧❛t✐♦♥✱★P♦♣✮

P♦♣✉❧❛t✐♦♥❬❝❤❪❂❈r♦ss♦✈❡r✭P♦♣✉❧❛t✐♦♥❬♣✶❪✱P♦♣✉❧❛t✐♦♥❬♣✶❪✮

❡♥❞ ✇❤✐❧❡

✇❤✐❧❡ st♦♣♣✐♥❣ ♠✉t❛t✐♦♥ ✐s ♥♦t s❛t✐s❢✐❡❞ ❞♦

♠✉t❂❙❡❧❡❝t❈❤r♦♠♦s♦♠❡✭P♦♣✉❧❛t✐♦♥✱★P♦♣✮

P♦♣✉❧❛t✐♦♥❬♠✉t❪❂▼✉t❛t❡✭P♦♣✉❧❛t✐♦♥❬♠✉t❪✮

❡♥❞ ✇❤✐❧❡

❡♥❞ ❢♦r

❇❡st❂❙❡❧❡❝t❇❡st❈❤r♦♠♦s♦♠❡✭P♦♣✉❧❛t✐♦♥✱★P♦♣✮

r❡t✉r♥ P♦♣✉❧❛t✐♦♥❬❇❡st❪

❡♥❞ ♣r♦❝❡❞✉r❡

❈♦♥s✐❞❡r❡♠♦s ❡❧ ♣r♦❜❧❡♠❛ ❞❡❧ ❱✐❛❥❛♥t❡ ② ✉♥❛ ✐♥st❛♥❝✐❛ ❞❡ ❞❛t♦s ❝♦♥ ✻ ♥♦❞♦s✳ ❙❡❛♥ ✷

s♦❧✉❝✐♦♥❡s ❢❛❝t✐❜❧❡s

P❛r❡♥t ✶✿ ✶→✷→✸→✹→✺→✻

P❛r❡♥t ✷✿ ✻→✶→✺→✹→✸→✷

② ✉♥ ♦♣❡r❛❞♦r ❞❡ ❝r✉③❛♠✐❡♥t♦ ❝♦♥ ✉♥ ♣✉♥t♦ ❞❡ ❝♦rt❡ ✭❖♥❡✲P♦✐♥t ❈r♦ss♦✈❡r✮✳ ❙✐ ❛♣❧✐❝❛♠♦s

❞✐❝❤♦ ♦♣❡r❛❞♦r s♦❜r❡ ❧❛s ❞♦s s♦❧✉❝✐♦♥❡s ♣❛r❛ ♦❜t❡♥❡r ✉♥❛ ♥✉❡✈❛ ✭❝❤✐❧❞✮✱ ést❛ ♣✉❡❞❡ r❡s✉❧t❛r

✐♥❢❛❝t✐❜❧❡ t❛❧ ❝♦♠♦ s❡ ♦❜s❡r✈❛ ❡♥ ❧❛ ❋✐❣✳ ✸✳✷✳

❋✐❣✉r❛ ✸✳✷✿ ❆❧❣♦r✐t♠♦ ●❡♥ét✐❝♦✿ s♦❧✉❝✐ó♥ ✐♥❢❛❝t✐❜❧❡ ❛❧ ❝r✉③❛r ❞♦s s♦❧✉❝✐♦♥❡s ❢❛❝t✐❜❧❡s✳



✹✵ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

❆❤♦r❛✱ ♦❜t❡♥❣❛♠♦s ❞♦s ❝❛❞❡♥❛s ❞❡ ✻ ♥ú♠❡r♦s ❛❧❡❛t♦r✐♦s r❡❛❧❡s ❡♥ ❡❧ ✐♥t❡r✈❛❧♦ ❬✵✱✶✮✱

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

✉♥❛ s♦❧✉❝✐ó♥ ✭❡♥ ❡st❡ ❝❛s♦ ♣❛r❛ ❚❙P✮ ❝♦♥ ♥ú♠❡r♦s ❛❧❡❛t♦r✐♦s ❬✶✵❪✳

❘❛♥❞♦♠ ❑❡②s ✶✿ ✭✵✳✶✺✱ ✵✳✽✾✱ ✵✳✹✷✱ ✵✳✷✼✱ ✵✳✻✸✱ ✵✳✶✶✮

❘❛♥❞♦♠ ❑❡②s ✷✿ ✭✵✳✹✽✱ ✵✳✼✶✱ ✵✳✽✸✱ ✵✳✼✹✱ ✵✳✸✺✱ ✵✳✺✻✮

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

♠❛♣❡♦ ❡♥tr❡ ♣♦s✐❝✐ó♥ ✐✲és✐♠❛ ❞❡❧ ♥ú♠❡r♦ ❛❧❡❛t♦r✐♦ ✭❡♥ ❧❛ ❝❛❞❡♥❛ ♦r✐❣✐♥❛❧✮ ② ❧❛ ♣♦s✐❝✐ó♥ q✉❡

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

♣❛r❛ ❚❙P✳

❘❛♥❞♦♠ ❑❡②s ✶ ✭♦r❞❡♥❛❞❛✮✿ ✭✵✳✶✶✱ ✵✳✶✺✱ ✵✳✷✼✱ ✵✳✹✷✱ ✵✳✻✸✱ ✵✳✽✾✮

P❛r❡♥t ✶ ✭s♦❧✉❝✐ó♥ ❚❙P✮✿ ✻→✶→✹→✸→✺→✷

❘❛♥❞♦♠ ❑❡②s ✷ ✭♦r❞❡♥❛❞❛✮✿ ✭✵✳✸✺✱ ✵✳✹✽✱ ✵✳✺✻✱ ✵✳✼✶✱ ✵✳✼✹✱ ✵✳✽✸✮

P❛r❡♥t ✷ ✭s♦❧✉❝✐ó♥ ❚❙P✮✿ ✺→✶→✻→✷→✹→✸

❙✐ ❛♣❧✐❝❛♠♦s ♥✉❡✈❛♠❡♥t❡ ❡❧ ♦♣❡r❛❞♦r ❖♥❡✲P♦✐♥t ❈r♦ss♦✈❡r s♦❜r❡ ❧❛s ❞♦s ❝❛❞❡♥❛s ❛❧❡❛✲

t♦r✐❛s ② ❧❛ ♥✉❡✈❛ ❝❛❞❡♥❛ ❡s ♦r❞❡♥❛❞❛ ✭② s❡ r❡❛❧✐③❛ ❡❧ ♠❛♣❡♦ ❝♦rr❡s♣♦♥❞✐❡♥t❡✮✱ s❡ ♦❜t✐❡♥❡

✉♥❛ s♦❧✉❝✐ó♥ ❢❛❝t✐❜❧❡ ♣❛r❛ ❚❙P t❛❧ ❝♦♠♦ s❡ ♠✉❡str❛ ❡♥ ❧❛ ❋✐❣✳ ✸✳✸✳

❋✐❣✉r❛ ✸✳✸✿ ❘❑●❆✿ s♦❧✉❝✐ó♥ ❢❛❝t✐❜❧❡ ❡♥tr❡ ❞♦s ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s✳

▲❛ ❝❛r❛❝t❡ríst✐❝❛ ♠ás r❡❧❡✈❛♥t❡ ❞❡ ❧❛s ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ❡s q✉❡ ❧♦s ♥✉❡✈♦s

✐♥❞✐✈✐❞✉♦s ✭♦❜t❡♥✐❞♦s ♣♦r ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡❧ ♦♣❡r❛❞♦r ❝r✉③❛♠✐❡♥t♦✮ ♣r♦♣♦r❝✐♦♥❡♥ s♦❧✉❝✐♦♥❡s

❢❛❝t✐❜❧❡s ❛❧ ♣r♦❜❧❡♠❛ ❡♥ ❝✉❡st✐ó♥ ❬✶✵❪✳



❇✐❛s❡❞ ❘❛♥❞♦♠ ❑❡② ●❡♥❡t✐❝ ❆❧❣♦r✐t❤♠ ✹✶

P❛r❛ ❛♣❧✐❝❛r ❘❑●❆ ❛ ✉♥ ♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✱ ✐♥✐❝✐❛❧♠❡♥t❡ s❡ ❞❡❜❡ ❝♦♥str✉✐r ✉♥❛

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

♦♣❡r❛❞♦r❡s ❣❡♥ét✐❝♦s ❝❧ás✐❝♦s ❞❡❜❡♥ ✉s❛rs❡ ❞❡ ❧❛ s✐❣✉✐❡♥t❡ ♠❛♥❡r❛✿

❘❡♣r♦❞✉❝❝✐ó♥✿ ♠❡❞✐❛♥t❡ ❧❛ ❞❡❝♦❞✐✜❝❛❝✐ó♥ ❞❡ ❧❛s ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ❡♥ s♦❧✉✲

❝✐♦♥❡s r❡❛❧❡s ② ♦❜t❡♥✐é♥❞♦s❡ s✉s ✜t♥❡ss ❛s♦❝✐❛❞♦s✱ s❡ ❝❧❛s✐✜❝❛♥ ❧❛s s♦❧✉❝✐♦♥❡s ❡♥ ❞♦s

❣r✉♣♦s✿ ❊❧✐t❡ ② ◆♦✲❊❧✐t❡✳ ▲❛s ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ❞❡ t✐♣♦ ❊❧✐t❡ ♣❡r♠❛♥❡❝❡rá♥

❡♥ ❧❛ ♥✉❡✈❛ ❣❡♥❡r❛❝✐ó♥✳

❈r✉③❛♠✐❡♥t♦✿ s❡ ❡❧✐❣❡♥ ✭❡♥ ❢♦r♠❛ ❛❧❡❛t♦r✐❛✮ ❞♦s ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ❞❡ t♦✲

❞❛ ❧❛ ♣♦❜❧❛❝✐ó♥✳ ▲✉❡❣♦✱ ❡♥ ❧✉❣❛r ❞❡ ✉t✐❧✐③❛r ❛❧❣ú♥ ♦♣❡r❛❞♦r ❝❧ás✐❝♦ ❞❡ ❝r✉③❛♠✐❡♥t♦

❝♦♠♦ ❖♥❡✲P♦✐♥t ♦ ❚✇♦✲P♦✐♥t✱ s❡ ♣r♦♣♦♥❡ ❡❧ ✉s♦ ❞❡❧ ♦♣❡r❛❞♦r ❈r✉③❛♠✐❡♥t♦ ❯♥✐❢♦r✲

♠❡ P❛r❛♠❡tr✐③❛❞♦ ✭P❛r❛♠❡t❡r✐③❡❞ ❯♥✐❢♦r♠ ❈r♦ss♦✈❡r✮❬✶✶✺❪✳ ❊st❡ ♦♣❡r❛❞♦r ♣r♦♣♦♥❡

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

❧❛♥③❛♠✐❡♥t♦ ❞❡ ✉♥❛ ♠♦♥❡❞❛ s❡s❣❛❞❛ ❧❛ ❝✉❛❧ ❞❡t❡r♠✐♥❛rá ❝✉❛❧ ❞❡ ❧♦s ❞♦s ♣❛❞r❡s

❝♦♥tr✐❜✉✐rá ❝♦♥ ❡❧ ❛❧❧❡❧❡ ❝♦rr❡s♣♦♥❞✐❡♥t❡✳

❙✐❣✉✐❡♥❞♦ ❝♦♥ ❡❧ ❡❥❡♠♣❧♦ ❞❡❧ Pr♦❜❧❡♠❛ ❞❡❧ ❱✐❛❥❛♥t❡ ❝♦♥ ✻ ♥♦❞♦s✱ ❡①♣❧✐❝❛r❡♠♦s ❡❧

❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❞❡❧ ♦♣❡r❛❞♦r✳ ❙✉♣♦♥❣❛♠♦s q✉❡ s✐ ❛❧ ❧❛♥③❛r ❧❛ ♠♦♥❡❞❛ s❛❧❡ ❈❛r❛✭❈✮✱

❡❧ ❛❧❧❡❧❡ ❡❧❡❣✐❞♦ ♣❛r❛ ❡❧ ❣❡♥ ❞❡❧ ❤✐❥♦ ♣r♦✈✐❡♥❡ ❞❡ ❧❛ ♣r✐♠❡r ❝❛❞❡♥❛❀ s✐ s❛❧❡ ❙❡❧❧♦✭❙✮✱ ❡❧

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

q✉❡ s❛❧❣❛ ❈❛r❛ ❡s ✵✳✼✳ ❊♥ ❧❛ ❋✐❣✳ ✸✳✹ s❡ ♦❜s❡r✈❛ ✉♥ ♣♦t❡♥❝✐❛❧ r❡s✉❧t❛❞♦ ♦❜t❡♥✐❞♦ ♣♦r

❡st❡ ♦♣❡r❛❞♦r ❞❡ ❝r✉③❛♠✐❡♥t♦✳

❋✐❣✉r❛ ✸✳✹✿ ❘❑●❆✿ ❝r✉③❛♠✐❡♥t♦ ❡♥tr❡ ❞♦s ❝❛❞❡♥❛s ❝♦♥ Pr♦❜✭❈✮❂✵✳✼✳



✹✷ ❈❛♣ít✉❧♦ ✸✳ ▼❡t❛❤❡✉ríst✐❝❛s

❉❡ ❧❛ ❋✐❣✳ ✸✳✹✱ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r q✉❡ ❧❛ ♥✉❡✈❛ ❝❛❞❡♥❛ ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s

♥❡✇ ❘❛♥❞♦♠ ❑❡②s✿ ✭✵✳✶✺✱ ✵✳✼✶✱ ✵✳✹✷✱ ✵✳✷✼✱ ✵✳✸✺✱ ✵✳✶✶✮

♣r♦❞✉❝❡ ❧❛ s✐❣✉✐❡♥t❡ s♦❧✉❝✐ó♥

❈❤✐❧❞ ✭s♦❧✉❝✐ó♥ ❚❙P✮✿ ✻→✶→✹→✺→✸→✷

■♥♠✐❣r❛❝✐ó♥✿ ❡♥ ✈❡③ ❞❡ ❛♣❧✐❝❛r ❡❧ ♦♣❡r❛❞♦r ♠✉t❛❝✐ó♥✱ ❡❧ ❝✉❛❧ ♠♦❞✐✜❝❛ ❣❡♥❡s ❞❡ ❝✐❡r✲

t♦s ✐♥❞✐✈✐❞✉♦s ✭❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥✮ ❝♦♥ ❜❛❥❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ♦❝✉rr❡♥❝✐❛✱ s❡ ♣r♦♣♦♥❡ ❧❛

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

❣❡♥❝✐❛✳ ❊st♦ s✐❣♥✐✜❝❛ ❣❡♥❡r❛r ✭❞❡ ❧❛ ♠✐s♠❛ ❢♦r♠❛ q✉❡ ❛❧ ✐♥✐❝✐♦ ❞❡❧ ❛❧❣♦r✐t♠♦✮ ♥✉❡✈♦s

✐♥❞✐✈✐❞✉♦s ❡♥ ✐♥tr♦❞✉❝✐r❧♦s ❡♥ ❧❛ ♥✉❡✈❛ ❣❡♥❡r❛❝✐ó♥✳

❊♥ ❧❛ ❋✐❣✳ ✸✳✺ s❡ ♦❜s❡r✈❛ ❝ó♠♦ s❡ ♦❜t✐❡♥❡♥ ❧♦s ✐♥❞✐✈✐❞✉♦s ✭❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s✮

❞❡ ❧❛ ♥✉❡✈❛ ❣❡♥❡r❛❝✐ó♥✱ ❝♦♠♦ ❛sí t❛♠❜✐é♥ ❧♦s ♣♦r❝❡♥t❛❥❡s r❡❝♦♠❡♥❞❛❞♦s ❞❡ ✐♥❞✐✈✐❞✉♦s

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

✐♥♠✐❣r❛❝✐ó♥✳

❋✐❣✉r❛ ✸✳✺✿ ❘❑●❆✿ tr❛♥s✐❝✐ó♥ ❡♥tr❡ ❣❡♥❡r❛❝✐♦♥❡s✳

✸✳✽✳✸✳ ❇✐❛s❡❞ ❘❛♥❞♦♠ ❑❡② ●❡♥❡t✐❝ ❆❧❣♦r✐t❤♠

❇✐❛s❡❞ ❘❛♥❞♦♠ ❑❡② ●❡♥❡t✐❝ ❆❧❣♦r✐t❤♠ ✭❇❘❑●❆✮ ♣r♦♣✉❡st♦ ❡♥ ❢♦r♠❛ s✐♠✉❧tá♥❡❛

♣♦r ●♦♥ç❛❧✈❡s ② ❆❧♠❡✐❞❛ ❬✺✼❪ ② ❊r✐❝ss♦♥ ❡t ❛❧✳ ❬✸✺❪✱ ❞✐✜❡r❡ ❞❡ ❘❑●❆ ❡♥ ❧❛ ♠❛♥❡r❛ ❡♥



❇✐❛s❡❞ ❘❛♥❞♦♠ ❑❡② ●❡♥❡t✐❝ ❆❧❣♦r✐t❤♠ ✹✸

q✉❡ s❡ s❡❧❡❝❝✐♦♥❛♥ ❧♦s ❞♦s ♣❛❞r❡s ♣❛r❛ ❛♣❧✐❝❛r ❡❧ ♦♣❡r❛❞♦r ❞❡ ❝r✉③❛♠✐❡♥t♦ ❬✺✾❪✳ ❇❘❑●❆

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

❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ❞❡ t✐♣♦ ❊❧✐t❡ ② ♦tr❛ ❞❡ t✐♣♦ ◆♦✲❊❧✐t❡ ✭❛✉♥q✉❡ ❡s ♣♦s✐❜❧❡ q✉❡ ❧❛ s❡❣✉♥❞❛

❝❛❞❡♥❛ ♣✉❡❞❛ s❡❧❡❝❝✐♦♥❛rs❡ ❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥ ❡♥t❡r❛✮✳ ❉❡ ❡st❛ ♠❛♥❡r❛ ② ♠❡❞✐❛♥t❡ ❡❧ ✉s♦

❞❡❧ ♦♣❡r❛❞♦r ❈r✉③❛♠✐❡♥t♦ ❯♥✐❢♦r♠❡ P❛r❛♠❡tr✐③❛❞♦ ✭✉s❛♥❞♦ ProbE > 0,5✮✱ ❧♦s ♥✉❡✈♦s

✐♥❞✐✈✐❞✉♦s t✐❡♥❡♥ ♠❛②♦r ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ❤❡r❡❞❛r ❜✉❡♥♦s ❣❡♥❡s ❞❡ s✉s ♣❛❞r❡s ❞❡ t✐♣♦

❊❧✐t❡✳

❊♥ ❧❛ ❋✐❣✳ ✸✳✻ s❡ ♦❜s❡r✈❛ ❝ó♠♦ ❡♥ ❇❘❑●❆ s❡ ♦❜t✐❡♥❡♥ ❧♦s ✐♥❞✐✈✐❞✉♦s ❞❡ ❧❛ ♥✉❡✈❛

❣❡♥❡r❛❝✐ó♥✳

❋✐❣✉r❛ ✸✳✻✿ ❇❘❑●❆✿ tr❛♥s✐❝✐ó♥ ❡♥tr❡ ❣❡♥❡r❛❝✐♦♥❡s✳

❘❡❝✐❡♥t❡♠❡♥t❡✱ ❇❘❑●❆ ❤❛ s✐❞♦ ❛♣❧✐❝❛❞♦ ❛ ❞✐❢❡♥t❡s ♣r♦❜❧❡♠❛s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ t❛❧❡s

❝♦♠♦ ♣❧❛♥✐✜❝❛❝✐ó♥ ✭❬✺✽❪✱ ❬✻✵❪✮✱ r✉t❡♦ ❞❡ ✈❡❤í❝✉❧♦s ❬✶✶✹❪✱ ❞❡ ❝♦rt❡ ❬✺✻❪✱ ❜❛❧❛♥❝❡♦ ❞❡ ❧í♥❡❛s

❞❡ ❡♥s❛♠❜❧❛❥❡ ❬✺✼❪✱ ❡♥tr❡ ♦tr♦s✳

P❛r❛ ♠ás ❞❡t❛❧❧❡s s♦❜r❡ ❇❘❑●❆✱ s❡ r❡❝♦♠✐❡♥❞❛ ❬✺✾❪✳



❈❛♣ít✉❧♦ ✹

❊❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s
❈❛♣❛❝✐t❛❞♦s

❊st❡ ❝❛♣ít✉❧♦ ❡stá ❞❡❞✐❝❛❞♦ ❛❧ ❡st❛❞♦ ❞❡❧ ❛rt❡ ❞❡❧ ♣r♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛✲

♣❛❝✐t❛❞♦s ✭❈❆❘P✮✳ ❊❧ ♠✐s♠♦ ❝♦♥t✐❡♥❡ ✉♥❛ ✐♥tr♦❞✉❝❝✐ó♥ ❛❧ ♣r♦❜❧❡♠❛✱ r❡✈✐s✐ó♥ ❤✐stór✐❝❛

❞❡ ❧♦s ♣r♦❜❧❡♠❛s ❞❡ r✉t❡♦ ❞❡ ❛r❝♦s✱ ♠♦❞❡❧✐③❛❝✐ó♥ ♠❛t❡♠át✐❝❛ ② té❝♥✐❝❛s ❛♣❧✐❝❛❞❛s ♣❛r❛

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

❝❛s♦s r❡❛❧❡s✳

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

s♦❜r❡ ❞❡t❡r♠✐♥❛❞❛s ❝❛❧❧❡s ❞❡ ✉♥❛ r❡❞ ✈✐❛❧ ❛ tr❛✈és ❞❡ ✉♥❛ ✢♦t❛ ❤♦♠♦❣é♥❡❛ ❞❡ ✈❡❤í❝✉❧♦s✱ ❧♦s

❝✉❛❧❡s ✐♥✐❝✐❛♥ ② ✜♥❛❧✐③❛♥ s✉s r❡❝♦rr✐❞♦s ❞❡s❞❡ ✉♥ ú♥✐❝♦ ❞❡♣ós✐t♦✳ ❊❧ ♦❜❥❡t✐✈♦ ❞❡❧ ♣r♦❜❧❡♠❛

❡s ♠✐♥✐♠✐③❛r ❡❧ ❝♦st♦ t♦t❛❧ ❞❡ r❡❝♦rr✐❞♦ ❞❡ ♠❛♥❡r❛ t❛❧ ❞❡ ❛t❡♥❞❡r t♦❞❛s ❧❛s ❞❡♠❛♥❞❛s s✐♥

❡①❝❡❞❡r ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ❝❛r❣❛ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s ✐♥✈♦❧✉❝r❛❞♦s✳

❯♥♦ ❞❡ ❧♦s ❜❡♥❡✜❝✐♦s ❞❡❧ ❡st✉❞✐♦ ❞❡ ❡st❡ ♣r♦❜❧❡♠❛ r❛❞✐❝❛ ❡♥ s✉ ❛♣❧✐❝❛❝✐ó♥ r❡❛❧ ❡♥ ♦r❣❛✲

♥✐s♠♦s ♣ú❜❧✐❝♦s ② ❡♠♣r❡s❛s✳ ❊♥ ❛♠❜♦s ❝❛s♦s✱ s❡ ❜✉s❝❛ ♦❢r❡❝❡r ✉♥ s❡r✈✐❝✐♦ ❞❡ ♠❡❥♦r ❝❛❧✐❞❛❞

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

❝❛r❛❝t❡ríst✐❝❛s ❛❞✐❝✐♦♥❛❧❡s ❛ ❈❆❘P❀ ❡s ❞❡❝✐r✱ ❝❛r❛❝t❡ríst✐❝❛s r❡❧❛❝✐♦♥❛❞❛s ❛ s✉ ❝♦♥t❡①t♦

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

r❡✢❡❥❛r ♠❡❥♦r s✉ r❡❛❧✐❞❛❞❀ ♣♦r ❡❥❡♠♣❧♦✱ ♠✐♥✐♠✐③❛r ❡❧ ♥ú♠❡r♦ ❞❡ ✈❡❤í❝✉❧♦s ✉s❛❞♦s✱ ❝✉♠♣❧✐r

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

r❡❞ ✈✐❛❧ ❝♦♥ ❝❛❧❧❡s ❡♥ ✉♥ ú♥✐❝♦ s❡♥t✐❞♦✱ ❡♥ ❞♦s ♦ ❛♠❜♦s✱ ✉t✐❧✐③❛r ✈❛r✐♦s ❞❡♣ós✐t♦s ❞❡s❞❡

❞♦♥❞❡ ❧♦s ✈❡❤í❝✉❧♦s ♣✉❡❞❛♥ ❝♦♠❡♥③❛r ✭② ✜♥❛❧✐③❛r✮ s✉s r❡❝♦rr✐❞♦s✱ ❝♦♥s✐❞❡r❛r ✈❡❤í❝✉❧♦s ❝♦♥

❞✐❢❡r❡♥t❡s ❝❛♣❛❝✐❞❛❞ ❞❡ ❝❛r❣❛✱ ❡♥tr❡ ♦tr❛s✳



❘❡✈✐s✐ó♥ ❤✐stór✐❝❛ ✹✺

❊♥tr❡ ❧❛s ❞✐❢❡r❡♥t❡s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ ❈❆❘P ♦ s✉s ❡①t❡♥s✐♦♥❡s✱ r❡❧❛❝✐♦♥❛❞♦s ❝♦♥ ❧♦s

s❡r✈✐❝✐♦s ♣ú❜❧✐❝♦s ♣♦❞❡♠♦s ♠❡♥❝✐♦♥❛r ❧❛ r❡❝♦❧❡❝❝✐ó♥ ❞❡ r❡s✐❞✉♦s ✭❬✷✽❪✱ ❬✸✹❪✱ ❬✹✼❪✱ ❡♥tr❡

♦tr♦s✮ ② ❧❛s t❛r❡❛s ❞❡ ♠❛♥t❡♥✐♠✐❡♥t♦ ❞❡ ❝❛❧❧❡s ✭❬✾✸❪✱ ❬✶✷✻❪✮✳

❊s ♣♦r ❡❧❧♦✱ q✉❡ ❡❧ ❡st✉❞✐♦ ❞❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s ❝♦♠♦ ❛sí

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

❛❧t❡r♥❛t✐✈❛s ❞❡ s♦❧✉❝✐♦♥❡s ❛ ❛q✉❡❧❧❛s ♦r❣❛♥✐③❛❝✐♦♥❡s q✉❡ ❞❡❜❡♥ tr❛t❛r ❝♦t✐❞✐❛♥❛♠❡♥t❡ ❝♦♥

♣r♦❜❧❡♠❛s ❞❡ r✉t❡♦ ② ❧♦❣íst✐❝❛✳

✹✳✶✳ ❘❡✈✐s✐ó♥ ❤✐stór✐❝❛

❈♦♥ ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ♣r❡s❡♥t❛r ❡❧ ♣r♦❜❧❡♠❛ ❞❡ ❡st✉❞✐♦✱ ♣r❡✈✐❛♠❡♥t❡ r❡✈✐s❛r❡♠♦s ❛❧❣✉♥❛s

❞❡✜♥✐❝✐♦♥❡s✳

▲♦s ♣r♦❜❧❡♠❛s ❞❡ r✉t❡♦ ❞❡ ❛r❝♦s s♦♥ ❞❡✜♥✐❞♦s ♠❡❞✐❛♥t❡ ✉♥ ❣r❛❢♦ ●❂✭❱✱ ❊ ∪ ❆✮ ❞♦♥❞❡

❱ ❡s ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ✈ért✐❝❡s ♦ ♥♦❞♦s✱ ❊ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ♣❛r❡s ♥♦ ♦r❞❡♥❛❞♦s ✭✐✱❥✮ ❞❡ ✈ért✐❝❡s

❞❡ ❱ ♦ ❛r✐st❛s ② ❆ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ♣❛r❡s ♦r❞❡♥❛❞♦s ✭✐✱❥✮ ❞❡ ✈ért✐❝❡s ❞❡ ❱ ♦ ❛r❝♦s✳ ❯♥ ❣r❛❢♦

● ❡s ❞✐r✐❣✐❞♦ ❝✉❛♥❞♦ ❡❧ ❝♦♥❥✉♥t♦ ❊ ❡s ✈❛❝í♦✱ ❡s ♥♦ ❞✐r✐❣✐❞♦ ❝✉❛♥❞♦ ❆ ❡s ✈❛❝í♦ ② ♠✐①t♦✱

s✐ ❛♠❜♦s ❝♦♥❥✉♥t♦s s♦♥ ♥♦ ✈❛❝í♦s✳ ❊❧ ❝♦st♦ cij ❞❡ r❡❝♦rr❡r ✉♥❛ ❛r✐st❛ ❞❡ ❊ ❡s ♣♦s✐t✐✈♦✳

❯♥ r❡❝♦rr✐❞♦ ❚ ✭♦ ❝✐❝❧♦✮ ♣✉❡❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♠❡❞✐❛♥t❡ ✉♥ ✈❡❝t♦r (v1, v2, . . . vn) ❞♦♥❞❡

(vi, vi−1) ❡s ✉♥❛ ❛r✐st❛ ❞❡ ❊ ✭✐❂✶✱✳ ✳ ✳ ✱ ♥✲✶✮ ② v1 = vn✳

❍✐stór✐❝❛♠❡♥t❡✱ ❡❧ ❡st✉❞✐♦ s♦❜r❡ ❡❧ ♣r♦❜❧❡♠❛ ❞❡ r✉t❡♦ ❞❡ ❛r❝♦s ❝♦♠✐❡♥③❛ ❝♦♥ ❧❛ ♣r❡s❡♥✲

t❛❝✐ó♥ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ❛❧ ♣r♦❜❧❡♠❛ ❞❡ ❑ö♥✐❣s❜❡r❣ ❡♥ ✶✼✸✺ ♣♦r ♣❛rt❡ ❞❡ ❊✉❧❡r✳ ❊❧ ♣r♦❜❧❡♠❛

❡s ❡❧ s✐❣✉✐❡♥t❡✿ s❡❛ ✉♥ ❣r❛❢♦ ❝♦♥❡①♦ ●❂✭❱✱❊✮✱ ❡♥❝♦♥tr❛r ✉♥ r❡❝♦rr✐❞♦ q✉❡ ✈✐s✐t❡ ❝❛❞❛ ❛r✐st❛

❞❡ ❊ ❡①❛❝t❛♠❡♥t❡ ✉♥❛ ✈❡③ ♦ ❜✐❡♥ ✐♥❢♦r♠❛r q✉❡ ♥♦ ❡s ♣♦s✐❜❧❡ ♦❜t❡♥❡r❧♦✳ ❊✉❧❡r ♣r♦❜ó q✉❡

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

❊❧ s✐❣✉✐❡♥t❡ ♣r♦❜❧❡♠❛ ❡s ❡❧ Pr♦❜❧❡♠❛ ❞❡❧ ❈❛rt❡r♦ ❈❤✐♥♦ ✭❈❤✐♥❡s❡ P♦st♠❛♥ Pr♦❜❧❡♠

♦ ❈PP✮ ❡❧ ❝✉❛❧ ❢✉❡ ✐♥✐❝✐❛❧♠❡♥t❡ ♣r♦♣✉❡st♦ ♣♦r ❑✇❛♥ ▼❡✐✲❑♦ ❡♥ ✶✾✻✷✳ ❙❡ ❞❡✜♥❡ ❛sí✿ s❡❛

✉♥ ❣r❛❢♦ ❝♦♥❡①♦ ●❂✭❱✱❊✱❈✮ ❞♦♥❞❡ ❈ ❡s ✉♥❛ ♠❛tr✐③ ❞❡ ❝♦st♦s✱ ❡♥❝♦♥tr❛r ✉♥ r❡❝♦rr✐❞♦ t❛❧

q✉❡ ✈✐s✐t❡ ❝❛❞❛ ❛r✐st❛ ❛❧ ♠❡♥♦s ✉♥❛ ✈❡③ ❛❧ ♠❡♥♦r ❝♦st♦ ♣♦s✐❜❧❡✳ ❊❞♠♦♥❞s ② ❏♦❤♥s♦♥ ❬✸✸❪

♣r♦❜❛r♦♥ q✉❡ s✐ ❡❧ ❣r❛❢♦ ❛s♦❝✐❛❞♦ ❛❧ ♣r♦❜❧❡♠❛ ❡s ❞✐r✐❣✐❞♦ ♦ ♥♦ ❞✐r✐❣✐❞♦✱ ❈PP ♣✉❡❞❡ s❡r

r❡s✉❡❧t♦ ❡♥ t✐❡♠♣♦ ♣♦❧✐♥♦♠✐❛❧✳ ❙✐♥♦✱ ❡s ✉♥ ♣r♦❜❧❡♠❛ ◆P✲❍❛r❞✳

❊♥ ✶✾✼✹✱ ❖r❧♦✛ ❬✻✺❪ ♣r♦♣✉s♦ ❡❧ Pr♦❜❧❡♠❛ ❞❡❧ ❈❛rt❡r♦ ❘✉r❛❧ ✭❘✉r❛❧ P♦st♠❛♥ Pr♦❜❧❡♠ ♦

❘PP✮ ❡❧ ❝✉❛❧ s❡ ❞❡✜♥❡ ❞❡ ❧❛ s✐❣✉✐❡♥t❡ ♠❛♥❡r❛✿ s❡❛ ✉♥ ❣r❛❢♦ ♥♦ ❞✐r✐❣✐❞♦ ●❂✭❱✱❊✱❈✮ ❞♦♥❞❡



✹✻ ❈❛♣ít✉❧♦ ✹✳ ❊❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

❈ ❡s ✉♥❛ ♠❛tr✐③ ❞❡ ❝♦st♦s✱ ❡♥❝♦♥tr❛r ✉♥ r❡❝♦rr✐❞♦ ❞❡ ❝♦st♦ ♠í♥✐♠♦ t❛❧ q✉❡ ést❡ ✈✐s✐t❡ ❝❛❞❛

❛r✐st❛ ❞❡ R ⊆ E ❛❧ ♠❡♥♦s ✉♥❛ ✈❡③✳

▲❛ ❞✐❢❡r❡♥❝✐❛ ❡♥tr❡ ❈PP ② ❘PP ❡s q✉❡ ❡♥ ❡❧ ♣r♦❜❧❡♠❛ ❞❡❧ ❈❛rt❡r♦ ❘✉r❛❧ só❧♦ ✉♥

❝♦♥❥✉♥t♦ ❞❡ ❛r✐st❛s ❞❡❜❡♥ s❡r ✈✐s✐t❛❞❛s✳ ❊♥ ✶✾✼✻✱ ▲❡♥str❛ ② ❘✐♥♥♦② ❑❛♥ ❞❡♠♦str❛r♦♥ q✉❡

❘PP ❡s ◆P✲❍❛r❞ ❬✻✺❪✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ ❞❡✜♥✐r❡♠♦s ❡❧ ♣r♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s ✭❈❆❘P✮ ❡❧

❝✉❛❧ ❡s ✉♥❛ ❡①t❡♥s✐ó♥ ❞❡❧ ♣r♦❜❧❡♠❛ ❞❡❧ ❈❛rt❡r♦ ❘✉r❛❧✱ ❝♦♥ r❡str✐❝❝✐♦♥❡s ❞❡ ❝❛♣❛❝✐❞❛❞✳

✹✳✷✳ ▼♦❞❡❧♦ ♠❛t❡♠át✐❝♦

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

❈❆❘P ❬✽✼❪✳ ❙❡❛✿

●❂✭❱✱❊✮ ✉♥ ❣r❛❢♦✱

❱ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ✈ért✐❝❡s✱

❊ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❛r✐st❛s✱

❘ ⊆ ❊ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❛r✐st❛s r❡q✉❡r✐❞❛s✱

Vr ⊆ V ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ✈ért✐❝❡s ❝♦♥t❡♥✐❡♥❞♦ ❧♦s ❡①tr❡♠♦s ❞❡ ❧❛s ❛r✐st❛s ❞❡ ❘✱ ♠ás ❡❧

✈ért✐❝❡ ❛s♦❝✐❛❞♦ ❛❧ ❞❡♣ós✐t♦✱

❑❂④✶✱✳ ✳ ✳ ✱ ▼⑥ ❧❛ ✢♦t❛ ❞❡ ✈❡❤í❝✉❧♦s ❝♦♥ ❝❛♣❛❝✐❞❛❞ ❞❡ ❝❛r❣❛ ◗✱

cij ❡❧ ❝♦st♦ ❞❡ r❡❝♦rr✐❞♦ ❞❡ ❧❛ ❛r✐st❛ ✭✐✱❥✮ ♣❡rt❡♥❡❝✐❡♥t❡ ❛ ❊✱

qij ❧❛ ❞❡♠❛♥❞❛ ❛s♦❝✐❛❞❛ ❛ ❧❛ ❛r✐st❛ ✭✐✱❥✮ ♣❡rt❡♥❡❝✐❡♥t❡ ❛ ❊

qij =







0 s✐ ✭✐✱❥✮ /∈ ❘

> 0 s✐ ✭✐✱❥✮ ∈ ❘

▲❛s ✈❛r✐❛❜❧❡s ❞❡ ❞❡❝✐s✐ó♥ s❡ ❞❡✜♥❡♥

xijk =







1 s✐ ✭✐✱❥✮ ❡s r❡❝♦rr✐❞❛ ♣♦r ❡❧ ✈❡❤í❝✉❧♦ ❦

0 ❝✳♦✳❝✳



▼♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ✹✼

❊❧ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ♣❛r❛ ❈❆❘P ❡s ❡❧ s✐❣✉✐❡♥t❡✿

▼✐♥✐♠✐③❛r
∑

(i,j)∈E

cij
∑

k∈K

xijk ✭✹✳✶✮

∑

k∈K

xijk = 1 (i, j) ∈ R ✭✹✳✷✮

∑

j∈Vr−{0}

∑

k∈K

x0jk =| K | ✭✹✳✸✮

∑

(i,j)∈R

qijxijk ≤ Q k ∈ K ✭✹✳✹✮

∑

j∈Vr

xijk =
∑

j∈Vr

xjik i ∈ Vr, k ∈ K ✭✹✳✺✮

∑

i∈S

∑

j /∈S

xijk ≥
∑

j∈V

xhjk S ⊆ Vr − {0}, k ∈ K, h ∈ S ✭✹✳✻✮

xijk ∈ {0, 1} (i, j) ∈ R, k ∈ K ✭✹✳✼✮

❉♦♥❞❡ ❧❛ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ✭✹✳✶✮ ❜✉s❝❛ ♠✐♥✐♠✐③❛r ❡❧ ❝♦st♦ t♦t❛❧ ❞❡ r❡❝♦rr✐❞♦✱ s✉❥❡t❛ ❛

❧❛s r❡str✐❝❝✐♦♥❡s ❞❡

❛t❡♥❞❡r ❧❛s ❞❡♠❛♥❞❛s ❞❡ ❧❛s ❛r✐st❛s r❡q✉❡r✐❞❛s ♣♦r ✉♥ ú♥✐❝♦ ✈❡❤í❝✉❧♦ ✭✹✳✷✮✱

❡❧ ♥ú♠❡r♦ ❞❡ ✈❡❤í❝✉❧♦s ✉s❛❞♦s ❡s ❡❧ ♥ú♠❡r♦ ❞❡ ✈❡❤í❝✉❧♦s ❞✐s♣♦♥✐❜❧❡s ✭✹✳✸✮✱

s✐♥ ❡①❝❡❞❡r ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ❝❛r❣❛ ❞❡ ♥✐♥❣✉♥♦ ❞❡ ❡❧❧♦s ✭✹✳✹✮

❆❞❡♠ás ❞❡ ❡st❛s r❡str✐❝❝✐♦♥❡s✱ s❡ ❛❣r❡❣❛♥ r❡str✐❝❝✐♦♥❡s✿

❞❡ ✐❣✉❛❧❞❛❞ ✭✹✳✺✮ ②

❞❡ ❡❧✐♠✐♥❛❝✐ó♥ ❞❡ s✉❜✲r❡❝♦rr✐❞♦s ✭✹✳✻✮✳

❈❆❘P ❝♦♥s✐st❡ ❡♥t♦♥❝❡s✱ ❡♥ ❞❡t❡r♠✐♥❛r ✉♥ ❝♦♥❥✉♥t♦ ❞❡ r✉t❛s ♣❛r❛ ❧♦s ✈❡❤í❝✉❧♦s ❛

♠❡♥♦r ❝♦st♦ t♦t❛❧ ❞❡ r❡❝♦rr✐❞♦✱ t❛❧ q✉❡ ❝❛❞❛ r✉t❛ ❝♦♠✐❡♥③❛ ② ✜♥❛❧✐③❛ ❡♥ ❡❧ ❞❡♣ós✐t♦✱ ❝❛❞❛

✉♥❛ ❞❡ ❧❛s ❞❡♠❛♥❞❛s ❛s♦❝✐❛❞❛s ❛ ❧❛s ❛r✐st❛s ❞❡ ❘ s♦♥ ❛t❡♥❞✐❞❛s ♣♦r ✉♥ ú♥✐❝♦ ✈❡❤í❝✉❧♦ ②

♥✐♥❣ú♥ ✈❡❤í❝✉❧♦ ✐♥✈♦❧✉❝r❛❞♦ ❡①❝❡❞❡ s✉ ❝❛♣❛❝✐❞❛❞ ❞❡ ❝❛r❣❛ ◗✳

❉❡ ❛❝✉❡r❞♦ ❛ ❧❛ ❢♦r♠✉❧❛❝✐ó♥ ❛♥t❡s ❞❡s❝r✐♣t❛✱ ♣✉❡❞❡ ♦❜s❡r✈❛rs❡ ❝✐❡rt❛ r❡❧❛❝✐ó♥ ❝♦♥ ❡❧

Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❱❡❤✐❝✉❧❛r ✭❱❡❤✐❝❧❡ ❘♦✉t✐♥❣ Pr♦❜❧❡♠ ♦ ❱❘P✮✳ ▲❛ ❞✐❢❡r❡♥❝✐❛ r❡s✐❞❡



✹✽ ❈❛♣ít✉❧♦ ✹✳ ❊❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

❡♥ q✉❡ ❱❘P ❡s ✉♥ ♣r♦❜❧❡♠❛ ❞❡ r✉t❡♦ s♦❜r❡ ♥♦❞♦s ✭♦ ✈ért✐❝❡s✮✳ ❊♥ ❧❛ ❧✐t❡r❛t✉r❛ s❡ ❤❛♥

♣r♦♣✉❡st♦ tr❛♥s❢♦r♠❛❝✐♦♥❡s ❞❡ ❱❘P ❛ ❈❆❘P ✭♣♦r ❡❥❡♠♣❧♦✱ ❬✺✺❪✮ ② ❞❡ ❈❆❘P ❛ ❱❘P ❬✽✼❪✳

●♦❧❞❡♥ ② ❲♦♥❣ ❬✺✺❪ ❞❡♠♦str❛r♦♥ q✉❡ ❈❆❘P ❡s ◆P✲❍❛r❞✳ ■♥❝❧✉s♦ s✐ s❡ ❝♦♥s✐❞❡r❛

✉♥ ú♥✐❝♦ ✈❡❤í❝✉❧♦ ♣❛r❛ ❛t❡♥❞❡r ❧❛s ❞❡♠❛♥❞❛s r❡q✉❡r✐❞❛s✱ ❡❧ ♣r♦❜❧❡♠❛ ❡s ◆P✲❍❛r❞✳ ▲❛s

♣r♦♣✉❡st❛s ❡①✐st❡♥t❡s ❡♥ ❧❛ ❧✐t❡r❛t✉r❛ ♣❛r❛ ♦❢r❡❝❡r ✉♥❛ s♦❧✉❝✐ó♥ ❛ ❈❆❘P ❡stá♥ ❝❧❛s✐✜❝❛❞❛s

❡♥ ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s✱ ♠❡t❛❤❡✉ríst✐❝❛s ② ❛❧❣♦r✐t♠♦s ❡①❛❝t♦s✳

✹✳✸✳ Pr♦♣✉❡st❛s ♣❛r❛ r❡s♦❧✈❡r ❈❆❘P

✹✳✸✳✶✳ ❆❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s

P❛r❛ ❡❧ ♣r♦❜❧❡♠❛ ❈❆❘P✱ s❡ ❤❛♥ ❞❡s❛rr♦❧❧❛❞♦ ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s ❡s♣❡❝í✜❝♦s✳ ❆s✐✲

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

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

❆✉♠❡♥t❛r✲❯♥✐r ✭❆✉❣♠❡♥t✲▼❡r❣❡✮✿ ♣r♦♣✉❡st♦ ♣♦r ●♦❧❞❡♥ ② ❲♦♥❣ ❬✺✺❪✱ ❝♦♥str✉②❡ ❧♦s

r❡❝♦rr✐❞♦s ❡♥ ❢♦r♠❛ ♣s❡✉❞♦✲♣❛r❛❧❡❧❛ ♠❡❞✐❛♥t❡ ❞♦s ❢❛s❡s ✭❆✉♠❡♥t❛r ② ❧✉❡❣♦ ❯♥✐r✮✳

Pr✐♠❡r♦✱ ♣❛r❛ ❝❛❞❛ ❛r✐st❛ r❡q✉❡r✐❞❛ s❡ ❝♦♥str✉②❡ ✉♥ r❡❝♦rr✐❞♦ ② s❡ ♦r❞❡♥❛♥ ❧♦s

♠✐s♠♦s ❡♥ ♦r❞❡♥ ❞❡❝r❡❝✐❡♥t❡ s❡❣ú♥ ❡❧ ❝♦st♦ ❛s♦❝✐❛❞♦✳ ▲✉❡❣♦✱ ♣❛r❛ t♦❞♦ r❡❝♦rr✐❞♦ Ti

s❡ ✐♥t❡♥t❛ q✉❡ ❛❜s♦r❜❛ ❛ ♦tr♦ r❡❝♦rr✐❞♦ Tj s✐❡♠♣r❡ q✉❡ ❧❛ ❛r✐st❛ r❡q✉❡r✐❞❛ ✉ ♥♦ ❤❛②❛

s✐❞♦ s❡r✈✐❞❛ ❡♥ Ti ② ♥♦ s❡ ❡①❝❡❞❛ ❧❛ ❝❛♣❛❝✐❞❛❞ ✈❡❤✐❝✉❧❛r✳ ❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ s❡ ✐♥t❡♥t❛

❝♦♥❝❛t❡♥❛r ❞♦s r❡❝♦rr✐❞♦s q✉❡ ❣❡♥❡r❡♥ ❧❛ ♠❛②♦r ❞✐s♠✐♥✉❝✐ó♥ ❞❡ ❝♦st♦✳ ❊❧ ❛❧❣♦r✐t♠♦

✜♥❛❧✐③❛ ❝✉❛♥❞♦ ❡st♦ ♥♦ ❡s ♣♦s✐❜❧❡✳

❊①♣❧♦r❛❝✐ó♥ ❞❡ r❡❝♦rr✐❞♦s ✭P❛t❤ ❙❝❛♥♥✐♥❣✮✿ ♣r♦♣✉❡st♦ ❡♥ ❡❧ tr❛❜❛❥♦ ❞❡ ●♦❧❞❡♥ ②

❇❛❦❡r ❬✺✸❪✱ ❡st❡ ❛❧❣♦r✐t♠♦ ❝♦♥str✉②❡ ✉♥ r❡❝♦rr✐❞♦ ♣♦r ✈❡③ ❛❣r❡❣❛♥❞♦ ✉♥❛ ♥✉❡✈❛

❛r✐st❛ r❡q✉❡r✐❞❛ ❛❧ r❡❝♦rr✐❞♦ ❛❝t✉❛❧ s✐❡♠♣r❡ q✉❡ ♥♦ ❡①❝❡❞❛ ❧❛ ❝❛♣❛❝✐❞❛❞ ✈❡❤✐❝✉❧❛r

② ❝✉♠♣❧❛ q✉❡ ❧❛ ❞✐st❛♥❝✐❛ ❛❧ ❞❡♣ós✐t♦ ❡s ♠á①✐♠❛ ♦ ♠í♥✐♠❛✱ ♦ ❜✐❡♥ q✉❡ ♦❝✉♣❡ ❧❛

♠❛②♦r ❝❛♣❛❝✐❞❛❞ ❞❡❧ ✈❡❤í❝✉❧♦ ♦ ❧❛ ♠í♥✐♠❛ ♣♦s✐❜❧❡✱ ♦ ❝♦♥s✐❞❡r❛ ❧❛ ♠á①✐♠❛ ♦ ♠í♥✐♠❛

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

r❡♣✐t❡ ❤❛st❛ q✉❡ t♦❞❛s ❧❛s ❛r✐st❛s r❡q✉❡r✐❞❛s s♦♥ ❛t❡♥❞✐❞❛s ♣♦r ❛❧❣ú♥ r❡❝♦rr✐❞♦✳

❆❧❣♦r✐t♠♦ ❞❡ ❯❧✉s♦② ✭❯❧✉s♦②✬s ❆❧❣♦r✐t❤♠✮❬✶✶✼❪✿ ❝♦♥str✉②❡ s♦❧✉❝✐♦♥❡s ❡♥ ❞♦s ❢❛s❡s

✭♠❡t♦❞♦❧♦❣í❛ ❝♦♥♦❝✐❞❛ ❡♥ ❧❛ ❧✐t❡r❛t✉r❛ ❝♦♠♦ ❘♦✉t❡✲❋✐rst✱ ❈❧✉st❡r✲❙❡❝♦♥❞✮✳ ❊♥ ❧❛



Pr♦♣✉❡st❛s ♣❛r❛ r❡s♦❧✈❡r ❈❆❘P ✹✾

♣r✐♠❡r❛✱ s❡ ♦❜t✐❡♥❡ ✉♥❛ ú♥✐❝❛ r✉t❛ q✉❡ ✈✐s✐t❛ t♦❞♦s ❧♦s ❛r❝♦s r❡q✉❡r✐❞♦s ✭s✐♥ ❝♦♥✲

s✐❞❡r❛r r❡str✐❝❝✐ó♥ ❞❡ ❝❛♣❛❝✐❞❛❞✮✳ ❊♥ ❧❛ s❡❣✉♥❞❛✱ s❡ ❛❣r✉♣❛♥ ❧♦s ❛r❝♦s r❡q✉❡r✐❞♦s

❡♥ ❞✐❢❡r❡♥t❡s r✉t❛s✱ s❛t✐s❢❛❝✐❡♥❞♦ ❧❛ r❡str✐❝❝✐ó♥ ❞❡ ❝❛♣❛❝✐❞❛❞ ❡♥ ❝❛❞❛ ✉♥❛ ❞❡ ❡❧❧❛s✳

P❛r❛ ❡❧❧♦✱ s❡ ❞✐✈✐❞❡ ❧❛ r✉t❛ ✭♦❜t❡♥✐❞❛ ❡♥ ❧❛ ♣r✐♠❡r ❢❛s❡✮ ❡♥ ✈❛r✐❛s r✉t❛s ❢❛❝t✐❜❧❡s ②

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

❆❝♦rt❛r✱ ❝❛♠❜✐❛r✱ ❛❣r❡❣❛r✱ ❡❧✐♠✐♥❛r ② ❝♦rt❛r ✭❙❍❖❘❚❊◆✱ ❙❲■❚❈❍✱ ❆❉❉✱ ❉❘❖P ②

❈❯❚✮✿ ❍❡rt③ ② ▼✐tt❛③ ❬✻✻❪ ❤❛♥ ♣r♦♣✉❡st♦ ✈❛r✐♦s ❛❧❣♦r✐t♠♦s ♣❛r❛ ♣r♦❜❧❡♠❛s ❞❡ r✉t❡♦

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

r✉t❡♦✳ ❊❧ ❛❧❣♦r✐t♠♦ ❈♦rt❛r ❞❡✈✉❡❧✈❡ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ r❡❝♦rr✐❞♦s ❢❛❝t✐❜❧❡s ✭❡♥ tér♠✐♥♦s

❞❡ ❝❛♣❛❝✐❞❛❞ ✈❡❤✐❝✉❧❛r ② ❞❡ ❛t❡♥❝✐ó♥ ❞❡ ❞❡♠❛♥❞❛s ❞❡ ❧❛s ❛r✐st❛s r❡q✉❡r✐❞❛s✮ ❞❛❞♦

✉♥ ú♥✐❝♦ r❡❝♦rr✐❞♦ q✉❡ ✈✐s✐t❛ t♦❞❛s ❧❛s ❛r✐st❛s r❡q✉❡r✐❞❛s✱ ♣❡r♦ ❝♦♥ r❡str✐❝❝✐ó♥ ❞❡

❝❛♣❛❝✐❞❛❞ ✈❡❤✐❝✉❧❛r r❡❧❛❥❛❞❛ ✭s✐t✉❛❝✐ó♥ s✐♠✐❧❛r ❛❧ ❛❧❣♦r✐t♠♦ ❞❡ ❯❧✉s♦②✮✳ ❆ s✉ ✈❡③✱

❊❧✐♠✐♥❛r q✉✐t❛ ✉♥❛ ❛r✐st❛ r❡q✉❡r✐❞❛ ❞❡ ✉♥ r❡❝♦rr✐❞♦ ❞❛❞♦✳ ❊♥ t❛♥t♦✱ ❆❣r❡❣❛r ✐♥s❡rt❛

✉♥❛ ❛r✐st❛ ❡♥ ✉♥ r❡❝♦rr✐❞♦ ② ❈❛♠❜✐❛r ✐♥✈✐❡rt❡ ❡❧ s❡♥t✐❞♦ ❞❡ ✉♥ r❡❝♦rr✐❞♦✳ ❋✐♥❛❧♠❡♥t❡✱

❆❝♦rt❛r ✐♥t❡♥t❛ r❡❞✉❝✐r ❡❧ ❝♦st♦ ❞❡ ✉♥ r❡❝♦rr✐❞♦ ❞❛❞♦✱ ❡❧✐♠✐♥❛♥❞♦ ❝❛❞❡♥❛s ❞❡ ❛r✐st❛s

r❡q✉❡r✐❞❛s ♣r❡✈✐❛♠❡♥t❡ s❡r✈✐❞❛s✳

❆❧❣♦r✐t♠♦s ❛❞❛♣t❛❞♦s✿ t❛❧ ❝♦♠♦ s❡ ✐♥❞✐❝ó ❛♥t❡r✐♦r♠❡♥t❡✱ s❡ ❤❛♥ ❛❞❛♣t❛❞♦ ❛❧❣♦r✐t✲

♠♦s ❤❡✉ríst✐❝♦s ❛♣❧✐❝❛❞♦s ❡♥ ♣r♦❜❧❡♠❛s s✐♠✐❧❛r❡s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✱ ♣❛r❛ s❡r ✉s❛❞♦s

❡♥ ♣r♦♣✉❡st❛s ♣❛r❛ ❈❆❘P✳ ❚❛❧ ❡s ❡❧ ❝❛s♦ ❞❡❧ ❛❧❣♦r✐t♠♦ ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ ✷✲❖P❚

♣r♦♣✉❡st♦ ♣♦r ❈r♦❡s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡❧ ❱✐❛❥❛♥t❡ ✭❚❙P✮ ② ❛❞❛♣t❛❞♦ ❡♥ ❧♦s tr❛✲

❜❛❥♦s ❞❡ ▲❛❝♦♠♠❡ ❡t ❛❧✳ ❬✼✽❪ ② ❇❡✉❧❧❡♥s ❡t ❛❧✳ ❬✶✹❪✱ ❡❧ ❛❧❣♦r✐t♠♦ ✸✲❖P❚ ♣❛r❛ ❚❙P

♣r♦♣✉❡st♦ ♣♦r ▲✐♥ ② ♦tr♦s ❛❧❣♦r✐t♠♦s ❞❡ ♠❡❥♦r❛ ❞❡s❝r✐♣t♦s ♣♦r ❚♦t❤ ② ❱✐❣♦ ❬✶✶✻❪✱ ②

❛❞❛♣t❛❞♦s ❡♥ tr❛❜❛❥♦s ❝♦♠♦ ❡❧ ❞❡ ▼❛♥✐❡③③♦ ❬✽✼❪✳

❋✐♥❛❧♠❡♥t❡✱ ❡s ✐♠♣♦rt❛♥t❡ ♠❡♥❝✐♦♥❛r ❡❧ r❡♥❞✐♠✐❡♥t♦ ❡♥ ❣❡♥❡r❛❧ ❞❡ ❡st♦s ❛❧❣♦r✐t♠♦s✳

▲❛ ❜r❡❝❤❛ ✭♦ ●❆P✮ ❡♥tr❡ ❧❛ s♦❧✉❝✐ó♥ ♦❜t❡♥✐❞❛ ♣♦r ✉♥ ❛❧❣♦r✐t♠♦ ❤❡✉ríst✐❝♦ ② ❧❛ s♦❧✉❝✐ó♥

ó♣t✐♠❛ ✈❛rí❛ ❡♥tr❡ ✉♥ ✶✵✪ ❛ ✹✵✪ ❬✺✹❪✱ ❧♦ q✉❡ r❡♠❛r❝❛ ❧❛ ❜❛❥❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛s s♦❧✉❝✐♦♥❡s

❞❡✈✉❡❧t❛s✳

❊♥ ❧❛ ♣ró①✐♠❛ s✉❜✲s❡❝❝✐ó♥ ♠❡♥❝✐♦♥❛r❡♠♦s ❛❧❣✉♥♦s tr❛❜❛❥♦s q✉❡ ❤❛❝❡♥ ✉s♦ ❞❡ ❡st♦s

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

❢❛s❡ ❞❡ ♠❡❥♦r❛✳



✺✵ ❈❛♣ít✉❧♦ ✹✳ ❊❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

✹✳✸✳✷✳ ▼❡t❛❤❡✉ríst✐❝❛s

❙❡ ❤❛♥ ❛♣❧✐❝❛❞♦ ❞✐❢❡r❡♥t❡s ♠❡t❛❤❡✉ríst✐❝❛s ♣❛r❛ r❡s♦❧✈❡r ❈❆❘P ❞❡s❞❡ ❤❛❝❡ ♠ás ❞❡ ✶✺

❛ñ♦s✳ ▼❡♥❝✐♦♥❛r❡♠♦s ❛❧❣✉♥❛s ❞❡ ❡❧❧❛s✳

❍❡rt③✱ ▲❛♣♦rt❡ ② ▼✐tt❛③ ❬✻✺❪ ❞✐s❡ñ❛r♦♥ ✉♥ ❛❧❣♦r✐t♠♦ ❚❛❜✉ ❙❡❛r❝❤ ♣❛r❛ ❈❆❘P✳ ▼❡✲

❞✐❛♥t❡ ❧♦s ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s ❆❣r❡❣❛r ✭❆❉❉✮ ② ❊❧✐♠✐♥❛r ✭❉❘❖P✮ ✭♠❡♥❝✐♦♥❛❞♦s ❡♥ ❧❛

s❡❝❝✐ó♥ ❛♥t❡r✐♦r✮✱ ✉♥❛ ❧✐st❛ t❛❜ú ② ✉♥❛ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ❝♦♥ ♣❡♥❛❧✐❞❛❞❡s✱ ❈❆❘P❊❚ ❤❛ ❧♦✲

❣r❛❞♦ ♠✉② ❜✉❡♥♦s r❡s✉❧t❛❞♦s s♦❜r❡ ✐♥st❛♥❝✐❛s ❞❡ ❧❛ ❧✐t❡r❛t✉r❛✳ ❆ s✉ ✈❡③✱ ❇r❛♥❞ã♦ ② ❊❣❧❡s❡

❬✶✻❪ ❤❛♥ ♣r♦♣✉❡st♦ ✉♥ ❛❧❣♦r✐t♠♦ ❚❛❜✉ ❙❡❛r❝❤ ❞❡t❡r♠✐♥íst✐❝♦✱ ❡❧ ❝✉❛❧ ❝♦♥str✉②❡ s♦❧✉❝✐♦♥❡s

❛♣❧✐❝❛♥❞♦ ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s ✭❡♥tr❡ ❡❧❧♦s✱ ❊①♣❧♦r❛❝✐ó♥ ❞❡ ❘❡❝♦rr✐❞♦s ♦ P❛t❤ ❙❝❛♥♥✐♥❣✮

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

t❛❜ú✳ ❉❡ ❛❝✉❡r❞♦ ❛ ❧❛s ♣r✉❡❜❛s r❡❛❧✐③❛❞❛s s♦❜r❡ ✐♥st❛♥❝✐❛s ❞❡ ❉❡❆r♠♦♥✱ ❇❡❧❡♥❣✉❡r ② ❊❣❧❡✲

s❡✱ s❡ ❛❧❝❛♥③❛r♦♥ ♠✉② ❜✉❡♥♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐é♥❞♦s❡ ♠❡❥♦r❛s s♦❜r❡ ❛❧❣✉♥❛s ✐♥st❛♥❝✐❛s

❞❡ ❊❣❧❡s❡✳

❆♥t ❈♦❧♦♥② ❖♣t✐♠✐③❛t✐♦♥ ✭❆❈❖✮❬✻✾❪ ❡stá ✐♥s♣✐r❛❞♦ ❡♥ ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ q✉❡ ♣♦s❡❡♥

❝✐❡rt❛s ❡s♣❡❝✐❡s ❞❡ ❤♦r♠✐❣❛s✱ ❧❛s ❝✉❛❧❡s r❡❝♦rr❡♥ ✉♥ ❞❡t❡r♠✐♥❛❞♦ ❝❛♠✐♥♦ ❡♥tr❡ ✉♥❛ ❢✉❡♥t❡

❞❡ ❛❧✐♠❡♥t♦ ② ❡❧ ❤♦r♠✐❣✉❡r♦✱ ❜❛s❛❞♦ ❡♥ ❧♦s ❛❧t♦s ♥✐✈❡❧❡s ❞❡ ❢❡r♦♠♦♥❛s ❞❡❥❛❞♦s ❡♥ ❡❧ s✉❡❧♦

