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❈❛✉r❛♥❛ ② ◆❛r❛✐♥ ❬✸❪✶✳ ❊st❛ ❝rít✐❝❛ ♣❧❛♥t❡❛ q✉❡ ❡♥ ❜✉❡♥♦s t✐❡♠♣♦s ❡❧ r✐❡s❣♦ ❞❡
❝ré❞✐t♦✱ ♠❡❞✐❞♦ ♣♦r ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ✐♥❝✉♠♣❧✐♠✐❡♥t♦ ✭♣r♦❜❛❜✐❧✐t② ♦❢ ❞❡❢❛✉❧t✮✱ s❡rá
❜❛❥♦✱ ❛❧ ✐❣✉❛❧ q✉❡ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡ ❝❛♣✐t❛❧✱ q✉❡ ❡♥ ❡❧ ♥❛❝ ❡stá♥ ♠ás ❧✐❣❛❞♦s
❛❧ r✐❡s❣♦✳ ❊♥ ❝♦♥tr❛st❡✱ ❡♥ ♠❛❧♦s t✐❡♠♣♦s✱ ❧❛s ❡♥t✐❞❛❞❡s ✜♥❛♥❝✐❡r❛s ❡♥❢r❡♥t❛rá♥
♠❛②♦r❡s ♥❡❝❡s✐❞❛❞❡s ❞❡ ❝❛♣✐t❛❧✱ ❧♦ q✉❡ ♣♦❞rí❛ t❡♥❡r ✉♥ ❡❢❡❝t♦ ✐♥❞❡s❡❛❜❧❡ ❡♥ ❧❛
❡❝♦♥♦♠í❛ s✐ ❧❛s ❡✐❢ r❡str✐♥❣❡♥ ❡❧ ❝ré❞✐t♦ ❝✉❛♥❞♦ ❡s ♠ás ♥❡❝❡s❛r✐♦ ✭❙❛✉r✐♥❛ ② P❡rs❛✉❞
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▲❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s t✐❡♥❡♥ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❝♦rr❡❣✐r ❡st❛ ✐♠♣❡r❢❡❝✐ó♥ ❞❡ ❧♦s
♠❡r❝❛❞♦s ✜♥❛♥❝✐❡r♦s ♣♦r ❧❛ q✉❡ ❧♦s r✐❡s❣♦s s♦♥ s✉❜❡st✐♠❛❞♦s ❡♥ t✐❡♠♣♦s ❞❡ ♣r♦s✲
♣❡r✐❞❛❞ ✜♥❛♥❝✐❡r❛ ② s♦❜r❡❡st✐♠❛❞♦s ❡♥ ♠❛❧♦s t✐❡♠♣♦s ✭▼❛rtí♥❡③ ❡t ❛❧✳✱ ❬✾❪✮✳ ❈♦♥❝r❡✲
t❛♠❡♥t❡✱ ②❛ q✉❡ ❧♦s r✐❡s❣♦s ❧❛t❡♥t❡s ❞❡❧ ♣❡r✐♦❞♦ ❡①♣❛♥s✐✈♦ s❡ ♠❛t❡r✐❛❧✐③❛♥ ❝✉❛♥❞♦
❡❧ ❡♥t♦r♥♦ ❡❝♦♥ó♠✐❝♦ s❡ t♦r♥❛ ❞❡s❢❛✈♦r❛❜❧❡✱ s❡ ❝♦♥s✐❞❡r❛ ♣r✉❞❡♥t❡ q✉❡ ❧❛s ❡✐❢ ❛♣r♦✲
✈✐s✐♦♥❡♥ ♠ás ❡♥ é♣♦❝❛s ❡①♣❛♥s✐✈❛s✱ ❞❡ ♠❛♥❡r❛ q✉❡ ❡♥ ❡t❛♣❛s ❞❡ ❞❡s❝❡♥s♦ ❡❧ ❡❢❡❝t♦
s♦❜r❡ ❧♦s r❡s✉❧t❛❞♦s ✜♥❛♥❝✐❡r♦s ♥♦ s❡❛ ❞rást✐❝♦✱ ❝♦♠♣❡♥s❛♥❞♦ ❛❞❡♠ás ❡❧ ❡❢❡❝t♦ ♣r♦✲
❝í❝❧✐❝♦ ❞❡❧ ❝❛♣✐t❛❧✸✳

❖tr♦s ❛✉t♦r❡s s♦st✐❡♥❡♥ t❛♠❜✐é♥ q✉❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ✐♥❝❡♥t✐✈❛♥ ❛ ❧❛s
❡♥t✐❞❛❞❡s ✜♥❛♥❝✐❡r❛s ❛ ❞❡s❛rr♦❧❧❛r ♠♦❞❡❧♦s ✐♥t❡r♥♦s✱ ❝♦♥ ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ❝❛❧❝✉❧❛r
s✉s ♣r❡✈✐s✐♦♥❡s ❬✶✷❪✳ ❆ ✉♥ ♥✐✈❡❧ ♠❛❝r♦❡❝♦♥ó♠✐❝♦✱ s❡ ❤❛ s✉❣❡r✐❞♦ ❛❞❡♠ás q✉❡ ❧❛s
♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ♣✉❡❞❡♥ ❛❝t✉❛r ❝♦♠♦ ❡st❛❜✐❧✐③❛❞♦r❡s ❛✉t♦♠át✐❝♦s ✭❏❛r❛ ❬✽❪✮✳

❉❡s❞❡ ❧❛ ♣❡rs♣❡❝t✐✈❛ ❞❡❧ r❡❣✉❧❛❞♦r✱ ❛❧ ♠♦♠❡♥t♦ ❞❡ ✐♥tr♦❞✉❝✐r ❡♥ ❧❛ ♣rá❝t✐❝❛ ❧❛s
♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s q✉❡ ❞❡❜❡rí❛♥ ❝♦♥st✐t✉✐r ❧❛s ❡♥t✐❞❛❞❡s ✜♥❛♥❝✐❡r❛s✱ ❡s ♥❡❝❡s❛r✐♦
✭✶✮ ❝á❧❝✉❧❛r ❧♦s ♠♦♥t♦s ❞❡ ♣r❡✈✐s✐♦♥❡s q✉❡ ❞❡❜❡rí❛♥ r❡q✉❡r✐rs❡ ② ✭✷✮ ❞❡t❡r♠✐♥❛r ❧❛
t❡♠♣♦r✐③❛❝✐ó♥ ❞❡ ❧❛s ♣r❡✈✐s✐♦♥❡s r❡s♣❡❝t♦ ❛❧ ❝✐❝❧♦ ❡❝♦♥ó♠✐❝♦ ✭✐✳❡✳ ❧♦s ♠♦♠❡♥t♦s ❞❡
❛❝✉♠✉❧❛❝✐ó♥ ② ✉t✐❧✐③❛❝✐ó♥ ❞❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s✮✳ ❊♥ ❡st❡ ❛rtí❝✉❧♦ s❡ ❞❡s❝r✐❜❡
✉♥ ♠ét♦❞♦ s❡♥❝✐❧❧♦ ♣❛r❛ ❝❛❧❝✉❧❛r ② t❡♠♣♦r✐③❛r ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s✿

✶✳ ❙❡ ❝❛❧❝✉❧❛ ✉♥ r❛t✐♦ ✐❣✉❛❧ ❛❧ ♣r♦❞✉❝t♦ ❞❡❧ ✈❡❝t♦r ❞❡ ♣r❡✈✐s✐♦♥❡s ❡s♣❡❝í✜❝❛s ♣♦r
❧❛ ♣r♦♣♦r❝✐ó♥ ❞❡ ❝❛rt❡r❛ ❡♥ ❝❛❞❛ ❝❛t❡❣♦rí❛ ❞❡ r✐❡s❣♦✳ ❊st❡ r❛t✐♦ s❡ ❝❛❧❝✉❧❛
♣❛r❛ ❝❛❞❛ ♠♦♠❡♥t♦ ❡♥ ❡❧ t✐❡♠♣♦ ② ♣❛r❛ ❝❛❞❛ ❡♥t✐❞❛❞ ✜♥❛♥❝✐❡r❛✳

✶❈❛✉r❛♥❛ ② ◆❛r❛✐♥ ❬✸❪ ♣❧❛♥t❡❛♥ t❛♠❜✐é♥ q✉❡ ❧❛ r❡❣✉❧❛❝✐ó♥ ❞❡❧ ❝❛♣✐t❛❧ s❡❣ú♥ ❡❧ r✐❡s❣♦ ♥♦ ❡s ❧❛
ú♥✐❝❛ ❢✉❡♥t❡ ❞❡ ♣r♦❝✐❝❧✐❝✐❞❛❞✿ ❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ s✐♠✉❧tá♥❡❛ ❞❡ ✉♥ s✐st❡♠❛ ❝♦♥t❛❜❧❡ ❞❡ ✈❛❧♦r❛❝✐ó♥
❛ ♣r❡❝✐♦s ❞❡ ♠❡r❝❛❞♦ t❛♠❜✐é♥ ♣♦❞rí❛ ❝♦♥tr✐❜✉✐r ❛ ❣❡♥❡r❛r❧❛✳

✷❙✐♥ ❡♠❜❛r❣♦ ❡❧ ◆✉❡✈♦ ❆❝✉❡r❞♦ ❞❡ ❈❛♣✐t❛❧ ❝♦♥t✐❡♥❡ ♠❡❝❛♥✐s♠♦s q✉❡ ♣r❡t❡♥❞❡♥ ❛♠✐♥♦r❛r ❡st❛
♣r♦❝✐❝❧✐❞❛❞✿ s✐ ❜✐❡♥ ❡❧ ❤♦r✐③♦♥t❡ t❡♠♣♦r❛❧ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡st✐♠❛r ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ✐♥❝✉♠♣❧✐♠✐❡♥t♦
❡s ✉♥ ❛ñ♦✱ s❡ ❡s♣❡r❛ q✉❡ ❧❛s ❡✐❢ ✉t✐❧✐❝❡♥ ✉♥ ❤♦r✐③♦♥t❡ ♠ás ❧❛r❣♦ ♣❛r❛ r❡❛❧✐③❛r s✉s ❝❛❧✐✜❝❛❝✐♦♥❡s ❞❡
r✐❡s❣♦✱ ♣r❡❢❡r✐❜❧❡♠❡♥t❡ s♦❜r❡ t♦❞♦ ✉♥ ❝✐❝❧♦ ❡❝♦♥ó♠✐❝♦✳ ❆ ♣❡s❛r ❞❡ ❡st♦s ♠❡❝❛♥✐s♠♦s✱ ❡s ❡✈✐❞❡♥t❡
q✉❡ ✉♥ ❝✐❡rt♦ ❣r❛❞♦ ❞❡ ♣r♦❝✐❝❧✐❞❛❞ ❡s ✐♥❡✈✐t❛❜❧❡ ② ❛♣r♦♣✐❛❞♦ s✐ ❡❧ ❝❛♣✐t❛❧ ❞❡ ✉♥❛ ❡✐❢ s❡ r❡❧❛❝✐♦♥❛
♠ás ❝❡r❝❛♥❛♠❡♥t❡ ❝♦♥ ❧♦s r✐❡s❣♦s ❡♥ q✉❡ ✐♥❝✉rr❡ ✭❙❛✉r✐♥❛ ② P❡rs❛✉❞ ❬✶✵❪✮✳

