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❚❤✐s t❤❡s✐s ✐s ❞❡❞✐❝❛t❡❞ t♦ ●♦❞ ❢♦r ❜❡✐♥❣ ♠② ❣✉✐❞❡ ❛t ❛❧❧ ♠♦♠❡♥t ❛♥❞ ❝✐r❝✉♠st❛♥❝❡❀ t♦
♠② ❦✐❞s ❙❡❜❛st✐❛♥ ❛♥❞ ❊♠✐❧✐❛ ❜❡❝❛✉s❡ t❤❡② ❛r❡ t❤❡ r❡❛s♦♥ ❛♥❞ t❤❡ ❞r✐✈✐♥❣ ❢♦r❝❡ ♦❢ ♠②
❧✐❢❡❀ t♦ ♠② ✇✐❢❡ P❛✉❧❛ ❢♦r ❜❡✐♥❣ t❤❡ ❝♦♠♣❛♥✐♦♥ t❤❛t ❡♥❝♦✉r❛❣❡s ♠❡ t♦ ❜❡ ❜❡tt❡r❀ t♦ ♠②
♣❛r❡♥ts ❖s✇❛❧❞♦✱ ❈❡❝✐❧✐❛ ❛♥❞ ♠② s✐❜❧✐♥❣s ❆❧❡①❛♥❞r❛ ❛♥❞ ❋❛❜✐❛♥ ❢♦r t❤❡✐r ✉♥❝♦♥❞✐t✐♦♥❛❧
s✉♣♣♦rt✳

❊st❛ t❡s✐s ❡stá ❞❡❞✐❝❛❞❛ ❛ ❉✐♦s ♣♦r s❡r ♠✐ ❣✉í❛ ❡♥ t♦❞♦ ♠♦♠❡♥t♦ ② ❝✐r❝✉♥st❛♥❝✐❛❀ ❛
♠✐s ❤✐❥♦s ❙❡❜❛st✐á♥ ② ❊♠✐❧✐❛ ♣♦rq✉❡ s♦♥ ❧❛ r❛③ó♥ ② ❡❧ ♠♦t♦r ❞❡ ♠✐ ✈✐❞❛❀ ❛ ♠✐ ❡s♣♦s❛
P❛✉❧❛ ♣♦r s❡r ❧❛ ❝♦♠♣❛ñ❡r❛ q✉❡ ♠❡ ✐♠♣✉❧s❛ ❛ s❡r ♠❡❥♦r❀ ❛ ♠✐s ♣❛❞r❡s ❖s✇❛❧❞♦ ② ❈❡❝✐❧✐❛
② ❛ ♠✐s ❤❡r♠❛♥♦s ❆❧❡①❛♥❞r❛ ② ❋❛❜✐❛♥ ♣♦r s✉ ❛♣♦②♦ ✐♥❝♦♥❞✐❝✐♦♥❛❧✳
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❚❤❡ ✇r✐t✐♥❣ ♦❢ t❤✐s t❤❡s✐s ❛♥❞ t❤❡ r❡s❡❛r❝❤ ♣❛♣❡rs t❤❛t ❛r❡ ♣❛rt ♦❢ ✐t✱ ✇♦✉❧❞ ♥♦t ❤❛✈❡
❜❡❡♥ ♣♦ss✐❜❧❡ ✇✐t❤♦✉t ❛❧❧ t❤❡ ❧❡ss♦♥s t❛✉❣❤t ❛♥❞ t❤❡ ❣✉✐❞❛♥❝❡ ♦❢ ♠② s✉♣❡r✈✐s♦r ❙❡r❣✐♦
▲✉❥á♥ ▼♦r❛✳ ❚❤❛t ✐s t❤❡ r❡❛s♦♥ t❤❛t t❤❡ ♠❛✐♥ ❛❝❦♥♦✇❧❡❞❣♠❡♥ts ♦❢ t❤✐s ✇♦r❦ ❛r❡ ❢♦r
❙❡r❣✐♦✳ ❚❤❛♥❦ ②♦✉ ❢♦r s❤❛r✐♥❣ ②♦✉r s❡❝r❡ts ❢♦r ❛♥ ❡✛❡❝t✐✈❡ r❡s❡❛r❝❤✳ ■ ✇♦✉❧❞ ❛❧s♦ ❧✐❦❡
t♦ t❤❛♥❦ t❤❡ ❧❡❝t✉r❡rs ✇❤♦ ❤❛✈❡ ❜❡❡♥ ♣❛rt ♦❢ t❤✐s ❝♦♥t✐♥✉♦✉s ❧❡❛r♥✐♥❣ t♦ ❞❡✈❡❧♦♣ ♠②
❞✐ss❡rt❛t✐♦♥ ❛♥❞ ♠② r❡s❡❛r❝❤✳ ❊s♣❡❝✐❛❧❧② t❤❡ ♣r♦❢❡ss♦rs ♦❢ t❤❡ ❯♥✐✈❡rs✐t② ♦❢ ▼ü♥st❡r
❛♥❞ ❆❧✐❝❛♥t❡ ✇❤♦ ❛r♦✉s❡❞ ♠② ✐♥t❡r❡st ✐♥ s❝✐❡♥t✐✜❝ r❡s❡❛r❝❤✳
❆ s♣❡❝✐❛❧ t❤❛♥❦s ❛❧s♦ t♦ ♣❡♦♣❧❡ ✇❤♦ s❡❡❦ ❡①❝❡❧❧❡♥❝❡ ✐♥ t❤❡✐r ❞❛✐❧② ✇♦r❦ ❛♥❞ ✇❤♦ r❡❧②

♦♥ ❛♥ ❡✛❡❝t✐✈❡ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t t♦ ✐♥♥♦✈❛t❡ ❛♥❞ ♠❛❦❡ r✐❣❤t ❛♥❞ t✐♠❡❧② ❞❡❝✐s✐♦♥s✳
❋✐♥❛❧❧②✱ ■ ✇♦✉❧❞ ❧✐❦❡ t♦ t❤❛♥❦ t❤❡ ♣❡♦♣❧❡ ✇❤♦ ❝♦❧❧❛❜♦r❛t❡❞ ✐♥ t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ t❤✐s
r❡s❡❛r❝❤ ❛♥❞ t❤❡ ✇r✐t✐♥❣ ♦❢ t❤❡ ♣❛♣❡rs ♦❢ t❤❡ ❝♦♠♣❡♥❞✐✉♠✱ ❧✐❦❡✇✐s❡✱ t♦ t❤❡ ❯♥✐✈❡rs✐t②
❯❚❊ ❢♦r ❛❧❧ t❤❡ s✉♣♣♦rt✳

▲❛ ❡s❝r✐t✉r❛ ❞❡ ❡st❛ t❡s✐s ② ❧♦s ❛rtí❝✉❧♦s q✉❡ ❧❛ ❝♦♠♣♦♥❡♥ ♥♦ ❤✉❜✐❡s❡♥ s✐❞♦ ♣♦s✐❜❧❡
s✐♥ t♦❞❛s ❧❛s ❡♥s❡ñ❛♥③❛s ② ❣✉í❛ ❞❡ ♠✐ ❞✐r❡❝t♦r ❙❡r❣✐♦ ▲✉❥á♥ ▼♦r❛✱ ❡s ♣♦r ❡❧❧♦ q✉❡
❡❧ ❛❣r❛❞❡❝✐♠✐❡♥t♦ ♣r✐♥❝✐♣❛❧ ❞❡ ❡st❡ tr❛❜❛❥♦ ❡s ♣❛r❛ ❙❡r❣✐♦✳ ●r❛❝✐❛s ♣♦r ❝♦♠♣❛rt✐r ❧♦s
s❡❝r❡t♦s ♣❛r❛ ✉♥❛ ✐♥✈❡st✐❣❛❝✐ó♥ ❡❢❡❝t✐✈❛✳ ❚❛♠❜✐é♥ q✉✐❡r♦ ❛❣r❛❞❡❝❡r ❛ ❧♦s ❞♦❝❡♥t❡s q✉❡
❤❛♥ s✐❞♦ ♣❛rt❡ ❞❡❧ ❛♣r❡♥❞✐③❛❥❡ ❝♦♥t✐♥✉♦ ❡♥ ❡st❡ tr❛❥✐♥❛r ❞❡ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥✱ ❞❡ ♠❛♥❡r❛
❡s♣❡❝✐❛❧ ❛ ❧♦s ♣r♦❢❡s♦r❡s ❞❡ ❧❛ ❯♥✐✈❡rs✐❞❛❞ ❞❡ ▼ü♥st❡r ② ❞❡ ❆❧✐❝❛♥t❡ q✉❡ ❞❡s♣❡rt❛r♦♥
❡♥ ♠✐ ❡❧ ✐♥t❡rés ♣♦r ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥ ❝✐❡♥tí✜❝❛✳
❯♥ ❛❣r❛❞❡❝✐♠✐❡♥t♦ ❡s♣❡❝✐❛❧ t❛♠❜✐é♥ ❛ ❧❛s ♣❡rs♦♥❛s q✉❡ ❜✉s❝❛♥ ❧❛ ❡①❝❡❧❡♥❝✐❛ ❡♥ s✉

tr❛❜❛❥♦ ❞✐❛r✐♦ ② q✉❡ s❡ ❛♣♦②❛♥ ❡♥ ✉♥❛ ❣❡st✐ó♥ ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❡❢❡❝t✐✈❛ ♣❛r❛ ✐♥♥♦✈❛r
② ♣❛r❛ t♦♠❛r ❞❡❝✐s✐♦♥❡s ❛❝❡rt❛❞❛s ② ♦♣♦rt✉♥❛s✳ ❋✐♥❛❧♠❡♥t❡✱ ♠❡ ❣✉st❛rí❛ ❛❣r❛❞❡❝❡r ❛
❧❛s ♣❡rs♦♥❛s q✉❡ ❝♦❧❛❜♦r❛r♦♥ ❡♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❡st❡ tr❛❜❛❥♦ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ② ❡♥ ❧❛
❡s❝r✐t✉r❛ ❞❡ ❧♦s ❛rtí❝✉❧♦s ❞❡❧ ❝♦♠♣❡♥❞✐♦✱ ❛sí ❝♦♠♦ ❛❧ ❛♣♦②♦ ❜r✐♥❞❛❞♦ ♣♦r ❧❛ ❯♥✐✈❡rs✐❞❛❞
❯❚❊✳

◗✉✐t♦✱ ▼❛② ✾✱ ✷✵✶✾
❖s✇❛❧❞♦ ▼♦s❝♦s♦ ❩❡❛

✐✐✐





❆❜str❛❝t

❑♥♦✇❧❡❞❣❡ ❤❛s t♦ ❜❡ ✐♠♣r♦✈❡❞✱
❝❤❛❧❧❡♥❣❡❞✱ ❛♥❞ ✐♥❝r❡❛s❡❞ ❝♦♥st❛♥t❧②✱

♦r ✐t ✈❛♥✐s❤❡s✱
P❊❚❊❘ ❉❘❯❈❑❊❘

❚❤❡ ❧❛r❣❡ ✈♦❧✉♠❡s ♦❢ ❞❛t❛ ✭❇✐❣ ❉❛t❛✮ t❤❛t ❛r❡ ❣❡♥❡r❛t❡❞ ♦♥ ❛ ❣❧♦❜❛❧ s❝❛❧❡ ❛♥❞ ✇✐t❤✐♥
♦r❣❛♥✐③❛t✐♦♥s ❛❧♦♥❣ ✇✐t❤ t❤❡ ❦♥♦✇❧❡❞❣❡ t❤❛t r❡s✐❞❡s ✐♥ ♣❡♦♣❧❡ ❛♥❞ ✐♥ ❜✉s✐♥❡ss ♣r♦❝❡ss❡s
♠❛❦❡s ♦r❣❛♥✐③❛t✐♦♥❛❧ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ✭❑▼✮ ✈❡r② ❝♦♠♣❧❡①✳ ❆ r✐❣❤t ❑▼ ❝❛♥ ❜❡
❛ s♦✉r❝❡ ♦❢ ♦♣♣♦rt✉♥✐t✐❡s ❛♥❞ ❝♦♠♣❡t✐t✐✈❡ ❛❞✈❛♥t❛❣❡ ❢♦r ♦r❣❛♥✐③❛t✐♦♥s t❤❛t ✉s❡ t❤❡✐r
❞❛t❛ ✐♥t❡❧❧✐❣❡♥t❧② ❛♥❞ s✉❜s❡q✉❡♥t❧② ❣❡♥❡r❛t❡ ❦♥♦✇❧❡❞❣❡ ✇✐t❤ t❤❡♠✳
❚✇♦ ♦❢ t❤❡ ✜❡❧❞s t❤❛t s✉♣♣♦rt ❑▼ ❛♥❞ t❤❛t ❤❛✈❡ ❤❛❞ ❛❝❝❡❧❡r❛t❡❞ ❣r♦✇t❤ ✐♥ r❡❝❡♥t

②❡❛rs ❛r❡ ❜✉s✐♥❡ss ✐♥t❡❧❧✐❣❡♥❝❡ ✭❇■✮ ❛♥❞ ❡♥t❡r♣r✐s❡ ❛r❝❤✐t❡❝t✉r❡ ✭❊❆✮✳ ❖♥ t❤❡ ♦♥❡ ❤❛♥❞✱
❇■ ❛❧❧♦✇s t❛❦✐♥❣ ❛❞✈❛♥t❛❣❡ ♦❢ t❤❡ ✐♥❢♦r♠❛t✐♦♥ st♦r❡❞ ✐♥ ❞❛t❛ ✇❛r❡❤♦✉s❡s ✉s✐♥❣ ❞✐✛❡r❡♥t
♦♣❡r❛t✐♦♥s s✉❝❤ ❛s s❧✐❝❡✱ ❞✐❝❡✱ r♦❧❧✲✉♣✱ ❛♥❞ ❞r✐❧❧✲❞♦✇♥✳ ❚❤✐s ✐♥❢♦r♠❛t✐♦♥ ✐s ♦❜t❛✐♥❡❞
❢r♦♠ t❤❡ ♦♣❡r❛t✐♦♥❛❧ ❞❛t❛❜❛s❡s t❤r♦✉❣❤ ❛♥ ❡①tr❛❝t✐♦♥✱ tr❛♥s❢♦r♠❛t✐♦♥✱ ❛♥❞ ❧♦❛❞✐♥❣
✭❊❚▲✮ ♣r♦❝❡ss✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ❊❆ ❛❧❧♦✇s ✐♥st✐t✉t✐♦♥s t♦ ❡st❛❜❧✐s❤ ♠❡t❤♦❞s t❤❛t
s✉♣♣♦rt t❤❡ ❝r❡❛t✐♦♥✱ s❤❛r✐♥❣ ❛♥❞ tr❛♥s❢❡r ♦❢ ❦♥♦✇❧❡❞❣❡ t❤❛t r❡s✐❞❡s ✐♥ ♣❡♦♣❧❡ ❛♥❞
♣r♦❝❡ss❡s t❤r♦✉❣❤ t❤❡ ✉s❡ ♦❢ ❜❧✉❡♣r✐♥ts ❛♥❞ ♠♦❞❡❧s✳ ❖♥❡ ♦❢ t❤❡ ♦❜❥❡❝t✐✈❡s ♦❢ ❑▼ ✐s
t♦ ❝r❡❛t❡ ❛ ❝✉❧t✉r❡ ✇❤❡r❡ t❛❝✐t ❦♥♦✇❧❡❞❣❡ ✭❦♥♦✇❧❡❞❣❡ t❤❛t r❡s✐❞❡s ✐♥ ❛ ♣❡rs♦♥✮ st❛②s
✐♥ ❛♥ ♦r❣❛♥✐③❛t✐♦♥ ✇❤❡♥ q✉❛❧✐✜❡❞ ❛♥❞ ❡①♣❡rt ♣❡rs♦♥♥❡❧ ❧❡❛✈❡ t❤❡ ✐♥st✐t✉t✐♦♥ ♦r ✇❤❡♥
❝❤❛♥❣❡s ❛r❡ r❡q✉✐r❡❞ ✐♥ t❤❡ ♦r❣❛♥✐③❛t✐♦♥❛❧ str✉❝t✉r❡✱ ✐♥ ❝♦♠♣✉t❡r ❛♣♣❧✐❝❛t✐♦♥s ♦r ✐♥ t❤❡
t❡❝❤♥♦❧♦❣✐❝❛❧ ✐♥❢r❛str✉❝t✉r❡✳
■♥ ❤✐❣❤❡r ❡❞✉❝❛t✐♦♥ ✐♥st✐t✉t✐♦♥s ✭❍❊■s✮ ♥♦t ❤❛✈✐♥❣ ❛♥ ❛❞❡q✉❛t❡ ❑▼ ❛♣♣r♦❛❝❤ t♦

❤❛♥❞❧❡ ❞❛t❛ ✐s ❡✈❡♥ ❛ ❣r❡❛t❡r ♣r♦❜❧❡♠ ❞✉❡ t♦ t❤❡ ♥❛t✉r❡ ♦❢ t❤✐s ✐♥❞✉str②✳ ●❡♥❡r❛❧❧②✱
❍❊■s ❤❛✈❡ ✈❡r② ❧✐tt❧❡ ✐♥t❡r❞❡♣❡♥❞❡♥❝❡ ❜❡t✇❡❡♥ ❞❡♣❛rt♠❡♥ts ❛♥❞ ❢❛❝✉❧t✐❡s✳ ■♥ ♦t❤❡r
✇♦r❞s✱ t❤❡r❡ ✐s ❧♦✇ st❛♥❞❛r❞✐③❛t✐♦♥✱ r❡❞✉♥❞❛♥❝② ♦❢ ✐♥❢♦r♠❛t✐♦♥✱ ❛♥❞ ❝♦♥st❛♥t ❞✉♣❧✐❝✐t②
♦❢ ❛♣♣❧✐❝❛t✐♦♥s ❛♥❞ ❢✉♥❝t✐♦♥❛❧✐t✐❡s ✐♥ t❤❡ ❞✐✛❡r❡♥t ❞❡♣❛rt♠❡♥ts ✇❤✐❝❤ ❝❛✉s❡s ✐♥❡✣❝✐❡♥t
♦r❣❛♥✐③❛t✐♦♥s✳ ❚❤❛t ✐s ✇❤② t❤❡ r❡s❡❛r❝❤ ♣❡r❢♦r♠❡❞ ✇✐t❤✐♥ t❤✐s ❞✐ss❡rt❛t✐♦♥ ❤❛s ❢♦❝✉s❡❞
♦♥ ✜♥❞✐♥❣ ❛♥ ❛❞❡q✉❛t❡ ❑▼ ♠❡t❤♦❞ ❛♥❞ r❡s❡❛r❝❤✐♥❣ ♦♥ t❤❡ r✐❣❤t t❡❝❤♥♦❧♦❣✐❝❛❧ ✐♥❢r❛s✲
tr✉❝t✉r❡ t❤❛t s✉♣♣♦rts t❤❡ ♠❛♥❛❣❡♠❡♥t ♦❢ ✐♥❢♦r♠❛t✐♦♥ ♦❢ ❛❧❧ t❤❡ ❦♥♦✇❧❡❞❣❡ ❞✐♠❡♥s✐♦♥s
s✉❝❤ ❛s ♣❡♦♣❧❡✱ ♣r♦❝❡ss❡s ❛♥❞ t❡❝❤♥♦❧♦❣②✳ ❆❧❧ ♦❢ t❤✐s ✇✐t❤ t❤❡ ♦❜❥❡❝t✐✈❡ t♦ ❞✐s❝♦✈❡r ✐♥✲
♥♦✈❛t✐✈❡ ♠❡❝❤❛♥✐s♠s t♦ ✐♠♣r♦✈❡ ❡❞✉❝❛t✐♦♥ ❛♥❞ t❤❡ s❡r✈✐❝❡ t❤❛t ❍❊■s ♦✛❡r t♦ t❤❡✐r
st✉❞❡♥ts ❛♥❞ t❡❛❝❤❡rs ❜② ✐♠♣r♦✈✐♥❣ t❤❡✐r ♣r♦❝❡ss❡s✳
❉❡s♣✐t❡ t❤❡ ❡①✐st❡♥❝❡ ♦❢ s♦♠❡ ✐♥✐t✐❛t✐✈❡s✱ ❛♥❞ ♣❛♣❡rs ♦♥ ❑▼ ❢r❛♠❡✇♦r❦s✱ ✇❡ ✇❡r❡

♥♦t ❛❜❧❡ t♦ ✜♥❞ ❛ st❛♥❞❛r❞ ❢r❛♠❡✇♦r❦ t❤❛t s✉♣♣♦rts ♦r ❣✉✐❞❡s ❑▼ ✐♥✐t✐❛t✐✈❡s✳ ■♥
❛❞❞✐t✐♦♥✱ ❑▼ ❢r❛♠❡✇♦r❦s ❢♦✉♥❞ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ❞♦ ♥♦t ♣r❡s❡♥t ♣r❛❝t✐❝❛❧ ♠❡❝❤❛♥✐s♠s
t♦ ❣❛t❤❡r ❛♥❞ ❛♥❛❧②③❡ ❛❧❧ t❤❡ ❦♥♦✇❧❡❞❣❡ ❞✐♠❡♥s✐♦♥s t♦ ❢❛❝✐❧✐t❛t❡ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢
❑▼ ♣r♦❥❡❝ts✳

✈



❆❜str❛❝t

❚❤❡ ❝♦r❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ t❤✐s t❤❡s✐s ✐s ❛ ❤②❜r✐❞ ✐♥❢r❛str✉❝t✉r❡ ♦❢ ❑▼ ❜❛s❡❞ ♦♥ ❊❆
❛♥❞ ❇■ t❤❛t ✇❛s ❞❡✈❡❧♦♣❡❞ ❢r♦♠ r❡s❡❛r❝❤ ✉s✐♥❣ ❛♥ ❡♠♣✐r✐❝❛❧ ❛♣♣r♦❛❝❤ ❛♥❞ t❛❦✐♥❣
❛s r❡❢❡r❡♥❝❡ t❤❡ ❢r❛♠❡✇♦r❦ ❞❡✈❡❧♦♣❡❞ ❢♦r ❑▼✳ ❚❤❡ ♣r♦♣♦s❡❞ ✐♥❢r❛str✉❝t✉r❡ ✇✐❧❧ ❤❡❧♣
❍❊■s t♦ ✐♠♣r♦✈❡ ❡❞✉❝❛t✐♦♥ ✐♥ ❛ ❣❡♥❡r❛❧ ✇❛② ❜② ❛♥❛❧②③✐♥❣ r❡❧✐❛❜❧❡ ❛♥❞ ❝❧❡❛♥❡❞ ❞❛t❛ ❛♥❞
✐♥t❡❣r❛t✐♥❣ ❛♥❛❧②t✐❝s ❢r♦♠ t❤❡ ♣❡rs♣❡❝t✐✈❡ ♦❢ ❊❆✳ ❊❆ ❛♥❛❧②t✐❝s t❛❦❡s ✐♥t♦ ❛❝❝♦✉♥t t❤❡
✐♥t❡r❞❡♣❡♥❞❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ♦❜❥❡❝ts t❤❛t ♠❛❦❡ ✉♣ t❤❡ ♦r❣❛♥✐③❛t✐♦♥✿ ♣❡♦♣❧❡✱ ♣r♦❝❡ss❡s✱
❛♣♣❧✐❝❛t✐♦♥s✱ ❛♥❞ t❡❝❤♥♦❧♦❣②✳
❚❤r♦✉❣❤ t❤❡ ♣r❡s❡♥t❡❞ ✐♥❢r❛str✉❝t✉r❡✱ t❤❡ ❞♦♦rs ❛r❡ ♦♣❡♥❡❞ ❢♦r t❤❡ r❡❛❧✐③❛t✐♦♥ ♦❢

❞✐✛❡r❡♥t r❡s❡❛r❝❤ ♣r♦❥❡❝ts t❤❛t ✐♥❝r❡♠❡♥t t❤❡ t②♣❡ ♦❢ ❦♥♦✇❧❡❞❣❡ t❤❛t ✐s ❣❡♥❡r❛t❡❞ ❜②
✐♥t❡❣r❛t✐♥❣ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ♦❢ t❤❡ ❛♣♣❧✐❝❛t✐♦♥s ❢♦✉♥❞ ✐♥ t❤❡ ❞❛t❛ ✇❛r❡❤♦✉s❡s t♦❣❡t❤❡r
✇✐t❤ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ♦❢ t❤❡ ♣❡♦♣❧❡ ❛♥❞ t❤❡ ♦r❣❛♥✐③❛t✐♦♥❛❧ ♣r♦❝❡ss❡s t❤❛t ❛r❡ ❢♦✉♥❞ ✐♥
t❤❡ ❊❆ r❡♣♦s✐t♦r✐❡s✳ ■♥ ♦r❞❡r t♦ ✈❛❧✐❞❛t❡ t❤❡ ♣r♦♣♦s❛❧✱ ❛ ❝❛s❡ st✉❞② ✇❛s ❝❛rr✐❡❞ ♦✉t
✇✐t❤✐♥ ❛ ✉♥✐✈❡rs✐t② ✇✐t❤ ♣r♦♠✐s✐♥❣ ✐♥✐t✐❛❧ r❡s✉❧ts✳ ❆s ❢✉t✉r❡ ✇♦r❦s✱ ✐t ✐s ♣❧❛♥♥❡❞ t❤❛t
❞✐✛❡r❡♥t ❍❊■s✬ ❛❝t✐✈✐t✐❡s ❝❛♥ ❜❡ ❛✉t♦♠❛t❡❞ t❤r♦✉❣❤ ❛ s♦❢t✇❛r❡ ❞❡✈❡❧♦♣♠❡♥t ♠❡t❤♦❞♦❧✲
♦❣② ❜❛s❡❞ ♦♥ ❊❆ ♠♦❞❡❧s✳ ■♥ ❛❞❞✐t✐♦♥✱ ✐t ✐s ❞❡s✐r❡❞ t♦ ❞❡✈❡❧♦♣ ❛ ❑▼ s②st❡♠ t❤❛t ❛❧❧♦✇s
t❤❡ ❣❡♥❡r❛t✐♦♥ ♦❢ ❞✐✛❡r❡♥t ❛♥❞ ♥❡✇ t②♣❡s ♦❢ ❛♥❛❧②t✐❝s✱ ✇❤✐❝❤ ✇♦✉❧❞ ❜❡ ✐♠♣♦ss✐❜❧❡ t♦
♦❜t❛✐♥ ✇✐t❤ ♦♥❧② tr❛♥s❛❝t✐♦♥❛❧ ♦r ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ❞❛t❛❜❛s❡s✳
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❊❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❞❡❜❡ s❡r ♠❡❥♦r❛❞♦✱
❞❡s❛✜❛❞♦✱ ② ❛✉♠❡♥t❛❞♦ ❝♦♥st❛♥t❡♠❡♥t❡✱

♦ ❞❡s❛♣❛r❡❝❡✱
P❊❚❊❘ ❉❘❯❈❑❊❘

▲♦s ❣r❛♥❞❡s ✈♦❧ú♠❡♥❡s ❞❡ ❞❛t♦s ✭❇✐❣ ❉❛t❛✮ q✉❡ s❡ ❣❡♥❡r❛♥ ❤♦② ❡♥ ❞í❛ ❛ ❡s❝❛❧❛ ❣❧♦❜❛❧ ②
❞❡♥tr♦ ❞❡ ❧❛s ♦r❣❛♥✐③❛❝✐♦♥❡s ❥✉♥t♦ ❝♦♥ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ q✉❡ r❡s✐❞❡ ❡♥ ❧❛s ♣❡rs♦♥❛s ② ❛q✉❡❧
q✉❡ s❡ ♣❧❛s♠❛ ❡♥ ❧♦s ♣r♦❝❡s♦s ❞❡ ♥❡❣♦❝✐♦ ❤❛❝❡ ♠✉② ❝♦♠♣❧❡❥❛ ❧❛ ❣❡st✐ó♥ ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦
✭●❈✮ ♦r❣❛♥✐③❛❝✐♦♥❛❧✳ ❯♥❛ ❝♦rr❡❝t❛ ●❈ ♣✉❡❞❡ s❡r ❢✉❡♥t❡ ❞❡ ♦♣♦rt✉♥✐❞❛❞❡s ② ❞❡ ✈❡♥t❛❥❛
❝♦♠♣❡t✐t✐✈❛ ♣❛r❛ ❛q✉❡❧❧❛s ♦r❣❛♥✐③❛❝✐♦♥❡s q✉❡ ✉s❛♥ s✉s ❞❛t♦s ❞❡ ❢♦r♠❛ ✐♥t❡❧✐❣❡♥t❡ ②
♣♦st❡r✐♦r♠❡♥t❡ ❣❡♥❡r❛♥ ❝♦♥♦❝✐♠✐❡♥t♦ ❝♦♥ ❡❧❧♦s✳
❉♦s ❞❡ ❧♦s ❝❛♠♣♦s q✉❡ ❛♣♦②❛♥ ❧❛ ●❈ ② q✉❡ ❤❛♥ t❡♥✐❞♦ ✉♥ ❛❝❡❧❡r❛❞♦ ❝r❡❝✐♠✐❡♥t♦ ❡♥ ❧♦s

ú❧t✐♠♦s ❛ñ♦s s♦♥ ❧❛ ✐♥t❡❧✐❣❡♥❝✐❛ ❞❡❧ ♥❡❣♦❝✐♦ ✭■◆✮ ② ❧❛ ❛rq✉✐t❡❝t✉r❛ ❡♠♣r❡s❛r✐❛❧ ✭❆❊✮✳ P♦r
✉♥ ❧❛❞♦✱ ❧❛ ■◆ ♣❡r♠✐t❡ s❛❝❛r ♣r♦✈❡❝❤♦ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❣✉❛r❞❛❞❛ ❡♥ ❧♦s ❛❧♠❛❝❡♥❡s ❞❡
❞❛t♦s ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧❡s ✭❞❛t❛ ✇❛r❡❤♦✉s❡✮ ❝♦♥ ❞✐❢❡r❡♥t❡s ♦♣❡r❛❝✐♦♥❡s ❝♦♠♦ s❧✐❝❡✱ ❞✐❝❡✱
r♦❧❧✲✉♣ ② ❞r✐❧❧✲❞♦✇♥✳ ❊st❛ ✐♥❢♦r♠❛❝✐ó♥ s❡ ♦❜t✐❡♥❡ ❞❡ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s ♦♣❡r❛❝✐♦♥❛❧❡s ♣♦r
♠❡❞✐♦ ❞❡ ✉♥ ♣r♦❝❡s♦ ❞❡ ❡①tr❛❝❝✐ó♥✱ tr❛♥s❢♦r♠❛❝✐ó♥ ② ❝❛r❣❛ ✭❝♦♥♦❝✐❞♦ ❡♥ ✐♥❣❧és ❝♦♠♦
❊❚▲ ♣♦r ✏❡①tr❛❝t✐♦♥✱ tr❛♥s❢♦r♠❛t✐♦♥ ❛♥❞ ❧♦❛❞✐♥❣✑✮✳ P♦r ♦tr♦ ❧❛❞♦✱ ❧❛ ❆❊ ♣❡r♠✐t❡
❛ ❧❛s ✐♥st✐t✉❝✐♦♥❡s ❡st❛❜❧❡❝❡r ♠ét♦❞♦s q✉❡ ♣❡r♠✐t❛♥ ❝r❡❛r✱ ❝♦♠♣❛rt✐r ② tr❛♥s❢❡r✐r ❡❧
❝♦♥♦❝✐♠✐❡♥t♦ q✉❡ r❡s✐❞❡ ❡♥ ♣❡rs♦♥❛s ② ♣r♦❝❡s♦s ♠❡❞✐❛♥t❡ ❡❧ ✉s♦ ❞❡ ♠❛♣❛s ② ♠♦❞❡❧♦s✳
❯♥♦ ❞❡ ❧♦s ♦❜❥❡t✐✈♦s ❞❡ ❧❛ ●❈ ❡s ❝r❡❛r ✉♥❛ ❝✉❧t✉r❛ ❞♦♥❞❡ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ ✭❛q✉❡❧
q✉❡ r❡s✐❞❡ ❡♥ ❧❛s ♣❡rs♦♥❛s✮ s❡ q✉❡❞❡ ❡♥ ❧❛ ♦r❣❛♥✐③❛❝✐ó♥ ❝✉❛♥❞♦ ❡❧ ♣❡rs♦♥❛❧ ❝❛❧✐✜❝❛❞♦
② ❡①♣❡rt♦ ❛❜❛♥❞♦♥❡ ❧❛ ♠✐s♠❛ ♦ ❝✉❛♥❞♦ s❡ r❡q✉✐❡r❛ r❡❛❧✐③❛r ❝❛♠❜✐♦s ❡♥ ❧❛ ❡str✉❝t✉r❛
♦r❣❛♥✐③❛❝✐♦♥❛❧✱ ❡♥ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ✐♥❢♦r♠át✐❝❛s ♦ ❡♥ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ t❡❝♥♦❧ó❣✐❝❛✳
❊♥ ❡❧ ❝❛s♦ ❞❡ ❧❛s ✐♥st✐t✉❝✐♦♥❡s ❞❡ ❡❞✉❝❛❝✐ó♥ s✉♣❡r✐♦r✭■❊❙✮ ❡❧ ♥♦ t❡♥❡r ✉♥ ❛❞❡❝✉❛❞♦

♠ét♦❞♦ ❞❡ ●❈ ❡s ✉♥ ♣r♦❜❧❡♠❛ ✐♥❝❧✉s♦ ♠❛②♦r ❞❡❜✐❞♦ ❛ ❧❛ ♥❛t✉r❛❧❡③❛ ❞❡ ❡st❛ ✐♥❞✉str✐❛✳
●❡♥❡r❛❧♠❡♥t❡ ❡♥ ❧❛s ■❊❙✱ ❡①✐st❡ ♠✉② ♣♦❝❛ ✐♥t❡r❞❡♣❡♥❞❡♥❝✐❛ ❡♥tr❡ ❧♦s ❞❡♣❛rt❛♠❡♥t♦s ②
❢❛❝✉❧t❛❞❡s✳ ❊s ❞❡❝✐r✱ ❡①✐st❡ ♣♦❝❛ ❡st❛♥❞❛r✐③❛❝✐ó♥✱ r❡❞✉♥❞❛♥❝✐❛ ❞❡ ✐♥❢♦r♠❛❝✐ó♥✱ ❞✉♣❧✐❝✐✲
❞❛❞ ❞❡ ❛♣❧✐❝❛❝✐♦♥❡s ② ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ❡♥tr❡ ❞❡♣❛rt❛♠❡♥t♦s✱ ❧♦ q✉❡ ♦❝❛s✐♦♥❛ ♦r❣❛♥✐③❛✲
❝✐♦♥❡s ♣♦❝♦ ❡✜❝✐❡♥t❡s✳ ❊s ♣♦r ❡❧❧♦✱ q✉❡ ❡st❡ tr❛❜❛❥♦ s❡ ❤❛ ❝❡♥tr❛❞♦ ❡♥ ❜✉s❝❛r ✉♥ ♠ét♦❞♦
❛❞❡❝✉❛❞♦ ❞❡ ●❈ ❡ ✐♥✈❡st✐❣❛r s♦❜r❡ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ t❡❝♥♦❧ó❣✐❝❛ q✉❡ ❛♣♦②❡ ❧❛ ❣❡st✐ó♥
❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ t♦❞❛s ❧❛s ❞✐♠❡♥s✐♦♥❡s ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ❝♦♠♦ s♦♥✿ ♣❡rs♦♥❛s✱ ♣r♦✲
❝❡s♦s ② t❡❝♥♦❧♦❣í❛✳ ❚♦❞♦ ❡st♦ ❝♦♥ ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ❜✉s❝❛r ♠❡❝❛♥✐s♠♦s ✐♥♥♦✈❛❞♦r❡s ♣❛r❛
♠❡❥♦r❛r ❧❛ ❡❞✉❝❛❝✐ó♥ ② ❡❧ s❡r✈✐❝✐♦ q✉❡ ❜r✐♥❞❛♥ ❧❛s ■❊❙ ❛ s✉s ❡st✉❞✐❛♥t❡s ② ❞♦❝❡♥t❡s
♠❡❞✐❛♥t❡ ❧❛ ♠❡❥♦r❛ ❡♥ s✉s ♣r♦❝❡s♦s✳
❆ ♣❡s❛r ❞❡ ❡①✐st✐r ❛❧❣✉♥❛s ✐♥✐❝✐❛t✐✈❛s ② ❛rtí❝✉❧♦s s♦❜r❡ ❧♦s ♠❛r❝♦s ❞❡ ●❈✱ ♥♦ ♣✉❞✐♠♦s

❡♥❝♦♥tr❛r ✉♥ ♠❛r❝♦ ❞❡ tr❛❜❛❥♦ ❡stá♥❞❛r q✉❡ ❛♣♦②❡ ♦ ❣✉í❡ ❧❛s ✐♥✐❝✐❛t✐✈❛s ❞❡ ●❈✳ ❆❞❡♠ás✱
❧♦s ♠❛r❝♦s ❞❡ tr❛❜❛❥♦ ❞❡ ●❈ ❡♥❝♦♥tr❛❞♦s ❡♥ ❧❛ ❜✐❜❧✐♦❣r❛❢í❛ ❝✐❡♥tí✜❝❛ ♥♦ ♣r❡s❡♥t❛♥ ✉♥
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❡♥❢♦q✉❡ ♣rá❝t✐❝♦ q✉❡ ♣❡r♠✐t❛ ❛♥❛❧✐③❛r ② ❝♦♥s♦❧✐❞❛r ❧❛s ❞✐♠❡♥s✐♦♥❡s ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ②
♣♦r ❡♥❞❡ ❢❛❝✐❧✐t❡ s✉ ✐♠♣❧❡♠❡♥t❛❝✐ó♥✳ ❊❧ ❛♣♦rt❡ ❝❡♥tr❛❧ ❞❡ ❡st❛ t❡s✐s ❡s ✉♥❛ ✐♥❢r❛❡str✉❝✲
t✉r❛ ❤í❜r✐❞❛ ❞❡ ●❈ ❜❛s❛❞❛ ❡♥ ❆❊ ❡ ■◆ q✉❡ ❢✉❡ ❞❡s❛rr♦❧❧❛❞❛ ❝♦♠♣❧❡t❛♠❡♥t❡ ❞❡s❞❡
✉♥ ❡♥❢♦q✉❡ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ❡♠♣ír✐❝❛ ② t♦♠❛♥❞♦ ❝♦♠♦ r❡❢❡r❡♥❝✐❛ ❡❧ ♠❛r❝♦ ❞❡ tr❛❜❛❥♦
❞❡s❛rr♦❧❧❛❞♦ ♣❛r❛ ❧❛ ●❈✳ ▲❛ ✐♥❢r❛❡str✉❝t✉r❛ ❞❡s❛rr♦❧❧❛❞❛ ❛②✉❞❛rá ❛ ❧❛s ■❊❙ ❛ ♠❡❥♦r❛r
❧❛ ❡❞✉❝❛❝✐ó♥ ❞❡ ♠❛♥❡r❛ ❣❡♥❡r❛❧ ♠❡❞✐❛♥t❡ ❡❧ ❛♥á❧✐s✐s ❞❡ ❞❛t♦s ❡❞✉❝❛t✐✈♦s ❝♦♥✜❛❜❧❡s ②
❞❡♣✉r❛❞♦s ❡ ✐♥t❡❣r❛♥❞♦ ❛♥❛❧ít✐❝❛ ❞❡s❞❡ ❧❛ ♣❡rs♣❡❝t✐✈❛ ❞❡ ❆❊✳ ❚♦♠❛♥❞♦ ❡♥ ❝✉❡♥t❛ ❧❛
✐♥t❡r❞❡♣❡♥❞❡♥❝✐❛ ❡①✐st❡♥t❡ ❡♥tr❡ ❧♦s ♦❜❥❡t♦s q✉❡ ❝♦♥❢♦r♠❛♥ ❧❛ ♦r❣❛♥✐③❛❝✐ó♥✿ ♣❡rs♦♥❛s✱
♣r♦❝❡s♦s✱ ❛♣❧✐❝❛❝✐♦♥❡s ② t❡❝♥♦❧♦❣í❛✳
❆ tr❛✈és ❞❡ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ ♣r❡s❡♥t❛❞❛✱ s❡ ❛❜r❡♥ ❧❛s ♣✉❡rt❛s ♣❛r❛ ❧❛ r❡❛❧✐③❛❝✐ó♥ ❞❡

❞✐st✐♥t♦s ❡①♣❡r✐♠❡♥t♦s ② ♣r♦②❡❝t♦s ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ q✉❡ ♣❡r♠✐t❛♥ ✐♥❝r❡♠❡♥t❛r ❡❧ t✐♣♦
❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ q✉❡ s❡ ❣❡♥❡r❛ ✐♥t❡❣r❛♥❞♦ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s q✉❡ s❡
❡♥❝✉❡♥tr❛ ❡♥ ❧♦s ❛❧♠❛❝❡♥❡s ❞❡ ❞❛t♦s ❥✉♥t♦ ❝♦♥ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛s ♣❡rs♦♥❛s ② ❞❡ ❧♦s
♣r♦❝❡s♦s ♦r❣❛♥✐③❛❝✐♦♥❛❧❡s q✉❡ s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❧♦s r❡♣♦s✐t♦r✐♦s ❞❡ ❆❊✳
P❛r❛ ✈❛❧✐❞❛r ❧❛ ♣r♦♣✉❡st❛ s❡ r❡❛❧✐③ó ✉♥ ❝❛s♦ ❞❡ ❡st✉❞✐♦ ❞❡♥tr♦ ❞❡ ✉♥❛ ✉♥✐✈❡rs✐❞❛❞

❝♦♥ r❡s✉❧t❛❞♦s ✐♥✐❝✐❛❧❡s ♣r♦♠❡t❡❞♦r❡s✳ ❈♦♠♦ tr❛❜❛❥♦s ❢✉t✉r♦s s❡ ♣❧❛♥❡❛ ❛✉t♦♠❛t✐③❛r
❞✐st✐♥t❛s ❛❝t✐✈✐❞❛❞❡s ❞❡ ❧❛ ■❊❙ ♠❡❞✐❛♥t❡ ✉♥❛ ♠❡t♦❞♦❧♦❣í❛ ❞❡ ❞❡s❛rr♦❧❧♦ ❞❡ s♦❢t✇❛r❡
❜❛s❛❞❛ ❡♥ ♠♦❞❡❧♦s ❞❡ ❆❊✳ ❆❞❡♠ás✱ s❡ ❡stá ❞❡s❛rr♦❧❧❛♥❞♦ ✉♥ s✐st❡♠❛ ❞❡ ❣❡st✐ó♥ ❞❡❧
❝♦♥♦❝✐♠✐❡♥t♦ q✉❡ ♣❡r♠✐t✐rá ❣❡♥❡r❛r ❞✐st✐♥t♦s ② ♥✉❡✈♦s t✐♣♦s ❞❡ ❛♥❛❧ít✐❝❛✱ q✉❡ s♦❧♦ ❝♦♥
❜❛s❡s ❞❡ ❞❛t♦s tr❛♥s❛❝❝✐♦♥❛❧❡s ♦ ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧❡s s❡rí❛ ✐♠♣♦s✐❜❧❡ ♦❜t❡♥❡r✳
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✶✳✶✵ ❆❉▼ ❛❞❛♣t❡❞ ❢♦r t❤❡ ❝❛s❡ st✉❞② ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✼

✶✳✶✶ ▼♦❞❡❧ ♦❢ ❛ ♠❛❝r♦✕♣r♦❝❡ss ♦❢ ❛♥ ❍❊■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✼

✶✳✶✷ ❊①❛♠♣❧❡ ♦❢ ❛ ❥♦✉r♥❛❧ ❡❞✐t✐♦♥ ♣r♦❝❡ss ✐♥ ❛♥ ❍❊■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽

✷✳✶ ❊♥t❡r♣r✐s❡ ❛r❝❤✐t❡❝t✉r❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✹✳✶ ❈♦♠♣❡♥❞✐✉♠ ♦❢ ♣✉❜❧✐❝❛t✐♦♥s✕t✐♠❡❧✐♥❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✷

❆✳✶ ▼❛r❝♦ ❞❡ tr❛❜❛❥♦ ❞❡ ●❈ ♣r♦♣✉❡st♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✻

❆✳✷ ▼❛r❝♦ ❞❡ ❛❞♦♣❝✐ó♥ ❞❡ ❝♦♠♣✉t❛❝✐ó♥ ❡♥ ❧❛ ♥✉❜❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

❆✳✸ ▼♦❞❡❧♦ ❙❊❈■ ❞❡ ❝r❡❛❝✐ó♥ ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✵

❆✳✹ ❈✐❝❧♦ ❞❡ ❣❡st✐ó♥ ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✷
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✶✳✶ ❙✉❣❣❡st❡❞ ♠❡t❤♦❞♦❧♦❣✐❡s ❢♦r t❤❡ ❡✈❛❧✉❛t✐♦♥ ♦❢ ❊❆ t♦♦❧s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼

✶✳✷ ❙❝❡♥❛r✐♦s ❢♦r ✐♠♣r♦✈❡♠❡♥t ✇✐t❤ ❑▼ ❛♥❞ ❊❉▼ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽

✸✳✶ ❏♦✉r♥❛❧ ❛rt✐❝❧❡s ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❝♦♠♣❡♥❞✐✉♠ ♦❢ ♣✉❜❧✐❝❛t✐♦♥s ✳ ✳ ✳ ✳ ✳ ✳ ✷✺

✸✳✷ ❈♦♥❢❡r❡♥❝❡ ♣❛♣❡rs ♣✉❜❧✐s❤❡❞ ❞✉r✐♥❣ ❞♦❝t♦r❛❧ st✉❞✐❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻

✸✳✸ ❆❝❛❞❡♠✐❝ ♣r♦✜❧❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✽

❆✳✶ ▼❡t♦❞♦❧♦❣í❛s s✉❣❡r✐❞❛s ♣❛r❛ ❧❛ ❡✈❛❧✉❛❝✐ó♥ ❞❡ s♦❢t✇❛r❡ ❞❡ ❆❊ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽
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❑♥♦✇❧❡❞❣❡ ✐s ♣♦✇❡r✳
■♥❢♦r♠❛t✐♦♥ ✐s ❧✐❜❡r❛t✐♥❣✳

❊❞✉❝❛t✐♦♥ ✐s t❤❡ ♣r❡♠✐s❡ ♦❢ ♣r♦❣r❡ss✱
✐♥ ❡✈❡r② s♦❝✐❡t②✱ ✐♥ ❡✈❡r② ❢❛♠✐❧②✳

❑❖❋■ ❆◆◆❆◆

✶✳✶ ▼♦t✐✈❛t✐♦♥ ❛♥❞ ✇♦r❦ ✉♥❞❡rt❛❦❡♥

◆♦✇❛❞❛②s✱ ❦♥♦✇❧❡❞❣❡ ✐s ♦♥❡ ♦❢ t❤❡ ♠♦st ✐♠♣♦rt❛♥t ❛ss❡ts ✐♥ ♦r❣❛♥✐③❛t✐♦♥s✳ ❉❛t❛ ✐s
❡✈❡r②✇❤❡r❡ ❛♥❞ ✐t ❝❛♥ ❜❡❝♦♠❡ ❛ s♦✉r❝❡ ♦❢ ♦♣♣♦rt✉♥✐t✐❡s t♦ s❡❝✉r❡ ❝♦♠♣❡t✐t✐✈❡♥❡ss ✐❢
✐s ♠❛♥❛❣❡❞ ❝♦rr❡❝t❧②✳ ❚❤❡ ✐❞❡❛❧ s❝❡♥❛r✐♦ ✐s t♦ ❝♦♥✈❡rt t❤❡s❡ ❞❛t❛ ✐♥t♦ ✐♥❢♦r♠❛t✐♦♥
❛♥❞ ✐♥❢♦r♠❛t✐♦♥ ✐♥t♦ ✉s❡❢✉❧ ❦♥♦✇❧❡❞❣❡ t❤❛t ❝❛♥ ❛❧❧♦✇ ♦r❣❛♥✐③❛t✐♦♥s t♦ ✐♠♣r♦✈❡ t❤❡✐r
❜✉s✐♥❡ss ♠♦❞❡❧s ❛♥❞ t❤❡✐r ♦r❣❛♥✐③❛t✐♦♥❛❧ ♣r♦❝❡ss❡s✳ ▼♦r❡♦✈❡r✱ ♠♦❞❡r♥ ♦r❣❛♥✐③❛t✐♦♥s
♥❡❡❞ t♦ ❛❝q✉✐r❡ ❝❛♣❛❜✐❧✐t✐❡s t♦ ✉s❡ t❤❡✐r ♦r❣❛♥✐③❛t✐♦♥❛❧ ❦♥♦✇❧❡❞❣❡ ✐♥ ✐♥♥♦✈❛t✐♦♥ ❛♥❞
❝❤❛♥❣❡ ♠❛♥❛❣❡♠❡♥t✳ ❚❤❡s❡ ❝❛♣❛❜✐❧✐t✐❡s ❛❧❧♦✇ t❤❡s❡ ♦r❣❛♥✐③❛t✐♦♥s t♦ r❡❞✉❝❡ ♦♣❡r❛t✐♦♥❛❧
❝♦sts ❛♥❞ t♦ ❤❛✈❡ ❛ ❝♦♠♣❡t✐t✐✈❡ ❡❞❣❡✳
❍✐❣❤❡r ❡❞✉❝❛t✐♦♥ ✐♥st✐t✉t✐♦♥s ✭❍❊■s✮ ❤❛✈❡ tr❛❞✐t✐♦♥❛❧❧② ❜❡❡♥ ❦♥♦✇❧❡❞❣❡ ♣r♦❞✉❝❡rs