♣♦r ♦tr❛s✳ ❊♥ ❆❈❖✱ ❧♦s r❛str♦s ❞❡ ❢❡r♦♠♦♥❛s ❢✉♥❝✐♦♥❛♥ ❝♦♠♦ ♠❡♠♦r✐❛ ❞✐str✐❜✉✐❞❛ q✉❡ ❧❛s

❤♦r♠✐❣❛s ✉s❛♥ ♣❛r❛ ❝♦♥str✉✐r s♦❧✉❝✐♦♥❡s ♣❛r❛ ✉♥ ♣r♦❜❧❡♠❛ ❞❛❞♦✳ ❊①✐st❡♥ ❞✐❢❡r❡♥t❡s ❛❧❣♦✲

r✐t♠♦s ❆❈❖ ♣r♦♣✉❡st♦s ❤❛st❛ ❡❧ ♠♦♠❡♥t♦✳ ❊♥tr❡ ❡❧❧♦s✱ ♣♦❞❡♠♦s ♠❡♥❝✐♦♥❛r ❆♥t ❙②st❡♠✱

❆♥t ❈♦❧♦♥② ❙②st❡♠ ② ▼❛①✲▼✐♥ ❆♥t ❙②st❡♠✳ ❯♥ ❛❧❣♦r✐t♠♦ ❆❙ ❢✉❡ ♣r♦♣✉❡st♦ ♣♦r ❉♦❡r♥❡r

❡t ❛❧✳ ❬✸✵❪ ♣❛r❛ ❈❆❘P✳ ❯s❛♥❞♦ ❝♦♠♦ ✐♥❢♦r♠❛❝✐ó♥ ❤❡✉ríst✐❝❛ ❡❧ ❝♦st♦ ❞❡ ❝♦♥❡①✐ó♥ ❡♥tr❡

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

❡❧❧❛s ❝♦♥str✉②❡ ♣❛s♦ ❛ ♣❛s♦ r❡❝♦rr✐❞♦s q✉❡ ✈✐s✐t❛♥ ❧❛s ❛r✐st❛s r❡q✉❡r✐❞❛s✳ ▲✉❡❣♦✱ s❡ r❡❛❧✐③❛

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

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

❜r❡ ✐♥st❛♥❝✐❛s ❞❡ ❉❡❆r♠♦♥✱ ♠✉❡str❛♥ q✉❡ ❡❧ ❛❧❣♦r✐t♠♦ ❡s ❝♦♠♣❡t✐t✐✈♦✳ ❖tr♦ ❛❧❣♦r✐t♠♦ ❆❙

❡s ❡❧ ♣r♦♣✉❡st♦ ♣♦r ▲❛❝♦♠♠❡ ❡t ❛❧✳ ❬✼✽❪✳ ❊♥ ❡st❡ ❝❛s♦✱ ❝❛❞❛ ❤♦r♠✐❣❛ ❝♦♥str✉②❡ ✉♥ ú♥✐❝♦

r❡❝♦rr✐❞♦ ❡❧ ❝✉❛❧ ❡s ♣♦st❡r✐♦r♠❡♥t❡ ❞✐✈✐❞✐❞♦ ❡♥ r❡❝♦rr✐❞♦s ❢❛❝t✐❜❧❡s ❡♥ tér♠✐♥♦s ❞❡ ❝❛♣❛❝✐✲

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

✐♥t❡♥s✐✜❝❛r ② ❞✐✈❡rs✐✜❝❛r ❡❧ ♣r♦❝❡s♦ ❞❡ ❜úsq✉❡❞❛ ❞❡ s♦❧✉❝✐♦♥❡s✳ ❙♦❜r❡ s♦❧✉❝✐♦♥❡s ❢❛❝t✐❜❧❡s

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

r❡❛❧✐③❛❞❛s s♦❜r❡ ✐♥st❛♥❝✐❛s ❞❡ ❉❡❆r♠♦♥✱ ❇❡❧❡♥❣✉❡r ② ❊❣❧❡s❡ ♠✉❡str❛♥ q✉❡ ❡❧ ❛❧❣♦r✐t♠♦

❡s ❝♦♠♣❡t✐t✐✈♦ ❡♥ tér♠✐♥♦s ❞❡ r❡s✉❧t❛❞♦s ♣❡r♦ ♥♦ ❡♥ t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳ ❊♥ ✈❡③ ❞❡



Pr♦♣✉❡st❛s ♣❛r❛ r❡s♦❧✈❡r ❈❆❘P ✺✶

✐♥✈❡rt✐r ✉♥ ❛❧t♦ t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡♥ ❡❧ ♣r♦❝❡s♦ ❞❡ ❜úsq✉❡❞❛ ❞❡ s♦❧✉❝✐♦♥❡s ✉s❛♥❞♦ ✉♥

ú♥✐❝♦ ✈❡❝✐♥❞❛r✐♦✱ ❡s ♣♦s✐❜❧❡ ❞❡✜♥✐r ② ❛❧t❡r♥❛r ❡♥tr❡ ✈❡❝✐♥❞❛❞❡s ❞❡ t❛♠❛ñ♦ r❡❞✉❝✐❞♦ ❤❛st❛

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

❍❡rt③ ② ▼✐tt❛③ ❬✻✻❪ ♣r♦♣✉s✐❡r♦♥ ✉♥ ❛❧❣♦r✐t♠♦ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❉❡s❝❡♥t ✭❱◆❉✮

♣❛r❛ ❈❆❘P✳ ❊❧ ♠✐s♠♦ ❣❡♥❡r❛ ✉♥ ú♥✐❝♦ r❡❝♦rr✐❞♦ q✉❡ ✈✐s✐t❛ t♦❞❛s ❧❛s ❛r✐st❛s r❡q✉❡r✐❞❛s ②

❧✉❡❣♦ ❡st❡ ❡s ❞✐✈✐❞✐❞♦ ② ♠❡❥♦r❛❞♦ ✭❡♥ tér♠✐♥♦s ❞❡ ❝♦st♦s✮ ♠❡❞✐❛♥t❡ ❧♦s ❛❧❣♦r✐t♠♦s ❆❝♦rt❛r

✭❙❍❖❘❚❊◆✮✱ ❈♦rt❛r ✭❈❯❚✮ ② ❈❛♠❜✐❛r ✭❙❲■❚❈❍✮✳ ▲❛s ❡str✉❝t✉r❛s ❞❡ ✈❡❝✐♥❞❛r✐♦s ❞❡✜♥✐✲

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

❤❡✉ríst✐❝♦s ❛♥t❡s ✐♥❞✐❝❛❞♦s✳ ▲♦s r❡s✉❧t❛❞♦s s♦❜r❡ ✐♥st❛♥❝✐❛s ❞❡ ❉❡❆r♠♦♥✱ ❇❡❧❡♥❣✉❡r ❡ ✐♥s✲

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

r❡s✉❧t❛❞♦s ② ❡♥ ♠❡♥♦s t✐❡♠♣♦ q✉❡ ❡❧ ❛❧❣♦r✐t♠♦ ❈❆❘P❊❚✳ ❊♥ t❛♥t♦✱ ❉❡❧ P✐❛ ② ❋✐❧✐♣♣✐ ❬✷✽❪

♣r❡s❡♥t❛r♦♥ ✉♥ ❛❧❣♦r✐t♠♦ ❱◆❉ ♣❛r❛ ❈❆❘P ❝♦♥ ❞❡♣ós✐t♦s ♠ó✈✐❧❡s✳ ❘❡s♣❡❝t♦ ❛❧ ❛❧❣♦r✐t♠♦

❱◆❉ ♣r♦♣✉❡st♦✱ ést❡ ♣♦s❡❡ ❝❛r❛❝t❡ríst✐❝❛s s✐♠✐❧❛r❡s ❛❧ ♣r♦♣✉❡st♦ ♣♦r ❍❡rt③ ② ▼✐tt❛③ ❬✻✻❪✱

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

❛r✐st❛s r❡q✉❡r✐❞❛s ❞❡ ✉♥❛ r✉t❛ ❛ ♦tr❛ ② ♦tr❛ ❜❛s❛❞❛ ❡♥ ❧❛ ♠♦❞✐✜❝❛❝✐ó♥ ❞❡ r✉t❛s✳

Pr♦♣✉❡st♦ ♣♦r ❈❤r✐st♦s ❱♦✉❞♦r✐s ❬✶✷✶❪✱ ●✉✐❞❡❞ ▲♦❝❛❧ ❙❡❛r❝❤ ✭●▲❙✮ t✐❡♥❡ ❝♦♠♦ ♣r❡♠✐s❛

✉s❛r ✉♥❛ ♥✉❡✈❛ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ✭r❡s♣❡❝t♦ ❛❧ ♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✮ t❛❧ q✉❡ ❣✉í❡ ❛

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

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

❛ r❡s♦❧✈❡r ② ✉♥❛ ❡①♣r❡s✐ó♥ q✉❡ ♣❡♥❛❧✐③❛ ❛ ❧❛ s♦❧✉❝✐ó♥ ❛❝t✉❛❧ s✐ ést❛ ♣♦s❡❡ ❛tr✐❜✉t♦s ♣♦❝♦

❞❡s❡❛❜❧❡s ❡♥ ✉♥❛ s♦❧✉❝✐ó♥ ❝♦♠♣❡t✐t✐✈❛✳ ❯♥❛ ✈❡③ q✉❡ s❡ ❛❧❝❛♥③ó ✉♥ ó♣t✐♠♦ ❧♦❝❛❧✱ s❡ ❝❛❧❝✉❧❛♥

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

❧♦s ❛tr✐❜✉t♦s ❝✉②❛ ✉t✐❧✐❞❛❞ ❡s ♠á①✐♠❛✳ ❉❡ ❡st❛ ♠❛♥❡r❛✱ ❝✉❛♥❞♦ ❧♦s ♦♣❡r❛❞♦r❡s ❞❡ ♠❡❥♦r❛

❜✉sq✉❡♥ ✉♥❛ ♠❡❥♦r s♦❧✉❝✐ó♥✱ ❡✈✐t❛rá♥ s♦❧✉❝✐♦♥❡s ❝♦♥ ❛tr✐❜✉t♦s ❛❧t❛♠❡♥t❡ ♣❡♥❛❧✐③❛❞♦s✳

❇❡✉❧❧❡♥s ❡t ❛❧✳ ❬✶✹❪ ❤❛♥ ♣r♦♣✉❡st♦ ✉♥ ❛❧❣♦r✐t♠♦ ●▲❙ ♣❛r❛ ❈❆❘P✳ ❉✐❝❤❛ ♣r♦♣✉❡st❛ s❡ ❜❛s❛

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

✐♥✈❡rs♦ ❞❡ s❡❝✉❡♥❝✐❛ ❞❡ ❛r❝♦s ❡♥ ✉♥❛ r✉t❛✱ ❛❞❛♣t❛❝✐ó♥ ❞❡❧ ♦♣❡r❛❞♦r ✷✲❖P❚✱ ❝♦♠♦ t❛♠❜✐é♥

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

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

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

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

❞❡ ❧❛s ♣❡♥❛❧✐❞❛❞❡s s♦❜r❡ ❧❛ s♦❧✉❝✐ó♥✳ ❉✐❝❤❛ ♣❡♥❛❧✐❞❛❞ s❡ ❛♣❧✐❝❛ ❡♥tr❡ ❛r❝♦s ❞❡ ✉♥❛ ♠✐s♠❛

r✉t❛ ② ❝✉②❛ ❡①♣r❡s✐ó♥ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❝♦♥ ❡❧ ♥ú♠❡r♦ ❞❡ ✈❡❤í❝✉❧♦s ✉s❛❞♦s✱ ❡❧ ❝♦st♦ t♦t❛❧ ❞❡



✺✷ ❈❛♣ít✉❧♦ ✹✳ ❊❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

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

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

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

▲♦s ❆❧❣♦r✐t♠♦s ▼❡♠ét✐❝♦s ✭▼❡♠❡t✐❝ ❆❧❣♦r✐t❤♠s ♦ ▼❆✮ ❬✾✷❪ s♦♥ ✉♥❛ té❝♥✐❝❛ ❞❡ ♦♣✲

t✐♠✐③❛❝✐ó♥ ❡♥ ❧❛ q✉❡ ❝♦♥✈❡r❣❡♥ ✐❞❡❛s ❞❡ ♠❡t❛❤❡✉ríst✐❝❛s ❜❛s❛❞❛s ❡♥ ♣♦❜❧❛❝✐ó♥ ② ♦tr❛s

❜❛s❛❞❛s ❡♥ ❜úsq✉❡❞❛ ❧♦❝❛❧✳ ❙✉r❣❡♥ ❝♦♠♦ ❛❧t❡r♥❛t✐✈❛ ♣❛r❛ ❧♦❣r❛r q✉❡ ❧♦s ❛❧❣♦r✐t♠♦s ❜❛s❛✲

❞♦s ❡♥ ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s s❡❛♥ ♠ás ❝♦♠♣❡t✐t✐✈♦s ❝♦♠♣❛r❛❞♦s ❝♦♥ ♦tr♦s ❞❡ ❧❛ ❧✐t❡r❛t✉r❛✳

❯♥♦ ❞❡ ❧♦s ❛s♣❡❝t♦s ✐♠♣♦rt❛♥t❡s ❞❡ ❡st♦s ❛❧❣♦r✐t♠♦s ❡s ❡❧ ✉s♦ ✐t❡r❛t✐✈♦ ❞❡ ✉♥ ♦♣❡r❛❞♦r

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

❛♣❧✐❝❛rs❡ s♦❜r❡ ♦tr❛s ❢❛s❡s ❞❡ ✉♥ ❛❧❣♦r✐t♠♦ ❜❛s❛❞♦ ❡♥ ♣♦❜❧❛❝✐♦♥❡s✳ ❯♥ ❛❧❣♦r✐t♠♦ ❜❛s❛✲

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

❞❡ s♦❧✉❝✐♦♥❡s ❡♥ ❢♦r♠❛ ❛✉tó♥♦♠❛ ❜❛s❛❞♦s ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♥ ❝♦♥❝❡♣t♦s ❞❡t❡r♠✐♥íst✐❝♦s✱

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

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

❛❧✳ ❬✼✼❪ ♣r♦♣✉s✐❡r♦♥ ✉♥ ❛❧❣♦r✐t♠♦ ▼❆ ♣❛r❛ ✉♥ ♣r♦❜❧❡♠❛ ❈❆❘P ❡①t❡♥❞✐❞♦✳ ❊❧ ♣r♦❜❧❡✲

♠❛ ❝♦♥s✐st❡ ❡♥ ✉♥ ♠✉❧t✐❣r❛❢♦ ♠✐①t♦✱ ❝♦♥ ❝♦st♦s ❞❡ r❡❝♦rr✐❞♦ ② s❡r✈✐❝✐♦s ❛s♦❝✐❛❞♦s ❛ ❧♦s

❛r❝♦s✴❛r✐st❛s✱ ❧♦♥❣✐t✉❞ ♠á①✐♠❛ ❞❡ r❡❝♦rr✐❞♦ ❡♥tr❡ ♦tr❛s ❝❛r❛❝t❡ríst✐❝❛s✳ ❊❧ ♦❜❥❡t✐✈♦ ❞❡

❈❆❘P ❡①t❡♥❞✐❞♦ ❡s ❧❛ ♠✐♥✐♠✐③❛❝✐ó♥ ❞❡❧ ❝♦st♦ t♦t❛❧ ❞❡❧ ❝♦♥❥✉♥t♦ ❞❡ r❡❝♦rr✐❞♦ q✉❡ ✈✐s✐t❛♥

❛ t♦❞♦s ❧♦s ❛r❝♦s✴❛r✐st❛s r❡q✉❡r✐❞♦s✳ ▲❛ ♣r♦♣✉❡st❛ s❡ ❜❛s❛ ❡♥ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦✲

♥❡s ❛ tr❛✈és ❞❡ ❧♦s ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s ✭♠♦❞✐✜❝❛❞♦s✮ ❊①♣❧♦r❛❝✐ó♥ ❞❡ ❘❡❝♦rr✐❞♦s ✭P❛t❤

❙❝❛♥♥✐♥❣✮✱ ❆✉♠❡♥t❛r✲❯♥✐r ✭❆✉❣♠❡♥t✲▼❡r❣❡✮ ② ❡❧ ❛❧❣♦r✐t♠♦ ❞❡ ❯❧✉s♦②✱ ❡❧ ✉s♦ ❞❡ ❧♦s ♦♣❡✲

r❛❞♦r❡s ❞❡ ❝r✉③❛♠✐❡♥t♦ ❖❳ ② ▲❖❳ ② ❧❛ ♠✉t❛❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ♠❡❞✐❛♥t❡ ❡❧ ♠♦✈✐♠✐❡♥t♦

❞❡ ❛r✐st❛s✴❛r❝♦s r❡q✉❡r✐❞❛s ❞❡♥tr♦ ❞❡ ✉♥ r❡❝♦rr✐❞♦ ② ❡♥tr❡ r❡❝♦rr✐❞♦s✱ ❡♥tr❡ ♦tr♦s ❛s♣❡❝t♦s

s❛❧✐❡♥t❡s✳ ▲❛s ♣r✉❡❜❛s s❡ r❡❛❧✐③❛r♦♥ ✉s❛♥❞♦ ✐♥st❛♥❝✐❛s ❞❡ ❉❡❆r♠♦♥✱ ❇❡❧❡♥❣✉❡r ② ❊❣❧❡s❡✳

▲♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ♠♦str❛r♦♥ q✉❡ ❡❧ ❛❧❣♦r✐t♠♦ ♠❡♠ét✐❝♦ ♣r♦♣✉❡st♦ ♦❢r❡❝❡ ♠❡❥♦r❡s

r❡s✉❧t❛❞♦s q✉❡ ❡❧ ❛❧❣♦r✐t♠♦ ❈❆❘P❊❚ ✭t❛♠❜✐é♥ ♣r♦♣✉❡st♦ ♣♦r ❧♦s ❛✉t♦r❡s✮ ② ❡♥ ♠❡♥♦r

t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳

✹✳✸✳✸✳ ❆❧❣♦r✐t♠♦s ❡①❛❝t♦s

❆ ♣❡s❛r q✉❡ ❈❆❘P ❡s ◆P✲❍❛r❞ ❬✺✺❪✱ s❡ ❤❛♥ ♣r♦♣✉❡st♦ ❞❡s❞❡ ❧❛ ❛♣❛r✐❝✐ó♥ ❞❡❧ ♣r♦❜❧❡♠❛✱

✈❛r✐♦s ❛❧❣♦r✐t♠♦s ❡①❛❝t♦s ❜❛s❛❞♦s ❡♥ Pr♦❣r❛♠❛❝✐ó♥ ❊♥t❡r❛ ✭P▲❊✮ q✉❡ ❧♦ r❡s✉❡❧✈❡♥ ❡♥ ❢♦r✲

♠❛ ó♣t✐♠❛✳ ◆♦ ♦❜st❛♥t❡✱ ❡s ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡ ❡❧ t❛♠❛ñ♦ ❞❡ ❧❛s ✐♥st❛♥❝✐❛s r❡s✉❡❧t❛s



Pr♦♣✉❡st❛s ♣❛r❛ r❡s♦❧✈❡r ❈❆❘P ✺✸

❡s ❜❛st❛♥t❡ ✐♥❢❡r✐♦r ❝♦♠♣❛r❛❞♦ ❝♦♥ ❧❛s ♣r✉❡❜❛s r❡❛❧✐③❛❞❛s ♣♦r ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐❝♦s ②

♠❡t❛❤❡✉ríst✐❝❛s✳ ▲❛ ♠❛②♦rí❛ ❞❡ ❧♦s ♠ét♦❞♦s ❡①❛❝t♦s ♣r♦♣✉❡st♦s ❡stá♥ ❜❛s❛❞♦s ❡♥ ❇r❛♥❝❤

❛♥❞ ❇♦✉♥❞✱ ❈✉tt✐♥❣ P❧❛♥❡ ② ❇r❛♥❝❤ ❛♥❞ ❈✉t✳

❇r❛♥❝❤ ❛♥❞ ❇♦✉♥❞ ❡s ✉♥ ♠ét♦❞♦ ❡①❛❝t♦ ♣❛r❛ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❞❡ ♣r♦❣r❛♠❛❝✐ó♥

❧✐♥❡❛❧ ❡♥t❡r❛✳ ❉✐❝❤♦ ♠ét♦❞♦ ♣♦❞❛ ✭❇♦✉♥❞✮ ❞❡❧ ár❜♦❧ q✉❡ ❝♦♥t✐❡♥❡ ❧❛ ❡♥✉♠❡r❛❝✐ó♥ ❝♦♠✲

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

♣r♦♠❡t❡❞♦r❛s ✭✐♥❢❛❝t✐❜❧❡s ♦ ❞❡ ❜❛❥❛ ❝❛❧✐❞❛❞✮ ② r❛♠✐✜❝❛ ✭❇r❛♥❝❤✮ ❛q✉❡❧❧♦s ♥♦❞♦s ❞❡ ❧♦s

❝✉❛❧❡s ♣✉❡❞❡♥ s✉r❣✐r r❛♠❛s ✭s♦❧✉❝✐♦♥❡s✮ q✉❡ ❝♦♥t❡♥❣❛♥ ❛ ❧❛ s♦❧✉❝✐ó♥ ó♣t✐♠❛✳ ❍✐r❛❜❛②❛s❤✐

❡t ❛❧✳ ❬✻✽❪ ② ❑✐✉❝❤✐ ❡t ❛❧✳ ❬✼✹❪✱ ♣r♦♣✉s✐❡r♦♥ ✉♥ ❛❧❣♦r✐t♠♦ ❇r❛♥❝❤ ❛♥❞ ❇♦✉♥❞ ♣❛r❛ ❈❆❘P✳

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

❝❛❝✐ó♥ ❞❡ ♥♦❞♦s ✭◆♦❞❡ ❉✉♣❧✐❝❛t✐♦♥ ▲♦✇❡r ❇♦✉♥❞✮✱ ♣❛r❛ ❧❛ ♣♦❞❛ ❞❡❧ ár❜♦❧✳ ▲❛s ♣r✉❡❜❛s

❝♦♠♣✉t❛❝✐♦♥❛❧❡s s❡ r❡❛❧✐③❛r♦♥ s♦❜r❡ ✐♥st❛♥❝✐❛s ❞❡ ♣r✉❡❜❛ ♣r♦♣✉❡st❛s ♣♦r ❧♦s ❛✉t♦r❡s✱ ❝✉②❛s

❛r✐st❛s r❡q✉❡r✐❞❛s ✈❛rí❛♥ ❡♥tr❡ ✶✺ ② ✺✵✱ ❛❧❝❛♥③á♥❞♦s❡ ❧❛s s♦❧✉❝✐♦♥❡s ó♣t✐♠❛s✳

P♦r ♦tr❛ ♣❛rt❡✱ ❧❛ r❡s♦❧✉❝✐ó♥ ❞❡ ♣r♦❜❧❡♠❛s ❧✐♥❡❛❧❡s ❡♥t❡r♦s ♠❡❞✐❛♥t❡ ❈✉tt✐♥❣ P❧❛♥❡ ❡s

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

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

❛❧❝❛♥③❛r ❧❛ s♦❧✉❝✐ó♥ ó♣t✐♠❛✱ ❈✉tt✐♥❣ P❧❛♥❡ ♣r♦♣♦♥❡ tr❛❜❛❥❛r ❝♦♥ ✉♥ ú♥✐❝♦ Pr♦❜❧❡♠❛ ▲✐♥❡❛❧

❊♥t❡r♦ ❛❣r❡❣❛♥❞♦ r❡str✐❝❝✐♦♥❡s ✭❝♦rt❡s ♦ ❈✉ts✮ ❛❧ ♠✐s♠♦✱ ❧♦s ❝✉❛❧❡s ❝✉♠♣❧❡♥ ❧❛ ❢✉♥❝✐ó♥

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

s♦❧✉❝✐ó♥ ó♣t✐♠❛ ✭s✐❡♠♣r❡ q✉❡ ❡st♦ s❡❛ ♣♦s✐❜❧❡✮✳ ❇❡❧❡♥❣✉❡r ② ❇❡♥❛✈❡♥t ❬✶✶❪ ❤❛♥ ♣r♦♣✉❡st♦

✉♥ ❛❧❣♦r✐t♠♦ ❜❛s❛❞♦ ❡♥ ❈✉tt✐♥❣ P❧❛♥❡ ♣❛r❛ ❈❆❘P✱ ✐♥❝❧✉②❡♥❞♦ tr❡s ♥✉❡✈❛s ❞❡s✐❣✉❛❧❞❛❞❡s

✈á❧✐❞❛s ✭s♦♥ ❞❡s✐❣✉❛❧❞❛❞❡s ax ≤ a0 t❛❧ q✉❡ ∀x ∈ X s❡ ✈❡r✐✜❝❛ q✉❡ ax ≤ a0 ❬✺❪✮✳ ❊♥ ❝❛❞❛

✐t❡r❛❝✐ó♥✱ s❡ r❡s✉❡❧✈❡ ❡❧ ❛❝t✉❛❧ P▲❊ ❜✉s❝á♥❞♦s❡ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ❞❡s✐❣✉❛❧❞❛❞❡s ✈á❧✐❞❛s✱

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

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

P▲❊ ❡s ✐❣✉❛❧ ❛ ✉♥❛ ❝♦t❛ ✐♥❢❡r✐♦r ❝♦♥♦❝✐❞❛ ♣r♦✈✐st❛ ♣♦r ❛❧❣ú♥ ❛❧❣♦r✐t♠♦ ❤❡✉ríst✐❝♦ ♣❛r❛

❈❆❘P✳ ❊♥ ❞✐❝❤♦ ❝❛s♦✱ s❡ ❛❧❝❛♥③❛ ❧❛ s♦❧✉❝✐ó♥ ó♣t✐♠❛✳ ▲❛s ♣r✉❡❜❛s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s ❢✉❡r♦♥

r❡❛❧✐③❛❞❛s s♦❜r❡ ✐♥st❛♥❝✐❛s ❞❡ ❇❡♥❛✈❡♥t✱ ●♦❧❞❡♥✱ ❑✐✉❝❤✐ ② ❊❣❧❡s❡✳ ▲♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s

s♦❜r❡ ❧❛s ♣r✐♠❡r❛s tr❡s ❝♦❧❡❝❝✐♦♥❡s ❞❡ ✐♥st❛♥❝✐❛s✱ ❧❛s ❝✉❛❧❡s ♣♦s❡❡♥ ❤❛st❛ ✺✵ ♥♦❞♦s ② ✾✼

❛r✐st❛s r❡q✉❡r✐❞❛s✱ ❛❧❝❛♥③❛r♦♥ ✉♥❛ ❜r❡❝❤❛ ✭●❆P✮ ❡♥tr❡ ♠❡❥♦r s♦❧✉❝✐ó♥ ❛❧❝❛♥③❛❞❛ ♣♦r ❡❧

❛❧❣♦r✐t♠♦ ② ♠❡❥♦r s♦❧✉❝✐ó♥ ❝♦♥♦❝✐❞❛✱ ✐♥❢❡r✐♦r ❛❧ ✶✪✳ ❙♦❜r❡ ✐♥st❛♥❝✐❛s ❞❡ ❊❣❧❡s❡✱ ❞❡ ❤❛st❛

✶✹✵ ♥♦❞♦s ② ✶✾✵ ❛r✐st❛s✱ ❡❧ ●❆P ♦❜t❡♥✐❞♦ ❡s ♠❡♥♦r ❛❧ ✸✪✳ ❆❞❡♠ás✱ s❡ ❛❧❝❛♥③❛r♦♥ ✹✼

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



✺✹ ❈❛♣ít✉❧♦ ✹✳ ❊❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

✹✳✹✳ ❱❛r✐❛❝✐♦♥❡s ❞❡❧ Pr♦❜❧❡♠❛

▲♦s ♣r♦❜❧❡♠❛s s✉r❣✐❞♦s ❝♦♠♦ ✈❛r✐❛♥t❡s ❞❡ ❈❆❘P ❤❛♥ s✐❞♦ ♣r♦♣✉❡st♦s ❝♦♠♦ ✉♥❛ ♠❛✲

♥❡r❛ ❞❡ ♠♦❞❡❧❛r ♠❡❥♦r ❞✐❢❡r❡♥t❡s s✐t✉❛❝✐♦♥❡s ❞❡ ❧❛ r❡❛❧✐❞❛❞✳ ❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ s❡rá♥ ❝♦♠❡♥✲

t❛❞♦s ❛❧❣✉♥♦s ❞❡ ❡❧❧♦s✳

✹✳✹✳✶✳ ❊❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s ❝♦♥ ✐♥st❛❧❛✲

❝✐♦♥❡s ✐♥t❡r♠❡❞✐❛s ✭❈❆❘P✲■❋✮

■♥tr♦❞✉❝✐❞♦ ♣♦r ●❤✐❛♥✐ ❡t ❛❧✳ ❬✹✼❪✱ ♣❛r❛ ❡st❡ ♣r♦❜❧❡♠❛ ❡①✐st❡ ✉♥ s✉❜❝♦♥❥✉♥t♦ ■ ❞❡ ❱

❞❡ ✐♥st❛❧❛❝✐♦♥❡s ✐♥t❡r♠❡❞✐❛s ✭■❋✮✱ ❡❧ ❝✉❛❧ ♣✉❡❞❡ ✐♥❝❧✉✐r ❛❧ ❞❡♣ós✐t♦✳ ❉✐❝❤❛s ✐♥st❛❧❛❝✐♦♥❡s

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

❈❛❞❛ ✈❡❤í❝✉❧♦ ❞❡ ❧❛ ✢♦t❛ ❛t✐❡♥❞❡ ❧❛s ❞❡♠❛♥❞❛s ❞❡ ❧❛s ❛r✐st❛s ❞❡ ❘ ② ✈✐s✐t❛ ❛❧❣✉♥❛ ❞❡

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

✈❡❤í❝✉❧♦ ❡♥tr❡ ❞♦s ✐♥st❛❧❛❝✐♦♥❡s ✐♥t❡r♠❡❞✐❛s ❝♦♥s❡❝✉t✐✈❛s✱ ♥♦ ♣✉❡❞❡ ❡♥ ♥✐♥❣ú♥ ❝❛s♦ ❡①❝❡❞❡r

◗✳ ❊❧ ♦❜❥❡t✐✈♦ ❞❡❧ ♣r♦❜❧❡♠❛ ❡s ❞❡t❡r♠✐♥❛r ✉♥ ❝♦♥❥✉♥t♦ ❞❡ r❡❝♦rr✐❞♦s t❛❧ q✉❡ s❡ ❛t✐❡♥❞❛♥

t♦❞❛s ❧❛s ❞❡♠❛♥❞❛s ❞❡ ❧❛s ❛r✐st❛s ❞❡ ❘✱ s✐♥ ❡①❝❡❞❡r ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ❝❛r❣❛ ❞❡ ❝❛❞❛ ✈❡❤í❝✉❧♦

❞❡ ❧❛ ✢♦t❛✱ ❛ ♠❡♥♦r ❝♦st♦ t♦t❛❧ ❞❡ r❡❝♦rr✐❞♦ ♣♦s✐❜❧❡✳

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

❈❆❘P✲■❋ ❡s ❡❧ tr❛❜❛❥♦ ❞❡ ❆♠❛②❛ ❡t ❛❧✳ ❬✼❪✳ ❊♥ ❡st❡ ❝❛s♦✱ ❡❧ ♣r♦❜❧❡♠❛ ♣r♦♣✉❡st♦ ♣♦s❡❡

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

❡❧❧♦✱ ✐♥✐❝✐❛ s✉ r❡❝♦rr✐❞♦ ❡♥ ❡❧ ❞❡♣ós✐t♦ ② ❝✉♠♣❧❡ ❝♦♥ ❧❛s ❞❡♠❛♥❞❛s ❞❡ ❧❛s ❛r✐st❛s r❡q✉❡r✐❞❛s

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

❝❛r❣❛ ✭♦ r❡❝❛r❣❛✮ ❡❧ ❝✉❛❧ ♣❡r♠✐t❡ ❛❧ ♣r✐♠❡r♦✱ ♣r♦s❡❣✉✐r ❝♦♥ ❡❧ s❡r✈✐❝✐♦ ♣❛r❛ ❧✉❡❣♦ r❡t♦r♥❛r

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

✐♥st❛❧❛❝✐ó♥ ✐♥t❡r♠❡❞✐❛✳ ❊♥ ❡st❡ ❝❛s♦✱ ❡❧ ♣r♦❜❧❡♠❛ ❝♦♥s✐st❡ ❡♥ ❧❛ ❞❡t❡r♠✐♥❛❝✐ó♥ ❞❡ ❧♦s

r❡❝♦rr✐❞♦s ♣❛r❛ ❧♦s ❞♦s t✐♣♦s ❞❡ ✈❡❤í❝✉❧♦s ② ❡❧ ♦❜❥❡t✐✈♦ ❡s ❧❛ ♠✐♥✐♠✐③❛❝✐ó♥ ❞❡❧ ❝♦st♦ t♦t❛❧

❞❡ r❡❝♦rr✐❞♦✳ ▲♦s ❛✉t♦r❡s ♣r♦♣♦♥❡♥ ✉♥ ❛❧❣♦r✐t♠♦ ❡①❛❝t♦ ❜❛s❛❞♦ ❡♥ ❈✉tt✐♥❣ P❧❛♥❡ ♣❛r❛

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

❡♥ ❢♦r♠❛ ❛❧❡❛t♦r✐❛ ❝♦♥ ❣r❛❢♦s ❝♦♥ ♥♦❞♦s q✉❡ ✈❛r✐❛r♦♥ ❡♥tr❡ ✷✵ ② ✼✵ ② ❝♦♥ ❛r❝♦s ❡♥tr❡ ✺✵

② ✺✾✺✱ ❧♦s ❝✉❛❧❡s ❢✉❡r♦♥ r❡s✉❡❧t♦s ❡♥ ❢♦r♠❛ ó♣t✐♠❛✳

❯♥ ❛❧❣♦r✐t♠♦ s❡♥❝✐❧❧♦ ② ❡✜❝✐❡♥t❡ ❡s ❡❧ ♣r❡s❡♥t❛❞♦ ♣♦r P♦❧❛❝❡❦ ❡t ❛❧✳ ❬✾✽❪✳ ❇❛s❛❞♦ ❡♥

❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤✱ ❧❛ ♣r♦♣✉❡st❛ ❝♦♥s✐st❡ ❞❡ ❧❛ ❝♦♥str✉❝❝✐ó♥ s♦❧✉❝✐♦♥❡s ♠❡❞✐❛♥✲



❱❛r✐❛❝✐♦♥❡s ❞❡❧ Pr♦❜❧❡♠❛ ✺✺

t❡ ❡❧ ❛❧❣♦r✐t♠♦ ❞❡ ❯❧✉s♦②✱ ❡❧ ✉s♦ ❞❡❧ ♦♣❡r❛❞♦r ❈r✉③❛r✲■♥t❡r❝❛♠❜✐❛r ✭♦ ❈r♦ss✲❊①❝❤❛♥❣❡✱

✐♥❞✐❝❛❞♦ ❡♥ ❚♦t❤ ② ❱✐❣♦ ❬✶✶✻❪✮ q✉❡ r❡❛❧✐③❛ ✐♥t❡r❝❛♠❜✐♦s ❞❡ ❝❛❞❡♥❛s ❡♥tr❡ ❞♦s r✉t❛s ❡❧❡✲

❣✐❞❛s ❛❧❡❛t♦r✐❛♠❡♥t❡ ✭♣✉❞✐❡♥❞♦ ❛♣❧✐❝❛rs❡ s♦❜r❡ ✉♥❛ ú♥✐❝❛ r✉t❛✮ ✉s❛❞♦ ❝♦♠♦ ♠❡❝❛♥✐s♠♦

❞❡ ♣❡rt✉r❜❛❝✐ó♥ ✭♦ ❙❤❛❦✐♥❣✮ ② ❝♦♠♦ ❢❛s❡ ❞❡ ♠❡❥♦r❛ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ♣❡rt✉r❜❛❞❛✱ s❡ ❛♣❧✐❝❛

✐♥✈❡rs✐ó♥ ❞❡ ❧❛s r✉t❛s ♠♦❞✐✜❝❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡ ♠ás ❧❛ r❡❝♦♥❡①✐ó♥ ❞❡ ❛r✐st❛s ♠❡❞✐❛♥t❡

❡❧ ❛❧❣♦r✐t♠♦ ❞❡ ❈❛♠✐♥♦ ♠ás ❝♦rt♦✳ ▲❛s ♣r✉❡❜❛s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s ❢✉❡r♦♥ r❡❛❧✐③❛❞❛s s♦❜r❡

✐♥st❛♥❝✐❛s ✉s❛❞❛s ❡♥ ●♦❧❞❡♥ ❡t ❛❧✳ ❬✺✸❪✱ ●❤✐❛♥✐ ❡t ❛❧✳ ❬✹✼❪ ② ❊❣❧❡s❡ ❬✸✹❪✳ ▲♦s r❡s✉❧t❛❞♦s ❛❧✲

❝❛♥③❛❞♦s ♣♦r ❡❧ ❛❧❣♦r✐t♠♦✱ ♠✉❡str❛♥ ❝♦♥s✐❞❡r❛❜❧❡s ♠❡❥♦r❛s s♦❜r❡ ❧♦s ❞❡ ●❤✐❛♥✐ ② ❛❧❣✉♥❛s

♠❡❥♦r❛s s♦❜r❡ ❧♦s ❞❡ ❊❣❧❡s❡✳

✹✳✹✳✷✳ ❊❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s ❝♦♥ ♠ú❧t✐♣❧❡s

❞❡♣ós✐t♦s ✭▼❉✲❈❆❘P✮

▼❉✲❈❆❘P ✭♦ ▼✉❧t✐♣❧❡ ❉❡♣♦t ❈❆❘P✮ s❡ ❞❡✜♥❡ ❝♦♠♦ ✉♥ ❈❆❘P ❝♦♥ ✈❛r✐♦s ❞❡♣ós✐t♦s

✭❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❈❆❘P q✉❡ só❧♦ ♣♦s❡❡ ✉♥♦✱ t❛♠❜✐é♥ ❝♦♥♦❝✐❞♦ ❝♦♠♦ ✶✲❈❆❘P✮ ❞♦♥❞❡ ❧♦s

✈❡❤í❝✉❧♦s s♦♥ ❡st❛❝✐♦♥❛❞♦s ② ❞❡s❞❡ ❞♦♥❞❡ ❧♦s ♠✐s♠♦s ✐♥✐❝✐❛♥ ② ✜♥❛❧✐③❛♥ s✉s r❡❝♦rr✐❞♦s✳

❉❛❞♦ q✉❡ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞✐st✐♥t✐✈❛ ❞❡ ❡st❡ ♣r♦❜❧❡♠❛ r❡s♣❡❝t♦ ❛ ❈❆❘P ❡s ❧❛ ❡①✐st❡♥❝✐❛ ❞❡

✈❛r✐♦s ❞❡♣ós✐t♦s✱ ❧❛s ♥✉❡✈❛s r❡str✐❝❝✐♦♥❡s q✉❡ ❛♣❛r❡❝❡♥ ❝♦♥ ést❡✱ s❡ r❡❧❛❝✐♦♥❛♥ ❝♦♥ ❡❧ ✐♥✐❝✐♦

② ✜♥ ❞❡ ❧♦s r❡❝♦rr✐❞♦s✳ ❊♥ ❣❡♥❡r❛❧✱ ♣✉❡❞❡ ♣❡♥s❛rs❡ q✉❡ t♦❞♦s ❧♦s r❡❝♦rr✐❞♦s ❝♦♠✐❡♥③❛♥

② ✜♥❛❧✐③❛♥ ❡♥ ❡❧ ♠✐s♠♦ ❞❡♣ós✐t♦✳ ◆♦ ♦❜st❛♥t❡✱ ♣♦❞rí❛♥ ♦❜t❡♥❡rs❡ r❡❝♦rr✐❞♦s ❞♦♥❞❡ ❡❧

❞❡♣ós✐t♦ ❞❡s❞❡ ❞♦♥❞❡ s❡ ✐♥✐❝✐❛ s❡❛ ❞✐st✐♥t♦ ❛❧ ❞❡♣ós✐t♦ ❞♦♥❞❡ ✜♥❛❧✐③❛ ❡❧ r❡❝♦rr✐❞♦✳ ❊s

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

q✉❡ ♣♦s❡❛ ❝❛❞❛ ❞❡♣ós✐t♦✳

❆♠❜❡r❣ ❡t ❛❧✳ ❬✽❪ ♣r♦♣✉s✐❡r♦♥ ✉♥ ❛❧❣♦r✐t♠♦ ♣❛r❛ ▼❉✲❈❆❘P✳ ❊❧ ❛❧❣♦r✐t♠♦ s❡ ❜❛s❛

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

♣r♦❜❧❡♠❛ ❞❡ ❆r❜♦❧ ▼í♥✐♠♦ ❈❛♣❛❝✐t❛❞♦ ✭❡♥ ❡st❡ ❝❛s♦✱ ❝♦♥ ♠ú❧t✐♣❧❡s ❝❡♥tr♦s✮ ② ✉♥❛ ❢❛s❡ ❞❡

♠❡❥♦r❛ ❛♣❧✐❝❛♥❞♦ ❧✐st❛ t❛❜ú ② ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣✱ ❧♦s ❝✉❛❧❡s ♣❡r♠✐t❡♥ ❛❧❝❛♥③❛r ♠❡❥♦r❡s

s♦❧✉❝✐♦♥❡s ❡♥ ❢♦r♠❛ ❞❡t❡r♠✐♥íst✐❝❛ ② ♣r♦❜❛❜✐❧íst✐❝❛ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❛ tr❛✈és ❞❡❧ ♠♦✈✐✲

♠✐❡♥t♦ ❞❡ ♥♦❞♦s ❡♥tr❡ s✉❜✲ár❜♦❧❡s ❞❡❧ ár❜♦❧ ♠í♥✐♠♦ ❝❛♣❛❝✐t❛❞♦ ✭s♦❧✉❝✐ó♥ ❞❡❧ ♣r♦❜❧❡♠❛✮✳

▲❛s ♣r✉❡❜❛s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s ❢✉❡r♦♥ r❡❛❧✐③❛❞❛s s♦❜r❡ ❞♦s ✐♥st❛♥❝✐❛s r❡❛❧❡s ❝♦rr❡s♣♦♥❞✐❡♥✲

t❡s ❛ t❛r❡❛s ❡♥ é♣♦❝❛ ✐♥✈❡r♥❛❧ ❡♥ ❧❛s ❧♦❝❛❧✐❞❛❞❡s ❣❡r♠❛♥❛s ❞❡ ❑ö♥✐❣st❡✐♥ ② ❲❡♥♥✐❣s❡♥

✭❝♦♥ ✶ ② ✷ ❞❡♣ós✐t♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✮✳ ▲♦s ♠❡❥♦r❡s r❡s✉❧t❛❞♦s ♣❛r❛ ❧❛ ♣r✐♠❡r❛ ✐♥st❛♥✲

❝✐❛ ♠❡❥♦r❛r♦♥ ❡♥ ✉♥ ✺✪ r❡s♣❡❝t♦ ❞❡❧ ♠❡❥♦r r❡s✉❧t❛❞♦ ♣✉❜❧✐❝❛❞♦✳ ❊♥ ❝✉❛♥t♦ ❛❧ ❛♥á❧✐s✐s



✺✻ ❈❛♣ít✉❧♦ ✹✳ ❊❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

❞❡ r❡s✉❧t❛❞♦s ❞❡✈✉❡❧t♦s ♣♦r ❧♦s ❛❧❣♦r✐t♠♦s ❚❛❜✉ ❙❡❛r❝❤ ② ❙✐♠✉❧❛t❡❞ ❆♥♥❡❛❧✐♥❣ ♣r♦♣✉❡s✲

t♦s ❝♦♠♦ ❡str❛t❡❣✐❛s ❞❡ ♠❡❥♦r❛✱ ❧❛ ♣r✐♠❡r❛ ❛❧❝❛♥③ó ♠❡❥♦r❡s r❡s✉❧t❛❞♦s ❛ ♠❡♥♦r t✐❡♠♣♦

❝♦♠♣✉t❛❝✐♦♥❛❧✳

❈♦♠♦ s❡ ✐♥❞✐❝ó ❛♥t❡r✐♦r♠❡♥t❡✱ ❉❡❧ P✐❛ ② ❋✐❧✐♣♣✐ ❬✷✽❪ ❛♣❧✐❝❛♥ ✉♥ ❛❧❣♦r✐t♠♦ ❱◆❉ ♣❛r❛

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

❞❡ ❉✉❡ ❈❛rr❛r❡✳ ❊❧ ♣r♦❜❧❡♠❛ ❛♥❛❧✐③❛❞♦ ❝♦♥s✐st❡ ❡♥ ❧❛ r❡❝♦❧❡❝❝✐ó♥ ❞❡ r❡s✐❞✉♦s ❞♦♠✐❝✐❧✐❛r✐♦s

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

t❛❞♦r❡s ✭❞❡ ♠❛②♦r ❝❛♣❛❝✐❞❛❞✮ ❧♦s q✉❡ ❛ s✉ ✈❡③ ✈✉❡❧❝❛♥ s✉s ❝♦♥t❡♥✐❞♦s s♦❜r❡ ❧♦s s✐t✐♦s ❞❡

❞❡s❝❛r❣❛ ✭❡♥ ❡st❡ ❝❛s♦✱ ❡❧ ❞❡♣ós✐t♦✮✳ ❉❡ ❛❝✉❡r❞♦ ❛ ❧♦ ✐♥❞✐❝❛❞♦✱ ❧♦s ❝❛♠✐♦♥❡s ❝♦♠♣❛❝t❛✲

❞♦r❡s ❝✉♠♣❧❡♥ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ✐♥st❛❧❛❝✐♦♥❡s ✐♥t❡r♠❡❞✐❛s ✭❈❆❘P✲■❋✮ ❝♦♥ ❧❛ s❛❧✈❡❞❛❞ q✉❡ ❧❛

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

♠✐♥✐♠✐③❛❝✐ó♥ ❞❡ ❧❛ ❞✉r❛❝✐ó♥ t♦t❛❧ ❞❡ ❧♦s r❡❝♦rr✐❞♦s ❞❡ ❧♦s ❝❛♠✐♦♥❡s s❛té❧✐t❡s ② ❝♦♠♣❛❝t❛✲

❞♦r❡s✱ ❧♦s ❝✉❛❧❡s s❡ ✐♥✐❝✐❛♥ ② ✜♥❛❧✐③❛♥ ❡♥ ✉♥ ú♥✐❝♦ ❞❡♣ós✐t♦✳ ▲♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❞❡

❧❛s ♣r✉❡❜❛s s♦❜r❡ ✐♥st❛♥❝✐❛s r❡❛❧❡s✱ ♠✉❡str❛♥ q✉❡ s❡ ❧♦❣r❛r♦♥ r❡❞✉❝❝✐♦♥❡s ❡♥ tér♠✐♥♦s ❞❡

❞✐st❛♥❝✐❛ r❡❝♦rr✐❞❛ ❝❡r❝❛♥❛s ❛❧ ✸✵✪✳

✹✳✹✳✸✳ ❊❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s ♣❡r✐ó❞✐❝♦ ✭P✲

❈❆❘P✮

P✲❈❆❘P ✭♦ P❡r✐♦❞✐❝ ❈❆❘P✮ ❡s ✉♥❛ ❣❡♥❡r❛❧✐③❛❝✐ó♥ ❞❡ ❈❆❘P ❡♥ tér♠✐♥♦s ❞❡ ❤♦r✐③♦♥t❡

❞❡ t✐❡♠♣♦✳ P❛r❛ ❡st❡ ♣r♦❜❧❡♠❛✱ ❛❞❡♠ás ❞❡ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❝♦♥♦❝✐❞❛s ❞❡ ❈❆❘P✱ s❡

❝♦♥s✐❞❡r❛ ✉♥ ❤♦r✐③♦♥t❡ ❍ ❞❡ ♥♣ ♣❡rí♦❞♦s ✭♣♦r ❡❥❡♠♣❧♦✱ ❞í❛s✮✱ ❝❛❞❛ ❛r✐st❛ r❡q✉❡r✐❞❛ ❡ ♣♦s❡❡

✉♥❛ ❢r❡❝✉❡♥❝✐❛ ❢✭❡✮ q✉❡ r❡♣r❡s❡♥t❛ ❡❧ ♥ú♠❡r♦ ❞❡ s❡r✈✐❝✐♦s r❡q✉❡r✐❞♦s ❡♥ ❍✱ ✉♥ ❝♦♥❥✉♥t♦

❞❡ ❞í❛s ❝♦♠❜✭❡✮ q✉❡ ❞❡❜❡♥ s❡r ❛t❡♥❞✐❞♦s ② ✉♥❛ ❞❡♠❛♥❞❛ ◗✭❡✱ ❦✱ ♣✮ ❝♦rr❡s♣♦♥❞✐❡♥t❡ ♣❛r❛

❝❛❞❛ ❞í❛ ❞❡♥tr♦ ❞❡❧ ❤♦r✐③♦♥t❡ ❞❡ t✐❡♠♣♦✳

❊❧ ♦❜❥❡t✐✈♦ ❞❡ P✲❈❆❘P ❝♦♥s✐st❡ ❡♥ ♦❜t❡♥❡r ✉♥❛ ❝♦♠❜✐♥❛❝✐ó♥ t❡♠♣♦r❛❧ ♣❛r❛ ❝❛❞❛ ❛r✐st❛

r❡q✉❡r✐❞❛ ② ❧❛ ♦❜t❡♥❝✐ó♥ ❞❡ r❡❝♦rr✐❞♦s ♣❛r❛ ❝❛❞❛ ❝♦♠❜✐♥❛❝✐ó♥ t❡♠♣♦r❛❧✱ ♠✐♥✐♠✐③❛♥❞♦ ❡❧

t❛♠❛ñ♦ ❞❡ ❧❛ ✢♦t❛ ♦ ❡❧ ❝♦st♦ t♦t❛❧ ❞❡ r❡❝♦rr✐❞♦ ❞❡ ♠❛♥❡r❛ t❛❧ ❞❡ s❛t✐s❢❛❝❡r ❧❛s ❞❡♠❛♥❞❛s

❞❡ ❧❛s ❛r✐st❛s r❡q✉❡r✐❞❛s s✐♥ ❡①❝❡❞❡r ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡ ❝❛r❣❛ ❞❡ ❧♦s ✈❡❤í❝✉❧♦s✳

❈❤✉ ❡t ❛❧✳ ❬✷✶❪ ❞❡s❛rr♦❧❧❛r♦♥ ✉♥ ❛❧❣♦r✐t♠♦ ❜❛s❛❞♦ ❡♥ ❙❝❛tt❡r ❙❡❛r❝❤ ✭❙❙✮✳ ❊❧ ♣r♦❜❧❡♠❛

tr❛t❛❞♦ ♠✐♥✐♠✐③❛ ❡❧ t❛♠❛ñ♦ ❞❡ ❧❛ ✢♦t❛ ✈❡❤✐❝✉❧❛r ② ❡❧ ❝♦st♦ t♦t❛❧ ❞❡ r❡❝♦rr✐❞♦ ❞❡ ♠❛♥❡r❛

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



❱❛r✐❛❝✐♦♥❡s ❞❡❧ Pr♦❜❧❡♠❛ ✺✼

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

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

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

❛③❛r✱ s✐❡♥❞♦ ❛♠❜❛s ✐♥❝❧✉í❞❛s ❡♥ ❧❛ ♣r✐♠❡r❛ ♣♦❜❧❛❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ❞❡ ❙❝❛tt❡r ❙❡❛r❝❤✳ ❆

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

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

❝♦♥ s♦❧✉❝✐♦♥❡s ❞❡ ❝❛❧✐❞❛❞ ♠ás s♦❧✉❝✐♦♥❡s ❞✐✈❡rs❛s ♣❛r❛ ❧♦ ❝✉❛❧ s❡ ❞❡✜♥❡ ✉♥❛ ❢✉♥❝✐ó♥ ❞❡

❞✐st❛♥❝✐❛ ❡♥tr❡ ❞♦s s♦❧✉❝✐♦♥❡s✳ ❆ s✉ ✈❡③✱ s❡ ❝r✉③❛♥ ♣❛r❡s ❞❡ s♦❧✉❝✐♦♥❡s ❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥

❛♣❧✐❝❛♥❞♦ ❡❧ ♦♣❡r❛❞♦r P▲❖❳ ✭P❡r✐♦❞✐❝ ▲❖❳✮ ♣❛r❛ ❞❡ ❡st❛ ♠❛♥❡r❛ ♦❜t❡♥❡r ♥✉❡✈♦s ♣❛r❡s

❞❡ s♦❧✉❝✐♦♥❡s q✉❡ s♦♥ ♠❡❥♦r❛❞♦s ❝♦♥ ♦♣❡r❛❞♦r❡s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ ② q✉❡ ♣✉❡❞❡♥ ❢♦r♠❛r

♣❛rt❡ ❞❡ ❧❛ ♥✉❡✈❛ ♣♦❜❧❛❝✐ó♥✳ ❉❡❜✐❞♦ ❛ ❧❛ ❢❛❧t❛ ❞❡ ✐♥st❛♥❝✐❛s ♣❛r❛ ❡st❡ t✐♣♦ ❞❡ ♣r♦❜❧❡♠❛✱

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

❞❡ ✉s❛r ❙❝❛tt❡r ❙❡❛r❝❤ ❝♦♠♣❛r❛❞♦ ❝♦♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡✈✉❡❧t♦s ♣♦r ❡❧ ❛❧❣♦r✐t♠♦ ❤❡✉ríst✐❝♦

❞❡s❛rr♦❧❧❛❞♦✳

▲❛❝♦♠♠❡ ❡t ❛❧✳ ❬✼✼❪ r❡❛❧✐③❛r♦♥ ✉♥ ❡st✉❞✐♦ ❣❡♥❡r❛❧ s♦❜r❡ ❧❛s ❞✐st✐♥t❛s ❝❛r❛❝t❡ríst✐❝❛s ❛

❝♦♥s✐❞❡r❛r ❡♥ ❧❛ ♠♦❞❡❧✐③❛❝✐ó♥ ❞❡ ❈❆❘P ♣❡r✐ó❞✐❝♦s ♣❛r❛ q✉❡ ést♦s s❡ ❛s❡♠❡❥❡♥ ❛ ♣r♦❜❧❡♠❛s

r❡❛❧❡s✳ ❊❧ ♣r♦❜❧❡♠❛ ♣r❡s❡♥t❛❞♦ ❝♦♥s✐❞❡r❛ ✉♥ ♠✉❧t✐❣r❛❢♦ ♠✐①t♦✱ ❝♦st♦s ❞❡ r❡❝♦rr✐❞♦ ② ❞❡

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

✭♣r♦❤✐❜✐❝✐ó♥ ❞❡ ❣✐r♦s ❡♥ ❯ ② ♣❡♥❛❧✐❞❛❞❡s ❞❡ ❣✐r♦s✮✱ ❡♥tr❡ ♦tr❛s ❝❛r❛❝t❡ríst✐❝❛s✳ ❊❧ ♦❜❥❡t✐✈♦

❞❡❧ ♠✐s♠♦ ❡s ❧❛ ♠✐♥✐♠✐③❛❝✐ó♥ ❞❡ ✉♥❛ ❢✉♥❝✐ó♥ q✉❡ s✉♠❛ ❡❧ ❝♦st♦ t♦t❛❧ ❞❡ ❧♦s r❡❝♦rr✐❞♦s ② ❡❧

♥ú♠❡r♦ ❞❡ ✈❡❤í❝✉❧♦s ✉s❛❞♦s✳ Pr♦♣✉s✐❡r♦♥ ✉♥ ❛❧❣♦r✐t♠♦ ❜❛s❛❞♦ ❡♥ ❆❧❣♦r✐t♠♦s ▼❡♠ét✐❝♦s✱

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

❡❧❧♦s ❡s ✉♥❛ ❧✐st❛ ❞❡ s❡❝✉❡♥❝✐❛s ❞❡ ❛r✐st❛s✴❛r❝♦s r❡q✉❡r✐❞♦s s✐♥ ❞❡❧✐♠✐t❛❞♦r ❞❡ r❡❝♦rr✐❞♦s

✭✉♥❛ ♣♦r ❝❛❞❛ ❞í❛✮✳ ❈♦♠♦ ❢❛s❡ ❞❡ ♠❡❥♦r❛✱ ❡❧ ❛❧❣♦r✐t♠♦ ✉s❛ ▲❖❳ ❛❞❛♣t❛❞♦ ❝♦♠♦ ♦♣❡r❛✲

❞♦r ❞❡ ❝r✉③❛♠✐❡♥t♦ ② ♠❡❥♦r❛ ❞❡ s♦❧✉❝✐♦♥❡s ❛ tr❛✈és ❞❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡ ❡♥❧❛❝❡s ② ✷✲❖P❚

❡♥tr❡ r❡❝♦rr✐❞♦s✳ ▲❛s ♣r✉❡❜❛s s❡ r❡❛❧✐③❛r♦♥ s♦❜r❡ ❛❞❛♣t❛❝✐♦♥❡s ❞❡ ✐♥st❛♥❝✐❛s ❞❡ ●♦❧❞❡♥ ②

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

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



✺✽ ❈❛♣ít✉❧♦ ✹✳ ❊❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

✹✳✹✳✹✳ ❊❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s ❝♦♥ ✈❡♥t❛♥❛s

❞❡ t✐❡♠♣♦ ✭❈❆❘P✲❚❲✮

❖tr❛ ❡①t❡♥s✐ó♥ ❛ ❈❆❘P t✐❡♥❡ q✉❡ ✈❡r ❝♦♥ ❡❧ ♠♦♠❡♥t♦ ❡♥ q✉❡ s❡ ❛t✐❡♥❞❡♥ ❧❛s ❞❡♠❛♥❞❛s

❞❡ ❧❛s ❛r✐st❛s r❡q✉❡r✐❞❛s✳ ❈❆❘P✲❚❲ ✭❈❆❘P✲❚✐♠❡ ❲✐♥❞♦✇s✮ s❡ ❞❡✜♥❡ ❝♦♠♦ ❈❆❘P ♠ás

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

❞❡ t✐❡♠♣♦ [t✐❡♠♣♦ ♠ás tempranoe✱ t✐❡♠♣♦ ♠ás tardioe] ❡s♣❡❝í✜❝♦✱ s✐❡♥❞♦ ♣♦s✐❜❧❡ q✉❡ ❡❧

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

♣❛r❛ ❧✉❡❣♦ ❝✉♠♣❧✐r ❝♦♥ ❧❛ ♠✐s♠❛✳

❊❧ ♦❜❥❡t✐✈♦ ❞❡ ❈❆❘P✲❚❲ ❝♦♥s✐st❡ ❡♥ ♦❜t❡♥❡r r❡❝♦rr✐❞♦s q✉❡ s✐r✈❛♥ ❧❛s ❞❡♠❛♥❞❛s

❞❡ ❧❛s ❛r✐st❛s r❡q✉❡r✐❞❛s ❞❡♥tr♦ ❞❡ s✉s ✈❡♥t❛♥❛s t❡♠♣♦r❛❧❡s✱ s✐♥ ❡①❝❡❞❡r ❧❛s ❝❛♣❛❝✐❞❛❞❡s

✈❡❤✐❝✉❧❛r❡s ② ♠✐♥✐♠✐③❛♥❞♦ ❧❛ ❞✐st❛♥❝✐❛ t♦t❛❧ r❡❝♦rr✐❞❛✳

❘❡❣❤✐♦✉✐ ❡t ❛❧✳ ❬✶✵✷❪ ♣r❡s❡♥t❛r♦♥ ✉♥ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❈❆❘P✲❚❲ ❜❛s❛❞♦ ❡♥ ●❘❆❙P

② P❛t❤ ❘❡❧✐♥❦✐♥❣✳ ❊❧ ♣r♦❜❧❡♠❛ tr❛t❛❞♦ ♣♦r ❧♦s ❛✉t♦r❡s✱ ♠✐♥✐♠✐③❛ ❧❛ ❞✉r❛❝✐ó♥ t♦t❛❧ ❞❡

❧♦s r❡❝♦rr✐❞♦s ❡♥❝❛r❣❛❞♦s ❞❡ ❛t❡♥❞❡r ❧❛s ❛r✐st❛s r❡q✉❡r✐❞❛s✳ P❛r❛ ❧❛ ❢❛s❡ ❝♦♥str✉❝t✐✈❛ ❞❡

●❘❆❙P✱ ♣r♦♣♦♥❡♥ ❞♦s ❛❧❣♦r✐t♠♦s ❝♦♥str✉❝t✐✈♦s✿ ❘❡❝♦rr✐❞♦ ❞❡ ❝❛♠✐♥♦s ✭P❛t❤ ❙❝❛♥♥✐♥❣✮

❝♦♥ ✉s♦ ❞❡ ❧✐st❛ ❘❈▲ ② ❡❧ ❛❧❣♦r✐t♠♦ ❘✉t❡♦✲❆❣r✉♣❛❝✐ó♥ ✭❘♦✉t❡✲❋✐rst✱ ❈❧✉st❡r✲❙❡❝♦♥❞✮

❜❛s❛❞♦ ❡♥ ❡❧ ❆❧❣♦r✐t♠♦ ❞❡ ❯❧✉s♦②✳ ❊♥ ❧❛ ❢❛s❡ ❞❡ ♠❡❥♦r❛✱ ❝♦♠❜✐♥❛r♦♥ P❛t❤ ❘❡❧✐♥❦✐♥❣ ❝♦♥

❧♦s ❛❧❣♦r✐t♠♦s ✷✲❖P❚✱ ❖❘✲❖P❚ ② ❙❲❆P ✭❜❛s❛❞♦ ❡♥ ❊❥❡❝t✐♦♥ ❈❤❛✐♥s ❬✺✵❪✮✱ ❞❡❜✐❞♦ ❛

❧❛ ♥❡❝❡s✐❞❛❞ ❞❡ ♠❡❥♦r❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛s s♦❧✉❝✐♦♥❡s ♦❜t❡♥✐❞❛s ♣♦r P❛t❤ ❘❡❧✐♥❦✐♥❣✳ ▲❛s