✸❊st❡ ú❧t✐♠♦ ❛s♣❡❝t♦ ❤❛❝❡ q✉❡ s❡ ❞❡s✐❣♥❡ ♥♦r♠❛❧♠❡♥t❡ ❛ ❡st❡ ♣r❡✈✐s✐♦♥❡s ❝♦♠♦ ❛♥t✐❝í❝❧✐❝❛s✱ s✐
❜✐❡♥ r❡❝✐❜❡♥ t❛♠❜í❡♥ ♦tr❛s ❞❡♥♦♠✐♥❛❝✐♦♥❡s✳ ❱é❛s❡ ❧❛ s❡❝❝✐ó♥ ✷✳

✸



✷✳ ❊❧ r❛t✐♦ s❡ ❝♦♥s✐❞❡r❛ ✉♥ r❡✢❡❥♦ ❞❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❤✐stór✐❝♦ ❞❡ ♠❡❥♦r❛ ②
❞❡t❡r✐♦r♦ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ❝❛rt❡r❛ ❞❡ ❝ré❞✐t♦s✱ ② s❡ ✉t✐❧✐③❛ ♣❛r❛ ❝❛❧❝✉❧❛r ❧❛
❜r❡❝❤❛ ❞❡ ♣r❡✈✐s✐♦♥❡s ✭❝í❝❧✐❝❛s✮ q✉❡ ❞❡❜❡rí❛♥ s❡r ❝♦♥st✐t✉✐❞❛s ♣❛r❛ ❛♠♦rt✐❣✉❛r
❧♦s ❡❢❡❝t♦s ❞❡ ✉♥ ❞❡s❝❡♥s♦ ✜♥❛♥❝✐❡r♦✳

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

✹✳ ▲❛ ❡✐❢ ❞❡❜❡rá ❝♦♥st✐t✉✐r ❧❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❞❡ ❛❝✉❡r❞♦ ❛ ❧♦s ♣♦r❝❡♥t❛❥❡s
♦❜t❡♥✐❞♦s✳ P♦st❡r✐♦r♠❡♥t❡✱ ❡♥ ♣❡r✐♦❞♦s ❞❡ ❞❡s❝❡♥s♦ ❞❡❧ ❝✐❝❧♦✱ ❧❛ ❡✐❢ ♣♦❞rá
✉t✐❧✐③❛r ❡st❛s ♣r❡✈✐s✐♦♥❡s ♣❛r❛ ❝✉❜r✐r ❡❧ r❡q✉❡r✐♠✐❡♥t♦ ❝r❡❝✐❡♥t❡ ❞❡ ♣r❡✈✐s✐♦♥❡s
❡s♣❡❝í✜❝❛s ② r❡❞✉❝✐r ❡❧ ❡❢❡❝t♦ ❡♥ ❧♦s r❡s✉❧t❛❞♦s ✜♥❛♥❝✐❡r♦s✳ ▲❛ t❡♠♣♦r✐③❛❝✐ó♥
❞❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❞❡♣❡♥❞❡rá ❞❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ✉♥ ✐♥❞✐❝❛❞♦r q✉❡ r❡✢❡❥❡
❧❛ ❝❛❧✐❞❛❞ ❞❡ ❝❛rt❡r❛✳

❊st❡ ♠ét♦❞♦ ❢✉❡ ❞✐s❡ñ❛❞♦ ❝♦♥ ✉♥ ❡♥❢♦q✉❡ r❡❣✉❧❛❞♦r ② ♣❛r❛ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s
❞❡❧ s✐st❡♠❛ ✜♥❛♥❝✐❡r♦ ❜♦❧✐✈✐❛♥♦✱ ♣❡r♦ ❝♦♥ ❧✐❣❡r❛s ♠♦❞✐✜❝❛❝✐♦♥❡s ♣✉❡❞❡ s❡r ❛❞❛♣t❛✲
❞♦ ❢á❝✐❧♠❡♥t❡ ❛ ♦tr♦s s✐st❡♠❛s ✜♥❛♥❝✐❡r♦s ✕♣❛rt✐❝✉❧❛r♠❡♥t❡ ❛ ❛q✉❡❧❧♦s ❡♥ ❧♦s q✉❡
s❡ ♣r❡t❡♥❞❛ ✐♠♣❧❡♠❡♥t❛r ♣♦r ♣r✐♠❡r❛ ✈❡③ ❡st❡ t✐♣♦ ❞❡ ♣r❡✈✐s✐♦♥❡s✕ ② ♣✉❡❞❡ s❡r
✉t✐❧✐③❛❞♦ t❛♠❜✐é♥ ♣♦r ✐♥st✐t✉❝✐♦♥❡s ✜♥❛♥❝✐❡r❛s ❝♦♠♦ ✉♥ ♠♦❞❡❧♦ ✐♥t❡r♥♦ ❞❡ ❝á❧❝✉❧♦
❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s✳

✷✳ ❆♥t❡❝❡❞❡♥t❡s✿ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❡♥ ♦tr♦s ♣❛ís❡s

▲❛ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s r❡❝✐❜❡♥ ❞✐❢❡r❡♥t❡s ♥♦♠❜r❡s✿ ♣r❡✈✐s✐♦♥❡s ❞✐♥á♠✐❝❛s✱ ♣r❡✲
✈✐s✐♦♥❡s ❡st❛❞íst✐❝❛s✱ ♣r❡✈✐s✐♦♥❡s ❝♦♥tr❛✲❝í❝❧✐❝❛s ♦ ♣r❡✈✐s✐♦♥❡s ♣r♦✲❝í❝❧✐❝❛s✳ ❘❡s♣❡❝t♦
❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❡st❡ t✐♣♦ ❞❡ ♣r❡✈✐s✐♦♥❡s ❡♥ ♦tr♦s ♣❛ís❡s✱ ❧❛ ❆s♦❝✐❛❝✐ó♥ ❞❡ ❇❛♥❝♦s
Pr✐✈❛❞♦s ❞❡ ❇♦❧✐✈✐❛ ✭❛s♦❜❛♥✮ r❡❝✐❡♥t❡♠❡♥t❡ r❡❛❧✐③ó ✉♥❛ ❡♥❝✉❡st❛ ❛ ❧❛s ❛s♦❝✐❛❝✐♦♥❡s
✜♥❛♥❝✐❡r❛s ❞❡ ✶✻ ♣❛ís❡s ❞❡ ❝❡♥tr♦❛♠ér✐❝❛ ② ❧❛t✐♥♦❛♠ér✐❝❛ ✭✐♥❝❧✉②❡♥❞♦ ❛ ❇♦❧✐✈✐❛✮
❛❝❡r❝❛ ❞❡ s✐ ❡♥ ❡st♦s ♣❛ís❡s ❝♦♥t❛❜❛♥ ♦ ♥♦ ❝♦♥ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❬✶✺❪✳ ❉❡ ❡st♦s
✶✻ ♣á✐s❡s✱ só❧♦ tr❡s ❛s♦❝✐❛❝✐♦♥❡s r❡s♣♦♥❞✐❡r♦♥ q✉❡ s✉s s✐st❡♠❛s ✜♥❛♥❝✐❡r♦s ❝♦♥t❛✲
❜❛♥ ❝♦♥ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s✿ ❯r✉❣✉❛② ✭❜❛❥♦ ❡❧ ♥♦♠❜r❡ ♣r❡✈✐s✐♦♥❡s ❡st❛❞íst✐❝❛s ❬✶✸❪✮✱
❈♦❧♦♠❜✐❛ ✕❞♦♥❞❡ s❡ ❛♣❧✐❝❛ ❡❧ ❝♦♥❝❡♣t♦ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❛ ❧❛ ❝❛rt❡r❛ ❝♦♠❡r✲
❝✐❛❧ ② s❡ ♣r❡t❡♥❞❡ ❡①t❡♥❞❡r ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❛ ♦tr❛s ♠♦❞❛❧✐❞❛❞❡s ❞❡ ❝❛rt❡r❛ ✭❝♦♥s✉♠♦✱
❤✐♣♦t❡❝❛r✐❛ ② ♠✐❝r♦❝ré❞✐t♦✮✕ ② ❈❤✐❧❡✱ ❞♦♥❞❡ ❡❧ ♠♦❞❡❧♦ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❡s
✐♥❝✐♣✐❡♥t❡✹✳

❘❡s♣❡❝t♦ ❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❡st❡ t✐♣♦ ❞❡ ♣r❡✈✐s✐♦♥❡s ❡♥ ♣❛ís❡s ❞❡ ♦tr♦s ❝♦♥t✐✲
♥❡♥t❡s✱ ❡❧ ❝❛s♦ ❡s♣❛ñ♦❧ ❡s ❡❧ ♠ás ❞❡st❛❝❛❞♦ ② ❞✐❢✉♥❞✐❞♦✳ ❊♥ ❡st❡ ♣❛ís ❧❛s ♣r❡✈✐s✐♦♥❡s
❝í❝❧✐❝❛s ❢✉❡r♦♥ ✐♥tr♦❞✉❝✐❞❛s ❜❛❥♦ ❧❛ ❞❡♥♦♠✐♥❛❝✐ó♥ ❞❡ ♣r❡✈✐s✐♦♥❡s ❡st❛❞íst✐❝❛s ❝♦♥ ❧❛
❝✐r❝✉❧❛r ✾✴✶✾✾✾ ❞❡❧ ❇❛♥❝♦ ❞❡ ❊s♣❛ñ❛✱ ② ❧❛ ❢♦r♠✉❧❛❝✐ó♥ ❢✉❡ ♠♦❞✐✜❝❛❞❛ ♣❛r❛ s❡r ✐♥✲
❝❧✉✐❞❛ ❝♦♠♦ ♣❛rt❡ ❞❡ ❧❛ ❡❝✉❛❝✐ó♥ ❞❡ ♣r❡✈✐s✐ó♥ ❣❡♥ér✐❝❛ ♠❡❞✐❛♥t❡ ❧❛ ❝✐r❝✉❧❛r ✵✹✴✷✵✵✹
❞❡❧ ❇❛♥❝♦ ❞❡ ❊s♣❛ñ❛✳

❊♥ ❡❧ ♠♦❞❡❧♦ ❡s♣❛ñ♦❧ ❧❛s ♣r❡✈✐s✐♦♥❡s ❣❡♥ér✐❝❛s ✭pg✮ s♦♥ ✐❣✉❛❧❡s ❛ ✉♥ ✈❡❝t♦r a ❞❡
♣♦r❝❡♥t❛❥❡s ❞❡ ♣r❡✈✐s✐♦♥❡s ❛♣❧✐❝❛❞♦s ❛❧ ✐♠♣♦rt❡ ❞❡ ❝❛❞❛ k−❝❧❛s❡ ❞❡ r✐❡s❣♦ ✭mk✮✱ ♠ás
❡❧ ✐♠♣♦rt❡ ❞❡ ❝❛❞❛ r✐❡s❣♦ ♣♦r ✉♥ ✈❡❝t♦r β q✉❡ r❡♣r❡s❡♥t❛ ❧♦s ♣♦r❝❡♥t❛❥❡s ❞❡ ❛❥✉st❡
♣❛r❛ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❡❝♦♥ó♠✐❝❛s ❞❡❧ ♠♦♠❡♥t♦ ✭❡st❡ ✈❡❝t♦r ❝❛❧❝✉❧❛ ❧❛s ♣r❡✈✐s✐♦♥❡s