❛♥❞ ❤❛✈❡ ❡st❛❜❧✐s❤❡❞ r❡s❡❛r❝❤ ♣r❛❝t✐❝❡s t♦ ❛❝❝♦♠♣❧✐s❤ t❤✐s ❣♦❛❧✳ ❍♦✇❡✈❡r✱ ♠♦st ♦❢ t❤❡s❡
♦r❣❛♥✐③❛t✐♦♥s ❞♦ ♥♦t ❤❛✈❡ ❛ st❛♥❞❛r❞ ♦r ✉♥✐q✉❡ ❛♣♣r♦❛❝❤ ❢♦r ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t
✭❑▼✮ ♣r❛❝t✐❝❡s ❢♦r t❤❡✐r ♦✇♥ ❜❡♥❡✜t✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡ ❤✉❣❡ ❛♠♦✉♥t ♦❢ ✐♥❢♦r♠❛t✐♦♥
t❤❛t t❤❡✐r ❛❝❛❞❡♠✐❝ ❛♥❞ ❛❞♠✐♥✐str❛t✐✈❡ s②st❡♠s ♣r♦❞✉❝❡ ♥❡❡❞ t♦ ❜❡ ♠❛♥❛❣❡❞ ♣r♦♣❡r❧②
❛♥❞ ✇✐t❤ t❤❡ r✐❣❤t t❡❝❤♥♦❧♦❣②✳
❍❊■s ✇✐t❤✐♥ t❤❡✐r str❛t❡❣✐❡s ♦❢ ❝♦♥t✐♥✉♦✉s ✐♠♣r♦✈❡♠❡♥t ❛♥❞ ✇✐t❤ t❤❡ ♦❜❥❡❝t✐✈❡ ♦❢

r❡❛❝❤✐♥❣ ✐♥t❡r♥❛t✐♦♥❛❧ q✉❛❧✐t② ❛♥❞ ❡①❝❡❧❧❡♥❝❡ st❛♥❞❛r❞s r❡q✉✐r❡ t♦ ♠❛♥❛❣❡ t❤❡ ♦r❣❛♥✐✲
③❛t✐♦♥❛❧ ❦♥♦✇❧❡❞❣❡ ✐♥ ❛♥ ❡✣❝✐❡♥t ✇❛②✳ ❚❤❡ ♠❛♥❛❣❡♠❡♥t ♦❢ ❡❞✉❝❛t✐♦♥❛❧ ✐♥st✐t✉t✐♦♥s
❢♦❝✉s❡s ♦♥ ❛❝❤✐❡✈✐♥❣ ❣r❡❛t❡r ❡✣❝✐❡♥❝② ❛♥❞ ♣r♦❞✉❝t✐✈✐t② t❤r♦✉❣❤ t❤❡ ✉s❡ ♦❢ ❛❞♠✐♥✲
✐str❛t✐✈❡ ❛♥❞ t❡❝❤♥♦❧♦❣✐❝❛❧ t♦♦❧s t❤❛t s✉♣♣♦rt ♠❡❛s✉r❡♠❡♥t ❛♥❞ ❡✈❛❧✉❛t✐♦♥ ✭❈♦rr❡❛✱
❆♥❣é❧✐❝❛✱ ✫ ❈♦rr❡❛✱ ✷✵✵✾✮✳ ❖♥❡ ♦❢ t❤❡ ❦❡② ❛s♣❡❝ts ♦❢ ❣♦✈❡r♥❛♥❝❡ ❛♥❞ ❞❡❝✐s✐♦♥ s✉♣♣♦rt
✐s ❜❛s❡❞ ♦♥ ❑▼✳ ❑▼ ✐s ❛ ❞✐s❝✐♣❧✐♥❡ t❤❛t ♣r♦♠♦t❡s t❤❡ ❝r❡❛t✐♦♥✱ ✉s❡✱ ❞✐str✐❜✉t✐♦♥ ❛♥❞
tr❛♥s❢❡r ♦❢ ❦♥♦✇❧❡❞❣❡ ✐♥ ♦r❣❛♥✐③❛t✐♦♥s ✭❈❛♠♣❜❡❧❧✱ ✷✵✵✻✮✳ ❆♥ ✐♠♣♦rt❛♥t str❛t❡❣② ❢♦r
❝♦♥t✐♥✉♦✉s ✐♠♣r♦✈❡♠❡♥t ✐♥ ❍❊■s ✐s t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ❑▼✳ ❑▼ ❝❛♥ ❜❡❝♦♠❡ ❛ ❞✐❢✲
❢❡r❡♥t✐❛t✐♥❣ ❢❛❝t♦r t❤❛t ❛❧❧♦✇s ❤❛✈✐♥❣ ❡❞✉❝❛t✐♦♥❛❧ s❡r✈✐❝❡s ♦❢ ❡①❝❡❧❧❡♥❝❡✳ ❆❞❞✐t✐♦♥❛❧❧②✱
❑▼ ❝❛♥ ✐♠♣r♦✈❡ t❤❡ ❡✣❝✐❡♥❝② ♦❢ ❛❞♠✐♥✐str❛t✐✈❡ ❛♥❞ ❛❝❛❞❡♠✐❝ ♣r♦❝❡ss❡s✳
❖♥❡ ♦❢ t❤❡ ♠❛✐♥ ♠♦t✐✈❛t✐♦♥s ♦❢ t❤❡ ✇♦r❦ ♣r❡s❡♥t❡❞ ✐♥ t❤✐s t❤❡s✐s✱ ✇❤✐❝❤ ✇❛s r❡❛❧✐③❡❞

❞✉r✐♥❣ t❤❡s❡ ❧❛st ②❡❛rs✱ ✇❛s t♦ ✐♥✈❡st✐❣❛t❡ ❤♦✇ t❤❡ ❞❛t❛ ♦❜t❛✐♥❡❞ ✐♥ ❍❊■s ❝❛♥ ✐♠♣r♦✈❡
t❤❡ ❡❞✉❝❛t✐♦♥❛❧ ♣r♦❝❡ss✳ ❋♦r t❤✐s ♣✉r♣♦s❡✱ ✇❡ st✉❞② ❞✐✛❡r❡♥t t❡❝❤♥♦❧♦❣✐❡s ❧✐❦❡ ❞❛t❛
✇❛r❡❤♦✉s✐♥❣ ✭❉❲✮✱ ❞❛t❛ ❛♥❛❧②t✐❝s✱ ❡❞✉❝❛t✐♦♥❛❧ ❞❛t❛ ♠✐♥✐♥❣ ✭❊❉▼✮✱ ❧❡❛r♥✐♥❣ ❛♥❛❧②t✐❝s✱
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❋✐❣✉r❡ ✶✳✶✿ Pr♦♣♦s❡❞ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ❢r❛♠❡✇♦r❦

❜✉s✐♥❡ss ✐♥t❡❧❧✐❣❡♥❝❡ ✭❇■✮✱ ❡♥t❡r♣r✐s❡ ❛r❝❤✐t❡❝t✉r❡ ✭❊❆✮ ❛♥❞ ❑▼✳ ❋r♦♠ t❤✐s st✉❞②✱ ✇❡
❞❡❞✉❝❡❞ t❤❛t ❑▼ ❤❛s ❜❡❝♦♠❡ ❛ ♥❡❝❡ss✐t② ❞✉❡ t♦ t❤❡ ❣r❡❛t ❛♠♦✉♥t ♦❢ ✐♥❢♦r♠❛t✐♦♥ ✭❇✐❣
❉❛t❛✮ t❤❛t ❍❊■s ❣❡♥❡r❛t❡ ❡✈❡r② ❞❛②✳ ❉❛t❛ ✢♦✇s ❢r♦♠ ❍❊■s✬ ❛♣♣❧✐❝❛t✐♦♥ s②st❡♠s ❛♥❞
❢r♦♠ t❤❡ ♠♦❜✐❧❡ ❞❡✈✐❝❡s ❛♥❞ ❣❛❞❣❡ts ♦❢ st✉❞❡♥ts✱ ❛❝❛❞❡♠✐❝ ❛♥❞ ❛❞♠✐♥✐str❛t✐✈❡ st❛✛✳
❚❤✉s✱ ❛t ✜rst✱ ✐t ✇❛s ❢♦✉♥❞ ♦✉t t❤❛t ❛❧t❤♦✉❣❤ t❤❡r❡ ✇❡r❡ ♣❛♣❡rs ❞❡s❝r✐❜✐♥❣ ❑▼ ✐♥
❍❊■s✱ t❤❡r❡ ✇❛s ♥♦t ❛ st❛♥❞❛r❞ ❛♣♣r♦❛❝❤ t♦ ✐♠♣❧❡♠❡♥t ❑▼✱ ♥♦r ❛ ♣r❛❝t✐❝❛❧ ❣✉✐❞❡ t❤❛t
t❛❦❡s ✐♥t♦ ❛❝❝♦✉♥t ❛❧❧ ❦♥♦✇❧❡❞❣❡ ❞✐♠❡♥s✐♦♥s✳ ❈♦♥s❡q✉❡♥t❧②✱ ✇❡ ❞✐❞ s♦♠❡ r❡s❡❛r❝❤ ❛♥❞
❞r❡✇ ❛ ❢r❛♠❡✇♦r❦ ❢♦r ♣❡r❢♦r♠✐♥❣ ❑▼ ✭▼♦s❝♦s♦✲❩❡❛✱ ▲✉❥á♥✲▼♦r❛✱ ❊sq✉❡t✐♥✐ ❈á❝❡r❡s✱
✫ ❙❝❤✇❡✐♠❛♥♥s✱ ✷✵✶✻✮✳
❚❤✐s ❢r❛♠❡✇♦r❦ ✇❛s ❝♦♥❝❡✐✈❡❞ ✇✐t❤ t❤❡ ♣❛rt✐❝✐♣❛t✐♦♥ ♦❢ r❡s❡❛r❝❤❡rs ❢r♦♠ ❢♦✉r ✉♥✐✲

✈❡rs✐t✐❡s ✇♦r❧❞✇✐❞❡✿ ❯♥✐✈❡rs✐t② ♦❢ ❆❧✐❝❛♥t❡✕❙♣❛✐♥✱ ❚❡❝❤♥✐❝❛❧ ❯♥✐✈❡rs✐t② ♦❢ ❇❡r❧✐♥✕
●❡r♠❛♥②✱ ◆❛t✐♦♥❛❧ P♦❧②t❡❝❤♥✐❝ ❙❝❤♦♦❧✕❊❝✉❛❞♦r ❛♥❞ ❯❚❊ ❯♥✐✈❡rs✐t②✕❊❝✉❛❞♦r✳ ❚❤✐s
❢r❛♠❡✇♦r❦ ✇❤✐❝❤ ✐s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✶✳✶ ✇❛s ❞❡s✐❣♥❡❞ ✇✐t❤ ❛ ✈✐❡✇ t♦ ❜❡❝♦♠✐♥❣ ❛ ♣r❛❝t✐✲
❝❛❧ ❣✉✐❞❡ t♦ ✐♠♣❧❡♠❡♥t ❑▼ ♣r♦❥❡❝ts ✐♥ ♦r❣❛♥✐③❛t✐♦♥s✳ ❚❤✐s ❞❡✈❡❧♦♣♠❡♥t ✇❛s ♣r❡s❡♥t❡❞
✐♥ t❤❡ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ❊♥t❡r♣r✐s❡ ■♥❢♦r♠❛t✐♦♥ ❙②st❡♠s ✭■❈❊■❙✮ ✷✵✶✻ ✐♥
❘♦♠❡✱ ■t❛❧②✳ ❚❤✐s ♣❛♣❡r ✐♥❝❧✉❞❡❞ ❛ t❤❡♦r❡t✐❝❛❧ ❞❡s❝r✐♣t✐♦♥ ♦❢ ❤♦✇ t♦ ✐♠♣❧❡♠❡♥t ❛ ❑▼
✐♥✐t✐❛t✐✈❡ ❜② t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t ❛❧❧ t❤❡ ❦♥♦✇❧❡❞❣❡ ❞✐♠❡♥s✐♦♥s✳
❚❤❡ ❝♦r❡ ✐❞❡❛ ✐♥ t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ t❤❡ ❢r❛♠❡✇♦r❦ ✇❛s t❤❛t ❛ s✉❝❝❡ss❢✉❧ ✐♠♣❧❡♠❡♥✲

t❛t✐♦♥ ♦❢ ❑▼ ❣r❡❛t❧② ❞❡♣❡♥❞s ♦♥ ❛ ✇❡❧❧✕❞❡✜♥❡❞ ♠❡t❤♦❞ t❤❛t s✉♣♣♦rts t❤❡ ❝r❡❛t✐♦♥✱
❝❛♣t✉r✐♥❣✱ ✉s❡✱ ❞✐str✐❜✉t✐♦♥✱ ❛♥❞ tr❛♥s❢❡r ♦❢ ❦♥♦✇❧❡❞❣❡✳ ❚❤✐s ♣❛♣❡r✱ ✇❤✐❝❤ ♣r❡s❡♥ts
t❤❡ ❞❡✈❡❧♦♣❡❞ ❢r❛♠❡✇♦r❦ ✭▼♦s❝♦s♦✲❩❡❛✱ ▲✉❥á♥✲▼♦r❛✱ ❡t ❛❧✳✱ ✷✵✶✻✮✱ ❤❛s ❛ ❣✉✐❞❡ ❢♦r ♣❡r✲
❢♦r♠✐♥❣ t❤❡ ♠❛✐♥ ❑▼ t❛s❦s✳ ▼♦r❡♦✈❡r✱ t❤❡ ✢♦✇ ♦❢ ❡①♣❧✐❝✐t ❛♥❞ ✐♠♣❧✐❝✐t ♦r❣❛♥✐③❛t✐♦♥❛❧
❦♥♦✇❧❡❞❣❡ ✐s st❛t❡❞✳ ❖r❣❛♥✐③❛t✐♦♥❛❧ ❦♥♦✇❧❡❞❣❡ ✐s ❝r❡❛t❡❞ ❢r♦♠ ❞✐✛❡r❡♥t ✐♥t❡r❞❡♣❡♥❞❡♥t
♦❜❥❡❝ts ✐♥ ❞✐✛❡r❡♥t ❡♥t❡r♣r✐s❡ ❞♦♠❛✐♥s✳ ❊①♣❧✐❝✐t ❛♥❞ ✐♠♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ❝❛♥ ❜❡ ❞❡r✐✈❡❞
❢r♦♠ t❤❡s❡ ❞♦♠❛✐♥s✳ ❊①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ✐s t❤❡ ❦♥♦✇❧❡❞❣❡ t❤❛t ❝❛♥ ❜❡ ❢♦r♠✉❧❛t❡❞✱ ❞♦❝✲
✉♠❡♥t❡❞ ❛♥❞ r❡♣r♦❞✉❝❡❞✳ ■♠♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ✭❛❧s♦ ❦♥♦✇♥ ❛s t❛❝✐t ❦♥♦✇❧❡❞❣❡✮ ✐s t❤❡
❦♥♦✇❧❡❞❣❡ t❤❛t ✐s ❞✐✣❝✉❧t t♦ ❞♦❝✉♠❡♥t ♦r ❢♦r♠✉❧❛t❡ ❛♥❞ ✐s ♥♦r♠❛❧❧② ❛ss♦❝✐❛t❡❞ ✇✐t❤
❤✉♠❛♥ ❦♥♦✇❧❡❞❣❡ ✭◆♦♥❛❦❛✱ ✶✾✾✹✮✳

✹



✶✳✶ ▼♦t✐✈❛t✐♦♥ ❛♥❞ ✇♦r❦ ✉♥❞❡rt❛❦❡♥

❚❤❡ ♣r♦♣♦s❡❞ ❢r❛♠❡✇♦r❦ ✐♥❝♦r♣♦r❛t❡s t✇♦ t❛s❦s ✇❤✐❝❤ ❛r❡ ♥❡❝❡ss❛r② t♦ ✐♠♣❧❡♠❡♥t
❑▼✳ ❚❤❡ ✜rst t❛s❦ ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ ❛ t❡❝❤♥♦❧♦❣✐❝❛❧ ✐♥❢r❛str✉❝t✉r❡
t♦ ❢❛❝✐❧✐t❛t❡ ❦♥♦✇❧❡❞❣❡ ❝❛♣t✉r✐♥❣ ❛♥❞ s❤❛r✐♥❣✳ ❚❤❡ s❡❝♦♥❞ t❛s❦ ❡st❛❜❧✐s❤❡s t❤❡ ♠❡❝❤❛✲
♥✐s♠s ❛♥❞ ♣r♦❝❡❞✉r❡s ❢♦r r❡t❛✐♥✐♥❣ ❦♥♦✇❧❡❞❣❡ ❢r♦♠ ♣❡♦♣❧❡ ❛♥❞ ♣r♦❝❡ss❡s✳
■♥ t❤✐s t❤❡s✐s✱ t❤❡ t✇♦ t❛s❦s ♥❡❝❡ss❛r② ❢♦r ❑▼ ❤❛✈❡ ❜❡❡♥ st✉❞✐❡❞ ❛♥❞ ♣r❡s❡♥t❡❞ ✐♥

t❤❡ ❝♦♠♣❡♥❞✐✉♠ ♦❢ r❡s❡❛r❝❤ ♣❛♣❡rs ✉♥❞❡r t❤❡ ✉♠❜r❡❧❧❛ ♦❢ t❤❡ ♣r♦♣♦s❡❞ ❢r❛♠❡✇♦r❦✳
❋✐rst✱ ❛♥ ❤②❜r✐❞ ✐♥❢r❛str✉❝t✉r❡ ✇❛s ❞❡✈❡❧♦♣❡❞❀ s❡❝♦♥❞✱ t❤❡ ♠❡❝❤❛♥✐s♠s t♦ ❝❛♣t✉r❡ t❛❝✐t
❦♥♦✇❧❡❞❣❡ ❢r♦♠ ❡♠♣❧♦②❡❡s ❛♥❞ ❢r♦♠ ❜✉s✐♥❡ss ♣r♦❝❡ss❡s ✇❡r❡ ❡st❛❜❧✐s❤❡❞✳ ❆❧t❤♦✉❣❤ t❤❡
✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ t❤❡ ♣r♦♣♦s❡❞ ❢r❛♠❡✇♦r❦ s❡❡♠s str❛✐❣❤t❢♦r✇❛r❞✱ ✐t ✐♥❝❧✉❞❡s ❞✐st✐♥❝t
❞✐s❝✐♣❧✐♥❡s ✇❤✐❝❤ ❞♦ ♥♦t ♠❛❦❡ t❤❡ ♣r♦❝❡ss s✐♠♣❧❡✳ ❚❤❡r❡❢♦r❡✱ t❤❡ ❞❡t❛✐❧s ♦❢ t❤❡ ❝♦♠♣♦✲
♥❡♥ts ♦❢ t❤❡ ❢r❛♠❡✇♦r❦ ✇❡r❡ st✉❞✐❡❞ ✐♥ ❞❡t❛✐❧ ❛♥❞ ♣r❡s❡♥t❡❞ ✐♥ ❝♦♥❢❡r❡♥❝❡ ❛♥❞ ❥♦✉r♥❛❧
♣❛♣❡rs ❛r♦✉♥❞ t❤❡ ✇♦r❧❞✳
❆❢t❡r st✉❞②✐♥❣ ❡❛❝❤ ♦❢ t❤❡ ❝♦♠♣♦♥❡♥ts ❛♥❞ t❤❡ ❦♥♦✇❧❡❞❣❡ ✢♦✇s ♣r♦♣♦s❡❞ ✐♥ t❤❡

❢r❛♠❡✇♦r❦✱ t❤❡ ♥❡①t st❡♣ ✇❛s t♦ ❧♦♦❦ ❛t t❤❡ ♠❡❝❤❛♥✐s♠s t♦ ❤②❜r✐❞✐③❡ t❤❡ ✐♥❢♦r♠❛✲
t✐♦♥ ❛♥❞ ❦♥♦✇❧❡❞❣❡ t❤❛t ✐s ❣❡♥❡r❛t❡❞ ✐♥ t❤❡ ❞❛t❛ ✇❛r❡❤♦✉s❡ ✭❉❲❍✮ ❛♥❞ ✐♥ t❤❡ ❊❆
r❡♣♦s✐t♦r②✳ ❚❤❡ ❤②❜r✐❞✐③❛t✐♦♥ ♦❢ t❤❡ ❝♦♠♣♦♥❡♥ts ❝♦♥❝❧✉❞❡❞ ✇✐t❤ ❛ ♣r♦♣♦s❛❧ ♦❢ ❛ ✇❡❜
❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t s②st❡♠ t❤❛t ❛❧❧♦✇s t❤❡ ❝r❡❛t✐♦♥ ♦❢ ♥❡✇ t②♣❡s ♦❢ ❛♥❛❧②t✐❝s✳ ■♥
❛❞❞✐t✐♦♥✱ t❤❡ ♣r❡s❡♥t❡❞ ❛rt✐❝❧❡s ❛❧s♦ ♣r♦♣♦s❡ ♠❡t❤♦❞s ♦r ❜❡st ♣r❛❝t✐❝❡s ❢♦r t❤❡ ✐♠♣❧❡✲
♠❡♥t❛t✐♦♥ ♦❢ t❤❡ ♠❛✐♥ ❝♦♠♣♦♥❡♥ts ♦❢ t❤❡ ❢r❛♠❡✇♦r❦✳
❚❤❡ ❜♦① ♦❢ t❤❡ r✐❣❤t ♦❢ t❤❡ ♣r♦♣♦s❡❞ ❑▼ ❢r❛♠❡✇♦r❦ ♣r❡s❡♥ts ❛ ❉❲❍ ❛♥❞ ❛♥ ❊❆

r❡♣♦s✐t♦r②✳ ❲✐t❤✐♥ t❤❡ ❛♥❛❧②s✐s ❝❛rr✐❡❞ ♦✉t✱ t❤❡ ❜❡st ❞❡s✐❣♥ ♠❡t❤♦❞♦❧♦❣✐❡s ❢♦r ❞❛t❛ st♦r✲
❛❣❡ ❛♥❞ t❤❡ ❜❡st ✇❛②s t♦ ❝❛rr② ♦✉t ❡①♣❡r✐♠❡♥ts ✇✐t❤ ❊❉▼ ✇❡r❡ st✉❞✐❡❞✳ ❋✉rt❤❡r♠♦r❡✱
❛ ♠❡t❤♦❞♦❧♦❣✐❝❛❧ ♣r♦♣♦s❛❧ t♦ ❡✈❛❧✉❛t❡ ❛♥❞ s❡❧❡❝t t❤❡ ❜❡st ❊❆ t♦♦❧s ✇❛s ♣r❡s❡♥t❡❞✳
❙✐♥❝❡ t❤❡ ♣r♦♣♦s❡❞ ❛♣♣r♦❛❝❤ ✇❛s t♦ ✐♠♣r♦✈❡ ❡❞✉❝❛t✐♦♥❛❧ ✐♥❞✐❝❛t♦rs✱ t❤❡ ✐♥✈❡st✐❣❛✲

t✐♦♥ st❛rt❡❞ ❜② ❧♦♦❦✐♥❣ ❛t t❤❡ ♣♦ss✐❜✐❧✐t✐❡s t❤❛t ❊❉▼ ❜r♦✉❣❤t ❛❜♦✉t t♦ ❛❝❝♦♠♣❧✐s❤ t❤✐s
❣♦❛❧✳ ❚❤❡ ❢✉♥❞❛♠❡♥t❛❧ ♣✉r♣♦s❡ ♦❢ ❊❉▼ ✐s t♦ ❛♥❛❧②③❡ ❞❛t❛ ❢r♦♠ ❡❞✉❝❛t✐♦♥❛❧ ✐♥st✐t✉✲
t✐♦♥s t❤r♦✉❣❤ t❤❡ ✉s❡ ♦❢ ❞✐✛❡r❡♥t t❡❝❤♥✐q✉❡s s✉❝❤ ❛s ♣r❡❞✐❝t✐♦♥✱ ❝❧✉st❡r✐♥❣✱ ❛♥❛❧②s✐s
♦❢ t✐♠❡ s❡r✐❡s✱ ❝❧❛ss✐✜❝❛t✐♦♥✱ ❛♠♦♥❣ ♦t❤❡rs✳ ❚❤✐s st✉❞② ✇❛s ♣r❡s❡♥t❡❞ ✐♥ t❤❡ ✷✵✶✻
■❜❡r✐❛♥ ❈♦♥❢❡r❡♥❝❡ ♦♥ ■♥❢♦r♠❛t✐♦♥ ❙②st❡♠s ❛♥❞ ❚❡❝❤♥♦❧♦❣✐❡s ✭❈■❙❚■✮ ✭▼♦s❝♦s♦✲❩❡❛
✫ ▲✉❥❛♥✲▼♦r❛✱ ✷✵✶✻✮✳ ❚❤❡ ♣❛♣❡r ♣r❡s❡♥t❡❞ ❛ ❝♦♠♣❧❡t❡ ✈✐❡✇ ♦❢ ❊❉▼ t❤❛t ✐♥❝❧✉❞❡s
❛ ❝❧❛ss✐✜❝❛t✐♦♥ ♦❢ t❤❡ ❛❧❣♦r✐t❤♠s✱ ♠❡t❤♦❞s✱ ❛♥❞ t♦♦❧s ✉s❡❞ ✐♥ t❤❡ ❞❛t❛ ♠✐♥✐♥❣ ✭❉▼✮
♣r♦❝❡ss❡s✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡ ♣❛♣❡r ❛♥❛❧②③❡s t❤❡ ♣r♦❝❡ss❡s ❛♥❞ ✐♥❞✐❝❛t♦rs ✇✐t❤ ♣♦t❡♥t✐❛❧
❢♦r ✐♠♣r♦✈❡♠❡♥t ✐♥ ❍❊■s✳ ❲✐t❤✐♥ t❤✐s r❡s❡❛r❝❤✱ ❛ s❡t ♦❢ ✹✷ ♣❛♣❡rs ✇❤✐❝❤ ❡①♣❡r✐♠❡♥t❡❞
✇✐t❤ ❊❉▼ ✇❡r❡ st✉❞✐❡❞✳ ❋r♦♠ t❤❡ st✉❞✐❡❞ ♣❛♣❡rs✱ ✐t ❝♦✉❧❞ ❜❡ ✐❞❡♥t✐✜❡❞ t❤❛t t❤❡ ♠♦st
✉s❡❞ ❊❉▼ ♠❡t❤♦❞s ✇❡r❡ ❝❧❛ss✐✜❝❛t✐♦♥✱ ❝❧✉st❡r✐♥❣✱ ❛♥❞ ❛ss♦❝✐❛t✐♦♥✳ ❋r♦♠ t❤❡ r❡s❡❛r❝❤✱
✐t ✇❛s ♦❜s❡r✈❡❞ t❤❛t ♠♦st ♦❢ t❤❡ ❡①♣❡r✐♠❡♥ts ❝❛rr✐❡❞ ♦✉t ❛r❡ ❢♦❝✉s❡❞ ♦♥ t❤❡ t❡❛❝❤✐♥❣✕
❧❡❛r♥✐♥❣ ♣r♦❝❡ss❡s✱ s✉❝❤ ❛s ♣r❡❞✐❝t✐♦♥ ♦❢ t❤❡ r❡s✉❧ts ♦❢ ❡✈❛❧✉❛t✐♦♥s✱ ♣r❡❞✐❝t✐♦♥ ♦❢ t❤❡
♣❡r❢♦r♠❛♥❝❡ ❛♥❞ t❤❡ ♣r♦✜❧❡ ♦❢ t❤❡ st✉❞❡♥ts✳ ❚❤❡ r❡s✉❧ts ♠✐❣❤t ❛❧s♦ ♣r♦✈✐❞❡ ❢❡❡❞❜❛❝❦
t♦ t❤❡ t✉t♦rs ♦r t❡❛❝❤❡rs t♦ t❛❦❡ ❝♦rr❡❝t✐✈❡ ❛♥❞ ♣r❡✈❡♥t✐✈❡ ❛❝t✐♦♥s ❛t ❛♥ ❡❛r❧② st❛❣❡✳
❚❤❡ s♣❡❝✐✜❝ ❛❝t✐✈✐t✐❡s ✇❤✐❝❤ ❝❛♥ ❜❡ ✐♠♣r♦✈❡❞ ❜② ✉s✐♥❣ ❊❉▼ ❛r❡ t❤❡ ❢♦❧❧♦✇✐♥❣✿

• ❈❤❛r❛❝t❡r✐③❡ t❤❡ ❜❡❤❛✈✐♦r ❛♥❞ ❛❝❤✐❡✈❡♠❡♥ts ♦❢ t❤❡ st✉❞❡♥ts✳

• ■♠♣r♦✈❡ t❤❡ t❡❛❝❤✐♥❣✕❧❡❛r♥✐♥❣ ♣r♦❝❡ss ✭r❡❣✐str❛t✐♦♥✱ t✉t♦r✐♥❣✱ ❡✈❛❧✉❛t✐♦♥✱ ❣r❛❞✉✲
❛t✐♦♥✮✳

• ■♠♣r♦✈❡ ♠❛♥❛❣❡♠❡♥t ✐♥❞✐❝❛t♦rs s✉❝❤ ❛s ❞❡❝r❡❛s❡ ❞r♦♣✲♦✉t ♦❢ st✉❞❡♥ts✱ ✐♥❝r❡❛s❡
t❤❡ ❣r❛❞✉❛t✐♦♥ r❛t❡✱ ♣❡rs♦♥❛❧✐③❡❞ t✉t♦r✐♥❣✳

✺



✶ ■♥tr♦❞✉❝t✐♦♥

• ■♠♣r♦✈❡ t❤❡ ✐♥❢r❛str✉❝t✉r❡✳

• ❖♣t✐♠✐③❡ t❤❡ ✉s❡ ♦❢ ❝❧❛ssr♦♦♠s ❛♥❞ ❧❛❜♦r❛t♦r✐❡s✳

• ■♠♣r♦✈❡ ♦r❣❛♥✐③❛t✐♦♥❛❧ ❡✣❝✐❡♥❝②✳

❚❤❡ ❦♥♦✇❧❡❞❣❡ t❤❛t ✐s ❣❡♥❡r❛t❡❞ ❜② ✉s✐♥❣ ❊❉▼✱ s✉♣♣♦rts t❤❡ ❛✉t❤♦r✐t✐❡s ♦❢ ❍❊■s ✐♥
♠❛❦✐♥❣ t✐♠❡❧② ❞❡❝✐s✐♦♥s ❛♥❞ ❛❧s♦ s✉♣♣♦rts t❤❡ t❡❛❝❤❡rs t♦ ❛♥❛❧②③❡ t❤❡ ❜❡❤❛✈✐♦r ❛♥❞ t❤❡
✇❛② t❤❡✐r st✉❞❡♥ts ❧❡❛r♥ ✭❏✐♥❞❛❧ ✫ ❇♦r❛❤✱ ✷✵✶✸✮✳ ❚❤❡ ❞✐s❝✐♣❧✐♥❡ ❢♦❝✉s❡s ♦♥ t❤❡ ❞❡s✐❣♥ ♦❢
♠♦❞❡❧s t♦ ✐♠♣r♦✈❡ ❧❡❛r♥✐♥❣ ❡①♣❡r✐❡♥❝❡s ❛♥❞ ♦r❣❛♥✐③❛t✐♦♥❛❧ ❡✣❝✐❡♥❝② ✭❍✉❡❜♥❡r✱ ✷✵✶✸✮✳
❉❡s♣✐t❡ t❤❡ ❢❛❝t t❤❛t ❍❊■s ❛r❡ ✐♥✈❡st✐♥❣ ✐♥ ❞r✐✈✐♥❣ ❊❉▼ ✐♥✐t✐❛t✐✈❡s✱ ♠✉❝❤ ♦❢ t❤❡

❡✛♦rts ❝♦♥❞✉❝t❡❞ ❛r❡ ♥♦t ❤❛✈✐♥❣ t❤❡ ❡①♣❡❝t❡❞ r❡s✉❧ts ❞✉❡ t♦ t❤❡ ❧❛❝❦ ♦❢ ❛ s♦✉♥❞ ♣r♦❝❡ss
♦❢ ❉❲ ❢♦r ❛♥ ❡❞✉❝❛t✐♦♥❛❧ s❝❡♥❛r✐♦✱ t❤❡r❡❢♦r❡✱ ✐♥ t❤❡ ♥❡①t st❡♣ ❛ st✉❞② ✇❛s ❞♦♥❡ t♦
✉♥❞❡rst❛♥❞ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ❤❛✈✐♥❣ ❛ ❉❲❍ ♣r✐♦r t♦ ❡①♣❡r✐♠❡♥t✐♥❣ ✇✐t❤ ❊❉▼✳ ❚❤❡
st✉❞② ✇❛s ♣r❡s❡♥t❡❞ ❛t t❤❡ ■♥❢♦r♠❛t✐♦♥ ❚❡❝❤♥♦❧♦❣② ❇❛s❡❞ ❍✐❣❤❡r ❊❞✉❝❛t✐♦♥ ✭■❚❍❊❚✮
✷✵✶✻ ❝♦♥❢❡r❡♥❝❡✳ ❚❤✐s ♣❛♣❡r ♣r❡s❡♥t❡❞ ❞❡s✐❣♥ ❝♦♥s✐❞❡r❛t✐♦♥s ❢♦r t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥
♦❢ ❛ ❉❲❍ ✐♥ ❡❞✉❝❛t✐♦♥❛❧ ✐♥st✐t✉t✐♦♥s✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡ ❡①tr❛❝t✐♦♥✱ tr❛♥s❢♦r♠❛t✐♦♥✱
❛♥❞ ❧♦❛❞✐♥❣ ✭❊❚▲✮ ♦❢ ❞❛t❛ ❢r♦♠ ♦♣❡r❛t✐♦♥❛❧ ❞❛t❛ s♦✉r❝❡s ✐♥t♦ ❛ ❉❲❍ ✐s ❞❡s❝r✐❜❡❞✳
❆❞❞✐t✐♦♥❛❧❧②✱ ❛s ❛ ❝❛s❡ st✉❞②✱ t❤❡ ♣❛♣❡r ♣r❡s❡♥ts t❤❡ st❡♣s ❢♦❧❧♦✇❡❞ ❢♦r t❤❡ ❞❡s✐❣♥ ♦❢ ❛
❉❲❍ ✐♥ ❛ ♣r✐✈❛t❡ ✉♥✐✈❡rs✐t② ✭▼♦s❝♦s♦✲❩❡❛✱ ❙❛♠♣❡❞r♦✱ ✫ ▲✉❥á♥✲ ▼♦r❛✱ ✷✵✶✻✮✳
❚❤❡ st❡♣s s✉❣❣❡st❡❞ ❢♦r t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ❛ ❉❲❍ ❛r❡✿

✶✳ ❉✐❛❣♥♦s✐s✳

✷✳ ■♥❢♦r♠❛t✐♦♥ ♥❡❡❞s ❛♥❛❧②s✐s✳

✸✳ ❙❡❧❡❝t✐♦♥ ♦❢ t❤❡ ♠❡t❤♦❞♦❧♦❣②✳

✹✳ ❙❡tt✐♥❣ ✉♣ t❤❡ t❡❝❤♥♦❧♦❣✐❝❛❧ ✐♥❢r❛str✉❝t✉r❡✳

✺✳ ❉❲❍ ❞❡s✐❣♥✳

✻✳ ❊❚▲ ❡①❡❝✉t✐♦♥✳

❘❡❣❛r❞✐♥❣ t❤❡ ❊❆ ❝♦♠♣♦♥❡♥t ✇❤✐❝❤ ✐s ❞r❛✇♥ ♦♥ t❤❡ r✐❣❤t ♦❢ t❤❡ ❑▼ ❢r❛♠❡✇♦r❦✱
✇❡ ❛❧s♦ ♣❡r❢♦r♠❡❞ ❛ st✉❞② t♦ ❡✈❛❧✉❛t❡ t❤❡ r♦❧❡ ♦❢ ❊❆ ❛s ❛ ❦❡② ❡❧❡♠❡♥t ❢♦r ❝❤❛♥❣❡ ❛♥❞
❑▼ ✭▼♦s❝♦s♦✲❩❡❛✱ P❛r❡❞❡s✲●✉❛❧t♦r✱ ✫ ▲✉❥á♥✲▼♦r❛✱ ✷✵✶✾✮✳ ❚❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ❊❆
❝❛♥ ❜❡ s✉♣♣♦rt❡❞ ❜② ❛ t♦♦❧ ✇✐t❤ ❛ ♠♦❞❡❧✐♥❣ ❧❛♥❣✉❛❣❡ ✇❤✐❝❤ ❝❛♥ ❜❡ ✉s❡❞ t♦ ❞❡s❝r✐❜❡
❞✐✛❡r❡♥t ❜✉s✐♥❡ss❡s ♣r♦❝❡ss❡s✱ ♦r❣❛♥✐③❛t✐♦♥❛❧ str✉❝t✉r❡s✱ ❛♥❞ ✐♥❢♦r♠❛t✐♦♥ ✢♦✇ ♦❢ ❛♥
♦r❣❛♥✐③❛t✐♦♥ ✭▼♦s❝♦s♦✲❩❡❛ ✫ ▲✉❥á♥✲▼♦r❛✱ ✷✵✶✼✮✳ ■♥ r❡❝❡♥t ②❡❛rs✱ ❊❆ ❤❛s ❜❡❝♦♠❡ ♦♥❡
♦❢ t❤❡ ♠♦st ✐♠♣♦rt❛♥t ✜❡❧❞s t♦ ❝♦♥s✐❞❡r ✐♥ ✐♥❢♦r♠❛t✐♦♥ s②st❡♠s st✉❞✐❡s ❛♥❞ ❤❛s ❡✈♦❧✈❡❞
t♦ ❜❡❝♦♠❡ ❛♥ ❡ss❡♥t✐❛❧ t❛s❦ ❢♦r ❜✉s✐♥❡ss ♠❛♥❛❣❡♠❡♥t ✭❇r✐❝❦♥❛❧❧✱ ❉❛rr❡❧❧✱ ◆✐❧ss♦♥✱ ✫
P❡ss✐✱ ✷✵✵✻✮✳ ❈♦♥s❡q✉❡♥t❧②✱ t♦ ✉♥❞❡rst❛♥❞ t❤❡ ❡①✐st✐♥❣ ❊❆ t♦♦❧s t❤✐s ♣❛♣❡r ♣r♦♣♦s❡s ❛♥
❛♣♣r♦❛❝❤ ❢♦r t❤❡ ❡✈❛❧✉❛t✐♦♥ ❛♥❞ s❡❧❡❝t✐♦♥ ♦❢ ❊❆ t♦♦❧s t❤❛t ✜t ❛♥ ♦r❣❛♥✐③❛t✐♦♥❛❧ s❝❡♥❛r✐♦✳
❆❢t❡r ❛♥❛❧②③✐♥❣ ❞✐✛❡r❡♥t s♦❢t✇❛r❡ ❡✈❛❧✉❛t✐♦♥ ♠❡t❤♦❞♦❧♦❣✐❡s✱ t❤r❡❡ ♠❡t❤♦❞♦❧♦❣✐❡s ❛r❡
s✉❣❣❡st❡❞ ❢♦r t❤❡ ❡✈❛❧✉❛t✐♦♥ ♦❢ ❊❆ ❛♥❞ ❛r❡ s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✶✳✶✳
❚❤❡s❡ ♠❡t❤♦❞♦❧♦❣✐❡s s✉♣♣♦rt ❡♥t❡r♣r✐s❡ ❛r❝❤✐t❡❝ts ❛t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ ❛♥ ❊❆ ♣r♦❥❡❝t✳

❉✐✛❡r❡♥t ❛❝t✐✈✐t✐❡s ❛r❡ s✉❣❣❡st❡❞ ✐♥ t❤❡ ♠❡t❤♦❞♦❧♦❣✐❡s t♦ ✐♠♣r♦✈❡ t❤❡ s❡❧❡❝t✐♦♥ ♣r♦❝❡ss
❛♥❞ ✐♥✈❡st ✐♥ t❤❡ ♠♦st ❛❞❡q✉❛t❡ ❊❆ t♦♦❧ ❢♦r t❤❡ ❦♥♦✇❧❡❞❣❡ ✐♥✐t✐❛t✐✈❡ ❛❝❝♦r❞✐♥❣ t♦ t❤❡
r❡q✉✐r❡♠❡♥ts ♦❢ t❤❡ st❛❦❡❤♦❧❞❡rs ✐♥ t❤❡ ❍❊■✳ ❖♥❝❡ t❤❡ t♦♦❧ ✐s ✐♥st❛❧❧❡❞ ❛♥❞ ❝♦♥✜❣✉r❡❞

✻



✶✳✶ ▼♦t✐✈❛t✐♦♥ ❛♥❞ ✇♦r❦ ✉♥❞❡rt❛❦❡♥

❆✉t❤♦r✭s✮ ❨❡❛r ❚②♣❡ ♦❢ s♦❢t✇❛r❡
✭❈♦♠❡❧❧❛✲❉♦r❞❛ ❡t ❛❧✳✱ ✷✵✵✹✮ ✷✵✵✹ ❈❖❚❙ ♣r♦❞✉❝ts

✭❑♦♥t✐♦ ❡t ❛❧✳✱ ✶✾✾✺✮ ✶✾✾✺ ❈❖❚❙ s❡❧❡❝t✐♦♥
✭▼♦r❡r❛✱ ✷✵✵✷✮ ✷✵✵✷ ❈❖❚❙ ♣r♦❞✉❝ts

❚❛❜❧❡ ✶✳✶✿ ❙✉❣❣❡st❡❞ ♠❡t❤♦❞♦❧♦❣✐❡s ❢♦r t❤❡ ❡✈❛❧✉❛t✐♦♥ ♦❢ ❊❆ t♦♦❧s

t❤❡ ♥❡①t st❡♣ ✐s t♦ ❞❡✜♥❡ ❤♦✇ t♦ ♠❛♥❛❣❡ t❤❡ ❊❆ ♦❢ t❤❡ ♦r❣❛♥✐③❛t✐♦♥✳ ❖♥❡ ♦❢ t❤❡
str❛t❡❣✐❡s ❢♦r ❊❆ ♠❛♥❛❣❡♠❡♥t ✐s t♦ ✉s❡ ❛ t♦♦❧ ✇✐t❤ ❛ ❢r❛♠❡✇♦r❦✳ ❚❤❡r❡❢♦r❡✱ ✇❡ ❛❧s♦
❝♦❧❧❛❜♦r❛t❡ ✐♥ ❛ r❡s❡❛r❝❤ ♣r♦❥❡❝t t♦ ❞❡✜♥❡ ❛♥❞ ❊❆ ❢r❛♠❡✇♦r❦ ✇✐t❤ ❛♥ ❛❣✐❧❡ ❛♣♣r♦❛❝❤✳
❚❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ ❛♥ ❊❆ ✐♥ ❜✐❣ ♦r❣❛♥✐③❛t✐♦♥s ✐s ❝♦♠♣❧❡①✳ ❚❤✉s✱ ✐s ✐♠♣♦rt❛♥t t♦ ❝r❡❛t❡
✈❛❧✉❡ ❛t ❛♥ ❡❛r❧② st❛❣❡ ♦❢ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ❊❆✳ ❚❤✐s ❢r❛♠❡✇♦r❦ ✇❛s ❞❡✈❡❧♦♣❡❞
✇✐t❤ ❛ ♥❡✇ ❞❡s✐❣♥ ❜❛s❡❞ ♦♥ t❤❡ ❛r❝❤✐t❡❝t✉r❡ ❞❡✈❡❧♦♣♠❡♥t ♠❡t❤♦❞ ✭❆❉▼✮ ♦❢ ❚❖●❆❋
t♦ ❡①tr❛❝t ♦♥❧② t❤♦s❡ ❞❡❧✐✈❡r❛❜❧❡s t❤❛t ❛r❡ ✐♠♣♦rt❛♥t ❢♦r ❛ s♣❡❝✐✜❝ ❜✉s✐♥❡ss ♦r ♣r♦❥❡❝t
✭❙❛♥❞♦✈❛❧✱ ▼♦s❝♦s♦✲❩❡❛✱ ●❛❧✈❡③✱ ✫ ❚✉t✐❧❧♦✱ ✷✵✶✻✮✳
❉✉r✐♥❣ t❤❡ ❛♥❛❧②s✐s ♦❢ ❊❆ t♦♦❧s ✇✐t❤ t❤❡ r❡s❡❛r❝❤ ❣r♦✉♣ ♦❢ t❤❡ ❯♥✐✈❡rs✐t② ❯❚❊

✇❡ st✉❞② ❤♦✇ t♦ ♠✐❣r❛t❡ ❛ t❡❝❤♥♦❧♦❣✐❝❛❧ ❡♥t❡r♣r✐s❡ ✐♥❢r❛str✉❝t✉r❡ t♦ t❤❡ ❝❧♦✉❞ ❛♥❞
✇❤❛t ❛r❡ t❤❡ ❞❛t❛ s❡❝✉r✐t② ✐ss✉❡s ✭❙❛❛✱ ❈✉❡✈❛✱ ▼♦s❝♦s♦✲❩❡❛✱ ✫ ▲✉❥❛♥✲▼♦r❛✱ ✷✵✶✼✮✳
❘❡❝♦♠♠❡♥❞❛t✐♦♥s ✇❡r❡ ❣✐✈❡♥ ❢♦r ♦r❣❛♥✐③❛t✐♦♥s ♦♥ ❤♦✇ t♦ ❡♥s✉r❡ t❤❛t ❛ ❝♦♠♣r❡❤❡♥s✐✈❡
s❡❝✉r✐t② str❛t❡❣② ✐s ❞❡✜♥❡❞ ❜❡❢♦r❡ ♠✐❣r❛t✐♥❣ t❤❡✐r ❡♥t❡r♣r✐s❡ ❛♣♣❧✐❝❛t✐♦♥s t♦ t❤❡ ❝❧♦✉❞✳
❙♦♠❡ ♦❢ t❤❡ ❣✐✈❡♥ r❡❝♦♠♠❡♥❞❛t✐♦♥s ✇❡r❡ t❤❛t s❡❝✉r✐t② ❝♦♥tr♦❧s ♥❡❡❞ t♦ ❜❡ ❡♥❢♦r❝❡❞ ❛t
❛❧❧ ❧❡✈❡❧s✳ ❚❤✐s ❝❛♥ ❜❡ ❞♦♥❡ ❜② ✐♥❝♦r♣♦r❛t✐♥❣ ❛ ❢r❛♠❡✇♦r❦ t❤❛t ❛❞❞r❡ss❡s s❡❝✉r✐t② ❛t
t❤❡ ♣❤②s✐❝❛❧✱ ♥❡t✇♦r❦✱ ❞❛t❛ ❛♥❞ ❛♣♣❧✐❝❛t✐♦♥ ❧❡✈❡❧✳ ❚❤❡ ❝♦♥❝❧✉s✐♦♥ ♦❢ t❤❡ ♣❛♣❡r ✐s t❤❛t
❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ s✐③❡ ♦❢ t❤❡ ❝♦♠♣❛♥② ♠♦r❡ ♦r ❢❡✇❡r ❛♣♣❧✐❝❛t✐♦♥s ❛♥❞ t❡❝❤♥♦❧♦❣② ❝❛♥ ❜❡
♠✐❣r❛t❡❞ t♦ t❤❡ ❝❧♦✉❞✳ ❚❤❡ ♠❛✐♥ ❜❡♥❡✜ts ♦❢ ❝❧♦✉❞✲❜❛s❡❞ ❡♥t❡r♣r✐s❡ ✐♥❢r❛str✉❝t✉r❡ ❛r❡
✐ts s❝❛❧❛❜✐❧✐t② ❛♥❞ ❧♦✇❡r ✐♥✈❡st♠❡♥t ❝♦sts✱ ❝r❡❛t✐♥❣ ♦♣♣♦rt✉♥✐t✐❡s ❢♦r s♠❛❧❧ ❛♥❞ ♠❡❞✐✉♠
❡♥t❡r♣r✐s❡s✳ ■t ✐s ✐♥t❡r❡st✐♥❣ t♦ ♥♦t❡ t❤❛t ♦✉r ♣r♦♣♦s❛❧ ♦❢ t❤❡ ❤②❜r✐❞ ✐♥❢r❛str✉❝t✉r❡ ❝❛♥ ❜❡
✐♠♣❧❡♠❡♥t❡❞ ✐♥ ❛ ❝❧♦✉❞ s❝❡♥❛r✐♦ ❛s ✇❡❧❧✳ ❈♦♥s❡q✉❡♥t❧②✱ t❤✐s ♣❛♣❡r s✉❣❣❡sts t❤❡ ♣❤❛s❡s
❛♥❞ ❛❧t❡r♥❛t✐✈❡s t♦ ✐♠♣❧❡♠❡♥t ❛ ❝❧♦✉❞ ♣r♦❥❡❝t✳ ■♥ ❋✐❣✉r❡ ✶✳✷ t❤❡ ❢r❛♠❡✇♦r❦ t❤❛t ✇❛s
❞❡✈❡❧♦♣❡❞ ❢♦r ❛ ♠✐❣r❛t✐♦♥ ♣r♦❝❡ss ✐s ♣r❡s❡♥t❡❞ ✇❤✐❝❤ ✐s ♠❡❛♥t t♦ s✉♣♣♦rt ♦r❣❛♥✐③❛t✐♦♥s
t♦ ✐♠♣❧❡♠❡♥t ❝❧♦✉❞ ❝♦♠♣✉t✐♥❣ s❡r✈✐❝❡s ✇✐t❤ ❜❡st ♣r❛❝t✐❝❡s ❛t t❤❡ ❧♦✇❡st r✐s❦ ✭▼♦s❝♦s♦✲
❩❡❛✱ P❛r❡❞❡s✲●✉❛❧t♦r✱ ❙❛❛✱ ✫ ❙❛♥❞♦✈❛❧✱ ✷✵✶✽✮✳ ❚❤❡ ♠❛✐♥ ❣♦❛❧ ♦❢ t❤❡ ❢r❛♠❡✇♦r❦ ✐s t♦
✐♠♣r♦✈❡ t❤❡ ♠✐❣r❛t✐♦♥ ♣r♦❝❡ss ❜② ♠✐♥✐♠✐③✐♥❣ t❤r❡❛ts ❛♥❞ ♠❛①✐♠✐③✐♥❣ ♦♣♣♦rt✉♥✐t✐❡s✳
❚❤✐s ❢r❛♠❡✇♦r❦ ❝❛♥ s✉♣♣♦rt ❝❧♦✉❞ ♠✐❣r❛t✐♦♥s ❛♥❞ ❝❛♥ ❜❡ ✉s❡❞ t♦ ♠✐❣r❛t❡ t❤❡ ❑▼
✐♥❢r❛str✉❝t✉r❡ ♣r♦♣♦s❡❞ ✐♥ t❤✐s t❤❡s✐s✳
❚❤❡ ❛♥❛❧②s✐s ♦❢ t❤❡ ❝♦♠♣♦♥❡♥ts ♣r♦♣♦s❡❞ ✐♥ t❤❡ ❢r❛♠❡✇♦r❦ ✇❛s ❡♥❝♦✉r❛❣✐♥❣ ❛♥❞ ❝♦♥✲