♣r✉❡❜❛s s❡ r❡❛❧✐③❛r♦♥ s♦❜r❡ ✐♥st❛♥❝✐❛s ❞❡❧ tr❛❜❛❥♦ ❞❡ t❡s✐s ❞❡ ❲♦❤❧❦ ✭✷✵✵✺✮✱ ♦❜t❡♥✐é♥❞♦s❡

♠❡❥♦r❛s s♦❜r❡ ✹ ❞❡ ✷✹ ✐♥st❛♥❝✐❛s✳

❏♦❤♥s♦♥ ② ❲♦❤❧❦ ❬✼✶❪ ❤❛♥ ❞❡s❛rr♦❧❧❛❞♦ ❞♦s ♠ét♦❞♦s ❜❛s❛❞♦s ❡♥ ●❡♥❡r❛❝✐ó♥ ❞❡ ❈♦❧✉♠✲

♥❛s ♣❛r❛ ❈❆❘P✲❚❲✳ ❊♥ ❛♠❜♦s ❝❛s♦s✱ ♣r♦♣♦♥❡♥ r❡s♦❧✈❡r ❡❧ Pr♦❜❧❡♠❛ ❞❡ P❛rt✐❝✐♦♥❛♠✐❡♥t♦

❞❡ ❈♦♥❥✉♥t♦ ✭❙❡t P❛rt✐t✐♦♥✐♥❣ Pr♦❜❧❡♠✮ ♣❛r❛ ❛❧❝❛♥③❛r s♦❧✉❝✐♦♥❡s ó♣t✐♠❛s✳ ❊❧ ♣r✐♠❡r ♠é✲

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

✉s❛♥❞♦ ❞✐❝❤❛ s♦❧✉❝✐ó♥ ❝♦♠♦ ❝r✐t❡r✐♦ ❞❡ ♣♦❞❛ ❞❡❧ ár❜♦❧✱ ❧❛ s❡❣✉♥❞❛ ❢❛s❡ ✐♥t❡♥t❛ ❛❧❝❛♥③❛r

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

✐t❡r❛t✐✈❛✳ ❆ ♣❛rt✐r ❞❡ ✉♥❛ s♦❧✉❝✐ó♥ ✐♥❢❛❝t✐❜❧❡✱ ❞✉r❛♥t❡ ✉♥ ❝✐❡rt♦ t✐❡♠♣♦ s❡ ✐♥t❡♥t❛ r❡♣❛✲

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

❧♦s ❛✉t♦r❡s ♠♦❞✐✜❝❛r♦♥ ✷✵ ✐♥st❛♥❝✐❛s ❞❡ ❧❛s ♣r♦♣✉❡st❛s ♣♦r ❊❣❧❡s❡ ❬✸✹❪✳ ❙❡ ❛❧❝❛♥③❛r♦♥ ✶✾

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



❆♣❧✐❝❛❝✐ó♥ ❛ ❝❛s♦s r❡❛❧❡s ✺✾

✹✳✺✳ ❆♣❧✐❝❛❝✐ó♥ ❛ ❝❛s♦s r❡❛❧❡s

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ s❡ ♠❡♥❝✐♦♥❛rá♥ ❛❧❣✉♥♦s tr❛❜❛❥♦s q✉❡ ❞❡s❝r✐❜❡♥ s♦❧✉❝✐♦♥❡s ❛ ❝❛s♦s

r❡❛❧❡s✳

✹✳✺✳✶✳ ❘❡❝♦❧❡❝❝✐ó♥ ❞❡ ❘❡s✐❞✉♦s

●❤✐❛♥✐ ❡t ❛❧✳ ❬✹✼❪ r❡❛❧✐③❛r♦♥ ✉♥ ❡st✉❞✐♦ s♦❜r❡ r❡❝♦❧❡❝❝✐ó♥ ❞❡ r❡s✐❞✉♦s ❞♦♠✐❝✐❧✐❛r✐♦s

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

❈❆❘P q✉❡ ✐♥❝❧✉②❡ ✐♥st❛❧❛❝✐♦♥❡s ✐♥t❡r♠❡❞✐❛s ✭s✐t✐♦s ❞❡ ❞❡s❝❛r❣❛ ❞❡ r❡s✐❞✉♦s✮✱ ✈❡♥t❛♥❛s ❞❡

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

❤❡t❡r♦❣é♥❡❛✳ ▲♦s ♦❜❥❡t✐✈♦s ❞❡❧ ❡st✉❞✐♦ s❡ ❡♥❢♦❝❛r♦♥ ❡♥ ❧❛ r❡❞✉❝❝✐ó♥ ❞❡ r✉t❛s✱ ❡❧ ♥ú♠❡r♦

❞❡ ✈❡❤í❝✉❧♦s ✉t✐❧✐③❛❞♦s ② ❧❛s ❤♦r❛s ❡①tr❛s ❞❡❧ ♣❡rs♦♥❛❧ ❛ ❝❛r❣♦ ❞❡❧ s❡r✈✐❝✐♦ ❞❡ r❡❝♦❧❡❝❝✐ó♥✳

❙❡ ♣r♦♣✉s♦ ✉♥ ❛❧❣♦r✐t♠♦ ❆❣r✉♣❛❝✐ó♥✲❘✉t❡♦ ✭❈❧✉st❡r✲❋✐rst ❘♦✉t❡✲❙❡❝♦♥❞✮✱ ❡❧ ❝✉❛❧ ❡♥

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

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

q✉❡ r❡❛❧✐③❛ ❝❛❞❛ ✈❡❤í❝✉❧♦ ❝♦♥s✐❞❡r❛♥❞♦ r❡str✐❝❝✐♦♥❡s ❞❡ ❝❛♣❛❝✐❞❛❞ ✈❡❤✐❝✉❧❛r ② ❧♦♥❣✐t✉❞

❞❡ r❡❝♦rr✐❞♦✳ ❙❡❣ú♥ ♣r✉❡❜❛s r❡❛❧✐③❛❞❛s s♦❜r❡ ✐♥st❛♥❝✐❛s r❡❛❧❡s✱ s❡ ♦❜t✉✈♦ ✉♥❛ r❡❞✉❝❝✐ó♥

❞❡ ❧♦♥❣✐t✉❞ ❞❡ r❡❝♦rr✐❞♦s ❞❡❧ ✶✵✳✻✪✱ ✉♥❛ r❡❞✉❝❝✐ó♥ ❞❡ t✐❡♠♣♦ ❞❡ tr❛❜❛❥♦ ❞❡❧ ✶✸✳✺✪✱ ❧❛

❡❧✐♠✐♥❛❝✐ó♥ ❞❡ ❧❛s ❤♦r❛s ❡①tr❛s ② ✉♥❛ ♠❡❥♦r ❞✐str✐❜✉❝✐ó♥ ❞❡ ❝❛r❣❛s ❡♥tr❡ ❧♦s ✈❡❤í❝✉❧♦s✳ ❊♥

tér♠✐♥♦s ❣❡♥❡r❛❧❡s✱ s❡ ♦❜t✉✈♦ ✉♥❛ r❡❞✉❝❝✐ó♥ ❞❡❧ ✽✪ ❡♥ tér♠✐♥♦s ❞❡ ❝♦st♦s t♦t❛❧❡s✳

✹✳✺✳✷✳ ❚❛r❡❛s ❡♥ é♣♦❝❛ ✐♥✈❡r♥❛❧

▼✉②❧❞❡r♠❛♥s ❡t ❛❧✳ ❬✾✸❪ ♣r❡s❡♥t❛r♦♥ ✉♥ tr❛❜❛❥♦ s♦❜r❡ t❛r❡❛s ❞❡ ♠❛♥t❡♥✐♠✐❡♥t♦ ❞❡

r✉t❛s ❡♥ é♣♦❝❛ ✐♥✈❡r♥❛❧ ✭❙❛❧t ❙♣r❡❛❞✐♥❣✮ ② ♠✉❡str❛♥ r❡s✉❧t❛❞♦s s♦❜r❡ ✉♥ ❝❛s♦ ❞❡ ❡st✉❞✐♦

r❡❛❧ s♦❜r❡ ❧❛ ♣r♦✈✐♥❝✐❛ ❜❡❧❣❛ ❞❡ ❆♥t✇❡r♣✳ ❊❧ tr❛❜❛❥♦ r❡❛❧✐③❛❞♦ ♣♦r ❧♦s ❛✉t♦r❡s ❝♦♥s✐st❡

❡♥ ❧❛ ♣❛rt✐❝✐ó♥ ❞❡ r❡❣✐♦♥❡s ❣❡♦❣rá✜❝❛s ❡♥ s✉❜✲r❡❣✐♦♥❡s✱ ♣❛r❛ ❞❡ ❡st❛ ♠❛♥❡r❛ ❢❛❝✐❧✐t❛r ❧❛

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

❝❛❞❛ r❡❣✐ó♥✳ ❊❧ ♣r♦❜❧❡♠❛ ❞❡ r✉t❡♦ ❞❡ ✈❡❤í❝✉❧♦s tr❛t❛❞♦ ❡s ▼❉✲❈❆❘P ❝♦♥ ✢♦t❛ ❤♦♠♦❣é♥❡❛✱

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

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



✻✵ ❈❛♣ít✉❧♦ ✹✳ ❊❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

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

❜❛❧❛♥❝❡♦ ❞❡ t❛r❡❛s ✭❞❡♠❛♥❞❛✮ ❡♥tr❡ ❞✐str✐t♦s✳

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

❞❡ ♠❡❞✐❞❛s ❤❡✉ríst✐❝❛s ♣❛r❛ ❧❛ ❛s✐❣♥❛❝✐ó♥ ❞❡ ❝✐❝❧♦s ❛ ❞✐str✐t♦s✱ ❛s✐❣♥❛❝✐ó♥ ✐♥✐❝✐❛❧✱ ❢❛s❡ ❞❡

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

❞❡ ❧❛ ♠❡❥♦r s♦❧✉❝✐ó♥✳ ▲❛s ♣r✉❡❜❛s s❡ r❡❛❧✐③❛r♦♥ s♦❜r❡ ✉♥❛ ✐♥st❛♥❝✐❛ r❡❛❧ ❞❡ ♠❛♥t❡♥✐♠✐❡♥t♦

♣r❡✈❡♥t✐✈♦ ❝♦rr❡❝t✐✈♦ ❞❡ r✉t❛s ❡♥ ❧❛ ♣r♦✈✐♥❝✐❛ ❞❡ ❆♥t✇❡r♣✱ ❧❛ ❝✉❛❧ ❝♦♥t✐❡♥❡ ❝✉❛tr♦ ❞✐str✐t♦s

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

r❡❝♦rr✐❞♦ t♦t❛❧ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✺✪✱ ❧♦ ❝✉❛❧ r❡♠❛r❝❛ ❧❛ ✐♠♣♦rt❛♥❝✐❛ ❞❡ ✉♥ ❡st✉❞✐♦

♣♦r♠❡♥♦r✐③❛❞♦ s♦❜r❡ ❧❛ ❞❡t❡r♠✐♥❛❝✐ó♥ ❞❡ ❞✐str✐t♦s ♣❛r❛ ✉♥❛ ♠❡❥♦r r❡❛❧✐③❛❝✐ó♥ ❞❡ t❛r❡❛s

❡♥ ✈❡③ ❞❡ ❝♦♥s✐❞❡r❛r ❛ ❧♦s ❞✐str✐t♦s ✭♦ r❡❣✐♦♥❡s✮ ❝♦♠♦ ✐♥❢♦r♠❛❝✐ó♥ ✜❥❛ ❡ ✐♥❛♠♦✈✐❜❧❡✳

✹✳✺✳✸✳ ▲✐♠♣✐❡③❛ ❞❡ ❝❛❧❧❡s

❩❤✉ ❡t ❛❧✳ ❬✶✷✻❪ ❤❛♥ ♣r❡s❡♥t❛❞♦ ✉♥ ❡st✉❞✐♦ ❞❡ ❝❛s♦ r❡❛❧ ♣❛r❛ ❧❛ ❝✐✉❞❛❞ ❝❤✐♥❛ ❞❡ ❈❤♦♥❣✲

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

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

❞❡ ✈❡❤í❝✉❧♦s ❛s♦❝✐❛❞♦ ❡s ▼❉✲❈❆❘P ❝♦♥ ✢♦t❛ ❤♦♠♦❣é♥❡❛✱ ❞❡♠❛♥❞❛ ❝♦♥♦❝✐❞❛ ② ❣r❛❢♦ ♥♦

♦r✐❡♥t❛❞♦✱ s✐❡♥❞♦ ❧❛ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ❧❛ ♠✐♥✐♠✐③❛❝✐ó♥ ❞❡❧ ❝♦st♦ ❞❡ r❡❝♦rr✐❞♦ t♦t❛❧ ♣♦r ♣❛rt❡

❞❡ ❧♦s ❛s♣❡rs♦r❡s✳

❙❡ ♣r♦♣✉s♦ ✉♥ ❛❧❣♦r✐t♠♦ ❤í❜r✐❞♦ ❣❡♥ét✐❝♦✱ ❡❧ ❝✉❛❧ ❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s

tr❛❜❛❥♦s ❞❡ r✉t❡♦ ❞❡ ✈❡❤í❝✉❧♦s ❜❛s❛❞♦s ❡♥ ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s✱ ❝♦♥str✉②❡ ✉♥❛ ♣♦❜❧❛❝✐ó♥

❞❡ ✐♥❞✐✈✐❞✉♦s ❞♦♥❞❡ ❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s ❡s ✉♥ r❡❝♦rr✐❞♦ ② ❧❛ ♣♦❜❧❛❝✐ó♥✱ ✉♥❛ s♦❧✉❝✐ó♥ ❢❛❝t✐❜❧❡

❛❧ ♣r♦❜❧❡♠❛✳ ❆❞❡♠ás✱ ❡❧ ❛❧❣♦r✐t♠♦ ✐♥❝❧✉②❡ ❝♦♠♦ ♦♣❡r❛❞♦r❡s ❞❡ ❝r✉③❛♠✐❡♥t♦ ❛ ❧♦s ♦♣❡r❛✲

❞♦r❡s ✶✲P✉♥t♦ ❞❡ ❈♦rt❡ ② ✷✲❖P❚✱ ② ❡❧ ✉s♦ ❞❡ ❞✐❢❡r❡♥t❡s ♠♦✈✐♠✐❡♥t♦s ❞❡ ❛r❝♦s ❞❡♥tr♦ ❞❡

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

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

❛❧❡❛t♦r✐❛✳ ▲❛s ♣r✉❡❜❛s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s s❡ r❡❛❧✐③❛r♦♥ s♦❜r❡ ✐♥❢♦r♠❛❝✐ó♥ r❡❛❧ ♣r♦✈✐st❛ ♣♦r

❡❧ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❙❛♥✐❞❛❞ ❞❡ ❞✐❝❤❛ ❝✐✉❞❛❞✱ ❡❧ ❝✉❛❧ ♣♦s❡❡ ❞♦s ❞❡♣ós✐t♦s ❞❡s❞❡ ❞♦♥❞❡

❧♦s ❛s♣❡rs♦r❡s ✭❞❡ ❝❛♣❛❝✐❞❛❞ ❤♦♠♦❣é♥❡❛✮ ✐♥✐❝✐❛♥ ② ✜♥❛❧✐③❛♥ s✉s r❡❝♦rr✐❞♦s✱ s✐♥ r❡str✐❝❝✐ó♥

❛❝❡r❝❛ ❞❡❧ ✐♥✐❝✐♦ ② ✜♥ ❞❡ ❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s✳ ❉❡ ❛❝✉❡r❞♦ ❛ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s✱ s❡

♦❜t✉✈✐❡r♦♥ r❡❝♦rr✐❞♦s ❝♦♥ ✉♥❛ r❡❞✉❝❝✐ó♥ ❞❡ ❝♦st♦s ❡♥ tér♠✐♥♦s ❞❡ ❞✐st❛♥❝✐❛s ❞❡❧ ✹✽✪

❝♦♠♣❛r❛❞♦ ❝♦♥ r❡s✉❧t❛❞♦s r❡❛❧❡s✳



❆♣❧✐❝❛❝✐ó♥ ❛ ❝❛s♦s r❡❛❧❡s ✻✶

✹✳✺✳✹✳ P❧❛♥✐✜❝❛❝✐ó♥ ❞❡ s❡r✈✐❝✐♦s ❡♥ r❡❞❡s ❢❡rr♦✈✐❛r✐❛s

●r♦✈❡r ❡t ❛❧✳ ❬✻✶❪ ♣r❡s❡♥t❛r♦♥ ✉♥ tr❛❜❛❥♦ ❝♦♥s✐st❡♥t❡ ❡♥ ❧❛ ♣❧❛♥✐✜❝❛❝✐ó♥ ❞❡ s❡r✈✐❝✐♦s

❞❡ ♠❛♥t❡♥✐♠✐❡♥t♦ ② ♠❡❞✐❝✐♦♥❡s ❛ r❡❛❧✐③❛r s♦❜r❡ r❡❞❡s ❢❡rr♦✈✐❛r✐❛s ② ❧❛ ❞❡t❡r♠✐♥❛❝✐ó♥ ❞❡❧

r❡❝♦rr✐❞♦ ❛ r❡❛❧✐③❛r ♣♦r ❧♦s ✈❡❤í❝✉❧♦s ❛ ❝❛r❣♦ ❞❡❧ ♠✐s♠♦✱ ❛♣❧✐❝❛❞♦ ❛ ❧❛ r❡❞ ❢❡rr♦✈✐❛r✐❛ ❞❡

❙✉❞á❢r✐❝❛✳ ▲❛ ♣❧❛♥✐✜❝❛❝✐ó♥ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❝♦♥ ❡❧ ♠♦♠❡♥t♦ ❡♥ q✉❡ s❡ r❡❛❧✐③❛♥ t❛r❡❛s ❞❡

s❡r✈✐❝✐♦ s♦❜r❡ ❞✐❢❡r❡♥t❡s ❡♥❧❛❝❡s ❞❡ ❧❛ r❡❞ ❢❡rr♦✈✐❛r✐❛ ❝✉②❛s ❢r❡❝✉❡♥❝✐❛s ❞❡ s❡r✈✐❝✐♦ ❛♥✉❛❧❡s

✈❛rí❛♥ s❡❣ú♥ ❡❧ t✐♣♦ ❞❡ ✈í❛ ❢❡rr♦✈✐❛r✐❛ ✭♠✐♥❡r❛✱ ♣r✐♥❝✐♣❛❧✱ s❡❝✉♥❞❛r✐❛ ② s✉❜t❡rrá♥❡❛✮✳ ❊❧

♣r♦❜❧❡♠❛ ❞❡ r✉t❡♦ ❛s♦❝✐❛❞♦ ❡s ❘PP ❝♦♥ ✉♥ ú♥✐❝♦ ✈❡❤í❝✉❧♦ ❛ ❝❛r❣♦ ❞❡ ❝✉♠♣❧✐r ❝♦♥ ❧❛s

❞❡♠❛♥❞❛s ✭❢r❡❝✉❡♥❝✐❛s ❞❡ s❡r✈✐❝✐♦✮✱ ❢r❡❝✉❡♥❝✐❛ ❞❡ s❡r✈✐❝✐♦ ❝♦♥♦❝✐❞❛ ❡♥tr❡ ❛r✐st❛s ② ❣r❛❢♦

♥♦ ♦r✐❡♥t❛❞♦✳ ▲♦s ♦❜❥❡t✐✈♦s ❞❡❧ ♣r♦❜❧❡♠❛ ❝♦♥s✐st❡♥ ❡♥ ❧❛ ♠✐♥✐♠✐③❛❝✐ó♥ ❞❡ ❧❛ ❞✐st❛♥❝✐❛ t♦t❛❧

r❡❝♦rr✐❞❛ ❛ ❝❛r❣♦ ❞❡❧ ✈❡❤í❝✉❧♦ ② ❡❧ ❝✉♠♣❧✐♠✐❡♥t♦ ❞❡ ❧❛ ❢r❡❝✉❡♥❝✐❛ ❞❡ s❡r✈✐❝✐♦s ❛ r❡❛❧✐③❛r

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

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

❢❡rr♦✈✐❛r✐❛ ❛ s❡r✈✐r ♣♦r ❡❧ ✈❡❤í❝✉❧♦ ❞✉r❛♥t❡ ❧❛s ❥♦r♥❛❞❛s ❧❛❜♦r❛❧❡s ② ❛♣❧✐❝❛♥ ❞✐❢❡r❡♥t❡s

♦♣❡r❛❞♦r❡s ❞❡ ♠❡❥♦r❛ ♠❡❞✐❛♥t❡ ❡❧ ✉s♦ ❝♦♥❥✉♥t♦ ❞❡ ✉♥❛ ❧✐st❛ t❛❜ú✳ ▲❛s ♣r✉❡❜❛s ❝♦♠♣✉✲

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

s❡r✈✐❝✐♦ ❢❡rr♦✈✐❛r✐♦✳ ❊❧ ❜❡♥❡✜❝✐♦ ❡❝♦♥ó♠✐❝♦ ② tá❝t✐❝♦ ❡♥ tér♠✐♥♦s ❝✉❛♥t✐t❛t✐✈♦s ❞❡ ❧❛ ♠❡❥♦r

s♦❧✉❝✐ó♥ ❛❧❝❛♥③❛❞❛ ♣♦r ❡❧ ❛❧❣♦r✐t♠♦ ❞❡s❛rr♦❧❧❛❞♦ ♥♦ ❢✉❡ ♣✉❜❧✐❝❛❞♦✳



❈❛♣ít✉❧♦ ✺

❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦
❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

❊♥ ❡st❡ ❝❛♣ít✉❧♦✱ ❡①♣❧✐❝❛r❡♠♦s ♥✉❡str❛s ♣r♦♣✉❡st❛s ♣❛r❛ ❈❆❘P ❜❛s❛❞❛s ❡♥ ♠❡t❛❤❡✉✲

ríst✐❝❛s✳

✺✳✶✳ ❯♥ ❛❧❣♦r✐t♠♦ ❍❇▼❖ ♣❛r❛ ❈❆❘P

❯♥♦ ❞❡ ❧♦s ❛❧❣♦r✐t♠♦s ❞❡s❛rr♦❧❧❛❞♦s ♣❛r❛ ❈❆❘P s❡ ❜❛s❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♥ ❧❛ ♠❡t❛❤❡✉✲

ríst✐❝❛ ❍♦♥❡②✲❜❡❡ ▼❛t✐♥❣ ❖♣t✐♠✐③❛t✐♦♥ ✭❍❇▼❖✮✱ ❧❛ ❝✉❛❧ s❡ ✐♥s♣✐r❛ ❡♥ ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦

s♦❝✐❛❧ ❞❡ ❧❛s ❛❜❡❥❛s✱ ❞❡st❛❝á♥❞♦s❡ ❡❧ tr❛❜❛❥♦ ❝♦♦♣❡r❛t✐✈♦ q✉❡ r❡❛❧✐③❛♥ ❧❛s ❛❜❡❥❛s ♦❜r❡✲

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

③á♥❣❛♥♦s ② ❧❛ s✉♣❡r✈✐✈❡♥❝✐❛ ❞❡ ❧❛ ❡s♣❡❝✐❡ ❡♥ ❡❧ t✐❡♠♣♦✳

❇ás✐❝❛♠❡♥t❡✱ s❡ ❤❛♥ ❛❞♦♣t❛❞♦ ❧♦s ❧✐♥❡❛♠✐❡♥t♦s ❣❡♥❡r❛❧❡s ❞❡ ❍❇▼❖ ✭✈❡r ❈❛♣ít✉❧♦ ✸✮❀

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

② r❡❡♠♣❧❛③♦ ❞❡ ❧❛ ❛❜❡❥❛ r❡✐♥❛✳

✺✳✶✳✶✳ P♦❜❧❛❝✐ó♥ ✐♥✐❝✐❛❧ ❞❡ ③á♥❣❛♥♦s

▲❛ ♣♦❜❧❛❝✐ó♥ ✐♥✐❝✐❛❧ ❞❡ s♦❧✉❝✐♦♥❡s ✭③á♥❣❛♥♦s✮ ❝♦♠♦ ❛sí t❛♠❜✐é♥ ❧❛ ❣❡♥❡r❛❝✐ó♥ ② ❛❝t✉❛✲

❧✐③❛❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ❞✐✈❡rs❛s ② ❞❡ ❝❛❧✐❞❛❞ ❛♣❧✐❝❛❞❛s ❡♥ ❡❧ ❛❧❣♦r✐t♠♦ ❍❇▼❖ ♣r♦♣✉❡st♦✱

s♦♥ ✐❞❡❛s ❜❛s❛❞❛s ❡♥ ❙❝❛tt❡r ❙❡❛r❝❤ ✭❬✺✶❪✱ ❬✽✵❪✱ ❬✽✽❪✮✳



❯♥ ❛❧❣♦r✐t♠♦ ❍❇▼❖ ♣❛r❛ ❈❆❘P ✻✸

P❛r❛ ♠❡❞✐r ❧❛ ❞✐✈❡rs✐❞❛❞ ✭♦ ❞✐st❛♥❝✐❛✮ ❡♥tr❡ s♦❧✉❝✐♦♥❡s✱ ❡s ♥❡❝❡s❛r✐♦ ❞❡✜♥✐r ✉♥❛ ❢✉♥❝✐ó♥

❛ t❛❧ ❡❢❡❝t♦✳ P❛r❛ ♥✉❡str♦ ♣r♦❜❧❡♠❛✱ ❧❛ ❞✐✈❡rs✐❞❛❞ ✭♦ ❞✐st❛♥❝✐❛✮ ❡♥tr❡ ❞♦s s♦❧✉❝✐♦♥❡s ❡s

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

q✉❡ ❞♦s s♦❧✉❝✐♦♥❡s s❡❛♥ ✐❣✉❛❧❡s✱ ❡♥ tér♠✐♥♦s ❞❡ ❝♦♥❥✉♥t♦✳

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

❛❧❡❛t♦r✐❛s ✭❞❡ ♠❛♥❡r❛ s✐♠✐❧❛r ❛❧ ❛❧❣♦r✐t♠♦ ❈❤❡❛♣❡st ■♥s❡rt✐♦♥ ✐♥❞✐❝❛❞♦ ❡♥ ❧❛ s❡❝❝✐ó♥ ✺✳✷✳✶✮

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

▲❛ ♠❡❥♦r s♦❧✉❝✐ó♥ s❡ tr❛♥s❢♦r♠❛rá ❡♥ ❧❛ ❛❜❡❥❛ r❡✐♥❛ ✐♥✐❝✐❛❧ ♠✐❡♥tr❛s q✉❡ ❧❛s s♦❧✉❝✐♦♥❡s ♠ás

❞✐st❛♥t❡s ✭r❡s♣❡❝t♦ ❞❡ ❧❛ r❡✐♥❛✮✱ s❡rá♥ ❧♦s ③á♥❣❛♥♦s ✐♥✐❝✐❛❧❡s✳ ❊s ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡

❞✐s♣♦♥❡r ❞❡ ✉♥❛ ♣♦❜❧❛❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ❞✐✈❡rs❛s ❡s ✉♥❛ ❡str❛t❡❣✐❛ s❡♥❝✐❧❧❛ ❞❡ ❞✐✈❡rs✐✜❝❛✲

❝✐ó♥✳ ◆♦ ♦❜st❛♥t❡✱ ❞✐❝❤❛ ❞✐✈❡rs✐✜❝❛❝✐ó♥ ❡s ❝♦♥tr♦❧❛❞❛✱ ❞❛❞♦ q✉❡ s✐ ♥♦ ❢✉❡s❡ ❛sí✱ ❧❛ ♦❜t❡♥❝✐ó♥

❞❡ s♦❧✉❝✐♦♥❡s ❝♦♠♣❡t✐t✐✈❛s ♣♦❞rí❛ ❛❧❝❛♥③❛rs❡ ♣❡r♦ ❛ ✉♥ ❛❧t♦ ❝♦st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳

❊♥ ❧❛ ❋✐❣✳ ✺✳✶ ♦❜s❡r✈❛♠♦s ✉♥ ❡❥❡♠♣❧♦ ❞❡ ❝ó♠♦ s❡ ♦❜t✐❡♥❡ ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❞♦s s♦❧✉✲

❝✐♦♥❡s ❈❆❘P✳

❋✐❣✉r❛ ✺✳✶✿ ❍❇▼❖✿ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❞♦s s♦❧✉❝✐♦♥❡s ❈❆❘P✳

✺✳✶✳✷✳ ❱✉❡❧♦ ❘❡♣r♦❞✉❝t✐✈♦ ❞❡ ❧❛ ❛❜❡❥❛ r❡✐♥❛

❙❡❣ú♥ ♣r✉❡❜❛s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s ♣r❡✈✐❛s s♦❜r❡ ❞✐❢❡r❡♥t❡s ✐♥st❛♥❝✐❛s ❈❆❘P✱ ♣❛r❛ ❛❧✲

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

♥✉❡str♦ ❝❛s♦✮✱ ❡s ♥❡❝❡s❛r✐♦ q✉❡ ❡❧ ♥ú♠❡r♦ ❞❡ ❝r✉③❛♠✐❡♥t♦s ❡♥ ❝❛❞❛ ✈✉❡❧♦ ❡♥tr❡ ❛❜❡❥❛ r❡✐♥❛

② ③á♥❣❛♥♦s✱ s❡❛ ❛❧t♦✳ ❊s ❞❡❝✐r✱ s❡ ♥❡❝❡s✐t❛ ✉♥❛ ♣♦❜❧❛❝✐ó♥ ❞❡ ♠❡❞✐❛♥♦ ♦ ❣r❛♥ t❛♠❛ñ♦ t❛❧ q✉❡



✻✹ ❈❛♣ít✉❧♦ ✺✳ ❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

✉♥ ♥ú♠❡r♦ ❝♦♥s✐❞❡r❛❜❧❡ ❞❡ ③á♥❣❛♥♦s s❛t✐s❢❛❣❛♥ ❧❛ ❡❝✉❛❝✐ó♥ ✭✸✳✶✮✳ ❙✐♥ ❡♠❜❛r❣♦✱ ♠❛♥t❡♥❡r

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

❈♦♠♦ ❛❧t❡r♥❛t✐✈❛✱ s❡ ♣r♦♣✉s♦ q✉❡ ❧❛s ♥✉❡✈❛s s♦❧✉❝✐♦♥❡s ✭❝rí❛s✮ s❡❛♥ ❡❧ r❡s✉❧t❛❞♦ ❞❡

❝r✉③❛r ❧❛ ❛❜❡❥❛ r❡✐♥❛ ✭♠❡❥♦r s♦❧✉❝✐ó♥✮ ❝♦♥ t♦❞♦s ❧♦s ③á♥❣❛♥♦s✳ ❈♦♥ ❡st❡ ❝❛♠❜✐♦ ② ❞✐s♣♦✲

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

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

❡♥❝♦♥tr❛❞♦ ❡♥ ❧❛ ❧✐t❡r❛t✉r❛ s♦❜r❡ ❍❇▼❖ tr❛❜❛❥♦s ❝♦♥ s✐♠✐❧❛r❡s ❝❛r❛❝t❡ríst✐❝❛s✳

✺✳✶✳✸✳ ❈r✉❝❡ ❡♥tr❡ ❛❜❡❥❛ r❡✐♥❛ ② ③á♥❣❛♥♦

❚❛❧ ❝♦♠♦ s❡ ✐♥❞✐❝❛ ❡♥ ❆❜❜❛s ❬✶❪✱ ❑♦✉❞✐❧ ❡t ❛❧✳ ❬✼✺❪✱ ❈✉r❦♦✈✐❝ ② ❏❡r❜✐❝ ❬✷✹❪✱ ❋❛t❤✐❛♥ ❡t

❛❧✳ ❬✸✻❪✱ ✉♥❛ ✈❡③ q✉❡ ❡❧ ③á♥❣❛♥♦ ❡s ❡❧❡❣✐❞♦ ♣❛r❛ ❝♦♣✉❧❛r ❝♦♥ ❧❛ r❡✐♥❛✱ s❡ ❛❣r❡❣❛ s✉ ❡s♣❡r♠❛

❛ ❧❛ ❡s♣❡r♠❛t❡❝❛ ❞❡ ❧❛ r❡✐♥❛✳

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

❣❡♥❡r❛rá♥ ❧❛s ♥✉❡✈❛s ❝rí❛s ♣♦r ❝r✉③❛♠✐❡♥t♦ ② ♠✉t❛❝✐ó♥✳

❘❡s♣❡❝t♦ ❛ ♦♣❡r❛❞♦r❡s ❞❡ ❝r✉③❛♠✐❡♥t♦ ♣❛r❛ ❈❆❘P ❡♥❝♦♥tr❛❞♦s ❡♥ ❧❛ ❧✐t❡r❛t✉r❛✱ ♣♦✲

❞❡♠♦s ♠❡♥❝✐♦♥❛r ❛ P▲❖❳ ✭P❡r✐♦❞✐❝ ▲❖❳✮ ✉s❛❞♦ ❡♥ ❡❧ ❛❧❣♦r✐t♠♦ ❙❝❛tt❡r ❙❡❛r❝❤ ♣❛r❛

P❡r✐♦❞✐❝✲❈❆❘P ❞❡ ❈❤✉ ❡t ❛❧✳ ❬✷✶❪ ② ❛❧ ♦♣❡r❛❞♦r ▲❖❳ ✭▲✐♥❡❛r ❖r❞❡r ❈r♦ss♦✈❡r✮ ✐♥❝❧✉✐❞♦

❡♥ ❡❧ ❛❧❣♦r✐t♠♦ ❜❛s❛❞♦ ❡♥ ❆❧❣♦r✐t♠♦s ▼❡♠ét✐❝♦s ❞❡ ▲❛❝♦♠♠❡ ❡t ❛❧✳ ❬✼✻❪✳

❊♥ ♥✉❡str❛ ♣r♦♣✉❡st❛✱ ❝♦♥s✐❞❡r❛♠♦s ❧❛ r❡♣r♦❞✉❝❝✐ó♥ ❡♥tr❡ ③á♥❣❛♥♦ ② ❛❜❡❥❛ r❡✐♥❛ ❛♣❧✐✲

❝❛♥❞♦ ❡❧ ♦♣❡r❛❞♦r ❞❡ ❝r✉③❛♠✐❡♥t♦ ✷✲P✉♥t♦s ❞❡ ❈♦rt❡ ✭❚✇♦✲P♦✐♥t ❈r♦ss♦✈❡r✮ ❬✶✷✷❪✳ ❇ás✐✲

❝❛♠❡♥t❡✱ ❞❛❞♦s ❞♦s ♣❛❞r❡s P✶ ② P✷ ✭s♦❧✉❝✐♦♥❡s ❛ ✉♥ ♣r♦❜❧❡♠❛ ❞❛❞♦✮ ② ❞♦s ♣✉♥t♦s ❞❡

❝♦rt❡ ❛❧❡❛t♦r✐♦s ✭♣♦s✐❝✐♦♥❡s s♦❜r❡ ❧♦s ♣❛❞r❡s✮✱ ❧♦s ❤✐❥♦s ❍✶ ② ❍✷ ✭♥✉❡✈❛s s♦❧✉❝✐♦♥❡s✮ s❡

♦❜t✐❡♥❡♥ t♦♠❛♥❞♦ ❧♦s ❣❡♥❡s ❛♥t❡r✐♦r❡s ❛❧ ❈♦rt❡ ✶ ② ❧♦s ♣♦st❡r✐♦r❡s ❛❧ ❈♦rt❡ ✷ ❞❡❧ ♣❛❞r❡ P✶

② ❧♦s ❣❡♥❡s ❞❡❧ ♣❛❞r❡ P✷ ✉❜✐❝❛❞♦s ❡♥tr❡ ❧♦s ❞♦s ♣✉♥t♦s ❞❡ ❝♦rt❡✳ ❊❧ s✐❣✉✐❡♥t❡ ❤✐❥♦ ❍✷✱ s❡

♦❜t✐❡♥❡ r❡♣✐t✐❡♥❞♦ ❧❛s ♠✐s♠❛s ❛❝❝✐♦♥❡s ♣❡r♦ ❝❛♠❜✐❛♥❞♦ ❞❡ ♣❛❞r❡ ✭P✷ ♣♦r P✶ ✮✳ ❆❞❛♣t❛♠♦s

❡❧ ♦♣❡r❛❞♦r ❞❡ ❧❛ s✐❣✉✐❡♥t❡ ♠❛♥❡r❛✿ ❞❛❞♦s ✉♥ ③á♥❣❛♥♦ ② ❧❛ r❡✐♥❛✱ s❡ ❡❧✐❣❡♥ ❞♦s ♥ú♠❡r♦s

❛❧❡❛t♦r✐♦s ✭♣✉♥t♦s ❞❡ ❝♦rt❡✮ ❡♥tr❡ ✶ ② ★r✉t❛s ❞❡ ❧❛ s♦❧✉❝✐ó♥✳ ▲✉❡❣♦✱ s❡ t♦♠❛♥ ❧❛s r✉t❛s ❞❡

❧❛ r❡✐♥❛ ❡♥tr❡ ❧♦s ❞♦s ♣✉♥t♦s ❞❡ ❝♦rt❡ ② ❧❛s ♣r✐♠❡r❛s ② ú❧t✐♠❛s r✉t❛s ❞❡❧ ③á♥❣❛♥♦✳ ❯♥❛ ✈❡③

r❡❛❧✐③❛❞♦ ❡❧ ❝r✉③❛♠✐❡♥t♦✱ ❡s ♣♦s✐❜❧❡ q✉❡ ❧❛ ❝rí❛ ♦❜t❡♥✐❞❛ ✭♥✉❡✈❛ s♦❧✉❝✐ó♥ ♣♦r ❝r✉③❛♠✐❡♥t♦✮

♣♦s❡❛ ❛r✐st❛s r❡q✉❡r✐❞❛s r❡♣❡t✐❞❛s ②✴♦ ❛r✐st❛s r❡q✉❡r✐❞❛s ❢❛❧t❛♥t❡s✳ ❊s ♣♦r ❡❧❧♦✱ q✉❡ ❞❡❜❡♥

r❡❛❧✐③❛rs❡ t❛r❡❛s ♣♦st✲❝r♦ss♦✈❡r ❛ ✜♥ ❞❡ ♦❜t❡♥❡r ✉♥❛ s♦❧✉❝✐ó♥ ❢❛❝t✐❜❧❡✳

❊♥ ❧❛ ❋✐❣✳✺✳✷ ♠♦str❛♠♦s ❣rá✜❝❛♠❡♥t❡ ❝ó♠♦ s❡ ❛❞❛♣tó ❡❧ ♦♣❡r❛❞♦r ♣❛r❛ ❈❆❘P✳



❯♥ ❛❧❣♦r✐t♠♦ ❍❇▼❖ ♣❛r❛ ❈❆❘P ✻✺

❋✐❣✉r❛ ✺✳✷✿ ❍❇▼❖✿ ♦♣❡r❛❞♦r ✷✲P✉♥t♦s ❞❡ ❈♦rt❡ ❛❞❛♣t❛❞♦ ♣❛r❛ ❈❆❘P✳

✺✳✶✳✹✳ ❯s♦ ❞❡ ❛❜❡❥❛s ♦❜r❡r❛s

❊❧ tr❛❜❛❥♦ q✉❡ r❡❛❧✐③❛♥ ❧❛s ❛❜❡❥❛s ♦❜r❡r❛s ❡♥ ♥✉❡str♦ ❛❧❣♦r✐t♠♦✱ ❡s ❡❧ ❞❡ ♠❡❥♦r❛r ❧❛s

❝rí❛s ♦❜t❡♥✐❞❛s ❧✉❡❣♦ ❞❡❧ ❝r✉③❛♠✐❡♥t♦✱ ❝r✐t❡r✐♦ t❛♠❜✐é♥ ❛❞♦♣t❛❞♦ ❡♥ ❋❛t❤✐❛♥ ❡t ❛❧✳ ❬✸✻❪✳ ❊♥

tr❛❜❛❥♦s ♣r❡✈✐♦s ❜❛s❛❞♦s ❡♥ ❍❇▼❖✱ ❧❛ ♠❡❥♦r❛ r❡❛❧✐③❛❞❛ ♣♦r ❧❛s ❛❜❡❥❛s ♦❜r❡r❛s s❡ ❧✐♠✐t❛

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

▲♦s ❛❧❣♦r✐t♠♦s ❞❡ ♠❡❥♦r❛ ❛q✉í ❛♣❧✐❝❛❞♦s ❢✉❡r♦♥ ❞❡s❛rr♦❧❧❛❞♦s ♦r✐❣✐♥❛❧♠❡♥t❡ ♣❛r❛ ❡❧

Pr♦❜❧❡♠❛ ❞❡❧ ❱✐❛❥❛♥t❡ ② ✈❛r✐❛♥t❡s✳ ❊♥ ❞✐❝❤♦s ❝❛s♦s✱ ❡❧ ♣r♦❜❧❡♠❛ ❝♦♥s✐st❡ ❡♥ ✈✐s✐t❛r ✭r❡✲

❝♦rr❡r✮ ♥♦❞♦s✱ ❡♥ ✈❡③ ❞❡ ❛r❝♦s ♦ ❛r✐st❛s ❬✶✶✻❪✳ ❋✉❡r♦♥ ❛❞❛♣t❛❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ♠❡❥♦r❛

✐♥t❡r✲r✉t❛ ❡ ✐♥tr❛✲r✉t❛ ♣❛r❛ ❈❆❘P✱ ❞❡ ♠❛♥❡r❛ ❞❡ ♣r♦♠♦✈❡r ❧❛ ❞✐✈❡rs✐✜❝❛❝✐ó♥ ❡ ✐♥t❡♥s✐✜✲

❝❛❝✐ó♥ ❡♥ ❧❛ ❜úsq✉❡❞❛ ❞❡ ♠❡❥♦r❡s s♦❧✉❝✐♦♥❡s✳ ▲♦s ❛❧❣♦r✐t♠♦s q✉❡ ✉s❛♠♦s s♦♥✿

✷✲❖P❚✿ ❡st❡ ♦♣❡r❛❞♦r ❞❡ ♠❡❥♦r❛ ✐♥tr❛✲r✉t❛ ❡❧✐♠✐♥❛ ❞♦s ❝♦♥❡①✐♦♥❡s ❡♥tr❡ ❛r✐st❛s

r❡q✉❡r✐❞❛s ② r❡❝♦♥❡❝t❛ ❧❛ r✉t❛ ❛❣r❡❣❛♥❞♦ ❞♦s ♥✉❡✈❛s ❝♦♥❡①✐♦♥❡s ❡ ✐♥✈✐rt✐❡♥❞♦ ❡❧

s❡♥t✐❞♦ ❞❡ r❡❝♦rr✐❞♦ ❞❡ ❧❛ ❝❛❞❡♥❛ ♣r❡✈✐❛♠❡♥t❡ ❞❡s❝♦♥❡❝t❛❞❛✳ ❙❡ ❤❛ ❛♣❧✐❝❛❞♦ ❡st❡

❛❧❣♦r✐t♠♦ ♣❛r❛ r❡❛❧✐③❛r ❝❛♠❜✐♦s ❞❡ r❡❝♦rr✐❞♦ ❡♥ ♣❛rt✐❝✉❧❛r s♦❜r❡ r✉t❛s ❝♦♥ ❣r❛♥



✻✻ ❈❛♣ít✉❧♦ ✺✳ ❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

♥ú♠❡r♦ ❞❡ ❛r✐st❛s✴❛r❝♦s ❛ ✈✐s✐t❛r✳ ❊♥ ❧❛ ❋✐❣✳ ✺✳✸ ♣✉❡❞❡ ❛♣r❡❝✐❛rs❡ ❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦

❞❡❧ ♦♣❡r❛❞♦r s♦❜r❡ ✉♥❛ r✉t❛ ❞❡ ✉♥❛ s♦❧✉❝✐ó♥ ❈❆❘P✳

❈r♦ss✲❊①❝❤❛♥❣❡✿ ❡st❡ ♦♣❡r❛❞♦r ✐♥tr❛✲r✉t❛ ✐♥t❡r❝❛♠❜✐❛ ❝❛❞❡♥❛s ❞❡ ❛r✐st❛s r❡q✉❡r✐❞❛s

s✐♥ ✐♥✈❡rt✐r ❡❧ s❡♥t✐❞♦ ❞❡ r❡❝♦rr✐❞♦✳ ▲❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❡st❡ ♦♣❡r❛❞♦r ❡s r❡❝♦♠❡♥❞❛❜❧❡ ❡♥

r✉t❛s ❝♦♥ ♣♦❝❛s ❛r✐st❛s✴❛r❝♦s ❛ ✈✐s✐t❛r✳ ❊♥ ❧❛ ❋✐❣✳ ✺✳✸ s❡ ♠✉❡str❛ ❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦

❞❡ ❈r♦ss✲❊①❝❤❛♥❣❡✳

❙tr✐♥❣✲❈r♦ss✿ ❝♦♥s✐st❡ ❡♥ ✐♥t❡r❝❛♠❜✐❛r ❝❛❞❡♥❛s ❞❡ ❛r✐st❛s r❡q✉❡r✐❞❛s ❡♥tr❡ ❞♦s r✉✲

t❛s✳ ▲❛ ❞✐❢❡r❡♥❝✐❛ q✉❡ t✐❡♥❡ ❡st❡ ♦♣❡r❛❞♦r ❝♦♥ ❙tr✐♥❣✲❊①❝❤❛♥❣❡ ❝♦♥s✐st❡ ❡♥ q✉❡ ❧❛s

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

♣♦r r✉t❛ ② ❛❣r❡❣❛ ❞♦s ❝♦♥❡①✐♦♥❡s ❡♥tr❡ ❛r❝♦s ❞❡ ❞✐❢❡r❡♥t❡s r✉t❛s✳ ❊♥ ❧❛ ❋✐❣✳ ✺✳✹ s❡

✐♥❞✐❝❛♥ ❧❛s ❛❝❝✐♦♥❡s q✉❡ r❡❛❧✐③❛ ❙tr✐♥❣✲❈r♦ss s♦❜r❡ ❞♦s r✉t❛s ❞❡ ✉♥❛ s♦❧✉❝✐ó♥ ❈❆❘P✳

❙tr✐♥❣✲❘❡❧♦❝❛t✐♦♥✿ ❝♦♥s✐st❡ ❡♥ ♠♦✈❡r ❞❡ ✉♥❛ r✉t❛ ❛ ♦tr❛ ✉♥❛ ❝❛❞❡♥❛ ❞❡ ❛r✐st❛s q✉❡

✐♥❝❧✉②❛♥ ❛r✐st❛s r❡q✉❡r✐❞❛s✱ r❡❛❧✐③❛♥❞♦ ❛ ❝♦♥t✐♥✉❛❝✐ó♥ ❧❛s r❡❝♦♥❡①✐♦♥❡s ♥❡❝❡s❛r✐❛s✳

❊st❡ ♦♣❡r❛❞♦r q✉✐t❛ ✸ ❝♦♥❡①✐♦♥❡s ✭❡♥ t♦t❛❧✮ ② ❛❣r❡❣❛ ✸ ♥✉❡✈❛s✳ ▲❛ ❋✐❣✳ ✺✳✹ ♠✉❡str❛

✉♥ ❡❥❡♠♣❧♦ ❞❡❧ ♦♣❡r❛❞♦r ✐♥t❡r✲r✉t❛✳

❋✐❣✉r❛ ✺✳✸✿ ❍❇▼❖✿ ♦♣❡r❛❞♦r❡s ❞❡ ♠❡❥♦r❛ ✐♥tr❛✲r✉t❛✳

❊s ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡ ♣❛r❛ ❧♦❣r❛r ❜✉❡♥❛s s♦❧✉❝✐♦♥❡s ♣❛r❛ ❧❛s ✐♥st❛♥❝✐❛s ❈❆❘P

✉s❛❞❛s ❡♥ ❧❛s ♣r✉❡❜❛s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s✱ ❞❡❜❡♥ ♣❡rs❡❣✉✐rs❡ ❞♦s ♦❜❥❡t✐✈♦s✿ r❡❞✉❝✐r ❡❧ ♥ú♠❡✲

r♦ ❞❡ r✉t❛s ② ❡❧ ❝♦st♦ ❞❡ r❡❝♦rr✐❞♦ t♦t❛❧✳ ❉✉r❛♥t❡ ❧❛ ❡t❛♣❛ ❞❡ ❣❡♥❡r❛❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s



❯♥ ❛❧❣♦r✐t♠♦ ❍❇▼❖ ♣❛r❛ ❈❆❘P ✻✼

❋✐❣✉r❛ ✺✳✹✿ ❍❇▼❖✿ ♦♣❡r❛❞♦r❡s ❞❡ ♠❡❥♦r❛ ✐♥t❡r✲r✉t❛✳

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

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

❜✉s❝❛ ❧♦❣r❛r ❡❧ s❡❣✉♥❞♦✳

✺✳✶✳✺✳ ❘❡❡♠♣❧❛③♦ ❞❡ ❧❛ ❛❜❡❥❛ r❡✐♥❛

▲❛ r❡✐♥❛ ❛❝t✉❛❧ ❡s r❡❡♠♣❧❛③❛❞❛ ❝✉❛♥❞♦ ❛❧❣✉♥❛ ❝rí❛ ❡s ♠ás ❢✉❡rt❡ ✭♠❡❥♦r s♦❧✉❝✐ó♥✮✳

❊s ❞❡❝✐r✱ ❝✉❛♥❞♦ ❡❧ ♥ú♠❡r♦ ❞❡ r✉t❛s ② ❡❧ ❝♦st♦ ❞❡ r❡❝♦rr✐❞♦ t♦t❛❧ ❞❡ ✉♥❛ ❝rí❛ ✭♣❛r❛ ✉♥❛

✐♥st❛♥❝✐❛ ❈❆❘P✮ ❡s ♠❡♥♦r✳ ▲✉❡❣♦ ❞❡ ❧❛ ✭♣♦s✐❜❧❡✮ ❛❝t✉❛❧✐③❛❝✐ó♥ ❞❡ ❧❛ r❡✐♥❛✱ ❡①✐st❡♥ ♦tr❛s

t❛r❡❛s ❛ r❡❛❧✐③❛r ❛♥t❡s ❞❡ r❡♣❡t✐r ❧♦s ♣❛s♦s ❛♥t❡r✐♦r❡s✳ ❋❛t❤✐❛♥ ❡t ❛❧✳ ❬✸✻❪ ② ❈✉r❦♦✈✐❝ ②



✻✽ ❈❛♣ít✉❧♦ ✺✳ ❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

❏❡r❜✐❝ ❬✷✹❪✱ ❡❧✐♠✐♥❛♥ t♦❞♦s ❧♦s ③á♥❣❛♥♦s ❞❡ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❛❝t✉❛❧❀ ❡s ❞❡❝✐r✱ ❡♥ ❝❛❞❛ ✈✉❡❧♦

❞❡ ❧❛ ❛❜❡❥❛ r❡✐♥❛✱ s❡ tr❛❜❛❥❛ ❝♦♥ ✉♥❛ ♥✉❡✈❛ ♣♦❜❧❛❝✐ó♥ ❞❡ ③á♥❣❛♥♦s✳

❊♥ ✈❡③ ❞❡ ❡❧✐♠✐♥❛r ❝rí❛s✱ ♣r♦♣♦♥❡♠♦s ❛♥❛❧✐③❛r ❧❛ ❝❛❧✐❞❛❞ ② ❞✐✈❡rs✐❞❛❞ ❞❡ ❧❛s ♠✐s♠❛s

♣❛r❛ r❡❡♠♣❧❛③❛r ❛ ❧♦s ③á♥❣❛♥♦s ❛❝t✉❛❧❡s ❝♦♥ ♠❡♥♦r ❝❛❧✐❞❛❞ ②✴♦ ❞✐✈❡rs✐❞❛❞✳ ❊st❛ ✐❞❡❛

s❡ ❜❛s❛ ❡♥ ❧❛ ❢❛s❡ ❞❡ ❛❝t✉❛❧✐③❛❝✐ó♥ ❞❡❧ ❝♦♥❥✉♥t♦ ❞❡ r❡❢❡r❡♥❝✐❛ ❞❡ ❙❝❛tt❡r ❙❡❛r❝❤ ❬✽✽❪✳

❆♣❧✐❝❛♥❞♦ ❡st❛ ✐❞❡❛ ❡♥ ♥✉❡str♦ ❛❧❣♦r✐t♠♦ ❍❇▼❖✱ ❝♦♥s✐❞❡r❛♠♦s q✉❡ ✉♥❛ ❝rí❛ r❡❡♠♣❧❛③❛rá

❛ ✉♥ ③á♥❣❛♥♦ ❝✉❛♥❞♦ ést❛ t❡♥❣❛ ❝❛❧✐❞❛❞ ❞❡ s♦❧✉❝✐ó♥ ❝❡r❝❛♥❛ ❛ ❧❛ r❡✐♥❛ ② ♥♦ s✉♣❡r❡ ❝✐❡rt❛

❞✐st❛♥❝✐❛ ❝♦♥ ❧❛ r❡✐♥❛ ✭❝❛❧✐❞❛❞✮ ó ❝✉❛♥❞♦ ❧❛ ❝rí❛ t❡♥❣❛ ❝❛❧✐❞❛❞ ❞❡ s♦❧✉❝✐ó♥ ♥♦ ✐♥❢❡r✐♦r ❛

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

✭❞✐✈❡rs✐❞❛❞✮✳

✺✳✶✳✻✳ ❆❧❣♦r✐t♠♦ ❍❇▼❖ ♣❛r❛ ❈❆❘P

❊♥ ❡❧ ❈✉❛❞r♦ ✺✳✶✱ s❡ ♠✉❡str❛ ✉♥ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❞❡❧ ❛❧❣♦r✐t♠♦ ❍❇▼❖ ♣r♦♣✉❡st♦✳ ▲♦s

♣❛rá♠❡tr♦s q✉❡ ♥❡❝❡s✐t❛ s♦♥ ❡❧ ♥ú♠❡r♦ ❞❡ ✈✉❡❧♦s r❡♣r♦❞✉❝t✐✈♦s✱ ❡❧ ♥ú♠❡r♦ ❞❡ ③á♥❣❛♥♦s✱

❡❧ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s ❛ ❣❡♥❡r❛r ② ❡❧ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✈✉❡❧♦s r❡♣r♦✲

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

❆❧ ❝♦♠✐❡♥③♦ ❞❡❧ ❛❧❣♦r✐t♠♦✱ s❡ ❣❡♥❡r❛ ✉♥❛ ❝❛♥t✐❞❛❞ ✐♥✐❝✐❛❧ ❞❡ s♦❧✉❝✐♦♥❡s s❡♠✐✲❛❧❡❛t♦r✐❛s

q✉❡ ❧✉❡❣♦ s♦♥ ♠❡❥♦r❛❞❛s✳ ▲❛ ♠❡❥♦r s♦❧✉❝✐ó♥ s❡rá ❧❛ r❡✐♥❛ ✐♥✐❝✐❛❧ ② ❧❛s ♠ás ❞✐✈❡rs❛s ✭❛ ❧❛ r❡✐✲

♥❛✮ s❡rá♥ ❧♦s ③á♥❣❛♥♦s ✐♥✐❝✐❛❧❡s✳ ▲✉❡❣♦✱ ❞✉r❛♥t❡ ❝❛❞❛ ✈✉❡❧♦✱ ❧❛ r❡✐♥❛ ❛❝t✉❛❧ s❡ ❝r✉③❛rá ❝♦♥

t♦❞♦s ❧♦s ③á♥❣❛♥♦s✱ ♦❜t❡♥✐é♥❞♦s❡ ❧❛ ♠✐s♠❛ ❝❛♥t✐❞❛❞ ❞❡ ❝rí❛s✳ ❉✐❝❤❛s ❝rí❛s s❡rá♥ ♠❡❥♦r❛❞❛s

❝♦♥ ❛❧❣♦r✐t♠♦s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧✳ ❙✐ ❛❧❣✉♥❛ ❞❡ ❧❛s ❝rí❛s r❡❝✐é♥ ♦❜t❡♥✐❞❛s ❡s ♠❡❥♦r s♦❧✉❝✐ó♥

q✉❡ ❧❛ r❡✐♥❛ ❛❝t✉❛❧✱ s❡ ❤❛rá ❡❧ r❡❡♠♣❧❛③♦ ❝♦rr❡s♣♦♥❞✐❡♥t❡✳ ❆♥t❡s q✉❡ ❧❛ r❡✐♥❛ ✭❛❝t✉❛❧ ♦

♥✉❡✈❛✮ r❡❛❧✐❝❡ ✉♥ ♥✉❡✈♦ ✈✉❡❧♦✱ ❧♦s ③á♥❣❛♥♦s ❛❝t✉❛❧❡s ♣✉❡❞❡♥ s❡r r❡❡♠♣❧❛③❛❞♦s ♣♦r ❝rí❛s

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

✉♥ ❞❡t❡r♠✐♥❛❞♦ ♥ú♠❡r♦ ❞❡ ✈✉❡❧♦s r❡♣r♦❞✉❝t✐✈♦s✱ s❡ ❛❝t✐✈❛ ❡❧ ♠❡❝❛♥✐s♠♦ ❞❡ r❡✐♥✐❝✐♦ ❝♦♥✲

s✐st❡♥t❡ ❡♥ r❡❡♠♣❧❛③❛r ❧♦s ③á♥❣❛♥♦s ❛❝t✉❛❧❡s ♣♦r ♦tr♦s ❣❡♥❡r❛❞♦s ❞❡ ❧❛ ♠✐s♠❛ ❢♦r♠❛ q✉❡

❛❧ ✐♥✐❝✐♦ ❞❡❧ ❛❧❣♦r✐t♠♦✳ ❯♥❛ ✈❡③ r❡❛❧✐③❛❞♦s t♦❞♦s ❧♦s ✈✉❡❧♦s✱ s❡ r❡t♦r♥❛ ❧❛ ♠❡❥♦r s♦❧✉❝✐ó♥

❛❧❝❛♥③❛❞❛✳



❯♥ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦ ♣❛r❛ ❈❆❘P ✻✾

❈✉❛❞r♦ ✺✳✶✿ ❆❧❣♦r✐t♠♦ ❍❇▼❖ ♣❛r❛ ❈❆❘P✳

♣r♦❝❡❞✉r❡ ❍❇▼❖✲❈❆❘P✭★❢❧✐❣❤ts✱ ★❞r♦♥❡s✱ ★▼❛①❚r✐❡s✱ ★♥♦♥■♠♣r♦✈❡♠❡♥t✮

❙♦❧✉t✐♦♥s❂④⑥

●❡♥❡r❛t❡❙♦❧✉t✐♦♥s✭❙♦❧✉t✐♦♥s✱★▼❛①❚r✐❡s✱★❞r♦♥❡s✮

q✉❡❡♥P♦s ❂✵✱ ♥♦♥■♠♣r♦✈❡♠❡♥t❂✵

❢♦r ✐ ❂ ✶ . . . ★❢❧✐❣❤ts

❜❡st❖❋❂ ❢✭❙♦❧✉t✐♦♥s❬q✉❡❡♥P♦s❪✮✮

❜❡stP♦s❂✲✶

❢♦r ❥ ❂ ✶ . . . ★❞r♦♥❡s

❙♦❧✉t✐♦♥s❬★❞r♦♥❡s✰❥❪❂❈r♦ss♦✈❡r✭❙♦❧✉t✐♦♥s❬q✉❡❡♥P♦s❪✱ ❙♦❧✉t✐♦♥s❬❥❪✮

❙♦❧✉t✐♦♥s❬★❞r♦♥❡s✰❥❪❂▲♦❝❛❧❙❡❛r❝❤✭❙♦❧✉t✐♦♥s❬★❞r♦♥❡s✰❥❪✮

✐❢ ❢✭❙♦❧✉t✐♦♥s❬★❞r♦♥❡s✰❥❪✮❁❜❡st❖❋ t❤❡♥

❜❡st❖❋❂❢✭❙♦❧✉t✐♦♥s❬★❞r♦♥❡s✰❥❪✮

❜❡stP♦s❂★❞r♦♥❡s✰❥

❡♥❞ ✐❢

❡♥❞ ❢♦r

✐❢ ❜❡stP♦s❃✲✶ t❤❡♥

✉♣❞❛t❡◗✉❡❡♥✭❙♦❧✉t✐♦♥s✱ q✉❡❡♥P♦s✱ ❜❡stP♦s✮

♥♦♥■♠♣r♦✈❡♠❡♥t❂✵

❡❧s❡

♥♦♥■♠♣r♦✈❡♠❡♥t✰✰

❡♥❞ ✐❢

✐❢ ♥♦♥■♠♣r♦✈❡♠❡♥t❁★♥♦♥■♠♣r♦✈❡♠❡♥t t❤❡♥

✉♣❞❛t❡❉r♦♥❡s✭❙♦❧✉t✐♦♥s✱★❞r♦♥❡s✱ ✷✯★❞r♦♥❡s✮

❡❧s❡

●❡♥❡r❛t❡❙♦❧✉t✐♦♥s✭❙♦❧✉t✐♦♥s✱★▼❛①❚r✐❡s✱★❞r♦♥❡s✮

❡♥❞ ✐❢

❡♥❞ ❢♦r

r❡t✉r♥ ❙♦❧✉t✐♦♥s❬q✉❡❡♥P♦s❪

❡♥❞ ♣r♦❝❡❞✉r❡

✺✳✷✳ ❯♥ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦ ♣❛r❛ ❈❆❘P

❊♥ ❡st❡ ❝❛s♦✱ ♥✉❡str❛ ♣r♦♣✉❡st❛ ❝♦♥s✐st❡ ❡♥ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ♠❡❞✐❛♥t❡ ❧❛