✹❙✐♥ ❡♠❜❛r❣♦✱ ❡♥ P❡rú ❡❧ ❆♥❡①♦ ■ ✭❘é❣✐♠❡♥ ●❡♥❡r❛❧ ❞❡ Pr♦✈✐s✐♦♥❡s Pr♦❝í❝❧✐❝❛s✮ ❞❡❧ ❘❡❣❧❛♠❡♥✲
t♦ ♣❛r❛ ❧❛ ❡✈❛❧✉❛❝✐ó♥ ② ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡❧ ❞❡✉❞♦r ② ❧❛ ❡①✐❣❡♥❝✐❛ ❞❡ ♣r♦✈✐s✐♦♥❡s ✭❘❡s♦❧✉❝✐ó♥ ❙✳❇✳❙✳
◆♦✳ ✽✵✽✲✷✵✵✸✮ sí ❝♦♥t❡♠♣❧❛ ❧❛ ❡①✐st❡♥❝✐❛ ② ❝♦♥st✐t✉❝✐ó♥ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❛ ♣❛rt✐r ❞❡❧ ❝♦♠♣♦r✲
t❛♠✐❡♥t♦ ❞❡ ✉♥ ✐♥❞✐❝❛❞♦r ♦♣❡r❛t✐✈♦✱ q✉❡ ❡s ✐❣✉❛❧ ❛❧ r❛t✐♦ ❞❡❧ ♠❛r❣❡♥ ✜♥❛♥❝✐❡r♦ ♥❡t♦ ❞❡ ♣r❡✈s✐♦♥❡s
s♦❜r❡ ❡❧ ✐♥❣r❡s♦ ✜♥❛♥❝✐❡r♦ ❞❡ ❧❛s ❡♥t✐❞❛❞❡s ❬✶✻❪✳

✹



❡st❛❞íst✐❝❛s✮✱ ♠❡♥♦s ❧❛s ♣r❡✈✐s✐♦♥❡s ❡s♣❡❝í✜❝❛s ✭pe✮✺✱

pg = a′m + β′m − pe

=
[

a1 · · · ak

]



m1

✳✳✳
mk


 +

[
β1 · · · βk

]



m1

✳✳✳
mk


 − pe

❱é❛s❡ t❛♠❜✐é♥ ❋❡r♥á♥❞❡③ ❡t ❛❧✳ ❬✺❪✳ ◆ót❡s❡ q✉❡ ❡♥ ❡❧ ♠♦❞❡❧♦ ❡s♣❛ñ♦❧ ❧❛s ♣r❡✈✐s✐♦♥❡s
❝í❝❧✐❝❛s s❡ ❛♣❧✐❝❛♥ ❛❧ t♦t❛❧ ❞❡ ❧♦s ♠♦♥t♦s ❞❡ ❝❛❞❛ ❝❛t❡❣♦rí❛ ❞❡ r✐❡s❣♦✳ ❊❧ ♠♦❞❡❧♦
❞❡ ♣r❡✈✐s✐♦♥❡s ♣r❡s❡♥t❛❞♦ ❡♥ ❡st❡ ❛rtí❝✉❧♦ ♣✉❡❞❡ ❝♦♥s✐❞❡r❛rs❡ ✉♥❛ ❡①t❡♥s✐ó♥ ❞❡❧
♠♦❞❡❧♦ ❡s♣❛ñ♦❧ ♣❛r❛ ❝♦♥s✐❞❡r❛r ♠♦❞❛❧✐❞❛❞❡s ❝r❡❞✐t✐❝❛s ❛❞❡♠ás ❞❡ ❧❛s ❝❛t❡❣♦rí❛s ❞❡
r✐❡s❣♦ ❞❡ ❝ré❞✐t♦✳

✸✳ ▼♦❞❡❧♦ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s

✸✳✶✳ ❊❧ r❛t✐♦ π ❞❡ ♠♦✈✐♠✐❡♥t♦s ✜♥❛♥❝✐❡r♦s

❙❡❛ α ✉♥ ✈❡❝t♦r (k × 1) q✉❡ ❝♦♥t✐❡♥❡ ❡❧ ♣♦r❝❡♥t❛❥❡ q✉❡ r❡♣r❡s❡♥t❛ ❡❧ ♠♦♥t♦ ❞❡
❝❛rt❡r❛ ❡♥ ❝❛❞❛ k✲❝❛t❡❣♦rí❛ ❞❡ r✐❡s❣♦ r❡s♣❡❝t♦ ❛❧ t♦t❛❧ ❞❡ ❧❛ ❝❛rt❡r❛ ❞❡ ❝ré❞✐t♦✱

α =




α1

α2

✳✳✳
αk


 ,

② s❡❛ δ ❡❧ ✈❡❝t♦r (k×1) q✉❡ ❝♦♥t✐❡♥❡ ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ♣r❡✈✐s✐ó♥ ❡s♣❡❝í✜❝❛ r❡q✉❡r✐❞❛
♣❛r❛ ❝❛❞❛ k✲❝❛❧✐✜❝❛❝✐ó♥ ❞❡ r✐❡s❣♦ ❞❡ ❝ré❞✐t♦✱

δ =




δ1

δ2

✳✳✳
δk


 ,

❊❧ ♣r♦❞✉❝t♦ ❞❡ ❡st♦s ✈❡❝t♦r❡s s❡rá ❡❧ ❡s❝❛❧❛r π = α′δ✱ ❡q✉✐✈❛❧❡♥t❡ ❛❧ ♣r♦♠❡❞✐♦
♣♦♥❞❡r❛❞♦ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ❝❛rt❡r❛✻✳ ❙✐ s❡ ♦❜t✐❡♥❡ ❡❧ ❡s❝❛❧❛r π ♣❛r❛ ❝❛❞❛ i =
{1, 2, . . . , n} ❡♥t✐❞❛❞ ✜♥❛♥❝✐❡r❛ ② ♣❛r❛ ❝❛❞❛ t = {1, 2, . . . , T} ♠♦♠❡♥t♦ ❡♥ ❡❧ t✐❡♠♣♦✱
s❡ t❡♥❞rá ✉♥ ✐♥❞✐❝❛❞♦r πi,t q✉❡ r❡✢❡❥❡ ❧❛s ♠❡❥♦r❛s ② ❧♦s ❞❡s❝❡♥s♦s ❡♥ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛
❝❛rt❡r❛ ❞❡ ❝ré❞✐t♦s ❞❡ ❝❛❞❛ ❡♥t✐❞❛❞ ✜♥❛♥❝✐❡r❛✳ P❛rt✐❝✉❧❛r♠❡♥t❡✱ ❡❧ ✐♥❞✐❝❛❞♦r πi,t s❡
✐♥❝r❡♠❡♥t❛rá ❝✉❛♥❞♦ ❧❛ ❝❛rt❡r❛ ❞❡ ❝ré❞✐t♦ s❡ ❞❡t❡r✐♦r❡✱ ❞❡❜✐❞♦ ❛ q✉❡ ❡♥ é♣♦❝❛s ❞❡
r❡❝❡s✐ó♥ ❡①✐st✐rá ✉♥ ♠❛②♦r ♣♦r❝❡♥t❛❥❡ ❞❡ ❝❛rt❡r❛ ❝❛❧✐✜❝❛❞❛ ❡♥ ❝❛t❡❣♦rí❛s ❞❡ ♠❛②♦r
r✐❡s❣♦ ✭❝❛t❡❣♦rí❛s q✉❡ r❡❝✐❜❡♥ ♠❛②♦r ♣♦r❝❡♥t❛❥❡ ❞❡ ♣r❡✈✐s✐ó♥ ❡s♣❡❝í✜❝❛✮✳

✺❉❛❞♦ q✉❡ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ❞❡ ♣r❡✈✐s✐♦♥❡s ❣❡♥ér✐❝❛s ❞❡❧ ♠♦❞❡❧♦ ❡s♣❛ñ♦❧ ♣✉❡❞❡♥ ❝♦♥s♦❧✐❞❛rs❡ ❡♥
✉♥ só❧♦ ✈❡❝t♦r ❧♦s ♣♦r❝❡♥t❛❥❡s ❞❡ ♣r❡✈✐s✐♦♥❡s ❞❡ a ② ❧♦s ♣♦r❝❡♥t❛❥❡s ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s β✱

pg =
[

a1 + β1 · · · ak + βk

]







m1

✳✳✳
mk






− pe,

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

✻❉❛❞♦ q✉❡ ❧♦s ❡❧❡♠❡♥t♦s ❞❡❧ ✈❡❝t♦r α s✉♠❛♥ ✉♥♦ ♣♦r ❞❡✜♥✐❝✐ó♥✱ ❡❧ ♣r♦♠❡❞✐♦ ♣♦♥❞❡r❛❞♦ s❡rí❛✱
∑k

i=1
αkδk

∑k
i=1

αi

= α1δ1 + α2δ2 + · · · + αkδk,

q✉❡ ❡s ✐❣✉❛❧ ❛❧ ♣r♦❞✉❝t♦ ❡s❝❛❧❛r α′δ✳

✺



✸✳✷✳ ▲❛ ❜r❡❝❤❛ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s

❊❧ ♠♦♥t♦ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❛ r❡q✉❡r✐r ❛ ❧❛s ❡✐❢ s❡ ♦❜t✐❡♥❡ ❛ ♣❛rt✐r ❞❡
❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❤✐stór✐❝❛ ❞✐s♣♦♥✐❜❧❡✳ ❊♥ ❡st❡ ❝❛s♦✱ ❡st❡ ♠♦♥t♦ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♥
♠♦♠❡♥t♦ ❡♥ ❡❧ t✐❡♠♣♦ ✭π̃✮ q✉❡ r❡s✉❧t❛ ❞❡ ✉♥❛ ❢r❛❝❝✐ó♥✼ ✭ϕ✮ ❞❡ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❡♥tr❡ ❡❧
♠á①✐♠♦ ✈❛❧♦r ② ❡❧ ♠❡♥♦r ✈❛❧♦r ❞❡ πi,t ❛ ❧♦ ❧❛r❣♦ ❞❡ ✉♥❛ ❢❛s❡ ❞❡ ❞❡s❝❡♥s♦ ❞❡❧ ❝✐❝❧♦
✜♥❛♥❝✐❡r♦✱ ♠ás ❡❧ ✈❛❧♦r ❛❝t✉❛❧ ❞❡❧ r❛t✐♦ πi,T ✱

π̃ = ϕ [♠❛①(πi,t) −♠✐♥(πi,t)] + πi,T .