✜r♠❡❞ t❤❡✐r ❛♣♣❧✐❝❛❜✐❧✐t② ✐♥ t❤❡ ♣r♦❝❡ss ♦❢ ❤②❜r✐❞✐③❛t✐♦♥ ❛♥❞ ✐♠♣❧❡♠❡♥t❛t✐♦♥✳ ❚❤❡r❡✲
❢♦r❡✱ ❛ st✉❞② ♦♥ ❤♦✇ t♦ ✉s❡ t❤❡s❡ ❝♦♠♣♦♥❡♥ts ✐♥ ❍❊■s t♦ ♣r♦❞✉❝❡ ♥❡✇ ♦r❣❛♥✐③❛t✐♦♥❛❧
❦♥♦✇❧❡❞❣❡ ✇❛s ♣❡r❢♦r♠❡❞✳ ❖♥❡ ♦❢ t❤❡ ♠♦st ✐♠♣♦rt❛♥t ❛s♣❡❝ts ♦❢ ♠❛♥❛❣❡♠❡♥t ❛♥❞
❞❡❝✐s✐♦♥ s✉♣♣♦rt ✐s ❜❛s❡❞ ♦♥ ❑▼✳ ❚❤❡ ♣❛♣❡r ✏❑♥♦✇❧❡❞❣❡ ▼❛♥❛❣❡♠❡♥t ✐♥ ❍✐❣❤❡r ❊❞✉✲
❝❛t✐♦♥ ■♥st✐t✉t✐♦♥s ❢♦r t❤❡ ●❡♥❡r❛t✐♦♥ ♦❢ ❖r❣❛♥✐③❛t✐♦♥❛❧ ❑♥♦✇❧❡❞❣❡✑ ♣✉❜❧✐s❤❡❞ ✐♥ t❤❡
✶✷t❤ ■❜❡r✐❛♥ ❈♦♥❢❡r❡♥❝❡ ♦♥ ■♥❢♦r♠❛t✐♦♥ ❙②st❡♠s ❛♥❞ ❚❡❝❤♥♦❧♦❣✐❡s ✐♥ ✷✵✶✼✱ ♣r❡s❡♥ts ❛
❝❛s❡ st✉❞② ✇✐t❤ ❞✐✛❡r❡♥t ❛❧t❡r♥❛t✐✈❡s ❢♦r t❤❡ ❦♥♦✇❧❡❞❣❡ ❝r❡❛t✐♦♥ ♣r♦❝❡ss ✭▼♦s❝♦s♦✲❩❡❛
✫ ▲✉❥❛♥✲▼♦r❛✱ ✷✵✶✼✮✳ ❆♠♦♥❣ t❤❡ ✐♠♣♦rt❛♥t r❡❛s♦♥s ❢♦r t❤❡ r❡❛❧✐③❛t✐♦♥ ♦❢ t❤✐s st✉❞②
✇❛s t❤❡ ❝r❡❛t✐♦♥ ♦❢ ♥❡✇ ♠❡❝❤❛♥✐s♠s t♦ ♣r♦♠♦t❡ t❡❛❝❤✐♥❣ ❛♥❞ st✉❞❡♥t ❞❡✈❡❧♦♣♠❡♥t✱
r❡s❡❛r❝❤✱ ❛♥❞ st✉❞❡♥t ✇❡❧❢❛r❡✳ ❆♥♦t❤❡r r❡❛s♦♥ ✇❛s t♦ st✉❞② ❛❧t❡r♥❛t✐✈❡s ♦♥ ❤♦✇ t♦
✐♠♣r♦✈❡ t❤❡ ✐♥st✐t✉t✐♦♥❛❧ ♣r♦❝❡ss❡s s♦ t❤❡② ❛r❡ ❝❛rr✐❡❞ ♦✉t ✐♥ ❛♥ ♦r❣❛♥✐③❡❞ ❛♥❞ st❛♥✲

✼



✶ ■♥tr♦❞✉❝t✐♦♥

❋✐❣✉r❡ ✶✳✷✿ ❈❧♦✉❞ ❝♦♠♣✉t✐♥❣ ❛❞♦♣t✐♦♥ ❢r❛♠❡✇♦r❦
✭▼♦s❝♦s♦✲❩❡❛✱ P❛r❡❞❡s✲●✉❛❧t♦r✱ ❙❛❛✱ ✫ ❙❛♥❞♦✈❛❧✱ ✷✵✶✽✮

❞❛r❞✐③❡❞ ♠❛♥♥❡r✱ ✇❤✐❝❤ ✇✐❧❧ ❢❛❝✐❧✐t❛t❡ t❤❡ ❛❝❤✐❡✈❡♠❡♥t ♦❢ t❤❡ ❣♦❛❧s ♦❢ t❤❡ ✐♥st✐t✉t✐♦♥❛❧
✈✐s✐♦♥ ✐♥ t❤❡ s❤♦rt ❛♥❞ ♠❡❞✐✉♠ t❡r♠✳ ❊❆ ❛♥❞ ❇■ ❛r❡ t❤❡ ❝♦r❡ t❡❝❤♥♦❧♦❣✐❝❛❧ t♦♦❧s ❢♦r
t❤❡ ❝r❡❛t✐♦♥ ♦❢ r❡♣♦s✐t♦r✐❡s ❛♥❞ ❦♥♦✇❧❡❞❣❡ ❜❛s❡s✳ ❚❤❡s❡ ❦♥♦✇❧❡❞❣❡ ❜❛s❡s ❝❛♥ ❣❡♥❡r❛t❡
♦r❣❛♥✐③❛t✐♦♥❛❧ ✐♥t❡❧❧✐❣❡♥❝❡ t❤r♦✉❣❤ ♦♥❧✐♥❡ ❛♥❛❧②t✐❝❛❧ ♣r♦❝❡ss✐♥❣ ✭❖▲❆P✮✱ ❉▼ ❛♥❞ ❊❆
❛♥❛❧②t✐❝s✳
■♥ ♦r❞❡r t♦ ❡st❛❜❧✐s❤ t❤❡ ♣♦ss✐❜✐❧✐t✐❡s ❢♦r ❦♥♦✇❧❡❞❣❡ ❝r❡❛t✐♦♥✱ ✇❡ ❢♦❧❧♦✇❡❞ t❤❡ s✉❣❣❡s✲

t✐♦♥s ♦❢ ◆♦♥❛❦❛ ✭✶✾✾✹✮✳ ◆♦♥❛❦❛ st❛t❡s t❤❛t t❤❡ ♣r♦❝❡ss t♦ ❣❡♥❡r❛t❡ ❦♥♦✇❧❡❞❣❡ ✐s ❜❛s❡❞
♦♥ t❤❡ ❝♦♥✈❡rs✐♦♥ ♦❢ t❛❝✐t ❦♥♦✇❧❡❞❣❡ ❛♥❞ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ✭◆♦♥❛❦❛✱ ✶✾✾✹✮✳
❇❛s❡❞ ♦♥ t❤✐s✱ ❤❡ ❞❡s❝r✐❜❡s ❢♦✉r ✇❛②s ♦❢ ❦♥♦✇❧❡❞❣❡ ❝♦♥✈❡rs✐♦♥ ❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✶✳✸

✭◆♦♥❛❦❛ ❡t ❛❧✳✱ ✷✵✵✵✮✳ ❚❤✐s ✜❣✉r❡ ❞❡s❝r✐❜❡s t❤❡ ♠❛✐♥ ❛❝t✐✈✐t✐❡s ♣r♦♣♦s❡❞ ❢♦r ❦♥♦✇❧❡❞❣❡
❝r❡❛t✐♦♥ ❛♥❞ ✐♥♥♦✈❛t✐♦♥✳ ❚❤❡ ♠♦❞❡❧ ✐s ❝❛❧❧❡❞ ❙❊❈■ ❞✉❡ t♦ ✐ts ❝♦♠♣♦♥❡♥ts ❙♦❝✐❛❧✐③❛t✐♦♥✱
❊①t❡r♥❛❧✐③❛t✐♦♥✱ ❈♦♠❜✐♥❛t✐♦♥✱ ❛♥❞ ■♥t❡r♥❛❧✐③❛t✐♦♥ ✭❙❊❈■✮✳ ❚❤❡ ❞✐✛❡r❡♥t ❦♥♦✇❧❡❞❣❡
❝♦♥✈❡rs✐♦♥ ❛❝t✐✈✐t✐❡s ❢r♦♠ t❤❡ ❙❊❈■ ♠♦❞❡❧ ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❧✐st✳

• ❋r♦♠ t❛❝✐t ❦♥♦✇❧❡❞❣❡ t♦ t❛❝✐t ❦♥♦✇❧❡❞❣❡ ✭❙♦❝✐❛❧✐③❛t✐♦♥✮✳

• ❋r♦♠ t❛❝✐t ❦♥♦✇❧❡❞❣❡ t♦ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ✭❊①t❡r♥❛❧✐③❛t✐♦♥✮✳

• ❋r♦♠ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ t♦ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ✭❈♦♠❜✐♥❛t✐♦♥✮✳

• ❋r♦♠ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ t♦ t❛❝✐t ❦♥♦✇❧❡❞❣❡ ✭■♥t❡r♥❛❧✐③❛t✐♦♥✮✳

❋♦r t❤❡ ✜rst s❝❡♥❛r✐♦✱ ❦♥♦✇❧❡❞❣❡ ❝❛♥ ❜❡ ❝r❡❛t❡❞ t❤r♦✉❣❤ s❤❛r✐♥❣ ❡①♣❡r✐❡♥❝❡s ❜❡t✇❡❡♥
♥❡✇ ❛♥❞ ♦❧❞ ❡♠♣❧♦②❡❡s✳ ❇✉s✐♥❡ss ❛❝t♦rs ❝❛♥ ❡✈❡♥ ❝r❡❛t❡ t❤✐s t❛❝✐t ❦♥♦✇❧❡❞❣❡ ❥✉st ❜②
♦❜s❡r✈✐♥❣ ❤♦✇ ❛♥ ❡①♣❡rt ✇♦r❦❡r ♣❡r❢♦r♠s t❛s❦s✳ ❚❤✐s ❢♦r♠ ♦❢ ❧❡❛r♥✐♥❣ ❛♥❞ ❣❡♥❡r❛✲
t✐♦♥ ♦❢ t❛❝✐t ❦♥♦✇❧❡❞❣❡ ✐s ❝❛❧❧❡❞ ❙♦❝✐❛❧✐③❛t✐♦♥✳ ❙♦❝✐❛❧✐③❛t✐♦♥ ✐s s❤♦✇♥ ✐♥ t❤❡ ✉♣♣❡r ❧❡❢t
q✉❛❞r❛♥t ♦❢ ❋✐❣✉r❡ ✶✳✸✳ ❙♦♠❡ t♦♦❧s t❤❛t ❝❛♥ ❜❡ ✉s❡❞ ❢♦r t❤✐s s❝❡♥❛r✐♦ ❛r❡ ❜r❛✐♥st♦r♠✲
✐♥❣✱ ♦❜s❡r✈❛t✐♦♥ ❛♥❞ ✐♠✐t❛t✐♦♥✳ ❚❤❡ s❡❝♦♥❞ s❝❡♥❛r✐♦ ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ✉♣♣❡r r✐❣❤t
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✶✳✶ ▼♦t✐✈❛t✐♦♥ ❛♥❞ ✇♦r❦ ✉♥❞❡rt❛❦❡♥

❋✐❣✉r❡ ✶✳✸✿ ❙❊❈■ ♠♦❞❡❧ ♦❢ ❦♥♦✇❧❡❞❣❡ ❝r❡❛t✐♦♥
✭◆♦♥❛❦❛✱ ❚♦②❛♠❛✱ ✫ ❑♦♥♥♦✱ ✷✵✵✵✮

q✉❛❞r❛♥t ✐♥ t❤❡ ✜❣✉r❡ ❛♥❞ ✐s ❝❛❧❧❡❞ ❊①t❡r♥❛❧✐③❛t✐♦♥✳ ❚❤❡ ❝♦♥✈❡rs✐♦♥ ♦❢ t❛❝✐t t♦ ❡①♣❧✐❝✐t
❦♥♦✇❧❡❞❣❡ ♦❝❝✉rs t❤r♦✉❣❤ ❝❛♣t✉r✐♥❣ t❤❡ ❦♥♦✇❧❡❞❣❡ ♦❢ ❡♠♣❧♦②❡❡s ✐♥ ❜♦♦❦s✱ ❞❛t❛❜❛s❡s
♦r ✐♥❢♦r♠❛t✐♦♥ s②st❡♠s✳ ❚❤❛t ✐s t♦ s❛②✱ t❛❝✐t ❦♥♦✇❧❡❞❣❡ ✐s tr❛♥s❧❛t❡❞ ♦r ❞♦❝✉♠❡♥t❡❞
t♦ ❢♦r♠s t❤❛t ❝❛♥ ❜❡ ✉♥❞❡rst♦♦❞ ❛♥❞ ✐♥t❡r♣r❡t❡❞ ❜② ♦t❤❡r st❛✛✳

■♥ t❤❡ t❤✐r❞ s❝❡♥❛r✐♦✱ t❤❡ ❝♦♥✈❡rs✐♦♥ ♦❢ ❦♥♦✇❧❡❞❣❡ ♦❝❝✉rs t❤r♦✉❣❤ s♦❝✐❛❧ ♣r♦❝❡ss❡s
t♦ ❝♦♠❜✐♥❡ t❤❡ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ♦❢ ✐♥❞✐✈✐❞✉❛❧s✳ ❚❤✐s ❦♥♦✇❧❡❞❣❡ ❝❛♥ ❜❡ s❤❛r❡❞ ✐♥
♠❡❡t✐♥❣s ♦r ❝❛❧❧s✳ ❇② ❡st❛❜❧✐s❤✐♥❣ t❤❡s❡ ✐♥t❡r❛❝t✐♦♥s✱ ❝♦❧❧❡❝t✐✈❡ ❛♥❞ s❤❛r❡❞ ❦♥♦✇❧❡❞❣❡
❣✐✈❡s r✐s❡ t♦ ♥❡✇ ❦♥♦✇❧❡❞❣❡✳ ❚❤✐s ❝❛s❡ ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ❧♦✇❡r r✐❣❤t q✉❛❞r❛♥t t❤❛t
✐s ❦♥♦✇♥ ❛s ❈♦♠❜✐♥❛t✐♦♥✳ ❚❤❡ ❝♦♠❜✐♥❛t✐♦♥ ♣r♦❝❡ss ✐s ❛♥ ✐❞❡❛❧ s❝❡♥❛r✐♦ t♦ ❝r❡❛t❡
❦♥♦✇❧❡❞❣❡ ✇✐t❤ t❡❝❤♥♦❧♦❣✐❝❛❧ t♦♦❧s ❛♥❞ s❤❛r❡ t❤❡ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ t❤❛t r❡s✐❞❡s ✐♥ t❤❡
❡♥t❡r♣r✐s❡ s♦❢t✇❛r❡ ❛♣♣❧✐❝❛t✐♦♥s ✐♥❝❧✉❞✐♥❣ ❞❛t❛❜❛s❡s✳

❚❤✐s ♣r♦❝❡ss ♦❢ ❦♥♦✇❧❡❞❣❡ ❝r❡❛t✐♦♥ ❝❛♥ ❜❡ ❜❛s❡❞ ♦♥ t❤❡ t❡❝❤♥♦❧♦❣✐❝❛❧ t♦♦❧s t❤❛t
❛r❡ ♣r♦♣♦s❡❞ ✐♥ t❤✐s t❤❡s✐s✳ ❊①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ t❤❛t r❡s✐❞❡s ✐♥ t❤❡ ❡♥t❡r♣r✐s❡ s♦❢t✇❛r❡
❛♣♣❧✐❝❛t✐♦♥s ❛♥❞ ✐♥ ❞❛t❛❜❛s❡s ❝❛♥ ❜❡ ♣r♦❝❡ss❡❞ ❛♥❞ ❛♥❛❧②③❡❞ ✉s✐♥❣ ❛rt✐✜❝✐❛❧ ✐♥t❡❧❧✐❣❡♥❝❡✱
❇■ ♦r ❊❆ ❛♥❛❧②t✐❝s t♦ ❝r❡❛t❡ ♥❡✇ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡✳

❚❤❡ ❢♦✉rt❤ s❝❡♥❛r✐♦ ✐s ❝♦♠♣❧❡♠❡♥t❛r② t♦ ❊①t❡r♥❛❧✐③❛t✐♦♥ ❛♥❞ ♦❝❝✉rs ✇❤❡♥ ❡①♣❧✐❝✐t
❦♥♦✇❧❡❞❣❡ ✐s ❝♦♥✈❡rt❡❞ t♦ t❛❝✐t✳ ❚❤✐s ✐s t❤❡ ♠♦st s✐♠✐❧❛r ✇❛② t♦ ❤♦✇ ♣❡♦♣❧❡ ❧❡❛r♥✱ t❤❛t
✐s✱ t♦ t❛❦❡ ❛ ♠❛♥✉❛❧ ♦r ❛ ❜♦♦❦ ❛♥❞ ✐♥t❡r♥❛❧✐③❡❞ t❤✐s ♥❡✇ ❦♥♦✇❧❡❞❣❡ t♦ ❜❡❝♦♠❡ ♣❛rt ♦❢
❛♥ ✐♥❞✐✈✐❞✉❛❧✬s ❜r❛✐♥✳ ❚❤✐s ❢♦r♠ ♦❢ ❦♥♦✇❧❡❞❣❡ ❣❡♥❡r❛t✐♦♥ ✐s ❝❛❧❧❡❞ ■♥t❡r♥❛❧✐③❛t✐♦♥✳

❚❤❡ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ❢r❛♠❡✇♦r❦ t❤❛t ✇❡ ♣r♦♣♦s❡ ❛♥❞ ✐ts ❝♦♠♣♦♥❡♥ts ❛r❡
❛❧✐❣♥❡❞ t♦ t❤❡ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ❝②❝❧❡✳ ❋✐❣✉r❡ ✶✳✹ s❤♦✇s t❤❡ s✉❣❣❡st❡❞ ❑▼ ❝②❝❧❡
✭▼❝■♥t②r❡✱ ●❛✉✈✐♥✱ ✫ ❲❛r✉s③②♥s❦✐✱ ✷✵✵✸✮✳ ❚❤✐s ❝②❝❧❡ ❤❛s t❤r❡❡ ♠❛✐♥ ❝♦♠♣♦♥❡♥ts✿
♠❛♥❛❣❡♠❡♥t✱ ❛♣♣❧✐❝❛t✐♦♥✱ ❛♥❞ ♣❡♦♣❧❡✳ ▼❛♥❛❣❡♠❡♥t ✐s ❝♦♥❝❡r♥❡❞ ✇✐t❤ ❝❛♣t✉r✐♥❣✱ ♦r✲
❣❛♥✐③✐♥❣ ❛♥❞ ❢❛❝✐❧✐t❛t✐♥❣ t❤❡ ♦r❣❛♥✐③❛t✐♦♥❛❧ ❦♥♦✇❧❡❞❣❡✳ ❚❤❡s❡ ❛❝t✐✈✐t✐❡s ❡♥❝♦♠♣❛ss t❤❡
❡①t❡r♥❛❧✐③❛t✐♦♥ ❛♥❞ ❝♦♠❜✐♥❛t✐♦♥ q✉❛❞r❛♥ts ♣r❡s❡♥t❡❞ ✐♥ t❤❡ ◆♦♥❛❦❛ ♠♦❞❡❧ ✭◆♦♥❛❦❛✱
✶✾✾✹✮✳ ❚❤❡ ❛♣♣❧✐❝❛t✐♦♥ ❝♦♠♣♦♥❡♥t ❢♦❝✉s❡s ♦♥ ♦❜t❛✐♥✐♥❣ r❡❧❡✈❛♥t ❝♦♥t❡♥t ❛♥❞ ❛♥❛❧②s✐s
t❤r♦✉❣❤ t❤❡ ✉s❡ ♦❢ ❉▼ ❛♥❞ ❛❞✈❛♥❝❡❞ ❛♥❛❧②t✐❝s✳ ❋✐♥❛❧❧②✱ t❤❡ ♣❡♦♣❧❡ ❝♦♠♣♦♥❡♥t ❢♦❝✉s❡s

✾



✶ ■♥tr♦❞✉❝t✐♦♥

❋✐❣✉r❡ ✶✳✹✿ ❑♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t ❝②❝❧❡
✭▼❝■♥t②r❡ ❡t ❛❧✳✱ ✷✵✵✸✮

♦♥ ❧❡❛r♥✐♥❣✱ s❤❛r✐♥❣✱ ❛♥❞ ❝♦❧❧❛❜♦r❛t✐♦♥✳ P❡♦♣❧❡ ❝♦♠♣♦♥❡♥t s❤♦✇s t❤❡ ❡❞✉❝❛t✐♦♥❛❧ ♣r♦✲
❝❡ss ❛♥❞ s❡❡❦s ♠❡❝❤❛♥✐s♠s t♦ ❝r❡❛t❡ t❛❝✐t ❦♥♦✇❧❡❞❣❡ ❢♦r ♣❡♦♣❧❡ ✇❤♦ ❧❡❛r♥ ❛♥❞ ❡①♣❧✐❝✐t
❦♥♦✇❧❡❞❣❡ t♦ ❜❡ st♦r❡❞ ✐♥ r❡♣♦s✐t♦r✐❡s ❛♥❞ ❦♥♦✇❧❡❞❣❡ ❜❛s❡s✳

❆s s❛✐❞ ♣r❡✈✐♦✉s❧②✱ ♦♥❡ ♦❢ t❤❡ ♠❛✐♥ ♦❜❥❡❝t✐✈❡s ❢♦r ♣❡r❢♦r♠✐♥❣ t❤✐s ✇♦r❦ ✇❛s t♦ ✐♠♣r♦✈❡
❡❞✉❝❛t✐♦♥ ❜② ✉s✐♥❣ ❑▼✳ ❲✐t❤ t❤✐s ✐♥ ♠✐♥❞✱ ✐t ✇❛s ❛❧s♦ ✐♠♣♦rt❛♥t t♦ ✐♥✈❡st✐❣❛t❡ t❤❡
t❤♦✉❣❤ts ♦❢ st✉❞❡♥ts ♦♥ ❜r✐♥❣✐♥❣ t❤❡✐r ❧❛♣t♦♣s ♦r ♣❡rs♦♥❛❧ ❞❡✈✐❝❡s t♦ ❝❧❛ss❡s✳ ❚❤❡ ♣❛♣❡r
♦❢ ❙❛❛✱ ▼♦s❝♦s♦✲❩❡❛✱ ❛♥❞ ▲✉❥❛♥✲▼♦r❛ ✭✷✵✶✼✮ ♣r❡s❡♥ts t❤❡ r❡s✉❧ts ♦❢ ❛ s✉r✈❡② ✇❤✐❝❤
st✉❞✐❡s ♦♥ ♦♥❡ ❤❛♥❞✱ ❤♦✇ ✉♥✐✈❡rs✐t✐❡s ❝❛♥ ❜❡ ❝r✐t✐❝❛❧❧② ❛✛❡❝t❡❞ ✐❢ t❤❡② ❛❧❧♦✇ st✉❞❡♥ts
t♦ ❜r✐♥❣ t❤❡✐r ♦✇♥ ❞❡✈✐❝❡s t♦ ❝❧❛ss❡s✱ ♦♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ✐t r❡✈✐❡✇s ❛❧❧ t❤❡ ❝♦♥❝❡r♥s
t❤❛t st✉❞❡♥ts ❤❛✈❡ ❢r♦♠ ❜❡✐♥❣ ♦❜s❡r✈❡❞ t❤r♦✉❣❤ t❤❡✐r ❞❡✈✐❝❡s ❜② t❤❡ ✉♥✐✈❡rs✐t② st❛✛
✭❙❛❛✱ ▼♦s❝♦s♦✲❩❡❛✱ ✫ ▲✉❥❛♥✲▼♦r❛✱ ✷✵✶✼✮✳ ❚❤❡ r❡s✉❧ts ♦❢ t❤❡ s✉r✈❡② s❤♦✇ t❤❛t ❛ t♦t❛❧
♦❢ ✺✼✳✻ ✪ ♦❢ st✉❞❡♥ts ✇♦✉❧❞ ❜❡ ✇✐❧❧✐♥❣ t♦ ❜r✐♥❣ ❛ ❧❛♣t♦♣ ♦r t❛❜❧❡t t♦ t❤❡ ❧❡❝t✉r❡s ❛♥❞
✶✼✳✷ ✪ ✇♦✉❧❞ ♥♦t✳ ❍♦✇❡✈❡r✱ t❤❡r❡ ✐s ❛ ✷✺✳✷ ✪ t❤❛t ✇♦✉❧❞ ❝♦♥s✐❞❡r ✐t✳

❉❡s♣✐t❡ t❤❡ ❢❛❝t✱ t❤❛t ✇✐t❤ t❤❡ r❡s❡❛r❝❤ ❞♦♥❡✱ ✐t ✇❛s ❝♦♥✜r♠❡❞ t❤❡ ✐♠♣♦rt❛♥❝❡ t♦
✐♥❝❧✉❞❡ t❤❡ ❇■ ❛♥❞ ❊❆ t♦♦❧s ✐♥ t❤❡ ♣r♦♣♦s❡❞ ✐♥❢r❛str✉❝t✉r❡✳ ❲❡ ❢♦✉♥❞ ❛ r❡s❡❛r❝❤ ❣❛♣
✐♥ ❤♦✇ ❍❊■s ♠❛♥❛❣❡ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ❦♥♦✇❧❡❞❣❡✳

❚❤❡ ❊❉▼ ❤❛s ❜❡❝♦♠❡ ❛ tr❡♥❞② t♦♣✐❝ ♦♥ t❤❡ ❧❛st ②❡❛rs ❜✉t ✇❡ ❤❛✈❡ ❝♦♥❝❡r♥s ♦♥ t❤❡
✈❛❧✐❞✐t② ♦❢ t❤❡ ✐♥❢♦r♠❛t✐♦♥ t❤❛t ✐s ❜❡✐♥❣ ♣r♦❝❡ss❡❞ t♦ ♦❜t❛✐♥ t❤❡ r❡s✉❧ts ♦❢ t❤❡ ❛♥❛✲
❧②t✐❝ ♣r♦❝❡ss✳ ❚❤✐s ✐s t❤❡ ♠❛✐♥ r❡❛s♦♥ t❤❛t ✇❡ ❞❡❝✐❞❡ t♦ ♣❡r❢♦r♠ ❛ s②st❡♠❛t✐❝ ♠❛♣♣✐♥❣
✭❙▼✮ ♦♥ t❤❡ t♦♣✐❝ ❉❲ ✐♥ ❡❞✉❝❛t✐♦♥✳ ❚❤❡ r❡s✉❧ts ♦❢ t❤❡ ❙▼ ✇❡r❡ ♣r❡s❡♥t❡❞ ✐♥ t❤❡ ♣❛♣❡r
✏❆ ❍♦❧✐st✐❝ ❱✐❡✇ ♦❢ ❉❛t❛ ❲❛r❡❤♦✉s✐♥❣ ✐♥ ❊❞✉❝❛t✐♦♥✑ ✭▼♦s❝♦s♦✲❩❡❛✱ P❛r❡❞❡s✲●✉❛❧t♦r✱
✫ ▲✉❥❛♥✲▼♦r❛✱ ✷✵✶✽✮✳ ❚❤✐s st✉❞② s❤♦✇s t❤❛t ❉❲ ❛♥❞ ❇■ ❛r❡ ✇✐❞❡❧② ✉s❡❞ ✐♥ ❜✉s✐✲
♥❡ss ♦r❣❛♥✐③❛t✐♦♥s ❛♥❞ ❤❛✈❡ ❜❡❡♥ ❡①❤❛✉st✐✈❡❧② ❛♥❛❧②③❡❞ ❢r♦♠ t❤❡ ✐♥❞✉str② st❛♥❞♣♦✐♥t
❢♦r ♠❛♥② ②❡❛rs✳ ❍♦✇❡✈❡r✱ ✐ts ✉s❡ ✐s st✐❧❧ ❧♦✇ ✐♥ ❡❞✉❝❛t✐♦♥❛❧ ✐♥st✐t✉t✐♦♥s✳ ❚❤❡ ♣❛♣❡r
❢r♦♠ ❙❤❛❤✐❞ ❡t ❛❧✳ ✭✷✵✶✻✮ ♣r❡s❡♥ts ❞✐✛❡r❡♥t ❝❛s❡ st✉❞✐❡s ♣❡r❢♦r♠❡❞ t♦ ❞❡t❡r♠✐♥❡ t❤❡
♣❡r❝❡♥t❛❣❡ ♦❢ ✉s❡ ♦❢ ❉❲❍s ✇✐t❤✐♥ ❞✐✛❡r❡♥t ✐♥❞✉str✐❡s✳

❚❤❡ r❡s✉❧ts ♦❢ t❤❡ ❝❛s❡ st✉❞② ❛♥❛❧②s✐s s❤♦✇ t❤❛t t❤❡ ✐♥❞✉str② ✇❤✐❝❤ ✉s❡s ❉❲❍ t❤❡

✶✵



✶✳✶ ▼♦t✐✈❛t✐♦♥ ❛♥❞ ✇♦r❦ ✉♥❞❡rt❛❦❡♥

❋✐❣✉r❡ ✶✳✺✿ ❘❡s✉❧ts ♦❢ t❤❡ s②st❡♠❛t✐❝ ♠❛♣♣✐♥❣ ♦❢ ❉❲ ✐♥ ❡❞✉❝❛t✐♦♥
✭▼♦s❝♦s♦✲❩❡❛✱ P❛r❡❞❡s✲●✉❛❧t♦r✱ ✫ ▲✉❥❛♥✲▼♦r❛✱ ✷✵✶✽✮

♠♦st ✐s t❤❡ ♠❡❞✐❝❛❧ ✐♥❞✉str② ✭❤♦s♣✐t❛❧s✱ ❝❧✐♥✐❝s ❛♥❞ ♣❤②s✐❝✐❛♥ ♦✣❝❡s✮ ✇✐t❤ ✷✸✳✸ ✪ ♦❢
✉s❛❣❡✳ ❋♦❧❧♦✇✐♥❣ t❤❛t✱ t❤❡ ✜♥❛♥❝❡ ❛♥❞ ❜❛♥❦✐♥❣ ✐♥❞✉str② ✇✐t❤ ✻✳✷ ✪ ♦❢ ❉❲ ✉s❛❣❡✱
✇❤❡r❡❛s ♦♥❡ ♦❢ t❤❡ ✐♥❞✉str✐❡s t❤❛t ❧❡ss ✉s❡ ❉❲ ✐s ❡❞✉❝❛t✐♦♥ ✇✐t❤ ♦♥❧② ✸✳✽ ✪ ♦❢ ✉s✲
❛❣❡ ✭❙❤❛❤✐❞ ❡t ❛❧✳✱ ✷✵✶✻✮✳ ❆s s❡❡♥ ✐♥ t❤❡s❡ ❢❛❝ts✱ ♦♥❧② ❛ ❢❡✇ ❡❞✉❝❛t✐♦♥❛❧ ✐♥st✐t✉t✐♦♥s
❤❛✈❡ ❛❞♦♣t❡❞ ❛ ❉❲❍ t♦ ♠❛♥❛❣❡ t❤❡ ❡❞✉❝❛t✐♦♥❛❧ ✐♥❢♦r♠❛t✐♦♥ t❤❛t ✐s ❣❡♥❡r❛t❡❞ ❢r♦♠
t❤❡✐r s♦❢t✇❛r❡ ❛♣♣❧✐❝❛t✐♦♥s ❛♥❞ ❧❡❛r♥✐♥❣ ♠❛♥❛❣❡♠❡♥t s②st❡♠s✳ ◆❡✈❡rt❤❡❧❡ss✱ ♥♦✇❛❞❛②s
❜♦❛r❞s ♦❢ ❣♦✈❡r♥❛♥❝❡ ❛♥❞ ❞✐r❡❝t♦rs ✐♥ ❍❊■s ❛r❡ r❡❝♦❣♥✐③✐♥❣ ❇■ ❛♥❞ ❉❲ ❛s ❝♦r❡ t❡❝❤✲
♥♦❧♦❣✐❡s t♦ ❣❡♥❡r❛t❡ ♦r❣❛♥✐③❛t✐♦♥❛❧ ❦♥♦✇❧❡❞❣❡✳ ❚❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ str❛t❡❣✐❡s ✇✐t❤
❇■ ❛♥❞ ❉❲ ❝❛♥ s✉♣♣♦rt ❍❊■ t♦ ❜❡tt❡r ✉♥❞❡rst❛♥❞ t❤❡ ❡❞✉❝❛t✐♦♥❛❧ ♣r♦❝❡ss❡s✳ ❋✐rst❧②✱
✐t ❝❛♥ ❜❡ ❛ ❝r✉❝✐❛❧ ❢❛❝t♦r t♦ ✐♠♣r♦✈❡ ❡❞✉❝❛t✐♦♥ ❜② ❦♥♦✇✐♥❣ ❤♦✇ st✉❞❡♥ts ❧❡❛r♥ ❛♥❞ ❤♦✇
❧❡❝t✉r❡rs t❡❛❝❤✳ ❙❡❝♦♥❞❧②✱ ✐t ❝❛♥ ❤❡❧♣ t♦ ✐❞❡♥t✐❢② ❡❛r❧② ❡♥♦✉❣❤ st✉❞❡♥ts ✇✐t❤ r✐s❦ t♦
❞r♦♣ ♦✉t ♦r t♦ ❢❛✐❧ ❛ss✐❣♥♠❡♥ts✳ ▼♦r❡♦✈❡r✱ t❤❡ ♠♦❞❡❧✐♥❣ ♦r t❤❡ ♦r❣❛♥✐③❛t✐♦♥❛❧ ♣r♦❝❡ss❡s
♦❢ t❤❡ ✐♥st✐t✉t✐♦♥ ❛❧❧♦✇❡❞ ❤❛✈✐♥❣ ❛ ❝❧❡❛r ✈✐s✐♦♥ ♦❢ t❤❡ ❡❞✉❝❛t✐♦♥❛❧ ♣r♦❝❡ss❡s✱ ✇❤✐❝❤ ❝❛♥
❜❡ ♦❢ ❣r❡❛t s✉♣♣♦rt t♦ ✐♠♣❧❡♠❡♥t ✐♥♥♦✈❛t✐✈❡ ❝❤❛♥❣❡ ✐♥✐t✐❛t✐✈❡s ✭❇❛❡♣❧❡r ✫ ▼✉r❞♦❝❤✱
✷✵✶✵❀ ❇✐❝❤s❡❧✱ ✷✵✶✷❀ ▼♦rr✐s✱ ❲✉✱ ✫ ❋✐♥♥❡❣❛♥✱ ✷✵✶✺✮✳
❚❤❡ ❙▼ ❝❛rr✐❡❞ ♦✉t ♦♥ t❤❡ t♦♣✐❝ ♦❢ ❉❲ ✐♥ ❡❞✉❝❛t✐♦♥ ✇❛s ♣❡r❢♦r♠❡❞ ❜❡t✇❡❡♥ ❏❛♥✉❛r②

✷✵✵✽ ❛♥❞ ❏✉♥❡ ✷✵✶✽✳ ■♥ t❤❡ st✉❞②✱ ❛ ❢♦✉r✲st❛❣❡ ♠❡t❤♦❞ ✇❛s ❛♣♣❧✐❡❞✳ ❚❤✐s st✉❞②
s✉♣♣♦rt❡❞ t❤❡ r❡s❡❛r❝❤❡r t❡❛♠ t♦ ❛♥s✇❡r t❤❡ ♣r♦♣♦s❡❞ r❡s❡❛r❝❤ q✉❡st✐♦♥s✳ ❚❤❡ ✜rst
r❡s❡❛r❝❤ q✉❡st✐♦♥ ✇❛s t❛r❣❡t❡❞ t♦ ✐❞❡♥t✐❢② ❞❡t❛✐❧s ❛♥❞ t❤❡ ♥✉♠❜❡r ♦❢ s✐❣♥✐✜❝❛♥t st✉❞✐❡s
✇✐t❤ t❤❡ ✇♦r❞s ✏❞❛t❛ ✇❛r❡❤♦✉s❡✑ ❛♥❞ ✏❡❞✉❝❛t✐♦♥✑ ♦r ✏❛❝❛❞❡♠✐❝✑✳ ❚♦ ❛❝❝♦♠♣❧✐s❤ t❤✐s
♦❜❥❡❝t✐✈❡ t❤❡ r❡s✉❧ts ♦❢ t❤❡ ❛♥❛❧②s✐s ✐♥❝❧✉❞❡❞ t❤❡ ❛✉t❤♦rs✱ t❤❡ ✐♥st✐t✉t✐♦♥❛❧ ❛✣❧✐❛t✐♦♥✱
❛♥❞ t❤❡✐r ❝♦✉♥tr② ♦❢ ♦r✐❣✐♥✳ ❋✉rt❤❡r♠♦r❡✱ t❤✐s ❛♥❛❧②s✐s ❧✐st❡❞ t❤❡ ❥♦✉r♥❛❧s ♦r ❝♦♥❢❡r❡♥❝❡s
✐♥ ✇❤✐❝❤ t❤❡ r❡s✉❧t✐♥❣ ♣❛♣❡rs ✇❡r❡ ♣✉❜❧✐s❤❡❞✳ ❋✐❣✉r❡ ✶✳✺ ❞❡♣✐❝ts s♦♠❡ ♦❢ t❤❡ r❡s✉❧ts ♦❢
t❤✐s ♣❛♣❡r✳ ❚❤❡ ❧❡❢t ♦❢ t❤❡ ✜❣✉r❡ s❤♦✇s t❤❡ ♥✉♠❜❡r ♦❢ r❡❧❛t❡❞ st✉❞✐❡s ❞✐str✐❜✉t❡❞ ❜②
❝♦♥t✐♥❡♥t✳ ❚❤❡ r✐❣❤t ♦❢ t❤❡ ✜❣✉r❡ ♣❧♦ts t❤❡ ♠♦st t❛❝❦❧❡❞ ❞✐♠❡♥s✐♦♥s ❜② t❤❡ st✉❞✐❡s✳
❚❤❡ s❡❝♦♥❞ r❡s❡❛r❝❤ q✉❡st✐♦♥ ✇❛s t❛r❣❡t❡❞ t♦ s✐① ❞✐♠❡♥s✐♦♥s ♦❢ ❛♥❛❧②s✐s t❤❛t ❤❛✈❡

❜❡❡♥ t❛❝❦❧❡❞ ✐♥ t❤❡ r❡❧❡✈❛♥t st✉❞✐❡s✳ ❚❤❡ r❡s✉❧ts ♦❢ t❤✐s ❛♥❛❧②s✐s s❤♦✇s t❤❛t t❤❡ ♠♦st
st✉❞✐❡❞ ❞✐♠❡♥s✐♦♥s ❛♠♦♥❣ r❡s❡❛r❝❤❡rs ❛r❡ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ♦r❞❡r✿ ■♠♣❧❡♠❡♥t❛t✐♦♥✱
❙❝❤❡♠❛ Pr♦♣♦s❛❧✱ ❉❛t❛ ❆♥❛❧②s✐s✱ ❊✛❡❝t✐✈❡♥❡ss✱ ❇✉s✐♥❡ss ❘❡q✉✐r❡♠❡♥ts✱ ❛♥❞ ❯s❡r ❘❡✲
q✉✐r❡♠❡♥ts✳ ❚❤❡ r❡s✉❧ts ♦❢ t❤❡ r❡s❡❛r❝❤ ❛❧❧♦✇❡❞ t♦ ✐❞❡♥t✐❢② t❤❡ ❜❡st ♣r❛❝t✐❝❡s ✐♥ ❉❲❍
❞❡s✐❣♥✳ ▼♦r❡♦✈❡r✱ ✐♥ t❤✐s ♣❛♣❡r✱ ❛ ✜✈❡✲st❡♣ ♠❡t❤♦❞ t♦ ✐♠♣❧❡♠❡♥t ❛ ❉❲❍ ✐s s✉❣❣❡st❡❞

✶✶



✶ ■♥tr♦❞✉❝t✐♦♥

❋✐❣✉r❡ ✶✳✻✿ ▼❡t❤♦❞ ❢♦r ❉❲❍ ♣r♦❥❡❝t ✐♠♣❧❡♠❡♥t❛t✐♦♥

❜❛s❡❞ ♦♥ t❤❡ ♣r♦♣♦s❛❧s ♦❢ t❤❡ r❡s✉❧t✐♥❣ ❞♦❝✉♠❡♥t❛r② ❝♦r♣✉s✳ ❋✐❣✉r❡ ✶✳✻ s❤♦✇s t❤❡
♣r♦♣♦s❡❞ ♠❡t❤♦❞ ✇❤✐❝❤ ❝❛♥ s✉♣♣♦rt ✐♥ ❢✉t✉r❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♣r♦❥❡❝ts✳ ❚❤✐s ♣❛♣❡r
❣✐✈❡s ❛❧s♦ ❧✐❣❤ts t❤❛t ✐♥ ♠❛♥② ❝❛s❡s t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ❉❲❍s ♦♥❧② t❛❦❡s ✐♥t♦ ❛❝✲
❝♦✉♥t t❡❝❤♥✐❝❛❧ r❡q✉✐r❡♠❡♥ts ❛♥❞ ❞♦❡s ♥♦t ♣❛② ♠✉❝❤ ❛tt❡♥t✐♦♥ t♦ t❤❡ ✉s❡r ❛♥❞ ❜✉s✐♥❡ss
r❡q✉✐r❡♠❡♥ts✳ ❋❛✐❧✉r❡s t♦ ♦❜t❛✐♥ t❤❡ r✐❣❤t r❡q✉✐r❡♠❡♥ts ♠✐❣❤t ❜❡ ❛♥ ✐♠♣♦rt❛♥t ❝❛✉s❡
♦❢ t❤❡ ❢❛✐❧✉r❡ ♦❢ ❇■ ❛♥❞ ❊❉▼ ♣r♦❥❡❝ts✳ ❚❤❡ ♠❛✐♥ ♣r♦❜❧❡♠ ✐s t❤❛t ✐❢ t❤❡ ❞❛t❛ ❧♦❛❞❡❞
t♦ t❤❡ ❞❛t❛❜❛s❡ ✐s ✇r♦♥❣ ♦r ✐♥❝♦♥s✐st❡♥t✱ t❤❡ r❡s✉❧ts ✐♥ t❤❡ r❡♣♦rt✐♥❣ ❛♥❞ ✐♥ t❤❡ ❞❛t❛
❛♥❛❧②t✐❝s ♣r♦❝❡ss ✇✐❧❧ ❛❧s♦ ♣r♦❞✉❝❡ ✉♥r❡❧✐❛❜❧❡ r❡s✉❧ts✳
❆❢t❡r st✉❞②✐♥❣ t❤❡ ❝♦♠♣♦♥❡♥ts ♦❢ t❤❡ ❢r❛♠❡✇♦r❦ ❛♥❞ ✇❤✐❧❡ ❝♦♥✜r♠✐♥❣ t❤❡ ❛♣♣❧✐❝❛✲

❜✐❧✐t② t♦ s✉♣♣♦rt t❤❡ ❑▼ ✐♥✐t✐❛t✐✈❡✳ ❚❤❡ ♥❡①t st❡♣ ✇❛s t♦ ❞❡✜♥❡ t❤❡ t❡❝❤♥✐❝❛❧ ❛s♣❡❝ts
t♦ ✐♠♣❧❡♠❡♥t t❤❡ ❑▼ ✐♥❢r❛str✉❝t✉r❡✳ ❚❤❡ ♣❛♣❡r ✏❆ ❍②❜r✐❞ ■♥❢r❛str✉❝t✉r❡ ♦❢ ❊♥t❡r♣r✐s❡
❆r❝❤✐t❡❝t✉r❡ ❛♥❞ ❇✉s✐♥❡ss ■♥t❡❧❧✐❣❡♥❝❡ ✫ ❆♥❛❧②t✐❝s ❢♦r ❑♥♦✇❧❡❞❣❡ ▼❛♥❛❣❡♠❡♥t ✐♥ ❊❞✲
✉❝❛t✐♦♥✑ ✭▼♦s❝♦s♦✲❩❡❛✱ ❈❛str♦✱ P❛r❡❞❡s✱ ✫ ▲✉❥á♥✲▼♦r❛✱ ✷✵✶✾✮ ♣r❡s❡♥ts t❤❡ ✐♥❢♦r♠❛t✐♦♥
✐♥❢r❛str✉❝t✉r❡ ❢♦r♠❡❞ ❜② ❇■ t♦♦❧s✱ t❤❡ ❡❞✉❝❛t✐♦♥❛❧ ❉❲❍ ❛♥❞ t❤❡ ❊❆ r❡♣♦s✐t♦r② t❤❛t
❛❧❧♦✇s t❤❡ ❞✐❣✐t✐③❛t✐♦♥ ♦❢ ❦♥♦✇❧❡❞❣❡ ❛♥❞ ❡♠♣♦✇❡rs t❤❡ ✈✐s✉❛❧✐③❛t✐♦♥ ❛♥❞ t❤❡ ❛♥❛❧②s✐s ♦❢
♦r❣❛♥✐③❛t✐♦♥❛❧ ❝♦♠♣♦♥❡♥ts ❛s ♣❡♦♣❧❡✱ ♣r♦❝❡ss❡s✱ ❛♥❞ t❡❝❤♥♦❧♦❣②✳ ❋✐❣✉r❡ ✶✳✼ s❤♦✇s t❤❡
♣r♦♣♦s❡❞ ✐♥❢r❛str✉❝t✉r❡✳ ❚❤✐s ✐♥❢r❛str✉❝t✉r❡ ✇❛s ❞❡s✐❣♥❡❞ ❜❛s❡❞ ♦♥ r❡s❡❛r❝❤ ❛♥❞ ✇✐❧❧
s❡r✈❡ t♦ ❛♥❛❧②③❡ ❡❞✉❝❛t✐♦♥❛❧ ❞❛t❛✱ ❛❝❛❞❡♠✐❝ ♣r♦❝❡ss❡s ❛♥❞ ❢♦r t❤❡ ❝r❡❛t✐♦♥ ♦❢ ❡①♣❧✐❝✐t
❦♥♦✇❧❡❞❣❡ ✉s✐♥❣ ❞✐✛❡r❡♥t ❛❧❣♦r✐t❤♠s ❛♥❞ ♠❡t❤♦❞s ♦❢ ❊❉▼✱ ❧❡❛r♥✐♥❣ ❛♥❛❧②t✐❝s✱ ♦♥❧✐♥❡
❛♥❛❧②t✐❝❛❧ ♣r♦❝❡ss✐♥❣ ✭❖▲❆P✮✱ ❛♥❞ ❊❆ ❛♥❛❧②t✐❝s✳
❋✐♥❛❧❧②✱ t❤❡ ♣r♦♣♦s❡❞ ✐♥❢r❛str✉❝t✉r❡ ✇❛s ✉s❡❞ t♦ ❞✐s❝♦✈❡r tr❡♥❞s ❛♥❞ ♣❛tt❡r♥s ✐♥ ❡❞✲

✉❝❛t✐♦♥❛❧ ✐♥❞✐❝❛t♦rs✳ ❚❤❡ ♣❛♣❡r ✏❊✈❛❧✉❛t✐♦♥ ♦❢ ❛❧❣♦r✐t❤♠s t♦ ♣r❡❞✐❝t ❣r❛❞✉❛t✐♦♥ r❛t❡
✐♥ ❤✐❣❤❡r ❡❞✉❝❛t✐♦♥ ✐♥st✐t✉t✐♦♥s ❜② ❛♣♣❧②✐♥❣ ❡❞✉❝❛t✐♦♥❛❧ ❞❛t❛ ♠✐♥✐♥❣✑ ✭▼♦s❝♦s♦✲❩❡❛✱
❙❛❛✱ ✫ ▲✉❥á♥✲▼♦r❛✱ ✷✵✶✾✮ ❝♦♠♣❛r❡s ❊❉▼ ♠❡t❤♦❞s ❛♥❞ ❛❧❣♦r✐t❤♠s ❛♥❞ s✉❣❣❡sts ✇❤✐❝❤
❤❛s t❤❡ ❜❡st ♣r❡❝✐s✐♦♥ ✐♥ ❝❡rt❛✐♥ s❝❡♥❛r✐♦s✳ ❚❤❡ ♣❛♣❡r ❝♦♥❝❧✉❞❡s t❤❛t r❛♥❞♦♠ tr❡❡s ❛♥❞
❏✹✽ ❛❧❣♦r✐t❤♠s ❛r❡ t❤❡ ❛❧❣♦r✐t❤♠s ✇✐t❤ t❤❡ ❜❡st ♣❡r❢♦r♠❛♥❝❡✳ ❚❤❡ ✐♥❢r❛str✉❝t✉r❡ ❤❛s
♣r♦✈❡❞ t♦ ❜❡ ♦❢ ❣r❡❛t ✉s❡ t♦ ❝❛♣t✉r❡ ✐♠♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ❛♥❞ t♦ ♣r♦❞✉❝❡ ❡①♣❧✐❝✐t ❦♥♦✇❧✲
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✶✳✷ ❖❜❥❡❝t✐✈❡s