❤❡✉ríst✐❝❛ ■♥s❡r❝✐ó♥ ♠ás ❊❝♦♥ó♠✐❝❛ ✭❈❤❡❛♣❡st ■♥s❡rt✐♦♥✮ ② ♦tr❛ ❜❛s❛❞❛ ❡♥ ●❘❆❙P ❬✶✵✻❪✳



✼✵ ❈❛♣ít✉❧♦ ✺✳ ❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

▲✉❡❣♦✱ ❧❛s s♦❧✉❝✐♦♥❡s s♦♥ ♠❡❥♦r❛❞❛s ✉s❛♥❞♦ ❞✐❢❡r❡♥t❡s ♦♣❡r❛❞♦r❡s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ ❬✶✶✻❪✱

❛❝t✐✈❛❞♦s ❡♥ ❡❧ ♠❛r❝♦ ❞❡ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤ ❬✻✹❪ ② P❛t❤ ❘❡❧✐♥❦✐♥❣ ❬✺✵❪✳ ❈♦♠♦

♠❡❝❛♥✐s♠♦ ❞❡ ❡s❝❛♣❡ ❞❡ ó♣t✐♠♦s ❧♦❝❛❧❡s✱ ✉s❛♠♦s ✉♥❛ ♠❡♠♦r✐❛ ❞❡ ❧❛r❣♦ ♣❧❛③♦ ② ✉♥❛ ❧✐st❛

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

✺✳✷✳✶✳ ❋❛s❡ ❝♦♥str✉❝t✐✈❛

❆❧❣♦r✐t♠♦ ❤❡✉ríst✐❝♦ ❜❛s❛❞♦ ❡♥ ●❘❆❙P

❚❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ q✉❡ ✉♥❛ s♦❧✉❝✐ó♥ ♣❛r❛ ❈❆❘P ❝♦♥s✐st❡ ❞❡ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ r✉t❛s

q✉❡ ❝♦♠✐❡♥③❛♥ ② t❡r♠✐♥❛♥ ❡♥ ❡❧ ❞❡♣ós✐t♦ ✭❡s ❞❡❝✐r✱ ✉♥ ❛r❝♦ ❝♦♥ ✈ért✐❝❡ ✐♥✐❝✐❛❧ ✐❣✉❛❧ ❛❧

❞❡♣ós✐t♦✮✱ ❧❛s ❝✉❛❧❡s s♦♥ ❡♥ sí♥t❡s✐s✱ ✉♥ r❡❝♦rr✐❞♦ ❞❡ ❛r❝♦s r❡q✉❡r✐❞♦s ✭② ♥♦ r❡q✉❡r✐❞♦s✮✱ ❡❧

❛❧❣♦r✐t♠♦ ❜❛s❛❞♦ ❡♥ ❧❛ ❢❛s❡ ❝♦♥str✉❝t✐✈❛ ❞❡ ●❘❆❙P ♣r♦♣✉❡st♦ ❡s ❡❧ s✐❣✉✐❡♥t❡✿ ♠✐❡♥tr❛s

❡①✐st❛♥ ❛r❝♦s r❡q✉❡r✐❞♦s q✉❡ ❞❡♠❛♥❞❡♥ s❡r✈✐❝✐♦✱ s✐❡♠♣r❡ q✉❡ s❡❛ ♥❡❝❡s❛r✐♦ s❡ ✐♥✐❝✐❛ ✉♥❛

♥✉❡✈❛ r✉t❛✳ ▲✉❡❣♦✱ ❝❛❞❛ ❛r❝♦ r❡q✉❡r✐❞♦ ✐♥❝❧✉✐❞♦ ❡♥ ❧❛ ♠✐s♠❛✱ s❡ ❝♦♥❡❝t❛ ❝♦♥ ✉♥ ✭♥✉❡✈♦✮

❛r❝♦ r❡q✉❡r✐❞♦ ♥♦ ✈✐s✐t❛❞♦ s✐ s✉ ❞❡♠❛♥❞❛ ♥♦ ❡①❝❡❞❡ ❧❛ ❝❛♣❛❝✐❞❛❞ r❡st❛♥t❡ ❞❡❧ ✈❡❤í❝✉❧♦✳ ❙❡

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

❞❡❝✐r✱ ❤❛st❛ q✉❡ ❞❡❜❛ ❝♦♥str✉✐rs❡ ✉♥ ❝❛♠✐♥♦ ❞❡ r❡t♦r♥♦ ❤❛❝✐❛ ❡❧ ❞❡♣ós✐t♦✳ ❊st♦ ❞❛ ✐♥✐❝✐♦

❛ ✉♥❛ ♥✉❡✈❛ r✉t❛✱ s✐ q✉❡❞❛♥ ❛r❝♦s r❡q✉❡r✐❞♦s s✐♥ ✈✐s✐t❛r✳

▲❛ s❡❧❡❝❝✐ó♥ ❞❡❧ ♥✉❡✈♦ ❝❛♥❞✐❞❛t♦ ❛ ❛❣r❡❣❛r ❛ ❧❛ s♦❧✉❝✐ó♥ ❡♥ ❝♦♥str✉❝❝✐ó♥✱ ❡s r❡❛❧✐③❛❞❛

♠❡❞✐❛♥t❡ ❡❧ ✉s♦ ❞❡ ✉♥❛ ▲✐st❛ ❘❡str✐♥❣✐❞❛ ❞❡ ❈❛♥❞✐❞❛t♦s ✭❘❈▲✮ ❜❛s❛❞❛ ❡♥ ✈❛❧♦r✳ ▲❛

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

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

❝❛s♦✱ s❡ ❤❛♥ ♣r♦♣✉❡st♦ ✸ ❢✉♥❝✐♦♥❡s q✉❡ s♦♥ ✉s❛❞❛s ❞✉r❛♥t❡ ❧❛ ❡❥❡❝✉❝✐ó♥ ❞❡❧ ❛❧❣♦r✐t♠♦ ❱◆❙

♣r♦♣✉❡st♦✳ ▲❛s ❢✉♥❝✐♦♥❡s s♦♥✿

❈♦st♦ ❝♦♥❡①✐ó♥(vertj, verti) + ❈♦st♦ ❛r❝♦
❈♦st♦ ❛r❝♦

✭✺✳✶✮

❈♦st♦ ❛r❝♦
❉❡♠❛♥❞❛ ❛r❝♦

✭✺✳✷✮

✭❋r❡❝✉❡♥❝✐❛ ❛r❝♦✰✶✮× ❈♦st♦ ❝♦♥❡①✐ó♥(vertj, verti) + ❈♦st♦ ❛r❝♦ ✭✺✳✸✮

❉♦♥❞❡✿



❯♥ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦ ♣❛r❛ ❈❆❘P ✼✶

❈♦st♦ ❝♦♥❡①✐ó♥(vertj, verti) ❡s ❡❧ ❝♦st♦ ❞❡ ❝♦♥❡①✐ó♥ ❡♥tr❡ ❡❧ ✈ért✐❝❡ ❥ ❞❡❧ ú❧t✐♠♦ ❛r❝♦

r❡q✉❡r✐❞♦ ✈✐s✐t❛❞♦ ② ❡❧ ✈ért✐❝❡ ✐ ❞❡❧ ♥✉❡✈♦ ❛r❝♦ ❛ ✐♥s❡rt❛r ❡♥ ❧❛ r✉t❛ ❡♥ ❝♦♥str✉❝❝✐ó♥✳

❈♦st♦ ❛r❝♦ ❡s ❡❧ ❝♦st♦ ❞❡ ✈✐s✐t❛ ✭♦ r❡❝♦rr✐❞♦✮ ❞❡❧ ♥✉❡✈♦ ❛r❝♦ ❛ ✐♥s❡rt❛r✳

❉❡♠❛♥❞❛ ❛r❝♦ ❡s ❧❛ ❞❡♠❛♥❞❛ ❡①✐❣✐❞❛ ♣♦r ❡❧ ♥✉❡✈♦ ❛r❝♦ ❛ ✐♥s❡rt❛r✳

❋r❡❝✉❡♥❝✐❛ ❛r❝♦ ❡s ❧❛ ❢r❡❝✉❡♥❝✐❛ ❞❡ ✉s♦ ✭❡♥ ❧❛s s♦❧✉❝✐♦♥❡s ❝♦♥str✉✐❞❛s ❤❛st❛ ❡❧ ♠♦✲

♠❡♥t♦✮ ❞❡❧ ♥✉❡✈♦ ❛r❝♦ ❛ ✐♥s❡rt❛r✳

❘❡s♣❡❝t♦ ❛ ❧❛s ❢✉♥❝✐♦♥❡s✱ ❡♥ ✺✳✶ s❡ ❜✉s❝❛ ❡❧❡❣✐r ❛r❝♦s ❝✉②♦ ❝♦st♦ ❞❡ ❝♦♥❡①✐ó♥ ❡♥tr❡ ❡❧

ú❧t✐♠♦ ❛r❝♦ ② ❡❧ ♥✉❡✈♦ ❛ ✐♥s❡rt❛r s❡❛ ❜❛❥♦❀ ❡♥ ✺✳✷✱ ❡❧❡❣✐r ❛r❝♦s ❝♦♥ ❜❛❥♦ ❝♦st♦ ❞❡ r❡❝♦rr✐❞♦

② ❞❡ ❣r❛♥ ❞❡♠❛♥❞❛❀ ❡♥ ✺✳✸✱ ❛r❝♦s ❝♦♥ ❜❛❥❛ ❞❡ ❢r❡❝✉❡♥❝✐❛ ❞❡ ✉s♦ ② ❝♦st♦ ❞❡ ❝♦♥❡①✐ó♥✳

❉❛❞❛s ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❞❡t❡r♠✐♥❛❞❛s ✐♥st❛♥❝✐❛s ❈❆❘P✱ ❡s ♣♦s✐❜❧❡ q✉❡ ❧❛ ❝❛♥t✐❞❛❞

❞❡ ❡❧❡♠❡♥t♦s ✐♥❝❧✉✐❞♦s ❡♥ ❧❛s ❧✐st❛s ❘❈▲ s❡❛ ❜❛❥❛✳ ❊st♦ ♣✉❡❞❡ ♦❝❛s✐♦♥❛r q✉❡ ❧❛ s❡❧❡❝❝✐ó♥

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

❧❛r❣♦ ❞❡ ❧❛ ❡❥❡❝✉❝✐ó♥ ❞❡ ❧❛ ❢❛s❡ ❝♦♥str✉❝t✐✈❛ ❞❡ s♦❧✉❝✐♦♥❡s✳ ❙✐ ❡st♦ ♦❝✉rr❡✱ s❡ ❛s✐❣♥❛ ❛ ❝❛❞❛

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

❞❡ ❡❧❡❣✐r ✉♥ ♥✉❡✈♦ ❡❧❡♠❡♥t♦ ✭❛ ❢♦r♠❛r ♣❛rt❡ ❞❡ ❧❛ s♦❧✉❝✐ó♥✮✱ s❡ ❢❛✈♦r❡③❝❛ ❛ ❛q✉❡❧❧♦s ❝♦♥

♠❡❥♦r ✈❛❧✉❛❝✐ó♥ s❡❣ú♥ ❧❛ ❢✉♥❝✐ó♥ ♠✐♦♣❡ q✉❡ s❡ ❡sté ❛♣❧✐❝❛♥❞♦✳ ❊st❛ s❡❧❡❝❝✐ó♥ ❞❡ ❡❧❡♠❡♥t♦s

❝❛♥❞✐❞❛t♦s s❡ ❜❛s❛ ❡♥ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ ❧✐st❛s ❘❈▲ ❜❛s❛❞❛ ❡♥ ✈❛❧♦r❡s ❝♦♥ s❡s❣♦✳ P❛r❛

♠ás ❞❡t❛❧❧❡s✱ s❡ r❡❝♦♠✐❡♥❞❛ ❬✶✵✻❪✳

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

❞✐r❡❝t❛✱ s❡ ❛♣❧✐❝❛ ❡❧ ❆❧❣♦r✐t♠♦ ❞❡ ❉✐❦❥str❛ ❬✷✷❪ ❛ t❛❧ ❡❢❡❝t♦✳

❆❧❣♦r✐t♠♦ ■♥s❡r❝✐ó♥ ♠ás ❊❝♦♥ó♠✐❝❛ ▼♦❞✐✜❝❛❞♦

❊❧ s❡❣✉♥❞♦ ❛❧❣♦r✐t♠♦ ✉s❛❞♦ ♣❛r❛ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ❡s ■♥s❡r❝✐ó♥ ♠ás ❊❝♦✲

♥ó♠✐❝❛ ✭❈❤❡❛♣❡st ■♥s❡rt✐♦♥ ❍❡✉r✐st✐❝✮✳ ❈♦♠♦ ✈❡r❡♠♦s ❛ ❝♦♥t✐♥✉❛❝✐ó♥✱ ❡s s❡♥❝✐❧❧♦✱ rá♣✐❞♦

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

P❛s♦ ✶✿ ❈r❡❛❝✐ó♥ ❞❡ r✉t❛s ✈❛❝í❛s✳ ■♥✐❝✐❛❧♠❡♥t❡✱ s❡ ❝r❡❛ ✉♥❛ s♦❧✉❝✐ó♥ ❈❆❘P q✉❡

❝♦♥s✐st❡ ❞❡ r✉t❛s ❝♦♥ ❛r❝♦s q✉❡ ✐♥❞✐❝❛♥ ❡❧ ✐♥✐❝✐♦ ✭❞❡ ❧❛ r✉t❛✮ ❞❡s❞❡ ❡❧ ❞❡♣ós✐t♦ ② ❡❧

r❡t♦r♥♦ ❛❧ ♠✐s♠♦✳

P❛s♦ ✷✿



✼✷ ❈❛♣ít✉❧♦ ✺✳ ❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

• P❛s♦ ✷❛✿ ■♥s❡r❝✐ó♥ ❞❡ ❛r❝♦s✳ ▼✐❡♥tr❛s ❡①✐st❛♥ ❛r❝♦s r❡q✉❡r✐❞♦s ❛ú♥ s✐♥ s❡r ✈✐s✐t❛✲

❞♦s✱ t♦❞♦ ❛r❝♦ ❡s ✐♥s❡rt❛❞♦ ✭❝♦♥t❡♠♣❧❛♥❞♦ r❡str✐❝❝✐ó♥ ❞❡ ❝❛♣❛❝✐❞❛❞ ✈❡❤✐❝✉❧❛r✮

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

♥❡❝❡s❛r✐♦✱ ✈♦❧✈❡r ❛❧ P❛s♦ ✶✳

• P❛s♦ ✷❜✳ ▼❡❥♦r❛ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ❡♥ ❝♦♥str✉❝❝✐ó♥✳ ❈❛❞❛ ❑ ✐♥s❡r❝✐♦♥❡s✱ ❧❛ s♦❧✉❝✐ó♥

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

r❡❝♦rr✐❞♦ t♦t❛❧ ② ❡❧ ♥ú♠❡r♦ ❞❡ r✉t❛s✳

❊♥ ❜❛s❡ ❛ ❧♦ ❛♥t❡r✐♦r✱ ♣✉❡❞❡ ❛s✉♠✐rs❡ q✉❡ ❡❧ ❛❧❣♦r✐t♠♦ s✐❡♠♣r❡ ❛❧❝❛♥③❛ ❧❛ ♠✐s♠❛

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

✐♥s❡r❝✐ó♥ ❞❡ ❛r❝♦s ❡♥ ❧❛s ❞✐❢❡r❡♥t❡s r✉t❛s✱ ❧❛ ❧✐st❛ ✭❞❡ ❛r❝♦s✮ ❡s ♣❡rt✉r❜❛❞❛ ❛❧❡❛t♦r✐❛♠❡♥t❡✳

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

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

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

✐♥t❡r✲r✉t❛✳ ❊s ❞❡❝✐r✱ ❧❛ r❡❞✉❝❝✐ó♥ ❞❡ ❝♦st♦ ❞❡ r❡❝♦rr✐❞♦ ② ❡❧ ♥ú♠❡r♦ ❞❡ r✉t❛s ✉s❛❞❛s s♦♥

♦❜❥❡t✐✈♦s q✉❡ s❡ ❜✉s❝❛♥ ❡♥ ♠♦♠❡♥t♦s ❞✐❢❡r❡♥t❡s✳

✺✳✷✳✷✳ ❋❛s❡ ❞❡ ♠❡❥♦r❛

▲❛ ♠❡❥♦r❛ ❞❡ s♦❧✉❝✐♦♥❡s s❡ ❝♦♥s✐❣✉❡ ❛ tr❛✈és ❞❡ ❞♦s ❛❝❝✐♦♥❡s ❡s♣❡❝í✜❝❛s✿ r❡❞✉❝❝✐ó♥ ❞❡

❧❛ ❝❛♥t✐❞❛❞ ❞❡ r✉t❛s ② r❡❞✉❝❝✐ó♥ ❞❡❧ ❝♦st♦ t♦t❛❧ ❞❡ r❡❝♦rr✐❞♦✳ P❛r❛ ❧♦❣r❛r ❡st♦✱ s❡ ❛♣❧✐❝❛r♦♥

❞✐❢❡r❡♥t❡s ♦♣❡r❛❞♦r❡s ❞❡ ♠❡❥♦r❛✱ ❧♦s ❝✉❛❧❡s s♦♥ ❛❝t✐✈❛❞♦s ❞❡♥tr♦ ❞❡ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞

❙❡❛r❝❤ ② P❛t❤ ❘❡❧✐♥❦✐♥❣✳

❆❧❣♦r✐t♠♦s ❞❡ ♠❡❥♦r❛ ❞❡ r✉t❛s

❘❡❞✉❝❝✐ó♥ ❞❡ r✉t❛s

▲❛ r❡❞✉❝❝✐ó♥ ❞❡ r✉t❛s ❡♥ s♦❧✉❝✐♦♥❡s ❈❆❘P ❡s r❡❛❧✐③❛❞❛ ❝♦♥s✐❞❡r❛♥❞♦ ❞♦s ❛❝❝✐♦♥❡s

❡s♣❡❝í✜❝❛s ❜❛s❛❞❛s ❡♥ ❧❛ té❝♥✐❝❛ ❊❥❡❝t✐♦♥ ❈❤❛✐♥s ❬✺✵❪✳ ▲❛ ♣r✐♠❡r❛ ❝♦♥s✐st❡ ❡♥ ♠♦✈❡r t♦❞♦

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

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

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



❯♥ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦ ♣❛r❛ ❈❆❘P ✼✸

❋✐❣✉r❛ ✺✳✺✿ ❱◆❙✲❋❛s❡ ❞❡ ♠❡❥♦r❛✿ ♦♣❡r❛❞♦r❡s ❜❛s❛❞♦s ❡♥ ❊❥❡❝t✐♦♥ ❈❤❛✐♥s✳

❝✉②❛ ❝♦♠♣❧❡❥✐❞❛❞ ❛❧❣♦rít♠✐❝❛ ❡s ♠❛②♦r q✉❡ ❧❛ ❛♥t❡r✐♦r✱ ❡s ❛♣❧✐❝❛❞❛ s✐❡♠♣r❡ q✉❡ ❧❛ ♣r✐♠❡r❛

♥♦ ❤❛②❛ t❡♥✐❞♦ é①✐t♦✳ ❱❡r ❋✐❣✳ ✺✳✺✳

❘❡❞✉❝❝✐ó♥ ❞❡❧ ❝♦st♦ ❞❡ r❡❝♦rr✐❞♦ t♦t❛❧

❙❡ r❡❛❧✐③❛ ❛ tr❛✈és ❞❡ ♦♣❡r❛❞♦r❡s q✉❡ ✐♥t❡♥t❛♥ r❡❞✉❝✐r ❝♦st♦s r❡❛❧✐③❛♥❞♦ ♠♦✈✐♠✐❡♥✲

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

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

▲♦s ❛❧❣♦r✐t♠♦s ✐♥tr❛✲r✉t❛ ✉s❛❞♦s s♦♥ ✷✲❖P❚✱ ✷✳✺❖P❚✱ ✸✲❖P❚ ✭❬✸✶❪✱ ❬✶✶✻❪✮ ② ✉♥❛ ✈❛r✐❛❝✐ó♥

❞❡ ❈r♦ss✲❊①❝❤❛♥❣❡ ✭❬✼✷❪✱ ❬✶✶✵❪✮✳

❆ tr❛✈és ❞❡❧ ✉s♦ ❞❡ ❛❧❣♦r✐t♠♦s ✐♥t❡r✲r✉t❛ s❡ ❜✉s❝❛ ❞✐✈❡rs✐✜❝❛r ❧❛ ❜úsq✉❡❞❛ ❞❡ ♠❡✲

❥♦r❡s s♦❧✉❝✐♦♥❡s✳ ▲♦s ❛❧❣♦r✐t♠♦s ❞❡ ♠❡❥♦r❛ ✐♥t❡r✲r✉t❛ ✉s❛❞♦s s♦♥ ❙tr✐♥❣ ❈r♦ss ② ❙tr✐♥❣

❘❡❧♦❝❛t✐♦♥✱ ❞❡s❝r✐♣t♦s ❡♥ ❧❛ s❡❝❝✐ó♥ ✺✳✶✳✹✳

❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤

❚❛❧ ❝♦♠♦ s❡ ❤❛ ✐♥❞✐❝❛❞♦ ❡♥ ❡❧ ❈❛♣ít✉❧♦ ✸✱ ❱❛r✐❛❜❧❡ ◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤ ❬✻✹❪ ❡s ✉♥❛

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

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

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



✼✹ ❈❛♣ít✉❧♦ ✺✳ ❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

■♥t❡r❝❛♠❜✐❛r ❏ ❛r❝♦s r❡q✉❡r✐❞♦s✳ ❉❛❞❛ ✉♥❛ s♦❧✉❝✐ó♥ ❈❆❘P ❝♦♥s✐st❡♥t❡ ❞❡ ✈❛r✐❛s

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

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

♦♣❡r❛❞♦r❡s ❞❡ ♠❡❥♦r❛ ✐♥tr❛✲r✉t❛ s♦❜r❡ ❧❛s r✉t❛s ♠♦❞✐✜❝❛❞❛s ♣❛r❛ ❛sí ✐♥t❡♥s✐✜❝❛r ❧❛

❜úsq✉❡❞❛ ❡♥ s✉ ❡♥t♦r♥♦✳

❊❧✐♠✐♥❛r ❑ r✉t❛s✳ ❯s❛♥❞♦ ❞✐❢❡r❡♥t❡s ♦♣❝✐♦♥❡s✱ ❧❛ ❡str✉❝t✉r❛ ❞❡ ✈❡❝✐♥❞❛r✐♦ ♣r♦♣✉❡st❛

❝♦♥s✐st❡ ❡♥ ❡❧✐♠✐♥❛r ❑ r✉t❛s ❞❡ ✉♥❛ s♦❧✉❝✐ó♥ ❈❆❘P✳ ❯♥❛ ✈❡③ r❡❛❧✐③❛❞❛ ❧❛ ❛❝❝✐ó♥ ❛♥✲

t❡r✐♦r✱ s❡ ✐♥s❡rt❛♥ ❧♦s ❛r❝♦s r❡q✉❡r✐❞♦s ❡❧✐♠✐♥❛❞♦s ❡♥ ❧❛s r✉t❛s ❡①✐st❡♥t❡s ♦ ❡♥ ♥✉❡✈❛s✱

❡♥ ❝❛s♦ ❞❡ s❡r ♥❡❝❡s❛r✐♦✳ ❋✐♥❛❧♠❡♥t❡✱ s❡ ❛♣❧✐❝❛♥ ♦♣❡r❛❞♦r❡s ❞❡ ♠❡❥♦r❛ ✐♥t❡r✲r✉t❛ ② ❡❧

♦♣❡r❛❞♦r ❜❛s❛❞♦ ❡♥ ❊❥❡❝t✐♦♥ ❈❤❛✐♥s ❛♥t❡r✐♦r♠❡♥t❡ ❡①♣❧✐❝❛❞♦✳ ❈♦♥ ❡st♦✱ s❡ ✐♥t❡♥t❛

♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞✐✈❡rs✐✜❝❛r ❧❛ ❜úsq✉❡❞❛ ❡♥ ♥✉❡✈♦s ❡♥t♦r♥♦s ❞❡ s♦❧✉❝✐ó♥✳

❊♥ ❧❛s ❋✐❣✳ ✺✳✻ ② ✺✳✼ s❡ ♠✉❡str❛♥ ❧❛s ❡str✉❝t✉r❛s ❞❡ ✈❡❝✐♥❞❛r✐♦s ♣r♦♣✉❡st❛s ② ❡♥ ❡❧

❈✉❛❞r♦ ✺✳✷ ❡❧ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❞❡ ❧❛ ❢❛s❡ ❞❡ ♠❡❥♦r❛ ❛♣❧✐❝❛♥❞♦ ❱◆❙✳

❋✐❣✉r❛ ✺✳✻✿ ❱◆❙✲❊str✉❝t✉r❛ ❞❡ ✈❡❝✐♥❞❛r✐♦✿ ■♥t❡r❝❛♠❜✐❛r ❏ ❛r❝♦s✳



❯♥ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦ ♣❛r❛ ❈❆❘P ✼✺

❈✉❛❞r♦ ✺✳✷✿ ❆❧❣♦r✐t♠♦ ❱◆❙✲❋❛s❡ ❞❡ ▼❡❥♦r❛✳

♣r♦❝❡❞✉r❡ ❱◆❙✲✐♠♣r♦✈❡♠❡♥t✭♣r❡✈❙♦❧✉t✐♦♥✱ ❛r❝▲✐st✱ ❞❡❧❖♣t✐♦♥✱ ♠❛①❏✱ ♠❛①❑✮

❜❡st❙♦❧✉t✐♦♥ ❂ ④⑥

❜❡st❖❋ ❂ ❢✭♣r❡✈❙♦❧✉t✐♦♥✮

❧♦❝❛❧❖♣t✐♠❛ ❂ ❋❛❧s❡✱ ❦ ❂ ✶

❝✉rr❙♦❧✉t✐♦♥ ❂ ♣r❡✈❙♦❧✉t✐♦♥

✇❤✐❧❡ ❦ ≤ maxK ❞♦

♣❛rt✐❛❧❙♦❧✉t✐♦♥ ❂ ❞❡❧❡t❡❑❘♦✉t❡s✭❝✉rr❙♦❧✉t✐♦♥✱ ❞❡❧❖♣t✐♦♥✮

❝✉rr❙♦❧✉t✐♦♥ ❂ ❛❞❞❆r❝s❚♦❙♦❧✉t✐♦♥✭♣❛rt✐❛❧❙♦❧✉t✐♦♥✱ ❛r❝▲✐st✮

❝✉rr❙♦❧✉t✐♦♥ ❂ ❛♣♣❧②■♥t❡r❘❖♣❡r❛t♦rs✭❝✉rr❙♦❧✉t✐♦♥✮

❥❂✶

✇❤✐❧❡ ❥ ≤ maxJ ❞♦

❝✉rr❙♦❧✉t✐♦♥ ❂ ❛❞❞❆r❝❊①❝❤❛♥❣❡✭❝✉rr❙♦❧✉t✐♦♥✱ ❥✮

❝✉rr❙♦❧✉t✐♦♥ ❂ ❛♣♣❧②■♥tr❛❘❖♣❡r❛t♦rs✭❝✉rr❙♦❧✉t✐♦♥✮

✐❢ ❢✭❝✉rr❙♦❧✉t✐♦♥✮ < ❜❡st❖❋ t❤❡♥

❜❡st❖❋ ❂ ❢✭❝✉rr❙♦❧✉t✐♦♥✮

❜❡st❙♦❧✉t✐♦♥ ❂ ❝✉rr❙♦❧✉t✐♦♥

❥ ❂ ✶✱ ❧♦❝❛❧❖♣t✐♠❛ ❂ ❚r✉❡

❡❧s❡

❥✰✰

❡♥❞ ✐❢

✐❢ ❧♦❝❛❧❖♣t✐♠❛ ❂❂ ❚r✉❡ t❤❡♥

❦❂✶✱ ❧♦❝❛❧❖♣t✐♠❛ ❂ ❋❛❧s❡

❡❧s❡

❥✰✰

❡♥❞ ✐❢

❡♥❞ ✇❤✐❧❡

❡♥❞ ✇❤✐❧❡

r❡t✉r♥ ❜❡st❙♦❧✉t✐♦♥

❡♥❞ ♣r♦❝❡❞✉r❡



✼✻ ❈❛♣ít✉❧♦ ✺✳ ❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

❋✐❣✉r❛ ✺✳✼✿ ❱◆❙✲❊str✉❝t✉r❛ ❞❡ ✈❡❝✐♥❞❛r✐♦✿ ❊❧✐♠✐♥❛r ❑ r✉t❛s✳

P❛t❤ ❘❡❧✐♥❦✐♥❣

❊♥ ♥✉❡str❛ ❢❛s❡ ❞❡ ♠❡❥♦r❛✱ P❛t❤ ❘❡❧✐♥❦✐♥❣ ✭❱❡r ❙❡❝❝✐ó♥ ✸✳✺✳✸✮ ❡s ❛❝t✐✈❛❞♦ ❝❛❞❛ ✈❡③ q✉❡

s❡ ❧♦❣r❛ ✉♥ ♥ú♠❡r♦ ❞❡t❡r♠✐♥❛❞♦ ❞❡ s♦❧✉❝✐♦♥❡s ❞❡ r❡❢❡r❡♥❝✐❛ ✭❡s ❞❡❝✐r✱ ❡♥ ❢♦r♠❛ ♣❡r✐ó❞✐❝❛✮✳

❯♥❛ ✈❡③ ❛❝t✐✈❛❞♦✱ s❡ ✐♥t❡♥t❛ q✉❡ ❢✉♥❝✐♦♥❡ ❝♦♠♦ ❡str❛t❡❣✐❛ ❞❡ ✐♥t❡♥s✐✜❝❛❝✐ó♥ ✉s❛♥❞♦ ó♣t✐✲

♠♦s ❧♦❝❛❧❡s ❝♦♠♦ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s ② ❣✉í❛✳ ❆ s✉ ✈❡③✱ ❡❧✐❣✐❡♥❞♦ s♦❧✉❝✐♦♥❡s ❞✐✈❡rs❛s ❝♦♠♦

s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧ ② ó♣t✐♠♦s ❧♦❝❛❧❡s ❝♦♠♦ s♦❧✉❝✐ó♥ ❣✉í❛✱ ❧❛ ❡str❛t❡❣✐❛ ❞❡ ❞✐✈❡rs✐✜❝❛❝✐ó♥ ❡s

❛❧❝❛♥③❛❞❛✳ ❉❛❞❛ ✉♥❛ s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧ ② ✉♥❛ s♦❧✉❝✐ó♥ ❣✉í❛✱ s❡ ❛♣❧✐❝ó ❞❡ ❧❛ s✐❣✉✐❡♥t❡ ♠❛♥❡r❛✿

P❛s♦ ✶✿ ❙❡ tr❛♥s❢♦r♠❛♥ ❧❛s ❞♦s s♦❧✉❝✐♦♥❡s✱ ❡♥ ❞♦s ❧✐st❛s ❞❡ ❝♦♥❥✉♥t♦s ✭✉♥❛ ♣♦r s♦✲

❧✉❝✐ó♥✮ ❞❡ ♥ú♠❡r♦ ❡♥t❡r♦s✱ ❞♦♥❞❡ ❝❛❞❛ ❝♦♥❥✉♥t♦ ✐✲és✐♠♦ s❡ ❝♦rr❡s♣♦♥❞❡ ❝♦♥ ❧❛ r✉t❛

✐✲és✐♠❛ ✭❞❡ ❧❛ s♦❧✉❝✐ó♥✮ ② ❝❛❞❛ ♥ú♠❡r♦ ❦✲és✐♠♦ ✭❡♥ ❡❧ ❝♦♥❥✉♥t♦✮ ❝♦♥ ✉♥ ❛r❝♦ r❡q✉❡✲

r✐❞♦ ❛t❡♥❞✐❞♦ ❡♥ ❧❛ r✉t❛ ✐✲és✐♠❛✳

P❛s♦ ✷✿ ▼❛♣❡♦ ❞❡ ❝♦♥❥✉♥t♦s ❞❡ ❧❛s s♦❧✉❝✐♦♥❡s✳ ❆ ❧♦s ❡❢❡❝t♦s ❞❡ ✐♥✐❝✐❛r P❛t❤ ❘❡❧✐♥❦✐♥❣✱

s❡ r❡❛❧✐③❛ ❡❧ ♠❛♣❡♦ ❡♥tr❡ ❝❛❞❛ ❝♦♥❥✉♥t♦ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧ ❝♦♥ ✉♥♦ ❞❡ ❧❛ s♦❧✉❝✐ó♥

❣✉í❛ t❛❧ q✉❡ ❧♦s ❝♦♥❥✉♥t♦s r❡❧❛❝✐♦♥❛❞♦s t❡♥❣❛♥ ❧❛ ♠❛②♦r ❝❛♥t✐❞❛❞ ❞❡ ❡❧❡♠❡♥t♦s ❡♥

❝♦♠ú♥✳



❯♥ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦ ♣❛r❛ ❈❆❘P ✼✼

P❛s♦ ✸✿ ❖❜t❡♥❝✐ó♥ ❞❡❧ ❝❛♠✐♥♦ ❡♥tr❡ s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧ ② ❣✉í❛✳ ❍❛st❛ q✉❡ ❝❛❞❛ ❝♦♥❥✉♥t♦

❞❡ ❧❛ s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧ t❡♥❣❛ ❧♦s ♠✐s♠♦s ❡❧❡♠❡♥t♦s q✉❡ s✉ ❝♦♥❥✉♥t♦ ❛s♦❝✐❛❞♦ ❞❡ ❧❛

s♦❧✉❝✐ó♥ ❣✉í❛✱ s❡ r❡❛❧✐③❛♥ ❧❛s s✐❣✉✐❡♥t❡s t❛r❡❛s✿

• P❛s♦ ✸❛✿ ▼♦✈✐♠✐❡♥t♦ ❞❡ ❡❧❡♠❡♥t♦s✳ ❙✐ ✉♥ ❡❧❡♠❡♥t♦ ✐✶ ❞❡❧ ❝♦♥❥✉♥t♦ ✐ ❞❡ ❧❛

s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧ ♥♦ ❡stá ❡♥ ❡❧ ❝♦♥❥✉♥t♦ ❛s♦❝✐❛❞♦ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ❣✉í❛✱ s❡ ❞❡t❡r♠✐♥❛

❡❧ ❝♦♥❥✉♥t♦ ❥ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧ ❞♦♥❞❡ ❞❡❜❡rí❛ ❡st❛r✳ ▲✉❡❣♦✱ s❡ ❞❡t❡r♠✐♥❛ s✐

❞❡❧ ❝♦♥❥✉♥t♦ ❥ ❛❧❣ú♥ ❡❧❡♠❡♥t♦ ❥✶ ❞❡❜❡ ✉❜✐❝❛rs❡ ❡♥ ❡❧ ❝♦♥❥✉♥t♦ ✐✳ ❙✐ ❡s ❛sí✱ s❡

r❡❛❧✐③❛ ❡❧ ✐♥t❡r❝❛♠❜✐♦ ❞❡ ❡❧❡♠❡♥t♦s ❡♥tr❡ ❧♦s ❞♦s ❝♦♥❥✉♥t♦s❀ ❙✐♥♦✱ ❡❧ ❡❧❡♠❡♥t♦

✐✶ ❡s ♠♦✈✐❞♦ ❛❧ ❝♦♥❥✉♥t♦ ❥✳

• P❛s♦ ✸❜✿ ❖❜t❡♥❝✐ó♥ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ❈❆❘P✳ ▲✉❡❣♦ ❞❡ r❡❛❧✐③❛❞♦ ✉♥ ♠♦✈✐♠✐❡♥t♦ ❞❡

❡❧❡♠❡♥t♦s ❡♥tr❡ ❝♦♥❥✉♥t♦s ❞❡ ❧❛ s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧✱ s❡ ♦❜t✐❡♥❡ ✉♥❛ s♦❧✉❝✐ó♥ ❈❆❘P

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

• P❛s♦ ✸❝✿ ▼❡❥♦r❛ ❞❡ ❧❛ s♦❧✉❝✐ó♥✳ ❙♦❜r❡ s♦❧✉❝✐♦♥❡s ❢❛❝t✐❜❧❡s✱ s❡ ❛♣❧✐❝❛♥ ♦♣❡r❛❞♦r❡s

❞❡ ♠❡❥♦r❛ ✐♥tr❛✲r✉t❛ ♣❛r❛ ❞❡ ❡st❛ ♠❛♥❡r❛ r❡❞✉❝✐r ❡❧ ❝♦st♦ ❞❡ r❡❝♦rr✐❞♦✳ ◆♦ s❡

❛♣❧✐❝❛r♦♥ ♦♣❡r❛❞♦r❡s ✐♥t❡r✲r✉t❛ ②❛ q✉❡ ❡❧ ♦❜❥❡t✐✈♦ ❛ ❛❧❝❛♥③❛r ❡s ❧♦❣r❛r q✉❡ ❧❛s

s♦❧✉❝✐♦♥❡s ❝♦♥str✉✐❞❛s ❞❡s❞❡ ❧❛ s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧ t✐❡♥❞❛♥ ❛ ❧❛ s♦❧✉❝✐ó♥ ❣✉í❛✳

❋✐♥❛❧♠❡♥t❡✱ ❡s ✐♠♣♦rt❛♥t❡ r❡♠❛r❝❛r q✉❡ ❧❛s ❛❝❝✐♦♥❡s r❡❛❧✐③❛❞❛s ♣♦r ❱❛r✐❛❜❧❡

◆❡✐❣❤❜♦r❤♦♦❞ ❙❡❛r❝❤ ② P❛t❤ ❘❡❧✐♥❦✐♥❣ ♣❛r❛ ♠❡❥♦r❛r ❧❛s s♦❧✉❝✐♦♥❡s ♦❜t❡♥✐❞❛s ❡♥ ❧❛ ❢❛s❡

❝♦♥str✉❝t✐✈❛✱ s♦♥ ❞❡ t✐♣♦ ❝♦♠♣❧❡♠❡♥t❛r✐❛s✳ ❊st♦ ❧❡ ♣❡r♠✐t❡ ❛❧ ❛❧❣♦r✐t♠♦ ❛❧❝❛♥③❛r s♦❧✉❝✐♦✲

♥❡s ✭❛❧ ♣r♦❜❧❡♠❛✮ ❞❡s❞❡ ❞✐❢❡r❡♥t❡s ❡♥❢♦q✉❡s ② r❡❞✉❝✐r ❞❡ ❡st❛ ♠❛♥❡r❛✱ ❡❧ ❡st❛♥❝❛♠✐❡♥t♦

❡♥ ó♣t✐♠♦s ❧♦❝❛❧❡s✳

✺✳✷✳✸✳ ▼❡❝❛♥✐s♠♦ ❞❡ ❡s❝❛♣❡ ❞❡ ó♣t✐♠♦s ❧♦❝❛❧❡s

◆✉❡str❛ ♣r♦♣✉❡st❛ ✉s❛ ♠❡♠♦r✐❛ ❛ ❧❛r❣♦ ♣❧❛③♦ ❞❡ ♠❛♥❡r❛ t❛❧ ❞❡ ❝♦♥s✐❞❡r❛r ❧❛ tr❛♥s✐❝✐ó♥

② r❡s✐❞❡♥❝✐❛ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❞❡ s♦❧✉❝✐ó♥✳ ❉❡ ❡st❛ ♠❛♥❡r❛✱ ❡s ♣♦s✐❜❧❡ ❡①♣❧♦r❛r ♥✉❡✈❛s

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

✐♥❣r❡s❛♥ ♦ s❛❧❡♥ ❞❡ ❧❛s s♦❧✉❝✐♦♥❡s✳ ▲❛ ♠❡♠♦r✐❛ ❛ ❧❛r❣♦ ♣❧❛③♦ ✉s❛❞❛ r❡❣✐str❛ ❧❛ ❝❛♥t✐❞❛❞

❞❡ ✈❡❝❡s q✉❡ ❡❧ ❛r❝♦ ✐ s❡ ❝♦♥❡❝t❛ ❝♦♥ ❡❧ ❛r❝♦ ❥ ✭r❡s✐❞❡♥❝✐❛✮ ❝♦♠♦ t❛♠❜✐é♥ ❧❛s ✈❡❝❡s q✉❡ ❡❧

❛r❝♦ ✐ ❝♦♥❡❝t❛❞♦ ❝♦♥ ❡❧ ❛r❝♦ ❥✱ s❡ ❝♦♥❡❝t❛ ❛ ♣♦st❡r✐♦r ❝♦♥ ❡❧ ❛r❝♦ ❦ ✭tr❛♥s✐❝✐ó♥✮✳ ❱❡r ❋✐❣✳

✺✳✽✳



✼✽ ❈❛♣ít✉❧♦ ✺✳ ❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

❋✐❣✉r❛ ✺✳✽✿ ❱◆❙✲▼❡❝❛♥✐s♠♦ ❞❡ ❡s❝❛♣❡✿ ♠❡♠♦r✐❛s ❜❛s❛❞❛s ❡♥ ❢r❡❝✉❡♥❝✐❛✳

❊❧ ✉s♦ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❛❧♠❛❝❡♥❛❞❛ ❡♥ ❧❛ ♠❡♠♦r✐❛ ❞❡ ❧❛r❣♦ ♣❧❛③♦ ♣❡r♠✐t❡ ❡①♣❧♦r❛r

r❡❣✐♦♥❡s ✭❞❡ s♦❧✉❝✐♦♥❡s✮ ♣♦❝♦ ✈✐s✐t❛❞❛s✳ ◆♦ ♦❜st❛♥t❡✱ ❞✐❝❤❛ t❛r❡❛ ❞❡❜❡ s❡r ❝♦♥tr♦❧❛❞❛ ❞❡

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

❡s❢✉❡r③♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ✐♥♥❡❝❡s❛r✐♦✳ ❊s ❞❡❝✐r✱ s❡ ♥❡❝❡s✐t❛ r❡❛❧✐③❛r ✉♥❛ ❜úsq✉❡❞❛ ❞❡ ♠❛♥❡r❛

s✐st❡♠át✐❝❛ q✉❡ ❡①♣❧♦r❡ ♥✉❡✈❛s r❡❣✐♦♥❡s ♣❡r♦ q✉❡ ❛ ❧❛ ✈❡③ ❝♦♥s✐❞❡r❡ ❡❧ ❝♦st♦ ❝♦♠♣✉t❛❝✐♦✲

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

❛❧❣♦r✐t♠♦ ❜❛s❛❞♦ ❡♥ ●❘❆❙P ❝♦♥ ❞♦s ❢✉♥❝✐♦♥❡s ♠✐♦♣❡s q✉❡ ✉t✐❧✐③❛♥ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛r❣♦

♣❧❛③♦✳ ▲❛s ❢✉♥❝✐♦♥❡s s♦♥✿

❘❡s✐❞❡♥❝✐❛✭❛r❝♦ ❛❝t✉❛❧✱ ❛r❝♦✮
★✐t❡r❛❝✐ó♥

✭✺✳✹✮

❈♦st♦ ❛r❝♦×❘❡s✐❞❡♥❝✐❛✭❛r❝♦ ❛❝t✉❛❧✱ ❛r❝♦✮
★✐t❡r❛❝✐ó♥ + ❈♦st♦ ❝♦♥❡①✐ó♥✭❛r❝♦✱ ❞❡♣ós✐t♦✮

❈♦st♦ ❛r❝♦
✭✺✳✺✮

❉♦♥❞❡✿

❘❡s✐❞❡♥❝✐❛ ✭❛r❝♦ ❛❝t✉❛❧✱ ❛r❝♦✮ r❡❣✐str❛ ❡❧ ♥ú♠❡r♦ ❞❡ ✈❡❝❡s ✭❤❛st❛ ❡❧ ♠♦♠❡♥t♦✮ q✉❡

❡❧ ❛r❝♦ ❛❝t✉❛❧ ✭❡♥ ❧❛ s♦❧✉❝✐ó♥ ❛❝t✉❛❧✮ s❡ ❝♦♥❡❝tó ❝♦♥ ❡❧ ♥✉❡✈♦ ❛r❝♦ ❛ ✐♥s❡rt❛r ❞✉r❛♥t❡

❧❛s ❞✐❢❡r❡♥t❡s s♦❧✉❝✐♦♥❡s ❝♦♥str✉✐❞❛s ♦ ♠❡❥♦r❛❞❛s✳

★■t❡r❛❝✐ó♥ ❛❝t✉❛❧ ❞❡❧ ❛❧❣♦r✐t♠♦✳

❈♦st♦ ❛r❝♦ ❡s ❡❧ ❝♦st♦ ❞❡ ✈✐s✐t❛ ✭♦ r❡❝♦rr✐❞♦✮ ❞❡❧ ♥✉❡✈♦ ❛r❝♦ ❛ ✐♥s❡rt❛r✳



❯♥ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦ ♣❛r❛ ❈❆❘P ✼✾

❈♦st♦ ❝♦♥❡①✐ó♥ ✭❛r❝♦✱ ❞❡♣ós✐t♦✮ ❡s ❡❧ ❝♦st♦ ❡♥tr❡ ❡❧ ♥✉❡✈♦ ❛r❝♦ ❛ ✐♥s❡rt❛r ❡♥ ❧❛

s♦❧✉❝✐ó♥ ② ❡❧ ❞❡♣ós✐t♦✳

❊①♣❧✐❝❛r❡♠♦s ❧❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ♠❡♠♦r✐❛ ❞❡ ❧❛r❣♦ ♣❧❛③♦ ② ●❘❆❙P ❞❡♥tr♦ ❞❡❧ ♠❡❝❛♥✐s♠♦

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

❛ ❛❣r❡❣❛r ❛ ❧❛ s♦❧✉❝✐ó♥✱ s❡ ❡❧❡❣✐rá ❛❧ ❛③❛r ❞❡s❞❡ ✉♥❛ ❧✐st❛ r❡str✐♥❣✐❞❛ ❞❡ ❝❛♥❞✐❞❛t♦s ❘❈▲

❜❛s❛❞❛ ❡♥ ✈❛❧♦r✳ ❉❡ ❛❝✉❡r❞♦ ❛ ❧❛ ❝❛♣❛❝✐❞❛❞ ✈❡❤✐❝✉❧❛r r❡st❛♥t❡ q✉❡ ♣♦s❡❡ ❡❧ ✈❡❤í❝✉❧♦ q✉❡

r❡❛❧✐③❛ ❡❧ r❡❝♦rr✐❞♦ ❞❡ ❧❛ r✉t❛ ❡♥ ❝♦♥str✉❝❝✐ó♥✱ ♣❛r❛ ✐♥❝♦r♣♦r❛r ✉♥ ❡❧❡♠❡♥t♦ ❝❛♥❞✐❞❛t♦ ❛

❧❛ ❧✐st❛ ❘❈▲✱ s❡ ✉s❛rá ❧❛ ❢✉♥❝✐ó♥ ✺✳✹ q✉❡ ♠✐❞❡ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ✉s♦ ❞❡ ❝♦♥❡①✐ó♥ ❞❡❧ ❛r❝♦

❝❛♥❞✐❞❛t♦ ✭r❡s♣❡❝t♦ ❞❡❧ ♥ú♠❡r♦ ❞❡ ✐t❡r❛❝✐♦♥❡s✮ ❝♦♥ ❡❧ ú❧t✐♠♦ ❛r❝♦ ✐♥s❡rt❛❞♦ ❡♥ ❧❛ s♦❧✉❝✐ó♥

♦ ✺✳✺ q✉❡ r❡❧❛❝✐♦♥❛ ❡❧ ❝♦st♦ ❞❡ r❡t♦r♥❛r ❛❧ ❞❡♣ós✐t♦ ❞❡s❞❡ ❡❧ ❛r❝♦ ❛ ✐♥s❡rt❛r ② s✉ ❢r❡❝✉❡♥❝✐❛

❞❡ ✉s♦ ❤❛st❛ ❡❧ ♠♦♠❡♥t♦✳ ❈♦♠♦ ♣✉❡❞❡ ♦❜s❡r✈❛rs❡✱ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ✭❡♥ ❡st❛

❢❛s❡✮ ❡stá ❜❛s❛❞❛ ❡♥ ❡❧ ❛❧❣♦r✐t♠♦ ❊①♣❧♦r❛❝✐ó♥ ❞❡ ❈❛♠✐♥♦s ✭P❛t❤ ❙❝❛♥♥✐♥❣✮✳

❚♦❞❛s ❧❛s s♦❧✉❝✐♦♥❡s ❝♦♥str✉✐❞❛s ♣♦r ❡❧ ❛❧❣♦r✐t♠♦✱ s♦♥ ♠❡❥♦r❛❞❛s ❝♦♥ ❛❧❣✉♥♦s ♦♣❡r❛✲

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

❡s ❛♣❧✐❝❛❞♦ só❧♦ ❝✉❛♥❞♦ ❡❧ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦ ♥♦ ❧♦❣r❛ ♦❜t❡♥❡r ♠❡❥♦r❡s s♦❧✉❝✐♦♥❡s

❞✉r❛♥t❡ ✉♥ ♥ú♠❡r♦ ❞❡t❡r♠✐♥❛❞♦ ❞❡ ✐t❡r❛❝✐♦♥❡s✳

✺✳✷✳✹✳ ❆❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦ ♣❛r❛ ❈❆❘P

❊♥ ❡❧ ❈✉❛❞r♦ ✺✳✸ s❡ ♠✉❡str❛ ❡❧ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❞❡❧ ❛❧❣♦r✐t♠♦ ♣r♦♣✉❡st♦✳ ▲♦s ♣❛rá♠❡tr♦s

s♦♥ ❡❧ ♥ú♠❡r♦ ❞❡ ✐t❡r❛❝✐♦♥❡s✱ ❡❧ t❛♠❛ñ♦ ❞❡❧ ❈♦♥❥✉♥t♦ ❞❡ ❘❡❢❡r❡♥❝✐❛ ♣❛r❛ P❛t❤ ❘❡❧✐♥❦✐♥❣✱

α ♣❛r❛ ❧❛ s❡❧❡❝❝✐ó♥ ❞❡ ❝❛♥❞✐❞❛t♦s ❞❡ ❧❛ ❧✐st❛ ❘❈▲✱ ❑ ✉s❛❞♦ ♣♦r ❡❧ ❛❧❣♦r✐t♠♦ ■♥s❡r❝✐ó♥ ♠ás

❊❝♦♥ó♠✐❝❛ ♠♦❞✐✜❝❛❞♦ ② ❡❧ ♥ú♠❡r♦ ❞❡ ✐t❡r❛❝✐♦♥❡s s✐♥ ♠❡❥♦r❛ ♣❛r❛ ❛❝t✐✈❛r ❡❧ ♠❡❝❛♥✐s♠♦

❞❡ ❡s❝❛♣❡✳

❊♥ ❝❛❞❛ ✐t❡r❛❝✐ó♥✱ s❡ ❝♦♥str✉②❡♥ s♦❧✉❝✐♦♥❡s ❧❛s ❝✉❛❧❡s s♦♥ ♠❡❥♦r❛❞❛s ♠❡❞✐❛♥t❡ ❧❛ ❢❛s❡ ❞❡

♠❡❥♦r❛ ❞❡ ❱◆❙ ♦ P❛t❤ ❘❡❧✐♥❦✐♥❣✳ ❙✐ ❞✉r❛♥t❡ ✉♥ ♥ú♠❡r♦ ❞❡ ✐t❡r❛❝✐♦♥❡s ♥♦ s❡ ♦❜t✉✈♦ ♠❡❥♦r❛✱

s❡ ❝♦♥str✉✐rá♥ s♦❧✉❝✐♦♥❡s ✉s❛♥❞♦ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛r❣♦ ♣❧❛③♦✳ ❋✐♥❛❧♠❡♥t❡✱ s❡ ❞❡✈✉❡❧✈❡ ❧❛

♠❡❥♦r s♦❧✉❝✐ó♥ ❛❧❝❛♥③❛❞❛✳



✽✵ ❈❛♣ít✉❧♦ ✺✳ ❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

❈✉❛❞r♦ ✺✳✸✿ ❆❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦ ♣❛r❛ ❈❆❘P✳

♣r♦❝❡❞✉r❡ ❱◆❙✲❈❆❘P✭★✐t❡r❛t✐♦♥s✱★r❡❢❙❡t✱α✱❑✱★♥♦♥■♠♣r♦✈❡♠❡♥t✮

❜❡st❖❋❂∞✱ ❜❡st❙♦❧✉t✐♦♥ ❂ ④⑥✱ r❡❢❙♦❧✉t✐♦♥s❂④⑥
♥♦♥■♠♣r♦✈❡♠❡♥t❂✵✱ ❢❧❛❣❂❢❛❧s❡✱ ❝♦✉♥t❡r❂✵
❢♦r ✐ ❂ ✶ . . . ★✐t❡r❛t✐♦♥s

✐❢ ❢❧❛❣❂❂tr✉❡ t❤❡♥
❝✉rr❙♦❧✉t✐♦♥❂❣r❡❡❞②❇❛s❡❞❖♥●r❛s♣✫▼❡♠♦r②✭α✱ ✐✮
❝♦✉♥t❡r✰✰
✐❢ ❝♦✉♥t❡r❂❂★♥♦♥■♠♣r♦✈❡♠❡♥t t❤❡♥

❝♦✉♥t❡r❂✵✱ ❢❧❛❣❂❢❛❧s❡✱ ♥♦♥■♠♣r♦✈❡♠❡♥t❂✵
❡♥❞ ✐❢

❡❧s❡
✐❢ ✐ ♠♦❞ ✷❂❂✵ t❤❡♥

❝✉rr❙♦❧✉t✐♦♥❂❣r❡❡❞②❇❛s❡❞❖♥●r❛s♣✭α✱ ❣r❡❡❞②❋✉♥❝t✐♦♥✮
❡❧s❡

❝✉rr❙♦❧✉t✐♦♥❂❝❤❡❛♣❡st■❍▼✭❑✮
❡♥❞ ✐❢

❡♥❞ ✐❢
❆♥❛❧②③❡❙♦❧✉t✐♦♥✭❝✉rr❙♦❧✉t✐♦♥✱ r❡❢❙♦❧✉t✐♦♥s✮
✐❢ | refSolutions | ❁★r❡❢❙❡t t❤❡♥

❝✉rr❙♦❧✉t✐♦♥❂❱◆❙■♠♣r♦✈❡♠❡♥tP❤❛s❡✭❝✉rr❙♦❧✉t✐♦♥✮
❡❧s❡

❝✉rr❙♦❧✉t✐♦♥❂P❛t❤❘❡❧✐♥❦✐♥❣✭r❡❢❙♦❧✉t✐♦♥s✮
❡♥❞ ✐❢
✐❢ ❢✭❝✉rr❙♦❧✉t✐♦♥✮❁❜❡st❖❋ t❤❡♥

❜❡st❖❋ ❂ ❢✭❝✉rr❙♦❧✉t✐♦♥✮✱ ❜❡st❙♦❧✉t✐♦♥ ❂ ❝✉rr❙♦❧✉t✐♦♥
♥♦♥■♠♣r♦✈❡♠❡♥t ❂ ✵

❡❧s❡
✐❢ ❢❧❛❣❂❂❢❛❧s❡ t❤❡♥

♥♦♥■♠♣r♦✈❡♠❡♥t✰✰
❡♥❞ ✐❢

❡♥❞ ✐❢
✐❢ ♥♦♥■♠♣r♦✈❡♠❡♥t❂❂★♥♦♥■♠♣r♦✈❡♠❡♥t t❤❡♥

❢❧❛❣❂tr✉❡
❡♥❞ ✐❢

❡♥❞ ❢♦r
r❡t✉r♥ ❜❡st❙♦❧✉t✐♦♥
❡♥❞ ♣r♦❝❡❞✉r❡

✺✳✸✳ ❯♥ ❛❧❣♦r✐t♠♦ ❇❘❑●❆ ♣❛r❛ ❈❆❘P

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ ❡①♣❧✐❝❛r❡♠♦s ♦tr♦ ❞❡ ❧♦s ❛❧❣♦r✐t♠♦s ❞❡s❛rr♦❧❧❛❞♦s ♣❛r❛ ❈❆❘P✱ ❡❧ ❝✉❛❧

❛❞♦♣t❛ ❝✐❡rt♦s ❧✐♥❡❛♠✐❡♥t♦s ♣r♦♣✉❡st♦s ♣♦r ❧❛ ❧✐t❡r❛t✉r❛ ✭●♦♥ç❛❧✈❡s ❬✺✻❪✱ ●♦♥ç❛❧✈❡s ② ❆❧✲



❯♥ ❛❧❣♦r✐t♠♦ ❇❘❑●❆ ♣❛r❛ ❈❆❘P ✽✶

♠❡✐❞❛ ❬✺✼❪✱ ●♦♥ç❛❧✈❡s ② ❘❡s❡♥❞❡ ❬✺✾❪✱ ❡♥tr❡ ♦tr♦s✮ ♣❡r♦ ❛❞❡♠ás ✐♥❝❧✉②❡ ❛❧❣✉♥❛s ✈❛r✐❛❝✐♦♥❡s

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

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

✺✳✸✳✶✳ ❈♦❞✐✜❝❛❝✐ó♥ ② ❞❡❝♦❞✐✜❝❛❝✐ó♥

▲❛ ❝♦❞✐✜❝❛❝✐ó♥ ❞❡ ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ✉t✐❧✐③❛❞❛ ♣❛r❛ ❈❆❘P s❡ ❜❛s❛ ❡♥ ❧♦

♣r♦♣✉❡st♦ ♣♦r ❧❛ ❧✐t❡r❛t✉r❛ ✭❙❛♠❛♥❧✐♦❣❧✉ ❡t ❛❧✳✱ ❬✶✶✷❪✮✳ ❈❛❞❛ ❝❛❞❡♥❛ ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s

s❡ ❝♦♠♣♦♥❡ ❞❡ ♥ú♠❡r♦s ❡♥t❡r♦s ❡♥tr❡ ▼✐♥❯ ② ▼❛①❯✱ s✐❡♥❞♦ ❛♠❜♦s ❧♦s ❧í♠✐t❡s ♥✉♠ér✐❝♦s

♣❛r❛ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❞❡ ❧❛s ❝❧❛✈❡s✳ ▲❛ ❧♦♥❣✐t✉❞ ❞❡ ❧❛s ❝❛❞❡♥❛s ❡s ✐❣✉❛❧ ❛❧ ♥ú♠❡r♦ ❞❡ ❛r❝♦s

r❡q✉❡r✐❞♦s ❞❡ ❧❛ ✐♥st❛♥❝✐❛ ❈❆❘P ❝♦rr❡s♣♦♥❞✐❡♥t❡✳ ❊s ❞❡❝✐r✱ ❝❛❞❛ ❝❛❞❡♥❛ r❡♣r❡s❡♥t❛ ❛ ✉♥❛

s♦❧✉❝✐ó♥ ❈❆❘P✳

❊♥ ❝✉❛♥t♦ ❛ ❧❛ ❝♦❞✐✜❝❛❝✐ó♥ ❡s♣❡❝í✜❝❛ ❞❡ ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ♣❛r❛ ❈❆❘P✱ ♥♦

❡s ❧❛ ♠✐s♠❛ q✉❡ ❧❛ ❝♦❞✐✜❝❛❝✐ó♥ ✭❞❡ ❝❧❛✈❡s✮ ❛♣❧✐❝❛❞❛ ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡❧ ❱✐❛❥❛♥t❡ ✭✈❡r

s❡❝❝✐ó♥ ✸✳✽✳✷✮✳ P❛r❛ ❡❧❧♦✱ s❡ ♣r♦♣♦♥❡ ✐♥❝❧✉✐r ♠❛r❝❛s ❞❡ ✜♥ ❞❡ r✉t❛✭❋❘✮ ❡♥ ❧❛s ❝❛❞❡♥❛s ❞❡

❝❧❛✈❡s ❛❧❡❛t♦r✐❛s✳ ❉❡ ❡st❛ ♠❛♥❡r❛✱ ❡s ♣♦s✐❜❧❡ ❞❡t❡❝t❛r rá♣✐❞❛♠❡♥t❡ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ r✉t❛s

q✉❡ ❢♦r♠❛♥ ♣❛rt❡ ❞❡ ❧❛ s♦❧✉❝✐ó♥✳

❈♦♥s✐❞❡r❡♠♦s ❡❧ s✐❣✉✐❡♥t❡ ❡❥❡♠♣❧♦✳ ❙❡❛ ✉♥❛ ✐♥st❛♥❝✐❛ ❈❆❘P ❝♦♥ ✻ ❛r❝♦s r❡q✉❡r✐❞♦s

❝❛❞❛ ✉♥♦ ❝♦♥ ❞❡♠❛♥❞❛❂✶✱ ❝❛♣❛❝✐❞❛❞ ✈❡❤✐❝✉❧❛r❂✹ ② ▼✐♥❯❂✺✵ ② ▼❛①❯❂✹✵✵ ♣❛r❛ ❧❛

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

❘❛♥❞♦♠ ❦❡②s✿ ✶✷✵ ✽✺ ✸✶ ❋❘ ✸✻✼ ✺✺ ✶✵✼

s✐ ❧❛ ♦r❞❡♥❛♠♦s ✭❡♥ ❢♦r♠❛ ❛s❝❡♥❞❡♥t❡✮ ② ♠❛♥t❡♥❡♠♦s ✜❥❛ ❧❛ ♣♦s✐❝✐ó♥ ❞❡ ❧❛ ♠❛r❝❛ ❞❡ ✜♥

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

❙♦❧✉❝✐ó♥ ❈❆❘P ✭✷ r✉t❛s✮✿ ✸→✺→✷✱ ✻→✶→✹

❚❛❧ ❝♦♠♦ ♣✉❡❞❡ ♦❜s❡r✈❛rs❡✱ ❧❛ ❝♦❞✐✜❝❛❝✐ó♥ ♣r♦♣✉❡st❛ r❡s✉❧t❛ s❡♥❝✐❧❧❛ ♣❛r❛ ❡❧ ❝r✉③❛✲