❊st❡ ✈❛❧♦r r❡✢❡❥❛rá ❧❛ ❞✐❢❡r❡♥❝✐❛ ❡♥tr❡ ❡❧ ♣❡♦r ♠♦♠❡♥t♦ ② ❡❧ ♠❡❥♦r ♠♦♠❡♥t♦ ❞❡ ❧❛
❝❛❧✐❞❛❞ ❞❡ ❝❛rt❡r❛ ❞❡ ❝ré❞✐t♦s ❞❡ ❝❛❞❛ ❡♥t✐❞❛❞ ✜♥❛♥❝✐❡r❛✳

▲❛ ❜r❡❝❤❛ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❞❡ ❝❛❞❛ i✲❡♥t✐❞❛❞ ✜♥❛♥❝✐❡r❛ ✭bi✮ s❡rá ❧❛ ❞✐✲
❢❡r❡♥❝✐❛ ❡♥tr❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❞❡❧ ♠♦♠❡♥t♦ π̃ ② ❧❛s ♣r❡✈✐s✐♦♥❡s ❡s♣❡❝í✜❝❛s ❛❝t✉❛❧❡s
✭t = T ✮✱

bi =
k∑

j=1

απ̃
j δjCi,T

︸ ︷︷ ︸
♣r❡✈✐s✐♦♥❡s ❡♥ π̃

−

k∑

j=1

δjCi,T

︸ ︷︷ ︸
❡s♣❡❝í✜❝❛s

,

❞♦♥❞❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❞❡❧ ♠♦♠❡♥t♦ π̃ r❡s✉❧t❛♥ ❞❡ ♠✉❧t✐♣❧✐❝❛r ❡❧ t♦t❛❧ ❞❡ ❝❛rt❡r❛ ❛❝✲
t✉❛❧ ✭Ci,T ✮ ❞❡ ❝❛❞❛ i✲❡✐❢ ♣♦r ❡❧ r❡q✉❡r✐♠✐❡♥t♦ ❞❡ ♣r❡✈✐s✐♦♥❡s ❡s♣❡❝í✜❝❛s ✭δ1, . . . , δk✮
② ♣♦r ❧❛ ♣r♦♣♦r❝✐ó♥ ❞❡ ❝❛rt❡r❛ ❡♥ ❡❧ ♠♦♠❡♥t♦ π̃ ✭απ̃

1 , . . . , απ̃
k ✮✱ ♣❛r❛ ❝❛❞❛ j = 1, . . . , k✲

❝❛t❡❣♦rí❛ ❞❡ r✐❡s❣♦✳ ▲❛s ♣r❡✈✐s✐♦♥❡s ❡s♣❡❝í✜❝❛s s♦♥ ✐❣✉❛❧❡s ❛
∑k

j=1
δjCi,T ✳

✸✳✸✳ ❈á❧❝✉❧♦ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s

❉❛❞♦ q✉❡ ❧❛s ♣r❡✈✐s✐♦♥❡s pi q✉❡ ❝❛❞❛ i✲❡♥t✐❞❛❞ ❞❡❜❡ ❝♦♥st✐t✉✐r ♣❛r❛ ❝✉❜r✐r ❧❛
❜r❡❝❤❛ ❞❡ ♣r❡✈✐s✐♦♥❡s s❡rá♥ ✉♥ ♣♦r❝❡♥t❛❥❡ ✭ρ✮ ❞❡❧ ♠♦♥t♦ ✭m✮ ❞❡ ❧❛ ❝❛rt❡rá ❞❡
❝ré❞✐t♦s ❞❡ ❝❛❞❛ ❡♥t✐❞❛❞✱

pi = ρ · mi,

❝❛❧❝✉❧❛r ❧❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❛ ❝♦♥st✐t✉✐r s❡ ❝♦♥✈✐❡rt❡ ❡♥ ✉♥ ♣r♦❜❧❡♠❛ ❞❡ ♦♣t✐✲
♠✐③❛❝✐ó♥ q✉❡ ❝♦♥s✐st❡ ❡♥ ❡♥❝♦♥tr❛r ✉♥ ✈❛❧♦r ❞❡ ρ q✉❡ ♠✐♥✐♠✐❝❡ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❛❜s♦✲
❧✉t❛ ❡♥tr❡ pi ② ❧❛ ❜r❡❝❤❛ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❞❡❧ ❝♦♥❥✉♥t♦ ❞❡ i = 1, 2, . . . , n

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

♠✐♥✐♠✐③❛r
ρ∈R

∣∣∣∣∣

n∑

i=1

bi − ρ

n∑

i=1

mi

∣∣∣∣∣

❯♥❛ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ♠ás s♦✜st✐❝❛❞❛ ♣✉❡❞❡ s❡r ❞❡✜♥✐❞❛ ❛ ♣❛rt✐r ❞❡ ❧❛ r❛í③ ❞❡❧ ❡rr♦r
❝✉❛❞rát✐❝♦ ♠❡❞✐♦✱

♠✐♥✐♠✐③❛r
ρ∈R

√√√√n−1

n∑

i=1

(bi − ρmi)
2

❊st❛ ❢✉♥❝✐ó♥ ♦❜❥❡t✐✈♦ ❣❛r❛♥t✐③❛rí❛ q✉❡ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s
❛ ❝♦♥st✐t✉✐r s❡❛♥ ♠ás ✉♥✐❢♦r♠❡s ❡♥tr❡ ❡♥t✐❞❛❞❡s ✜♥❛♥❝✐❡r❛s✱ ②❛ q✉❡ ❧❛ ♣♦t❡♥❝✐❛
❝✉❛❞rát✐❝❛ ♣❡♥❛❧✐③❛ ❞❡s❢❛✈♦r❛❜❧❡♠❡♥t❡ ❧❛s ❞✐❢❡r❡♥❝✐❛s ✐♥❞✐✈✐❞✉❛❧❡s s✉❜st❛♥❝✐❛❧❡s✳

✼▲❛ ❙✉♣❡r✐♥t❡♥❞❡♥❝✐❛ ❞❡ ❇❛♥❝♦s ② ❊♥t✐❞❛❞❡s ❋✐♥❛♥❝✐❡r❛s ❞❡ ❇♦❧✐✈✐❛ ❞❡❝✐❞✐ó q✉❡ ❧❛ ❢r❛❝❝✐ó♥ ϕ

s❡❛ ✉♥ ❝✉❛rt♦ ❞❡❧ r❛♥❣♦ ♠❛①(πi,t)−♠✐♥(πi,t) ♠ás ❡❧ ✈❛❧♦r ❛❝t✉❛❧ ❞❡❧ r❛t✐♦ πi,T ✱ ❜❛❥♦ ❡❧ s✉♣✉❡st♦
q✉❡✱ t❛♥t♦ ✉♥❛ ♠❡❥♦r❛ ❡♥ ❧❛ ❣❡st✐ó♥ ❞❡ r✐❡s❣♦s ❞❡ ❧❛s ❡✐❢ ❝♦♠♦ ✉♥ ♠❛r❝♦ ❞❡ r❡❣✉❧❛❝✐ó♥ ② s✉♣❡r✈✐s✐ó♥
❛❞❡❝✉❛❞♦✱ ❞✐s♠✐♥✉✐rá♥ ❡❧ ✐♠♣❛❝t♦ ❢✉t✉r♦ ❞❡ ✉♥❛ ❞❡s❛❝❡❧❡r❛❝✐ó♥ ❡❝♦♥ó♠✐❝❛✱ ♣♦r ❧♦ q✉❡ ❧❛ ❞✐❢❡r❡♥❝✐❛
s❡rá ♠❡♥♦r ❛ ❧❛ ❞❡❧ ♣❛s❛❞♦ ♠ás r❡❝✐❡♥t❡✳

✻



✸✳✹✳ ❯♥❛ ❡①t❡♥s✐ó♥ ♣❛r❛ t✐♣♦s ❞❡ ❝ré❞✐t♦ ② ❝❛t❡❣♦rí❛s ❞❡ r✐❡s✲

❣♦

❊❧ ❛♥t❡r✐♦r ♠ét♦❞♦ ❞❡ ❝á❧❝✉❧♦ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ♣✉❡❞❡ ❡①t❡♥❞❡rs❡ ♣❛r❛
❝♦♥s✐❞❡r❛r ❧♦s ♠♦♥t♦s ♣♦r t✐♣♦ ❞❡ ❝ré❞✐t♦ ✭mc✮ ② ❧❛s ❝❛t❡❣♦rí❛s ❞❡ r✐❡s❣♦ ❞❡ ❧❛
❝❛rt❡r❛ ❞❡ ❝ré❞✐t♦s✳

▲❛ ♣r❡✈✐s✐ó♥ ❝í❝❧✐❝❛ ✭pi✮ ❞❡ ❝❛❞❛ i✲❡♥t✐❞❛❞ ❡♥ ❡st❛ ❡①t❡♥s✐ó♥ s❡rá ✉♥ ♣♦r❝❡♥t❛❥❡
❞❡❧ ♠♦♥t♦ ❞❡ ❝❛rt❡r❛ s❡❣ú♥ t✐♣♦ ❞❡ ❝ré❞✐t♦ ② s❡❣ú♥ ❝❛❧✐✜❝❛❝✐ó♥ ❞❡ r✐❡s❣♦✱

pi = ρ′

1rm1r + ρ′

2rm2r + · · · + ρ′

crmcr

❞♦♥❞❡ ρrc s♦♥ ❧♦s ✈❡❝t♦r❡s (r× c) q✉❡ ❝♦♥t✐❡♥❡♥ ❝♦♠♦ ❡❧❡♠❡♥t♦s ❧♦s ♣♦r❝❡♥t❛❥❡s ❞❡
♣r❡✈✐s✐ó♥ ❝í❝❧✐❝❛ q✉❡ ❞❡❜❡rí❛♥ ❝♦♥st✐t✉✐rs❡ ♣❛r❛ ❝❛❞❛ 1, 2, . . . , r ❝❛t❡❣♦rí❛ ❞❡ r✐❡s❣♦
② ♣❛r❛ ❝❛❞❛ 1, 2, . . . , c t✐♣♦ ❞❡ ❝ré❞✐t♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✿

pi =
[

ρ11 ρ12 · · · ρ1r

]




m11

m12

✳✳✳
m1r


 +

[
ρ21 ρ22 · · · ρ2r

]




m21

m22

✳✳✳
m2r




+ · · · +
[

ρc1 ρc2 · · · ρcr

]




mc1

mc2

✳✳✳
mcr




◆ót❡s❡ q✉❡ ❧♦s ✈❡❝t♦r❡s ρrc ♣✉❡❞❡♥ ✈❡rs❡ ❝♦♠♦ ✈❡❝t♦r❡s ❝♦❧✉♠♥❛ ❞❡ ✉♥❛ ♠❛tr✐③
♣❛rt✐❝✐♦♥❛❞❛ ρ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s✱

ρ =




ρ11

✳✳✳

ρ1r

∣∣∣∣∣∣∣∣

· · ·

✳ ✳ ✳

· · ·

∣∣∣∣∣∣∣∣

ρc1

✳✳✳

ρcr




❊♥ ❡st❡ ❝❛s♦ ❡①✐st✐rá♥ ❜r❡❝❤❛s ❞❡ ♣r❡✈✐s✐♦♥❡s ♣❛r❛ ❝❛❞❛ t✐♣♦ ❞❡ ❝ré❞✐t♦✱ ② ❡❧ ♦❜❥❡t✐✈♦
❛ ♦♣t✐♠✐③❛r s❡rá ✉♥❛ ❜r❡❝❤❛ ❝♦♥❥✉♥t❛ ✐❣✉❛❧ ❛❧ ♣r♦♠❡❞✐♦ ♣♦♥❞❡r❛❞♦ ❞❡ ❧❛s ❜r❡❝❤❛s
❞❡ ❝❛❞❛ t✐♣♦ ❞❡ ❝ré❞✐t♦✱

▼✐♥✐♠✐③❛r
ρ∈R

w′b

❞♦♥❞❡ ❧♦s ♣♦♥❞❡r❛❞♦r❡s w′ = [w1 w2 · · · wj ] s♦♥ ❡❧ ♣♦r❝❡♥t❛❥❡ q✉❡ r❡♣r❡s❡♥t❛
❝❛❞❛ t✐♣♦ ❞❡ ❝ré❞✐t♦ r❡s♣❡❝t♦ ❛❧ t♦t❛❧ ❞❡ ❧❛ ❝❛rt❡r❛✱ ② ❡❧ ✈❡❝t♦r b ❡st❛ ❢♦r♠❛❞♦ ♣♦r
❧❛s ❜r❡❝❤❛s ❞❡ ❝❛❞❛ t✐♣♦ ❞❡ ❝ré❞✐t♦✱ q✉❡ r❡s✉❧t❛♥ ❞❡ ❧❛ r❛í③ ❞❡❧ ❡rr♦r ❝✉❛❞rát✐❝♦
♠❡❞✐♦ ✭✐✳❡✳ ❧❛s ❞✐❢❡r❡♥❝✐❛s ❡♥tr❡ ❧❛s ❜r❡❝❤❛s ② ❧❛s ♣r❡✈✐s✐♦♥❡s ♣♦r t✐♣♦ ❞❡ ❝ré❞✐t♦ ②
♣♦r ❝❛t❡❣♦rí❛ ❞❡ r✐❡s❣♦✮✿

w′b =
[

w1 · · · wc

]




b1

b2

✳✳✳
bc


 =

[
w1 · · · wc

]