❋✐❣✉r❡ ✶✳✼✿ ❍②❜r✐❞ ✐♥❢r❛str✉❝t✉r❡ ♦❢ ❊❆ ❛♥❞ ❇■ ❢♦r ❑▼

❡❞❣❡✳ ■t ✐s ❡①♣❡❝t❡❞ t❤❛t ❍❊■s t❤❛t ✐♠♣❧❡♠❡♥t t❤✐s ♣r♦♣♦s❛❧ ✇✐❧❧ ❤♦♣❡❢✉❧❧② ✐♠♣r♦✈❡ t❤❡
✇❛② ❑▼ ✐s ❤❛♥❞❧❡❞✳

✶✳✷ ❖❜❥❡❝t✐✈❡s

❚❤❡ ♠❛✐♥ ♦❜❥❡❝t✐✈❡ ♦❢ t❤❡ ✐♥✈❡st✐❣❛t✐♦♥ ✇❛s t♦ ❞❡s✐❣♥ ❛ ❑▼ ♣r♦❝❡ss ❛♥❞ ❛♥ ✐♥❢r❛str✉❝✲
t✉r❡ t❤❛t ❝❛♥ ❝♦♥tr✐❜✉t❡ ✐♥ ✐♠♣r♦✈✐♥❣ t❤❡ ❡❞✉❝❛t✐♦♥❛❧ ♣r♦❝❡ss✳ ❚❤❡ s♣❡❝✐✜❝ ♦❜❥❡❝t✐✈❡s
❛r❡✿

✶✳ ❙t✉❞② ♦❢ t❤❡ st❛t❡ ♦❢ t❤❡ ❛rt ♦❢ ❑▼✱ ❊❆✱ ❉❲❍✱ ❊❉▼✱ ❛♥❞ ❝❧♦✉❞ ❝♦♠♣✉t✐♥❣✳

✷✳ ❉❡✜♥❡ ❛ ♠❡t❤♦❞ t♦ ❞❡s✐❣♥ ❛ ❉❲❍ ❛♥❞ ❛ ♠❡t❤♦❞ ❢♦r t❤❡ s❡❧❡❝t✐♦♥ ♦❢ ❊❆ t♦♦❧s✳

✸✳ ❙t✉❞② ♦❢ ✐♥❞✐❝❛t♦rs ✐♥ ❍❊■s ✇❤✐❝❤ ❛r❡ s✉s❝❡♣t✐❜❧❡ ♦❢ ✐♠♣r♦✈❡♠❡♥ts t❤r♦✉❣❤ ❛
♣r♦❝❡ss ♦❢ ❊❉▼✳

✹✳ ❈❛rr② ♦✉t ❛ st✉❞② ♦♥ t❤❡ ✐♠♣♦rt❛♥❝❡ t❤❛t ❍❊■s ❣✐✈❡ t♦ t❤❡ ❉❲❍ ❢♦r ❊❉▼✳

✺✳ ❈❛rr② ♦✉t ❛♥ ❛♥❛❧②s✐s ♦❢ ❛❧❣♦r✐t❤♠s ❛♥❞ ♠❡t❤♦❞s ♦❢ ❊❉▼✳

✻✳ ▼❛❦❡ ❛ ♠❡t❤♦❞♦❧♦❣✐❝❛❧ ♣r♦♣♦s❛❧ ❢♦r ❑▼ ✐♥ ❍❊■s✳

✼✳ Pr♦♣♦s❡ t❤❡ ❛♣♣r♦♣r✐❛t❡ ✐♥❢r❛str✉❝t✉r❡ ❢♦r ❑▼ ❛♥❞ ✐ts ✐♠♣❧❡♠❡♥t❛t✐♦♥✳

✽✳ ❙t✉❞② ♠❡❝❤❛♥✐s♠s t♦ tr❛♥s❢❡r t❤❡ t❛❝✐t ❦♥♦✇❧❡❞❣❡ ♦❢ ❡♠♣❧♦②❡❡s t♦ t❤❡ ♣r♦♣♦s❡❞
✐♥❢r❛str✉❝t✉r❡✳

✶✳✸ ▼❡t❤♦❞

❲❤✐❧❡ ♣❡r❢♦r♠✐♥❣ t❤❡ r❡s❡❛r❝❤ ❞✐✛❡r❡♥t ♠❡t❤♦❞s ✇❡r❡ ✉s❡❞✳ ❋♦r ❡①❛♠♣❧❡✱ ❢♦r t❤❡ st✉❞②
♦❢ t❤❡ st❛t❡ ♦❢ t❤❡ ❛rt ♦❢ t❤✐s ✇♦r❦✱ ✇❡ ✉s❡❞ t❤❡ ♠❡t❤♦❞s ♣r♦♣♦s❡❞ ❜② ❑✐t❝❤❡♥❤❛♠✱ ❇✉❞✲
❣❡♥✱ ❛♥❞ ❇r❡r❡t♦♥ ✭✷✵✶✵✮ ❛♥❞ ●r❡❡♥❤❛❧❣❤ ❛♥❞ P❡❛❝♦❝❦ ✭✷✵✵✺✮✳ ▼♦r❡♦✈❡r✱ ✇❡ ✉s❡❞ t❤❡

✶✸



✶ ■♥tr♦❞✉❝t✐♦♥

❦♥♦✇❧❡❞❣❡ ❞✐s❝♦✈❡r② ✐♥ ❞❛t❛❜❛s❡s ✭❑❉❉✮ ✭❋❛②②❛❞✱ P✐❛t❡ts❦②✲❙❤❛♣✐r♦✱ ✫ ❙♠②t❤✱ ✶✾✾✻✮
♠❡t❤♦❞ ❢♦r ♣❡r❢♦r♠✐♥❣ ❡①♣❡r✐♠❡♥ts ✇✐t❤ ❊❉▼✳ ❚❤❡r❡ ✇❡r❡ ❛❧s♦ s♦♠❡ ♠❡t❤♦❞s t❤❛t
✇❡ ❝r❡❛t❡❞ ❜❛s❡❞ ♦♥ ❜✐❜❧✐♦❣r❛♣❤✐❝ r❡s❡❛r❝❤ ❢♦r ♣❡r❢♦r♠✐♥❣ s♦♠❡ t❛s❦s✳ ❋♦r ❡①❛♠♣❧❡✱
❛ ✜✈❡✕st❡♣ ♠❡t❤♦❞ ❢♦r ❉❲❍ ❞❡s✐❣♥ ✇❛s ❞❡✈❡❧♦♣❡❞ ✉s✐♥❣ t❤❡ r❡s✉❧ts ♦❢ t❤❡ s②st❡♠❛t✐❝
♠❛♣♣✐♥❣ ♣❡r❢♦r♠❡❞ ♦♥ ❉❍❲ ♦♥ ❡❞✉❝❛t✐♦♥ ✇❤✐❝❤ ✐s ♣❛rt ♦❢ t❤✐s ❝♦♠♣❡♥❞✐✉♠✳ ❆❞❞✐✲
t✐♦♥❛❧❧②✱ ❢♦r t❤❡ ❞❡s✐❣♥ ♦❢ t❤❡ ✐♥❢r❛str✉❝t✉r❡✱ ✇❡ ❢♦❧❧♦✇❡❞ t❤❡ ❞❡s✐❣♥✲s❝✐❡♥❝❡ ♣❛r❛❞✐❣♠
♦❢ ❍❡✈♥❡r✱ ▼❛r❝❤✱ P❛r❦✱ ❛♥❞ ❘❛♠ ✭✷✵✵✹✮✳ ❚❤✐s ♣❛r❛❞✐❣♠ ❡①♣❧❛✐♥s ❤♦✇ t❤❡ ❝r❡❛t✐♦♥ ♦❢
✐♥♥♦✈❛t✐✈❡ ❛rt✐❢❛❝ts ❛s t❤❡ ♦♥❡ ♣r♦♣♦s❡❞ ✐♥ t❤✐s t❤❡s✐s s❡❡❦s t♦ ❡①t❡♥❞ t❤❡ ❜♦✉♥❞❛r✐❡s ♦❢
♦r❣❛♥✐③❛t✐♦♥❛❧ ❝❛♣❛❜✐❧✐t✐❡s✳ ■t ✐s ✐♠♣♦rt❛♥t t♦ ♦❜s❡r✈❡ t❤❛t t❤❡ ❝♦♠♣♦♥❡♥ts ♦❢ t❤❡ ♣r♦✲
♣♦s❡❞ ✐♥❢r❛str✉❝t✉r❡ ❤❛✈❡ ♥♦t ❜❡❡♥ ✉s❡❞ ✐♥ ❝♦♥❥✉♥❝t✐♦♥ ❢♦r ❛ ❑▼ ♣r♦❥❡❝t✳ ❚❤❡r❡❢♦r❡✱
t❤✐s ✇♦r❦s ❤❛s ❛ str♦♥❣ ❝♦♠♣♦♥❡♥t ♦❢ ✐♥♥♦✈❛t✐♦♥✱ ❛♥❞ t❤❡ ✐♥❢r❛str✉❝t✉r❡ r❡♣r❡s❡♥ts ❛♥
✐♥♥♦✈❛t✐✈❡ ❛rt✐❢❛❝t✳
❉✉r✐♥❣ t❤❡ ❧❛st ②❡❛rs✱ ✇❤✐❧❡ ♣❡r❢♦r♠✐♥❣ t❤❡ r❡s❡❛r❝❤ ✇♦r❦ ✇❡ ✇❡r❡ ❛❜❧❡ t♦ ✐♠♣❧❡♠❡♥t

♠♦st ♦❢ t❤❡ ❝♦♠♣♦♥❡♥ts ♦❢ t❤❡ s✉❣❣❡st❡❞ ✐♥❢r❛str✉❝t✉r❡✳ ❚❤❡ ❝♦♠♣♦♥❡♥ts ♦❢ t❤❡ ❑▼
❢r❛♠❡✇♦r❦ ✇❡r❡ ✐♠♣❧❡♠❡♥t❡❞ ✉s✐♥❣ ❛ ❝❛s❡ st✉❞② ♣❡r❢♦r♠❡❞ ✐♥ ❛♥ ❍❊■✳ ❚❤✐s ❝❛s❡ st✉❞②
✇❛s ❝♦♥❞✉❝t❡❞ ✐♥ ❝♦♥❥✉♥❝t✐♦♥ ✇✐t❤ t❤❡ ♣❧❛♥♥✐♥❣ ❞❡♣❛rt♠❡♥t ♦❢ ❛♥ ❍❊■ ❛t t❤❡ ❜❡❣✐♥♥✐♥❣
♦❢ t❤❡ ♣r♦❥❡❝t ❛♥❞ ✇✐t❤ t❤❡ ❝♦♠♣✉t❡r s❝✐❡♥❝❡ ❞❡♣❛rt♠❡♥t ✐♥ t❤❡ ✜♥❛❧ ♣❛t❤ ♦❢ ✐t✳ ❚❤❡r❡
✇❛s ❛ ♣r❡✈✐♦✉s ♣❤❛s❡ t♦ tr❛✐♥ t❤❡ ❛❝❛❞❡♠✐❝ ❛♥❞ ❛❞♠✐♥✐str❛t✐✈❡ st❛✛ ♣r❡✈✐♦✉s t♦ ♣❡r❢♦r♠
t❤❡ ✐♥t❡r✈✐❡✇s ❛♥❞ ✐♥❢♦r♠❛t✐♦♥ ❣❛t❤❡r✐♥❣✳

✶✳✹ ❘❡s✉❧ts

❚❤❡ ♠❛✐♥ ♦❜❥❡❝t✐✈❡ ♦❢ t❤❡ ❝❛s❡ st✉❞② ✇❛s t♦ ❞❡✜♥❡ ❛ s♦✉♥❞ ♣r♦❝❡ss ❢♦r ❦♥♦✇❧❡❞❣❡
❝r❡❛t✐♦♥ ❛♥❞ ❑▼✳ ❚❤✉s✱ st❛rt✐♥❣ ❢r♦♠ ❛ s❝✐❡♥t✐✜❝ ♣♦✐♥t ♦❢ ✈✐❡✇ ❛♥❞ ♣❡r❢♦r♠✐♥❣ ❞✐✛❡r❡♥t
♣❤❛s❡s ♦❢ r❡s❡❛r❝❤ t❤❡ ❤②❜r✐❞ ❦♥♦✇❧❡❞❣❡ ✐♥❢r❛str✉❝t✉r❡ ✇❛s ✐♠♣❧❡♠❡♥t❡❞✳ ❚❤❡ ✜rst
st❡♣s ♦❢ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ✇❡r❡ t❤❡ s❡❧❡❝t✐♦♥ ❛♥❞ ✐♥st❛❧❧❛t✐♦♥ ♦❢ ❇■ t♦♦❧s ✭❉❲❍✱ ❖▲❆P
s②st❡♠s✮ ❛♥❞ ❊❆ t♦♦❧s ✭❛r❝❤✐t❡❝t✉r❡ s♦❢t✇❛r❡✮✳ ❚❤❡ ❛❝t✐✈✐t✐❡s ❝❛rr✐❡❞ ♦✉t ❢♦r ❑▼
❢♦❧❧♦✇❡❞ t❤❡ s✉❣❣❡st✐♦♥s ♦❢ t❤❡ ♣r♦♣♦s❡❞ ❑▼ ❢r❛♠❡✇♦r❦ ❛♥❞ ❛r❡ t❤❡ ❢♦❧❧♦✇✐♥❣✿

• ❙t❛❦❡❤♦❧❞❡r ❛♥❛❧②s✐s ❛♥❞ r❡q✉✐r❡♠❡♥t ❞❡✜♥✐t✐♦♥s✳

• ❊✈❛❧✉❛t✐♦♥ ❛♥❞ s❡❧❡❝t✐♦♥ ♦❢ t♦♦❧s✳

• ■♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ t❤❡ ❤②❜r✐❞ ✐♥❢r❛str✉❝t✉r❡✳

• ❈r❡❛t✐♦♥ ♦❢ ❡①♣❧✐❝✐t ❛♥❞ t❛❝✐t ❦♥♦✇❧❡❞❣❡✳

✶✳✹✳✶ ❙t❛❦❡❤♦❧❞❡r ❛♥❛❧②s✐s

❚❤❡ ✜rst ♣❤❛s❡ ♣❡r❢♦r♠❡❞ ✇✐t❤✐♥ t❤❡ ❝❛s❡ st✉❞② ✇❛s t❤❡ st❛❦❡❤♦❧❞❡r ❛♥❛❧②s✐s✳ ❚❤❡ ❝❛s❡
st✉❞② ✇❛s ✐♠♣❧❡♠❡♥t❡❞ ❛t ❛ ♣r✐✈❛t❡ ✉♥✐✈❡rs✐t②✳ ❚❤❡ st❛❦❡❤♦❧❞❡r✬s ✐❞❡♥t✐✜❝❛t✐♦♥ ✇❛s
❝❛rr✐❡❞ ♦✉t ✉s✐♥❣ t❤❡ ♣♦✇❡r✲✐♥t❡r❡st ♠❛tr✐① ✭❆❝❦❡r♠❛♥♥ ✫ ❊❞❡♥✱ ✷✵✶✶✮✳ ❚❤❡ r❡s✉❧ts
♦❢ t❤❡ ❛♣♣❧✐❝❛t✐♦♥ ♦❢ t❤❡ ♠❛tr✐① s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✶✳✽ ❛r❡ ✉s❡❞ ❢♦r t❤❡ ♠❛♥❛❣❡♠❡♥t ❛♥❞
❝♦♠♠✉♥✐❝❛t✐♦♥ ♦❢ t❤❡ ♣r♦❥❡❝t✳ ❆❝❝♦r❞✐♥❣ t♦ t❤✐s ✐❞❡♥t✐✜❝❛t✐♦♥✱ t❤❡ t❛r❣❡t ❣r♦✉♣ ✇❛s
s❡❧❡❝t❡❞ ❛♥❞ t❤❡♥ ✐♥t❡r✈✐❡✇❡❞✳ ❚❤❡ ✐♥t❡r✈✐❡✇s ✇❡r❡ ❞♦♥❡ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ✐♥t❡r❡st ❛♥❞
♣♦✇❡r t❤❡② ❤❛❞ ✐♥ t❤❡ ❑▼ ♣r♦❥❡❝t✳ ❚❤❡ ♠❛✐♥ st❛❦❡❤♦❧❞❡rs ✐❞❡♥t✐✜❡❞ ✐♥ t❤❡ ♣r♦❥❡❝t ✇❡r❡
❞❡♣❛rt♠❡♥t❛❧ ♠❛♥❛❣❡rs ❛♥❞ ❞✐r❡❝t♦rs✱ st✉❞❡♥ts✱ ❛❝❛❞❡♠✐❝ ❛♥❞ ❛❞♠✐♥✐str❛t✐✈❡ st❛✛✳
❉✉r✐♥❣ t❤✐s ♣❤❛s❡✱ ❛❧❧ t❤❡ r❡q✉✐r❡♠❡♥ts ♦❢ t❤❡ st❛❦❡❤♦❧❞❡rs ✇❡r❡ ❛❧s♦ ❡❧✐❝✐t❡❞ ❛♥❞ t❤❡
❞❛t❛ s♦✉r❝❡s✱ ✇❤❡r❡ t❤❡ ✐♠♣♦rt❛♥t ✐♥❢♦r♠❛t✐♦♥ r❡s✐❞❡s✱ ✇❡r❡ ✐❞❡♥t✐✜❡❞✳

✶✹
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❋✐❣✉r❡ ✶✳✽✿ P♦✇❡r ✐♥t❡r❡st ♠❛tr✐①
✭❆❝❦❡r♠❛♥♥ ✫ ❊❞❡♥✱ ✷✵✶✶✮

✶✳✹✳✷ ❚♦♦❧ ❡✈❛❧✉❛t✐♦♥ ❛♥❞ s❡❧❡❝t✐♦♥

❆t t❤✐s st❛❣❡✱ t❤❡ ❞❡❝✐s✐♦♥s t❛❦❡♥ ✇❡r❡ t♦ s❡❧❡❝t t❤❡ t♦♦❧s t❤❛t ♠❡❡t t❤❡ r❡q✉✐r❡♠❡♥ts ♦❢
t❤❡ ♣r♦❥❡❝t ❛♥❞ t❤❡ st❛❦❡❤♦❧❞❡rs✳ ■♥ t❤❡ ♣r❡s❡♥t ❝❛s❡✱ t❤❡ st❛❦❡❤♦❧❞❡rs ❝❛rr✐❡❞ ♦✉t ❛♥
❊❆ s♦❢t✇❛r❡ ❡✈❛❧✉❛t✐♦♥ t♦ ❝❤♦♦s❡ t❤❡ ❛♣♣r♦♣r✐❛t❡ t♦♦❧ ✭▼♦s❝♦s♦✲❩❡❛ ✫ ▲✉❥á♥✲▼♦r❛✱
✷✵✶✼✮✳ ❚❤❡ ♠❡t❤♦❞♦❧♦❣② ✉s❡❞ ❢♦r t❤❡ s❡❧❡❝t✐♦♥ ♦❢ t♦♦❧s ✇❛s t❤❡ ♦♥❡ ♣r♦♣♦s❡❞ ❜②
❈♦♠❡❧❧❛✲❉♦r❞❛ ❡t ❛❧✳ ✭✷✵✵✹✮✳ ❆❢t❡r t❤❡ ❡✈❛❧✉❛t✐♦♥ ♣r♦❝❡ss✱ t❤❡ ❆r❝❤✐ t♦♦❧ ✇❛s s❡❧❡❝t❡❞✳
❆♠♦♥❣ t❤❡ ♠♦st ✐♠♣♦rt❛♥t s❡❧❡❝t✐♦♥ ❝r✐t❡r✐❛ ❛r❡ t❤❡ ❢♦❧❧♦✇✐♥❣✿

• ■t ✐s ❜❛s❡❞ ♦♥ t❤❡ ❛r❝❤✐♠❛t❡ st❛♥❞❛r❞✳

• ■t ❛❧❧♦✇s ❞❡s✐❣♥✐♥❣ ❛r❝❤✐t❡❝t✉r❡s ✐♥ ❞✐✛❡r❡♥t ❞♦♠❛✐♥s ✭❙❝❤❡❦❦❡r♠❛♥✱ ✷✵✶✶✮✳

• ■t ✐s ❛ ❢r❡❡ t♦♦❧✳

• ▼❡❡ts t❤❡ r❡q✉✐r❡♠❡♥ts ♦❢ t❤❡ st❛❦❡❤♦❧❞❡rs✳

❋♦r t❤❡ s❡❧❡❝t✐♦♥ ♦❢ ❇■ t♦♦❧s✱ ❛ ❢❡❛s✐❜✐❧✐t② ❛♥❛❧②s✐s ✇❛s ❝❛rr✐❡❞ ♦✉t✳ ❚❤❡ ❛♥❛❧②s✐s
❞❡t❡r♠✐♥❡❞ t❤❛t ▼✐❝r♦s♦❢t ❙◗▲ ❙❡r✈❡r ❛♥❞ ▼✐❝r♦s♦❢t P♦✇❡r ❇■ ❛r❡ ❛❞❡q✉❛t❡✱ ♠❛✐♥❧②
❜❡❝❛✉s❡ t❤❡ ♦r❣❛♥✐③❛t✐♦♥ ❤❛s s♦❢t✇❛r❡ ❧✐❝❡♥s✐♥❣ ❛♥❞ ✐t ✐s ♥♦t ♥❡❝❡ss❛r② t♦ ♠❛❦❡ ❛♥
❡❝♦♥♦♠✐❝ ✐♥✈❡st♠❡♥t✳ ❋✐♥❛❧❧②✱ ❢♦r t❤❡ ❉▼✱ ❖r❛♥❣❡ ❉❛t❛ ▼✐♥❡r✱ ❛♥❞ ❲❡❦❛ ✇❡r❡ ❝❤♦s❡♥✱
❢♦r t❤❡ r❡❛❧✐③❛t✐♦♥ ♦❢ ❡①♣❡r✐♠❡♥ts✱ ❜❡❝❛✉s❡ t❤❡② ❤❛✈❡ t❤❡ ♥❡❝❡ss❛r② ♠❡t❤♦❞s ❢♦r t❤❡
❛♥❛❧②s✐s ♦❢ ❡❞✉❝❛t✐♦♥❛❧ ❞❛t❛ ♦❢ ✐♥t❡r❡st✳

✶✳✹✳✸ ■♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ t❤❡ ✐♥❢r❛str✉❝t✉r❡

■♥ ♦r❞❡r t♦ ♣❡r❢♦r♠ ❑▼✱ ✐t ✇❛s ♥❡❝❡ss❛r② t♦ ✐♥st❛❧❧ ❛♥❞ ✐♠♣❧❡♠❡♥t t❤❡ t♦♦❧s ❞❡s❝r✐❜❡❞ ✐♥
t❤❡ ♣r❡✈✐♦✉s ♣♦✐♥t✳ ❚❤❡ ❞❛t❛ ✇❡r❡ ❡①tr❛❝t❡❞ ❢r♦♠ ♦♣❡r❛t✐♦♥❛❧ ❞❛t❛❜❛s❡s ❛♥❞ tr❛♥s❢❡rr❡❞
t♦ t❤❡ ❡❞✉❝❛t✐♦♥❛❧ ❉❲❍ t❤❛t ✇❛s ❝r❡❛t❡❞ ❢♦r t❤✐s ♣✉r♣♦s❡✳ ❚❤❡ ❉❲❍ ✇❛s ❞❡s✐❣♥❡❞ ❢♦❧✲
❧♦✇✐♥❣ ❑✐♠❜❛❧❧✬s ♠❡t❤♦❞♦❧♦❣② ✭❑✐♠❜❛❧❧ ✫ ❘♦ss✱ ✷✵✶✸✮ ✇❤✐❝❤ ✐s t❤❡ ♠♦st ❛♣♣❧✐❡❞ ✐♥ t❤❡

✶✺



✶ ■♥tr♦❞✉❝t✐♦♥

❋✐❣✉r❡ ✶✳✾✿ ❉❛t❛ ✢♦✇ ♦♥ t❤❡ ❞✐♠❡♥s✐♦♥ t❛❜❧❡s ♦❢ t❤❡ ❉❲❍

❡❞✉❝❛t✐♦♥❛❧ ❞♦♠❛✐♥ ✭▼♦s❝♦s♦✲❩❡❛✱ P❛r❡❞❡s✲●✉❛❧t♦r✱ ✫ ▲✉❥❛♥✲▼♦r❛✱ ✷✵✶✽✮✳ ❋✐❣✉r❡ ✶✳✾
♣r❡s❡♥ts t❤❡ ❞❛t❛ ✢♦✇ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ t❤❡ ❊❚▲ ♣r♦❝❡ss ♦❢ ❛ ❞✐♠❡♥s✐♦♥ t❛❜❧❡ ✇❤✐❝❤
❡①❡♠♣❧✐✜❡s t❤❡ ❞✐✛❡r❡♥t t❛s❦s r❡❛❧✐③❡❞ t♦ ♣❡r❢♦r♠ t❤✐s ♣r♦❝❡ss✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡ ❊❆
t♦♦❧ ✇❛s ✐♠♣❧❡♠❡♥t❡❞ ❢♦r ♣r♦❝❡ss ♠♦❞❡❧✐♥❣ ♦❢ t❤❡ ❞✐✛❡r❡♥t ♦r❣❛♥✐③❛t✐♦♥❛❧ ❝♦♠♣♦♥❡♥ts✳

✶✳✹✳✹ ❈r❡❛t✐♦♥ ♦❢ ❡①♣❧✐❝✐t ❛♥❞ t❛❝✐t ❦♥♦✇❧❡❞❣❡

■♥ ♦r❞❡r t♦ ❞✐❣✐t✐③❡ ❦♥♦✇❧❡❞❣❡ t❤r♦✉❣❤ ♠♦❞❡❧s✱ ✐♥t❡r✈✐❡✇s ✇❡r❡ ❝♦♥❞✉❝t❡❞ ✇✐t❤ t❤♦s❡
r❡s♣♦♥s✐❜❧❡ ❢♦r t❤❡ ♦❜❥❡❝t✐✈❡ ♣r♦❝❡ss❡s ♦❢ t❤✐s st✉❞② ✭st❛❦❡❤♦❧❞❡rs ❞❡✜♥❡❞ ✐♥ t❤❡ ♣♦✇❡r
✐♥t❡r❡st ♠❛tr✐①✮✳ ❚❤❡s❡ ✐♥t❡r✈✐❡✇s s❡r✈❡❞ t♦ ✐❞❡♥t✐❢② ❤♦✇ ♣❡rs♦♥♥❡❧ ❝❛rr✐❡s ♦✉t t❤❡✐r
❛ss✐❣♥❡❞ ❛❝t✐✈✐t✐❡s✳ ■♥ t❤✐s ✇❛②✱ t❤❡✐r t❛❝✐t ❦♥♦✇❧❡❞❣❡ ✭✇❤✐❝❤ r❡s✐❞❡s ✐♥ t❤❡✐r ♠✐♥❞s✮ ✐s
tr❛♥s❢♦r♠❡❞ ✐♥t♦ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ❛♥❞ st♦r❡❞ ✐♥ t❤❡ ❢♦r♠ ♦❢ ♠♦❞❡❧s ✐♥ t❤❡ ❊❆ t♦♦❧
✭❡①t❡r♥❛❧✐③❛t✐♦♥ ♣r♦❝❡ss ♦❢ ❦♥♦✇❧❡❞❣❡ ❝r❡❛t✐♦♥✮✳ ❚♦ ✐♠♣❧❡♠❡♥t t❤❡ ❊❆ ♣r♦❝❡ss ✇❡ ✉s❡❞
t❤❡ ❛r❝❤✐t❡❝t✉r❡ ❞❡✈❡❧♦♣♠❡♥t ♠❡t❤♦❞ ✭❆❉▼✮ ❞❡✜♥❡❞ ❜② t❤❡ ❖♣❡♥ ●r♦✉♣ ✇✐t❤✐♥ t❤❡
❚❖●❆❋ ❢r❛♠❡✇♦r❦ ✭❚❤❡ ❖♣❡♥ ●r♦✉♣✱ ✷✵✶✽✮✳ ❚❤❡ ❆❉▼ ✇❛s ❛❞❛♣t❡❞ ❢♦r t❤❡ ❑▼
♣r♦❥❡❝t ❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✶✳✶✵✳ ❚❤❡ ♣r♦❥❡❝t ❝♦♥s✐st❡❞ ✐♥ ❞❡✜♥✐♥❣ t❤❡ ❝♦♠♣❧❡t❡ ❊❆ ♦❢
❛ ❍❊■✳ ❋✐❣✉r❡ ✶✳✶✶ ❡①❡♠♣❧✐✜❡s t❤❡ ♠❛❝r♦ ♣r♦❝❡ss ♦❢ t❤❡ ❍❊■✳ ❆❞❞✐t✐♦♥❛❧❧②✱ ❋✐❣✉r❡ ✶✳✶✷
❞❡♣✐❝ts ♦♥❡ ♦❢ t❤❡ ❤✉♥❞r❡❞s ♦❢ ♠♦❞❡❧s t❤❛t ✇❡ ❞❡s✐❣♥❡❞ ❢r♦♠ t❤❡ ❞✐✛❡r❡♥t ❞❡♣❛rt♠❡♥ts
❛♥❞ ❝❛♠♣✉s ✐♥ t❤❡ ❍❊■✳ ❚❤❡s❡ ♠♦❞❡❧s ❛r❡ ❝♦♥s✐❞❡r❡❞ t❤❡ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ♦❢ ❛♥ ❍❊■✳
❊①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ❝❛♥ t❤❡♥ ❜❡ ❛♥❛❧②③❡❞ ❢♦r t❤❡ ✐♠♣r♦✈❡♠❡♥t ❛♥❞ t❤❡ r❡✕❡♥❣✐♥❡❡r✐♥❣
♦❢ ♦r❣❛♥✐③❛t✐♦♥❛❧ ❛♥❞ ❡❞✉❝❛t✐♦♥❛❧ ♣r♦❝❡ss❡s✳ ❚❤❡♥✱ ✇✐t❤ t❤❡ ❞❛t❛ ❧♦❛❞❡❞ t♦ t❤❡ ❉❲❍✱
❖▲❆P ❛♥❛❧②s✐s ✇❛s ♣❡r❢♦r♠❡❞ ❛♥❞ ❞❛t❛ s❡ts ✇❡r❡ ❝r❡❛t❡❞ t♦ ❡①♣❡r✐♠❡♥t ✇✐t❤ ❊❉▼
❛♥❞ ❇■✳ ▼♦r❡♦✈❡r✱ ❞❛t❛ ❝✉❜❡s ✇❡r❡ ❞❡✜♥❡❞ ✇✐t❤ t❤❡ ❢❛❝t ❛♥❞ ❞✐♠❡♥s✐♦♥ t❛❜❧❡s t♦ ♦❜t❛✐♥
♥❡✇ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡✳
❚❤❡r❡ ❛r❡ ❞✐✛❡r❡♥t ❡①♣❡r✐♠❡♥ts t❤❛t ❝❛♥ ❜❡ ❝❛rr✐❡❞ ♦✉t ✇✐t❤ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ❣❡♥✲

❡r❛t❡❞ ❢r♦♠ t❤❡ ♣r♦♣♦s❡❞ ✐♥❢r❛str✉❝t✉r❡✳ ■♥ ❛ st✉❞②✱ ✇❡ ✐♥✈❡st✐❣❛t❡❞ ✹✷ ❛rt✐❝❧❡s t❤❛t
♣r❡s❡♥t ❡①♣❡r✐♠❡♥ts ✇✐t❤ ❊❉▼ ✭▼♦s❝♦s♦✲❩❡❛ ✫ ▲✉❥❛♥✲▼♦r❛✱ ✷✵✶✻✮✳ ❆♠♦♥❣ t❤❡ r❡s✉❧ts
♦❢ t❤✐s r❡s❡❛r❝❤✱ ✐t ✇❛s ♣♦ss✐❜❧❡ t♦ ❞❡t❡r♠✐♥❡ t❤❡ ♠♦st ❛♣♣❧✐❡❞ ♠❡t❤♦❞s ❛♥❞ ❛❧❣♦r✐t❤♠s
t❤❛t ❝❛♥ s❡r✈❡ ❢♦r ❡①♣❡r✐♠❡♥t✐♥❣ ❛♥❞ ❝r❡❛t✐♥❣ ❦♥♦✇❧❡❞❣❡✳ ❚❤❡s❡ ♠❡t❤♦❞s ❛r❡ ❝❧❛ss✐✜✲
❝❛t✐♦♥✱ ❝❧✉st❡r✐♥❣✱ ❛ss♦❝✐❛t✐♦♥✱ ❛♥❞ ♣r❡❞✐❝t✐♦♥✳ ❚❤✐s s❡r✈❡❞ t♦ ❧✐♠✐t t❤❡ ❡①♣❡r✐♠❡♥t❛❧
❡♥✈✐r♦♥♠❡♥t✳

✶✻



✶✳✹ ❘❡s✉❧ts

❋✐❣✉r❡ ✶✳✶✵✿ ❆❉▼ ❛❞❛♣t❡❞ ❢♦r t❤❡ ❝❛s❡ st✉❞②

❋✐❣✉r❡ ✶✳✶✶✿ ▼♦❞❡❧ ♦❢ ❛ ♠❛❝r♦✕♣r♦❝❡ss ♦❢ ❛♥ ❍❊■

✶✼



✶ ■♥tr♦❞✉❝t✐♦♥

❋✐❣✉r❡ ✶✳✶✷✿ ❊①❛♠♣❧❡ ♦❢ ❛ ❥♦✉r♥❛❧ ❡❞✐t✐♦♥ ♣r♦❝❡ss ✐♥ ❛♥ ❍❊■

❯t✐❧✐t② ❙❝❡♥❛r✐♦s ♦❢ ❑▼ ✇✐t❤ ❊❉▼ ❚♦t❛❧
Pr❡❞✐❝t ✜♥❛❧ ❡✈❛❧✉❛t✐♦♥s ♦r st✉❞❡♥t ♣❡r❢♦r♠❛♥❝❡ ✷✶
Pr❡❞✐❝t t❤❡ ♣r♦✜❧❡ ❛♥❞ ❧❡❛r♥✐♥❣ ❜❡❤❛✈✐♦r ♦❢ st✉❞❡♥ts ✻
■♠♣r♦✈❡ t❡❛❝❤❡r s✉♣♣♦rt ✸
■♠♣r♦✈❡ t❤❡ ♠❛♥❛❣❡♠❡♥t ♦❢ ❝♦❧❧❛❜♦r❛t✐♦♥ ✐♥ ❡❞✉❝❛t✐♦♥❛❧ ❡♥✈✐r♦♥✲
♠❡♥ts

✸

●❡♥❡r❛t✐♦♥ ♦❢ ❛❞✈✐❝❡ ❜❛s❡❞ ♦♥ ❤✐st♦r✐❝❛❧ st✉❞❡♥t ❞❛t❛ ✷
❘❡❝♦♠♠❡♥❞ st✉❞❡♥ts ♥❛✈✐❣❛t✐♦♥ ❧✐♥❦s ✐♥ ✇❡❜ s②st❡♠s ✷
❉✐s❝♦✈❡r ❛❧t❡r♥❛t✐✈❡ r❡♣r❡s❡♥t❛t✐♦♥s ♦❢ ❞❛t❛ ✐♥ ❢♦r✉♠s ✶
Pr❡❞✐❝t st✉❞❡♥t ❞r♦♣♦✉t ✶
❙❡❧❡❝t✐♦♥ ♦❢ ♣r❛❝t✐❝❡s ❛❞❛♣t✐✈❡❧② ✶
Pr❡❞✐❝t✐♥❣ ❤♦✇ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ❧❡❛r♥✐♥❣ ❡♥✈✐r♦♥♠❡♥ts ❝❛♥ ✐♥✲
❝r❡❛s❡ ♦r ❞❡❝r❡❛s❡ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ♣❛rt✐❝✐♣❛t✐♦♥

✶

■♠♣r♦✈❡ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ♣r♦❝❡ss❡s ✶

❚❛❜❧❡ ✶✳✷✿ ❙❝❡♥❛r✐♦s ❢♦r ✐♠♣r♦✈❡♠❡♥t ✇✐t❤ ❑▼ ❛♥❞ ❊❉▼

❚❤❡ ♣r✐♦r✐t② ❛r❡❛s ♦❢ ❡①♣❡r✐♠❡♥t❛t✐♦♥ t❤❛t t❤❡ ♣❛♣❡rs ❞❡s❝r✐❜❡ t♦ s✉♣♣♦rt ✐♥ t❤❡
❝r❡❛t✐♦♥s ♦❢ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ t❤❛t ✐s t❤❡♥ tr❛♥s❢♦r♠❡❞ ✐♥t♦ t❛❝✐t ❦♥♦✇❧❡❞❣❡ ✭♥❡✇
❦♥♦✇❧❡❞❣❡ ♦❢ ❡♠♣❧♦②❡❡s✮ ❛r❡ s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✶✳✷✳ ❚❤❡ ♠♦st r❡♣❡❛t❡❞ s❝❡♥❛r✐♦ ✇❤❡r❡ ❑▼
✐s ✉s❡❢✉❧ ✐s t❤❡ ♣r❡❞✐❝t✐♦♥ ♦❢ ❡✈❛❧✉❛t✐♦♥s ♦r st✉❞❡♥t ♣❡r❢♦r♠❛♥❝❡ ✇✐t❤ ✷✶ ❡①♣❡r✐♠❡♥ts
❛♥❞ t❤❡ ♣r❡❞✐❝t✐♦♥ ♦❢ t❤❡ ♣r♦✜❧❡ ❛♥❞ ❧❡❛r♥✐♥❣ ❜❡❤❛✈✐♦r ♦❢ st✉❞❡♥ts ✇✐t❤ ✻ ❡①♣❡r✐♠❡♥ts✳

✶✳✺ ❙tr✉❝t✉r❡ ♦❢ t❤❡ t❤❡s✐s

❆❢t❡r ✜rst ♣r❡s❡♥t✐♥❣ t❤❡ ❜❛❝❦❣r♦✉♥❞ ♦❢ t❤✐s ❞✐ss❡rt❛t✐♦♥ ❛♥❞ t❤❡ s②♥t❤❡s✐s ♦❢ t❤❡ r❡✲
s❡❛r❝❤ ♣❡r❢♦r♠❡❞✱ ❧♦❝❛t❡❞ ✐♥ P❛rt ■✱ t❤❡ ❛rt✐❝❧❡s t❤❛t ❝♦♥tr✐❜✉t❡❞ t♦ t❤❡ ❝♦♠♣❡♥❞✐✉♠
♦❢ ♣✉❜❧✐❝❛t✐♦♥s ✐♥ t❤✐s t❤❡s✐s ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ P❛rt ■■✳ ❋♦❧❧♦✇✐♥❣ t❤❛t✱ ✐♥ P❛rt ■■■ t❤❡
❝♦♥❝❧✉s✐♦♥s ♦❢ t❤✐s ❞✐ss❡rt❛t✐♦♥ ❛r❡ ❞r❛✇♥ ❛♥❞ ♣r♦♣♦s❛❧s ♦❢ ♣♦t❡♥t✐❛❧ ❢✉t✉r❡ r❡s❡❛r❝❤ ✐♥
t❤❡ ❑▼ ✜❡❧❞ ❛r❡ ❞✐s❝✉ss❡❞✳

✶✽



✶✳✺ ❙tr✉❝t✉r❡ ♦❢ t❤❡ t❤❡s✐s

❚❤❡ t❤❡s✐s ❝♦♥s✐sts ♦❢ t❤❡ ❢♦❧❧♦✇✐♥❣ ❝❤❛♣t❡rs✿

❈❤❛♣t❡r ✶ ■♥tr♦❞✉❝t✐♦♥✱ ✐♥❝❧✉❞❡s✿ ♠♦t✐✈❛t✐♦♥✱ ♦❜❥❡❝t✐✈❡s✱ ♠❡t❤♦❞✱ r❡s✉❧ts✱ t❤❡ str✉❝✲
t✉r❡ ♦❢ t❤❡ t❤❡s✐s ❛♥❞ ✇r✐t✐♥❣ ❝♦♥✈❡♥t✐♦♥s

❈❤❛♣t❡r ✷ ❚❤❡♦r❡t✐❝❛❧ ❢♦✉♥❞❛t✐♦♥s✱ ✐♥❝❧✉❞❡s ❞❡s❝r✐♣t✐♦♥s ♦♥ t❤❡ ♠❛✐♥ t♦♣✐❝s ♦❢ r❡✲
s❡❛r❝❤✳

❈❤❛♣t❡r ✸ P✉❜❧✐❝❛t✐♦♥s ❛♥❞ ✈✐s✐❜✐❧✐t②✱ ✐♥❝❧✉❞❡s✿ ♣✉❜❧✐❝❛t✐♦♥s ✐♥ ❥♦✉r♥❛❧s✱ ❝♦♥❢❡r❡♥❝❡s
❛♥❞ ♦t❤❡r ♣✉❜❧✐❝❛t✐♦♥s✳

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

❈❤❛♣t❡r ✺ ❆rt✐❝❧❡ ♣✉❜❧✐s❤❡❞ ✐♥ ❊♥❢♦q✉❡ ❯t❡ ❏♦✉r♥❛❧✱ ✐♥❝❧✉❞✐♥❣ r❡❢❡r❡♥❝❡✱ ❝♦♥tr✐❜✉t✐♦♥
❛♥❞ ❢✉❧❧ t❡①t✳

❈❤❛♣t❡r ✻ ❆rt✐❝❧❡ ♣✉❜❧✐s❤❡❞ ✐♥ t❤❡ ❏♦✉r♥❛❧ ♦❢ ■♥❢♦r♠❛t✐♦♥ ❙②st❡♠s ❊♥❣✐♥❡❡r✐♥❣ ✫
▼❛♥❛❣❡♠❡♥t✱ ✐♥❝❧✉❞✐♥❣ r❡❢❡r❡♥❝❡✱ ❝♦♥tr✐❜✉t✐♦♥ ❛♥❞ ❢✉❧❧ t❡①t✳

❈❤❛♣t❡r ✼ ❆rt✐❝❧❡ ♣✉❜❧✐s❤❡❞ ✐♥ t❤❡ ■❊❊❊ ❆❝❝❡ss ❏♦✉r♥❛❧✱ ✐♥❝❧✉❞✐♥❣ r❡❢❡r❡♥❝❡✱ ❝♦♥tr✐✲
❜✉t✐♦♥ ❛♥❞ ❢✉❧❧ t❡①t✳

❈❤❛♣t❡r ✽ ❆rt✐❝❧❡ ♣✉❜❧✐s❤❡❞ ✐♥ t❤❡ ■❊❊❊ ❆❝❝❡ss ❏♦✉r♥❛❧✱ ✐♥❝❧✉❞✐♥❣ r❡❢❡r❡♥❝❡✱ ❝♦♥tr✐✲
❜✉t✐♦♥ ❛♥❞ ❢✉❧❧ t❡①t✳

❈❤❛♣t❡r ✶✵ ❆rt✐❝❧❡ ♣✉❜❧✐s❤❡❞ ✐♥ t❤❡ ❆✉str❛❧❛s✐❛♥ ❏♦✉r♥❛❧ ♦❢ ❊♥❣✐♥❡❡r✐♥❣ ❊❞✉❝❛t✐♦♥✱
✐♥❝❧✉❞✐♥❣ r❡❢❡r❡♥❝❡✱ ❝♦♥tr✐❜✉t✐♦♥ ❛♥❞ ❢✉❧❧ t❡①t✳

❈❤❛♣t❡r ✶✶ ❈♦♥❝❧✉s✐♦♥s✱ ✐♥❝❧✉❞❡s✿ ❝♦♥❝❧✉s✐♦♥s ♦❢ t❤❡ ✇♦r❦✱ ❝♦♥tr✐❜✉t✐♦♥s ❛♥❞ ❢✉t✉r❡
✇♦r❦✳

✶✾





✷ ❚❤❡♦r❡t✐❝❛❧ ❢♦✉♥❞❛t✐♦♥s

❚❤✐s ❝❤❛♣t❡r ❞❡❛❧s ✇✐t❤ t❤❡ t❤❡♦r❡t✐❝❛❧ ❢♦✉♥❞❛t✐♦♥ ♦❢ t❤❡ t❤❡s✐s✳ ■t ♣r♦✈✐❞❡s t❤❡ ❜❛s✐s ❢♦r
❛ ❜❡tt❡r ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ ❑▼✱ ❊❆✱ ❛♥❞ ❇■✳ ❚❤❡s❡ ✜❡❧❞s ❢♦r♠ t❤❡ ❝♦r❡ ♦❢ t❤❡ ♣r♦♣♦s❡❞
✐♥❢r❛str✉❝t✉r❡ ❛♥❞ ❛r❡ ✐♥❞✐s♣❡♥s❛❜❧❡ ❢♦r t❤❡ ♣r♦❝❡ss❡s ♦❢ ❦♥♦✇❧❡❞❣❡ ❣❡♥❡r❛t✐♦♥ ❛♥❞
tr❛♥s❢❡rr✐♥❣ ✐♥ ♦r❣❛♥✐③❛t✐♦♥s✳ ❚❤❡s❡ t♦♣✐❝s ✇✐❧❧ ❜❡ ♣r❡s❡♥t❡❞ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ s❡❝t✐♦♥s✳

✷✳✶ ❑♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t

❑▼ ✐s ❛s ❛ ❞✐s❝✐♣❧✐♥❡ ✇❤✐❝❤ ❡♥❛❜❧❡s t❤❡ ❡✣❝✐❡♥t ❝r❡❛t✐♦♥✱ ✉s❡✱ ❞✐str✐❜✉t✐♦♥✱ ❛♥❞ tr❛♥s❢❡r
♦❢ ❦♥♦✇❧❡❞❣❡ ✐♥ ♦r❣❛♥✐③❛t✐♦♥s ✭❈❛♠♣❜❡❧❧✱ ✷✵✵✻✮✳ ■♥♥♦✈❛t✐♦♥s ✐♥ s❝✐❡♥❝❡ ❛♥❞ t❡❝❤♥♦❧✲
♦❣② ❤❛✈❡ ❧❡❞ t♦ t❤❡ ❡♠❡r❣❡♥❝❡ ♦❢ ✐♥t❡♥s✐✈❡❧② ✐♥❢♦r♠❛t✐♦♥✲❜❛s❡❞ ♦r❣❛♥✐③❛t✐♦♥s✳ ❚❤❡s❡
♦r❣❛♥✐③❛t✐♦♥s ♥❡❡❞ t♦ tr❛♥s❢♦r♠ t❤✐s ✐♥❢♦r♠❛t✐♦♥ ✐♥t♦ ❦♥♦✇❧❡❞❣❡ t♦ s❡❝✉r❡ ❝♦♠♣❡t✐✲
t✐✈❡♥❡ss ❛♥❞ ✐♠♣r♦✈❡ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣✳ ❚❤❡ ❝♦r❡ ❞✐♠❡♥s✐♦♥s t❤❛t ♥❡❡❞ t♦ ❜❡ ❡①❛♠✐♥❡❞
✐♥ ❛ ❑▼ ♣r♦❥❡❝t ❛r❡ ♣❡♦♣❧❡✱ ♣r♦❝❡ss❡s✱ ❛♥❞ t❡❝❤♥♦❧♦❣② ✭❊❞✇❛r❞s✱ ✷✵✶✶✮✳ ❑♥♦✇❧❡❞❣❡
❞❡r✐✈❡❞ ❢r♦♠ t❤❡s❡ ❞✐♠❡♥s✐♦♥s s❤♦✉❧❞ ❜❡ ❛♥❛❧②③❡❞ ❛♥❞ st♦r❡❞ ✉s✐♥❣ ❞✐✛❡r❡♥t ✐♥❢♦r♠❛✲
t✐♦♥ r❡♣♦s✐t♦r✐❡s✳ ❆ ❑♥♦✇❧❡❞❣❡ ▼❛♥❛❣❡♠❡♥t ❋r❛♠❡✇♦r❦ ✭❑▼❋✮ ❡♥❛❜❧❡s ♦r❣❛♥✐③❛t✐♦♥s
t♦ ❝♦♥❞✉❝t ❛♥❞ ✐♠♣❧❡♠❡♥t ❑▼ ✐♥✐t✐❛t✐✈❡s✳ ❑▼❋s ❛r❡ t❤❡ ❢♦✉♥❞❛t✐♦♥ ❢♦r ❞❡✈❡❧♦♣✐♥❣
✐♥❢♦r♠❛t✐♦♥ ✐♥❢r❛str✉❝t✉r❡ ❛♥❞ ✐♥❢♦r♠❛t✐♦♥ s②st❡♠s t♦ ♠❛♥❛❣❡ ❦♥♦✇❧❡❞❣❡ ♣r♦♣❡r❧②✳
❑❛r❡♠❡♥t❡✱ ❆❞✉✇♦✱ ▼✉❣❡❥❥❡r❛✱ ❛♥❞ ▲✉❜❡❣❛ ✭✷✵✵✾✮✱ ❞❡s❝r✐❜❡ ❞✐✛❡r❡♥t ❑▼❋s❀ ❤♦✇❡✈❡r✱
♥♦♥❡ ♦❢ t❤❡s❡ ✐♥t❡❣r❛t❡s ❛♥❞ ❛♥❛❧②③❡s t❤❡ t❤r❡❡ ❦♥♦✇❧❡❞❣❡ ❞✐♠❡♥s✐♦♥s ❛s ❛ ✇❤♦❧❡ ❛♥❞
❛r❡ ❞✐✣❝✉❧t t♦ ✉s❡ ✐♥ ♣r❛❝t✐❝❡✳