♠✐❡♥t♦ ❡♥tr❡ ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s✱ ❝♦♠♦ ❛sí t❛♠❜✐é♥ ♣❛r❛ ❡❢❡❝t✉❛r ✉♥❛ ♠❡❥♦r❛ ❞❡

❧❛ s♦❧✉❝✐ó♥ ❈❆❘P ✭❞❡❝♦❞✐✜❝❛❞❛✮ ♠❡❞✐❛♥t❡ ♦♣❡r❛❞♦r❡s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ ② r❡❛❧✐③❛r ❧✉❡❣♦✱

❧❛ ❛❝t✉❛❧✐③❛❝✐ó♥ ❞❡ ❧❛ ❝❛❞❡♥❛ ✐♥✐❝✐❛❧✳



✽✷ ❈❛♣ít✉❧♦ ✺✳ ❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

✺✳✸✳✷✳ P♦❜❧❛❝✐ó♥ ✐♥✐❝✐❛❧

❈❛❞❛ ❝❛❞❡♥❛ ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥ ✐♥✐❝✐❛❧ ❡s ♦❜t❡♥✐❞❛ ❛ tr❛✈és ❞❡ ❧♦s

s✐❣✉✐❡♥t❡s ♣❛s♦s✿

✶✳ ●❡♥❡r❛❝✐ó♥ ❞❡ ❧❛ ❝❛❞❡♥❛ ✐♥✐❝✐❛❧✿ ❧❛s ❝❧❛✈❡s ❞❡ ❧❛ ❝❛❞❡♥❛ s♦♥ ♦❜t❡♥✐❞❛s ❛❧❡❛t♦r✐❛♠❡♥t❡

❞❡♥tr♦ ❞❡ ✉♥ r❛♥❣♦ ♥✉♠ér✐❝♦ ❬▼✐♥❯✱ ▼❛①❯ ❪✱ s✐❡♥❞♦ ❡❧ t❛♠❛ñ♦ ❞❡ ❧❛ ❝❛❞❡♥❛ ✐❣✉❛❧ ❛

❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❛r❝♦s r❡q✉❡r✐❞♦s ❞❡ ❧❛ ✐♥st❛♥❝✐❛ ❈❆❘P ❝♦rr❡s♣♦♥❞✐❡♥t❡✳

✷✳ ❉❡❝♦❞✐✜❝❛❝✐ó♥ ❞❡ ❧❛ ❝❛❞❡♥❛ ✐♥✐❝✐❛❧✿ ♦r❞❡♥❛♥❞♦ ❧❛s ❝❧❛✈❡s ❞❡ ❧❛ ❝❛❞❡♥❛ ❡♥ ❢♦r♠❛

❛s❝❡♥❞❡♥t❡✱ s❡ ♦❜t✐❡♥❡ ✉♥❛ s♦❧✉❝✐ó♥ ❛❧❡❛t♦r✐❛ ❈❆❘P s✐♥ ❝♦♥s✐❞❡r❛r ❧❛ r❡str✐❝❝✐ó♥ ❞❡

❝❛♣❛❝✐❞❛❞ ✈❡❤✐❝✉❧❛r✳

✸✳ ❖❜t❡♥❝✐ó♥ ❞❡ s♦❧✉❝✐ó♥ ❈❆❘P✿ ❧❛ s♦❧✉❝✐ó♥ ❡s ♦❜t❡♥✐❞❛ ❛♣❧✐❝❛♥❞♦ ❡❧ ❛❧❣♦r✐t♠♦ P❛r✲

t✐❝✐♦♥❛♠✐❡♥t♦ ■t❡r❛t✐✈♦ ❞❡ ❚♦✉r ✭■t❡r❛t❡❞ ❚♦✉r P❛rt✐t✐♦♥✐♥❣✮✱ ♣r♦♣✉❡st♦ ♣♦r ❍❛✐✲

♠♦✈✐❝❤ ② ❑❛♥ ❬✻✸❪✳ ❈♦♠❡♥③❛♥❞♦ ❞❡s❞❡ ✉♥❛ ♣♦s✐❝✐ó♥ ✐♥✐❝✐❛❧ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ✭∀i =

1 . . . |s♦❧✉❝✐ó♥|✮✱ ést❛ s❡ ❞✐✈✐❞❡ ❡♥ ✈❛r✐❛s r✉t❛s ❝✉♠♣❧✐❡♥❞♦ ❝♦♥ ❧❛s r❡str✐❝❝✐♦♥❡s ✈❡❤✐✲

❝✉❧❛r❡s ♦❜t❡♥✐é♥❞♦s❡ ❛sí ✉♥❛ s♦❧✉❝✐ó♥ ❈❆❘P ❢❛❝t✐❜❧❡✳ ❊st❡ ♣r♦❝❡s♦ s❡ r❡♣✐t❡ ✈❛r✐❛s

✈❡❝❡s✳ ▲✉❡❣♦✱ ❧❛ ♠❡❥♦r s♦❧✉❝✐ó♥ ❡♥ tér♠✐♥♦s ❞❡ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦✱ ❡s ❞❡✈✉❡❧t❛✳

✹✳ ▼❡❥♦r❛ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ❈❆❘P✿ ❛♣❧✐❝❛♥❞♦ ✉♥❛ ❢❛s❡ ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ ✭s❡❝❝✐ó♥ ✺✳✸✳✻✮✱

❧❛ s♦❧✉❝✐ó♥ ❡s ♠❡❥♦r❛❞❛✳

✺✳ ❈♦❞✐✜❝❛❝✐ó♥ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ❈❆❘P ♠❡❥♦r❛❞❛✿ ❞❛❞❛ ❧❛ ❝❛❞❡♥❛ ✐♥✐❝✐❛❧ ❧❛ ❝✉❛❧ ❣❡♥❡ró

✉♥❛ s❡❝✉❡♥❝✐❛ ❞❡ ❛r❝♦s r❡q✉❡r✐❞♦s ② ❧❛ s♦❧✉❝✐ó♥ ❈❆❘P ♠❡❥♦r❛❞❛✱ s❡ r❡❛❧✐③❛ ❡❧ ♠❛♣❡♦

✐♥✈❡rs♦ ♣❛r❛ ❛sí ♦❜t❡♥❡r ✉♥❛ ❝❛❞❡♥❛ ❞❡ ❝❧❛✈❡s ✐♥✐❝✐❛❧✱ ❧❛ ❝✉❛❧ ❛❤♦r❛ ✐♥❝❧✉②❡ ♠❛r❝❛s

❞❡ ✜♥ ❞❡ r✉t❛✳

❊s ✐♠♣♦rt❛♥t❡ ♠❡♥❝✐♦♥❛r q✉❡ ❡♥ ❡❧ P❛s♦ ✸✱ ❡❧ ✈❛❧♦r ❞❡ ❝❛♣❛❝✐❞❛❞ ✈❡❤✐❝✉❧❛r ❡s ♠✉❧✲

t✐♣❧✐❝❛❞♦ ♣♦r ✉♥ ❢❛❝t♦r ✭❡♥tr❡ ✵ ② ✶✮✱ q✉❡ ✈❛rí❛ ❛ ❧♦ ❧❛r❣♦ ❞❡ ❧❛ ❡❥❡❝✉❝✐ó♥ ❞❡❧ ❛❧❣♦r✐t♠♦

❇❘❑●❆✳ ❊st♦ ❣❡♥❡r❛ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s ♣❛r❛ ❧♦s ❛❧❣♦r✐t♠♦s ❞❡ ♠❡❥♦r❛ ✭❡♥ ❡❧ P❛s♦ ✹✮ ❝♦♥

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

✐♥tr❛✲r✉t❛ ❡ ✐♥t❡r✲r✉t❛✳



❯♥ ❛❧❣♦r✐t♠♦ ❇❘❑●❆ ♣❛r❛ ❈❆❘P ✽✸

✺✳✸✳✸✳ ❖♣❡r❛❞♦r❡s ❣❡♥ét✐❝♦s

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

❧♦s s✐❣✉✐❡♥t❡s ♦♣❡r❛❞♦r❡s ❣❡♥ét✐❝♦s✿

❘❡♣r♦❞✉❝❝✐ó♥✿ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ❝❛♥t✐❞❛❞ ❞❡ ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ♣r♦✈✐❡♥❡

❞✐r❡❝t❛♠❡♥t❡ ❞❡ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❛♥t❡r✐♦r ❛♣❧✐❝❛♥❞♦ ❡st❡ ♦♣❡r❛❞♦r✳ ❖r❞❡♥❛♥❞♦ ❧❛s ❝❛✲

❞❡♥❛s ❡♥ ❜❛s❡ ❛ ❧♦s ✈❛❧♦r❡s ❞❡ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ✭✜t♥❡ss✮✱ ❧❛s ❝❛❞❡♥❛s ❝❧❛s✐✜❝❛❞❛s ❞❡

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

❈r✉③❛♠✐❡♥t♦✿ ✉s❛♥❞♦ ❝❛❞❡♥❛s ❞❡ t✐♣♦ ❊❧✐t❡ ② ◆♦✲❊❧✐t❡ ❞❡ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❛♥t❡r✐♦r✱ s❡

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

▼✉t❛❝✐ó♥✿ ❛ tr❛✈és ❞❡ ❧❛ ♠✉t❛❝✐ó♥ ❞❡ ❝❛❞❡♥❛s ❞❡ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❛♥t❡r✐♦r✱ s❡ ♦❜t✐❡♥❡

✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ❝❛♥t✐❞❛❞ ❞❡ ♥✉❡✈❛s ❝❛❞❡♥❛s✳

✺✳✸✳✹✳ ❈r✉③❛♠✐❡♥t♦

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

❧✐t❡r❛t✉r❛ ❬✶✶✷❪✳

❆♥t❡s ❞❡ ❛♣❧✐❝❛r ❡❧ ♦♣❡r❛❞♦r ♣❛r❛ ❧❛ ♦❜t❡♥❝✐ó♥ ❞❡ ♥✉❡✈❛s ❝❛❞❡♥❛s✱ t♦❞❛s ❧❛s ❝❛❞❡♥❛s ❞❡

❧❛ ❣❡♥❡r❛❝✐ó♥ ❛♥t❡r✐♦r s♦♥ ♦r❞❡♥❛❞❛s s❡❣ú♥ s✉s r❡s♣❡❝t✐✈♦s ✈❛❧♦r❡s ❞❡ ✜t♥❡ss✳ ▲✉❡❣♦✱ ést❛s

s♦♥ ❝❧❛s✐✜❝❛❞❛s ❡♥ ❊❧✐t❡✱ ◆♦✲❊❧✐t❡ ② ❝❛❞❡♥❛s ❛ ♠✉t❛r✳ ❚♦♠❛♥❞♦ ✉♥❛ ❝❛❞❡♥❛ ❞❡ t✐♣♦ ❊❧✐t❡ ②

♦tr❛ ❞❡ t✐♣♦ ◆♦✲❊❧✐t❡✱ s❡ ♣r♦❝❡❞❡ ❛ ❛♣❧✐❝❛r ❡❧ ♦♣❡r❛❞♦r P❛r❛♠❡t❡r✐③❡❞ ❯♥✐❢♦r♠ ❈r♦ss♦✈❡r✳

▲❛ ♥✉❡✈❛ ❝❛❞❡♥❛ s❡ ❢♦r♠❛rá ❡♥t♦♥❝❡s ❝♦♥ ❝❧❛✈❡s ❞❡ ❧❛ ♣r✐♠❡r❛ ❝♦♥ ♣r♦❜❛❜✐❧✐❞❛❞ Pr♦❜❊ ②

❝♦♥ ❝❧❛✈❡s ❞❡ ❧❛ s❡❣✉♥❞❛ ❝♦♥ ♣r♦❜❛❜✐❧✐❞❛❞ ✭✶✲Pr♦❜❊ ✮✳ ❊♥ ❧❛ s❡❝❝✐ó♥ ✸✳✽✳✷✱ s❡ ♠✉❡str❛ ✉♥

❡❥❡♠♣❧♦ ❞❡ ✉s♦ ❞❡❧ ♦♣❡r❛❞♦r✳

▲❛ s❡❧❡❝❝✐ó♥ ❞❡ ❝❛❞❡♥❛s ♣❛r❛ ❡❧ ❝r✉③❛♠✐❡♥t♦ ❡s ❞❡t❡r♠✐♥íst✐❝❛✳ ❊s ❞❡❝✐r✱ ❞❛❞♦ q✉❡

❧❛s ❝❛❞❡♥❛s ❡stá♥ ♦r❞❡♥❛❞❛s ♣♦r ✜t♥❡ss✱ s❡ ❡❧✐❣❡ ❞❡ ♠❛♥❡r❛ s❡❝✉❡♥❝✐❛❧ ❧❛s ❝❛❞❡♥❛s ❞❡

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

♣♦❜❧❛❝✐ó♥ ✭❡s♣❡❝✐✜❝❛❞♦ ❡♥ ❝❛❞❛ ❝♦rr✐❞❛ ❞❡❧ ❛❧❣♦r✐t♠♦✮✱ ❡s ♣♦s✐❜❧❡ q✉❡ ✉♥❛ ❝❛❞❡♥❛ ❞❡ t✐♣♦

❊❧✐t❡ s❡ ❝r✉❝❡ ❝♦♥ ✈❛r✐❛s ❞❡ t✐♣♦ ◆♦✲❊❧✐t❡✳

❯♥❛ ✈❡③ ❛♣❧✐❝❛❞♦ ❡❧ ♦♣❡r❛❞♦r ❞❡ ❝r✉③❛♠✐❡♥t♦✱ ❞❡❜❡ ❝♦♥tr♦❧❛rs❡ q✉❡ ❧❛ s♦❧✉❝✐ó♥ ❈❆❘P

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



✽✹ ❈❛♣ít✉❧♦ ✺✳ ❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

q✉❡ t♦❞❛s ❧❛s ❞❡♠❛♥❞❛s ❞❡ ❧❛s r✉t❛s ❞❡ ❧❛ s♦❧✉❝✐ó♥ ♥♦ ❡①❝❡❞❛♥ ❧❛ ❝❛♣❛❝✐❞❛❞ ✈❡❤✐❝✉❧❛r✳ ❙✐

❡st♦ ♦❝✉rr❡✱ ❝❛❞❛ r✉t❛ ❡①❝❡❞✐❞❛ s❡ ❞✐✈✐❞❡ ❤❛st❛ q✉❡ ❛❧❝❛♥❝❡ ❧❛ ❢❛❝t✐❜✐❧✐❞❛❞✳

▲✉❡❣♦ ❞❡❧ ❝♦♥tr♦❧ ❛♥t❡r✐♦r✱ ❧❛ s♦❧✉❝✐ó♥ ❈❆❘P ❡s ♠❡❥♦r❛❞❛ ❝♦♥ ❛❧❣♦r✐t♠♦s ❞❡ ❜úsq✉❡❞❛

❧♦❝❛❧✳ ❋✐♥❛❧♠❡♥t❡✱ ❡s ❝♦❞✐✜❝❛❞❛ ❝♦♠♦ ✉♥❛ ❝❛❞❡♥❛ ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s✳

✺✳✸✳✺✳ ▼✉t❛❝✐ó♥

❆ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❧♦ ♣r♦♣✉❡st♦ ❡♥ ❧❛ ❧✐t❡r❛t✉r❛ s♦❜r❡ ❧❛ ❝r❡❛❝✐ó♥ ❞❡ ♥✉❡✈❛s ❝❛❞❡♥❛s ❞❡

❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ✭♠✉t❛♥t❡s✮ ❡♥ ❝❛❞❛ ❣❡♥❡r❛❝✐ó♥ ✭❬✺✻❪✱ ❬✶✶✷❪✮✱ ♥✉❡str♦ ❛❧❣♦r✐t♠♦ ❛♣❧✐❝❛ ❡❧

♦♣❡r❛❞♦r ❝❧ás✐❝♦ ❞❡ ♠✉t❛❝✐ó♥ s♦❜r❡ ✉♥❛ ❝✐❡rt❛ ❝❛♥t✐❞❛❞ ❞❡ ❝❛❞❡♥❛s ♣r❡✈✐❛♠❡♥t❡ ❝❧❛s✐✜✲

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

r❡❡♠♣❧❛③♦ ❞❡ ❛❧❣✉♥❛s ❝❧❛✈❡s ♣❡rt❡♥❡❝✐❡♥t❡s ❛ ❧❛ ❝❛❞❡♥❛ ❛ ♠✉t❛r✱ ❣❡♥❡r❛ ✉♥❛ s♦❧✉❝✐ó♥

❈❆❘P ❞✐❢❡r❡♥t❡ r❡s♣❡❝t♦ ❛ ❧❛ s♦❧✉❝✐ó♥ ♣r♦✈❡♥✐❡♥t❡ ❞❡ ❧❛ ❞❡❝♦❞✐✜❝❛❝✐ó♥ ❞❡ ❧❛ ❝❛❞❡♥❛ ♦r✐❣✐✲

♥❛❧✳ ❊st❛ s✐t✉❛❝✐ó♥ ♣✉❡❞❡ ♦❜s❡r✈❛rs❡ ❡♥ ❧❛ ❋✐❣✳ ✺✳✾✱ s♦❜r❡ ✉♥❛ ✐♥st❛♥❝✐❛ ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛

❞❡❧ ❱✐❛❥❛♥t❡✳

❋✐❣✉r❛ ✺✳✾✿ ❇❘❑●❆✿ ♠✉t❛❝✐ó♥ s♦❜r❡ ✉♥❛ ❝❛❞❡♥❛ ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s✳

❯♥❛ ✈❡③ ♠♦❞✐✜❝❛❞❛ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ❝❛♥t✐❞❛❞ ❞❡ ❝❧❛✈❡s ✭❧❛ ❝✉❛❧ ✈❛rí❛ ❞✉r❛♥t❡ ❧❛

❡❥❡❝✉❝✐ó♥ ❞❡❧ ❛❧❣♦r✐t♠♦✮ s♦❜r❡ ✉♥❛ ❝❛❞❡♥❛ ❛ ♠✉t❛r✱ ❧❛ s♦❧✉❝✐ó♥ ❈❆❘P ❛s♦❝✐❛❞❛ ❡s ♠❡❥♦r❛❞❛

❝♦♥ ♦♣❡r❛❞♦r❡s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧✳ ▼❛♣❡❛♥❞♦ ❡st❛ ú❧t✐♠❛✱ s❡ ♦❜t✐❡♥❡ ❧❛ ❝❛❞❡♥❛ ❞❡ ❝❧❛✈❡s

✜♥❛❧✳



❯♥ ❛❧❣♦r✐t♠♦ ❇❘❑●❆ ♣❛r❛ ❈❆❘P ✽✺

✺✳✸✳✻✳ ❇úsq✉❡❞❛ ❧♦❝❛❧

▲♦s ♦♣❡r❛❞♦r❡s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ ✭❙♥②❞❡r ② ❉❛s❦✐♥ ❬✶✶✹❪✮ ❤❛♥ ♣r♦✈✐st♦ ❛ ❧♦s ❛❧❣♦r✐t♠♦s

❜❛s❛❞♦s ❡♥ ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s✱ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ♦❜t❡♥❡r r❡s✉❧t❛❞♦s ❛tr❛❝t✐✈♦s ❡♥ ♠❡♥♦r

t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳ ■♥❝♦r♣♦r❛♥❞♦ ✉♥❛ ❢❛s❡ ❞❡ ♠❡❥♦r❛ ❡s ♣♦s✐❜❧❡ ✉♥❛ ❡str❛t❡❣✐❛ ❞❡

✐♥t❡♥s✐✜❝❛❝✐ó♥ ❡✜❝✐❡♥t❡✳

▲❛ ❢❛s❡ ❞❡ ♠❡❥♦r❛ ✐♥❝❧✉✐❞❛ ❡♥ ♥✉❡str♦ ❛❧❣♦r✐t♠♦ q✉❡ s❡ ❛♣❧✐❝❛ s♦❜r❡ s♦❧✉❝✐♦♥❡s ❈❆❘P

♦❜t❡♥✐❞❛s ❧✉❡❣♦ ❞❡❧ ❝r✉③❛♠✐❡♥t♦ ② ❧❛ ♠✉t❛❝✐ó♥ ❞❡ ❝❛❞❡♥❛s✱ ❡stá ❜❛s❛❞❛ ❡♥ ❧❛s ✐❞❡❛s ♣r♦✲

♣✉❡st❛s ❡♥ ❡❧ tr❛❜❛❥♦ ❞❡ ❇❡✉❧❧❡♥s ❡t ❛❧✳ ❬✶✹❪✳ ❈♦♥s✐st❡ ❡♥ ❛♣❧✐❝❛r ♦♣❡r❛❞♦r❡s ❞❡ ♠❡❥♦r❛

✐♥t❡r✲r✉t❛ ❡ ✐♥tr❛✲r✉t❛ ♠❡❞✐❛♥t❡ ❡❧ ✉s♦ ❞❡ ❧✐st❛ ❞❡ ✈❡❝✐♥♦s ❞❡ ❛r❝♦s ② ✉♥❛ ❡str❛t❡❣✐❛ ❞❡

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

❞❡ ♠❛♥❡r❛ ❡✜❝✐❡♥t❡✳

❯♥❛ ✈❡③ ♦❜t❡♥✐❞❛ ❧❛ ❧✐st❛ ❞❡ ✈❡❝✐♥♦s✱ ❧❛ ❝✉❛❧ ❝♦♥s✐st❡ ❞❡ ✉♥❛ ❧✐st❛ ❞❡ ❛r❝♦s r❡q✉❡r✐❞♦s

✈❡❝✐♥♦s ♣❛r❛ ❝❛❞❛ ❛r❝♦ r❡q✉❡r✐❞♦✱ s❡ ♣r♦❝❡❞❡ ❛ ❡①♣❧♦r❛r ❡❧ ❡♥t♦r♥♦ ❞❡ ✉♥❛ s♦❧✉❝✐ó♥ ✐♥✐❝✐❛❧

❞❡ ❧❛ s✐❣✉✐❡♥t❡ ♠❛♥❡r❛✿

■♥✐❝✐♦✿ s✐ ❧❛ ❧✐st❛ ❡stá ✈❛❝í❛✱ ❡♥t♦♥❝❡s ❘❡t♦r♥❛r ♠❡❥♦r s♦❧✉❝✐ó♥❀ s✐♥♦ ❡❧❡❣✐r ❡❧ ♣r✐♠❡r

❛r❝♦ ❡ ❞❡ ❧❛ ❧✐st❛ ② ❧✉❡❣♦ ✐r ❛ ❙✐❣✉✐❡♥t❡✳ ❚♦❞♦s ❧♦s ❛r❝♦s ❞❡ ❧❛ ❧✐st❛ ❞❡ ✈❡❝✐♥♦s s♦♥

❡t✐q✉❡t❛❞♦s ❝♦♠♦ ♥♦ ❡①❛♠✐♥❛❞♦s✳

❙✐❣✉✐❡♥t❡✿ ❡❧❡❣✐r ❡❧ ♣r✐♠❡r ❛r❝♦ ✈❡❝✐♥♦✭❡✮ ❞❡ ❧❛ ❧✐st❛ ❞❡ ✈❡❝✐♥♦s ❞❡❧ ❛r❝♦ ❡✳ ❙✐ t♦❞♦s

❧♦s ❛r❝♦s ❞❡ ❧❛ ❧✐st❛ ❞❡❧ ❛r❝♦ ❡ ❢✉❡r♦♥ ❡①❛♠✐♥❛❞♦s✱ ✐r ❛ ❉❡s♠❛r❝❛r❀ s✐♥♦ ❞❡t❡r♠✐♥❛r s✐

❛♠❜♦s ❛r❝♦s ❡stá♥ ❡♥ ❧❛ ♠✐s♠❛ r✉t❛ ❞❡ ❧❛ s♦❧✉❝✐ó♥ ❈❆❘P✳ ❙✐ ❡s ❛sí✱ ✐r ❛ ▼❡❥♦r❛✲✶❘✱

s✐♥♦ ✐r ❛ ▼❡❥♦r❛✲✷❘✳

▼❡❥♦r❛✲✶❘✿ ❞❡t❡r♠✐♥❛r s✐ ❡s ♣♦s✐❜❧❡ ♠❡❥♦r❛r ❧❛ s♦❧✉❝✐ó♥ ❛❝t✉❛❧ ❛♣❧✐❝❛♥❞♦ ❡❧ ♦♣❡r❛❞♦r

❞❡ ♠❡❥♦r❛ ✐♥tr❛✲r✉t❛ ✭✈❡r ❈✉❛❞r♦ ✺✳✹✮✳ ❙✐ ❡s ♣♦s✐❜❧❡✱ ❛♣❧✐❝❛r ❡❧ ♠♦✈✐♠✐❡♥t♦✱ ♠❛r❝❛r

❧♦s ❛r❝♦s ✐♥✈♦❧✉❝r❛❞♦s✱ ❣✉❛r❞❛r ❧❛ ♥✉❡✈❛ s♦❧✉❝✐ó♥ ② ❧✉❡❣♦ ✐r ❛ ■♥✐❝✐♦✳ ❙✐♥♦✱ ❡❧ ❛r❝♦

✈❡❝✐♥♦✭❡✮ ❡s ❛❤♦r❛ ❡①❛♠✐♥❛❞♦✳ ■r ❛ ❙✐❣✉✐❡♥t❡✳

▼❡❥♦r❛✲✷❘✿ ❞❡t❡r♠✐♥❛r s✐ ❡s ♣♦s✐❜❧❡ ♠❡❥♦r❛r ❧❛ s♦❧✉❝✐ó♥ ❛❝t✉❛❧ ❛♣❧✐❝❛♥❞♦ ❧♦s ♦♣❡r❛✲

❞♦r❡s ❞❡ ♠❡❥♦r❛ ✐♥t❡r✲r✉t❛ ✭✈❡r ❈✉❛❞r♦ ✺✳✹✮✳ ❙✐ ❡s ♣♦s✐❜❧❡✱ ❛♣❧✐❝❛r ❡❧ ♠♦✈✐♠✐❡♥t♦✱

♠❛r❝❛r ❧♦s ❛r❝♦s ✐♥✈♦❧✉❝r❛❞♦s✱ ❣✉❛r❞❛r ❧❛ ♥✉❡✈❛ s♦❧✉❝✐ó♥ ② ❧✉❡❣♦ ✐r ❛ ■♥✐❝✐♦✳ ❙✐♥♦✱ ✐r

❛ ❙✐❣✉✐❡♥t❡ ♣❛r❛ ❡①❛♠✐♥❛r ❡❧ ❛r❝♦ ✈❡❝✐♥♦✭❡✮✳

❉❡s♠❛r❝❛r✿ ❡❧✐♠✐♥❛r ❡❧ ❛r❝♦ ❡ ❞❡ ❧❛ ❧✐st❛ ❞❡ ✈❡❝✐♥♦s ② ❧✉❡❣♦ ✐r ❛ ■♥✐❝✐♦✳



✽✻ ❈❛♣ít✉❧♦ ✺✳ ❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

▲❛ ❡str❛t❡❣✐❛ ❞❡ ♠❛r❝❛r ❛r❝♦s t✐❡♥❡ ❝♦♠♦ ✜♥❛❧✐❞❛❞ ✐♥t❡♥s✐✜❝❛r ❧❛ ❜úsq✉❡❞❛ s♦❜r❡ ❛r✲

❝♦s ❝✉②❛s ❝♦♥❡①✐♦♥❡s ♣❡r♠✐t✐❡r♦♥ ♦❜t❡♥❡r ✉♥❛ ♠❡❥♦r s♦❧✉❝✐ó♥ ❡♥ tér♠✐♥♦s ❞❡ ❧❛ ❢✉♥❝✐ó♥

♦❜❥❡t✐✈♦✳ ❙✐ ❡❧ ❛r❝♦ ♠❛r❝❛❞♦ tr❛s ✉♥❛ ♠❡❥♦r❛ ♥♦ s❡ ❡♥❝✉❡♥tr❛ ❛❝t✉❛❧♠❡♥t❡ ❡♥ ❧❛ ❧✐st❛✱ ést❡

❡s ❛❣r❡❣❛❞♦ ✭❝♦♥ s✉s ✈❡❝✐♥♦s ❡t✐q✉❡t❛❞♦s ❝♦♠♦ ♥♦ ❡①❛♠✐♥❛❞♦s✮✳

❈✉❛❞r♦ ✺✳✹✿ ❇❘❑●❆✲❋❛s❡ ❞❡ ♠❡❥♦r❛✿ ❡str❛t❡❣✐❛ ❞❡ ♠❛r❝❛❞♦ ❞❡ ❛r❝♦s✳

P♦s✐❝✐ó♥ ❞❡❧

❛r❝♦ ❡

P♦s✐❝✐ó♥ ❞❡❧

❛r❝♦

✈❡❝✐♥♦✭❡✮

▼♦✈✐♠✐❡♥t♦ ▼❛r❝❛r ❛r❝♦s

✐ ❥
✷✲❖♣t✭✐✱ ✐✰✶✱ ❥✱ ❥✰✶✮ ❛r❝♦✭✐✰✶✮✱ ❛r❝♦✭❥✮✱ ❛r❝♦✭❥✰✶✮

❥✰✶ ✐✰✶
✷✲❖♣t✭✐✱ ✐✰✶✱ ❥✱ ❥✰✶✮ ❛r❝♦✭✐✮✱ ❛r❝♦✭✐✰✶✮✱ ❛r❝♦✭❥✮

✐ ❥
❘❡❧♦❝❛t❡✭✐✲✶✱ ✐✱ ✐✰✶✱ ❥✱ ❥✰✶✮ ❛r❝♦✭✐✲✶✮✱ ❛r❝♦✭✐✰✶✮✱ ❛r❝♦✭❥✮✱ ❛r❝♦✭❥✰✶✮

✐ ❥
❘❡❧♦❝❛t❡✭✐✲✶✱ ✐✱ ✐✰✶✱ ❥✲✶✱ ❥✮ ❛r❝♦✭✐✲✶✮✱ ❛r❝♦✭✐✰✶✮✱ ❛r❝♦✭❥✲✶✮✱ ❛r❝♦✭❥✮

✐ ❥
❘❡❧♦❝❛t❡✭✐✱ ✐✰✶✱ ❥✲✶✱ ❥✱ ❥✰✶✮ ❛r❝♦✭✐✰✶✮✱ ❛r❝♦✭❥✲✶✮✱ ❛r❝♦✭❥✮✱ ❛r❝♦✭❥✰✶✮

✐ ❥
❘❡❧♦❝❛t❡✭✐✲✶✱ ✐✱ ❥✲✶✱ ❥✱ ❥✰✶✮ ❛r❝♦✭✐✲✶✮✱ ❛r❝♦✭❥✲✶✮✱ ❛r❝♦✭❥✮✱ ❛r❝♦✭❥✰✶✮

✐ ❥
❈r♦ss✭✐✱ ✐✰✶✱ ❥✲✶✱ ❥✮ ❛r❝♦✭✐✰✶✮✱ ❛r❝♦✭❥✲✶✮✱ ❛r❝♦✭❥✮

✐ ❥
❈r♦ss✭✐✲✶✱ ✐✱ ❥✱ ❥✰✶✮ ❛r❝♦✭✐✲✶✮✱ ❛r❝♦✭❥✮✱ ❛r❝♦✭❥✰✶✮



❯♥ ❛❧❣♦r✐t♠♦ ❇❘❑●❆ ♣❛r❛ ❈❆❘P ✽✼

❊♥ ❡❧ ❈✉❛❞r♦ ✺✳✹✱ s❡ ❞❡t❛❧❧❛♥ ❧♦s ♠♦✈✐♠✐❡♥t♦s ❛ ❛♥❛❧✐③❛r ♣r♦❝✉r❛♥❞♦ ♦❜t❡♥❡r ✉♥❛ ♠❡❥♦r

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

♣♦❝♦ ❛tr❛❝t✐✈♦s✳ ❊♥ ♥✉❡str❛ ♣r♦♣✉❡st❛✱ s❡ ❤❛♥ ❛♣❧✐❝❛❞♦ ❧♦s s✐❣✉✐❡♥t❡s ♦♣❡r❛❞♦r❡s✿

❖♣❡r❛❞♦r ■♥tr❛✲r✉t❛✿ s❡ ✉só ✷✲❖P❚ ❝♦♠♦ ❛❧❣♦r✐t♠♦ ❞❡ ♠❡❥♦r❛ ❞❡♥tr♦ ❞❡ ✉♥❛ r✉t❛ ❞❡

❧❛ s♦❧✉❝✐ó♥ ❈❆❘P✳ ❇ás✐❝❛♠❡♥t❡✱ ❝♦♥s✐st❡ ❡♥ ❛❣r❡❣❛r ❞♦s ♥✉❡✈❛s ❝♦♥❡①✐♦♥❡s✱ ❡❧✐♠✐♥❛r

❞♦s ❡①✐st❡♥t❡s ② ❝❛♠❜✐❛r ❡❧ s❡♥t✐❞♦ ❞❡ r❡❝♦rr✐❞♦ ❞❡ ✉♥ ❜❧♦q✉❡ ❞❡ ❛r❝♦s✳

❖♣❡r❛❞♦r❡s ■♥t❡r✲r✉t❛✿ s❡ ✉s❛r♦♥ ❞♦s ♦♣❡r❛❞♦r❡s ❞❡ ♠❡❥♦r❛ ❡♥tr❡ ❞♦s r✉t❛s ❞❡ ❧❛

s♦❧✉❝✐ó♥ ❈❆❘P✳ ❊❧ ♣r✐♠❡r♦ ❞❡ ❡❧❧♦s✱ ❘❡❧♦❝❛t❡✱ ❡❧✐♠✐♥❛ ✉♥ ❛r❝♦ ❞❡ ✉♥❛ r✉t❛ ② ❧♦

✐♥s❡rt❛ ❡♥ ❧❛ ♦tr❛ r❡❛❧✐③❛♥❞♦ ❛ ❝♦♥t✐♥✉❛❝✐ó♥ ❧❛s r❡❝♦♥❡①✐♦♥❡s ♥❡❝❡s❛r✐❛s✳ ❊❧ s❡❣✉♥❞♦✱

❈r♦ss✱ ✐♥t❡r❝❛♠❜✐❛ ❜❧♦q✉❡s ❞❡ ❛r❝♦s ❡♥tr❡ ❧❛s ❞♦s r✉t❛s✳

✺✳✸✳✼✳ ❘❡✐♥✐❝✐♦

❉❡ ❛❝✉❡r❞♦ ❛ ❧❛ ❧✐t❡r❛t✉r❛ s♦❜r❡ ❘❑●❆✴❇❘❑●❆ ❧❛ ♦❜t❡♥❝✐ó♥ ❞❡ ❝❛❞❡♥❛s ♠✉t❛♥t❡s

❡♥ ❝❛❞❛ ❣❡♥❡r❛❝✐ó♥✱ t✐❡♥❡ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❡✈✐t❛r ❡❧ ❡st❛♥❝❛♠✐❡♥t♦ ❡♥ ó♣t✐♠♦s ❧♦❝❛❧❡s✳ ❯♥❛

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

t❡r♠✐♥❛❞❛s ❝❛❞❡♥❛s ❡♥ ❝❛❞❛ ❣❡♥❡r❛❝✐ó♥✳ ❆ú♥ ❛sí✱ ❞❡❜❡ ✐♥❝♦r♣♦r❛rs❡ ♦tr♦ ♠❡❝❛♥✐s♠♦ q✉❡

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

❙✐ ❞✉r❛♥t❡ ✉♥ ♥ú♠❡r♦ ❞❡t❡r♠✐♥❛❞♦ ❞❡ ❣❡♥❡r❛❝✐♦♥❡s ♥♦ s❡ ♣✉❞♦ ♦❜t❡♥❡r ✉♥ ♠❡❥♦r

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

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

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

✺✳✸✳✽✳ ❆❧❣♦r✐t♠♦ ❇❘❑●❆ ♣❛r❛ ❈❆❘P

❊♥ ❡❧ ❈✉❛❞r♦ ✺✳✺ s❡ ♠✉❡str❛ ❡❧ ♣s❡✉❞♦✲❝ó❞✐❣♦ ❞❡❧ ❛❧❣♦r✐t♠♦ ♣r♦♣✉❡st♦✳ ▲♦s ♣❛rá♠❡tr♦s

s♦♥ ❡❧ ♥ú♠❡r♦ ❞❡ ❣❡♥❡r❛❝✐♦♥❡s✱ ❡❧ t❛♠❛ñ♦ ❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥✱ ❡❧ ♣♦r❝❡♥t❛❥❡ ✭❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥✮

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

❝r✉③❛♠✐❡♥t♦ ❡♥tr❡ ❞♦s ❝❛❞❡♥❛s✳

■♥✐❝✐❛❧♠❡♥t❡✱ s❡ ❣❡♥❡r❛♥ ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s✳ ▲✉❡❣♦✱ ❞✉r❛♥t❡ ❝❛❞❛ ❣❡♥❡r❛❝✐ó♥✱

s❡ ♦r❞❡♥❛♥ ❧❛s ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s s❡❣ú♥ s✉ ✜t♥❡ss ♣❛r❛ ❧✉❡❣♦ ❛♣❧✐❝❛r ❧♦s ♦♣❡r❛❞♦r❡s ❣❡✲

♥ét✐❝♦s ❝❧ás✐❝♦s✳ ❙✐ ❡❧ ❛❧❣♦r✐t♠♦ ♥♦ ♦❜t✉✈♦ ♠❡❥♦r❛ ❞✉r❛♥t❡ ✉♥ ❞❡t❡r♠✐♥❛❞♦ ♥ú♠❡r♦ ❞❡



✽✽ ❈❛♣ít✉❧♦ ✺✳ ❆❧❣♦r✐t♠♦s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s

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

s♦♥ ❞❡ t✐♣♦ ❊❧✐t❡✳ ❋✐♥❛❧♠❡♥t❡✱ s❡ r❡t♦r♥❛ ❧❛ ♠❡❥♦r s♦❧✉❝✐ó♥✳

❈✉❛❞r♦ ✺✳✺✿ ❆❧❣♦r✐t♠♦ ❇❘❑●❆ ♣❛r❛ ❈❆❘P✳

♣r♦❝❡❞✉r❡ ❇❘❑●❆✲❈❆❘P✭★❣❡♥❡r❛t✐♦♥s✱★♣♦♣✉❧❛t✐♦♥✱ ✪❊❧✐t❡P♦♣✱ ✪▼✉tP♦♣✱ ✪Pr♦❜❊✮

r❦❡②❱❡❝t♦r❂④⑥

❜❡st❖❋❂∞✱ ❜❡st❙♦❧✉t✐♦♥ ❂ ④⑥

●❡♥❡r❛t❡❘❑❱s✭r❑❡②❱❡❝t♦r✱★♣♦♣✉❧❛t✐♦♥✮

❢♦r ✐ ❂ ✶ . . . ★❣❡♥❡r❛t✐♦♥s

s♦rt❇②❋✐t♥❡ss✭r❑❡②❱❡❝t♦r✱ ✪❊❧✐t❡P♦♣✱ ✪▼✉tP♦♣✮

❦❂✵

r❡♣❡❛t

❥❂❣❡t◆♦♥❊❧✐t❡❘❑❱✭r❑❡②❱❡❝t♦r✮

❦❂❣❡t❊❧✐t❡❘❑❱✭r❑❡②❱❡❝t♦r✱❦✮

❛♣♣❧②❯❈r♦ss♦✈❡r✭r❑❡②❱❡❝t♦r❬❦❪✱r❑❡②❱❡❝t♦r❬❥❪✱ ✪Pr♦❜❊✮

✉♥t✐❧ ❣❡t◆♦♥❊❧✐t❡❘❑❱✭r❑❡②❱❡❝t♦r✮❂❂✲✶

r❡♣❡❛t

❥❂❣❡t▼✉t❛♥t❘❑❱✭r❑❡②❱❡❝t♦r✮

❛♣♣❧②▼✉t❛t✐♦♥✭r❑❡②❱❡❝t♦r❬❥❪✮

✉♥t✐❧ ❣❡t▼✉t❛♥t❘❑❱✭r❑❡②❱❡❝t♦r✮❂❂✲✶

r❡♣❡❛t

❥❂❣❡t▼♦❞✐❢✐❡❞❘❑❱✭r❑❡②❱❡❝t♦r✮

♣r❡✈❈❛r♣❙♦❧✉t✐♦♥ ❂ ❞❡❝♦❞❡❘❑❱✭r❑❡②❱❡❝t♦r❬❥❪✮

✐♠♣r♦✈❡❞❙♦❧✉t✐♦♥ ❂ ❛♣♣❧②▲❙❡❛r❝❤✭♣r❡✈❈❛r♣❙♦❧✉t✐♦♥✮

✉♣❞❛t❡❘❑❱✭r❑❡②❱❡❝t♦r❬❥❪✱✐♠♣r♦✈❡❞❙♦❧✉t✐♦♥✮

✐❢ ❢✭r❦❡②❱❡❝t♦r❬❥❪✮❁❜❡st❖❋ t❤❡♥

❜❡st❖❋ ❂ ❢✭r❦❡②❱❡❝t♦r❬❥❪✮

❜❡st❙♦❧✉t✐♦♥ ❂ ✐♠♣r♦✈❡❞❙♦❧✉t✐♦♥

❡♥❞ ✐❢

✉♥t✐❧ ❣❡t▼♦❞✐❢✐❡❞❘❑❱✭r❑❡②❱❡❝t♦r✮❂❂✲✶

✐❢ st❛❣♥❛t✐♦♥❂❂❚r✉❡ t❤❡♥

●❡♥❡r❛t❡❘❑❱s✭r❑❡②❱❡❝t♦r✱★♣♦♣✉❧❛t✐♦♥✲★❊❧✐t❡P♦♣✮

❡♥❞ ✐❢

❡♥❞ ❢♦r

r❡t✉r♥ ❜❡st❙♦❧✉t✐♦♥

❡♥❞ ♣r♦❝❡❞✉r❡



❈❛♣ít✉❧♦ ✻

❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

❊♥ ❡st❡ ❝❛♣ít✉❧♦✱ s❡ ❡✈❛❧✉❛rá ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ♣♦r ❧♦s ❛❧❣♦r✐t♠♦s

♣r♦♣✉❡st♦s ♣❛r❛ ❈❆❘P ✉s❛♥❞♦ ✐♥st❛♥❝✐❛s ❞❡ ❧❛ ❧✐t❡r❛t✉r❛✳

✻✳✶✳ ■♥tr♦❞✉❝❝✐ó♥

❊♥ ❡❧ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r s❡ ♣r♦♣✉s✐❡r♦♥ ♥✉❡✈♦s ❛❧❣♦r✐t♠♦s ❍❇▼❖✱ ❱◆❙ ② ❇❘❑●❆ ♣❛r❛

❈❆❘P✳ ❉❡ ❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s✱ s❡ ❞❡s❝r✐❜✐❡r♦♥ s✉s ♣r✐♥❝✐♣❛❧❡s ❝❛r❛❝t❡ríst✐❝❛s ② s✉ ❛♣❧✐❝❛❝✐ó♥

❛❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦✳

❊st❡ ❝❛♣ít✉❧♦ ❡stá ❞❡❞✐❝❛❞♦ ❛ ❡✈❛❧✉❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ♣♦r ❧♦s

❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s✳ P❛r❛ ❡❧❧♦✱ ❡❧ ❡①♣❡r✐♠❡♥t♦ ❡♠♣ír✐❝♦ ❝♦♥st❛ ❞❡ ❞♦s ♣❛rt❡s✳ ▲❛ ♣r✐♠❡r❛

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

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

♣♦st❡r✐♦r❡s✳ P❛r❛ ❡❧❧♦✱ s❡ ❛♥❛❧✐③❛rá ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❞❡✈✉❡❧t♦s ♣♦r ❝❛❞❛ ❛❧❣♦r✐t♠♦

✉s❛♥❞♦ ❞✐❢❡r❡♥t❡s ❝♦♥✜❣✉r❛❝✐♦♥❡s✳ ▲❛ s❡❣✉♥❞❛ ♣❛rt❡ ❡stá ❛❜♦❝❛❞❛ ❛❧ ❡st✉❞✐♦ ❝♦♠♣❛r❛t✐✈♦

❞❡ ❧♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥③❛❞♦s ♣♦r ❧♦s ❛❧❣♦r✐t♠♦s s♦❜r❡ ❞✐❢❡r❡♥t❡s ✐♥st❛♥❝✐❛s ❈❆❘P ❞❡ ❧❛

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

❘❡s♣❡❝t♦ ❛ ❧❛s ✐♥st❛♥❝✐❛s ✉t✐❧✐③❛❞❛s ❞✉r❛♥t❡ ❧❛s ♣r✉❡❜❛s✱ s❡ ❤❛♥ t♦♠❛❞♦ ✐♥st❛♥❝✐❛s ❑s❤s

♣r♦♣✉❡st❛s ♦r✐❣✐♥❛❧♠❡♥t❡ ♣♦r ❑✐✉❝❤✐ ❡t ❛❧✳ ❬✼✹❪✱ ✐♥st❛♥❝✐❛s ●❞❜ ❞❡❧ tr❛❜❛❥♦ ❞❡ ●♦❧❞❡♥ ❡t

❛❧✳ ❬✺✸❪ ❡ ✐♥st❛♥❝✐❛s ❱❛❧ ❞❡ ❇❡♥❛✈❡♥t ❡t ❛❧✳ ❬✶✸❪✳ ❊st♦s ❝♦♥❥✉♥t♦s ❞❡ ✐♥st❛♥❝✐❛s ❢✉❡r♦♥

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



✾✵ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

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

❡①❛❝t♦s ② ❤❡✉ríst✐❝♦s✳✶

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

♠♦s ♣r♦♣✉❡st♦s✱ s❡ ❤❛♥ ✉s❛❞♦ ✸ ✐♥st❛♥❝✐❛s ❈❆❘P✳ ❊♥ ❡❧ ❈✉❛❞r♦ ✻✳✶ s❡ ♠✉❡str❛ ♣❛r❛ ❝❛❞❛

✉♥❛ ❞❡ ❡❧❧❛s ✭❛❞❡♠ás ❞❡❧ ♥♦♠❜r❡✮✱ ❡❧ ♥ú♠❡r♦ ❞❡ ✈ért✐❝❡s✱ ❡❧ ♥ú♠❡r♦ ❞❡ ❛r✐st❛s r❡q✉❡r✐❞❛s✱

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

❧❛ ❧✐t❡r❛t✉r❛ ✭❬✶✻❪✱ ❬✽✹❪✮ ❝♦♥s✐st❡♥t❡ ❞❡ ❧❛ ❞✐st❛♥❝✐❛ t♦t❛❧ r❡❝♦rr✐❞❛ ♣♦r ❧♦s ✈❡❤í❝✉❧♦s ② ❡❧

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

❈✉❛❞r♦ ✻✳✶✿ Pr✉❡❜❛s ♣r❡❧✐♠✐♥❛r❡s✿ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ✐♥st❛♥❝✐❛s ✉s❛❞❛s✳

■♥st❛♥❝✐❛ |V | |R| ❉❡♠❛♥❞❛ ◗ ❖♣t✐♠♦

❚❉ ❱❡❤✳

❑s❤s✻ ✾ ✶✺ ✸✽✾ ✶✺✵ ✶✵✶✾✼ ✸

●❞❜✶ ✶✷ ✷✷ ✷✷ ✺ ✸✶✻ ✺

●❞❜✶✻ ✽ ✷✽ ✶✶✻ ✷✹ ✶✷✼ ✺

❆ ❧♦s ❡❢❡❝t♦s ❞❡ ♦❜t❡♥❡r ❝♦♥✜❣✉r❛❝✐♦♥❡s ❞❡ ♣❛rá♠❡tr♦s r♦❜✉st❛s✱ s❡ ❝♦♥s✐❞❡ró ❝♦♥✈❡✲

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

❞❡ ❛r✐st❛s r❡q✉❡r✐❞❛s ② ❝❛♣❛❝✐❞❛❞❡s ✈❡❤✐❝✉❧❛r❡s ❞✐❢❡r❡♥t❡s✱ ❝♦♠♦ ❛sí t❛♠❜✐é♥ s♦❧✉❝✐♦♥❡s

q✉❡ ❡♠♣❧❡❡♥ ✈❛r✐♦s ✈❡❤í❝✉❧♦s ♣❛r❛ ❛t❡♥❞❡r ❧❛s ❞❡♠❛♥❞❛s r❡q✉❡r✐❞❛s✳ ▲❛ ❞❡s❝r✐♣❝✐ó♥ ❝♦♠✲

♣❧❡t❛ ❞❡ ❛❧❣✉♥❛s ✐♥st❛♥❝✐❛s ❞❡ ♣r✉❡❜❛ ✉s❛❞❛s ❝♦♠♦ ❛sí t❛♠❜✐é♥ ❧♦s ♠❡❥♦r❡s r❡s✉❧t❛❞♦s

❛❧❝❛♥③❛❞♦s ♣♦r ❧♦s ❛❧❣♦r✐t♠♦s✱ s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❡❧ ❆♣é♥❞✐❝❡✳

P❛r❛ ❧❛s ♣r✉❡❜❛s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s✱ s❡ ✉só ❡❧ ❛♠❜✐❡♥t❡ ❊❝❧✐♣s❡ ❞❛❞❛ ❧❛ ♣♦t❡♥❝✐❛❧✐❞❛❞ ②

❢❛❝✐❧✐❞❛❞ q✉❡ ❜r✐♥❞❛ ♣❛r❛ ❡❧ ❞❡s❛rr♦❧❧♦ ② ♣r✉❡❜❛ ❞❡ s♦❢t✇❛r❡✳ ❆ s✉ ✈❡③ ② ❝♦♥ ❡❧ ♣r♦♣ós✐t♦ ❞❡

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

❡♥ ✉♥❛ P❈ ❝♦♥ ♣r♦❝❡s❛❞♦r ❈❖❘❊ ✷ ✹✸✵✵ ✶✳✽✵●❤③✱ ❝♦♥ ✷●❇ ❞❡ ♠❡♠♦r✐❛ ❘❆▼ ② ❲✐♥❞♦✇s

❱✐st❛ ❝♦♠♦ s✐st❡♠❛ ♦♣❡r❛t✐✈♦✳

❊♥ ❧❛s s❡❝❝✐♦♥❡s ✻✳✷✱ ✻✳✸ ② ✻✳✹✱ s❡ ❞❡s❝r✐❜✐rá♥ ❧♦s ♣❛rá♠❡tr♦s ❞❡ ❧♦s ❛❧❣♦r✐t♠♦s ♣r♦✲

♣✉❡st♦s✱ s❡ ♠♦str❛rá♥ ❧♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥③❛❞♦s ✉s❛♥❞♦ ❞✐❢❡r❡♥t❡s ❝♦♥✜❣✉r❛❝✐♦♥❡s ② s❡rá♥

✶▲❛s ✐♥st❛♥❝✐❛s s❡ ❡♥❝✉❡♥tr❛♥ ❞✐s♣♦♥✐❜❧❡s ❡♥ ✇✇✇✳✉✈✳❡s✴❜❡❧❡♥❣✉❡✴❝❛r♣✳❤t♠❧



❆❧❣♦r✐t♠♦ ❍❇▼❖ ♣❛r❛ ❈❆❘P ✾✶

❛♥❛❧✐③❛❞♦s ❧♦s ♠✐s♠♦s ♣❛r❛ ❛sí ❞❡t❡r♠✐♥❛r ❧❛s ♠❡❥♦r❡s ❝♦♥✜❣✉r❛❝✐♦♥❡s✳ ▲✉❡❣♦✱ ❡♥ ❧❛ s❡❝❝✐ó♥

✻✳✺✱ s❡ r❡❛❧✐③❛rá♥ ♥✉❡✈❛s ♣r✉❡❜❛s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s ♣❛r❛ ❛♥❛❧✐③❛r ❡♥ ❝♦♥❥✉♥t♦✱ ❧❛ ❝❛❧✐❞❛❞

❞❡ ❧♦s r❡s✉❧t❛❞♦s✳

✻✳✷✳ ❆❧❣♦r✐t♠♦ ❍❇▼❖ ♣❛r❛ ❈❆❘P

❚❛❧ ❝♦♠♦ s❡ ♠❡♥❝✐♦♥ó ❛♥t❡r✐♦r♠❡♥t❡ ✭s❡❝❝✐ó♥ ✸✳✸✳✺✮✱ ❧♦s ♣❛rá♠❡tr♦s r❡q✉❡r✐❞♦s ❡♥ ❧♦s

❛❧❣♦r✐t♠♦s ❍❇▼❖ s♦♥✿

◆ú♠❡r♦ ❞❡ r❡✐♥❛s✿ ❝♦rr❡s♣♦♥❞❡ ❛❧ ♥ú♠❡r♦ ❞❡ r❡✐♥❛s ✭♠❡❥♦r❡s s♦❧✉❝✐♦♥❡s✮ q✉❡ s❡ ✉s❛rá

♣❛r❛ ❝r✉③❛rs❡ ❝♦♥ ❧❛ ♣♦❜❧❛❝✐ó♥ ❞❡ ③á♥❣❛♥♦s✳ P♦r ❡❥❡♠♣❧♦✱ ❆❜❜❛s ❬✶❪ r❡❛❧✐③ó ♣r✉❡❜❛s

♣❛r❛ ✐♥st❛♥❝✐❛s ❙❆❚ ✭Pr♦♣♦s✐t✐♦♥❛❧ ❙❛t✐s❢❛❜✐❧✐t② Pr♦❜❧❡♠✮ ❝♦♥ ❞✐❢❡r❡♥t❡s ♥ú♠❡r♦s

❞❡ r❡✐♥❛s ✭❞❡ ✶ ❛ ✺✮✱ ♦❜t❡♥✐é♥❞♦s❡ ❧♦s ♠❡❥♦r❡s r❡s✉❧t❛❞♦s ❝♦♥ ✷ ❛❜❡❥❛s r❡✐♥❛s✳ ❆❢s❤❛r

❡t ❛❧✳ ❬✷❪ ❡♥ ❝❛♠❜✐♦✱ ♣❛r❛ ✉♥ ♣r♦❜❧❡♠❛ r❡❛❧ ❡♥ ❡❧ ❝❛♠♣♦ ❞❡ ❧❛ ❛❞♠✐♥✐str❛❝✐ó♥ ②

♣❧❛♥✐✜❝❛❝✐ó♥ ❞❡ r❡❝✉rs♦s ❤í❞r✐❝♦s✱ ✉s❛r♦♥ t❛♥ só❧♦ ✶ ❛❜❡❥❛ r❡✐♥❛✳

◆ú♠❡r♦ ❞❡ ✈✉❡❧♦s r❡♣r♦❞✉❝t✐✈♦s✿ ✐♥❞✐❝❛ ❡❧ ♥ú♠❡r♦ ❞❡ ✈✉❡❧♦s q✉❡ r❡❛❧✐③❛ ❧❛ ❛❜❡❥❛

r❡✐♥❛✱ ♣✉❞✐❡♥❞♦ ❡♥ ❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s ❝r✉③❛rs❡ ❝♦♥ ✈❛r✐♦s ③á♥❣❛♥♦s✳ ❊♥ ❡❧ tr❛❜❛❥♦

❞❡ ❆❢s❤❛r ❡t ❛❧✳ ❬✷❪✱ s❡ ✉t✐❧✐③❛r♦♥ ✸✵✵✵ ✈✉❡❧♦s r❡♣r♦❞✉❝t✐✈♦s ✭✐t❡r❛❝✐♦♥❡s ❞❡❧ ❛❧❣♦r✐t✲

♠♦✮ ♣❛r❛ ❧❛s ♣r✉❡❜❛s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s✳ P♦r ♦tr❛ ♣❛rt❡✱ ❑♦✉❞✐❧ ❡t ❛❧✳ ❬✼✺❪ r❡❛❧✐③❛r♦♥

♣r✉❡❜❛s ❝♦♥ ❞✐❢❡r❡♥t❡s ❝♦♠❜✐♥❛❝✐♦♥❡s ❞❡ ❛❜❡❥❛s r❡✐♥❛s ② ♥ú♠❡r♦s ❞❡ ✈✉❡❧♦s ♣❛r❛ ✉♥

Pr♦❜❧❡♠❛ ❞❡ P❛rt✐❝✐ó♥ ② ❆s✐❣♥❛❝✐ó♥✱ s✐❡♥❞♦ ❧❛ ♠ás ❛♣r♦♣✐❛❞❛ ❧❛ ❢♦r♠❛❞❛ ♣♦r ✉♥

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

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

◆ú♠❡r♦ ❞❡ ③á♥❣❛♥♦s✿ ❡s ❡❧ ♥ú♠❡r♦ ❞❡ ③á♥❣❛♥♦s q✉❡ ♣♦t❡♥❝✐❛❧♠❡♥t❡ ♣✉❡❞❡♥ ❝r✉③❛rs❡

❝♦♥ ❧❛ r❡✐♥❛✳ P✉❡❞❡ s❡r ✉♥ ♣❛rá♠❡tr♦ ✜❥♦ ♦ ❜✐❡♥ ❞❡♣❡♥❞❡r ❞❡ ❧❛ ❡♥❡r❣í❛ ❞❡ ❧❛ ❛❜❡❥❛

r❡✐♥❛ ♣❛r❛ q✉❡ s❡ ❣❡♥❡r❡ ✉♥♦ ♥✉❡✈♦✳ ❆❜❜❛s ❬✶❪ ❛❞♦♣tó ❡st♦ ú❧t✐♠♦✳ ❊♥ ❝❛♠❜✐♦ ❆❢s❤❛r

❡t ❛❧✳ ❬✷❪✱ ✉t✐❧✐③❛r♦♥ ✶✸✵ ③á♥❣❛♥♦s ❡♥ ❝❛❞❛ ✈✉❡❧♦ r❡♣r♦❞✉❝t✐✈♦✳ ❋❛t❤✐❛♥ ❡t ❛❧✳ ❬✸✻❪

♣r♦♣✉s✐❡r♦♥ q✉❡ ♣❛r❛ ❝❛❞❛ ✈✉❡❧♦ ② ♠✐❡♥tr❛s ❧❛ ❛❜❡❥❛ r❡✐♥❛ ♣♦s❡❛ ❡♥❡r❣í❛✱ ✉♥ ③á♥❣❛♥♦

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

◆ú♠❡r♦ ❞❡ ❛❜❡❥❛s ♦❜r❡r❛s✿ ❡s ❡❧ ♥ú♠❡r♦ ❞❡ ❤❡✉ríst✐❝❛s ❡♥❝❛r❣❛❞❛s ❞❡ ♠❡❥♦r❛r ❧❛s

♥✉❡✈❛s s♦❧✉❝✐♦♥❡s ♦❜t❡♥✐❞❛s ♣♦r ❝r✉③❛♠✐❡♥t♦ ❡♥tr❡ ❛❜❡❥❛ r❡✐♥❛ ② ③á♥❣❛♥♦✳ ❈♦♠♦ s❡



✾✷ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

♠❡♥❝✐♦♥ó ♣r❡✈✐❛♠❡♥t❡✱ ♥♦ ❡s ❡①❛❝t❛♠❡♥t❡ ✉♥ ♣❛rá♠❡tr♦ ❞❛❞♦ q✉❡ ❞❡♣❡♥❞❡ ❞❡ ❧❛s

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

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

❞✉r❛♥t❡ s✉ ✈✉❡❧♦ r❡♣r♦❞✉❝t✐✈♦✳ ◆♦ ❡s ✉♥ ✈❛❧♦r ❝♦♥st❛♥t❡ s✐♥♦ q✉❡ ❞❡❝r❡❝❡ ❞✉r❛♥t❡

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

✭❡♥ ❝❛❞❛ ✈✉❡❧♦✮ t❡♥❣❛ ❝❤❛♥❝❡s ❞❡ ❛♣❛r❡❛rs❡ ❝♦♥ ✈❛r✐♦s ③á♥❣❛♥♦s✳ P❛r❛ s✉s ♣r✉❡❜❛s✱

t❛♥t♦ ❋❛t❤✐❛♥ ❡t ❛❧✳ ❬✸✻❪ ❝♦♠♦ ❈✉r❦♦✈✐❝ ② ❏❡r❜✐❝ ❬✷✹❪✱ ❣❡♥❡r❛r♦♥ ❛❧ ❛③❛r ❡❧ ✈❛❧♦r ❞❡

✈❡❧♦❝✐❞❛❞ ✐♥✐❝✐❛❧ ✭❡♥tr❡ ✵✳✺ ② ✶✮✳

α✿ ❢❛❝t♦r ❞❡ r❡❞✉❝❝✐ó♥ ❞❡ ✈❡❧♦❝✐❞❛❞ ✭♦ ❡♥❡r❣í❛✮✳ ❆❧ ✐❣✉❛❧ q✉❡ ❧❛ ✈❡❧♦❝✐❞❛❞✱ ❡❧ ✈❛❧♦r

❞❡ ❡st❡ ♣❛rá♠❡tr♦ ❞❡❜❡ ❝♦♥tr✐❜✉✐r ❛ q✉❡ ❧❛ r❡✐♥❛ s❡ ❛♣❛r❡❡ ❝♦♥ ✈❛r✐♦s ③á♥❣❛♥♦s✳

❋❛t❤✐❛♥ ❡t ❛❧✳ ❬✸✻❪ ✉s❛r♦♥ ✵✳✾✽ ♣❛r❛ ❧❛s ♣r✉❡❜❛s✳ ❊♥ ❝❛♠❜✐♦✱ ❈✉r❦♦✈✐❝ ② ❏❡r❜✐❝ ❬✷✹❪