√
n−1

n∑
i=1

(b1,i − ρ1,rmi,r,c)

√
n−1

n∑
i=1

(b2,i − ρc,rmi,r,c)

✳✳✳√
n−1

n∑
i=1

(bc,i − ρc,rmc,r,i)




✼



✸✳✺✳ ❚❡♠♣♦r✐③❛❝✐ó♥ ❞❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s

❉❛❞♦ q✉❡ ❡❧ r❛t✐♦ π r❡✢❡❥❛rá ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ❝❛rt❡r❛✱ ✉♥ ✐♥❞✐❝❛❞♦r st ❞❡❧ ♠♦✲

♠❡♥t✉♠ ✭❝❛❧✐❞❛❞ ② ❞✐r❡❝❝✐ó♥✮ ❞❡ ❧❛ ❝❛rt❡r❛ ❞❡ ❝ré❞✐t♦s ❞❡ ❝❛❞❛ ❡♥t✐❞❛❞ ✜♥❛♥❝✐❡r❛
♣✉❡❞❡ s❡r ❝♦♥str✉✐❞♦ ❛ ♣❛rt✐r ❞❡❧ ♣r♦♠❡❞✐♦ ♠ó✈✐❧ ❞❡❧ r❛t✐♦ π✳ ▲❛ t❡♠♣♦r✐③❛❝✐ó♥ ✭✐✳❡
❝♦♥st✐t✉❝✐ó♥ ② ✉t✐❧✐③❛❝✐ó♥✮ ❞❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❞❡♣❡♥❞❡rá ❞❡ ❧♦s ♠♦✈✐♠✐❡♥t♦s
❝♦♥s❡❝✉t✐✈♦s ❞❡❧ ✐♥❞✐❝❛❞♦r st✳

❉❛❞❛ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡❧ r❛t✐♦ {πt}
T
t=1 ❞❡ ❝❛❞❛ i✲❡♥t✐❞❛❞ ✜♥❛♥❝✐❡r❛✱ ✉♥ µ✲♣r♦♠❡❞✐♦

♠ó✈✐❧ s❡rá ✉♥❛ ♥✉❡✈❛ s❡❝✉❡♥❝✐❛ {st}
T−µ+1

t=1 ❞❡✜♥✐❞❛ ❛ ♣❛rt✐r ❞❡ πt t♦♠❛♥❞♦ ❡❧ ♣r♦♠❡✲
❞✐♦ ❞❡ s✉❜s❡❝✉❡♥❝✐❛s ❞❡ µ tér♠✐♥♦s✱

st =
πt−1 + πt−2 + · · · + πt−µ

µ
=

1

µ

µ∑

j=1

πt−j .

❊❧ ♣r♦♠❡❞✐♦ ♠ó✈✐❧ ❡♥❢❛t✐③❛rá ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ❧❛ t❡♥❞❡♥❝✐❛ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ❝❛rt❡r❛
② s✉❛✈✐③❛rá ✈❛r✐❛❝✐♦♥❡s ❞❡ ❝♦rt♦ ♣❧❛③♦ q✉❡ ♣♦❞rí❛♥ ❝r❡❛r ❝♦♥❢✉s✐ó♥ ❛❝❡r❝❛ ❞❡❧ ♠♦✲
♠❡♥t♦ ❞❡ ❧❛ ❝♦♥st✐t✉❝✐ó♥ ♦ ✉t✐❧✐③❛❝✐ó♥ ❞❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s✳

✹✳ ❆♣❧✐❝❛❝✐ó♥ ❞❡❧ ♠ét♦❞♦ ❞❡ ❝á❧❝✉❧♦ ② t❡♠♣♦r✐③❛❝✐ó♥
❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❛❧ s✐st❡♠❛ ✜♥❛♥❝✐❡r♦ ❜♦✲
❧✐✈✐❛♥♦

❯♥ ❛♥á❧✐s✐s ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❝♦♠✐❡♥③❛ ❤❛❜✐t✉❛❧♠❡♥t❡ ❝♦♥ ✉♥ ❛♥á❧✐s✐s ❞❡ ❧❛
❝♦rr❡❧❛❝✐ó♥ ❞❡ ❧♦s ❝✐❝❧♦s ✜♥❛♥❝✐❡r♦s ② ❧♦s ❝✐❝❧♦s ❡❝♦♥ó♠✐❝♦s✳ ❊st❡ ❛♥á❧✐s✐s ❡s ♣r❡s❡♥✲
t❛❞♦ ❝♦♠♦ ✉♥❛ ✐♥tr♦❞✉❝❝✐ó♥ ❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡❧ ♠ét♦❞♦ ❞❡ ❝á❧❝✉❧♦ ❞❡ ♣r❡✈✐s✐♦♥❡s
❝í❝❧✐❝❛s✳

✹✳✶✳ ❆♥á❧✐s✐s ❞❡ ❝♦rr❡❧❛❝✐ó♥ ❞❡ ❝✐❝❧♦s

❊❧ ❛♥á❧✐s✐s ❞❡ ❝✐❝❧♦s ❡❝♦♥ó♠✐❝♦s ❢♦r♠❛ ♣❛rt❡ ❞❡ ❧❛ t❡♦rí❛ ♠❛❝r♦❡❝♦♥ó♠✐❝❛ ❞❡ ❧♦s
❝✐❝❧♦s ❡❝♦♥ó♠✐❝♦s r❡❛❧❡s✱ ❡s❝✉❡❧❛ q✉❡ ❡st❛❜❧❡❝❡ q✉❡ ❧♦s ♠♦✈✐♠✐❡♥t♦s ❞❡ ❧❛ ❡❝♦♥♦♠í❛
❡stá♥ ❝❛✉s❛❞♦s ♣♦r ❝✉❛tr♦ ✢✉❝t✉❛❝✐♦♥❡s ♣r✐♠❛r✐❛s✿ s❡❝✉❧❛r❡s ✭t❡♥❞❡♥❝✐❛ ❞❡ ❧❛r❣♦
♣❧❛③♦✮✱ ❡st❛❝✐♦♥❛❧❡s✱ ❛❧❡❛t♦r✐❛s ② ✢✉❝t✉❛❝✐♦♥❡s ❞❡❧ ❝✐❝❧♦ ❡❝♦♥ó♠✐❝♦✳

❊❧ ❛♥á❧✐s✐s ❝✉❛♥t✐t❛t✐✈♦ ❞❡ ❝✐❝❧♦s ❡❝♦♥ó♠✐❝♦s ✐♠♣❧✐❝❛ ❞❡s❝♦♠♣♦♥❡r ✉♥❛ s❡r✐❡
❞❡ t✐❡♠♣♦ {yt}

T
t=1 r❡♣r❡s❡♥t❛t✐✈❛ ❞❡ ❧❛ ❡❝♦♥♦♠í❛ ❛❣r❡❣❛❞❛ ❡♥ s✉s ❝♦♠♣♦♥❡♥t❡s

s❡❝✉❧❛r❡s✱ ❡st❛❝✐♦♥❛❧❡s ② ❞❡ ❝✐❝❧♦ ❡❝♦♥ó♠✐❝♦✱ ♣❛r❛ ❡①tr❛❡r ❡st❡ ú❧t✐♠♦✳ ▲❛ ♦❜t❡♥❝✐ó♥
❞❡❧ ❝✐❝❧♦ ❡❝♦♥ó♠✐❝♦ s❡ r❡❛❧✐③❛ ✉s✉❛❧♠❡♥t❡ ❝♦♥ ❡❧ ✜❧tr♦ ❍♦❞r✐❝❦✲Pr❡s❝♦tt ✭❍♦❞r✐❝❦ ②
Pr❡s❝♦tt ❬✼❪✮✱ s✐ ❜✐❡♥ ❡①✐st❡♥ ✜❧tr♦s ❞❡ ❜❛♥❞❛ ♠♦❞❡r♥♦s ❝♦♠♦ ❡❧ ✜❧tr♦ ❇❛①t❡r✲❑✐♥❣
✭❇❛①t❡r ② ❑✐♥❣ ❬✷❪✮ ② ❡❧ ✜❧tr♦ ❈❤r✐st✐❛♥♦✲❋✐t③❣❡r❛❧❞ ✭❈❤r✐st✐❛♥♦ ② ❋✐t③❣❡r❛❧❞ ❬✹❪✮✳
❆❤✉♠❛❞❛ ❬✶❪ ❞❛ r❡❝♦♠❡♥❞❛❝✐♦♥❡s ♣❛r❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ♣rá❝t✐❝❛ ❞❡❧ ✜❧tr♦ ❍♦❞r✐❝❦✲
Pr❡s❝♦tt ② ❋❧♦r❡s ❬✻❪ r❡❝♦♠❡♥❞❛❝✐♦♥❡s ❡♥ ❡❧ ✉s♦ ❞❡ ✜❧tr♦s ❞❡ ❜❛♥❞❛✳

❊♥ ❡❧ ●rá✜❝♦ ✶❛ s❡ ♦❜s❡r✈❛ ❧❛ s❡r✐❡ ❞❡ t✐❡♠♣♦ tr✐♠❡str❛❧ ❞❡❧ Pr♦❞✉❝t♦ ■♥t❡r♥♦
❇r✉t♦ ✭♣✐❜✮ ❞❡ ❇♦❧✐✈✐❛✽ ✭❡①♣r❡s❛❞♦ ❡♥ ♣r❡❝✐♦s ❞❡ ✶✾✾✵ ♣❛r❛ r❡✢❡❥❛r ❧♦s ♠♦✈✐♠✐❡♥t♦s
r❡❛❧❡s ❞❡ ❧❛ ❡❝♦♥♦♠í❛✮✳ ❊st❛ s❡r✐❡ ♠✉❡str❛ ✉♥❛ ♣r♦♥✉♥❝✐❛❞❛ t❡♥❞❡♥❝✐❛ ② ✉♥ ❝♦♠✲
♣♦♥❡♥t❡ ❡st❛❝✐♦♥❛❧✱ r❡❧❛❝✐♦♥❛❞♦ ❝♦♥ ❧♦s ♠❛②♦r❡s ❛✉♠❡♥t♦s ❞❡❧ ♣✐❜ ❡♥ ❡❧ s❡❣✉♥❞♦
② ❝✉❛rt♦ tr✐♠❡str❡ ❞❡ ❝❛❞❛ ❛ñ♦✳ ❙✐ s❡ ❛ís❧❛ ❡❧ ❝♦♠♣♦♥❡♥t❡ ❡st❛❝✐♦♥❛❧ ✭●rá✜❝♦ ✶❜✮✱
❡❧ ♣✐❜ ♣r❡s❡♥t❛ ❛ú♥ ✉♥ ❝♦♠♣♦♥❡♥t❡ s❡❝✉❧❛r ✭t❡♥❞❡♥❝✐❛❧✮ ② ❡①✐st❡♥ ✢✉❝t✉❛❝✐♦♥❡s
❛❧r❡❞❡❞♦r ❞❡ ❡st❛ t❡♥❞❡♥❝✐❛ ❞❡ ❧❛r❣♦ ♣❧❛③♦ ✭●rá✜❝♦ ✶❝✮✳

✽▲❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛ s❡r✐❡ ❞❡ t✐❡♠♣♦ ❡st❛ ❞✐s♣♦♥✐❜❧❡ ❡♥ ❡❧ ■♥st✐t✉t♦ ◆❛❝✐♦♥❛❧ ❞❡ ❊st❛❞íst✐❝❛
❞❡ ❇♦❧✐✈✐❛✿ ❤tt♣✿✴✴✇✇✇✳✐♥❡✳❣♦✈✳❜♦✳