✷✳✷ ❊♥t❡r♣r✐s❡ ❛r❝❤✐t❡❝t✉r❡

❆t ♣r❡s❡♥t✱ t❤❡r❡ ✐s ♥♦ ✉♥❛♥✐♠✐t② ✐♥ t❤❡ ❞❡✜♥✐t✐♦♥ ♦❢ ❊❆✳ ❖♥❡ ♦❢ t❤❡ r❡❛s♦♥s ✇❤② t❤❡r❡
✐s ♥♦ ❛❣r❡❡♠❡♥t ✐♥ ❛ st❛♥❞❛r❞ ❞❡✜♥✐t✐♦♥ ❝♦✉❧❞ ❜❡ ❜❡❝❛✉s❡ t❤❡ ♣r❛❝t✐❝❡ ♦❢ ❊❆ ✐s st✐❧❧ ✐♥ ❛
st❛❣❡ ♦❢ ❡✈♦❧✉t✐♦♥ ✭■✈❛♥♦✈✱ ✷✵✵✾✮✳ ❆♥ ✐♠♣♦rt❛♥t ❞❡✜♥✐t✐♦♥ ♦❢ ❊❆ ✐s ❣✐✈❡♥ ❜② ▲❛♥❦❤♦rst
✭✷✵✶✸✱ ♣✳ ✸✮✿ ✏❊❆ ✐s ❛ ❝♦❤❡r❡♥t s❡t ♦❢ ♣r✐♥❝✐♣❧❡s✱ ♠❡t❤♦❞s ❛♥❞ ♠♦❞❡❧s t❤❛t ❛r❡ ✉s❡❞
✐♥ t❤❡ ❞❡s✐❣♥✱ r❡❛❧✐③❛t✐♦♥ ❛♥❞ ♠❛✐♥t❡♥❛♥❝❡ ♦❢ ❛♥ ❡♥t❡r♣r✐s❡✬s ❜✉s✐♥❡ss ❛r❝❤✐t❡❝t✉r❡✱
♦r❣❛♥✐③❛t✐♦♥❛❧ str✉❝t✉r❡✱ ✐♥❢♦r♠❛t✐♦♥ ❛r❝❤✐t❡❝t✉r❡ ❛♥❞ t❡❝❤♥♦❧♦❣② ❛r❝❤✐t❡❝t✉r❡ ✇✐t❤
r❡s♣❡❝t t♦ t❤❡ ❝♦r♣♦r❛t❡ str❛t❡❣②✑✳ ❚❤✐s ✐s t❤❡ ❞❡✜♥✐t✐♦♥ t❤❛t ✐s ✉s❡❞ ✐♥ t❤✐s ❞✐ss❡rt❛t✐♦♥✳
❆s s❡❡♥ ✐♥ ❜♦t❤ ❞❡✜♥✐t✐♦♥s ❊❆ ❣♦❡s ❜❡②♦♥❞ ❇✉s✐♥❡ss✕■❚ ❛❧✐❣♥♠❡♥t✱ ❊❆ ❛❞❞r❡ss❡s t❤❡
♥❡❡❞ t♦ ♠❛♥❛❣❡ ✐♥❝r❡❛s✐♥❣ ❝♦♠♣❧❡①✐t② ❛♥❞ ❞❡❛❧ ✇✐t❤ ❝❤❛♥❣❡ ♠❛♥❛❣❡♠❡♥t ❜② ♣r♦✈✐❞✐♥❣
❛ ❤♦❧✐st✐❝ ✈✐❡✇ ♦❢ t❤❡ ❡♥t❡r♣r✐s❡✳ ❊❆ ✐s ♦❢t❡♥ ✈✐❡✇❡❞ ❛s ❛ ♠❛♥❛❣❡♠❡♥t ♣r❛❝t✐❝❡ t❤❛t
❤❡❧♣s t♦ ✐♠♣r♦✈❡ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ❡♥t❡r♣r✐s❡s ✭❞❡ ❱r✐❡s ✫ ✈❛♥ ❘❡♥s❜✉r❣✱ ✷✵✵✽✮✳
▼♦r❡♦✈❡r✱ ❊❆ ❛❞❞r❡ss❡s t❤❡ ♣r♦❜❧❡♠ ♦❢ t❤❡ ✐♥❝r❡❛s✐♥❣ ❞✐✣❝✉❧t② ✐♥ ❞❡❧✐✈❡r✐♥❣ ❜✉s✐♥❡ss
✈❛❧✉❡ ✇✐t❤ t❤❡ ❡♥t❡r♣r✐s❡✬s ✐♥❢♦r♠❛t✐♦♥ s②st❡♠s ✭❘♦❣❡r✱ ✷✵✵✼✮✳ ❚❤❡ ♠❛✐♥ ♠❡t❤♦❞s t♦

✷✶



✷ ❚❤❡♦r❡t✐❝❛❧ ❢♦✉♥❞❛t✐♦♥s

❋✐❣✉r❡ ✷✳✶✿ ❊♥t❡r♣r✐s❡ ❛r❝❤✐t❡❝t✉r❡
✭❚✉❝❦❡r ✫ ❉❡❜r♦ss❡✱ ✷✵✵✸✮

♣❡r❢♦r♠ ❛♥ ❊❆ ❛r❡ ❞❡s❝r✐❜❡❞ ✐♥ ❋✐❣✉r❡ ✷✳✶✳ ❚❤❡s❡ ♠❡t❤♦❞s ❛r❡✿ ♦❜t❛✐♥ ❡①❡❝✉t✐✈❡ ❜✉②✕
✐♥ ❛♥❞ s✉♣♣♦rt✱ ❡st❛❜❧✐s❤ ❛ ♠❛♥❛❣❡♠❡♥t str✉❝t✉r❡ ❛♥❞ ❝♦♥tr♦❧✱ ❞❡✜♥❡ ❛♥ ❛r❝❤✐t❡❝t✉r❡
♣r♦❝❡ss ❛♥❞ ❛♣♣r♦❛❝❤✱ ❞❡✈❡❧♦♣ t❤❡ ❊❆ ❜❛s❡❧✐♥❡✱ ❞❡✈❡❧♦♣ t❤❡ ❊❆ t❛r❣❡t✱ ❞❡✈❡❧♦♣ t❤❡
s❡q✉❡♥❝✐♥❣ ♣❧❛♥✱ ✉s❡ ❛♥❞ ♠❛✐♥t❛✐♥ t❤❡ ❊❆✳

✷✳✸ ❇✉s✐♥❡ss ✐♥t❡❧❧✐❣❡♥❝❡

❇✉s✐♥❡ss ■♥t❡❧❧✐❣❡♥❝❡ ✭❇■✮ ❝❛♥ ❜❡ ❞❡✜♥❡❞ ❛s ❛ ✏s②st❡♠ ❝♦♠♣r✐s❡❞ ♦❢ ❜♦t❤ t❡❝❤♥✐❝❛❧ ❛♥❞
♦r❣❛♥✐③❛t✐♦♥❛❧ ❡❧❡♠❡♥ts t❤❛t ♣r❡s❡♥t ❤✐st♦r✐❝❛❧ ✐♥❢♦r♠❛t✐♦♥ t♦ ✐ts ✉s❡rs ❢♦r ❛♥❛❧②s✐s ❛♥❞
❡♥❛❜❧❡s ❡✛❡❝t✐✈❡ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ❛♥❞ ♠❛♥❛❣❡♠❡♥t s✉♣♣♦rt✱ ❢♦r t❤❡ ♦✈❡r❛❧❧ ♣✉r♣♦s❡
♦❢ ✐♥❝r❡❛s✐♥❣ ♦r❣❛♥✐③❛t✐♦♥❛❧ ♣❡r❢♦r♠❛♥❝❡✑ ✭■s✐❦✱ ❏♦♥❡s✱ ✫ ❙✐❞♦r♦✈❛✱ ✷✵✶✶✱ ♣✳ ✶✻✶✮✳ ❇■
❜✉✐❧❞s ✉♣♦♥ ❛ s❡t ♦❢ t♦♦❧s ❛♥❞ ❛♣♣❧✐❝❛t✐♦♥s t❤❛t ❡♥❛❜❧❡ t❤❡ ❛♥❛❧②s✐s ♦❢ ✈❛st ❛♠♦✉♥ts
♦❢ ✐♥❢♦r♠❛t✐♦♥ ✭❇✐❣ ❉❛t❛✮ t♦ ✐♠♣r♦✈❡ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ❛♥❞ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ♦r❣❛✲
♥✐③❛t✐♦♥s ✭●❛rt♥❡r ■♥❝✳✱ ✷✵✶✾✮✳ ❚♦ ❛❝❝♦♠♣❧✐s❤ t❤✐s ♦❜❥❡❝t✐✈❡✱ ❞❡❝✐s✐♦♥ ♠❛❦❡rs r❡q✉✐r❡
❤❛✈✐♥❣ ❛❝❝❡ss t♦ ❛❧❧ ♦r❣❛♥✐③❛t✐♦♥✬s ❞❛t❛ t♦ ❛♥❛❧②③❡ t❤❡ ❜✉s✐♥❡ss✱ ✐ts r❡q✉✐r❡♠❡♥ts ❛♥❞
✐ts tr❡♥❞s✳ ❆❝❝♦r❞✐♥❣ t♦ ▼❛r❦❡ts ❛♥❞ ▼❛r❦❡ts✱ t❤❡ ✇♦r❧❞✇✐❞❡ ❇■ ♠❛r❦❡t ✐s ❢♦r❡❝❛st t♦
r❡❛❝❤ ✩✷✻✳✽✽ ❜✐❧❧✐♦♥ ✐♥ ✷✵✷✶✱ ❛♥ ✐♥❝r❡❛s❡ ♦❢ ✻✸✳✺✽ ✪ ❢r♦♠ ✷✵✶✻ ✭▼❛r❦❡ts ❛♥❞ ▼❛r❦❡ts✱
✷✵✶✼✮✳ ❚❤❡ s❝♦♣❡ ♦❢ t❤✐s ♠❛r❦❡t ✐♥❝❧✉❞❡s ❛❧❧ ❇■ ❛♥❞ ❉❆ ♣❧❛t❢♦r♠s✱ ♠❛♥❛❣❡♠❡♥t s✉✐t❡s
❛♥❞ ♠♦❞❡r♥ ❛♥❛❧②t✐❝s s♦❧✉t✐♦♥s ✭●❛rt♥❡r ■♥❝✳✱ ✷✵✶✾✮✳ ❖♥❡ ♦❢ t❤❡ ❦❡② ❛♣♣❧✐❝❛t✐♦♥s ♦❢
❇■ ❛♥❞ ❉❆ ✐s t❤❡ ❣❡♥❡r❛t✐♦♥ ♦❢ ❦♥♦✇❧❡❞❣❡ t♦ ❡♥❛❜❧❡ ✐♥❢♦r♠❡❞ ❞❡❝✐s✐♦♥✲♠❛❦✐♥❣ ✭▲❧♦②❞✱
✷✵✶✶✮✳
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✸ P✉❜❧✐❝❛t✐♦♥s ❛♥❞ ✈✐s✐❜✐❧✐t②

✸✳✶ P✉❜❧✐❝❛t✐♦♥s

❚❤r♦✉❣❤♦✉t t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ t❤✐s ❞♦❝t♦r❛❧ t❤❡s✐s✱ ❛♥❞ ❛s ❛ r❡s✉❧t ♦❢ t❤❡ r❡s❡❛r❝❤
♣❡r❢♦r♠❡❞✱ ❞✐✛❡r❡♥t ❛rt✐❝❧❡s✱ ❜♦♦❦ ❝❤❛♣t❡rs✱ ❛♥❞ ❝♦♥❢❡r❡♥❝❡ ♣❛♣❡rs ❤❛✈❡ ❜❡❡♥ ♣✉❜❧✐s❤❡❞✳
❆❧❧ t❤❡ ♣✉❜❧✐❝❛t✐♦♥s ♣r❡s❡♥t t❤❡ r❡s✉❧ts ❛♥❞ t❤❡ ❝♦♥tr✐❜✉t✐♦♥s ♠❛❞❡ t♦ t❤❡ s❝✐❡♥t✐✜❝
❝♦♠♠✉♥✐t② ❞✉r✐♥❣ t❤✐s ❞♦❝t♦r❛❧ ✇♦r❦✳ ❙♦♠❡ ♦❢ t❤❡ ❛rt✐❝❧❡s ✇❡r❡ ❞❡✈❡❧♦♣❡❞ t♦ ❛❝❤✐❡✈❡
t❤❡ ♦❜❥❡❝t✐✈❡s ♦❢ t❤✐s ❞✐ss❡rt❛t✐♦♥✱ ✇❤✐❧❡ ♦t❤❡rs ❤❛✈❡ ❜❡❡♥ ❞❡✈❡❧♦♣❡❞ ✐♥ ❝♦❧❧❛❜♦r❛t✐♦♥
✇✐t❤ ♦t❤❡r r❡s❡❛r❝❤❡rs t♦ ❢✉❧✜❧❧ ♣❛r❛❧❧❡❧ r❡s❡❛r❝❤ ❣♦❛❧s ✭s❡❡ ❖t❤❡r P✉❜❧✐❝❛t✐♦♥s ✸✳✶✳✸✮✳
❚❤❡ t♦t❛❧ ♦❢ ❛rt✐❝❧❡s ♣✉❜❧✐s❤❡❞ ❞✉r✐♥❣ t❤❡ ❞♦❝t♦r❛❧ ♣❡r✐♦❞ ✇❛s ✷✹✱ ✇❤✐❝❤ ✐♥❝❧✉❞❡❞ s✐①
❥♦✉r♥❛❧ ♣❛♣❡rs ✭t❤❛t ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ t❤❡ ❝♦♠♣❡♥❞✐✉♠✮✱ s❡✈❡♥ ❝♦♥❢❡r❡♥❝❡ ♣❛♣❡rs✱ ❛♥❞
❡❧❡✈❡♥ ♣❛♣❡rs ❝♦♥s✐❞❡r❡❞ ♦t❤❡r ♣✉❜❧✐❝❛t✐♦♥s✳ ❚❤❡ ❢♦❧❧♦✇✐♥❣ s❡❝t✐♦♥s ❧✐st t❤❡s❡ ✇♦r❦✿

❏♦✉r♥❛❧s✱ ❙✐① ❥♦✉r♥❛❧ ❛rt✐❝❧❡s ♣✉❜❧✐s❤❡❞✿ ✭▼♦s❝♦s♦✲❩❡❛ ✫ ▲✉❥á♥✲▼♦r❛✱ ✷✵✶✼❀ ❙❛❛✱
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✸✳✶✳✶ ❏♦✉r♥❛❧s

❚❤✐s s✉❜s❡❝t✐♦♥ ❞❡s❝r✐❜❡s t❤❡ ♣✉❜❧✐❝❛t✐♦♥s ♦♥ s❝✐❡♥t✐✜❝ ❥♦✉r♥❛❧s✳ ❚❤❡s❡ ♣✉❜❧✐❝❛t✐♦♥s
r❡♣r❡s❡♥t t❤❡ ♠❛✐♥ ❝♦♥t❡♥t ♦❢ t❤✐s r❡s❡❛r❝❤ ✇♦r❦✳ ❚❤❡r❡❢♦r❡✱ t❤❡② ✇❡r❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡
❝♦♠♣❡♥❞✐✉♠ ♦❢ ♣✉❜❧✐❝❛t✐♦♥s ♦❢ t❤✐s t❤❡s✐s✳ ❚❤❡ ❞❡t❛✐❧s ♦❢ t❤❡ ♣✉❜❧✐❝❛t✐♦♥s ❛r❡ s❤♦✇♥ ✐♥
❚❛❜❧❡ ✸✳✶✳ ❚❤❡ ✜rst ❝♦❧✉♠♥ ♦❢ t❤❡ t❛❜❧❡ s❤♦✇s t❤❡ ✐❞ ♦❢ t❤❡ ❥♦✉r♥❛❧❀ t❤❡ s❡❝♦♥❞ ❝♦❧✉♠♥
s❤♦✇s t❤❡ ♥❛♠❡ ♦❢ t❤❡ ❥♦✉r♥❛❧ ✇✐t❤ ✐ts ■❙❙◆❀ t❤❡ t❤✐r❞ ❝♦❧✉♠♥ s❤♦✇s t❤❡ ❏♦✉r♥❛❧
❈✐t❛t✐♦♥s ❘❡♣♦rt ✭❏❈❘✮ ✐♠♣❛❝t ❢❛❝t♦r❀ t❤❡ ❢♦✉rt❤ ❝♦❧✉♠♥ ♦❢ t❤❡ t❛❜❧❡ ♣r❡s❡♥ts t❤❡
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✐♥❞❡①✐♥❣ ♦❢ t❤❡ ❥♦✉r♥❛❧✱ ✇❤❡t❤❡r t❤❡ ❛rt✐❝❧❡ ❤❛s ❜❡❡♥ ✐♥❞❡①❡❞ ✐♥ ❙❝♦♣✉s ✭❙❈❖✮✱ ❲❡❜
♦❢ ❙❝✐❡♥❝❡ ✭❲❖❙✮ ♦r ✐♥ t❤❡ ❉✐r❡❝t♦r② ♦❢ ❖♣❡♥ ❆❝❝❡ss ❏♦✉r♥❛❧s ✭❉❖❆❏✮❀ ❛♥❞ t❤❡ ❧❛st
❝♦❧✉♠♥ ♦❢ t❤❡ t❛❜❧❡ ❞❡s❝r✐❜❡s t❤❡ ❙❝✐♠❛❣♦ ❏♦✉r♥❛❧ ❘❛♥❦✐♥❣ ✭❙❏❘✮ ✐♠♣❛❝t ❢❛❝t♦r✳
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✉❛t✐♦♥ ❛♥❞ ❙❡❧❡❝t✐♦♥ ♦❢ ❊♥t❡r♣r✐s❡ ❆r❝❤✐t❡❝t✉r❡ ❙♦❢t✇❛r❡ ❢♦r ❑♥♦✇❧❡❞❣❡ ❉✐❣✐✲
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❩❡❛✱ ❙❛❛✱ ✫ ▲✉❥á♥✲▼♦r❛✱ ✷✵✶✾✮✿ ❈❤❛♣t❡r ✶✵ ❡①♣❧❛✐♥s ✇❤❛t ✐s ♣r❡s❡♥t❡❞ ✐♥ t❤✐s
❛rt✐❝❧❡✳

✸✳✶✳✷ ❈♦♥❢❡r❡♥❝❡s

❚❤✐s s✉❜s❡❝t✐♦♥ ❞❡s❝r✐❜❡s t❤❡ ♣✉❜❧✐❝❛t✐♦♥s ♦♥ ❝♦♥❢❡r❡♥❝❡ ♣r♦❝❡❡❞✐♥❣s✳ ❚❤❡ ❞❡t❛✐❧s ♦❢
t❤❡ ♣✉❜❧✐❝❛t✐♦♥s ❛r❡ s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✸✳✷✳
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❙❝✐❡♥t✐✜❝ ✈✐s✐❜✐❧✐t② ✐s ❛ ♠✉st ❢♦r r❡s❡❛r❝❤❡rs t♦ s❤♦✇ t❤❡✐r r❡s✉❧ts✱ ✐♥❝r❡❛s❡ t❤❡✐r ❝✐✲
t❛t✐♦♥s✱ r❡❝❡✐✈❡ ❢❡❡❞❜❛❝❦ ❛♥❞ ❝r✐t✐❝✐s♠ ❛♥❞ ✐♥t❡r❝❤❛♥❣❡ ✐❞❡❛s ✇✐t❤ ♣❡❡rs✳ ❚❤❡r❡❢♦r❡✱
❞✉r✐♥❣ t❤❡ ♣❡r✐♦❞ ♦❢ ❞♦❝t♦r❛❧ st✉❞✐❡s✱ s♦♠❡ ❝♦✉rs❡s ✇❡r❡ t❛❦❡♥ ✐♥ t❤✐s s✉❜❥❡❝t ❛♥❞ ❞✐❢✲
❢❡r❡♥t ❛❝❛❞❡♠✐❝ ♣r♦✜❧❡s ✇❡r❡ ❝r❡❛t❡❞ t♦ ✐♥❝r❡❛s❡ t❤❡ ✐♠♣❛❝t ♦❢ t❤❡ r❡s❡❛r❝❤ ♣❡r❢♦r♠❡❞✳
❚❛❜❧❡ ✸✳✸ s❤♦✇s t❤❡ ❛❝❛❞❡♠✐❝ ♣r♦✜❧❡s ♦❢ t❤❡ ❛✉t❤♦r ♦❢ t❤✐s t❤❡s✐s✳ ▼♦r❡♦✈❡r✱ ♦♥❡ ♦❢
t❤❡ ❞❡❝✐s✐♦♥s ♣r✐♦r t♦ s❡♥❞✐♥❣ ❛♥ ❛rt✐❝❧❡ t♦ ❛ ❥♦✉r♥❛❧ ✇❛s t♦ ✜♥❞ ♦✉t t❤❡ ❛✈❛✐❧❛❜✐❧✐t②
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Metodologías Sugeridas de Evaluación y Selección de Software 

de Arquitectura Empresarial para la Digitalización del 

Conocimiento 

(Suggested Methodologies for Evaluation and Selection of 

Enterprise Architecture Software for Knowledge Digitization)  

Oswaldo Moscoso-Zea1, Sergio Lujan-Mora2 

Resumen: 

La gestión del conocimiento (GC) es una práctica de administración que permite la creación, 

uso, distribución y transferencia del conocimiento en organizaciones. Existen marcos de 

referencia de GC que incluyen componentes de inteligencia de negocios o de arquitectura 

empresarial (AE) para la implementación de proyectos de GC en organizaciones. Las 

herramientas de AE son usadas para digitalizar, relacionar y visualizar varias dimensiones de 

conocimiento como son: estructura organizacional, procesos de negocio, aplicaciones e 

infraestructura tecnológica. Este artículo tiene como objetivo evaluar el rol de la AE como 

componente clave de la GC y sugerir metodologías que pueden ser usadas para evaluar 

herramientas de software de AE. Para esto se realizó una revisión bibliográfica de las 

metodologías de evaluación de software existente en el mercado y se eligieron aquellas que 

pueden ser adaptadas para el campo de la AE. Está investigación fue cualitativa y exploratoria 

a través de un caso de estudio desarrollado en un proveedor de servicios logísticos con 

presencia internacional. El caso de estudio muestra el proceso realizado para elegir la 

metodología de evaluación. Además, se describen los pasos para la digitalización del 

conocimiento organizacional. 

 

Palabras clave: Gestión del Conocimiento; Arquitectura Empresarial, Metodología de 

Evaluación de Herramientas de Arquitectura Empresarial. 

 

Abstract: 

Knowledge Management (KM) is a practice that allows the creation, use, distribution and 

transfer of knowledge in organizations. Different KM frameworks exist that include business 

intelligence or enterprise architecture (EA) components for the implementation of KM in 

organizations. EA tools are used to digitize, relate and visualize the following dimensions of 

knowledge: organizational structure, business processes, applications and technology. The 

objective of this paper is to assess the role of EA as a key component in KM and to suggest 

software evaluation methodologies that can be adapted for the field of EA.  For this, an 

investigation was realized to identify the existing software evaluation methodologies in the 

market and to filter those that can be adapted for the field of EA. The methodology used for the 

research was qualitative and exploratory using a case study performed in an international 

logistic service provider. The case study describes the process done for the selection of the 

evaluation methodology. Furthermore, it describes the steps for knowledge digitization. 

 

Keywords: Knowledge Management; Enterprise Architecture; Evaluation of Enterprise 

Architecture Tools. 
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ABSTRACT 

This paper brings to light data security issues and concerns for organizations by moving their Enterprise 
Resource Planning (ERP) systems to the cloud. Cloud computing has become the new trend of how 
organizations conduct business and has enabled them to innovate and compete in a dynamic environment 
through new and innovative business models. The growing popularity and success of the cloud has led to 
the emergence of cloud-based Software-as-a-Service (SaaS) ERP systems, a new alternative approach to 
traditional on-premise ERP systems. Cloud-based ERP has a myriad of benefits for organizations. However, 
infrastructure engineers need to address data security issues before moving their enterprise applications to 
the cloud. Cloud-based ERP raises specific concerns about the confidentiality and integrity of the data stored 
in the cloud. Such concerns that affect the adoption of cloud-based ERP are based on the size of the 
organization. Small to medium enterprises (SMEs) gain the maximum benefits from cloud-based ERP as 
many of the concerns around data security are not relevant to them. On the contrary, larger organizations 
are more cautious in moving their mission critical enterprise applications to the cloud. A hybrid solution 
where organizations can choose to keep their sensitive applications on-premise while leveraging the benefits 
of the cloud is proposed in this paper as an effective solution that is gaining momentum and popularity for 
large organizations. 

Keywords: ERP, cloud computing, cloud ERP, data security, confidentiality, integrity 
 
 

INTRODUCTION 

Nowadays, “the cloud” has been a buzzword in the last few years and has caused a revolution in the Information 
and Communication Technologies (ICT) industry. As IBM states “Cloud computing, often referred to as simply 
‘the cloud,’ is the delivery of on-demand computing resources, everything from applications to data centers over 
the Internet on a pay-for-use basis” (IBM, 2015). This new trend changes the way organizations deploy services, 
platforms and infrastructure of Information Technologies (IT). The variety of applications and services offered by 
this new concept affect on one hand organizations and individuals who notice the benefits of cloud services in 
terms of efficiency, flexibility and reduced investment effort while on the other hand, technology companies and 
traditional operators see an opportunity to expand their businesses (Lin and Chen, 2012). 

According to Gartner, cloud-based services can be defined as “massively scalable system capabilities delivered 
as a service to external users using Internet technologies” (Gartner, 2015). A study about cloud computing models 
describes that based on the completeness and abstraction levels of services delivered to the end user, there are 
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ABSTRACT Data warehousing (DW) is a widespread and essential practice in business organizations

that support the data analytic and decision-making process. Despite the importance of DW in complex

organizations, the adoption of a data warehouse (DWH) in education is apparently lower compared with

other industries. To clarify this situation, this paper presents a systematic mapping that includes the study

of empirical research papers from 2008 to 2018 on the topic of DW in education. For this paper, we applied

a qualitative and quantitative approach based on a four-stage research method with the objective to have

a holistic view of DWHs in education. After filtering and applying the proposed method, 34 relevant

papers were identified and studied in detail. The study revealed interesting facts; for example, Kimball’s

approach is the most applied methodology for DWH design in education. In addition, a mapping between

this comprehensive collection of research papers covering educational DW and six dimensions of analysis

(schema proposal, analysis of the user requirements, analysis of the business requirements, effectiveness,

implementation, and data analysis) was performed. From this analysis, we discovered that the star schema is

the most implemented approach. The purpose of the mapping was to explore and identify the priority areas

of research and the research gaps within the academic community. These gaps are a source of opportunities

to start new lines of research.

INDEX TERMS Business intelligence, data warehouse, educational data warehouse, systematic mapping.

I. INTRODUCTION

Data warehousing (DW) is the process of storing, managing

and analyzing large amounts of historical, summarized and

non-volatile data. These data are extracted from multiple

heterogeneous data sources into a single multi-dimensional

repository called data warehouse (DWH). The core objective

of DW is to provide greater insights into the performance

of an organization and improve decision-making [1]. The

complementary fields that study the analysis of the data in

this repository are data analytics (DA) and on-line analytical

processing (OLAP). On the one hand, DA is the process

of analyzing the data in the DWH using technological and

statistical tools with the purpose to draw conclusions and

generate knowledge from the information it contains [2].

On the other hand, OLAP is the process of exploiting the

DWH for multidimensional analysis by applying data cube

operations as roll-up, drill-down, slicing and dicing on the

dimensions and fact tables [3]. DA and OLAP, plus additional

technological tools, are part of what data scientists call busi-

ness intelligence (BI).

Even though DW and BI are widely used in business

organizations and have been exhaustively analyzed from the

industry standpoint for many years [4]–[7], its use is still low

in educational institutions. The paper from Shahid et al. [8]

presents a set of case studies performed to determine the

percentage of use of DWHs within different industries. The

results of the case study analysis show that the industry which

uses DW the most is the medical industry (hospitals, clinics

and physician offices) with 23.3% of usage. Following that,

the finance and banking industry with 6.2% of DW usage,

whereas one of the industries that less use DW is education

with only 3.8% of usage [8]. Although these facts reveal that

not much effort has been conducted to overcome the barriers

of adoption of DW in education, nowadays boards of gover-

nance and directors in educational institutions are recogniz-

ing the potential and the leading role that BI and DW plays in

improving educational and organizational processes [9]–[11].

Additionally, some studies suggest to carry out an imple-

mentation of a DWH in educational scenarios to improve

decision-making and knowledge management [12], [13].

Moreover, different studies are giving major importance

to the educational data mining (EDM) topic which bases its

analytical process in a well-designed DWH to store andmain-

tain the information of their application systems [14], [15].
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ABSTRACT Advances in science and technology, the Internet of Things, and the proliferation ofmobile apps

are critical factors to the current increase in the amount, structure, and size of information that organizations

have to store, process, and analyze. Traditional data storages present technical deficiencies when handling

huge volumes of data and are not adequate for process modeling and business intelligence; to cope with

these deficiencies, new methods and technologies have been developed under the umbrella of big data.

However, there is still the need in higher education institutions (HEIs) of a technological tool that can be

used for big data processing and knowledge management (KM). To overcome this issue, it is essential to

develop an information infrastructure that allows the capturing of knowledge and facilitates experimentation

by having cleaned and consistent data. Thus, this paper presents a hybrid information infrastructure for

business intelligence and analytics (BI&A) and KM based on an educational data warehouse (EDW) and

an enterprise architecture (EA) repository that allows the digitization of knowledge and empowers the

visualization and the analysis of dissimilar organizational components as people, processes, and technology.

The proposed infrastructure was created based on research and will serve to run different experiments to

analyze educational data and academic processes and for the creation of explicit knowledge using different

algorithms andmethods of educational data mining, learning analytics, online analytical processing (OLAP),

and EA analytics.

INDEX TERMS Big data, business intelligence, data warehouse, educational data mining, knowledge

management.

I. INTRODUCTION

Boards of directors in higher education institutions (HEIs) are

recognizing the potential and the leading role that Big Data

analysis and knowledge management (KM) plays to improve

the decision making processes [1]–[4]. The task of analyzing

information in HEIs is currently challenging, mainly due to

two factors. Firstly, due to a large amount of information

generated every day by different applications and gadgets;

and secondly, due to the problem of distributed and hetero-

geneous information systems. The latter problem is known as

islands of information or information silos, which is produced

by standalone applications dispersed in different departments

The associate editor coordinating the review of this manuscript and
approving it for publication was Saqib Saeed.

and units of most HEIs. This problem has its roots in the

disorganized and non-centralized growth of most HEIs due

to the autonomy that their units have. These factors increase

the complexity to store, integrate, process and analyze data

in HEIs.

Moreover, this complexity upsurges due to the emer-

gence and implementation of new technological devices and

software as wearables, apps and web applications which

increases the volume of data. One of the solutions to tackle

this complexity and to perform a sound analysis of this huge

amount of information known as Big Data is the development

of an information infrastructure, which integrates processed

and cleaned data loaded from different internal and external

data sources [5]. This infrastructure for HEIs allows carrying
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Enterprise Architecture, an enabler of change  
and knowledge management

(Arquitectura Empresarial, un habilitador del cambio  
y la administración del conocimiento)

Oswaldo Moscoso-Zea,1 Joel Paredes-Gualtor,1 Sergio Luján-Mora2

Abstract

Organizations around the world require a sound process of change management to innovate and remain competitive 

over time. Change and knowledge management needs to be supported with the right tools to overcome the chal-

lenges of transformations and transitions in the business models and processes of diverse organizations. Steering 

boards can use enterprise architecture (EA) to implement new knowledge management initiatives in their strategic 

planning. EA allows companies to model the current situation (as-is models) of the organization and the desired fu-

ture scenarios (to-be models) and to establish road maps to enable adequate transformations. Different frameworks 

exist in the market that support the management of organizations, for example: Control Objectives for Informa-

tion and Related Technologies (COBIT), Information Technology Infrastructure Library (ITIL), quality models such as 

the one proposed by the European Foundation for Quality Management (EFQM) and systems such as the Balanced 

Scorecard (BSC) are widely used for the management of business and information technologies (IT). However, EA is 

not widely used with the other mentioned tools. This paper analyzes EA as a tool for change and knowledge man-

agement and compares its functionality with other frameworks in the market. The analysis performed in this paper 

checks if EA can be used and is compatible with other frameworks. To answer this question, an analysis of the most 

important processes, good practices, perspectives and tools provided by each framework was performed.

Keywords

Change Management; COBIT; Enterprise Architecture; ITIL, Knowledge Management

Resumen

Las organizaciones de todo el mundo requieren un proceso sólido de gestión del cambio para innovar y seguir siendo 

competitivas a lo largo del tiempo. La gestión del cambio y del conocimiento debe ser respaldada con las herra-

mientas adecuadas para superar los desafíos de las transformaciones y transiciones en los modelos y procesos de 

negocios de diversas organizaciones. Las juntas directivas pueden utilizar la arquitectura empresarial (AE) para im-

plementar nuevas iniciativas de gestión del conocimiento en su planificación estratégica. AE permite a las empresas 

modelar la situación actual de la organización y los escenarios futuros deseados y establecer mapas de ruta para 

permitir las transformaciones adecuadas. Existen diferentes marcos de trabajo que apoyan la gestión, por ejemplo: 

Objetivos de control para información y tecnologías relacionadas (COBIT, por su sigla en inglés), Biblioteca de infraes-

tructura de tecnología de la información (ITIL, por su sigla en inglés), modelos de calidad como el de la Fundación 

Europea para la Gestión de la Calidad (EFQM, por su sigla en inglés) y sistemas como el Cuadro de mando Integral 

(BSC, por su sigla en inglés). Sin embargo, la AE no es muy utilizada junto con las herramientas mencionadas. Este 

documento analiza AE como una herramienta para el cambio y la gestión del conocimiento y compara su funcionali-

dad con otros marcos en el mercado. El análisis realizado en este documento comprueba si se puede utilizar AE y es 

compatible con otros marcos de trabajo para gestionar el cambio organizativo y la gestión del conocimiento. 

Palabras clave

Gestión del Cambio; COBIT; Arquitectura Empresarial; ITIL, Gestión del Conocimiento.

1 Universidad UTE, Quito, Ecuador ({omoscoso, joel.paredesl} @ute.edu.ec).

2 Universidad de Alicante, Alicante, España (sergio.lujan@ua.es)

✾ ❊❯❏ ✷✵✶✾

✹✷



✶✵ ❊✈❛❧✉❛t✐♦♥ ♦❢ ❆❧❣♦r✐t❤♠s t♦

Pr❡❞✐❝t ●r❛❞✉❛t✐♦♥ ❘❛t❡ ✐♥

❍✐❣❤❡r ❊❞✉❝❛t✐♦♥ ■♥st✐t✉t✐♦♥s ❜②

❆♣♣❧②✐♥❣ ❊❞✉❝❛t✐♦♥❛❧ ❉❛t❛

▼✐♥✐♥❣

▼♦s❝♦s♦✲❩❡❛✱ ❖✳✱ ❙❛❛✱ P✳✱ ✫ ▲✉❥á♥✲▼♦r❛✱ ❙✳ ✭✷✵✶✾✮✳ ❊✈❛❧✉❛t✐♦♥ ♦❢ ❛❧❣♦r✐t❤♠s t♦ ♣r❡❞✐❝t
❣r❛❞✉❛t✐♦♥ r❛t❡ ✐♥ ❤✐❣❤❡r ❡❞✉❝❛t✐♦♥ ✐♥st✐t✉t✐♦♥s ❜② ❛♣♣❧②✐♥❣ ❡❞✉❝❛t✐♦♥❛❧ ❞❛t❛ ♠✐♥✐♥❣✳
❆✉str❛❧❛s✐❛♥ ❏♦✉r♥❛❧ ♦❢ ❊♥❣✐♥❡❡r✐♥❣ ❊❞✉❝❛t✐♦♥✱ ✶✲✶✵✳ ✭▼♦s❝♦s♦✲❩❡❛✱ ❙❛❛✱ ✫ ▲✉❥á♥✲
▼♦r❛✱ ✷✵✶✾✮

❆✈❛✐❧❛❜❧❡ ❛t✿

❯❘▲✿ ❤tt♣s✿✴✴✇✇✇✳t❛♥❞❢♦♥❧✐♥❡✳❝♦♠✴❞♦✐✴❛❜s✴✶✵✳✶✵✽✵✴✷✷✵✺✹✾✺✷✳✷✵✶✾✳✶✻✵✶✵✻✸
❉❖■✿ ❤tt♣s✿✴✴❞♦✐✳♦r❣✴✶✵✳✶✵✽✵✴✷✷✵✺✹✾✺✷✳✷✵✶✾✳✶✻✵✶✵✻✸

❚♦♣✐❝s t♦ ✇❤✐❝❤ ✐t ❝♦♥tr✐❜✉t❡s✿

✶✳ ❙t❛t❡ ♦❢ t❤❡ ❛rt ♦♥ ❊❉▼✳

✷✳ ❊✈❛❧✉❛t✐♦♥ ❛♥❞ r❡❝♦♠♠❡♥❞❛t✐♦♥ ♦❢ ❛❧❣♦r✐t❤♠s ❢♦r ❊❉▼✳

✸✳ ❈❛s❡ st✉❞② ✇✐t❤ ❛♥ ❛♥❛❧②s✐s ♦❢ ❡❞✉❝❛t✐♦♥❛❧ ✐♥❞✐❝❛t♦rs t❤❛t ❝❛♥ ❜❡ ✐♠♣r♦✈❡❞ ✇✐t❤
❊❉▼ ♦r ❇■✳

✹✸

https://www.tandfonline.com/doi/abs/10.1080/22054952.2019.1601063
https://doi.org/10.1080/22054952.2019.1601063


ARTICLE
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ABSTRACT

Nowadays, researchers analyse student data to predict the graduation rate by looking at the
characteristics of students enrolled and to take corrective actions at an early stage or improve
the admission process. Educational data mining (EDM) is an emerging field that can support
the implementation of changes in the management of higher education institutions. EDM
analyses educational data using the development and the application of data mining (DM)
methods and algorithms to information stored in academic data repositories. The purpose of
this paper is to review which methods and algorithms of DM can be used in the analysis of
educational data to improve decision-making. Furthermore, it evaluates these algorithms
using a dataset composed of student data in the computer science school of a private
university. The core of the analysis is to discover trends and patterns of study in the
graduation rate indicator. Finally, it compares these methods and algorithms and suggests
which has the best precision in certain scenarios. Our analyses suggest that random trees had
better precision but had limitations due to the difficulty of interpretation while the J48
algorithm had better possibilities of interpretation of results in the visualisation of the
classification of data and only had slightly inferior performance.
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1. Introduction

In today’s information era, data are collected and

stored in large repositories. The huge amounts of

information that educational institutions generate

every day call for improved ways of storing and

analysing data. The process of converting data into

information, and information into knowledge, has to

be done by following a comprehensive method to

produce the expected outputs.

Higher education institutions are generating large

amounts of data from their organisational systems

and applications which could be more effectively

used to discover trends and predict events in educa-

tion. In the same manner, as in other industries, the

right data management and data visualisation can

grant stakeholders with insights to improve organisa-

tional processes. Knowledge obtained from data ana-

lytics and data mining (DM) are enablers to ensure

quality in the educational process, and therefore, it

offers directors different viewpoints to improve the

education generally. However, DM is not a solution

itself at this point, instead, it is a tool which supports

the decision-making process through the acquisition

of knowledge in order to solve different problems

(Buldu, 2010). The production and dissemination of

organisational knowledge is a strategic objective that

supports higher education institutions in the road-

map for planning, modernisation, and improvement

of academic and research indicators (Baepler and

Murdoch 2010) (Moscoso-Zea and Lujan-Mora

2017). Thus, it is extremely necessary to establish

mechanisms to store data of the highest possible

quality and apply EDM methods.

Student success is an essential objective of higher

education institutions, so the technological infrastruc-

ture of these institutions must include data warehouses

to support sound data storage and analysis, as one of

the core technologies in this field. A data warehouse is

a data repository modelled with a multidimensional

design and used specifically for analysis (Moscoso-Zea,

Sampedro, and Luján- Mora 2016). The information

dispersed in different operational databases is

migrated to the data warehouse using extraction,

transformation, and loading (ETL) processes. An

approach that guides this knowledge creation process

is called knowledge discovery in databases (KDD).

KDD uses DM as the core element for knowledge

creation. Because of this, DM has been applied to

different industries and fields of study in the last

years with promising results. Some of the fields of

analysis of DM are marketing, health, finances, and

insurance, among others. The application of DM in

educational contexts is known as educational DM

(EDM). EDM is a discipline in evolution that focuses

on the design of models to improve learning experi-

ences and organisational efficiency (Huebner 2013).
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❜❡✐♥❣ ✐♠♣❧❡♠❡♥t❡❞ ✐♥ ❛♥ ❍❊■ ✇✐t❤ ♣r♦♠✐s✐♥❣ r❡s✉❧ts✳ ◆❡✈❡rt❤❡❧❡ss✱ ✐t ✐s ✐♠♣♦rt❛♥t
t♦ ❡st❛❜❧✐s❤ ♠❡❝❤❛♥✐s♠s ❢♦r t❤❡ ❡✈❛❧✉❛t✐♦♥ ♦❢ t❤❡ ✐♠♣r♦✈❡♠❡♥ts ♠❛❞❡ ✐♥ ❦♥♦✇❧❡❞❣❡
♣r♦❝❡ss✐♥❣✳
❚❤❡ ❤②❜r✐❞ ✐♥❢r❛str✉❝t✉r❡ ❞❡s✐❣♥ ❝♦♥s✐❞❡rs t❤❡ ❢❛❝t ♦❢ ✉♥❡①♣❡❝t❡❞ ❝❤❛♥❣❡s ✐♥ ❍❊■s

❛♥❞ ✐s ✈❡r② ✢❡①✐❜❧❡ t♦ ❡❛s❡ ❞✐sr✉♣t✐✈❡ ❝❤❛♥❣❡s ✐♥ t❤❡ str❛t❡❣✐❝ ❞✐r❡❝t✐♦♥ ❛♥❞ ♠❛♥❛❣❡✲
♠❡♥t✳ ❚❤❡ ♣r♦♣♦s❡❞ ❦♥♦✇❧❡❞❣❡ ✐♥❢r❛str✉❝t✉r❡ ❢❛❝✐❧✐t❛t❡s t❤❡ tr❛❝❡❛❜✐❧✐t② ♦❢ t❤❡ st✉✲
❞❡♥ts✱ ❛❞♠✐♥✐str❛t✐✈❡ ❛♥❞ ❛❝❛❞❡♠✐❝ st❛✛ t♦ ✐♠♣r♦✈❡ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ❛♥❞ t♦ ✐♠♣r♦✈❡
♦r❣❛♥✐③❛t✐♦♥❛❧ ♣r♦❝❡ss❡s✳ ❇❡s✐❞❡s✱ t❤❡ ✐♥❢r❛str✉❝t✉r❡ ✐s t❤❡ ❦♥♦✇❧❡❞❣❡ ❜❛s❡ ♦❢ t❤❡ ♦r✲
❣❛♥✐③❛t✐♦♥ ❛♥❞ ❛ t♦♦❧ t♦ ♣r♦❞✉❝❡ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡✳ ▼♦r❡♦✈❡r✱ t❤❡ ✉s❡ ♦❢ ❊❆✱ ❛s ❛
♣❛rt ♦❢ t❤❡ s♦❧✉t✐♦♥✱ ❝❛♥ s✉♣♣♦rt t❤❡ ❡①t❡r♥❛❧✐③❛t✐♦♥ ♦❢ ❦♥♦✇❧❡❞❣❡ ♣r♦♣♦s❡❞ ❜② ◆♦♥❛❦❛
✭✶✾✾✹✮ ✐♥ t❤❡ ❙❊❈■ ♠♦❞❡❧ ❢♦r t❤❡ tr❛♥s❢♦r♠❛t✐♦♥ ♦❢ t❛❝✐t ❦♥♦✇❧❡❞❣❡ ❢r♦♠ ❡♠♣❧♦②❡❡s
❛♥❞ ❛❝❛❞❡♠✐❝ st❛✛ ✐♥t♦ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ❞r❛✇♥ ✐♥ t❤❡ ❛r❝❤✐t❡❝t✉r❛❧ ♠♦❞❡❧s✳ ❚❤❡s❡
❊❆ ♠♦❞❡❧s ❝❛♥ ❡❛s❡ t❤❡ ♣r♦❜❧❡♠s ❞❡r✐✈❡❞ ❢r♦♠ st❛✛ t✉r♥♦✈❡r ✇❤✐❝❤ ✐s t❤❡ ♠❛✐♥ ❝❛✉s❡

✹✼



✶✶ ❈♦♥❝❧✉s✐♦♥s

♦❢ t❤❡ ❧♦ss ♦❢ ✐♠♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ❛♥❞ t❤❡ ✐♥❝r❡❛s❡ ✐♥ ♦♣❡r❛t✐♥❣ ❝♦sts✳
❚❤❡ ❦♥♦✇❧❡❞❣❡ ❢r❛♠❡✇♦r❦ ❛♥❞ t❤❡ ❦♥♦✇❧❡❞❣❡ ✐♥❢r❛str✉❝t✉r❡ ♣r♦♣♦s❡❞ ✇✐t❤✐♥ t❤✐s

✇♦r❦ ♣r♦✈✐❞❡s t❤❡ ❜❛s✐s ❢♦r t❤❡ ❝r❡❛t✐♦♥✱ tr❛♥s❢❡rr✐♥❣ ❛♥❞ ♠❛♥❛❣❡♠❡♥t ♦❢ ❦♥♦✇❧❡❞❣❡
✇❤✐❝❤ ❝❛♥ ❜❡ ❛ ❝♦r♥❡rst♦♥❡ t♦ ❜❡❝♦♠❡ ❛♥ ❍❊■ ♦❢ ❡①❝❡❧❧❡♥❝❡✳ ❚❤❡ ✉s❡ ♦❢ ❇■ ❛♥❞ ❊❆ t♦♦❧s
❜r✐❞❣❡s t❤❡ ❣❛♣ ♦❢ ❝❛♣t✉r✐♥❣ ❛❧❧ t❤❡ ❦♥♦✇❧❡❞❣❡ ❞✐♠❡♥s✐♦♥s✳ ❖♥ t❤❡ ♦♥❡ ❤❛♥❞✱ ❇■ ❛❧❧♦✇s
t❤❡ tr❛♥s❢♦r♠❛t✐♦♥ ♦❢ s✐♠♣❧❡ ✐♥❢♦r♠❛t✐♦♥ ✐♥ ✈❛❧✉❛❜❧❡ ❦♥♦✇❧❡❞❣❡ ❜② ❛♣♣❧②✐♥❣ ❖▲❆P
❛♥❞ ❉▼ ♠❡t❤♦❞s ❛♥❞ t❡❝❤♥✐q✉❡s✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ❊❆ s✉♣♣♦rts t❤❡ ❞✐❣✐t✐③❛t✐♦♥
♦❢ ✐♠♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡ ❢r♦♠ ♣❡♦♣❧❡ ❛♥❞ ♣r♦❝❡ss❡s ❜② ❝r❡❛t✐♥❣ ❛r❝❤✐t❡❝t✉r❡s ✐♥ ❞✐✛❡r❡♥t
❞♦♠❛✐♥s✳ ❚❤❡s❡ ❛r❝❤✐t❡❝t✉r❡s ❢❛❝✐❧✐t❛t❡ t❤❡ tr❛♥s❢❡r ❛♥❞ ❞✐str✐❜✉t✐♦♥ ♦❢ ❦♥♦✇❧❡❞❣❡ t♦
❞✐✛❡r❡♥t ❧❡✈❡❧s ♦❢ ♣❡♦♣❧❡ ✐♥ t❤❡ ♦r❣❛♥✐③❛t✐♦♥✳ ❙♦♠❡ ❜❡♥❡✜ts ♦❢ ✉s✐♥❣ t❤✐s ❢r❛♠❡✇♦r❦ ❛r❡
r❡❞✉❝❡❞ tr❛✐♥✐♥❣ ❝♦sts ♦❢ st❛✛ t✉r♥♦✈❡r✱ ✐♠♣r♦✈❡❞ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ♣r♦❝❡ss❡s ❛♥❞ t❤❡
❝r❡❛t✐♦♥ ♦❢ ❛ ❦♥♦✇❧❡❞❣❡ r❡♣♦s✐t♦r②✳ ❆❧❧ ✐♥ ❛❧❧✱ ✐t ❤❛s ❜❡❡♥ ♣r♦✈❡❞ ✇✐t❤ t❤❡ r❡s❡❛r❝❤ ❞♦♥❡
❞✉r✐♥❣ t❤❡ ❞♦❝t♦r❛❧ st✉❞✐❡s t❤❛t t❤✐s ♣r♦♣♦s❛❧ ❝❛♥ ❜❡ ✉s❡❞ t♦ ✐♠♣r♦✈❡ t❤❡ ❦♥♦✇❧❡❞❣❡
✢♦✇s ♦❢ t❤❡ ♦r❣❛♥✐③❛t✐♦♥ ✇❤✐❝❤ ❛t t❤❡ s❛♠❡ t✐♠❡ ❛r❡ ✉s❡❞ t♦ ✐♠♣r♦✈❡ ❞✐✛❡r❡♥t ❛r❡❛s ♦❢
❍❊■s ❛♥❞ t❤❡ ❧❡❛r♥✐♥❣✕t❡❛❝❤✐♥❣ ♣r♦❝❡ss✳