❛❞♦♣t❛r♦♥ ❝♦♠♦ ❢❛❝t♦r ❞❡ r❡❞✉❝❝✐ó♥ ✉♥ ✈❛❧♦r ❞❡♣❡♥❞✐❡♥t❡ ❞❡ ❧❛ ❡♥❡r❣í❛ ✐♥✐❝✐❛❧ ❞❡

r❡✐♥❛ ② ❡❧ t❛♠❛ñ♦ ❞❡ ❡s♣❡r♠❛t❡❝❛✳

❊❧ ❛❧❣♦r✐t♠♦ ❍❇▼❖ ♣r♦♣✉❡st♦ ✭s❡❝❝✐ó♥ ✺✳✶✳✻✮ ♣♦s❡❡ ❧♦s s✐❣✉✐❡♥t❡s ♣❛rá♠❡tr♦s r❡q✉❡✲

r✐❞♦s✿

◆ú♠❡r♦ ❞❡ ✈✉❡❧♦s r❡♣r♦❞✉❝t✐✈♦s✿ ❡st❡ ♣❛rá♠❡tr♦ ❢✉❡ r❡❡♠♣❧❛③❛❞♦ ♣♦r ❡❧ t✐❡♠♣♦

♠á①✐♠♦ ❞❡ ❡❥❡❝✉❝✐ó♥ ❞❡❧ ❛❧❣♦r✐t♠♦✱ ❛ ❧♦s ❡❢❡❝t♦s ❞❡ r❡❛❧✐③❛r ✉♥❛ ♠❡❥♦r ❝♦♠♣❛r❛❝✐ó♥

❞❡ r❡s✉❧t❛❞♦s ❡♥tr❡ ❧♦s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s ♣❛r❛ ❈❆❘P✳

◆ú♠❡r♦ ❞❡ ③á♥❣❛♥♦s✿ ✐♥❞✐❝❛ ❡❧ ♥ú♠❡r♦ ❞❡ ③á♥❣❛♥♦s q✉❡ s❡ ❝r✉③❛rá♥ ❝♦♥ ❧❛ r❡✐♥❛

❡♥ ❝❛❞❛ ✈✉❡❧♦ r❡♣r♦❞✉❝t✐✈♦✳ ❆❧ ✜♥❛❧ ❞❡ ❝❛❞❛ ✈✉❡❧♦✱ ❧♦s ③á♥❣❛♥♦s ❛❝t✉❛❧❡s ♣✉❡❞❡♥

♦ ♥♦ s❡r ❡❧✐♠✐♥❛❞♦s ✭♦ s❡❛✱ r❡❡♠♣❧❛③❛❞♦s ♣♦r ❝rí❛s ♦❜t❡♥✐❞❛s r❡❝✐❡♥t❡♠❡♥t❡✮✳ ❊st♦

❞❡♣❡♥❞❡rá ❞❡ s✉ ♥✐✈❡❧ ❞❡ ❞✐✈❡rs✐❞❛❞ ②✴♦ ❝❛❧✐❞❛❞ ❞❡ s♦❧✉❝✐ó♥✳

◆ú♠❡r♦ ❞❡ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s✿ ✐♥❞✐❝❛ ❡❧ ♥ú♠❡r♦ ❞❡ s♦❧✉❝✐♦♥❡s ✭t❛♠❜✐❡➠ ❛♣❧✐❝❛❜❧❡

❧✉❡❣♦ ❞❡ ❝❛❞❛ r❡✐♥✐❝✐♦ ❞❡❧ ❛❧❣♦r✐t♠♦✮ ❣❡♥❡r❛❞❛s ❡♥ ❢♦r♠❛ s❡♠✐✲❛❧❡❛t♦r✐❛✱ ❞❡ ❧❛s ❝✉❛❧❡s

s❡ ❡❧❡❣✐rá♥ ❛q✉❡❧❧❛s q✉❡ ❢♦r♠❡♥ ♣❛rt❡ ❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥ ✐♥✐❝✐❛❧ ❞❡ ③á♥❣❛♥♦s✳

◆ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✈✉❡❧♦s s✐♥ ♠❡❥♦r❛✿ ✐♥❞✐❝❛ ❡❧ ♥ú♠❡r♦ ❞❡ ✈✉❡❧♦s q✉❡ ❞❡❜❡♥ tr❛♥s❝✉✲

rr✐r ✭s✐♥ q✉❡ ❡❧ ❛❧❣♦r✐t♠♦ ♦❜t❡♥❣❛ ✉♥❛ ♠❡❥♦r s♦❧✉❝✐ó♥✮ ❛♥t❡s ❞❡ ❛❝t✐✈❛r ❡❧ ♠❡❝❛♥✐s♠♦

❞❡ r❡✐♥✐❝✐♦✳ ❉✉r❛♥t❡ ❧❛ ❢❛s❡ ❞❡ ♣r✉❡❜❛s✱ s❡ ✜❥ó ✉♥ ♠á①✐♠♦ ❞❡ ✸ r❡✐♥✐❝✐♦s✳



❆❧❣♦r✐t♠♦ ❍❇▼❖ ♣❛r❛ ❈❆❘P ✾✸

❊♥ ❜❛s❡ ❛ r❡s✉❧t❛❞♦s ♣✉❜❧✐❝❛❞♦s ❞❡ ♣r✉❡❜❛s s♦❜r❡ ❛❧❣♦r✐t♠♦s ❍❇▼❖✱ ② ❛ ❧♦s r❡s✉❧t❛❞♦s

♦❜t❡♥✐❞♦s ❡♥ ♣r✉❡❜❛s ♣r❡❧✐♠✐♥❛r❡s✱ s❡ ❤❛♥ ♣r♦♣✉❡st♦ ✸ ✈❛❧♦r❡s ♣♦s✐❜❧❡s ♣❛r❛ ❡❧ ♥ú♠❡r♦ ❞❡

③á♥❣❛♥♦s ② ✸ ♣❛r❛ ❡❧ ♥ú♠❡r♦ ❞❡ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s ❣❡♥❡r❛❞❛s✱ ♦❜t❡♥✐é♥❞♦s❡ ✉♥ t♦t❛❧ ❞❡

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

❊❧ ❈✉❛❞r♦ ✻✳✷ ♠✉❡str❛ ♣❛r❛ ❝❛❞❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ♣❛rá♠❡tr♦s ♣r♦♣✉❡st❛✱ ❧♦s r❡s✉❧t❛✲

❞♦s ❛❧❝❛♥③❛❞♦s ♣♦r ❡❧ ❛❧❣♦r✐t♠♦ ❍❇▼❖✳ P♦r ❝❛❞❛ ❝♦♥✜❣✉r❛❝✐ó♥✱ s❡ r❡❛❧✐③❛r♦♥ ✺✵ ❝♦rr✐❞❛s

✐♥❞❡♣❡♥❞✐❡♥t❡s ② s❡ ✜❥ó ❡❧ t✐❡♠♣♦ ♠á①✐♠♦ ❞❡ ❈P❯ ❡♥ ✷✵ s❡❣✉♥❞♦s ♣♦r ❝♦rr✐❞❛✳ ▲❛ ✐♥❢♦r♠❛✲

❝✐ó♥ ❞❡ r❡s✉❧t❛❞♦s ❧✐st❛❞❛ ❝♦♥s✐st❡ ❞❡ ❧❛ ❞✐st❛♥❝✐❛ t♦t❛❧ ♣r♦♠❡❞✐♦ ¯TD✱ ❡❧ ❞❡s✈í♦ ❡stá♥❞❛r

DE✱ ❧❛ ♠♦❞❛ MO✱ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ ✭❛❧❝❛♥③❛❞❛ ❡♥ ❧❛s ✺✵ ❝♦rr✐❞❛s✮ Min.TD✱

❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ♦❝✉rr❡♥❝✐❛ ✭❞✉r❛♥t❡ ❧❛s ✺✵ ❝♦rr✐❞❛s✮ ❞❡❧ ✈❛❧♦r ❛♥t❡r✐♦r %Min.TD ② ❡❧

t✐❡♠♣♦ ♣r♦♠❡❞✐♦ ¯T iempo ✭❡♥ s❡❣✉♥❞♦s✮ q✉❡ ♥❡❝❡s✐t❛ ❡❧ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❛❧❝❛♥③❛r ❡❧ ♠❡❥♦r

r❡s✉❧t❛❞♦ ❡♥ ❝❛❞❛ ❝♦rr✐❞❛✳

❈✉❛❞r♦ ✻✳✷✿ Pr✉❡❜❛s ♣r❡❧✐♠✐♥❛r❡s ❞❡ ❍❇▼❖ ❝♦♥ ✐♥st❛♥❝✐❛ ❑s❤s✻ ✭❚❉❂✶✵✶✾✼ ② ❱❤❂✸✮✳

❈♦♥✜❣✉r❛❝✐ó♥ ❘❡s✉❧t❛❞♦s

■❞ ❩á♥❣❛♥♦s ❙♦❧s✳■♥✳ ¯TD DE MO Min.TD %Min.TD ¯T iempo
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♣♦r ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s✳ ❙✐ ❜✐❡♥ t♦❞❛s ♣♦s❡❡♥ ❝♦♠♦ ♠♦❞❛ ② ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ r❡❝♦rr✐❞❛

❛❧ ✈❛❧♦r ó♣t✐♠♦ ❚❉❂✸✶✻✱ ❧♦s ♣♦r❝❡♥t❛❥❡s ✭❞❡ ♦❝✉rr❡♥❝✐❛✮ ❞❡ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ ② ❡❧

t✐❡♠♣♦ ♣r♦♠❡❞✐♦ ✭❡♥ ❛❧❝❛♥③❛r ❞✐❝❤♦ ✈❛❧♦r ♣♦r ❝♦rr✐❞❛✮ ✈❛rí❛♥ ❡♥tr❡ ❡❧❧❛s✳ P♦r ❡❥❡♠♣❧♦✱ s❡

♦❜s❡r✈❛ q✉❡ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❈✶ ✭✷✵ ③á♥❣❛♥♦s ② ✶✺✵ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s ❣❡♥❡r❛❞❛s✮ ❛❧❝❛♥③❛

✉♥ ♠❡❥♦r ♣♦r❝❡♥t❛❥❡ ❞❡ ♠❡♥♦r ❞✐st❛♥❝✐❛ ✭✻✽✪✮ ② ✉♥ ♠❡♥♦r t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ✭✺✳✶
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❞❛❞♦ q✉❡ ést❛ ❛❧❝❛♥③❛ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ ❡♥ ✉♥ ✺✻✪ ❞❡ ❧❛s ✈❡❝❡s ❝♦♥ ✉♥ t✐❡♠♣♦

♣r♦♠❡❞✐♦ ❞❡ ✾ s❡❣✉♥❞♦s✳ ❉❡ t♦❞❛s ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s✱ s❡ ❞❡st❛❝❛ ❈✹ ✭✸✵ ③á♥❣❛♥♦s ② ✶✺✵
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t♦❞❛s ♣♦s❡❡♥ ✉♥ ❜❛❥♦ ❞❡s✈í♦ ❡stá♥❞❛r ✭❡♥ ❡❧ ♠❡❥♦r ❞❡ ❧♦s ❝❛s♦s ❡s ✵✳✽ ② ❡♥ ❡❧ ♣❡♦r ❡s ✶✳✸✸✮

② ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ♦❝✉rr❡♥❝✐❛ ❞❡ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ ❡s ❜✉❡♥♦ ✭❡♥ ❡❧ ♠❡❥♦r ❞❡ ❧♦s

❝❛s♦s ❡s ✽✽✪ ② ❡♥ ❡❧ ♣❡♦r ✻✹✪✮✳ ❘❡s♣❡❝t♦ ❛ ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❈✶ ② ❈✾✱ ♥♦ s❡ ❛♣r❡❝✐❛♥

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

❈✺ ✭✸✵ ③á♥❣❛♥♦s ② ✺✵✵ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s✮✱ ❞❛❞♦ q✉❡ ♦❜t✐❡♥❡ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ ♣r♦♠❡❞✐♦



✾✻ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

✭✶✷✼✳✷✽✮✱ ❡❧ ♠❡♥♦r ❞❡s✈í♦ ✭✵✳✽✵✮✱ ❡❧ ♠❡❥♦r ♣♦r❝❡♥t❛❥❡ ❞❡ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ ✭✽✽✪✮ ② ✉♥

❜❛❥♦ t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣r♦♠❡❞✐♦ ✭✽✳✼ s❡❣✉♥❞♦s✮✳

❊♥ ❜❛s❡ ❛ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ♦❜t❡♥✐❞❛s ♣♦r ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❞❡ ♣❛rá♠❡tr♦s

♣r♦♣✉❡st❛s ❝♦♥ ❧❛s ✐♥st❛♥❝✐❛s ❑s❤s✻✱ ●❞❜✶ ② ●❞❜✶✻✱ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❈✹ ✭✸✵ ③á♥❣❛♥♦s

② ✶✺✵ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s✮ ❡s ❧❛ q✉❡ s❡ ✉s❛rá ❡♥ ❧❛s ♣r✉❡❜❛s ✜♥❛❧❡s✳ ❉✐❝❤❛ s❡❧❡❝❝✐ó♥ s❡

❞❡❜❡ ❛ q✉❡ ❧❛ ♠✐s♠❛ ❛❧❝❛♥③ó ❜✉❡♥♦s r❡s✉❧t❛❞♦s ❡♥ ❧❛s ♣r✉❡❜❛s ♣r❡❧✐♠✐♥❛r❡s ② q✉❡ ♣♦r

s✉s ❝❛r❛❝t❡ríst✐❝❛s ✐♥trí♥s❡❝❛s ♣❡r♠✐t✐rá ❛❧ ❛❧❣♦r✐t♠♦ ✭❡♥ ❧❛s ♣r✉❡❜❛s ✜♥❛❧❡s✮ ✐♥t❡♥s✐✜❝❛r

② ❞✐✈❡rs✐✜❝❛r ❡❧ ♣r♦❝❡s♦ ❞❡ ❜úsq✉❡❞❛ ❞❡ s♦❧✉❝✐♦♥❡s✳

❊♥ ❧❛s ❋✐❣✳ ✻✳✶✱ ✻✳✷ ② ✻✳✸ s❡ ♦❜s❡r✈❛♥ ❧♦s ❤✐st♦❣r❛♠❛s ❞❡ ❧❛s ❝♦rr✐❞❛s r❡❛❧✐③❛❞❛s ♣❛r❛

❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❈✹ ❝♦♥ ❧❛s ✐♥st❛♥❝✐❛s ❑s❤s✻✱ ●❞❜✶ ② ●❞❜✶✻✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊♥ ❞✐❝❤♦s

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

t❛♥t♦✱ ❧❛s ❋✐❣✳ ✻✳✹✱ ✻✳✺ ② ✻✳✻ ♠✉❡str❛♥ ✉♥ ❞✐❛❣r❛♠❛ ❞❡ ❞✐s♣❡rs✐ó♥ ❝♦rr❡s♣♦♥❞✐❡♥t❡ ❛ ✉♥❛

❝♦rr✐❞❛ ♣♦r ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s ✐♥st❛♥❝✐❛s ❞❡ ♣r✉❡❜❛ ✉s❛♥❞♦ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❡❧❡❣✐❞❛✳ ❊♥ ❧♦s

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

❞✐✈❡rs✐✜❝❛ ❧❛ ❜úsq✉❡❞❛ ❞❡ s♦❧✉❝✐♦♥❡s✱ ♥♦ ❧✐♠✐tá♥❞♦s❡ ❛ r❡❛❧✐③❛r ✉♥❛ ❜úsq✉❡❞❛ ❛❧❡❛t♦r✐❛ ♦

♠✐♦♣❡✳

❋✐❣✉r❛ ✻✳✶✿ Pr✉❡❜❛s ❍❇▼❖✿ ❤✐st♦❣r❛♠❛ ❞❡ ❑s❤s✻✳



❆❧❣♦r✐t♠♦ ❍❇▼❖ ♣❛r❛ ❈❆❘P ✾✼

❋✐❣✉r❛ ✻✳✷✿ Pr✉❡❜❛s ❍❇▼❖✿ ❤✐st♦❣r❛♠❛ ❞❡ ●❞❜✶✳

❋✐❣✉r❛ ✻✳✸✿ Pr✉❡❜❛s ❍❇▼❖✿ ❤✐st♦❣r❛♠❛ ❞❡ ●❞❜✶✻✳



✾✽ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

❋✐❣✉r❛ ✻✳✹✿ Pr✉❡❜❛s ❍❇▼❖✿ ❞✐❛❣r❛♠❛ ❞❡ ❞✐s♣❡rs✐ó♥ ❞❡ ❑s❤s✻✳

❋✐❣✉r❛ ✻✳✺✿ Pr✉❡❜❛s ❍❇▼❖✿ ❞✐❛❣r❛♠❛ ❞❡ ❞✐s♣❡rs✐ó♥ ❞❡ ●❞❜✶✳



❆❧❣♦r✐t♠♦ ❤í❜r✐❞♦✲❱◆❙ ♣❛r❛ ❈❆❘P ✾✾

❋✐❣✉r❛ ✻✳✻✿ Pr✉❡❜❛s ❍❇▼❖✿ ❞✐❛❣r❛♠❛ ❞❡ ❞✐s♣❡rs✐ó♥ ❞❡ ●❞❜✶✻✳

✻✳✸✳ ❆❧❣♦r✐t♠♦ ❤í❜r✐❞♦✲❱◆❙ ♣❛r❛ ❈❆❘P

❊♥ ❜❛s❡ ❛ ❧♦ ❡①♣✉❡st♦ ❡♥ s❡❝❝✐ó♥ ✸✳✼ ② ❞❡ ❧❛ ❧✐t❡r❛t✉r❛ ✭❬✻✹❪✱ ❡♥tr❡ ♦tr♦s✮✱ ❧♦s ♣❛rá♠❡tr♦s

r❡q✉❡r✐❞♦s ❡♥ ❧❛s ❞✐❢❡r❡♥t❡s ❡①t❡♥s✐♦♥❡s ❞❡ ❱◆❙ s♦♥✿

❈♦♥❞✐❝✐ó♥ ❞❡ ♣❛r❛❞❛ ❞❡❧ ❛❧❣♦r✐t♠♦✿ ❡♥ ❧❛ ❧✐t❡r❛t✉r❛✱ s❡ ❤❛♥ ♣r♦♣✉❡st♦ ❡❧ t✐❡♠♣♦

♠á①✐♠♦ ❞❡ ❈P❯✱ ❡❧ ♥ú♠❡r♦ ❞❡ ✐t❡r❛❝✐♦♥❡s ② ❡❧ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛❝✐♦♥❡s ❡♥tr❡

❞♦s s✉❝❡s✐✈❛s ♠❡❥♦r❛s ✭❡st❡ ú❧t✐♠♦✱ ♠ás r❡❧❛❝✐♦♥❛❞♦ ❝♦♥ ❡❧ ❡st❛♥❝❛♠✐❡♥t♦ ❡♥ ó♣t✐♠♦s

❧♦❝❛❧❡s✮✳ P❛r❛ ❧❛s ♣r✉❡❜❛s ❞❡❧ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ P✲❈❡♥tr♦s ✭P✲❈❡♥t❡r

Pr♦❜❧❡♠✮ ✉s❛♥❞♦ ✐♥st❛♥❝✐❛s ❚❙P✲▲✐❜ ❞❡ ❞✐❢❡r❡♥t❡s t❛♠❛ñ♦s✱ ▼❧❛❞❡♥♦✈✐❝ ❡t ❛❧✳ ❬✾✶❪

✉s❛r♦♥ ❞✐❢❡r❡♥t❡s t✐❡♠♣♦s ♠á①✐♠♦s ❞❡ ❈P❯✳ ❉❡ ♠❛♥❡r❛ s✐♠✐❧❛r✱ ❋❧❡s③❛r ② ❍✐♥❞✐

❬✹✷❪✱ ❤❛♥ ✉s❛❞♦ ❡❧ t✐❡♠♣♦ ❞❡ ❈P❯ ❝♦♠♦ ❝♦♥❞✐❝✐ó♥ ❞❡ ♣❛r❛❞❛ ♣❛r❛ ❧❛s ♣r✉❡❜❛s s♦❜r❡

❡❧ ❛❧❣♦r✐t♠♦ ♣r♦♣✉❡st♦ ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❧❛ P✲▼❡❞✐❛♥❛ ✭P✲▼❡❞✐❛♥ Pr♦❜❧❡♠✮✳

◆ú♠❡r♦ ❞❡ ✈❡❝✐♥❞❛r✐♦s✿ ❡s ❡❧ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✈❡❝✐♥❞❛r✐♦s ✭❞❡ ✉♥❛ ❡str✉❝t✉r❛

♣r♦♣✉❡st❛✮ ❛ ♣❛rt✐r ❞❡ ❧♦s ❝✉❛❧❡s s❡ ♦❜t✐❡♥❡♥ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s q✉❡ ❧✉❡❣♦ s♦♥ ♠❡✲

❥♦r❛❞❛s✳ ❯♥❛ ♠❡❥♦r ❡①♣❧♦r❛❝✐ó♥ ❞❡❧ ❡s♣❛❝✐♦ ❞❡ s♦❧✉❝✐♦♥❡s ❡s ♣♦s✐❜❧❡ ♠❡❞✐❛♥t❡ ❡❧ ✉s♦

❞❡ ✈❛r✐❛s ❡str✉❝t✉r❛s ❞❡ ✈❡❝✐♥❞❛r✐♦s✳ ◆♦ ♦❜st❛♥t❡✱ ❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡ ❧❛s ♠✐s♠❛s ❞❡✲

♣❡♥❞❡ ❞❡❧ ♣r♦❜❧❡♠❛ ❛ tr❛t❛r✳ ▼❧❛❞❡♥♦✈✐❝ ❡t ❛❧✳ ❬✾✶❪ ♣r♦♣✉s✐❡r♦♥ ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛

❞❡ P✲❈❡♥tr♦s✱ ❧❛ ❡str✉❝t✉r❛ ❞❡ ✈❡❝✐♥❞❛r✐♦ ❑✲■♥t❡r❝❛♠❜✐♦ ✭❑✲■♥t❡r❝❤❛♥❣❡✮✳ ❊♥ s✉s



✶✵✵ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

♣r✉❡❜❛s✱ ❡❧ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✈❡❝✐♥❞❛r✐♦s ❝♦rr❡s♣♦♥❞❡ ❛❧ ✈❛❧♦r ♣✱ s✐❡♥❞♦ ést❡ ❡❧

♥ú♠❡r♦ ❞❡ ❝❡♥tr♦s ❛ ♦❜t❡♥❡r ❡♥ ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s ✐♥st❛♥❝✐❛s✳ P❛r❛ ✉♥ Pr♦❜❧❡♠❛ ❞❡

❆s✐❣♥❛❝✐ó♥ ❞❡ ❊st✉❞✐❛♥t❡s ❛ ❚ó♣✐❝♦s ✭♦ t❡♠❛s✮✱ ●❡✐❣❡r ② ❲❡♥❣❡r ❬✹✻❪ ♣r♦♣✉s✐❡r♦♥

❧❛s ❡str✉❝t✉r❛s ❞❡ ✈❡❝✐♥❞❛r✐♦ ▼♦✈❡r ✭❙❤✐❢t✮✱ ■♥t❡r❝❛♠❜✐❛r✷ ✭❙✇❛♣✷✮✱ ■♥t❡r❝❛♠❜✐❛r✸

✭❙✇❛♣✸✮ ② ▼♦✈❡r✰■♥t❡r❝❛♠❜✐❛r✷✱ ❧❛s q✉❡ s❡ ❛♣❧✐❝❛♥ ❧✉❡❣♦ q✉❡ ✉♥❛ s♦❧✉❝✐ó♥ ❡s ♦❜t❡✲

♥✐❞❛ ♣♦r ✉♥ ❛❧❣♦r✐t♠♦ ❝♦♥str✉❝t✐✈♦✳ ❉❛❞♦ ❡❧ t❛♠❛ñ♦ ❞❡ ❧❛s ✐♥st❛♥❝✐❛s r❡❛❧❡s ✉s❛❞❛s

② ❡❧ t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ✉s❛❞♦✱ ❧♦s ✈❛❧♦r❡s ♠á①✐♠♦s ❞❡ ✈❡❝✐♥❞❛r✐♦s ❝♦rr❡s♣♦♥❞❡♥

❛❧ ♥ú♠❡r♦ ❞❡ ❡st✉❞✐❛♥t❡s ② tó♣✐❝♦s ❞❡ ❝❛❞❛ ✐♥st❛♥❝✐❛✳

❊❧ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦ ♣r♦♣✉❡st♦ ♣♦s❡❡ ❧♦s s✐❣✉✐❡♥t❡s ♣❛rá♠❡tr♦s✿

◆ú♠❡r♦ ❞❡ ✐t❡r❛❝✐♦♥❡s✿ ♣❛r❛ r❡❛❧✐③❛r ✉♥❛ ♠❡❥♦r ❝♦♠♣❛r❛❝✐ó♥ ❞❡ r❡s✉❧t❛❞♦s ❡♥tr❡ ❧♦s

❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s✱ ❡st❡ ♣❛rá♠❡tr♦ ❢✉❡ r❡❡♠♣❧❛③❛❞♦ ♣♦r ❡❧ t✐❡♠♣♦ ♠á①✐♠♦ ❞❡

❈P❯ ❝♦♠♦ ❝♦♥❞✐❝✐ó♥ ❞❡ ✜♥❛❧✐③❛❝✐ó♥ ❞❡❧ ❛❧❣♦r✐t♠♦✳

α✿ ❡s ✉♥ ♣❛rá♠❡tr♦ (0 ≤ α ≤ 1) ✉s❛❞♦ ❡♥ ❢♦r♠❛ s✐♠✐❧❛r ❛ ●❘❆❙P ❬✶✵✻❪✱ q✉❡ ♣❡r♠✐t❡

s❡❧❡❝❝✐♦♥❛r ❛ ♣❛rt✐r ❞❡❧ ❝♦st♦ ♦ ❜❡♥❡✜❝✐♦✱ ✉♥ s✉❜❝♦♥❥✉♥t♦ ❞❡ ❡❧❡♠❡♥t♦s ❛ ✐♥❝♦r♣♦r❛r

❛ ❧❛ s♦❧✉❝✐ó♥ ❡♥ ❝♦♥str✉❝❝✐ó♥✳ ❉❡ ❡st❛ ❧✐st❛ r❡str✐♥❣✐❞❛✱ s❡ ❡❧❡❣✐rá ❛❧❡❛t♦r✐❛♠❡♥t❡ ❡❧

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

❡❧ ♠❡❥♦r ✈❛❧♦r ❬✶✵✺❪✱ ❡s r❡❝♦♠❡♥❞❛❜❧❡ q✉❡ ♥♦ ❛❞♦♣t❡ ✈❛❧♦r❡s ❡①tr❡♠♦s✳

❑✿ ♣❛rá♠❡tr♦ ✉s❛❞♦ ♣♦r ❡❧ ❛❧❣♦r✐t♠♦ ■♥s❡r❝✐ó♥ ♠ás ❊❝♦♥ó♠✐❝❛✱ ❝♦rr❡s♣♦♥❞❡ ❛❧ ♥ú✲

♠❡r♦ ❞❡ ✐♥s❡r❝✐♦♥❡s ✭❞❡ ❛r❝♦s✮ q✉❡ ❞❡❜❡♥ r❡❛❧✐③❛rs❡ s♦❜r❡ ❧❛ s♦❧✉❝✐ó♥ ❡♥ ❝♦♥str✉❝❝✐ó♥✱

❛♥t❡s q✉❡ ❧❛ ♠✐s♠❛ s❡❛ ♠❡❥♦r❛❞❛ ♣♦r ♦♣❡r❛❞♦r❡s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧✳ ❊♥ ❜❛s❡ ❛ ♣r✉❡✲

❜❛s ♣r❡✈✐❛s ✉s❛♥❞♦ ❞✐❢❡r❡♥t❡s ✈❛❧♦r❡s✱ ❑❂ |R|
4

r❡s✉❧tó ❡❧ ✈❛❧♦r ♠ás ❛❞❡❝✉❛❞♦ ♣❛r❛

❛❝t✐✈❛r ❛ ❧♦s ❛❧❣♦r✐t♠♦s ❞❡ ♠❡❥♦r❛✳

❚❛♠❛ñ♦ ❞❡❧ ❈♦♥❥✉♥t♦ ❞❡ ❘❡❢❡r❡♥❝✐❛✿ ❝♦rr❡s♣♦♥❞❡ ❛❧ ♥ú♠❡r♦ ❞❡ s♦❧✉❝✐♦♥❡s ❞✐✈❡rs❛s

② ❞❡ ❝❛❧✐❞❛❞ q✉❡ s❡ ♥❡❝❡s✐t❛♥ ♣❛r❛ ❛❝t✐✈❛r P❛t❤ ❘❡❧✐♥❦✐♥❣ ❝♦♠♦ ✉♥❛ ❡str❛t❡❣✐❛

❛❞✐❝✐♦♥❛❧ ❞❡ ✐♥t❡♥s✐✜❝❛❝✐ó♥ ② ❞✐✈❡rs✐✜❝❛❝✐ó♥✳ ❊st♦ s✐❣♥✐✜❝❛ q✉❡ P❛t❤ ❘❡❧✐♥❦✐♥❣ ♥♦

❡s ❝♦♥t✐♥✉❛♠❡♥t❡ ❛♣❧✐❝❛❞♦✱ s✐♥♦ ♣❡r✐ó❞✐❝❛♠❡♥t❡ ✭t❛❧ ❝♦♠♦ s❡ ✐♥❞✐❝❛ ❡♥ ❬✶✵✺❪✮✳

◆ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛❝✐♦♥❡s s✐♥ ♠❡❥♦r❛✿ ❡s ❡❧ ♥ú♠❡r♦ ❞❡ ✐t❡r❛❝✐♦♥❡s q✉❡ ❞❡❜❡

tr❛♥s❝✉rr✐r ❞❡s❞❡ ❡❧ ú❧t✐♠♦ ó♣t✐♠♦ ❧♦❝❛❧ ♦❜t❡♥✐❞♦✱ ♣❛r❛ ❛❝t✐✈❛r ❡❧ ♠❡❝❛♥✐s♠♦ ❞❡

❡s❝❛♣❡ ❞❡ ó♣t✐♠♦s ❧♦❝❛❧❡s✳ ❯♥❛ ✈❡③ ❛❧❝❛♥③❛❞♦ ❡st❡ ✈❛❧♦r✱ s❡ ♣r♦❝❡❞❡ ❛ ❝♦♥str✉✐r s♦❧✉✲

❝✐♦♥❡s ✉s❛♥❞♦ ❡❧ ❛❧❣♦r✐t♠♦ ❝♦♥str✉❝t✐✈♦ ❜❛s❛❞♦ ❡♥ ●❘❆❙P q✉❡ ✉t✐❧✐③❛ ♠❡♠♦r✐❛ ❞❡

❧❛r❣♦ ♣❧❛③♦✳ ❉❡ ❛❝✉❡r❞♦ ❛ ♣r✉❡❜❛s ♣r❡✈✐❛s✱ T iempoCPU
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♣r♦❞✉❥♦ ❧♦s ♠❡❥♦r❡s r❡s✉❧t❛❞♦s✳



❆❧❣♦r✐t♠♦ ❤í❜r✐❞♦✲❱◆❙ ♣❛r❛ ❈❆❘P ✶✵✶

❙✐❣✉✐❡♥❞♦ ❧❛s ✐❞❡❛s ❞❡ ❞✐❢❡r❡♥t❡s ❛❧❣♦r✐t♠♦s ❜❛s❛❞♦s ❡♥ ●❘❆❙P ② P❛t❤ ❘❡❧✐♥❦✐♥❣✱ ②

❞❡ ❛❝✉❡r❞♦ ❛ ♣r✉❡❜❛s ♣r❡✈✐❛s ❞❡❧ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦✱ s❡ ♣r♦♣✉s✐❡r♦♥ ✸ ✈❛❧♦r❡s ♣♦s✐❜❧❡s

♣❛r❛ α ② ✸ ♣❛r❛ ❡❧ ♥ú♠❡r♦ ❞❡ s♦❧✉❝✐♦♥❡s é❧✐t❡✱ ♦❜t❡♥✐é♥❞♦s❡ ✉♥ t♦t❛❧ ❞❡ ✾ ❝♦♥✜❣✉r❛❝✐♦♥❡s

❞❡ ♣❛rá♠❡tr♦s✳

❊❧ ❈✉❛❞r♦ ✻✳✺ ♠✉❡str❛ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ♣♦r ❡❧ ❛❧❣♦r✐t♠♦ ❱◆❙ ✉s❛♥❞♦ ❧❛ ✐♥s✲

t❛♥❝✐❛ ❑s❤s✻✱ ♣❛r❛ t♦❞❛s ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ♣r♦♣✉❡st❛s✳ P♦r ❝❛❞❛ ✉♥❛✱ s❡ r❡❛❧✐③❛r♦♥ ✺✵

❝♦rr✐❞❛s ✐♥❞❡♣❡♥❞✐❡♥t❡s ② s❡ ✜❥ó ✉♥ t✐❡♠♣♦ ♠á①✐♠♦ ❞❡ ❈P❯ ❞❡ ✷✵ s❡❣✉♥❞♦s ♣♦r ❝♦rr✐❞❛✳

❆❞❡♠ás ❞❡ ❧♦s ✈❛❧♦r❡s ❞❡ ❧♦s ♣❛rá♠❡tr♦s ✉s❛❞♦s ❡♥ ❝❛❞❛ ❝♦♥✜❣✉r❛❝✐ó♥✱ s❡ ❧✐st❛ ❧❛ ❞✐st❛♥❝✐❛

t♦t❛❧ ♣r♦♠❡❞✐♦ ¯TD✱ ❡❧ ❞❡s✈í♦ ❡stá♥❞❛r DE✱ ❧❛ ♠♦❞❛ MO✱ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ ✭❛❧❝❛♥✲

③❛❞❛ ❡♥ ❧❛s ✺✵ ❝♦rr✐❞❛s✮ Min.TD✱ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ♦❝✉rr❡♥❝✐❛ ❞❡ ❞✐❝❤♦ ✈❛❧♦r %Min.TD

② ❡❧ t✐❡♠♣♦ ♣r♦♠❡❞✐♦ ¯T iempo ✭♥❡❝❡s❛r✐♦ ♣❛r❛ ♦❜t❡♥❡r ❡❧ ♠❡❥♦r r❡s✉❧t❛❞♦✮✳

❈✉❛❞r♦ ✻✳✺✿ Pr✉❡❜❛s ♣r❡❧✐♠✐♥❛r❡s ❞❡ ❱◆❙ ❝♦♥ ✐♥st❛♥❝✐❛ ❑s❤s✻ ✭❚❉❂✶✵✶✾✼ ② ❱❤❂✸✮✳

❈♦♥✜❣✉r❛❝✐ó♥ ❘❡s✉❧t❛❞♦s

■❞ α |RefSet| ¯TD DE MO Min.TD %Min.TD ¯T iempo

❈✶ ✵✳✷✺ ✷✵ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✷✳✽

❈✷ ✵✳✷✺ ✸✵ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✷✳✼

❈✸ ✵✳✷✺ ✹✵ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✸✳✵

❈✹ ✵✳✸ ✷✵ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✶✳✾

❈✺ ✵✳✸ ✸✵ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✷✳✺

❈✻ ✵✳✸ ✹✵ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✸✳✸

❈✼ ✵✳✸✺ ✷✵ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✷✳✹

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

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

❉❡ ❧♦s r❡s✉❧t❛❞♦s ❧✐st❛❞♦s ❡♥ ❡❧ ❈✉❛❞r♦ ✻✳✺✱ s❡ ♦❜s❡r✈❛ q✉❡ t♦❞❛s ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s

t✐❡♥❡♥ ❝♦♠♦ ♠♦❞❛ ② ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ r❡❝♦rr✐❞❛ ❛❧ ✈❛❧♦r ó♣t✐♠♦ ❚❉❂✶✵✶✾✼✳ ❆❞❡♠ás✱

❧♦s t✐❡♠♣♦s ♣r♦♠❡❞✐♦s ✭❡♥ ❛❧❝❛♥③❛r❧♦✮ t✐❡♥❡♥ ♠✉② ♣♦❝❛ ✈❛r✐❛❝✐ó♥ ❡♥tr❡ sí ✭❡♥tr❡ ✶✳✾ ②



✶✵✷ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

✸✳✷ s❡❣✉♥❞♦s✮✳ ▲❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❈✾ ✭α❂✵✳✸✺ ② |RefSet|❂✹✵ s♦❧✉❝✐♦♥❡s ❡❧✐t❡✮ ❡s ❧❛ ú♥✐❝❛

q✉❡ ♣♦s❡❡ ❞❡s✈í♦ ❡stá♥❞❛r ✭✶✺✳✷✼✮ ② ❈✹ ✭α❂✵✳✸✵ ② |RefSet|❂✷✵✮ ❡s ❞❡ t♦❞❛s ❧❛s ❝♦♥✜✲

❣✉r❛❝✐♦♥❡s✱ ❧❛ q✉❡ ❛❧❝❛♥③❛ ♠❡❥♦r❡s r❡s✉❧t❛❞♦s ❡♥ ♠❡♥♦r t✐❡♠♣♦ ♣r♦♠❡❞✐♦ ❞❡ ❈P❯ ✭✶✳✾

s❡❣✉♥❞♦s✮✳

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

❝♦♥✜❣✉r❛❝✐♦♥❡s ❞❡ ♣❛rá♠❡tr♦s✱ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❝♦♥ ❧❛ ✐♥st❛♥❝✐❛ ●❞❜✶✳ ▲♦s ♠✐s♠♦s

❝♦rr❡s♣♦♥❞❡♥ ❛ ✺✵ ❝♦rr✐❞❛s ♣♦r ❝♦♥✜❣✉r❛❝✐ó♥ ② ❡❧ t✐❡♠♣♦ ♠á①✐♠♦ ❞❡ ❈P❯ ❢✉❡ ✜❥❛❞♦ ❡♥

✸✵ s❡❣✉♥❞♦s✳

❈✉❛❞r♦ ✻✳✻✿ Pr✉❡❜❛s ♣r❡❧✐♠✐♥❛r❡s ❞❡ ❱◆❙ ❝♦♥ ✐♥st❛♥❝✐❛ ●❞❜✶ ✭❚❉❂✸✶✻ ② ❱❤❂✺✮✳

❈♦♥✜❣✉r❛❝✐ó♥ ❘❡s✉❧t❛❞♦s
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❈✸ ✵✳✷✺ ✹✵ ✸✷✵✳✷✵ ✸✳✸✽ ✸✶✻ ✸✶✻ ✸✷✳✵ ✶✹✳✵

❈✹ ✵✳✸ ✷✵ ✸✶✼✳✽✵ ✷✳✼✻ ✸✶✻ ✸✶✻ ✻✻✳✵ ✶✹✳✸

❈✺ ✵✳✸ ✸✵ ✸✶✾✳✽✵ ✸✳✺✶ ✸✶✻ ✸✶✻ ✹✵✳✵ ✶✺✳✶

❈✻ ✵✳✸ ✹✵ ✸✶✾✳✽✽ ✸✳✺✺ ✸✶✻ ✸✶✻ ✸✽✳✵ ✶✹✳✽

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

❈✽ ✵✳✸✺ ✸✵ ✸✶✾✳✸✵ ✸✳✸✺ ✸✶✻ ✸✶✻ ✹✻✳✵ ✶✺✳✾

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

❉❡❧ ❝✉❛❞r♦ ❛♥t❡r✐♦r✱ s❡ ❛♣r❡❝✐❛ q✉❡ ❛❧ ✐❣✉❛❧ q✉❡ ❝♦♥ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❝♦♥ ❧❛

✐♥st❛♥❝✐❛ ❑s❤s✻✱ t♦❞❛s ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s t✐❡♥❡♥ ❝♦♠♦ ♠♦❞❛ ② ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧✱

❛❧ ✈❛❧♦r ó♣t✐♠♦ ❚❉❂✸✶✻✳ ❆❞❡♠ás✱ ❧❛s ❞✐st❛♥❝✐❛s t♦t❛❧❡s ♣r♦♠❡❞✐♦ ❞✐st❛♥ ❝♦♠♦ ♠á①✐♠♦

✶✪ ❞❡ ❞✐❝❤♦ ✈❛❧♦r ② ❧♦s t✐❡♠♣♦s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s ♣r♦♠❡❞✐♦s s♦♥ ❜❛❥♦s ✭❡♥tr❡ ✶✷✳✽ ② ✶✻✳✷

s❡❣✉♥❞♦s✮✳ ❙✐ s❡ ❛♥❛❧✐③❛♥ ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❈✶ ✭α = 0,25 ② |RefSet|❂✷✵✮ ② ❈✾ ✭α = 0,35

② |RefSet|❂✹✵✮✱ ♣✉❡❞❡ ♥♦t❛rs❡ q✉❡ ✉♥ ♠❛②♦r ♥ú♠❡r♦ ❞❡ s♦❧✉❝✐♦♥❡s é❧✐t❡ ② ✉♥ ✈❛❧♦r ❛❧t♦



❆❧❣♦r✐t♠♦ ❤í❜r✐❞♦✲❱◆❙ ♣❛r❛ ❈❆❘P ✶✵✸

❞❡ α✱ ♣r♦❞✉❥❡r♦♥ ✉♥ ♠❛②♦r t✐❡♠♣♦ ♣r♦♠❡❞✐♦ ✭✶✻✳✷ s❡❣✉♥❞♦s✮ ② ✉♥ ♠❡♥♦r ♣♦r❝❡♥t❛❥❡ ❞❡

♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ ✭✸✽✪✮✳ P♦r ♦tr❛ ♣❛rt❡✱ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❈✹ q✉❡ ♣♦s❡❡ ✉♥ ✈❛❧♦r ❞❡

α ✐♥t❡r♠❡❞✐♦ ② ✉♥ t❛♠❛ñ♦ ❞❡ ❈♦♥❥✉♥t♦ ❞❡ ❘❡❢❡r❡♥❝✐❛ ♠❡♥❝✐♦♥❛❞♦ ❡♥ ❧❛ ❧✐t❡r❛t✉r❛ ❞❡

❙❝❛tt❡r ❙❡❛r❝❤✱ ♦❜t✉✈♦ ❡❧ ♠❡♥♦r ♣r♦♠❡❞✐♦ ❞❡ ❞✐st❛♥❝✐❛ t♦t❛❧ ✭✸✶✼✳✽✵✮✱ ❡❧ ♠❡♥♦r ❞❡s✈í♦

✭✷✳✼✻✮✱ ❡❧ ♠❡❥♦r ♣♦r❝❡♥t❛❥❡ ✭❞❡ ♦❝✉rr❡♥❝✐❛✮ ❞❡ ♠❡♥♦r ❞✐st❛♥❝✐❛ ✭✻✻✪✮ ② ✉♥ ❜❛❥♦ ❝♦st♦

❝♦♠♣✉t❛❝✐♦♥❛❧ ✭✶✹✳✸ s❡❣✉♥❞♦s✮✳

▲♦s r❡s✉❧t❛❞♦s ❞❡❧ ❈✉❛❞r♦ ✻✳✼ ❝♦rr❡s♣♦♥❞❡♥ ❛ ❧❛s ♣r✉❡❜❛s r❡❛❧✐③❛❞❛s ❝♦♥ ❧❛ ✐♥st❛♥❝✐❛

●❞❜✶✻✳ P♦r ❝❛❞❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ♣❛rá♠❡tr♦s✱ s❡ r❡❛❧✐③❛r♦♥ ✺✵ ❝♦rr✐❞❛s ✐♥❞❡♣❡♥❞✐❡♥t❡s

❞❡❧ ❛❧❣♦r✐t♠♦ ② s❡ ❡st❛❜❧❡❝✐ó ✉♥ t✐❡♠♣♦ ♠á①✐♠♦ ❞❡ ❈P❯ ❞❡ ✹✺ s❡❣✉♥❞♦s ♣♦r ❝♦rr✐❞❛✳

❈✉❛❞r♦ ✻✳✼✿ Pr✉❡❜❛s ♣r❡❧✐♠✐♥❛r❡s ❞❡ ❱◆❙ ❝♦♥ ✐♥st❛♥❝✐❛ ●❞❜✶✻ ✭❚❉❂✶✷✼ ② ❱❤❂✺✮✳

❈♦♥✜❣✉r❛❝✐ó♥ ❘❡s✉❧t❛❞♦s
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▲♦s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛❞♦s ❡♥ ❡❧ ❈✉❛❞r♦ ❛♥t❡r✐♦r✱ t✐❡♥❡♥ ❝❛r❛❝t❡ríst✐❝❛s s✐♠✐❧❛r❡s ❛ ❧♦s

❞❡❧ ❈✉❛❞r♦ ✻✳✺✳ ❊s ❞❡❝✐r✱ t♦❞❛s ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ♦❜t✐❡♥❡♥ ❝♦♠♦ ♠♦❞❛ ② ♠❡♥♦r ❞✐st❛♥❝✐❛

t♦t❛❧✱ ❛❧ ✈❛❧♦r ó♣t✐♠♦ ❚❉❂✶✷✼✳ ❆❞❡♠ás✱ ❡❧ ❞❡s✈í♦ ❡stá♥❞❛r ❡♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧❛s ❝♦♥✜✲

❣✉r❛❝✐♦♥❡s ❡s ❝❡r♦ ✭s❛❧✈♦ ❡♥ ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❈✷✱ ❈✹ ② ❈✾ ❧♦s ❝✉❛❧❡s s♦♥ ♠❡♥♦r❡s ❛ ✶✮



✶✵✹ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

② ❧❛ ❞✐st❛♥❝✐❛ t♦t❛❧ ♣r♦♠❡❞✐♦ ❛❧❝❛♥③❛❞❛ ❝♦✐♥❝✐❞❡ ❝♦♥ ❞✐❝❤♦ ✈❛❧♦r ✭❡♥ ✻ ❞❡ ❧❛s ✾ ❝♦♥✜❣✉✲

r❛❝✐♦♥❡s✮✳ ❙✐ ❛♥❛❧✐③❛♠♦s ♥✉❡✈❛♠❡♥t❡ ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❈✶ ② ❈✾✱ ❡st❛ ú❧t✐♠❛ ♣♦s❡❡ ✉♥

♠❛②♦r t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣r♦♠❡❞✐♦ ✭✶✸✳✷ s❡❣✉♥❞♦s✮✱ ✉♥ ♠❡♥♦r ♣♦r❝❡♥t❛❥❡ ❞❡ ♠❡♥♦r

❞✐st❛♥❝✐❛ t♦t❛❧ ✭✾✽✪✮ ② ✉♥ ❧❡✈❡ ✈❛❧♦r ❞❡ ❞❡s✈í♦ ✭✵✳✷✽✮✳ ❋✐♥❛❧♠❡♥t❡✱ ❧♦s ♠❡❥♦r❡s r❡s✉❧t❛❞♦s

❢✉❡r♦♥ ♦❜t❡♥✐❞♦s ❝♦♥ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❈✼ ✭α = 0,35 ② |RefSet|❂✷✵✮✱ ❞❛❞♦ q✉❡ ést❛ ❛❧✲

❝❛♥③❛ ❡♥ t♦❞❛s ❧❛s ❝♦rr✐❞❛s r❡❛❧✐③❛❞❛s ❡❧ ✈❛❧♦r ó♣t✐♠♦ ❝♦♥ ❡❧ ♠❡♥♦r t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧

✭✾✳✽ s❡❣✉♥❞♦s✮✳

❉❡ ❧❛s ♣r✉❡❜❛s ♣r❡❧✐♠✐♥❛r❡s r❡❛❧✐③❛❞❛s ❝♦♥ ❧❛s ✐♥st❛♥❝✐❛s ❑s❤s✻✱ ●❞❜✶ ② ●❞❜✶✻ ✉s❛♥❞♦

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

❈✹ ✭α = 0,30 ② |RefSet|❂✷✵✮ ♣❛r❛ ❡❧ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦✱ ❞❛❞♦ q✉❡ ést❛ ❤❛ ❧♦❣r❛❞♦

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

❞❡ s✉s ♣❛rá♠❡tr♦s✱ ❧♦s ❝✉❛❧❡s s♦♥ ✉s✉❛❧♠❡♥t❡ ✉t✐❧✐③❛❞♦s ❡♥ ❧❛ ❧✐t❡r❛t✉r❛✳

▲❛s ❋✐❣✳ ✻✳✼✱ ✻✳✽ ② ✻✳✾✱ ♠✉❡str❛♥ ❧♦s ❤✐st♦❣r❛♠❛s ❞❡ ❧❛s ❝♦rr✐❞❛s ❡❢❡❝t✉❛❞❛s ✉s❛♥❞♦ ❧❛

❝♦♥✜❣✉r❛❝✐ó♥ ❈✹ s♦❜r❡ ❧❛s ✐♥st❛♥❝✐❛s ❑s❤s✻✱ ●❞❜✶ ② ●❞❜✶✻✳ ❊♥ t♦❞♦s ❧♦s ❝❛s♦s✱ ♣✉❡❞❡

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

✉♥ ❛❧t♦ ♣♦r❝❡♥t❛❥❡ ❞❡ ❧❛s ❝♦rr✐❞❛s r❡❛❧✐③❛❞❛s✳ ❆ s✉ ✈❡③✱ ❧❛s ❋✐❣✳ ✻✳✶✵✱ ✻✳✶✶ ② ✻✳✶✷✱ ❝♦rr❡s✲

♣♦♥❞❡♥ ❛ ✉♥ ❞✐❛❣r❛♠❛ ❞❡ ❞✐s♣❡rs✐ó♥ ❞❡ ✉♥❛ ❝♦rr✐❞❛ ❡❧❡❣✐❞❛ ♣♦r ❝❛❞❛ ✐♥st❛♥❝✐❛✱ ✉s❛♥❞♦

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

❧❛r❣♦ ❞❡ ❧❛ ❡❥❡❝✉❝✐ó♥ ❞❡❧ ❛❧❣♦r✐t♠♦✱ ést❡ ❞✐✈❡rs✐✜❝❛ ❡ ✐♥t❡♥s✐✜❝❛ ❧❛ ❜úsq✉❡❞❛ ❞❡ ♠❡❥♦r❡s

s♦❧✉❝✐♦♥❡s✳ ▲♦s ♣✐❝♦s ❡①✐st❡♥t❡s ❡♥ ❧♦s ❞✐❛❣r❛♠❛s ♠❛r❝❛♥ ♠♦♠❡♥t♦s ❞❡ ✐♥✐❝✐♦ ② r❡✐♥✐❝✐♦

❞❡❧ ❛❧❣♦r✐t♠♦✳ ❆❞❡♠ás✱ ❛ ♣❡s❛r ❞❡ s❡r ✉♥ ❛❧❣♦r✐t♠♦ ❝♦♥ ✉♥ ❝♦♠♣♦rt❛♠✐❡♥t♦ ♠ás ❞❡t❡r♠✐✲

♥íst✐❝♦ q✉❡ ❡❧ ❛❧❣♦r✐t♠♦ ❍❇▼❖ ♣r♦♣✉❡st♦✱ ❧❛ ❜úsq✉❡❞❛ ❞❡ s♦❧✉❝✐♦♥❡s s❡ r❡❛❧✐③❛ s♦❜r❡ ✉♥

❡s♣❛❝✐♦ ❛♠♣❧✐♦ ❞❡ s♦❧✉❝✐♦♥❡s✳
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❉❡ ❧♦ ✐♥❞✐❝❛❞♦ ❡♥ ❧❛s s❡❝❝✐♦♥❡s ✸✳✽✳✷✱ ✸✳✽✳✸ ② ✻✳✸✱ ② ❞❡ ❧❛ ❧✐t❡r❛t✉r❛ ✭❬✺✻❪✱ ❬✺✼❪✱ ❬✺✾❪✱

❡♥tr❡ ♦tr♦s✮✱ ❧♦s ♣❛rá♠❡tr♦s ✉s❛❞♦s ❡♥ ❧♦s ❛❧❣♦r✐t♠♦s ❇❘❑●❆ s♦♥✿

❚❛♠❛ñ♦ ❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥✿ ❡s ❡❧ ♥ú♠❡r♦ ❞❡ ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ✭q✉❡ ❧✉❡❣♦

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

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

❣❡♥ét✐❝♦s ❛ ❧♦s ❡❢❡❝t♦s ❞❡ ♦❜t❡♥❡r ♠❡❥♦r❡s s♦❧✉❝✐♦♥❡s✳ P✉❡❞❡ s❡r ✉♥ ✈❛❧♦r ✜❥♦ ♦

r❡s✉❧t❛r ❞❡ ✉♥❛ ❡①♣r❡s✐ó♥ ❞❡♣❡♥❞✐❡♥t❡ ❞❡ ♦tr♦s ♣❛rá♠❡tr♦s✳ P♦r ❡❥❡♠♣❧♦✱ ❙♥②❞❡r ②

❉❛s❦✐♥ ❬✶✶✹❪✱ ❡✈❛❧✉❛r♦♥ s✉ ♣r♦♣✉❡st❛ ♣❛r❛ ●❚❙P ✭●❡♥❡r❛❧✐③❡❞ ❚r❛✈❡❧❧✐♥❣ ❙❛❧❡s♠❛♥

Pr♦❜❧❡♠✮ ❝♦♥ ❞✐❢❡r❡♥t❡s ✐♥st❛♥❝✐❛s ❞❡ ❧❛ ❧✐❜r❡rí❛ ❚❙P▲✐❜ ✉s❛♥❞♦ ✉♥❛ ♣♦❜❧❛❝✐ó♥ ✜❥❛ ❞❡

✶✵✵ ❝r♦♠♦s♦♠❛s✳ ❊♥ ❝❛♠❜✐♦✱ ●♦♥ç❛❧✈❡s ❬✺✻❪ ♣❛r❛ ❧❛s ❞✐❢❡r❡♥t❡s ♣r✉❡❜❛s ❡❢❡❝t✉❛❞❛s

❛❧ ❛❧❣♦r✐t♠♦ ❇❘❑●❆ ♣❛r❛ ❚❉❖PP ✭❚✇♦✲❞✐♠❡♥s✐♦♥❛❧ ♦rt❤♦❣♦♥❛❧ P❛❝❦✐♥❣ Pr♦❜❧❡♠✮

✉t✐❧✐③ó ❝♦♠♦ t❛♠❛ñ♦ ❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥ ✶✵ ✈❡❝❡s ❡❧ ♥ú♠❡r♦ ❞❡ r❡❝tá♥❣✉❧♦s ✐♥❝❧✉✐❞♦s ❡♥

❝❛❞❛ ✐♥st❛♥❝✐❛ ✉s❛❞❛✳

◆ú♠❡r♦ ❞❡ ✐♥❞✐✈✐❞✉♦s ❊❧✐t❡✿ ❡s ❡❧ ♥ú♠❡r♦ ❞❡ ✐♥❞✐✈✐❞✉♦s ❞❡ ❛❧t❛ ❝❛❧✐❞❛❞ q✉❡ s♦♥ ♣r❡✲

s❡r✈❛❞♦s ❞❡ ✉♥❛ ❣❡♥❡r❛❝✐ó♥ ❛ ♦tr❛❀ ❡s ❞❡❝✐r✱ ❡s ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡❧ ♦♣❡r❛❞♦r r❡♣r♦❞✉❝❝✐ó♥

s♦❜r❡ ✉♥❛ ♣♦❜❧❛❝✐ó♥ ❞❡ ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s✳ ❊❧ ✈❛❧♦r ❞❡ ❡st❡ ♣❛rá♠❡tr♦ ❝♦✲

rr❡s♣♦♥❞❡ ❛ ✉♥ ♣♦r❝❡♥t✉❛❧ s♦❜r❡ ❧❛ ♣♦❜❧❛❝✐ó♥✳ ❙♥②❞❡r ② ❉❛s❦✐♥ ❬✶✶✹❪ ✜❥❛r♦♥ ❡♥ ✷✵✪

❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥ ❛♥t❡r✐♦r ❧❛ q✉❡ s❡ ♣r❡s❡r✈❛ ✭❝♦♣✐❛✮ ❡♥ ❧❛ ❛❝t✉❛❧✳ ❊♥ t❛♥t♦ ●♦♥ç❛❧✈❡s

❬✺✻❪✱ ❛♣❧✐❝ó ❡❧ ♦♣❡r❛❞♦r r❡♣r♦❞✉❝❝✐ó♥ s♦❜r❡ ❡❧ ✶✺✪ ❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥✳

◆ú♠❡r♦ ❞❡ ✐♥❞✐✈✐❞✉♦s ▼✉t❛♥t❡s✿ ❝♦rr❡s♣♦♥❞❡ ❛❧ ♥ú♠❡r♦ ❞❡ ✐♥❞✐✈✐❞✉♦s ♦❜t❡♥✐❞♦s

♠❡❞✐❛♥t❡ ✐♥♠✐❣r❛❝✐ó♥✳ ❆❧ ✐❣✉❛❧ q✉❡ ❡❧ ♦♣❡r❛❞♦r ♠✉t❛❝✐ó♥✱ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❡st❡ ♦♣❡✲

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

✐♥♠✐❣r❛❝✐ó♥✱ ❙♥②❞❡r ② ❉❛s❦✐♥ ❬✶✶✹❪ ❡♥ ❝❛❞❛ ❣❡♥❡r❛❝✐ó♥ ♦❜t✐❡♥❡♥ ✉♥ ✶✵✪ ❞❡ ♥✉❡✈♦s

✐♥❞✐✈✐❞✉♦s ❞❡ ♠❛♥❡r❛ ❛❧❡❛t♦r✐❛ ❧♦s ❝✉❛❧❡s s♦♥ ♠❡❥♦r❛❞♦s ❝♦♥ ❛❧❣♦r✐t♠♦s ❤❡✉ríst✐✲

❝♦s✳ P♦r s✉ ♣❛rt❡✱ ●♦♥ç❛❧✈❡s ❬✺✻❪ ❛♣❧✐❝ó ❡❧ ♠✐s♠♦ ♦♣❡r❛❞♦r s♦❜r❡ ❡❧ ✶✺✪ ❞❡ ❝❛❞❛

♣♦❜❧❛❝✐ó♥✳

Pr♦❜❛❜✐❧✐❞❛❞ ❞❡ ❝r✉③❛♠✐❡♥t♦ ✭pe✮✿ ❡s ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ ✉s❛❞❛ ♣♦r ❡❧ ♦♣❡r❛❞♦r

P❛r❛♠❡t❡r✐③❡❞ ❯♥✐❢♦r♠ ❈r♦ss♦✈❡r ♣❛r❛ ♦❜t❡♥❡r ♥✉❡✈❛s ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦✲

r✐❛s ♠❡❞✐❛♥t❡ ❡❧ ❝r✉③❛♠✐❡♥t♦ ❡♥tr❡ ❝❛❞❡♥❛s ❞❡ t✐♣♦ ❡❧✐t❡ ② ◆♦✲❡❧✐t❡ ✭❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥
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❞❡ ❝r✉③❛♠✐❡♥t♦ ❞❡❧ ✼✵✪✳ ●♦♥ç❛❧✈❡s ❬✺✻❪ ❛❞♦♣tó ❡❧ ♠✐s♠♦ ❝r✐t❡r✐♦✳

◆ú♠❡r♦ ❞❡ ❣❡♥❡r❛❝✐♦♥❡s✿ ♦ ♥ú♠❡r♦ ♠á①✐♠♦ ❞❡ ✐t❡r❛❝✐♦♥❡s ❡st❛❜❧❡❝✐❞♦ ♣❛r❛ q✉❡

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

❝♦♥❞✐❝✐ó♥ ❞❡ ♣❛r❛❞❛ ❞❡❧ ❛❧❣♦r✐t♠♦✳ ❙♥②❞❡r ② ❉❛s❦✐♥ ❬✶✶✹❪ ✜❥❛r♦♥ ✶✵✵ ❣❡♥❡r❛❝✐♦♥❡s

❝♦♠♦ ❝♦♥❞✐❝✐ó♥ ❞❡ ♣❛r❛❞❛ ó ✶✵ ❣❡♥❡r❛❝✐♦♥❡s ❝♦♥s❡❝✉t✐✈❛s s✐♥ ♠❡❥♦r❛✳ ❉❡ ♠❛♥❡r❛

s✐♠✐❧❛r✱ ●♦♥ç❛❧✈❡s ❬✺✻❪ ✉t✐❧✐③ó ✷✵✵✵ ❣❡♥❡r❛❝✐♦♥❡s ♣❛r❛ s✉s ♣r✉❡❜❛s✳

▲♦s ♣❛rá♠❡tr♦s ✉s❛❞♦s ❡♥ ❡❧ ❛❧❣♦r✐t♠♦ ♣r♦♣✉❡st♦ s♦♥ ❧♦s s✐❣✉✐❡♥t❡s✿

❚❛♠❛ñ♦ ❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥✿ ❝♦♥s✐❞❡r❛♥❞♦ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❧❛s ✐♥st❛♥❝✐❛s ✉t✐❧✐③❛❞❛s

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

❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s ❧♦s q✉❡ s❡rá♥ ♠♦str❛❞♦s ❡♥ ❧♦s s✐❣✉✐❡♥t❡s ❝✉❛❞r♦s✳

◆ú♠❡r♦ ❞❡ ✐♥❞✐✈✐❞✉♦s ❊❧✐t❡✿ s❡ ♣r♦♣✉s✐❡r♦♥ ✈❛r✐❛s ♦♣❝✐♦♥❡s ♣❛r❛ ❡st❡ ♣❛rá♠❡tr♦✱ ❧♦s