✽



❚❛❜❧❛ ✶✿ ▼❛tr✐③ ❞❡ ❝♦❡✜❝✐❡♥t❡s ❞❡ ❝♦rr❡❧❛❝✐ó♥

❈✐❝❧♦ ❞❡ ❈❛rt❡r❛
❈♦❡✜❝✐❡♥t❡ (t − 5) (t − 4) (t − 3) (t)

P❡❛rs♦♥ ✵✳✻✵✶ ✵✳✺✾✾ ✵✳✺✽✹ ✵✳✸✹✵
❈✐❝❧♦ P■❇ ✭t✮ ❑❡♥❞❛❧❧ ✵✳✸✷✽ ✵✳✸✸✻ ✵✳✷✾✽ ✵✳✶✽✷

❙♣❡❛r♠❛♥ ✵✳✹✻✷ ✵✳✹✼✺ ✵✳✹✶✽ ✵✳✷✼✼

❊❧ ♣✐❜ s✐♥ s✉ ❝♦♠♣♦♥❡♥t❡ ❡st❛❝✐♦♥❛❧ ② s❡❝✉❧❛r✱ ❡s ❡❧ ❝✐❝❧♦ ❡❝♦♥ó♠✐❝♦ ❡st✐♠❛❞♦ ❝♦♥
❧♦s ✜❧tr♦s ❍♦❞r✐❝❦✲Pr❡s❝♦tt ✭❤♣✮✱ ❇❛①t❡r✲❑✐♥❣ ✭❜❦✮ ② ❈❤r✐st✐❛♥♦✲❋✐t③❣❡r❛❧❞ ✭❝❢✮✳
❊♥ ❡❧ ❣rá✜❝♦ ✭●rá✜❝♦ ✶❞✮ s❡ ♦❜s❡r✈❛ q✉❡ ❡st♦s tr❡s ✜❧tr♦s ❝♦✐♥❝✐❞❡♥ ❡♥ ❣❡♥❡r❛❧ ❡♥
❧❛ ❡①tr❛❝❝✐ó♥ ❞❡❧ ❝✐❝❧♦ ❡❝♦♥ó♠✐❝♦ ❞❡❧ ♣✐❜✱ s✐ ❜✐❡♥ ❡❧ ✜❧tr♦ ❤♣ ♣r♦❞✉❝❡ ✉♥ ❝✐❝❧♦ ♠ás
r✉✐❞♦s♦✳ ❊❧ ❛❥✉st❡ ❞❡ ✉♥❛ ❝✉r✈❛ ♣♦❧✐♥ó♠✐❝❛ t❡♥❞❡♥❝✐❛❧ ♥♦✲❧✐♥❡❛❧ ✭❞❡ ♦r❞❡♥ s✐❡t❡✮
❛②✉❞❛ ❛ ✈✐s✉❛❧✐③❛r ♠❡❥♦r ❧❛s ✢✉❝t✉❛❝✐♦♥❡s ❞❡ ❧❛r❣♦ ♣❧❛③♦ ❞❡❧ ❝✐❝❧♦ ❡❝♦♥ó♠✐❝♦✳ ❉❡
❧❛ ❡①tr❛❝❝✐ó♥ ❞❡❧ ❝✐❝❧♦ s❡ ♦❜s❡r✈❛ q✉❡ ❡❧ ❝✐❝❧♦ ❝♦♠♣❧❡t♦ ✭❛s❝❡♥s♦ ② ❞❡s❝❡♥s♦✮ ❞✉r❛
❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✾ ❛ñ♦s✱ ♠✐❡♥tr❛s q✉❡ ❧♦s ❝✐❝❧♦s ❞❡ ❛s❝❡♥s♦ ♦ ❞❡s❝❡♥s♦ ✐♥❞✐✈✐❞✉❛❧✲
♠❡♥t❡ ❞✉r❛♥ ✹ ❛ ✺ ❛ñ♦s✳

▲❛ s❡r✐❡ ❞❡ ❧❛ ❝❛rt❡r❛ ❞❡ ❝ré❞✐t♦s ♥♦ ♠✉❡str❛ ✉♥❛ t❡♥❞❡♥❝✐❛ ❛s❝❡♥❞❡♥t❡ ❝♦♠♦ ❡❧
♣✐❜✱ ♣❡r♦ r❡✢❡❥❛ ❢✉❡rt❡♠❡♥t❡ ❡❧ ❝♦♠♣♦♥❡♥t❡ ❝í❝❧✐❝♦✳ ▲♦s ✜❧tr♦s ❤♣ ② ❜❦ ❝♦✐♥❝✐❞❡♥
❜❛st❛♥t❡ ❡♥ ❧❛ ❝r♦♥♦❧♦❣í❛ ❞❡❧ ❝✐❝❧♦ ❞❡ ❝❛rt❡r❛ ✭●rá✜❝♦ ✶❡✮✱ ♠✐❡♥tr❛s q✉❡ ❡❧ ❝✐❝❧♦
♣r♦❞✉❝✐❞♦ ♣♦r ❡❧ ✜❧tr♦ ❝❢ s✉❣✐❡r❡ ✉♥ ❞❡s❝❡♥s♦ ❡♥ ❡❧ ❝✐❝❧♦ ✜♥❛♥❝✐❡r♦ ♠ás r❡❧❡✈❛♥t❡
❡❧ ❛ñ♦ ✶✾✾✻✳ ❙✐ s❡ ❝♦♠♣❛r❛ ❡❧ ❝✐❝❧♦ ✜♥❛♥❝✐❡r♦ ❝♦♥ ❡❧ ❝✐❝❧♦ ❡❝♦♥ó♠✐❝♦✱ s❡ ♦❜s❡r✈❛
✉♥ r❡t❛r❞♦ ❡♥ ❧♦s ♠♦✈✐♠✐❡♥t♦s ❞❡❧ ❝✐❝❧♦ ✜♥❛♥❝✐❡r♦ r❡s♣❡❝t♦ ❛ ❧♦s ♠♦✈✐♠✐❡♥t♦s ❞❡❧
❝✐❝❧♦ ❡❝♦♥ó♠✐❝♦✾✳ P❛r❛ ❞❡t❡r♠✐♥❛r ❡❧ r❡③❛❣♦✴❛❞❡❧❛♥t♦ ❞❡ ❧❛ ❝❛rt❡r❛ r❡s♣❡❝t♦ ❛❧ ❝✐❝❧♦
❡❝♦♥ó♠✐❝♦✱ ❡❧ ♣r♦❝❡❞✐♠✐❡♥t♦ ❞❡ ❧❛ ❡s❝✉❡❧❛ ❞❡ ❝✐❝❧♦s ❡❝♦♥ó♠✐❝♦s r❡❛❧❡s ❡s ❞❡t❡r♠✐♥❛r
❧❛ ♠á①✐♠❛ ❝♦rr❡❧❛❝✐ó♥ ❡♥tr❡ ❡❧ ❝♦♠♣♦♥❡♥t❡ ❝í❝❧✐❝♦ ❞❡ ❧❛ ❡❝♦♥♦♠í❛ ② ❧♦s ❝♦♠♣♦♥❡♥t❡s
❝í❝❧✐❝♦s ❞❡ ♦tr❛s ✈❛r✐❛❜❧❡s ❛❞❡❧❛♥t❛❞❛s ♦ r❡③❛❣❛❞❛s✳ ❙✐ ❧❛ ♠á①✐♠❛ ❝♦rr❡❧❛❝✐ó♥ s❡ ❞❛
❡♥ t = 0 ❧❛ ✈❛r✐❛❜❧❡ s❡rá ❝♦♥t❡♠♣♦rá♥❡❛ ❛❧ ❝✐❝❧♦ ❡❝♦♥ó♠✐❝♦✳

P❛r❛ ❧❛ ❡❝♦♥♦♠í❛ ❜♦❧✐✈✐❛♥❛✱ ❧❛s ♠❛tr✐❝❡s ❞❡ ❝♦rr❡❧❛❝✐ó♥ ❝❛❧❝✉❧❛❞❛s ❝♦♥ ❡❧ ❝♦❡✜✲
❝✐❡♥t❡ ❞❡ ❝♦rr❡❧❛❝✐ó♥ ♣❡❛rs♦♥✐❛♥♦ ② ❧♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❝♦rr❡❧❛❝✐ó♥ ♥♦✲♣❛r❛♠étr✐❝♦s
❞❡ ❑❡♥❞❛❧❧ ② ❞❡ ❙♣❡❛r♠❛♥✱ s✉❣✐❡r❡♥ q✉❡ ❡❧ ❝✐❝❧♦ ✜♥❛♥❝✐❡r♦ ❜♦❧✐✈✐❛♥♦ t✐❡♥❡ ✉♥ r❡✲
t❛r❞♦ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✹ tr✐♠❡str❡s ✭✶ ❛ñ♦✮ r❡s♣❡❝t♦ ❛❧ ❝✐❝❧♦ ❡❝♦♥ó♠✐❝♦ ✭❚❛❜❧❛
✶✮✳

▲❛ ✐♥❢♦r♠❛❝✐ó♥ s♦❜r❡ ❧❛ ❞✉r❛❝✐ó♥ ❞❡ ❧♦s ❝✐❝❧♦s ❡❝♦♥ó♠✐❝♦s ② s♦❜r❡ ❡❧ r❡③❛❣♦ ❞❡❧
❝✐❝❧♦ ✜♥❛♥❝✐❡r♦ ❡s út✐❧ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❧❛ t❡♠♣♦r✐③❛❝✐ó♥ ❞❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s✱
②❛ q✉❡ ♥♦ t❡♥❞rí❛ s❡♥t✐❞♦ ❡st❛❜❧❡❝❡r ✉♥ ♣❡r✐♦❞♦ ❞❡ ❝♦♥st✐t✉❝✐ó♥ ❞❡ ♣r❡✈✐s✐♦♥❡s
❝í❝❧✐❝❛s q✉❡ s❡❛ ♠❛②♦r ❛ ❧❛ ❞✉r❛❝✐ó♥ ❞❡ ✉♥ ❛s❝❡♥s♦ ❞❡ ❝✐❝❧♦ ❞❡ ❧❛ ❡❝♦♥♦♠í❛ ✭❧❛
✉t✐❧✐③❛❝✐ó♥ ❞❡❧ ❢♦♥❞♦ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s t❛♠♣♦❝♦ ❞❡❜❡rí❛ ❞✉r❛r ♠ás q✉❡ ✉♥
❞❡s❝❡♥s♦ ❞❡❧ ❝✐❝❧♦✮✳

✹✳✷✳ ❆♣❧✐❝❛❝✐ó♥ ❞❡❧ ♠ét♦❞♦ ❞❡ ❝á❧❝✉❧♦ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s

❛❧ s✐st❡♠❛ ✜♥❛♥❝✐❡r♦ ❜♦❧✐✈✐❛♥♦

▲❛ ♥♦r♠❛t✐✈❛ q✉❡ r✐❣❡ ❡❧ s✐st❡♠❛ ✜♥❛♥❝✐❡r♦ ❜♦❧✐✈✐❛♥♦ ❡st❛❜❧❡❝❡ ❝✉❛tr♦ t✐♣♦s
❞❡ ❝ré❞✐t♦s ✭❝ré❞✐t♦s ❝♦♠❡r❝✐❛❧❡s✱ ❝ré❞✐t♦s ❞❡ ❝♦♥s✉♠♦✱ ❝ré❞✐t♦s ❤✐♣♦t❡❝❛r✐♦s ② ♠✐✲
❝r♦❝ré❞✐t♦s✮ ② ♦❝❤♦ ❝❛t❡❣♦rí❛s ❞❡ r✐❡s❣♦ ✭❛✱ ❜✱ ❝✱ ❞✱ ❡✱ ❢✱ ❣✱ ❤✮✳ ❙✐♥ ❡♠❜❛r❣♦✱