✶✶✳✷ ❈♦♥tr✐❜✉t✐♦♥s

❚❤✐s ✇♦r❦ ❤❛s ❝♦♥tr✐❜✉t❡❞ ✐♥ ❞✐✛❡r❡♥t ❛r❡❛s✳ ❚❤❡ ♠❛✐♥ ❝♦♥tr✐❜✉t✐♦♥ ✐s t♦ ❣✐✈❡ t❤❡
s❝✐❡♥t✐✜❝ ❝♦♠♠✉♥✐t② ❛ ♠❡❝❤❛♥✐s♠ t♦ ✐♠♣r♦✈❡ ❑▼ ✐♥ ❍❊■s✳ ❚❤❡ ♣r♦♣♦s❡❞ ✐♥❢r❛str✉❝t✉r❡
❛tt❡♠♣ts t♦ st♦r❡ t❤❡ ♦r❣❛♥✐③❛t✐♦♥❛❧ ❦♥♦✇❧❡❞❣❡ ❢r♦♠ ❛❧❧ t❤❡ ❦♥♦✇❧❡❞❣❡ ❞✐♠❡♥s✐♦♥s ✐♥
❛♥ ❤②❜r✐❞ ✐♥❢r❛str✉❝t✉r❡✳ ❚❤❡s❡ ❦♥♦✇❧❡❞❣❡ ❝❛♥ ❜❡ r❡✉s❡❞ ✐♥ ♥❡✇ ♣r♦❥❡❝ts ❛♥❞ ❝❛♥ ❜❡
t❤❡ ❜❛s✐s ❢♦r ❦♥♦✇❧❡❞❣❡ ❝r❡❛t✐♦♥ ❜② ✉s✐♥❣ ❊❆ ❛♥❞ ❇■ ❛♥❛❧②t✐❝s✳ ❚❤❡ ❝♦♥tr✐❜✉t✐♦♥s ♦❢
t❤❡ ♣✉❜❧✐❝❛t✐♦♥s ❛r❡ ❞❡t❛✐❧❡❞ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❧✐st✿

• Pr❡s❡♥t❛t✐♦♥ ♦❢ ❛ ♠❡t❤♦❞ ❢♦r ❦♥♦✇❧❡❞❣❡ ❞✐❣✐t✐③❛t✐♦♥✳

• ❙✉❣❣❡st❡❞ ♠❡t❤♦❞♦❧♦❣✐❡s ❢♦r t❤❡ ❡✈❛❧✉❛t✐♦♥ ❛♥❞ t❤❡ s❡❧❡❝t✐♦♥ ♦❢ ❊❆ t♦♦❧s ❢♦r ❑▼✳

• ❙t❛t❡ ♦❢ t❤❡ ❛rt ♦❢ ❑▼✱ ❊❆✱ ❇■✱ ❉❲❍✱ ❊❉▼ ❛♥❞ ❝❧♦✉❞ ❝♦♠♣✉t✐♥❣✳

• ●✉✐❞❡❧✐♥❡s ♦♥ ♠♦✈✐♥❣ t❤❡ ❡♥t❡r♣r✐s❡ s②st❡♠s t♦ t❤❡ ❝❧♦✉❞✳

• ●✉✐❞❡❧✐♥❡s ❢♦r t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ❛ ❉❲❍ ✐♥ ❡❞✉❝❛t✐♦♥❛❧ ✐♥st✐t✉t✐♦♥s✳

• Pr♦♣♦s❛❧ ♦❢ ❛ ❤②❜r✐❞ ✐♥❢r❛str✉❝t✉r❡ ❢♦r ❑▼✳

• ▼❡t❤♦❞ ❢♦r ❑▼ ❛♥❞ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ t❤❡ ❤②❜r✐❞ ✐♥❢r❛str✉❝t✉r❡✳

• ▼❡❝❤❛♥✐s♠s ❢♦r t❤❡ ❡①t❡r♥❛❧✐③❛t✐♦♥ ♣r♦❝❡ss ♦❢ ❦♥♦✇❧❡❞❣❡ ❝r❡❛t✐♦♥ ✭❝♦♥✈❡rt t❛❝✐t
❦♥♦✇❧❡❞❣❡ t♦ ❡①♣❧✐❝✐t ❦♥♦✇❧❡❞❣❡✮✳ ❚❤✐s ❝❛♥ ❜❡ ❞♦♥❡ ❜② ❝❛♣t✉r✐♥❣ t❤❡ t❛❝✐t ❦♥♦✇❧✲
❡❞❣❡ ❢r♦♠ ❡♠♣❧♦②❡❡s ✐♥t♦ ♠♦❞❡❧s ✐♥ t❤❡ ❊❆ t♦♦❧✳

• Pr♦♣♦s❛❧ ❢♦r ❑▼ ✉s✐♥❣ ❊❆ ✇✐t❤ ♦t❤❡r ♠❛♥❛❣❡♠❡♥t t♦♦❧s✳

• ❊✈❛❧✉❛t✐♦♥ ❛♥❞ r❡❝♦♠♠❡♥❞❛t✐♦♥ ♦❢ ❛❧❣♦r✐t❤♠s t♦ ❜❡ ✉s❡❞ ✐♥ ❡①♣❡r✐♠❡♥ts ✇✐t❤
❊❉▼ t♦ ✐♠♣r♦✈❡ ❡❞✉❝❛t✐♦♥❛❧ ✐♥❞✐❝❛t♦rs✳

• ❈❛s❡ st✉❞② ❢♦r t❤❡ ❛♣♣❧✐❝❛t✐♦♥ ♦❢ t❤❡ ✐♥❢r❛str✉❝t✉r❡✳
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✶✶✳✸ ❋✉t✉r❡ ✇♦r❦

✶✶✳✸ ❋✉t✉r❡ ✇♦r❦

❆s ❢✉t✉r❡ ✇♦r❦✱ ✇❡ ♣r♦♣♦s❡ t♦ r❡s❡❛r❝❤ ♠♦r❡ ♠❡❝❤❛♥✐s♠s t♦ ❝❛♣t✉r❡ t❤❡ ✐♠♣❧✐❝✐t ❦♥♦✇❧✲
❡❞❣❡ ❢r♦♠ t❤❡ st❛✛ ♦❢ t❤❡ ♦r❣❛♥✐③❛t✐♦♥ ❛♥❞ t♦ ❛✉t♦♠❛t❡ t❤❡ ❊❚▲ ♣r♦❝❡ss ✐♥ ♦r❞❡r t♦
❤❛✈❡ t❤❡ r❡♣♦s✐t♦r② ✉♣❞❛t❡❞ ❛❧❧ t❤❡ t✐♠❡✳ ▼♦r❡♦✈❡r✱ t❤❡ ❤②❜r✐❞ ✐♥❢r❛str✉❝t✉r❡ ♣r❡s❡♥t❡❞
✐♥ t❤✐s ✇♦r❦ ❝❛♥ ❤❡❧♣ ✐♠♣r♦✈❡ t❤❡ ❡✣❝✐❡♥❝② ♦❢ ❛♥ ❍❊■✳ ❚❤❡ ♠♦❞❡❧s ❝❛♣t✉r❡❞ ✐♥ t❤❡ ❊❆
t♦♦❧s ❝❛♥ ❜❡ ❛ s♦✉r❝❡ ❢♦r ♥❡✇ s♦❢t✇❛r❡ ❞❡✈❡❧♦♣♠❡♥t ✇❤❡♥ ❛ ❧❛❜♦r✲✐♥t❡♥s✐✈❡ ♣r♦❝❡ss ✐s
✐❞❡♥t✐✜❡❞ ❛♥❞ ❝❛♥ ❜❡ ❛✉t♦♠❛t❡❞✳
■t ✐s ❛❧s♦ ♣r♦♣♦s❡❞ t♦ ❣❡♥❡r❛t❡ ♥❡✇ ♠♦❞❡❧✐♥❣ ♦❜❥❡❝ts ✇✐t❤✐♥ t❤❡ ❊❆ t♦♦❧s ♣❛❧❡tt❡

t❤❛t ❝❛♥ s✉♣♣♦rt t❤❡ ♠♦❞❡❧✐♥❣ ♦❢ ❡❞✉❝❛t✐♦♥❛❧ ♣r♦❝❡ss❡s✳ ▼♦r❡♦✈❡r✱ ✐t ✐s ✐♠♣♦rt❛♥t t♦
❛♥❛❧②③❡ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ s♦❝✐❛❧ ♥❡t✇♦r❦s ❛♥❞ ❢r♦♠ ♠♦❜✐❧❡ ❛♣♣s t❤❛t ❝❛♥ ❝♦♥tr✐❜✉t❡
t♦ ❡♥❤❛♥❝❡ t❤❡ ❡❞✉❝❛t✐♦♥❛❧ ♣r♦❝❡ss ❛♥❞ t♦ ✉s❡ t❤❛t ✐♥❢♦r♠❛t✐♦♥ t♦ ✐♥❝r❡❛s❡ st✉❞❡♥t✬s
❛❞♠✐ss✐♦♥s✳
❚❤✐s ✇♦r❦ ❛❧s♦ ♦♣❡♥s t❤❡ ❞♦♦rs ❢♦r ♦t❤❡r ❛r❡❛s ♦❢ r❡s❡❛r❝❤✱ ❢♦r ❡①❛♠♣❧❡✱ ✐t ❝❛♥ ❜❡

st✉❞✐❡❞ t❤❡ ✉s❡ t❤❛t ❝❛♥ ❜❡ ❣✐✈❡♥ t♦ t❤❡ ✐♥❢r❛str✉❝t✉r❡ t♦ ❜❡❝♦♠❡ t❤❡ ♦r❣❛♥✐③❛t✐♦♥❛❧
❦♥♦✇❧❡❞❣❡ ❜❛s❡ t❤❛t ❝❛♥ ✐♠♣r♦✈❡ ♣r♦❥❡❝t ♠❛♥❛❣❡♠❡♥t✳ ❋✉rt❤❡r♠♦r❡✱ ✐t ✇✐❧❧ ❜❡ ✐♠♣♦r✲
t❛♥t t♦ t❡st ✐❢ ❛♥ ♦r❣❛♥✐③❛t✐♦♥❛❧ ♣r♦❝❡ss ✐s ❡✣❝✐❡♥t ♦r ♥♦t ❜② ❛♥❛❧②③✐♥❣ t❤❡ ❞❛t❛ ♦❢ t❤❡
❊❆✳ ❆♥♦t❤❡r ❡①❛♠♣❧❡ ❝♦✉❧❞ t❡st ✐❢ t❤❡ ❡①✐st✐♥❣ ❊❆ ♠♦❞❡❧s ❝♦✉❧❞ ✐♠♣r♦✈❡ t❤❡ ♠❛r❦❡t✐♥❣
♣r♦❝❡ss ❜② ❜❡tt❡r ✉♥❞❡rst❛♥❞✐♥❣ ❝♦♥s✉♠❡r ❜❡❤❛✈✐♦r ❛♥❞ t❤❡✐r s❤♦♣♣✐♥❣ ❤❛❜✐ts✳
❚❤❡ ♣r♦♣♦s❡❞ ✐♥❢r❛str✉❝t✉r❡ ❝❛♥ ❛❧s♦ ❜❡ t❡st❡❞ ✐♥ ❜✉s✐♥❡ss ♦r❣❛♥✐③❛t✐♦♥s ❢♦r ✐♥♥♦✈❛✲

t✐♦♥ ♠❛♥❛❣❡♠❡♥t✳ ■♥ t❤✐s t②♣❡ ♦❢ ♦r❣❛♥✐③❛t✐♦♥s✱ t❤❡ ♣r♦♣♦s❛❧ ♦❢ t❤✐s t❤❡s✐s ❝❛♥ s❡r✈❡ t♦
✐♠♣r♦✈❡ t❤❡ ❞❡s✐❣♥ ♦❢ ♣r♦❞✉❝ts ❛♥❞ s❡r✈✐❝❡s ❛s ✇❡❧❧ ❛s ❝r❡❛t✐♥❣ ♥❡✇ ❜✉s✐♥❡ss ♠♦❞❡❧s✳
▼♦r❡♦✈❡r✱ t❤❡ ♣r♦♣♦s❡❞ ✐♥❢r❛str✉❝t✉r❡ ❤❛s ❝❧❡❛♥ ❛♥❞ q✉❛❧✐t② ❞❛t❛ t❤❛t ❝❛♥ ❜❡ ✉s❡❞

✐♥ ❢✉t✉r❡ ❡①♣❡r✐♠❡♥ts ✇✐t❤ t❤❡ ❞✐✛❡r❡♥t ❛❧❣♦r✐t❤♠s ❛♥❞ ♠❡t❤♦❞s ♦❢ ❊❉▼✳ ❚❤❡ ❢✉t✉r❡
s❡❡♠s ♣r♦♠✐s✐♥❣✱ ❤♦✇❡✈❡r✱ ✐t ❛❧❧ ❞❡♣❡♥❞s ♦♥ t❤❡ s✉♣♣♦rt ♦❢ t❤❡ ❛✉t❤♦r✐t✐❡s ♦❢ ❍❊■s t♦
♠❛✐♥t❛✐♥ t❤❡ ✐♥❢r❛str✉❝t✉r❡ ✇♦r❦✐♥❣✱ ❛♥❞ t❤❡ ❛❝❝❡ss t♦ t❤❡ ❡❞✉❝❛t✐♦♥❛❧ ❞❛t❛ ❛t ❛❧❧ ❧❡✈❡❧s
♦❢ t❤❡ ♦r❣❛♥✐③❛t✐♦♥✳

✹✾





❆PP❊◆❉■❳

✺✶





❆ ❘❡s✉♠❡♥

❊♥ ❝✉♠♣❧✐♠✐❡♥t♦ ❞❡ ❧❛ ♥♦r♠❛t✐✈❛ ❞❡ ❧❛ ❯♥✐✈❡rs✐❞❛❞ ❞❡ ❆❧✐❝❛♥t❡ s♦❜r❡ ✏❚❊❙■❙ ❊◆
▲❊◆●❯❆❙ ❉■❙❚■◆❚❆❙ ❆ ▲❆❙ ❖❋■❈■❆▲❊❙ ❊◆ ▲❆ ❈❖▼❯◆■❉❆❉ ❆❯❚Ó◆❖▼❆
❱❆▲❊◆❈■❆◆❆✑✶ q✉❡ ✐♥❞✐❝❛✿
❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ❧❛ t❡s✐s ❞❡❜❡rá ❝♦♥t❡♥❡r ✉♥ r❡s✉♠❡♥ ❡♥ ✉♥❛ ❞❡ ❧❛s ❞♦s ❧❡♥❣✉❛s

♦✜❝✐❛❧❡s ❞❡ ❡st❛ ❈♦♠✉♥✐❞❛❞ ❆✉tó♥♦♠❛✳ ❊st❡ r❡s✉♠❡♥ ❞❡❜❡rá ❝♦♥t❡♥❡r ✉♥❛ ✐♥tr♦❞✉❝✲
❝✐ó♥ ❣❡♥❡r❛❧✱ ✉♥ r❡s✉♠❡♥ ❣❧♦❜❛❧ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s✱ ❞❡ ❧❛ ❞✐s❝✉s✐ó♥ ❞❡ ❡st♦s
r❡s✉❧t❛❞♦s ② ❞❡ ❧❛s ❝♦♥❝❧✉s✐♦♥❡s ✜♥❛❧❡s✳ ❊st❡ r❡s✉♠❡♥ ❞❡❜❡rá ❞❛r ✉♥❛ ✐❞❡❛ ❜❛st❛♥t❡
♣r❡❝✐s❛ ❞❡❧ ❝♦♥t❡♥✐❞♦ ❞❡ ❧❛ ❚❡s✐s✳ ▲❛ ❡①t❡♥s✐ó♥ ❞❡ ❧❛ ♣❛rt❡ ❡s❝r✐t❛ ❡♥ ✉♥♦ ❞❡ ❧♦s ✐❞✐♦♠❛s
♦✜❝✐❛❧❡s ❞❡ ❡st❛ ❈♦♠✉♥✐❞❛❞ ❆✉tó♥♦♠❛ ♥♦ s❡rá ✐♥❢❡r✐♦r ❛ ✺✳✵✵✵ ♣❛❧❛❜r❛s✳
❙❡ ✐♥❝❧✉②❡ ❛ ❝♦♥t✐♥✉❛❝✐ó♥ ❡st❡ ❛♣é♥❞✐❝❡ q✉❡ ❡s ✉♥ r❡s✉♠❡♥ ❞❡❧ tr❛❜❛❥♦ ❞❡ ✐♥✈❡st✐❣❛✲

❝✐ó♥ r❡❛❧✐③❛❞♦✳

❆✳✶ ■♥tr♦❞✉❝❝✐ó♥

▲♦s ❣r❛♥❞❡s ✈♦❧ú♠❡♥❡s ❞❡ ❞❛t♦s ✭❇✐❣ ❉❛t❛✮ q✉❡ s❡ ❣❡♥❡r❛♥ ❤♦② ❡♥ ❞í❛ ❛ ❡s❝❛❧❛ ❣❧♦❜❛❧
② ❞❡♥tr♦ ❞❡ ❧❛s ♦r❣❛♥✐③❛❝✐♦♥❡s✱ ❥✉♥t♦ ❝♦♥ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ q✉❡ r❡s✐❞❡ ❡♥ ❧❛s ♣❡rs♦♥❛s
② ❛q✉❡❧ q✉❡ s❡ ♣❧❛s♠❛ ❡♥ ❧♦s ♣r♦❝❡s♦s ❞❡ ♥❡❣♦❝✐♦ ❤❛❝❡ ♠✉② ❝♦♠♣❧❡❥❛ ❧❛ ❣❡st✐ó♥ ❞❡❧
❝♦♥♦❝✐♠✐❡♥t♦ ✭●❈✮ ♦r❣❛♥✐③❛❝✐♦♥❛❧✳ ❯♥❛ ❝♦rr❡❝t❛ ●❈ ♣✉❡❞❡ s❡r ❢✉❡♥t❡ ❞❡ ♦♣♦rt✉♥✐❞❛❞❡s
② ❞❡ ✈❡♥t❛❥❛ ❝♦♠♣❡t✐t✐✈❛ ♣❛r❛ ❛q✉❡❧❧❛s ♦r❣❛♥✐③❛❝✐♦♥❡s q✉❡ ✉s❛♥ s✉s ❞❛t♦s ❞❡ ❢♦r♠❛
✐♥t❡❧✐❣❡♥t❡ ② ♣♦st❡r✐♦r♠❡♥t❡ ❣❡♥❡r❛♥ ❝♦♥♦❝✐♠✐❡♥t♦ ❝♦♥ ❡❧❧♦s✳
❉♦s ❞❡ ❧♦s ❝❛♠♣♦s q✉❡ ❛♣♦②❛♥ ❧❛ ●❈ ② q✉❡ ❤❛♥ t❡♥✐❞♦ ✉♥ ❛❝❡❧❡r❛❞♦ ❝r❡❝✐♠✐❡♥t♦ ❡♥

❧♦s ú❧t✐♠♦s ❛ñ♦s s♦♥ ❧❛ ✐♥t❡❧✐❣❡♥❝✐❛ ❞❡❧ ♥❡❣♦❝✐♦ ✭■◆✮ ② ❧❛ ❛rq✉✐t❡❝t✉r❛ ❡♠♣r❡s❛r✐❛❧ ✭❆❊✮✳
P♦r ✉♥ ❧❛❞♦✱ ❧❛ ■◆ ♣❡r♠✐t❡ s❛❝❛r ♣r♦✈❡❝❤♦ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❣✉❛r❞❛❞❛ ❡♥ ❧♦s ❛❧♠❛❝❡✲
♥❡s ❞❡ ❞❛t♦s ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧❡s ✭❝♦♥♦❝✐❞♦ ❡♥ ✐♥❣❧és ❝♦♠♦ ❉❲❍ ♣♦r ❞❛t❛ ✇❛r❡❤♦✉s❡✮
❝♦♥ ❞✐❢❡r❡♥t❡s ♦♣❡r❛❝✐♦♥❡s ❝♦♠♦ s❧✐❝❡✱ ❞✐❝❡✱ r♦❧❧✲✉♣ ② ❞r✐❧❧✲❞♦✇♥✳ ❊st❛ ✐♥❢♦r♠❛❝✐ó♥ s❡
♦❜t✐❡♥❡ ❞❡ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s ♦♣❡r❛❝✐♦♥❛❧❡s ♣♦r ♠❡❞✐♦ ❞❡ ✉♥ ♣r♦❝❡s♦ ❞❡ ❡①tr❛❝❝✐ó♥✱
tr❛♥s❢♦r♠❛❝✐ó♥ ② ❝❛r❣❛ ✭❝♦♥♦❝✐❞♦ ❡♥ ✐♥❣❧és ❝♦♠♦ ❊❚▲ ♣♦r ❡①tr❛❝t✐♦♥✱ tr❛♥s❢♦r♠❛t✐♦♥
❛♥❞ ❧♦❛❞✐♥❣✮✳ P♦r ♦tr♦ ❧❛❞♦✱ ❧❛ ❆❊ ♣❡r♠✐t❡ ❛ ❧❛s ✐♥st✐t✉❝✐♦♥❡s ❡st❛❜❧❡❝❡r ♠ét♦❞♦s q✉❡
♣❡r♠✐t❛♥ ❝r❡❛r✱ ❝♦♠♣❛rt✐r ② tr❛♥s❢❡r✐r ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ q✉❡ r❡s✐❞❡ ❡♥ ♣❡rs♦♥❛s ② ♣r♦❝❡s♦s
♠❡❞✐❛♥t❡ ❡❧ ✉s♦ ❞❡ ♠❛♣❛s ② ♠♦❞❡❧♦s✳
❯♥♦ ❞❡ ❧♦s ♦❜❥❡t✐✈♦s ❞❡ ❧❛ ●❈ ❡s ❝r❡❛r ✉♥❛ ❝✉❧t✉r❛ ❞♦♥❞❡ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ ✭❛q✉❡❧

q✉❡ r❡s✐❞❡ ❡♥ ❧❛s ♣❡rs♦♥❛s✮ s❡ q✉❡❞❡ ❡♥ ❧❛ ♦r❣❛♥✐③❛❝✐ó♥ ❝✉❛♥❞♦ ❡❧ ♣❡rs♦♥❛❧ ❝❛❧✐✜❝❛❞♦
② ❡①♣❡rt♦ ❛❜❛♥❞♦♥❡ ❧❛ ♠✐s♠❛ ♦ ❝✉❛♥❞♦ s❡ r❡q✉✐❡r❛ r❡❛❧✐③❛r ❝❛♠❜✐♦s ❡♥ ❧❛ ❡str✉❝t✉r❛
♦r❣❛♥✐③❛❝✐♦♥❛❧✱ ❡♥ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ✐♥❢♦r♠át✐❝❛s ♦ ❡♥ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ t❡❝♥♦❧ó❣✐❝❛✳

✶❤tt♣s✿✴✴❡❞✉❛✳✉❛✳❡s✴❡s✴♥♦r♠❛t✐✈❛s✴t❡s✐s✲❡♥✲❧❡♥❣✉❛s✲❞✐st✐♥t❛s✲❛✲❧❛s✲♦✜❝✐❛❧❡s✲❡♥✲❧❛✲❝♦♠✉♥✐❞❛❞✲
❛✉t♦♥♦♠❛✲✈❛❧❡♥❝✐❛♥❛✳❤t♠❧

✺✸



❆ ❘❡s✉♠❡♥

❊♥ ❡❧ ❝❛s♦ ❞❡ ❧❛s ✐♥st✐t✉❝✐♦♥❡s ❞❡ ❡❞✉❝❛❝✐ó♥ s✉♣❡r✐♦r ✭■❊❙✮✱ ❡❧ ♥♦ t❡♥❡r ✉♥ ❛❞❡❝✉❛❞♦
♠ét♦❞♦ ❞❡ ●❈✱ ❡s ✉♥ ♣r♦❜❧❡♠❛ ✐♥❝❧✉s♦ ♠❛②♦r ②❛ q✉❡ ❞❡❜✐❞♦ ❛ ❧❛ ♥❛t✉r❛❧❡③❛ ❞❡ ❡s✲
t❛ ✐♥❞✉str✐❛ ❡①✐st❡ ♠✉② ♣♦❝❛ ✐♥t❡r❞❡♣❡♥❞❡♥❝✐❛ ❡♥tr❡ ❧♦s ❞❡♣❛rt❛♠❡♥t♦s ② ❢❛❝✉❧t❛❞❡s✱
❡s ❞❡❝✐r✱ ❡①✐st❡ ♣♦❝❛ ❡st❛♥❞❛r✐③❛❝✐ó♥✱ r❡❞✉♥❞❛♥❝✐❛ ❞❡ ✐♥❢♦r♠❛❝✐ó♥✱ ❞✉♣❧✐❝✐❞❛❞ ❞❡ ❛♣❧✐✲
❝❛❝✐♦♥❡s ② ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ❡♥tr❡ ❞❡♣❛rt❛♠❡♥t♦s✱ ❧♦ q✉❡ ♦❝❛s✐♦♥❛ ♦r❣❛♥✐③❛❝✐♦♥❡s ♣♦❝♦
❡✜❝✐❡♥t❡s✳
❊s ♣♦r ❡❧❧♦ q✉❡ ❡st❡ tr❛❜❛❥♦ s❡ ❤❛ ❝❡♥tr❛❞♦ ❡♥ ❜✉s❝❛r ✉♥ ♠ét♦❞♦ ❛❞❡❝✉❛❞♦ ❞❡ ●❈ ❡

✐♥✈❡st✐❣❛r s♦❜r❡ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ t❡❝♥♦❧ó❣✐❝❛ q✉❡ ❛♣♦②❡ ❧❛ ❣❡st✐ó♥ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥
❞❡ t♦❞❛s ❧❛s ❞✐♠❡♥s✐♦♥❡s ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ❝♦♠♦ s♦♥✿ ♣❡rs♦♥❛s✱ ♣r♦❝❡s♦s ② t❡❝♥♦❧♦❣í❛✳
❚♦❞♦ ❡st♦ ❝♦♥ ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ❜✉s❝❛r ♠❡❝❛♥✐s♠♦s ✐♥♥♦✈❛❞♦r❡s ♣❛r❛ ♠❡❥♦r❛r ❧❛ ❡❞✉❝❛❝✐ó♥
② ❡❧ s❡r✈✐❝✐♦ q✉❡ ❜r✐♥❞❛♥ ❧❛s ■❊❙ ❛ s✉s ❡st✉❞✐❛♥t❡s ② ❞♦❝❡♥t❡s ♠❡❞✐❛♥t❡ ❧❛ ♠❡❥♦r❛ ❡♥
s✉s ❞❡ ♣r♦❝❡s♦s✳
❆ ♣❡s❛r ❞❡ ❡①✐st✐r ❛❧❣✉♥❛s ✐♥✐❝✐❛t✐✈❛s ② ❛rtí❝✉❧♦s s♦❜r❡ ❧♦s ♠❛r❝♦s ❞❡ tr❛❜❛❥♦ ❞❡ ●❈✱

♥♦ ♣✉❞✐♠♦s ❡♥❝♦♥tr❛r ✉♥ ♠❛r❝♦ ❡stá♥❞❛r q✉❡ ❛♣♦②❡ ♦ ❣✉í❡ ❧❛s ✐♥✐❝✐❛t✐✈❛s ❞❡ ●❈✳ ❆❞❡✲
♠ás✱ ❧♦s ♠❛r❝♦s ❞❡ tr❛❜❛❥♦ ❞❡ ●❈ ❡♥❝♦♥tr❛❞♦s ❛❧ ✐♥✈❡st✐❣❛r ❡♥ ❧❛ ❜✐❜❧✐♦❣r❛❢í❛ ❝✐❡♥tí✜❝❛
♥♦ ♣r❡s❡♥t❛♥ ✉♥ ❡♥❢♦q✉❡ ♣rá❝t✐❝♦ q✉❡ ♣❡r♠✐t❛ ❛♥❛❧✐③❛r ② ❝♦♥s♦❧✐❞❛r ❧❛s ❞✐♠❡♥s✐♦♥❡s ❞❡
❝♦♥♦❝✐♠✐❡♥t♦ ② ♣♦r ❡♥❞❡ ❢❛❝✐❧✐t❡ s✉ ✐♠♣❧❡♠❡♥t❛❝✐ó♥✳
❊❧ ❛♣♦rt❡ ❝❡♥tr❛❧ ❞❡ ❡st❛ t❡s✐s ❡s ✉♥❛ ✐♥❢r❛❡str✉❝t✉r❛ ❤í❜r✐❞❛ ❞❡ ●❈ ❜❛s❛❞❛ ❡♥ ❆❊ ❡

■◆ q✉❡ ❢✉❡ ❞❡s❛rr♦❧❧❛❞❛ ❝♦♠♣❧❡t❛♠❡♥t❡ ❞❡s❞❡ ✉♥ ❡♥❢♦q✉❡ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ❡♠♣ír✐❝❛ ②
t♦♠❛♥❞♦ ❝♦♠♦ r❡❢❡r❡♥❝✐❛ ✉♥ ♠❛r❝♦ ❞❡ tr❛❜❛❥♦ ❞❡s❛rr♦❧❧❛❞♦ ♣r❡✈✐❛♠❡♥t❡ ♣❛r❛ ❧❛ ●❈✳
▲❛ ✐♥❢r❛❡str✉❝t✉r❛ ❞❡s❛rr♦❧❧❛❞❛ ❛②✉❞❛rá ❛ ❧❛s ■❊❙ ❛ ♠❡❥♦r❛r ❧❛ ❡❞✉❝❛❝✐ó♥ ❞❡ ♠❛♥❡r❛

❣❡♥❡r❛❧ ♠❡❞✐❛♥t❡ ❡❧ ❛♥á❧✐s✐s ❞❡ ❞❛t♦s ❡❞✉❝❛t✐✈♦s ❝♦♥✜❛❜❧❡s ② ❞❡♣✉r❛❞♦s ❡ ✐♥t❡❣r❛♥❞♦
❛♥❛❧ít✐❝❛ ❞❡s❞❡ ❧❛ ♣❡rs♣❡❝t✐✈❛ ❞❡ ❆❊✱ t♦♠❛♥❞♦ ❡♥ ❝✉❡♥t❛ ❧❛ ✐♥t❡r❞❡♣❡♥❞❡♥❝✐❛ ❡①✐st❡♥t❡
❡♥tr❡ ❧♦s ♦❜❥❡t♦s q✉❡ ❝♦♥❢♦r♠❛♥ ❧❛ ♦r❣❛♥✐③❛❝✐ó♥✿ ♣❡rs♦♥❛s✱ ♣r♦❝❡s♦s✱ ❛♣❧✐❝❛❝✐♦♥❡s ②
t❡❝♥♦❧♦❣í❛✳
❆ tr❛✈és ❞❡ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ ♣r❡s❡♥t❛❞❛ s❡ ❛❜r❡♥ ❧❛s ♣✉❡rt❛s ♣❛r❛ ❧❛ r❡❛❧✐③❛❝✐ó♥ ❞❡

❞✐st✐♥t♦s ❡①♣❡r✐♠❡♥t♦s ② ♣r♦②❡❝t♦s ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ q✉❡ ♣❡r♠✐t❛♥ ✐♥❝r❡♠❡♥t❛r ❡❧ t✐♣♦
❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ q✉❡ s❡ ❣❡♥❡r❛ ❡♥ ❧❛s ■❊❙✱ ✐♥t❡❣r❛♥❞♦ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s
q✉❡ s❡ ❡♥❝✉❡♥tr❛ ❡♥ ❧♦s ❛❧♠❛❝❡♥❡s ❞❡ ❞❛t♦s ❥✉♥t♦ ❝♦♥ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛s ♣❡rs♦♥❛s ②
❞❡ ❧♦s ♣r♦❝❡s♦s ♦r❣❛♥✐③❛❝✐♦♥❛❧❡s q✉❡ s❡ ❡♥❝✉❡♥tr❛♥ ❡♥ ❧♦s r❡♣♦s✐t♦r✐♦s ❞❡ ❆❊✳
P❛r❛ ✈❛❧✐❞❛r ❧❛ ♣r♦♣✉❡st❛ s❡ ❤❛ r❡❛❧✐③❛❞♦ ✉♥ ❝❛s♦ ❞❡ ❡st✉❞✐♦ ❞❡♥tr♦ ❞❡ ✉♥❛ ✉♥✐✈❡rs✐❞❛❞

❝♦♥ r❡s✉❧t❛❞♦s ✐♥✐❝✐❛❧❡s ♣r♦♠❡t❡❞♦r❡s✳ ❈♦♠♦ tr❛❜❛❥♦s ❢✉t✉r♦s s❡ ♣❧❛♥t❡❛ ❛✉t♦♠❛t✐③❛r
❞✐st✐♥t❛s ❛❝t✐✈✐❞❛❞❡s ❞❡ ❧❛ ■❊❙ ♠❡❞✐❛♥t❡ ✉♥❛ ♠❡t♦❞♦❧♦❣í❛ ❞❡ ❞❡s❛rr♦❧❧♦ ❞❡ s♦❢t✇❛r❡
❜❛s❛❞❛ ❡♥ ♠♦❞❡❧♦s ❞❡ ❆❊✳ ❆❞❡♠ás✱ s❡ ❡stá ❞❡s❛rr♦❧❧❛♥❞♦ ✉♥ s✐st❡♠❛ ❞❡ ●❈ q✉❡ ♣❡r♠✐t❛
❣❡♥❡r❛r ❞✐st✐♥t♦s ② ♥✉❡✈♦s t✐♣♦s ❞❡ ❛♥❛❧ít✐❝❛✱ q✉❡ s♦❧♦ ❝♦♥ ❜❛s❡s ❞❡ ❞❛t♦s tr❛♥s❛❝❝✐♦♥❛❧❡s
♦ ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧❡s s❡rí❛ ✐♠♣♦s✐❜❧❡ ♦❜t❡♥❡r✳

❆✳✷ ▼♦t✐✈❛❝✐ó♥ ② tr❛❜❛❥♦s r❡❛❧✐③❛❞♦s

❍♦② ❡♥ ❞í❛✱ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❡s ✉♥♦ ❞❡ ❧♦s ❛❝t✐✈♦s ♠ás ✐♠♣♦rt❛♥t❡s ❡♥ ❧❛s ♦r❣❛♥✐③❛❝✐♦♥❡s✳
▲❛ ✐♥❢♦r♠❛❝✐ó♥ ❡stá ❡♥ t♦❞❛s ♣❛rt❡s ② ♣✉❡❞❡ ❝♦♥✈❡rt✐rs❡ ❡♥ ✉♥❛ ❢✉❡♥t❡ ❞❡ ♦♣♦rt✉♥✐❞❛❞❡s
♣❛r❛ ❛s❡❣✉r❛r ❧❛ ❝♦♠♣❡t✐t✐✈✐❞❛❞ s✐ s❡ ❛❞♠✐♥✐str❛ ❝♦rr❡❝t❛♠❡♥t❡✳ ❊❧ ❡s❝❡♥❛r✐♦ ✐❞❡❛❧ ❡s
❝♦♥✈❡rt✐r ❧♦s ❞❛t♦s ❡♥ ✐♥❢♦r♠❛❝✐ó♥ ② ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❡♥ ❝♦♥♦❝✐♠✐❡♥t♦ út✐❧ q✉❡ ♣❡r♠✐t❛
❛ ❧❛s ♦r❣❛♥✐③❛❝✐♦♥❡s ♠❡❥♦r❛r s✉s ♠♦❞❡❧♦s ❞❡ ♥❡❣♦❝✐♦s ② s✉s ♣r♦❝❡s♦s ♦r❣❛♥✐③❛❝✐♦♥❛❧❡s✳
❆❞❡♠ás✱ ❧❛s ♦r❣❛♥✐③❛❝✐♦♥❡s ♠♦❞❡r♥❛s ♥❡❝❡s✐t❛♥ ❛❞q✉✐r✐r ❝❛♣❛❝✐❞❛❞❡s ♣❛r❛ ✉t✐❧✐③❛r s✉
❝♦♥♦❝✐♠✐❡♥t♦ ♦r❣❛♥✐③❛❝✐♦♥❛❧ ❡♥ s❡r ✐♥♥♦✈❛❞♦r❡s ② r❡❞✉❝✐r ❧♦s ❝♦st♦s ❞❡ ♦♣❡r❛❝✐ó♥ ❞❡ ❧❛
♦r❣❛♥✐③❛❝✐ó♥✳

✺✹



❆✳✷ ▼♦t✐✈❛❝✐ó♥ ② tr❛❜❛❥♦s r❡❛❧✐③❛❞♦s

▲❛s ■❊❙ ❤❛♥ s✐❞♦ tr❛❞✐❝✐♦♥❛❧♠❡♥t❡ ♣r♦❞✉❝t♦r❛s ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ② ❤❛♥ ❡st❛❜❧❡❝✐❞♦
♣rá❝t✐❝❛s ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ♣❛r❛ ❧♦❣r❛r ❡st❡ ♦❜❥❡t✐✈♦✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❧❛ ♠❛②♦rí❛ ❞❡ ❡st❛s
♦r❣❛♥✐③❛❝✐♦♥❡s ♥♦ t✐❡♥❡♥ ✉♥ ❡♥❢♦q✉❡ ❡stá♥❞❛r ♦ ú♥✐❝♦ ♣❛r❛ ❧❛s ♣rá❝t✐❝❛s ❞❡ ●❈ ❡♥
s✉ ♣r♦♣✐♦ ❜❡♥❡✜❝✐♦✳ ❆❞❡♠ás✱ ❧❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ ♣r♦❞✉❝❡♥ s✉s s✐st❡✲
♠❛s ❛❝❛❞é♠✐❝♦s ② ❛❞♠✐♥✐str❛t✐✈♦s ❞❡❜❡ ❣❡st✐♦♥❛rs❡ ❡✜❝✐❡♥t❡♠❡♥t❡ ② ❝♦♥ ❧❛ t❡❝♥♦❧♦❣í❛
❛❞❡❝✉❛❞❛✳
▲❛s ■❊❙ ❞❡♥tr♦ ❞❡ s✉s ❡str❛t❡❣✐❛s ② ❝♦♥ ❡❧ ♦❜❥❡t✐✈♦ ❞❡ ❛❧❝❛♥③❛r ❡stá♥❞❛r❡s ❞❡ ❝❛❧✐❞❛❞✱

r❡q✉✐❡r❡♥ ❣❡st✐♦♥❛r ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❞❡ ❧❛ ♦r❣❛♥✐③❛❝✐ó♥ ❞❡ ♠❛♥❡r❛ ❡✜❝✐❡♥t❡✳ ❯♥♦ ❞❡ ❧♦s
❛s♣❡❝t♦s ❝❧❛✈❡ ❞❡ ❧❛ ❣♦❜❡r♥❛❜✐❧✐❞❛❞ ② ❞❡ ❛♣♦②♦ ♣❛r❛ ❧❛ t♦♠❛ ❞❡ ❞❡❝✐s✐♦♥❡s s❡ ❜❛s❛ ❡♥ ❧❛
●❈✳ ▲❛ ●❈ ❡s ✉♥❛ ❞✐s❝✐♣❧✐♥❛ q✉❡ ♣r♦♠✉❡✈❡ ❧❛ ❝r❡❛❝✐ó♥✱ ✉s♦✱ ❞✐str✐❜✉❝✐ó♥ ② tr❛♥s❢❡r❡♥❝✐❛
❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ❡♥ ♦r❣❛♥✐③❛❝✐♦♥❡s ✭❈❛♠♣❜❡❧❧✱ ✷✵✵✻✮✳ ❯♥❛ ❡str❛t❡❣✐❛ ✐♠♣♦rt❛♥t❡ ♣❛r❛ ❧❛
♠❡❥♦r❛ ❝♦♥t✐♥✉❛ ❡♥ ❧❛s ■❊❙ ❡s ❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ❧❛ ●❈ ❝♦♠♦ ✉♥ ❢❛❝t♦r ❞✐❢❡r❡♥❝✐❛❞♦r
q✉❡ ♣❡r♠✐t❡ ❜r✐♥❞❛r s❡r✈✐❝✐♦s ❡❞✉❝❛t✐✈♦s ❞❡ ❡①❝❡❧❡♥❝✐❛ ② ♠❡❥♦r❛r ❧❛ ❡✜❝✐❡♥❝✐❛ ❡♥ s✉s
♣r♦❝❡s♦s ❛❝❛❞é♠✐❝♦s ② ❛❞♠✐♥✐str❛t✐✈♦s✳
❯♥❛ ❞❡ ❧❛s ♣r✐♥❝✐♣❛❧❡s ♠♦t✐✈❛❝✐♦♥❡s ❞❡❧ tr❛❜❛❥♦ r❡❛❧✐③❛❞♦ ❞✉r❛♥t❡ ❡st♦s ú❧t✐♠♦s ❛ñ♦s

② q✉❡ s❡ ♣r❡s❡♥t❛ ❡♥ ❡st❛ t❡s✐s✱ ❢✉❡ ✐♥✈❡st✐❣❛r ❝ó♠♦ ❧♦s ❞❛t♦s q✉❡ s❡ ♣r♦❝❡s❛♥ ② s❡
♦❜t✐❡♥❡♥ ❡♥ ❧❛s ■❊❙ ♣✉❡❞❡♥ ♠❡❥♦r❛r ❡❧ ♣r♦❝❡s♦ ❡❞✉❝❛t✐✈♦✳
P❛r❛ ❡st❡ ♣r♦♣ós✐t♦✱ ❡st✉❞✐❛♠♦s ❞✐❢❡r❡♥t❡s t❡❝♥♦❧♦❣í❛s ❝♦♠♦ ❛❧♠❛❝❡♥❛♠✐❡♥t♦ ❞❡ ❞❛✲

t♦s ✭❝♦♥♦❝✐❞♦ ❡♥ ✐♥❣❧és ❝♦♠♦ ❉❲ ♣♦r ❞❛t❛ ✇❛r❡❤♦✉s✐♥❣✮✱ ❛♥❛❧ít✐❝❛ ❞❡ ❞❛t♦s✱ ♠✐♥❡rí❛
❞❡ ❞❛t♦s ❡❞✉❝❛t✐✈♦s ✭▼❉❊✮✱ ❛♥á❧ít✐❝❛ ❞❡ ❛♣r❡♥❞✐③❛❥❡✱ ■◆✱ ❆❊ ② ●❈✳ ▲❛ ●❈ s❡ ❤❛
❝♦♥✈❡rt✐❞♦ ❡♥ ✉♥❛ ♥❡❝❡s✐❞❛❞ ❞❡❜✐❞♦ ❛ ❧❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ✭❇✐❣ ❉❛t❛✮ q✉❡
❧❛s ■❊❙ ❣❡♥❡r❛♥ ❝❛❞❛ ❞í❛ ❝♦♥ s✉s s✐st❡♠❛s ② q✉❡ ❧♦s ❡st✉❞✐❛♥t❡s✱ ❡❧ ♣❡rs♦♥❛❧ ❛❝❛❞é♠✐✲
❝♦ ② ❛❞♠✐♥✐str❛t✐✈♦ ❣❡♥❡r❛♥ ❝♦♥ ❞✐✈❡rs♦s ❞✐s♣♦s✐t✐✈♦s ② ❛♣❧✐❝❛❝✐♦♥❡s ♠ó✈✐❧❡s✳ ❆sí✱ ❛❧
♣r✐♥❝✐♣✐♦✱ s❡ ❡♥t❡♥❞✐ó q✉❡ ❛✉♥q✉❡ ❤❛❜í❛ ❛rtí❝✉❧♦s q✉❡ ❞❡s❝r✐❜í❛♥ ❧❛ ●❈ ❡♥ ❧❛s ■❊❙✱ ♥♦
❡①✐stí❛ ✉♥ ❡♥❢♦q✉❡ ❡stá♥❞❛r ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ❧❛ ●❈✱ ♥✐ ✉♥❛ ❣✉í❛ ♣rá❝t✐❝❛ q✉❡ t♦♠❡
❡♥ ❝✉❡♥t❛ t♦❞❛s ❧❛s ❞✐♠❡♥s✐♦♥❡s ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦✳ ❊♥ ❝♦♥s❡❝✉❡♥❝✐❛✱ ❤✐❝✐♠♦s ❛❧❣✉♥❛s
✐♥✈❡st✐❣❛❝✐♦♥❡s ② ♣r♦♣✉s✐♠♦s ✉♥ ♠❛r❝♦ ♣❛r❛ r❡❛❧✐③❛r ❧❛ ●❈ ✭▼♦s❝♦s♦✲❩❡❛✱ ▲✉❥á♥✲▼♦r❛✱
❡t ❛❧✳✱ ✷✵✶✻✮✳
❊st❡ ♠❛r❝♦ s❡ ❝♦♥❝✐❜✐ó ❝♦♥ ❧❛ ♣❛rt✐❝✐♣❛❝✐ó♥ ❞❡ ✐♥✈❡st✐❣❛❞♦r❡s ❞❡ ❝✉❛tr♦ ✉♥✐✈❡rs✐❞❛❞❡s

❞❡ t♦❞♦ ❡❧ ♠✉♥❞♦✿ ❯♥✐✈❡rs✐❞❛❞ ❞❡ ❆❧✐❝❛♥t❡✕❊s♣❛ñ❛✱ ❯♥✐✈❡rs✐❞❛❞ ❚é❝♥✐❝❛ ❞❡ ❇❡r❧í♥✕
❆❧❡♠❛♥✐❛✱ ❊s❝✉❡❧❛ P♦❧✐té❝♥✐❝❛ ◆❛❝✐♦♥❛❧✕❊❝✉❛❞♦r ② ❯♥✐✈❡rs✐❞❛❞ ❯❚❊✕❊❝✉❛❞♦r✳ ❊st❡
♠❛r❝♦ q✉❡ s❡ ♠✉❡str❛ ❡♥ ❧❛ ❋✐❣✉r❛ ❆✳✶ s❡ ❞✐s❡ñó ❝♦♥ ❡❧ ✜♥ ❞❡ ❝♦♥✈❡rt✐rs❡ ❡♥ ✉♥❛ ❣✉í❛
♣rá❝t✐❝❛ ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ♣r♦②❡❝t♦s ❞❡ ●❈ ❡♥ ❧❛s ♦r❣❛♥✐③❛❝✐♦♥❡s✳ ❊st❡ ❞❡s❛rr♦❧❧♦ s❡
♣r❡s❡♥tó ❡♥ ❧❛ ❈♦♥❢❡r❡♥❝✐❛ ■♥t❡r♥❛❝✐♦♥❛❧ s♦❜r❡ ❙✐st❡♠❛s ❞❡ ■♥❢♦r♠❛❝✐ó♥ ❊♠♣r❡s❛r✐❛❧
✭■❈❊■❙✮ ✷✵✶✻ ❡♥ ❘♦♠❛✱ ■t❛❧✐❛✳ ❊❧ ❞♦❝✉♠❡♥t♦ ✐♥❝❧✉í❛ ✉♥❛ ❞❡s❝r✐♣❝✐ó♥ t❡ór✐❝❛ ❞❡ ❝ó✲
♠♦ ✐♠♣❧❡♠❡♥t❛r ✉♥❛ ✐♥✐❝✐❛t✐✈❛ ❞❡ ●❈ t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ t♦❞❛s ❧❛s ❞✐♠❡♥s✐♦♥❡s ❞❡❧
❝♦♥♦❝✐♠✐❡♥t♦✳
❊st❡ ♠❛r❝♦ s❡ ❞❡s❛rr♦❧❧ó ❝♦♥ ❧❛ ✐❞❡❛ ❞❡ q✉❡ ✉♥❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❡①✐t♦s❛ ❞❡ ●❈ ❞❡✲

♣❡♥❞❡ ❡♥ ❣r❛♥ ♠❡❞✐❞❛ ❞❡ ✉♥ ♠ét♦❞♦ ❜✐❡♥ ❞❡✜♥✐❞♦ q✉❡ ❛❞♠✐t❛ ❧❛ ❝r❡❛❝✐ó♥✱ ❝❛♣t✉r❛✱
✉s♦✱ ❞✐str✐❜✉❝✐ó♥ ② tr❛♥s❢❡r❡♥❝✐❛ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦✳ ❊♥ ❡❧ ♠❛r❝♦ ❞❡s❛rr♦❧❧❛❞♦ s❡ ♣r❡s❡♥t❛
✉♥❛ ❣✉í❛ ♣❛r❛ r❡❛❧✐③❛r ❧❛s t❛r❡❛s ♣r✐♥❝✐♣❛❧❡s ❞❡ ●❈✳ ❆❞❡♠ás✱ s❡ ♠✉❡str❛ ❡❧ ✢✉❥♦ ❞❡
❝♦♥♦❝✐♠✐❡♥t♦ ❡①♣❧í❝✐t♦ ❡ ✐♠♣❧í❝✐t♦✳ ❊❧ ❝♦♥♦❝✐♠✐❡♥t♦ ♦r❣❛♥✐③❛❝✐♦♥❛❧ s❡ ❝r❡❛ ❛ ♣❛rt✐r ❞❡
❞✐❢❡r❡♥t❡s ♦❜❥❡t♦s ✐♥t❡r❞❡♣❡♥❞✐❡♥t❡s ❡♥ ❞✐❢❡r❡♥t❡s ❞♦♠✐♥✐♦s ❡♠♣r❡s❛r✐❛❧❡s✳ ❊❧ ❝♦♥♦❝✐✲
♠✐❡♥t♦ ❡①♣❧í❝✐t♦ ❡ ✐♠♣❧í❝✐t♦ s❡ ♣✉❡❞❡ ❞❡r✐✈❛r ❞❡ ❡st♦s ❞♦♠✐♥✐♦s✳
❊❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❡①♣❧í❝✐t♦ ❡s ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ q✉❡ s❡ ♣✉❡❞❡ ❢♦r♠✉❧❛r✱ ❞♦❝✉♠❡♥t❛r ②

r❡♣r♦❞✉❝✐r✳ ❊❧ ❝♦♥♦❝✐♠✐❡♥t♦ ✐♠♣❧í❝✐t♦✱ t❛♠❜✐é♥ ❝♦♥♦❝✐❞♦ ❝♦♠♦ ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦✱ ❡s
❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ q✉❡ ❡s ❞✐❢í❝✐❧ ❞❡ ❞♦❝✉♠❡♥t❛r ♦ ❢♦r♠✉❧❛r✱ ② ♥♦r♠❛❧♠❡♥t❡ s❡ ❛s♦❝✐❛ ❝♦♥