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

◆ú♠❡r♦ ❞❡ ✐♥❞✐✈✐❞✉♦s ▼✉t❛♥t❡s✿ ❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❧♦s ❛❧❣♦r✐t♠♦s ❇❘❑●❆ ❞❡ ❧❛ ❧✐✲

t❡r❛t✉r❛✱ ❡❧ ♥ú♠❡r♦ ❞❡ ✐♥❞✐✈✐❞✉♦s ♠✉t❛♥t❡s s❡rá♥ ♦❜t❡♥✐❞♦s ❛ tr❛✈és ❞❡❧ ♦♣❡r❛❞♦r

♠✉t❛❝✐ó♥✳ ❊st❡ ♦♣❡r❛❞♦r s❡ ❛♣❧✐❝❛ ♣❛r❛ ♦❜t❡♥❡r ❡❧ ✷✵✪ ❞❡ ✐♥❞✐✈✐❞✉♦s ❞❡ ❝❛❞❛ ♣♦✲

❜❧❛❝✐ó♥✳

Pr♦❜❛❜✐❧✐❞❛❞ ❞❡ ❝r✉③❛♠✐❡♥t♦✿ s❡ ❛❞♦♣tó ✼✵✪ ❝♦♠♦ ❡❧ ✈❛❧♦r ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞ ♣❛r❛

❛♣❧✐❝❛r ❡❧ ❝r✉③❛♠✐❡♥t♦ ❡♥tr❡ ❝❛❞❡♥❛s ❞❡ t✐♣♦ ❊❧✐t❡ ② ◆♦✲❊❧✐t❡✳

◆ú♠❡r♦ ❞❡ ❣❡♥❡r❛❝✐♦♥❡s✿ ♣❛r❛ ❝♦♠♣❛r❛r ♦❜❥❡t✐✈❛♠❡♥t❡ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧♦s ❛❧❣♦r✐t✲

♠♦s ♣r♦♣✉❡st♦s✱ s❡ r❡❡♠♣❧❛③ó ❡st❡ ♣❛rá♠❡tr♦ ♣♦r ❡❧ t✐❡♠♣♦ ♠á①✐♠♦ ❞❡ ❈P❯✳

◆ú♠❡r♦ ♠á①✐♠♦ ❞❡ ❣❡♥❡r❛❝✐♦♥❡s s✐♥ ♠❡❥♦r❛✿ ♣❛r❛ r❡❞✉❝✐r ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ q✉❡ ❡❧

❛❧❣♦r✐t♠♦ q✉❡❞❡ ❛tr❛♣❛❞♦ ❡♥ ✉♥ ó♣t✐♠♦ ❧♦❝❛❧✱ s❡ ♣r♦♣✉s♦ q✉❡ t♦❞❛ ✈❡③ q✉❡ ♥♦ ❡①✐st❛

♠❡❥♦r❛ ❞✉r❛♥t❡ ✉♥ ❝✐❡rt♦ t✐❡♠♣♦ ✭T iempoCPU
4

✮✱ ❧♦s ✐♥❞✐✈✐❞✉♦s ❞❡ ❧❛ ♥✉❡✈❛ ❣❡♥❡r❛❝✐ó♥

s❡rá♥ ♦❜t❡♥✐❞♦s ♠❡❞✐❛♥t❡ ✐♥♠✐❣r❛❝✐ó♥✳

P❛r❛ r❡❛❧✐③❛r ❧❛s ♣r✉❡❜❛s ♣r❡❧✐♠✐♥❛r❡s ❞❡❧ ❛❧❣♦r✐t♠♦ ❇❑❘●❆✱ s❡ ♣r♦♣✉s✐❡r♦♥ ✸ ✈❛❧♦r❡s

♣♦s✐❜❧❡s ♣❛r❛ ❡❧ t❛♠❛ñ♦ ❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥ ② ✸ ✈❛❧♦r❡s ♣♦s✐❜❧❡s ♣❛r❛ ❡❧ ♥ú♠❡r♦ ❞❡ ✐♥❞✐✈✐❞✉♦s

❞❡ t✐♣♦ ❊❧✐t❡✱ ♦❜t❡♥✐é♥❞♦s❡ ✉♥ t♦t❛❧ ❞❡ ✾ ❝♦♥✜❣✉r❛❝✐♦♥❡s ♣♦s✐❜❧❡s ❡♥tr❡ ❛♠❜♦s ♣❛rá♠❡tr♦s✳



✶✶✵ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

❊♥ ❡❧ ❈✉❛❞r♦ ✻✳✽ ❛♣❛r❡❝❡♥ ❧♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥③❛❞♦s ♣♦r ❡❧ ❛❧❣♦r✐t♠♦ ❇❘❑●❆ ✉s❛♥❞♦

❧❛ ✐♥st❛♥❝✐❛ ❑s❤s✻✱ r❡❛❧✐③❛♥❞♦ ✺✵ ❝♦rr✐❞❛s ♣❛r❛ ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ♣r♦♣✉❡st❛s✳

❊❧ ❝✉❛❞r♦ ♠✉❡str❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ✭■❞❡♥t✐✜❝❛❞♦r✱ t❛♠❛ñ♦ ❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥

②✪ ❞❡ ♣♦❜❧❛❝✐ó♥ ❊❧✐t❡✮✱ ❧❛ ❞✐st❛♥❝✐❛ t♦t❛❧ ♣r♦♠❡❞✐♦ ¯TD✱ ❡❧ ❞❡s✈í♦ ❡stá♥❞❛r DE✱ ❧❛ ♠♦❞❛

MO✱ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ Min.TD✱ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ♦❝✉rr❡♥❝✐❛ ❞❡ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛

❛❧❝❛♥③❛❞❛ ❡♥ ❧❛s ✺✵ ❝♦rr✐❞❛s %Min.TD ② ❡❧ t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣r♦♠❡❞✐♦ ¯T iempo q✉❡

♥❡❝❡s✐t❛ ❡❧ ❛❧❣♦r✐t♠♦ ❡♥ ❛❧❝❛♥③❛r ❡❧ ♠❡❥♦r r❡s✉❧t❛❞♦✳ ❊♥ ❡st❡ ❝❛s♦✱ ❡❧ t✐❡♠♣♦ ♠á①✐♠♦ ❞❡

❈P❯ ❢✉❡ ✜❥❛❞♦ ❡♥ ✷✵ s❡❣✉♥❞♦s✳

❈✉❛❞r♦ ✻✳✽✿ Pr✉❡❜❛s ♣r❡❧✐♠✐♥❛r❡s ❞❡ ❇❘❑●❆ ❝♦♥ ✐♥st❛♥❝✐❛ ❑s❤s✻ ✭❚❉❂✶✵✶✾✼ ② ❱❤❂✸✮✳

❈♦♥✜❣✉r❛❝✐ó♥ ❘❡s✉❧t❛❞♦s

■❞ P♦❜❧✳ ✪ ❊❧✐t❡ ¯TD DE MO Min.TD %Min.TD ¯T iempo

❈✶ ✷✵ ✶✺ ✶✵✶✾✾✳✶✻ ✶✺✳✷✼ ✶✵✶✾✼ ✶✵✶✾✼ ✾✽✳✵ ✵✳✽

❈✷ ✷✵ ✷✵ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✵✳✻

❈✸ ✷✵ ✷✺ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✵✳✽

❈✹ ✸✵ ✶✺ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✵✳✻

❈✺ ✸✵ ✷✵ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✵✳✼

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

❈✼ ✹✵ ✶✺ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✵✳✽

❈✽ ✹✵ ✷✵ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✵✳✻

❈✾ ✹✵ ✷✺ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✵✳✽

❚♦❞❛s ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❞✐s♣✉❡st❛s ❡♥ ❡❧ ❝✉❛❞r♦ ❛♥t❡r✐♦r✱ t✐❡♥❡♥ ❝♦♠♦ ♠♦❞❛ ② ♠❡♥♦r

✈❛❧♦r ❞❡ ❞✐st❛♥❝✐❛ t♦t❛❧ r❡❝♦rr✐❞❛✱ ❛❧ ✈❛❧♦r ó♣t✐♠♦ ❚❉❂✶✵✶✾✼✳ P♦r ♦tr❛ ♣❛rt❡✱ ✼ ❞❡ ❧❛s

✾ ❝♦♥✜❣✉r❛❝✐♦♥❡s ❧♦❣r❛♥ ❡♥ t♦❞❛s s✉s ❝♦rr✐❞❛s ❞✐❝❤♦ ✈❛❧♦r ② ❡♥ ❧♦s ✷ ❝❛s♦s r❡st❛♥t❡s ❧♦

❛❧❝❛♥③❛♥ ❡♥ ❡❧ ✾✽✪ ❞❡ ❧❛s ✈❡❝❡s✳ ❆ s✉ ✈❡③✱ ❡❧ t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣r♦♠❡❞✐♦ ♣❛r❛ ❝❛❞❛

❝♦♥✜❣✉r❛❝✐ó♥✱ ✈❛rí❛ ❡♥tr❡ ✵✳✻ ② ✵✳✽ s❡❣✉♥❞♦s✳ ❊♥ sí♥t❡s✐s✱ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❛ú♥

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



❆❧❣♦r✐t♠♦ ❇❘❑●❆ ♣❛r❛ ❈❆❘P ✶✶✶

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ ❡♥ ❡❧ ❈✉❛❞r♦ ✻✳✾ s❡ ♠✉❡str❛♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ♣r❡❧✐♠✐✲

♥❛r❡s ❞❡❧ ❛❧❣♦r✐t♠♦ ✉s❛♥❞♦ ❧❛ ✐♥st❛♥❝✐❛ ●❞❜✶✻✳ ◆✉❡✈❛♠❡♥t❡✱ s❡ r❡❛❧✐③❛r♦♥ ✺✵ ❝♦rr✐❞❛s

✐♥❞❡♣❡♥❞✐❡♥t❡s ♣♦r ❝❛❞❛ ❝♦♥✜❣✉r❛❝✐ó♥ ② ❡❧ t✐❡♠♣♦ ♠á①✐♠♦ ❞❡ ❈P❯ s❡ ✜❥ó ❡♥ ✸✵ s❡❣✉♥❞♦s

♣♦r ❝♦rr✐❞❛✳

❈✉❛❞r♦ ✻✳✾✿ Pr✉❡❜❛s ♣r❡❧✐♠✐♥❛r❡s ❞❡ ❇❘❑●❆ ❝♦♥ ✐♥st❛♥❝✐❛ ●❞❜✶ ✭❚❉❂✸✶✻ ② ❱❤❂✺✮✳
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❘❡s♣❡❝t♦ ❛ ❧♦s r❡s✉❧t❛❞♦s ❞❡❧ ❝✉❛❞r♦ ❛♥t❡r✐♦r✱ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r q✉❡ t♦❞❛s ❧❛s ❝♦♥✜✲

❣✉r❛❝✐♦♥❡s ❛❧❝❛♥③❛♥ ❡❧ ✈❛❧♦r ó♣t✐♠♦ ❡♥ s✉s ♠♦❞❛s ② ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ r❡❝♦rr✐❞❛✳ P♦r

♦tr❛ ♣❛rt❡✱ ❧❛ ❞✐st❛♥❝✐❛ t♦t❛❧ ♣r♦♠❡❞✐♦ ❡♥ t♦❞♦s ❧♦s ❝❛s♦s ❡s ❧❡✈❡♠❡♥t❡ ♠❛②♦r ✭✈❛rí❛♥ ❡♥tr❡

✸✶✻✳✸✵ ② ✸✶✻✳✾✵✮✳ ❆ s✉ ✈❡③✱ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ♦❝✉rr❡♥❝✐❛ ❞❡ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ r❡❝♦rr✐❞❛

❡s ❛❧t♦ ❡♥ t♦❞♦s ❧♦s ❝❛s♦s ✭❡♥tr❡ ✼✻ ② ✾✷✪✮ ② s♦♥ ❜❛❥♦s ❧♦s t✐❡♠♣♦s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s

✭❡♥tr❡ ✾✳✻ ② ✶✷✳✼ s❡❣✉♥❞♦s✮✳ ❈♦♥s✐❞❡r❛♥❞♦ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ♦❝✉rr❡♥❝✐❛ ❞❡ ❧❛ ♠❡♥♦r ❞✐s✲

t❛♥❝✐❛ r❡❝♦rr✐❞❛ ② ❡❧ t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣r♦♠❡❞✐♦✱ ❧❛s ♠❡❥♦r❡s ❝♦♥✜❣✉r❛❝✐♦♥❡s s♦♥ ❈✷

✭P♦❜❧❛❝✐ó♥❂✷✵✱✪ ❊❧✐t❡❂✷✵✮ ② ❈✺ ✭P♦❜❧❛❝✐ó♥❂✸✵✱✪ ❊❧✐t❡❂✷✵✮✳ ❋✐♥❛❧♠❡♥t❡✱ ❝♦♠♣❛r❛♥❞♦

❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❈✾ ② ❈✶✱ s❡ ♦❜s❡r✈❛ q✉❡ ✉♥❛ ♠❛②♦r ♣♦❜❧❛❝✐ó♥ ❞❡ ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s

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

♠❡❥♦r❡s r❡s✉❧t❛❞♦s✳



✶✶✷ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s
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♦❜t❡♥✐❞♦s ❝♦♥ ❧❛ ✐♥st❛♥❝✐❛ ●❞❜✶✻✳ P♦r ❝❛❞❛ ❝♦♥✜❣✉r❛❝✐ó♥✱ s❡ ❡❢❡❝t✉❛r♦♥ ✺✵ ❝♦rr✐❞❛s ② ❡❧
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✈❛❧♦r ❧❡✈❡♠❡♥t❡ ♠❛②♦r ❛❧ ✈❛❧♦r ó♣t✐♠♦ ❚❉❂✶✷✼✱ ❛❧❝❛♥③á♥❞♦s❡ ❡st❡ ú❧t✐♠♦✱ ❝♦♠♦ ♠❡♥♦r

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

❜❛❥♦s ✭❡♥tr❡ ✹✳✽ ② ✾✳✸ s❡❣✉♥❞♦s✮✳ ▲❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❈✻ ✭P♦❜❧❛❝✐ó♥❂✸✵ ②✪ ❊❧✐t❡❂✷✺✮ ②

❈✼ ✭P♦❜❧❛❝✐ó♥❂✹✵ ②✪ ❊❧✐t❡❂✶✺✮ r❡s✉❧t❛r♦♥ s❡r ❧❛s ♠❡❥♦r❡s✱ ❝♦♥s✐❞❡r❛♥❞♦ ❡❧ ♣♦r❝❡♥t❛❥❡

❞❡ ♦❝✉rr❡♥❝✐❛ ❞❡ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ r❡❝♦rr✐❞❛ ② ❡❧ t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣r♦♠❡❞✐♦✳ ❉❡

♥✉❡✈♦✱ ❞❡ ❧❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❈✶ ② ❈✾✱ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r q✉❡ ✉♥❛ ♠❛②♦r ♣♦❜❧❛❝✐ó♥ ❞❡

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

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

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



❆❧❣♦r✐t♠♦ ❇❘❑●❆ ♣❛r❛ ❈❆❘P ✶✶✸

♠❡♥♦r t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣♦s✐❜❧❡✱ s❡ ✉s❛rá ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❈✺ ✭P♦❜❧❛❝✐ó♥❂✸✵ ②✪

❊❧✐t❡❂✷✵✮ ♣❛r❛ ❧❛s ♣r✉❡❜❛s ✜♥❛❧❡s✳ ❙✐ ❜✐❡♥ ❡st❛ ❝♦♥✜❣✉r❛❝✐ó♥ ♥♦ ❡s ❧❛ ♠❡❥♦r ❡♥ t♦❞❛s ❧❛s

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

▲❛s ❋✐❣✳ ✻✳✶✸✱ ✻✳✶✹ ② ✻✳✶✺ ❝♦rr❡s♣♦♥❞❡♥ ❛ ❧♦s ❤✐st♦❣r❛♠❛s ❞❡ ❧❛s ❝♦rr✐❞❛s ❞❡❧ ❛❧❣♦r✐t♠♦

❇❘❑●❆ ✉s❛♥❞♦ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❈✺ ♣❛r❛ ❧❛s ✐♥st❛♥❝✐❛s ❑s❤s✻✱ ●❞❜✶ ② ●❞❜✶✻✳ ❊♥ ❧❛s

♠✐s♠❛s✱ s❡ ♦❜s❡r✈❛ ✉♥ ❛❧t♦ ♣♦r❝❡♥t❛❥❡ ❞❡ ❡❢❡❝t✐✈✐❞❛❞ ❛❧❝❛♥③❛♥❞♦ ❧♦s ✈❛❧♦r❡s ó♣t✐♠♦s✱ s❛❧✈♦

❡♥ ❧❛ ✐♥st❛♥❝✐❛ ●❞❜✶✻✳ ▲✉❡❣♦✱ ❡♥ ❧❛s ❋✐❣✳ ✻✳✶✻✱ ✻✳✶✼ ② ✻✳✶✽ s❡ ♠✉❡str❛ ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦

❞❡❧ ❛❧❣♦r✐t♠♦ s♦❜r❡ ✸ ❝♦rr✐❞❛s s❡❧❡❝❝✐♦♥❛❞❛s ✭✉s❛♥❞♦ ❧❛ ♠✐s♠❛ ❝♦♥✜❣✉r❛❝✐ó♥✮✱ ✉♥❛ ♣♦r

❝❛❞❛ ✐♥st❛♥❝✐❛ ✉s❛❞❛ ❡♥ ❡st❛ ❢❛s❡ ❞❡ ♣r✉❡❜❛ ♣r❡❧✐♠✐♥❛r✳ ❉❡ ❧♦s ❞✐❛❣r❛♠❛s ❞❡ ❞✐s♣❡rs✐ó♥✱

s❡ ❛♣r❡❝✐❛ ❝ó♠♦ ❛ ❧♦ ❧❛r❣♦ ❞❡ ❧❛s ❣❡♥❡r❛❝✐♦♥❡s ❛❧❝❛♥③❛❞❛s ♣❛r❛ ❝❛❞❛ ❝❛s♦ ✭s❡❣ú♥ ❧♦s t✐❡♠♣♦s

❞❡ ❈P❯s ❛❞♦♣t❛❞♦s✮✱ ❡❧ ❛❧❣♦r✐t♠♦ ♣r♦❝❡❞❡ ❛ ❜✉s❝❛r ❧❛s ♠❡❥♦r❡s s♦❧✉❝✐♦♥❡s ❞❡ ♠❛♥❡r❛ ♥♦

❛❧❡❛t♦r✐❛ ② ♠♦♥ót♦♥❛✳

❋✐❣✉r❛ ✻✳✶✸✿ Pr✉❡❜❛s ❇❘❑●❆✿ ❤✐st♦❣r❛♠❛ ❞❡ ❑s❤s✻✳



✶✶✹ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

❋✐❣✉r❛ ✻✳✶✹✿ Pr✉❡❜❛s ❇❘❑●❆✿ ❤✐st♦❣r❛♠❛ ❞❡ ●❞❜✶✳

❋✐❣✉r❛ ✻✳✶✺✿ Pr✉❡❜❛s ❇❘❑●❆✿ ❤✐st♦❣r❛♠❛ ❞❡ ●❞❜✶✻✳



❆❧❣♦r✐t♠♦ ❇❘❑●❆ ♣❛r❛ ❈❆❘P ✶✶✺

❋✐❣✉r❛ ✻✳✶✻✿ Pr✉❡❜❛s ❇❘❑●❆✿ ❞✐❛❣r❛♠❛ ❞❡ ❞✐s♣❡rs✐ó♥ ❞❡ ❑s❤s✻✳

❋✐❣✉r❛ ✻✳✶✼✿ Pr✉❡❜❛s ❇❘❑●❆✿ ❞✐❛❣r❛♠❛ ❞❡ ❞✐s♣❡rs✐ó♥ ❞❡ ●❞❜✶✳



✶✶✻ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

❋✐❣✉r❛ ✻✳✶✽✿ Pr✉❡❜❛s ❇❘❑●❆✿ ❞✐❛❣r❛♠❛ ❞❡ ❞✐s♣❡rs✐ó♥ ❞❡ ●❞❜✶✻✳



❈♦♠♣❛r❛❝✐ó♥ ❡♥tr❡ ❧♦s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s ✶✶✼

✻✳✺✳ ❈♦♠♣❛r❛❝✐ó♥ ❡♥tr❡ ❧♦s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s

❯s❛♥❞♦ ❧❛s ♠❡❥♦r❡s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❞❡ ♣❛rá♠❡tr♦s ♦❜t❡♥✐❞❛s ❛ tr❛✈és ❞❡ ♣r✉❡❜❛s ♣r❡✲

❧✐♠✐♥❛r❡s ✭s❡❝❝✐♦♥❡s ✻✳✷✱ ✻✳✸ ② ✻✳✹✮✱ ❡♥ ❡st❛ s❡❝❝✐ó♥ s❡ ♣r♦❝❡❞❡rá ❛ ❡✈❛❧✉❛r ❞❡ ♠❛♥❡r❛

❝♦♥❥✉♥t❛✱ ❧♦s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s ♣❛r❛ ❈❆❘P ✉s❛♥❞♦ ♥✉❡✈❛s ✐♥st❛♥❝✐❛s ❞❡ ♣r✉❡❜❛ ♣r♦✲

✈❡♥✐❡♥t❡s ❞❡ ❧❛ ❧✐t❡r❛t✉r❛✳

❊♥ ❡❧ ❈✉❛❞r♦ ✻✳✶✶✱ s❡ ❧✐st❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛s ✐♥st❛♥❝✐❛s ✉t✐❧✐③❛❞❛s ❡♥ ❧❛s ♣r✉❡❜❛s

✜♥❛❧❡s✳ P❛r❛ ❝❛❞❛ ✉♥❛ ❞❡ ❡❧❧❛s✱ s❡ ✐♥❞✐❝❛ ❛❞❡♠ás ❞❡❧ ♥♦♠❜r❡✱ ❡❧ ♥ú♠❡r♦ ❞❡ ✈ért✐❝❡s✱ ❡❧

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

ó♣t✐♠♦ ✭❬✶✻❪✱ ❬✽✹❪✮ ❝♦♥s✐st❡♥t❡ ❞❡ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ r❡❝♦rr✐❞❛ ② ♥ú♠❡r♦ ❞❡ ✈❡❤í❝✉❧♦s✱

② ❡❧ t✐❡♠♣♦ ♠á①✐♠♦ ❞❡ ❈P❯ ✜❥❛❞♦ ♣❛r❛ ❧❛s ❝♦rr✐❞❛s ❝♦rr❡s♣♦♥❞✐❡♥t❡s✳ P❛r❛ ❧❛s ♣r✉❡❜❛s

✜♥❛❧❡s ❞❡ ❧♦s ❛❧❣♦r✐t♠♦s s❡ r❡❛❧✐③❛r♦♥ ✺✵ ❝♦rr✐❞❛s ✐♥❞❡♣❡♥❞✐❡♥t❡s ♣♦r ✐♥st❛♥❝✐❛✳ ▲❛s ♠✐s♠❛s

s❡ r❡❛❧✐③❛r♦♥ ❝♦♥ ❡❧ s♦❢t✇❛r❡ ② ❤❛r❞✇❛r❡ ❡♠♣❧❡❛❞♦ ♣r❡✈✐❛♠❡♥t❡ ✭✈❡r s❡❝❝✐ó♥ ✻✳✶✮✳

❊♥ ❡❧ ❈✉❛❞r♦ ✻✳✶✷ s❡ ♠✉❡str❛♥ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ♣♦r ❡❧ ❛❧❣♦r✐t♠♦ ❍❇▼❖ ❛❞♦♣✲

t❛♥❞♦ ✉♥❛ ú♥✐❝❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ♣❛rá♠❡tr♦s ✭❝♦♥s✐st❡♥t❡ ❞❡ ✶ ❛❜❡❥❛ r❡✐♥❛✱ ✸✵ ③á♥❣❛♥♦s✱

✶✺✵ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s ② ✸ r❡✐♥✐❝✐♦s ❞❡ ❛❧❣♦r✐t♠♦✮ s♦❜r❡ ❧❛s ✐♥st❛♥❝✐❛s ✜♥❛❧❡s ② ❧❛s ✸ ✐♥s✲

t❛♥❝✐❛s ✉t✐❧✐③❛❞❛s ❞✉r❛♥t❡ ❧❛s ♣r✉❡❜❛s ♣r❡❧✐♠✐♥❛r❡s✳ ❆❞❡♠ás ❞❡❧ ♥♦♠❜r❡ ❞❡ ❧❛ ✐♥st❛♥❝✐❛✱ s❡

♠✉❡str❛ ❧❛ ❞✐st❛♥❝✐❛ t♦t❛❧ ♣r♦♠❡❞✐♦ ¯TD✱ ❡❧ ❞❡s✈í♦ ❡stá♥❞❛r DE✱ ❧❛ ♠♦❞❛ MO✱ ❧❛ ♠❡♥♦r

❞✐st❛♥❝✐❛ t♦t❛❧ ❛❧❝❛♥③❛❞❛ Min.TD✱ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ♦❝✉rr❡♥❝✐❛ ❞❡ ❞✐❝❤♦ ✈❛❧♦r %Min.TD✱

❧❛ ♠❛②♦r ❞✐st❛♥❝✐❛ ❛❧❝❛♥③❛❞❛ Max.TD ② ❡❧ t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣r♦♠❡❞✐♦ ¯T iempo ✭❡♥

s❡❣✉♥❞♦s✮ ♣❛r❛ ❛❧❝❛♥③❛r ❡❧ ♠❡❥♦r r❡s✉❧t❛❞♦✳



✶✶✽ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

❈✉❛❞r♦ ✻✳✶✶✿ Pr✉❡❜❛s ✜♥❛❧❡s✿ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ✐♥st❛♥❝✐❛s ✉s❛❞❛s✳

■♥st❛♥❝✐❛ |V | |R| ❉❡♠❛♥❞❛ ◗ ❖♣t✐♠♦ ❚♣♦✳ ❈P❯✭s✳✮

❚❉ ❱❡❤✳

❑s❤s✶ ✽ ✶✺ ✺✸✺ ✶✺✵ ✶✹✻✻✶ ✹ ✶✺

❑s❤s✷ ✶✵ ✶✺ ✹✾✼ ✶✺✵ ✾✽✻✸ ✹ ✶✺

❑s❤s✸ ✻ ✶✺ ✺✻✺ ✶✺✵ ✾✸✷✵ ✹ ✶✺

❑s❤s✹ ✽ ✶✺ ✺✾✹ ✶✺✵ ✶✶✹✾✽ ✹ ✶✺

❑s❤s✺ ✽ ✶✺ ✹✹✸ ✶✺✵ ✶✵✾✺✼ ✸ ✶✺

●❞❜✸ ✶✷ ✷✷ ✷✷ ✺ ✷✼✺ ✺ ✷✵

●❞❜✶✵ ✶✷ ✷✺ ✸✼ ✶✵ ✷✼✺ ✹ ✷✵

●❞❜✶✹ ✼ ✷✶ ✽✾ ✷✶ ✶✵✵ ✺ ✷✵

●❞❜✶✺ ✼ ✷✶ ✶✶✷ ✸✼ ✺✽ ✹ ✷✵

●❞❜✶✼ ✽ ✷✽ ✶✻✽ ✹✶ ✾✶ ✺ ✷✺

●❞❜✶✽ ✾ ✸✻ ✶✺✸ ✸✼ ✶✻✹ ✺ ✾✵

●❞❜✷✵ ✶✶ ✷✷ ✶✵✼ ✷✼ ✶✷✶ ✹ ✷✵

●❞❜✷✶ ✶✶ ✸✸ ✶✺✹ ✷✼ ✶✺✻ ✻ ✸✵

●❞❜✷✷ ✶✶ ✹✹ ✷✵✺ ✷✼ ✷✵✵ ✽ ✻✵

❱❛❧✶❆ ✷✹ ✸✾ ✸✺✽ ✷✵✵ ✶✼✸ ✷ ✾✵

❱❛❧✷❆ ✷✹ ✸✹ ✸✶✵ ✶✽✵ ✷✷✼ ✷ ✶✷✵

❱❛❧✸❆ ✷✹ ✸✺ ✶✸✼ ✽✵ ✽✶ ✷ ✶✷✵

❱❛❧✸❇ ✷✹ ✸✺ ✶✸✼ ✺✵ ✽✼ ✸ ✾✵

❱❛❧✻❆ ✸✶ ✺✵ ✹✺✶ ✶✼✵ ✷✷✸ ✸ ✸✻✵

❱❛❧✽❆ ✸✵ ✻✸ ✺✻✻ ✷✵✵ ✸✽✻ ✸ ✻✵✵

❱❛❧✽❇ ✸✵ ✻✸ ✺✻✻ ✶✺✵ ✸✾✺ ✹ ✻✵✵

❱❛❧✾❆ ✺✵ ✾✷ ✻✺✹ ✷✸✺ ✸✷✸ ✸ ✶✽✵✵



❈♦♠♣❛r❛❝✐ó♥ ❡♥tr❡ ❧♦s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s ✶✶✾

❈✉❛❞r♦ ✻✳✶✷✿ Pr✉❡❜❛s ✜♥❛❧❡s ❞❡ ❍❇▼❖✳

■♥st❛♥❝✐❛ ❘❡s✉❧t❛❞♦s

¯TD DE MO Min.TD %Min.TD Max.TD ¯T iempo

❑s❤s✶ ✶✹✻✽✾✳✺✻ ✸✸✳✾✵ ✶✹✻✻✶ ✶✹✻✻✶ ✺✻✳✾ ✶✹✼✷✾ ✶✳✼

❑s❤s✷ ✾✽✻✸ ✵✳✵ ✾✽✻✸ ✾✽✻✸ ✶✵✵✳✵ ✾✽✻✸ ✵✳✽

❑s❤s✸ ✾✸✸✾✳✽✷ ✺✼✳✺✻ ✾✸✷✵ ✾✸✷✵ ✽✻✳✸ ✾✺✷✺ ✷✳✸

❑s❤s✹ ✶✸✸✸✺✳✵✹ ✶✸✼✾✳✷✼ ✶✷✵✾✺ ✶✶✾✵✾ ✷✳✵ ✶✼✹✷✹ ✻✳✷

❑s❤s✺ ✶✶✵✷✽✳✼✻ ✶✻✾✳✷✵ ✶✵✾✺✼ ✶✵✾✺✼ ✽✷✳✵ ✶✶✼✷✾ ✵✳✽

❑s❤s✻ ✶✵✶✾✾✳✶✻ ✶✺✳✷✼ ✶✵✶✾✼ ✶✵✶✾✼ ✾✽✳✵ ✶✵✸✵✺ ✵✳✻

●❞❜✶ ✸✶✼✳✾✹ ✸✳✵✻ ✸✶✻ ✸✶✻ ✼✵✳✵ ✸✷✸ ✼✳✸

●❞❜✸ ✷✼✼✳✹✻ ✹✳✽✶ ✷✼✺ ✷✼✺ ✼✻✳✵ ✷✽✽ ✺✳✺

●❞❜✶✵ ✷✼✺✳✸✻ ✶✳✹✸ ✷✼✺ ✷✼✺ ✾✷✳✵ ✷✽✸ ✶✳✻

●❞❜✶✹ ✶✵✵✳✼✷ ✵✳✾✻ ✶✵✵ ✶✵✵ ✻✹✳✵ ✶✵✷ ✹✳✼

●❞❜✶✺ ✺✽ ✵✳✵ ✺✽ ✺✽ ✶✵✵✳✵ ✺✽ ✵✳✻

●❞❜✶✻ ✶✷✼✳✼✻ ✶✳✶✸ ✶✷✼ ✶✷✼ ✻✻✳✵ ✶✸✶ ✶✵✳✾

●❞❜✶✼ ✾✶✳✾✷ ✵✳✷✼ ✾✷ ✾✶ ✽✳✵ ✾✷ ✷✳✾

●❞❜✶✽ ✶✻✺✳✸✷ ✶✳✷✽ ✶✻✹ ✶✻✹ ✹✹✳✵ ✶✻✽ ✶✻✳✾

●❞❜✷✵ ✶✷✶✳✽✽ ✶✳✽✹ ✶✷✶ ✶✷✶ ✻✹✳✵ ✶✸✶ ✹✳✺

●❞❜✷✶ ✶✻✵✳✷✵ ✷✳✽✸ ✶✺✽ ✶✺✻ ✺✳✾ ✶✻✾ ✶✺✳✶

●❞❜✷✷ ✷✵✼✳✽✵ ✷✳✾✺ ✷✵✾ ✷✵✷ ✷✳✵ ✷✶✺ ✸✷✳✹

❱❛❧✶❆ ✶✼✸✳✻✹ ✶✳✾✵ ✶✼✸ ✶✼✸ ✽✽✳✵ ✶✽✵ ✶✻✳✶

❱❛❧✷❆ ✷✸✶✳✹✻ ✹✳✽✽ ✷✷✼ ✷✷✼ ✷✽✳✵ ✷✹✾ ✷✶✳✹

❱❛❧✸❆ ✽✷✳✻✽ ✶✳✻✸ ✽✶ ✽✶ ✸✷✳✵ ✽✼ ✷✹✳✸

❱❛❧✸❇ ✽✽✳✻✹ ✶✳✻✶ ✽✽ ✽✼ ✷✼✳✺ ✾✷ ✷✶✳✻

❱❛❧✻❆ ✷✷✺✳✷✻ ✷✳✽✶ ✷✷✸ ✷✷✸ ✹✷✳✵ ✷✸✺ ✻✼✳✻

❱❛❧✽❆ ✹✵✵✳✸✽ ✶✵✳✼✶ ✸✾✷ ✸✽✻ ✹✳✵ ✹✸✸ ✷✸✷✳✶

❱❛❧✽❇ ✹✶✻✳✶✵ ✶✵✳✹✺ ✹✷✸ ✸✾✺ ✷✳✵ ✹✺✶ ✷✾✽✳✷

❱❛❧✾❆ ✸✸✻✳✸✼ ✺✳✽✽ ✸✸✷ ✸✷✺ ✷✳✵ ✸✹✽ ✻✾✷✳✻



✶✷✵ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

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

❊♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧❛s ✐♥st❛♥❝✐❛s✱ s❡ ♦❜t✉✈♦ ❝♦♠♦ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ r❡❝♦rr✐❞❛✱ ❛❧

✈❛❧♦r ó♣t✐♠♦✳ ❊♥ ✷ ❞❡ ❧❛s ✸ ✐♥st❛♥❝✐❛s ✭❑s❤s✹✱ ●❞❜✷✷ ② ❱❛❧✾❆✮ ❡♥ ❧❛s q✉❡ ♥♦ s❡

♦❜t✉✈♦ ❞✐❝❤♦ ✈❛❧♦r✱ ❧❛ ❞✐st❛♥❝✐❛ ❡s ❞❡❧ ✶✪✳

▲♦s ♣♦r❝❡♥t❛❥❡s ❞❡ ♦❝✉rr❡♥❝✐❛ ✭s♦❜r❡ ✺✵ ❝♦rr✐❞❛s✮ ❞❡ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ r❡❝♦rr✐✲

❞❛ s♦♥ ❛❧t♦s ✭❡♥ ✶✽ ❞❡ ❧❛s ✷✺ ✐♥st❛♥❝✐❛s✱ ❧♦s ♣♦r❝❡♥t❛❥❡s ❞❡ ♦❝✉rr❡♥❝✐❛ s♦♥ s✉♣❡r✐♦r❡s

❛❧ ✷✺✪✮✳

▲❛s ❞✐st❛♥❝✐❛s t♦t❛❧❡s ♣r♦♠❡❞✐♦✱ ♥♦ s✉♣❡r❛♥ ❡❧ ✺✪ ❞❡❧ ✈❛❧♦r ó♣t✐♠♦ ✭❛ ❡①❝❡♣❝✐ó♥ ❞❡

❧❛ ✐♥st❛♥❝✐❛ ❑s❤s✹✮✳

▲❛s ♠♦❞❛s ❛❧❝❛♥③❛❞❛s ❡♥ ✶✼ ❞❡ ❧❛s ✷✺ ✐♥st❛♥❝✐❛s✱ ❝♦✐♥❝✐❞❡♥ ❝♦♥ ❧♦s ✈❛❧♦r❡s ó♣t✐♠♦s✳

❙♦❜r❡ ❧❛s ✽ ✐♥st❛♥❝✐❛s r❡st❛♥t❡s✱ ✹ ❞❡ ❡❧❧❛s ✭●❞❜✶✼✱ ●❞❜✷✶✱ ❱❛❧✸❇ ② ❱❛❧✽❆✮ ❞✐st❛♥

❛ ❧♦ s✉♠♦ ❡♥ ✉♥ ✶✳✺✪ ② ❧❛s r❡st❛♥t❡s ♥♦ s✉♣❡r❛♥ ❡❧ ✼✪✳

▲♦s r❛♥❣♦s ✭❞✐❢❡r❡♥❝✐❛ ❡♥tr❡ ❧❛ ♠á①✐♠❛ ② ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧✮ ✈❛rí❛♥ ❡♥ ❧❛

♠❛②♦rí❛ ❞❡ ❧❛s ✐♥st❛♥❝✐❛s ❡♥tr❡ ✵ ② ✶✵✪ r❡s♣❡❝t♦ ❞❡❧ ✈❛❧♦r ó♣t✐♠♦ ✭❛ ❡①❝❡♣❝✐ó♥ ❞❡

❧❛s ✐♥st❛♥❝✐❛s ❑s❤s✹✱ ❱❛❧✽❆ ② ❱❛❧✽❇✮✳

▲♦s t✐❡♠♣♦s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s s♦♥ ❛❧t❛♠❡♥t❡ ❝♦♠♣❡t✐t✐✈♦s✱ ✐♥❝❧✉s♦ ❝♦♥ ✐♥st❛♥❝✐❛s ❞❡

❝♦♠♣❧❡❥✐❞❛❞ ♠❡❞✐❛✴❛❧t❛✳ ❉✐❝❤♦s t✐❡♠♣♦s ♥♦ s✉♣❡r❛♥ ❡❧ ✺✵✪ ❞❡❧ t✐❡♠♣♦ ♠á①✐♠♦ ❞❡

❈P❯ ✜❥❛❞♦ ♣❛r❛ ❝❛❞❛ ❝❛s♦✳

❊♥ sí♥t❡s✐s✱ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ♠✉❡str❛♥ ❝ó♠♦ ❡❧ ❛❧❣♦r✐t♠♦ ❍❇▼❖ ♣r♦♣✉❡st♦

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

❜✉❡♥❛ s❡❧❡❝❝✐ó♥ ② ❛❝t✉❛❧✐③❛❝✐ó♥ ❞❡ ③á♥❣❛♥♦s ✭❣❡♥❡r❛❝✐ó♥ ❛ ❣❡♥❡r❛❝✐ó♥✮ ♣♦r ❝rí❛s ❞❡ ❝❛❧✐❞❛❞

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

❧❛ ❡①♣❧♦r❛❝✐ó♥ ❞❡❧ ❡s♣❛❝✐♦ ❞❡ s♦❧✉❝✐♦♥❡s s❡ r❡❛❧✐③❛ ❞❡ ♠❛♥❡r❛ ❝♦♥tr♦❧❛❞❛ ② ♥♦ ❛❧❡❛t♦r✐❛✳

P♦r ♦tr❛ ♣❛rt❡✱ ❡❧ ✉s♦ ❞❡ ♦♣❡r❛❞♦r❡s ❝❧ás✐❝♦s ❞❡ ♠❡❥♦r❛ ✐♥t❡r✲r✉t❛ ❡ ✐♥tr❛✲r✉t❛ ❧✉❡❣♦ ❞❡❧

❝r✉③❛♠✐❡♥t♦ ❡♥tr❡ ❛❜❡❥❛ r❡✐♥❛ ② ③á♥❣❛♥♦✱ ❝♦♥tr✐❜✉②❡ ❛❧ ♣r♦❝❡s♦ ❞❡ ✐♥t❡♥s✐✜❝❛❝✐ó♥ ❛ ❜❛❥♦

❝♦st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳ ❆ s✉ ✈❡③✱ ❧❛ ❣❡♥❡r❛❝✐ó♥ s❡♠✐✲❛❧❡❛t♦r✐❛ ✭❝♦♥ ♣♦st❡r✐♦r ♠❡❥♦r❛✮ ❞❡

s♦❧✉❝✐♦♥❡s ♣❛r❛ ✉♥❛ s❡❧❡❝❝✐ó♥ ❞❡ ❧♦s ③á♥❣❛♥♦s ✐♥✐❝✐❛❧❡s ✭❞❡ ❧❛ ❝♦❧♦♥✐❛✮ ② ❧♦s ♣♦st❡r✐♦r❡s ❛❧

r❡✐♥✐❝✐♦ ❞❡❧ ❛❧❣♦r✐t♠♦✱ ❧❡ ♣❡r♠✐t❡♥ ❛❧ ❛❧❣♦r✐t♠♦ ❛❧❝❛♥③❛r ❧♦s ♠❡❥♦r❡s r❡s✉❧t❛❞♦s ❞❡ ♠❛♥❡r❛

t❡♠♣r❛♥❛✱ ❞✐❢❡r❡♥❝✐á♥❞♦s❡ ❞❡ ❧♦s ❛❧❣♦r✐t♠♦s ❜❛s❛❞♦s ❡♥ ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s q✉❡ ❞❡♥♦t❛♥

✉♥❛ ❧❡♥t❛ ❝♦♥✈❡r❣❡♥❝✐❛ ❤❛❝✐❛ ❧♦s ♠❡❥♦r❡s r❡s✉❧t❛❞♦s✳ ❋✐♥❛❧♠❡♥t❡✱ ❡♥ ❛❧❣✉♥♦s ❝❛s♦s ❡♥ q✉❡ s❡



❈♦♠♣❛r❛❝✐ó♥ ❡♥tr❡ ❧♦s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s ✶✷✶

♥♦tó ❝✐❡rt♦ ❡st❛♥❝❛♠✐❡♥t♦ ❡♥ ó♣t✐♠♦s ❧♦❝❛❧❡s✱ ❡❧ r❡✐♥✐❝✐♦ ♣r♦♣✉❡st♦ ❧❡ ♣❡r♠✐t✐ó ❛❧ ❛❧❣♦r✐t♠♦

s❛❧✐r ❞❡ ❧♦s ♠✐s♠♦s✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ s❡ ♠✉❡str❛ ❡♥ ❡❧ ❈✉❛❞r♦ ✻✳✶✸ ❧♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥③❛❞♦s ♣♦r ❡❧ ❛❧❣♦✲

r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦ s♦❜r❡ ❧❛s ✐♥st❛♥❝✐❛s ✉s❛❞❛s ♣❛r❛ ❧❛s ♣r✉❡❜❛s ✜♥❛❧❡s ② ♣r❡❧✐♠✐♥❛r❡s✱

♠❛♥t❡♥✐❡♥❞♦ ✉♥❛ ♠✐s♠❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ♣❛rá♠❡tr♦s ✭α = 0,30✱ |RefSet|❂✷✵✱ ❑❂ |R|
4

② ◆ú♠❡r♦ ❞❡ ◆♦✲▼❡❥♦r❛s❂ T iempo CPU
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✮✳ P❛r❛ ❝❛❞❛ ✐♥st❛♥❝✐❛✱ s❡ ✐♥❝❧✉②❡ ❡❧ ♥♦♠❜r❡ ❞❡ ❧❛

♠✐s♠❛✱ ❧❛ ❞✐st❛♥❝✐❛ t♦t❛❧ ♣r♦♠❡❞✐♦✱ ❡❧ ❞❡s✈í♦ ❡stá♥❞❛r✱ ❧❛ ♠♦❞❛✱ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧

❛❧❝❛♥③❛❞❛✱ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ♦❝✉rr❡♥❝✐❛ ❞❡ ❞✐❝❤♦ ✈❛❧♦r✱ ❧❛ ♠❛②♦r ❞✐st❛♥❝✐❛ r❡❝♦rr✐❞❛ ② ❡❧

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



✶✷✷ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

❈✉❛❞r♦ ✻✳✶✸✿ Pr✉❡❜❛s ✜♥❛❧❡s ❞❡ ❱◆❙✳

■♥st❛♥❝✐❛ ❘❡s✉❧t❛❞♦s

¯TD DE MO Min.TD %Min.TD Max.TD ¯T iempo

❑s❤s✶ ✶✹✻✾✻✳✸✻ ✸✹✳✸✶ ✶✹✼✷✾ ✶✹✻✻✶ ✹✽✳✵ ✶✹✼✷✾ ✻✳✶

❑s❤s✷ ✾✾✵✸✳✺✻ ✸✹✳✾✼ ✾✽✻✸ ✾✽✻✸ ✸✹✳✵ ✶✵✵✷✷ ✹✳✼

❑s❤s✸ ✾✸✷✵✳✵✵ ✵✳✵ ✾✸✷✵ ✾✸✷✵ ✶✵✵✳✵ ✾✸✷✵ ✸✳✵

❑s❤s✹ ✶✷✹✺✸✳✷✹ ✽✵✳✶✷ ✶✷✹✽✼ ✶✷✶✻✵ ✹✳✵ ✶✷✹✽✼ ✸✳✾

❑s❤s✺ ✶✵✾✺✼✳✵✵ ✵✳✵ ✶✵✾✺✼ ✶✵✾✺✼ ✶✵✵✳✵ ✶✵✾✺✼ ✸✳✸

❑s❤s✻ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✶✵✶✾✼ ✶✳✾

●❞❜✶ ✸✶✼✳✽✵ ✷✳✼✻ ✸✶✻ ✸✶✻ ✻✻✳✵ ✸✷✸ ✶✹✳✸✹

●❞❜✸ ✷✽✵✳✼✹ ✷✳✸✷ ✷✽✶ ✷✼✺ ✷✳✵ ✷✽✼ ✶✵✳✻

●❞❜✶✵ ✷✼✺✳✵✵ ✵✳✵ ✷✼✺ ✷✼✺ ✶✵✵✳✵ ✷✼✺ ✹✳✼

●❞❜✶✹ ✶✵✶✳✼✻ ✵✳✽✷ ✶✵✷ ✶✵✵ ✶✺✳✼ ✶✵✸ ✼✳✾

●❞❜✶✺ ✺✽ ✵✳✵ ✺✽ ✺✽ ✶✵✵✳✵ ✺✽ ✶✳✾

●❞❜✶✻ ✶✷✼✳✵✹ ✵✳✷✽ ✶✷✼ ✶✷✼ ✾✽✳✵ ✶✷✾ ✶✵✳✹

●❞❜✶✼ ✾✶✳✵✵ ✵✳✵ ✾✶ ✾✶ ✶✵✵✳✵ ✾✶ ✼✳✾

●❞❜✶✽ ✶✻✹✳✵✽ ✵✳✸✾ ✶✻✹ ✶✻✹ ✾✻✳✵ ✶✻✻ ✸✷✳✶

●❞❜✷✵ ✶✷✷✳✶✹ ✶✳✼✸ ✶✷✶ ✶✷✶ ✻✹✳✵ ✶✷✻ ✽✳✸

●❞❜✷✶ ✶✺✽✳✽✷ ✶✳✼✹ ✶✺✽ ✶✺✻ ✼✳✽ ✶✻✸ ✶✻✳✹

●❞❜✷✷ ✷✵✷✳✶✻ ✶✳✷✵ ✷✵✸ ✷✵✵ ✶✹✳✵ ✷✵✹ ✸✹✳✼

❱❛❧✶❆ ✶✼✹✳✷✻ ✶✳✽✽ ✶✼✸ ✶✼✸ ✺✻✳✻ ✶✼✾ ✸✶✳✾

❱❛❧✷❆ ✷✸✶✳✵✹ ✸✳✵✸ ✷✸✶ ✷✷✼ ✶✽✳✵ ✷✸✾ ✺✵✳✼

❱❛❧✸❆ ✽✶✳✼✵ ✵✳✺✽ ✽✷ ✽✶ ✸✹✳✵ ✽✹ ✹✻✳✻

❱❛❧✸❇ ✾✶✳✼✹ ✶✳✸✷ ✾✷ ✽✽ ✷✳✵ ✾✹ ✹✷✳✻

❱❛❧✻❆ ✷✷✽✳✻✵ ✷✳✼✹ ✷✷✾ ✷✷✸ ✹✳✵ ✷✸✺ ✶✾✵✳✾

❱❛❧✽❆ ✹✵✸✳✸✽ ✺✳✸✼ ✹✵✶ ✸✽✾ ✷✳✵ ✹✶✻ ✷✻✹✳✽

❱❛❧✽❇ ✹✷✽✳✼✵ ✻✳✻✵ ✹✸✸ ✹✶✶ ✷✳✵ ✹✹✷ ✸✵✸✳✻

❱❛❧✾❆ ✸✸✽✳✷✺ ✸✳✶✶ ✸✸✾ ✸✷✾ ✷✳✵ ✸✹✹ ✽✺✽✳✹



❈♦♠♣❛r❛❝✐ó♥ ❡♥tr❡ ❧♦s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s ✶✷✸

❉❡ ❧♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥③❛❞♦s ♣♦r ❡❧ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦✱ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r q✉❡✿

❉❡ ❧❛s ♣r✉❡❜❛s r❡❛❧✐③❛❞❛s✱ ❡♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❝❛s♦s ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ ❛❧❝❛♥✲

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

✈❛❧♦r ✭✺ ❞❡ ✷✺ ✐♥st❛♥❝✐❛s✮✱ ❧❛s ❜r❡❝❤❛s ❡♥ ✸ ❞❡ ❡❧❧❛s ♥♦ s✉♣❡r❛♥ ❡❧ ✶✳✽✪ ✭❱❛❧✽❆ ✶✪✱

❱❛❧✽❇ ✶✳✽✪ ② ❱❛❧✸❇ ✶✳✶✪✮✳

❊♥ ♠ás ❞❡ ❧❛ ♠✐t❛❞ ❞❡ ❧❛s ✐♥t❛♥❝✐❛s ✭✶✹ s♦❜r❡ ✷✺ ✐♥st❛♥❝✐❛s✮✱ ❧♦s ♣♦r❝❡♥t❛❥❡s ❞❡

♦❝✉rr❡♥❝✐❛ ❞❡ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ ❝♦✐♥❝✐❞❡♥t❡s ❝♦♥ ❡❧ ✈❛❧♦r ó♣t✐♠♦✱ s✉♣❡r❛♥ ❡❧

✷✺✪✳ ❊♥ ✻ ✐♥st❛♥❝✐❛s ✭❑s❤s✸✱ ❑s❤s✺✱ ❑s❤s✻✱ ●❞❜✶✵✱ ●❞❜✶✺✱ ●❞❜✶✼✮ s❡ ♦❜t✉✈♦ ❡❧

✶✵✵✪ ❞❡ ❝♦✐♥❝✐❞❡♥❝✐❛❀ ❡♥ t❛♥t♦ ❡♥ ♦tr❛s ✷ ✐♥st❛♥❝✐❛s ✭●❞❜✶✻ ② ●❞❜✶✽✮✱ s❡ ❛❧❝❛♥③ó

❡❧ ✾✽ ② ✾✻✪ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

▲❛ ♠❛②♦rí❛ ❞❡ ❧❛s ❞✐st❛♥❝✐❛s t♦t❛❧❡s ♣r♦♠❡❞✐♦ ♥♦ s✉♣❡r❛♥ ❡❧ ✺✪ ❞❡ ❧♦s r❡s♣❡❝t✐✈♦s

✈❛❧♦r❡s ó♣t✐♠♦s✳ ▲❛s ✸ ✐♥st❛♥❝✐❛s q✉❡ s✉♣❡r❛♥ ❞✐❝❤♦ ✉♠❜r❛❧ ✭❑s❤s✹✱ ❱❛❧✸❇ ② ❱❛❧✽❇✮

t✐❡♥❡♥ ✉♥❛ ❜r❡❝❤❛ ❞❡ ❛ ❧♦ s✉♠♦ ✽✳✺✪✳

▲❛s ♠♦❞❛s ♦❜t❡♥✐❞❛s ❡♥ ✶✷ ❞❡ ❧❛s ✷✺ ✐♥st❛♥❝✐❛s ❝♦✐♥❝✐❞❡♥ ❝♦♥ ❡❧ ✈❛❧♦r ó♣t✐♠♦✳ ❉❡

❧❛s ✶✸ r❡st❛♥t❡s✱ ✻ ✐♥st❛♥❝✐❛s ✭❑s❤s✶✱ ●❞❜✶✹✱ ●❞❜✷✶✱ ●❞❜✷✷✱ ❱❛❧✷❆ ② ❱❛❧✸❆✮ t✐❡♥❡♥

❜r❡❝❤❛s ♥♦ s✉♣❡r✐♦r❡s ❛ ✷✪✱ ✹ ✐♥st❛♥❝✐❛s ✭●❞❜✸✱ ❱❛❧✻❆✱ ❱❛❧✽❆ ② ❱❛❧✾❆✮ ❛❧❝❛♥③❛♥

❜r❡❝❤❛s ✐♥❢❡r✐♦r❡s ❛ ✺✪ ② ❧❛s ✸ r❡st❛♥t❡s ✭❑s❤s✹✱ ❱❛❧✸❇ ② ❱❛❧✽❇✮ ♥♦ s✉♣❡r❛♥ ✾✳✻✪✳

▲♦s r❛♥❣♦s ❡♥tr❡ ♠❡♥♦r ② ♠❛②♦r ❞✐st❛♥❝✐❛ t♦t❛❧ r❡❝♦rr✐❞❛ s♦♥ ❜❛❥♦s✳ ❊♥ ✷✵ ✐♥st❛♥❝✐❛s✱

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

r❡st❛♥t❡s ✭❱❛❧✷❆✱ ❱❛❧✸❇✱ ❱❛❧✻❆✱ ❱❛❧✽❆ ② ❱❛❧✽❇✮✱ s✉s r❛♥❣♦s ♥♦ s✉♣❡r❛♥ ❡❧ ✼✳✽✪✳

▲♦s t✐❡♠♣♦s ❝♦♠♣✉t❛❝✐♦♥❛❧❡s ♣r♦♠❡❞✐♦ ♥❡❝❡s❛r✐♦s ♣❛r❛ ❛❧❝❛♥③❛r ❜✉❡♥♦s r❡s✉❧t❛❞♦s

♣❛r❛ ❝❛❞❛ ✐♥st❛♥❝✐❛ s♦♥ ❝♦♠♣❡t✐t✐✈♦s✳ ❆ ❡①❝❡♣❝✐ó♥ ❞❡ ✶ ✐♥st❛♥❝✐❛ ✭●❞❜✶✮✱ ❞✐❝❤♦s

t✐❡♠♣♦s ♥♦ s✉♣❡r❛♥ ❡❧ ✻✵✪ ❞❡❧ t✐❡♠♣♦ ❞❡ ❈P❯ ❞✐s♣✉❡st♦ ♣❛r❛ ❧❛s ❝♦rr✐❞❛s✳

❉❡ ❧♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥③❛❞♦s✱ ♣✉❡❞❡ ❛♣r❡❝✐❛rs❡ q✉❡ ❧❛ ❝♦♥❥✉♥❝✐ó♥ ❞❡ ●❘❆❙P ♣❛r❛ ❧❛

❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ② ❧❛ ♠❡❥♦r❛ ❞❡ ❧❛s ♠✐s♠❛s ♠❡❞✐❛♥t❡ ❱◆❙ ✭❥✉♥t♦ ❛ ♦♣❡r❛❞♦r❡s

❞❡ ♠❡❥♦r❛ ❞❡ t✐♣♦ ✐♥t❡r✲r✉t❛ ❡ ✐♥tr❛✲r✉t❛✮ ② P❛t❤ ❘❡❧✐♥❦✐♥❣ r❡s✉❧tó ❡①✐t♦s❛✳ ❘❡s♣❡❝t♦ ❛

❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s✱ t❛♥t♦ ●❘❆❙P ❝♦♠♦ ❧❛ ❤❡✉ríst✐❝❛ ■♥s❡r❝✐ó♥ ♠ás ❊❝♦♥ó♠✐❝❛

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

♣♦r❝❡♥t✉❛❧❡s s✐♠✐❧❛r❡s ✭s❡❣ú♥ ✐♥❢♦r♠❛❝✐ó♥ ❡st❛❞íst✐❝❛ ❞❡ ❧❛s ❝♦rr✐❞❛s✮✱ ❛♠❜❛s ❛❧❝❛♥③❛♥

s♦❧✉❝✐♦♥❡s q✉❡ ❧✉❡❣♦ ❞❡ s❡r ♠❡❥♦r❛❞❛s✱ s❡ ❝♦♥✈✐❡rt❡♥ ❡♥ ❧♦s ♠❡❥♦r❡s r❡s✉❧t❛❞♦s ❞❡ ❧❛s



✶✷✹ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

❝♦rr✐❞❛s✳ ❆ s✉ ✈❡③✱ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ✉s❛♥❞♦ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛r❣♦ ♣❧❛③♦ ✭❜❛s❛❞♦

❡♥ ❚❛❜✉ ❙❡❛r❝❤✮ ② ●❘❆❙P✱ ❧❡ ❤❛ ♣❡r♠✐t✐❞♦ ❛❧ ❛❧❣♦r✐t♠♦ ❛❞❡♠ás ❞❡ ❡①♣❧♦r❛r ♥✉❡✈❛s

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

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

❧❛r❣♦ ❞❡ ✉♥❛ ❝♦rr✐❞❛✱ ❤❛ r❡s✉❧t❛❞♦ s❡r ♠ás ❡❢❡❝t✐✈❛ q✉❡ ❡❧ r❡✐♥✐❝✐♦ ❞❡❧ ❛❧❣♦r✐t♠♦ ❞❡s❞❡ ✉♥❛

❜✉❡♥❛ s♦❧✉❝✐ó♥ ♦ ❞❡s❞❡ ✉♥❛ ❣❡♥❡r❛❞❛ ❛❧ ❛③❛r ✭♣r♦♣✉❡st♦ ♣♦r ❚❛❜✉ ❙❡❛r❝❤ ② ■t❡r❛t❡❞ ▲♦❝❛❧

❙❡❛r❝❤✮✳ ❘❡s♣❡❝t♦ ❛ ❧❛ ♠❡❥♦r❛ ❞❡ s♦❧✉❝✐♦♥❡s✱ ❱◆❙ ② P❛t❤ ❘❡❧✐♥❦✐♥❣ ❜r✐♥❞❛♥ ❛❧ ❛❧❣♦r✐t♠♦

♣r♦♣✉❡st♦ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ✐♥t❡♥s✐✜❝❛r ❡❧ ♣r♦❝❡s♦ ❞❡ ❜úsq✉❡❞❛ ❞❡ s♦❧✉❝✐♦♥❡s ❞❡s❞❡ ❞♦s

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

❞♦s ❡str✉❝t✉r❛s ❞❡ ✈❡❝✐♥❞❛r✐♦s ② ♦♣❡r❛❞♦r❡s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧✱ ❱◆❙ ♦❜t✐❡♥❡ r❡s✉❧t❛❞♦s

❝♦♠♣❡t✐t✐✈♦s✳ ❆❞❡♠ás✱ ♦❢r❡❝❡ ✉♥❛ ♣❛rt✐❝✐♣❛❝✐ó♥ ❞✐❢❡r❡♥t❡ ❞❡ ❧♦s ♦♣❡r❛❞♦r❡s ❞❡ ❜úsq✉❡❞❛

❧♦❝❛❧ ❝♦♠♣❛r❛❞♦ ❝♦♥ ❧♦ ♣r♦♣✉❡st♦ ❡♥ ❡❧ ❛❧❣♦r✐t♠♦ ❍❇▼❖✳ ❆❝t✐✈❛❞♦ ❞❡ ♠❛♥❡r❛ ♣❡r✐ó❞✐❝❛

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

❞❡❧ ❛❧❣♦r✐t♠♦✱ P❛t❤ ❘❡❧✐♥❦✐♥❣ ✐♥t❡♥s✐✜❝❛ ❡❧ ♣r♦❝❡s♦ ❞❡ ❜úsq✉❡❞❛ ❛ tr❛✈és ❞❡ tr❛②❡❝t♦r✐❛s

❞❡s❞❡ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s ❤❛❝✐❛ s♦❧✉❝✐♦♥❡s ❣✉í❛✱ ✐♥❝❧✉②❡♥❞♦ ❛ ❧♦s ♦♣❡r❛❞♦r❡s ❞❡ ♠❡❥♦r❛✱

❧♦s q✉❡ s❡ ❛❝t✐✈❛♥ ❧✉❡❣♦ ❞❡ r❡❛❧✐③❛r ♠♦✈✐♠✐❡♥t♦s ❡♥ ❧❛s s♦❧✉❝✐♦♥❡s ✐♥t❡r♠❡❞✐❛s ❤❛❝✐❛ ✉♥❛

s♦❧✉❝✐ó♥ ❣✉í❛✳

❋✐♥❛❧♠❡♥t❡✱ ❡♥ ❡❧ ❈✉❛❞r♦ ✻✳✶✹✱ s❡ ♠✉❡str❛♥ ❧♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥③❛❞♦s ♣♦r ❡❧ ❛❧❣♦r✐t♠♦

❇❘❑●❆ s♦❜r❡ ❧❛s ✐♥st❛♥❝✐❛s s❡❧❡❝❝✐♦♥❛❞❛s ♣❛r❛ ❧❛s ♣r✉❡❜❛s ✜♥❛❧❡s ② ♣r❡❧✐♠✐♥❛r❡s✱ ♠❛♥t❡✲

♥✐❡♥❞♦ ✉♥❛ ♠✐s♠❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ♣❛rá♠❡tr♦s ✭❚❛♠❛ñ♦ ❞❡ ❧❛ ♣♦❜❧❛❝✐ó♥❂✸✵✱ ■♥❞✐✈✐❞✉♦s

❡❧✐t❡❂✷✵✪✱ ■♥❞✐✈✐❞✉♦s ♠✉t❛♥t❡s❂✷✵✪✱ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ❝r✉③❛♠✐❡♥t♦❂✼✵✪✱ ❚✐❡♠♣♦ ♣❛r❛

r❡✐♥✐❝✐♦❂ T iempo CPU
4

✮✳ P♦r ❝❛❞❛ ✐♥st❛♥❝✐❛✱ s❡ ✐♥❞✐❝❛ ❡❧ ♥♦♠❜r❡✱ ❧❛ ❞✐st❛♥❝✐❛ t♦t❛❧ ♣r♦♠❡❞✐♦✱

❡❧ ❞❡s✈í♦ ❡stá♥❞❛r✱ ❧❛ ♠♦❞❛✱ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧✱ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ♦❝✉rr❡♥❝✐❛ ❞❡❧ ✈❛❧♦r