✾▲❛s ✢✉❝t✉❛❝✐♦♥❡s ❞❡ ❧❛ ❛❝t✐✈✐❞❛❞ ❞❡ ✉♥❛ ❡❝♦♥♦♠í❛ ❝❛✉s❛♥ ♠♦✈✐♠✐❡♥t♦s ❡♥ ♦tr❛s ✈❛r✐❛❜❧❡s
❡❝♦♥ó♠✐❝❛s ✭❡✳❣✳ ❡❧ ❡♠♣❧❡♦✮ ♦ ✜♥❛♥❝✐❡r❛s ✭❡✳❣✳ ❧❛ ❝❛rt❡r❛ ❞❡ ❝ré❞✐t♦s✮✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❡♥ ❣❡♥❡r❛❧ ✉♥
❞❡s❝❡♥s♦ ✭r❡❝✉♣❡r❛❝✐ó♥✮ ❡♥ ❧❛ ❡❝♦♥♦♠í❛ ♥♦ t✐❡♥❡ ❡❢❡❝t♦s ✐♥♠❡❞✐❛t♦s ❡♥ ❡st❛s ✈❛r✐❛❜❧❡s✳ ❊①✐st❡♥
✈❛r✐❛❜❧❡s q✉❡ ❛♥t❡❝❡❞❡♥ ❧♦s ♠♦✈✐♠✐❡♥t♦s ❞❡❧ ❝✐❝❧♦✱ ② ♦tr❛s ✈❛r✐❛❜❧❡s q✉❡ ❡stá♥ r❡③❛❣❛❞❛s r❡s♣❡❝t♦
❛ ❧♦s ♠♦✈✐♠✐❡♥t♦s ❞❡❧ ❝✐❝❧♦ ❡❝♦♥ó♠✐❝♦✳

✾
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●rá✜❝♦ ✶✿ ❆♥á❧✐s✐s ❞❡ ❈✐❝❧♦s✿ Pr♦❞✉❝t♦ ■♥t❡r♥♦ ❇r✉t♦ ❞❡ ❇♦❧✐✈✐❛ ② ❝❛rt❡r❛ ❞❡ ❝ré❞✐✲

t♦s ❞❡❧ s✐st❡♠❛ ✜♥❛♥❝✐❡r♦ ❜♦❧✐✈✐❛♥♦✳

✶✵



❧♦s ❝ré❞✐t♦s ❝❛❧✐✜❝❛❞♦s ❡♥ ❧❛s ❝❛t❡❣♦rí❛s ❞❡ ♠❡♥♦r r✐❡s❣♦ ② q✉❡ ❞❡✈❡♥❣❛♥ ✐♥t❡r❡s❡s
✭❛✱ ❜✱ ❝✮ s♦♥ ❧♦s ❛❢❡❝t❛❞♦s ❡♥ é♣♦❝❛s ❞❡ ❞❡s❝❡♥s♦ ❞❡❧ ❝✐❝❧♦✱ ♣♦r ❧♦ q✉❡ ❡♥ ❧❛ ♦♣t✐✲
♠✐③❛❝✐ó♥ só❧♦ ❡stás ❝❛t❡❣♦rí❛s ❢✉❡r♦♥ ❝♦♥s✐❞❡r❛❞❛s ♣❛r❛ ❝ré❞✐t♦s ❝♦♠❡r❝✐❛❧❡s✱ ② só❧♦
❧❛s ❝❛t❡❣♦rí❛s ❛ ② ❜ ❢✉❡r♦♥ ❝♦♥s✐❞❡r❛❞❛s ♣❛r❛ ❝ré❞✐t♦s ❞❡ ❝♦♥s✉♠♦✱ ❤✐♣♦t❡❝❛r✐♦s ❞❡
✈✐✈✐❡♥❞❛ ② ♠✐❝r♦❝ré❞✐t♦s✳ P♦r t❛♥t♦ ❧❛ ♣r❡✈✐s✐ó♥ ❝í❝❧✐❝❛ q✉❡ ❝❛❞❛ i✲❡♥t✐❞❛❞ ❞❡❜❡rá
❝♦♥st✐t✉✐r s❡rá ✐❣✉❛❧ ❛✱

pi =
[

ρcomercial,A ρcomercial,B ρcomercial,C

]



mcomercial,A

mcomercial,B

mcomercial,C




+
[

ρconsumo,A ρconsumo,B

] [
mconsumo,A

mconsumo,B

]

+
[

ρhipotecario,A ρhipotecario,B

] [
mhipotecario,A

mhipotecario,B

]

+
[

ρmicrocredito,A ρmicrocredito,B

] [
mmicrocredito,A

mmicrocredito,B

]

❉❡ ❡st❛ ♠❛♥❡r❛✱ ❧❛ ♠❛tr✐③ ♣❛rt✐❝✐♦♥❛❞❛ ρ ❛ ♦♣t✐♠✐③❛r s❡rá ✉♥❛ ♠❛tr✐③ (3 × 4) q✉❡
❝♦♥t❡♥❞rá ❝♦♠♦ ❡❧❡♠❡♥t♦s ❧♦s ♣♦r❝❡♥t❛❥❡s ❞❡ ♣r❡✈✐s✐ó♥ ❝í❝❧✐❝❛ q✉❡ ❞❡❜❡♥ ❛♣❧✐❝❛rs❡
❛ ❧❛ ❝❛rt❡r❛ s❡❣ú♥ ❝❛❞❛ ❝❛t❡❣♦rí❛ ❞❡ ❝ré❞✐t♦ ② s❡❣ú♥ t✐♣♦ ❞❡ ❝ré❞✐t♦✱

ρ =




ρcomercial,A

ρcomercial,B

ρcomercial,C

∣∣∣∣∣∣∣

ρconsumo,A

ρconsumo,B

0

∣∣∣∣∣∣∣

ρhipotecario,A

ρhipotecario,B

0

∣∣∣∣∣∣∣

ρmicrocredito,A

ρmicrocredito,B

0




▲❛ ♦♣t✐♠✐③❛❝✐ó♥ ❡st✉✈♦ s✉❥❡t❛ ❛ ❧❛s r❡str✐❝❝✐♦♥❡s ❞❡ q✉❡ ❧♦s ♣♦r❝❡♥t❛❥❡s ❞❡ ♣r❡✈✐s✐ó♥
❝í❝❧✐❝❛ ♥♦ s✉♣❡r❡♥ ❧♦s ♣♦r❝❡♥t❛❥❡s ❞❡ ♣r❡✈✐s✐♦♥❡s ❡s♣❡❝í✜❝❛s q✉❡ ❝♦rr❡s♣♦♥❞❡♥ ❛ ❧❛
s✐❣✉✐❡♥t❡ ❝❛t❡❣♦rí❛ ❞❡ r✐❡s❣♦✶✵✱

♠✐♥✐♠✐③❛r
ρ∈R

w′b

❙✉❥❡t❛ ❛ ❧❛s r❡str✐❝❝✐♦♥❡s✿

0 6 ρj,A 6 δB ∀❥ ❂ ❝♦♠❡r❝✐❛❧✱ ❝♦♥s✉♠♦✱ ❤✐♣♦t❡❝❛r✐♦✱ ♠✐❝r♦❝ré❞✐t♦

0 6 ρj,B 6 δC ∀❥ ❂ ❝♦♠❡r❝✐❛❧✱ ❝♦♥s✉♠♦✱ ❤✐♣♦t❡❝❛r✐♦✱ ♠✐❝r♦❝ré❞✐t♦

0 6 ρj,C 6 δD ∀❥ ❂ ❝♦♠❡r❝✐❛❧ ✳

✶✵❊❧ ✈❡❝t♦r δ ❞❡ ♣r❡✈✐s✐♦♥❡s ❡s♣❡❝í✜❝❛s ❡♥ ❡❧ s✐st❡♠❛ ✜♥❛♥❝✐❡r♦ ❜♦❧✐✈✐❛♥♦ ♣❛r❛ ❝❛❞❛ ❝❛t❡❣♦rí❛
❞❡ r✐❡s❣♦ ❡s✱

δ′ = [δA δB δC δD δE δF δG δH ]

= [✵✳✵✶ ✵✳✵✺ ✵✳✶✵ ✵✳✷✵ ✵✳✸✵ ✵✳✺✵ ✵✳✽✵ ✶]

❆ ♣❛rt✐r ❞❡ ❧♦s ✈❛❧♦r❡s ❞❡ δB , δC , δD s❡ ❢✉❡ r❡❞✉❝✐❡♥❞♦ ❡❧ ❧í♠✐t❡ s✉♣❡r✐♦r ❞❡ ❧❛s r❡str✐❝❝✐♦♥❡s ♣❛r❛
♦❜t❡♥❡r ✈❛❧♦r❡s ♠ás ♣r❡❝✐s♦s ❞❡ ❧♦s ♣♦r❝❡♥t❛❥❡s ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s✳