✺✺



❆ ❘❡s✉♠❡♥

❋✐❣✉r❛ ❆✳✶✿ ▼❛r❝♦ ❞❡ tr❛❜❛❥♦ ❞❡ ●❈ ♣r♦♣✉❡st♦
✭▼♦s❝♦s♦✲❩❡❛✱ ▲✉❥á♥✲▼♦r❛✱ ❡t ❛❧✳✱ ✷✵✶✻✮

❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❤✉♠❛♥♦ ✭◆♦♥❛❦❛✱ ✶✾✾✹✮✳
❊❧ ♠❛r❝♦ ♣r♦♣✉❡st♦ ✐♥❝♦r♣♦r❛ ❞♦s t❛r❡❛s q✉❡ s♦♥ ♥❡❝❡s❛r✐❛s ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ●❈✳ ❊♥

♣r✐♠❡r ❧✉❣❛r✱ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥❛ ✐♥❢r❛❡str✉❝t✉r❛ t❡❝♥♦❧ó❣✐❝❛ ♣❛r❛ ❢❛❝✐❧✐t❛r ❧❛ ❝❛♣t✉r❛ ②
❡❧ ✐♥t❡r❝❛♠❜✐♦ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦s❀ ②✱ ❡♥ s❡❣✉♥❞♦ ❧✉❣❛r✱ ❡❧ ❡st❛❜❧❡❝✐♠✐❡♥t♦ ❞❡ ♠❡❝❛♥✐s♠♦s
② ♣r♦❝❡❞✐♠✐❡♥t♦s ♣❛r❛ r❡t❡♥❡r ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❞❡ ♣❡rs♦♥❛s ② ♣r♦❝❡s♦s✳
❊♥ ❡st❛ t❡s✐s✱ ❧❛s ❞♦s t❛r❡❛s ♥❡❝❡s❛r✐❛s ♣❛r❛ ❡❧ ●❈ s❡ ❤❛♥ ❡st✉❞✐❛❞♦ ② ♣r❡s❡♥t❛❞♦ ❡♥

❡❧ ❝♦♠♣❡♥❞✐♦ ❞❡ tr❛❜❛❥♦s ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ❜❛❥♦ ❡❧ ♠❛r❝♦ ❞❡ ●❈ ♣r♦♣✉❡st♦✳ ❊♥ ♣r✐♠❡r
❧✉❣❛r✱ s❡ ❞❡s❛rr♦❧❧ó ✉♥❛ ✐♥❢r❛❡str✉❝t✉r❛ ❤í❜r✐❞❛❀ ❊♥ s❡❣✉♥❞♦ ❧✉❣❛r✱ s❡ ❡st❛❜❧❡❝✐❡r♦♥ ❧♦s
♠❡❝❛♥✐s♠♦s ♣❛r❛ ❝❛♣t❛r ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ ❞❡ ❧♦s ❡♠♣❧❡❛❞♦s ② ❞❡ ❧♦s ♣r♦❝❡s♦s ❞❡
♥❡❣♦❝✐♦s✳ ❆✉♥q✉❡ ❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡❧ ♠❛r❝♦ ♣r♦♣✉❡st♦ ♣❛r❡❝❡ s❡♥❝✐❧❧❛✱ ✐♥❝❧✉②❡ ✉♥❛
✈❛r✐❡❞❛❞ ❞❡ ❞✐s❝✐♣❧✐♥❛s q✉❡ ♥♦ s✐♠♣❧✐✜❝❛♥ ❡❧ ♣r♦❝❡s♦✳ P♦r ❧♦ t❛♥t♦✱ ❧♦s ❞❡t❛❧❧❡s ❞❡ ❧♦s
❝♦♠♣♦♥❡♥t❡s ❞❡❧ ♠❛r❝♦ s❡ ❡st✉❞✐❛r♦♥ ❡♥ ❞❡t❛❧❧❡ ② s❡ ♣r❡s❡♥t❛r♦♥ ❝♦♠♦ ❛rtí❝✉❧♦s ❞❡
❝♦♥❢❡r❡♥❝✐❛s ② r❡✈✐st❛s ❛❧r❡❞❡❞♦r ❞❡ t♦❞♦ ❡❧ ♠✉♥❞♦✳
❉❡s♣✉és ❞❡ ❡st✉❞✐❛r ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s ② ❧♦s ✢✉❥♦s ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ♣r♦✲

♣✉❡st♦s ❡♥ ❡❧ ♠❛r❝♦✱ ❡❧ s✐❣✉✐❡♥t❡ ♣❛s♦ ❢✉❡ ❛♥❛❧✐③❛r ❧♦s ♠❡❝❛♥✐s♠♦s ♣❛r❛ ❤✐❜r✐❞❛r ❧❛
✐♥❢♦r♠❛❝✐ó♥ ② ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ q✉❡ s❡ ❣❡♥❡r❛♥ ❡♥ ❡❧ ❉❲❍ ② ❡♥ ❡❧ r❡♣♦s✐t♦r✐♦ ❞❡ ❆❊✳
▲❛ ❤✐❜r✐❞❛❝✐ó♥ ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s ❝♦♥❝❧✉②ó ❝♦♥ ✉♥❛ ♣r♦♣✉❡st❛ ❞❡ ✉♥ s✐st❡♠❛ ❞❡ ✇❡❜
❞❡ ●❈ q✉❡ ♣❡r♠✐t✐ó ❧❛ ❝r❡❛❝✐ó♥ ❞❡ ♥✉❡✈♦s t✐♣♦s ❞❡ ❛♥❛❧ít✐❝❛✳ ❆❞❡♠ás✱ ❧♦s ❛rtí❝✉❧♦s
♣r❡s❡♥t❛❞♦s t❛♠❜✐é♥ ♣r♦♣♦♥❡♥ ♠ét♦❞♦s ♦ ♠❡❥♦r❡s ♣rá❝t✐❝❛s ♣❛r❛ ❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡
❧♦s ❝♦♠♣♦♥❡♥t❡s ❞❡❧ ♠❛r❝♦✳
❊❧ r❡❝✉❛❞r♦ ❞❡ ❧❛ ❞❡r❡❝❤❛ ❞❡❧ ♠❛r❝♦ ❞❡ tr❛❜❛❥♦ ❞❡ ●❈ ♣r♦♣✉❡st♦ ♣r❡s❡♥t❛ ✉♥ ❉❲❍

② ✉♥ r❡♣♦s✐t♦r✐♦ ❞❡ ❆❊✳ ❉❡♥tr♦ ❞❡ ❧♦s ❡st✉❞✐♦s r❡❛❧✐③❛❞♦s s❡ ❡st✉❞✐❛r♦♥ ❧❛s ♠❡❥♦r❡s
♠❡t♦❞♦❧♦❣í❛s ❞❡ ❞✐s❡ñ♦ ♣❛r❛ ❡❧ ❛❧♠❛❝❡♥❛♠✐❡♥t♦ ❞❡ ❞❛t♦s ② ♣❛r❛ r❡❛❧✐③❛r ✉♥❛ ▼❉❊✱
❛❞❡♠ás s❡ ❤❛ ♣r❡s❡♥t❛❞♦ ✉♥❛ ♣r♦♣✉❡st❛ ♠❡t♦❞♦❧ó❣✐❝❛ ♣❛r❛ ❡✈❛❧✉❛r ② s❡❧❡❝❝✐♦♥❛r ❧❛s
♠❡❥♦r❡s ❤❡rr❛♠✐❡♥t❛s ♣❛r❛ ❆❊✳
❉❛❞♦ q✉❡ ❡❧ ❡♥❢♦q✉❡ ♣r♦♣✉❡st♦ ❡r❛ ♠❡❥♦r❛r ❧♦s ✐♥❞✐❝❛❞♦r❡s ❡❞✉❝❛t✐✈♦s✱ ❧❛ ✐♥✈❡st✐❣❛✲

❝✐ó♥ ❝♦♠❡♥③ó ❛♥❛❧✐③❛♥❞♦ ❧❛s ♣♦s✐❜✐❧✐❞❛❞❡s q✉❡ ❧❛ ▼❉❊ ❜r✐♥❞ó ♣❛r❛ ❧♦❣r❛r ❡st❡ ♦❜❥❡t✐✈♦✳

✺✻



❆✳✷ ▼♦t✐✈❛❝✐ó♥ ② tr❛❜❛❥♦s r❡❛❧✐③❛❞♦s

❊❧ ♣r♦♣ós✐t♦ ❢✉♥❞❛♠❡♥t❛❧ ❞❡ ▼❉❊ ❡s ❛♥❛❧✐③❛r ❞❛t♦s ❞❡ ✐♥st✐t✉❝✐♦♥❡s ❡❞✉❝❛t✐✈❛s ❛ tr❛✲
✈és ❞❡❧ ✉s♦ ❞❡ ❞✐❢❡r❡♥t❡s té❝♥✐❝❛s ❝♦♠♦ ❧❛ ♣r❡❞✐❝❝✐ó♥✱ ❛❣r✉♣❛❝✐ó♥✱ ❛♥á❧✐s✐s ❞❡ s❡r✐❡s ❞❡
t✐❡♠♣♦✱ ❝❧❛s✐✜❝❛❝✐ó♥✱ ❡♥tr❡ ♦tr❛s✳ ❊st❡ ❡st✉❞✐♦ ❢✉❡ ♣r❡s❡♥t❛❞♦ ❡♥ ❧❛ ❈♦♥❢❡r❡♥❝✐❛ ■❜ér✐❝❛
s♦❜r❡ ❙✐st❡♠❛s ② ❚❡❝♥♦❧♦❣í❛s ❞❡ ❧❛ ■♥❢♦r♠❛❝✐ó♥ ✭❈■❙❚■✮ ✭▼♦s❝♦s♦✲❩❡❛ ✫ ▲✉❥❛♥✲▼♦r❛✱
✷✵✶✻✮✳
❊❧ ❞♦❝✉♠❡♥t♦ ♣r❡s❡♥tó ✉♥❛ ✈✐st❛ ❝♦♠♣❧❡t❛ ❞❡ ▼❉❊ q✉❡ ✐♥❝❧✉②❡ ✉♥❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❞❡

❧♦s ❛❧❣♦r✐t♠♦s✱ ♠ét♦❞♦s ② ❤❡rr❛♠✐❡♥t❛s ✉t✐❧✐③❛❞❛s ❡♥ ❧♦s ♣r♦❝❡s♦s ❞❡ ♠✐♥❡rí❛ ❞❡ ❞❛t♦s
✭▼❉✮✳ ❆❞❡♠ás✱ ❡❧ ❞♦❝✉♠❡♥t♦ ❛♥❛❧✐③❛ ❧♦s ♣r♦❝❡s♦s ❡ ✐♥❞✐❝❛❞♦r❡s ❝♦♥ ♣♦t❡♥❝✐❛❧ ❞❡ ♠❡❥♦r❛
❡♥ ❧❛s ✐♥st✐t✉❝✐♦♥❡s ❡❞✉❝❛t✐✈❛s✳ ❉❡♥tr♦ ❞❡ ❡st❛ ✐♥✈❡st✐❣❛❝✐ó♥✱ s❡ ❡st✉❞✐❛r♦♥ ✉♥ ❝♦♥❥✉♥t♦
❞❡ ✹✷ ❛rtí❝✉❧♦s q✉❡ ♣r❡s❡♥t❛r♦♥ ❡①♣❡r✐♠❡♥t♦s ❞❡ ▼❉❊✳ ❉❡ ❧♦s ❛rtí❝✉❧♦s ❡st✉❞✐❛❞♦s✱
s❡ ♣✉❞♦ ✐❞❡♥t✐✜❝❛r q✉❡ ❧♦s ♠ét♦❞♦s ❞❡ ▼❉❊ ♠ás ✉t✐❧✐③❛❞♦s ❢✉❡r♦♥ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥✱ ❡❧
❛❣r✉♣❛♠✐❡♥t♦ ② ❧❛ ❛s♦❝✐❛❝✐ó♥✳ ❆ ♣❛rt✐r ❞❡ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥✱ s❡ ♦❜s❡r✈❛ q✉❡ ❧❛ ♠❛②♦rí❛ ❞❡
❧♦s ❡①♣❡r✐♠❡♥t♦s r❡❛❧✐③❛❞♦s s❡ ❝❡♥tr❛♥ ❡♥ ❧♦s ♣r♦❝❡s♦s ❞❡ ❡♥s❡ñ❛♥③❛✕❛♣r❡♥❞✐③❛❥❡✱ ❝♦♠♦
❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ❡✈❛❧✉❛❝✐♦♥❡s✱ ❧❛ ♣r❡❞✐❝❝✐ó♥ ❞❡❧ r❡♥❞✐♠✐❡♥t♦ ② ❡❧
♣❡r✜❧ ❞❡ ❧♦s ❡st✉❞✐❛♥t❡s✳ ▲♦s r❡s✉❧t❛❞♦s t❛♠❜✐é♥ ♣✉❡❞❡♥ ♣r♦♣♦r❝✐♦♥❛r r❡tr♦❛❧✐♠❡♥t❛❝✐ó♥
❛ ❧♦s t✉t♦r❡s ♦ ♠❛❡str♦s ♣❛r❛ t♦♠❛r ❛❝❝✐♦♥❡s ❝♦rr❡❝t✐✈❛s ② ♣r❡✈❡♥t✐✈❛s ❡♥ ✉♥❛ ❡t❛♣❛
t❡♠♣r❛♥❛✳ ▲❛s ❛❝t✐✈✐❞❛❞❡s ❡s♣❡❝í✜❝❛s q✉❡ s❡ ♣✉❡❞❡♥ ♠❡❥♦r❛r ✉t✐❧✐③❛♥❞♦ ▼❉❊ s♦♥ ❧❛s
s✐❣✉✐❡♥t❡s✿

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

• ▼❡❥♦r❛r ❡❧ ♣r♦❝❡s♦ ❞❡ ❡♥s❡ñ❛♥③❛✕❛♣r❡♥❞✐③❛❥❡ ✭r❡❣✐str♦✱ t✉t♦rí❛✱ ❡✈❛❧✉❛❝✐ó♥✱ ❣r❛✲
❞✉❛❝✐ó♥✮✳

• ▼❡❥♦r❛r ❧♦s ✐♥❞✐❝❛❞♦r❡s ❞❡ ❣❡st✐ó♥✱ ❝♦♠♦ ❞✐s♠✐♥✉✐r ❧❛ ❞❡s❡r❝✐ó♥ ❡s❝♦❧❛r✱ ❛✉♠❡♥t❛r
❧❛ t❛s❛ ❞❡ ❣r❛❞✉❛❝✐ó♥ ② ♠❡❥♦r❛r ❧❛ t✉t♦rí❛ ♣❡rs♦♥❛❧✐③❛❞❛✳

• ▼❡❥♦r❛r ❧❛ ✐♥❢r❛❡str✉❝t✉r❛✳

• ❖♣t✐♠✐③❛r ❡❧ ✉s♦ ❞❡ ❛✉❧❛s ② ❧❛❜♦r❛t♦r✐♦s✳

• ▼❡❥♦r❛r ❧❛ ❡✜❝✐❡♥❝✐❛ ♦r❣❛♥✐③❛❝✐♦♥❛❧✳

❊❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❣❡♥❡r❛❞♦ ♠❡❞✐❛♥t❡ ❡❧ ✉s♦ ❞❡ ❧❛ ▼❉❊ ❛♣♦②❛ ❛ ❧❛s ❛✉t♦r✐❞❛❞❡s ❞❡
❧❛s ■❊❙ ❡♥ ❧❛ t♦♠❛ ❞❡ ❞❡❝✐s✐♦♥❡s ♦♣♦rt✉♥❛s ② t❛♠❜✐é♥ ❛ ❧♦s ♠❛❡str♦s ♣❛r❛ ❛♥❛❧✐③❛r ❡❧
❝♦♠♣♦rt❛♠✐❡♥t♦ ② ❧❛ ❢♦r♠❛ ❡♥ q✉❡ s✉s ❡st✉❞✐❛♥t❡s ❛♣r❡♥❞❡♥ ✭❏✐♥❞❛❧ ✫ ❇♦r❛❤✱ ✷✵✶✸✮✳ ▲❛
❞✐s❝✐♣❧✐♥❛ s❡ ❡♥❢♦❝❛ ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ♠♦❞❡❧♦s ♣❛r❛ ♠❡❥♦r❛r ❧❛s ❡①♣❡r✐❡♥❝✐❛s ❞❡ ❛♣r❡♥❞✐③❛❥❡
② ❧❛ ❡✜❝✐❡♥❝✐❛ ♦r❣❛♥✐③❛t✐✈❛ ✭❍✉❡❜♥❡r✱ ✷✵✶✸✮✳
❆ ♣❡s❛r ❞❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❧❛s ■❊❙ ❡stá♥ ✐♥✈✐rt✐❡♥❞♦ ❡♥ ✐♠♣✉❧s❛r ❧❛s ✐♥✐❝✐❛t✐✈❛s ❞❡

▼❉❊✱ ♠✉❝❤♦s ❞❡ ❧♦s ❡s❢✉❡r③♦s r❡❛❧✐③❛❞♦s ♥♦ t✐❡♥❡♥ ❧♦s r❡s✉❧t❛❞♦s ❡s♣❡r❛❞♦s ❞❡❜✐❞♦ ❛
❧❛ ❢❛❧t❛ ❞❡ ✉♥ ♣r♦❝❡s♦ só❧✐❞♦ ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦ ❞❡ ❞❛t♦s ♣❛r❛ ✉♥ ❡s❝❡♥❛r✐♦ ❡❞✉❝❛t✐✈♦✱
♣♦r ❧♦ t❛♥t♦✱ ❡♥ ❡❧ s✐❣✉✐❡♥t❡ ♣❛s♦ s❡ r❡❛❧✐③ó ✉♥ ❡st✉❞✐♦ ♣❛r❛ ❝♦♠♣r❡♥❞❡r ❧❛ ✐♠♣♦rt❛♥❝✐❛
❞❡ t❡♥❡r ✉♥ ❉❲❍ ❛♥t❡s ❞❡ ❡①♣❡r✐♠❡♥t❛r ❝♦♥ ▼❉❊✳ ❊❧ ❡st✉❞✐♦ ❢✉❡ ♣r❡s❡♥t❛❞♦ ❡♥ ❧❛
❝♦♥❢❡r❡♥❝✐❛ ❞❡ ❊❞✉❝❛❝✐ó♥ ❙✉♣❡r✐♦r ❇❛s❛❞❛ ❡♥ ❚❡❝♥♦❧♦❣í❛ ❞❡ ❧❛ ■♥❢♦r♠❛❝✐ó♥ ✭■❚❍❊❚✮✳
❊st❡ ❞♦❝✉♠❡♥t♦ ♣r❡s❡♥t❛ ❝♦♥s✐❞❡r❛❝✐♦♥❡s ❞❡ ❞✐s❡ñ♦ ♣❛r❛ ❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ✉♥ ❉❲❍
❡♥ ■❊❙✳ ❆❞❡♠ás✱ s❡ ❞❡s❝r✐❜❡ ❡❧ ♣r♦❝❡s♦ ❊❚▲ ❞❡s❞❡ ❧❛s ❢✉❡♥t❡s ❞❡ ❞❛t♦s ♦♣❡r❛❝✐♦♥❛❧❡s
❤❛❝✐❛ ❡❧ ❉❲❍✳ ▲✉❡❣♦✱ ❝♦♠♦ ❡st✉❞✐♦ ❞❡ ❝❛s♦✱ ❡❧ ❞♦❝✉♠❡♥t♦ ♣r❡s❡♥t❛ ❧♦s ♣❛s♦s s❡❣✉✐❞♦s
♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡ ✉♥ ❉❲❍ ❡♥ ✉♥❛ ✉♥✐✈❡rs✐❞❛❞ ♣r✐✈❛❞❛ ✭▼♦s❝♦s♦✲❩❡❛✱ ❙❛♠♣❡❞r♦✱ ✫
▲✉❥á♥✲ ▼♦r❛✱ ✷✵✶✻✮✳
▲♦s ♣❛s♦s s✉❣❡r✐❞♦s ♣❛r❛ ❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ✉♥ ❉❲❍ s♦♥✿

✺✼



❆ ❘❡s✉♠❡♥

✶✳ ❉✐❛❣♥óst✐❝♦✳

✷✳ ❆♥á❧✐s✐s ❞❡ ♥❡❝❡s✐❞❛❞❡s ❞❡ ✐♥❢♦r♠❛❝✐ó♥✳

✸✳ ❙❡❧❡❝❝✐ó♥ ❞❡ ❧❛ ♠❡t♦❞♦❧♦❣í❛✳

✹✳ ❈♦♥✜❣✉r❛❝✐ó♥ ❞❡ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ t❡❝♥♦❧ó❣✐❝❛✳

✺✳ ❉✐s❡ñ♦ ❞❡❧ ❉❲❍✳

✻✳ ❊❥❡❝✉❝✐ó♥ ❊❚▲✳

❈♦♥ r❡s♣❡❝t♦ ❛❧ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❆❊ q✉❡ s❡ ❞✐❜✉❥❛ ❛ ❧❛ ❞❡r❡❝❤❛ ❞❡❧ ♠❛r❝♦ ❞❡ ●❈✱
t❛♠❜✐é♥ r❡❛❧✐③❛♠♦s ✉♥ ❡st✉❞✐♦ ♣❛r❛ ❡✈❛❧✉❛r ❡❧ r♦❧ ❞❡ ❆❊ ❝♦♠♦ ❡❧❡♠❡♥t♦ ❝❧❛✈❡ ♣❛r❛ ❡❧
❝❛♠❜✐♦ ② ❧❛ ●❈ ✭▼♦s❝♦s♦✲❩❡❛✱ P❛r❡❞❡s✲●✉❛❧t♦r✱ ✫ ▲✉❥á♥✲▼♦r❛✱ ✷✵✶✾✮✳ ▲❛ ✐♠♣❧❡♠❡♥t❛✲
❝✐ó♥ ❞❡ ❆❊ s❡ ♣✉❡❞❡ r❡s♣❛❧❞❛r ❝♦♥ ✉♥❛ ❤❡rr❛♠✐❡♥t❛ ❝♦♥ ✉♥ ❧❡♥❣✉❛❥❡ ❞❡ ♠♦❞❡❧❛❞♦ q✉❡ s❡
♣✉❡❞❡ ✉s❛r ♣❛r❛ ❞❡s❝r✐❜✐r ❞✐❢❡r❡♥t❡s ♣r♦❝❡s♦s ❞❡ ♥❡❣♦❝✐♦s✱ ❡str✉❝t✉r❛s ♦r❣❛♥✐③❛❝✐♦♥❛❧❡s
② ✢✉❥♦s ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ✭▼♦s❝♦s♦✲❩❡❛ ✫ ▲✉❥á♥✲▼♦r❛✱ ✷✵✶✼✮✳
❊♥ ❧♦s ú❧t✐♠♦s ❛ñ♦s✱ ❧❛ ❆❊ s❡ ❤❛ ❝♦♥✈❡rt✐❞♦ ❡♥ ✉♥♦ ❞❡ ❧♦s ❝❛♠♣♦s ❞❡ ♠❛②♦r ✐♠♣♦r✲

t❛♥❝✐❛ ❛ ❝♦♥s✐❞❡r❛r ❡♥ ❧♦s ❡st✉❞✐♦s ❞❡ s✐st❡♠❛s ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ② ❤❛ ❡✈♦❧✉❝✐♦♥❛❞♦ ❤❛
❝♦♥s✐❞❡r❛rs❡ ❤♦② ❡♥ ❞í❛ ❡♥ ✉♥❛ t❛r❡❛ ❡s❡♥❝✐❛❧ ♣❛r❛ ❧❛ ❣❡st✐ó♥ ❡♠♣r❡s❛r✐❛❧ ✭❇r✐❝❦♥❛❧❧ ❡t
❛❧✳✱ ✷✵✵✻✮✳ ❊♥ ❝♦♥s❡❝✉❡♥❝✐❛✱ ♣❛r❛ ❝♦♠♣r❡♥❞❡r ❧❛s ❤❡rr❛♠✐❡♥t❛s ❡①✐st❡♥t❡s ❞❡ ❆❊✱ ❡st❡
❞♦❝✉♠❡♥t♦ ♣r♦♣♦♥❡ ✉♥ ❡♥❢♦q✉❡ ♣❛r❛ ❧❛ ❡✈❛❧✉❛❝✐ó♥ ② s❡❧❡❝❝✐ó♥ ❞❡ ❧❛s ❤❡rr❛♠✐❡♥t❛s ❞❡
❆❊ q✉❡ s❡ ❛❥✉st❛♥ ❛ ✉♥ ❡s❝❡♥❛r✐♦ ♦r❣❛♥✐③❛❝✐♦♥❛❧✳ ❉❡s♣✉és ❞❡ ❛♥❛❧✐③❛r ❞✐❢❡r❡♥t❡s ♠❡t♦✲
❞♦❧♦❣í❛s ❞❡ ❡✈❛❧✉❛❝✐ó♥ ❞❡ s♦❢t✇❛r❡✱ s❡ s✉❣✐❡r❡♥ tr❡s ♠❡t♦❞♦❧♦❣í❛s ♣❛r❛ ❧❛ ❡✈❛❧✉❛❝✐ó♥ ❞❡
❆❊ ② s❡ ♠✉❡str❛♥ ❡♥ ❡❧ ❈✉❛❞r♦ ❆✳✶✳

❆✉t♦r❡s ❆ñ♦ ❚✐♣♦ ❞❡ Pr♦❞✉❝t♦
✭❈♦♠❡❧❧❛✲❉♦r❞❛ ❡t ❛❧✳✱ ✷✵✵✹✮ ✷✵✵✹ ❙♦❢t✇❛r❡

✭❑♦♥t✐♦ ❡t ❛❧✳✱ ✶✾✾✺✮ ✶✾✾✺ ❙♦❢t✇❛r❡ ❝♦♠❡r❝✐❛❧
✭▼♦r❡r❛✱ ✷✵✵✷✮ ✷✵✵✷ Pr♦❞✉❝t♦s ❞❡ s♦❢t✇❛r❡

❈✉❛❞r♦ ❆✳✶✿ ▼❡t♦❞♦❧♦❣í❛s s✉❣❡r✐❞❛s ♣❛r❛ ❧❛ ❡✈❛❧✉❛❝✐ó♥ ❞❡ s♦❢t✇❛r❡ ❞❡ ❆❊

❊st❛s ♠❡t♦❞♦❧♦❣í❛s ❛♣♦②❛♥ ❛ ❧♦s ❛rq✉✐t❡❝t♦s ❡♠♣r❡s❛r✐❛❧❡s ❛❧ ✐♥✐❝✐♦ ❞❡ ✉♥ ♣r♦②❡❝t♦
❞❡ ❆❊✳ ❊♥ ❧❛s ♠❡t♦❞♦❧♦❣í❛s s❡ s✉❣✐❡r❡♥ ❞✐❢❡r❡♥t❡s ❛❝t✐✈✐❞❛❞❡s ♣❛r❛ ♠❡❥♦r❛r ❡❧ ♣r♦❝❡s♦
❞❡ s❡❧❡❝❝✐ó♥ ❡ ✐♥✈❡rt✐r ❡♥ ❧❛ ❤❡rr❛♠✐❡♥t❛ ❞❡ ❆❊ ♠ás ❛❞❡❝✉❛❞❛ ♣❛r❛ ❧❛ ✐♥✐❝✐❛t✐✈❛ ❞❡
❝♦♥♦❝✐♠✐❡♥t♦ ❞❡ ❛❝✉❡r❞♦ ❝♦♥ ❧♦s r❡q✉✐s✐t♦s ❞❡ ❧❛s ♣❛rt❡s ✐♥t❡r❡s❛❞❛s ❡♥ ❧❛ ■❊❙✳
❯♥❛ ✈❡③ q✉❡ ❧❛ ❤❡rr❛♠✐❡♥t❛ ❡stá ✐♥st❛❧❛❞❛ ② ❝♦♥✜❣✉r❛❞❛✱ ❡❧ s✐❣✉✐❡♥t❡ ♣❛s♦ ❡s ❞❡✜♥✐r

❝ó♠♦ ❛❞♠✐♥✐str❛r ❧❛ ❆❊ ❞❡♥tr♦ ❞❡ ❧❛ ♦r❣❛♥✐③❛❝✐ó♥✳ ❯♥❛ ❞❡ ❧❛s ❡str❛t❡❣✐❛s ♣❛r❛ ❧❛
❣❡st✐ó♥ ❞❡ ❆❊ ❡s ✉t✐❧✐③❛r ✉♥❛ ❤❡rr❛♠✐❡♥t❛ ❞❡ s♦❢t✇❛r❡ ❥✉♥t♦ ❝♦♥ ✉♥ ♠❛r❝♦ ❞❡ tr❛❜❛❥♦✳
P♦r ❧♦ t❛♥t♦✱ t❛♠❜✐é♥ ❝♦❧❛❜♦r❛♠♦s ❡♥ ✉♥ ♣r♦②❡❝t♦ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ♣❛r❛ ❞❡✜♥✐r ✉♥
♠❛r❝♦ ❞❡ tr❛❜❛❥♦ ♠❡❥♦r❛❞♦ ❞❡ ❆❊ ❝♦♥ ✉♥ ❡♥❢♦q✉❡ á❣✐❧✳ ❊❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥❛ ❆❊ ❡♥
❣r❛♥❞❡s ♦r❣❛♥✐③❛❝✐♦♥❡s ❡s ❝♦♠♣❧❡❥♦✳ P♦r ❧♦ t❛♥t♦✱ ❡s ✐♠♣♦rt❛♥t❡ ❝r❡❛r ✈❛❧♦r ❡♥ ✉♥❛
❡t❛♣❛ t❡♠♣r❛♥❛ ❞❡ ❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ❧❛ ❆❊✳ ❊st❡ ♠❛r❝♦ s❡ ❞❡s❛rr♦❧❧ó ❝♦♥ ✉♥ ♥✉❡✈♦
❞✐s❡ñ♦ t♦♠❛♥❞♦ ❝♦♠♦ ❜❛s❡ ❡❧ ♠ét♦❞♦ ❞❡ ❞❡s❛rr♦❧❧♦ ❞❡ ❛rq✉✐t❡❝t✉r❛ ✭❆❉▼✮ ❞❡❧ ♠❛r❝♦ ❞❡
tr❛❜❛❥♦ ❞❡ ❛rq✉✐t❡❝t✉r❛ ❞❡ ❧❛ ♦r❣❛♥✐③❛❝✐ó♥ ❝♦♥♦❝✐❞❛ ❝♦♠♦ ❚❤❡ ❖♣❡♥ ●r♦✉♣ ✭❚❖●❆❋
♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és ❚❤❡ ❖♣❡♥ ●r♦✉♣ ❆r❝❤✐t❡❝t✉r❡ ❋r❛♠❡✇♦r❦✮✳ ❊❧ ♠❛r❝♦ ♣r♦♣✉❡st♦
s✉❣✐❡r❡ ❡①tr❛❡r s♦❧♦ ❛q✉❡❧❧♦s ❡♥tr❡❣❛❜❧❡s q✉❡ s♦♥ ✐♠♣♦rt❛♥t❡s ♣❛r❛ ✉♥ ♥❡❣♦❝✐♦ ♦ ♣r♦②❡❝t♦
❡s♣❡❝í✜❝♦ ✭❙❛♥❞♦✈❛❧ ❡t ❛❧✳✱ ✷✵✶✻✮✳

✺✽



❆✳✷ ▼♦t✐✈❛❝✐ó♥ ② tr❛❜❛❥♦s r❡❛❧✐③❛❞♦s

❉✉r❛♥t❡ ❡❧ ❛♥á❧✐s✐s ❞❡ ❧❛s ❤❡rr❛♠✐❡♥t❛s ❞❡ ❆❊ ❝♦♥ ❡❧ ❣r✉♣♦ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ❞❡ ❧❛
❯♥✐✈❡rs✐❞❛❞ ❯❚❊✱ ❡st✉❞✐❛♠♦s ❝ó♠♦ ♠✐❣r❛r ✉♥❛ ✐♥❢r❛❡str✉❝t✉r❛ t❡❝♥♦❧ó❣✐❝❛ ❡♠♣r❡s❛r✐❛❧
❛ ❧❛ ♥✉❜❡ ② ❝✉á❧❡s s♦♥ ❧♦s ♣r♦❜❧❡♠❛s ❞❡ s❡❣✉r✐❞❛❞ ❞❡ ❧♦s ❞❛t♦s ✭❙❛❛✱ ❈✉❡✈❛✱ ❡t ❛❧✳✱ ✷✵✶✼✮✳
❙❡ ❞✐❡r♦♥ r❡❝♦♠❡♥❞❛❝✐♦♥❡s ❛ ❧❛s ♦r❣❛♥✐③❛❝✐♦♥❡s s♦❜r❡ ❝ó♠♦ ❣❛r❛♥t✐③❛r q✉❡ s❡ ❞❡✜♥❛
✉♥❛ ❡str❛t❡❣✐❛ ❞❡ s❡❣✉r✐❞❛❞ ✐♥t❡❣r❛❧ ❛♥t❡s ❞❡ ♠✐❣r❛r s✉s ❛♣❧✐❝❛❝✐♦♥❡s ❡♠♣r❡s❛r✐❛❧❡s ❛
❧❛ ♥✉❜❡✳
❆❧❣✉♥❛s ❞❡ ❧❛s r❡❝♦♠❡♥❞❛❝✐♦♥❡s ❢✉❡r♦♥ q✉❡ ❧♦s ❝♦♥tr♦❧❡s ❞❡ s❡❣✉r✐❞❛❞ ❞❡❜❡♥ ❛♣❧✐❝❛rs❡

❡♥ t♦❞♦s ❧♦s ♥✐✈❡❧❡s✳ ❊st♦ s❡ ♣✉❡❞❡ ❤❛❝❡r ✐♥❝♦r♣♦r❛♥❞♦ ✉♥ ♠❛r❝♦ q✉❡ ❛❜♦r❞❡ ❧❛ s❡❣✉r✐❞❛❞
❛ ♥✐✈❡❧ ❢ís✐❝♦✱ ❞❡ r❡❞✱ ❞❡ ❞❛t♦s ② ❞❡ ❛♣❧✐❝❛❝✐♦♥❡s✳ ▲❛ ❝♦♥❝❧✉s✐ó♥ ❞❡❧ ❞♦❝✉♠❡♥t♦ ❡s q✉❡✱
❞❡♣❡♥❞✐❡♥❞♦ ❞❡❧ t❛♠❛ñ♦ ❞❡ ❧❛ ❡♠♣r❡s❛✱ s❡ ♣✉❡❞❡♥ ♠✐❣r❛r ❛ ❧❛ ♥✉❜❡ ♠ás ♦ ♠❡♥♦s
❛♣❧✐❝❛❝✐♦♥❡s ② t❡❝♥♦❧♦❣í❛✳ ▲♦s ♣r✐♥❝✐♣❛❧❡s ❜❡♥❡✜❝✐♦s ❞❡ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ ❡♠♣r❡s❛r✐❛❧
❜❛s❛❞❛ ❡♥ ❧❛ ♥✉❜❡ s♦♥ s✉ ❡s❝❛❧❛❜✐❧✐❞❛❞ ② ♠❡♥♦r❡s ❝♦st♦s ❞❡ ✐♥✈❡rs✐ó♥✱ ❧♦ q✉❡ ❝r❡❛
♦♣♦rt✉♥✐❞❛❞❡s ♣❛r❛ ❧❛s ♣❡q✉❡ñ❛s ② ♠❡❞✐❛♥❛s ❡♠♣r❡s❛s✳
❊s ✐♥t❡r❡s❛♥t❡ ♦❜s❡r✈❛r q✉❡ ♥✉❡str❛ ♣r♦♣✉❡st❛ t❛♠❜✐é♥ s❡ ♣✉❡❞❡ ✐♠♣❧❡♠❡♥t❛r ❡♥ ✉♥

❡s❝❡♥❛r✐♦ ❞❡ ♥✉❜❡✳ ❊♥ ❝♦♥s❡❝✉❡♥❝✐❛✱ ❡st❡ ❞♦❝✉♠❡♥t♦ s✉❣✐❡r❡ ❧❛s ❢❛s❡s ② ❛❧t❡r♥❛t✐✈❛s ♣❛r❛
♠✐❣r❛r ✉♥ ♣r♦②❡❝t♦ ❛ ❧❛ ♥✉❜❡✳ ❊♥ ❧❛ ❋✐❣✉r❛ ❆✳✷ s❡ ♣r❡s❡♥t❛ ❡❧ ♠❛r❝♦ q✉❡ s❡ ❞❡s❛rr♦❧❧ó
♣❛r❛ ✉♥ ♣r♦❝❡s♦ ❞❡ ♠✐❣r❛❝✐ó♥ q✉❡ t✐❡♥❡ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❛②✉❞❛r ❛ ❧❛s ♦r❣❛♥✐③❛❝✐♦♥❡s ❛
✐♠♣❧❡♠❡♥t❛r s❡r✈✐❝✐♦s ❞❡ ❝♦♠♣✉t❛❝✐ó♥ ❡♥ ❧❛ ♥✉❜❡ ❝♦♥ ❧❛s ♠❡❥♦r❡s ♣rá❝t✐❝❛s ② ❡❧ ♠❡♥♦r
r✐❡s❣♦ ✭▼♦s❝♦s♦✲❩❡❛✱ P❛r❡❞❡s✲●✉❛❧t♦r✱ ❙❛❛✱ ✫ ❙❛♥❞♦✈❛❧✱ ✷✵✶✽✮✳ ❊❧ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ ❞❡❧
♠❛r❝♦ ❡s ♠❡❥♦r❛r ❡❧ ♣r♦❝❡s♦ ❞❡ ♠✐❣r❛❝✐ó♥ ♠✐♥✐♠✐③❛♥❞♦ ❧❛s ❛♠❡♥❛③❛s ② ♠❛①✐♠✐③❛♥❞♦
❧❛s ♦♣♦rt✉♥✐❞❛❞❡s✳ ❊st❡ ♠❛r❝♦ ♣✉❡❞❡ ❣✉✐❛r ♠✐❣r❛❝✐♦♥❡s t❡❝♥♦❧ó❣✐❝❛s ❤❛❝✐❛ ❧❛ ♥✉❜❡✳ P♦r
❡♥❞❡✱ ♣✉❡❞❡ s❡r✈✐r s✐ s❡ ❞❡s❡❛ ✐♠♣❧❡♠❡♥t❛r ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ ❞❡ ●❈ ♣r♦♣✉❡st❛ ❡♥ ❡st❛
t❡s✐s ❡♥ ❧❛ ♥✉❜❡✳
❊❧ ❛♥á❧✐s✐s ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s ♣r♦♣✉❡st♦s ❡♥ ❡❧ ♠❛r❝♦ ❞❡ ●❈ ❢✉❡ ❛❧❡♥t❛❞♦r ② ❝♦♥✜r✲

♠ó s✉ ❛♣❧✐❝❛❜✐❧✐❞❛❞ ❡♥ ❡❧ ♣r♦❝❡s♦ ❞❡ ❤✐❜r✐❞❛❝✐ó♥ ❡ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s✳
P♦r ❧♦ t❛♥t♦✱ s❡ r❡❛❧✐③ó ✉♥ ❡st✉❞✐♦ s♦❜r❡ ❝ó♠♦ ✉s❛r ❡st♦s ❝♦♠♣♦♥❡♥t❡s ❡♥ ❧❛s ■❊❙ ♣❛r❛
♣r♦❞✉❝✐r ♥✉❡✈♦s ❝♦♥♦❝✐♠✐❡♥t♦s ♦r❣❛♥✐③❛❝✐♦♥❛❧❡s✳ ❯♥♦ ❞❡ ❧♦s ❛s♣❡❝t♦s ♠ás ✐♠♣♦rt❛♥t❡s
❞❡ ❧❛ ❣❡st✐ó♥ ② ❡❧ s♦♣♦rt❡ ❞❡ ❞❡❝✐s✐♦♥❡s s❡ ❜❛s❛ ❡♥ ❧❛ ●❈✳ ❊❧ ❞♦❝✉♠❡♥t♦ ✏●❡st✐ó♥ ❞❡❧ ❝♦✲
♥♦❝✐♠✐❡♥t♦ ❡♥ ✐♥st✐t✉❝✐♦♥❡s ❞❡ ❡❞✉❝❛❝✐ó♥ s✉♣❡r✐♦r ♣❛r❛ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦
♦r❣❛♥✐③❛❝✐♦♥❛❧✑✱ ♣✉❜❧✐❝❛❞♦ ❡♥ ❧❛ ✶✷✈❛ ❈♦♥❢❡r❡♥❝✐❛ ■❜ér✐❝❛ s♦❜r❡ ❙✐st❡♠❛s ② ❚❡❝♥♦❧♦✲
❣í❛s ❞❡ ❧❛ ■♥❢♦r♠❛❝✐ó♥✱ ♣r❡s❡♥t❛ ✉♥ ❡st✉❞✐♦ ❞❡ ❝❛s♦ ❝♦♥ ❞✐❢❡r❡♥t❡s ❛❧t❡r♥❛t✐✈❛s ♣❛r❛ ❧❛
❝r❡❛❝✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ✭▼♦s❝♦s♦✲❩❡❛ ✫ ▲✉❥❛♥✲▼♦r❛✱ ✷✵✶✼✮✳
❊♥tr❡ ❧❛s r❛③♦♥❡s ✐♠♣♦rt❛♥t❡s ♣❛r❛ ❧❛ r❡❛❧✐③❛❝✐ó♥ ❞❡ ❡st❡ ❡st✉❞✐♦ s❡ ❡♥❝✉❡♥tr❛♥ ❧♦s

s✐❣✉✐❡♥t❡s✿ ❧❛ ❝r❡❛❝✐ó♥ ❞❡ ♥✉❡✈♦s ♠❡❝❛♥✐s♠♦s ♣❛r❛ ♠❡❥♦r❛r ❧❛ ❡♥s❡ñ❛♥③❛ ② ❡❧ ❞❡s❛rr♦✲
❧❧♦ ❞❡ ❧♦s ❡st✉❞✐❛♥t❡s✱ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥ ② ❡❧ ❜✐❡♥❡st❛r ❞❡ ❧♦s ❡st✉❞✐❛♥t❡s✳ ❆❞❡♠ás✱ s❡
❛♥❛❧✐③ó ❧❛s ♠❛♥❡r❛s ❞❡ ♠❡❥♦r❛r ❧♦s ♣r♦❝❡s♦s ✐♥st✐t✉❝✐♦♥❛❧❡s ♣❛r❛ q✉❡ s❡ ❧❧❡✈❡♥ ❛ ❝❛❜♦
❞❡ ♠❛♥❡r❛ ♦r❣❛♥✐③❛❞❛ ② ❡st❛♥❞❛r✐③❛❞❛✱ ❧♦ q✉❡ ❢❛❝✐❧✐t❛rá ❡❧ ❧♦❣r♦ ❞❡ ❧♦s ♦❜❥❡t✐✈♦s ❞❡ ❧❛
✈✐s✐ó♥ ✐♥st✐t✉❝✐♦♥❛❧ ❛ ❝♦rt♦ ② ♠❡❞✐❛♥♦ ♣❧❛③♦✳ ▲❛ ❆❊ ② ❧❛ ■◆ s♦♥ ❧❛s ❤❡rr❛♠✐❡♥t❛s t❡❝✲
♥♦❧ó❣✐❝❛s ❜ás✐❝❛s ♣❛r❛ ❧❛ ❝r❡❛❝✐ó♥ ❞❡ r❡♣♦s✐t♦r✐♦s ② ❜❛s❡s ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦✳ ❊st❛s ❜❛s❡s
❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ♣✉❡❞❡♥ ❣❡♥❡r❛r ✐♥t❡❧✐❣❡♥❝✐❛ ♦r❣❛♥✐③❛❝✐♦♥❛❧ ❛ tr❛✈és ❞❡❧ ♣r♦❝❡s❛♠✐❡♥t♦
❛♥❛❧ít✐❝♦ ❡♥ ❧í♥❡❛ ✭❝♦♥♦❝✐❞♦ ❡♥ ✐♥❣❧és ❝♦♠♦ ❖▲❆P ♣♦r ❖♥❧✐♥❡ ❆♥❛❧②t✐❝❛❧ Pr♦❝❡ss✐♥❣✮✱
▼❉ ② ❛♥❛❧ít✐❝❛ ❞❡ ❆❊✳
P❛r❛ ❡st❛❜❧❡❝❡r ❧❛s ♣♦s✐❜✐❧✐❞❛❞❡s ❞❡ ❝r❡❛❝✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦✱ s❡❣✉✐♠♦s ❧❛s s✉❣❡r❡♥✲

❝✐❛s ❞❡ ◆♦♥❛❦❛ ✭✶✾✾✹✮✳ ◆♦♥❛❦❛ ❛✜r♠❛ q✉❡ ❡❧ ♣r♦❝❡s♦ ♣❛r❛ ❣❡♥❡r❛r ❝♦♥♦❝✐♠✐❡♥t♦ s❡
❜❛s❛ ❡♥ ❧❛ ❝♦♥✈❡rs✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ ② ❝♦♥♦❝✐♠✐❡♥t♦ ❡①♣❧í❝✐t♦ ✭◆♦♥❛❦❛✱ ✶✾✾✹✮✳
❙♦❜r❡ ❡st❛ ❜❛s❡✱ ❞❡s❝r✐❜❡ ❝✉❛tr♦ ❢♦r♠❛s ❞❡ ❝♦♥✈❡rs✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ❝♦♠♦ s❡ ♠✉❡s✲

tr❛ ❡♥ ❧❛ ❋✐❣✉r❛ ❆✳✸ ✭◆♦♥❛❦❛ ❡t ❛❧✳✱ ✷✵✵✵✮✳ ❊st❛ ✜❣✉r❛ ❞❡s❝r✐❜❡ ❧❛s ♣r✐♥❝✐♣❛❧❡s ❛❝t✐✲

✺✾



❆ ❘❡s✉♠❡♥

❋✐❣✉r❛ ❆✳✷✿ ▼❛r❝♦ ❞❡ ❛❞♦♣❝✐ó♥ ❞❡ ❝♦♠♣✉t❛❝✐ó♥ ❡♥ ❧❛ ♥✉❜❡
✭▼♦s❝♦s♦✲❩❡❛✱ P❛r❡❞❡s✲●✉❛❧t♦r✱ ❙❛❛✱ ✫ ❙❛♥❞♦✈❛❧✱ ✷✵✶✽✮

❋✐❣✉r❛ ❆✳✸✿ ▼♦❞❡❧♦ ❙❊❈■ ❞❡ ❝r❡❛❝✐ó♥ ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦
✭◆♦♥❛❦❛ ❡t ❛❧✳✱ ✷✵✵✵✮

✻✵



❆✳✷ ▼♦t✐✈❛❝✐ó♥ ② tr❛❜❛❥♦s r❡❛❧✐③❛❞♦s

✈✐❞❛❞❡s ♣r♦♣✉❡st❛s ♣❛r❛ ❧❛ ❝r❡❛❝✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ② ❧❛ ✐♥♥♦✈❛❝✐ó♥✳ ❊❧ ♠♦❞❡❧♦ s❡
❧❧❛♠❛ ❙❊❈■ ❞❡❜✐❞♦ ❛ s✉s ❝♦♠♣♦♥❡♥t❡s ❙♦❝✐❛❧✐③❛❝✐ó♥✱ ❊①t❡r♥❛❧✐③❛❝✐ó♥✱ ❈♦♠❜✐♥❛❝✐ó♥ ❡
■♥t❡r♥❛❧✐③❛❝✐ó♥ ✭❙❊❈■✮✳ ▲❛s ❞✐❢❡r❡♥t❡s ❛❝t✐✈✐❞❛❞❡s ❞❡ ❝♦♥✈❡rs✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ❞❡❧
♠♦❞❡❧♦ ❙❊❈■ s❡ ♣r❡s❡♥t❛♥ ❡♥ ❧❛ s✐❣✉✐❡♥t❡ ❧✐st❛✳

• ❉❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ ❛❧ ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ ✭❙♦❝✐❛❧✐③❛❝✐ó♥✮✳

• ❉❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ ❛❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❡①♣❧í❝✐t♦ ✭❊①t❡r♥❛❧✐③❛❝✐ó♥✮✳

• ❉❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❡①♣❧í❝✐t♦ ❛❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❡①♣❧í❝✐t♦ ✭❈♦♠❜✐♥❛❝✐ó♥✮✳

• ❉❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❡①♣❧í❝✐t♦ ❛❧ ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ ✭■♥t❡r♥❛❧✐③❛❝✐ó♥✮✳