❛♥t❡r✐♦r✱ ❧❛ ♠❛②♦r ❞✐st❛♥❝✐❛ r❡❝♦rr✐❞❛ ② ❡❧ t✐❡♠♣♦ ❞❡ ❈P❯ ♣r♦♠❡❞✐♦ ✭❡♥ s❡❣✉♥❞♦s✮✳



❈♦♠♣❛r❛❝✐ó♥ ❡♥tr❡ ❧♦s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s ✶✷✺

❈✉❛❞r♦ ✻✳✶✹✿ Pr✉❡❜❛s ✜♥❛❧❡s ❞❡ ❇❘❑●❆✳

■♥st❛♥❝✐❛ ❘❡s✉❧t❛❞♦s

¯TD DE MO Min.TD %Min.TD Max.TD ¯T iempo

❑s❤s✶ ✶✹✻✻✶ ✵✳✵ ✶✹✻✻✶ ✶✹✻✻✶ ✶✵✵✳✵ ✶✹✻✻✶ ✸✳✻

❑s❤s✷ ✾✽✻✸ ✵✳✵ ✾✽✻✸ ✾✽✻✸ ✶✵✵✳✵ ✾✽✻✸ ✵✳✻

❑s❤s✸ ✾✸✷✸✳✹✽ ✶✼✳✷✷ ✾✸✷✵ ✾✸✷✵ ✾✻✳✵ ✾✹✵✼ ✸✳✹

❑s❤s✹ ✶✷✸✶✵✳✼ ✽✶✽✳✹✾ ✶✶✹✾✽ ✶✶✹✾✽ ✶✽✳✵ ✶✺✼✻✼ ✽✳✻

❑s❤s✺ ✶✵✾✾✹✳✵✹ ✾✾✳✶✺ ✶✵✾✺✼ ✶✵✾✺✼ ✽✻✳✵ ✶✶✷✾✾ ✹✳✺

❑s❤s✻ ✶✵✶✾✼✳✵✵ ✵✳✵ ✶✵✶✾✼ ✶✵✶✾✼ ✶✵✵✳✵ ✶✵✶✾✼ ✵✳✼

●❞❜✶ ✸✶✻✳✹✻ ✶✳✹✽ ✸✶✻ ✸✶✻ ✾✵✳✵ ✸✷✸ ✶✷✳✼

●❞❜✸ ✷✼✼✳✶✷ ✷✳✸✵ ✷✼✺ ✷✼✺ ✺✷✳✵ ✷✽✶ ✽✳✼

●❞❜✶✵ ✷✼✽✳✺✷ ✸✳✽✻ ✷✼✺ ✷✼✺ ✹✷✳✵ ✷✽✼ ✾✳✾

●❞❜✶✹ ✶✵✵✳✸✻ ✵✳✼✼ ✶✵✵ ✶✵✵ ✽✷✳✵ ✶✵✷ ✻✳✼

●❞❜✶✺ ✺✽ ✵✳✵ ✺✽ ✺✽ ✶✵✵✳✵ ✺✽ ✵✳✻

●❞❜✶✻ ✶✷✽✳✽✵ ✵✳✻✵ ✶✷✾ ✶✷✼ ✶✵✳✵ ✶✷✾ ✻✳✼

●❞❜✶✼ ✾✶✳✵✵ ✵✳✵ ✾✶ ✾✶ ✶✵✵✳✵ ✾✶ ✶✳✻

●❞❜✶✽ ✶✻✺✳✵✽ ✶✳✵✵ ✶✻✻ ✶✻✹ ✹✻✳✵ ✶✻✻ ✸✷✳✺

●❞❜✷✵ ✶✸✹✳✵✷ ✾✳✺✵ ✶✷✾ ✶✷✶ ✻✳✵ ✶✻✵ ✶✸✳✸

●❞❜✷✶ ✶✻✽✳✺✽ ✹✳✼✷ ✶✼✷ ✶✺✻ ✷✳✵ ✶✼✽ ✷✺✳✾

●❞❜✷✷ ✷✶✶✳✷✹ ✹✳✶✷ ✷✵✾ ✷✵✹ ✷✳✵ ✷✷✻ ✺✹✳✹

❱❛❧✶❆ ✶✼✸✳✶✹ ✵✳✻✵ ✶✼✸ ✶✼✸ ✾✷✳✵ ✶✼✼ ✸✺✳✺

❱❛❧✷❆ ✷✷✼✳✺✻ ✶✳✷✶ ✷✷✼ ✷✷✼ ✼✻✳✵ ✷✸✸ ✺✶✳✻

❱❛❧✸❆ ✽✶✳✺✽ ✵✳✻✼ ✽✶ ✽✶ ✺✷✳✵ ✽✸ ✹✸✳✺

❱❛❧✸❇ ✾✶✳✸✽ ✶✳✺✻ ✾✷ ✽✼ ✷✳✵ ✾✺ ✹✶✳✼

❱❛❧✻❆ ✷✷✾✳✹✻ ✷✳✾✶ ✷✷✾ ✷✷✸ ✷✳✵ ✷✸✼ ✶✾✵✳✾

❱❛❧✽❆ ✹✵✷✳✷✷ ✻✳✶✵ ✹✵✸ ✸✽✼ ✷✳✵ ✹✶✹ ✸✶✼✳✻

❱❛❧✽❇ ✹✷✽✳✸✹ ✻✳✵✻ ✹✸✵ ✹✵✾ ✷✳✵ ✹✹✵ ✷✺✾✳✺

❱❛❧✾❆ ✸✹✵✳✶✷ ✷✳✷✷ ✸✹✵ ✸✸✻ ✹✳✵ ✸✹✹ ✽✽✹✳✸



✶✷✻ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

❙❡❣ú♥ ❧♦s r❡s✉❧t❛❞♦s ❧♦❣r❛❞♦s ♣♦r ❡❧ ❛❧❣♦r✐t♠♦ ❇❘❑●❆✿

▲❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ ❝♦✐♥❝✐❞❡ ❝♦♥ ❡❧ ✈❛❧♦r ó♣t✐♠♦ ❡♥ ✷✶ ❞❡ ❧❛s ✷✺ ✐♥st❛♥❝✐❛s✳

❘❡s♣❡❝t♦ ❛ ❧❛s ✹ ✐♥st❛♥❝✐❛s r❡st❛♥t❡s✱ ❧❛s ❜r❡❝❤❛s ♥♦ s♦❜r❡♣❛s❛♥ ❡❧ ✹✪ ✭●❞❜✷✷ ✷✪✱

❱❛❧✽❆ ✵✳✷✪✱ ❱❛❧✽❇ ✸✳✺✪ ② ❱❛❧✾❆ ✹✪✮✳

❊❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ♦❝✉rr❡♥❝✐❛ ❞❡ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ ❝♦✐♥❝✐❞❡♥t❡ ❝♦♥ ❡❧ ✈❛❧♦r ó♣t✐♠♦✱

❡s ❛❧t♦✳ ❊♥ ✶✺ ✐♥st❛♥❝✐❛s✱ ❡❧ ♣♦r❝❡♥t❛❥❡ ❡s s✉♣❡r✐♦r ❛❧ ✷✺✪✱ ♦❜t❡♥✐é♥❞♦s❡ ❡♥ ✺ ❞❡

❡❧❧❛s ✭❑s❤s✶✱ ❑s❤s✷✱ ❑s❤s✻✱ ●❞❜✶✺ ② ●❞❜✶✼✮ ✶✵✵✪ ❞❡ ❡❢❡❝t✐✈✐❞❛❞✳

▲❛ ❞✐st❛♥❝✐❛ t♦t❛❧ ♣r♦♠❡❞✐♦ ♥♦ s✉♣❡r❛ ✶✵✳✼✪ ❞❡❧ ✈❛❧♦r ó♣t✐♠♦✳ ❊♥ ✶✾ ✐♥st❛♥❝✐❛s✱ ❧❛

❜r❡❝❤❛ ♥♦ s♦❜r❡♣❛s❛ ❡❧ ✺✪✳

▲❛ ♠♦❞❛ ❝♦✐♥❝✐❞❡ ❝♦♥ ❡❧ ✈❛❧♦r ó♣t✐♠♦ ❡♥ ✶✺ ❞❡ ✷✺ ✐♥st❛♥❝✐❛s✳ ❉❡ ❧❛s ✶✵ r❡st❛♥t❡s✱ ✺

❞❡ ❡❧❧❛s ✭●❞❜✶✻✱ ●❞❜✶✽✱ ●❞❜✷✷✱ ❱❛❧✻❆ ② ❱❛❧✽❆✮ t✐❡♥❡♥ ❜r❡❝❤❛s ✐♥❢❡r✐♦r❡s ❛❧ ✺✪✳

❊❧ r❛♥❣♦ ❡♥tr❡ ♠❛②♦r ② ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ r❡❝♦rr✐❞❛ ❡s ✐♥❢❡r✐♦r ❛❧ ✺✪ ✭❞❡❧ ✈❛✲

❧♦r ó♣t✐♠♦✮ ❡♥ ✶✼ ❞❡ ✷✺ ✐♥st❛♥❝✐❛s✳ ❉❡ ❧❛s ✽ r❡st❛♥t❡s✱ ✹ ✐♥st❛♥❝✐❛s t✐❡♥❡♥ r❛♥❣♦s

✐♥❢❡r✐♦r❡s ❛❧ ✶✵✪✳

❊❧ t✐❡♠♣♦ ❞❡ ❈P❯ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛❧❝❛♥③❛r ❜✉❡♥♦s r❡s✉❧t❛❞♦s ❡s ✐♥❢❡r✐♦r ❛❧ ✻✵✪ ✭❞❡❧

♠á①✐♠♦ ❞✐s♣✉❡st♦✮ ❡♥ ✷✷ ❞❡ ✷✺ ✐♥st❛♥❝✐❛s ✭❛ ❡①❝❡♣❝✐ó♥ ❞❡ ●❞❜✷✵✱ ●❞❜✷✶ ② ●❞❜✷✷✮✳

▲❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥③❛❞♦s s❡ ❞❡❜❡ ❛ ❧❛ ❡❧❡❝❝✐ó♥ ❡ ✐♥t❡r❛❝❝✐ó♥ ❛❝❡rt❛❞❛ ❞❡

❧❛s ♣❛rt❡s q✉❡ ❢♦r♠❛♥ ❡❧ ❛❧❣♦r✐t♠♦ ❇❘❑●❆ ♣r♦♣✉❡st♦✳ ❊s ♥❡❝❡s❛r✐♦ ♦❜t❡♥❡r ♣♦❜❧❛❝✐♦♥❡s

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

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

❛s✐ q✉❡ ❧❛ ❤❡✉ríst✐❝❛ ■t❡r❛t❡❞ ❚♦✉r P❛rt✐t✐♦♥✐♥❣ ❥✉♥t♦ ❛ ♦♣❡r❛❞♦r❡s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧✱

❤❛♥ ♣r♦♣♦r❝✐♦♥❛❞♦ ♣♦❜❧❛❝✐♦♥❡s ✐♥✐❝✐❛❧❡s q✉❡✱ s❡❣ú♥ r❡s✉❧t❛❞♦s ❡st❛❞íst✐❝♦s ❞❡ ❧❛s ❝♦rr✐❞❛s✱

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

❆✉♥q✉❡ ❡♥ ♠❡♥♦r ♣r♦♣♦r❝✐ó♥✱ t❛♠❜✐é♥ ❞❡s❞❡ ❧♦s r❡✐♥✐❝✐♦s ❞❡❧ ❛❧❣♦r✐t♠♦ ✭❝♦♥s✐st❡♥t❡ ❡♥ ❧❛

❣❡♥❡r❛❝✐ó♥ ❞❡ ✉♥❛ ♥✉❡✈❛ ♣♦❜❧❛❝✐ó♥ ❞❡ ✐♥✈✐❞✉♦s ◆♦✲❊❧✐t❡ ② ♣♦st❡r✐♦r ♠❡❥♦r❛ ❞❡ ❧♦s ♠✐s♠♦s✮✱

s❡ ❛❧❝❛♥③❛r♦♥ ❧♦s ♠❡❥♦r❡s r❡s✉❧t❛❞♦s✳ ❆ s✉ ✈❡③✱ ❡❧ ♣r♦❝❡s♦ ❞❡ ✐♥t❡♥s✐✜❝❛❝✐ó♥ ❞❡❜❡ s❡r t❛❧ q✉❡

❛ ♠❡❞✐❞❛ q✉❡ tr❛♥s❝✉rr❡ ❡❧ t✐❡♠♣♦ ❞❡ ❈P❯ ❞✐s♣✉❡st♦✱ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❡♥ ❧❛s

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

❡♥tr❡ ✐♥❞✐✈✐❞✉♦s ❊❧✐t❡ ② ◆♦✲❊❧✐t❡ ✭② ✈✐❝❡✈❡rs❛✮ ❤❛ ♣❡r♠✐t✐❞♦ ✉♥❛ ❡①♣❧♦r❛❝✐ó♥ ❞❡ ❞♦s t✐♣♦s ❞❡

❡♥t♦r♥♦s ✭❞❡ ❝❛❧✐❞❛❞❡s ❞✐st✐♥t❛s✮✱ ❞❡s❞❡ ❧♦s ❝✉❛❧❡s s❡ ❤❛♥ ❛❧❝❛♥③❛❞♦ ❜✉❡♥♦s r❡s✉❧t❛❞♦s✳ ❊❧



❈♦♠♣❛r❛❝✐ó♥ ❡♥tr❡ ❧♦s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s ✶✷✼

✉s♦ ❞❡ ❧✐st❛s ❞❡ ✈❡❝✐♥♦s ✭❞❡ ❛r✐st❛s r❡q✉❡r✐❞❛s✮ ❝♦♥ ❛❧❣✉♥♦s ♦♣❡r❛❞♦r❡s ❞❡ ♠❡❥♦r❛ ✐♥t❡r✲r✉t❛

❡ ✐♥tr❛✲r✉t❛✱ ♣❡r♠✐t✐❡r♦♥ ❛❧ ❛❧❣♦r✐t♠♦ ❛ ♣❛rt✐r ❞❡ ✉♥❛ s♦❧✉❝✐ó♥ ♦❜t❡♥✐❞❛ ♣♦r ❝r✉③❛♠✐❡♥t♦✱

♣r♦❢✉♥❞✐③❛r ❧❛ ❜úsq✉❡❞❛ ❞❡ ♠❡❥♦r❡s s♦❧✉❝✐♦♥❡s ú♥✐❝❛♠❡♥t❡ ❡♥ r❡❣✐♦♥❡s ❛tr❛❝t✐✈❛s✳ P♦r

♦tr❛ ♣❛rt❡✱ ❡❧ ✉s♦ ❞❡❧ ♦♣❡r❛❞♦r ♠✉t❛❝✐ó♥ ✉t✐❧✐③❛❞♦ ❡♥ ❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s✱ ❤❛ ♣❡r♠✐t✐❞♦

❛❧❝❛♥③❛r ❜✉❡♥♦s r❡s✉❧t❛❞♦s✱ ❛✉♥q✉❡ ❡♥ ♠❡♥♦r ♣r♦♣♦r❝✐ó♥ q✉❡ ❡❧ ❝r✉③❛♠✐❡♥t♦✳ ❋✐♥❛❧♠❡♥t❡✱

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

❝❛r❛❝t❡ríst✐❝❛ ❡stá ❛✉s❡♥t❡ ❡♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❛❧❣♦r✐t♠♦s ❡✈♦❧✉t✐✈♦s✳

❊♥ ❡❧ ❈✉❛❞r♦ ✻✳✶✺✱ ♣✉❡❞❡ ❛♣r❡❝✐❛rs❡ ✭❞❡ ♠❛♥❡r❛ ♣❛r❝✐❛❧✮ ❧♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥③❛❞♦s

♣♦r ❧♦s tr❡s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s ♣❛r❛ ❈❆❘P✳ P❛r❛ ❝❛❞❛ ✐♥st❛♥❝✐❛✱ s❡ ✐♥❞✐❝❛ ❛❞❡♠ás ❞❡❧

♥♦♠❜r❡✱ ❧❛ ♠❡♥♦r ❞✐st❛♥❝✐❛ t♦t❛❧ ❛❧❝❛♥③❛❞❛✱ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ♦❝✉rr❡♥❝✐❛ ❞❡ ❞✐❝❤♦ ✈❛❧♦r✱ ❡❧

t✐❡♠♣♦ ♣r♦♠❡❞✐♦ ❞❡ ❈P❯ ✭❡♥ s❡❣✉♥❞♦s✮ q✉❡ ❞❡♠♦r❛ ❝❛❞❛ ❛❧❣♦r✐t♠♦ ❡♥ ❛❧❝❛♥③❛r ❡❧ ♠❡❥♦r

r❡s✉❧t❛❞♦ ♣♦s✐❜❧❡ ② ❡❧ ❝♦st♦ t♦t❛❧ ❞❡ r❡❝♦rr✐❞♦ ó♣t✐♠♦✳



✶✷✽ ❈❛♣ít✉❧♦ ✻✳ ❘❡s✉❧t❛❞♦s ❈♦♠♣✉t❛❝✐♦♥❛❧❡s

❈✉❛❞r♦ ✻✳✶✺✿ Pr✉❡❜❛s ✜♥❛❧❡s✿ ❝♦♠♣❛r❛❝✐ó♥ ❞❡ r❡s✉❧t❛❞♦s✳

■♥st❛♥❝✐❛ ❆❧❣♦r✐t♠♦ ❍❇▼❖ ❆❧❣♦r✐t♠♦ ❱◆❙ ❆❧❣♦r✐t♠♦ ❇❘❑●❆ ❖♣t✳

Min.TD %Min.TD ¯T iempo Min.TD %Min.TD ¯T iempo Min.TD %Min.TD ¯T iempo

❑s❤s✶ ✶✹✻✻✶ ✺✻✳✾ ✶✳✼ ✶✹✻✻✶ ✹✽✳✵ ✻✳✶ ✶✹✻✻✶ ✶✵✵✳✵ ✸✳✻ ✶✹✻✻✶

❑s❤s✷ ✾✽✻✸ ✶✵✵✳✵ ✵✳✽ ✾✽✻✸ ✸✹✳✵ ✹✳✼ ✾✽✻✸ ✶✵✵✳✵ ✵✳✻ ✾✽✻✸

❑s❤s✸ ✾✸✷✵ ✽✻✳✸ ✷✳✸ ✾✸✷✵ ✶✵✵✳✵ ✸✳✵ ✾✸✷✵ ✾✻✳✵ ✸✳✹ ✾✸✷✵

❑s❤s✹ ✶✶✾✵✾ ✷✳✵ ✻✳✷ ✶✷✶✻✵ ✹✳✵ ✸✳✾ ✶✶✹✾✽ ✶✽✳✵ ✽✳✻ ✶✶✹✾✽

❑s❤s✺ ✶✵✾✺✼ ✽✷✳✵ ✵✳✽ ✶✵✾✺✼ ✶✵✵✳✵ ✸✳✸ ✶✵✾✺✼ ✽✻✳✵ ✹✳✺ ✶✵✾✺✼

❑s❤s✻ ✶✵✶✾✼ ✾✽✳✵ ✵✳✻ ✶✵✶✾✼ ✶✵✵✳✵ ✶✳✾ ✶✵✶✾✼ ✶✵✵✳✵ ✵✳✼ ✶✵✶✾✼

●❞❜✶ ✸✶✻ ✼✵✳✵ ✼✳✸ ✸✶✻ ✻✻✳✵ ✶✹✳✸✹ ✸✶✻ ✾✵✳✵ ✶✷✳✼ ✸✶✻

●❞❜✸ ✷✼✺ ✼✻✳✵ ✺✳✺ ✷✼✺ ✷✳✵ ✶✵✳✻ ✷✼✺ ✺✷✳✵ ✽✳✼ ✷✼✺

●❞❜✶✵ ✷✼✺ ✾✷✳✵ ✶✳✻ ✷✼✺ ✶✵✵✳✵ ✹✳✼ ✷✼✺ ✹✷✳✵ ✾✳✾ ✷✼✺

●❞❜✶✹ ✶✵✵ ✻✹✳✵ ✹✳✼ ✶✵✵ ✶✺✳✼ ✼✳✾ ✶✵✵ ✽✷✳✵ ✻✳✼ ✶✵✵

●❞❜✶✺ ✺✽ ✶✵✵✳✵ ✵✳✻ ✺✽ ✶✵✵✳✵ ✶✳✾ ✺✽ ✶✵✵✳✵ ✵✳✻ ✺✽

●❞❜✶✻ ✶✷✼ ✻✻✳✵ ✶✵✳✾ ✶✷✼ ✾✽✳✵ ✶✵✳✹ ✶✷✼ ✶✵✳✵ ✻✳✼ ✶✷✼

●❞❜✶✼ ✾✶ ✽✳✵ ✷✳✾ ✾✶ ✶✵✵✳✵ ✼✳✾ ✾✶ ✶✵✵✳✵ ✶✳✻ ✾✶

●❞❜✶✽ ✶✻✹ ✹✹✳✵ ✶✻✳✾ ✶✻✹ ✾✻✳✵ ✸✷✳✶ ✶✻✹ ✹✻✳✵ ✸✷✳✺ ✶✻✹

●❞❜✷✵ ✶✷✶ ✻✹✳✵ ✹✳✺ ✶✷✶ ✻✹✳✵ ✽✳✸ ✶✷✶ ✻✳✵ ✶✸✳✸ ✶✷✶

●❞❜✷✶ ✶✺✻ ✺✳✾ ✶✺✳✶ ✶✺✻ ✼✳✽ ✶✻✳✹ ✶✺✻ ✷✳✵ ✷✺✳✾ ✶✺✻

●❞❜✷✷ ✷✵✷ ✷✳✵ ✸✷✳✹ ✷✵✵ ✶✹✳✵ ✸✹✳✼ ✷✵✹ ✷✳✵ ✺✹✳✹ ✷✵✵

❱❛❧✶❆ ✶✼✸ ✽✽✳✵ ✶✻✳✶ ✶✼✸ ✺✻✳✻ ✸✶✳✾ ✶✼✸ ✾✷✳✵ ✸✺✳✺ ✶✼✸

❱❛❧✷❆ ✷✷✼ ✷✽✳✵ ✷✶✳✹ ✷✷✼ ✶✽✳✵ ✺✵✳✼ ✷✷✼ ✼✻✳✵ ✺✶✳✻ ✷✷✼

❱❛❧✸❆ ✽✶ ✸✷✳✵ ✷✹✳✸ ✽✶ ✸✹✳✵ ✹✻✳✻ ✽✶ ✺✷✳✵ ✹✸✳✺ ✽✶

❱❛❧✸❇ ✽✼ ✷✼✳✺ ✷✶✳✻ ✽✽ ✷✳✵ ✹✷✳✻ ✽✼ ✷✳✵ ✹✶✳✼ ✽✼

❱❛❧✻❆ ✷✷✸ ✹✷✳✵ ✻✼✳✻ ✷✷✸ ✹✳✵ ✶✾✵✳✾ ✷✷✸ ✷✳✵ ✶✾✵✳✾ ✷✷✸

❱❛❧✽❆ ✸✽✻ ✹✳✵ ✷✸✷✳✶ ✸✽✾ ✷✳✵ ✷✻✹✳✽ ✸✽✼ ✷✳✵ ✸✶✼✳✻ ✸✽✻

❱❛❧✽❇ ✸✾✺ ✷✳✵ ✷✾✽✳✷ ✹✶✶ ✷✳✵ ✸✵✸✳✻ ✹✵✾ ✷✳✵ ✷✺✾✳✺ ✸✾✺

❱❛❧✾❆ ✸✷✺ ✷✳✵ ✻✾✷✳✻ ✸✷✾ ✷✳✵ ✽✺✽✳✹ ✸✸✻ ✹✳✵ ✽✽✹✳✸ ✸✷✸



❈❛♣ít✉❧♦ ✼

❈♦♥❝❧✉s✐♦♥❡s ② ❚r❛❜❛❥♦ ❋✉t✉r♦

✼✳✶✳ ❈♦♥❝❧✉s✐♦♥❡s

❊♥ ❡st❛ t❡s✐s✱ s❡ ❤❛ ♣r♦♣✉❡st♦ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❛❧❣♦r✐t♠♦s ❜❛s❛❞♦s ❡♥ ❧❛ ❤✐❜r✐❞✐③❛❝✐ó♥ ❞❡

♠❡t❛❤❡✉ríst✐❝❛s ♣❛r❛ ❡❧ Pr♦❜❧❡♠❛ ❞❡ ❘✉t❡♦ ❞❡ ❆r❝♦s ❈❛♣❛❝✐t❛❞♦s✳ ▲❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ❞♦t❛r

❛ ❧❛s ♠❡t❛❤❡✉ríst✐❝❛s ❞❡ ♥✉❡✈❛s ❝❛r❛❝t❡ríst✐❝❛s ❜❛s❛❞❛s ❡♥ ♦tr❛s✱ ♣❡r♠✐t❡ ♥♦ só❧♦ ✉♥ ♠❡❥♦r

tr❛t❛♠✐❡♥t♦ ✐♥t❡❣r❛❧ ❞❡ ✉♥ ♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ✭❝♦♠♦ ♣♦r ❡❥❡♠♣❧♦✱ ❧♦s ❛❧❣♦r✐t♠♦s

❜❛s❛❞♦s ❡♥ ●❘❆❙P ♣❛r❛ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ② ♣♦st❡r✐♦r ♠❡❥♦r❛ ❛ ❝❛r❣♦ ❞❡ P❛t❤

❘❡❧✐♥❦✐♥❣ ❬✶✵✺❪✮✱ s✐♥♦ t❛♠❜✐é♥ ❞❡ ♥✉❡✈❛s ♣r♦♣✉❡st❛s ♣❛r❛ ❛❜♦r❞❛r ✉♥ ♣r♦❜❧❡♠❛ ❝♦♥♦❝✐❞♦

❞❡ ❧❛ ❧✐t❡r❛t✉r❛ ✭❬✷✾❪✱ ❬✾✾❪✱ ❬✶✵✼❪✱ ❡♥tr❡ ♦tr♦s✮✳

❘❡s♣❡❝t♦ ❛ ❧❛ ♣r✐♠❡r❛ ♣r♦♣✉❡st❛✱ ❡❧ ❛❧❣♦r✐t♠♦ ❍♦♥❡②✲❇❡❡ ▼❛t✐♥❣ ❖♣t✐♠✐③❛t✐♦♥

✭❍❇▼❖✮ ♣❛r❛ ❈❆❘P ❤❛ ❛❧❝❛♥③❛❞♦ ❞❡ ♠❛♥❡r❛ ❡①✐t♦s❛ ❧♦s ✈❛❧♦r❡s ó♣t✐♠♦s ✭❡♥ ✷✷ ❞❡

✷✺ ✐♥st❛♥❝✐❛s ② ❡♥ ✷ ❞❡ ❧❛s ✸ ✐♥st❛♥❝✐❛s r❡st❛♥t❡s✱ ❧❛ ❜r❡❝❤❛ ❢✉❡ ❞❡❧ ✶✪✮ ② ❛ ❜❛❥♦ ❝♦st♦

❝♦♠♣✉t❛❝✐♦♥❛❧ ✭❡♥ t♦❞❛s ❧❛s ♣r✉❡❜❛s✱ s❡ ♥❡❝❡s✐tó ♠❡♥♦s ❞❡❧ ✺✵✪ ❞❡❧ ♠á①✐♠♦ t✐❡♠♣♦ ❞❡

❈P❯ ❛s✐❣♥❛❞♦✮✳ ▲♦s ❛♣♦rt❡s ❞❡❧ ❛❧❣♦r✐t♠♦ ❝♦♥s✐st❡♥ ❡♥ ❧❛ ❤✐❜r✐③❛❝✐ó♥ ❞❡ ❍❇▼❖ ❝♦♥ ❝✐❡r✲

t❛s ✐❞❡❛s ❜❛s❛❞❛s ❡♥ ❙❝❛tt❡r ❙❡❛r❝❤✱ ❡❧ ❜❛❥♦ ♥ú♠❡r♦ ❞❡ ♣❛rá♠❡tr♦s q✉❡ ♥❡❝❡s✐t❛ ♣❛r❛ s✉

❡❥❡❝✉❝✐ó♥ ✭♥ú♠❡r♦ ❞❡ ③á♥❣❛♥♦s✱ t❛♠❛ñ♦ ❞❡ ♣♦❜❧❛❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ❣❡♥❡r❛❞❛s ✐♥✐❝✐❛❧♠❡♥✲

t❡ ② ♥ú♠❡r♦ ❞❡ ✈✉❡❧♦s r❡♣r♦❞✉❝t✐✈♦s✮ ❝♦♠♣❛r❛❞♦ ❝♦♥ ♦tr❛s ♣r♦♣✉❡st❛s t❛♠❜✐é♥ ❜❛s❛❞❛s

❡♥ ❍❇▼❖ ② ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❍❇▼❖ ♣❛r❛ ❈❆❘P✳ ▲❛ ❣❡♥❡r❛❝✐ó♥ ✐♥✐❝✐❛❧ ❞❡ ③á♥❣❛♥♦s ❝♦♥

♣♦st❡r✐♦r s❡❧❡❝❝✐ó♥ ✭❡♥ tér♠✐♥♦s ❞❡ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ② ❞✐✈❡rs✐❞❛❞✮ ♣❛r❛ ♦❜t❡♥❡r ❧❛ ♣♦❜❧❛✲

❝✐ó♥ ❞❡ ③á♥❣❛♥♦s ✐♥✐❝✐❛❧ ② ❞❡ ❝❛❞❛ r❡✐♥✐❝✐♦✱ ❡❧ ❝r✉③❛♠✐❡♥t♦ ❞❡ t♦❞♦s ❧♦s ③á♥❣❛♥♦s ❝♦♥ ❧❛

❛❜❡❥❛ r❡✐♥❛✱ ❡❧ r❡❡♠♣❧❛③♦ ❞❡ ③á♥❣❛♥♦s ♣♦r ❝rí❛s ♠❡❥♦r❡s ② ❡❧ r❡✐♥✐❝✐♦ ❞❡❧ ❛❧❣♦r✐t♠♦ ❛♥t❡



✶✸✵ ❈❛♣ít✉❧♦ ✼✳ ❈♦♥❝❧✉s✐♦♥❡s ② ❚r❛❜❛❥♦ ❋✉t✉r♦

❡st❛♥❝❛♠✐❡♥t♦ ❡♥ ó♣t✐♠♦s ❧♦❝❛❧❡s✱ ♣✉❡❞❡♥ ♣r♦✈❡❡r ❛ ❍❇▼❖ ❞❡ ♠❛②♦r ♣♦t❡♥❝✐❛❧✐❞❛❞ ②

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

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

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

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

❞❡ ❛❧❝❛♥③❛r ❧♦s ♠❡❥♦r❡s r❡s✉❧t❛❞♦s ❞❡ ♠❛♥❡r❛ r♦❜✉st❛✳ ❉❡ ❧❛s ♣r✉❡❜❛s r❡❛❧✐③❛❞❛s ② ❞❡❧

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

❞❛❞♦ q✉❡ ❤❛ ❛❧❝❛♥③❛❞♦ ♠✉② ❜✉❡♥♦s r❡s✉❧t❛❞♦s ❝♦♥ ♣♦❝♦ ✉s♦ ❞❡ ❈P❯ s♦❜r❡ ✐♥st❛♥❝✐❛s ❞❡

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

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

❝❛♥③❛r ❜✉❡♥♦s r❡s✉❧t❛❞♦s✱ ❡♥tr❡ ❧❛ ♠❡t❛❤❡✉ríst✐❝❛ ❱◆❙ ❝♦♥ ●❘❆❙P ② P❛t❤ ❘❡❧✐♥❦✐♥❣✳ ❊♥

❜❛s❡ ❛ ❧❛s ♣r✉❡❜❛s ❡❢❡❝t✉❛❞❛s✱ ❡❧ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í❜r✐❞♦ ❤❛ ❛❧❝❛♥③❛❞♦ r❡s✉❧t❛❞♦s ❝♦♠♣❡✲

t✐t✐✈♦s ✭s❡ ❛❧❝❛♥③❛r♦♥ ❧♦s ✈❛❧♦r❡s ó♣t✐♠♦s ❡♥ ✷✵ ❞❡ ✷✺ ✐♥st❛♥❝✐❛s ② ❡♥ ✸ ❞❡ ❧❛s ✐♥st❛♥❝✐❛s

r❡st❛♥t❡s ❛❧❝❛♥③❛ ✉♥❛ ❜r❡❝❤❛ ♥♦ s✉♣❡r✐♦r ❛❧ ✶✳✽✪✮✱ ❝♦♥ ❜❛❥❛ ✈❛r✐❛❜✐❧✐❞❛❞ ❞❡ r❡s✉❧t❛❞♦s

s♦❜r❡ ❞✐❢❡r❡♥t❡s ❝♦rr✐❞❛s ✭❡♥ ❧❛s ❝♦rr✐❞❛s r❡❛❧✐③❛❞❛s s♦❜r❡ ✽ ✐♥st❛♥❝✐❛s✱ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡

♦❝✉rr❡♥❝✐❛ ❞❡❧ ✈❛❧♦r ó♣t✐♠♦ ❢✉❡ s✉♣❡r✐♦r ❛❧ ✾✺✪✮ ✉s❛♥❞♦ ♣♦❝♦ t✐❡♠♣♦ ❞❡ ❈P❯ ✭❡❧ t✐❡♠✲

♣♦ ❞❡ ❈P❯ ♣r♦♠❡❞✐♦ ♥♦ s✉♣❡ró ❡❧ ✻✵✪ ❞❡❧ ♠á①✐♠♦ ❞✐s♣✉❡st♦✮✱ ❡♥tr❡ ♦tr♦s✳ ❊s ♣♦r ❡❧❧♦

q✉❡ ❧❛ ❤✐❜r✐❞✐③❛❝✐ó♥ ❞❡ ❱◆❙ ❛ tr❛✈és ❞❡ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ✭❝♦♥ ✐♥❢♦r♠❛❝✐ó♥

❞❡ ❝♦rt♦ ♣❧❛③♦✮ ♠❡❞✐❛♥t❡ ●❘❆❙P✱ ❧❛ r❡✉t✐❧✐③❛❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ♠❡❥♦r❛❞❛s ♣♦r ❱◆❙ ❛

tr❛✈és ❞❡ P❛t❤ ❘❡❧✐♥❦✐♥❣ ❝♦♠♦ ♥✉❡✈♦ ♠❡❝❛♥✐s♠♦ ❞❡ ♠❡❥♦r❛ ② ❡❧ ♠❡❝❛♥✐s♠♦ ❞❡ r❡✐♥✐❝✐♦

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

❧❛r❣♦ ♣❧❛③♦ ✭❜❛s❛❞♦ ❡♥ ❚❛❜✉ ❙❡❛r❝❤✮ ② ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ❝♦♥ ❞✐❝❤❛ ✐♥❢♦r♠❛❝✐ó♥

♠❡❞✐❛♥t❡ ●❘❆❙P✱ ❤❛♥ s✐❞♦ ❛♣♦rt❡s ✐♠♣♦rt❛♥t❡s ♣❛r❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❱◆❙ ❛❧ ♣r♦❜❧❡♠❛

❞❡ r✉t❡♦ ❡❧❡❣✐❞♦✳ ❊❧ é①✐t♦ ❞❡ ❧❛ ❤✐❜r✐❞✐③❛❝✐ó♥ ❞❡❧ ❛❧❣♦r✐t♠♦ ❱◆❙ r❡s♣♦♥❞❡ ❜ás✐❝❛♠❡♥t❡ ❛

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

t❛♥t♦ ❡♥ ❧❛ ❢❛s❡ ❞❡ ❝♦♥str✉❝❝✐ó♥ ✭✐♥❝❧✉✐❞♦ ❡❧ r❡✐♥✐❝✐♦ ❞❡❧ ❛❧❣♦r✐t♠♦✮ ❝♦♠♦ ❡♥ ❧❛ ❞❡ ♠❡❥♦r❛✳

❋✐♥❛❧♠❡♥t❡✱ ❡s ❞❡st❛❝❛❜❧❡ ❡❧ ❜❛❥♦ ♥ú♠❡r♦ ❞❡ ♣❛rá♠❡tr♦s q✉❡ ♣♦s❡❡ ❡❧ ❛❧❣♦r✐t♠♦ ✭α ♣❛r❛

●❘❆❙P✱ |RefSet| ♣❛r❛ P❛t❤ ❘❡❧✐♥❦✐♥❣✱ ② ♥ú♠❡r♦ ❞❡ ✐t❡r❛❝✐♦♥❡s✮✱ ❞❛❞❛ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡

r❡❛❧✐③❛r ♠ás ② ♠❡❥♦r❡s ♣r✉❡❜❛s✳ ❊♥ ❜❛s❡ ❛ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ♣♦r ❡❧ ❛❧❣♦r✐t♠♦ s♦❜r❡

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

s♦❜r❡ ✐♥st❛♥❝✐❛s ♣❡q✉❡ñ❛s ② ♠❡❞✐❛♥❛s✳ ❙♦❜r❡ ✐♥st❛♥❝✐❛s ❣r❛♥❞❡s✱ r❡q✉✐❡r❡ ❞❡ ✉♥ ♠❛②♦r

t✐❡♠♣♦ ❞❡ ❈P❯ ✭❛❧ ✉s❛❞♦ s♦❜r❡ ❧❛s ♣r✉❡❜❛s✮ ♣❛r❛ ❛❧❝❛♥③❛r r❡s✉❧t❛❞♦s ❞❡ ♠❡❥♦r ❝❛❧✐❞❛❞✳



❈♦♥❝❧✉s✐♦♥❡s ✶✸✶

❘❡s♣❡❝t♦ ❛ ❧❛ t❡r❝❡r❛✱ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ❤❛♥ s✐❞♦ ♠✉② s❛t✐s❢❛❝t♦r✐♦s ✭s❡

❛❧❝❛♥③❛r♦♥ ❧♦s ✈❛❧♦r❡s ó♣t✐♠♦s ❡♥ ✷✶ ❞❡ ✷✺ ✐♥st❛♥❝✐❛s ② ❡♥ ✷ ❞❡ ❧❛s ✹ ✐♥st❛♥❝✐❛s r❡st❛♥✲

t❡s✱ ❧❛s ❜r❡❝❤❛s ♥♦ s✉♣❡r❛r♦♥ ❡❧ ✷✪✮ ❧♦ q✉❡ ❞❡ ❛❧❣✉♥❛ ♠❛♥❡r❛✱ ✈❛❧✐❞❛ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s

✐♥❝❧✉✐❞❛s ❡♥ ❡❧ ❛❧❣♦r✐t♠♦ ❇❘❑●❆ ♣r♦♣✉❡st♦✳ ❉♦s ❛s♣❡❝t♦s ❞❡s❢❛✈♦r❛❜❧❡s q✉❡ ♣r❡s❡♥t❛♥

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

❤❛❝✐❛ r❡s✉❧t❛❞♦s ❞❡ ❝❛❧✐❞❛❞✳ ❉❡ ❧❛s ♣r✉❡❜❛s ❡❢❡❝t✉❛❞❛s✱ ♥✐♥❣✉♥❛ ❞❡ ❡st❛s ❝❛r❛❝t❡ríst✐❝❛s

❡stá ♣r❡s❡♥t❡ ❡♥ ❡❧ ❛❧❣♦r✐t♠♦ ❇❘❑●❆✱ ❞❛❞♦ q✉❡ ést❡ ❧♦❣r❛ ✉♥❛ ❜❛❥❛ ✈❛r✐❛❜✐❧✐❞❛❞ ❞❡ r❡✲

s✉❧t❛❞♦s ✭❡♥ ✶✾ ✐♥st❛♥❝✐❛s✱ ❧❛ ❞✐st❛♥❝✐❛ t♦t❛❧ ♣r♦♠❡❞✐♦ ❡♥ ❝❛❞❛ ❝❛s♦ ❛❧❝❛♥③❛ ✉♥❛ ❜r❡❝❤❛

✐♥❢❡r✐♦r ❛❧ ✺✪✮✱ ② ❣r❛♥ r❛♣✐❞❡③ ❡♥ ❧❛ ♦❜t❡♥❝✐ó♥ ❞❡ ❧♦s ♠❡❥♦r❡s r❡s✉❧t❛❞♦s ✭❡♥ ❣❡♥❡r❛❧✱ ❡❧

t✐❡♠♣♦ ❞❡ ❈P❯ ✉t✐❧✐③❛❞♦ ♥♦ s✉♣❡ró ❡❧ ✻✵✪ ❞❡❧ ♠á①✐♠♦ t✐❡♠♣♦ ❛s✐❣♥❛❞♦✮✳ ❊st♦ ❢✉❡ ♣♦✲

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

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

❝r✉③❛♠✐❡♥t♦ rá♣✐❞♦ ❞❡ s♦❧✉❝✐♦♥❡s ✭❞❡ t✐♣♦ ❊❧✐t❡ ② ◆♦✲❊❧✐t❡✮ ♠❡❞✐❛♥t❡ ❧❛ ❝♦❞✐✜❝❛❝✐ó♥ ❞❡

s♦❧✉❝✐♦♥❡s ❈❆❘P ❡♥ ❝❛❞❡♥❛s ❞❡ ❝❧❛✈❡s ❛❧❡❛t♦r✐❛s✱ ❧❛ ♠❡❥♦r❛ ❞❡ s♦❧✉❝✐♦♥❡s ♠❡❞✐❛♥t❡ ❡❧ ✉s♦

❞❡ ❧✐st❛ ❞❡ ✈❡❝✐♥♦s ② ♦♣❡r❛❞♦r❡s ❞❡ ❜úsq✉❡❞❛ ❧♦❝❛❧ ❛♣❧✐❝❛❞♦s s♦❜r❡ ❞♦s t✐♣♦s ❞❡ ❡♥t♦r✲

♥♦s ✭✉♥♦ ♣♦r ❝❛❞❛ ♥✉❡✈♦ ✐♥❞✐✈✐❞✉♦ ♦❜t❡♥✐❞♦ ♣♦r ❝r✉③❛♠✐❡♥t♦✮ ② ❡❧ r❡✐♥✐❝✐♦ ♣❡r✐ó❞✐❝♦ ❞❡❧

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

❛❧❣♦r✐t♠♦ ❇❘❑●❆ ❞❡s❛rr♦❧❧❛❞♦ ❡♥ ✉♥❛ ♣r♦♣✉❡st❛ ✐♥t❡r❡s❛♥t❡ ❛ s❡r ❝♦♥s✐❞❡r❛❞❛ ♠ás ❛❧❧❛

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

❡❢❡❝t✉❛❞❛s✱ ❝♦♥s✐❞❡r❛♠♦s ❡st❛ ♣r♦♣✉❡st❛ ❝♦♠♣❡t✐t✐✈❛ ✭❛❧ ✐❣✉❛❧ q✉❡ ❡❧ ❛❧❣♦r✐t♠♦ ❱◆❙ ❤í✲

❞r✐❞♦✮ s♦❜r❡ ✐♥st❛♥❝✐❛s ♠❡❞✐❛♥❛s ② ♣❡q✉❡ñ❛s✳ ❊♥ ✐♥st❛♥❝✐❛s ❞❡ ♠❛②♦r t❛♠❛ñ♦✱ ♣r❡❝✐s❛ ✉♥

♠❛②♦r t✐❡♠♣♦ ❞❡ ❈P❯ q✉❡ ❧❛s ❞♦s ♣r♦♣✉❡st❛s ❛♥t❡r✐♦r❡s ♣❛r❛ ❧♦❣r❛r r❡s✉❧t❛❞♦s ❞❡ ♠❡❥♦r

❝❛❧✐❞❛❞✳

❊s ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r q✉❡ t❛♥t♦ ❍❇▼❖ ❝♦♠♦ ❇❘❑●❆ ♥♦ ❤❛❜í❛♥ s✐❞♦ ❛♣❧✐❝❛❞❛s

♣r❡✈✐❛♠❡♥t❡ ❛❧ ❈❆❘P✳

❚❛♠❜✐é♥ s❡ ❝♦♠♣❛r❛r♦♥ ❧♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥③❛❞♦s ♣♦r ❧♦s tr❡s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s

❝♦♥ ❧♦s ❞❡❧ ❚❛❜✉ ❙❡❛r❝❤ ❞❡ ❍❡rt③ ❡t ❛❧✳❬✻✺❪✱ ❚❛❜✉ ❙❡❛r❝❤ ❞❡ ❇r❛♥❞ã♦ ② ❊❣❧❡s❡ ❬✶✻❪✱ ❆❈❖

❞❡ ▲❛❝♦♠♠❡ ❡t ❛❧✳❬✼✽❪ ② ❆❧❣♦r✐t♠♦s ▼❡♠ét✐❝♦s ❞❡ ▲❛❝♦♠♠❡ ❡t ❛❧✳❬✼✻❪✳ ❊st♦s ❛❧❣♦r✐t♠♦s

❢✉❡r♦♥ t❡st❡❛❞♦s ❡♥ ❧❛s ♠✐s♠❛s ✐♥st❛♥❝✐❛s q✉❡ ❧♦s ♥✉❡str♦s ② r❡♣♦rt❛♥ ❤❛❜❡r ♦❜t❡♥✐❞♦

t❛♠❜✐é♥ ❧♦s ✈❛❧♦r❡s ó♣t✐♠♦s ❡♥ ❧❛ ♠❛②♦r ♣❛rt❡ ❞❡ ❞✐❝❤♦s ❝❛s♦s✳



✶✸✷ ❈❛♣ít✉❧♦ ✼✳ ❈♦♥❝❧✉s✐♦♥❡s ② ❚r❛❜❛❥♦ ❋✉t✉r♦

✼✳✷✳ ❚r❛❜❛❥♦ ❢✉t✉r♦

❊❧ tr❛❜❛❥♦ ❢✉t✉r♦ ❡stá ❞❡✜♥✐❞♦ ❡♥ tr❡s ❧í♥❡❛s ❞❡ ❛❝❝✐ó♥✱ ❧❛s ❝✉❛❧❡s s❡ ❡s♣❡r❛♥ ❝♦♥❝r❡t❛r

❛ ❝♦rt♦ ♣❧❛③♦✳

▲❛ ♣r✐♠❡r❛ ❝♦♥s✐st❡ ❡♥ ❧❛ ♠❡❥♦r❛ ❞❡ ❞❡t❡r♠✐♥❛❞♦s ❛s♣❡❝t♦s ❞❡ ❧♦s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡s✲

t♦s✳ ❘❡s♣❡❝t♦ ❛ ❍❇▼❖✱ ❧❛ ✐♥❝♦r♣♦r❛❝✐ó♥ ❞❡ ♦tr♦s ♦♣❡r❛❞♦r❡s ❞❡ ❝r✉③❛♠✐❡♥t♦ ❜❛s❛❞♦s ❡♥

❆❧❣♦r✐t♠♦s ●❡♥ét✐❝♦s ② ❙❝❛tt❡r ❙❡❛r❝❤ ♣♦r ❡❥❡♠♣❧♦✱ ♣❡r♠✐t✐rí❛♥ ✉♥❛ ♠❛②♦r ✈❛r✐❡❞❛❞ ❞❡❧

t✐♣♦ ❞❡ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s ❛ s❡r ♠❡❥♦r❛❞❛s✳ ❘❡s♣❡❝t♦ ❛ ❱◆❙✱ ✉♥ ✉s♦ ♠ás ✐♥t❡♥s✐✈♦ ❞❡ ❞✐✲

❢❡r❡♥t❡s ♠❡♠♦r✐❛s ❞❡ ❧❛r❣♦ ♣❧❛③♦ ♣♦❞rí❛♥ ♣❡r♠✐t✐r ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s s✐❣✉✐❡♥❞♦

❞✐❢❡r❡♥t❡s ♣r♦♣✉❡st❛s q✉❡ ❛②✉❞❡♥ ❛ ❛❧❝❛♥③❛r ♠❡❥♦r❡s r❡s✉❧t❛❞♦s ❡♥ ♠❡♥♦r t✐❡♠♣♦✳ ❆ s✉

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

♠♦✳ ❘❡s♣❡❝t♦ ❛ ❇❘❑●❆✱ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s ✐♥✐❝✐❛❧❡s ❝♦♥ ❞✐❢❡r❡♥t❡s ❛❧❣♦r✐t♠♦s

♣❡r♠✐t✐rí❛ ✉♥❛ ❡①♣❧♦r❛❝✐ó♥ ✭♣♦st❡r✐♦r✮ ♠ás ✈❛r✐❛❞❛ ❞❡❧ ❡s♣❛❝✐♦ ❞❡ s♦❧✉❝✐♦♥❡s✳ ❆sí t❛♠❜✐é♥✱

❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ♠❡❞✐r ❧❛ ❞✐✈❡rs✐❞❛❞ ❡♥ ❧❛s s♦❧✉❝✐♦♥❡s✱ ♣✉❡❞❡ ❝♦♥tr✐❜✉✐r ❛ ✉♥❛ ♠❡❥♦r s❡❧❡❝✲

❝✐ó♥ ❞❡ s♦❧✉❝✐♦♥❡s✱ t❛♥t♦ ❡♥ ❧❛ ❣❡♥❡r❛❝✐ó♥ ✐♥✐❝✐❛❧ ❞❡ ❧❛s ♠✐s♠❛s ❝♦♠♦ ❡♥ ❧❛ s❡❧❡❝❝✐ó♥ ②✴♦

r❡❡♠♣❧❛③♦ ❞❡ ✐♥✈✐❞✉♦s ✐♥✈♦❧✉❝r❛❞♦s ❡♥ ❡❧ ❝r✉③❛♠✐❡♥t♦✱ ❧♦ ❝✉❛❧ r❡❞✉♥❞❛rí❛ ❡♥ ✉♥❛ r❡❞✉❝❝✐ó♥

❞❡❧ t✐❡♠♣♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳

▲❛ s❡❣✉♥❞❛ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❝♦♥ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧♦s ❛❧❣♦r✐t♠♦s ♣r♦♣✉❡st♦s ❛ ❝❛✲

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

❯♥✐✈❡rs✐❞❛❞ ✭♠❡❞✐❛♥t❡ ♣r♦②❡❝t♦s ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥✮ ② ♦r❣❛♥✐s♠♦s ♦ ❡♠♣r❡s❛s ❞❡❧ ♠❡❞✐♦✳

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

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

❡♥ t❡♠❛s ❡s♣❡❝í✜❝♦s✱ ❡♥tr❡ ♦tr❛s ❛❝❝✐♦♥❡s✳ ❈♦♠♦ ❝♦♥tr❛♣❛rt✐❞❛✱ t❛♠❜✐é♥ ❜r✐♥❞❛ ❧❛ ♣♦s✐✲

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

❞❡s❞❡ ❡❧ á♠❜✐t♦ ❛❝❛❞é♠✐❝♦✳

▲❛ t❡r❝❡r❛ ❡stá r❡❢❡r✐❞❛ ❛ ❧❛s ❡①t❡♥s✐♦♥❡s ❞❡ ❈❆❘P✳ ❆ ♣❛rt✐r ❞❡❧ ❡st✉❞✐♦ r❡❛❧✐③❛❞♦ s♦❜r❡

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

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

♠❡r❝❛❞❡rí❛✱ ❧✐♠♣✐❡③❛ ❞❡ ❝❛❧❧❡s✱ ♠❡❞✐❝✐ó♥ ❞❡ ♠❡❞✐❞♦r❡s ❡❧é❝tr✐❝♦s✱ ❡t❝✮✱ s❡ ♣r❡✈❡❡ ❛❞❛♣t❛r

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

s✐❞❡r❛r ♠ú❧t✐♣❧❡s ❞❡♣ós✐t♦s✱ ♣✉♥t♦s ✐♥t❡r♠❡❞✐♦s ❞❡ ❝❛r❣❛✴❞❡s❝❛r❣❛✱ ✈❡♥t❛♥❛s ❞❡ t✐❡♠♣♦

♣❛r❛ ❛t❡♥❞❡r ❧♦s s❡r✈✐❝✐♦s r❡q✉❡r✐❞♦s ♣♦r ♠❡♥❝✐♦♥❛r só❧♦ ❛❧❣✉♥❛s ❡①t❡♥s✐♦♥❡s✱ ♣❡r♠✐t✐rí❛♥



❚r❛❜❛❥♦ ❢✉t✉r♦ ✶✸✸

r❡s♦❧✈❡r ❞❡ ♠❛♥❡r❛ ❡✜❝✐❡♥t❡ ② rá♣✐❞❛✱ ❧♦s ♣r♦❜❧❡♠❛s q✉❡ ❝♦♠✉♥♠❡♥t❡ t✐❡♥❡♥ ❧❛s ❡♠♣r❡✲

s❛s✴♦r❣❛♥✐③❛❝✐♦♥❡s r❡❧❛❝✐♦♥❛❞❛s ❝♦♥ ❧❛ ♣❧❛♥✐✜❝❛❝✐ó♥ ❞❡ r✉t❛s✳
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❬✶❪ ❆❜❜❛ss✱ ❍✳ ❆✳ ▼❇❖✿ ▼❛rr✐❛❣❡ ✐♥ ❤♦♥❡② ❜❡❡s ♦♣t✐♠✐③❛t✐♦♥✿ ❆ ❤❛♣❧♦♠❡tr♦s✐s

♣♦❧②❣②♥♦✉s s✇❛r♠✐♥❣ ❛♣♣r♦❛❝❤✳ ❈♦♥❣r❡ss ♦♥ ❊✈♦❧✉t✐♦♥❛r② ❈♦♠♣✉t❛t✐♦♥ ✭✷✵✵✶✮✱

✷✵✼✕✷✶✹✳

❬✷❪ ❆❢s❤❛r✱ ❆✳✱ ❍❛❞❞❛❞✱ ❇✳✱ ▼❛r✐ñ♦✱ ▼✳✱ ❛♥❞ ❆❞❛♠s✱ ❇✳ ❍♦♥❡②✲❜❡❡ ♠❛t✐♥❣

♦♣t✐♠✐③❛t✐♦♥ ✭❍❇▼❖✮ ❛❧❣♦r✐t❤♠ ❢♦r ♦♣t✐♠❛❧ r❡s❡r✈♦✐r ♦♣❡r❛t✐♦♥✳ ❏♦✉r♥❛❧ ♦❢ t❤❡

❋r❛♥❦❧✐♥ ■♥st✐t✉t❡ ✸✹✹ ✭✷✵✵✼✮✱ ✹✺✷✕✹✻✷✳

❬✸❪ ❆❤✉❥❛✱ ❘✳✱ ❖r❧✐♥✱ ❏✳✱ ❛♥❞ ❚✐✇❛r✐✱ ❆✳ ❆ ❣r❡❡❞② ❣❡♥❡t✐❝ ❛❧❣♦r✐t❤♠ ❢♦r t❤❡

q✉❛❞r❛t✐❝ ❛ss✐❣♥♠❡♥t ♣r♦❜❧❡♠✳ ❈♦♠♣✉t❡rs ❛♥❞ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤ ✷✼ ✭✷✵✵✵✮✱

✾✶✼✕✾✸✹✳

❬✹❪ ❆✐❡①✱ ❘✳✱ ❇✐♥❛t♦✱ ❙✳✱ ❛♥❞ ❘❡s❡♥❞❡✱ ▼✳ P❛r❛❧❧❡❧ ●❘❆❙P ✇✐t❤ P❛t❤ ❘❡❧✐♥❦✐♥❣

❢♦r ❥♦❜ s❤♦♣ s❝❤❡❞✉❧✐♥❣✳ P❛r❛❧❧❡❧ ❈♦♠♣✉t✐♥❣ ✷✾ ✭✷✵✵✸✮✱ ✸✾✸✕✹✸✵✳

❬✺❪ ❆❧✈❛r❡③✱ ❘✳✱ ❈♦r❜❡rá♥✱ ❆✳✱ ❛♥❞ ❚❛♠❛r✐t✱ ❏✳ ▲❛ ❝♦♠❜✐♥❛t♦r✐❛ ♣♦❧✐é❞r✐❝❛ ② ❡❧

♣r♦❜❧❡♠❛ ❞❡❧ ✈✐❛❥❛♥t❡✳ ❆♣❧✐❝❛❝✐ó♥ ❛❧ ❝❛s♦ ❞❡ ❝✐❡♥t♦ tr❡s ❝✐✉❞❛❞❡s ❡s♣❛ñ♦❧❛s✳ ◗ü❡st✐ó

✾✲✸ ✭✶✾✽✺✮✱ ✶✾✾✕✷✶✸✳

❬✻❪ ❆❧✈❛r❡③✲❱❛❧❞és✱ ❘✳✱ P❛r❛❥ó♥✱ ❆✳✱ ❛♥❞ ❚❛♠❛r✐t✱ ❏✳ ❆ ❚❛❜✉ ❙❡❛r❝❤ ❛❧❣♦✲

r✐t❤♠ ❢♦r ❧❛r❣❡✲s❝❛❧❧❡ ❣✉✐❧❧♦t✐♥❡ ✭✉♥✮❝♦♥str❛✐♥❡❞ t✇♦✲❞✐♠❡♥s✐♦♥❛❧ ❝✉tt✐♥❣ ♣r♦❜❧❡♠s✳

❈♦♠♣✉t❡rs ❛♥❞ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤ ✷✾ ✭✷✵✵✷✮✱ ✾✷✺✕✾✹✼✳

❬✼❪ ❆♠❛②❛✱ ❆✳✱ ▲❛♥❣❡✈✐♥✱ ❆✳✱ ❛♥❞ ❚r❡♣❛♥✐❡r✱ ▼✳ ❚❤❡ ❝❛♣❛❝✐t❛t❡❞ ❛r❝ r♦✉t✐♥❣

♣r♦❜❧❡♠ ✇✐t❤ r❡✜❧❧ ♣♦✐♥ts✳ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤ ▲❡tt❡rs ✸✺✲✶ ✭✷✵✵✼✮✱ ✹✺✕✺✸✳

❬✽❪ ❆♠❜❡r❣✱ ❆✳✱ ❉♦♠s❝❤❦❡✱ ❲✳✱ ❛♥❞ ❱♦ss✱ ❙✳ ▼✉❧t✐♣❧❡ ❝❡♥t❡r ❝❛♣❛❝✐t❛t❡❞ ❛r❝ r♦✉✲

t✐♥❣ ♣r♦❜❧❡♠s✿ ❆ ❚❛❜✉ ❙❡❛r❝❤ ❛❧❣♦r✐t❤♠ ✉s✐♥❣ ❝❛♣❛❝✐t❛t❡❞ tr❡❡s✳ ❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧

♦❢ ❖♣❡r❛t✐♦♥❛❧ ❘❡s❡❛r❝❤ ✶✷✹ ✭✷✵✵✵✮✱ ✸✻✵✕✸✼✻✳
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❬✾❪ ❆♣♣❧❡❣❛t❡✱ ❉✳✱ ❇✐①❜②✱ ❘✳✱ ❈❤✈át❛❧✱ ❱✳✱ ❛♥❞ ❈♦♦❦✱ ❲✳ ❚❤❡ ❚r❛✈❡❧❧✐♥❣ ❙❛✲

❧❡s♠❛♥ Pr♦❜❧❡♠✿ ❛ ❝♦♠♣✉t❛t✐♦♥❛❧ st✉❞②✳ Pr✐♥❝❡t♦♥ ❯♥✐✈❡rs✐t② Pr❡ss✱ ◆❡✇ ❏❡rs❡②✱

✷✵✵✼✳

❬✶✵❪ ❇❡❛♥✱ ❏✳ ●❡♥❡t✐❝ ❛❧❣♦r✐t❤♠s ❛♥❞ r❛♥❞♦♠ ❦❡②s ❢♦r s❡q✉❡♥❝✐♥❣ ❛♥❞ ♦♣t✐♠✐③❛t✐♦♥✳

❖❘❙❆ ❏♦✉r♥❛❧ ♦♥ ❈♦♠♣✉t✐♥❣ ✻ ✭✶✾✾✹✮✱ ✶✺✹✕✶✻✵✳

❬✶✶❪ ❇❡❧❡♥❣✉❡r✱ ❏✳✱ ❛♥❞ ❇❡♥❛✈❡♥t✱ ❊✳ ❆ ❈✉tt✐♥❣ P❧❛♥❡ ❛❧❣♦r✐t❤♠ ❢♦r t❤❡ ❝❛♣❛❝✐t❛✲

t❡❞ ❛r❝ r♦✉t✐♥❣ ♣r♦❜❧❡♠✳ ❈♦♠♣✉t❡rs ❛♥❞ ❖♣❡r❛t✐♦♥s ❘❡s❡❛r❝❤ ✸✵ ✭✷✵✵✸✮✱ ✼✵✺✕✼✷✵✳

❬✶✷❪ ❇❡❧♦✈✱ ●✳✱ ❛♥❞ ❙❝❤❡✐t❤❛✉❡r✱ ●✳ ❆ ❜r❛♥❝❤✲❛♥❞✲❝✉t✲❛♥❞✲♣r✐❝❡ ❛❧❣♦r✐t❤♠ ❢♦r ♦♥❡✲

❞✐♠❡♥s✐♦♥❛❧ st♦❝❦ ❝✉tt✐♥❣ ❛♥❞ t✇♦✲❞✐♠❡♥s✐♦♥❛❧ t✇♦✲st❛❣❡ ❝✉tt✐♥❣✳ ❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧

♦❢ ❖♣❡r❛t✐♦♥❛❧ ❘❡s❡❛r❝❤ ✶✼✶ ✭✷✵✵✻✮✱ ✽✺✕✶✵✻✳

❬✶✸❪ ❇❡♥❛✈❡♥t✱ ❊✳✱ ❈❛♠♣♦s✱ ❱✳✱ ❈♦r❜❡rá♥✱ ❆✳✱ ❛♥❞ ▼♦t❛✱ ❊✳ ❚❤❡ ❝❛♣❛❝✐t❛t❡❞
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