✶✶



❊❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡ ρ ❡s✶✶,✶✷✱

ρ =



✵✳✵✸✷

✵✳✵✺✺

✵✳✵✺✺

∣∣∣∣∣∣∣

✵✳✵✷✸

0

0

∣∣∣∣∣∣∣

✵✳✵✶✺

0

0

∣∣∣∣∣∣∣

✵✳✵✶✻

0

0




❊❧ ✐♠♣❛❝t♦ ❞❡❧ r❡q✉❡r✐♠✐❡♥t♦ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❢✉❡ ❝❛❧❝✉❧❛❞♦ ❝♦♥ ❧♦s ✈❛❧♦r❡s ❞❡
❧❛ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡ ρ✱ ❝♦♥ ✐♥❢♦r♠❛❝✐ó♥ ❞❡❧ s✐st❡♠❛ ✜♥❛♥❝✐❡r♦ ❜♦❧✐✈✐❛♥♦ ❞✐s♣♦♥✐❜❧❡
❡♥ ❥✉♥✐♦ ❞❡ ✷✵✵✽✳ ❊❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❛ ❝♦♥st✐t✉✐r ❡s ♠❛②♦r ♣❛r❛
❧❛s ❡♥t✐❞❛❞❡s q✉❡ ♥♦ t✐❡♥❡♥ ✉♥❛ ❝❛rt❡r❛ ❞✐✈❡rs✐✜❝❛❞❛ ② ♣r❡s❡♥t❛♥ ❝♦♥❝❡♥tr❛❝✐ó♥ ❡♥
❛❧❣✉♥❛ ♠♦❞❛❧✐❞❛❞ ❝r❡❞✐t✐❝✐❛✳ ❘❡s♣❡❝t♦ ❛❧ ✐♠♣❛❝t♦ ♣♦r s✉❜s✐st❡♠❛s✱ ❡❧ ✐♠♣❛❝t♦ ❡s
♠❛②♦r ♣❛r❛ ❧❛s ❡♥t✐❞❛❞❡s ❜❛♥❝❛r✐❛s ✭❇❈❖✮ ♣♦r s✉ ✈♦❧ú♠❡♥ ❞❡ ❛❝t✐✈♦s ✭❚❛❜❧❛ ✷✮✳
❊st❛s ❡♥t✐❞❛❞❡s t❡♥❞rá♥ ✉♥ r❡q✉❡r✐♠✐❡♥t♦ ❞❡ ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ❞❡ ✼✹✳✻✼ ♠✐❧❧♦♥❡s
❞❡ ❞ó❧❛r❡s ❡st❛❞♦✉♥✐❞❡♥s❡s ✭♠♠✉s✮✱ ♠♦♥t♦ q✉❡ r❡♣r❡s❡♥t❛ ❡❧ ✶✳✼✾✪ ❞❡❧ t♦t❛❧ ❞❡
❧❛ ❝❛rt❡r❛ ❜r✉t❛ ♠ás ❝♦♥t✐♥❣❡♥t❡ ❞❡❧ s✐st❡♠❛ ❜❛♥❝❛r✐♦✳ ❊❧ ✐♠♣❛❝t♦ ❡♥ ❧♦s ❋♦♥❞♦s
❋✐♥❛♥❝✐❡r♦s Pr✐✈❛❞♦s ✭❋❋P✮ ❡s ❞❡ ✽✳✵✾ ♠♠✉s ✭✶✳✹✼✪ ❞❡ ❧❛ ❝❛rt❡r❛ ② ❝♦♥t✐♥❣❡♥t❡ ❞❡
❧♦s ❋❋P✮✱ ❡♥ ❧❛s ▼✉t✉❛❧❡s ❞❡ ❆❤♦rr♦ ② Prést❛♠♦ ✭▼❆P✮ ❞❡ ✷✳✹✶ ♠♠✉s ✭✵✳✾✸✪ ❞❡
❧❛ ❝❛rt❡r❛ ② ❝♦♥t✐♥❣❡♥t❡ ❞❡ ❧❛s ▼❆P✮✱ ② ❡♥ ❧❛s ❈♦♦♣❡r❛t✐✈❛s ❞❡ ❆❤♦rr♦ ② ❈ré❞✐t♦
✭❈❆❈✮ ❞❡ ✹✳✸✸ ♠♠✉s✱ q✉❡ r❡♣r❡s❡♥t❛ ❡❧ ✶✳✹✸✪ ❞❡ ❧❛ ❝❛rt❡r❛ ② ❝♦♥t✐♥❣❡♥t❡ ❞❡ ❧❛s
❈❆❈✳

❚❛❜❧❛ ✷✿ ■♠♣❛❝t♦ ❡♥ ❡❧ ❙✐st❡♠❛ ❋✐♥❛♥❝✐❡r♦ ❇♦❧✐✈✐❛♥♦

❇❈❖ ❋❋P ▼❆P ❈❆❈ ❙❋◆

❈❛rt❡r❛ ② ❝♦♥t✐♥❣❡♥t❡ ✭♠♠✉s✮ ✹✶✻✶✳✻✽ ✺✺✶✳✷✶ ✷✺✽✳✺✾ ✸✵✸✳✶✸ ✺✷✼✹✳✻✶
Pr❡✈✐s✐ó♥ ❝í❝❧✐❝❛ ✭♠♠✉s✮ ✼✹✳✻✼ ✽✳✵✾ ✷✳✹✶ ✹✳✸✸ ✽✾✳✺✵
Pr❡✈✐s✐ó♥ ❛❝t✉❛❧✴❈❛rt❡r❛ ✭✪✮ ✹✳✷✸ ✶✳✻✵ ✸✳✷✺ ✸✳✻✵ ✸✳✽✼
Pr❡✈✐s✐ó♥ ❝í❝❧✐❝❛✴❈❛rt❡r❛ ✭✪✮ ✶✳✼✾ ✶✳✹✼ ✵✳✾✸ ✶✳✹✸ ✶✳✼✵
Pr❡✈✐s✐ó♥ t♦t❛❧✴❈❛rt❡r❛ ✭✪✮ ✻✳✵✸ ✸✳✵✼ ✹✳✶✽ ✺✳✵✸ ✺✳✺✼

✹✳✸✳ ❚❡♠♣♦r✐③❛❝✐ó♥ ❞❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s ② tr❛t❛♠✐❡♥t♦

❝♦♥t❛❜❧❡

❊st❛ s❡❝❝✐ó♥ ❞❡s❝r✐❜❡ ❧♦s ❛s♣❡❝t♦s ❢✉♥❞❛♠❡♥t❛❧❡s ❞❡ ❧❛ t❡♠♣♦r✐③❛❝✐ó♥ ② tr❛t❛♠✐❡♥✲
t♦ ❝♦♥t❛❜❧❡ ❞❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s q✉❡ s❡ ❤❛ ❡st❛❜❧❡❝✐❞♦ ♣❛r❛ ❡❧ s✐st❡♠❛ ✜♥❛♥❝✐❡r♦
❜♦❧✐✈✐❛♥♦✿

▲❛ ❝♦♥st✐t✉❝✐ó♥ ❞❡ ❧❛s ♣r❡✈✐s✐♦♥❡s ❝í❝❧✐❝❛s s❡rá ♠❡♥s✉❛❧✱ ❛ r❛③ó♥ ❞❡ ✉♥ ✷✳✼✽✪
❞❡❧ r❡q✉❡r✐♠✐❡♥t♦ ❝❛❧❝✉❧❛❞♦ ♣❛r❛ ❝❛❞❛ ♠❡s✳

▲❛s ❡✐❢ ♣♦❞rá♥ ✉t✐❧✐③❛r ❧❛ ♣r❡✈✐s✐ó♥ ❝í❝❧✐❝❛ ❝✉❛♥❞♦✿ ✭✐✮ ❡①✐st❛♥ s❡✐s ♠❡s❡s
❝♦♥s❡❝✉t✐✈♦s ❞❡ ❞❡t❡r✐♦r♦ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❝❛rt❡r❛✱ ♠❡❞✐❞♦ ❛ tr❛✈és ❞❡❧ r❛t✐♦ ❞❡
♣r❡✈✐s✐ó♥ r❡q✉❡r✐❞❛ s♦❜r❡ ❝❛rt❡r❛ ② ❝♦♥t✐♥❣❡♥t❡ ✭πi,t✮✱ ✭✐✐✮ ❤❛②❛♥ ❝♦♥st✐t✉✐❞♦

✶✶❊❧ ❝á❧❝✉❧♦ ❞❡ ❧❛s ❜r❡❝❤❛s ❞❡ ♣r❡✈✐s✐♦♥❡s ♣❛r❛ ❞❡✜♥✐r ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❢✉❡ r❡❛❧✐③❛❞♦
❝♦♥ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❝❛rt❡r❛ ❞✐s♣♦♥✐❜❧❡ ❞❡s❞❡ ❞✐❝✐❡♠❜r❡ ✷✵✵✶ ❛ ❞✐❝✐❡♠❜r❡ ✷✵✵✼✱ ♣❛r❛ t♦❞❛s ❧❛s
❡♥t✐❞❛❞❡s q✉❡ ❝♦♠♣♦♥❡♥ ❡❧ s✐st❡♠❛ ✜♥❛♥❝✐❡r♦ ❜♦❧✐✈✐❛♥♦✳

✶✷▲❛ ♦♣t✐♠✐③❛❝✐ó♥ s❡ r❡❛❧✐③ó ♣❛r❛ ❝❛❞❛ ❝ré❞✐t♦ ❛ ♣❛rt✐r ❞❡ ❛q✉❡❧❧❛s ❡♥t✐❞❛❞❡s q✉❡ ❝♦♥❝❡♥tr❛♥ ❧❛
♠❛②♦r ♣r♦♣♦r❝✐ó♥ ❞❡ ❝❛rt❡r❛ ❡♥ ❝❛❞❛ t✐♣♦ ❞❡ ❝ré❞✐t♦✳ ▲♦s ♣♦r❝❡♥t❛❥❡s ❡st✐♠❛❞♦s r❡s✉❧t❛♥ ❞❡ ✷✵ ♠✐❧
s✐♠✉❧❛❝✐♦♥❡s ❞❡❧ ❛❧❣♦r✐t♠♦ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ t❛❜✉ s❡❛r❝❤✳ ❊st❡ ❛❧❣♦r✐t♠♦ ♠❛♥t✐❡♥❡ ✉♥❛ ♣♦❜❧❛❝✐ó♥ ❞❡
s♦❧✉❝✐♦♥❡s ❝❛♥❞✐❞❛t❛s q✉❡ ♣✉❡❞❡♥ ❞❛r ❧✉❣❛r ❛ ✉♥❛ ♥✉❡✈❛✱ ♠❡❥♦r s♦❧✉❝✐ó♥✱ ♣♦r ❧♦ q✉❡ ❡s ✐♠♣r♦❜❛❜❧❡
q✉❡ ❧❛s s♦❧✉❝✐♦♥❡s ♣r♦❞✉❝✐❞❛s ♣♦r ❧❛s ♠❡t❛❤❡✉ríst✐❝❛s s❡ q✉❡❞❡♥ ❛tr❛♣❛❞❛s ❡♥ ✉♥ r❡❣✐ó♥ ó♣t✐♠❛
❧♦❝❛❧✳

✶✷



❡❧ ❝✐❡♥ ♣♦r ❝✐❡♥t♦ ❞❡ ❧❛ ♣r❡✈✐s✐ó♥ ❝í❝❧✐❝❛ r❡q✉❡r✐❞❛ t♦t❛❧✱ ② ✭✐✐✐✮ ❝✉❡♥t❡♥ ❝♦♥
❧❛ ♥♦ ♦❜❥❡❝✐ó♥ ❞❡ ❧❛ ❙✉♣❡r✐♥t❡♥❞❡♥❝✐❛ ❞❡ ❇❛♥❝♦s ② ❊♥t✐❞❛❞❡s ❋✐♥❛♥❝✐❡r❛s ❞❡
❇♦❧✐✈✐❛✶✸✳

❊❧ ♠♦♥t♦ ♠á①✐♠♦ ❞❡ ✉t✐❧✐③❛❝✐ó♥ ❞❡ ❧❛ ♣r❡✈✐s✐ó♥ ❝í❝❧✐❝❛ s❡rá ♠❡♥♦r ♦ ✐❣✉❛❧ ❛❧
❝✐♥❝✉❡♥t❛ ♣♦r ❝✐❡♥t♦ ❞❡❧ ✐♥❝r❡♠❡♥t♦ ❞❡ ❧❛ ♣r❡✈✐s✐ó♥ ❡s♣❡❝í✜❝❛ r❡q✉❡r✐❞❛ ♣❛r❛
✉♥ ❞❡t❡r♠✐♥❛❞♦ ♠❡s✳ ❈✉❛♥❞♦ ❝♦♠♣✉t❡ ❝♦♠♦ ♣❛rt❡ ❞❡❧ ♣❛tr✐♠♦♥✐♦ ♥❡t♦ ♣♦❞rá
✉t✐❧✐③❛rs❡ ❤❛st❛ ✉♥ ❞❡t❡r♠✐♥❛❞♦ ♣♦r❝❡♥t❛❥❡ s❡❣ú♥ ❡❧ ♣❡r✐♦❞♦ ❞❡ ✉t✐❧✐③❛❝✐ó♥✳

▲❛ ❝♦♥st✐t✉❝✐ó♥ ❞❡ ❡st❛s ♣r❡✈✐s✐♦♥❡s s❡ r❡❛♥✉❞❛rá ❝✉❛♥❞♦ ❡①✐st❛ ✉♥❛ ❞✐s♠✐✲

♥✉❝✐ó♥ ♣♦r s❡✐s ♠❡s❡s ❝♦♥s❡❝✉t✐✈♦s ❡♥ ❧❛ ♠❡❞✐❛ ♠ó✈✐❧ ❞❡ πi,t ✭✐✳❡✳ si,t✮✶✹✳

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