P❛r❛ ❡❧ ♣r✐♠❡r ❡s❝❡♥❛r✐♦✱ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ s❡ ♣✉❡❞❡ ❝r❡❛r ❝♦♠♣❛rt✐❡♥❞♦ ❡①♣❡r✐❡♥❝✐❛s
❡♥tr❡ ❡♠♣❧❡❛❞♦s ♥✉❡✈♦s ② ❛♥t✐❣✉♦s✳ ▲♦s ❡♠♣❧❡❛❞♦s ♣✉❡❞❡♥ ✐♥❝❧✉s♦ ❝r❡❛r ❡st❡ ❝♦♥♦❝✐✲
♠✐❡♥t♦ tá❝✐t♦ ❝♦♥ s♦❧♦ ♦❜s❡r✈❛r ❝ó♠♦ ✉♥ tr❛❜❛❥❛❞♦r ❡①♣❡rt♦ r❡❛❧✐③❛ ❧❛s t❛r❡❛s✳ ❊st❛
❢♦r♠❛ ❞❡ ❛♣r❡♥❞✐③❛❥❡ ② ❣❡♥❡r❛❝✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ s❡ ❞❡♥♦♠✐♥❛ s♦❝✐❛❧✐③❛❝✐ó♥✱
❝♦♠♦ s❡ ♠✉❡str❛ ❡♥ ❡❧ ❝✉❛❞r❛♥t❡ s✉♣❡r✐♦r ✐③q✉✐❡r❞♦ ❞❡ ❧❛ ✜❣✉r❛✳ ❆❧❣✉♥❛s ❤❡rr❛♠✐❡♥t❛s
q✉❡ s❡ ♣✉❡❞❡♥ ✉t✐❧✐③❛r ♣❛r❛ ❡st❡ ❡s❝❡♥❛r✐♦ s♦♥ ❧❛ ❧❧✉✈✐❛ ❞❡ ✐❞❡❛s✱ ❧❛ ♦❜s❡r✈❛❝✐ó♥ ② ❧❛
✐♠✐t❛❝✐ó♥✳
❊❧ s❡❣✉♥❞♦ ❡s❝❡♥❛r✐♦ ❝♦rr❡s♣♦♥❞❡ ❛❧ ❝✉❛❞r❛♥t❡ s✉♣❡r✐♦r ❞❡r❡❝❤♦ ❞❡ ❧❛ ✜❣✉r❛ ② s❡

❞❡♥♦♠✐♥❛ ❊①t❡r♥❛❧✐③❛❝✐ó♥✳ ▲❛ ❝♦♥✈❡rs✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ ❛ ❡①♣❧í❝✐t♦ s❡ ♣r♦❞✉❝❡
❛❧ ❝❛♣t✉r❛r ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❞❡ ❧♦s ❡♠♣❧❡❛❞♦s ❡♥ ❧✐❜r♦s✱ ❜❛s❡s ❞❡ ❞❛t♦s ♦ s✐st❡♠❛s
❞❡ ✐♥❢♦r♠❛❝✐ó♥✳ ❊s ❞❡❝✐r✱ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ ❡stá tr❛❞✉❝✐❞♦ ♦ ❞♦❝✉♠❡♥t❛❞♦ ❡♥
❢♦r♠✉❧❛r✐♦s q✉❡ ♣✉❡❞❛♥ s❡r ❝♦♠♣r❡♥s✐❜❧❡s ❡ ✐♥t❡r♣r❡t❛❜❧❡s ♣♦r ❝✉❛❧q✉✐❡r ♣❡rs♦♥❛✳
❊♥ ❡❧ t❡r❝❡r ❡s❝❡♥❛r✐♦✱ ❧❛ ❝♦♥✈❡rs✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ♦❝✉rr❡ ❛ tr❛✈és ❞❡ ♣r♦❝❡s♦s

s♦❝✐❛❧❡s ♣❛r❛ ❝♦♠❜✐♥❛r ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❡①♣❧í❝✐t♦ ❞❡ ❧♦s ✐♥❞✐✈✐❞✉♦s✱ ❡st❡ ❝♦♥♦❝✐♠✐❡♥✲
t♦ ♣✉❡❞❡ s❡r ❝♦♠♣❛rt✐❞♦ ❡♥ r❡✉♥✐♦♥❡s ♦ t❛❧❧❡r❡s✳ ❆❧ ❡st❛❜❧❡❝❡r ❡st❛s ✐♥t❡r❛❝❝✐♦♥❡s✱ ❡❧
❝♦♥♦❝✐♠✐❡♥t♦ ❝♦❧❡❝t✐✈♦ ② ❝♦♠♣❛rt✐❞♦ ❞❛ ❧✉❣❛r ❛ ✉♥ ♥✉❡✈♦ ❝♦♥♦❝✐♠✐❡♥t♦✳ ❊st❡ ❝❛s♦ ❝♦✲
rr❡s♣♦♥❞❡ ❛❧ ❝✉❛❞r❛♥t❡ ✐♥❢❡r✐♦r ❞❡r❡❝❤♦ q✉❡ s❡ ❝♦♥♦❝❡ ❝♦♠♦ ❝♦♠❜✐♥❛❝✐ó♥✳ ❊st❡ ♣r♦❝❡s♦
❞❡ ❝r❡❛❝✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ♣✉❡❞❡ ❜❛s❛rs❡ ❡♥ ❧❛s ❤❡rr❛♠✐❡♥t❛s t❡❝♥♦❧ó❣✐❝❛s q✉❡ s❡
♣r♦♣♦♥❡♥ ❡♥ ❡st❛ t❡s✐s✳ ❊❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❡①♣❧í❝✐t♦ q✉❡ r❡s✐❞❡ ❡♥ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ s♦❢t✲
✇❛r❡ ❞❡ ❧❛ ❡♠♣r❡s❛ ② ❡♥ ❧❛s ❜❛s❡s ❞❡ ❞❛t♦s s❡ ♣✉❡❞❡ ♣r♦❝❡s❛r ② ❛♥❛❧✐③❛r ✉t✐❧✐③❛♥❞♦
✐♥t❡❧✐❣❡♥❝✐❛ ❛rt✐✜❝✐❛❧✱ ■◆ ♦ ❛♥❛❧ít✐❝❛ ❞❡ ❆❊ ♣❛r❛ ❝r❡❛r ✉♥ ♥✉❡✈♦ ❝♦♥♦❝✐♠✐❡♥t♦ ❡①♣❧í❝✐t♦✳
❊❧ ❝✉❛rt♦ ❡s❝❡♥❛r✐♦ ❡s ❝♦♠♣❧❡♠❡♥t❛r✐♦ ❛ ❧❛ ❡①t❡r♥❛❧✐③❛❝✐ó♥ ② ♦❝✉rr❡ ❝✉❛♥❞♦ ❡❧ ❝♦♥♦✲

❝✐♠✐❡♥t♦ ❡①♣❧í❝✐t♦ s❡ ❝♦♥✈✐❡rt❡ ❡♥ tá❝✐t♦✳ ❊st❛ ❡s ❧❛ ❢♦r♠❛ ♠ás s✐♠✐❧❛r ❛ ❝ó♠♦ ❛♣r❡♥❞❡♥
❧❛s ♣❡rs♦♥❛s✱ ❡s ❞❡❝✐r✱ t♦♠❛r ✉♥ ♠❛♥✉❛❧ ♦ ✉♥ ❧✐❜r♦ ❡ ✐♥t❡r♥❛❧✐③❛r ❡st❡ ♥✉❡✈♦ ❝♦♥♦❝✐✲
♠✐❡♥t♦ ♣❛r❛ q✉❡ s❡ ❝♦♥✈✐❡rt❛ ❡♥ ♣❛rt❡ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ r❡s✐❞❡ ❡♥ ❡❧ ❝❡r❡❜r♦ ❞❡ ✉♥
✐♥❞✐✈✐❞✉♦✳ ❊st❛ ❢♦r♠❛ ❞❡ ❣❡♥❡r❛❝✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ s❡ ❧❧❛♠❛ ✐♥t❡r♥❛❧✐③❛❝✐ó♥✳
❊❧ ♠❛r❝♦ ❞❡ ❣❡st✐ó♥ ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ q✉❡ ♣r♦♣♦♥❡♠♦s ② s✉s ❝♦♠♣♦♥❡♥t❡s ❡stá♥

❛❧✐♥❡❛❞♦s ❝♦♥ ❡❧ ❝✐❝❧♦ ❞❡ ❣❡st✐ó♥ ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦✳ ▲❛ ❋✐❣✉r❛ ❆✳✹ ♠✉❡str❛ ❡❧ ❝✐❝❧♦ ❞❡
●❈ s✉❣❡r✐❞♦ ✭▼❝■♥t②r❡ ❡t ❛❧✳✱ ✷✵✵✸✮✳ ❊st❡ ❝✐❝❧♦ t✐❡♥❡ tr❡s ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛❧❡s✿
❣❡st✐ó♥✱ ❛♣❧✐❝❛❝✐ó♥ ② ♣❡rs♦♥❛s✳ ▲❛ ❣❡st✐ó♥ s❡ ♦❝✉♣❛ ❞❡ ❝❛♣t✉r❛r✱ ♦r❣❛♥✐③❛r ② ❢❛❝✐❧✐t❛r ❡❧
❝♦♥♦❝✐♠✐❡♥t♦ ♦r❣❛♥✐③❛❝✐♦♥❛❧✳ ❊st❛s ❛❝t✐✈✐❞❛❞❡s ❛❜❛r❝❛♥ ❧♦s ❝✉❛❞r❛♥t❡s ❞❡ ❝♦♠❜✐♥❛❝✐ó♥
② ❡①t❡r♥❛❧✐③❛❝✐ó♥ ♣r❡s❡♥t❛❞♦s ❡♥ ❡❧ ♠♦❞❡❧♦ ❞❡ ◆♦♥❛❦❛ ✭✶✾✾✹✮✳ ❊❧ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧❛
❛♣❧✐❝❛❝✐ó♥ s❡ ❡♥❢♦❝❛ ❡♥ ♦❜t❡♥❡r ❝♦♥t❡♥✐❞♦ r❡❧❡✈❛♥t❡ ② ❛♥á❧✐s✐s ♠❡❞✐❛♥t❡ ❡❧ ✉s♦ ❞❡ ▼❉
② ❛♥❛❧ít✐❝❛ ❛✈❛♥③❛❞❛✳

✻✶



❆ ❘❡s✉♠❡♥

❋✐❣✉r❛ ❆✳✹✿ ❈✐❝❧♦ ❞❡ ❣❡st✐ó♥ ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦
✭▼❝■♥t②r❡ ❡t ❛❧✳✱ ✷✵✵✸✮

❋✐♥❛❧♠❡♥t❡✱ ❡❧ ❝♦♠♣♦♥❡♥t❡ ❞❡ ♣❡rs♦♥❛s s❡ ❝❡♥tr❛ ❡♥ ❡❧ ❛♣r❡♥❞✐③❛❥❡✱ ❡❧ ✐♥t❡r❝❛♠❜✐♦ ②
❧❛ ❝♦❧❛❜♦r❛❝✐ó♥✳ ❊❧ ❝♦♠♣♦♥❡♥t❡ ❞❡ ♣❡rs♦♥❛s ❞❡s❝r✐❜❡ ❡❧ ♣r♦❝❡s♦ ❡❞✉❝❛t✐✈♦ ② ❜✉s❝❛ ♠❡✲
❝❛♥✐s♠♦s ♣❛r❛ ❝r❡❛r ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ ♣❛r❛ ❧❛s ♣❡rs♦♥❛s q✉❡ ❛♣r❡♥❞❡♥ ② ❝♦♥♦❝✐♠✐❡♥t♦
❡①♣❧í❝✐t♦ q✉❡ s❡ ♣✉❡❞❛ ❛❧♠❛❝❡♥❛r ❡♥ r❡♣♦s✐t♦r✐♦s ② ❜❛s❡s ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦✳
❈♦♠♦ s❡ ❞✐❥♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ✉♥♦ ❞❡ ❧♦s ♣r✐♥❝✐♣❛❧❡s ♦❜❥❡t✐✈♦s ❞❡ r❡❛❧✐③❛r ❡st❡ tr❛❜❛❥♦

❡r❛ ♠❡❥♦r❛r ❧❛ ❡❞✉❝❛❝✐ó♥ ✉s❛♥❞♦ ●❈✳ ❚❡♥✐❡♥❞♦ ❡st♦ ❡♥ ❝✉❡♥t❛✱ t❛♠❜✐é♥ ❡r❛ ✐♠♣♦rt❛♥t❡
✐♥✈❡st✐❣❛r ❧♦s ♣❡♥s❛♠✐❡♥t♦s ❞❡ ❧♦s ❡st✉❞✐❛♥t❡s s♦❜r❡ ❝ó♠♦ ❧❧❡✈❛r s✉s ❝♦♠♣✉t❛❞♦r❛s
♣♦rtát✐❧❡s ♦ ❞✐s♣♦s✐t✐✈♦s ♣❡rs♦♥❛❧❡s ❛ ❧❛s ❝❧❛s❡s✳ ❊❧ ❞♦❝✉♠❡♥t♦ ❞❡ ❙❛❛✱ ▼♦s❝♦s♦✲❩❡❛✱
❛♥❞ ▲✉❥❛♥✲▼♦r❛ ✭✷✵✶✼✮ ♣r❡s❡♥t❛ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ✉♥❛ ❡♥❝✉❡st❛ q✉❡ ❡st✉❞✐❛✱ ♣♦r ✉♥
❧❛❞♦✱ ❝ó♠♦ ❧❛s ✉♥✐✈❡rs✐❞❛❞❡s ♣✉❡❞❡♥ ✈❡rs❡ ❛❢❡❝t❛❞❛s ❞❡ ♠❛♥❡r❛ ❝rít✐❝❛ s✐ ♣❡r♠✐t❡♥
q✉❡ ❧♦s ❡st✉❞✐❛♥t❡s tr❛✐❣❛♥ s✉s ♣r♦♣✐♦s ❞✐s♣♦s✐t✐✈♦s ❛ ❧❛s ❝❧❛s❡s✱ ♣♦r ♦tr♦ ❧❛❞♦✱ t♦❞❛s ❧❛s
♣r❡♦❝✉♣❛❝✐♦♥❡s q✉❡ ❧♦s ❡st✉❞✐❛♥t❡s t✐❡♥❡♥ ❞❡ s❡r ♦❜s❡r✈❛❞♦s ❛ tr❛✈és ❞❡ s✉s ❞✐s♣♦s✐t✐✈♦s
♣♦r ♣❛rt❡ ❞❡❧ ♣❡rs♦♥❛❧ ❞❡ ❧❛ ✉♥✐✈❡rs✐❞❛❞ ✭❙❛❛✱ ▼♦s❝♦s♦✲❩❡❛✱ ✫ ▲✉❥❛♥✲▼♦r❛✱ ✷✵✶✼✮✳
❆ ♣❡s❛r ❞❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❝♦♥ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥ r❡❛❧✐③❛❞❛✱ s❡ ❝♦♥✜r♠ó ❧❛ ✐♠♣♦rt❛♥❝✐❛

❞❡ ✐♥❝❧✉✐r ❧❛s ❤❡rr❛♠✐❡♥t❛s ❞❡ ■◆ ② ❞❡ ❆❊ ❡♥ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ ♣r♦♣✉❡st❛✳ ❊♥❝♦♥tr❛✲
♠♦s ✉♥❛ ❜r❡❝❤❛ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ s♦❜r❡ ❝ó♠♦ ❧❛s ■❊❙ ❛❞♠✐♥✐str❛♥ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ② ❡❧
❝♦♥♦❝✐♠✐❡♥t♦✳
▲❛ ▼❉❊ s❡ ❤❛ ❝♦♥✈❡rt✐❞♦ ❡♥ ✉♥ t❡♠❛ ❞❡ ♠♦❞❛ ❡♥ ❧♦s ú❧t✐♠♦s ❛ñ♦s✱ ♣❡r♦ ♥♦s ♣r❡♦❝✉✲

♣❛ ❧❛ ✈❛❧✐❞❡③ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ s❡ ♣r♦❝❡s❛ ♣❛r❛ ♦❜t❡♥❡r ❧♦s r❡s✉❧t❛❞♦s ❞❡❧ ♣r♦❝❡s♦
❛♥❛❧ít✐❝♦✳ ❊st❛ ❡s ❧❛ r❛③ó♥ ♣r✐♥❝✐♣❛❧ ♣♦r ❧❛ q✉❡ ❞❡❝✐❞✐♠♦s r❡❛❧✐③❛r ✉♥ ♠❛♣❡♦ s✐st❡✲
♠át✐❝♦ ✭▼❙✮ s♦❜r❡ ❡❧ t❡♠❛ ❉❲ ❡♥ ❡❞✉❝❛❝✐ó♥✳ ▲♦s r❡s✉❧t❛❞♦s ❞❡❧ ▼❙ s❡ ♣r❡s❡♥t❛r♦♥
❡♥ ❡❧ ❞♦❝✉♠❡♥t♦ ✏❯♥❛ ✈✐s✐ó♥ ❤♦❧íst✐❝❛ ❞❡❧ ❛❧♠❛❝❡♥❛♠✐❡♥t♦ ❞❡ ❞❛t♦s ❡♥ ❧❛ ❡❞✉❝❛❝✐ó♥✑
✭▼♦s❝♦s♦✲❩❡❛✱ P❛r❡❞❡s✲●✉❛❧t♦r✱ ✫ ▲✉❥❛♥✲▼♦r❛✱ ✷✵✶✽✮✳ ❊st❡ ❡st✉❞✐♦ ♠✉❡str❛ q✉❡ ❧♦s
❉❲❍ ② ❧❛ ■◆ s♦♥ ❛♠♣❧✐❛♠❡♥t❡ ✉t✐❧✐③❛❞♦s ❡♥ ♦r❣❛♥✐③❛❝✐♦♥❡s ❡♠♣r❡s❛r✐❛❧❡s ② s❡ ❤❛♥
❛♥❛❧✐③❛❞♦ ❡①❤❛✉st✐✈❛♠❡♥t❡ ❞❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ✐♥❞✉str✐❛❧ ❞✉r❛♥t❡ ♠✉❝❤♦s ❛ñ♦s✳ ❙✐♥
❡♠❜❛r❣♦✱ s✉ ✉s♦ ❡s ❛ú♥ ❜❛❥♦ ❡♥ ❧❛s ✐♥st✐t✉❝✐♦♥❡s ❡❞✉❝❛t✐✈❛s✳ ❊❧ ❞♦❝✉♠❡♥t♦ ❞❡ ❙❤❛❤✐❞ ❡t

✻✷



❆✳✸ ❈♦♥tr✐❜✉❝✐♦♥❡s

❛❧✳ ✭✷✵✶✻✮ ♣r❡s❡♥t❛ ❞✐❢❡r❡♥t❡s ❡st✉❞✐♦s ❞❡ ❝❛s♦ r❡❛❧✐③❛❞♦s ♣❛r❛ ❞❡t❡r♠✐♥❛r ❡❧ ♣♦r❝❡♥t❛❥❡
❞❡ ✉s♦ ❞❡ ❉❲❍ ❡♥ ❞✐❢❡r❡♥t❡s ✐♥❞✉str✐❛s✳
▲♦s r❡s✉❧t❛❞♦s ❞❡❧ ❛♥á❧✐s✐s ❞❡❧ ❡st✉❞✐♦ ❞❡ ❝❛s♦ ♠✉❡str❛♥ q✉❡ ❧❛ ✐♥❞✉str✐❛ q✉❡ ♠ás

✉t✐❧✐③❛ ❉❲❍ ❡s ❧❛ ✐♥❞✉str✐❛ ♠é❞✐❝❛ ✭❤♦s♣✐t❛❧❡s✱ ❝❧í♥✐❝❛s ② ❝♦♥s✉❧t♦r✐♦s ♠é❞✐❝♦s✮ ❝♦♥
✉♥ ✷✸✳✸✪ ❞❡ ✉s♦✳ ❉❡s♣✉és ❞❡ ❡s♦✱ ❧❛ ✐♥❞✉str✐❛ ✜♥❛♥❝✐❡r❛ ② ❜❛♥❝❛r✐❛ ❝♦♥ ✻✳✷✪ ❞❡
✉s♦ ❞❡ ❉❲✱ ♠✐❡♥tr❛s q✉❡ ✉♥❛ ❞❡ ❧❛s ✐♥❞✉str✐❛s q✉❡ ♠❡♥♦s ✉s❛♥ ❉❲ ❡s ❧❛ ❡❞✉❝❛❝✐ó♥
❝♦♥ s♦❧♦ ✸✳✽✪ ❞❡ ✉s♦ ✭❙❤❛❤✐❞ ❡t ❛❧✳✱ ✷✵✶✻✮✳ ❈♦♠♦ s❡ ✈❡ ❡♥ ❡st♦s ❞❛t♦s✱ s♦❧♦ ✉♥❛s
♣♦❝❛s ✐♥st✐t✉❝✐♦♥❡s ❡❞✉❝❛t✐✈❛s ❤❛♥ ❛❞♦♣t❛❞♦ ✉♥ ❉❲❍ ♣❛r❛ ❛❞♠✐♥✐str❛r ❧❛ ✐♥❢♦r♠❛❝✐ó♥
❡❞✉❝❛t✐✈❛ q✉❡ s❡ ❣❡♥❡r❛ ❛ ♣❛rt✐r ❞❡ s✉s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ s♦❢t✇❛r❡ ② s✐st❡♠❛s ❞❡ ❣❡st✐ó♥
❞❡ ❛♣r❡♥❞✐③❛❥❡✳
❙✐♥ ❡♠❜❛r❣♦✱ ❡♥ ❧❛ ❛❝t✉❛❧✐❞❛❞✱ ❧❛s ❥✉♥t❛s ❞❡ ❣♦❜✐❡r♥♦ ② ❞✐r❡❝t♦r❡s ❞❡ ❧❛s ■❊❙ ❡stá♥

r❡❝♦♥♦❝✐❡♥❞♦ ❛ ❧❛ ■◆ ② ❛❧ ❉❲ ❝♦♠♦ t❡❝♥♦❧♦❣í❛s ❝❡♥tr❛❧❡s ♣❛r❛ ❣❡♥❡r❛r ❝♦♥♦❝✐♠✐❡♥t♦
♦r❣❛♥✐③❛❝✐♦♥❛❧✳ ▲❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ❡str❛t❡❣✐❛s ❝♦♥ ❇■ ② ❉❲ ♣✉❡❞❡ ❛②✉❞❛r ❛ ❍❊■ ❛
❝♦♠♣r❡♥❞❡r ♠❡❥♦r ❧♦s ♣r♦❝❡s♦s ❡❞✉❝❛t✐✈♦s✳ ❊♥ ♣r✐♠❡r ❧✉❣❛r✱ ♣✉❡❞❡ s❡r ✉♥ ❢❛❝t♦r ❝r✉❝✐❛❧
♣❛r❛ ♠❡❥♦r❛r ❧❛ ❡❞✉❝❛❝✐ó♥ ❛❧ s❛❜❡r ❝ó♠♦ ❛♣r❡♥❞❡♥ ❧♦s ❡st✉❞✐❛♥t❡s ② ❝ó♠♦ ❡♥s❡ñ❛♥ ❧♦s
♣r♦❢❡s♦r❡s✳ ❊♥ s❡❣✉♥❞♦ ❧✉❣❛r✱ ♣✉❡❞❡ ❛②✉❞❛r ❛ ✐❞❡♥t✐✜❝❛r ❝♦♥ s✉✜❝✐❡♥t❡ ❛♥t✐❝✐♣❛❝✐ó♥ ❛
❧♦s ❡st✉❞✐❛♥t❡s ❝♦♥ r✐❡s❣♦ ❞❡ ❛❜❛♥❞♦♥❛r ♦ ❢❛❧❧❛r ❡♥ ❧❛s t❛r❡❛s✳ ❆❞❡♠ás✱ ❡❧ ♠♦❞❡❧❛❞♦ ♦
❧♦s ♣r♦❝❡s♦s ♦r❣❛♥✐③❛❝✐♦♥❛❧❡s ❞❡ ❧❛ ✐♥st✐t✉❝✐ó♥ ♣❡r♠✐t❡♥ t❡♥❡r ✉♥❛ ✈✐s✐ó♥ ❝❧❛r❛ ❞❡ ❧♦s
♣r♦❝❡s♦s ❡❞✉❝❛t✐✈♦s✱ ❧♦ q✉❡ ♣✉❡❞❡ s❡r ❞❡ ❣r❛♥ ❛♣♦②♦ ♣❛r❛ ✐♠♣❧❡♠❡♥t❛r ✐♥✐❝✐❛t✐✈❛s ❞❡
❝❛♠❜✐♦ ✐♥♥♦✈❛❞♦r❛s ✭❇❛❡♣❧❡r ✫ ▼✉r❞♦❝❤✱ ✷✵✶✵❀ ❇✐❝❤s❡❧✱ ✷✵✶✷❀ ▼♦rr✐s ❡t ❛❧✳✱ ✷✵✶✺✮✳
❊❧ ▼❙ r❡❛❧✐③❛❞♦ s♦❜r❡ ❡❧ t❡♠❛ ❞❡ ❛❧♠❛❝❡♥❛♠✐❡♥t♦ ❞❡ ❞❛t♦s ❡♥ ❡❞✉❝❛❝✐ó♥ s❡ r❡❛❧✐③ó

❡♥tr❡ ❡♥❡r♦ ❞❡ ✷✵✵✽ ② ❥✉♥✐♦ ❞❡ ✷✵✶✽✳ ❊♥ ❡❧ ❡st✉❞✐♦✱ s❡ ❛♣❧✐❝ó ✉♥ ♠ét♦❞♦ ❞❡ ❝✉❛tr♦
❡t❛♣❛s✳ ❊st❡ ❡st✉❞✐♦ ❛♣♦②ó ❛❧ ❡q✉✐♣♦ ❞❡ ✐♥✈❡st✐❣❛❞♦r❡s ♣❛r❛ r❡s♣♦♥❞❡r ❧❛s ♣r❡❣✉♥t❛s ❞❡
✐♥✈❡st✐❣❛❝✐ó♥ ♣r♦♣✉❡st❛s✳ ▲❛ ♣r✐♠❡r❛ ♣r❡❣✉♥t❛ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ❢✉❡ ❞✐r✐❣✐❞❛ ❛ ✐❞❡♥t✐✜❝❛r
❞❡t❛❧❧❡s ② ❡❧ ♥ú♠❡r♦ ❞❡ ❡st✉❞✐♦s s✐❣♥✐✜❝❛t✐✈♦s ❝♦♥ ❧❛s ♣❛❧❛❜r❛s ✏❞❛t❛ ✇❛r❡❤♦✉s❡✑ ② ✏❡❞✉✲
❝❛t✐♦♥✑ ♦ ✏❛❝❛❞❡♠✐❝✑✳ P❛r❛ ❧♦❣r❛r ❡st❡ ♦❜❥❡t✐✈♦✱ ❧♦s r❡s✉❧t❛❞♦s ❞❡❧ ❛♥á❧✐s✐s ✐♥❝❧✉②❡r♦♥ ❛
❧♦s ❛✉t♦r❡s✱ ❧❛ ❛✜❧✐❛❝✐ó♥ ✐♥st✐t✉❝✐♦♥❛❧ ② s✉ ♣❛ís ❞❡ ♦r✐❣❡♥✳ ❆❞❡♠ás✱ ❡st❡ ❛♥á❧✐s✐s ❡♥✉♠❡ró
❧❛s r❡✈✐st❛s ♦ ❝♦♥❢❡r❡♥❝✐❛s ❡♥ ❧❛s q✉❡ s❡ ♣✉❜❧✐❝❛r♦♥ ❧♦s ❛rtí❝✉❧♦s r❡s✉❧t❛♥t❡s✳ ❉❡s♣✉és
❞❡ ❡st✉❞✐❛r ❧♦s ❝♦♠♣♦♥❡♥t❡s ❞❡❧ ♠❛r❝♦ ② ❛❧ ♠✐s♠♦ t✐❡♠♣♦ ❝♦♥✜r♠❛r ❧❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞
♣❛r❛ ❛♣♦②❛r ❧❛ ✐♥✐❝✐❛t✐✈❛ ❞❡ ●❈✳ ❊❧ s✐❣✉✐❡♥t❡ ♣❛s♦ ❢✉❡ ❞❡✜♥✐r ❧♦s ❛s♣❡❝t♦s té❝♥✐❝♦s ♣❛✲
r❛ ✐♠♣❧❡♠❡♥t❛r ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ ❞❡ ●❈✳ ❊❧ ❞♦❝✉♠❡♥t♦ ✏❯♥❛ ✐♥❢r❛❡str✉❝t✉r❛ ❤í❜r✐❞❛
❞❡ ❛rq✉✐t❡❝t✉r❛ ❡♠♣r❡s❛r✐❛❧ ❡ ✐♥t❡❧✐❣❡♥❝✐❛ ❡♠♣r❡s❛r✐❛❧ ✫ ❆♥❛❧②t✐❝s ♣❛r❛ ❧❛ ❣❡st✐ó♥ ❞❡❧
❝♦♥♦❝✐♠✐❡♥t♦ ❡♥ ❡❞✉❝❛❝✐ó♥✑ ✭▼♦s❝♦s♦✲❩❡❛✱ ❈❛str♦✱ ❡t ❛❧✳✱ ✷✵✶✾✮ ♣r❡s❡♥t❛ ❧❛ ✐♥❢r❛❡str✉❝✲
t✉r❛ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ s❡ ❝♦♠♣♦♥❡ ♣♦r ❤❡rr❛♠✐❡♥t❛s ❞❡ ■◆✱ ✉♥ ❉❲❍ ❡❞✉❝❛t✐✈♦ ② ✉♥
r❡♣♦s✐t♦r✐♦ ❞❡ ❆❊ q✉❡ ♣❡r♠✐t❡ ❧❛ ❞✐❣✐t❛❧✐③❛❝✐ó♥ ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ② ❢❛❝✉❧t❛ ❧❛ ✈✐s✉❛❧✐✲
③❛❝✐ó♥ ② ❡❧ ❛♥á❧✐s✐s ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❧❛ ♦r❣❛♥✐③❛❝✐ó♥ ❝♦♠♦ ♣❡rs♦♥❛s✱ ♣r♦❝❡s♦s ②
t❡❝♥♦❧♦❣í❛✳
❊st❛ ✐♥❢r❛❡str✉❝t✉r❛ ❢✉❡ ❞✐s❡ñ❛❞❛ s✐❣✉✐❡♥t♦ ✉♥ ♣r♦❝❡s♦ ❞❡ ✐♥✈❡sr✐❣❛❝✐ó♥ ② s❡r✈✐rá

♣❛r❛ ❛♥❛❧✐③❛r ❞❛t♦s ❡❞✉❝❛t✐✈♦s✱ ♣r♦❝❡s♦s ❛❝❛❞é♠✐❝♦s ② ♣❛r❛ ❧❛ ❝r❡❛❝✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦
❡①♣❧í❝✐t♦ ✉t✐❧✐③❛♥❞♦ ❞✐❢❡r❡♥t❡s ❛❧❣♦r✐t♠♦s ② ♠ét♦❞♦s ❞❡ ▼❉❊✱ ❛♥á❧✐s✐s ❞❡ ❛♣r❡♥❞✐③❛❥❡✱
❖▲❆P ② ❛♥á❧✐s✐s ❞❡ ❆❊✳

❆✳✸ ❈♦♥tr✐❜✉❝✐♦♥❡s

❊st❡ tr❛❜❛❥♦ ❤❛ ❝♦♥tr✐❜✉✐❞♦ ❡♥ ❞✐❢❡r❡♥t❡s ár❡❛s✳ ▲❛ ♣r✐♥❝✐♣❛❧ ❝♦♥tr✐❜✉❝✐ó♥ ❡s ❞❛r ❛ ❧❛
❝♦♠✉♥✐❞❛❞ ❝✐❡♥tí✜❝❛ ✉♥ ♠❡❝❛♥✐s♠♦ ♣❛r❛ ♠❡❥♦r❛r ❧❛ ●❈ ❡♥ ❧❛s ■❊❙✳ ▲❛ ✐♥❢r❛❡str✉❝t✉r❛
♣r♦♣✉❡st❛ ✐♥t❡♥t❛ ❛❧♠❛❝❡♥❛r t♦❞♦ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ♦r❣❛♥✐③❛❝✐♦♥❛❧ ❞❡ t♦❞❛s ❧❛s ❞✐♠❡♥✲

✻✸



❆ ❘❡s✉♠❡♥

s✐♦♥❡s ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❡♥ ✉♥❛ ✐♥❢r❛❡str✉❝t✉r❛ ❤í❜r✐❞❛✳ ❊st♦s ❝♦♥♦❝✐♠✐❡♥t♦s ♣✉❡❞❡♥ s❡r
r❡✉t✐❧✐③❛❞♦s ❡♥ ♥✉❡✈♦s ♣r♦②❡❝t♦s ② ♣✉❡❞❡ s❡r ❧❛ ❜❛s❡ ♣❛r❛ ❧❛ ❝r❡❛❝✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦
❡①♣❧í❝✐t♦ ♠❡❞✐❛♥t❡ ❡❧ ✉s♦ ❞❡ ❛♥❛❧ít✐❝❛ ❞❡ ❆❊ q✉❡ ❛♣♦②❛rá ❛ ❧♦s ❞✐r❡❝t✐✈♦s ❞❡ ❧❛s ■❊❙ ❡♥
❧❛ ♠❡❥♦r❛ ❞❡ ❧♦s ♣r♦❝❡s♦s ❡❞✉❝❛t✐✈♦s✳ ▲❛s ❝♦♥tr✐❜✉❝✐♦♥❡s ❞❡ ❧❛s ♣✉❜❧✐❝❛❝✐♦♥❡s s❡ ❞❡t❛❧❧❛♥
❡♥ ❧❛ s✐❣✉✐❡♥t❡ ❧✐st❛✿

• Pr❡s❡♥t❛❝✐ó♥ ❞❡ ✉♥ ♠ét♦❞♦ ♣❛r❛ ❧❛ ❞✐❣✐t❛❧✐③❛❝✐ó♥ ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦✳

• ▼❡t♦❞♦❧♦❣í❛s s✉❣❡r✐❞❛s ♣❛r❛ ❧❛ ❡✈❛❧✉❛❝✐ó♥ ② ❧❛ s❡❧❡❝❝✐ó♥ ❞❡ ❤❡rr❛♠✐❡♥t❛s ❞❡ ❆❊
♣❛r❛ ●❈✳

• ❊st❛❞♦ ❞❡ ❧❛ ❝✉❡st✐ó♥ ❞❡ ●❈✱ ❆❊✱ ■◆✱ ❉❲❍✱ ▼❉❊ ② ❝❧♦✉❞ ❝♦♠♣✉t✐♥❣✳

• ❉✐r❡❝tr✐❝❡s ♣❛r❛ ♠✐❣r❛r ❧♦s s✐st❡♠❛s ❡♠♣r❡s❛r✐❛❧❡s ❛ ❧❛ ♥✉❜❡✳

• P❛✉t❛s ♣❛r❛ ❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ✉♥ ❉❲❍ ❡♥ ✐♥st✐t✉❝✐♦♥❡s ❡❞✉❝❛t✐✈❛s✳

• Pr♦♣✉❡st❛ ❞❡ ✉♥❛ ✐♥❢r❛❡str✉❝t✉r❛ ❤í❜r✐❞❛ ♣❛r❛ ●❈✳

• ▼ét♦❞♦ ♣❛r❛ ❧❛ ●❈ ② ❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ ❤í❜r✐❞❛✳

• ▼❡❝❛♥✐s♠♦s ♣❛r❛ ❡❧ ♣r♦❝❡s♦ ❞❡ ❡①t❡r♥❛❧✐③❛❝✐ó♥ ❞❡ ❧❛ ❝r❡❛❝✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦
✭❝♦♥✈❡rt✐r ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ ❡♥ ❝♦♥♦❝✐♠✐❡♥t♦ ❡①♣❧í❝✐t♦✮✳ ❊st♦ s❡ ♣✉❡❞❡ ❤❛❝❡r
❝❛♣t✉r❛♥❞♦ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ tá❝✐t♦ ❞❡ ❧♦s ❡♠♣❧❡❛❞♦s ❡♥ ♠♦❞❡❧♦s ❡♥ ❧❛ ❤❡rr❛♠✐❡♥t❛
❆❊✳

• Pr♦♣✉❡st❛ ❞❡ ●❈ ❝♦♥ ❆❊ ② ❝♦♥ ♦tr❛s ❤❡rr❛♠✐❡♥t❛s ❞❡ ❣❡st✐ó♥✳

• ❊✈❛❧✉❛❝✐ó♥ ② r❡❝♦♠❡♥❞❛❝✐ó♥ ❞❡ ❛❧❣♦r✐t♠♦s ♣❛r❛ s❡r ✉t✐❧✐③❛❞♦s ❡♥ ❡①♣❡r✐♠❡♥t♦s
❝♦♥ ▼❉❊ ♣❛r❛ ♠❡❥♦r❛r ❧♦s ✐♥❞✐❝❛❞♦r❡s ❡❞✉❝❛t✐✈♦s✳

• ❊st✉❞✐♦ ❞❡ ❝❛s♦ ♣❛r❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛✳

❆✳✹ ❈♦♥❝❧✉s✐♦♥❡s ② tr❛❜❛❥♦ ❢✉t✉r♦

❊st❛ t❡s✐s ♣r❡s❡♥t❛ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥ r❡❛❧✐③❛❞❛ ♣❛r❛ ♣r♦♣♦♥❡r ✉♥ ♠ét♦❞♦ ❞❡ ●❈ ❡♥ ❧❛s ■❊❙
q✉❡ ♠❡❥♦r❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ❝r❡❛❝✐ó♥ ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦✳ P❛r❛ ❧♦❣r❛r ❡st❡ ♦❜❥❡t✐✈♦ s❡ ♣r♦♣✉s♦
✉♥❛ ✐♥❢r❛❡str✉❝t✉r❛ ❞❡ ●❈✳ ▲❛ ✐♥❢r❛❡str✉❝t✉r❛ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ♣r♦♣✉❡st❛ ♣r❡s❡♥t❛ ✉♥
❡♥❢♦q✉❡ ♥♦✈❡❞♦s♦ q✉❡ ✐♥❝❧✉②❡ ✉♥ ❉❲❍ ② ✉♥❛ ❤❡rr❛♠✐❡♥t❛ ❞❡ ❆❊✳ ❊st❛ ✐♥❢r❛❡str✉❝t✉r❛
❢✉❡ ❞✐s❡ñ❛❞❛ ❡♥ ❜❛s❡ ❛ ✉♥❛ ✐♥✈❡st✐❣❛❝✐ó♥ ❡♠♣ír✐❝❛ ❞❡st✐♥❛❞❛ ❛ ♠❡❥♦r❛r ❧❛ ❣❡st✐ó♥ ❞❡ ❧❛s
■❊❙✳ ❉❡s♣✉és ❞❡ ❛♥❛❧✐③❛r ❧❛s ❞✐❢❡r❡♥t❡s ♣♦s✐❜✐❧✐❞❛❞❡s✱ ❤❡♠♦s ♣r♦♣✉❡st♦ ✉♥ ♠ét♦❞♦ ♣❛r❛
❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛✳ ❊st♦s ❝♦♠♣♦♥❡♥t❡s ❢✉❡r♦♥
✐♠♣❧❡♠❡♥t❛❞♦s ② s❡ ❤❛♥ r❡❛❧✐③❛❞♦ ♣r✉❡❜❛s ✐♥✐❝✐❛❧❡s ❡♥ ✉♥❛ ■❊❙✳ ❈♦♥ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛
✐♠♣❧❡♠❡♥t❛❞❛ ② ✉t✐❧✐③❛♥❞♦ ■◆ ② ▼❉❊✱ s❡ ♣✉❡❞❡♥ ❧❧❡✈❛r ❛ ❝❛❜♦ ❞✐❢❡r❡♥t❡s ❡①♣❡r✐♠❡♥t♦s
♣❛r❛ ♠❡❥♦r❛r ❧♦s ✐♥❞✐❝❛❞♦r❡s ❛❝❛❞é♠✐❝♦s✳ ▲♦s r❡s✉❧t❛❞♦s ❞❡ ❡st♦s ❡①♣❡r✐♠❡♥t♦s ❞❛♥
✈✐s✐❜✐❧✐❞❛❞ ❛ ❧❛ ❥✉♥t❛ ❞✐r❡❝t✐✈❛ ♣❛r❛ ❧❛ t♦♠❛ ❞❡ ❞❡❝✐s✐♦♥❡s ❛ t✐❡♠♣♦ ② s♦♥ ✉♥❛ ❢✉❡♥t❡
❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ♣❛r❛ ♠❡❥♦r❛r ❧❛ ❡❞✉❝❛❝✐ó♥ ❡♥ ❣❡♥❡r❛❧✳
❊❧ ♠❛♣❡♦ s✐st❡♠át✐❝♦ q✉❡ r❡❛❧✐③❛♠♦s s♦❜r❡ ❡❧ t❡♠❛ ❞❡ ❉❲❍ ❡♥ ❡❞✉❝❛❝✐ó♥ ♠✉❡str❛

q✉❡ ❛ ♣❡s❛r ❞❡ q✉❡ ❤❛② ✉♥ ❛✉♠❡♥t♦ ❡♥ ❧❛ ❡①♣❡r✐♠❡♥t❛❝✐ó♥ ❝♦♥ ▼❉❊ ② ♠ás ❡st✉❞✐♦s
s♦❜r❡ ❡❧ t❡♠❛✱ ❧♦s ✐♥✈❡st✐❣❛❞♦r❡s ② ❞✐r❡❝t♦r❡s ❞❡ ❧❛s ■❊❙ ♥♦ ♦t♦r❣❛♥ ❧❛ ✐♠♣♦rt❛♥❝✐❛
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❆✳✹ ❈♦♥❝❧✉s✐♦♥❡s ② tr❛❜❛❥♦ ❢✉t✉r♦

❛❞❡❝✉❛❞❛ ❛ ❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ✉♥ ❉❲❍ ❡❞✉❝❛t✐✈♦ q✉❡ ♣✉❡❞❡ ❛②✉❞❛r ❛ ♠❡❥♦r❛r ❧♦s
r❡s✉❧t❛❞♦s ❞❡ ❧♦s ❡①♣❡r✐♠❡♥t♦s✳ P♦r ❡s❛ r❛③ó♥✱ ❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛
♣r♦♣✉❡st❛ ♣✉❡❞❡ ❛②✉❞❛r ❡♥ ❧❛ ❝r❡❛❝✐ó♥ ② ❛❞♠✐♥✐str❛❝✐ó♥ ❞❡ ❧❛s ❞✐♠❡♥s✐♦♥❡s ❞❡ ❝♦♥♦✲
❝✐♠✐❡♥t♦ ❣❡♥❡r❛❞❛s ❡♥ ❧❛ ♦r❣❛♥✐③❛❝✐ó♥ ② ♣✉❡❞❡ s❡r ✉♥❛ ❢✉❡♥t❡ ❞❡ ♦♣♦rt✉♥✐❞❛❞❡s ♣❛r❛
♠❡❥♦r❛r ❧♦s ♣r♦❝❡s♦s ♦r❣❛♥✐③❛❝✐♦♥❛❧❡s✳ ❆❞❡♠ás✱ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ ♣✉❡❞❡ ❝♦♥✈❡rt✐rs❡ ❡♥
✉♥❛ ❢✉❡♥t❡ ✈á❧✐❞❛ ♣❛r❛ ❛♣❧✐❝❛r ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❛♥á❧✐s✐s ❝♦♥ ❤❡rr❛♠✐❡♥t❛s ❖▲❆P✱ t❛✲
❜❧❡r♦s ❞❡ ♠❛♥❞♦s✱ ❤❡rr❛♠✐❡♥t❛s ❞❡ ■◆ ② ❤❡rr❛♠✐❡♥t❛s ❞❡ ❆❊ ♣❛r❛ ❛s❡❣✉r❛r r❡s✉❧t❛❞♦s
❞❡ ❝❛❧✐❞❛❞ ❡♥ ❡❧ ♣r♦❝❡s♦ ❞❡ ❉❲✳
❊❧ ❞✐s❡ñ♦ ❞❡ ✐♥❢r❛❡str✉❝t✉r❛ ❤í❜r✐❞❛ ❝♦♥s✐❞❡r❛ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ♣✉❡❞❡♥ ❡①✐st✐r ❝❛♠❜✐♦s

✐♥❡s♣❡r❛❞♦s ❞❡ ❛✉t♦r✐❞❛❞❡s ❡♥ ❧❛s ■❊❙ ② ❡s ♠✉② ✢❡①✐❜❧❡ ♣❛r❛ ❛❞❛♣t❛rs❡ ❛ ❧♦s ❝❛♠❜✐♦s
❡♥ ❧❛ ❞✐r❡❝❝✐ó♥ ② ❣❡st✐ó♥ ❡str❛té❣✐❝❛✳
▲❛ ✐♥❢r❛❡str✉❝t✉r❛ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ♣r♦♣✉❡st❛ ❢❛❝✐❧✐t❛ ❧❛ tr❛③❛❜✐❧✐❞❛❞ ❞❡ ❧♦s ❡st✉❞✐❛♥✲

t❡s✱ ❡❧ ♣❡rs♦♥❛❧ ❛❞♠✐♥✐str❛t✐✈♦ ② ❛❝❛❞é♠✐❝♦ ♣❛r❛ ♠❡❥♦r❛r ❧❛ t♦♠❛ ❞❡ ❞❡❝✐s✐♦♥❡s ② ❧♦s
♣r♦❝❡s♦s ♦r❣❛♥✐③❛❝✐♦♥❛❧❡s✳ ❆❞❡♠ás✱ ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ ❡s ❧❛ ❜❛s❡ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ❞❡ ❧❛
♦r❣❛♥✐③❛❝✐ó♥ ② ✉♥❛ ❤❡rr❛♠✐❡♥t❛ ♣❛r❛ ♣r♦❞✉❝✐r ❝♦♥♦❝✐♠✐❡♥t♦ ❡①♣❧í❝✐t♦✳ P♦r ♦tr♦ ❧❛❞♦✱ ❡❧
✉s♦ ❞❡ ❆❊✱ ❝♦♠♦ ♣❛rt❡ ❞❡ ❧❛ s♦❧✉❝✐ó♥✱ ♣✉❡❞❡ ❛♣♦②❛r ❧❛ ❡①t❡r♥❛❧✐③❛❝✐ó♥ ❞❡❧ ❝♦♥♦❝✐♠✐❡♥t♦✳
❊❧ ♠❛r❝♦ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ② ❧❛ ✐♥❢r❛❡str✉❝t✉r❛ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ♣r♦♣✉❡st❛ ❡♥ ❡st❡

tr❛❜❛❥♦ ♣r♦♣♦r❝✐♦♥❛♥ ❧❛ ❜❛s❡ ♣❛r❛ ❧❛ ❝r❡❛❝✐ó♥✱ tr❛♥s❢❡r❡♥❝✐❛ ② ❣❡st✐ó♥ ❞❡❧ ❝♦♥♦❝✐♠✐❡♥✲
t♦✱ q✉❡ ♣✉❡❞❡ s❡r ✉♥❛ ♣✐❡❞r❛ ❛♥❣✉❧❛r ♣❛r❛ ❝♦♥✈❡rt✐r ❛ ❧❛s ■❊❙ ❡♥ ♦r❣❛♥✐③❛❝✐♦♥❡s ❞❡
❡①❝❡❧❡♥❝✐❛✳ ❆❧❣✉♥♦s ❞❡ ❧♦s ❜❡♥❡✜❝✐♦s ❞❡ ✉s❛r ❡st❡ ♠❛r❝♦ ❞❡ tr❛❜❛❥♦ ② ❞❡ ❧❛ ✐♥❢r❛❡str✉❝✲
t✉r❛ ♣r♦♣✉❡st❛ s♦♥✿ r❡❞✉❝❝✐ó♥ ❞❡ ❧♦s ❝♦st♦s ❞❡ ❝❛♣❛❝✐t❛❝✐ó♥✱ r❡❞✉❝❝✐ó♥ ❞❡ ❧❛ r♦t❛❝✐ó♥ ❞❡
♣❡rs♦♥❛❧✱ ♠❡❥♦r❛ ❞❡ ❧♦s ♣r♦❝❡s♦s ❞❡ t♦♠❛ ❞❡ ❞❡❝✐s✐♦♥❡s ② ❧❛ ❝r❡❛❝✐ó♥ ❞❡ ✉♥ r❡♣♦s✐t♦r✐♦
❞❡ ❝♦♥♦❝✐♠✐❡♥t♦s✳

✻✺
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✐♥ t❤❡ q✉❡st ❢♦r ❜✉s✐♥❡ss ✐♥t❡❧❧✐❣❡♥❝❡✳ ■♥ ■❡❡❡ ✐♥t❡r♥❛t✐♦♥❛❧ ❡♥❣✐♥❡❡r✐♥❣ ♠❛♥❛❣❡✲
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❢r♦♠ ❤tt♣s✿✴✴r❡s♦✉r❝❡s✳s❡✐✳❝♠✉✳❡❞✉✴❛ss❡t❴❢✐❧❡s✴❚❡❝❤♥✐❝❛❧❘❡♣♦rt✴✷✵✵✹

❴✵✵✺❴✵✵✶❴✶✹✷✺✷✳♣❞❢ ✭❝✐t❡❞ ♦♥ ♣❛❣❡s ✼✱ ✶✺✱ ✺✽✮
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tr✐❡✈❡❞ ❢r♦♠ ❤tt♣✿✴✴✈✐rt✉❛❧✳❢✉♥❧❛♠✳❡❞✉✳❝♦✴r❡♣♦s✐t♦r✐♦✴s✐t❡s✴❞❡❢❛✉❧t✴
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http://goo.gl/LmJRG3
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